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0T ABTOPA

Llenib 9TOH KHHKKH — U3NOXUTE B NPOCTOH ¥ IOHsTHOW dopMe
YueHue COBPEMCHHON GU3UKH 0 CTPOEHMM BelleCTBA. ITO YUCHUE Helb3st
CUYTATE YEM-TO OHOHYATENLHO YCTAHOBICHHBIM U 3aBEPLIEHHBIM: KaXK-
AbI TOJ IPUHOCHT QH3UKe HOBBIE OTKPHITHSA, WHOH Pas 3aCTARISIOWINE
Hac MOABEPIHYTL camoif pafHKanbHOH Mepefesike HallW MpeACTABIEHHS
06 ycrpoiferBe ¢uspueckoro mwmpa. [loaTomy KHMra 0 COBPEeMEHHOM
usHKe M HE JOIDKHA CTPEMUTHCS K TOMY, UTo0bl AATh ¢MOMEHTAJIbHEH
CHUMOK» (u3uyecKoffl Teopuw B HacTosdiee BreMs; HaobopoT, OHA
JA0HKHA TOKA3aTh (U3NUECKYIO TEOPHI0 B €¢ H3MEHEHHH ¥ Da3BHTHH
TaK, YToOH CTano HOHSTHHIM Hanpasienue storo passutHa. K sromy u
CTPEMHTCA 3TA KIHKKA, B KOTODOH OMHCHIPAETCS YUEHHWE O CTPOSHUH
BelecTBa, Hauwnas ot Jlemokpura w Jxona JansToHa ¥ KOHYAs HO-
BEHUIMMH OTKPHITHAMY B 00JacTH $UIHKH ATOMHOTO AZpPA.

KuKKa HanmucaHa OueHb CKATO M He MPefHASHAYEHA TS «JIErKoro
grennsi», Ee ycBoenue motpebyer oT uurarens sarparel Tpysa. Ho ona
He NPEANONAraeT ¥ UuTaTeNst HUKaKMX 0COOLIX MaTeMaTWYECKHX 3Ha-
HHif, €CnM He CYM1aTh YMEHus] HPOU3BOAMTR BHUMCIIEHHS B NpefenaXx
UIKOBHOR MateMaTHku. OHa Oyfer BNONHE AOCTYNIHA W YuTaTensiM, He
ABIAIOLUMMCA CHELUATHCTAMY B 061acTH QU3uKU.

5 sueapa 1935 .,
Jlenunrpaz.



BBEJEHHE

,IlBe C TIOJIOBHHOM THICSIUM JIET TIPOUITIO € TEX BpeMeEH, KOTAa MBICTIUTeNH
ApeBuelt I'peunn u3yyanu BONPOC O CTPOCHHM BEILECTBA M CO3[ABANY CBON
TCOPUHM, OFUACTH OCHOBAHHBIE HA IIPUMHTUBHOM HAYUHOM ONBITE, & OTUACTH
NPEACTARNABIIME TUTOA HX GOTaToro IO3THYECKOTO BoOGpajkeRHA. 3aciy-
SCMBAeT BeTUuaiiinero YAUBJICHHS TO OGCTOﬂTC.TII)CTBO, YTO ¥ €KOTOLBM K3
ITHX PUNoccdoB yaanoch CO3aTh reHUANBHYI TEOPHI, SBISIOIIYICCH U B
HACTOsileE BLEMsI OCHOBHBIM COREPIKAHMEM TOTO, UTO HAM H3BLCTEO GO
YCTPOHCTBE BewIecTBa: peyb MALT 00 ATOMUCTHUECKOH TeOpHH. YiKe 2a ue~
ThIpe BeKa A0 Hamuell 3pbl Jemokpum yunn, 4T0 BCIHECTEO CCCTOMT M3 BU-
YTOHKIIO MaNbIX YACTUL, OTACNEHHBIX APYT OT APYTa TYCTBIMH TPOMENKYT-
Kamu; 9TH YaCTHILl OH Haspan amomamu. COTNACHO ITOMY YHUeNWio, BCsi-
KOE BELECTEO, MPEACTABNSIIIEECS HAM CIUIOIINBM U HENPeLBIEFLIM, B
JHENCTBUTENNBHOCTH COCTOUT U3 POsl ABMKYIMXCS 8TOMOB. Jl."lﬂ HAIlKX E€-
COBEPILEHHEBIX YYBCTB 9TOT PO aTOMOB CIMBAETCS B OAIKY CIJIOIHEY IO MACCy,
HOROGEO TCMY KaK MBI HE MOYKEM Das3/IHuMTb OTHENbEBE KUPIMUM 3AaBUSA,

€CNy CMOTPUM Ha nero ¢ Gosplioro paccrosihns. Arombl, cornacho Jlemo-
* KpUTy, BaXOATCA B GecPepBIBHOM ABIDKeHHH, COeXMHSISICH MOKLY CO-
60l B paznuunble KeMOHBALMY, KOTOPLHIE MOTYT H pacnafiaTecsi BHOBL. Bee
M3MELERNs] B CBoficTBaX BemlecrB 00yCnOBNEHR NEPErpynTMpoBKOH aTo-
MOB, TIEPEXOISUX OT OAHOH KoMOuEaUMK K ApYrom.

To ke caMoe yueHHe pasBMBAaNM W JApyrHe (HIOCOGE! PeBIOCTH, KAK
BanpuMep Inuxyp (Tpu Bexa 10 Hallel spw) M Jyxpeyuil Kap, usnoxus-
Imii €ro B TaTUHCKON NosMe, 03arnaBneHHoM «O Npupoae BemeH» M BamH-
CaHHO} B mepBoM Bexe A0 paweil 9pel. B HacTOsIEe BPEMS HAM He OUeHb
SCHB! Te NPUUMEBL, KOTOPHE 3acCTABMIM aHTHYHBIX ¢unocodor npuiiry K
ATOMUCTHYECKO] TEOPHH ; BepHEe BCero, OHH CTaNH BEPUTh B ATOMBI TIOTOMY,
YTO TEOPHSA ATOMOB M03BONSIET BECHMA TIPOCTO H HeNPHEYMIEHHO OOLACHUTE
uensft pam nerxo saGmopaembix Gaxros. Horpa kakoe-nu6o Bemecrro,
HarpeBasich, PACHIKPSIETCS, TO C TOUKH 3PEHHS aTOMHCTHUECKOH TEOPHH CAMH
aTOMBl OCTAKTCS TIPH STOM HEHSMEHHBIMH M YBEJIHUMBRKTCH TOJBKO Npo-
MEXKYTKH ITyCTOTO TIPOCTPANCTRA MEKLY HUMA. Brio 61 BeCHMA TPYIHO HITH
Ja)Ke TOUTH HEBO3MOYKHO ITpeACTaBUTb cefe 370 sIBNeHHe HATYISITHO, eCTH J10-
NYCTUTD, YTO BEIECTBO SIBNISeTCS HenpePHIBHLIM 1 crutomlbiM, Koraa atomp
HaXORATCA Ha GONBINOM PACCTORHHHM PYT OT ApyTa, TO eHCTBY I0IIE MEXKLY
BEHMH CUH CLeINelusl OUCHb MAMNB, A TAK KaK aTOMH ofNajaoT gBHKe-
HUEM, TO OHH GYRyT CTPEMUTBCS PA3iaeTeThCs BO Bee cTopoHsl. TlosToMy Ba
BCSIKYI0 MeperopOfKy, MOCTaBlEeHHYH0 Ba HX MyTd, OEH OyIyT Npouspo-
JUTb aBNepHe, KOTOPoe MPEJCTaBJIsieT He uTo HHOE, KAK COBOKYMHOCTbH
YIapoB aroMoB 06 9Ty neperopoaky. Teso, COCTOSLNEE U3 TAKHX yAaseH-
EHIX ApYT OT Kpyra aromoB, GyIET OXOTHO 3aHMMAThL BCSKHI mpepceta-



6 Beedenue

BIEHHBI eMy 00HeM H GY/IeT 1IpoH3BOANTDL JaBJieHHe Ha BCE CTEHKH, OTpa-
HUUYMBAWILHE 3TOT 06beM, TaKoe Teno GyaeT 061a3aTh Manoil IIOTHOCTHIO
o Gonbuioit cyxymaemocTbio. VIHBIMY coBamy, oHO GY/IET HMETDb BCe CBOM-
CTBa TEJ, Ha3bIBAEMBIX [a3aMH HIH IapaMH.

Ecnu paccTOSIHME MeXly UYaCTHLAME SHAYMTENbHO YMEHBIIMTCHA, TO
Aaneueifiee cyxatue GyAeT NPOMCXOAMTH BCE TPYJHEE M TPYJHeE, W CHIEI
ClenneHHsi MeK1Y YacTHIamu OyyT HrpaTh Bee Gonee U GoJiee 3HAUMTENb-
HY10 posib. TaKkuM o6pasoM MBI IIPHXOIMM K XaPaKTe PHCTHKE JKUJKOTO €O~
CTOSIHMS! BelecTBa, YacTHHbI XHAKOCTH BCEra CUEMIIeHbl IPYT ¢ APYTOM,
O[IHAKO 3TO CLEMIEHHE HE HACTOJILKO CUNILHO, YTOOK! IPUBASLIBATE KAXIy10
yaCTHLY K II0N0MEHHI0 paBHoBecHsi, OcTaBasch Bee Bpemsl B 061aCTH MpH-
TSHHCHHA JPYTHX UACTHI, KAKAAS YACTHLE MOXMET CBOGOAHO CKONB3WTHL
Me}Jly HHMHM U TIEDeMeINaThCs 110 BCeMy o0bemy KuaKocTH. Bor nouemy
JKUIKOCTH JIETKOTIOBH)HEL H TEKYUH.,

Muaue ycTpoeHH TBepHble TeNA: Ka)(iasl YaCTHIA B HUX NIPHUBASAHAY
K OmpefieNeHHOMY IOJIO)KEHHI0 PaBHOBecHsS. BOKDYr 310ro MOJOMEHHS
4acTHLA MOYKET CoBepIIaTh Gonee WM Memee ORICTpHe KoneGanus.

He MeHee MPOCTO aTOMHMCTHYECKAsl TeOPHsT OO'BACHAET H SIBIEHUA TeN-
JI0THI. Y)Ke JaBHO M3BECTHO, YTO ABW)KEHHE [IPH TPEHHH NMEPEXO]MT B TeN-
NMOTy: TaK HanpdMep Jaeu B 1799 r. 3acTaBun pacTadTh [Ba KYCKa
JbAA, NOABEPrast HX TPEHHIO APYT 0 apyra B Ge3BO3AYIIHOM IPOCTPAHCTBE.
[Ipy 3TOM TeNNo MMEHHO G03HUK/A0 U3 JBHKEHHS H HeNb3si OLLIO AYyMaTh,
UTO Y)Ke MMEBINeeCs B KYCKe Mpfa TENNO CYMeNno HarpeTb ero o Gojee
BBRICOKO! TeMmepaTypel G7arogapsl yMeHBIIEHHIO ero TEII0eMKOCTH : Ten-
JIOEMKOCTE BOJIbl, BOSHHKILER NpH TasiHuM, He MeBblle, a Gonblle Tenno-
€MKOCTH Jiba. ECau Tenso Mo)KeT BO3HUKATh M3 JBH)KEHHs1, TO Hanbonec
€CTECTBEHHOE JIOIYIIEHNE 3AKJIOYAETCsA B TOM, YTO Terwio camo 1o cefe
€CTh JIBIDKEHHE, HO TOJIBKO JBH)KEHHE, HEBHIMMOE I1a3y, 8 MMEHHO [BH-
YKEHHME COCTABMIAOMMX TeJ0 YacTHU. TaKas TOUKA 3PeHHs 0KA3anach He-
ofbuaiiHo MIofoTBOPHOH 1 yke ¢ cepepuunl XIX cr. crama ofmenpu-
HATOH,

TaxuMm 00pazom MBI BHIHM, UTO ATOMICTHYECKAS TEOPHS C CAMOT0 Ha-
vyana ofemaer oGbACHHTE Psiji CBOMCTB BelecTBa. B nanbHedinem Mbl H3n0-
»KuM Gonee MoApo6HO MCTOPMI0 aTOMMCTHYECKHX BO33DeHHH B (H3MKE H
XHMHH ¥ TY Qopmy, KOTOPYIO 3TH BO33pEeHHS] HMEIOT B HACTOSEe BPeMs.



f7aABA 1
ATOM H MOJEKY1A
ATOM H MOJIEKYJIA B XHMHH

Hauunas ¢ 1768 r., renvanpubiii dpanuyscxnit xumux Aumyan Jlo-
par Jlasyasbe TpOVSBOJMIT OMBITH! 110 B3BEIMHBAHHMIO BEINECTB, YYacTBYIo-
HHX B XMMHUYECKOH DEAKIMH. JTH OMBITH NMPUBEJH €70 K 3aAKIIIOYEHHIO,
YTO BECOBOE KOJIMUECTBO BEUIECTB,
BCTYNAKUIKX B XMMHYECKY0 PEAKIHIO,
OCTAETCsT TAKHMM YK€ M 1ociie PeaKiyi.
Ecnu Korjpa-uubyab 1 OpOMCXOJST OT-
CTYTUIEHHS OT ITOrO 3aKOHA (HAtpuMep
TOJIbKO OT TOPSIIEro f0JieHa O0CTAETCR
FOPCTOUKA 30JIBI), TO ITH OTCTYILIEHUS
B eHCTBHTE/ILHOCTH TOJIBKO KA)KyILKE-
cs1. OnH OGBSCHSIIOTCS TEM, UTO B pe-
AKLMM yUuacTBYIOT HIH TIONYYaloTcsi B
BHJIE ee TIPOJLyKTOBras00fpasHpie Bele-
CTBa, He TaK JIeI'Ko TOAAAI0IHECST B3Be-
HINBAHMIO ; €CJIM YUECTb M UX, TO HUKA-
KX OTCTYTJIEHHH OT 3aKOHA He Gynmer.
Tax Obit OTKPBIT 3GKOH COXPAHEHUS g~
wecmeq, CTABINMH [IPOYHLIM OCHOBA-
HHEM XHMUH,

Tort e JlaByaswe yCTAHOBUI M 110-

HATHE 0 XUMUHECKUX 3/EMEHMAX, T, e,
o mpocrefimmx dopmax BewecTsa, U2
KOTOPBIX COCTOAT BCe TEJIda LIPHPOALL Anryan Jlopan JlaByasee. .
Besikoe Teslo, GH3HUECKH OJHOPOJIHOE,
MOXMET COCTOATH MJIH M3 OJHOTO 3JIeMeHTa (TaK HATpP¥Mep anMas COCTOUT
U2 OJHOTO 3JIEMEHTA — YTJIePOA) HIIH U3 HeCKOJBKHX 3JIeMenTOB. B mep-
BOM CJIyyae Mbl HMEEM JEJIO € TIPOCTHIM TEJIOM, BO BTOPOM ~— C XHMuUe-
CKHM COefHeHMeM (MATIPUMEP BOJA €CTh XMMMUECKOE COEMHEHME 3Me-
MEHTOR BOJIOPOJA M KHCJIOPOAA) MM ¢ OTHOPOJHOH CMecLI0 (Hampumep
BO2JIyX €CTb OJHOPOIHAs CMeCh, COCTOSAs IJIABHBIM 0fpa3oM M3 Tpo-
CTHIX TeJl KHCTOpOja M a3ora).

B mapaynenb ¥ 2aKOHY COXPAHEHMs BemeCcTBA JlaByasbe yCTAHOBHI
M BTOPOii SaKOH, 3 UMEHHO 3aKOH COXPAHEHUA nemenmmos. OH riiacuT, uto
BECOBOE KOJIMUECTBO KAMKIOr0 XMMHUYECKOTO 3JICMEHTA, BBSTOr0 B OTAENL-
HOCTH, OCTAETCS] TAKMM JKe ToOcJie PeaKum, Kak M 1o Hee. [Tpn xumuue-
CKOH peaKuuyt OJlHA KOMOMHAIMS XUMHUSCKMX 3JIEMEHTOB 3aMeEHSIETCS
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apyroff komGuHaLMei MX, O BECOBOE KOJHUECTBO KAM(JIOIO SNEMEHTA B
OTAENBHOCTH OCTAETCS] HEM3MEHHBIM.

Tocne cmeptu JlaByaswe (1794 r.) ero yocefoBaTesId fpoAoIKasH
HayaToe IIM JEJI0 M3YUeHHs] BECOBLIX OTHOIICHHII Mej)dny BemiecTBaMmH,
YYACTBYIOLMU B XMMUUeCKUX peakuusax. IMpu orom OBl OTKPHIT Psif 3a-
MeYaTeNbIIBX 3aKOHOB. T1peyxae Beero Ob1710 JOKASAHO, YTO KaXKA0E XMMH-
YECKOE COeMHEHUe COCTOUT U3 INIEMEHTOB, B3STHIX B CTPOTO OMPEAEIEHHOM
BECOBOM OTHOLIEIHH, ¥ UTO MMEHHO ITUM XMMHUECKOE COEAWHEHME OTIIH-
YAETC OT OHOPOAHOH cMecH (3AKOH NOCMOANCHea cocmaga). Taw HATPH-
MEP CMCCh BOABL ¥ CHIMPTA MOXKET BCTpel{aTbCﬂ B CaMpIX pasHbIX npouop-
LHX, HAUMHAS] OT yHCTON BOJEL ¥ KOHYAS UMCTBIM CTMPTOM. 3aTO XUMU-
uecKoe COefHIIeHHe OKUCH MeNM BCerfia COAePKHT no Becy 80%, meny M

209%, kucnopopa. Jlanee Ob1 ycTaHo-
e ~ BJIeH 3K0H IKELEAAEHITIO8, KOTOPHIi 3a-
N . KJI0YaeTCs1 B CAEAYHOIIEM nyCrh AdHB!
TPH XHMHUECKUX dNeMeHTa ; 0603HAUMM
ux Gyxsamu A, B u C. Ecnv snement A
COERMHSIETCST C 3/IeMEHTOM B B BECOBOM
OTHOILIEHWH @ : b, a anemeHT B coean-
Hsietcst ¢ anementom C B OTHOLIEHUH
b:c, T0 A Oyner coepuusiThest ¢ €
B OTHOWIEHMH @ :¢, T. e. HA @ rpam-
MoB snemeHTa A OyneT NPHXOAHTHCS
¢ rpammoB snemenra C. B pomosne-
HHE K 3THM 3aKOHaM auriuicuHil yve-
uwiit Jacon Jasenon OTKPHI 3aKOH
KparuelX oTHoweHuft. dopmynnpos-
Ka ero TakoBa: fBa 3JCMEHTa MOryT
COSMHATRCA MeXAy coboil He Tonb-
KO B OHOM OTHOIUEHHW, HO U B He-
CKONBKUX, NpU YeM GynyT NONyyaThCs
pasautHble. XUMUUECKHE  COEJIMHEHUS
(Takum 00pa30M HUKAKOrO JIPOTUBO-
Hoxon Manbron. peuriss 3aKOHY FOCTOSIHCTBA COCTAaBA
snech Her). [Ipw STOM Beerma Ko-
NIWUECTBA SJIEMEHTa B, NPUXOAsIlMecs] B PAa3HBIX XUMUUYECKUX COCAMHE-
HYUSX HAa OJLHO M TO K& KOJMYECTBO JJIEMEHTA A, TAK OTHOCSTCA MENZLY
coboit, KaK HeGonpluye LENBe uMCna; HANpUMep, ecnu mexxay A v B
BO3MOMIIBI ISITh PA3HEIX COEAMHEHM, TO B IEPBOM HA @ FPaMMOB NIeMeHTa
A npuxofxTcst b rpammos anemenTa B, Bo BTOPOM HA TE JKe @ FPaMMOB
3neMeHTa A NMPUXONHTCS POBHO 2p rpaMMoB 3neMeHTa B, B TpETheM —
35 rpammor, B uyeTBepTOM — 45 U B nsATOM 5b rpaMMoB.

Kakim o0pasom cBs3aTb Mexay Ccoboif S9TH XWMHUECKME 3aKOHH?
JlO.Tl)KHEl JIH X¥MUS HMETh J€J10 C KA)KBBIM M3 HHX B OTAENBHOCTH, HJIH we
0HA MOKET CO3/IATH TAKYIO TEOPHIO, H3 KOTOPOi €CTECTBEHHO BEITEKANH Ob
BCE MEPEYMCIIEHHBIE 3aKOHBI XMMHUUECKUX peaxuuii? 3acnyra cospaHus
TaKoi TCOpUM npuHaaneKuT Tomy e Hanbrony. PyKoBOACTBYSCH UAesIMU
Jlemoxputa, JlaneToH TpUINEN K SaKJIOUEHHWIO, YTO BCe Tena COCTOST U3
QmMOMO6, KOTOPBIX VMEETCS CTOJIBKO JKE PASIMUHBIX COPTOB, CKOMIBKO Cy-

e
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MIECTBYET XMMUUECKUX 2NIeMeHTOB. BCe aToMbl OJIHOIO M TOTO K& XUMHE--
CKOTO 3/71eMeHTa abCOJIIOTHO HEPA3/IMUMMBbE MeXKLY C060I0 M B WacTIOCTH
PaBHBL APYT APYTY NO Becy. 3aTO aTOMBI PA3NHUHBIX XMMUYECKHX 2JICMEH-
TOB 001aJIA10T pa3UYHBEIMKM Becamu. ATOMB HEJb3A pa3pyuUIuTb M WX
HEeNb3A CO31aTh BHOBb; aTOM OJLHOTO DJIEMEHTA HE MOMET NpeBPaTHTLCSH
B aTOM Jpyroro. «[IbTaThes co3aaTh UM YHUUTOXUTE ATOM BOAOPOJA TaK
He 6€3Haﬂ.e)KHO, KaxK NBITATBECA CO3JATE HOBYIO NJIAHETY COJIHEUHOH cu-
CTEMBl MjIM YHHUTOXHUTb OfIHY M3 CYLIECTBYIOLIMX», TaK rucan JanbTen
B cBoeit «Xyvmuueckot dmuoccguus,

Jlerxo BUJETDH, YTO U3 BCCrQ 3TOr0 BLITEKAWT 3aKOH COXPDAHEHEMA Be-
HIECTB2 W 3aKOH COXPAHeHUSA SNeMeHTOB. OCTANbIIRE 32K0NB 0O BACHAIOTCS
TAK e TPOCTO; HO JUIsl TOr0 TPUXOAMTCS BBCCTH NMOHATUE O MOAEKYAE.
Kumuueckue COepMHeHH A 06pa3y10Tc;x, €CIM HeCKOJNIBKCQ aTOMOB PasHBIX
XMMHUECKHX DJIEMEHTOB COeJUHATCA B UEJYI0 CHCTEMY, HASHBAEMYIO MO-
JeKynoit. Besticoe JaHHO® XMMHUECK0e COeANHeHHE COCTOMT M3 OAMHAKOPLIX
mosieiyt. [1pocToe Teno ToKe COCTONT U3 MOJIEKYI, HO B COCTAB TAKOM MO-
JIEKYJIbl EXCIST OIMHAKOBBIE ATOMBL, 2TOMBI OJIKOT 0 W TOCO Ye XMMUUECKOT0
anteneiTa., Eciu Ham u3BecTeH COCTAB MOJEKYNH U OTHOCUTRJIBIIBE Beca
00pA3YICIUMX € ATOMOB, TO He TPYAHO PACUWTATH M BECOBOE OTHOWIEHME
pasHkIX DNEMEHTOB B JAHHOM XMMMUECKOM COeJMHEHITH,

BoCnoib3ycMesA TEMH OTHOCHTEbHBIMH BECAMM aTOMOB, KOTODHIE Y€
nocsie JlarbTona ObuM BBUMCIEHBI APYTUMH YUEHBIMH; OKa)KeTcsi, uTe
CaMbIM JIEFKMM aTOMOM SBJIsIeTCS1 aToM Bojopoja. Ecim Bec aroro aroma
ApHHSTH 22 eUNNIY, TO BeC aToMa Kucnopona Gyper pasen 16, Bec atoma
asorta Oyner paseH 14 u T. A. MojeKyna BOJLI COCTONT M3 BYX BOAOPOJ-
HBEIX ATOMOB M OJHOTO KMCJOpOAHOre. TaK KaK BOJa COCTOUT BCA U3 OffH-
HAKOBLIX MOJIEKYJ, TO OTHCIIEHNe BeCa KUCIOPORA K BeCY BOADPOLA BO
Beell BOfe GyJeT TaKoe yKe camoe, KAK B KAKIOH OTAENbHON MONEKyne,
T. €. 16 : 2 unu, uro TO e camoe, 8 : 1 (3aKOH MOCTOSTHCTBA cOCTaBa).

A30T 1 KHCTIOPOZ, MOTY'T COEAMHATLCA MEXKLY COB0I0 B PASNUUHBIX OT-
HOHMIEHHSIX. DTO NPOHCXOIMT NOTOMY, HTQ MOXET 00pa30BaTRCS MOJe-
KyJia M3 JIBYX aTOMOB 230Ta M OLHOrG aTOMa KHCJIOpOAZ, HNH U3 OLHOTC
aTOMa A30Ta ¥ OFHOrO aTOMA KUCIOpOAa, WiM M3 JBYX aTOMOB a30Ta M
Tpex aTOMOB KHCIOPOAA, MIH U3 ONHOIO ATOMA 430TA H JIBYX ATOMOB K-
€JI0pOAA, MM HAKOHEI U3 JBYX aTOMOB A30Td U NMATY ATOMOB KHMCNOpOAa
(puc. 1). Jlerxo BuzeTh, uTQ B IIEPBOM M3 ITHX COEJIMTHEHMH HA KadKIbe 7 2
asora npuxoaurea 4 z Kucnopoja, BO BTOPOM —Ha Te e 7 2 asora
8 2 KuUCIIOpOZA, B TpeTheM — 12 2 wucnopora, B ueTBepTOM — 16 2 U
HaKoHel B UATOM — 20 2 KUCAOpOa, STH KOJMUeCTBa KHCJIOPOJA OTHO-
cATCA APYT K APYry Kak uejsie uucna 1:2:3 :4 15 (3aK0H KpaTHHIX
orsowenuit). Takum e 06pasom OGBACHAETCS W 3aKOH OKBUBAJTIEHTOB.

Mel BumuM, wre Teopua JlanbTOHAa € NOPa3sHTENBbHOH JIRTKOCTBIO
M IIpOCTOTOH 0OBICHAET TrpoMajgHoe KomuuecTBo (dkroB. Her muuero
YAMBUTENLHOrC B TOM, UTO yueHue JIANbTOHa NPOYHO NpPUBUNOCH B XM-
MuH, MOXHO CuMTaTh, UTO TDOMAJHAA YACTh YCNEXOB, JNOCTHTHYTHX
xumueit XIX c1., 0GBACHAETCH MMEHHO TeM, YTO XWMUS He OrpaHduH-
Bajack OJHHM TOJIBKO HAKONJEHHEM BCe HOBHX M HOBHIX TpY/l OIHITHOTG
Matepyana, B¢ IOCTOSHHO CTPeMusach MCTOJIKOBATL 3TOT MaTepuan B
CBA3M C MpEACTABJCHHMSIMM TeopuH [lajbrona. JTHM IyTeM yaamoch Re-
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CTHIHYTH 3HAUHTENBHBIX YCUEX0B: ANIA LENoro PSia BechbMa CHOXKHBIX [0
CBOEMY COCTABY MOMEKYT XMMHKH CMOTJIH TONYUMTB [PEJCTABIEHHE H O
TOM, KAKHM MMEHHO ¢0pasoM aTOMDLI CBSISHIBAIOTCA MeAAy cofoit B oroi
MOTeKyne (CTPYKTYPHAS TeOp¥st), 3 B OTAEAbHLIX CTyuasix J2)Ke O ToM,
KaK 5TH 4ToMbl PACcHOJIATAIOTCA B MPOCTPAHCTBE (CTEPEOXMMUA).

Onnao cnefiyer 3aMeTuTb, UTO ATOMHCTHUECKHM NpeACTaBIEHMSIM,
caoxuBmvmes B XIX CT., HeAOCTABANO KOMMUeCTBEHHON OMpepesieH-
Hoctv. B camom pmene, U3 KONMMUeCTBEHHHIX OTHOIEHWi, KOTOpLIE CO-
OMONATCA NPY XMMHUECKUX pPEAKUMAX, B JIyulleM CNydae BOSMOMHO

e
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BHIBECTH TOJIBKO OTHONTEHME MEXK/y BECAMY PASTHYHEIX ATOMOB, HO HENL3S
Y3HATL BEC KEMJOro M3 HUX B OTACMLHOCTH: TAK HANDHMED MBl BUAEHH,
uTO aToM Kuciopoga B 16 pa3s Tskenee aroMa BOAOPOAA, BeC aroma
a30Ta paBeH 7/; Beca aTOMAa KMCNOpOJA M T. . U T. K. Ecan 6ut Mu
3HAJM, ueMy PaBeH HATPUMEP BEC KHCJIOPOIHOTO ATOMA B I'pammax, TO 0T-
€102 MOXKHO ObINIO B! HEMOCPEJCTBEHHO 3AKTOUATL O TOM, CKOTBKO BECHT
K&K[bilf M3 ATOMOB BCeX OCTANLHBLIX M3BECTHLIX B XHMHHU dnementoB, Of-
HAKO ITOT BAKHBIM K0Y K paclm@poBKe CROMCTB OTACNBHBLIX 4TOMOB
YUOpHO HE fABajicsd XWMMKam B pyKu. [103TOMy - OHM OBITH BBIHY)IEHB
"BBECTH COBEPLIEHHO YCHOBHYI eIVHHIY ATIS M3MEDEHMS Beca OTAETBHBIX
ATOMOB: B KAUECTRE TAKOH eAMHHUE HBIT IPUHAT ReC aTOMA BOAOPOAA, €a-
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MOTO JIEFKOI'0 M3 BCEX ATOMOB ; BEC KUCJIOPO/HOTC ATOMA TpUGIHSHTEIbHO
paBeH 16 Takum eguHMUAM. TaK KAaK OTHOCHTE/LHBIE BECa OCTAJIBHBIX
ATOMOB  uaile BCEr0 ONPejeNIAlTCA HMEHHO W3 U3YYeHHs BecoBOro
€CCTaBa KUCAOPOAHBIX COEMHeHHit, TO BMOCTEACTBHH, KOIa OKA3anoch,
YTO OTHONIEHHE BECA KHCJIOPOAHOTO aTOMA K BECy aTroMa BOJOPOJA paBHO
He B TOYHOCTH 16, a HECKOJIBKO MeHbIlUe, XHMHKH 3aKJIIOUMIIH MEYKY cO-
©0if cnepyoulee yC/OBHe: B KauecTBe eMHUIIB BECA NMPU H3MEPEHHMH Beca
aToMOB GepeTcs o0Ha WecmHadyamas Yacy 6eca amoma Kucaopodd. Ito
YCITOBMe 0BIIEeNPHHATO B XMMHH Ji0 CHX Nop. Bec aToMa KaKoro-ugo xu-
MHUECKOT0 3JIEMEHTA, H3MEPEHHBI B TAKNX €IUHNLAX, HA3KBAETCA aIMoM-
HOIM B€COM DTOTO XMMHYECKOTO sjiemeHTa. Taxum 06pasom aTOMHLIH Bec
KHCJ0P0AA PABEH no onpefeneHnio 16. AToMHLIH Bec BoAOpoaa, KaK Moxa-
SHIBAKOT BEChbMA TOUHbIE MBMEPEHHS OTHOCHTE/ILHEIX BECOBEIX KOJIMUECTB
BONOPOJA M KHCJIOPOJa, BXOALINX B COCTaB Bofkl, paBeH 1,0077, aToMHBIA
Bec asora paseH 14,0073 uw 1. A. O@Hako B TnoOCNelHee Bpems, Mo
NPHYMHAM, KOTOPHE CTAHYT 5CHBL BO BTOPOI rJ1aBe 3TOM KHUMIU, HEKO-
Tophle PHIMKYU MPEANOUNTAIOT TIOSIb30BATLCA B KAUECTBE €M HULIBI ATOMHOTO
BECa O0HOI HEImEepmpio 6eCa AMOMA 2€AUs. DTO NPUBOMUT i HE3HAUMTEND-
HOMy repecueTy ynoTpeGUTeNbHBIX B XMMHMH aTOMHBIX Becos, Tak Hamnpu-
Mep aroMHb Bec BONOpONA OKAa3kiBaeTcsl paBHuM 1,0072, aroMHblii Bec
asota 14,003, aromubiii Bec xucnopona 15,9914, B Tex jke camblx efju-
HHLAX M3MEPSIOTCA H Beca MOJeKys. MoJiexy/iapHbIM BECOM JAAHHOIO XM~
MHYECKOTO COEJMHEHNS] HA3BIBACTCA CYMMA ATOMHBIX BeCOB BCEX aTOMOUB,
ofpasylomnx ero mosiexkyny. Hanpumep MosieKyna BOJBI, KAK MBl TOBO-
PHJIH, COCTOMT M3 ABYX BOJOPOJHBIX H OJIHOTO KHCJIOPOJHOTO aTOMa; Bec
‘BOJIOPOJIHOTO aTOMa IpHONH3UTEIHHO PABEH EIMHUIE, ATOMHEIT Bec KHMCIIO-
pona npuGnsKTensHO pasen 16, [TosToMy MONeKynApHL Bec BOAB Gyper
2 + 16 = 18, Taxkum jxe 06pasom  MOJeKyNApHBEI BeC YrJeKHCIoro
Taza, MOJEKyJa KOTOPOrO COCTOWT 13 JBYX KMCJIODOJHBIX H Of[HOTO
YIIePoJHOro atoma, paser (2 X 16) 4 12 = 44 (aromunii Bec yrniepoia
pased 12).

EcnH MBI BO3BMEM CTOJILKO I'pAMM KaKOro-ubo BeiecTBa, CKOIBKO
MMEeTCS eMHHMI] B €r0 MOJEKYJIAPHOM Bece, TO ITO KOJHUECTBO BEleCTBa
FABHBAETCA €To 2pamm-mosckyioll. Tax Hampumep 18 z Boawl 06pasyior
TPaMM-MOIEKYJTy BOJIbI; 44 ¢ yrJIEKHCTIOr0 rasa COCTAaB/IsoT I'PamMM-Moie-
KyJly YITEKWCJIOro rasa ¥ T. A. SICHO, YTO OTHOIUEHHE BeCa MONEKYJIBl
BOJbl K BECY MOJIEKYJIBI YTJIEKHCSIOr0 rasa pasHo 18 : 44; oTHOWEHHE Beca
2PAMM-MOAEKY AL BOIBL K BECY TPaMM-MOJIEKYJH YTJIEKHCIIOT0 [asa Toje
pasuo 18 : 44; oTCI0a oueHb JIETKO 3aKJIOUMTL, HTO T PaMM-MOTICKyna
BO[bI CO/IE PIKHT CTOJIBLKO YKe MOJIEKYJT BOJIBI, CKOIBKO MOJIEKYJT yTJIEKHCIIOr0
ra3a MMeeTcs B TPAMM-MOJIEKyJIe YITIEKUCIIOro rasa. Boja M yrJIEKHCIbI
ras OpUIM B3ATH HAMM TOJILKO U151 IPHMEPA; TaKoe yKe CaMoe COOTHOMIEHHE
NOIYUMM M B Cayuae JIOGHX ABYX APYTHX BelilecT. CeoBaTebHo uueao
MOJEKYA 6 2PAMM-MOAEKYAE COBEPUIEHHO 0OUHAKO60 OASL 6CEX PeUMesHo
seujecmg. TaKuM >ke 00Da30M, €CJIH Mbl HA3OBEM 2pPAMM-GIMOMOM JARHOIO
XHMHAHECKOT0 3JIEMEHTA CTOJILKO I'PaMMOB 9TOCO 3J1EMEHTA , CKOABLKO eJIMHAI]
8 €r0 ATOMHOM BECE, TO OKA)KETCSA, YTO YHCJIC ATOMOB B I pAMM-ATOME OJIMHA-
KOBO [/1s1 BCEX XMMHUECKHX JIEMEHTOB M K TOMY YK€ PABHO UMC/Ty MOJIEKYJ
B rpamMm-MoneKyne. B caMoM fene, UTHOLIEHME BeCa TPamMM-aTOMa a30Ta K
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Becy IPaMM-MONIEKYJIBl KKCICPOa PABHO OTHOLIEHHIO ATOMHOIO Becd a30Ta
K MOJIEKYJIAPHOMY BECY KUCIOPOJA, HAH, YTO TO JKE Camoe, paBHO OTHOLLE~
HHI0 BeCa aTCMa K BECY MOJEKY/Bl KHcaopoaa. T1ooTomy umcso aromos B
I aMM-2TOME 230Ta (M4 KAKOLO yrofiHO APYror0 XUMMUECKOrD 3eMeRTa)
j ABHO UHCIY MOJEKYJ B I'PAMM-MONEKYJE KHCIGPOLA (MM KAKOr0 YTORHO
APYFOro BELIECTBA). ITO YUCIIO 11A3BIBACTCSA yuc..oa Asoeadpo.

Ecau Mbl y3HaeM uucno ABOrajpo, TO Mbl CMOXKEM Y3HATH HE TOJLKO
OTHOCHTE/IbHBIE BECA ATOMOR XUMWUECKHX DJEMEHTOB, HO M MX abConioT-
HBIC BECA, T. €. CMOMEM Y3HATD BEeC Ka}(AOro aToMa B rpaMmax. Ecan yucio

i8
Asorazpo papuo N, T0 Kajas MOTeKYna BOAE IOIDKHA BECHTB — 2,
u6o B 18 2 Boaw 3axmouaercs N monexysn. Ho monmexyna Boas B 18

pas Tshiesee aToOMa BoaOpoAa, 3HAUMT aTOM BOAOPORA BECHT ﬁ 2, aToMm

yraepona IIV-—2 2, aTOM Kucropoza }Nﬁ— 2HuT.

V3narh KakHM-HuGyAb €nccCOOM yucyo ABOrafipé — 310 BCe PaBHO,
UTO B3BECUTL ATOMBl XPMUUCCKHX JNEMEHTCB M MOJIEKYBl XMMHUECKHX
coeaunenufi. OTclola BUIHO, HACKONBLKO MHTELECHD M BaXKII0 y3HATH ITO
uicno, Tem He meHee XMMMA He CyMesa OTBETHUTL HA BONPCC, UeMY OHO
papno, PaspemwTs 9T0T BCOEGC CMOrfa TONLKO (H3MKE, 0 YeM MBIl TI0-
ApoGuee y3naem B rjape 1.

NEPHOOQHYECKAS CHCTEMA 3/1LMEHTOB

X1X cr. 6610 Cy)IeHO 0GOraTHTL HAYKY 3aMEUATESbHEIM OTKDH-
THEM, HCTHHHLI CMBIC/ KOTOPOTO PACKPHIACA TOABKO YE PE3 NATHAECAT JIET.
Peub uaeT 0 nepHopuyeckeil cucteme ancmentcn. Topupumenmy Howasnoc
(B 1863 r.) nepsriii 0GpaTiHA BHUMAHKE HA Te 3AKOHCMEPHCCTH, KOTOpHE
06HapY)KHBAKTCS, €C1U PACNONOKLTL U3BECTHHE XMMHM 27CIEETH B N0-
PAAKE BO3PACTAIOMIErD ATCMHOTO BeCa, JTUM 3aK0nomMepHecTs. M Hironarae
Jlan No3THUeCKOe HasBaHMe «3awona oxrapy. OTKpbiTHe Hblomsnaca He
GbI710 OLEHEHO XMMHKAMU 110 AOCTOMECTBY ; HblonoH/Ca A3BUTEIBHO ClIpa-
mMBanH, He npoGoBan JiM OH pacnonoXUTh XHMHUCCKHE DNEN.EHTbl B MO~
paaKe andaBuTa M He NOAYuanrch N W Npy 3TOM 3aKoHOMepHCCTH, Ho
y)KE uepes Heckonbko Jet (B 1870 r.) sarnsan Hblondnaca cuopa Guau
BHICKA3aHH B ellle Goree oupepenerHoll Qopme Jmumpuesm Hearosuuem
Mendeaeesoin v Jlomapom Ma epom. Oxasanoch, uT0 €CJIM PACNOAOKHTL
9JIEMEHTH! B IOPSIAKE BO3PACTAIOMET0 ATOMHOIO BECA, TO LENHH PR CBOHCTB
B OTOM CNHCKE NEPHOJHYECKH 10BTOpsieTcsl. B HacTosmee Bpema u2-
BECTHO TOpasf0 GOJbIle XMMUYECKHX 3J1€MeHTOB, ueM B 1870r.; Mbl IpUBO-
UM Taﬁ]’llfluy «nepuonnuecxoﬁ CLiCTEMB!Y B TOM BHJE T LaKOM €€ MOXKHO
NUCATL HA OCHOBAHHM COBPEMEHFHIX XMMMUECKHX 3Hannil (prc. 2).

CPEJJ,M XHUMHUECKHX DNEMEHTOB HU3BCCTHO HCCKOMEKO TAK HA3BIBACMBIX
«Onaropofnbix rasoBs (revid, HeOH, dProH, KPUNTOH, KCEHOH, paaoH).
Mexny nHumu ofmee TO, UTO BCE OHH OTKA3BBAWTCA BCTYNATH B XHMM-
YeCKHE COEJIMHENHs C APYr¥MHU anemenTamu, Haspanua xpmurveckux ane-
MEHTOB PACIION03 ekl B TafuLe CBepXY BHH3, W KaXKIBIA pa3, KOTAA CTON_
Bew noxoauT 10 61aropoRHOro rasa, sTor cToNGel NPeKPAINACTCsT K HAUM_
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HaeTcA HoBH., TIpH 3TOM OKa3bIBAETCH, UTO Kax(iblil cronfen HAUNHAETCS
XHMHUECKUMH 3JIEMEHTaMH, BO MHOTOM TIOXGXHMH HA T€, KOTOLLIMK HAUM-
HAIOTCA [pyrHe cTonbupl. Tak Hanpumep, nuThii, HaTfvit, Kanuil, py6u-
AMH K ue3nit — BCe NPHHANNEWAT K FEYNNE TAK HA3bIBAEMBIX LIETOUHEIX
METAJITIOB; OHM CXOMHBLIM OGpazOM YUACTBYIOT B XMMUUECKMX DeaKinsx,
HCMYCKAIOT CXOAHBIE ONTHUECKHE CTIEKTFRl ¥ T. 1. TIogo61i0e ye CXOACTBO
0GHAPY( BAIOT M CllefylInHe 3a HAMM onementhl (Gepminu#, marnui,
KaJb! Mif, cTponumit, Gapuif, pamuit), c6-

pasylomuMe FpyIny  IeJO4HO-3CMCITBF BIX 350 — 87—
MeTANJI0B, DJNeMEHTB!, NPeRuIeCTBYKIlME
GnaropoJIHLEIM rasam HauyHasi o BTOPOTO
cronfua {(§rep, xnop, Gpem, HOM), TaKke
06pasyloT IPyNNy CXORHHIX MOXIYy cofok

18K ~——37Rb

~3LL —HNa
~~ 4Be ——|2M
s7 8B ——3ALNN
AH < 60 ——145i

2Hes>\_ 7N —i5P i
N 80 —1i63

“gF ~——{7CL 30Zn

Dz —1BA 31Ca

32Ge— 8505n
33As— B3
345e——5CTe
33 Br

36 Kr— 54X

INEMEHTOB, TAK NA3bIBACMBEIX FAJIOUJOE.
B matueil TaGnuie CXOIHBIE SJICMEHTRI CO-
e[IMHeHB JTMHHSMU ; TAK HATIDUMED HMCEM
[pYUNy  37€MEHTOB, 00HADYXMBAKIINX 4
MMOI'0 OIMHAKOBLIX XMMH'€CKUX CBOI CTE, 85—
COCTABJIEHHYI0 M3 YTAepopa, KpeMHMs, 8B6Rn——~—4g~
repMaHug, 0J10Ba, CBMHUA M T. A, [umia Puc. 2. [lepnogiueckas
nepyosia (T. €. paccToOsHME MEXY 3Je- CHCTEMA JJCMECHTOB.
MEHTOM M €r0 AHAIOLOM B CHEAYIOIWCM

cTONI6lle) He OCTACTCH OIMHAKOBOM, a BCE PACTET M pACTET TO Mepe mpyl-
mKeHNs K Kolly Ta6nuubl, OQHAKO BKJIMHWUBAIONIUECS B CTOJGILI
IeMeNTE CaMy no cefe TOe OBGHAPYIKMBAWT NEPUOTUUHOCTb; damnce
Hapyuenus nepuoduuHOCmu  n06MOPAIOMCA  nepuodutccki ((BKIMHHBAIO-
mMecs SNEMEHTHl 00BejleHbl Y HAaC pamxamu)., B IBYX mectrax Hamei
Tabmutul (Ne 85 u Ne 87) orcyTcTBYIOIIHE 3JIEMEHTH 33MEHEHB! YepTOu-
KAMH; 3TO 3HAUWT, YTO COOTBETCTBYIOIIME OJIEMEHTRI CIIE HE OTKPBITH, HO
CYyIecTBOBAIME MX HECOMHEHHO NO COOGPAKEHUAM, KOTOphie 4MTATEND
y3HaeT u3 ryasbl L1
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Psaom ¢ HomMepom K@KIOI0 3/eMeHTA B HAlel TaGmuNe yKa3aHo c(-
KpailleHHoe ero 0§03HaueHUe, MPUHSTOE Yy XUMUKOB. (Taxue 0G03HAUCHHA
OBLIKHOBEHHO ABJAWTICA COKPAILGHMAMU NATHMHCKUX HA3SBAHUN S/eMeH-
TOB; HalpUMEpP 060snauenue H TNIpeACTABIAKIIIEE CUMBOI BGAOPOLA, £CTh
WauaneHast OykBa sarunckoro ciosa Hydrogenium, kKoropoe sHauuT BO-
AOPOA, M T. A.) Monexynbl 0603HauaoTcst MOCPEACTBOM KOMOUHALWMH 9TUX
GCHOBHEIX XUMUuECKUX CHMBONOB; HampUMep MOJeKyJa BOJbl, COCTOH-
was W3 JByX atomoB Bojopopa H u opHoro aroma kucnopoja O, ofo-
snauaercs cumBonom H,0; monekyna yriekucsoro rasza, cocroAilas 43
opHoro aroma yrynepoga C ¥ AByX aromoB Kucjopoaa O, ofozHauaeTes
CO, 1 1. 4. Te ke camble 0603HAUEHNUs BXOAAT U B YNIOTPEGNSTIOIIMECS XH1-
MHKAME GOpMYyNH XUMHYeCKMX peakluii; B oTuX (opmysax cieBa Ot
3HAKA PABEHCTBA (UM CTPEJIKU) TIepeuucTIeHbl MOJIEKY B! WK aTOMEL, BCTY-
TaKIie B peakluio, a CNpapa -— PesyJeTar peakiuu. Tak, dopmyna

2NaOH -+ H,80, - Na,80, + 2H,0

0603HayaeT, uT0 MoJeKyna ceprof xucnorel Hy80,, BeTynas B peaxiwio ¢
AByMs MoneKyJamu efkoro xarpa NaOH, raer B pesysarrare oamy mone-
KyJly CépHOKHCIOTO HaTpus Na,SO, u xbe monexynsl Boaw HyO. Tlpu yre-
UK 11060H KHIKKY N0 XUMUK U 10 (U3MKE MOYKHO BCTPETHTECS C TAKHMH
(QopMynamMu XMMWUECKMX DEAKIHH; MOSTOMY uUTATENh JOMKEH NPUBHIK-
HYTb K 3THM QOpMynaM M HAYUUTHCS NMPABUNLHO WX UHTATD.

Becbma BeposiTHO, uTo 92-M aneMenTOM (YPaHOM) He 3aKaHuMBaeTCs

CTUCOK CYIIECTBYIOMUX B MPHPOAE XUMHueckux anementoB. Hanpumep
anrnuiickuit acrpodmsuxk  Joue. X. [Jucunc ykassipaeT (BopoueM 0Oes
ocofenno yOeuTe LHBIX OCHOBAHWI) HA BO3MOMKHOCTB TOr0, uTO 2Me-
MEIITH, CIeAyHie 3a YPaHOM, TPUCYTCTBYIOT B HeApax 3Be3j B 3HAuk-
TeJbHOM KOJIHUECTBE M UI'PAIOT TaM BA)KHYI0 POJib. Bo BCAKOM Ciyuae na
3eMJIe STH BJIEMEHTHI TIOKa eile He 06HapyIKeHbI.
. TakoBo B 06iIHX UePTAX CTPOCHUE MEPHOJNUECKON CHCTEMEl SIEMERTOB,
Mengenees Obln HACTONbKO y0e)IeH B MHOTO3HAUNTENLHOCTU BCEX ITUX
3aKOHOMEPHOCTE!, uTo a)Ke 1epP3HY] HA OCHOBAHUM MEPHONHYECKOrO 32~
KOHA NMpPeCKasaTh cBOMCTBA HOBHIX, TOI/Ad €llle He OTKPHITHX 31eMEHTOB.
XuMUuecKue HCcefopanusl OnecTAe TMOATBEPAMUNM €r0 CMenbie mpef-
nono>kenus., Y Bee e paxe on, yeerxaenneini us yGesKeHRBIX CTOPOH-
HHK NIepPHORMUECKOTO 3aK0HA, HE MOT MOHUMATh HCTUHHOMO CMBICAA OTKPhI-
THIX UM 3aK0HOMepHOcTeit. Cpeld MHOTOUHCIEHHBIX 31AHKH HayunbX Teo-
puii, BosaBUrHyTHX B XIX cT., mepHojuueckas CHCTeMa BO3BBIIAACH
KaK 06esIuCK, TIOKPHITHIH HEMOHATHEIMM THCHMERAMH; pacIIu(poBaTe 9TH
nuckMeHa — BOT BenuKas 3anaua; koropylo XIX c¢T. 0CTaBuno B Ha-
ciefierBo XX-my. O ToM, Kak 3Ta 3ajiavd ObUTd peINeHa, WiTATENh Y3HAET
u3 raaeel 111

KITACCHUYECKAS MEXAHHKA

M3 Beeft COBOKYTHOCTH XMMHMueCKUX (aKTOB, 0 KOTODHX MBI FOBOPUIE
Ha NPeABITYIMX CTPaHULIAX, BEITEHAET, UTO BCE TeJIa NIPUPORH! COCTONT U3
OTAENBHEIX YaCTHL, ABAAIOINXCH aTOMAMH Pas/JMUHBIX XHMMueCKUX 2ne-
MeHTOB. UHCI0 STMX XUMUUECKMX OJIEMEHTOB, H3BeCTHHIX B HACTOA-
mee BPEMSA, COCTABNAET, KAK MBI BHJENY, JEBATh AECATKOB. 3HauMt
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HMEETCs JIEBATL JeCATKOB COPTOB PA3NHUHKEIX ATOMOB, LEBSTE RECATKOB
COPTOB «KHPIHYell MBPO3JAHAS», U3 KOTOPBIX MOCTPOEHES BCE TENA NpH-
poabl. Jra ToUKA 3peHHs, K KOTOpOM npHmna Hayka XIX cr., mo
CYWECTBY coBnajaer ¢ yuemneMm Jemoxpura M Jlykpeunusi. Cornacuo
9TOM TOYKE 3peHnusl BCEBO3MO)KHbIC (H3HuECKHe M XHMHUeCKHe sBJie-
HH7A, NPOUCKOASIHEe ¢ MaTepHANLHBIME TeNIAMH, 3aKTIOYAl0ICA B KOHEY-
HOM CUETe B TOM, UTO ATOMBI 1I€PEMEIIAIOTCS B MPOCTPAHCTBE, BCTYNAKT
B PasyHylbie KOMOWHALMK APYT C JIDYTOM H T. [I.; HHBIMH CJIOBaMH, T1060e
(u3nUeCcKoe I XWMHUECKOE ABICHME MOMKET GHITE ONMCAHO KAK ABMKeHHe
4TOMOB, COCTABNSUOMIMX MATEPHANbHbE Tena. TakuM ofpasoM TeopHa
(QUBMYECKUX M XUMHYECKHX SABJICHHIl, NPOHCXOAAMMNK ¢ MATEPHATLHEMM
TEJIAMH, CBOJWTCS MO CYILECTBY K Me- .
X4HWKE ATOMHBIX JIBH;KEHHH, 7
KakoBel 3aKOHBI 3TOH MeXaHHKN?
HeT HMKAKOr0 COMHEHHS B TOM, 4TO
ANA pellleHHsl TOTO0 BOTIPOCA HAjJIe-
JKUT Mpedie BCero oGparuthest K -
3UUECKOMY OKCnepHMeHTy. OfHAKO B
XIX cT. ellie Heb3s GBLIC M3YUATh
ONLITHEM TIyTeM JBW)KeHHe OTJesL-
HHIX 4TOMOB, TAK KaK TeXHHKA (M-
3HYECKOTO ONBITA LA HEJOCTATO! -
HO paspaboTaHa ANA TOTO, uTofH 06~
IAPYKMBATE HENOCPEACTBEHHO Jlefi-
CTBHS OTMENbHLIX aTOMOB, M BOOGI €
CdMO CYII[CCTBOBAHUE ATOMOB 610
B TO BPEMA AOKA3aHO JNMINEL KOCBEH-
HBIM TIYTEM, 4 HE MPAMBIM (BarKueii-
MM [I0Ka3aTENLCTBOM TOTO, YTO TeNa
COCTOAT W3 dTOMOB, CUMTANOCh Ha-
JIYMe IIENOYUCIIEHHBIX COOTHOLIEHHI
B XHMMH, T, €. 3aKOH KP4THBIX OT- =)
nowennii Janerona). ITosromy ¢u- Hcaax Hewron,
ke XIX cr. femKubEl GBUTH 0pH-
GernyTe K CHeIHANBHOM FUIOTE3¢, K CHEUMANLHOMY MPeANGIoMeHNIo
0 34KOHAX J[BHJKCHHA 4TOMOB, JTO MpEMIICNCHKEHHE 3aKJIUYANoCh B
TOM, UTC ABIDKEHHE OTAENBLHEIX ATCMOB TIOUHHAETCA TEM JKE CAMBEIM 3aK0~-
HaM, KOTOpBIE YIIPARJISIOT ABMKEHHEM TeJl, COCTOAMMK B3 60AbIION0 YhCA
aTOMOB (T4K HA3HIBAEMbIX MaKPOCKOUMUECKHX Ten). 3AKOHH JBHKEHHA
MaKPOCKOTHYUeCKRX Tesl 6uinn chopmymmposaunl eme B XVII cT. sname-
HHTEM aHraickam usnkom Heaakom Howmorom; STH 33KOKB! GHIH IIPH-
Be/leHB! B BeCLMA CTPOHNYI0 M 3aKOMUEHHYIO CHCTEMY, TIONYUHBIIYIO HASBA-
HHe Mexanuky HBIOTOHA WAHM Kaaccuueckoli mexanuki, CIeRYeT 0TUETIIHBO
HMETB B BHJY TOT (JaKT, UTO MaTEpUanOM, MIOCIy)KUBIIHM 7151 IOCT POEUHsT
Kaaccuyeckol MexaHuKH, GUTH HaGUTIIeHHS Hal ABHIKEHIEM He OT/e/IbHBIX
aTOMOB ¥ MOJIEKYJl, HO TeJl, COCTOSIIMX H3 O POMHOI'C KOJIHUECTBA aTOMOB:
nosieT GPOIEeHHOTO KAMHS, HCTEUEHHE JKHIKOCTH M3 COCYNIA, BOCXO/, U 3aX0R
JlyHet —— BOT NpHMEPE TeX (H3MUECKHX sB/eHRH, KOIMueCTBEeHHBE 3a-
KOHOMEPHOCTH KOTOPBIX COCTABJIAIOT NPEJIMET KJIACCHUeCKOH MeXaHHKH,
Eal
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Tak Kax 3TH ABjeHMA HAGMIOLANMNCEL Ye/IOBEYECTBOM C CAMBIX He3ana-
WSTHBIX BPEMEH, TO MHOTHE HX 0COGEHHOCTH CTaNM Kasarthes ueM-To abco-
AKJTHO ECTECTBEHHBIM M CAMO COGOH PazyMelolMMCs ; HaTIpUMep NpeacTas-
JIeHHE 0 TOM, UTO BCAKOE MaTepHasibHOE TeJo ABHIKETCS] HO ONpelesIe HHOMY
TyTH, 00MIaAaeT B KaXK/ABIH MOMEHT BPEMEHH ONPe/E/ICHHBIM IIOJI0YKEHMEM B
[POCTPAHCTBE, ONpeJRJIEHHON CKOPOCTRIO M T. A, UTo Kacaercs KoOJd-
UYeCTBEHHEIX 3aKOHOB, KOTODLIE JIErTIM B OCHOBY MeXaHUKH HblOTOHa, T0
JTM 3AKOHB ObUIM  XOPOHIO NOATBeDMUIENIHI HA& OHLITE; IOBCIONY,—
A M peuk 0 ABIKeHMM TJIAHET BOKPYT COJIHUA, MJH O JABHXXEHMSX,
[POMCXOJAIMX B KAKOH-HUOYLb MAaILMHE, W T. A. — OHM OKA3ZKIBAIKCH
CTOJIL TIPABMIBLHEIMY ¥ CTOJIb TOUHBIMH, U4TO HMKTO He OCMENMBAJICH COM-
HeBaTBCS B MX MOIHOH, aGcontorHoi ¥ Beeobmeii mpasunbHoct. Toatomy.
worga (’[)HSHKH CeNAaNH PEANOIIOKEHHE O TOM, YT0 3TN 3AKOHBI NPHUMEHHMBL
& [BWKEHUSM OTLEJIBHBIX ATOMOB TAK K€ XOPOLNO, KAK M K ABIKEHHI
JIYHBL MJIH K JIBYKEHNI0 GPOMEHHOr0 KaMHsi, HUKTO M HC NOAYMAN O TOM,
YT0 3TO NPeNo/IONEHHE MOXKET OKA3aTbCA HEMPABHILHEM; BCE COWIH €ro
€CTECTBCHHBIM ¥ OUEBHIHEIM, HECMOTpPSI HA TO, 4uTO TEHePh peuh LA 10
CYIECTBY O IIPWMEHEHMH 3aKOHOB Mexanuiu Hblorona .Taxoif onactu
SIBAEHH, B KOTODOH ITH 3aKOHHL HHKeM [0 TOr0 TPOBEPEHBI He ObLIM.
Taxum 06pasom BakHelmet npHukHOi TOro, uro Qusnku Ges BCSKMX KO-
neGanuil M OroBOPOK CTANN NPHMEHSTh K IBH)KEHHSM OTIE/bHBIX ATOMOR
Te JKe CAMBbIE 3aKOHEl, KAKHE YIPABISIOT IBHIKEHUEM MQKPOCKONUYECKUX
mea (Ten, cOCTOSINEX M3 OFPOMHOCO 4MCHA ATOMOB), GBINA NpUSHINKA K
ITUM 3aKOHAM M HEyMeHWE NpeJCTABUTL Cefe aTOM UeM-TO MHBIM, HEIKEJH
MHMHHATIOPHOM KOTMell TAKOT0 YKe CaMOTO KaMHA MM TAKOro YKe €amMoro
SUIIHAPAHOTO mMapuKa, TeM Ile MeHee TAKasi HeOCTOPOYKHOCTh, OMYIEH-
Hasi QU3NKAMM, ObIA BHOCHEACTBMM COBepIIEHHO OMPABJAHA, TAK KAK
0KA38J10Ck, UTO NPUMEHEHUE 3AKOHO8 KAQLCUYECKOT MEXQRUKL K 08UMCENUAM
0MOEABHLIX AMOMO8 OeiicmeumeAbHO N0360AAEM 00BLACHUMS SeCcoMa 00U
HYw 00aacmb AgACHUT, NPOUCXO0AWUX § OKPYHQWUUX HAC MeAaX npu-
pode. Takum 00pasoM KACCHUeCKas MeXaHMKa 0Ka3anmach MpUMeHEMOH
K ropasgo Gonee uMpOKOH 00nacTM sBNEHUH, Hexxenu Ta 061acTsb,
AJIS KOTOPOH OHa TepBOHAYasbHO GblIa MOCTPOEHA.

OCHOBHEIE TTOHSITHS M 3aKOHEl KITACCHUECKOH MeXaHHKM 6e3 COMHENMs
yoite M3BRCTHEI GOJBUMHCTBY unTatenell 3Tol KHIDKKK. TeM He mMeHee Mbi
TIOBTOPHM BKpATLE HEKOTODHIE M3 HUX, 4 NMEHHO Te, KOTODHIE HAM UaIlc
Beero OymyT BCTpedaThesi B fanbueifivx rnaBax. Ha nepBom Mecre Mul
AXOJDKIIB! TIOCTABATH TAK HA3LIBAECMBIH 3aK0H UHepyuu, ITOT 3aKOH TJIACHT,
4TO BCSIKOE TEJI0, HAXOAIeeCst Ha GONBINOM PACCTOSIHHH OT OCTANBHEIX TeN
APUPOALL M CNEfOBATENbHO HE MCOMTHBAKIEE C MX CTOPOHH 1IMKAKOro
B03MeHCTBHS, AOJHKHO BCe BPeMsi OCTABATHCA B TOM HKE CamOM COCTOSIHHH
ABMYKEHHS1, B KOTOPOM OHO HAXOIMJIOCH MEPBOHAUAJILHO : €C/IH OHO NepBoO-
HauanbHO GEUIO HEMOABMYKHO, TO TP OTCYTCTBMH BHEILIHHMX BO3[eMCTBUi
H& Her0 OHO OCTAETCS HEMOABHIKHBIM, 8 €CJIM NEePBOHAYAILHO OHO ABMra-
~A0Ch N0 KAKOMY-TO OMpefie/Ie HHOMY HaNpaBJEHNI0 ¢ KAKOH-TO OmpefesieH-

HOH CKOPOCTBIO, TO MO TOMY >KE CaMOMy HANPABIEHHIC H ¢ 'TO# ke camoi
CKOPOCTRIO OHO GyfeT ABHraTbes BCE BPEMs, MOKA He MCIBITAET KaKMX-
460 BO3MeESTBHI O cTOpoHBI APYrHX Tesl. Takum 0Gpasom M3 3aKOHA
AHEPUMH_SICHO, YTO TOJIbKO BHEIIHWE BO3JEHCTBMA WM, KAK MX HHaue

~
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HASKBAIOT, CUAB MOTYT ObITH NMPHYHHON U3MEHEHHS IBVIKEHHS Tesd; NpPH
OTCYTCTBUH CHJI COCTOSTHHE IBIYKEHHS Tejid OCTAeTCS BCe BpeMsl Heu3meH-
HbM. [lonpcGyem Tenmepb NPUAYMATH IS CHA KOJMUECTBEHHYIO OLEHNY,
KOTOpasg TOMOXKET HaM DPas006paThCsi B ABIAEHHH Teja B TOM CJyuae,
KOrJ@ Ha Hero JefCTBYIOT CHJIBL H CJIEIOBATENLHO €ro COCTOSIHUE JBMKKE-
HHA AzMensiercsa, st STOTO PaccMOTPHM KaKyio-JINGO CHCTeMy TeJs, Ko-
TOPHIE B3aHMOJEHCTBYIOT APYT € JAPYrOM, HO He HCHBITHIBAIOT HHKAKHX
BC3AEHCTBAM CO CTOPORBI OCTANBLHLIX Te MpUPOALL. [JIst onpecneHHOCTH
BO3bMEM KAKO0H-/1M00 KORKPETHDIH NpUMe] ; PACCMOTPKM HAIIPUMED PYIKbE
B TOT MOMEHT, KOT[Id IPOKCXOANT BBHICTPEJI, T. €. KOrja 06pazoBaBLInecs
TPH FOPEHHH TOPOXA TA3bl CTPEMSTCS PACIUMPHUTECA U BLITANKKBAIOT Y10
U3 pyeiioro pyna. [Npu 3T0M, KAK TMOKA3EIBAET ONBLIT, BCEIAA MPOUCXO-
AUT 0MOa4a: eCNN TyJIA BRUIETACT € KAKOH-TO ONpefesenHOlH CKOPOCThIO,
TO PYXb€ OTJAET HABAM ¢ KAKOW-TO MEHBbBICH CKOPOCTHIO, HATIPHMEDP CO
cKopocTeio B 600 pas menbueil. Ecin B3sTh JIBE TAaKUe jKe Camble TyNH H
TOMECTUTL MX OJHY 34 Apyroli Taxum o6pazom, uTofsl B3PLIE NOPOXOBBIX
Ta30B BBHITANKUBAJ Brepefi He ORIy NyJio, 4 ABe CPazy, TO OKAMKETCS, UTo
MX CKOPOCTh mpu BhineTe Gymer He B 600 pa3 Gonbplue, yemM CKOPOCTh OT-
HAvH PYXHES, 4 ToAbKo B 300 paz; ecli B3ATH CPA3Y TPU NYJIH, TO CKOPOCTD
Gyner B 200 paz Gosbile CKODOCTH OTHAYM, eCTK UETHIPE TYJH, To B 150
pas ¥ . A. [Ipefnosnoxum, YT MAacTep, HETOTOBIAKIING TyIIe 115 Jan-
HOTO Dy®bs, JEJIAET Ha 9TOH Ny/e OTMETKY Y/gqq B 3HAK TOTO, 9TO CKOPOCTD
PyXbA OpH 0TAaue GyneT paBHSITLCS BCero JIBWIL oJHCH mecTHcoToll none
CKOpPOCTH TyJNH, EC/NH BKNAHBAEMbIT B DY)Kbe CHADSAR COCTOHT HE M3 0j-
HOH TaKoii TysH, a M3 ABYX Cpasy (Mbl MOMEM CUMTaTh 3TH TYJH CTUIAB-
JIEHHLIMH BMECTE, YTO OUEBHIHO He T paeT HUKaKoH ponn), To Ha TaKoii nyJte,
CIVIABJIEHHO} M3 ABYX, NONKHA GEUIA GBI CTOATH OTMETKA /509, T. €. BABOE
Gonplie, ueMm OTMETKA, GHIBILAsS HA OfHOI myme, BooGie ropops, ecin ma-
CTEP HBTOTOBKT ABE DABNHYHBIC MYH ¥ HA KAXKAOM M3 HBX OTMETHT UHCII0,
NOKA3BIBAIEE, KAKYIO JOJI0 CKOPOCTH BEUIETA TYJIH COCTABNSIET CKOPOCTh
OTlauki PY)KbSA, TO OTLIT MOKAMET, YT0 NPH CIVIABNEHHH 9THX TYTb BMECTe
Ta 0TMETKA, KOTOPYIO HY)KHO GYIET CAesIaTh HA HOBOH (CTINaBNEHROMK) Ty e,
OyoeT paBHA CyMMe OTMETOL, GHIBIIMX Ha JIBYX TePBOHAUANbLHBIX TyNAX.
OTOT OTHIT TOKAZRIBAET, YTO TAKKE OTMETKU 0GajaT ype3BLuafHO Tpo-
CTBIM U BaJKHEIM CBOHCTBOM a00umusHocmu, T, €. CBOACTBOM CIJIAJILIBATLCS ;
Kay@asi Takas OTMeTKa ABJISIETCA BEJMuRIOH, mpejcTaBisaiomei KaKoe-To
CBORCTBO MyJIH, MpHYeM M3 PACCMOTPEHRONO OTEITA BUIHO, UTO TAKAS Be-
JMyKya, USMEPeHHAs JUIS Uenol CHCTEME! Ten (s CHApsAA, COCTABel-
HOT0 M3 HECKOJIBKMX MyJib), pABHA CyMMe TAKHX BeJIMUMH, M3MePEHHDIX N5
BCeX TeNl B OTJAETbHOCTH (51 OTHEJIBHBIX NyAb), ITO CBOMCTBO aINHTHB-
HOCTH HACTOJLKO NIOGOTIEITHO M TIPOCTO, WTO OKA3bIBAETCS BechMa YA00-
HHIM ¥ IeNecoofpasHbim jaTh Benuunpe, obnajammiedl sTHM CBOHCTBOM,
0c0G0e HAZBAHME ; TOITOMY YCJIOBHIIMCH HA3HIBATL Te OTMETKH HA TIYJIsiX,
0 KOTOPBIX TOJBKO-YTO HIJIA Peyb, HITH JKe BelMUMHbL, TPOTIOPIHOFAIbIbE
TAKHMM OTMETKAM, MACCAMU ITUX [1YJ1b. ECITH BKAYeCTBE Ny N1 ynoTpeOuTh Ha-
TIpUMep NATYHHYI0 FUPLKY, Ha KOTOPOJ HATMCAHO «] FpaMm», TO Ha Hejl oxa-
HETCS KAKAF-TO COBEPIIEHHO OTPeNesIeHHas OTMETKA ; BMECTO TOI'0, uTafHl
HA KaI0# RAHHOM myJie 0TMEUaTh, KAKYI0 NOJII0 CKOPOCTH ee mpu BhLNeTe
COCTABJISIET CKOPOCTH OT/IAUHN, MBl MOYKEM 1POCTO 3aMETHTE Cele, Bo CKOIBLIO
2

Crpoenne BemgeCTda
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pas «0TMETKa» HA AaHuOW nyne fomsiia ObTH GONbINe, YeM «OTMETKA» HA
rupbKe, UK, YTO TO JKe CaMOe, BO CKOMBbKD P43 Macca ny:u 6onblie Macesl

I'MPLKH, HA KOTOpOH HamucaHo «1 rpammy. TaK KaK QU3NKH YCIOBHIHCH

Ha3HBATH MACCY TaKOi TMPbKHM O0HUM 2PDAMMOM, TO TPaMM CTAHOBHTCA
eAnHULelH MacChl 1 MBI TOYUAEM BO3MOYKHOCTb H3MEPSTH MACCY B IpaMmax.

“Ecan npuGaBuTh CIOAA, 4TO B MEXaHMKE IPHHATO M3MEPATb ANUHY B CaH-

THMETPaX, 4 BPEMst B CEKYHIAX, TO Ml IOJyUMM BCChbMA YNIOTDeBHTENb-
HYI0 CHCTEMY eNHHMI[ M3MepeHHsi, KOTOPOil B OTOH KHIDKKe Mbl Oymem
nanblie Bce BPEMs NONb30BATBCA. Tak wanpumep, Mbl OyACM H3MEPSTH
CKOPOCTh B CAHTHMETPAX B CEKYHIy, /MIMLEH KOMMYECTBA JBIDKEHWUA
(cm. HKe) GyfieM CUNTaTh KOJMYeCTBO JBMMKCHHA Tela, Macca KoTOporo
paBHa 1 2, a ckopocTb 1 camfcex WT. g, U T. A, ITA CHCTEMA €ANHAL, OCHO-
BAHHAS HA CAHIMMETPE, IPAMME H CEKyH/Ie, IOy uIia HasBaHUe abCoAiont-

HOl cucmemst e0URLY.

[IpuBepeHHBIl NPHMED C PYIKBEM OTAHYAETCH Te€M HEMOCTATKOM, uTO

; M3MEpEHHEe MACCH 110 YKA3aHHOMY Cnocoly MOMET Ha nepBulff Barasg or-

HOCHTLC S JIMILB K 1Iy/ISIM HAH BOOGLIE 1 TAKUM TeJ1aM, KOTOPBIE MOTYT GBITb
yhorpe6elibl B KauecTBe CHADAJA NpH BBICTPENE M3 pPYxbA. Jia TOro,

YTOGH U3MEPATE MACChl KAKUX YTOAHO Ten, MBI AO/DKHB 1OCTPOMUTH

npyop aHaNOTUYHBH py)KbI0; B 3TOM NpHOOpe NMEETCS HAIIPUMED MOTI-
Hasi CBePHyTas NPYIUHA, KOTOPAA, pasBOPAUMBASICH, BHITA/IKMBAET U3
upndopa 1oGoe Ten0, NONCMEHHOE B HET'0 7T M3MEPeHHA MacChl; EC/IY Mbl
KaKuM-HNOYAp 06pasoM CMOYKEM H3MCPHTB CKOPOCTb Teja Npu BelleTe H
CPABHUTL €€ CO CKOPOCTbIO MPHEGOPa, OTKATHIBAKWIErOCA HA34] NP OT-
Jaue, TO OTHOILEHHE BTOPOI M3 IBYX ITHX CKOPOCTEH K TepBoit OyjeT ciay-
JHTH HOLIPEIKHEMY Mepoit MAacchl BJIOXKEHHOT 0 B IPpHOop Tesa; pasymeercs
BCETO TIpome GblI0 OOl N3MEPSITh MACCy B rpaMmax, T. €. H3MEPUTb C mo-
MOIIBI0 OONCAHHOTO NPHGOPA, BO CKONBKO Pa3 Macca Tena GofbIue Macchl
FHpBKH B 1 2. 3aMeTHM, yTO TaKHe NpuGophl VA M3MEPEHNST MACCH B el
CTBHTEJIbHOCTH HHKOFA He NPUMEHAKTCA; PUMEHsIEMBlE Ha IIPAKTHKE
cHocofsl U3MepeHUsT MACCH [103BOJIAKNT M3MEPHTb €€ ¢ ropasfo Gonbiueit
TOYHOCTBI0 H ¢ Topasfgo 0OmbLIMM yA0GCTBOM, HeyKeH ONHMCAHHPI HAMH
npubop. Onnako 310 He Memwaer TaKOMy BoobpaykaeMomy mpuGopy Oerb
B MAeHHOM OTHOINGHUM HauGonee NPOCTHIM M3 BCEX NpuOOpOB, U3MEPII0-
JUX MAccy, BCIECTBHE Yer0 MH H NOTB3YeMCA 3TUM BOOGpayKaeMbIM 1pH-
Gopom M TPOM3BORMMBIMH HA HeM BOOOPAYKAEMBIMHM OTBITAMM AJIST TOLO,
yTo6H AATh UMTATENI HAHGOJNCe NPABUNIbHOE M NPOCTOE OLpEfeNeHHe Ta-
KOro BaYKIIOI'0 HOHSITHA MeXaHUKH, KaK Macca.

Ha mamem BooGparcaemom npubope Mbt MOYKEM M3MEPHTb He TOJBKO
Maccy NYAH, BRUTETAIE! UpH BRCTPENe CO CKOPOCTHIO, KOTOPas MpeBoc-
xofut B 600 pas ckopocTh OTAAUM PYIKbS, HO M MACCY CAMOTO DY/KbSl.
TIpu 3TOM ONBIT NOKA3KIBALT, YTO MACCA PYyKbsT OKA3BIBAETCA POBHO B 600
pas Gonbiue, yeMm Macca Mynu. JTO cOBNAfeHHe HE Cayualiho; OHO JloKa-
3LIBAET CYWECTROBAHME HEKOTODOTO HOBOTO 3aKOHA MEXAHHKH, He MEHEE
BAKHOrO, ueM CHOPMYIUDOBAHHEI BRIE 3aKOH dAJAMTHMBHOCTH MACCHL
Ecnu nanpumep mysis, BRUIETAIQUAST CO CKOpocThbio 600 MeTpoB B CEKYHRY,
nmeer Maccy 10 2, a pyKbe OTHAET CO CKOPOCTLIO 1 Mjcex, TO Macca
PYHbSI, KAK NOKAMET TAKOH OMfHT, oKxaxeTca papuoi 6000 2. Mrbimu cro-
Bamil TPOV3BEJeHHE MACChl MY/ B IPaMMaxX Ha €& CKOpPOCTh B METPax B
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CEKYHRY PABLO NPOH3BELEHMIO MACCH PY)KbA B TPAMMAX Ha era CKOpOCTh
B MeTpax B ceyHAY. TaK KAaK NpousBe/leHNe MACCH HA CKOPOCTh 061ajaeT
TAKUM NIOOONHTHEM U BAYKHEM CBOMCTBOM, TO eMy II0JIE3HO IPHCBOUTL
CHENMAJIBHOE HA3BAHME, 4 HMEHHO HASHBATH eT0 KOJLYECTNBOM O8UMCeRL,

Ecay MBI XOTHM 1101b30BATLCS a6CONOTHON CHCTEMOH CAMHMIT, TO YTOGH!
BBIYMCIIHTD KOMMMECTBO ABWKCHUS IIY/M B HALUEM NPHMEPE, MbI AOJKHEL
CIePBa NePEUNCINTh €6 CKOPUCTh B CAHTHMETPH B CeKyHAY. Tax aK
600 Mfcex ectn To e camoe, uro 60 000 catfeer, TO AN TOTO, YTOGH 11Oy -
YMTh KOJTHUECTRO ABMKEHNA STOH nysn, HyKuo NoMHEOxMTE 10 2Ha 60 000
ca/cex. Pe3ynbraT MOYKHO 3anucats B Bujte 600 000 ecm/cex vv emme Kopoye
6 « 10% 2cazfcex (10° ecth 70 ke camoe, uto 1 ¢ MaThI0 Byasmu). Takoe e
CaMoe KOJMYECTBO ABVXKEHMs NONY4YaeTcs, ecny mOyns ¢ maccoil B 30 2
BLUIETACT €O CKOPOCThIO 2 - 104 carfeex u T, X, TAK KAK CKOPOLT-, IPH-
obperaemasl Py»KbeM TIPH oTiaue, pasHa 100 cajcex, a mMacca pybs B
paccMoTpesHoM npumepe paBHa 6 - 10% 2, T0 CHeXOBATENLHO PYX¥be NONY-
YaeT NPH BEICTPEJIE TAKOE )K€ KOJINUECTBO ABMKerust 6 - 108 zemfoer , Kakoe
Nonyyder fyas, HO N0 NpOTHBONONIOMKHOMY lianpaBnesuto. s srtoro
NPUMEPA BHIHO, YTO FOBODS 0 KOJNHUECTEBE IBIMKCHUA KaKoro-nubo tena,
HEJIOCTATOUHO YKA3BBaTbh, CKOJLKYM [P2MMO-CAHTHMETPAM B CeKYHIY
OHO PaBHO, HO HY)KHO NDUBOAMTL TAKOKE M HANDABJIEHHE 3TOIO KOJAHUe-
CTBA JBMMKEHHsA: KOJNMUECTBO JIBUYKENUsT €CTh BelMuHHA, WMEICIasl Ha-
NpaBlicHde, MIIHM, KAK NPUHATO TOBOPUTH, éexmop. Tak KAK KONHuecTBd
JBWKEHUA, NPHOGPETACMBEIC NpH BHCTPLIE PY)KBCM M TyneH, paBHE 1o
BEJIMYMHEE, HO MNPAMO NDPOTHBONONOXHL MO HATIPABNEHHI, TO OHH B
U3BECTIIOM CMBICJIE CJI0BA YPABHOBCIUMBAIOT IpYr APyld, HAM, KAK Iipy-
HATO TOBOPUTL, UX CyMMAa PaBHAa LYo,

OTHITH, 1 POHZBOIHMBIE KA BCEBOSMOYKHEIMM TCTaM¥ H CHCTEMAMH Tell,
MOKA3BIBAIOT, YTO BHICTPENl M3 PYXhsl IPEJCTABIACT NUIUL NPHMEP K Me-
XAHHUECKOMY 3QKOHY COXPAHEHILS KOAUYECT6Q 08udcenus, KOTOPLH- ria-
CLT, 4T 061Iiee KOMHUECTBO NBUIKEHYS CHCTEMBI TeJl, B3aHMOJC HCTBYIOMMX
APYT C ApyI'oM, HO He B3aUMOJEHCTBYIOMMX C OCTAJIbEHIMH TEJNaMH BreLl-
HErO MHPA, OCTAETCS MOCTOSHHLIM: €C/IN OXHO M3 TeJ TAKOH CHCTeMB 10 -
NYYaeT TOMNOJTHUTENBHOE KOMMYeCTBO ABYIKEHHS, TO IIPOYYE Telmd JOJKHb:
06513aTe/IbHO TONYUNTh TAKHE ROMNOJHHTENBHbIR KOJMUCCTBA ABKMKEHNA,
uTo0R! 06mAsl CyMMa BCexX J00aBAeHHBIX KOJNUYECTB ABHIKEHYMs PABHANACH
uynw. TIpu 3T0M, FOBOPSI O CYMME KOJHMUYECTB JIBHIKERMs, MORPasyMme-
BAETCH, UTO CJOYKEHHE KOJIMYECTB ABIOKEHHSI NPOM3BOIKTCA TéKKM 0Opa-
30M, UTO ¥ HANIPABJIEHNE WX TPHHUMAETCs] IPH 9TOM BO BHAMAINIME (£CH Ha-
NpUMED KOJMUUECTRBO JBIKCHUSA KAKOr0-NKG0 TeNa MOXKH0 ObI0 H306pasuTh
10 HATPAB/IEHNIO, & B KAKOM-TO ONpeleleHHOM MacluTabe ¥ 10 BeaHUHe,,
oTpeaxoM AB (ABIeIHE NPONCXOAMT 0 HATIPABNEHNIO 0T A K B) u ecim
epes HeKOTOPOe BPEMsl KOMMUECTBO ABMMEHIS TONO € CAMOTO TeNa CTa-
HOBUTCS TAKHM, 9TO ET0 MOMKHO H306DASUTE 110 RETUYKHE H HANpABIEHHIO
orpesxom AC, TO TOTa TOBOPAT, YTO JOTONHHTENLHOE KONHUECTBO JBH-
JKEHHS, MOJYYEHHOE DACCMATPUBAEMBIM TEJIOM B TEUEHHE STOIO IPOME-
JKYTKA BPEMEHH, H30GDAXKAETCS 110 BEIMUNHC H HATIPABNEHNIO0 oTpesiom BC
(puc. 3).

MbI BUIMM, 4TO €CIM HA KAKOE-TTHG0 TEJI0 WK CHCTEMY T&N ApYyTHE Tesa
He BOsigiicTBYIOT. TO 00L(ee KONUYECTBO ABWKEHUA TOr0 TeNd AW 9T0H

T®
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CHUCTEMBI TeJl OCTAETCS NOCTOAHHLIM. JIpyroe Jeso, ecny Ha JaHHOE TEJNO
JeHCTBYIOT BHEUIHME CUTIBL. B 9TOM C1yuade ero KOJMMUECTBO ABHIKCHUSA H3-
MeHsieTcsI; GBHICTDOTA M3MeHEHMsT KOJMUECTBA JIBMIKEHUS MOMKET CIY)MTh
Mepoil mpunoyKeHHo# u3BHe CUJbL. Ecii HanpHMep NOMOSTHHTENILHOE KOJH-
4eCTBO [IBHIKE HUS1, TOJTyYe HHOE KAKMM-11 G0 TesloM B Teyenne 0,1 cex., PABHO
40 zcamfeer, TO 33 UENYH CEKYHRY 3TOT cocTaBuio Gu yxe He 40, a 400;
[03TOMY B TaKOM CNyude FBOPAT, YTO HA TeJO AeHCTBYeT chjia, paBHASA
400 eemfcex?, TpuieM HAMpaBReHHEM CUIILL HA3LIBASTCA HALIPABJIEHHE NOAY-
YeHHOTO TEeJIOM JOTONTHMTERBOI0 KOJIHUECTBA JBMKEHHMs. MBI BUIHM, UTO
B afco1I0THOM CHCTeME CIHHULL CHJIA HBMEDSASTCH B ZCAl/Celfz;TaKaﬂ [Dikeh: it
CuNbl NHAYe HA3LBAeTCsl JuHOld.

B xaueCTBe NPHMEPA PACCMOTPUM KAKOE-THG0 TeT0 MACCHI 111 2, ABKY-
Imeecst M0 KPYry PajHyca r cA BOKPYT Toukk O (JeBast moIoBHHA pHC. 4).
Ecnu Tes10 coBepiaeT nosHui Kpyr B T CeK., TO CKOPOCTD IBHYKEHUA VPaBHA
2wr oM

T cex’

TAK KAK JUTHHA TyTH, NMPOXOAWMOro R 7 cex., PaBHa 2mr CM.

. "
[ / Mz

Puc. 3. Puc. 4.

UeMy paBHa cHma, 3aCTaBIANMAA DPACCMATpHBAEMOE TesIO ABHIAThCs 1O
KPYTy M KaK oda HampabreHa? IIyCThb B HEKOTOPHIA MOMEHT BpeMe HH TeJI0
HaXOAWIOCH B Touke M;iB 3TOT MOMEHT BPEMEHH eI0 CKOPOCTh H30Fparxa-
JIaCh CTPeNKol, KOTOPAasi HA pucyHKe npoBejleHa U3 Touku M;. Haprcyem
B CTOPOHKe (MpaBasi MOJIOBMHA puc. 4) oTpesok PN, nsofparawouui
10 BeJIUYMHE W [10 HATIPABJIEHH IO KOJIMUECTBO IBHIKCHU S TEJIA B TOT MOMCHT,
KOrha OHO HAXONWIOCh B TOYKe M,: ImMHA oTpeska PN, pasma my, a
[0 HanpaBJeHHI0 OH [ApPaJUIeJieH CTpelike, MPOBCICHHOM H3 ToukH M.
Uepe3 KAKOf-TO 0YCHb MAJEHBKHH IIPOMEIKYTOK BPEMEHH TEJIO MepPeBH-
HyJI0Ch U3 TOYKH M, B TOUKY M, H €ro cKopocTh H306pasunach CTpeskoi,
npoBefeHHOH H3 M,. KonudecTBO IBHIKEHHS €TO B TOT JKE MOMEHT H30-
Gpa3unoch 0Tpeakom PN, Mapaiienbubim 3T0% crpeniie, Tlosromy npuba-
BUBIIEECA 33 3TOT MPOMEXYTOK BPEMEHU KOJIUYECTBO IBHIKenMs u306pa-
YKAETCSI 110 BeJIUYMHE H HATIPABJIE HUIO MANEHLIMM 0Tpe3KoM NoN,. Tak Kax
MaJIeHbKasi yra Kpyra MNpuONHIUTENLHO COBNAJAeT CO CBOEH XOpHOH M
3HAYUT MAJIeHbKAA XOpPAa TPMGIU3HTELHO TepeHAMKYJIAPHA pauycy
KpPYTa, TO C€I0BATebHO MANECHbKE H OTpe30K N, N,, NEpHeHIHKy N pHBIH
K PNy, 1omxey GHiTh MePUeHARKYIAPEH ¥ K CTPEJIKE, TPOBEEHHCH H3 My,
Orcwoaa BUIHD, yTO MpLBaBIeHHe K KOJTHUeCTBY IBUYKEHHS], H3CGpaN@eMOoe
oTpe3sKoM N, IV,, 1o Hanpabesuio CoBMajaeT ¢ upamoii M,0, T. e. cuna,
ReUCTBYIOMAA Ha ABHIKYINEECS 110 KPYyTy Tes0, B KaXKanli NaHHbIH MOMeNT
BPEMEHH HATPABIEHA OT 3TOCO Ted K LeHTpY Kpyra. Jlerko BLIUMCIMTD H
BeNMunHy 9T0# cunwl, 3a BpeMs T, B TeuyeHUE. KOTOPOrO TEJO ONHLIET
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NosIHLH KPyr pafuyca r, oTpe3ok PN, u306paykaniiuil ero KOJMuecTBO
IBWKENUS, OMUIIET KPYr pamuyca /mvy. OnuEa OKPYXKHOCTH 3TOI0 Kpyra
paBHA CyMMe ManeHbKMX 0Tpe3loB N;N,, M306parkalcluuX [pPHPALEHUs
KONNYECTBA ABWKEHUA TeNd B Te MANEHbKEE MPOMEXKYTKY BpEeMEHN, HA
KOTOPHIE MOYKET OBITH pasjesieHo Bpema T cex. Ofmas cyMma 3THX npupa-
IEeHNH KOMMYecTBA JABMKEHWS PaBHA CJIe0BaTesIbEO 2wmy acmjcex. T10-

2=my

3Tbmy BeNNUNKA CUJIHL, MeltTByMmed Ha Terne, paBHa m1H, Bamecto

BesMuNHE T CEK., CTOAEH B 3HaMeHaTesle SToi mpo@n, MBI MOXKEM nOA-
CTaBUTh 277 [V CeK. ITO JaeT RS BeJMuMHbI CHibl, AeficTBylomedf Ha pac-
2

s my
CMaTpuBaeMoOe TENC ¥ HANPABIENHOM K HCHTPY KpyTrd, 3HAUeHHE —r JUH.

B fanphefilleM HaMm IPUAETCS NOJNB30BATLCS STUM Pe3YNLTATOM.

Mer BuuM, uro Mexamuka HbloTouLa J4eT KOJiHueCTBEHHBIE COOTHO-
MIEHNA MY CUIAMH, ReHCTRYIOIMMH 112 TEJI0, W TEMY IB¥)KEHUSAMH, KO-
TOPHIE BO3HUKAKT B pe3ysbTaTe sTHX CHI. T103TOMY BecbMa CYIECTBEHHO
3HATH, KAKOBEI 3TH CHJIH,  YMETh UX PACUNTATHL 3apaHee.'B KauecTBe npu-
Mepa CUJI, TefiCTBYIIIMX MeXKIy TeNdMH, NPUBENeM TAK HAZEIBAEMYIO CHIY
TATOTeHHS!: OMBIT MOKA3bIBART, UTO €CJH TEJ0 MACCH /My HAXOAUTCA HA
PACCTOSIMNU T OT TeNd MACCH MMy, TO OHU BCETJA APHTATHBAIOTCS APYT KO
APYTY ¢ cunoli, KOTOPas NMPONOPUMOHAJILHA W MAcce /17 W Macce My ¥ 00-
paTHO RPONOPUMOMANBHA KBAApPATy paccTosinua r. Takas cuna nHocur
HA3BAHWE CHJIbI TATOTeHHMs, B0 MHOrMX C/yyasiX HajJuuWe CUIIHl TArOTE-
HUA MACKMPYeTCA MPUCYTCTBHEM NpYruX CUJ, HO 3TO OfHAKO He MELIaeT
TOMY, YTO CHJA TATOTEHUS, ONPEJleisieMasn YROMSHYTHIM 3aK0HCM 06par-
HEIX KBAJPATOB, BCCTN&@ M NEH3MEHHO CYHIECTRYET, XOTA MHOrAA OHA HA-
CTONBKO Mas1a 10 €PaBHENNI) ¢ IPYTHMH CHNAMY, YTO €€ N3Me PUTh HEJIETKO
CUJI1a TATOTE HUA 00N 1AET BIIOIHE YHUBECANBHEM Xd paKTe pom. 0003HAUNM
Gyxsoft G Ty CHNy, BEIP@XEHHYI0 B MHAX, C KOTOPOH RpUTArMBAOICS
[Ba TeJa B TOM clyvae, Korjpa my = 12, my = 12, r = 1 cm. Ecam my, m,
W ¥ KaKie YTOJHO, TO CUJIA TAFOTEHNSA, BRIDAXKEHHAA B INHAX, paBHA

Gy, .
i

Benmuuny G, T. €. Ty €Uy, ¢ KOTOPOH OJMH rpam mpUTACHBAETCS K
O7HOMY I'pPaMMy, MOMEIEHHOMY Ha PAcCTOSHMM OJHOCO CAHTUMETPA, YAa-
JI0Ch ¥3MEPUTH NOCPEACTBOM BECbMA TOYHEIX OMHTCB. Brepsrie 9T0 chenan
B 1775 1. umrnamacuuii ¢usur Mackeaqiin. Tlpumenenneii um cnocod
3AKTIOUANICS] B U3MEPEHHM TOH KPOXOTHOH CWJIBI, ¢ KOTOpOH 6OMBIHIOE
TSHKET0E TeN0 NPUTArMBAET K cefe Apyroe Teso, TOABEINCHHOE HA HHTH.
B kauecTBe GONBINOrO TsHREA0ro Tena Mackenaits Bsan ropy llexannun
(B ILlloTnanaky), OAMHOKC BO3BHINAKIUIYKCA Wa MycTod pasuune. Cpen-
HS1S1 TIZIOTHOCTH TOPHBIX NOPON, BXOMAMX B COCTAR 3T0# ropui, Gbina us-
BecTHA ; 0TI/, 3uast QopMy M pasmepH ropsl, Mockenaiin Bruncann ee
maccy. Oxasasock, 4TO BOMM3M 3TOH TOPH BCAKCE TEJO0, MOABEINEHWOE HA
HUTH, HaTATUBAeT 3Ty HUTb HE COBCEM MO BEPTHKANBLHOMY HANpPABJICHUIO,
T. €. HE MO TOMY HanmpaBJeuH1o, KOTOPOe OHA NPUHANA Obl B OTCYTCTBMM
TOPBL U KOTOPOE MOXKHO BHIUWCUTH IO aCTPOHOMWUECKNM HAOJIONEHUAM,
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a IO CJCrKA HAKJIOHHOMY Hampaplienulo: ropa Llexannvm npuTsArnBaeT K
cefe manpasnepne oTBeca! M3MepUB OTKIOHEHME OTBECHOH JTMHMM OT
BBIWHMCEIHION 10 ACTPOHOMUYECKUM JAHHBIM BepTHKanl, Mackenaits mor
OTCIONA BBIMUCIIATE, ¢ KAKOJ CUI0l [o/IBeIIeHIHbIe HA HUTH TeNa NPUTATH-
Bawtea K rope. B 1798 r. aurnmuannd KseenOuimr NPUMEDEN s H3Y-
UeHHs CHJ TArOTEHMS KPYTHIbHBIE BECHl: K HHTH 0bIO MOJIBEINEHO (34
cepeuny) JIeTKOE M [UIMHHOE KOPOMBICIO, K KaX<IOMY KOHILy KOTOPOIo
K9BeHMII NPUKPENI [0 APHKY, BeCHBIIEMY HCCKOJIBKO COT FPAaMMOB.
[Tocnie aToro B 1AJOPATOPHIO OCTOPOIKHO BBOAMINCL G0JIbIUHE CBHUIIOBHIE
wraput (10 150 K2 KaxKIpii) : oMK 1a p 11 pUOIIHHKAIICA COKY ¢ OIHOMY KOHILY
KOPOMBIC/Ia ¥ TIPMTSATHBAJ €ro K cede, a APyroll Wap npubnimxancs x gpy-
rOMY KOHIY KOPOMBICNA © JIPYrofl CTOPOHK!, T 4TO TIPWTSHKEHHS STHX
MAPOB CKNAJLIBANKACE ¥ MO3TOMY II0BODAUMBAJIA KOPOMBICIIO, 3aKPYYHBAS
HHTL HA HEKOTOPHT yrol, KOTOPH#H KOBEHAHMIY H ynanoch H3MepHTb.
Muorne (M3MKH TIOBTOPANM MOTOM onblT K3BEeHAWINA, COBCPHICHCTBYA
ero W yTouHAs. Jpyro# cnocol JaGopaToOpHOrO M3MEpPEHNsA BelHunHb G
3AKITIOUAETCST B TOM, UTO CTEPBA HA OUEHDL TOUHBIX BECAX
yPABHOBRIIMBAXT [BA IPy3a, MOCNE YEro IO OfHI U3
3THUX I'PY30B NOABONAT CHM3Y KaKoe-IMOy[b OueHb Mac-
CHBHOE TeJl, Macca KOTOpOr0 M3BEeCTHA; BCJENCTBHE
Pac. 5. OPUTSHKEHUS I 3TOMY TeNly TPy3 HAUHMHAET CJIETKA Oy~
CKATBCA, KaK ecTi O OH cTan Tskenee. Tak Hanpn-
mep Puxapy u Kpueap- Menyeas monyuuny B Pe3ynbTaTe nogo6spix
OMBITOB

G=6,68- 1075,

Mel BHAMM, 4To cuna, ¢ KoTopo#t 1 2 mpursrMBaetcst K 1 2 Ha paccros-
1UH 1 CM, paBHA BCEro JIMIIL HECKOIBKUM CTOMUITIMOHHBM LONAM [(UHEL
JTa ¢WIA HAYTOMHA M TO3TOMY W3MepHTh ee OueHb TPYAHO. Boofiue
TOBOPS, CHJIA TAFOTEHHS JOCTUIACT 3AMCTHHIX PA3MEPOB JIUIIEL B TOM CJTy-
yae, KOTTIA Mbl IMeeM ACNO ¢ GONbIIMMK Maccamu. PaccMoTpumM HAIIpUMEp
KAPTINY, KOTOPBIH MBI pa3jelluM MEICICHHO HA JBE YACTH MJIOCKOCTHIO @
(puc, 5). Brino OBt GONBINMM 3201y HUIe HUEM IYMATh, 9T0 CHiIa, 34CTaBAsAI-
w@s 06e MOJOBHHBL KHPUHYA ObITh CHEMIEHHLIME APYT C JIPYTOM, eCTh MX
B3A¥MHAA CHIA TATOTEHUST. DTa CHJIA TATOTENNS] COBEPIIEHHO HMUTOXHA,
1 Topasfgo G6;1bmyio ponk ArpaloT APyrue CHBl, a MMEHHO CHIIBI CHemIe-
HHA MEMLY ATOMAMH, BXOAAIIUMM B COCTAB KHPMHYA; CHJIBl CLCTITEHHS
yOLIBAIOT C PACCTOAHNEM ropasfo GHICTpee, yeM CHIIBI TAMOTEHHSA, & HMEHHO
Tai GHICTPO, YTO FOCTATOUHO MPUHSATH BO BHUMAHNIE TOJIBKO CLEMUIEHHE aTo-
MOB, pacHOTIOMEHHHIX y CaMmoii TMIOCKOCTH M HA CaMOM MAJEeHBKOM pac-
CTOAHHH OT Hee MO Ty M 10 APYIryI0 cTopoHy. Ho ecnu MBI yBeJIMukM MBIC~
JIEHHO JTMHCHHEE Da3Mephl KMPIHua B MWUIMOH pa3, OCTABHB €ro miuor-
HOCTb M ¢r'0 opMy HeM3MEHHOMH, TO Macchi 00eux uacTelt KMpHHua BoO3pa-
cryT B 10" pas Kaian (Bellb 00beMBI PACTYT NPONOPLHOHANBHO Ky0am
JIMHEHHBIX pa3mepoB, a 10 ecTh Ky MUNNMOHA), a CNeJOBATEIILHO CUITH
1018 . 1018
{102
MeHHA BO3DACTYT HPONOPIMOHAJIBHO pa3Mepam -[LIOWAAy @, T. e. BCero
apmb B 102 pas. [Io3ToMy ecJiM nepBOHAUANBLHO CHJIBI TATOTERH: GBLIA

.

TATOTEHHA BO3PACTYT B =10 pas, B TO BPEM: KaK CHJIBL CLeR-
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HHYTOKIIbI 10 CPABHEHUIO C CHJIAMH CLEIJIEHWS, TO NPH AOCTATOYHO GONb-
WWX pasMepax Tesa O CMOTYT HIpaTh lpeodnalalomylo poib, ¥ Bce
1pouMe ¢kl GyyT BUYTOXKEBE DO CpABHeNHI0 ¢ HMMH. BoT nouemy ana
Oosee yROGHOI0 M3YUeHMs CUJ TAIOTEHUH BCEI'0 YMECTHee 00paTHTBCA K
TAKUM Tefiam, KaK CONIng, UNAReTeI W T. J., T. €. K TeNam ouenb 0onb-
moil macch. Cuia TATOTEHMs, KOTOpAsi HC WIPAET MPAKTHUCCKH HUKAKOH
pOH B TOM, YTO DA3JHUHHE YacTH KUPIHWYA CIEILIEHH ADYT C JIPYIOM,
UrpaeT OrpoMIyI0 pONlb B OULSCHEHMM B3AHMIIONO LIPUTSDIEHUA pasnuy-
HHIX YacTeli Takoro Gonbmoro Tena, kak JlyHa uam 3emiist.
Paccmorpum nmaHeTy Macckl /7, KOTOpasi ABW»KeTCA BOKpyr Connpa
no Kpyrosoii opbure pagmyca r. 0603naumm maccy Connnma uepes M.
Cuna, ¢ KOTOpOii mjanera npursiruBaercss K COMHIly, papua clefoBa-

GMm
TEJIbHO —
-

. C npyroif cTopOHL, MBI 3HAEM, uTO €CIM NJIAHETd Macchl

2wy
1 BMKETCS 0 KPYTY PAjMyca r o CKOPOCTBH ¥V = T , The T—mepuon
ofipamesun nuaneTs Boxpyr CoNHLA, TO Cuia, AeHCTBYI0Ias HA INAKETY,
paBra:
mv:__ m - 4r’r

R
TTcaromMy Mbl OJDKHH TIPHPABBATL 0f€ BeJIMuMEBL APYT ADYIY, UTO AAET

GMm __ m-4=%
B S

W3 51010 paBeHcTEa NErKO MOAYUHTL APYICe PABEECTBO, 4 HNEHHO:

rr_ GM

TET 4=

Tax KaKk B TPABO{ YacT STOTO PABEHCTBA CTOMT BCJMUNHA, 3aBUCAMAS
TOJBKO OT Maccel CONHLA U OT MOCTOAKKOH G, WMEIoHieH BLONHE Onpeje-
r3
T
K KBajpaTy Tepuosia ofpamenns, 0JDKIA GBITH COBEPIIEIHO OQNMEAKOBOI
178 BCeX NJIaHeT, ABWKymixcst BoKpyr ComnHi@. 3T0 2ameuaTesibHOE CO-
OTHOIIEHHE BLIT0 OTKpHTO Kenjepom na OCHOBAHMM MaTepHana acTpo-
HOMHueCKAX Habjcdesnii 3ajonro no Toro, kak HbloTow norkasan, yro
0HO OueHDL HPOCTO BLITEKAET U3 CUMH TAroTenus. Tak naupumep niakera
CaTypH 0TCTOAT NpHGI3UTeNbHO B 10 pa3 nassme ot Connna, vem 3emns,
TNozromy Ky6 papuyca opGutsr Carypha B THCSIMY pas Gonbie Kyba pa-
AMyca OpBUTH 3eMTH; OITOMY U KBajipar EpeMery obpamenus Catypra
BOKpyT Conupa A0MxeH Guith B TLICSUY pas Goibile, uem KBAjpar Bpe-
Menu ofpamenns 3emay poxpyr Cosnna. A Tak Kak 3eMys cOBepuIaer
CBojf MOMHKH Kpyr Bokpyr ConmmIa B Teuenwe roja, 1o 3HaupT CarypH
N0JIXKeH COBEPIIATEL CBOM KPYT B V1000 ner, 1. e. B 32 rofa, uTo RNOMHE
LOATBEPKAAETCS HADI0ne HUAMK. Jlerko BHAeTL, uTo (opMyna 3axoHa

NeHHOe 3Havense, T0 1polh T. €. OTHOUIEHHE Ky0a paguyca opOHTH
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Kenmepa nosBosisieT 0YCcHE JIETKO OTIPE/e/INTh, yeMy paBHa macca CosHma.
B camom pene, u3 3T0H OpMyibl BRITEKAET

4z
M=Gre -

B npaBylo YacTb 3TOTO PABCHCTBA MOMKHO MOACTABHTH JAHHMC, OTHOCA-
mpecsl Hampumep K 3emre. Tak Kax B ropy 365%/, cyTox, a B CYTKAX
24 X 60 x 60 cck., TO HyHO npepcTasuth T = 365 1/ x 24 X 60 X
X 60 cex. = 3,156 - 107 cex.

Paccrosinne oT 3emnn o CosfHLIA COCTABNALT MOTOpPACTA MUJUIMOHOB
KUJIOMETPOB ; TO3TOMY HYIKHO MOJICTABHTDH

r=1,5.10" ca.

Kpome Toro Hyxuo nonoxuts G = 6,68 - 1078, = = 3,14. Tlpopenas
apUQMETHUECKUI 10iCHeT, Mbl Bafinem, uro Macca Connua paBHa 2 - 103 2,
Tax Kax Te >ke cample (QOPMYTBl OTHOCATCA He TONBKO K ABUIKEHHIO
niaxeT BOKpyr COMHIIA, HO TAKKM >Ke TOUHO 06pasom 1 K ABIKEHNIO JIyHEl
BOKDPYT 3eMJIH, TO AHAJOTHYHBIE BBIUUCTIEHHS NPUBOAAT U K BelWUHEE
MaCCHI 3eMHOTO Iiiapa. B 9TOM ¥ 3aKOUaNCsA TOT C110col, KOTOPBIM aCTPO-
HOMBI CYMeJIH «B3BECHTLy HelecHEIe Tena. BlpoueM mnsi npubausumeib-
H020 OTpeJieIeHtisl Macchl 3eMHOrO I1Hapa HeT HMKaKoit Wapofuoctu ofpa-
I@ATbCS K AcTPOHOMHUYECKHM Habnwjenusm, Ecmm cuiraTe, uTo 3emis
ecTp Iap paguyca R u macchl M, TO BCAKOE Teso, NOMelleHHOe Ha M0BepX-~
HocT# e, fyfeT TIPHTATMBATLCS K 3eMIe C TakoH yke CHiioll, Kax ecin
Gbt Besl Macca 3emuri Gbina CKOHLEHTPHUPOBAHA B ee nekTpe. Ecnu macca
Mm
Ri’.

paBHa gim, I'le g eCTh YCKOPEHHE, C KOTOPHIM TeJI0 TaJaeT, €CJiH ero mpe-
NOCTABUTH NeHCTBUIO TSIKECTH, T. €. ero npuraxennio 1« 3emne. INpupas-
. Mm ; R*g

HUBAR  —pg = W g APYT NPYTY, Mbl JETKO Hafizem, uto M = G Mon-
crapuB g = 980 cafcer?, R = 6,37 . 108 cut (1. €. 6 370 k4), G =6,68.1078,
MOJyUHM, YTO Macca 3emnu paBHa npubnusnutenpHo 6 - 10%7 2,

' Tena ecTh M, TO CHJA PABHSETCH . C npyroii cTOpOHBI 3Ta JKe cKna
«

3AKOH COXPAHEHHWSA 3HEPIHH

Terepb MHl nepeiiieM K GOpMyMMPOBKE OHOIO0 M3 BAXKHEHINHX IOHf~
THH KFACCHUECKOH MEXAHHK#, TOHATUS snepeuu. Jns 9Tore crepsa pac-
CMOTpUM OMH TIPOCTOH TNpuMEp, MMEHHO ABM)KEHHe Tesd, CBOGOAHO IMa-

" RAWEro B nome TshreCT#. OTBIT OKA3BIBAET, UTO BCE TEa NANAIOT €
(OLHHM U TeM K& yCKODEHHEM, T. &. UTO CKOPOCTh MX MAJEHHS yBEJMUit-
BACTCA B €MHULY BPEMEHU HA OJHY M TY >Ke BEJJHUHMHY, CNIETKA 3aBHCH-
HIYI JHIOL OT TOMO, B KAKOM MECTE 3eMHOit MOBEPXHOCTH MPOU3BOAHTCA
ITOT OMBIT, 3TO NPUPANIEHHE CKOPOCTH COCTABISIET 0KOJT0 980 cfcek B Kam-
AYH0 CEKYHIY. ITHUM YMCITOM MBI YOKE NOJIp30BaATUCh B KOHIIE IIPEBIAYINEI O
paspena. OGosuauum o1y BenuunHy Gyxpolt g. [ToaTomy Mbl MOMEM -
CaTh, 4T0 TIpHpalgHHe CKOPOCTH MAJAIOINEro Tela B TEUEHHE MaJloTo TIpo-
MeXyTHA BpeMend Af pasho gAf wiu Av = gAf (3Hauwom & 0Go3HAUAETCH
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npupanenye KaKoii-11Go BeHuMHEL; eCJIH ¥ eCTh CKOPOCTh, TO AV — ITpH-
pamenue ckopocTH). TloMHOKast 0Ge uacTu 3T0# QOPMYNE Ha Maccy u Ha
CpejiHee 3HAUEHHE CKOpOCTH Tefa B TeUEHMe MPOMEKYTKA BpeMenu Af,
MBI IOy UlM:

myAy = mgvat,

I'le ¥ — Cpefnee 3HAUCHUE CKOPOCTH; 3TO 3HAYMT, UTO B HAyale npo-

MeKyTIA BpeMenH Al CKOpOCTh PABHANACH V— AV, a B KOHUE

i
9TOr0 NPOMEKYTKA V -+ 3 Ay, HerpyaHo npoBepuTb, uro

vy e
m/v-}—%Av) mf\v—-%iv)
MyAY = ) — — 2 ’

T. €. 4TO BEJHUHMIIA MYAY paBHA TOMY TPHPAIEHHIO, KOTOPOE MONyyHia
2
BeJHYHHA —’7—121)— B TEUCHHE DACCMATPHBAEMOrO IPOMEXKYTKA BPeMEHH Af,
C ppyroit croponst VA ecTb NPOM3BEEHHE TIPOMENKYTKA BpeMeHH Af Ha
CpejIHIO CKOPOCTD TIAJIeHHs TeJId B TEUEHHE STOTO NPOMEsKyTIcd. [103TOMy
VAL eCTb TyTb, NPOHJEHHBIH NAJAMOWUM TEJOM B TeueHHWe BpeMeHH Af.
Eciiv 0603HAUNTD BLICOTY TeNld HAf KAKHUM-HUGYIb yCAOBHO BHOPAHHHIM
YPOBHEM (HANPWMED Haj YpPOBHEM Mmojia) uepes z, TO npolifeHnbil najawo-
MMM TEJIOM RyTb CrefiyeT 0Go3Hauutb uepes — Az, TAK KAK OH paBeH
YMEHBIIEHHIO BLICOTH! 3TOT0 TENd, OTCUNTAHHON HAR BLIGPAHHBIM YPOBHEM.
PapencTBo
mvAy = mgvat

MOYKHO MEPETHCcaTh B BUAE
A - mv2> = —mgAz.
Ele uBaue 3T0 MOMET GbITb 3aIMCAHO B BUAE

1 \
A( mv2 =— A (mgz).
\ 2
1 2

Mul BHMM, UTO DY NAJCHHU TeSd NPHpaIelye BeIHUHER - my? BCera
PaBHO yMEHbIIEHIO BETWUNHELL /1792, TAK UTO CYMMa 3TUX BEJUUMH JOJDKHA
ocTaTbCs HeuameHnol. Takum 00pasom Mbl IOKA34JTH, UTO BEJIHUHHA

1 2

5 m -+ mge

0CTAeTCSt MPH MAACHUH TENA NMOCTOSTHHOM. DTa BeTMYMHA HOCHT HA3BaHUe
anepeuy. Mbl BUANM, YTO OHA COCTOUT U3 ABYX yacreld, U3 KOTOPHIX nep-
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1
Bas, T. €. ?mvz, 11€ 3aBUCHUT OT IIOJIOYKEHMSE TETA B NPOCTPAHCTBRE, HO 3d-

BUCHUT OT CKOPOCTH €r0 JABUIKEHHS, & BTOPAst, T. €. MZZ, 3aBUCKHT HAQ0OPOT
JIMWB OT TOrQ, HA KAKO{ BBICOTE B JAHHBLIL MOMEHT TeJI0 HAXOAKTCSt, HO
He OT TOTO, ¢ KAKO0H CKOpOCTBIO OHO JRIDKeTCs. [loaTomy nepsas vacTh,
T. €, %mvz, HAZEIBAETCS DHEpIHeii ABMIKEHHS TeJla WIH Kuiemuyeckol
aHepened, a BTOpasi, T. e, Mge, SHeprueil NONOYKEHUA TeAa WK NomeH-
YuarpHoll Inepeuell TCIA B 3eMHOM ToJe TsbKecTH. Eciu Mu Oyaem Hame-
PATH MacCy TeJla m B IPAMMAX, YCKOpPeHHe g B cujcex® (T. e. B cufeex wa
KDKIyI0 CEKYHAY), @ BLICOTY B CAIITHMETPAX, TO, NIEPEMHOKAS M, g U 2,
MBI HafijleM NOTeHIMANBHYKH SHCPIMK, HSMEPCHHYI B aGCOMIOTHHIX €JH-
HHUAX. ITH a(COIIOTHBIe eIMHILIE! HASEBAIOTCS Jpeami. TaKMM He TOUHO

1
OﬁPBBOM, €CIIA MBI TTOMHOMKHM 7 Ha Maccy T€J1a B TpaMMax W Ha Keajapar

€ro CKOPOCTH, BHIPAYKeHHOH B CM/CCK, TO MBI TIONYUMM KHHETHYECKYIO
OHEPrui0 B 3prax. [N mpuMepa BBIUMCIMM NPUPOCT MOTEHUMAJbLHOM
OHEPIMH Tesa Maccoll B | K2 mpH moAHATHM 3TOT0 TeNa Ha [ M. s Bh-
YHCIEHUS 3TOTO [IPHPOCTA B 3PIaX MBIl A0JOKEE nomBoykuTh 1000 (maccy
Tena B rpammax) #Ha 980 (ycxopenue B cafcex?) Ha 100 (mopuATHe Tena
B caHTHMeTpax). OTClofa clIelyeT, uTO npHpalieHue DHEPI MM Tesa ¢ Mac-
coii B I ke npu nopHstTuy ero Ha 1w paByo 9,8 - 107 apros. 310 3navenne
9HE PrUM OYEHb YACTO HA MPAKTHICE CITYIKAT eJUINLIe ] 31e prii BMECTO 3pTa
H HA3HLIBACTCS KUOTpaMMOMeTpom (xeat). Mrak 1| kem = 9,8 + 107 spros.

- TloHATHE SUEPrHH, BHBEJCHHOE HAMM M3 PACCMOTPEHHOID YACTHOTO
npuMepa, MmHKET 6HTE 0GobmieHO Ha J00be MEXAHMUECKHe CHCTembl. 13
33aKOHOB MeXaHuKu HblOTOHA MaTeMaTHYeCKH CRELyeT, uTo BCsKAA MExa-
HAYECKasl CHCTEMA, COCTOSILAST 2 YACTMIL, B3anMoTeHCTBYICIIHX Apyr ¢
LAPYrOM, H HAXO[ALAACS B NOCTOSIHHOM TI0JIe BHCITHMX CUJT (B Y4CTHOM CHy-
yae 3T0 TIOJIe MOYKET GhiTh PABHO HYJI0 W TOrJa MEXaHHUCCKAs CHCTeMa
ABJIACTCSA M30JUPOBAHHOM), 06714/1a€T AHATOTHYHBIM CBOACTEOM, 2 HMEHHO
ee KUHEeTHUeCKAS 3HCPrus (T. e, cymma 1/, m? Beex ee macTeil) niice Hewo-
TOpAst BEJIMUMHA, 3ABHCALAA TOJLKO OT PACIONOMKENWsA e¢ yacTeil M Ha-
3HIBAEMAA MOTEHUMATLHOR SHepIMeH CHCTEMLI, TOCTOSIHIA BO BPUMEHI.
JTOT 3aKOH, HA3LIBAEMBIA 3AKOHOM COXPAHCHUS FHepeull, MMCeT UpEe3BHI-
yajiHo ofWMi XapaKrTep: OH NPHMEHMM KO BCsKOIM MexaHmueckoit cu-
CTeMe, Y/JOBJIETBOpsilOiefl ONMCAHHBIM YCTIOBHAM, T, €. H30MHPOBAHHOH
HITH HAXOJsUIE fiCsT B 33JAHHOM BHelllHem none, Eciii B TaKoll cucreme mpo-
HCXOAMT KAKOE-TO JBIDKEHHE, TO MPHPOCT KUHETHYECKOHl 3Hepruu 9TGi
CHCTeMBT BCErla paBHsieTCS yOBLIM €@ MOTeHUNAILHON 3HePIUH. ITOT 1IpK-
pOCT KMIETHUeCKOH 3HepruyM OOBIKHOBEHHO HA3LIBAWT pafomoil ¢wn,
JeHCTBYIOIMX Hd PaccMaTpUBAEMYIO CUCTeMy. Tax xaK sHeprHst HsMeps-
eTCst B APrax, TO CJIe0BATeIbHO W pafora BCeria MOYKET §biTh BRIPAKEHA
B aprax. Pagora cun, efCTEYIONMX B 3AMKHYTOH CHCTEME, COTTIACHO Onpe-
eJIeHMI0 PaBHA yOBUIH TIOTEHLMALIIOH SHEPIHH BTOH CHCTEMBI; TIOITOMY
0 paoTe B OTOM CITyYae FOBOPAT, YTC OHA TIPOM3IBOJIMTCS 3G CYE TOTEH-
UHANBHON Bnepruu cucreMbl, CJejlyeT 2aMeTMTb, YTO 3HAUEHNME TIOTEH-
LHaNbHON SHEPryM IIPH 3TOM OCTAETCS He BMOJIKE OTIpefie/IEHHRIM, B TOM
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CMHICTIE, YTO HAM NPUXOAMTCA YCIIOBHO BHOpATL TaKoe DACIONOXKeHHe
yacTeil CUCTEMBI, B KOTOPOM ee TIOTEHLMaIbHAST HE PPHS CYUTAETCA PABHON
HYJII9 | TOJIBKO TI0C;.€ TOTO, KaK TAKO# BLlGOp NPON3BENIEH, 3HAULHNE 110-
TEHIUMANBHON 9He PriH, A C/1e/I0BATE/ILHO i 3HAUEHHE IHEPrUN BOOOIE, CTa~
HOBUTCSl B KaX{I0M COCTOSTHHM CHCTeMEl COBEDPLIEHHO ORpE/ieIeHHOR Be-
nuunHOR. Ho sicHo, uTo pastocme MexIy ABYMS 3HAUEHUAMH NOTEHIUAIb-
HOW 9HEPIrK QAHON ¥ TOM >Ke CHCTEMBI TEJT B ABYX PAZHBIX COCTOSHHMSX
He GyzieT 3aBHCETb OT TAKOTO NPOH3BONLHO BHIOPAHHOFO COCTOSIHUS, B
KOTOPOM TIOTEHI[MATbHAS DHEPrusi YCIOBHO CuMTAeICs PABHOR HyMO H
OT KOTOPOr0 CJCJIOBATENBHO ¢OTCUUTHIBAETCAY TIOTEHIMANbHAA SHEPrUs
Beef CHCTEMBl Te.

B KauecThe mnpBMepa BHUKCIEHHS TNOTEHIHAJILHOH SHEPr¥HM pac-
CMOTPHMM TITAHETy MAcChl M, OPUTATMBaKILyicst K CONMBIYY MAcCH

., GMm
M ¢ cunoii 2 HA PACCTORHMA F. Tonpobyem HaiiTy BRIPAKEHNE NOTEH~

1MabIoi JEPrii MNAHeTH Ha ITOM PACCTOAHUM. JUIs aTOro paccMoTpHm
BooGparaeMlit Ciyuat, Korpa mnnasera, mpursirnBaemasi K Conmuy ¢
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COXPAHSIET MOCTOSIHHOE 3HAYEHHE BO BPeMs ABUEHHS. Benuuyuna 77)‘1]}’

GMm
€CTh KUHETHUECKAs! SHEPTHs, BEMUYUHA — ——— €CTh MOTEHIHATLHAR
oHeprusi, Mpl BHMAMM, UTO MPU TAKOM ONpPEECHHH TOTEHULIANbHON
SHEPIUM TO PACTIONOKEHHE CHCTEMEI, KOTAA TOTEHUMANbHAS BHEPTUs 06-
pamae'rcn B HYIb, COOTBeTCTByET GQCKOHE‘{HOM}/ leZJIEHI/I}O TITAHETHI OT
GMm

Conuna: Begb TpH GecKOHewIlo GONBIIOM f BRIPAYKEHHE — PaBHo

HYJII0; PH KOHEUHBIX F OHO OTPUIATCTBHO. PasyMeeTcst MoXKHO Gbino 6ni
BLIGPATh U Kakoe-HUOyIb HHOE PACMONOMEHUE 1J1AHETH B KAYECTBe pac-
TOJIOYKEHUA, COOTBETCTBYIOLIEr0 OOpAILEHUIC NOTEHUMANLHCH 2:EePruy B
HyJlb; TEM He MeHee 00bIUHO NMPHHATO MOCTYNATh NMEHHO TAK, KAK OTIMCAHO
M OTCUMTHIBATH MOTEHUWANLHYI0 SHELTHIO OT TAKOT O PACTIONOHE HUuS, KOTAa.
nuaHeTa yAajesa Ha GeckoleuHo GOApIIOE paccToAHue oT Conuua.
3aK0H COXPAHEHMS] BHEPTMM €CTh OJIMH M3 CCHOBHBIX 33KOHOB MeXa-
unky Hblotona, Tem pe Menec HbioTOH He TIPUNKCAT 3TOMY 3AKOHY TOrO
BecbMa 0BLIEro xapanTepa, KOTOPBIM ITOT 3aKOH B AeHCTBHUTENLHOCTH 06-
najaer. TIpnunna aroro owmGoynoro Barnsna HbloTona Ha 8aKoH coxpa-
HEHMs] SHEPrUH Upe3BbMAlHO MHTEpeCHa, 1 HaM CNENYET PACCMOTLETh €€
nofnmie., Ectu mbl MMeeM KaKywo-nubo 3aMKHYTYI0 MEXAHMYECKYI0 CH-
creMy (T. €. M30JIMPOBAHHYI0 MNY HAXOMALYIOCS] B MOCTOPHNOM BHEIIHEM
TioJ1e), TO €€ SHe[T A JOJKHA 0CTABATLCSA NOCTOAHHOM. OIHMM U3 TIpHMEPOB
MeXaHUYECKO CHCTeMBl MOYKET CNY)KHTh A€PeBSIHHBIM ap, KaTammiics no
TOpPU3OHTANLHOMY TONY (HANpUMep KpH Urpe B Keran). Taxk wax mon ro-
PH3OHTAJIEH, TO BLICOTA IIAapa Ha/l KaKuM-N1G0 BbIOpAHHBIM YPOBHEM OCTa-
€TCsT IOCTOSIHHOM, 4 CIeI0BATENBHO eT0 NOTeBLHANBHAA JHEPIHs OCTAETCS
BCE BPEMsl ABMIKEHHS MOCTOSIHHOM. TaK KAK COrNacHO 3aKOHY COXPAHEHUS
9HEPrUM CYMMA KMHETMUECKOM SHEeprMM H NOTEHLMANbHCH 9HELTHH T0-
CTOSIHHA, TO CNCJOBATENLHO B PACCMATPHUBACMOM CHyude KUHETHYECKasl
3HEPrMs, B3sITAA B OTACABHOCTH, NOMKHA OHTh mocroduHa. Ecnu map
ofnagaer Maccoll m W ABMIKETCS CO CKOPOCTBIO ¥, TO U3 MOCTOSIHCTBRA

KHHETHUECKOR SHEPFI/H/I?MVZ BHITEKAET, YTO CKOPOCTH M NOMKHA OBITH

MOCTOSIHHA, WHEIMM CJIOBAMU, UTO LIAP MO/HKEH KATUTHCA MO TONY C IIO-
CTUSIHHOH CKOPOCTBIO. B HeHCTBUTENBHOCTH KE, KAK MOKABBIBACT OTIRIT,
BCEria NPOUCXOAUT GoTbluee Ui MEHbLIEE TPEHHE [ADA O 10T, U B Pe3YIlb~
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TaTe 9TOro ABMKEHNE Mapa Bce BpeMsi 3aMeAJISIETCsT U ¢JieIoBAaTENLHO CymmMa

TIOTeHLIMANbHOM SHepPriiM wapa M ero KHHETHYECKOH 3Hepruu ?mv2 BCE

BpeMsi CTAHOBUTCS MEHBINE M Mellbmie. Taknm c0pa3oM 3aKOH COXpa-
HEHUS SHepTMM KAaK Gy[T0 HADYLIACTCH, N PHEPrus, EMECTO TOTO, TGO
0CTABATbCSl TMOCTOSIIHOM, ymembmaerca. Tfooremy Hbrorowm myman, uro
Grarofapsi TPeIHIO, KOTOPLIM Ha TPAKTHKE BCErja COMPOBOXKAALTCA Ka-
JI0E JBIDKEHWE, OHEPFUA Ka)(IOM 3aMKHYTCH CHCTEMBl OecmpepbIBHO
ymenbutaetcs. Tax Kak u BCA BeesieRHas B HeacM Morna 6H paccmarpu-
BaTbCs KAK TAKas 3aMKHYTas CHCTCMa, TO DHEPTHA BCENCHHOM, KaK AyMan
HrioTon, Bce BpeMsl YMeHBLIAETCS ; 0TCIONA OH 3AKJIOUA KAHKE, UYTO «Be-
JUKKA 4acoBLIMKK (T. €, GOT) BLHY)KIEH BpeMA OT BPEMEHM BHOBb 3aBO-
JUTH CBOM yack (T. e, Beeaeniyo). Oguaxo Barssg HeoTona Guia owmbo-
uen 1 BOT nouemy. Ka)kpoe Teso npupoasl (B TOM YMCTe M AepeBsIHHBL Wap
B NpeALIYHIeM TIPUMEPE M 107, 10 KOTOPOMY OH KaTHTCS) COCTOMT H3 aTo-
MOB; NOATOMY IPM NOJCueTe KHHETHUECKOH DHEPIMM Hesb3s OF PAHHUM~
BaThCs ITPOM3BEICHMEM TIOJIOBMEBI MACCH IIAPA HAa KBAJADPAT CKOPOCTH, €
KOTOPO# OH EBIDKETCA; HY)KHO €mie YuecTb U DHePrUI0 ABMIKEHMS ATOMOB
BHYTpH 9TOI'0 1apa M KHIETHUECKYI0 DHEPruIo aTCMOB moJa. 3aKkoH €O-
XpaHerusl sHepruy ve Opl 6b1 HApyITeH, ecAM OB yMeHbIUEHHE KUHETH-
YeCKOW PMEPruM, OTHOCAMEHCS K ABIKCHMI0 MApa KAK 1eJ10ro, ObLTO
CKOMIIEHCHPOBAHO YBeIHUCHHCM TOH KMHETHUECKOH JHCPrum, ¢ KOTOpOH
ABIKYTCS] ATOMBI INAPA 1 ATOMEL ONIA, K0Ne GTI01HMeCst BOKPYT CBOUX MOT0-
JKeHU It paBHOBCCHA M HUKOTIa HE OCTAIOLIMECA B NIOKO0€, ITH ABWKEHNA aTO~
MOB HEBHAMMB U NO3TOMY, KaK 6yITO, IPOBEPHTL CIeJIAHHOE TOMABKO-UTO
yTBePYKEEHHME Ype3Bpiuaitno Tpyase. ORHAKO 3TO CAENATb MOXCHO M BOT
KakuM 06pa3om. OipiT NOKA3LIBAET, UTO NPH TPEHHHU BCErfia BhUIENSAETCS
Tennora, B sToM oueHp eriko yOeRuTBCS, XO0TS 6Bl IPOITYCTHB HECKONIBKO
paz LHyp uepes CHKaTHlif Kymak: pyka ceifuac ke MOUYBCTBYET CHJIbHOE
HarpeBanue. Ecny kerempHul map B MpejHAYLIeM IpEMepe, mpoGerxas
ROCTATOuHO GONBINDE PAacCTOSIHME MO MOJTY, B KOHIE KOHIOB OCTAHABIN-
BaeTCA, TO ero%mv2 MCYe3sa, HO B3AMeH JTOr0, KaK MOKA3LIBAET TeOPHS,
ROMDKHA TIOTBUTLCS A06aBOUHAS SHeprHsl HEEWAYMEBIX ABIDKEHMH aToMoB,
1, KAK TOKAZHBAET ONNT, AECTBHTENBHO MOABYIACH BC/EJICTEHE TPEHUS
TEIUIOTa, T. €, AP ¥ IOJI CIeTKA NIArpentch, ECTecTBeNNO NpeAHOJOIKUTE,
uTO MENA0ma — IMO0 U eCMb IHEPUA REGUOUMbIX OEUICEHUT AMOMPE H
yT0 pH YMEHBIIEHWH BHEPIMM BMINMBEIX JBM@HUH B3ameH 3TOrn coor-
BETCTBEHHO NOSIBJsETCS TennoTa, Ecin aTa Touka 3peHMs] mpaBUibHa, TO
MEly HCcue3HyBlelf dHeprucH BHIMMBIX JBMIKEHMI U IOABMEBINCHCS
TennoTol KOMKHA CYHIECTBOBATh ONpeAeNeHHast NPONOPUHOHANBEHOCTD.
B cepefuHe AeBSITHAZIMATOTO BEKA CTABMJINCHL MHOTOUMCHEHHBIE ONBITH,
B KOTOPHIX HpPOMCKOJIUID MpCBPALIEHHE ODHEPIMY BUI¥MBIX MIBMKeHHME B
TEJIOTY M M3MEPSINAch KAK IOTEPAHHAS SHEPrHs BHAMMBIX ABIMKEHUH,
TaK Y NOSABMBILASCS Tem0Ta, Tax HAIpUMep aHruicKuit dusni Jucayas
B 1847 r. IpOW3BEN ONBIT «TOJUEHHA BOJB B CTYNE®, T. €, MU3Mepsifi Tel-
JIOTY, MOSIBNAIOULYIOCS B PE3ysibTaTe ABIKEHUA CIEMHANLHON MEINAKH,
HOrpy»KeHHoll B BOAY H MCTILITBIBAIOMEH NPN ABWKEHNH B BOJE CHJILHOE
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TPCHME; BMCCTE € OTHM H3Mepssach M 3aTPAueHHAs MEXaHHYecKasl 3uep-
THA (T. €. SHEPrHA BUIMMEIX JBHKeHHH). B 1858 r. dpamuyscxuit un-
KeHep MpH M3MepsN HArpeBaHWe KYCKa CREHLA, HA KOTODHI CBEPXY na-
IAeT TDKEIIBI MOJIOT ; IOTE pSi 9HE PrHH MOJI0TA, H3MEPEHHAS B KMIOT PAMMO-

Puc. 6. Onerr Joxayns.

METPax, PAaBHA NPOH3BCAEHNIO eI MACCH B KHIOIPaMMax Ha BRICOTY nase-
HUg B MeTpax. M3 Bcex Mojo0HEIX ONLITOB MOMKHO YCTAHOBHTB, UTO JJIs
nonyuennst ogHoil Gonbinod kafopwH Temna (Goabwioldl Kaaopuel Hasbl-
BAETCA TEMJO, HYMKHOE [JIsl HAarpeBaHHA OJHOTO KHIOrpamma BOABL HA
opun rpajyc Llenscus) HeOOXOMHMO 3aTpaTHTL 423 KeM MeXaHHueCKOH

Puc. 7. Omur Mpua.

¢
SHCPIHH, NpHUEM MEKAY TMOABHBLIMMCA TENJIOM U MOTEPSAHHON MeXaHH-
uecKolf 3Hepritel BCera CYLECTBYET TaKas NPONOPUHOHANBLHOCTS : YHCIIO
TIOABHBIIKXCA Kanopuil Temna B 425 pas MeHbllUle UHCIA HCUE3HYBLINX
KHIOrpaMMOMETPOB MeXaHUueCKo# oHepruH. B aTux ciyuasx rosopar,
uTo paboma nepexodum € mMenAonty M uTo Ha NOJAyYeHHE KAXKIOR KaJ0pHH
TEnNa HY)XHO @aTpaTHTh 425 xem palotel. Taxum e ofpasom ecnu u3
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JHEPrUM HEBWIMMBLIX ABIKEHNH ATOMOB [10JTYUAETCS! DHEPIUS BUIHMBIX
JBMYKEHUH TET, WIN, KAK TOBOPSIT, U3 menaq noaydaemesa paboma (Hanpy-
Mcp B TAPOBOH MAINKHeE), TO HA KAXKAYH KANODMK HCUE3HYBHIETO TETA
BO3HHKACT 425 KeM MeXAlMUECKoif DHEPrHH. IJTH OTBITH HOKA3ANMM Ipa-
BUJTBHOCTD TOH TOUKH 3PEHHST, UTO nienao ecib J6udicerile, 0 KOTOPOH Ml
TOBODHIIM YIKE BO BBEAEHHUM ; OHM MOTYT CTYXKHTh TIPEKPacHOH HITHCTpa-
el k nmoGumoit maee dHanko XIX CTONMETHA — UAEE «ENUHCTBA CHI
UPHPOLBY, KAK TOMAA BHPKaIuCh, DONbIas KaJOPHST MOMET paccma-
TPHRATLLST HMOTPOCTY KAK KONMYECTBO JHEPIHM, paBHoe 425 xem. Ecmn
BMCCTO GONBIION Kaja0PUW MBI BBE/IeM, KAK 3TO WHOT/A TIPHHSTO, MQAYH
KAAQPUI, PABHYI0 €€ OFHOH THICAUHOH uacTh, a BMECTO KHIIOTPAMMO-
MeTpa 3pr, To U3 paBCHCTBA :

1 Gonpmas Kamopust = 425 xem
MBIl TIONYUHM

1 000 manbix wanopuit == 423 x 9,8 - 107 spros,

OTKYZA
1 manaa wanopusi = 4,2 - 107 apros.

Mbl BMAWM, YTO HEKAKOI0 HAPYIUCHWS] 3AKOHA COXPAHEHMSI DHEPTia
Tpu mepexofe paGoTH B TeIio (T. €. NpPH NePEXOie BUANMOIO ABWKEHUS
TeN B HEBIAMMOE JIBIDKEHHE TOMOB) HeT, W CIeJ0BATELHO 3aKOH COXpa-
HEHHST OHEPTHM TIPUMCHMM ¥ K JBW)KCHWIO ATOMOB, T. €. TIPOIIE TOBOPS
TIPUMEHHM M K TETUTOBBIM SIBNeHUsiM. [T03TOMY 3aKOH COXPAHEHHA JHED-
FHK [1A3BIBAIOT MHOTAA MEPELIM 3QKOHOM Meopun menaq. 3acmyra mep-
BOH (HOpMyJIHPOBKH 9TOr0 3aKoHa mpHHApnexut FO0auycy Podepmy Mail-
epy (1842 1.) u Teavmzonvyy (1847 r.). Taxum 06pasoM KIACCHUECKAS
MEXAHMKA 0KA3aNMach MPUMENMMOIT He TONBHKO K ABHIKCHHIO MAKPOCKOIH-
WECICOr0 TENA, KAaK LENOro, HO W K ABMIKEHMSIM aTOMOL BHYTDH €ro, W
TEOPHS TETja CTaja HUUEeM HMHBIM, KAk TeopHeli MaKpOCKOITHYeCKOro
TENA, PACCMATPHBAEMOI'0 KAK MEXdHHUECKAs CHCTeMa, COCTOSmas M3
OTPOMHOI'O KOJHMYCCTBA yacTHL. 3ajaucH Taxkoi TeOpHH CTano OGDBSICHe-
H{e TeIUIOBLIX SIBJCHHI HA OCHOBAHWM TOI0 MPEACTABIEHUSI, YTO KAMIOE
MAKPOCKOTHMYECKOE TEJI0 €CTh COBOKYTHOCTL OFPOMHOrO UHCJIA UaCTHIL,
K KOTOPHIM MOYKHO TIPHMEHATH 3aKOHBI KITACCHUECKOH MeXaHHKHU.

HEOBPATHMOCTE TEI/IOBLIX ABAEHHN M CTATHCTHE A

Korga Mui npofiyeM TPHMEHSITH TPUHLUMIIBI MEXAHHKH K MaKpOCKO-
1IHYeCKOMY TeNly, COCTOSIIEMY M3 OIDOMHOIO KONHUECTBA ATOMOB, MBI
¢ €amoro HAuaJa HATHIKAEMCS Ha [Be CYMIECTREHHBIE TPyAHOCTH. [lep-
Basl M3.9THX TPYAHOCTEH MMEET WMCTO TPAKTHUeCKHH xapakrep. OHa 3a-
KJIIOUAETCS B TOM, YTO JUIsT PelleHHst 3aKayl O MOBCACHHH MEXaHUYECKOH
cHCTEMBI, cocTosimedl nanpumep u3 10% uacTui, HEOGXOAMMO HATIHCATD,
4 3aTeM W PEHINTH TAKOE HKE OTPOMHOE KONHUECTBO YDABHEHNHH; ecimt Onl
ME! HAJIOBYHIMCH NHCATH TIO OAHOMY YDAaBHEHHI B CeKYHAY, TO ANA Ha-
MHCAHUST TAKOH CHCTEMB YPaBICHUI Ham mOTpeGoBaluch Obl MUILIHA b
MuATHapgos Jsier. OTCIofd BU/HO, WTO S3AaYa MEXAHNKH, OTHOCIMASNCS
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K MaKPOCKONMMYeCKOMY TeJly, PaccMaTpUBACMOMY KaK crcTeMa cocTa-
BAAWIINX erc aToMOB, He MOYeT ObiTh NI0CTABIEHd M PEINEHA TAKHM JKe
o6pazoM, KaK 3afaua, OTHOCALASCS K CHCTeMe HeDOJIBINCFO 4kCad ud-
cTil,. (Bhlle MBI pacCMaTpUBall Hanpumep 3ajiduy O JBIKEHUE IUla~
HeThl BOKpYT COJTHUA; OfHAKO IIPH STOM MBI COBEPINEHHO CTBJICKANKCEH OT
TOF0, UTO ¥ MiaHeTa U COTHLE COCTOAT B3 OFPOMHOTO KOJIHUECTBA aTOMOB
Mbi 3aMEHILIH MBICJIEHHO MiaHeTy ¥ COJIHLE ABYMS UBCTHLAMM, WIH, KaK
WHOTJA TOBOPAT, MaTePHATLHEIMY TOUKAMHU, BPAIACIIMMECS ADYT BOKDYD
Apyra. $ICHO, yTO TONBKO TEOPUS NOBENEHUS CHCTeM, COCTOSIMX W3 Or-
POMHOTO WHCJIA UACTHL, MOMKET 10-HACTOAIIEMY 00BACHKTD, NIOUEMy HMEHHO
MOXKHO JIe/iaTh TAKYI0 3aMeHy, T. €. novyemy Cojiue W niauera AeklcTBu-
TEJbHO BeAyT Cefsi B paccMaTpHBAaeMOM JBM)KEHWH TIOUTH COBEpUIEHHO
Tal HKe, KAK BesM Oul cefs U1 JBe MaTepUajbHEIE TOUKH COOTBETCTBYOLIEH
maccnl.) Ho ecam geficTBuTenphoe NpHMeHeHMe NPUHELUNOB MEXAHHKH K
3ajdue 0 JABIYKEHKM CHCTEMBI, COCTOAIIEH K3 OFpOMHOIG UKCJIA WACTHL, B
TOM K¢ CAMOM CTHJIE, B KAKOM OHH NPEMEHSIOTCA K CHCTEMAM, COCTOALIMM
U3 HEMHOFMX YaCTHL, OKA3HBAETCS MPAKTHUECKH HEBOIMOMKHBIM, TO MEl
MOJi<eM 110 KpaliHeH Mepe OXHAATh, yTo OOIIMe 3AKOHLI MEXAHUKH, Npu-
MeHHMEIE §€3pa3NHullo K CHETEMAM, CCCTOAIMM M3 M060ro uucia 4acTyll,
KaK GOSIBLNIOro, TAK ¥ Majoro, OKLKYTCS BepHHIMK B 067acTH Temso-
BhIX SIBJIEHHI. (3aMETHM, UTO TePMHH «TeTNIOBLIE SABJCHHS MBI NOHAMAEM
3ech ¥ B JanbHeHIIcM upe3BRIUAIHO IINPOKO: TENJOBEIMY SBIEHHAMA
Mbl HA3HIB&EM BCC T€ ABJCHHS, NPONCXOAALINE ¢ MAKPOCKONHUECKEMY Te-
JIAMHK, B KOTODBIX MEI Y)KE HE MOYKEM OrDaHHUKTBLCS DAcCMOTPEHKHEM JIBU-
JKEHNS] MAKpOCKOMHUYECKOTO TeNa, KAK LeJoro, a4 JOJIPKHBl palCMOTpeTb
Y TIepeMeILEHIA MebUaf KX YacTe # 5TOro Tena ipyr OTHCCKTENBHO APYTa,
T. €. B KOHEUHOM CUETE YuecTb ATOMMCTHUECKoe CTPOEHHE TeJid; TaK Ha-
TIpMMep paciuMpeHue rasa, ieopMaLiio MeTaSTHUECKOTO CTePHKHS 1 T. 1.
MBl Ha3blEaeM B STOM CMEIC;IE CJI0BA TCIUIOBLIME SBICHUSIMK HApsmy €
Harpepauyem rasa, 3aK/0UEHHOr0 B COCYZ, lleH3MeHHOro chbema.) Brile
MBI BHJEJTH, YTO 3aKOH COXPAHEHUS] BHEPIWM, TPEACTABIAICILYH OXMH U3
OCHOBIIHIX NPHHUKNIOB MEXAHUKY, NPYMENMMBEIX K CHCTEMaM, COCTOSIIBM
u3 M0060ro uncna wacrull, ALHCTBHTENBHO ONpaBPHBAETCS W B 007acT
TEIUIOBLIX sIBAEHNIL; 5TO NPeACTABIAET BeChMA CEpPbe3HOE [0KAZATENBCTEO
TOr0 B3FIAAR, UTO MAKPOCKOMHYECKHE Tejd MOYKHO TPAKTOBATH KAK Me-
XAHHUECKHE CHCTEMBl, COCTOSIIME W3 ATOMOB, T. €, MHBIMHM CROBAMH, UTO
¢TENJ0 €cTh ABM)KeHKe». VIMeInio moatomy 3aKoH COXpaHeHHs] DHepPrhH,
KAK MBbl BHJIEM, ¥ NMOJYula Ha3BaHKe NepBOTO MPHINKNA MeXaHHUeCKOiH
TEOPUM Temna (BMECTO BEIDAMNEHMSI «MEXAHMUECKAS TeOpHsl Teriay elye
yame ynorpefnsior Goee KOPOTKOE NIASBAHUE (TEPMOAHHAMUIES),
PaccmarpuBas TENNOBHE SABJEHUST BHUMATENbHO, MB! BRNWM, UTO ONM-
CaHHAs! BHIIE TOUKA 3PEHNS HA TEOPHID Tenjla KAaK HA MEXAHHKY CHCTeM,
COCTOSIIIMX M3 OTPOMHOre 4HCa YyaCTUll, HAaTAJIKUBAETCS ¥ HA JApYyTyio
TPYAHOCTE, YIKe He TIPAKTHUeCKOro, a Gosee rny00KCro ¥ NPREUHIUANE-
HOro xapaxtepa, s Toro, uTo6bl MOHATL CMBICT 3TOH TPYLHOCTH, pac-
CMOTpHM crefyiomyit npumep. TIPefNONOMHM, UTO HAM JAaH 3aK[BITHIH
COCYR, pasfiefieHHHii HA ABE paBHEE uacTu 3acsioHkoil (puc. 8). TlycTh
B uacTi | HAXOMWTCA HEKOTOPOE KOJUUECTBO T34, a B uacTh [/ nycTs Oy-
JeT MycToTa. BriiepHeM B HeKOTOpPBIA MOMEHT BpeMeHU 3aCJIOHKY U pac-
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CMOTPHM TO SIBNICHHUE, KOTOPoe GYACT NPOUCXOJUTh, HAUMHAS C 3TOFC MO-
MelTa BpeMeHH. ONBIT NOKA3EIBAET, UTO 9TO ABJEHHE §yAeT 3aK0yaThes
B TOM, UT0 Ia3, IePBOIAYAILHO IIOMELLEHHEIH B YacTH [, DACILIKPHTCA B CO-
CeIHIOI0 MYCTOTY, B Pe3yJRTaTe Yere OH PACHPEieNMTCSA [0 BCeMY COCYLY
I + I ¢ paBHOMEepHOM MINOTHOCTBIO. DTO SBJEHWE TPOUCKOAMT KaK OBl
«Camo coGoiy: 970 3HAYMT, UTO € TOrO MOMEHTA BPEMENN, KOI'I@A BEIEPHYTA
BACNIOHKR, ra3 ABACTCA 3aMKIyTOl cucremoll, 3a KOTOPOH MBI creaum
U3BHE, HMKAK HE BMCIUMBAACh B NPOHCXOAAMME B Hell mpoucccrl Ecnu-
MBI A Jajibiue SyaeM cleuTh 3a HAIIMM rascm, To OH Beerpa fymer ocra-
BATBCA PACTIPEJETIEHHBM ¢ OJMHAKOBOM MJIOTHOCTBIO 110 BCEMY COCYHY;
CKONBbKO BBl MBI HHM >KAANH, HAM HE YHACTCst HAGMIOAATH TOro, YTOGH ras,
pacnpefeneHpnii Bo Beemy cocyny I -+ I1, «cam cofoid», T. e. Ges Besi-
KOI0 BMEMIATENBCTBA W3BHE, yulen M3 4acTW [/ U CKOHLEHTPUPOBAICH
BECH B YACTH [, yTo JAN0 OB HAM BO3MO)KHOCTD CHOBA BIBUNYTH 3ACTOHKY
M TeM CaMbl¥ BO3BPATUTLCA K MCXOLHOMY COCTosIHMIO, (TCIOAa BHAHO,
UTO OPOLECC PACUIMPEHNS TA3a B COCEHIO0 NIYCTOTY €CTh MpoLecc Heofpa-
UMb 9TO 3HAUMT, YTO XOTA CAM OH MOYKET HNPOTEKATL B 3aMKHYTOI CH-
creme 6e3 BCAKOro BMEITATe)ILCTBA U3BHe («caM coforoy), HO ofpaTHHI emy
upoLece {Nepexofl BCero rasa B uacTs [ Tak, wroOu B yactd [/ ofpasosa-
JIACh MycTOTa) «cam cofoity He BponexaguT. OHBIT NOKA3LIBAET,
uTO TERIOBLIE SBJIEHNUS TOYTH Beerfqa 06najanoT STHM JKe CBOM-
CTBOM «HeOGPATMMOCTHY: TAK HANPMMED, €CJIM PAKOM APYT ¢
LPYroM HAXOJSITCA 1Ba Teja, U3 KOTOPHX OJHO Telee JApy-
roro, TO MX TEMIePATypa NOCTENeINI0 BLIpABHMBAETCS, T. e,  Pue. 8.
TETNIO «caMO 00010y NepeTeKaeT OT GoJIce TEMAOro Tea K Gosiee
XOTIOMHOMY ; OfHAKO 0GpaTHENi mpouccc (mepeTexaHue Temaa OT XOMOf-
HOTO TeNa K TEeMIOMYy (e3 BCAKOro BMEIIATENbCTBA M3BHE) HHKOrJa He.
uponcxoauT. Taknm ke o0pasoM HAOpDHMEp KYCOK caxapy, noMelen-
HEH B ropsvueii uait, pacTBopseTcA B eM, HO HKHKOT[A He DBIBAeT, UTO u3
FOPSTUEro Yas, B KOTOPOM yIKe pACTBOPCH KYCOK caxapy, 9TOT MOCTeHuit
BLIENACTCA M BHOBB CTAHOBHTCS LeJIBIM KYCKOM. IIpMMepOB TAaKOH xe
HEOGPATHMOCTH MOXXKHO NPUBECTH CKONBKO yroxHo. ITonpolyem Temeph
pasofiparscs B TOM, BO3MO3KIIO JH OGBSACHMTD 3Ty He0GPATHMOCTD, HCXOIS
U3 HPUHIUNCE MEXAHKKH. PaccMoTpum Kaxoe-HuGy b JIBH)KeHHE, HPOUC-
XOjIslllee B COMJIACHH € STHMH OPMHIMIAMM B HeKoTOpOH saainymol me-
XaHMueCKOM cicTeme (T. €, B IGM3MEHHBIX BHCIIHMX ycjoBusix). ITycTh
SIBJIEHHE HANPHMED 3AKJTIOUAETCS B TOM, U0 MBI OpocaeM M3 HEKOTOPOH
TOUKHM A KaMCHB, KOTOpPHI B KOHLE KOHLOB HajaeT B APYTYX TOUKY B.
TMpeanonoyum JiiA [POCTOTH, YTO KAMEHb JBIDKETCS B GE3BOSLYIIHOM
HpoCTpaHcTBE (B IIPOTHBIOM Cllyyde HAM NPHUNOCH Gbi PHHSITE BO BHH-
MaHue COMPOTUBJIEHHE BO3AYXa MOJETY KAMHH, & ITO CONPOTHBIEHHE, TAK
JKE KAK M CBSI3AHHOE C TPeHHEM CONPOTHBJIEHME IBMEHHI0 KaTALIErocs
HO 1Oy KereJbHOr0 Wapa, ABJSeTCs TENOBLM ABICHUCM; TAK KaK MBI
XOTHM CPABIMTL TeMJIOBLIE ABJEHMNSI C TAKUMY SBJICHUAMU, B KOTOPBIX NPy~
MEHUMOCTDL BPHHITHIOS MEXAHUKY SIBJISETCA OCHOBHHM 1 He BHISHBAIINM
HUKaKux COMHCHMIA OBBITHBIM GAKTOM, TO MM U JOJGKHE B HAleM BOOG-
PAMAECMOM MEXAHWYECKOM ONBITE 3aDAHEE MCKIIIUHTD BCE TEIIOBLIE ABIE-
His). SlnsieTcs AW nojerT kamus u3 A 5 B ofparnmpm? Hecomuenne,
TAK KaK 0BpaTHBIA MPOHECC OUeHb JICTKO OCYUIECTBHTE. s 9Tero cTouT
3

Crpochiue Betil CTB.



34 Taasa 1. Amos u mosexyaa

TOJILKO, CTAB B TOUKE B, MBHIPHYTb KAMEHDb ¢ TAKOH ye caMoil CKOpOCTHIO,
€ KAKOJt OH yIas B TOUKy B, 10 npsAMo npOTHBONOJIOMKHOMY HalpPaBJIeHKIO.
13 onslTa ¥ U3 TPUHIKNOB MEXAHUKY CIIEAYET, YTO IIPH STCM KaMeHb OHH-
IIET TOUL B TOYL TY YKE CAMYH0 AYI'Y, KAKYK OH ONUCAJI PaHbIlE, HO B HPO-
THBOIIOJIO)MKHOM HALIPABJIEHYH, M yNAjeT B Touky A, 3ToT 06paTHbIA 10~
JIeT GyjieT ToyHol Konuel MpAMOro B TOM OTHOWIEHUHM, YTO Ka)KAbli OTpE-
30K AYr¥ KpuBoif, omucaHHoli xamueMm, OyieT IPOXOJAUTLCA B 00pPATHOM
NGJIETE POBHO B TAKOE K€ CAMOE KOJIMUECTBO CEKYHJ, B KAK0e OH MpPOX0-
AWICs B mpsmom moseTe. JUISL TOro, 9TOGLL OTUET/IMBO NpeACTaBuTb cebie
CBA3h MEXly NPAMBIM K 0GPaTHBIM ABIKEHMEM KaMHFA, MPEeAIOJIOKIM,
4To Npsmoit mojieT LUl 3aCHAT HA KuUHeMaTorpaduueckoil mieHKe: HET
Hag00HOCTH CHUMATh CHOBA 0ODATHBIH IOJNET — ZOCTATOUHO [IpH MOKa3e
(QuiIBMa BCTABHTE TY JKE CaMy10 IUIEHKY C APYTOr0 KOHNA U BEPTETh PYUKY
annapaTa Ha KaxjoM mMecTe (GUIbMa ¢ TOH e caMoif cKopOCTLI0, ¢ KAKOH
e¢ BePTENM NPH «npsMOM» moxase (wibMa, yrofhl NMoKasaTb 06paTHHM
[OJIET KAMHS B3 TOUKH B B ToyKy A. PaccMOTpeHHbIH NpyMep 0JI€Ta KAMHS
ABJIAETCS JMIUb YACTHEIM CITyYaeM oGLIEro NPHHIUIA MEXaHIKHU, KOTOPLIi
MOKeT OBITL BHIBEJEH KAK TEODEMA M3 OCTAJILHBIX YIKE PAcCMOTDEHHBIX
HaM# TPHHLUMIOB MeXaHWKM; 9TOT HOBLIH OpPUHLMO [JIACHT, YTO €CJIK B
3AMKIIYTOH MeXaunyecKoll CHCTeME MOXKET MpPOUCKOIUTD KaKoe-JIHG0 ABH-
yKeHHUe, To K «0fpaTHOe» ABM)KeHuE (KOTOpPOE TAKyKe COOTBETCTBYET mpsi-
MOMY, KaK KHHO(UIIGM, NOKA3aHHEH B 06PaTHOM NOPSAKE, KHHOQGUIbLMY,
HOKA3AHHOMY B NpPSIMOM MOPSIAKE) TO)e MOYET MPOMCXOAUTD, T. €. TOME
HaXOJUTCS B COTJIACHM C MPUHLHMNAMN MeXaHMKH, I|JIs1 TOro, urofh 0cy-
MECTBUTL 0GpaTHOe ABUYKEHME, JOCTATOYHO TOJILKO OCTAHOBUTDL B KAKOH-
sHG0 MOMEHT BPEMEHH BCE UYACTH HAIUeH CHCTEMBI U 3aTeM COOGIIUTbL HM
CKOPOCTH paBHEIE 1O BEJIMUKHE, HO NPAMO NMPOTHBOMOJIOKHEE N0 Hanpa-
BJIEHMIO TEM CKOPOCTSIM, KaKie OHM MMeJIU HeNoCpeICTBE HHO Nie Pejl OCTAHOB-
woll. Taxum 06pazoM Bce MeXaHHUCCKHE ABJICINSA ABJIAWTCS 00 pamuMsimil.
Houemy ske TensoBbIe siBJienust HeoGpaTHMEI? TloueMy HaM Tax Jerxo yja-
eTcsi HaO/m0aTh HANPUMED NEPEXOJ, TEIUIA OT TEMJIOro TeJld K XO0JI0AHOMY,
NPOMCXOASAIUH «camM coGOI0y, HO HE YJACTCA BMAETH, KaK «caM coboin
npoxexopuT ofpathuii npouecc? Ha nepsbiit B3risg KakeTcs, uro HEoG-
paTUMOCTh TENJIOBBIX TPOLECCOB HAXOAUTCA B PE3KOM IIPOTHBODEUNM C
TEM YTBEPIK/IEHHEM MEXaHUKH, UTO BCE JIBIDKEHUS 00paTUMEL; IOSTOMY MBI
Morau Gbl Jlayke YCyMHUTBCS B CNPABEJIMBOCTH TOTO, UTO (TEIJIO0 €CTh ABH-
yenues. TlpoTuBOpeure, 0 KOTOPOM Mbl TONbLKO-UTO YIOMSHYIH, GUIO
PazbsACHEHO ML Bo BTOpol monobuHe XIX cToseTHS HEMELKUM Teo-
peruxom Jwdeueom Bovymarnonm. BonblumaH 10xasaj, YTe IT0 HPOTHRO-
peune MMeeT MMIb Ka<yluiics xapaxTep: roBops 06 OTCYTCTBHH o6pa-
THMOCTH B C/Iyyae Ten/IOBEIX IIPOLECCOB, MBI MEeM B BUAY HE COBCEM Ty
06paTuMocTb, 0 KOTOPOH HAET peub B Clyuae MexaHWKH, Mano Toro,
BoseuMaH noxkasai, 4t HeoGpaTHMOCTh TeIVIOBBIX ABJNECHUH B TOM CMBICTIE,
B KaKOM ee CJIEfyeT HOHMMATb, SBISETCA HAXKE CALOCHIGLEM TIPUHLMNOB
vexaHuky. Iis Toro, uToGpl NOHATH wiew BoibLUMaHa, paccMOTpUM CJle-
LyIOmui NPUMep: NPEeATIONOXKHM, UTO HAM JAHA TOPHSOHTAJIbHAA OTIO~
MHpoBaHHasA nuaTdopma, ofHeCEHHAA CO BCEX CTOPOH Gaphepom, 1 YTo HA
o1olt mnaTQopme HmeeTCs IVIAKO OTIONUPOBAHHLIN IAPUK, KOTOPHIA Ka-
TUTCA N0 nJaTgopme, oTpa)dasich 0T Gapbepa, KOrja OH CTAJKUBAETCS
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¢ HuM, IlyTs mapuka 3a Gonbmoft 1epHOJ BPeMEHH HPEJICTABHT Bechma
CIOKHYI0 W 3aNyTaUHyl0 JIOMABYW NHEAW. TIpeanonoykum, uto BCA MOo-
BEPXHOCTb TAATQHOPMBL 6JIOro LBeTa 24 MCKIOUEHHEM JIMIIb HEMHOIHX
HAHECEHHBIX HA HEe YePHBIX IIATeH. DTH UATHA MOTYT OBITH KAKOH yIrogHO
(GOpMBL, KPYTNO#, H3BUIMCTOH, YATHHEHHOR U T. A., C OAHMM JHIb TEM
yCJI0BYeM, uTO 06IIAs NOBEPXHOCTD BCEX ISTEH BMECTE BISITHIX COCTABISLT
JIHIIb HUYTOXKHYI0 A0 NOBePXHOCTH Beelt mnargopmel. YIpu ABHKeHHH
wapuKa no miartgopme o OyAeT THIIb H3PeAKA BCTYNATh HA TEPPHTOPHID
nsted. Ecnn Mbl Oy/eM CefuTh 34 ero ABMXKeHNeM B TeyeHHe JOCTATOYHO
6ONbIIOr0 TPOMENCYTKA BPEMEHH, TO OH GyleT HAXOAHTBCS! HA TEPPHTOPHH
HATEH B TeueHHe JIHIIL HUUTOKHO{ AONH 3TOFO TPOMENYTKA BPEMEHH,
PapHOM OTHOIIEHHIO CyMMapHOH MUIOINAJHM Ye PHBIX NATEH K IUIOMAAK BCeit
naT@opMel ; 3TO MPOUCXOAMT OTTOr0, UTO ABMIKEHHE IAPHUKA HACTONBKO
IyTAHHO H HSBUIMCTO, YTO Yepes Kabli KB. MHJUTHMETP TOBEPXHOCTH
nnargopmel OH GyJeT MPOXOAHTh (HE3ABHCHMO OT L{BETA 3TOr0 KB. MUIJIH-
MeTpa) POBHO CTOJIBKO YK€ Pas, CKOJBKO Y€ PE3 Ka)IbIA JPYyT 0if KB, MULIH-
METp, eCIIM TOJbKO Mbl Gy/eM CJIeJIHTh 3a ABMKEHHEM IIAPHKA AOCTATOYHO
Jonro ANA Toro, yrobbl Takoe ypapHHBayMe npousonuto. OTHOEHHE
TPOJOHKUTENbHOCTH mpefbiBaHusl IMAPHKA HA YEPHOM MOJNE B TEueHHe
JAHHOTO JIOCTATOUHO GONBINOTO NPOMEXKYTKA BPEMEHH K CAMOMY OSTOMY
TPOMEXKYTKY BPEMEHM HOCHT HA3BAHHe 6epOAMAHOCHIY TpeCblBAHMS Imd-
PHKA HA TEPPUTOPHH YEPHHIX NSITeH. 3TA BEPOATHOCTL OuéHb Maja, H ¢
STHM CBSI3AHO CNEAYIOLNEE YTBEPIKACHHE: €CJIM MONOKEHHE H CKOPOCTh
HIapPHKA B JAHHBIH MOMEHT MHe HE JaHbl ¢ HACTOIbKO 60N bIIOH TOUHOCTRID,
yro0Bl A CMOT DAcuMTATh €ro JIBKEHME HA Clefyiomue 10 cex., 10 A
BCET/IA MOTY C JIOCTATOYHO GOJbIIOH BEPOSTHOCTRIO YTBEPIKAATD, UTO uepes
10 cex. mapuk Oyaer Ha Gesoif, a We Ha uepHoii TeppuTOpun. Ecn Kro-
HUOYAbL MOKENaeT GMTbCS CO MHOH 06 3aKaj, TO 51 MOTY [yuaThbest 3a
9T0 YTBEPHIE HHE A0CTATOUHO GOJBINO# leHeyKHO cyMMoit mpoTHB neGolib-
Oro 24Knajga ¢ Apyro# cropossl. [1o3T0MYy 51 HMEI0 MPABO CIENATH Clle-
Ayiopve ABa yTBePIKIEHUS :

1) ecnu M3BECTHO, YTO B HACTOSIIMH MOMEHT IIAPMK HAXOMUTCS HA
YepHOM M0JIe, TO BechMa BePOsITHO, uTo uepes 10 cex. on OyAeT HAXOAUTBCA
Ha fenom;

2) ecny H3BECTHO, UTO B HACTOSIIIMI MOMEHT IIAPHK HAXO[MTCS HA e-
JIOM TIONE, TO BechbMa HEBEpPOATHO, UTO yepes 10ceK.oH OyJeT HAXOANTBCS
CHOBAa HA UEPHOM.

ITH ABA YTSeDHIEHNs] MOXKHO 3aMEHHTD CNelylolielt kpaTkoit dopmy-
JHPOBKoL : IEPEXO MAPHKA C YEPHOTO TOJIA Ha Gelloe BechMa BEPOsTEH,
nepexo Ye ero ¢ HeJ10ro MoJis HA UepHOE BEChMA MaIo BeposiTeH. ECIH je
OTHOIIEHKE TIONIAJY YEPHBIX NsTEH K IIOWAAH BCei NIaTgopMBI B CAMOM
Alene upe3BHIAITHO MAN0, HATIpHMEp PaBHO OJHOM MUNITHAPAHOH,TO IAPUK
GyAET HAXOJMThCST HA UepHOM TepPUTOPHH BCPeHEM OJHY CeKYHJy BTeue-
HHe TPUALATH JieT (TPHAUATE JET COCTABIANT OKOJI0 MUIIHAPAA CeKYHT);
N03TOMy MEL BOOGILE B TeUeHHe PsAja fet, GHTH MOMCT, HE AOMKACMCS TOTO,
YTO WAPRK OKAKETCS HA UEPHOI TepPHUTOPHH, €CH TOJBKO ¢ CAMOro Ha-
yana He MOMeCTHM ero HaMepeHHO Ha OJHO M3 NATEH (MBI B HAIEM NPBMEPE
NOBCIONy COZHATENBHO YCTPANsEM BO3MOKHOCTD TOUHOTO pacuera myTd
IMAPUKA ¥3 HAMPABICHHS €r0 ABIKEHUS; MOITOMY MBI XOTS MOYKEM NPAMO

-
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[OCAjMThL IZAPHK B HAyane ABHDKEHNS HA YEPHOE LISATHO, HO HC MOYKeM
CAENATh TAK, YTOOLL 011 TY/Id 110NaJ] BLOC/EACTBUM ; 7St 9TOTO A0CTATOYHO
MPEANONOKLTh, 4TO HAYATBEYI0 CKOPOCTh IAPHK TIONYYdeT HAPHMED BPU
CTyu2iiHOM 1 He HAXO[SUIEMCA 110 HAHIMM KOHTDOJIEM BCTPAXHBAHMH
wiardopmer). Orcropa cneayer, uTo Gjarofapst MMYTOXHONW BepoATHOCTH
mpefLIBaHNA MAPUKA I1d YePIIOM I10J1e Mbl NPAKTHUECKH HMUKOIAA HEe CMO-
JKeM HaO/JaTh [Mepexof WApHKa ¢ §eflore TMONA HA 4YEPHOE, XOTA HaMm
OYeHb JIETKO OCYMIECTBHThL TICPEXOJ, €r0 ¢ UePHOro Ha Oejoe: Al 9Toro
JOCTATOYHO € CAMOro Hayana MocaguTh ero Ha uepioe mone. [lonyuaercs
CcROEOGPA3IAN HEPBPAMUMOCHG; TIEPEXOA MAPHKA C uePHOT0 DojiA Ha (e~
JIoC PAKTHYECKH BO3MOKEH, TIEPEXO e €r0 € Ge/IOT0 HA 4epHOe NPAKTH-
UECKM HCBO3MOMeH. OJIHAKO SICHO, 4TO 3Td HEoOPaTUMOCTD TOMBKO KAMNKY-
niasicsd, TAK KAK B TEUeHHEe JOCTATONHO GOJIBUIMX HPOMEXYTKOB BPEMEHU
(nanpumMep B TeyeHMe MUAJTHOHA JIET) MIAPUK Oy IeT MHOTO Pa3 MePeXOiUThL
¢ Gemoro moJst Ha yepHoe W 06parTio, MpUueM W TOT U APYroit Tepexon
OUCBUIHO-OVIYT COBEPIIATECSA B TOUHOCTH OJWHAKOBOE YUCIO pas. Orcofa
C/efyeT, YTO MEPeXOf WAPUKA ¢ YEPHOro TS HA Oelloe B NeHCTBUTENb-
HOCTH ABAACTCA 00GPATHMbIM, HO NPAKTHYECKAs €ro HeoGpaTuMoCTh BO3-
HUKAeT BCJICICTBHUE HETIONHOrO HALIErQ KOHTPOJIS Lidj, HAUATbHBIMH YCIIO0-
BUSIMH OTIBITA: MLl MMEEM BO3MO)KHOCTb HANPHMED TOCANUTH IAPHK C
CaMOro Hayana Ia TOJE 3aJaHHOTO UBETA B JKCIATENLHOM HAM MeCTe, HO
He MOXKEM KOHTpONHMpPOBATH HATIPABIIeHHC ero HauaabHo# ckopoctH. Io-
9TOMY €JAMHCTBEHHHI] cnocol yOeauTbes B TOM, 4TO TIPOIECC B AeHCTBH-
TENBHOCTH SBISKETCS 0OPATUMEIM, 3AK/1I04AETCA B IOCTATOYHO JOJITOM 0XKU~
JLAHHIH : €C/I1 BbI MBI B OTIMCAHHOM IIPUMEDE, [/IE IIOTIA/D IATEH BMATLTUAP]
paz MeHbIme ILIOMAAM TIATHOPMB], HMETH BO3MOXKHOCTE ClleITh 3a ABH-
JKeHMEM IUADHKA JECATKM JIET, TO MBI HECOMHEHHO B KOHUE KOHLOB
HAOMIORANH OBl MIAPUK H B MOMEHTH 'eT0 HAXOKJCHMS Ha uepHOl Tep-
PHTOPHH.

MbI BMJHM, uTO TPAKTAYECKAA HEO0GPATHMOCTL UMEET MECTO B TOM CJIy-
4ae, KOrjAa Tponece, 06 patle HIe KOTOPOre MM X0THM YBUIETE, 3aKII0YAeTCH
B Iepexojie 0T HeKOTOPOr0 BECHMA MaJlo BEPOSTHOTO COCTOSIIAS MeXaHu-
YECKOI CHCTEMBI K COCTOSHMIO BECHMA BEPOSITHOMY (B HAlIeM MPUMEDE OT

JIAXOKIEHAR IUAPHKA 11 UePIOM 107IE K ero HAXOXKIEHHIO Ha BesloM none).
B aToM Clyuae Mpouecc 0KasplBAETCst MPAKTHYECKH HEOBpaTHMBIM, T. €.
MBI HIMEEM BOSMOKUOCTb 11A0MI0AaTh, KAK BEPOSITHOCTD COCTOSHHA BO3-
PACTeT, HO HAM HY)KHO JK1ATh Oueilb MHOTO BPEMEHH [UNIA Toro, yToObl yBU-
JIeTh, KaK CUCTeMA BHOBL fepeitfer ua Gosiee BEpOSTHOTO B MEHee BEpOsiT-
HOE COoCTosHMe, PasyMeercsa, TaKkas Heod paTUMOCTD SBASIETCS JHHIb KAKY-
mefics, TaK KakK ecyu 65 y HAC OBLTO JOCTATOUNO MIOIO BPeMEHH, MBI MOTJTH
011 BHETD, KAK CHCTEMA BHOBb M BHOBL BXO/IUT B Meyiee Be POATHLIE COCTOS-
HHS M BHXOANT U3 HuX. I'eHnanpHas wpes BosnbpluMaHa 3axlioyanach B
TOM, UTO HEOGPATUMOCTE TENAOBHX SBICHNH NMeeT KAK Pa3 TAKOH HKe ca-
Mbll XapaxTep, KaK U HeoGpPaTHMOCTb Tepexopa MWApUKa ¢ YepHOTO MOJA
I1a §eNioe B ONMCAHHOM BBl mpPHUMepe. OjIHAKO TETNIOBbIE SIBJEHUS OTJIH-
YAIOTCS KpOMe TOTO ewle W TeM CBOHCTBOM, yTO BCJEJCTBHE OT POMHOCTH
YHCNA aTOMOB, M3 KOTODBIX COCTOAT OOLIUHBIE MAKPOCKONMYECKKE Tefa,
MEL €Ille MEHEe MO)KEM IAamesThCsT HaGnozaTh 00palleHre TaKUX TIPONEC-
COB, KaK NepPeX0f TEHNd OT rOpsiuero TeJad K XOJ0JLOMY, PACIMpDEHHE
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ra3a B IyCcTOTY M T. /L., 4eM B Cy4ae WAPUKA U niaT@opMel, PACCMOTPEH-
HOM TONBLKO-UTO.

Ecnu MBI BHOBb 00paTMMCA K M300paXKeHHOMY Ha puc. 8 cocyly, TO
B CJlyuae paBEHCTBA O0eMX uyacTedl Kaxpas MOJexysa raza Gyfer B cpef-
HeM NpefblBaTh OAMHAOBOE BpEMsl U B TOH U B Ipyroif U3 HUX, T. €. Be-
POATHOCTb IPEOBIBAHMA JAHHOH MONEKYJH M B Toff M B JApyroil uacru
COCTABjIsET POBHO 10 Y/,. PaccMOTpHM cTyuall weTBIPEX MOJIEKYJI, KOTOPHIE
Mbl 0003HAUMM GywBaMu 4, b, ¢, d. Beero numeerca 16 komGunaumit, Ko-
TOpPHEIe MBI H NIEPEUHCITUM.

Wa Ib e I,d I
Da b Ic I,dll
Na L,b Icil,d I
Sa 1,b 1cll dll
5ya I, bil,e I,a I
6 a 1,61, ¢ I dil
Na L oM, cll,d I
8a I, b1l ¢l dlil
Qallb I e Id I
10yall, b I, c 1,41l
Wyall,b Icll, d I
12Yal, b I ¢ll, dll
3yall, bl e 1,d 1
4yall,o il e I,d1I
15 a I, 611, ell, d 1
16)a II, b 11, ¢ I, d I

{cMbicT aTMX 0f03HAvEHHH NPOCT: HAmpuMep 7-A KOMOMBALNS O3HAUAET,
YTO MOJIEKYJIZ @ HAXOQUTCH B vacTl [, MOJEKyJbl b 1 ¢ B yacTd 1, a mMo-
nexyna ¢ B uactk /). Bee 3TH KoMGHHALME DABHO BEPOATHBL, T. €. TOJHKHEL
BCTPEYATBCHA OJHHAKOBO YACTO: €CIH MB CJICAHM 33 HAIMM COCYNOM B
TEUEHHEe NPOMENYTKA BpemMeHHn T, TO M3 DTOr0 IPOMENYTKA BPEMEHH HA
KAy KOMOUHALMIO TPHXOJUTCS 110 Tlﬁ T, eCiTH TOJIBKO 3TOT HPOMENy-
TOK HACTONBKO BEJHK, UTofbl TAKOe ypaBHHBAHKME YCNENO NpOu3oiTH.
PaccmarpuBas cnivcox HAIWMX KOMOHHALWIH, MBIBHIUM, 4TO U3 HUX TOJLKO
07Ha COOTBETCTBYET TOMY CJy4Yal0, KOrla BCe MOJIEKYJBl ¢OOpanich B
yacty I, a umeHHo 1-as KOMOMHALMA; YeTBIPE COOTBETCTBYIOT TOMy Cily-
ual, Korja B 4acTi I cofpanuch TPH MOMEKYJIB], & B yacTy /] maxopurcs
oxHa mosrexyna (KomGurammm 2, 3, 5, 9), WeCTh COOTBETCTBYIOT TOMY CIly-
uaj0, KOrja MMEWTCs JIBe MOJIeKyH B uactyu [ u ape B yacti I (Kom6u-
Ravi 4, 6, 7, 10, 11, 13), vertipe TOMy ciyudio, Korja B vactu [ ona
Moslexyna, a B uactd II ux tpu (xomOuwamu 8, 12, 14, 15), u naxo-
Hell BCero Wb OfHa KOMOuHauKsa 16 jaer BCce MONEKyNHl B vacta I/,
OTciofia BHAHO, YT Haufoee BepOSTHEM PACTpeieIeHNEM ABJIACTCA paB-

6
HOMEPHOE (BEPOATHOCTD PABHA E,TA e. 371/,%), B TO BpeMs KaK BepoaT-

HOCTb MCXOAHOrO COCTOSTHUSA, KOTOPOE GbI7I0 B TOT MOMEHT, KOTJAA yrKe 3a-
CI0HKA GhiMa TORHATE, HO MOJCKY Bl eIIe He YCIes BHIHTH 13 Yactu /,
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paBHa BCEro NHUIb % ,T. e, 61/,%,. Eciyl Mbl MMeeM B HamIeMm CIryyae BCEro
N monexys, To ofllee uicno KomGunaumii 6yaer pasHo 2% umeno e Tex
U3 HHX, B KOTOPHIX YacTb [ CONeDIKUT X MOJIEKYT, a uacTb I/ ocTanbHEE
N — X, pPaBHO, KAK OKA3LIBAET 3NieMeHTa pHAs anrebpa, qmnyx!(—N—.—E)—T
[ToaroMy BepOSTHOCTb TAKONG COCTOSHMA rasa, B KOTOPOM yacTh [ comep-

! 1

x1(N—x)! 2V
1

XOAHOrO COCTOSAHUA paBHa BCErO JIMIIbL EN HeprnHo BUJETD, YTO BEPOSAT-

AT X MONEKyJ, paBHA ; B UACTHOCTH BePOATHOCTL HC-

1
HOCTb—ﬁ—'-——N rem Gonb e, uem 6nmKe X K ﬂ; HO3TOMY  Ioche
x(N-—x)12 2

TOT0, KAK 3aC/IOHKA TIOHATA, Ia3 HepeiffileT B TAKOE COCTOSIHYE, B KOTOPOM
ero MOJIEKYNB PacTIpeiieie bl MEXKAY 0ferMH YacTSAMH COCYJA IOPOBLY,
XOTs, EC/TU TOTBKO MBI GYAEM MAATH AOCTATOYHO JOJITO, B KOHLE KOHIOB
HODKHA IOSIBUTHCA M TaKasd KoMOUHAIMsA, KOTOpAs COOTBETCTBYET CKOI-
menuIo BeeX N MOJIeKyJ1 B yacrty {; Iocye 3TOTO MBI MOIJIH OBl BHOBB OIyC-
THTh 3aCIOHKY M 00bABUTH, uro ofpamHieHHe «Heo6paTHMOTG» mpoLgccd
pacIipeHus ra3a B MyCTOTY HPON30MILIo, Beck BOIIPOC TONBKG B TOM, KAK
JIOJITO TS 3TOT0 HY)KHO »laTh. Ecnu nanpumep N = 10% (a maxpocko-
[HUecKye Tena, KaKk Mbl YBUIHM JANblIe, COCTOST U3 TAKOrO ¥ Jaxe U3
eme ropasne GonblIero ymcrma 4acTHL), TO JiA TOro, 4To6Hl BEpOATHAS
TIPOROMKUTENLHOCT NpefLIBAHUA BCEX MONeKyJa B udctd [ cocTaBuna
seero numpb 0,001 cex., Heo6X0AMMO, uTOOH BECh NMPOMEXKYTOK BPEMEHM,
B TeyeHHe KOTODOTO MBL HPOU3BOMMM HACIIIOfleHYe HAj Ta30M, paBIsIcs

0,001 - 2V = 0,001 . 297 cex.

BoT KaKo# 1 POMEICyTOK BpeMe HH HAM HY)KHO YKAaTh, YTOGLI MOYKHO 6blI0
HajesThess Ha TO, YTO MBI CyMeeM HaGnionarh ofpauleHHe «Heob6paTHMoroy
pacumpeHus rasa s myctory. st Toro,uro6n HpeAcTABHTL Cebe, HACKOIbKO
BEIMK JTOT IPOMEIKYTOK BPEMEHH, CIIpocuMm celsi, CKONbKo 3HaKoB Gyper
COEIKATD ITO UMCNIO CEKYHJ, €CTTH eF0 HAIUCATL 00bluHEIM 06pasom. Jns
9TOr0 BO3LMEM EI0 JeCSTHUHbIN Jorapudm (Mbl HOMHHM U3 anreGpsl, uro
YUCNO 3HAKOB JAHHOrO YIHCHA NPeBBILNAET HA eAMHHUY XapaKTepHCTHIY
necaTHyHOro jorapudgma). HecATuuunlil norapndM OKa3bBAETCA PABHHM

Log 0,001 4 10% Log 2.

TaK Kak nepBHI uneH 3ToH CyMMBI COBePIIEHHO HHUTOMKEH IO CPaB-
HCHHIO ¢ OTPOMHLIM IOCHeIHUM, KOTOpHI paBeH npumepHo 3 « 10, To
MBL MOYKEM CKa3aTh, YTO MCKOMBIH IPOME)XyTOK BpeMeHH, HAIlKCaHHbi# B
CeKYHJIaX, BHPaXKAETCS YUCAOM € TPUAUATHI0 MUAIMADIAMN MUITHAPAOB
1M(pp nepep 3anstroi. ECan MBI 3aX0THM BHIPA3NTh 3TOT HPOME)KYTOK Bpe-

* Hanomumm, uro cumBosom 71! oGoanaualor mponssesenue 1+ 2+ 3+ 7 (Tak
HABHIBAEMbL «3H-GaKTOPHANY),
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MEHN He B CEKYHAAX, a HAPUMED B rOfAaX, TO HAM NPUJETCA PASJENHTH
uncio cekyHa Ha 3 + 107(Ha 4HCI0 CEKYH/ B IOfly), T. €. yMEHBIIUTDL THCA0
3HAKOB HA CeMb MM HA BoceMb. Ho Tak xax uuciio 7 unu 8 TO)e HUITOXHO
110 cpaBHeHUI0 ¢ 3 « 10%°, TO 1 O UHCJIe JIET B HCKOMOM IIPOMEIKYTKE Mbl TOXE
MOJKeM CKAzaTh JIMIIL TOJBKO TO, YTO 3TO HUCJIO MMIIETCH JIOCPEACTBOM
TPHALAT MUIIHADAOB MHITHAPAOB 3HAKOB Neped samsTod. Ecnu B Ka-
YeCTBE e MHUIbI BPEMEHH MBI BO2bMEM He T0J1, a nanpumep 10 net (uudpa,
KOTOPOH 10 MHEHWI0 MHOIHX aCTPOHOMOB NPHONH3HTEIILHO ONIpe/ieIfAeTcs
TPOAGIDKATEN I LHOCTD CYHIECTBOBAHMA HAILe] 3Be3HOH cHcTeMBl 1 MUTeuHoro
TlyTu), To HAM IPUAETCSH YMEHBIIWTD YHCIIO 3IHAKOB €Ile Ha 13, T. . BCero
Ha 20 unu 21 10 cPaBHEHHIO ¢ HATTHCAHUEM TOI'0 JKE NIPOMEIKYTKA BpEME HH
B cex. TooToMy narke 1 B 9THX HOBHIX (ACTPOHOMHUECKHX» eJIMHUIIAX Bpe-
MeHH MBI CMOJEM CKA3aTh 06 HHTEPECYIONIEM HAC TIPOMEIKYTHE BPEMEHH TO
JKe camoe, KAK ecNH 6Ll 0H OB BHIPasKeH B CEKYHAAX, 4 MMEHHO, 4TO OH
[HIIETCH YMCHOM, B KOTOPOM €CThb TPHANATL MUITIHAPAOB MHJIMADPAOB
3HAKOB Nepef 3ansroil. Mrax paccmarpuBaemblii NPOME)XYTOK BpPEMEHH,
B TEUEHHE KOTOPOUO MBI MOJKHB XKAATh, YTOGH: YBUIETL 06palieHue 11po-
liecca pacliMpeHUs rasa B MyCTOTY, HACTONLKO OFPOMEH, UTO B CpaBHe-
HHY C HUM CTAHOBHTCS COBEpIUEHHO HECYIIECTBEHHBIM ¥ HHUTOXHLIM pas-
nMyue MEXIy OHOM CexyHMolt u TPOOIKUTENLHOCTLIO CYHIECTBOBAHNS
Haueii 3BeagHOi BcencHHOM! [lpaxTHueckas HeoOpPAaTHMOCTb, O KOTOPOi
/1A Peub BHILIE, TIOITOMY CTAHOBHTCH HMYEM HE OTJIVUHMOM OT TIPHHIK-
NHANBHON HeOGPATHMOCTH, A CAelOBATENILHO HEeOOpATUMOCTD TENJIOBBIX
ABJIeHUI OKASBIBAETCS NPSAMBIM CIIEACTBHEM H3 MEXaHHKH ¥ HUCKOJLKO HE
npoTusopeynt eff, Kak Aymany Gusuxu Ao Bonbumawna.

Mbi MO)KeM yTBePIKIATh TIOSTOMY, UTO TEIUIOBBIE SBNEHUA 8ceedd Npo-
HCXOAAT TAKHM 06pa3oM, YTO BepOSTHOCTb COCTOSIHY BO3pacTaet; obpa-
TIEHHE TeNJIOBBIX ABNEHHH, CBSSAHHOE € YMEHbIICHWEM BEPOATHOCTH CO-
CTOSIHKS, HEBO3MOXKHO. JTOT NPHHUMI HOCWT HA3BAHHE 6MMOpO20 HAYaAd
mepmoduHamMuky (nepBLIM HAYAJIOM, KAK MBI y)Ke FOBOPUAY, HA3LIBAETCH
332KOH COXpaHeHUs sHepruy). Ecni Mt 00paThMcs K pacCMOTPEHHOMY BbILUE
NPUMEPY € Ta30M B COCYJe, TO MbI CMOXKEM OTJIMYATL PASNHYHBE COCTOS-
HHUS1 IPYT OT APYTa YKCIIOM X, T. €. YHCJIOM MoJexyn B uactd I. Beposr-
HOCTL COCTOSHMS € 3aJaHHBIM X, KaK Mbi BHJENY, PaBHA

N1
2I(N—x)12V

Tax KAaK HAC HHTEPECYeT IMIIb OTHOILICHWE BEPOSATHOCTeH PaSTMUHBIX
COCTOSIEMEL IPYT KO APYTY, TO MBI MOXKEM COKPATUTL BCE BEPOATHOCTH HA
!

OfIUH ¥ TOT K€ MHOMUTEND »27', He COMIePyKAlMi X U NOTOMY OIMHAKOBBIH
s Beex cocrosinui, OCTaeTCa BLIPA)KeHHME

1
TN

I(OTOpOQ nponopuuouanbﬂo BEPOATHOCTH COCTOSHHSA ; OHO HOCUT HA3BaHHe
CIamucmuyecko2e gec@ JAMHOFO co¢TosmmA, BTopoe Havamo TepMopuias



10 Taasa I Amos n monexyaa

MHKH MOXKHO (IOPMY/IMPOBATL M TAK: BCE TEIVIOBHIE SBJIENUS B SAMKHYTOH
CHCTEME TIPOUCXORST TAKUM 00PA30M, UTO CTATHCTHUYCCKMH BEC COCTOAHUS
npy 3ToM Bo3pacTaeT. Eciu paccMarpuBaeMBIH COCY[ ¢ Fa3oM pasjieneH
HE Ha /Be, & HA OOMIbIIEE WMCI0 PABHEIX YacTel, BHIPAXE@HAE 1A CTATHCTH-
4ecKOro Beca MOXKHO NMCaTh aHasJornynbM 06pasom. Hanpumep ecnu oH
pasjlefied 11a TPH 4acTM W B MepBOif U3 HUX MMeEETcs X, BO BTOpol ¥, B
TpeTbeH 2 MOMeKym (X + Yy + z = N), TO CTATHCTHUYECKHUI BeC TAKOrD
COCTOAHUS paBeH:

i

xlylal”

Ec/M CoCyl pasgened Ha # 4 /M paBUBIX yacTel, B KQTOPHIX MMeETCs
X1y Xas evey Xy Y10 Vayorer Vi MOTEKYJI, TO CTATHUCTHUECKUIL BEC paBeH

1 .

X lxa o x, tyg Tva by !

TMycTb nepBhic 11 U3 ITUX SlacTeil cOpa3yloT BMECTE TO, UTO Ml OyjeM Ha-
3BIBATL YACTLI0 /, OCTAJILHbIE XKe m uacredl ofpasywr udcte /I (vactu |
n I] y)xe He paBHbI ApYT Apyry). Torma cratuctuyueckui Bec wactu J, pac-
CMATPHBAEMOl KA OTAENbHAS CHCTEMA, paBeH

CTATHCTHYECKNH ke Bec uactd [/ paBen
1
NS AR
1 2 m

OTCioflda BHIHO, UTO CTATHCTHURCKHUH BEC BCEro rasa paBend NPOM3REJIEHHID
CTATUCTUUECKIX BECOB ero yacrelt / u /. A tax KaK jorapufm npousse-
NEeHHsl paBeH CyMMe JIOTapu(iMoB OTHCNbHBLIX MHOMWTeREH, TO CICOBA-
TENLHO J‘[OFﬂpH(pM CTATHCTHUECKOI¢ BéCa BCeTO raza paBCH Cymme Jiora-
puiMOB CTATHCTHUCCKHX BECOB ero uacTef, T. e. jiorapr(im cTaTucTi-
yecKoro meca ofnamaer CBOHCTBOM ajgmNTUBHOCTH. Brarogapst takomy
NPOCTOMY M BA)KHOMY CBOMCTBY jorapufiM CTaTHCIHUECKOrO BeCd mojy-
uuJT CHelanbHOe HA3BaHME, a MMEHHO ero HaswiBaor aumponued, Tak
Kak Jorapudm wicia Tem Gosibiue, yeM Goablle Camo WhCaI0, TO BMECTE €
BOZPACTAHUEM BEPOSITHOCTH M CTATHCTHYECKOI0 BECa JOJDKHA BO3DACTaTh
i suTponus. [103TOMy BTOPOE HAUAIG TEPMOJHHAMUKA MOXKHO OpMynH-
poBaTh M TAK: CYIIECTBYeT {M3MUECKAS BeJMUMHA, 11a3b[BAEMas IHTPO-
nueit, KoTopast ofragaer CBOHCTBOM AIIMTHBHOCTH W TeM CBOHCTBOM,
YTO IHTPOHUST 3AMKHYTOH CHCTCMBbI HUKAK He MOMKET YMEHbUIATHCS, a
MONET TOJIBKO BO3PACTATH WIH OCTABATHCSA MOCTOSHHON (KOrAa oHa ye
JOCTUrAA MaKkcuMyMma). 3amerum, wro B 9Toll {opMynHMpPOBKE ETOpOE
HAuano TepMOJHHAMUKH GBlI0 M3BECTHO M3 OTIBITOB HaJ TEMJOBHIMU ABJIE-
HHUFIMH 32102170 JID TOr0, KAK BonbIman (0K0I0 CeMUECATHIX FOAOB TIPOL-
71070 CTOJIETHS) OTKPELT MCTUHHBIH CMBICN 3HTPOIMH, KaK norapu{ima se-
NMUUUNLL, TPONOPUHOBATBEHOR BEPOATHOCTH COCTOAHMS: NEPBEE BEChMA e~
COBepHIEHHbIE YWKA3AHUSA -HA BTOPOE HAUAJO T€PMOMMHAMHMKA MO0 HafTy
B pagore (panuysckoro (mauka Cqdu Kapuo (1824 r.), a upHBefeHHan
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TONMbKO-4TO  (lopMynMpoBKa Oblja OTueTiMBO  BCkasana KHaaysuycom
(1850 r.) u Buaseamom Tomcoiom (BUOCTEICTBHE JOPAOM KeabgUHOM)
(1851 r.) BoslblMaH JIOKAZAT HA TPHMCpE 4303, UTG BTOPOE HAHANO TEp~
MOJIMHAMUICH BMeCTe ¢ XapakTepHOH AN Her ¢ HeOOPATUMOCTBIO SBIAETCS
CIENCTBMEM MEXAIMKH, & aMepyKanclvii TeopeTur Yuasapd Nudlc cymen
0000IMTL 3TO TOKABaTEALCTRO HA NIO0HIe MAKPOCKOMIUECKHE Tejia, To-
CTPOMB B psje FIy0oKMX paGoT MeXAHHUYECKYI) TEOPHID CLICTEM, COCTOS-
IUX M3 OTPOMHOTO YHCIA YacTBIL (TAaK HASHBAEMY:0 CIMAMucmusecxymn me-
XAHUKY).

Bropoe Hauano TepMOAMHAMHKH, KAK MBI BHJUM, IJIACHT, 4TO DHTpPO-
OUS 33MKHYTOH CHCTEMBl HEM3MEHHO BO3PACTAET, CTPEMSCDH IC MAKCHMYMY ;
JIOCTUIHYB 9TOI'0 MAKCHMyMa, OH4 Jla/blie M3MEHATBCA YIKE e CMOKET,
BCJIEJICTBUE UCTO TETIOBLIE ABNEHMSA, CBSISAHHBIE ¢ BO3PACTAHHEM 3IITPO-
LMK, TIEPECcTAHYT MPOHCXOMHTH. TAKOC COCTOSIHME CHCTEMBI, B KOTOPOM
SUTPONKSA JOCTHIVIA MAKCHMAILHOTO 3HAYEHMS, HOCHT HA3BAHHE CImamu-
cmuueckpzo  pasnoeecys. Tepexol cHerembl 0e3 BCAKOIO BMEIIATENBCTEA
U3BHE M3 COCTOSIHMA CTATHCTMYECKOTO PABHOBECHS B COCTOSIHME, Ou€Hb
CUIBLHO OT HETO OTNMuAIONIEECS, KAK Mbl BUJE/H, MPAKTHUCCKH HERO3MO-
JKEH, TAK KaK JUIS TOro, uToGbl OH OCYINeCTBHIICH, HYXKHO JKAATh MOMCTHHE
y/lOBHILHBIE TIPOMEXKYTKH BpPEMEHH. DTG, BRpOUEM, HE OTHOCHMTCS K re-
peXOfly M3 COCTOSIHUH CTATMCTHUECKOI'0 PABHOBECHS B COCTOSIHMSA, KOTO-
[BIE OT 1IET'0 OTIHYAIOTCA 0YEHB MATIO, T, &, B COCTOSNS, B KOTOPBIX HTpO-
TMSA HA COBCEM HWYTOKHYI0 BeTMUMHY MEHBINE CBOETo MAKCHMANBHOI'CG
3HAUCHHA. B Takue cocTosiHHs cuctema OyneT cama coOoil mepexommnib
coBepIleHHO CBOGOIHO, UTO FBISETCA UPEe3BBMANHO XAPAKTEPHHM st
BTOPOTO HAYAAA TEPMOIMHAMUKH, KAK LIS 3aKOHA, HMEIOWEr( CTaTECTH-
YECKHMI CMBICI] (CTATHCTHUECKHM HA3ZHIBACTCA KAMNUIBI 3aK0H, OTCTYILIENNUS
oT KOTopero He alCoMIOTHO 1EBO3MMKEH, HO JMHIL upesBhualiHO Mano
BepoATHE). Tak KAy Takue OTCTYIUICHHS TEM MEHee BEDOSTHH!, UEM OHM
Gobuie, TO GOMbIIME OTCTYINEHMS OT BTOPOIG IAYasd TepPMOAMHAMHKU
GyayT HA NMpPAKTHKE MOYTH aGCONIOTHO HeBO3MOMKHBI; UTO KE KacaeTcst 1o
MaJILIX OTCTYIUIEHHH, TO RCETAA MOXKHO HAMTH CTOIb MaJbe, uto OHM Oy-
IYT HE TOMBKO JOBOIBHO BCPOATHEEL, HO AaKe OY[yT 114 CAMOM JeJie 10uTH
Beerga mpoucxoauTs. IopoGubie HeGonbuiMe KOICOAHMS OT COCTOSHNA
CTATHCTHUECKOTO DABHOBECHS K BCCBOBMOMHEIM QUeHb GJIMIKMM HepaBHO-
BeCHBIM COCTOSTHHSIM, [MPOMCXOIAwME B PABHOBECHOM MAKPOCKOIHYECKOM
cHCTEME, MOMYUHIH HaspaHue awkmyayuil. CymecTBoBanue (UIOKTYa-~
AP ARNAETCH HAMNyuilleH WILMTIOCTpalueit MPaBUIbHOCTH CTATHCTHUECKHX
upeil Bonpumana. dmokTyaluelf, KOTOPYyio BCEIG Erde W HPoIne HaGmio-
IaTh, SBAATCS TAK HA3LIBAMOC Opayito6cKoe OUdCelue, CMLICT KATOPOTo
33KTIOUAETCS B CNIENYIOmEM : KOJMUeCTRBO M CPeJisAs CUId yJapoB MoJe-
KyJ1 JKUAKOCTH O €IMHHLY FOBEPXIIOCTH JM0GOr0 mOrpy>«CHHOTG B HKMA-
KOCTh TEja SBJASETCH B CTATHCTHUECKOM DABHOBECHM BIIOJIHE OTpPCeeri-
Holi (mpu mAHHOH TeMMepaType HKMAKOCTH) BeanunHoi. Oxnaxo B aeficr-
BUTENBHOCTH KOJIMUECTBO M CHJTA YIAPOB MOCTOSIHHG MCTLITHBAIOT HEG0 b~
Mne KoseBaHUs, CBSI3AHHBIC C OTCTYIUIENMSIMH OT CTATHCTHYECKOrQ DaB-
HoBecMs, DTH KOJEGAHWS TAK Mansl, UTO MX B COCTOAHHH 0GHADYKHTH
JVIL BeCHMA JIETKAS UACTHIIA, NOMEINERHAS B MUAKOCTE; TEO CKONBKO-
HGyap GOMBIIHX PA3MepOB YiKE OKAMETCS HeUYBCTBUTENILHEIM K ITHM
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koneGanusam. B 1827 r. anrnuiickuit 60TannK BpayH OTKpPBUL, YTO MHK-
POCKONKYECKHE YACTHLE, NOABEIIEHHBIE B MMIKOCTH, ISINYT BO BCEBO3-
MOKHBIE CTOPOHBI YPE3BLIYAiIHO OeCTOPANOUHBIM U XaOTHYeCKMM 00pa-
30M; 9TAa «NAACKA AMKApEi» OGBSACHSETCS TeM, YTO B KaAbit papHbli
MOMEHT KOJIMUECTBO YIApOB, MCIBITHBAEMBIX YaCTHIEH CO CTOPOHBI MOJIe-
KyJl, PaCnpe/leNIsieTcs Mo ee MOBEPXHOCTH HEPaBHOMEPHO, M 4aCTHLA yCT-
pemIstercsi TyAa, rje ee GbIOT HE TAK YaCTO M HE TAK CHJIBHO; HO pacnpe-
JleNieHKe YAAPOB M0 ee [I0BePXHOCTH BCe BPEMA MEHSIETCS, TIO3TOMY YaCTHLA
MEUeTCS BO BCe CTOPOHBI, KAK CyMACIIefluas. . SBaense 510 erko Habmo-
JaThb NOJi MUKPOCKONOM B TAK HA3LIBACMEIX SMYJILCHAX: €C/IM HAlpUMEp
pacTepeTh PyKoit B Boje (KaK KYCOK MBIIA) KYCOUEK FYMMHIYTa MM Ma-
CTUKH, TO TOJYYAeTCA SHKUIKOCTb, B KOTOPOH NOA MHKDOCKONOM MOYKHO
PASJINUHTD MUKDPOCKONKYECKUE KPYIJble TYMMMIYTOBBIE 3€pPHBIIKH, CO-
Bepluaomme GpayHoBCKoe ABWKeHMe. SIBNEHHE 3TO HCCNE0BAJIOCH MHO-
rumy fusnkamn, B ocobennoctu Fyn u [eppeHoM; BCe NpeacKasanus cra-
TUCTHYECKOH MEXAaHMKM ONECTALIE ONPABjLIBAITCH [PU CPAaBHEHHH MX
¢ 9TMMY onbramu. Ha paznuuselX ApyruX (UIIOKTYalHOHHBEIX SIBJIEHMAX
MBI 3/6Ch OCTAHABINBATLCA HE Oyzem.



TJIABA 1T
SJIEKTPOHB!I U SJJPA
QJEKTPOMAT HHTHOE TI0JIE

Vixe B camoii riyGoKoi {peBHOCTH ObI10 U3BECTHO, UTO AHTAPb, Harep-
THit WIEPCTI0 WK HIENIKOM WJIH HAKOHEL UPOCTO CyXoH pykod, npuo6-
peTaeT CBOHCTBO NPUTATMBATL NYUIMHKH, NEPHIIKK H ApYdHe JerKHe Tesa,
JTO ABIEHME, PACCMATPHBABLIEECST KaK 0e300MuHbLE Kypbes, Gbio B Te-
UeHHE MHOMMX BEKOB eIMHCTBEHHBIM 9JIEKTPUUECKHM SIBJIEHHEM, KOTODOE
MIZM YMenY BBI3LIBATL 110 CBOeMy jkenanuio, Pumckue dpantuxu nonbzo-
BaJIMCh HATEPTHIM SIHTAPEM JUIA YJAANeHMs NBUTMHOK C A0POIMX TKaHei,
Gostuxcesi rpyoro IPUKOCHOBEHUA MeTKH. JIoGoff aRTHYBLIL ecTecTBO-
VCIbTaTeNh, JaXkKe HanGonmee MPOHMULATeNbHbIM, Kaxum Obln HanpHMep
Jlykpenuit Kap, BeposaTHo Gbin Gbl GecnpedcnbHO YAHBIEH, eCTM Ghl €My
CKAa3a/u, UTO UCCTIeI0BANUE 3Toro Ge300MHOT 0 ABNEHNS NPUBe/eT BIoC/e]-
CTBUH K OTKDBITHIO 06UIMpHOi o6nacTn QHU3HYECKHX QAKTOB, PajHKaTbHO
npeolpasyeT Hallly B3rMsAE Ha CTPOEHME BEILECTBA U HA OCHOBHbIE 3@-
KOHBI MPHPOABI H KPOME TOr0 CTAHeT MONIHBIM OPYAMEM IMBHIM3ALMH,
RO3BOSIOIIEM NEPeJaBaTh Ha O0MIbIKEe PACCTOSBHA ABIKYIIYIO CUITY BOLO~
Maji0B U PeK, IPUBOAMTD B ABUIKeHHe MAIIMHL TPOMBIIUIEHHOCTH 1 TpaHC-
ROPTA ¥ NOCPEICTBOM PAJMOBONH MOCHLIATh MO HA3HAYEHMIO 3BYKHM UENo-
BEUeCKOH peun.

TlepBbIM HCCHENOBATENEM NEKTPHUECKUX siBenud Obin aurnubckuii
spau I'uasbepm (komen XVI 1 mauamo XVII Bexos), KOTOPBIA uccre-
[0Ba’ BO3HMKAWOMME [PY TPEHHM IJICKTPUUECKHE FABJEHUA M Hamend.
4TO KpOMe SIHTaps MHOTMe Jpyrue Tena (CTexno, cepa, CMOML ¥ T. L.)
ToyKe NPHOGPETAIOT NPU HATHPAHMH TAKWe yie CBOCTEA (T PMUH JAeKmpl-
yecmao TaKOKe GbUT BBefleH BREPBHE ["MNbiePTOM ; 9TOT TePMUH TTPOUCXOIUT
OT rpeyecKorc cioBa, ofosHauaiolmero sptaps). Hecmorps wa To, uTO
nocae M'unbfepra SAeKTpUYECKYe ABNEHNA NPUBNEKANnd BHUMAHWE OUEHB
MHOTHX Mccnenoparenelt, Tomeko B XVIII Bexe yaanoch OTKPBITH TOT
(yunamMeHTANTbHEH (AKT, UTO HAOMEKTPH30BAHHBIE TPEHUEM IIpEIMETHI
MOXKHO Pa3NeNiThb Ha JIBA KAACCa, NPHYEM HAIIEKTPHIOBAHHbIE PEIMETH!
OZHOTO W TOTO >Ke KIACCa OTTANKUBAWT APYT APYra, a4 PasHbIX KJACCOB
B3aHMHO TpuTAruBaKTcs. OTCONA GLIIC BbIBEJIEHO 32KJIHUeHYe, BRepBHE
caenannoe dpanuyscium yuenbim [Jioge (1733 r.), uT0 CYIIeCTByIOT 1B
poAa SMeKTPHUECTBA, KOTOPHIMU MOTYT ¢33PANUTECSA? HATHpaeMble Ipej-
MeTHI: [BA TeNa, 3aPMKEHHBIC DEKTPHUECTROM OLHOIO M TOFO HKE pofd,
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B3AMMHAO OTTANKHBAIOTCS, 4 JIEA Tej1a, 3aPSHKEHHble IMEKTPHUECTBAMHI PA3-
HBIX POZIOB, NPUTATKBAIOTCA. JTH ABA poja Mewtpuuectsa Mwde Hazpai
CIMEKARHIBIM 1 CMOASHBIM. BIOCTeACTBHH aMepHKanell Ppanikiun npei-
JIMKUT 3AMEIMTL 3TH TEPMMHB TEPMUHAMH NOAONCUTHEABHOE M OMPUYA-
MEABHOE BJIEKTPUYECTBO, KOTOPHE LIPUMEHSOTCA M 10 cuX nop. OcobeHHO
3a0aBHBIMA ABMAKTCS ONMBITH ARMIMYanuna Pofepma Cummepa (1759 r.).
OmuicaHne STHX OIIKTOR, KOTOPOE MBI 3AUMCTBYEM M3 OO0 COBPEMEITHOTO
Kypca SJIEKTPUUECTBA M MAarHeTH3ma, TaKopo: «CumMMep uMen 0GHIKHOBe-
HHe HOCHTb CPasy [Be MAPH 1yJ0K, WEPCTAHY0 Napy UL Tela 1 MIesIKo-
BY® WA KpacH. CHMMasg 4ysiKM, OIl 3aMeual, ¥ro IpH JTOM Pasgaercs
JIETKUit TPECK, & eCiH TeMHO, TO JaXKe JIETAT HCKpH. CHAB C LI0I'M cpasy
06a uyrKa ¥ 3aTeM BBIACPHYB WIEPCTAHOW M3 INEJTKOBOro, CHMMmep yBHU-
meit, uTo 00a uysKa pasAyBamIcs, BOCTPON3BOAA QOpMY HOTH, U uTO BO3-
MOXHO HAOTONATh IMCKTPAUECKHE PUTHMKEHNA U OTTAIKUBAHNS BIJIOTH
1o paccrosiuvs B 1/, dyta. Ecid' IpOUSBOIUTL 3TOT ONBIT ¢ ABYMS Uep-

HEIMH YyJIKAME B OJHOH pyKe 1 ABYMs 6e)bimu
1 B ApyToH, mamer CHMMCD, TO TOTYYALTCH 1060~

MBITHOE 3PEJIMINE: B3AUMHOC OTTANKUBAHHE Uy-

JOK OJHOTO M TOF0 e LBeTA M TPUTSHKCHAC

9yJ0K PASIMYHBIX [BETOB IIPOMSBOJHT MEXIY

HuMK 320aBHYI0 BO3HIO M 3acTaBisier ux Gpo-

CaThCA HA YYJTKH MNPOTHBOIOJNOMHOIO LBETA C

ropasgo OONBINETO  PACCTOSIHUS, UM MO0
6pn0 oxuiarb., Ecin NMospoiMTL wynkam npAOIUSHTBCS APYT KO APYTY,
TO OHH CIUIETAIOTCS B ONMH CIUTOMIHON KJy6ox. Ecnm cHOBa MX pasee-
CTH, TO OHM NIPHHUMAIOT TPeXKHUH BHI, TAK UTO OMBIT MOYKHO IOBTOPHTH
CKOJNBKO YTOAHO Pas, NOKA He NOHA06UTHCS BHOBL IOTNOJIHUTh OCTENEeHHO
neeAxawmEi 3anac onexrpuuectsay.* Ms Taxux ouslroB CHMMED 3aKJIO-
YMJI, UTO CYLIECTBYIOT [Be XICKTPHUECKHE OKUIAKOCTHY, [OJOMKHTEThHAS
W OTPHLATEJIBHAS, PASJHTbE B OJHHAKOBRX KOJNMUECTBAX B KAKIOM Tej1e
NPUPOBI; MMEIOTCS OFHAKO CNOCOOB (K HMX UHCJY NpPHIAJJIENHT Tpe-
HHe) NePeBecTH B HEKOTOPOM KOJIMUECTBE OJHY H3 3THX XKUAKOCTeH U3 of-
HOr0 TENA B APYr0e, B PE3YJILTATE Uero B OHOM U3 3THX TNl OKAMETCH
W3BLITOK TIOJIOXKUTENBION YKUIKOCTH, 1 OHO UPeJCTABUTCS NOATHCUIMEALIO
3UPANCEHHLIM, @ B JIPYTOM OKAMKETCH H3GHTOK OTPULATETBHON KUMKOCTH,
W OHO TPEACTABMTCH gmpuljametstio sapancerieiy. Tlonourenhuas xug-
KOCTh [PUTATHBACTCA K OTPULATENLHON M OTTAJKHBAETCH OT MOMOMKHTE-
HOli; OTPULATEbHAA KUJAKOCTD OTTANKHBALTCS OT OTpUUATCIbHOA. Ecnu
K Teny A, HadJICKTPU30BAMIIOMY LAMPHMEP MOJMKUTENBLHO, MOLHECTH
HeHAeKTPU30BAHHOE TeJio B (puc. 9), TO MOJIOKHTE/ILHAS WUJKOCTL B
Tene A TpUTABET K cefe 0TpUIATEbHYI0 XKUAKOCTD Tena B H OTTONKHeT
TIONOXKUTCTILHYIO: B PE3YJIkTATe 3TOr0 B TeJe B npousoilfier yacThumoe
paspgnedne OTPHUATENLHON M NONOXUTeNbHON KUAKOCTH APYT OT Apyra
(YacTHgHOe TOTOMY, UTO HX B3AHMHOE IPHTSIKEIME MEIIAeT UM pasfe-
JIUTHCH BIIOJIHE M KPOME TOTO HE BO BCeX TEaX 3eKTPHUECKHE KUAKOCTH
NepPeMeIlAIOTCA 0AMHAKOBO CBOGOMN0). CTopoHa Tena B, oGpawmcHHAsA i

Puc. 9.

* Lutupyem no keure J. H. Jeans, Mathematical Thecry of Electricity and
Magnetism, C-mbridge. 5-th Edition, 1925 (roropurcst pycciuii mepcso),
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Tely A, CTAHET 3apPSHKEHUOW OFPUIATENBHBIM 3/IEKTPHUECTBOM U Byaer
NPWISITUBATBLCS K Teny A, NPOTHBOIIOJIOMHAS Ke CTOPOHA 3apSAUTCS No-
JIOYKMTENRBHO (KK W OTMEUEHO Ha HAIIEM PUCYHKE) u BYNET 0TTaIKMBAThCS
0T Tea A, II0 e TaK CWIbHO, KaK K HeMy NpUTsIvuBaeTcs Gosiee 6amsKas
K HEMY OTPUI[@TeNbIIO 3aPSYKEHHAsA CTOPOHA, TAK Kak 4em BoJjiblie pac-
CTOSIHHE, TeM cJafec CTAHOBHTCA JIEKTPHUCCKOE MPUTSHKEHHE M OTTaJl-
wkupanve. IlosTomMy DpHTSHKEHME BO3BMET BepX HAJ OTTANKMBAHMEM, H
Ten0 B npursHercst K telty A. I1UM ¥ 00bACHSAETCS TOT (daxT, WT0 HAIEK-
TPU3OBAHHBIH SIHTAPh NPUTACHBAET HEHAJJIEKTPH30BAHILIE MBUIMHKH H
nymuvHKH. W3 scero aToro supHO, uto npeasioxeHHass CuMMepoM Teopus
ABYX UIEKTPUMECKHMX OKUAKOCTeiHy Y0BAeTROPUTENBHO 0OBACHS LT QAKTHL,
a TaK KaK 9Ta TeopHsl B KOHIE KOHIOB OUEHb MAJIO OTJIUUAETCS OT COBpe-
MEHHOIO B3IJISA HA NPUPORY 3NEKTPUUECKHX SBJICHUH (CM. Te CTDAHYILBI
KHWKKY, Tle GyACT UTTH peub 06 SACPHON TeopHu aToMa, paspaboTaH-
Hoii Pesepdopnom), To Mbi noKa By/leM H01b30BAThCS ITHMH IIpEACTaBIe-
HUSIMH, @ B COOTBETCTBYILIEM MECTE CKAXKEM, UTO CleJyeT B HUX BHIO-
H3MEHHUTD.

KonnuecTBeHHO® M3yueHMe IMEKTPMUECKHX TPUTSHKEHMH M OTTasIKu-
panuit GuA0 npowsseeHo (PpaHUySckum Quauxom Kyaonom (1785 r.).
KyJ10H 0Ka3aJ1 Ha ONHITE, YTO CU/1A HIPHTSDKEHUA HIIM OTTAIKMBA HUS1 MEXIY
ABYMst 3TICKT PUUECKMMHU 3aPSIaMH U3MEIIIETCS 06paTio NponoplHoHANIEHO
KBAAPATY ‘PACCTOSIHKA ME}CLy STMMH 3apSaMu, T. e. N0 3aKOHY, COBEp-
MEHHO AHAJIOrHYHOMY HBIOTOHOBCKOMY 3aKOHY TAroTeHus. Kpome Toro
9TA CHNA 3aBMCUT ¥ 0T BEJMUMHE camux 2apsioB. Ilpu sTom nop Beswuu-
10i 3apsA [OJPA3yMEBALTCS CIeJyIOMIee: eCaN 3apsit A, GyayuM nome-
HIEH HA TAKOM JKe PAcCTOsTHUM 0T 3apsiga C, 1a KoTopom npeae 6uut mo-
MellleH 3aps B, oxaswBacT Ha Hero (Ha sapsAn C) TaKoe yKe camoe NPUTS-
JKeHMEe NIV OTTATKMBAHKE, KAKOE 1IPeXIe OKasepai 3apsj B, To 3apsgsl
A v B cuvTawTcst PaBHBIMH APYT APYTY; CCIH XKe B TOM JKe CaMOM OIbiTe
cuna, ¢ Koropoii 3apsix A meiictsyer Ha sapsig C, B KaK0e-TO KOJHUECTBO
pas Gonblie CUABI, ¢ KOTOPOi B 3TUX e YCI0BUAX 3apsal B neficreopan
Ba C, To 3apAf A CUMTAeTCS! B TO JKe CaMOe KOJIHYECTBO paz GOMbImM,
uem 3apsig B, M3 OIBITOB TAKOFO poJa MOMKHO HAYUMTHCS MSMEDSTh Be-
nruvay sapsga. Tlonsaysck atum noustrueM, Kysiod noxasas, uro cuna,
¢ KOTOpO OTTANKUMBAKTCS WJM TPUTATMBAITCS ABA 3apsijd, HE TOJbKO
0GparHO NPONOPLKOHANLHA KBAJPaTy PACCTOSHYS MY HUMM, HO M
IPONOPIMOHAJIbHA BeJIKUIHAM 3THX 06oux 3apaos. B Hacrosmee Bpems
B KAUECTBE TAK Ha3biBaeMoit abcoMOTHOH NeKTPOCTATHYECKON enMHUIIE
IMEKTPUUECKOTO 3apAga QHauKu GepyT Takoil sJieKTpMueckuit 3apsg, Ko-
TOpHIl OTTaTKHBAET PABHBIL cefe ai1eKTPUUECK 3apsil, NOMENEHHbLH HA
paccTostHuY 1 (M OT 11ero, ¢ cuol, paBuol ofHOM gune* (:1;:empmexmu<u
[0 uMCFO TIPAKTHUECKYM TIPHUMHAM TOJL3YIOTC eXHHUNEH 3apsfa poBHC
B Fpu MWLIMapaa pas GoNbeil i HASLIBAIOT ST eMIMILY 3 pANA XY A0HOA).
Eeny sxe ¢ aGCoMOTIRIX eJUHKL 3apsia MOMRIIEHH HA PACCTOSIHHY I Ch

* 34METMM, UTO OMBIT ZOJLKEH HPOUCXONWThL B MYyCToTe H Ha GONBLIIOM paccToss
HUH 0T BCeX APYTHX T, TAK KAK B NPOTHBHOM CITyNae CHIBL, KOTODHIE, KaK MH
BYIeH, RODKHBL BOZHMKATD MEIY HAJJCKTPHUSOBAHEBLIME TEAAMM K HEHAJNEKTPHIO-
BAHHBIMU, HCKA3SIT PEBYJILTAT M3MEPEIIFsT.
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- . e¢'
OT ¢' euEMIL 3PAIA, TO Cia Yoe OyAer paBHA He OHOH IHNe, 3 - THH,

TaK KaK cornacHo onmta KynoHa ouna mgosokna 6biTh B € pas Gosblie, B 4
paa Gosbuie ¥ B 72 pa3 MeHbIe, UeM B CIyuae eHHMLE 3apsa, NOMEMeH-
Hoil Ha | €A PACCTOAHKA OT eIMHKIEL 3apsiaa. Ecii 0603ayiTh YHCIIO UH
uepes f, To OKaKeTCa

ee'

L

f

J1a hopmyia IpefCTABIISET MATEMATHYECKOE BHpAXKeHHe 3aKkona Hymoua.
Ecai Mbi GyZeM CUKTaTb, YTO MOJIQXUTENBLHOE f COOTBETCTBYET OTTaJIKH-
BAHMIO, 4 OTPUIATENbHOE NPHTSDKEHNI0, TO (o pmyna GyjeT BepHa He TONBKO
110 BEJIHUMHE, HO U 0 3HAKY (OJ0IKHTEIbHbIE 3APSIH MH Gygem oGo3Ha-
yaTh TOJIOHHTENbIBLIMA ¢ H €', OTPHIATe/bilbie — OTPUIATEBHBIMK ;
CrIpaBef/IMBOCTL QOPMYIE BHAHA U3 TOTO, YTO NPH NEPEMHOKEHHH NIIOC
Ha MMHYC AT MHHYC, 8 MHHYC Ha MHHYC JaeT nmioc). Boofiue 3ameThM,
uro 3apsibl BeAYT Cefa NOJoDHO airefpanuecknM KoJnuectBam: npuba-
BJIEHME OTPHULIATENHOTO 3apsiia K 10JIOKUTEIbHOMY YMEHbLIAET STOT M0~
JIOKUTENbHBIL 3apA KaK pa3 Ha BeJMUHHY OTPHUATENBHOTO 3apAfa, B
ueM MOKHO YOIUTLC S U3 (opMysBl 3akora Kynona u U3 Toro, utoe B 9T0M
clyuae cuiibi, ¢ KOTOPbIMH 00a 3apsiia AeiicTRYIOT HA TpeTHH, anrebpan-
YeCKH CKNIANBIBAOTCS,

3axon Kynona upunsaro gopmynkpoBaTh W emie B HECKOJIBKO HHOM
BHJIE, 8 HMEHHO B CJIEJYIOMEM : BMECTO TOr0, YTOGB FOBOPUTH, YTO 3apsif €
ne?cwyer Ha 3apAg €', HAXONSMKECA HA PACCTOSIHKH T OT HEro, C CHIOH

[43
-72-, TOBOPSIT, UTO 3apsy € BH3bIBACT HA PACCTOAHMM T 0T cebs anexmpude-

e
cKoe noae, panuoe E ==z ¥ HAUPABIIEHHOE [0 PATHYCY I B CTOPOLY 0T 32-

pAja e, a u4TO 3T 3/EKTPUYecKoe none E B CBOX Ouepegb AEHCTBYET Ha
TIOMEINEHHEI B HeM 3apsig ¢ ¢ CHJIOH, HATPABNEHHOM MO nOMI0 B paBHol
[==¢E. Taxnm o6pasom 3axon Kynosa pacuieHsioT Ha jBa 3aKoHa:
1) 3apsAfpl IPOU3BOAT TAKOE-TO 3NEKTPHYLCKOE T10JIE, H 2) ANeKTPHUECKOe
T0JIe TAKHM-TO 0Gpa3om JeficTBYeT Ha moMeIneHHbE B HeM 3apsapl. Taxoe
pacuneneHue sakoHa KynoHa Ha JBe YacT} ABJAETCS KOHEYHO IIPOCTOH
(mosorneil ¥ Ha MePBLIA B3rNIAA MOTJIO OB 10KA3ATHCS M3NEHIHKM YCIOXK-
HenWeM; 0IHAKO B JEHCTBUTENLHOCTH 3TO NMOHATHE NOJA, BReAeHHoe Papa-
Oees, OKA3BIBARTCS YPE3BLIYAMHO IIOJOTBOPHBLIM, TAK KAK, KAK MH YBH-
UM JaNbllle, BO BCEX SIBJIEHMSX, CBSI3AHHHIX C IBIKEeHHEeM (M B ocofell-
HOCTH C fIePeMEHHEIM BUMEHNEM) 3APSN0B, IT0 MOHATHE He YCJIOMKHSET,
a upesBRUAHNO YIPOmAeT (OpMyTHPOBKY (HM3KUECKUX SAKOHOB, KOTO-
pas 6e§ BBEJIEHHST NOHATHS (II0JIe) Ja)ke CTana Gbl COBEPLIEHHO HEBO3-
MOXKHOH.

Taxnm ofpasom cHna, peficTBywmas ua 3mexTpuueckuii 3apsp e
B MPHCYTCTBHH OMPeAeNienHbIM 06pas3oM PacroJodeIIHBEX B [IPOCTPAHCTRE
APYTHX BJEKTPUUECKHX 3apsIioB, MOKET ObITH npeACTaBleHa B BHAE
NIPOU3BEJEHUA CAMOTO 3apsiia € Ha IneKTpHueckoe none E, BRISHBae-
MO€ B STOH TOUKE JAHHEIM DACIIONOMEHUEM OCTANBHBIX SMEKTPHUECKHX
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3apaaoB. CoBepINeHHO AHAJIOMYHYI0 KAPTHRY MBI HMEEM, €CJI XOTUM BHI-
YMCIHTD TIOTEHIUMANBHY 0 3HEPIHIO 3apAAd €', HAXOAAWEroca B IPUCYTCT-
BHHM ONpENEJIEHHOTO JAHHOTO DACMONOMKEHMA INCKTPHUECKUX 3apsiioB B
TPocTpaHeTBe. CMBICK DTOI BenMuMHE! (TOTEHIHANBHOM 3HEPrii) 3AKII0-
YAETCA B CNeJYIOLEM : 3AKPEINHB OCTAJIbRbIE JJIEKTPHUECKHE 3aPSIIBl HA HX
MECTax, JaguM 3apsiay ¢ cBOGOJHO JBUTaThCS; TOTJA HPW NEpexofie U3
OZLHOH TOUKHM B APYTYH €r0 KMHETMUECKAA IHEPIUA GyaeT yBeUunBaTLCA
Ha BEJIMUMHY, PABHYI0 YMCHbIIEHHI0 NOTEHIUANBHBIX HEPrHii TpPH nepe-
X0Je MeXJly 3THMM TouxkamH. Teopust, ocHoBaHHAas Ha 3aKoHe Kynoma,
TIOKA3LIBAET, YTO TAKasA HOTEHUIMANbHAsA 3HEPrua BCErja paBHa HpOM3Be-
JEHHIO 32psJa €' Ha HEKOTOPYO BEJMUMHY, YIKe He 3aBUCSILLYIO OT €', HO
3ABUCAINYI0 OT PACNO0MKEHHA OCTANLHBIX 3IEKTPUUECKAX 3APANIOB BOKPYT
JaHHOl TOUKM. JTa BeNMUMHA HOCHT HA3BAHME NOMEHYLAAQ 3MNEKTpPUUE-
CKOr0 MONA B paccMaTpuBaemMoil TOUKe mpocTpaHcTBa. Tak Kak MOTEH-
LIMa/IbHAsA JHEPTUs, KAK Mbl BUJENH, BCETAA MOYKeT GBbITh OMpE/L/IEHR ML
¢ HeKoTopoll TpousBoAbHOH A06aBOYHOH TOCTOAHHOH, KOTOPYID MOMHO
(UKCHPOBATE JIMIUb B TOM C/1yUae, €CJTH MOTEHLMANLHYIO 3HE PTUR KAKOro-
BrGyab ONMpEENeHROr0 PACIONOMEHUS 4acTell CHCTEME] YCTIOBHO MPUPAB-
HATb BYNI0, TO 3THM JKe CBOJICTBOM 0ueBHiHO o(najiaeT u moTeHUHas.
OOHKHOBEHIIO B 1KAYeCTBE TAKOr0 AOIONHUTENBHOTO YCI0BHA HPUHHMAKT,
yTo Ha GecKOHeUHO GOJBIIOM PACCTOAHNH OT CUCTEMBI 3apA0B, BH3BIBAI0-
X 3/EKTPUYECKOR N0Ie, NOTEHITUAN ITOr0 NI 0/HKeH PaBHATLCA HYJI0.
B KauecTBe mpumepa paccMOTPHM TONE, BLISHIBAEMOE JAHHLEIM 32PSIIOM;
AYCTb 3TOT 3apsAji paBHAETCA €. Ha paccToAnuM r OT 3Toro 3apsja cuna

" ee'
OTTANKUBRHMA, AefiCTBYOIAA Ha 3apsl €', paBHa = Jas toro, urofint

BLUMCTHTL 1IOTEHUHANBHYH) SHCPrHK), TPOINE BCEro BOCHONb30BATLCA

BHUNCJIEHMEM, YIKe TIPOJIeNIAHHEIM /U1l CNyuast CU TACOTEHHUs, KOTOPHIE,

KaK Ml BUJIENH, COBePIIEHHO AHANMOTHYHB 3JIEKTPHUECKHM CHJIAM B TOM

OTHOWIEHUM, UTO ¥ OHM YOLBANT 06paTHO NMPOROPLMOHANLHO KBaJApaTy

paccToanKA. B ctyuae Macc m v m', HaXoJAIKHXCA HA DACCTOSHHY I JpyL
f

Gmm
0T APYra, CUNA APUTAKEHHS paBHa

WY, 4TO0 TO Ke camoe, cuna

Gm

OTTANKUBAHUA PaBHA — (HpMTH)I(EHI‘Ie eCTh TO XK€ camoe, UTo OT-

TANKHBAHUE C ODpaTHLIM 3H3KOM) CpaBHUBAsA 3TO C MEKTPUULCKOH cunolt
e’

OTTANKUBAHHA F, Mbl BUAYM, YTO BCE OTJIMYME CBOAUTLS K3AMCHE Gmm

Ha — e¢’. A TaK KaK B Ciyuae TACOTEHHS NOTCHIMANLHASA BHEPTUA, KaK

MBI BHIUACTTUIA B DpeAsilyledi riape, paBHa — , TO CJ1eJl0BATENbHO
THOTE HIUANbHA A BHQDFMH 3apaga €', MOMEMEHHOI'0 HA PACCTOSIHMM 7 OT
3apsna e, DABHA T- 7O BHIpWKEHUE MOXHO mucath B Buje e'V, roe V
NoTeHUMAN, BBISBAHEEH 3apsloM ¢ B TOuKe, Haxoasumelica ma paccros-

e
HUu r ot Hero. OTcofa BugHo, uto V= 7
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TpH nepexofie M3 TOUKH C MOTEHLMANOM V; B TOUKY ¢ HoTeHuuanom Ve
yMeHblIE HUE MOTEHIMAIbHON 9He Prii 3apsiaa e coctapnset e’ (V, — V)
3T0 BHpdKeHHe PABHO, KAK ABCTBYET M3 mpefumymeit raaswi, paote,
COBEPIIENHO} CHITAMH 3MeKTPHYECKOro Tojis Haj 3apsuom e'. PasHoeTh
noteHManos V, — V, paBHa ClefoBarenpHO pafore 1a KOKIYIO elH-
HuLy 3apsiga. Tak Kak eguHALell paboTLl B MSHKe CIYXKAT 3PT, 4 eHHU-
ueit 3apspa TAK HasnBaeMas abCcoI0THAS AMEKTPOCTATHUECKAS EHHHUINA
3apsiia, ONHCAHHAS HAMH BHIlUE, TO eMHHIEH PA3HOCTH IIOTEHLMATIOB (A
3HAUNT UM DPOCTO eMHMLEH NMOTeHUMANA) ZODKEH CIy)UTh OJMH 3pr Ha
abCcoNTHYI0 elMHILy 3apaja. Takas ejivHWLA MOTEHLMANa Ha3bBAeTCA
afcomOTHOM INEKTPOCTATHIECKOM eANHILeH roTe IMaNa. JNeKTpOTeXHUKH
OJIHAKO He U0Jb3YIOTCH 3ToH efuHWNeH, a MPe/NOUATAIOT (0 YMCTO TIPAK-
THUECIKHM CO0BPAIKe 1M 5IM) BBOIUTD B KAUECTBE eMHUIL IIOTEHLHANA OTHY
TPEeXCOTYH 4ACTL aGCOMIOTHOH eMHMUEI; ITY CBOK EJMHMIly TIOTCHUHAsA
OHH HA3HIBAKT 6046moM. Eciiu 3apsif, PABHEL OIHOMY KYAOHY (KyIOH =
=3+ 10° abCcoMOTHEIX e AMHKIT 33PSINA), HAXOAUTCS B TOMKE € IMOTEHUMa-

1 .
JIOM, PABHEIM OTHOMY 601611y (BONIBT = 55 afCoMOTHOM  eIMHUIE TIO-
TEHIHANIA), TO NOTEHUMANIbHAS SHe PIUSA OTOI0 3apsila, BHPAXKeHHAS B aprax,
1

ZomKHa OHTE paBHA X 3.10°% 1. e. 107. TTosromy 107 3pros anexTpo-

300
reXHHUIU BLIGPANH B KAUECTBE eJMHHUIIEL JHEPI MK U 1A3LIRAIOT 3TY SHCPrUK
Oncaysem (B 4ecTh JHraysst, U3MEPHBILErO COOTHOMIEHHME MCXKIY Kaso-
puell W Kumorpammomerpom). Uuciio pxayneit mpowssefeHHol pabotw
PaBHO NPOWSBEACHHIO YHCNIA KYIOIOB B MePeMECTHBLICMCS 3NEKTPHYECKOM
3apFIe 1A M0 BONLT B PASHOCTH NOTEHIUANIOB MCHGlY HAYANLHOR H KO-
HCUHOH TouKoH 1yTH.

Ecnmi MBI HmeeM ABe ToykM A M B, B KOTOPHIX TIOTEHIMANBI SMEKTPH-
HECKOro MOJIsi PASNHYHLL, HATIPUMEp TIOTEHLUAn B TouKe A G0NIbIIe TOTEH-
uMana B TOyKe B, M eCNH mpy 3TOM B TOUKE A JAXOJUTCS MOJIOYKHTENb-
HEIH BNEKTPUUECKUH 3APS/ MM JKe B Touke B HAXOIMTCS OTPHLATC/THHBI
OMEKTPHYCKHH 3apsif, TO TIOTeHUMATILHAA SUEPIUs YMEULIIMTCHA, CCIH
TONOMUTENbHE 3apsay nepelifier u3 AR B (T. €. B HaUPARICHUY OT GoMb-
WET0 J0TEHIIANA K MEHDILIeMY) HAH SKe OTpHIaTenbHEi 3apsa mepeier
u3 BB A (r. e. TI0 HAMPAB/IEHAK YBenwueHHs motcuimana). Ho moreH-
NHATbHASY JHEPTUA BCErd CTPEMUTCS] YMEIBIIATRCSA ; TAK HANpPUMep Ka-
MeHb, TIOHATHIH BBEPX, CTPEMUTCH TAAATH BHU3, T. €. YMEHbUIMTL CBOK
TIOTEHIMANBLHYI0 IHEPTHIO-B NOJIE CHIT TSHKECTH, U €CIH HeT HUKAKMX 3a-
JEPHEL, T. €. eCJH €I'0 HHYTO 1€ YAEPIKHBAET HABCPXY, OH IeHCTBUTENbHO
ynapet Buu3. TawuM jke TOUHO 06PAsOM TIONMOMUTENBHBIH INMEKTPHUECKUH
3apAA MEPEUIET OT TOUKH ¢ BHICOKHUM MOTEHLMATOM K TOUKE C HU3KHM T0-
TCHUKAIOM, eCTH COETUHNUTE 3TH ABE TOYKH TIOCpeNCTBOM KaKoro-nufo Tena,
OTJAMUAIOWETOCS TeM CBOMCTBOM, UTO «3IEKTPUUECKAS IKHAKOCTHY MOMET
TPOXOIUTE TIO ATOMY TEy. He BCTPeUas 0CofenHo GONLIIONo COTPOTHBIE-
nis. Tawue tena MeHCTEFTenbIlo CYmICCTBYIOT; OHM HOCAT HASBAHHE HPO-
B00HUKO8 DMeKTpuyecTBa, OCOGEHHO XOPOIHMI MPOBORHUKAMH ABJISNTCA
METAITH. ITOT BayReif (uanueckuti QaKt Brepene oTepen B 1729 r.
aHrMHCKUR Qusuk Crmuen Ipeii, KOTOpBil HAIIEN, yTo 3NeKTPHUECKUH
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3apsn cBOCOKHO TTPOXORUT Yepe3 METAJUIMUECKYIO NPOBONOKY, HO HE HpO-
XO[MT uepes WeJKOBYI HLTh. Besex 3a vum Jliode OTKpPBUT, UTO METaNH-
YeCKOe TEJI0 MOMKET OBITh HasICKTPY.30BAR0 TPEHKCM, €CJIU OHO BECHUT HA
HIEJKOEBIX HKTHAX MM CTOMT Ha CTEKJAHHCH MOACTABKE, HO HE MEKTPH-
3yeICst B TOM Cilyuae, KOTJa LUIEJIKOBAst HWTh 3aMEHEHAa METAJIMUECKOH
TIpOBONOKOH ; oTciona [iote 3aKnIoui, YTo B Cyyae METaNnuueckol npo-
BOJIOKH ofpasylomuiicss 3apsi ceifuac ke yTeKaeT uepes 3Ty NPOBONOKY
H nepecTaeT OLITh 3aMCTHBIM, HO Uepe3 LUCI]KOBle HWTb OH CBOﬁOﬂHO npo-
XOJKTbH HE MOMET, a NOTCMY 3alepMBAcTCs, U €ro MOYKHO HabmojaThb.
Tax GbU10 OTKPBITO KeJIelWe TeJ Ha MPOG0OHUKU (K WX YMCIY OTHOCSITCS
METANNBL H YTO/IB) U HENPOSOORUKI UIN u3eanmopet (nanpumep dapdop,
Pe3nHa, CTEKO, KePOCHH, MeNK, BO3AYX; B AanbHeleM Mbl YBUIEM
OJlHAKO, YTC oA KeHCTBHMEM TaK HASHBAEMHX PEHTTEHOBCKUX Ayucl u
Jiyueji pajuHoarcTHRHLIX BELIECTB BO3AYX CTAHOBWTCS NPOBOAHMKOM BJCK-
TPHUECTER). ECNU pasiuuHbie MeCTa NPOBOIHKKA HAXONATCA TIPH pasnuy-
HBIX [OTEHLMANAX, TO 3/EKTPUUCCKAs KEAKCCTh, HAXOAAMIAACS B 3TOM
BPCBOARMKE (a Befb N0 Barnagy CHMMepa B KaX(IOM Tesle NPUPCIR €CTh K
[ONOMVTENbHASS H OTPULUATENbHAA MKHAKOCTH, HAXOAAMKECS B [ABUBIX
KOJIHUeCTBAX M Takum 00pa3om ypaBHOBEIMBAKLINE ApyT ApYra), npuxo-
JUT B JBMKEHHE ; HMEHHO, MOJOKHTeNbLHAS HUIKCCTL TeUeT B Rampasne-
HHM TIAJCHUA TIOTENLMANa, a OTpHLATeNbHass B 0GpATHOM HATIPABJIEHHH.
Taxum o6pascm B IPOBOAHKKE PA3HOCTbL NOTERUUAJIOR BLIZBIBACT ABVIKE-
HUE 3JieKTLHUECTBA, WM, KAK [PUHATO TOBOPHTh, IACKMPUuecKull mox,
KOTOPHI NPOJONM@ETCst 0 TeX [OP, MOKA MOTEHUHANb B PASTHUIEIX Me~
€Tax NPOBCIHUKA He CRABHOTCA. EcnM 9Ty pasuccTh NOTENLHAN0B TOA-
JepyKIBarhk KCKYCCTBEHHO, TO NEKTPUUCCKHH TCK ByneT mpoxXopwTh Bee
BpEM#, TIOKA CHA TIPOACIKAET CYmECTEOBaTh. B 1799 r, wranbauckuit
duzuK Ageccandpo Boabma oTKPBIN TOT (axT, UTo KOrRa AB2 PasiHuybX
MeTanna HaXONATCst B CONPHKCCHOBEHWH C OJIHMM M TeM JKe pacTBOpoM
Kaxoli-nnGo KUCTOTH, TO ITH MeTAN s NpUCOPETAIOT PasJIUUHLIP JMeKTpU-
YecKMe MOTEHIMANBl] €CM UX COCAMHHTL MEy coG0H mpoRoNOKoit, TO
no 3Toii NPOBONOKE HAYMHAET NPOXOAHThH 3MEKTPHUECKMIT TOK, NpHUEM
PAsHCCTh MOTEHNHANOB HA KOHIAX NPGEBOJIOKH N0 PIKHBACTCS BCE BLEMS,
TIOKa MEYKEY KHCJAOTOH U COMPUKAcAmMMKCS ¢ HeI0 METANNamH TIPOyCX0-
JAT XMMHUECKUE PEAKLMHM; 9TO JAAeT BO3MOMKHCCTL MONYYaTh ACCTATOUHO
CUJIBHBIE-H BEChMA [IPOOMKHTEBHBIE BEKTPHUECKIE TOKH, uld BECHMA
“obneruaer usyuenyue CaMCro TOKa M NpOMSBONYMEIX uM gelicTBUH. Mer ne
GyzeM 3fleCh CCTANABNMBATLCSH HA NPUUMHAX BO3HWKHOBeHHST DPaBHOCTH
OTEHIMAN0B B TAKOHR Menn; HAC MHTepeCYeT 3[eCh NMIIL CaMbiil peynb-
TAT, 3 UMEHHO BOSMOMKHGCTD [IONTYUE HHst TOCTOSTHHOT O 3/IEKTPHUECKOT 0 TOKA,
Gerymero no npoBoNoKe TakyM 06pa3cM, UTO uepe3 MOTEPEYHOE CEUCHIC
NPOBOJIOKY TTPOXOIHT B CEKYH/Y OUNO ¥ TO KC KONMUECTBO QNEKTPUUCCKOra
3apsia. 3aMeTHM, UTO KOJHUECTBC 3eKTPHUECTBA, NPOXOAsIee yepes 110+
nepeukoe CEueHMe NPOBOAA B eIMHULY BPEMEHU, HOCHT HasBauke (I/bl
MOKQ; B KAueCcTBe eIMHNLL! CHJIE TOKA JNEKTPOTEXHUKH TIPHMEHSOT TaK
HasplBaeMblil amnep, T. €. TaKoii TOK, KOrJa B CeKYHIY 4epe3 momepewunoe
ceveHne MpOXOAMT OJMH KynoH, Ecau npH 9TOM PasHOCTL TOTEHLHMIOR
MLy KOHL@AMH IPOBOJia PABHA GAHOMY BONLTY,TOCEA0BATENLHO BCEK YHIY
COBEpILAETCst OFHE KAy b pafoTsl, T. €. NOTEHLHANLRAS SHePIHsE BIIEKTPH~

Crpocuue BemecTsa 4
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4eCKOT0 TIOJSI YMEHBINAETCH HA OJMH JIAYJE B CeKyHAY (BooGmie, UHCTIO
mxayJell B CEKYHLY TONYYHTCS B Pe3YNLTATE NEJEMHOMKEHUA UHC/IA BOTLT
Ha YucsI0 amnep). 3AKOH COXPAHEHMSsl IHEPrUM NPH TOM OCTAETCA B MOJ-
HOM cu7e, @ HMEHHO BMECTO NCUe3HYBLIEH MOTeHNFANbHCH SHERIHM no-
ABAAETCHA KHHETHUECKAH SHEPIWsl aTCMOB CaMOr0 NLCBOJA, MHBLIMM CJIO-
BaMH NPOBOJIHUK, Yepes KOTOPHIH HPOXOANT JEKTPUUECKMI TOK, TIPH ITOM
Hazpegaemcs (370 ABJIeHIE HABHBAETCS RGACRUEM JHcayasn B uecTb (PU3UKA,
KOTODHIA BIIEPEHIE €r0 H3YUH/ KOJMUECTBEHHO ; 1A ABTEIHM [Hrayns 0cyo-
BAHO YCTPONCTBO 'MIEKTPHUECKUX KHIATWILHUKOB, Tieued M APYIHX Ha-
I'peBaTeNbHBIX 1puGopoB). Ipome Beero NpeicTaBasTh Ce0e NEN0 TAKUM
00pazoM: 3apsHxeHHEIE YACTHIL, HAXOASIMECS B NPOBOJIMKE (YACTHLE
(3TICKTPHUECKOM HKUAKOCTHY) TPUXONAT MOJ BjIMsAHHEM 37€KTPHUYECKOro
TI07i5k B JIBIKEHYE, KOTOPOE BCE YCKOPSULOCH Gbl M yCKOPATIOCH, eCH bl 01K
He CTAIKUBAIKCH C ATOMAMK LPOBOJHUKA ; 9THM ATOMaM OHM Y mepefaior
TpA CTOJAKHOBEHMH CBOI0 KMHETHUECKYIO BHEPTHIO M TAKHM 06pasoM Ha-
IPEBAIOT NPOBOJHHK. DT4 HATMAJHAA (M3HUECKAR KAPTHHA HAXOIUTCA B
COREPINEHHOM COIJIACHH ¥ € COBDEMEHHBIMH HAYUHBIMH NMpeJCTABNEHUAMA,
0 YeM UMTATeNb Y3HAET HMie, I GyayT aaHbl Gonee NOAPOGHEIE CBEAEHHS
0 NPHPOfie H CBOJICTBAX HAXOMIIMXCS B METATING YACTHL| «ANEKTPHUECKOk
JKUKOCTHY, TepejiBUKeHNe KOTODEIX M CO3[AeT INEKTPHUECKHH TOKK.
3aMeTHM, UTO YMCHBINIEHHC JMEKTPHUECKOH MOTEHUMANLHOW 9HEpru,
paBHOE B TO )K& BPEMsI BHIEJICHWIO TeIUA (YBEJMUEHHIO KMHETHUCCKOH
9HeprUY ATOMOB TIPCBOIHMKAY, HOCHT HA3BAHME Pafonibl TOKA ; €€ TPUHATO
H3MepATh B O2icayasx. Pafora TOKA B eQUHHUILY BpeMeHY HABHIBAETCS MOU-
10CMBI0 TOKA ; €€ TIPHHSATO U3MEPATH B IDKAYJISIX B CEKYHJY WIIM, KAK yalue
TOBOPAT, B 6@Mmax (MMCN0 maynell pABHO UMC/TY BATT, HOMHOMKEHITOMY Ha
UMCA0 CCKYHA). JIeTKo CPABHUTE OTy €JIMHUILY MOUINOCTH C €THHHLIeH, pH-
MeHAeMol TernoTeXHKaM. B Tennotexuyke equHuiell MOIMHOCTH MALIKH
CUMTACTCS] TAK HABBIBAEMISt A0W/A0UNHAR ClUAQ, PABWAS TI0 OTPEAENCHHI0
5 Kemfcex: Tak Kaw 1 xem pased 9,8 - 107 spros = 9,8 mwaysne#, To
JlomajuHast cuna paswa 75 - 9,8 mprayneit BcexyHny, T. €. 735 BaTTAM.
Onnn kunopart, T. e, 1000 Barrt, cocraensaer 1,38 JOmAgMHBIX CHI. 3a-
METHM, UTO B 9/€KTPOTEXHUKE 33 eJMHALY 3HEPTHH YacTo MPUHHMAIOT KH-
JIOBATT-YAc, pABHLIH paGoTe, copeplyaeMoit B Teuenue uaca (3 600 cex.)
npy MomuoeTd B 1000 arr, QueBMEHO OJMH KM0BaTT-yac = 3,6 - 108
mxaynei = 3,6 - 108¥sprop = 8,6 - 105 manux xanopui = 3,7 - 105Kkem.
Otkpuitie BOMbTl COCTABAACT BayKHYIO IATY B MCTOPHM HAYKH. OHO
CHAOIMNO (M3UKOB MCTOMHMKAMH TOCTOAHHOTO TOKA (FaibBAHUUECKUMH
SNEMEHTAMY, AKKYMYNATODAMHK) M TAKMM 00DA3OM CENano BOSMOMHBEIM
HCCREMOBAHME TIeN0H HOBol ofnmacty ¢maniy. B mepebie roaul nocne or-
KPHTHST BOJLTH BrumaHue WccrefoBatenedl Gbi0 HATIDABIEHO [NaBHHIM
06pazom Ha XuMHyeckue feiicTBHA TOKa (9neKTPONK3; 0 HEM HH)KE), OT-
KpETHE emle B XVIII cToneTny npy moMOmH TEX CpABHHTEJLHO CHAGHX
¥ KPATKOBPCMEHHBIX TOKOB, KOTODBIE MOXKHO GBUI0 MOJYYaTh NOMOINBIO
SNEKTPHUECKNX MALIWH, OCHOBAHHbIX HA J1EKTPU3aLIH DY TPEHKH ; BCKODe
nocne oTKpurTus Bonwtel Kapasiiae v Hurosscon (B 1800 r.) nponseenu
Pa3NoyeHUE BOMIBL HA BOJOPOS U KUCAOPOJ MOCPEICTROM JEKTpHUECKOro
TOKA, NOJIYYCHHOTO OT BOJIBTOBA CTONGA (TAK HASHEBANM TOIA 0COOCHHBIM
60pazom yCTpoeHHble 6aTapen ranbBaHnuecKUX aneMcHI0B); @ B 1807 r,
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c3p Xampu J{36u BnepBLle CYMeN pPasnoxuTh eficuit Hatp (NaOH) u en-
Koe xanu (KOH), cunrasmyecs fo To# MOPH MPOCTBIMM TCIaMH, M TaKHM
06pasom J0KA3aJ CYIECTBOBAHME HOBHX IJEMEHTOB HATPHS W KaUTHA.
Ipouino eme HeCKONbKO NeT, U GLI10 06HAPYIKEHO, UTO TIOMHMO BCeX
9THX XMMUYECKUX AeHCTBHI 3TIEKTPHUCCKOT0 TOKA, CYIECTBYET elIle Levbli
PAR APYTHX SIBJIEBMH, KOTOpPble TIOKA3HBAKT, UTO HEKTPHUYECTBO B JBU-
MKEHHY 0071ala8T CYIIECTBEHIIO I0BLIMH CBOMCTBAMM TI0 CPABHE HUIO C JMEK-
TPHUYECTBOM B TTOKO, & MMEHHO, YTO SJIEKTPUYECKH TOK BHI3LIBAET 0COObLIE
CWIBl, HEHCTBYIOIIKE HA APYrue 27eKTPHUYeCKHE TOKH M Iie MMEIOIIME HI -
gero ofmiero ¢ JeHCTBUEM 3apsfa Ha 3apsfl, KeTopoe HceneioBan Kymon.
HauGonee 1moJinioe ¥ TIHATELHOR MCCIEA0BAHKE ITHX CUIT ITPOHIBEI B KOHIE |
1820 r. dpamiysciuii yueHsit Amnep. B xauecTse Tpumepa TpOH3Be-
JIEHHBIX WM OTIBITOB PACCMOTPHM ONLIT 114, eficTBHEM BeCLMA JUTMHHOIO
(TeopeTnuecKky HECKOHCUHO AJIMHHOrO) IpAMOIHNeliHoro nposoga AB, no
IKOTOPOMY TRUET TOK CUJBI i, Ha APYTHe IMEKTpHUeCKHe
TorH, OKasasnock, 4To0 Ha eMMHULY ATWHB nipoBoga CD,
10 KOTOPOMY TedeT TOK CHIIL £, AeficTByeT cuna, Kotopas 8
OpPsMO MPONOPLUMOHATIbHA TOKAM § ¥ i’, 06paTHO Iponop- 1
L{oHaNbHA paccTosHulo r ofpeska CD or upsamoin AB . o
(ma ywamem puc. 10 paccrosuue r papuo pajuycy OC), - _f:f? )
IPAMC OPONOPLUOHATBHA CHHYCY YT7Ia § Mety Hampa- - ) !
BJIEHWEM TOKA I’ M HANIPABJIEHUEM KACATENRHOH K Kpyry . L
paguyca OC, TIPOBEIEHHOMY B ILTOCKOCTH, NEPHCHIMKY-
NSIPHOM TOKY {; 9Ta CHJa 10 CBOEMY HATPABIEHHIO Tiep- A
NEeHMKYNIAPHA 000HMM TOJIBKO-YTO YIIOMSIHYTHIM HATIPaB-
NeHHsM (T, €. HATIPABJIEHMIO TOKA i’ M NanpaBieHuIo Kd- Puc. 10.
carenbHOM). KosggunueHt nporo piuonaibHOCTH 0603Ha-

Y3ETCS! Uepe3 —, TAK UTO B PE3yJBbTATE CHIA HA eMIMIY JUIUHH, meiicr-
S

i
. o 20
BYIOIAsl HA TOK ', oxaswiBaeTcsl paBuoll ——sin®. Ecnuare BHpajkernse
c2r

M3MEPATL B JAMHAX Ha CaHTHMETP, r B CcaHTHMeTpax, [ W i’ B afco-
JIOTHBIX eAMHUIAX TOKA (T. €. B afCOTIOTHHIX eJIMHMIAX 3apsjd

2
B CexyHRY), TO 1<os¢¢nuHeHT—c§ MPUMET KaKQE-TO COBEPIIEHHO ONpeae-

AeHHOe 3HaveHue (3TOT KO3(QOUIUMENT NPONOPHMOHANBHOCTI aHAJIOIH-
ueH Hanmphmep Benuukine (G B 3aKOHe TArOTELMS: OH A0JHKeH OHITb ONpe-
JeJleH K3 0NblTa KaxK TO uMcno JWH Ha Cal—[TI/II‘v’IQ']‘py I\‘OTO]‘OE nonyqaeT-
cs1, Korga { = i’ = o1Hoil abcomrHol etunnye ToKa, ¥ = 1 cu, & = 90°;
TO 0fcTOATENBCTBO, UTO ITOT KodprImenT of03nauaerca He OfHOH Oyx-

BOii, & Apofbio i HMeeT CBOTt yR0GCTBA , KOTOPhIE CTARYT IIOHATIIB H3 JaJib-
. i’
Hellmero). Mel PMauM, uTO & MBMEPAETCA B TeX HKE CHHHIAX, UTO i OT-
. i’
HOIeHMe CHITLL K ATTIHE, 3 TAK KAK 7 €CTh JUHHA, T0 5 HIMEPACTCS B /-

HHULAX CWIIBL. Ecnu mnt BCTIIOMHEKM, YTO i eCTL KONHUeCTBO SNCKTPHYECTRA,

TPOXoasiee YePe3 TONepeuroe CEUeHNe MPOBOAHNKE B 1 CCK., TO MBI CMO-
e . ¢

JKeM nHcaTth t=?, l'=T, rae ey e’ IMeKTPUYECKye 3apPAALL, NPOXNs-

"
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1IMe B TOM ¥ B APYTOM NPOBOJHWKE B TeYEIHe GIHOTC H TOI'C YKe TIpoMe-
’

{4

i U3MEPARTCH
ee

B eAMHULAX CHITHL. ATAK KAK BHPANENNE —5 TAIOKE UZMEPACICS B CAMHH-

JKYTKA BPEMEHH teek. HOS)TOMy MBI BUJHM,UTO BRIDAKEHHE
’

2

Hax cunpl (cM. 3aKon KynoHZ), TO Cef0BaTeNbHO Cf, TaK ke, KK U I,
M3MEPACTCS B ¢IMHULAX JITHHEL, OTKyJA CJIEKYET, UTO € M3ME[SIETCs) TeMy

r
HE CMHVLAMM, KAK U OTHOIIEIIHE T Taxkum 06pﬂ30M MBI BHMIUM, UTO IO~

CTOSIHKARA ¢, KOTOPO# ompeiensercsl aGCOJIOTIAS BeJIHUMHA MeXaHuue-
CKMX Bo3eiicTBHIl TOKA HA TOK, M3MEDPSIETCH eMHULAMH CKOPOCTH, T, €.
TIPeSCTABISIET HEIOTOPOE COBEPINEIHO OTPEIESIEHHOE YHCIO CAlITUMETPOB
B CEKYNRY, KOTOPOe MOXKeT OhiTh USMEPEHO HA OLKITE.

3aKoy BO3/eHCTBISL TOKA HA TOK BecbMa Ci10yKell, OH MOYKeET GLITh yIpo-
HIeH, ECJIH MBI, IOROGHO TOMy, K&K 3TO MBI CHRNANH C 3aKOHOM JeHCTBUS
3apaia Ha 3apsf, PACWIEHHM STOT 3aK0I Ha JIBE YACTH, & MMEHHO CKAXKEM
CNepBa, UTO TOK BH3LIBAET BOKPYT ceff B MPOCTPAHCTBE HEKOTOPOE TMOJE,
& 3TO0 [I0Ne YyKe MeHCTBYET Ha TIOMEIICHHEE B HEM TOKM. TaK KaK 310 noje
He MMEET HHuero OfIero ¢ 3MeKTPHYECKUM MOJEM, O KOTOPOM La peub
BhllliE, TO €My IPHCBOCHO CrELMaibHOE HA3BaHME, & MMEHHO Ha3BaHue
MO2ZHUMAHO20 1048, BBeJenye 3Toro BajkIOro NOHATHS B €0 COBpeMerH0H
QIopMe TIPHHAJUIEIKUT 10 CYLIECTBY TOMY JKe AMNepY, X0Tsl 0HO yrioTpel-
JISUIOCE U [0 HeTO, 0 ueM §Y/IeT CKA32HO HECKONBKO HIKke. B ceoeld pacune-
HennoH QopMme 3aKoH AelicTBHA NPAMOJIHHENHOr0 IPOBOAHUKA HA TOK MO-
JKET GHITh BBIPAXKEH TAK:

1) Npamoymueiinetdt Tok cunpl [ ¥ 6eCKOHSYHOH AMMHE OKPYIKEH Mar-

21
HUTHEIM II0JIEM, KOTOPOE PaBHO H=?r—‘ HA PACcCTOAHHU 7 0T TOKA H B Ka-

JKLOH AHHOM TouKe TiePIERMKYJISIPHO HANPAaBnieHHIo 3Toro Toka. Ecim
Mpl XOTHM Y3HATE, KYA& MMEHHO HANDABJEHO N0JE B AAHHOI TOUKE, MBI
ROJOKITBL TIOMCCTHTL B 3T0J TOYKE Npagylo pyKy U, pacrioJIoyKuB €€ HaJibllbl
TaK, KaK 9F0 ykasapo na puc. 11, ykasars GOMpLINM NasnbueM SToll pyKu
Ha TOK, @ YKAasarTchpHblil nanel nycTHTh NapajnelbHO HAlpaBleHUIO
TOKA (HAMPABIEHWEM TOKA CUKTAETCS TO HANPABIECHWE, B KOTOPOM TEUeT
NOAOXHCUMEABHSIT SMEKTPUYECKUI 32 PAK); TOCRA CPeJIHMH Nanell, mepreH-
AMKYASAPHBI UM 0001M, YKa)KeT HAMpaBJieHKHe MATHPTHOTO nois. 3ame-
THM, uTO AMIED He OTPAHHUMICS 3T0i (0PMyIMPOBKOIL 33KOHA AT Mar-
HKTHOIO TOJIST, BLI3HBAEMOT 0 IPSAMOIHHE RHBIM TOKOM GeCKOHEYHCH JTUHBL,
a NOKa3aJ, KK BHYMCAACTCS] M MArHWTHOE 1ojie B Cjlyyae NpOBOXHUKOB
nr0bof GopMBI: 0RHAKO HA STOM Mbl OCTAIABHBATECA He GyeM. Eciu Tox
BLIpa)keH B alCONMTENX eIMHHLAX TOKA, PACCTOANWE 7 B CAHTHMETPAX,
DOCTOAHHAS € B CAH,HMeTPaX B CeKYHAY, TO MAaruuTsoe mone H oxasp-
BACTCST BRHIDAXEHHBIM B aGCONIOTHRIX €AMHWLAX MArHMTHOrO mojs, Jru
20COTIOTIRE eAMIVIEL MATILTHONO MONsl MHAYE HABBIBAIOT CIE M 20YC-
cami, B UECTh (KOPOJA MatematHkoBy K. &, Iaycea, paspaborasiuero
Psp MeToZoB H3MePeHWA MarsuTHOro ToJs.

2) Marnuurnoe none H LEMCTBYET Ha TOK CHJIBI {” CUIIOI0, KOTOPaA (Ha

;

" .
KXYl eUHUIY JUIMHBL STOT0 TOKA) papia HTsmi), rae & ects yron



Buesmposasdumnoe nose 53

Me)XKAYy HAIPAB/IeHUEM I0JI U HAmpasijieHHeM Tokd. [Ipn aTom cuna mep-
NEHAUKYIAPHA U TOKY M MATHUTHOMY TI0J0. [Jist TOro, yToGkl y3HATH ce
HanpapneHue, HY)KHO PacnoJoXXUTh TANLLpl Apasold pyKu (puc. 12) Tak,
uro0bl yKazaTesibHmilt nanen Ouin napanneneH
TOKY (T. €. HampapJie HUIO TEUEHHSR NOJIOMKUTE b=
HOT0 3meKTpUuecTBa) H uTeOH CpefilHil manen
Obin Napannenes MarHUTHOMY moio. Ecmu oro-
FHYTH GoJLINOH naney TaK, uTeOLl OH GBIT Mep-
NEHAMKYNAPEH M YKAZATEJILHOMY H CpefHeMy,
TO OH YKAXeT HAIpaB/eHue CUIRL :
C [OMOI{BIO ITOr0 2AKOHA OKA3HIBAETCA BO3- Puc. 11,
MOXXHBIM MaTeMaTH4yeCKH HCCNE0BaTh ,ueﬁcrsue
MArHUTHOTO TIONR HA TOKH nioboit Popmel. B uacTHOCTH AMmep noxasast,
UTO TIPOBOAHHK C TOKOM, CBEPHYTLI B cnMpank HNH B BUHTOBYI0 NUHHIO
(Tax HasmBaeMBi coaeroud, puc. 13), HCORITHBAET B MArHUTHOM ToJie
CHUIY, KOTOpas CTPEMHTCS €r0 TIOBEPHYTDL napanyejibHoO MArHWTHOMY IIOJTIO
W TIPUTOM TaK, uTOGR [N HAaGMIOfaTens, CMOTPSILEro uepes BCIO ANUHY
CONEHOMA 110 HAMPABJICHHIO MAI'HWTHOIO moJis,
TOK TPeACTABNANCS ¢OeraiomyM BHTKH CONENo-
HJA B HANPABIeHUH BPAINERHS 4acOBOH CTpen-
KH. 3aMeuaTesibHO, UTO B IPHPOJIE CYIMECTBYIOT
BeLIECTBA («eCTECTBeHHbIE MaFHHTb]») H3 KOTO-
PHIX MOXT GH'Th K3IOTOBJEHA TAK HA3LIBAEMAS
MaZHUmMAHAS cmpeaxa, Begywas ceGa BO Bcex
OTKITAX COBEpIIEHHO TAK e, KaK CONeHOMJ.
O1ct08a Amriep 23KJIOMMI, 4YTO B aTOMAax WU
B MOJIEKYNAX TaKOM MArHWTHOM CTpeNKd MMme-
puc. 12, | 10TCA 9JIEKTPHUECKUE TOKH, T. €. ITPOUCXOJHT
ABYIKeIDHE 32 PSyKe HHKIX UACTHIL M TIPHTOM B TAKOM
HampaBjleHUH, YTO MACHHTHOE II0J€ BCEX 3THX TOKOB, CKIAARBASACK, laeT
TOT Y€ CaMbiil Pe3yJibTaT, uTo H IoJie CONeHOUAA. MArHHTHEIE CTPCIKH feii-
CTBYKT Jpyr Ha Apyra ¢ TAKUMH K€ CAMBIMYU CHIIAMH, C KAKHMU ,]leﬁCT-
BoBaJH OBl JApYr Ha Apyra CoOTBCTCTBYICINHE CONEHOMIBI; OHH YCTAHABNH-
BAKTCSl B MarilMTHOM IOJIe COBCPUIEHHO TAK K€, KAK yCTAHABJIWBAOTCA
COJIENOMbY, T, €, CTPEMSATCS TMOBEDHYTLCA M CTATH NAPAJUIESILHO MO,
3ameuaresibHO, UTO UMEHHO JAeHCTBHE MAr YT~ e o e
HOrO monga HpﬂMOJlMHCﬁHOI'O TOKA HAa MArHuT- _% \"
HYI0 CTpeiKy, OTKpHToe meroM 1820 r.
JatckimM puankoMm Ipcmedom, GHIO IepBHIM
yKasaHHeM Ha TO, UTO TOKH BLISHBAKOT BO- Puc. 13.
Kpyr cefst 0COOEHHOTO POIA mone; OTKPLITHE
Apcrega nofyauno AMIEpa IPeATPUHATEL CBOH JHAMEHUTRIE HCCIEOBAHES
Haj JeiicTBUEM TOKA Ha TOK. UTO KacaeTcs JeiCTBUA MATHUTHHIX CTPENOK
Apyr Ha ApYyTa, TO 0HO GBINO HSBECTHO YE B FAy6OKOiH JIpeBHOCTH: 0 HEM
miwer Jlyxpeuuit Kap B cBoeit noome «O npupone pemeiy. Tarum o0pasom
TIOHATHE MATHUTHOT 0 oM ORINO H3BECTHO H 10 AMNIEPA, XOTSI UMEHHO eMy
IPHHALNENMUT OTKPHITHE TOro (aKTa, YTO MAarHUTHOE NOJe CBA3aHo 006s3a-
TEJILHO ¢ IPHCYTCTBHEM TOKOB (T. €. ABHKY IH XCA 971EKT PHUECKH X 32 PAALOB).
K uncny BecbMa AaBHUX (PUIHUECKHUX OTKPBITHH NPUHAIJIEIKHT 4 TO, UTO MAr-

——
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HUTHAS CTPEJIKA CTPEMHTCA YCTAHOBUTLCS IPUGNHSUTENBHO B IITIOCKOCTH Me-
PHMAHA AHUOr0 MECTA, T. €. EC/IM NPEMIOCTABATE eif CBOGOMY BPAILATECS B
FOPHS0HTASILHOMN IUIOCKOCTH, OHA YCTAHOBHTCA TAK, YTOGH OJUH KOHEll ee
YKasHBaN Ha CeBep, a Apyroff Ha Wr. STHM JOKA3HIBAETCA, UTO 3eMHOH
AP OKPY)XeH MArHUTHBIM TI0JIeM (3AMETHM, YTO 10 CHX IOD ellle 0CTaeTCA
3ArafI0HEIM, TAC HMCHHO MMEIOTCSI TE 31eKTPHYe CKYe TOKH, KOTOPBMY 06yCc-
JOBNEHO MArHUTHOE mosle 3emnn). Ha arom csolicTBe MarHUTHOM CTpeAKH
OCHOBAH KOMIIAC, U3BECTHHIT y)Ke OueHb 1aBHO: BO (hpanitysckodl mosme
XII pexa, mnpumnucwiBacmoit Hexkoemy I'uito me IIpoB3H, roBOpHTCS O
«TEMHOM 4 0e300pasHOM KaMHe», C MOMOMIBI0 KOTOPOr0 MOXKHO TpUIo-
TOBUTb UrOJIKY KoMmaca. «Korjia Mope TeMHO H MpauHO, ¥ He BHIHO JIYHBI
# 3Be3], FOBOPUT 3TOT TI0IT, OCTATOUHO JIMIIb BAMJISIHYTh HA 3Ty HIOJKY,
4TGB! He GosTECs 30Ny AHTECA | KOHeL uroaxy yraseiaer Ha ([lonsapnyiwo)
3BesIy». C TOUKN 3pewusi AMnepa, 1:0TOpasi 10 CYIICCTBY COBMAARET ¢
NIpUHSITOR U Ternepb, KAXKILIL aTOM >KeNne3a, BXOJISUIEro B COCTAB MarHHTA,
cam no cefe npejcrannsier (G1Arofapsy IBUAYILEMC S BHYTPH €r0 YaCTHIAM
«3MEKTPUYECKON HUAKOCTUY) UTO-TO B POjie COIEHON/IA ; B MATHUTHOM MoJie
BCE TAKKME COJICHOM[B YCTAHABAMBAWTCA NAPALIENBHO NONIO, BC/eC1BUe
uero co6CTReHHOE MATHMTHOE 1071 3TMX COJIEHOMJIOB HAUMHAET CKJIaJbl-
BAThCS ¥ JAIIHOE BENMIECTBO CTAHOBMTCS HOMZHUYCHHBIM, T, €. BEISEIBAET B
RPOCTPAHCTBE MArlHTHOE Mone. JleI'ye Bcero TakuMm 06Paz0oM HAMATHUTHTH
JKENE30, OIHAKO U PsIT APYTUX BCHICCTB MOTYT OBITH HAMATHUURHB! IO TOH
e camoif mpuuuHe. (3aMeTHM, Ur0 €CTECTBEHHBIE MATHUTHI, W3BECTHBIE €
riyBoKoit jipeBHOCTH, TPEJCTABASIOT HEe uro HHoe, KaK Mupepan FeyO,
HAMarHWYeHHBIH JleficTBreM MarHuTHOro nons 3emnu). Tor daxr, uro
QNEKTPUUCCKAIHA TOK, Bel yummit 1o conenonay, Co06IIaeT CTATEHOMY CTEPIK-
HIO, 3AKJIOUCHHOMY BHYTDH €ro, BCe CBOHCTBA Maruura, OB OTKPHT B
1820 r. dpanuyscxum yuennm Apazo. B 1825 r. aurmuiickuit dusux Cmap-
091cer IOCTPOKI TAK HASEIBACMEL 3MeKMpOMAHUTN, COCTOSAIME U3 cone-
HOUJIA, M0 KOTOPOMY fiesKUT TOK, H MyUKa »KEJe3HBIX POBOJIOK, TIOMEIIEN-
HBIX BHYTPY ero. JKesieso B Takom Tpuope, HAMArHHUMBASCH, yCUIHBAET
MATHATHOE JI0JIE CAMOTO CONEHOHAA BO MHOTO Pa3. DNEKTPOMArHHTH 10
CUX T0D SIBASATCS TeMH mpuGOPamu, ¢ NOMOIIBI0 KOTOPEIX MONYUAKTCA
HEOOXONMMEIE JUTsT TIPAIKTHYSCKUX U JU15i HAYUHBIX NieNed CUIbHbe MArHUT-
IIHE TOTS.

O6parumest Teneps K BOTIPOCY O TOM, KAKMM 06pa3oM MOXKHO USMEPHTH
TOCTOAHHYI0 €, BXO/SIYIO B 3AKOHB MATHUTHHIX siBMewMii. Tax xak cuma
M3MEPSETCSA OUEHB MPOCTO, TO ACHO, YTO TIOCTOSHHAS € MOKET ObITh BbIBE-
JleHa U3 USMePEeHHn BaumojelicTBuil By x 3a0anxbix TokoB { v i, B srom
KaK pas 1 3aKII0YAETCS TPYAHOCTh. EC/IH HANPUMED HAM [AH [a1bBAHH-
UECKHH 37IEMEHT, COCTOALIMEA U3 JBYX PASHEIX META/UIOB, TOTPYIKEHHBIX
B KHCTOTY ¥ COCJMHEHHKWX CHAPYXH TPOBOJIOKOH, no Koropoi mosnxeH
UTTH TOK, TO K4KHM 00pasoM MBI MOMEM YSHATH, CKOJBKO MMEHHO abco-
JIOTHLEX CHMHUI{ 3NENTPUYCCKOTO 3aAPSjA MPOXOJUT Uepes MONELEUHoe
CeUCHHE 3TOH npoBONOKU B ceKyHAy? Ecaun Ob mocToAHHAs ¢ GEUIA YoKe
U3BECTHA, TO MB OBl YSHANI 3T0 U3 USME[EHUA CUJI, ¢ KOTOPHMH B3AUMO-
NEUCTBYIOT ADPYT € IPYrOM 3NEKTPHUECKKHE TOKH; HO cama TOCTOSIHHAS ¢
ROMKII2 GHITh H3MEPEHA HA OCHOBAHMM KAKWX IMGYIb TAKUX ONEITOB, B
KOTOPHIX: KONTMYECTRBO a6¢0/II0THBIX €RMHUE TOKA Y)Ke U3BECTHO. Hosromy



Daexmporasnumuoe nose 55

HEOGXOAMMO CHepBa 1PUTOTOBUTH NOKOWIMMHCSA 2MeKTpuuecKHil 3apsf,
KOTOPBI MOKET ORITH H3MepeH B a6COMMTHLIX eAWHUIAX 110 €10 SNEKTPH-
YECKMM JECTBUSM, @ 3aTeM «IYCTUThb erc BeMaTb» 1o MPOBOJIOKe, HIH
IPUBECTH €F0 B OueHb GhICTPOE BPAILEHHE C 3aJaHHOH CKOPOCTBIO K K3Me-
PUTh €r0 MArHuTHLC ALACTBUSA. TeXHHMUeCKME TPYAHOCTH NOXOGHBIX ONbl-
TOB CBA3AHBI € TEM, UTO TAKMM 06PA30M MOMKHO NOAYUATh TOKH WAM OUEHDL
KPaTKOBPCMEHHDIE (C/IM PA3PANMTD JIAHHOE KOMKUECTBO 3EKTPHUECTBA
110 TIPOBQIIOKE) WK OueHb CJalele (€CM BPANlaTh €ro BMECTE C HABJEK-
TPH30BAHHBIM TENOM); M B TOM U B [IPYrOM CIyYae W3MeEPEeHHS TPYHAHBL
Tlo meproMy M3 JBYX 9THX METOROB BelMuMmA ¢ OhUia M3mepeHa
B 1836 T. Befiepos v Koavpayusem, a no BTopoMy MeToRy B 1879 r. Poyasn-
00M; OTEITEL Poynsufa 6bild yCOBEPIIEHCTROBAHEI U HOBTOPEHBl C I'O-
paspo GonbIued TOWHOCTBI PycekuMm (uankom Jilxensaisdom (1904 r.)
B pesynbTare BceX STHX MCCIEROBALNY OKA3LIBAETCHA, YTO

c=3. 101 catfcex.

3aKOHL [eHCTBHSI MATHWTHOTO TOMA HA TOK, OTKPHTHE AMICPOM,
OPUEORAT K CAGIVIOLIEMY BAyKHOMY CJIEJICTBHIO: TPERNONOMKHM, HTO B
MAFHMTHOM T10JIe, HAMPABJEHHOM NEPIEHANKYIISPHO
MUIOCKOCTH uepTe)ka ¥ HPHTOM BHM3, T. €. OT Hac
(puc. 14}, 1BH>KeTCS MPOBONHKK (3ALUTPHXOBAH ; HAlIpa- 1"
BIEHHE EI'0 CKOPOCTU 0003nuaueHo cTpenkol v). Hia ;
TPOCTOTHL IIPHMEM, UT0 HANPARICHHE CKOPOCTH Te PIieH- i
JUKYJISIPHO Mar'HETHOMY MOJH0, TAK KaK B TPOBO/IHIKE
UMEIOTCST 3APSKEHHBIE YaCTHLB], TO IBHI)KEHNE IPOBOJ- Puc. 14.
HHKA PARHOCHUJIBIIO TOMY, YTG B IPOCTPAHCTBE TeIYT
7B CYIIIECTBYIONIHE BMECTE ¥ IPOTHROMONOMKHbIE APYT APYTY TOKA : MOSIOHH-
TeNbHO 3a PSKe HHBIE YACTHIIH, TIePEMENIAsICh BMECTE C MPOBOAIMKOM NG Ha-
TIPABJICHHIO CTPEJIKH ¥, CO3/Ia10T TOK, HANIPABJICHHC KOTOPOT0 COBIIANIAET CO
CTPEnKOM ; OTPHIATENBHO e 3aPTHKeBHbIe UACTHIIM, JBUIAsACH N0 HANpa-
BJIEHHUIO TOHi JKe CTPCIKH, PKBUBANIEHTHBI TOKY, KOTOpPLIH TeUeT Mo Hampa-
BIISHHI0, IPAMO TIPOTHBOTIONMKHOMY cTpesike. Herpymio BHAeTh (mphme-
HSIS TIPABMJIO PACTOTIBIPEHHEIX UATNbIleR TPABOH PyKH, M306paXKenHoe HA
puc. 12), 4TO MaruuWTHOe NOJE, HANPABNEHHOE I€PIEHAEKYJIAPHO 1J0C-
KoCTH puc. 14 BHMB, * GyleT AeHCTBOBATL HA TONOYKWTENbHbLIE YaCTHIR,
Gerymme mo cTpesre v, cunoif, nanpapiennolt BACBo, a 1A OTPHIATENb-
HBIE YACTUIH, OeTyllie 0 TOMY e HANpPaBICHHIO, — CUJIOH, HATIpAB/IEH-
HO}i BrpaBo. TTo3TOMY TONONAITCNBHBIC UACTHILI NAUHYT IepeMelaThes
[0 TPORORHUKY BIEBO, a OTPHI@TEbHLIE BIPARO, T. €. MO MPOBOAHUKY
TOiileT TOK B HAMPABNEHWM CTIpaRa HaneBo. Mer e GyJem 3jeck OCTaHa-
BIMBATHCS HA TOM, KAKUM 06DPA3OM MOXKHO CIENaTh NOA00HEbIE TOKH NP0«
IOMXMTENbHBIMG ; B CIIyuae, yKA3AHHOM Ha pHC. 14, TOK HC MOMXeT GHITh
TPOAOTYKMTENEH TIOTOMY, YT0 ceffdac jxe 00pasyercs CKOTUIeHHE TOA0MKH-
TENBHOTO 3JEKTPUUECTBA HA JeBOM KOHOE W OTPWI@TRNbHOTO HA TIPABOM;
3/eKTPUYECKOE TOJ, BLISRAHHOC TAKuM paclpefenenneM sapspa, Gyner
MeIIaTh JanbHeHIeMy NepeiBIDKCHHI0 SNEKTPUUECTBA; IHO3ITOMY HYMKHO

* TIpefinonaraercst, uto puc, 14 1exuT ofLKyoBcussM 06pasom na erone,
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YCTPOHTE KAK-TO TaK, YT00H HOAMKUTENBHB 32psaf, ymeamuit Ha neBblit
KOMEL, MOI' BO3BPALATECA KAKHM-TO KPY)XHEIM IyTeM HA Npakbit U CHOBA
HTTH K JIEBOMY KOHLY, HOMIEPXHBAA TAKHM 06pasoM HenpephiBaICLics
TOK, NOKA MPOAOIKALTCS JBMKEHUE B MATHUTHOM NONe; B COBPEMEMHBIX
dunamomauiuiax NORoGHOE KPYroBoe mepeBIKeHNe 3apana (HanoMuHal-
1ee JIBUKEHUE CTATHCTOB, KOTOPLIE, YXO0A C IEBOI 0 KOHLA CIEeHL ¥ BHOBb
MOSIBJISAACH HA TPaBOM, M306P2XAIT MHOTOUMCNEHHYI0 APMUIO) OCYLIECT-
BJIEHO,

Ml BUJIMM, TAKEM 06pas0M, UTO ABH)KEHHE MPOBOJHUKOB M0 OTHOLIE-
HAK K MAUHUTHOMY TIOJK IPEBOJAT K MOABNEHUI0 DIEKTPHUECKOrO TOKA.
910 sBNelMe, HAZBAHHOE MIAYKUMEH TOKOB WIM 34eKMPOMAHUMHONL Ull-
dykyuell, BepBHE HALIEJl HA OIbITE TeHMANbHBIH aRCnKicKuit (QHIUK
Muxaua Gapadeii (8 1831 r.). 3amernnm,
uTO 9TO 3AMEYATE]bHOE OTKPHITHE,
yCIONb3HyEINee OT Amnepa, fexuT B
0CHOBe Beeit COBDEMEHHON SNEKTPOTEX-
HUKH: H2 MHAYKLUK TOKOB B AKOPE 14~
HAMOMALIMHEL, BPAIANUIEMCA MeXIy
HOTIH0CAMH BJIEKTPOMATHKTA, OCHOBAHA
BO3MOJICHOCTD IPe0B6PA30BAHI S IHE PT 1Y
napa B IapoBoil MamkHe HIIK e auep-
PUHMBOJONANA, BPALLAIILET 0 ITOT AKOPE,
B 9HEPTHH0 QNEKTPUULCKOr 0 TOKA, KOTO-
pasi BCie[ 33 ITHM MOXKET ObITh Ne pefata
110 IPOBOJAM HA GOJbiiHe PacCTORHUA,
Ho Hac upTepecyer 31ech He IPAKTHYE-
CKas CTOPOHA ITOTO OTKPBITHA, & Ha-
yuHas. 13 AENeHus S1IeKTpOMAr KETHOH
HBIYKUHWHY ABCTBYET, YTO 3NEKTPUYE-
CKOC ¥ MaruuTHoe mnone, Oyxyud no
cBocH NpHPOJIE COBE PIIEHHO OT/IUYIEMY
IPYr OT APYyra, BMeCTe ¢ TeM CBSI3alLl
MexIy cofoil Ypesphuaitno HHTHMHBIM
06pasoM: MarHWTIIOE TOJE He TOJIbKO

Muxau dapaneit. BLI3LIBAETCS ABHMEHHEM TeX e CAMbIX

: 3apsoB, KOTOpHE B MOKOWIEMCA CO-

CTOSTHMH BBIBBIBAIOT 3NIEKTpUYECKOE 110J1e, onpefensiemoe saxonem Kynowua,
HO TaK KAK ABWIKEHKE IPOBOJHUKA BMAT HITHOM 1107Ie HHUEM He OTIHYaeTCs
OT ABM)KE HHS MAT HHTHOT 0 NOJIA 110 OTHOME HH KO K NIPOBOJLHKKY, T. €., UTHTO e
€amoe, OT U3MEHCHHIS OKPYIKAIOLIET 0 TIPOBOLHNK MarHUTHCT O TOJIf, TO CJie-
ROEATENILHO HePeMEHHOE MATHHTHOE T10J1e IOJKHO BbISBIBATh B [TPOBOAHKKE
TOKK, T, €, TIPUBOJUTD K TEM HKe CTEJICTBUNIM, K KAKHM TPUBOIUT 3CKTPH-
UECKOe f1os1e. MHbIMM CIOBAMH MEL MOXKEM CKA33Th, UTO MEHAKUEELS 60
BPEMEHL MAHUMHMOC NOAE NPUEOOUM K NOAGAEHUN) IAEKIMPUYECKOZO NOAR
H UTO B 3TOM 3AKTIOUAETCS CYIIHOCTH 33KOHA DMEKTPOMAFHKTHCH HHAyK-
uun Tloc,iefoBatens Dapages # 1POLOMIKATE b Cro HCCIIER0BAHN 3HAME HL-
Thilt Qoicestc Kaapr Maxceean, WCXORs U3 TOro yOenEeHUs, YTO LOMKHO
CYLIECTBOBATL 1 06PATHOE ABJIEHME, 4 UMEHHO UTO MEHAIOIEEC 60 6PemenL
SAEKMPUYECKOE NOAE DOANCHO MPUGOOUMS K TIOSEALHUID MAZHUMHO20 NOAd,
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Hanucan (B 60-X rojax) CBO0 3HAMEHWTYIO CUCMEMY YPABHEHULT IAEKMPO-
MagHumHo2e noAs («ypaBHeHuH MakcBe/U1as), B KOTOpOH OH CTPEMMJICH
JATb NOJIHYH COBOKYIHOCTb 38KOHOB, CBSISBIBAIOIMX SJIEKTPHUECKHE H
MArHuTIbIE ABJICHHUSA; IPU 3TOM OH OIMPAJCA KAK HA UCciaefoBanusa da-
papesi, Tak U Ha CBOMKO COGCTBCHHY}O reHMaany}o MHTyMlIMlO, NHUKTOBAB-
Jily'a o] EMy yﬁemneuue B TOM, YTC 3aKOHB!I SNEKTPHUUYECKHX W MATrHUTHBIX
ABJIEHHH NOMKHBI BbITb B BLICIICH CTENEHH CHMMETPUUHL M MATEMATHYEC KI
TPEKPACHB; B YACTHOCTH HMEHHO HA OCHOBAaHWM 9TOFe yOe)kiesust OB
OPHIIES K 3aKIHOUEHUI0, YTO MEHSIMeecs BO BPEMEHH IEKTPHUYECKOe
noje QoJKHO NPUBOINTL K NOABJEHHIO MArHUTHOIC NOJiA, T. €. YTO nepe-
MEHHOE BJCKTPHUECKOE I10JIe B HEKOTOPOM CMBICJIE SKBUBAJIEHTHO JIEKTDH~
YECKOMY TOKy (103ToMy MakcBesut Ha3LIBasl MepeMeHHOe INeKTPUYECKOE
noJie «TOKOM CMelieHus»)., Ilocne Toro, kak MakcBedsl TakMM CGpasom
CyMENT TaTh NOJIHYI0 TEOPHI0 IMeKTPOMAaCHUTHHIX SBMEHHMI, OCTAaBaNOCH
JIMIIb BHIBOIMTE W3 ITOH TEODHA MATCMATHUECKHE CJIEICTBHA M [ POBEPATD
MX HA OmbiTe.

OnHO U3 BajKHEMINMX TaKMX CNEACTBUHI 3aKAIYAETCH B CNEAYIIIEM:
NPEANOJIOYKUM, YTO N0 NpPOBOAY NPOXOAMT TOK ONpEIENEHHOr0 Hamlpa-
BJIEHHA ¥ B NPOCTPAHCTEE BOKPYT NPOBOJA CYIECTBYeT MATHETHOE MOJIE;
UYTO TNPOM30HAET, €CJM B KAKOH-TO MOMEHT NEDEMEHHTb HANDABJEHHE
ToKa? B 2TOM cJTyuae HanpaBeHUE MATHUTROrO MOMA B KAXICH TOUKe npo-
CTPAHCTBA TAKIKE JIOJYKHO M3MEHUTLCS HA NPOTHBOTIOJIOKHOE, HO BRIYHCIIC-
HUe, OCIOBAINIOE I1A YPaBHeHHsAX MaKCBensa, MOKasHBaeT, 4TG0 70 Npo-
W30#7eT He BO BCEX TOUKAX DPOCTPAHCTBA Cpasy: CNepBa nepeMeHHTCH
HanpaBnenne MATHHUTHOFQ NOJIST B TOUKAX ﬁnnmaﬁmnx K l'lpOBOlly, npHuyeM
aro nepcmeHHOe MarHuTHOEe NO0Je BbI30BET NOABJIEHHE e pEMEHHOT 0 AJleK-
TPHUECKOT 0 NIOJIA, KOTOPOE B CBOK oue pefib GyIeT MPHUMHOI e PeMeHHOro
MAarBMTHOrO MOJIA B IPHMBIKAIOIIKX TOUKAX NPOCTPAHCTBA M T, 1. M T. [I.;
TaK0E TNEPEMEHHOE INEKTPUUECKOE M MarrWTHOE moje Gyfer 6exaTb OT
NpPOBOJHKMKA BO BCE CTOPOHBI € OIHOM ¥ T0Jf JK€ CKOPOCTbIO, pABHOH NOCTOAH-
Holi BesMumnie ¢, T. €. 3 « 10%%cu/cex. birak, Besikas niepeMeHa B IBHYKEHWH
H DACIIONIOKEIIMH DNEKTPUUECIKHX SADSANOB SIBAACTCA NDHUMHON SIEKTpH-
YeCKOTO W MAarHWTHOTO BOSMYUICHHMSI, PacnpoCTpaHsIOIeroca B mpoCT-
paHCTBe €O CKOPOCThIO ¢, FCnu raxas mepeMena B IBM)K@HMM WM pacmo-
JIQYKEHUH SJTEKTPHUECKHUX 3dPANCB UMeeT l'JCpI’IO,[LM'-[ECKHﬁ XaPAKTEP, TO H
pﬂCHpOCTpaHﬂ}OﬂleeCﬂ co CKOPOCTBIO ¢ encx’rpomarﬂmnoe BO3MYIUIEHHE
MMeeT NMEePUHOMMYeCKUH XxapaKTep, T. &, €CJil HampabJieHHe TOKA MEHATDb
OTIpefieJIEHHOE KONHUYECTBO pa3 B CEKYHAY, TO B OXPYIHAWIUEM TIPOCT-
paHCTBE OT TAKOTO TOKA JOMKIL PACHIPOCTPAHSATLCS IACKMPOMASHUMHBIE
goanel ¢ TON e camoit '—IZlCTOTOﬁ, T. €. C TCM K€ KQJIUUECTBOM NEDPEMEH B
cexyHy. Taryio 2JEKTPOMATBUTHYIO BOJIHY cniefiyer ceie NpeacTaBiATh
TaK, KAK 9T0 TO0Kajalo na pHc. [5: afexTpHuecKoe ¥ MarHHTHOE NOAS
(E n H) nepneBaMKyIsplibl IpyT K IPYTY U K HANPABNEHHIO NPAMOH JIMHUY
(Ha puCylKe MYHKTHP), N0 KOTOpoi OexMT BOnHA. ECnM Mbl npoBemem
TIOCKO.Th Uepes HanpaBJieHHe OToH TIpSIMOH u uepes HampaBJieHUe
EKTPUYECKOTO MONSA (BEPTHKANBHAS MIOCKOCT, HA PUCYHKe) M Oylem
CUMTATH MEKTPRYUECKOE TOJE TOJIOXNKHTETbHLIM, KOTJA 0HO HANpaBJIEHO
BBePX, ¥ OTPULATE/IbHBIM, KOTAA 010 HAMpaBJIEHO BHH3, TO OKAMETCA, UTO
B TOYKe @ OHO paBHO -+ E (cBoeil MAaKCHMAaJIBHOMN TOJONMTENLHOR BENH-
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uHHe), B TOUKE b HYJIIO, B TOUKE ¢ OHO paBHO — E, T. e, KpaliHeli 0TpuIa-
TENBHOH BeNHuKMHe, B TOUKE d OHO CHOBA paBllo HYMO M T. A. B mpome-
AKYTOUHBIX TOUKAX TMOJIE MMEET MPOMEIKYTOUHBIC 3HAUEHHS, KOTOPBIE M-
JIOCTPUPYIOTCS MPOBEIEHHOM HAa PHCYHKE B BEPTHKANBHON MIOCKOCTH
KpWBOH; BHJ 3TOH KPUBOH M nOpHBEA K TOMY, YTO DAaccMaTpHBacMoe
ABNeHUe IIOSIYUHI0 HA3BAHME 6o4Kbl. D TOUKE @ HAXOJMTCS epeberb
BOJIHEL, B TOUKE £ — €€ J0AUHA, B TOUKE ¢ — CHOBA Ipefenb M T. A M T. L.

Paccrosinue oT rpefHs 10 TpelHA (T. €. PACCTOSIHUE (€), WIH, UTO TO e ca-
MOE, PACCTOSTHIE OT JIOTHIIE 10 IO HE HOCUT HA3BAHHE QAL1ibl 60AHEL, JUTHHY
BOMHEL O0HIKHOBEINO 0003HAUAWT rpeveckoil OykBoit A (s moga). Ecnu
HEPHOJ PACCMATPHBAEMOrO BMEKTPCMArHKHTHOIO BOIMY MEHKA paBHsacTea T
CeKYHJI, TO 5TO 3HauuT, YTO B TOUKE @, [E IeKTPHUeCKoe ToJse ceiiuac

1 1
paBao + E, uepes T T cexym oo Gyger pasHo 0, eme uepes T T ce-
KYHJ, OHO CTaHer paBlEM —E, cime depes T T CeKyHJ — CHOBA NyJIeM
B eme uepes T ceKyHA (T. €. MO NMpOUECTBHH MOJION0 NepHOJA) BO3-

BPATHTCA K NEpBOHAYANBHOMY slAuenuio 4 £, Mbl Moxem u300pasuTh
pacrpejieNielle Nosist B IIPOCTPAlCTRE M RO BpeMeHM B BHje Talmiubl,
T Kapipii cronGely COOTBETCTRYET ONMpefCNeHHOH TOUKe IIPOCTPaHCTBaA,
4 KaKAs CTPOUKA — OTpPE/IEIeHHOMY MPOMCIKYTKY BPEMEHH , TPOTEKIIEMY
TOCTIE TOTO, KAK M0Jie HMEeNO BUA, M30GpajKCHHBIH HA pHC.
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1
W3 3r0#t TaGNMIBL MBI BMIHM, YTO Yepes Kay(ibe T T cexyH/i XapTHna
CMeIllaeTcst Ha OfMH cTonbel, T. e. Ha paccTosiHue ab = b — cd = de =
1
=7 X BUPaBo;3a NONHel nepuos 7 OHA JIOJKHA CMECTHTBHCSI BNPABO

Ha A7MHY BOJHEL A. [To3ToMy CKOpOCTb DAacIpOCTPAHEHHsT BOJIHH, T. €.
€, CBSI3AHA ¢ JIMHON BONHE A ¥ ¢ nepHogom T COOTHOUICHHEM

Tax xax nonHoe woseGaHHe mOMST OT KpailHEro moJNOKUTENBHOTO 3HAUe-
HUS K KpaHHCMy OTPHLATeNbHOMY 1 0OPATHO K KpaiHemy MOMOMMTENb-
HOMY NIpOfoyKaeTca T CeKyHN, TO B TEUEHHE OIHOM CEKYHIBI TPOUCXOAHT

< TAKEX DOJHMX KOfefamyil. ITO WCTO HOCHT HAa3BAHME YACTOTH H,
0003HAYALTCSl OOBIKHOBEHHO rpedeckoil Gyksoit v (mwo). Comocrasnss

1 . o
dopmyny V= ¢ TPENUIe HAIMCAHHOK (GopMynoil, Mbi HAXOJHM CBSI3b

=Xy

MEXIY ANAHHOH BOJHB, 4acTOTOH M CKOPOCTLIO PAcTIpeCTpalleHHsi. 3ame-
THM, YTO 3/IEKT POMAr HUTHBIE BOJIHB! SIBJIAIOTCS HONEPEUHbIML B TOM CMBICTIE,
4TO IEKTPHYECKOE H MAFHWTHOE 110715 HEPUEHANKY/ISAPILl HANPAB/IEHAD
pacmpocTpaHeHus1 (TAK HA3BIBAEMOMY AY4Y); [OITOMY €CI¥ TOBEPHYTb
BCE PACTIPE/IENICHHE INMEKTPHUECKOTO ¥ MACHWTHOTO TIONsi BOKPYT Jiyya Ha
KaKo#-HUby b yros, TO MOTyyaromasics MpH 5TOM KapTHHa He OyleT To-
JKAECTBEHHA € TepBOHAUANLHOH; GM3MuecKHE SIBJEHMS, OCHOBAHHEE HA
BOSMOXKHOCTH OTJIMYUTEL Takoll nyd, MOBEQHYTHIH HA HCKOTOPHI yromd, ot
TepBOHAYANILHOTG JlyYa, HAa3bBAIOTCS SIBTICHHSMU noaspuzayui. Kpowe
TOTO CaMerit XApawTep BOJNHOBOIO MPOLECCA TPHBOJMT K BO3MOIKHOCTH
ABNEHNH unmepPepenyul, KOTOPHE 3aKTIOYAIOTCS B CEAYIOMEM: €CTIM
no ofHo# M TOH ke npsmoi GeryT IBe HAKIATHBAIOIMECA PYT HA Apyra
BOJIHBI ¢ OMHAKOBOH JATHHOM A, TO PeSyJLTAT MX CIOMKEHUSI 3aBUCHT OT
TOr0, KK PACHOJI0KEHH Tpefuu M ONHHL OFHOH BOJIHE! 10 OTHOIIEHHIO
K rpebusin ¥ gomuuam apyroi. Ecym rpeGHE OfHOH BoJIHBI COBNAJANOT C
TpefHAMH ADYroii (A crefoBaTCISHO M FONUHBL ¢ IOJWHAMM), TO BOJIHBI,
CKJIAABBAACE, YCHIMBAIOT JAPYT APYTa; eCTH »Ke Ipefi OO0l BOJHE COB-
najaior ¢ JOTMHAMM JPYro, TO OHH BHIYWTAIOTCS M Aa)ke MOTyT (ecnu
OHM B TOYHOCTU DABHBI) COBEPLICHHO ADYT APYra MOracuthb.
D1eKTPOMATHMTHEIE BOTIbE BIEPEBIE CYMET MOJYYHTE Hd ONETE HEMEL[-
xuit ¢usnk Ienpux Tepy (B 1886 r.). Ins 5TOr0 OH BOCHONBL30BANCS
TeM OBCTOSITENLCTBOM, YTO B HCKOTOPHIX YCJIOBUSX Paspsj, HAINEKTPH30-
BAHHBIX NPOBOJHHKOB MMeeT KosefaTelbHbIH XapaKTep: €CHU COEJUHUTH
NPOBOAOM ABA HA3/eK TPH30BAHHBIX TPOTUBOTIONOKHBNH 32 PSIAMU TTPOBOA-
HUKA, TO 37MEKTPUYECTBO GyJET MePETeKaTh OT OJHOr0 M3 HUX K JPYroMy,
TIOKA TIOTeHIMAT He CPABHSETCA ; HO €CTM MPOBOJ OKASHIBAET OUEHb Masloe
COTIPOTHBNEHHE OJIEKTPHUECKOMY TOKY, TO MEpPef TeM, Kax TMOTeHIMal
PKOHYaTeNbHO BBLIPABHSAETCS, MPOBOAHUK, SaPHKEHHBI TONOKMIENBHO,
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crepBa 3apsIINTCS OTPHILATENbHO, NOTOM BHOBb HOJNOMUTENbHHO H T. J.
M T, [l IPY YMEUBIIAIONEMCS BCe BpeMs pasmaxe Kojebannit. 310 apieHue
AHANOTMYHO TOMY, KOTOpOE MPOMCXOAKT, €CNM COefMHMTh TPyOKO# ABa
cOCYAa € BOJOH, B KOTOPBIX BOJA CTOMT HA HEORMHAKOBOW BLICOTE: €CNU
TpyOKa OueHb y3Ka M CIe0BATE/IbLHO 01KA3HIBAET GO/LINOE CONPOTHBIEHNE
TEUEHHUIO BOJibl, TO BOJIa Me/NIEHHO NepeiiaeT U3 coCyA, [ie YPOBeHb Bblle,
B COCYJl, Flle YPOBeHb HIDKe, I0KA YPOBHY He CPABHAIOTCS ; HO ecin TpyOKa
LMpPOKA M ABM)XCHHE BOJBI B Hell pOMCXOAHT CBOGOAHO, TO BOAA HAYHET
nepennBaTLCa TaK GypHO, YTO YPOBUK HE TOMLIO CPABHAIOTCS, HO H TIEpe-
MEHSATCS] MECTAMH, T. €. BCOCY/AE, Te Y POBEHb GBI HUIKE, OH CTAHCT BBILIE,
¥ HA0GOPOT; Tocke 3TOFO HauHercsl o6paTHoe ABILKEIME BOAH, M Oyner
NPOMCXOJUTE KoMeGaHue ¢ MOCTENeHHO yMeLbIIAOIMMEA pasmaxom. Ko-
neGaTenLHBl pa3pAl eKTpUuecTBA GbUT BNECPBBIE OCYLNECTBNEH Ha
omsTe jatcium dusuicom Feddepceriom (1858 T.), KOTOpOMY YAANOCH
,TIOCPE/CTBOM BECHMA OCTDOYMHBIX MpHCNOCOGNEHMIl WSMEDKTH 1 IepHOLL
rone6anug. B onpirax Nepua npumensancs nprbop, B KOTOPOM IIPOHCXO-
JAT TAKHE e IMEKTPHUeCIKHe KOMeGaHKA ¢ NepHOJoM IIOPSAAKA OAIICH CTO-
MMJUTHOHHOH JIo/ CeKy /Bl cornacuo teopun Mawcpenna Taold npu€op
Bo/Ked GLITh MCTOUHMICOM 9IeKTPOMATHUTHBIX BOJIH ¢ AJMHHON, BONHH
HOPARKA METPa. Ty IMMHY BOJHBL I'epil M3MEPIJI, NIPHMEHAS TAK HAa3bl-
BaeMBIH BEICTPOMATHUTHBIA PE30HAHC, & UMEHHO, TIOMECTHB B MOJie €K~
TPOMATHUTHBIX BOJIH ONPEfe/I€HHOH YacTOTH CHCTeMY, cmiccobnylo usiy-
4aTh BOJIHE TO{ Ke camoit yacToThl; B TAKoH CHCTEME NOJ BAMSHUEM BOJIH
ITOR e YaCTOTH, 1A 0N X H3BHE, CaM0 c06010 BOSHUKAET IEKTPHYECKoe
Kosefaune. OCyLECTBUB CTOSUME BOIHE, B KOTOPHIX MECTd 0COGEHHO CHITb-
HBIX KoseGaHu (MyuHOCTH) OTAC/NEHB! PACCTOSHHSIMM B UETBEPTL JTHMHEL
BOJIHBI OT MECT, B KOTOpBIX KoacGaHuit neT (y3108), ['epiy noayuan B npu-
eMHOJ CUCTEME DA3DAJ, NOMEM@S! €€ B NIyYHOCTH, H He MONYYaJ €ro B y3-
nax. Taxnm oGpa3oM yAanoch N3MEPKTb AJIHHY BOJNHH A, 4 TaK KaK ua-
croTa v GhINA M3BECTHA, TO MO0 OBINIO NPOBEPUTL COOTHOLIEHME Av =
=3+ 10% cum/cer. Kpome Toro I'eplly yAanoch OCYLWIECTBUTD U siBIEHUS
NOJIAPH3ALMK W uHTepde peimy ; Teopusi Maxcsenaa nonyuuna Gnucra-
TeNbHOE MOATBePKIeHye. He nulliHe 3aMeTHTh, UTO CXeMa omuToB ['epua
ABJISETCA NePBOf cxemoit TenerpadmpoBanusl TOCPRACTBOM 3JEKTDOMAr-
HATHBIX BOJIH ; TAKHM 06p330M I‘epu JOJDKEH 10 CNPaBCJIMBOCTH CYKTATLEA
nepBoIM H300peTateneM paduomene2paga, NONYUUBLICT0 AANbHE fimee pas-
suTHe B paGorax Mapxomu v ITonosa. B 3Toft KHWKKe HAC OJHAKO WH-
TepPECYIOT He NPAKTHUECKHE TIPUNOMEHHS (QUINUECKUX OTKPLITHE, & ux
HayuHOe 3HaueHke ; NOITOMY B OnbITaX e pla Hac MHTCPECYeT NpejKiIe BCero
npsimoe 1 yGeuTenbuOe JOKASATENLCTEO CIPLBETMBOCTH Teopuu Maxc-
BeA, . .
3uaucHue Teopuk MaxcBennd 3aKiOuANoCh OZHAKO He TONBKO B TOM,
UT0 OHA CHAGuHRA (H3KKOB MPUCMAMM pACUeTa PA3JMUNBIX Clyuaes B3a-
UMONEHCTBNST SNEKTDHUECKUX M MATHWTILIX NOJell; He MEHEC BaXHBIM
PE3YNLTATOM 3TOH TEODHM ABNAETCS CBA3AHHOE ¢ Hel 0GbACHEHHE npu-
podsi céema. 3ajI0NT0 IO MOSBNEHYUS TeopMH MaicBenna G0 M3BECTHO,
UTO ABJIEHUSA CBCTA CBOAATCS K HEKOTODPOMY BOJTHOBOMY IPOLIECCY, HA UTO
BHEPBBIE YKABAN reHManbHbEA coBpemennur Holotona Xpucrmuan [Noteenc;
8 mepBoit nonosune XIX cr. JOMz u Ppeneas Cpenanu 3TOT BIrNAL
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ofmenpusHaHHEM, BosHoBast pupoia CBETOBHIX SIBJCHMI Hemocpeact-
BEHHO MOATBCHXKIAETCS TEM, UTO BO3MOMNCHO OCYUIECTBETL ABJIEHHSE MHTEP~
(epenumy cBera; MOMEPEUHKIf sKe XapaxTep BOJH AOKA3BIBAETCS CYILECT-
BOBAHMEM fBJeHMil nonApusauuy. CKOPOCTb PacMpPOCTPAHEHMS CBeTa
Gblna BnepBLie u3Mepena B 1675 r. Oaagom Pemepom, KoTOpLIA Halen,
4TO BO BpemMa Haunfobiuero yaanenns Onurepa or MM 3aTMEHHS CITYT-
HUKOB lOnmepa POUCXOAAT M03Ke, yeM JOJIKHO GBITH MO acTPOHOMH~
yecKkuM TabmuuaMm, Ha 8Yj, MMHYT; npu HauGOILIEM yKe TPUGIHyKeHUH
Omurepa Kk 3emse oHM, HA0GOPOT, NpPOMCXopsT HA 8Y/, MUHYT paHbue,
uem crnepyer. Tak KaK pasuocTh pacerosinuit go Hnurepa B TOM H B Apy-
FOM C/Iyuae papBHA MOMEPCUHUKY 3¢MHON OpGUTHI, TO eCTECTBEHHOR OfnsAC-
Helike, TPelNoKeHHOe PeMepoM, 3aKTWUAETCS B TOM, UTO MBI BHIUM 3aT-
Menve cnyTHuid HOnuTepa He TOIZA, KOrAA OHO MPOMCXOAMT HA CaAMOM
Jene, & HECKOMBKO MO3XKe, UMEHHO HA TPOMEIKYTOK BPEMEHHM, B TeueHUe
KOTOPOTO CBET MPOXOAMT paccromune ot HOnurepa no 3ema. Pasunoctu
paccrosinvil, paBucil monepeyHnKy semuoit opburh (1. €. okono 300 mun-
JIMOHOB M), COOTBETCTBYET PasHOCTb MPOMEXKYTKOB BPEMEHH MPOXOKIE-
HUS CBETCBHIX BOMH OT HOmurepa po 3emny, paBrast 16%/; MMRyTam, T. e.
1000 cex. STo Aaer nJIs1 CKOPOCTH CBETA UMC0, NPHUGINIUTESILHO PaBHOE
300000 xmfcex. Bomee TOYHHE H3MEpeHUst CICOPOCTH C€BeTa ObLTH
npousBesedtl B XIX pexe dpanuysciKnmy sKcmepuMesTaropamu Puso u
Dyico, KoTOPEIE H3CGPENH PasNHMHLIE ¢n0cofL U3MepeHHst 3TOH clopocTH
y/Ke He B mpefenaxX acTPOHOMMUCKMX PAcCTOSIHMIA, a B mpejenax pace
CTOSIHMY Ha 3eMHOH ToBepxHocTH. HanGonee TOUHBIM H3MEPEHHEM CKO-
POCTH CBETA, TPOM3BEIEHHBIM A0 HACTOSINEIC BPEMEHH, SIBASIETCS HM3Me-
penue, caenarnmnoe B 1926 r, amepuxanckum dpuanxom A. A. Maiixeavcornon;
PaccTosinue, MPOXO/UMOE CBETOM B DTOM OILITE, PABHSUICEE 71 kM (pac-
CTOAIHME Ty/@ U 06PaTHO OT ropul Busbcon Nio ropel Can-AnTonuo B HOm-
Hoii Kanudopuun); B pesynrTaTe ONLITOB OKASHBACTCH, UTO CKOPOCTL CBETA
paBHa 299 796 =t 4 xmfcex, 3aKpyrasial HECKONLKO, MBI TPHMEM JUIST CKO-
pocTy cBera Bennunky 300 000 xafcex umm, uTo To Hxe camoe, 3 - 101 cufeex,
Mbt BULIM, UTO CKOPOCTh CBETa PABHA CKOPOCTH PACTIPOCTPAHEHUS AMEKTPO-
MAFHHTHEX BOAH. Bce npoune ceolicTBa CEeTOBRIX BONH TAK)KE COBIANAKT
€0 CBOHCTBAMH 2IEKTPOMArHMTHEIX BonH [epla, ¢ TOH JMWE pasHULei,
YTO JJUEA BOJTHE! B Clyuae cBeta IOpasio MeHbINe, ueM B onwrax Iepua,
a IMEHHO COCTABMsIeT HeCKONLKO CTOTLICSIUHBIX J0Meii canTumerpa (namp.
5.1075 cm B 3es1eHbHIX Nyuax). [Todromy COBEpLIEHHO €CTECTBEHNBIM HAB-
NARTCS 3aKJTIOYEHHE, UTO CYILIECTBYIOT IeKTPOMArIMTHEE Koslefanust € ca-
Mol paznoc6pasnoil AMMHOH BOMHLI, HO JHUIIL B HEKOTOPOM y4acTKe EJIMH
BoJTHE! (MpuGAN3KTENbHO OT 4 - 1075 caupo 7,6 - 1078 M) aTu anexTpOMAr-
HUTHBIE KOfeGaHust ofGnajawr cBodcTBom AeHiCTBOBATL HA HAW [jas,
CO3/IABast BeYaT/eHHe CBETA ¥ IPUTOM PABJUUIEIX CHEKMPAAbHBIX 16EMoe
B 3aBHCHMOCTH OT JJIMHLI BOJTHEI B 9TOM MPOMEXYTKE (JauMeHbILeH JUTHHOIT
BOnHH, a uMeHHOo 4+ 1078 ci oBnanalor ¢uoseToBsle NyuM, a HauGonbluei,
T.e.7,6- 1078 cxn — Kpacusie). ECnil yBeMunTh LTMHY BOJTHH ewe 60Jbine,
TO [IONYUAlOTCst UHPHPAKPACHEIC TyUY, YIKe HEBUAUMELE TN1a3y. YBemuuBas
HEMpePHIBHO 3Ty AJUHY BOJHH, ME B ICOHLE KOHUOB NpUneM K BojiHam Iep-
1a (Aauna BOJHEl TIOPSIAKA HECKOMBKUX MeTpoB). Pajuocraniiyy OGbLIUHO
paboraior Ha eme Gosnblued AaMHE BOJIHB!, NOXORAWEH N0 HECKOJBKHX
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KUJOMETPOB (AUTMHA BOJNHBI, nochmaemas JleHMHTpaacko#t panuosemia-
TeneHoM cranmuef, papna 1000 m). C ppyroff cTOpOHM BHIHMOTO HH-
TEPBANd BOJIH JIEWAT yAsmpaguosemossle ayud, IJMHA BOJHB KOTOPHIX
meHplie yeM 4 - 1075 cH. VYmenbimasi AAUHY BOJHEl CHIE BO MHOrO pas,
Mbi TIONYUMM JPYTHe BHABI Nydeit, 0 KOTOPHX OymeT MTTH peub B 9o
JKe TiaBe Hamed xukku. Taxkum ofpasom (usMueckHe cBOHCTBA W
~cmocoGbl MONYUEHHS KAXKIOI0 COpTA Jyueil 34BHCAT OT MIHHB BOJIHE,
HO N0 CYI(ECTBY, HIET M pedb © BHAHMOM cBeTe, 00 HMHOPAKPACHEIX
UNM yABTPadMosIeTOBBX Jyvax, o BojHax lepua u T. A., BCOAY MEL
HMEEM JIEO ¢ TeKTPOMATHHTHRIME KonefaHuAME. B aTOM 3aKmIouaeTcs
‘OCHOBHASA MAES AeKkmpomaeHumaol meopuy ceemd, co3fannoil Maxcsern-
siom M Teprem. I1a Teopusi ofbeAMHMNA yueHHe 00 SMEKTPOMATHETHIME
W yueHue o CBeTe, clenaB U3 HMX ofHo penoe. Takum o6pasoMm pompoc
0 mpUpofe cBera Gbli pa3pelleH BIOJHE B AyXe JIOOHMOM Mpen (usu-
Kxop XIX cr, —— uen eduncmea Pusudeckux AaeRuil.

SOHP H TEOPHS OTHOCHTEJIBHOCTH

B ucropuu yueHus o% ONEKTPHUECTBE M MArHeTH3Me GONbINY0 Poib
CHIpaia OHA FHMOTE3a, KOTOPOH MH 0 CHX TIOp B HALIEM U3JI0MKEHHH
CO3HATENbHO HE KACAJINCH, TAK KAK 974 T'MIOTE3d, HECMOTPsI HA TO, 4T0 B
nee Bepusn dapageit 1 MaKcBe.11, BIOCAEACTBUHA 0KKa3a71aCh OIIHGOUNOI,
M TI03TOMY COBEDIIENIHO HEHYXKHOM ¥ 11 H3JTOXEHHS TEOPHH JIeKTpOMAr-
HUTHOro mossi, Peub HJeT 0 rumorese mupogozo sgupd. 3HeCh MBI IOTAKHAI
GyneM KOCHYThLCS 9TOM MUIOTESHl OTUACTH MOTOMY, YTO OTFOJIOCKH CBS3aH-
HBIX € HCIO CTIOPOB HE BIIOJTHC 3ATJIOXJIM NAaXKe U B HALIM 1HH, 4 ocobenno
TOTOMY, UTO ONBITHI, CTABUBIHMECS C LEIbI0 HOATBEDIKAEHHS NPaBUiIb-
HOCTH IMIOTesbl 06 aupe M He CyMeBIIME JOCTHIHYTbL 270 Liejd, TeMm
CAMEIM B BecbMa OOJIbUIOH crenmeHM colleficTBOBANH BLIACHENWH (m3uue-
CKOl MPHPOABI 3JEKTPOMAIHUTHOrO TOJIST M AaNbHEHIIEMY PaSBHTHIO Teo-
puu.

Korma Xpucruan I'wiirene (B XVII Bexe) Bnepsnle BhICKA3aa npej-
TOJIOMCEHHE O BOJHOBOM XADAKT¢pe CBETA, TO NMEPBAs MBICTh, IPHIIEAIIAS
€MY BTOJIOBY, 3aKJTIOUATIACE B TOM, 4T0 CBETOBHIE BOJIHKI SIBJISIIOTCS BOJTHAMHI
CIYHIEHHH W pa3pe)xeHnid, GeryliMMM B HEKOTOPOH MOXOMeit Ho CBonM
CBOMCTBAM HA BOSHYX, HO B OTPOMHOE KOJTHUECTBO pa3 MeHee MIOTHOM Cpefe,
KOTOpYI0 OH HARBAJ MUPOGLIM FfLpoOM M KOTODAsl, TO €ro MPeAIIoJiose-
HUsIM, ZI0/DKHA 33T0JIHATL BCe TPOCTPAHCTBO, NPOHMKAs JajKe B NMPOMe-
YKYTKH MEXKLy aTOMAMH 0GLIKHOBEHHBIX Tesl, DTH BOJIHH, Geryie B afmpe,
N0 MHeHH:0 T'iolirenca coBepluenHO AHAMOTMYHBI TeM BOTHAM, COCTOSLIMM
M3 MEDERYIOMNXCST CTYIMeHMH ¥ paspeseBuil, KOTOPbE MOTYT GexaTh M B
OKPY)KAWIEM HAC BO3NYXe M, Majasl HA HAUIE VX0, IPOM3BONAT B HEM
OWYIEHHE 36YKa (€CIH TOJBLKO 4aCTOTA UYepefOBAHUS ITHX CTYMMEHHH K
Pa3PEIKEHMH JIEHHT B HEKOTOPHIX MPRAENTAX, OGYCIOBIIEIHBIX HALIMMH
dusnonornueckrmu ocobennoctsimu), Korga 650 Halimeno, uro Komebauus,
BOCTIDHHMMAEMBIE HAMHM KaK CBET, HMEIOT HOI‘[EpEQHHﬁ XapaKTep, TO MbIC/Ib
Tofirenca 6ena BuIonsMeHeHa B TOM OTHOILLEHHH, YT0 3QHUp CTAN CyM-
TarbCsi TBEPABIM HECOKUMAEMLIM TENIOM, B KOTOPOM OeryT BONHBI CHBWTA,
NEPNEHIMKYTAPHOTe K HATIPABAEHMIO PacTpoCTpaHeHust Bonusl (IOHr u
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®penens). dapaneil, NpoOM3BOAS CBOM HCCJIEAOBAHHMS INEKTPHUECKUX H
MATHHTHEIX SiBJeHHH, GBA NPOHHMKHYT YGeXKIeHMEM, YTO TOT JKE CAMBil
3(mp, KOTOPHIl 00afaeT CBOWCTBOM MepejaBATL Ha PACCTOsIHHE BOJIHbBE
CBETa, ABJIAETCSI BMECTE € TeM H HOCHTE/IeM DICKTPHUECKOT0 M MarHHTHOT®
TOJIs: TaK HampuMep 3feKTpHueckoe mojie Papafeil 0OBICHAN HaTAeE-
HHAMK B 3Qupe, MOX0UMH Ha HATSHKeHHe DEe3UHOBEIX HMTEl, @ MAFHUTHOE
noe —— IBMKEHNSAMH B TOM e camom sdupe. CrefyeT OTAATE STHM HAESIM
COpPaBe/IMBOCTL B TOM OTHOILEHHMM, UTO HMEHHO OHHM B 3HAUMTeNbHOM CTe-
DeHH HaTOJKHYyNH Makcsesina (a Taroke M camoro dapajesi) Ha NMOHCKH
CBSISH M)XKy CBETOM H 3]eKTPOMArHETM3MOM, YBEHUABIIHECS B KOHIe
KOHIOB TOCTPOEHHEM 37eKTPOMArHHTIION TeOpHH cBeTa. OHAKO He Clie-
ayer 3a0bIBaTh M TOro0, UTO0 JETANbHOIO NpeACTaBieHHs 06 aupe, xaK o
MEXaHHuaMe, 0DNajalonleM DBIOMHe OMpeAefieHHBIMH CBOMCTBAMH M NOAMH-
HSIONIEMCST 3aKOHAM MEXAHHKY, HU y Dapafes uu y MaxcBe/ula HHKOTIA
He 6bI0, & MO3TOMy (3a MCKJIOueHHEM 0Biiero yOeXxaeH s 00 HHTHMHOH
CBASK MEXIY SMEKTPUYECTBOM, MAIHETUIMOM H CBETOM) I'MNioTeaa of supe
MM HMUEr0 HE 1aBaja: Bece MOHCKM KOHKPEmHoil GOPMEl STOM CBSASH NPOH3-
BOAMNNCE Papaeem GyKBAMBHO OLEYNBI0. TaK HANIPHMED OTKDHITHe 3/1€K-
TPOMArHUTHON MHIYKUMH TOKOB Opilo npomnssegeHo dapajeem moutH
cnyvafiHo mocnie A0ArHX NMOMCKOB, B TEUEHHMe KOTOPHIX OH NpEeAMoJIaral,
ur0 KOHKPETHasi (JOpMa CBSI3Y MEMIY OJIEKTPHUECTBOM M MarHETH3MOM
JOJDKHE 3aK/IOUATBCA B WHIYKTHPOBaMKM TOKOB B NpPOBOJHHKAX MOX
BJIUSIHMEM NOCTNOAHH020 TOKA B COCejJHEM [IPOBOJHUKE WM MOJ BIMAHHEM
HenpOsUMLII020 COCEHEr0 MarHura.® Uurasl 3HAMEHHTHIA TpaxTaT Maxc-
BeJa 06 JIEKTPUYECTBE M MarHeTH3ME, YHTATE b BHHYMUIEH HOPayKarnesi
TeM, HACKOJLKO NYTAHHBIM H HESCHBIM CTAHOBHUTCSI M3/I0MKEHHE, CTONk
KPHCTA/IBHO $ICHOE NIPM BBHIBOJE CBOMCTB 3NCKTPOMarHUTHBIX ABJIEHHI H3
YPaBHEHH}H 31EKTPOMATHITHOTO MM0JIs], KOTA& aBTOp BHE3AITHO BCIIOMHHAET
0 cBoe# 06513aHHOCTH BEIBECTH 3TH yPaBHEHNS M3 npeAcTaBieHns o6 adup-
HO#t cpepe, 0071a7a10Iei ONpeJeJieHHBIME MeXaHHueCKHMY cBoHCTBaMM,
Jroit 0653aHHOCTH MalCBeN TAK-TaKH HUKOrA& M He CYMeTl BEHIIOJIHHUTE,
KAK HE CyMeJl ee BBINOJIIUTDL TalKe u HHKTO ApPyroil w3 ¢usuxos. Ecrect-
BEHHO BO3HMKAET BOMPOC — ABJISETCS JIM 3T0 B CAMOM JeJie 00513a HHOCTBIO
GU3MKH M OTKy[a B3ANach 9Ta 00sI3aHHOCTH? ©

C TeX n0p, KaK MbI POIKAEMCS Ha CBET, Mbl OKPYKEHBI CO BCeX CTOPOH
PeaibHOCTSIMH, KOTODRE 32CTABNAIOT HAC MPH3HABATh WX CYILECTBOBaHHME
4 0O/MbHO HAC HAKA3LIBAIOT B Clyuae HE)KelIaHHA 3TO clenarb. PefeHOK
BHHY)KIEH NPHSHATL PeasbHOE CYUIECTBOBAHHE MATEPHMHCKOH TPYAH, He-
00XopuMolf eMy IS yCTpPaHeHMsl HEMpHsATHOTO OLLYINEHMSA TONOAA; OH
BBIHYMGIEH NPHSHATL PeaNbHOCTH CHMJIBL TSDKECTH, HEM3MEHHO NPHBOJS-
med K NajeHnio Ha mos MrpyLIKH, KOTORYI0 OH BLITYCKAET M3 CBoeH py-

* Vi@astHue Ha 5T0 00CTOATENLCTRO Mbi 33UMCTBYEM K3 cTaTey npod. M. E. Tamma
«PykoBOAALye HCH B TBopHecTBe Papafes: (Yenexu puamueckux Hayk, 12, 1, 1932).
Ired. Tamm OAHAKO He TIOHST, YTO KK Pas M3 BTOCO BHITEKART OTPANMUEHHOCTE
posw 3dmpa B uHCAe TPHYMH, CTHMY.IMPOBABIIMX OTKPHTHS dapages. B passurud
pabor dzpages rumoresa adupa Ckopee BCETO HIHana posb TOPMOSA, 3aMelNIABMIErD
370 PAasERTHE TeMm, WTo d2paneit GbLM BRHYXKIT GeCIIPePLIBHO NePEeBOAHTE MOAYYEHHBIE
UM [:e3YIBT2TH HA HEYKITHHKHIL SISBIK NATSHKENH U ByXpeil B 3duprot cpene, 06BEKTHBHO
HENpUCHOCO0IEHHBIN K 9TOH Lie/1d.
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YOHKH ; OH HAXO[KT, UTO He BCE PEANLHOCTH YCTPOEHH! TAK, KaK eMy Xo-
TeN0CH Obl, HANPUMED, YTO CTONb NPHATHO® HA BUJ I1aMA CBEUKHK GONLHO
HOKETCSl, €CJIH CXBATUTL ere, YTO KOMKA 000pauuBaeTcsa U I[apanaeTcsd,
eCJTM CIIMIUKOM CHJILHO JepraTh €e 33 XBOCT W T. [, Bte 3T pasp03HeHHbIE
OTIBITHE TIOCTETIEHHO CKJIAALIBAIOTCS B €IMHOE NPEACTABICHUE 06 00BEKTHB-
HOM PEaTBHOCTH, 0 PeaJILHOM CYIIECTBOBAHWM BHEIMHEr0 MHpA, ABHHOIO
HAM CO BCEMH CBOMMH CBOJICTBAMM MOMMMO HALIEH BONM W HAIINX BKYCOB.
Taxoe NpeicTaBleHHe 0 PeASbHO CYILECTBYIOUIEM BHEITHEM MUPE HeCOM-
HEHHO CIIOMKAIOCH Y IIPEJIKOB YesI0BEKA Upe3BhAiiHO JABHO, ¥ OHO He GELTO
KAKMM-TO CTIEUMANbHBIM OTKPBTHEM MM MI0A0M (HII0CO(CKHX PA3MBbIIi-
NeHUH, & MOSIBKJIOCH BMECTE C IOSIBIeHHEM CO3HAHMSI CrOCOGHOrO €ro
BMECTHTb. HO npy 9TOM OHO CONPOBOMKIANOCH TAIOKE 1 HANBHBLIM yGesie-
HHeM B TOM, UTO peajibHO CYmIeCTBYIOMME TeJIa BHOIIHETO MUPA B [IeHCTBH-
TEMLHOCTH TAKOBH, KAKHMH OHM HAM KDKyTCs, WM (ecnu ocBoOOmMTD
peanbHOE COfEpAHHE 3TOT0 YTBEPMK/IEHHMST OT CONpPOBOMIBHUIMX ero
YUCTO CII0BECHBIX HEACHOCTEN), UTO Tesla BHCIIHET 0 MUpA he 00afatoT HU-
KaKUMM APyriMH CBOJICTBAME KPOME TeX, KOTOPHE 001id py)KHBAWTCR YIKe
NIpH CPABHUTELHO [OBEPXHOCTHOM PAcCMOTPeHKM. MSNMINHE rOBOPHTH,
YTO 3Td HAWBHAR WUIH3HA paBGMBaETCﬂ B camoM HAuaje NpH uayqﬂom
(7. e. Goslee BHHMATEILHOM) PACCMOTPEHNE CBOMCTB OKPYIKAICUIMX HAC TeJl
npupois. OT 3Tl WUII3HK 0TKA3aTNCh YIKE T€ MBICJMTENH aHTHUHOIO
MUPA, KOTOpbIE CO3ANH ATOMUCTHUECKYI0 THIIOTERY U TAKHM 00pasom 6blau
BEIHY)KAEHB 3aKITIOUHTD, UTO Tea, KAXNCYIJUuecs HaM CIUTOIMHEIMU K Herpe-
DHEBHBIMH, B QefemenneAbHOCmU COCTOAT U3 posl OTAebHBIX aToMOB. Off-
HaKo uesioBeuecKasi (GAHTA3MS CAMIUIKOM Geflna ¥ OrpaHuueHa, OHA yMeer
SNl COBEPINATL MepeCTAHOBKM M3 yIKe MSBECTHBIX HIEMEHTOB, NOSTOMY
HE YAMBHTEJBLHO, YTO CO3ATEHM BTOMMCTHUCCKHX B3MUISIA0B 2 HEPBHIX
nopax HANGJHIIM ATOMBL TEMU HKe CAMBIMH CBOJICTBAMM, KAKMMH 00naaaior
OKPY)QIOIIKEe HAC Teia, T. €, TBEPAOCThIO, YIPYIOCThIN, ONpejeseHHOH
(opMOit, LBETOM ¥ T. f.; HHWMHK CJIOBAMM OHY mpeicTaBHMM cefe aToMBl
B BuJe YMEHbIIC HHBIX KO M3BECTHLIY, HaM W3 HOBCEJHEBHCIO OIKITA
Test, ¥ e B XIX T, yueusle eile 0YeHb OXOTHO M300PAXAIH ATOMH,
KK HEYTO BpOJle MMHMATIOpHbIX GHILTHAPIHBIX IHapoB, Takoe ipejIcTaBile-
HHE HCJIL3ST CYHTATh AnpHOpHO OWMGOTHEM, HO B €ro NMOJb3Y HMKOPAR
HeE3s ObUI0 NPUBECTH HMKAKHX OCHOBAHWI: OHO OT/JHUAETCS 11pe63s-
MOCHIBIO, TRIC KAK HeT HUKAKMX OCHOBAHWY TIpeANosIaraTh, uto aToMul 005~
3ATETBHO JIODKHEL OBITh MOXOXKH HA 3HAKOMEBIE HaM mpeameTsl. CBolicTBa
JEHCTBHTENLHO CyLIECTBYOMMX Betleft MOrAk Obl M 1ie COOTBETCTBOBATH
HAUIMM BKYCAM, O3KMAHMAM U TIPHBEIYKAM ; IO3TOMY JIETKO MO0 Gbl ObITh,
UTO CBOWCTBA OTHEJIbHBIX ATOMOB OKASAJIHCH OB COBEPIIEHHO HETIOXO-
JKAMH Ha BCe, UTO HaM OBLTO [0 T€X NOp M3BECTHO, COBEPIICHHO HE HMEI-
IHMMH KBKUX 61l TO HY GBLI0 AHANOrHI B OKDPYIKAIOMIEM HAC MEpe TOBCE[-
HEBUOIO ONHITA M MO BCEM STHM NpHUMHAM AaYKe 3DCOJIIOTHO HENpeCTABY-
MBEIMH (Bellb TIpeICTABHTDL Cefe HEeYTO — 3HAUMT MBICTEHHO BOCIIPOM3BECTH
T€ OLIYNIEHKA, KOTOPHIE HA HAC 3TO «HEUTO» NMPOM3BesIO Obl, @ TAK KAK BCe
AOCTYTHHE HAM (OPMBI OMIyWeHMH ABAANTCA KOMOMHALMAMH TeX OuLy-
WCHHHA, KOTOPHIE HA HAC MPOM3BOASAT W3BCCTHBIE HAM M3 TIOBCEJHEBHOrO
OTLITA TENIA MPUPOABL, TO CIEJUBATENLHO TPEJCTABHTL cefe HeUTO — 3HA-
UHT HAJEJIUTD 3TO HEYTO CBOMCTBAMM OKPY»KAIOIHMX Hac Ten). Taxas npen-
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B3ATOCTL JIETKO MOMET NPUBOIMTL K oumfkam, M HMMEHHO ITOTO pofAa
OImMOKy Clenann a)ke TAKKE BLIZAGIIMECS yMBI, Kak Papapeil u Mawc-
BeJii, 10 OTHOIICHAUIO K /IeKTPOMAT HHTHOMY 107110, JiIEKTPOMAr HHTHOE 1018
eCTh pedfibHOCTh, 6C¢ CBOMCTBA KOTOPCH, W3BECTHRIe MaxCRemsy, OmM
CHIBA/IMCH HAfileHHOH nM cncTemell ypaBreHV i aneKTPCMATHETHCIO NOAs,
HO Maicpenn He XOTen OTOMY BEDHTh, OH BCCKIHKHYI ¢He MCET OHTB !
COBEPIIEHHO U3 TeX <€ MOBYNGIeBKit, U3 KOTOPEIX B H3BECTHOM AHEKIOTE
TO K€ CAMOE BOCKJIMKHY/ YeNOBEK, BNeLBhe YBLEIeBIMI sxuipada. Mawc-
BEAN XOTeN 1yMarTh, uT0 B AeHCTBUTeAbHOCTH CBOMCTBA 3.1eKTPOMATHKTHOTO
nons doasncrel (kaxk GyxTO NPHPOJA KOrAA-TO AaBasnd NOZO0HOE 00s3aTe b~
CTBO) NPUBOJHUTHCST K CROHC BAM Tes, W3BECTHHIX HAM 13 OBCEJHEBHOTO
ONLITA, & MMCHHO KK CBOWCTRAM HeKOTOPOil TBepRoft ympyroit cpeinl (Ta-
KUM 06pa3om MaxCBesst NOCTyNAN KaK Pas NPSIMO NPOTHBONON0XKHO TOMY,
4To JIeJ1aeT COBPEMEHRA HAYKA, KOTOPds, OTKA3aBIMCh OT NPEAB3ATOCTH,
Gbina BRIHYIKEHA 0GBACHATL UMEHHO TAKKWe CBOHCTRA Ten, KAK yNpyrocTs,
TBELACCT U T. fI., CUAAMH 37IEKTPOMATHHTLIOT O XAPAKTE Pa, JeHCTRYIOMMMH
Mesay aToMamu Ten). Onus ocTpoyMukill COBpeMesHkl nucaTent * roso-
pUT B IyTKy, 4TO B TaKWX TEHIERUMSX CBOJUTH CBOHCTBA (M3NUECKUX
peanbnocTed K cBoMCTBAM OKPY)KAIOIINX HAC 0CA30LMbIX TEN CKA3LIBACTCSA
T0 TAy00KOe yBajyceHue K TBEPALIM TeNaM, JOCTYNHBIM CXBATHIBAHWIO Py-
KO#, KCTOPOE UCTILITAN KOIla-T0 1A ¢Ge3bsIHONGAG GHRH 1pefoK, KOFIa,
najasd ¢ jepeBa, oW cnac cefe yKUBHb, YXBATHBIUMChL PyKoi 33 TOACTYIO
BETKY.

13 BCEr0 9TOr0 MBI BHAMM, UTO I'MNOTE3a 0 MEPOBOM odMpe Kak ¢ Me-
XaHUIME, NOUNHSIOWEMCS] 3AKOHAM MEXAHKKW ¥ HAXOIAIEMCS 34 KyJld-
CAMU 3TeKTPOMATHETHRIX ABNenuH, Onia BBeflena B ¢manky Ges gocTaTou-
HEIX CCHOBAHMIL; OHa A0CTABUAA (M3KKe TOJBKO W3JMIIHNE 3aTpPyLHeHHSA
TeM, 4TO0 noTpeGoBana copMynMpoBaHNA TAKKX CBOHCTB 3TOr0 Me XaHU3Ma,
N3 KOTODHX BhiTeKasnk Obl y paBHe Hust MakcBenna, DT0 TaK ¥ He y1anoch cjie-
JIaTh; NOOTOMY DPeiCTaplienuAmM o6 adMpe BUKOFIA HEe JOCTABANO 3AKOH-
YEHHOCTH M ONPeJeNesHOCTH, H 9dnp MBICIMACS NMIIL KAK Cpeja, 1Mo 0T-
HOIIEHUI0 K KOTOPOH BepHhl ypaBHenusa Maxcpenna.

TIpouspesiem Tenepp aHanW3 TAKOro MOHATHA 05 3dupe.

Ecan mpl IPOBeeM CUCTEMY KOODAMHATHHIX 0Ce#l, cBsisannylo ¢ srolt
cpefoit, To B 310l KOOpAMHATHOH cHCTeMe ypaBHEHAs MaKcBeana L0KHB
BEIMOAHATLCA, HO BO BCAKOH CHCTeMe 1KGODAMHAT, MBWXYIUeHCS OTHOCU~

SrBHO FEe, T. €. JBMKYINcics OTHocHTeNnbHO 3QHpa, ITH YPaBHERMS
LOMKHE TEDECTATh OLITh TOUHBMK. [IpHulHy 9TOr0 HETPYAHC MONAThL
N3 CREQYKLIETO CPAaBHeHMA: M3 ypaBHeHWil MAKcBesnna BHITEKAET, 4uTO
JIEKTPCMAr Bl THhIE BOIMYIIEIMST JOKHBI PACMPOCTPAHATRLES] B Tolt Cu-
CTEME KOODPSUHAT, B KOTOPCIf 3TH ypaBHeHMS BEPHBI, BO BCC CTOPOHBI C
OALHC i 1 TOH HKe CKOPOCTRIO ¢ HE3ABHCHMO OT TOTO, KaK [IBHIKETCS MCTOUHNK
SNEKTPOMATHY TI BIX BOAH (WCTOUHIK CBeTa). Takum ske TOUHO 06pasom n3
CHCTeMH Y73BUEHUH TUAIOMEXAHMKN SABCTBYET, NYTO N0 NOBEPXHOCTH
[Pyl MOTY™ DACIDCCTPARATLCA BOAHB, CKOPCCTL KOTODLIX TO OTHOIIE-
PHIO0 K KOOPAMNAT 10/ cUCTeMe, CBA3AHON C MPYIOM, WMEET COBEPIIEHHO
OnpefeneH! Yo Benuuuny, ECAM Ha noBepXHOCTH IPYAA NOKOUTCA YTKE,

* A S. Eddington, The Nature of the Physical World.

Crpoenne peniecTEa 5
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PUTMHYECKH YAAPSIIONAS 110 BOjle CBOE{i nepenonuaTof Jankoi, To T yTKI
BO BCE CTOPOHBI OeryT BOJIHBI, UMEWIUE (HCPpMY Kpyra KaK pas moTomy,
YTO MX CKOPOCTb DACTIPOCTPAHECHHS TIO BCeM LANpPABJIEHMAM OMHAKOBA.
Mo asaNOrHK co CBETOM 0GO3HAUMM ITY CKOPOCTb OyKBoO# €. Ecin ke yTia
TSBIBET MO MOBEPXHOCTH MPY/Aa CO CKOPOCTBIO V, KOTOPAH MelbIle, UeM ¢,°
TO yepes efMHULYy BPEMEHH moCje yiapa Nankoi BOJHA 6OpasyeT Kpyr ¢
papMycoM PABHBHIM € eIMHHUAM [UIMHBL BOKPYL TOFO MeCTa, Tt NMpou3o-
e yap nankoit (rouxa O, puc. 16), HO cama yTia B 370 Bpemst yixe Oy-
HET B TOUKe A Ha PACcCTOSIIUE ¥ IHHUL, JUTHHB OT HEHTPA
wpyra. [ToaromMy 10 OTHOIIEHHIO K CAMOM yTHE CKOpOCTH
PacrpOCTpaHeEUs BONHE Yyxe OyeT HE 10 BCEM HATpAaB-
JICHNSIM CJIMHAKOBA : TOUKA B fy/eT 0T iee Ha PACCTOSTHHY
€ — VejMHML JUIMHBL, a TOuKa C HAa PACCTOAHUM ¢ + V.
e [Toaromy ¢ TOUKH 3PEHMST YTKUCKO POCTH PACTIPOCT PA HE HUST
Prc. 16. BOJNBl B 1ANpaBJieilHd 06paTHOM ee ABWKEHUIO OyieT
Haubonpmeit (¢ - v), B HAIPABIEHNH K¢ COBHANAMINEM

C HATNIpABIeHMEM ee ABIDKCHUS, CKODOCTh Oyner HAUMenblIas (¢ — v); B
HanpaBnennd AD, nmepreHu¥KyNsPHOM K HalpaBlelUIo ABU@XEHUS YTKH,
CKOpOCThL Oyaer paBua '/cﬁﬁvz, TaK KaK oTpe3oK AD, papHbii 9Toit

CKOPOCTH, €CTD KATeT NPAMOYTONBHONO Tpeyronsuuka OAD, rie rumote-
Hysa OD papua ¢, a apyroii kareT OA pasen v. Taxyum ke o6pasom Met
MO)KEM YTBEPIKAATH, YI0 CKOPOCTL CBETA B CHCTEME OTCUETa, NBHKyIHeHCs
OTHOCUTENLHO 3dupa, 0JDKHA GLITh HEOAMHEKOBOM MO pasHBLIM Hanpa-
BJIEHUSIM; A TAK KaK W3 ypapuennii MaxcBensa siBcTByeT, UTO OHA 1O
BCeM HANpABJIEHMSIM OJMHAKORA ¥ PABHA ¢, TO 3HAUMT B TAKOH CHCTEME
KoopauHar, pBmxymeit-
C51 OTHOCHTEJIBHO ddupa. 4y
ypaBHeHus:  MakcBesnma )

D

Y)KE He MOTYT OLITL B TOU- | o ' !/

HOCTH BEPHbI. i k
[MocmoTpuM  Teneps, U 1 :

KaK COrj1acyeTcs 31a TOu-

Ka 3peHUA ¢ onbiTom. To Puc. 17.

YTBED)KACHUE, UTO CKO-

POCTb CBETA 0 OMHOMY W TOMY K& HATIpABNEHMID, W3MepeHHAs Habiw-
AATeNEM B OQHOM W TOH jke cucTeme 0TCYeTa, He 3ABHCHT OT CKOpOCTH
ABWKEHUS UCTOUHHKA, ONMpPAaBibIBAETCS HA OMbTE 6€3 BCSKUWX OrOBOPOK.
Ecan 66l 970 yTBep)aeHue GBINO HeBEPHBIM, €C/M Gbl HATIDUMED MOMHO
GBI YTBEPXKIATh, UTO CKOPOCThL HCTOUHHKA CBeTa mnpuOaBmsercst
KaK BEKTOp K CKOPOCTH CaMmoI'o CBeTa MOJOGHO TOMY, KAK CKOpOCTh
6p0}xe11\0cua NpUGABNACTCSl K CKOPOCTH CHAPSAOB, BBINYCKAGMBIX 13
OpPYAHH €ro HOCOBO# 0aIMHN (TaKkyi0 IHHOTesy, HA3BAHHYH GaJyNCTH-
MECKOH, BRICKA3bIBAN B. Pumy), T0 MOXXHO GbUI0 66 HAGAMATL CEYI0-
mee sipnenye (puc. 17): onHA U3 KOMHBOHEHT JBoitHoH 3Be3NH BpawaeTcs
0 KPYT'y €O CKOPOCTBIO ¥ BOKPYT NEHTPA TSHKECTH ABOMHOM CUCTCME; 38M-
HO# Ha6n}9narenb HAXOMNTCA B T'; U3 TOUKM A CBET JOXOAUT [0 HCIO C 3a-
MEnNeHHON CKOpOCTL}O & -— VW CIEADBATENBHO TIPUXOMNT MO3XKE, UCM CJie-
RoBAJO Gbl; HA0GOPOT, USTOUKM B CBET HAET €O CKODPOCTBIO € + VU opu--
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XOAIUT CKOpee, uem ¢efoBajso Obl. EciH OXME TpaMBail MIET K JaHHOMY
YHKTY ¢ 0M103/laKHeM, 4 Cefylounii, Hao060pOT, IPUXOAUT PAHBLLE CPOKA,
TO 3T0 3LAUMT, UTO UHTEPBAN MEXAY HUMM COKpauaercs. Takum jxe 00-
pa3om ¥ 3fech NPOMEXKYTOK BPEMEeHH, B TEUEHKE KOTOpOro HabmniopaTenb
BUJUT 3Be3ly NPOXONSILEH yAAJIEHHYI0 OT HET0 HOJIOBUHY OpPOUTHI, IOJDKEH
ObITH 3aMETHO MeHBbIIe, UeM IIPOMEIKYTOK BpeMEHHU, B TEUeHNE KOTOPOTO OH
BUJHT e¢ IBIOKyIieiics o oBpameHHoft K HeMy JpYyroji NoJIoBUHe KpyTa.
Ecny 6bl Bee 3TO IPOMCXOMMIO B JIEHCTBUTENLHOCTH, TO OPGHTE ABOHHBIX
3Be3J Ka3a/HChL OBl B CpPefHEM BHITSIHYTHIMM IO HampaBiekuio K Semine
(UYHKTHpHAA KpPUBAs Ha puc. 17); ogHAKO HecienoBamus de Cummepa
(1913) noxazanu, 4ro He CymIeCTBYET HY CJiefia Takoro sddexra. [Tostomy
Mbl MOYKEM YTBEPIK/IATE, UTO [1€3aBHCHMOCTD CICOPCCTH CBETA OT JABMIKEHUs
HCTOYHMKA SIBJIAETCHA He TONMBKO CJIECTBMEM M3 ypaBHenult MaxcBenna,
HO U XOpOHIO IpPOBEPEHHBIM SKCMepUMEHTANBbHBIM (axrTom. Hng Toro,
uTO0H NPOBEPUTL TAK)KE M TO 3aKJIOUEHME, UTO CKOPOCTH CBETA 3aBHCHT
OT ABIKEHNST HAONIONATENA 110 OTHOWEHIIO K 3dupy, HeoOXOIMMO CrepBa
YCTAKOBUTB, JBUIKETCS JIU 110 OTHOMICHIIO K oQupy 3emns wim
JKe B CBOEM JIBWKEHUM OHA yBJIEKAeT M MupoBoit Sdup. st A
pelenys 9TOro BONPOCA 0GPATHMCS Criepsa K SIBJEHUI0 afep- f
payuu cgema, OTKpHTOMy B 1727 r. auraufickum actTpoHO-
MoM 5padgu. ITO ABNEHNE 3AKNIQUACTCS B CIeIYIOMEM | IYCTh
HaGnonaTens, vaxoasmuitcs Ha CosiuIle, TOMayyaeT OT 3Be3JHl
CBET, CKOPOCTh KOTOPOTO M30GpajkaeTcsi MO BeJHUMHE U IO
HanpaBienulo BexTopom AB (puc. 18). Ecnu ckopocts Semin
10 oTHOlNTeHK K Commly u306pasutl, BeKropom BC, TO CKo-
pOCTb TEX K& CAMBIX CBETOBLIX BOJIH, HCTIYCKAEMBIX 3BE3/0H, [, -a=7T
IO OTHOWERHIO K 3emiie GyJeT paBua Betopy AC'. Ho uepes ¢+ °
NOJIFOfiA, KOTAA CKOPOCT: 3eMN N0 OTHOWEHUK K CONHLY pyc. -8,
Oyner umeThb NPOTMBONONO)XHOE HAampaBieHue, U306parkasch
BEKTOPOM BC', CKOPOCTH TEX HKe CBETOBBIX BOJIH 10 OTHOMICHUIO K 3eMAe npes-
CTABUTCS BeKTOPOM AC, He COBIAAKIIMM 110 HanpasaeHuto ¢ AC', T, e. 3eM-
KO HaGnIoaTeNb YBUJMT 3BE3/ly [0 HANpPABNEHHMIO CNETKA OTNMUHOMY OT
TOr0, [0 KOTOPOMY OH €€ BHJIEJI MOroja ToMy Hasaf. [losromy nosoye-
HUE 3BE3JIbl HA HEGECHOM CBOJC JIO/DKHO COBEpIIATH NEPHOIMUECKNE Koe-
Ganusl, pASMAX KOTOPBIX 3aBUCUT OT YIJid MEXKLY HANPABIeHNEM Ha 3Be3ny
M TJIOCKOCTRIO SI/IMNTUKA (TIOCKOCTBI) 3eMHOM OPOUTHI) ¥ OT H3MEHEHHS
cropocTu 3eMiu 1o oTHOWeHM:0 K adupy. Takne konebanns Bpapiu
NEHCTBUTENEHO 0GHAPYKWU, IIPHYEM U3 MX U3MEPEHUS BHTEKAET, UTO U3-
MEHeHHe CKOPOCTH 3eMNIM N0 OTHOLIEHMIO K 3upy B TeueHue monyroja
NeficTBUTETLHO PABHO YABOEHHOM CKOPOCTH JBIKEHUA 3eMJHM 110 €€ 0p-
GuTe, WHEIMH CJI0BAMM, UTO B CBOEM JBIyKewMH BOKPYr Conpua 3emnsl He
YyBAeKacT 3a c06010 MUpoBOro adupa, a ABMKETCS uepe3 Hero COBEPILCHHO
€BOGOHO, KAK PLIGONOBHASI CETh € XOCTATOUHO IIMPOKUMM OTBEPCTHSAMM
CBOGOJHO JBHKETCH uepe3 BOLY, He YBAeKas ee 3a coGoil. Takum oGpazom
adup, ecnau OH CyH[ECTBYeT, A0mKed ObiTh UEM-TO BPOJE HAMOMHSAICIIETO
BCe NpPOCTPAHCTBO BCENEHHOH OKeaHa, OT/eNbHHE YaCTH KOTOPOro Hemoj-
BIDKHEL JPYT 10 OTHOMIEHHIO K JPYTy, €C/iu TOJMbKO Iie CUNTATL HUYTOMK-
HBIX 110 BeTHuKHe gedopmanuit, ompeensomnx SAeKTpOMAr HUTHBIE MOs1.
SlBneune aleppayuu, OTKPHTOe BpoiyiM, DO3BOJSET YCTAHOBUTH JIMIIbL
»
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u3MEHEHIe CKOPOCTH 3eMIM Mo OTHOWLIEHMI0 K 3HPHOMY OKeaHy, HO HE
N03BOSIAET M3MEPHTDL BEJTHUMHY CAMOE CKOpOCTH. [J1s1 TOTo, urobn HaHTH
9Ty BeJMUMHY, HeOOXONMMO CHENaTb UTO-TO BPOAE H3MepeHus 10roe pac-
npefieieisi CKOPOCTe| BOJH MO Pa3HBHIM HATpPABJIEHHAM, O KOTOPOM ML
FOBOPUJIA MO MOBOAY MUILIBYWIEH HA LIOEEPXHOCTH IpyAa YTKH. [lns 3roro
OQUEBKMJHO HY)KHO B3STb 3eMHO HCTOUHHK CBETA H YCTaHOBUTD nocpenc‘r-
BOM M3Mepenusi, ¢ OMHAKOBON JIH CKOPOCTLIO OH MCIYCKaeT CEeT 10 pas-
JIMYHBIM HANPABNEHHAM (peub MJET, PA3YMEETCH, 0 CKOPCCTH M0 OTHOLIE-
HHIO K 3eMmfie); M3 TAKCH AaCHMMETPHM CKOPOCTH CBerd MOXKHO BHIBECTH
JAK/TIOUEHKE O HAMIPABICHHM U BeTMYHHC CKOPOCTU 3eMIlM MO OTHOLIEHHIO
K adupy. TaKoH omuT ¥ GbiT mpofean B 1881 r. Maiireascorom. Wnes
3rOr0 3HAMEHMTOrO OMBITA 3aAKJIKYaNack B CjeylouicM: Jyd ¢BeTa OT
ucrounrka S (puc. 19) magan mog yrijiom 43° na oueHb TOHKYIO CJIErKa 10-
cepefpeHHyI0 IIaCTHHKY, 4aCcThI0 0T pAKAIOMIYI0, & UACTLI0 NPOMYCKAIOULYIO

, cser. Orpasusmuecss B Touxe M Jiyud,
..L [poitAA paccTosiiie [, BO3BPAamanics 06-
i paTHO MOC/e OTpaKeHHs B seprane A;
Ez 3aTeM Ta 4acTh MX, KOTOpas IpOXOAM/a
| uepe3 IVIACTMHKY, MONAfana B rias Ha-
g::"'—-'«_’ /m - Ja 6aoparens 8 B. Uro xacaercst o nyuel,
ez d _
3

OpOwWe/IUKX uepe3 MiacTHHKY M, To H
B OHM MPOXOAHAH ByTh ! 10 3epkana A’ H,
0TPayKanch, BOEPAWAMICH 06paTHO B M,
3aTeM T4 4acThb MX, KOTOpas OTpa)asack
0T MIACTMHKH, NIONajana B r;1as Habnona-
Pic. 10. Tenst B B, Taxum oGpazoM HAGNIONATE/D
noSlyyan KaxK JIvud, [pOWEImHe MyTh
SMAMB, Tak u nyud, npomlegume nyts SMA'MB. Xora anuna
OyTH Y 9THX syueil B TOUHOCTM OJMHAKOBA (M3NWIIHHUI TyThb, Npoii-
ReHnbid yuamn SMA'MB B cTeKJe, KOMIIERCHDOBAJICA He U306 parkeHHoH
Ha pDHCYHKE CTEK/IAHHON IUIACTHHKOM, BCTAE/NEeHHOW Ha oTpeaxe MA),
HO €CJIi 3emJist ABIyKeTCS uepes 9HP, TO CKOPOCTh CEETA MO PA3HBIM Ha-
1npapnennam ByfeT pasnasi, a moITOMy BpeMsi, yIoTpebisemoe CEETOM HA
NPOXOYKAEHHE DTHX ABYX JIOMAHHIX JIMHHIA, GyNeT pasiMuHe, BCIEACTEHE
4ero OJIHH JIyUH NPHAYT B I1a3 Ha6/110MaTeNs € ONO3/IARHMEM T10 CPAEHEHHIO
C RDYTHMH, T, €. FpeGHM M Josuupl MX KoneGaunit GyayT CABWMHYTBI Ha
KAKY10-TO 710110 JUIMHB BOJTHEL OTHOCHTENBHO TpelHed K J0JMH Koje6a-
HIIM 2pyrux nyueil. Tax HanpuMep, eci 3eMJIs JBIDKETCS €O CKOPOCTLIO V'
00 1anpasieHnio M A, TO CKOPOCTb CBETA MPH IPOXOYKIEHHH 0T peaka MA
B 9TOM HANpaB/ekuy GyleT pasHa ¢ — v, a B 06PATHOM HATIPABJIEHHN ¢ + V3
NOOTOMY BPEeMsi, HY)KHOE Ha npoxowpenue nytw MAM, pasHo
l + l 2le
c—v ' ctv
B manpabnenun e MA' unn A'M cxopocts cBeTa pakHa ye—»?

(cm. Bomie puc. 16, oTHocsMiica K yTKE); I03TO
- My BpEMsi MPOXOXKACHUS
coetom iyt MA'M paeno & v P )
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Otciona crepyer, uTo ayun SMAMB npuiyT Brias HaGnofarens ¢
OTO3AHHEM
2 A A | i
E—vr Y E TR €y y2 l/ 7

CZ

mo cpapecHuto ¢ nyyamu SMA'MB. HaGmopatems 6yner BugeTb
KaKyI0-TO HHTepdepeHIuio Tyeit, ¢BA3AHHYI ¢ 3TOM Pa3HOCTLIO MX X0 ;
np¥ NOBOpauMBaHuY npufopa 3Ta MHTCPQePeHLNOHEAA KaPTHHA ROJMKHA
MeHATRCSA, Hu cnefa srux oodexToB MalikeNbCOH He CMOI 0GHAPYIKUTE,
XOTSA NCCTPOeHERI BM NpUOOP OTNHUANCS HEOOLIKHOBEHIIO BHICOKOH dyD-
CTBHTEBLHOCTBIO M TOYHOCTBIO ; Pe3YTILTaT OTLITA NOKA3LIBART, UTO CKOPOCTD
CBETA 10 BCeM HANPABNCHHAM OfHHAKORA. ECIH NPOUSBECTH OMHIT HEDPE3
TONTONA, KOrga CKOPOCTh 3eMJH  OTHOCH-
TeNbHO 3dMpa AODKHA M3MEHHTHCA HA 60
imjcer (Ha YABOEHHYIO CKOPOCTb ABIDKEHHS
3emnu 1o ee opbuTe), TO PeIYNLTAT OMLITA
OCTAETCA TAKMM JKe CAMBIM. JTO JOJDKIO
OBUI0 Upe3BHUAHHO OTOPUHTL W pazovapo-
BaTh MajiKenbCoHa, KOTOPBHH MOCTABUI OMH-
CaHHbIE ONBITH C LELI0 H3MEPUTH CKOPOCTD
3eMu OTHOCHTeNLHO 3(Upa MM, KaK OH
BEIPAXKANCH, 0GHAPYHHTH «3upHEil BeTeps,
BO3UMKAIMA 1pH AB¥KeHMH 3eMSH  (TI0-
n06Ho ToMy, KaK AnsA HaGnwoparens, CTOs-
WEre Ha IUIOMAAKe OBICTPO ABMIKYILErocs
BaroHa, ABMKEIIe Toe3ja uepe3 armocdep-
HElt BO3MYX Oy INAETCA KAl BETED, AYIOWUH
B NPOTHBOMNONOMHOM Hanpaenenun). B peii-
CTBUTETLHOCTH ONBIT NOKA3AN, UTO IBIYKEHHE
10 OTHOWIEHHIO K 3QUPY HUuUEM HE OTIH-
YagTCsl OT TMOKOS M0 OTHOIIEHHIO K HEMY, .
a TAK KaK HMKaKas CyIeCcTBYHmas Bempb Ansfiepr Dftsretis.
OUEBMANO HE MOXeT 0b6najarh CTOMbL Hepa-
3YMHEIMA CBOMCTRBAME, TO CNe0BATeNbHO afupa we cyumecmeyem. *
I'ny6oknil aHanna CMepCTERH, BHTEKANIIMX N3 onbita Majikenbcona,
6bin npousnener Aasbepmon Sinumedsom (1905 r.). ITOT aHAnU3 3AKITH0O-
yaeTcss B CNEAYICWIEM: NyCTh JaHAa KOOPAWHATHAsS cUcTeMa S, B KOTOPOi
HafjlaTe b ONUCLIBAET TOYKM MPOCTPAaHCTEA TEPEMEHHBIME X, ¥, 2, U
MOMEHTLI BPeMEIIY NE€PEeMENHOI {, H mycTh B 3T0fi KOODAMHATHOK CHCTEME

* B Haurei KHWKKE Mbl TIOBCKY yOTpe(siem CI0BO 3GHP B TOM CMBICAE, B KAKOM
OHO yNOTPe6sIOCh B KIACCHIECKON QL3MKE, T. C. B CMBICIIE MATEPHAIBHOTO MeXaHiue-
CKOTO cyfcmpama 3NEKTPOMATHUTIONO Tonst. Muoraa ymorpebnawt cnoBo adup u
B ApyroMm cmeICie, @ MMEHNIO, B CMLICJIE CamMOro 3/1IEKTPOMATHWTHOTO Tons, paccmas-
TPHB2EMOT0 K2K (DHMBMUYECKAS PEanbHOCTh, TaKoH TEePMMHOJOIMHM TIPHAEDIYKHBAETCH,
Hanpumep, IHumreitn. Ecte ynoTpedasTs cnoBe adup B 3TOM BTOPOM CMEICTE, TO
TOT@ OH PasyMeeTCH CYMECTBYET. HecymecTEonanne opupa B Hallem cmbicne CA0Ba
ofiozHauaer TONBKO TO, YTQ INEKTPOMATHHUTHCE TOJjie Camo 0o cefie sBARETCR pealibe
HOCTBIO (T. €, MATEPHell) M Me HYIpAeTCA B RoGABOYHOM MATEPHANLHOM cyGeTpare.
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TO yenorne X2 — %2 = x2 — (2{'2, KAk HETPYMNO MPOBEPHTH NOACUETOM,
6yxeT BhnonHeHo. Takue npeoGpa3oBAHUsA HOCAT HAIBAHUE HpPeolpasned-
Hutl Jloperya; ypagHeHUsA 31€KTPOMATHUTHONO I10JIA HEM3MEHHBI 110 OT-
HONICHWI0 K HHM, & He 10 OTHONIGHMI0O K npeofpasopaHuam [anunes.

Ecnu 6w 6bina Bepia u mexaruka HeioTona n nocTpoenHas Makceen-
JI0M TEOPUST 3IEKTPOMATHUTHOTO NOJISA, TO MOra Gbl CYILIECTBOBATD TOJBKO
OJHA CUCTCMA KOOPAMHAT, B KOTOPOH GLL1M OBl BEPHH U 3aKOHBI MEXAHUKH
B UxX 00bIYHOH dopme U ypaBlenHs MaxcBesa: Ipu NePexoAe KO BCSKOH
ApYro#i CUCTeME KOOPAMHAT IPHNLIOCH GhL Liepe/e/ibiBATL HIlH 3AKOILl Me-
XaHUKK (eCNH mepexof He coBepimaercs no dopmynam [anunes) unu 3a-
KOHBI JJIEKTPOMATHETH3MA (CC/IM TIePEXOA He COBeplIaercss no Gopmynam
Jlopenua). [losTomy Morna GBI CyHIeCTBOBATE TONBKO OHA TIPHBHIETHPO-
BAHHAS KOOPAMHATHAS CUCTeMA, B KOTOPOH 3aKOHHl MEXAHHMKH H 3JIEKTPO-
MarHUTHOTO NOAsi HMeNH bl 0COGEHHO NPOCTON BU; TAKYH CHCTEMY KOOP-
MMHAT MBI MO/ GH HA3BATL SUPOM; ABHYKEHHE N0 OTHOLIEHHIO K TAKOMY
a(upy MO3U10 GELTO Gb1 06HAPYIKUTL NOCPEACTBOM OUKITA. B 1eicTBUTENb-
HOCTH ONBIT Malikenncona NOKa3piBaeT, YTO 3T0 Iie TAK: HUKAKOHM NpH-
BUNETHPOBAHHOM CUCTEMBI KOOPAMHAT He CYINECTBYeT, M 34KOHBI (U3HU-
UeCKUX SIBIEHHA OKA3BIBAIOTCH COBCPIIEHHO OJIHHAKOBHIMH B ABYX KOOP-
MMHATHBIX CHCTEMAX, IBHIKYIHXCS CO CKOpOcThio 60 xamjcex gpyr orHo-
cuTenbrio Apyra (3emns ceifuac n 3emns uepes noaroga). Tlostomy Dite-
IITeHH 3aKMI0UKIT, YTO 3aKOHBE MEXAHMKH Il 3AKOHb 37IGKTPOMArHUTHOIO
noNf IOMKHB COXPAHATECS HEUIMEHHBIMU 110 OTHOUIEHHIO K OJIHMM M TeM
e popmynam npeobpasopaHuii; a TAK KAK 3AKOHBI 3JEKTPOMATIMTHONO
11071 NPOBEPEHE! HA OTEITe YPe3BEMAHHO TOYHO, TO CJEJ0BATENRHO HEO6-
XO[IMMO TlepefeNiaTh He MX, a NMepe/iesjaTh 3AKOHbl MeXAIMKH TaK, uTofbr
OHM CTA/TM HEMSMEHHLIMH 10 OTHOLIEHKIO K Gopaynam npeoGpasosanuii Jlo-
perud. B 9ToM 3ai1104aeTCsi 0CHOBNAS MBICAb FeHHABHOM TeOpUH, MrH-
Iymannoil ditmmrelivom B 1905 . u nonyuuBINEl HA3BAHWE cneyuabHON
meopul 0MHOCUMEABHOCTIL, 3aMETHM CPA3Y Ke, UTO TCpCesTKa 3aKOHOB
MeXaHUKH, KOTOPYIO CJCAYET NPeJNpHHATE, OTJIMUAETCHA TEM CBOﬁCTBOM,
4TO B CNTYUAe CKOPOCTEH 0UCHB MAJIBIX 110 CPABHEHWIO CO CKOPOCTHIO CBETA
HOBEIE 32KOHBI MEXAHUKH Gy YT IIPAKTHUCCKH IPHBOIKTL I TEM JKe Pe3ylib-
TaTaM, 4T0 ¥ ctapele (Benb Gopmyns JIopenua OHellb Majo OTJAHYAKTCS
oT opmy s ['anunes, ek v ropasio Menbllie UeM ¢, ¥ HAUKHAIOT 3aMeTHO
0T HAX OTJIMYATLCS JIHIUL TOrJA, KOrfa v npuGnxaercs K €). A Tak Kax
BCSI COBOKYTHOCTb OIIBITOB, Ma KOTOPHX OCHOBAHA MeXanuka HbworoHa,
OTHOCHTCH KAK Pa3 K TAKHMM CJydasiM, KOTA2 CKOPOCTb ABMXKEHHA Tell
TOPA310 MEHBIHE CKOPOCTH CBETA, TO 3TH >Ke OTBITH SBNSAITCA B TO e
BpeMsT TIOATBEPIKICHUEM U MeXAHMKH JitunTelina. TONBKO 3KCIEpUMEH-
THPYSE C TENAMU, CKOPOCTH KOTOPBIX YrKe IIPUGMKACTCS K CKOPOCTH CBera,
MEL MOYKEM APOUSBECTH MEXKAY 00EMMH MEXAallMKAMH CpaBHEHHE, M OIMT
{0 KOTOpOM MBI y3HaeM HIDKe) pelliaeT B FOJb3Y MEXaHMKK DiHmTeiiHa.
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Orciofia BMECTe € TeM BHIHO, YTO TEOPUsA OTHOCUTENLHOCTH DifHTeiina He
OTMEHSIET KNACCHYECKYI0 MeXaHMKY (MexaHuWky HbioTOHa) Bnonme: Oxa
MHMIL YKA3LIBAET €if Onpe/eseHHble IDAHMIBLI NDUMEIIMMOCTH, @ UMEHHO
OTBOAMT eil 06ACTL TAKKUX SIBAEIME, B KOTOPLIX MBI HMeeM €0 TOJIBKO ©
YACTHLAMH, ABMIKYHIMMHCS CO CKOPOCTSIMH BO MHOTO pa3 MEHBLILMMH, uem
300 000 xamjeex; cama sxe TEOPHS OTHOCHTENbHOCTY NPETeHYeT Ha Topasfio
Gonee wMporyio 06/1acTh SABAEHMI, [0 OTHOWEHHMIO K KOTOPO# ofnacte
NPUMEHMMOCTH KJIACCUUECKON MEXAHHKM ABIACTCS NMUIIb OF DAHHYEHHBIM
YronKom.

HauGonee 3amevaTenbubiM cBOMcTBOM npeoGpasopannii JlopeHua sB-
JisieTest TOT PAKT, YTo I’ 3aBUCHT HE TOJBKO OT f, HO M OT X; MO3TOMY [Ba
COGbITHST, ORHOBPCMEHHBIE ¢ TOUKN 3peHusT Habntopatens S (ORMHAKOBLE I,
HO passbie X), GyAyT pasHOBPCMEHHBIMK C TOUKK 3peHna Habaonatens S',
n HaoGopor. [OHSTHE OAHOBPEMEHHOCTH OKA3LIBAETCS, TAKHM 00pasoM,
32BUCAUIMM 0T HAGNIORATENS, T. €. OMHOCUMEALHbM TIOHATHEM (OTCION H
NIPON30IING HA3BAHME TEOPHS OTHOCHTENTBHOCTH). DTOT Pe3Y/ILTAT MOMWET
TIOKA3ATLCSA CTPAHHLIM TOMY, KTO OTHOCHTCS! K [IOHATHSIM BPEMEHH U IPOCT-
panctba metadu3nuecky, KAK K TIOHSTHSIM, NPefUIECTBYICIIMM BCA-
KOMY OMBLITY,T. €. KAK K OUKAaM, CKBO3b KOTOpbIE MBI OGS3aLIL CMOTPETh
Ha TIPY POy He3aBHCHMO OT TOTO, KAKWMMM CBOMCTBAMM OHa B AeHCTBHTE B~
HocTu o6nagaer. Ha camoM dxe gene MBl He MMeeM IpaBa OTpBIBATL NO-
HsTns npocrpax—xcma M BPCMCHM OT MaTepuanbHbBixX TeJl, HAMOJHSAWINX
TNIpUPORY ; MOITOMY 3aKOHRI MPOCTPAECTBa M BPEMEHN U faKe camas BO3~
MOYKHOCTh fIPHMEHATL TOHATHSA l'IpOCT]JaHCTBa W BPeMEHH SIBJISIOTCA NHIIE
4acTLio 06Nl CHCTEMBI 3AKOHOB NOBEAEHHsS] MaTePHAIbHLIX TesI; 3TH 3a-
KOHbI HHKOTAA He MOryT GbITh YTAJaHb! 3apanee (T. €. JI0 OTLITOB W Ha-
YHUHBIX HCCNEMOBAHKI), 8 NOTOMY Kakumu 0Ll 01K HU Kasalnuch HaM yau-
BUTEJIbHBIMI (B CHTY TPUBBIMEK M MPefpaccykoB, c¢iopMupoBaBUINXCA
TIOJT, BIMSTHWEM TTOBCEIHEBHET 0 OTBITA, 061aCcTh KOTOPOTO HeM3MepUMO Gonee
y3Ka, uem 001acTs HAYYHOro OmbITa Bo0GIe), Mbl 065A3aHH WX TPUHUMATD
N B COOTBETCTEUN € HUMH OepeAeNbIBaTh HAMIN MLICTMTENbHEIE TPUBEIYKH.

B uncne paanmunbix ceacTBuil npeofpasopannii JlopeHua Mbl AOMKHEL
paccMOTpeTh 3AK0H CNOKEHHS cKkopocTelt. Ecnu b MBI NCXOIUAN U3 1ipe-
oBpazoBanuii "anunes, To ABMKeRHE cHCTEMB §' €O CKOPOCTBLIO V IO OT-
HOTUCHUIO KCHCTeMe S U IBMKEIIHE CUCTEMBI S'' €O CKOPOCTBIO V' 1O OTHO-
WEHHIO K CUCTEME S’ TIPUBOLNO 6Bl K TOMY, UTO CHCTEMa S IBIDKETCS 1O
OTHOLIEHMIO K § €O CKOPOCTRIO V' = v -V, TAK KaK W3 QopMyn X' =
=x—, =t x"=x— v, t" =1 purexaer x'=x—v"t,
=1, rge V=7 +v. TlonpoGyem mpoeNaTh aHANOTHYHOE BHIUHCIE-
Hie yxe ans npeoGpasoBanmii Jlopenna. Fcnu gpmwkenue cuctembl S'
OTHOCUTENILHO S omMchIBaeTcst OpMyaMu

xv
¥ XV , , , t_F

_ﬁ y ¥V =y, =2, 1 =]ﬁv
[4 ]

a JBIKEHNE CHCTEMbI S OTHOCHTENBHO S dopMyamu
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TO HETPYAHO BHAETH (IIPOJIEJIAB HECKONLKO TPOMOSIKHE, HO BCE He BeCLVMa
NErKye BLUKIANIKH), UT0 NepeMerHRle X', ¥, 2", ' CBsi3AHH ¢ MEPeMCH-
HEIMM X, ¥, 2, T QopMynanyu
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TaKoBa CKOPOCTS, ¢ KOTOPOit cuctema S” ABMKETCS OTHOCHTENBHO S. Mu
BHAMM, UYTO NPEXKHUN 3AKOH CIOMKEHMS CKOpOCTeH

V=

3aMeHIIICS 3aKonioM foree CITO}KHBIM, & WUMCHHO

KOTOPHIH NPaKTAUECKH COBNANAET ¢ NPeyKHUM 3aKOROM, KOTJa ¥ ¥ V' OueHp
Manel N0 CPABHEHMIO € ¢, HO OYEHb CHJIBHO OT HErO OTJIHUAETCST, ICOTAA OHH
Grusiey K ¢ Tak Hanpumep, eciy cKOpocTH v M v ofe ouenb GANSKK K ¢,
TO npekusAn gopmyna aasana Gl TOT Pe3ysbTAT, UTO V" OueHb GAHZKO
K 2¢, MOKAY TeM KaK no HOBOH (Jopmyne V' B OTOM Clyuae oueHb 6IM310 K
TOMY JKE CaMOMy . .

Penaruprctckast * (T, e, ocHoBannasl Ha TEOPHU OTHOCUTENBHOCTH)
dopmyna cnokerHs cxopocTelt MoYKeT GLITE NpoBepeHa Ha onbire. Tawoi
ONBIT GbLM MPOMIBEAEH AAXKE 3@ MHOMO JICT 0 MOABNERUS TEOPHU OTHOCH-
TeABHOCTH, HO TOJLKO He OBIT KAaK CrefyeT MCTONKOBAH. MsBecTHO, uro
CKOPOCTH CEETA B BOJE B ONPE/leNIeHHOE KOIHYECTBO Paz MEHbIE, UEM Be-
JIMUMHA €, SIBISOIAACS CKOPOCTLIO CBeTa B nycrore. O003HAUMM OTO
uneno pas OyKBOH /1 (TAK HASEBAEMBI KOIPMUKEHT NpeOMIe NS BOMLY);

¢
HTaK CKOPOCTh CBETA BBOJIe v’=71—. Ecnn Bopa Teuet B TpyGe co CKo-

POCTLI ¥ MO OTHOLIEHWIO K HabiogaTenio, CTOSLIEMY PSJOM ¢ TpyGoii,

* Relativitit -mo-HeMeLiH SHAYNT OTHOCHTENBHOCTD.



74 Taasa I Saewmnons 1 sdpe
" ¢
a [0 Helf pacIpocTPAHALTCH CBET CO CKOPOCTEI V' = w TO M0 OTHOMEHHUIO
K Hafmogatemo cBeT SyJeT pacIpocTpaHATLECA CO CKOPOCTbIO
4
. Vi —
v4v + n
w' v
| P ILAGEE P L
+= +o

v o 1 -
Tax kak Apodn 2 UPesBLMaliio MAT, TO BMECTO npoﬁu—v MOYKIIO

1 —
+

v : v ¢
HaMcaTh NPUBIIKeHHO I—Fﬁ;rmmm){(aﬂ l_ﬁ Ha v—}—F , MBI

MOYKeM OTSDOCHTb YJeH t‘—ﬂ’ KOTOprﬁ Topasfi0 MeHbIE BCEX OCTAJBHBIX

WICHOB MHOMOWIEHA, MOMyYalolerocst NpH TAKOM INepPEMHOMKEHMN. 310
AaeT J/IST CKOPOCTH CBETA 110 OTHOLIENNIO K HAG/II0ATEINO, CTOAMIEMY Psi-
HOM ¢ TpyGoil, BLparKeHNe
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3ot peaysbTat i b1 nomyueH B 1851 . B onutax Puso. Tai Kak K CKO-

[ -
pocTu FHPKO&BJI;L’H\CB HE TNOJHAA CKOPOCTH BOALI ¥, HO JIMIIL €€ yacTh

1
v (1 7% ) TO OmBIT D130 UCTOJIKOBHIBANCA B TOM CMBICTE, YTO IPOUEXO-

IUT 4aCTUYHOE yBenuueHne adupa ABIKYIUMMUCA B HeM Tenamu. B gefct-
BUTENTBHOCTH K€ Pe3yNbTaT ONbTa (P30 ABISAETCA TPAMBIM CJEICTBHEM
PENIATUBHCTCKOID 3aK0HA CIOYKEHHs CKOPOCTE .

KaKoBb 3aKOHB PETATHBHCTCKCH MEXaHUKY 1 YeM OHH OT/IMUAIOTCA OT
3aKOHOB MexaimkK Hpiorona? Ecii MB HMEEM TeJI0, Macca KOTOPOro
paBHA 1My, TO B KJIACCHUCCKO MeXaHUKE ero KOJMMYECTBO JBUXKEHHSA eCTh
BEKTOP, 1A pasfieNibEbil CKOPOCTH ¥ PaBHHIL Mgk, a €ro KHHEeTHYECKas

i "
HEPrUs pasHa - ). B nexamuKe crenpanbHOE TeopHU OTIIOCHTENS-

HOCTH 33KOBB COXPAHEIUSI YHEPIMH M KOJHUECTBA ABMIKEHWS [POLOI-
JKAIOT OCTABATLCS! BePHLIMHU, 110 TOABLKO 3TH BHPAXKEHUR NpHOGpeTalor Go-
Jiee CJI0YKHBIN XAPAKTE P, A HMEITHO KOMUECTBO JIBHIKeHVS OKA3LIBAETCS PaB-

my v 1

HLIM ===, A KNHETHUECKAS SHePTis] PABHA My

L/I—JCE

Ecau Mu BBENeM JUIS1 COKpAalleHusl m=—

—1

2 ”



Snexmponm 75

JKEMMA GyJeT UMEeTh TaKOH sxe caMuill BHI my, KaKOH OHO HMEeT B KIacCH-
uecKoi Mexanuke. ITo3ToMy TPUHSTO TOBOPHTL, YTO OTJIHUUE TEOPHM OT-
HOCUTENLHOCTH OF KIACCHUCCKOM MeXaHHKH 3AKJII0UETCS B TOM, UTO Macca
TeJla y)Ke He PABHA NOCTOSHHOM BelIMUKHE 17y, HO MEHAETCA B 3aBHCUMOCTH

My

0T CKOpocTH MO opMysie nm= , IpHUEM KOJHUYECTBO JBHKe-

Ve
l//l -
HHS TIONPEIKHEMY PABHO MPOMBREAEHHIO MACCH 17 M CKOpocTH v. TIpK Bo3pa-~
CTaHUi V OT 0 10 ¢ MAcca m BO3DPACTAET 0T My 10 GeCIKOHEUHOCTH ; KUHe~
THYECKAs YHEPIHsl, BHPAXEHUE KOTOPOH HATMCAIO BBILE, IPH 3TOM TOYHO
TAK JKe BO3pacrtaer (OT HyNs 1o OecwoHeunoctH). ITosromy Tpebyercs
COOBLIMTE TeJly GecKOHEUHO 60/IbLIYI0 3HEPIHIO JUTS TOIO, UTOOBI PASOrHATE
€ro Co CKOPOCTLIO CBETA, OTKY/A BLITEKAET, UTO CKOPOCTh CBETA ARIACTCHA
HEJOCTIDKUMBIM BEDXHUM TIPENINIOM /151 CKOPOCTH MaTePUabHEIX TeJl.

1
HuneTvueckan SHeprua rmyc? /——:—1 moxeT OBIThH Hamu-

caHa B BHJE (m — my) ¢2; orciofa cielyeT, Yro NpHpaieHne SHePrHH Tesla
IIPH YBEJIMUEHAK €T0 CKOPOCTH or O X0 V PARHO NPHPAILICHHIO €T0 MACCHI,
TIOMHOMKEHHOMY HA €2, 3TOT Pe3ynbTaT MOXKeT OHTh 06061eH : M3 3aKOHOR
CreUMATLHOR TEOPUM OTHOCHTENBHOCTH ClieflyeT, UTO NMpUPAlUeHHe JHep-
THH KaKOH-nubo cucTeMel Ha AE BCerja CONPOBOXKAAETCS NPUPAILEHHEM

AE .
ero Macchl Ha Am== = Tax sanpumep Connie orAaerBrog 1,2 -104

3proB JyuHCTON OHEPrHH; ecNU CUMTATh, YTO OHO TMOJUMHSIETCA 3AK0-
HaM TEOPMH OTHOCHTENLHOCTH (00 9TOM CMOTpPH MOCIEJHION TJIARY OTOH
KHIDKKH), TO ero Macca JIOJDKHA YMEHDBIIATHCs eierofno ua 1,3 - 10 ¢,
T. €. HECKOJILKO MeHee, yeM Ha 0JHy fecaTubunnuonnyio (1071%) uacrs Beel
Macch ComtHua, Tak Kak B BhIpaXke1ie IHepruu BCerla BXOJUT IPOU3BOIb-
Has A06aBOUHAA MOCTOAHIAS, TO MOKHO BHGpaTh 3Ty NOCTOAHHYIO TaK,
aT00bl HE TOABKO TIPUPAIEHHE 3HEPPHH GbUTO NPOMOPLUOHAILHO TPHPa-
IEHUI0 MACCHI, HO uToGkl 4 cama sliepr'ust E JioGoil cucTemsl Gbina mponop~
LUOHANLHA ee Macce /1, T. €. yrolu Obulo

E ==nc?,

Jra dopmyna, Jefalolias 3HepTHio Rcel'l@a MPOMOPHHONATLHON Macce.
HAsbhIBACTCH 3QKONOM 3KUBAACHIMHOCIMU Maccel U nepeult. B nanbHefimem
HaM HEOJJHOKPATHO IpUJETCA CCHIIATRCA Ha IT0T 34KO0H, HA OCHOBAHUHK
KOTOPOTO @ MacChl RCErfia sKBuBaeHTed 9 « 10 % 3prop suepruu.

Ha 3ToM Mbi 33KOHUMM KPaTkUil 0630p cBelleinii 06 3/1eKTPOMAT HUTHOM
Tojie 1 TeOpHHﬂOTHOCMTEJ‘IBHOCTM, HEOEXOIIMMMX 1 NMOHWMAaHUA Ja4Nb-
Heftimyx yacTell wamell KHIDKKH, KOTOpHE NOCBSIMIEHE OCHOEHOH TEME—
BOTIPOCY O CTPOEHUH BEINECTRA.

QJIEKTPOHD!

AtoMHCTHUECKAA TEOpHA C TCUCHHEM BpPEMEHH CTOJIKHYMACh C TAKUMHU
BOMpOCaMH, DaGCMOTPEHHE KOTOPRIX noTpeﬁosano CYHLIECTBOHHOIO U3ME-
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HeHNs CaMOro NMOHATHSA (XuMudeckull atoms, B macTosmge Bpemsa XUMH-
KaMH BbileleHO M H3YUeHO ACBATb AECATKOB XMMHUUCCKUX 3J1eMeHTOB. Cie-
IyeT S OTCIOAA, UTO Te 4KMPIIHYH MHPO3[AHMA, HA KOTOPbIE MOYET OblTh
PA3JI0MEHO BCAKOE BELIECTBO, COCTOAT B CAMOM A€Nie M3 AEBAHOCTA PAZIMY-
HEIX COPTOB? B cpeiHHe BeKd CYL[eCTROBANA MHHMASl HAYKA aJXyummus,
ToC/ieA0BATENRH KOTOpoH yOHUBAJNM MHOTO BpeMeHY W TDYAA Ha TUIETHHIE
NONBITKK A0GMTBCA MPEBPANICHHA TAKHX XMMHUECKHX ONEMEHTOR, KaK
cepa, pPTYTb H Ap., B 301070, Hag AJIXHMUIEMH MHOIO CMEANHCH, 0COOEHHO
TOTAA, KOrAA HAYUYHAA XMMHS CyMena A0KasaTh [P MOCPEACTLE BECLMA
TOUHLIX OfILITOB B3BCIUHBAHMS, UTG BECOBOE KOMHMUECTBO KAMKIOIO OTAE/b~
HOTO XMMMYECKOrO DNeMEHTA He INPETCPreBacT HMKAKUX M3MEHEHHMIi: Xu-
MHUECKME BNIEMEHTHl MOTYT [EPeXOAMTh W3 OJHOT0 XMMHUYECKCIO COEeAM-
HeHHA B APYroe, COEAHHATLCS APYT ¢ APYrOM Y BHOBbL 0¢B0OGOMKIATHCA,
HO KaMIbIH aTOM Bce BpeMsl COXPaHseT CBOKW XHMUUECKYIO TIpHDPOAY, H
aTOM CepBl, HANpPHMep, BCErAa OCTAHETCS ATCMCM CePH W HHKOIAA HE
CyMéeT CTaTh ATOMOM BOAOPOAA WM 30JI0Ta HNK PTyTH, TI0OXO)XKe Ha To,
KaK OyATO ATOMBI XHMMUYECKMX 37eMEHTOB abCOMIOTHO HEPASNO)KHMBL
Ha §0Jlce MEJIKHE EARHMIIEI M BCE SIBJICHHA [PUPO/L IPEACTABASICT TOJIBIKO
uX MEPerpymnmMpOBKM M MepemelieHHMs B upoectpanctse. B XIX pewe
GONLIIKHCTBO YUeHbIX XHMHUKOB AyMmano MMenHo tak. Tem Gonee 6o~
[BITHO TO 00CTOATENBCTBO, UTO TAKCH Kpynublil yueHnil Kax Meugesees
no3Bosus cele e pHKaThes MPOTHBONMONOMHCH Toulk 3penHua. OH yTsep-
JKJIAM, UTO eCNTM ATOMBI HEJeUMBl, TO TOJBKO B TaKOM CMLIC/IE, B KAKOM
HeARNTMMO KAaKOoe-HUOYAb yKUBOTHOE UK CIAOKHBH Npibop: MOXKHO paspe-
33Th HAMpPHMMEp KOIIKY HA YACTH, HO DM STOM OHA MNCPECTAHET OhIThb
KOIUKOH, H CJIGA0BATE/IbLHG B DTOM CMBICJIE KOWIKA Hegenuma. To ixe
OTHOCHTCA K YacoBOMY MEXaHM3MY M T. X. Dapapgci, KoTopomy Hayka
00A3aHa OTKDBITHEM T'POMAJIHOIC KOJIMUECTBA DJIEKTPHUCCKHX  SIBJIE-
HUfl, TAKXKC HE MOL MPUMMPHTBCST € MBICALIO 0 TOM, UTO MEXJY pasnuy-
HBIMM COPTAMH XHMHUECKHX aTOMOB, 06pasyIclix BCe Tea NpHpoMbl, He
CYLIECTBYET HHKAKHX MEpPeX0jl0B WNK CBA3EH: OH YUMA, YT OCYLIECTBIIE-
HHe HAeM ANXMMMKOB — [PEBPAILEHHE XVMHUUECKWX ONEMEHTCE JpPYr B
Apyra — MPeACTABNIsALT UCTHHHYIO 3aflauy Hayky, Taxum obpasom M Pa-
pageit u MenReneen yKasbiBaJIM HA TO, UTO XHMMUCCKHE ATOMLI TOPAsAo
CNOXHEE, UEM JlyMaloT OORINHO, M UTO CJIEyeT H3yuaTh MX BHYTpEmHliee
CTPOCHNE K PA3NOIKUThL MX HA Goslee MeKHe yacTy. Jlns Toro, 4ro6> yBu-
JIETh, KAK 3TO OCYLIECTBHIOCh, HEOOXOANMO MO3HAKCMHUTECSI ¢ TeMH OT-
KPLITHAMH B O0NACTH 3NeKTpUUYeCTBA, KOTOPble ObLIM NpOK3BE/ICHE B TI0-
CJIEMHION YeTBEPTh IPOLUIOTO Bela. 3HaMeHUTRIH Hemelkuit dusui I'eava-
201bY (OJMK U3 YUEHBIX, OTKPLIBIUMX 3AKOH COXPAHEHHUs SHEPIHH) uMTas
B 1881 r. B JloHmowe J>Kipio. B KOTOPOR Mexqly mpousm ckasan: «Ecnu
Mbl IDYMEM THTIOTESY, YTO BELICCTBO COCTOUT W3 ATOMOB, TO Mbl HE MOXKEM
K30ErHyTh 32K1I0YP HUA, UTO W 3JIEKTPHUECTBO, KAK [OJIO)KHTENLHOE, TAK
W OTPHHATENBHOR, DAZALIIACTCA KA OTIREAENIEH I MOPLITH, KOTOPLIE MOXKHO
CUMTATL KaK Obl ATOMAMM 3neKTpHuecTBa», Eumie B 1874 r, aHancruyibe
MBIC/IH BBICKA3BRAN aHIRitckuit qusnk Jocorcmon Cmonerf. Ha dem oru
062 OCHOBBIBAJIM TAKOE [OPASHTENILHOE YTBep)AeHHe? OKA3HBACTCA, uTo
OHM CCHUIANMHNCL HA (MBMUECKOE ABNEHHE, KOTOPOE OO XOPOTIO H3BECTHO
YUEHBIM 32[107F0 110 ITOTO, HO HCTHHHHI CMBIC/I KOTOPOrO BLEPBBIE 0T
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KPEITCH TOMBKO Tempmronnily M Ctone1o. Peup uReT o SIBJEHUU BMIEKTPO-
JIH33, OTKPRITOro B Kovue XVIII Bexa romnasnckum yuerwm [Jlemc 6an-
Tpeocmeurom, ECM a1eXTPHYIECKUI TOK MOCTGSIHHOTO HANPABIEHUA MO~
XOAHNT Uepe2 HeRKOTOPBIE XWMHUECKHE COeRWIeHus (I(HCJIOTb[, OCHOBARKS
n COJ‘[H). TO ATH CORLVHCHUA PA3JaralTCsa Ha CBOM COCTABHLIC YAaCTH, OﬂbIT
MPOUBOANTCA TAK: B BOLY, B KOTOPOH pacTBOPCHO OHO U3 TAKHX XHMu-
YECKMX COe/leHNH, BCTABASIOTCS METATHYECKUE MNACTHEBl (TAK Ha3bl-
BaeMble 9NeKTPOAK), KOTOPLIE COAMHSAINICA C UOAHCAMH KAKOr0-nubo
UCTOUKMKA MOCTOSIHHOFO TOKa (Hampumep auymynaropa). [Tnactusa,
COEJIHHEHHAS € MTOIOYKUTCNLHEIM MTOJIOCOM, HAZHIBAETCS AHOA0M ; [NACTHHA,
COEJTHIIEHHAs1 ¢ OTPULUATENLHEBIM TONOCOM, BA3bIBARTCA KATOLOM. I'Ipn opo-
MYCKaENHM 3MEKTPHUECKOr0 TOKA BCINECTBO, MPUHALNCIKAMER K OJHOMY M3
YOOMSAHYTBHX THIGE XMMUUECKHX COGMMHEHMH, pasnaraertcs Ha cOCTaB-
HBIE YaCTH, TIPY YeM OjiHA YACTh (A MMEIHO BXOJAmKMe B COCTAB ITOTO COe~
JMEEHNS MCTANNLl MK BOJOPOL) ABWIKETCS, K OTPULATENLHO 3apSHKEHROM
IJIACTHEE, T. C. K KATOAY, H BLITRNACTCS HA HEM ; OCTANbIIAS YaCTh IBHIKETCS
K QHOly H BHIIENsETCS TaM. SIBNeHMe dNeKTpanaH3a GBI MCCMEOBAHO €
KONR4eCTBEHROH cTopoBbl Tem ke Papafeem, xKoTopmil ofnapysxus B
1833 r. crefyiemuit noGOTWTHLIL 33KOH: TO KONMUECTBO 3NEKTPUYECTBA,
KOTOPOE JOJDKHO GBITH MPOMYIUEHO UYepe3 JKHAKOCTL, CocofHYy0 pasna-
TaThCA NpH MPOXOMGIERHM TOKA, cocTasnsgeT unu 2,895 . 101 emunnm
SNEKTPUUECTBA HA KAMULY10 I'DIMM-MOJIEKYJTY pasNaraemMoro BeIlecTba uiy
poBHO BIBOe Gonblle WK poBHO BTpoe Gonsuie u T. A. (Mof elnuuueit
SNEKTPHYECTBA NpPK ITOM MOAPA3yMeBaeTcst abCONIOTHAS 2NEKTPOCTATH-
yecKas eI BNLR, ONpeJeneHye KoTopoi cM, Brime), O603HAUNM yIOMSTHYTOR
TOJTBKO-UTO KONMUYECTBO 3MEKTpUuecTBa, paBuoe 2,895 . 10 afconiorhmix
eIMENL 3apsifa, Gyksoit F (oHo BaswiBaeTcs mocrosnuoit dapanes). Takum
06pasom Ha KAKAYI TFPaMM-MONEKYNY pasaraemMoro BEIEcTBA MpHX0-
Anrcsl Wi F eIMHEKL MPONYIEEHOI0 Yepes JKMAKOCTh BMeKTPUUeCTBA MIH
2F vmi 3F vwnu 4 F u 1. [.; BooGwe 0GA3ATENLHO [EN0e, HO HUKOHM
06pasom He ApoGuoe uncno. Tak KAk B rnaee | Mbl yananu, uTo rpamm-
MOJIEKYJIa J11060T0 XVMITYECKOr0 COMHEHYS CONEPHMHT OHO ¥ TO e UHCIO
monerya (uucsio Aporagpo N), TO CNEAOBATENBHC HA KKLYI MOMEKYTY

F
pAsNaracMoro Bemectsa MpUXOMTCS NN - (F menexHoe Ha N} equHMI[

F F
BNEKTPNUECTBA MIH 2 WPIJ‘IM?)—AT UT. A UT. A [Tonyuaercs, uro Bemu-

F
uBHA UPEICTABIALT KAKYIO-TO 110PYLI0 JAEKIPUIECISd, KOmopas daasiue

OeAumsCss HE MOMCEN W TIOTOMY BCTDEUaeTCsi 00s3aTe/IbHO Liea0e, HO He
ApoBuoe uucno pas. Orciopa FenbMrosny M Crosedt 3axiwoumny, uto
SNEKTPUUECTBO MONOMKHUTENLHOE H OTPHUATENLHOE COCTOHT M3 HEJENHMEIX
nopIyil, ABISIOIMKCS KAK GBI «aTOMAaMH BNEKTPHYECTBA), MPH UEM BEJH-

F
UHIIa KAKI0H NOPLUK PABHA £ = We:mmm VIEKTPUYECTBA, IjIe F mocTosy-

nast Gapanes umu 2,895 « 10" enunnn saexrpuuectBa. Taxkum 06pazom
W3 npepuiéroeo (ATOMHOTO) CIMpeeHun éelyecmeéa Heofxodumo caedyem u
npepLiHoe CMIPOCHUE IACKIMPUYCCMEn. 3aKTIOUEHNE 3TO HACTONLKO npo-
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C€TO, UTO NPUXOTHUTCH TONLKO YAHBIATLCS, NOYeMY OHO HHKOMY He IIPHIILTO
B rojoBy A0 CroHest ¥ I'embMroJibLa, BrepBhle BHICKA3ABIINKX 3Ty MbIC/b
B 1881 r. [lusi Toro, yroGhl NPABUIBLHO MPEICTABHTL Cebe MEXAaHUSM IIeK-
TPOJIM3a, HEODXOMMMO HMETh B BMAY, 4TO (AKT [IePEHOCA ATOMOB H MOTe-
Kym B SNMEKTPUUECKOM IOJIe B TY WJIH WHyI0 CTOPOHY BCErJa CJYMMT J0-
KazaTesbCTBOM TOrO, UTO 3TH ATOMBI HITH MOJIEKYJIEl 34PsDKeHBl JMEKTPH-
uecTBOM. Il03TOMY €CNH MBI HANpHMEp MPOHMSBOAMM 3NEKTPOMM3 I0Ba-
PEHHOM CoM, MOJIeKyNa KOTOpO# COCTOMT W3 OJHOrO aTOMa HATPHs U Of-
Horo atoma xnopa (popmyna NaCl), 70 H2 Toro o6CTOATENBCTBA, UTO ATOMEL
HATPHS ABUMCYTCA B HANIPABTIEHHM 1K KATOLY (K OTPHUATEIILHO 32 PSHKEHHOMY
3MeKTPOAY), CJIeyeT, YTO OHM 3APSHKEIHDLl LOTOXKMTENIBIEIM 3JIeKTPHYUECT-
BOM, & M3 TOT0, YTO ATOMBI XJ10pa IBHXKYTCS B HANPABIEHHH K aHOTY (mo-
JIOMMTENLHO 3APsHIKEHHOMY NOJICY), CNEAyeT, uTo OHM HecyT Ha cele
OTpMLATeNbHRH anexTpHycckuit 3apsag. ONBIT NOKASHBAET, UTC NPH Pas-
NOKEHUH OJHOM TPaMM-MONEKYNBl N0BapeHHel CONH depes romepedHoe
CeueHYe IMEKTPOIUTHYCCKOM BAHHE NPOXOAHT POBHO F eAMHUL JNEKTPH-
uectBa (F — nocroanHas @apagen). OTCIOIA HYMCHO 3AKITIOUMTh, YT B
pACTBOPE NOBAPEHHOH COMI B BOAE BCEFNA CYIIECTBYIOT TAKHE MONEKYJIE
NoBapellHoll COTH, KOTOPBIE moj ReHcTeHeM CTONMKIOBeHHH C OKpyaro-
IHMA HX MOJIEKyNaM¥ BO/IbI OKA3LIBAIOTCA Pa3GMTHIME HA [Be YACTH, a
HMCHHO Hi aTOM HATPUA, 32 psSHKeHHbH oAHOH NOpIMedl NOA0MMTENLHOTO
3/CKTPHYECTBA - €, M HAa ATOM XN0pa, 3apspKeHHHH 0fHOR mopuuedt oT-
PHUATENILHOTO DMIEKTPUYECTBA — ¢€; CTOUT TONMBKO NPHIMKUTL U3BHE
SNEKTPHURCKOE NOME, KAK STH 32 DSUKCHHLIE ATOMBl HAUMHAKT IBHIATECH,
NONOYKUTENIbHEE 10 HANPABNEHHIO MONA, OTPHIATCMBHEC — npoTHs. Ta-
KMe 33pSUKeHHBIE ATOMB WITH OCKOJKH MOJIEKYJ, KOTOPHIE MEPEMEIANTCA
B TY H B ADYI'VIO CTOPOHY B SMEKTPHUECKOM TIOJe, HOCSIT HA3BAHUeE LOHOS;
NO3TOMY CJIeyeT CKa3aTh, UTo B PACTBODE MOBAPEHHOI COJIM B BOJE YacTh
MONEKYJT pasbuTa Ha NOJIOHUTETEHEE HOHBL HATPHS M HA OTPHIATENbHLIE
HOHBI X10pa, M33Tere nipecTaBleHIs 06 316 KTPOITH3E CII1e4YeT, UT0 CIocof-
HOCTBK) DASNATATECA N0 AeHCTBHEM 3/IeKTPHYCCKOr0 TOKA JOMKHB 0fa-
TaTh BCE Te COeMMHEHHS, MOICKYJIBI KOTOPHIX 110] BITHAHHEM BHEIIHUX BO3-
NeHCTBMH (HATIPHMED TOTUKOB CO CTO OB OKPYIKAIOIMX HX MOTIEKYI) Gotee
HIH MEHEE NErKO pPacuajaloTesl HA NONOMKUTENbHO M OTPHLATENLHO 3aps-
YKeHHEIC HOHDI ; TPH 3TOM Ka)KABH HOH HeceT Ha cele ofHY HIM ABe HIM TPH
HT. A (HO 063aTe/IbHO LEN0E UHCITO) SJMeMeHTa PHLIX $MOPLuiis SMEKTPH-

F
YECKOT' 0 3apsaja W:e; FICHO, YTO KOrjAa HelTpasbHas (He 3apsKeHHad)

MOTCKyNla pacnajaeTcsl HA YacTH, TO YHCJIO BCEX TIOJOMMUTENbHLIX MOp-
UM, BOSHHKAIONAX TIPY 9TOM, TOHHO PaBHATBLCS YHCTY BCEX OTPHUATEb-
HBIX nopiuit, Takum 06pa3om MBI BUAKM, uT0 0GLIYHEIE ATOMBI XHMHUECKAX
SNEMEHTOB MOI'YT BCTDEUATHCS HE TOJILKO B HEfTPANBHOM BHAE, HO U B
BHUNIE HOHOB, 3APSHKEHHBIX OXHOH MM HECKOJNBKMMH «TODIMSIMH 3apsifay.

Tpesne vem woiiTu ganmbire, o6 paTHM BHUMAHME HA TO, UTO U3 hopmynsl

F
e= w BO3MOYHO BHYHCTUTL NN, €CITH TOIBKO KAKHUM-HUDY b 06pasom cra-

HET H3BECTHa14BeJ'IH‘mHa €, TAK KaK YHCIWTENb, T.e. F, n3pecTeH (F=
=2,895 .« 10%), CnepopaTesbHO, UTOBLI Y3HATL ACHCTBHTEJLHEIR BEC MO-
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JIEKYT 1 ATOMOB, HYXKHO YMETh M3MeDHTE BEJTHUHHY €, BeJIHUNHY «Hamthf»
el TOPIMM» 3/1eKTPHYECTBA.

OTKphTHe [enbMronsia u CTOHEs 6LN0 CHEJAHO, TAK CKAZAThH, ¢Ha
Gymares, HO CJAeZOBAN0 Cl¢ KAK-TO «NOHMATHY 371EMEHTAPHYIO HOLLMI0
INEKTPHYECTBA, T, €. HaliTH QH3KMUecKOe ABICHAE, B KOTOPCM (ATOMBI 3€K-
TPHYECTBA» NPHHMMAKT TaK0e HEMOCLEACTBEHHOC YuacTHe, UTO CTAHET
BO3MOXKHBIM OTKPBITH HX M M3YUHTL MX CBOMCTBA. ITO YAalI0Ch YYeHBIM,
H3YYaBLIMM TPOXUMKAEHUE SACKTPHUUECKOTO TOKA HUePe3 Das[eKeHHbIE
rasbl.

JonycTuM, 4T0 B CTEIUIAHNBH COCYa, 3 KOTOPOTO BHIKAYAH MOYTH
BeCh BOSAYX (T4K UTO OCTAIOLIMICS TaM BO3IyX NPOM3BOXMT AABNEHUE HE
Gomblie THICAYHBIX A0JcH MUNTUMETPa PTYTIOLO cT0J16a), BIASHLI ABe
METANJIMYECKHE TINACTHHKH, COCXMHEHHBIE C NONIGCAMH HCTOUNUKA TCCTO-
AHHOTO TOKA. DByfeM HASEIBATL NNACTHHKY, NPHKAKYEHHYI0 K OTpHuna-
TEJIbHOMY TIOJIIOCY, KATOXOM, 8 K MOJ0)KHTeNLHOMY — anoxom. B 1869 1.
[1at0KKep OTKPBIN, UTO €CITH PH TAKOM CHJIbHOM DASPE)KeHHM NPOIYCKATh
SNMEKTPUYECKKI PasPAA MCXKIAY KATOAOM H AlOAOM, TO M3 [I0BEPXHOCTH
KaTOA@ BRIXOAAT 0COOHE JIyuM, 3aCTABASIONWME CBETHTECS] YACTH CTEKNSH-
HBIX CTEHOK COCYJA, HA KOTOpbIE OHM TMAAaloT. TAWECTBEHHEHE JYUH, OT-
KpoiTeie TLTIOKKEPOM, CHYKHAH TIOCHIe HET0 NPEXMETCM HCCIe0BAHUA g~
JIOTO PSAfA YueHbIX, B 0coenHocTu ['ummopga, I'oas0mmeiing (naBiero um
Ha3BaHue KATOAHBIX Nyuedl) ¥ npyrux. B 1874 r. reHnansHe aHTIHHCKHH
yuenniit Kpyxe npouen B ledduanae nownan nog sarmasuem «Jlyuncras
MATEPUA MNH YETBEPTOE COCTOSIHME BeINecTBas, B KOTODOM BHICKA3aN CMe-
JIYI0 THHOTEZY 0 TOM, UTO «KaTOJHBIE JIYUM» NPEICTABNSIOT HOTOK MaTe-
PHANBHBIX YACTHI, JBHIKYIMXCS € KOTOCCANMBHON CLKOPOCTHIO B 3apsAmeH-
HBIX OTPHLATENLHBIM 3/1€KIPHUECTBOM, JTH HACTIiL, N0 MueHHI0 Kpykca,
BXOAT B COCTAB KaXKEOI'0 XMMHMyeCKoro aroma. Taxknm oGpasom oHH 1Tped-
CTABNIAIOT «OCKOAKHY ATOMA, KOTOPBIH ¢NIEN0BATENILHO HC MOMKET YIKE CUH-
TAaTbCs GHENEAMMBIMY B OGLIYHOM y3KOM CMEICTIE ITOr0 Cji0Ba. Brickasap
3Ty runotesy, KpyKe TeM cambiM HOCACHYJ HA CUMTABLICECs TOrJIA He-
COKPYWINMO}f OCHOBOH XMMHE MHEHME O TOM, UTO ATOMLI a0COJIIOTHO HEMe-
JHMBl M ABIAKTCS NOCTJHMMH H Hepas3pylIMMBIMH €JMIILAMK, U3 KOTO-
PBEIX TIOCTPOEHB! BCE Tena NpHposl. He ypuBHTeNbHO, UTO CMERas MBICHb
Kpykca cHavana ne BCTpetHna ocofoit moamepxiu. Jake Taxof Bealo-
uuics yueHsi, kaxk ['enpux Tepll (OTKPHBIIME 2NeKTPOMAr HUTHEIE BOTTHBL),
wanan Ha Kpywca, yTRepmias, 4TO KAaTOAHHE JY4YH IIPEICTaBAAOT HE
MOTOK MATEPUANBHEIX 3ADAMEHHBIX UACTHL, & 0C0GOro poja BOJHBI, pac-
npocTpaHAmMecss B aupe; MHOTHe AaKe cuMTand Kpykea cymacuiefi-
winm. Onnaxo Kpyke oKasancs npas, H TOCTENEHHO BECh YUeHBIH MHp TOJ,
HaBNEHHEM HEONPOBePXKUMBIX (AaKTOB BhIHYsIeH CLUT TPHHATL MHeHHe
Kpykca. T0, yT0 KaTOAHBIE Jy4H MPEECTAB/AI0T GLICTPO ABIKYLIHECS 3a-
PSYKEHHBIE UACTHI(H, AOKA3LIBAETCS CNIEAYIOUWMMHA OTIBITAMH.

EcH K CTERISHHOMY COCYLY, B KOTOPOM PACIIPOCTPAHAIOTCS Karonﬁme
Jyukt (TaxHe COCYAB! HA3BIBAITCA DASPAAIBIMH WIH KPYKCOBhLIMH TpyG-
KaMu), npHGIH3HTL MArHuT, TO KATOAHBIE JIyUyd ONPEENEHHHM 00DPazoM
uexkpusnsoress (puc. 21), 910 Guino 6Ll COBEPIIEHHO HeoTBSCHHMO,
ecau Gbl dyuu TPEJCTABNISITA BOJIHEL, HO CTAHOBHICA COBEPUICHHO NOHST-
HBIM, €CNTY MBI TOJILKO JIONYCTHM, UTO KATOXHBIE NYUH — 3T0 GRICTPO ABH=



Saexmponst 81

TO pafora, KOTOPYIO IPU STOM NIPOUSBOJAT JEKTPHUCCKUE CHIIRI, TPOTIOp-
uYoHanbHA 3apALY YaCTULBL. HOBTOMy €CJIM 3apsii YAaCTHLL paBeH é€, TO
pa6oTa npu nepexofie M3 TOUKY A B TOUKY B MO)KeT OLITh HAMKMCANa B BUAE
eV, rae V ectb Ta paboTa, KOTOPYIO COBEPIUAT 3JeKTPUUECKUE CHIBL IPH
nepexofie e AMHNULUEL 32P5/ia N3 TOUKY A B TOUKyY B (ECTH IE PEXOAUT He O
eIMUNNA 3aPsAAA, 8 € TAKUX eIMHNUIL, To pafoTa yfeT He V, a B ¢ pas Bonb-
e, T. €. KaK pas V). Benrunna V HOCKT Ha3BaHKME PASHOCTH MOTEHIMANIOB
MERY TOuKamn A u B, Ecsm mepuTh paGoTy B 3prax, a NeKTPHUCCKHi
3apAn B abCONIOTHBIK. IEKTPOCTATHUECKUX €AMHKLAX 3apsiaa, TO Aid
TOro, 4t06hl paboTa paBHsNACH NPOM3BENEIMIO 3apsJid HA PA3HOCTH MO~
TEHLHAN0B, NOCHENHsIsl A0MKHA ObITh M3MepeHA B aGCONIOTILIX HIEKTpPO-
CTATUYECKUX eIMHULAX NMOTeH{MaNa, ECNM 3NeKTPOHBl KaToOAHMX Jyuelt
PasrOHAITCS YJIEKTPUYECKUM 110JEM ¢ Pa3HOCTHI) MOTEHUMANOB V (T. €.
€CITY TaKoBa Pa3HOCTDb MOTEHIMAJIOB MeYKIY TOUKOH, B KOTOPOH DJIEKTPOHB
el MMEIOT CKOPOCTH GNM3KYH K HYJI0, HANDMMED HENOCpeACTBEHHO MO
BBIX0/Je M3 KAaTOAa, W TOYKoMH, B KOTOpPoil OHM npucOperaicT cBOKW OKOPYA-
TeJIBHYH CKODPOCTh), TO paloTa 27eKTPUUECKUX CWI, paBHas eV, rie e
3apsifl BNEKTPOHA, TIPUBEMET K TOMY, YTO Y 3JIEKTPOHA MOSBHTCH KUHETH-
4ecKasl YHeprusi, paBHasi npousBefexHoil pafore. O603HAUMM Maccy NEK-
TPOHA uepe3 /M, OKOHYaTe/lbHYI0 CKOpPOCTL €ro uepes w. Toraa Ku-
HETHUCCKAST YHEPIrHsA, KaK H3BecTHO, MOxeT OmTh Hanucana B Buje

1 1
?mvi‘ . TlosTOMy MBI RONyYaeM paBEHCTBO ?mvzzev. Beren  3a

ITUM NYCTHM DJIEKTPOHBI, PA30THaBHIMECs] €O CKOPOCTLI ¥, B TaKoe
TpOCTPaHCTBO, B KOTOPOM HET HUKAaKOT0 JIEKTPUUECKOr0 TMOJfA, HO 3aT0
€CTb MarHuTHOE noJe, NEPIEHANKYIAPHOE K HANpPaBJIeHVI JABUIKE-
HUsl 9NEKTPOHOB. ToOrja nyTh 3JIEKTPOHOB W30PHETCS 10 Jyre Kpyra.
Ecsn paanyc 3T0ro Kpyra paBeH R, To, KAk W3BeCTHO, CUMIA, ¢ KOTOPOH
MArHUTHOE n0Je AeHCTBYET HA 3NEKTPOHBY, AOMHKHA ObTh paBHA IpoM3Be-
AEHMIO Macchl HA YCKOpEHHe, COOTBETCTBYIOMIEE ABWIKEHNVIO TO TaKCMy
Kpyry. J10 CHX TIOp MBI HMEJTH JeJi0 JIMIIb C BEIPAYKEHHEM CHIIBL, ¢ KOTOPOH
MarHHTHOE MoJie AeHCTBYeT HA TOK 3ajaHHoi cunb. Herpyano mepeBol-
WMCIUTR 3TO BHIPAKEHME TAK, UTOOHI OHO JaBano JefCTBHE MarHUTHOIO
TIOJIsL HA 3APAA, ABW)KYMMHCSH C AaHHOM CKOPOCTLIO. ECIM MbI BMeeM L¥-
JIMHAP C ceueHMeM S, HANMONHEHHBIl SMEKTPOHAMH C IJOTHOCTBIO 11 AMEK-
TPOHOB HA eQHHHUIY OﬁBEMa, TO NPY TIEPEMEIIEHUY BCEX 2TUX 3JIEKTPOROB
€0 CKOPOCTLIO V B HATIPARIIEHNN OCH LIMJIMHAPA Yepe3 NMONepeuHoe CeucHue
nuiuHiapa 6}121}/'1‘ B eAVHUHY BpeMeHU TNPOXOINUTL QNECKTPOHBI, 3aKITHUYEH~
HBlE B LHJIMEADE ¢ Ceuenrem S U ¢ ofpasywomeif v. Tak xak 06beM 3TOTO
UMIIMHAPA paBeH ¥S, @ uMCIIO YMEKTPOHOB B HeM PaBHO nvS, TO CreloBa-
TeNbHO CUJIA TOKA paBHa { == nvSe. T1ycTh MArHuTHOE Tode H nepresin-
KYJISPHO K 0CH LMIHHAPA. Mbl 3naem, uro cuna, JeCTByoas Ha euHNIly
vH

T Ho T1ak kaxk B

iH
AU WHAMHApA, BOTOM CRyuae paBa —- = nSe -

eJMHMLE JJIMHH LWJMHAPA 3aKJIIOUEHO 7S IMeKTPOHOB, TO CJIEJOBa-
TeJbHO cuna, AelfcTByoWAas HA Kabli dnexTpoH, Oyjger B nS paz
Menbmre, Mrak, ecmi 3apsj paBeH € abCONOTHE'X 2JeKTPOCTATHTECKUX
CAMHMI, CKOPOCTbL V CM[CeK,: MATHWTHOE mnOJe, N PIEHANKYIAPHOE

Crpoenme Bemeerna 5
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v
K aTo#i cKopocTy, H rayccoB, TO CHa pABHaeTH IUH, THe ¢ = 3 X 107,
C Ipyroit CTOpOHH NpOKM3BefleHHe MAacChi HAa yCKOpeHWe PABHO, KaK W3-
2
v
BECTHO, M. [10STOMY MBI HMEEM DaBEHCTBO:

R
m? €
—-=—VH
R ¢ ’
OTKYJa, cOoKpamas ofe yacTH Ha ¥, Mbl MOJyYaeM
my _ eH
R ¢

1o PABEHCTBO HY)KHO CONOCTABHTL C PaBeHCTBOM
.
1
-i—mv2=eV,

Koropoe Gnino mosyueHo pambiue. Eciy pasfenurd nocsiefinee paBeHCTBE
Ha TIpefmocaeinee NOYAeHHO (T. €. NPaBylo YacTb HA NPABYI0, EBYI0 HA
JIEBY10), TO MBI IOJIyUHM

VRV

2. H'
oncy,ua CJ'[E}ILyE:T, YyTo CKOpOCTb JNEeKTPOHOB paBHA

_ 2V
=R

Tak Kax pajuyc Kpyra, N0 KOTODOMY M30THYJNUCh KATOAHEIE NyuH, pa3-
HOCTb MOTEHUMANOB ¥ MarHWTHOE NONE MOryT OBITb U3MEPEHE], TO MO 7O
dopMyNIe MOKHO BHIYHCIHTL CKOPOCTb, ¢ KOTODOH ABIXYTCS SMCKTPOHR
my eH

R e’

v

KaropHeix siyyed. [lofcrapnas oty dopmyny B Qopmyny

m 2V eH [ 262V

Muuaﬁnem-ﬁ—HR =—0 OTKyRa " HRE

o 970} GopMy e MO)KHO BLIUKCIHTE OTHOIIEHYE 3apSAA2 SNEKTPOHA € K
€ro Macce /M. MuorouncieHHbIe H3MePEHNsT, TPON3BOMBILKECH B PA3HOOG-
PasHLIX YCJIOBHAX, NOKa3aaH, YTO CKOPOCTL JNEKTDOHOB KATOZHHIX Jy-
Heil OKA3LIBALTCS CAMask pasnuuHasi (B 3ABMCHMOCTH HAMPHMEpP OT pas-
HOCTH MOTEHUHANIOB MEXLY WaTOMOM U AHONOM), HO OTHOLIEHWE 3apaja
K Macce BMONIHE OMpEfesieHHOE, 4 HMEHHO

£ =5,307- 10,
m

FAE m — Macca B rpammax, a € — 3apsia B a6COMOTHLIX 3EKTPOCTATHYEs
CIMX E[MHMIAX. ITHM NOATBE PIKIAETCA CAE/IAHHOE NPERIIONOKEHHE O TOM, .
UTO 3NEKTPOHLL SBNSIICA OFMHAKOBLIME UACTHYKAMA C ONPEJETEHHBIM

SapsloM € u onpefeneHnoli Maccoif m. 3aMeTum, uTO BCe NPEAHYIIHE
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pacyeTsl ceNalbl HA OCHOBE KJaccuuecKod Mexanuxy Hpiotona u noromy
NPpHMEHUMBl JIHNIIb K 3JIEKTPOHAM, CKOPDOCTH KOTODHIX OUeHb Malbi No
CPABHEHHID CO CKOPOCTLIO CBETA. an'romy BLINMCAHHOC BHINIE OTHONIEHHE

& o
w’ Haiigennoe B onurax Tomcona n JleHapaa, HY)XHO NOHUMATBH KAK 0T-

HONIEHME 3apsiNa ANeKTPOHA K TOMY 3HAUYECHHIO MACCH, KOTOPBHIM OH o6na-
HEAET NIpU MaJIbIX CKOPOCTAX. Ecnu CKOPOCTDb BIIEKTPOHA 3HAYUTEIBHO BO3-
pacTaeT, TO Macca ero Ha OCHOBAHMM TEOPUM OTHOCHMTENBHOCTY PACTET, B3~

MeHAACH 06paTHO NPONOPIHOHANBLHO BLIPAYKEHHIO

weelnapckue Guankn 'y u Jlgsaniuy npousBeny BeChbMA TOUHble U3Mepe-
e
HUA - JUIs1 DNICKTPOHOB KATOMHBIX nyueit, KOTOpble NOA AeHCTBHEM CHIb-

HBIX DJIEKTPUYECKUX NONel NpeABapUTESIbHO PASTOHAMICH A0 BecbMa §0/b-
LHMX c1<0poc-reu (no NIONOBUHEL CKOPOCTH cBera). BrisicHuIoCh, 4T0 OTHO-

HIEHHE — neuCTBYLTeJIbHO OKaBBIBaETCH PASIMUHEIM 7151 3NEKTPOHOB pa3=

JIMYHBIX cx0pocTeu, a MMEHHO NpSIMO NPONOPLUOHATILHEM KBafpATHOMY
vz

KODHIO U3 1—;2—. Onoitet ' ¥ JIaBaHI ABJAWTCS HENOCPEACTBE HHEIM

IKCHE PUMEHTANIBHBIM NOATBEP)KACHUEM TIPABHIBHOCTH PENSTHBUCTCKHX
3aKOHOB MEXAHUKH, HAMAEHHBIX TEOPETHUECKH DHHIMITEHHOM.

K coxaneHMI0 M3 ONBITOB HAM ABHXKEHMEM DNEKTPOHOB B DIIEKTpHue-
CKOM ¥ MArHMTHOM NOJie HeNb3A BHIBECTH 3HAUECHHME CAMOro 3apsfa ¢ M
CamMOH MAacChl /17, @ BO3MOYKHO BHIBCCTH TOJBKO OTHOIMEHME MEXIY HHMH,
Onxawo maj)ce M3 BENMUMHB! 3TOrO OTHONIEKHsi BO3MO)KHO BBIBECTH BECHMA
3aMeuaTesNibHblif pe3yJibTar.

B camonm fene, U3 Hero BO3MOXKHO Y3HATb OTHONIEHME MACCH 3JIEKTPOHA
K Macce pofopoguoro aroma. [Tycrs macca Bogopojmoro aroma 6ymer M.
Tak Kaxk B rpaMm-MoJexyne Bofopofa umeercsi N Monexyn (N — uucio
Aporagpo), a Macca KOKA0H MOJIEKYJIH paBHa 2 M (Belib OHA COCTOMT U3 .
IBYX aTOMOB BOJIOPOAA), TO BeC STOH IPAMM-MOTEKYNH BOROpojia Gymer .
2 NM rpasmos. Ho ¢ gpyro#t croporsl oH paBer 2 rpammam. Cnepoba-
TeJbHO

2NM =2, otkypa NM=1

1
M =5
Msl Brpum, uro M » N ofpatiei apyr Apyry: pasgenuts Ha M — Bce
PaBHO uTO NOMHOXMTH HA N, ¥ HaoGopor. [losromy
e
——=e-N.
M
Benomuus, uro npoussefenye ¢ Ha N naer nocrosnuyio ®apanes F (unn
2,805 « 101* alCONIOTHBIX SNEKTPOCTATHUCCKUX €IMHMII 3apsfa), MH MO-
¢ e 3
—=F — = 5307+ 10"%; - = 2,895 . 103,
HeM Tueath I‘.I/I;raxm 5.307 O’M ,895 - 10
] -

H HaKoleL
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Ecnu pa3aequTb Npeanocie/iiee PaBeHCTBO Ha TOCNefHee, TO MOJY-
YHATCH anﬁﬂHBHTeHbHO:

M_ 1549,
m

CnepoBaTtesbHO Macca BOROPORHOr0 aToMa npuGauzurensHo B 1840 pas
TIPEBOCXOAUT MACCY AIEKTPOHA. DNEKTPOH TAKMM 06pasum - leCTBUTENBHO
OKa3LIBAETCS, Kak npeBuaen KpyKke, 0CKONKOM aTOMA, TAK KaK OH JIerye
CaMoOr'o JIErKOro H3 aToMoB. BOT K KaKoMy I0pa3uTe/IbHOMY [e3YNbTary
APUBENY OTBITEL HAZ KATOAHBIMYU ny4yamy, CTapoe MOHATHE 0 XMMHYECKHX
ATOMaX, KaK 0 MOCJeAHUX U MPOCTEHUINX YacTHIAX, W3 KOTOPBIX CTPOUTCS
BellecTBO, Ghino K Kouny XIX Bexa paspymiero. Hauanach HoBas snoxa
B HCTOPYH HAYKH.

PEHTIEHOBCKHE 1Y4YH

B 1895 r. 6uino cpenaHo 3aMmeuaresibHOE OTKPBITHE, KOTOpOE, He-
3aBMCHMO OT BCeX CBOMX MHOrOWMCICHHBIX HIPAKTUUECKHX NPUIOKEHV,
0Ka3as10 BecbMa GosiblOe BAHSHME Ma Pa3BUTHe HAlUVMX NpPeACTaBICHMH 0
CTpoeHuHu Bemectsa. B srom roay nemenxult uank B. K. Penmeen, npons-
BONA MCC/AEA0RAHUS HAJ KATOAHBIMW JIyuamu, HEOXMAAHHO 06HApy:ui,
4TO Ta YaCTh CTEKMAHHOI cTeHKU TPyGKu KpyKca, KoTopas LCABEpraeTcs
YAAapaM ¢o CTOPOHM HAAAIOIIMX HA HEe SEKTPOHOB KATOMHKX JNyueit, cama
CTAHOBUTC S HCTOUHHKOM JTyueil 0coGoro poaa. It Tyudt PaCIPOCT PAHATCA
OT TPy6KHM BO BCe CTOPOHB H 0GMafaloT YAHBHTENbHOR ¢MocoGHOCTHIO NpO-
HHKaTbh Ha CPaBHUTEBHO OUeHb GOIBIIYI0 IyGMHY B TeNa, HEMPO3payHLie
AaA nyveit Bupumoro cBeta. Msyuerue aTnx nyyel 110xkasano, 4ro HX HCTOY-
HHKOM MOYKET CNIY)KHTb BCSIKOE TBEPAOE TENO, HAa KOTOPOE NMAgAKT J0CcTa-
TOUHO GBICTpHIe aneKTPOHBL. sl Gosee yA06HOr0 M3yueHHs OTKPHITHIX
PeHTreHOM M HA3BAHHBIX €I0 MMEHeM Jyueil IPHIINOCH DOCTPOMTH Clle-
UMANBHEIE ¢PeHTIeHOBCKHEY TPYOKH, B HHX HCTOUHMKOM PEHTT@HOBCKHX
Jyued CNYIKHT MeTaJTHYecKasl IUIACTHHKA (AHTHKATON), HA KOTOpYIO Ha-
TPABIAETCS CXOAAMMICA MYYOK KAaTORHBIX JiyueH. TaK KaK TeMneparypa
TENA, MOCTOAHHO MOABEPracMOro yjapaM 3MeKTPOHOB, JIETSHHX ¢ GOJb-
WHMMH CKOPOCTSAMH, CHITBHO ITOBHIIIAETCS, TO AHTHKATOM ARNAaeTCs U3 Mac-
CHMBHOTO KYCKA TYromiaBKoro meranna (Hanpusmep Bosibdpama). Ha anru-
KaTOo/l MOXET ObiThb HAHECEH CN10H KAKOro An60 HHOIO BEIHECTBA, ITO BAYKHO
TIOTOMY, YT0, KAK Mbl YBHIMM BIOCJIEACTBYH, PEHTI¢HOBCKHE JIYUH, LCITY-
CKAeMble PA3MTNUHBIMHM BEIECTBAMM, Pa3NHyuHLl 110 CBOMM cBoiicTBaM. Jlanb-
HeiIIMe NOAPOGHOCTH yCTPONCTBA PEHTIEHOBCKMX TPYGOK HAC 3/1eCh MH-
TepeCOBATb He MOTYT, TOYEMy MHl WX M oIyckaeMm. Hnsi HAC CYMECTREHHEl
JHIL PH3MUECKNE CROMCTBA PEHTrEHOBCKUX JIyuelt, U3 KOTOPHIX, IICMAMO
UX CrocoBHocTH NeHcTBOBATE Ha QOTOrpadueciyld IUIACTHHKY, BAYKHEH-
WWMMK SIBASIOTCS CJTCAYIOMME | BO-IIEPBBIX TO, YT0 PEHTT@HORCKHE JyUH He
OTIUIOHSIOTCS HY B 3NEKTPUUECKOM HH B MArHUTHOM II0JI€, OTKYAA CJIenyer,
HT0 B OTIMHE OT KI.COAHBIX Jiyueil 0HM He HeCyT Ha cefe HMKAKOIO AMeK-
TPUUECKOro 3apsifia, 4 BO-BTOPHX TO, UTO IpM TIPOXOMCIEHHM MX Uepes
71060fi ra3, HANpUMEp Yepes ROINYX, OHM [EAOT STOT ra3 MPORONHHKOM
ANEKTPHUECTBA. KaKoB MoxeT GhITh Quandeckuii cMbICI 9Toro siBneHus? Nns
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TOF0 YTOOH! BO3AYX MOT NMPOBOAHMTE SJEKTPHUECTBO, HEOGXOAMMO, UTOGH
B HeM OBlM KAKME-TO HOCUTENH 2NEKTPHUCCKOTo 3apsija, nepeMelar-
LHECS] B QEKTPHYeCKOM 11071e. OTCIONIA CJlelyeT, YTO PEHTTeHOBCKME NyuH,
TIPOXOJIs uepes BO3AYX, JIENaloT 4acThk €ro MOJIeKYJl MOHAMH, T. €, C006-
AT UM ONEKTPHYECKHMH 3apsAf; JIerKo yGeauTeCsl MOCPEICTBOM NPOCTHIX
OTIBITOB, YTO B BO3AyXe NPH 5T0M 006pa3yoTcs MOHE! Kak'Toro, TaK u Apy-
roro 3HaKa, IloaToMy roBOpST, UTO BO3AYX 1107 AEHCTBHEM PeHTIEHOBCKHX
nyuel wonnsyercn. Ecnu B TaKoM MOHM30BAHHOM BO3LyXe NOMEI[EHO
TeJI0, 3aPsHEHI0e HANPUMED NOJNIMKHTENIBHO, TO OHO OTTAJIKMBAET OT Cefs
NOJIO)KHTRNIbHBIE HOHB BO3/lyXa M Ha00QPOT NPHTArHBAaeT K cefe oTpuua-
TeJIbHBIE, KOTOPLIE, NPUTSIHYBUIMCH K HEMY, HEHTPAIH3yI0T (yPaBHOBENIH-
BAWT, YHHUUTOXAMWT) €ro NOJIMKMTENBHRIM 3apaa. UeM peHTreHOBCKHE
Jyud MHTEICHBHEE, TEM KOHEUHO CHJIbHEe NPOMCXOJUT MOHM3ALWA BO3-
KyXa M CIEJIOBATENbHO TeM ObICTpee pa3psykaloTcss B 3TOM BO3JyXe Ha-
JIEKTPU30BAHHKEE Tea, CnocoGHOCTE PEHTIEHOBCKHUX JIyUell HOHH30BATh
CaMble PAasHO0OPA3HLIE Iasbl ABNSIETCS] KOCBEHHBIM NOLTBE PIKJCHHEM TO¥
ruote3sl KpyKea, o KOTOPOi Mul FOBODHIHN B NpennyIleM naparpade, a
MMEHHO YTO 2JIEKTPOHBI BXOAAT B COCTAB @TOMOB BCeX TeN: ATOM CTaHO-
BMTCS OTPHLATEIbHEIM HOHOM, €C/IH K HeMY X00aBHTh OJMH HITH HECKOIBKO
JMIHKX BIEKTPOHOB (BeJb 3MCKTPOHEl MMEIOT, KAK MBI BHJEJH, OTPHIA-
TEJIBHBIN 3ADSINL); €CTTH YKe Y ATOMA OTHSTEL OfiMH HJH HECKONLKO JIeKTPo-
HOB, TO OH CTAHET NOJOMMTENLHLIM HOHOM. Ecin ara Touka 3peHus npa-
BUJIbHA, TO KaXXIHH MOH JOMKeH OHTHL 3apsiKeH 00A3aTeNLHO LEALIM
YHCTIOM 37TEMEKTAPHBIX ¢TIOpLMii» TEKTPUUECKOTO 3apsIAa; MB YKe BH-
JIeTIM, UTO 9TOMY YCJIOBHIO yAO0BNETBODAIOT HOHBI, HA KOTOLEE MOIYT pas-
GUBaTECST B PACTBOPE MOJIEKYJbl BELIECTB, CNIOCOGIBIX PA3NAIATHCA AIEK-
TPUYECKUM TOKOM ; B la/IbHEHIIEM MB! YBUIUM, UTO TO JKE CAMOE OTHOCHTCS
M K HOHAM, BHISHIBAEMBIM B ras3ax JeiCTBHCM DEHTIEHOBCKHX nyueii (cm.
OIEITH MIJIMK9HR, KOTODBIE GYLyT ONMCAHB! B CIeAYIOINEM naparpage).

Mpupona peHITeHOBCKUX Jydell XONTOE BPeMA EHIBBIBAJIA CTOPH. B
KOHLe KOHIOB (U3HKA MPHIIIIH K 3aKJIIOYEHNIO, YTO DEHTTEHOECKHE JIyUH
npeacTaBnsT coboll aMeKTPOMArHMTHEIE BONHEL TAKOrO e DOAd, Kak
JIYYH BHJMMOTO CBeTa, HO JIMIUb ¢ TOH pa3HMuei, 4To OHM 001afaloT BO
MHOTO pa3 MeHblleH AJHHOM BosHBL. TO, UTO AJMHA BOJHE! DEHTTEHOB-
CKMX Jyuell upesBrMajino Masia, oTHUACTH NOATBEPIAETCSI H TeM 06CTOs-
TeBCTBOM, UTO OHHM TAK CBOGOAHO NPOXONAT B NPOMEXKYTKAX MEXNIY aTo-
Mam# GonbIOro KosMuecTBa Tesl. Ho pasymeeTcs 970 HAWBHOE DAcCydicie-
HHUE BCE € HEIB3A CUHMTATh JI0Ka3aTeNbTBOM, H lI)PBI/II(H OueHb JIOATO
HCKANH €NoCO00B M3MEPUTE JAJMHY BOJHEI DeHTTEHOBCKUX nyveif, JTo
yaanock TOneKo B 1912 r, Gepnuuckum (usuxam Jlays, Ppudpuxy u
Krunnuney.

OcHoBrast naea Jlays 3akioyanach B TOM, UTO Tesla, M3BECTHBIE TIOJ
HMeHeM KPUCTAIJIOB M Xapaxtepusymomuecs (kax gymanu u go Jlays)
NpaBUNIbHEIM PAcIOJIOKEHHEM ATOMOB B NPOCTPAHCTBE, MOTYT SIBUTHCA
BeChbMa YJOOHBIM MHCTDYMEHTOM JJIA H3MEDEHHMA JNMHBI BOJIHBI DEHTIE-
HOBCKUX Jiyueil. ATOMBEI KPUCTATIMYECKOrO Te€na, pAcmonarasick B Npo-
CTPaHCTBe, 05PASYIOT MPABHJLHYIO ¢PEIUETKY»: ECHH MBI NLOBEICM IUI0-
CKOCTh Yepes KaxHe-JH0O TPH aTOMa, TO B TOH yKe MJIOCKOCTH OKaXeTcs
GECKOHEUHOe KDTHYRCTBO TAKMX JKE 2TOMOB, 00Pa3yOUIMX IPaBHJLHYIO
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4CeTKY?®, ¥ Uepe3 PaBHBIE IPOMEXKYTKH MO Ty U MO JPYTYI0 CTOPOHY OT Ha-
weft cerku GyayT yepe/ioBaTLCSI TAKHE HKe IUIOCKHE CETKH aTOMOB, ed ma-
pasnenbHbie. 3TH IUIOCKHE CeTKH SIBJIAIOTCH BOSMOMKHBIMM TPalsAMH KpH-
craina. Tlycth HA rpaHb KPHCTaJa MajiaeT MyuoK NAapajsie/lbHBIX PeHT-
reHOBCKHX nyveit.’ Jlyud OyAyT oTpa)daThCsl OT TPaHH, HO HeCHOKHBIH
pacueT MOKA3LIBALT, UTO ITO OTPA>KEHHE MOMKET IPOHCXOAUTL He NpH BCA-
KOl BeNHuYte Yria Memiy NyuaMH ¥ TPaHbIO, & TOJbKO IIpH HEKOTOPOM
BIIOJIHE ONpE/IE/IEHHOM Dsifle 3HAUEHHH 3TOH BEJMUMHE, SABHCSAMICM TAKIKE
¥ OT [IHHE BOJHEL TyueH ¥ OT DACCTOAHMSA MENY COCEHHMH IJIOCKHMH
€eTKaMM aToMoB. sl Tore uToOBl B 9TOM y0eUThCA, NpeANONI0KNM, YT
Ha TPaHb KPHCTA/NA NAfal0T NapaJUieNbHEe APYT APYTY Jyul, 06pasyo-
HIHe ¢ IUIOCKOCTBIO MPaly yrosl ¢ (ITOT YTOJ HOCUT HA3BAHUE YIJIA CKOJIb-
MeHHs1; YIIIOM NajieHus B omTHKe o6bluto ¥assBalOT yron 90° — o, T. €.
ero JIONO/HEHYEe 10 TIPAMOro yTiia). Jlyun, OTpasHemHecs: oT rpanu MM’
(pHc. 22), Lo/KHb NpOiiTH 60J1ee KOPOTKHH My Th, UM Ty UH, OTPASUBLIHECH
at Gosee rayGoKoi nIoCKol ceTkH aroMoB NN', TaK KaK 3TH TOC/IEfHHE
JIyud TIPOHUKAIT BHYTPb TEJa

? § ua Gonwmyto TryGuny. Cpasuu-
P g Bl MENy cobol myTH syveit
M 3 4 °, RAS u R'BS’, orpasuBmmxcs
AY) I or meyx atux rpaneft, mu Ges

W L2 ¥, Tpyna OGHApyM(M, uTO TyTb
B ayueil R'BS" pnuvuee, ueM nyTh

Puc. 22. nyueit RAS, va pmuny CBD,

rie C u D ocHOBaHHS IIEPIIE HAU-

KYJ51pOB, ONYLIEHHBIX W3 TOukHd A Ha npsimpie R'B 1 BS'. O6osHauum pac-
crosivne AB Mexqy ofenMu rpausamu uepes d. Tak KaK yroi CAB, KaKJierko
BUJIeTh, paBlsieTcsl yray RAM, T. e, yriy @, To 0Tpe3ok CB (KaTer) paBex
oTpesky AB (rHmoTenyse), NOMHOXKEHHOMY HA CUHYC YTNa ¢ (CHHYC npoTH-
poneamero yrina CAB). Hrak CB == d sin ¢ = BD, oTKyja Clefyer,
uTo myTb Jyueil R'BS’ pivuHee nyTtu ayueit RAS Ha wiuny 2d sin ¢. 910
3HAYUT, 4To Nyuw R'BS' jomiebl oTcTaBarh OT jayuell RAS Wa Anuny
2d sin ¢; ecnM 9Ta JIMHA - paBHA, HATIPUMep, IOJOBHMHE JUIMHBI BOJHEL
paccMaTpuBaeMoro copra Jiydelf, To rpefienb OHUX BOJIH HANOXKHTCS HA
JIOJMBY APYTMX ¥ BOJHB 6YRyT Iacuts Apyr Apyra. [as toro, utobul 0HM
He TACHI APYT IPYTa, a HA060POT YCHNMBAIIH, T. €. UTOGH IPOMCXOJHNI0
3aMETHOe OTpakeHHe myueil 0T paccMaTpuBaemoit rpaHM KpHCTRJId, He-
06x0A1MMO, YTOGH PA3HOCTL XOfla Mexkay Tyuamu R'BS 'v RAS paBHsiach
KAK Das LeNOMy YHCIy JAMH BOJIHEI (Torfia rpefeHb Gyner coBnajfarh ¢
rpefHeM ¥ fOJTHHA C JOAHHON). Urak yciomwe, 1oTOpoe OMKHO ObiTh

BBITIOJTHEHO [JJIA TOr0, YTOOL! IIPOHMCXOJWII0 3aMETHOE OTPAXKEHME, HMEET
wHA

2d sing==n11,

re 1 — nenoe wneno (1, 2, 3...). OTC0a BUNHO, YTO TIPH JAHHBIX A ¥ &
OTPAXEHHIE MOKET NPOMCXOTUTD He TIPH BCeX YIIaX CKOJLKEHUS, 4 MUlllb
UpH HEKOTOpLIX. 2 MMEHHO IpPU Yriax, CHHyCHl KOTOPHX PaBHH ok

-
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A3 24 5. 3
T N L Ecny paccrosiue Mexy cOCeHUMM rpa-

€fIMH M3BECTHO, TO U3 M3MEDPEHHS YIJIOR CKOJIbYKEHNS, TIPH KOTOPBIX IPOHC-
XO[HT 0TpasKeHNne PeHTTEHOBCKUX JIyuei, MOYKHO BRIUMCIIHTL HX [UTHHY BOJI-
el A, [loaToMy M3yueHHe OTPAXKEeHUs! PEHTreHOBCKUX JIyyeil 0T K PACTAILTH-
YECKHMX [IA€T BO3MOYKHOCTb U3MEPUTD IANHY X BOJIHEL. OCHOBANHEI HA 3TOH
upee onuT Jlays, dpugpuxa u KHUNNYMHErA 3aKITHUANICS B CIefYHOMEM:
HA KPHCTAI CEPHUCTOrO LIMHKA, OMpeJene HHBIM 00pa30M yCTAHOBIeHHLIH,
HanpapIANCA Y3KHHE NYYOK PEHTIEHOBCKUX Jyueit. Ilpoiifs uepes Kpu-
CTan, oH magan Ha gororpaduueckyio maactuky. Ha ¢ororpadmueckoit
fUIACTHHKE 3aNEeYaT/ieNnack KAPTHHA, KOTOPYK) MEI BOCIPOM3BOIMM HA
puc. 23. OObAcHeHHe 3T0if KAPTHHBI 3AKAIOYAETCS B CIIEAYIOMEM : TAK KaK
KPUCTAJLT LT NOCTABAEH NOJ OMpe-
FeJIeHHHM YTJI0M K JIyuaMm ¥ BO Bpems
PULITA HE BPAILAJICA, TO NYYOK PEHT-
TEHOBCKMX JTyueH BCTPETHJ BHYTpPH
KPHUCTAJIIa OTpepeseHHbe IPAHH 110
ONpeAeNeHHBIMH  yraamu, Tak Kax
€aM My4OK CONEpPIKAN YU C pasiuu-
HOH JyMHOM BOHLL, TO A KOKE0
TPAHN M [JIS KASKOTO YT NMajeHun
nauuiach TaKas JUIMHA BOJIHB, KO-
TOpasi TIPH 3THX YCJIOBUAX CMOria
oTpasutbca. Jlyun ¢ aToff punHOE
BOJIHBL M OTDasMJIHCh, BCJIENCTBHE -
yero Ha dororpadmueckoil macTuHKe
KpOME IEHTPaJIbHOr0 [ATHA, BEI3BAH-
HOI'0 JTyYaMH, IIPOMIEAUIMMY HACKBO3b
Ge3 OTpa)KeHMs, TMOSBHICH TAIOKe M
DAL TOUEK, COOTRETCTBYIOMMX OTpA- Puc. 23.
JeHHBIM Ayyam. [lo  momoxKenwio
STMX TOUYEK, OYEBHUNHO, BO3MOMKHO CYIUTh O TOM, K&K PACIIONOMKEHE!
(IOCKOCTH ATOMHBIX CETOK BHYTpHM KpHCTajuia. Msyuas Taxve CHHUMIH,
Jlays MOr monyuMTh NOAPOCHBIE CBeJleHMs O CTPOEHMM KDMCTAs/Hye-
CKOHM pELIETKH CEPHHCTOr0 LMHKA, 4 3HAA €ro IJIOTHOCTb M MAaccel
aTOMOB Cephl M LMHKA, MOXHO OLIN0 BHIUMCAMTL ¥ pACCTOSAHUS MEXQY
PAsNMUHEBIMM  CEeTIKAMH BHYTPM KpucTanna. OTCHONA yXKe MOYKHO Bbl-
YUCIIATH W IJTMHY BOJIHBL yuel, COOTBETCTBYIOUIMX PAS/HUIHLIM TOUKAM (0~
torpaguu Jlays. Tax opsum ypapom Jlays y6un ByX 3aiiies: nomyunn
BO3MOXKHOCTH U3MEPSATL JUIMHY BOJHBI PEHTI¢HOBCKHX JIyueil U BMecTe ¢ Tem
#3yuarh NpOCTPAHCTBEHHOE DACIIONO)KEHMe aTOMOB B KPHCTajax.
Brectsimee otkputie Jlays Buissaso pabothl amrnuiickux (M3nKoR
Y.I. Bpseean Y. JI. Bpseea (0TIA ¥ CHHA), KOTOPLIE NPUAYMATH cnocol
¢ororpadMpoBaTh CNEKTpH PEHTreHOBCKUX Jyueil. IlocTpoeHHBT umu
penTreHOBCKMIE cnexrorpad (puc. 24) nmeeT chefyomee ycrpoicrro. Jlyun
penTreHoBeKoil TpyOKH, BBIIENIEHHBIE B Y3KMIl NyuOK, NAfAl0T HA KpHu-
CTANNM W 3aTem, OTpAXKasach 0T Hero, Ha dQoTorpaduueckylo ¢unbmy.
KpHCTan moyKeT BpalaThCsa, IPH Yem C TIOBOPOTOM €0 MEHSIETCA KOHEUH®
# YTOJI, [I0J XOTOPBIM PEHTIEHOBCKHUE JIyyM MANAIOT HA IPpalb, Mapasieb-
-
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HYI0 0CH Bpawlenus kprucraana. T1osTomy Npu 0BOPAaYMBAHKN KPUCTANING
TIPOLIECCY OTPAYKEHHS TMOABEPrarOTes BCE HOBBIC K HOBBIE BOJHH, B Pe3YJib-
Tare uero Ha tororpaduueckoif NIEHKE PasBOPAUMBAETCS CIIRKTP PEHT-
eHOBCKHX Jyueil. MqenefoBanne mO meToly DBpSITOB CIEKTPA PEHTre-
HOBCKMX Jyueil, Nojiyuaembix oT 06biK-
HOBEHHOH PeHTTeHOBCKOM TpyOK, mo-
Ka3elBaeT, UYTO KPOME HerpephiBHOTO
Qoua, T. €. JNyueil ¢ CAMBIMM Pa3HOO0-
PAsHBIMM ¥ HEMPEePHBHO MEHSIOIMMUCS
JUIMHAMHE BONHH, B CIEKTPE NPHCYTCT-
BYIOT €llie OTAENTbHBIE pE3KHE JHHUM,
BBIAETSIIOMIMECS] HA STOM HEIpephBHOM
(oue, TlosioyKeHHe STUX JIMHUIA 3ABHCHT
OT TOFO BEW[ECTBA, M3 KOTOPOIo COCTOMT
TOBEPXHOCTE  AHTHKATOJA; COBOKYI-
HOCTh JIMHMI HasblBaeTcs XIpaximepu-
CMUYECKUM CNEKMPOM TOTO XMMHUECKOTO
271EMEHTA, KOTOPOMY NpHHAANEIKAT ITH
aupud. B caepyoulell raase Mb yBH-
/MM, uTO M3YYEHHE XapaKTepHCTHue-
CKOFO CIIEKTPA ABNAETCST MOIIHBIM OpPy-
JMeM MCCTefoBaHMA TayGuH aToma (us-
Mepeuue sapaja sjppa no Mosmu, oM.
HIDKE),
Viayuenne CTpoeHus KpuCTansoB
TIO3BO/IMIO TIOJYYUTD upe3Bbluaiino Tou-
Puc. 24. Hble CBEIEHUS O NIPOCTPAHCTBEHHOM pac~
DOJIOYKEHNW aTOMOB. MBI orpaHuunMcs
TONLKO OJHHM ManedbkuM npumepoM, Ha puc. 25 wusobpawexo npo-
CTPATCTBEHHOE DPACTIOIOYKCHHE ATOMOB B KPHCTAssie TOBAPEHHOH COMH,
Tevur1z v Gesple WapHKK H306PAXKAIOT ATOMB! HATPUS M aToMbl Xnopa. U
Te il APYCHe aTOMBl 06pa3yioT KyGuuecKyI0 peireTky ; o6e peureTiu xak Ob
BABMHYTHI Tpyr B Apyra. [1py 5TOM OTMEUEHHAsI HA PUCYMKeE ITIMHA g paBHA
2d ==5,628 . 10°8 cu. Hu opun atom HaTpus He CBf-
3aH € KAKWM-IMGO OJIHUM ATOMOM XJI0pa B MONRKyJy,
M307MPOBAHIYI0 OT BCEX OCTAfbHLIX YAaCTHII; IOITOMY
MOJKHO CKa3aThb, YTO BeCh KPUCTA N0BapeHHoM conu
TIpeICTABIIART ONHY PHIAHTCKYH MoJleKyny. Taxue xe
cBeflenust 6pini AOOLITLL H O TPOMAHOM KOTHUECTBE
APYTUX KPUCTAJIANUCCKUX TeJl. 3ameTum TaK»e, uTo
OUYeHL MHOTHe M3 TeX TeJl, KOTOphie 0 CUX TIOp CuuTa-
THCh aMOPOHLIMH (IIEKPUCTAILTHUECKUMH), OKASANHCEH
(MUIKPOK PUCTATTHUECKHMYY ¢ MX KPUCTAIINB CITHIIOM
Mantsl, 4To0bt GTL 0GHADYIKEHHBIMH KAKAM-FHEYAL HIIbIM TyTeM, ¥ TOIBKO
PEHTTEHOBCKHUE JIyUM JAi0T BOSMOXKHOCTE UX HICIEIOBATS.
B 3aiioue e IpUBCAeM HECKONBKO UHCAOBHIX AHHBIX, OTHOCSIIMXCA
K JUTWHE BOJIHB PEHTTEHOBCKMX JIydeii: MCTONB! PEHTIEHOBCKOM CDEKTPO-
CROUNY NOSBOJIAINT H3MeEPSTE UTHHY BOJIHBL JTyUe i I PUMEPHO B TIPOMEIKY TKE
or 0.1 A 1o 16 A (1 A, wan ourcTpem, paden 1G78 ci). TOUHOCTE, ¢ KO-
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TOPOH BO3MOYKHO U3MEPHTh JUIMHY BUJIHBL XaPAKTe pUCTHUECKHX JIMHUH, CO—
BEPIIEHHO MOTPACAET: Tocje paboT mBeACKOro yuenoro 3uzfana cTanc
BOZMOYKHBIM H3MEPAThL MX € TOUHOCTRIO 10 OXHON CTOTHICSYHON [0 OKL-
cTpema, T, €. 20 1+ 10738 ¢y, JIHHA BOJHE! PEHTTEHOBCKUX Nyuelt pas B
THICAMY MEHBIIE, YeM JUIMHA BOJIHEI AYvel BUIMMBIX: TAK HATIPHMEP Kaib—
LU} UMeeT B BUAMMOM CTIEKT]E JTUHMIO ¢ ANUT0M Bosiner 3933,83 A, a Anuna
BOJTHH €r'0 ANGIIee MeCTKOM X4apAKTe pHCTHYECKO] PeNTre HOBCKOM IMNNK
paBHa 3,35169 A. Mz sTux uKces BUIHO, HACKOMBKO IMPOK TOT CNEKTp Ya—
CTOT JJIEKTPOMATHMTHEIX KOJNEOAHUM, ¢ KOTOPBIM NPUXOANTCS HMETh HENO
{(nzKKy: HAYMHAS BOJHAMH B HECKOJIBKO KHJIOMETPOB JUIUHBI, VABIMBA-
eMbIX npubopamu paguoTenierpada, OH NPOCTUPAETCS A0 PEHTTEHOBCKHX
nyuei ¢ THHOH BOJTHB B HECKOJIBKO CTOMUJUTHOHHEIX JOJIEH CAHTHMET)A .
B nanbueliniem Mb yBUIHMM, UTO CYLIECTEYIOT BOJIHEI enle Gosiee KOPOTKHe,.

H3MEPEHHE 3APAIA 3JIEKTPOHA

W3 mpeapiryero BEAHO, YTO CTOMT TONBKO ORpE/ieUTh HA OMEITe OHY
U3 BeJIMUME ¢ (33PAJ SNEKTPOHA), M (Macca MEKTpona), M (macca BOJO—
poanoro atoma), N (uucio Apo-
rajipo), KAK CeHUac ;Ke CTAHYT [ R
U3BECTHH M BCE OCTANBHEE. s R 1
JI0CTaTOUHO YXBATHTLCA3A OIHO 5 4;’ i g
3BEHO 1IeMH, 4TOGL CyMeThb BE- ) d—"" T i
TALIUTD M BCIO 1[ETib. 2 %2

Becbma TOUHBIM C1I0cOGOM
CyMeJl 9T0 C/eNIaTh AMepHKaH- Puc. 26.
ckuit  ¢uaux Pofepm 3nOpsio
Munauran. Crocof ero 3awiIOUaeTCsl B CHREAYIOWEM: B NPOCTPAH-
CTBO MEN(Iy [ABYMSl IUiacTUHAMM KoufieHcatopa 7 M 2 (puc. 26) mo-
MOLIBIO 0COGOre mnysibBepH3aTOPA BOpBISTMBANMCh Mesbuaiilme Ka-
nefbKH Macna. ManHMuyiupysl 3aciOKkoifl 3, MOXKHO ObLIO HA KOpOTKOE
BpeMs TIOABEPTaTh BO3AYX MEXAY TIACTHHAMH KOHJEHCATopa JeHCTBHIO
Nyue#t peNTTeHOBCKOM TpyOkH 4. KaK TONBKO PEHTrEHOBCKME JIyUM HAYK~
HAKT OCBEIATh TIPOCTPAHCTBO MEAY TACTHHAMY, BO3JYX B 3TOM TIPO-—
CTPaHCTBE HOHHM3YETCH, H JIEI'KO MOMKET CTYUNTELCS, YTO OJlHA H3 MACHAKBIX.
KareneK COeIHHALTCA C KAKUM-THO0 HOHOM, CTAHOBACH TAKUM OGPa3oM.
3apspKeHHOM. ECTHM IIACTHHELI KOHAEHCATOPA HE BAPSHKEHBI ONEKTpHUe—
CTBOM, TO Ha TAKYI0 MACIISIHYI0 Kanebly Oy/eT JeHCTBOBATE TONBKO CUTia:
TSHKeCTH (T. €. ee Bec) M OHa GyAeT Me[JIEHHO Majath (MefieHHO MOTOMy,
YTO JJIS TEJT TAKUX MAaJeHbKHX PA3MEPOB COTIPOTHBIIEHHE BO3MYXd UX JIBU-
HEHMIO WrpaeT oueHb Gosiburylo ponb). OcBewlast MPOCTPAHCTBO MEXAy
TNACTMHAME BOJMBTOBOH fAyrodl 5, nywum koTopolt CoBupaloTesl B HY>XHYIO-
TOuKy BBITYKJILIM CTEKIOM 6, MUJUIMKOH MOT CNEUTH B MHKPOCKON 32
nAJIeHHeM MACHIsHOM KanenbkM., HaKk TONBKO IIIACTHHBL KOHJEHCATOpA
34 PSKATHCE, B JIBWKEHUH Ka[ETbKH HpOMCXOIMIO W3MeHeHue: eCiu Ha-
npumep OHa 0bna sapshKeHa OTPULIATENBHO, a KOHJEHCATOD 3ApSHKACsy
TaK, YTO BEPXHSlS [IACTHHA TONYUaNa NOJONKMTEAbHHH 3apal, TO Kaiis
HAUMHANA NPHTSATUBATECA K BEPXHKelt MNACTHHE W OTTANKUBATBCA OT HHX-
Hell ; NO3TOMY NajeHue KaIK 3aMesioch Wik Jajke 3aMEHSTOCh NOAHA—
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HANpABNEHO BHU3, M OTPHLATEJIbHBHIM, €CJIM OHO HANPABJIEHO BBepX).
Tocne atoro K cune TspiecTd npubaBurcs cuna e F, BCheicTBHe uero
Kanjisa HauHeT IBUraThCs CO CKOPOCTBIO Vy, YAOBIETBOPAIONIEH ypaBHEHHIO

wryg == g— g | ¢F

{CKOPOCTL V, CUMTAETCH MONOXKUTENLHOH, €C/IM Kans najaeT, U oTpHIa-
TeJBHON, ecnd OHa MoAHMMaeTcsA). Tak KaK pajuyc Kamnu Tereph yiwe
M3BECTEH, TO, 3HAS INEKTpUUECKOe NOTe E ¥ U3MepHB MC/ MUKPOCKOHOM
CKOPOCTh ¥y, MOYKHO BBIMMCTIHTH 3apAd Kamyd. OKasanock, 4yTo B pas-
HBIX CTyUasix 3apsibl KaneneK GbBaTy pasinunbi, HO BCerjla OHH IpeacTa-
BJISIAM LieJ0€ KpaTHoe BeiuuHer 4,77 « 1071 aGComoTHBIX 97€KT POCTATH-
YECKNX eIMHUI, 3apsijia (T. €. PAaBHSNKUCH WM OTOHl BenHuMHE TIPOCTO, UK
&it yAROGHHOIH, ¥H eif yTPOEHHOM M T. A., HO HUKOI/IA He PABHSINCH ITol
BeJIUUUHEE, IIOMHOIKEHHOR HAa Kawoe-mnGo Apofroe uucno). Orcrona Mum-
TTUKSH 3aKJII0YUS, yTO Benuuuna ¢ = 4,77 » 1072° a6conoTHHX 3eKTpocTa-
THUECKHUX eJIMHRIL IIPefCTaBAAeT HAUMEHbIICE BOSMOYKHOE B NPUDPORE KO-
JINUECTBO JEKTPUUECTBA, T. €. «TIOPLUIO) UIH «ATOMY IMeKTPRYECTBA. ITa
BeIyUNHA CTe/IoBATeNHHO U eCTh 3apsA aneKrpona. TouHoCTb 0NBITOB Mi-
JIMKOHA TAaKOBA, YTO HeBepPOATHO OMMAATH OLIGOKM Gosblueif, yem OfHA
THICAYHAS U3MepsAeMOii BesHuuHbL Taxum 0Gpasom BejwuiHA € HaiifeHa,
U 9T0 NO3BOJISET CHPEJETIUTL 3HAYECHUST H IPYTIUX BAYKHBIX NMOCTOSIHBLIX.
Jna udcna ABOrajpo MH [07yyaem

N =106,062.10%,
Macca BOAOPOJHOr0 aTOMa paBHa
M==1,662.10* 2.
Macca anexTpoHa €nefoBaTeNbHO paBHa
m=9,03-107% .

B nepcsofe Ha 06LIKHOBCHHRI A3bIK OTHOUIEHHE BECE WIEKTPONA K BeCy
OJIHOTO IPamma — YUCTI0 TaKoro JKe MOPSAAKA BeJHUMHbI, Kaik OTIOUIEHHE
Beca I'pamMMa K BeCy BCEro 3eMHOTO Inapa. Ecay BelTMKOro yAMBJEHHS 3a-
CITYXHBAET TO HCKYCCTBO, € KOTOPbIM (PM3HKH M ACTPOHOMBI CyMeJIv B3Be-
cuTh 3eMHOIl Wap ¥ neGecHble cBeTHa, TO eile Goabluee YAMBICHKE 107-
JKHBL BO3GYUIATh Te (U3NUECKHe ONEITHI, H3 KOTOPHIX MOJKHO ¢ Taxoif yBe-
PEeHHOCTDLIO (BeposATHas omulxa He Gosbllle OAHOH THCAYHON) 3aKJL0YATL
0 Macce HWUTOXKHOIO 9MEKTPOHA — CaMOil MeJKOH eJUHMIIL, BXOASIEH B
COCTAE MaTepUanbHBX TeML.

Bcero nopasnTeNbHee BO BCeM 3TOM TO 0GCTOATENBCTRO, UTO 3aKITI0Ue-
KHSE O 3apsIAe H O MAcCe HTEKTPONA C/IEJIAHE! He HA OCHOBAHUY KAKHX-JiGo
OUEHB CAELUANBHEIX ¥ HATSHYTHIX MMI0Te3 — HANPOTUR, ITH 3aK/II0UCHNUR
MOYKHO CUWTATh BEChbMA MDAMBIMM U HENOCPEACTBEHHLIMHU CIIEICTRUAMH
HaGTI0aeMbIX SIBenuii: Beis HaGmIofe H1tsi MUIIHKORE OTHOCUIIUCE K 0~
OenbHOIM 3AeKMPOHAM (3PS KaIlld BO MHOTHX OTBITAX PaBHSANCS OfHOH
BeNMUUEE ¢, WM YBOCHHOH K T. [.). ITH B Apyrue nogo0HOro PO ONKTH
SABAAIOTCS yOeluTenbHEMIMM J0KA3ATeNbCTEOM DeanbHOCTH 3NEeKTPOHOB
M aTOMOB.
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PANHOAKTHBHOCTDL

B nocnennee mecsatunerve XI1X cT. OBUIO CEMAHO eIie OfHO HAYUHOE
OTKPHITHE, [IOCJHYUBINEE He MeHee BAXKHOH MPHUUMHON M3MEHEeHWA TIPEH~
HEro TpeficTas/ienys 06 arome. B 1896 r. dpanuyscruii xumnk Anpu Bek-
KepeAb JAMETHI, UTO COMM TSDHENOFO METANIA ypaHa 0GNMafal0T LeNoHAT-
HBEIM CBOMCTBOM JIe#CTBOBATDL Ha (OTOTpaduuecKyo IIACTHHKY @ (OTOrpa-
GuuecKas MIACTHHKA, HaXOJIMBHIAACA Ha HEJANEKOM PACCTOAHMM OT fpe-
LApaTa KaKoi-nubo conu ypana, uepresa, KaKk 6yro Nox jeicTBuem cBeTa.
Orcrona Bekkepesb 32KIIOUWS, UT0 CONYM YPAHa CITYM@T UCTOUHMKOM Ka-
KHX-TO HOBBIX HEBUJMMBIX TNa3y nyueit, OTKprITOe UM siBneHHe ObUTO Ha-
3BAHO paduogkmuerocmor. JarnbHellnue ONBITH [I0KASANH, UTO KpOME
nouepreHusl PororpaduuecKoil NIACTHHKN OTKPHIThE BeKKepeseM Jiyum
BLISBIBAIOT ¥ [pyrie sinenysi. Ecan BOIMSY CONM ypaHa NOMECTHTDL 3a-
PXKEHROE JMEKTPUYECTBOM TEJIO, TO €r0 3apsA AOBOJILHO OLICTPO HMCUe-
3aeT, yTeKas B BO3AyX. CJieoBaTesIbHO HCNYCKAEMBEle COJIBI0 ypaHa JIyun
06147210T CNOCOBHOCTLIO JleflaTh BO3AYX OPOBOIHMKOM 3JCKTPUUECTBa,
T. €. MOHN30BATH BO3AyX. [Tocie Bexkepens paaMoakTHBHOCTD (bina ro-
apobHo uccnenosana Mapueil Kiopu-Craadosckoid u ITeepom Kmpu. Oxa-
3210Ch, UTO PajMOaKTUBHOCTL 3aBUCUT OT KOJIMUECTBA ypaHA, & TaloKe U
HEKOTOPBIX APYTHX JNEMEHTOB, OTKEHTHX Kiopu B npoilecce 9T0TO Hec/e-
AoBaHUst (nOMOHMI ¥ pamuii). OXHAKO paJHOAKTHBHOCTE COBCEM He 32BHCHT
0T TOTO, KAKUMU MPYTHMY XWMMUECKWMH 3JIeMEHTAMU «pasfaBieHuly 3TH
pajMoaKTUBHbIE INeMeHThl. TakuM 00pasoM pajMoaKTHBHCCTb NpejcTa-
BISIET CE0LCME0 AIMOMOS HECKOJBKMX XUMUUECKUX NEMEHTOB; IpyTHE aTo-
MBI, COeJIMHEHHLIE C HUMU B OJHOH W Tolf )Ke MOJIeKyJe, Huuero He npufa-

Y BAAI0T K PAXMOAKTHBHOCTH M HHYETO OT Hee He OTHUMAIOT,

HawuGosnee akTMBHBIM M3 BCEX pajN0AKTUBHBIX JJIEMEHTOB, OTKPBITBIX B
9TuX paborax, okasasca paguit. B 1902 r. M. u IT. Kwopu cymenu Beie-
JIUTh U3 ypaHOBOH CMOMAHON pPYABl XJIOPHWCTHUL paauil, a BroC]eICTBHK
(B 1910 r.) Mapus Kiopn nonyunna pajuii axe ¥ B uncToM Bufe. B Ha-
CTOAIee BPEMST W3BECTHO JOBOJIbHO GOMBINOE KOJIHUECTBO XMMUUYECKHX
I/IEMEHTOR, 00/12/AI0IIAX TeM JKe CBOCTBOM PajMOaKTHBHOCTH, T, €. MC-
nycKawmux ayqn Bewaepens.

OTKpLITHE PaTHOAKTHBROCTH NOCTABMTIO mepef dusukamu uemsii psjm
3arafox. Eciv noMecTHTh npenapart pajMOaKTHBHOrO BEINECTBA B COCYJ
¢ BOJOH, TO MCHYCKaeMble STHM IIPEnapaToM Jyud DBexkepess otyact#
1OTIOTATCS BOMOH, MPU uem BOAA HarpeeTcsi. TakuMm o6pasom 1o Harpe-
BAHUIO BOJBl BOSMOKHO 32KNIOUWTbL 0 KOJHUECTBe SHEPrHY, CBA3AHHOH
¢ myuamu Bexxepesnn. Oxasanock, 4ro U3 OJHOrO IPaMMa Pajus B Te-
YEHME 4aca BRIENISIETCS CTOMEKO 9HEPTHWH, CKOMBKO HYXKHO IJs TOro,
uTOGH Harpers 1,3 2 Bofint ot 0° 10 TouKH Kumeswsi, PafuoaKTWBHEIE Be-
Jnecrsa, ABAAWTCA, CNeOBATENbHO, "UCMIQUHUKAMU 3Hepziy, Jpyrumy
CJIOBAMH U3 DAfMOAKTUBHOIO BEMECTBA MOYKeT ObITh NoTyueHa pafora. Ho
BCSKOE TeJIO WM CUCTEMA Tesl, HPOUSBOAA pafoTy, M3MEeHSETCA: TaK Ha-
TPHMED B 4acax BO BPeMs WX pabOTHl PACKPYUNBAETCS IPYIKUHA MM OTy-
CKALTCA TUPA, B TONIKE KOTAA CrOPAET YTOMb U T. 4. Boobure, KOr2 KaKoe-
a0 Teno cosepuiaer paGoTy, TO M3MEHEHMs, ¢ HMM IPOMCKOIAMUE, Ta-

_ KOBEI, 4TO €r0 3Heprust (T. €, ero CIocoGHOCTb K COBEPIIEHUIO JATbHeileit
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PaboTbl) Bee BpeMsl YMEHBLIAETCs: 9TOro TpebyeT OfMH U2 HauboJIee OCHOB-
HEIX W HANGKHBIX (M3MUECKUX 3AKOHOB — 30KOH COXPAHEHUR IHEPPUL.
Ecnu pasmii uan Kaxoe-nufo Apyroe pajguoakTHBHOE BEIECTBO Gecrpe-
PHIBHO OTZAET B OKPY)KAIOWIEE TPOCTPAHCTEO SHEPIHI0, TO B HEM TOXKE
LOTHKHBL IPOHCXOAHUTL KaKMe-T0 HameHerus. Ha nepBhil B3risi Takue us-
MeHeHMs1 Kak OyATo M He NPOUCXORSAT BOBCE: OTAABAsi SHEDPruI0, PafHO-
aKTHBHBIl NpenapaT Kak OyATO 0CTaeTcsl COBEPIIEHHO OXMHAKOBBM, [lo-
3TOMY B CBA3H C OTKPHITHEM PafMOAKTHBHOCTH MOSBWINCL JaX<E rosioca
B [0JIb3Y TOTO B3TAS/A, UTO 3aKOH COXPAHEHKS SHEPIMY B HAHHOM Cliyyde
HE BepPEH W YyTO mipenapar papMs NPejACTaBJIAeT BOMJIDIICHHE NaBHHIIIHEH
MeUTH YeJI0BEeYeCTBA — BEUHOT) JBHraTeNisl, T. €. MAIIMHB, COBEPLIAIO-
el padoTy, HO npK 3TOM HUKOrJZA He Tepsilollell cnocoGHOCTH COBepINATH
paboty n panpme, Heyjwenn KycoueK pajuoaKTHBHOIO BELIECTBA M €CTb
TOT CKasounslif Kouenek @opTyHatd, M3 KOTOPOr0 MOMCIO BLIHMMATL
1o GecKOHEUHOCTH 30/10TOH 3a 30JI0THIM M KOTOPHIA He MYCTEET HUKOTAa?
YEBEl, CKA3Ka He OCYINCCTBMJIACh; TOYHEE I'0BOPS, OCYIECTEUIACL He 3T
CKasKa, a Apyras. Peiuenve Bonpoca cTano BO3moyKHO bna-

FOJIAPA MCCNIEJOBAHMIO CBOMCTB Nyueit Bexkepensi. B uem 14
JKe 3aKJIyaeTcst (.I)M?M'JECKaﬂ CYIIHOCTD ITUX TANHCTBEHHRIX a I:
Jyueil? usnuecKue OMLITH JAIOT HA 3TOT BONPOC CIEAyl-
LM OTBET: €C/IM TONCTOCTEHHYI0 CBHHLOBYIO KOPOGOUKY \ ,é
{pric. 27), cope pyraInyio npenapar Pajus ¥ WMEIOILyIo OXHO 7
JMIIB OTBEPCTHE AJs1 BBIXOZA Jyueit Bexkepess (cBumer i

NOTJIOIGAET 9TH JIyu¥), MOMECTHTD B CHJIbHOE MATHUTHOE

10J1e, TO OKAXKETCsl, 4TO BHIXOAsINME M3 OTBEPCTHA MyuyOK

PACIENUTCS  HA TPU — OJIMH OTKJIOHUTCA B OXHY CTOPOHY,

IPYTO#t B APYTYIO, @ TPETHH COXPAHHT CBOE Npedkuee Hanpa- P 27-
pieHue. OTCIONA ClIeyeT, YTO Iyul, HCNyCKAemble pagmoaK-

MMBHBIMH BEILECTBAMM, HE OXHOPOLHBI, HO COCTOAT U3 Nyueld pasinuyHoH
npupopsl. CrocoGHOCT OTKJIOHATECSI B MATHUTHOM N0JIe YKa3hiBaeT Ha TO,
4TO MBI MMEEM JEJI0 ¢ NOTOKAMM 32 PSKEHHBIX 3/IEKTPUUECTBOM HACTHIL; IpH
ITOM OTKJIOHEHHE B Ty WITH IPYTYI0 CTOPOHY MOK23BIBAET, UTO CPeH YacTHY
€CTh 32PSHKEHHBIE MOJIOMUTENLHO H 3a PSKEHHBIE OTpUUATENBHO. Jlyun, 0T-
KIIOHAIOIIAECS TAKKUM 06PA3OM, UTO WX 3/IeKTPHYECKHIE 3a PAACY Isi M0 HANIpa-
BJIEHHIO OTKJIOHEH U] IOJDKEH GBITb NOJOYKUTE EH, GBUIN HA3BAHD! a-TyyaMu
{rpeueckan OyKBa a UMTaeTcA ¢anbdar); nyus, OTKIOHSIOIKECS B APYIYI0
CTOpPOHY ¥ 06ajanoume CNefoBaTeNIbHO 3apSAoM OTPULATENLHBIM, T0NTy-
auny Hassanue B-nyuveit (8 -— rpeveckast Gyxea «Getar). Ho Kpome sTHX
ABYX COpPTOB JIyueH €cTb ewe H y-Ayud (rpeveckas GyKBAa «ramMman),
He OTKJIOHSIOIWMECsi B MarHMTHOM NOJie BOBCE M He 06nafalolpe CiexoBa-
TeNbHO HHKAKHM 32psifioM. WX oTauuMe 0T 06HIKHOBEHHBIX CBETOBBIX Jy-
vell COCTOMT TONBKO B,TOM, YTO JIHHA MX BOJIHBI B JIECATKH M COTHH pas
MeHbINe, YeM y BHJIMMBIX HETOBEYECKUM TIJIA30M CBeTOBHIX Nyuck. Mame-
Petusi JIHHB BOJIHBI y-Tyuel BO MHOTMX CFyyasx BO3MO)KHO NPOM3BECTH
TIO TeMm JKe CAMbIM METONAM, KOTOPHIE MO3BOJIMIM U3MEPHTh JJIMHY BOJHEL
peHTreHoBcKUX Jydel]. VI3 aTux M3MepeHmit sBCTBYeT, 4TO +-1yun siB-
TISOTCA JTyyaMu TaKoit ke camoil MPHPOJIBI, KAK M PEHTreHOBCKHE TyuH, 110
JUTHHA BOJIHBI MX €lle MEHbIle: ATOMBI PAHOAKTHBHBIX BEINECTB MpPEACTa-
BIISIOT KaK GBl NPUPORHbIE PERTTEIIOBCKME TPYOKH, paomue efe Goee npo-
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HHUKAWIIEe N3TyYeHme, e o6biuHbe TPYBKH, KOHCTPYHpyeMule PU3uKamu.
MEI BHJIEJIM Bhile, YTO HalJII0Ke HES 32 OTIVIOHEHHEM B 3JIeKTpuuecKom Y
MarHUTHOM T10JI¢ [I03BOJISIIOT YCTAHOBHTD BeJIHUMHY CKOPOCTH ABHACYIIMXCS
3apsA/I0B, a TAKKE N OTHOLICHHE 3apAid K Macce. DT M3MEPEHMs, IIpOH3-
BOMBIIMECS ANl a- ¥ B-Mydeil MHOTHMH yueHBIMH, NI0Ka3any, uro s f-
Jiydeil OTHONIEHHE 3apS/a K MACCE OKASLIBAETCS TAKMM JKE, KaK Y 9/1eKTpo-
HOB KATO/HBIX JIyuelf, 1 TOIbKO CKOPOCTh KX Fopasio Gonbiie, ueM oGblY-
Bhlé CKOPOCTH 3/EKTPOHOB B KATOAMBIX JNyuax. Jist e-nyueid cKopocTh
0GLIKHOBEHHO OKA3BIBAETCSI B HECKOJIBKO Pa3 MeHbIe CKOPOCTH CBeTa,
4 WX OTHOIIEHHME 3apsiia K Macce BJBOE MEHbIIE, YEM OTHOLUEHHME %,

0 KOTOPOM Mbl TOBOPHJIH BHIILIE TIO TIOBORY 3MEKTPON3a. SAKIIueHue 0
npupofe B-iyueld, BHITEKAKIIEE M3 2THX OILITOB, OueHh NPOCTO: f-nyun
CyTb HE YTO MHOE, KAK MOTOK 371eKTPOHOB, BRIPEIBAIOIKKCS U3 Hep pagHo-
AKTHBHOI'0 ATOMA U JIETSIIMUX BTIPOCTPAHCTBO € UYTOBUIIHBIMH CKOPOCTSIMH,
yoKe TIOUTH TIPUGIMKAIOIAMHCS K CKOPOCTH CBeTa. (3aMETHM, YTO MMy

[ o e .
- At B-nyueit u —7 T BIEKTPOHOB KATONHEIX Jiyeii eCT5 HeKoTopas

pasHuL@, HO 312 pa3HUNA, KAK MOKa3anu usmepennst Keygmana, pnonse
0GBACHSIETCA TEM, UTO MACCA 3MEKTPOHA MEHAETCS OGPaTHO NPOTOPIMO-

4 2
HaIbHO ]/ 1_"_2 ,KaK 3T0ro TpeGyer TeOpHs OTHOCHTEbHO CTH). UT0 e
¢

Kacaercsl «-jyyeil, TO M3 TOTO, YTO MX OTHOINEHME 3apfijla K Macce OKa-
3aJI0Ch BJBOE MeHbIe, YeM OTHOIUEHHME MACCHI MEKTPOHA K Macce BOAO-~
POMHOTO aToMd, MOHO 0bU10 Obl BEIBOJMTL DAZIMUHEE ZAKIIOUEHNMS; TAK
HanpuMep MOYKHO ObLI0 GBI NPEATONOXNHTE, YTO a-Tyud COCTOST H3 Ya-
CTHL, 3PS KOTOPBIX PAaBEH 00HOH NOJOMUTELHOH dJleMeHTapHOH TOp-
uum 3apspa 4,77 - 10720 aGcontoTHBIX eAMHML, 4 Macca B JiBa pasa GoJibiue
Macchl BOAOPOIHOr0 aTOMA, WM YKe UTO OHM COCTOST M3 UACTHL, C 3aPsIAOM
DABHHM 08)M NOJOMUTENbHEM 3TeMEHTADHEM 3aDALAM B ¢ MaCCol, Tpe-
BOCXORSIIEH Maccy BOAODPORHOrO aToMa B uematpe pasa, uT. A. [ns Toro,
yTofH perIuTh, KAKAs U3 ITHX BO3MONCHOCTEl MMEET MECTO HA CAMOM JleJie,
HeoBX0AMMO N3MEPHTH 3PS OTAEALHON a-4acTHIl. ITO U ObLIO CAeNaHO
Pesepgopdom v Peeeneposu. W ToT u pyroff pemanu 3Ty 3ajauy 1o Me-
TOY, CYIMHOCTh KOTOPOT0 3aK/TIYANach B TOM, UTO COCUNTHIBAJIOCH 00ee
YMCA0 a-UACTHL, HCTYCKAeMBIX JAHHBIM DajHOAKTHEHBIM 3JIEMEHTOM, &
3aTeM M3MepsIcs ofmuit 3apay aTux vactui. Msmepenue sapsina mpous-
BOJAWIOCH TAK, YTO BCe a-YaCTMHLMI, HCMYCKaeMble PALHOAKTHEHBIM TIPENa-
paToM, TIOTAAAIH B METAUIMUECKUH LWTHHAP, COETMHEHHbIA € JIEKTPO-
METPOM, TONOYKUTE/IbHBIA 3aPs) KOTOPOTo NMpY MOCTYIJIEHHH BCe HOBBIX M
HOBBIX MACTHI, BCe BPEeMst BO3PACTAJ; U3 NOKA3AHUI 37eKTPOMETPA MOMHO
OBI0 BRIMHCINTL, KaKoM CyMMApHHIL 3apsi MMEIOT a-uyaCTHIl, HCIIy-
CKAEMBlE TPENapPaTOM B TeueHHE MUHYTHL. YTO KacaeTCH CyeTd uMcia a-
YaCTUI, TO OH TPOM3BOMMNICH TAK: Y3KAS IMEJIb B CBHHIOBOM 3KpaHe, 10-
CACIAIOMEM a-Tyud, TO3BOMANA BBLIAEJWTE U3 BCEro IOTOKa o-uYacTHL,
VCTIYCKAEMBIX PAMOAKTHBHEIM TIperiaparoMm, HeGONBINYI0 M K TOMY e
U3BECTHYIO (U2 pasmMepoB mMend M PacCTOSHMA ee 10 TNpenapara) AoJlo.
B onmrax Pezepdiopna stoT y3kyit nyuox e-uactuil nocTynan B Kamepy,
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HamoJIHEHHY10 a30M, Ie Ka)<ias BJETAOIIAs «-YaCTHMIA MPOM3BOAMIIA:
WOHM3AIMIO (METOA HMOHH3ALMOHHOH KaMmephl). CUNbHOE BITEKTPHYECKOE
[oJle Ceffuac yKe mpUTArnBajio 06pasoBaBUIMECA MOHB K TPOBOJIOKE, CO-
€ANHEHHOH C BNEKTPOMETPOM; MO3TOMY CTPE]Ka BAEKTPOMETPA Mphrana
Ka)(1bii pag, KOria B MOHM3AMMOHHYI0 KaMepy BJletasna e-uactiua. Yucsio
TAKHX «OTOPOCOBY CTPEJIKH 3EKTPOMETPA, & BHAUMT M MHCIO BJIETABIINX.
«-uacTEI, B onuTax Pesepiopza cocrapiisane seero JHmb 2—3 B MUHYTY,
BCJIEACTBHE uero ux ObI0 OueHp YHOOHO cumrath. B onkrrax Perenepa
BMECTO MOHU3ALMOHHON KaMepbl MPHUMEBSUICS 3KpaH, NOKPHITHIL CepHH-
CTHIM I(MHKOM: TAKOM 3KpaH 06iajaer CBOICTBOM AaBAaTh HA MIHOBelHe
APKYI0 BCOBIIKY B TOM MeCT¢, [€¢ HA HEro Tajaer OTAebHAs &-vacTHIE.
Buecro cyera 0T6pocOB BGKTPOMETPA MOXKHO GLUIO CUMTATH MMCO TAKMX
CHMHTUANME (Benbiek). M3 onniroB Pesepdoppa n Perenepa cneayer,
UTO BAPSAA OTACNBHON @-UYACTHIE PAaBER POBHO BYM TOJIOYKUTEIBHEIM Jle-
MEHTAPHHIM 3apsflaMm, OTKYla CJIeAYET, UTO Macca KDKLOH a-UacTHI[bE
NPEBOCXOANT MAcCy BONOPOMIOIO aTOMAa B YETHIPE pasa, T. e. PABHSETCS
Macce aToma resiusi (ATOMHBIH Bec reusi .

paBed ueTLIPeM). DHEPrusi ABHIKEHHsi Sy ¥
ORICTPO{ a-4acTHI(BL B HECKOJBKO ASCHT- FAMERS i (s}
KOB pa3 00JIbIlIe, ueM BHe Prist IBHIKe HUst H ‘
onexrpona B-nyueit, Taxum 0Gpasom M wren < @)

Pesepdopay 8 Perenepy yaanoch Ha-
6JT07aTh ACHCTBHE OTHENLHBLIX YaCTHH, !
00JTafaloMMX TAKMMH JKe MacCaMH, KaK ) 0 o O
aromnl. B X1X Bexe, Korma cuyurasioch, [g[ﬁ |‘| i

yro ﬂEﬁCTBMH OTAENLHBIX ATOMOB BCJE- r

CTEME HX HHUYTOIKHOCTH HUKOLJa He
yAACTCS HaOII0AATE, HA 3TO MOCMOT e Puc. 28. Kamepa Buabcora.

OB Kak Ba pexoe uyno. JIoGoHbITHO,

uro mocne OmHITOB Pesepdopaa Bussconr pazpaforan HHTeDECHHE Me-

TOABI, TO3BOJISIOMIME Ja’ke «BUAETBY (B OCOOOM CMbiC/e, Dasymeerca)
IyTH OTACIBHHIX 34PSHKEHHHX vacTHii M dororpadmposaTe STH myTH.

Criocof ero 3axilovaeTcss B TOM, uyTO a- U f-nyuam papHoaTHBHOrO
Npenapara AaloT PacnpoCTpadAThCs B 0c000i xamepe (sxamepa Bunb-

COHa»), HAMOJNHEHHOH HACHIICHHBIM BOASIHBIM napoM. CTaJKUBasch ¢

MOJIEKYJTaMM, a-4acTulpl, ofnajatomue Gonbmioi sHeprueid aBmxenud,

pasbUBAIOT 3TH MOJEKYABl HA MOJOIKUTENBHO H OTPUUATENILHO 3apSKEH-

HEle MOHH, TIPH YeM HA NYTH KAKA0H «-uacTUIH 06pasyercs OrpeMHOe KO-

JTHYECTBO TAKUX MOHOB, ITOKA BHEDIHs €€ NBIIKEHHsl HE CTaHeT HACTOJIBKO

majoff, uro nasbyeiiiee 0GpasoBanye HOHOB AODKHO MpeKpaTUThes. Ecna

OueHb BLICTPO YBEMUNTL o0BeM KAMEPH B HECKONLKO pas (Hampumep

BRBUrasi MODINEHb), TO MAD OXNAAHTCA H YACTHYHG NPEBpaTHICA B

BOZY, TPH UeM LeHTPaMH, BOKPYT KOTOPHIX UPOM30ifieT 06pa3oBaHue Bo-

BAHSIX KAMeNeK, OKaXXyTcsi KaK pa3 HONOMUTENBHEE W OTDHUATEIbHEE

HoHbl. Bech myTh, N0 KOTOPOMY NPOIINA a-YACTHNA, GYAET YCeSH TAKHUMH

POASIHLIMH KaneJIbKaMM, CAHBAOIHMHICA B CTIJIOI.[IHyIO BOAAHYI0 HHUTh-
(TaK HA3HIBAEMMIA «TPIK® «-vacTHLLY), BunbcoHy yaamoce gororpadupo-

BATH 9T BOJSHHIE HHTH M NOAYUUTH TAKUM 06pazoM HarnsjHoe W306pa-

JKeHHME HyTef, MO, KOTODHIM MPOHECTHCH CO CBOEH KOJOCCAaNbHON CKOPO--
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CTHI0 @-YACTHIIB DAJMOAKTHBHBIX BewlecTB (puc. 29). 06 artux goro-
rpa@usax 0OBIKHOBEHHO I'0BOPAT, uTo BIILCOHY YHANOCh SaCHATHL JIeTA-
MHe a-4aCTHIbL TO BHPAXKEHHE He BIIOJIHE TOUHO, TAK KAK (oTorpadupo-
BAJNUCh COGCTBEHHO HE CAMH a-UACTHIE! M JAXKe He 00 PA30BAHNBIE HMH HOHBL,
.4 BOJISiHBIE KaneJIbKH, OCEBINHE ‘HA JTHX UOHaX NPH BHE3aNHOM yBesHYe-
HHH 06beMa NepechIlieHHLIX BOAAHX NapoB. Ho mo oTuM BOAsiHBIM Ka-
TEJIBKAM, TYCTO DAcnOjI0)KeHHBIM Ha TPHONU3WTENLHO NPSIMOi JIMHHH,
MOYKHO 3AKJTIOYUTh, YTO BACCH TOJIBKO YTO IPOHECIACh a-4aCTHLA, MOAOGHO
“TOMY, KK BHJ NOTONTAHIBIX TOJI6H M ALIMSIXCS PA3BATHH CBHACTENLCT-
BYET O TOM, UTO Uepe3 ¢TPaHy NPOLUIH MOSYLINA BEJIMKOTO SaBoeBatesis.

M3 onmiToR, HA OCHOBALIUI KOTOPHIX Mbi CYAKM O 3aDPsAE U 0 Macce a- H
B-uacTull, BLITEKAEY, 4TO B SIBJICHHAX DPAALIOAKTUBHCCIH ATOMBI pajno-

Puc. 29,

AKTUBHBIX BEWIECTB COBCEM HE OCTAIOTCA 1IEM3MEHHBIMH, 2 MeHS0TCs,
; BHODachBast W3 CBOMX Hejp aiexTpod (B-uactuuy) wnM ropasae Oonee
o TOKEYW a-vactuiy. TakuMm 06Pa3oM IHEPrusi PAAHOAKTUBHBIX MpeBpa-
' IEHHH He ABAETCS CBUAETENLCTBOM B NOJIb3Y TOTO, YTO B PAZHOAKTHBHLIX

ABMEHMAX HADYIIAETCS 3aKOH COXPAHEHHS] BHEPIHH: CYUIHOCTh PagHOaK-

TUBHOCTH 3AKJIUAETCS B TOM, uTO OT ATOMOB OTKAJHBANTCA UX YACTH.

Brepsete B 1902 r. anraniickue yueuble Ipuecm Pesepfopd u @pedepux

Co00u BHICKa3271H CMEJIYI0 MBICITB, UTO TIpH MCTIYCKauuu nyuei Berkepens

ATOMb! PAAMOAKTUBHLIX BEW[ECTB NOABEPIalTCS NPEBPALIEHHIO: OHU Pac-

NaJAI0TCst HA COCTABKBIE YACTH, MPH UyeM 3TH COCTABHBIE HACTH ABJSIOTCA

TOXKe aToMamu. Tak HaTpUMep B COEAMHEHHSX YPAHA BCETIA BO3MOIKHO 06-

HAPYXHTb HEKOTOPOE KOJMMuecTBO pamusi: mo Pesepdopiy u Compu 310

OOBACHSAETCS IPOCTO TEM, YT ATOM PAJHSL SIBISIETCS] OHUM U3 TPOLYKTOB

pacnaza aroma ypaxa. Pacnajenue 607bUIMHCTBA aTOMOB DAJAHOAKTHBHAIX

BEIECTB COBEPINAETCA HACTONLKO MEJJICHHO, UTO OUEHb TPYAHO 3aMETHTD
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HEMOCPEACTBEHHO, KAK OJMH XHMUYeCKHH 27eMeHT TpeBpAILaeTest B py-
rofi. Ho B 1903 r. Coaau n P3x3ait nponssesu suTepec bt 0nbIT, 10Ka3bl-
BaOLIMA, UTO TAKOe IpeBpalieHue A¢ HCTBHTCNBHO npokcxoauT. Ecnu Bere~
KJIAHHY0 TDYG0UKY ¢ BNAAHHBIMK B Hee 3JIeKTPOIAMH OMCCTHTE Hefobloe
KOJIAYECTRO PafMOaITHE HOTO T'a3d, HA3LIBAEMOr0 «IMaHauuell pajuss, TO
TIPH TIPOLYCKAHUM 37IEKTPHUECKOT 0 PA3PAAA YePE3 ITY TPYOOUKY 105ABAAET-
€51 CBEUEHHE, CMEKTp KOTOPOrO COCTOMT M3 CHEKTPAJIbHLIX JIMHUi, Xapak-
TEPHBIX A7 3MaHauy papus. Ecn M30 ABS B AeHb M3y4aTb TOT CHEKTD,
TO OKAMETCS, UTO CTIEKTpasbHbe IMHKE 3MAHALMH pajis Bee BpeMs ocnae-
BaIOT, HO 3aT0 TOABJSIOTCA CNEKTPaNbHBIE IMHMH JPYTOTO Ta3a — rejus.,
Caedosamensto oOUNH XUMUHECKULT 376 MEHIT — 3MAHAYUR PAOUS — NPespa-
muacs 6 0pyeoii Xumuvecxut! 3semenm — eeauii. TlpeBpauieHne npoucxo-
JMT HAcTONbKO BGBLICTPO, UTO OT IIepBOHAUAJLHONQ KOJMUECTBA IMAHANME
yepe3 93 uaca ocraeTca TONBKO M0JI0BUHA, elie uepe3 93 uaca TOIRKO
uyeTBepTh M T. A. U T. A. He BCe pagnoaxTuBHbIe 3M€MEHTH BUAOM3MEHS-
j0TCcA TaK ObCTpo: AN pajua Hampnmep TpeByercs 1 600 ner, uroGul or
€ro MepBOHAYAILHOI0 KOJHUECTBA OCTanach TONLKO (ONOBHHZ, & AN
ypyHa Aaxe 4%/, muanMapia ner. Bor nouemy X mpeBpalileHHc 0CTaBa-
Jlock CIepBa HesameueHNbIM, Ho W oHW mpeBpaijaiorcsi, u BooOule Bee
PaIMOAKTHBHEIE BNEMERTEI OTANYAIOTC S TEM CBOMCTBOM, UTO MX ATOMBL ORMH
3a JpYrMM TIpEBPAIAlOTCA B ATOMBI MHLIX 371eMeHTOB (DafMO0aKTHBHLIX
I HEPAZMOAKTHBHEIX); TaKHM 0GPA30M BOZMOMIIO YCTAHOBHTE LENYI0
POROCTOBHYI0 PA/HOAKTHBHEIX 3/ICMEHTOB, HANOMHHAIOLIYI «(ABpaaM poau
Hcaaka, Mcaak poun Makosay v 7. 5. HanGonee Tsxenblii U3 XuMHue-
CKHMX 27IEMEHTOB (N0 CBOEMY AaTOMHOMY BeCy) METann ypaH MpeBpalia-
eTosl B TAK Ha3blBAeMblit ypan Xj, fanee UfeT ypaH X, 3aTeM «ypaH BTO-
poity, 3arem MOHHH, KOTOPBIE Janklue npeBpawiaercs B paiuil. Paunit
NPERPAIAETCS B I'a3 3MANALMIo paRUA WM PafoH, Janiblue MAYT XMMHYe-
CIKME BMIEMEHTH, HOcsMe 0RH0o0GpasHLIe HasBauusa: painil A, paguil B,
H T. A. B N0pAAKe naTvuCKo#t a3fyku, noxa He moiiner paawit F (uHaue
HaZBIBAEMBIR NOJIOHWEM) M NAKOHew pajnii G, KOTOPHIA Aanbue yxe He
M3MEHAETCS], HUKAKWX Jyuyell Tie WCHYCKAeT M HA NOBEPKY OKA3HBAETCS
COBIKHOBEHHBIM CDMHUCM, CBMHEN — BOT MOCHeIHME ¥ yiKe Ralexo He
L@ PCTBEHHBI OTNPHCK FHHACTHH PARHOAKTHBILIX a1eMeHTOR. Bee aTH mpe-
BPAILIEHHS MIYT ¢ HEORMHAKOBOj OhicTpoTOl, nanprmep paguii C' pasna-
raeTcs Hano/jo0BHily 3a 0Hy MHJINMOHITYIO JONI0 CEKYH/Bl, a YpaH 3a ue-
THIpE C TI0JIOBMHO}I Mumnnapaa jer, Kpome Toro npu HeKOTOPBIX M3 3THX
IIpeBpaile Ui BHICNISACTCA TAK)KE U TeNT (HATIpUMe P aTOM 3MaHALMH panust
He TIPOCTO «NPeBPaLiAETCsA B ATOM Pafust A, HO pacnafaeTcs Ha aToM pajus
A U aTom Tefust); NpH APYTHX Ke IIPeRPAlICHUAX Fennit ne ofpasyercs.
Kpome IHHACTHH YDAHA €CTh W APYTHe RMHACTHH DANHOAKTHBHBIX BIIEMEH~
TOB} MX B32MMOOTHOMIEHNS JOBOJIBHO CTOMKIILI M MBI HMX T0KA KacaThCsl He
Gynem. Hac 3pech HHTEDECYET TOABKO TOT NOpaASHTENBHEI QAKT, uTO He-
KOTOpbIE XMMHUECKHe 3NeMEHTH CHOCOGHE! MPeRpamlaTeCst B Lpyrie die-
MEHTHI, YTO B KOpHC NPOTHBOPEUNT XHMNUECKUM NIPEACTABJIEHUAY, CIo-
senpuEMes B konne XVII 1 B navane XIX cr. v MoATBE PR deT CTAPHIE,
KA3ABMIMECS HEMeNbIMM, MREW ANXMMMIOB. B 3ToM M 3aKmlouaeTcss ta
«CKa3Kay, KOTOpas CTana peanbHocThlo B paforax Pesepdopna m Conmn.

PagnoaxtHBHpE aBJACHMSA ¢ HECOMHEHHOCTHIO YKA3BIBAKT HA TO, 4TO

CrpoecEue BemecTBa ?
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aTOMBI BellecTBa 06;1a7a10T GONee MM MeHee CNOXKHEIM YCTPOHCTBOM, 4TO
OHY MpEJCTABINAIT LEIHe CUCTEMB], CrioccOHpIe WHOrna (B cyuae pammo-
aKTHBIEIX D2JIEMEHTOB) pacnafaThCsi, EPECTPAUBATLCSI M BHIGPACHIBATE
U3 CBOMX TAHHCTBEHHBIX HCAp Takue GLICTPO JICTANME CHAPSTE!, KaK a-
YACTHIB M ONEKTPOHB! J-Tyuelf. Tak KaK Macchl ¢-4acTHubl ¥ B-uacTUIlhl
M3BECTHEl, TO MBI B COCTOSIHMH JKe [PEACKA3ATh, Kai AOJUKILI H3Me-
HATBCS ATOMHbIE BeCAa WMIEMEHTOB OpH afMOAKTHBHEIX NPeBpalleHUsX.
Epvnnueif aToMHOr0 Beca, KaK MEI YCIOBUINCE BRHILIE, sIBJISIETCA UETBEPTh
MacChl aTOMa remitsl; B TAKNX eJMHULAX MACCa ¢-uyaCTHIL GyneT paBHa 4,
a Macca B-dacTvupl npubausurenso 0,0005, r. e. Mennme, uyeM OGEYHASR
BEPOSITHAS ONMOKa MpM H3MepeHNH ATOMHOrO Beca, BCIeJCTBME uero MBI
MOYKEM CUMTATh, YTO MpU BbiJeTe 3-4aCTHULEl W3 ATOMA Macca 9TOr0 aToMa
HPAKTNYECKH HE MEHSIETCS, B TO BPEMA KAK HPU BLUIETE ¢-HACTHLIbl ATOM-
HBI Bec ymenbImaercst na 4. Taxum oGpa3om U3 XapaTepa Ayueif, ucmyc-
KAEMBIX AAHHBIM XMMHUCCKUM 3TICMEHTOM, MBI MOYKCM BEIBCCTH, UEMY NOJDKCH
PABHSITLCA ATOMHEIH BEC DIEMEHTA, ABISIOMEr0CA NPOIyKToM pacnaga. 06
9TOM COOTHOIIEHUN MEYKIY ATOMHBIMH BECAMY ABYX DIEMEHTOB, CIey IIHX
APYT 33 APYroM B Teleanorvueckoil Tafiauue paaMoaKTHBILIX BEIIECTB,
mul Gynem mompoGHee TOBOPHTH HIDKE (¢TIPABHJIO CABUTAY, CM. CTP. 107).

TO 06CTOATENLCTBO, YTO MAacca &-uacTHILI He OTIHHACTCA OT MACCHL
aTOMa& TeJIud, IO3BOJISIET CAEJATh BaKHOE 3akyoucHhe of ycTpoiicTse
9Tor0 aroma. Taxk Kak 3apAJ «-YacTHLBl PABEH ABYM MOJIOIKKTEbHBIM
9IeMeHTAPHBLIM 32pSIIAM, TO CTOUT TOJBICO MPHBABUT I¢ 1eH ABA BEKTPOHA,
KaIpiit B3 KOTOpLIX, KAK 13BECTHO, UMEET OTUH OTPUIIATENIbIIbIA JNeMeH-
Tapebi 3apsAf, ¥ «-4aACTHUA CTAHET TI0X03KA HA HeHWTpanbHL aToM reius
¥ CBOUM 3apAjoM ¥ CRoeil maccolf (BCTIOMHMM, UTO Maccoif 9/eKTpoHa B
AON0BHLIX PACCYIKALHIAX MOYCHO I1peHeGpedlb, TAK KAK Mbl BCe PABHO HE
yMeeM H3MePSITh ATOMHEN BEC IIACTONBKO TOUHO, UTOGH SAMETHTDL PASHHLY
B OIMH MM B JBA 3NeKTPoHa), [109TOMY eCTeCTBEIIHO BO3IHKAET MEICHTb,
YTO ATOM resius AeHCTBUTENIbHO COCTOUT H3 &-UACTHIL H M3 ABYX SNEKTPO-
HOB. 9Ty MbICNb MOYHO HPOBCPUTE HA OTBITE: CCNU cO5pATh B COCY/E JO-
CTATOUHO GOJIBLIOE KOJMYECTBO &-UACTHL, TO ITHM ¢-4aCTHLAM HECOMHEHHO
YAACTCS CBOMM MPUTAMKEHUEM NPHBJIEUb K cefe ¥ HYIKHOE UHCII0 DIeKTPO-
HOB (M0 BA HA KAMCIYI0 ¢-UaCTHLV), B pe3ysLTaTe Yero BelecTBO, oG-
PaHHOE B cocyfe, ne GyAeT HUYeM OTJIMUATLCS OT COOTBETCTBYIOMIETO UHCTIaA
aromoB ress. Taxelt oneT npowzpeny Pesephopn v Poitas (1909 r.):
«-JIyuH, UCTIYCKAEMBIE B TEUEHKE 1IeCKOTbIKHX HeH npenapaTom sMaHaliy
pamus, coGMpPaNuChL B y2KOM NPOCTPAHCTBE KATMIISIPHONH TpYyGKH HAT
TIOBEPXHOCTBIO PTYTH, TIOCTIC 4ero, MPOTYCKAs Ueped coGpanHoe BEIecTBo
AEKTPUUECKNH Paspsil, MOXHO GbIn0 0fHAPYIKUTEL XapaxTe pHbI crexTp
rennsi, Takum oGpazom sICHO, 4TO reanil BCerna JONyKeH SHTb OJHHM U3
MPONYKTOB pacnand PajioaKTHBHBIX DIEMEHTOB, MCTIYCKAIOMMX a-Nyul;
TIOSTOMY OW W BCTPEUAERTCS] B NOpax N NY3bIPLKAX MUHEPAJIOB, COLEPHKa-
IHX PATVIOAKTHBHLIE 3/IEMCHTH {M3BECTHO, UTO IeNUH, CHEKTPATIbIIBE Ji-
HUU KOTOPOro ObLTH Haliienwl B crertpe Cosnnna B 1868 r., GbUT JHIIL
UePe3 MHOT 0 JleT 0GHAPYKeH Pas3ses Ha 3emne, CiepBa B BHIE Ty3HPBKOB
B CTEKJIOBUIHOM MUHEpATIe KJIEBEHTE, KYAR OH NOMAN OUeBUIHO B Pe3yib-
TaTe pacraja NpUMEIANEEIX K 9TOMY MHHEPany Paas0aKTUBHEX BEMIECTs,
H ullb 3aTem, B 1895 r., ow GBUT 05uapyKeH ¥ B 0GRIKHOBEHHOM COCTaBe
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semHolt aTmocdepr!, B BHAe HHUYTOMXKHO Maroi npumeci. Teoxsre ¢ 1917 r.
6bi10 HaliieHo, YTO B HEKOTOPHIX He(TAHBIX KeTouHuKax B CIHUA remuii.
BBIXOHT U3-110/1 3eMJIM BMECTE ¢ HeQITRIO H [IPUTOM B KOJIIUECTBAX HACTONBKO
GONLIINX, UTO CTANO0 BOSMOYKHBIM TEXHHYECKOE NPHMEHEHHE Tejds — Ha-
NONHEHHEe UM JMpHkabneit). :

PajvodrkTHBHEIE TIPeBDANIGHHS SABUMHCEL NEPBHIM YKa3aHueM Ha TO,
UTO MY DPA3NMUHBIMU DJiEMEHTAMU [ePHOANYECKOR CHCTEMB! CYINECT-,
BYET CBS3h, HANOMHHAWOMAA OTKPEITYID JapeuHOM CBASH MERY BUIAMH
YUBOTHOTO M PAcTHTeNILHOTO MMPa: TIOCNE OTKPHITHS DajiOaKTHBHOCTH,
CTa10 BOSMOXKHRIM FOBOpuTE 06 2s0aryuu Xumuveckux aemenmos. IIpe-
BPAILEHUS XUMHHECKHUX DNEMEHTOB GLITE MOYKET UTPAIOT POJIL B SBOJIOLHH
HelecHbIX CBETUI; BUIEPrisl, BLIEAAM@ACA IPU ITHX IPEBPAIEHUSTX, MO-
HET ABIATLCA O[HHM H3 HCTOYHUKOB TeX NOTOKOB TENNA U CBeTa, KOTOPEIE
pacTouawTes 3pes/amu. B mepeoe Bpems nocne OTKPHTHA PAAHOAKTHB-
HOCTH yueHEIC NONATaNY, uTo0 PAJMOAKTABHBIMH ABNECHUAMYU MOMHO 00B-
SACHHTL NPOMCXOMIEHHE BCe MCHYCKAeMOH 3Be3fiaMH JTyuuCTOH SHePruu;
Terephb NPUSHAHO, YTO PACXOM JIYUMCTOM SHEPrUM 3Be3J| CIIUIIKOM BEJIUK
Ansi Tore, uroGEl MOKPHIBATRECS 9Hepryvell pajuoaKTHBHHIX NpeBpaleHui.
NOAHOCTEI0 B Ge3 ocTatka. IosTomy, XOTS MCTOUHUKHM HCITyCKaeMol 3Be3-
J@MU SHEPTHHM B HACTOSILIEE BPEMST €I1ie He BEISICHCHEI, TEM HE MEHEee MOYKHO .
ORITE NOYTH YBEPEHHEM B TOM, UTO PAJHOAKTHBHHIE NPEBPAIEHHsA He MO-
TyT GBITh IIABHEM VCTOURHKOM 9HEPIMH 3Be3[HOr0 NyveHucnyckanus. On-'
HAKO BMOJTHE BO3MOMXHO, UTO PafMOAKTUBHBIE U WHBIE NPEBPAIEHUS 3Mie-
MEHTOB APYT B IpyTra MrpalT CYIECTBEHHYI0 POML B TOM EIE HE pasra-
JAHHOM MEXaHU3ME, KAKMM ABNAETCA 3Be3fd. T1pu 3TOM HeT HAROBHOCTH
B TOM, uyTOORI XUMHUECKIE DNEMEHTE, COCTAB/IAIOMIME 3Be3y, 06A3aTeNbHO
HPUHAANEKAT K YACKY TeX [EBATH IECATKOB IEMEHTOB, KOTODPHIE HAM
U3BECTHL HAa 3°MJIe: BIIOJIHE BO3MOYKHO, 4TO TAM CYIECTBYIOT U SNIEMEHTHI, .
ofinafaoniie GOILIIMM ATOMITEIM BECOM, WeM ypaH, aTOMHBI BeC KOTOPOTO
NPeBOCXOJHT Beca BCeX APYrHX WU3BECTHHIX HAM 3NeMenToB. Ecmy aru
9JIeMEHTH PAJMOAKTHBHE M PacnafialoTes UypesBHYajiHo GHICTPO, TO MpH-
HUHOH OTCYTCTBHS MX HA 3eMile MOMKRT ABUTLCA TO, YTO OHU € CAMOTO Ha-
Hana BOIHM B COCTAB 3eMIH B Upe3mMepPHO HeSHauHMTeNbLHRIX KOJMHUECTBAX
U JIABHO YCNeNH PachacThCsl, HANpuMep HA TeNuil ¥ HA Me[lIeHHO pasna-
rawmpitcs ypas. Ha arom ocobenno Hacranpaet Ihxuuc. [1o ero MHeHUHI0
TUTAHETH OTHESIMIINCHL OT IPHJIMBHON BosHB, 0GpasoBaBmieiica HeKorja B
packaneHHoit Macce Hamero ConHUA NPH NPHENIKEHHE K HeMy oAHoH u3
3gesn Mmeunoro Ilytu, Marteprnanom, u2 KoTopore cdopmupoBasucs nia-
HETHI, MOCTYYKHIIO BEIECTBO BHEIIHHUX CNOEB COJ‘IHLIa; TAXENLe H BeChMa
AKTUBHEIE JMEMEHTH, BXOSIIME B COCTAB BHYTPeHHMX croes ConHua, He
.yuacTBOBaNH B 00pa30T aHWU I1TAHET M NMOTOMY He NONAJH M B AOCTYNHbIE
HaM cjiou semnd. B ray@unax Cosnia, no muenmio Jxutca, SJIEMEHTH,
aToMHRI Be¢ KOTOPHIX GOTBINe, UeM Y BCEX WUSBECTHHIX HaM SNIEMEHTOB,
JIOKHB! HAXONHUTHCS B 3HAUUTETLHBIX KOJNHYECTBAX ; HAIM PAfH0aKTHUBHbIE
JIEMEHTH NPeACTABMNSAIOT WIHIIE BEMLTCCK Toil TaMeHHOR BONHED. 3aMeTHM
OflHaKo, YTC NP4 TENEPENIHEM COCTOAHYMM BONPOCA O TOM (UTC TAKOE
3Be3a» 9TH C00GPaKEHHsi MOTYT PacCMaTpHBATRCA JHMIIL KaK Majo obo-
cHOBaHHAA ROrafka unu crnexynsauusa. K sonpocy 0 3Be3jiax Mbl BHOBb
ofparimes B MOCHEAHE ITaBe 9Tol KHHNKH.

L]
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siBneynst pajiMoaKTHBIOCTH HOC/YIKHIU ITauGosee yOeIUTeTbHBIM I0Ka~
33TeJIBCTBOM TOIO, YTO aTOMBl XHMHUECKUX JIEMEHTGB ABMAKTCA CJ.OK-
HBEIMH CHCTEMAMM W UTO MOYKHO NOCTABMUTH BOIPOC 0 UX CTpyKrype. Heko-
TOpbHe U3 3THX aTOMOB fABJISAIOTCH BeCbMA HeYCTOHUNEBIMU KOHCTL YKL MM,
obnajariqume TeHneHudeli Oonee WM MeHee ObiCTPO pacmajarties (e3
BJIMAHMSI BHEMIHUX NpPUuHH (pajMOaKTUBHLIE aromMbl). B atom cnyuae
(M3UKA TOBOPAT 0 GCNOHTAHIOMY, T. €. 0 CAMOIpON3BOJIBIOM, Pacnaje.
Taxasl «CNOHTAHHOCTBY SIBJIAETCS] Haufonee xXapakTepHoi wepTcit papuo-
aKTHBHOCTH, B Teuenne IAHHOTO NPOMEXYTKA BPCMEHU PajiMOaKTHBEDIA
aToM JaHHOr0 copra 061aJaeT OupeAesicHHol BePOSITHOCTBI0 PACnacThes,
HanpUMCp paBHoit pY,; M0ITOMY, €CJIH aHO OU€Hb MHOI'0 PajH0aKTHBHBIX
aTOMOB OTOTO COPTA, TO 32 3TOT NPOMEXKYTOK BLeMeHH JTOJKHO pacnacTeCs
%, ofwero MEc/da TAKHX aTOMOB HE3ABHCUMO OT TOIG, YEMY 9T 4MCIO
paBHo. MMeNHo NOSTOMY M BO3MOYKHO XapaKTEpH30BATh TEIALHIMI0 A3H-
HOT'O PaJYOAKTHBIIOTO 3/IEMENTa K pacnajly ero TaK HA3bBaeMbiM «IICPHOJLOM
[0y pacnafar, T. €. Tem NPOMEXYTKOM BpeMelll, B TeueHHe KOTOPOrO M3
NAHHOTO KOJMYeCTBA PalHOAKTHBHCTO BelllecTBa A0MKHO pacmactbes 509,
HE3aBHCHMO OT TOT0, BEJINKO JIH STO KOJMHYeCTRO BK Maso. Tiepnop noay-
pacnaja y PasiuuHbX PATHOAKTHBHBIX 2M1CMCHTOB pPasfiWyeH, Hauknas o1
HHUTOXHBIX JI0NIefl CEKYHIBl M KOHHYAH Ve COBCEM OF POMHBIMH IIpOMe-
JKYTKZMU BPEMEHH. YBe/MUMBAS NEDPHOJ NOJYpachaja, Mbl NOCTENEHHO
nepexosuM OT pajH0aKTHBHBIX 2JIEMEHTOB K HePATUOAKTHBEBIM, Y KOTOPBIX
9T0T NEPUo/], GeCKONEYHO BENHK MWK e (BO MHOTHX CJIYuasiX) NOMpOCTy
HACTOJILKO BEJINXK, YTO HAM JI0 CHX MOp He ylajoch 0GHAPYIMNTE HAKAKHX
CNENI0B pAAMOAKTHEIBIX IpeBpamennil. OIHaKko W Takue HepajHoaKTHBHLE
aTOMBl HECOMHENHO TAKXKe HNPEeJICTABISAIOT CII0MKHBIE KOUCTPYKUHH, IO
TOJIBKO ropasfo Gonee ycToHuHBBIC, YeM PATHOAKTHBHEE aTCMHL.

Tax BO3HHKJIA BeJMuafilasi HAyuHas 3ajava, MOCTABNEeHHAsA (UaHKOM
B XX CToJIeTHH, — KaK YCTPOCH aroM? M3 uero cocTOMT ITOT HOBHAM-
MOMY He CIMIIKOM npocTolt MexaHu3m? BoT K Kakum NMocicACTBRAM NPH-
BeJ0 OTKphITOe Bexwepenem, Kasasoch Gbl CTONMb HE3HAUWTCJILHOE M He-
HHTepeCHOE CBOUCTBO ypaHOBOM PyBl NPOUIBOJUTE NOYCPHEHME (OTOrpa-
uuecKoil IWIACTHHKH,

SAEPHAS MOJAEND ATOMA. IiPA ATOMOB

Bonpoc o cTpoenui aToMOB 0CTABAJICS 3arajiouIlbM BCe nepBoe JeCsTH-
jgetie XX cr. Ta serkocrb, ¢ Koropoll wonmsupymwres (r. e. pacna-
AAIOTCST HA OTPHUMATENTbHO 3aDPSHKEHHBIE M TOJIOMMTESILHO 32 PSYKEHHbIE
YACTHIE) ATOMB CAMBIX Pa3HOOGPA3HEIX 3JEMEHTOB, yka3pBaeT Ha TO,
UT0 BCE ATOMBI ABJISIIOTCS CHCTEMAMM YACTHL, CPEIH KOTOPbIX, HECOMHEHHO,
€CTb M 3aDSDKEHHBIE; OJHAKO, KPOME 3TOr0 OGHIErs YTBEPIKIEHAA W3 U3~
JIKEHHOTO BRILLIE IKCTIEPHMEHTANIBHOI0 MATePHAMA POBIIO HWYETO HE Clle-
nyeT. HeoGxommo Gbuto HaliTh Kakoi-To cneunalbyLil MeToM 1J1d Hecie-
MOBAHKSA CTPOEHNSI aTOMa, IKAKOH-TO 30H[, ¢ NOMOMLILIO KOTOGPOro MOXKHO
65110 Obl DPOHMKBYTL B IJyGOKHE aTOMHBIE Teipa. DpecT Pesepdopn
B 1911 r. mpamen Tawxoit 30HA; 9TUM SO0HAOM #BNSETCHd OBICTPO Jle-
TAMAs a-Y4acTHuA,

Mzes merona Pesepdopra BechbMa npocra. Ecau BepHo, 4To B COCTaB

B
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aTOMa BXOJAT NOJIOYKHTENbHBIE M OTPYHATENLHBIE 3APAAH, TO B ATOMe
AOIDKHO CYLIECTBOBATL JREKTPHUECKOE NoJsie, TaK KAK aTOM B LEJOM JJIeK-
TPHULCKU HEHTPANEH, TO CyMMa BCEX HOJIOXKHTeIbHLIX 3aPAN0B PABHACTCSA
no BeJUYMHE CyMMe BCeX OTpHLaTe/bHeIX. [103TOMY ecnmy i aromy npu-
Gmmraetc Kaxkasa-HuOyAb 3dpsOHKeBHAA UYacTUWa (HalpuMep ¢-yacTHLA
MITH 3MEKTPOH), TO MOKA 5TA YA4CTHWLA elNe He BOLIA BHYTPbH ATOMA ee
NPUTSHKEHKE K 3apsijaM OfHOTO 3HAKA YPABHOBEUIMBAETCS €€ OTTANKUBA-
HHEM OT 3apsIA0B iPYIoro 3HAKA ; 06 CHIIEI, BIPOUEM, YPABHOBEIINBATCA
He BHOJINE, TAK KAK B PACIIOIOMKEHEM LONOMHUTE/bHBIX H OTPULATENbHBIX
34PANIOB B ATOME MOXET ObITb 1 HEKOTOPAsT ACUMMETPHSL, OTYACTH BEISBAH-
Haf U TPHCYTCTBIIEM 32 PFHKEHHOM YaCTUIIb BHE er0 (3Td YACTHLA [IPHTSHET
K cefe Te 3IeKTPHUECKHe 3apsihl ATOMa, KOTOPhIE ITPOTHBOIIOJIOKHB 1O
3HAKy 3aPsAY camoil aCTHIEL, B OTTONKHET 0T ce6sl3d PAABI, COBNAJAIOMME
N0 3HAKY C ee COGCTREHEHIM 3apsAAOM; MOSTOMY 3apSALLI NPOTHBOMOION-
HOTO 311AKA OKAKY1CA K Hell Ciierka §/nke, yeM 3apAbl 0AHHAKOBOTO C
HEI0 3HAKA, & 3UAYMT NPHTHKeHHe GyJeT UYTOUKY CHNbHEE OTTANKUBA-
HUS), B0 BCAKOM CITyude MBI JOJKHLE MKHIATD, UTO 3 pSHKEHHAS yacTHLA,
TPOXOASIMAA MUMO ATOMA CHAPY)XKH, He MCIEITAET NOUTH HHKAKOH CUIIEL CO
| CTOPOHEL CAMOTO 4TOM4, T, €, IPOIIeT MUMO HEr0 MOYTH NO MpAMOH NTUHAK
'MIH, €CIH W HCIILITAET HEKOTOpPOE OTKIOHCHWE, TO B0 BCSKOM CNyuae
BECbMA HesHauuTenbHoe. HO ecy 3apshieHHAsA YACTULA MOMAAET BHYTPb
aroMa, TO TAM 0HA CMOYKeT OKA3aTbCA B DIEKTPHYECKOM MOJE M HMCIHTAThL
'meHCTBYME CHUI, KOTOpBIE OTKJIOHAT €e Ha HEKOTOPH] YI'ON; JIErKO BUAETH,
YTQ 3T0 OTKIOUeHue Gyaer, rpy6o TOBOps, NPONOPLUUOHAILEO 3APANY ua-
cTUil M 00paTHO NPONOPLKHOHANBHO e¢ KMHETHYECKOH BHEPTHH (eCIM va-
CTHLA TPOHOCUHTCS Yepe3 aToM €O CKOPOCTRIO ¥, TO YCKOpPEHHE, KOTOPOMY
0HA [OZBEPraeTCA, NPONMOPIMOHANLIG ee 3apsiay € ¥ 0GpaTHO mponop-
HMONANBHO €€ MACcCe /1; BPeMsl Ye, B TeuelHe KOTOPOTO 3TO YCKOpeHHe
nelfcTByeT, Tem KOpoue, uem OHICTpee UACTHLA RBIDKETCH, T. €. 0GpaTHO
NPOOPLUUOHANBIIG ¥} 03TOMY IpUPANIEHMe CKOPOCTH, MCMLITANHOE yd-

- e
cTurelf, TPOMOPIHMOHANLHO — 5 YIOM JKe OTKNOHEHIS OMpeRenscres,
rpy60 roBopsl, OTHONICHHEM NPUPAIUEBMST CKOPOCTH K CAMOH CKOPOCTH,

T. €. OH IPOTIOPLHOHATEH- yTO MBIl H XOTeNy [0Ka3aTh). Tax Kak y

e
m*’
3-nyuell KMHETHUCCKAsl BHeprHs, BOOGME TOBOPs, MEHbINE, YeM y G-JIy-
yeil, TO OHH JIOJKHBL OTICIONATHCA HA GoNce SHAUMTENbLHBIE YINHL, YeM
@-yaCTHILE; TIOSTOMY TP FIPOXH(JIEHHM NMAPaJeNbHOr0 NyuKa Karojl-
HBIX Un¥ 3-ydell uepe3 MaTepHi0 STOT NMYYOK AOJDKEH HCTILITATL 3HAUM-
TeNbHOE pactesnile, CBS3AHHOE C TeM, UTO 3JIEKTPOHE! B-myuelt oTkmo-
HAWOTCA B PA3HOOGPA3HMIE CTOPOBLI ¥ HA OYeHD GosiblHe YrTb (faxe 60nb-
me 90°) 0T CBOEro NEpPBOHAYANBLKOIO HANPABJIEHHA ABWKCHUS (RaKe U B
TOM ciyyde, CCIH OHU NONAZYT B ATOM HA OYeHb HESHAUMTELHYIO Tny-
Guny), Ho Gosee conufiubie (B CMBICIIE BEIMYMHBL X KHHETHUECKOH SHEp-
THY) a-yaCTHIBE HOMKHEL B 3TUX BHEINHKMX CNOSX 4TOMA MCNIBITATH CPABHU-
TeNTLHO HUUTOHHOE PACCEsHME; SHAYMTENBIOE paccestHWe Onu Moryv Gl
UCTIBITATh JIHMbL BO BHYTPCHHHX YACTAX 4TOMA, ecnd Gl 0Ka3anoch, yro
TAM MMEIOTCH 0uellh GONbIHUe SAeKTpuuecKue nons. B 1906 r. Pesepdopn
TIOKA34J, YT TAKOE PaccesiHue AefiCTBUTENEHO POUCXOMMT: €CY a-TyuH,
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BLIXO[SIIME ¥3 KakoW-uuGynb meny, nagawt Ha QoTorpaduueckyio mia-
CTHHKY, PACHONOKEHHYI0 BMECTE ¢ PAJAMOAKTHBHEIM IDENapaToM B BAKy-
yMe, TO Ha IUIACTHHKE TOJYUAETCH Pe3Koe M3GOpajkeHMe ILeNM; HO B aT-
mocepHOM BO3AYXe, WM €CM NPHKPHTh LIENb TOHKMM CJIOEM KaKOro-
nnGo BemlecTBa, OKA3HIBAETCH, UTO M30Gparkenue mieIy Ha dotorpaduue-
CKOM NNACTHHKE pasMeiBAaeTCs M mepecTaeT GbiThb peskum. Orcropa cie-
JLYeT, uTO BHYTPH ATOMOB MMEIOTCS CHIIbHBIE 3JIeKT puyeckue nons. B 1909—
1910 rr. Taifeep cucTeMaTHUeCKM WCCNENOBAN 9TO ABNEHUE, MONL3YACH
METOZIOM CLMHTHIIANME. Y3KHil mywoK ¢-myueil, emyciaemblx panvesm C,
najan Ha SKpaH M3 CEPHMCTOrC LMHKA; HA 3KpaHe MOJIyuanach yskas
ApKasi TOJIOCKA CBeTa, BOCIPOM3BONAMAS (OPMY NOTEPCUHOr0 CeyeHHs
nyuxa. Ecny Ha nyT™¢ e-nyueHt CTaBuiCcA Kakoi-ruGyns MeTansinuecKui
JINCTOK, TO SIPKAs [OJNOCKA MCYe3ana, TAK KAK BCJIGACTBHE PACCESHMS
@-4aCTHIBl PACTIPENIEISIUCL 110 3HAYMTENBHO GONbIel MIOM@ARM JKpana;
pACTIpENENEHHE ©-YACTMI] N0 HATPABIEHMAM GHUIC BO3MOYKHO HM3YuMTb
NOCpEACTBOM MOJACHETA WMCNA CLMHTHINALMH. Paccesinue OKaswBanoch
TeM GoJbLIe, YeM GOJNLINE ATOMOB UMeeTCs Ha | cu® MMCTKA M yeM GONbIlie X
atominii Bec. [aiirep u MapcaeH 0GHADYXUIM JaXKe TAKME a-4ACTHIIB,
“KOTOPBIe OTKJIOHANMCL HA yron Gonblmi, yem 90°, T. €, BHIXOJMIY M3 Me-
_TAJTMMECKOTO JIMCTKA ¢ TOH e camoif CTopoHsl, ¢ KaKol 0HM HA Hero na-
- panu, Yucno TakKX e-4acTUIl OLII0 OueHb Mano (B ciaydae e-nyueit papust
i C, paccedBAeMEIX JIMCTKOM ILTATHMHBL, TOJBKO OJIHA o-YACTHIA U3 BOCHMM
‘THICSY PAcCceMBanach Ha yron Gonbumii 1PAMOro), HO MX CYUIECTBOBAHYE
JIOKA3LIBAET, UTO B r:1yGOKMX HEPAX ATOMA, KYJA NPOHUKAKT JIMMbL He-
‘MHOTHE @-YACTHUHE, FOCTONCTBYIOT 37IEKTPHUECKHE NO7A TIOMCTHHE 4yfio-

BUIIHOM BEJIMYHHEL

B 1911 r. Pezepdopn npupyman o0bACHeHME HANMYMSA TAKHX IO-
neft, 1o 0GBICHEHNE 3AKIIOYAETCS B CNCAYIONIEM ! KAMK/LI ATOM COCTOMT
U3 TOMOYKUTENbHO-3aPSDKEHHOT0  A0p@, B KOTOPOM CKOHUEHTPHPOBAHA
HOYTH BCS MACCA ATOMA M PA3MEDPH KOTOPOTO HACTOABKO MAJBL, YT s
pelllenyst MHOTMX BOMPOCOB JOCTATOYHO CYMTATH SAPO T'eOMETPUYECKOH
TOUKOH (0 pasmepax sARpa CM. lanbllie), H U3 OTPULATETbHBIX SMEKTPOHOB,
KOTOphle HAXOAATCS BHE SIAPA HA PACCTOAHMAX, CPABHUMBIX C pasMepamn
camore aroma. Takoe npefcTaBjieHne of aTome, KaK O NONOXMTETLHOM
spe, OKPYIKeHHOM 0GOJIOUKOM U3 OTPHLATENBHLIX SJIEKTPOHOB, TICIY4YMA0
Ha3BaHue AAepHOR (MM HyKJIeapHoH, OT CJoBa nucleus — Axpo) MOmEeTH
aToma, Ecny uMcNo 31eKTPOHOB BHE SIPA B BJIEKTPHUYECKH HElTpanbHoM
aTome paBHO Z, To oGmull 3apsi 9THX 3MEKTPOHOB NODKeH OITL paBeH
— Ze; NO3TOMY 3aPAN AApa paBeH - Ze, I/ie £ BENMUIHA DIeMEHTAPHOTO
zapapa (€ = 4,77 . 10710 aGCOMOTHLIX BIeKTPOCTATHYECKUX eIMHMIL 3a-
psana). Ecay 3apsykeHHAs yacTHLia NPOHMKNIA BHYTPL NEKTPOHHCH 060-
NOUKK aTOMA, TO 3JCKTPOHE, HAXONAUMECA BHE, TABYT 3Ty UYaCTHLy
B pasHble CTOPOTIL ¥ IOITOMY MX 1eHCTBIs, B of1ieM, ypaBHOBEIIMBAKTCSA

TO3ITOMY OCTAETCS TOJLKO JNMEKTPUYECKOE TI0JIe CaMOro Afpd, KOT0poe Ha

e
PACCTOSHMH 7 0T AAPA PABKO " W HANPABIEHO N0 PALHYCY. Eciu MBI X0-

TUM BHBECTH 3aKOH pAacCeaHMsi [ YACTHL, OTKJIOHWUBINUXCS HA OU€HL
Gonbive YIJIEL, TO MBl MOYKEM HTHODHPOBATL NIPHCYTCTBYUE BHEITHUX JJIEK-
TPOHOB ¥ CUMTaTk, 4TO napannenbnuﬁ Hy‘lOl( yacTuy ¢ BHPH,ZIOM e n [
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maccolt m, ABHAKYIMXCS CO CKOPOCTBIO ¥, Nafasl HA JMCTOK TOUIMHEL [,
COMePIAMMIt /1 aToMOB B CIMHKLE 06beMa, WCIHITHEAET DaccesiHWe HOJ
BNIUSIHMEM OJHMX TOJMbKO siep. Tawoii pacuer u OblT mpowsseaen Pesep-
dopaom. Oxasanoch, uTo eciy B 1 ¢CK. HA JIICTOK LAZAET Q ¢-YyacTHL{, TO
UHCI0 @-YACTHMIL, paccenBaeMus B | Cel. Iid Yron, 3aiCTi0telHpil MeKAY &
H ¢ 4 dp, JomKHO GHTL DABHO:

@

Zrerer %77
wQnl ——— P dw.

sin®-~

2

ConocTaBuB 9Ty QOPMYJIY C IKCHEPUMENTANLILIMU pesynnTaTamu Taii-
repa u Mapciena, Pesepdopl Hawies, 4TO 4HCNC @-YaACTHI, DAacCeslHBIX
Ha GONblIYe YIJIL, HPEKPACHO ONMCHBACTLA 370l QopMyncit (KaK B cMbicie
pacIpefieieHHsI pACCECAHHRIX YACTHIL [0 DAZHBIM HANDABJIECHHSAM, TAK H B
CMBICTIE 33BUCHMOCTH OT CKOpOCTH HAJAKINEX UYACTHL). 3TC SIBAAETCH
yGeqMTeIbHBIM JIOKA3ATe/ILCTRCM NHpABRABLCCTH npescTaenenvit Pesep-
dopaa W BMecTe ¢ TeM 1O03BONAeT (U0 UKCAY ECLHILEK HR 9Kpane 3
CEPHUCTOTO LHMIIKA) ONPeReNUTE WICA0 Z, T. €. 3dPAA AApa B eIHHHULAX,
paBubIX ¢, M3 mepBRIX BechMa rpy6mix mopcueroB Pesepdopn Hamern, uro
ynca0 Z Mpufnu3HTeNhHO NPONOPLUYOHALLHO ATCMHOMY BECY COOTBET-
CTBYIOLIEr0 XMMUUECKOTD 3/IEMEHTA M YTO JJisi 30710TA OHO COCTABIIACT OKOJIO
100 (renepsb Mbl 3HaeM, uTo Jisi 30n0T2 Z = 79). JT0 AaeT BO3MOMKHOCTD
onpefesnTs HauGonpliyld rAyGUHY RNPOHMKHOEEHWS o-UACTHL, BHYTpPb
aTOMa ¥ CHJIy TOCTIOACTBYIOWVX TaM 3MeKTFHUCCKYX noncit. CKopocTh a-
yacTHil, MCnycKaeMbix pafguem C', 6bl1a TINATELHO W3MEpeHa Bpurrcom
W oxasanack paBHoit 1,923 - 109 cafcex. Tak KaK Macca o-yacTulisl paBHa
6,64 - 1072% 2 (ydeTBepeHHAs MACCA ATOMA BOROPOHA), TO KHHETHUECKAR
aHeprus ce paBHa 1,22 < 1075 spr. [y TOTO, uTOBL NPOHMKHYTL B aTOM
Ba Gonblnyio rnyGHHy, ¢-yacTHud A0JDKHA GHTHL ANPO «B J10G», T. €. ABH-
I‘aTbCﬂ npsimo Ha Hero., Tak Kak 3apsin siApa paseH Ze, a 3apsifl a-MaCTHIBl

=2¢, TO Ha paCCTOS{HHH 7 OT 47pa a-yacTHid NOKHA MMETh MOTEH-

2Ze?
BT HYH0 anepmm— (HOJ'[O}KHTCJ’[I)HYIO yTO COOTBETCTBYET OTTAJIKU-

BaHuo). Jst Toro, l{TOﬁH HOTEHUHANILHAS BIIEPIUA MOTNa TaK BO3PACTH,
KMHETHUECKAS LOJDKHA COOTBETCTBEINIO YMeHbIUKTLCA. DTO 3HAUMT, UTO
MO EJHSIHHEM OTTAAKHBANMS OT fpad ABHM)KEHHE o-UACTHLEL CTAHOBHTCH
BCe BpeMsl MejsenHee, Ee ckopocTs 06paTnIcs B HyJib HA TAKOM PaccTosi-

070t
HUH 7, KOTOPOE YAOBAETEOPSIET POpMy.Ie __f_e =1,22. 10"%9pr. [Ipu Z=80

orciofa nonyuaercst 7 = 3 » 1071 cat: Ha TaKylo rayGuHY. I POHHKAET B aTOM
B paccMaTpHBACMOM TIpUMEDE a-UacTIR, Goioman B 1ol W pacceneBaeMas
Ha yron 180°, Orcioja BUIHO, UTO PA3Mephl AAPA JOMHKHBL GHTL MEHLINE,
yem 3-107%2 cu; Ha paccrosinuu 3-10712 ¢ oT peHTpa sppa BNEKTPHYECKOE
nojie BCe enie TaKOBO, KaK ecnH 6l 0HO UCXOAMIIO OT IeOMETPUUeCKOR TouKH
¢ 3apsinom Ze, neficTByiougil no 3aKouy Kyiona (Befn camslit BHIBOA dop-
Mynbl Pesepdopga OcHOBaH H2 ITOM 33KOHe). JJICKTPHUCCKOE TOME Ha
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PACCTOAHUY 7 OT UEHTPA Afpa pﬂBHOZTi smoAcTapnsia Z =80,r =3+ 1072 ¢,
MBl HAXONHM, UTO OHO PABHO 4,2 + 10% AGCOMIOTHEIX JMEKTPOCTATHUECKHK

- eIMHUL CUABI nons, T. e. 1,3+ 1018 ponsT HA canTuMeTp (GONbINE MWIIHA PAA
MUJIJIHAPAOB BOJLT Ha caHTUMeTp!), BOT KaKkuM UyaOBHIINBIM 3JIEKTpHYE-
CKUM CHJIAM NOJBE PTaeTcs NoNajaIonast BHYTPh ATOMA a-UaCTHIIA,

BaxHe HIIMMY BeTUUMHAMHE, ONIpeAesTAIOUMH CBOHMCTBA AAPA, ABNSIOT-
cst ero 3apan Z, u3MePeHHbIM B €IMHMLUAX DPABHHIX IMeMCHTADHOMY 3a8-
psARy e, W ero macca M. ITu ke cRolcTBA ANPA ONPEAeNsioT U cBOMCTRA
BCEr0 ATOMA B ([e/10M; TAK HANDHMMED, UMCIOM Z OIpeJe/feTcs M ucio
3NIEKTPOHOB, COCTABJSIOMMX 0600UKY aTOMa B ero HelTpasiplioM COCTOS-
HHY, & unciom M OTpeflesIARTCA ¥ MACCA ECero aToMa, TOCKOJIbKY MAccod
SNEKTPOHHOM 060M0YKN aTOMa MOXHO TpeHefpeub NO CPABHEHUIO C MAC-
coi CAMOT0 ATOMA, ¥, CTIA0BATENLHO, 608 MACC IMOMA NPAKIMUYECK COCe-
Oomodena & e20 adpe (Tak HanpuMep ofman macca BeeX 79 INMEKTPOHOB,
OKPY>KAIOHIMX AP0 30710T4, paBHa 7,2 « 10728 2, Macca »xe 30710TOTO AAPA
paBda 3,3 - 10722 2, 1, e. B ueTsipe C MONOBHMHOH THICAUM pa3 GoJblue).
Herpynuo Bupets, 0AHAKO, YTO 3apsA siipa Z Wrpaet ropasno 6osee ¢ys-
JAMEHTANbHYI0 POJb, YeM M, TAK KKAK CUAILL, € IKOTOPHIMK AAPO AGHCTBYET
Ha OKPY>)KAIOIHE 0 INEKTPOHE] ¥ KOTOphIe B CBOIO OYepeNh ONpefie 1T
KOHCTPYKIMIO 3NEKTPOHHOH 06070uKM, a CeflOBATE/ILHO U [1071e, BHI3LI-
BAEMOE ATOMOM B LIEJIOM, 3ABHCAT MOYTH MCKITIOUUTESLHO OT 3apsifa AApa.
Macca sigpa moraa 6bl NPHBOANTL K FPABMTAUMOHHBIM IeHACTBUSM, HO OT-
HOIIEHHE TPABUTALUMOHHLIX B3ANMOAEHCTRUN ANPA C IMEKTPOHOM K IJEK-
TPUUECKMM B3AUMOLHCTBUSIM PABHO OUEBHEHO i\ng, T. €., €CJIH TIOACTA-
BUTh AAHHBIE HANPHMEP AN aTOMa 30710Ta, BCero aumin 1079, [Toaromy
He I'DABUTALMOHHOC, A 3MEKTPHUECKOe 1oJie siApa O0GyCIOBJIMBAET CTpOe-
HME TEKTPOHHON 0G0OUKHM, @ 3HAUNT M Te CHJH (B TOM YHCITE M XUMU-
YeCKHUe), € KOTOPLIMM HelTpancHeli arom JeliCTBYET HA APYTHE ATOMB;
XMMHUECKHE CBOMCTBA HeilTpANBHOTO ATOMA 3ABMCAT TJIABHLIM 0GPa3soMm
or uucsaa Z (ot sapsiaa anpa). B 1913 r. ean den Bpyk Buepnrle Gopmy-
JHPOBAJ Ty MEIC/Ib, 9TO (GM3MYCCKAS] CYNMIHOCTh MEPUONMUECKOr0 3AKOHA
Menfieneera 3ax/I0UACTCS B TOM, UTO XMMMueCKHe CBOICTEA 2JIeMEHTOB
TIePROIUUECKY MEHSIOTCA NpW BO3pacTaHuM 3apsga afpa. B nepsona-
yabHOH GopMymupoBke MeHpeneeBa XMMHUCCKME CBOHCTBA aTOMOB BTN
nepuoguuccKoit dyHKumelt aTomHoro Beca M ¢ TOUKM 3peHUs BAH JIeH
Bpyka are 06CTOATENLCTBO HMEET B HEKOTOPOM CMBICHE CNyYaitmblit Xa-
PaKTep W CBA3RNO JIMIIL C TEM, UTO Macca Apa, KAK MPaBuio, YBEIUUU-
BAETCA BMECTE C YBEJIMUEHHEM €T0 3apsna. Ecny Mol BHEMATENHHO pac-
CMOTPUM TIEPHONHYECKYI0 CHCTCMY JT€MEHTOB, TO 0GHAPYIKMTCA, UTO B
HEKOTOPBIX MECTAX COBNIONeHME T PHOIMUHOCTH TpebyeT OTCTYNReHHs OT
PACTI00)eHHA IICMEHTOB B TIOPAJKE aTOMHOTO Beca: TAK Hanpumep 671a-
FOPOJHLIN ras aproH HECOMHEHHO [OMKCH MPEeNlecTBOBATH LIETOUHOMY
MeTanny Kajlno, XoTst aTomuslit Bec aproua (39,9) fossuze, uem ATOMHB
Bec xamua (39,1). TosTomy CTPOroe pacmonoeHHe B NOPSKE ATOMHOTO
Beca He AAeT MepuofHUecKoil CHCTeMb! 31eMEHTOB ; 110 MIee BAH AeH Bpyka
nepHOAUueCKull 3aKou I0MKeH 0GHAPYIKHBATHCS IPH PACTIONOIKENHH drTe-
MEHTOB B NOpPSAiKe BO3pacTamMs sapsaga Azpa. Taxum ofpasom umcno 7
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OKa3HBaeTCSI NOPSAKOBEIM HOMEPOM BJ1eMeHTa B MePHORMYECKOH CHCTeMe;
MO3TOMY 3TO YKC/O MOJYuHI0 HA3BAHUE amOMH020 HOMEpd. Y BOROpOAA
ToMKHO 6bITh Z == 1 (T. €. 3apsif Apa pabBer ¢), y reaua Z= 2 (sapsag
siipa paBeH 2¢) 1 T. 1. OnHaxo, B nepuofuueckoil TadnuLe moriy 6u 6ETH
Y OpONYCKH, CBA3AIHEIE ¢ TEM, UTO 1Ie BCE CYHICCTBYIOHINE B HPHPOAE 37e-
MEHTHl OTKPHITH XMMUKAMHU ; I09TOMY CJ1Ef0BAN0 OBl YMETh U3MEPSTH MO-
PAAKOBHI HOMED 371eMEHTA HENOCPCJACTBEHHO, T. €. HE3ABHCHMO OT TOIO,
OTKPHITH JI1 XMMMKAMH BCE B/EMEHTHI, NPEMECTBYIOMME JAHHOMY, WIH
Her. B crepymomeil rnabe Mel YBHAUM, YTO TaKoil CROCOG M3MeDEHUA HO-
PRAKOBOTO HOMEPA AeiiCTBUTENBHO cymecTRYeT. OH OCHOBAH HA TOM, yTO
J/MHA BONHH XAPAKTEPUCTHYCCKUX (CM. BHIIE) PEHTTEHOBCKHX TNHHUER
JAHHOTO JMeMEHTA CBSI3aHA ¢ MPOLECCAMH, NPOMCXOASIIMMU B CAMBIX TITy-
60KMX 0071aCTSIX DIEKTPOHHOM 060/101KN aTOMA, T. €. B HEHOCPEACTBEHHCH
6M30CTH K AAPY ; 3MEKTPUUECKOE NONE RAPA, 3aBUCALILE OUEBUIHO TONBKO
OT €r0 aTOMIIOr0 JioMepa Z, OHpesiesIfleT XapaKTep 9THX NPOUECCOB B TaKOH
CTEHEHU, YTO U3 U3MePeHuit THHE BOJIHB! MOXKHOD 3AKTIOUHTD 0 Belnvine Z.
Bce naHHEHe, OTHOCAINMECH K MOPAAKOBHIM YHCTAM XHMUUECKHX JJIEMEH-
rOB, MBl 33paHec 3aHMCTBYEM H3 TAKHX H3MEPEHHH ; UMEHHO OHU ¥ HOCTIy-
JKMJIY  OCHOBOH HpK COCTaBNEHMM TaGauuLl Ha puc. 2 (NepHoINuecKoi
Ta@nuuE 3/1eMenTOB). OCIOBHBAsCE HA TAKUX HAMEPEHHUNAX, MBI MOYKEM YT-
BeMKATh lIANDHMED, uTO MeXNy cBponuem (Z = 63) u ragomunueMm
(Z = 64) feHicTBUTENLEO HET HMKAKMX [IpPYTHX DNEMEHTOB, NAx 4TO Me-
sy papueM (Z = 88) u pagonom (Z = 86) cymecTByeT OfMH U TONLKO
OfMH XHMHUECKUH 91€MEHT, XOTs 9TOT JNEMEIIT eule 1ie OTKPHT. JaMeTuM,
YTO ¥3yUeHHE XADAKTEPHCTHUECKOTO DEHTTEHOBCKOrO CHEKTPA HpeAcTa-
BJIsIET He eMHCTBEHIBIH CHOCO6 HEMOCpPeICTBCHHOIO M3MEPeHUS 3apsAna
SAPa; CTOJb JKe HENOCPENCTBEHHBIM, XOTA U COPA3fl0 MEHCE TOUHBIM 5B-
JISETCS METO[I,  OCHOBAHHBI HA M3YUeHMM DACCRSAHMS @-UACTHI], OTKJIO-
HAWHNXCST Ha Gonblike YrJH NOA BIHSHMEM 3JEKTPUYECKOTD NONs,
OKPYMIOWero $iapo. Mel BueNH BLIUE, YTO Y)Ke B MEPBHIX OmbiTax Pe-
3epdOpA MOr 33KNHOUHTh, uTO Y 3051072 Z ecTh yucao, Gansxoe K 100
(tounoe ueno Z = 79 A4 3010Ta MOJyHUEHO N0 METOJLY XApaKTepPUCTH-
YeCKOI'0 peHTreHOBCKoT 0 cexTpa). B 1920, [ow. Yodeux ROBTOPHA ONBITH
Pezepdopaa ¢ paccestHueM a~4acTll, 106UBIKCE NOCPEACTBCM GCTPOYMHOTO
pacnoyioyKeHusi TpUGOPOB 3HAUUTENLHOrO TIOBHIIEHHST TOYHOCTH H3Me-
penuii, Boln ¥aMepeH 3apag ARpa TpeX MEMENTOB: IS NIATHHEL H3Me-
penns ganM Z = 77.4 = 0,8 (B AeHCTBUTENLHOCTY Ke Z = T8); s ce-
peGpa moayuunoch Z = 46,3 & 0,7 (B AcHCTBATE/NLHOCTH JKe, T. €. U3
XapaKTCPHCTHUECKUX DEHTTEHOBCKMX Jnhulf, crepyer Z = 47); Haxouen
JUTST MeM MOAYYHI0ch Z = 29,3 = 0,5 (na camom ke pene Z = 29). Ot1-
clofa BHAHO, UT0 MeTod, Pesepdopra ciocofeH AABATL HEMIOXHE pesynb-
TaTH.

3aMeTHM, UTO PACCesHMe a-UACTHII MOMET W3YUATLCSl U IIOCPEACTBOM
KaMeph BHABCOHA: KPIOWOK HA KOHIE TPIKA a-UACTHLB, H300parKeHHOI0
Ha puc. 29, 06pACHARTCK TEM, UTO BJCChH a-YaCTHLA, CTONKHYBINHCH € Ka-
KUM TO SpOM, HCTHTA]a OTK/IOHEHME OT NepPBOHAUANLHOrO MyTH.

Sliepnas MoOfelb aTOMa, HpelsoxkeHHas Pesepdoppom, nossonser
HAM COCTABWTDL CPABHUTENLHO HATJIAHOE TIPEICTABNEHUE O CTPYKTY P aTo-
MOB pazlHYHEX 3/eMcHToR. Tak Hanpumep, arom Bofopoma (Z = 1)
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ME! JI0JDKHB! NPeACTABHTD Cee B BHAE AApa € 3apAAOM -+ € H OHOT0 MeK-
TPOHA, GEraoliero BOKpYI' OT0I'0 5Apa ; aTOM reiusl (Z = 2) Mbl A0JDKHB
IIPEACTaBKTb B BUAE AAPA C 3aPSIIOM -+ 2¢, BOKPYT KOTOPOTO GerarwT asa
9JIEKTPOHR, W T. . Il T. J. BILIOTh A0 atoMa ypana (Z = 92), cocrosmero
U3 AAPA C 3apAnoM —+92¢, OKPYIKEHHOro Henol TyyeH M3 eBAHOCTO ABYX
3NEKTPOHOB. I1py 5TOM KaXKDLH pas Mbl J0DKHEI HMETH B BUAY, HTO PO
ABNISIETCH HANGoNeEe MACCHBHOM YACTBIO ATOMA : MACCA BCEX HAPYIKHBIX BIIEK-
TPOHOB BMECTE BIATHIX HACTONLKO Mana MO CPaBUENHI0 € MaccOi sAxpa,
YTO MBI B HACTOAIEE BPEMA He MOMKCM OGHADY)MTh HA ONBITE PASAHYHE
B BECE MEJICIy HEATPANLHLIM &TOMOM C NOJIHLIM KOMIUICKTOM 3J1eKTPOHOB H
roALIM SIAPOM, OT KOTOPOrO Mbl OTOPBANH €r'0 JEKTPOHHYIO 0GONOUKY.
[losToMy MBl FOBOPHM, HANpHMep, 4TO AP0 resust ofnafaeT 3apsnom
~+ 2e ¥ Maccolt, paBHO# macce aToma refua. BecnoMuMM, 4TO TO YKe camoe
YTBEPHIEHYE MbE IENaNH K 06 a-uacTHUE : €€ 3apai paseH + 2¢, a ee Macca
paBHa Macce atoma renus. IosTomy Mbl 32KNIOUAEM 4TO Adpo eeaus u
a-4acmuya — 9mo 00HO @ MY Jse; CCNU JIBA DNEKTPOHA IPHUCTAHYT K a-
yacTaue ¥ OYAYT YIep)KaHb ce NMPHTSKEHHEM TAKUM JKe 06pasoM, Kax
COMHLE HMHOMAA 3aXBATHIBAET KCMETY, NPUHIELHIYI0 M3 MHPOBOIO mpo-
CTP&HCTBA Y MOTEPABLIYIO CKOPOCTS (HANPHME P NIOA BAUSTHAEM [TPUT 515KE HHUSL
K HOnutepy), TO T@Kad ¢-uACTHITA ¢ [IPHCTABLIVMA K Hell ABYMSI JIEKTPO-
HAMY TIPeBPATHTCA B OOHIKHOBEHHCHLWMI HeliTpanbHbii aTom reans. Jro
OUYEBHJIHO M TPOMCXOMMIO B onuitax Pesep(opaa u Poiigsa, o xoropex
Mbi FOBOPHIM BHILIE (cTp. 98). Takum 06pa3oM paiuoaKTHBHLIE ABIEHHUS,
CONpPOBOMCARIOINECH HCIYCKANMEM a-JTyuell, SAKMIOURIOTCS. B TOM, UTO U3
Hejip ATOMA BBUIETAET SAPO TeJTHA.

3TO NPUEOJUT HAC TAK)Ke U K YTOUHEHHI0 HANIMX B3MNIAA0B HA DPajguc-
AKTHBHOCTE. (JTKyAa HMCHHO MOMET BEUICTATH TAKAS CPABHKTENLHO Mac-
CUBHAS ¥ K TOMY K& NOJOMHUTESIEHO 3aPsKCHHAS BCINb, KAK o-4acTHLA?
$ICHO, UTO OH& HE MOXKET BLINETATH U3 91eKTPOHHCH 0G0N0UKH aToMa ; oHa
L0KHA BBUIETATH M3 sipa. (MCiofd BHAHO, YTO SAPO ATOMA €CTh CIOM-
H&sl CHCTEMA, B HEKOTOPRIX CJyyaAX CIOCCEHAS PACIAfaTLCA ; B YACTHOCTH
B COCTaB PaIMOAKTUBILX slep HECOMHEHHO BXOAAT sapa renus. Paguo-
2KTHBHOCTH €CTDH SIBIENME PACNaja Afpa; BEKOTOLHE sSAPA SIBIAKTCH CH-
CTEMaMH HeJ0CTATOYII0 YCTOHUMELIMY, ¥ MMEHHO OHY H CIOCCOHLI CaMonpo-
M3BOJILHO TIePECTPAHBATLCS, BHIOPACHBAS U3 celsi OQHY H3 CBOMX CCCTAB-
HblX yacrelf. Taxoe HCTONKOBAHNE ABNENMH PAANOAKTUBHOCTY COBEPLLE HHO
€CTECTBEHHO, TAK KaK MMEHHO SIAPO ABJIAETCH HOCHTENeM XUMHYeCKOi
WHAMBHYANLHOCTY 8TOM&, a NO3TOMY ABTEHMA NPeBPalleHHs OJHAX 3/e-
MEHTOB B JIDYTHE JOJDKHB 3AKJIIOUATECSH B MCPeCTPoiike aTOMHEIX Afep.
Ecnu afipo ¢ 3apsaom -+ Ze, OKPYIKeHHOE CHAPYIKY 0G0NI0UKOi U3 Z JJeK-
TPOHOB, HEYCTOHUMBO M BEIGpacKIBAET U3 cels 0AHY a-UYACTHILY, TO Cr0 Macca,
U3MeDEHHAS B eJIMHWIAX &TOMHOTO Beca, J0/OKHA YMeHBIINTLCS Ha 4 (na
MAcCy aToMa renus), & ero 3apsaj JOIDKeH YMCHbINMTRCA HA 2¢. [losTomy
OHO CTAHET SIAPOM € 3apanom (Z — 2)e. [loka 0HO elie OKPYKEHO NOTPeXK-
HeMy Z SNeKTPOHAMMH, ML HMEEM JIeJI0 He ¢ HefiTPa/LHbM ATOMOM, a C KO-
HOM, TAK K&K HapYI)KHEIX SMeKTPOHOB Ha 2 GONblIe yeMm HYXKHO AJISL TOro,
YTOGH NEeHTPANU30BATE 3aPsL AKPA ] HO CTOWT €My 5TH ABa H3GBITOUHEIX
3NEKTPOHA NOTEPATH (& 5TO OUCHB JIETKO, TAK K&K HA OTPHIB TAKOTO 106a-
BOYHOIO MMEKTPOHA HYHIIO 3ATPATHTE, BOOGIIE, CPABHUTENLHO HE50]‘IbUIyIQ
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pafory, a MHOTAA Ja)ie M HMKAKOH paGoTH 3aTpauHBaTh He HYMCHO), KAK
OHO npeBpaTuTCcsl B O§BIKHOBEHHHI HeffTpanbHBl ATOM, HO TOJBLKO C IO-
PARKOBEM HoMepoM Z — 2. OTCH0IA MBI 3AKJIIOUAEM, UTO JOJHEHO COOIHO-
JATLCA Crlefyiollee Apaeuad ¢0sued: MPH DAINOAKTHBHOM d-pacnaje Xu-
MHUeCKUi aneMeHT NepeMmeniaeTcsl B nepuoiyecKkeit Tabnune Ha ABa Mecta
BJIEBO, IPUUEM €r0 aTOMHBIH Bec yMeHbIIAeTCA HA 4. Ecin Mbl o6patumesa
Temepk K f-pacmagy, TO M IS HETO OKAXKETCS BO3MOMKHBLM CHopmydpo-
BaTh AHAJNIOCMYHOE TPaBUso cipHra. Beap B-uacTvlia eCTh OOBIKHOBEH-
HEl 27EKTPOH; IEKTPOH MOMET OTIIRIUIATLECH M OT 3JIeKTPOHHOM o060-
JIOYKH aToma, HO 3TO0 He Gy,ELCT paijlOaKTHBHLIM npeBpameHnem, TaK KaK
XUMHUECKaa MHAMBUyaJIbHOCTE ATOMa, Onpeaensiemasi €ro MmoJNoMEHUEM
B MEPUOIMYECKON CHCTeME, T. €. 3APAJOM €10 ALpa, NPU ITOM OCTAETCHA
COBEPIIEHHO Heu3MeHnHol (06 aroMme, NOTepsBINEM OfMI MM HECKOJILKO
ANEKTPOHOB M3 CBOEH 2MeKTPOHHON 000JIOUKM, TOBOPAT TONBKO, YTO OH
ABJIACTCA WOHMZ0BAHHBIM ATOMOM TOrQ Xe camoro B_TIEMEHTZI); nosTOMYy
Mbl JOJDKHB! 3aKJIOUATE, YTO B-4acTULA, BEUIETAKON[As M3 ATOMA MpU pa-
JHOAKTHBHOM B-paCIdfe, eCTh HIEKTPOH, BRUIETAKIER U3 ATOMHOTO sipa.
Ecnu 3apsag aipa 6bu1 Ze, T0 m0C/e BHUIETA B-UacTHLBL OH JOJIHEH YMeHb-
MMTLCH HA — ¢, T. €. CHeNAThes PARHBIM (Z + 1) €; CTONT TOJIBKO aToMy
npueBpecth 0TKyna-HUOYAb eie OfMH BNEKTPOH JUIst cBOell anexTpoHHOH
060JI0YKH, KaK OH OPeBpaTuTCs B 0GEIKHOBEHHRIH HeltTpanbHEL aTOM 2Jle-
MeHTa ¢ MOpANKOBEIM HOMepom Z- 1. Macca jxe atoma npu f-pacmage
OcTAeTCSl HEM3MeHHOH (1aXke ¥ He=aBUCHMO OT TOT0 (JaKTa, YTO B3AMEH
YLIEMWero 3NEKTPONA U3 Apa MPHOGPETAETCsT NEKTPOH VIS SNeKTPOHHOH
OGOJIO‘H(PI, MBI [IPOCTO MOXMEM CUNTATE MacCy 3J1€KTpOHa BEJIMUMHOH HUY-
TOXHO Manoll 1 No cpaBHeHMI € Maccoft aToma W npeHebperaTh ew).
Toaromy mns f-pacmafa opMynupyercs CJleRyIOUIee npasuse cosua:
Npu PajHOAKTHBHOM B-pacmafe XUMMUeCKBil DJEMEHT TNEpeMelaeTcs B
nepuoanuecKkoit Tabaune Ha 0JHO MECTO BNPABO, a €r0 aTOMHEIH BEC TIPH
aTom ocraetcs HeuamennsiM. (Ofa mpaswna caBura GuilH Brepsrle cop-
mynnposans Paccesiom, ®asucem u Copiu B 1913 1.)

Ecny pe cHenaTh NPeNIIONIONeNHs, YTO BEUIETAIONIAA M3 Apa YacTHNA
He BXOJMJIA paHbllle B COCTAR AAPA, & BOSHMKJIA NHUIL B MOMEHT CBOETO
BBUIETA M2 51Ipa (0 BO3MOYKHOCTH TAKOTO MPEATIONOe s OyneT NATH peub
JlasbHIe), TO HYMHHBO GyHeT 3ariTiounTh, YTO B COCTAB PAAMOAKTHBHBIX sfep
HECOMHEHHO BXOAAT &-YACTHLBLI N 3JIEKTPOHEBL (MO)KGT OnITh Ty}la BXOQIMT U
ur0-HUGYHb eUIE, HO 3TH COCTABHEIE YACTH HECOMIEHHO eCTh, TAK KAK OHM
orTyna Bhutetalor). [Ipeamononmm (a Taxue cnyuan HeHiCTBUTENIBHO Cy-
MECTBYKT), YTO DagMOaKTHBHOE sIpe chepBa BhHIGPACHIBAET a-yaCTHIY,
pUueM ero 3apsj yMeHbINAeTCA Ha 2, MOCTe uero OHO BHGpacHBAeT ONHy
2a gpyroit gpe -uacTHIEL, NPHUYEM €ro 3apsj BuOBb [IPHIHMAET MpeKHee
3HAMEHWE, A MACCA YMEHBIUNNACE, 10 CPABHEHWIO CO CBOMM € PBOHAYATIE HEIM
3HAUEHHMEM HA 4eTHIpe eHMHHLEI ATOMHOT 0 Beca. [TeproHauanbhoe AAPO, KaK
MBIBHMM, OTJIMUAETCH OT OKOHUATENIBHOTO TOJIBKC CBOMM ATOMHBIM BECOM,
HO He CROHM ATOMHEM HOMepoM (YuC/IoM Z); MEXIY TeM, KAK MBI BHUAENH,
TOJIKO ATOMHBIA HOMEp MMeeT 3HAuUEGHME N1A XHMMHMUECKHX CBOMCTB 3ne-
Menra. [TosroMy 062 Aupa ROJKHB GBITE ORMHAKOBEL 110 CBOMM XHUMHUECKMM
cpoiicTRaM, T. €. OHTL sSIpaMy OIHOIO M TOTO JKE XMMMUECKOTO IIEMEHTA |
OZIHAKO OHH HE TOXAECTBEHHRI, TAK KK COCTOAT N3 PA3HOTQ UHC/IA COCTAB.
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HBIX 4acTeil ¥ MO3TOMY MOTYT, KPOME CBOET0 BeCd, OTJIMYATHCA TAKKE H
CTeNeHbI0 YCTOHUNBOCTH, T. €. PAAHOAKTUBHLIMY CBolicTBamu. Taxue pas-
HOBHAHOCTY OZHOTO M TOI'0 e XHMHMYECKOro MemMenTa, cfnajaKume ou-
HAKOBBIM 32PA40M ¥ NOHAAIONIME CEI0BATEILHO HA OIHO M TO )KE MeCTo
B €PHOJMUECKON CHCTEME, HO OTNHYAICHIMECS APYT OT APYra aTOMHBIM
BECOM ¥ HEKOTODHLIMM JPYTHMK CICUHANbHO sIEPHBIMH CBOCTBAMM (Ha-
NPHMEP PaAN0aKTHBHOCTBIOY, HASBIBAIOTCS U30MONAMU; TAK HATIPHMEp pa-
Juit B, nerrycxaonmii §-nyun 1 o6aanaompii aToMuniM Becom 214, pagnit D,
UCOYCKAWMME a-1yul ¥ o6nagalommit aromusm Becom 210, u panuit G,
He UCIYCKAWUIME (11 -, 11 B-nydedt 1 o6naparomuii aToMHbIM Becom 206 —
BCE 3TH TPM I€MEHTA MMEIT OMH U TOT e MOPSAKKOBHIA HOMep Z = 82
7 SABJNAIOTCH MIOTONAME CBUHUA. PasinuHble U30TODBL OQHOTO W TOTO e
aneMeHTa, 007137a10MMe PAIHOAKTHBHEIMHE CBOICTBAMY, JIErKO OTJIHUMTH
APYT OT APYTa IO ITHM CBOHCTBAM, HO HePAJHOAKTABHEIE U3OTONBL OTIIM-
YUTb APYT OT ApYra ouelib TPyAHO. IT03TOMy BIIOJIHE BO3MOYKHO, UTO OOBIIC-
HOBEIlIIble HePAJMOAKTHEHBIE 3JIEMEHTH ABNAWTCH CMECAMH H30TOIOB,
OTJMYAMMKCSA APYT OT APYTa CBOMM ATOMHBIM BCCOM, ¥ UTO TOT ATOMHEIT
BeC, KOTODHIl OMpejenisioT B CBOMX M3MEPEHMAX XUMHKM, €CTb B
JefiCTBUTENLHOCTH CPEJHA BENUYMHA, 34BACAMNAR OT OTHOCHTEJb-
HBIX KOJIMUCCTB PA3NIMUHEIX COCTABHEIX UACTEH CMeCH W HMCKOJBKO He
THINYHAS A7 MHAMBHAYAJIBHMX sAfep. B pancHeiiineM Ml yBHINM,
4T0 AJ1sT MHOTMX QJI€MEHTOB 3TO TPEANONIOIKeHHE AeliCTBUTENIBHO ONpaB-
AblBaeTCA.

Ins Toro, urofH WITHCTPMPOBATEL NPABHIA CIBUTA, MBl TIPUBEJEM
TaGIMIEl pagMoaKTHBHEIX Tpedpamennii (puc. 30, 31, 32). Tak Kax mpu
o- ¥ $-pacnajc aTOMHBHI BeC WM yMENBINAGTCS HA 4 I OCTAeTCA Heh3-
MEHHHIM, TO ATOMHEIE BECA BCEX SJIEMEHTOB OTHOM M TOM e PajlloaxTHB-
HOHl AHHACTHM JA0T TIPH A€TE€HHMM Ha 4 OfMH W TOT jKe ocTatoK. Ilo
TIPHYKHAM, KOTOPEE GY/RyT H3NI0MKeHEl HM)KE , ATOMIIEIE BECA PAKMOAKTUBHEIX
INEMEHTOB SABJIAI0TCS TPHEIHSUTE IbHO L THIMH YHCIAMY §; TOITOMY MBL MOTJIH
6Bl 03IATL, YTO GYMYT CYHIECTBOBATH UETHIPE AMHACTEY PAgHOAKTHBHBIX
INEMEHTOB, OTJNUAIOLMCCS TEM, UTO Y OJHOH U3 HEX ATOMIILIE BECA HMEOT
BUA 41, rie # 1enoe uncno (T. e. aenarca 6es ooTatka Ha 4), y Apyroi
uvewt sun 4n -4 1 (maroT ocratox 1), y TpeTeeil 47 4~ 2 1 y uerBeproit
4n + 3. M3 Takux ueTHlpeX ZUHACTHIL B HACTOSAHIEE BPEMSA H3BECTIIB! TONBKO
TPH, & NMEHHO 471 (TAK HA3BIBASMBIH ¢psx TOpUAs), 4n -+ 2 («psaj ypaHay)
4 4n 4 3 («psig axTuHUAY). Jumactus 4n - 1 neusBectHa (OHITh MOJMKET
TIOTOMY, WT0 PajHOAKTHBHBIE 3MeMEHTH psga 41 + 1 uepecuyp GwicTpo
PACTIANAIOTCS, & NMOTOMY BCTPEUANTCA ML B HAUYTOKHBIX KOTHUECTBAX,
YCKONB3AIMMX 0T HaGmofeHUs). B Hawell Tabnuie CHMBOIEI 371EMEHTOB
HADUCAHB! B KPYIKKAX, I'AE CTOWT eIlfe ¥ ATOMHBIA HOMEp 2JIEMEHTA; aTOM-
HEI BeC HATIHCAH PATOM ¢ KPYIKKOM. ECH JAHHEI 2M€MEHT WCTIBITHIBAET
a-pacnag, TO TPOJYKT Pacnaja IoMemaeTcs, B Tabuuue HerocpeacTBeHHO |
TIOJ, HUM; eCHI JKE O HCNBITHEBAET B-DACIs], TO NPUAYKT pdcnafa pacro-
JIaraeTcs ¥a To# e cTpouke BNpaBo. B KAMKIOM U3 TPEX PATOB MMEWTCH
U DA3BETBJICHNsA, TIDHUEM B 3THX CAYUAAX YKA3A10 KAKOR TPOLEIIT dATOMOB
AAHHOTO DJIEMENTA HCTIHITHIBACT OAHO, & KaKoit Apyroe npespamienve. Tek
Hanpumep 99,969 obwero wicna atomos pamis C, ucmyckas -vacnny,
npespawaercs B pajuit C', ocrasashsic sxe 0,04%, ucnycxkalor e-YaCTULy 1



(z02)

T8 "Md
{e02}

59402

“ig ‘omd
(502}

(2}

0g Mg

(wi2)



110 Faasa 11 Baenmponn u sdpa

npespawmanoTces B paguit C''. Ho Tak xax mocne aroro pamuit C' ucnyckaer
a-vactuuy, a paguit €' B-yactuiy, To 00a OHM MPEBPAILAIOTCS B OfIMH U
TOT yKe 9MeMeHT paguit D (peaynbTaT OTHATHS y sigpa pafusi C OAHOTO
SNeKTPOHA W OJ(HOM &-YaCTHILI HE 3ABMCHT OT TOTO, B KAKOM TIOPSAKE MX
OTMHMATL). Bce Tpu psAna 00Hapy)KuBAOT MeXKy 000} HEKOTOpoe CXOA-
CTBO, KOTOPOE CTAHOBUTCS BCe (0JIee 3aMeTHHIM 671arofaps pasyMHOil HO-
MEHKMATyPe: TaK HANpPUMEP TpH LIENOYHO-3eMeNbHBIX MeTamna Z = 88
(ropuit X, paani uaxrnunii X) npepammaiorcs B 6aropofubii raz Z == 86
(aMaHa LU TOPKS, SMAHALMS Paiusl 1 IMAHALMA AKTHHASL WM TOPOH, PafioH,
AKTHHOH), 3aTeM JAI0T CXOAHBIE ¥ 1O XMMHM4eCKkHM cBoficTeam (Z = 84)
M MO HA2BAHMAM 3J1eMeHTH TOPU# A, pagni A, axTiHufl AuT. g U T. .
V Kawo#t uepTsl, coeMHsIOMER 3MCMEHT C ero NpOgYKTOM pacmajgd, Bhi-
MHCAH TAKXKe W TICPHOJ MOJypachaja Afsl IToro snemenra. Jns obrer-
ueHusl yTeHns Tabiuusl 3ameTuM, yro U uwraercs ypad, [o wonnit, Ra
pamuit, Rn pajon, Pa mporaxTymuil, An axTwuon, Thropuit, MsTh me-
aoTopuit, RATh pamuotoph#i, Tn Topon. 3aMeTHM TaK)Ke, UTO B CKOOKAX
YKA3aHB! T IPROIKEHAbIC aTOMHBIE BECA, KOTOPHIE He U3MEPEHH, & Bhl-
uycaeHbl 110 NPAaBUAY CABHTa, ATOMHbIE )X BEca S7€MEHTOB pAfia aKTH-
nus 3006!1[(3 He O4YeHbL JA0CTOBEPHH,

Kpome snmemeHTOB, yKazaHHBIX B Talule, paHOAKTHBHBIMH SMEMCH-
TaMn sBJSIOTCA Take xkanmit (Z = 19), pybummit (Z = 37)u camapult
(Z = 62). Eme B 1906 r. Kombean n Byo OTKpPHIH, YT0 Kamuit u py Oupuii
HCOYCKAKT B-1yuyl UpeaBbYaliHO Manoil HHTEHCHMBHOCTH, K C TeX NMOP 3TOT
(aKT HEOJAHOKPaTHO NOATBEPYKAANCS W APYTMMHM HCCHENOBATENSIMK; B
1928 1. .Koasxepcmep Habmopan wu v-uanyuenwe kxamus. B 1926 r.
Xoavmz u Joycon ougnunyn (Mo uMCay [B-ONEKTPOHOB) mepHOR moaypac-
nana xanus npetnuzutensHo 8 1,5 « 102 siet, a pyGuaust npuOIn3uTenpHO
B 10 net. ORNHAKO He creflyeT 2a05IBATh, YTO 3TH YHCA OTHOCATCS K TOMY
MPenoIMKEeHHIO, UTO aKTHBHEL BCe siipa Kamusl W py6upmmsi; ecin rxe
PafMOAKTUBHOCTL €CTh CBOHCTBO JIMIIL OJHOFO M3 W30TOMOB, TO NEPHON
nonypacnaga Gyner menbie. Hyxaxue MPOAyKTel pachaja B 3THX METaJ-
JIaX XMMHUUYeCKHM aHAMN30M He 0GHApy)KeHs! (Tak ux mano). M3 uccnepo-
BaHnil ACTOHA, 0 KOTOPBIX Peub OymeT HidKe, ABCTBYET, YTO Kajuil ecTb
CMeCh H30TONOB ¢ aTOMHBMM Becamu 39 n 41, a pyOuanit — cmech H30-
TONOB C aTOMHBIMM Becamut 83 n 87. MoykrO Gbi10 mpeanosaraTkh, UTO pa-
JINOAKTUBHLIM ABSETCS KAKOH-TO TPeTHit N30TOM, BCTPEYaIOWUACS B CIIHII-
KOM HHUYTOXHBIX KONHYECTBAX 18 TOr0, uTOGH GHTH 0GHADYIKEHHBIM Ka-
Kum-060 06pasoM MOMMMO €r0 PafHOAKTHBHOCTH. B 1927 r. Xesewu u
Xeauzmmudm cyMmend Npow3BecTH 4acTHYKHOe paszfleleHne W30TOMOB Ka-
Jwst, nocne uero Buaby W Ljuzepm nokasand, 4To aKTMBHOCTE NOBBILAETCS
BMeCTe C KOHIeHTpalueit nzorona 41. TToBUAMMOMY STOT HIOTON Kaniust U
ABNAECTCS AKTHBHBIM ; TAK KaK Ha 20 aTOMOB 0OLIKHOBEHHOr0 Kajnsl BCETO
JWLb OMH uMeeT Bec 41, To BHIUMCIEHME JaeT JUIsi IePHOA moaypacuaja
9TOr0 H30TONA 0KOM0 7,5 - 10 jer. TIpofyKToM pacnaja sBAAETCS, Cle-
LOBATEIILHO, HEM3BECTHHM HAaM M30TON KANbLMSA ¢ AaTOMHEM Becom 41.
(B 1930 r. nenusrpaackne xumukn A. B. ®pocm 1 0. dpocm HawL, 41O
aTOMHbIA BeC KanbLIMsl B YPaJbCKOM MHMEpane MUKPOKIWHE, COREpPsKa-
1eM TaKoKe W Kaawit, pasex 40,2, T. e. Bhille, YeM 00niHbHE ATOMHRIH Bec
Kanbplus, KorTopufi pasen 40,07. 310, GLITH MOXKET, YKA3LIBAET HA NpH-
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CYTCTBHE HEKOTOPOI0 KOJIMUECTBA U30TONA KAMBLIKA C ATOMHLIM BecoM 41,
SIBJISIOMIEroCsl TPOAYKTOM PACTafa Kamusi).

PaguoakTuBHOCTD camaphusi Gemd OTKPHITa B Komue 1932 r.; Xe-
Bel U [1aas 0GHAPYXKUIH, UTO CAMApPHil UCTYCKAET CPABHUTEIbHO Mel-
JIeHHBle a-YaCTHLB! (CKOPOCTE = 1,05 » 109 cajcex). TeopeTuueckie coob-
PAXKeHHS, HA KOTOPEIX MBI 31eCh HE MOXKEM OCTAHABIMBATECSA, IOKASHIBAIOT,
YTO PafMOAKTUBHEIM AOMiEH ObITh TJaBHBI W30TON camapusi. DTO faer
BOSMO)KHOCTE OLEHUTL NEPHOJ moAypacnaja camapusi B 1,2 . 10%2 ger,

Paccmarpupas TabauIly pajiMoaKTUBHEIX ONEMEHTOR, MW BHAMM, 4TO
ATOMHBIE BeCa M3OTONOB MOTYT OTIMYATLCS APYT OT APYTd HE TOMBKO HA ue-
ToIpe (T. €. Ba OHY 2-YaCTHITY U BA JNEKTPOHA), HO K Ba Ji0GOE YUCTIO efu-
Hul. Tak sanpumep HU30TONBI TOPOH, PafoIl,
AKTUHOH VMEKT aTOMHELe Beca 220, 222, 223, .
ITo, a TAKXKe M TOT KT, UTO ATOMHEIE Beca
He JIeNATCs Haueno #a 4, fCHO yKaspiBaer
HA TO, 4TO KPOME #-YACTMI, M DTEKTPOHOB B
COCTAB Afip@ BXOAAT TAKXKE U ApyTUE SiIe-
mMeHTH. HauGomee HafeKHLIM U [IPSIMBIM CII0-
COBOM y3HaTh 4T0-THG0 O COCTABE SIIEp $iB-
JISETCH PA3IOYKEHHE UX Ha COCTABHLIE ULACTH;
TAK HATpUMED TO, YTO B COCTAB AApa BXROJST
3NEKTPOHH U a-U3CTULIB], CTANO HAM U3BLCTHG
Gnarogaps pafHoaKTHBHOMY pacmagy. B rex
e CAydasx, KOTJa sifipd He pPajiHoaKTHBLIO,
T. €. Hé HACTONBKO HeyCTOHUMBO, urodEl pac-
najaTLcAd wa 4acTH Ge3 BHEIIHero BMelni-
TEbCTBA, HEOGXOLUMO HAHTH ZOCTATOUHO MOTI[-
HEle cHOCOGB BOIAEHCTBYS HA HEPATHOAKTUB-
HBIE SIADA U 3¢Masiity UX paclacTbesl, HHEMM
CIOBAMHA OCYIIECTBHTH MEUTY ANXUMMKOB -— BTt
HCKYCCTBEHHOE MpeBpauieHre snementos. Or- e
Kpbl};‘lfle PATMOAKTMBHOCTH NOKA3AN0, UTO 4T0- Spuccr Pescpdopr.

MBH  XMMHYECKMX 3JEMEHTOR MOTYT mpe-

Bpamarsest Apyr B Apyra. Ho 3maudr snu 9T0, Ur0 CTApUHHAS Meuta
anxXuMMKOB ocyuwecTBrnena? [lpaBaa, nOATBEPAMIUCH UX B3TJSAAL HA
CIOCOGHOCTh IMEMEHTOB K B3aMMIIOMy npeBAlIEHHIO; HO Jerno He
TONEKO B 3TOM, Mcekatemn «dunocodicoro xamuss, cnocofmoro mpe-
BpawEaTs WelIaropOfHee MeTJIEl B 30JI0TO, JKEJANH HAYUMTECSH yipa-
BISATL NPEBPALICHUEM 3/EMEHTOB M [Jae BBI3LIBATL 3TO IIpeBpauie-
pue. OTKPEITME DAAMOAKTURHOCTH MOKazamoch Ob WM 370 miyT-
Koit: Befp PaAMOAKTHBHLIE MpeBPAlleHUs NPOMCXOAAT camu cofoii,
HEIABUCHMO OT YUacTUs IKCIepMMeHTaTopa. BHICTpOTA pacnajiesus pa-
AMs1 TaKOBA, 4TO 3a 1 600 JNeT noyoBuHA MMEIOLIErocs KOJIHYeCTBA ATOMOB
pajusl MPEBPATHTCS B MEMEHTH ¢ MeHbIIMM ATOMIBIM BECOM: yCKOPUTHL
WK 3aMELTKTL 3T0 MpeBpaliesiie MBI OKA elle HE Hayuunnch. dusuxd
NPHMEHSITY BETVKUE YCUIUSI AJISt TOro, utoGbl OTOr0 JOGUTHCS, HO U3
3TOrO HMUETrO He NOJIYyuunoch. Hu cTpallsbiil sxap, #M X0N0M, HY Upe3BH-
uaitHo GonbinMe AABIEHMA, HH CUTbHEHIMe SMEKTPHUECKKE M MACHUTHDIE
N0A ~— HAYTO HE MOrJ0 YBEJMUWTh WIH YMEHDLIIMTh GHCTPOTY pajuo-
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aKTUBHOro pacnaga. [Tojioenne Kasanoch Ge3Hage)KHEM, noka B 1919 1.
BCe TOT-’Ke Dpliect Pesepdopl He Halllel MCKOMBIA «Quiocodekuit Ka-
Menby, JTUM KAMHEM OK434JIUCh @-UACTULBL

Anbga-vactnupl pagud (' BBUIETAIOT €0 CKOPOCTBIO 2 - 10° cmfeer,
T. €. CO SHAUMTENLHO MeHDLILeH CLOPOCTHIO0, HeXKEIH Ta, C KOTOPOkK HEPEAKO
JETSAT AEKTPOHb! B-jiyuelt, HO eciiH BCIOMHWTB, UTO MACCA ¢-yaCTMLM B
CeMb C NOJIOBHIIOH ThICSTY pas Gonbile MaccH QIEKTPCHA ¥ UTO a-4aCTHHEL
00/1a/1210T UPeSBBHIYAIHO MATBIMM DABMEPAMH, TO IPHIETCS COTNACHTHCS
C TEM, UTO B HHUX MBI MMEEM JIEN0 C BeJIMUAXRIMMH KOIILEHTPAHUSIMA SHEP-
[MM Ha UPe3BLUANHO MAJNOM IpocTpancTBe. Afppa-vacTuiupl u  GbLIH
TeM MOI'VUMM TapaHoM, KOTOphM Pesepdoph ynapun B HENPHCTYNHBIE
BOPOTA HEPAAKOAKTMBHLIX AAcp. M BOpOTa pacmaxuysiuch.

Korga e-uactuupl pagnus C' eTaT B BOsjyxe NPH ATMOCQEpHOM HAa-
BAENMH, TO 7 ¢M HyTH BHOJAHE [OCTATOUHO JAsi TOro, uTOGH CKO-
POCTh G-UACTHI| UPe3BhiUAHO CHJILHO YMEHBLUMIACH, — HACTOABKO, UTO
OHM YIKC HE CMOTYT MPOH3BOAMTEL BCNLILKY HA MOBEPXHOLTH CCPHHCTOLO
IHHKA (H}]M CBOMX 00BIUILIX CKOpPOCTSIX OHM IIPOH3BOIAT JIOCTATOYHO sip-
KHE BCHBILIKH, ¢ MOMOMILIO KOTOPRIX BOSMOXHO OﬁHapy)KMTI: NPUCYTCTBHE
a-tydeil ¥ JAKe CUNTLTh OTAEBHBIE a-d9acTuupl). Ho ecsn Ha myTH o-ua-
CTHIL BCTpeuaercst BOXOPOA MK BOASTHOM Map, TO BCHOBLUMKH [IPOHCXOAST
Jlaxce TOrAd, KOrfa noBePXHOCTh CEPHUCTOrO LMHKA OTOIBHHYTA HA LeABIX
28 cM. JTO 0KA3BIBAET, UTO @-YACTULE!, CTAJIKMBASCH ¢ HEKOTODEIMU MO-
JIeKYNaMH, «BBINKOATY U3 HUX BOLOPOAHLIE spa. Bo Bcem 3TOM HET
HBUETro yﬂV[BHTE.’TIbHOl’O; YIMBUTEIBHO JIpYroe: KOrfia Ha NyTH a-4aCTHI|
HET HHM MajefluX cie/oB BOASHOIO Iapa WU APYyTHX COIEPAMUX BO-
AOPOJA, BEWIECTB, HO BCTPEUAETCST 30T, TO BONOPOJHLIE UACTHLE, CHOCOG-
HelE BRI3BLIBATL BCIBIRIKK 12 MOBEPXHOCTH CEPHUCTOTO LWHKA, NOsIBJISIIOTCS
i B OTOM ciyyae. Clef0BaTeBHO ¢-4aCTUIH MOTYT «BHHUMGATLS BOKOPO/-
HBIE YACTHLBL HE TOABKO U3 MOMEKYJI BOJbI, HO 1 K3 aTOMOB 0BLIKHOBE HHOT O
asota, MdbiMU clioBamu nod ydapom a-vacmuysl 0p0 a3oma UHo20d pas-
Gusaemcs s0pebesau, U 6000 podHAA YACMUYA A8AALITNICA 001IUM U3 0CKOAKOS,
Tak Pe3epoply yaanoch pasioyuTh SAPO a30Ta U CIIE0BATENLHO BLEpP-
BEIE OCYI{€CTBUTh HCKYCCTBEHHOE MPEBPAIMEHHE DIEMEHTOB. >

B 192122 rr. Pezepdiopa 1 Hansuk noxasani, uTo BOAOPOLHLIE A1pPA,
BLOKBACMDIE -uaCTHIIAMM K3 Siep A30Ta, 0GJIAKAIOT elue HO:IbMIMM Hpo-
Gerom u cIefloBaTenbHO eme Goablued CKOPOCTLIO, YeM BOAOPOAIILE SAPa,
BEIGMBACMEIE MMHK U3 BEINECTB, COAEPXKAMMUX BOACDOA: B TO BPEMSI KAK BO-
JOPOAHBIC 51pa, BHOMBAEMBIC ¢-uacTHUAMH pajust C' U3 BOASIHOFO mapa,
MOTYT mpo6eykate 28 cM B BO3AYXE Mepej TeM, KaK OHK YTpauuBalr Ciio-
COBHOCTE TIPOM3BOJHTEL BCNLINIKK, BOJOPOJHBIE AADA, BrIOUBAEMbIE U3 ANep
a30Ta, MOryT ripoGesath 10 40 cm. D10 siBAseTcst yOeauTe1bIBIM A0Ka3a~
TeJILCTBOM TOI0, UTG BOJODOMHBIE sApa BLIGHMBAIOTCS ¢-YACTUIIAMM HE U3
Kakux-nifo cozepikammx BOJOPOL Npumeccit K asoTy, a U3 CaMuX sijiep
azora. B rex e onnrrax Pezepdopg v YUsiBUK HALIIK, YTO TAKME BOKO-
poArse spa ¢ Gombuwoif AnnHONH npofera BHIGMBAKTCA a-uaCTHLHAMN He
TOJIBKO M3 a30Ta, HO TalgKe ¥ 113 Gopa, ¢ropa, HaTpHsi, ANOMUHMA U doc-
(opa. JKxpan M3 CepHUCTOr0 UMIKA CTABHACS 112 PACCTOSIHIU 32 £M, H lo-
SIBJIEHHE BCOBIINEK HA TAKOM pACCTOSIHUM JIOKAa3BBAJIO, UTO BO,ELOpO"[I!ble
AApa BBIGHBAIOTCA U3 SIeP KCCIENYEMOr0 JIEMEHTA, 4 HE M3 MOJIeKYJl LIpH-
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Meceit, M3 TaxuxX ONBITOB ABCTBYeT, UTO SAPO BOAOPOAA (MACCA OKOMO
/, MaccHl G-YACTHIBI, 3APSA = - €) ABARETCA OAMOH M2 COCTABHEIX
dacreit fonee cAOKHHIX sgep. B BHAY TOro, 4TOo BOAOPOAHBIE sAMpA
CHy)KAT MATePHasoM AJA TNOCTPOEHHS AP PABNMUHBIX APYIHX JJIEMeH-
TOB, OHM IOJyulJIN HAagBawWe nponionos (T, €, MepPBUUHBIX siiep). Mrax
IKPOME DNEKTPOHOB M ¢-YACTHI, B COCTAR AJEp BXOJAAT M NPOTOHHI.
Hasnpreiinee uccne0BAHAE MCKYCCTBEHHOI0 PACIIEIUIEHU NMOKA3aso,
UTO NpOTOHE, Bei0UBAEMBIe M2 00yee CIOKHBLIX AAEP, BBUIETAIOT N0 BCe-
BO3MO/KHBIM HANPABIEHNAM, KaK ecln 6Bl $ip0, NOINOTHB MONABUIYIO B
HEro «-uacTHIly, CTAHOBHMJIOCh HEYCTOMUMBBIM M 3aTeM Pacnajaliock, MCIy-
CKasl [IPOTOH B KAKOM-JIMGO CTYHaiiHOM HANDABNIEHHN (BIpOUeM GoAbluuH-
€60 IPOTOHOB JIETHT Bee ske Buepen). Tax Kak npu BLIGUBAHHH a-4ACTHUAMH
BOJIOPOAHBIX SIIEP M3 MOAEKYA, COAEPIKAMUX BOAOPOA, ITH BOAOPOAHBIE
AApA JIETSIT TOJNBKO BIEPEN, T. €, B CTOPOHY e pBOHAUATLHONO TIOJIETa a-ud-
CTHLI, N HH OJ{HO U3 3THX S HE JIETUT B IIePHEHAMKYISIPHOM HaNPABJICHHH,
TO MOYKHO PACIONIOKUTh HKPAH M3 CEPHHCTOr0 LMHKA TaK, urobbl ynIaB-
JIMBATh [IPOTOHBI, BBUIETAONIHE B HANPABNEHHH NEPNEHIMKYISPHOM K
HOTOKY «-YaCTHL, W 3TO JacT BO3MOMKHOCTHL YJIABINBAThL NPOTOLL, XOTS
M KOPOTKOMPOOE)KHBIE, HO HECOMHEHHO SIBJISIONIMECS IPOAYKTOM HCKYyC-
CTBEHHOTO PACIENVIEHUA SIEP, A HE PACIAAd MOJIEKYN MO YAApOM ¢-ud-
cryn. Srum meToaoMm Pesepdopa n Uapsnk obrapyxumn B 1924 1. nekyc-
CTBEHHOE DACHICTIIEHHME «-UACTUIIAMM, KPOME Y)Ke NEPEUMCJICHHDLIX 27e-
MEHTOB, TAIGKE M HEOHA, MATHUS, KPEMHHS, Cephl, XJ10pd, AproHa, Kamus
(MHLIMK CJTOBAMM, MMM OBITH pa2TIOKEHBI Bee AApa oT Gopa 0 KaJlusi Kpome
YTTIEPOAA W KHCJIOPOJA; 3AMETHM, UTO BeHCKMe HcciefoBaTenu Kupum u
ITemmepcon noMyqujiM MOCPEACTBOM a@-UACTHL, TOH JKe CKOPOCTH MCKYC-
CTBEHHOE PACHIENJIEHne TAIOKE W IIeJIOT0 psfa APYTHX 3NEMEHTOB, OflHAKO
MBI BepuM Peaepdopry, KoTOpHIE cunTaer MX pe3ysbTaTH 3KCIEPHMEH-
TanbHO Omm6KOI, ¥ MOTOMY He BXOAMM B 0GCYIIKIEHHE 3THX PE3YJIbTATOB).
PeaynbraTom pacieniieHust BCeTAd siBNISieTCS BBUITAIOMMI U2 AApa npo-
TOH, 6 CKOPOCTH KOTOPOTO MOYKHO 3aKJIIOUHMTh 0 JJHHE ero mpobera; 3a-
METHM, UTO B CJIyYae JTHHHONPOGEKHBIX IPOTOHOB, BLIGUBAEMBIX 12 a30Ta,
dropa, amomuHus U ocdopa, yAATOCH H2MEPHTE 1 OTKIIOHEHHE B MATHNT-
HOM T1071€, ¥ OHO OKA34JI0Ch TAKUM YKE CAMBIM, KaKOe A0JDKHO ObITh, CyAsi
0 BeJINUHHE CKOPOCTH, BEYUCIEHHOH U3 JUIMHH Npo6era ¥ U3 OTHOLICHHS

e
—7 Al npoToHa. 3TO npeACTABIIALT JOKASATENBCTBO TOTO, YTO BEIGHBAEMBIE

YaCTHIE! SBJIAITCA AEHCTBUTEIoHO NPOTOHAMM,

W3mepenne AMHBI npo6era BHIGUBAEMBIX H3 Afep NPOTOHOB MO3BOJISIET
OIpefieNiTh MX SHepru. OKazasnocs, Yre «-uacTHupl papus C’, o6nama-
1omie JuHOH mpobera B Bozfyxe 6,9 cu, BHIGHBAIOT M2 A30TA NPOTOHE C
MaxcHManbroil gnnnoil npobera 40 cm, 2 U3 ATIOMMHMA NPOTOHB C MAKCH-
ManbHOf ANHOH mpoGera 90 ca. TIpu 9TOM, pa3yMeeTcsi, He KaMAast CTON-
KHyBIIASICSH C AAPOM @-Y4CTHUA BBISBIBAET MCKYCCTBEHHOE PACHIENNEHNE:
Ha MHJIIMOH a-uacTHL pafnsa C’', MOrJIOMEHHBX B 430Te, T, €, MOTEPSIBIINX
CBOK CKOPOCTh B A30T€ NpPH CTOJIKHOBEHWSIX C 3MEKTPOHAMH W SIApAMH,
TONBbKO ABAAIATH BLI3BIBAIOT pACIIErUIeHie, a B ANOMIHHA TOJIBKO BOCEMb.
Ecnu onpefiesTHTh 31Ieprui0 YaCTHIl B 3prax, TO OKAXKETCH, YTO a-UaCTHIBI
paanst C' ofnafaior sueprueit 12,2.1078 3proe, BHIGUTHIE U3 A20THBIX ANEP

Crpoenne memecTBA. 8
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IPOTOHE! UMEIOT 3uepriio 9,8 - 1078 apros, a BulUTHE M2 ANIOMYHHEBBHIR
Afep HanGonbpUIyIo 3Hepruo 16,5-107% sprop. EcnM yuects TaloKe W 3HEp-
Y0 TOH OTHAYM, KOTOPYIO AOMKHO MCNEITATh SAPO AJIst TOTO, YTOGH Gbin
co0n10JeH 3aK0H COXPAaHEHWA KOJMUECTBA ABUMKEHMA, TO OKAXKETCSH, uTO
B ciiydae pacllielyieHyA sipa a30Ta e-dacTuliamy pagust C' cymma IuHe-
THUYECKHX dHepridii BLIGHTOr0 NPOTOHA ¥ OTGPOLLIE HHOTO 0TAAuel sIApa paBHA
10,4.107% 3pro., 1. e, Ipoua0mNa noTepst dHepruu B 1,8 « 1078apros, a npu
pacuienyendd Afpa ANHOMUHHA Taxol JKe o-yacTHICH CyMMa KMHeTHYe-
CKMX DHEPriii IpoTOHA M 0TOpacklBaeMoro siipa paesa 17 « 1078 spros, T. €.
N POU30IHEN 66iti2politt DHepruy B 4,8 « 1076 apros. Taxum 06pasom B KaXKLoM
aKTe paclienyleHusl #7pa allOMHHEA NPOHCXOJMT OCBOGOKIEHHE BEHYTPH-
sigepHoit sHepruu. 3aMeTuM, UTO TaxKoe 0cBOGOMGIEHHE elye He JAeT mpasa
CTABUTH BONIPOC O TEXHUYECKOM MCIIOJIb30BAHMH BHYTDPHAACPHOM SHepruu,
0 KOTOPOM MBI 4aCTO YHTAeM B NOMYAAPHLIX KIMIKKAX, TaK KAK HA KAXIYIo
2-4acTHLY, YAapUBHIYI0 aNHMHHUCBOE SIAPO «B JI0G» W 3aCTABMBIIYIO ET0
E3BOPBATHCA, NPUXoAWTCA Gonee €Ta THICAY «-Y4ACTHI[, TPOMABIIUX BIy-
cryio. [103TOMy B OKOHUATE/ILHOM CYETE Mbl MMEEM He BBIMIPHII, A OTERIO
oHepruy. B HacTOAEe BpeMsl GONBUIMICTBO TEOPETHKOB CMOTPHT HA BO-
[POC 0 IPAKTHUECKOM HCIONb30BAHMM BHYTPHUSIEPHOH SHepruM B Gnus-
KoM Gyaymem moyTH CoBepuleHHO GesHaje)<Ho. TeM He Mmenee TOT aKT,
4TO TpH pAcUielNIeHUM SAeD aNOMHHMS NPOMCXOAUT Enlfle/leHHe dHEeDPIUH,
npeacTabnser Gosbloil MHTEpEC. JHepreTHueckuit sdficKT Takux mpo-
LECCOB BO MHOTO DAz NMPeBOCXOAUT o0bluHEE SHepreTHueckue IQeKTHl
XMMHUECKHMX peaKnHii. 3aMeTHM, UTO B COBpeMeHHOR (uU3MKe B TeX ciy-
yasix, KOr/ja peub MAeT 0 fanaHce IHePrUK AMeMeHTAPHEBIX IIPOLECCOR (PO~
LECCOR, OTHOCSIIMXCS K OT/IeTbHBIM aTOMaM), B KA4eCTBe MHNII! 9He Prity
6epyT OOBIKHOBEHHO HE 3pT, & TaK Ha3LIBAEMbIH 34eKMpPOH-804bM, T €. TO
YEBE/MUeHNE SHEPIUM, KOTOPOe IPOMCXOINT, KOTAA AEKTPOH PasrOHAETCH
Pa3HOCThI0 NOTEHIMANOB B OfUH BOJbLT. TAKKaK 3apsAj NEKTpoHa cocTa-
prstet 4,77 - 1071° aGCOMOTHREIX eJMHHLL, A BOJILT PABHSIETCST 1500 aGCOMIOT-
HOIl eMHULN PA3HOCTH NMOTEHLMANOB, TO OfIMH 3eKTPOH-BOJILT UNH, KaK
FOBOPAT 1751 KPATKOCTH, OJMH BONBLT COCTaBAseT 4,77 « 10710 x 1/, ==
= 1,59 « 1072 3pros. BeAenenue Temna B XUMHUCCKUX peakuusx o0buHO
GLIBAET MOPATKA HCCKOJbKUXBONDLT HA OHY IIPOPear ipoEaBUIyIOMONEKY Y.
Ho «-vacTuna, BEUeTalomas npH pacnage pagus C', UMeeT BHepPruio
7,7 + 10% 371eKTPOH-BOJILT, T. €. B MUINHOH pa3 Gosbuie, B ABTeHuax, mpo-
MCXOISIMX C AaTOMHBIMU SITPaMH, yA06HO B3ATL B KAYECTBE eIUHNIB DHeP-
AW MHJJIHOH 3NEKTPOH-BONET, T, €, 1,59 « 1078 spros. Taxum 06pasoM Mbl
GyZieM [ OBOPMTH HALIPUMED, YTO 2-4ACTHIA ¢ SHEPrHeit 7,7 MUIIIHOHOB 371K~
TPOH-EONTbT PA3pYIIaeT SAPO AJIOMUHMA C BHIUFPBILEM OHepPruM B 3 MuJ-
THOHA 3JIEKTPOH-BOJIBT, &-4aCTULA MONOHMA ¢ IHeprueit 5,3 MMAIHOHOR
SNEKTPOH-BOJILT BhIHBAeT M3 G0pa NPOTOHBI pasnuuHBIX CKOPOCTEft, U3
KOTOPbIX HauGosiee GLICTPHIE COOTBETCTEYIOT (M0 M3MepeHusM Bome u
DpaHya) BHIMIPHIY 3Hepru B 4,7 MHIIMOHOB 3MeKTPOH-BONBT U T, M.

[Tponece MCKyCCTBEHHOTO PACHMIETUIEHMS siAeP CTAIOBUTCS 0COGeHHO
HarJISHbGIM TPU U3yueHnH Gororpaduy TPIKOE a-4acTHIl B KaMepe Bunp-
€OMa, HAaNONHEHHOH a30ToM. Taxoc uayuewue Owulo0 crenano BaaKkemom
(1925 1.} u Xaprunsom (1928 r.). Tak Kak JUIIb OUEHh HEMUOIHE U3 a-
YACTUIL TIPOUSBOAAT PacIienIeHNe, TO IPUXOJHTCA CLIHMATh OUEHb MHOTO
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thororpadmii nnst Toro, uTofbl 06HAPYHMUTL TPIKY, yKASLIBAWIIME Ha pac-
mennenue. Tak Hanpumep Brskier cuan 23 thicsun GoTor paduit, Ha Ka-
JKIYI0 M3 KOTOPBIX NPUXOMHJIOCh B £pefiileM No 18 TPIKOB «-uyacTHL; U3
arux 415000 TpaxoB jumb 8 TOBOPMIM O DACIIENNEHHH. DTH TpaKH
MMeNK Cefylomuil Buy (pre. 33): INUHHBI M TOJCTHIL NPAMONHHER-
HBI TPIK @-UaCTHIBI HA KOMIE PA3BETBIISIICA, NpUUeM OHOH BeTBBIO Cy-
KU TOHKHKI TPSK BBIGHTOrO MPOTOHA, a ApYroii — KOPOTKMH U TOMCTHIH
cref OTOPOWeHHOTO NpH OTAAue AApA. M3MepeHne yrioB Meskiy TPIKOM
@-UaCTHIE! ¥ 06SHMH BETBSMH COOTBETCTEOBAJIO 3aKOHY COXPAHeINA KOMH-
HECTBA ABWXKEHHMS, €CH NMPEANOJIOHTb, UT0 OTOpPOIIEHHOE SIp0 MME.0

Puc. 33.

aTCMHBIA BeC, NpeBRMABIIMHA HAa 3 aToMnbii Bec azora. Tax M JOJDKHO
GbITh, €C/1K AP0 a30Ta MOTJIOIIALT a-YaCTHIy M HCHYCKAeT MpoTOH.

PesynnbTaThl OMBITOB C HCKYCCTBEHHBIM DACLIENIEHUEM BeChMa CHIBHO
3ABMCAT M OT DACHENVISEMOT0 SAPA M OT CKOPOCTH e-uacTni. Boofme
YHCIIO BH5HBaEMl~JX HpOTOHOB M MX C}(OpUCTL 0cofeHHO BeTHKH y
JNEMEHTOB C HEUETHHIM ATOMHBIM HOMEPOM. JTO 0GCTOATEILCTBO yKA3bi-
BAaeT HA TO, YTO AAPA SNEMEHTOB C HEUETHBIM ATOMHBIM HOMEPOM ABIAKTCA
MEHEE YCTOHUHBHIMM CHCTEMAaMM, ueM SIIpa SJEMEHTOB ¢ UETHHM aToM-
HBIM HOMEPOM (BO3MOXCHO, XOTSl M MAJ0 BEpOSTHO, UTO B CBA3Y C 3THM
Haxopntca W TOT (ar, ormeueHHmii B 1921 r, Xapkuu3oM, HTO
3NMEMEHTH € HEueTHbIM TOPAAKOBHIM HOMEPOM 3HAUMTESIbHO MeHee pac-
NpOCTpaHEHH B 3eMHO}l Kope, ueM uerHeie). Miamensss CKOpPOCTb #-ud-
CTHI, MB TAK)KE 3HAUMTENBHO MeHsleM H UuHCiI0 W CKOpOCTh BhIOK-
BaeMBIX MpOTOHOB, TaKk Hanpumep B a30Te IIPH BO3pPACTAHMM SHEPTHH
nagawliMx e-uacTHIl or 6 10 8,8 MIITIHOHOB 3TEKTPOH-BONLT JHEPrus
BeifMBaeMbIX TPOTOHOE pacreT oT 4,8 o 7,2 MWUIMOHOB 3JIEKTPOI-
BOJILT, @ WMCA0 MX BO3pacTaeT NpM 3ITOM BO MHOTO pa3. B amiomu-
HHM, KaK noOkasanu oneTh flose (1929 wu 1931 rr.) naGnwopaercs
ABNEHHE PE30HAHCAD, BAKINUAIONEECH B CNEIYIOIEM: NPM HEKOTOPHIX
onpesiene HHBIX 3HAUCHHSK JHEPTHU ¢-UACTHIL UHCIO BHGUBAEMBIX NPOTOHOR
0Ka3LiBaeTCs 0COGeHHO 6OABIIHM. TAKMMK 3HAUEHHAMM JHEPIHHM OKA3bI-
BawTca 4,7 = 0,3 1 3,7 == 0,1 MMLIHOHA 3N1eKTPOH-BONbT. B ofoux cny-
YasX pacienseHKe MPOHCXOMKT C BHIKIPHINEM 3HEpriu B 3,4 MUUIMOHA
MEKTPOH-BONBT,

Bo Bcex OnMCaMHBIX HaMH BHIUE CyuasiX pacimennenusl sfep ewibu-

L]
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BaeMoif yacTHileli Oka3wlBaeTcst npotoH. Onmaxe B 1932 r. Joe. Ysdeux
J0Ka3ad, UTo CYWECTBYCT H APYrofl BUA MCKYCCTBEHHOIO PACIUEINIEHNs ;
K 3TOMY OTKPHITHIO IIPMBEJIO €T Wayduenne Haiifiennoro B 1930 r. Bome
u Bexkepom siBEHHMs HCIYCKAHMA y-siyyell pasnuuHEIMK AAPaMA JIeTKUX
3NEMENTOR Npn uX GomOapaupoBre a-yacTniamy. IIpuMeHAs B KauecThe
UCTOUHNKE e-Ayuell mononuit (paguil F) ncuyckaromuii ¢-uacTHyLl ¢ Ku-
HeTHYeCKO 3Heprueit 5,3 MWIIMOHA 3NMeKTpoH-BONLT, Bore u Bexxep
HallsTM, YTO LENB paf onemeHToR (AuThi, Gepummmii, 6op, ¢rop, Hat-
puil, marmmit, amomuHuMil) nMenyckaer npu GomGapAMPOBKE sAEp ITHX
JNIEMEHTOB a-YaCTHIAMN Y-AYUH ; 3TO MOKA3IBAET, UTO MAAANOMWAS B AP0
W 3aCTpeBalowlasi B HEM @-uacTHIa 06pasyer BMECTe C 3THM SJPOM BO3-
Oy #IEHHYIO CHCTEMY, KOTOPAst OTAAET YaCTh CBOEH SHEPIUH HA UNyUeHHE
B (opme y-nyyeit. OcofeHno MITeHCHBHOE UCIyCKaHWe {-Tyuelt mpu Gom-
6apanpoBke e-yacTHuami Bore n Bekkep o6Hapy)XuiH B ciayuae Gepui-
g, B 1931 r. Mpuna Kwopu-)Keauo (fous Mapuu u Ilbepa Hiopy,
OTKPBIBLINX PAJHI) 1 ee My D. JKoAuo nauwny, 410 JyuW, HCOyCKaembie
GepusnneBbIMH AApaMH TpU GomMOapAHPOBKE HX G-YaCTALAMH ‘II0JIOHHS,
0071aja10T CBONCTBOM BEIGMBAaTh BeChbMa GbICTPhIC IPOTOHM U3 BINECTB,
COZEpKALIEX BOAOPOJA (HANpHMED H3 BOAW WN M3 mapadduba). Eciau
MOCTABHTL MEM(LY GepuiLIneM, NCTIYCKAOUIM STH JYul, ¥ HOHN3ALIMOHHOH
Kamepoll BOJY WM napadguy, TO HOHMSAIMS PE3KO BO3PACTAET, TAK KaK
TIPOTOHH, TMONAA3IoN[Me B MOHM3ALHOHHYI Kamepy, OYAYT IpOM3BOAMTHL
TaM MHOMCCTBO HOHOB., B 1932 r. I, YaaBHK HAIEN, YTO JIyuH, HCMyC-
Kaemple GepusnneM, 06rajaioT TAKKe CBOHCTBOM MPHBOXHTE B JBH)KEHHe
sigpa a30Ta, resnd, yraepoia n ap. Bee otu cBolicTBa Hemyckaemulx Ge-
pUNIHeM Jyuelt moKasanucs YsABAKY BeckMa CTPaHHEIME, TAK KaK 00k
HOBEHHBIE Y-TyuH, XOTSl M MPON3BOAST MOHM3AIMI0, BHOpAckBast #3 ato-
MOB 3AEKTPOIE], HO HE MOTYyT c006llaTh sApaM aToOMOB CTOJE GObIIHE
cxopoctH, OTcioAa USABKIC 3aKTOUNL, uro Ooaswas qacms nyueil, Hc-
nyckaeMplx Oepuynnem mpu oficTpeie ero siep e-MacTHUAMN MONOHHS,
COBCCM He SIBJISIETCS y-NyuaMM, XOTA M UMEET ¢ MOCNENIINMH TO CXOACTEO,
YTO He MCTHITHBAET HHKAKOT0 OTIJIOHEHHS! WH B JMEKTPHUECKOM, HH B
MaruutHom mnone. J1a Toro, wrofnl o6bACHHTE Habniogaemee AelcTeus
3THX Nyuel, HY)KHO GEUIO AONYCTHTE, UTO OHM COCTOAT M3 MATEPHaIbLHBIX
YACTHI, HE 06J3JANMUX 3apAA0M; TAKHe yacTuIkl U3JIBUK HA3Ban Heil-
mporasi, Takyum 06pasom UsBHK OTKPEUT HOBYIO COCTABHYIO YACTb 8TOM-
HHIX sep, a MMeHHO HeliTpoH, BeOuBaemsill n3 sgep Gepwuius a-vacTy
nasmu pamust F. He ofnagast smexrTpyueckuM 2apsjioM, GpiCTPO ABHIKY-
IllliﬁCH HefTPOH NOUTH He B3aMMOACHCTBYeT WM JaXKe ROBCE He B3aUMO-
AEHCTBYET ¢ WIEKTPOHAMH, KOTOPEIX OH BCTPCUALT HA CBOEM MYTH ; IOSTOMY
OH He BRIDHIBAET 3MEKTPOHOB W3 JIEKTPOHHMX 060JI0UEK aTCMOB M CJe-
JOBATENLHO TIPAKTUHCCKN He MPOMSBOAKT HHKAKMX WOHOB. $lcwo, uTo mpu
dororpadupopanuy B kaMepe BICOHA M TOITOMY He MONYUHM HUKAKUX
TPIKOB, COOTBETCTBY IOILMX MyTAM HeliTponoB. Ho Tam, rjie HeliTpoH cran-
KHUBAETCSL C ATOMHEIMH SIPAMH, OH MOJKET MPNBECTH MX B BUIKEHHE; 3TH
Alpa, IBUT3sCh Janblile, TPOMSBOASAT HA CBOEM MYTH MOHE! H MOTYT GuTh
OOHAPY)KeHBI I CBOWM HeHCTBUAM B HOHN3AUMOHHON KaMmepe WIH HKe no
CBOMM TPOKaM, (orTorpadmpyeMem B kamepe Buiatcona. Mz onbroB Hax
BRIOUTBIME AZDAMM MOXKHO 3ZIUTHUHTR 0 MAcce H 0 CKOPOCTH HelTpona,
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TTo maxcumasbHOM ATHHe UPOGera BHOWTHIX siep YaiBNK 3aKI09MA, UTo
MaKCUMajbHas JHEPrHs, KOTOPYI0 HEHTPOH MO KET COOBIIMTE BOXOPOJHOMY
ARPY, paBHa 4,7 MUJUTMOHA DIEKTPOH~BOJIBT, @ A30THOMY 1,2 MMJIHOHA
BNEKTPOH-BOMILT./leI' ko paccunTaTh OTCIONa Maccy Hefirpona. IlycTs Heii-
TPOH MACCHl /77 ABHIKETCA €O CKOPOCTBIO V; CTATKUBASCh «B JIOO» € SLPOM
maccel M, oH COOBILAET eMy CIcOpPOCTh V 110 TOMY )Ke HaNpaBACHUIO, & CaM
TPOI0JHKAET ABUIATLCA CO CKOPOCTBIO V' (€CIM OH NPH JTOM MeHseT Ha-
Tpapneiye gBIOIEHNA Ha 180°, TO CKOPOCTE 1’ cuMTagyCsl OTPULATE/ILHOMN).
Coxpanenue KONMYECTRA JBIHKEHNS 1aeT HopMyny

mv=mv' --- MV,
a coXpaHeHme SHEpPruy jaer

1 L 1 ] 1 2
5 = ~I—-~2~MV

M3 sTHX ABYX ypaBHEHWH MOYKHO MCIKIIOUNTS V. ST0 faer

2v=V(l+%),

OTKYIA CNIeJYeT, YO ECNN H3MePEeHA MAKCHMAjbHAsl CKOPOCTh, coCGulae-
Masi HEHTPONIOM CKOPOCTH ¥ XBYM Pa3NUMUYHBIM AXPAM, TO AOJHKHO NMETh
MeCTO COOTHOLIRHUE
/ Ml 1
1421 2
Vl( tom ) =Va i)
OTKYJAA CIIELyeT
MyV,— MV,
m=—t>2 -1 1.
Vi—V,

1 1
Ecnn BBecTH clofa E; = 5 M\V,? Ey= 7M2V22 (MAKCHMAIBHbIE SHEP-

ruy, coobiaeMble SPaM), TO OKa)KeTCs, UTo

Ecrmu 3uavok 1 0THOCHTCA K BOJOPOAY, a 2 K asoty, To My: My =14 11,
a moaTomy
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Ecin Mu moactaBum cwia E; = 4,7, E, = 1,2, To okakerca npulnnan-
TeNbHO m = M,, T. e. Macca HeiiTpoira paBHA NPHOMHIUTENLHO MACCe
npotona. [losromy ypaBHeHue

2v=V1<1+%>

gaer v =V, T. e. HeliTpoH BLIGHBAET NPOTOH TAKMM e 06pa3om, KA
CTAJIKABAIOTCA 1BA COBEPIIRHHO OAMHAKOBHIX OHJUILSADIHBIX INAPYKA, U3
KOTOPBIX OfMH HaneTen NoGOBLIM YAapOM HA HENOIBWKHEIA BTOpOH: OH
IIPH 3TOM OCTAHABJIHBAETCA U NOIPOCTY NePelaeT BCIO CBOIO 3HEPIYIO ETO-
pomy wapy. Orclofia ciiefiyer, ¥TO 3MePrys HelTpoHOB, BHIGMBAEMBIX K3
Anep Gepunsusi, paBHa 4,7 MUIINOHA 9NeKTPOH-BONET, UTO JAET ANt HX
cxopocTH Benuuuny 3 - 102 cufcex.,

Tlpouece BrIGuBanksl neliTpoHa e-vacThLEH U3 ANpa GepUIUTHA MOKET
GHTL onicaH Gopmynof

Be? -}- He* —C" {- yeiftpoll.

Uncna, KOTOPHIE HAMMCAHBI HaBepXy, 0603HAYAOT maccy sapa. Tor
(aKT, 4T0 B PE3ysLTATe MOTJIOMIEIMST a-YACTUIM M BRIGMBAHKSA HeHTpOHA
nonyyaercst sapo CH2, BHITEKAET M3 3aKOHA COXpAHEHMA MACCH ¥ 3aKona

. COXpaneHusa 3apAna. B camom fene, macca Gepunniesoro sipa passa 9
(B IPMHATHIX €IMHMIAX, T. €, N0 OTHOIIEHHIO K MACCE BOLOPOAHONO aTOMA),
Macca ¢-YacTHLE, T. €. Apa IeJius, papHa 4; 510 JaeT B cymme 13, a ecnu
BHIUECTh MACCy HeiTpona, KoTopast pasha 1, To ocraerca 12. C npyroit
CTOpOHBI 3apsif sipa Be paBen 4 (B eMIMIAX PABHEIX €), 3aPAJ ¢~4aCTHLIb!
paseH 2, 4TO AaeT B cyMMe 6; TaK Kak 3apsn Hefitpona pascw 0, To ocrao-
eecst SIApO NO/DKHO HMeTh 3apsj 6, T. e. I0MKHO GHITh AnpoM 6-To ane-
MelrTa mepuoanvecKoit cucremel (yrnepona). Bor nouemy, XoTsi HUKTO He
HaGMIONAN OCTAWINEECS NOCNE MCIIYCKAHMS] HelTpoHA sIIPO, MOYKHO GHITBH
YBEPCHHHM B TOM, UTO OHO €CThb SIAPC YILJIEPOJA € ATOMHEIM BecoM 12.

Kiwopu->Xonuo ¥ UsnRuK HALINHK, YTO MCTOMHHKOM HEHTPOHOB KpOMe
Gepunist siBJsIeTCA Taioke W Gop. AToMHHI Bec Gopa papusercs 10,82,
HO u3MepeHHA ACTOHA, O KOTOPHIXK GyNeT UTTH peyb JANbIle, NOKA3BIBAIOT,
UTO OGLIKICBEHHBIH 60D ABMASAETCS CMECHIO JBYX HM30TONOB, M3 KOTODHX
onMH, HauGonee pacmpocTpaHeHHHH (78%, BceX Anep), HMEET ATOMIbIA
sec 11, a xpyroit (229 Beex anep), atomurii ec 10. Ecau npeanosoxuTs,
yréd UsBHK cuMTACT Haubniiee BePOSITHEIM, 4TO ALPOM Gopa, MOrIONIAl-
M d—‘laCTHHy ¥ HCMYCKAKINYM TIPH 3TOM HEﬁTpOH, SIBJISIETCS AP0 H30-
Tona B, To U3 paccyyKaeHHi, aHANOIYYHBIX TeM, KOTOPLIE GhUIM NpHBe-
MeHbl BRIE A7 BRICHBABYA BeHTpoHA u3 sifpa GepUiILst, OKAXKETCs, uTo
NPOLUECC TMPOTEKAET 1O (hopmyne

BU | Het — NY |- nefitpon.

Mopuc de-Bpotine u Jenpsrc-Panze nabnopanu B 1932 r, BrGHBaHUE
HEHTPOHOB a-yacTHIAME TaOKe U3 sAnep surisi; Kwopw-YHomo (1933 r.)
TOKA3AJM, UTO OHM MOryT GHTb BRIGHTBI TaKKe M3 anOMuHusA; Kpein u
Jopumzers B 1933 T. Baumm, 4r0 HeHTPOHB MOryT GHTb BHIOHTH M3
JIUTUA HE TONBKO ¢-YaCTHIAMH, HO H NPOTOHAMH ¢ 3Hepryell B HECKOMBKO
COT THCAY BOJLT. TAKKAK M3 PHEPreTHUECKUX cOoGpakenui, 0 KOTOPHIX
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CM. HH)Ke, BBITEKdET, UTO NPOTOH ¢ TAKOM 3Heprueil He MoyKeT BHIGHTb
HEUTPOH U3 sIpa JHTHS HEIOCpPefCTBEHHO, TO MOMKHO AYMATb, UTO Npo-
liecc BHIGHBAHHS UPOMCKOAHT B JBA MpHEMA, 4 MMEIHO CNepBa MPOHCXO-
aur Li" 4 H2-»2He? (06 sToft peaups, MpOHCXOASINEH ¢ BBHIMT PHIIIEM
SHEPTMH B 17 MUIIMOHOB 37EKTPOH-BONBT, CM. HIDKE), & 3ATEM YHKe TI0-
JIYUHBIIASICA GLICTpAs @-UaCTHNR BeIGMBaeT w3 Li7 meitrpon mo Qopmyne
Li" 4 He? — B2 - neftrpon
(¢ TIPOHrpEINEM 3HEPrUH B 3 MEJUIHOHA BeKTPOH-BOJBT). Ofnaxo Oni-
GanT u Pesepdopa cunTaloT, 4TO0 peaKuUHA MPONCXOIMT HENOCPEACTBEHHO
no dopmyne
Li7 + H! - He* 4- He? - HeltTpoH,

OTKpBITHE HEHTPOHOB 3ACTABNSIET AYMAaTh, UTO HEHTPOWH MOAOGHO
HPOTOHAM M 4-UACTHIIAM BXOLSAT B COCTAB (onee CIOMHBIX sAuep. To-
. BOGHO TOMY Kak «-uacTHIbl, 06najgas saps-
oM +-2e, ABNSIOTCA HE TOJBKO COCTABHBIMH
YACTAMU siiep, HO M camu 1o cebe mpep-
CTABJIAIOT S7pd 27EMEHTA C [OPSIAKOBRIM HO-
MepoM 2, H NOA0GHO TOMY KaK [POTOHEI, HMest
3apsAl -- ¢, ABMAITCA siipaMM  3JeMeHTa €
TIOPSTIKOBHIM ~ HOMepOoM 1, HeHTPOHBI TAKOKe
MOTYT paccMaTpUBATBCS KAK SpA 3JeMeHTa
¢ nopsakoBbiM  Homepom 0, OrTkpbiTHE Heil-
TPOHOB [OJTOMY SIBJISIETCS] BMecTe C TeM OT-
KDBITHEM HOBOIO XHMHUECKOr0 3JIEMEHTA, KO-
TOPLI MLI MOXKEM € MOJHBIM NpPaBOM OCTa- Puc. 34.
BUTb B TEPUOALYECKOH CHCTeMe 2IIEMEHTOB
HepeJ, BOAOPOAOM.

TaK KaK HeHTPOHB He 06IaARK0T EKTPHUECKHM 32 PAZIOM, TO IIPH HPO-
XOYKIEHNH YEpE3 MATEPHIO OHH TOUTH COBCEM HE B3AMMOAEHCTBYIOT C aJleK-
TpoHamH (Mo H3MepeHHsM YIuBMKA HEHTPOH TepsieT He Gomblie, uem 20
JEKTPOH-BOJIBT JHEPIHM HA CTOJKHOBERHS € 2MEKTPOHAMU IIPH MPOXO0-
JKAeNH 1 €M B BO3LyXe; MO3TOMY, ecnv Obl He ObLI0 CTONKHOBEHNH
¢ SApaMH aTOMOB, To cpeaMuit mpofer HeliTpoHa ¢ amepruelt 5,7 muji-
JIMOHA 37eKTPOH-BONBLT GbiT GBI He MeHBIIE ueM 3 KM B Bosgyxe). CToKiio-
BEHUST € SIAPAMH NIPHBOAAT K PE3KOMY YMEHBIIEHHI0 CKOPOCTH HeHTpOHOB
¥ IPOUCXOAAT HACTONBKO uacTo, uro (oTorpadupoBante TPaKOB BHICUTHX
sAep B Kamepe BunbComa He. npeacrapnsier TpyAa. Chumas Takue (oTo-
rpaduu, corpyaurk Yogeuixa H. Desep obHapy»@n B uucle TPIKEB
KHCTIOp OIHE'X siIep, CTOJIKHYBIIAXCsl ¢ HeHTpoHAMH, «BUIKHy (pHC. 34),
CMBICT KOTOPBIX 32KIIOUANCs B TOM, YTO SAPO KHCIOPOAR, HOFJIO-
THBIICe HEHTPOH, uepes HEKOTopoe (BeChbMA KODOTKOE) BpeMsi pac-
najanoch, Mcnyckas e-gacTuuy. OTCloia BHMANO, uyTO HEUTPOHLI MO-
TYT CAYKHTH OPYAHEM DPAaCHElNenyss ATOMHBIX SAep; B UACTHOCTH
pacmienneHHe KHCJIo.0%a HMPOUCXoAuT 1o (opMmyne

018 L yelfrpon —C: |- Hed.
Takum 0GpazoM B uMClIe IPORYKTOB Pacmaja Aemked OHTL M n30TOn
yrnepoja, oGnajawoumii pecom 13. B psne oie ciyuaes, BO3MONHO,
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HEWTPOH HE NOBMTCH, & yJeraeT NpOUb, TAK YT0 PAcmaj siapa asoTa
NPOMCXOMNT no Gopmyne N4 + neiitpon — C1¢ 4 HY, a B HEKOTOPBIX
cnyyax no gopmyie

N geitrpon —C12 -+ H* 4 eitTpoH.
HurepecHsle MCCTe0BAHHA pACIIENNEHHA HeHTPOHAMHU sfcp passimy-
HBIX 3IEMEHTOB (43074, YIJepOja K HeOHA) MPOM3BENH N0 METOLY Kamephl

Bunecona Xapruns, ane v Hewcon. B ognom cnyuae 3T agropsl Ipa
ananuze Qororpaduu, nzobpakasilleli pacmennenne

N4 4 Hefitpon —> Bt - He4,
saxmournn (o HeoGbiuHO GosbINOH pnnue TpsKa Gopa), 4To DHeprus
HCHTPOHA, yuacTBOBABINETO B 9TOH sepHOll peaKkuuHu, cocraBisna 16 muia-
JIMOHOB S5AeKTPOR-BgAbT. CyIecTBoBanMe HeHTPOHOE € TAKOil OrpoMHOH
IHeprueif eme Hy»IAETCs B IPOBEPKe.

3ameuaresibHO{ 0COOGHHOCTBI0 pACILEneHMs sfep Helirponamu sB-
JISIETCST TO 06CTOSATENILCTBO, UT0, He 00/1a7as1 3MICTPUYECKM 3apsiIOM, Heli-
TPOH MO)KET TOPA3/0 Jerye TMPOHMKHYTb B SIAPO, UeM a-uacTHIA, KoTopoit
JJISL 9TOC0 HY)KHO TIPe0/I0NETh OTTANKUBAHKE €O CTOPOHB AApa. [loaromy
OYeHb 3HAUMTENbHBIH NPOLEHT HEHTPOHOB, CTAJIKHUBAIIINXCA C SAPOM
43074, PACIENISIET 9TH SIPA HA YacTy (0ANH HEHTPOR U3 HECKOJILKMX), B TO
BPeMST KAK B C/yyae a-yacTyl] ITOT NPOUEHT BO MHOTO pa3 MeHbile (OfHa
@-UaCTr.IA H3 HECKOJIbKHX JECSATKOB TLICSY, CTOIKHY BIIAXCS C SIAPOM 43072,
npouspoAnT pacmenitenne), [To3ToMy MOYKHO CunTaTh HEHTPOHH HAMNTYY-
MM OPYANEM MCKYCCTBEHHOTO DACIIENUIeRUs sjep. JKanb TobKo, uTo
0UYeHb TPY/IHO HOJYUUTh CKOJILKO-HIGY b NHTEHCHBHEIE OTOKH HEWTPOHOB.
Heroropyo Hafe)y B 9TOM OTHOIIEHMH BHYIUAET TOJBKO NOJIyueHke Hel-
TPOHOB U3 GepUJIINS MOCPEeACTBOM ero GoMOAPAVPOBKN He €CTECTBEHHBIMI
@-TTy4aMl MOJOBHS, @ ACKYCCTBEHHO PASOFHAHHLIMH B OMCKTPHUECKOM
[OJIe TeJMEBBIMU MOHAMY, NOTOK KOTOPHIX MOXeT GEITH CJlean 3Haud-
TeNbHO §0/Iee MHTEHCUBHLIM, UeM MOTOK ECTECTBCHHMX a-uacThI(, [Tepmne
ONLITHL TAKOr0 poga cienann B 1933 r. Kpeiin n Jlopurcen.

B 1932 r. corpynunxn Pesepdopra Koxxpogm u Yoamon pofumich
HOBLIX YCTIeX0B B MPoGJieMe NCKYCCTBEHHOTO PACIIENIEHNS, TPUMEHSIA YIKe
He ¢-udCTHIb! i He HEHTPOHH, & MPOTOHBL. TIOTOX IPOTOHOB, MOJYUEHHBIX
TIPY 37ICKTPUYECKOM Pas3psle B BOJOPOJE K 3aTeM PASOTHAHHBIX B SJIEKTPU-
YeCKOM moJie 10 9Heprud B 600 00U BosibT, Majal Ha JHTHIL; B HApaBJe-
HUM [EPIEHAMKYNSPHOM K TOTOKY NPOTOHOB HAGMIOAANHCH CHUHTHILIS-
IMA HA IKPAHE U3 CEPHACTOTO IUHKA, HATIOMAHANOIME TI0 BUAY CUMITHI-
JIALMK, BH3BAHHbIE e-uacTlamu, OTCIONA MOXKHO GHIO 3aKMIOYHMTb, YT
SIPO JIUTHS, CTANKKBAACL € ypes3BpmaiiHo GLICTPLIMM MPOTOHAMH, HC-
OYCKAeT 2-UACTHIB (TOUHeE FOBOPSA H30TON JIMTHS C ATOMHLIM BECOM 7,
NorI0IUAST MPOTOH, PACTIANAETCS 3aTEM HA ABE «-UaCTHIM). M3 fmnHbl Tpa-
KOB MOXHO GHII0 3aKNI0YKTH O TOM, UTO BHIMETAOUIHE a-UACTHLE HMCIOT
sHepruio 8,6 munnuona ANEKTPOH-BONLT. TaK KAK NPH STOM HX KOJMH-
UEeCTBO ABMIKEHUS ropasyo Gosibllie, uem KOJIMYECTBO ABHIKEHNST NAJAI0MUX
HA JUTHH NPOTOHOB, TO W3 COXPAHEHMS KOJMUECTBA JBIOKEHIS Clemyer,
UTO [BC YACTHLB[, HA KOTOPHE pPAacnafaercst sPO JIUTMS, TOTJIOTHBINEE
[IPOTOH. LOMKHBI PA3NETATECS ¢ PABHBIMK CKOPOCTSMH B NPSIMO IIPOTHEO-
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I0JI0YKHBIE CTOPOHEL; AeHCTBHTENBLHO, TIOCTABHB € IIPOTHBONOIOKHON CTO-
POl ETOPOIt TAKOM sKe camblii 9KpaH u3 cepHHCTOro HuHKa, KokkpodT u
Yonron naGiiofany Ha HeM BCHBILKH B TO YKe CAMOE BPEMSsl, KOI/IA OHH
[0SIBNANKCE H HA NEPBOM SKpaHe. ITUM AOKASHBARTCS CPABEJUIHECCTH
CHEJIaHHOT0 BHINE NpelnosoyKeHus O TOM, IO U3 AJpA JIUTHS, TOIJ0-
TUBIIETO NPOTOH, MOJIYMAIOTCA JBE «-uaCTHIlbL, TaKHUM 00pa3cMm, MOMKHO
CUuTaTh AOKa3aHHEM, uTo KOKKpOhT ¥ YONTOH HAGNIORANY ¢DEAKOKION

Li?+- H* —2He%

YrnomsanyTas peine sHeprus 600 000 BonbT 6HIA MAKCUMANBLHOM SHEp-
THefl NPOTOHA, KOTOPYIO HONYUaJH B CBOMX onmuTax KokkpodT u YonTow,
OJIHAKO pa3TIOyKelHe JTMTUA B oNuTax KokkpodTa ¥ YonTona HauMHANOCH
yXKe paHblile, a HMEHHO TPU SHCPIHM TPOTOHA pasHoit 0,125 Munnuona
9JIEKTPOH-BOJBT. JHEPrHsl YKe BLIOMBAEMBIX o-4aCTHIL TIOYTH HE MEHseTcst
NpU U3MEHeHUM 2Heprum mporoHoB oT 0,25 a0 0,5 MUINHOHA 27TEKTPOH-
BOJBT; TAK KAK B KAKIOM AKTe PACHAAA BEUIETAKOT UBE &-UACTHIB, TO
BHUTDEIBAEMAsT B KAXKIOM TaKOM AKTE SHEPrud JDOXOIUT 1O 17 muanuo-
HOB 37eKTPOH-BONBT. DTG rOpaszfo OONbIe, uem TOT BHIMIPHIN 3HEPIUH,
KoTopulii HaGiropanu Pesepdopn ¥ YsABMK npu pacillenfieHHH amio-
MUIHS e-yacTHIAMH. CHIA TOKA 1IPOTOHOB B onbiTax Kokkpodrau YonToHa
GBITa MOPAAKA OFHOTO MUKpoamnepa (T. €. 3 - 10% aGcomioTHBIX SNEKTPO-
CTATHUCCKMK eJIMHMI[), UTO COOTBETCTBYeT mpumepno 6,4 - 10 npoTonam .
B ceKyHay. Ecnu mpeanonouTh, YTo BLOHBAEMbIE a-YaCTHIII PA3TETANINCH
PABHOMEPHO BO BCE CTOPOHEI, TO W3 ONBLITHEIX JAHHHIX HYXKHO 3aKITIOUHTD,
YTO MPH SHEPr¥H TpoToHoB B 0,25 MMANUOHA 3MEKTHOH-BONBT BHIGU-
B4€TCA OJiIA a-YaCTHLA 'HA KAXIbIH MHANMADA UANAIOMUX HA AUTHI mpo-
TOHOE, @ Tmpu SHeprv¥ B 0,5 MUMNHOHA 37EKTPOH-BOJNBT JecATh Ha
munnuapa. Ho ecnu MBI CpaBHMM ILIOTHOCTE TOKA IIPOTOHOB B ONBI-
rax Kokkpora u VYonrowa (nopamka 10" npotonoB B 1 cex.) ¢
WHCNOM a-MacTHL, HMCOYCKAEMBIX eCTeCTBEHHBIMU HCTOMHHKAME (Tpamm
pagusi, HaXOAsWMiCS B DABHOBECHH CO CBOMMM TPOLYKTaMM pacmaja,
ucnyckaer 3,7+ 10% a-yactuiy B 1 cex., NpHYEM a-YACTHHLl pasneTa-
10TCS He KOHI[eMTPHPOBAHHEIM IYUKOM, KaK npoToHf y Kokupogra u
VONToHa, @ IO PA3HLIM HAIIPABJIEHMSIM; 9TO JIAeT BKCIEPHMENTaTopy BO3-
MOYKHOCTb MCIIONL30BATL JIMINL HeGONBIIYIO ¥X YaCTb), TO BCE NPEHMYy-
IICCTBA HCKYCCTBEHHO PA3rOHSEMBIX IIPOTOHOB Hajl, eCTeCTBEHHEIM a-U3Ny-
ueHHeM CTAHYT OUeBHIHLIMH.

Pacmennenye sep HCKYCCTBEHHO PA30THAHHLIMY NIPOTOHAMH HCCNeN0-
panock nocye Koxxpodra 1 Yontosa pas/iMuHEMY ABTOPAMH, B TOM UHCJIE
Pezepgopaom B OnudaHTOM, KOTOpEE HCTIPABHIN HECKOJIBKO CJIENAHHBIX
Koxkpodrom # Yonronom ommbor (KOKKpohT n YonTon yTBepsKianH,
YTO NPOTOHH ¢ SHeprHell B HECKONBKO COT THCAY BOABT PACMIETNAIOT U
A/1pa TAKEJBIX BMEMENTOR, BINOTh [0 YPaHa BKIIOUHTENBHO; 9TO OKA3a~
nock uepepHbIM), 3aTeM Jopencom ¥ ap. [locne TOro xa GuUI0 OTKPETO
cymecTrOBaHMe Tsyrenoro naoroma pogopoxa (H2, cM. midKe) W malinen
crocof MOGHBATL €0 B 3HAUMTENBHBIX KoJuuecTBax, Jlopenc v Jusure-
Moy IPOJENay WHTEPECHHE ONBITH 10 GOMOAPAMPOBKE PASNMUHBK Bre-
MEHTOB MCKYCCTBEHHO Pa3oTHAaHNEIMM axpamu HZ (unm «eliTonamuy, Kak
OWM WX Hazasnu). Pasorsap WOHH Monexynsl H'H2 rax, wro ot womyl
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NOJIYYany 3HEPTHIO 2 MUJUIMOHA 3MeKTPOH-BONLT, JlopeHe W JIMBHHICTOR

HALLIM, YTO MPU CTONKHOBEHUH C JI00BIMM MUILEHSIMHM 3TH HWOHEI pacna-

J210TCS HA NPOTOHH ¢ 3neprueil 660 ThHCAY BONLT M ¢AeHTOBBI (T. €. A1pa
H?) c sHepruefi 1,33:10¢ aneKTpoH-BONLT, ITH AefiTOHBI 3aTeM MPOK3BO-
AWM pacIienieHue sjep NUTUS W asora, BRIOWBAST U3 HUX a-4yaCTHLBL.
Oxono 10%, e-yactul, BbIGHBAeMBbIX U3 JnTHS, 00JANAI0T dHepPryeli 121/,
MHUJUIMOHOB 9A€KTPOH-BOJIBT; 3TH &-UACTHLE! ABMSIOTCS UYACTHLUAMH C HAK-
Gonbiueil sHepried M3 BCeX, NMOJYYAIOMIMXCHA TpH MCKYCCTBEHHOM pac-
LENAEHNH, €CTH UCKIIIOUHTL HECKOJILKO COMHUTENLHBI Cnyuait neffrpoHa
¢ ouepruedi 4 16 - 108 anexTpowu-BonbT, Habniofiaserocs XapKUHIOM
(cMm. Boime). JIeHTOHB! BHIGHBAKT e-4acTHIH TAKXe M3 Oepuiuius (Bo3-
MOJKHO, UTO 3AECh, A TAKIKE ¥ npH Gombapanposxe GepHIUIMA MPOTOHAMH,
pacIiensicHHe NPOHCXONHT Ge3 3axBaTa GomOapuipylomied WacTHUH), 8
TAIOKe M3 amoMHHMa M maruus. Kpome Toro npu OGomGapanpoBke peit-
TOHAMHM BCEBO3MOJKHBIX BEILECTB (BIUIOTL A0 30J10TA M IUIATHEBL K T. A.)
BEIGMBAIOTCA MPOTOHEL BepHee BCero, yTo cam AEHTOH MPH 3TOM paciuen-
JISIETCS1 HA NPOTOHBI M HeHTpoHbl. Bonbluoii MHTepec MpejicTaBiseT BO-
1Ipac, Ky/Ja NpH 9T0M [eBAKTCA HeliTpOHBI — NOTNOATCS 1 OHM GoM-
GapIUpyeMeIMH SIIpAMM MM TOKE YJeTaioT mpoub. [locnegkue paGoTht
Jlopenca 1 JIMBMHICTOHA MOKA3LIBAKT, YTO WMCMYCKAKTCS W HEMTPOHDI,
OTKYAZ OHM 3AKJIOUAIOT, UTO AelTOHB! HeyCTONUMER M pacrafalorst Ha
HeHTPOH M MPOTOH C BhESIEHHEM SHepruH 4,8 MMINVONA 371eKTpOl-BONBT,
Tonbke y Oepwiiva npu GomGapampoBKe ero feHTOHAMM Noyuaercs
§onbilee OTHOUIEHWE vMCHA HGﬁTpOHOB K UACHY MpOTOHOB, YeM CIEllyeT
N0 THIOTE3e pacIHIENsienys JefiTona. BosmoxHo, uTO 31€Ch NPOHCXOIMT
raroke W peaxmus Be? -+ H2 — B 4 wefirpon. Henycwanne wmeiitpo-
HOB NpH O0MOapANpOBKE JAeifronamy nuTHa ualiofand taioxe Hpelin
u Jloputcen. TNosiBnenHHe ITHX HeTPOHOB MOYKeT OBITh 0G'BACKEHO CIleyI0-
medt cxemoiji: cnepsa Li® - H2 —» 2He* ¢ Bumrpeimem 9uepruy 2,2 « 107
9NEKTPOH-BOJILT, a 3arem Li7 -+ Het — B'® - HeiiTpoH ¢ mpoMrpoimem
3 MMIIMOHA 3NMEKTPOH-BOJIBT.

B zaknwuenne 0630pa dKCMe PUMRHTOB, OTHOCAIIMKCS K PACILEIUICHAIO
AREP NP WX CTOJNKHOBEHHH ¢ GBICTPBIMM YACTHIIAMH, 3AMETHM, YTO HEOA-
HOXKPATHO NPOM3BOAMINCL MOMBITKH HCKYCCTBCHHOTO TDEBPALEHUS 3rie-
MEHTOB NOCPeJCTBOM 60MOapANPOBKY NX 2aexmporamu. TIpepnonarances,
YTO TAK KAl 9NIEKTPOXBl MPHTSTHBAIOTCA K AAPY, TO BMEKTPOH, ofnaxaio-
wHi  Ja)ke CpaBHHTENBHO YMepEeHHOM OHeprueil, MokeT NpPOHHKHYTb
BSIAPO ¥, OCTABIIMCH TAM, TeM CAMBIM MPEBPATHTL AAHHBIM dNEMEHT B JJte-
MEHT ¢ aTOMHBLIM HOMepoM HAa eMHMUY MeHpwyM. B 1925 r. Mume u
Haeaoka yTBepy(IanM, 4TO MPH MPOMYCKAHWH MEKTPHUECKUX Pa3psiloB
uepes pTyTh (Z = 80) HewoTopoe (BeCHMa Majioe) KOJMYeCTBO ATOMOB
PTYTH CTAHOBHTCS aToMamu 3070Ta (Z = 79); Camume (B 1926 r.) Takum
e 06pasom «npespamany ceurel (Z = 82) B rasumit (Z = 81) u B pryTH
(Z = 80). Bce 3T omBITH, 0anaKo, mpy Gumialimem paccMOTpPeHIH OKa-
3a/1MCh OIUMGOUHLMY ; HOITOMY HY)KHO JyMaTh, YTO SNEKTPOHY, He ofia-
RAWILEMY UyNOBHIIHBIMH CKOPOCTSIMH, MOYEMY-TO He TAK-TO YJK JIETKO I1p0-
HHKHYTb B 511p0. BO3M0yXHO, uT0 TpH I0CTATOYHO BOMBINOI SHeprHH, op-
HAKO0, MEKTPOHE 0072[a10T CNOCOGHOCTBIO TIPONSBOANTL HCKYCCTBENHOE
PacIEnyien e ; OAHAKO AO CUX 7I0P HUKOMY HE YAABAJIOCh ROOMTLES 3TOrQ

)
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€ TOMOMIBI0 MIEKTPOHOB, DA3TOHACMBIX JIOCTYNHBIMH HAM  3JIEKTpPHUE-
CKMMU TONAMH, Bripouem Mbl 061a1aeM YKe TOTOBBIM TOTOKOM 3NEKTPOHOB
OTPOMHBIX CKOPOCTeH, NIPABAA — € HUUTOXHO MAJIBM UUCJIOM HX B 3TOM
MOTOKE, & KMEHHO TAK HA3BIBAEMBIMM KOCMUYECKMMM JIYHUaMM (CM. HIDKE),
KOTOpHIE TIPOHHKAIT B aTMOc(hepy 3eMJIH M3 MHPOBOTO MPOCTPAHCTBA M
JOXOIAT L0 HAC B BHAE VIEKTPOHOB ¢ KMHETHYECKOit sHepruelt nopspka
mumapia soasT. B 1932 r. Hlreitnxe u luupnep naGmoganyn (¢ mo-
MOIILI0 MOHM3AaUMOHHOM KaMephl) «MOHH3AUOHHBIE B3PbIBHY, BEI3BAHHEIE
TOTTIOINEHNEM KOCMWUECKMX Jyuell B CBMHUE; TIOTJOIIEHHE B BO3Jlyne
TAK)Ke BLI3LIBAET TAKHE «B3PHEBBHD, HO B S3HAUMTEJILHO MEHBIEM KOJHue-
cTBe. CornacHo rumorese, BeickazaHneit Xaisenbepeom, 510 moxcer 00w~
ACHSTHCS TEM, YTO SJIPA a30T4, KHCJIOPOAA H CBIAHIA, HOTJIOWES JEKTPOHB
KOCMHYECKHX JIVUeii, HCIYCKAIOT 3aTeM IPOTORE WM e-uacTkupl, B 1933y,
Jlouepy ynanoch HaGII0AATD TAKUE «B3PbIEED B Kamepe DBusbcona. M3 ero
OTILITOB, TOBUIAMMOMY, BEITEKAET, UTO KOCMHYECKHE T UH CTIoCoCHEI BRIGHBATE
U3 Sifep PABIMUHBIX TEMEHTOB HeHTpoHbi (00 ombiTaX Jlouepa CM. HHE).

AemeHus PagMOAKTHBHOCTH H MCKYCCTBEHHOTO PACILEIVIEHHS 3MEMeH-
TOB, ONUCAHHBE BHINE, NAT GoraThlil MarepHas JJIA CYMIEHHS O CTpoe-
uun Agep. OHM NOKA3LIBAKT, UTO SAPA KAK TAMETBIX, TaK H JIETKHX
QNEMENTOB ABJAITCA CIIOYKHBIMM CHCTEMAMH, CIIOCOGHBIMH CIOHTAHHO HIIK
MOX BJIMAHHCM BHEWIHAX BO3JEICTBUI pacmemIaTbCs, BLGpachiBag M3
cefs pas/IUUHbIE YACTH LB (@-JaCTHLH, TIPOTOHBI, HEATPOHB! B ANeKTPOHBI).
JTHX JAHHBIX OJHAKO YK€ HEJOCTATOUHO JJIA OKOHUATETBHOTO CYMACHUS
o cocrase sfep. JanbHeiliMe neHHple CBEeHMA 00 3TOM BOMpOCe JAET
H3YUEeHHE MACCH ANED.

B1919r, &, B. Acmon, paBoratompil B Toit yxe camoll Kapenanmesckoit
nabopatopuu (KsmBpumi), B KoTopoii npoussonsitca paGots Pesepdopna
W €ro IIKOJILI, CKOHCTPYHPOBAJI 3aMevaTeNsHulll mpuGop, MoNiyuuBINHY Ha-
3BAHHE MACC-CAZKMpozpaPa M Cyamull fyIA BeChMa TOYHOTO ONTpefieIeiusy
Macc OTHENBHEIX sifiep. CymHOCTh 3TOr0 Npufopa 3aKTHUAETCS B ClTefyio~
IL[eM : ECJTH TTPONYCKATD 3JIEKTpHUeCKHIT PASPAN 4epPEs COCY/, HAOTHE HHBIH
BECbMa PAa3Pe)KEHHLIM TasoM MIY HANPHMEp NapaMu Kakoro-nudo me-
TAJNTA, TO B 3TOM Trase B KK AaHHBI MOMEHT OyfeT BechMa GoNbILoe
KOJUUECTBO PA3THUHLIX HOHOB (ATOMOB HCCJIEYeMOT0 BeInecTsa, NOTePSAB-
WMX M2 cBOell SMEKTPOHHOA 0B0TOUKM OMH WM [IBE MITH TPH U T, [, 3/IeK-
TpoHOB), TIpuMeHsAs BeCbMAa OCTPOYMHO NPUIYMaHHOE UM PacHOJIOEHHe
STEKTPHUECKOTO H MATHUTIIONO 110151, ACTOH 3ACTABJIAT 3TH HOHEI MAfATh
Ha doTorpaduuecKyIo MIACTUHKY TaKuM 00pasoM, uTO BCE MOHB! C OJHUM
U TeM »Ke OTHOMIEHHEM 3apAfA Kmacce( %\A , HO ¢ PA3JTHYHBIMH CKOPOCTSAMH,

\ M
oxycHpOBATIHCH W NAANH B OINY H TY ke Touxy dororpaduueckoit mna-
CTHHKH;; HOHbI € PASHHINI— NAJIAJIN 1A PASHAIC MECTA MIIACTHHKH, HO Ta-
Kum 06pa3oM, uTo BCE 3TH MecTa GhUIM PACHONOIKEHE! HA OALION 1 TOH e

I'lpﬂMOﬂ B MOpAAKE BO3PACTAIOILETO T&K YTO NOJy4yasioCh HEUTO Bposie

4
‘M:
crexrpa (oTCIofa Hasparue npuGopa). 1o momokenHio MATHA, OCTABNEH-
Horo Ha dhororpaduuecicol NnACTHHKe FPYNNOH HOHOB, 0G/IAJAIOWMX O~
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HHM H TEM K¢ 3HAUCHUEM It_l’ MO)KHO GHITTO BREIMECJHTB 3TO 3Haqe1-me—1%
¢ pesMuaimeit Tounocrete., [locsie Toro Kak nopcGuoe BBIYKC/IEHHE MpO-
JENAHO 1A KAAGIOTO IISITHA, OKA3BIBAETCS, WTO ISITHA 00DAZYIOT MEMTY
4
M
1 Toll JKe FPYIIE BCe PABHSKTCS OAHOMY M TOMY K UHCITy, MOMIIOIKEBHOMY
B TOUHOCTU Ha 1, 2, 3 m 1. 4. Herpyaso gorajarkcsi, uTo Bce narHa aroit
TPk IPHHANJIEKAT ATOMY ¢ ONHON M Toil yxe maccoll M, HO morepse-
WMy OJMH, AB4, TPH U T. . S1€KTPOHA. 3TO JAET BOZMOIKHOCTD BEUUCIIHTD
¢ Go/bIIOH TOWHOCTHIO MACCy MOHOB, COOTBETCTBYIOWIMX ONHOM M ToiH e
rpynne nsred Ha dororpaduueckolt niacTunie. Ecnu pacemarpliBaeMblit
ra3 MpelCcTABJIACT CMECh PANIMUHEIX M30TOHOE, TO JUIA KAXKIOTO H30TOHA
Macca OIpefeNsieTcsl B OTAEJILHOCTH; TaKMM 06pazom M3MepeHHS ¢ MO-
MOIIBI MACC-CHEKTpOrpada MoSBOJSUOT YCTAHOBHTDL, COCTOMT JIH JAHHBIR
XHMHUECKH SneMeHT U3 PASTHUHEIX H30TONOB, W ONPEJeNTL ATOMHLI BeC
Ka)KHOT0 U3 HuX. M3 cpaBHCBHSA MHTEHCHBHOCTe NsiTeH Ha CHEMKE, 110~
JIYUeHHOM B MACC-CNEKTpPOT pade, MOXKHO OMPEeSTUTE U OTHCCKTEABHbIC KO-
JIHUECTBA H30TONOB. C MOMOWBI TOre MeTogd ACTOH HCCNELOBAJ Uesbii
pAL XMUMHUECKHX S/IEMEHTOB, MpHuem 00HADYIKUII TOT YIHBHTEBELI daKT,
YTO €CTIM NI0J1b30BATLCHA OOBIUHOM y XHMHKOB eJMHULEH aTOMHOIO Beca

cofoli rpynnel, ofjajatoliyie TeM CBOHCTBOM, UTO 3HAUE HUA 15T OLHOM

1
(EHHCTI: dTOMHOrO BeCd KHMCIOPOJA |, Mo QnOMHLIE 66Ca 6CEX U30MONoe

0KA3BI6AOMCS GecoMa OAUSKUMU K [jeAblM HUEAGM: TAK HATIPUMCD XJ0p
(Z = 17), KoTOpBIi NO JAHHHIM XMMNKOB MMeET aToMHEHIi Bec 35,44, B
IeHCTBUTEILHOCTH COCTOMT U3 JBYX M20TOIOB C ATOMHBIMH BeCAMH BeChMA
6rm3xnMH K 35 1 37, NpHueM NePBBIfl H3 HUX BXOAHT B CMECh B KOJIMUECTBE
599%, a Bropoit B KomiuccTee 419, (B HUUTOKHOM KOJMUYECTBE MPUCYTCT-
BYET elle M H30TON ¢ ATOMHEM BecoM 39); pryTh (Z = 80), aToMHLIA Bec
KoTopoit paeeH mo gaHHbLIM XUMUKOB 200,49, 0Ka3anach CMEChI0 H30TOMOB
¢ Becamu oueHb Gnuskumu K 196 (0,19;), 198 (9,99%), 199 (16,4°/,), 200
(23,8%), 201 (13,7%), 202(29,3%), 204 (6,8%). Taxum o6pasom Te aToM-
HBIE BeCa, C KOTOPBIMH HMEET AEJI0 XMMHK, OKAZBIBAIOTCA JIUINbL CPCAHMMH
UHCTIAMH, HE MMEIIMMH 0co0eHno GoJbIIOTO (M3HUECKOTO HHTEpeca:
HACTOSIIMMY MACCAMH ATOMOB OKA3BIBAIOTCS HE CPe/lMe aToMHbE Beca, a
aToMHBE Beca H30TonoB, OTKPHITHE H30TONOB XUWMHULCKHX BIIEMEHTOB M PH-
BEI0 K MHOTOUMCJIeHHHIM TIOTIHITKAM Pa30efeHus H30TONOB; XOTS MOJIHOE
OTAENIEHHE PASNMUHBIX H3OTOIIOR OJIHOTO H TOTO JKe JTeMelrTa APYT OT ApyTa
M0 CHX nOp eme B GoJbINMHCTBE CAY4aeB HE YJHAeTCs MPOM3BECTH,
TeM HE MEIeE UYACTHUHOE pa3fiesieHye H30TOMOB 0GBIKHOBeHHO BCCrAa
yadercst. TpyaHocrs oroft 3apauu 3aKiOudeTcst B TOM, UTO M2OTOTIHE
(38 ONHMM JIMITL HCKTIOUEHHEM, 0 KOTOPOM CM. HEDKe) BEAyT celsl ¢ XMMHU-
YeCKOH TOUKH 3peHHs COBEPIIEHHO OJMHAKOBLIM ¢0pascm M COTOMY OT-
JENUTh UX APYT OT APYTd XHMIUeCKHM ITyTem He yaaercs, HeoOxoumo npu-
MEHHTb [l TAKOT0 OT/AENCHH S Te ARTEHUsT, B KOTOPBIX HFPaeT pONb Macca
ATOMOE HE3ABWUCHMO OT MX XMMHUECKHX CBOMCTB. COOTBETCTBYIOIIME Me-
Toibl GbUi paspadoranst eme B 1896 r. Pamssem u Tpasepcon, worma
WOHAZOOHIOC, OTASNNTL APYT OT Apyra GNACOPOJIHEE rashl, KAiIeHHL:
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B armocdepe 1 TaioKe Befymue ceGsa ¢ XMMUUECKOH TOUKY 3peHHs OfUHA-
KOBBIM 0Gpasom. OfHAKO TaM sagaua obieryanach TeMm, uTo aTOMHEIE Beca
6naropoAHEIX ra30B BecbMa CHILHO OTJIMUYAOTCS APYL OT APYTa, B TO Bpems
KAK MACCH H30TOTIOB 0AHOI M TOI'0 YK€ 9/1eMeHTa 00HIIIOBEHO0 OTIHUAIOTCS
ApYT OT jpyra ouenb Maj0. MeToj paspeneHust TOCPeACTEOM Au(dysun,
OCHOBAIIILI 114 TOM, 4TO 6onee NeTKHe ATOME 6LICT}')CE NPOCAUKBAIOTCA
ucpes MOPUCTHIC MCPErOpPOAKK, Hexxenu OGonee TsDKeable, O BriepBhle
NPUMEHEH K Pasele i H30TONOB HeoHa ewe B 1913 1. ACTOHOM, KOTOPBI
YOKE TOT/JA 3aM0L03PHI CYIECTBOBAHNE TAKKX H30TCTOB, ITOBTOPSIST MHOTO
paz npolecc Anddysuy Heoua 4epes rAuHy, ACTOH CyMen IOCJe psifa
IIAHIHX K YTOMHTEJIEHEIX OMNHITOE, HOJ‘Iy‘II/lTb JABE NMOpPUKK HEOHA&, H3 KO-
TOPHIX OTHA TIPY HSMCPEHBH TI0 NMPHHATHM B XMMHH METOZAM 0BHAPYKMNA
aToMHEM Bec 20,15, a Apyrasg 20,28 (cpefHuit ATOMHEBIH BeC HEOHa paBeH
10 AAHHEM Xumuxos 20,2). [lpyroit MeTox pasgesieHBA W30TONOB, OCHO-
BAHHBIA HA BLIIAPMBAIKK JAHHOIO XHAMHUECKOTO SJeMeNTa B HKMIKOM CO-
CTOSIHKHM 110 Ouelib HM3KKM AABJICHKCM (JerKuit B30TON Henapsiercs GhcT-
pee TSHKENoro), npumcHmIn B 1920--1921 rr. K YacTMYHOMY pA3AeTIeHHI0
W30TONOB PTyTH Bporcmed u Xeseur.

Eme Gomee uyBCTBUTE/ALHEIM METONOM 00HADYJiCen W3OTONOB, UeM
MeTOf ACTOHA, XO0THl M He CTOJb TOUHBIM B CMEICJIE N3MEDEHHS MX BeCOs,
ABJIACTCS W3YUEHME ONTHUECKMK CMEKTPOB, MCIMYCKAEMBIX MOJIEKYIaMM
XBMHUECIKUX coefiienvit, TToN0o)Ke e JTMHAI TAKMX CHIEKTPOB CJIerka 3a-
BHCHT OT TOI'0, Kaxko#l MMCHHO B30TOTI MAHHOI 0 XMMHYCCKOr0 3JIeMCHTA BXO-
IMT B MOJIEKyIly, NCYCKAKIIYI0 H3yyaembiii crekTp. Tak Kak B BellecTBe
CMEIIAHB MOJIEKYJIH, COMEPIKALLKE Paz/IMUHbIe H30TONE, TO JIMHUM, COOT-
BETCTBYIOWME M TOMY ¥ APYIOMY ¥ TPETREMY K30TOIly, I0ABJATCA BMECTE,
TIPHUCM 110 UX PACTIONOMKELINI0 BOSMOIKHO BEIYUCIIMTL OTHOCKTENILHEIE MACCH]
M30TONOB, 4 MO CPABHEHWIO HX WHTCHCHBHOCTEH OTHOCHTESILHEIE KON~
uvectBa. B 1920 r. Jysmuc, NOJAL3YACH CHOEKTPOM MOMVIOWEHHA COENK-
sennda HCl, Beuucnni oTmomelme Mace oGonx msoronos xiopa (CI% u
CI®") 1 upHILeST K TeM jXe pesynbTaTtam, uto U AcToil. (3aMeTuM, uTo B
jasbHeiiieM Mbl GyneM CHCTEMATHYECKM [MpPHIEPKUBATECH CIeLyIomero
npaBuid, NPEMEHsBIIErocsT HAMY ¥ PAHBIle, 4 WMEHHO: JUIst 0603BaueHusT
PASTHUHEIX H30TOMOB OIHOCO K TOTO jKe 27TeMEHTAa Mbl GyAeM nucaTh Ha-
BepXy TO TEN0e UMCA0, K KOTOPOMy BechMa OIH30K aTOMHHIL BEC COOT-
BETCTBYHLIETD H30TOMA). M3yueHne CIEKTPOB MOJIEKYJ1 B TIOCIIETHEE Bpems
J4710 BOSMOIKHOCTL 00HAPYIKUBATL M30TONBL K B TeX CAyYaAX, KOTJ4 OHU
BCTPCURKOTCST B CAMIIKOM UHUYTOIKHBIX KOJAYECTRAX IS TOTO, UTOGH! OHITh
onpescneHsl N0 Merory Acrtona. Tax nHanpumep AcCTOH He MOT OGHapy-
JKUTL M30TONOB KMCIOPOAA, HO B 1929 r. m3yucHHe CIIEKTPa KUEJIOPORHOH
MOJIEKYTTH NOKA3aN0, uT0 Kpome Kucnopona O cymecTBYIOT eile B HHu-
TOXKHEIX KoyuuecTBAX ua3orombl 0¥ n OV (mo uamepenusam Yaitnegsa n
Mexe, nponasefennbim B 1931 r., p3oron 0¥ npucyTCTEYeT B KONKUCCTRE
0,16, a usoron 0 B Konuuectse 0,03%;). B cBAZK C OTKPLITHEM K30TO-
NOB KUCTIOPOA& CIIEAVET 3AMETHTh, UTO NPH OTPEeJeseHHH eHHBIEl ATOM-
110T0 Beca C/efyeT OT/IHYATh MEUly CPeIHHM AaTOMHBIM BECOM KHCJIOpOAa,
TPUCYTCTEYIOMIEr0 B 3eMHOM atmocdepe, ¥ Becom Hauboree pacnpoctpa-
LIEHHOTO K3 ero M30TONOB. B HACTOSINEE BpeMsi CYMIeCTBYIOT TPU CHCTEMEL
ONpCAEsIEHHS eAMHUIB! ATOMHOIO Beca:
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1) Cucrema, NpMHATAS XMMUKAMU: 33 eIUHMIY ATOMHOTO Bécd MpH-
HMMAETCSA OfH& IIECTHA/LATAA YacTh CPeJJHEro Beca HeliTpalbHOFO aToMa
KUCOpoJa.

2) Cucrema, npeIOdKeHHas ACTOHOM: 3a eJIMHULY AaTOMHOTO Beca
NPUHMMAETCS O/lHA LIECTHAJUATAS YACTb Beca HelrpannHoro aroma 08,
Ecmu npuHaTh HajifieHHele Yainp3oMm ¥ Mekke OTHOCHTENLHEIE KOJM-
uecTBa u30TonoB O, 08 i 017 B 0GHKHOBEHHOM KHCTIOPOAE, TO OKAKETCH,
4TO B eANHMIAX ACTOHA cpefHuii aToMHBIl Bec Kucnopopa Gyner 16,0035,
B TO BpEMA KAK B XMMMUECKMX eIMHANAX OH NPHHAT 32 16.

3) CucreMa, npepnoxeHHas [amossim: 3a efUHMIly aTOMHOrO Beca
NPMHUMAETCA OfHA UETBepThb Beca snpa resus. Bo Bcex Mecrax Hamei
ICHMKKH, TAe GYNyT NPMBOAHTLCA TOUYHBIE ATOMHBIE Beca, IPe/IoaraeTcs,
4TO OHYM NpUBEJEHB! B e€MHMLAX ['aMOBA, €CU CrieMajbHO HE cKAasaHo
NpOTHBHOE,

OTKPLITHE H30TONOB KUC/0POAA ABUJIOCE NPUYHHON Apyrore nwo00nLT-
HOI0 OTIPLITHA, & UMEHHO OTKPHITHSA U30TONA Bofiopoaa (H?). ATomHil Bec
BOIOPOAA, M3MepeHHblil XuMuKaMH, cocraenser 1,00777 == 0,00002. Ecan
TAKOE UMC/IO NOJTYYACTCs B XUMHUECKUX eIMHNLIAX, TO B €iMHNUIAX AcToHa
0HO NOKHO GbiThb paBxo 1,00799. Meny Tem aTomHHil Bec atoma H?,
U3MepeHHLI B Macc-CeKTporpade, 0Kasancs 3AMeTHO MEHBIIE, 4 MMEHHO
1,00756 == 0,00015 (B enuHnLax AcTona). [T03T0My BOSHMKIIO NPENONONE-
HHE 0 TOM, UTO OOIKHOBEHHLI BOLOPOM COCTOMT M3 CMeCM [IBYX M30TOIOB,
a umenno H # H2, u3 KOTOPBIX BTOPOif MMEETCH MMIUb B CTOJTb HHUTOMHBIX
KonuuecTBax (oKosio 0,02%/), uTo ero NPUCYTCTBUE HE MOXMET GHITL OGHa-
PY)KeHO HH B CIIeKTPe BOAOPORHOH MOJIEKYJIB, HY B CIEKTPE BOLOPOAHBIX
aTomoB. Jlng Toro, uroOH 00HAPYKHUTE [0 CIEKTpaM HANMuMe H3oTona H2,
HA//Ie)Ka 0 CepBa MpOM3BCCTH YACTUYHOR PARe/ieHUe M30TONOB, UTO ¥ Bbl
nonuuny B 1932 r. aMepuxanupl FOpu, Bpuigedde v Mepgiu 1o MeTony Bhi-
TTapUBAHUST KHAKOIO BOAOPOJA MOJ HM3KMM AaBJeHMeM. BBUIa [PUroToB-
JleHa Nopiysa BOAopojia, B KOTOpOH KOHLEHTpaLMsA U3oTona H® Guina B IATL
pas Gonee ofLIMHOM, MOC/e 4ero mpHCyTCTBHE B Heil maotoma H2 momuo
GBII0 ¢ YBEPEHHOCTBIO ONPENeSIMTE M3 M3yueHMs crnexTpa. [lomenas Ty
JKe TIOPUUI0 BOAOPONiA B Mace-creKTporpad, Biauknu cyMen oGHapy»uTh
mnpucyTeTene H2 ¥ Ha acToHOBCKOH Macc-crekrporpamme. Ho B 1933 r.
nsrecTiblil amepykadekuit xumux I, H, Jbiouc HeowmavH0 OTKPE TOT
3amevatesieHbli §akT, uTo oGa wsotoma Bopopoxa (H u H2) moryr 6uth
pasfesiensl IPYT OT ipyra XMMMUECKUM MYTeM, WM, TOYHee roBOPS, NpH
NOMOLIM DIEKTPONN3A, TAK KaK NPH MIEKTPOJIN3E OHU BeayT cels pas-
JIMYHEIM 06Da30M (ITOABMIKHOCTL Mona H? 3naunTennHo GO/IbINE, ueM MOHA
H?). 970 a0 BO3MOKHOCTE JILIOMCY MOIYUUTh «TAIKEAYI0» BOAY, ¥ KOTO-
poll KoHUeHTpauust u3otona H® goBegena 40 TAKOH CTeneHW, YTO MOYTH
100%, Bcex afiep ROOPOSA IPRHANIIEKAT K YHCAY fAfiep HE, (D1y «TsiKenyior
BO/ly MOXKHO GBIT0 6B Ha3BaTh «MEpPTBOi» BOJOM BCEACTBHE e CTPAHHBIX
(usuonOryYecKNX CBONCTB : ceMeHa, popacTawLiye B 0GHIKHOBEHHOH BOfe,
OTKa3EIBAIOTCA NPOPACTATH B «TAYeEN0H Bosie JIbionca). OtkpuiTie Jiblouca
W AJI0 MATePHaJ NN BCEX 3TUX OTILITOB ¢ PaCileneHueM 1eHTOHAMH, O Ko-
TOPLIX MBI TOBOPU/IM Bhllie. OHO A0 TAKIKE BO3MOIKHOCTh H3YUMTh ATOM-
it cnextp usorona He (Baasapd w Xyaiim, 1933 r.) 1 ero Motexysnsip-
Halfi cnextp (Jbrouc u Surau). Macea n3o10na H2 onpeesieHa B MACC-CIIEKT-
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porpade Beinbfpudncesm v oxaszanocs passofi 2,01363 == 0,00008 b exu-
HHIAX Actona (O = 16). 3aMeTnM, YTo B TEX He eMHUI[AX 10 U3MePEHHAM
Actona Het = 4,00216, u ecnM NPUHATL 3TO YUCHO, TO M3 OTHOLIEHHS
macc H? : Hed, uamependoro BeituGpumprem, perrexaer HY = 1,007775.
3aMeTUM TAIOKe, YTO N0 H3MepeHHAM Toro jxe Belnfpumia Bef =
9,0155 == 0,0006, Li¢ = 6,0145 = 0,0003, Li? = 7,0146 == 0,0006 (ece
B eJiMHAax AcToHa). DTH UBMEDCHUA MNPUHAANE)KAT K yucny HauGosee
TOYHBIX NIPOM3BEAEHHBX 0 CHX ITOP M3MEPEHNUH aTOMHBLIX BeCoB.

Brabmuite Ha ctp. 128— 132 Mpl IPHBOAMM CIIHCOK XMMMUYECKHX 3Jle-
MEHTOB ¢ MX CPEALMMM ATOMHBEIMM BECAMM, M3MEPEHHHIMH XHMHMKAMH, H
¢ M30TONAMM, TAe HaJNWuMe WX HCCIEJOoBaHO, Beea JaHBl N0 CHCTEME
Het = 4 (Macca e-yacTuum = 4).

B nepBoM cTonG1e CTONT HA3BAHME BNIEMEHTA, BO BTOPOM COOTBETCTBYIO-
Ui nopsaKoBiit HoMep (3ApsAX Afpa), B TPEThEM CpPefHMI Bec aToMa B
TOH CMeCH W30TONDB JAHHOTO BJEMEHTA, KOTOpas OGHYHO BCTPEUAETCH
B IIpupofie (B aTMocdiepe UM B 3eMHON KOPE), B UeTBEPTOM CTOGLE CIIHCOK
H3BECTHBIX HAM H3DTONIOB 2TOrD 3TeMEHTA (KAYKAOMY U30TONY COOTBETCTBYeT
TO 1[€J10€ YUCTO0, K KOTOPOMY GIM30K aTOMHBI BEC ITOr0 U30TOMNA), B IATOM
cTON01e OTHOCHTENbHEIE KOMYECTBA U30TOTIOB B CMECH, BCTPeyaromeiic s B
B NIPHPOJIE, B IIECTOM CTONGLE TOUHBIE MAcCHl ALEDP, H3MEPEHHBIE IOMOMIBIO
mace-crneKrporpada AcToHa, B CeibMOM CTONOLE TaK HASHIBAEMBIE MACC-
nedeKTsl, CMBICN KOTOPLIX GY/ET Pa3bACHEH HUIKE.

PaccMoTpenne uuces IECTOTO CTONONA NMOKASHEAET, UTO MACCHL SIAED,
M3MEPEHHBIE B TAKUX CAMHHLAX, B KOTOPBIX MACCA spa renust pasna 4,
HUKOT/a He OTJIMMANTCH OT (Muy@iimero uenoro uncna Gonblie yeMm Ha
0,2; npUGTIDKEHHO MBI MOYKEM CUHTATh, YTO MACCHI OT/ENLHBIX A/IEP PABHBI
LETHIM YHCAAM M YTO CNIEJIOBATENIBHO KAXXAOE SIIPO MOXKET GBITH 0XapaK-
TEPU30BAHO IBYMS L€JbIMH UHCIIAMH, a HMEHHO 33psiioMm Z W Maccoit M.
Tax wanpumep s siapa Hapbosee PacnpoCTPAHEHHOTO H30TOMA BOLOPOAA
umeem Z = 1, M = 1, ana anpa renns nonydaem 2 =2, M =4u T 1.
B npeperax Toft cTemeHH TOUHOCTH, € KOTOPOH Mbl 3aMCHSIEM MacCy afep
CmaKaflliM [[eTHM UMCTIOM, MacCOf 37€KTPOHA MBI MOXKEM COBEDINCHHO
npenebpeub. Eciyu Mbl K €OCTaBY siipa pHOABIsieM SMEKTPOH, TO YMCIO
Z 1pH 3TOM yMeHbIuaetcst Ha 1, a uucs0 M OCTAeTCsl HENSMEHHBIM ; e/
e Mbl mpubaBnsieM Ol NPOTOH, TO ¥ Z u M yBenuuusawrcs na 1. He-
TPYAHO AOTAJATLCSA, UTO TOCPEACTBOM 3TUX ABYX Onepatwil, TpHMeHseMEIX
JOCTATOUHOE KOJMMUECTBO PA3, MOYKHO nepeiit oT coydasa Z =1, M =1
K 0Goit xpyroit kombunaumuy yucen Z 1 M, WHBIMM CJIOBamMu — TipuGas-
155 K APy BOZOPOAA (K IPOTOHY) AOCTATOUHOE UHCIIO SMEKTPOHOB M [IPOTO-
HOB, MBI CMOYKEM CKOHCTPYMPOBATH sipo ¢ mobbivu Z u M, [Nosromy Acton
BHCKA3aN 3aMeuaTe IbHYI0 FHI0Te3y, KOTOPAs [JIACHT, YTO Apa BCex aTo-
MOB MOT'YT GbITh [I0CTPOCHBI U3 BNIEKTPOHOB H MPOTOHOB, @ BKMEHIID SIAPO,
XapaxTe puayemoe nensmu unenamu Z u M, coetont u3 M npotoHos u M—Z
aNexKTpoHOB, B camom pene, ecnu B3sTe M npotonos U M — Z smexTpo-
HOB, TO Macca TAKo# cucTemst GyneT M e IUHHLI MACCH], TAK KAK BECOM IJTeKT-
POHOB MOYKHO NpeHefpetn ; 33 psifl XKe MONlyYUTCs, el H3 3apsina M porto-
HOB gbmecms M — Z, TaK KaK y 37eKTpOHOB Belb 33paA APYTOTO 3BaKa.
Taxum 06pasoM COTIACHD 3Toft THNOTe3e NPOTOH # ANEKTPOHE ABNAIOTCS
TeMU OCHOBHBIMU eMHHLAMH, TEMH KMPIHUAMHM, U3 KOTODHEIX MOCTPOECHH!
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Taasa 1. Ssexmponst 1 ndpa

TAB/IMLIA ATOMHHX BECOB

Cpezamit Towne "
Baement L z am;g!cmﬁ m%“"b' %% ;;‘;"‘;;':p “j}’é’:
He#trpor. .. ... .. 0 1,006 1 1,006
Bomoporm. v v en .| 1 ],0074{ % 98’8; é‘g?g?
Teaudt ... .. ... 2 4,0011 4 100 4,000%
] ] 8 6,008 0,004
Jurmit oLl 3 6,94 1 7 94 7.008 0,001
Beprmant « .o oW 4 9,02 { g gg'é
i 10 29 10,008 | 0,005
1 T 5| 1082 { 1 Py 1008 | ote
12 99,9 11,9971 | 0,0029
Yraepol . « oo v e 6| 11,9971 { 13 01 12997 0,009
14 99,9
ASOT vve e 7 14,0003{ i 07 | 1000 | 0013
i 16 99,8 15,9914 | 0,0086
Kucaopon . .. ...« 81 15,995 17 0,03
18 0,16 | (17,981) | (0,0031)
PIOP ¢ v vv e e 91 189 19 100 18,990 0,029
{ 20
Heow . ....ooue- 10| 20,17 i 2§ 19,9892 | 0,0108
2
Harpuh ........] 11| 22,987 23 100
{ 24
Marnuit . ... 000 12] 2429 25
26
AmoMuuuit .. ... 13| 2696 27 100
i 28
Kpemruil « ... ... 14 | 28,08 29
30
DPOCPHOP .+ v v et 15 | 20,97 3t 100 30,966 | 0,055
{ 32
Cepa..... el ] 18] 32,047 33
34
{ 35 59 34964 | 0,055
XI0D ¢ e v vrsnnnn 17 | 85437 37 11 36,960 | 0,066
39 1
36 0,7 35,957 | 0,043
Apron .. ..... ..[18] a9 {i bt o | 30 | oors
: 39 918
Kamugt . ..., .. .o 19| 39,083 { 1 59
" 40
Kampuuit o ... ... 20| 40,07 { 44
Cranguit, .. ... .. 21 | 45,13 45 100,
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i T
Cpeuit Taussie
! &
Saement Zz | aTosHu@ ”3%‘7"“ 9/, aTomuEIe n':g’ci:m
| BeC Beca anep

Turar . ... ... .. 22 47,87 «{ (gg)
Baail o v v v v 23 50,92 51 100
4,9
Eh ’f(')ﬁ | 51,920 | o,10
54 31

Maprasen . . .. ... 25 54,92 55 100

XpoM. .o v 21 52,01

S —
o
e

Hemezo . ... ... 26 55,81
Kofazsr ... ... . 27 | 58,92 59 100

Huogkerb . .. ... .. -8 58,66 57,911 0,11

Meme ... 291 63,52

Hamg. ... ...... 30 63,35 63,903 0,117

323

Taaouit .. ... ... 3l 69,69

TepManuit . . . .. .. 32| 72,57

e S ——
=
=
coNmGN®
Lh—wene

MpIIBAK . 2 v v v . 33

-
sl
w
-3
@

74,804 | 0,17

CeleH «vnvvan s 34

-~
K=}
o

78,886 | 0,18
8L 49,35 80,882 | 0,20

78 04 | 77,881 | 015
5 | 79.883 | 0,165
s | 81883 | 018
8 | 82:882 | 0184
. .
7

BpoM. . ...u ... 35| 798

1

Kpunror .. ..... 36| 829

83883 | 0,19
85,383 | 0,20

N Y —
-
D]
@
U
o
&

Crpoeune Bemcersa »
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Baement

Cpegnnit
2TOMHBIA
Bec

Hsoromst
M

o/

Jowste | pogerns
maccw

Beca AAep [

. Hrrpna ., .

Pybnmait. ... ....

Crponmuit

1Tupkon

Huobuft

MonuGren

Masypui
Pyrenu#
Pomua .

Mannammit

Cepebpo

37

38
39

40

41

42

48

49

50

51

52

33

85,38 {
87,58 {
{

88,88

93,2

126,862

85
87

86
88

89

. 115,852

97,892 0,19
99,891 0,20

111,858 |
113856
114854

116,853
1178 0
118,849
119,817
120,846
121,845
123,842

126,864 0,28
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Cpenimd Townue |
-~ 2| o | TG e e |
( 124 0,1 123,867 0,23
126 0,1 125,865 0,24
128 2,3 127,863 0,26
129 27,1 — —
Kcewor. . .. ... .. 54| 1301 | 130 42 | 129861 [ 0,27
. 131 20,7 130,860 0,28
b 132 264 | 131859 029
‘ ; 134 10,3 133,857 0,30
[ l 136 88 | 135855 | 031
Hestii . .ovn s i 53 } 132,74 133
Bapkit , . ... ... | 56| 1a70s {30
Janran, . ... ... . 57 | 138,82 139
Lepuit . ... ..... 581 1401 { {23
Tpaseozu™ . . . . .. 59| 1408 141
l I{ 142
Heomnm . .. .. ... 60 | 144,17 ¢ (1133)
t 146
Wmrmmmiy ... .. A1 —
Camapuit. . ... ... 821 15035
Eppouatt. . ... ... 631 1519
Tanoswnww .. ... L 841 1560
Tepbutt. .. ... ... 65 1791
Duenposuit . .. ... 66 1 16278
XoabMuit N 16°,4
dpbuit . . 1A7,5
Tynusi . . 1693
Hrrepdui 172.9
¢« Kaccwonrest ... ., 71 174.9
Taguuit ., ...... |72 178,5
Tautas « . .. .. ... | 73 1R1,2
Boasgpam ., .. .. 74 184,n
Penut . ... ... 73 188 A
Ocmuit L oL Lol 761908
Wpnmadt . .. ... 771 19293
atma, .o uon. 78 0 1951
30T0TO . o v w v n .. 791 197,10
. I 196 0,1 195910 | 031
I 19% 9,9 197,999 0,32
199 16,4 198,909 0,32
PIyth «evvnno.. 80 1 20049 {| 200 238 | 190908 | 033
201 13,7 200,908 0,34
| 202 29,3 201,997 0,34
\ 204 6,38 203,906 0,36
| 203
| 205 2
Tataufl. .o ovonn s 81 207 (AC | 7
208 (ThC")
210 (RaC")
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Cpeaunit Tounsie
z a10M 151k 07y ATOMHBIE
sec Beca anep

Hederrn

5 Hgroms |
qeMenT M MACCH

906 (RaG)

207 (AcD)

208 (ThD)
09

}
210 (RaD)
211 (AcB)
212(ThB)
212 (RaB)

o
w© D
0w

205975 ; 0,33
206905 [ 9,35
207,905 | 9,36
Caumen, ........ 82 | 207,11

09
210 (RaE)
211 (AcC)
212 (ThC)
214 (RaC)

210 (RaF)
211 (AcC)
212 (ThC")
214 (RaC)
215 (AcA)
216 ('hA)
218 (RaA)

Bncmyi.' ........ 83 208,89

o
=)

Toronuit . ..... 84

S —
12 1)

Hewnspecrusiit ra1oux | 85
219 (An)
220 (Tn)
220 (Ru)

Papow ... ... ... 86 | 222

——

HewnspecTinlft uiexou-
HOH MeTaTi. ... . 87

223 (AcX)
224 (ThX)

226 (Ra) 2258577 045
228 {Ms[h)
227 (Ac)
228(MsThy)

227 (RaAc)
298 (RaTh)
230 (Io)
231 (UY)
232 (Th)
234 (UX,)
231 (Pa)
231 (UXy)”
231 (Uz)

Ypau ... . ... 92" 238,05 { 234 (L) 238,057 | 0,277

Pagutt .. ... ... 88 | 225,85

AgmHHHE. ... ... 89 | 227

Topuft . . ... ..., Q0 | 231,99

[IporakTumAfl . . . . . 91 | 231

e S OY W S e

238 (Ul)

4TOMHBIE SIIPA, A TAK KaK aTOMBl COCTOAT M3 siiep M U3 CKPYIKAKIMHX UX
SNEKTPOHOB, TO CNEJOBATENLHO N1060e Teno MPHUPOJLI AOMKHO PACCMATPH-
BaTbCsT KAK OMpejieTienHas KoMGYHALMS BCCro JIIbL J6YX COPTOB YaCTHI—
9MEKTPOHOB M MPOTOHOB, BOT KK YeMy IpPUBEs0 PasBUTHE TOFO PacHpocTpa-
HEHHOPO TIPe)X(e BITNsA, COMJIACHO KOTOpOMY BCe Tena OpHpPOABI Mpef-
CTaBASAIOT KOMOHHALKY ATOMOB HEBSATH JECSITKOB PA3JUUHEIX COPTOB.
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Tpymensist waeo ACTOHA K OT/EbHBIM SpaM, Mbi FOJTy4acM HATpUMEp,
5T HefiTpon (Z = 0, M = 1) COCTOMT U3 OHOFO MPOTOHA ¥ OLHOID ANEKT-
pora, appo sogopoga H(Z =1, M = 1) cocTOUT U3 OHOTO NIPOTOHA, SLIPO
usoTona Bogopoga H®(Z =1, M =2) cocTOMT U3 ABYX NPOTOHOB U
SNEKTPOHA, SAPO rejus MIM, uTO TO >Ke camoe, a-uacTvua (Z =2,
M = 4) cocTouT M3 UeTHIPEX NPOTOHOB U ABYX SIEKTPOHOB M T. A U T. A.
(To ofcTosTeNBCTRBO, YTO TPOTOHEL BXOAAT B COCTAB @-YACTMI, MOXHO
CUMTATh I0KA3AHHEIM M HA JKCTIE PHMEHTE, @ HMEHIIO OHO BRITEKAET M3 BOSMOXK-
HocTH peakpuy Li7 + H'— 2Hed, orpuroll Koxkpodrom u YonTorom).

Mepexonsi K syipam HauOoJiee TSHKETRIX eMEHTOB, MBI BUIMM, uTO
Axpo HanpuMep ypana U I (Z =92, M = 238) npejcTaBisieT BeCbMa CI0K-
HYI0 CHCTEMY, COCTOSIIyH0 H3 238 npoToHoB U 146 3jieKTPOHOB, T. €. BCErD
u3 384 yactui,. Korja pajioaKTUBHEE sIApa PacnafaioTest, TO OHY Bepa-
CHBAIOT M3 ceG5l MM DIEKTPOH WM e CPA3Y UeTHIPe NPOTOHA U ABA JIEKT-
poHa, T, €. a~-uacTHIy. ST0 YKA3BIFAeT HA TO, YTO BHYTPH AAPa CYINECT-
BYIOT TAKKe FPYIIIbI, COCTOSIIHE U3 UETHIPEX NIPOTOHOB H IBYX JIEKTPOHOB,
HACTOJIBKO CWJILHO CLETUIEHHRIX APYT C APYroM, uTO paspylienie ux Tpe-
Gyer caummcom Gonboii 3aTpaThl paGOTH, a M03TOMY SIAPO «NPEATOYUTAET)
BRIGPOCUTL BCH ¢-4aCTHLY LEJHKOM,

Ofcy»nasn rUnoTesy 0 TOM, UTO AIPR COCTOSIT U3 DICKTPOHOB M NPOTO-
HOB, MBI 10 CUX NOP HCXOXWIN U3 NONYIEHHA, UTo Macca siiep BCerja ss-
JISIETCA LENBIM KPATHBIM OJHOH M TOH e BeNuuMHel (MACCHl TPOTOHA) ¥
YTO Macca 3NMeKTPOHA paBHA Hyaw. B 1eficTBETENBHCCTH 3TO AONYINEHHC
ABJISIETCA JINIMB  TPUGIMKEHHBIM. MOXKHO JIK COTACOBaTh Pasbupaemyo
FUMOTE3Y € TOUHEIMU Maccamu sitep? ECIM Mul pacCMOTPHM HanpHMep sIpO
renust (a-yacTUIy), TO COTJIACHO B3rjisiam ACTOHA 3TO SPO COCTOMT U3
ABYX 9MEKTPOHCE M UeTHEX MPOTOHOB: HANTYUIMe COEPeMEHHREE H3ME-
peHNsi IAKT st Maccwl nporoHa 1,66C9 - 1072 2, a. wnst Maccel JeKT-
pona 9,035 - 10728 2, OTcrofa CleLyer, UTo Macca ueThipeX IIPOTOHCR TUTIOC
NBYX BICKTPOHOB floKHa OuTh paBHa 6,645 » 1074 2, B pelicTBUTENBRO-
CTH KE MacCa ¢-uacTHMIB HECKONbKO Melbwe, a umenno 6,598 . 10728 2,
Ha nepBmiii B3rjsig 3T0 OBOPUT NPOTHB TOFO IPEANOJNOYKEHVS, HUTO
4-UACTHLA MPeACTABISIET KONGHHALMIO UETHIPEX TPOTOHOB C ABYMS ) €K PO-
Hamu. OHAKO ecnM Mbl BRYMaeMes] B JIEI0 HCCKONBKO TNyGxe, TO YBHALM,
YTO HUKAKOT) TIPOTUBOPEUUst TYT HeT. B camom jiesie, aiiuTMBHOCTD MACCH
(1. e. yTBEp)JIEHHe, COFNACHO KOTOPOMY Macca KaKIOro Tena pamHa
CyMMe Macc ero uacteii), sIBNSETCS OCHOBHLIM TOJIOMEHHEM KAGCCUUECKOTE
MeXaHHKH, HO BeJb KJIACCHUECKAst MEXAHMKA, KAK MEl BUeSM B TOM uacTu
9TOH I'TaBhi, I'le TOBOPUIOCH O TEOPHH OTHOCHTCNRHOCTH, JMIb NPpUbni-
JKeHHO BepHA, ECH coeIHHSIOIMUECs APYT € APYTOM TEIA TEPSUOT IIPH ITON.
3Nepruw, TO NApajnenbHo ¢ yMeHbIUEHNEM SHEPIUH pACCMaTpUBaeMoji Cl-
CTEeMBI TeJI Z0DKHA, KAK MBI BUJEIH, YMEBRIIATECS U MACCA CHCTEMR], @ 110-
3TOMY Macca, KOTOpAs TONYuMJACh B PE3YALTATE COEJIMHEHMS YacTHil, B
ITOM ciyuae NOMKHA OBITH HECKONBKO MeHblle, YeM CYMMa MAcC ITHX vac-
tui, Ecnu noTepst sHeprun paBHa AE, To noTepsl Macchl, COFNACHO Teo-

AE
PUM OTHOCHTEJILHOCTH, AOKHA ObITh paBha = Korna werkipe npo-

TOHA W IBA BMEKTPOHA COETMHSAICA B CUCTEMY, UMEHYEMYIO a-uacTHliei,
TO NPOUCXOAMT YMEHbLIEHMe Maccsl, paBHoe 6,645 - 107 —6,598 - 102 =

N
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==0,047 . 1072* ¢, O1ci05a NerKo PACYUTAaThb COOTBETCTBYIONIEE yMelbllle-
HHE OHEPruu: OHO paBHO 0,047 - 10724 « (3 + 10¥)2 =4,23 . 107° 3proB =
=2,65 - 107 anexTpOH-Bo/bT. [103TOMY €CaH TOJNLKO MOXKHO NEMMEHSTH
OOBICHOBEHHYH) TEODHIO OTHOCHTEJBHOCTH K MPOLECCY CJMSIHUS UeThH-
peX MpPOTOHOB M JBYX NEKTPOHOB B OJHY «-YaCTHIYY, * TO MBI JOJKIIBI
3aKJIOUNTDL, YTO MPH NOCTPOCHHH Ka)KJJ,Oﬁ TaKoi YAaCTHIbI TNPOHCXOJHT
yMeHBILUeHHE dHEPruY paBHoe 2,65 - 107 371eKTPOH-BOJIBT ; A7A TOTO, YTGEH
noJINA% SHEPTHS 0CTANACh HEHM3MEeHHOH, neob6xoguMo utolu 2,65 mumnno-
HOB 3JJeKTPOH-BOJILT 3He Pruy BbIIEMIINCL HAPYIKY HAnpumep B dopme Jiy-
UHCTOM OHEPIHH, 3ro BBIAENEHNE IHEPIHUH npeBocxozm'r AAXKE TO, Koropoe
HMEET MEC.0 B OmbITaX KOKKquJTa u Yontona UpH NOraomeHUH NpoTOHA
HHPOM JIHTHA ¢ nanbnev“lumm Ero pacmajeHMeM Ha iBé «-UaCTHIH. Huxkro
emle He CyMesl HaGMOAAThb B 1aGOPAaTOPHLIX YCNOBMAX MPEBPAIEHHE e~
ThHIpeX MPOTOHOB U ABYX 3NeKTPOHOB B SAPO TeJMsl, MOITOMY 0 TAKOM Bbl-
JIeNeHHH SHEPrHY eme HeNb3A FOBOPUTE KaK o daxTe. [ T0ro, yrchsl ysac-
HuTh cefe, KaK BesMKa BHENAIOW@AACA MPH 3TOM SHEPrHsi, mOnpodyem
IIPeACTaBUTL Cefe, UTO MPOHCXONMT, KOrAa BOAOPON COLVHACTCS B TENMi:
YeThIPE ATOMA BOAOPOJA COSAMHSITCH APYT € APYI'OM TaK, YTO YeTHIPE MPo-
TOHA ¢ ABYMS ONEeKTpOHamMM 0fpasyloT sAPO TejHdA, a OCTABHIMecs ABd
9N1eKTPOHA 00PA3YIOT INEKTPOHHYI0 060N04KY HEUTPanbHOIO TeleBore
aroma. Macca BopopoaHoro aroma paexa 1,6618 - 10724 2 (cymma Macc anexr-
pOHa M HpOTOHA), MOSTOMY MACCA HETLIPEX BOJAOPOAHBIX ATOMOB COCTAB-
nqet 6,647 - 107 2; macca xe aroma reans (e-yaCTHIA TINIOC ABA DJIEKT-
pona) pasua 6,600-1072¢ 2, Orcioga Nerko pacuuTarth,uto 1 2 Bogopoga
MoxceT mpespatutbes B 0,9929 2 renusA, UPUYEM NONMKHO BHIAEAHTHCH
6,39 . 108 apror awepruy, Muoro ayu 910? BCIOMHHM, YTO MOLIHOCTH
Jnenperaca gomuHa cocTaaarh 900 ThicsM NOWAAMHBIX CHI, T. €. OKOJIO
0.66 . 1C® kunoBarr. TlosTomy B Teuenue waca [lHermporsc A0MKeH AaTh
0,60 .« 168 kunoparr-yacop = 2,4 - 10 ¥ sprop. OTCIOHA CAEAYET, UTO Mpe-
Bpamente 1 2 BOAOPOAA B Ienuit MOXKET JaTh CTONBKO JIHEPIUH, CKONLKO
NOTKEeH jAapathb Bech Juemporac BTeueHwe 16 munyT. K co)KaneHuio, B
HACTOSAI(EE BPEMA COBEPLIEHHO HEN3BECTHO, KAKMMHU CIOCOGaMH MOXKHO 3a-
CTaBUTb NIPOUCXOANTD NIPeB PAIE HYE BOAOPOA B ey, H gae HeT HUKAKHX
CKONBKO-EUOYAb OGHANEHUBAIONINX TIONXOA0B K PelleBHI0 3T0H 3apayu.
BKCHEPPIMEI{TaJ'inoe NOATBEPIKAEHHE 3AKOHA 3IKBHMBANEHTHOCTH JHEp-
ruu ¥ maccwl gaer peaxuns Kokkpodra u Yoaroma Li? - H — 2He 4.
" CornacHo UMTHPOBAWHEIM BhHLE WaMepenuam BeitH6pumKa u AcTowa mac-
ca aTomoB Li” 4 H* mpeBocxopuT maccy ABYX aromoB He? Ha pennunny
7,0146 41,0078 — 2 - 4,00216 = 0,0181 eaunun Acrtona. Ha cTonnko
JKe, OUEBHMJIHO, MPEBOCXOANT cymma macc amep Li7 »u H! pmoiinyio maccy
a-vactvupl. [lonaras, uro opua epunwpa AcroHa paBha 1,65 - 1072,
MBl HafifieM, YTO NOTEPS MACCH TIpH STOH peaKiM SKBHBANEHTHA

1,65-1072¢.0,0181 . (3. 100)2
1,59. 1071

=1,69- 107 51eKTPOH-BONLT,

* Us Tpetbelf IMaBH uuTaTens VBHOWT, 9TO TEOPHS OTHOCHTENBHOCTH B CROIO
OUepent ABNSAETCA numib npuOmmiceHHo Teopwel, ¥ NOTOMY BIIOJIHE BOSMOMGIO, HTO
0r'a yXE HeQOCTATOUHA AN OUHCAKKA TAKOYO TPOLCCCd, KAK CIMSHHE OPOTOUOB W
INEKTPOHOR B a-4aCTHLYy.
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YT¢ JOBOJLHO XOPOIIO COBNAJAET C IKCNMEPHMEHTAJBHEIM 3HAUCHMEM BH-
MTPHILLE DHEDTHH TIPY STOH peaxuuy.

Jnsi roro, 4ToGL YHTATENh MOT IPUBBIKHYTh K NPHMEHEHHIO PENATHBH-
CTCKOr0 3aKOHA MPONOPLHOHANLHOCTH MEXLy SHeprueil 1 Maccoi, paccmor-
PHM ellfe OZHH TIpUMEp, HMeHHO BRIMHCIHM TOYHO Maccy Hefitpowa. M3 pe-
3y/IbTATOB CTIHTOR, H3JI0)KEHHBIX BRILIE, CJACAYET, UTC MACCA HeHTPOHA paBHA
npubatycernio 1 (B eAMHMLEAX aTomHore Beca). Jas Toro, 4To6nr Bhiuuc-
JIMTH €rd MacCy € HecKOJibko GoJblUed TOYHOCTBIO, USABHUK BOCTIONILIO-
BanCa TeM, 4ro B Qopmyse

B+ He® - N 4 gejfiTpon

(BuifnBaHMe g-vacTuieil HeliTpoHa n3 sAapa Gopa) TOUHEIE MAccH Beex
0CTAJ/IbHHIX YYACTHHKOB PEaKniu M3MepeHwl. [IpH OTOM HYIKHO NPHHATH
BO BHHMAHHE M YBEJINUEHHE MACCHI, CBASAHHOE C TeODHell OTHOCHTENLHO-
cTH, Eca¥ MK B «auecTBe eAMHMLLL MACCH MPHMEM YETBEPTh MACCH a-
HACTHLML, T. €. 1,649 - 1073 2, 1o yBenuueHnio SHepruw ua 10° 37eKTpoH-
BwILT (1,59 - 1078 3apros), Gyaer cOOTBETCTBOBATL YBENHUYEHHE MACCH HA

1,59.10®

W=0’00“ EMUHMIL

TaK KaK @-4aCTHLA NOJOIMs, BHGHBAIOWEAS HeHTpoH w3 sgpa B, meu-
KeTest ¢ nepruefi 5,25 - 108 31eKTPOH-BOJILT, TO CNEf0BATENBHO M:CCa
a-vacTHUE! OyneT paBHa ue 4,000 (T. e. He ee 3HAYCHMIO B COCTOSHHM
nokos), a Ha 0,006 exunun Gomblue, T, €. Bcero 4,006, Tak Kak macca
anpa BY paswa 11,005 (cM. B mpepmociefHeM cronfue Tabnuue), TO
CyMMa Macc fflep, CTOAIMX B JeBoit uacT dopmynbi, paBHa (C yYerom
KuHeTHyeckoil sHeprun s-uactuipl) 15,011, C npasoit croponsl GopMyan
Ha anpo N4 mpuxoantcs macca 14,000 (3neprus, ¢ KOTOpoi 0HO oTieTaer
[poub, CPAaBHUTENBHO MaNa, a NO3TOMY e MOXKHO NpeHefpeub), C/eRo-
BaTejLHO Ha HeHTPOH npuXoawrcs Macca 15,011 — 14,000 = 1,011,
Ho u3 aroii macch vacTh najaeT Ha KUHETHYECKYIo JHePTHI0 HeHTpoua,
KOTOPan, KaK Mel Bujead, npuGiansutenbno paBHa 4,7 - 108 onexTpon-
BOJILT; MOITOMY A4 TOrO, YTOGH MONYYMThL Maccy HeliTpowa B mOKOs-
HIEMCST COCTOSHUM, Iy Kno u3 1,011 eme Beectb okono 0,005. Ocraercst
1,006; 9TO 4KMCA0 ME ¥ CUHTAEM Maccoil HeHTPOHA B MPHHATBLIX HAMH €fH-
Hunax. B eawunpax Acrona, rae O = 16, 3To paer maccy Hejirpona
1,0065. * Tax KaK macca BOAGPOAHOTO ATOMA (CyMMa MACC IPOTOHA W 3JeK-
TpoHa) B Tex JKe efnuHnax pasua 1,0074, 0 npn CoelHHEHNH MPOTOHA U
3MEKTPOHA B HETPOH QGIDKHO BHIIENUTRCH OKOno 10° aneKTPOH-BONET
JHepriy — BeNUMHA CKPOMHAS MO CPABHEHHMIO C BBUIENEHHMEM 3HEDPrUM
npu 06pasOBAHMH G-4acTHIN. **

* Tlopenc, KoTopbiii cunTaer, wro H® CnOWTaHHO pacmajaeTcs na H! 4 neitrpon
¢ BresenueM oHeprir  4,8¢1(% 3eKTPOH-BOALT ‘(QTO asxenBasenTHo 0,00028 egmnuig
aTOMHOT'0 BECa), MOYYAET COOTBETCTBEMHO AnA HeliTpona maccy 2,01363 — 1,00777 —
— 0,00528 = 1,00058 B efuHMHAX ACTOHZ, T. €, MEHLIIYID Maccy, Yem UamBuk. .

** [ax MBl yrKe 3aMeTasTH BELE, 3TA OI(¢HKA NMPEATIONATE €T BO3MOXKHOCTh IIPEMEHe-
HHA OALIKHOBEHIIDH TEOPHH OTILOCHTC/ILHOCTH, B YeM MOJKHO H COMHEBATRCA (CM. TPETHID
TnaBy).
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Ty caMyio SHEPIUI0, KOTOPAs! BBLIENSCTCS NPU CIUAHMM YACTHUL, Oue-
BUJIHO HeOOXOAMMO 3aTPAaTHTh Ha To, WTolbl OTOPBATL WX APYT OT Apyra.
Taxum o6pasom Ana TCro, urobbl PasopBaTh -ydCTHLY HA TPOTOHM U
3NEKTPOHEL, HEOGXOAMMO 3ATPATUTL DHEPI HI0 PABHYI0 26, 5 MUJITTUOHAM 310K~
TPOH-BOJIBT, T. €. BEJIMUMHY BeCLMa GOUIbLIYIO I0 CPABHEHUIO ¢ TEMU JHe pru-
SIMH, KOTOpHIE BRLIEJIAIOTCS IPY pacnaje pagMoaKTUBHBIX anep. Mmenmo
NOTOMY, uTO HA PaspylUeHHC w«-HACTWIIB TpeOyeTcst 3ATPATHTL TAK MHOIO
JHEPIVH, o-YACTHIA M SABIACTCS Crofb  HeOGLIKHOBEHHO YCTCHUMBOM;
WMEHHO II0TOMY OHA HANPUMEp W BLUTETAET NPH PaAVOAKTHBHOM pacmafe
Uy npk Gom6aparnpoBKe siep NPOTOHAMH HEJIMIKOM, @ He pacnaactcsi npu
ITOM Ha uacTd. B 3TOM ¥ 3aK/MICY2ETCA NPUUMHA TOTO, YTO ¢-YaCTHLE Cy-
ICCTBYET U BHYTPH $1pa KAaK COBOKYNMHOCTb YETHIPEX NPOTOHOB U ABYX
3IEKTPOHOB, ropa3fo Gonee TECHO CUEMIEHHBIX APYI € JPYTOM, 4YeM ¢
OCTaJILHBIMY YACTHIIAMM, BXOAALMMY B COCTAB SApa.

B nocnepnee Bpema (1932 r.), dHemeuxuil Teopetnk B. Xafisenfepz
noapcGHo pazpaboTan runoTesy, BNEPBL'e BEICKA3aHHYI0 NCHUHIPAJCKHM
qusnkom J. Hsanenro, COTNACHO KOTOPOM BCe DJEKTPOHEL, BX0As-
mHe B COCTaB Afpa, CLUENTEHH C COOTBETCTBYIOUIMM UMCIOM NPOTOHOB B
HEHTPOHB! ¥ UTO AP0, COGCTBEHHO rOBOPS, COCTONT U3 TAKUX NIEHTPOHOB U
QCTA/ILHEIX NPOTOHOB. C TOUKY 3peHus 3Tolt Teopuu HEHTPONbI H NPOTOHH
MOOKIO TIPY JKENAHUY PACCMATPHBATL U KK SMEMEHTAPHLIE 4acTUIE], T, €.
He IOBOPUTH, YTO HEHTPOH COCTOWT M3 MPOTOHA M JIEKTPOHE, @ MOBOPHUTD,
YT0 HeHTPOH eCTh 3NEMEHTAPHAA YacTylla, KOTOpPas BIPOUCM MHOTAA MO-
JKET TIPCBPAIATLCS] B MPOTOH M 37eKTpon (06 onemeHTapHCCTH HefiTpoHa
nonpobuee cm. HmKe). ECnM HenbiMy umMCIaMy, XaPaKTC PHIYKIHMY 3a-
PAR M Macey Aapa, ABAATCA Z 1 M, 1. €. ecaM SIAPO N0 MPeXKHEMY B3rsiny
cocrout ¥3 M nporoHoB ¥ M -— Z 3MexTpoHOB, TO urcOhl mepeitn K
B3arnANy Xaiizerbepra, Hy>XHO IPHHATE, uro 0T M — Z anextpoHos 00-
pasyioT ¢ M — Z nuotoHamMyl TAKO0E Ke KOJMHUeCTBO NEHFPOIOB, a 0CTanh-
nele M— (M — Z) nporonos octatorcst ¢BoGomubmn. Takum oGpasom
AP0, XapakTepusyemoe uncnamn M u Z, cccrout, no Xalizenbepry, us
M — Z nBeittpoHoB ¥ Z NPOTOHOB. MeXX1y 3THMM HCHTpPOHAMM M NPOTO-
HAMM BO3HUKAKT B CBOK Ouepejb PasIWuFLIe TeCHble KOMOMHAIMM: TAK
HATIPUMEP Tapa NPOTOHOB MOYKET COCMHUTLCA ¢ mapcli HelTpoHCB B cu-
CTEMY, KOTOpAA 10 IpeyKHEMY CUeTY COCTOKT U3 YeTHIPEX MPOTOHOB H IBYX
MEKTPOHOB, T. €. B CHCTEMY, VMeHyeMylo e-yacTuielf. Tak xax Taxoe
COEAVHENYE MPOUCXONT C GONbIMM BbIIeNeHHEM JHCPruM, TO Ans1 Anpa

0Ka3biBaeTCsT Baybonee BHITONHBIM (B CMBICJIE BBILETEHHS HAUBONBIIETO

KOJIMYECTBA SHEPrUu ¥ CJe)QBaTeNLHO Mepexola B HapSosee yCTOHUKBOE

COCTOSIHME), UTOOH MPOM30UUI0 KAK MOKHO GONbile TAKUX COCMHEHWH.
-Z

Mosromy ecnu Z ecTh ynCIo YeTIOE, TO BCe 7 Map npoTonos ofpasywr ¢

Z . Z "
—2—napazvm HEHTPOHOB &~ a-udacTHL, a ocTanbHue M-—2Z HeliTroHop

2 z
—1
OCTaHyTCﬂ CBOﬁOIleIMPI; eCau e Z €CTh HeueTlioe 4YUCio, TO

nap  npotonoB o0pasyer CTOMBKO ke a-HacTHil ¢ Z — 1 HejiTpo-
HaMl, ¥ OCTAYTCA ¢BOoOoANbIMU 1 npotcH U M — Z — (Z —1) Heiirpo-
HOB. OKOHUATCNLHO MEI MOJKEM CKA3aTb, uTO B Cayuae HeTHOro Z siapo
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MOKET  cuuTaThest (MO MPeABIAYINEMY IIpeACTaBJEHNI0) COCTOAHM
u3 M nporoHoB U M — Z DBIEKTPOHOB, T. €. (MO0 Temep(IUHEMM npei-
CTABNEHHAM) M3 Z nNporoHOB U M — Z HEiiTpOHOB, Hiu U3 - e-ua-
CTHI M M — 2Z HefiTPOHOB; B Clyuae )KE HEUeTHOro Z sijpo  MOXKer
CYHUTATLCS] IO TIPEXKHEMY CUETY COCTOHILHM us M NpPOTOHOB K1 M—Z anexr-
POHOB, 2 TO HOBoMy cuery U3 Z mpoToHOB U M —Z meHTpoHOB, Hin

2
Hanpumep stapo Pb208 (M == 206, Z = 82) cocTont 13 82 npPOTOHOB u
124 HeltTpoHoB, KOTOpblE Me)(ly COGOH 00pasylor a-UaACTHLH TAKUM 00-
PasoM, uTO B PesynbTaTe SIPOe COCTOMT M3 41 a-yacTHul U 42 HefirponoB;
SApO akTHHuS (Z = 89, M = 227) cocrour u3 89 nporonos u 138 ueii-
TPOHOB, uro AaeT 44 e-uacTHubl, 1 mporoH M 50 nelrTpoHos.

B noas3y Toro B3rasiaa, 4ro AApPA COCTOST M3 NPOTOHOE M HeHTPOHOB,
Xafisenfepr nmpuBoauT ciepytomee cocbpakenne. IIpoToH u HelTPOH pu-
TATHBAIOTCS APYT K APYTy (3TO AOKA3LIBAETCS CyHIeCTBOBAHMeM Aapa H2,
T. €. H30TONA BOJAOPOAA; 9TO SAPO COCTOMT M3 OAHOIO MPOTOHA U OJHOTO
HeHTPOHA, CLETUIEHHBIX APYT € APYTOM); STH CUJIBL NpUTsHKenns Xaiioen-
Gepr cuMTAeT BeChbMA 3HAUMTENLHEIMH, HO OYeHb ObICTPO yOLBAIOIHMHM C
paccrosinuem. EcsiH mbl uMeeM $1ADO, COCTCALLEE U3 HECKOJILKUX HEHTPOHOB
¥ HECKOJIbKMX 1IPOTOHOB (IIpUueM HeilTpoHOB DOMbIIE, UEM TIPOTOHOB), TO
TAKOMY SIAPY «BBICOJHOY (B CMbiCJE JOCTH)KEHHS HauGoNbIUEH yCTOHUK-
BOCTH), uTOOBI HEMTPOHEI HCAYCKANH MAPYIKY SJIEKTPOH M [IPEBPAILATINCE
TAKHUM 00pa3oM B NPOTOHH], NOKA KOJMUECTBO HEHTPOHOB M [POTOHOB MO
BO3MOXKHOCTH He CPaBHAETCs (TAK KAK MMEHHO NPM TAKOM pPAaBEHCTRE
YHCJIA HeHTPOHOB YHCIY RPOTOHOB MOYKHO ByAeT 06pasoRaTh MeX Ny HelTpo-
HaMII M TPOTOHAMH HAUGOJIbIEE KONHYECTBO Map, TeCHO CLENJICHY bIX BCJICA-
crBie GOoNLWONR BeJMUMHLL CHl, AeHCTBYIOMMX MMy HCHTPOHCM M npo-
ToHOM). TT05TOMY YCTOMUMBLIMN B Pe3Y/IbTaTe OKAXKYTCA Te Si1pad, KOTOEbe
COAEPYAT PABUOE KONMUECTEQ HeHTPOHOB H MPOTOHOB. A TaK KK UYHCIIO
HEHTPOHOE paBHO M— Z, a HC:i0 NIPOTOHOB PABHO Z, TO 9T0 NAET Ans Ha-
ubosee yeroiunBex sipep M — Z = Z, orkyaa M =2Z, T. e. aTOMI biid BeC
BABOE Gosiblue 3apsifa sigpa. OMHAKO 9TO PacCy KIeHHe MOKEO NPUMEHLTE
SR K CPABHUTESILHO JIErKHM ApaM. B ciyuae TsoKenbix saep Gonbmyio
poJib HAUMHAET Wrparb KyJOHOBCKOE B3AWMHOE OTTAJIKHBAHKE MEXIy
[IPOTOHAMH, KOTOPOE CTPEMUTEs Pa30pBaTh AAPO, €CIIH NPOTOHOB CJNILKOM
MHOFO. (7151 TOr0, uT00bl OHSTD, OUEMY 310 OTTAJIFHUBAHUE UFpaeT 00JIb-
1110 poJib TOJILKO B CIyyae sfcp, COCTOSIMX U3 0C0feHH0 G0bILOro uncia
YACTHI], AOCTATOYHO BCHOMHHTB, UTO KyJOHOBCKHME OTTAIKHBAHUS yOsl-
BAIOT 06 paTHO NPONOPLHONANLHO KBANPATY PACCTOSIHHUI, 4 CUJIbE TIPHTSKE-
HHS MEY(LY HEHTPOHOM K TIPOTOHOM ropasfo GrCTpee ; BOUTOMY 3/€Ch NPH-
MEHMMO BCE TO j<e caMee, 4T OLUIO0 CKa3aHo Ha crp. 22—23 o cunax T iroTe-
HHSt M CUJAX CIEMNEHHS, U3 KOTOPHX MepBbie YOBIBAIOT C PACCTOSHHEM
ropasao MeIjeHHee BTOPHIX, A OITCMY HIPAKST 3HAUNTENLHYIC POJIb JIHILL
py GonbluX pasmepax rtena), Orciona cnefyer, wro JIA yCTOHUMBCCTH
TSDHKEJIRIX SAEP HEBBLITOJHO, uT06bl GBI TPOTOHOB CIMIMKOM MHCTO, IO-
3TOMY UHCJI0 TIPOTOMOB Z OyAer He PABHO uMcity melirpoHos M — Z, a 6v-
JeT MeHblle ero; T. €. JOMKHo co0moparbes Hepasenctro Z < M — Z,

us

a-yacTull, ofHoro gporona U M — 2Z 41 meitrponos. Tax
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otkyna M > 2Z, 1. e, atomHpif Bec Goskle YABOEHHOTO 3apajd sapd.
Moaromy w3 npencrapnennit XaitsenGepra BHITEKAET, YTO JIETKHe slpa
JOJKIIB! TPHUGIM3YTENILHO YAOBIETE OPATE YCI0Bl M = 2Z, 115 TAKENRIX
e sep M T0JII0 NpeBOCXOANTE 2Z U nipH 3TOM TeM GOJIbILie, ueM TSye®ee
A8p0. J1ocTaTouHo NPOCMOTPeTh TAGHILy aTOMHLIX BeCOB, 4T06H ybepuThes
B TOM, YTO 3TO ONpaBJBIBAETCA: eCM Mbl GyjleMm GpaTb 57pa ¢ YETHLIMK
M, 1o 15 GONBILIMHCTBA TAKYX Sep B Hauase CHHCKA 378MEHTOB ITDABUIO
J@XEe BHITIOJIHAETCST ¢ TOYHOCTEBY, CM. npumepnt H2 (M =2, Z = 1),
He* (M =4, Z =2), Li (M =6, Z =3): Be® (M =8, Z =4), Bl
M=10, Z2=5), (¥ (M =12, Z =06), N* (M =14, Z=17), 018
(M =16, Z = 8), N2 (M =20, Z =10), Mg (M =24, Z = 12),
w T. 1. Ho vem paneimme, TeM Gonblue NMOSBAAETCA MCKAWOUEHUH, TaK 4To
Ca% ecTh nocieHMIH SJEMEHT, ANA KOTOPOro ipasune M = 2Z  BbIIOA-
HeHo B TOYHOCTH. OTCTYNJIEHHA OT npapuna M = 27 pce Bpems pacTyT,
T4K uTO HANpuMep A7 Fe% nmem%/!z =1,08, ansa Agl®7 umeem 5y = 1,14,
s Ph2o? gé =1,26. Taxkum oGpazom XaiisenGepry yanock gaTh BechMa
~ M

npaBaonogodHoe KauecTBEHHOE OGBACHEHHE H3MEHEHUS BETHUHHB 77, B
npefesiax epHojUYeCcKoil CHCTeMBL BJIEMEITOB.

M3 rex ke caMblx coo0parKenuit yaeTcsT NOHATh M NPOMCXOMKIEHHE He-
KOTOPBLIX 3aKOHOMepHOCTelt, HaGniofaloIMXCs TpU pajuoaKTHBHOM pac-

- M—Z o
nage. OTHOIIEHWE —F (OTHOIIEHKE YMCTa HelMTPOHOB K 4MCNy TpPO-

TOHOB) JOMMHO MIMETH B KaM(HOM MECTE HSPMO,&H‘!ECKOI‘/’! CUCTEMBI OTIpEJE-
JeHHOEe 3Ha4eHUEe, COOTBETCTBYIILEE PABLOBECHI0, EC/ 3TO yHeno ¢ami-
KOM BEJIMKO, TO ALPO ABJSAETCS HeyCTOHUMERIM, U AN TOr0, uTeOnt npiiGu-
3UTBCA K PaBHOBECHOMY 3Hau€HMio, Hcmyckaer S-wactuity (npu f-pac-
najie OfMH M3 HeWTPOHOB [ENAeTCs IPOTOHOM, & IOITOMY —g — yMent-
maercs). Ecnu jke 9T0 OTHOWIEHME CIMINKOM Mano, TO AApo, HA TepPBhIf
B3MJISIT, MOVDKHO ObLTO GBI MCIYCTHTL MPOTOH Ui TOTO, UTOGR! 7
YBeNUUUIOCh. B AeHcTBUTENILHOCTH OJHAKO YK€ OKA3LIBAeTCs §onee BbI-
FOZHBIM (B CMBICJIE JOCT KEHHSA BONbIIeH YCTOMUMBCCTH) HCIYCTUTE Cpasy
@-4acTHIly, oc0BeHHO BTeX CMyuaaX KOrja 4yucio Z' ueTHOe M KOTAd, Clie-.
NOBaTeNbHO, NPOTOHOB, He CBA3AHHLIX B a-YACTHILIbI, HET: MHAYE NPUILIOCH
6Bl UTS TOFO, YTOGH BRUIEPHYTE MpPOTOH, PA3pO3HUTR OJHY a-YacTHLY,
a aTo Tpebyer saTpare Gonerodt paboTsl. [TooToMy BELAETAET Cpagy lenas
@-YacTHild, a TAK KaK Npy OTOM M WKCJI0 HeHTPOHOB ¥ YHCIO NPOTOHOB
YMEeHbIIAETCA HA 2 ¥ TAK KAK HEHTPOHOB G0JILIIIE, YEM IPOTOHOB, TO:OTHO-
IIIEHVIE UMCid HeHTPOHOB K YMCSTY NIPOTOHOB BO3pacTaet. (IT0 BAIHO U §e3
BO3HHU ¢ anreGpavuecKuMH HePABEHCTBAMY, TAK KaIK eCJTH OIMH 6paT cTapire
ApYroro, To 2 roga TOMY Ha3aj, OTHOLLEHVe BO3pacTa CTapero Gpata K
BO3pacTy Mnaaiero Gpara Guisto Gosbile, yem ceiiuac)., Ms Bcero Hanoyken-
M—Z

HOTO BUJHO, UTO eCJIH — 7 Gonblme HCKOTOPOrO [pegena, To SIAPO JOJHKHO
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—Z
~— MEHBIIE HEKOTOPOrO
npefena, To AP0 JODKHO UCTYCKATh e-YacTHIly. B mpomMemyTKe Mexqy

pacnajaThesi, UCIYCKAs B-uacTHIbL; €CTTH KE

060MMH ITHMH npejenamMy ACIKHA J€)XATh ofnacTh 3HauCHUH , IPpK

Z
KOTOPEIX XHMHUECKUI JNIeMEHT eCril W pacmajaercs, TO JeNder 9T0 Ha-
CTOJIbKO MEUIEHHO, UTG MOMNET CUATATECA yCTOHUMBLIM 3JieMeHTCOM. B no-
CNETHUX MECTAX MEPUOANYECKOH CHCTEMBI 3Ta 061aCTh HACTONBKO Y3KA, UTO
TpH B- ¥ a-UCIIYCKAHUAX STAPY OUEHb TPY/HO NONACTDL B 9Ty 061acTh yeTofi-
YMBOCTH: OLIBAKNT TO HELONETH, TO MEPENETH W JAUML N0CTe JLMUHHOIO
psila PajiMOAKTHBHBIX MpeBpalleHuil AP0 NMepexoauT B TaKyw 0071acTb.
TIpH 3TOM BHICOKAA YCTOHUMBOCTD @-UaCTHILI HPHBOAMT €mE K OAHOMY
utrrepecHoMy 3dihexTy : ecnu sApo ¢ ueTnpM Z (COCTOsImEE CNeROBATENLHO
W3 OfHUX TOJNBKO a-4aCTHII ¥ HEeHTPOHOB) HUCIYCKAeT {-uacTuiy, TO
O/IMH U3 €0 HefTPOHOE CTAHOBHICS MPOTOHOM. [100TOMY ORIBAET BLIFOIHO
MCTIYCTHTE €mie OfKy B-HacTuIly ANA Toro, urofel mpu 9Tom ofpasoBancs
BTOpPOi TPOTOH ¥ uTa6El 06a MPOTOHA BCTYNIIM C KAKMMU-MG0 ABYMst U3
OCTABIINXCA HelTDOHOB B COeMHeHWE, AAIONIEe eme OIHy a-YacTHIy.
ITpy 370 aeprusi BCETO AIpA 3LAUUTENLHO YMEHBINAETCsE, a CNejoBa
TeNBHO TAaKOE BTOPUYHOE WCIYCKAHHe [ UaCTHUB BECHMA BHITOAHO
BonbImeil vacThbi TOCKE TOID, KaK JeMEHT € UETHBIM Z HUCmyCTHT -
vaACTHIlY, BTOpast B-nacTunA BHUTETAET BCJed 3a MepBoii (CM. B TabnHilax
Ha puc. 30, 31, 32 npeepawenws MsTh; —» MsThy,—» RaTh, UX;—
UX,—Ull, UX;,—UZ~—>Ull, ThB—~>ThC—Th(’, RaB—RaC—
RaC', AcB—AcC—AcC, RaD —RaE —RaF); uuorma e B upome-
JKYTKE Mex(ly 00eMMM B-yacTMnamu BeinetaeT ofHa a-uactima (UY—
Pa~—Ac—RaAc, ThB—ThC— ThC" —ThD u aHan0r tyKke 9TOMY 10-
CJielHEMy TPEBPANIEHUs] B PsifieX paaudA v akTunusa). Jaroro, uTo0sl yoe-
JHTHCS B TOM, HACKONBKO XOPOIIO TAKAS CXEMA COrNacyeTcsic (JAKTamy, pac-
CMOTpHMM HANpUMED DAL TOPUA. ECny MEI pAAOM € KaXKIbIM 21EMEHTOM VKA -
JKEM B CKOOKAX 3HAYEHNE Ipo Gy -—Z—~Z—, TO PSTA ApUMeT caeAyiemuitsi: Th
(1,5791), MsTh, (1,591), MsTh, (1,562), RaTh (1,533), ThX (1,545), Tn
(1,558), ThA(1,571), ThB(1,587), ThC (1,555), ThC’ (1,524), ThD (1,337).
HupHem mpudTom naneyaTaHel BHAUEHHS ~—— TeX 31IEMEHTOB, KOTO-
pHle MCTYCKAOT B-uacTuIBl. Mbl BHAMM, YTO BCRe[ 2a MepBoji mapoil B-

w M—Z
ucnyckanuff Spauenue — — DHOBb PACTCT, M ETOPas napa B-ucmycka-

M—Z
HW¥ HauyuHaeTCsT KaK pa3 Torga, Korxa —Z— JAOCTUTALT TEX JKE CAMBIX

3HaueHul, NpH KOTOPHX TPOMCXOAHIH NEPBbie JBAa B-UCHYCKAHHUS.
TIpeamonoykenHe, YTO SAPO COCTOMT U3 NMPOTOHOB I HEHTPOHOB, COENH-
HEHHBIX MEKIy C000ff B MAKCHMANbHOE UUCIO0 ¢-UACTHL, HYXKAAETCSH elle
B NpoBepKe. VIMEHHO, paccMoTpUM KaKoe-HUOYAB SIAPO, HANPHMED AAPO
voma (Z = 53, M = 127). Ono cocrout u3 26 a-uacTunm, | mpoTOHa M
22 neitrpouos. CyMma Macc BCEX 3THX YACTHI| DaBHa (B VIPUHATHIX HAMH
exvnnnax) 26 - 4 < 1,007 - 22 - 1,006 == 127,14, a macca agpa J pasna
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126 - 86, Orciona crefyer, yTo HpU coeMHeHHd 26 a-vacrury, 1 mpo-
TOHA ¥ 22 HEHTPOHOB B ANPO J IPOMCXOAKT MOTePs MAcCH, papHas 0,28.
(I10 COOTBETCTBYET BEIENIEHWIO JHEPTHM PABHOMY OKO0JI0 260 MUIIMOHOB
BOAbT). Uncso ,28 mul 1 cunTaeM «edexTOM MaCChi» sIAPa HORA . AHAJIOTHY-
HBle BLIYMCTIEHMA Mbl IPOM3BOMMM M JUIA BCeX APYTUX fAliep, MACCH KOTO-
PBIX XOPOIIO H3BECTHRE. MHbIME croBaMM N0 Ac(eKTOM MacChl ITOfIpasyme-
BAEM DA3HOCTb MEXIy CYMMOH MAacc a-4acTHL, HeiTPOHOB H (B ciyuae
HEUETHOro Z) IpOTOHA, BXOJSIIMX B COCTAB Spa, ¥ MAccOii camoro sapa.
Taxue macc-pe(zKTEl 1 BEIMMCAHB B HOCTeHeM CTO0Ue HAllel TaGintkl
aTOMHbIX BecoB. Kaxoi (m3auueckuii cMHCT MOYKET HMeTh BHUUCTEHHE Je-~
teiTor Macesl Aftep? IycTb 12H0 KaKoe HUGYAL ANPO € OTPe/eNIeHHBMM Z 1
M ; cpapHNM ero C APYTHM SIIPOM, Y KOTOPOro Z MeHblIe Ha 2, a M mMeHblle
Ha 4. [lepBoe AApo Morno 6B nepeiiTH BO BrOpoe, HCUYCTUB NPY 3TOM &-
wacTeiy. Ho Tak Kak «-ydaCTHIa JOMKHA 0GNAfaTh TOJIOWUTENbHON Ki-
HETHYECKOH SHEPTHei, TO SICHO, UTO TAKOH «-pacnaj, MOMET NpOU3CiTH
JHLIL B TOM CJlyyae, eCJIM MacCel IepPBOro sifipa XBATIT HA TO, uTOOH AaTh
Maccy BTOPOro sifipa, MIcCy MOKoAme#cA «-yacTHUR nioc Tor nmpuba-
BOK MacChl @-UACTHIIN, KOTOPHIi COOTBETCTBYET €e KMHETHUECKOil dHep-
rus. TloaTomy HyxHO, uTe6EI MACCA BTOPOTO 7pa NUIIOC MACCA MOKoAIelics
e-yacThpl ObE bl MeHbLIE Macchl NMePBOro HApa; B IPOTHEHOM CNyude
@-pacriajl He mpPOM30fneT. Jlerko BuAeTh, WTO 3TO YCJO0BHe PaBHOCHMJILHO
CRELYIOWEMY . AAPO € 3apAAOM Z H ¢ Maccoft M MoeT MCOyCTHTL a-
YaCTHIly JIMHTE B TOM CNyuae, ecsid Jie(erer MaccHl y sipa ¢ 2apsiom Z — 2
H ¢ Maccolt M — 4 Gonblle, YeM y Here camoro. ECnM 9T0 HepaBeHCTBO Bbl-
TIOJIHEHO ; TO AAPO C 3apsiioM Z ¥ ¢ Maccofi M neycroiiunBo 0o OTHOLEHHIO
¥ - pacmajly; B HPOTMBHOM Cnyyae oHO ycToitunBo. OTCIONA BHITEKALT,
uTO TpH VBenuuenuu Z JMedeKTH MacChl JO7KHB, B 00leM, BO3pacTath,
TOKA ML HAXOAMMCHA B 0GACTH OJIEMEHTOB YCTOHUMERIX N0 OTHOIMEHKIO K
a-pacmafy; B O0GNacTH JKe pajMOaKTUBHEIX ONEMEHTOB OHH JOJNHBL
nafare. CpuBHeHHe ¢ Tabnuueii mokazpiBaeT, uwro npu yBesuueHun Z B
c61acTH HEPAnMOAIITUBHBLIX 9neMenToB AedeKTH Macchi AeicTBHTENBHO
pacTyT; HOCHeHNM 3EMEHTOM, JUTA KOTODOTO TOYHAS MAcCa A7pa H3Me-
peHa B macc-cnexrporpae AcToHa, Apnserca cpunen (Z = 82), u 10 orore
MecTa fe(eKTer Macchl IEHCTBUTENIBHO PACTYT. MBT LOSOKEBL 0)KUZATD, UTO
BCTIe[l 33 3THM OHY JIOJDKHBI BHOBbL mafarb. K coykanewuio uamepenuii
B MACC-CIEKTperpade s Gonee TsHKEIBIX ARCP He CYMIECTBYET ; 0lHAICO MEL
MOYKEM OXHJIATh, U0 MACCa APA ypana, KOToprii CyliecTByeT B npupone
B BHAC 0HOro Jmp usotena (Ul, Tak Kak TPoAo/HKUTENbHOCTb YKHIHH
UII B0 MHOT0 pas MeHbwe), 61M3Ka K ero aTOMHOMY BeCy, OnpefeleHHOMY
[0 METOflaM XMMHKOB, BLUMCEHHEIH B TAKOM HpenofioyKeHuu Aederr
MacChl B CAMOM JleNle OXas3blBAeTCH MEHBIIE, UeM Yy CBMHIA. JT0 NOXTBEp-
HUI2CT CHENIAHHOE HAMM 3aKJTIOYEHHE, UTO MAKCHMANEHBI e (eKT. Maccsl
uMeeT Mecto BOmsH Z =82, (To oficTosTenseTBO, UTO BHIMKC/EHHbIA
TAxUM yKe 00pasoM macc-nedeKT pafHs OKA3LIBAETCH, TPOTHE MKUIAHH,
Goavure, uem y CEMHUA, HAC He Tyraer, T2K ICAK B OTJIMUKE OT yPaHa pauit
HMERTCSl B PACTIOPACHUM XMMMKA JIMINh B CAMBIX HHYTOYKHBIX KOJIHue~
CTBAX, BCJIEICTBYNE Yero Henb3s 0COGEHHO MONararbest va PesynibTaT M3-
MEPEHNA €r0 aTOMHOTO Beca), :

Ha 370m MBI noKa npepeen STOT ANMHHEIH PA3eN, HOCBAEHL 0630py
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OTKDHTHX (U3HKAMH 3KCHEPHMENTAJLHLK (AKTOB, MOTYIIMX DPOJINTHL
CBET HA COCTaB M Ha ycTpolicTBo aromuoro agpa. (Jlanbreifimue axcnepu-
MeHTaNbHble aKThl, J06BITHE TIPY M3YYEHHH aTOMHBIX AAep, OyAyT pac-
CMOTPEHbI B Kollug Tpevbeil riaapel). JIeT ABajlaTh TOMY a3, KOrga
slepHAA (M3HKA TOYTH He CYIUIECTBOBAJA, Ka3asock, YTO AAPC aTOMa
€CTb HENPHCTYRHASA KPETIOCTh, HALANBHO 3AMHINEHHAS OT I0OBIX BHEUIHUX
BO3MEH{CTBUHM, U 4T0 MOITOMY BHYTPEHHEE YCTDOHCTBO OTOH KpEmoCTH Ha-
BCETJid OCTAHETCA Taliuoi. B HacTosAuee BpemMs MLL Yolé BLAEM 31aUHTE b~
HYI0 MacTb 370} TaiiHel, YIOPCTBO ¥ HACTOHUHBOCTE C KOTOPHIMU 0GUIMp-
Hasl Apmus UCCIENOEATENe | IITYPMyeT ATOMHEOE AANG, AENANT COBENUIEHHO
HECOMIIENIIILIM, YTO 33rafKa aToMHOro sfapa 6yaer moAHOCTLI) pasrajgaHa
no Kpaiineil mepe B Teuenne GIMIKAUILMX JECATUILTHH,

KOCMHYECKHE JIYYM H NO3HTPOHb!

B Hacroduice BpemaA onHoft 3 NeHTpankHLIX Tpo6aeM QU3UKY ABNSETCA
H3YUYeHHE OFHOTO TAHMHCTBEHHOTO SIBJICHHS, KOTOPOMY TCBUAMMOMY CYIXK-
JE€HO BecbMa PAAMKAJILHO HOBJIMATH HA HAINH MpEeACTABIIEHHS O MATepHUU
H CTATh UCTOYHHKOM HOBHIX (PM3HUECKUX OTKDHTHIL. Haspanue 31010 Taunm-
CTBEIINOrO STBJIEHUS ~— KOCMHUECKUE NyuM,

Kocmudecicue Jiyun Oblii OTKPHITLL B 1912 1. HeMenxim Qusnkem Xec-
€OM, KOTODBLIff H3YYAN eCTeCTBEUHYI0 MOHU3ALMIO BO3JYXa, EhI3bIBAEMYIO
NIyUaMK HaxXOASIMXCA B II0YBE HHUTOMXHBIX CJICACB PaJMOAKTHBHLIX Be-
wecTs. JKenas ysuaTh, KaK MEHAETCS 3T MOHMBANMA TIPU YBETHUEHHH
paccTOANMA OT MOUBL, XeCC RORHAICA € HOMM3ANMOHHOM Kamepoll Ha
BO3IYIIHOM wmape, OKa3aJochk, YTO TNPU YAANCHMH OT 3eMITH MOHMZANMSA
YMEHBLIUAETCA, HO K CBOEMY KpaiiHeMy yiMBrennio Xecc o6Hapy»I, uto
YMEHBIEHHE NPOUCXOEUT TONLKO A0 BblcoTHl 400 M, a mpd Jasenei-
WeM [ORHATHH BO3AYIHHOTO LIApa MOHH3ANMA CHOBA YBEJNHUMBAETCS.
Xece 3aKITIOYHI, YTO 3TO Aasbueiilllee YBelIMUEHHE HCHM3AIMH HE HMeer
HUUEro 0GIIero ¢ JyuamH, HCHYCKACMEIMU PAANOAKTHBHEIMY BENICCTRAMY,
HaXOAAUMMICA B MOYBE, & BRISHIBAELTCH KAKHMU-TO CCCOBIMHU JIyYaMHu, TIpo-
NUKAIOIHMY B aTMOC(EPY 3eMJIH M3BHe, M3 MMPOBBIX TPOCTpancTe. Tax
6Li70 CAENAHO OFRHO U3 BA)KHEHIIMX 10 CBOMM ROCIENCTBHUAM OTKPHITHIL,
KOrpa-~n1u60 npon3sBeleHHbIX B (U3HICE.

Vi3mMepenre MHTEHCUBHOCTY 3THX «KOCMHUECKHX» /1YYl HA PABILIX BhI-
coTax B 3eMHOHM aTMociepe NPOM3BOAUTCA ¢ MOMOIILIO MOHMI3ANHOHIICH
Kamepsl — 06 WHTEHCHBHOCTH Jiyueil CyST 10 BEJIMUHHE MOHU3ANHH, JTUM
BOTIPOCOM 3aHHMAJIHCh MHOTHe HCCJIefoBaTeny, B3OUpaBluMeca ¢ HOHU3A-
UMOHHOH KaMepoll Ha BLICOKHe FOpHI (Hampumep JeHMHTpafckHit quauk
Bepuzo 1poH3BOAMI 10100kbIe n3Meperua B 192830 rr. na pepumHHe Iib~
Gpyca, ua Bricore 5 600 ) ¥ BOHMMABLIMNCCA HA BOBAYIUHEIX IAPAX ¥ HA
asponnanax (Boyan t Muaaursn B 1933 1. Ha asponaHe, BHICOTA MOIHATHSA
8,8 km; IMugkap B 1932 v. HA cTpaTocTaTe, BHICOTA mOAHATUA 16,2 ru;
crpatoctat «CCCP» B 1933 ., BRHICOTA TOAHATHA 18,7 k). Ho HauGornee
TINATe’bHLIE W HAJE) H J€ U3MepEeHust, OTHOCSUIMECH K GOMbLIMM BHCOTAM,
6r1v mpou3seiensl ® 1932—33T. nemenxum duskxom Pezerepom. KOTOpelit
BRINYCKAT B aTMoc( €7y serkue GajnoHb-20H/b, CHab)eHHbIE ABTOMATH-
YeCKUMH pErHCTPHPYIOWUMH puGopamu (npubop Perenepa, aBromaru-
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YECKH 3aNUCHBAOUIMH B 2apaHee Ha3Haye HHBIE MOMEHTH BDeMEHH BEJTHUNHY
MOHH32LHY, ABJIEHHe BO3XYXA ¥ TEMNEPATYpy M BMECTE € TeM BeCsulki
Beero Ui 1,5 k2, ABASACTCS Uy 10M COBPEMEHHOTO 3ME PUTEILHOL O HCKYCA
ctBa). HanGonbwas gocTurnytas BeicoTa Gbina 28 wa. Ha ocropanmy naye-
pernii PereHepa Mbl MOXKEM B HACTOSIIIEE BPEMS MPOBECTY KPHBYIO, NOKa-
SHBAIONLYI0 MHTEHCHBIIOCTD KOCMUYECKIX Nyueil B 3aBHCHMOCTH OT BHICOTH
NOAHATYS Haj NoBepxHOCTbIo 3eMnu. Kpnbas Pereuepa gana va puc. 35,
rie Ha TOPY3OHTAIbHOM OCH OTINOXKEHB HHTEHCHBHOCTH KOCMHMUECKUX JTy-
ueif, HaMepeHHEIC WCIOM HOHOB, NPOW3BOAUMBLX KOCMHUECKHMH Ty uaMH B
cexyuay B 1 cm® Bo3fyxa, Haxo-

awnpenpe ASUCrocs NpU CTAHAAPTHOM JaBsie-
“r HMM U Temneparype. Ha Bepruxaib-
Ve HOM OCH OTTIOXKeHA BLICOTA MOLHSITYS.

N 250 B 1923 r. Konexep Tep pauam
W3yueIINe TIOrTIOEHMST KOCMUURCKIX

HATEHCHDHOCTE PA ALY nyucit BOZOK, OTIYCKAsl MOHW3AIMOH-

ok AT WY KAMEDY HA PAZHHE NMyGMHB B
¥ | pogy. C Tex mop otM MaMepemus
[POHU3BOANITUCD DASNNUHEIMY (U3UKA-
mn (Munnuxse v Kamepon B Ame-
pure, Meocog:kuti v Tyeum B CCCP,

METEQPHTS!

CTRITOCTAT CCCP.

2
20008 HAKOHCI Y)Ke yToMsIHyThIl Bepuro,
h KOTOPHI NPOM3BOINIT M3MEPCHUSA HA
pasHuX r1yfdnHax B PYHCKOM 3anuBe,
ONYCKAACh BMECTE ¢ NprGopem Ha noj-
BOAHOI AoAKe). Pexopa rnyGunst npu-
01 NECHETSIE

HAJNENHUT 371ECH TOMY YKE CaMOMy Pe-
reriepy, KOTOPOMY, K&K MBI TOJIbIO-
apereLt UTo FOBODHIIN, NPHHQINIEXUT U pe-
Kopa BBICOTH: B 1929 r. Pereuep
TOrpy3un aBTOMﬂTl/]‘{CC}.\’VIﬁ peructTpu-
pyromkil npubop B Bogy BoacHeKoro
o3cpa Ha rnyOuny 230 m. Okasanocs,
Puc. 35, YTO0 KOCMHYECKHE Jy4H, NIPOXOAA ve-
pes cmoit BOJABI, NMOIJOMIAKTCA TpH-
MEPIIO TAIK e, KAK ecaM §bl OHW HPOXOJMIH yepes IKBHUBANCHTHEI mo
Becy CNof Bo3fyxa. Mayueuwe noriomenns KOCMHYeCKUX Jyueli B CBUHIE
W B CTaJI¥ MOKA34/10, UT0 M 3/16Ch OHH NMOrJIOWAITCH MO AHANOTHUHCMY ke’
3AKOHY, T. €.:TPOX0Ms uepe3 | M CBUHIA, NOTJIOMAKTCSA COBE PIIEHHO TaK
e, KaK ecn 65! npount vepes 11 u Bogst (nmorHoCTH cBHHLA B 11 pas
Gonbie TITOTHOCTH BOABI) W T. A.

KaxoBa npupoga KocMudeckux nyueii? B uem pasragka 3r0ii saraaim?
B nepBoe BpemMs AyMami, uTo 3TH TAUHCTBEHHbBIE JIyuH, NPHXONANIHE K HAM
U2 [yOUHE MEDOBOTO NIPOCTPAHCTBA, IPeACTARASIIOT He uTC HHOe, KAK TaM-
Ma-Jlyu¥, HO TOJILKO ropasgo GoJiee yKeCTKHe W MPOBUKAIOUIVE, UCM CAMble
NpOHHUKaNIIHe raMma-nyus pajvoaKTUBIBIX BEIECTR, Ho YBEPECHECCTh B
NPaBUILHOCTY 3TOT0 B3rnana Ownna cunbHo mokone6nena, koraa B 1929 r,
Bore u Konpxeperep npHMeHMIM K H3yUeHMI0 KOCMUUECKMX Ayueli Tak
HashIBaeMblit ¢Meroj coBnageHwmiy. OHM BOCMONB3OBATUCH YPE3BLIYAIHO

27207 Q UlaFPUTER

sEPHTE

M 3N
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YyBCTBUTENbHON MOHU3ALMOHHONH KAMepoi, HasmBaeMolt cuerunkom [2ii-
rep-Mionnepa; 9Ta KaMepa AaeT 3aMETHLI MOHN3ALUOHHBIH TOK A2)KEe TOT A,
KOrja B Hee 1I0rajaer Xorst Ot 0fHa GhCTpast 3apshxeHHaA yactuia. Ilo-
CTABHB [Ba TAKHX CUETYHKA APYT HaJ ADyT oM, Bore n Koubxeperep Hanwy,
YTO BpcMsl OT BPEMEHW MOHM3ALMOHHBIH TOK BO3HMKAET B 060MX CueT-
YUKAX CPasy, KaK ecJii Gbl 0fiHA ¥ T4 JKe Ype3Bhbiuaiino GbICTpas 32 PsKEH-
HAA yacTuuad npoHusana 06a cueTduKa, NPOM3BeJsl MOHM3AUMI0 CHEPBA B
OZLHOM M3 HHX, 24 3aTeM Uepe3 HHUTO)KHO Manblii TPOMEXXYTOK BpeMeHH
(He HOAIAWINMHACA M3MePEHVI0) B ADYTOM CueTuuKe, Taxue «COBLANEHHS»
HOHHSAIHOHHEX TOKOB B 000MX CUCTUMKAX HE MOTYT ObTh IIPOCTCH CIy-
YAHHOCTBIO, HOTOMY YTO JJIA STOIC OHM LHPOMCXOAT CJIHMIIKOM YacTo.
TosromMy NPUXOJUTCA NPU3HATL, YTO0 B KOCMUYECKHX NyuaX, IPOHHKA-
IMX K HAM M3 MEDOBOTO NDOCTPAHCTBA, 1€ HCTBHTENIBHO CYILECTBYIOT BLICT-
phle 3apsHKEHHBIE UacTHIL!, 110 BCeji BUAMMOCTH 3neKTpoHul. Koria Bore
n KoabXepeTep NOMECTHIN MEXAY CBOMMH ABYMS CUETUHKAMH 307I0TYI0
IUIACTHHKY TOMIMHOYN B 4 ¢M, UuCII0 «COBNAAEHRIHY 3HAUMTENLHO YMEHbIIIN-
JI0Ch, TAK KAK YaCTh 3apsDKEHHBIX HACTUL, HPOU3BOASINMX «COBIA/IEHNUSY,
[OTJIOINAIACh TIPH HPOXMKAEHUA uepe3 mnacTuHky. B 1932 r. onmiTel
Bore n KonbxepeTepa GHIM TOBTOpeHL! Poccy, KOTOPHI HABMIOAAT IOrI0-
IeHHe YacTHII, 11POM3BOASIIMX (COBNAAeHUA», B cBUHLUR. OH 00HADYKIN,
YTo CYUIECTBYIOT YACTUIIE, KOTODHIE B COCTOSIHUM MpPOM3BCCTH HOHU3AIUIO
B O/IHOM CUeTUMKe, NPOMTH nocae 9TOr0 Uepes Memposyr TONIY CBUHLA K
3aTeM IIPOM3BECTH HOHU3AMMIO B APYTOM CUeTUMKE (C TOUKH 3PEHMA IKCMe-
PHMENTATOPA BCE ST MPOHMCXOJMT IPAKTHUYECKH B OJMH M TOT JKE MOMEHT
BPEMEHH, TAK KAK CKOPOCTh TAKHX YACTHIL OrpomHa). Tlons3ayncy Teopuelt
NOTTIOMCHUST OUeHb OBICTPBIX S7EKTPOHOR IIDH NDOXMKIEHKY YEpe3 TOANTy
MATCPUANTLHEIX TeJl, POCCH IOACUMTAN, YTO SHEPIHs TAKUX NMEKTPOHOB,
TIPOXOAAIMX UePEe3 METP CBMHL@A, NO/DKHA PABHSITLCS HECKONBKHM MHI-
JIHAPAAM SNEKTPOH-BOJLT. XOTA 10 pa3HbIM MPHUUMHAM, O KOTODLIX peub
Gyler WATH B JAILHEHMBX rNABAX ATl KHUKICH, CYIeCTRYIOMAsT (uan-
yecKasd TEOpUS B JAIHOM CNyyae OUeHb HEUANEKua, TeM He MeHeC 3TOT
MOPSIOK BeMMUHIEL G23yCI0BHO NDABMJIEH, U MBI Cpa3y BHIHM, UTO 3[ECh
dU3KKa BCTYNAeT B 0614CTh 3Hepriii COBepIIEHHO HHOTO NOPSIIKE, ieM Te,
C KOTOPBIMH OHA MMeeT JeJi0 IIPH H3yueHNU ATOMHBIX sijiep. Tam y Hac mo-
BCIORY ULd peyb TOJIBKO O MUJUTHOHAX 31EKTPOH-BOJILT, & 3/IeCh Mbl BCTpe-
UAEMCA € UACTMLAMHM, HMEIUIMMK SHEPIME NPHMEPHO B MHJUIAPI BOJILT.
O MHJLIMADPJL 91eKTPOH-BOABT — 3710 00,0016 spra: sro npumepro Ta
SIIepTHsl, KOTOPYW (PHOGPeTaeT rypbka B OAMH MHIIKCpAM, Mafidast ¢
BLicoTsl 0,02 M. He ouens muoro! Ho ans1 anexTpoua, y KOTOpOre Macca
paBua 9. 107 2, 310 oucHb comupHo. JIns Toro, urofbl ofnaparh snep-
rueii B IONMUIIHAPAA BOJIBT, BMIEKTPOH NOJDKEH JBMFATHCA € TAKOH CKo-
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8 1000 pas, 4To0bl 10BECTH A0 nO1yMuUIHAPAa). [TpoCTeHbKOR BRIUHCIEHHE
[OKAa3bIBAET, YTO CKOPOCTb MEKTPOHA ANS 3TOT0 JOMKHA OBITb npuliu-
suTenbHO Ha 0,00029%, MeHblle cKOpOCTH cBeTa, BOT € Kakum¥ OrpoM-
HEIMM CKODOCTSIMH JIBWXCYTCSI ONEKTPOHEI KOCMHuecKuX nyueii! Bore u
Hoapxeperep BLICKASANY THIOTE3Y, HT0 KOCMHUECKHE JIy Ul COCTOAT LeH-
KOM M3 TaKHUX JMEKTPOHOB (BO3MONKEH M TOT B3IJISIA, UTO Tam ecTb BCEro
MOHCMHOMKY — H 2JICKTPOHOB, W {-NYUCH, M, OLITb MOXKET, KAKNWX-HH-
Oynb Gotee TAXENBIX yacTHI). BrickasnBas cBO Funotesy, Bore u Koib-
XepCTep OCHOBLIBAJIMCL HA TOM, yTO MOIJIOLIEHNME B 30JI0TOM MJacTHHKE
AJIA YACTHLL, TIPOR3BOMSIIKK (COBNAJIEHHs» B CUETUMKAX, OKA3AJI0Ch TAKMM
)K€ CAMBIM, KAK 00Iiee HOFJIONieHMe BCeX BOOGIE KOCMHUECKHX JIyuei,
B CJ108 TOH YKe Macchl, H3MepeHHOE B IpyruX paboTax, 0 KOTOPBIX MbI PACCKA-
3blBAIK paHblie. K TaKoMy XKe B3TJISAY Npuiea u Poccu Ha OCHOBAHMH
H3MCpeHUH MOrJIOLIEHHS YacTHl, BLI3bIBAIOWKX «COBNAAEHUA» B CBUHIE.
Ho 2r0 MHEHME BCe e He ABJISeTCS MHCTBEHHO LONYCTHMBIM, TAK KAK
BCe-TAaKH Beflb BO3MOXKHO, YTO B COCTAB KOCMHUECKMX JiywcH BXopsT
W Y~1yUH, KOTOPHIE TOFJIOMAIOTCS NMPUMEPHO TAK )Ke, KAK ¥ JEKTPOHE,
BXOISIIME B COCTAB KOCMUUECKUX Tyueid.

UpesBhaiiHo Ba)KHEIE ¥ MOAPOGHBIE CBEJIEHHSI 0 3aPSHKEHHBIX YacTH-
11ax, BXOSILIKX B COCTAB KOCMHUECKUX Nyuelt, Aa1a kamepa Bunbcoua, aToT
3aMeuare/ibHblil npuGop, 0KasaBIUKil H3KKe YIKE CTOJIbIO YCIyT MPH H3Y-
YeHHH aTOMHBIX AfEp. [Tepsbie ONLTH [0 IPUMEHEHMIO Kamepn Bunbcona
K M3yUeHHIO KOCMKUECKUX Jiyuelt OLUIM npou3BeleHsl JIeHHHPAACKuM du-
3uKom  Crobeabybiibis.

[pousBofs Hayfauy pacIIMperue BHILCOHOBCKOM Kamepbl W Jenas
npu arom (ororpaduueckue cHuMKH, CxoenbibH monyuun B 1929 r.
CBbILIIE LIECTHCOT KIKINE, W3 KOTOPHIX 0KA3aJ0Ch 25 Co CieflaMn mporue/-
KX Yepes Kamepy ObICT pBIX 3a PAYKEHHBIX 4acTH L (CyAsT 10 TOMY, 4TO B Mar-
HMTHOM MoJie, pasHoM 1 500 rayce, mouTH BCe TPA3KTOPHH OTKASHBANKCH
CKONbKO-HHUGYb 3aMETHO HCKPUBJISTLCS, CKO0ENbUBII 3AKJIQUAI, Y4TO
3HEPrusl 9TUX EKTPOHOB, €CJIM TOJIbKO OHH 3MEKTPOHH, NO/KIA BHTb
3HauuTebHO Gosbme 10 MIH. 2I€KTPOH-BOILT). TpU U3 OTHMX KAMIe
conepykaiM no 2 rpaka (myTH), @ Ha OfUOM KJMINe ke OblTo 3 Tpaka
cpagy. ITpogomxan ary pabory, Cwobenblinin B 1932 r. mpusoguT cile-
pywmyo Tabanuy:

UHCII0 TPOKCB HA CRHOM CHHMKC. . .+ & . 4 o 0 1 2 3 4
YHCI0 TAKHX CHUMKOB .+ v o o « v 0w v v o v - 1700 123 14 8 1

CrepeoMeTpUYeCKOe 1CCie/l0BAHNE, OPOM3BEJEHHOE ¢ MOMOIbI0 TMpH-
Gopa Tlynbpuxa, [OKA3aN0, YTO BO MHOFHX CNy4yasix JBE TPAIKIODHH,
BHJWMBIE HA OJJTHOM H TOM K€ CIIMMIKE, DY BPOJOKEHHH HX B MPOCTpancThe
NEPECCKAITCSA ; HA TPEX CHUMKAX MOXKHO BHJETD, KAK 3TO O[ OHCXOUT B lei-
CTBUTEJIbHOCTH, TAK KaK 06a Tpaka, 06pasywolie napy, BuIXOAT U3 0fHO#H
TOUKU, PACIOJIOMEHHOMN B rase, HAMOJHSAIOUICM KamMepy. B HEKOTOpHIX City-
4asX TPOKM PACXO[s"CA M3 OJHOH TOUKH He MO HANPABIECHHI) CBEPXY
BHY3, A 110 HANPABEHN O CHU3Y BBePX (CrOOe/bIIbI 3AKIIIOUAET, UTO UHCTO
TPIKOB, UyLUMX CHU3Y BBEDX, BEPOATHO, COCTABIALT HECKOJILKO NPOLEH-
T0B 051l MHTencHBHOCTH). OCOGEHND HHTepecyua Ta eTHHCTBEHHAS (oTo-
rpadysi, HA KOTOPOH BHIHB CPA3Y SETLIPE TP31 A% CTEPROMETPHYECKOE
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P
M3yUeHME [0KA3AN0, YTO TPY TP3KA OTEECTEIANITCA B PA3HHX TOUKAX 0T
YEeTBEPTOr0 TPIKA, KAK OT 0LIero CTBOJA, IPHYEM PACTIONOMKEHNE BeTBeH
JOKA3blBAET, UTO UETBEPTDbIH TPIK SABNAETCSA CNEJOM ABHKEHHS 3apSyKeH-
HOH uacTwllbl, JeTAmeit ¢ OrpOMHOl 3Hepruel CHH3Y BBepX. AHaNOruy-
Hele $aKTH UaBMIoAANKCh, U APYTUMH aBTopaMH. [TpUMeHsIS OUeHb CHNb-
HbIE MarHATHbIE 01, YAAT0CH U3MEPUTh U JlIe Pritio BeChbMa GLICTPBIX Yac-
THL, TPASKTOPHU KOTOPBIX He XOTENH HCKPUBJIATHCS B MePEOHAYATLHBIX
onbitax CkoGenbubia. B Pocroxe (lepmanus) [layas Kyaye cymen paspe-
IIWTL BeChMa CJIOMKHYT0 3a/iayy oMY UeHUA 0AHOPOHOT0 MATHUTHOTO NOJS
B 18000 raycc B BMJILCOHOBCIKOH KaMepe, noMeryasLueiicss BHYyTPH MeRHOT0
conerHoua 0e3 »eJe3HOTO cepreunrka. Jiis toro, uroGsl AaTh npeacTas-
nenye 06 3KCNE PUMEHTANILHOM CTOPOIe 3T0H pafoTHl, AOCTATOMHO CKA3ATh,
YTO A8 Hee GBUM npejoCTABNEHBI POCTOKCKON TOPOACKOM 3MEeKTPOCTAH-
nuMeil ABa PTYTHBIX BLINPAMHTCNA, Aakabline B conenong 1 000 ammep
npy HanpsiykeHd 500 BonbT (uroro pacxoicBanock 500 KHMOBATT MoII-
HocTR). Bee 70 NpOU3BOJUNOCh, PasyMeercsl, B YTPeHHHE uacel. Cone-
nong Becom B 1 100 x2 HarpeBasics Ha rpayc KaXkryio CeKyHAY, HECMOTPS
HA BORSANOE oxJKnenue. [105TOMY B JeHb Hesb3S ObUI0 CHHMATH Gosblle
18 gororpadmil; mocye 3TOro COJIENOHM OXNANKIANCA LENbIe CYTKH. Beero
yaanoct cuats 90 dororpaduii co cnelamit LICTPEIX YACTUI; M3 Hux 61
KIUUIE COAePXXANe OJMHOYHHE TPaskTopuH, 13 cojepykano asoitinle, a
OJ[HO KIRINE MONYYUI0CH ¢ TPOHHLIM TP3KOM. Jns Toro, yrofbl [0 HAMpa-
BIEHUIO UCKPUBEHHA TPAIKTOPHH OTIPeE/IUTh 3HAK 3apAAa, HeoGX0auMmo
3HATH, B KAKYID CTOPOHY JBHTANAcCh N0 TAKOH TPAIKTOPHH 3apPsiyKeHHAs!
uacTHia, KyHne paomyckan, uTo Taxoe ABMYKEHHE MPOUCXOAHT BCEr/
CBEPXY BHHZ, yTe B oOlleM A0MiKHO ObiTh 0e3ycs10BHO NMPABWILHD A8
GLICTPLIX YACTHL] KOCMHUYECKOrO MPOHCXONCIEHUS, XOTS yIXKe M3 OMBITOD
CrobeblibiHA ABCTEYET, YTO B OTAENLHBLIX CJydasgx ObICTpPAs uacTHIA
MOJKET AEMIATHLCA BBepX (B 3TOM CiIyuae OHA AOMKHA OLITh CBA3AHA C Ka-
KHM-TO aKTOM B3aMMOJEHCTEMA NEPBHYHBLIX KOCMMUECKHX nyueil ¢ Be-
mecTBoM). Tlpy Tarkom npeanonoykeHuH KyHue Halgen, ¥To ero gotorpadme
cofepyKaT 41 nonoKHTENBHYI0 YaCTHIY, 28 0TPALATEILHEIX H KPOME TOrO
21 YACTUILLY € HEWSBECTHLIM 3HAKOM 3apsAga. Jlnst ToTo, uTo0bl NPH H3BE-
CTHOM 3Apsifie YacTHILI OfIpefleSUTh 110 KPHBHM3HE TPA3KTODHH e 3HEp-
THIO, HEOOXOAUMO CHEJIATH HPEANNA0KeHHE O BEMHUHHE MAcChl UACTHILH!
(M3MepeHMsl B MATHUTHOM 11076 JAXT HENOCPEJACTBEHHO JIHIIbL BETUUUHY

nve
Hp = — i
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e H — MarguTHOe [oJie, p — pajinyc KPUEUSHEL, M1 — Macca, ¢ — 33pan,
V -— CKOPOCTh YACTHIl, € — CKOPOCTB CEera). KyHue cunta, uro Bee
OTPHIATENLHBIE YACTHUB! ABINAOTCA JJACKTPOHAMM, @ RCE MONOMKHTCb-
HH€ — poToHaMu. [1pH 3TOM OH TIOJYE PKMBAN HEHAJEKHOCTB TAKOTG
NOMYIIEHWA B Cyuae MONOMWUTETbHHX YACTHI; N0 BHAY TPIKA HEABL3A
GHUI0 pemiTh OJIHO3HAYHO BONPOC O Macce, BonbmumucTBO vacTuy oxa3a-
N0CE 06NAJAI0UIMMHE SHEPIHeil 3HAUMTELHO MeHbIe UeTBeTH MUILIHAPIA
ANEKTPOH-BOJILT, HO Gbl0 1 GOJIbIIOR MUCJI0 YAcTul| ¢ 9Hepruedl nopsmxa-
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MWINHApa BoabT U Buiitie. HauGosblueil Heprueit U3 u3mepeHHbIX obna-
a7 O[MH SMEKTPOH ¢ IHeprueit 2,66 MIPA. BOJILT; CKOPOCTE TAKOTO QJIEK-
TPOHA HOMKHA OBITh BCEro UMb Ha 5Y, M B CeKyH[Iy MEHBIIE CKOPOCTH
cBeTa. M3 yacTHil, NyTH KOTOPLIX HE YAANOCh MCKPUBHTH Ja)Ke BOCEMHAL-
HATHIO THICSTUAMH raycece, Gblia OfHA, SHePrusi KOTOPOH (eciM OHA MMEET
MacCy SJeKTPOHA) HaBepHO Gosblme 9 MIDH. BOALT.

He Mmenee wuHTEpeCHBIE pe3ynbTaTel copepkana pafora Audepconda,
IPUMEHSABIIEro MarnMTHOE none B 17 000 raycc. Ha Tpex Thicsuax goro-
rpaduil oKasanoc, 62 TPIKA JOCTATOUHO JTMHHBIX JUIS TOUO, YTOUHI OLLiIO
BO3MOYKHO U3MepHTb KpiBu3HY. Hak 1 KyHie, AHepcoH CUHTa, uTo BCe
YACTHIBI HAYT cBepxXy Buu3. IIpH TaKOM MpeAmOiOYKeHHY OKA3anock, 4T0
U2 62 yacTHil CTh S8 OTPHUATENBHO 3APSUKEHHHIX M 24 MONOMUTETLHO
3ApAKEHHBIX (97IEKTPOHBL ¥ MPO-
TOHBI, KAK MpPefIoIoxun Aufep-
coH). Bonbmas ¥acTh 9mepruif
oKasanack Menble 0,5 mumnnrapaa
9AEKTPOH-BOIBT; MAKCHMAnbHAsI
u3MepeHnas sHepIusA OwIa OKOJIO
1 muanuapga Boabt. Tlpu arom
Ampepcon  HalNIofat TAIOKE M
TPYyNnbl TPIKOE H CTOJIKHOBEIUA
YACTH, KOCMUYECKUX JTyueH ¢ sif-
PaMH, IPHROJALIAE K ¢PacCesAHII0)
KocMuueckux nyueit. Ha noppoG-
HOM ONMCAHHH STUX ET0 PesyJsibTa-
TOB MBI 3][eCh OCTAHABIHEATLCA HE
Gynem.

JNanbieiiiiiee u3ydenue myTeH
3apSHKEHHBIX YACTHI[, CBA3AHHBLIX
¢ KocmuuecKoil pagmayuel, B Ka-

Puc. 36. Mepe BHALCOHZ TPHBENO HEOHH-

. JaHHO K OTKPHITHI) COBEPIIEHHO
HOBBIX SIBACHUHA, KOTODEIE NOJKHBI IPOJNHTH SIPKHMH CBET Ha MPUPORY
Kocmuueckolf pagmanmu, Jeras mnonayuuth OJHO3HAUHLIE OTBET HA
BOTIPOC 0 3NAKe 3APSHKEHHON UACTHIM!, TPOK KOTOpoil M3rubaercs B Mar-
HMTHOM nNojie, AHJEPCOH TNEPEeropoam Kamepy Buibcona CBHHIO0BOH
IACTHHKOH B 6 MM TOJIHMHB ; CIIM TPAIKTOPHS [IPOXOIRT YePes 9Ty mia-
CTHHKY, TO €€ KPUBM3HA (B MATHUTHOM 10JIE) [I0JDKHA YBEIHUNTRCA BCEl
CTBIUEC YMEHBIICHNSA IHEPTUH YACTHURL [IPH €€ IDOXMKICIHY YENES IacTug-
Ky. [losromy nanpapiesue ABHKEHHS yaCTHIE! BA0Jb TPIKA COBHANAET ¢
HATIPABNEHUEM OT MeHbIIeH KpPHMBH3HBI K GONbINel; 3HAsT HAmpaBieHHe
HCKPHUBIEHWA B 33JAHHOM MAFHHTHOM I10Jie, MO)KHO OTRETUTL HA BOIIDOC
0 3Hake 3apsfa. Takum ofpasom Ampepcou momyuun 2 aprycra 1932 r.
doTorpadmo TpoKa, MPOU3BeEIEHHOTO JBHKEHIEM TI0OKHTENLHO 3aPSIKEH-
KO wacTuyl (puc. 36); ecnu JONyCTHTH, YTO MACCa TAKOM YACTHIBL PABHA
MAcCe mpOTOHA, TO M3 KPUBHAHE! TPIKA MOC/AE NPOXMKICHHS UEPes CBHUH-
LOBYI0 IIACTAHKY BHTEKAJIO GBI, 4TO €€ IHEPIUA N0CI]E EPOXOKIEHUA uepes
9Ty mnacTuHKy paBra 0,3 miH. rosibT. [TpoTolt € Taloit SHeprueit Tepser
CBOI0 JHEpTHI0 BCJE[ICTBME MOHM3ALMM BO3MYXZ HACTOALKO GhICTpO (mo
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CPABIICHMIO C YACTHLIEH MaIOfi MACCHI, Jarourell TP3K TaKOM »e KPUBUBHM B
JTOM H¥€ MAIHWTHOM II0jIe), YTO IIOJIHAS ANIMHA IIpofera MoJkHA Obria Ot
OKA3aThCsl OKOJIO 5 Mu. Mexkay Tem, ReCTBUTENbHAS JUIWHA TPI3Ka, U3-
mepenuas 1o ¢otorpaguy, PeBOCXOANT 5 M OCITe BLIXOAA U3 CBUHIOBOH
TUTACTHHKM, MPUYEM SHEPrUsl YACTHUH HA ITOM TIYTH CKONBKO-HAOYIbL
3aMeTHO He YMeMbIUACTCS, Cy/Ast 0 TOMY, UT0 HE YMEHLLIAETCS KPUBM3HA,
TlosTOMy TIPHXOAMTCST MOMYCTHTD, TO MOJIOXKHTENBLHO 34 psHKEHHAS! UaCTH-
(a2, OCTAEMBLUASA CJie/l B Kamepe Buibcona, ofnazana Maccoii Bo MHOFO paz
Mepbulel, Yem Macca IIPOTOHA. AHIEPCOH ceslal IIPeANOJI0XKeHHE O TOM,
UTO 3T MACCA PABHA MACCe SNEKTPOHA M UTO 3aPs/ TAKOH UACTULBI, KOTO-
Py OH HAZBAN HOAOHCUMEALIIM IACKMPOHOM WK NMO3UMPOHOM, PABel
3apsARY HPOTOHA (coOGpaj)keHHs), OCHOBAHHbIE HA BHEIHEM BHIC TPOKA
W HA pasioCTH 000MX 3HAUeHMH KPUEM3HH [0 ¥ TOC/E TIPOXOMIEHMUs
yepes CBMHLOBYI IUTACTMIIKY, HO3BONMIN AHIEPCOHY YTBEDP)KAATb, UTO
Macca TO3UTPOHA He MOMeT NPeBOCKOAUTh MacCy 3eKTpOHA Gomee ueM
B 20 pas, a ero 3apsm He MOET TPEBOCXOUTh 3apsil MpoTona Gonee
uyeM B 2 pasa). [loaTomMy MOXKHO 3aKJIOUMThb, uTO Ha doTorpadun Anuep-
COHA TIOSUTPOH C JHeprueii 63 MJIH. STeKTPOH-BOIBLT [EPECEK CBUHLIOBYIO
NNACTUHKY W BRILIEN M3 Hee, 00Nafas speprueit 23 MiH. BOXLT, 3aMeTHM,
YTO MATHWTHOE M0Je B pafoTe AHIEPCOHA COCTARNISNO 0KoJ0 15 ThC. raycc.

U3 1300 ctororpadupopaHHBIX AHRepPCOHOM TPIKOE 15 HCCOMHEHHO
MIPUHAMUIEIKAT [OJIOMUTENLHO 33 PSOKEHHBIM YACTUIAM ¢ Maccodt masnoll no
CPABHEHAIO C MACCOji 1poTOHA. B NMpyrux ciiyuasix HeBOSMOMCHO YTBeDIK-
AaTh, YTO MACCA MOTOKUTENBHO 32 SHYKeHHON YACTHIIE MeHbLie MACCHI PO~
Tona. Ha Heworopeix qoTorpadusix BUAHO, YTO MO3UTPOHH  BHIODACH-
BAIOTCS BMECTE C APYTHMH YACTHLAMH; TAK, HAPHUMep, ABAEPCOH IMPUBO-
AWT CHUMOK, IOKA3BLIBAWMUM MeCTh TPIKOB, PACXOISIIKXCS H3 OLHOTO
MECTa CTeHKH KaMepRI, IIPH YeM M3 3TUX HIECTH TPOKOB OJMH SIBJISIETCS He-
COMHEHHBIM TPSKOM IIO3WTPOHA ¢ sHeprueil 20 MAH. BONRT, & 1BA SIBJSAIOTICH
HECOMHEHHBIMIL TPaKaMyu OOBIKHOBEHHBIX SMEKTPOHOB (Hee@mpoHos, KAK
HAZBIBAET WX AHEPCOH) C aHeprueil B 15 u 18 MiaH. BOJIBT,

O npHpofe ¥ NPOMCKOMKAEHUH TIOJONHTENbHBIX MICKTPOHOB AHpEp-
COH CueJi BO3MOYKHBIM CIERATh OJHO U3 CAEYIOIMX TPeX NMPEATION0KeHHH |

1) opy B3anMOIEiicTBHY C NMePBHYHLIMM KOCMHUECKHMMH JYUaMH IIpO-
TOH [PEBPAIAECTCH B [O3UTPOH, OTAABASl IIPH JTOM COOTBETCTBYOLLMI
130BITOK MACCH HA BTOPHUHOE FaMMa-H3TyueHue,

2) IlepBruHBle KOCMHUECKHE JIYyUM BHISHIBAIT UCKYCCTBEHHLIM pacman
HeHTpOHA, NPHYEM €CTh BEPOSTHOCTL TOFO, YTO DACHAJ [POMCXOIMT L0
thopmyne

HEHTPOH ~» OBLIKIIOBEHHBI MPOTOH -}- 0OLIKHOBEHHBIH 971€KTPOH,

1 eCTh BEPOSTHOCTb TOI'0, UTO OH IPOM20AeT 1o dopmyte

HeWTPOH —» OTPULATENLHEIR NIPOTOH -+ MOROXUTeNbHEH MIEKTPOR.

3) TlepBMuHBlE KOCMAYECKHE Jyud MPOM3IBOAST pPACHaj MpOToHZ Ha
HEHTPOH ¥ TOJNOUTENLHBIH 3eKTPOH.

TakoBo copepyxanue paBoTel AHpepcoHa, B pesynbTaTé KOTOpolt on
OTKPLUT COBePUIEHHO HOBHII BHA YacTMll, HHKOrJlda He BCTpeuapuinifcst
tdusnkam go cux nop. [Tpogomyxas aro ncenejosanue, AHpepcon g 1933 r,
TPUXOAMT K 3aKIOUEHMIO, 410 (ONbluasl HAaCTh, a BEPOSITHO JaXKe Bee,
TIONOYKHTENIbHO B3APFIKEHHEIE YACTHIE KOCMHUECKMX JIyueH sBIaioTCst
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NO3UTPOHAMM, M UTO DJIEKTPOHB! ¥ NO3UTPOHLL NPVCYTCTBYIOT B KOCMHYE~
CKMX JIy4ax B 1puG/IM3UTeILHO PABHBIX KOTHUeCTBaX, O CeACTBUAX OTHO-
CUTENLHO NPUPOALI KOCMUUECKUX JyueH, KOTOpBle OTCIOAA TOJyHaeT AH-
JepCOH, MBI PaccKaX{eM HECKONBKO AAsIbHIe,

COBepHIEHHO HE3ABUCHMO OT PLOOTH AHZEPCOHA (XOTA M ¢ HEKOTOPHIM
OTO3JaHMEM IO CPABHEHHIO ¢ HHMM) TOSMTPOHBEI GBIV OTKPBITHL TAKXe M
AByMA yueHuxamu Peseplopna Baikxemmom n Oxxogaunu B K3BeHauIeB-
ckoit naGopatopy 1 (Kambpunk). [peasapuresnbHoe co000WieHue 0 pabore
Anjepcona, npousBesenHoit B Ilacajene (KanuQophuus), nosBuaoch
0CeHbI0 19321., Ho B Hem He HbLI0 IpUBeIeHO HUKAKUX QoTorpaduii u BooGme
Bce ObLIO paccKaszao oueHb HenoApofxo. C omyGiMKOBAHHEM TIOAPOOHBIX
pe3ynbTaTOB AHNEPCOH He TOPOMMJICA, ABHO HE J0Bepsia camomy cebe.
Bojiee noppoGHoe cooGleHHE O CBOEM 3aMEUATELHOM OTKPHITHM AHfep-
COH 0ny6IMKOBAad NKMBL NOCJE TOro, Kak BecHoit 1933 r. moasusock B
JKypHate noupoHckoro Koponesckoro QOmiectBa mojipofHOe OmHCAHue
onbITOB Brskwerra u OKKbsMMHH. B 5TUX OnBITAX NPUMEHATIACH Kamepd
BisbCOHA, NOMEMIEHHAsi MeXy jByMA cuetudxamu [aiirep-Miwosepa,
KOTOpbIe OBUIM PACTIONIOIKEHDI TAKMM 06PA30M, UTO BCAKARA YACTMIE, IPO-
X0AsIAsn yepes 00a weTYMKA CPa3y, AODKHA Gbia Nepecedb OCBEUIEHHYIO
4acTh Kamepsl. Ocofoe aBTOMATHUYECKOE YCTPOHCTBO, KOTOPOI'0 MBl 3XECH
ONMCHIBATE He §yAeM, TPUBOIMII0 K TOMY, YTO PACIIHPEHKe KAMepH 1 (oTo-
rpadupoBaHie MPOU3BOAKNOCE ABTOMATUYECKHM B MOMEHT, HETIOCPEAICTBEHHO
CNeAyoUMid 3a TeM, KOl WACTKIIBI TIpoJieTany depe3 ofa cueTunka. B
3TOM 4BTOMATHMUYCCKOM YCTPOMCTBE M 3aKJIOUAsic CeKpeT ycmexa Biisk-
KeTTa ¥ OKKbSUIMHK : Bee TIpejBiAyIIMe UCCIeI0BANMSA ObUTH OCHOBAHE HA
TOM, UTO pacunipeHne Kamepsl Buibcona u QoTtorpadupoBaHie ee cofep-
JKMMOTO MIPOUSBOYUIOCH HAYAady , BCJIEICTBYE Yero 60IbIIAA YaCTh CHUMKOB
oxasblBanach mycroil (y Aupepcoua Tombko 29 dororpaduit copeprann
TPSKH AOCTATOMHON AAKHEY), Y BnskkeTTa e u y OKKbAIMHY cBHIUe 500
doTorpaduit us obmero wicna 700 mONYUKNOCH C TPIKAMK GBLICTPBIX ua-
cTuil. Beco npn6op Brokierta U OKKbATHHY IOMEIIATICA BHYTPH CONEHOKAA,
CrocoGHOro MOJL/LE PIKUBATD B IiaMepe MarHUTHOE Nojte passoe 3000 raycc.
Ha 759%, tororpacmit, cofe praliiux Tp3KH, 6T BUACH BCETO JIMIUb OJHH TPIK
04eHb GBLICTPOM uACTHLM, NMpoejIlell Yepe3 002 CUeTUMKA, DHEPTHA 3TUX
YacTHi (eciM CUMTATh HX ONEKTPOHAMM) GosbuIefl YacThI0 TPEBOCXOAMT
300 muH. BOIBT, UTO BIIOJIHE COOTBETCTBYET JAaHHHM MUMuksHa, Anjep-
cona 1 Kynue. Ha ocranpHeix 259, gororpaduii BUACH WK TPIK YACTHIDL,
He TpomeAied yepes 06a CUETUMKA, UK ke ABA 1 Gonee TpaKoB. OcofeHHO
UHTepecHBIMK sBNAIOTCA QoTorpadui, 1A KOTOPHIX BHIHO MHOIO TPIKOB.
Cpemu otorpadmit Baskxerra 1 OKKpATUHY ecThb 18, copepxamux Gosee
8 TPOKOB KaXaA; U3 Hux uetsipe Gotorpaduu copepxar Gonee 20 Tpaxos
Ka)kpasa, 3amevartennnolt ueproit rakix Gororpaduii, coaepwainux 6onmimoe
KOJIKUECTBO TPIKOB, ABJISIOTCA I'PY I YACTHIL, OPHIZKYILMX H3 OAHOH 1 Tl
e ueGombwol 06MACTH 8 BeleCTBe, oKpy)KawomeM Kamepy (puc. 37).
Bonbei yacTbio 0Giee HATIpABAEHE TAKOTO WIKBIIAY — 9TO HATPABJEHKE
cBePXy BHu3. KaroBa e Npipoaa uacTHI[, BXOA KX B COCTAB 3THX JINBHEH?

PaccMoTpum OFMH U3 NPUMEPOB, IPHBEACHHBIX BIOKKETTOM H OKKbs-
JyiHA. Ha cHUMKe nosyumiicsi MBeHs, COCTOAUIMIL M3 TP3KOB, GolibIuast
4acTb KOTOPHIX HE MCKPMBUJIACH, HECMOTDS HA HA/Muue MAIBUTHOIO MOJISA
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(oueHb GomblIasi SHEPrUsT UACTHL); HEKOTOPHIE »TPIKH BCE JKE MCKPHBH-
JucCh; U3 HUX YACTh B OJIHY CTOPOHY, & YaCTh B Apyrywo. Tax KaK B clyvyae
JIMBHST, UCXOAAMIET0 U3 O7HOH TOUKY UK U3 HeGONLIIOI 061acTUH TPOCTpaH-
CTBa, MO}KHO C GOMLINOY YBEPEHHOCTLIO CUMTATL, YTO ABHXKEHHE YACTULH
10 TPSKY TPOHCXOAUT B HATIPABJIEHHH OT TOUKH PACXOMKIEHHS JMBHS, TO,
CIIe0BATENMLHO, UACTL YACTHI] HECET OTPHIATENLHEI, a YaCTh 110JIOKHTE -
HEit 3apsAf. CpeAd TPIKOB € TIOJIOMKHTENLHBIM 3aPANOM €CTh, HALIDMMED,
opuH, y Kotoporo Hp =0,4.10% raycc. em. Ecan gonycTiTs, 4ro yacTuna,
BRI3BABINAS NOABNEHME TPOKA, MMENa Maccy NMpOTOHA, TO JAJMHA TPIKa
B BO3lyXe Ip¥ HOPMANLHBIX ycnoBuAx (0°C M 1 atd.) Ho/KHA ObLia
6u GbiTe 0,2 ¢, Meskay TeM, B neiiCTBHTENLHOCTH, ANHHA TP3Ka B
KaMepe COOTBeTCTBYeT 12 cM  Bozfyxa N

B HOpMaJLHLIX YCNOBMAX. $ICHO, uTo g .
YacTuya, BHI3BABHIAS TPIK U HMMEOLIAst
MON0XKUTENbHEIH 3apsajL, ¢61aJ1aeT Maccoit,
BO MHOTO pa3 MEHbIicH, uyeM Macca
npoToHa.

Beero 6pino najigeno 14 takux cny-
yaeB, KOFAA MOJOXKUTEJILHAST 4YacTHa,
3HAK 3apsfa KOTOPOH oOnperensicst B
CBA3M C ee TPUHAJNEIKHOCTBIO K JIUBHIO,
OKasblBasach MO JUIMIE TPOKA yYacTuIleit
¢ Maccoil HECOMHENHO ropPasiA0 MeHLImel,
uyeM Macca npoToHa. B OfHOM Ciyvae
yacTHna, He IpHMHAJNEXNAIas JIKBHIO,
npoilina yepes CBHHIOBYH TNJIACTHRKY,
KOTOpOit B HOKOTOPLIX ONbITaX Heperopa-
JKUBAZACh Kamepa; IIPH STOM MOJI0/KH-
TeNbHLl 3HAK 3apAga ¥ Manas Macea
yaCTHUBL GBLTM I0KA3aHEL TAKUM e 06pa-
30M, KaK B ONHTaX AHAepcoHa.

BrnokkerT U OKKbSUTMHE BLIIBHTAI0T
CUTIOTE3Y, YTO MOJNOYKUTENLHBIE UacTHIL, Puc. 37.

KOTOphe Habmoganuch AHAEPCOHOM M

KyHue, ToXe SBIAIOTCS HE MPOTONAMH, a TIOJI0YKHTE L HBIMU 3IeKTPOHAMH,
BLIPBABIIUMUCS B TAKUX JKE (THBHSX», 00pas0BABIIKXCA I/le-TO HABEPXY B
atmocdie pe. Buiskierr ¥ OKKbSUIHHM CYHTAIOT, UTO eC)iM Gbl STH HYACTHIbI
GELTH TPOTOHAMH, TO GBITO 611 COBE PIUEHHO HENOHATHO, HOUEMY CPEIM HUX 11e
PUCYTCTBYIOT TAKMKE U NPOTOHB C MEHLIIMME SHEPrUsIMH, KOTOLLIE MOT I
65 GLITh PACIIOZHAHE! N0 GObLICH HOHM3ALMY HA eIUIIHLY KL (TAKYe He~
COMHEHHBIE IPOTOHH! ecTh Ha ioTor padmax Basiwerra n 01w SIMHA, HO X
yucno Kpatine mano). [103roMy, BooOlue rOBOPS, BOIMOIKHO, YTO Cpefid Ya-
¢THIL C GOJTHINOH sHeprieit, BXOAAIMX B COCTAB KOCMUUECKOH pajuaiuH,
€CTh IPUMEPHO PABHOE UHCJIO MOJIOAMTENEHBIX ¥ OTPULIATeNILHEIX 3M1EKTPO-
HOB. MHOTHE U3 3THX uacTHI He ABJAITCA TEPBHUHBIMM, HO TPOHCXOAAT
W3 MUBHeH, BHIZBAHHBIX KOCMUUECKHMH Nyuamn. Kbl nuBens Moo
TPAKTOBaTh KAK KAKOH-TO AEPHBIH NPONECC, BLISLIBAEMBIHA KOCMUYECKHMU
snyyamu ¢ Gonbmuoit smeprueil. Takue siiepHLIE TPOUECCH (MOOKET GBITL,
KaKo}i-T0 HOBHIH BUJl PACIHETLICHUS A7) MPOUCXOAST B OKpy:alomel

\
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HAC MATEPUU C YacTOTOM; KOTOPYIO JIerKO TOACHYHTATh U3 9KCICDHMEHTOB
Bnokxerra ¥ OxkbANNHK. B 9THX OKCTIEDMMEHTAX JIMBEHb, COAEPIKAMINI
Gonee 8 4acTHIT, MOARNIACA IPUMEPHO pa3 B yac. Eciiy CuMTaTh, uT0 JKBHK
BO3HUKAJIM, TAABHEIM 06PA30M, B 4aCTH COJIEHOMAA, PACTOIOIKeHHOH HaJ
Kamepoil ¥ pecurmedt 10 k2, 1 ec/Ii BePOSATHOCTE TOTO, YTO JHECHD YIACTCAH
3acHATHL, parHa Yy, T0 370 AacT npumepro 0,1 THBHA B MuBYTY (Ha 10 xe
Men), T. €. YHCJIO JIMBHEH, pACCUNTAKHOE HA OLHO SAPO MeIH B I'OJ, PABHO
0,5.10721. TlonHaA 9HEPrUsl NUBHs, COAEPIKAMIEr0 GOJIBIIOE YACHO HACTHI],
no Biskkerty d OKKbslHHH, Gojiplle MHANHapAa BoawT (20 wactui ¢
anepruaAMil 110 100 MIH. BONLT Kaaas — BOT NpHMepHAas KAapTuHA Ta-
KOTO JTUBHST).

Kakosa ke npupoaa mupua? OOWAs KapTHHA ABJEHHS TAKOBA, UTO
yuacrue fAep B 00pa3oBaBuyu NUBHEH cOBepIIeHHO HecOMHeHHO. Ha nexo-
TOpeIX (ororpadusax Bnakkerra n OKKpSNMBE BUIHO A0 8 TP3KOB 1OIO-
JKUTENIbHLIX U OTPHUATENLHEX 9NEKTPOHOB, KOTODHIE BHIPBIBAKTCA U3
O(HOM TOUKH, MOKET GbIThb. 43 OJHOTO W TOr0 >X€ AApa M, BEPOSATHO,
R paBHOM uucse. OAHAKO HeT HAZOOHOCTH 06g3aTesbHO CUMTATh, YTO TIO-
TOMUTENLHEIE M OTPULATENbEBIE 3EKTPOHB, BHIDBAHHEIE KOCMHWECKOH
paguauvedt w3 axpa, pelfcTBUTENBHO CYIMECTBOBAJH E AApe A0 3TOTO IKe
NPOLECCd: BEXL OHM MOTJIM BTEpBHE BOSHUKHYTR 10[ BJMAHNEM KOCMM-
4ecKOi pamuaiu. Takad RO3MOKHOCTL MMeeT, HA NepRHIt B3rnaAi,
BeCbMA CTDAHHLIH XapaKTep; TeM He MEHEe, HA OCHOBAHMH TeOpeTHuUe-
cxux coofipakeHnit, 0 KOTOpHIX MH y3uaem B raape II1 sroit KHmKKH,
€ TaKo# BO3MOXKHOCTBIO HEOOXOAMMO CUMTaTLCA. 37eCh MHL (TpaHK-
YUMCA TIOK2  PAaCcCMOTPEHHEM SKCIePUMEHTANbHOIO MaTepHana, OTHOCHA-
MErocA K NO3UTPOHAM. :

Ananuanpys csou dororpaduu co cnefamm inBHeiy, BASKKETT U
OKKBAMHHY NPHULTH K 3AICTIONEHITIO, YTO MOSBJCHUE JHBHS 3HAUNTENbHO
HOBLIHIAET BEPOATHOCTD TOTO, 4TO B TO 3Ke Ccamoe Bpems nofnusocti Gy-
AeT HaBATECA U ADYTOlf MUBE BB, XOTS 0T EHTDA OJTHOT0 IMBHSA K LEHTPY
APYTOro COECEM He MJET HAKAKAA 3apshKeHHAs YacTHIA (e MOXKHO OLLIO
OfHAPYKUTE B Kamepe). TI0aTOMY CBA3b MeXKy JTHBHAMM OCYIIECTBIAETCS
HE3APMKEHHHEMA JIyyamy (y-NyuaMHi MM HeHTPOHAMH?) HApPUMED TAK,
4T0 NEPEUYHAS HE3APMKEHHAA YACTHIA, NPON3BE/ST NNBEHD, UIET AATbIIE
¥ TIPOM3BOAKT APYIOR JINBEHD.

BO2MOYKHOCTD BOSHUKHOBEHUA MONOXKHTEIbHHK 3MEKTPOHOB B Pe3yJib-
TaTe B3AWMOJEHCTBHUA y-nyuell uaKm HeHTpOHOB ¢ Maiepueil Obina
ITOLTBEPIKACHA ombiTamt Birokkerra, Uspeuxa u Oxkpanuuy. TomecTus ¢
BHYTPeHHEH CTOPOHEI CTEHKH Kamephl Buikcona eGoNbIyI0 CBUHIOBYIO
TNACTHHKY, OHU NOJIBEPrank ee JEHCTBII 10TOKA raMma-yueil i HeifTpo-
HOB, BLIPLIBAKIIMXC S B2 PACTIONIOKEHHOr0 BHE KaMeDHl NOpenapara fepui-
nus, GomGapaupyenoro anbga-4acTHnAMH. B uidcle 3acHATHIX TPIKOB (B
MarsuTHOM 110J1e 800 raycee) GbII4 U TAKKE, KOTOPLIE HECOMHEHHO MPUHAL-
JIEXATTE TIONOXKHTEILHEIM BJIeKTPOHAM, BBIPEIBAIOIIMMCS M2 CBMHIOBOH
TIACTHHKY. Hampaknienne IBHIKEHMS TAKMX GACTHI[ IO TPaKy OLMO oT
CBMHUOBOH IUIACTHHKH, yTO MOXTBEPIUIOCE K MpH TiePeropakuBaHuK Ka-
Meptl BUTBCOHA MCHBIM TUCTKOM. DHEPIUH TAKUX TONOUTeNbHBX SJeK-
TPOHOB, HE CBY3AHHEIX € KOCMUYECKMMM JIyuaMM, 3aMeTHO MEHbIle, uem
SHEPTHH TIONIOXKUTENBHEX DNEKTPOHOB B (IUBHAXY.
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U3 srux onwires BiskkeTa, Usasrka n OKKBSUIMHY el He BUIHO,
KAKHe MMEHHO JIYYHd BHISEIBAIOT IIOABJIEHNE [I03UTPOHOB — HCHTPOHB HIIH
7-nyyd. Bonpoc 6put BesicHen pa6oroit Kiopu-Y onuo, kotopeie Habmo-
HaNy NCTIYCKAHHC MOBWTPOHOB W 9J€KTPOHOB CBHHLOM, IIOABEPIARIINMCS
06Iyye IO TAKOM yKe camMoil CMeChl0 HCHTPOHOB W y-Nyueil, HCIYCKACMBIX
GepuiineM, KAk ¥ B onuirax Bnskxerra, Usasuxa u Oxxbsnudd. Korma
MEXM(TY STHM CBHHIOM ¥ HCTOUNMKOM HeHTpPONOB W y-NyucH BCTAaBMAIACH
l'lpOMe)KyTO‘IHﬂH CBUHUOBAS IINIACTHHKA B 2 cM TO.HIIIHHOﬁ, TO KOJHUECTBO
NONOKUTENTBHRIX H OTPHUATEBHBIX JJIEKTPOHOB, HCIYCHKAEMBIX CBUHIOM,
YMEHBIIATOCH TIOUTH BABOE. Mexay TeM U3BECTHO, UTC 2 €M CBUHIA IOTJI0-
malet Ha 509, y-JiyuM, HellyCKaeMele GepHiliieM, 1o BCero UL HA 129
HCTIyCKAaeMEie MM HeHTpPOHBI. OTCioHa SICIO, YTO OTBETCTBEHHBIMH 34 1O~
SIBNIEHHE TIO3HTPOHOB  SIBJISIIOTCS :
y-ayun. HKropn-Xonuo, a Taioke :
OJHOBDEMEHHO C HUMH W JApyrue
uccnenosareny (Matimuep v Qu-
aunn B Tepmannu, Andepcon |
Hedepmeliep B AMepHie) TIOATBED-
JHIH 3TOT pCSyJ’JbTaT, TIOKA34RB,
uto y-nyud Topusi C'' BHI3BIBAIOT
ofpazoBabye TO3UTPOHOB B pas-
HBEIX BELLECTBAX, NpH YeM TO3H-
TPOHOB TeM Gojbule, yem Gonblue
ATOMHBI IIoMep COOTBETCTBYHOMIETO
BemecTsa. [Tpn STOM IOBHTPOH 110~
SIBJISIETCST BCCPZA BMeCTe € 916K~
TpOHOM, HHBIMM CJIGBAMY Cpasy
ofpasyercs  «mapas, COCTOAlIAs
H2 DOJIOMKHTEJIBHOTO M OTPHIA-
TesbHOro anexTpora. Ha puc. 38
mokasaHo  0fpasoBanue  Taxoi
«lapkiy, B rase, HANOAHAIIEM Ka-
Mepy Bunbcona, B KOTOPOH Guino
MACHUTHOE MOJC: GHO 3aKPYTHJIO Puc. 38.

TP3K MO3UTPOHA B GJIHY CTODOHY, . ]

a TpoK OBLIKHOBEHHOrC 3MeKTpoHa B Apyryio. Hiopn-YKomio orxpbuin
TAaKKe ¥ TOT 3aMmevaresbibii $aKt, uT0 MOBHTPOHBl BO3HMKAKT M MPH
HEKOTOPHIX HCKYCCTBEHEHIX TpeBpalelnsix snep. [lpu Gombapauposie
anoMuBus, OepWinHst K Gopa a-uaCTHUAMH HabNIOAACTCS BOSHHKHO-
BeHWe TIOSUTPOHOB (B Cllyuae asOMuBus, GoMGapInpycmoro «-uacTH-
UAMM TOJOHMSI, BOSHHKACT OJMH NO3UTPOH HA KAKIbe 2 MWIIHOHA
a~yacrun). TTo Muenuio Kiopn-onmuo npu cToikHoBeHHH syipa Al ¢
4-yACTHIEH MOYKET MPOHCXOIMTH He TOMBKO peakiust Al?7 - Hed— 830
-+ H2, Ho Taioe n Al* 4- Het — Si* +-nefirpoH + nosutpon. To e camoe
oTHOCHTES M K GOpY: TIIpH CTONKHOBeHMU spa B c a-uacTHuel moder
{poncxomATh, N0 MHeHHo Kiopy-YHonuo, He rtonmbko peaxuust B 4
4 Het —~C¥+HY, no u B2 4 Het — C*® - Helirpou -+ nosurpou. *

* CM. DOCNHefHHI pasgen TPeTbell TJIaBHL
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Tlo muennio Kiopu-)KoiMo HMeHHO 3Ta TOCJAEQMAsS peakuysi, a He
B¥ -+ He? — N - uefirpon, 0GbsICHAET BOSHIKHOBEKHE HeHTPOHCB IIpH
gomBapmupoBKe GOpa w-yaCTHNAMH., MBl BHENM EbLINE, YTO SEAYEhLMe
Macchl HeftTpoHa, BbBefeHHOe Y3ABUKOM, OCHOBLIBANCCH MMERNO HA ITCH
nocsepHeit peakuuu. Ecau ske, KaK cuntaroT Kiopu-)Konuo, OTBETCTBER-
HBLIM 32 [105IBJIEHHE HEHTPOHOB SBJSAETCA H30TON B, To pacyeT macchi HefiT-
POHa, NPOU3BEIEHAbIE o peakimu BY® 4 He —» C13 - HeliTpou - mosu-
TpoH, Aaer AnsA 9TOH maccel Benuuuuy 1,011 (B eamumuax He =4),
T. €, 3aMeTHO OOMBIIYIo Maccy, yeM no U3nsuky. B Hacrosiuee Bpems elne
HE pelIeH BOTMPOC O TOM, KTO M3 HuX npaB, Kiopy-)Koauo nan YanBux.
B nonw3y Kiopu-)Kosmo MOKHO NpHBECTH T cocOpaskenye, yto sjnpo Be®
ABASIETCS YCTOMYMBEIM TI0 OTHOIUEHHIO K pacnagy Be® — 2He? 4 meiim-
po [npexkue nabnronenns (B 1932 1) Jawree; a v Pei mma, yTse pAIABILHX,
uTo GePUJTHIA HCIYCKAET a-yacTHubl, Bbiy 3atem (B 1933 r.) omposepr-
HyTH Xendepconom]. OTCIofa ciemyeT, 4To CyMMa Macc JBYX a-4acThy,
1 OAHOTO HefiTpOHA He MOMeT OBITL MEeHEINE Macchl sfpa Be?, a mo Yan-
BEKY OHa OKa3biBAETCS MEHbILe. DTOT MHTEPeCHb BOIIPOC 0 Macce HeHTpoHa
JIO CHX TIOp €lle HE paspelleH. 3aMeThM, 4To o YUaIBUKY Macca nefrpona
MEHBIIE, YeM Macca BOJZOpoAHOro aroma, a no Kiopu-H{onuo Gomblue.
Ecnu GBI MBl GbIM yBepeHbl B IIPHMERMMCCTH OGEIKHOBEHIION TEOPHMH OT-
HOCHTEJIbHOCTH K OTHMM SIBJEHHAM, TO Mbl CKasami Gbl, yTo no “sgsuky
BOAOPOAHMLI ATOM HEYCTOHYMB, CTPEMSICh MPEBPATMTLCA B HEWTHOH C
Bbifiene HMeM 3HepruH, a no Kiopu-YKosmo, HaoGopor, RefiTpoR HeycToRuUNB,
CTPEMACH TIPEBPATHTLCS B BOAOPOAHBIH 2TOM, T. €, PACIACTLCS HA WPOTOH
M 2neKTpoH. OJHAKC, TAK KaK 3A(Ch, BO3WOCHO, 3AKOH OKBHBAJIEHTHOCTH
MACChl M SHEPIUY HAPYIIAETCA (CM. HU3KE), TO BEPHEE BCErO TAKHX CNEICT-
BHil U3 Macchl HEHTPOHA BHEOJNTb HEJbLAA,

Bo BCsicom ciydae CBOfCTBO y-1yuell NpHBONHThH K ¢GpasoBaKMIo
«Tiap», COCTOSIMAX U3 ONCKTPOUA U TIOATPOHA, ABNsieTCS BNONHE J0KA3AH-
HeM aTom. C 3THM HaXOJUTCS TAKIKE B CBSI3W U TO ABUO H3BECTHOE 0G-
CTORTENECTBO, YTO B MEMENTAX ¢ GONbIINM ATOMHEIM HOMEpOM Y-JTyuH
MOrNOMAKTCA CHIBREE, YEM B 3MEMCHTAX ¢ MANKM ATOMHBIM HOMEPCM:
TAK KaK B 2neMenTax ¢ Oonbmrm Z ofipasyercs Gonblne «Imaps, TO siCHO,
Y10 1oGaBOuHOE TCrJ0WeNne y-nyueil B 3NeMeHTax ¢ Gonuum Z Bbi3bl-
BAETCS 3aTpPaTolf SHepruM Ha 06pa3onaHe «IaApy, YTO NOATBE[IKIACTCS W
KONM'ECTBEHHLIMK pacyeTamMu, Bosee noapofHoe paccMOTpe e BOIPOCOB,
CBSI3AHHLIX ¢ GOIBIIMM IIOTJIOMIEHHEM y-NYUeil B 3j1eMeHTaX ¢ Gonbmmim Z
TI0 CPABHEHMIO C TOTJiolenuem B 3nementax ¢ Hefonblmm Z, naiiger
cefe MecTo B cneflyioliedl rnase, OGpasopamie «maps TOJ JEHCTBHEM
y-Nlyuedt TO3BONSIET. BHOBh NOCTAaBUTb BONPOC O NPHPOAE KOCMMUYECKOro
usnyvenusi. Ansiepcon (1933 r.) Ha 0CHOBAHMM CBOMX HaGMIONeHMH, MOKA-
3LIBAIOIIX, YTO ONEKTPOHBLL M MOSUTPOHLI KOCMHUECKMX Nyueil BCTpe-
YaKTCA B PABHBIX KONMYECTBAX, NPUXOANT K 3aKAI0UEHNIO, UTO 1€ pRHYRBIE
KOCMHMUECKHE Nyul ABMNSIOTCS OUEHb HKECTICHM y-M3JIyuenyeM, a Habmlio-
JaeMble HAMU TIO3UTPOHBI ¥ 3NEKTPOHBI SIBNSIOTCS Pes3ynbTaToM 006paso-
BaHMSl «Napy TOA JeficTBHEM 93TOro y-uanyuenusi, OfiHaKo ruioTesa o
TOM, YTO NEPBHYHLIE KOCMMYECKHE NYUH MBASIOTCA Y-NTYYyaMK U YTO 3aps-
JKEHIIBIe YACTH L BOSHUKAT JIMLIb MOCTE TOTO, KAK NYUH NONATNH B aTMOC-
(epy 3emn H BuBBaNH B Heit 06pa30BAHMeE (NAPS, HATAIIKMBACTCA HA Ceph-
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€3HbIe 3ATPYyAHEHUsA, ECAu B NMepBHUHBIX KOCMHUECKHX JyvyaxX IPUCYT-
CTBY 0T 3APSUKEHHBIE YACTMIBL, TO MX TYTH JORKHBI UCKPUBJSATHCA 110
BJIMSIHHEM TOr0 MATHHTHOTO 1107151, KOTOPbIM OKPY)<eH 3eMHOji map. Ecnu
JKE TICPBUYHBIE KOCMMYECKHME JIYuH He OTJIM4AIICA 10 CBOelf mpupope OT
7-Jyuei, TO MATHATHOE II0JIE 3€MJIM He JOMKHO OKA3AaTh HA HANpABNeHKe
WX PACHPOCTPAHEHMS HUKAKOIO AeHCTBHS,

OKOHYATE/ILHOE PELIeHHE STOTO BOIIPOCA MOKET IATh HCCTIe/IOBAHME Te0-
TpaguuecKoro pacipesie)ieHis KOCMRUECKOH paanaimn. Tax KaK MATHATHOR
TI071e 3¢MNIK OUeHb €71a00€e, TO OHO MOJKET 3AMETHO HCKPUBIISATH TPAEKTOPHH
33PSUKEHHBIX 4aCTHIT ¢ HONBINOH 3Hepruedi AL B TOM Clyuae, ECTH OHO
IeHCTBYET HA 5TH YACTHIH Ha 0UeHb GOMBIIOM IPOTSIKEHIH IIYTH, HANPUMED
HA PACCTOSTHAY HECKONLKHX JECATKOB THICSIY KUJIOMETPOB, HO OTHIONb He
Ha IIy'TH B HECKOJIbKO ACATIOB KWJIOMETPOB (TOJIMHA ATMOCHE P}, HHUTOXK-
HOM TI0 CPABHEHKIO € pauiycom 3emau., Kak noxasan HOPEBEKCKRH mare-
matuk [lmepamep B CBOCH TeOPUH TIONAPHBIX CHSHUI, MATHUTHOE 1OJIE 3eMTH
JIOJIKHO IPUBOAUTE K TOMY, UTO TMOTOK IEPBHYUIIBIX 3aPSDKEHHBIX YACTHL,
JOCTHIAKIINX 3eMHOiT aTMocdie pbl, noMHKeH OBITH MEHee HHTEHCHBEH BOIASH
SKBATOPA, HEXKEJIM Y IONI0COB. JoNIroe BpeMsi BOMPOC O TOM, 3aBUCHT JH
MHTEHCHEIIOCTD KOCMUYECIKOH PaAHALHUY OT I'eOr pafuuecKol! MMPOTLI, 0CTa-
Bancs cnopuniM. B 1927—1928 rr, romsianackuit gusnk Kaed 8o Bpemsi psna
Toe30K 13 Tomnanauyn Ha 0. $IBY HALIEN, YTO WHTEHCHBHOCTH B SKBATO-
PUANBHBIX NIMPOTAX 3AMETHO MEHDbIIE, yeM B yMEpPeHHOM IOsice (pasHUIA
mexxay Barasueit n Amcrepiamosm, usmepensas um B 1930 r., cocraBnser
28,19%,). Ograxo MunmmkoH 1 KaMepOH He HaIlIM HHKAKOTO DASNUUMS B
HHTERCHBHCCTH MEXKY Uepuliinem (BOIM3K CeBEPHOTO MATHUTHOTO 110J110€2)
n TMacazienoii M MOYTKH HMKAKOTO PA3NUuUnA MeXAy Bomusueit n Kanngop-
mueji. Becuolt 1932 r. Knelt n Bepagee mponspenn HOBLE M3MePeHus,
CPABHMBAS HHTEHCHBHOCTH KOCMMHUECKHX Jyueil B AMCTepAame ¢ MHTEH-
CHBHOCTHIO HX B PASHBIX MeCTax Ha nyTy us l'enyn B Batapuw. Orasanocs,
UTO B TaKUX MecTax, KaK Kosombo niu Cuiranyp, MHTeHCHBHOCTD NPOLEH-
T0B Ha 16 meHbuIe, uem B AMcTeprame. CucTeMaTuuecKne HafiofeHns B
PAZHBIX MECTAX 3eMHOro wapa sexuch ¢ 1930 r. nox pyxosojcTeom A. X.
Komnmona, P. 7. Bennema w Juc. Y. Cmeprsq; matepuan, coGpaHubil
B psge dKcnepuuui B 69 pasnnynblx NyNKTaX 3eMHOTO Iapa, Ghin nopsi-
To)xeH KOMNITOHOM. DTH M3MepeHusi, KOTOpHE, IOBUINMOMY, AaloT Gomee
I MeHee OKOHUATENhbHOE PCIIeHUC BOMPOCA, NOKASHIBAIT, UTO MHTEH-
CYBHOCTh KOCMHYECKMX Jyuel TpubIusuTenbHO TNOCTOSIHHA K CeBepy OT
45° ceBepHOi MATHUTHOM IMPOTH M K KIy 0T 45° H0)KHOM MATHUTHOH M-
POTHI; B LIOSICE JKE, 3AKIOUEHHOM MEXKAY OTHMH HIAPOTAMU, HHTEHCUBHOCTD
najaer no mepe MPUOAHIKEHAS K MATHITHOMY 3KBAaTOPY Ha 149, nnist Touex,
PacnoNoKeHHBIX HA yPOBHE MOPs1, HA 227, Ha BricoTe 20000 M 1 Ha 339, na
BbicoTe 4360 M. OcobeHHO OHICTPO NMPOUCXOIWT CNAAAHNME MHTEHCHBHOCTH
Mexay 25° n 45° reomaruuTHOM UMpoTH. W3 BRuMcnenuii, nponseepen-
HBX Jem mpos W Baaaapma, SBCTBYET, WT0 TAKOE PACHpEfENIeHNE HH-
TeNCHBHOCTER KOCMHUECKMX Jiyueii MOj<eT OBITh OGBACHEHO, €ClH Aomy-
CTHTB, UTO NEPBUUHBIE JIyul COCTOSAT YACTbIO U3 3EKTPOHOB C JHeprueii
oT 5 ¢ 13 M/, ANEKTPOH-BONIBT ¥ YACTBIO U3 Nyueif, HA KOTOPHIE MarHHT-
HOE 110J1€ 3eMJIM HE OKA3LIBAET 3aMETHOT0 OTKIIOHSA IOIIETO AeHicTBYS (TaKHMU
Tyuam MOTYT GHITh M/TH CKTPOHB! ¢ BHEPTHEH CBhe 40 MIA. BOJILT HIIH
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y-nyun). JrH ganuble HOMITOIA [HeftaloT HOYTH HeCOMHEHHBIM TOT axT,
4yT0 B NEPBUYHON pajmanuy, NpuXogAeif W3 MHPOBOr0 npoCTPAHCTBA,
[PUCYTCTBYIOT MEKTPOHBI C AHEPTHeH B HECKOJIBKO MUIJUTMApIOE BOJIBT.

OjHAKO HADSZY C [IOTOKOM TAKWX 3apSOKEHHBIX YACTHI[ B KOCMAYECKHX
Jyuax MOKET IpHCYTCTBOBATh W MPEBOCXOAANIMIE €r0 10 MHTEHCHBHOCTH
doH y-nyued.

C ABNeHMEM IUBHEH», OTKPHITHIX BaakkeTToM M OKKBSUTMHHM MOBHAN-
MOMY TeCHO CBASAHO M JDYroe siBJIeHHe, BUEPBEIE 3aMeyeHHoe B 1928 r.
Togpmanom. OHO 3AKTIOYALTCS B TOM, 9TO EPEMST OT BPEMEHN MOHMBALNOHHA 1
KaMmepa O0HAPY)KMBAET BHEe3aNHOE YBeJHUEHNWE HOHH3AIUM BO MHOLO ThI-
51 pas. ITH «MOHKSAITNOHHBIE B3PBIBBIY HE NPOUCXOAST B TOM Criyuae, e
NOMECTHTh HOHMBANHOHHYW Kamepy B I'lyOOKOH INaxTe, T SIBIAETCS
yGeauTeMLHREM JOKR34Te TLCTBOM TO0, W20 3AECh MLI IMEEM A0 ¢ ddherron
KOCMMUeCKHX Jiyueit. Wmednxe v [undaep NOKA3aNH, YTO €CNM TM0GIH30-
CTH OT HOHM3ALMOHHON KAMEPBl HMEIOTCS 3HAUWTENILHBIE MACCH CBUHIA
WITH €CJIM 0HA OKPY)KEHA CIIOCM CBHHIA, TO UKHCJIO MOHH3ALMOHHLIX ¢B3PbI-
BOB» WNH 4(TONUKOB» B CYTKM 3HAYMTENLHO noBumaercs. OceHbid
1933 r. amepuxanckuil dusuk Jguep cymen HaSLOfaTh MONM3ALHOH-
Hblé B3PBIBDL ¢ IOMOIILI0 KaMepsl Bunscona, HauonHenkoi apronom. Oka-
3aJI0Ch, UTO B TAKOH KAMEPE NOABJSIOTCH TPSIH TOUL B TOUL TAKOLO ¥Ke
BHJA, KAK ecin Obl B KAMEPY TPOLMKANIM HeHTPOHBL (3TH TPIKH, BHI3BAH-
HHe AZPAMYA aproHa, KOTOPBIE MONYUHSIH CKOPOCTE TIPH CTONKHOBEHHH
¢ HEMTPOIIOM, MMEIT BCIEACTBYE CPABEHMTEILHO HeGONBINOH NITHMHBI NpPO-
GeJia M1 BEICOKOH MOHM3MpYIomeft CIOCOBHOCTH 511pa aproHa, CBASAHHOH ¢
ero GONBIIMM ATOMHBIM HOMEPOM, XaPaKTePHBI BUI «IYIUMHOKY). Tak Kax
B CAMHX KOCMHUECKHX JIyyax HeT HeiTpoHOB (uro 6bIIO A0KA3a1I0, MEXAY
NpoYuM, CENHAbHEIMU onbiTamMH Kiopu-Homno, nponsseie HHbIMH HA Bep-
mupe YOHrgpayiiox), To NPHXOAWTCH 3AKMOYUTD, UTO KOCMUYECKHE JIyYH
067121210T CBOJICTRBOM BBIOUBATL NEHTPOLL! U3 siep cBuHNA. Taioe HCKyc-
CTBEHHOE DACIIETJIerie, BBISLIBACMOE KOCMUUECKMMH JydaMH, NIPEACTaB-
JISIET SKCIIE PHMEHTAILIIBIA (AT 0T pOMHOH BaykHOCTH. HccnesoBanue aTorc
SIBIEHNST NPHBEJET, OLITH MOXKeT, K HOBBIM CEHCAIMOHHBIM OTKDBITHAM.
Mayuerne KoCMuYeCKHX Jyueit B HACTOsiiee Bpema GONbIe, yeM Kaxas-
o apyras obiacts GuamMky, 00emaeT CTATL MCTOUHHKOM JaNibHEHIIerc
pacilMpeHHsl HAIUMX 3HAHHE 0 CTPOEHMH BEIUECTBA.



TJIABA 1Tl
KBAHTbI
KBAHATBI CBETA

C TeX Nop KaK OTKPBIT CNEKTPANBHHI 4HANM3, H3BECTHO, UTO CY-
IECTBYWT CHEKTPAbHBIE JIMHHH, M0 KOTOPHIM MOYKHO 3aKJIOUHTh O [pH-
CYTCTBHM B COCTABE CBETSUUEr0CS T€J14 TOM0 MJIM MHOIO XUMHUECKOrD 3Jie-
menTa. Hanpumep, M3BeCTHAs >KeNTasl JIMHUS HATPUS MNOSBiIsAeTcs H B
CIEKTPE MAPOB YMCTOro HATPHA U B CNEKTpPe MOBAPeHHOH comu (coefuHe-
HUe HATPHSI ¢ XJOpOM) U T. A. OTCIONA MOYKIO 3AICTIOUHTD, YTO ITH CIEK-
TpaJbHHE JIMHHH MCIYCKAITCHA CAMUMH aTOMAMH JAHHOTO XIMHUYECKOTD
aenmenTd. [lo3roMy M3ydenHe CNEKTPATIBHBIX NHHUM JODKHO RATL KIIOY
K NOHMMABHIC YCTPOHCTBA €AMOT0O aToMa.

UeM XapaxrepusyeTcsl CeKTpasibHan Munua? Ee MoXHO Xapakrepu-
30Bath MW ee uacToTo# (wicioM woneGanuil B CeKYHAY) W )Ke ATHHOH
BONIHEL. Me)Xy STUMM [IBYMA BeJNUHHAMHU CYIECTRYET CBSI3b, KOTOPYI0 MBl
yoKe BHBeNM paHblle. Eciy 0G03HAUNTE AJIWHY BOJHLI B MYCTOTE Yepes A,
a JacroTy (uncyio KonefaHuil B CeKyHIy) uepes v, TO IPOH3BeJCHUE STHX
JIBYyX BETNUMH OKAKETCH COBEPLIEHHO OJMHAKOBLIM JUNsL BCEX CLEKTpPaslb-
HHIX JNIMHUH, 4 HMEHHO OHO GYIET paBHO CKOPOCTH CBeTa B IIYCTOTE:

c=hv=3- 10" cuyjcer.

B 1885 r. mBefinapckufl LWIKOJABHHEE yuntens LagoMep OTKPLUL
YAWBUTENBHBI 3aKOH, CMBICT KOTOPOro OblT TOJHOCTBIO OOBSICHEH
JIMIUb Yyepe3 MHOrO JeT. [efo B TOM, 4TO CPeAy NuHMM BUAMMOH vacTy
COJTHEYHOTO CIIEKTRA €CThb WYETHIPE JIMHWH ¢ ANMHOK Bomunl 6562,8 A,
4861,3 A, 4340,5 A n naxoren, 4101,7 A (A ccTb Kparioe ofiozHavenne
yuoTpeGis1eMOH CIeKTPOCKONMCTAMH eIMHHIILl RAUHBI, 1FA3LIBAEMOI «OHI-
CTpeM» ¥ PaBHOR OJHOM CTOMWJIIMOHHOM Aone canTumerpa. OTH derhipe
JIMHAM UCTIYCKAWTCS aTOMAMU BOLOPOAA, YTO JIOKA3BIBAETCS WX MPUCYT-
CTBHEM HANIPUMep B CNEKTPE JMEKTPUYECKOTO pa3psia, [poLYCKaeMoro
uepes pasperKeHHBIH BOJOPOI. Banbmep HAINEN, YTO eCHM B BRIPAKEHHU



156 faaea 11l Keanms

nonoxuts R = 109678 u japaTh BesuuMHe 1 lesible SHaueHHss 1 =3,
n=4, n=>5, n==6, a nocre 3TOro JeNMTb 1 Ha NOJyueHEble YHCNA,
TO NOJYYaTCsl KAK PA3 YKASalHble YeTHIPe BOJOPOAHBIE JHHMM. ITO
PABVIIO0 YKA3HIBALT HA TO, YTO MEYKIY YETBIPbMs BCIODOIEBIMH JIMHHAMU
CYIECTBYeT KAKAA-TO TCCHAS CBA3b: KAK rOBOPAT, OHM ¢OpasyioT cepuio
CNeKTPAJbHBIX JIHUiT, B ueMm ke 3aKJIIOUaeTcs 3Ta CBASh W ueM 00b-
ACHsleTCs 3aKoH Banbmepa? B 9TOM 3aK0Ee BCTPEYAlOTCS LiEJIble YHCIA
(7 IPUHEMAET TONBKO LEIbe 3HAUeHNs 3, 4, 5, 6), a 9T0 HE MOMKET HE ObITh
MHOrO3HAuKMTeNbHBIM, OTKPHITHEM CBoero szakona BanbMep NOCTABMI
(usHKAM 3arajiKy, KOTOPOH OHM JIONTO He yMmenu paspemuTs. [lopofnue
e 3ABMCUMOCTY OBUTH HAWAEHH B CNIEKTPaX ipyrux snementos. Iloscony
OKASLIBANVCH CTEKTPAJIBHBIE CEPHH, B KOTOPEIX HIPAET DOJib BCE TA HKe
noctosinHaa R = 109678 (Haspanuas nocTosikHol Pusibepra) v HeusGemHo
BCTPEYAKTCS LieJIble Yica. BhuIo SICHO, 4TO 3aKOHbI CHEKTPATbHBIX Cepuit
TECHO CBA3AHBI C 3AKOHAMYU, N0 KOTOPBIM YCTPOEH aTOM ; HAHTH 3T SAKOHBI,
pasofpath TAWHCTBEHHbIE IMCBMEHA CIEKTPAjbHBIX Cephit — BOT uTO
crano ofHOH M3 BaXKmeilux sanay GUsHKH,

B 1900 r. wisBecTunlit Hemenkuit pusvuk Makc TTAGHK BLIIBMHYJ CMe-
JIy10 THIOTE3Y, KOTOPASI, KAK MBI YBUJIUM HIDKE, M CTANA KITIOYOM K pasrajie
CNEKTPASIBHLIX Ve porandioB. I'vnoTesa 3axIouanach B TOM, UTO aTOMb] UC-
NYCKAKT JIYUYUCTYI0 SHEPIUI0 He HEMpPEPHBHO, & CKaUKAMY, T. €. BMOJIHE
Ompefie/IeHHBIMH «MOpLyAMI. Benuunna Kakaoii mopuuy 3aBUCKT OT TOro,
CKOJIBKO COBepIIaeTcsl KONeGaHuitB 1 cex. : IyuncTol 3HepruH KKI0H onpe-
JIENEHHO} YaCTOTHE COOTBETCTBYET CBOA BeNNYHHA 9TOH «IOPLUUY.,

Ecnu yactota paBHa v, TO NOPUMS JyuMCTOH SHEPrUH, COrJIACHO THOO-
reae [Tnanka paBHa fv, rie i — KaKas-To COBEPUICHHO ONpeJesieHHas H
OJMHAKOBAA LI BCeX UACTOT BenuuMHa, STa IOCTOSHHAS BEJIHUHHA
nonyuuna Haspamve rnocmosuied Ilaguxq; TOPLHM MyuHCTON SHEpPrun
GbUT HA3BAHBL weaimami. Takum c6pasom Ha pyfexce ABYX cToneTHit
6bina CO3RANa TEOpUsl, KOTOpoll GbIIO CyrkAeHO nmpecGpascBaTs BCIO Pu-
3UKY, —Teopus KBaHT, ['unoTesa [1nasxa 6118 pasBUTA IpyTHMH Y Y€ HbIMH
B ocofenxocTy DlumuTeiinom, Kotopuiit (B 1905 r.) EBLIBUHYN THNOTE3Y
0 TOM, UTO JIYUMCTAsi DHEPrylsi He TONBKO MCIYCKAETCS ONPEAE/eHHBLIMH
AOPUMSIMH, HO TAK)KE U PACTIPOCTPAHACTCS B IPOCTPAHCTBE B BHIE OTJENb-
HBEIX CBETOBHIX KBAHT, KAK Gbl KOMKOB JIyUHCTCH OHEPTUY, H NOTIOILAETCH
TOE Cpa3y HeNbMH KoMKamd. Haunyuumim noprBepensem B3rmsua
JHHITe{HA CAYMUT TAK HA3HBACMBI «(OTOONEKTPHUECKU ddipeKTy,
KOTOPBI BMECTE C TeM ¥ JIACT OfMH H3 JYUIINX CII0CO00B H3MepEeHUST «Iio-
crosinnoit [naukas. PoToaneKkTpuuecknil a¢deKT npecTaBIsIeT siBICHUE,
OTKPBITOE €llle B NPOLITIOM BeKe Y 3aK/I0UAKiieecsa B ClefyICuieM: eClM Ha
WICTYI0 METAJUIHUECKYIO NOBEPXHCCTh MAJ@IOT CBETOEBLIE JYUH, TO H3 Me-
Tanfa HAuMHAKT BHPLIBATECH 3JMEKTPOHBI; CKOLCCTh, ¢ KOTOPCH BELIE-
TAI0T 3TH 3NIEKTPOHD, SABUCHT TOJILKO OT POjid METANNa ¥ OT YaCTOTh naja-
IOIEro CBETa, HO COBE PINEHHO He 3aBKCHT OT CHJIbI 9TCTO CBETAa, DTOT3AKCH,
COBEPIIEHHO HeOGBSCHUMBIH C TOUKM 3TeHHS IPEXENX NpefcTaBilenuii,
Hamen B runorese [Inanka w Diimmrreifna camoe mnpccroe COBACHEHMe:
ecny o6osHauntk GyxBelt P pabory, KOTOpYIO HYYKHO 3ATpaTHTh ISl TOTO,
uTOGLI BRIPBATE 3/1EKTPOH U3 METANIA, TO IHEPTHS KBAHTA MJET 0TUACTH HA
¢oBeplteHye 9Tolf paboTH, OCTajbHAS e YACTH BHEPTHM KBAHTA VJET Ha
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coofinenre 3IEKTPOBY OHEPTHH JBMMKEHMS (KMHETHUECKOH SHeprum).
Ecnn 0603HaunTh 3Ty KUHETHYECKYIO 3HEPrHIO GyKBOi K, TO MONyuHTCS
COOTHOLIEHNE ’

K=mh—P,

HA3BBAEMOE COOTHOINeHMeM DitHmTelina. Bermunna P Gyxer pazHOf ans
PA3HBIX METAJIIOB, MO3TOMY OHEDrus IBHIKEHHS OJIEKTPOHA (A 3HAuMT 4
€ro CKopacTb) GyAeT 3aBHCETh TOJILKO OT POAA METAJUIA M OT YACTOTHI KoJie-
Ganuil. KuneTnueckas suepris aNeKTpOHa MOYKET GbITh MSMEPEHA (MBI BH-
JIeNR BO BTOPOH [NaBe, KAK MOYKHO M3MEPHTDL CICOPOCTL MEKTPOHA, & TAK
KA er0 MACCA HAM Y/Ke M3BECTHA, TO OTCHlA MOYKHO BEIYMCINTE M KHHE-
THYECKYIO0 BHEPruio), DTHM 06CTOATCILCTBOM BOCHONL30BANCA MUIIHKOH
JUIA n3Mepenns noctositoi [Inanka. B ero omuTax BLIPHIBAHKE 3MEKTPO~
HOB MPOMCXOAMNIO M3 MOBEPXHOCTH METANNA JINTHS; €CJIM HA ueprexe
OTKNAABIBATH MO FOPM3CUTANbHOR OCH 4acTOTH TeX Jyueil CBeta, KOTO-
PHIMH OCBEIANICA METanja, a [0 BEePTHKANLHOM OCH COOTBETCTBYIOIIYIO
BeJMUUHY KUHETHYECKOH dnep-

ruy, TO 1o opmy e Junrrelina 55 60 6570 75 80 8 90 95 10010511015 120135 S0
v

CBSA3b MEyKLy HMMM [pejJCTa-
BuTcst upsiMoit Jmenedt, Ha 16 =
puc. 39 npuBezien uepTex, mo- 1
JYdeHHBI  MIIUTHKOHOM;  H3- Zj P
MepeHHHe MM 3Hauenus Have- ] -

CeHBl B BHJE KPYXKOB. Mer L1

BHIMM, UT0 TH KPYXKKU Tpe- g L

KDACHO YKNAXBBAIOTCS HA IPSi- 47 n

Myi0 JIMHMIO, ueM M TOATBEP- (6
JKIAETCS COOTIOIIEHNE  DifHIl-
Tefina. M3 wakmoHa oT0i mps-
MO MOMCHO BLIBECTH 3HAu¢HME
noctosipnoit [nanka. M3 aTux ONEITOB MuIMKaHa, a TAKXKE W3 Ipyrux
nozo6HLIX ONBITOB BHITeKAeT, 4T0 mocrosinnas Ilnamka paBua

Puc. 39.

h==6,55+107%" apr-cex.

Orcolia MOKHO BRIMMCANTH H BEJIMUKHY MOPLuil SHEPTHU ANS Kayioit
YacTOTH ! HATIPMMED, AJis nyuelt seneHolfl wactu cmexTpa A = 5000 A =
= 5.1075 ¢a, cefloBATeNBHO M2 GOPMYNBl ¢ == kv BBITCKAET v =: 6 » 104
Kome6anuil B ceKyHIy (CKOPOCTb CBETA ¢ paBua 3 « 10% ci/cer); uosromy
KBAHT 3HepUMY AJist oTHX Nyuedi pasen hv == 3,9 « 10712 apr,

Kak creyer MOHMMATh 3TH CTPAHHBIE COOTHOLIERHA? DNEKTPOMATHNT-
Hasi TEOpWSI CBETA, KOTOPAA MPEACTABISICT Ce0e CBET KAK SIeKTPOMArHUT-
HbiE BOJIHL, CTPOr0 MOMYMHSIINMECH 32KOHAM, YCTAHOBJNEHHRIM Mawkc-
BEJJIOM, HE 3HACT TAKHX MOHATHH, KAK «KBAHT HHePrUMy Jyueit C KAHHOH
aanuoii Bonuel, Ho dorosnextpuveckuil adiheKT mponcXomuT Takum 06-
pazom, KaK ecn’ OBl 3JEKTPOMArHWTHAA TEOpHsl CBeTa Oblla HeBepHA.
OH HeBONLHO BRYIIAET PH3HKAM MEICIL O TOM, YTO NYYHCTAs! SHEPIHs pac-
NPOCTPAHSAETCS B MPOCTPAHCTBE OCOGLIMM NOPUHAMH, (ATOMAMH CBeTay,
CKOMKAMM JIyUHCTO SHEPriHy HIIH, €lle KOPOUe, «HOTOHAMNUY, KK HX Npu-



158 laasa 1. Ksanmol

HSITO Ha3blBATh. DHEPrusi KAKA0re OTOHA paBHA Ay, Tjie /i — IOCTOSiHe
Hast [l1anKa, a v — qacTord Kojebanuit 91000 BHAA ayueit. Taxas reopusi,
COTJIACHO KOTOPOTi CBET COCTOWT M3 OTAENbHBIX (KBANTOB CBETa» HIIH «(OTO-
HOB», OYeHb CMJBHO HANOMHIAET CTAPYI0, BOSHUKIYIO eme B XVII Bewe,
«THIIOTe3y UCTeyeHHsis, KOTOPASA PACCMATPHBANA CBET KAK NMOTOK 0COBHIX
4CBETOBRIX YaCTHL», HCIIYCKACMBIX CBETAIUMH Tenamu. ITa runoTe3a,
KOTODAsi MMeNa B yHCJIe CBOMX CTOPOHHMKOB HbIOToHAa, GBI OKGHYA-
TEJILHO OCTABJIeHA (usuKamy B pauane XIX cr., xorma ®pedens, 10
H 1p. TINATENLHO M3YUUNHA MIIGFOYHCIHIILIE SBICHN T }/IHTep(l]epeHLlHH U
TOJISIPUSALE CBETA, COBEPIIEHHO He YKJIATHBABINMECS B DAMKH Hpeji-
CTABNEeHUl THHOTe3H HCTeUeHMsi, HO CUEHL XOpOINO OGBSCHSBINHeCsT ToH
TOUKOH 3pEeHus, YTO CBCTOBLIC sBIIEHHsA IIPEACTABIIAIT pPACTPOCTpAHEHLe
B IIpGCTPAHCTBE KAKHX-TO TIOTIEpEYHBIX BGJIH, T'unotesa NCTEYeHMST, Ka-
3AN0CL, VKe OBIIA CGKOHYATE/ILHO NOXOPOHEHA M 3a0bITA, KAK BIpPYT, B
XX CTOneTHH, OHA CHOBA LPUBIEKNA K Cebe BIIMMALNE, NIIPARJA HE COB-
ceM B Opeikieil GopMe, 4 B 1eCKOBKO MOLepHU30BAIIHOM BHjle — B BUe
THIOTC3H «(IOTOHOBy. PH3UIKA NOTAA B Ype3BHUAHHO CTPAHIIOE TIOJIOME-~
pue. C ofaH0H CTOPOHE MHOTOUNCTCHHLIC SIBJIEHHS HBTepQepeHINH, TTOMs-
puzanyy, Iuddpaxiuy CBETd, MPOHCXOASAIHC B CAMLIX PasHOOGDASHBIX
0071aCTAX CHEKTPA, HAYMHAS OF JJIMHHBIX BOJH pajguorencrpada u KOH-
Has KOPOTKHMMH BGJIHAMH PEHTTE€HOBCKHUX nyqei/‘l, COBEPUIEHHO HEllByCMblC-
JIEHHO YIKA3HIBANN HA TO, 4TO CBET — IT0 BOJIHE, H IPUTOM BOJHEI JJIEKTPO -
maranricli npupogsl. C Apyrofl CTOPOHH sBjleHME (OTOINEKTPHUECTBA
MPOUCXONHUT TAK, KAK eCJIU OBl CBET COCTOSLI He M3 BOJIH, 4 U3 yacTiL( ((oTo-
1og). [Jonyyurnoce BechbMa TsDKeI0e HPOTHEOPEUME: CBETY NPHXOANIOCH
TIpUITMCHBATL KAKYIO-To ABoHBYI0 IpHPOY, [OBOPUTE 0 IyasnusMe CBeTO-
BuX sibreHuil. Tlpn oTom ¢oroanexrpuueckuil adipeKr oKa3aNCs e euH-
CTBCHHELIM ABICHHEM, yxﬁBbIBﬁ}O]_uI/IM Ha TO, 4yTO B NpeXHHX BOJTHOBHIX npef-
CTABJIEHHSIX O CBETE HE BCE B no;m,mce. ,ua]!bHeﬁHISG HCCAeaoBaHue noKa-
34710, YTO MMEETCst M UMbl psIfl ApYTHX SIBJICHM}T, KOTODHIE TOMKE TPHUBO-
JSAT K OUPEAENICHUI0 0 CBETE, KAK 0 MOTOKE YacTui — (otoroB. Haubosee
HHTEPECHLIM K3 TAKHUX SIBJIE Ui TIPUXCOHTCA I[IPU3HATE TAK HA3LIBACMBIHT
aperr Kommrowa», oTKpurwiil B 1923 r. amepuxaHCKuAM (PHBHKOM
A, X. Komnmoros. Od HALIEJ, YTO TIPH PACCESIHUH DPEHTTEHOBCKHX JTyuei
HX JKeCTKOCTh (CHOCOBIIOCT NPOHWKATL BHYTPb TOTIOIMANIKX WX Tem)
YMeHblIaeTes, J1o stenenue Oputo o0psacHeHo I1. Jedaem n cammm HKomn-
TOHOM HA OCHOBE MPECTABJIEHNI 0 CBETOBHX KBAHTAX. HECTKOCTh PCHTTe-
HOBCKHX Jyyeit TeM Gojibuie, Yem Goblue ux yacrora. Korna KBadr peHr-
FEHOBCKUX Jyyel CTAIKKMBAETCSt ¢ JMeKTPOHOM M OTCKAKHMBACT OT HETG B
CTOpOHY (4 B 3TOM M 3AKJIOYACTCS SIBJIEHHE PACCESiHHS), TO IEKTPOH
TOME NPUXOJNT B JBUMEHUE, IPY YeM HA 310 TPATHICS UACTEL JHEpruHM ca-
MOCG KBAHTA. SHQDI‘I/IH KBAHTA [OJKHA HODTOMY YMEHBIUHIBES a4 3gaunr
YMEHBIIALTCS M YACTOTA : Beflb LJIST TOTO, uTo0Bl KBAHT CTAT MEHbIIE, HYKHO
uro0e YMEHBUIMNACK 4aéTOTd. 3HAYMT NOMKHA CTATH MEHBLIDE M JKeCT-
KOCTb. V3aMepedysl BNOJIHe HOATEEp/ILIH TAK0e OGBSCHeHHe He TONLKO C
KauecTBEHHOH, 110 M ¢ KONIHUeCTBeHROH cTroponn. [1ig Toro, 4rofLl NOHATE
GIiie KOMMYECTBEHIYI0 CTOPOHY OGBACHEHHsS KOMITOHOBCKOIG aferta
€ TOUKH 3PEHHS TeOPHH (JOTOHOB, HYIKHO 3AMCTHTH, UTO KAMIOMY (QOTOHY
LUPUXOAUTCS TPHIHCATL He TOJILKO DHEPIHIO, HO H KOJIUYECTRO JBHMCHUS.
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K aToMy Hac HeMuHyeMO IPHBOZWT TaK HASHIEAeMOE (AABJEHME CBETA» —
BECbMA Ba)KHBIH OKCINeDMMEHTANbHBI (AKT, BRITEKAIOIIMI M3 21eKTpo-
MACHUTHOf TeOPUY CBETa Y NOLTBEPIKACHHBHT TAKIKE M HETIOCPeACTBE HHBIMU
oKcnepumenramu (I7. H. JleGedes B Mockse B 1900 1.): CBET, IOFIOMAEMBbIH
Kaxoi-mufo MOBEPXHOCTBIC WM OTpAXAIUMilCA 0T Hee, MPOU3BOANT Ha
Hee JaBJIeHNE COBEPIICHHO TAKUM >Ke 06 pasoM, Kak SusTbADAHKI MIap npous-
BOAMT naBjienve Ha GOpPT GMILSIPAA B TOT MOMEHT, KOTAA OH OTPAXKAETCS
ot Hero. Ecin sepiasnblie, 0T KOTOPOTO OTPAXKALTCS CBET, MOXKET CBOBORHO
ABWIATHCH, TO OKO TIPHXOJNT B ABYIKEHME COBe PIIEHHO TAKHM »xe 06pasom,
Kax u Gopr Gwibsipga npuien OBl B ABMyKeHWE 1O BIMSHWEM yaapa co
CTOPOHD! GUIBAPAHOIO IADA, eCJ GB TOILKO 3TOT GOPT He ORI 3aKpEIUIEH,
3epranbie B onwtax I1. H. JlebeneBa, Takum ofpasom, npy Bsaumogeii-
CTBUM CO CBETOM TOJTyYaeT OT HETO HEKOTOpOE KOJIHYECTBO JIBMXKEHWA Y
3HAUMT CBET TePSIET 3T0 CAMOC KOMHUECTBO ABHIKEHHS, BHIXOINUT, YTO NOTOK
cBeTa 00/1afiaeT HEKOTOPHM KOJMYECTBOM ABMKEHHS. DIIeKTpOMarHuTHas
TEOpPHs CBETA, B MOJHOM COLJIACHH ¢ onbramk JleGemcBa M npyrux ¢uau-
KOB, YTBEP)KAaeT, 4TO KOJMUECTBO JABMIKEHMSI CBETOBOCG INOTOKA DAaBHO
SHepPTMM ITOT0 TNOTOKA, Ae-

JIEHHOff HA CKOPOCTE CBETA.

Bor nouemy u dorony, obna-

[arolieMy sHepruelt v, Heob-

XOAKMO TPUIIHCATE ¥ KOMH-
4eCTBO [JBWHEHWsl, paBHOE 8

>
oI

hy
- (4acTHO® OT JIEJIEHUS €ro

oHepruM /v Ha  CKODOCTH
cBeTa ¢). 3Has JTOT Pesylib-
TAT, MBIl MO)KEM OUYEHb JIETKO Prc. 40.

BBEIMHC/IMTD, YTO 1Ipousoiifer

NpH CTONKHOBEHHH Taxoro (oroHa ¢ »iexTpoHom. Ha puc. 40 wepHEM
KPY)KKOM H300pa)keH 3MeKTPOH, KOTOPHE R0 CTONKHOBEHMST MMeJ Ha-
CTObKO HeGONBINYI0 CKOPOCTb, YTO N0 MOMHO TIPAKTHYECKH CUMTATEH
wenonpimxuemM. Crpeskoit AB 00603HauYeHO KOJMYECTBO ABMIKEHUS, TpU-
HaUTeM@BIIee QOTOHY 10 CTOJIKHOBeHUSA. [1peANONIOUM, UTO OCTE CTOMK-
HOBEHHA (OTOH HMeeT KOJHUECTBO ABHIKEHHS, KOTOpOE (O BEJIHUUHE ¥ IO
HARpaBIIeHNI0) H30GparkeHo cTpenkoit Oa. TTycTs TaroKe U 9MIEKTPOH Nocie
CTONKHOBCHMS HMEET KOJMUYECTBO ABIDKEHMST, KOTOpoe (110 BEJIMYMHE Y TI0
HATIPABNCHHI0) U200paxeHo crpenKoit 0b. HoauuectBo apwkenns, Kak
MBI 3HaeM, eCTh BEKTOD; TOITOMY OHO CKJIA[BIBAETCA TO NPABHIY napaln-
Meslorpamma; ToJHIas CYMMa BCEX KOJTHYeCTS IBMXKEHUSI (M 3]eKTPOHA H
dorona) mocKe CTOJNKHOBEHMA WM306pA)KAETCA AMArOHANbI0 TApAJLieNo-
rpaMma, TOCTPOEGHHOTD Ha Bekrtopax Oa ¥ Ob. STa anaropane A0/DKHA
BMECTe ¢ TeM OBITh PABHA KOIMYECTRBY ABHIKeHUs OTOHA 70 CTONKHOBEHHS,

A

T. €. —Iza, TIOTOMY 4TO Be[b KOJHUSCTBO ABMOKCHUS COXpAalisfeTCs, 8 3HAUMT
[4

OHO 11 He MOYKET H3MEHUTRHCH B PE3YLTATE CTOJKHOBEHWS (110 CTOJIKHOBE-

hy
HHSL 2IeKTPOH He HMeT HUKAKOFo KOJIHUeCTBA JABIHKEHHS, a HOTOMY -
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GBUTO TOMTHOE KOMHYECTRO ABWIKeHNA 00euX STUX YaCTHI 10 CTOIII(IIOBEHPU{).
HOI}YIIHQTCH BOT KaKoi Pe3ynbTaT: pMaroHanb napannenorpamma paBHA
‘

v : Iy
—;» OAHA CTOPOHA NMApPaILIENOrpaKma paBHaT (KOJTMUECTRO JBHYKEHMSI

(orona mocne cTOIKHOBEHNS, ecnM GYKBOH v 0603HAUNTH waCTOTY (HOTOHA
110C/Ie CTOJNIKHOBEHHS, T, €. 4aCTOTY STHX PEHTIeHOBCKMX Jyveit mocne ux
paccesnst), Lpyras e CrOPOHA napaisesiorpaMma paBHA KOJHUECTBY
UBIDKEHUST 9EKTPOHA TIOCNE TOTO, KAK OH CTOJNKHYJICS ¢ KBAHTOM M OT-
CKOYHJT € HEKOTOPO} cKopoctbio v. Ecan Tonbko 3Ta CKOPOCTH Mand no
CPABHCHEIO CO CKOPOCTHIO CBETA, TO TAKO{t (ANEKTPOK OTAAUMY NOXUHHSIETCS
NoC/Ie CTONKHOBEHUST 0OLIKHOBERHOH Mexanuke Hbl0OTOHA, a 3HAUMT €ro
KOJIMYECTBO ABMIKEHHMS PABHO MY, ECny Mbl U3 TOYEK @ U b OMycTUM Iep-
TeHIMICYIAPBL HA [MArOHaNb TIa pasie/iorpamma, To oa meprelauKynsapa,
ofo3naueHibie Ha puc. 40 myHkrupom, GyayT paBunl Apyr Apyry. Kak
32NUCATH ITO TMOCPEACTBOM MATeMaTHUecKoi Gopmys? Ecan Mbl 0Go3Ha-~
MM YTOJT MEXKTy Bexropom Oa M guaroHaner Gywsoit § (yron 6 — oTo
1 GyAeT TOT Yron, Ha KOTOPbIH USMEHHU/IOCH HAaIIpaBJjleHHe Nyueil B pesyb-
Tare UX paccesiHust) ¥ ecnu 0603HaunThL GYKBOH @ yrou MeXKLy BEKTOPOM
Ob 1 MaroHanbio, To PaBeHCTBO 0GOMX MePEHEHKYJISIPOB NpPUMET BHA:

. .
-C—sm d=mvsine.
Kpome Toro M3 aneMeHTapHOil FeOMETPHH MBE 3HAEM, UTO eCJW B3SITh
poeKuuu 0GeuxX CTOPOH NapasIeiorpamMma Ha HanpaBJICHHsI CrO JUAro-
. '
Hanu (OfHA M3 STHUX NPOeKIMi paBHA -, cos 0,a npyrast mv cos ¢), To Cymma
- v
9THX npoexnMil GyZeT paBHA Kax pas AdMHe AMATOUAIH - Hozromy :

R
e — — 05 O == mv cos ¢.
¢ ¢

C obenmu 3THMM (DOpMyNaMu Mbl cllesiaeM BOT UTO: MBI B KJKAOH M3 nux
M JIEBYI0 M NPaByIO CTOpOIy Bo3BefeM B KBAApPAT. JTo macr

2
l\th) sin 26 = m%? sin%o,
v '? v by (}p,’?
— | —2-——cost — | cost = m*2cos?o.
(c) ¢ et T meeste

Cno>kum Temeps 06 MONyUHBIMMeCH GOPMYJL [OUNEHIO: JIEBYX UACThb
¢ NeBOH}, a npaByw ¢ npaBofi. Tak KaK cyMMa KBAADPATOB CHHyCA M KOCU-
HYCa PaBHA eMHHIE, TO 3T0 HAM AACT OpMyNy

v \® r\? A
— 2y 2 0 = m2y2.
(c)+<c> ZCCcos m3y

Camute nerxue anreGpauueciie mpeobpasoBaHis NPUBOAST STO K Ciie-
AYILCHMY BULy:
g Ay )2
g — ( .
i (1 —cos 8) = m* ]
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BoT Karoe paBeHCTBO MOAYYALTSS Y HAC U3 PACCMOTPEHHMST TOTO Napan-
aenorpamma, KOTOPBIM BLIPAXKALTCH 3dWOH COXPAHERKS KONUUCCTBA JBU-
JKEHMSA. Ho KPOMe 3aKOHA COXPAHCHMA KONWUECTBA ABMXKCHUA €CTb U 3 -
KOH COXpAHEHUA JHEPIruK, I(OTOpb]ﬁ rOBOPHT B N3HHOM CNyude Cnenyin-
Hee: 3NeKTPOH NPHOGPe MOCje CTONKHOBENUMS] KHHETUUECKYIO JHepPruio
7mv2, 3HAUUT TOUHO TAKYIO YKE YHEDrHIO JOMMKCH G MOTepsTh QOTOH,
SHeprua (orona GblIa 00 CTOJKHOBEHHST pABHA v, @ CTANA MOCJE CTOJIK-
Hosemn hy'. [lostomy

, 1

Iy — Ry =—m2,

2
B npeamocnennedt hopmyne B OpaBofl YaCTH y HAC CTOWT Pa3HOCTh: H3
Ay — V)2 , mv?
5—— HO Tak kK for—hv =—

o 1 m*
B npeAnocaefucii Gopmyne papHo T v @ TOSTOMY €ro oTHOMIHHE K

v

2
YMEHRIIAEMOMY PABHO - - TAK KAK MBI 31Ch PACCHATPHBALM TOT CAYual,

m2Y? BRIUMTAETCS ( , TOBRIUHTAEMOC

KOFIA CKOPOCTD «dNEKTPOHA OTAAUH», OTCKOUMBLIETO [IOCTE CTOMCHOBEHUS ©
($OTOHOM, OUEHL Majia NO CPABHCHUIO CO CICOPOCTHIO CBETR, TO 3HAUMT Bbl-
YHTAEMOE €CTh COBEPILEIHO HUUTOIKHAA BCNHUMHR 110 CPABHETIHIO C YMEHb-
maemMbiM. HHKAKOH 3amMeTHOI OWMOKKM MEI He CleJdeM, eCIH TAKHM Bhltu-
TaeMbIM MEI IOIPOCTY TIpeHeSpeskeM. 210 faeT Ham Gosice npocTyio Gopmyy

v ' _ oag
277(1 cos 0)=m%3,

A TaK Kak
% m2=h —hv', T0o M =2m (hv—hv'),
OTKYAA s "
QE-B(l —cos 8) = 2rc rﬂt—ﬂ) .
c ¢ \ ¢

M3 3roi dopMynbl IOCPECTBOM OUEHDL MPOCTHIX ANrefpauyecKkux Bhl-
KJIaJOK MONYYAeTCs PesysbTaT:
Y

¥
Y

1+—:72(1—-cose).

Ira GOpMyNA MOIBONACT BHUMCIATL UACTOTY pEHTTEHOBCKUX nyvelt,
pacCcesHHBIX HA yroa 6 (T, e, OTKNOHEHHBIX HA yron § oT CBoero nepso-
HauyanbHOT O HﬂﬂpaBHEHMﬂ), €CNY TIePBOHAUANILHAS MX YaCTOTA Vv M3BECTHA.
TigatenbHpe O0bITH KOMITOHA € ouekb GONBIIOH TOUHOCTBIO TIOATBE PRUAH
NPaBUNBIOCTD 3TOH GopMynbl. (Mbl TOILKO-4TO BohBeaM 9Ty GOpMyny B
TOM [peanonoeHHH, uTo CKOPOCTh 3/eKTPOHE OTAauK OUCHb MAJla [0 CPAB-
HEHUI €O CKOPOCTBIO CBETA, HO B DPE3YNLTATE HEMHOTO GOnee CJIOMHBEIX
BLIUKC/Ie U1 OKA3HIBAETCS, YTO T4 yKe CaMast QOpMysa B TOUHOCTH BepHA ¥

CrpoeHMe BemieCTEA 11
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B TOM CJy4ae, KOrja 3jeKTROH OTZAYM IBHIKETCH € OueHb GOMBIICH CKO-
pOCTBIO, TIPH KOTOpOHl BMecTo KiaccruecKoll mexannku Hplotena npuxo-
JWTCSI TIPUMEHATL GOMee TOUHYIO MEXAHMKy MPWILEIA OTHOCHTEHHOCTH
OJitnmredia). Tor $axT, 4T0 CJEACTBUS, BHITCKAWOUME M3 TIPUMECHEHHS
3aKOHOB COXpaHEHUs SHEPTUH U KOJMUECTBA ABM)KEHHSA K (oronam, obia-

o Iy
JAIIKEM dLepruefl Av ¥ KONMUeCTROM ABMKEHHS - OKA3LIBAKTCS B

TAKOM XOPOIUEM COrMacky ¢ OTIBITOM, IIOKA3BIBAET, YTO B 3TUX MpPEACTAD-
JNIEHUSIX O CBETE, KAK COCTOAMIEM M3 TOTOKA (CBETOBHIX UACTHILY — (OTO-
HOB, €CTL SHAUMTENLHAS JOJS HCTHHBL

B 1928 r. copercknit guank . B. CxofensubH cymen ¥ HHHM Ny-
TeM TOATBEPAUTL CHPABENBOCTL TAKore Baryiara Ha addenTt Komnrora.
On 3acHsAN 8 KaMepe BULCOHA TPIKK BIEKTPOHOB OTHAYM, KOTOPHIE MOy~

Puc. 41,

) .
YanuCh MpU paccesHuy raMma-yuelt pagoakTWBHLIX BELIECTR B rase, Ha-
TONHAWILEM Kamepy (puc. 41). CKOpOCTL 3;IeKTPOHOE 0TIAUM H3MePsUTACh
N0 UCKPUBJIEHUIO UX TYTed B MATHWTHOM 1o 1e. Bee 3TV vaMepeHUs Croe.ts-
UBIHA TAKOKE 11CATBE PAUIN NPABHIBHOCTE IPUMEHEINIS 3aKOHOB COXpALe-
HiA SHEPIMK U KOJIMYECTBA JABIDKEHHA K CTOIICHOBEHUIO MEXIY (oronamu
M 9NeKTpPOHAMMY,

TNEPBOHAYANBHBIN HABPOCOK KBAHTOBOH MEXAHHKH
(TEOPHS BOPA)

B 1913 r. natckuit yuenwit Hiuase Bop, ®usmmit Torna B Amraum,
TOKa3an, yre BBEJEHHE NOCTOstHHON [INaHKA B MEXaHWKY JAeT Bo3-
MOKHOCTB 00BSICHUTL 3aK0H CriexTpasbHoil cepuu Banpmepa. Ilis atoro
Bop cenan cnepywmee npeamonoxenne. BOLOPONiEEi aTOM COCTOUT W3
TONGKUTENLHO 3APSHKEHHOTO sApa (NPOTGHA) M GErarollere BOKpYT
2TOro NpoTOHA OTPULATENBHO BapsHKEHHOTO 3MeKTpona. Tak Kak monHwmit
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3apajl aTOMa paBeH HyJIW, TO 3aPs/ POTOHA i 3aps), JJIEKTPOHA DABHB
no BeJIMYHHe, HO OGDATHH [0 3HAKY : 3APAJ POTOHA PaBeH - e, a 3apsf
9NIEKTPOHA paBeH —e. TaK KAK Macca 9MeKTPOHa, KaK Mbl BUARIH BO BTO-

" 1
PO Ir'naBe, COCTABRJISIET BCEro JIMIIb 1—8—46 Beeit macen BOZOPOAHOTrO aTOMA,

TO CJE/loBATE/ILHO B AApE 3aK/NI0UeHa NOUTH BCA macca arema, [Tosromy
SAPO MOYKHO CUMTATH MOUTH HETIOABI)KHEIM : 3EKTPOH BPALIAETCSt BOKPYT
SApa, KAK N7aHeTd BOKPYr CONHIE, PasHuLa JHlllb T4, YT0 NAaHeTa npu-
TArMBAETCS K CONHITY CHIOH BCEMUPHOIO TATOTEHHSA, MEXKIY TeM KAK AeK-
TPOH TIPUTArMBACTCA K 5IPY B CHAY TOr0, uTo 002 OHM 3aPSYKEHBI MEK-
TPHUECTBOM pPAa3HOI'O 3HAKA, d pas-
HOMMEHHEIE 9IEKTPHUCCKHe 3apsjbl
BCeTfla APYr APYra NpPUTATHBAIOT.
Jlna Toro, yToGH 9MeKTPOH MOT Bpa-
Marbea 10 Kpyry, HyHO, yToGbi
CUNA TPUTSDKEHUS], BO3HUKAIOMIAS
cornacHo 3axony Kysona, ypasno-
BEIIMBaNia LEHTPOGENHYI0 CHTy. Bo
BCEM HTOM TIOKA HET TPOTHBOpPEYHst
OfLIUHLIM NpaBUIAM MEXAHMKH, HO
K HuM Bop clenan Heo)xupaHHOe f10-
GasneHne B Buje CIEAyIOUIero mpa-
BHJIA: He BCAKHE OpPOUTHI ANIEKTPOHA
BOKDYT AJipa BO3MOXKHEL; AONYCKa-
W0TCSl TONBLKO TaKue OpGUTH, NpH
IBIM)KEHUH T10 KOTOPLIM NPOU3BENEHTE
CKODOCTH JMEKTPOHA HA €ro Maccy
W HA JUIHHY OKDYXKHOCTH (B Criyuae
KpYroeoit opGuTH) pasuo yeaomy
wucay  nocmosHubX  Ilaauka. 1o
npaBuio Bopa KaKeTes yAUBUTENb-
HBIM H CTPAHHBIM; HO €CJH CeNaTh
3TO JONYINEHHE K KpoMe TOTO NpHs Hurse Bop.

HSITh, UTO ONEKTPOH B COCTOSIHMHK

NepecKAKHBATL ¢ OXHOM «703BONEHHOMY ODOHTH HA APYrywo, TO Mil
CMOXKEM BHIUHCIUTH JTHHBL BOJH HCMYCKAEMBIX aTOMOM CIEKTPATLHBIX
nuHuit. EC/IM MSBECTHO KOJMUECTBO DHEPIUH, KOTOPOE aTOM TepsieT NpH
MepecKOKe SMEKTPOHA € OfHOH «03BOJIEHHOHS OpOUTHL Ha ApPYIYIO, TO,
DPAa3/IeIHB ITO KOJNHUECTBO BHEPTHK Ha NOCTOsIHHYI0 T1IanKa, Mbl TOMYUHM
4aCTOTy HCILYCKAEMOTO CBeTa (Be/ib NOTepsHHAsS ATOMOM dHEprHsl I0JKHA
6HITH WCTIYIIEHA B BHJE CBETOBOTO (KBaHTar). OT uaCTOTLI JIETKO IepeiTH
B K JJIMHE BOJTHEL, €CJIH BCIIOMHHTE 32BHCHMOCTE, CYIIECTBYIOLIYI0 MEKLY
ITHMH BeJMUHHAME.

TaKkM 06Pa30M BEUHCITIOTCA YACTOTHI CIIEKT PANLHEIX JTH HUH, MCTIyCKae-
MHX BOJOPO/HEIM aTOMOM. CaMO BEIMUCIIEHHE BECHME SIEMEHTAPHO H MOMKET
GITL IPOJIENAHO CIIEAYIOMEM 06pasoM: CHId, ¢ KOTOPOH SMEKTPOH NPHT~
rMBaeTCsl K APy BOJOPOJHOIrO aroma, pasHa (corsiacHo sawony Ky.ona)

2

¢
e TaK Kak 5Ta CHIa JoMHKHA OblTh DABHA NPOM3BEAEHHI0 MACCH AMEK~
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18
TPOHA 17 Ha €ro UEHTPOCTPEeMUTEIbHOE ycxopelme—r— , TO MBI HOJTyyaem

TepBOe  ypaBHEeHHe
m? e

rooor

K aroMy ypaBHeHMI0, B3ATOMY 13 00bIKHOBEHHOM K/TACCHUCCKO MEXAHNKN,
HeoGX0AMMO ROGABMTL BTOPOE yDAaBHeHME, NPEACTABASAIKIIEE MEPBYIO TO-
NHTKY BHAOH3MEHKTb KIACCIUECKYI0 MEXAHMKY HA OCHOBE TIPEICTABNEHUST
0 KBaHTaX, NEPBYI0 TOMNBTKY IOCTPOUTh HOBYI0 MeXAHHKY, KBAHTOBYIO
MeXaHHMKY, 3alaya KOTOpOi —- HCTOJIKOBAKME ABJEHHH, IPOMCXORALIMX
C 37IeKTPOHAMH, BXOIALIMMH B COCTAB ATOMOB, JTO BTOPOE YPABHEHNE, BBe-
AeHHOe [OpOM B KauecTBe IOCTYJIATA KBAHTOBO MeXaHMKH, LNacuT:

my - 2zr =nh,

TAe 71— HEKOTOPOE IE/10€ YMCNIO0, KOTOPOe MOMKET NpHUHMMATh 3HAUCHUS
n =1, 2, 3,... MraKk Mbl UMeeM [[Ba ypaBHeHHH

mer == e, mvr=n 5
Paagennus nepsoe us HUX HA BTOpOe, MBI IIONYYaEM
y 2
nh’
4 N0ACTABMB 3HAYEHHE V HATIPMMED BO BTOpOE YpABHEHHE, MH NOIYUYHM
nh?

r=—_.
4n?me?

Tax KaK 4ucno 12, COMTACHO MOCTyaTy Bopa, MOXKET GBITh TOJIbKO LEMbIM,
TO OTCIOZA CJELYET, YTO He BCE KPYToBbie OpGUTH BOZMOXKHE, A TOJIBKO Ta-
KHe, ¥ KOTOpHX PAInyC paBeH HIM
h2
4x2me?

HTH B YeTHIpE pasa Gonbille, UAW B [eBsTh pas fonbine, WM B LICCTHAJ-
1arh pas Gonpime M T. O. M T. A. (uucaa 4, 9, 16 u T. . — 310 KBALPATH
HeneiX yrcesn). Ecnu Bmecto /i, m NOICTABHTE MX HIRECTHHIE HAM 3HaUeHNA
(A = 6,55:10727 apr.cex, m==9-1028 2, ¢ =4,77.107% afcomoTHHX
h?
Eme
ManeHbKuit paguyc OnycTHMO B BOAOPOLHOM ATOME 9NEKTPOHHOM OpBUTH
paBen 0,532- 107 c# (01010 TOJIOBMHE! CTOMHJIMOHHOM JONM CAHTHMETPA).

Jpyrue gomycTimble paguychl o6pasyloT psg uucen B 4, 9, 16, 25 u
T. I. pas Gonpie (4, 9, 16, 25... npepcTABNSIT KBATPATH YHCEN 2, 3, 4,
5 M T. 1.). HHKaKuX TpOMEXYTOUHBIX 3HAYCHMH pPajuyC NMPUHUMAThL He
MoyceT, Tlonyuaerca tak, kar GyaATo 6kl BHYTPU aTOMA GLIM IPOSOMWEHEL
PenbCH 10 Kpyram Ha ONpefe/eHHBIX PACCTOSHUSX OT Spa M 37eKTPOH
MOMET [NBHI'ATBCA TOJIBKO [0 3THM «TpAMBA{HBIM KonblaMs. BoamoHke B

9MEKTPOCTATHYECKUK EJIHHUIL), TO HONYUMTCA, Yro T. €. CaMmblif
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BOJIOPOJIHOM aTOMe OPOUTH B/IEKTPOHA H306pAYKeHH KA pHC. 42, PHCYHOK
YBeJIMueH MPOTHB JIeHCTBHTENILHOCTH HpHMepHO B 20 MHIUTHOHOB pas.

[epenymepyem op6HTH 110 NOPsAKY, HauWHasi ¢ camoli BHYTpeHHel,
KOTOPY10 0603HauumM HoMepom 1. U3 Bulukcnenuit Bopa BrITEKAET, UTo eCaH
SMEKTPOH MEePeCcKAKNBAeT ¢ Gonee masexoil OpOMTHL HA MeHee JANEKYI0,
TO ATOM HCTIYCIKAET JYUHCTYI0 SHeprui. B 9TOM OueHL Jerxo yGeaurbes.
B camom geJie, npeinooKuM, uTO JAEKTPOH BPaIaeTesl o oponTe, KOTO-
pasi XapaxKTepH3yeTcsl UENLM UKCIIOM 11 (¢KBAHTOBOE UHCNI0d). CKOPOCTB,
C KOTOPOf§ JIBMIKETCA SNEKTPOH MO 3TOH 0pfure, paBHA, KAK MEl 3HAEM,

2r2%e?
== TTo3ToMy KMHETHUECKAST SHEPrHsi ANEKTPOHA paBHA
1 v — 2=2met
2 o

Kpome KUHETHUECKOH OJHEPrHH HEKTPOH 06JAaIZaeT TaKyKe H TMOTEH-
uHAnbHOH 3HEPriel, KOTOPYIO Mbl MOJKEM OUEHD JIETKO PACUMTATH. B nep-
BO# rnape 3T0# KHUWKKKY Mbl BHJIEJH,
YTO NJIAHETA € MACCOW I NpPHTSATU-
paercsl K ConmHuy ¢ maccolt M ¢ cu-

" GMm
Toll, KOTOpast paBHa — 5
Mbl BBIUMCIIANH, YTO NOTEHLHANLHAS
SHEPrus AOMHKHA GLITL OTpHIATEND-
HO{f, & WMMEWHO, 4TO OHA paBHa

GMm

e’
ryio3ajiauy: y)Ke He TNaHeTa NpHTs-
rupaercst k ComHiy, a 3mexTpoH K
SIAPY, HO 3AKOH TNPUTSHKEHHS HMeeT,
B OBILEM, TAKOH HKe CaMbiit BHI, TONHKO
BMeCTO NOCTOSIHHO A BeJHuBHE GMm B UMCITUTE N CTOMT ApYTas NOCTOsHAAS
penuuiEa ¢2, TTo3romy H 3aBHCHUMOCTL NOTEHIHANLHOH 9He PrUH OT paccros-
Hus1 GyneT TaKas ye Camast, TOTBKO ML 10K Oy leM BMecTo GMm mucats
¢2. Mbl HaXo[iIM, UTO TIOTEHIHANBHAS 3HEPrisl, KoTopofi ofnajaer 3Mex-
TPOH, HAXOSIMIACH HA pzacc-rom-mu ror BOIIOZDI;ILHOI'O sApa, paBHA OTPHLa-

; OTCwia

3mech MBI HMEEM YOKE IpY-

Puc. 42.

o (4
TE/IbHOU BeJIHUAHE —T,a TaK KaK = ZTmEZ , TO OHA paBHa:
. ™

CrnanpiBas MOTENUHATLHYI0 SHEPIUI0 ¢ KHHETHUECKOH, MBI y3HAeM,
4TO NOMHAS DHEPTHsl HNCKTPONA, HAXONSIIETOCS Ha OpOHTE C «KBAHTOBBIM
WHCIIOMs 11, DPABHA OTPHUATENLHON BeJuurue

2n?rmet
—
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Ecnu ke 97€KTPOH Nepeiiier ¢ aroil opGwTEl, HA OpGHTY, XapaxTepH-
3yeMy 0, IPYTAM KBAHTOBEIM UHCTIOM, HAIIDMMED HeTlBM uhcyiom k, TO ero
SHEPIHsi CTAHET

2z2met
T TR

KaKyio SHeprumw TepsieT MEKTPOH NP TAKOM NEPECKAKUBAHUH C 110~
3BOJIEHHO# OPBHTLI HOMep 7 HA JO3BCJIEHHYI0 OpGuTy HoMep K? UroOml
9T0 y3HATL, HY)KHO BBINECTb M3 IHEPTHH MEKTPOHa Ha opbure HOMED 1
ero JHepPrHID Ha opbuTe HoMep k. Pe3ysnbTaT BHMHTARMS DAaBeH
2n%met (1 1y

7\ )

Ins roro yrofel OTO BRIPAYKEHHE IIOTEPAHHON MIEKTPOHOM IHEpPruM
GHUIO NMOJOKUTEBHBIM, T. €. AJIs TOro, uToObI NMEKTPOH NEHCTBUTENHHO
Tepsl SHEPINID, @ He PHOGPETAN €€, HYIKHO, uTOOBL K OBLTIO MEHBLIE ueM 1.
O1crona cleyer, uTo JIEKTPOH TePsieT SHEPIHI0 NIPH Mepexofe ¢ Gonee aa-
JieKol 0pGUTH 1IoMep 1 HA Bonee OAN3KYI0 K AApy opbuty Homep k (k-<n).
Tag KaK TIOTepsIIEas 7IeKTPOHOM JHePrus JODKHA GLTH OTAAHA B TIpO-
CTPAHCTBO B BUJE SNEPrUH (OTOHA, MCITYCKAEMOTO NPH TAKOM IEpexofe,

TO AOTDKUO GHTH
P L_L)
TR O\B

Ora GopMyNa N03BOIAET BHUMCIHTD YACTOTY CIEKTPajbHON JHIHH, ¥c-
ITyCKaeMOH aTOMOM BONOpPOAAR NIPH NEPeCKOKe JMEKTPOHA ¢ AO3BONEHHOH
OpGWTEL HOMED 11 Ha 103BOJIEHHY I 0pluTy HoMep k. EC/iu BMECTO uacToTs ¥

1 ]
BBECTH JUIHHY BOJIHH A, TO C IIOMOIILE) COOTHOINEHHSE ~— == - Msinepenm-

s
meM Hamy QOPMYNy B CJEAYIOIMEM BUAE:

1_2n2me4(1 1}

" . : 2n’me*
OGo3HauB OAHOH TONBKO GyKBOH R BBHIpANEHHE -———, MBI NIOJIy-

cht

UMM .
1 1
Y R, 2 12)
| n
Benuunny
_ 2n%met
R= ch®

HETPYHO BEYMCITHTE, TAK KaK BCe BXONAMME B ee COCTAB GYKBH HAM M3-
BECTHE (M = 8.10°%3, ¢ = 4,77-10710, ¢ = 3.101, f = 6,53.10%, = =
= 3,14). Boruncnenue paer

CR=1,09.105 cm™1,
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2970, B NpeAi€Nax TOUHOCTH H3Mepe Ui, COBE PLIEHHO COBMAJAET € (ITOCTOSH-
ol PunBepras, ¢ KOTOPOI MBI BCTPETHINCH,FOBOpst 0 Bopmyne Banbmepa
AJTS1 9ETBIPEX BOTOPOAHBIX TUHMHE, PACTIONOMKeNHBIX B BUIMMON YacTH CieK-
Tpa. Teopus Bopa, Takum 06pasoM, NPUBOUT KK EOSMOIKHOCTH BHIUHCISTE
JNUHY BOJHBL PA3JINUHBIX TUKKI BOJOPOJHOrO CIEKTPA, JIpUueM Mt HO-
CTOSIHHOM Punfiepra us Teopuy moayuaercs BCTHUMBA, HE OTJIMUAIOMAACH
OT TOH, KOTOpas GLITA U3MEPEHA SKCIIEPHMEHTATEHO 3AL0JIFO JIC TOr0, KAK
B (hM3uKe BIEPBEIC MOABMNACH MOCTOSIHHAA [lnamka. B oToM TounOM Io-
JTHYECTBE HHOM COBNAIEHUH MEXK/LY TeOpI/Iel/l 1 OTIBITOM M 3AKTIOUAETCS T1aB-
kit yenex reopuu Bopa.

[pu sTOM JIs] BEIVMCTIRHMS JUTMHE BOJHBI CEETA BJech nonyuacrcs
TaKasa e Gopmyna, kak y Banumepa, ¢ Toif ML pasHuIlei, 4To BMECTO

i1
R (‘4 *?ﬁ)

nomyyaercst Gonee oflnee BEIpayKeHue

1 1
R (7;2 _F_)'

rhe 1 — Homep opGHTH, ¢ KOTOpPOH COCKAKMBACT EKTPOH, & K — HO-
mep opOUTHl, A KOTOPYH) OH e PECKAKUBAET.

SlcHo 1103TOMy, UTO ueThipe BOJOPOAHBIE JIMHUH, C KOTOPEIMM HMEN
Aeno BanbMep, MCIYCKAKICSA MPH MePeCKOKAx alexTpona ¢ 3-eif, 4-oii,
5-o#t ¥ 6-0ii opBuTH HA opOUTy HoMep 2. TaxoB 0Ka3aACH CcMuc Bannme-
poBCKOro Heporanda.

Ho TOUEMy DEKTPOH MePECIAKMBALT HA 2-y1o opbutTy TomBKO © 3-cif,
4-01, 5-0# u 6-0f op6u1? [ToueMy OH 1e MOXKET NePCCKAKUBATE HA 2-Y10 op-
Guty ¢ 7-ofi, 8-oif, 9-0it 1 1.71.? Ecmu npouskecTil BEIUACICHUA A5 TAKHX
CITyuaeB, TO MBI NIOJTYUHM JTMHBIBOJTIT, KOTOPEIE COOTBETCTBYIOT YK YJIbTpa-
(uomeToBO 061acTi cnexTpa. Mccnefopanua B yIbTpa(UONETOROM yacTH
BOAOPOMIOTO CHEKTPA B CAMOM JIeJIe TIOATBE NI TIPUCYTCTBAE ITHX TTH-
14il, KOTOPBIE BMECTE € MPEeXKHUMH UeTHIPbMa ofpasylor cepnio Baipmepa.
Ho nouemy amerpoiiam He cKakarh HAnMpHMep HA opbuty Ne 1? Tipous-
BOJIs1 BRIUHCJIENNE, MLI MOJYYMM CEPHI0 CNCKTPANbHBIX JMHUE, KOTopble
B caMoM jenie ObutH ofHApYIKeHL! B Aanckolt yierpaduoserosoit obnacry
criexTpd. Eenmy CauTars, yTo nepeckKoK NPOMCXOUT HA TPEThI0 Ul YeTBEP-
TYi0 OpBUTY (C MSATOH MK € 1HECTOH U T. A.), TO Mbl HONYUUM JIMHUK B HEBH-
mMMOl rIazoM MH(PAKpACHOH vacTH CrieTpa U T, A. [Ipu nipoBepke Taxue
JIMIIMKA e ACTBHTESIBHO OKA3aINCE.

B aneMeHTApHOM KHUKKE HeNTh3st OMMCaTh B Ty obmmpnylo ofnacts
CHEKTPOCKONMUECKHX (JAKTOB, KOTOPYH YAAJNCCh OXBATHTL U OGBLACHUTH
Teopueli Bopa. ECiM KACATBCA TONBKO BOICPOJHOrO ATOMA, TO HYXKHO
YNIoMAHYTH 0 TOl nonpasKe, KOTOpYI0 clenan cam Bop U KoTopasg OTHO-
CUTCA K JABIDKEHHIO sIIpA : XOTA Ap0 B 1840 pas Tsxenee aNEKTHOHA, TEM
He MeHee OHO HE HETONBHIKHO, 4 IOMKHO BMCCTE C STeKTPOHOM BpaLIaTLE A
BOKPYT 00IIET0 LEHTPA TSHKECTH BCeH CUCTCMB, TI0A00HO TCMY KAK 3eMTTs
BpalIAeTcsl BMECTE C JYHOI BOKPY!I 0f1Iero WX IEHTpa TAKECTH, 10 IpH-
BOJMT K HEKOTOPOH OYeHb MA/EHBKOM HOMPABKE K BBHITHCISIEMBIM TTHHAM
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BOJIH; OMBITH TOATBEPYKIAIOT STO TEOPETHUECKOe 3AKJNOYeHMe €O Beel
BO3MOMHOH 151 HMX TOuHOCTbIO. Hemenukuit rteopetnx Sommepgessd
paspaborai TeOPHI0 BOTOPOAHOT0 ATOMA ellle oaf 06Kce. OH NPHBJIEK K pac-
CMOTPEHHIO HE TOJILKO BO3MOXKHbBIE KPYToBble OLGWTHI 97€KTPOHA B ATOME,
HO K 0pOUTHE 3MNKNTHUECKKE. TIDHMEHSS! NDH STOM MEXAHHKY, OCHOBAHHYI0
Ha NPUKIKIE OTHOCHTESILHOCTH DiiHTena, oK Cymen 0GbACHHTL pacmpe-
JeJieHue APIKOCTH B TIPElesiaX Cay. ot CReKTPAaNTbHOR THHIK (HHKAKAs CNIeKT-
pasbHas IMHWA He ABNACTCA JMHKE B CTPOrOM CMBIC/Ie C/I0Ba, 8 NPEeCTaB-
JI5IeT HEKOTOPHIA, XOTA 1 BeChbMA YSKUM, yYacTox cmekrpa). Jlanuoe 3om-
MepQesbIoM 0GBACHeRKE CTPOCHUST CMEKTPANbEBIX JMHKE (TEOPHS ¢TOH-
KOH CTPYKTYbin) YLOBTETBOPHTENBHO MOXTBEPHCIZETCA OnkiToM. He Menee
3HAUMTENbHBIE YCNexH OLiAM JOCTUIHYTH Teopuelt Bopa n B 061aCTH HC-
TOJKOBAHWA TEX M3MEHEHUH, KOTOpPHE NPOMCXOZAT CO CTEKTPaNbHHIMK
NUHHAMM B CHIBHOM S7eKTpHuecKoM mone (f6.1enue Imapka) v B MATKUT-
HOM nosie (agaerue 3eemana). HakoHel He TONBKO MO OTHOLIEHHUIO K BOAO~
POAHOMY dTOMY, HO K NO OTHOWIEHWIO K 4TOMaM MHBIX 3NIEMEHTOB TEOpHA
Bopa cymena BecbMa ycmelsHo 06bACHHTb Lenblit psin dairos us obnacry
CNEKTPOCKOTIHUECKHX HAMEpeHHil.

TTpaBpa, mpy 9TOM BZe JKe BCTPETHINCH W OYeHb CHIIbHEIE BATPYIHEHUS}
HEKOTOPLIX U3 HuX Teopis Bopa Tak une cymena npeoposets. Tem He Menee,
X075 Teoprsi Bopa 4 GLIna BRHYIE HA 110/1BE PrHYTHCS BICCEICTBHH OUeHb
CYIIECTBEHHBIM Npe0fpasoBanusimM, HO Ja)ke M B CBOeil nmepBOHAYANbHOH
(opme OHA NPHBOAMAA K TaKOMYy TPOMAJIHOMY KONMHMUECTBY COBMAeHui
¢ [AHHBIMY OMBLITA, YTO €e MOYKHO 03 BCAKOM HATAKKM CUUTATL ONHON
13 Hanbonee n/0JOTBOPHBIX (H3MUECKMX TEOpHH, NOABUBIINXCA B
XX cr. Braromaps teopun Bopa rycToii Tyman, OKyTHBapini 06nacth
ATOMHBIX SIBIHUH, HAUAN PefleTh ; PUIMKH HAKOHEIl N0y Y4JIM B CBOH PYKH
TyTEBOAHYI0 HHTL, C MOMOLIBIO KOTOPOH OHK CMOTIM GHICTPO POIBHTAThLCSA
BOEPed B 3TOM TyMaHe,

He menee ynusurensuoli, wem moctnruytoe Bopom ofpbsicHeHue emex-
TPOB XHMWUECKUX 3/IEMEHTOB, SIBJIAETCA TAHHAA HM KE TEOPHS TIEPHOIU~
UeCKO cucTembl. 'aBHble NON0MERHS ITOMH TeOPHH ClIENYIOIIYE : KA
4TOM NpefiCTAB/IALT C0G0K0 MMKMATIOPHOE nofobue CONHeuHoH cheTemsl, B
KOTOPOH COJIHLIEM CITYIKUT TONOYKUTESIBIIO 3APMIKEHHOE RAPO, A njakera-
MH — BPAINAKOIKHECS BORPYT Her'o 0TPHLATe AbEbE LEKTPOKE. 3apansgpa
N0 BeJHUKHE paBeH CyMMe 3apsfloB /EKTPOIOB; TAKHM 00pa30M, ecin
HANpHMep aToM B CBOEM HOPMANRHOM COCTOSIHMK UMEET 3 3EKTPOHA, TO
OTO 3HAMHT, 4TG A1p0 00NafaeT SNEKTPHUECKNM 3APANOM B TPH NOJONM-
TENbHBIE eIMHHLL: MONHBIA 3aPAN TAKOTO ATOMA OUYEBUAHO pAECH HYJIC.
:{wcno SJIEKTPOHOB COOTBETCTBYET ATOMHOMY (MOPSHIKOBOMY ) HOMEDY XUMH=
16CKOT0 3/1eMeHTa. Y BOJIOPOAA O PALKORLIE HOMED PABE H EIVKHUIIE, TAK KK
B OBLINHOM (He3a pAXKEHKOM) COCTOSHHH aTOM 00NIAfAeT BCETO UIE OTHEM
CKTPOHOM. ATOMHLIM HOMepOM 2 OGnajaer remuit: B OGHUHOM Co-
CTOTHIY ATOM resiusl CONEPRUT BHE AAPA BCErO [BA OTPHIATENBHBIX BMEK-
TPOHA. JIWTUH HmeeT BHe Anpa 3 3NEKTPOHA W ero MOPSAAKOBLIA HOMED —
TPH. Uem GosbTiie NOPATKOBHIHA HOMED aneMerTa, Ten GOMbINE B HEM B¢ K-
Zﬁgﬁgﬁﬂf”‘ Gonbue 3apA ero AApa (4 TAK)KE 1 MACCA ITOTO ATLPA : HEMHOTC

OTCTYIIEKKS OT 3TOTO MPABMIA Ke MOTYT 3/1eCh HAC WHTEPECO-
BaTh). TosTomy €CIH MBI pacno

{'le‘}}(MM XUMMYECKHE 3JTeMEHTHl B TIopsaKe
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BO3paCTaHHA ATOMHOrO HOMEpA, TO TIONYYHICSH TOT 3Ke cambiil psaj (Bogo-
poA, renwit, nuThid, Gepunnuii, Gop, yrnepoa, asor, kucnopoa, ¢rop u
T. A. HT. A. BIJIOTS 10 Y PaHa), KOTOPBIM JIEXKHT M B OCHOBE Ne PHOAHUECKOr0
3aK0Ha Menpeneesa. [loueMy e B 3TOM ps/ly CBOMCTBA 37€MEHTOB pacnpe-
Aenelbl nepruoandecku? [loueMy HA4 M3BECTHBLIX MHTE[BANAX BCTPCUAIGTCS
Gnaropojiubie rasbl (renuit, HeGH, aPproH, KPUNTOH M T. A.), BeJea 38 6na-
FOPOJHbIM Ta30M BCErAA MJET MIEN0YHONM MeTassn, a 3a LIeNOuYHbIM Me-
TANNO0M — LIEN0YHO-3eMENLHEBIH? Bop COBACHAET 9T0 chefyKlumM ofpa-
30M: CCIM Mbt Gy/IeM NEPEeXOANTD OT KaXKAOI 0 aTOMA K aTOMY CO ClIEy IC1IYM
[OPAIKCBLIM HOMEPOM, TO Mbl JOJUKHB SyleM npuBaBiasTb K HapPyHHOH
TONME ONEKTPOHOB OJMH 3NMEKTPOH. DTH 3eKTPOHBl PACMONAraloTCs Tak,
YTO Y BOJOPOAA €0 eIWHCTBEHHEIM 3NeKTPOH Goniblneii YacTbI0 HAXOAUTCS
Ha Gavxaiimedt K Axpy opfuTe U TONLKO Y CPABHUTENBHO HEMHOINX BOJLO-
POAHBIX ATOMOB ITOT 3MEKTPOH PACTIONAraeTcs Ha foslee BHICOKOH opfuTe
(BTOpOM, TPeTHEH, UeTBEPTOM M T. 1.} M TO NHIIBL HA OYEHD KOPOTKOE BpEMs,
MO UCTEYEHMM KOTOPOr0 OH nepeciKakHBaeT Bce nmxe M GMIKE K AADY,
MenycKasn [py 3TOM NyUUCTYIO 3HEPTHIO, NOKA CHOBA HE OKAMETCS HA 61u-
xajimedt K AApy opbuTe. ¥V rennsi MMeeTcsl CHAPY)KH ABA 3MeKTPOHA; B
HOpManbEOM (KAK TOBOPAT, ONTHYECKH It BO3GYIKIEHHOM) COCTOHNM 06a
3N1eKTpoOra BpamAKTCs no Onmwaimeit k agpy opfure. Ho ecnn mbl me-
pefifieM K CreyImeMy N0 NOPALKY 3AEMEBTY — JIUTIIO, TO OKAYKETCS, UTO
y 1er0 B HOPMANBLHOM COCTOAHMH BCCrO JMIIbL B2 3EKTpOHA Gerait
no nepBoil opbnre, a TPETHH UMEIOLIMICA Y TUTKS 3NEKTPOH BPAILAETCs no
cnefyiciuei, Bropci opuTe. 1o ofpAcHAETCA TeM, uTo GAMWKaiwasg k
sanpy opéura, Uan, Kak rosopsr, Savxaimrii K AApy ypoBeHb Mau ¢oi
e MOYKeT BMECTHTh GONbIe ABYX 3MEKTECHCB C[a3y — ANS TPeTbEro
37CKTPOHA OCTAETCA MECTO TORBLKO Ha opfuTe Ne 2. O1a Bropas opfura oKa-
3piBaeTcs $oJiee NPCCTOPHCH, uem MepBas: 3a JHTHCM MIET GepHnnmii,
y KOTOPCro 2 BieKTpona ABVIKYTCs mo opfure Ne 1 M CTONBKO »Ke 1o 0p-
fure Mo 2, sateMm njeT 60p ¢ 2 3NeKTPOHAMY HA MELBOi M ¢ TPeMA HA 2-0H
opfure, 3aTeM YIACFOM € 2 31EKTPOHAMY HA MEPRCH M ¢ 4 37EKTLOHAMH Ha
BTOPOM M T. . U T. [, NOK& MBI He NOAGHIEM K HEOHY, y KOTOPOTO NOpsf-
KOBoe y#eno 10 ¥ COOTBETCTBEHHO 3TCMY MMeeTcs 2 DJIeKTPCHA Ha TepBeit
1 8 31eKTpOHOB Ha BTOpCH opfuTe. Ho uncao Bocemb okaapEaeTest Kak pas
HOpPMOM Ans BTopcit OROHTHI; NOITCMY, €CNIM MBE TIEPETEM K ColegyiCIneMy
33 HCOHOM 3JIGMENTY — HaTpHlo (nopsaKcBoe ynucno 11), To Hailgem, uTo
u3 ero 11 37eKTPOHOBR 2 HAxOJATCS Ha mepBoil opuTe, 8 Ha BTOpROl, a
11-ii Bpalaercsa no TpeTbedt opbute, IMepexoas KK CReIyKINFM 3aTeM ane-
MEHT2M ~— MArHVI0, AMIMUHKI0, KPEMEWIO M T. 1., Mbl YBMIHM, YTO KO-
JIKYECTBO DIEKTPOHOE HA TpeThbell opfuTe Bee pacTeT M PACTET, TOKA Ha-
KOHell Y aproHa He OKakeTcsl Ha Tperhelt opfure 8 anextpoHos (u3 18
3MEKTNGHOB aprova 2 Kpywarcs no fmokaiiieil K agpy opbure, 8 no ero-
poii ¥ 8 moTpeThel). Y CAeAYIOMEro 3a aproHem anemeHTa — Kxaaus 19-piit
371IEKTPOH BHIHYXIEH KPYXKUTBCA N0 ueTBePTCH OT Appa opfuTe, y Kanmb-
118 no yeTBe proil opdure 06paINAOTC ABA NEKTPOHA M T. A. [lccmoTprm
B KAKOM COTJACHH IT0 HAXOAMTCS ¢ XuMHueckrmn ¢axramu. Cornacuo
Bopy nonHE KOMIEKT 3/eKTPOHOB, NPUCYyIMi JaHHCMY YPCBHIO (T. €.
2 3REKTPOHA IAS Camoro GnM3KOro K Adpy YPOBHS, 8 3REKTPOHOB LN
Cenyolero ¥ T, A.), 06nanaer BecsMa 6onbILOH YCTOMUMBOCTLI0, TIOSTOMY
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aToM, 0612 a0IIK T TAKHM NOJIHAIM KOMILTEKTOM (KAK HATIpUMep TeNuit Unn
HEOH), HEOXOTHO TepsieT CBOU 3MeKTPOHEI M HE NpPUHUMAET K cefe HOBHIX.
MHOe ReNo TaKoH aneMeHT, KAK HATPHil: y Hero HMEeTCA 3aKOHYeHHAA TPy N~
na ANeKTPoHOB HA 1-0ii opfure, CTONL yKe 3AKOHUEHHAA Ha 2-0H M CBEPX
TOr0 ORMH JIMIUHKN 37eKTpPoOH Ha 3-it opbure. SlcHO, uTo aToMy HAaTpua
OUEHb JIETKO TIOTEPATH ITOT CBOU /IEKTPOH ; HO TOTA Y HETO OCTAHETCA ANIIL
10 2MeKTPOHOB, MeXGIY TeM Kak 3apag sinpa Gyner nonpeuemy 11, B
pesynbraTe NMEKTPUUECKOe paBHOBecue OyJeT HAPYIIEHO H aToM HaTprs
OKa>KETCH TIONIOXKHTENbHO 3apSKeHHBM. ECMM MBL Temeph pacCMOTPUM
aroM XJ10pa, y KOTOPOro HMee1css 2 3)/eKTPOHA Ha e PBoif, 8 31eKTPOHOB Ha
BTOPO ¥ BCEro NHIUIb 7 EKTPOHOB Ha TpeThell opfure, TO SICHO, UTO OH
GyneT OXOTHO NPHHMMATDL K Cefe «B TOCTUY ELIE OJMH IMEKTPOH IS TOTO,
yTo6Bl Ha TpeTheH 0pGuTe 0Gpaszopanack yCToiunBaz rpynna W3 BOChMH
anexrpoHos. [1py 06pasoBanny TAKOH T PYIIILI ATOM XN0PA OyRET 38 PAKe H-
HbM OTPUIATENbHO, MOTOMY UTO HA 3apsl AApa, pasHuii 17 elyHUL@M,
Y HEr0 OKAKETC s UETBIX 18 0TPULIATE NLHBIX IEKTPOHOB. Uro e npousoiieT,
KOFJia BCTPETSTCS HeliTpasibHEIE ATOMb! HATPUSA U X10pa? Y aroma waTpHs
Ha 3-eit 0pBuTe Gonraercs SMINNMI 3IeKTPOH, OT KOTOPOro OH roTos H3a-
BUTBLCS NIPH BCAKOM yA0GHOM Cilyuae ; y aToMa ke XJI0pa KaK pas UMeeTcst
TIoMeLeH e JUISL ONHOT0 3neKTpoHa. [103T0My JMIIHWH MEKTPOH HATPHS
nepeifer K xnopy. Ho Torfa aTom HATpusi, KaK MBI BUAENM, OKAKETCH
TIOA0YKUTENBHO 33 PShKeHHEIM, A ATOM XIOPA 3aPSHKEHHBIM OTPULATENBHO;
noaTomy o06a aroma OymyT NpUTArHBAaTLCA APYr KO APYFry H, CBA3aB-
ek, 06pasywT MoneKyny. BOT rouemy Xnop COSJMHSETCS € HATPUEM
v TMPH TOM HMEHHO B TAKO npomopuuy (aTom Ha atom). Bosemen Tenepn,
HATIpMMED, KaNbLuH, y KOTOPOro MMEIOTCSt HA YeTBepTOil opfure wmesmxX
JIBA JIMIIHKX 371eKTPOHA. YCTORUMBAS MOTIEKYNIA 31eCh 0Gpasyercsl b B
TOM CTyYde, KOIAa OH BCTPeTUTCA HE C OJHNM, 8 ¢ IByMs aTOMaMH XJiopa.
Torpa OH OTAACT KAMAOMY H3 HUX 10 OJHOMY SJEKTPOHY H B pesyanTare
Y KaXOro M3 rTpex aromMoB Oyfer CHApyyk¥ YCTOHMuMBas TPyNNYPOBKA
BHE}('TPOHOB; HO KaJbLUUii 0KAayKeTCA 3apAYMEHHBIM llByMﬁ 3apaAfaMH ¢, raK
KaK uph sapsage Aapa s 20 egunny oH Gyfer o6aZaTh BCero AMmE 18
3MEKTPOHAMY, KAMNKARI jke aToM XJopa OyleT HMETh OTPULIATENBbHERI 3a-
pAl — e. Heifrpaneuas monexyna oGpasyercs NHIb B TOM Ciyvae, KOrAa
ATOM Ka/bIMSA COSIMHUTCA C IBYMSI aToMaMu xopa. Bor o6bacHenne Tolf
TIPOTIOPIIMH, B KOTOPOH KanbiMii coefHHAeTcsl ¢ XmopoM. COBEpIUEHHO
SICHO TAKIKE, NOUEMy IMEMEHTHI, 0GJIaNAMIHe B HOPMAILHOM HE3APIKEH-
HOM COCTOSIHMM 3aKOHUCHHHIMM BHEIIHHMM FPYINHPOBKAMH 3JIEKTPOHOB,
ne Gy/lyT CORMHATRCS ¢ JpyTHMH SMEMEHTAMH : MBI BHIENH, UTO XMMuUe~
CKHe COeMHENNS! CBA3ANK ¢ TEPerpynnypoBKamMy aeKTPOHOB, KOTOPHY
B 3TOM Cjiyuae, OUEBH/IHO, YKE OLITH He MoyKeT. [T03TOMY-TO TeNNil, HEoH,
AProd, KpUATOH W T. J. OK&3BIBAWTCA «6NaropojHLIMHY IA3aMH, BO3NED-
SKMBAIOWMMUCSH OT XMMMUECKMX COefMHeHUHE., Mm BHAMM Takum 00pa3om,
uTo Teopus Bopa BechMa HEMPUHYM(IEHHO OGDBACHACT PSA, XHMMUECKHX
CBOHCTB B/IEMEHTOB, a TO OGCTOSATENRCTRO (MpABAA He OOBACHSAEMOE €10,
a TpYHMMaemoe (€3 KOKA3aTeNLCTBA), UTO HA Ka)ioH opluTe He MOXer
GHTE GOMBINE HEKOTOPOTO RIIONHE OMPEJENEHHOTD WMC/A J71EKTPOHOB,

0BBACHsAET 1 CaMblil AKT MEPHOAMUHOCTH CBONCTE DNEMEHTOB, OTK PR~
ThIif Menneneesrm, u IJIHHY TIePHOLOB.



fTep ABHBE HAOD K8a i mexanuxy (meopus bopa) m

Kpome xnmuveckux, pax guanuecknx GaxToB ToXe HAXOAMTCH B mpe-
KPACHOM COrjIacHM ¢ Teopreii BOpa: Jierko Tepss OTPHLATENLHEE NEK-
TPOHH, 3ICMEHTL], CAeYIONME B HALIEM PSy 33 GHArOPOJHLIMY [A33MH,
CTAHOBATCH TIPH 9TOM TIOTIOKUTENIBHO 3apSyKeHHEIMH | BOT NIOUCMY B 37€K-
TPOJM3E OHW BeCerpa QUIYPUPYIOT KAK NOJI0)KHTENBHBIC MOBHL, JIerko oT-
PHIBAACH OT OCTANLHOTO aTOMA, «IMIIHEE) (KM, KAK rOBOPAT, BAJICHTHEE)
IEKTPOHE! YUACTBYIOT B SIBJIEHUSX DNEKTPOIPOBOJKOCTH H TeII0NpORO-
HOCTH, YYaCTBYIOT OHM M B ONTHUECKUX ABNEIMAX, Taxum o6pa3om mony-
YAETCA DA CBOMCTB, XapaKTepHLIX IS METAJUIOR. AHaIorvyebM ofpa-
30M OﬁhS{CHHCTCﬂ, TIOUEMY Tmepen 6Har0p0[1HHMH Ta3aMH B Hapiem PRy
CTOT BCETJA METANNOME (He METAINE). Mbl He NMCEM BO3MOYKHOCTH BXO-
OWTL 37€Ch B anbeeiinme noppobHocTM BopoBekoft Teopnu yepuo/inve-
CKOJ CHCTEMD; 3aMETHM, UTO TAK NPOCTO BCE MOJIYUAETCSA TONLKO B HAuase
psifd; MANBHIE JEN0 CTAHOBWICA IOPASA0 CJIOXKIEE, HO M TaMTeopuy Bopa
yanoch 00BbACHUTD JITTMHE EPUOLOB, DA3NIMYIIEE OCOGEIIHCCTH TEPHORY-
YeCKOT03aK0Ha (Banpumep, 0GbACHATE BKITMHMBAIOIMECSA B IIepHONYECKY IO
CHCTCMY TPYTINIBI AJICMEHTOB, HapyIIanmye nepuoAnyHOCTh, KAk, HaupH-
Mep, TPYNNA TaK HASHIBAGMBIX pekux 3ement). [Ipu atom Bop cymen
HE TOJIbKO Oﬁ"bﬂCHMTb cRolicTBa YoKe M3BECTHBIX XVUMUUECKUX 3JIeMEHTOR,
HO TAKOKe M TNpPEACKA3aTh CBOICTBA XMMMUYECKOIO OJIEMCHTA, KOTOPHH
TOrJla elile He GBI OTKPRIT : peub ujeT 06 anemente radrun (Ne 72). Teopus
Bopa 0Ka3anach B npeBOCXOLHOM COTTIachM ¢ (AKTAMMU,

Wrax MBI BUAMM, WTO KAOKHBIl aTOM IPECTABIIAET AAPO, OKPYIKEHHOE
NIOCTIEIOBATE LMY DJIEKTPOHHBIMU CITOAMY, MPH UeM KOKIMH Cio# He
MO?KeT BMECTUTE 60/1bHie ONpe/ieIeHHOTO YNCTA DNIEKTPOIIOB,

IV CII0M MOJTYYUIH OTIpe/ie/IeHHBIe HA3RAHNA 1 camblil Giuakuil ¥ Anpy
cnoit DpuHATO HasmBaThL K-croeM, 3a HuM uner L-cioit, M-cnoit,
N-cnoit m t. 1. Te cBOHCTBA aTOMOB, KOTOpHIC 3aBUCAT OT YCTpOHCTBA
CaMBIX BHEINHMX 3JCKTPOHHHX CJI0€B, NOAUMHAITCS 3aKOHY NePHOAHYHO-
cri. Hanpumep, y Beex oJeMeHTOB, CMeayHONIHX 34 GATOPOTHEIMY TA3AMH
(T. e. Y IeJOUHKX MCTANIO0B), BHOITHAN C/10f COICPIKUT OVH DMEKTPOH, U
HOATOMY SCHO, UTO UX CBOHCTBA JOJHKHE! GBITH BO MHOTOM CXOAHH. K wicay
TaKuX CBOMiCTB, MepUOAMUYCCKY BOSBPAILAKINMXCA B HAIEM PALY, NpH-
HAATIEXKAT XHMHUECKUC cpolicTBa ATOMOB, ONTHUECKHE CBOJCTRA UX U He-
KOTopEe Apyrue. Ho sicHO, Yro HUKAKOH MepMOAMUHOCTH He MOYKeT GHITh
y TeX CBOHCTB, KOTOPHE 3ABHCAT OT SBNEHNMH, NPOHMCXOIINIMX B QUEHB
F!IyﬁOKHX ONEKTPOHHBIX CIOAX aToMa.

PaccMOTpUM MCIYCKAeMBIC ATOMAMH DPEHTTEHOBCKME CHeKTPH. Ecnu
KaKUM-HEOYAb 00pasoM yaacTcest BRINMGHTL OfWH 3MeKTPoH U3 K-cios
aroma, TO Yepe3 HeKOTOPOe BPeMs OTKPHIBIUASCS BAKAHCHA GYJeT 3an07-
HENA IMEKTPOHOM, CRanuBIMMCA W3 L-cnost unu w3 M-caos M T. AL
[pu arom GyneT MCHymEHA OfHA M3 NUHMH TAK HasuLBaemo# K-cepun
peHTTenoBeKoro cnexTpa. Ecnu snextpon Bhmumbnen ne u3 K-, a us
L-c10s1, TO TPH TOCNCAYIONEH «MOUMHKE aTOMAy, T. €. NPH 3aM0JHEHUN
00pasoBaBuefica Iporexu, 6yIeTUCIYINeHA OTHA U3 JIMHUE PEHTTeHOBCKOR
L-cepuut # T. . 3axousl ofpa3oBaHus JTWX CEpHil H3yUasn aurnuiickuit
(Gusuk Mosau B 1913 y 1914 rr. On Hapies1, YTo YACTOTA KAKAOH onpe~
IENIeHHOH pEITreHOBCKOM CnexTpanbHolt JHuMu (Hanpumep auHuy Ka,
T. &. IUHMY BOSHWKAIOWEH IPH MAjCHUH SNeKTpoHa W3 L-cnos B K-
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cJ10if) MPH Tepexofie 0T KAXI0ro aTOMa K aTOMy €O C/IELYIOIHM MOPARKO-
BBIM HOMEPOM BCerja Boapacraer, [Ipi 3ToM KOpeHb KBAJPATHRIf U3 ITOH
YacToOTH YBENMWMBAETCS LIpH TePeXofe K CJelylollleMy NOpPsIKOBOMY
HOMEpY Ha OJHY M Ty YKC BeMUMHY. 3T0 OTKpHITHE N03BOJISET NO 4acToTe
NaHU0} JIMHUK (HApUMeD NMHHK Ka) CYIMThL 0 NOPSAIKOBOM HOMEpE e~
MENTA ; 0HO JKE M03BOIAET TOUHO ONPEe/IUTh WHCII0 XUMHUECKHX IIEMEHTOB,
KOTODbIE MOT'YT JIEYKATH MEMKLY ABYMS [d HHEIMH DJIEMEHTAMM B HALUEM PSALRY.
He Gynp 9roro 3akona Mo3iM, HAaIM 3HAHMSA O NEPUOAMUECKOH CUCTEME
HE OT/IHYANKCH Gbl TAKOH TOUHOCTLIO M YBEPEHHOCThIO, KAK Ceifuac.

BOJIHOBASA MEXAHHKA

[oBops 06 aTomHoli Mexanuke, co3fanHoii Hunncom Bopom u o6 ee
M3YMHUTENTbHEIX YCNEXAX, MBI BCKONL3b YIIOMSIHYJIL M O TOM, ¥TO HAPALY
C,FPOMAJAHLIM KOJMUECTBOM 0UBACHEHHBX €10 (JAKTOB MMEJMCh M TaKMe,
nepejl KOTOPBIMM OHA 0KA3aJ1ACh GECTIOMOIHON : BHUMMCIEHNAs] HA 0CHOBE
Teopuy Bopa BemHuMya 3HEPTHM, KOTOPYIO HY)KHO 3aTPATHTE, 4Tl BRIp-
BaTh M3 ATOMA TEJIUST OJMH 3EKTPOH, 0KA3a/ach B NPOTHEOPEUHH C OIThI-
TOM; Teopusi Bopa He cymesna CIpaBUTLCS U € LEILIM PSAOM ocofeHHOCTel
re/IEBOr0 CIEKTPa, a4 TAKIKE M CO MHOTMMH BECHMA BAYKHBIMHM (PAKTAMH,
OTHOCALIMMHUCA K SBseHMIO 3eeMana (T. €. K TeM H3MEHEHMSM, KOTOphie
NPOUCKOJST €O CIEKTPANLHBIMH JIMHUAMH, KOTJA MCTOUHHK CBETA MOMe-
WeH B CHIBHOe MaruuTioe nose). Tlpaspga B o6aacTh sBMeHMs 3eemaHa
HaMeYaIHCh KOe-KAKMe BOBMOYKHOCTH BRIXOJA — K HX UMCIY NIPHHAAse-
KUT mpepnoxennas I'ayocmumom W FOgerbexom 3aMevaTeNpbHas Teopus
BPALIAIOIIEIOCS 3JEKTPOHA — TEM HE MEHEE I10/10)KeHHe B 0GLIEM Criefio-
BA/10 NMPU3HATbL BECHMA TSDKESBIM.

K aromy npucoeuHsIoch M TO, uT0 QUSHKA KaK Byaro He yMeNa JaTh
TpAMOil ¥ TOUHBIl OTBET HA BOIIPOC, UTO »Ke TAIKOE NPeJCTABIALT c0f0i0
CBET -— BOJIHH JIM B 3dMpe, xak Aymand [wiirenc, I0Hr u PpeHens, unn
TIOTOK wacTull, Kax pyman Hcaax HbloTon? (mpepnonoykenusi HbioToHa,
110 MIHEHUI0 MHOTUX, BHOBR BO3p07i{lIaJIMCb B (popMe TEO0PHH CBETOBHIX KBAH-
T0B). Bee aTo nmpuseno k Tomy, wro B (M3MKe CO3NANOCH HACTPOEHHUE TH-
JKEJION0 M 3aTshiHoro Kpusuca (mpumepno 1920 — 1925 rr.). TpeGosa-
JIUCH CUIIbHBIE CPEICTBA, HO JIOJIFOe BPEMSI HUKTO HE yMesq WX HaiTH.

BbiX0[l U3 CO3AABIIErocA MONOYKeHUsT GBI - HAlited Tonbko B 1925 r.
TeTTHHreHCrum Quauiem Bepreponm Xaiizenfepeos, JTOT yueHbit 06paTun
BHUMAHME 1A TO, UTO B TeOpuH Bopa QMIypHpoBa renbiit psi1 BeHUKH,
KOTODBIE HE TOJILKO He BLLNM M3MepeHbl 10 CHX 10D, HO KOTOpLIE BooGie
HHKOT/I2 He MOryT Gbith M3MepeHnl. Horga HATIpUMED MBI TOBODHM 0 TOM,
uT0 papMyc camodt fauskoit K AZpy opBHTH IMEKTPOHA B BOJOPOAHOM
atoMe pasen 0,532 - 1078 cu, To uTO MbI, COBCTBEHNO, 1O 3THM TOAPAsy-
MeBaeM? Beflb ¢ TOUKM SpeHus (QU3MKA PACCTOSHHE €CTH Pe3YIbTAT HEKO~
TOPOrO N3MepeHMst — rpyfo ToBOPA PACCTOSNHNE €CTh TO, UTO MOYKET GbiTh
M3MEPEHO UK HKOM, MeXKny TeM 13 Teopun Bopa coBceM He BHHO, KAKUM
00pa3om BOIMOXHO NIPOM3BECTH Takoe W3MepeHHe PacCTOSHUSA MEXIY
STEKTPOHOM ¥ sAnpom aToma. Korpa XaHsenGepr NpUHSAICH AHATH3HPOBATE
TOT BOIIPOC, T. €. BOIPOC 0 TOM, KAKMM 06pA30M M3MePHTH (NO/Ib3YACH
APHBOPOM, COCTOSMMM U3 ANEKTPOHOB, ANEP U NyHeH CBETA) NPOCTPAHCTREHe
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HOE TIONOXKEHHE DJIEKTPOHOB B aroMme, 0673J210IIEM ONpeJENEHHLIM 3a-
nacOM 2HCPIruM, To OH NpUINeT K 3AKJTHUEHUID, YTO € TOUYKHW 3PEHNS TEOpHA
Bopa en10 06cTOUT BOBCE HE TAK NPOCTO, KAK 3T0 MOFJI0 KA3ATLES C NEPBOro
B3rAfa. sl CKONBLKO-HUBY b TOUHOT O U3ME PEHH S I0JI0YKEe HUS] SMIeKTPOHA
BHYTPH 2TOM2 HeOGXO/MMO 3ACTABUTD 3TOT ATOM BCTYNUTL B TAKOE HHTEH-
CHUBHOE BSBHMOﬂCﬁCTBHe C M3MEPUTEJILHBIMU npuﬁopamu, YTO JHCPrug <a-
MOTO0 4TOMA OUeHb CHITLHO M3MEHHTCH B POLECCe 3TOro HamepeHus. Mrax
H3MEPEHHE DACHONOMEHUS] AMEKTPOHGE B ATOME BCErAA CONPOBOMKIAETCS
OUEHb PE3KMM M3MEHEHHEM JHEPTHH ATOMa, U HACGOPOT ¥3MepeHKe dHep-
THY 4TOMZ CONpPOBOKIAETCS OUEHL PE3KMM H3MENENIMEM PACHOAOMKEHHS
3neKTr0HoB B HeMm. (TTopdepkHem, w10
peub 37eCh HIET HE O DCAJIBHOM M3~
ME[ €HHM NPOUSBCJEHHOM Xaliseuo:p-
rOM, 4 0 BOOOpa)KaeMOM MSMEpEHHU, 0
(MBICTIEHHOM 3KCIEPHMEHTE», KOTOPbIH
MOKHO OBLTO 6Bl 1OCTABUTL, €CNU Obl
Teopust Bopa Guuia cnipaBeipoil). Tak
KaK BCSIKOE M3Mepele KaKkoi-11ubo Be-
JIMUWHE TIpeanojaraetr, yro B npouecce
USMCPEHHS] HSMepsIeMast BeJIMUMHA OC-
TACTCS [IOCTOSIHHOM, TO CIE0BATENLHO,
KaK 3aKkmouun Xaiseubepr, Ha 0CHOBA-
Huu Teopuy Bopa msmepenue pacnono-
YKEHHUST BNIEKTPOHOB B ATOME JIEAET OIHO-
BPEMEHHOE M3MEDEHHE JHEPIHH aToMa
HEBO3MOM(HBIM, # Haobopor. WubiMu
C10BaMH  OHOBpEMEHHOE HSMepenue
2HEPTHU 4TOMA ¥ PacNOJIOIKEHHUS SMEKT-
POHOR B HeM, COTJacHo Teopun Bopa,
HEBOSMOKHO. A MOXKIY TeM 312 Teopus
GeCcnpecTaHHO TOROPHUT 0 DHEPIUM, KO-
Topoit ofnajaer aTOM MpH TAKOM-TO
PACTOJIOYEHUH M JABMIXKEHHM 3JIEKTPO-
HOB B HEM, T. €, TOBODUT O BEAX, KOTODBIX 110 3TOH K& caMmoit Teopun
HHKAK Hesb3s) HalniofaTth.,

Mo muennio XaitzenGepra Teopusi Bopa Gbina 3acopeHa TAKUMM «IIpUH-
WHTIBATLHO HEJOCTYITHBIMA H3MEPEHUID) BETMUMHAMH, H B 3TOM Oblna npH-
uina ee Heyjau. [Tosromy OH 2afiancs Ueiblo HOCTPOUTL TAKYID TEODPHID,
KOTOpasi COCTOsINA Obl MCKIIIOUMTENLHO U3 MATEMATHUECKUX COOTHOLIEHMH
MEKILy BeIMUMHAMH, HOCTYMHBIMM H3MEPEHMIO, U HE TOBOPHNIA Gbl HU O UeM
MHOM (B YACTHOCTM HE ONEPUPOBANA Gbl TAKVIMU (HAIJSIHBLIMU Y [IPEfICTAR-
JIEHUSIMK, KAK NPeACTaBIEHUE ATOMA B BU/e MUIMATIOPHOM IIAHETHOM! CH-
CTEMH € CONHLEM-IIPOM M MAAHeTaMu-anexTpoHamy). Taxylo Teophio
oK u noctpoun. OHa nOJTYuMAaa HASBAHME MATPHUMCH MEXAUMKU, TAK Kar
B Heil IOCTOSTHHO HPUXO/IUTCH N0JIb30BATLCA 0COOBIM OT/IEIOM MATEMATH Kit-m
TAK Ha3LIBAEMBIM MCHMCIEHHEM MATPHUL, CO3JAHHLIM eIlle B [IPOLLIOM
BEKE, HO € TeX NOp CPAREUTENILHO MAJI0 NPUMEHABIIMMES, 4 IOTOMY Y II0X0
M3BECTHBIM cpeju (u3uKOB. MaTpuUuHAs MeXaHMIA Cymena UPHITH K pe-
BYNETATAM, COMJIACHLIM C OTILITOM # TAM, Ille TEOpKHH Bopa 310 He YAABanoCh.,

"

L3
Bepuep XaiisenGepr.
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TToury B 70 e camoe Bpemsi (B Hauane 1926 r.) mBekiuapckuil Guank
Speun Llpedunzep BHICTYINNI C HOBOH TEOpHEH, KOTOPAsi MCXOAWIA M3
COBEPIIEHHO HHOr0 KPyTra NpeJCTARIECHMI, HO MPHUBOAMNA X TEM JKe pe-
3yJ'[]:TaT3M, 4o U MaTpHuldas MEXaHWKa, U BIIOCJIEACTBUY OKasanach Co-
BEPLIEHHO eif paBHOZHaYyIed. B To# dpopme Teopuu [llpepunrepa, B KOTO-
pOil OHA CyHIECTBYET Telepb, OCHOBHOH 3ajaueii MeXaHHKH SABJIACTCA
HE BBIYHCTIEHHE AeHCTBUTENILHOIO IEPEMEIICHUS YACTHIL (sAfep M 37eK-
TPOHOB), & JINIb BEIYICEHNE 8¢ pOAMHOCIL TOT0, YTO YaCTHIA OyIeT B Ta-
KOP-TO MOMEHT BPEMEHU B TOH MM HHOH 0fIACTH IPOCTPAHCTBA. ITH Be-
POATHOCTH TIOXUMHSIOTCS 0CODOMY MATEMATHUECKOMY yDPABHEHNIO, HA3BAH-
noMy ypapmenueMm Ilpeaunrepa wau
BOJIIIOBBIM Y PABHE HHEM, TTOTOMY UTO OKa-
3AJI0Ch, UYTO YPABHEHHWS II0UTH TAKOI0
JKe BHEIIHers BHAA BCTPEUANTCS U B
TEOPUH PACTIPOCTPAHEHUS BOJIH (HATIPH-
Mep BOJIH 3BYKA),

Kax ™Mbl  TONBKO-4TO  yIOOMHHA-
nv, BOJHOBas MmeXawuuka [lpepwuurepa
0KA3a;14Ch MATeMATHYeCKY COBEPIIEHHO
SKBUBAJICHTHOM MATPHUYHOH MeXAHWKE
Xaitzenbepra, Gnarofaps yemy ye He
HMEeT CMBICTA TOBOPHTHL 00 ITHX TEO-
pUSX B OT/eNhHOCTH, 4 CHEyeT roBO-
puTL 06 enwHON Keaumosol MM €04H0-
goli Mexauuke. Hawbonee BaxknOfl ¢u-
3UYeCKOH npeet, Jte)kaiteit B 0CHOBE 3TOH
TEOPUM, SIBJIFIETCSi TAK IA3LIBAEMLI
, {IPHHLHD HEOMPEAETEHHOCTHY, K XapaK-

TEPUCTHKE KOTOPOrO MLl Cefiuac W me-
pelinem.

OcHOBHOE OTITHUME KBaHTOBOﬁ Mmexa-

9ppun pexarrep, nvx XaitzenGepra w IUpegwurepa or

KJaccHuecK0ii MEXaHUKY 3aKTI0UAETCS B

TOM, 9T0 II0 OTHOIICHHI) K OCHOBHOMY IOHATHI (M3HKH, IOHATUIO

W3MEPEHMS, O0lla CTOMT HA COBEPHICHHO WHHOM TOUKe 3pEHMS, WeM
570 OBLUI0 TIPUHATO B KIACCHUECKOH (BUIMKE.

Knaccuueckas fusnxa ucxoguna w3 Toro NPUHIMIHANLHOIG NOJO-
JKEHHs, UTO BCAKAsH QU3NYECKAA CHMCTEMd MOXKET GEITb 0XAPAKTEPH3O-
BAHA BIIOJHE TOWHO HOCPEJCTBOM U3MEDEHHMH M UTO BCe BEJIMYWHEL
Heo(XouMbie 1St XapaKTEPUCTHKHY CHCTEMBI, MOFYT ObITH OHOBPEMEHHO
OMPENIENCHDI C KAICOH YIOTI0 CTENIEHBId TOUHOCTH. IT0 IPUHUMMMANLHOE
nonoxenue OBIIO OCHOBAIO HA Toll TOYKE SPEHUSA, uTO (U3HUECKast
TEOPHs1 BCETAA MOMET YUeCTb T€ WU3MEUEHHS!, KOTOPble H3MepUTeNLHLI
NpUGOP BIOCKHT B U3MEPSIEMYIO CHCTEMY B npouecce MaMepeHust, OpHaxo
KBAITOBAST MEXaHHKA IIPHIINA K BEIBOJly, UTO B IPOLECCE H3MEPEHHS
BEJIMUME, OTHOCAWMXCS K aToMy, Mex1y HU3MEPUTENIEHEM TIpuGopom
M ATOMHOM CHUCTEMOJi BCEra MOMMKHO TIPOMCXOIWTL B3AMMOIRIICTBHe,
PESY/IbTATBl KOTOPOro He MOTYT G6BITL yureHsl. Jro paaMojeHcTBHE
TPYBOMT K TOMy, uTO OAHOBDEMEHHOE Olpele/eHMe 3HAUCHUH BemH-
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UMH, KOTOPBIMY KiacCuuecKasi ¢M3UKa XapaKTcpu30Basa CBOM 0GBeKTH,
CTAHOBYTCSI B CJiyYae MMKPOCKONMYECKOH (ATOMHOM) CMcTeMbl HeBo3-
MOKHBIM. EcoM peur MJeT 06 OAHOBPEMEHHOM H3MCPEHMM JBYX KAKHX-
110 BeJIMYMH, TO B KJaccuyecKolt (u3uke TaKoe U3MepeHye Beerga Gbiio
BO3MO)KHO ; B 06/1aCTH yKe MMKPOCKOIMYECKUX M3MePEeHHH 3To He Beeraa
TAK: BEllb MOYKET C/IYYHTRCS, UTO B PACCMATPYBAEMOM COCTOSIHUY CHCTEMBI
H3MEPeHHE BEAMUMUL A HACTONBKO M3MEHSET ITO COCTOSIHHE, yTO H3Mepe-
HYE BelMUMHBL B, KOTOPOe MH Oy/JeM OBITAThCS NPOM3BOAMTL B TO jKe
camoe BpeMsl, NPUMCT COBepINeHHO HeompefleneHHBHl XapaxKTep; TO e
camoe Tpousolifier ¢ U3MEPeHMeM BEMHUMHB A, eciM W3MepeHue Bed-
uYMHBl B W3MEHSIeT COCTOSIHMe CHCTeMEl. [103TOMY B 3TOM COCTOAHUH
CHUCTEMBL OJHOBPEMEHHOE H3MePEHVe BelvuMH A M B OKa3LIBAETCS NPHH-
UHIHAIB0 HEBOSMOMHLIM.

Cneflyer ocTeperaThesl Aesiath U3 9TOro (axTa BLIBOALIB POJie TOI0, UTO
MeXaHU3M SIBJIeHU} TPUPOJH B MUK POCKONMYeCkoit 06aacTh TaK yeTpoeH,
9T0 HEKOTODLIE 4epTHl ITOIO MEXaHW3Ma YTIOPHO YCKONB3AIOT OT Habmin-
neHvs, B feficTBATENbHOCTH HET HHKAKOTO OCHOBAHMS NpPEAHONATaTh a
priori, 4T0 MUK pPOCKOTMYECKHE (KBAHTOBOMEXAHHYECKHE) CHCTEMBI 00A3a 8B
061afaTh TEMH Ke CBOJICTBAMM M YIOBNETBOPSTL TEM JKE CAMLIM TIpef-
CTABNEHNSIM, YTO M MAKPOCKOMMYECKME CHCTEMBI, TIOBEJEHHE KOTOPBIX
HAaM 3HAKOMO M3 KJjlaccuuyeckod MeXaHukH. Tl03TOMy HPHHLMOHAILHYIO
HCBO3MOMKHOCTDL H3MePUTh OJHOBPEMEHHOE 3HAUEHHE ABYX BenuuuH Au B
MBI HE AOJDKHBI TPAKTOBATL B TOM CMHICTIC, UTO 5TO O/{HOB DEMEHHOE 3HAaYeHHE
CYIIECTBYET, HO TpsYeTcsi OT HAC B CUJIY KAKOTO0-TO MPHMHUMOUATLHOTO
KOBapcTBa 3aKOHOB NPUPOJB (IT0 TOIKOBAHME Gbino Gbl MeTadManuecKuM
¥ MJIeaTMCTHYECKHM) ; BMECTO 5TO1'0 MBI IOJKHBI 3aKJII0UNTD, UTO HE BCSIKAA
MOCTAHOBKA BOHPOCA, MMEIAS CMBICT 17151 3HAKOMBHIX HAM MAKPOCKOIH-
UeCKHMX CHCTEM, MMEET CMBICJI B 061acTH KBaHTOBOM MeXaHHKY, M 4TO,
B UACTHOCTH, KBAHTOBOMEXAHHUECKASl CHCTEMA MOKET ObIThb yCTpOEHa
TaK, YTO OHOBPEME HHOE U3MEePEHHE IBYX JAHHBIX BeauunH A K B nonpocty
He yuMeeT cMbicia. MHEMM cloBaMM, 3hech peYb MAET HE O KAKUX-TO
TIPHHIMIATBHBIX TpaHulaX NO3HAHUSA, HO 0 cambit 00BeKTHBHOM CTPYK-
TYpe MMKpOCKonmyeckux cuctem. OTCIOfA BHIHO, YTO [BE BeJUYUHH
A v B moryr ofiagaTh TakUM CBOMCTBOM, UTO M€ CYIIECTBYeT TaKMX
COCTOSIHHIT paccMaTprBaeMol CHCTEME!, B KOTOPHIX 00e BenMuuiubl fefi-
CTBMIENLHO MMEIOT OMpeflelelHble 3nauennsa. Bonee Tounas Qopmynu-
POBKA 3aKIOUAETCA B TOM, YTO eCiM fJalla KAKAA-TO MeXaHHW4YecKas
cHCTEMA M PACCMATPUBAETCS CBSAINIAfA C Heil BeMuuHa A, TO He B KaX-~
A0M COCTOSHMYM 3TO{l CHCTeMBl BedHuMHA A HMEeT ONpejesieHHOe 3Ha-
YeHHe, HO JIHIIb B HEKOTOPHIX ONpefesIeHHblX COCTOSHUSX, KOTOpPHIe NpH-
HSATO HASHIBATL «COGCTBEHHBIMYM COCTOSTHMAMMY Benwuupnl A. B arom
7 3aKJHOUAETCS! OTKPBITHIN XalizeHbe proM «IPHHIND HEONPe/IeNe HHOCTH ¥

Kak npumep pacCMOTPUM CHCTEMY, COCTOANLYI0 M3 OJ(HOTO BMEKTpOHA.
[Mycrhb peul MAeT 00, H3MEPEHHMM €ro KOODAMHAT B MPOCTPAHCTBE X, ¥, 2,
Te COCTOSIHMSA, B KOTOPBIX KOOPAMHATA X MMCCT OTpejesieHHOe SHaueHue,
006pa3yoT HEKOTOPYIO COBOKYMHOCTL €OCTOAHWM, B uMcie atuxX cocTos-

* Janpliefiliee M3NOMEHWe BONHOBOH MCXAHHKM {OT 3TOr0 MecTa A0 paspena
«DNEKTPOHEI B METAANes) MIKHO NPH IEPBOM YTEHWH NPONYCTUTH.



178 faasa 11t Keaumn

HHit eCTH M TAKHe, B KOTOPLIX KOOPIMHATA ) UMEET ONpeAeieHHOe 3HAUCHHE,
4 B YUC/E ITUX MOCNELHUX €CTh M TAKUE, B KOTOPBIX MMEET ONPEeNeHHoe
3HAUEHUE TAKIKE M KOOPAMHATA 2. TAKNM 06pasoM, Mbl MOYKEM BBIAETNTH
COBOKYTIHOCTL COCTOAHUM, B KOTOPLIX BCE TPH KOOPAMUATLL X, ¥, Z MMEWT
HEKOTOPYIO 3a[AHHYK CHCTEMY ONpPEAC/eHMbIX 3HAYeHH{. Mayuenne npo-
UCXOAALMK € 3MEKTPOHOM SIBNEHU MOKASHIBALT, UTO 3Ta COBOKYMHOCTH
COCTOSTHI BINKOUAT B Ce0A HE TOIBKO 0HO, HO MHOMKECTBO COCTUSIHU,
¥ YTO CJICAOBATEILHO AJIA TOTO uTOGL! COCTOSTHHE ICKTPOLA OBLIO BROJIHE
OTIpeneeni0, HeoBX0IUMO K KOODAUHATAM X, ¥, Z A00ABUTH ewle oMy
Bennuuny. B KayecTse TAKON BesIMuKilbl, OKA3HIBAETCS], CNERYLT B3ATD PO~
EKIMI0 BPAMATENLHOr0 MOMEHTA 97eKTPOHA Ha Kaloe-nubo BLGpaHHOE
B MPOCTPAHCTBE HAMPAaBAEBHE, TAK KAK OMBIT [I0KASLIBAET, UTO JJIEKTPOH
uMeeT cOBCTBEHHBIN BpaMATEBHEI MOMEHT, KOTOpHI opHaKo 0Gaanaer
3aMEUATE/IbHEIM CBOICTBOM: ecsM H3MEpUTh ero MPOEKLMIO HA KAKoe-
uG0 HANPABRNeHMe, TO B pe3yJbTATE USMCPEHHS MONYYMTCA NGO
40,52 1072 2¢c.42 cex ™1, 1160—0,5 2+ 107372 cpeex ™, HO HUKOT A HE MONYHaTCS
npyrie sHaveHus. [IpoeKMsl BPAmIATe TLHOr0 MOMEHTA DIEKTPOHA Ha HEKO-
TOpOe BHOpPAHHOE B NPOCTPAHCTBE HATPABIEHWE HASHIBAETCH 3HAUCHUEM
3/IeKTPOHHOTO COMHA (AHIJMHCKOR CIOBO spin 0603naUaET BpPAATENbHBLH
MOMEHT). 3HaUUT BO3MOKHE] BCEr0 JIA b 1BA 3HAYRIMS cuna: +-0 52-107%
1 —0,52-10727 B aGconioTHOM cucTeme eAMHMK, ECnM MBI paccMmoTpuM
TAKOE COCTOSTHHE BIEKTPOHA, B KOTOPOM €r0 1POCTPAHCTBEHHBIE KOO pAWHATBI
061a310T OnpeieNe HHBIMH 3HAUEHHAMM X, ¥, 2, & MPOEKIUS BPAATEbHOT0
MOMEHTA HA HEKOTOPOE HaNPABJEHHE — OMpefeNIEHHLIM 3SHAUeHUEM U3
UHCNA YKASAHHHIX JIBYX, TO OKAXKETCS, UTO 3TOMY YCNOBUIO Syner y[o-
BJIETBOPSITL OfHO M TOILKO OIHO COCTOsTHUE 3reKTpoHa. Ho B aTom cocTos-
HUM ApYyrie BeJMYKHBI, TAKHE, KaK, HATIPEMEep, CKOPOCTb SNEKTPOHA, ero
3HEPIUA, MPOEKLHS ero BpallaTebHOrO MOMeRTa Ha Kakoe-nuGo npyroe
HanpaBneHue U . ., y)Ke He Gy Ay'T 001aaTh ONpeeNie HHLIMM SHAUC HUAMH,
(3amMeTUM, YTO ITUM DOCJEIHMM CBOHCTBOM U OTNIHYAGTCS OAEKTPOHHBIH
CNMH OT BPAIATEILHOIO MOMEHTA KAKOT0-HUGY b BOJTUKA : BpaLlaTe bHbIH
MOMEHT BOJIUKA €CTh BEKTOp, 06nafalowuit onpeeeHHEIMM 3HAUEHUSME
MPOSKLUE HA BCE TP KOOPAKHATHEE OCH, B TO BPEMS KAK €CJIU DNEKTPOI
HAXO[AMTCA B TAKOM COCTOSIHHM, B KOTOPOM MPOSKLMA €ro CIMHA HA OCh
X-0B HMeeT Onpeae/IEHHOe 3HAYCHUE, TIPOEKuUA CIMHA Ha OCb y-0B unu
2-0B Y»Ke He OyneT HMETh ONpCAENeHHOro SHAUEHMA).

EcnH pano cOCTOSHHE 9eKTPOHA, B KOTOPOM CrO 3BHEPIUs HMeET
onpenesienHoe 3HAYEHME, TO ero KOOPAMHATHL X, Y, Z U MPOEKUYS g ero
COOCTBEHHOrD BPAalllaTeNbHOIO MOMEHTA HA HEKOTOpOE BHIOpaHHOE Ha-
NpaBJIeHUeE yiKe He Oy 1T MMETD OnpefeseHHbIX 3HaycHuit. ORHAKO, KBALTO-
Baf MEXaHUKA DACCMATPUBALT COCTOSIHUE DNEKTPOHA C OHpEAENEHHOM
SHEPIUeH KAK Pesy/LTaT Cyneprosvuun (T. e, HANOKEHNs IPYT Ha Apyra
VM CMEIUEHHS) BCEBOMOMKHBIX COCTOAHMUY C OTIf e[E/IEHNBIMM  SHAYC HU~
MU X, ¥, Z M a. ITO NOHATHE CMEIUIEHWA WIM HANOMKEHHA COCTOSIHUIL
lclgy{gc }?gﬁﬂp¥gg :[I:HHGBTCﬂ YUCTO KBAHTOBBIM TOHSTHEM, UYXKABIM KJac~
i cne;zy}oxi - B macct—mecxoi/‘( TEOPHIT BO3MOKHO  NPHUBECTH
ACR CTpyta [%Iomec-m;wwfm' nycTh aHa, HanpuMep, KoJebmwoma-
MOSKEM oséc HAUaJo KOOPAMIAT B OXHOM ee KOHHEe, MEl

POBECTH OCb X-0B BAONIL CTPYHHL. TOrja cocTOsHME KoneGaHus
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CTPYHBI MOKET GHITh 3aJIaHO B BUMe YPaBHENUsl KpUBol ¥ = f (x), oGrasye-
MOTO CTPYHOH B K& KAbii MOMeHT Bpexen¥. Ecay Janel fiBa BCIMO ble
KoneGanys CTpynn ¥ = f, (X,{) ¥ ¥ = f; (X,1), To BOMCIKHO ¥ KOJ Ganye
¥ o= tfy (08) + Cofs (x,1), THE €, M €y — KaKye-1uGo UKCNA. ITO TO-
crnefiHee  KoAcGaHMEe MOYKHO [acCMaTpuBaTh KaK DPe3yneTaT Hano-
WeHnst wunM  cynepnoauyuu KonebGawuit y =f, (%) u y={;, (x,1),
npuueM KodQQHLMEHTH €, M €, ONpeeNsIoT Xapakrep 3T0H cynep-
nosupMK, Taihm 0GpazoM, KBaHTOBAas MeXaHMKAa INPeACTAaBJACT HEKO-
TOpyl (BNpOuYeM BeCbMa [OBEDXHOCTHYH) QHAJOTHID ¢ [I0BEJEHHEM
TaKUX HeNpepBIBHBIX KOAEONIOIMXCA TeJ, KaK CTPYHBI, MemOpanbl
M CIOLIHbIE CPebl B KnaccuuecKCH rTeopum; cofcrBenno, Gnaromaps
9TOjf MMEHHO AHasIOrkH, OHAa U lony4kna Ha3BaHWE BONMHOBOH MEXAHBKH.
To 0GCTOATENLCTBO, UTO [IPH PA3NHYHBIX COOTHOWIEHNAX Kodfuunenros
€ M € CKNAJBIBAICIMECST KONEGAHNA CTPYHB MOTYT TO YCH/MBAThb, TO
ocnabnaTk APYT Apyra, MMeeT AHAJIOTHIO H B CIIOMKEHHM DPA3JIMYHAEIX CO-
CTOAHUN 27IEKTPOHA, e TOUYHO TAK YKE MOTYT MPOMCXOALTL AHANOMHY-
HbIE MHTEp(pCpCHL[HOHHbIe ABJICHKSI: CNEAYET [IPH 3TOM OTUETJIHBO MMETh
B BHIY, uTO peub uaer 06 uxTepdepenini IneKTpoHa ¢ camum co6oit, a we
00 unTepdepeHLMH PABNHUHBIX JNEKTPOHOB APYT € APYTOM, O KOTOPOH
YACTO IPUXOIKTCS YATATL B BYJILTAPHBIX HINMKEHHAX KBAHTOBCH mexXaHu-
K#. CXOACTBO MEWAY BONHOBOM MEXAHMKON INeKTpoHA M 06bIuHel Teopueit
pacnpocTpatenus BonH (Hanpumep cBeTa) oOHAPYIKHEBACTCA B SBNEHHAX
pacCesTHUS BNEKTPOHOB KPUCTANIAMM j 9TH SIBJIEHHMS], KAK NOKA3pIB 10T U
TEOPYST W ONBIT (BlepBble NOCTABNEHHBIA amepukawuamy J[J3 wcconom
n Jxcepmepor),cOBe pIIEHHO AHANOIYYHL ABJIEHKSM PACCeSHUS [el TFeHOB-
CKMX Nyuel KpCTannamu, uid 1anc BOIMOYXKHCCTb BBECTH, HA PAMY C [eHT-
renorpadueit, TAKKE M JeKTPoHOTpagkio, KaK OpyJHe MCCAeLORaHUA
CTPYKTYPbl KPHCTANZIMMECKUX DeleToK TBepARX Ten. Bnpouem, cnenyer
38METHTH, UTO (OFManbHOE CXOACTRO MEMKLY MEXAaHHKOW JekTpoHa W
33KOHaMi PACTIPOCTPaHEHNs BONH ABAAETCA [OBONLHO MOBEPXHCCTHLIM;
¥ 8CNY B HEKOTOPHIX Clyyanx (0ccGeHHo TOrAA, KOrfla 3NeKTPOH ABHIKeTCA
B OTCYTCTBHHM CHJIOBOTG [0JISt) OHO HACTONBKO BE/MKO, UTG MOXKHO TOBO-
PHUTB O ‘AUIMHE BOJIHEI IMEKTLOHA, TO B GONbIIMHCTBe Cyyacs (Hamprmep,
ANt ANEKTR0HA B ATOME)HY 0 KAKKX ¢RONHAX» MOBOPHTH BOCHLIE HERO3MOMKHO.
B cRaA3H ¢ 3THEM CTOHCBHTCS CODCLIICHHO OTEBHJIHBIM, UTO BOIPCC, YAETO
pasGupaemblii B NONYNAPHBIX KHIYKKAX, ¢€CTh MM ANEKTNOH YacTHLA UMY
BONIHAY, MOIKHO CTABHThL TOJIbKG MO MeNOpasymeHKio. Benb BOnHa eCTh
NpoIecc, a 3EKTPOH €CTh Beillb; OTCIOA SICHO, UTO 3NIEKTPOH HE MOMNET
GbITH BOJHOM € APYFO# CTOPOHEI, YTREPIKAEHHE O TOM, UTO DNEKTPOH €CTh
anemMenTapHan YaCTHIA, HMEET TOJTbKO TOT CMBICl, UTO HM NPH KaKHMX yCiio-
BUSAX M HMKOTAA HENb3A HAGMIONATs XPOOHYI0 MOJIO DNEKTPOHA, U B ITOH
(hopme Takoe yTeepwaeHHe OesycnoeHo mpasunbHo. [1o3TOMY OTBETOM
Ha MPecjoByTHIA BORPOC GYHET TO, YTO ¢3NEKTPOH €CTh YACHIUY(, 10OAYH-
HAIOILACH 804H080U MEXAHHMKESD,

Wrak COCTOAHME 3MEKTPOHA € OTPeJeneHHeIM 3qauenueM swepruv E
MOYHO pacCMAaTpHBaTh KaK Pe3YNbTAT CYNepno3yliM BCEBO3MOMKHBIX CO-
CTOSIHYIE ¢ ONpEelieNeHHBIMY 3HAUEHNSIMK X, ¥, 2 ¥ o. [IpH onmcankn TaKoit
CyDepnosuiMK HO/DKHB ObiTh 381aHbl ¥ KO3DGULMEHTHI, € KOTOPBIMH
paziyHLE COCTOSTHUA BXOAST B CYNEPRO3ULHUIO (COOTRETCTBEHHO KO3G (Hn-

Crpoenvie memtecTBa 12
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eHTaM ¢; H ¢, B IPHBe/leHHOM Bblilie aHaRoTHK), 3afanne 3tHx koddduuuen-
TOB COBEPILCHHO OMpPefeNseT Pe3YAbTAT cynepnosuriv. I10aToMy Ka)aoi
CHCTEME CIIPEAEJIEHHBIX 3HAueHHH X, ¥, 2 Y o MH JOJKHBl TPUBCCTH B
COOTBETCTBHE ONpefenerubil Koadduument. ItoT KoddiguuuerT Gyner,
cnenoBaTebHo, QyHIIMeR YeThIpex 1epeMeNbX X, ¥, 2 4 o, U3 KOTOPLIX
HCPBEE TPH B COCTOALMH NPMHMMATh KaK¥e YIOZHO SHAUEHUA 0T —ca
pite] +DO, 2 YeTBCPTAS MOKET NPUHUMATDL TOJTBKO jBa SHAUCHHUSA, yKa3E\HHHO
pole. Ofo3nauuM Takyw (yHKum0 vepes ¢ (X, y, 2, o). 3agaHue 3Toi
(hyHI(l_U/II/I, KAK Mbl BMAUM, BIIQJIHE OMNpPEIEJIFALT TO COCTOsiHME, KOTOpOe
IOJIYyYaeTcsa B pE3yNbTaTe CyHepHOSML\l/II/I; 0HA HA3LIBAETCHA (BOJIHOBOM
diylicupey 3TOC0 COCTOSIHWA. B uacTHCCTH M TO COCTOSiHME, B KOTOPOM
3TeKTPOH 061a1aeT onpeenelinoit sHepTHel, TAKe MOMKeT OLITh 0XapaK-
TePHU30BAHO HEKOTODOH BOJIHOBOM (yHKIMelH.

Bpime MpiBUAlenY, wT0 HaHGONEC CYICCTBE HRBIM Ty HKTOM EOJHOF O M¢-
XAHHKH SBASETCS NPUHLMII HeODpeaeNeHHCCTH, KOTOPEI yTBEPKIaeT, 4To
€Cu JlaHo  Onpe/ieNIeHHOe COCTOSHHE CHCTEMEL, COCTOﬂHleﬁ H3 OJIEKTPOHOB
M Auep, TO He Kayuan QU3MUecKasl BenWunNa, XapakTepHsyloias 9Ty
CUCTEMY, HMEET B 3TOM COCTOAHUH BIOJIHE CNIPENIEIEIIHOE SHAYEHNE | MOYKET
CJIYYUTLCS], UTO COCTOSIHME CHCTEMLE BIOJIHE ONPefesTeHO M 3adHO, 4 MEIY
TeM JaHHas (U3uuecKas BeNIMUNHA, OTHOCAUIAACS K CHCTeMe, He WMeeT
OUpPEAENICHHOT O 3HAUCHUS, 110 UMEIOTCA NWIDL ODPEACTE HHBIC §epOSITHA. ML
[ONYUUTE TO WY HHOE 3iaueHHe 3T0H BeNRUMHEL B pe3yNbTATE €€ M3Mepe-
pns. TaK HANPUMED, EC/TH CUCTEMA COCTOHT U3 OAHOI0 IEKTPOHA, HAXOAS-
mMerocst B 33JalllIOM BHEIUHEM TOJC, TO B CIyuyae COCTOAHUS, XapaKTe-
PH3YIOIETOCS BIIOJIHE OMPEE/IeHHBIM 3HAUEHHEM OHEPIVH JJIeKTPOHA
(TaKie COCTOSIINA ¢ OnpejleneHBOi sHeprieil 0KA3BIBAKTCA CTALMOHAP-
HBIMH, T. €, (63 BMENIATENbCTEA HSBHE CHCTEMA He BLIAET U3 TAKOIO COCTOR-
HU5T), TONOMeHe SNEKTPOHA B TIPOCTPAHCTBE OKA3HLIBAETCS HEONpefelleH-
HBIM. TIpM 3TOM OIHAKO MOMKHO YKa3aTh TAK A3LIBACMYIO 8041106y10 (PyriK-
YUK INCKTPOBA, KOTOPAs HMCRT TOT (U3KHUECIKRIA CMBICH, yTO JUISL NARHOIO
COCTOSTHUS € ONPEAENCHHOM ate prutil KBaJIpaT A6CoMI0THO{ BeTUYMHEL BOJIHO-
Boil QyHKIWMK 3MEKTPOHA MPONOPLMOHAJIEN BEPOSTIIOCTH HANHTY 3JIEKTPOL
(Ipy B3MEPCHHMH CTO TOJOMEHHA) B TOH WV HHOM TOUKE MPOCTPANcCTRa:
TaM, /1€ 9TOT KBAJIPAT BENUURHE! BOJIHOBOH dyHKIMY m060IbIIE, OTHICKATD
3MEKTPOH BEPOSITHEE, UeM TaM, e 0H nomelnite. He cenyer npw sTom gy-
MAThb, UT0 3MEKTPOH € TOUKH 3PEHKA BOJHOROH MeXaivKKy ¢pasMas3any No BCe-
My of'beMy aTOMA B TOM CMbICTIE, UTO OH 3aMEHeH Kak GH 061aKoM aneKTpu-
YeCKOT0 33 Psifia, PACIpefie ie HHBIM [10 IPCCTPAHCTRY CKAKOM-TO MI0THOCTRIO !
ecnu Gpl 370 6bI10 TAK, TO MOXKHO GbINO OBl OTPE3aTh YACTh TAKOIO ofnaKa
¥ NONyuuTh TaKum 06pa3om fomi0 3nextposa. OILIT MOKA3LBALT, UTO 310
HEBO3MOYKHO, & OITOMY 1Y HHO 3AKIOUITE, UTO B CTAIMOHA DHOM COCTOAHNH
(cocToAHMY C OmpeleNeHHCHl DHEprieil) SNeKTPOH HAME HE PasMasad 1o
BCeMY aTOMY ¢ KarKoH-To TiepeMeNHOH INIOTHOCTBID, & HA CAMOM jAelle He
uMeem HUKAGKUX KOOpOuHam B TIPOCTPAHCTBe, IT0 3BYUUT NAPALOKCAIBHO
€ TOUKH 3peHMs TPUBLIUNLIX HAMBX HPeJICTABNeHVH, CHOMUBIINXCS TIOA
BINsiHUEM Haﬁmone]mﬁ Hapg CORIUHBIMY TeJIAMK TpUpOIL!, COCTOAIIMY U3
CPA3y MHOTHX ATOMOB W 10TOMY BUAIMEX HANUIEMY [A3Y, HO MATE PHAJNCT
MOJDKEH TBEPAIO TMOMHHUTB, 4TO NPUBBMHOCTD KAKUX-TUGO TIpefcTanie Uil
eie He Jignaer ux aGCoMITHO BePHEIMY 1 UTO BHYTPUATOMHLIE 3EKTPOHB
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coBceM ne 00nsann 06s1a13Th TaKMMu CBoMcTBamMH, uTobul nX Gbuto yaoGHO
cele npecTaBUTD.

PaccmoTpnm aroM, cocroamuil M3 Apa ¢ 3apsaaoM - Ze u w3 Z NeK-
TPOHOB. Ka)kIbiHl M3 3THX 9/IeKTPOHOB HAXOJHUTCH B 3IEKTPHUECKOM T0JIE
sIAPa M oCTANBHEIX Z — | 3ektponoB. Taxoe HoJe MOMKHO.IPHOTHIKEHHO
CUNTATh 0OIAAAI0MEM DA POBOH CHMMETPHEH, T. €. OAMHAKOBBIM [10 BCEM HA-
[paBIe HMSIM, TIPOBEAEHEDIN U3 A1Da. BoiHOBasi MeXaHHKA [I03BOJISiET HANTH
U KacCH{MUEPOBATD BCE CTAIHOHA PHBIE COCTOSHHS JIEKT POHA, HAXO0AsILe-
rocsiBTaKoM nose. Kaqloe cTaiMOHapHOE COCTOAHME XapaKTepHIYeTCH
BOJIHOBOH (yHKuMel a1eKTPoHa, oNpefcae BELIM 06 pasom 3aBHCAILe i OT ero
KoopauHaT, TdAK Kak [0ne, B KOTOPOM HAXOAHTCA 3JEeKTPOH, ofiajaer
WapoBoit CHMMETPUCH, T, €. eI'0 BeJIHUKHA B KA)KI0/ TOUKE 3aBHCHT JIMIIbL OT
PacCTOsIHASA A0 A1pA, A He 0T HAanpaBe K IPAMOH, CoeTMHSIOMWE i 3Ty TOUKY
C SIIpOM, TO Beero yacOHee IOML30BATHCS HOASPHBIMKH KOOPAHHATAMM
OfHOM M3 ITHX KOOPAMHAT SIBNISIETCST pacCTOSIHME JAHHOU TOUKH 10 sifpa
(3T0 paccrosiiie Mpl Gymem cfo3Hauath GYKBCH £), ¥ KpOMe TOro Ba yria
XapaKTe PUBYIOT UAliPaBJeHne pasuyca, IPOREICHHOr0 N3 Sipa K AaHHOM
TOuKe. Pacuelb!, NpousBejeHHbIC TO NPABHNAM BOJHOBOH MeXaHUKH,
TIOK&3BIBAIOT, UTO BONIGEA s1 By EKLUASI CTAIHOHA PHOTO COCTOSIHHS EKTPOHa,
HAXOMAMIETCCSt B 07I€ CHJ ¢ WIAPOBCH crMMeTPHEN, BCCTAa COCTOMT M3
NBYX MHO)KHTENE}, H3 KOTOPBIX He[:Bbili 3aBUCKT TONEKO OT £, HO HE 3aBHCHUT
OT HATIPABJIEHHUST, @ BTOPOH, 11a¢§opoT, He 3aBucuT oT r. ECIIH MBI pACCMOTPHM
TIe PEEIH MHOMKUTE/Tb, 3ABKCALIMIL OT 7, TO B Pa3HHIX CTALMOHADHBIX COCTOR-
HUAX OH MOXeT ObTb pastiplif, MOITCMY Mbl MOYKEM KJIAaCCHGHUBPOBATH
CTAIMOHAPHBIE COCTOAHUS N0 BUAY MHOKWTEJNs], 3ABUCSIILErO OT 7, U pac-
TIOJIOMWH T OTH KNaCCHl CTAallMOHA PHBIX CCCTOSIHUE HANPHMED B TAKOM IIOpSA-
Ke, uTo0Bl PUCCTOSIHME, Ha KOTOPOM KBAZPAT BENAUMHBI MHOMKUTeNS,
SABHCAIIEr0 OT 7, UMEET MAKCUMAaNbLHOE 3HAUCHME, BCe BDEMS BO3DACTAl0
TIPY DePEXO0IE 0T IAHHOI 0 KJACCA K CNeAyIciie My . Mbl ¢ HaGyM TaKHe KnacH
CTanMOHaPHBIX COCTOSTHUI Hemepamu, cfospaure xHomepem 1 TOT Knacc,
B KOTOPOM KBAJIPAT BEJIHUNHB MHOYKHTEIA, 3aBKCSIIET0 OT F', HMEET MAKCH-
MyM Ha CaMOM MalieHbKOM DACCTOSIHHH OT $Apa, HOMEPOM 2 Tor Kijacc,
rae MAaKCUMyM NOJIYUaeTcsi HA CNefYINeM DacCTOSHMH ¥ T. fi, H T. TI.
Taxko#i HOMED MBI Ha3bBAEM 2AA6M6IM KEQIOCHIM YUCAOM CTAITROHA DHOTO
COCTOAIHUS 2JIeKTPOHA M 0f03nauaem soofme Gykeoii n, 3anoMumm, uto
£ MOXKET NPHIMMATDL 3HaueHus 1, 2, 3,...

BHYTpH K& 0T 0 K1acca, XapaiTe PUSYeMOro IIABHBIM KBAHTOBBIM UMC-
JIOM, COCTOSIHHS DAacTIpefiensiioTesA 1o NOJKIACCAM B 3aBHCUMOCTH OT BUIA
MHO)KKTENR, HE colepkamero r. HaunGonee ynoSkbm cpecTBOM KaccHu-
LI POBATDb 3TH COCTOSHHUS SIBNACTCA PACCMOTPEHHE MOMEHTa KOJINUECTBA JIBU=
SKeHE A, MOMEHT KONHUECTBA [BI)KeHHS (BpataTesiblibil MOMEHT) ECTh BEJIH-
YHHA, U3BeCTHAS Y)KE U3 KJIACCHURCKO Mexanniu. Ecau HATIpUMED NaHo
KOJIeC, BPAIAOIIEEcss BOKPYT OCH, 1 eCJIM MacCoii CIIHIL KOJTeCa MOYKHO ITpe-
HeOpeub 110 CPaBHEHHIO ¢ Maccoil ero ofiofla, TO MOMEHTOM KOJMUECTBA BU-
JKEHM ST KOJIECA Ha3hIBAETCS NPOH3Bele Hie Macch 000[a m Ha IMHEHHYIO CIKo-
poctb Touer 060pa v 1 Ha ero pannyc r. Ecnu m=1e2, v=1cmfcex ur=1cn,
TO MOMEHT KOJMUECTBa [IBFH)KEHMSI OKA3HBACTCS DABHHIM eIMHUIE. ITY

2 M2
e/MHHIY MOMENTa KOJHUECTBA JBHMKEHHA 0003HAUANT 0CLIKHOBEHHO o

*
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B 3HAK TOTO, UTO NS MONyUeHUsi MOMEHTA KOJMUYECTBA ABMIKEHUSA B 3THX
eAMHWUAX TIPHXOAKTCA NCMHCOKATL UKCO IPAMM HA UNCAO CAHTUMETPOB
B CEKYHIY W Ha YUCNO CaHTUMETPOF. B BONHOBCH MeXaHHKe MCMEHT KO-
JINYECTBA ABH>KEHUST TOUHO TAK JKe UrpaeT GONILHIYI0 PONIb, TAK KaK OKa3bl-
BAETCS, YTO CTAUMOHAPHuE ABUIKEHUE BMEKTPOHA BCKEYT 8lLa B paccmarpy-
BACMOM HaMU CIyUae XapAKTepH3YeTCs ONpefle/leHE b’ M 3HAt CHIEM MOMERTA
KONMYECTBA ABWIKeHUA. TIpH 5TCM pacueThl TIPUBOAAT K CNeIYKUKMY 3a-
MEUaTE/ILHOMY Pe3y/ILTATY: MOMEHT KOJMUECTBA JBUXKeHHs 00sizaTensHO

paBeH ¥ Vl(l+ 1), rpe [— uenoe urcio, TNpPUHUMAKCHIce 3HAUEH U5
,1,2..., & h' BenuuKHa, paBHas genenHcyi Ha 2 = nocToanHcli [naunka, T. e.
2
1,04 . 10727 % W urpawmas Boobile ouellh BAa)KHYH poJb BO BCEX
dopMynax BONHOBOK MeXaHUKH. 3TO AAET BO3MOXKHOCTH KnacCuguuypoBath
COCTOSTHHSI BJIEKTPOHA 110 3HAUEHWIO0 uWCna [, KOTOpOe HA3LIBAETCA 110-
Gourim Kearnmosoim wucaom. T10 yKOpCHUBIIEMYCS el (U3UKOB 06HYAI0
coctosiHiA [ = O Ha3LBAWTCA S-COCTOSHUAMH, cCCTosHMS [ =1 p-co-
CTOSIHHSIMH, CCCTOSIHMA | == 2 (-COCTOsIHUSIMM W T. . Hanuude ABYX
KBAHTOBLIX UMCeN 71 M [ M03BONSET XaPAKTEPU3OBATH JAHHBIM NOAKIACC
€pasy ABYMs 4UCNaMU, U3 KOTOPLIX Ne pBoe 0603HAUAET IilaBHOe KBAHTOBOE
YHCNI0, @ BTOpOE — 0GOUHOE (RMECTO BTOPOTO YKCNA O6LIYHO CTaBUTCA
cooTBeTcTBYIOWAs OyKBa s, p, d, f, g, b W . 1.) HO npn 910N, KaK NOKasbl-
BAaeT pacuerT, NPOM3BEACHHBI 10 [IpaBHNAM BOJIHOBOH MeXaHHKH, UHCIIO
I IOHKHO ObiTh BCerga MeHbINE, ueM f1; TAK Hampumep ecnw n =1, 10
obsizarenso { =0, ecnnn=2,To l=0um 1, ecru n =3, 10 { =0
unk 1 wau 2. Takum 0Gpa3om Tonyuaem PAA COCTOSHKE UM, TOYHEE, Noj-
KJIaCCOB COCTOSIHI :

1s, 25, 3s8,...
2p, 3p,us

Kasaptit #3 aTUX NOAKNACCOB COCTOSHNI B CBOIO OYePeAb pacrajaercs
Ha janbHefilue cocrosHusA. HanbHelimasn KiaccuduKaLms nponaBOAUTCS
OMSATH-TAKH € M1OMOILbLI PACCMOTPEHHSI MOMEHTa KONMYECTBA ABHIKEHUS.
JAnst 3TOrO MpOBefEM Yepe3 AP0 KAaKYw-Tu60 OMpPeLESIEHHYI0 B NPOCTPAH-
CTBE NIPAMYIO H PACCMOTPHM COCTOSIHHE BAEKTPOHA ¢ NOGOYHBIM KBAHTOBBIM
UHCTIOM [, T. €. C MOMEHTOM KOJIMUECTBA ABUKEHUsSI BOKPYT 5APa PaBHEM

oy
h Vl(l—i—l)‘ BoninoBasi MeXaHWKa NOKa3LIBAET, YTO NPOSKUMSA ITOTO
MOMEHTA KOJIWUECTIa JBUMKEHUst Ha BbIipaHHYI0 HaMB npsmMylo 06s3a-
TENLHO NOMMKHA ObiTe paBha mht', rae i — 13 Hxe camast KBaHTOBAS MO-
2em?
cTOﬁHHaﬂ,paBHaﬂl,OL10'27—CTK,3 m €CTb LEJOoe 4KC/IO, HA3BIBAEMOE
MASHUMHGIM KEAHMOGELM YLCAOM W TPWHMMAIOMIEE PA3JMUHBE 3HAUEHHS,
HONIOMUTEILHBIE M OTPULATENIbHbIE, HO HE GOJBIIE, ueM [, 1 HE MeHblle,

uem — I. Takum obpaszom NpY JAaHHEIX 3HAYEHMSIX 11 ¥ [ UHCNO m MOYKET
TPYHUMATS 3HAYEHHS :

+L—=1,4-2,—2,., 4, —1
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$lcno, uTo uMcno aTMX 3HAveHudt paBHo 2[ + 1. Taxum o6pasoM xaxaoe
$-COCTOSIHME [IOMYCKAeT TONBKO OJHO SHAU€HMe MATHMTHOTO KBAHTOBOI'O
UUCNA, KAXKI0E pP-COCTOSIHME TPHM TAKHX SHAUEHMS, K2)KA0e 4-COCTOSIHHMe
NATE, Ka)10e f-cOCTosIHNE ceMb U T. 1. Ho He clefiyeT AymaTh, uTo 3ajaHue
TPEX KBAHTOBBIX YHCEN 11, I, #11 BIIOJTHE OFIpEeeSsIeT CTALMOHAPHOE COCTOAHNE
3nexTpona. TaKHX YnucesT HYXKHO He TPH, a UETLIPE, TAK KAK CMLIT MOKASh-
BAET, WTO KPOME MOMEHTA KOJMUECTBA ABVKCHMSA, CBSI3AHHOTO € JBH)KE-
HHCM 3/IEKTPOHA BOKDPYT SApa (0 KAKOBOM «OPOMTANEHOM MOMEHTE KOMTHYE~
CTBA BHYKeHMs1» 11 ey BILLE), AMEKTPOH 06naaaeT ewe ¥ co6CTBEe HHBIM
MOMEHTOM KOJIMYeCTBA JBHYKEHNS, KOTO PRI MPHHSTO HASEIBATE ¢CAXHOBBIMY
B OT/IHUKE OT 0 P6HTANBLHOr. Ecan 65 MO)KHO GbUIO IPUMEHATD K 3/1EKTPOHY
HArMSEHBIE «KJIACCHYECKHES [IPeACTABIE IS, TO MBI CKasany Cul, 4TO HAMN-
uue A06aBOUHOTO CIIMHOBOrO MOMEHTA CBHAETENECTBYET O BPALICHHY anek-
TPOHA BOKPYT COGCTBEHHOI OCH (MORCGHO TOMY, KAK 3eMJIft He TOSBKO ABH-
AeTesl no op6uTe BOXKPyr CONHLA, HO e1e ¥ 110BOpauMBAeTCA BOKPYT CBoel
ocr). Onnaxo Mer Gynem ocTeperaTbesl MONOGHBIX HETOUHBIX BhIPA)KEHMH.
Kak 66 10 HM Ghi10, HANMMUME BNEKTPOHHOIC «CTNUHAS MPHUBOANT K TOMY,
UTO KXKAOE COCTOSTHME XaPaKTepH3yeTcsl TOMHMO TPeX KBAHTOBLIX UMCEN
1, I, melle ¥ ueTBEPTHIM, TAK HASLIBAEMEIM «CAHHOBBIM) KBAHTOBHIM YHC/10M
fl;, KOTOpPOE NPMHUMAET TONBKO JBa 3HAYeUHs: + —;— u—-y (npoexuys
¢CTIMHOBOTG» NOMEHTA KOJHYeCTBA JABWIKEIIMST 3MeKT[I0OHA HA BhifpanHoe
HanpaejeHHE MOMET pPaBHATHLCSA —;— h W — - h"). Yerbipe KBaHTO-
BBIX UNCna 1, I, m, f1, NONHOCTbIO XAPAKTEPUSYHOT COCTOSIIINE INEKTPONA
B aTOME,

Ecny yuecTh Hanmuune 060MX UKCEN 1 W 1M, TO OKAYKETCs1, UTO KKK
MOAKJIIACC COCTOSHMIA, XapaKTe puayeMuil IByMA YHCIAMY 11 W [, COCTOWT U3
2(21 4 1), a ne ua 21 4 1 cocrosiuuii, Ons s-cocroauuii ({ = 0) aro wucno
221 +1) paBro 2, pia p-cocrostuuit (I = 1) oHo pasHo 6 u T. A..Mu
NoJyyaeM CIeayiylo rabnluy*

bisssbut s t a ! r 5
1= 0 1 2 3 4 5
W D= 2 6 10 14 18 22

BcnoMHMM Tenepk, YTO TJIABHOE KBAHTOBOE 4NCIIO N1 XapaKTepUSYeT
GNM30CTL 3MEKTPONA K AAPY, MIH, TOUYHEE IOBOPA, GNIMSOCTL K AAPY TOM
TOYKH, TAE TIPH JAHHOM PajUaNbHOM HAlPABAEHHM KBAAPAT BENHUMHB!
BostHOAoH (YHKLMH AOCTHTAET caMbix 00/IBIMX 3HAYEHKWI ¥ Te CrefoBa-
TeNbHO BCET0 BEPOATHEE HAliTH 37eKTDOH NPH HIMEPEHHN €r0 NOMOKEHH.
ToaroMy MBI CHOBA BCTMOMHMM KNACCH(IMKALMIO COCTOSIHMK 3MEKTPOHCB
COOTBETCTBEHHO TNIABHOMY KBAHTOBOMY umcny. Mul wafiiem, uto rpynna
COCTOsIHUH, XapaxTepH3yeMblx Haubonbiuell GnmsocThio K Aapy (a=1),
COCTOMT BCETO NUUIL M3 KBYX S-COCTOAHMH, crefyiomas (B nopsaxe pac-
cTOAHuM) Ipynna (n1a=2) COCTOUT M3 ABYX §-COCTOSIHHN W U3 INECTH p-CO-
CTOSIHUI , T. €. BCEr0 U3 BOCHMM COCTOSTHMIL, CNeyIoINas TPyNNa Uy, Kak
NPUHATO TOBOPYTE, CleRyloumit «CNoits (7==3) COCTONT M3 ABYX §-, HIECTH
p- 1 A€CHTH d-COCTORMMIA, T, €. BCEr0 U3 BOCEMBARUATH COCTMAHKM, clleayio-
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muil ¢aoft (n = 4) u3 ABYX §-, IIECTH p-, AECATH d- ¥ UETBIPHAANATH
f-COCTOSIIM, T. €. BCEro H3 TPUALATH ABYX COCTOSHMM U T. L. 3anomMHEM
ITH UHCJIA COCTOAN U B KAXKIOM CJ10¢ (B4, BOCEMb, BOCEMHAAIATE, TPHALATDL
[BA T, .); B HUX Mbl HalileM K104 K I0HMMAHHIO [IEPHOMIECKOH cucTeMbr!

OcHOBHBIM HCXOHbIM My HKTOM [P NOCTPOEHUH TEOPHH BEPHOIHUECKOTH
CHCTEMBl SIBJIAETCA NPUHLWMI {Jayau, CQOPMYNHPOBAHHBIN MM BIIePBEIE
B 1925 r. u npepctaBsisioluii OfMH L3 Haulonee (QyHAAMEHTANBHBIX
2AKOHOB OPUPOABL. JTOT mnpuHuun, ofmas ¢GopmysupeBKA KOTOROTO
He MOMET ObITh 3fleCh IIPHBEeHA, OTHOCLICH K CHCTEMAM, COCTOSIEM H3
HECKOJNBKUX 3MIEKTPOHOB, B PACCMATPHBAEMOM HaMHK CIYULe, KOMLA MBI MO-
eM npulITKEHHO PACCMATPYBATD KAXNGIBIA ANCKTPOH, KAK HAXORAWHNIACS
B 1I0JIC CHJI ¢ LIAPOBOIi CHMMETPHER, H COOTBCTCTBEHHO STOMY XapaKTCPE30-
BATL COCTOSHHE KANJWOID 3NCKTPOHA UETBEPKOH KBaWiOBBIX uykcend I,
1, m, m;, npunkuun [aynn GopMyHPyeTcs CRERyYM 60pazom: 6 armiome
116 MOYCEN 661G 08YX 2ACKIPOHOS 6 0OHOM U MOM ME COCINOARUY, T. €. 08YX
SACKMPOHOE ¢ QOUHAK060T] yemeepKoll Keaitmoseix quced. COCTOsIHKE BCEro
ATOMa He MOYKCT OLITh CUMMETPHUHBIM [0 OTUOMIEHHIO K ABYM JIIEKTPOHAM;
TaKuM 06pasom ecaIy JJIEKTPOl 00ANaeT KaKo#i-T0 UCTBCPKOH KBAhTOBBIX
WUCeJt, TO 9T0 COCTOsIINE OKA3LIBACTCA Y)Ke 3aHATLIM, U B CHAY NPHHIMNA
Tlayau Wik, KaKk FoBOpAT MHOTAE, B CUAY «3anpeiienyst [laynuy 0cTanbHEE
3NCKTPOHBL BBIHYKIEHBL BLIﬁ}dpﬂTb WHBIC HE3AHAThIE COCTOSHHA.

Hexopst uz atoro npubIMyKEHHOrD, HO CPAaBHUTEJbH) HArIAJHOro
NPEJCTABICHNS, Mbl IPHEM K TEM JKE CAMBIM PE3YJIBTATaM, I KAKHM MOYKHO
NPUTTH HA OCHOBAHMM TOUHOM (HE YKa3aHHOM 3echb) (GOPMyIMpOBKH
sanpemenua [layny,

Ecnu naHo s1po © 3apafoM + Ze 1 KpoMe Hero emic Z ANeKTPOHOB,
TO TaKas CHCTEMA MOYKET HAXORKTBCA B PasNuuublx cocToaxusx. Hap-
Goabnmiit VHTEpEC MPEACTABIIAECT TAK HASEIBACMOE HOpMaJNbHOE, WK HE-
BO30YIK/ICHHOE COCTOSTHUC, T. €. C HAXMEHBIUICH BO3MOYKHOM OHeprueii: B 310
COCTOSIHKE CHCTEMA MOCTOSTHHO CTPEMUTCS MepeiiTH, H ecAH OHA NCPBO-
HauaJIbIIG HEXOAMJIACh B BOSGy)}(}LBHHOM COCTOAHKHU, T. €. B COCTOAHNUH C
GONBINEM 3HAUEHHEM JHEDIHH, TO UEPE3 HEKOTOpOE BPEMsI, OTAAE H3GHITOK
SHEPTHU TIOCPECTBOM H3JIYUE HIS MIIH TIPH CTOJIKHOBEHHHM ¢ ADYTUM ATOMOM,
ona 00A3aTeNLHO nepeilieT B HopManbHoe cocrosinke, TaK KAK HA RAHHDIH
ANEKTPOH AeHCTRYET HOMOKUTENbHEE 3apaa Ze U OTPHLATENbHLE 3apsiy
(Z —1) e (sapsn OCTANLEBIX 3M1€KTPOHOB ), TO AEHCTRYE NI0IOKHTRIBHOTO
2apsifad B O0MWeM CHIbliee H NMOITOMY, KAK LPaBHiIo, KAKIB 3neKTPOH
crpeMuTest ObiTh NOGMMKE K DPUTATHERICIIEMY ero AAPY. SuauuT HanGo-
JIee Bp'OAHLIM JJI Herd C 3HePreTHUECKOH TOUKM 3pEHHs COCTOSHHEM
(COCTOSIIMEM ¢ HAuMEHbIICH 9HEpPrued) ByfeT COCTORINE € BOSMOXKHO
MCHBUIMM MTABHBIM KBAHTOBBIM uncniom n. TTooToMy, ecan APy ¢ 3apAaom
Ze mul CNepBa 1a1UM TOJILKO OJMH 3NeKTPOH, TO OH NONAJET B COCTOSHUE
15, ec/ti fajum enmie ORWH ANEKTPOH, TO H OH MOMANeT B COCTosiHHE 1s,
HO yXe TpeTnil mpHOABIEHHB MEKTPOH NONKEH NONACTL B COCTOSIHIE
€ FNaABHLIM KBAHTOBEIM WHCMOM 2, TAK KAaK npupusn [layym sanpemact
€My TeDEHTH B COCTOAHHE C [NIABHEIM KBRAHTOBHIM 4HCJoM- ! {TaKHX cO-
CTOAHUI €CTh TONRKO f1BA W 00a OHM 3aHATH). TakHy 0GPAsOM KAk
npubaBnenyeit QJIEKTPOH CTPEMUTCS NepelTH B COCTOSHIE ¢ HAMMEHBIHM
F/IABHBIM KBaHTOBLIM YMCJIOM CPCEH HE3AHATHIX COCTOSIHMIL. Bripouem,
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TAK KAK B3aMMOJEIICTBYE JIEKTPUHOB MMEET CJIOSKHBIH XapAKTEP, MOKeT
CIIySNThCS B BMAE MCIUJHOMEHIst, WTO COCTOSIHEA ¢ KAKUM-TG TJIABHBM
KBAaHTOBBIM YMCJIOM €llje Heé Bee OYAYyT 3aMATHI, KOTHZ AJIS CICAYIOIErs
JJIEKTPOHA COCTOAHNE C Gosee BBICOKHMM TJIABHBIM KBAHTOBRIM UHMCIOM
OKUIKETCS OHEPre€THUYECKH Goee BBII0/IHBIM, UtMm Aw6oe U3 OCTABMINXCS
He 3AISITLIMH COCTOANME ¢ HpeXXHMM IJABHLIM KBAHTOBBM uMcjaom. C
TAKNMH ¢MCKJIIOUEHHSMMY Mbl OVIeM IOROJBHO YACTO BCTPEYATHCST GPH
OINCAHNE NePUOANYECKOH cHCTeMBl. 3aMETHM, 9T0 3HEPIHE Da3/iUYHBIX
B30y KIEHHBIX COCTOSHYI aToMa IS [eJIOTO Psfa aTOMOB 0MCHB XOPOLIO
M3BECTHRI, TAK Kax [IpH CBA3AHHOM C W3JYUECHHEM fepeXoje aroma n3
BO30Y)KIEHHOTO B HeBo30yEeHHOE COCTOAHNE HACTOTA MCTYCKaeMo# mpu
OTOM CHEKTPAJIbHON JINHUN IPOTIOPIMOHANLHA COOTBETCTBYIOILEH PA3HOCTH
3HEPrHit, U 9T0 JAeT BO3MOKHOCTD BHUUC/INTE JHEPIHH PASJIMUHEIX BOSMOJK-
HBEIX COCTOSIBMHA aT0MA, €CNY NCNYCKAEMbl UM CHEKTP AOCTATOUHO X0pOUIo
usyueH. Te cBellenmdsi 0 CTpoeHMH 3MEKTPOHHHX OOWICUEK PA3NNUHBIX
AT0MOB, KOTOPBIC Mbl 6leeM MpYBOALTE NaJIbIIE, OCHOBAKH Ha TIATENLHOM
HSy‘IEHH!’I UX CNEeXTpOB.

TepefileM K OMUCAHKIO TIEPUOAKHYECKOH CHCTEMBL

Ha nepsom mecte crout Bojopop (Z = 1). EEHCTBEHHEL €50 3EKTPOH
HAXOUTCA B COCTOSHNM 15, 32 Hum caeayer rennii (Z = 2). 08a ero anex-
TPOHA IIAXOXATCS B COCTOSHUY 1S, DTNM 3aKaHUMBAETCS 1IEPBHIH nepuop.
Mbl BHINM, uTO C0ff 772 = 1 (ero eme HaswRAWT K-CJIOEM) COBEPLUEHHO
3an0aHeH.

Crenyonii oneMenT authii (Z = 3) uMeeT eille OfMH ONEKTPOH, KO-
TOPBIH BLIHY/ICH N36paTh cocTosiHue 25. Y Gepunnua (Z = 4) B cocTos-
HUNY 25 UMEKTCH JABa BMICKTpoHA, y Clepyomux 3NIEMEHTOB KpOoMe COCTOos~
HEil 25 NOSBASKTCA elle dJCKTPOHBI B COCTOAHUAX 2p, & TAK KAK TAKUX
COCTOSHNH BCETO MMEETCH TONLKO IECTh, TO B 37eMEHTE LIeCTOM focie fe-
punnus, a ymerno neone (Z = 10), cnofl n = 2, nasuBaemuil vHage L
CII0EM, YIKe COBCDIHICHHO 3amofHeH. V3 JecsATd DJeKTPOHOB HeCHa JBa
sanonusiior K-Cacit, Bocemb L-CoM. Dr¥M 3aKanuuBaercsl BTOPOH fie-
puog, comepyamuii Bocemb osemeHtoB (Z =3, 4, 5, 6, 7, 8, 9, 10).

Cnefyiomwyii nocie weona auieMent Hatpuit (Z = 11) umecer onn-
114ALATh IAEKTPOHOB, U3 KOTOPLIX JECATh PACHONATANTCS KAK Y HCOHA,
4 OAMHHAAUATHE HAXOAUTCS B cocTosiuny 3s. 32 HuMM MACT MarHuil (Z==
= 12) ¢ iByM# JIeKTPoOHAMM 3$, @ 33 HWM HIECTH OICMCHTOB, HauuHas
ot amoMumns (Z = 13) # koHuast aprouoM (Z = 18), npadcM NOCTENEHHO
3ANOITHAIOTCS COCTOSHMA 3p, BoceMHAALATE 3JIKTPOHOB aproHa pacmpe-
RejieMbl TaK, 4TO ABa 3anojusior K-cioil, Bocemb L-ciolt n ocrans-
HBIE BOCEME 3AMOJTHAT Bee coctosiie 3s 11 3p. MoKHo Obi1o GBI 03KMAATD,
wro B gajpuefinmx snementax (Z = 19, 20,...) OyAeT npopomKaTeCs 3a-
noAneHne M-ciosl (€709 C TJABHBLIM KBAHTOBHM UMCIOM 71 = 3); ol-
NAKO OKASLIBAGTCHA, UTO AA TMOCTENHErs 37eKTpoHa siacMeHra Z = 19
cocTosine 45 OKa3HBaRTCA BHCPrETUYCCKY 6onec BLIrDXHBIM, YeM COCTOSHNAE
3d, nosromy 3mementoM Z = 19 HaumHaeTcs 3anoinenne N-cnos (cnos
C [JIABIBIM KBAHTOBBIM UHCIIOM 71 = 4), BCAENCTBHE UETO 3/IEMEHT aproH
(Z = 18) 0Ka3bIBAETCS TIOCIENHIM DNIEMEHTOM TPETBErO II€ PHOAA.

Inement xamuit (Z = 19) oTipeisaer cooit ueTBepThil nepuon. W3 ero
JCBATHAANATH 9MEKTPONOR BOCEMHAALATL 3AMONMANT CCCTomnvs s, 28
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2p, 35 ¥ 3p, @ AeBATHANLATHIH HAXOIHTCS BCOCTOARMN 45, Y KanbIMs (Z =
= 20} ABAANATHI 3MEKTPOH TOUHO TAK JKe HAXOMTCA B COCTOAHMM 4§.
Ho yxe y ckanausa (Z = 21) cocTosnne 3d o0KasbiBaeTcs1 60lee BLITOLHbIM,
YeM COCTOSIHNE ¢ ITABHBIM KBAHTOBBIM UKMC/IOM 4, IO3TOMY B0300HOBNSIETCA
npepBakHoe 3anoinexde M-cnosa, IpuueM ATIA 3TOrO 3aMOJIHERUS HCTIONL-
3YKTCA TAKXKE M Te [BA MeKTPOHA, KOTOpHIE y Kanblys Gbu1d B N-CJI0e.
B KoHLe KOHUOB y Meld (Z = 29) ABajLaTh BOCEMb 3JIEKTDOHOB 3a-
NONHAIOT BCE COCTosIHMA cyoeB K, L M M (aBa cocroanus K-Cnos niioc
BOCEMb COCTOAHMM L-CNOsl TAIC BOCEMHATLATL COCTOAHUN N-Cioa AalT
KaK pas ABAJUATL BOCeMb COCTOAHMIL), a ABaguarb HEBSITHIA 3MEKTPOH
HAXOLUTCA B COCTOAHMK 45. ¥ uunKa (Z = 30) B COCTOARMH 4S UMEIOTCA
JBa NEKTPOHA, ¥ CAeAYWIWX LecTH anemenTos (Z = 31, 32, 33, 34, 35,
36) samoNHsICTES COCTOSIHMSI 4p, NOKA He MojTyuaceTcsl 36-# aneMeHT Kphuil-
TOH ¢ BOCHMbIO 3eKTPOHAMY B N-ciioe, JTUM 3aKaHUMBAETCA HYETBEPTHI
NePHOA, TAK KAK Y CJICAYIOIEro A/ieMeHTa 100aBOURB 3/1EKTPCH H30upaer
(aHANOTHYHO TOMY, KAK B CJyuae Kanus) cocTosinve 5s, a He cocTosHue 4d.

Py6uauii (Z = 37) orxpoiBaet co60it nATHH mepuosi. W3 ero TpHALATH
CeMH 3EKTPOHOB JIBafUAaTL BOCeMb 3anofHsalT K-, L- u M-cnou, Bocemb
HaxXOA4TCH B N-CJI0€, B KOTOPOM OJIHAKO OCTANOCL €lle AeCATH He3anon-
HEHHBIX COCTOAHMH 44 ¥ YeTHPHAALATL HE3AMOJIHEHHLIX COCTOAHME 4f.
Tlocneguuit (37-i) 3neKTpoH HaxoauTCss B 0-CnOe B COCTOSIHMM  5s.
Y crpoHmma (Z = 38) B I3TOM COCTOAHMM HMEETCsl ABA 3JeKTpOHA,
HAKOHen ¥ MTTPHA (Z = 39) B030GHOBNACTCA NPepBAHHOE 3ATIONHEHHE
N-cnos (3HANOTMYHO TOMY, KAK NPOMCXONUT Jene y ckasaus). Ha sro
3a0JIHEHNE WAYT W [B& 3MEeKTPOHA, HAXOAWMBLIMECA Y CTPOHUNST B
O-cnoe. Ho zanondenne N-CNOS BHOBb NPHOCTAHABIMBAETCA TOTAA,
KOTJA Y ATOMA OKA3LIBAETCA MOJIHBI KOMIJIEKT 3NEKTPOHOB B COCTOAHUAX
44, moaTomy y anemenTa Z =47 (cepefpo) ero 3neKTPOIL PACHPEALNIAITCA
TaK: 2 + 8 + 18 anekTpoHOB 3an0NHAKT cunows cnou K, L, M, 2 +6 +
4 10 3EKTPOHOB 3aMONHAKT COCTOABMA 45 4p, 4d cnoa N u Haxouey |
3NEKTPOH HAXOJWTCA B COCTOSIHMM Bs ¢nosl O; YeTHIPHAALATL COCTORHMIA
4f ocTawTcs HesaHATHMU. Y AabReHIUMX 3NEMEHTOD NMPOACIHKAETCA 3a-
TIONHEHHKE CII0eB 55 M 5p, TI0KA Mbl He IIOJIYYAEM 371eMeHT KCeHoH (Z = 54)
¢2 4 8 4 18 anexktponamu B cnosix K, L, M, ¢ 2 + 6 -~ 10 anexrponamu
B COCTOSIHMAX 45, 4p, 4d cnos N 1 ¢ 2 + 6 37eKTPoHAMH B COCTOSIHNAX
55 1 5p cnost 0. DTHM 33KAHYMBAETCA NATHIA EPHON, .

Y cnefyiolero anemeHTa uesusn (Z = 53) NATLAECAT MATHIA ANEKTPOH
1onajaer B cocTosnyHe 6s, T. e, B Chefywmuii cuolt P, y 6apua (Z = 56)
MMECTCA J2)KE B2 37eKTPOHA B aTOM cocToaHnd. Ho B mmxnux stamax
ITOTO 3MAHNUA 3UAIOT Iy Gokne Gpeli: He TOJBKO B ¢noe O OCTAKTCA Me-
3aHATEIMK MecTa 5d, 5f 1 5g, Ho nawe B Gonee rAyGOKOM €noe NYCTYIOT
UeTLIPHAANATE CoCTOsiHUK 4f. TlosToMy y anemeHTa nantana (Z = 57)
nocneHuil 3NeKTPOH TNONAAAET B cOCTOAHKE 5d, 4 Y CrelyIoWero 32 Hum
uepHn (Z = 58) Bo30GHORNsAETCA 3anonkenue cno N, mporcxopsmce y
HUCTRIDHALATH TAK HA3LIBAEMBIX PeJKO3EMENLHEIX DNIEMEHTOR : TePBI n3
HUX 11epHfi (Z == 58), 2 nocnepuui kaccuoneit (Z = 71), y KOTOPOTo UMeeTCs
2484-18432==60" aneKTpoHOB B COBeplCHHO 3ANOJIHEHHHX Cnosx K,
L, M, N uxpome Toro 2 + 6 3JIEKTPOHOB B COCTOSIHMAX 551 5p, 1 anekTpoH
B COCTOSIHNHU 5 M 2 aNIEKTPOHA B COCTOAHMM Bs (B 3TOM CMBICIE OH CCBEp-
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IEHHO AHANOTMYeH TIPS (Z = 39), y KOTOpPOro camulil BHemHMi Crioi
TOYE MMEET ABa SMCKTPOHA B S-COCTOSIHUM, CJIEAYIOIIMI 38 HUM — 2 37ieK-
TPOHA B s-cocrosiiud, € B p-cocrosHmM M 1 B d-cocTosiHMM, a Bce
Gonee rnyGokne cnon cOBEPINEHHO 3amofHeHnl). ITogromy wmcropus mpo-
AOIMKAETCA JanbHle TAKMM e 00paszoM, KAK IpM Nepexofe ol HITPHsA
K cepe6py, @ MMEHHO: NPOAO/IAETCS 3aNOHEHHe COCTOSIHNA 5d M HA 310
34MO/THEHHE YACTUYHO PAcXOAyIOTCsl U SJIeKTPOKDI, OhBHIME YiKe B cnce P,
Taxkum cGpazoM Mbl TPUXOAUM K 30m0Ty (Z = 79), y Kotoporo 60 anex-
TPOHOB 3aN0NHAWT cuiolb o K, L, M, N, 18 37eKTPOHOB 3aNOAHAIT
cocrosiHis 5s, 5p 1 5d 1 1 9MeKTPOH HAaX0AMTCs! B cocrosinuy 6s. Benen sa
3THM COBIUHBLIM CODPA3OM 3aMOJHSIOTCS COCTOSIHNA 6s M 6p, U anemeHToM
Z = 86 (pajioH) 3aKaHYMBAETCS LIECTOH MEPHOLL.

HewnspectHblii anement Z = 87 OTKphiBaeT ce/lbMoli nepuof. Y aroro
anmemenTa cyion K, L, M, N coBeplieHHO 3anojHeHEl 60 aNeKTPOHAMH, B
cnoe O 3anojiHeHbl 18 3ieKTPOHAMHK cocToanus 58, 5p ¥ 5d, HO ¢BCOOAHBI
14 mecr 5f n 18 mecr 5g, B cioe P 3anosHerst 10 aneKTPOHAMH COCTOSHNSA
6s n 6p, no ceofonner 10 mecr 6d, 14 mecr 6f, 18 mect 6g n 22 mecta 641,
HAKOHEL B cjloe Q MMeercsi 1 aneKTPOH B cocTosiHMu 75, Y aneMenTa Z =
= 88 (panuii) npubaBiseTca elie OUH AIEKTPOH B TOM JKE COCTOAHNHK 75,
VY crmenymmux 37eMeHTOB BO30GHOBAETCA 3anojHenne Gosee ruyGexnx
CNOEB, HO Ha 37neMeHTe Z = 92 (ypaH) CIMCOK U3BECTHBIX HAM SJIEMEWTCB
HEOMAAHHO 06pRIBaeTcsl. BeposTHo, siapa ¢ GONLIIMMM aTCMHBIMM HOMe-
pPaMH HeCTabUMBHH, M MOITOMY OCTAINCH HAM HEUZBECTHLI, HO /L3S
COMHEBATLCA B TOM, UT0 B IPHHLHNE TIEPUOJMYECKAA CHCTEMA NOJDKHA NpO-
JO/DKATECSA U JIANIbIIE HA TEX M€ CAMBIX OCHOBAHHSIX.

TawoB B 06LIYX YePTax ovepK mepHOJHUeCKoN CHCTEMBI. Y3de U3 3TOr0
OuepKa BUAHO, YTO YHCJIO BOCEMb, KOTOPOE HIPasio TaKkyw 601binyI0 posib
B npejcraBreHnsix Hblomanaca m MenpeneeBa, B JeACTBHTENIBHOCTH $AB-
JISeTCs VD OTHUM U3 uncet 2, 8, 18, 32, 50, 72.., KOTOpbIE NOAYyualoTcs U3
BOJIHOBOM MeXaHHEN KAK MAKCHMANEHBE BUSMOMKHbBIE UHCJIA 3NEKTPOHOB B
cnoax X, L, M, N, O, P. Tak KaK 3anojixeHue HOBHIX CJI0€B HaUWHAETCSI
[0 TOr0, KaK 3anoyHeHpl A0 KOHLA CTAPHe, IOC/Ie Neprosia ¢ 8 S7eMeHTamu
He Cpasy MOsBAsErcA neprof ¢ 18 anemeHTamMyl, HO MEMIY HWMH BIJIMHU-
BaeTCA elle OANH mepuol ¢ 8 anemenTamu. TakyMm 06pasom M3BECTHBIE HAM
LIeCTb TEPHOL0B TaGMULEl 3NEMEHTCB UMEIOT AnHFel 2, 8, 8, 18, 18, 32, a
He 2, 8, 18, 32, 50, 72. Ho TeM He MeHee COBE[LIEHHO HETPABUJLFL'M §B-
JIAETCSi CTPEMJIEHHME BTUCHYThL CHCTEMY 37EMEHTOB B PAMKH Talavpn ¢
ANMHOM nepuojia 8, KAK 3T0 YACTO AENAETCS B MOJPAIKAHHE CTALBIM TAabNN-
nam Meupeneesa *.

HaunGonee orueTMBLM BRIpaYKe HUEM TIe PHOHUECKOrO 3AKOHA SPNALTCA
H3BecTHaa Kpusas Jlorapa Maiiepa, KOTOPYIO MBI BOCTIPOM3BOAKM B CJiEIKa

* L1151 5T0TO NPUXCAUTCST BCSIYECKH YPONCBATh TA6IHIY, HAIPHMED, TIOMEINATh TPH-
ERY -~ UJIC30, KGBaNbT, WUKEAh — B OHY KIETKY ¥ BOBCE BRMKMAMBATL M3 Tal-
Auus 14 peaxux 3emens. ERAHCTBEHEBWIM COPEBAAHUCM A CYIIECTBCBERMS T2KHX
Tabauu SBASICTCA IKGHCMHS GYMATH; OIHAKO MHE KaYETCSt, WTO 3TO CTPZBRAHUE HE0-
crarouno. He memano € wa 310 06PATHTH BHHMAHHE HaATENLCTB, KOTCPHIE BO MHO-
KECTBE SKICMINAPCE WapeiorT ARs cpeamedi u ppicmedf mieas! Tafouus! SMeMERTOB,
COLT: BACKHBL MO TEKIMY nprusscn§ﬂ(my TpUELMOY B HE COOTBETCTRYIOWIMS HH co-
BP(MCHHCMY COCTCARMIQ TCLPRH, LE OCHOBLMM ZHMUYCCKUM M QM3sYECKMM QaKraM, ,
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mofiepruzoeantom suge (pric. 43). Ha ocu afenuce OTIOMEHBI ATOMHBIE
HOMEDa 3VIeMEHTOB, Ha 0CH e OPAMHAT UX aTOMHble 00beMbl B TBCPLOM
cocToAHNY. (ATOMHEIM 0GBEMOM HA3HBAETCA 00BEM, 3AHMMAEMBH CTOJIb-
KUMY FpaMmaMy JalHOTe XUMUYCCKOTO 3MIEMEHTA, CKOJIBKO €CTh eRHITIL
B €ro aroMHoM Bece. TaK KaK B TBEPAOM COCTOAHNM aTOMbI NOUTH COIFPUKA-
cajoTest APYT € APYTOM, TO JIETKO CO00PA3NTD, YTO ATOMHBIE 0GBEMEl Pas-
JTMUHEIX 37eMCHTOB B TEEPAOM COCTOSIIME NpOnepIMOHANLHEL BODPCCTY
offteMaMm aToMOB OTHX 3JIEMEHTOB).
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Puc. 43.

#lcHo, uTe aToMHBIT 06BEM JOMKEH PE3KO BO3PAcTH TPU Hepexofe OT
9J/ICMENTA , 32Ka HIMBAIOLIET O IEPUOJ, K CJICAYIOUIEMY JIEMEHTY, y KOTIPOI'0
DOSIBAAAETCA OJMH INERTPOH B chenylomem chce. Cracposarensne ofpem
aToMa BO3PACTAET CKAUKOM, HO BCJIEN 32 3THM 00BeM aToMA [10J KEH BHOBb
TAATh, TAK KAK 3apsIA sIAPA NPH NENEXOAE OT KAYKACTO DI MEHTA K CEMYI0-
1IEMY BOSPACTAET, a 31IAYNT, PACTYT H T¢ IMEKTPUUECKHE CHIIbI TPHTSDKE HHST,
KOTOPBIE CTPEMATCS CTSAYTh MEKTPOHHYIO 060I0UKY ATOME K €10 LEHTPAib-
Homy Agpy. Orciopa ciefyer, UTO TeOPETHUECKH MBI B IPABE OXKUAATL, 4TO
KpUBas aroMHOro o6bema GyfeT MMeTb MAKCHMYMB B TOUKAax, COOTBET-
CTBYIOIUX JMTHIO, HATpPUIO, Kanuio, PyGUAHMIO, LE3HI0 ¥ HEM3BECTHOMY
aneMenty 87, KOTOpble ABSIOTCA HAUANLHBIME BIEMCHTAMM [EPHOMIOB.

Tenepb Myt B cocrosum Gomee OTULTIUBO GopMyTHPOBATL TIEPHOAMYE-
CKHH 3aKO0H ¥ NOHSITL €ro cmbicl. Myl BHUAMM, UTO AHANOTMUHBIMH JHPYT
JPYTY OKasbBAIOTCA HA nanied TAGIUNE Te DMEMEHTHI, aToMbl KOTOPBIX
0G/IATAI0T CXOI0 TOCTPOEHHLIMA EBHEIIIUMK CJIOSIMH 3TEKTPOHOB. TaK
HanpuMep Bce GarOpoAHbe ra3bl, CTOANIME B KOHLE NePHOAOE, XapaK-

-
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TepldByIOTCﬂ TeéM, UTO B CaMOM Hapy)«ﬂom cJioe y HUX eCTh [(Bd §-3JIEKTPOHA
W IMECTh P-3/M1eKTPOHOB (MCKITIOUCHHE COCTABJsieT reaunif). Bee menounble
METAJUTHl, KOTOPbIMH OTKPHIBAETCS HEPUOJl, XaPAaKTePH3YIICH TEM, YTO B
CaMOM BIEITHEM CJI0€ Y HHX €CTbL OMH S-3JI6KTPOH, & CliefyKINas 1o Iy-
GuHe 06010UKa COMe PHNUT IBA §-271eKTPOHA U IIECTh p-3NEeKTPOHOB. [amonis:
BCE COEPIKAT B HAPY»Holt 060N0YKe [BA $-ONEKTPOHA W NATH P-EKTPO-
HOB, Mezp, cepefpo 1 3010T0 aHANOTHYHBI YT APYTY NOTOMY, YTO MX ca-
MasA Hapy»Has 000J10yKa COJEPKUT OAMH S-3/EKTPOH, a CJeAyKIlas Mo~
rNyfuHe [Ba S-3JIEKTPOHA, LIECTb P-3/IEKTPOHOB M JECATD (-3NEKTPOHOE,
To yKe camoe MOYCHO CKA3aTh M 0 APYI'HX IPyNIax aHan0rHuHbIX APYT ApYTY
37emMeHTOB, Teleps MBI B COCTOSIHMY TOUHEE CKABATh, KAKHE MMEHHO CBOM-
cTBa 00f3aHEI NEPUDIMUECKH NOBTOPATLCS NpH YBEJIMYEHHH ATOMHOIO
Homepa. flcHo, uro sTo SyayT Te cBOHCTBA aTOMOB, KOTOpPEE 3aBUCHT
TOJIbKC OT UX HADYIKHRIX 37CKTPOHHBIX CN0¢B, B nepBy}O Ouepenb ONTHYE-
CKHe W XHMWuecKue cBoiicTBa, CBOMCTBA 3Nn€MEHTCB, CBS3ZHEBIE C SBNe-
HUAMH, TIPOTEKAIOWMMHY B arome Ha 601bmioii rny6uHe, T. €. BO BHYTpeH-
HHX 3JIEKTPOHHBIX CJI0SX, OUEBUIHO, He OyayT O06HApY»MBATh TaKCH me

PUOIMYHOCTH, & OYAyT H3MEHATLCS! COBEPIUEHHO OLfeleseHHbM ¢Opazem
(BO3pacTas UM yObiBas) Npu yBeJHUeHNY 3apAfa sipa, TAK KaK HMEHHO
3apAjl ANpa 0Ka3bBAETCH NOMUHMPYIOIMM (GAaKTOPOM ANs BCeX «TYyOGuH-
HBIX» aTOMHBIX ABJeHuii. (HauGonee xapakTepHbM rayGHHHBIM ABIEHHEM
MOKHO CUNTATh HCIIYyCKaHWe ATOMOM PeHTIeHOBCKUX Jyveit mpy BOCCTaHO-
BJICHUN BHYT PEHHUX 3JIEKTPOHHBIX CJI0EB, Pa3pyIleBHEIX KAKHM~THG0 C10co-
GOM ; K2K MbI yrxe TOROPHITH, Moanu B 1914 r. oxa3ar, uTo JKeCTKOCTh 3THX
PEHTFEHOBCKUX JTyuell BO3DACTAET COBEPIUEHHO HEYKIOHHO HpH BO3pacTa-
HUY ATOMHOFO HOMepa, He 00Hapy)KMBAsA HUKAKOH DeIMTCITLHO e PUOLNY-
HocTH.) Takym 06pasom OKOHuarenbHas (OPMYJMPOBKA TIEPUOZHUECKOIO
3aK0HA, K KOTOpOH NMPHBOAMT COBPEMeHHAA TeOpHsi aTOMa, 3AKITHYAETCs!
B TOM, UTO CBOHCTBA aTOMOB, 3aBMCAIIME OT UX NepHiepHYeckik (CaMBIX
BHEUIHUX) 3JIEKTPOHOB, NEPUOIUUCCKN BOSBPALIAIOTCH TP YBEJIUUeHUH
3apsaga agapa. [puunHoil TaKo# nepuogruHOCTH ABNSAETCH NOSIBNeHUE Bce
HOBBIX H HOBBIX 3NIEKTPOHHBIX CJIOEB npu yBeJ‘[I/I‘JeHMM yuacna 3JICI(Tp0HOB,
CBf3aHHOE C CyulecTBOBaHueM 3ampemenus Ilaynd. JAwHH nepuogoB
(2, 8, 18 v 32) onpefensuoTcd 3aKOHAMH BOJIHOBOH MEXaHHMKH.

Taxum 00pasoM Mbl BUIMM, ul'0 cOBpeMeHHas (M3uka cymena paara-
JAaTb CMBICJT TIEPUOANUECKOIO 3aKOHA X TeM CAMbIM DELINTHL OIoRY 3 Haw{o-
Jiee BKIIBIX 3a]1ay, OCTABNEHHBIX HaM B HacJeficTBe Haykol X1X cr. Ha-
TIOMHHM, 4TO pﬂCCI(a3aHHbIE 3AeCHLTIPEACTABNIEHHA O KOJIMURCTBE 3/IEKTDOHOB
B pa3m,1x ANEKTPOHHBIX CACAX CTANK B 0CHOBHOM HM3BECTHBI eile A0 IT0SAB-
NEHNsT BOTHOBOR Mexanury. Yise B 1921 r. Hunse Bop cyMen mpiTtd K
3THM TPEJCTABIECHNUAM, PA3YyMeeTCsl HATONOBMHY 3IMIMPHUCCKHM NYTeM.
Ho o6wsichenne arum daKktam ObI10 JaHO JIHIL HA OCHOBE BOJIHOBOH MeXa-
HUKH 1 CBASAHHOTO ¢ Helt upuHIuna IMaym (1925r1.). Tax 6T B OCHOBHOM
PellIeH BOTIPOC O CTPOHHK aromoB. JIKIIL 1OCKe 3TOTo MOXKHO §BUIO Npit-
CTYDNUTL K PEIEHMIO BOMPOCZ O TOM, KaKHe CUIIB .ﬂeﬁCTBymT MeXny aTto-
Mam¥, ¥ B UaCTHOCTY KAKOBA IIPUPOJA TEX CUI, KOTOpBIMH BRIBBIBAETCH COE~
NMHEHHE ATOMOB Apyr ¢ mpyrom. fIpupoma 3TMX CHJI (CHN XMMUUECKOTO
CpoACTBA) A0 TIOSBJIEHNS BOJTHOBOH Mexauuku B ofiem ocTaBanach 3ara-
A0un0l. fcHO 6HTO TOJBLKO TO, YTO OHM ROJIKHEl 34BHCETH JINIIb OT IHEpH-
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(eprYLCKUX 3NMeKTPOHOB, TaK KAK B IPOTHBHOM CIyuae OHN He 0GHAPYKH-
Bany Obl HMKAKOW MepPUOAMYHOCTH. BOMHOBASE MEXAHUKA CyMesia CLHAKO
BHECTH ACHOCTb M CIO/@, ¥ B HACTOAM[EE BPEMS CYIIHOCTh XMMUUECKHX CHJT
yxXe pe npegcrapasier saragxd. K aromy Bonpocy Mul cefiuac mepeiigem.

KBAHTOBASA XHMHS

Brarogaps sennkomy orkperrvio Xaitsen6epra u lpeannrepa Teope-
THUecKas QM3KKa 3a ITH HeCKOJIbKO JIET ClleaNia HeCbIXaHHblE yer.exu, o
TOro, KaK Gbl CAENAHO 3TO OTKPHITHE, COCTOSIHME TEOPETHUECKOH PUIHKY
GLIT0 MOMCTHHE YAJIKHM MO CPaBHEHHIO C TEM, UTO Mb! HMEEM TCHEDb: OHA
Gu11a MOJIHA NYTAHKIB U NPOTHBOpPeUHil ; TBNEHNS, KOTO[BIX OHA HC yMea
0GBACHUTL, MONANAIMCE HA Ka)KAOM Iary. 3a HeCKOJBKO JIET MOJOMKCHUE
Jen B KOPHE M3MEHWNIOCH, (PM3HUECKasi TeOpusl NpueGpena HeCIbIXAHLYIO
NpeXgic MPACTOTY U ACHOCTb. Tenepb Mbl MO)KEM C I'OPROCTbIO CKa3alkb,
YTO KOJMUECTBO SIBNEHHMIT, KOTOPBIX Mbl He yMeeM COBACHWTE, COBELIIEHHO
HMUTOYKHO [0 CPaBHEHHMIO € KOJHYECTBOM SIBJIEHH, HaM NOBSTHbIX, Bra-
rogaps KBauTOROH MeXaHHMKE 32 HECKOJBKO JIeT MBI HAYUMIUCH NORUMATD 1
IEKTPHUECKHE SIBNIEHHS B METanAaX, # NPHPOAY XMMHUUECKUX peaKuwuil,
M GONMILIUMHCTBO SIBJIeHRH, NPOKCXOAAUMX TIPY 0-.CHb HU3KMX TEMICPATY-
pax, M 3aKOHbl MCTyCKaHHA CBeTa, ¥ BaHelillHe MATHUTHLE ABJACHWA, U
P APYTUX ABJEHHH, KOTOPEIE ObiN0 6B CIHUIKOM AONTO NEPESUCIIATE.
KBanroBas MexaHMKa OKasanach 30J0TbIM KJIOYOM, KOTOPBIN Cpasy 1o-
MOT OTKPEITh BCE 3TH Harayxo 3aneprhie gBepu. OcoGenno z(dexTnoe fo-
CTIDKEHHME KBAHTOBOH MEXaHMKY 3aKJiIotaeTcsi B TOM, LTo (jarogaps eif
Mbl MOYKEM B HACTOSIEE BpEMA C(YHTATh PEUILHNOT Ty 3a1avy, 0 perienuy
rotopoit meuTan ewme JIOMOHOCOB: 3a1ayy QM3MUCCKOro OLBACH(A A XH-
MMYECKUX CHJI, — TEX CHJI, KOTOpPble NMPUBA3LIBAIOT APYT K APYTY aTOMBI
XUMUUECKUX COEIVHEHHH,

PaccmoTpum cnyualt mpocteiiuelt XMMUueCKol MOJEKY b, & HMEHHO
MOJIeKY bl BOXOF 0A1d. TaKas MOJIEKya COCTONT BCEro JIMUIb U3 ABYX aTo-
MOB BOZOPOJIA MJTH, YTO BCE [aBHO,M3 ABYX BOJAOP OAHBIX siep H ABYX AJIEKT-
ponoB. B 1927 r. Hemeuwue TeopeTuxn Xafimaep v /lonCon paccmoTpeny
TAKYI0 MEXAHMU(CKYI CHCTEMY, CICTOAL YI0 M3 ABYX 3JICKTPOHOB, Haxo-
JSXCSA B [0JI€ ABYX NPOTOHOB, PAaCCTOAHME MEMCLY KOTOFbIMM paBHO R,
Xaiitnep v JIOHIOH MOKA3a/H, UTO BOSMOXKHHI B4 THHA COCTOSTHV I TaKo#
CHUCTEMBI, & MMEHHO: COCTOSIHMS, B KOTOPbIX ABA SJEKTPOHa BepyT cels
COBEPUICHHO OXMHAKOBO TMO OTHCIIEHMIO K M3MEPEHI0 HX KOOPAMHAT, HO
3aT0, KaK 910ro Tpebyer npuriMn Tlaynu, 061agaloT coBe pWEHHO NPOTH-
BONOJOYKHbIMU HATpaBieHUAMHU CMIHOB, M KPOME TOTO TaKWe COCTORHMS,
B KOTODEIX 3/IEKTPOHbI, HA0G0POT, 0614AA10T OLMHAKOBLIMH HanpaRIeHus-
MY CNHMOR, HO 33TO 110 OTHOLIEHWIG K M3MEPeHHAM KOODAWHAT BeflyT cels
HeoMMHaKoBo. COCTOsIHNA MepBOro yMmoMSIHYTOr® 35ech THMA HASHIBAKTCA
CHMMETPHUHEIME, a8 COCTOSIHMA BTOPOTO THNA -— aHTUCUMMET[HUNBIMH.
Xaiiryep ¥ JIORIOH BHMUCTHIN JUIsH KAJKGIOTO PACCTOSTHUS MEWAY sIpami
R HanmeHbllee 3HAUEHUE MEPIUM 3TOH CHCTEMEI B COCTORHKSAX NEPEOro
THNA (CHMMETPUUHOr0) M BTOPOT 0 THNA (AHTHCHMMET pUuHOro). EciH usme-
1STb R, T0 062 3TH HaMMeHbLUE SHAUCHNS 3HE PTHTI BYRYT M HSITHCS ; BRENH
CJIOBANMH, OMH ABNSAWTCS GyHKUUAMM 0T R. PesyiprarLl Ruulicnent. i Xaii-
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Tnepa # JloH70HA TpMBEJEHE HA puc. 44, rie Ha ocy abcumce oTACHKEHO
paccTosiuye NPOTOHOB [pYr OT JIpyra, H3MepeHHOe B OHICTpeMax (OHr-
crpem = 1078 cmM), @ Ha OCH OPIMHAT 3HEPIUA B 3eKTPOH-EONILTaX (dNeK-
TPOH-BOJIBT, KAK Mbl 3HAaeM €CTh paboTa, KOTOPYIO HY)KHO 3aTPaTuTh, UTOOH
NEePEBECTH 3NEKTPOH M3 J@HHCH TOUKY Nons B Apyryo, B KOTopci noten-
LMan MeHbIle Ha OXMH BOJIBT; 3NEeKTPOH-BonbT pasex 1,59 « 16712 9pr.) Ha
PUCYHKe BMAMM JBE KPHUELIC: OJIHA OTHCCHTCS K CHMMETLHUNEM HEBCZOYIK-
JIEHHBIM COCTOSIHMSAM (COCTOSIHMSIM ¢ HauMeMbLIei aHepTHCiH) U cBosna-
ueHa mnoaToMy OyKBAMM CUMM., ADPYTaf® K aAHTHCHMMETPHUEBIM (aHTH-
cuM.). [1pn arom ofe KpUBBIE MPOBEAEHHI TAKIIM 00pPa30M, UTO 3JHEpPrHs
npy OecKOHeuHOM R YCNOBHO CUMTAETCS] HYJIEM (T. €. COCTOSIHMe aToit
CHCTEMBI NpH GECKOHEUHCM YNANEHHN BOJOPOAEBIX dTCMCB APYr OT
Jpyra SIBNSIETCA TeM yPOBHEM, OT KOTOPOr0 NMPOM3BOXMTCS OTCUET BHEP-
run). PaccmaTpusasi puCYHOK, MBI BUIMM CJIeAYICIUEe: COCTOAHUS CHM-
METpUuHble C¢6naZaT MEHbLLIMMH
JHEPrUsMY, UeM CCCTOSIHHA aHTUCHM- /0
MeTpuuHble, [loaToMy CHCTeMa ABYX
BOJOPOAHBIX ATOMOB, OTHABAA 3Hep-
raw, GyleT cTpemuThesl nmepeliTn B
COCTOSIHHE CUMMETPUYHOE TI0 OTHOLIE-
HHI0 K KOOPAMHATAM 0GOMX BNEKTPO-
HoB, Jlanee, U3 CUMMETDHUHBIX CO-
CTOAIHUI HAMMeHbIIE i 3He Pryeii cbna-
JAeT TO, B KOTOPOM PacCTOsIHME Suep
APYT OT IpYyra MMeEeT OnpeieneHHoe
3uauenne (oxono 0,8 owmrcrpem).
JT0 cocTosiHMe o6najaer, caepoBa-
TENbHO, HAHMEHblNedl SHepruel wn3
BCeX BOZMOKHBIX. OHO sBJISIeTCA M0~
3TOMY COCTOSIHHEM YCTOHUMBOTO paB~ Puc. 44.

nopecust, Tawum ofpasom, ans cu-

CTeMBbl, COCTOsiNiEH M3 ABYX BOJODOAHBIX ATOMOB, CYIIECTBYeT CCCTOS-
Hue ycT UMBOT0 PaBHUBECHS, B KOTOLOM ¢0a A1pa HAXOZSTCS HA PaccTCs-
0,8 (HTCTREMIPYT OT APyra M B KOTOPOM 3HEPrUs BCed CHCTCMBI HA
3,2 DMEKTPCH-BONBTA HM)KE, YeM B Clyude ABYX BOXOPOIHbIX aTOMCB Ha
fecKCHEUHOM PACCTOSTHMM APYT 0T Apyra., Tak Kak cucrema Beerja Gyner
CTPEMKTBCS K NEPEXOy B COCTOSTHME YCTOWUMBOrO paBHOBECHUS], TO, CEMO-
BATENBHO, CTANOBUTCH COBEPIIEHHO SICHEIM, NOUEMY 1BA BOAOPOIHBIX ATOMA
COEHHSIIOTCA B MOJIEKYJLY : COCTOsIHME C HAMMeHbIIeH 3Heprieil HA uepTee
Xaiirnepa v Jlonnona 1 eCTb HeBO3GYHUIEHHOE COCTOSIHUE BOZOPORHOH MO-
nexynsl Tlpaepa, seiuucnenus Xaiirnepa 1 JIOHZ0Ha He BONHE CXONATCH
€ ONBLITHHIMA JAHHBIMY, TaK KaK OMBIT NOKA3LIBAeT, YT0 paGoTa, KOTOpPylo
HYKHO 3aTpaTHTL YT06b! PA3AETNTL BOAOPOAHYI0 MONEKYNY Ha 1Ba aTOMA,
paBHa 4 3, @ He 3,2 BONBTA ; ORHAKO TAKOE PACXOKAEHNE OGBACHAETCS He
RPUHLMINATbHBIMY IPHUMHAMY, @ NPOCTO TeM, YTo BhiuncaeHus Xaiitnepa
H JloHunona umesy rpyGeit M npubnnsuTentHuil xapaxrep: Gonmee TOuHBlE
(1 B KONOCCANBLHOE KONuECTBO pa3 Gonee r pPOMO3NKHE) BEIMUCICHHS, TPON3-
BEACHHLIE MATEMATHKAMY, anlBO)lﬂT K npaBnanomy 3HAUE HHUIO 3Heper‘l
B — 4,3 Bonbra, TakuM 06pasoM sICHO, uTa NPoGNEMa o RPHPoAe CUI, NPH-
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BOASIMX K 0GPA30BAIMIOT. HA3, TOMEOTIONAPHEIX COeAMHEHHH, BRUIA B OTOH
paGore Xakrnepom  JloHAoHoM NpuHLynHanbHo pewmena. Cnemyer 06-
paryTh 0c060e BHUMAKHE HA TO, YTO CBS3b ABYX BOAOPOIHEIX aTOMOB APYT
¢ ApYroOM OCYIECTBISIETCS NOCPEJCTBOM JBYX BJEKTPOHOB, KOODIHHATHE
KOTOPLIX BXOMAT B COCTOSIHME MOJIEKYJL! COBEPUIEHHO CHMMETDPUUHBIM
06pa3oM, M TOJBbKO CUKHBI BXOIAT AHTHCHMMETPUUHBIM (IPOTHBOMONON-
HbIM) 06pA30M: eC/H NPOSKIHUS CIMHA OFHOIO JJEKTPOHA Ha Kakoe-AnGo
sanpagiienue pagra 0,52 . 10727 2 cM® cex™, TO MPOSKIs CIMHA JpYroro
aneKTposa HA TO XKe Hanpagienue paHa— 0,52 - 1077 2 cu? cex™ . Ecmn
Obl B CHCTEME [IPHCYTCTROBAI €Il OAMH JNMEKTPOH, TO 0 KOOPAMHATL! He
MOTJIH Obl BXOJHTL B COCTOSIHME CHCTCME! TAKHM )K€ TOUHO 06pasoM, Kax
KOOPAUBATH NePBLIX BYX 3NEKTPOHOR, NOTOMY YTO B 3TOM CNyuae IpUH-
mun Tayiau TpeGosai Gbl, 4TOOH ere CIUH GbUI IPOTHRONONOMKEH CIHUHAM
0B0uX 3THX SMEKTPOHOB, KAKOEOMY TPeGOBAHUIO YIOBJCTROPHTL COREp-
LICHHO HEBO3MOXKHO: Belb KpoMe IBYX 3HAUEHM NPOeKLMH CHHEA (MUloc
u munyc 0,52 . 1072 2 ¢M? cex™) HMKAKOTO TPeTHETO ObITL HE MOMET.
B 5TOM M JO/DKHA 3aKJIIOUATLCS! Pasragra Toro (axra, uTo monexyna Hg
(MONEKYNIa, COCTOSIASL U3 TPEX ATOMOE BOJOPOAA) HEBO3MOMKIA.
CooGpasienns Xajitnepa 1 JIOH0HA, TO3BONUBIUNE UM 0GBACHATE BO-
JIOPOHYI0 MOJIEKYJY, OKASAJIOCH BO3MOXKHEIM PACHPOCTPAHHTE U HA MO-
NeKYJIEL, COCTOsIUe H3 ATOMOB ¢ JHGLIM uuCNOM dMexTpoHos. [IpuHuun
[Maynu TpebyeT, yTolEl B KaOKIOH CACTEME, COCTOSIIEH U3 INEKTPOHOB, He
ObUI0 TPeX H, GOJBHIEr0 YUCNIA 3NEKTPOHOB, KOOPIUHATEl KOTOPHIX BXOAST
B COCTOSIHME CHCTEMBI CHMMETPUUHBIM 0GpasoM: MOTYT BCTPeuaThesi He
TPOIKH, @ MAKCHMyM NapE 3JEKTPOLIOB ¢ KOOPAMHATAMH, BXOASUUIIMA B
COCTOSIHME CHCTEMbl CHMMETPUUHO, NPUYEM Y BIIEKTPOHOB JAHHOE mapet
005133 TeNbHO TODKHL OBITh IPOTHRONICNMKHLIE CIPHEL, [103TOMY B JAHHOM
aTomMe BCST COBOKYNHOCTE €r0 9AEKTPOHOB COCTOMT BC-NIEPBBIX, M3 Ompefe-
JIEHHNTO YKCAA 1ap CHMMETPHUHBIX (MM, KAaK FOBOPAT, SKBUBANEHTHHIX)
JJEKTPOHORB, KOTOpEIE YIKe He MOTyT I/lrpﬂ’l‘b HHKAKC#H poy s Coe¥HeHBUA
¢ APYTMMH aTOMAaMH, H BO-BTODLIX, U3 OCTAJLHLIX 3TIEKTPOHOB, He COCan-
HeBHWX B TAPH, M HASHIBACMbIX BAJIEHTHLIMH 27eKTponamu. Ecnm arom
€ 1 BAJIEHTHEIMU 2TTEKTPOHAMH BCTPEYAETCS ¢ ATOMOM 1T BATIC HTHLIMY SIIEKT-
POHAMH, TO MOTYT NOABHTLCH TaKHe COCTOSIBUS, KOTODblE CHMMETPHUHEL
N0 OTHONIE[MI0 K KOOPAMHATAM 3NEKTPOIOR, NEPBOHAUANLHO BXOIMBIINX
B pasneic aTomel. [1osIBNeHHe Ka)CIOW 110BOI 3KBITBANEHBTHOH Maphl COOT-
BETCTBYET Ha A3BIKE XMMHKOB HACHINEHWIO el OJHOH ToMeononsipHOH
BAJIEHTHOCTH. HOHUeCTRO BANEHTIEX MEKTPOHOR ;{AHIIOTO aTOMa MOKET
GEITh OTIPeNiesIeH0 CIeKTPOCKONHIECKHM NyTeM, Jleno B TOM, UTQ ¥ SJIeKT-
POHOB, CBSI3AHHLIX IPYT C APYroM B DKBKBAJEHTHHE TADPH, CTHHEL HMEIOT
TPOTHBOTIONMKHEIE 3HAUCHUS M IIO3TOMY HUUETO He nPUGARNSIOT K Pe3ynb-
THDYIOIEMY BPALIATEIEHOMY MGMEHTY aTOMA. Y BAaJeHTBHIX )KE DIEKTpO-
HOE CTIMHB UMEIOT OJIUHAKOBEIE 3HAUECHHST, UTC COOTBETCTRYET 0DlEMy 10-
GaROuHOMY BpAIATENLHOMY Mmomenty 71+ 0,52 . 10727 2 ca2 cex™. Bnaro-
Jdps 3TOMY, KaK NOKA3LIBAET TeOPHsl KBAHT, MOSBNSAETCS «MYJLTHIIET-
HOCTbR, KOTOPAs 3aKJIOUAETCS B TOM, YTO BMECTO OJHOrQ HeBO30YIKIEH-
HOTO COCTOSIHUS ATOMA C ONPEfIe IeHHEIM 3HAUCHUEM SHEPI'HH OKa3bIBAeTCs
m 4 1 cocrosuuii ¢ GIMSKHMI APYT KO AIPYTY 3HAUEHMsME 3Hepru, Tak
WAK DPASHOCTL JHEPrUil MeXy 2 COCTOSIHMSAMM aTOMA MpONOPLMOHANLHA
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GACTOTE CHCKTPANbHOM JMHNM, HCTYCKaeMOH NPH MEePEXOlE MEMKIy ITHMI
COCTOSIHHAMH, TO MYJILTHIIETHOCTL MOMET OLITb ONpeesieHa U3 aHaIH3a
CNEKTPA JAHLOro BENECTRA ; YMEULIIAS €€ HA ¢AMBIHIY, MBI NOJIyUaeM UnCIo
cBOGOAHBIX TOMEONIONIAPHEX BanedTHocTed. Tax Hampumep aHajIu3 aToM-
HOrO CTICKTpa XJI0pa NOKA3blBaeT, UTO y 3TOro aroma, obsapaximero 17
ONEKTPOHAMHM, 10 27eKTPOHOB Bcerda o6pasyloT SKBHBAJICHTHEHIE MApH;
AJIi OCTAJIbHBIX 7 3JIEKTPOHOB OGKASHBAKTCS CJI€LYIOIIHe BO3MOYKHOCTH !
1) TpY mapLl ¥ OflM: BAJIEHTHEIH S7EKTPOH, 2) IB¢ IIADEL U TPH BAJIEHTHBIX
3JIKTPOHA, 3) GHA Napa H USTE BAMEHTHEIX 3/EKTPOHOR, 4) CeMb BasenT-
HBIX SJIEKTPOHOB. JTO BIIOJIHE COOTBETCTBYET XUMHUccKuM taxtaM. Taknum
ke o6paszom U3 Toro (AKTA, UTO HEBO3TYIKAEHHOE COCTOSIHME KHCIOPOAA
ofHapyKiBaeT B CNEKTPE MYTIETHILNETHOCTD, PABHYX 3, BBITEKAET, UTO FO-
MEOHOJISIPHAS BajieHTHOCTE KUCJIOPOAA AOJKHA PABHATECS 2; [UIsS 430Ta
H3 TeX e CO00DaYKeHMH MO)KHO BBIBECTH I'OMEOIIOJIAPHY 0 BANEHTHOCTE 3,
JUIs YTJiepofia BaneHTHOCTE 2 K 4. Mbl He MOjKeM 3/1eCh BXOIAMTL B nopo6-
HOCTH ; JIOCTATOYHO YKA3aTh, uTe M3 TNopoGHEX coolparkennii Xafitnep u
JIoHAOK CYMEmNH pa3BHTL CTPOIHYI0 TeOPHIO FOMECHOJIIPHLX COEARHENHI,
HAXOJAILYKCS B NpeKPacHOM COTJIACHM ¢ QHIMUeCKHMMH H XHMHUECKHMU
darcrami.

Eme Goiee mpOCTO MOMCHO TPAKTORATH COGNMHEHHS FETEpOMNOJIsipHBIE,
KOTOPBIE, B OTIHuUME OT FOMEONOJISIPHBHIX COENHHEHHUI, CONPOBOMKAAKTCS
NpeABapHTETIbIEIM (EPEXCAOM 3NIEKTPOHOB OT GAHCIO ayoMa K APYTOMY,
npuueM 06a aToMa CTAHOBATCA MOHAMH (OfMH MOJIOYKUTEJLHBIM, APYroft
oTpuaTe/1bHeM). OGa OHI NIPH 3TOM [EPEXOSIT B TAIK0E COCTOSIHHE, B KO-
TOPOM BCE SJEKTPOIH! KaKAOr0o HOHa 06pasyioT Mexty co00i OKBHBAJIEHT-
HbIE AP (HATIOMUHAS 3THM COCTOSIHME HeMTpaibHOro aroMa 6JIaropoaHEIxX
r430B, ¥ KOTOPHIX BCE SJIEKTPOHH COEAMHEEH B IAPHl B IIO3TOMY 4HCJIC Ba-
JIEHTHHX SJIEKTPOHOB PABHO HYJI0). COEAHHENHE TAKMX MOHOB B MOJIEKYJTY
cOYCNOBTUBAETCS YIHE CUJIAMH 3JIEICTPOCTATHYECKOr¢ XapaxTepa, T. e.
TIONPOCTY KYJIOHOBCKHM IPUTSIKEHNEM MEXLY ODOMMH HOHAMHM IIDOTHBC-
TOJIOMKHOTD 3HAKa (¢ 3THM 0fbACUEHUeM IeTepOTIONIs PHBIX COEIHITe HN I MEL
yIKe BCTPCTHNMCH NpH onMcaHuu Teopuu Bopa). CymecTBoBapHe 0fonx
THIOB XHMHUECKHX COE/MHEHH SBNSETCS HEOOXONHMBIM CJICACTBHEM HS
TeOPHH KBAHT,

B nacrosimec Bpemsi 067acTe KBABTOBOH XMMHM IIMPOKC Paspociach.
Ciona BXOJMT ¥ yUCHHC 0 KHHETHKE XUMHUECKMX peaunif, T. €. riaBHbIM
00pa3om, 0 X0 CAMOr0 TPOLECcca COENMIIENsSI ATOMOB B MOJIEKYJy NpH
CTONKHOBCHHY MX IPYT € IPYTOM, A TAKHE O Npolecce CTONKHOBEHHS MO-
JeKyn n pacnaja ofHoi monexynsl. HecmoTpsi Ba 0, uTo B 3T0ii COnacTH
£CTH CIHC PAJ HEPEIEHHEIX NPOGITeM, yIKe HEBOBMOJKHO COMIIEBATECA B TOM,
YTO KBAHTOBAS TEOPUs MANA BO3MO)KHOCTL HPABMJILHG NOHATL NPUPORY
XHMHUCCKUX SBMeHUH. JTO GC3YCNOBHO ABIseTCst OAHOH H3 CaMblX Ba-
HBIX ynau QU3HYecKoy TeOPHH 33 MOCTIeNHHUE £OAbL.

SAEKTPOHbl B METAJIIIE

PasBuTiie Bbime TpeICTABNE HIAS 06 aToOMax KAK O MOMOMUTEJABELIX
AApaX, OKPYXKEHIIBIX o6nakom OTPHUATENEHBIX SN€KTPOHOB, MO3BOJIAKT
KOHKpeTH30BaTe W yTOUHHTEL HAIIH B3IJIANLL HA ONEKTPHYECKHH TOK B
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meranne, B caMoM fieste, uTo TaKoe mpejcTapisier coboit metaan? Hecreno-
BAHMsI, TIPOUSBOJMMBIE TIPH MOMOIM PEHTTEHOBCKMX JIyu€il, MOKA3BIBAIT,
UTO METANNB], NOACGHO BeeM APYTHM TBE PiLIM TEAM, COCTOAT M3 PElLeTKH
4TOMOB; B TAKOH pellleTKe KK/Ibli aTOM COBELINAET JKLIb CPABHUTE/LHO
HeGosbIIMe KoaeGaHus BOKPYT ONpeJeseHHONO MOMCHKEHUS PABHOBECHS,
Ho TaK KaK pasMe[bl aTOMOB, ONpe/le/IiCMBIE PASMEPAMH MX 3NEKTPOH-
HEIX 060/109eK, OKA3LIBAIOTCS B COINEM TAKOr0 JKe MOPSIKA BENHUMHbI, KAK
PACCTOSIHHST MEJKLY COCEHMMH ATOMaMH, TO MBI LOJ)KHEl YTOUHUTD IOHATHE
0 KPHCTAJIMUECKOH pElueTKe C/iefy oMM cGpasom: pemeTka ofpaayercs
‘TAYEJBIMA SIIPAMM ATOMOB, NEKTPOHHBIE JKe C6ON0UKM aTCMOB MepenJie-
TAI0TCA MeXIy 00010 TAKKM GOpPa3OM, YTO TONBKO SMCKTPOEB CAMBIE [Ty~
Gorue u manbosee GauaKye K SPAM OKA3BIBAIOTCS MPHBA3AHHBIMH K COOT-
BETCTBYIOLNM S/IPaM U NOCTOSHHO NPUHUMAIOT YUACTHE B UX KONEfaTeNb-
HBIX [IBIDKEHUSIX BOKPYT noNoyKeHuit papHoBeC s, Hapy)Kubie 4acTH 9/1eKT-
POHHBIX 0GOJIOUCK TAaK CILIENHCH MEXAY €060, uTo NMPUHALIEKAIIME K
ITHM HAPYIKHBLIM UACTSM 9IEKTPOHbI Y€ HE MOFYT CUNTATBCS BXOASLMMA
B COCTAB OMpe/IEIeHHBIX ATOMOB: MOJ BNHMsHHEM CAMBIX HE3HAUHTENIbHBIX
QNEKTPUUECKKX MONEIT OHN NIETKO MEPEXOAT OT OJHOrO ATOMA K APYrOMY.
CPABHUTEILHO CBOGOJHO MepeBUTAsCh N0 Beemy 00bemy meTanna. Taxue
9/eKTPOHBI M103ITOMY 1 SIBNAIOTCA TEM, UTO NPUHATO HA3HLIBAThL CKIMPO-
HOMIL TIPOSOOUMOCITIY; VX TePe/IBI)KEHHE B METAIIE JIAET SMeKTPHuecKuii
TOK. Mbl Mornu GLI CPABHKTB 3NeKTPOHBI NPOBOIMMOCTA B MeTanje ¢ BO3-
TYXOM, HAXO/SINIMMCS B IOPAX KAKOTO-THG0 NOPUCTOTr 0 BeLLECTBA (HANPUME D
ryGin): ecau cAcnaTh TaK, uro6bl ¢ 01HOH CTOPOHM IyfKn AaBsieHHE BO3-
Ayxa OBIIO Meublle, ueM ¢ Apyroil, To BosjlyX Gy/leT NpofaBnuBaThCs I
RPOCAUNBATECA uepe3 ryGKy, IpuueM OTAeNbHBIe UaCTHLB! Bo3yXa OyayT
ONMKCHBATL BECbMA U3BUAWCTHIE NMYTH, CTANKNBASACh M CMENMMBARCh APYT
€ JIPYroM ¥ TAKOKe CNefysl OuepPTAHUAM Nop BHYTPU IyGKru, TIOTOK 3neKT-
pOHOB uepe3 MeTast B oflieM aHANOrMYEH TAKOMY TOKY BO3Ayxa uepes
MOPUCTOR BEMIECTBO, TAK KAKCKOPOCTH OTAENLHBIX INEKTPOHOB MOTYT GhiTh
HanpaefeHsl B KAKYI0 YrofHO CTOPOHY W TONBKO B CPEJHEM NOIyuaeTca
MpOCAUMBAHME (INMEKTPOHHOTO ra3as uEpes MeTajl.

HauGosee cymmecTBeHHBIM B HAPMCOBAHHON BEIIE KAPTHHE 3NEKTPH-
YECKOTO TOKA B METAJIj1e SIBNAETCA TO OGCTOATENLCTBO, UTO ITOT INEKTPH-
YECKNI TOK OCYWIECTBIACTCA NEPEBIKE HUEM OMPULANEALHO 32 PAKEHHBIX
uacTuy. TaK KAk HANPAB/AEHWEM B/EKTPHUECKOTO TOKA BCETAA YCJIOBHO
CUMTAIOT TO WAMPAB/IEHHE, M0 KOTOPOMY AOIKHA Gbina Okl TeUb MOJOXKL-
TeNbHAA «3TIEKTPUUECKASA MKHAKOCTBY JJISl TOFO, YTCHL CO3/IATh TAKOE JE
camoe MATHMTHOE MOJIe, KAKOe BO3HHKAET B efiCTBUTENLHOCTH, TO B Me-
TAJUle, CNENOBATENbIO, HANMPABNEHHE JBMXKEHHS «INEKTPOHH(FO rasar
ODOTHBOMONOKHO TAK HA3LIRPAEMOMY HAMPABJEHHIO 3MSKTPHUSCKOrO TOKA.
HanGonee wenocpeficTeensLIM MONTBEPIKICHIEM 3TOH TOUKM 3peHMA HA
NPUpoRY MeTannuueckol npoBoanMocTy! sBnstercs abderrusil onuit Cmew-
apma v Teasmana, cienayunii B8 1916 r, OH 3aKITI043€TCA B CAEIYIOUEM !
METANNMHUECKAS KaTyKa, He COeIMHEHHAA HN C KAKUM MCTOURMKCM MeKT-
PHUECKOTO TOKA, MPUBOAMTCA B GRICTpOe BpallaTenbHoe JABKCHKE, MOCE
UYEro e¢ BHE3aNHO M OueHb pe3Ko oCTaHaBNHBAIOT. Ecmu B Metanne pei-
CTBUTEJILHO CYINECTBYIOT «CBOGO/IHbIED DNEKTPOHD, T. €, MEKTLOFDI, JIETKO
NEpeMEMAIOIIMEC B MPOMEXYTKAX MEXAY aToMaMy ¥ MIHbIpSIOLME OT
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OZIHOr0 ATOMA K JAPYrOMY, TO IOC]E BHe3ANHON OCTAHOBKM KATYILIKW OHM
OyAyT NPOROIKATL HEKOTOPOe (BEChMA KOPOTKOR) BpPeMsS ABWIaTbCS 1O
WHEPUUY, B TO BPeMST KAK ATOMbl KaTYIIKK YIKe YyCHenn 0CTAHOBUTBCS, —
TaKUM JKe TOYHO 0GpaszoMm JIOMH, CTOSIIME B TPAMBAE, HEBONBHO FENAT
Liar Biepef, KOTAa BATOHOBOXKATHIN CIIMLIKOM Pe3KO TOLMO3UT BArCH. 3TO
BHAUMT, YTO B NIEPBEIC MTHOBEHUA NOCJE OCTAHOBKH 1<a'rymxu 10 Hei 6y11e'r
Ge>KaTh KPATKOBPEMEeHHbIl TOK, HALpPABJeNHe KOTOPOro ONpelensiercs
TeM OOCTOATENBCTBOM, UTO 3JeKTPOHBL, OeryllMe Mo mepBoHaualb-
HOMY HAMPABNEHUI0 BPALIEHHs KATYIIKH, 3apsyKeHBl OTPHIATENbHEIM
QNIEKTPHYECTBOM. CTb}OapT u Tonemau CYMENN U3MEPHTL ITOT TOK H
BHUAC/NTL HA OCHOBAHMM TAKMX MGMEPEHMH OTHOILIEHME 3apsija K
Macce ISl YACTHL, MEPefBIDKENME KOTOPLIX B METAsJe CO3JAET NeKTpH-
4eCKHH TOK. 3TO OTHOIIEHNE OKA3ANCCh TAKMM K€ CAMBIM, KAK Y JNEK-
TPOHOB, M3YUEHHLIX B KaTOAHHX Jyyax paspsiiublX TPYOOK, yeM M 1OjI-
TBEPIKIAETCS OMUCAHHEIA BHIE 00muMi B3rNsA HA NMPHPOLY METAsMHue-
CKOH MPOBOIMMOCTH.

Cornlacs0 9TOMYy B3TJIsIy, BnepBue (opmynupoBaHHOMYy Pukke B
1898 r. u Jpyde B 1900 r. u nogBepruyBuIeMycsl AanbHeliIleit paspaborke
B HCCNEp0BAINAX APYTHX YYeHBIX, €/JUHCTBEHHLIMH HOCUTENSAMHK 3JEKTPH-~
YeCKOro TOKA B METAINIAX SIBISIOTCS CAMBIE HAPY)IKHBIE JNEKTPOHEl B 3AEKT-
POHHBIX 060/I0YKAX, OKPYIKAIOIHUX ATOMBI METas1a. ITH DNeKTPOHBL OUeHb
cnafo npHBA3aHL K CBOMM ATOMAM H JIETKO OTPHLIBAIOTCS OT HMX, KaK
TONBKO M3BHE MPUIIOMKEHO 3IEKTPUYECKOE MONe: B NEPBOM MPUONIDKEHHH
ITH DJIEKTPOHBl MOXKHO IAKE CuMTaTh COBCEM CBOGOJHLIMM, T. €. BOBCe npe-
HeGpeusb MX CBA3bI0 ¢ aTomamil, Takum 0Gpa3om BOBHUKAET NPEACTABNIEHHE
00 3MeKTPOHHOM Ia3e, YAaCTHIH KOTOPOro (T. €. BMCKTPOHLI) MHHPAOT C
CaMBIMK Pa3l000pasHbLIMA CKOPCCTSIMH B TPOMEXYTKEX MEXIy aATOMaMH
MeTanna ¥, Bpemsl OT BPeMCHH CTANKUBAACE C ITHMM aTOMaMH, OTCKAKH-
BAIOT OT HUX, KAK MSYHKH. Ecny npuNoyxuTL K MeTamny U3BHE SNeKTpH-
YeCKOEe MOje, TO BCE YACTHI IMEKTPOHHOrO rasa monyyaT jl06aBOYHYIO
CKOPOCTh B HANMPABIEHUH OT HU3KOTO INOTEHHMANA K BEICOKOMY (3TO COOT-
BETCTBYET OTPHLATESILHOMY 3HAKY 3apSIiA 3JEKTPOHOB). DjeKTPOHHBIH
ras Oyner Bonee umn Menee GHICTPO (B 3aBUCHMOCTH OT CUJB NONA) Ipoca-
YHBATLCSI B 3TOM )KE HAIPABIEHWM, BCTPeuas CONPOTHBICHHE Y ATOMOB
MeTanna, KOTOPLE 3ACTABIAIOT ANEKTPOHBI OTCKAKKBATL OT HUX U TeM ca-
MbIM MNPUBONAT K TOMy_. 4Te CKOPOCTh ﬂpOCa‘{HBﬂHHS{ 3NEKTPOHHOr¢ rasa
He pacTeT GeCIpefiebHO, HO JOCTUIAET LEKOTOPOH KOHEYHOH BENHUMHLI,
NPONOPIUOHANLHOA NPUAOIKEHHOMY INIEKTPHUECKOMY Dol (3axon Oma).
Buijlenenne Temia op npOXOKIEHHH 3NEKTPHYRCKOTO TOKA TAKME CTAHO-
BHTCSl upe3BLIMANHO HAMMAIEIM: CTANKUBASICH C ATOMAMH, 9NEKTPOHB MX
BCSIYECKH PACKANMBAIOT, OT/aBast UM Ty KMHETHYECKYIO SHEPIHI0, KOTOPYIO
OHH caMH npHOGPeNN B 3TeKTPHUECKOM TMONe, YBelnyeHne KUHETHUECKOR
aHepTHI Konefanuil aTCMOB BOKPYT MX ION0YKEHMI PAaBHOBECHA U BOCOPH-
HHMAETCST HaMH K4k BO3pacTaHHe TEMﬂepﬂTypbl meranna.

Te sxe camee l’]pEJ],CTaB.TICHMS{ MO3BONMAT HAM W OTBETHTL HA vacTO 3a-
JIABaeMLli BCOPOC 0 TOM, C KAKOH CKOPOCTBIO MAET IO POBONY 3MEKTpPH-
yeckHit Tox, B TaKol Gopme 3TOT BONPOC HE WMEET OIPENeeHHOrO CMEICTIA.
Ecam Mbl COEIMHMM KOHELl AJMHHOTO TPOBOJA, APYroi KOHEL KOTOpPOro
3aKO0MAH B 3EMJIIO, C TENOM, 3APSHKEHHEIM MOJOXKHMTENLHLIM 3NEKTPUYECT~

Crpoeire meutecTBa 13
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BOM, TO MO NPOBOLY MOMAET TOK, KOTODHIA OyfeT NpOROIKATBCS 10 TeX
nop, NOKA NOTeHIMANBI 3eM M 3TOT0 TeNa He cpaBHsloTcs. Ilpu stom no-
TOIC IEKTPOBOB GyJeT Teub [0 HANPABNEHHIO OT SEMH K MOJIOMKHTENILHO
32PHKEHHOMY (T, €. MCNEITHIBAIOLIEMY HEJOCTATOK B 3/EKTPOHAX) Tealy.
Cripaiinpaercs, KaK OLICTPO HAYHETCH OMeKTPHYSCKMH TOK B pasiHYHBIX
YACTHX IPOBOAA [OCJE TOFQ, KAK €r0 KOHell COeAMHEH C NOJIOXKHTENILHO
3aPSDIEHHBIM TENOM. $ICHO, UTO B AAHHON Y4CTH NPOBOAA TOK HAVHETCH C
CaMOr0 TOI0 MOMEHTA, KOIJIa TAM YCTAHOBUTCA 3MEKTpHueckoe noe, Tai
KAK 3NeKTpHyecKoe NOJIe PacnpoCTPaHALTCA €O CKOPOCTBIO CBETa, T. €.
YCTAHABJIMBAETCA BO BCCM NPOBOJHMKE HOUTH MIHOBEHHO (Bell CKOPOCTDb
CBETA OTPOMHA), TO M TEYEHWE «INEKTPOHHOrO ra3as HauHeTCst BO BCEX Me-
CTaxX TPOBOJIHAKA IOYTH CPasy, ¢ HAUTOIKHBIM 3anasjnlBaHMeM, 00yCJIOB-
JIEHHBIM TOJTbKO KOHEUHOM BeMUMHOi cicopocti cBeta, OTCIOfa HE Crelyer
elle, UTQ CaMO TeUeHNe 3NEKTPOHHOTO [A3a NPOMCXORUT C TaKoi e Obl-
CTPOTO}: OHO B AEHCTBUTENLHOCTH rOpasno meiyeHHee. Ecnu Mul npeano-
JIOMWMM, UTO KHHETHUECKHE HEPrHH OTAEJNLHBIX EKTPOHOB 3MEKTPOHHOIO
rasa B meranie npH o6LIKHOBEHHBIX TEMIIEPATYPAX COCTABJSIOT B CPeAHEM
HECIKOTBKO 3/1€KTPOH-BOJIET (3T0 YMCIIO BeCbMa NPABOTOA0GII0), TO CKOPOCTH
OTAENBbILIX 3MEKTPOHOB OyRyT NOPAAKA HECKOIBKHX COT MIJUITHOHOB
CaH’ UMETPOB B CEKYHAY, uTO Jlerko paccumtaTh 3Hasl MAcCy INMEKTPOHA.
O1HAK0, ITH CKODOCTH HAMpaBJeHH B CaMble Pa3no06pizHRIC CTOPOHKL U
HOOTOMY He HMEHT Huuero ofulero co CKOpOCTBIO IPOCAUMBAHHA BCErO
3MEKTPOHHOrQ 433 B TENOM B HATIPABNEHUH OJIEKTPHUECKOTo nons. 31y
MOCAERHION CKOPOCTh JIETKO pacudTaTh Crefylomum obpazom. [lycts
INEKTPOHB! JBIDKYTCA B DA3HO0GpasHbe CTOPOIB CO CKOPOCTLIO NI0PSAKA
108 cufcex. Ecnu cpejiHve pacCcTOSHMSA MEHGLY aTOMamd COCTABAAIOT, CKa-
em, 1078 ¢, TO MOYKIHO CUUTATH, UTG 3JEKTPOH HCIHITHIBAET CTOJIKHO-
BeHHST ¢ aTOMAMH npumepHO KaIple 10716 cex. Tlpeamoioyim, uT0 K
MeTAJUly LPHAOKKEHO 3JeKTpUuecKoe mone nopsaxa 1 Boywt/ca. s
TOro, uT00bl BHUHCINTE YCKOpeHue, coofilaeMoe 3THM TOJEM MeKTPOHY,
Hy KHO NOMHOYHTD N07e, BHpaXKeHHoe B afCOoMOTHRIX 3IEKTPOCTATHUECKHX

e
E/MHMIAX, HA OTHOLIEHHE —- JUIA JMEKTPOHa. 3to naer npumepuo 10%

cmfeen®. Neiicreys B TeveHwe 10718 cex., TaKoe YCKOpDeHHE OJDKIHO NpU-
JaTh 3NEKTPOHY B NPOMENCYTKE MEMAY ABYMS CTONKHOBEHHAMK N062BOY-
HYI0 CKOPOCTh B HanpaB/eHHH 3EKTPAYECKOr0 TNOJA, COCTABIAWLIYIO
Jwme okono 0,1 eafeex, Takum 06pazoM HPH TIPOXOMICHMM 3MEKTPH-
YECKOrO TOKA, BEI3LIBAEMOr0 3JEKTPUUECKMM TOJemM 1 BONBT/cM, CKO-
POCTH 3MEKTPOHOR GyAYT COCTOATH M2 TEOMETPHYECKON CYMMB ABYX
CKOpOCTEli — BO-NEPBEIX, NEPBOHAYANLHON «TEIUIOBOiY CKOPOCTH 37IeK-
IpOHA, COCTABNANONIE]H 118CKOILKO COT MUITTHOHOB cM/Celt 1, BO-BTOPHIX, [0~
0aBOUHON CKOPOCTH, NPHANHOM SREKTPOHY SNEKTPHUECKHM MOJIEM U CO-
craBsomel oxono 0,1 catfeex. TenoBble CKOPOCTH 3N18KTPOHOB HANIPABJTE-
BB B caMble pagHoo0pasHpie CTOPOHH H pacnpefesieHsl TAK PaBHOMEPHO no
BCEM HANPABIEHUSIM, YTO OHU HUUEro He NPUBGABNAIOT K CKOPOCTH BCErO
EKTPOHHOTO TOTOKA B LeSOM; OCTAIOTCH JIMLIbL CKOPOCTH, NpHAAH-
MBEIE DICKTPOHAM 3/IEKTDHYECKHM TIONEM: 3TH CKOPOCTH XOTH M MajiH,
HO MMEIOT O71HO M TO K¢ HANpaBjieHHe, a MMEHHO HANpPaBleHHe OT HM3-
KOTO MOTENMaa K BHICOKOMY, IOITOMy BECh SNEKTPOHHBIM Fas  pe-
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siom fyper BecbMa MEANEHHO NPOCAYMBATHCS B 3TOM HANpPaBJIEHUH cO CKO-
pocTeio 0ko0 0,1 cafcex uan B NydlleM clyyae B HECKOJILKO paz GoJibile,
ToaTomy HA BONPOC O CKOPOCTH 3/CKTPUUYECKOTO TOKA Mbl MOXKEM AATb
cJielyIoliHe 1BA OTBETA : CKOPOCTb, ¢ KOTOPOH PACRMPOCTPAHACTCA B MPOBOA-
HHKE 3/IEKTPUYECKOE MOJe, NpPEeACTaBNslIee KaK Obl cMrHan K Hauajy
BJIGKTPUUECKOro Tokd, papha 300 000 kmjcex, HO CKOPOCTB, € KOTOPOR
NPOMCXOAMT CaMO TNPOCACHIBAHME 3NeKTPOHHOIO 1433 B NMPOMEXKYTHAX
Me)ly aTOMAMM METANA, BeCbMAa Maja M H3MeDSIeTCss KaKuMH-H! Gyib
CAHTUMETPAMH B CeKYHRY. JIns TOro, uToGH elje ACHEE NOHATL 5TC OTJH-
uie, HpeNCTaBUM cefe, UTO BAOAL AOPOIH CTOMT JUIMHHASA KOJIOHHA COJIjaT,
BIEPENd KOTOPOH HaxomuTcst xomauzyp. Korjpa o KoManayer: «uarom
Mapul, Briepen's, To Kay<pi CONJAT HAUMHAET ABUTATLCS € TOI'0 MOMEHTA
BPEMCHH, KOTJA OH CHBILUMT CJ10BAa KoMaumipa. Tak wax 9T cnoBa pac-
npocTpalisioTCA cO CKOPOCTBIO 3Byka B Boagyxe (oxoxe 300 mfcex),
TO CNe10BaTe/bHO HAUAN0 ABHYKEHWsl DACNIPOCTPAHUTCA BJOJL KONOHHH
co cropactbio 3 « 104 catfeer. CKOpOCTD ke, € KOTOPCH ByACT MPOKCXOIUTD
CaMO ABMIKEHME KOJIOHHBL, Gy/IeT FOPA30 MeHblle — BCero JIKIlb MPUMepHO
100 cmfcex.

BecoMa oMEeKTHHIM NOATBEPIIEHNEM M3JIOKCHHBIX 3MECh B3IJISAOR
Ha CYI{HOCTE MeTa/UTMYecKoi NPOBOAMMOCTH CIYIKUT SIBJIEHHE TEPMO3IIeNT-
POHHOTO MCRYCKAHMA, KOTOPOE 3aKJIH0YaeTes B TOM, UTO NIPH BEICOKMX TeM-
nepaTypax 43 MOBEPXHOCTH METanna CaMOnpPOM3BOBHO BEICKAKHBAIOT
Hapy»<y 3MeKTPOHBI, NPH YEM YKCAO0 TAKNX 37eKTPOHOB B CeXyHAy Ha 1 ca2
NOBePXHOCTH MeTajlla BechMa GHICTPO pacTeT ¢ TemnepaTypoil. O6bsicHe-
HHC 3TOT0 SBIEHUS 3AKJKWUAETCA B TOM, YTO CPEAM 3NCKTPOHOB MeTajna
Beeraa wailyTes Takue, KoTepble 00nafa0T focTaTonHe GeNbIIOH KiHeTH-
yecKoit aueprueif, uroGel, MPUAA K NOBEPXHOCTH MeTanma, npobuTh 5Ty
MOBEPXHOCTb 11 BHICKOUNTL HAPYKY. Jlns Toro, 9ToGbl NPOCKOYMTE yepes
NOBEPXHOCTb METANNA, *SJEKTPOHB JO/DKHBI 3aTpaTuTh paoTy; 310 Oue-
BHIIHO N3 TOT'0, UTO €CM Obl TaKas paGora Gbina He HY)KHA, TO BCE SNIEKTPOHHI,
TPUIIEAIME K MOBEPXHOCTH, MOIAN OBl BBHICKOUMTH Hapyxy, -— B feii-
CTRUTEBLHOCTH JKE 9T0 MOL CUAY JIHUIb TeM DJEKTPOHAM, Y KOTOPHIX A0-
cTatouHo OonLUIOH 3amac KMHETHMUECKOH SHepTrMW. B 5ToM CMBiChe 37eKT-
POHEL, CHAALIME B METAJINE, MOXO0XKH HA HOAMAHHBIX PHOOK, MEUYLIINXCA BO
BCe CTOPOHEI B BeApe ¢ BOJCH: TONBKO TeM DHIGKAM, KOTOpDbiE ABWXKYTCA
70CTAaTOUHO OBICTPO, YNACTCH BEINPHITHYTL M3 BEAPA, TIPOUHE JKE He CYMERT
NOANPBICHYTb HACTO/ILKO BLICOKO, uTeObl MEpeMaxHyThb Uepe3 Kpas Beipa.
OF 9neKTpoHAX, 3anepTHX B MeTasne, oOBMHO rOBCPAT (PYKCBOACTBYSCH
3T0 IKe aHanorueil), uTo OHM CHASAT B SME; HO TAK KAK CPEIM HUX €CTb U
TaKHe, KOTOPBIe IBMYKYTCS oueHb GuicTpo (1 vem Gonbime TeMnepaTypa, Tem
Gonblue TAKMX BHICTPBIX 3JEKTPOHOB), TO HEKOTODHIC SMEKTPUHBL CYMEIoT
BHIIPHITHYTb W3 3TCH SAAMBL HAPYXKY. Yucno 5THX 90eKTPOHOB BECHMA He-
BeJTHKO TI0 CPABHEHHIO ¢ OfUIMM YMCIOM IJEKTPOHOB B METajse, HO OHO
BechMa OHICTpO pacTer ¢ Temnepatypoil. OcoferHo moppolho siBjenne
TeNMO3NEKTPOHHOr0 UCyCKAaHA neenenosan Putapdcon (npumepHo 1909—
1912 rr.}; u3 onpToB PHYapACOHA CERYeT, UTO 3ABUCHMOCTE TEPMUNIEKT-
POHHOTO TOKA OT TEMNepaTypw MOXeT OuITb npefcTaiiena qopmyroi
t=AT%.¢ ¥ rne A ub— iBe NOCTOSHHHE BENUYMHBI, XAPaKTepH-
3YI0WINE PACCMATPHBAEMOE BEUIECTEO, § — TOK, MAYMINIL ¢ eaMunLHl nosepk-
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Hoctd, T — afcomoTHAs TeMNepaTypa *, € — OCHOBAHME HATYPANbHLIX
noraprmoB (¢ = 2,71828...). TUNHYHLIMH BeAHUMHAMU JJIA METANJIOB
MOTYT cunrathest Hanpumep A = 100 Afca®, & = 3.10f rpeaycos. Ecom
npu 3TOM mopcTaRuTh Hanpumep T = 300° afc., T. €. OKONO KOMHAT-
HOJf TeMIepaTypsl, TO IOIYuMTes npulnuauTesinbho § = 1073 Afca?,
YTe JA3eT OAMH 3NEKTPOH HA KBAApaTHeli cauTHMeTp B 1010 ner (!).
$lcHo, 9TO npH OGBIKHOBEHNOH TemnepaType He GYNeT NPAKTHUYECKH HUK:
KOF0 TEepMOaNeKTHOrHOTO Toka. Ho ecnu monowxurs sanpumep T =
= 1000°, T, e. Tem :epaTypy, 1P KOTOPOH METAIUT HAKANUTCS ZOKpAcHa,
ro noayuurest § = 1078 Afca®, T. e. ye Tawol TOK, KOTOpIl Nerxo
M3MEPUTH. DT LndPEI MPEKPACHO XAPAKTEPUIYIT GLICTPOTY BO3PACTAHMUS
TEPMOYAEKTPOHHOMO TOKA C TEMIEPaTypoit.,

B 3aknwueHne 3aMeTHM, YTO 0COGEHHO GOJIBIIME YCIIeXH TCOPHI (3MeKT-
POHHOro rasay B MeTa/laX HAUHHAKTCS CO BPEMEHH TOABJIEHMS KBAHTO-
Bofl Mexanuiu, Koraa [layau v 3oummeppeasd NPUMEHUIM 3Ty HOBYH Me-
XAHUKY K JBHXEHWIO 3NIEKTPOHOB, BXOAAUIMX B COCTAB «JNEKTPOHHOrO
rasas. M He MOXXCM 31€Ch NO0APOGHO OCTAHOBHTLCA HA TOH «KBAHTOROH
TEOPMH METANTHUECKOH  ONEKTPOIPOBOJHOCTHY, CO3MAHHOH  yCHNMAMU
MEJIOr0 PSAQ TEOPETHKOB (0COGEHHO CleflyeT OTMETHTL PafoTh HEMELKMX
TeopeTHrOB Baoxa w [atiepasca). B nactosimee BpeMsi GOTbUIMHCTEO SIB-
neHu, CBA3AHHBIX € NPOBOAMMOCTHIO TOKA METAANAMH, YXC He NpPeicTan-
JISIET HMKAKHX 3arafioK (BIIpOYeM sIBJEHHS, NPOHCXOMSLUIME C HEKOTOPRIMI
METATIAMU TP OUEilh HUSKHX TEMIEPATYPAX, KAK CNETYET HE 0ODBACHEHH
M 0 cix nop. OpHaKo 3hech MBI TO/DKHLE Gynem OTKA3ATLCS OT ONUCAHNS
ITUX AIBAEHHUIT).

OTHOWEHHE ®H3HYECKHX TEOPUH APYI K APYIY H [POBJIEMA
PEJAAITHBUCTCKON TEOPHH KBAHT

3aroubl MeXaHNKH, yeraHoreHHbe B X V11 Bexe Hutoronom, 6s11u ocHo-
BaHBI Ha BeckMa OGIMpPHOM (AKTHUECKOM Marepuane, COGPAHHOM Npej-
IIECTBOBABIIMMY (PMINKAMM H OTHOCAIIEMCA K ABMIKEDMSIM BCERO3MOMKILIX
MaKpPOCKOMmuecKkux Te.1. TToner 6poIueHH0I'0 Kamust, BOCXoN U 3axon, JIyHs,
VCTEUEHHE YKUAKOCTH U3 COCY/A, KAudHuWe MAasITHUKA, JIBUMKEHHE Keresib-
HOI'O WAPA 110 HAKJIOHHOMY NOJTy, 1KOeGaHHe CTPYHEL — BOT THIHUHLIC
TPUMEpL! TeX AB/ICHUH, KOTOPhIE MODKITH Gblk OLITh O0BACHEHE! MeXaHH-
Koit Howotona. Ml BUAMM, uTO BO BCEX STUX NPUMEPAX UAET peub 0 ABHIKE-
HHH TeJl, COCTOSIIMX M3 HACTOILKO OFPOMHOr0 WHCAA aTOMOB, YTO ATOMM-
CTHUECKOH CTPYKTYPOH TAKHX Tesl BOBMOYKHO NpeHeGpeub, MbICTEHHO 3a-
MEIHUB HX HENPEePLIBILIM, & He 3¢ PHHCTHIM PACNIpesieieHleM MaTepPUn B Po-
crpancTBe. HUKAKOTO ONBITHOrO MaTepMana, OTHOCSILIErocs K ABUKe HIAM
OTAENLHEIX ATOMOB, B pacriopskenuy ¢usvrob X V11 pexa, pazymeercs, He
GiNo, M CAME CYNIECTBOBAHME ATOMOB B TO BPEMs KA3an0Ch JIMIIL TYMAH-
Hol runoTesoit. Takum oGpazom o6n1acTh SBrenyil. KoTOpast oMK Hrlna
OuTh 00LICHEHA MEXAHUKOM, COCTOSINA HCICTIOUHTENBHO U3 TAKHX JABIDKE-
HIH MATEPHANBHLIX TN, KOTOpPbe HAGNIOJAMICH UeJIOREUeCTBOM ¢ He3a-
MaMATHBEIX BPEMEH, W XOTsl 3a]2U2 HAXOXK/AEHUS KOMMYECTBEHHBIX 33KOHO-

* AGcomomi st TeMuepaTypa == Temrneparype no Leancmo nmoc 273°.
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MepHOCTEH 9THX ABW)Kenuit Obina OTHIOND HE TPHMBMANBHOM W OTHIOND HE
Jeriolt 3amauveil, TeM He MeHEe OCHOBHble (W3MUeCKHMe NpPENCTABIEHNSA,
KOTOpHIE JIerNIM B OCHOBY MeXaHuwn HbloTOHA, ObTM B 3HAUMTENLHON
Mepe 3aVMCTBOBAHEL M3 MOBCEJHEBHOTO ONbITAa M Gnarogaps npyBHIUKE
BCEX JIIOIEH K HYM KA3aJuCh YeM-TO COBEPHIEHHO €CTECTBCHHMIM H NOApA-
symesatoLmcs. Ipectiok 3akonoB HuoToHa HeoGuualino Bospoc Gnaro-
Aapsi TOMY, YTO B TeUeHHEe HeCKOJIbKHMX I0K0/eHNHH QUBMKOB, CefoBaBLIMX
32 HblOTOHOM, 9KCTIEPUMEHT HEM3MEIIHO NOATBePI/IAJ NPABIILHOCTL ITUX
3AKOHOB € BeJIMyaiilicH KOMMUeCTBEHHOM TOYHOCTBIO, WINIA JIM petb O IBH-
JKeHMU TaHeT BOKpyr CONHYA WIM O [BIKEHHK KakMX-HHOYAb uacTeil
mawuk v 1. 4. Mosromy xorpa B X1X cT. Bo3HMK/IA HEOOXOIMMOCTh NpUMe-
HUTbh 3aKOHbl MEXaHNKHU K JBH)KEHMI0 ATOMOB (Mbl BUAEIH BhiIE, UTO 3TO
HYYKHO ATl TEOPETHUECKOT0 0GbACHEHUS TENIOBBIX SIBJIEHUH), TO HH Y KOr'O
U2 QMBUKOB He BOZMUKNO COMHEHHS B TOM, UTO OTAE/bHbIE ATOMBI NOTUK-
HAIOTCH 3AKOHAM MEXAHMKH, TaKNM e CAMBIM, KAKUM NMOJUMHEHL! U JBM-
YHEHNA MAKPOCKOIHuecKHX Tesl. oneuno, a priori B yTo0M Moykio GHING 6ol
BeCbMA CHNbHO COMHBEBATLCH : BeAb 3aI(OHH MeXaHHKH HuioToHa YCTaHOB-
JICHB] HA Marepuajie ABHIXCHUA MaKpOCKOIIMYECKUX TeJl, 4 HE OTJEJIbHbIX
ATOMOB; MO3TOMY HUKTO HE MOXKET 3apaHee rapanThpoBaTh, 4To, l'l3y‘|£lﬂ
ABWKEHME ATOMOB, Mbl HajileM TaKue Ke CaMble 3aKOHB! MX JIBMXKEHHS,
KaKHe YTpaBisioT, HANPHMED, IBH)KEHNEM DYXREIHBIX Nyab ¥ Ounamapa-
HBIX WapuioB., To 06CTOATENLCTBO, YTO K 3aKOHAM JIBKOKEHUS] TAKKMX TTYJb
WK IAPHKOB MBI upe3BbIYA{iHO CHIBLHO IPHBLIKIM, HUCKOMLKO HE fB-
NAETCA TAKOM rapaHTHel, TaK KaK NPUPOJA MOXKET W ne CoobpasoBaThes
¢ HAlUMM} NPHBBLIYKAMH, M MOXKET CIYYUToCSl, YTO T€ NPeNCTABNCHUS, KO-
TOPBIE B CHJTY IONTOi NPHBBIMIH CTAJIM HAM KA3aThCST YeM-TO aIPHOPHO 3a-
JaHHBIM ¥ a0CONHWTHO HeOOXOMMBIM, B NeHCTBUTENLHOCTY OKAXKYTCS He-
TIPUMEHNMBIMU B HOBOH 0011acT sIBJIeHUH, HEBCTPEUABLUMXCS HAM paHbHIE
¥ TOTOMY He yuacTBOBABUNIX B d)opMMpOBaHMM HaHIM X NPUBLIYEK ¥ pef-
paccyKoB. OHAKO HCTOPHUECKOE Pa3BITHE GUSUKH KAK PAS OUeHb CHABHO
cROco6CTBOBANO CO3NABMIO TAIUX NPHMBHYEK; MO3TOMY K 3axoHam Hblo-
TOHA ALfiCTBMTENLHO CTANY NMOCTENeHHO OTHOCHTLCSH KAK K KAKHM-TO anph-
OpPHBIM KATErOPHAM, ¥ HUKTO He TIOLyMasl O TOM, YTO NPMMEHMMOCTh 3THX
3aKOHOB K JIBM)KCHHIO aTOMOB €CTh CHENMANbHAA TMN0TE3d, HY)XXpawumasgesa
B NIpOBepKe. 1Y runoTesy QU3nKK NPUHANY € ETKUM CepJILeM M KaK Gyaro
XOpowio ¢Ienany, NOTOMYy 4YTO NPUMEHeHHE 3aKOHOB MeXatuku HewoTona
K CHCTEMAM, COCTOSILMM M3 O POMHOTO yHC/Ia aTOMOB, 103BONIN0 Bonbu-
many u [u60cy TeopeTnuecKy BHLIBECTM BTOPOE HAYAJIO TEPMOTMHAMMKK W
BOOOIE OOBACHHTL BecbMa oGmpHyl0 obnactk (axros., OTCIONAd MOXKHO
GbL10 30K/TI0YUTD, UTO 3AKOHH MeXaHHKH HiloToHa feficTBUTEeNLHO npume-
HUMBI IC JIBYIKEHUAM OTJENbHBLIX aTOMOB, Tem He menee JanbHelilee nc-
C/le/0BAHNE NOKA3aJl0, T0 [0 0GCTOMT COBCEM HE TaK GarOnoNyuHo.
CraTHeTuyecKas MexanuKa (T. e. MeXaHUKA, NPUMEHEHHAS K JIBMIKEHMAM
CHUCTEM, COCTOANMIMX M3 OTPOMHOrO uMCNa YaCTHI]) NO3BOASIET BHIYUCIATHL
TeNIOEMKOCTI PASINYHLIX TeJI, N0 Knajtueli Mepe mpuEM3uTeILRO. OKa3b-
BAETCH, UTO TEIUICEMKOCTH Tes1, BOOGIE FOBOPS, NPONOPIHOHANLH! YHCITY
crenetieit CROGOL ITHX TeJl, T. €. UUCSTY BENMUMH, KOTOpbIE HeOGXOAMMO 3a-
fath, utoObl 0XapaKTepU30BATH pPACMOJONEHHE BCEX ATOMOB paccMarph-
RaeMLIX Te1 (3Ta GOPMYNMPOBKA He BIONIRE TOUHA, HO MBI A1 KPATKOCTH
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OrpaHUUNMES e10); TP MOCUeTe YHENa CTeneHeH CBOBOARL HCXOAAT 13 Npej-
cTaBieHnsa 06 aTOME KAK O MarepuanbHoi Touke. Taxue pacuerbi mo3po-
JMIY HAIIPUMED TEOPETHUECKY BBIBECTY M3BECTHBIH yIke paubilie U3 OmbiTa
saKoH roaoneay I1mu, COTIACHO KOTOPOMY TELIOEMKOCTh TBEPAOIO Tena
na 1 2 npubnusurelbHO paBHa © Kaj., JeelHLIM HA aTOMHEI! BCC TEJA.
O[HAKO BO MHOMMX CJIyuYasx TEOPETHUECKHE DACHCTHl HE OTpPABABIBAINCH
na onbiTe. OKa3a/10Ch, YTO TENJOEMKOCTh, BRIBEIEHHAS U3 CTATHCTHUECKOH
MEXAHMKY, YAOBJIETBOPAET ONHTY JMUIb TPH AOCTATOUHO BBICOKUX TeM-
TIEPATYPaX; MpH TOHKEHUY TEeMIIEPATy DBl TeJIa €0 TEMN0EMKOCTb CTaHO-
BUTCS MEHBIIIC, UeM CICAYET HA OCHOBAHMY CTATUCTHUECKO| MEXAHUKH, ¥
yeM TEMIIEPATYPA HHDKE, TEM ST0 PACXMKACIHE CTAHOBUTCS JHAUUTENLHEe.
TIpUXOAUTCS TPU3HATE HOITOMY, UTO UPH IM3KUX TEMNePATYpaxX JiBHyKe-
HU¢ ATOMOB, COCTAaBJSIONIMX MAKPOCKOMMYECKOE TeN0, He MONUMHAETCS
3aKoHaM MeXaHnKd HewoTona. 3TOT BHBOA, HACTOWYMBO HAMNPAIIHBAR-
umiicst yoxe B koHle X IX CT., KOrga CTAIO H3BECTHO, UTO HPH HUSKUX T€M-
Leparypax ¢ TenJIOeMKCCTAME NPOUCXOANT YTO-TO CTPAHHOE, §BLT HACTONIBKO
nernpusATer (PH3NKAM, UTO ero CTAPAJNCH He 3aMeuaTb; GbUT I0BONBIIO HMin-
POKO PACTIPOCTPAHEH TOT B3rJIAA, YI0 HECOBIAIEHHE MENILY IKCIEPHMEH-
TaJbHLIM 3HAYEHUEM TEIUIOEMKOCTH NPH HMBKHX TEMNEpaTypax W 1eope-
THUECKYM 3HAueHHCM, BLIMMCIICHIBIM W3 CTATHCTHUECKOH MEXaHuKH, 00b-
SICHSIETCSL He TeM, YTO OCHOBHOE TOJIO)YKEHYE, U3 KOTOPOr0 CTATHCTHKA WC-
XOAMT (IPUMEIHMOCTh 3AKOHOB MexaHnKi HbioToHa K IBIYKCHYAM ATOMOB),
om1BOUYHO, a TeM, YTO BEIBOAB! CTATHCTHYECKOH MCXAaHMKH HEZOCTATOUI0
CTPOTY M UTO B CAMOM BBIBOJC [E~T0 eCTh 0mubra. OgHaKo oKy HUKaKO|
He OBL110, M CyTh AigNa edKanaropazno ruyfxe, MNommryka crpayca nepecrasa
GLITh BO3MOKHOI, KOF/Ia CTANO M3BECTHO, YTO ATOMEI ABJSKTCS CIIOKUBIMK
CHCTEMAMH, COCTOSIMMM ¥3 Aep Y SMEKTPOHOB; €CNU 3TO TAK, TO UMCIO
crernened cpoGoIb ropasgo GobHie, YeM JAOMYCKANoCh PAHLHIE; TAK, Ha-
TpUMep, aToM Yrjepoja COCTOUT M3 SIPA W 1IeCTH 31eKTPOHOB, T. €. U3
CEMM HACTHLL (1a)Ke eCITH OTBMEULCS OT TOI0, UTO CAMO €TI0 SIAPO eCTh COMK-
Has cucTema). MeyKoy TeM NpY II0JCUeTe TEIOEMKOCTH YIJISl [IPUXOMMTCS
APHHHUMATE B DACUET TONBKC CTeleHH CBODOMB Aflep ¥ COBEPHIEII0 UIHO-
PUpPOBATL CYHIECTBOBAKNE INEKTPOHOB; MPU ITOM MOJIyYaeTcs 3aroH Jwo-
nosra u Iy, Tlps HUSKHX jKe TeMIepaTypax Aae ¥ 5T0 OKa3bBacTea
HEJOCTATOUHLEIM, H NPUXOINTCA WIHOPHPOBATE YacTh crenedeit CBOﬁO}IbI
fae sifiep (¥ npyToM Tem GOIBITYI0 YACTh, UeM HUKe TeMmeparypa). Takum
08PA30M CTAJIO SICHO, UTO IMEKTPOHEY, ABIKYILHECS BHYTPH ATOMA, HE MOJ-
YUHAIOTCA MeXaHvke HpIOTOHA; arom »Ke B IICJIOM HJIH, yTO CBOAMTCA K
TOMY )K€, €ro IeHTPaILHOE AAPO MOZUMHAETCS 3aKoHaM Mexauuky Hobio-
TOHA JIAIIb OTYACTH, TAK 4TO NPy G0JIee BEICOKUX TEMIIEPATypax U3 32KOHOB
Mexannky HpioTowa pisi Afiep TOJNYYalwrcA mpaBHNbHLIE pe3yfbTaTH, a
UpX HU3KUX yIKe HeT. AHANOINUHASA Bellb MONYUaeTes ¥ A5 «CBOGOIHBIXD
AMEKTPOIIOB B METAILIE, IBMYKYILMXCS, OT ATOMA K ATOMY : /NS PACUTA Tell-
IOCMKOCTH METaJINa HeoOX0AMMO UrHOPMPOBATE MPUCYTCTEUE ITHX MEKT-
POHOB KK 1IPH BHICOKUX, TAK W TP HUSKHX TEMIEpATYpax, OTKYJA B~
CTBij‘, UTO W AN HYX MeXanyika HeloTona oxassiBaercs geBepHoji. C apy-
203):;28?:?,Axlgil:le}Cy"reHﬁueémﬁ DAL CIyuacs, KOTa DMEKTPOHH ABKYTCA
CTARNSOLIYE He lIT(; I/IKO bIOTOHA : TAK HATIPHMED KATOZHBIE JIyUH, Ll
CTaB! ! HOE, KAK MyUOK 3INEKTPOHOB, UCKPUBISIOTCS B DJIEK-
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TPUUECKOM ¥ B MarHWTHOM I10JIe COBEPUIEHHO TAKUM OGDPAZOM, KAK MOXET
GBITh 3apaHee PACcUMTAHO HA OCHOBAHMM 2aKOHOB Hurorona. Ilomyuanacs
KAKas-T0 MyTaHHU@, B KOTOPOi OBLIO OUEHb MYJPEHO pa30GpPaThes ; 3aaua
COCTOSIIA B TOM, uTOGbl HA MecTo Mexamui HbloToHA BBECTH KaKylo-To
HHYIO MeXalliKy, KOTopasl cymesia Gbl 0GBSCHHTL HE TOILKO (aKThl, yxe
00 bACHeHILIe MexanHKoit HploTona, HO TAIOKe W (AKTH, €10 He 0GDbACHH-
Mute. TpynHOCTD 3TOR 2aauK GBUTA B 3HAUMTENLHOH CTETIEHN CBSA3AHA € TEM,
uyro MexaHuka HeloToma onmpanack Ha (uM3KUECKHe MPEACTABIEHNA, B
TaKol cTeneHn yKOpPEHIBIINECs! B CO3HAHNM M3UKOB, YTO 0T HUX GLLIO Upes-
BhlvafiHo TpyaHo ccBoGopuThes, IlodTomy HOBasl Mexanvia poXKIANACh
B MyKaX; Kpuzu¢ (u3uku, BRISBAIHBIA STHM, NMPOLOJDKANCA MOUTH JBAS-
narb nare Jet (npumepuo 1900 — 1925 rr.). Hakonen, TpyaHas safaua
Gb1a pelnieHa; HoBas MeXaHNKA, KOTOpoli OBIN0 CYMWEHO SAMEHUTL CTAPYI0
MexauuKy Hblorona, 6sna nocrpoena, JToi HOBOM MexaHWKOH oKasanace
TA (AMAasl KBAHTOBAsT UM BONHOBAsi Mexanuka Xalisenfepra u Wipexun-
repa, 0 KOTopoit Mbl Y)KE CTOJIBKO TOBOPHIIA BLIILE.

Briio 0Bl ofHaKo omMMOKOH XyMarbh, WTo MoCne NOCTPOeHHs BONHOBOR
MEXAHMKY €Tapast MeXaHuKa HpoToHa 1os1iKHa Gbi1a BOBCE CONTH CO CHEHEBL
Mayuenve BonHOBOH MEXAHMKH IOKA3LIBAET, YTO CYLIECTBYET TaKas 00-
NACTh ABAEHHUi, B KoTopoit nocrosinkasl [1nanka He mrpaeT Hukawkol 2a-
METHOH ponu ¥ nosroMy Mexanuka HploToHa ¥ Bce CBA3AHHLIE C HEIO T10-
HATAS (HATIPUMED TOHSTHE TPAEKTOPHMH) OKA3LIBATCA NpPRGIN3NTENLIIO
(4 NaKe ¢ 0BOJILHO GosblUsH TOUHOCTBIO) BhINOTHEHHbIMK . Kputepuit npu-
GAKIUTENLHOM BLIOIHAMOCTH MexaHMKM HbloToHA 3akiloudaercs B TOM,

10 BEAWUMHA -, HARRBAEMAst «LHOH BosHbl de-Bpoiiaay (rae fi — no-
L

crosinnasn [Tnanka, m — macca 4acTHipl, V — CKOPOCTb €€ JABMKEHNS)
O DKHA ObiTh BO MHOIO Paz MEHbIE, UM JJIMIA, XapaKTepusylowas nu-
e fllble pasMephl TPAEKTOPHHM (TAKOH JUMBOH MOKeT HanpuMmep Owitk
payc KPUBUZHE 3Tol TpaexTopun). Taxnm obpasoM ycnoBue npuénuzu
TENbHOM BBIMOJHWMOCTH MeXaHuKM HhioTona 3aKnieyacrcsi B TOM, WTo
JUIMHA BOJHBI Jle-Bpoiiis MHOro pas yKJIAALIBACTCA B PAKYCe KPUBHIIILI
Tpaexropnit, Tak KaK AJMHA BosHbL le-Bpoiis, Kai Mbl BuiesH, o6paTio
NPONOPIHOHASIBHA MACCE, TO TOHSTHO, ToueMy MAKPOCKOTHMUYECKHE Tena
TAK XOPOIUO YAOBNETBOPSIOT Mexauuke HbloToHA: MX JAJMHA BONHEL Jle-
Bpoiins ypezBbIuAiiHO Mana, U HepPABEHCTBO, HeoOXOAMMOe /ST NPUMEHH-
MCCTH Mexandku HboToHA, oueHb XOpoulo Bbinonusierca. HaoGopor,
JUTsT SREKTPOHOB, ABHIKYIMXCS BHYTPH ATOMR, OHO CORCEM HE BBITIONHSIETCS
Befb MuHclHbe Pa3Mepht aroMa uMelot nopsaok 1078 cu, 103TOMY XKUBAS

2

I% = 1
CHJIA 3JIEKTPOKA MV OIDKHA MMETDH NOPSIOK 7 riee=5-1071% age, exn.

- m
(IpHMEpHO 2aPsit 2/1eKTpoHa), r = 1078 cu. ITo gaer my nopsuxa & ]/—r-,

T. e, mopsiika 1071® zcam/cex (ecnH MONCTABMTL MACCy SNEKTPOHA M ==
=9 . 10728 2). YosToMy UIst ATMHEL BONHBI fe-B poiins nonyuaem nopszok

BeNHUMHB pren] T. €. KaK pas Te ke cample 1078 M, Mol BHIMM, UTO 971€H~
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TPOH 006NafaeT CIMIIKOM MaJloli Maccoii u JBUWXKETCH BOKDYD aTOMa Ha
CIUIIKOM TECHOM NPOCTPAHCTBE AJIs1 TOro, uToGk MeXaHuka HeroTona Geuta
XOTH Obl NpHOAH3UTENLHO NpPHUMEHMMA. JDYroe A0 — 3JeKTPOHHL Ka-
TOAHBIX NyueH. ECAM aJeKTPOH ABMXKETCSl Aayke H He € Takoii G0/bmoi
CKOPOCTbIO, TeM He MCHee B Cyude KaTOAHBIX Jyueil pagmuyc KpuBHSHBI
TPAEKTOPHM HACTOJILKO BEJIMK, UTO AMHHA BOJIHBI ic-Bpofins yxknaaemsaercs
B HEM OYE€Hb MHOFO pa3, M yCJOBME NMPHUMEHUMOCTH McXaHukH HbloToHa
BLINONHEHO. YT0 KACaeTCa ABWKEHH S ATOMOB, TO IIPH TEX CKOPOCTAX,
KOTOPBIMH 0HY 001aJA10T NP 0GLUHBIX TEMIIEPATY PaX, HX MACCA, NPEBOCXK0-
JIAIAS BO MHOFO pa3 MacCy 37eKTPOHE, COBepILeHI0 AOCTATOYHA JIIs TOTO,
yTOGE M Ha BONHBI Ae-Bpoiins Oblna oueHb Maia u uToGkl, TOKUM 06pa3om,
Mexanuka HeoTona okasanacs xopommm npubnmxennem., Hpu noHwKeHNH
TeMIEPATyPH CKOPOCTH A€ MajaioT, JIMHA BOJHHL fe-Bpoitna pacrer, u
BHIBOJIB, MOJYYEHHBIE M3 MeXAHHKH HploTOHa, nepecTaloT ONpaBLIBATLCA.

Mgl BUIMM, UTO U3 KBAHTOBOH MEXAHUKH BHITEKAET, UyTO MeXaHhKa Huw-
TOHA B LIEJIOM PSiie CJlyydeB OKa3hIBAETCS XOPOLUM NpUOIHKEIIHeM K Ae
CTBUT&JILHOCTH. JTH CJlyyau KaK Pa3 COBNANaI0T C Toil 001aCTh10 ABAEHMIE,
B KOTOPOH MexaHuKa HbloTOHA MOATBEDyKAAETCsA YKCIEPHUMEHTATLHO, Ta-
KWUM 00pa30M, NOSBJNEHHE KBAHTOBOH MEXAHWUKH He OTMEHHAD MeXaHHKY
HuloTOHA, a TONBLKO YKa3aj0 €e NPUMEHHMOCTY ONpeAesIeHHRE IPaHuUILE,
Q6nactb ABNeHU, 00BACHAEMEIX KBAHTOBOJ MeXaHHKOi, ropasgo mmpe,
yeM 06aacTh ABIeHKi, noguMHsIOmKXCA Mexanuke Hotorona. Her nago6-
HOCTH DOJPOGHO MEPEeuNC/IATL BCHO OOMMPHYI0 COBOKYIHOCTL SIBIEHM,
0fBsICHAEMBIX KBAHTOBOH MEeXaHUKOM; TeopeTHueckoe OOBACHEHHE 3THX
ABJICHUH ¢ MOMOIEBI0 KBAHTOBOH MEXAHWUKYU COCTABMO IJIABHOE COREP)KA-
Hie TOr0 HeCAWXAHHO GBICTPOre pasBHTHS, KOTOpoe (H3UKA UCIMTANa B
nocjefHre rogel. B 3Toil odnacTy ABNEHAN BCe TO, UTO MOXKeT GbITH OmH-
€aHO TIOCPEACTBOM MexXaHyky HrloTona, sIBNAeTCA MUINE KPOXOTHHIM YroJ-
KoM. Mexanuxa Howomona ecmb dacmauil cayvuall xeaHmosod mexanuxi,
MMEIOLIMIT MECTO TOT/IA, KOTAZ BOSMOKHO npeHelpeyb sdibexTamu, cBs3an-
HBIMH ¢ HAJIMUKEM KBAHTOBOM NOCTOSHHOM /. MaTeMaTuueCKIM BEpa)Ke HHeM
atoro dakra ABNSETCA To O0GCTOATENRCTBO, UTO eCnd B Qopmynax KBaH-
ToBO}i MeXaHWKW CJleflaTk A DAaBHBIM HYJIO, TO OHM TMepeXopdr B dop-
mynbi Mexannku Hetorona. Takum 06pasom, Mexanika Hplotona no oTHO-
HWEHKI0 K KBAHTOBOI MEXaHWUKE WMEET npededsHbll Xapaxmep (r. e.
[IONTYUaEeTCs M3 KBAHTOBOH MEXAHWKM MEePeXOAOM K Hpejeny mpu i —-0).
Tak Kax MeXanuxa HboTOHA ABnseTcs CJCACTBHEM U3 MEXAHMKM KBaHTO-
BOM, XOTAl OTHOCAIGMMCA JIMIHDL K HEKOTODOMY YACTHOMY Kpyry sBAeHuii,
TO MOYKHO CUMTaTh, UTO AAJpHEHINee pa3BUTHe (U3UKK HE OTMEHMJO, A
NOATBe PAMIIO MeXaHuKy HbIOTOHA; B 5TOM CMEICIIE ¥ HAAJIEXHT MOHHMATL
TEPMUH ¢KJIACCUUECKAn MEXAHMKAY, KK I0YeTHOe HazBaHue, TIPHCBOSHHOE
MeXaHnke HeioroHa. B jansueiitnem, roBopsi o mexahvuke HoploroHa, mu
¥ Gynem uiie BCero noJb30BaTbCA STUM HazBaHueM. Ciepyer 3aMETHTB
TAKKe, YTO BMECTO TCPMMHA «KBAHTOBAsl MEXaHWUKA» OyeHb YACTO MOMb-
3YHOTCSA TEPMUHOM ¢BOTHOBAS MEXAHWKAY, UTO CBA3AHO € TAKUM XapaKTep-
HBIM JIJIST Hee IOHATUEM, KaK BosiHA fe-Bpoiins. TakuMm 06pazom Mbl MOIKEM
CKA3aTh, YTO KJIACCUYECKAS MEXAHUKA £CTh YACTHRIA UM npefenbHEIL ciy-

uaii BOJHOBOH MeXAHHKU M UTO BOJTHOBAs MeXAHHKA €CTh PACIIMPEHHE UJIH
0Go6Ie e KIACCUYECKOH, '
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3ameuareibHo, uTo B XX BCKE KIACCHUYECKAA MEXAHMKA HCTILITANA He
OTHO JIILIb 3TO PACIIMPEHHE, HO KPOME HEro ellie ¥ APYrOe paciuvpeHye B He-
KOTOPOM pYrOM HAaNPABJEHUH . 3T0 PACIIMPEHUE, YIKE OTUACTH PACCMOTPEH-
HOe HaMu BO BTOpOiiriame, CBA3aHO ¢ uMeneM Anplepra Diinmreitsa.
Hi3yuennie 2;1eKTPOMAI HUTULIX (B TOM UHCIe ONTHUECKUX) ABACHUM MOKA3MI-
BAET, YTO B NpPHUPOJe HIPAeT COBePLICHHO (yHRAMEHTANBLHYI0 PONb HEKO-
TOpAst MMPOBAsl MOCTOSIHHAA ¢, UMEIOIASA Pa3MEPHOCTb CKOPOCTH W paBHasi
3+ 10 caifcex. BXOJA B ypaBHEHUE JIEKTPOMATHUTHOIO ROt (ypaBueHUs
Makceenna-JlopeHua), OHa MNPUBOIHT K TOMY, YTO SJIEKTPOMArIHMTHLIE
JelicTBUA DACTIPOCTPAHSIIOTCA B NPOCTPAHCTEE € KOHEYHOH CKOPOCTHIO,
paBHOM KAK pa3 3TOH MUPOBOH MOCTOAHHON ¢. TaK Kax MHOTHE ONTHUe-
cIie OmpITHl, Npojenantbie B Kouue XIX u B Havane XX BB. (Hanp! mef
3HAMEHUTHI ONBIT MaliKe bcoHa), NOKA3ANK, UTO YPABHEHHA MEKTPOMAr-
HUTHOTO TIOJ OCTAKTCA CpPaBe/IMBLIMHM BO BCeX KOODAHHATHBIX CHCTE-
Max, B KOTOPHX BEPCH M3BECTHLill U3 MeXaHWUKK 3aKOH WHEpPLWH, TO, AJIs
TOT0 YTOOHI YI0BNCTBOPUTS STOMY YCJI0BHI0, AnbOepr Difimreitn (B 19051.)
momxeH GLUT COOTBETCTBEHHO mepefieNiaTh MexaHVKy HbloTowa, 3amenns
ee 1I0BOI MeXaHuKoi, B $HOPMYNBl KOTOPOH BXORUT MOCTOSIHHAA €. Tarum
o6pasom GpljIa CO3NANA 3ameuaTeslbHasA TeOPHA, MOTYuMBIAST OT CiOEro
aBTOPA HA3BAHME C(MEYUAABHOI meopull OMHOCUME sHOCTII. 3Ta  Te-
OpMSl OXBATBIBAET UYPE3BLYAMHO IIMPOKYO OGMACTb SIBNEHHMI, B uacT-
HOCTW BCE Te SBJICHUs], OOBACHEHHe KOTOPHLIX BXOJUT B Teopuio Makc-
pesuta. HaccHueckas MexaHuwa Hblorowa oxasblBaeTcsl YacTHBRIM WIH
NpelesbHLIM  CAYUAeM CreNManbHOil TEOPUM OTHOCHTENLHOCTH, COBEp-
IIEHHO TAKKM e 06pa30M, KaK, ¢ 1PYToil CTOPOHBI, OHA SIBJISIETCS YACTHBIM
CITyuaeM KBaHTOBOM MeXaHuku, POPMANBHAS CBA3DL MOKILY CrneluanbHOH
TeOpuedl OTHOCUTENLHOCTH M KIACCHYECKOH MeXaHUKOI BRIpAAeTCA TeMm,

YyTo CI)OpMyJH:I creluanbroit TeOpUH OTHOCHTEJILHOCTH, €CJIM B HUX BMECTO -?

TIOACTABHTL HYJb, TPEeBpaimaoTcsa B (OpMysIsl KIACCHYECKOH MEXaHUKM;
HHBIMY CI0BaMHu, QOpMyJibl KIACCHUECKOH MEXAHUKH ABJIAIOTCS TeM npe-
JeJIoM, K KOTOpOMy crpemarcsi QopMynpl CRELHAaNbHOH TEOPUU OTHOCH-
TeNBHOCTH MpU ¢ —»oco. Du3KuecKK 70 0GO3HAUAET, UTO KIACCHYECKas
MEXAHMKA SIBAAETCA JOCTATOUHO XOPOIMM NPUGMIMIKEHUEM NPH OTHCAHUH
TeX ABAEHHH, BXOAAUIMX B OGNACTH NIPHMEHEHMS] CreUMANbHOM TeOpHH
OTHOCHTEBHOCTH, B KOTOPBIX CKOPOCTL ¢ MOXET CUMTATECA NPAKTHUSCKH
BecKoHeuHOH BeMMUMHOi; @ 210 GYNeT B T€X Cyuasnx, KOT/IAa CKOPOCTH BCeX
YACTUIl, NPUHUMAIONNX YUuaCTHE B JAHHOM ABNEHHH, UPEe3BLMMAMII0 MATBI
N0 CPABHEHHIO CO CKOPOCTHIO €. JTOMY YCJIOBMIO KAK Pa3 | yROBAETBOPSIOT
BCE Te ABNEHUA, KOTOPLIE CIYMAT 3KCIIe PUMEHTANbHLIM NOATBE PYKAeHUEM
MeXaHuKH HbloTOHa : BeIb CKOPOCTh ¢ BecbMa Beuka (300 ThIC. KHIOMETPOB
B CEKYHJY), 4 TOAbKO Qusuku XX Bexa CyMenN NOCTABUTL JKCIIE PHMEHTBI
€ 4aCTUIAMHK, CKOPOCTb KOTOPHIX Y)Ke He Majna MO CPaBHEIMIO CO CKOPO-
CTBIO €, @ NPUGIWKaeTcs K Heil ( ¢ Gonbllelt CKOPOCTLIO, UEM €, YACTHLBL
JIBUTATBCSI HE MOFYT, YTO BHITEKAET KAK pas W3 CNenuaibHOil Teopuu OT-
HOCHTEJILHOCTH).

Taxum 06pazoM KNaccHuecKass MeXaHuka Ilb0OTOHA ABNsieTCA Knac-
cuvecKkolf BIBOJHE: OHAa eCTb CNEJCTBME M W3 KBAHTOBON MEXAaHMKH
K ¥3 CreluaNbHOl TeOpUU OTHOCHTENLHOCTU. Ecnu ye Teneps Mel crpo-
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cum cefsl, KAK OTHOCATCS KBAHTOBAS MEXAHHKA M CTENMATbHAS Te-
OpHST OTHOCHMTENLHOCTH APYT K APYTY, TO OK@KETCS, YT CIeuuanblias
TEOPHS OTHOCUTEILMOCTH OXBATLIBAET 06NACTh TAKUX SIBNEHUM, B KOTOPBIX
CKOPOCTb UacTULl MOM<eT ObITh KAKas YIOfHO, HO [OCTOSHHOH fI MOXHO
upenedpeunb (ImMUHA BOJHH Ae-Bpoiiis ovenb Mana), a KBAHTOBASA MeXa-
HHKA 0XBaTHIBACT 00NaCTh ABNEHUH, B KOTOPHIX S(iPeKTHl, CBA3AHHHE C
MOCTOAHNOM f#, MOTYT HIPaTb CKOJILKO YFOAHO G0bLIYI0 POilb, 110 IOCTOSIH

L1
uoil - —MOXHO npenefpeus (CKOPOCTH UACTHI MANH 10 CPABHEHHMIO € C).

Jrtu iBe 06MACTH ABMEHUH TePECEKAOTCS APYT € APYTOM, NPHUEM 06/1acTh
TepecCUCHN UX W ecTh 00TacTh KiaccuuecKoil Mexanvicu. Teopun, oxpa-
THIGAI0WeH OTHOBPEMEWHO W ABJIEHKSA, B KOTOPHIX HTP2I0T PONh KBALITOBHE
JpdexTor (1. €. 3QheKTH, CBA3ANHBIE C NOCTOAHHON ), W ABICHUSA, B KO-
TOPLIX WIPAIOT POJIb PeNATHBUCTCKHUE 3dibercTEl (T. €. adideriLl, cBA3AIHEE
C TOCTOSTHHOM €), W ABNEHMA, B KOTOPLIX UTPAIOT POIbL U TE ¥ ipyrue ad-
(QCKTH, — TaKOH TeOPMHM 10 HACTOSIIEr0 BPEMEHN HUKOMY HE YAI0Ch Mo~
CTpouThL. HecMoTpst Ha 3T0 ee y)ke OKPECTHIM OTpPENENIEHHHIM UMEHEM, a

Kraccuuecxkas | H R
Mexanuka | i
Kuantosas mexanuxa (k) H
e 8 ;
2 3 9 i
505 2 |
—m—g—E _—
g R 5
s g & PelsTHBUCTCKAS TEODPHS
3 = 2] xpant (4, ¢)
2 § £ (&,
g |

Puc. 45.

WUMEHHO e HaSHBAIOT peagmueucmckol meopuedl xeanm. CMBICT 3TOT0 HA3~
BAHMS 3AKJIIOUAETCST B TOM, YTO HOBAS TEODPUS JOJuKHA OBITH UeM-TO Bpoje
COEAVHENHA KBAUTOBOH MEXAHUKN C TEOPUEN OTHOCUTENLHOCTH DitIILTeHHA,
B KOTODGH KOHEUHAST CKOPOCTL PACHIPOCTPAHEHNA BIEKTPOMATHUTHBIX A€ Hi-
CTBMI WIpaeT camylo CYINeCTBEHHYIO POMb.

Hapj mocTpoennem pesisiTHBHCTCKOJ TEOPHM KBAHT paGOTAIOT MIIOrHe
TEOPETHKH, HO YCHITHUS CAMBIX BBUIAIOUIMXCS 3HATOKOB (U3HUCCKCIT TeOpHE
eliie He yBEHUANNCh B 3T0H 061acTu ycuexom, Takas Heyaaua MDOKUCXOAUT
OT MHOTMX [PHUWH: TAK, HaTMPUMep, TEOPETHUECKHUE H3BICKAHKS B 3HAUH-
TeTbHOW CTENeHH 3aTPy/HSIOTCS OTUACTH TEM, UTO Mbl [I0KA 3HAEM NUIIL
CPABHUTENLHO HEGONILI0E UHCTIO DKCTIEPUMEHTANbERX (AKTOB, B KOTOPHIX
UrpaioT pob 3@QeKTel PCNSITHBACTCKOH TeOpHH KBAHT.

Ho ewe Gonee Barxuo# mpuuuHOi 3TMx Heynau ABNSIETCH TOT (BaxT,
uTo PeNATHBUCTCKAST TEOPUS KBAHT HECCMUEHHO GymeT cama mo cefe ro-
pazno Gosee Tpynwol, Gonee cnoxmHol, Gonee MapajoKcanbHoll 1 peBo-
JUOLMOHHON TeOpuel, Meenn CywecTBYIOWIAA KBAHTOBAs MEXAHHKA.
Hecom:“{cmm, W0 OKOHYATENILHOe PaspellieHMe ITOM 3aJaun OyaAeT CBA3AHO
€ TAKOI Jie FiyGokoii mepepenkoil 0CHOBHbIX PUIHUECKUX PENCTABIEHUH,
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KaK T2 X IepefieNika, KOTOpo# cOnpoBOYKAACH NEPEX0 OT KITACCHUeCKOH
TEOPUN KTeopYH DilHHITe!HA MK K KBARTOBOHTEODUHK ; 10 CHX TIOP EILE HHU-
KOMY He yj1aJ10Ch IPOU3BECTY 3TOT HOBbIH Iy G0Kui iepesopot. CooTHOmIe-
HHE OTHX (PU3UUECKUX TEOPHH WITIOCTPHPYETCS MPHIIKEHHBIM e PTEXOM
(puc.45) u3 KOTOPOro BUANO, KAK OGTACTH NPUMEHMMOCTH KBAHTOBOM Me-
XaHMKY ¥ CTICIHANbHOM TeOPHH OTHOCHTESIbHOCTY NepPeceKaloTes B 061acTn
KJIACCHYECKOl MeXaHHKH; NYHKTHPHLIM TPAMOYTOJNBRHKOM 0803lauena
00/1aCThb NPMMEHHMOCTH CIIe He TOCTPOCHHOH «pENATHBECTCKON Teopuu
KBAMT», T. €. TeOPHH, 0XBATHIBAKIIEH ¥ PEIATHBUCTCKHC ¥ KBAHTOBLIE FB-
nenns, B Gopmynax 9Toit Teopun RomKBE QUIy pUpoBaTh 00 NOCTOSHHLIE
h v ¢; copepuuB nepexof i — 0, Mbl DONYYMM U3 HUX (OGMY MBI CIIEMASIh-
HO}t TEOPHY OTIIOCHTENILHOCTH, @ COBEPIINB B KX MEPeXod ¢ —>¢o, NONy-
unM (OpPMYNIH KBAHTOBOI MeXanuKH; 06a nepexoma i —0 u ¢ —00, co-
BepIIcHHLIe BMeCTE (Bce paBHO B KAKOM NODSIAKe), AafyT (opMyJIEl Kiac-
cuveckoil Teopuu, Taium 00pa3om u KBAHTOBAS MEXAHKKA U ClRLMATIbHAS
TEOPHS OTHOCHTENLHOCTH JOMKHBI HAXOANTHCS B TAKOM JKe CAMOM OTHO-
HIEEUH K PEJIITHBUCTCKOM TEOPHH KBAHT, B KAKOM HAaXOAWTCS K HUM Kyac-
CHYECKASA MEXaHMKa,

Paccmatpipas puc, 45 ¥ [I0HMMAsT COOTHOIIEHUE MEKAY ero YacTamu,
ML BHJMM, UTO BCAKOe oOlNge YTBEPIKIEHHE, HANPUMep, KBAHTOBOM
MEeXaHMKH JOMKHO ObITL CIIPABEJNNBEIM ¥ B KNACCHUECKOH TEOPHH, HO He
Ha060poT, T. ¢, 06Ie TEOPUY KNACCHUECKOH MEXAaHMKH COBCeM He 00A-
3aHH OTPaBLIBATECS] B KBAHTOBOH MeXannie (anajoruiHoe cOOTHOILEHHe
CYIICCTBYET ME)KTY KBAHTOBOH MeXaHMKCH M pDEeJIATMBMCTCKOH Teopueil
KBAKT ¥ T. J.). [103T0MY BeCbMa BO3MOXKHO, KaK ykasan bop, uTo jame
HeKOTopLIe TauGonee ofwwe ¢u3nyeckye 3aKOHH, BBHINOJHAKCLIAECA B
PAMKax BCeX CYIIECTBYIOMX Teneph (U3MUeCKUX TeOpHil, TIepecTanyT
OLITh BEINONIHEHHLIMA B PeNATUBHCTCKO}M Teopun KkBanT. K uncny Takmx
Haubosee 0GIMX QUINTCCKUX 3AKOHOB, BHMONHAWIIMXCA B PAMKax BCeX
M3BeCTHHX 10 CHX NOP QU3MUCCKUX TeoPUH, NPHHAJANEIKUT 3aKOK COXpa-
HeHusl SHepruu. DB03MOYKHO NOITOMY, UTO 3aKOH COXPaHeHMS DHEPTHM,
GriBIMI 710 CUX NOP 07HOM U3 CAMHIX He3EIGNEMBIX 0CHOB (u3IIKH, AOKEH
TepecTath GHTbL BePHEM B 061aCTH TeX KBAHTOBRIX sIBNEHWI, B KOTO[BIX
WrpaKnT pofik YACTHLBL, ABMKYILIMECS CO CKOPOCThI0, GNM3K0H K CKOpocTH
cBeTa, JTO MOpaXcaroInee HAC CBOEH HEMKUAAHHOCTLIO YTBE PHKAEHNE, BIED-
Bhle BHCKasaHHoe Hunbcom Bopom, crnefyeT paccmaTpuBaTh MNOKA Kak
YUCTY10 TUMOTC3Y, He BRITEKAWWIYI0 HY U3 TeOpuu (Beib PensTHBMCTCKAS
TeopUs KBAHT NOKA He TOCTPOHA) HY U3 IKCNEPUMEHTANbHHX JAHHEIX (HE
CYINECTBYeT ONBITA, M3 KOTOPOTO MEl MOTJIK GBI ¢ YBEPEHHOCTBIO 3aAKITIO-
UWTh, YTO 3AKOH COXPAHEHNA SHEPTUH B KaKOM-1100 ABNEHUY HA Py IIAETCS).
TeM He MeHee CYMECTBYIOT Koe-Kakue (uauyeckue sIBNEHNA, KOTOPBE He-
BONBHO HABOAAT (QU3KKA HA MEICAR O TOM, UTO B OGNACTH PEIATHBHCTCKOMH
TeOPUMY KBAHT 34KOH COXPaHeHMSI SHEPrHH AeHCTBUTENBHO HAPYIIAETCS.
OTH siBeHus HaGMOAa0TCA B YACTHOCTY [1PM paciiajie PaAH0AKTHBHEIX Be~
mectB. Takoit pacnag OLIBaeT, KK M 3HaeM, IBYX POAOB; OfMH M3 HHUX,
CONPOBOKAAIOLIAICS HCNYCKAHUEM G-YaCTHII, BLIIERAWIIMX CO CKOPOCTRIO,
SHAYMTENBHO MEHBIIEH, UeMC, HE BEIXOJNUT 13 061aCTy NIPUMEHUMOCTH 0 OBIK~
HOBEHHO} KBaHTOBOM MeXaHUKH ; 1 B CAMOM €€, pYCCKOMY TeopeTuKy I A,
I"amogy yRanoch NOCTPOUTE B PAMKAX KBAHTOBOH MeXaHUKH BIIOJHE YAOB-

s
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JIETBODUTENEHYI0 TCOPHIO a-pacnaja. Jpyrodf Bua pacnaja pajiiioaKTHBHEIX
SIIED ATOMOB CONPOBOYKAAETCSA HCHYCKAHMEM [B-YACTHL, LPEACTABSKILNX
€00/l DMEKTPOHE], CKOPOCTE KOTOLEIX YXKE 0YeHE ONh3ka K CKOPOCTH €
no3TOMY A7151 00BACHEHHA B-pacuafa oaHOH NUILb KBahTCBCH MeXaHHKY
HEeJ0CTATOUHO, & HeC OX0MMa PEeNSTHBHCTCKAS TeOPKs] KBAKT. Tax Kax IpH
B-pacl'lﬂlle SIAPO NE€pexoauT u3 HEKOTOpOro BIIOJTHE OTIPEEJIEHHOT O Havanb-
HOro COCTUSIHMS B CTONDb JKE ONpeJc/ICHHOC KOHEUHOE COCTOsIHME, TO, €CJIH
Obl 3aKOH COXPaHeHWsl BHepruM ObUl MpHMEHHM, BLUIETAKCINAs B-yacTHLR
obnafgana Gu oHepruelf, paBHOM PA3HOCTH SHEPTHM B ITHX JIBYX COCTOS-
HUSIX SIApa (C HUUTOXKHOM NOMPABKOM HA «OTAAUY» sIpa); B ACHCTBHTEND-
HOCTH Ke onbiTh (Y. J. Saaue v B. A. Byemep, 1927, JI. Matimuep 4
B. Opmuman, 1930) noKasHEAWT, YTO B-uacrliUbl 061aa10T NPH BLUIETE U3
pacTIafalomerocsl AAPa CaMbIM¥ pA3HOCOPA3HEIMH 3HAUYEHWSAMH SHELTHH.
Orciona Husec Bop 3aKknIoumt, YTo 3aK0H COX PaHe HWsl 9HEPT MK Ha PY1U2ETCs]
npy B-pacmage W 4TO, CIEAOBATENLHO, OH, BooGIe TOBOpS, eBePeH B 006-
JIACTH PEJIATHBHCTCKOM TeOpHMY KBAHT. CIeyeT 3aMeTUTH, BIPOUYEM, HTO
3axiouenne Bopa ne siEnsieTcs 00s13aTeNbHEIM, M MMeeTCS ¥ Apyroe TOJI-
KOBatHe TeX >Ke CaMBIX OMBITOB DMnca M Bycrepa, npeanoxennne [layn
M 0GBACHSIOUIEe NOTYYeHHBIH HMM pe3ysbTaT W 0e3 HapyINeHHsl 33KOHA
COXpaHeHHsl 3BHePrUH, ﬂEHO B TOM, 4TO 3/MIEKTPOHkI, BRUIETAOLHE U3 pa;mo-
AKTUBHOTO sIpa NpW B-pacmajie, MMCIOT Cambic pasHOODDA3HBIE 31AUCHUS
OHEPrHM OT HyJsl [i0 HCKOTOPOH OmpejesieHHOH BEJTMUMHEL, KOTOPAst AB-
JIA€TCSl MAKCHMAnbHOM BOSMOXKHOH OHeprueil 3MeKTPOHOB, BBUIETAWIIHX
npu raKoM B-pacniafe. CTOUKY 3PeHHs] 32KOHA COXPAHEHUS] Blie priuy OHi0
OBl €CTECTBEHHO OXXMARTE, YTO T4 BeIHUMHA M €CTh TO 3HAYCHUE SHEPrHH,
KOTOpOE PABHO JHEPTHY, TepsieMoit APOM, HO YTO TOJBIKO YACTh 3TOH JHE -
rMM pacxofyercsl Ha TO, uToObl PasornaTe {-2MeKTpOH, & OCTAnbuas
YacThb (K TOMY JKe PasIHUHAsl B PA3MMUIILIX CYUAAX) PACXOLYETCA KAKIM-
Hufyne MHpM 0GpasoM, HampHMep H2Z MCIyCKAHME KakuX-HLOynb (oTo-
HOB {-Tydell WM HA yBesMueHUe 3HEPrHU HAPYIKHBIX SIEKTPOHCB B ATOME
U T. n. OnuT Dnsuca u Bycrepa ¥ 3aKI0Uancs B TOM, UTO PaIHOAKTHBHOE
semiecTo R3E, uenyeramomee B-nyuM, NOME(AN0CE B KATOPHMETD, KO-
TOPHIH ¥ J0MKeH GRUT NOrJIOTHTE BCIO A05aBOUHYI0 JHEPTHIO, HCIYCKae-
My10 ipom He B hopme sneprun B-nyueit, a B KaKoi-HAOyan HHOl Gopme.
CreHKH Kam0pUMeTpa I0DKHEL OBUIH HOFIOTUTh BCE, HCITYCKAeMOE SIIPOM U
B Buje B-myueit u B Buge y-(orTonoB. Ho OMHIT moKazan, uTo TAKOM A0-
GaBOuHOI SHEpPruy HeT: BCs SHEPrisi, HOTJIOLIEHHAST CTEHKAMH Ka0pH-
METP2 W H3MEDEHHAS 1O MOBLILEHHIO Ero TCMIEPaTyPHl, B TOUHOCTH paB-
HAJACH BHEPTHX WCHYHIeHHBX B-nyueli. Ha stom Bop ¥ ocHOBas CBoe
33KJTIOUEHUE O HAPYIIEHUH 3AKOHA COXPAHEHHS 3HePrHM npH B-pacmaje.
Ho Mayne ykasan wa ciefyiomuii cnocof ofbsicHeHHS (axToB 1 Ges
TMNOTE3Rl O HHDYHIEHHK 338KO0HA COXPAaHEHHs :-n-xeprm-i: npeunonowm,
rosopuT [laynn, uro BMecTe ¢ B-37eKTpOHOM U3 5Apa BLUIET{eT ¥
HEKOTOpaA uwacTHU, o6mapaiomas Ccrofb e HUUTOKHOH Maccolf,
KaK 1 OMeKTpOH, a MoXer GHITL elile MeHuliei, HO He oOMafamIas
3apAnoM. HazsoBeM Takymo runoterdueckylo wacTHuy Helfmpuso. B co-
BPEMEHHOR SKCHepUMEHTANBION JM3NKE TOKA HET CPefcTB CGHAPYIKHMTL
CyHMIECTBOBAHME TaKoft uacTHrel. Ilpy CTONKHOBEHWH C 3/1€KTDOHAMH
HeHTPUHO TIOWTH COBCeM He GyjeT B3aHMOZCHCTBOBATH ¢ HHMM, TAK Kax
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€r0 3apsk PABeH HYJK0; CTajKMBasich ¢ AApamMu B JI0G, OH, B OTaUuMHE
OT HeifTpoHa, 0671a4a0Wero ropasne Gonbmeid maceci, 6yAeT 0TAABATL UM
TOJILKO CaMy}0 HMUTOXKHYIO JOJIO cBOeid sue¢pruu, Iloarcmy o cBoGopto
UPOIJIET Yepes CTeUKH KanopumeTpa dnmnca U Bycrepa n He GyaeT norno-
mek umi. Kajopumerp dmnuca u Byctepa mpepcraBnsier Kak 6wl peiGo-
JIOBHYIO CeTb, Yepe3 KOTOPYIO HE MOTYT MPONTH TAKHE [hifbl, KAK (OTONL,
9NEKTPOHRL, ANb(A-YACTUIIE, TPOTOHLI, HEHTPONB, HO TAKAS MENKAS Pbl-
GelliKa, KaK HeJiTpuHO, IPOHAET COBEPIUeHHO CBCOOAHO, CTOUT TOMBKO 10~
NYCTHUTb, UTO CYMMa SHepruil MeKTpona M HefTPUHO, UCHYCKAeMbIX sij-
poM, BCerfa paBHa OJIHOI M TOM >Ke BeJTMUKHE, & VMEHHO 9HepruH, IoTe-
PSIHHOM SIPOM, H CNEJIOBATENILHO KOrla JCKTPOH YHOCHT ¢ cofoii Gonbile
3HEPrdH, TO HeHTPHHO yHOCUT ¢ coBolf menbmie, ¥ HAOGOPOT — KAK MBI
YBUAUM, UTO ONBIT Jsndca M Bycrepa o6backAeTcs  0e3 BCAKOFO HApy-
IEHHsT 3aKOHA COXPaHeHUsl SHepPruM. TakoBo OOBACHEHME, TPEAJIOMKeH-
Hoe Tlaymu. [Io cuX 10D elue He pellieHo, Kakoe U3 AByX oGbsacHennii(Bopa
uny Tlayau) cnpaBejIiBoO. JTOT BONPOC ABJIAETCH OAHUM U3 MHTEPECHEH-
IWHX BOIPOCOB B CErOAHANINEN (usnKe,

Bwwaiimefl 3ajaveil ¢usuueckoll TeopHMM B HACTOAIEE BPEMS flo-
NAETCH TIOCTPOCHWE DEATHBNUCTCKOM TEOPUH KBAHT, B (OpMynnl Ko-
TOPOH BXOAAT MOCTOsIHHbBE £ W ¢, OT 3To¥ TEOpUH Mbl B YaCTHOCTH

. fc
OJGLTAEM, UTO OHa JI0JKHA O0DBSCHUTL 3HAUEHME TOCTOSHHOM -e?('rax Ha-

3bIBAEMOM «IIOCTOSHHOY TOHKOM CTPYKTypbi). [0 3TCMy DOBOIY Hapn-
JIEKUT CKa3aTh HECKONBKO cJIoB. 3ajaueil TeOpHM ABNACTCA OTHICKAHME
OTBETA HAa BCe BONPCCH, HMEMWME CMpica. ECaM  Hac cnpammBaloT
0 TOM, MOUCMY Macca anekTpoHa pasha 9. 10728 2, a He Kaxomy-HU-
Gyllb MHOMY YKCTy TPAMMOB, TO Mbl HE MOXEM NPU3HATH 3TOT BOMpOC
UMEIOUIMM CMBIC], TaK KaK FpamMm €CTh COBePIIEHHO YCJIOBHAs €IUHHLA
maccel, Eenu Gnl Bce 90eKTpOHB B MHPe UYAECHBIM 00pasom H3menuiin
(Banpumep yABOUNH) CBOIO MAcCy, NPUYEM BCE IIPOUEE B MHPE HIMEHHIIOCH
0L! TAK, Y10 KOHCTAHTHI, JTULIEHHLIE PAMEPHCCTH, COXPAHIIIM CBOHM NIPEXK-
HUe 3HaueHWs (HAIpUMep YABOMNAch OBl M MACCa NPOTOHA, TAK UTO OTHO-
LWeHHe MACCHI IPOTOHA K MACCe INEKTPOHA OCTANOCH OBl MPEXHHM), TO Mbi
MONPOCTY He MOrJiM bl 3aMETHTH OTOrO «uyll@», ¥ 4yTO BCEro KyphesHee,
Macca SMEKTPOHA TONPEXKHEMy PAaBHANACH Hbl TOH e CaMoli J0Jie MacCkl
FUPLKU B OJMII TPaMM, TaK KaK [UPbKa Bellb TOXE COCTOUT U3 3NeKTPOHOB
¥ IIPOTOHOB, 4 CCI0BATENLHO 66 MACCa TOKE YIBOUIACH 61 OTCIONa BUIHO,
YT BONPOC 0 3HAUEHUSX MHPOBLIX MOCTOAHHBIX, MMEIOIIMX Pa3MePHOCTD,
JuIed GU3HUYECKOTO CMBICTA, M €T TeOPH sl 06 BACHAT KOHCTAHTSL, JTHINEH-
Hble DA3MEPHOCTH, TO ITUM e 3ajaua Gyaer B npUHIMIE BHIOJHEHA, TAK
KaK IUlb 0T 3HAUCHH(T 3THX KOHCTAHT 3aBUCKHT TO, NIOUEMY OKPYIHalomHi
Hac BHEWHUII MPp BBITISIIUT TAK-TO, 4 He UBaue, 3apAn SNEKTPOHA € MMeeT
el en'le 2. cM?
PasMepHOCTh —————, /i MMEET Pa3MePHOCTL ———, A €~— Pa3MEPHOCTh
(2] cex cex :
e OtCiofa cnenyer, uTo €% 1 hc MMEIOT OAMHAKOBHIE DPA3MEPHOCTH

2-cM? he
e OTnHoLIeH e g7 8CTR TI03TONY OTBJIEHRHHOE YHCITO ; U3ME PEHUSII10-
%
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KA3BIBAOT, uTO OHO pasHo 137,3. OfvsacHeHNe 3T0H KOHCTAHTH, a clenoBa-
TeJILHO 06BACHEHNE 3apsifa 2NEKTPOHA HOCPEJCTBOM MOCTOSHHBIX /i 1 €,
€CTL O/IHA M3 33714 PENATUBUCTCKC I TEOPHY KBAHT, DTa 3ajaua nmeer ro-
pasao 6osee ray§oKoe 3HaUeHKe, UeM MOIKET TTIOKA3ATLC S C 1€ PBOro B3rAAA,
Beab 06BACHHTL 3TO UMCNO —3HAYUT JIOKA3aTh, YTO 3apsil SMEKTPOHA

NOJKeH GHITh paBeH ]/ ?)/’C 5 ; HHBIMU C/10BAMH STO 3HAUUT OGBICHNTD, TI0-
137,

ueMy JIeKTPUYeCKUl 3apsifi BCTPeuaeTcsi B NPHpojie B BUJE 2IEMEHTa PHBIX
N0 pUKA TAKO#, @ He APYTofi BEIHUMIE, [OYEMY 3NEKTPOH He MOYKET OLITL
paspesaH Ha 4acTH u T. 1. [IpoBneMa o§pAcHenHs uncha 137,3 eCTh, TAKHM
06pazom, npobiema OOLACHEHHA CYMCCTBOBAHMS U YCTOHUMBOCTH JJEK-
TPOHA, T. €. B HEKOTOPOM BeChMa 0GILIEM CMBICTIE C0BA IP0G/IeMA CTPYITY phl
INEKTPOHE, KOTOPASE HE MOXKET ObITL OOBLICHEHA KAACCHYECKOMN 9JIeKTpo-
JMHAaMUKOY 6e3 MOMOLIM TeopuM KBAUT. [{naccHuecKkasl aneKTPOHHAS Te0-
2

" 4
pUsl NPUMACHIBAET BDNEKTPOHY JIMHCHHBIE DA3MEDPHI IO PSAKA 771? (OKOJIO

10713 ¢a1), HO OHA TEPNWT KpPylUeHUE MPH BCEX MONBITKAX 0GBSICHUTD BHYT-
peHHee CTPOEHME WIEKTPOHA; MOITOMY OHA BCSUECKH BLIHYIAeHA 06XOAUTD
9Ty TPYAHOCTH, 0Mepupyst TOJIbKO TAKHMH 3/1IeKTPOMATHUTHLIMEI 1OJISIMH,
KOTOPBIE MOKHO CUMTATh MPAKTHYECKH OHOPOMANBIMKM B Mpefesiax 3aHs-
TOr0 3AEKTPOHOM 06LeMA (B YACTIIOCTH OHA MMeeT JIeI0 TOJIbKO C JUTHHAMM
BOJIH, KOTOPHIE BO MHOTO pa3 npeBocxoisar 10713 cu). 3asava ofbacHe Hus
CTPYKTYPHL SNEKTPOHA A0NKHA GHTE pasfelfeHa B GyAymell persTuBuCT-
CKO# TEOPHK KBAHT, W BMCCTE C PCIMEHUCM ITOr0 BONMPOCA BEPOSATHO OyIyT
HaJNexKanum oﬁpasom MOCTaBJIEHH H PA3peUICHBI He MMEHHME oK 0Co-
Goro cMuicaa BOINPOCHL 0 TOM, HaJJIe)KUT JIU CUHTATh HCﬁTpOHbI CAMKIIBIMI
UACTHIIAMH, COCTOSIMMH U3 TIPOTOHA M 3JIEKTPOHA, HAKN HHOSOpOT NPOTOHBL
CTeIYeT CUNTATL COCTOSMMMU M3 HeHTpoHa M Mo3uTpoHA M T. M. C TOUKU
SpeHNsl CYUIECTBYIOME TeOpUU BCE 3T YACTHMLE! TIPUXOJMTCHA B U3Be-
CTHOM CMBICIE CJIOBA CUMTATL DJIEMEHTAPHBIMM, TAK KaK BCE Te ABEHUS,
B KOTOPBIX Wrpaer poAb CTPYKTYpa ITHX UaCTMLl (HAIpUMED sIBlEHME
B-pacmana, B KOTOpOM B KOHLE KOHLOB HEHTPOH IpeBpaujaercs B mpo-
TOH TUTIOC 3NEKTPOH), SBIO He YKIANLIBAITCS B y3KHe DAMKM CYIIECTBY-
omeif Teopun, B GyAymeii ke Teopum BONPOC 06 SneMeHTaploil wam
CIOKHOH TIPHPOAe STUX WACTHI BO-HEPBBIX MNONYUMT OmMpeNeleiHbI
CMbCn B OyNeT JOMKHLIM 06pa30M mOCTABNEH, d BO-BTOPHIX TAK MAU
viaue (A ORITh MOYKET KAKMM-TO OUEHB MEO)KMJAHHEIM ISl HAC 0Gpasom)
Gyner paspeusex.

Henbss crazats, uto Ha myTH nOCTpOEHHS DENSTRBICTCKOH TEOPHR
KBAHT JI0 CHX MOD peIMTeNILHO HUUero He cflenano. Xors oTa TpyaHas
npoGlieMa U He MONYunAA clfe OKOHUATENLHOIO PEIIEHNS, TEM HE MCHEE
B HACTOSIEE BPemsi CYmECTBYIT KOe-KAaKMe KOMIPOMHCCHEIE pelyeHus
IPOGReMBl, T. €. NMpeiBapuTenbHEE NAGPOCKH TEOPHH, KOTOBIC TI0 OTHO-
menne K Gypymedt Teopuu BeposTHO CHITPAKOT TAKYI0 K€ CAMYyI0 POJik,
KaKyw curpana teopusi Bopa no OTHOmeHWIO K BO3HMKINei Benep 3a
el Hactomedl wBAHTOBOH Mexamue. [lnsi NOCTPOEHNST TAKOFO Mpej-
BapUTENLHOrO HaGpocka Gynymieit Teopun 0cobesHO GONLMYIO POTb Chl-
Tpanm sameuatenbHbie padoThl anrmuiicioro Teoperuxa I1. A. M. Jupaxa.
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Jupak cymen mocTPOHTh TaKyH (OPMY BOJHOBOTO YPAaBHEHHS DNEKTpPOHA,
KOTOpasl YACBJNETBODSET TPEOOBAHMK CHELHAIBLHOTO NPHHIKIA OTHOCH-
TENLHOCTH, & HMEHHO ypaBueHne [upaxa coxpanseT HeH3MeHHBIM CBO BuJ
TIPY NIepeXxofe OT e PBOHAUANBLIOH CHCTeMbl 0TCUETA K APYT O CHCTEME OTCUE-
Ta no Gopmynam npeobpasosannii Jlopenua (cm. riaBy Bropyto). Ecnu cxo-
POCTb CBETA CTPCMUTCSA K GECKOHeUHOCTH, TO ypaBHeKke [{¥paKa nepexoiuT
K 00J1e€ MPOCTOMY BYHAY, & HMEHHO K ypaBHeHu o [Lpegnurepa. 3ameTM, uto
Teopus [Mpaxa COBEPIEHHO HE PEILAET ¥ He MOYKeT PElIHTh OCHCBHOHK npe6-
JieMbl Oy y1Ue# pesIATHBUCTCKCHTE O MM KBAHT — & KMEHHO IPCOIeMbICTPY K-
TYDPHI 3NEeKTPOHA, HO TEM HE MEHEE H 0HA KAKHM-TO 00Da30M HAX0INT MOBH/LH-
MOMY BePHBIH IOAXOA K MCTOJKOBAHHIO
1LeJIOro PAA PesELMaliHe HHTePeCHBIX
sIBJIEHHI. DTOT HEOXKMJAHHBIR MogXO0n
K OBBACHEHWI0 MHOTEX ABJIEHUH pens-
THBUCTCIO} TeOPHY KBAHT NOJTYUHICHA U3
paccMOTPEHNA OLHOTO CBOficTBA ypaBHe-
Husa Jnpaka, KOTOpOe CrepBa MOKA3a-
JIoch a6CYPAHBIM M N03TOMY CHHTAIIOCH
OlHEM M3 CYIECTBEHHBIX 3aTPYLHeHNH
¢u3nuecKoit Teopun (KaK TAKOBOE, OHO,
NOAYUANI0  Ha3BaHWe  «IUIIOC - MHHYC-
TPYJHOCTHY), 110 3aTeM OKa3anoch, Ha-
TIPOTHB, HCTOYHHKOM XOTAl ¥ HEOMMAAH-
HBIX, HO BOJHE COTNACHHIX C ONBLITOM
TeOPeTHYeCKE X NPeAcKazanuii. 310 cBof-
CTBO ypaBHeHHs [ypaxa saxiwuaercs
B CNCAYIONIEM: €CNM MbE O PAHHUHMCS
478 NpOoCTOTHE CNyudem CBoGoAHOro
3NEKTPOHA, T. €. WIEKTPOHA, ABHXKY-
MErocsl B OTCYTCTBHH 3JIEKTDOMArHUT-
HOTO TONIA, TO 3HEPIUA IEKTPOHA B
JAHHOM KBAHTOBOM COCTOAHHH COCTOMT s !
H3 ABYX uacTe fi-—U3 K¥HeTHyecKOi snep-  [loss Aapuau Mopuc Hupak.
T'HM, KOTOPAs] COMJIACHO MEXaHHKE [IPHH~

1
UWna OTHOCHTESbHOCTH paBHA My? [ ~——=—=—-—1), Ie my — macca

2
v
]/1—‘2'
¢
3NEKTPOHA, V— €TI0 CKOPOCTL, £ —CKOPOCTH CBETA, * H M3 ¢PEJIATHBHCTCKONO
wileHa» myc%, KOTOpPHH ABNAETCH KaK Obl HEH3MEHHLIM 3aMacoM SHEpruH,
OCTAIONIMMCS laXKe TOTJa, KOTAA CKOPOCTh 3MIeKTPOHA ¥ BMECTE ¢ HEIo €ro

KHHETHYECKAA BHePr¥sl PaBHbl HY/0. Takum 06pasoM Mbl MONyudeM He-
TB pAfl BO3MOMGIMX /1A 9MEKTPOHA SHAYEHMit SHEPruM, KOTOPHIE BCE

* JlerKko ACK23ATH MATEMATHYECKH, YTO NPHRECHHO® BLIPAIKEHHe KMHeTHUEeCKOH
BHEPTHH, 3aHMCTBOLARHOE M3 CIELMAJbHOH TCOPMM OTHOCHTCJIBHOCTH, NpH HEGOJL-
1
wof CKOpOCTH ¥ NpHGIMBUTENLHO COBNANAET Cy mgvt, T.e, ¢ OBBIYHBIM i BCeM M3BECT-
HBIM ¢KTACCHYECKHM? BBIPAKEHHIEM KUHETH$eCKOH JHEPTHH,
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PABHBI TPOHIBEACHHIO €TI0 Maccel Mg Ha NOJIOXKUTEIbHOE YHCIO

210 uncs0 Beeraa Oonbiue uem ¢, K Benmikomy ypusnenuio Jupaka oxasa-
J10Ch, UYTO €r0 ypABHERHSI NONYCKAWT HE TONLKO DEILEHMST € MOMOMNH-
TesIbHBIMY 3HAUCHUSAMY SHEPIUH, HO [IeJIAIT TAKOKe BOSMOYKHEIMH M peHie-
HUS C OTPUITATENILHLIM SHAYEHUCM JHCPIMH, TIPHUEM KaOXKIOMY BOSMOKIOMY
T0J0XKUTENBHOMY 3HAUEHUI0 DHEPrMU COOTBETCTBYET PaBHOE €My 10 Be-
JIUYMHE, HO 0O6PATHOE 110 3HAKY BO3MOXKHOe OTPHILATeNIEHOE SHAYEHME SHeD-
UK. OJTOT pe3ynbTaT ObU1 MAPAJOKCANEH B TOM OTHOWGEHKM, UTO SHEPIUSA
ABWKEI NS, KAK MBI BHIENH, NPEICTABIIACT Pe3yJBTAaT YMHOYKEHUS MACCH
INEKTPOHA /7’y HA HEKOTOPOE MOJI0YKUTCALHOE UHCTIO, TPEBOCXOAAIIEE KB
PAT CKOPOCTH CBETA ; OHA MOYKET GBITH OTPULIATEIBHOM TONILKO B TOM Cayude,
KOT'1a MacCa EKTPOHA OTPHMIATENBHA. Ho elne HUKOIA (H3UKa He uMena
Zena ¢ BElECTBaMH, 06Ialalo MMy 0TPHLATeNbHOM Maccol, B Tcopun Kak
GyATO uT0-T0 OBINO NenajHe, ECnu faXke AOHYCTHTD, 4TO Mbl UMEEM JEJIO €
COBOKYMHOCTBIO DJIeKTPOHOB, KOTOPHIE BHAWATE HAXOJATCA B KBAHTOBHIX
COCTOSIHUAX C MOAOXMKHTENLHOM dHeprueif, 3 3HAUUT, W C MONOIKHTENBHOK
Maccoil, TO KBAHTOBAA MEXAHUKA M03BONAET YTBEPIKAATD, UTO CYNECTBYET
ofIpefle)ieHHAS BEPOSTROCTb MEPEXO0JA INEKTPOHA U3 COCTOAHUS C 11010~
JKUTeNbHOM 3Hepruelt u Maccoll B COCTOSIHYE ¢ OTPHLATENBLHON SHEpPrheit 0
MACCOI; HOITOMY Uepes HEKOTOPOE BpeMs no Kpaiineil mepe 4acTh HAIUKX
3716 KTPOHOB TIEPeiifieT B COCTOSIHNE € OTpUaTeIbHOM Maccoii. JinpaK TIETHO
(eITaNCcH HafiTH B KBaHTOBO]I MeXARUKE KaKoe-1ubo MPasyno, ¢ MOMOULLIO
KOTOPOro OH MOr Ob «3afpeTuTh» MofobHHEe nepexofs. Takoro mpasuna
He yAaBanoch HafiTi. B aToM U COCTORNA TPecoBYTAs «IUIIOC-MHRYC-TPYA-
HOCTb.

Mrak u3 ypasuenna Jupara BLITeKaeT TOT CTPaHHLIE pe3ynbraT, yro
HOMHMO COCTOSIRUI C MOOXKUTeNBHOH aHeprueil ABrKeHUs] UME1CH e
1 COCTOSAHHS JMEKTPOHA € OTPUUATENBLHOM OHEPrueil ABMIKENUA, 4 CAER0-
BaTeNLHO JOJPKHA CyUIeCTBOBATL AJA JMEKTPOHA, HAXOJMBIIEFCCH B CO-
CTORHUHM C MOJNOXKUTENbHOY SHeprueil, BOIMOIKHOCTL nepeiiTH B COCTOSTHHE
C OTPHUATENLHOM JHeprueit. Maeiorcs KBe BO3MOXKHOCTY : HIM KBANTOBAS
Teopus 5o00Ie OMMGAETCS, NMPEJCKASHIBAA JTH UEPEXOMbl, UIH COCTOSHUA
€ OTPUUATENbHON KHMHETHUECKO{l SHeprHeii MMEIOT (U3MUECKMiT CMBICT.
Pasfepen nepeyio Bo3mmxnOCTh. Besras guanueciast TEOPUsS UMeeT CBOU
TPaHULL TPUMEIMMOCTH . B 4aCTHOCTH H KBAHTOBAS TEOPHS NEPECTaeT 61;11'1,
TPUMEHKMOM, KOFA MPUXOAMTCA ONEPHPOBATH € JUTMHAMH MOPAIKA ey
(KnaccuuecKuil paauyc JMEKTPOHA), TAK KAK CYINECTBOBAHUE W yCTOWUM-
BO;:TI: ITEKTPOHA He OOBACHAETCH KBaHTOBOH Teopuel. Ecnu oty anuny

— PaCcCMATPUBATE KAK ANMHY BOJIHEL, TO, NEPEUMCIIsis ee Ha SHeprilo doTo-

Ha, MBI IOT Y4UM 0K0J10 60 MUITHOROB 351eKTPOR-BOJILT. [To3ToMy KBAHTOBAS
TCOPHS He MOXKET HABATH BEPHBIX Pe3Y/ILTATOB B 061aCTH SHELTT i, NFeEb-
aonux 310 wieno. Ho me® umeer Bennumny NOPAIKA BCETo ALNIb ONIOr0
MHJITUOHA BONBT, M HET I PUUMHLI JUTSI KBAHTOBOM TEOPUN GHITE HEREPHCH B
1ol oGnacTu amepryit. [losTomy mepBas BOZMOYKHOCTE Kaykeres [lupay
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HEYJOBJIETBOPUTENILHOM, M OH OCTAHAB/IMBAeTCs HA BTOpod. Kakolt dusu-
YECKHil CMBIC [IPHUMCATD COCTOSHUSIM € OTPHUATENBHOM 3Heprueii? Bea-
Kas yacTHla, OBMajarulas OTPUIATENbHOMH 2HEPrHedl, HWMeeT CTpaHHHE
CBOMCTBA: ueM ORICTPEE OHA NBHIKETCHA, TCM MEHBINE €¢ SHEPFHs, N0STOMY
oHa foMmiKHA OblTh BeChbMa HeYCTOHUMBOH M, CNOHTAHIIO Tepsif SHepruio,
[0JYYaTL OTPOMHBIE CKOPOCTH. B 3TOM Her HMKAKOil OrMueCKOH HeBO3-
MOJKHOCTH, 110 CYIIECTBYIOT JM TAKUE yacTHUH B npupoac? Ecmu, nampu-
MEP, TAKOH BJIEKTPOH ABI)KETCS Yepes 3afaHHOe dNEKTPOMATHUTHOE MOJIE,
TO OH JAOM)KEH MCOLITHBATL OTKIOHEHHE B TAKYI CTOPOHY, KaK €Clu O
Y HEro Obljl MOJIOKUTENIBbHAIA 32 Psifl (OTPHLATEIbHAS SHEPIHA PABHOCHIBHA
OTPULATE/ILHOH Macce, & TAK KAK B YPABHEHMS ABM)KEHHST BXOAUT TOJILKO

—-, TO MO)XHO OCTaBHTE 3HAK MACCHI NPC)KHUM, DPHMEHNB JIHIIL 3HAK 3a-

psza). Bee 3T0 HAaNOMMHAET HAaM NOSUTPOH. Ho MOSHTPOH HMMEET MONOIKH-
TEJIbHY10 9HEPIHI0. (ITO BUHO M3 TOTO, YTO NPOXOs B ONBITAX AHEPCOHA
yepes CBHNLOBYIO [IEPETOPOIKY, OH YMEHBIIAET CBOI0 CKOPOCTh IIPH TOPMO-
YKeHUH, & He yBEIHUHMBART €€). DTO MOKASBIBAET, UTO 0OBACHEHIE HYKHO He-
CKONBKO BHAOH3MeHHTH. [ToaTomy Jupax mpepyaraeT cledylOmiylo rHmo-
Te3y: AOTYCTHM, UTO B PeaNbHOM MHPE TIOUTH BCE QNEKTPOHHEIE COCTOARMS
C OTPHLATENLHOH DHEPryueil 3aHATH SNEKTPOHAMM, HO 4TO Mhl HHWKAK H€
BOCIPHHUMAEM TAKOIO PACHPEIESIEHHS DIEKTPOHOB BCJEACTBHE €r0 OLHO~
POJHOCTH, M TOJIbKO HE3AHATEE JNEKTPOHAMM YPOBHM, SIBJISASACH YeM-TO
HCK/IIOUHTENL BN, MOTYT OLITh 3AMEUEHBl HAMM TAK JKe, KAK MBI 3aMeuaeM
3AHATHIE COCTOARNA ¢ NOJOYMTENbHOMH slieprieil. Jlerko BHAETL, UTO TAKOE
HEe3AHATOE COCTOSIHHE C OTPUIATE ILHOM SHePIHe i, UITH «IBIPKa» B 0OnacTH
OTPHIATETIL HBIX COCTOSTHM, Oy aeT BecTH cebs KAK OOHKHOBEHHAA YaCTULA
¢ MOTOXMTeJbHEM 3apajcM. B camom gejle oTcyTcTBHE OTpuuaTeanOﬁ
SHEPIHH MO)KHO TPAKTOBATH KAK MPHCYTCTBHE MONOUTENbHOH IHEPIHH,
110TOMY UTO MHHYC Ha MuHyc faeT mwoc. Kpose Toro, PacCcMaTpHBast ABH-
YHEHHE IEKTPOHOB, CHAAIMX Ha TeX YPOBHAX ¢ OTPHUATEIBHOH SHEpriteH,
BOMM3H KOTOPBIX HAXOJMTCH IBIPKa», JETKO BHMAETh, HTO «IBpKA» Oyner
JABUTATBCS] B 33JAHHOM BHELIHEM [0JIE KAK YaCTHLA ¢ MOJOYKUTEILHEM
sapsfom. Ilo muenup [lMpaka MOSHMTPOH — 3TO M €CTh TAKAs «ALIPKA»,

Wz runoresw JMpaxka BEITEKAET Psii CAeACTBHMiL. ECIM JOOyCTUTH,
4TO MO3HTPOH €CThL TAKAS «ABIPKA®, TO

1) 3apaf NO3UTPOHA AOJHKEH GBITE B TOUHOCTH paBed - e,

2) ero macca JIO/KHA ObITL paBHA B TOYHOCTH MAacCe 3JIEKTPOHA, KaK
910 nokasany Beila U Jip.

[TonTBepIKAaeTest I 3TO sKcnepUMenTOM? OTHOIeHME 34psifia TOIH-
TPOHA KX er0 Macce OnIO Henocpedcmserilo N3MEPEHO HE OUEHb TOYHO(
HO BO BCAKOM CJTy4ae TC, 4TO 0 HEM M3BECTHO, HE MPOTHBOPEUMT CAEAAH-
HBIM BhIIE YTBEDMALHHAM,

3) 3MeKTPOH ¢ TONCKUTENLHON KWHETHHECKOH 3Heprued He MOKeT
HEPEHTH B yIKe 3aHATOE COCTOSIHHE ¢ OTPULATENBHOH sHEPrueif, HO B g~
3aHATOE COCTOSIHME, T. €. B «AHIPKY®, OH mepeiiru moer. [1pu srom mpo-
M30{AET «AHHMIHJSAIYISAY, T, €, JLIPKA 3ATOJHHUTCS, M 0fe yacTHLs! (3MeK-
TPOH ¢ TOTOMKHMTEIIBHOH SHEPTHelf U TO3UTPOH) MePeCTAHYT ObiTh HAGMIO-
faembiMu, ECaM BBECTH TAaKylo CHCTEMy OTCUeTa, uT00bl LEHTP TSDKECTH
00eHx vacTHL, B Heil NOKOWICH, T. €. PESYNLTUPVIOLIEE KOJHUeCTBO ABH«

Crpoerne BemecrBa- , 14
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KEHUSI PABHSUIOCH HYJLI0, TO U3 3aK0HOE COXPAHEHNA SHEPrut U KOMHYeCTER

JEM)KEHUST BELITEKAET, YTO B pC3YNBTATE AHHUTWISIUNU JI0JDKHB TOABUTLCS

10 KpaifHe# Mepe JIBA KBAHTA JNyuucTod SHepru. Teopust MO3BONSET Bbl-

YUCAUTH BEPOATHOCTY AHHUTHIALVK,. [I7VBHOE BHIYMCIEHHE ITOKA3BIBALT,

4TO MOPSOK BEJIHUMHEI ITOH BEPOSATHOCTH TAKOM >K€ CaMBbIH, KAK ecyiu (i}
2

[4
DNEKTPOH U IO3UTPOH (135431 JByMs LIApUKaM¥ ¢ panHyCOMFcZ’ KOTOPBIE

MMEWT CKOPOCTH ¢ H 00SI3AlBI YHUYTOIKATECS MPH KasKIOM CTOJIKHOBEHNH
Apyr ¢ Apyrom. TOUHOE 3HAYCHME BEPOATHOCTH AHHUIMJIALMA 3aBHCHT OT
CIKOPOCTH MO3MTPOHA. TeOpUs MPUBOJUT K TOMY, UTO BEpPOSTHAs MPOAOIN-
JKUTENBHOCT JKM3HM [JIsi MO3UTPOIA, MEIEHHO ABUXKYINETOCS CKBO3b
Bo3nyx (Ipy JaBieHWd 1 am W Opu HOPMANbLHOH TemmepaType) paBHa
3« 1077 cex. Ecnu mosuTpoH ABMIKETCA GBICTPO, TO NPOLOTKUTENBHOCTD
SKH3HY HeCKONIbIKo Gonbite. Taxas BeJMYMHA NMPOLODKHTEIBHOCTH HI3HU
COr;IaCyeTcsl ¢ SKCTE PUMEHTOM, TAK KAK, ¢ OJ(HOM CTOPOHEI, OHA IOCTATOUHO
BeNUKA JJist TOro, uTo0bl ObICTpEIE 1103UTPOHB IPOCKAKNBATIY UCPE3 KaMe Py
BuibcoHa, He YHUUTOHAACH MO JOpOTE, ¢ Apyrolt e CTOPOHBI, OHA Ha-
CTOMBKO MAJIA, YTO [I03UTPOHBI He MOTYT GBITh CT0Mb JKe 0GbLIEHHBM 00beK-
TOM NAG0PATOPHOrO UCCAENOBAHHSA, KAK OTPHLATENLHBIE SIEKTPOHD,

CyIECTEYET BOZMOKHOCTD ¥ APYOIC IPOLECCA aHHUIUNSINKA: B TIPU-
CYTCTBUM TPETHhEro Tenad, KOTOPOE MOJKET B3sITh HA Celst M3OLITOUBHIA MM~
nynbc, HANpPUMEP B NPUCYTCTBHU ATOMHOrO SIIPA, 3aKOHBI COXPAHEHHS
9HEprvM M MMITyJbCa yIXKe He TPeOyiT, YTOOH HSMyuanKch Ba KBAHTA, &
MOITOMY MOJCET U3y uuThCA U oguH, (Q6paTHL Ipolecc TAKOB : OH KBAHT
B noJi€ aTOMHOro siapa TNOTNOIACTCSA C ONHOBPEMEHHBIM CO3aAHHEM 031~
TPOHA U OGBLICHOBEHHOO 3MEKTPOHA € MONOKMUTEIbHOH oHeprueil. Jlerxo
BUJIETh, YTO DTOT MPOLECC 3aKJI0UAETCS B BHIPHIBAHMM KBAHTOM OJILOIO M3
9NEKTPOHOE € OTPUUATENBHOM 3HEPruell H B [IePeHeCEHUN ¢ro B COCTOSHUE
€ TONOMUTENTLHON 3HEprueit, T. €. 110 CYIIECTBY 3TO He YTO UHOE, Kax (oTo-
apderr. KonvuecTBennasi Teopus taxoro Qorosddexra Guia paspabo-
TanaOnnenxatimepom v ip. Pe3ynpTaTHITUX BBIYUC/Ie HUM HAXOAATCA B Gosiee
KHNTH MeHee y/:LOBHCTBOpl/ITEHbHOM COTHACHH C peSyﬂLTaTaMl/I usmcpeﬂnﬁ
HOTTIOIeHNs] y-iyueid, mpousBefelnbix I'peem v Tappanmom. Tlpexae
YeM MBI IIOHIeM pasiblie, HAM 11e00XO0AMMO TO3HAKOMHUTLCSA 3MECh € ITHMH
OKCHEPUMEHTANBHEIMY  (arTamH.

Bompoc 0 nornomeHNy 1 paccesuy y-1yueit noaroe Bpems 651 BecbMa
SANYTAHHBIM ECITE/ICTBUE TOTO, YTO KAK UCTOUHMKH f-Tyuell mpu mecnefo-
BaHWU UX TOTJIOIIEHUSA JIONT0e Bpez\m TIpUMEHAIICh UCKTHUNTENHbHO Ipe-
NApaTl paaus B 4+ C, natwliiie X0Ts H N0CTATOUHO HHTEHCUBHBLI, HO BECHMA
CILOMKHBI ¥ GOrarbiil TMHUAMY CHCKTP Y-JIyueii; 9T0 MenaeT mosiyuelue Mo-
HOXPOMATHUYECKOT O Y-A3Ay4YeHAS OT TAKOTo MCTOYHMKA COBEPIIEHHO He-
BO3MOYKHLIM, BCNEACTENE yero NOrNOIIEHUE OTHOCUTCS KO MHOTMM UaCTOTAM
€pasy, 1 PeSYNLTATH U3MEPEHHUit ¢ TPYAOM TOAJANTCS UCTONKOBanuI. B
1930 r. wuraiicknit puznk Yae n anrauiicknit uank Tapparm nepebie TPesi-
IPHHSATY  CUCTEMATHYECKOS H3YYEHHE NOIJIOWEHUA MOHOXPOMATHUCCKUX
{-AYURH, MONB3YACh, KAK MCTOMIMIOM, NPeNapaToM pPaiHOTOpPUsA, HAX0-
JAMErocs B PABHOBECCMH €O CBOMMM UpOLYKTaMi pacuaja. B cmexrpe
TAKOr0 HCTOUHUKA “{—J'ly‘-[eﬁ HaxXoguTCst BECEMA WHTEHCHBHAS JTHHUS C ANTH-
Hoi BontHH 4,06-1072 cx (ouepris dotona = 2,62 . 108 aneKTpOH-BONLT)
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MPUHAIEKAMAST TOPHIO C'' M 3HAUNTENBHO [IPEBOCKOAAINAS 110 KECTKOCTH
BCE TMPOUHE JMHWUM STOr0 cmeKTpa. J0cTATOYHO MPOMYCTUTE Y-J1yuH 3TOro
HCTOUHYKE Yepe3 CBHIOBLI (MIIBTP TOUMECH B HECKOJIEKO CAHTHMET OB,
YTOOH MONYUMTb JOBOJLHO MHTEHCHBHLIE MOHOXPOMATHUECKHE Y-JYUM.

OCHOB HOH MpHUMHOK NOTIOMEHNUST {-Ny el IPY MX [IPOXOJKACHUY uepes
MATEPHI0 ABJIAETCS KOMITOHOBCKO® B2aUMONeHCTBHe MX C 3JeKTPOHAMH.
Ipu «cToTKHOBeHHH» (OTOHA Y-Nyueil ¢ SMEKTPOHOM OH OTHAET 3NMEKTPOIY
YACTH CBOEr0 KOJIMYECTBA ABMIKEHMA H CBOEH SHEPTMH M YXOJUT NPOUL C
VMeHBLIEHHOH 9Hepryucii, 4 ¢fe0BaTeTbHO H ¢ YMEHbIIMBHIEHCST YACTOTOM
(1 xectcocThio). HKoadduiueHT norjiomeHusi, CBA3AHHEN € HANHuMeMm
TaKOT0 KOMINTOHOBCKOIG DaccesiHusA, JOMKEH OHTL MpPOMOPIMOHANIEH KO-
JIMUECTBY 27EKTPOHOB B €IMHALE 00BbeMd; NOITOMY OKASBIBAETCA BECHMA
YMOGHBIM PACUNTHIEATL KO3(pMIMENT MNOTMIOIEHMS HA OJMH 3JEKTPOH.
Teopisi KOMIITOHOBCKOTO pACCesiHMA H CBA3AHHOTO C HMM IIOTJIOMEHHSA
JIOJKHA BBITEKATh M3 PEIATHBUCTCKON TeOPMYM KBAHT, T. €. U3 TOro 0606-
WEHUS KBAHTOBOM MEXaHHKH, KOTOpOE [O/KHO SBUTECA pEe3yabTaToOM
ee CIMAHNA ¢ TPUHIINIOM OTHOCUTEIbHOCTH, PeIATHBUCTCKOH TeOpHY KBAKT
B HACTOAINCE BPEMs elllé He CYIIECTBYET; RMECTO Heée MPUXOJUTCS MOJB30-
BATBCST IIpMHAAJICKaIeH JIMpaKy «pelATHBHCTCKOf TeopHeli BJeKTPOHAY,
KOTOpas ofinajaeT BechMd MpeARAPHTENBHEIM M KOMIPOMHCCHBHIM Xapak-
TEPOM U Jarke CONEPIKHT BHYTPeHHUE TIPOTHBOPEUMS ; TeM He MeHee B psile
CIyuaeB Olla NPHUBOJUT K BIOJIHE YAOBJETBOPHTEILHHM De3yisraTam. Te-
opua aenenns KomnroHa, ocHoBaHHast HA Teopun Jypaxa, 6bU1a mocTpoeHa
wBeicKkuM  Qusnkom Kaafinosm u snokcrim Qusuxkom Hummuwoli; %ors
MMEWTCH OCHOBAHMMA COMHEBATHCH B TOM, UTO 3TA TEOPHST IIPHMEHHMA B
0621aCTH OrPOMHEIX YACTOT («KOCMHUECKHE JIyuly C SHeprHeit GoToHa CBEIIE
COTEH MWIITHOHOB 9JEKTPOH-BOJIBT), TeM He Mexee B obnacru y-nyuei
(MWIMHOIIL 9/IEKTPOH-BONBT) HeT OCHOBAHMI COMHEBATECS B e¢ TIPHMEHM-
MOCTH, TAK KAK OHA XOPQIIO HOITBE PIKAACTCH H IKCIIEPUMEHTAIBHO (OLIBITE
COBCTCKOro (M3uxa Crofeasysing). Bruucnennuwit no dopmyne Knaiina-
Hymminer koagdniuwent norsomenns secrioit -muund topust C'' okashl-
BAETCA paBHEIM 1,234.107% 42 wWa anexrpon; HccieaoBauus sxe Tap-
ponra, Yao, Maiitvep u Xyndenuga, $flxofcena noxaseBaloT, 4TO0 IT0
YHCTI0 NpuBNH3KTENLHO COBMAJAST ¢ HAMJCHHHMH HA ONbITe 3HAUCHUAME
TOJILKO B CIIyuae JIeTKMX XUMMUECKMX 97IEMENTOB; Y TSDKEJBIX KE STeMeH-
TOB HafJogaerca 106aBOyHOE NOTJIOINEHHe, BO3pacTatolnee © yBeIHucHUEM
aTOMHOTO HoMepa (¥ CBMHIQA, HanpHmep, OHO COCTAaBisAerT OKoo 38Y%,
BBIUMCIIEHHOFO 110 hopmyne Knakna-Hummuer). 910 A06aBOUHOE TOTJIOME-
HHe morjio O6el o6BLACHATLCA (QoroamerTpuueckim adiheKTOM, NpH KOTO-
POM (OTOH NOJHOCTLID MOTJIONIAETCS, NIEPEBOAS ATOM B MOHU30BAHHOE UIH
B Bo30y)JeHHoe cocTosnde. TeM He Mesee OnuTH I'pest moKasajM, uTo
GoToadherToM MOXKET OFBACHATECA JIHIIL YACTh T0GABOYHOrO MOrJIOMEHH T
(nampumep, B Cilyyae CBUHLA He GOJIBHIE MOJOBMHH); OCTAMINEECS ¢AHO-
MaNbHOE MOIJIOILEHHEY JOKHO OOBACHATHCst SQdeKTamu cOBePLIEHHO
MIOTO Pofa. 3a HCKJIIUEHUEM BCeX APYTHX BO3MO)KHOCTE 0CTaBamoCch 0~
TIYCTHTD, KaK 3To U caenamy Tappant u Uao, uto aHOManbHOE NOTJIOIIEHME
€CTh TorJIomeHHe §oToHOB y-JlyueH Agpamu aTtomos. TeopeTHuecKUe Co-
00paXKeHMA YKasplBajH HA T0, YTO B TAKOM NOIJIDIEHHH CYINECTBEH-
1yI0 ponk AQJMKHE Urpath BHYTPUAJEPHBIE 31eKTpOHH. Tak Kak moBe-

-
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JleHNe BHYTPHSIEPHLIX 9N€KTPOHOB BBIXOAMT 34 IpPefiesibl 0OBMHON KBAH-
TOBOH MEeXaHAKH U JOMYKHO OBITh OOBACHEHO HENOCTPOSHHON A0 CHX NOp
PenATHBUCTCKOH TeopHeil KBAHT, TO BCe SKCIIE PHMEHTATILHEIE MCCIe0BAHNS
B oTofi ofnactn mproOperanT 0CcofeHHYI BRYKHOCTR KAK MATepuam Jist
TMOCTPOEHHA STOH TEOPHH.

Yao Habmonan Ha pALy ¢ AHOMAILHBIM NIOTJIONEHMEM TAKYKE M AHOMAJIL-
Hoe paccesinre. OCOOCHHO TINATeNBHOE MCCIeTOBAHHE Bompoca GeUIO Ipo-
uzBesieHo B 1932 1. I'peem H TappsHTOM, KOTOPEE M3YUay JIyUH, paccests-
HBIC PA3JTUYHAIMH DTEMEHTaMKU (CBHHIIOM, DJIOBOM, YKEJIE30M M KMCJIOPOJOM)
opu oyeHb DONIBIIMX yIJIAX paccesHusl. KOMOTOHOBCKOe DaCceAHMe IIpu
ITUX YIJIAX JTAET HACTOIBKO MAJIYK JKECTKOCTh, UTO CYMIECTBYIOIME JIyUH
[OFJIOIMAIOTCS YyKe HECKOJIbKMMH MWINMMETpaMH CBHHIA; OCTAKIMecs
JIyun v NPeACTABIIAIT «aHOMANbHGE paccesiHie», NHTEHCUBHOCTE KOTOpoOre,
HACKOJIBKO MO)KHO CYIMTh M3 ONBITOB, OIMHAKOBA II0 BCEM HANPABNEHUAM.
CrieKTpasbHEI COCTAB AHOMAJIBHO PACCESTHHBIX Nyueli onpepensines I'peem
u TOppPIHTOM HA OCHOBAHMM AHAIM3A MX KpHBOM MOrJIOIEHHst B CBHHIIE.
ITO He OueHp HAJEIKHBIA METOJ; IOITOMY K, BeBojam I'pes M T3ppsHTa
HeOOXOAMMO OTHOCHTRCS C MAKCHMANBLHON oCTOpOKHocThIO. I'pefl
TsppaHT HALLIH, YTO -NYYM, DACCESIHHBiE SIPAMM BCEX SJEMEHTOB, CO-
JepyKaT (%0TS W B pasNuuHOil NPOMOpIMH) TOJNBKO [1BA cOpTa (OTOHOB
¢ oHeprue#t mpubmuaurensao 0,5.10° 1 1.10% 571eKTpoH-BONIBT (MEPBLIX
“BCerga Gonblne, 0COOEHNO Y GOJite JIErKHX QJEMEHTOR).

C TOuKH 3peHHsl «IHIpouHO TeopHu» JIMpPAKAa 3TH PE3yNILTATHL H3Me-
peHull OGBSICHAWTCH Tal: y-IYUH, OPOMCXOAAIME OT DPaAMOAKTHBHOIO
Tpenapara, MOryT HOTJIOIATECS: He TONBKO NOTOMY, UTO YacTh HX SHeprnu
oTRaercsl 3neTpony npu shpexre Kommorona, OHM MOIYT MOTTIOIATECSA H
IOTOMY, 4TO BOJMSH KaKoro-nubo sgpa (a ocobeHHo uacTe 310 GyAeT Npo-
ACX0UTh BOMSH Aep ¢ GoNMpmuM uncsiom Z) PotoH y-myuei Gyaer moryo-
WATLCST € OHOBPEMEMHLIM BEIDLIBAHMEM SJIEKTPOHA, OBIBLIErO A0 TeX IOP
HA OTpHLATEJILHOM YPOBHE 3HepTuH. [IpH TaKoM BHpPBIBAHMA 0Gpasyercst
ABIPKA W IOSBISETCSH JEKTPOH € MOJOKHTENILHOH SHepTHel MM, HHBIMH
cJioBamMu, 00pasyeTca ¢mapas (3NeKTpoH - nosurpon), Kaxopa panbuei-
was cyabda wIeHOB 9Tl «napr»? C SMEKTPOHOM HE NMPOU3OHMIET HUUEro
HHTepecHOr0. [T03UTPOH e, yIaNMBIINCE OT ALPA ¥ YMEHBIUNB IOCTENIEHHO
CBOIO CKOPOCTb, B KOHLE KOHIOB Iie-HMOY b CTOJIKHETCS ¢ KaKMM-HUGY b
IMEKTPOHOM U «YHMYTOYKUTCSAY C HUM, T. €. JJIEKTPOH BOMICT B 9Ty JLIPKY
(Befb MO3UTPOH — 3T0 HHIPKA) M CHPSYETCST TAM, A JBIPKA SAMONHHTCS.
[lpu Taoli AHHUrUAAIMHY SMEKTPOHA M TOBUTPOHA BIEKTPOH, BXONS B
ABPKY, TePSET SHEPTUID, PABHYH0 2171c2, T. €. OKOJIO MAJIIIMOHA BoJeT. Ecn
B3ANMHOE YHUYTOXKCHME 3JIEKTPOHA ¥ NO3UTPOHA NPOHCXOMHUT BAMEKE OT
ATOMBBIX 5ifiep, TO PE3Y/bTATOM TAKOM NOTEpH MHIUIMOHA 3MIEKTPOH-BONLE
JHEPTUH ABUTCH WCHycKaHHe AByX (OTOHOB ¢ SHepruell Mo moJMMIIIHORA
BOJIBT KK/IBI, 4 ecnn BOMM3YM MMEETCH AP0, TOTOBOE B3ATH HA cels H3-
OBITOUHOE KOJIMYECTBO JBIIKEHMA, TO MOYKeT MCIYCTHTHCS M OIMH JHIIb
(OTOH ¢ HeJTbiM MHILTHOKCM BOJBT SHeprHn. T3K 0GBACHAIOTCS 066 KOMIIO-
HEHTBL PACCESIHHBIX Y-Iyuel, KoTOphle HaGmwpanuch B onwmiTax Ipest u
Tappsura.

Taxum ofpazom M3 Teopun Jupaka BHTeKaeT BA)KHHIA BHBOM 0 TOM,
4T0, BO-TIEPBBIX, «11apay (IIO3UTPOH H BJIEKTPOH) IPH CTONKHOBEHHA MOYKET
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NPEBPAIATLCS B Y-TyUd, ¥ BO-BTOPHIX, 7-Myud BOIM3M sjlep MOryT, mo-
IJIOIAsICh, TIPUBOANTL K 06pasosanuio nap. 064 CnejcTEHS TeOpHH MpoBe-
‘PEBHL U HEMOCDEJCTREHIbM HAbmoeHueM. O BO3BUKHOBEHUY NAP TTpU Ael-
CTBUH 7-Tyveli HA SAPa MBI Y)Ke TOBOPWIM B kOHUte riaew 11, B 1933 r.
JKonuo ypasoch TaxoKe HAGNIONATH ¥ BOSHHUKHOBeHME y-Iyuell npu
TOPMOYKEHHH HOTOKA IIO3UTPOHOB MeTATHuecKoii IUIACTVHKOW, mpHyeM
N0 JUTHHE BOJIMBL 9TH JIYUM KAK PA3 COOTBETCTBOBAIM TOMY, UTO JOIKHO
MOJYUATLCS) HPH ¢ABHUTHISIMHS TO3MTDOHOE C 37eKTpoHamu. Bee 3To
TIO3BOJTsleT HANCATLCH HA TO, UTO XOTSI TeOPHs OHPOK JJMpaKa U He AB-
JISIETCA HACTOSIIeH pesIsSTHBHCTCKOM Teopuell xpawT, pewawmeit npo-
JIeMy CTPYKTYDH SJIEKTPOHA, TEM He MEHee OHA €Ime CMOMET HEKOTOpOe
BpeMsi ObiTh Mafe)KHEIM PYKOBOJMTesNeM MO KpaiiHel Mepe B OJHOM u3
YIOIKOE BCefi 9TOH MacCH! OLICTOMJISIOIUK SKCIEPHMEHTANBHEIX (AKTOB,
o6pyluBIIeiicA Ha GM3VKOB B TOCAeAHHe rojbl. KoIHueCTEO 3arafoK or-
POMHO: T4K, HanpHmep, o mpobjeme npoTona (CTABIIEH, MO CYIIECTBY Ha
ouepeib, moce TOro KaK B 1933 r. Mmepn cyMen M3MEPHTh MAIHUTHEL
MOMEHT NPOTOHA) TEOPETHK JIAME He PelldeTcs AyMaTh. Caxele mocJiejiHue
TOIE ABNSKTCA TONAMH HeCTHXAHHO OBICTPOr0 POCTAa HAIMX 3KCHEepPH-
MEHTAMbHEIX 3HaHull o nprpoge. TeopeTuyeckoe 060cHOBARME ITHX QAKTOR
OueHb CHJILHO OTCTAeT (BCE Ta YKE 3MONOIyyHAs NpobreMa pe/stTHBHCTCKOM
TeOpUY KBAHT). Bynem najesthesl, wro 370 OTCTABAHHE He GyACT TMpPOjON-
SKATLCA JIOJITO.

HCKYCCTBEHHAS PAJUHOAKTHBHOCTH

Bo Bpems mevaranus aroif KIGKKY dpaniysciuil dusux Ppedepux
JKoauo w wranbaucKuil QMaUK IHpure Depmu onyGIUKOBANK PEYSIBTATE
CBOMX OMNBITOB C ¢HCKYCCTBEHHOH DalHOaKTMEHOCTHIO». McKyccreunast
PAJMOAKTHBHOCTD — 3TO OfIMH 43 Baubojee 3aMeuaTelbHHX (JAKTOB, OT-
KPHTHX B (M3uKe 33 NOCefHee AecATHRETHE. MBI criepBa KpaTKO u3n0-
JKHM CYIIHOCTbL 9TOTO 3AMEUATEILHOFO OTKPHITHS, d 3aTeM pacCMOTPUM M
T TEOPETHYECKHE BBIBOAB, K KOTOPHIM OHO MPHEOMLKT.

Mer yoxe ynomuran o ToM, uTo B 1933 r. @. }Komso OTKpBLI, YTO HE-
KOTOpHIE JIeTKHE BJIEMEHTH MCIYCKAaloT npH GoMGapAMpPOEKE MX a-MacTHs
uamy mosHTporel. Mcnyckanme noszurpono Yonwo Toniopan B TOM
JlyXe, YTO TNpW MOTJIOWEHMH a-YaCTHIE! SPOM aMOMHHMA wiv  Gopa
CYIIeCTBYeT, B YHCE NPOUHX BO3MOMMHOCTeH, Taxke H Ta, 4To Oyer
HCITyIieH HelTpon ¥ no3uTPOH. QopMyJIEl 3THX SEepHbIX peaxiuii Yomuo
nHCal B BHJE:

A7 4 Het 83 - n - (
BY L Het > C18 } 1 +(+a)

B amix dopmynax Syxsa n oGozpavacr uelTpoH, (-+ €) 3HAUHT nO3u-
TPOH; 37NEKTPOH Mbl Gypnem obo3wadath (— e).

B siusape 1934 r. @. YKommo u ero xena Hpura Kiopu-YKonuo veoxm-
JIaHHO OOHAPYIKUNH CAeNyomHil 3amMeuarensHblil GaKT: ecaH MCTOUHMK
a-yacTHy, y6parh, TO HCIyCKAHMe HO3HTPOHOB IIPEKpAINAETCsi He Cpasy.
OHO emie NPOAOIKAETCA HEKOTOPOE BpeMst (Pa3HOE Yy PAZMEIX BJIEMEHTOR),
Crazasl B reoMeTpPHYCCKOH TIPOrpeccud.
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310 3HauMt, uro npH GomBapIMPOBKE @-uaCTHLAMY O6PA30BAIMCH Ka-
KHe-TO Pajy0aKTUBHBIC ATOMBI, OGJAfANUIME ONPENENIEHHOH NPOROIKY-
TENBHOCTBIO JKUBHH, KAK U OOBIKHOBEHHBIe pafMOaKTuBHBe aTomsl. Ho
TOJILKO UCIYCKAIOT OHU HE @-4aCTHULL M HE SMEKTPOHEL, A TIO3UTPOHBI.

Hrax, Gbl1a OTKPBITA UCKYCCTBEHHAS PAAMOAKTHBHOCTL M IIPUTOM 0CO-
fEHHOr0, HUKOTJA He BHAAHHOTO COPTA: PAaCIIaj sApa ¢ HCIYCKaHHeM I0-
3UTPOHA.

YKonno saxmwouns, 4To AApA IJEMEHTOB, KOTODble IOABEPrauch 06-
CTPeNy ¢-YACTHLAMH, MOTTOWAS «-YacTHLY U MCIYCKas HelTpow,* cra-
HOBATCS HEYCTOHUMBBIMHM ¥ 1PHOOPETAIOT TY WIM HHYI0 BEPOSITHOCTL Pac-
NaCTECA C HCIYCKAHWEM TOSUTPOHA.

Tlo3ToMy BBIIMCAHHBIE BHIIE peaKIMM NIPOUCXONAT, HO B JBA lpHeMa.
osmo HaGnopan cileayouyue Clydan:

Al?? 4 Het — P® - n
P 5 §i%0 - (4 ¢)

rae P30 ectb MCKYCCTBEHMO CO3TAHHBIA pajHoaxTHBHBIH uzoron docdopa
(«pamuothocopr), pacnaaomuitcs ¢ noynepuoaom 3 muH. 15 cex. (nony-
[epUOAOM HA3HBACTCS NTPOMEKYTOK, B TeUeHHE KOTOPOIO 3AaHH0e UCIo
PAIMOAKTHBHEIX ATOMOB YCHECT DACNACTLCS HA MOJIOBHHY).

Bropoil nabniogeHsblli uM cyuai 6bin:

B - He! — N8 . n
N O - (- ¢)
rue «paguoasory N'¥ pacnajaercs ¢ monyneproaom 14 MumyT.
Tperuit ciyuait Gb1:
Mg® |- He* » Si*? - n
Si¥— AI¥ - (-} )
e «pamroxpeMuuity Si%7 ofagaer monynepHomoM 2!/, MUHYTHI.
KosinuecTBo HCKYCCTBEHHO CO3TAHHBIX ATOMOB PAJMOAKTHBHOIO H30-
TONA B ITHX omblTax ObIBano oueHb HeBenuxo (oxoso 10 000 aTomos B
COCTOSIHMYM PABHOBECHSI NPY OOMyUeHHY npenaparom nosonusi B 100 mu-
Jukiopn). Tem He menee YKomuo OCMeNHACA NPUMEHUTh K STUM HUUTOMK-
HHIM KOJINUECTBAM PAAMOAKTHBHBIX BEILECTB MeToAbl OGBIKHOBEHHOW Xu-
MUH A TEM CAMBIM OLPEJENUTh XHMHUECKYI0 IPHPoly 9TWX Bemects. Mnea
YKomHo (3auMCTBOBAHHAS UM M3 AHAJIOFHUHLIX OMBITOB C 0GBIKHOBEHHLIMH
DAJIMOAKTUBHEIMY TeJIAMH) COCTOSLIA B TOM, YTO Ipk ofpaloTke Hanpumep
TOMUHS, OBCTPEIMBAEMOTO @-yACTHLIAMH, KAKHM-HUOYAb XHMUUECKHM
TIPENapaToMm, CHOCOGHEIM OTACANTD OT AJIIOMUIIA PocdOp, BCA MOBUTPOH-
HASl PAJIMOAKTHBHOCTD MeEPeiileT K ITOMY NPEnapaTy M ee MoHO Gymer
TAKUM 06Pa30M (CMBITB)Y ¢ ANIOMHHMSI. JTHM GYRET MOKA3AHO, UTO MCTOY-

110CTI€ Uere

* Punoresa YHomo o ToM, uTo TpH 3TOM HCNYCKAOTCST 0013aTENLHO ¥ HEHTPOHEL,
HE MOKET CYMTATB(SI HEMOCPEACTECHHO JOKA3AHHOH (HEHTPOHBI ReiiCTBHTENBHO MCTy-
CKAKTA npu o6c-rpene TeX JKE OSJEMEHTOB &-4aCTHUaMM, HO OHH MOITH Obt Hemy-
CKATLCA M MPH Kawoi-unGyms Apyroit peaxuyun, He CBASAHHOH C WCHyCKanuem
MO3HTPOHOB). O)xj;ax(o, 9T4 IUM0NTE3a BeCbMa BEPOATHA N0 NPHYMHAM, KOTOPbIE OyayT
FCEBI M3 JAlBbHEHINerQ,
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HUK [03UTPOHOB AeficTBUTENBHO 06IaNAeT XUMUYeCKMMIE cBoficTBaMy doc-
dopa (pasymeercst HY»KHO, YTOBH PeAKLMSA TPOHCXOAUITA J0CTATOUNO GHICT-
PO 10 CPABHEHHIO € TeMH HCCKOJBbKMMHM MHHYTAMM, B TEUEHME KOTOPBLK
spapuodocdopy pacnapnaeres).

IMpuBeeM OEMIl IIpUMEP TAKOFO XMMHUCCKOTO WUCCTEOBAHMA: a-Ny-
uamu monowust oferpenupancst BN (coemmenue Gopa ¢ asorons). 3arem
BN narpesancs smecre ¢ egkum Hatpom (NaOH). IIpa oTom nomyuancs
ammuarx (NHg). M Bor owxasaioch, 9T0 HO3HTPOHHAS PafAHOAKTUBHOCTH
YHOCHTCS [POUb BMECTE C aMMUAKOM. AMMMAK, B KOTOPOM y)Ke Het 0opa,
OPOODKAT HCIYCKATh NO3UTPOHEL

Onprrel HKomio GELTH HECKONBKO BHEOMSMEHEIE aMepPHKAHCKUMH (u-
3HKAMH, KOTOPHE HONYYWIH UCKYCCTBEHHBIE H30TONLI ¢ HOSHTPOHHOH
AKTUBHOCTLIO, IpuMensist GomGapmipoBKy He o-gacTULAMM, a JAeHTO-
HAMH (SIPaM¥ TSIKENOT0 W30Tona BoAopoad). XengepcoH, JIMBAAICTOH |
Jlopene Gombapmuposanu fcHTOHAMK ¢ 3HepIuel 3 MUNIHOHA SMEKTPOH-
BOJIBT Psij BELUECTB, a MMEHHO (B CKOBKaX yKasan moiymeprop moiyuae-
MOI'0 1Py STOM NO3HTPOHHOTO UCITYCKAHUA): Yrrepod (12 mumyT), GopHas
Kuesora (20 muuyt), anomuHult (3 Mun.), marnnit (9 Mun.), Gepuait
(9 muH., npu HanuunH 6osee cnaboif TPyNIbl IO3UTPOHOB ¢ LIOJYTIEPHOI0M
3 muH.), dropucTsilt Kaneiuik (40 cek.), X1opucTblii Kanpuwi (13 cex.),
sateMm (ocdopHokpenBil HaTpuil, yrnexucsbi yuTuH M A30THOKUCILIA
ammonuit (upnGiusutenvio no 20 Mun.). IMepsre gBe U3 ITUX peaxuyil
nabutoganu Taroxe Kpeifid u Jloputcen. X npepnonaraeMas CXema TaKoBa:

B 4+ H* (' +-n
Qi BT A ().

Cll — «papyoyraepoay ¢ IOAymepuoaomM oxomo 20 MuH.; manee

€2+ H - N® 40
TONB SO (49

(3ameuarenbHO, UTO TIONyYaeMblii IIPU STOM peakiMu ¢pafuoasoT»r MMeeT
TIOYTH TOT K& NOJyTeprot, Kak u B ombitax yonuo).

OTMETHM, YTO [O03UTPOHEL, HMCTYCKACMBIE HOBOCO3JaAHHBLIMH BEUIECT-
BAMM, UMEIOT HENPEPHIBHBIA CIEKTP TOro »e Tuna, KaK H HempephB-
bt ereKTp @-nyued OGBIKHOBCHHBIX DPAfUOAKTHMBHLIX OJIEMEHTOB. JTO
0GeToATENBCTRO BEChMA XAPAKTEPHO, TAK KAIK OHO TOKA3BIBAET, UTG H K
HOBOMY BHIY PagHOAKTUBHOCTH OTHOCHTCS Ta XK€ MJIEMMA, KAKAS UMCeT
MECTO A5 OOblyHOM B-axTuBHOCTM (HAPYLIEHME 3aK0HA COXPAHEHMA
SHEPIHM M MOMEHTA KOJIMUECTBA JBWKEHUS JUIH )KEe KOMIIHCALUS ITUX
HapyIenuii npyM oMo «HEHTPHHO?).

Tlocne Toro, Kaxk cramge uspectiie of orkpeitun JKonmo, H3BeCTHBIE
urtajibsHeKull Teopetux 3. @epmu (Pum) cpenan Cefylomee SKCIepH-
MEHTANLHOE OTKPBITHE: OH HAILEN, UTO HEKOTOpbie SJICMEHTH, IPH MX of-
‘CTpedie HeHTPOHAMY, CTAHOBATCA MCTOUHMKAMY UCHYCKaHus B-myueid, cna-
JAIOUIEro MO DKCITOHEHMANbHOM KPUBOH. XUMHUECKOe HCCTIEI0BAHNE, aHA-
JOTHYHOE YNOMSHYTEIM BhIe ananusam YKomuo, nokasano, 4ro aTOMHbI
HOMEP BelecTBa, HCNYCKAIIIEro ONEKTPOHH!, Gosbliell 4acThly HA eu-
HHLYY HIDKE, 9EM HOMEp BEHIECTBA, NIOJIBEPraeMoro HeWTpoHHOH GoMBapnu-
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poBre *. DTO BHAUMT, UTO MPH 3aXBATe HeHTpoHAa W3 $Apa BLUIETAET NpoO-
ToH (MpOTOHB! He HAGMIOZANMCH HEMOCPEACTBEHHO, HO WX BHIJET 00s3a-
TEJIBHO JIOJYKeH NPOUCXO/IUTh, TAK KAK OH T0KA3LIBACTCS 3TVM XUMHUECKNM
ACC/IE0BAHNEM, — CJIM TOJIBKO BHIJIETAIOT He jelfTommr). [lpubexem asa
npumepa:

Fe® - n — Mn® + H?!

Mn% — Fe% |- (— )

(nepuos nosypacnajga «pajuoMapraHiar OKONO 2 Yacos)

. Si | n? _» Al26 4 H1
Al > Si36 L (—¢)

(nepHox MOy pacnajla «pajuoalioMHHIsAS 3 MUHYTHE). 3aMeuarenbHo, uTO
9T peaKuun MoryT OblTb OLMCAHBL TAK: CHEpBa BXOJMT HeHTpoH, a 3a-
TeM BBUIETAIOT OHII 32 JPYTHM IPOTOI M 3I€KTPOH, M B Pe3yJsIbTaTe 0CTa-
€IcA TOT )Ke CaMblil aneMeHT, KoTophil Obl1 paublle (BeposiTHO B B03Gy-
JKIEHHOM COCTOSIHMM, TAK YTO HCCJIEJOBAHME raMMma-iyueif, KOTOpble Mo-
TyT P 9TOM MCIYCKAThCS, JOMHKHO 1aTh UeHHeAmNH MaTepnan Aisl uccje-
JIOBAHMSI SIAEPHEIX YPOBHEH 3Heprum).

HeTounnk Heltrpoiios, Rawoumi B cekynny 106 efirpoxon ¢ smepruelf
okono 2.10% 37eKTpOH-BONBT, NO3BONAET NOJyuath (B PaBHOBECHH) OT
100 10 200 37eKTPOHOR B CEKYHAY. JTO UMCIIO, eCTECTBEHHO, HE 3aBACHT
3aMETHO OT NPOAOIKUTENILHOCTH JKH3HH, TAK KaK XOTS HAmpUMep «pa-
JHOMAPTaHeLy pacnajdercsl MeJNIEHHEE, UeM «pajoanioMWHmii» M, 3Ha-
YUT, AAHHOE KONMYECTBO ATOMOB PAfMOMAPIraHLA AAeT MEHBINE BJIEKTPO-
HOB, YeM TO K¢ KONMUECTBO ATOMOB PajoalloMHHNSA, HO 3aT0 BCJIEICTRHE
Gonbmie#t MPOJOSIKUTENBHOCTH JKU3HH ATOMBl pajOMapraHia HawKoms-
10TCS1 B PaBHOBeCHH B OOJIbIIEM KOJIMUECTBE, UEM ATOMbl PagMOaIOMHHIA.
OKOHYATENBHO WMCIO0 IJIEKTPOHOB ONpeAeseTCsl TOABKO COOTHOINIEHHEM
npoleroB HEHTPOHOB ¥ INMEKTPOHOB B 007lyuaemom HelirpOHAMHM BEIUECTBE.

3ameruM, wro onurhl HKomno 1 PepMH ABMAIOTCA NEPBBIMU OMBITAMA
HCKYCCTBEITHOTO NPEBPALICHHs TEMEHTOB, B KOTOPOM YuacTBYIOT JETKHe
HACTUITE — 3JIEKTPOHM M NMO3UTPOHH. [10 CYIECTBY BCE OIBITH HCKYCCT-
BEIHOrO PACHIENIEHNA AAEP B HEKOTOPOM CMBICTIE MOIYT TPAKTOBATBCA KAK
ONBTHL ¢ MCKYCCTBEHHOM pajuoaKTUBHOCTRIO, TaK HallpuMep peaxuus

Nt 4 Het > 07 J- H?

(mepBasi peaknmusi, nccnefiopannast 8 1919 r. Pesepdopaom) Mower GbiTh
ACTOTIKOBAHA B TOM CMEICIIE, YTO CHEpBa nosyuaercs F18 B kakom-To BO3-
OY)KIEHHOM COCTOSIHMM, KOTOpHIl 3aTeM YiKe pacnajaeTcs, UCTyCKas
H-vactimy. Ho B onbrrax Yonuo n depMn Brepsble MCKYCCTBEHHO NO-
NYYEHB! pajMoaKTUBHBIE SiAPA, nPOAOHKUTENBHOCTD USHH KOTOPBIX Ha-
CTONIbKO BENTMKA, YTO MX BO3MOIKHO XHMMUECKH M30/MpoBaTh. MHEIMN Cllo-

* J1n XVMHBYECKUC ONBITH 1 BOOGLIE BCE ONBITLL ¢ MCK)YCCTBBHHOﬁ PaxHOAKTHBHOCTLRY

HACTONHKO TIF QUTHL, MTO HX MOMELO JIETKO ACMOHCTPUPOBATE lHa JIEKLIHAX (T)HEI(TFOHM

| U TIOUTPNE Bl FErucTPUPYITCS CYETUMKOM). YANRUTEIbHO, UTO 9TH TIPOCTHIE M BAYKHBIE
ABNCHHA MOTTIK OCTATBCH “e3aMeYeHRBIMK 70 1934 I,
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BaMu B ompTax Moo u (DepMu BUEPRBIE MCKYCCTBEHHO MOJYUEHEI pa-
JHOAKTHEHME BEMIECTBA B OOWKHOECHHOM 3HAUEHHH 3TOTO C/10BA.

Kakue e TEOPETHUCCKHE BHIBOJARI MOKHO CACNATL M3 3TOro 3ameua-
TENBHOTO OTKPHITHA?

Tpesae BCero yradkem Ha TO, YTO OGBIKHOBEHHAS! JNEKTPOHHAS AKTHB-
HOCTL MOJKCT OBITb MCTOJKOBAHA B TOM CMBIC/IE, UTO OJMH U3 HeltTpoloB
filpa Pacmajacrcss Ha TIPOTOH M SJICKTPOH, TIPHYEM TPOTOH OCTAETCS B
A0pe, a SIEKTPOH yieraer npoub. Ecnu paccmorperb ombithl depmu, B
<O0TOPHIX $ApO BO3BpAIAETCS] B MEPBOHAYATBHOE COCTOSIHME MOC/IE TOrO,
KAK B Hero Bolles HeHTPOH, 2 BHIILIA 31eKTPOH H NPOTOH, TO CaMo cofoit
4anpalABACTCS: 3AK/IOUEHAE: HElMPoH COCMOUMm U3 3Aexmpona u npo-
mond.

C mpyro#t cTOpPOHH, MOBHTPOHHASI AKTUBHOCTB, KOTOPYO OoTKpbLT YKo-
JIHO, MOJKeT GHITh HCTO/IKOBAHA B TOM CMHIC/IE, UTO OIUH U3 NPOTOHOB ANpa
pacnapaetcst Ha HeHTPOH ¥ MOSWTIPOH, NMPUUEM HEHTPOH 0CTAETCA B Afpe,
4 MO3UTPOH YJIETaeT MPoUb. ECIH CPABHUTL PeaKiuio

Al?7 | Het — Si% 4 H3,
KOTOPYW0 Korja-To otkpnin Pesepdopn, ¢ peaxiueit
Al?" 4 He! — Si* 4-n - (-} ),
KOTOPYW oTKpen JKONMHO, TO NPUXOAMUIL HEMMHYEMO K 3aKIIOUEHHIO:
NPOMOH COCMOUM U3 HEmpona u ne3umpei.

Mnl 3HaeM, 1O Sigpa COCTOAT M3 IIPOTOHOB M HelTpoHOB. MBI mpume-
HSiEM K ABIDKCHUIO 3THX HeffTDOHOB ¥ TPOTOHOB NPUHLMIE BOJHOBOH M-
XaHUIH, CYNTASE MX 3JICMEHTAPHEIME UACTHIAMM. DTO He 3HAWMT, pasyMme-
€TCs1, UTO OHM SJICMCHTAPHRL B CTpOl‘OM CMBICTIE C10B4, T. €. UTO BOIPOC O
UX CTPYKTYPE TMLIEH CMBICIIA: 3T0 3HAMAT TOBKO, UTO BOMPOC 0 HX CTPYK-
TYPe BHXOJHWT 32 MPEAEsBl BOTHOBOM MeXaHUKH, T. €. YTO BOTHOBAS Me€Xa-
HUKa NpHMEHMMA JIMIIb K TEM SIBJIEHHAM, B KOTOPHIX HEHTPOH MM NIPOTON
ABIKETCST KAK HEUTO IEJI0e, HEeUTO HeHM3MEHHOE, 4 Te ABJEHUS, B KOTOPHIX
CTPYKTYPa STHX WaCTHIL UrpaeT pojb (IIApHMep, siBEHHs HX pacmaja),
BXOAAT JMb B cepy Komnerenuuu Oymyeii, eilie He [OCTPOCHHOH Teo-
pUH — PENSITUBUCTCKOR TeO0pud KBAHTOB.

Ho xax Gyaer pellier BOMpoC 0 CTPYKTYPE TPOTOHA ¥ HeltTpoHa B STOH
Gynymedi Teopun? OKaKeTCS MY NPOTOH 3NMEMEHTAPHOH uacTHuelt, a Helt-
Tpoll KOMOUHAIMER 3MEXTPOHA ¥ MPOTOHA, WIK JKe, HaoGopoT, HeHTpoH
OKAKETCST 9nemMeHTapHoit uactumedl, a mporon KomOuHauwelt mozuTpoHa
 Heftrpona?

OnNBITEL ¢ 3JEKTPOHHON AKTHBHOCTHIO YKA3LIBAWT KaK GYATO HA mpa-
BHIBHOCTb NEPBOr0 peIieHtst BONPOCA, a OLEITH C MOZMUTPOHHON aKTHB-
HOCTRIO — Ha MpaBuibHOCTL BTOpOro. Ho ofa pemenusi nporusopeyar
Ipyr Apyry.

Tlo MHEHMIO MUIIYIIEro 3TH CTPokH, Gyaywast Teopus aomwKHA Oyner
YCTPAHKTL 3TO «HETIPUMUPKMOE) NPOTHBOPEUHE MyTeM OTKA3a OT HAr/sa-
HBIX MpejcTaBaeHuii, T. e. TeM K& CAMBIM NMyTeM, KAKUM BOJHOBAA MeXa-
HUKA CyMena VCTPAHATE TPOTHBOPEUHE MEKIY «3/71eKTPOHOM-uacTHileils
I «37IEKTPOHOM-BO/IHOMY, TAK)Ke Kazaplieecsl HEMpuMupuMbiM. OueByano,
B Oyfyllei TEOpUU CMBIC/T CAMOTO C/IQBA (COCTOATRY GyeT KaKHM-TO HIbIM,
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SHAYMTESIBHO MEHee Y3KUM, UEM TOT, B KOTOPOM MHI 0GBIUHO yroTpefiisiem
9TO CNIOBO. B npupode UMeont Mecmo COOMHOWEHUA, ebIX00AWle 3a
npedeast HaIUUX 1a2AROHGIX Npedcmagsenuil o mom, Kaxum obpasom ye-
7108 MOJMCEm COCToAmb U3 dacmed.

B CBSI3U € 9TUM MHTEPECHO OTMETHTH (KaK yKasan Jupak), uto Heco-
XpaHeHHe UMCIA IMEKTPOHOB U IO3UTPOHOB (T. €. BLITEKAWIIAA U3 TEOPHH
Jupaka ¥ uONTBEPHIEHHAS Ha ONBEITE BO3MOMKHOCTH B3aHMIOLO YHHYTO-
JKEHUSA EKTPOHA ¥ MO3UTPOHA C HOSBIEHHeM ramma-myuedl u, Haobo-
POT, BOMMKHOCTL TIOABIEHUS 3)IEKTPOHA M TMO3UTPOHA TPH TOINOINEHHN
ramma-nyueil) B SBHauMTENLHON Mepe YHHUTOXKAET Ty MPOTUBOIION0IKHOCTD
MEKAY HOHATHAMH «CJIOKHAS YACTHLAY M (SMEMEHTApHAsA uacTdIay, Ka-
Kasi CYIeCTBOBaNa paHbie. * TaKk HAUPUMED, €CJd MEI XOTHM MpPHAED-
MUBATRCS TOW KAPTHHBI, B KOTOPOH NpPOTOH 37eMeHTapeH, a HeRTpoH ==
HPOTOH - 37EKTPOH, TO MO3UTPOHHAS AKTHBHOCTh CMOYKET ObITh OMHCAHA
TaK, uTo BOAK3U SNPA WM B CAMOM SiIPe POXKIAETCA «Iapas (MO3MTPOH ~-
~- SMeKTPOH), TPUUEM MOUTPOH YJICTAET, 4 HIEKTPOH CBA3HBACTCS ¢ 0]
HUM 13 TIPOTOHOR 5AApa, ofipasys Helirpor. TakiuMm ke 06pasoM KapTHHA,
B KOTOpOH SeMeHTApeH HEHTPOH, & TNPOTOH = HeHTPOH ~|- O3UTPOH,
[03BOJISIeT O0BSICHHTD HEKTPOHHY0 AKTHBHOCTD | B AIPE BO3HUKAET «apar,
S7IEKTPOH YJIETAET INPOYb, A MO3UTPOH CBSISLIBACTCS C OJHUM U3 Hel-
TPOHOB, 00pasyst ¢ HUM NIPOTOH.

INonyuaercs HOBAA TPYAHOCTD,. HO y)Ke TIPOTUBOTIONIOXKHOTO pojia: o
TEX 110p, [TOKA Mbl He BB/ [PEJCTABNCHUA ¢ DOXICHHHU «l1apy, HU 0fHA
73 06eUx NMpeaoKenHblX KapTuH He ofbACHANA Beell COBOKYIMHOCTH OB
TOB, & Temnephb 06e KapTHibl 0fBACHAT ONLITH OTUHAKOBO Xopouro. [To-
ITOMY BHOBbL MOJYuaeTCs HPOTHBOPEuHE — BHOBb HEU3BECTHO, KAKaA U3
HHX [PABUJIbHA. ITa KYPbe3Has CUTYTALMSI CBSA3aHA C TEM, YTO CYIHECTBYIO-
mas Telepb TeoPHsl NPUHIUITHANBEHO CUMMETPUYHA 10 OTHOIIEHKIO K 110J10-
JKATENILHOMY ¥ OTPHUATENbHOMY dneKrpuuectsy. Iumympuit 3t cTpoku
AyMaeT (BONPEKN MHEHHIO CTOnb ABTOPUTETHRIX (U3UKOB, Kak Humec
Bop u [1. A. M. Jdupax), 4ro 5Ta CHMMETDUA ABIAETCS HETOCTATKOM CY-
WeCTBY 0L Teopud 1 uT0 B OyXymied pelATMBUCTCKONR T€OPHH KBaHT Ta-
KO#t CHMMeTpHH Xe GYIeT (3aMeTHM, UTO B 3TOM BONPOCE HE MOYKeT ObTh B
HACTOSIHEE BpeMst JOTHUECKHX aPIYMEHTOB M JOKA3ATEbCTB, & 103TOMY
TO Ui HHOe yGeXIeHue B 9TOM BOIpOCE SBIAAGTCA JNEIOM BKyca H (usu-
YECKOro uyThs Kaworo). B HacToslmee BpeMs €ilie¢ HEBO3MOMXHO J0rajpbl-
BaThCA O TOM, Kak Oyaymas Teopus CyMeeT YCTpaHdThL TPYMIIOCTH, BO3-
HUKAIMmye 61arofaps NPHMEHEHHI0 HAIJIAAHLIX MPeCTaBIeH i K BOIIpOCy
0 CTPYKType HeHTPOHOB M I03UTPOHOB.

B zaxnouenue ykaem Ha Crefylomee M0GONMETHOE 06CTOATENBCTBO
€CITH HaHOCHTh 11 OCb abCLce aToMIbe Homepa (3apsAfpl sep), a Ha 0Cb

* B CBA3K C 3THM 3aMeTuM, uTO HECOXpPAHEHHE YMCMA 9YalTHI — BO3MOKHOCTE
poxgenuss U CMEPTH MACTHL — HUMECT B Teopun llupal(a Brionne peaﬂbﬂblﬁ XapaKTep,
a uaoGopo’r, HHCTO CUMBOIMYECKUM U BESAMMLIM JIMIIG O1A y)IOﬁCTBa PEUH ABNACTCHA
T ofbynoe OTMMHCAaHHUE, COrJIacHO KOTOpOMY MO3UTPOHDB! dJHI‘yppr!OT KaK ¢/BIDKH» H
BHAUYHT HHUKAKOTO HeCOXpaHEHYIﬂ( YalTHL IIeT (aHHHFHHHuMﬂ JSIEKTPOHA U HOIWTPOHA,
TPAKTYEMAA KAK [ePeXoj HACKTPOHA HA CBOGOANHN YPOBEHb OTPHUATENbHON KMHe-
THUCCHOM oneprlm), B cavom JICNC, TCOpWST BIOTHE CUMMETPHUHA II0 OTHOMICHUIO
K o0fouM 3HaKam 3NEKTPUYECTBA U CJIEOBATENABHO € TAKUM )K€ YCIEXOM MOMKHQ
TPAKTOBATL ¥ BMRKTPOIS! KAK (ILIPKHY B PaCHpeNeNeut TO3UTPQHOB,
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OpIHHAT ATOMHBIE Beca, TO HA TaKoff guarpamme BCe YCTOHUMBLIE ame-
MEHTEl OKKYTCA B Tipelenax HeKOTOPOH Y3KOH AOpOSKKH, KPYTO MOJHH-
Maiowlelicsi U3 1ayana KOOp/MHAT BBEpX M HanpaBo (ipy 0GLIYHOM pacmo-
noxesnn oceft). Tak BOT, OKA3LIBAETCA, YTO T€ PAIHO3JIEMEHTDI, KOTOPEIE
MCHYCKAIT SNEKTPOHBI, DACIOJO0MEHBl HA JUArpamMMe BBEpXy OT ITOH
JOPOKIH. ITO HEYAHBUTEJIBHO: 3TO 3HAUMT, YTO NPH 3aJaHHOM aTOMHOM
HOMepe ¥ HHX OTHOIUEHHE YHC/A HeHTPOIOB K UMCAy IPOTOHOR CAHIIKOM
BEJIMKO ANS TOr0, UTOOB! GBLI0 PABHOBECHE, M TOJTOMY OHM CTPEMATCA
UCIIPABHTb 9TO OTHOWIEHWE, APEeBpailias O4WH H3 HEATPOHOB B NPOTOH,
T. €. McIyCKast anekrpoil. C Jpyroil CTOPOME, MCKYCCTBEHHBIE paguodme-
MEHTBl, HCIyCKAIIMe HO3HTPOHBI, TOXKATCA nuye 9Tod Hopokku. M sro
HHYYTb HE YAMBUTCNIBHO: Y 3THX AXEp OTHOWIEHHE yHCAa HeﬁTpOHOB K
YHUCIIY TIPOTOHOB CIMIUKOM Mano JJIsl PABHOBECHH, W NOITOMY OHU CTpE-
MSITCSI HCIYETUTh TIO3WTPOH, YTOGH HCIIPABUTL ITO OTHOIIEHHE.



TIABA IV
BCEAEHHAA

B aroit nocymereli rnase HamTe il KEVOKKH Gyaer MATH peus 0 npoGnemax
KOCMHUUECKoM U3HKH, KOTOpBIE, HA MEPBRHI B3IJIAA MOTYT MOKA3ATLCA K
He MMCIOIMMY MNPsIMOI'0 OTHOINGHWS K BOMPOCY O CTPOCHMH BelllecTBA.
OHAKO 3T0 He TaK. B orpOMHBIX IPOCTPAHCTBAX BCENEHHOH MOTYT Cylne-
€TBOBATL (U Ge3yC/IOBIO CYIUECTBYIOT) TAKME YTOJICH, B KOTOPHIX TOCION:
CTBYIOT YCJIOBUS, MPAKTUYECKH HEOCYIUECTBUMEIE B 1a0opaTopuu 3eMHOr0
¢usnka. FloaTOMy CylecTBEHHO y3HaTh, KaK BCACT ce0s BellecTBO W B
9TUX HOBBIX ycnoBHAX. Hak Befer oHC cefs npu OrpoMHBIX (aHTacTHuE-
CKNX TEMIEPATYPAX, KOTOPHIE, GHITH MOMKET, CYINECTBYIOT B HEAPax 3Re3n?
ToauiHseTest A1 00bIUHBIM 3AK0HAM (U3MKY BCSI 312 He0003pUMAs MATEPHS,
CKOHIEHTPHPOBAHHAS] B OTAAJEHHBIX MUPAX, OTHAJICHHBIX «BHeraJaKTu-
YECKMX» 3BE3HBIX CKONTIEHUs1X? BoT Hel0yMeHHbIe BOMPOCH!, BOSHAKAIOIIHE
y ¢m3nia npu 3HAKOMCTBE ¢ OBIIMPHLIM MATE PHATIOM, COBPAHHBIM ACTPOHO-
MHYeCKMMH HaG:mioeHUAMY. MOXKHO JIM NIPH TenepeiiseM COCTORHMA HAYIKH
OTBETUTH HA 3TH BOMPOCH — BOT 0 ueM Gy/eT MATY peub B 3TO0 ueTBepTOH
riase.

3ATCAZIKA 3BES

TIpeskie BCero MBIl PACEMOTPHM BONPOC O TOM, WTO Taioe 3Be3/IA, WIH,
ropops Gonee moppoGBO, BOMPOC O BHYTPEHHEM CTPOSHUN 3Be3Nl, O 3Be3f-
HOY 3BOMIOIUH ¥ 00 UCTOUHNKAX 3BE3AHOM Snepruy. 10 0AMH U3 Haubosee
TPYAHBIX NSl CoBpemeHHol ¢mauxy BonpocoB. Ecmu nonamofurcs oxa-
PaKTepu30BaTh COCTOAHHC 3T0it NPOGNEMEI B HECKONBKUX CJI0BAX, TO HAM-
Gonee ypauHoit §opmynnpoBroil OYNET: «Mbl 3HAEM, UTO MOYTH HUYErO HE
3HaeM». 910 Tem Gostee cBOCOGPASHO, UTO enie HECKONLKO JIET HA3ah Owlna
IWMPOKO PACIIPOCTPAHEHA T4 TOUKA 3PEHUS, yTO 3Be3nHas npoGnema B
OCHOBHOM yKe peineHa. Takoe BHewaTeHUe MOXKHO NONYuHTh, HANpUMep,
TIPY UTeHUY KHIKIKU 300uHemoHa «3Be3/Isl M aToMbl. UeM 3Ke 00bacHseTCH,
YTO BOMPOC, KOTOPHIA elie HECKOJIbKO JieT TOMY Hasaj, cunTaJics Gonee Win
MeHee pelleHBbIM, B HACTOSLIEE BPeMA OKA3HIBIETCS YPE3BHUANHO NATEKNM
0T CBOEr0 pazpelenns? TpuuuHol Taxoii cBoeoGpasHoH IBOMIONMY B3I
OB SBNACTCS TO, YTO B MOC/eAHEE BPeMs GUINKM UpesBLYaiiHO SCHO OILy-
TAJIY TPABULEL APUMEHMMOCTH TeX OCHOBHBIX USNUECKHX TeOpHH, KOTOPEE
HaXONATCA B HX PACTIOPSHKeHMH. MBI 3HAEM, YTO M3BECTHble B HACTOsILEe
BpemsT 3AKOHE IPUPOAEBL BIIOJIHE NOCTATOYHE! A7 00BbSICHE HIS TeX SIBTICHNH,
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KOTOPLIE RPOUCXOJAT B HAPY)KHBIX OGOJNOUKAX 3Be31 — B 3Be3HBIX 4T
mocepax. Ho BMecTe ¢ TeM MBI HMeeM upe3BbiuaifHO SICHblE YKABAHMS Ha
TO, YT OTH MSBECTHBIC HAM 3AKOHEE IPUPOJEL 118 PECTAIOT OBITH IPHME HIMBIMU
no mMepe yrayGreHus BHyTpb 3Be3fsl. IT03TOMY moJHYi0 TEOPHIO 3Be3fibi
MOKHO GYIET nOCTPOUTS JMIIL TOCTIE TOT0, KAK (HBUKH OTKPOIOT 3aKOHSI,
OpHMEHUMEIE B ropasjgo Gosee WUPOKOH 061acT ABJEHMH, ueM 3aKOHH,
OTKPBITHE IO CUX MOP.

Tobops Gonee KOHKPETHO, MBI 3HACM, UTO CYNECTBYIOMIAS Teneph BOJ-
HOBAs MEXAHUKA MOKeT OOBACHWTL BCE ATOMHBIE fIBSEHHA 33 HCKAWOUE-
HHEM NHIUL SIBJIEHUIA, B KOTOPHX WIPaoT POJIb TAK HA3BIBAEMBIE PEJISTH~
BuCTCKUE 2QdexTr (2feKTsl, CBA3ARHBIE ¢ HPHHIMIOM OTIOCHTEJILHOCTH),
VenoBust, B KOTOPBIX HAXOASTCS aTOMBL 3BC3JHEIX aTMOC(ED, TAKOBbL!, YTO
BCEMH PeNATHUBUCTCKEMH 3QErTaMU MBI MOYKEM B 3TUX YCJIOBHSIX NpeHeG-
peun. TlosToMy K 3BE37HBIM aTMocdepam BOJIHOBAS MEXAHHKA [IPUMEHUMA,
Uro kacaerca fosee riyGoKUX C10eB 3863[], TO AJ51 OBSCHEHUS HPOUCKO-
OANMX TaM sTBIeHUi He0GXOAUMO CriepBa MOCTPOUTH PRISITUBUETCKYIO TE0-
pui0 KBaHT, NPECTABNAIWY O CIUAHUE BOJIHOBOH MeXaHWIH ¢ NPWHHUIIOM
OTHOCHTENBHCCTH., MblBUZENM, YTO 3Ta BakHas TeopeTHyeckasl 3ajavua
NpPEICTABISET OTPOMHBIE TPYAHOCTH H YTO IO CHX MOP €€ eme HHKOMY He
YIANOCH pelmTh, TOJBKO TOTAA, KOTAA OHA Oy/eT pemieHa, Mbl CMOYKEM
HOHATH YCTPOHCTBO TeX ITyGOKUX 3BE3AHLIX Hep, B KOTOPLIX MPOUCXOIST
TAMHCTBEHHEIE NPONECCH, NOSROJISIOMIME 3BE3Ie BTV UATE OTPOMHBIE KOJIH-
YECTBA OHEPTHM ¥ BOOfiINE OTpefeNsAIomUe MOBeJeHe 3Be3bl KaK LeJIOro.
TMoxamecT Mbl He MOOKEM JaTh KATErOPUUeCKUil OTEET HA BOIIPOC O TOM, IKa-
KOBBI 9T MpoueccH. [lo 3TOr0 HAyKa, TaK CKasaTh, «ue goumas. EanHer-
BEHHOE, YTO MBI MOXKEM CAENIATh — 3TO ONUCATL DBOTIOLHI) HAYUHBIX BITJIS-
JIOB HA MPUPORY 3THX NPOLECCOB, YKA3ATh HAa XapaKTep TeX TPyAHOCTEH,
Ha KOTOPbiE 37eCh UCCIER0BARKE HATOMKHYJIOCh, H HAKOHEN HEDPeUuHCIUTh
Te HauBo/jce BePOSTHBIE IMMOTE3H!, KOTOpLIE B HACTOAIIEE BPEMS MOIKHO
caenath. Mut HayHeM ¢ BOUpPOCA O SBE3NHOM IBCIIONMY.

V6exacHue B TOM, UTO 3BE3JIBl MMEIOT CROIO CYABEY M uTO pazivuHble
HeOeCHEIe Tena, HAXONAMMECS HA OTPOMHBIX PACCTOSIHUSIX OT COJHEYHOH
CHCTEMBI (3BC3/Bl M T'a30Bble TYMAHHOCTH), MPEJCTABISIIOT C00010 Tena of-
HO# 1 TOif Ke mpH PO;IBY, HAXOASIMeC A JIAIIL HA PA3TIHYUHBIX CTAIUAX PA3BY-
TH3I, OBUIO UPE3BBIUAHO IMMPOKO PACHPOCTPAHEHO Y)Ke B CAMOM Hauaje
XIX cronerus. Tak wampumep, Jlaniac, CBASbIBAs OTH HPEACTABIEHUS
CO CBOEH M3BECTHOH IMOOTCR0H O MPOMCXOMGIEHVH COJHEUHOH CHCTEMDI,
TONAraj, 4T0 ra3oBhkle TYMaHHOCTH, C)KUMAsCh, TIPEBPAILAIOTCA B 3BE3/Ibt
W YTO 9T¥ MOCJAeHNe IPOXOIAT ONPENEIeHHBIN )KUSHEHHBIH TYTh OT CBOEro
3apONIEHHs B BUHJIE SIPKUX 3B A0 CTAPOCTH H HOJIHOrO yracamus. Camo
co6oif, MOHATHN, uTO 3BOJIOLMA 3Be3J XOJDKHA COBEPHIATBCR HACTOIBKO
MEIVIEHHO, uTo HAGONeHME HAJ SBesIaMU B TeueHue BechbMa GONBIIMX
(C TOUKH 3PEHUS UCTOPHY JTHOMEH) NPOMENCYTKOB BpeMeNu MOMeT He 00ia-
PY)KUTL HYKAaKMX NPUSHAKOB M3MELIeHHH, COBEepIAIIMECA B KAKOM-THGO
orpeeIeHHOM HAMPABIEHUH H Aa)Ke BOOGUIE KAKMX GHL TO HU GbUTO H3Me-
HeHHH, eCIM He CYMTATH TAKTX CPABHUTE/IBHO DeJIKMX U BPeMEHHHIX HA-
HUIEHTOB, KaK BHESATIHOC BOSIOPAHNYE HOBBIX 3BE3M ¥ CPAaBHATEILLO GhICT-
poe ux yracanue. ToJBKO € ITON TOUKH 3PEHUST MOXKHO NMPHUMUPHTEL mped-
cTaeeHue o6 SBOJIONMM ¢ BUIMMOM HEM3MEHHOCTLID MHpPA HEHOJBHIKHBIX
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3Be3 B TEUEHHE BCEr0 MCTOPHMUECKOrO IEPHOAA. ARANOIHUYHEIX B3LJST0B
npugepyusancst 1 Buaeam leputeas. C TOUKH 3PeHyst THX B3rIsSAOB npef-
CraBileHHe 0§ IBONIOLMKM 3Be3J| He MOKET GBITh NOATBEPMIEHO HENOCped-
CTBEHHLIM HAG:TIONEHUEM, KO LOHKHO IPEACTARIATL Pe3yisTar Teopuu. B
cepepuie XIX cronmeTnsi Bonpoc 00 JBOJNINIMH 3Be3[, CBSI3LIBANCS YK He
TONBKO ¢ OOLIMMH COOBPAIKEHHAMU TYMAHHO-GHIIOCORCKOre Xapaxrepa,
HO ¥ ¢ TAKMM UPE3BEMATHO XOPOINO YCTAHOBJIEHHBIM HA OIBITE SAKOHOM,
KAK 3aK0H COXPAHEHUS HEPrHH, KOTOPAMY TOT[A BCE ECTeCTEOUCIILITATENH
Ge3 BeAKHX KoTefannil IpUAAAN XapaKTep abcomoTHO ofMwero u He JOmy-
CKAMIIEr0 HUKAKUX HCKJI0Ue HUH 3a1C0Ha npupognl. TaK KaK 3Be3nL UCNy-
CKAIOT B HPOCTPAHCTEO COBEPIIEHHO TDAHIHOBHEIE KOJMUECTBA JYUUCTOH
SHEePruM (TaKk Hanpumep, £ OpnoHa, IPeBOCXOAAIIAST B 9TOM OTHOINEHUM
BCE APYrHe M3BeCTHEIC HaM 3Ee3in!, ucnyckaer 5,3-10%7 apr. B cek., uto ¢o-
oreTcTBYeT MolgHoctH 7,1+1027 j0MAJIMHBIX CMJT), TO HA OCHOBAHHH 3a-
KOHA COXPAHEHHS SHEPUMM MOKHO MQUTTH K 3aKJIOUCHHUID, YTO ITO HCITY-
CKAanMe JYUUCTOM dHeprii HeMHHYeMO NPUBOIUT K HEIpePEIBHOMY HM3Me-
HEHMI0 COCTOSTHHST 3Be3JL B HEKOTOPOM OfHOM ONPEAETEHHOM HANPABIeHHH.
T. €, IPUEOMUT K 9Bonoiwn, Tak sanpusmep, 0. P. Mailep, oguH u3 0CHO-
paresiell YueHHsI O COXDAHEHHH SHEDIMH, BBICKASEIBAS TOT B3MJAA, UTO
MCTOUHMKOM JiyuucroHl sHeprud CoJTHLA SABNSIETCSl SHEPTHsl ABHMKEHHS
GECTIPEPHIBHO MAJAWIIMX HA €F0 MOBEPXHOCTE METEOPHTOB, LOIDKEH OB
Tem CAMBIM NIPUTTH K 3aK/IIOUerdio, uro macca COJMHUA HENPEePHIBHO YBe-
JNIMUMBAETCS. BBIUMCIEHHE MOKA3HIBALT, OJIHAKO, YTO €CJIM H3TyUeHHEM YHO-
CHTCST KAK PA3 BCS IPUHOCHMAS METeO PHTAMH 3HE PPHsT, TAK 4TO TeMIepaTypa
Connita ocTaeTest Ha NPUONH3UTENBHO CTALMOHAPHOM YPOBHE (KaK H 1y-
man Maiiep), To yBeiuuenne maccel CoNHL@ BHI30BET TAKOE yBeNHUeHHE
cKopocTH o6pamenns 3emnd BOKpyr COJIHIA, uTO KAKABLA Crlegyromui
nepHo ofpamenus Gyger Ha 0,0000064%, T. €. HAa 2 CeKYHABl MeHbIle
npefeinymero. Taxoe coxpareHHe ATHHBL rOga Oe10 OBl QUEHD JIErKO 3a-
MCTHTE M3 CTPOHOMUUECKUX HAOJIOJeHHMit, HO TeM HE MeHee OHO He mpo-
UCXOJUT, OTKYAA cnefiyer, uro runoresa 0. P. Matiepa pomxua Ouith
0CTaBNeHA,

Jpyroii Baraan Guin npeanoxen IeasMeoavyem v JOPAOM KeostHoM.
CorjlacHO 3TOMY B3IJIsiAy HCTOUHMKOM 9Heprum, u3myuaemoli Cosmuem,
SIBJISIETCS] MOTeHUMANBHAST SHEPrHsl NPUTSHKEHHST DAas)MuHbX uacreit ero
Macchl IéPYF K APYTY, SHEpPrHsl, KOTOPas JOMKHA ObITh BeTHIUHON M0psiKa

R rae G —nocrosinyas Tarorenus, M — macca ConHua, B — ero pa-

JUyC, M KOTOPAs yMEHBINALTCS IPH CKATUH COTHIA,, BHSLIBAEMOM TIOCTENEH-

HBIM NaJIeHNeM €710eB COMHuA K ero LeHTPYy. 3aMeTHM, UTO BeChbMa CHJlb:

HEIM aPryMeHTOM, KOTOPBIH MOMHO OBLI0 6Bl ¢ CaMOro Hauaaa BHICTABHUTH

NIPOTHE TAKOH TEOpUH, SIBJISIETCSE TO COOOParyKEHHe, UTO COBEPIIEHHO Hemo-

HATHBIM OCTAETCA MEXAHM3M, UPUBOMSIINE K HeoObmaHHOH medienrocmu
2

coKpamenns paguyca Conxua (13 q)c)pmynbe":J———gI‘?— crepyer AEcs
GM? 2
7 AR, uro npu AE=—1,2.10% apr., Gﬁ\?/l = 3,75 - 10% apr.

AACT EHErOfHOE COKpameHue paguyca CosiHUR Ha 3 MWITHOHHBIX RZOJIH

o
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NPOIEHTA, T. €. HAa 20 M), MOKAY TeM KaK [JONVHICHME O TOM, 4TO pas-
JIMYHBIE YACTH Macchl CONMLA Le HAXOAATCS B PABHOBECHH MO OTHOIIEHMIO
K AEHCTBYIOUHM HA HUX MeXAHWYECKMM CHJIAM, Z0JDKHO IPUBECTH K pE3-
EBIUAi110 GHICTPOMY M3MEHEHHMIO pa3mMepoB COMNHIE,

Jpyroe, He CTOJIL OUEBMAHOE, BO3PAYKEHUE IPOTUB (TUIOTE3E! CHATHSY
I'enpmronbiia-KeibBHIIa 3aK:H04ALTCA B CIeayiomeM. Tax KaK moTeHuaib-
HAs1 DHEDPIUsA NIPUTAYKEHNA PASIMYHBEIX uyacTelf Maccet CONHINA HHKOTIA He

w GM?
MOrna OBiTL M0JI0YKUTESIBLHOMH, TO BeMuMIia MOPsKa R 3,75 - 104 apr.
I0/DKHA OHITh BePXHNM MPEIENOM IS CyMMApHOFO KOJMYCCTBA JYURCTOMH
SHEPruy, NCNYyHIeHHOH COJIHIEM 3 Bech HepHO/ eTo cyLiecTBoBaHUsA. Ecu
IOOYCTHTD (CBUAETENLCTBA Te0jI0UM O KJIHMATEe JAJIRKUX TeONIOFUYECKUX
910X Kax §yATO MOATBEPHMAAIOT 3T0), UTO €)KerofHo ulnyuaemas) ComHIEM
SHEPIMsT HMeJIa, IPHMCPHO, OAXIIU TOT XKE OPSIIONK BEAMUHHEl KAK MUILTH-
OHBI JIET TOMY HA33/, TAK W Terephb, TO MLl HafigeM JUIA TIPOJOIKMTE /b~
HOCTH CyniecTBoBaHMA COHIA, HA OCHOBAHMM M'MIIOTESH CXKATHS, BEJUUNHY
TOPSAAKA HECKOJBKUX AECATKOB MHIIHOHOB MET, BeJIMYHHY, KOTOpAsl, II0
BEIDAXKEHUIO 3,'1,11P[HX“[0H8, MOYTH CTOJIB )K€ Mano YCTpaHBacT reoJioroB u
TIANIEOHTOJIOT OB, KAK U CPOKY, YKaZEBaeMble B 61O, (3ameTym, uTo Bo3-
pacT MUHEPaJI0B, BCTPEUAIONINXCA B 3eMHOM KOpe, MOXKeT OLIThL OIIpefesieH
U3 OTHOCHTENBLHOrO COJIEPXKAHUS B HMX YpaHA M CBMHIA WX rejust
CBUHIA, U 3TH OLEHKYM * NeraloT Aaty, ykasaHuylo lensmrosiblem 1 Kenb-
BHHOM, COBEPIIEHHO HEBOSMOXIIOH), ECau Mbl o6paTHMCs K ApYrUM 3Bes-
2

JaM, To U3 CpaBHEHUS UX

¢ aBCoMIOTHOM APKOCTBIO MH NONMyyaeM B

HEKOTOPHX CJY4asdx emie MeHbIIMe nudpbl; TAK HANPUMep, AJS IPOJDJ-
JKUTEJIBHOCTH CYHIeCTBOBaAHNA Kamesnp l'lOJ'Iy‘laETCﬂ BCErO JIKIIL HECKOJILKO
COT THCSY JET,

M3 Beex 9TUX COOGPAKENHIT BUTEKAET, YTO IMIOTE3a CIKATUS IPUBOLUT
K uepecdyp GHICTpO¥ 3BONIONMH 3B€3], ONPOBEPraeMoil H reonorHYeCKUMH
U aCTPOHOMAYECKMMH HAGTI0IEHUSIMU, U IOTOMY JI0J7KHA ORITEL OTOpOmIeHa

Oznnako acTponomasm X IX ¢rosieTs 970 GbIO JANEKO HE SCHO, N OHU
npofoBany pa3BMBATH TEODHIO CHKATHSI HECMOTpPS HA BCe ee NpOTHBOpe-
unsg. OcoGeHHyI0 pOJb CHIFpana B MCTODHH aCTPOQH3MKI T4 KOHKpPETHAs
(opma TeOpuM C)KATUs, KOTOPYW0 DA3PABGATHBAI AUCJMHCIMA ACTPOHOM
Joxaiep. Jokaitep TORAepHKBBAL TY TOYKY 3pPelist, 4TO B Hawame cBoel
9BOJUOLMK 3Be3MBl SIBIANTCS ra30BLIMH LUAPAMH, KOTOpHE NOJYUHAIOTCS
sakony Bojing-Mappuota-I's-JTlioccaka M HACPERAIOTCS] NpY  Jlyueuc-
IYyCKAHMA M C)KATHH, TMPeACTABIAIOUMIEM HANpaBjeHue HX 3BOTIOIUY,
Oninaxo, oHH 1€ PecTaloT BeCTH cefisi TAK, KAK TOJLKO [NOTHOCTb B UX 1[2HT-
PANBHBIX YACTAX MOHET A0 TAKUX 3HAUEHUEE, IPH KOTOPHIX 3AKOHBI HALAb~
HOTO Ia3a y)e NepecTaiT BHMOJHSATLCS ; IoCHe ITOro AajpHeiiee myve-
UCIyCKAHKE U CHKATHE yOKe COIPOBOIKIALTCS] He HArPeBaHMEM, & DXNAX.AL-
uvem. Takum 06pasom, ¢ Touxy 3penuss Jloxailepa SBOIOUHST 3BESH COCTOMT
U3 BYX 3TamoB: HA NEPBOM JTame 3Be3Abl COKUMAKTCA U HATPEBAIOTCA
(«BOCXOMAWAsA BETBL 3BOJIOUKMY), HA BTOPOM JKe [IPOZOJDKAIOT CHKUMATLES

* BQEIJaCT 3eMHOI KOPHI, COT'JIACHO ITHM OLEHKAM. HE MEHLUC MHJIHAPAA JIeTy
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4 OXJIAKIAKTCS («HHCXOIAMIAS BeTBE 3B0IOLUMUS); I 3TOM OHY TIPMHU-
MAIOT B 00PATHOM IODSJUKE T@ YK CAMBIC 3HAUEHYA TEMMEDATYPEl, KOTONHIE
ONM MPHHUMAJM PanbIie, HO Y)Ke He C TPEXKHMMU pasmepamli, a ¢ pasme-
PaMY rOpAs0 MEHbIMMHE. B nepsoe Bpems GONLIIMHCTBY aCTPOUOMOB 3TH
B3rnags Jlokaiiepa KasaiMch uHMCTOH CrerynanMed, Tai xaK HUKTD He
BEpHA B BOSMO)KHOCTL CYIIECTBOBABMS 3BC3, COCTOSIMX MNEJIMKOM H3
UEANIBHOTO ra3a, W TAK KAK CUHTAJIOCE COBEDINEHHO eCTECTBEHHLIM, UTO
UCLIYCKAHYE 1y YUCTON 9BCPTUM 3BE3NAMU JOJKHO 006513aTe/IbHO TIPUBOAUTD
K MOHIMKEHUIO0 WX TeMnepaTyphl. Bor nouemy B Xappapjcioil Kmaccudu-
KALMM 3Be3HLIX CMEKTPOB CHEKTPajIbHbE THIbI, COOTBETCTBYMOIME Goee
BBICOKOH Temmeparype, ObUTH HASBABE (PAHHMMH), & COOTBETCTBYIOMINE
Gosiee HMSKOH TeMmepaType — (03 HHMMUD.

B 1905 r. parcxuit acrpobusux 3. Iepyuinpyxz clienan OTKpHTHE,
BLIIBUHYEINee THROTe3y JloKaitepa na nepBoe mecto. OH llammes, uro Kpac-
HplE 3Be3pl MO3IHUX CMEKTPAJLHLIX THIIOB DACHPRE/IAINTCA Mo aGeosor-
HEIM SIPKOCTAM BECbMA ¢B0e0GPA3HO: & UMCHHO, CYHIECTBYIOT IBA 3HAUEHUA
a6CONMOTHBIX APKOCTEH, OT/IeJIEHHBIe MPOMEXKYTIKOM B HeCKOJIBKO 3BE3THBIX
BeJIMUMH, U BOIM3H 3THX JBYX 3HaueHWil aGCONIOTHRIX ADKOCTEH KOHUEH-
TPUPYIOTCs] IOUTH BCe KPACHBIE 3BE3JB, TAK YTO B MYCTOM IPOMEXKYTI(E
MEKILYy HUMH HA TIPOTSKEHMM HECKOJIBKHX 3BE3[HLIX BEIMUMH HEJb3s HAHTH
HM OJIHOM 3Be3jbl PACCMATPUBAEMOIO CHEKTPAILHOTO THIA.

B 1913 r. I'. H. Psccen (CLIA, TIpHHCTOH) A0BEDIIM? 3TO OTKPHITHE
TFepummnpysra, B pesynbrare ncciefopannit Poccena BRIACHHIOCH, YTO HA
ABYMePHOH AHArpamme (puc. 46), Tre Ha ocH afciMcc OTAOHKCHBI CIEKT-
paJIbHLIE KJACCH MIYM TeMMepaTyphl TIOBEPXHOCTH 3Be3Jl, @ HA OCH Op/iv-
HaT aBCOoMOTILE SIPKOCTH MM PAIMYCHI, MOYKHO MPOBECTH KPUBYIO JH-
HMIO, B GJIMSKOM COCEJCTBE K KOTODOH Haxepurca nojgabisomee GOMb-
JIMHCTBO 3Besj; OT 3Be3[ I[IO3AHMX CNeKTPAJbHBIX THIOB M GONBIIMX
aficontoTuplx Aproctedt («KPACHBIX [MIAHTOBY) KpHBAf WHIET K 3BE3Iam
PAHHMX THMOB NMPH MOYTH HeHSMeHHOoil a0CONITHOH spkocTH (A 3payuT
NpY YMEHbIIAOMEMCA pajnyce, TaK kaK abcomoTHas siprocTs L, T. e.
DHEPTUA, UCTTycKAeMasl 3Be3[10f B CEKYHIY, NPUBIUINTENLHO NPOTIOPIUO-
naspHa T4R?), mocie yero OHa BHOBb 3aBOPAUMBAET K 3Be3IaM IMO3HHMX
CreKTpanbupX THIOB (T. €. T BHOBB yMeHBIIAETCA), MPUUEM TTPOLOIKALT
VMeHbIIATHCS M R, & 311ayMT BecbMa OBLICTPO majiaeT aBComoTHARA 51PKOCTD.

Taxum 06pasom, OT «KPACHHIX THTAHTOBY uepes «Gelfble 3BE3pbIY KpH-
Bajx MIET K «KPACHEIM KaDJHKAM».

Mrak, 3Be3bl IOUTY COBEPIUEHHO XOPOIIO JOXKATCA B OHOMEPHBIH DAL}
NO3TOMY G510 GBI BecbMa COGIAZHHTENEHO OTOXKACCTBUTL IT0T DAL € MO-
CNef0BATEIIBHOCTBI0 (OpM 3Be3nHoW 9Bomommu. Taxk W caenan Paccen,
MpHueM 32 HANPABJIeHHE DBOMOIMU OH COBEPIICHHO eCTECTBEHIIBIM 0Bpa-
30M BRIGPAN TO, B KOTOPOM MPOMCXOTHUT YMCHBIEHHe DasMepoOB 3BE3J.
TaK KAK 3BE3JBl TEPBOil uaCTH KpPUBOH («KPACHEE TMFAHTHY) 06/141A10T,
KAK K TOMY BpemeHH yiKe BLLT0 H3BECTHO, BEChbMA MAMBIMHU € DeHUMU [LI0T-
HOCTSIMA (Temeph Mbl 3HaeM, yTO CPeJHAS MIOTHOCT TAKOLG (KPACHOTO
TUraHTa, KaK bBeTenbreiise uay Anrapec, B THCSUN pas MeHbIIe LI0THOCTH
armocfiepHOrn BO3LYXa), TO GO0 ECTECTBEHHO MPEINONONKUTL, YTO TAKHUE
3Be3jEl COCTOAT M3 WJeANBHOTC raza. ¥ (Genbix 3Be3i» MIOTHOCTL 3HAYM-
TeNbHO GONblue (MNOTHOCTL CHpHyca, HANPHMEP, B CPeRHEM COCTABIIACT
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0,4 2/cH®), no2ToMy GBLIO ECTECTBEHHO MPEJIONOKUTE, UTG 3Ta IJIOTHOCT
BMECTE C BHIBBAHWHBIMA €10 OTCTYI/IEHUSIMU OT 3aKOHOB W/ICATBHOTO [asa ¥
SIBJISIETCST MPUUKHOK TOT0, YTO TEMNEPAaTypa HAuyHHAeT yOuiBaTb.

Taxvm 06pasom, runotesa Jloxailepa ofenach INOTbI0 U KPOBBIO; B
Bufie Teopuu Paccena ona, Gnarogaps npocToTe M M3SIUECTBY, € KOTOPHIMH
efl ylaioch CrpyunipoBaTh psifl aCTPOHOMMEECKHX (JAKTOB BOKPYT BeCHMA
npocToii 1 HarnAmHolt miey, OHCTPO npnobpena cefe UPH3HAHME CPEXH
acTpoHOMOB. OfHAKO 3Ta TeOpwsi, MPeACTABIAIOMAS N0 CYHIECTBY Nefeny-

-
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Puc. 46.

E

Hy10 IeCHb TEOPHH CryxaTnst I'enbmrosla 1 jopaa Kenneuna, fomkua 6smna
HEMUHYEMO M OBICTPO HOTHGHYTH, TAK KaK OHA COJEPIKAna Crefyrue
TPH OCHOBHBIE AedieKTa.

1. Ona urzopupoBana Bonpoc 06 UCTOUHMKAX 3BEITHOI IHEPIUH, Wi
TOYHeE roBops, 6asnpyach Ha B3rsiaax Jloxaiiepa u wa Teopun I, Jleiina,
OHA TPH3HABAJIA MOTEHLMABIYIO DHEPrMI0 TATOTEHNA MCTOYHMKOM Jryue-
UCTyCKANUST 3Be3/Ibt, B TO BPeMsI Kax yyke ObII0 XOPOIIO M3BECTHO, YTO
STOT UCTOUHMK He croccOeH ofecreunTh 3Be3/ibl 3HEPIHeH HA BCe Te IpaH-
JMO3HBIE CPOKH, B TEUGHHUE KOTOPHX OHM CUsiOT. BMecTe ¢ runoTe30l Cixa-
THST OHA Pag/eNiAana TOT He[OCTATOK, YTO MEXAaHW3M, NPUBCAAMNH K cpaB-
HUTEIbHON ME[UIEHIOCTH CXKATHSA, OCTABANCH HENOHSTEH.

2. Owna COBepIUeHHO 3aKPHIBAJIA Fa3d HA TOT (AKT, uTO 3BE3HI, HAXO~

CrpocHuo BCUICCTBA 15
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ISIMMECs B LO3MHUX CTAJMAKX 3BOMIOIMH («KPACHHIE KAPAUKUD), 007aRAI0T
3AMETHO MCHBIIMMM MACCAMM, YeM SBeSAH, HAXONSIIMECH B DAHHMX CTa-
nsx («Genkle 3Be3/bl» N 0COOEHHO ¢KPACHBIE TUTAHTHIY).

3. Oua ne MOrJA BKJIOYMTH B CBOIO cXeMy «GeNiBIX KapaMKors (To 00-
CTOSITENBCTRO, UTO cuyTHuk Cupuyca, 061afias TURMUHOH KApPIHKOBOH
a0CONIOTHOI APKOCTLI), BMECTE C TEM HMCHYCKAET CIEKTP AOBOJLHO paH-
Hero TMa — Me>kay A u F, 610 OTKPETO I0am3om B 1914 1.).

Ha panbHefiinee paspuTue TeOpUM OKA3aJid OPPOMHOE BJHMsHME TAK Ha-
SLIBAEMAS] ¢TE0PHs IA30BbIX 3Be3A, KOTOPYIO pasBui 200unemon B 1916 —
1917 rr. 3ra Teopusi, OKAZABIIAACA BROCJEACTBHA OIMMGOUHOM, CHIpaia
GOJILIIYIO POJIb B PASBUTHH ACTPOQM3MKH, TAK KAK, HECMOTPS Ha CBOM) OIIM-
§OUHOCTE, OHA COAEHCTBORANA OTKPHITMIO HOBBIX (AKTOB. DAMMHITOH BhHI-
BesT 13 cBoeil (OmmOOUHOIH) TEODHH, YTO RJiA 3BE37, COCTOAIWX U3 MALANb-
HOr0 rasa, AODIKHO BHITIOJHATECS HEKOTOPOE COOTHOUIEHHE MEXAY HX ab-
COJIIOTHOM AIpKOCTERIO (06IIMM HCRYCKAEMEIM 3BE3/10H KOTIMUECTBOM 9HEPIUM)
M MX Maccoii: afcosiTHAS APKOCTE NIPMMEPHO NPONOPUHOHANILHA KYGY
macesl, EcaM 1og00pare KOIGGUIMEHT NMPOTIOPHHOHANBHOCTH TaK, UTO0H
KPMBAsI CBSIBH MEXIY SIPKOCTBIO M MAaccoif Mpolwia Hanpumep uepes Ka-
mesty, TO OGHAPY)KUTCS TOT YAMBUTENbHEIH taxr, ure Bce 3BE3H, 32
MCKTI0UeHHEM (elHiX KAPJIMKOB, JIOATCA HA 9Ty KPUBYI0 MJH 10 KpaidHei
Mepe BOAu3M OT nee. B NeficTEUTENLHOCTY DIMHITOH OXKUIAM, UTO HA KPH-
BYI0 JIATYT NMIib 3BE3AbI-THIANTH OT KPACHBIX A0 OesibiX 3Be3f, TAK KAK
COriacHo TeOpHH Paccena, TONBKO 3TH 3Be3BI M NMPEANIONATATIUCE COCTOS-
MMM M3 HReanbHOro rasa. Mz roro ¢axra, ure Hapsapy co SBe3TaMU-TH-
FAHTAMM TAIOKE W KPAacHHE KAapiukH (M BooGlie BCE 3BE3ABl KPOME TAK
HA3HIBAEMBIX GeJTEIX KAPJMKOB) NPEKPACHO JIErJIH HA BHIYMCTEHHYI0 KpH-
BYI0, DIAMHITOH 3AKMOUW, YT0 BCEe DT 3BESABI COCTOSNT M3 HARANLHOrO
ras3a, ¥ SHAUMT 33aBOpAYYMBAIMe KpuBo} Paccena, T. e. NEPEexOfl 0T BOCXO-
Asmell K HECXONAUeHl (B CMBIC/IE TEMIEPATYDH) BETBY 3BOJIOIMOHHOIG
PSIa COBCEM He OOBACHSIETCS HAUMHAKIMMHCS HA DY IEHUAMH 3AK0HOB Hig-
AJBHBIX [A30B. 32aMETHM, YTO YTBEDH(IEHHE, UTO BCe 3BE3AH, KPOMe Geskx
Ka&pJIMKOB, COCTOAT 3 HJEAJbHOr0 1'a3a, HUCKONBKO 1e HAXOAUTCS! B NIPOTH-
BODEUYHH € NX CPABHUTEIILHO BHICOKMMH IIOTHOCT SIMH, TAK KAK B AOHH30BAH-
HOM COCTOSIHMI MATepHsI MOYKET OCTABATBCS MASANILHEIM I'A30M M IIPH RO-
CTATOMHO GOJBIINX CHKATHSIX, BCJIEICTBHE YMEHbIIEHHsT 00beMa ATOMOB BO
MHOTO pas.

Takum 06pasoM, BrepBLie, COGCTBEHHO, Gbia OTGPOIIEHA THIIOTESA CKA-
THS B €¢ UMCTOM BHJE, KOTOpasi, coryacHo Jloxailepy, HEMMHYEMO TIPUBO-
AMNAa Obl K HATPEBRAHUIO, 4 He K OXJIAYKACHYIO WJIeAIBHOI0 [A30BOr0 1Wapa
B TIPOLIECCE IBOJIIOLMMI; €C/IH €1le MOYKHO ObLIO AOMYCTHTE (TAK MMEHHO H
CAeAA JAJMHITOH), YTO BOCXOAANIAA BeTBb SBOJIOLMH COBEPIIAETCA B CO-
IJIACMM C 3TOii IUmoTe30#l, TO HAUMHAN OT «(eNLIX TMI'AHTOBY, NEXKAIMX
B BEpIIMHE KPHBOH, H KOHUAS (IKPACHBLIMHI KA PIHKAMHS, HEOGXOTMMO ObIIO
JOIYCTHTE CYIIECTBOBAMME COBEPIUEHHO OCOOBIX UCTOUHHKOB 3HEPIUH,
BEIXOJANINX 34 NTPeeIH HPeACTARIE NI MHIoTe3k OKATHA. C 3THM dnanur-
TOH CONOCTABWJ TOT (AKT, UTO BHIUMCIEHHLIE HA OCHOBAHHHM €0 TEODHH
HEHTPANLHBIE TEMIEPATYPH BCeX 3Be3[ HHMCXOAAWEeH BEeTBH 3BOJIOIMU
oxasamuce Gmskryr k40 000 000°; oTcIoNa OH 3AKITIOUMI, YTO BPY TeM-
neparype oxono 40 000 000° Marepusi mpuoGpeTaeT COBEPUIEHHO 0COOHIE

¢ .



3azadxa ssead 227

¢30HCTRA, NMO3ROJAIILME eil HCTIONbL30BATL KaKHe-TO HOBLE ((IPH HU3IUX
TEMOEPATYPAX CKPBITBIE) HCTOMHMKH JIYUHCTOH SHepruM. B uem e stn
MCTOMHUKY JIYUHCTOH 3HEPTHH MOrAM Obl 3aKTIOYATHCH?

PaccMaTpuBas KPUEYI0 CBA3M MEXLY Maccoil u abcOmOTHOH APKOCTRI>
¥ COMOCTaBASIA ¢ Heil ToT (GAKT, YTO NPH IPOABIIKEHUH BLOIb BOCXOASALILH
yacTy PacceneBCcKoN 3BONIONMOHHOM KPHBOil a6COMOTHHE APKOCTH 0CTa-
10TCST TIOYTH HEM3MeHHEIMY, @ Ha HUCXOAswelt vactd sToff ske KpUEOH OHY
GLICTPO TAJLAIT, Mbl [PHXOLHM K TOMY HEH30eXKHOMY 3aKNIOUEHHI0, UTO
Macca 3Be3fibl OCTAETCS [OUTH HEMBMEHHOH Bo BpeMst Bocxoisilell wactu
SROJIOIMHE H HEYKAOHHO YMEHBIIAETCst BO BpeMsi HMCXOAAmed yacTh, s
dusuxa XX CT. 3TOT pesysibTaT HE MOT KasaTbCsl NAapafoKCalbHbIM:
Bellb V13 CNIeNVMAJIbHO TEOPHH OTHOCHMTENBHOCTH GBINO BBIEELEHO 3AKINOYE-
HHe, uTo GOTOHE 061aJA0T HE TOJIBKO JIYUMCTOH SHepruel, HO M Maccol;
TIOBTOMY €CJIM KaKoe-m16o Teno uenycTuo doron ¢ sueprueil fiv, T0 Macca
Iy
= Tax
KaK 3Be3jbl TIOCTOAHHO MCOYCKANT JTYYHCTYIO SHEPTHio, TO SICHO, UTO MX
Macca J0YKHA YMEHBINATBCHA, OpYYeM MCNYIIEHHOW JIyYucTOil SHepruu

JTOT0 TeNA RO/MKHZ YMEHBUIMTCH HA Maccy 2Toro OTOHA, T.e.Ha

AE COOTBETCTEYET yMEHbLIEHNE MacCH AM =z Taxk KaK yMeHbLIEHHE

MaccH NIpH mepexojie OT ORHOH crajguy 3BONIOUHOHHOM KpUBO#H K Apyroi
M3EECTHO, TO, IOMHOYKAS TIOTEPI0 MACCHI B rpaMmax Ha ¢2 = 9.10%°, Mpl 11o-
JIyuaeM YHCIIO 3PTOR NYy4MCTOH SHEPrUH, HCIYILIEHHOE 32 COOTBETCTBY MM
OTPE30K 3ROJIOLVHK; @ TAK KAaK BHICTPOTA HCIYCKAHHS SHEPIHMM U3BECTHA
(Belb 3TO €CTh He YTO MHOE, KaK alComoTHASE SPI-ACTh), TO MOMKHO BBIYHC-
JIMTB U TIPOJIOKUTENLHOCTE 2Be3/HON 3BoMmoLYH, Takum o6pazom JLAvHI-
TOH NOJIY UM ClelyIolylo Tabmuiy :

Hamencuue aGeomoTEoR Gogo-
METPHYECKOH 3BEIRHOR

VismeBeHHE maccHl (B mMaccax T1pOAOMMHTEABHOCTD
Couanna)
BeAMTIHHB

HAMEHEHHS B MADR. AT

—5,0 Orco  no 35 38
O1— 5,0 mo— 2,5 . 35, 10 65
. 25, 00 L10 . 37 214
. 0,0 , 2,5 . 37 . L73 930
B 25, 5,0 . 173, 092 5210
. 50 , 7,5 . 092, 053 36300
.15, 10,0 S 053, 031 281 000
. 100, 125 . 031, 018 2190 000

3ameTuM, uTo 3TV LMGPH He CBsI3aHH 0653aTeNbHO ¢ IAAMHITOHOBCKO
TeopHell BHYTPEHHero CTPOGHHS 3BE3J; OHH BHITEKAKT TOJBKO U3 TOrO
€/IMHCTBEHHOTO TIPEATIONOKEHNUA, YTO, HU3NYYasi JIYuuCTyl0 SHEPTVI0 B KO-

A
Jimuecrie AE, CHCTEMA N0JDKHA YMEHBHIATBCS BMacce Ha Maccy = 3TOo#

Jy4ucTOl SHEPTHH ; MHBIMH CJIOBAMHM, 3Ta TAaGIWHA CJIERyeT TONLKO 3 3a-

KOHA COXP2HEHMS MAcChl WM, €CTM YTOLHO, M3 3aKOHA COXPaHEHUs JHEp*

riu. V13 cpaBueHMA 3TOH TAGTHLLE C TEOpHEl CKATHS MBI BUHM, YTO NOTEH-
*

“
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HMAMbEas dePris TATOTEHHS CMEXOTBODHO Mand 10 CPABHEHHIO C W37Yy-
YaeMBIMU OFPOMHLIMY KOTHUECTBAMH OHEPrHH; TaK Hamnpumep, UpU mepe-
XOZ€ OT COCTOSIHUSI, B KOTOPOM Tenepb Haxogures Kanemna (M =3,80),*
K Temepelunemy cocTosinui CONHIEA 3Be3ja J0JDKHA morepars 2,80 =
=5,5-10%¢, r. ¢. 5+ 105 3pr 1y uncTOM SHEPruY ; MEXKAY -TeM Ha OCHOBAHUH
TeopuH Cykatusi COSTHIe, KAK Mbl BHJENH, 33 BeCh MEPUOR CBOETO CYILECT-
BOBaHHS MOIJI0 UCHYCTHTH He Gosbmie 1049 apr. 3ameTum TayOKe, UTo ecii
bl BO3HMKHOBEHHE 3Be3J M3 JIO3BC3RHONG COCTOAHHS (ra3o0BblX TyMarHO-
creif) MPOMCXOBUIIO M Tereph 1 ecii 66l TaKuM 06pasom Haceenue 3se3h-
HOMl cuCTeMBI MOrno GhiThb MPUONTH3UTENBHO CTALMOHAPHHIM, TO OTHOCH-
“TeJIbHBIE KOJIMUECTBA 3Be3fl Ha DAa3TUUHBIX CTARMAX OBomionud Oblmd Gbl
[POTOPIHOHANBHB TPOJIOJKUTEABHOCTAM 9THX Ccragni. Ecan nomoxurd
B OCHOBY mociefHult cronfen Hamelf Tafmusl, TO pacnpejefieHue Be3K
Muneuroro Tlyrtu mo aGCcOMOTHEIM APKOCTAM B oIIMX yepTax COTJIACYeTCa
€ TaKuM [IPeANOT0YKEHHEM, X0TS i HeJb34 ellle YTBePHaTh, UTO 3T0 COBMa-
JeHue He cnyvaiino.,

Uro e moxeT GHITb HPUUNHON CTOAR OFPOMHOTO YMEHbINEHHST 3HEPrul
3Be31? Korna GbUIM OTKPHITHL ABMEHHA PafMOAKTHBHOCTH, (M3UKY Briepeble
CTOJIKHYJTUCH C MIPOLIECCAMH, B KOTODHIX BBUIENCHHE IHEPIHM, OTHECEHHOE K
eTMHHUI[E MACChl yuyacTBYIOIUX B Mpollecce aTroMoB, OKA3bIBAETCA COBEP-
UIEHHO OTPOMHBLIM I10 CPaBHEHHI0 C AHANOTWYHBIME BEJTHUMHAMM AJIS BCEX
H3BECTHBIX XUMHUCCKMX Tiponieccos. Eme Gosiee 3HAUMTEIbHOE BhIlEEHNE
SHEPTHH OJKHO HPOMCXOAUTL NIPH TeX TEPEBIX NPEBPAIIEHUsAX, KOTOPbIE
XOTs1 ¥ He OBUTM [0 CHX MOP HENOCPENCTBEHHO HAGMIONAEMBI, HO MOTYT
GHITH B OHEPTeTHUECKOM OTHOUIEHMHM PAacCuyMTaHbl HA OCHOBaHMM TOYHOrQ
usMepenysi macc. TaK HAMPUMEP, UYETbIPe HEHTPATbHEIX aTomMa BOAOPOAA
[OCTPOEHB M3 TeX K€ CaMbIX 97eMEHTOB (UeTHIPEX MPOTOHOB M UETHIpEX
NEKTPOHOB), U3 KOTOPHIX NMOCTPOEH HEHTPATbHBIE ATOM resusT; TeM He
penee, eC/IM NPUHATL BEC aTOMA reJiisi 33 4, TO BeC UYeTHIPEX aTOMOB BOs
xopona Gyner pasen 4,03. JIeTko pacunrtath OTCHONA, 3HAST MACCH aTOMOR
B IPaMmax u [M0L3YACh COOTHOMenHem AE = ¢2AM, uro npu coefuHEHHH
YETHIPEX ATOMOB BOJOPONA B OfMH aTOM Tesidsl Bhilessercst okomo 3.107
INIEKTPOH-BOJILT SHepPrun. Meyxxay TeM dHeprusi, Bhijle/IsicMas IPH 3K30-
TEPMMUECKHX XUMHYECKHX DeakliHax, OObIKHOBeHHO ObiBaer nopagka
BCETO JIHWIbL HECKOMbKUX BOJLT HA Ka)KAYH NPOPEarupoBaBIIyi0 MO-
nekyny. B mepBoe BpeMsi MOCJE OTKPHITHS PaAM0AKTUBUOCTY TONATANH,
YTO WMEHHO TaKoro pOJA NpPOLECCHl M MOTYT OBACHWTH MPOHCXOMK-
NielTe OTPOMHBIX KOJTMYECTB DAaCTOUReMO{ 3Be3fiaMu sHepruv. JIerxo Bu-
ICTh, ORHAKO, uTO 3T0 He TaK. Ecimr 6Ll 3Be3fia, paBuas 1o macce ConHuy,
COCTOANA M3 YMCTOTC BOROPORA, TO MDU CONUIEHMM €T0 B reluii Morio
Obl BEIICIUTHCS KOMMUECTBO JIVUMCTONH OHepriM, COOTBETCTRBYyIOWIee He
Gonee, uem 19, macest Conna (1% maccest Connua pan st 1,8-10% apros,
uT0, KOHEUHO, B ThiCSUY pa3 Go/blle, YeM B COCTOSHHY JATh FUIIOTE3a CHKa-
THS, HO BCe >Ke B COTHU PA3 MEHbIIE, YCM JODKHO GbI10 BbIIETUTHCA B BULe
M3NIYUeHHS TIPU 9BONTIOLMK oT Macchl Kamenusr k Macce Comnna). Tootomy
CAUACTBEHHLIM RHIX0/0M U3 3aTPYAHEHUS Ka3amach MHMoTe3a, KOTOPYIo ele
B 'HAYAsTe OTOTO CTOMETHS (XOTS M HE B KOTHYECTBeHIOH dopme) mpefso-

* 3HaK © 0BUBMAUAET |5 HCTPOHOMUM mMaccy COHUA,
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KU JHCUAC 1 KOTOP2A 32KJI0Y2ETCS B TOM, YTO B KAKUX-TO HEM3BECTHBIX
HAM YCJIOBUSX, NMOBUJAMMOMY N2pSIINX B HeLpax 3Be3jl, NPOTOHBI MOTYT
COCHHATLCS ¢ 9MEKTPOHAMM, NPCBPAIASCH NpH 3T0M B (oToHu. Ecan
KHHETUHECKOH BHEPTyelf M KOJMMUECTBOM [ABHKEHHS 3JEKTPOHOB M 1IPOTO-
HOB MOXKHO npeHeOpeub, TO U3 3aKOHA COXPAHEHHA KOJMMUECTBA IBHMEHHA
M MACCBL RLITEKAET, UTO CIUsIHME NpoTOH2 (Macca M = 1,66-1072%2) 1 anex-
TpoBa (Macca m = 9,03 1072 2) OMKHO NPUBECTH K NOSIBJIEHHIO [BYX
ABIKYLIUXCA B NPOTHUBOIONOKHME CTOPOHB (JOTOHOB ¢ JHepruedt v =

=7 (M ~-m)c®=4,7-10° BonpT, YTO COOTBETCTBYET JJIMHE BOJHEI B

2,6 10713 em. .

Texomy nponecty GbIMO N2HO HECKONBKO HEYNAYHOE HASBAHHE ¢yHH-
YTOXE HUS MATEPHUD (HEY/lAuHOe TIOTOMY, uTe (JOTOHBI GbUIO Gbi BeChbMa pa-
3YMHO CUMTATh MartepHed, KAK W MEKTPOHEI ¥ HPOTOHBI, @ [O3TOMY pac-
CMATPUBAEMBIH FMIOTeTHUECKHI npotece MoykHO Gbino Gb! OmHCATH B TOM
CMbICJIE, UTO OfHA (IOPMA MATEDHH —- JJIEKTPOHBl H TMPOTOHHEI — MNEDPEXO-
JMT B IPYTy0 GopmMy — QOTOHEL, TpHUYUEM MACCA H SHEPTHsl INEKTPOHOB M
NpOTOHOB CTAHOBMTCS Maccoif u aueprueit Qorowor). Tem He meuee 3THM
HCYAAUNEIM HA3BAHMEM «YHHUTOMKeHUe MaTepuns (annihilation of matter,
Zerstrahlung der Materie) mMbl GyzeM Monb30BATLCS, TAK KAK BCe K HEMy
NPHBBIKIN,

3aMeTuM, 4TO HMKTO HUKOIJA He HAGIONAM «YHUUTOIKEHUST MATEPHHY B
YC/I0BUAX NaGOoPATOPHOro OMBITA [Z)Ke M B CAMBIX MAJBIX pa3Mepax; * ue
CYUIECTBYET J@XKE M KOCBEHHBIX [OKA3aTeNLCTB TOr0, 410 3TOT NpoHEce
neHCTEMTe/IbHO TMPOMCXONMT B mpHpose. Tawum 06pazom, AJIsT LONYINEHUA
BO3MOYKHOCTH IIPEBPALKCHHS BNEKTPOHOB ¥ NPOTOHOB B (JOTOHLI HET HHKA-
KHX OMNMPUUECKHX OCHOBaHHMiK. TeM He MeHee Hesb3st CUMTATH HEBOSMOIK-
HBIM, uTO B umcie 3eKTOB Elie HE OTHPHTON «PenATHBUCTCKOM TEOPHH
wBaHT» OyleT W NpeBpallicHHe 3JEKTPOROB M NPoroHoB B ¢oToHL. Ecnu
MBI CTA1IEM Ha TOUKY 3peHHs JNAUMHITOHA, COrNacH0 KOTOPOi B J[CHT PabHEIX
YACTSX 3Be3fl TeMIEPATypa BEIeCTBA HE ITPEBbINAET HECKONLKO [ECATHOB
MHJITHOHOB I'PAZYCcOR, To GYAET BechbMa TPYAHO MOHATH, NOYEMy NpH 310l
TEMITEPAType, MPY ROTOPOii CpeRusis TeM/OBask SHEPIHsl YaCTHI OCTHTALT
JIMIIb HECKONBKHX THICAY BOJBT, MATepust [0JDKHA NpHOGPETaThL KaKHe-To
ocofeHHbIe ¢BOHCTBa, [103TOMY MBI yTBE PIJIAEM, UTO €IMHCTBEHHEIM DA3yM-
HBIM OCHCBAHMEM AJIS TOH MMNOTe3H, YTO B IIEHTPANBHBIX YACTSX 3Besf
ONIEKTPOHB M MPOTOHBI NPEBPAINAIOTCS B (JOTOHHI, JUIMHA BONHBI KOTOPHIX
3aTCM IpH MyTEIIeCTBMM K NOBEPXHOCTH 3Be3Nibl BCe BPeMst pacter Onaro-
napst Komnror-3¢dexTy u dotoaddexry, ABNseTCA Bepa B 3aKOH COXpa-
HeHH$ MAcChl (JHEPIruM) M, CIIe0BATENBHO, B TO, UTO OAHOMEePHbIH PA 3Be3]
eCcTb IBOJIOLUMOHHBI psifl. A TAK KaK B HacTosAulee Bpemst MBI yGerKaeHLI. B
TOM, UTO BHYTPM 3BE€3AB HADAT KAKUE-TO 3araTOUHHE YCJIOBHA IPUMERH-
MOCTH DENATHBHCTCKOM TEOPUH KBAHT M TAK KaK HeT HHKAKHX OCHOBANHH
MOJIaraTh, UTO 3AKOH COXPAHEHHST MACCHI (MM OHepruM) BepeH W B 06nacTu

* B camoe IOCTeIHee BPEMs, KAK MBI 3HAEM, YA2JOCh HaGAo0NaTh aHHHFUIAUNID
MOSHTPOIOB, OTKPBLITLIX AHEPCOHOM H BABKKETTOM ; OfIHAKO 3TY aHHUTUIALAIO CHCXYET
OTIHYATE OT TOIO THIIOTE THYECKOTO HPEBPAIEHIA BICKTEOHA H IPOTOHA B Napy (JoTOHOB,
© KOTOPOM FOBOPHTCS B TEKCTE. ;

£
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PENATHEUCTCKOY KBAHTOBOM TEOPHM, TO eIBUCTBEHHOE PA3YMHOE OCHOBA-
HUE CUHTATb YHUUTO)XKEHHe MATEPWH» UCTOUHMKOM OSHePruM 3BE3JAHOr0
M3NYUYEHNs] CTAHOBHTCA upe3BhluaitHo MaTkum., C TOUKM 3penust (UBHKH
Kasasnoch Obl GOJIeE eCTeCTBEHHBIM, [/ TOr0, 4roGbl OPHEHTHPOBATHCS B
aToit 06acTH, 06paTHTECS K KAKOH-HUGYb aHANOIMH, OTHOCAILEHCA K TOH
e camoil 061acTd PeNITUBHCICKON TeOPUM KBAHT, T. €, OTHICKATh CPeIH
0fHAPYIKERHBIX HA onbiTe 9 KTOB PeJIATUBMCTCKOM TEOPHY KBAHT TAKOH,
KOTOPELH MOT §bI OGBSICHUTE BOSMOXKHOCTb M3JTYUCHUS 3BE3/IAMU OTPOMHLIX
KoJivdects 3peprun. Taxo#t nyTe M u36bpan Hunse Bop (1931 1.).

Hunse Bop, Kak Mbl 3HaeM, TOJIKyeT onblT Jytuca u Bycrepa B TOM
CcMpICJie, 4TO B-pacnaj PAAHOAKTHBHEIX S p CONPOBOKIAETCS, MOBUANMOMY,
HAPYTICHHMEM 3AKOHA COXPAHeHTis snepruu. [losromy Bop sapaer sonpoc,
He W3JyualoT JIH 3Be3fIbl 6J4T0aps ToMy, UT0 B UX IIIyBOKUX CII0SX NPO-
HCXOMT HApYHICHHE 3aKOHA coXpameHust suepruu? He npeacrasnser m
3Besfa ruranTcKuil perpetuum mobile mepsoro poga? Hexoropoe yrouwe-
HHE mONywaia 31a Tunoresa B padote JI. Janday (1931 r.). Jlangay sxe-
JIaeT HajiTh PUIMUECKYIO MPUYMHY TOTO0, YTO B EHTPANIbHEIX YACTAX 3BE3[
UOABIIAKTCS 00J1ACTH, B KOTOPHIX He COONI0AaeTest OOLIYHAS BOIHOBAS Me-
XaHMKA (OH HA3BIBAET 3TU OGNACTH «ATONOTHUECKUMH oGnacTsamu»). s
ITOr0 OH PACCMATPHBAET T'a30BEHIA IHAp, COCTOAUIMEA W3 AAEp U U3 JMEK-
TPOHOB, KOTOPHIX Topa3fo Gosiblle, uem siiep (BCe aTOMbl HOHUBOBAHLI
10 T418). MOYKET JiU TAKAs CHCTEMA MPUTTH B COCTOSAHME PABHOBECUS, H3ITy-
uMB TIPM 3TOM BCI0 SHEPTHIO, KOTOPYH BOSMOXKHO GBIO M3My4uTb, T. €.
UPUHSB TEMNEpPATypy aGCOMOTHOrO HyJsi? OxA3bIBACTCS, UTO €CIM NPOHS-
BOJIMTL PAacueT MO [PABUAAM BOJIHOBOH MEXaHUKM, TO TaKas CUCTeMA
MOJKET NPUTTH B COCTOSTHUE PABHOBECHS JIMIIDL B TOM ClIyuae, ecriu ee Macca
He MPEBHINAET HEKOTOPOTO KPUTHUECKOI0 3HAYEHHS, KOTOPOE M0 BBIUKCIIE-
HusiM Jlanpay cocraBasier oko10 1,50, TTostoMy ecid Macca 3Be3bl npe-
BHILIAET 3TO 3HAUEHHE, TO, CTPEMSCD NepeifTu B PABROBECHOE COCTOSIHUE, OHA
HeH30KHO GYACT CKUMATLCS 10 TEX NOP, MOKA B €¢ LEHTPANBHBIX YaCTAX
He MOSBATCS HACTONBLKO GONbIIME YIIIOTHEHMS, UTO 3AKOHbI BOTHOBOH Me-
XaHHKH B HuX yxxe He OynyTt Gofee coGniomaTees. B wawdioit sBesme ¢
maccolt >> 1,5 © TakMe «naTONOTMUECKHE OGNAcTIy 0043aMeAsHo TOTHKHBI
BOSHHKHYTb, A TAK KAK MMEHHO B HMX M NMPOMCXOAAT MPOLECCHl, MpH
KOTOPLIX BOSHMKACT M3/IyuaeMas SBE3JAMH 3HEPIUsi, TO BEPOSITHO OHM
TODKHBL CYLIECTBOBATH M BO BCeX MPOuHX 3BeagaX (¢ maccoit < 1,5 ©).
Taronornueckyio o6nacts Jlaupay npeicTasnsier cebe B Bufe sjpa ¢ OI-
poMHON MaccoR (6HTL MOYKET, IOPSAKA IUIAHETHRX MACC WM F2KE Macc
3Be3[T), KOTOPOE BO BeeM MOKOGHO SAPAM ATOMOB, XOTS BEPOSITHO 0Gnajiaer
HIUTOKHBIM (ATOMHBIM HOMEPOMY [0 CPABHEHHIO CO CBOUM OT POMHLIM 2TOM-
YEIM BECOM. 31O AAPO BCe BpeMsi UCDYCKaer @-NyuH, T. €. BHIOpacmhiBaeT
SAEKTPOUBL GF POMHOM CKOPOCTH ; BCACHIBAS JKe 00PaTHO IMEKTPOHBI MEHL-
8Iefl CKOPOCTH, OHO BOSBPAWIAETCA B MEPBOHAUANBHOE COCTOSHME, MPHUEM
noNyueHHbIT TAKMM 06PA30M BHIMIPHII B 9HEPrUM 3BE3fA YMOTPeGiseT Ha
usnyvenue. TAKOR MEXanRU3M MOXKET W He NPHBOIMTb K IBOJIONMU; eciiu
SBOJIIOWUS 3BE37, MPOMCXOAUT, TO OHA OOLICHAETCS KAKHUMH-TO APYrHMU
(BTOPOCTENEHHBLIMY C TOUKM 3PEHHMS ONHCAHHON TEOPUH) MPHUMHAMU,

PenKo enyuaercst, uTo BOMpOC, KASABWNHCH CPABHMTEILHO SICHBIM K
GIHUBKUM K DA3PEUIRHUI0, ¢ TAKOH GHCTPOTOM NPUXOUT B COCTOSIHHE NOUTY
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TIOJIHOM HESICHOCTH, KAK 3T0 CJIYUHSIOCH ¢ BOTPOCOM 00 SBOJIOIMM 3Be3N U
0 BHYTpeHHEM WX CTpoeHun. Cpeau 0Gi0MKOB Teopuit, ele HeXaBHo Hpex-
CTABJIABIIMXCA CTONb ROCTOBEPHLIMM, BOJBLILIAETCS OZMH JIMIIL TBEPHO
YCTAHOBJIEHHDIMH, XOTA 1 BOMeAWHAH B HAYKY «KPUBBLIMH IIyTSIMMY, SMITHPH-
UeCKHH (PAKT, & HMEHHO TOT, UTO 3Be3fbl 06PA3YIOT NPUOIH3NTELHO OXHO-
MepHHH psd, T. €. UT0 MX CBoHCTRA (cHEKTpaNbBBM Kiacc, afcosoTHast
SIPKOCTD, PASMEPBL K T. /1.) 3aBHCSIT OT OHOI'0 JIAILL NapameTpa (Hanpumep,
MAaccul). B HACTOsIIEE BPeMsT MOXKHO IPUAEPHMBATBCS OJHOM U3 IBYX CJle-
JAYWIIHNX TOYEK 3PEHHS.

1. OnuomepHeli psA 3Be3x He SBJISETCS 3BOJIOLUOHHBIM PSAOM, &
CBSA3AH JININB € TeM (JAKTOM, UTO AAHHAS MAcca 3Be31HOTO NMOPSAAKA BeJH-
YWHE! IPUXOJAT B ONpPee/IeHHOe NON0XKeHHE PABIIOBECHs (PASIIMYHS B XH-
MIUECKOM COCTABE MTPAIOT JIMIbL BTOPOCTENEBEYIO POJb); B 5TOM MOJIOXKe-
HUM PABHOBECUS B 3B€37¢ BOIHMKAIOT 06/1acTd, B KOTOPHIX [AEHCTBYIOT 3a-
KOHBI PeNIITUBUCTCKOH TeOPUY KBAHT ; 3BE3)A, M3NyYas 3ePruio, ocraercs
B OAHOM ¥ TOM )K€ HEH3MEHHOM COCTOSIHI,

2. OnuoMepHBIH A 3BE3R €CTh B TO HKE BPeMS SBOJIOLMOHHEI psi;
Macca 3Be3/ibl GecrpephIBHO yMEHBLIIACTCSI B TeUCHIE DBOJIIONMH ; * B 3Besze
CYWECTBYIOT 06JIACTH, K KOTOPBIM NePecTalor ObITh NPHIIOKUMBIMH O0bIU-
Hbl¢ (M3MuECKUe Teopuu; B STUX OGNACTAX NPOUCXOAHT HApeBpallleHue
BJIEKTPOHOB U NPOTOHOB B (DOTOHBI; HEUBBECTHO, MOYKHO JIU yTREPIKAATh,
UTO HEPIUSI IPH ITOM COXPAHFETCH, T. €. UTO UINYUESHHAsT 3BC3AOI0 BHED-
rusA [efCTBUTESIbHO DPABHA IPOM3BEJIEHMI0 KBAAPATA CKOPOCTH CBeTa Ha
yMenbIleHHe MAcChl 3BE3MHL

Onsum U3 yKasaHWii Ha TO, UTO CO 3BE3TAMU MOTYT HPOMCXOAUTH 3Ha-
HUTeNbHBE M3MEHCHUS, SIBJIACTCS CYINECTBOBAHUE TAK HABHBAEMBIX (HO-
BBIXP WJIM (BPEMEHHBIX® 3Be3/l, KOTOPLIE BHC3ANHO SHAYUTENLHO YBENHYH-
BAIOT CBOM APKOCTD, MNOCNIE Uer0 NOCTENEBHO BHOBL BO3BPAIAIOTCA K IPEXK-
HeMy 3Hauenu1o abcosmoTHol siprocti (Cmpammon). Tak KaK npuoTOM HX
CICKTPANBHBIH KJIACC CTAHOBUTCS IOpasso 60Iee ¢ PAHITUMS, UeM JI0 «B3PBIBA»
TO MOXKHO 3aKmounts (Muan, Iepacumosud), uT0 pasMepbl 3Be3k 1OCKe
TOr0, KAaK OHU NPHIUTM B HOBOE COCTOSIHUE PABHOBECHS, rOpasyio MeHblle,
ueM A0 B3peiBa. OcHOBBIBasick HA maHHBIX CrpsrroHa (Handbuch der
Astrophysik, Bd. VI), Munn pacemaTpubaer cnefiylompi TMIMYBBIE Crty-
4aff: 710 B3pbIBA CHEKTpASbEBIL TH F, Temneparypa T, = 8 000°, aGco-
NIOTHAS SIPKOCTD L CBs13aHa ¢ paauycom 1y hopmysioil Ly = 4ror 2T#; noce
B3PbIBA M NPAXO0A B PABHORECHOE COCTOSIIIHE CIEKT PAJIbHBIi K1ACC «pAHHMIE
Oy (unu . Bas. tin Bonnda-Paiie), uto Aaer mpumepro Ty= 40 000°, ag-
COMOTHAs APKOCTL L = dwor 2Ty %, Orclofa clepyer, eciu JONyCTUTh, YTo
L, w L, nonGmu3nTeNbHO DABHBI. KaK W TOKASHEBAET HA(MomeHMe, wro
1;2Ty% = rg¥T,% oTKy/la OTHOWICHKE NIIOTHOCTH p; 3Be3Mbl, Npuiliepmeit B
paBHOBeCUE (ex~nova), K TUIOTHOCTH p, 3Be3ful A0 B3pHBa PABHO (NMpeHe-
OperasiMACCOH, GLITL MOXKET, OTPLIBAIOIMXCS] TPH B3PhiBe uacTeii 3BE37bL):

P T /TI\G_(4O 000)“_ —
Po _rl“’_\To)“\ 8000, :
¥ Ecad psax 38e3f (¢KPAcHse THIaHTHA—«GeIble FHTAHTHY — ¢KPACHHIE KAPITHIHD)

£CTh IBONIOMMOHHEIE DAA, TO CTpaHHo OLmo bl nymars UTO HENDPASALHNE IBOTIOLMY
MOKET GRITE HIIRIM,
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[ToaToMy MOIKHO CUMTATL, YTO MBI MHOIAA AB/AEMCA CBHAETENAMH BHe-
3aMHOro NEpexoja 3Be3fbl U3 CTAfMM «KPACHOr0 KapJIMKay MJIH «TUTAHTa»
B crajui «0enoro xapiukas. QMHAKO CyIIeCTBOBAHWE TAKHX IEPEXOAOR
HE SIBASIETCSl AOKA33TE/NbCTBOM CYUIECTBOBAHMA 3Be3fHOH SBOSIOLMH B
O0OLIYHOM CMLIC/e CJI0BA. Befb YmOMsiHyTHlii 0HOMEpIBIi Dsf 3Be3py HE
ABJISIETCA eIMHCTBEHHLIM ! GeJIble KapJMKH, KaK Mbi TOBOPHIIM, HE JIOMKATCS
Ha KPUBYI CBA3H MEXAY SPKOCTBIO M MACCOH, KOTOpYIO NpOBen SLIHHT-
ToH, OTCIOHA ClelyeT, 4T CyUIeCTBYET MO Kpakinedl Mepe ABa, a MOXeET
OLITh 1 GONTBHIe, O(HOMEPHBIX PSIAOB, T. . HAHHOH APKOCTH W JAHHOH Macce
COOTBETCTBYET He 0fiHA PABHOBECHAS KOH(UIYPALHA, & HECKO/ILKO, IPUUEM
HAUDOAEE YCTOHUMBRIE U3 HMX Te. KOTOPHIE COOTBETCTBYIOT CAMEIM MajleHb-
KUM 3HaUeHMAM pajnyca. B3phiB HOBEIX 3B€3)( U LIPE/ICTABJIAET TaKO0# ¢CrIOH-
TaHHBIAS NEPeXoj, OT MeHee YCTOWUMBOTO K Gonee ycrofunBoMy psiLy,
pUYEM COBe PIIeHHO (e3Pasnuyi0 — ABAAKTCA JH 3TH DALl SBOJIOUMOH-
HBIMM HJIM HeT. 3aMeTHM, UT0 B BOMPOCE O TOM, UTO MMEHHO NPOHCXOANT HA
CaMOM Jieie IPKU BO3IOPAHMM HOBOH 3BE3AHI, CLIE HET A0CTATOUHOMH ACHOCTH.
CoBepIeNHO 3arajl0OuHEIM NPEACTABIISIETCS HanpuMep M3pelKka MPOHCXO-
AsliEe B OTAANEHIEX 3BE3NHRIX CKOMJIEHUSX BO3MOPAHME TAK HAIHBAEMBIX
«CBEPX-HOBBIX#, KOTOpHIE OGLIYHO MOYTH HA [eCATh 3BE3LHLIX BEJHUYHH
sipue OGLIKHOBEHHBIX «HOBLIXS., VICTONKOBAHME 3TOrO SIBNEHHA BEPOSITHO
MPUHECET MHOrO HeowHAAHHOCTeH U (uanke. TloaToMy BOmpoc 0 3pe3NHOH
9BOJIOMIIM CJIElyeT NOKA CUMTATb COBEPIICHIIO OTKPHTHM. Harasa v3 apyx
YKA3AHHBIX BOSMOIKHOCTeH Ha CAMOM Jejle MMEeT MECTO, AOJIKHO DellMTh
Gynyiee,

KOCMOJIOTHYECKAA NTPOBJIEMA

TlousATie BCeNEHHOH, KOCMOCA, COBOKYMHBOCTH BCEX CYIIECTBYIOIMMX
NPOLECCOB M Belllel NPUHRINEXMT K 4MCNly ApeBHeMIONX noHATHil (uio-
copmu, CTpemsienne N03HABATL BHELIHWH MHD NPOABASETCS Y UENOBEKA
HE TOJIBKO B TOM, UYTO OH CTPEMUTCSI PaCIIMPHUTL CBOH Kpyrosop, T. . BH-
JeTh, 0CS13aTh M CJIBIIATE KAK MOXKHO 60nblile BCINE(t, 10 T4K)Ke W B TOM,
4TO €My XQUeTCsl y3HaTh no Kpafine#t mepe B 00mMx udeprax o cBolfcTBax
COBOKYNHOCTH 6C€X BEWICH, B TOM UYMC/IE M TeX, KOTOpHE OH HUKOTJIA He
CMOYKET YBUETS.

Bo3MOAHOCTL TAKOrG CKAUKA COBCEM HE OueBMiHA a priori, Tem He
MCHee J@anKe COBePHIUTh 3TOT CKAUOK HACTOJBLKO BENMKO, UTO, €CJiH
YeJIOBEK HE MOMKET MPHTTH K ONpeeIeHHbLIM B3rIANAM HA CBOHCTBA BCe-
JIeHHOH MOCPENICTBOM JIOFHYECKHX YMO3AK/0UeHUit, 0H 06HIUHO eNnaeT ST
CBOKCTBA 00BEKTOM JOranKy AW Bepnl. Tax, Hanpumep, ApeBHUE TperH,
SIBISIONINECST B LENOM psiie OTHOWIEHHH pOAOHAYATLHAKAMM lAINEH LU~
BUIIM3AUMH, PACCYy®AAJH O CBOMCTBAX MHpA KAK LEJAOr0 AaKe TOraa,
KOrJid MX NpOCTPAHCTBEHHEIM KPyro3op GbiJl HACTOALKG OFpalMueH, T
nyTemecTBue U3 Dinagbl B Eruner 6uio npoXODKMTENbHEIM ¥ TPYAHBIM,
a TuBpanTapcKuii MpoSMB KA3ANCA qeM-TO (AHTACTHUECKHM JANEKHM W
JIEreH A PIbIM.

Yoxe torpa Tecnon ¢arrrasuposai o navane Mupa, o TOM, KaK 3CMist
1 HeBO NOABMIMCL U3 NepPBOSHITHOTO XA0CA U KAK HA CHEXHBIX BBICOTAX
OnvMma CMEHsINCL MOKOJAeHUS GOroB.
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Jlpyrne HApOMR, HAXOAACH HA TAKOH )Ke CTYNEHM DAa3BUTHSA, TAIOKE
€021aBAAN NOA00HEIE HAHTAZHH, ¥ UCTOPHS YEJIOBEUECKOH Ky IbTYpEI MOYKET
OTMETHTh TO YHOPCTBO, ¢ KOTOPLIM €THOTAHE, KMTAHIb!, al[TeKH, raBalusl .
U pyrHe IJIEMEHd, HAKOIJA HE CJBUHABMIME APYT O Apyre W NOJHHMAB-
IIHECs MO MepBbM CTYMNEHAM IUBMIN3ALHMH He3aBHCHMO K HE B OAHO M TG"
JKe BpeMsl, OIUHAKOBO COBEPIIANIH OAMH M TOT K& CKAUOK OT OrpaHHueH-
HOT0 MHpa YeJOBEYECKOro OMNBITA K (JAHTACTHUECKOH KapTHHE BCeleHHOH
KaK Lenoro.

Ho ecstn nepBoGLITHEIE HAPOAK C MX SKANKHMY MO3HAHUAMH 08 OKpY-
JKABIIMX MX BEIAX MMEJH JUIA ITOr0 AOCTATOYHO GOJIBIIYID CMETOCTb, TG
He HAXOJUTCA JiM COBPEMEHHOE YENTsBEUeCTBO 10CIEe HECKOABKHX CTOJIETHIE.
HEBEPOATHO OHICTPOro pasBMTHMsI 3HAHHHE 0 BHEIUHEM MHpe B ropasue
JYUMICM MOMOYKEHMH JUTA COBEPINEHMUS MOJOGHOr0 e CKauKa?

Mbl 06Be3MIM DO BCeM HAMPABJEHMSIM M M3MEPHITH TY IUTAHETY, HA
KOTOPOil MBI JKHBEM, MBI M3MEPHJTH PACCTOANMA A0 HeGeCHBIX Te; B CTO-
M0iMOBBIH pedimextop ofcepBaTopun MOYHT-BMIGCOH MBI MOMKEM BMIETH
3Be3/HBIE CKOMNEHMA (TaK HA3LIBAEMBIe TAJAKTHKH), YIATCHHLIE OT HAC
Ha TOTOPHE THICSTUH MUJITHAPAOB KHIOMETPOB, MPHYEM B mpefiesiax 3TOro:
PACCTOSIHNA HAXOJMTCS OKOJNO ABYX MUJUTHOHOB TajlaKTHK, Ka)(uas u3
KOTOPKIX COCTOMT M3 AECATICOB MWILTHApAOB 2Be3f, HOELOGHHX HAIIEMY
Conuny. B mammx naGopaTopusAx Mbl NMOABEPrIH CAMOMY TILATENhHOMY
aHamu3y CBOMCTBA BEIIECTBA M Y2HANM, uTO BCE TeJNa MPHMPOJLI COCTOST
¥3 aTOMOB, T. €. W3 YaCTHYEK HACTOJIBKO METKMX, UTO B KYGHUECKOM CAH~
THMETPE BOJIbI KX IIMEETCA CTO THICAY MUJLTHA PALOB MIILIHA PIOB. Ml yaHany
TAJOKE, YTO K@il aTOM COCTOMT KX HEHTPaNbHOro Sfpa, OKYTAHHOIG
CHAPYKU OBNAKOM OIeKTPOHOB, KOTOpHE ABIAKTCA YacTHLIAMHM CTOJDL
HEBOOBPAZUMO HHUTOMHBIMH, YTO KAXIMH M2 HUX MPUCNHIHTENRHO B JBE
THICAYH Pa3 Nerue CaMorg JIErKOro W3 aToMoB. Mbl M2YuWIH 3aKOHBI, KO--
TOPBIMA YNPABAALTCA JBIMKeHWE ITMX YACTHIl; ITH 3aKOHBl OKA3ATHCH
CTOJIb KYPbe3HO HCIIOXOXHUMH Ha BCE TO, UTO MPUXOMIOCH HAGMIOLATE W
BUJIETb DaHblUE, UTO A MPABWILHOMO WX MOHMMAHUA HAM NOPMIIOCH
NOJBEPrHyTh KPUTHKE M MepeesaTh caMble MPUBHIUHBIE M OGbIYHBIE AJIA -
Hac MpefICTABIIEHNA O Bemax. MB y3HAmM, YTO HEHTpPaJbHOE AAPO ATOMA
€AMO COCTOMT K3 YACTHMU [IBYyX POROB, @ MMEHHO M2 HCHTPOHOB M M3 IIpO-
TOHOB, KaIbi 2 xoTopuix B 1840 paz Tmesee ameKTpoHa. Mbr uayuunn
32KOHBI, 110 KOTOPBIM MPOHCXOANT Bzamxoneﬁcrsue aToOMOB ¢ BOJIHAMH
Cpera, M y3HANmH, yTO BOJHBE! CBETA COCTOAT U3 (JOTOHOB — YACTHI[ HA--
CTONBKO HHYTOXKHEIX, UTO O0bIKHOBEHHAA ONEKTPUYECKAs JAMMOUKE, e~
pAUas B MocH KOMHATE, MCHYCKAeT MX MH/UIMADAB MUIJHADIOB B Ce-
KyHly. Kasanocs 6bl, uTo ec ApepHMe peKH, MPECTABNEHHS KOTOPBIX
0 mupe ObTM He BBUNE MPEICTABMCHMII IIKONbHMKA MepBOH CTymeHH,
€ Taxo#f yBepeHHOCTbI0 TOBOPUITH 0 CROMCTBAX MMpa Kak IeJIoro, TO MbI,
BOOPYYKEHHEIE OFDOMHBIM APCEHATOM SHAHWMA, MoGHITHIX TPYAOM MHOTHX.
NOKOJIEHNH, JOMKHBI 2aMEHHTb peGs e xue QaHTazuy IPeBHMX TOUHBIM
3HAHHEM, OCHOBANHBIM Ha HAGMIONENMH W HA JIOTMYECKHX YMO3aITIoue-
uAX. OIHAKO Bpemsl HAYUHJIO HAC OCTOPOYKHOCTH, A MPHMBHIUKA K Hayu-
HOMY MBIIIEHMIO HAJENKIA HAC MORLINIEHHBIM YYBCTBOM OTBETCTBEHHOCTH ..
Mb! 2HaeM, KaK DHMCKOBAHHO MEPEHOCHTH HA BCHO BCENECHHYW TE Npei-
CTARNEHUA, KOTOPHIE MOTJIH CJIOXHTLCA y HAC IIPH PACCMOTPEHMH OrpaBH—
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UYEHHOT0 KPyI'd HAIero 3eMHOr0 onbita. Tem HE MEHee B HEKOTOPBIX CITy-
yasx 9To SBASAETCA KAK GYATO COBEPIICHHO 3AKOHHBLIM.

Hayka BHymmna Ham yOe)XIeHHEe B TOM, YTO 3AKOHOMEPHOCTH, OT-
KPBITble W NPOBEPEHHBIE HA MATePUANe ONBITOB M HAGMIONEHWH, OTHOCS-
IHXCA K Y3IKMM [Ipefesiam Halrei COIeyHoN CHCTeMbl, HMEIOT 0GBIKHOBEHHO
ropazno Gomee mmpoxyl ofnacts npuscHumoctH. B 1844 r. Beccess,
OCHOBLIBAACH HA 3AMEUEHHBIX 0COGEHHOCTAX COOCTBEHHOro ABHMKEHHA
Cupuyca, sakmiouds, yro y CHpHyca JIOmIEH CyHIeCTBOBaTh CNYTHHK,
cOHBAIOMINI er0 CEOMM NPUTSDKEHHEM C NpsMOJIMHedioro nyTi; B 1862 r.
ITOT CHyTHMK G feifcTBuTe. HHO OfHApYeH B Teneckon. Taxum ofpa-
30M 0KAa3anoCh, YTO 3AKOH TATOTEHUS, YUPABJAIONME JBHYKeHUEM IJia-
HET B TIpefiesiax COMHeYHol CHCTeMBI, YIPABISET TAKKe W ABUIKEHHEM He-
fecHBIX TeJN, OTCTOSIIIMX OT HAC HA OMIUIMOHEI KHIJIOMETPOB, KOPOUe I'0-
BOPSI, UTO ITOT 3AKOH AefCTBUTE/bHO 06NAJAeT YHUBEPCATbHLIM XapaKTe-
poM.

OTKPBITHE CNEKTPANLHOTO AHANM3a MOKAazaNo, Wro OTaaNeHHeimme
HeGecHBIE TeNa TIOCTPOSHH U3 TeX JKE CAMBIX XMMHMHUECKHX EMEHTOB, UTO
# Ompxafiune K HaM; BCe ITO IPUBEJIO IK TOMY, UTO JA)Ke OCTOPOIKHEIE
YUeHble CTAJMH He 3a[yMBIBASICh NPUMEHSITH KO 6CeseHHOU 6 yeaom (Qusu-
UECKHE 3AKOHBI, OTKPHITHIE B YCIOBUSX, JOCTYTHBIX HEIIOCPEACTBEHHOMY
HCCIIEJ0BAHUIO.

Kaxoit yke BHJ MMeeT 3TA BCEJEHHAs] B INIazaX COBPEMEHHOrO acTpo-
doma? JpeBHHE MpeacTaBIsUH cefe BCENeHHYIO B BHAE X0pa CeMy CBETHN,
06paIALMXCA BOKPYT 3¢MHOI0 apa ; BCS 0Ta KOHCTPYKLMSI GBUTA 3aKII0:
4eHA B HENPOHHIAEMYID XpyCTanbHYI0 cdepy, NOKPHTYIO ¢ BHYTPeHHeil
CTOPOHBl NYYHCTBIME Heporiudamu cospesauii. Ho npencrasnenue o Bee-
neHHoil 3ameuaTesibHLIM 06DPa30M PACHIMPHIIOCH, KOTAA ACTPOHOMUSI OCBO-
fofMnacs 0T OKOB «MaTeMaTHuecKoro cuuraxcucay Knaenust ITronomest;
xpycranpHas cepa Obna pasfura, u 3aragxka Mneunoro ITytu pazpeniena
B TOT camblii Beuep, korpa I'qauaeil BnepBble HATIPABUWI CBOIf TENECKODN
K TAUHCTBEHHOMY MHpPY HEIOABWKHEIX 8Be3jl, M BCEJIEHHASA BIPYT Npej-
CTABMJIACH ACTPOHOMY B BHJe laNaKTHUeCKol CHCTEMEl, T. €. B BHJE
OTPOMHOr0 CKOILTEHMs 3Besg, NofofHBIX HameMy CoJiHLly, Ho yAaneH-
HBIX OT HAaC HA KoJoccanbHee (N0 cpaBHenuio ¢ CONMHHEM) PACCTOSHUS,
Hayke W 9TH PACCTOSHMSI OKA3AJIMCh BOBMO)KHBIM M3MepuTh: B 1838 T.
Cmpyse, Beccenv u endepeor, paGorasi COBEpHIEHHO HC3ABUCHMO ADYT
QT JApyra, CyMeJiH H3MEPHTH PACCTOSHMA JO TPeX CPABHUTENbHO GNH3KHX
K Ham 3Be3f (a Jlupw, « HentaBpa u 61 Jlefens) u rakum ofpasom
«Cpasy B TpeX MecTax paspylMIH CTeHY, Tepej KOTopoil acTpoHoMus
TAK JONro Crosna B OcccHibxod spoctus (cyoBa  [Hucona Iepiteas).
B nacrosimee BpeMss aCTPOHOMBI CUHTAIOT TANAKTHYECKYIO CHCTEMY, B CO-
©TaB KoTOPOl BXojur M Hame ConmHue, coOpaHNMeM HECKONbKHX JECSTKOB
MHJUTMAPAOB 3BE3), pACIpeNeeHHbIX ¢ HEPABHOMEPHOH MIIOTHOCTBIO MO
06beMy BeCHMA CIMIOCHYTOro cQepompa, GONBIIOH JHAMETD KOTOPOro
PaBeH HECKOJBICUM JECATKAM THICAYU NAapPCeKoB (NApceK — ynoTpefurelin-
Hasi B 3BE3HON ACTPOHOMMM eIMHULIA ATHHEL, paBHas 3,08 - 1018 cx).

Ho Bcenennas coBpeMenHoro AcTpoHOMA He OTpaHHUHBAETCSA OJHOH
JUHIIb TANAKTHUCCKON CucTemoli; HApARY ¢ HAMeH TANAKTHUECKOH CHCTe-
MOH CyIIECTBYET OrpOMHOE KOJIMUECTBO APYrHX TAKMX JKE €OCTPOBHBIX



Kocxmorozuseckast npoGresn 235

BCEJIEHHBIX, COCTOAMMX W3 JECATKOB MWITHADIOB 3Be3i H BUIWMBIX B
HAIM TETECKOTBl KAK CJaf0 CBETALIMECS TYMAHHOCTH GONblUell uacTbio
npaBWIbHOM (OpMBl (Yamie DBCEro BCTPEHaIoTesl ChvpalibHele QOPMBI, HO
TOMAA0TCA ¥ KPYyIiible, JIMNTHUECKUE YW BepeTeHo0GpasHbie TYMAaHHO-
CTH, @ TAOKe TYMAHHOCTY HENpaBHibHOH qopMbl). PaccTosHus o He-
KOTOPBIX 13 3TUX OGBEKTOB ObUIM H3MEpeHb! X3G0aem, JynOmaprom n
Hlsnau, KOTOPHIE BOCHONbL3OBANNCH TeM 0GCTOSATENLCTBOM, UTO COBPEMEH-
Hble MOLIHBIE ACTPOHOMHYECKHE MHCTPYMCHTHL NO3BOISIT  YCMOTPETh
B GmOKalIiX K HAM «OCTPOBHEIX BCEJIEHHEIX» HanGonee Apxue Of-
JlenbHEIC 3BE3NbI; CPEfM OTHX 3BEYJ| NOMAJAITCS ¥ NEPEMEHIbE 3Be3/Ibl
tuna § Cephei; st nepeMeHHBIX 3Be3[l 3TOT0 THmA (TaK Has. Nedenn)
GLUT0 YCTAHOBJEHO XOPOUIO MOJTBEPAMBIICCCS B TIPEJeNax Hamelt ra-
JIAKTHKY COOTHOUICHME MEXAY UX aGCojorHOM sipKoCTRIO (TOH sIpKO-
CTbI0, KOTOPOii ou o6namamy Gwl ¢ TOuKK 3peHns HalGmogarens, ynanen-
HOFO OT HHX HA OHO W TO JKe cTaHAapTHOe paccrosHue B 10 mapcexos)
W DEpPUOIOM M3MEHEHHMST WX APKOCTY; NPHMEHEHWe ITOr0 COOTHOINEHUS
K OTKPHITBIM B ¢OCTPOBHBIX BCEICHHBIX» edeumam mosBOSIET ONpeeuTh
afCOMOTHYI0 APKOCTH 3THX Hedeus, cpabHeHue jxe ¢ nX HaGnoaaemol
{KaKynIeiicsT) IPKOCTLIO AAET PAcCTOSIHMe 10 3THX 3B€3[I,  C/eJ0BaTeIbHO
W 10 3BE3HBIX CKOIUICHHH, B COCTAB KOTODHIX OHU BXOASAT. Ile aTomy
Meroly X3(04p HAlles HATpUMEp, Wr0 paccTosHue A0 Gonbmoi Ty-
mandoctH N.G.C, 224 * B cospe3uu AHIpoMeasl cOcTaBnAer 285 ThICHY
NapceKoB, a paccrosmue Ao tymanHoerd N.G.C. 598 B cosBeaguu Tpey-
ronbHMKa paBHO 263 rtoicsiuam napeeros, Tai KAk JMaMeTp Halmeif ra-
maruru no Cupcy ue npesocxoaut 90 THICSY MAPCEKOB, TO SICHO, UTO
aTH OGBEKTHL ABMSIOTCA CKOMVIEHHSIMY 3BE3J, JeXKAIMMKM JajieKko 3a npe
memamy Hame$t cucTembl Mneusoro IyTs, T. €. OTAENBHBIMY «OCTPOBHBIME
BCeJIeHHBIMMS, NOJoGHRMY Hamied, JIIst KPaTkocTH Mbl OyleM HA3LIBAThH
3TH (OCTPOBHHIE BCETIEHHBIC) TafaKTHKAME.

He Bce paccrosiHyus jI0 TajakTHK MOTIY GbiTh M3MEPEHH CTONbL JKe
HETIOCPeNICTBE HHBIM criocofom, kaxk paccrosmus 1o N.G.C. 598 u N.G.C.
224; B GONBIIWHCTBE CIyuYaeB MNPUXOMUTCA PYKOBOACTBOBAThCA Gonee
KOCBEHHBIMM COOGPAYKEHVSIMH, OCHOBAHHBIMM HZ OIIEHKE BHIUMBIX [Ua-
MeTpORB 3THX 06BeKTOB M MX nabnoiaeMelx sipkocreil. HauGonee MommueM
13 COBPEMEHHBIX ACTPOHOMUUECKHX WHCTPYMEHTOB SIBJISETCHA 3HAMEHMTEIH
cronioimoskl pedrexrop Commeunoit oficepsaropuu (ropa Bunscon, K
naa Kanudopnus); crupanbhast TyMawsocTh 18-if 3Beafnoil Beawuuybl,
elle BYJMMAST B STOT TENECKON, OKASHIBAETCA SBE3NHOM CHCTEMOH, ynaleH-
HOit oT Hac ma paccrosuume 1,5 . 1026 cp, — 370, o cmoam Jacunca,
RenHuaiiiee paccTeanie, ¢ KOTOPBIM TRHXOIHTCA UMETh JIRJIO B TPaKTH-
ecKof acTpOHOMMHM. B lIape ¢ TakEM JWAMETPOM, M0 MHenwi0 Xs60.a,
HAXOJUTCS OKOJI0 BYX MUJIIHOHOB raflaKTéK. PaccTosinus 9roro HOpsiiKe
TAKOEH, UTO fayKe napeek, pasubili 3,08 « 1018 ca, OKA3HBACTCA CIIUIIKOM
MaJIeHbKOM eNVHUIEH [AMHBL AT TOTO, urOGbi €10 MOKHO GEUIO yA0GHO
OMepupoBarth; B BONPOcAX 0106HOr0 pPofa Beel'o ynobHee NONbL30BATLCA
npeioeHHoit Je-Cummepos Tax HA3BIBAEMOM egununell A, Korepas

* Oospaverme N. G. C. 224 WMeeT TOT CMEICH, YTO COOTBETCTBYKUIAS TYMAH-
HOCTh 3aHECEHA TIOT Homepom 224 B Dreyer’s New General [Catalogue (1888).
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pasua 10%* ¢a (paccrosinme B 1 A cBEeTOBhE BOJHEI IPOXOAAT B MHJ-
JOH NeT.)

Taxum 06pasom no ougHKe X3064a 1Ba MWUTHOHA TaNAKTHK 3aKJI0-
ueHl B cfepe, o0BEM KOTOPOH paBeH 2 MWUIHOHaM KyOuueckux A;
HHBIMU CI0BAMH, OCTPOBHEIE BCEJEHHEIE DACHPEfENCHE B NPOCTPAHCTBE C
npuliM3NTeBHOH CpefiHell MNOTHOCTBIO, PaBHOM OfHOH IajaKTAKe HA
kyOuueckuit A.

Taxosa BCeJCHHAsA, KAKOH OMA NpeCcTABIAETCS COBPEMEHHOMY aCTpo-
HOMY : 3BeSHBIE CKOIUIEHHS], SaK/IIOYAI0NINE IO HECKOJIBKO [IECATIKOB MHJI-
JMappos 3BE3 W OTJAeJIeHHBE IpYT OT APYra KOJOCCAIBHBIMY MyCTHIMH
APOCTPAHCTBAMH (CPejHee PACCTOAHUE MEXKLY EBYMS COCEJHMMM FaJaKTu-
YeCKHMMH CHCTEMaMH 0Ko0 [ A); BOT UTO MOMKET CKa3aTh O BCEJTEHHOR
HaGa0aTe/Tb, BOOPYXKEHHBIM CaMBLIMH MOTYILECTBCHHBIMH ACTPOHOMHYE-
CKMMM HHCTPYMEHTaMH., ‘

Ho oM HHuero He MOMKET CKa3aTh O TOM, YTO JIE)KWT 3a IIPeEeNaMh
cteprt paguyca 150 A; OH HE 3HAET, NPOKOMKAET M M TAM TBODUECKas
(anTasus MpUPOAEl HEYTOMHMO I'DOMO3JMTH MAJIAKTUKY HAa TanaKTHKY
BCe ¢ TOH JKe MJOTHOCTHIO, PABHON OJHOH ramaKTHKe Ha KyOGuueckuit A,
1k GHITE MOYKET 9T MJIOTHOCTh CTAHOBUTCST BCe MEHBILE W MEHBIIE MO MEPE
yHaneHHsl 0T HEKOTOPOro IeHTpA CKOTJIEHIS FANAKTHK, K KOTOpOMY OT-
HocuTest W Ham Mreunsif [TyTob, Jaske ecnu Gl «A&JIBHO30PKOCTbY ACTPO-
HOMMUECKHX MHCTDYMEHTOB YBEJMUMIACH BO MHOFO pas, BCce DABHO
naGaonarens GymeT B COCTOSIMMM JIMINE CKa3aTh 0 paclipelefleHMH ra-
NAKTHK BHYTPH TOR ciephl (X0Ts1 W paclimMpsiiowieiics npH yJyullleHHK
ACTPOHOMHMUYECKOH TEXHMKM), KOTOpash NOCTYIHA €ro TeeCKOMUYeCKOMY
3peHHI0; OH HE CYMEeT CKA33Th O TOM, UTO HAXOAWTCHA B HEOGO3PHMBIX
DPOCTPAHCTBAX 33 Tpejenamu 3ToH cQepr, oH HUKOIIA He GyaeT 3HATH
HHUEro 0 MUpe Kax 0 yeaom. TTooToMy MOXKET KasaThesl, UTO KOCMOJIOrH-
yeckasi npobiema sBMsAETCA HENPUCTYNHOI KpemocTbl, 3aBOEBAHHE KO-
TOPOH He MOXKET GniTh yHEenoM 3MOMpHuecKoil HAayKH.

Ho Ttam, rie acTpoHOM-HaGmonaTess npyiues B oTuasiHue ot ¢Boero Gec-
CUnAnA, K peIe U Ge3HaferHol MpobieMsl ROLX0NUT PuauK-TeopeTdK. OH
flepercs 32 PACCMOTPEHME BCeJIEHHOM ¢ Tawoll ofIelt 1 ¢ TaxoH RbICOKOH
TOUKM 3PEHMS, ¢ KOTOPOH CYIIeCTBOBAHHE CAMHMX IaNaKTHUECKHX CHCTEM
TPeACTABIACTCA CITyuaiiHoi HeOAHOPOMHOCTHIO ; HOMOGHO TOMY, KAK B Lie-
nOM pslie QUCLHMIVIMH, PacCMaTpHBAIOMMX Tejia, COCTOANIUMe U3 ATOMOB,
3epHHCTOE (ATOMHOE) CTpOEHME MATepUM 3aMEHSETCS HenpPepHBHhM (Ha-
IPHMED, B I'MPOIMHAMUKS JKUIKOCTH TPAKTYIOTCA IKAK CpeIHHBI C TJIOT-
HOCTBI0, HCMPEPEIBHO MEHAIWIEHCS OT TOUKM K TOUKe), — nooGHO uTomMy U
3eCh TeCPETHK OTRJICKACTCH OT aTOMHOrO CTPOEHMS MHPA, B KOTOPOM aTO-
MaMM CHYHKAT TANTAKTHUECKHE CHCTEMBl 3BE3[, W CYMTACT, YTO BEILECTBO
pacupefesieHo BO BCEJEHHOH C HEKOTOpoil paBHOMepHOH cpepnell mioT-
HOCTBID.

Ecnu B camom jfene BepHO, YTO DpuGAM3UTENIBHO PABHOMEPIOC pac-
npejesieHde ranaKTHK B HpPOCTpAHCTRE, Haﬁn}ouaemoe B CTO.’I!OﬁMOBI:Iﬁ
pednexTop ropel Busikcon, npoposmkaerca W Bo Beel oCTasbHOM BCesieH-
HOM, TO 9TA CPENHSAsA MJIOTHOCTb KOHEUHA (CHMTasl, YTO MACCa rasiaKTHKH
B cpefinem B 10U pas Gonbmie maccet ConHia, waw yreepipaer Oopm,
MBI Hﬂﬁ;{EM, 4To npenonaraeMas CpejlHAA IAOTHOCTL BEHICCTBE BO BCe-
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sieHHol parma 10 @ Ha opuH A% UnH, 4T0 TO Ke camoe, 2 - 10728 2/cad *
MoIKHO NOPAXKATBCS HUUTOYKHOM BeIUMHE STOH NSI0THOCTH, KOTODAst COOT-
BETCTBYET N pUGAMUTENIBHO MaCCe 0011020 60C0PO0H00 QMOMA A Decsame Ky-
Guueckux Oeyumempog! HacToNbKo KONOCCANbHBL NYCTble NPOCTPAHCTBA
MENY TanaKTHUECKHMH CHCTEMAMH MO CPABHEWMIO ¢ MX COBCTBEHHBIMM
pasmepamu). Ho ecay paBromMepHOe pacnpefienenie TANAKTHK B IPOCTPaH-
CTBe, [OCTYIHOM HAGJIONEHNIO COBPEMEWHOTD aCTPOHOMA, HHYEro nOLEro He
uMeeT ¢ pacnpejenenyeM WX BO BceH OCTANbHON BCETeHHOH M ecltd Ham
TONbKO CNYYANHO MOCUACTIHBHIIOCH MKMTh B TAKOM MECTE NPOCTDPAHCTBA, B
KOTOPOM DCOGEHHD MHOIO OCTPOBHBIX BCENEHHEHIX, TO CPENHAA IUTOTHOCTD
BEIECTBA B TIPOCTPAHCTEE MOMCT OLITh 3HAUMTESBHO MEHbILE 3T0i 4 Gos
TOrD MOTPSACAIONIE WHUTOKUOM IUMOPH; 0HA MOKET GblTb CKONb yIOIHO
Gnuska x Hynio (pasuoit Hy 1o, CTPOTo TOBOPs, 0¥a MOTAA GEl GbITH TONLKO
B TOM CJIyuae, €C1H GRCKOHEUHOE MPOCTPAHCTBO COLEPHUT KOHEYHOR YHCID
3Be3Jl UM BOOOIIE KOHEUHYI0 Maccy).

Onnaxo, 3a OTCYTCTRMeM Gonce TOUHOH MHMOpMalMH, B HACTOSINCE
BpeMs OOLIMHO N0JAraloT, YTO OZHOPOJHOE pacnpefieleHde ranaKrux,
BHIMMOS aCTPOHOMY B JAOCTYNHOH eMy OrpoMuoH ofnacrté ¢ miHeHHBIMM
paamepamu 1028 cpr, poZioMKaETCS 1 32 npefleNiaMu 310i obnact. Toaromy
B CYIMECTBYIOMMX TENePh NOTHTKAX KOCMONOTHYECKHX Teopnil pacnpene-
NEHYE MATePHY BO BCENCHHOM TPAKTYETCH KaK «B CPENHEM OMIIODOHOES.

Tepen Tem, Kak nepeliTd K M3N0XKEHMI W KPUTHKE STHX NOUBITOK,
3AMETHM, YTO MOCTPOSHNE KOCMONOIMUECKOH TEOpUW ¢ CapMOro Hauana Ha-
TANKHBAETCH Ha CYIECTBEHHOE saTpyAHenve. OHO Sawouaercd B cre-
NyIOImeM: KayKAOMYy M2BECTHO M2 NOBCEAHEBHOTO Ombira, uro Oymyliee
OTJIMUYAeTCST OT APOMIEIIero, T. €. 4TO 0fa HAnpaBiexysA Bpemeny (Ha-
npapneHyde OT npomequero K OyIylleMy M HAIpPapieHHMe OT GyLyimero
K NpOIIeAmeMy) COBEPIIEHHO HEPABHOMPABHHL.

Mexny Tem BCe CYLIECTBYIOIKME /10 CHX MOP u3uuecKue TeopHuu afcoe
FIOTHO HE B COCTOAHYH OOUBACHWTL OTAHUME MEXAY OYIyIEM H Tponel~
HIMM! BCE 9TH TEOPHMH COBEPIIEHHD CHMMETPHMUHK O OTHOMUEMHIO K DGOHM
HANPABNEHMAM, BCE OHM HE MEHSIOTCH HMKAK IIpU NepeMeHe 3HAKA Bpe-
MeHn (3amena --f ma —f 1 HaoGopoTr). B rnase nepmoil Mbl BUIEM, uTO
9THM CBOUCTBOM ofMNajiaeT KNaccHyeckas MexaHnKa. Ho spech Mbl TOJDKHBL
€OOGIMTh, YTO 06a CYLIECTBYIOIIME €@ DACIIMPEHHS (TEDPHST DTHOCHTEJIb-
HOCTY ¥ BONHOBAA MeXaHWKa) 00NafaloT TeM JKe HENDCTaTiOM, T. €. CO-
BEPIICHHO TAK )K€ HE B COCTOSIHMY OGBACHMTL, MOUEMy BO BCeJIeHHOR
HAMPABNEHNE BPEMEHHN OT NPOMIefIerDd K GyAYLICMY TAK Pe3KC OTIHYAETCS
0T 00pPATHOFO HANMDPABJEHHMS (3TO BHAHO M3 TOTO, uyTo ecny OBl Mbl, KaK
B r/1aBe NePBOM NyCTHNN B 0GPATHYIO CTOPOHY KMHOMMARM, M300parkalo-
P KoCMMUeCKYe NpOLECCH, TO Mbl BWIeNMM Ol TO, Uerd B NPUPORE Ha
CaMOM JIeN€ HeT — ¢AHTH3BE3[blY, NOLADMAMMMC, @ HE H3NYuallLie
SHEPIHIo, ¥ T, 1.). Ho TaK KaK BCeneHHAs acHMMETPUUHA MO OTHOLICHHIO
K 000MM HanpPaBeHWSIM BPEMEHM, TO SCHO, 4TO [UIs ee OGBACHEHMHS He-
00X0m¥Mbl TEOPHH, BKIIOUAIONMYE B Cefs TaKVI0 aCHMMETDHIO: ofasaciierue
ceneHHOll KaK yeaozo He moxcem Gbime 00CmueHymo Ha 0CHO8E 3AKOHO8,

* TlpuseneHHblE WML B3ATH u3 pabor ae Currepa, Xs60M IPHUBOAHT HECKOABKD
OTIIHYADIEECA AAKHDBIC.
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CUMMCMPULHBIX 110 OMHOUIEHU K npoweduiemy Ut OyOyweMy, 1o omHoue-
Huo K 3amene -t Ra —t; 60 6CeAeHHO GoancHb C)Uecmeosans No kpal-
Hell mepe omoensHbie O0AQCMIL, KOMOPbe NOOYUHAIOMER 3QKOHAM, ACUM-
MEMPUNHBIM 110 OMHOWEHU K npoutedwiemy u Gydywesy. Haubonee
BePOSTHON runoresolf sBAsieTcA T4, 4T0 OyAyMAs PENATHBUCTCKAA TeO-
pysl KBAHT, B OTJHUME OT CBOUX UACTHBEIX CJYUAEB, MOJIyYAIOWMXCA IPH
£ —0 WM npH ¢ — oo, Yie OyeT CYIMECTBEHHO ACHMMETPHUHOMN [0 OTHO-
HMICHUI0 K BpPeMeHH, M eC/IH npas Bop, KOTOpEHIH CHUTART, UTO HEAPA 3BE3N,
MIOJIUAHAOTC S pCﬂHTHBHCTCKOﬁ TEOPHH KBAHT, TG 3TH 3BE3JHbIC Henpa
H SBAAWICA TeMH OONACTAMH BCEJIEHHOH, KOTOPBIE MONUMHHSIOTCS 3a-
KOHAM, ACHMMETPMUHBIM N0 OTHOIIEHKIO K TpOMIefpieMy W Oyaymemy;
CBOMM B3AHMOJIEHCTBYEM C OCTAJbHBIMM UACTAMH BCEJIeHHOH OHM AesalT
TO, UTO H B 3THX OCTAJILHEIX HACTAX BCeJIeHHOM 06a HANPABNEHHA BPEMEHH
nepecTalT ObITh pPaBHONPABHBLIMU. ITo3TOMY BpAN JM YAACTCA MNOCTPOUTH
PASYMHYI0 TEODHIO BCENEHHOH KAK LIENIOTo A0 TOTO MOMEeHTa, Korja Oyzer
penleHa Bce TA JKe LeHTpasbHasd mpolneMa ceropamHed (U3MKH — IO~
CTpOEHHe DENATHBUCTCKOH TEODHM KBAaHT. Mbl BUIMM, BO-IEDBBLIX, YTO
ACHMMETPHSA [0 OTHOMICHHIO K NPOIEALIEMY H GyAyIIEMY €CTb XApaKTep-
HOE CBOMCTBO BCEJEHHOM H UTO 381498 KOCMOMIOrMUECKOH TEOPHH — 00'hsic-
HHTb 3Ty QCHMMETPUIO; BO-BTODHIX, MBI IPHXOAMM K HEOGXORHMOCTH
nogpofiHee paccMoTPeTb BOMPOC O FPAHHIAX TPHMEHMMOCTH 3AKOHOB
NpUPOL, HA OCHOBE KOTOPRIX JIOJDKHA OBITB NOCTPOEHA TEODHA MHPA KAK
esioro. [10aTomMy HAM HeoGXOMHMO BHOBb BeDHYTHCH K BOTIPOCY 00 OTHO-
meHuH (u3MUecKUX TeopHit Apyr K apyry. B 1915—1916 rr. Ditumreiin
3HAUMTEJIBHO PACHIMPH OOGNACTD CHENMANLHOH TCOPUM OTHOCHTEJIbHOCTH,
NMPHCOEIMHUE K Hed fABNeHHs TaroTenust. Taxum o6pasoMm Gbina cosjgaHa
«00IAs TeOpUs OTHOCHTRThHOCTHS, YPABHEHUS KOTOPOH CORERAT KpoMme
MHPOBOH TIOCTOSIHHOM € TAIGKE H IPYTYI0 NOCTOAHHYI0 G, — YIKE USBECTEYIO
cm?

———5. Hannuue srolt
2. Cex

MOCTOSIHHOM NO3BONISIET XAPAKTEPH30BATL T'PABHTALMOHHOE NoTe 000ro

HAM MOCTOSIHHYI0 TATOTeHUsi, pasHyio 6,66 - 108

TeNa MaccH M BeHuHHOM

= MNEWI2H pa3sMepHOCTH JTHHBL M HASHI
BdeMOil FPABMTAUMOHHBIM PAguycoM Tea (ranpuvep Aaa COJHOA, ¥ KO-
toporo M =2+ 108 2, rpaButandondsit paguyc paped 1,5 « 105 cm, a
L7151 9TEKTPOHA, ¥ KOTOPOro Macca paBHa 9+ 107282, on papen 6,7 « 1075 ca).

CrienyasjibHass Teopust OTHOCHTENBHOCTH COACPIKMTCS B oOMeH Kax
YACTHBI CTyuaji COBePIIEHHO TAKHM ke 06PA30M, KAK KJIACCHUYECKAsT MeXa-
HHKA — B CTIELMAJIHOR TEODUH OTHOCHTENLHOCTH, TIpH 3TOM KBAHTOBbIE
a(deKTH B OBHIYI0 TEOPHIO OTHOCHTENLHOCTH He BouimM. Ecnv Obl MBI 3a-
XoTeNnu rpaduuecky H306pasuTh 06MacTh oOMIel TEOPHH OTHOCHTEJBHOCTH
Ha cXeMe puc, 43, TO MBI JOKHBI OhUTH GBI HAPHCOBATH BEPTHICAJIBHBIL
NPAMOYFONBHUK, COCTOSIIEH M3 OPAMOYrOJbHHKA CIeNMAJbHOM TeOopHH
OTHOCHTEJIbHOCTH, HO MPOACIHKAIOWINHACA TAKXKe H KHH3Y. BmecTo 3T10r0
MBI HAUEPTHM HOBYH cxeMy (pHC. 47), I/ie CIUTOLIHbIE NPAMOYTOJbHUKK
M300PAKAK0T CYMIECTRYIOMME TEOPHI B QU3NKE, 8 NYHKTHPHHIE COOTBET-
CTBYIOT EHIE HE DEIeHHBLIM Npo:ieMam.

B ary cxemy BXOZAT Bce BONPOCH!, MMEROMIME (UBHUECKH CMBICI, KOTO-
ple MOryT ObTh copMynMpoBaHE B macTosmee BpeMs. M3 cxemsr

N

~
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BUAHO, yTo Grmwkailliag 3aaaya MOCTe TOFO KAK PeIATHBHCTCKAS Teo-
PHA KBAHT GypeT mocTpoeHa, OyAeT 3aiI0uaThes B TOM, YTOOH MOCTPOUTH
CHENYIOLNYH UACTb Hamell CXeMbl, T. e. CNHMsINHe KBAHTOBOR TEOPUH
(c ee moCTOSHHOW h), CHEUHANLHON TEODHM OTHOCHTENBLHOCTH (C €e Io-
CTOSIHHO{ €) ¥ Teopun TAroTeHusA (¢ ee G) B 0HO epyHOe Lenoe. DT0 eu-
HOE HEJI0E JOJDKHO 2AKTIOUATh TAK)Ke ¥ SIBJIEHMS, He YKJIaiLBalolHecs:
B PAMKH DENATHBMCTCKO TEODHH KBAHT 1 06IeH TeOpHH OTHOCHTENBHO-
CTH, Nofo6HO TOMY KAk pPeIsITUBHCTCKAS TEOPUst KBAHT, CJIHB TEOPHID
KBAHT ¢ Teopueit OTHOCHTENMBHOCTH, TEM CAMBIM NpUCOeNHHUT K (M3nue-
CKOji TeOpHH HOBYIO 00J1acTL ABNEHHH. 3TOT BTOPOi IyHKTHPHHI NpPsiMO-
YTOJIbHHK MBI MOIJIM G5l HASBATD TAKIKE «eANHOI TeopHell mossis. WiseecTHo,
uT0 DifHIUTeliH B TeueHHe MHOIKX JIeT Ge3pe3yIbTAaTHO IIBITAETCS NMOCTPOUTD
TEOPUI0, B KOTOPOil MBJIEHUS TSATOTEHWS ¥ SIBJICHNS ® SEKTPOMArHeTH3Ma.

Knaccn- } Knanro- {
ueckan ! . Bag
MeXAHWKA MCXHHHKA\
! ——
Ciie- :
nHanLHas Peasita
TeOPHA BHCTCKaA |
QTHOCH- . TEOpHa .
[ TeNBIIOCTH KBaHT
{Jadamue TeopH-
?gx?lixy; KBaHT, TEOpUH
omo‘i:u- SICKTPOMALIHT
JHOTO NIORA 3 TEo-
retpiiocTH . DHK TATOTEHHA -

Puc. 47.

YyecKas

HAXONWINCH Obl B G0see MHTMMHOI CBSI3M, YeM 270 AOCTUTHYTO B nfielf
TEOPHH OTHOCHTENBHOCTH, DTy TEODHIo, KOTOPYI) OH XOUeT NOCTPOUTH,
OH Ha3sblBaeT efuHOM Teopueit noss. HeycnexX TaKHX MONLITOK NOKA3LIBAET,
YTO NMOCTABNEHHAA NPOOGIEMA He MMeer (QUIMYECKOTO CMLICTA; §onee WH-
THMHASI CBASL MEKAY TSTOTEHUEM ¥ 3NMCKTPOMATHETHIMOM CMOXET ObITh-
DOCTUIHYTA JIH1iL BO BTOPOM MYHKTHPHOM NPSIMOYTONLHUKE HALEH CXeMLI H

o h
[IpATOM B CBA3M ¢ TEOpHEH KBAHT. Jlerko cooﬁpasmb, YTO MOCTOSIHHAA E‘

WMeeT pasMepHOCTL AnuHBL. Ona pasua 4 101 ¢y, [loaTomy ee oTHo-

Gm
UICHME K FPABUTALMOHHOMY DAMYCY OMIEKTpOHA, T. €. K —5~  eCTh

he
fe3pasMePHOE YKo G_m_2=6 - 10%,  OGBSICHEHHE 3TOI0 YUCIA, T, €. 00B-

SICHEHME MACCH 3MIEKTPOHA uepe3 MocTOAHHBE 1, ¢ u G, eCTh 3a4aua eANHOM.
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TeopuH 110151, UFO KACAETCS OTHOLIEHKS MACCLI TPOTOHA K MACCe 3/IeKTpoHa,
TO TPYLHO 3apaHee CKasaTb, BXOAMT AH cOBsCHCHME STOH uMcneHHofl
KOHCTAHTHL B IIepBblil MM BO BTOPOH MYyHKTUpHBIA TpsMOYTOJNBHUK HA-
el CXeMal.

[locMOTpUM TENEPb, B KAKOM OTHOWIEHMM STH TEODUM JOJKILL HAKO-
JIMTECS] K npobrieme mupa Kaw uenoro., difnmredin (B 1917 r.) npusen
KOCMOJIOTHUECKYI0 TIpobneMy B ¢Bsisb ¢ ofmweidl Teopuedl oTHocuTenb-
HOCTH: OH TOKA3ad, WTO BO3MOXKHO MOCTPOMTH B COrNACHH ¢ Tpefo-
BAuMAMU TEOPUH OTHOCUTENLHOCTH TEOMETPHYECKYIO KapTHHY OAHOPOA-
ol U samkHyToH B cefe Beenennolf, KOTOpast B WPOCTPAHCTBCHIOM
OTHOIIEHUY $IBASIETCS KOHEWHOH, HO He UMeEHOmeH rpaHKI] TpexMepHO#
aHanorueil IByMepuoil NOBePXHOCTH Imapa. Ipyrue MONEITKH peleHust
KOCMOJIONIUeCK ot TPoGeMsl, IpUMbIKatolie K nonbiTie Jitnmreiina, GeLiu
caenans Ce-Cummepom u Jlemempon. Ocofennoe BHUMAHME NPHBIEKTA
K cefe B mocsie/iHee BpeMs KocMonorust Jlemerpa. [iesio B TOM, YTO acTpo-
HOM, W3Yu2iOHIMii OTAANEHHBIe 3BE3HbIE CKOMJEHMS (CIMpAJILHBIE TY-
MaHHOCTH), BCTPEUAETCS C OJHUM BECbMA 3ATAIOUHEIM SIBJIEHMEM, KOTODOE,
BepOATHO, ROJDKHO UMETH YpesBbluaifHo G0JIBLIOE SUAYEHYe LIS TEOPUM BCe-
NCHHOM B LIEJIOM; @ UMENITIO OKA3EIBAETCH, UTO BCE OTJANIEHHEIE CNMPATIbHBIE
TYMaHHOCTH YAASIOTCS OT HAc, 0 4YeM MOMKHO 3aKJIOUUTh U3 Habnofalo-
1Erocst CMEUEHHST UX CIKTPOB K KpacHoMy KoHuy (3ddext Jlonmnepa).

B cBoeii Kuure o Teopun oTHocHreneHocTH (KoamGpumk, 1923) On-
IUKHITOH onyGmukoBan coctaBnelnylo Caakiepom (obcepsatopusa Jloy-
anna B Apw3sone) Taliuiy, TpPelCTABNANMYI0 CBOJAKY TOr0, 4TO GBUIO
u3BecTHO B (eBpane 1922 F, 0 NyueBHIX CKOPOCTSAX CNUPANBHEX TyMak-
nocredl, Tabnuua copepykur paHubie o 41 Tymannoctd; u3 Hux 36 06-
JAJAI0T NONOMMTENbHOR JyueBoM CKOpPOCTBIO (IBMIKYTCA OT Kac), a
pcTanbiele 5 — orpuuarencuoilt (B Tom umcne N.G.C. 221 w TymaHe
pocth Anppomes N.G.C. 224 JBIKYTCS K HaM CO CKOpocTbio 300
amfeex.). Camas Goneiasl jyueBasl CKOpOCTb M3 MPHMBEJIEHHHIX B Ta0-
auue Craiidepa, npusaanexur tymanmHocty N.G.C. 584 u cocras-
sisteT + 1800 gmfeex. ¥ Mz TaGmuner OBUI0 OUEBMAHO, UTO Cpeiy OT-
HaneHHBIX OT Hac oOBEKTOB mojaBnsiomee G0JLIIMHCTBO OfnajaeT mo-
. TIOKUTENbHBEIMY  JyueBBIMH CKOPOCTAMH. B HacTOsIEE BpeMs 9To Cjie-
IyeT CuHTAaThL COBEPHIEHHO YCTAHOBJEHHLIM OMIMDHUECKUM (AaKTOM:
ne-Currep ofpafotan BechbMa OGMMpHENE MaTepuan labaiofenuii Ma-
YHT-BunECOHOBCKO# 0fGCepBaTOpMy, NpHueM OH 3ajacs LeJblo ycTa-
HOBUTL KOPPEJIALUMIO MEXAy AyueBolf CKOPOCThIO TYMAHHOCTH M ee pac-
CTOSIHMEM; HAJCKHBIMM CTIOCOGAMM M3MEPEHBl DACCTOSHUST JMMb [0 He-
MHOTUX TymaHHOCTel, Ho fe-CUTTep paCIIMpUIl ITOT MaTepuas, OIEeHUB
PAcCTOAHUA [0 MHOTUX APYTMX TyMAHHOCTCH MO WX SIPKOCTH M BUAM-
MoMy nHameTpy. Okazaloch, 4TO MELY PAacCTOAHHMEM M JyueBoff CKOpo-
€TbI0, M3MEPEeHHOH 110 CMEIeHMI0 CTCKTPANbHBIX JIMHUH, CYIECTBYET
KOPDENSTTUBHAST CBSISb
v__

T 2000°
* B HacTosuiee BpeMsi, KAK yTBepsrAALT Ae-CHTTep, CCHMASACL HA JaHnLe Habmo-

aeuuil MaynT-BHNECOHOBCKOH 06CEPBATOPHH, NAHGOMbIUAS H3MEPEHHAS JIyUeBas CKO-
. POCTE pasua - 12 000 xmicex.
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rge v — NyueBas CKOPOCTb, ¢ — CKOPOCTh CBETA, r — pACCTOsiHUE, 13-
Mepelnoe B eflUHUIAX A.

BenefeTBue 310ro Haufornee yAaneHHBle W3 U3BECTHHIX HAM CHHPATh-
HBIX TYMAHHOCTEH, HAXOOAIIKMECH OT HAC HA paccTosiuMK 150 MWIITMOHOB
cBeropelx feT (1,5 - 10% cx), 0GHAPYKMBAIOT B CBOEM CIIEKTpe Kpac-
HOE CMeNIeHHE, COOTBETCTBYIOWiEe INyueBOH CKOPACTH yAATIeHUS CBBIIE
22000 xmfcex (l). Tlosromy nepBoe Breuatienye Habuojartenst Kaxk 6yaro
CBOAUTCA K TOMY, YTO Halla rajaKTHueckas CHCTeMa ARJSETCS KaKUM-TO
LEHTPOM BCEIEHHOH, OT KOTOPOro BCA MATEpHA BCeTIEHHO pacTexaeTcs
M TIPUTOM ¢ Tem GoJibmIell CKOPOCTBIO, ueM AAJIbIIE OT HAC OHA HAXOAMTCSL.
OpHaKo 3TO BeChMA@ HENpaRAONON06HOE 0OBACHENNE, TAK KaK ecH Gbl 1axe
y BeesieHHo# Owinl TaKOH LeHTP, TO ObLIO OBl BeChMA KypheSHEM H Maso-
BEPOSTHEIM COBHAJEHHEM, UTO HAM TOCUACTTIMBNIIOCh )KHTh UMEHHO B Td-
KOI «UeHTpanbHOMy raNaKTHKe, & He B Kakol-HuOyIbn nuoH. Ilostomy
€CTECTBEHHO BOSHMKAET NPEATIONIONKEHUe, yTo Habmionaemuiit adpexr spmnsa-
eTCA KRKYWMMCS, B TOM CMbICIE, 4TO WaGmogaresio, HAXOAALEMYyCH
H3 KAKOH yrofHO ApYroHl rajactHie, TOXE AO/KHO Ka3aThCd, UTO BCS
MarepusA BCeNEHHOH PACTEKAETCs OT HETro ¢ TAKHMH JKe ciopocTsmu, Ans
TOTO YTOOEI MOHATL, KaK OTO MOKET ObITh, 00paTUMCH K aHAJOCHM: ATSA
9TOr0 BO3pMeM GbruauMii My3nPb M HAPHCYEM HA €r0 TMOBEPXHOCTH KaKHe-
UGy Gurypsl, xoTa Obl npocto Touxu, Ecanm msi Gyiem OTOT Hy3Hph
paspyBath, TO €r0 pajMyc OyAyT PACTH, M PACCTOSIIIMS HAMEUEHHHIX HA
TIOBEPXHOCTH TOUEK APyl OT Apyra BYAYT Bce BPEMs! yBeMUHBATLCS, XKOTS
' OTHOLIEHHE ITUX PACCTOAHHH K paguycy OyleT 0cTaBaThCsl HEM3MEHHBIM.
Beenennas mo Jlemerpy SBJISETCS] TPEXMEPHOH aHANOrHeH TaKoro my-
3HIPSA; RPOCTPAHCTRO BeelleHHO# NPeACTABNSET B KAXGHY AaHHER MO-
MEHT BPEMEHH HEeIBK/IMIOBO MPOCTPAHCTBO, MATEMATHUECKH TOMKEECTBEH-
HOE € TpPEXMEpHOIl «CBEPXIIAPOBOii» NOBEPXHOCTBIO, PACTIONOMEHWHOM
B SBKJIMOBOM UETHIPCXMEDHOM MPOCTPAICTBE ; TAKHM 00pa3om B Kayk/blii
JIaHHBI MOMCHT BPeMEHU OHO 0GNafiaeT KOHEUHHM PagHyCcOM, U ero 0GbeM
KOHEueH, XOTsl OHO HMIyie H He uMeeT rpanuil. Ho paguyc mupa Bo3pa-
CTAET CO BPEMCHEM; IOITOMY XOTH OTAENLHEIE FMaNAKTUKM B CPeAHCM He-
TOABHHE IPYT 110 OTHOHIEHHIO K APYTY (B MacwTafe paguyca MMpa, T. €.
B TOM CMHIC/Ie, 4r0 reorpaduueckas 10JT0Ta W HMIHPOTA HAMEUEHHbIX HA
FOBEPXHOCTY NMY3LIPs TOUEK OCTAETCH MOCTOAHHOH), ™y He mMeHee UX pac-
CTOSHHSA JPYT OT JAPYra, BHPAKCHHBIE B CAHTHMETPAX, a He B pajHycax
MMpa, PACTYT, UTO M TIPHBOAMT K Haf.0faeMoMy JOMIICPOBCKOMY CMe-
HIEHHIO CTEKTPOB., Mbl He 6yseM 30eCh BjlaBaTbCsl B MOAPOGHOCTH; 3ame-
TUM TONBKO, 4TO BHIYMC/IEHHS, OCHOBARKEIE HA Teopuy Jlemerpa, ApHBOAAT
K TOMy, YTO B HAacTosllee Bpems paaiyc Mupa pares 1,6 . 1027 cu (mummapa
HIeCTHCOT MUJITTUOHOB CBRTOBHIX J1ET), UTO KOJHUECTRO MATE DI BO BCEIICHHON
coctaenser 1,7 « 105 2 (oro coctapmsicr 0,8 « 1022 mace Cosmnua umu 107° npo-
TOHOB) # UTO COBPEMEHIIAsi GRICTPOTa PACIIM PEHIA BCCIeHHOM TaKoBa, 4TO pa-
NMyC MHpa YARARMBALTCS KarXKabie 1,5 Miliutnapaa Jier. Ara nocneauss mudpa
Bo30YKIAET OONBINNE COMHEHNSA, TAK KaK 1,0 MMINMADAZ JIET €CTb CPAB--
HUTEJibHO BEChMA CKPOMHHI ¢pox, Gosiee mpUAHUECTBYIOWMIA KAKMM-TUG0
IeOTOrMYECKIM TIPOLECCaM, HEXKE/M TAKOMY KOCMUUECKOMY SIBJIEHHI0, KaK
yARoeHHe paguyca mupa., Ho mbl IOJDKHEL OTBEPrHyTR TeopHio Jlemerpa
He TOJIbKO 103TOMY, & IJIaBHLIM 00pa3oM Mo CJIeAYIWHM Coo5payKennam:

CTIpoenilec BLIIECTBA 116
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1, Teopust Jlemerpa OCHOBAHA Ha OOIieil TCOpUM OTHOCHUTE/BHOCTH.
YpapHenus o0iieil TEOPUM OTHOCHTEMbHOCTH CUMMETPUYNDE 110 OTHOIUEBHIO
K 11poule/eMy H OyyIiemy, T. €. He MEHSIOTCA Npd 3aMeHe ! Ha —i.
To e camoe OTHOCUTCS ¥ K CHCUMANBHII TEODMH OTHOCHTEBHOCTH, H
K KJIACCHUECKO}l MEXAHMKe, ¥ I KBAlTOBOH MeXaHMKE, T. €. KO BCEM He-
AYHKTHPHEIM MIPAMOYTONLHHKAM HaUieit cxembl Ha puc. 47. Mbl Buaum,
YTO BCE CYIMECTBYIOIIME (M3MUECKHE TEOPHM CHUMMETPHUHB! HO OTHOLUEHHIO
K 0GOMM HanpaB/eHlsiM BDEMEHH, & NOTOMY, KAK BBLITeKAeT H3 MepBoi
YACTH HAHIel CTaTbV, 06BACHEHUE 6CEACHHON 6 YEAOM € POMKOX CYLIECTIEYH-
wux Puanueckux  meopull Hesoamoncrn, CHMMETpHsi yDaBHeHul ofMiel
TEODHH OTHOCHTEJIBHOCTY [0 OTHOLIEHMID K NPOileAlieMy H GylyHIEMY
APUBOUT KK TOMY, 4T0 CRMMAIODIAACS BCENEHNAST TAK JKE XOPOWIO YACBIIET-
TBOpPsAa Obl ITHM YPABHEHWSIM, KAK BCeEHHAst pacmmpsiowiasicst, [lo-
ueMy M3 ABYX BO3MOXKHOCTell (PacIUMpeHuHe W CHKATHe) BeesiéHHAs BMOpana
HMEHHO NEePBYIO, — HA 3TOT BOLUPOC Teopus JleMerpa NpUHIMIMAIBLHO
He B CHJIAX OTBETHTb. 34METHM, KPOME TOTO, YTO NMPHMEHEHHE YpaBHEHH
ofUieit Teopuk OTHOCHTEIBHOCTH KO BCEAEHHOH B Lenom ofosHavano O,
YTO 3TH YPABHEHMS] MPUMEHMMbl KO BCEM OT/ENBHLIM YaCTAM BCEJEHHOH;
HO MBL MOXeM ObiTh IIOYTH yBePeHBl B TOM, UTO ypaBHenus o0ielt Teopuu
OTKOCUTESIBHOCTH NEepecTAlT BHIMONHATLCS B TIyGOKAX Helpax 3Be3,
TAK KAK 3TH ypABHEHHSI TECHO CBASAHBI C 3AKOHOM COXPAHEHUS DHEPIHH,
KOTOPBIH, KAK Mbl BUHEAH, B TAy0OKUX Hefpax 3Be3jl, BepOsiTHO, He BBI-
TIOJTHATCA,

2, Teopusi Jiemerpa emie # MoToMy He MO}KeT ORITH IpABUIBLHOM KOC-
MOJIOTHYECKOM Teopuell, 4TO OHA He HMMeT CPe/icTB OTBETHTH HA BCe BOII-
POCHI, KOTOPbIE MOTYT GLITh MPERBSABIEHN KOCMONOTHYUECKOM Teopuu. Bme-
CTO TOrO, YTOGLL E6MICAANTS U3 MUPOBEIX KOHCTAHT TAKHE BEJANUMHE, KAK
CPEJHION NIIOTHOCTh MATEPHH B MHPE WM CKOPOCTb YIANEHMs! CIMpasb-
HHIX TYMAHHOCTeH, TeopHs JIeMETDR 3aUMCTBYET HX IONPOCTY M3 Ha-
- GuofeHuit, BenencTsre aTOro 0e3pasmepHble KOHCTAHTH! OCTAWOTCS B Teo-
purt Jlemerpa HeoObSCHEIHBIMH.

M3 Beero CKA3aHHOO BHITEKAET, YTO pPA3PEIIEHHE KOCMOJOrHUeCKOH
upoGaeMsl CMOKET BHTh JOCTUTHYTO JMINL [OC/E COOTBETCTBYIOMIEr0 pac-
LIHpEHHs CYIIECTBYOMINK (U3MUCCKUX Teopuil. PenstuBucTCKast TeOpHS
KBAHT, BEPOSITHO, Y)Ke e Oy/er OTJIMuaThCst CUMMETPUell 1o OTHOIICHUIO
K MpoLefueMy u GyaymeMy; TeEM He Menee NOCTPOCHHE DesiTUBUCTCKOM
TeOPHH KBAHT HE MOYKET OKA3ATHCST JOCTATOMHBIM AN PEUNICHHS KOCMOJO-
raveckoif npoGaeMsl. HeT cOMHEHUST B TOM, UTO ABJIEHUSA TATOTEHUS] UTPAIOT
KOJ0CCAABHYI) POJb B MEXAHH3ME BCeNeHHOH KAK LEN0ro; Io3ToOMy pe-
LIEHME KOCMOJOTHueCKOi npofnembl noTpebyeT NPEABAPUTENBHOTO [I0-
CTPOEHUsi TOH epuuOit TEOPHM DNEKTPOMATHETH3MA, TSrOTEHHsI H KBAHT,
KoTopast 0603HaveHa HA HAameR cxeMe Ha puc, 47 BIOPHM MYHKTHDPHBIM
OpsiMOYTONbHUKOM, HOCMOIOTHUECKY0 TEOPUIO, KOTOpPAS JIOJIKHA YBEH-
uaTh 3Aanue Pu3UUeCKoil TeOPUH BoOGLIE, MLl 0GO3HAUNIIM TPETHUM MY HK-
THPHBIM [IPSIMOYTONBHIKOM J715 TOTO, 4TOGBl HOTUE PKHYTh, UTC OHA HMEeT
CBOH crenu(uyeckue 3anaun, OHITE MOMET M HE YKIAJABIBAXMUECS BO
BTOPOH NYHKTUPHH NPAMOYrONbHAK HAlEH CXeMBL 370 B 4aCTHOCTH
CKA3BIBAETCSL H B TOM, UTO KOCMOJIOUMUECKAS! TeOPHS NOIDKHA BHYUCAHTL
HOBLIE Ge3pasMepuble BENUUMHL, TAKWE, KAK HANpUMEp YMCHA0 [POTO-
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HOB ¥ 3EKTPOHOB RO BCe.IeHHOH WM OTHOWEHHE PAAMYCA MHDA K KAKOMH-
700 M3 MMEWWNK Pa3MePHOCTh ATMHAL VHUBEPCASLHBIX MOCTOSHHLIX,

Rz GVe

(TOBO[)S{ 370, MBI IIpEIIICTAraem, 4T0 NOHATHE

HAnpUMep L3 um
me [
«PAILMYC MHpa» GYACT MMETL CMbICT B IIPABWIBHON KOCMOJIOL HUecKol Teo-
pHY; BT0 BECHMA BeposiTHO, TAK KAK JQQEKT yaaneHnst CUMpasbHBIX Ty-
MAHHOCTEH BCe e CyIlIeCTBYET, M IPEACTABNEHNE 0 KOHEUHOH PACIINPAI0-
welca BeesleHHOH 10/HKHO MOSTOMY CONEPMKATL KAKOe-TO 3€PHO MCTHHEI).
OnHAKO MBI BUANM, yTO 7151 TTOCTPORHMS KOCMONOTHUECKOH TeOpHH Bpemsi
emle He HacTynuao. Q 11eJloM pANe BECbMA CYINECTBCHHBIX CBOHCTB Bee-
JIEHHOH MEL HE TOJIKO He HMeeM ellle IpaBa [eliaTh TeOPETHUECKUEe 3AKUII0-
UeHHsl, HO Na)KC He MOMKeM HMABJeYb HMKAKNX ONpPeieselHBX YKasaHui
uz HaGmogenuit. Tak, nanpuMep, BOIPOC 0 TOM, MEHSETCS JI1 W OCTAETCH
TIOCTOSIBHBIM UMCJIOM TIPOTOHOB H SJIGKTPOHOB BO BCeleHHOH, poIDKeH
CUMTATLCH TIOKA COBEPLIeHHO OTKPHITHIM (IIPOHECCH BIAMMHOIO YHWMYTO-
IKEHHST IPOTOHOB M 3JIEKTPOHOB 10 HEJABHErQ BPEMCHM CUMTANNCH BEChMa
BEPOATHRIMH, TAK KAK HAJTMUME OTHX TIPOLHECCOB OLII0 Hanojiee ecTeCTBEH-
HBIM M3 TPEeJII0/IAaraBILIMXCs HCTOUHMKOB OHEPrMM M3JIyUeHMS 3Be3H;
ORHAKO runotesa Bopa nefaeT 9TH IpOLECCH HEHYKHBIMH, OTICYfd, BIIpO-
YeM, ellle He BBITEKAET, YTO DHH HUTJE He NPONCXOAAT; BOMPOC 0 MX Cylie-
CTBOBAHUM W 0 BO3MOYKHOIH MX CBSI3M ¢ KOCMUUECKOH panuaudeil eme ne
pemeH). Taxum jxe 0Gpa3oMm Mbl JIMIUENBl TIOKA BO3MOMNCHOCTH OTBETHTH
¥ HA BOUPOC O TOM, CTAIIHOHAPHA JIM BCENCHHAS B LEJOM HJIH JKE UCTOpHS
BCEJIEHHOR €CTL IIpouecc KAKOTO-TO ONHOCTOPOHHeT® H3MEHEeHHS B OIpe-
JIE/IEHHOM HaNpaReHWUM: Belb ACHMMETDHS! BCEJEHHOH NO OTHOLIRHWLO
K MpOoHIEAIEMYy ¥ Oyfy.llemy eiie He O03HAUAeT HECTALMOHAPHOCTH! TAK
HanmpUMep BCEJIEHHAS, COCTOSIIAsi 3 3Be3[d, B KOTODPBIX 3HePrusi BO3HH-
KAET, U U3 KAKUX-TO APYTHX MECT, B KOTOPLIX OHA YHHUTOXKACTCS, MOIJIA
06l OBITH CTAlMOHAPHOH, X0TSA OHA M He CUMMeTpHuHa (1. e. quuiLM, @y-
EHHEI B 0OpaTHy0 CTOPOHY, IOKA3AJ bl 3BE3JLbI, NOIJIOMIAONIE SHEP-
fHI0, ¥ TOMY NOJOGHbIE BElM, KOTOPBIX B npupoie Het), [Toaromy Ha ca-
Mble CYNIECTBEHHAIE- BONPOCEL 0 MMPE KAK O LEJOM Mbl BHIHY)KIAEHBE NoKa
OTBETUTL HE3HaHWeM, W (uanuecKkast TeopHs ele JoMxHa Bymer mpolitu
JMHHHEIN M TPYIHE TyTh, NPeXKIe HeM ITH BOMPOCHI CMOTYT OBITL HAagJe-
IAIMM 06pa30M [OCTABJIEHBl W PAZPEIEHDL. .
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BEPHB! K 3aKOHB MeXaHHKK B GopMe, AaHHOH HELIOTOHOM, U 3aKOHBI MIEK-
TPOMArHHTHOI'O TOJSA, AaHHBe MawcBesuioM, PaccMoTpum Teneps Apyryto
KOOPAHHATHYIO cucTeMy S’, ABMIKYIILYHCS OTHOCHTENLHO NIEPBOI ¢ NOCTOSH-
HOif CKOPOCTRIO V; Asl NPOCTOTE MPEANONI0KAM, UTO B MOMEHT BpeMeHy
t = 0 00e KOOpPIMHATHEIE CUCTEMBI COBNAJAWT, a NOCNE STOTC OCh o'x
HAYMIAET ABMFATBCS BAONL ock OX €0 CKopocThio v. B orom cayuae Ta
camas TOYKA MPOCTPAHCTBA ¥ TOT MOMEHT BPEMEHH, KOTopbie Habmoga-
Tenb § ONMKCHBACT NOCPEACTBOM YETHPEX BEeIHUMH X, Y, 2, !, HabnojaTens
§' OyneT ONMCHIBATL NOCPEACTBOM HETHIPEX Beanwnn X', ¥, 2, I, rje

X =x—1t,

y' =y, =2, =t

Oti opMyTBl HOCAT HAsBamHe rpeobpasosanuii Manuaes; B ocofeHHOCTH
mofonbTHa opmyna f = ¢, nOKaswBawW@AA yr¢ 06a Habnwopatena S
1 §' H3MepSIOT BpeMsl COBEPLIEHHO GAMHAKOBO, BCJIEJCTBHE Uere ABA €O-
OhITHs, OMHOBPEMEHHEE ¢ TOUKH 3DEHHS OJHOTO U3 HUX, ABIIAWTCH ORHO-
BPeMEHIEIMY U ¢ TOUKH 3pCHUSA JPYFOro.
4 4 3a0HB MEXAHHKH, COONIOIAOMWKECH B
T / cHCTeMe KOOpAMHAT S, J0THKHE COB1i0-
TATECS TAKIKE M B CHCTEME KOOPAUHAT §'
(UnY, KAaK TOBOPAT, OHY BJIAIOTCS HEH3-
X' MEHHBIMM 110 OTHOLNEHHIO K npeoGpaso-
BauMsAM ["annies): TaK HANPUMED TEJO,
KOTOpOe B OTCYTCTBHH BHELIIWX CHJ
JBWDKETCA  COTJIacllo 3aKOHy HHEPUHH
Puc. 20. PaBHOMEPHO W MpsIMONMHEHHO NG 0THO-
IeHKIo K HabmnoAaTente S, TOMKE0 ABY-
TaTbCA TAKOKE PABHOMEDHO ¥ mpaMonuAciive (X0Tsa M ¢ HHOH CKOpPOCTRIC)
TI0 OTHOILUEHHIO K HAG/II0gaTen 0 S’y ATA KOTOPOro 3aKOH HHePIMH Cefo-
BATENILHO TAK)Ke BepeH. Ho 3AKOHE! 3NIeKTPOMAT HUTHOTO TTOTIsk HE OCTAIOTCS
HEMSMEHIIBIMHU 10 OTTIOIMEHMIO K TpeofpasoBaHuamM Ianuest, TAK KaK eC.TH
B CHUCTCMe 6" CKOPOCTEL CBETA 110 BCEM HanpaBICcHUAM OfIHHAKOBA U paBHa C,
TO B cHeTeMe 8’ 0HA y)Ke [0JDKHA 3aBMCETH 0T Hampasnenus. [1o orHome-
HHI0 K KAaKUM e ﬂp606p330BaHMﬂM HEU3MEHHBI YpPaBHEHKA ONEKTpOMAr-
HATHOTO no7A? Ecny 3 Touxn O B MOMEHT BpeMeHH f == 0 MyCTHTH CBe-
TOBYI0 BOJIHY B Ty M B JIDYTYI0 CTOPOHY BAOJNDL OCH X, TO Uepes ! CeKYHJ,
OHA TOMJET ¢ OJHOH CTOPOHBI 0 TOUKK X = ¢f, 4 ¢ APYrofi CTOPOHBI A0
TOUKN X == — ¢f. Ofe ot Toukm omucwBawTcA 06w dopmynoit X2 —
— % = (. Ecnu MBl X0THM BBeCTH TAKYI0 CHCTeMY &', B KOTOPO# Te e
CaMble CBCTOBLIE BOJIHBL PACTIPOCTPAHSIONCST B 00e CTOPOHBI C OIHOM H TOH
K& CKOPOCTBID €, TO HYYKHO, yTOGB! GRIO TAKIKe B X'% — (212 = (), HyBMH
C0BAMH, YTOGH NEPEMEHIBIM X 1 { B CHCTEMe S COOTBETCTBOBANH Bbl TRKHE
nepeMeHsble X' 1 £ B cucteme S, wro

X2 (B = X2 — (242,

Dopmyner npeolpasosanus [amines He YIOBNETBOPAIOT 3TOMY Ycio-
BUIO, HO €CIH MBI BMECT¢ HUX HATIHINeM
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ACYIMeCs1 3aPSDKEHHLIE YACTUILL. JIBYoKymuiica onexTpuueckuit 3apsn
€CTL HE UTO MHOE KaK TOK, a MAFHMTHOE 1101¢, KaK W3BeCTHO, 11POU3BONT
Ha TOK OnpefenerHoe feHcTRUE, 3ACTABNAS er0 OTKNOBATHCA (MPOBOJHHK
€ 3JIEKTPHUECKHM TOKOM 3aCTABJIAET OTKIOHATbCS MArHHTHYIO CTPENKY
u Ha0B0pOT Cam CTEeMMTCHA MOBEPHYTLCA B MarHuTHOM nosie). Hanpa-
BJIEHNE, TI0 KOTOPOMY MpPOUCXOAHT HCKPUBJIEHHE NMyuKa KATONHBEX Nydcit,
YK43BIBAET HA TO, YTO OHM 3APSHKEHBl OTPHI{ATENbHEM 3JIKTPIiUeCTBOM.

Ecnu xpyKrcoBy TpyOicy NOMECTHTb He B MATHMTHOE, & B 3/1eKT pUYeCKoe
[0%€, TO KATOJHDIE NYUYH TAKYKE HCKPHUBIIAITCS, [IPH OTOM TAaKUM 06pasoM,
YTO OHH CTPEMATCH NMPUGIU3NTLCA K 10J0YKUTENBHO 3APSIIKEHHOMY Tey U
HA060pOT YIATHTHCA OT Tesla, OTPUIATENLHO 3aPSHKEHHAr0. IT0 TOXKE yKa-
3BIBAET HA TO, UTO KATOJHLIC TYUM SAPAYKEHB! OTPHIATENBHO,

EcaM Ha nyTH KATOAHBIX JTyu¢it MOCTABHTb KAKOE-HUOYAL JIETKOMON-
BIDKHOE TeJIO (HaIpUMEp OueHb JIEIKYH0 BEDPTYIIKY), TO KAaTOLHEE Jlyud,

Puc. 21

majas Ha 3T0 TeNo, NPUROIAT €ro B IBWKEHHE. ITO TOKe YKA3HBAET Ha
UX MATCPHANBHYIO TIPHpPOJLY .

Horpa lespmronby W CTOHEH HAUITH, UTO BMEKTPUUCCTBO COCTOMT U3
GropUuily MM «ATOMOBY, TO eCTECTBEHHO OBITO 3AKUTIOYUTDL, UTO JBHIKY-
M¥ecA B KATOJHBIX JYUYaX YACTHLH U NpPeCTABIAKT ccOoll ATOMBL OTPH-
1@TeAbHOTO 3newcrpuuectsa. B 1891 r. CroHeil mpepmoyui HAa3LBATL UX
AEKMPoHaMl. JITAK KAaTOLHBE JIYUM ~— DTO [OTOK OTPUUATEILHO 3apf-
JKEHHBIX 3JIEKTPOHOR.

Taioe npejcTasieHde 0 KATONHBIX TyuaX, KAK 0 MOTOKE YacTHll, Ostno
TIOATBE PXKICHO WCCMeJOBAHHAMH LEJIOT0 PANd YUEHHX, CpeJIH KOTOpHIX
0CO0eHHO JIOMKHEL ObITh ynoMaHyTsl Jasc. Juc. Tomcon u JHenapd.

Uto Taxoe npeAcTapiasior coG00 MeKTPOHLI? ECIH IOMECTHTH KPYK-
€OBy TpYOKy B 37€KTPHUECKOE WM MATHWTHOE [0Jl€, TO KATONHBIE NyuH
MCKPHBIISIIOTCA. $ICHO, YT0 9TO HCKPUBIIEHKHE 3ABMCHT OT CKOPOCTH ABHKe-
HHSl YacTHL: 4em ObICTpee ABYIKEHHE 3:1eKTPOHOB, Tem CONbIAs Hy)KHA
CHna Aj1s1 TOr0, 4To0kl OTKJOHUTD IO OT NepPBOHAUANBLHOI O HATPABICHHS
JBUKEHUA; KPOME TOrD, MCKpUBJIEHHe (yier Tem Gosinile, yem Gombiue
34PAM 3/16KTPOHA U YeM MeHbIIC cro Macca. M3 uabnwaenvit HAJL HCKPUBIE-
HHEM KATOJHKIX Tyuelt B 3NEKTPHUCCKOM W MATHKTHOM NOJAX BOIMOXKHO
BHIUHCIHTD BETHUKHY CKOPOCTH, @ TAKYKE OTHOLUEHYE 3apsja INEKTPOHA K
ero macce. [lpHHIMN, HA KOTOPOM OCHOBAHBI TAKHE H3MepPEHBS, BECHMA
npocT. Ec/M 3apmKeHHAst 3JIEKTPHUECTBOM YACTHNA MepelBHraeTcs B
JIEKTPHUECKOM T10Jle, HANPHMED U3 HEKOTOPOH TOUKK A B APYryio Toury B,
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THeM. Bec Kannu xoHeuHo HENMb3s GRUI0 OHpeAeNHTh NPOCTLIM B3BEINHBA-
HHEM, HO er0 MOYKHO OHIJIO BBIUHCIIHTD, H3MEPHB CKOPOCTD, ¢ KOTOPO# Kamis
najaeT B OTCYTCTBHY 3MIEKTPHYECKOrO 1OJs, ITO JIEIAETCs HA OCHOBAHMH
3AKOHOB THADOMEXAHWKH, NO3BOJSICHIMX paCcuUHTaTh CONPOTHBlEHNE BO3-
Jyxa RBH)KeHHIO IIApO0GpAsHBIX KamejieK pasiuubuiX pasvepcs, Ecnn B
rase HIH B AMAKOCTH HANAET [0/ BIHSHHEM TIOCTOAHHOR CHNBl (Hanpumep
CHJTH TSIXKECTH) KaKoe-nufo Teso, TO CONPOTHBIEHHE, OKA3HIBAEMOE Ia30M
HITH KHAKOCTDLIO IBHMKEHUI0 STOTO Tea, PACTET BMECTE ¢ YBEJIHUEHHEM ero
CKOPOCTH; I0JTOMY €CAH TajeHVe IPOUCXOJHT AOCTATOUHO HAOJITO, TO
CKOPOCTH B KOHLYE KOHLOB JIOCTHrHET TAKOH BeNMUUHMHBLI, APH KOTOpOH co-
MPOTHBAEHUE CTAHET PABHO CHIIE TSDKECTH, 3aCTAaBAsONIeil TEI0 Nafath.
Haunnas ¢ aroro moMesTa BpeMeHH TajeHEEe HPOJOIMAECTCS C MOCTOAN-
HOlt CKOpOCTLI0 HA OCHOBAHMM 3aKOHA WHEPIMH, TAK KAK 06e CHIbL, Aeii-
-CTBYIOIIME HA TeJI0, ypABHOBECHIIHCh, B 5T0M HATPHME D SRKIIOUALTCS TIPK-
YHHA TOTO, YTO KATH JOXKAA, Nafalonie ¢ [oCTaTOuHO GOMBII0H BHICOTH,
JBHIKYTCSI COBCEM He YCKOpeHHo, a paBHomcpHO. B 1851 r. anrnuiicxuil
‘mareMatHK  Jowopdne Cmorc pemisl MATEMATHUECKBM MyTeM 3anauy
0 JBIDKeHHH Iuapa (Hampumep wapgoGpasuHoit iannu) B xugkoli unn ra-
30BOo# cpefe. OKa3a/noCh, UTO COIIPOTHRJEHHE, HCOBLITHIBAEMOE IIAPOM B
Taxoif cpefie, NPONOPILMOHANBHO PAfMyCy Mapa r ¥ ero CKOpocTH ¥; mo-
STOMY MOKHO TIHCATbL, 9TO CHAa, ¢ KOTOpOi Cpefla AeHCTBYET Ha MBHNCY-
muiicsi B Helf map, paBHa wv, TAg KOIQQHLUAEHT p 3ABUCHT OT CBOHCTB
Cpefibl (TOT KOSPGUIMEHT MOIKIIO OTIPESIe/IHTh W3 OMLITa; B YACTHOCTU JTIsI
BO3MyXa OH H3MepeH ¢ GONBINOH TOUHOCTEI0). TAK KaK Macca mapa paBHa

4
Twss, rje 8 ero MIOTHOCT, TO AeHCTRYIOINAS HA HETO CHJIA TSOKECTH CO-

4
CTaBnsieT ?nr”;g . TlosTomy mafienme nepecraser GHTb YCKOPEHHBIM, KAK
TOJBKO CKOPOCTE ACHAET A0 Taxoil BeNMWUMHBL vy, TMPH KOTOPOH pryy==
== =r3g . OTcI0fa BHHO, UTO CKOPOCTH, 10 KOTOPOH IO/KEH PA30THATHCS

mwap Anst Toro, 4roln fajbHeiilllee yCKOpeHHE HEpecTano MPOUCXOAKTD,
NPOTIOPLHOHATILHA TUIOTHOCTH MIAPA M KBAJlpaTy €ro pajuyca; NO3TOMY
YeM MeHbIIE pajuyc KamH, TEM MEHbIIC BPEMEHM JOMMKHO OpolfTd ¢ Ha-
yana najpeHust A Toro, urobel HAKOHEI| HACTYHWI TaKeil pe)xuM, npH
KOTOpOM Kamnisl najaeT pPaBHOMEPHO. JIns MHKDPOCKOMMUYeCKolt KanjH,
PajiHyC KOTOpOH HACTONBLKO MAN, YTO €I0 HEBO3MOMNHO H3MePUTDH HelloC pefi-
CTBEHHO, 3TOT De)KHM yCTAHABNUBAETCS MOUTH CPa3y. PACCMOTPHM B OflE-
TaX MAMANMKIHA MHMKDOCKONMUECKyI0 Kammo, 06IaJai0myo 3apsoM é.
Eca1 KOHAEHCATOp He 3apshyeH, TO KAMsh ABMXKETCS BHHZ CO CKOPOCTHIO
V1, KOTOpasl yAORNETBODPAET ypaBHEHWIO:

4 .
urvy =z wrig.

3
Tax xKax 2y 8 g U3BECTHBI, TO, H3MEPSIA V;, MOXKHO M3 3TOro YpaBUCHUS
BBIYUCTMTL PAIMYC Kallny, SapﬂlllflM BCJIEA 32 9THM KOHAEHCATOP H 06o3-

Hauum GyKBOH E 5/IeKTPHUECKOEe TONe, KOTOPOE TPH STOM  HOSIBHTCS
TMEIRY ITACTHHAMM (MBI GyJIEM CUMTATE MOJTE TIONOMKHTENbHEIM, ECTH OHO



