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BBEAEHHME

B nponecce cBoeil XKu3HeAeATENbHOCTH UYEJOBEK CBf-
3aH C OKpyxKawomeii npupojoi. Ho B oTauuue OT HpPYrux >KH-
BbIX OPTaHH3MOB CBfi3b 4eJIOBEKAa ¢ NPHPOJOH YPE3BLIYAHHO
aktupHa. OH H3yyaeT W HCIOJb3YeT, 8aKOHbI MPHUPOXbI, CO3LaeT
MaTepHaJjbHble HeHHOCTH. OH «nepelenbiBaeT» NPHPOAY  AJs
CBOHX HYXX, o6Jieryasi TeM caMbIM CBOH TPYA.

YenoBeK-MbICJAHTENb MBITAETCS He TOJAbKO TO3HATh Te #B-
JIEHHA, KOTOphle OH HeNOoCpeACTBEHHO HabJiojaeT, HO H NOHATH
puuuHbl 3TuX siBjaeHuil. [lo3HaBas npuumHbl, OH y3Haer, 4TO
OHH, B CBOIO OYepefb, ABJANTCA CJeLCTBHeM Jpyrux, Oogee
riay6oxkux npuudd. Mcnoassys W npucnocobuss NpHPORY, 4esno-
BEK HIEeT OT CJOXHOTO K OoJjee mpocTomy, oT OOJBIIHX Ted,
HelocpeJCTBEHHO OKPYIKAIOIIUX ero, K aroMaM, aTOMHBLIM siApaM
H 3JeMEHTaPHBIM YaCTHIIAM.

Ha pasnuynblx 3Tamax pas3BHUTHA YeJOBeYeCKOTO MbIIJIEHHT
BCeria OCTaBaluCb HeoGbACHMMble fBJeHHS. [ peBHHH 4YejOBek
IIPUIMCBIBAJT HX HesiTeJIbHOCTH Kakoro-inbo GoxkecrBa. Tak, Ha-
fIpHMep, He 3HAA 3aKOHOB [BHXKeHHS HeGecHLIX TeJ, He Belad
Jlaxe 06 MX CyllecTBOBaHHH, YenoBek oboxectBasin CoaHne.
Ecnu 6or-CoJsinie 3axouyeT mokapaTh, OH MOILJIET 3aCyXy H OCTa-
BUT Jiofell G6e3 myiiu u BoAs. Hago mpocuth, MOJUTLCA 3TOMY
6ory, yTo6bl OH OBLI MHJOCTHB K 4esoBeKy. Jlpyroro cpencrsa
He 6bLio.

Ipoxoaunu Beka. [locrenenHo GOMBIIHHCTBO <«dylec» INpH-
POALl Oblu O6bACHEHBI, H MecTa 60raM OCTaBajoCh BCe MEHbII2
u Mmenbiie. Ecig u He Bce ellle MOXHO 6bUIO OGBSCHHTb, TO He
6BLJI0O COMHEHHS B TOM, 4TO 3TO OyJeT chenaHo B OGuukailulem
6ynywem.

CaMpiM 3araJOYHBIM AJIA Ye/0BEKa OCTaBaJcA CaM YeJOBEK
C ero MblllJIeHHeM, 3MOLMIMH, CHOBHAeHHAMH... JIrogu «cosga-



Jauy» eauuoro Gora no cBoemy noaoGuio. Bor Obu1 HYXKeH AJs
o0bsicClieH|sI MOTYI{ECTBEHHBIX CHJI MPHUPOABI, A YKpellIeHus
BJACTH CHJBHBIX U GOraThix, JJst Llapeld Ha 3eMJe, KOTOphie CYH-
Tanu ceGs HaMecTHHKaMH 3Toro 6ora Ha HeGe.

Ho npucyrcTBue emuHore 0Oora HMKakKk He OTpaxanoch Ha
sIBJIEHUSIX TpuUponsl. Bce Qu3uueckue INPOLECCH CTPOTO NMOAYH-
Hanuch QyHIaMeHTaJ bHBIM 3aKoHaM npuponbl. B konue XIX Be-
kKa OOJIbIIHHCTBO VYEHBIX CUHTAJ0 (PH3HKY HPAKTHYECKH 3aKOH-
yeHHO! HaykoH. lna nonHoll ¢usvueckoll KapTHHBI MHpa OcCTa-
BaJIOCh, Ka3aJocb Obl, «10pHCOBaTb» HebOJbIIHE LITPHXU.

B nauase XX Beka yueHble NPOHHKJIM B MHKPOMHpP H oOHa-
PYXHJIH TaM, Ha NepBbIH B3rJafAA, MHOTO BeCbMa CTPAHHLIX §IB-
nenuit. [Tpexne Bcero BBISICHUJIOCH, YTO MHUKPOYACTHUBI HE MOX-
9UHSAIOTCA 3aKOHAM KJacCHYeCKOH MexaHHKH, HeB0O3MOXHBIM
O0Kasa/joch, 3Haf HayaJbHbie YCJIOBMUS, TOYHO MpeAcKasaThb IIo-
BeficHHe MHKPOYACTHL: OAHA M Ta XK€ MNPHYHHA MNPUBOAUIA K
PasJIHYHBIM CJIEACTBHAM.

O10 ObJIO TPYAHO NOHATb, H MHP YUYEHBIX paslesuJcs Ha
JBa Jarepsi, NPUAEPXKHBAIOLIUXCA DPA3JIHYHBIX TOYEK 3pEHHS.
MHorue paccyxAafau cielylouHM 06pasom:

MexaHuka MHKpOMHpa JOJXKHAZ M MOXeT ObTb CBeieHa K
K.J1acCHYecKoll, e cyllecTByeT abCOMIOTHLIA J€TEPMHHH3M; T. €.
cTporas 3aBHCHMOCTb MeXAY NPHUYMHOH M ciaexcTBHeM. das To-
ro 4tobbl 3TO BBIMOJHAJNOCH, Y MHKPOUACTHL[ HOJXKHBI CYLIECTBO-
BaTb «CKpLITbie OT HabuaiopaTenst napaMerpbi». OmHH rOBOpHJIH,
YTO 3TH <CKPLITbHIeé HApaMeTphbl» CJAeAyeT HCKaTb B TIIATEIbHO
NOCTABJEHHBIX ONbITAX; APYTrHe BEPHAM, YTO HX MOXKHO NOJYYHTh
JIOTHYECKUM TNIyTeM HJH C NMOMOIIbI0 MaTeMaTHYecKHX mpeobpa-
3oBanuil. Ho G6nina eme W Tperbs, caMasi, NorkKaJuayil, Majoduc-
JICHHAsi TPYNNa YUYEHBIX, KOTOPble YTBEPXKAAJH, YTO CKPLITHIX Ma-
paMeTpOB y MHKPOYACTHL, HCKaTb He HYXHO, ¥ 4YacTHL, MoJ,
€cTb cBosi cBoGoja BhiOOpa WJIM NpofABJEHHE «BOAH». KoHedHo,
3eCb HeT elle N0Ka3aTeNbCTBa «ObITHS GOXKbero» B MHKPOMHUDE,
HO yyuTaTeNb XOPOIIO MOHHMAaeT, KakHe BbIBOAbI MOXKHO C/eJaTh
H3 noxo6Hoil «TeopHuU>.

Yuennie-MaTepyaJuCThl NMPHULIH K €QMHCTBEHHO NpPaBHJIbHON
TOYKe 3penys. HHKAaKHX «CKPBITHIX MapaMeTpOB» y MHKPOYAaCTHI
Her. O6 3TOM roBOpAT 3KCNepHUMEHTaJbHbie HccaenoBanusi. I1o-
OBITKH (OHM JlesaloTCs ellle H ceifiyac) BHECTH 3TH NapaMeTphl
JIOTHYECKHM HJM MaTeMaTHYEeCKHM NyTeM O0K43aJHCh Geclaof-
HBIMH: OHM He TOJbKO He Jaju HHYero HOBOrO, HO H He IO3BO-
JIMIM TIOHSITb BCE TO, YTO XOPOWIO OGBACHAETCA COBPEMEHHOR
¢Gusukoli. MexaHMka MHKPOMHpA — KBaHTOBaf MeXaHHKa — Ja-
€T BNOJIHE MOJIHOe ONHcaHHe mnpoleccoB. B atoM omucanuum Her
MecTa HH «CKPbITHIM NapaMerpam», HH «CBOGOJAe BOJH» YacCTHIY
HJIH «60XKeCcTBeHHOro NpoBuieHusis. [IpocTo NpHYMHHOCTE 34€Ch
HOCHT HECKOJIbKO JAPYroii XapakTep, HekeJu B MHpe OOJbIIHX
Tel. B pesyanbrare meficTBHS OZHOH M TOR Ke HPHUYMHBI MOTYT

4



NPOHCXOAHTH Pa3Hble CJAEACTBHS, HO C Pa3JHYHOH BePOATHOCTHIO.

O6 3tomM M pacckaspiBaeT sra Hebosbliass KHHXKa., UHTa-
Te/b He Haiifler B HeHl NMOAPOGHBLIX OTBETOB Ha BCe BOMNPOCH!, CBs-
3aHHble ¢ MHKPOMHPOM, OHA JIHIIb NDHOTKPbIBaeT [ABepb MEPEx
yuTaTeseM K NepefHeMy Kpaw Hayku. Ho m aToro yxe Aocra-
TOUHO, YTOOBI BHAETh, UTO B 3TOM MHpe HeT «uyjec»®, H Haj HUM
He [OBJleeT TaK e, Kak, BOpoueM, H B Makpomupe, pyka «Go-
JKEeCTBEHHOTO NPOBUACHHAY,

Knaccuueckaa mexaHuKa
U HKJjaccyudecKas CTaTUCTHUKA

Mexauuka HbloTOHa H ee OCHOBHble 3aKOHBl (mOCTY-
JaTe) OPOoYHO 3aBoeBasu yMbl yyennlx XVIII m XIX Bekos. B
caMoOM JeJse, MeXaHHUeCKHe 3aKOHOMEPHOCTH IpeKpacHo, Ha-
CKOJIbKO TIO3BOJISJI OMNBIT, OGBACHAAM BCe SIBJEHHS, NPOUCXOAS-
HHe KaK C MaJbIMH, TaK U ¢ 6Go/aplIMMH TeJaMu. 3Has Hayajb-
Hble KOODAMHATBI U HMNyJabCc (KOJHYECTBO [ABHXKEHHS) Teaa,
MOXCHO TOYHO pacCUUTaTh NyTh ABHXKEHHS, COYLapeHHs Ted H
TOMY mnogoGHble mpouecchl. Knaccuueckas MexaHHKa Ka3saJach
HACTOJBKO BCECHJIbHOHM, YTO BHICHIHM JOCTHXKEHHEM YUeHOro cuu-
TAJ0Ch, €CJIM OH BHOBb OTKPLITOE SIBJEHHE CBOIHJ K yXKe H3BecT-
HBIM MeXaHHYeCKHM 33aKOHaM,

IIpencraBienne 06 aToMax — MenbYafIIHX YacTHLUAX Belre-
C€TBa — BO3HHKJO ellle B ray6okoli ApeBHOCTH, HO ocoboe pas-
BuTHe mosayuuiao B XVIII u XIX Bekax. Tak, raa npeacrasasics
B BHJe MaTepHAJbHbIX H HeB3aUMOZEHCTBYIOUUX APYr ¢ APYroM
Touek-yacTull. TensnoBoe [BHXKeHHe YaCTHIL rasa ¥ cefiyac oyeHb
XOpOWIO ONMHCHIBaeTCHA KakK IPOCTOe MeXaHHYecKoe ABUKEHHE Ma-
TepHaJIbHBIX TOYeK.

CxeMa JIOFHYECKHX MOCTPOEHHH 3Jech HOBOJBHO MPOCTA: KO-
HeYHO, HeJb3sl 3HAaThb TOYHO ABHIKEHHE KaXJOW YaCTHIBl — aTo-
ma. Ho a1o u He Tak yx BaxHO. MOXHO BOCHO/Ib30BaThCsl Mpa-
BHIaMH TeOpHHM BEPOATHOCTH — CTATHCTHKOHN — 3aKOHAMU 60Jib-
wHx quces. Hazo roBoputbh He 0 KaKOM-TO AeHCTBHTENbHOM [IBH-
JKEeHHH aToMa, a JMIlb O CPeIHHX MapaMeTpax ABHIKEHHUS: Cpel-
HeH CKOpPOCTH, cpeAHell AjuHe cBoGoaHoro npobera W APYTHX.
TlonaTtue TeMnepartyphl rasa, XXHAKOCTH, TBEpAOro Teja sBJseT-
Csl TMOHATHEM CTaTHCTHYECKUM, NOCKOJBLKY ONpefessieTcst M3 3Ha-
UeHHA CpellHed SHepru{d MoJekyJ M atoMoB. Takum o6pasom,
TellJIOBble $iBJIEHHS B KOHEYHOM cueTe MOryT GbiTb CBEIEHBl K Me-
XaHUYEeCKHM JBHXEHHAM YacTHll, o6/Jafalouux CpeJHHMH Mapa-
meTrpaMu. Tak, Hanpumep, BTOpOe Hayajo TePpMOAHHAMHKH, YT-
BepXJalolulee CymecTBOBaHHe HeoOpaTUMbIX IPOLECCOB Mepena-
M4 TeNJOBOH 3JHeDPFUM, DAacUIMDEHHA rasa W JApyrue mnopobHhie
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NpoUecCcH, MOXHO OOBACHHTb [BHXKEHHEM 4TOMOB H MOJIEKYJL
B pesyabraTte coyaapeHuit Bcsikoe HanpabjeHHoe (yHnopafouyeH-
HO€) [BHXEHHE MAaTepHaJIbHBIX HYACTHL, CTPEMHTC K XaOTHUHO-
cTi, K Gecnopsnaky. Mepa asrtoro Geciniopsiaka — 3HTPONHA — Bee-
ria JOJIXKHA YBeJHYHBATbCA B H30JHDOBAHHOM INPOCTPAaHCTBE.
Bropoe Hauano TepMONMHAMHMKH OMNKCHIBaeT BIOJNHE OODBEKTHB-
Hble NpOlleCcCH B NpHPOJE, a BeJMUYMHA JHTPONMH CBsi3aHa C Be-
POSITHOCTbIO COCTOfIHHA, T. €. C Cjay4aiiHeiMu mnpolieccamu. Ha
3TOM HYXKHO OCTAHOBHTbCS MOApPOOHee.

Ilepen Hamu nBa paBHLIX MO 06beMy cocyla € rasoM, COeMH-
HeHHbIX Mexay coboil Tpybkoi ¢ kpaHoMm. B oaHoM — mpaBoM —
cocyzie rasa OoJibilie, 4eM B JIEBOM, T. e. JaBjleHHe TaM Bbllie.
Ut> npousoiifier, eclii Mbl CO€AHUHHM COCYAbl, OTKPbIB KpdH, 3-
BECTHO: ra3 u3 npaBoro cocyfia OyleT nmeperekaTb.B JeBbliH, II0OKa
AaBlleHue B 000HX COCYJaX BbIPOBHSAETCH.

A Moxet npousoiiTu o6patHoe? MoxeT, roBopaT QU3UKH, HO
¢ HHYTOXKHO MaJOfi BEPOATHOCTbIO. ['a3 COCTOHT H3 MOJIEKY,
ABUXYIIHXCc GecnopsiloyHo ¢ pasHoit ckopoctbio. OHU cTaJsIKH-
BAIOTCA APYT C APYrOM H CTEHKaMHd cOCyNOB. ITuUX yAapos Gyner
GoJbllie B MpaBOM cOCyAe, rAe MoJekysJ MHoro. B pesyabrare
CTOJIKHOBEHHII MOJIEKYJIbl H3 IPaBOro cocyja »)yAyT ualle nepe-
XONUTb B JeBbifl, 4eM Hao60opoT. B KoHUe KoULOB, KOrAa YUCJO
MoJeKysJ B ODOMX COCydax CTaHeT paBHbIM, YAaCTOTa Mepexona
H3 OJHOro cocyia B Ipyroit Oymer oauHakosa. PaHbute 6bla
KaKoH-TO «NOPAJOK»: B OAHOM cocyle ra3a Goablle, yeM B JApy-
rOM, MOJIeKYJbl ABHraJHChb I[peHMyillecTBEHHO B OJHOM Hanpas-
AeHHH. Tenepb HACTYNUJ NOJHBIH «BeCHOPANOK®»: YAaCTHLB CHY-
IOT B CaMBIX Das3JIHUHBIX HanpaBJeHHdX MexAy cocyAaMu. Bme-
CTe C TeM 3TO COCTOSiHHE, C PaBHLIMH KOJHYECTBAMH MOJIEKYJ
B oboux cocynax, siBiasercs HauboJiee BeposATHbIM U objajaer
TaKxXe ¥ HaHOOJbUIUM 3HAYEHHEM SHTPOMHHU.

ITosTomMy BTOpOe HayaJo TepMOJAHHAMHKH MOXKHO HHTepnpe-
THPOBaThb Kak 3aKOH, B pe3y/abTaTe JeficTBus KoToporo Jiobas
cycTeMa JOJIXKHA MepexoiuTb H3 COCTOSHHA MeHee BepPOSITHOro
B OoJiee BeposaTHoe. Ho BeposiTHOCTL HHKOrAa He MoKeT OHITh
paBHa eluHHuLe, T. e. ObITb ZoctoBepHocThio. [ToaTomy cymiecr-
ByeT BCerja KaKafi-To, MOxeT OkbiTb, HeBoJbliasd BepPOSITHOCTD,
4TO0 NpOIecC CAyyaitHo nNoifier B O6paTHOM HAIpPaBNEHUM: ras
6yleT cKaNaHBaTbcAd B OJHOM M3 COCyAOB, Temao Oyler mepe-
XOJHTb OT XOJOJHOrO Teja K ropsaiyeMy.. BeposiTHOCTB MOXHO
noacuurate. M B cayuae ecam B cocylax OyleT HOpMaJjibHOe
AaBaeHue (olHa aTMocdepa), paBHOMEpHOe pacnpefeseHHe Mo-
JEKyJl HMeeT BepOSiITHOCTb, OYeHb MaJi0 OTJIHYAIOWLYIOCH OT eAu-
HHLBI: 9TO-TQ OKOJO HYJs, 3ansrtas, a 3aTeM COpPOK JeBsTok!
Hy, a BepositHocTb Toro, uro ras GyAer TOJLKO B OLHOM COCY-
Jie, MaJjlo OTJHYaeTcsi OT HyJs, NpUBJIM3HTENbHO HYJb, 3ainaTad,
NATbAECAT-ILECTbAECAT HyJel, a notom 1. 3TH uudpsl MOKHO
nanMcaTb uHave, HO AJMA Hac BaXHO, YT0 (aKTHYECKH HLepBblH
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cayuail, paBHoMepHoe pacnpegmefdende rasa, GbiBaerT Bcerja, a
BTOpO# ciyuyail nuxkorga. CTOMT W TOrKa TrOBOPHTb O BEpPOSITHO-
CTH cOOBITHS, KOTAA OHO TaK MaJO0 OTJAHYAETCR OT HOCTOBEPHO-
cru? Hapo roBoputh! MmeHHO 3Kech $H3MKH BhepBble NOJOLIIH
K 3aKOHaM NpHPOIBI, HMEIOUIHM BEpOATHOCTHBIA XapaKTtep, CB-
3aHHDBIH €O CAYYaliHbIMH SBJEHHSIMH.

Hy, a ecsin Mbl MMeeM Jeso ¢ HeOQJbLIMMM YHCAOM MOJIEKY,
TO «MaJIOBEPOSITHbIe» SBJEHHA MOryT NPOUCXOJHTh BechbMa ua-
cro. Mx nasbiBaioT ¢uayxkryauusamu. Tak, npH HOpMaJbHOM HaB-
JIEHHH B OoOHOM KyOHYECKOM CaHTHMETpe BO3JlyXa HAXOXHTCHA B
cpenHeM okoso 3-10'% mosexkyn pasanuHbix rasoB. Ho orkio-
HEHHE OT 3TOro CpefHEero 3HaUeHHs B pa3/JMuYHOe BPeMsi W pas-
HbIX Mectax jgocturaer 10'° yacruy. Bee xe aTo ciaumxom ma-
JI0 — CTOMMJIIHOHHAS J0Js NPOLEeHTa — YTOGBl 3T0 MOXHO ObLi1o
3aMeruth. OJHAKO ecqiM Mbl BO3bMeM 00beM, paBHbIE KyOuue-
CKOMY MMKPOHY, TO B HeM Oyier Bcero 3-107 wacTHl, a OTKJAO-
HeHHe OT »ToH cpeAHell uudpul Moxer ObiTh 10* monekyn, T. e.
MOPSNXa Y2K@ HECKOJNbKHX COTHIX NpOLEeHTa. ITO yXKe XOpOIlo
nabmonaercy, Ha a3Tux Mukponsbix o6beMax BO3LyXa pacceu-
Baercsi cosiHeyHnli cBeT, Ilpuuem pacceuBaercs npeHmyHIecT-
BeHHO KOPOTKOBOJHOBOe H3JjyyeHHe. MmeHHO 3THM OOBsACHAETCA
roay6oii user He6a u KpacHb# LBer camoro ConHua IpH ero BoC-
XOJe W 3aKaTe, KOra COJIHEYHBIH €BET NPOXOAUT yepes O60Jib-
LIYIO TOJILY aTMOC{ephl.

Ho BepHemcsi X HauieMy ONBITY C COEJHHEHHBIMH COCYNaMH.
Ilpennono:kuM, Y10 B LIpaBOM cOcyle HaxofuTtcs Bcero 6 moJe-
Kyn, a B nesoM 4. Ilo-mpexxHemy HanbGosiee BepOoSTHBIM Oyner
COCTOsIHHe, KOr'Za B oboux cocynax Oyzer nmo 5 uwacrtun. Ho Be-
POSITHOCTb 3TOrO COOBITHS 3HAYMTENBHO MeHblle eJIHHHIBL, H
MO3TOMY TaKoe paclpefeneide Oyler cpaBHHTENbHO PeJKHM $iB-
neHueMm. [opasao uame 6yAYT COCTOAIHHS C HEpPaBHbIM YHCIOM
MOJIEKYJl, H He TaK yX J0Jro NPHAETCR XKJAaTh, KOTAA Bce Ya-
cTHupl cobepyrest B ogHOM cocyle. Korna ke XBe MOJeKyJbl H3
npaBoro cocyfa GyAyT HaXOAUTbCSA B COeJUHHTENbHOH Tpybe, TO
Mbl BOOGLIE He MOXKEM CKa3aTh, B KaKoM <COCyke B cJe-
AYIOMA MOMeHT BpeMeHH Oyzer OoJsiblle 4acTHL: Belb BeposiT-
HOCTb OJHOH M3 YacCTHI NMOHTH B NPaBbIH MJIK JeBHIH COCYR cO-
BepIUIEHHO ONMHAKOBa. A He/lb3sd JH BCe-TAKH Y3HaTb, KyIa Noi-
AYT MoJiekynasl? IIpHHUMNHAJbHO MOXHO, YTBEpXKAAeT KJaccH-
Yyeckasi MexaHuka, [Jifi 3TOro HyXHO 3HaTh MapaMerpbl JBHXe-
HHA Kaxpao#l yactuubl. Ecnd 3To Tax, TO HU CTaTHCTHKA, HH TeO-
PHS BepOSITHOCTH He HYXKHbl Oblig Obl. HeT, HY2KHBI, IOBOPAT
H3MKH, IOTOMY 4TO HEBO3MOXHO y3HAaTh, KakK BeLeT cebs Kax-
Aasi MoJleKyJia rasa,

Yuratenb, KOHEUHO, YKe TOHAJ, YTO STH OODBACHEHHS Iie
BIIOJTHEe YAOBJETBOPHTENbHb. M3 HUX cnelyeT, uTo OOBEKTHBHBIC
CTATHCTHYECKHE 3aKOHbl TNPHPOAbI 3aBHCAT OT HaIEro 3HaHHA
flapaMeTpoB 4aCTHI, T. €, NpHoOpeTanT CyObeKTHBHBIA NPUBKYC.
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CraTHCcTHKAa DpHMeHsieTcs W B Jpyrux caydasx. Ilpexanodo-
UM, YTO B KaKOM-TO IOXHBIH KYpPOPTHHIH TOpPOJ eXeJHEeBHO B
cpenHeM npuesxaer 1000 TypucroB M oTABIXalOIHX. DTO CTa-
THCTHYECKHEe JaHHble, H BIOJIHE 3aKOHOMEpPHO, YTO B J1060fi NeHb
MOryT OBITb OTKJOHEHHSI OT 3Toro uucjaa. Moxker ObITb, 37ech
TOXE CTAaTHCTHYeCKHe 3aKOHOMEDHOCTH MOXKHO NPHHIMIHAJLHO
COCUHTaTb, 3HadA JOCKOHAJbHO O «Napamerpax» KaxKAOro yeso-
BeKa B CTpaHe'»’ Her, atoro caenaTth Henb3st, TAK KaK «MIPHHIIM-
NHaJbHO» Mbl HE MOXeM Bce 3HaTb O MoBefeHHH yYesnoBeka. Ilo-
MHMO YHCTO OOBEKTHBHBIX OOCTOSITeNILCTB (Bpems renxa, moroja,
yao6CcTBa XH3HH Ha KypopTe H T. M) y KaXHOro YejoBeKa ecTh
€BOsl HHAMBHYyaJbHOCTb, cBOGoAa BoJHu. [loaTomy ero mosenenue
HeJib3sl TOUHO MpefyrafaTh: YeJOBEeK MOXeT caMm BbIGpaTh, Kynaa
eMy noexarb oTAbixaTh, B Coun uau fdary.

Ho Bexp 4acTuibl HepasiHUMMbI, Y HHX HeT HHIAHUBHIAYaJbHO-
ctH, HeT cBOGoIEl BhiGopa M cBoell BoJaH. [ToaromMy MoOxHO Hak
6yaro Obi XOoTs Obl NPHHUIKIHAJLHO 3aMEHHTb CTATHCTHUECKHE
BaKOHBI «abCOMIOTHO TOYHBIMH» 3aKOHAMH, KaKHe, HanpHMep,
YnpaBJ/isiioT ABHXEHHEM IIapOB HJH MaTepHaanbxx TOYEK B KJiac-
CHUECKOH MexaHHKe.

3alimeMcst CHOBA MBICJEHHBIMH ONBITAMH € cOCyAaMH. B. 060-
HX COCYIax paBHOe KOJHMYEeCTBO rasa, H yCTaHOBHJOCb Haubojee
BepOSATHOE COCTOSIHHE: SHTPONUSA cTaja MaKcHMaJbHOH. Ecau Mul
Teneph HarpeeMm ra3 B OZHOM M3 COCYAOB, MOACTABHB, HampHMep,
Ha BpeMs 3aXKeHHYI0 ra3oBYl0 TOpeJKy, TO SHTPONUA CHOBA
YMEHbIIHTCA H COCTOSIHHE CTaHeT MeHee BEPOSITHBIM. 3aMerbre,
YTO JJIs 3TOr0 HaM NpPHIULIOCH 3aTPATHTh SHEPTHIO TOPSIHIEro. ra-
8a. Jlns NpOCTOTHI paccy:KAeHHH Mbl HCKJIIOUHUM TemJOBOH oOMeH
COCYNOB C OKpyxaouel cpenoii. Toria Temno u3 Harperord co-
cyna GyneT MepeXOAHTb B XOJOAHBIH. DTO 3HAYMT, YTO OYAYT B
OCHOBHOM HanpasJ/IeHHble (3HAUHT YyNOpsiloueHHBIE) MNOTOKH GBI-
CTPLIX YaCTHL, H3 TOPAYETO B XOJONHBIH M MeJJIeHHBIX YacTHL
B ofpaTHoM HampapieHuu. Tax 6ynetr Ao Tex MOp, MOKa cpen-
HsiSl KMHETHUYEeCKasl SHeprusi MoJieKyJa (a CJefoBATeJNbHO, H TeM-
nepatypa) B o0oMX cocyldax He craHer paBHoli. Torna onare
HACTYMNUT TOJHbIA OecnopsfoK B JBHUKEHHH YacCTHL, SHTPONUs
6yZeT MaKCHUMaJbHOH H cocTosiHue OynaeT HaunoJiee BepOSTHBLIM.
CayuailiHo ObICTpble YaCTHLUBI MOTYT U3 ORHOIO COCyld MepeHTH
B IpYyro#, U Temneparypa ero noseicutcsl. Ho BeposaTHocTh 3TOrO
npouecca odeHb MaJna. JlecsiTb, CTO, Thicsiua YaCTHIE He H3MEHSIOT
3aMETHO TeMIepaTyphl rasa, a BeposSTHOCTb Nepexoja MHJIIH-
apaoB GLICTPLIX MOJIEKYJ MPAKTHYECKH paBHA HYJIO.

Anmapar, B KOTOPOM €aMONPOM3BOJBLHO NPOHCXOMMT nepe-
XOI Telsia OT XOJOJHOrO Teja K ropsieMmy, 6bll NpeaMeTOM
usoGperenus Thicauell HeyaauHukoB B XVIII u XIX Bekax. 3to
TAaX HasblBaeMblil «BeYHBIi» HBUraTenb BTOporo popa. Jlerko ce-
6e MpencTaBUTb, UTO GblIO GBI, €CAH XOTb OJHO H3 TAKMX «H300:
peTeHHH» MOXHO ObLIO OCYWEeCTBHTb. MOXHO GEIIO Obl, HanpH-
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Mep, MOHU3UTh TeMMepaTypy Mopell M OKeaHOB B cpelHeM Ha
1 rpaayc u 3a cuer 3TOro MMeTb 3HEpPruio, KOTOpY!O BCe cylle-
CTBYIOLUME 3/IeKTPOCTAHLMH MHpA He MorJju Obl BblpaboTaTh 3a
1000 ner. KoueuyHo, npu 3toM npousourno Obl H3MeHeHHe KJH-
MaTa; yBeuueHHe JIEASHBIX MNoJsiefl y no/aocoB 3eMJH, HO... 3THX
HEeNpHUATHOCTE He NPOM30HIAET, TaK KaK Ha MyTH OCYLLEeCTBJIEHHS
TaKUX OBHraTesell CTOMT cepbe3Hass Nperpaja: BTOPOe HauaJo
TepPMOLHHAMUKU.

Onux u3 ocHoBaresell KMHETHYECKOW TeOpHM ra30B H CTaTH-
CTHYECKMX 3aKOHOB aHIJMICKHMA ydeHbIi MaKceess TOXKe NpPUHSAJ
yuactHie B pa3paboTke BeYHBIX [BUrarteseil U npernojHec CBOe
«1306peTeHne» B HECKOJbKO WYTAUBOH ¢opme. Mbl nocnenyem
3a HUM U nonpobyeM cAenath Hy:KHOe NMPHUCNOCOb/IeHHe K HAIIUM
cocyaam.

Hns sToll Henu MOXHO HCIOJb30BaTh KPaH B COeAMHHUTEJb-
HO# TpyOKe MexAy cocygamu. Ho syuwre ycTaHoBHTH OYeHb Jer-
KM KJjanaH, KoTopplM Oyler ynpaBisiTb BecbMa HHPOPMHpO-
BaHHLII omepaTop. DTOT OMepaTop AOJIKEH HMeTb CBeJeHHS O
BCeX MOJJIETAloWuX K Kjaanady yacruuax. Ecau us npasoro co-
cyla JIeTUT MeJJIeHHas 4YacTHlla, KJamaH OTKpblBaercs, HO Ie-
pen ObicTpPOH dYacTHIEH OH 3aXJONbIBAeTCs: OHA OTpaxaeTc H
BOo3Bpaluiaercd B cocyAd. B ToM cayvyae, KOrja H3 JeBOTO cocyla
Jetut ObICTpas 4YacTulla, ONepaTop ee IpONyCKaeT, HO 3ajep-
}KHBaetr Me/JleHHYIO. TaxuM ofpa3om, B npaBoM cocyfe OyayT
CKaNauBaThcsi ObICTpBEIe YACTHULBl, H €r0 TemnepaTypa NoBbILIaeT-
csi. Terio u3 xonogHoro GannoHa mepexoaut B ropsiuuii. Hapy-
[macTcst BTOpoe Hawaso tepmoauHamuku. [lpuuem, obpaTure
BHHMaIllde, YTO 3TO «HapylleHHes MPOU3BOAUTCSI OlepaToOpOM
TOJNBKO MOTOMY, YTO OH 3HAeT TOYHBIe NnapameTpsl MOITeTalOLIHX
K KJIanaHy MOJIeKy.JI.

BruMare/bHbill uMTaTelb 3afBUT, YTO MOH anmapat TeXHH-
ye¢kit 6e3rpamoTiiblfi, TaK Kak HA OTKPbIBaHMe W 3aKpblBaHHe
KnanaHa yiiger 6oJibiie 3Hepruu, ueM OyNeT NMOJIYYEHO IpU Me-
pexolle TemNa M3 XoJogHoro Gasona B ropauui. KeraTu, Takoil
nepexoj C 3aTpPaTOH SHEPTrHM He 3ampellleH HUKAKHMH (H3HYe-
CKHMH 3aKoHaMH. JloMaliHWi XOMOAMNBHUK HMEHHO 3TO H IpO-
U3BOJAUT: HO B HEM HeT BBIMI'PHIIIA B 3HEPrHH, 2 eCThb BecbMa
OLY THMbI#l MIPOUTPHIL, ONJIaYUBAEMBIH BlaJeNbileM.

Moe BospaxeHnHe CBOAUTCA K TOMY, YTO Haul ONBIT MbIC/IEH-
HBIH M BCe e OH MMeeT I[PaBO Ha HAYYHYI0 HHTEPHPETAIHIO.
CKORbKO 3HEeprHH YXOAMT Ha paboTy KjaamaHa, Mbl IONCUHTHI-
Bath He OygeM. BaKHO To, UTO 372 3Heprus He PaAcXofyercs Ha
fIepexayKy Temaa W3 OAHOro cocyfa B apyroi. [Ipunuun paboTsl
XOJ0JH/IbHHKA COBEPIIEHHO HHOH, TYT HET HADYyIIeHUS TepPpMOIH-
HaMUYECKHX 3aKOHOB: OHHM TaM crporo BeinosHsrorca. Ham an-
napart OCHOBAaH TOJNLKO HAa HH(OPMALMH OllepaTopa: HA ero 3Ha-
HHUY TOYHLIX MAapaMeTPOB YACTHIL,

Jleso He B ToM, 4TO 3TOT OnepaTop AO/MKeH ObITh HaJesaeH
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BeCcbMa HEOOBLIUHBIMH CBOHCTBaMH: YOJyuYarTbh HHPOPMAIHIO H 3a
MTHOBeHHE pearupoBaTh. MakcBe/a HasBajd €ro «JIeMOHOM»,
Cefiyac MOXKHO TFOBOPHTb O BeCbMa COBEPLIEHHOH 3/1eKTPOHHO«
cueTHol MamuHe Oyayulero. OO6CyKAeHHe HAIIHX MbICJACHHBIX
ONBITOB OCHOB2HO Ha 3aKOHAX KJACCHUECKOH MEXaHHKH, a BhI-
Bojibl OyMyT He OYeHb YTEIHTEJbHBIMH,

OxkasblBaercsi, BBITOJHEHHE BHOJHEe OOBEKTHUBHBIX CTATHCTH«
YeCKHX 32KOHOMEDHOCTeH 3aBHCHT OT Hallero 3HaHHA TOYHBIX
napameTpoB MHKpouyacTHl. Ilouemy Haliero? -~ BO3pPasiT HeKO-
TOpble,— MBI-TO He MOXEeM 3HaTb, HO KTO-TO 3HAaeT M [POM3BO-
JBHUT «HapylleHHe» TepPMOJHHAMHUYECKHX 3aKOHOB: COBepuiaeT
«yyjeca», TOApasyMmeBasi 3Jecb NOA KTO-TQ <«BLICIIE€e CYUIECTs
Bo» — Oora.

Hapno6HocTh B «BHICIIEM CYUIECTBe» OTHAJaeT, TAK KaK JIErKO
HOKa3atb, YTO HMKAKHX «4YyAec» He NPOHCXOIHT, H CTATHCTHUe~
CKHe 3aKOHbl Bcerja BhinosHsiioTcsi. Hesasucumo oT Ttoro, GyayT
JIH B COCyJax MUJIHApPIAbl MUJJAHAPAOB JHOO0 2—3 YaCTHILBI, Hes
BO3MOXXHO y3HaTb NMOBelleHHe KaXXJAO¥ OTHeJbHOH YacTHIBL.

3HAYUT JIH 3TO, YTO CYLUECTBYeT HEYTO NPHHLIHIHAJILHO HENO=
3HaBaeMoe: «Belllb B cebe»! MaTepHaaucT He MOJKET COTJIACHTbCS
¢ noJoOHHMM yTBepxKAeHHeM. EcaIu MBI NPHHOHNHAJBHO He MO-
JKeM 3HaTb TOYHHIX MAapaMeTpPOB JBHXKEHHS MHKPOYACTHI, TO,
3HauYuT, 3THX mapamerpoB Het. Ho Torma Bce, kasasoch Gwi,
TOYHbIE€ 3aKOHbl ABW)KeHHS OOJBUIMX Tes SABJASIOTCS CTATHCTHUE-
CKHMH 3akoHaMmi. Belb Bce Tesa cOCTOSIT M3 aTOMOB, MOJIEKYJHI,
ABUXKEHHA KOTOPbIX MOAYHHSIOTCH BEPOATHOCTHBHIM 3aKOHOMEp-
HOCTAIM. :

Tax ziu 370 Ha camOM Hene?,

X ¥ ®

CyuiecTByeT ellle PsAL fABJEHHIH, KOTOPHE KFACCHUECKAS M«
XaHHKA He CMOTJia YAOBJETBODHUTENbHO OOBACHHTL. J[len0 Ka-
€aeTCA He TOJbKO MHKpPOYAacTHL, HO H Goabwiux Ted. OTKIoHE-
HHS OT SAaKOHOB K/aCCHYeCKOH MeXaHHKH CYLLECTBEHHBI NpH
oueHb 6OJIbLIMX CKOPOCTSX TeJ, CPAaBHUMBIX CO CKOPOCTbIO CBETa
B BaKyvMe, pasHoii 300 Teic. kat/cek.

Peub HneT o TeopHH OTHOCHTENBLHOCTH, KOTOpas G€3yCcJOBHO
siBJgsieTcs TeMO# Aas ApYyrod kuurd. Ho HaM HYXHO BCIOMHHTb
© HEKOTODLIX OCHOBHBIX 3aKOHAX 3TOH TeopHuu, 6e3 KOTOphHX Gy«
HAeT TPYAHO NOHATHL APOLECCH, OPOKCXOsILHE B MHKPOMHpE.

O6paTumcs ORATL K ORWTY. ByleM KakuM-To crnoco6oM yCKo-
paTh wacruuy. IIpd stoM MBI 06HapyXHM Dl HMHTEPECHBIX SIB=
Jgennft. Kaky:o 6bl Mbl 9HEPruio HU NepefaBaJjv HacTHUeE, ee CKO=
pocTs me Gyjer npesbiiath €. CKOpPOCTh CBeTa SABJSETCS MApes
Re/bHOR Ajs- ABUXKeHUS BceX MaTepHafbHeix Tei. [lo mepe yBe-
JINUCHHA CKOPOCTH YacTHL2 HauliHAaeT BeCTH celst KaK-TQ CTpaH-
Ho. Hagao sarpaunBath GOJBHIYIO CHJAY, YTOOBl MOJY4YHTB TO K€
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YCKCOPCHHE, A oT0 3MaunT, UTO Macca YaCTHILLL BO3pacTaceT. U
Te€OopHsa OTHOCHTEC/LHOCTH AaeT 3aKOH 3TOro BO3pacTaHuA:

Mo

e — .
‘I/ I— 12.‘
c2
rIe My — Macca Teja, HaxoRfllerocs B MOKOe, H ¥ — CKOPOCTb
TeJsa.

Ecan v = ¢, T0 Macca Tena paBHa Geckoneunoctn. Ho, kak
MBl YBHAHM JaJjblie, Bce JK€ €CTb YaCTHIB, JBHIKYIIHECA CO
CKOPOCThI0O cBera: (OTOHH u HefiTpuro. M mx macca He paBHa
5eCcKOHEYHOCTH. DTO MOXeT ObITb TOJNbLKO HPHU ORHOM YCJIOBHH.
Y 3THX YacTHl Macca mokos mg Bcerna paBHa 0. [Ipocto Hu
pOTOHOB, HH HefITPHHO He CYIUECTBYET, €CJH OHH IBHXKYTCAL CO
!KOpPOCTbIO MeHbliiell, yeM ¢.

Torma yeMmy paBHA Macca JBHXYIUEroCfi CO CKOPOCTBIO CBe-
ra ¢otoHa?

OrtBer Ha 3TOT BONpOC HaeT OXMH U3 OCHOBHBIX 3aKOHOB TEO-
PHH OTHOCHTEJNbHOCTH — 32KOH B32aHMOCBfI3H SHEPrHH H MACCHIL.
OH yTBepxzaer, 4T0 moJHas sHeprus W jo6oro teAa paBHA ero
Macce m, yMHOXKEHHOHN Ha KBaJpaT CKOPOCTH CBeTa C2

n =

W = mc?,

DHeprus noxosweroca Tena Wy = moc2. Tak kak ansa ¢ortoHa
myg=0, o u Wy =0. A xorga ¢oTOH HBHXKETCA, TO, 3HAS €ro
9HEPruio &, MOXHO ONpefeJUTh H Maccy

€
m== -

2
Kak onpenenuts sHepruio ¢)oToHAa €, MBI IOTOM V3HaeM. DTHX
cBeleHHiT U3 TEOPHH OTHOCHTEJLHOCTH HaM JAOCTaTOYHO HJA 3Ha-
KOMCTBA ¢ MHPOM MMKDPOYACTHII.

Bosupl uau 4yacTuiibl

) Kunura — 310 e snabopaTopud ¥ He AeMOHCTpPAIHOH-
HBIl KaOuHeT. 3Jecb HeJb3s CAENATh ONLIT, 4 3aTeM [POAHAJH-
3HPORAaTb MOJyuUeHHHle peaynabTathl. Ho 310 He Gema. Mub yike
APOBOAMJH ONKITH ¥ GyleM NpPOAOJIKATH HX, 06CYKAASA MOMyUeH-
Hble peayabTaThl. TOJbKO 3TH ONLITEL MbIC/IeHHble (HO BHOJHE
peanbHbie), H OHH JalOT HaM OTBET HA YacTb I[TOCTaBJeHHBIX
HaM{ BOIIPOCOB.

[Ipexne Bcero mocraBuM ONBIT cO cBeToM. Bo3bMeM cBero-
HeNpoHUI2aeMYI0 NMEePeropoAKy CO IUeJblo, TPONYCTHM Yepes lieb
napaJie/bHbLIA MYYOK CBeTa M HanpaBHM ero Ha 3kpaH. [loxa
HjeJb IIHpOKas, MbI He 3aMeuaeM HHYero HeOOWYMOro: Ha 9K-
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paHe HOSIBHTCS XOPOIIO oYepyeHHoe H3oOpaxKeHHe HleAH TOMN Ke
wHpuHbL. HeoxunaanHocTs oXxHAaeT HAC, ecM Mbl 6yleM CHJBHO
yMeHbUIATb IIHPHHY Ieid. V3o6pakeHue iuenad, BMECTO TOrO
yto6Bl CKUMaThesl, Oyler pacumupsitees. Mano Ttoro, OHO TpH-
ofpeTaeT KaKylo-TO TOJOCaTylo CTPYKTypy. Ecin uepe3 miens
npoxoZuT Oesblil cBeT, TO Ha 3KpaHe OYyAyT yepeloBaTbCs OKpa-
IIeHHBIE BO BCE IBeTa pajyrd moJockl. B uentpe Gyner apxas
fenas moJsoca, 2 CHMMETPHYHO OTHOCHTENBHO Hee OYAYT Haxo-
outeca  Gosee cnabo okpamenHble nojockl. M, Kax 370 HH
CTPaHHO, UeM YiKe IUesb, TeM LIHpe NOJyYeHHOe HaMmu Hu3o6pa-
JKeHHe.

JocTraTouno 3HAOIHA uyuTaTeS b 3asIBUT, YTO 34eCh HeT HH«
yero HenoHATHOro. CBeT — 3T0 3JIeKTPOMArHUTHLIE BOJIHbBL, 2 $1B-
jgeHne Au¢paxiliy, KOTopoe Mbl 3lech Habaioizaem, Bceraa co-
RYTCTBYET BOJIHOBOMY ABHiKeHHI0. OObsicHeHHe KaxeTcs BHOJHe
NPaBUJbHBIM.

D10 He cobceM Tak. Ceflyac s mpensioxy NpPOBECTH BOLOO-
HEIfl )K€ ONBIT He CO CBETOBBIM, 4 C NapaJiieJbHBIM 3JIeKTPOH-
HbiM Ay4YkoM. BmecTo HcTOuHMKa cBeTa 1 BO3bMY 3SJEKTPOHHYIO
«nymKy» (Mbl JerKo 3TO yMeeM HAeJaThb), a BMeCTo 0enoro sx-
paHa JIIOMHHECHUPYIOLULYIO HOBEPXHOCTb, NMPUMEPHO TaKylo, Ka-
Kasg TpHMeHfeTCs JJI TEJEeBU3HOHHBIX W OCUHJJIOrpadHuecKHX
Tpy6ok. lleny Hago cAenatTh oueHb TOHKOH. MOXKHO B34Thb, Ha-
npHMep, TOHKHI CJMOH KDHCTaJJIHYECKOTO BeUleCTBA H 33 IIHU-
PHHY TaKOH <«lieJH» CUHTaThb PAacCTOSTHHE MeK]y NJOCKOCTAMH,
Flle pacloJIOXKEeHbl aTOMBI KPHCTAJIa. JTC He HMMeeT IPHHIHIIH-
aJIbHOTO SHAYeHUs, TAK KaK TAKUM XK€ HyTeM MoJyyaeTcs IH-
dpaknua peHTreHOBCKHUX Jyuefi: TOXe CBET, TOJbKO G OYeHb
KOPOTKOH IJHHOH BOJIHBL (6OJIBIION 4acTOTOH).

ONIeKTPOHBI, KOTOpPble Mbl CUHTAeM OOHLIMHBIMM YaCTHIAMH,
JagyT Takyw Xe AHPPaKIHOHHYIO KapTHHY, KOTOPYK MBI HaOb-
JjJaeM B clydae cBeTa — 3JeKTPOMAarHuTHeix BoJaH. Ho Bens
LudpaKuus ecTb HEOThEMJIeMOe CBOHCTBO BOJIH.

Torma uto Takoe 3jaekTpoHbl? Bousinbl man wactuns? Okaswbl-
BaeTCsl, YTBEPIKAATb, YTO CBET — 3TO TOJIBKO 3JIEKTPOMATHUTHbIE
BOJIHBI, TakKxe HeBepHO. llenni psig saBJjeHudl, Takux, Kak, Ha-
npumep, ©oTO3NeKTpHUECKH] 3 eKT — BLIPHIBAHHE 3JIEKTPOHOB
CBETOM H3 NOBEDXHOCTH MertaJsjia — He MOFYT OBITh OOBSICHEHHI
BOMHOBHIMH CBOUCTBaMH cBeta. ONBITHI TMOKa3aJju, 4TO CBET CO-
CTOHT M8 CaMblX HACTOAIIMX 4YacTHH — (OTOHOB, 3HEPTHST KOTO-
pPBIX SaBHCHT OT YacTOThl & = Av, rie h — moctosnnas Ilraxka
{kBanT meficTBHs), paBuas 6,62 . 1027 apr. cekyHI, a v — 4acTO-
Ta {4Hcso xoxeGanuil B CEKYHIY).

Ecan Mbl npoBefeM nono6Hble ONBITHL ¢ JIOGBIMH 3JICMEHTa PA
HBIMHM UYaCTHI{@MH, KOTOPBIX ceifuac OTKpuiTo 6onabite 100, To BO
Bcex ciayyaax Mel 6yzeM HabJaofaTbh HHTepdepEHUHOHHbIC H AHe
dpakuuonHble fBJeHHS. MoxKHO, HanpuMep, H3ydaTb KpHCTaJi
JIHYeCKOe CTPOeHHe Tes, RPORycKas CKBO3b HHX HelTpoHbl H,
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Habmofas noayvaouyocs AHQPAKIHOHHYIO KapTUHy. [1pHIHCH-
Basg HeATPOHAM ONPEHENEHHYIO NJIMHY BOJH, Mbl MOMEM [0 AH=
GpakUHOHHOH KapTHHE ONpPeNe/UTb, KAaK pPAaCHOJOXKEHE MoJes
KyJbl U aTOMbl B HccaedyemoM Kpuctane. Llnpoko nmpumensers
csl 3/IEKTPOHOTpadus A OnpelesieHHs CTPYKTYPH NOBEPXHOCTH
Pa3/JHYHBIX METaJJIOB H HX CIJIABOB.

Hrax, ssemMeHTapHble YacTHUB — 3TO BOJHBI HJIH YaCTHIbI?

KM Boanwl u yactuuel, ckasan dpanuysckuil Qusuk Jlyu ne
Bpoiias B 1923 rony.

Fennanvroit noranxoft Jlyu ne Bpoiuis siBasercs cnenyomee
yrBepxKaeHue. He ToibKO GOTOHY, HO M KaxKAOH YacTHIE U AaKe
J060My GONBIIOMY TeJdy NPH HX JABHMKEHHUH CONMYTCTBYeT BOJIHA

C AJUHOA A == ——,TA€ m U U COOTBETCTBEHHO Macca H CKODOCTh
mu -

YaCTHIHL.

B nmokropcko#t muccepraunn e Bpoiist ero Teopus o6ocHo«
BaHa jpocraTouyHo ctporo. Ho Bce ke kpynHefinive (HU3HKH TOTO
BpEMEHM OueHb HEeJOBEPUMBO OTHECJHCh K BOJHAaM Je DBpohus.
Onnako HauuHas ¢ 1926 rona Bce 3KCIepPHMEHTAMbHEIE HCC/Es
JOBaHHsl TMOKa3aju CNpaBelsMBOCTb 3TOH TeOpHH. BHayaje ame-
prkanckue yuenble Jl3BuccoH u JlxKepMep H COBETCKHIl (U3HK
TapraxoBckuii, a 3aTeM U Apyrue UCCJELOBATe]H M0Kas3aJH, YTO
SJIEKTPOHHbIE NMYYKH BeAyT cebf, Kak BOJHBLI @ JJHHOMH 7\,=n—£

4

He nazmo nymartb, 4TO BOJIHOBBIE CBOMCTBA MPHCYIIH TOJNbKO
GosbIINM 3JIeKTPOHHBIM notokam. B 1949 romy coBetckuii yue«
Hbifi B, A. ®abpuxkaHT W JApyrHe NPSIMBIMH 3KCIEpPHMEHTaMH
NOKa3a/id, YTO 3TH CBOHCTBA HMEKTCH H Y OTAEJbHOTO 3JEKT4
poHa,

Hosoe MuponoHumauHue

Ecnu gacTuia ectb B TO e BpeMsi BOJIHA, TO OTCIONA
MOXKHO ClleiaTh OYeHb BaiKHble BLIBOAGI. ¥ BOJIHBI HET TPAaEKTO-
PHH H, CJIEAOBaTeJbHO, Hesb3s TFOBOPUTH O TOUHBIX 3HAUEHHAX
KOODJAHHATHl U UMNYyJbca BOJHBL. Beib 3TH mapameTput H ompe-
UeJISIIOT TPaeKTOPHIO ABHXKEHHSI KJAacCH4YeCKOH MaTepHasbHOMN
Toukd. Bo3bMeM, Hampumep, napajienbHbiii NYy40K CcBera OT
ConHua wid JajeKoid 3Be3fgbl. UTO MOXKHO CKa3aTb O TPAEKTO-
PHH HJM KOODAWHATaX 3TOH Niocko#t BosHbl? OHH -COBepLIEHHO
He onpefenennt. IlpaBma, B stom ciayuae HanpaBJjeHHE OBHIKE-
HHMSl BOJIHBL, T. €. (POTOHOB, H3BecTHO TouHOo, (CJiefloBaTeNLHO,
BMOJIHE ONpeleseH U UMIYJAbC (OTOHA.

Ho, MoxeT 6bITb, MOXHO <«YTOUHHTb® KOODAHHATY BOJIHH,
BEIpe3aB YacTb M3 OecKOHeYHO IHPOKOro Myuka (OTOHOB C IO-
MOIIBI0 y3KoH Imenu? B 3ToM cayuae KoopAHHATH (OTOHOB
yrounsoTcsd. OHM MoryT GBITh TOMBKO B Mpeliefax IHeJaH, KOTO-
PYIO Mbi MOXeM cXHMaTh. OQHAKO KakK TOAbKO IIMPHHA UIEJH
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<TaneT CpancHHUMa ¢ AJIHHOI BOJHB CBeTa, UMIYALC (HOTOHOB
y.Ke CTaHOBHTC HeonpefejeHHBIM. [TyukH cBeTa pa3MbIBaOTCS
scienersie gudpakudd. CraegosaTtesbHo, (QOTOHBI, Nonajarouiue
B Da3JHUHBIE TOUKH 3KpPaHa, MMEIOT pa3/nuHEle HMOyJabchl. Bce,
YTQ CKa3aHo 37ech 0 POTOHAX, MOKHO OTHECTH K 3JIeKTPOHAM H
APYTHM 3JIeMEHTaPHLIM YacCTHIAM.

UnraTenp MOXeT MOAYMaTb, UTO H3MeHEHHe HMIYyJ/bca Yy ya-
CTUL[ eCTb Pe3y/bTaT HX B3aUMOJEHCTBHA ¢ AHQPaKUHOHHOI
menapo. Ho 3to HeBepHo. KisaccHueckue wacTHUBI HHKOTAA He
JdawnT IupaKUHOHHOM KapTHHBI, MNPOXOAs 4Yepe3d Y3KYIO MHIeJb.
B xaxoil-TO cTeneHM HIeJbIO AJS NMYJb SBASETCT OTBEPCTHE CTBO-
Jia pyxbsi. Ecau cTpenaTh H3 3aKpensieHHOro pyXbsi Mo GyMaK-
HOfl MHILEHH, MOXKHO Habuomarte pasbpoc myian. AToT pasbpoc
onpejenserca CAyYadHbIM OTKJOHEHHEM B 3apsille maTpoHa, dop-
Mo#l mysqu, Kojebauuem ctBosia H T. n. Ho pucyHok pasbpoca
1yJb (k2K OBl MHOTO HX HH BBHINYCKAaJH) He HMeeT HHUero obuiero
¢ audpaxkuuoHHofl KapTHHOH. LU pakUHOHHBIE SBJEHUS BCErAA
CBsI3aHbl C BOJHOBbIMH NIPOLECCAMH.

Hrak, y MHUKpOUYacTHL, HeT OJHOBPEMEHHO TOYHBIX 3HAYEHHH
KOODIAHHAT H HMIYJibCa.

Hemeuxuit ¢usuk Iefizenbepr, He3aBHcHMO OT Ae DBpoiid,
Ipulies K TOMY 2Ke BBIBOAY H NOKa3aJi, 4TO HeolpelesNeHHOCTb B
HMIYyJdbce Ap W HEeONpeNeNeHHOCTb B KOOpAMUHATE Ax IJis ua-
CTHI[ CBs3aHbBl MeXAYy coGOH KOJHYECTBEHHBIM COOTHOLUEHHEM

Ax-Ap=~h.

DTo BHIpaKeHHe SBJSETCS OCHOBHBIM 3aKOHOM HOBOI Mexa-
HUKH MHKDOMHDA — KBAaHTOBOY MexaHUKH. Ecad MBI XOTHM TOY-
Hell onpedeuTh KOOPAMHATY YacCTHUBL X, TO JAJsl 3TOr0 MpPHXO-
nuTes Tax BO3ZelflcTBOBATH Ha HACTHIY, YTO €€ HMIYJbC p (CKO-
POCTb) CTAaHOBHTCS OYeHb HeonpenesneHHBIM: Ap Boapacraer. U
1Ha060pOT, YTOUHSISI KMOYJbC (CKOPOCTh) YacTHUB! (p = mv), Mui
TcM caMbiM  fenaeM Oosiee HeONpejeseHHOH ee KOOpAHHATy
X Ax yBeanuynBaeTcs.

Beio moxkasaHo, 4TO Kak BOJIHOBas Teopust ne Dpoilns, Tak
¥ NDUHIMUI HeoNmpeleseHHOCTH NDHBOAAT K OLHOMY M TOMY Xe
pesyJabTaTy — K HOBOI MexaHuke. KBaHTOBasi Mexamuka He
OnpoBepraeT HU KJacCHYeCKOH MexaHHMKH, HH 3aKoHOB HuioTOHA,
oHa JIMIIL OFPaHHYHBAET MX NMPHMEHHWMOCTb OOJBIIHMY TEJTaMH.
Ilpy aBuKeHMH OGOJBUIMX TEJ MOXKHO HE CUHTATHCA C HpPHHUU-
nom HeonpejenedHocTH [efizeH6epra, Tak Kak HETOUHOCTb Ha-
LIHX H3MepeHHH 3HauuTeqbHO GoJsbuie KBaHTa ZelicTBusa. B sTom
ciayuae Teqo ABHKETCH MO ONpefeseHHOH TpPaeKTOPUH, OIHUCHI-
BaeMOll 3aKOHaMH KJIaCCHYECKON MeXaHHKH.

OgzHaxo KaxAas MHKpOYacTHLa OOJBOIOTO TeNMa TPaeKTOPHH
Bce e He HuMeeT. IToaToMy MOXHO yTBepKAaThb, UTO 3aKOHAE
KJI4CCHYECKOH MEXaHHKM —- 3TO CTaTHCTHYECKHE 3aKOHbI, ONHCLI«
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BalOmINe YCpeIHEHHOE ABHIKeHHe OONBUIOTO YHCJAA SJeMeHTdps
HEIX 4acThil. ¥ BOT onsiThb (H3UKH NMPUILIH K CTATHCTHKE!

Ho B ot/nume oT KjaccHuecKod KBAHTQBAs CTATHCTHKA He
OMpele/IsiETCs] HAllMM He3HAHHEM TOYHBIX NapaMeTpPoB KakAoH
yactunpl. IlpocTo Takux mapamerpoB y 3JeMeHTapHBIX YaCTHI
HeT. 3T0 Cepbe3HOe H3MeHeHHe HallHX (H3MYECKUX HpelNcTaBJe-
HHE 06 oxkpyxaloeM Hac Mupe! B MHKpOMUpe TOUHBIE 3aKOHLI
HBHIXEHHS 3aMEHAIOTCSt BePOSITHOCTHBIMH, CTATHCTHUECKHMH 3a-
KonaMu. KoHeuHO, MPHYHHHOCTb B KBAWTOBOH MeXaHHKe COXpa-
HAeTcst. Ho ona npnoGperaer npyrok, BeposTHOCTHBIT Xapakrep.
Mbl He MoxeMm Temepb CKa3aTb, YTO TaKasi-TO NPHUHHA BBI3bI-
BaeT TOJBKO ONpefefeHHoe cielcTBHe. HyXHO FOBOPHTL O TOM,
49T0 3Ta HPHUYHHA C TaKOH-TO BePOSTHOCTbIY NPHBEAET K 3TOMY
caencTBuio. [lpumenenye KBaHTORBIX 3aKOHOB K GOMbULAM TeIaM
NPUBOJHT HAC K K/TAaCCHUECCKOH MeXaHuKe.

Yro Taroe
BJIeMeHTapHble YaCTHI{bI?

Cefiua¢ yKe HacumThiBaeTcsl OQJUIe CTa 3JeMeH-
TapHLIX YACTHL, ¥ NPeRNOJaraercs, YTO HX CYLLECTBYCT 3HAYH-
TeabHo Gogibire. HuTaTeNb BnpaBe BBIPA3uTb HeAOyMeHUE. KaKde
2Ke 2TO 3JeMeHTapHble YacTHIBl, eClIH HX Tak MHoro? [lo-BuaH-
MOMY, CJIOBO «3d/i€MEHTapHBIe» Q3HayaeT OTHOCHTeJbHOE MOHA-
THe, COOTBETCTBYIOIIee HALIeMy YPOBHIO 3HaHHsS O NpHpOAe Ma-
TEepHH.

B cBoe BpeMs aTOMbl CUMTaJUCH 3JEMEHTAPHBLIMH ¥ Helemlu-
MEIMH YacTHUaMH BemiecTBa. Ho ckopo @H3HKH y3HAJ, YTO OHH
€OCTOAT M3 APYIHX, GOJiee «MPOCTHIX®» HYACTHL. 3aTeM 0Ka3aJocCh.
YTO ¥ 3TH YaCTHLLI BeCbMa CJ0XKHLIE.,

Oxosio cta ser Haszal MemnJeseeB COCTaBHJL MEPHOAHYLCKYIO
CHCTEMY XMUMMYECKHX 3JeMeHToB. OH o6Hapy:KuJ onpele/eHHyle
CHMMETPHIO B aTOMaX pPa3/HYHBIX XUMMYECKHX 3JeMeHTOB. Be-
JIMKHH YyYeHLIH B TO BpeMs He 3HaJ, OTKyAa DPOUCXOAMT 314
CHMMETPHA, HO 3TO He IOMeWaJ0 eMy OCTABUTL B NepHOAHYE-
CKOH cHCTE€MEe IYCThle KJETKH, 3alQJHHB HX FHIIOTETUHECKHMH
3JIeMEHTaMK C COBEPIIGHHO onpefesieHHBIMM cRolicTBamHu. Myo-
rHe W3 3THX 2/MeMeHTOB ObIH OOHApYXKeHbl YKe 0p4 IKU3HH
Menneneena.

Tak cefiyac 0OCTOMT A&NO H € I/eMEHTAPHBIMH YacTUIAMH.
Ou3NKH DOAMETHJIH ONpeNeJeHHYI) CHMMETPHIO B CBQHCTBaxX H
cnocobax B3ammojeHcTBUA ¢ ApPyruMu udacTHuamd. OHu cocTa-
Buan Tabaunbl, B KOTOPHWX ObL10 oGHapyMeHo MHOro cBQOOA-
HbIX MeCT. ITH MecTa celtiac 3amoONHANTCA NpeANQ/JaraeMbiMH
YaCTHLAMH C HM3BECTHBIMH CBOHCTBAMH. OIKCIHEPHMEHTATOPHL B
CBOMX HCC/IeNOBAHHAX HAXOMAT 3TH HEXOCTAlOLIHE YACTUUE: XO-
TS NOKA H OCTAlOTCA NyCThie KJeTKH B T30aulle 3JeMeHTapHBLX
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YACTHI[, CYLIeCTBYeT HOCTATOYHO OOOCHOBAaHHAS YBEPEHHOCTb,
YTO 3TH KJeTKH OyAyT 3allo/HeHBl BHOBb OTKPLITBIMH 3JleMeH-
TapHbIMH yacTHuamu. Hanpumep, He Tak maBHO Obljia oGHapy-
JKeHa oOjHa M3 Npefcka3aHHbIX YaCTHI: OMera — MUHYC — [H+
NepoH.

Heckonbko c/I0OB 0 TOM, KaK OTKDBIBAIOTCS HOBble HaCTHIBL.
TlocienqHue poxpaioTcd NpPH B3aHMOAEHCTBHH YyXKe H3BECTHHIX
snemengapusix yactiy. Ho mis atoro oHu poqkHEl 06Janath
GonblIOh sHeprueil. Belb eciu Macca uyacTullbl g, TO IJA ee
o6pa3oBaHus HeoBXONHMa 3HePrus:

Wo = mQCZ..

Heno oclloxHsieTcs elle W TeM, YTO He BCs SHEPHs Mepexo-
ZMT K HOBOJ uactuie: GoublIasi YacTh OCTAETCS y B3AHMOAHCT-
Byowux vactuu. YacTHusl ¢ 6osibLIOA 3Heprued OueHb PelKOo
MOXKHO HailTH B KOCMHYECKHX Jy4ax, NPHXOAfIIHX HA 3eMJito
M3 JaJIeKuX 3Be3[HbIX CKONJeHHH. B nocnegHue roAbl 60Jb-
LIHHCTBO BHOBb OTKPBITHIX YacCTHL, MOJYyYeHO HAa MOIIHLIX YCKO-
putensix 3apsukennbix uactuy B CoBerckoM Cotosze, IlBeiinapuu
u CIOA. OgHako ¢u3uKaM NPUXOZUTCS Bce TPYHAHEH W TPYHHeH,
M LS TOTO, 4TOGHI 3aNOJHSITh MYCThle MECTa B CHCTEMAaTHKe 3Je-
MEHTAPHBIX YaCTHIL, MPHXOAHTCS CTPOHTb elle Gojiee MOLLHbIE H
JAOPOroCTOsLe YCKOPHTEJIH,

Cuiibl, JIefiCTByIOILE B IPHUPOJE

BsaumopeiictBHe Kak 60JbHIMX Tesl, TaK H MHKpoya-
CTUIl ompefeseTcss HefCTBYIOMHMH MeXAYy HHMH CHJAMH.

B wuacTosiiee BpeMmsi Bce CHJbI, JefiCTBYIOHIHE B IpHpoIe,
MOryT ObLITb CBefleHbl K ueTbipeM Tumam cusl. M3 Hux cambimu
GONMbIINMH SIBJIAIOTCS SILEPHble CHJIbI, TAK Ha3biBaeMOe CHJIbHOE
B3aumozeiictsie. OHH HeHCTBYIOT MEXAY TAMKEJbIMH 3JeMeH-
TapHBIMH vacTHUamMy — GapHoHamu. K OGapuoHam OTHOCATCA
NPOTOHBI M HEHTPOHDbI, H3 KOTOPBIX COCTOAT fApa aTOMOB BCex
XUMHYecKHX 3/eMeHTOB. CJIeAYIOIUHMH MO BelHYHHE ABJASIOTCS
3/IeKTPOMArHUTHbIE CHJIBI, AEHCTBYIOLIME MeXAY BCeMH YacTHua-
MH, 06J1aaI0IMMK 3MeKTPHYeCKUMH 3apsaaMi. Oxu Ha 2—3 no-
psadKka cinabee SiAEPHBIX CHJ. IDTH CHJbl AeHCTBYIOT, HalpHMep,
B aToMe MeXAy INOJIOXKHTEJbHO 3apsSKEeHHbIM SAPOM H OTpHIA-
TesNbHBIM 3j1eKTpoHOM. Elle Gosee ci1abbiMH BJSIOTCA TaK Ha-
3blBaeMble CHJIBI c1aboro B3auMoAeficTBMA. Mbl 3HaeM O HHX
oyeHb MaJlo, H NPOSBJAIOTCS OHH JIMUIb NPH pacrnaje pasjiny-
HbIX 3JIeMEeHTAPHBIX 4acTHI, HA Apyrue yacruupl. [1pu stom pac-
naje Bcerja NOSBJSETCH OYeHb Jierkas YacTHLa — HeATPUHO, O
KOTOpo#l pacckasaHo Oyfer HuKe. Bennuuxa cuar cinaboro B3au-
MOJEHCTBHA B ACCATKH MHJIMADAOB pa3 MeHblOe fJePHBIX CHJI.

Hakonen, ¢ 4eTBepTBIM THNOM CHJ — FPABHTALHOHHBIMH CH-~
JaMi — Mbl [JaBHO 3HaKOMbl. Mbl uX Bceraa olymaeMm B BHIe
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cHabl TaxecTH — Beca. Ho BmecTe ¢ TeM 3To — camble caabole
cuabl B npupofe. Ouu npumepHo B 100 pa3s MeHblie cHAbHOTG
B3auMozelcTBHA. B MHKpPOMHpe, 0 KOTOPOM MBI PaccKasbiBaeM,
C TaKHMH CHJIaMH MOKHO, MO-BUAHMOMY, COBCEM HE CUHTATHLCH-

Takas kaaccuukallMsl CHI MOXeT IIOKas3aTbCsl, Ha MNEpBHIt
B3rasf, crpaHHoil. UHTaTenb MoOXXeT HELOYMEHHO CIPOCHTb: a
Kyla e OTHECTH, HalpHMep, CHJIY, KOTOPYIO pa3BHBAaeT IBHra-
Telb BHYTPEHHErO CropaHus — aBToMOOH/bHBIA nABuratesns? On-
HaKo 34ecb Bce paspewaercs npocro. 'opeHne — 3T0 XuMHue-
CKas peakLus, NPHBOAfALIAA K NepecTpolike MoJsekya. B moae-
KyJax MeXJy aToMaMH HNeHCTBYIOT 3JIEKTPOMArHWTHBIE CHJIHI,
Takum o6pasoM cuibl aBTOMOOMJILHOrO JBHraTessi SBJASIOTCS
3/IeKTPOMAarHuTHBIMH CHJIAMH.

B aTomHOM nBHrartese, siilepHOM peakrope paboTy NpoH3BO-
IAT silepHble M 3JEeKTPOMarHUTHhle CHABL. JlAsi HCnoJb30BaHUA
€U cnaboro B3aUMOREHCTBUS MOXKHO B3fATb PalHOAKTHBHOE Be-
LIeCTBO, B sipax KOTOPOro NMPOMCXOAUT NpeBpaumleHHe HeHTpOHa
B npotoH. IIpa 3TOM BHIIETAIOT GBICTPLIE 3JEKTPOHBI, SHEPrHs
KOTODBHIX NEepPexXOAHT B 3HEPTHIO 3JeKTPHYeCKOro TOKa B CIelii-
ajbHbIX Oatapesx. UTo kacaeTcs rpaBHTAallMOHHBIX CHJ, TO OHU
BeCbMa IIHPOKO HaMH HCNOJAB3YIOTCH B THIPO3JIeKTPOCTaHUMAX,
The najaiouias Noj JeHcTBHEM CHM TAXECTH BOAA MPHUBOAHT B
ABHXKeHHe TypOoreHepaTophl.

Gu3nkd LaBHO HeJalOT MONBITKH CBECTH BCEe CHJBI  MOJf,
HeHCTByIOLlMe B MHpe, K eIHHOMY YHHBepcasabHOMy mnogio. Ho
STH NMONBITKH NOKa He NPHUBOAAT K KejaeMbIM peaynbratam. Ilo-
anyh, Hao06opoT, 3a TocjaeJHHe oAbl YHCJAO PAa3JHYHBIX THIOB
cua npubaBuiock. Beab Heckonbko Gosee 30 Jser Hasajg Mbl HH-
4Yero He 3HaJli O CUJAbHOM H c1ab0M B3auMMOAEHCTBUH, H BCE MpPO-
Hecchl B npHpoje oOBACHAN JeficTBUEM TIpPaBUTAUUOBHBIX H
3JIeKTPOMarHuTHeiX cuJ. Ofgnako Aas o6bsAcCHeHHs sIBAEHUH, Npo-
HCXOJAAIHX B MHKPOMHPeE, 0Ka3ajochb He0OXOAHMbBIM BBeCTH elie
ABa HOBBIX THNA CHJ,

O6MeHHble CUJIBI

Uuratenb yxe, KOHEUHO, NMOHAJ, YTO BONPOC O CHJIaX
O b1 nofuaAT He 3psi. OH MMeeT camoe NpsAMOe OTHOLIEHHE K 3Je-
¥ eHTapHBIM YacTHLAM. :
DJeKTPOMArHUTHOE NoJe (HJAH BOJHA) — OfHA H3 ¢opM Ma-
Tepun. Ho MBl yXe 3HaeM, YTO ¢ HHM HeNocpeACTBEHHO CBsi3a-
Hu Qorousl. Ecnu sapsaxeHHas yacTHua o6pasyeT BOKpYr cels
3IeKTPOMArHUTHOE I110Jle, TO 3TO 3HAYHT, YTO OHA HeNpepbLIBHO
McnycKaeT H IorJaomaer (OTOHBE — KBAHTHl 3JeKTPOMarHHTHOTO
nos.
Ho Benp sapsKennasa .yactuna o6jalaer oOnpeflesleHHOM
sHepruedl. Dueprueli o6a1ajaer U dortoH, Toraa Kak OblTb C 3aKO-
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HOM CcOXpaHeHUs 3Hepruu? Becb HAKOIIeHHbIH HAYKOR H NpPaAKe
TUKOH OrPOMHBI ONBIT TOBOPUT O CTPOrOM BHINOJHEHHH 3TOTO
3aKoHa B OpHpofde. A 3apsKeHHas 4actTHLA, HCIyckasd M [OINIO-
masg (QOoTOHbI, NPOH3BOJNBLHO, XOTb M BPEMEHHO, MeHsSeT CBOIO
snepruto. Ho oxa3biBaercs, ec/in y4ecTb 3aKOHbI KBAHTOBOH Me-
XaHHKH, ¢ COXpaHeHHeM B3Hepruu Bce OBCTOMT 6./1aronosyyHo.
Ha sTOoM mnpujercs ocTaHOBHTbcA NOApPOGHEH.

Unraresb, 3HAaKOMbI C PAAHOTEXHUKOH, 3HAET, YTO €C/IH Pa«
RHOCHTHAJ HMeeT AJMTENBbHOCTb Af, TO 4acToTa nepeXaTydKa v
He MoxXeT OHITb cTporo ¢uxcuposaHa. OHa paciJsiBaeTc TeM
Gospllie, YeM KOpOUYe AMuTesNbHOCTb cHrHana Af. Ilo Toit xe mpa-
YyuHe JAJS TOro, 4TOGbl MpHEeMHHK NPHHHMAJ HeHCKaXKeHHbie CHf-
HaJbl, ero u3bupaTe/bHOCTb IO YacToTe He MOXKeT “GbiTb OYeHb
yaxoit. HluprHa nosocH NponycKaHusi HO YacToTe HOAXKHA OblTh
He MeHbille Av.

ITpu stom: Av, At> 1. ¥YMHOXKHB 00e 4YacTH paBeHCTBa Ha
nocrosnHylo [lnanka A, nonydum Av - At = h. Ho

Avh = AW,

postomy AW - Al = h.

3TO HecKoJbKO Jpyras (OpPMyJaHpPOBKa INPHHIHNA Heonpe-
AeaenHoctd [eitzenGepra. Jlerko nokasare, 4Fr0 3TO COOTHOHIE-
HHe JeHCTBUTE/bHO He TOJIbKO AN KBAHTOB 3/J€KTPOMATHHTHOIO
noJisi, HO H AJs JI0G0H 4acTHLbI.

TakuMm ob6pasom, q06as 3jemeHTapHas uactuua (aubo co-
cTosiliee U3 HuX GosblIoe TesO) MoXKeT 6e3 HapyllieHHs 3aKOHA
COXpaHeHHs1 3HepruM HCNycKaTb APYrHe YacTHilbl ¢ 3Hepruedi AW
na BpeMsi Af. Pa3symeercs, yTo B BesinunHy AW BXouT H Macca
HenyckaeMmblx yactui. UYeMm Menbute AW, Tem Gousblie mpoMexy-
TOK BpeMeHH Af MeXIy HCIOYCKaHHeM M MOrJOllleHHeM YaCTHIHL.

B ciyuae 3eKTDOMarHHTHOTO B3auMoJeHCTBHA OOGMeHHble
YaCTHUBL — 3TO €OTOHHI, Macca MOKOS KOTOPBIX ‘paBHa HYJIO.
IloaTomy 3Heprus (OTOHOB MOXKeT ObITh KakK YrogHO MmaJja. 310
00CTOsITEbCTBO OOBSICHSIeT AAJILHONECTBHE CHJI 3JeKTpoMar-
HUTHOro B3auMmofefictBus. Ilpu ouenb masiom AW Af moxer
ObITb OUeHb BeJHKO, U (OTOH, ABHUrafoOIUACA €O CKOPOCTbIO
3 - 1019 ca/cex, npoiiier GoMbIIOE pacCTOSHHE.

Takum o6pa3om, NpH 3/JeKTPOMarHHTHOM  B3auUMOAeliCTBHUH
3apsKeHHble YaCTHIB (UJM Tesa) HenpepblBHO 0GMeHHBAIOTER
MeXxay coboit GoroHamu ¢ aHeprueil AW u BpemeHeMm xuaHu AL
3ilayeHHe 3IHePrHu M BpeMeHH »KH3HH TAaKHX YacTHil, HasbiBae-
MblX <«BHPTYaJibHBIMH», OrpaHuyHBaeTCA NPUHILMIOM Heonpene-
JieHHOCTH. Mcenyckanne BHPTYadbHBIX 4YacTHI He INPOTHBOPEUHT
3aK0HaM cOXpaHeHHA.

Bonpoc o ToM, fIBJSIOTCA J# BHPTYaJsibHble YaCTHIH HACTOMH-
[IHMH € TOYKH 3DEHHA COBpPEeMEHHON @u3HuKH, HE HMeeT CMHICJHA.
Touno Tax Xe, Kak Mbl BHAEJH paHblue, GeCCMBICAEHHO FOBO-
PUTb O TPAeKTOpHH MHKPOYACTHL, H O TOYHLIX 3HAUEHHAX PAAA
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napaMeTpoB. Mbl HHCKOJBKO He COMHeBaeMcsi B MaTepUaJbHOCTH
CHJ 3JIeKTPOMarHUTHOrO BO3JeHCTBUsI, @ OHH OOYCJ/IOBJIEHbI BHMP-
TyaJpHbIMH (OTOHaMH. DTH CHJIBlL TaK H HasbiBawTcad «obGMeH-
HbiMH». Mx npuposa nHe ovenbp HarssgHa. Ho uto nopenaenb!
Benn BosHa-uacTHla TaKXe BecbMa HeNpeACcTaBHMa, HO OHa
NPaBUJIbHO OTPaXKaeT CBONCTBA MHKPOYACTHIL,

Tak Ha3biBaeMble XHMHUYECKHe CHJBL (KOTOPble B KOHEUHOM
cyeTe SIBAAIOTCA 9JEKTPOMATHMTHBIMH) TaKXe HMeIOT OOMEHHLII
xapakrtep. BosbMeMm, Hanpumep, HOH MOJIeKyJabl Bogopoza. B ra-
KON MoJeKkyJe [Ba TMNOJOXHUTEeJbHO 3apsiKeHHbX siapa (TpoTo-
Ha) W ONHH OTPHUATEJBbHBIH 3JIEKTPOH. ITOT HOH fBJSETCS BHOJ-
He ycTofuHBBIM 0OpasoBaHHEM, H CHJIA, KOTOpas ONpelesseT ero
YCTOAYMBOCTb, CBSi3aHA C B3aMMOJEHCTBHEM JABYX MNPOTOHOB C
ODHHUM O6wWHUM 3/MeKTpoHOM. Ilo-BHIAHMOMY, MOXKHO CYHTaTh, 4TO
3JIeKTPOH JABUXKETCSI TO BOKPYr OJHOrO, TO BOKpYr ApYyroro npo-
ToHa. B KoHeuHOM e cueTe, KaK MBIl yXe 3HaeM, B3aHMOAel-
CTBHE 3apsi’KeHHBIX YaCTHI 2JE€KTPOHOB U MPOTOHOB OMNpelefsieT-
cs1 0OMeHOM BHPTYaJIbEBIX (DOTOHOB.

Koneyno, eciu sapsixkeHHas yacTHLUA MO KaKuM-JHO0 NpPHYH-
HaM CKauKOM H3MeHfeT CBOIO 3Hepruio, TO 3Ty IHEpPrHI0 OHa Me-
pelacT yxe He BHPTYaJbHOMY, a oOblYHOMY cBoGOAHOMY ¢oTo-
HY: H3JIyYalOTCA 3JEeKTPOMAarHUTHbIe BOJIHBI.

B ornuyue oT BUpPTyaJsIbHOrO, 3HaUYeHHsI IHEPrHH U BPeMeHH
u3Hu cBoGogHOro (OTOHA He CBA3aHBEI C NPHHUHOOM Heompepe-
neHHocTH. Tako# ¢OTOH MoXeT XuUThb B Bakyyme (0e3 B3auMo-
IeHCTBUSl ¢ APYTHMH yYacTHumamu) GeckoHeuno goaro. Tak, cBer
OT [aJeKkol 3Be3fbl MAET K HaM MHUJJIHOHBL JeT. Kak MBI yBH-
IMM [03)Xe, YMeHbllleHHe SHePrud 3JeKTPOHAa B aTOMe NPHBOIUT
K H3JyYeHHI0 KBAaHTOB CBeTa C PasjMYHOM AJHHOM BOJHBL.

B 1935 ropy sinonckuit ¢usuk IOxaBa npuiuen K BEIBOAY, UTO
siiepHble CHJb! (CHJIbHOE B3aHMOJEHCTBHE) HMEIOT TaKxe o06-
MeHHBIH xapaktep. OHH MoryT GbITh 00bsicHeHBI 06MeHOM cpaB-
HUTEJNBHO TAMENbIX YaCTHI — BUPTYAIbHBIX ME30HOB.

3Has, 4TO paccTosHue, HAa KOTOPOM REHCTBYIOT silepHblE CH-
Jel okonmo 10—1% ca, MOXKHO, MOJb3ysichb NPHHIMIOM Heonpele-
JIeHHOCTH, OnpejieJuTh Maccy MNokosiwerocs Mme3oHa. OHa okKa-
3ajacbh paBHoOi npH6au3autesbHo 300 3/7eKTPOHHBIX Macc.

Ecan cuabHo B3amMoJeHcCTBYIOILIME 4YaCTHIBI, HaNpUMep Npo-
TOHBl ¥ HEeHTPOHBI, OYAYT HMeTb IOCTAaTOYHYIO 3HEPruio, TO OHH
.MOFYT HCNYCTHTb He BUPTYaNabHbI, a CBOGOAHBI MeE30H.

Ouenpb ckopo, yke B 1937 ropy, yacTHubl ¢ MOAXOAsIel Mac-
coit OblIM OTKPBITH B KocMHueckux ayyax. Ho pamocts ¢dusnukos
6biia npemjeBpeMeHHOH. HoBble  yacTHUB — MIO-Me30HB —
.NPaKTHYECKH He B3aMMOJeHCTBOBAJH C MPOTOHAMH W HEHTpPOHA-
MH. [losTamy oHH He Morau OHITh TeMM YacTHILAMH, KOTOpble
OCYILECTBJ/IAIOT CHIbHOE B3aHUMoJelcTBHE.

[Ipomno gmecate aer, npexie yeMm ¢Gu3UKM OOHApYXXKHAM Ha-
CTHUB! siZepHOro B3anmoZelicTBuA. Mmu oxasanuce Tpu copra
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NH-Me30HOB: MOJIO¥KHTENbHBI, OTPHLATENbHbII H HeflTpaJibHbIA.
3apsKeHHbie TNH-ME30Hbl JKHBYT CPaBHHTE/bHO HEHO0JrO: OKOJIO
108 cek. 3aTeM 0ObIUHO MpeBpailaloTCsl B HEHTPHHO H MIO-Me-
soubl. [locaennue B cpenHem uepe3 10—9 cek. Mcue3aloT ¢ obpa-
30BaHHEM 3JeKTPOHOB M HefiTpuHo. O6GpasHo rosopsi, NH-Me30-
Hbl GOJBIIYIO YaCcTh CBOEIl KU3HU NPOBOAST B BHAE MIO-ME30HOB,
TTostomy ux Oblio KkpafiHe TPYAHO OOHAPYXHTb B KOCMHYECKHX
aydyax. Ho B HacToslee BpeMs MH-Me30HB B OYeHb OOJMLIIOM
KOJIHUECTBe MNOJydaloT Ha yckoputensx. Onu ob6pasyiorcs npu
6oMGapaHpPOBKe OLICTPHIMH NPOTOHAMH pas3nHuHbBIX aAfep. Uto
JKe IPOUCXOAMT NMPH TaKoH sfgepHoll KatacTpode?

I1n-Me30HB! (3apsKeHHble H HeHTpaJibHble) BCeria HMeEIOTCH
BO3Jie IIPOTOHOB M HeHTpoHOB. buiarozaps obmeny 3Tumu BHp-
TyaJbHBIMH YacCTHUAMH OCYILECTBJseTcA siiepHast cBA3b (CHJIb-
Hoe B3aumopelcTBHe). Mano Toro, paxe cBOOGOAHBIL HYKJOH
(obllee Ha3BaHHE MNPOTOHOB H HEHTPOHOB) HENpPEpPBIBHO HCHY-
CKaeT M TOrJoliaeT NH-Me30Hbl. IIpHHIUN HeonpeleneHHOCTH He
paspeliaeT BUPTYaJ/JbHOH YacTHLE YNaNHUTbCA HA BpeMs, GoJibliee
yem 10—28 cek. A 3a 3To BpeMs NH-Me30H MOXKeT YUTH JHHUIb
Ha paccrosHue mopsaaka 10—!8 ¢m. Dra pauHa M onpenesser pa-
JMyc aeHcTBHSl siAepHbiX cua. Takum o6pa3om, NPOTOH HJH Hel-
TPOH Bcerfa OKpYyXeH <«aTMoc(epofi» pa3jHYHBIX MH-ME30HOB,
Ecau Mbl TlepenafuM HyKJoHY npH GomOapIupoBKe 3apsiiKeH-
HbIMH YaCTHUAMH [OCTATOYHYIO 3HEPrHi0, TO MH-ME30H MONKeT
BbIJIETETh OYEHb AAJIEKO yKe B KauecTBe He BUPTYaJsbHOMH, a CBO-
6onHo#t uyacTuubl. Benuynny sHeprud, HeoOXONHMYIO AJS1 «OCBO-
60:xIeHHsT NH-Me30Ha», JIeTKO MNOLCUHTATb, €CHU y4yecTb ¢GopMy-
ay Wy = moec?, rie mo B LaHHOM cJiyyae Macca NOKOS NMH-Me3o-
Ha, npubausutenbHo paBHas 270 3JieKTPOHHBIX Macc. JTH pac-
YyeThl [OKA3bIBAKT, YTO OomOapaupylonias 4HacTHIA  AOJKHA
HMeTb 5Hepruio okoao 140 wusg. Ha caMoM pese HY:KHO HECKOJIb-
Ko GoJsblle, TaK KaK 3HauuTenbHas HOJA SHeprud, Gombapau-
pylolieil yacTHUbI, OOBIYHO NepeAaeTcsi HYKJIOHY H CBSI3aHHOMY
¢ HHM aTOMHOMY si/py. Kpome Toro, Ajs oOHapy:KeHHs NH-Me-
30Ha X0Ts OBl MO c/ely B (pOTOIMYJbCHH HaZo, 4ToObl OH 06aa-
Jla]l KMHETHUeCKOH 3HeprHell, T. e. ABUraJjcs AOCTAaTOYHO OBICTPO.
Benb xuset oH Bcero 10—8 cex.!

JAns nonydenust HeGOJBIWIOIO KOJHYECTBA NH-ME30HOB MOX-
HO MCMOJNb30BATb YCKODHTEJNH C 3Heprueil 3apsiKeHHBIX YaCTHIL
okosno 300 m3s. Ho MoluHbie IyYyKH TaKHX HacCTHIL IOJyqaloTCA
Ha YCKOPUTE/IAX C 3Hepruefi B MH/IAHApPIABl 3JEKTPOH-BOJbT.

Celluac u3BecTHBl enje W ApYyrHe Me3OHbl, OCYL[ECTBJSIOLIHE
CHIbHOE B3aHMOJEHCTBHE MEXAY TSKeJbiMU dacTHHaMu (6Hapuo-
HaMH), HamnpuMep, Ka-Me30Hbl — YaCTHIbl, Macca KOTOPHIX CO-
craBiasier okojo 1000 saeKTpOHHBIX Mace, a BpeMs KHU3HM MO-
paaxka 10—% cek. Ouu Tsxesnell NU-Me30HOB, M NO3ITOMY pajuyc
JEeHCTBHA CHJI, OCYIIECTBJASEMBIX Ka-Me30HaMH, 3HAUHTENLHO
MmeHbiue. Jlas nonyyeHus: cBOOOAHBEIX Ka-Me30HOB Pa3J/HUHBIX TH-
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HOB HYXHbl YCKOPHTENH ¢ 3HepPruei B HECKO/bKO MHIIHADAOB
3JIEKTPOH-BOJIbBT.

Ito-BuausoMy, N06bie ME30HB, KaK yXKe OTKPLITHe, TaK elle
He H3BeCTHhbIe, CBA3&LbL C CHIbLHBIM B3auMojefictBueM. HMckialaye-
HHE €OCTaBJIRIOT MIO-M@30Hbl. DTH YacTiitel ObLiM Ha3BaHH Me-
30HaMK TONLKO [IOTOMY, YTO HX MacCa fBISReTCH cpejHell MeXAy
Maccoil HYKJOHZ H 3JeKTpoHa. Kak BLIfiCHWIOCH [03XKe, MIo-Me-
30Hbl MEKAKOTO OTHOmIeHMS K ceMeficCTBYy ME30HOB He HMeIOT, a
CKOpeH B0 CBOMM CBOBCTBAM HANOMHHAIOT 37A€KTPOHHL.

DOTOHH MU Me30Hbl OOBLACHAIOT NIEKTPOMArHHUTHHE CHIL U
CUJTbHOE B3aHMOLelicTBHe. A Kak Ke 0BETOMT Ae/0 ¢ JAPYTHMH
CHJaMi. TpaBATALHOHHBIMK H crabeiv Bo3felicTBuem? HU3uKH
VBepeHbl, 9T0 U 3TA Ciik HocsT oOmenubilh xapaxrtep. Ho cooT-
BETCTBYOMWEe THOOTETHYECKHe YaCTULibl, HadopuMep TpaBHIOHK,
B0 cHX nop He o0HapyXKeHhl.

AHTHYaCTHLbI

Mup, oxpyxamoumi Hac, Mor Obl GLITb OYeHb HPO-
croiM. Jlas ero oObscHehus, Ka3anoch, GbIG Obl J0CTATGUHO
BCErO JIKMEL CeMH Yactil. B camoM fesne aTOMHbie siipa COCTOST
M3 NPOTOHOB W HEHTPOHOB. DTH “aCTHEB (HYK/IOHBI) CBSI3aHHI
MeXAy coboit f/epHbiMU CHJIaMH, KOTOPHE BBI3bIBAIOTCH Tpems
THRAMH NH-Me30HOB. Takum o6pa3om, Ajis oOpa3oBaHus fep
HYXHO BATb yactul. Ho #Apo HMeeT HOJOXKUTEALHLIE 32pal, R
yroOLl NONYYRTh HEHTpPAZbBHIK aToM, HeabGxoauma obonouka, CO-
CTOSMLAs H3 OTPALATEbHLIX 3/1eKTPOHOB. SIAPO it HIEKTPOHLL CBS-
3aubl IMEKTPOMATHUTHbIMM CHJIAMH, NPOHCXOXKACGHHE KOTOPBIX
¢0s13aH0 BRPTYaJbHbIM ©OTOHAM. JJEKTPOMATHUTHOE HU3Jyde-
Hue — cBoDoHbe OTOHB — NONy4aeTcd IPW HU3MeHeHHU 3Hep-
THi 37ekTpoHOB B aToMe. Takum oOpa3oM, TOIbKO ¢eMb ua-
crui! '

Ho rtakoro «mpocToro» MuHKpoMupa He cyitecTByer! Quanxu
ofHapyXuau cHauaja Ha Oymare, B BHAE MaTeMaTHYECKHX Bbi-
paxenuit, a 3aTeM ¥ B 3KCHEPDHMEHTAX, YTO HO/XKeH CyUiecTBO-
BaTb JAPYrofi MHKPOMHpP, Kak Obl NPOTHBONOJOXKHBIH Halemy
«IPHBLIYHOMY» MHpPY. BelllecTBO B 3TOM MHpe KOJIKHO COCTOATH
M3 aHTHYACTHIL: AHTHIIPOTOHOB, AHTHHEHATPOHOB M AHTH3JIEKTpO-
HOB (mO3HTPOHOB). UeM e OTAHYAIOTCA OHH OT «OOBIUHBIX®» Ya-
ctuu? llpexie Bcero 3JeKTpPHYECKHM 3apafioM: «POACTBEHHLIE®
YaCTHLB! TNPOTHBONOJOMXHBEI N0 3HaKy storo sapsja. Tak, aHTH-
TIPOTOHBI UMEIOT OTPHLATeNbHbIN 3apsi[i, paBHbiH MO BeAHYHHE
NOJIOXKUTEJILHOMY 3apAAy [pOTOHA, a NO3UTPOR (aHTHIJNEKT-
pOH) — nosoxuTtenbHbii. Ho 3Toro passiuuus fIBHO HeZOCTaTOU-
HO. Bce ocranbHble CBOMCTBA: Macca, COOCTBEHHBIE MOMEHT KO-
JiHyecTBa JABHMKEHHA (CNHH), BpeMs XKH3HH OJHHM H Te XKe Kak
Y HacTul, TaK M y aHTH4ACTHU. YeM XKe OTIMYAKTCA APYr OT
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apyra HeHTpPOH M aHTHHeATPOH? Beib 3TO HesapsaXKeHHble Ya-
CTHIIHL.

Jas Toro 4ToGH NOHSATH, B HeM 3aKJAOYaeTCsl pasJjiHuie 4ya-
CTHI M AaHTHYACTHI, HAM MoJe3HO OOPaTHTbCA K HEKOTOPOH Ha-
FAANHON aHajorud. Ecid CcOelMHHThL MexAy cobofi AaBa MeTaj-
JIHUeCKHX IIapa C PaBHbBIMH H IPOTHBOMOJOMHBIMH 3apajami,
TO, KaK CJeAyeT H3 LIKOJBHOTO Kypca (PH3HKM, 3apsilbl KOMIeH-
CHPYIOTCA M 3apsjf KaXJAOro liapa cTaieT paBHBIM HyJao. Ho
npH 3ToM oflliee YMCJIO 3apSiXKEHHBIX YACTHI[ — 3J1eKTPOHOB, KO-
TOpble M ONpenesalT 3apsiibl WapoB, He H3MeHuwaoch. IIpocrto
YacTb 3JIEKTPOHOB M3 OTPHLATEJbHO 3apsiKeHHOTO TeJja mepeii-
JeT Ha NOJ0XKHTeJbHoe. 3apsAXeHHble YacTHIB HPH TakHX ome-
panHsx He YHHUTOXKAIOTCS M He BO3HHMKaloT. To Xe camoe mpou-
30HAET, €CJH Mbl K RNOJOXKHTEJNbHOMY NPOTOHY HPHCOEIHHHM
9JIEKTPOH. 3apsiKeHHble YacTHLbBl He HCUe3HYT, OHH OyAyT Mup-
HO COCYIeCTBOBaTh B HEATPaJbHOM aTOMe BOLOPOJAA. dusukn
FOBOPSAT, YTO BO BCeX Ipolieccax B NpUpofie HeACTBYET 3&KOl
COXPaHEHHs 9S/IEKTPHYECKOro 3apsaa.

A uTtO NpoHM30HIET, €CJH BCTPETATCA APYr C APYroM dYacTHud
H aHTHYaCTHUA; HAaApHUMeD, 3JIEKTPOH H MO3UTPOH? DTO CTOJKHO-
BeHHe OTHIOAb He HOCHT MHpPHHIfL Xapakrtep. B cooTBercTBHM ¢
3aKOHOM COXPaHeHHs 3JIEKTPUYECKOro 3apsajla NOABJAIOTCH Hefl-
TpaJbHble uacTuubl — oroHel. Ho 3mech ke u ncuesaioT oba
SJIEKTPOHA. DTO fIBJIEHHE HOCHT Ha3BaHHe AHHUTHJIALMH (YHHU-
TOXKEHHsI) U OHO CJydyaeTcsl IPM BCTpeye JIIOGOH maphl: YacTHIb
€O Beceil aHTH4acTuUed. DHeprus, BblIENSIOWIASCA B 3TOM Npo-
1ecce, 3aBHCHT OT Macchl yactul. Hanpumep, mMacca nokost kax-
JIOTO H3 3JIEKTPOHOB coOTBeTCTBYeT aHepruu 0,51 m38 u npu an-
HUIMJASLHH MeJUIEHHO JBHXYDIMXCS 3JEKTPOHA H IO3UTPOHA NO-
Jyualotca ramMMma-kBaHTel (oToHbl) ¢ obuiesi sHeprueit 1,02 maa.
KoHeuHo, ecau wactHiibl OyAyT OBICTpPO ABHIaThCH, TO 3HEPrus
($OTOHOB COOTBeTCTBEHHO OyleT GoJiblle, B NOJHOM COIVIACHHU ¢
3aKOHOM COXpaHeHHl Hepruu.

Ilpn aHHUrHJAALKHH HYKJOHOB (IPOTOHA U AHTHIPOTOHA HJH
HefiTpOHAa M aHTHHEHTpPOHA) BLlfesseTcs O4deHb OoJibINAA HEP-
rHf: OKOJO 2 MHMJIHAPLOB 3JIEKTPOH-BOJBLT. 3Aech OGBIYHO MO-
JY4al0TCcsl pasJiHdHbBle NH-Me30HbI, H BbIAEJAIONAsICS SHeprus Co-
CpeJIOTOYeHa B Macce II0KOS M SHepruy JABHIKEHHsl 3TUX YacTHIL

TepMuH <«aHHHrHAAUHA» (YHHYTOXKEHHE) HeJb3sl MPH3HATH
ynauneiM. M3 toro, uto 6blj10 CKa3aHO, BHIHO, YTO aHHHTHJSLKA
HUKOUM 00pa3oM He SIBJsSeTCs YHHUTOXKeHHeM MaTtepud. Takoro
npouecca B npupoje Boobuie He MoXeT ObiThb. IlpH aHHHrHAALUH
YaCTHIE C AHTHYACTHIER COXpaHseTCsl U SHeprusi U Macca (ToMb-
KO He Macca NoKos).

Hefitpanusaunsi ecTb KoMneHCaunsi MPOTHBOMOJIOXHEIX 3JI€K=
TpHueckHX 3apsgoB. Hanpammusaerca anasorus, sak/ioyaiomascs
B TOM, YTO AHHHMTWJSIIUA YaCTHU C AHTUYACTHUAMH €CTb TaKMe
YHHYTOXEHHE pasHHX MO 3HAKY, HO YXe ApYyrax, Hes/jeKTpHue-
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CKMX, 3apsfoB. M GH3HKH NPHMHCHIBAIOT TaKHe 3apAfbl pas3fing-
HHIM yacTHpaM: OapuoHHBIe — TsKeJbIM YacTHUaM (HanpuMmep,
HYKJAOHAM) H JIeNTOHHbie — 3jieKTpoHaM. OCHOBHOe pasAHIHe
MeXJYy YacTHUAMH H aHTHYACTHHAMH B TOM, YTO OHH o6/jagamt
NPOTHBONOJIOXKHBLIMH OapHOHHBIMH WJH JIENITOHHBIMH 3apsAJaMH.
Taxkum o6pasoM, HanpuMmep, HeHTPOH H AHTHHEHTPOH HECYT €
co6oii pasHble GapuoHHble 3apsfibi ¥ NPH BCTpPeYe AHHHTHJIHDY-
IoT. B pesysprare mosyuaroTcs yacTHubl, GapHOHHBIH 3apsji Ko-
TOpbIX paBeH HYJ0. MHI BepHeMcs K 3TOMY BONpOCY B pasjiede,
NOCBALIIGHHOM 3aKOHaM coxpaHeHHsi. HyXHO TOJNBKO NOMHHTH,
yro OGapHOHHble HJH JIENTOHHbBIE 3apsiibl HHKAaKOIO OTHOMIEHHS
(KpoMe HEKOTOPOH aHaJIOTHH) K 3JeKTPHYeCKHM 3apajfaM He
HMmeloT. JlioOhie OGapuoHb! (TsKeJble YacTHHbI) MJH JIENTOHbI
(/erkue yacTHmbl) 0o0JaAalOT COOTBETCTBEHHBIM 3apsioM Hes3a-
BHCHMO OT TOTO, HeCyT OHH 3JIeKTPDHYECKHH 3apsii HJIH HeT.

K Jentonam Hajo NPHYHCAATbL TaKXKe H HEHTPUHO, yyacT-
BYIOUIHe B Pas/IMYHLIX NMpeBpalieHHAX YaCTHL NPH C/1abbiX B3aH-
Moneﬁcmuax. OTH yacTHUBl JOJroe BpeMsi OblJiE THIOTETHYECKH-

. Onu Oblg <«OpuUAyMaHbl» JHIIbL AJAS TOro, 4ToObl B paie
npeBpameHHu filep H 3JEeMeHTapHLIX YacTHH BHIROAHSINCE 32K«
Hbl coxpanenns. He Tax 1aBHO (H3HKH MX OOHapyXHW/H 3Kene-
pHMeHTabHO. IJTO clenath OblIo Hejerko. Bean HefiTpuHo He
HMeeT 3JIeKTPUYECKOro 3apsiia, He sBJAETCH KBAHTOM 3JIEKTpPO-
MarHMTHOTO MOJIf, H Macca INOKOsl ee PaBHA HYAIO (TaK e, Kak
y dorona).

AuTHuacTHIBl €CTb TaKKe H Yy Me3oHOB. Tak, oTpuuartenb-
HHI NU-Me30H ABJsAeTCH aHTHYaCTHUHeH NoJjoxuTenbHoro. Her
aHTHYACTHIl ¥ GOTOHA H HeHTpaJbHoro MesoHa. Ho MoxHO cun-
TaTh TaKXe, YTO y 3THX YaCTHI, AHTHYACTHUEBI He OTIRYAITCA
OT CBOMX COpPOJHYeH.

Bce, uTO Hac OKpy)Kaer H MBI CaMH, COCTOHT B OCHOBHOM H3
YacTHH, XOT HeKOTOpbie AHTHHACTHIbHI (OTPHHATENbHBIl NH-Me-
30H, NMO3UTPOH K aHTHHEHTPHHO) M YYACTBYIOT B AJePHHX Npo-
Ueccax. Mbi He 3HaeM, cjayyalHO JH 3T0 JHOO CBf3aHO C KaKoi-
HuOylnb elle He H3BeCTHOH HaM 3aKoHOMepHOCTbIO. Cehyac Her
NoKa HHYero, 4ro Meuiano Obl CyIIeCTBOBAHHIO [PYTOTO MHpZ,
COCTOSILIETO M3 aHTHUacTHU. B aHTHMHpe sgpa HoJIMHBL COETO-
SITh K3 AaHTHNPOTOHOB H AHTHHEATPOHOB H HMEThb OTPHIATEbHEHE
9JleKTPHUECKHH 3apsl. Bokpyr aHTHsAfep B aHTHAaTOMaX BMECTO
5JIeKTPOHOB [BHralOTCA NOJNOXKHTENbHble NO3ATPOHH. BHemine B
STOM AaHTHMHpe Bce OOCTOHT Tak, Kak y Hac. [leproguueckas
cuctreMa MeHfiesleeBa cOLepPKHT Bce Te e 3JieMeHThl C IpH-
€TaBKOH «aHTW»: aHTHBOLODOJ, AHTHreJMA, aHTHXKele30 M T. A.
OHu BcTynawT B CBfi3b MeXAY coboil, o6pa3ys Te Ke XHMHYe-
CKHe COellHHEHHS, M3JYYalOT TOT JKe CNEKTp CBeTa, 4To u 0bblY-
Hble aToMbi. Beh aHTHPOTOHOB HeT.

[To3TOMY BO3MOXHO, YTO YacTh 3Be3fi WJH T'aJaKTHK, KOTO-
pele MBI BUIMM Ha HaiieM HeGOCBOJe, COCTOHT U3 AHTHYACTHIL
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npeacraBaseT cobofi Janekne aHTHMHpB. MoxeTt G6blTb, OTBeET
Ha TocTaBJjieHHbie 31eCb BONpPOCH JacT B OyaylieM Tak Hasbl«
BaeMass HeATPMHHAas acTPOHOMHsl, NMPH3BaHHAs H3y4yaTb HeHT-
pHHHBIE TIOTOKH OT COJIBLIA, 3Be3Jl M ranakTHK. QPH3HKH NPUCTY-
HOHJH K PellieHHIo- 3TOH BecbMa TPYAHOH 3aJauH,

CrpanHble 4YacTULIBI

Bepremca Tenmepb K BONpOCY O TOM, M3 KakKHX Ke
BCe-TaKH YAaCTHI[ COCTOMT BeCb MHp. Temepb yKe MOXHO TOBO-
pUTL HE O CeMH, a, NO-BHIMMOMY, O ABEHAafUATH YaCcTHUAX M
antuvactunax. ¥Ix MoxHo cectu B Tabu. 1.

Hrak, kak OyATo Obl HAboOp CTPOHTENBHBEIX MaTepHasioB
IJis BcesieHHOM HailjeH. KoHeYHO, HYXHbl 4acTHUB A/s 0Gbsc-
HEHHSl TPaBHTALHOHHBIX cHJI. PU3HKH TBepHO YBepeHbl, YTO Ta-
KHe YacCTHIUBl — FPaBHTOHBl — cyuiecTBYIOT. OHH He MMeEIOT Mac-
cbl NOKOS M 3apsja, He B3aHMOJEHCTBYIOT C 3JeMeHTapHBIMU
yacTHUAMM, He YYacTBYIOT, NO-BHAMMOMY, B HX INpeBpallleHHAX.
TMostomy rpaBuTOHBl OyAeT OOHADYKHTb 3HAUMTENbHO TpPYyHHEH,
yeM HefiTpuHo. Ho pesysnnraT o6MeHa 9THMHM YacCTHIAMH HaJHHO.
Jlio6ble Tesa NpUTATHBAIOTCS. TPABUTALMOHHBIMH cunaMu. MoxHo
LyMaTh, YTO HMEIOTCH H YacTHLBl, OTBETCTBEHHblE 33 CHJHI CJa-
6oro B3aumopeiictBus. Mx Mb Takxke He BUguM B Taba. 1.

Ecnn He yuHTHIBaTBH JBYX, ellleé HeJOCTAIOMIHX CBOficTBa ya-
CTHII, NepeyucJeHHHX B Tabj. 1, oOBACHAIOT Bce fBJeHHs, NpO-
HCXOLflMe B MHKPOMHDE. :

Bce BemiecTBa COCTOSIT H3 aTOMOB H MoOJekysd. B ux cocras

* BXOISIT Alpa M 3JIEKTPOHH. DJeKTPOMarHUTHLIE CHJIb, BJs1 06b-
fICHEHHS1 KOTOPBIX HYXHBl (OTOHb, 00eCnevYHBalOT MNPOYHOCTh
aTOMOB H MOJIeKy/J1. ATOMHBIE fiipa B CBOIO OYepellb COCTOAT U3
HEHATPOHOB H MPOTOHOB. flIepHble CHJBI OGBACHAKTCA 0OMeHOM
NU-Me30HOB. B pas/iuuHBIX NpeBpallleHHAX fZep, O KOTOPHX Gy-
IeT paccKaszaHoO M03Ke, NPOTOH MOXeT MpPEeBPaTUThCH B HefT-
poH, uau HeilTpoH B npotoH. Ilpu sToM sxapa OynyTr u3nydath
37eKTPOHBl M HelTpHHO. KpoMme TOro, kak Temepb H3BeCTHO,
NpHpONA YCTPOEHA TaK, YTO AOJNIKHO' CyILeCTBOBaTh H aHTHBe-
IECTBO, cocTosillee H3 aHTHYacTHL. [lepeuncnenue sBneHuii, o6-
HapyXKHUBaeMEIX B MHKDOMHpE, MOXXHO NpOIO/KHTh. OJHAKO HH
OJlMH M3 H3BECTHBIX HaM ceHyac 3aKOHOB MHKpoMupa He Tpeby-
et Apyrux yactull. OHH NPOCTO He HYKHHL.

Ho Bepb Ham pgasnexko He Bce u3BectHo! To, 4To MBI 3HaeM,
5TO JHWIbL CTyneHb B OeckoHeyHOM HRpolecce mno3nanus. M kax
6bl MOATBepXKJAas 3TO H3BeCTHOe MNOJIOXKEeHHe JAHaJeKTHYECKOro
Martepuasu3Ma, IpHpPOJA OKas3aJach 3JHAYUTENbHO CJOXKHEH.
Hpu6opel sKcrnepHMEHTAaTOPOB 3aPerHCTPHpPOBAJNK OGosblIOe KO-
JIHYeCTBO, Ka3ajlocb Obl, «HEHYXHBIX» H HErofHbIX B KauecTBe
«CTPOMTENBHOTO MaTepHasa» 3jeMeHTaPHBIX YaCTUH.

Hanomaio, uto B 1937 rofy B KOCMHYECKHX Jiyyax OblIH Hais
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ECHBl OTPHLATEJNbHEIE H TOJNOMKHTesbHHEe Mio-Me3oHH. Ceifivae
Mbl yKe He TpHYACAsieM HX K CeMeiiCTBy Me30HOB (XOTa 3TO
HasBaHue 3a HUMH coXpaHHJocbh). OHM He BHITOJHAIT QYHKUHIO
CBASYIOIEr0 3B€HAa B CHJbHLIX B3aHMOJEHCTBHAX, Kak, HaMlpH-
Mep, HM-Me30HH. Mio-Me30HH BelyT CBOK, CPaBHHTEIbHO H30-
JUPOBAHHYIO, JKU3Hb, He NPHHHMas, HACKOJIbKO HAM MOKa H3Be-
CTHO, HMKAKOrO y4acTHs B CTpOeHHH BeulectBa. [IpaBnaa, ox#
SIBJASIOTCA HEKOTOPOM CTYTEHbIO NPH NpeBPamleHUAX NH-Me30H0B.
Mu-Meson oGbimHO nNPeBpamlaeTcs B MIO-Me30H H He#TpHHO, a
3aTeM Y)XKe MIO-Me30H pacnajaeTcsi Ha 3JeKTPOH M HeHTpPHHO.
Ho sto MOXHO paccMaTpHBaTh KaK HEKOTOPYIO «NDHYyLYy» MPH-
poabl. Beab BnosHe BO3MOXHO NpespalleHHe TH-ME30HA MPSIMO
8 3A€KTPOH M HEATPHHO, UTO, KCTATH, HHOMAA M NPOHCXOIHUT.

Oanako TaKHX «HPHUYNJAHBBIX» YacTHI[ OKasajock MHoro. B
flayajie NATHHAECATHIX roJoB (PU3MKM OOHADYXKHJH UeJNYIO CepHIo
HOBBIX 3JIeMEHTapHBIX YaCTHIL.

Cpead HHX HMMEIOTCH THTEPOHBI — YacTHLbBI € Maccoil, 6oab-
e, YeM HYKJOH. MIX ciaelyer OTHeCTH K ceMeHCTBY 6apHOHGB.
By OTKPHITHI TaKXKe H Ka-Me30HH ¢ Maccoit oxkosao 1000 axe-
MeHTapubix Macc. HoBble yacTHubl TONyYHIH Ha3BaHWE «CTpaH-
ubix»>. OHM AeHCTBHTEABLHO OKa3aAuChb CTPAHHBIMH, H HaubGoAb-
Hiee yAUBJIEHHe BbI3BaJ caM Ipoliecc HX poxieHuda. PoxpawoTcs
OHH TOJLKO NPH CHJbHBLIX B3aUMOJAEHCTBHAX W Bceriga B Komma-
BHH C ellle OJHOA MJH HeCKOJbKHMH CTPaHHBIMH YacTHIOAMH.
Huxoraa He GrniBaer Tak, 4T006H B pe3yJbraTte, Hampumep, Gom-
GapRuPOBKM BLICTPRIMH NPOTOHAMM JPYTrdX NPOTOHOB (UMK ffxep)
poXKAasnach oHa cTpaHHas yactuua. Mx Bcerza moayuyaercs Ase
uau Gospuie. [Hoayuaerca Tak, Kak 6yATO Obl NPH HX POXKIEHHH
HBOJIXHA COXPAHATbCA HeKad HeH3BecTHas BeqHyuHa. OHa Grina
BBefieHa (pU3HKaMH cOBeplieHHO (OpPMaJbHO H Ha3BaHa «CTpaH-
HOCTbIO». Mul NMOKA He 3HaeM, UTO 3TO Takoe, HO €CJH MpPUIH-
caTbh YaCTHOAM pa3JHuHOe 3HaueHHe CTPAHHOCTH, TO 3aKOH CO-
XpaHeHHs STOH BeJHYHHBI MOXKeT OOBSICHHTL HX KOJJIEKTHBHOE
poxzeHne. B kauecTBe mpuMepa BO3bMeM CTOJKHOBEHHE IBYX
MPOTOHOB, CTPAHROCTb KOTOPHLIX paBHa Hymo. B peayabrate 3T0-
ro B3aUMOJAEHCTBHA JOJKHBI POXKAATLCS FaCTHLBI, CYMMa CTpaH-
HOCTel KoTOphiX OyZeT Tak:ke paBHa Hyaio. Tak 3TO H ecThb:

APOTOH - NPOTOH —+ MNPOTOH -+ namM6ia-runepoH + Ka-mic-
Me30H.

Ecnu npunncath snam6pa-runepony crpanHocts (—1), a xa-
nuoc-mesony (+1), To cTpaHHocTb cgxpaHsaercs. He 6bio o6Ha-
PYXEHO HM OJHOro cJydass HapylleHHs 3aKOHA COXpaHeHHS
CTPAHHOCTH IPH POXKAEHHH 3JI€MEHTaPHbIX YaCTHII.

Teneps Mbl MOXeM 3HAYHUTENbHO pACUIHPHTbL Tabauily 3Je-
MeHTapHbix uacTun (taba. 2).

Srta rabyuna 3HAYUTEJbHO MNpelCTaBUTeNbHEH NpelblAymied.
B Heit nepeuscaeHo yxKe 34 sneMeHTapHBIe JacTHLH, pasjeleH-
Hble Ha MATb CeMeHCTB. AHTHYACTHLb C/IeAyiOT CPasy 3a 4acCTH-
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peit. O6patute BHuMaHHe! Tonbko y ABYX YacTHIL HeT aHTHYa-
CTHI! ¥ (OTOHA M HeHTpaNbHOro MH-Me30Ha. JTO TaK HasblBae-
Mbie HCTHHHO HeHTpaJbHble dyacTuusl. OHH JHMIIEHB! BCSKOro 3a-
psixa: ssiekTpuueckoro, 6apHoHHOro M JentoHHoro. Bmecre ¢ TeM
3TO pa3Hble YaCTHUbL, H OHH BHIMOJHAIT pasanuHble QYHKHHH B
npupoge. PoToHs 06ecneyHBalOT 3JEKTPOMArHUTHOe B3aumojeli-
CTBHE, @ Me30HBI — CHJIbHOE,

XoTa HaM ellle He sICHA2 POJib MIO-Me30HOB, Mbl BLIHYXJAEHbI
Telepb OTHOCHTb HX K OTHeNbHOMY, MIOOHHOMY cemeicTBy. Ilo
CBOMM CBOJCTBAM OHH HAaNOMHHAIOT 3JIEKTPOHB, HO 006Jaajaior
CBOHM COOGCTBEHHHIM MIOOHHBIM 3apsifoM. OTKpbITHE HelaBHO
MIOOHHBIE HeATPHHO HHYeM, KpoMe 3apsjfia (MIOOHHOrOo), He OT-
JIHYA10TCS OT CBOMX cobpatbeB. Ho npu o6pasoBanuu M mnpespa-
HIEHHH MIO-Me30HOB MOABJSIOTCH HMEHHO MIOOHHBIE HEHTPHHO H
anTHHEeHTPHHO.

Bosbmas rpynna cTpaHHbIX YacTHL — THNEPOHOB TMpPEACTaB-
JeHa cewmeficrBom OaproHoB. Bce onm umeloT Maccy 6o.bmyio,
YeM NPOTOHbI H HEHTPOHH (3TO TOXe 6apHOHBI) ¥ NO 3TOH MpH-
YHHE JOJMMXHBI OueHb Obictpo (10-22—10-2% cek.) pacmagaTbcs.
Beab ¢ yBesnueHueM Macchl TIOKOSI PAacTeT BHYTPEHHssl SHePrUs
YaCTHLH!, YTO NPUBOAAT K €e HeyCTOHYMBOCTH. YCTOHYHBLIMH Ya-
CTHHAMH B ceMeficTBe 6aPHOHOB ABJAIOTCS TOJbLKO MPOTOH H aH-
TunporoH. OHM caMble JierKHe M HM He Ha YTO pacnacrbcsd, Tak
KaK GapHOHHBII 3apsj NpH pacnaje HoJKeH coxpaHstbes. Hef-
TpoH Jumib Ha 1Y Taxenell u To yxXe Heycroiiuus. Uto XKe ro-
BOPHTb TOTAA O FHIIEDOHAX: OHH HaMHOro MaccHbBHedl. Ho rume-
poHBI crnacaroTes OT GHCTpOil cMepTH To/MbKo 6naromaps cBoeil
CTPaHHOCTH; BepHee, KBAHTOBOMY YHCAY, HOCAllleMy HaWMeHOBa-
Hre «cTpaHHocTb®. [lofpoGHell 06 3TOM B caefylolleM pa3sfene.
Takoe mnosioXkeHne B MHpPe 3JE€MEHTAPHBIX YacTHI HABOAUT HA
MBICJIb, YTO COHCOK, NMPHBeAeHHLIA B TabJa. 2, flajleko He MOJHBIH.
JlOoMKHBI CYLIeCTBOBATh YaCTHILI, KOTOpbie, He o6safas cTpaH-
HOCTBIO THMEPOHOB, HCYE3ai0T CTOAb OBICTPO, YTO MBI He ycle-
BasM 3aMeTHTb uX B (usuieckoM mnpubope. Bemn ecan Bpems
Wu3Hu yactuusl 10-28 cek., To Zaxe ABHrasch cO CKOPOCTHIO CBe-
Ta, OHAa CIBHHETCH C MeCTa CBOETrO POXACHHS BCETo JHIIb HA
10-13 cu. Be3najemHO HCKaTh cJefl 3TOH YacTHUB B QOTOIMYNAb-
CHY WJIH B ITy3LIPHKOBOR RaMepe.

Ho ¢u3mku Bce e HayuyuJuchb PEruCTPUPOBATb TaKHe ya-
cTHE. WM BOT B miecTHRecATHIX rojfax OblJa OTKpHIT2 Goablias
Ccepusi KOPOTKO MKHBYIIMX WYaCTHII — MPH3PAKOB, KOTOpble ObliH
Ha3BaHBl PE30HAHCHHIMH YacCTHUAMH, HJH, KOpouYe, «pe3oHaHca-
mu». Yucao pe3oHaHCOB yxe nepeBaquno 3a 100, a dusuku Bce
OTKDPBHIBAIOT HOBLIE.

Eciu uynTatens AyMaer, 4TO pe30HaHCHl 3TO HACTHUBl Hu3ilie-
TO COpTa IO CPaBHEHHIO, HalpUMep, C THIEPOHAMH, TO OH OIIH-
baercsa. Ilpocro pesonancsl 061afAa0T HECKOABKO KPYTHMH CBOH-
CTBaMH: JnG0 oueHb GONBIIOR Maccoyl, AHOO MaJIOH CTPAHHOCTDLIO.
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B pesyabtaTe OHM MOTYT pacnajaThbCs 32 CUET o4ellb OhICTporo
CHABHOTO B3aUMOJAEHCTBHS, YTO M oOcyluecTBasieTcs. Takoit Boa-
MOXHOCTH HeT y CTPaHHbIX HYAcCTHL, OHH «yMHDalOT» B pe3y/b-
Tare MeNJIeHHOro cJaboro B3auMOJEHCTBHL M XHBYT CpaBHH-
TeJAbHO AOJTO.

Cpean pesoHaHcoB, TalJHly KOTOPbHIX Mbl NDHBOAHTbL He Oy-
ZleM, ecTb M Me30Hbl KW Gapuonbl. B tabu. 2 Het cxem pacnaaa
aJileMeHTapHbIX 4YacTHU. Mx MoxHO HaHTH B cHeuMa/sbHOH JuTe-
partype. 3lech BaXHO NMOJYEPKHYTb, YTO NpOLECC NpPeBpaileHHs
A B3aUMOJEICTBHS 3JeMEHTAaDHbIX YacTHL HeoJHO3HaueH. Mul
He MOXeM 3HaTb, CKOJbKO M KAKHX YaCTHI[ MOJYYHTCH B pesy.b-
Tare. [laxKe ecyqin 0OGHAPYXKHUTCH HECKOJbKO ONpefiesIeHHBIX YaCTHIL
B KOHIle Mpollecca, TO He/Mb3si YTBEP:KAAaTb, UTO HHKAKHX APYTHX
YACTHL B HEM He y4acTBOBaJ0. DTH YaCTHIBI MOL/JH NOSIBUTHCS
Ha OYeHb KOPOTKOe BpeMsl, a 3aTeM HCUe3HYThb, JaBas MKH3Hb
apyrum yactuuam. TyT MoOryT ObITb «pe30HAHCHI» HJM OAaphl: 4a-
CTHUBI M aHTHYACTHLbI, KOTOPbIE, MOUTH He CXOJAs C MeCTa, aHHH-
THANDYIOT. 3HAUUT JIH 3TO, YTO NpH HpeBpalleHHH MOryT GBITb
Kakue yrogHo uactuunl? Het, sro He tak! Hesnb3si ckasate, uto
pOXJeHHe U NpeBpalleHHe YACTHIL He MOAUYMHSAIOTCA HHKAKHM 3a-
xonaM. Ho 3akombl, AeHcCTByoliye B MHKDOMHpE, ONpEReNsioT
JiHUIb BePOSITHOCTHBIN Xapakrep siBJeHuil. BeposaTHocTb oaHux
npeppalienuil paBHa 0, Apyrux — o4eHb MaJja HJH BeJuKa. Jlumb
HHOTZ]a BeDOSITHOCTb KaKHX-MHGO MpeBpallleHHil CTAaHOBUTCHA DaB-
HOil eluHHLe, T. €. HOCTOBepHOCTH. B sTOM cuaydae pesyabrar
fipeBpallleHus Bcerja OJHH 1 TOT XKe.

BnepBble GH3HKH CTOJKHYJAHCH C BEPOSITHOCTHBIMH CTaTHCTH-
YEeCKUMH SIBJEHHSIMH NpPH H3ydYeHHH TennoBbix npoueccoB. C Tou-
KIl 3pEHHs1 KJIAaCCHYeCKOH MeXaHHKH BepPOATHOCTHOE ONHCaHHe
[IPOLECCOB SIBJIAJIOCh HEMNOJMHOLEHHBIM, TaK KaK OHO NpeAnoJara-
JIO Haule He3HAHHe TOYHLIX NMApaMeTPOB [BUMEHHS MOJIEKYJ H
AaTOMOB.

Korga yueHble NPOHHKAH B ray6b atoMa, TO OHH OOHapyKH-
JiM, YTO TOYHBIX NMApaMeTPOB y MHKpouacTHL BooOLie HeT. 3ako-
Hbl KBAHTOBOI MeXaHHKH, B YaCTHOCTH MPUHIHI HeompexeseHHo-
CTH, MPUBOAAT K CTAaTHCTHYECKOMY omucanuio siBaexudl. Kaaccu-
YecKyl0 CTAaTHCTHKY YXXe MOXKHO paccMaTpHBATh Kak pe3ynbTaT
ZeiicTBHSI BePOSITHOCTHBIX NPOLECCOB B MHKPOMHpe.

B Mupe sJeMeHTApHLIX YacTHLL Mbl OGHAapyXXHBaeM HOBYIO
Heoflpele/eHHOCTb, CBSI3@HHYI0O C TeM, YTO HeJb3sl TOYHO CKa-
3aTh, CKOMbBKO M KaKHX 4YacTHL Y4YacTBYeT BO B3aHMOJAEHCTBHH.
H 3pecb oka3biBaercd HeoGXOZMMLIM BBECTH BEPOATHOCTHO CTa-
“THCTHYECKOe ONHCcaHKe NMPOLECCoB.

Cesi3aHbl M MexXAy coGOH BepOSITHOCTHEIA XapakTep siBJje-
Huii B MakKpoMupe, B aTOMe H B MHpe 3JeMeHTapHLIX YacTHL?
Bynyr an panbie no mepe yrayGJeHHsl HAMIMX 3HAHUH O MHKPO-
MHpe YBe/JHYHBaThCs HAalIM CBeXeHHA O HEONpeJeNeHHOCTSX B
nosejeHHH Mukpouactul? Ha atu Bompochl Hamo, Mo-BUAUMOMY,,
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OTBeTHTH yTBepAauTesnbHO. Ho Bce u3BecTHhle Ham ceiiuac (u 8
6yayuieM) HeompeneleHHOCTH He TOBOPAT O HE3HAHHH HJIN O
TIPHHUMIHANbHOR HEMO3HaBaeMOCTH KakKHX-To fBJeHufi. OHu
YKasbBalOT JHIIb Ha OObeKTHBHblE 3aKOHOMEPHOCTH B MpHpoOZe,
Ha HencyepnaeMoOCTb CBONCTB MaTepHH.

®u3uky He 3HAIOT ellieé NOKAa, YeM BHI3BAH BePOSITHOCTHBLIA
XapakTep mpoieccoB B npupone. ONHAKO OHH yBepeHHl, YTO CYTh
ABJIeHU#1 3aK/1104aeTcsi B TOM, UTO 34eCb OCHOBHYIO POJIb HIpaoT
dysraMeHnTasbHble 33aKOHBI NPHPOMALI — 3aKOHBI COXPaHeHHS,

3aKOHbl COXpaHeHUs

B coBpemeHHOH Hayke 3HauyeHHe 3aKOHOB COXpaHe-
HMSl TPYAHO HepeoUeHHTb. DTH 3aKOHBI, TAK Xe, KaK U Bce Oc-
HOBHBIE 32KOHBI NPHPORBI, HOCAT OMBITHEIA XapakTtep. OHu He
BbIBOASITCSI aHaJIHTHYECKH, a NMPOoCTO noctyJHpytorcs. Habaonas
B pasHBIX SIBJEHHSX, YTO 4TO-TO 00s3aTe/IbHO COXPAaHSETCH, yuye-
Hbie BBIAEJISIOT 3TY COXPAHSIOILYIOCH BEJNHUHHY H CBfSHIBAIOT ¢
Pa3NYHLIMH NpOHeccaMH NpPupoAsl. HacTo Mb He OUeHb XOPOMmIO
npeacraBasieM, 94TO TAaKOe COXpaHsIOliascs BelHYMHA, a WHOTAZ
NPOCTO He 3HaeM, YTO 3TO Takoe (HampHmep, cTpauHocTb). Ho
PO BCexX CJyYasix NMOJyueHHble 3aKOHBI COXDaHEHHs MNO3BOJSIOT
HaM ray6:xe TMOHSTbL SIBJEHHSI MPHPOAB H HAfTH Npyrue BTOPUY-
Hble 3aKOHBI, YIPaBJSIONINE NPOLECCaMH.

3aKOHBl COXPAHEHHS SHEPrHH, KOJHYECTBA IBHIKEHHS, MO-
MeHTa KOJHYeCTBa ABHIKEHHs, SJEKTPHUECKOro 3apsia SBAAIOT-
¢a abGCoNOTHBIMH 33aKOHAMH He TOJNbKO B MHpe 3JeMeHTapHBIX
YaCTHU, HO H B Pa3JIHYHBIX NPOLEcCcaX, HMEIOHX MeCcTo NPH ABH-
JKeHuu OGonbiiMX Tes, OOMbHIMX MOTOKaX yvacTul (Hampumep, B
9JIeKTpHUECKOM TOKe). MOXHO NOKasaTbh, 4TO GOJBIUIMHCTBO H3-
BECTHEIX OTILITHEIX 32KOHOB BLITEKAaeT M3 3aKOHOB COXPaHEHHA.

Hanpumep, Mcnonbsyst 3aKOH cOXpaHeHHSI  MeXaHUYECKOf
SHePruH, MOXHO MNOJNY4YHTb BTopoit 3akoH Hulotona. B yue6uu-
Xax (H3UKH M MeXaHMKM NOoCTynmaloT oObuHO HaobopoT: NpH-
MeHsism BTOpoA 3akoH HbioToHA, nosyyaroT 3aKOH COXpaHeHHs
MEeXaHHYecKOH SHepruu.

M3 3akoHa coxpaHeHHsI KoJHYecTBAa NBHIKEHHA MOXKHO MOJY-
YuThL TpeTuit 3akoH HbioToHa, yTBepxkJawmuil, 4YTO HeficTBHE
paBHO NpoTHBOZelcTBHIO. M3BecTHHI 3akoH OMa MOXHO BbIBe-
CTH H3 3aKOHA COXPaHeHHs 3JeKTpHyecKoro 3apsaa. Moxuo 6w-
o GBI MPUBECTH ellie MHOTO NpHMepOB, KOFJa H3 3aKOHOB COXpa-
HEHHs MNOJYYalOTCsl H3BeCTHHIe 3aKOHHI MakpomHpa. Ho 3xecs
Hajo NOJYEepPKHYTb M OUeHb BaXKHOe Da3/NHuHe MeXNy 3aKOHaMH
€OXPAaHEHHS W TOUHBIMM 3aKOHaMH IBHXKeHHs GOJbIIHX Tea (HJH
60bIHOr0 KONMHYECTBA YACTHIL).

B TO BpeMmsl KaK 3aKOHH cOoXpaHeHHs HMeloT Gosiee oOmHui
XapaxkTep u RefCTBHTeNbHBI RS MaKpO- H MHKPOMHDA, 3aKOHHL,
ynpapaswonne GoNbIIHMH TesiaMH, padoTaloT, KaK Mbl yXe 3Ha-
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eM, TOJbKO B MakpoMHpe. DTO 3aKOHB! «GOJBIIUX YHCET» — CTa«
THCTHUECKHE 33KOHBI.

[lo-BHAHMOMY, 3JeMeHTapHble YacTHIbl HOJYHHSIOTCH TOJbe
KO 3aKOHaM COXPaHEHHs W MOKa ellle, OUEBHAHO, HE BCe 3AKOHM
TAKOro poia HaM HU3BECTHBL.

A6conoTHRIE 3aKOHBl YTBep:KAAIOT, YTO NMPH JOGEIX B3aumo-
JeficTBUAX W NMpeBpallleHHAX YacTHI JOJXKHBl COXPaHIATbCS 3Hep-
TUf, KOJHYECTBO ABHXKEHHS, MOMEHT KayecTBa IBHXKEHHS, 3JeK-
TPUYECKHH, GapHOHHBIH, JENTOHHBIA (3JEKTPOHHBIA M MIOOHHbI)
sapansl. K 3THM 3akoHaM HaAo NpubGaBuTbL elle OJHH, BOCb-
MOfl — aGCOMOTHLHIE 3aKOH COXPaHEHHs, 0 KOTOPOM Mhbl paccKa«
JKeM HeMHOTro MOo3:Ke.

HsBecTHBI y:Ke HaM 3aKOH COXpaHeHHs1 CTPAHHOCTH HMeeT
MeHbIIYIO CHJAYy: OH NeHCTBYeT B CHJBbHBIX H 3JIEKTPOMAaTHHUTHEIX,
HO He BBINOJHAETCA NMpH cl1alblX B3aUMOAEHCTBUAX.

Ham HyXHO NPOAOJIKHTB paccka3 o APYrHX 3aKOHax coxpa-
uneuns Mukpomupa. Ho npexne ciesyer paccmorpeTb mnoapo6-
HO 33aKOH COXpPaHEHHS MOMEHTAa KOJHMYeCTBa JBHIXKEHHS — BEK-
TOPHOH BeJHYHHBI, XapaKTePH3YIOILell BpallaTe/]bHOe IBHIKEHHE
Tesa WM YacTHubl. B mpHpome MBI OUeHb YAacTO CTAJKHBAEMCH
C JelicTBueM 3toro 3akona. Hac Gymer wHTepecoBaTh ero poiib
B MHpe MHKPOYAacCTHU. DJeMeHTapHas yacTHla MoxeT 06janxaTthb
CcOGCTBEHHBIM MOMEHTOM KOJIHYECTBA JBHXKEHHS, NMPOEKUHsS KOTO-
poro Ha Kaxyio-a160 ocb HOCHT Ha3BaHHe CIHHHOBOTO yHcjaa (HJH
npocro cfuHa)., DTy BeNWYHHY MOXKHO H3MEpHTb, B COrJiacuu
C KBaHTOBLIMH 3aKOHAaMH, OHa OKasafjach paBHOH nHG0 LenoMy
(HOJIb 3TO TOXe HeJoe 4uca0), AHG0 nmodyuenoMmy uucay (Y/a, 3/2
W T. 1.) B equHuuax f/2x. B ta6auuax 1 v 2 npuseleHbl Maxcu-
MaJsbHble (M0 aBCcOMIOTHOU BeaMuHHe) 3HAUEHHST CIIHHOB.

Bce B3auMoJedCTBHUA 3JeMEHTAPHBIX YaCTHI NPOHCXOAAT B
MOJIHOM COTMJIACHH C 3aKOHOM COXpPaHeHHUR MOMEHTa KOJMYecTBa
asuxenus. Ilpuuem Tak, Zo6GaBisieT KBAHTOBasi MeXaHHKa, UTO
Yy KaxOoH W3 YacTHL CHHH MOXET M3MeHSThCA JIHIIb Ha eJIHHH-
1y. Tak, y Me30HOB CNHH BOOOILEe He MOXET H3MEHHThCA: ero
MaKcHManbHoe 3HaueHune paBHO 0. ¥ ¢oToHOB MoryT ObiTh 3Ha-
yenusa cnuuos +1, 0, —1, a y anekrponoB +!/o u —!/s. OmMera-
THIEPOH, MO-BHAMMOMY, 06/afaeT NONYUebM CIHHOM, PaBHBIM
8/y. TloaroMy y 3TOif YacTHubl MOTryT OBITb YeThipe CAHHOBBLIX
coctosnus: +3/5, 415 —!/5, —3/5. OGpaTure BHHMAaHHE, YTO
OIHM W Te XKe 3jeMeHTapHble HaCTHUbl MOTYT HAXOAHTbCA B pas-
JIHYHBIX COCTOSIHHSIX. Me30H BEHICTYyNAaeT TOJMBKO COJO — 3TO TakK
Ha3blBaeMblil cuHrzieT. ¥3 3JeKTpOHOB MOXKHO COCTaBUTbH AY3T —
ay6ner, u3 GOTOHOB TpPHO — TPHUMJIET. A oMera-ruflepoHOB yxe
yeTblpe — KBaApYyIJ/eT. JTO MOJOXKEeHHe TOBOPHT O KaKOH-TO
CHMMETPHH 3JeMEHTAaPHLIX YacTHIL B OTHOLIEHHH ONHOI'C H3 HX
cBo#icTB — cnuHa. CymrecTBoBaHHe 0COOBIX Pyl HacTHI B BHIe
CHHIJIETOB, AYIJIETOB, TPHIJIETOB W [Ap. HaBelQ H3BeCTHOro (u-
3HKa FenseHGepra Ha Mbic/b, 4TO JOJIKHBl CYLLeCTBOBATh CHM-~
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METPIYHBIE TPYNNBI YaCTHI, KOTOPble PA3/JHYAIOTCS, MOKET OLITh,
tile He H3BECTHbIMM CBOHCTBAMH. .

BosbMeM, HampuMep, HYKJOHBI H NH-Me30HBL. [/ CHABHBIX
B3auMOAECHCTBHI He HUrpaeT POJIb 3JEKTPHUECKHI 3apsill YacTHIL.
IosroMy B siiepHOM moOJsie NPOTOH BeJeT ceGs TOUHO TaK XKe, KaK
H HefitpoH. To Ke camMoe MOXKHO CKa3aTb O IOJSIOXKHUTENbHOM,
OTpuaTeNpHOM M HeHTpanbHOM MH-MesoHax. Henb3a au pac-
CMaTpuBaTh HEHTPOH M NDPOTOH KAK ABa COCTOSIHHS OZHOH H TOM
¥Xe yacTHUBl — ALYIJIET, a NH-Me30Hbl -—— Kak Ttpumaer? [Iefizen-
Oepr cymea mokasaThb, YTO COCTOSTHMSI B TAKHX TPyNmax HAOJIKIH
OTHyaTbest OCOOBIM CBOHCTBOM, KOTOpPOe OH Ha3BaJ HM30TONHYe-
CKHM crnHHOM. HHKakoro oTHOIIEHHS 3TO CBOHCTBO K OOGBIYHOMY
chouny He HMMeeT. EcTwh JIMIUb HEKOTOpas aHAaJOTHA B MaTeMaTH-
yeckoit Teopuu. M3oronuyeckuit cnuH — 310 ToXKe Bektop. Ho
TPYANOCTb 3aKJ/JI0YaeTcsl B TOM, YTO OH JOMKEH PacCMaTpPHBATb-
€A e B OOBLIYUHOM peasibHOM, @ B BCIOMOTraTeJNbHOM HpPOCTPaH-
CTBe p3otomuueckoro cnuHa. Ho sta martemaruueckas aGerpak-
Mg noMer/ia HalTH BIIOJIHE peaJsibHOe, OYeHb BAaXKHOE CBOHCTBO
SJIEMEHTAPHBIX YACTHI — H30TONMHYECKHH CMHH. B CHUJIBHBIX B3au-
MOIeHCTBHAX CYlLIeCTBYeT 3aKOH COXpPaHeHHA H30TOMHYECKOTro
cnuna. B 3/eKTPOMAarHHTHBIX H c/laGblXx B3aHMOAEHCTBHAX 3TOT
3aK0H He HMeeT CHJIbI.

[pexxne uem pacckasaTb O elle TpeX 3aKOHAaX COXpaHEHHH,
ZJaBaiiTe MOAYMaeM: XOpPOIIO JH Mbl MOHHMAaeM TaKoe HarJsiAHOe
NoHATHe, KaK cHMMeTpHa? He Tak mpocto OTBeTUTH Ha 3TOT BO-
npoc. :
ApXHTeKTOp CKaiKeT, YTO 3JaHHe CHMMETPHYHO TMOTOMY, UTO
€CJIH npaByl0 Y4aCTb 3aMEHHTb JIeBOH, TO HHYEero He H3MEHHTCS:
BCE€ 3aKOHOMEDHOCTH B IPOCTPAHCTBEHHOM PpacloJOXKeHHU AOoMa
coxpassrted. He BaxHO, UTO NpPaKTUYECKH 3TO CHACI4Tb Hesb3f,
passe qumb Ha pasbopuolt Mofenu. HHukaxue mepememenus,
FOBOPOTH He MPHBEAYT K XeJaeMbIM pe3yabTataM. ['OBopsaT, uTo
n3o6paxcerue B 3epKaJje NpeiMeTa CHMMETDHYHO OTHOCHTENbHO
camoro mnpeimera, Ho HHKakuM NOBOPOTOM HJIM BpalucHHEM
HeJIb3sl COBMECTHTb NpPeIMeT C ero 3epKaJbHbIM OTOGpaXKeHHEM.
CyuectByer Takxe CHMMeTpHsi MacltaGoB. [{Ba nofo6HbIX Tpe-
YrosibHUKa CHMMETDHUHEI, TaK KaK, HeCMOTpPA Ha TO, YTO Mbl
YMEHbIIMM CTOpPOHBI, Hanpumep, B 10 pas, ux dopma, yraei, ouep-
TAHHA COXPaHHJIUCh. EC/IH KOHCTPYKTOp H3roTOBJsSIET yMeHbLUeH-
HYIO B HECKOJbLKO Da3 MoOJesb JeHCTBYICLIEH MaUIHHBI, TO 31eCh
TakKxe fe#icTByeT MpUHUMN cuMMeTpuH. KoucTpyktop 3Haer, uto
OH MOXeT MpOBepHThL paboTy MawuHbl Ha Moxenu. ITpakTuueckn
BCC 3aKOHOMEpPHOCTH, HajieHHble mpH paboTe MojAesH, COXpa-
HSITCA U A5 OOAbIOA MAIIHHbL.

[o-pupyumMomy, MOMKHO [aTh CileAylollee ONpefeseHHe TOHS-
THA cummerpuu. Ecam npu Kako#-HHGYAb MBICJAEHHON HJH Npak-
THYecKod 3aMeHe OfHHMX O0beKTOB (MMM MX uacTeil) ApPYTHMH
COXPaHAIOTCH 3aKOHBI, KOTOPBIMM Onpefesserca ¢opma, odepra-

33



#ne, PHCYHOK HJH 4TO-1u60 TMOROGHOE, TO CpaBHHBaeMble O0DBe
€KTbl (MJIM HX YaCTH) CHMMETDPHUHLI.

Jlo cux nop Mbl TOBOPHJIM B OCHOBHOM O NPOCTPAHCTBEHHOIN
.cumMeTpul. Ho GLIBAIOT CHMMETPHH M IPYroro Tuna. ‘

Bpems HeyMOIMMO TeyeT Bceria B ORHOM Hanpaeneunn- B
cTopoHy Bo3pacTaHus. OJHAKO MbICJIEHHO, /IS KaKOTO-HHOYIb
M30JIHPOBAHHOIO SIBJIEHHS, MOMCHO MpPeACTaBHTb ceGe o6GpaTHHR
XON BpEMeHH, NpH KOTOPOM BCe 3aKOHOMEPHOCTH COXPAHMIOTCS.
3nech cienyet roBOPHTb O BpeMeHHOH cuMMerpuH. IlpencraBum
ceGe IBa MNOJOKUTENLHO 3apsKeHHBIX mapuka. Ecau paccros-
HHe MeXIYy L1apaMH ROCTATOYHO BeJUKO, TO CHAA B3auMole-
CTBHS MEXJy HHMH ONHCHBaeTcs 3akoHoMm Kynona. Bce coxpa-
HUTCH, €CAH Mbl 3aMEHHM MNOJOXHTENbHBE 3apsiib WAapPOB TaKM-
MH )K€ N0 BeJHYHHe OTPHLATeJbHHIMH. 3lech yxe AeliCTByeT 3a-
pSIAOBasl CHMMETpPHA.

CHHCOK Pas/HYHBIX BHIOB CHMMETpHM, KOHEUHO, STHM He HC-
uepnuiBaerca. He Halo AymaTb, YTO eci MBI TOBOPHM O MBICJI€H-
HOM HM3MEHEHHH WY 3aMeHe, TO MOHATHE CHMMETPHH CYOGBEeKTHUB-
no. B HamieM co3HaHMH OTPaXKalOTCA BIOJIHE peaJsibHble M MIHPO-
KO pacnpoCTPaHEHHbie B JXHBOH H HEXHBOR TPHPOAE SIBJECHHUSA
cumMerpuu. [1IpHMepOB MHOXKeCTBO: KPHCTaJIHYeCKOe CTpOeHHe
TBepAbIX TeJs, NpaBble H JieBble CTOPOHBI GOJBLIIMHCTBA KHBHIX
cymiecTB. BecbMa cXOIHBI 3aKOHOMEPHOCTH B CTPOEHMH Tej, Ha-
npuMep, ceMeficTBa KOWAYbHX: OT AOMauiHeHd KOMIKM AO CBHpe-
ROro THrpa. ITo CHMMETpPHS MacwiTaGoB B NPHPOZE.

CuMMeTpHus B NPUPORe CAYKHNIA (M CHYKUT ellie H ceﬁqac)
¢B0eO6GPa3HLIM «J0KA3aTETbCTBOM» NPUCYTCTBHAI GOMKECTBEHHOrO
npoBuneHus. CMoTpuTe, TOBOPAT GOTOCNOBH, KaK B MPHUPOJde Bee
cuMMeTpHYHO. B 3TOM mposiBisieTcs BICIAs rapMOHHUs. 60XeCT-
BenHoro ayxa. Tosbko 60r MOr CO34aTbh KPacHBHIE OIMHAKOBblE
PUMCYHKM Y KpblIbeB 6aboyek, TaKHe NpeKpacHble CHMMETPHUUYHbIE
KpHCTaJJIBL.

Ho Gor 3mech Hu npu ueM. KoHeuHo, He Bce erme noxasauo
¥ MHOTO ellle IOKa HeACHOro, HO ycnexu GHOJIOTHH, XMMHH U Ipy-
THX HayK BCEJSIOT B HAC TBEPAYIO YBEPEHHOCTb, YTO TapMOHHS,
CHMMETDHS B NMPHpPOJE, B MaKPOMHpPe B KOHEUHOM cueTe HOJIKHbI
O6DBACHATLCS 3aKOHAMH MHKPOMHpPa, CHMMeTpHell B MHpe 9Je-
MEHTAPHBIX YaCTHIL.

M3 Toro, 4To 6HIIO CKAa3aHO, BHAHO, YTO CYLIECTBYeT rayGo-
Kaa CBfA3b MEXAY SIBJEHHSMH CHMMETPHH M 3aKOHaMH COXpaHe-
Bug. Bo BCAKOM ciiyuae B MHKpOMHpe KaXXABIH BUA yXKe OTKPHI-
TOH CHMMETPHH NPHBOAMT K ONpelleNeHHOMY SaKOHY  COXpaHe-
nust — uHBapuantHoctd. Tlpn xakoft-1u6o 3ameHe KOJIKHBL CO-
XPaHATbCA TPyNnb MeficTBylOUIMX 3axkoHoB.. Emie, He 1oxasaHo
fOKa, HO, NMO-BUAMMOMY, BEPHO TaK)Ke, UTO KasAblll 32KOH. CO-
XpaHeHHs! NPUBOJMT K CBOEMY BHIY CHMMETPHH. ‘

B mupe sneMeHTapHBIX HacTHU [AefCTByeT TakK Hasmsaemaa
T-cumMeTpua. YTBEpKAAETCH, YTO BCe 34KOHHI HHBaPHAHTHEL OT-

34



HOCHTe/ILbHO MBICJIEHHO 3aMeHb! MPSMOro xojfa EpeMeld Ha 06-
paTubiil. BpeMs u3MepsieTcst LeNbl0 1OC/AEJ0BATE/bHO MPOHCXO-
aswux cobbituii. Eciu Bam maayT B pyku cepuio ¢ororpadui
43 KU3HH ONHOTO YeJIOBEKA M NpeAJoXaT pAachoJIOXKHTb HX Mo
spemeHH, T. €. 10 BO3pacTy, Bbl cllenaeTe 310 6e3 Tpyja: mepBoii
dororpadueit Oymer peGeHOK B HeJleHKax, a IOC/AeNHeH CTapblil
yenosek. O6paTHas NOC/AeLOBATENbHOCTL HeBO3MOxkHA. Kunosio-
6uTesn HHOrAA JIOOAT NycKaTh 3acCHATHI MMH QuiabM B obpart-
HOM HATpaBJeHHH. JTO OYEHb CMENIHO, HO MMEeHHO MOTOMY, YTO
3JeCb BO3HHKAIOT HenpaBAoONofoOHble CHTYalUHH, CBSi3aHHBE C
ofpaTHBIM TeueHHeM BpeMeHH. JTO, KOHEUHO, MPHHLHIIHAJIbHO
HEBOZMOXKHO B TOM MHpe GOJIbIIHX Tes, B KOTOPOM HaXORHJICA H
cHuMaa KuHOMWOUTeNMh, Ho ecnm Mbl HMeeM [eqo0 ¢ MHUKpoua-
CTHIIAMH, TO 3Zech Bomnpoc ¢ obOpalieHHeM BpeMeHH OGCTOMT
COBceM He TakK HpocTo. Bo3bMeMm fABa coCcyZa: B OZHOM HMEIOTCH
MOJeKy/Ibl rasa, BTOpOil coBepmieHHO nycrtoii. CoeduHHM  HX
MexAy co0GOi M C 3TOTO MOMEHTA HAuHeM OTCUET BpeMeHH. XOX
BpeMeHH, KaK Bcerfa, onpefenserca coOblTusamu. [IpsiMoe Teye-
HHE BPEMEHW: MOJIEKYJbl MOCTENeHHO 3aMOJIHAIT MYCTON COCYA
# B KOHIE KOHLOB PaBHOMEPHO paclpelensiloTcs B 000HX COCY-
gax. O6paTHoe TeueHHe BPEMEHH YyXKe HE SIBAACTCA MPUHIHUIIH-
a/5HO HEBO3MOMHBIM: PaBHOMEDHO paclpele/eHHbH ras mocre-
HEHHO YXOMHT M3 ONHOrO COCYHA, H B KOHIIe Hpoliecca Bce MoJe-
Ky/b cOOMpaoTCsi B APYroM cocyZe. DTOT XOA CoObITHH Kpaiiie
HeBepositeH. OH, MoOxKeT ObITb, NPOH30HAET OXHH pas 3a MHJ-
JMapAsl MHJJIMAPAOB JieT HJH 3a euwle Goabmee BpeMs. Ho Ta-
KOU Mpoiecc He MPOTHBOPEYHT HH OLHOMY (H3UIECKOMY MpO-
[eccy: OH BO3MOKEH.

Ecan mbi 6ynemM uMeTb HAeJo Bcero ¢ 4 MoJdeKysiamu, TO
KAEATh «OGpPaTHOrO TeyeHHsi» BpeMeHH HaM NpUIeTCs He Tak
Jdonro. BeposaTHocTh Takoro mpouecca pasHa !/ig, T. e. u3 16 pas-
JIHYHBIX BO3MOMKHBIX pacnpefejieHHi B OLHOM c/aydyae Bce Mosie-
KyJibl NPUAYT OOpaTHO B CBOH 3HAKOMBIH COCYR. YUYHTBHIBas, .UTO
CKOPOTTb MOJIEKYJl JOCTAaTOYHO BeJHKa, Takoe siBjeHHe Gyger
HaOqomaTLesl oveHb dacto. Hy, a ecan B kakom-nmi6o cocyme
HaxoJHTCA OAHA MoOJIeKyJsa, TO npaMoll W obpaTHbifl mpolecc
HMMEET COBepUieHHO paBHble WAHCHI.

Bor BuauTe, KAK ONMACHO NPU3HABATH HENPaBAONOLOGHYIO CH-
TYAQUHI0 3a HeocyliiecTBHMYyI! Heo6xonuMo MOHATH, YTO HMeeTcs
cyllecTBeHHOe pa3/Mude MeXAY MaJsIOBePOATHBIMH M NpPUHLHIH-
4/bHO HeBO3MOXHBIMH HPOLECCAMH.

B oTHomeHnH S1eMeHTapABIX YacTHL T-HHBAPHAHTHOCTb O3HA-
Ya€T, YTO ec/M HeBO3MOXeH Ipollecc oOpaTHbIl MO BpPeMeHH, TO
HUKOrfjd He HPOMCXOAHT H npsaMoil mpouecc. COBO «HHKOraa»,
noxanyii, 3jech CJIHLIKOM CHJbHOe. B mocsentue rome! BbIsic-
IIHJOChb, UTO 3aKOH «oOpalleHus» BpeMeHH He BBINOJHAETCH NpH
cnabsx, B3aumoneiicTBUsiX. IloueMy 3T0 Tak, Mbl NOKa He 3HaEM.

Ckomuoe nosoxesne H ¢ P-cummerpueil unu P uuHBapuant-
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HOCTBIO. 3JeChb MPOM3BOAMTCS MBIC/TIeHHAs 3aMeHa peaJibHOro
npocTpaHcTBa Ha 3epkajbHoe. OueBHAHO, YTO Bce (HU3HUECKHE
3aKOHHI, IEHCTBYIOIIMe B NPSAMOM IPOCTPAHCTBE, COXPaHAIOT
cBoe JeilcTBHE M B 3epKaJbHOM. TaKoil 3aKOH COXPaHEHHSI ro-
pa3fo HaraagHed M NOHATHeH, 4eM 3aKOH «o6pallieHHs» Bpe«
MEHH.

B camoM pene, eciu OTABIXasl Ha HuBaHe, A1 He BHXKY 3KpaHa
TeJeBH30pa, TO INOYTH BCErja MOXHO HPHCHOCOGHTL A 3TOH
uesnu 3epkaso. Mbl He sameTHM oco6o# pasHHIB B KapTHHe.
Brosne MOXHO CJelHTb 3a pa3BUBAIOIHMHCH COGBITHIMH, 3a
cioxkeroM ¢uibma. HekoTopble HeCOOTBETCTBUS NPOABATCA, €CIH
Ha 3KpaHe NOABSTCS HAaJNHCH HJIM vyachl. BykBbl y ramnuceir Gy-
AyT HeoObIYHBI, HO NOCJTEe HEKOTOPOH TPEHHPOBKH BH 6e3 oco-
6oro Tpyaa ux mpoutere. Hackl XOAAT B 06paTHYIO CTOPOHY, 3TO
0co6eHHO 3aMeTHO IO ABHXKEHHIO 6OJIbIIOH CeKYHIHOH CTpeJKH.
Ho GykBbl H uyachkl — 3TO HEKOTOpAs YCJOBHOCTb, BIIOJIHE MOKHO
K306pecTH NMHCbMO, KOTOpOe NHIIeTCA ClpaBa HaJeBO IepeBep-
HYTHIMH GYKBaMH H H3rOTOBHTb 4Yachl ¢ OOpaTHBHIM XOAOM.

Opnako ecTb OoJiee cyllecTBeHHbie pAa3JHyHs, Ha TepBb
B3rAsh MeHee 3aMmeTHbie. Hauynem ¢ Toro, uTo B 3epkanie Bce
IeficTByIOIHe JIHLA JIeBHIH: ONM IHMIUYT JeBOH PYKOH, 3xopoBa-
I0TCA M NpOLIAIOTCH JeBbiMH PyKamu. MaydyaTh ruMRacTHyeckue
ynpaxKHeHHs MJHM TaHUB B 3epkaje OyAer TPyAHOBATO: NPHAET-
cs NPHBBIKHYTb, UTO AMKTODP MOCTOSIHHO OmKGaeTcs H, roBOpsA o
RPaBOA pPyKe HJH Hore, NIOKasblBaeT JieBble. EcJH IO TeaeBH30DY
ROKaXyT 3HaAKOMble MecTa, B 3epKaJie Bbl HX MOXKeTe He Y3HaTb.
Bosabmoi Teatp, CHATHIA or naMaTHUKa Kapsaa Mapkca, BhITJs-
JuT Kak GyATO HOpMaJjbHO, HO Maablil TeaTp M YHHBepcaJbHBIA
Maras¥H B 3epKaJie HaxoJsTCs cneBa. BoJiee BHHMaTeJabHOe pac-
CMOTpeHHe MOKaXKeT, YTO M npasas cropoHa Boarumoro teaTtpa H
yauia [lerpoBka nepemecTu/Mch HaJeBO M Tak faJjee. B pas-
JUYHBIX Kajpax MOKa3biBaeMOro (Gu/ibMa MOXKHO TOXE 3aMETHTb
Pl usMeHeHHH. JleBble NOBOPOTHI CTAaHOBATCS MpPaBbiMH, H Ha-
o6opor. Mamuubl 6Geryt noueMy-ro Mo JieBOH CTOPOHE YJHI, TO-
ria Kak y Hac NPHHATO e3JuTh MO npasBoi. Jaxe BHHT ¢ mpa-
Boil pe3b6oii B 3epkaJsie OKaxeTcs JeBbiM. [la, 3epKa/nbHbIH MHD
Heo6uuen! 3xech Bce Haobopor? Her, He Bce! Bpems Teuer Hop-
MaJbHO. DTO BHAHO XOTHA OBl M3 PacCMOTPEeHHsA MNOCaAef0BaTelb-
HOCTH COOBITHI: JIIOOHM M MAIUHHbl JABHrAIOTCH BIIOJIHE HOPMaJib-
nHo. Ho ¢ mpocTpaHcTBeHHBEIMH NpefcTaBJeHHAMH B 3epKaJje JAeil-
CTBHTENbHO Bce Haobopor. Ecau MHP, B KOTOPOM MBI XKHBEM,
YCJIOBHO Ha3BaTb NpPaBbIM, TO B 3epkaje Gyler JieBBIA MHD.

OnxHako 3epKaJsibHbIH (WJIH JIeBbl) MHD HHCKOJIBKO He XyXe
OOBLIYHOTO, H Mbi He 3HaeM HH OJHOro (H3HYECKOro 3aKOHA, KO-
TOpbIHi NPOTHBOpeYHs Gbl 3epKasbHOMy Mupy. IlpaBbie u seBbie
MHpBI COBEpILEHHO PAaBHONPaBHAI.

Ou3UKHY HasbIBAIOT 3TO NOJIOXKEHHe 3AKOHOM COXPAHEHHA 4YeT-
nocTd. [Ipujerca noBepHTh MHe Ha CJI0BO, YTO STO 03HAYAET TO,
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uTO BCe ABJEHHA B NMPHPOLE MIYT TaK, YTO -<IpaBbie» U «JeBbley
NpONEecchl OIHHAKOBO BEPOSITHHI.

CieflyeT OTMETHTb, WTO YyHEHbie ‘CUHTaJH STOT 3aKOH COXpa-
HeHusi (P-HHBapHAHTHOCTb) CTOJIb XK€ OYEBHIHBIM, KaK abcoJioT-
Hble 32KOHbl COXPAHEHHS 3HePrHH 'HIM KOIMYeCTBa JBHXKEHUS.
Befib Bce 3aKOHBI (hH3HKH NeHCTBOBANH ONWHAKOBO B TEPAMOM H
3epkaabioM -Mupe. [Hoatomy du3uxu ‘OEmMH ®lIESOMIEHE!, (KOTLA
HECKOJIbKO JIeT 'Ha3all SKCINEePHMeHThl NOKABHJIH, “WIO B MHKPO-
MHpe 3TOT BaKOH He ‘Bcerfa .Bhnosxsiercs. ‘@kasanoch, Wrp HpH
TIpeBpailleH#H YacTHH :B pesynbrate cjalone BaauMoEBHCTBHS
«IIpaBble» W <«JIEBBIE» TIPOLECCH! COBCEM He 'PAaBHUNMpaBHEL

[Touemy aT0 Tak, Mbl ONATL-TAKH TIOKA He 8HAaeM.

Haxkowen, HeCKONEKO 'CJIOB ‘0 TPEeTbEM B33KOHE COXPaHEHHS:
C-cummeTpun. \OH 'yTBEPIKIAET, UTO 38KOHBI, NEHCTBYOLIHE "MEHK-
Iy UYacTHIAMH, COXPaHSIOTCSH, €CHH BaMeRHTh ‘BCE€ YACTHIbI 'Ha
AHTHYacTHIBL. TaK e, 'KAaK H N1Ba NpPEABITYHIMX 3aKOHA, OH He
BHITIOJIHAETCH TIPH c1a60M ‘B3aHMOJACHCTBHH.

Taxum ofpasom, CHMMETDHH, onpefensiembie ‘3akoHamu .C, P
#u T (oTHenbHO), He ‘HMEIOT MeCTa NpH cnaboM B3aHMOAeHCTBHH.
‘Opnpako cunvmerpusi GyneT NOJTHOH, eC/H HPOH3BECTH ITH 3aMe-
Hbl OJHOBpPeMeHHO. JT0 Tak HassiBaemas CPT-cummerpns. Co-
OTBETCTBYIOHERN aGCOVIOTHBIA 3aKOH COXpaHeHHsT MomHO cfhop-
MYJHPOBATH TaK: €CHH TPOH3BECTH OLHOBDEMEHHO 3aMEBHY 'Ua-
CTHHBl HA AHTHYACTHIY, TFPOCTPAHCTBO €FO 3epKaJbHBIM ©Fo0pa-
JKeHHEM M TpAMOH XoJ ‘BpemeHH ‘Ha obpaTHBUH, 3BKOHBI JHOGBIX
B3aHMOZEHCTBHA 3JIEMEHTa PHBIX ‘MACTHIL COXPaHSHOTFCH.

Brnoaue sBosmoxkHO, uro OYLYT HallleHb eile Kakue-EHOYIb
8aKOHHl coxpaHeHus. [To<-BHAMMOMY, KakIoe HOBOE -CBOHCTBO
5/eMeHTapHBIX UACTHI, €CJIH OHO ‘He (CMOMeET OBITh CBA3&HO C
H3BECTHBIMH 3aKOHaMH, norpebyer ¢GOpPMYysJHPOBKH HOBGIO 8a-
KOHA -COXPEHOHMS.

3aKoHbI .cOXpaHeHns, KOHEYHO, HE 'MOI'YT JaTh TOYHBIX :CBe-
IeHul © TIOBEHNEHHH, B3aHMOLEHCTBHH WM TPEBpPEHIEHHH Dule-
MeHTapHEX uacTHU. ‘OHH J¥ilb OrPaHHYMBRIOT BOSMOIKHOCTH
Pa3NHYHBIX ABJEHHH. DJeMeHTAPHAS UaCTHIA ‘MOMKET 'B3aHMO-
7eficTBOBaTh H TpeppamaThcs HMobbiM -crocoBoM, JHure Bb 3TO
He BanpemmaJsoch 3aKonaMH coxpaHenus. ‘B ‘HekoTopbix -cryuasx
thu3AKH, ROJb3YSCh 3aKOHAMH COXPAHEHHS, MOTYT NOJACYUTATb
BEPOSITHOCTh KAKOFO-/i#O0 CODBITHS 'B MKH3HH SJieMEHTaPHBENX a-
cTHE. Ho Tonbko BeposTHOCTb, TaK KakK, HO-BHIHMOMY, HMEHHO
BaKOHHI COXPaieHnss H NPHBOIAT K CTATHCTHHECKHM SaKOHOMeEp-
HOCTSIM.

Ycnosus A7 noBeleHWS 3JNeMEHTEPHBIX YaCTHI :TPH (CHJIb-
ROM B3aHMOLEHCTBHU -Bonee xecTkHe, yeM IpH CTab0M, TaK Kak
OTpaNHYeRAs 3lech HaK/IaREIBatOTCs ‘GOMbIIHN UHCAOM ‘38KOHOB
COXpaHeHus,



CnuiiKoM MHOTO
HJIEMEHTAPHBIX YaCTHUIL

Ecnu ydecTp OTKpHITHIE B MOCAeJHHE FOAbI pe30HaH-
Cbl, TO YUCJIO 3JEeMEHTapHLIX YaCTHL CTAHOBHUTCA YXKe CJMLIKOM
GonpmwiuM. EcThb OCHOBaHHA momo3peBaTh, YTO JuOO He Bce Ya-
CTHIB [€HCTBHUTENBHO «3JeMeHTapHbl», JHOO OHH COCTOAT U3
ApYrux, euie He HafJeHHHIX «cy03jeMeHTapHBIX» YacTHI.

Jlerko 3ameTHTb, 4TO B Ka)JOM ceMelcTBe HauOoJiee YCTO#-
YHBOW fABJSIETCA YacTHUA ¢ HauMeHbuiell (WJH HYJIeBOH) MmMaccoit
noxos. OcoGeHHO HardsigHO 3TO BHAHO B ceMelicTBe GapHOHOB.
EAMHCTBEHHO# YCTOHYMBOH YacTHIEH siBJIsieTcs NMPOTOH (M aHTH-
npoTod), OH U obeclednBaeT YCTOHYHBOCTb OKPYXAlOUIEro Hac
mupa. MoXHO paccmaTtpuBaTth Jit000i GapHoOH (rumnepoH M peso-
HAHC), KaK HaxoAauluifica Ha OoJsiee BBICOKOM 3HEPreTHUECKOM
ypoBHe BO306yxaAeHHBI!i mpoToH. Ho BennunHa 3HepruH cBsidaHa
¢ wmaccoit. IlosaTtoMy macca moxkosa Bcex ocTanbHBIX OapHOHOB
Gosblie Macchl MPOTOHa., Kamauiii pas, 4TOOHl MOJMYYHUTh U3BECT-
Hblft GapuoH, Mbl HOJIXKHH [epefaTb MPOTOHY BIOJHe oONpefe-
Jennyo sHepruio. OnHako Bce GapHOHBI CTpPeMATCA NepedTH B
YyCTOHYHBOE COCTOSIHHE H, pacnajasich, NepexoAdT Ha GoJsiee HH3-
KHe 3HepreTHYecKHe YpOBHH. Manyuyas Me30H, 3JIEKTPOHBI U ApY-
rHe YacTHIB, OHH YMEHBLINAIOT CBOIO Maccy H BCe B KOHUE KOH-
10B NpeBpalialoTCd B IPOTOHBI (3a HCK/AOYeHHEeM HEHTPOHOB B
atomuom sijpe). IIpoToH He MOXeT HpPEeBPATHTbCA B YaCTHII
MeHbIIEH MacChi M3 JApPYyroro ceMmeiicTBa (Me30HbLI, 3JIEKTPOHHI).
Jas storo emy Heo6xonuMo (TakK ke Kak ¥ APYyruM GapHOHaM)
BCTPETHTbCS CO CBOeH aHTHYacTHleH. B HameM Mupe 3TO emy
yloaetcs O4eHb pelKo.

TIpeBpalieHHe pe3oHaHcoB B GoJee Jjerkue GapHOHBI MOXKeT
HPOHCXOAHTL B pe3yJibTare CHJAbHOro B3auMofeicTBHs. Ho rume-
pPOHBI He MOTYT 3TOFO cleaTh, TaK Kak 3TOMY IIpeHATCTByeT
33aKOH COXPaHeHHs CTPaHHOCTH. Benb cTpaHHOCTH NPOTOHA paBHa
gyao. [Toatomy pacnaj rufiepoHa IPOUCXOJUT CPABHHTENBHO
MeJJIeHHO B ¢/1a0bIX B3aUMOJEHCTBHAX. DTO OTHOCHTCA H K TaKok
TAXEJOH uYacTHlle, KAK OMera-rMIepoH: ee CTPaHHOCTb paB-
Ha — 3. CtpaHHOCTb GOJBIIMHCTBA Pe30HAHCOB paBHA HYJIO, 4
oHM oyeHb ObicTpo (10~22 cex.) mpeBpamialoTcsi B Apyrue 4a-
CTHIBI MYTeM CHJbHOTO B3aHMOAeNCTBHA. B 3ToM u 3akmnwouaeTcs
OCHOBHO€ OTJIHUHe pe30HaHCOB OT GoJiee MOATOXKHBYUIHX YaCTHIL-
THIEPOHOB.

IIpuMepHO Tak MOXKHO OIHCaTb H ceMedcTBO Me30HOB. Ca-
Mbili Jerkuil mH-Me30H Haubojee ycroiuuB. OcrajbHbHE Me30HH
(ka-Me30HBI M pe30HAHCHbIE Me30HBI) MOKHO CUHTaThb BO36YXK-
JAeHHBIM COCTOsIHMeM NH-Me30HOB. CTpaHHBIe Ka-Me30HH He Mo-
FYT pacnafarthcsl NyTeM CHIbHOFO B3auMoAeiicTBusA. MM onatb-
TAKH MeIaeT 3aKOH COXPAHEHHS] CTPAHHOCTH, H OHH HCHLITHIBA<
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10T MefNeHHbIl «cmabbii»> pacnax. Pesonanchl oYeHb GBICTPO
npeBpainatoTcst B 6osiee JierkHe Me3oHH. To, 4TO B 3TOM ceMmefi-
CTBe OTCYTCTBY€T YCTOMYHBast JacCTHIA, Jerko o0bAcCHAeTCH TeM,
4qT0 GapHOHHBIH 3apaj Me3onoB pased 0. IToatomy 3apskeHHble
TIH-M€30HBl C MOoMoUIbio cJaloro B3auMOLeficTBHA MNpeBpalla-
I0TCSE B MIO-Me30H M MIOOHHBIE HeHTPHHO. A 3aT€M YyKe MIO-Me-
30HBl — B 3JIEKTPOHH, HEATPHHO M MIOOHHBIE HEHTpHHO. 31ech
ReHCTBYIOT 3aKOHEI COXPAaHEHHS JIENTOHHBIX 3JEKTPOHHOrO H MIO-
OHHOTO 3apsLoB. HefATpaJsbHblll NMH-ME30H XHBET 3HAUHTENBHO
Kopoie, TaK Kax ero pacnaj npoOHCXOoAdT nyTeM Oosee OLICTpoO-
FO 3JeKTPOMAarHHTHOTO B3aWMOIEHCTBHA: OH MpeBpamiaeTcs B
IBa ramMma-QoToHa. 3Jech ONATL-TAKH AeHCTBYeT 3aKOH COXpa-
HeHHs BcexX 3apsioB.

JlenToHHOE ceMeACTBO MaJsOUHC/NEHHOE H HHKOrZIa He HCIbl-
THIBA€T CHJIBHOFO B3auMoJelcTBHA (ROTOMY 3Aech He HAHIEHO
pe3oHaHcoB). OHO HMeeT IBe TPYNIA: 3VIEKTPOHHI W MIOOHHL.
Mio-Me30H No cBOMM CBOHCTBaM BechbMa Oan30K K 3JEKTPOHY:!
HMeeT TOT e 3JeKTpHuecKHH 3apsx m cnwH. Ho Macca ero B
cOTHU pa3 G6osbHIasl, H TO3TOMY-TO €MY NPHXOTHTCH IMPHITHCHI-
BaTh CBOI MIOOHHLIE 3apAf (M COOTBETCTBYIOWIHE 3aKOH Caxpa-
Henus}. Ilytrem cnaboro B3aHMOZENCTBHS MIO-Me30H CpaBHH-
TEJbHO Me[JIeHHO INpeBpaHiaeTCAd B 3JEKTPOH H [BAd HeHTPHHO.
3Hechb JHEHCTBYIOT -BCe 3aKOHBl COXPaHEHHS®, HpeZyCMOTpPEHHble
Aist c1aboro B3aMMOAEHCTBHS.

Takum o6pa3oMm, MOXHO Kak 6yzro 6bf cuuTaTbh GoJgee TsaXe-
Jble 4acTHIE «BO30YXIAeHHBIM» cocTonHueM 6onee Jerkux. Cie-
JAyeT, ONHAKO, 3aMETHTb, YFO 3Ta TPAKTOBKZ MHOTHMH He pas-
HendeTcs W CONEpPXHT PAA NPOTHBOpeyHit. OAHAKO ©HA MNO3BO-
JISIET CBeCTH Bce OTKPHITBlE YACTHLBI K HeGOMBIIOMY UYHCIAY «BeU-
HOXHBYIUHX» 3JeMeHTapHbIX YacTHU: (POTOW, 3JEKTPOH, HeHTpH-
HO 3JIeKTPOHHOE, HeHTPHHO MIOOHHOE, NPOTOH, HEeHTpPoOH (BHYTpH
aTOMHOTO fiipa} M COOTBETCTBYIOINMe aHTWdactunpl, K 3TOMY
COHCKY HeaOxomnuMo Ro6GaBHTL MH-ME30HB!, NAIOMIHE Hauajlo Cce-
MefCTBY Me30HOB. BpeMs XH3HHM MX HeBeNHKo, HO 6€3 3THX ua-
CTHI, HEBO3MOXHCG CYHI€CTBOBaHHE SREPHBIX €HJI, HeOOXOXMMEIX
B 06pa3soBaHHT aTOMHBIX SHED.

ITapagokcanabno TO, YTO Cepbe3HBIM AOBOLOM IPOTHB TAaKOIl
HHTEepRpeTALMH SIBJAAETCH TOT (hakT, 4TO 3INeMeHTAPHEIX YaCTHI|
CJIMIIKOM... Majo. B camom penel IlouemMy Aas «B0O3GyXIeHHS»
6apHOHOB HJIH Me30HOB HYKHO CKaYKaMH yBeJHUMBAaTh HX 3Hep-
raio (uau Maccy)? [Hodemy ner wacTum ¢ ao6oil Maccoii? B gem
NPHYHHA TOTO, YTO HPH HEKOTOPOM <«BO3GyXKXeRHH» 3JJeMEHTAp-
HBIX YaCTHI BO3BHKAeT HOBOE €BOHCTBO, KBaHTOBOE YHCJIO —
CTPAaHHOCTb, HMelIHee 3Hauenwe !, 2 w 3? Bee 3710 yKasmiBaer,
4TO B KOHCTPYKIREH GapHOHOB # Me30HOB €CTb OIlpeleseHHbIe
3aKOHOMEDHOCTH: ORH HMEIOT CAOXHYI0 €TPYKTYpYy, KOTOpas He
obbsacHseTca «Bo36yxIeHHeM» Hanbosee YCTOMUMBHIX UACTHIIL.

Kenanve (H3HKOB HafiTH CTPYKTypy GapHOHOB H Me30HOB
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NPUBEJIO B NOCJeRHHE FOAbl K OTKPBITHIO BBICWIMX (YHHTApHBIX)
CUMMeTPHH y 3JeMeHTapHBIX YacTHL, 3TO TaK HasblBaeMble
SU (3)- u SU (6)-cummerpuu. K coxanenuio, 3fechb Henbsa
KX 1oApoGHO paccMOTpeTh. YKaxeM Ttoabko, 4o SU (3)-
SU (6)-nHBapUaHTHOCTH OCHOBaHbI Ha 3aKoHaxX coxpaﬂeﬂuﬂ
CTPaHHOCTH, H30TONHYECKOro M OOBIYHOTO COMHOB H MOITOMY
IeHCTBYIOT TOJIbKO NPH CHUJbHBIX B3aHMOLEHCTBHSIX.

Ha ocuoBe sTHX cHMMeTpHH poOAH/Iach THUNOTE3a O CYLHECT-
BOBaHHH CcyG3jeMeHTapHbIX YacTHI — KBapDKOB H aHTHKBAPKOB,
M3 KOTOPHIX COCTOSIT Bce 0apHOHBI M Me30HBI, BKJ/IOYas U pe3o-
nancel. Camoe HHTepecHOe 3aKJI04aeTcd B TOM, YTO KBapKu 00-
JagaoT APOGHBIM MO OTHOLIEHHIO K 3apsAy 3JeKTPOHa 3JeKTpH-
Y4eCKHM 3apsJlOM M HMelOT Maccy, BO MHOrO pa3 IpeBBIIAILYIO
Maccy sJeMeHTapHOH uacTHHBl, KoTopasa o6pa3oBasace B pe-
3y/JbTaTe X CHHTe3a. Takux YacTHL (PU3UKH ellle He BCTpedatiy,
H [0 HocneJHero BpeMeHM OHH OBLIH yBepeHHl, YTO He CyliecT-
ByeT 3JIEKTPHYeCKOTO 3apsja, MeHblIero, 4yeMm 3apsj 3JEKTPOHA.
B TomM, yTO Macca 3JeMeHTapHOH 4acTHUbI MHOTO MeHbINE MaccChi
00pasylolUIuX ee KBAaPKOB, HET, NOXKAaJy#, HHYEro yIHBHTEJIbHOTO.
Ecan KBapku CyIIecTBYIOT, TO, O4€BHAHO, NPU OODA30BAHHH H3
HHX 3JIeMEHTAPHOH YacTHUBl BBIIENHJACh OYeHb 6O0JIblIasi SHep-
r'usl, KOTOpas M yHecjaa c coGoit Maccy (B BHAe MacChl APYLHX
ObICTPOABHKYILHXCH 3JeMEeHTapHBIX 4YACTHL). DTa JHEpPrusi Ho-
CUT Ha3BaHHMe 3HeprHH CBfi3H, H Mbl C Helf elle BCTPETHMCH B
pacckase 06 atomMHOM siipe. Takyio e 3Hepruio Halo 3aTpa-
THTb AJA TOro, 4yToObl pa3bUTb 3/7eMeHTAapHBle YacTHLbl Ha CO-
craBasoimpe ee KBapkd. OTciofla BHAHO, YTO 3JieMehTapHas 4a-
CTHLA siBAsieTcd OYeHb YCTOHYHMBBIM 00pas3oBaHHeM, H /s HOJY-
YeHHs KBApPKOB HYXKHA 3JHeprus, 3HAYNUTENbHO NpPeBHILIAIONLAA
5HeprHio, HOJYYalollyiocs Ha coBpeMeHHHX yckoputeasx. Cefigac
GU3HKH CTPOAT OUYeHb MOLIHbIE YCKOpPHTE/H, TZe HalelTcsH 006-
HapyXHTb KBapKH. HesaBucuMOo OT TOro, HailAyT B 6y11ym;eM
KBapDKM HJH HeT, CYILIeCTBOBAHHe BBLICIIHX CUMMETPHI yKaSbl-
BaeT Ha HaJIHUHe CTPYKTYPH y 6apHOHOB U ME30HOB.

Eme Menblue cBefleHHH Mbl MMeeM O JIEHTOHHOM ceMeficTBe.
Ka3zasocs Gbl, uTo 3T0 GoJsiee mpocTbie yacTHIBl. OHH y4acTBYIOT
JHLIb B caBoM H 3JEKTPOMAarHUTHOM B3aumogeiictBusx. Ho HH-
KaKHX YKa3aHMH Ha Ha/JU4ue CTPYKTYPHI y 3THX HACTHIL He RAKOT
HH 3KCNepHMeHT, HH TeopHs. MBI Takke He 3HaeM, HoueMy Cy-
IIeCTBYIOT [Ba THNA 3JEKTPOHOB: JIeTKHH K TAXKeJqbll (Mi0-Me-
30H) M ABa THNa HelTpuHO. MHoOro eilte 3arafok y npupofn. Ho
He Hafo 3abbIBaTh, YTO 3[eChb HAXORUTCA MNepelHHi Kpah Hay-
ku. Kaxaulfi rog v Haxe KaKAblfi AeHb NPHHOCHT HaM HeUTO
HOBO€, M YaCTO INOA TSIMKECTBIO 5TUX HOBBIX JAHHBIX pyIHaTCA
CO3LaHHblE C TaKUM TPYAOM THNOTe3bl (PU3UKOB, A HHOTAA H.
Ka3asoch Obl, TBEPJO YCTAHOBJCHHBIC 3AKGHBI,



AncaMO/ib U3 BJIEMEHTApPHBIX
YaCTHL]

Tenepp MBI 3HaeM, YTO COCTaBHAasg YacTb J060ro
aToMa, Ia M caM aToM NpeACTaBjsioT co6Goil JOBOJBHO CJOXKHYIO
KOHCTPYKIIHIO, COCTORIIYIO H3 3JeMeHTapHBIX 4acTHIl.

Ho ne tak maBHo, oxono 60 jer Hazag, ¢HM3MKH H He NOLO3-
peBaJii 0 CYyLIeCTBOBAHHM AaTOMHOro sjapa. Buiio TBepmo ycra-
HOBJIEHO, YTO BCe BellleCTBA COCTOSIT H3 aToMmoB. B pacnopsxe-
Hud ¢@u3nkoB O6bl1a JuLIb OJHA 3JeMeHTapHas 4acTHLA — OTPH-«
LATeMLHO 3apsiKeHHbIH 3MeKTPOH.

Anrnuiickuii usuk ‘MakcBess1 1okasas, 4TO H3Jy4YeHHe 3JIeK-
TPOMATHHUTHHIX BOJIH, B TOM YHCJiEe ¥ CBeTa, MoJyudeTcs NMpH ycC«
KODeHHOM [BHXKEHHH HJIH KoJeGaHHM 3ITeKTPUUECKHX 3apsiioB.
Hemenkuit yuenn#t I'epir ckoHCTpyHpoBas BHOpaTop H3 MeTas-
JINUeCKUX NPOBOJAHHKOB. 3TOT BUGPATOP, €CAH ero mHUTaThb OLICT-
ponepeMeHHLIM 3JIEKTPHUYECKHM TOKOM, HCMycKaJl He aKycTHue-
CKHe, a 3JeKTPOMarHuTHhle BoaHbL. A pycckuit ¢usuk I[lonos
TNOCTPOHJ HepelaTyHK U MPHEMHHK: OCYIIeCTBHJ BIEPBHIE PajpHO-
€BA3b, 3aJI0XKHB TeM CaMblM OCHOBHl COBPeMeHHOH paZHOTeX-
HHKH.

DJIeKTPHUeCKHH TOK B MeTaJax — 3TO [IBHXKEHHE 3JeKTpo-
BoB. Ilonmuuma saexTpoHoB pabotaloT B Gosbuiux BuOpaTOpax
Fepua u IlonoBsa, M3ny4yasi AJMHHbBle panuoBoJsHBbL. Jlns cBeta
HYXHBl JIpyrHe, cOoBceM MaJeHbKHe BHGDATOpHl: Belb JJIHHA
BOJIHBI CBETa HHUYTOXHO MaJa [0 CPaBHEHHIO C AJHWHOH paluo-
BonH. Takumu Bu6paTopamH Morju GbITh TOAbKO aToMbl. Hano
6LI10 pasrafaTh HX YCTPOHCTBO. 3a 3TO B3sijics aHTJIHICKHE GuH-
3uk TomcoH. Heserxo npumoch 3TOMy KpPyHHOMY y4YeHOMY:
Bellb B €ro pacnops:KeHWH OBIMH TOJbKO OTPHLATEJNbHBIE 3JIEKT-
POHBI, a aToMbl HOJIKHBI ObIThb HeflTpaJbHBIMH yacTHHAMH. JIO-
60e BelllecTBO, €C/IH He NPHMeHATh HHKAKHX YCHAMH (Hanmpumep,
MeXaHHYeCKOro TPeHHs), He HMeeT 3JIEKTPHYECKOro 3apsja.
ToMcon Bce-Takd Bbllles H3 noJoxeHus. Ero mojens artoma
npeacraBaser coboit cepuieckoe AXpo pasMepoM TNOpsAKa
10-8 cm, 3amosHeHHOe TAMKEJOH IMOJOXHUTENbHO 3aPAKEHHO
HHUAKOCTbIO, B KOTOPOH IJaBaldT BO B3BELUIEHHOM COCTOSTHHH
3JIEKTPOHLI. DJIEKTPOHbI HAXOAATCA B DPABHOBECHOM COCTOSIHHH.
Ho ecan kakue-nu60 BHeNIHHe NPHYHHBI BHIBOAAT 3JE€KTPOHBI H3
paBHOBeCHs1 (HanpuMep, TelmJoOBOe [BHXXEHHE aTOMOB), TO OHH
NPHXOAAT B KoJse0aTelbHOe [BHIKEHHE H H3Jy4alOT KODOTKHe
3JIeKTPOMArHHTHLIE B@JIHEI, T. €. CBET.

Mogenbr atoma Tomcona npocymectBoBana Heposaro. Copat-
HHK H ydyenux ToMcoHa, BeaukHil anrmmiickuil ¢pusnx Peseptopa
NOKa3aJ, 4TO 3Ta MOJelb HE COOTBETCTBYeT AeHCTBHTENbHOCTH.

B T0 BpeMsa Obli0 yXe H3BeCTHO, YTO NpPH paLHOAKTHBHOM
pacnajie HeKOTOPHIX BellecTB H3JY4arOTCA NOJOKHTENbHO 3aps-
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Wennble adbba-yactuuel. Macca ajibda-yactui Oblia npHOIH-
SHTebHO PaBHA 4YeTHIPEM AaTOMHBIM eAMHHIAM Macchl {1 a.e.m.
paBHa !/, Maccel atoMa yr.iepoja), a CROPOCTb €€ OKOJIO
20 Tteic. kM/cex. Pesepdopa peliHsa HUCCIelOBaThb aTOMbl ¢ MO-
MOIbI0 3THX OblcTpeIX 4HacTHU. OH MOMeCTHa Ha MYTH y3KOro
Nyyka YacTHL TOHKYIO 30J10Tyl0 ¢oabry u Habuiogan ux pacces-
HHEe C NOMOILbI JIOMHHecUeHTHOro skpaHa. Kaxnpas annda-ua-
CTHUA BbI3blBa/1a BCHBILKY (CUMHTHAJMSLHIO) B JHOMHHECUEHT-
HoM cnoe, H Pesepdopi ¢ yueHMKaMH CPaBHUTEIbHO MPOCTO
onpelesHJH MecTo, Kyla nonagajia GomOapiaupyouas adjbda-
YacTHIA IOCAE NPOXOXKAEHHS WU OTPaKeHHA OT (POJBTH.

On o6Hapy:KHJ HeYTO BecbMa HpHMeyartendbHoe. [To Tomcony,
«ToHKas» ¢Qoabra (okoao 1 MHKpoHa), coAepxkamiass Ha camoMm
geje 10 Thic, cioeB aTOMOB, AO/MKHA OBITh CIJIOHDb 3alOJHEHa
«TSAKEAON  KHAKOCTBIO», YIHBHTEJbHbM OLLIO YyXKe TO, 4HTO
Gosblias yacTb ajbda-yacTHL Oe3 OTKJIOHEHHS JIerKo MpOXOXHJIA
ckBo3b (oabry. Heboablioe KOJHUECTBO HaeTHL, BCce K€ OTKJO-
Hagock. CoBceM MaJio 4acTHI, OTCKAaKUBaJlo ob6paTtHo, Kak OyATO
6l OHH BCTpeYaJHCh C HenpoxoAuMo# nperpanoii. Pesepdopa
TOYHO ONpejeJHuJ, KyJa M CKOJbKO YaCTHI[ pacceHBajoch, H
NpHILIeN K 3aKJIIOYEHHIO, KOTOpoe Aa)Ke eMy Ha HepBbli B3rJsp,
NOKa3a/J0Ch HeOXMIAAHHBIM. ATOM ObLT HOYTH NycThIM. JIHIIbL B
UeHTpPe aToMa HAaxOAMJach OYeHb MaJsieHbKas H TsKeaasi IOJO-
JKHTe/IbHO 3apsiKeHHas Uacrulla — aTOMHOe SAPO — pa3MepoM
nopsinka 1012 cxu. Uro6Gel aTtoMbel ObliM HeHTpaJibHBIMH, Heol-
X0AMMO, uTOGBl BOKPYr aToMa HaXOAHJHUCb 3JeKTpoHb. Ho oHH
He MOryT ObiTb HEMOABHXKHLIMH, a LOJUKHBI BpamiaThCcsl BOKPYF
agpa, Hanogo6ue niaHer Bokpyr CosHua. To/bko B 3TOM cayuae
Mozenb aroma OyAeT MeXaHHYeCcKH YCTOHUKBA.

Mogens atoma Pesepdopna, 3HauuTeqbHO OOHOBJEHHAs - H
yTOUHeHHasl, CYIIecTByeT JO Hacrosiuero BpeMmeHu. Cefiyac Hac
HoKa HHTepecyeT LeHTpajbHasd «durypa» B aTOMe — aTOMHOE
AAPO.

HccnegoBaHusa nmokasaljii, 4TO NPAKTHYECKH BCA Macca aTtoMa
cocpefoToueHa B aTOMHOM sjape, o6bem kotoporo B 10-!12 pa3
MeHblle oObema camoro atoMa. [loatoMy njoTHocTh sifpa Ko-
JoccanbHa! 3apaabl Bcex fAfep NOJOXKHTeNbHbIe H COOTBeTCT-
BYIOT HOMEepy B INepHOJIHYeCKOH cHCTeMe 3jieMeHTOB MeHelee-
Ba. O6paTHTe BHHMAaHMe, YTO B NPHPOJIE HE TAK YX MHOrO pas-
JMYHBIX aTOMOB (T. €. XHMMUYeCKHX 3JeMeHTOB). Bcero BMecre ¢
HCKYCCTBEHHBIMH 3JeMeHTaMH HMX HacuMThiBaetrcss moka 104,
MeHblle, YeM 3JeMeHTapHuX yacTui. IlpaBxa, pasiuyHBIX siAep,
KaK Mbl YBHIUM, 3HAUHTENbHO GoJblile.

Kak ke ycrpoedHo atomHoe sifipo? Kaxue cuinl Tam ageiicr-
ByloT? DblI0O MHONO HOMBITOK CO3LaTh KOHCTPYKUHIO aTOMHOro
saapa. He uMeer cMblicia Bce HX paccMaTpuBaTh. Kak ToJbKO B
1932 ropy Ghlma OTKpPHITA TAXKeaasa HelTpaJbHas 4acTHLA —
HeWTpoH, (QHU3MKU IOHAJNH, YTO ATOMHOE fAAPO COCTOHT H3 HeHT«
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poHoB # nporoHoB. HaM yxKe H3BeCTHB! CBOACTBA HeHTPOHOB H
3HaKOMBI SIIEpHble CHJIbI, NEHCTBYIOUHE MEXAY HYKJIOHAMH. DTH
CHAbI He 3aBHCAT OT COPTAa YacTHL H HeACTBYIOT OJHHAKOBO
MeXJY NMPOTOHAMH H MEeXAY HeATPOHAMH HJH MeXAY Napoi Hef-
TpoH-IpoTOH. OueHb BaXKHOK OCOOEHHOCTHIO 3THX HOBBIX CHJ §IB-
JseTCA TO, YTO OHH AEeHCTBYIOT HA BecbMa MaJblX PACCTOSHHAX:
nopsaka 10~1® cantumerpa. Ha Gosbinx paccTosHHAX € HHMH
MOXKHO H He CYHTaTbCH.

Ho B atomHoM szape paboraior ewe u npyrue cuabl. OHu
MeHblle Mo BeJHYHHe, HO 3aTo AefiCTBYIOT Ha BecbMa O6oJbLIMX
PaccTosiHUAX. IDTO CHJBl 3JIEKTPHUYECKOTO OTTAJKHBAHHS MEXIY
OJHOHMEHHO 3apsiAKeHHbIMH 4YacTHLAMH — mporoHaMH. MoxHo
APUHATD, YTO B TO BPeMs, KakK sepHble CuJbl AefiCTBYIOT TO/MBKO
MEXJY COCeJHHMH YacTHUAMH silpa, 3JeKTpHYeCKHe CHJH pac-
TaJKHBAIOT BCe NMPOTOHH saipa. JLoBONBHO IpOCThie pacuersl Mo«
3BOJIAIIOT HaM OUEHHTb JaBJeHHe 3JIeKTPOCTATHUECKHX CHJ, pac-
TaJKHBaWI¥X Bce NPOTOHBI aTOMHoro safpa. Ilo mopsiiky BesH-
YHMHBI OHO OKasasocb paBHbIM 10%% aTmocdep!

OueBunHo, 4TO HaBjeHHe, BbI3bIBaeMOe SIAEPHHIMH CHJIAMH,
JIIOJKHO, 10 KpaliHed Mepe, ypaBHOBeUIMBATbh 3TO PacTaJKHBalo-
umee gabJende. Jla, TBepabiit opemex — 310 atoMHoe sapo! Cra-
HOBHTCAI IMOHATHLIM, TIOYEeMY TaK AOJrO YYeHble He TOJBKO He
MOINIH €r0 «PAacKyCHTb», HO H He HMeJH IOHSATHA O CYLEeCcTBO-
BaHHH aTOMHOro sapa. Belp cusbl M AaBaeHdsi, C KOTOPEIMH MBI
uMeeM Jejo B Hamell oObIZeHHOl NpaKTHKe, HHYTOXHO MaJbl
110 CPaBHEHHIO C AePHBIMH.

Hrak, atoM u aToMHOe snpo mpeAcraBasiior co6ofi aHcaMbib
M3 3JIEMEHTapHbIX YacTHL (HYKJOHOB M 3JIeKTPoHOB). B snpe Z
npotoHoB H N HefiTpoHOB. MaccoBoe 4ucio A paBHO NOJHOMY

YHCY HYKJOHOB,
A=Z+N

SHeprua aroMHOro fAnpa

B aTommmIX sipax, rae AeACTBYIOT KOJOCCAJbHbIE CH-
Jibl, coBepiiaeTcs orpoMHas pa6ora. B sgepHbIX npoueccax npo-
HCXOAHT NpeBpalleHHe GOJBbUIONO0 KOJHYECTBA OAHMX BHIOB 3HEp-
run B apyrue. Ho Benb anéprusi csssana ¢ Maccoit. [lostomy
€c/lM aTOMHOe SIP0 M3MEHMJIO CBOIO 3HEpruio, TO H ero Macca
cTaJjla ApYrofi Ha BeJHUHHY
Am =Y
c2
flpn o6pasoBanuu afep H3 CBOGOAHBLIX HEATPOHOB H MPOTO-
HOB BbIJieJIfeTCA KOJIOCCAJbHAsl SHeprus. JTa 3HepPTrHs, KOTopas
HOCHT Ha3BaHHe SHEPruH CBfA3H, paBHa

= "2
chassu =Am - %
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Orcioma cnenyeT, 4TO: Macca: AXPA' MeHbile CYMMapHOH Macs:
Cbl HYKJIOHOB' Ha: BETWUNHY Am, ¥ $USHKOB HMEIOTCS 0YeHb TOY=-
#ble' MPRGOPE!, C IOMOLILY KOTODHBIX. MUXHO HMSMEDHTH BeJIHYH-
Hy Am: 4, cneloBaTeNLHO; ONPBIeNuTh 3HepTHio: cBsau: Kak Jser-
KO TOHHTL, IHEPrUA CBA3H paBHA SHEPTHH; KOTOPYIO HA/JL0 NMpHIO-
ATb K SIPY AJis 6ro paspylieHHs Ha: COCTABHHE HACTHLDBL Hefi-
TPOHBI H TPOTOHHL.

Ecau Mbl pasfenuM MOJHYIO 3HEPrHio CBSIBM SIPa: HA YHCJIO
yacTdy (MECCOBOE HHCYO), TO MOMYYHM TAK. HABLIBAEMYIO VAe/b-
HYyI0 FHEPTHIO CBASH.

WO = W;(;!HSH

.
rae Wy — cpenHast IHeprus, KOTOPWO: HaO) NMPUAOXKHTE, YTOGhY
«BHITAUHTE» K SAPH ORUH HYKJIOH.. DTa: BeUHUHE ONPEIBIINET
NPOYHGCTE SNEP H PazyuuHan Aas pasHux sdep. aubGoree
IIPOYHKIMY: SBAHIOTCA afpa ¢ HaubGauibluel SHeprHed: CBABHD IFTO:
fiApa ¢ MacCoBbIM YHITIOM OKONO 60 Cloa4. BXOLFT AADE XUMA-
YOCKUX SJEMEHTOB:. XKemeg0; KoGaJuT, HUHENb;, MeLb. ¥IETbHad
SUEPrUH- Ouelt PE3K® paCTeT ¢ YBEIMUEHUEM: MACCOBUTO: YUCHR
st nerkuy step. OHd ocTaerey NPy MRPHD: MOCTOS HHOW NI 3HA-
uenust A or 40 A0 120, 4 3aTem MEIHRHHO YMEBHBIIAETCT UL
Oostee- THIKRILIX dHeP

[Mowemy 310 Tau? Bce onmpenensierest KOPOTKGIRACTEY IO LIWME
STACPHBIMH: CHVIAMH -~ CUVIBHLIM BBauMogelcTsueM. SIopo Boxo-
poAa, HPOTOH He HMeeT HHKAKON 3HEPruu CBAsH — 1@ cBOGom-
nast dactiai(a. Tax KaR CAVIBHOE B3aUMORHCTEHE ASHCTBYET TOVIb-
KO MERAY cOCeoHHMW HacTHUaMM, TO TOBUABHG GbiCTPO IPOUC-
"XONUT TAK HaspiBgeMOe HacHlUeHHe sAepHBR cua. Il poanocTs.
silep CTAHOBHTCSl NPHOJH3UTEJbHO OAMHAKOBON. YK€ suLpo re-
Jidd, cOcTosiliiee M3 HeThlpex RYWIOHUB, HMeeT YAENbHYI0 3Hep-
rui okomo 7 m3s. JausbHelillee yBeJaHueHHe YHCJAA HYKJIOHOB
MaJo BJHSIET HAa NPOYHOCTb siApa. YesdbHass 3Heprus CBsA3H
c1a60 pacTeT U JOCTHTEET MAKCHMAVIBROrO 3madenmsi (IDHMEPHO
8,7 m38) npu uucne uykaoHos 60. Kasanocs Obl, 3mech, Koraa
IOCTHIHYTO MOJNHGE HACcHieHHE SAAEPHABLX CHY, NPOYHOCTL sApa
JloKHA OCTaBATLCA NOCTOSHHOW. Befn. slepHble cmrsl He [eit-
CTBYIOT MeXTy JKajeRO PAacno/oKeHHbIMH HyRsowaMmu. [lpog-
‘HOCTB, Hanpumep, Gymars He 3@BUCHT OT TOrO, BO3bMeTe Bbl
‘MavleHbRWI JtuCcT wirw Gosbirodl pysaoH. Hyxuo satpartuts oguua-
KOBbie YCHJHSI, 4TOObl 3a4epNnHYTb JOXKKY BORbI H3 Beipa WJH
6onbu1of 604KH.

Ho 3gech Hafo BCIOMHHTbB O CHJAX 3JeKTPOCTATHCTHUECKOro
OTTAJKHBaHUA. DTH CHJAbl AeHCTBYIOT NPAaKTHYECKH OJHHAKOBO BO
BceM sijpe. C yBequueHHEM MacCoOBOrG YHMCAA YBeJIMYHBAETCH
YHC/0 NPOTOHOB, a CJ/ef0BaTe/bHO, PACTyT 3/AeKTPOCTaTHCTHYE-
ckue cunbl, OHH Pa3pLIXJAIOT AP0, AEJNAIOT €r@ MeHee MPOYHLIM,
H 3HEpPrus CBs3H y OGOABUIAX AJep CTaHOBUTCH MeHbllUed,
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3naueHHs SHEPrMH CBS3M AJS PA3IHYHBIX siAep MOACKa3bl-
BaIOT HaM ABa crnocoba nosydyeHus saepHoll suepruu. OueBHAHO,
HYXHO NMpPUMEHSTb TaKue silepHble PeaKlUHH, B pe3y/bTaTe KOTO-
pHIX MOJyualTcs siApa ¢ Haubosbliedl 3Heprued cBasu. MoxHo
CHHTe3HPOBaTh (COEAMHATb) Jerkue sjapa B Gojee TaXKedble H,
Hao6opoT, pasfie/UThb OYeHb TsiKesble silpa Ha AjApa CPeAHero
MacCOBOFO YHCJIA.

Ceiluac /1 nmoJy4yeHHS sIAeDHOH SHepruW B IIPOMBILIJIEHHbIX
ueanx NpHUMeHseTC LENHOH Inpolecc HelMeHHR TSXKEJblX slep.
CuHTes Jerkux siiep AacT BO3MOXHOCTb MCHOJb30BAaTh MOYTH
HEOrpaHUYEHHOe KOJHUYECTBO $IAEPHOr0 rOpIOvero, MMelollerocs
Ha 3emae. Ho oH Moxer ObIThb NMOJYYeH JiMlib B YHpaBJasgeMoH
TePMOALEPHON peakUdH, HajJ OCYILECTBJIEHHEM KOTOPoA pabo-
TaiOT yueHble BCEro MHpa.

ATOM — KBaHTOBasg clUcTeMa

BepHemca k atomy. Oka3sazioch, YTO MeXaHHUYeCKoe
BpallleHHe 3JeKTPOHOB BOKDYT fifipa He cnacaer aToM Pesepdop-
Ha OT KartacTpodnl. DJMeKTPOHbl AOJIKHBI ynacTh Ha sijapo. Yu-
TaTesNb MOMeT CpocuTh: moueMmy? Benb He nagator Ha CosHue
Bpallalolecs BOKpyr Hero naaHerts!! [a, naaneTbl He majaior.
A BoT cnyTHHK 3eMmJu#, ABHXKYIIHHACA faxke B BeCbMa pa3pexeH-
HO# aTMocdepe, B KOHIIe KOHIOB ynajaeT Ha 3eMJio.

BHyTpH aToMa HeT, KOHEYHO, Kakoro-Hubyab Mupuueckoro
rasa, M BCe XKe 3JIeKTPOH JOJKeH B COIVIACHH C 32KOHaMH KJac-
cHyecKoH (U3MKM TOPMO3HMThCSl M YNacTb Ha aToMHoe sapo. Pas-
JIMUMe MexXJly MNJaHeTOfl B COJNIHEYHOH CHCTEMe W 3JEeKTPOHOM B
aToMe NpeXpae Bcero, KOHeuHO, B pa3mepax. Mup atoma — 370
mukpoMup. Ho knaccuueckas $H3HKa He NpU3HaeT 5TOr0 pas-
yusg. OHa yTBepxJaer, 4TO TNOCKOJbKY 3JIEKTPOH — 3apsKeHHasd
YyacTuLa, TO, ABUrascb YCKOPEHHO, OH JOJKeH H3JydyaTh 3JeKT-
poMarHuTHble BOJHBL. TO, 4TO ABMIKEHHe 3JIeKTPOHA YCKODEHHOE,
He BBI3BIBAET COMHEHHS, MOCKOJIBbKY Joboe gBHKEHHe MO Kpyry
WM 3JJIUICY HMEEeT LUeHTPOCTPeMUTEIbHOE YCKOPEHHe.

Moxer OHITb, 3TO He TaK YyX IJ0XO0. Beinb cBET HOJXKEH H3-
JyyaTbCsl TAKMMH MHHUATIODHBIMH BUOGPATOpPaMH, KaK aTOM.

D/eXTpoH, ABHrafch MO KPYroBofi opbHuTe, U3AyYaET 3JEKTPO-
MarHuTHble BOJIHBI C YacTOTOH, COOTBETCTBYWOIEH 4YHCIYy 060po-
TOB 3JIeKTpOHAa Boxpyr sajapa. Ho mpu 3stomM oH Tepsier cBoIO
3Heprul0 W npubaumxkaerca K sapy. Pamuyc BpaweHus ero
yMeHbliaeTcs,, @ 4acroTa yBeJUuHBaeTcA A0 GeCKOHEYHOCTH, MO-
Ka 3JeKTPOH He ymafeT Ha sapo. Ho Bca Gema sakioyaerca B
TOM, YTO 3TOT NpollecC He COOTBeTCTByeT onmty. Ilpexie Bcero
HHKaKHX aTOMHEIX Karacrpod NORZOOHOr0 THMA HE€ HPOHCXOHT.
ATOMBI M COCTOALHE H3 HHX MOJIEKYJbl OUeHb YCTOHUMBHIE Ya-
CTHLBI M, €CJM He NMPHMEHATb K HHUM JOBOJILHO GOJbIIHX CHJI,
MHUBYT MHJJIHOHBI U Jaxe MH/IAHAPAb JeT 6e3 KaKux-iubo H3-
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MeHeHHil. Kpome Toro, Takol MexXaHH3M NDHBOIMUT K H3jdyue-
HHIO CIJIOIIHOTO CNeKTpa: OT AJHHHBIX [0 CaMbIX KOPOTKHX
BosH. Ha camMom Hese 3KcnmepuMeHTHI rOBOPAT O TOM, YTQ CBO-
6onuble aToMbl (B rase) H3/NydyalOT OTHAEJbHbIE XapaKTepHble
J1T TAKOTO COPTa aTOMOB JIMHHH CNEKTpa.

Bcee, 0 uem 3mech 6bLIO pacckasaHOo, HPeKpPacHO 3HAJ M CO3-
narens sgepHoil Mogmeau atoma Pesepdopa. OH 3Han, yuto ero
MOJlelb HEeyCTOWYMBA M JOJKHA M3JyyaTh COBCEM He TakK, Kak
3TO NMPOUCXOJHUT Ha caMoM gene. Ho oH Obl1 BeNUKHM YYEHBIM
M 4eCTHO paccKasaj O TOM, YTO CJeH0Bajio U3 ero MHOTOUHCJIEH-
HbIX OMNBITOB.

Cnactu momens atoma Pesepdopna B3sjacs xpyrofi KpynHef-
miHi Qu3uk — patckuii yueHni Huase Bop. B 1o Bpewms
(1913 r.) Gwbwin u3BectHo! pabGorhl [Imanka u DiHwrelina, yT-
Bep)KJaBHIde, YTO CBET COCTOHT H3 KBAHTOB-YaCTHIL.

Ho mnsa toro, 4To6pl aTOM H3JyuyaJ HJIH NOIVIOWLAJ NOPLHH
CPeTa — KBAHTBl, ero KOHCTPYKUHsS A0JKHA OBITb He mnpocToil.
[Mopunu 3Hepruu, MeHbHIell, YyeM KBaHT CBeTa, HeT, U NO3TOMY
3JIEKTPOH B aTOMe He MOXeT NOJyd4aTb HIH TePSiTb IHEPTHIO He-
NpepLIBHO, T. €. H3MEHATh IOCTeNeHHO cBolo opOuTy. A oTcioza
H BHITeKaeT MOJeJb atoMa Bojopoia bBopa — mepBHi mar Ha
IYTH K HOBOIl MeXaHHKe MUKPOMHpA.

B Tteopun bBopa 3nekTpoH BeleT cebsi MOYTH Kak KJjaccuue-
ckasi yactuuna. OH HBHKeTcs BOKPYr fpa, paBia, He MO JiO-
ObiM, HO BCe Ke MO BIOJIHE ONpefesNeHHbIM KPYTOBHIM OpOGHTaM.
Papuychl 3THX CTALHOHApPHBIX OpPOUT, CKOPOCTb M 3HEPTHIO 3JiEK-
TPOHA MOXHO TOYHO BBIUHC/IHTb. Korza aTtoM HaXOZHTCS B HOp-
MaJbHOM (HeBO30YXKIEHHOM) COCTOSIHHM, TO €ro 3JeKTPOH Bpa-
maercss nNo caMmod OauXKHell K aAzpy opOute paauycoM OKOJO
0,5- 108 cm, uro coBnagaer ¢ ONbITHLIMH JAHHBIMH.

Bmecte ¢ Tem Teopua bBopa monpbiBaeT OCHOBY 3J1€KTPOIH-
HaMuku MaxkeBenna. OHa yTBepxkJaer, 4TO, ABMrasch MO CTa-
HHOHapHOH op6HTe, T. €. YCKODEHHO, 3JIEKTPOH He H3jayuaeTr (H
He NOrJolLlaeT) 3JEKTPOMAarHuTHble BOJHBEL. HMHTepecHo, uTo aTo
noJsoXeHHe HefCTBYeT TOJbKO B MHKpoMHpe. Ecau 3acTaBuTh
3JIEKTPOH ABHraThca N0 60JbIUOH KOJbLEBONH O0pOuTe, Hanmpumep
B YCKODHTeJle-CHHXPOTPOHe, TO OH B IIOJHOM COOTBETCTBHUH C
KJ1acCHYeCKOH (DbH3UKOH H3JydaeT CBeT.

Korga aToM HaxoZHTCsd B HOPMaJibHOM COCTOSIHHH, OH HE H3-
aydaer cBeTa. Jlia Bo3GyXIeHHs aToMa eMy Halo mNepelaTs
5HEpruio, JOCTATOUYHYIO, YTOObI €ro 3JieKTPOH Nepeules Ha GoJiee
BbicOKHe opOuThl. HM3iyueHne Bo3OyXKIeHHOIO aToMa NMPOHCXOIMT
tdoronamu-KBanTaMu cBera ¢ 3Hepruell E = hv. UacroThl u3nyue-
HHS U ONpeleJsAIOTCS H3MeHeHHeM 3HEPruH 3JeKTPOHAa X NpH
CaMOMNpPOU3BOJIBHOM Nepexofie 3JeKTpoHAa Ha GoJiee HH3KYIO Op+
6uTy.

Teopuss Bopa 6wbina OuecTsille NOATBEpXKAEHA 3JKCIEPUMEH-
TAAbHBIMH HCCAeNOBaHHAMU. Pacdernl, npoBeleHHbIE HAa OCHOBR
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3TOH TEOPHH, COBMAJH C ONBITHBHIMH HBAHHBIMH M0 HCC/EA0BAaHUIO
CIieKTpa BOAOPOAA.

Ho-3T1a Teopus «cnacja® TOJILKO OZHO3JIEKTPOHHLIHl aTOM, A2
H To He BnosHe. OHa NO3BOJIMJIA BBLIYMCAHTHL UYACTOTHI H3Jyue-
HHSl Pa3/IHUHLIX JIMHUA CNEKTpa, HO HHYero He MOr/a cKasatb 06
HX HHTeHcHBHoCTH. IloMeizast u3jyyaiomue aToOMbl BOLOpPOLA B
CHJILHOE MarHHTHOe NoJie, (PU3WKH MOJYYHJIH JIHMHHHM CIeKTpa,
CYIeCTBOBaHHE KOTOPHIX He cienoBano u3 teopun bBopa. Bcee
NONBITKH NPHMEHHTb 3Ty TEOPHIO K MHOFO3JIEKTPOHHBIM aTOMaM
HHU K 4eMy He NpPHBeJIH.

Ho raaBHbifi BHIBOJ, KOTOPBHI MONHO ¢lesiaTb H3 TeopHu
Bopa, ‘Bce XKe ocTtajnca 4 cefiuac. OH sakJoyaercst B TOM, YTO Y
3JIeKTpOHA B aToMe HMeeTcs LeJbfi psl AHCKPETHHIX SHEpreTH-
YeCKHX COCTOHHH, W CHNEKTP H3JyYeHHHA aTOMOB onpelenseTcd
nepexoiams 37AeKTPOHOB H3 ORHHX cocrosnufi B ppyrue. Ilpas-
Ja, 5TH SHepreTHUYeCKHe COCTOSIHMSI HHKOHUM 06Gpa3oM He YKasol-
BalOT Ha Kakue-TO OpPOUTHl 3JeKTpoHA BHYTpH atoma. Kaxk wmu
yKe 3HaeM, HHKAaKHX TPaeKTOpPHH y MUKpOYacTHIL He MOKeT
OLITh.

CocTofHHs 2/IGKTPOHOB B aTOMe M BepOATHOCTH HX Iepexona
H3 OAHOrO COCTOSIHMA B APYroe ONpelessioT 4acTOTHI U HMHTeH-
CHBHOCTH H3JIydeHWH pa3JIHUHBIX JAuHHUA ciekTpa. Bee 3to Mox-
HO paccyHTaTh, BOCMOJb30BABLIIHCh METOAAMH KBABTOBOH MeXxa-
HHKH. 30ecb, KaK ¥ Bcerja B MeXaHHKe MHKPOMHpa, MBI IOJy-
YUM. He TOYHOE 3HaueHHe COCTOSIHHI 3JIEKTPOHOB B aTtoMe, a Ie-
Nuifi PAL BO3MOXHBIX cocTosiHuii. OTIHYAIOTCA STH COCTOSHHUS
ADYT OT APYra 3HauYeHHAMH Tpex leJblX, TaK Ha3biBaeMbiX KBaH-
TOBBIX unces: n, [ 1 m. [J1aBHOe KBaHTOBOe YHC/IO 7 OIpeleJser
3HeprHio, a | ¥ m -~ MOMEHT KOJIM4eCTBAa MBHXKEHHS JIEKTPOHa
B aToMe. B oTsiHuMe OT CNHHA 3TOT MOMEHT KOJIMYeCTBa ABHIKe-
HHS Ha3bBAlOT OpOHMTAaJbHBIM (NOMHS, KOHEYHO, YTO HHKAKHX
OpOHT Y 3JIeKTPOHa HeT). DHeprus — 3TO CKaJis P - BeJMUHHZ,
He HMelOIiasi HanpasJ/leHHsi B NPOCTPAHCTBe, & MOMEHT KoJM4e-
€TBa JABHIKEHHA ~ BEKTOP, KOTOPLIA He MOXeT ObiThb 3aJaH OI-
HuM yucioMm. Ilostomy Beauuuna [ nosBosisieT BHIYHC/IAHTL a6cCo-
JIOTHOE 3HaueHHe BEKTOpa, a M — IPOEKHHIO BEKTOpa MOMEHTa
KoJituecTBa JBH)KeHUS Ha JioGoe HanpaBsJieHHe.

Buipaxenne: «Ilpoekuus BekTopa Ha JioGoe HalpaBieHne»
MHOTHX CMYyHIaeT, a HEKOTOphbiX Aaxe BoaMmymaer. Hy a na ca-
MOM HAee 3IeCb Huuero HOBOro HerT. Bektop B mpocTpaucrse
TOYHO onpeleasercs Jaubc TpeMs mpoeKuuamu, JAH6GO  abGconaior-
BHM "3R2UYCHHEM BEKTOpAa H NBYMS RPOGKLMSMH. Ho npunnun
HeoNpeie/TEHHOCTH MOKAa3blBAET, YTO TAKOH BEKTOP, KaK MOMENT
KOJIMYECTBA ABHIKEHHR? MHKPOYACTHUB, BIOJHE OlNpedensercs
a0CoMIOTHHIM 3HAUeHHeM H OJHOH NpOeKUHell BEKTOpa, BTOPO#
NPOEKHHH Y HEro MpocTo HeT. 3HAYEHHe ENMHCTBEHHOH NpoeK-
UM, ‘KOHEUHOD, He 3aBHCHT OT BuiGpanHoro HanpaBsuenud. [lpex-
cTaBuTh cebe 3TO HEBO3MOXKHO, TaK XKe, KaK JABUXKeHUE MHKpO-
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yactin 6e3 TpaekTOpHH, HO MOHATH MOXKHO. IIpocto y MuKpoua-
CTHLB HeT TAKOro mapaMeTpa ABHXKEHHS, KdK BEeKTOpP MOMEHTa
KOJIMYeCTBA [BHXKEHHA C TpeMs npoekuusiMu. DusaukoB 3T0 06-
CTOAITE/IbCTBO He GECIOKOHUT.

YueHelx npuseso B cMyuieHue xpyroe. Oxasanoch, 410 opGu«
TaJbHBIl MOMEHT KOJHYeCTBAa [BHXKEHHS 3JeKTPOHA B 4aTOME He
coxpaHsiercsl. A 3To HapyilaeT OIHH M3 OCHOBHEIX 3aKOHOB TNpH-
ponei. Ho Bce craso Ha cBoe Mecto, Korfia OGHapyXHJH, YTO
3JIeKTPOH, KaK ¥ BCKasd MHKpoyacTula, o0jafaeT cOGCTBEHHBIM
MOMEHTOM KOJHYeCTBa JABHXKEHHS — cHHOM. CyMMapHbIT Mo-
MeHT 3JeKTpoHa (OpOHTa/NbHBIA H COOCTBEHHLIH) B M30JHPOBAH-<
HOM aTOMe BCerla COXpaHseTcs.

O cnuHe Mbl yXKe paccKasbiBaJH, HO cefiyac caefyeT Koe-uTo
yTOuHHTh. UnTaTenb Telepb yXKe NMOHHMAaeT, YTO 3HaUYeHHd HpO-
eKUUH CIHHOB 4YacTul, (oHH 0003HaualoTC KBAHTOBHIM YHCJIOM
S), npuBeneHHble B Tabauuax 1 u 2, He 3aBHCAT OT BhIOpaHHOro
RanpaBjieHus.

Kasanoch 6bl, 4TO MOXKHO HHTEpPIPEeTHPOBATh CYHIECTBOBAHHE
COHHA y 3JeMeHTapHLIX YacTul, NPHIHCHIBAs HM MeXaHHYeckKoe
BpauieHHe BOKpyr ocd. Ho mo papy o6cTosiTeNnbCTB, O KOTOPHIX
Mbl He OyZem 3Iecb FOBOPHTb, TaKoe HBHXeHHe NPOTHBOPEUHT
NPHHUHIY OTHOCHTeJbHOCTH. [lo-BHAMMOMY, CNIUH €CTb MNepBHY-
HO€ CBOMCTBO MHKPOYACTHUbI, MEXaHHUYECKHM aHAJOroM KOTOPO-
rO fABJsercsl cOGCTBEHHEII MOMEHT KoJu4ecTBa JABHKeHHs. Or-
KyJa BEITeKaeT 3TO CBOHCTBO, Mbl IOKA He 3HaeM.

3HayeHUue CNMHA 0KAa3aJjoch BecbMa BaXXHBIM JUJIsi NpPHMeEHe-
HUsl (yHIaMEHTAJbHOTO 3aKOHA KBAHTOBOH MeXaHUKH — NPHH-
puna [layau. DToT OpHHUMN ROKa3bBaeT, KaK HAaJA0 NOICYHTHI-
BaTh pacnpefiesleHHe HYacTHL, ¢ MOJYUEeJNbIM COHHOM MO pas/ud-
HBIM COCTOSIHHSIM. B 3TOM cJayyae Haf0 NPUMEHSiTb CTATHCTHKY
®epmu—/upaka. M3 Hee caepyer, uto B Ji060ff KBaHTOBON CH-
creMe, KaK Obl Beauka oHa HH Oblia, He MoXeT ObITb jaxe ABYX
YaCTHL C MOJYLEJbIM CIHHOM B ORHOM H TOM € COCTOSIHUH.
DTO OTHOCHTCA K MOJEKyJlaM, aTOMYy, aTOMHOMY su(py " naxe K
60abIIOMY KYCKY TBEPAOrO TeJa.

Cratucruka bBose — DiiHmTeflHa OTHOCHTCS K YacTHHAM C
pnenbiM (HJIH HYJeBbIM) CIHHOM. 3ech B OZHOM H.TOM XKe 3Hep-
TETHYECKOM COCTOSIHUHM MoXeT ObiThb Ji06oe yucno yactau. Yu-
TaTesb, KOHEYHO, MMOMHHUT, YTO OCHOBHBLIMH KHpPMMYaMH MHpPO3Aa-
HHuA ABJASIOTCS JIENTOHBI W GapHOHBI, T. €. YaCTHUH C HOJYLEABIM
CNMHOM: Ha HHUX pacnpoctpaHsercq 3anper Ilayau. Taxkum 06-
pa3oM, NOHATb, KAaK YCTPOEH MHp, NOMOraetT HaM' €TATHCTHKA
®epmu. Cuabl, cBSA3LIBAIOL{ME HYKJOHBI MeXAy co6oft u 3jiekT-
POHBI C siApaMH, OnpelensaloTcs JeHCTBHEM YAacTHLU C TeJbIM
cnuHOM: Me3oHaMH ¥ ¢oroHamu. Mx pacnpenienenne enpeenser-
cs cTaTucTHON Bose. :

IlIpusnaioch, YTO MOH pacCyXKAEHHS O PASNAUIHBEIX CTATHCTH-
Kax He OYeHb NOHATHbL, MaXKET ObiTh, NOMOryT npuMeph.” Bce
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M OPOHI/IM Uepe3 HeTCrBO, YUHJLCh 110 KaDTHHKAM, DHCOBAaAH
ux. -Huyere m1oxoro HetT B TOM, YTO MBI BepHeMCsl, K KapTHHKaM
yKe B GoJsiee 3pesioM BO3pacTe, eCJH OHY MOMOryT HaM KOe-uTo
TIOHAITh B CAOKHOM MHKPOMHpe.

Masnbuuk cTpodT M3 KyOGHKOB BhiCOKYIO Gammio. Ecan onuna-
KOBble N0 pasMepy KyOMKH OKJeeHbl pa3HBIMM KapTHHKAMH, TO
peGeHKY He Bce DaBHO, HAa KaKMX 3Taxax d rae OyAyT BURHMI
pasnuuHble u3obpaxenus. KyOuxku Anas Hero pa3JIHUMMBI, H OH
cTapaeTcda Hal'TH CMBIC/ B CBOEIl «apXHTEKType».

Hce sipennosoxum, uTo Bce KyOWKM OKJeeHBI OLHOH H TOfl
e GyMarofl WJIM BbIKpalleHbl OXMHAKOBOIl kpackoil. Ha nepsbiil
B3rJIsLJ KaXercs, 4yTo KyOMkuM Hepasdnuuumbl. Ho 3to oOmanun-
BOe cyxAeHue. Bapocabili uesnoBek Gyler ux HccaeqoBaTh GoJee
TUIATEeNbHO H Ha@JeT, YTO OAHM HMEIOT M0 OJHOH LapanuHe, y
Ipyrux — IBe HJAH TpH. ¥ oOHHX KyOMKOB OoJiee INpaBHfbHbIE
yrasl, Yy IpYrux — 3akpyriennwie. Haxonen, wuccierosaresnn
BO3bMET TOYHbIE BeChl H YBHIMT, YTO Bce KyOHKH HMEIOT pasJHy-
nolfl Bec, HeGosbliine pasnuuus peGeHOK MOXKET M HE 3aMETHTL.
Ilosatomy mpu mocTpofike GaimiHH BepOSITHOCTb KaXKAOro KyOuxa
ObiTh, HaNpUMeP, B BEPXHEM 3TaXKe OLUHAKOBA.

Ho ecau 6amHio cTpoHT cKasouHblii Masenbkuit Bypatuio,
TO JIJI Hero pa3Hulla B Bece yiKe HrpaeT podb. EMy Jjerye mog-
HsATb Gogee nerkuft KyGuk Ha Bepxuuit stax. [TlosTomy BepositT-
HOCTb B pachpese/neHud KyOHKOB He Oblia Gbl paBHOA. BeposT-
Hell BCero, BHU3Y HAXOJHJHChL Obl TsiKejble, a HaBEpXY Jerkue
Ky6HxKy.

3amMeTbTe, YTO Mbl yiKe 3[ecCh, B HAeTCKOll 3afaBe, MpUMeHseM
€A0Ba «BepOATHOCTb» ¥ «paclpefeseHues.

B makpomupe Bce Tesia HMeIOT CBOIO MHAHBHAYaJbHOCTD,
CBOU OcOOble NPH3HAKHM H, KOHeYHO, pasauuumel. Hanpumep, Her
OJIMHAKOBBIX JIOfel, XO0T# uX Ha 3emse yxe 3 muainapia. Ho
Mbl MQXKeM TOBODHTb O «CPeIHEM» pOCTe H Bece UejoBeka. Mu
MO3KeM, NOJIb3YSCh CTATUCTHYECKHMH NaHHBIMH, BHIBECTH pachpe-
IeJjledHe JIOAed 1O POCTy, Becy ¥ T. . TO KjAaccHyeckasa CTaTH-
CTHKA: OHA IT03BOJISIET HAM BLIYUC/HTBH, KAKOBA BEPOATHOCTb HaMl-
T YesoBexka poctoM 1,70 m u Becom 70 xe.

M cratuctuka ¥ BepoATHOCTb 3Jech Kak OGyxTo OBl BroJiie
06 bexTHBHbl. OHH OCHOBBIBAIOTCS HA H3BECTHBIX WJIM €llle He H3-
BecTHHIX 3akoHax. Ho ecnu ray6Gike BOIyMaThes, TO BCe NPH3HAKHU
H pasanuus GOMbIIUX Tesl ONpEeReNsloTCS KOJHYeCTBOM HJIH pas-
HBIMH COeJMHEeHHAMH MHKpodacTHi. Bexp mbl u cefiuac 3naewm,
YTO POCT 4ea0BeKa 3aJIoXKeH YKe B CTPYKTYpe MaKpOMOJeKyJ
HYK/JEHHOBO# KHCJOTHI, BXOJASIEN B COCTAB BCEeX KJETOK Heso-
Beka M J060ro XKusoro cymecrsa. Korga mbl 1oiifeM A0 MHKpO-
YacTHI, BXOJAALHX B COCTaB 3TOH OFPOMHOH MOJIEKYJbI, TO Haii-
IeM, 4TO KJACcCHYecKas CTATHCTHKA B KOHIE KOHUOB ONpefesser-
€A KBAHTOBOH CTATHCTHUKOM, HeficTByIOlleil B MUKpOMHpe.

[lpaBna, Bo. MHOFHX cayuasx Ajas GOJIbIIMX CHCTEM, COCTOSI-
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IIMX U3 MHKPOUACTHI, MOXHO € JOCTATOMHON TOUNOCTHIO MpHME«
HATb KJaccHueckyio cratuctuky. Ho ne Bceras! Bort, nanpumep,
L5 pacKpbiTHsl 3arafikl B NOBeleHUH TBEPLOrO TeJa, B €ro
SJIEKTPQIPOBOAHOCTH, NPHILIOCH NPUMEHUTb KBAHTOBYIO CTaTH<
cruky ®epmu — Jlupaka aas OrpoMHOi Macchl 9JeKTPOHOB. Bul
uMeeTe BO3MOXKHOCTb, CHASl Ha cKamelike B TEHHCTOM IapKe,
caymaTh jajekde pajvocranuuu. Ho Bm u He nonospesaere,
4YTO 3TUM BBl 00f3aHBl KBAHTOBON CTATHCTHKE, Ha OCHOBE KOTQ-
pofi pa3paboTaHbl MOJYNPOBOJHHKOBbIE 3JI€MEHTHI — TPAHIHCTO-
pel. Ho 310 yke mpyras tema.

Oas Toro, 4ro6bl MOHATH pasjHuYHe MEXAY CTATHCTHKAaMH,
paccMOTpUM cJsiyuail, KOrja HMeloTcsl JBe OAHMHAKOBbIE HaCTHIbI
@ 4 @' ¥ BCero IBa BO3MOXKHBIX COCTOSIHH#, YCJIOBHO O0O3HaueH~
upie I u II.

B xJaccuueckoil cTATHCTHKE BO3MOXKHBI Ji0Oble HYeThlpe BapH«
aHTa:

1.1 (a,a),I1; 2. T (a), 1] (&');

3.1 ("), 1 (a); 4. 1, 11 (@, a),

C1el0BaTeJbHO, BEPOATHOCTb Kaxaoro cobuiTHs pasna !/y. Ksan«
ToBad MeXaHWKa He pasjquaeT ofuHakoBele wactuunl (a, a&’),
(oHH M B caMoOM JeJie TOXHAECTBeHHH!). B cratuctuke Boze —
DiHWTEeiHa B KaXJA0OM COCTOSHHH MOKeT OBITb J10000€e YuCao ua-
cTuy, (B ZaHHOM cJaydae 1Be). Bapuantol 2 u 3 Hajo NpUHATHL 32
osunakoBele. [losTomy moxer 6umith: 1. I (a, a), II; 2.1 (a), II
(a); 3. 1, II (a, a). 3nech BepoOATHOCTb KaxKAOTO COOLITHSI paB-
Ha 1/3.

B cratuctuke ®epmMu — Jlupaka B KaXXKAOM COCTOSHHH MOXeET
OLITh TOJIBKO OJHA YaCTHIIA H BO3MOXeH BCErO OAMH BaPHAHT C
BEPOATHQCThIO, paBHoil I: 1.1 (a), II (a).

KBaHTOBbIe CTATUCTHKH yCTaHaBIHMBAIOT BoJiee XeCTKHe yclo-
B Ha BO3MOXHOE pacmpelieseHue (a cliefoBaTesbHO, # NOBe-
JicHHE) MHKpouyacTHL. DTH OrpaHHYeHHS HAKJAJbIBalOTCS KBaH-«
TOBLIMU CBOHCTBAMH 3J€MeHTapHbLIX YacTHIL

AToM Kak pa3 M mnpeAcTaBaseT co0oéf KBaHTOBYIO CHCTEMY,
COCTOAMLLYI0 U3 siApa M djaeKTpoHOB. CocTOsfHHE NOCJEAHHX Onpe-
JeJAeTCA YeTHIPbMfA KBAHTOBBLIMH UHCJIaMH: IMIaBHbLIM KBaHTOBBIM
YHCAOM #, KBAHTOBLIMM UYMC/JIaMH, ONpefessOImHMH OpOHTa/b-
HbIlI MOMEHT KOJIMYeCTBa JBHXKeHus [ M m, ¥ 3HaueHHEM NPOeK-
MM CIIHHA S,

CuMMeTpUA XUMHAYECKHX
RJIEMEHTOB

CuMMeTpusa XHMHYECKHX CBOHCTB 3JIEMEHTOB, HX Te«
PHOAMYHOCTb, OTpaxKeHHas B cucTeme MeHzeneera, u obs3ana
KBAaHTOBBLIM 3aKOHAM paclpefle/ieHHs 4aCTHIL B SJEeKTPOHHON 060+
JIoYyKe aTtqQMma,
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Urolbl NOK&3aTh 3TO, MBI NPOBeAeM C BAMH  MBICJAEHHBL
onwv. BozbmeMm NOJOXKHTENLHO 3apsXKeHHOe AAPO H OydeM MpH-
COCHMMATH K HeMY 3J/eKTPOHbI. HauueM ¢ OAHOro 3JeKTPOHA.
Toraa mel DOAY4YHM BOLOPOIONOROOHBEIH atoMm (npu Z = 1 Oyiel
ROAGPOA), NMPOLECCH, KOTOPble XOPOWIO ONHCBIBAIOTCA TEOPHC:
Bopa. Dunepreruyeckue COCTOAHHUS ONpeNeJAIOTCA OAHHM KBaH-
TOBHIM YHC.10M 7. A rlie e ocTajibHEIe, OTBEYAIOIHE KBAHTOBbIM
uucaam m, [ u 8? Onn ToXe ecTb, HO JJs UX oOHapyxedHd Ha-
L0 TOMECTHTb OJHO3JeKTPOHHble aTOMbl B CHJbHOE MAarHuTHOE
noJsie. MOXKHO CKa3aTh, YTO y BOJOPOJNONONOOHBIX aTOMOB MHOI'Q
COCTOFIHMH C OZHOH M TOH Ke 3HeprHeil. DTH COCTOAHHSA Has3bl-
BAIOTCA «BLIPOMAeHHBIME». Pacuer nmokasbiBaeT, YTO KaKAOMY it
cuoTBeTCTBYET 2 n? BhIPOXIEHHBIX COCTOSIHHA. B cuU/IbHBIX mosax
BBIPOXCAEHHST CHHMAIOTCS, M JIHHHHM CHOeKTpa MOKasbiBaloT, 4To
5T ObIBIIME BHIPOXK/JEHHbIE COCTOSIHUS AAIOT HeCKOJIbKO Da3fiHi-
Hule, HO O6/aM3/1eKallHe JUHUH CHEKTpa WU3JaydYeHHust. BeipoxaeHue
ciUMaeTcs Takie M TOrAa, KOrAa Bo3Jie fipa HaXoOATCsH [Ba
#au OoJisle 3/JeKTPOHOB. DTO OOBACHSIETCSH AOBOJIbHO CHJbHBIM
NOJIEM COCEHHUX 3JeKTPOHOB.

Mol 6ynem paccMaTpHBaThb aTOM B HOPMAaJbHOM COCTOSIHHH.
B 3tom cayuae B BOXOPOAONOAOOHOM aTtoMe HYXKHO YUHTHIBATL
ToibKo = 1. OpOuta/jbHBll MOMEHT KOJMYeCTBAa [ABHXKEHHS ¥
3JeKTpoHa B 3TOM coctosHuu pased 0 (=0, m =0). Ho
CIIHH — 3TO CBOHCTBO CAMOFO 3JIEKTPOHA, OH MOKeT OblTb pa-
Bed %!/, HezaBucHMO OT 3TOro Bce NEPEXOAB C BO30YKAEHHLIX
ypoBHell {n = 2, 3,..) B H30JUPOBAaHHOM aToMe OYIyT LaBaTh
OJHH YU Te K€ JUHHH U3JYUeHHS.

Haa Toro, uTobbl OOHAPYXHTb . CHMMETPHIO XHMHYECKHX
CBofiCcTB, ciaefyeT pa3GHTb BCIO 3JeKTPOHHYI0 000JM0YKY Ha CJIOH
8 3aBHCHMOCTH OT KBaHTOBOro uncaa n. llpw n =1 sto Gyzer
K-caoht, n—=2— L-ciioit, n =3 — M-cjoit u 1. A. 3auem 37O
JenaTb, CAPOCHT 4uTaTedb, Bedb B HOPMaJbHOM COCTOSIHHH BCe
3JEKTPOHL! JO/DKHBL ObIThb B CaMOM HH3IIEM 3HEPreTHYeckom co-
CTOSIHHM: HO B OJHOM COCTOSIHHH MOXET OBITb TOJbLKO OLHH 3JeK-
TpoH. Iloaromy, eciM MBI NMpHCOeXMHHM K sApDY BTOPOH, To oH
npujet B 10T XKe K-cioit (n = 1). Ho npu 3ToMm oH o6sa3artensHo
LOJIEH HMeTb POTHBOMOJIOKHBIA CIHH, T. €. APYyroe KBaHTOBOE
yucso S. Ero sHeprus OyZfeT XOTb HeMHOrO, HO OTJHYAThCS OT
nepBoOrd 3/1eKTpoHa. ATOMBI ¢ 3aKOHUYEHHBIM CJA0eM  fBJSIOTCA
0c00EHHO YCTOHUMBLIMH. DTO atoMbl 6JaropORHBIX rasoB. I
9JeMeHThl ¢ TPYAOM BCTYMAIOT B XHMHUYECKYIO CBfI3b .

B xBaHTOBOHl MeXxaHHKe MOKa3bIBaeTCs, YTO 3aKOHUEHHbIE
C/A0H 3JeKTDOHOB YCTOHUHBHI BCJENCTBHE CBOEH CHMMeTpHH (mpH
n = 1, Hanpumep, Oyzer waposas cuMmerpus). [oaHblil MOMeHT
KOJIHYECTBA JBUIKEHUS CUMMETPHUYHOrO 3/1eKTpOoHHOro ob.1aka pa-

! Jlo nociiegHero BpeMeHM Jaxe CUHTAJN0Ch, YTO HET XHMHUYECKHX COefH:
Henul ¢ GnarOpo/HLIMA Ta3aMH,
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BeH Hym0. JTa BeJMUMHA SBJAETCH, KOHEYHO, BEKTOPHOM CyMa
MOA MOMEHTOB OTAEJbHBIX 3JIEeKTPOHOB. MOXHO MOKasaTb, 4TO
yCJIOBHE CUMMETPHH BLINOJHSETCS, €C/IH B CJIO€ € TJaBHBIM KBaH-«
TOBBIM 4HCJAOM f OyieT 2 n? 3JeKTPOHOB C KOMITEHCHPYIOUIYMH
Apyr Apyra opOHTAJbHBIMH H CITHHOBBIMH MOMEHTAMH,

Y atoma BOAOpOAA OXHMH 3JEKTPOH: OH CPABHUTEJNBHO ¢/1abo
cBs3aH ¢ a4poM. I1o3TOMy OH JIerko BXOAMT B XHMHYECKHe coe-
AMHEHHs, OTAABas B MOJIeKyJe CBOH 3/JeKTDOH COCEAHEMY aToMy
ansa ceasu. Ho B TO Ke Bpemsi aToOM BOROpOAA CTPEMHTCH JO-
cTpouTh cBoH K-criolf, B3sB y cocefla «JIHIUHHH» 3jiekTpoH. [lep-
BbIM 6/1aropoJHbHIM Ta30M SIBJSIETCS TeJHil, B aTOME KOTOPOro JABa
5/J€KTPOHA MOJHOCTbIO sanojHswT K-cjaoi. Btopoit L-csoii na-
YHHAeT 3aNOJHATECS ¢ atoMa JuTHA (Z = 3), ¥ Hero ofMH ajexs
TPOH B L-cjloe, KOTOPHII OH OXOTHO OTAdeT, KAAHO BCTymas B
pasHuHble XHMHUYeCKHe COeJHHEHHs, DTO IEJICHHOH MeTaJt.
CaemyeT ykasaTb Ha aTOM KHCJOpOJa, HMEIOUIHH Bcero 8 3jeKT-
pOHOB, HO 6 3/1eKTPOHOB B L-cjloe. DTOT aTOM JIerKO LOCTpaHBaetr
€BOH CJIOH MABYMS <«UYXKHMH» 3JIEKTPOHAMH, B3fITHIMH, HaNpH«
Mep, Y ABYX aTOMOB BOJOPOZAa, 06pasyst yCTOMYHBYIO MOJEKYJY
BojH. 3axkaHuuBaercsi L-ciofl 61aropofHEIM Ta30M HEOHOM, Tax
KaK NpH n==2 B 9TOM cJoe AOMKHO OHTh (2 n?) 8 3/eKTpoHOB.
IMocne storo waunnaercs M-cioit (n =3), IlepBuil aTom —
aToM HieJoYHOro Merasia Hatpus. OZHAKO € TPeTbUM H BCeMH
HOCJIEAVIOIUMH CIOSIMH TIPOHCXOAAT HeGoJblINe «HENPHATHOCTHY
C TOYKH 3peHusi Haulelt mpocroli cxemol, ONfATb MpHpPOAA OKa3a«
Jach CJIOXKHee, YeM MBI oxuiaeM. [pynnbl U3 8 3JIEKTPOHOB Has
PYXHOrO €J1051 OKasajuch 0co60 ycroiiyuBoiMH. OHH HMEIOT Hal-
MEHBbIIYI0 3Hepryio. XUMHUeCKHe CBOHCTBA ONMPENeNsIOTCS TOMbs
KO BHelIHHM ciaoeM. IlosToMy 6.aropoAHBIM OKa3aJcsi ras, o+
CTOSME W3 aToMOB aprosHa (Z=18), a TakXe TaKue, Kak
KPHIITOH, KCEHOH H POJOH. 3-# M 4-fi CJIOM 3/IeKTPOHOB B aTOMe
KaK GBI mepekphiBaloTCA, W flocie 8 3/JekTpoHoB N-ciosi Hauus
Haetcs sacrpoiixa M-cios (n = 4). B atomax KaaHs H KaJablua
fiepBhHie JBa SJAEKTPOHA 3TOTO €105, JIMIb 3aTeM HAYT OCTaJbHLIG
10 ssementoB (or Z=21 go Z = 30), aTOMBI KOTOpHIX 3aMOJ«
ustioTcst snekTpodaMu N-cnos. Iocne no6aBsenus 6 3/eKTpOHOB
M-cnoa (2 yxe ObLIM paHblie) NPHXORHM OMATb K Gaaropojis
HOMY FRAY KPHITOHY,

KBaHTOBBIE CBOMCTBA,
aTOMHBIX fflep

Ecau CTPYKTYPY 3/7eKTPOHHOH 000/IOUKH aTOMa M erc
yeTpoHCTBO (PU3HKH AOCTATOYHO XOPOIUO 3HAIOT, TO, K cOXKaje-
HHIO, 5TOrO HE/JIb3s CKa3aTb O CTPOEHHH ATOMHOro sjapa. I3TO
06bsCHAETCA TPYAHOCTBIO pellleHHs 3afayd 0 MHOTHX 4acCTHilaXs
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Ho Beob B aTOMe TOXe MHOrO 3JIEKTPOHOB, H BCe K€ MOXHO
6bijio pemnTh 3Ty npoGmemy. Ila, HO B3aUMOAEHCTBHE MEXIY
3JEKTPOHaMHA B aTOMe OvYeHb MaJjo. PE3WKH YuIH 3TO B3aHMO-
IeHCTBHE KaK HEKOTOPY0 HAOIPaBKy, KaK «BO3MYIIEHHE» 3J/eKT-
pHUecKoro nond, XeHCTBYIOIIEro MeXIY HFeKTDOHOM H a8TOMHBIM
A1pOM, MoJieM APYrHX 3JeKTPOHOB. JTO 0OKa3aji0Ch BO3MONKHBIM,
NOTOMY YTO CaMO CHJIOBO€ NOJIe JeKTPOHOB HHYTOKHO MaJjo MO
CpaBHEHHIO C NoJieM A1pa.

Ho nns atommoro sigpa nono6GHasg TEODHST <«BO3MYIHEHUS»
HeripuMennMa. [lpexxjie Bcero moromy, 4TO CHJI2 B3dHMOZLEHCT-
BHA MeXKAy siZepHbBIMH YacTHLAMH OUeHb BejiMka. Kpome TOrO,
B silpe HeT TaKOro TSXKeJOro LeHTpa, Kak B aToMme, BOKPYF KOTO-
poro pacnpefensieTcs «o0gako» Jerkux yactuu. Ilo toli mpu-
YyHe MB He HMeeM JOCTAaTOYHO MOJHOTO pelieHHs 3alayd o
CTPYKType aTOMHOTO fHpa.

®u3uku He CO3RaJMH KAKOHA-TO eIMHOH MOJesJH aTOMHOro -
pa, RoTopast mo3Bojausaa Obl pacCuyuTaTh K OODBIACHHTbL BCe sLep-
Hble nipouecchl. JLjisl KakIoro Kpyra siBJAeHHH CYILIeCTBYIOT CBOH
MOZeJiH, He MPHMeHHMble B APYTHUX Caydasx.

Ilepsas, kamenbHass MoAeJb aToMHOro sjapa Oblia co3laHa
Hunscom BopoM B coipyxecTBe ¢ aMepDHKaHCKHM (H3UKOM
Yunsepom. Yuenole o6paTiiM BHMMAHHe, UTO silepHble CHJIBL IO
c¢BoeMY HeHCTBHIO NMOXOXH Ha CHJBI CUEIVIEHHS MeXIy MOJIeKy-
JIaMH XHIOKOCTH. B 000uX ciyuafix CHAB OeHCTBYIOT TOJBKO
MeXAY COCeIHMMH YacTHUaMH. Belp mMeHHO MO3TOMY ILIOTHOCTD
MHUIKOCTH He 3aBHCHT OT ee KOJHYeCTBa. B sjnepHOM BeulecTBe
IJIOTHOCTb XOTb M B MHJJHapAbl pa3 6oJblie, 4eM B KHIKOCTH,
ToXe TpHO/AM3HTENbHO ORMHAKOBA IJIS CPEeJHHX M TIKEJbIX
alep.

ATOMHOe slpo H B caMOM [JeJie NOX0XKe Ha XKHUAKYH Karsmo!
Hyksonb, maxoasmiyecs Ha IOBEPXHOCTH SAXepHOH KMIKOCTH,
NPUTACUBAIOTCE BHYTPb HeypaBHOBELIEHHBIMH ANEePHBIMH CHJIAMH.
[lostomy Tak e, KaKk B XHAKOCTH, B fiipe UMeETCH MOBEPXHOCT-
Has 3Heprus. SApo, Kak W Kamjs, CTPEMHTCSE YMEHBIIHTh CBOIO
[TOBEPXHOCTHYIO 3HEPrHiO, H FO3TOMY NpHHHMaeT NPUGIH3HTENb-
Ho cdepuueckyw popMmy. Benb map w3 Bcex ¢uryp paBHOro 06b-
€Ma HMeeT HaHMeHbUIYI0 MOBEePXHOCThb. EC/AM «HarpeBaTb» f1po,
oHo OGyIeT HMCIIYCKAaTh «CBeT» B BHAe raMMa-¢0TOHOB, Kak CBe-
THTCSl KanJsl pacmjaBiaeHHoro Xeje3za. C FOBEpXHOCTH FOpsAYero
SiApa MOTYT <HCNApATHCA» fANepHBie YaCTHIBI — HYKJOHBl, TakK
JKe, KaK ¢ MOBepPXHOCTH HArperoll MKHAKOCTH HCIapsioTCs MoJe-
kysaul, FlpaBna, Temneparypa siapa JoJKHa ObiTh B MHJJIHADABI
pa3 GoJwiie Temmepatypbl OObIYHOH KHAKOCTH. o 3To MoOXHO
CUUTATH KOJIWICCTBEHHBIM OTJIHUUEM.

CyumecTBeNHO TO, YTO AAEpHAST XKHUIKOCTh Beerna umeeT GOvib-
Hol 3/eKTpHUecKHR 3apsal: Tam HMeloTes npotoHbl. CoOCTBEHHO
roBops, OOBIUHYIO XHAKOCTb TOXE MOXHO 3apsaHTh, KdK 3TO
JeslaeTes, namphMep, HPH 3MeKTpuueckoll okpacke. JKuAxkas kpa-

53



CKAa, 33apsyKanch, PacmBLIAeTCH Ha MedKHe KallH H 0CaMIaeTcst
Ha TIPOTHBOMOJIO)KHO 3apSXKEeHHOH OKpalllMBaeMOfi NMOBEPXHOCTH.
Ouenb BaXHO, YTO 3apAXKEHHAdA XKHUAKAS Kamjisgd MoOXeT ObiTh
HeycTOMYUBA M, €CJH ee 3JEKTPHUecKas 3Hepras OoJiblie sHep-
r'HH MOBePXHOCTHOTO HaTAXEHHS, oHa Oyder denutbesa. MHrtepec-
HO OTN 2THTb, UTO TEOpHS IeJeHHS 3apAKeHHOH MXMIKOH KalliH
xpacku Oblyia co3naHa du3ukamu Ha Gase, paspaboTaHHo#l paHee
Dopom u Yunnepom, TeOPHH AeNeHHS THXKeJHX silep.

MBI KOCHYJIHCH YHCTO KayeCTBEHHOH CTODOHM KaleJbHOH MOo-
memu siapa. Ho Teopuss comepuT M KOJHYeCTBEHHBbIE pacyeThl.
MoXHO, HapuMep, 3HAA NOBEPXHOCTHYIO SHEPTHIO A4ep WU JHep-
rHI0 3JEKTPOCTAaTHYECKOTO pacTajJKUBaHHA HPOTOHOB, onpele-
NUTh YCTORYMBOCTH SPA OTHOCHTENBHO ero geJseHdsi Ha Gosee
nergne sapa. belio nmoxasaHo, 4Tro Bce fAApa, JAJAA KOTOPHIX
2 S 47,5, 6yoyT MrHOBeHHO pacnajaTthcsi Ha Gosee Jierkue

I

sizpa. KamenbHas MoJesnb TaK XKe XOPOIIO OOBACHAET JeNeHHe
TsKeaAbX figep npu obJsydeHHMHM uX HellTpoHaM#, (OTOHAMH H
JPYTHMH 3JieMeHTapHbIMH YaCTHILAMH.

MoxHo 3alarthb BOTpOC: ToYeMy 3TOT pas3fes Ha3blBaeTCA
«KBaHTOBbIe CBOHCTBA aTOMHMX fillep», @ paccMaTtpuBaercs Ka-
neabHag Molesb AApa? A KTo-HHOYIb 3 CKeNTHYECKH HACTPOeH-
HbIX yuTaTesed (MX He OUEHb MHOTO) TOPXKECTBYWOWe 3afBUT:
«Bot, HakoHell, PH3HKH NPHUILJIH K «IPaBHUJIbHOMY» NOHHMAaHHIO
NpHPOABl MHKpOYacTHL. Molenb fiApa B BHAE XKHAKOH KalJi —
3TO UMCTO KJaccuueckash MoOesb, H OHA MPaBHJIbLHO HHTEPHPEeTH-
pyeT siiepHble mpollecchi». CKenTHKaM MpPHAETCS PasouapoBaThb-
ca. [lpexage Bcero cama KamesibHasi MOJeab HCIOAb3yeT KBaH-
ToBbie npeAcTaBiaeHHsi. Belbp B siiepHOH XKUAKOCTH JAEHCTBYeT
CHJI0BOE 1oJie, KBAHTAMH KOTOPOro sIBJsIIOTCH Me3oHul. Ilpu noa-
cueTe 3HePTHM CBA3H B AJEpPHOH Kaille HYXHO YUUTLIBATb, UTO
u36biTouHble HEATPOHB! HMEIOT Goslee BLICOKYIO SHEpTHIO {(u30TO-
nudeckdil used), a Takxke 3¢ekT, BbI3BIBAeMBI CMNHHAMU OT-
[eJibHBIX HYKAQOHOB. Bce 3TH ABJeHUs YMCTO KBAHTOBOIG Xapak-
Tepa. Bpax am y Koro-HuOyAb BO3HHKAET COMHEHHE B TOM, 4TO
CBO¥ICTBA TBepJBIX Te KPHCTAJJIHUECKHX COCTOAHHI, KOTOpbie
Tak cefiyac IMHPOKO HHTEPECYIOT Y4YeHbIX H HHXKeHepoB, ompe-
Jeasiorcst KBaHTOoBoH ¢usnkoil. Teopus XKHIKOIO COCTOSIHMA, K
co¥XaJieHHlo, He TaK XOpomo paspaboTaHa, HO H TaM, HECOMHeH«
HO, BCE OfpeAefeTcsl KBAaHTOBLIMHU 3(pdeKTaMH.

Ho rnaBHoe, KOHEYHO, B TOM, YTO MOAeNab SAEPHOR Kaliu —
3TO cTaTHcTHueckas Molenb. OHa onuceiBaeT AOCTATOYHO XO-
DOLIO JHIML NpOLecchl, HAylWIMe B sjpe, colepiKalleM MHOro
HYKJIOHOB, M YKa3blBaeT TOJbKO Ha CpellHHe 3HAYCeHUs SHePruu
KaMIOH YacTHUB! siApa. MOXKHO rOBOPUTh JaxXe O «TeMOepaTy-
pe» sapa, TNoApasyMmeBas NOA 3TUM cpen;uoxo KMHETHYECKYIO
IHepruio ero 4acTHil.

OpHako, Kak H B KaXX/IOA KBAaHTOBOH cHcTeMe, YACTHIbI, [OA-~
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yuHAsACh npuHuuny ITayfu, DOJMXKHB HMeTh CBOM SHepreTHYECKHC
cocTosHUs, Takylo CHCTEeMY ONMChIBaeT TakK HaspiBaeMas 000J0-
YeuHass MOJAEJb aTOMHBIX SAEp.

OnelT fNoKa3biBaet, YTO B SApe MOXHO OGHApPYMKHTL CJIOH-
CTO€ CTpOeHHe Hanopobue 3JeKTPOHHOH 060/0uKu aTtomMa. Thkas
KOHCTPYKIHs! CBsi3aHa C KaKOH-TO BHYTpeHHeHl cuMMerpHell aipa,
AeTas i KOTOPOH HaM NOKa He OYeHb XOPOHIO M3BeCTHbI.

Mur onpenenuau, uto B atoMe Hanbosee ycToHuUHBLIE COCTOA-
HHUSI TPeACTaBJAIT co60ll CHMMETPHUHOE 3JeKTPoHHOe 06JaKo ¢
3aKOHYEHHbIM cJ0eM, B sjpe nBa copra uacTuu: NpPOTOHB H
HeHTpoHbl, [lo3TOMyY, HalmpuMep, Ha CaMOM HMXKHEM SHepreruue-
CKOM ypoBHe (n = 1) Do/XHO BBITh YeThipe uacTHUEL. HApo, co-
cTosiliee M3 3THX 4YeThipex YacTHl,, 0co00 yCToHaHBO. ITa /b=
a-yacTHLa = AAPO Tesusd == W OHa obJaLaer Haubo/bliell SHep-
rHeil CBS3H M3 BCeX caMbIX JIeTKHX sifiep.

Moxno 6biio Obl NPelNoNOXHTb M JaJplle, 4TO SAPY, CO-
CTOsILI[He M3 TAKHX IPYIIN, caMmble YCTOWYHBEIE, H UTO B TAKURX Af-
pax IOJIKHO 6blI0 Obl ObITh OAMHAKOBOE UHCHO MPOTOHOB H Hef-
TpoHOB. ONlHaKo 3TO npeiacTaB/eHHe He onpaBieiBaercs. M3 sxc-
nepuMeHTaJbHBIX  JaHHBIX BHOHO, YTO B sipax CylLeCTBYIOT
onpeflesieHHble CJIOH, COCTOSIIIME M3 TaK Ha3bIBaeMOro «Maruye-
CKOI'0 YHC/ia» TIPOTOHOB WJIM HEHTPOHOB. Slipa € 3aKOHUEHHLIM
cJoeM, T. €. collepxkanine 2, 8, 20, 50, 82 u 126 nporoHOB HIA
HeATpPOHOB, HauboJiee YCTOAUHBEL. DTO MOATBEPXKIAETCS TeM, UTO
AApa C TaKUMH YHCIAMH TeX MJH APYTHX yYactul Haubojee pac-
npocTpatentl. AToM (caeqoBaTeNbHO, B XUMHUECKHH 3JeMeHT) ¢
AIPOM, COCTOSIHMM M3 MarMueckoro 4ucja MpOTOHOB, HMeer
Gosblilee KOJNHUECTBO H30TOMOB. A coceimue sapa (1o uucay
NPOTOHOB) CTPeMsITCSl NPEBPaTHTbCS B Maruvyeckpe HyTeM pd-
JAHoaKTHBHOro pacnaza. Oco00 yCTOHUYMBHIMH SIBAAIOTCS s1pa ¢
MaruyecKMMH UYHCJIaMH M IPOTOHOB H HEHTPOHOB.

Tak xe, Kak W KanenbHas MOZenas, obGomodeuHas MoLenb
fApa sBJseTcH HAeaJH3HDPOBAHHOH H He OTpa)Kaer BceX CBOHCTB
aTOMHBIX sifep. Ee MOXHoO NPHMEHSTb JMIIE IqsT HEROTOPOTO
Kpyra siJepHBbIX NPOLECCOB,

YMHpaIOT JAKM aTOMHbIE Anpa

ITpouecc pasButus npHpoxast GeckoneueH. M ocoben-
HO 3TO 3aMeTHO B XXHBOW npupome. B xuwmuueckux w O6fiosoru-
YeCKHX IpolieccaX, KOHEYHO, NPHHHMAIOT YYacTHe ¥ 3IeMEHTap-
Hble YacTHLBl, aTOMBl W aToOMHHEle sixpa. Hampumep, @oToHw,
TOTJIOIAsACh aTOMaMH; MepelaioT WM CBOK0 3HEpPTrHIo: crocobcer-
BYIOT XUMHUYECKOMY coeluHeHnn. DOoTocHHTe3 HrpaeT HCRIOYH-
TEeJbHYIO POJib B HH3HW Ha 3eMJje. B pasiHuHble XwMHUecKue
€OeMIMHEeHHs] BXOHAT aTOMBI, COCTOALIHE H3 3JTeKTPOHOB H sijep.
Ho atoMel npu sTOM mpakTHyecKd He U3MEHSIOTCH. XHMHUeCKHe
cHibl (3TH CHJIBl HA caMoM [ejle 3JIeKTpocraTHueckue) caabo
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Ha HuX BJaHsioT. Moxer OblTb, B RakOi-HHOYAL MOJeKylie aToM
6ymer cjerka «ucnopyen». Tak, arom KHCJIOpOJAAa HJIH JPYroro
3JIeMeHTa MOXKET 3aHATb Y cocefell HJIH OTHAaThb HM [Ba 3JEKTpPo-
Ha. Ho cBoficTBa atoma OT 3TOr0O NOUTH He H3MeHATCS.

B HeuBOH NpHpole pasBHTHe HAeT 3HAYHTENbHO MeIJeHHee.
TonbKo 3a HECATKH, COTHH M Jake THICSIUM JIeT MBI 3aMeyaeM
H3MeHeHHsi Gepera MOpsl U IPOGUAA XOJMOB U BO3BBIIIEHHOCTE!.
Ho u taM uayT xumuueckue M ¢H3HuecKHe mporeccol. Mope
pasmblBaeT Oepera, NPOHCXOAHT 3DO3HAl NOYB, IOPHBIE MOPOJH
pacrsopsioTcs,.. Ho aTombl M aTOMHBle siipa OCTAIOTCH HEUs-
MeHHBIMH., COGCTBEHHD TOBOps, CAeAyeT roBopuTh 06 sixpe. Aapa
MOTYT HMETh pasHoe KOJHYEeCTBO HEHTPOHOB, HO YHCJIO NPOTOHOB
ONpenesieT KOHCTPYKIHMIO 3JeKTPOHHOH 0OO0JOUYKH, XHMHUYECKHE
H ONTHYECK#e CBGHCTBa BCEro aToMa.

Moxet ObiTh, Tak Obl10 Bcerna? Belb NpakTHYeCKH HOBBIX
f1ep, U, CeXCBATENbHD, aTOMOB Ha 3eMJje He obGpasyercda. Tor-
2 BMNOJHE BO3MOXHO, YTO aTOMBI, H3 KOTOPbIX KOTZa-TO COCTO-
SiJ1 CTPAWUHBI IMHO3aBpP, BXONAT B cocTaB 0e300uAHBIX OeJbix
Mblired, a u Joged XX Beka. Takoe 3akiloueHHe He HMeeT
cmsicha, Befp 3/7eKTpOHBI, aTOMEHI, SIApa, BCe 3JeMEHTapHble Ya-
CTUUBl HepasJHuuMbl. A eciM Kakue-HUGYAb aTOMBI M MeYeHLIe,
TO OZHO# METKOH OTJUYaAIOTCA He OJHH WJH B4 aToMa, a Heabii
KJ1acc, COCTOAIMUA H3 MHOTHX MHJJIMApPAOB MHJIJIHApAOB aTOMOB.

Ho Bce-raku Bcerga tak He Gbuio! PasButue mMatepuu Gecko-
HEeUHO M B HIPOCTPAHCTBE U BO BPEMEHH.

To, uTo OKpy:KaeT Hac celluac, 3TO pe3y/abTaT Pa3BUTHs Ma-
Tepud U GopM ee cyuiecTBoBaHHSi. MBI elie He OuYeHb XOpOLO
BHAEM, KaK pasBUBaJach MaTepus faxke B To#l yactu Bcesennoil,
KoTopas goctynua Hamum npubGopam. Ho yuenbie TBepo yBepe-
Hbl, YTO HHUKAKOTO <«MEPBOHAUYAJBHOTO TOJNUKA» H «COTBOPEHHUS
MHpa» He MOTJIO GbITh.

Korpia-to o4eHb HaBHO, MOXeT ObITb, AECATKH MHJIHAPAOB
JieT Hasaj, BO3MOXHO, BMECTO Hallefi COJMHEUHOH CHUCTEeMBl, [a
# [anakTyky, cyldecTBOBaJ MeX3Be3IHHIl ra3 (B OCHOBHOM Bo-
jJopon). B crnyyafiHOM CKOIUVIEHHM MAacChl ra3a BO3HHKJH CHJib-
Hble TPaBUTaUMOHHBIe cHabl. Macca raza cXasace W cTaja pa-
CTH, MPUTArMBas cocexHue yactuiet. KomeuHo, He Tak GHICTPO,
KaK pacTeT CHeXHbIHl KOM, CKaTblBasCh ¢ TOPKH: MacuiTalbl Bpe-
MeHH 3f1&Ch — KocMuYeckue. I'pDaBUTAUHOHHBIE CHJIBI COBeplIafnxd
cBOI0O paboTy: ra3 HarpeBaJjcs A0 TEMIEPATYPHl B HECKOJbKO
MUWJIJHOHOB TpafycoB. JTo Obl1 He NpPOCTOH ras, a CKOIIeHHe
ObICTPEIX 3JIEKTPOHOB M NPOTOHOB. 3/ech yXe HIIH siAepHBEIE pe-
axKuuM, B KOTOPbIX 00pa3oBbIBajuch Gosee TsiKesable sigpa, Ha-
npuMep aapo reausd. Huratenab, KOHEUHO, JOTAABIBAETCS, UTO 3Ta
ropsidasi 3Be3jla MOXKeT fABJATbc (aGpuKOH Pas3IUYHBIX sifep.
Kak 3Te npoHCXOAHT M KakK H3 ras’oBOil 3Be3Ibl WM XOJOIHOTO
rasza o6pa3yieTcA OTBepJeBlLIME HJAHETH, 3TO TeMa MAJas Apyroil
kuurd, llepex Hamu npumep, MOKa3sblBAKOIMUE, UTO He <«BCeraa
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Tak OBLIO», M KOrja-to TaXesble siipa obpasoBajiuch U3 Oojiee
JIETKHX 3JIeMeHTapHBIX YaCTHL; 3JIEKTPOHOB, IPOTOHOB H HelTpo-
HOB.

Hy, a renepp Ha 3eMue Heyxesd snpa «Beunbl»? [la, na
Hallell IJaHete HOBble siipa o6pasyloTcs TOJMBKO JHIUL B KOC-
MHYECKHX Jyuyax, B JjabopaTopuax (H3MKOB, B ATOMHBIX 3JIeK-
TPOCTAaHUMAX WJ/IH NPU iAePHbIX B3phIBax. Ho 310 coBceMm He 3Ha-
YHT, YTO BCe SiZpa OJMHAKOBO YCTOHUMBHL.

B Taxennix figpax HeATPOHOB GoJbille, YeM MNPOTOHOB. B
9THX SAApPAaX OTTAJKHBAIOIIUE 3JIEKTPOCTATHYECKHE CHJIBI, JeHcT-
BYIOLUIHE TOJbKO MEXIY NPOTOHAMH, KOMIEGHCHPYIOTCS  YHCTO
sIIEPHBIMI — MeXJIy HeliTpoHamMH. B ocHOBHOM cocrosuuu sjpa
BCe YaCTHUBl AOJKHB ObITh Ha HHXKHHUX SHEpreTHYeCKHX YpOB-
Hax. Ho, xak MBI yXKe 3HaeM, Ha OJHOM YpoBHe, NOJYHHSNACH
TpUHIMITY ITaynn, Moxer GBITH TOJIBKO paBHOE YHCJIO TPOTOHOB
¥ HeATpoHOB. [lo3ToMy H30bITOYHbIE HEHTPOHBI MOJIKHBI HAXO-
IUThCcS Ha GoJiee BBHICOKHX YPOBHAX: HHXKHHE YKe 3aHsThl. ITO
006CTOATENBCTBO U NPUBOJUT K TOMY, YTO HauboJjlee TsKejble H3
CYIIECTBYIOIIMX siiep NeperpyKeHbl HeATpoHaMH ¢  GoOJbIIOH
sHeprueli. OHH MeHee YCTOHYHBBEI U CTpeMsTCs MyTeM PajHOaK-
THBHOTO paclaja nepefiTi B GoJiee yCTOHUHBEIE sApa.

KoHeuno, He Bce sifpa cpasy hpespartarcs B apyrue. Cpen-
Hee BpeMs JKHM3HH DAJHOAKTHBHBIX siiep MOXeT GbIThb OYeHb Sas-
JIMYHBIM — OT HECKOJIbKHX MHJIIHOHOB H JaXe MHUJIJIHapHOB JeT
no pgonell cekyHAbl. OOGLIYHO 3TOT MNpOLECC XapaKTepH3yeTcs
ApYrofi BeJIMYHHOH: NMEPHOJOM IoJypaciiafa. DTO BpeMs, 3a KO-
TOpOe pacrnajfaercsl NOJOBHHA BCeX pPaJHOAKTUBHBLIX fep.

Ouenb BaXHO MNOHATb, YTO DPaJHOAKTHBHOCTb COBEPIIEHHO
Cy4aliHblll NIpOHEecC. BbL1O GBI HelnpaBHJAbHO CPaBHHBATh Cpel-
Hee BpeMsl XH3HH PAfZMOAKTHBHOTO fpa CO CPEIHHM BpeMeHeM
JKM3HH, HalpHMep, YejoBeKa. BroJHe 3aKOHOMEepHO, YTO 4YeJo-
BeK YMHpPaeT He B IOHOWIECKOM, a B IIpecTapejoM BO3pacTe, T4K
KaK HM3HOIIEHHbIH OPraHMH3M CTAPOro YeslOBeKa CH/IbHee MOJBEp-
¥eH pasjHyYHBIM 3a00JIeBAHHUSAM.

Ho Hemb3s TrOBOPHTb 08 «H3HOCE» pPafHOAKTUBHBIX fAep.
DTH AApa «yMHPAIOT» HEe3aBHCHMO OT BHEIIHUX ©OGCTOSITE/bCTB.
3aKOHBl paJHOAKTHBHBIX IIPeBpAllleHHH TaKOBEl, YTO C OAHHAKO-
“BOH BEpOSITHOCTBbIO pAcNmazaioTcsl KaK «CcTapeiey AaBHO o6paso-
BaBIIMECH, TaK W «MOJIOAble» SApa, TOJNLKO YTO IIOJy4YeHHBEE B
‘AJepHOM Ipolecce.

TakuM 06pa3soM, «BeuHHIX» sifiep HeT He TOJNbKO B KOCMHUe-
c¢KoM npoctpaHerse. [laxe Ha Hamell nJjaHeTe NMPOUCXOAST ca-
MONpoOH3BoJbHbie NpeBpamiedds spep. Cefiyac yyeHBIM H3BECTHO
okosio 1300 pasnuunbix copToB afep (usortonos). kI3 HuX ycrok-
uuBbIX npumepHo 300, ocTajibHBIE ABJISIOTCH €CTECTBEHHLIMH HJIH
HCKYCCTBEHHBIMH PaZHOaKTHBHBIMH H30TONAMH.

ITepexon panuoakTHBHbIX fllep B GoJee ycToiyuBble O6GLIYHO
fIPOMCXOAUT He B QNHOM, a B LeJOH cepud pacnages. Ilpu stom

o7



f4pa H3Ay4arT Oera-yacTHUB (3JEKTPOHbl HJIH MO3HTPOHBI),
aabda-yacTHubl, pexke HEUTPOHB H JlaXKe MPOTOHBHI.

OTxkyna ke B sApe 3JeKTPOHbl WJIM TNO3UTPOHBI? Beab oHo
COCTOUT JIMHIb H3 MPOTOHOB ¥ HE{ITPOHOB, CBSA3aHHBIX MEXIy CO-
00#l CHIbHBIM B3aHMOJACHCTBHEM, T. €. ME3OHAMH.

Ons toro uto6bi OTBETHTL HA 3TOT BONPOC, BCMOMHHM, 4YTO
HefiTpOH HMeeT GoJ/blIyl® MacCy NOKOs, 4eM INPOTOH, U B CBO-
B6onHOM cocTOAHHH (T, €, B BaKyyMe) fBJAAETCA HEYCTOHYHBON
gacTHLef.

Cpensee BpeMs KHU3HH cBOOOAHOro HeliTpoHa okoso 17 muw.,
H OH IpeBpamlaeTrcs B NPOTOH, 3JeKTPOH M anTHHeliTpuno. Ho
BHYTPH #Apa HefATPOH YCTOHHMB, H pasjuuHe B Maccax [OKO#
C NPOTOHOM He urpaer ocoboft posu. Eciu sapo canmkoM nepe-
Ipy:XeHO HefiTpOHaMH, TO OHO HEYCTOHYHBO H OCBOOOXKIaercs OT
«JIMHEIHHX» HEeHTPOHOB HMEHHO IO ofiucaHHOH Bhime cxeme. [Ipo-
TOH OCTAeTCA B siApe, a IBe JerkHe YacTHLb: 3JIEKTPOH H aHTH-
HEHTPHHO «~ BLIJIETAIOT 3a ero npejedsl.

OcuosHyw0 sHepruilo> npu Oera-pacnafe 3abupasoT Jerkue ya-
CTHIBbI, H 5Ta 3HEPruf pacnpefejseTcsi MexAy 3JeKTPOHOM H
anTHHeldTpuHO, BrINoMHsSIOTCA TakXkKe 3aKOHB coxpaHeHusa Oapu-
OHHOTO H JIEIITQHHOrO 3apsAfoB. B Hauasme u B KOHIe mpouecca
GapuonHbIil 3apaA Obl1 paBeH |, a JeNTOHHBIN (3/7eKTPOHHBIH) —
Hymo. FIMeHHO Mo3TOMY 31ech o6pasyercsi aHTHHEHTPHHO C JeN-
TOHHBIM 3apsiioM paBHbiM —1. Jlerko nmousTh, NoYemy NpH TakKo-
rO poAa pacnafax HOBOe fADO HMeeT TO XKe MacCoBOe YHCIO, a
3apsf Ha ofHY efuHHIY GoJblue.

HckyceTBeHHAaf DafAHOAKTHBHOCTb SiAeD MOXKET BbI3bIBATHCA
Tak¥e H TeM, UTO 06pas3oBaHHOE B Kakoi-Iubo sAfepHOl peak-
LMK AAPO NEeperpy:keHo NpoToHaMH. 3Jech yXke NPOTOH NpeBpa-
1aeTcsl BHYTPH AApa B HeATDPOH: €ro 3HEPrus MOXKeT 0Ka3aTbCs
GoJiblile, ueM 3HEprusi HeHTPOHOB 3Toro fAnpa. B stoM cayuae
H3Jyyaercd MO3WTPOH M HelirpuHo. HoBoe sapo nmpH no3HTpOH-
HoM Gera-pacmale ymeHbliaeT CBOft 3apsff Ha eLHHHLY.

Mbl yiKe TOBOPU.IH, YTO f4po renus (anabda-yactuua) npen-
craBaseT coboit ocob6o npouHoe obpasoeanue. IlosTomy mpu
paZMoaKTHBHOM pacrnajle MOKeT NPOH30iiTH cBoeoOpas3Hoe JAenes
HHME #Apa Ha ABa, OAHHM M3 KOTODBIX sIBJSIeTCH aJbda-uactHua.
O6biyHo TpH 3TOM He MOJIydyaeTcsl cpasy ycTOHUHBOe SApPO, H
BHOBb 06pazoBaHHOe sAPO HCHBITHIBAET elle HeCKOJMbKo Bera- u
anbda-pacnajoB, NOKa He cTaHeT ycToiuusbiM. Tak, Topuii, u3-
Jyuyasi 3JeKTPOH, NpeBpainaercss B NMPOTAKTHHHH, a NPOTAKTHHHI
B ypaH.

[Mours BCcerna npu pajiMOAaKTHBHOM pacnaje HOBOe SAPO NO-
Jgyyaercst B BO3OYX/JAEHHOM COCTOSIHHH M NEPeXONHT B HOpMaJb-
HO€, «BLICBEUHBASICb» FAMMa-KBAaHTOM; 3IJEKTPOMATHUTHBIM H3/1Y~
YeHHEM C KOPOTKOIl ANHUHOH BOJHbL.

HefiTponHass paaloakTHBHOCTb OOBIYHO NOAYyuYaeTcst ADPH Je-
Jgenuy TAXKeMIX anep. QCKOJKH [eneHHs — ITO fApa, BecbMa
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CHJIbHO NeperpymxenHble HefiTpoHaMmu..Onu ux ¥ uanyuaiwot. Ilpu
3TOM M3MeHsieTcsl TOJbKO Macca siep, a HX 3apsafl OCTaercs
npe:xkHuM. Ecan «npurotonsieHHoe» B pe3y/abTaTe fJePHOA peak-
IHH SAPO CHJbHO MEePErpy:KeHo NPOTOHAMH, TO OHO MOXeT o6sa-
KaTb NPOTOHHOH paHOAKTHBHOCTbIO. I1pH HeHTPOHHOH HaHM Npo-
TOHHOH aKTUBHOCTH fApa 06/afaloT OOLIYHO OYEHb MaJbiM Bpe-
MeHeM Ku3HH. [losTOMY cpems ecTeCTBeHHbIX PafAMOAKTHBHBIX
AAep TaKHX H3/NyuyeHHH He ObiBaerT.

Hak MOMXHO <«BUAETH»
MUKpOMUP ?

Cefiuac ¢u3ukH 006/1aJaIOT HACTOJbLKO COBEpLIEHHOIT
TEXHHKOH, YTO He IpefcTaBJjseT oco60ro TpyAa 3acTaBHTb Ka-
Kyl0-1u00 YacTHIy NPOHHKHYTb B aTOMHOE SIAPO U NPOHU3BECTH
TAM OFpOMHble paspyllieHus. DTy paboTy OHM IPOH3BOJAT Ha
THFaHTCKHX YCKODHTeJsX, TAe 3apsiKeHHble YacTHUB! MOJAYYaloF
SHEPTruI0 B HECKOJbKO AEeCATKOB MMWJIJHApAOB  3J1€KTPOH-BOJbT.

Enunersennaa 3amura sapa ot OomOGapaupylomux 3aps-
JKEHHBIX YacTHI — 9TO 3JIeKTPOCTATHYECKHE CHJBI OTTaJKHBa-
Huf: NOTeHLHMaJbHbI Gapbep, okpyxawowui appo. Joaroe Bpe-
ma 9TOT OGapwep Obl1 HenpoHHnaeM. Korma Pesepdopa oxodo
nOJIyBeKa Hasal MNpPOH3BeJ INepBYI0 AACPHYIO peaklHio, B €ro
pacnopsikKeHHd OblIM TOJILKO aJsib(a-yacCTHLH, H3/JyYaeMble ecTe-
CTBEHHbIMH DAaJHOAKTHBHBIMM Npenapatamu. Slapa renus, npsamo
Haj0 CKasaTb, He OYeHb NOAXOJflHe GoMOapAUpYyIOILlHe HACTH-
un. Mx sapsan pasen AByM efMHHLAM, H AJA HHX SJ€KTPOCTaTH-
uyeckas OpoHsi sagep ellle GoJiee BHYILIATE/JbHA, YeM, HaOpHMeEp,
Jas nporoHos. Bee xe B 1919 rony Pesepdopay ymanoch npous-
BECTH NepBYI0 HCKYCCTBeHHYIO sifiepHyio peakuuto. [Ipu 6Gom6ap-
JHMPOBKEe flep a3oTa OH NOAYYHJI AAPA KHCAOpPOAA W ObICTpHI
IPOTOH.

Ceilyac, Korga CHAMIIL B H3MEPHTENbHOH KOMHATE siepHOf
nabopaTopuH, TO CJABILIHIIL «MY3bIKYy» LIEJYKOB MeXaHHUYeCKOro
CYETYHKA, BUAHIIL MeJbKAaHHE HEOHOBHIX JIAMNOUYEK W «JIec» 3e-
JIeHbIX NHK HA 3KpaHe ocuuajorpada.

HeuckylmenHoMy nHOceTHTesI0 He cpa3y NpHIET Ha YM, 4TO
KaxAblH 3eJeHbll OHK WM MHraHde JIamMIOYKH — 3TO saepHas
kKatactpoda. Hy, a mesaukn MexaHHYecKoro cYeTYHKa CJBIILIATCS
3HAYUTENBHO pexe: NepecyeTHOe YCTpoHcTBO ofJieryaer ero pa-
6oty. O6bIuHO NMPOM3OHAYT TONBKO 64 sAlepHble peakUuH, a Ox
lleJKHeT OAMH pas. Ho pasBe Bce sepHble npeBpallleHHs peru-
cTpupyoT atu npubophl? Koneuno, Her! «[1as» ¢u3uka (raso-
BHIH CYeTYHK, Kamepa MAH Apyroii npubop) 3aHumaeT OOBIYHO
HeGO/IBIIYIO YaCcThb NMPOCTPAHCTBA, OKpYyiKaiollee BeILeCTBO, Of-
Kyla BO BCe CTOPOHbI JIETHT NPOAYKTHI peaKuri — gacTuin, Ho
@u3uK BCce yuHTbIBACT: M pacupejeicihe #ACPHDIX  YaCTil &
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TIPOCTPAHCTBE, H HECNOCOOHOCTb npHOOpa perHcTPHPOBaTh Bee
PeaKLKH, H BOCCO3RAET NOHAHYI0 KapTHHY, OH «BHAHT», KaK Mpo-
HCXOLHUT AflepHas peaKHus.

ENie HeMHOro, ¥ KaxeTcs, 4TO Iepef I/1a3aMH YYEHOTO BO3-
HHKHET Takas HarJsjHas kaptuHa, Ha sppo serur GomGapau-
pymoIlaa YacTULa, AAPO HAUHNHAET «KHMETb», H H3 HEro BhHIIETAloT
flepHEle YACTHIB], MX TPYANbl ¥ Jaxe LEAOe AAPO MEHBUIEro
pasMepa.

Ho pasym nozxckasbiBaer, YTO 3TOro H306pa’keHHst Mbl HHUKO-
ria He yBuaum. Harasanylo Molenb MOXKHO, KOHEYHO, NOCTpPO-
HTb, HO HAaM OHa He TOJIbKO He MNOMOXKeET, a JaXke 3alyTaer.
Toabko yM, He ra3 u HHKako#i Apyrofi opra® 4yBcTB, crocobeH
NOHATL M BOCCO3[ATb MNOJHYI0O KapTHHY fiIEPHOA KaTacTpoghl.
A Besmp rmaBa osarsiaBieHa: «Kak MOXHO «BuZeTb»..» Ho ka-
BBIYKH MOCTaBJ/eHbl He 3pA. Halo moHATH, YTO Takoe BHAETH.

Bor nepea #amu raofyc — Molesb 3eMHOro ilapa, B TE€MHO-
Te Mbl €ro He BHAMM, He 3aMeuyaeM KDacOK # JHHHH, OTMedalo-
1UX MODS, KOHTHHEHTHl H rophl. Hamo HanmpaBHTb Ha Hero Jy4
©BeTa, MU/LAHApAbl MHJLIMAPAOB 3/JeMEHTapHbIX YacTHU — ¢oTo-
Hos — 6ombapaupyoT raobyc. kx norsoienuse, orpakeHne H
paccesHue clenaioT raofyc BuanmbeiM. Ho Msl Xopouwto 3Haew,
4TO 3TO TOT XKe rJjo0yc, KoTophii Obl1 HeBHAHM B TemHoTe. Ilor-
JOLligHHHE (DOTOHB! ¢JerKka HarpeloT ero NoBepXHOCTb, HO HHKa-
KHX pa3pyLIeHufi He npou3BelyT. [laxke B NOJHOH TeMHOTE MOX-
HO OLUy#bI0 pa3/nuarb OoJbliHe nmpelmeThl. Tak, cjaenodl He Mo-
KET CYAHTb O Kpackax rjofyca, HO OIlydaTb €ro PyKaMH HJH
JlaXke MaJKo#l M CKa3aTb, YTO OH Kpyrani#, moxeT. Ilpasaa, npu
3TOM OH fIpou3BelleT OGOJiblIMe «pa3pylleHHs», Y4eM MY4YOK CBera,
ocTaBuB Ha rJjolyce OTNeYaTKH CBOMX MNAJbLEB HJIH BMATHHbI
or nanxd. Ho Bce ke OH NOYTH «BHAUT» OOJbILIOH NpedMer.

Tax MoKHO BHAETH MAKPOMHpP: MHD COH3MEPHUMBIX C HaMH
Tes. Ho B Mukpomupe Bce OyAer uHauel

Jeno coBceM He B TOM, YTO HAIUM FJia3a He CNocoGHbI BH-
JeTb O4YeHb MaJjble YacTHIblL. Jid 3TOro Mbl Hayuujuch JenaTh
pasauunble npubopsl, HanpuMep Muxkpockonnl. I1paBaa, oGbIUHbIf
MHKPOCKON He MOXeT pa3/uyaTh Tesa pa3MepoM MeHblue IJH-
1Bl BOJIHBI cBeTa (mopsjaka 1 mukpona). Ho sto He Takas Goiib-
uwiag 6ella:; HYXKHO NPHMEHAITb OYeHb KOPOTKHE BOJIHBI, MBl HX He
BBIOMM, HO MOxKeM dororpaduposaTh yBeduueHHOe H300pa’KeHHe.
DNeKTPOHBl TakK XKe, KaK U GOTOHBI,~— 5TO H YaCTHLBI H BOJIHbI.
IloaToMy yueHble H3rOTOBH/IH 3JEKTPOHHbIE MHKDOCKOMNBI, rie
pasauyalor aeraau pasmepom yxe 0,01 muxpona (10-% cm).
MOoXXHO BUZETh Menbyaiillye 2KUBbIE CYLIeCTBa ~— BUPYCHI H 60Jb-
e MOJIEKYJbl OPraHWYECKHX BelllecTB. 3Jechb Kak OyATO Ol
HeT OCOOBIX IpaHull. DJeKTPOHB MOXHO YCKOPATb HO OOJbLIHX

- h .

CKOpoCTefi, Toraa U AJHHA BOJHBl A =— OYAET OYeHb KOPOTKOIL,
mo

¥ Mbl cmoxeM dotorpaduposate u atoMm (10-8 cm), a sarem u

60



fiapa H daekTpoHsl (10-12—10-13 cm), u TamHCTBEHHBIHi MHKpO-
MHp 6yner 3aduKCHPOBaH Ha ¢oTorpaduu H Aaxe B KHHOGHIIb
Me. Moxer GbITb, Mbl NoJdyuuM (ororpaduio, MOXoXKyl Ha Kaps
THHKH aTOMOB Ha pa3/HYHBIX BBICTABKaX H OO6JOXKAaX KHHI}
KDPYXKOUYeK, BOKPYr KOTOpOro IO SJJHICAM B PasHbIX HampasJjes
HHUAX OBUXKYTCA JEKTPOHBI?

Her! KoneuHo, yuTaTe]b NOHHMAaeT, YTO TAaKOl KapTHHR He
Gyzer: Belb y 3/7eKTPoHOB HeT op6ut. Ho uto-uubyas ¢ororpad
nosayuut? Jla, koneuso! Ho 3To He OyAer ToT mepBOHaYasbHbLIA
06beKT, npeAaHasHayeHHbIH 151 cbeMKH. OH Gyler 3HAYHTENBHO
H3MeHEH TeM «CBeTOM», KOTOPBIM MBI OCBETHM HAIly MHKpOYa+
CTHLY. -

Jaxe npH cbeMKe TakHX OOBbeKTOB, KaK BUPYCHI, Ha 3JeKe
TPOHHOM MHKPOCKOIe MBI NOJIyYaeM HCKaxKeHHoe u3obpaxenue.
O6pluHo BHPYC YMHpPAeT IpPH <OCBeUIeHHH» IOTOKOM OBICTPHIX
5JEKTPOHOB, @ Bellb OH COCTOHT M3 MHJIJIHOHOB MoJeKyJa. Uro xe
roBOpuTh 06 u306paxKeHHH aToMa HJH siapa? DPH3HKH YMeloT
CO3ZaBaTh INOTOKH 3apsiXeHHBIX YacTHI C NOAXoLfAlueH IAJHHOH
BoaHbl, Ho 3TM yacTHIUBl HecyT OrpOMHYIO SHepPrHi0 H IIpOH3Be-
AyT GojibliHe pa3pylleHHs B «OCBellaeMOH» KapTuHe, OHA MOJY-
YHTCH HCKaXXeHHOH.

IIpumepHo Tax HeyMmenanlli ¢ororpad, ocaemasissi CHABHBIM
CBETOM YeJOBeKa, KOTOPOro CHHMaer, NOTOM YAMBJASeTCA, 4TO
Ha ¢OTOCHHMKe NOJYyYaeTcs HCKaXXeHHoe Julo. Bripouem, Hab-
JIOBATe/NbHHH XyMOXKHHK, 3HAWOMWHH, KaK HCKaXaeTcs JULO HPH
OCBElLIeHHH, MOXKET BOCIPOH3BECTH HOPMAJbHBIH NMOPTpET.

®dusuky 310 cAesnaTb Aaxe Jerye, Tak Kak OH MOXeT MO
npubopaM y3HaTb, KAKOTO POAA H HACKOJBKO BENHKO OLLTO UCKa-
JKeHHe B «¢ortorpatduu» MHKpouacTuupl. «®ororpaduss — no-
HATHe 3fech ycjoBHoe. Hukakux gororpaduit agxep Pesepdopa
He moJyyaJn, xorga o6cTpenuBaa ux adabda-uactuuamu. Ho aa-
Meuas, KyAa nomajaloT paccesHHble 60MOapAHpPYIOIHE YaCTHIH,
OH JOBOJBHO TOYHO HAPHCOBAJ <«IOPTPET» sApa, YyKa3aB He
TOJILKO ero pa3Mepbi, HO H Maccy H 3apsj, T. e. TO, 4T0 Ha do-
torpaduH He BUAHO.

Co6cTBeHHO TOBOpPS, HHKAKHX OCOOBIX  YJbLTPACOBPEMEHHBIX
9JIeKTPOHHBIX MHUKDOCKONOB AJfl «PaCCMOTPEHHSI» SsLAep H 3Jle-
MEHTapHHX YacTHL CTPOUTb He Hapno. [IpuGopbl Takoro tuma y
(PM3MKOB yKe ecTb: 3TO YCKOPHTENH 3apsKeHHBIX YacTul. Yem
GoJibllie CKOPOCTb HJIM KHHeTHYecKas dHeprufi 6omMOapaupyrounx
YacTull, TeM Kopoye AJiHA BOJHH Je bpoiinga, H 6Gosiee Menkue
HAaCTHLBI MOXHO «YBHJETb».

Heittpount ¢ sneprueit 0,025 #38 (renmsosble) MOaydYaloT B
SIIEeDHOM peakrTope, I'e HAeT IeNHO!H Npolece AeNeHHA TiXeaAbiX
anep. [ToTok TennoBbIX HEeHTPOHOB H3 peakTopa HANPABJAIOT Ha
n3yyaeMblft kpucransa, JlauHa BOJH, COMYTCTBYIOIAA STHM
‘HefiTponaM, A = 10—% cm, u OHM «OCBeTAT» aTOMBl KpPHCTaJsa.
‘WlonyueHHass AnpakUHOHHAA KapTHHA AACT CBel€HHA O CTpoe-

61



HUH KPHCTAJIMYeCKOfl peumeTKd, T. €. paccKaxeT O pacHoJoxe-
HHH aTOMOB BHYTPH KpHCTaJJa.

HeliTpoHBl YCKODPATb He/b3si: OHH He HUMEIOT 9JEeKTRHYECKOro
sapaga. [lostoMy Korja Hajo «paccMOTpeTb» fAPO 4TOMa, TO
vao6Hee MOJNb30BATLC YCKODHTeAsiMH. BeXn pasmep salpa OKO-
do 10-'2 ¢cm, u, eciu MBI XOTHM MOJYYUTb BOJHY ¢ NOAOGHOIX
IJHHOH, TO NPUAETCH YCKOPATb IIPOTOH HO SHEPrHW MNOPsAJKa
1 m3e (10° 3g). Usyuas paccesiHHe STHX MPOTOHOB H@ ATOMHBIX
s7Ipax, Mbl CMOXeM MHOI'C CKasaTb O caMHXx szapax (ux sapgsze,
Macce, CIHHe ¥ 3HepreTHYeCKHX ypoBHsx). IIpu GomGapanponke
JerKHX sijlep TAKHMH NPOTOHAMH MOXKHO MPOM3BECTH flepHble
peakuun. Jlas rtoro, uToGbl NPOH3BECTH paspylUeHHs Goneé Ts-
JKeJBX sillep, NPHXOXUTCH MCIOAb30BaTh Oo0Jjiee MOILHBIE YCKO-
puTesy.

Yewm Goabiie sHeprus 6omGapAHpYIOUIHX YACTHL, TeM B Oosee
COKpOBeHHble YYacTKH MHKPOMHpa Mbl Berynaem. Ilpu Goabmux
SHEpruaX YacCTHL Mbl BHeJpsieMCs ykKe B CTPYKTYPY 3JeMeHTap-
Hbix wacTun. OZHM yacTHUb! NpeBpamaioTca B Apyrue. OTKphI-
BaeM MHP HOBBHIX, CTPAHHBIX YaCTHI: THIIEPOHOB H pPas/IHUHBIX
Mme30HOB. O6/1aK0 Me30HOB, OKpYXKamwllee HYKJIOH, paspyllaercs,
M OTTyJa BHIJIETAIOT YXe He BUPTYaJbHble, 2 CPaBHHTENbHO AOJ-
ro XHUBYyUIHe Me30Hbk [1pU CTOJNKHOBEHHSX HYKJIOHOB ¢ GOJbLIOI
3HEepruefl POXKAAIOTCS HOBble Mapbl: HYKJOH H aHTHHYKJIOH.

Ho ¢dusuxu unyr panbwe. HyXHO OpOHHKHYTH euie ray6xe:
V3HaTb, KaK YCTPOEHbI 3JeMeHTapHble 4acTHUbl. [lis 3Toro Hyx-
Hbl GoJlee CHJBbHBIE «MHKDOCKONBI»: MOLIHBIE YCKOpPUTENH 3apsi-
JKEHHBbIX YacTHII. YxXe uepe3 roi 6yzer paGotath B €eprnyxose
nos MoCKBOA ycKOpHTeab Ha 70 MH/IIMApAOB 3JMEKTROH-BOMBT.
HccaenyoTcsi HOBble MeTOIbl YCKOPeHHs. [OTOBATCA TIPOEKTHI
LISl CBepXTUraHTCKuX yckopurtenefi Ha 1000 mMuajguapioB 3Jex-
TPOH-BOJIbT.

Yro mbl ysHaeM? Moxer OblTh, Mbl HalleM HeyJOBHMble
KBapKH, a BO3MOXHO, HX BooOmie HeT. Bo BcAKOM cayuae Mbl
«YBHIHM» MHOr0 HOBOFO ‘U IIPEKPAaCHOrO B 3TOM CJIOXHOM MHK-
pomupe. Ho HHKoria aToT MHp He CTaHeT NOXOXHM Ha 3HaKO-
MBIt HaM MHD 60JIbIIHX TeJ — MaKPOMHP.

% * *

Iepexn Hamu npomes kKaJeAJockon 4YyAecHbX ABJeHH#t. Ho B
STHX <«uylecax» HET HHUEro CBepXbecTecTBeHHOTro. Met 06bsic-
HSiIeM 3TH fIBJEeHWS W Y3HAeM O 3aKOHAaX, KOTOpble MMH ynpas-
asor. Y1 sTo Bcensier HaM Bepy, HO He B MHQMUeCKOe Bhiculee
CVIIECTBO, @ B BeJHYHe 4eJOBEYeCKOrO _pasyMmMa, [Oo3HaloLero
oueHb CJAOXKHBIA MHpP. Hurie mbl He Hamin HHYero Taxoro, 4ro-
6ul TOBOpWJIO O cyulecTBoBanuu Gora. Huuero — xpome 6ecko-
HEUHOH MaTepud W Pa3/JHYHbIX (QOpPM ee CYIIecTBOBaiii
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DOPOTHE INPY3bil!

Orkpuita nopnucka Ha 1968 roa Ha xypuan «Hayka u penurusiy — na-
VUHO-NIONYJIAPHLIA aTEHCTHYECKHH eXeMeCAYHb HAJNIOCTPHPOBAHHBIA KYpHaA
Bcecorosnoro obuiecTsa «3HaHues.

- 1968 rop Gyzer ZzecsTHIM TOJIOM CYUIECTBOBAaWHA XKYpHala. 32 STO Bpe-
Mfl OH CTa] APYroM H COBETUHKOM MHOTHX ReCATKOB THICAY yuTaTesefl.

B GyaymeM ropy XypHan pacckayer O HOBEHLIMX HAYYHBIX OTKPHITHAX,
YTBEPXK AAIOLIHX MaTepHaJHCTHIECKOe MHPOBO33peHHe, 0 HAYUYHOM OGBACHEHHH
TaflH 4eJOBeUeCKON NCHXHKH, O TOM, KaK JIOQH, HCCAEAYys MHp, NMPeoloJeBalOT
safayxjaeHus W CyeBepHf, HOCTaBLIHeCs HAaM B HAcJAeACTBO OT OaJICKOro
npowsoro. ByAyT neuaTtaTbCsl €TaThH, KODPECNOHAEHUUH, OYepPKH o OhiTe, Hpa-
BaX, OObIYasix M BepOBAaHHAX HaApOJAOB 3€eMHOr0 Ilapa, O 3arajQ4HbiX sBJe-
HHUAX NPUPOABI H O MHOTOM ApPYrOM.

JKypHan npojosXMT pa3roBOp MO BOMPOCAM HPABCTBEHHOCTH, O TOM, HeM
JKHB ueJloBeK, O ero AYXOBHOM Mupe, 0 Ao6pe H 3Je, O Bepe H HEBeDHH, O
DPeKPAaCHOM B MCKYCCTBE H B JKH3HH, O Tpaiuuusx, obpsnax, oGbuass.

HNcuxonorn, coumosord, NyGIMHMECTH DACCKaXKYT O COLHOJONHYECKHX HC-
CRefOBAHUAX DPEJHTHO3HOCTH, ee NPHUHHAX, MYTAX OTX0Ja JIOAe#l OT peaHTHH.

Hameuaercs npoposxkuTs nyGiHKauuu crareil nox py6pukamu «Uto ue-
JB0BeK MOXKeT?», «Jlerenant u dakthi»y, «Haenune ¢ coGoits, «HoBoe B Mupe
npesHocTeits, «Cnopel ¥ pasMblulienus», «llepkosb u mup», «[lo Bekam
cTpaHaMs, «BHT ¥ Hpasnl Hapoxos», «Co Bcero cBera», «PacckasniBaior,
a10...», «Pa3Hble Pa3HOCTHY...

Yike pBa roga B XKypHale BefleTcs pasfiel AJs LIKOAbHHKOB — «CTpa-
BHYKH IOHBIX»>. B HeM OyRyT ny6auKoBaTbCA MaTepHaJbl 110 aTEHCTHYECKOMY
BOCNHTAHHIO JeTeli U MOJIOLEKH.

Hocrosunmii paspen xkypHaua — «llIkona arteucras. 3nech pacckassl-
Baercsi o0 onbiTe JYYIIHX [IPONAraHjiHCTOB, AAIOTCH METOAHYECKHe COBETHI,
@yGIHKYIOTCA OTBETH Ha BOMPOCH YHTaTesell.

B kaxpnoM Homepe Bhl HafileTe HOBHII paccKasz d€JH TOBeCTh, CTAaTbu N0
®CKYCCTBY, DELl€H3HH Ha HOBHIEe TeaTpalibHble CMEKTAKAH, KHHOPHJAbMBI, KHUrH.

JXypran «Hayka M peiaurnfi», nponaraHAupylOU{HA HayyHOe MUPOBO33pe-
HHEe, HHTEDeCeH CaMbiM LIHDOKHM KPyraM uHTaTesNed H mponaraHiHCTaM aTeHs-
Ma, OH HeoOXOZHMM KaxKI0# TOPOACKOM, CeNbCKOH, Npo¢dCO03HOH, MKOJIBHON
6n6auoTeKe, YHTaNbHE, KPACHOMY YTrOJKY.

fonnucky Ha >XypHal NpHHUMAWT Ge3 BCAKAX OFpaHHYeHHi obllecTBeH-
Hble PacnpoCTpaHUTeNH MedyaTH, OTAean H areHTcTBa «Colo3neuarus, oraene-
HHS CBf3M BO BCeX ropopax, pafioHax, cenax cTpaHbl, CTOWMOCTE ROAMHCKH
aa rog — 3 py6. 60 kon., Ha noaroga ~1 py6. 80 kom.
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