AHTOHOB. 3dup. Pycckasa Teopusi.

1. dcpmp

[Ipemioxkena s¢upHas MOJENb MHpPA, COTJIACHO KOTOPOW EIWHCTBEHHBIM BEIIECTBOM
Bcenennoii sBisiercst a¢up; meMeHTapHast 4acTuia 3pupa — UACaTbHBIN MIAPUK. DJIEKTPOHBI U
aTOMBI MIPEJCTABISIOT cO00# MUKpo3aBuxpeHust d¢upa. [IpuBeaeHsr mpuMephl TOTIOJIOTHH aTOMOB.

OTBeprayTbl (U3NYECKOE MPUTSHKCHWE W OJIEKTPHUECKUE 3apsjibl; 3aKOH BCEMHPHOTO
TATOTEHHSI 3aAMEHEH 3aKOHAMH KOCMUYECKHUX 3(PUPHBIX 3aBUXPEHUH; AEKTPO(U3NKa MTPEICTaBICHA
B BH/JIE THEBMATHKH 3JIEKTPOHHOTO rasa.

Brnagumup MuxaitnoBua AHTOHOB, 1999 T.

1.1. Acbup

Haunéwm ¢ Toro, 4TO YyTOYHMM MpEeAMET Pa3roBopa: peub MOKHAET O cpene, B KOTOPO IIaBaroT
TUTAHETHl U 3BE3[IBI, TO €CTh O TOM, YeM 3aIl0JIHEHO 0E3BO3YINTHOE KOCMHYECKOE MPOCTPAHCTBO U
BoOOmIe BCE MpOCTpaHCTBO. EciM MBI C MOMOIIBIO BaKyyM-KOMIIpECCOpa OTCOCAIM BO3IYX W3
3aKpBITOW E€MKOCTH, TO 3TO HE 3HAYWT, YTO TaM 00Opa3oBaiach aOCONIOTHAs IyCTOTa — EMKOCTb
OKaKeTCS HAITOJTHCHHOUW 3(UpOM, IPUIEM HENb3s TOBOPHUTH, YTO OH TYJIa MOTIAT BO BpEMs OTKAYKH
BO3/[yXa — OH TaM OB BCEr/ia, TOJIHKO KOMITPECCOP yIAMII U3 HErO aTOMBI M MOJICKYJBI, TO €CTh
ouucTHi ero. Tak ppIOaky, BHUIABIUBAS CETSIMH PBIOY, MOKHO CKa3aTh, «OUHUINAIOT» OT HEE BOJY;
IIPH ATOM BOJIa CBOOOHO YXOJHT CKBO3b CETH: UX SIUCHKH CIUIIIKOM KPYITHBI, 9YTOOBI 3aJIeP>KUBATh
eé.

Emé Oonee Tekyuelt, maxxe cBepXTeKydeu, cpemoi siBisercs ddup. [loka demoBeuecTBo HE
pacrioiiaraeT CpeiCcTBaMH MPSMOH ero perucrpanmu. Bomy, nake HEBHIMMYIO, NMPO3PAYHYIO, MBI
oOHapyXHBaeM IO €€ CONPOTUBIICHUIO JAJOHW WM BECIy; BO3AYyX IOYTH HE OIIYIIACTCS HH
JaJIOHBI0, HU, TeM 0OoJiee, BECIIOM, HO JIMIIOM MBI MOXKEM MOYYBCTBOBAThH JaXKE CaMbIe JIETKUE €To
IYHOBEHUs; dQUp HE oIIymiaeTcs HAMH HHUKAaK, & €CIM W ONIYIIAeTCs KaK TPEJABECTHE CMEHBI
MoroJiel, To He 0co3Haércs. Ero cymiecTBoBaHUE MOATBEPIKIACTCS UCKIIOUUTEIBHO KOCBEHHO, HO
JOCTaTOYHO YOCIUTEIBHO.

Dehup aensiemcs moil cpedoil, KOMopas HeCEM «ANEKMPOMASHUMHbBLEY BOJIHbL, U 8 MOM YUCTe
— ceem . He Oynb 3TOM cpenpl, He ObUTO ObI M BOJH. Kpyru oT OpOIIEHHOrO KaMHS BO3HUKAIOT
TOJIBKO TOT/Ia, KOTJ]a KAMEHb I1aJ]aeT B BOY: HE ObUIO OBl BOJIBI — HE ObLIO ObI M KPYrOB; 3BYK MBI
CIIBIIIUM TOJIBKO TOTOMY, YTO BO3JyX HECET €ro BOJIHBI: B OE3BO3IYIIHOM IPOCTPAHCTBE —
aOcouroTHas THIIMHA. Tak e M CO CBETOM: €CJIM OH PacIpOCTPaHAETCs, — a 3TO OYEBHJIHO, TO, 03
COMHEHWSI, €CTh €r0 CpeJia; 3TOH cpeloi sBiseTcs 3hup.

CBeT, Kak CBHJIETEIb CyIICCTBOBAHUS d(upa, ONpPEICIsIeT U ero rpaHuilbl. BuauMeie HaMu
3BE3/IbI HAXOMSTCS, OYCBHIHO, B OJTHOM C HaMHU HENPEPHIBHOM 3(QUPHOM IMPOCTPAHCTBE; ITO —
Hame DdupHoe OOnako WM JPyrUMU clioBaMd — Buaumoe mpocTtpancTBo BceenenHoii; 3a
npenenamu 3toro OOmaka — abcoilOTHasg MyCTOTa, U cBeT TaMm He Tynser. CleoBaTenbHO,
Bcenennas npedcmasnsem coboti abconmomuyro nycmomy, 6 KOMOPOU HAXOOAMCA IPupHvle
obnaxa, u 00HO u3 HUx — Hawe . Pazmepsl BuauMoro mpoctpaHCTBa OTPOMHBI M HE TMOJIAIOTCS
O0OBIYHOMY TPEACTABICHHUIO: CBET, PACTIPOCTPAHSIOMIMICA 0 3UPY CO CKOPOCTHIO TPUCTA ThICAY
KUJIOMETPOB B CEKYHJy, MEpeceKkaeT TOJbKO OJHY Hamly ['amakTHKy 3a CTO ThICSY JIET, a BCEro
M3BECTHO OKOJIO MUJUIMAP/IA TaaKTHUK.

Ob6nako Tekyuyero »>Qupa CBOMM IMOBEACHHEM HANMOMHHAET OOBIYHOE OOJAKO B >KapKUH
JMETHUI JIeHb: OHO TaKXXe MOCTOSHHO BUIOM3MEHSET CBOIO (OpMY: MECTaMU CHKHMAETCs, TIe-TO
pacmupsieTcsi, 00pa3yeT CnupaibHbIe U JAUCKOOOpa3HbIe 3aBUXpeHHs. VX pa3nuune — TOJIBKO B
HECOTIOCTABUMBIX pa3Mepax U CKOPOCTSIX TpaHchopmalmii: 3a BpeMsi OJHON YeJIOBEUECKOM KU3HU
ynaércst HabIrIoJaTh HE TaK YK U MHOTO CYIIECTBEHHBIX U3MEHEHUI BUauMoro mpocTpancTBa, XoTs
OJIHOTO TOJIa JIOCTATOYHO JUIsi TOTO, YTOOBI OTMETHUTH TOJHBIM OOOpPOT HalIeW TMIAaHEThl 3eMIist
Bokpyr CounHua.



HaOmtoieHust TOJBKO 3a TOBEIECHUEM POJHOW IUIAHETHI U 3a €€ COCeIsIMHU YOCKIAIOT Hac
TaKkKe B CyIIeCTBOBaHMU 3¢pupa. Huuem npyrum, KpoMe Kak HaIMuueM 3Qupa, Hellb3st OOBSICHUTh
nuckooOpasHocTh COJHEYHON CHCTEMBI: BCe €€ TIUIaHeThl W MX CIIYTHHKH PAacIoJIOKEHBI
IIPAKTUYECKU B OJIHOM IJIOCKOCTH; TaK MOKET 3aKPY4UMBATHCS TOJBKO CIUIOLIHAS TE€Kydas cpena, U
IUTAHETHl CO CIYTHHKaMM BeOyT ceOsi B HEll Kak 3aXBayeHHbIE €10 MHOpOoJHbIE Tena. Ecnu emé
IIPUHATH K CBEJCHUIO, YTO BCE 3TH IUIAHETHI JBMKYTCS B OJHOM HAIPABJIEHUU, TO CYILIECTBOBAHUE
adupa, 3aKpy4eHHOTO B BHJE AMCKOOOPAa3HOTO 3aBUXPEHHS, KaXKETCS OYEBHIHBIM. Bcrpeunoe
JBIKEHUE KOMETHI ["ayutest He orpoBepraer, a, Hao00pOT, MOATBEPIKAAET HAIl BBIBOJ: BCTPEUHBIC U
MONEpEYHbIE JIBUJKEHUS B KOCMOCE B IPUHLIMIIE BO3MOXKHBI, U TaKO€ MOKET BO3HUKHYTH IPHU
CIIydalfHbIX BCTpeYax KOCMUYECKHX TeJl; HO MOCTOSIHHBbIE <oKUTenn» COJIHEYHOM CUCTEMbl — €€
abOpUTEHBI, XOPOIIO HAaM M3BECTHHIC TUIAHETHl — IUIBITh HABCTPEUY MOTOKY d(HUpa WIH MOTEpEK
HEro He MOTYT.

Ecnu HEBO3MOXKHO HE MNpH3HATh cyliecTBoBaHHE 3¢dupa (a 00 3TOM TrOBOPSAT MHOTHE U
MHOTHE JApYyrue MOATBEPXKICHMSI), TO U3 €ro IMOBEACHUs HaIpalllBalOTCS €ro CBOMCTBA: 2¢hup
npeocmasisiem CcoOOU NPO3PAUHYIO, MATOUHEPYUOHHYIO, HE UMEIOWYI0 HUKAKOU 8iA3KOCMU
HcuoKkocmv u3 eecbma moukou mamepuu . E€ npo3pauHocTh nenaeT 3pup HEBUAUMBIM (BO31yX
TO’KE€ HEBUJMUM); MAJIOMHEPLIUOHHOCTh HE IMO3BOJIIET OIIYTHTh €€ JTUHAMHYECKOE COMpPOTHBIICHHUE
(TOT ’X€ BO3QyX BECIOM HE OIIYTHTH); OTCYTCTBHE BS3KOCTH JejaeT e€ CBepXTeKydyeill, a B
COBOKYIHOCTH C TOHKOCTBIO MAaT€pUU — BCENPOHUKAIOIICH; TaKyl KHAKOCTh MOXHO Ha3BaTh
uaeanbHoi. OHa MpOSBIsAETCS TOJBKO B JIOOOBOM CONPOTHUBIECHUHU: MOTOKH 3PHpa MOTYyT
MOPOXKJIaTh JBM)KEHMS BO3/1yXa, TO €CTh BETEp, M IOCIOJACTBO 3alaJHbIX HAIpPaBJIEHUN BETPOB Ha
3emMile MOXXHO OOBACHHUTL TOJIBKO €ro AeWCTBHEM. OTO — e€mé OJHO CBHAETEILCTBO
CyIIIeCTBOBaHUs dupa.

Tonpko onHO TpHU3HaHHME HamUuus 3(Qupa, Kak cpeibl, B KOTOPOH IUIaBalOT IUIAHETHl U
3BE3/IbI, HE CTOJIb YK M HEOKUJAHHO: CYIIECTBOBAHME TaK Ha3bIBaeMOro (PM3MUYECKOT0 BaKyyma He
OTpHIIaeTCS HUKEM (a ueM 3To He 3¢hup?), HO ocMenuMcs Ha OoJibiee: OyaeM yTBEp)KAaTh, YTO OH
SIBJIIETCS OCHOBOW BCEro, 4ro Kpome Hero B Ilpupoje HUYEro HET M 4TO amombl NOCHPOEHbl U3
a¢ghupa . Takoe yTBepkJAeHNUE HaIlpallluBaeTca caMo co00il, eciiu MPUHATH KaK JOTMY, YTO B OCHOBE
cBoelt [Ipupoaa mpocra; CIOKHBIMH CTAHOBSITCSA TOJIBKO €€ MposiBieHHS. DPup, Kak OJHOPOTHAS
KUAKOCTb, MOXET ObITh mpencTaBieH B Bujue OdupHoro OO6naka, WM B BUAE TI'POMAIHOTO
3aBUXpeHusi, oopasyroniero CoJIHEUHYI0 CHCTEMY, WJIU B BHUJAE 3BE3]l U IUIAHET, HOCUMBIX 3THM
3aBUXPEHHUEM, WJIH, HAKOHEIl, B BUJIC aTOMOB.

[IpocroTa Ilpupos! 3akiatodaercs euié ¥ B TOM, 4TO 3QUP COCTOUT U3 AIEMEHTAPHBIX YaCTHUI]
oHOM GOpMBI U C OJHUMHU HEU3MEHHBIMM M MPOCTHIMH CBOWCTBaMH; M BCE B HameM Mupe
MIOCTPOCHO U3 ATUX DJIEMEHTAPHBIX «KKUPITUUUKOB.

1.2. dnemeHTapHasa yacTuua acdumpa

Onemenmaphnasn yacmuya s¢upa npedcmasisem cobdol Kpyenroe meno — wiapux . bynem
CUMUTATh, YTO HE aTOM, a ITOT 2¢QpupHbili unu 3nemenmapHulil wiapux (J1I1) aensemca nedenumou
yacmuyetll eewecmed .

Ero xapakrepucTuka MpeleNbHO MPOCTa: OH UOEaNbHO KpYenbvlll, UOedAlbHO CKONb3KUL,
udeanvHo ynpyeuu u ooraoaem unepyuel . ETo OKpyriocTb ujeaibHa B TOM CMBICJE, YTO, KpOME
MPaBUILHON T€OMETPHUECKON (OPMBI, €T0 TOBEPXHOCTh UMEET HYJIEBYIO IIEPOXOBATOCTb: B KAKOM
ObI MUKPOCKOII MbI HE CMOTpeN Ha He€ (eciau 3TO ObIJI0 Obl BOBMOKHO), HUKAKUX HEPOBHOCTEH He
3aMeTiiin Obl. OH CKOJIB3KMM MOTOMY, YTO HE HCHBITBIBAET JaXe MAaJCHIIero NPUIIMIAHUS K
JPYrUM TaKUM >Ke IapuKaM, Kak U OH; JPYTUMH CIOBaMU: 3(pHUpHAst )KUKOCTb, COCTOSIIAS U3 ITUX
[IApUKOB, HE UMEET BOOOIEe HUKAKON BA3KOCTH, U MOXKET Teub 0e3 moTepu sHepruu. MneanpHas
YIPYTOCTh 3J€MEHTapHONW 3(PUPHON YacTHIBl BhIpa)kaeTcsi B TOM, YTO, BO-TIEPBBIX, Jedopmarus
[IapuKa Bcerja MponopluoHaibHa CIaBIMBaBIIECH CHIle, a BO-BTOPBIX, JH000€ CKaThue MPOUCXOTUT
0e3 moTeph: C KaKOM CUJION IIApUK CAABIUBACTCSA, C TAKOM e CHUIION OH pacrpsMIIIeTCs..



Jliiss 0Opa3HOro CpaBHEHHSI MOYKHO MPEICTABUTH AIIEMEHTApHYIO d(DUPHYIO YacTUIlY B BUIC
MOAIIUITHUKOBOTO IIAPHKA: OH TaKXKe KaXeTcs Ha B3TJS] HACATBHO KPYIJVIBIM, €ro OJeck
CBI/II[CTCJIBCTByeT (0] 3epKaJIBHOCTI/I HOBerHOCTI/I, OH HpOI/I?)BOI[I/IT BIICYATJICHUC CBO€I>'I YprTOCTBIO.
" caMO€ TIJIaBHOC, MOXKCT 6BITB, IO AIIHUITHUKOBBIC H_IapI/IKI/I I[CMOHCTpI/IpyIOT IIO4YTU HACAJIbHBIC
CTOJIKHOBEHUSI MEXIy co00#: cuiia OT JItoOOr0 CTOJKHOBEHHS BCETJa HAIpaBlieHA HOPMAIBHO K
HOBerHOCTI/I nu HpOXOI{I/IT qepe3 IICHTp mapmca; 9TO BI)Ipa)KaCTCﬂ B HpGI[CKa?,yCMOCTI/I IIOBCACHUA
[IAPUKOB TPH MX BO3JAEHCTBHAX Apyr Ha apyra. IlogoOHbIe cBOWCTBa XapaKTepHBI TAaKKe IS
6I/IJII)$[pZ[HI)IX HI&pOB U TCHHHUCHBIX M?I‘Ief/'ll €ClIn 6I>I HUX ITOBCACHHUC HpI/I J'IIO6I)IX CTOJIKHOBCHHUAX HEC
OBLIO TpeICKa3yeMbIM, He ObLIO OBl M COOTBETCTBYIOIIUX YBIICKATEIBHBIX UTP.

Emé Oomee wumeasbHBI CTOJKHOBEHHS J(PUPHBIX IIapHKOB. B WX cpeiae HEBO3MOXKHBI
XA0TUYHBIC ABNKCHUS HaHOI{O6I/I€ TCIIJIOBBIX I[BI/DKGHI/Iﬁ aTOMOB U MOJICKy.H.

Onemenmapuvie wacmuysvl d¢pupa abCoNOMHO HE3ABUCUMbBL: OHU He NPUSHAIOM HUKAKO2O
NPUMSIHCEHUSL U HUKAKO20 OPY2020 8030€liCMBUsL U38HE, KPOMeE CUN08020 0d8leHUsl Opye Ha opyea
HECT IJI1 HUX HHUKAKUX FpaBI/ITaHI/IOHHI)IX, SHGKTpI/ILIeCKI/IX, MAarduTHBIX U HUHBIX HOH€I>'I. 3(1)I/IpHI>II>'I
HlapI/IK, 3&)K3TBII>1 CO BCEX CTOpOH TaKMMU K€, KaK U OH, IHapI/IKaMI/I, HE BEAacCT, A€ OH HaXOAUTCs
(HOJ'IO)KGHI/IC B HpOCTpaHCTBe JIs1 HEIrO HUYEro HE 3Ha‘-II/IT), HEC UMCCT HpGI[CTaBJ'IeHI/IS{, €CThb 11 y
HEr0 CKOPOCTh WJIH €€ HET (K JABM)KCHHIO C TIOCTOSIHHON CKOPOCThIO OH 0€3pa3jInyieH); OH pearupyer
TOJMBPKO Ha JaBJICHHSI CO BCEX CTOPOH COCEIHMX IIAPUKOB: OJTH JaBJIEHUS MOTYT OBITh
ypaBHOBeHIeHHI)IMI/I NI HeypaBHOBeIHeHHBIMI/I; HeypaBHOBeHIeHHOCTB BO3HHUKACT B pe3ynLTaTe
neicTBUsS IBYX (haKTOPOB: HAIMUWS COOCTBEHHOW WHEPIIMM W HEOJWHAKOBOTO JABJICHUS CBOMX
cocesieH.

TouHo Takxke UYYyBCTBYeT ceOs 4YEJIOBEK B TECHOM BAaroHe IOE3/[a: €CIIM Y HEro HeT
BO3MOXHOCTH BBITJIIHYTH B OKOIIKO, TO OH MOXKCET AaXXE HC HpeI[CTaBJ'ISITB, '€ OH HAXOAUTCH,
JBYDKETCS JIM T0€3]1 ¥ OH C HUM WJIM HET; OH JIETKO CMHUPSETCS C TE€M, YTO CTHCHYT TOJIIOM.
BriBomUT e€ro u3 Takoro COCTOSIHUS TOJBKO COCEJNl, BOSHAMEPHBIIHUICS MPOOpaThCs K BBHIXOAY M
BBIHY)KJICHHBIN TOJIKATHCSI.

O pa3mepax 2pUpPHBIX MAPUKOB MOKHO CYIUTh, CPABHUBAS UX C pa3MepaMH aTOMOB: CaMbIi
HaWMEHBIIIMKM U3 BCEX aTOMOB — aTOM BOJIOPOJia TTIOCTPOCH M3 IMATH C TIOJIOBUHOM THICSY IIIAPUKOB;
aTOMBI TSDKEIBIX XHMMYCCKHX DOJIEMEHTOB HACUMTBIBAIOT HX Oojiee MuadoHa. M3 Takux
COOTHOIIICHUH CJIETYET, YTO AUAMETP d(PUPHOTO IIaprKa MpuOIM3uTebHO paBeH 3,1 Ha 10 B MuHYC
OJIMHHA/IIIATON CTEIIEHU CAaHTUMETpa.

DdupHBIN MapUK BCEMH CBOMMHU CBOMCTBAMH OTBEUYAET KPUTEPHUSAM BEIIECTBA: OH KOHKPETEH,
HMEET peajbHbIC pa3Mepbl U 00JaaeT HHEPIMEH; MOXKHO JaKe YTBEP)KJIaTh OOJbIIIEe: TOJIbKO OH
MpeAcTaBisieT coboi BemecTBo. [Ipo aToMbl MBI TOJDKHBI TEMEPh TOBOPUTH TaK: OHU COCTOSIT U3
BelecTBa. DPUPHBIC MAPUKH SBIISIOTCS TEM CTPOUTEIHHBIM MaTEPHATIOM, U3 KOTOPOTO CO3IAI0TCS
aToMbl. B crumomiHoit aupHO# cpesie aTOMBI BBIICISIOTCS KaK CI'YCTKH, TOYHEE CKa3aTh, KaK BUXPH.
Ot >¢dupHBIX MIAPUKOB OHHM HACIEAYIOT TOJIbKO HWHEpLHi0. boiiee moapoOHO 3TH BOMPOCHI
PacCMOTPUM HECKOJIBKO TO3/HEE.

B 3akmrodeHwe CKakeM, YTO DJJIEMEHTAPHBIM J(PUPHBIA IApUK HE HMMEET HHUKAKOTO
BHYTPEHHETO COCTOSHUS; MIOSTOMY OH HE TIOTJIOIIAET BHEIIHHE IBMKCHHS (TEIUIO) U HE BBIICINSACT
UX; OH HE CIIOCOOEH BUAOU3BMEHATHCA. A TaK Kak BHYTPH HETrO HE MPOMCXOJAT HUKAKUE MPOLECCHI,
TO HE MOXET OBITh U CMEHBI BHYTPEHHUX COOBITHI U He TpedyeTcs ux oTcuéT. CrnemoBareibHO,
AIIeMEHTapHbBIN d(DUPHBIN MIAPUK HE UMEET CBOEr0 BHYTPEHHEr0 BPEMEHU M TIOSTOMY OH — BEYEH,;
MOXXHO Ja>XX€ CKa3aTh TaK: 3¢MprllZ wapuxK He 603HuKaent, He USMEeHAem«cs U He uciesaem HMKOZ()a
U HU npu Kakux 06cm0;1meﬂbcm6ax .

1.3 MnoTHOCTL 3chunpa

IInomnocme 3¢pupa 6 Buoumom npocmpancmee Bcenennoii 6 cpednem uzobimounas . 10
03HAYaeT, YTO B CIOKOWHOM COCTOSHUHM BCE€ I(PHpHBIC MIAPHUKUA YACTUYHO CIABJICHBI, TO €CTh
abupHas cpela HaMpsDKEHa; TOJBKO B TaKOM COCTOSIHUM 3Ta cpela CHocoOHa HECTH Tak
Ha3bIBa€MbI€ DJIEKTPOMArHUTHBIE BOJIHBI, U TOJIBKO Takas cpela MOXET YAepXaTb aTOMbl OT



pacraga. M30biTouHast minotHOCTh D¢upHoro OOnaka sBISETCS NPUYUHOM €ro pacIIMPEHUs;
U3BECTHO, YTO OHO paszderaercst co ckopocThio 50 ... 100 KUIOMETPOB B CEKYHAY Ha Ka)bli
Meramapcek (oauH mapcek B 206 266 pa3 6onbiie pacctostaus 10 ConHIa).

YcpennEHHOCTh M30BITOYHO IMIIOTHOCTH CJIeIyeT IOHUMATh B TOM CMBICIIE, YTO OHA HE BE3/1e
OJIMHAKOBas: TJe-TO — BbILIE, TJE-TO — HWXKE, a I/e-TO OHa IOJHOCTbIO OTCYTCTBYET.
AcTpoHOMaM HM3BECTHBI TaK Ha3bIBa€Mble UEPHBIE JIbIPbI, CKBO3b KOTOPBIE CBET HE IIPOHUKAET; HE
TPYAHO TPEANOI0KHUTh, YTO B HUX IUIOTHOCTH 3(Upa pa3pexeHHas; a €Clii TO TaK, TO U aTOMBI
TaM CYyIIECTBOBAaTbh HE MOT'YT: HE UMES C/IaBJIMBAIOLIET0 OKPYKEHUS, OHU pacla yTcs.

O HeoMHAKOBOHM M30BITOYHON ITUIOTHOCTH 3(hupa B BUAMMOM MpOCTpaHCTBE TOBOPHUT TAKKe
pa3bpoc CKopocTel ero paz0eraHvs M YK€ YIIOMHUHABIIUECS IMOCTOSHHBIC BUIOW3MEHEHUS (Hopm
raJJakTUK ¥ METarajiakTHK. B OTHOCHTENBbHO MENKOM IJIaHE U3MEHEHUE IUIOTHOCTH 3(PUpa MOXKET
BO3HUKATh B PE3yJIbTaTe JIOKAIbHBIX 3aBUXPEHUN 3(upa: B IEHTPaX TaKUX 3aBUXPEHUN IUNIOTHOCTh
Oyner Huxke, yeM Ha nepudepusax. [Ipumepom Moxer ciyxutbh Ta ke CoJHeuHas cHucTeMa:
OTYETIMBO 3aKpy4deHHbIN BOkpyr ComHIa 3¢up 06oJiee TUIOTHBIM Ha OOJILIIOM yIajJeHUU U MEHee
IUIOTHBIM B OMMKaWIIMX OKPECTHOCTSIX CBETHJIa. MOYKHO BBICKa3aTh JJaXKe MPEAINOJIONKEHHUE, YTO
YE€pHbIE JBIPbI SIBJIAIOTCS LIEHTPAMM IMOJOOHBIX 3aBUXPEHHM, HO yX€ Ha MO3JHUX CTaAMSIX HUX
pa3BUTHSL.

[TocTosiHHBIE BUOM3MEHEHHS BHYTpH Hauero D¢upHoro O0naka MOTYT paclieHUBAaThCs Kak
cOOBITHSI, a COOBITHUS MPEAINOJIaraloT HaIuYue BPEMEHH, a Y BpeMeHH ecTh Hadaso. Hayanom Havan
Bunumoro u ArtomapHOoro Mupa ObUIO CaMO BO3HHUKHOBEHHE H30BITOUYHOM IUIOTHOCTH 3¢upa.
Ceituac TpyIHO YTBEpXKAaTh, B pe3yJIbTaTe YEro OHa BO3HUKJIIA, HO MIPEANOIAraTh Mbl MOYKEM.

[IpenmnonoxuM uaeanbHbI caydail: B myctote BeeneHHol miaBanu 1Ba 3pUpHBIX o0siaka, U
B OJIMH IPEKpPAaCHBbII MOMEHT OHHM CTOJKHYJHUCH; SHEPrHsl X CTOJKHOBEHHS YIIJIa Ha POXKICHHE
MHpHAJ]] aTOMOB M Ha TOBBINICHHE IUIOTHOCTH 3¢upa BO BHOBH 0OpazoBaHHOM oOiake. Takoe
MPEANOJIOKEHUE XOPOIIO TEM, YTO YIPOINAET BECh IPOLIECC M HAIIM PACCYXACHHUS O HEM.
[Tpou3zoiiTi 3TO COOBITHE MOTJIO, TI0 MHEHHUIO YUEHBIX, 15 MUIIIMAP/IOB JIET TOMY Ha3a/l.

Kak HM 3aMaH4YuB 3TOT BApUAHT, HO B HETO BEPUTCS C TPYJAOM: CMYILAET €r0 HJEaIbHOCTb.
ToT mpekpacHbIii MOMEHT CTOJIKHOBEHHS, YUYUTBHIBAs pa3Mephbl BO3ZHUKIIETO 00jaka M CKOPOCTh
CTOJIKHOBEHHS, MYCTh Ja)K€ PaBHYIO CKOPOCTH CBETa, JOJDKEH ObLI JUIMTHCA TakK JOJITO, YTO HE
XBaTWJIO OBl Ha ATO Bcex Tex 15 muiumapaos seT. [la u Bo3HuKIIEe 00J1ako ObLIO ObI KaKUM-TO
OJIHOOOKHMM: CO CTOPOHBI CTOJIKHOBEHHS IUIOTHOCTh 3(upa M IUIOTHOCTh BO3HUKIIMX aTOMOB
nojikHa Obuta Obl OBITH BBINIE, OJHAKO B JCMCTBUTEIBHOCTH ATOrO HE HaAOMIOaeTcs: 3BE3bI
pacnpezeneHsl B BuaumoMm mpoctpancTBe 6osiee-MeHee paBHOMEPHO.

OtkaxeMmcsi OT UACATBHOIO CIy4yas M YCIOXKHHM €ro J0 CTOJKHOBEHUH OOJIBLIOro
KOJM4ecTBa 00JakoB (MOKET OBITh Jake OuYeHb OOJIBLIOTO KOJIMYECTBA), HO MPOU3OMISANINX
MpUOIU3UTENBHO B OJTHO U TO ke Bpemsi. O0aaka MOTIIM COUTUCH C Pa3HBIX CTOPOH B HANPABICHUU
K HEKOTOPOMY LIEHTPY U 32 OTHOCHTEIFHO KOPOTKUU CPOK CKAaThCsl B OJHO 005ako. B pesynbraTte
BO3ZHUKIJIO OBl IIAPOBHAHOE OOpa30BaHME C SBHO BBIpAXEHHOW chepuueckor cTpykTypoil. Ho u
sToro B Buaumom mpoctpanctBe HeT. K ToMy e, OTHOBPEMEHHOCTh CTOJIKHOBEHHS OOJBIIOTO
KOJIM4eCcTBa OOJaKOB KaXKETCS HepeadbHOW, €clii He MPHUHUMATh BCEPhE3 BO3MOXKHOCTH
OTPULIATENILHOTO B3pbIBA WJIM B3PbIBA B OTPUILATEIILHOM MPOCTPAHCTBE — HO TAKYIO TEOPHUIO MyCTh
paccMaTpuBarOT JpYyTHUe.

OcTaHOBMMCS Ha TOM, YTO CTOJIKHOBeHMs Hamiero D¢upHoro OOnaka ¢ eMy MOJA0OHBIMH
UIYT MOCTOSIHHO M IMPOUCXOIAT OHM, pa3yMEeTCs, Ha €ro OKpanHax; B Pe3ylIbTaTe OHO IOJIy4aeT
MOCTOSIHHYIO TOJMMUTKY. TOJYKM OT CTOJKHOBEHHH HE CTOJIb 3HAYMTENbHBI, YTOOBI BBI3BIBATH
ckatue 3¢upa Ha OOJBIIMX MPOCTPAHCTBAX; a JIOKaJIbHbIE CXKaTWsi Ha OKpauHax Buaumoro
IIPOCTPAHCTBA  3apPETUCTPUPOBATH COBPEMEHHBIMH CPEICTBAMHU IIPAKTUYECKH HEBO3MOXKHO;
MO3TOMY TMOKa HET MOJTBEPXKAECHUIH MOJOOHBIX sIBIEHUH. TpPyIHOCTH OOHAPYKEHUS MECTHBIX
CTOJIKHOBEHHH ycyry0ssieTcs emé u TeM, 4To MOCJie HUX B TeX MECTax CHayajia 00pa3yloTcs TOIbKO
aTOMBI, TIOTOM M3 HUX IOCTENEHHO COOMpArOTCs IUIaHEThl; HO U TO, M JPYroe acTPOHOMBI YBHJIETh
HE MOryT. 3BE3/bI K€ BO3HUKAIOT 3HAYMTEIBHO IO3KE, KOTJa POCT IUIOTHOCTH 3dupa
MIPEKPALAETCSI M1 HAUYMHAETCS €€ YMEHBIIEHHE: MMEHHO TOI/Ia aTOMbI IIJIAaHET MOTYT YCKOPEHHO



pacnagarbcsi. CBUIETENEM OKPAMHHBIX CTOJIKHOBEHHH MOXKET OBITh TOJBKO pacCesHHBIN CBET, HE
MMEIOIINI TOYEYHBIX UICTOYHUKOB, U TAKOW CBET JI0 HAC TOXOUT.

[lepemennas TIOTHOCTH 3(pUpa XapakTepHAa HE TOJBKO Uil CYONpPOCTpaHCTB, HO U B
Macmrabax, KyJa Kak MEHBIIHX, BIUIOTh O IPEAEIOB OJHOTO aTOMa; B IMOCIEAHEM CIydae OHa
BbIpa)KEHa Hamboyiee SApKO: YIUIOTHEHHOM 000J0YKe aToMa MPOTHBOCTOUT pa3peKeHHas
CEpALEBUHA, U 3TOT Iepenaj IUVIOTHOCTEH ynep)KMBaeT aToM OT pacnaja. Yem Bbllle IJIOTHOCTh
OKpy)Xaroliero 3@upa, TEM aTOMbl 00Jjie€ YCTOMYMBBI; MPU ITOM HX aOCOIIOTHBIE pa3Mephbl
ymeHbpmarTcs. CHIDKEHHE IUIOTHOCTH BBI3BIBAaeT pa30yxaHWe aTOMOB U, Kak CIEICTBHE,
yBenuueHnue 00bEéMa abCOIOTHOM MyCTOTHI B HUX; @ MYCTOTA ONpPEAEISAET IPABUTALMOHHYIO MacCy
tena. OTcioga — BBIBOA: NPU CHUMCEHUU NJIOMHOCMU OKpydicarowezo dgupa zpagumayus mei
YMeHbUACMC .

Eciu B3sate CosHeuHylO0 cucTeMy, rle IUIOTHOCTh 3(pHpa HecTaOMJIbHA WU 3aBUCUT OT
yIan€HHOCTH OT CaMOIo CBETWJIa M JIPYr'MX IUIaHET, TO Macca IpaBUTallUU JH0oro tena Oynaer
MEHbIIE Ha AAJNbHUX pyOekax M Oojplie mpu NpUOIMKEHWHM K LeHTpaMm 3aBuxpeHuid. Ilpomie
roBOpsi, Ha KOCMHMYECKON CTaHIMM JTH000€ Tel0 HMMEeT MEHbUIMH OOBEM M MEHBIIYI0 Maccy
IpaBUTAllMM, YE€M Ha MOBEPXHOCTU 3emiid. V3MeHeHue MIOTHOCTH 3(dupa BIMIET TaKKe Ha
M3MEHEHHE CKOPOCTH CBETA U Ha €ro MPSIMOJUHEHHOCTb.

l'oBopst 0 miotHOCTH 3¢upa, MBI BCerna MMeNH B BUAY M30BITOYHYIO IMJIOTHOCTb, HO B
MIPUHIIUIIE OHA MOXET ObITh HOPMaJIbHOM, KOT1a 3UpHBIE MAPUKHU COMIPUKACAsICh HE NaBAT APYT Ha
Jpyra, WId Jake MOHWKEHHOW — B clydae pa3peKeHHOTO PAaCIOJIOKEHHUS HJIEeMEHTapHbIX
3(GUPHBIX YaCTHII.

1.4. 3aKkoHbl 3achupHOM cpeabl

[IpuauMasi s1eMeHTapHYyl0 4dYacTHily »dupa HIeaTbHO KpPYTJIOH, HII€aTbHO CKOJB3KOM,
UJeATbHO  YOpYyrow, oOmajmaromeld WHEpIUEeH W HE HUCHBITHIBAIONICH HHKAKMX  HWHBIX
B3aMMOJICICTBUN C JAPYTMMH TaKMUMH K€ 4acCTHI[AMH, KpOME OTTAJIKUBAHMS, Mbl 3aKIIFOUMIIN, YTO,
BO-TIEPBBIX, Cpe/a, cOOpaHHasi U3 TaKUX YacTHUI], OyAeT BecTH ceOs Kak >KUIKOCThb, U BO-BTOPBIX,
oHa Oyner oOnanaTh WACaIbHBIMM CBOMCTBAMH: Takas >KHIKOCTh MAaJOMHEPLMOHHA, HE HMEET
HUKAaKOW BSI3KOCTH M, CJIEJI0BATEIbHO, HUKAKOTO COMPOTHUBIICHUS TEUYCHHIO, KpoMe JI0OOBOTO
CTOJIKHOBEHUS, © MOKET ObITh TIOSTOMY OXapaKTepu30BaHa Kak cBepxTekydas. Ha Takyro KUIKOCTh
pacnpocTpaHseTcsi 00LIEN3BECTHBIE 3aKOHBI TUAPABINKH, OCHOBAaHHBIE HA KJIIACCUYECKON MEXaHHUKE
B UHCTOM BHJIE.

Jlns cpaBHEHMS CKa)Ke€M, YTO B aTOMapHO-MOJIEKYISIPHOM MHPE 3aKOHbI MEXaHUKH B YHCTOM
BHUJIE€ MPAKTUYECKU HE JIEUCTBYIOT: KaXKIbli pa3 MPUXOIUTCA YUYUTHIBATH MHOYKECTBO IONPABOK.
B3sTh, HanpuMep, YCKOpeHHE CBOOOTHOTO MAaJEHUS: COTJACHO KIACCMYECKOW MEXaHHMKH TaKue
pasHble Tena, Kak KaMeHb U MyIIUHKA, JOJDKHBI ObLTH OBl aJaTh C PABHOW CKOPOCTHIO, OJTHAKO Ha
caMOM Jiele JTOro He mnpoucxoaut. Winm apyroil mpumep: JBHXKYLIEECs TeJO BCerjaa
OCTaHaBJIMBAETCSA, HECMOTPS Ha HWHEPLHUOHHOE CTPEMJICHHE IIPOJIOJDKATh CBOE JBHXKEHHE. Y
KUJKOCTEH HaJU4Me BSA3KOCTH, TO €CTh MPUIMIIAHUS aTOMOB M MOJIEKYN JAPYT K JAPYTY, UCKaKaeT
TEOPETUYECKUI MPOLIECC TEUEHUsI HACTOJBKO, YTO B MPAKTUUECKHX Pacdy€Tax MCIOJIb3YIOT TOJIBKO
SMITUPUYECKUE 3aBUCUMOCTH.

[TonyyaeTcss Tak, 4TO KJIACCUKM HAYKH O MEXAHUKE HMCHBITHIBAIM MYYEHUS B PACKPBITHH
3ak0oHOB [IpHUposibl TOMBEKO MOTOMY, YTO HUMENHU JEJO0 HE O MEepBOPOAHON 3(pupHOI cpemoil, a co
Cpeloil aTOMapHO-MOJIEKYIIIpPHOM, W, pa3rpedast e€, MOXOAWIH O TaKOro YpPOBHS, Ha KOTOPOM
MEXaHUKa MPEeACTABIUIACh UM B BUJE MPOCTEHIIEH MAaTeMaTHKH; 3TO Kak pa3 TOT YPOBEHb, I'/€
9TOH MaTeMaTHUKe COOTBETCTBYET MpocTedmuii 3dup. M Hukaxou uHou MmexaHuxu, Kpome
Kaaccuieckou, 0Jisk ONUCAHUS IPUPHOL CPedbl U MUKPOMUPA 8000We He mpeOyemcs .

WNuepuusi (MHEPTHOCTH) B psAy (DaKTOPOB MEXaHHKH CTOMT Ha MEPBOM MeCTe. DTO TaKoe
3araJloyHOe CBOMCTBO BEIIECTBa, KOTOPOE MPHU3HAHO KaK (aKkT, HO He OOBSCHEHO, M MaJl0 HAIEKT
Ha TO, YTO KTO-HUOYAb KOT/a-TH00 CMOXKET 3TO cAenaTh. [IepBblil 3aKOH MEXaHHUKH TJIACUT: BCSIKOE
TEJIO COXPAHSAET COCTOSHUE MOKOSI WM PAaBHOMEPHOIO MPSMOJIMHEHHOTO JIBMXKEHHS J0 TEX MOp,



[I0Ka BO3JCHCTBHE CO CTOPOHBI APYTUX TE€JI HE BBIBOAUT €r0 U3 ATOIO COCTOSHUS; B ITOM
MPOSIBISCTCS MHEPLMST WM, OPYTMMH CIOBAaMHU, CTPEMJICHHE K COXPAaHEHUI0 MEXaHMYeCKOTO
COCTOSIHUSI.

[IpumenutensHo K 3¢Qupy, TouHee — K 3QUPHOMY IIAPUKY, NMPHUBEIEHHOE OMpEICICHHE
WHEPUUN HYXKJAeTCs B HEKOTOPOM HW3MEHEHHMH. JJeMEHTapHas »(QHpHas 4YacTHIA, KaK YyxKe
rOBOPWIIOCH, 3a)KaTas CO BCEX CTOPOH JAPYrUMHU TaKUMHU >K€ 4YacTHI[AMHM, HE MOXET OBbITb
OXapaKTepU30BaHa KaK HaXOJAIIAsICS B MIOKOE WM B PABHOMEPHOM MPSIMOJIMHEMHOM JBHXKCHUU: U
TO, W JpPYyroe OIICHUBAETCA BBHIOPAHHOM CHUCTEMOW KOOPAMHAT U SBISIETCS CYOBEKTHBHOM
XapakTepucTukoid. OJHO M TO K€ COCTOSHHE 3(PUPHOrO MapuKa MOXKET PacCMaTPUBATBHCS Kak
MOKOW M KaK paBHOMEPHOE JBUKEHUE B 3aBUCHUMOCTH OT BBHIOPAaHHOW HAMU CHCTEMBI OTCYETA; OT
3TOTO K€ 3aBUCHUT OINpE/CNCHHE MPSMOJMHEHHOCTH IBWIKEHUS: CPeau 3(PHUPHBIX IIAPUKOB HET
OTIOPHBIX IUIOCKOCTEH M MpsIMBIX JUHUM (M3 4ero Obl OHM cocTosuM?), U JaXKe JIyd CBeTa,
MIPE/ICTaBIISIONINI cO00# MATYIIMECS Tyla-CloAa dPUPHbIE YaCTULIbI, HE MOYKET ObITh HCIOJIb30BaH
B KQYECTBE TaKOBBIX.

B namem ciyyae nydiiie ckasaTh TakK: uHepyusi IQUPHO20 WAPUKA BbIPAHCAEMCI 8 MOM, YMO
OH MOJfCem UCNbIMbIGAMb HeYPA8HOBEUIeHHOe 8030elcmaue COCeOHUX Wapukog , TO ecThb yrpyras
negopmanus mapuka ¢ OJJHOM CTOPOHBI MOYKET OTJIMYAThCS B TOT KE MOMEHT OT AepopMaiuu ¢
MTPOTUBOTIOJIOKHOM.

WNuepuuio, kak CBOICTBO, MpaBHiibHEE ObUIO ObI Ha3bIBaTh MHEPTHOCTHIO, @ MHEPIUS — 3TO
y)K€ Mepa MHEPTHOCTH, TO €CTh (pU3MYecKasl BEIIMYMHA, UMEIOIIasi pa3MEepHOCTb; Pa3MEPHOCTHIO
WHEPIMU SBIIAETCS Kuiorpamm. bymem moMuHuTh. UTo B 3pupHON (PU3MKE HHEPUHS HE HMEET
HUAYEro OOIIEro ¢ rpaBUTAlUEH; Y MOCIEIHEN — COBCEM JApyras pa3MepHOCTh - METPhI KyOU4YecKHe.
I'paBuTaus 3TO0 TakoW MapameTp, KOTOPBIN OmpesenseT TArOTEHUE aTOMapHBIX Tel K LEHTPY
IrpaBUTALMU; U IPUPOJA TATOTEHUS — HE NPUTSHKEHUE, a BhITaIKUBaHue. K aTomy Bonpocy Mbl enié
BEpPHEMCH, a TOKA COCPENOTOYNM CBOE BHUMAHHUE HA HHEPITHH.

BTopoii 3aKOH MEXaHUKH YCTAHABIMBAET COOTHOIICHUE MEXKIY CHUJIOH, ACHCTBYIOIIEH Ha
TEJI0, €r0 MHEPILUEH U ero yCKkopeHueM. B okpyxaromieil Hac JeHCTBUTEILHOCTH B OTHOILIEHUH TE,
C KOTOPBIMU MBI IMEEM [IENI0, 3TOT 3aKOH HYK/Ia€TCs B CEPhE3HBIX MOIMPABKAX, U Mbl YK€ TOBOPHIIN
00 stom. [lompoOyiiTe camMu TOJKHYTh IIKad) M TMOCMOTPUTE, KaKOE€ YCKOPEHHE OH TPH 3TOM
nonyuuT. Ecnm BamM He HpaBUTCS TakoW TPYyOBId OMBIT, TO TOJKHUTE JIOAKY, HO HE CTPOTO
HaIpPaBJIEHHO, a CIIy4yaifHO, U MOMPOoOYiiTe Mpeicka3aTh e€ MOBEACHUE — HUYEro He MOJIYYUTCS.

N Tonmbko B 3dupHO cpene BTopoit 3akoH MEXaHUKH JIEHCTBYET O€3YKOPHU3HEHHO; TOJIBKO
TaM He TpeOyeTcsl HUKaKUX IMOIMPaBOK U TOJIbKO TaM Teja (IIapuKH) MOTYT ObITh NMPEACTABIICHBI B
BHJIE TOUYEK C COCPEJOTOYECHHBIMU B HUX MACCAMM.

Uto kacaercs TpeTbero 3akoHa MEXaHUKH, IJIACSIIEro, 4TO JBAa Tejla JEHCTBYIOT JIpYyr Ha
Jpyra OJWHAaKOBO, TO OH CIPaBEUIMB Be3/le: U B aTOMapHOM MHpe, U B 3pHUpe, — U €ro
YHHUBEPCAIbHOCTh, CKOpee Bcero, — Quiuocodckas. Pa3Be He UM PyKOBOJACTBYeTCSA, HE Benas
TOTO, 3aXaTblii B OOIIECTBEHHOM TPAHCIOPTE MACCAKUP, KOTJa YPE30HHMBAET IMPHUBEPETMBOIO
cocena: «fl Ha Bac 1aBJIIO TaKXke, KaK U Bbl HA MEH» 7

B a¢dupnoii cpene B mpeanbHOM BHUAE MPEACTAET BEKTOPHOCTD MEXAHUKH, TaM CIIPABEJIMBbI
3aKOHBI COXPAHEHUS SHEPIrUU U KOJIMYECTBA ABMXKEHUS, U TaM PEATU3YIOTCS B YUCTOM BHJE BCE
CIIEJICTBUSI U3 3aKOHOB MEXaHUKH, TaKue, HAIpUMeEp, KaK LIEHTPOOeKHasi cujla, MOMEHT MHEPIUH,
3aKOHBI TUJPABIMKHU U APYTHE.

Jns wpeanpHOU 3(UpHON cpenapl XapaKTepHbl Takue e€ ujaeanbHble (HOPMBI MOBEACHUS,
KOTOpBIE B aTOMAPHO-MOJIEKYJISIPHOM MHPE IPOCTO HEBO3MOXKHBI. Tak OTCYTCTBHE KaKOro-TO HU
ObUIO TpEHUS MOXET TMOPOAUTH SIPKO BBIPAKEHHYIO HEYCTONYMBOCTH 0€3 HHEepreTHYecKoit
MOAMUTKY €€ U3BHE; M TaKOe HAOIIOIAeTCs Y aTOMOB M MOJIEKYJI Ta30B: OHH KakK Obl MyIbCUPYIOT, U
3Ta MyJbCallus HE 3aTyXaer.

Crour OTMETUTH €HE Takoe€ HHTEPECHOE SBJIEHUE, KaK BO3HUKHOBEHHE BOKPYT
HEYCTONYMBBIX aTOMOB M MOJIEKYJI CBOUX KaK Obl H30JIMPOBAHHBIX TEIUIOBBIX MOJIEH, HA KOTOPBIEC HE
pacnpoCTpaHsioOTCsl JAeWCTBUS BToporo 3akoHa TEpMOJMHAMUKH, TJIACAIIErO, 4YTO TEIIoTa
CMeIaeTcs oT 0oJiee HArPEThIX YYACTKOB K MEHEE HarpeThIM.



B aromapHo-mMoeKkysipHOM cpejie, Kak U3BECTHO, LIAPCTBYIOT XaOTHUYHbIE ABWkKeHUS. OHU
XaOTHYHBI MOTOMY, YTO aTOMBI M MOJIEKYJIBI MMEIOT HENpPaBHJIbHBIE T€OMETPHUECKHE (OPMBI,
CHJIPHO OTJHMYAIOMIMECS OT CPEpPHUECKUX, M HMX CTOJKHOBEHHS HPUBOJAT K HEMPEICKa3yeMbIM
MOCIEACTBUSAM. B MX ABIKEHHSX «IpaBUT Oal» BEPOATHOCTH: KaKIas YacTHUIA, €CIIM OHa JaxKe
UACaITbHO yIpYyras, HO IMEET HeNpaBWIbHYIO (popMy, MOCIe NOTydeHUs yaapa OT JPYrol YacTUIIbI
COBEpUIAET TaKOM «KyJIbOUT», YTO YHPYTYIO Clayy CBOEH OOMIUMIlE HAHECTU YK€ HE MOXKET; €€
«3JIOCTh» BBUIMBAETCS Ha HHYIO CIy4yailHO MOMAaBIIyI0 MOJ pPyKy uactuly. Takum oOpazowm,
moJiyyasi yjapbl 4aile BCEro CO CTOPOHbI 0Oojiee HArpeToro ydacTka, KakJgas yacTula He
BO3BpALIaeT UX Ha3al, a nepesaéT 1o 3aKOHaM BEPOSITHOCTH B Pa3Hble CTOPOHBI, YEM CIIOCOOCTBYET
MIEPEMEILEHUIO JBMKEHUMN, TO €CTh TEIIOThI, B HAIIPABJIEHUHU K XOJIOJHOMY Y4aCTKY.

N3 Broporo 3akoHa TEpMOJMHAMHUKH CIIEAYET BBIBOJ, OOECKYPaXMUBAIOMIUN Y4EHBIX:
COrJJacCHO HeMy TemrepaTypa BO BceleHHOW paHO WM TO3/JHO JOJDKHA BBIPABHATHCSA; XaoC
JBUKEHHUM JOJDKEH B3ATh BEPX HAJl MOPSIIKOM, UJIH, KaK TOBOPST CaMU yU€HBIE, SHTPOINHUSI JOJDKHA
JOCTUYb CBOETO HauOOJIBIIEro 3HAUYEHUs; U 3T0 OyeT KoHIoM JKu3Hu.

O¢dup TErIOBBIX MOJIEH HEYCTOMUMBBIX aTOMOB M MOJIEKYJ BeIET ce0s HECKOJIbKO HHAaue.
[IpaBunbHas, 601ee TOro — uAeaIbHO chepuueckas popma 3PUPHBIX MIAPUKOB UCKIIIOYAET XaoC B
WX JIBKEHUSAX. DPUPHBIM MIApUK MOXET MOJY4YUTh TOJYOK OT COCela TOJbKO B HANpPaBICHHUH IO
MPSIMOM JIMHUH, COEIMHSAIOMIENH UX LEHTPbI; COPYKUHUB OH OTCKOYUT — YAApUTCS B CIIEAYIOIIMMA
pSI IIApUKOB — OTCKOYUT M OT HUX — BEPHETCS Ha3aJ U BO3BPATUT IMOJYyYEHHBIH TOIYOK B
LEJTOCTH U COXPAHHOCTH, TO €CThb B IPEXKHEH BEIMYHMHE M BCE IO TOM Ke NMpsAMOM JIMHHH. B
pe3ynbTaTe ABMXKEHUS OyOyT pacnpOCTPaHAThCA OT MCTOYHHMKA PATUAIBbHO B BUJE MPOJIOJIBHBIX
KoJieOaHUN MpUJIEraloluX IIApUKOB, aMIUIUTyJa KOTOpPBIX OyAeT yMEHbIIATbcs B KBaJpaTHOU
3aBUCHMOCTH OT yJaJIeHUs. YKa3aHHbIE BO3MYIIEHHS 3(pUPHOI cpe/ibl BOKPYT HCTOUHUKA OKAXYTCS
Kak Obl NPUBA3AaHHBIMM K HEMY; JOTOBOPMMCS Ha3blBaTh TaKOE I10JIE€ BO3MYIICHUN CMoAYUM
menniogbim nosem . OHO MOKET COXPAHATHCA KAK YTOJIHO JOJITO.

OTO HEe 3HAYUT, YTO CTOSYME TEMJIOBbIE IOJS - HEM3MEHHBI BOOOLIE; BCE 3aBUCUT OT
MOBEJICHUsI MCTOYHMKA KoJiebaHuil. Eciy HCTOYHMK TNOJIydaeT MOCTOSHHYIO MOJAIMUTKY, TO
aMIUIUTyZAa ero kojeGaHui Oyner Bo3pacTaTh, M OyJEeT aKTUBHU3MPOBATHCS €ro CTOSYEE TEIJIOBOE
1moJjie: OHO OYJET pacHIMpsATh 30HY CBOUX IBIKCHHMH. V1 Ha0O0OpOT: €ciaum MCTOYHUK KoJieOaHWi
TEpSIET CBOK DHEPIHIO, TO €ro CTosuee TEIUIOBOE II0JIe CxkuMaercsa. PaBHOBecue ynep:KUBaeTcs
TOJIBKO IpH OajlaHCe MOCTYMAKoIIed K UICTOYHUKY U TepsieMol UM sHepruil. K cioBy: noanutka u
IIOTEPS PHEPIUU OCYIIECTBIIIOCTCS YEPE3 TO JKE TEIIOBOE IOJIE.

Jlnana3oH U3MEHEHNs aKTUBHOCTH CTOSYMX TEIIOBBIX IOJIEH JOCTATOYHO IIMPOK, HO UMEET
cBoM mpezenbl. Eciau OanaHc SHEpruil MCTOYHMKA HapyllaeTcs M OH OoJjibllie TepseT, 4eM
puoOpeTaeT, TO TO MPUBOAUT PAHO WM MO3AHO K YCIIOKOCHHMIO MCTOYHHMKA — OH IPEKpalaer
CBOIO IIyJIbCALlUI0, — M €ro CTosvee TerioBoe noje ucyesaer. C qpyroil CTOPOHBI, IpU U30BITKE
MOCTYMAOIIEH SHEPIMHM UCTOUYHHUK OyAeT yBEIMYMBATh aMIUIUTYAY CBOUX KOJICOAHUI M pacupsTh
30HY JIEUCTBUS CBOEIO CTOSIYEro IOJs, HO U OJHOBPEMEHHO HAuHET yallle MCIycKaTh yOerarouue
IIOIIEPEYHbIE BOJIHBI; B PE3yJIbTaTe OYEHb CKOPO HACTYIUT DPAaBHOBECHE, HO YK€ Ha HOBOM
SHEPreTUYECKOM YPOBHE; 3TO — BPEMEHHBIM BEPXHMM MPEJesl aKTUBHOCTH TEIUIOBOTO MojsA. YTto
’&Ke Kacaercsi abCOJIFOTHOIO BEPXHEro Ipejelia, TO OH, CKOpee BCEro, ONpenesseTcsl IpaHuLeH, 3a
KOTOPO HAYMHAETCS paclaj] MICTOUYHUKA KoJeOaHU, B YaCTHOCTH aToMa.

Ha s¢upHyto Tekyuyio cpeiy B IMOJHOW Mepe pacHpoCTpaHseTcs TaKoH OOIIen3BECTHBIN
3aKOH TUAPABIMKHA U THEBMAaTHKH, KaK CBS3b JABJICHHUS CO CKOPOCTBIO; OH IJIACHUT: JABJICHHUE
TeKyIIeH KUIKOCTU (Ta3a) OoJblle B T€X CEYEHUSX MOTOKA, B KOTOPHIX CKOPOCTb €ro JIBHKEHUS
MEHbIlIe, U HA00OPOT, B TE€X CEUEHHsX, B KOTOPBIX CKOPOCTh €ro IBM)KEHHUS OoJIblle, JaBJEHHE
MeHbIlIe. DTOT 3aKOH SIBISETCS BCEOOBEMITIONIMM Ul 3(UPHOM Cpefbl, U MOATOMY €ro 3HaYeHHe
TPYZIHO TNepeoleHuTh. Ero nelicTBue pacnpocTpaHseTcs: OT MaclTaboB TMTAaHTCKUX KOCMHYECKHX
3aBuxpeHui Tuna CoNHEYHON CUCTEMBI 0 KPOLIEUHBIX, BPOJE aTOMa U JJIEKTPOHA.

YTOYHMM TNPUMEHUTENBbHO K 3(QUpPHON cpeae ero (GOpMyIHMpOBKY: B HalleM Cclydae
IIpaBUJIbHEE TOBOPUTH HE O CBSA3H JIABJIEHUS CO CKOPOCTBIO, & O BIMSIHUN JIBUKEHHUH 3JIEMEHTAPHBIX



3(HUPHBIX YaCTUIl HA MX M30BITOYHYIO IJIOTHOCTh. DTO BIIMSHUE SIBJISCTCS CIEACTBUEM Hamboiiee
o011ero 3akoHa — 3aKOHa HEPaBHOMEPHBIX Jepopmannii 3(pUpHBIX MIAPHUKOB, KOTOPBIHA 3BYUUT TaK:
yem Oonvuwe 6 U0IUPOBAHHOM NPOCMPAHCIBE HEPABHOMEPHOCHb  Oeopmayuii  Kaxncooz2o
0MOeNbHO20 IPUPHOLO WAPUKA, MeM MeHblUle CYMMapHas eopmayusi 6cex wapuxkos . YKa3anHoe
IIPOCTPAHCTBO M30JMPOBAHO B TOM CMBICIIE, YTO HE MOJIYYAaeT S3HEPTHIO CO CTOPOHBI U HE OTHAET €€
Ha CTOpPOHY; TaKHUM JK€ MOKHO CYHTAaTh NPOCTPAaHCTBO ¢ Oamancom osHepruid. [loxg
HEPaBHOMEPHOCTHIO Jedopmaruii OyleM NOHMMATh HEOJUHAKOBYIO aedopMaruio 3(pupHOTo
1IapuKa ¢ pa3HbIX CTOPOH.

[Ipemnoxxennas GopMyIHpOBKa 3aKOHA IMO3BOJIET, C OJHOW CTOPOHBI, KOHKPETH3UPOBATH
OXBaTBIBAEMOE UM SIBJICHHE, a C APYroil — UCKIIOYUTH U3 Cephl ero ACHCTBUS CIydaid C TOTOKOM
NapajulesIbHO JIBMKYIIUXCS 3(QUPHBIX HIAPUKOB, B KOTOPOM OHH IOJIHOCTHIO YpPaBHOBEIIEHbI
(CKOpPOCTBH B 3TOM CJIy4ae BOSHHMKAET KaK MPOAYKT BbIOOpA «HE TON» CUCTEMBI KOOPIUHAT).

UToOBl HE TOBOPUTH KAXKIBIA pa3 O HEPAaBHOMEPHOCTH Aedopmanuil mapuka, 3aMEHUM €€
0oJjiee IPUBBIYHBIM MOHATHEM JBUKEHUS. [ 3TOro y Hac €cTh BCE OCHOBAaHMSI: HEPAaBHOMEPHOCTh
negopManuii TOBOPUT O HEYPaBHOBEIIEHHOCTH CHJI; HEYPABHOBELIEHHBIE CHJIbI IOPOXKAAIOT
PE3YJIBTUPYIOLIYIO CUITY; OHA BBI3bIBAET YCKOPEHHUE 3(PUPHOTO IIapHKa, a YCKOPEHUE MOXKET OBbITh
paciieHeHO Kak OOBEKTHUBHO CYIIECTBYIOIIEe JIBM)KEeHUE. Bce npyrue nBukeHHS, olpeneisiemMble
M3MEHEHHEM TMOJIOKEHUSI MJIM CKOPOCTHIO HM3MEHEHHUS MOJO0XKEeHUs, CYOBEKTHBHBI U Jydlle HX
NBUKEHUSIMH He Ha3biBaTh. Kopoue roBopsi, 4yem OoJiblie HEpaBHOMEPHOCTh Jedopmanuii
3¢UpPHOTO IIapuKa, TeM OO0JIbLIE Y HETO IBUKEHUI.

C y4éroM CKa3aHHOIO M TOTO, YTO M30BITOYHAS MJIOTHOCTH 3(GUpa OMpeNesieTcsl CTENEHbIO
negopManuil 3eMEHTapHbIX LIAPUKOB, MOYKHO 3aKJIIOUMTh, YTO, YeM OOblie Y HUX OBUIMCEHUL,
mem Menbule ux uzoblmounas niomuocms . Eciu Teneps Mbl IpUpaBHsAEM U30BITOUHYIO TUIOTHOCTD
K JaBJICHUIO (TO M JPYTrO€ OMPEEISIETCS CTEIICHBIO YIPyroi aedopmaiuu YQUpPHBIX IIAPUKOB), TO
MOJIyYUM paccMaTpUBaEeMblii HAMM 3aKOH TUIPABIMKH, KOTOPBIM 3BY4UT TeHephb Tak: uem Ooabuie
O0BUINCEHU IPUPHBIX UAPUKOB, MeM MeHbUUe UX 0aBIeHuUe .

HckmioyeHre COCTaBIAIOT TaK Ha3blBaeMble aHTUNApasUiebHble JABMXKEHHUS, TO €CTh
BCTpEUHbIe; B HHUX JaBJICHUE HE YMEHbIIAeTcs, a HAaoOOpOT, pacTéT, U MIPOMCXOAUT 3TO B
pe3ynbTaTe JIOO0OBOrO CTOJIKHOBEHHUS 3(GUPHBIX MIApUKOB. VcKitoueHne BO3HUKAET MOTOMY, UYTO B
JAHHOM CJIy4ae HapyllaeTcs MPUHIMI H30JUPOBAHHOCTU AS(UPHBIX MPOCTPAHCTB: BCTPEUHBIE
MOTOKH SIBJIIIOTCS BHEUTHUMHU 10 OTHOILIEHUIO K KaXJIOMY U3 HUX, U UX JABM)KEHUS MPEMSITCTBYIOT

Apyr Apyry.
1.5. ONEeKTPOHbI 1 aTOMbI

DJEeKTPOHBI M aTOMBI NPEACTABIIAIOT OO0 pa3Hbie (OpMBbI MUKpO3aBUXpeHUi 3¢upa, U Te u
JpYrue COCTOAT UCKIIOYUTEIBHO U3 A3(PUPHBIX IIAPUKOB, 1 HUKAKUX MHBIX JIEMEHTAPHBIX YaCTHUL] B
Hux HeT. Kpome Habopa HEKOTOpOro KoJuYecTBa 3(PUPHBIX IIAPUKOB ISl UX IOCTPOCHHUS
TpeOyroTcs emé JBa yCIOBUA: HAJMYME SHEPIMU M U30bITOYHOE JaBiieHHe 3(pUpHOH cpenbl. OTu
YCIOBHS CO3JAIOTCSA U YAAYHO COYETAIOTCS B MOMEHTBI, UCKJIIOUUTEIBHO Ba)KHbIE I UCTOPUHU
BcenenHoil, — B MOMEHTBI CTOJIKHOBEHHMH >(UpHBIX 007aKkoB; Toraa mnosiBistorcss Ha Caer
IIEPBUYHBIE DJIEKTPOHBI M aTOMBI; BTOPHUYHBIE BO3HUKAIOT B pe3yJbTaTe pacnajga aTOMOB, B
YaCTHOCTU 3JIEKTPOHbI B OCHOBHOW CBOEH Macce TMOSBISAIOTCS HMEHHO TakuM o0pazoMm, U
IIOCTABJISIET X HAM B OTPOMHBIX KOJMYecTBax Hamle cBeTuiao — CoHIe: TaM pacnaj aToMOB
MIPOUCXOUT 00JIee NHTEHCUBHO, YEM Ha IJIaHeTax.

DJekTpoH . Pa3depeMcs cHayana ¢ 3JEeKTpOHAMM, TO €CTh C TEMHU YacTHIIaMH, HAIIPaBJIEHHOE
JIBUKEHHE KOTOPBIX M3BECTHO KaK JJIEKTpUYECKMM TOK. EciaM 3acTaBUTh TpU CMEKHBIX
AJIEMEHTAPHBIX IIapHUKa Oerath ApYr 3a JPYroM IO KPYry M YCKOPATh MX Oer, TO MpHU JI0 CTHXKEHHU
OTIpeNIeNIEHHON CKOPOCTH OHHU TNPHOOPETYT YCTOWYMBOE BpAIIATENBHOE COCTOSIHHE; 3TO M €CTh
anekTpoH. OH 0O0pedy€H Ha CyIIeCTBOBAaHHE [0 JBYM IPUYMHAM: €ro LIApUKH HE MOTYT
pazbexarbcs, MOTOMY YTO CAABIICHBI MO nepudepun 3GupHOi cpeaoit ¢ H30bITOYHON MIIOTHOCTHIO,
a OCTAaHOBUTHCS HE MOTYT, TaK KaK HE MCIBITHIBAIOT HUKAKOTO TPEHUA. B KOHCTPYKIUIO JIEKTPOHa,



KpOME YKa3aHHBIX TpEX Oerarouux MIapuKOB, BXOIAT €HIE JIBA TOPILIOBBIX, KOTOPHIEC 3aMBIKAIOT
AJIEKTPOH M Kak OBl SIBIISIIOTCS €T0 OChI0. B pe3ynbrare mosyyaercs 4To-TO BPOJIE BPAIIAIOUIETOCS
KOJIECHKA WJIN BOJIUKA.

Macca BemiecTBa B DJIEKTPOHE COCTABIISIET BCETO MATh 3(PHUPHBIX MIAPUKOB, HO €T0 MHEPIUS
3HAYUTENIBHO OOJIbIIIe UX CYMMapHOW WHEPIIMH; U BOSHUKACT 3TO YBEIMUCHUE 3a CUET BpamieHus. B
pe3ynbTaTe UHEPIUA JIEKTPOHA B MEPeCcUYETe Ha MPUHATHIN 3TaJIOH Macchl cocTaBiseT 9,11 na 10 B
MHHYC JIBa/IIaTh BOCbMOM CTETNIEHU TpaMMa.

Cpennsisi IOTHOCTH (PUPHBIX IMIAPHKOB B TOM MPOCTPAHCTBE, KOTOPOE 3aHUMAET 3JIEKTPOH,
MEHbIIE IJIOTHOCTH OKpYKaromed 3¢GupHON cpeapl. DTO ClEAyeT U3 3aKOHA HEPaBHOMEPHBIX
neopmanuii  SQUPHBIX [IAPUKOB: KaXIbIi OErammmii 1Mo Kpyry OSJIEKTPOHHBIA MHIapUK
yAEPKUBAETCSI Ha CBOEH OopOWTE LEHTPOCTPEMUTEIbHBIM YCKOPEHHEM, CO3JaBA€MbIM HapYKHBIM
OKPY)KEHHEM, U MO3TOMY UMEET YBEIMYEHHYIO AePOpMalMIO B TOUKaX KOHTaKTa C HUM, U3HYTpHU
K€ OH IMPAKTHYECKU HUCKOJIBKO HE cAe(POPMHUPOBAH, TaK KAaK €r0 OCEBbIE HMIAPUKH 3aMbIKAIOTCS
caMM Ha cebe M Ha HEro He [aBsAT, OTCIOAA CIEAYeT, YTO OTMEUYCHHas HEPABHOMEPHOCTh
negopmanuil IpUBOAUT K YMEHBIIEHHIO €ro o01iel qeopMalini, TO €CTh K YMEHBLICHUIO CpeIHEN
IUIOTHOCTU. MeHee IUIOTHBIM AJIEKTPOH NpU HAIWYMM TpajueHTa >S(QUPHOro JaBieHUS Oyaer
BBITECHATHCSI B CTOPOHY MEHBILErO JaBIEHUS; U O3TUM OOBICHSETCS CTPEMJICHHE DJIEKTPOHOB
paavalliOHHOTO cJI0s 3eMJIM IPOPBAThCS B BHJIE MOJHHH K €€ MOBEPXHOCTH.

[lonmwxeHHas cpenHss >gupHas MIOTHOCTh HAONIONAETCS HE TOJIbKO B TPaHMIAX CaMOTo
AIIEKTPOHA, HO U B €r0 OJMKaMIINX OKPECTHOCTSAX: €ro OKPYXKaloT JIBa HAKJIAAbIBAIOIIUXCS OJHO Ha
Jpyroe CTOSYMX TEIJIOBBIX MNoJis. [lepBoe M3 HUX co3maércs OeraroMMU IIapuKaMU 3JEKTpOHa:
KKl U3 MPUJIETaloIMX IapUKOB MOJYYaeT OT HUX 32 000pOT MO TpHU yaapa, HaIpaBJIEHHBIX MO
YIJIOM B CTOPOHY BpAILlEHUs; B Pe3yJbTaTe NMPHJIETAIOMIMNA K 3JEKTPOHY CIOH 3(UPHBIX IIAPUKOB
COBEpIIACT HEOONBUIYI0 PAJUAIbHYIO IYJIbCALUI0 U 3aKPyYMBACTCS B HAIPABICHUU BpAILEHUS
caMoro MeKTpoHa. PajuanbHas mynabcanus pacnpoCTpaHsIEeTCs Ha MOCIEAYIOIUE CIOU d(PUPHBIX
IIAPUKOB ¢ YMEHBIIECHUEM AMIUIUTYBI B KBaJpaTe OT YAAJICHUS.

Ha nepBoe mnoje HakiagpIBaeTCsl BTOPOE; OHO BBI3BIBAETCS HECTAOMIBHOCTBIO PAa3MEPOB
3JIEKTPOHA, BhIpaXKarolleics B MepHOANYECKOM MU3MEHEHUH €ro JTuaMeTpa: ero Oerarolye Mapuku
TO YIAJISIOTCS APYr OT JIpyra, To conmxaercs. Takas HeycTONYNBOCTb BbI3BaHA TpeMs (paKTOpamHu:
MHEpLUEH, OTCYTCTBUEM TPEHUS U IMPOTHBOCTOSHUEM LIEHTPOOEKHBIX U LIEHTPOCTPEMMTENIBbHBIX
cwil. PannanpHas mynbcanus 3J€KTPOHA MOPOXKAAET IMYJIbCUPYIOIIEE I10JIE BOKPYT, MOJBMKHOCTD
KOTOpOro yOBIBAa€T TAaKXKe B KBajpaTe OT yJajleHus. JTo nose O6osee akTuBHOE U Oosiee 00bEMHOE,
U OHO TaKK€ 3aKpPy4EHO B HAIIPABJICHHUU BpalllEHUs JJICKTpOHA. Brpodem, ero akTMBHOCTb U
pa3Mepbl He IOCTOSIHHBI M 3aBUCAT OT TOM DHEPruu, KOTOPOH pacroJiaracT 3JEKTPOH; €CIU 3Ty
SHEPIUI0 KaKUM-I1100 00pa3oM 0TOMpaTh, TO BTOPOE CTOSUYEE TEIIOBOE M0JIe OyAeT ChE&XMUBATHCS, a
eciii, Ha00OpOT, JIEKTPOH HaKauMBaTh SHEPrHel (Ipolle roBops — JABUKEHUSMU), TO OHO OyzaeT
YBEJINYUBATHCS.

Crosiune TemyIoBble MOJIsI, €CIM OHU HE COPUEHTUPOBAHBI OCOOBIM 00pa30M, MPENATCTBYIOT
CONMMKEHUIO  DJIEKTPOHOB; OHM  OOpa3yloT, CBOEro  poja, MNPYXKHUHIIUE  O0OOJOYKH,
OTTaJIKMBarolLuecs JIpyr oT apyra. Ilo sToif mpuunHe 351eKTPOHBI B 0Opa3HOM CPABHEHUH MOXKHO
NPEJCTaBUTh MYIIUCTBIMU, KaK OBIBAIOT MYHIMCTBIMM JIETCKME WIPYLIKH: CAABIMBAs MX, MOXHO
IIOYYBCTBOBAaTh, YTO OHHU MNPYKMHAT. llymmcTeie cBONCTBA 3JEKTPOHOB WIPAIOT CYHIECTBEHHYIO
pPOJIb B DJEKTPUUYECKUX U MAarHUTHBIX SIBICHUSX, M MO3TOMY MbI OyleM Ha HHMX B JalbHEHIIEeM
HEOJHOKPAaTHO CCBIIAThCA.

3aberas BHepén, CKakeM, YTO aTOMbI U MOJIEKYINIbI BCEX ra30B TAaKXKe HEYCTOWYMBBHI M TaKKe
OKPY’KEHBI CTOSIMMMHU TEIUIOBBIMH IOJISIMHU, KAaK M JIEKTPOHBL. JTO JA€T HaM MPABO CUUTATh, YTO
AJIEKTPOHBI MPEACTABIAIOT OO0 ra3 co BCEMU €ro CBOMCTBAMH; 3aKOHBI JBWXEHUS JIEKTPOHOB
CTPOTO COOTBETCTBYIOT 3aKOHAM MHEBMAaTHKU. CKMMasi MyIIUCThIE 3JIEKTPOHBI, MOXKHO CO31aBaTh
UX JaBJIEHWE, U OHO — TaKoe e, KaK JaBJCHHWE Ta30B; M 3TO JaBJIEHHE B IEKTpOodu3MKe
Ha3bIBAIOT AJIEKTPUYECKMM TMOTEHIHAJIOM WIM HamnpsokeHHueM. IIoTOK 2IeKTpOHOB MOXKHO
IIPEICTaBUTh B BUJIE IIOTOKA ra3a U XapaKTEpHU30BaTh PACX0OJ0M B €IMHUILY BpDEMEHHU, — 3TO — TaK



HasplBaeMasi CWia TOKa (WM TPOCTO  TOK) B dnekTpuyectBe. CONPOTHBICHHUE IBMKCHUIO
AJIEKTPOHOB (AJIEKTPUYECKOE COIMPOTUBIICHUE) PABHOIICHHO COMPOTUBICHUIO TEYCHUIO rasa, a
€MKOCTh pecHuBepa rasa nmojo0Ha EMKOCTH KOHACHcaTopa. M maxke KaHaJbl, 0 KOTOPHIM JIBUKYTCS
ra3bl U DJIEKTPOHBI, CXOXKHU: y Ta30B — 3TO TPyOOMpPOBOJA, a y IJIEKTPOHOB — 3Kelobda aTroMoB
METAJUIOB, TEPEKPBITHIE aTOMaMH W MOJICKYJIAMH H30JIATOPOB; OTIMYHE TOJBKO B TOM, 4YTO
TPyOOIIPOBOIBI MBI BUANM HEBOOPYKEHHBIM TJ1a30M, a jKeJlo0a HE CMOXEM PacCMOTPETh JIaxe B
MHUKPOCKOTI: HACTOJIbKO OHHM Maybl. VICXOAsl W3 CXOJCTBAa 3JEKTPOHOB M Ta30B, MOXHO JaXe
MIPEIOJIOKHTh, YTO JIEKTPOHBI, KAK M T'a3, MOXKHO CXKFKATh; €CIIM yJAIOCh OBl OCYIIECTBUTH 3TO
Ha TpaKTHKEe, TO, HaBEpHOE, HE OBUIO Obl OoJiee HHEPro€MKOTo IJIEKTPOAKKyMmyssTopa. B
HOPMAJIBHBIX K€ YCIOBHSX 3JICKTPOHBI, OJIEThIC B CBOM IYIIHCTHIC OOOJIOYKU CTOSYUX TETUIOBBIX
MOJICH, HE CHOCOOHBI HHM CKWXKAThCS, HU CIIMIIATHCA B TBEPIBIC TEJA, W TMOITOMY HX HHOTIA
CITPaBEJIMBO HA3BIBAIOT €IIE MbUIbI0 BCeleHHoi.

N BCcE ke ecTh y DJIEKTPOHOB OJHA OCOOCHHOCTH, OTIMYAIOIIAs MX OT ra3oB: 3TO — HX
CTpEMJICHHE BBICTPAaUBATLCA B IEMOUKy. /it 6ojiee BHUMATEIHLHOTO PACCMOTPEHUS 3TOTO SIBJICHHUS
npeAcTaBuM cebe yucrtoe 6e3 aToMoB A(UPHOE MPOCTPAHCTBO C PACIOJIOKEHHBIMU B HEM BCETO
TOJBKO JBYMS 3JICKTPOHAMH W OTMETHUM MPO CeOs, 4TO KAKIBIA DJIEKTPOH CO CBOUM CTOSYHM
MOJIEM TMPECTaBIseT coO0 ArcKooOpa3zHoe 3PpupHOEe MUKpO3aBUXpeHHE. OKaXUCh MOOIU30CTH,
00a T MHUKPO3aBUXPECHHS HAYHYT BO3JICHCTBOBATH JPYr Ha Jpyra TakuM 00pa3oMm, 4Tro OymyT
BBICTPANBAThCS MAPAUICTHLHO C BpAIIEHUEM B OJHY CTOPOHY; BO BCEX IPYTHX CIydasx OHU OyayT
Memiath Apyr Apyry. M Kak TOJBKO OHHU pacrioiioXaTcs TaKUM 00pa3oM, Tak Cpa3y CIABUHYTCS
HACTOJIKO, HACKOJBKO MM IIO3BOJISAT TOPIIEBBIE CTOPOHBI CTOSYHMX TEIUIOBBIX IOJIEH W OCEBBIE
[IApUKH; B TO K€, BPEMSA OHU CMECTATCS JO COOCHOCTH. [Ipon30MIET 3T0 MO TOM MPUUYUHE, YTO B
pe3ysbTaTe MOBBIIICHHOTO JIBIKEHUS 3(QHpa MEXAY MX JUCKAMH €ro JaBJICHHE TaM CHH3HUTCS
(ckaxeT CBOE CJIOBO 3aKOH HEPaBHOMEPHBIX aedopMaiuii), B TO BpeMs KaK CHApy)XH OHO
COXPAHUTCS MPEKHUM, U Pa3HOCTDh JaBJICHUM CMECTUT UX B HallpaBJIeHUU APYT K aApyry. [1o Toi xe
MpUYMHE COMMKAIOTCS JIBa JMCTa OyMmard, eciu MpoJIyBaTh MEXAy HUMHU Bo3ayx. He TpyaHo
CcOo00pa3uTh, UYTO COOCHO PACIOJIOKEHHBIE, HO BCTPEYHO BpAaIIAIOIIUECS 3JIEKTPOHBI OyayT
OTTAJIKUBATHCSA, TAK KaK JIOOOBOE CONMPOTHUBIIEHHE MX MOTOKOB CO3JaCT MEXKAY HUMHU MOBBIIICHHOE
JaBJICHUE.

Cmpemnenue K CONUNCEHUIO COOCHBIX DTIEKMPOHO8, 8PALYAIOWUXCS 8 0OHOM HANPABIeHUU, U K
OMMANKUBAHUIO BCMPEUHO B8PAWAIOUUXCA ecmb npossieHue mazHemusma. Cam dice 271eKmpoH
A61AeMCsl 2NeMEeHMAaPHOU MAZHUMHOU Yacmuyetl ; 11000 MarHUT BBICTPAUBACTCS U3 ATUX YACTHII.
DNEeKTPOH, KaK MarHUT, UMEET IO0JII0Ca, ONpeAeisieMble HallPaBJICHUEM BpAILlEHUs: €ClId OJIMH €ro
TOpEll BpallaeTcs B OJHOM HaNpaBiCHUH, TO MPOTHBOIOJIOKHBIN, €CTECTBEHHO, — B OOpPaTHOM
(mpu B3rJsiAe C pasHbBIX CTOPOH); OTCIOAA — W pasHble MOJca, M abCypJHOCTh MOHCKOB
MOHOMAarHUTOB, UMEIOIINX, SKOObI, TOJIBKO MO OJHOMY IMOJIOCY.

BricTpanBaTbcs B 0CEBOM HAIPaBICHUHM MOTYT CKOJIBKO YTOJHO 3JIEKTPOHOB; MPH OOJBIIOM
UX KOJIMYeCTBE COOpaHHas MX HUX IeroYka OyAeT MpeACTaBIsATh COOOW BpallarolIMNACS BOKPYT
CBOEHl OcH IIHYp — 3TO W €CTh MAarHUTHAsl CHJIOBAas JUHHS; MarHUTHBIE TOJIOCA Y 3TOTO ILIHYpa
MPOSIBIIAIOTCS TOJILKO Ha ero Topuax. [IpoyHOCTh MarHUTHOTO IIHypa HE CTOJb BBICOKA —
CKa3bIBAETCS IMOMEXA OCEBBIX LIAPUKOB, U3-3a HUX JIEKTPOHBI HE MOTYT COJIM3UTHCS BIIOTHYIO, —
MOATOMY NP HE3HAUUTEIbHBIX BHEITHUX BO3JICHCTBUSX IITHYpP PACCHIMAETCs.

DNEeKTPOH, B OTAWYHE OT 3(PUPHOrO MIapHKa, UMEET MOCTOSHHO MEHSIOIIeecs BHYTpEHHee
COCTOSIHHE, TO €CTh OH KHMBET, U y HEro, CJIel0BaTEeNbHO, €CTh BHYTPEHHEE BpeMs, a y 3TOTO
BpEMEHH €CTh HayajJ0 — MOMEHT pOXACHUS OJJeKTpoHA. XOJ BHYTPEHHETO BPEMEHH,
OTIpe/ieNIIeMblil YaCTOTOM BpallleHHUs, U3MEHSETCS B 3aBUCUMOCTU OT A(PUPHOTO JIABIEHUS, TO €CTh
OT U30BITOYHOM MJIOTHOCTH B OKpYKaroieM 3pUPHOM MPOCTPAHCTBE: Y€M MEHBIIIE TUIOTHOCTh, TEM
HIKE 4acTOTa BpAIICHHS JJIEKTPOHA U TeM MeAsieHHee UIET ero BHyTpeHHee Bpemsi. CHIKEHUe
JABJICHUS IO KPUTHUYECKOTO 3HAUEHUS, MPU KOTOPOM DIIEKTPOH YK€ HE MOXKET CYIIECTBOBATh U
pacmaznaeTcsi, MOKET BO3HHUKATH JIOKATbHO JaXe TpPU OOBIYHBIX XUMHUYECKHX pEaKluix, B
YaCTHOCTH Tpu ropeHuu. KpoMe TOro 5IeKTPOHBI MOTYT JIETKO OBITh pa3iaBiIeHBl YHCTO
MEXaHUYECKH aTOMaMH U MoJieKylamMu. B mo0oM ciiydae yTBepKIeHHE COBpeMEHHON (pU3MKH, 9TO



JIEKTPOH OYEHb JKUBYY M UTO BpEMs €ro >KU3HU B cpelHeM coctamisier 10 B aBaauate BTOpOM
CTENIEHU JIET, KaKETCd HECKOJIbKO IIpeyBeIuYeHHbIM. Ilpum pacmajge 537I€KTpOH MHMOPOXKIAET
pacxoasiuecs B pa3Hble CTOPOHBI /IBa KBaHTA CBETA, TO €CTh JIBE «3JIEKTPOMArHUTHBIE» BOJIHBI.
3aBepiuas MpeiBapUTEIbHBIN Pa3roBOp 00 AIEKTPOHE, CKa)KEM, YTO Y HEro He CYIIECTBYET
HUKAKOTO MUCTHUYECKOTO 3JIEKTPUYECKOTO 3apsi/ia; €CTh TOJIBKO CaM AJIEKTPOH — M HUYEro OoJIbIIe.

AToM . KOHCTpYKIIMSI aTOMOB HECKOJIBKO CJIOXKHEE, XOTs CTPOUTCS OHA IO TEM K€ 3aKOHaM:
BO3HMKAIOT aTOMbl, KaK W JJIEKTPOHBI, IPU CTOJKHOBEHHUSX A(PHUPHBIX MOTOKOB Ha OOJIBLIMX
ckopocTsax. Kak 310 mpoucxoaut — MOKHO IPOJEMOHCTPUPOBATh HA MPUMEPE BO3HUKHOBEHUS
XOPOIIO BCEM M3BECTHOI'O JbIMOBOTO KoJieukKa. ECTh Takoil IIKOJIbHBIN OMBIT: HAMOJHAIOT SIIUK C
OTBEPCTHEM JBIMOM U YIAPSIOT IO 3aJHEN yNpyroi CTEHKE; IPU ATOM U3 SLIMKA BbIOpachIBaeTCs
BO3/YIIHBI BUXPh B BHJE KOJIBbLA. JTO M €CTh mpoodbpa3 aroma. ToyHO Takue ke 1o Qopme
KOJIbIIEOOpa3Hble MHMKpPO3aBUXPEHHUs, TNPEICTABIAIONINE COOOW aToMbl, BO3HUKAIOT IpU
CTOJIKHOBEHUSX 3(UPHBIX TIOTOKOB, TOJILKO Pa3Mepbl UX HECOU3MEPUMO MEHBIIIE.

B uneansHoM Buze oOpa3yromniuecs: KoblieoOpa3Hble MUKPO3aBUXPEHUS d(upa UMEIOT BUJ]
TOpa C BpamiamoIencs 000J0YKOM, cocTosime u3 APUPHBIX MIAPUKOB. YCTPOMCTBO TOPOBBIX
000JI04eK aTOMOB MOKHO BBIPa3uTh depe3 3JIeKTpoHbl. [lpencraBuM cebe MAarHUTHBIA HIHYp W3
COOCHO COOpaHHBIX 3JEKTPOHOB, BpalllalOUIUXCsS B OJHOM HampaBieHuu. Ecnu yOpaTh y HUX Bce
OCEBbIE€ IIIAPUKH, MEIIAINIMe HX MOJHOMY COJMKEHHIO, TO IIHYP OKaXXETCS Ype3BbIYaiiHO
KpEnKUM. 3aMKHYB €ro Pa3HOIOJIIPHbIE KOHIIBI, TOJYYMM TOPOBYIO 000JIOYKY; 3TO M €CTh aTOM.
CnenoBarenbHO, TOpoBasi 000JI0OUKA aTOMa COCTOUT U3 3aMKHYTOT'O psiia CTPOCHHBIX, Oerarommx
JPYT 3a IpyroM 3UPHBIX HIAPUKOB.

Kak u B cimyyae ¢ 3I€eKTpOHOM, OCTAHOBUTHCS LIAPUKH OOOJIOUKH aToMa He MOTYT, MOTOMY
YTO HET TpeHus, a pa30exaTbCcsi He MOTYT, TaK KaK CKaThl H30BITOUHON MJIOTHOCTHIO OKPY/KAIOIIETO
s¢upa; Mo ATOH MPUUYMHE aTOMBl OOpeueHbl Ha CYIIECTBOBAaHME, MpaBlia, OJAHU M3 HHUX, UYTO
MOKpenye, MOTYT COXPaHATbCA JOJITO€ BpeMs, Npyrue, — MeHee Kpemkue, 0ojee CKIOHHBI K
pacnany.

CaMbIM MpOCTBIM M HAaWMEHBIIMM M3 BCEX HW3BECTHBIX SABIIAETCS aTOM BOJOPOJA: OH
Mpe/CTaBIsieT cOoO0M MOYTH HIACANbHBIA 1O (QOpME TOp; €ro MpaBWIbHAs TEOMETpPUS XOTh U
Hapyllaercs, HO HE CTOJIb 3HAUMTEIbHO, Kak y JApyrux artomoB. Ero o6Gojouka coctout
npuban3uTenbHo U3 1840 Oeraromux CTPOEHHBIX HIAPUKOB, IOATOMY HHEPIUS aToMa BOJOPOJa BO
CTOJIKO K€ pa3 OoJbllle MHEPIUU DSJIEKTPOHA M COCTaBJIAET B MaciuiTabe >STaJioHa MaccChl
npubsm3uTensHo 1,6 Ha 10 B MUHYC ABaanarth 4eTBEPTOM cTerneHu rpamma. Becero B o0osouke
aToMa BOJIOpPOJAa HACUUTHIBACTCS NPUONIHM3UTENHLHO 5,5 ThicS4 3>QUPHBIX MmapUKoB. Jluamerp
ceueHus Topa (y BCe€X aTOMOB 3TO CEYCHHE OJIMHAKOBOE) PaBEH JAUAMETPY AJIEKTPOHA B MJIOCKOCTH
BpAllleHHsI €ro HIApUKOB, a AMAMETP CaMOro Topa aToMa BOJOpoJa NpuOIU3UTENbHO B 586 pa3
0o0JIbIIIe JHaMeTpa dIEMEHTAPHOTO MIApPUKA.

Tax BBIIIAAUT aTOM BOJOpOJa

[Tpubin3uTeNnbHOCTh, KOTOPYIO MBI IIOCTOSIHHO MOAYEPKHUBAEM, TOBOPUT O TOM, YTO ATOMBI
BOJIOPO/Ia MOTYT OBITh UyTh OOJIbLIE WM YyTh MEHBIIIE, IPUUEM YMEHbBLIECHHE €0 pa3MepoB UMEET
YETKUN Ipesien1, OnpeensieMblii YIPYrocThlO HIHypa Tejla aroMa, a YBEJIMYeHUe — TEOPETUUYECKU
HE OIPaHUYEHO U MOTIJIO ObI MPOJOJIKATHCS 10 TOTO pa3Mepa, Korjaa U3 aroMa BOJA0pOoa MOJYyIUTCS
aTOM CJIEIYIOLIEr0 XMMHYECKOTO 3JIEMEHTa, TO €CTh TelMsl; HO YPE3MEPHO pa3fyThleé aTOMBI
BOJIOPO/JIa OKAa3bIBAKOTCSI MEHEE YCTOMYMBBIMY U Yallle PAcIiaJatoTCs.

Bpamatomuecss TopoBbsle 000JI0YKH aTOMOB 3aKPYUMBAIOT BOKPYT ceOsl MpUiIeratouuii a¢up,
IIPUBOJIS €r0 2JIEMEHTApPHBIE LIAPUKHU B JIBMJKEHUE, M CO3Jal0T TEM CaMbIM B HEM IOHMKEHHOE
JIABJICHUE; NIEpenaj] AaBJICHUN CTPEMHUTCS CHaydajla CILIIOCHYTH TOD, a 3aTeM, €CIU IMO3BOJISIOT €ro
pa3Mephbl, CKPYTUTh €ro B Ty WIKM HHYIO KOH(PHUTypalHio; Tak 00pa3yloTcst aTOMbI BCEX OCTaJIbHBIX,
KpOME BOJIOPO/1a, XUMUYECKUX JIEMEHTOB M UX U30TOIOB.

[Iponecc ckpyurBaHHUs TOPOBBIX 00OJIOUYEK, MOXKET OBITh, B KAKOW-TO CTENEHU M CIy4aeH, HO
B OOLIEM OH MOJUYMUHSAETCS OMpPENEeNEHHBIM 3aKOHOMEPHOCTSM; TOYHEE TOBODS, CIy4yailHOCTh
CKa3bIBA€TCSl HA CAMOM PAaHHEM JTalle CKPy4MBaHHUs, TO €CTh JAET TONYOK CKPYYHMBAHHIO, a Jajee



COOBITUSl PAa3BOPAYMBAIOTCS MOYTH YTO 3aKOHOMEPHO M MOTYT OBITh MPEACKa3aHbl JIOTHYECKH.
OOpa3oBaBmasicss B pe3yJabTaTe CTOJIKHOBEHUS OS(UPHBIX MOTOKOB BPALIAIOMIASCS TOPOBAs
o0osouka efBa Ju OyAeT ¢ caMOro Hauajla F€OMETPUYECKH UACAIBHOMN: Te ke 3(UpHBbIE MOTOKU
UCKa3sT TOp YK€ NpU €ro pOoXKAECHWHU, — B 3TOM Kak pa3 U COCTOMT CIy4allHOCTb, U 3TOIO
OKa3bIBAETCSl IOCTATOYHO, YTOOBI HAYAJICS MIPOLIECC CKPYUYHUBAHMUSL.

JomycTiM, 00pa3oBaBIIMICS TOp MMEET AMAaMETp B JECATKH pa3 OoJbIIe IuaMeTpa Topa
Bojiopona. [loaBmxHOCTH 3¢upa, NMPUIIETarONIero K BpaIAIOIICHcs TOPOBOM 00oJi0uKe, Oyaer
BHYTpH TOpa OOJIbIlIe, YeM CHAPYXKH; CIEI0BATEIbHO, BHEITHEE JaBJICHUE MOIBITAETCS CXKATh TOP.
Teoperndeckn MACAIBHBIA TOP, €CIIM PACCMATPHBATH €r0 KaK OOBIYHOE METAUIMYECKOE KOJIBILIO,
Oy/IeT IPOTHBOCTOATH CKATHIO, HO, OKA3aBIINCh B CHITY CIIY4allHOCTH UyTh-UyTh CIUTIOCHYTBIM, TOP
MOTEPSIET CBOKO YCTOMYMBOCTh M CTaHET M3 KOJbIIA MPEBPAIIATHCS CHadajla B OBaJl, a TIOTOM — B
BOCBMEPKY. Kpasi BOCbMEPKH, CITydaifHO M30THYBIIUCH, HAYHYT Jajiee CONMKATHCS YKE 110 3aKOHY:
MEXy COMMKAIOMIUMUCS KpasMu naBieHue d¢dupa Oymer Bc€ Bpems manath. CKpyunBaHHE TOpa
Oy/eT MpoJIOIHKATHCS U J1ajee, IPH ATOM MOTYT BO3HHKATh CaMble 3aMbICIIOBAaThIe KOH(UTYpaINH;
W 3aBEpIINTCS Mporecc GOPMHUPOBAHUS aTOMa TOJIBKO TOTJA, KOT/Ia CTPEMSIIHECs APYr K APYyry
YUYaCTKH IIHYpa HE MPHUIYT B IMOJHOE CONMPUKOCHOBEHHE, a TIETIN Ha UX KOHIIAX HE YMEHBINIATCS JI0
MUHUMAJIBHO JIOITYCTUMOTO pa3Mepa, ONPEeNeNieMOro yIpyrocTeio mHypa. K cioBy, KoHeuHas
KoH(pUTypamnusi aToMa OyJIeT UMETh MUHUMYM TOTEHITHAIBHON SHEPTHH, WU, APYTUMHU CIIOBaAMH,
30Ha BO30YX/IEHHOTO aTOMOM 3(hrpa OKaKeTCs HauMEHbILIEH.

Tak B 00muX 4epTax BBHITIISIUT MPOIECC BO3HUKHOBEHUSI aTOMa W MPUOOPETEHUSI UM CBOEH
3aKOHYEHHOW (POPMBL. DTOT TMpOIEecC MOKHO MOJEITUPOBATh C IMOMOIIBIO TOTO K€ IHIMOBOTO
KOJIbIIa: BCE 3aKOHOMEPHOCTH CKPYYMBaHHWs aTOMa B PABHOW CTEMEHH MPHCYIIH H JIHIMOBOMY
KoJbly. Pa3nuna, moxxanyid, COCTOUT TOJIbKO B TOM, YTO aToM (OPMHPYETCS CTPEMUTENBHO, 1O
HaIIMM MEepKaM — MOYTH MTHOBEHHO, a ABIMOBOE KOJIbIIO Oy/IEeT CKPYYMBATHCS B TEUEHHUE CEKYH]I U
Jla’ke JOJIbLIE.

VY CKpy4eHHOro aToMa MOKHO BBIIEIMTH TPH XapaKTEPHBIX AJIEMEHTa: METNII0, ClIapeHHbIE
LIHYPBI U MEPEXOAHYIO 30HY. M3 HUX TOJIbKO METNIsi M CHapeHHbIe MIHYpPhl aKTUBHO YYacTBYIOT B
(dbopMHUpOBaHMM aTOMa U B COEIMHEHUH aTOMOB MEXAy COOOM; MepexoJHble K€ 30HbI B 3TOM
OTHOIIEHUM TOYTH HEHTpanbHbl. BaXHO OTMETUTh, YTO BCE pagUyCchl H3rMOOB IIHYPOB
MPAKTUYECKU OJMHAKOBBI, M OIPEAESIOTCS OHU YIPYrOCThIO IIHYpa; MOATOMY U (QOpPMBI U
pa3Mepsl MeTelb y BceX aTOMOB OJHU M Te ke. OOpaTM BHMMaHUE ellé Ha TO, YTO IIHYphl —
BCErJia MapHbl: HMX oOlIlee KOJIUYECTBO H3MEpsAeTCs YETHBIM YHCIOM; TakK [apaMd OHH H
COEIIMHSIOTCS B MyYKH, IPHOOpETas Mpu MOJIHOM COMMKEHUH YCTOWuuBoe cocrosinue. KommuectBo
MeTesib B aToMe B OOJIBIIMHCTBE CIy4aeB TOXKE OMpeAeNseTcss Y€THBIM YHCIOM, HO OBIBAIOT U
UCKITIOYCHHUSI; U XapaKTep UX COCTMHEHUSI HECKOJIBKO UHOM.

Ecnu, paccmarpuBas netiito, 0OpaTUTh BHUMaHHE Ha HalpaBliEHUE BpallleHusi e€ 1mHypa, TO
MO>XHO OTMETHTh, YTO 00€ €€ CTOPOHBI BBITJISAAT MO-pa3HOMY: OJIHA CTOpPOHA 00pa3yeT Kak Obl
BCACBhIBAIOIIYI0O BOPOHKY, a Jpyras -— BBITAIKUBAIONIYI0; W BeAyT ce0s OTH CTOPOHBI
COOTBETCTBYIOIIMM 00pa3oM: BcachlBaroljas BOPOHKa CTPEMHUTCS Tpucocatb K cebe, a
BBITAJIKMBABIIIAsi — OTTOJKHYTh. CaMoe MpOoYHOe coelMHEeHne 00pa3yercs B TOM clydae, €Clii JBe
MeTJIM COEUHUIINCH MPUCACHIBAIOIIMMU CTOPOHAMU; MIPH 3TOM HMX MPHUCACHIBAIOIINE CIIOCOOHOCTH
MOJIHOCTHIO HelTpanu3ytoTca. Ho He Bce meT/in aToMa UMEIOT BO3MOKHOCTh COCTBIKOBATHCS JPYT C
JpyroM — WHOTAAa KOH(UTypaluss HE MO3BOJSET, — M TOTJAa HMX IMPUCACHIBAIONINE BOPOHKH
OCTalOTCS OTKPBITHIMH JJII COSAMHEHHUS C BOPOHKAMHM JPYIHMX aTOMOB; B pe3yiabTaTe oOpa3yroTcs
MEXaTOMHBIE CBSI3U. ATOMBI, COCIUHEHHBIE MEXIy COOO0N TpPHUCACHIBAIOUIUMU BOPOHKAMH,
00pa3yloT O4YeHb MPOYHYIO MOJIEKYTy. OTKpBIThIE METJIM aTOMOB C MPUCACBHIBALIUMH CTOPOHAMU
00pa3ylT OJHY U3 Pa3HOBUAHOCTEH XMMHUYECKOW BaJI€HTHOCTH; 3TO, MOXKAIyWd, — caMas TJIaBHAs
BAJICHTHOCTh M caMasi Y€TKasi U3 HUX: OHa JINOO €CTh, MO0 €€ HeTy.

JlpyruM BUIOM BaJCHTHOCTH SIBIISIETCS KENOO, TO €CTh MPUCACHIBAIOIIAS CTOPOHA CIIAPEHHBIX
ITHYPOB. Y HHUX HAaNpaBJCHHs BpaIleHHUS — BCErJa BCTPEYHBIC, MIU KaK TOBOPSIT MEXaHUKH —
napa3uTHBIC; MHAYe U OBITh HE MOKET: TOJILKO MPH TAKUX HApPaBICHUSX BpAIlEHUs IIHYPBI OyaAyT



CTPEMHTHCA K COMMKEHNI0. B mmydok MOTyT BXOIUTH /IBa, YETBIPE U IPYroe 4ETHOE YHCIIO LIHYPOB;
U Ha KOXAYI0 mapy OyAeT NMPUXOAWTHCS OJWH IMPHUCACHIBAIONMIMN KEM00: y MBYX COMU3HBIIMXCS
LIHYPOB OH — OJIUH, y YETBIPEX — JBA, U TaK JaJiee.

C mOMOIIBI0 MPHUCACHIBAIOIINX KEIOOOB aTOMBI MOTYT COEAMHSATHCS APYr ¢ Apyrom. Takas
CMOCOOHOCTP — TO € BAJIEHTHOCTh, HO B OTIMYHE OT IETJIEBOH y k€100a OHA HE CTOJIb
OJTHO3HAYHA: COCIMHEHHE >KEJ000B pa3HBIX aTOMOB MEXAYy COOO0I0 MOXET OBITh CaMbIM
3aMBICIIOBaThIM. Pemaromiee 3HaueHNE UMeEET JUTHHA kKENM00a: 4YeM OH JUTMHHEE, TeM OOJIbIIIe Y HETO
BO3MO’KHOCTEH NMPUCOETMHUTH K ce0e HECKOJBKO 0oyiee KOPOTKUX KeI0OOB (TpU YCIOBHH, €CIIU
KoH(UTypamusi aTroMa IMO3BOJIIET 3TO  CJHENaTh), TEM, Pa3yMeeTCs, BBHIIIC €ro BAJICHTHOCTb.
CkaspIBaeTcs M yIOOCTBO COCNMHEHHUS: €CIH KEI00 HUYEM HE 3arOpoXkeH, TO OH OTKPBIT IS
CcBOOOJTHOTO COCJMHEHUS; €CIIM K€ OH PAcCIOJI0XEH HE CTOJIb YAayHO, TO U BO3MOXKHOCTEU st
COCAMHCHUA Y HCTO MCHBIIIC, COBCEM K€ 3aKPLITHIC )xesoba B COCAMHCHNHN aTOMOB HC Y4aCTBYIOT.
[Tetnu u sxenoba Mexay co0010 He KOHTAKTUPYIOT.

Hambosee arpeccWBHBI TE€ aTOMBI, Yy KOTOPBIX MMEIOTCS TOJHOCTBIO OTKPBITHIE
MIPHUCACHIBABIIME TETIN; TAaKWE AaTOMBI CTPEMSTCS COCTUHHUTHCS C JIFOOBIMH JIPYTHUMH aTOMaMH,
MMEIIMMMHU MMOoJ00HbIE TeT. C HUMHU OYEHb JIETKO COEAMHSETCS BOJOPOI: (Gopmy ero aroma
TaKKe MOKHO CYMTATh METIEBOW. Eciam aToOMBl MMEIOT JOCTaTOYHO MHOTO IPUCACHIBAIOIINX
Y4aCTKOB — eJI0O0B U NeTellb, — TO OHU MOTYT 0ObEIUHATHCS B OOJIbIINE KOJOHUH, 00pa3ys TeM
caMbIM TBEpJBIC Tella M B TOM YHCIE KpPHCTAIIBL. ECIM ke aTOMBI M MOJICKYJBI COEIUHSIOTCS
MEXIy COOOH TOJIBKO JKeI0OaMU W 3TH COCNWHEHHUs HENPOYHBI, TO TPHU ONPeAeIEHHON CBOEH
aKTHBHOCTH OHHM BeIyT ce0s Kak >KHJIKOCTH, TO €CTh HMMEIT BO3MOXHOCTh CMEIIAThCS
OTHOCHTENIbHO Ipyr apyra. [lo 3ToMy mpu3HaKy MeTayIlbl MOTYT OBITH MPHYHUCIEHBI TaKkKe K
KUAKOCTAM: WX aTOMbI COEAMHSIOTCS MCKIIIOUUTENBHO jKelo0aMu, a MPOYHOCTh COEAMHEHUN
YMEHBIIIAETCS C POCTOM TeMIIEPaTyphl.

Oco0ObiM 00Opa3zoM BeayT ceOsi aTOMBI M MOJICKYJbI Ta30B. Henb3si rOBOpHUTH, YTO OHU HE
UMEIOT WJIH HUMEIOT CcJIa00BbIpaKEHHbIE IPUCACHIBAIOIINE YYAaCTKU U IO3TOMY, JAEcKaTb, HE
ciunatrea. [IpuunHOi MX 0cOo0Oro TMOBENCHHS SBISETCSd HAIWYUE BOKPYT KaXIOTO0 W3 HHUX
CTOSIYEr0 TEIUIOBOTO IMOJIA, O KOTOPOM YK€ YHOMHHAJIOCH BbIIIE. ATOMBI M MOJIEKYNIbI Ta30B
HEYCTONYMBBI U MYJIbCUPYIOT, BO30YXKas BOKPYT ceds mpuiieraroiiee 3GupHOe IpOCTPAHCTBO; 3TO
JeNlaeT UX «IYHMIHUCTBIMUY», U OHM HHUKAaK He XOTAT cOmmkarbes. [IpeosoneTs «mymmucTocTs» aTtoM
WJIM MOJIEKYJIa Ta3a MOKET TOJIbKO TOJ JEHCTBHEM BHEIIHEro TOJIYKa; MO3TOMY-TO ra3bl BCTYNAIOT
B PEAKLHUIO TOJIBKO MPHU BHICOKOM JABJIEHUH, IIPU BBICOKOW TeMIIEpaType, Mo1 JeHCTBHUEM KECTKOTO
W3ITy4eHUs ¥ TpU APYrUX MOJOOHBIX BO3ACUCTBUSX.

BosBpamasice k TBEPIBIM TellaM, OTMETUM, YTO UX MOBEPXHOCTHBIN CIIOM aTOMOB OCTaéTcs
HEMPUKPBITBIM: MPHUCACHIBAIONINE YYACTKH 3TUX aTOMOB COXPAHSIOTCS OTOJIEHHBIMU; TO3TOMY
MOBEPXHOCTh TEJ BCErJa akTHBHA. M MHOTJa 3Ta aKTUBHOCTH MPUHUMAET (POPMBI arpeCCUBHOCTH,
KaK HampuMmep y KpucTasioB Oopa. M Tonmpko Bes3aecyline >IEKTPOHBI YMEPSIOT IbUT TaKOM
arpeccuu: OHM OYKBaJIbHO OOJEIUISIFOT OTOJIEHHBIC TIETIU U KeJI00a U MPAaKTUYECKU HEHTPATU3yIOT
UX.

B3aumooTHOIIEHUST SIEKTPOHOB M aTOMOB HE OTPAaHUYMBAIOTCS TOJIBKO HAJMIIAHHUEM Ha
IIPUCACHIBAIOIINE MECTa MOBEPXHOCTEH TEJ; IEKTPOHBI, KaK OUYEHb MEJKHE YacTHUIlbl, COCOOHBI
MIPOHUKATh BHYTPh T€ U Ja)K€ BHYTPb OT/AEIbHBIX aTOMOB U 3aCTPEBATh TaM; BeIb U aTOMBI CaMU
no cebe, W Tela M3 HHUX NPEACTaBISIIOT co00il peméryarsie (MOPUCTBIE) KOHCTPYKLHHU C
OTHOCHTEIJIbHO OOJIBIIUMHU sTUCHKaMH.

Oco0Oble OTHOLIEHHS y AJIEKTPOHOB C aTOMaMU METAJUIOB. Y MOCJIEIHUX HpUCACHIBAIOIINE
&Kenoba TAHYTCS 10 BCEMY MEPUMETPY U 3aMBIKAIOTCS caMU Ha ce0e; M03TOMY NMPHINIIINE K HUM
AJIEKTPOHBI MOTYT COBEpIIATh OE3NMPENsITCTBEHHbIE MEPEABIKEHHS BOKPYI aTOMOB; a C Y4ETOM
TOT0, YTO aTOMBI METAJIOB COEAUHSIOTCS MEXAY COOOM TEMH XkKe jKeI00aMu, TO y AJIEKTPOHOB €CTh
BO3MOJKHOCTb, NEPENPBITMBast C aToMa Ha aToOM, JIETKO CMEILIaThcs BJOJb BCETO Tela; 3TO YKEe —
ANIEKTpUYECKUi TOK. [IJisi CpaBHEHMS: SJIEKTPOH, MOMABIINM B MPUCACHIBAIOIIYIO BOPOHKY METIH
aToMa JMAJIEKTPHKA, YyBCTBYET ceOsl Kak B 3arajiHe: BHICKOYUTh €My OTTY/a HEJIErKO M CMEIIaThCs



BIIOJIb TE€J, COCTOSIIUX M3 TOJOOHBIX aTOMOB, OH HE MOXkeT. [[is Toro, 4roObl OTOpBaTh OT
MIPUCACHIBAIONIEH TETIIM aroMa NPUJUMNIIANA K HEW JJIEKTPOH, TpeOyeTcs omnpeaenéHHOe YCHIUE
(MHOT/1a OHO, TIPaBJia, HEOOIBIIIOE), U TAKIKE HEJIETKO OTPBIBACTCS JEKTPOH OT KeJI0OOB METaIOB
(a cmemiaeTcs BAOJIb IO HUM, IIOBTOPUM, OUYEHb U OUYEHb JIETKO).

MeTtaipl OTIIMYAIOTCS i€ W TeM, YTO B KOHQUTYPANHSIX MX aTOMOB TNPAKTHYECKHA HET
MPSIMBIX YYaCTKOB — aTOM MeETallla MOXO0X Ha KIYOOK PEIKO HaMOTaHHOU MPSIKU, — TMOITOMY
3(UpPHBIE BOJIHBI JIETKO OTPAXKAIOTCS OT UX MOBEPXHOCTEH, CO3/1aBasi XapaKTepHBIA OiecK. ATOMBI
JIPYrUX MaTepuajoB, Kak MPaBUJIO, UMEIOT MPSMbIE YUAaCTKHU KTYTOB H MO-JIPYTOMY pEearupyrT Ha
s¢upHBIC BOJHBI: OHH WX MOTJIOMIAIOT U BO3BPAIIAIOT B APHUP yKe ¢ COOCTBEHHOIN YacCTOTON; OHH
«3BydaT» Ha pa3HBIX 4YacTOTaX, KAaK HATAHYThI€ CTPYHBI pa3JIMYHOW JUIMHBI, STUM CaMbIM
OTpeJeNsieTcs IBET MaTepUaoB.

OO0 uHepiMu aTOMa BOJOPOJia MBI YK€ TOBOPWJIM; MHEPIHUH ATOMOB JPYTHMX XUMHUYECKHX
AJIEMEHTOB MOTYT OBITH OIPEIECICHBI M3 TPOMOPIIMU WX AaTOMHBIX BecoB. MHeprus aromoB —
BEJIMYMHA HEU3MEHHAas, Yero Hejb3sl CKa3aTh NMPO TPABUTAIMIO. YUWTHIBAs, YTO BO3MYIIEHHBIN
ATOMHBIMH BUXPSIMU TIPUJICTAIONMINNA 3(UP HACBIIACTCS JAOTOIHUTEIBHON MyCTOTOM, TrpaBUTAIUS B
pe3ynbTaTe OKAXETCSI HECKOJBKO OoJIbIIel. Y pa3HbIX aTOMOB ATa TprbaBKa pa3Has, U 3aBHCUT OHA
OT KOH(UTYpalluK aTOMOB.

C rpaBuTanMeil aTOMOB CBSI3aHO M TaKO€ MOHATHE, Kak uX Bec. Jloyiroe Bpemsi Mbl CUMTANH,
YTO OH OMpenenseTcs AByMs (pakTopamMu: COOCTBEHHON MAacCOM W MPUTSHKEHUEM TIaHeThl. Tenepb
MBI TOBOPHUM, YTO TPUTSHKEHHS] HET COBCEM, a Macca MOKET ObITh JIMOO WHEPIMOHHOM, JIOO
rpaBUTAIlMOHHOW. Bec aToma, B HaimieM NpeCcTaBICHUH, ONPEICIISIETCS €r0 MacCoi TPaBUTAINH U
rpaiueHTOM (DUPHOTO JABJICHUSI.

N3 Bcero cka3zaHHOro mpo BEC aToMa CJIEAYeT HECKOJbKO HEOXHJAHHBbIE Ha NEPBBIM B3I
BBIBO/IbI: BO-TIEPBBIX, HE MUIAHETA MPUTITUBAET aTOM, @ KOCMOC BBIJJABJIMBAET €r0 B HAIIPABJICHUU K
LEHTPY IUTAHEThI, U BO-BTOPHIX, 4eM OOJIbIIIE aTOM, TEM OH, YCIOBHO TOBOps, Jieruye. J[aBaiite Ha
3TOM IIOKa OCTAHOBUMCS U JOTOBOPHUMCS BEPHYThCS K 0oJiee NeTallbHOMY PACCMOTPEHHIO MOHSATHS
BECA HECKOJIBKO MO3XKE.

3aBepIIMM Hallle 3HAKOMCTBO C aTOMAaMM KOHCTAaTallMeN TOro, YTO Y HUX, KaK U 'y JJIEKTPOHOB,
€CTb CBOE BHYTPEHHEE BpeMs, M OOBSACHSAETCS 3TO TaKXKe TEM, YTO Y aTOMOB €CTh MOCTOSIHHO
W3MEHSIIOIIeeCs BHYTPEHHEE COCTOSIHHME, BbIpaXkarolleecs BO BpalleHHMH ero o0osiouku. EcTh y
BPEMEHM aTOMa M TOYKAa OTCYETA, KOIJa OH BO3HUK, U €CTh KOHEIl €ro CYIIECTBOBAHUIO, KOTJa OH
pacnanaercs Wik TpaHchopMmHupyeTcs B Apyroil atom. Pacman aroMOB MOXKET MPOUCXOAMUTH IO
JIBYM MpPUYMHAM: BO-TIEPBBIX, B PE3YyJbTaTe€ CHIKEHHSI M30BITOYHON IUIOTHOCTH OKPYXKAIOUIETO
sdupa 10 KPUTHUECKOrO 3HAYCHMs, M TOTJa HUYEro OT aroMa HE OCTAaHETCS; U BO-BTOPHIX, B
pe3ynbTaTe CHJIOBOIO pa3phiBa; MPU 3TOM LIHYp TEJla aroMa MOYKET OKa3aTbCsl pa30pBAHHBIM Ha
HECKOJIbKO KYCKOB, CaMbIX pa3lUYHbIX MO BeiauuuHe. KpymHble ¢parMeHThl IIHYpa, €CId UM
MO3BOJIUT UX JJIMHA, 3aMKHYTCSl B KOJIbIIA U NPEBPATATCS CHOBA B aTOMBbI MJIM HU30TOIIbI, HO YK€
OPYrUX XUMHYECKUX DJeMEHTOB. Te 4acTH, 4TO MoMenbye, OyAyT CTPEMHUThCA MpH JHOOOM
MOAXOIAIIEM CIy4ae COCTBIKOBATHCS MEXKy CO0OM B KOHIIE KOHIIOB TAK)K€ 3aMKHYTHCSI B KOJIBIIO.
Ho a Te menkue oOpbIBKU, YTO HE CMOTJHM 3TOTO CHAeaTh, TaK U OCTAHYTCS caMu coboil. MoxHO
Jla’ke MPEICTaBUTh, KaK BEAYT ceOsl 9TH HENMpPUKasiHHbIE KYCKH BPAIlAlOIINXCS IIHYPOB: UCIIBITHIBAS
KpalHIO MPOJIOJFHYI0 HEYCTOWYHBOCTh, OHU OYyAyT M3BUBATHCSA MOJ00HO YepBsiM. O HUX MOMXKHO
CKazath elle To, YTo UX opma 1 MOBEACHUE COOTBETCTBYIOT MAarHUTHON CHIIOBOM JTMHUH.

CaMbIMH MENKMMHU YacTSMU Pa30pBAHHBIX aTOMOB OyIayT 2JeKTpoHbl. Ecnm ke u oHH
OKa)XXyTCs pa3pylICHHBIMHU, TO HUYETO KPOME KBAHTOB CBETA OT HUX, KaK Mbl YK€ TOBOPHIIH, HE
octaHercs. Bce 3Tu BUABI OOPHIBKOB aTOMOB B OIPOMHBIX KOJM4decTBax u3Beprarorcs CoyHIeM U
KaK BeTep Pa3HOCITCS MO KOCMOCY; YaCTh 3TOTO COJIHEYHOTO BETpa JIOCTUTAET 3eMJIM U OCEHAET B
BEPXHUX CIOsIX €€ aTMOoc(hepshl.

2. Kocmuyeckue metasaBuxpeHus acupa



O mBwxkeHMsIX 3pupa B KOCMUYECKHX MacuITadax, TO €cTh BO BceneHHoil, a Tounee roBops, B
BuguMoM mpocTpaHCTBE, yXe BCKOJB3b TOBOPUIIOCH! MBI CPaBHHBAIM IMOBEACHUE DPHUPHOTO
Ob6naka ¢ moBeAeHNEM OOBIYHOTO JIETHETO IPO30BOT0 o0naka. BepHeMcst k 3ToMy Bompocy emgé pas
U paccMOTpuM ero Oojiee BHMMAareiabHO. Hameil 1enplo JO0HKHO CTaTh YSICHEHUE 3aKOHOB
KOCMHYECKOTO OBITHSI Ha OCHOBe 3(QupHON Teopuu. bynmem mmers B Buay, 4to Bc€ Bummmoe
MPOCTPAHCTBE 3aMOJHEHO MPO3PAYHOM, OYEHb TEKYYEH U OYEHb IUIOTHOM JKUAKOCTHIO, IMEHYEMOM
3pHupoM, a BCE BHIUMBIC KOCMHYECKHE OOBEKTHI, B YaCTHOCTH 3BE3JbI, — JIUIIb OTHOCHUTEIHEHO
MEJIKME BKPAIUIEHUS B OTY JKMJIKOCTb; UX PACIIOJIOKEHUE U UX NEPEMEIECHHS CBUIACTEIBCTBYIOT O
BHYTPEHHEM cocTOsiHMM Hamiero D¢upHoro OOnaka; He OyJb UX — M MBI HUKaK HE CMOTJIH OBl
3aperucTpupoBaTh TEYEHMs] TOW MPO3pavyHOM JKUIKOCTH, Kakoil sBusercs d¢dup. Tax 1o
MIEPEMELICHUIO TUIABAIOLIET0 MYCOpPa MbI CYAMM O TEYEHMHM BOJBI B PEKE WIIM IO KPYXKaUMCs
CYXHMM JIUCTBSIM — O BO3JYIIHBIX BUXPSAX: HU caMy BOJY, HU, TeM Oejiee, BO3yX MPH 3TOM Mbl HE
BUJIUM.

2.1 ManakTnyeckmne hopmoobpasoBaHua

lanakTuyeckne CKOIUIEHMsI SBJISIOTCS HauOoJsiee KpPYNHbIMU  (pOopMOOOpa3zoBaHUSIMU
Bunumoro npocTpaHCcTBa; 0 UX pa3Mepax MOXKHO CYJIUTh TOJbKO B CPABHEHUSX: OJIHA HAIlla POJHAs
lanaktrka, Kyaa BXOOUT Menbdaimed dactured Bcsi ConHEYHas CUCTEMa, COCTAaBISET MEHEe
OJIHOM MWJIJTMApJHOM 4acTH BceX rajgakThK. CTpyKTypa rajlakTHYECKHX CKOIUICHUH OTPakaeT Kak
pa3 Te MpoIecchl, KOTOPbIE MPOUCXOIMIN U IPOUCXOAAT B HacTosiee Bpems B Kocmoce.

YenoBeky, HE UCKYIIEHHOMY B aCTPOHOMMH, 3BE3/ITHOE HEOO MOYTH HU O YEM HE TOBOPUT: OH
BUJIUT B HEM PAaBHOMEPHO paclpenel€HHbIe MUPHUAbl MEPLAIOLINX 3BE3/, U BCE; BBISBUTH CPEAU
HUX ONpPEIENEHHbIN NOPSI0K WK Kakhe-I1100 0cOOEHHOCTH OH He MokeT. Ho acTpoHOMBI unTaroT
He0Oo KakK KHUTY; U TO, YTO KacaeTcsl FaJJaKTUUECKUX CKOMIJICHUH, IPUBEIEHO UMH B CUCTEMY.

Ilo BHenIHEMY BHIly TFalaKTUKH pa3[eJICHbl aCTPOHOMAMH HA JJUIMIITHYECKUE, CIUPAIIBHBIC,
JIMH30BUJIHBIE U HenpaBUibHbIE. OOBSICHUTH TPAaHC(HOPMALIUIO ITUX (POPM MOXKHO TOJIBKO HUCXOIs
nu3 »¢upHOil Teopuu. JltoObie cTonkHOBeHHUs Hamero DdupHoro OOmaka ¢ IpyruMu oOJaKaMH,
IIPOUCXOJUBUIMMHY PaHEE U MPOUCXOIANIMMH B HACTOSIIIEE BPEMS IOPOKIAIN U IOPOKAAIOT CaMBbIe
pasnuuHble (OpMOOOpa30BaHUA; POJHUT UX TEKy4ecThb 3(Hpa: JOCTATOYHO IPEACTAaBUThb, UYTO
BUJMMbIC HaMU 3BE3]Ibl IUIABAIOT B 3(upe, U cpa3zy CTAHOBSATCSA MOHATHBIMH, Ka3aJloch Obl, caMble
3aMBbICIIOBAThIE (POPMBI 3BE3THBIX CKOTICHHH.

IIpoBeném Takoi ombIT: B OoJblIed YaH € BOJOM OyneM IMOAIMBATH MaJbIMU MOPLUSMU
MOJIKPAILIEHHYIO KHUJKOCTb; €l Jydlle, eClau MOAIMBAeMbIe )KUJIKOCTU OYAYyT UMETh pa3IvyHble
1[BeTa, M CTaHeM HaOmoxaTh 3a MOTOKAMHU; CTPYH MOAKPAIIEHHBIX KHUJIKOCTEH OymyT
IepEMEIINBATEC MEXIAy Cco00W W ¢ Hpo3payHON BOJOW caMbIM 3aMbICIOBATBIM 00pazoM.
HaBepHsika cpequ BCEBO3MOXKHBIX (OpMOOOpa30BaHMI Mbl OOHAapYy)KUM U DJUIMINTHYECKHE, U
CIMpaJibHble, M JIMH30BUIHbIE, HO OYyAyT TaM, CKOpee BCEro, M HeNpaBUIIbHbIE (OPMBI.
BunousmeHnenust BHyTpeHHUX TEUEHUH OyayT ONpenensThCs LEeabIM psAaoM (aKTOpOB, TAKUX Kak
HanpaBjeHHUE MOTOKOB MPH CTOJKHOBEHUAX, 00bEM M SHEPrUs MOIJIUBAEMbIX HNOPLMH, HAJTO0XKEHUE
Te4YeHUH u Apyrue, — 1 OyJyT OHU B OOJIbIIEH CTENEHH CIydyaliHbIMU, YeM 3aKOHOMEpHbIMU. U TeM
HE MEHee BCEe MOTOKH CO BpPEMEHEM KaK-TO CTaOMIM3UPYIOTCS U NMPHOOPETYT CBOM XapaKTepHbIE
OYEPTAHHUS.

To ke camoe npoucxoaut u B Kocmoce, rae kaxas rajjakTHKa MOKET pacCMAaTPUBATHC KaK
pe3yibTaT KOTAa-TO TMPOM3OMIEIIEr0 CTOJKHOBEHUS »>(upHbIX oOsakoB. [lo xapakTepHbBIM
0COOEHHOCTSIM TaJIaKTHUK MOYKHO CYJUTh 00 OTHOCHUTEIBHOM BPEMEHHM MX POXKJICHHs, 00 3HEpruu
CTOJIKHOBEHHSI B MOMEHT MX BOBHUKHOBEHUS U O APYTUX NMAaCHOPTHBIX JAHHBIX.

DNMUNTUYECKHE TATAKTUKNA UMEIOT HE 0YEeHb YETKHE AIIUNTHYeCKue (OPMBI ¢ pa3dpocoM OT
cepruuecKux JI0 CUIBHO BBITAHYTHIX. bojee Toro, poTomerpuueckue nccie0BaHus MOKa3aiH, YTo
OHM BOOOIIE HE SBISAIOTCA JIUIMIICOMJAMHU BpalleHHs, a OOJbIlle IOXOXKH Ha TPEXOCHBIE
samunconapl. Heu€rkas reomerpust (GopM TOBOPUT O TOM, YTO B HHUX HE CKa3bIBalOTCS
LHEHTPOOEKHBIE M IIEHTPOCTPEMUTEIbHBIE CHIIBI, M 3TO MOJATBEPXKJIAIOT CHEKTPOCKOMUYECKUE



WCCIEOBAHUs: BpAILIAIOTCS OHU JOBOJIbBHO MeIJIeHHO. MHEpUUOHHBIE MAaCChl AILTUIITHUYECKUX
rajlakTuk coctaByisaoT oT 100 muronoB 10 10 TpuinonoB Macc CojiHIlA; camble KPYIHBIE U3
HUX BBITISISAT KaK W30JMpPOBaHHBIE OOBEKTHl B Bummmom mpocTtpaHcTBe. VX 3BE3[bI UMEIOT
KpPaCHOBATHIM IIBET MU OTHOCATCS K TUMY KpacHbIX rUrantoB. CojaepixaHue TSKEIBIX XUMUYECKUX
2JIEMEHTOB B HUX Oouiblile, yeM B 3BE37ax Hamed [amaktuku. Cpeau AIIIMNTUYECKUX TalaKTHK
BCTPEUAIOTCA M TaKue, y KOTOPBIX MEXK3BE3IHOE MPOCTPAHCTBE 3AIOJIHEHO OOJIbIIE OOBIYHOTO
ra3oM U MbUIbI0 U KOTOPBIEC BBIJEISIOTCS CBOMM MOIIHBIM paJuou3iyueHueM. Bc€ 3To roBopur o
TOM, YTO JJUIMNTHYECKUE TAJAKTUKU OTHOCATCS K pa3psly OTHOCUTEIBHO MOJOJBIX. JIumrHum
JI0Ka3aTeJIbCTBOM 3TOTO SIBJISIETCS TO, YTO HOBBIC 3BE3/IbI B HUX B HACTOSIIIEE BPEeMsi He 00pa3yroTcs,
TO €CTh €lIe HE MPHUIIIIO UX BPEMSI.

Crapie 3JUIMNTHYSCKUX KaKYTCS JTUH30BUIHBIC TATAKTHKU; WX (opMa 3aHUMAeT Kak Obl
MIPOMEXYTOYHOE MOJIOKEHUE MEXTY IUTUTICOUIAMU U CIIUPATLHBIMU 00pa30BaHUSMHU, TO €CTh OHU
YK€ PaCKPYTUITUCH JI0 JIMH30BUIHOCTH, HO €II€ HE BHIPOIUIINCH B CIIUPAJIH C pykaBamu. VX 3Be3 bl
OTHOCSITCSl TaK)Ke€ K pa3psly KpPacHBIX THTAHTOB, KPACHOBATHIMU BBHITJIANAT M CAMH TAJTaKTHUKH.
KpacHoBatblii IBET CBUAECTEIBCTBYET O HAJTUYUHU B MEX3BE3THOM MPOCTPAHCTBE Ta3a U MBUIH U O
Ha4yaJbHOM CTaJuU TOpeHUs 3BE3/. 3Be31000pa3oBaHKe B JIMH30BUIAHBIX TAJIAKTUKAX HE OTMEUYEHO;
3HAYUT, OHH €NI¢ HAXOAATCS B 30HE C OOJIBIION M CTaOMILHOM M30BITOYHOM TUIOTHOCTHIO dPupa, U
10 TOW MPUYMHE UX HUKAK HEJTb3SI OTHECTH K CTAPBIM TaJlaKTHKaM.

Bosbiie Bcero Hac JOKHBI HHTEPECOBATh CIIMPAIbHBIC TAIAKTUKY, TaK KaK B OJTHOM U3 HUX,
a uMeHHO — B Miieunom Ilytu, pacnosoxena Hama ConHewyHasi cuctema. [lo BceM JaHHBIM
Mnneunsiii [1yTh, Kak ¥ Ipyrue cimpaibHbIE TATAKTUKA, HE OTHOCUTCS K MOJIOJIBIM rajakTUKam, 00
3TOM TOBOPUT €ro pas3BUTas choupaidbHas @opma c pykaBamu. OH TpeacTaBiseT coOoi
Bparmammuiics Juck auamerpam okosio 100 000 cBeToBBIX JieT; ToJmuHA Arcka — okoso 1000
CBETOBBIX JIeT. 3BE3/bI JUCKA JABIKYTCA 10 KOHUEHTPUYECKHUM OpOUTAaM; CKOPOCTH UX TBUKEHUI
pacnpeensoTcs caeayomuM oopa3om: 4yeM OMKe K [IEHTPY, TEM OHH MEHbIIIE; HO MPHU yJaJIeHun
OT LEHTPa PACTyT TOJBKO /O OMPENEJIEHHOTO 3HAUEHUS, a JAJIbLIE COXPAHSIOTCS MOCTOSHHBIMHU.
Takoe pacnpeneneHue CKOpocTeld He OTHOCUT Miteunbii [1yTh K 3aBUXpEHUSAM THUIIA BOJOBOPOTA, a
3TO 3HAYUT, YTO XapaKTEPHbIE AJIsl BpAlleHHs LIECHTPOOEKHbIE U LIEHTPOCTPEMUTENbHBIE CHIIbI H3-3a
CBOEI MAJIOCTH MPAKTUYECKU HUKAK HE OMpeneistoT (GOpMbl COUPATIbHBIX TaJJaKTUK, U B TOM YHCIe
— Mieunoro Ilytu. Xapakrepom cBOUX CKOPOCTEH OHM O0Jibllle HATOMUHAIOT 3aBUXpEHUS dupa,
CO3/1aBaeMbl€ DJICKTPOMArHUTHBIMU KaTYyIIKAMU.

O HemononoM Bo3pacte Mieunoro Ilytu cBuaerenbCTBYeT Takke IBET 3BE3J — OH
rojqy0oBaThIi; 3TO 3HAYAT, YTO 3BE3JBI JOKHUTAIOT MOCIEAHUE XUMHUYECKHE 3JeMeHThl. O TOM ke
TOBOPUT M HMHTEHCUBHOE 3BE37000pazoBanue B leHTpe Mieunoro Ilyrtu, B Tak Ha3piBaeMoi
6ammke. Conep)kaHue BceX MPOYMX XUMHUYECKUX DJIEMEHTOB B HEM, KpoMe BOJOpPOAA W Temus,
COCTaBIISIET OKOJIO OJHOTO MPOIEHTa, TO €CTh OHHM YK€ TaM IMpaKTU4YecKu pacnanuch. Ho camoe
OypHoe 3B&31000pa3oBaHie IPOUCXOANT B IIEHTPe OalljpKa, TlIe pachoioskeHo co3Bezaue Crpenery
A; 9TO — €CTEeCTBEHHO, TaK Kak IUIOTHOCTh 3(upa Bceraga HauMMEHbIas B ILIEHTpax IHOOBIX
3aBUXPEHHUM, U TaM TMPOUCXOAUT YCKOPEHHBIM pacrmaj aTOMapHO-MOJEKYISIPHOTO BEIIeCTBa.
HekoTopele crenuamucTsl CYMUTAIOT ATOT LEHTp aAaxe 4épHoi nwipoil. K cBenennio — OH
HaxoauTcsa Ha paccTosiHuu 28 400 cBeToBbIX JeT oT CojHIla B HanpaBieHUH co3Be3us CTpenblia.

Camble cTapble TalaKTUKH UMEIOT HEMpaBHIbHbIE (GOPMBI; OOBSCHATH 9TO MOXHO TEM, YTO
OHHM YK€ BBIPOJWIUCh W TMPUOCTAHABIMBAIOT CBOM JABIKEHHUA. [IMOTHOCTH »dupa B HUX YKe
CHU3UJIACh HACTOJBKO, YTO OypHBIA pacmaj BCeX XUMHUYECKUX OJIIEMEHTOB MPHUBOJIUT K
Ype3BhIYATHO aKTUBHOMY 3BE370-00pa3zoBaHHi0 B HHUX. OO0 OTCYTCTBUHU TSKENBIX XUMHUYECKHX
AJIEMEHTOB B HEMPABUIBHBIX TATAKTHKaX TOBOPHUT U MX TOyOOBaThIi 1BeT. IHEpIIMOHHBIE MacChl
9TUX TAJAKTUK YK€ CTald 3HAYUTEIIbHO MEHBIIE JPYIrMX U COCTABISIOT Bcero okoso 100
MUWIITHOHOB Macc CoJHIa.

2.2. 3aBuxpeHus aoupa BOKpYr nsiaHeT v 3Be3f

HO-I/IHOMy BCOAYT ce0s 3aBUXPCHUSA 3(1)1/Ipa, B ICHTPAX KOTOPLIX pacClOJIararoTCs IJIaHCTbI U



3BE3/1bI; ATO JI0OCTATOYHO KPYIHBIE IO KOCMUYECKUM MepKaM (GopmMooOpa3oBaHMsi, HO OHH B TO K€
BpCMsA 3HAYUTCIBHO MCHBIIC TI'aJIaKTHUK. HpI/IMepOM OZHOI'0 TAKOr'o 3aBUXPCHUSA MOXKCET CIYKUTb
3aBuxpenue Bokpyr CosHiia.

Camo CouHIe siBisieTCsl OOBIYHOM 3BE3/10M, OJJHON M3 JIBYXCOT MHJUIMAPJIOB € MOJAOOHBIX B
Hameil ["anmakTuke; ero rpaBUTAlIMOHHOE TOJIE MPeoOsiafaeT Haja JACHCTBHEM COCEIHUX 3BE3] B
npeaenax paccrosiauii 70 50 000 acrpoHomuueckux eaunuil (1 a. e. = 149 597 870 km). Hanuuue
I'paBUTAIMOHHBIX MmoJNe Kak pas U OTIHUYACT I3THU 3(1)I/IpHI)Ie 3aBUXPCHUA OT TAIAKTHUYCCKUX
(dhopmooOpazoBaHMIA.

Tounee roBops, rpaBuTanus €CTb BE3AC BO BCGHCHHOfI, HO B MaclITabax rajJakTHK IIaBHBIM
dakTopoM, ompeneNsromuM GopMy WX JBMKCHUH, SBIISCTCS HE OHA, a DHEPTrHUs CTOJKHOBCHHS
B(prHI)IX IMIOTOKOB, B TO BPEMA KaK B Maciiradax OTACIBHBIX INNIAHCTHBIX U OTACIIBHBIX 3Bé3I[HI>IX
CUCTEM 3aKOHbBI 3(QHPOBOPOTOB (MOJ0OME BOJOBOPOTOB), B OCHOBE KOTOPBIX JIEKUT I'paBUTALUS,
SABJIAIIOTCA OIMPEACITIAIONIUMU. FpaBI/ITaHI/IH, BbIpAXKXCHHAad B HCHTPOCTPECMUTCIIBHBIX CHUJIaAX, MOXKCT
CyII€CTBOBAaTh TOJBKO TOrga, Koraa €CTb HCHTpO6e)KHI)I€ CUJIbl, a OHHU OIMYTHUMBI TOJIBKO B TOM
cllydae, €clii UMEETCsl OIpE/IeJIeHHOE COYETaHWE CKOPOCTU M yJNAJIEHHs OT IEHTpa: uyeM OoJiblie
CKOPOCTh IBUKCHHA U YE€EM MCHBUIC YAAJICHHUEC OT LCHTPA BpAlICHHUA, TEM CUJIIBHCC I'paBUTAIHA. B
rajJlakTUKax yJnal€HHOCTh Nepu(epuiiHbIX 3BE3/ OT LIEHTPAa HACTOJIbKO BEJIMKA, YTO HU O KaKOH
pealbHON TpaBUTALMM TOBOPUTH HE MNpuUXOAUTCA. Jla M MEX3BE3IHBIE PACCTOAHUS B HUX B
OCHOBHOM TaKOBBI, YTO MCKJIIOYAIOT IPaBUTAIIMOHHOE BO3JIEHCTBUE APYT Ha Apyra: Onuxaiiiias B
Comnity 3Be31a Anbda KenrtaBpa Haxoautcst Ha pacctossuun 250 000 acTpOHOMHYECKHX €IUHUIL,
4TO B 2,5 pasa GoJiblie pa3MepoB rpaBuTalinoHHOro noss CosnHia.

OOpaTM BHUMaHUE Ha TO, YTO TPaBUTALUS B IPEIbIIYIINX PACCYKICHUIX paccMaTpUBaIach
HE KaK MPUTSHKEHNE KOCMUYECKUX Tel — IUIaHET U 3BE3], — a KakK LIEHTPOCTPEMJIEHUE; U TaKOoe
W3MEHEHHUE TTOHATUH POXKIACHO Y(PUPHOIN TEOPUEH.

JloroBopumcsi Ha3bIBaTh 3aBUXPEHUs 3(Hpa BOKPYr IUIAHET U 3BE3J] METa3aBUXPEHUSIMU
(aToM — TOXE 3aBUXpeHUE dYPUpa, HO — MUKPOCKOIMYECKOE) U PACCMOTPUM UX 0oJiee MoapoOHO.
CHayasna BbISIBUM IIPUYUHBI UX BOSHUKHOBEHHSL.

[lepBoii IPUYMHON SIBJISICTCSI CaMO HCXOJIHOE CTOJKHOBEHHE 3(PHPHBIX OOJAKOB, TO CaMoe,
KOTOpO€ CcO37aeT M30BITOUHYIO IJIOTHOCTH 3(Upa, MOPOXKIAET AIIEKTPOHBI U aTOMBl U SHEPruu
KOTOpPOTO JOCTATOYHO Ui TOro, 4TOObI BO3MYTHUTH Mpuieramoouiee 3¢upHoe mpocTpaHcTBo. He
TpyOHO cebe MpeACTaBUTh, YTO B XaoCe BO3HUKHOBEHMS CaMbIX pPa3HOOOpa3HbIX MO Qopme,
BEJIMYMHE U PaCHpeeIEHUI0 OTHOCUTEIBHO MEIKOMACINTAOHBIX 3aBUXpPEHHM OyneT HaOM0aaThCs
HEKOTOpasi UX YINOPSJA0YEHHOCTh: TaK OCHOBHOU (hOpMOH, cKopee Bcero, OyJeT TUCKOOOpa3HOCTh,
npuuéM OnM3Nexaline IUCKUA 3aBUXPEHHI OyIyT BBICTpAUBATHCS B MapallIeIbHOCTh; KPOME TOTO
OTHOCHUTEJILHO MEJIKHE 3aBUXPEHHS MOTYT PaclojaraThCs Ha «CKJIOHAaX» 0oJiee KPYIMHBIX; IPH 3TOM
1 0a30Bble M CIYTHUKOBBIC 3aBUXpPEHUs OyIyT UMETh Ty k€ CaMyl0 NapauieJbHYI OpUEHTAIIUIO
(IMCK CITYTHUKOBOTO 3aBUXPEHHSI HE MOKET BCTaTh MEPIEHAUKYISPHO AUCKY 0a30BOrO).

[Ipumepom coueTaHusi 0a30BBIX U CIYTHUKOBBIX JUCKOOOPA3HBIX METa3aBUXPEHHUI MOKET
cinyxkutb ConmHeuHas cuctema: 3¢pupoBopot Bokpyr CouiHiia siBisieTcsi 0a30BBIM 10 OTHOIIECHHUIO K
3aBUXPEHHUIO BOKPYT 3eMJIH; MOCIIEHEE B 3TOM CiIy4ae OyAeT CyTHUKOBBIM, HO MO OTHOIICHHUIO K
JTYHHOMY 3(HPOBOPOTY OHO K€ BBICTYIAET Kak 0a30Boe.

MertazaBuxpeHusi 2¢upa, BO3HUKIIME HA CaMbIX pPAHHUX CTAgUSX BO3HHUKHOBEHUS
M30BITOYHOTO 3(PUPHOTO AABIEHUS M POXKIEHUS aTOMApHOTO MHUpa KaK CIEJICTBUE CTOJKHOBEHHUS
3¢bupHBIX 00JaKOB, MOKHO Ha3BaTh PEMUKTOBBIMU. TaKMMHM MOYKHO CUHMTATh, [0 HAIIEMY MHEHHUIO,
MeTtazaBuxpenus Bokpyr Connua, CatypHa, IOnurtepa, Ho He Bokpyr 3emiuu u JIyHbl; mocnenHue
MeTa3aBUXPEHUS BOZHUKIIM O APYroil MpUYNHE — KaK MPOU3BOJHBIE OT CIy4aifHO BO3HUKIIINX Ha
CKJIOHAX PETMKTOBBIX METAa3aBUXPEHHUI HOBBIX IUIAHET.

BO3BpaH_Ia$ICL K MOMCHTY CTOJIKHOBCHU 3(1)I/IpHLIX OGJ’IE[KOB, OTMETHM €IIIé pa3, d4To
COIIPOBOKAAIIOCH 3TO ABJICHHC BO3HUKHOBCHUCM aTOMOB U CBCTAa, HpI/I‘-IéM H TO U APYroe€ HOCUJIO
0COOBIH paCCCﬂHHHﬁ XapakTep: CBET HC HMCI TOYCYHLIX MCTOYHHUKOB, 4 aTOMbI NPCACTABJISAIN
c000i# 1bUTb. M TOJBKO BOBHUKHOBEHHUE MeTa3aBPIXpeHPIfI SABUJIOCH HAYaJIOM O6pa3OBaHI/IH KPYITHBIX



KOCMHUYECKHUX T€J, TO €CTh IJIAHET (3BE3/bI NOSBUINCH NIO3HEE): METa3aBUXPEHUS CTATMBAIIN IIBLIb
K CBOMM IICHTpPaM M YIUIOTHSUIH €€ JI0 TBEPAOTro cocTosiHMs. Yem KpynHee ObUIO MeTa3aBUXPEHHE,
TeM OOJIbIIIE OHO CTATHBAJIO K CBOEMY HEHTPY KOCMUYECKYIO0 aTOMAapHO-MOJIEKY/ISIPHYIO MbLIb; TaK
POKJIANNCh IUIAHETHI U TaK OHU OKA3aJIUCh B LIEHTPaX METa3aBUXPEHUI.

2.3. YTOo KpyTUT MeTazaBUXPEHNA?

Pazo0paBmnce ¢ BOSHUKHOBEHHEM PEIHUKTOBBIX METa3aBUXPEHHM, MOIMBITaEMCSI 000CHOBATH
UX BBICOKYIO KUBYUYECTh: Ha MEPBbII B3I KaXKETCS CTPAHHBIM, KAK OHU MOIJIM COXPAaHUTHCS /10
HAIIUX JIHEH, UCTIBITHIBASI COTIPOTUBIICHUE OKPYXKAIOIICH Cpebl U TPEHUE BHYTPH CaMHX ceOst; BCS
WX  DHeprus, Kasajochb  Obl, JODKHA  Oblla  TpaHchOpPMHPOBATHCS B TEIUIOTY
aTOMAapHO-MOJIEKYJIIPHBIX T€Jd; OJHAKO 3TOro He npousouuto. Ilouemy? OtBer Oynem uckath B
pacnajzie TOJIBKO 4TO CO3JAaHHBIX aTOMOB; UMEHHO OH YJEpXKUBAET METa3aBUXPEHHUs, MOIMUTHIBAS
CBOEH DHEPIrUEH UX BPAIlCHUE U JaXKe PACKPYIUBasl UX.

Ha 3ewmiie, a TouHee — Ha MOBEPXHOCTH 3€MIIM, COXPAHMUIIOCH OKOJO COTHH XMMHUYECKUX
AJIEMEHTOB, TO €CTh OKOJIO COTHM YCTOMYMBBIX aTOMHBIX (POPMOOOpa30BaHUil; ¢ y4ETOM IPYTUX
Pa3HOBUIHOCTEN YCTOMYMBBIX M HE COBCEM YCTOMYMBBIX 3JIEMEHTOB — M30TONOB M M300apoB —
oOliee 4MCIO €1Ba JM NPEBHIIIAET TPU COTHU. A B MOMEHT POXKICHHUS UX OBUIO — THICSUYHU U
THICSIYM, U TOJAABIIAONIEEe OOJILIIMHCTBO M3 HUX HE JOKHWIO JI0 HAallMX JHEW — pacnaiuch. B
nepecuére Ha 00BEM (MM BEC) TPYAHO JaXke ceOe MPeICTaBUTh, CKOJIBKO 36MHOTO BEIIECTBA TAKUM
00pa3zoM ucuesso.

B pesynprate pacmaza aroMoB IUIAHETHl «XYICKOT», TO €CTh YMEHBIIAIOTCS B CBOMX
pa3Mepax; Ipu OSTOM UX CpeaHss 3pupHas MIOTHOCTh CHWXaeTcs. OOBICHUTH 3TO MOXKHO TEM,
YTO cpeaHss 3(pupHas MIOTHOCTh ATOMOB HIDKE IUIOTHOCTU OKPYXAIOIIero 3pupa, HO aToOM 3a CUET
OpraHM30BaHHBIX JABM)KCHUN yIEpKUBAET CBOE MPOCTPAHCTBO U MPOTUBOCTOUT JAABSIIEMY Ha HErO
okpyxkeHuto. [lpum pacmage ke [ABMKEHUS DSIIEMEHTapHBIX IIAPUKOB aTroMa TEpSIOT CBOIO
OpPraHM30BaHHOCTh M YXOJAT C BOJIHAMH, a Ha MECTE€ aToMa OCTAalOTCs JIUIIb YCIIOKOWBILIUECS
IIapUKH; B MPEKHEM 00bEME MX IUIOTHOCTh OKA3bIBAETCSl MOHMKEHHOH. bojblnoe koindyecTBo
pacrnajaronuxcsi aTOMOB MOHIKAET, TaKUM 00pa3oM, 3(DUPHYIO TUIOTHOCTH (3PUPHOE JTaBIICHUE)
BHYTPH CaMOU IUIAHETHI M CIIY)KUT MPUYMHON MaccOBOTO JBMKEHHS 3(Hpa, HAIPABIEHHOTO M3
KocMoca K e€ LEeHTpy. OTu TeueHus 3¢upa OJHOBPEMEHHO U IMPOBOLUUPYIOT U MOJICPKHUBAIOT
MeTa3aBUXPEHHUS.

Xopoimel (HU3UIECKON MOJCIIbI0 METa3aBUXPEHUN MOXKET CIYKUTh BOJOBOpOT. HarmomHum
BaHHY BOJOW M BpalllaTelIbHbIM JIBIDKEHHEM pPYKH 3aCTaBUM €€ KPYXKHUTbCS — MOIYYUM
3aBUXpeHHe. B Kpyribix cocynax BpallleHUe >KHJIKOCTH MOXKET MPOJO0JKAThCsl JOBOJIBHO JOJITO; B
HEKPYIJIBIX — OBICTPO 3aTyXaeT, HO U TaM M TaM OHO PaHO WJIM MO3HO MCYE3AET; 3TO €CTECTBEHHO.
Ho cTout Ham TOJIBKO OTKPBHITH CIMBHOE OTBEPCTHE, KAaK 3aBUXPEHHE OKUBUTCA U MPHOOPETET
Hanpsok€HHYIO  GopMy  BogoBopora. (CredoBaTeNbHO, TJABHBIM  (DAKTOPOM  yYCTOMYHMBOIO
CYIIIECTBOBaHMS BOJOBOPOTa SIBISIOTCA YTEUKU 4epe3 CIUBHOE oTBepcThe. UToObl JIMIIHUN pa3
yOenuThCcsl B 9TOM, MEPEKPOEM CIUB — U Mbl YBHJIUM, KaK BOJOBOPOT CKOPO OCTaHOBHTCS;
OTKPOEM CIIUB — BOJIOBOPOT OXHMBHUTCS; MPUKPOEM YAaCTUYHO CJIHB — 3aBUXPEHHUE HAYHET
YCIIOKauBaThCs; OTKPOEM €ro MaKCUMaJIbHO — BOJIOBOPOT 3a0YpJIHT.

Ecnu naxe Bony mpeaBapuUTEIbHO HE PACKPYYMBaThb U OTKPBITH CIMB IIPU €€ CIHOKOWHOM
COCTOSIHUH, TO, CIIYCTSI HEKOTOPOE€ BPEMsl, YTEKAIOIUI MOTOK caM co00il BCE paBHO 3aKpyTUTCS B
BOJOBOPOT, TO €CTh YTEUKH CIPOBOLMPYIOT 3aBuxpeHue. HampaBneHue BpamieHUs TaKoOro
BOJIOBOpPOTA ONpEIEIUTCS CiydailHbIM 00pa3oM; TJIaBHOE, 4YTO Yy HEro ecTb NpUYHMHA
BO3HUKHOBEHUsA. {151 Toro, yToObl YOEOUTHCS B TOM, YTO BOJOBOPOTHI O€3paziMyuHbl K BBHIOODY
HaNpaBJICHUs BPALICHHUS, MOXHO JIIOOOW CIIOKUBIIMHACS M3 HHMX 3aCTaBUTh HM3MEHUTH CBOE
HampaBjeHUE OOpaTHBIM CHJIOBBIM pACKpyYHMBAaHHEM pYKOIO: B TIEpBBIH MOMEHT NpPEKHUN
BOJIOBOPOT OK&XE€T HEKOTOPOE CONPOTUBIIEHHE BallEll pyKe, HO MOTOM CMHUPHUTCS U NOBEPHET B
00paTHYIO CTOPOHY.

[IpoBonupyronias posp pacrnaza aTOMOB BBIPa)KAETCS B TOM, YTO, €CIM B HEKOTOPOW TOYKE



[TpocTpaHcTBa O CHOKOMHBIM 3(pUPOM BHE3AITHO MOSBUTCS TEJO, YaCTh ATOMOB KOTOPOTO CKJIOHHA
K pacrnaay, TO YCTPEMHBIIHUICS K 3TOMY Telly 3(Up paHO WU TO3THO COPBETCS B 3aBUXPEHUE.
[Toro6HBIM 06pa30M BO3HUKIIM, IO HAIIEMY MHEHHIO, ME€Ta3aBUXpeHUs 3emiu, JIyHbI 1 HEKOTOPBIX
JPYTUX IUIAHET; paciaj Chbirpasl B HUX POJIb yTEUEK.

2.4. TaroTeHune

Bbime MBI 3a9BWIIM, YTO ~ METa3aBUXPEHHsS]  CTATUBAIOT K  CBOMM  IIGHTpaM
aTOMHO-MOJIEKYJISIPHYIO TIBUIb, HABEPHOE, TAKXKE CTATHUBAIOTCS K ILIEHTpaM JIIOObIe Tema, Jaxe
camble OOJIbIINE, BE/Ib UX MPUPOJA — TOKE aTOMAPHO-MOJIEKYJISIpHAs. DTHM e 0OBICHSACTCS U TO,
YTO B YCJIOBHUSAX 3€MIIH, TO €CTh BOKPYT HAC, BCE MPEIMETHI MaJal0T TOJIBKO BHU3, B HAIPABJICHUH K
HEHTPY TUTAHETHI; TIPU 3TOM CO3/a€TCS WIUTIO3HS TOTO, YTO Tella MPUTATHBAIOTCS 3eMIIEH, XOTs Ha
caMoM JieJie HUKAKOTO TPUTSDKEHUS HEeT: He TUIaHeTa MPUTATHBACT Tea, a S(Up BHITAIKABACT UX B
HaNpaBJICHUU K HEH, a TOUHee — K IEHTPY MEeTa3aBUXPEHUs, B KOTOPOM HaxoauTcs oHa. [loaTomy,
coOCTBEHHO, U coOpanach cama IUIaHeTa, YTO BCE BEIIECTBO, €€ COCTaBIAOIICE, OBLIO KOT/Ia-TO
coOpaHO MEeTa3aBUXPEHUEM B CBOEM IIEHTPE.

[Ty3pIp€k BO3ayXa B BOJE YCTPEMIISIETCSI BBEPX HE TIOTOMY, YTO €T0 MPHUTATHBAET aTMocdepa,
a B pe3ylbTaTe BBITAJKMBAHUA ero Oosiee IUIOTHOM, ueM OH, Bojaoil. Bcsakoe ¢usnueckoe
NpUTSHKeHHe, Oyab OHO T'PaBUTAIIMOHHBIM, MAarHUTHBIM, JJIEKTPHUECKUM WM  HEKUM
BHYTPHSJIEPHBIM, HE MOXET OBITh OOBSCHEHO 3/PaBBIM CMBICIIOM; HE OYECHb YOCIUTEIbHBI U
(du3nvecKue OIBITHI, SKOOBI JIOKA3bIBAIOIINE CYIIECTBOBAHWE MPHUTKEHHS, a YTO KacaeTcs
OUYEBUIHOTO TAJCHUS TEJ BHU3, TO CTOJIb )K€ OUEBUIHBI M TOIHEMBI HEKOTOPHIX M3 HHUX BBEpX,
HaTpUMep JCPEBSIIKH B BOJIE WIIH HAIIOJHEHHOTO BOJIOPOJIOM IIapHKa.

I'oBops Tak, MBI mocsAraeM Ha, MOXKalyil, camoe ¢yHIaMeHTaIbHOE (U3UYECKOE SIBJICHUE —
Ha Bcemupnoe Tsarorenne u Ha [IpuTsikenue BooOmie. Kak Hu meyanbHO 0CO3HABaTh, HO ATO TaK:
HUKAKO20 MA2OMEHUsI 8 CMbICIe (QUUUECKO20 NPUMSICEHUS 8 NpUpooe Hem U Oblmb He Modcem .
[IpaBaa, TepMUH «TATOTEHHE» MOKHO UCTOJIKOBATh KaK «CTPEMJICHUE», U TIOSTOMY OH Hac JOJDKEH
yCTpauBaTh, KaK, BIIPOUEM, U TEPMHUH «TPaBUTALMSDY, HO TOJBKO — HE KaK «IPUTSKEHHUEY.

Jlo cux mop MbI MOYTH TOJIOCIOBHO YTBEPXKIAIH, YTO aTOMbl M MOJIEKYINbI, HWMEIOIIUe
MOHIKEHHYIO 2(UPHYIO TUIOTHOCTh (OHU BCE UMEIOT MOHIKEHHYIO INIOTHOCTH), OyIyT CTATUBATHCS
K IIEHTpaM MeTa3aBuxpeHuil. M kaxaplii U3 Hac MOKET B MOATBEPKACHHUE STOTO COCIAThCs Ha CBOM
MIOBCEIHEBHBIN OTBIT: B BOJOBOPOTAaX (B TOM e BaHHE WJIM Ha peke) JIETKUEe Tejla BCera KpyxaTcs
B MX LEHTpax, nNpuyéMm Oosiee IErKUe pacroyiararoTcsi Bcerja Ommke K HHUM: «BHHOBATOM»
OKa3bIBAETCSI OTHOCUTEJIbHASI INIOTHOCTb.

B MerazaBuxpeHusX MNpOSBISETCS TO K€ CaMOe€; U TOYHO TaKxke Tena ¢ OoJjiee HU3KOU
3¢$UpPHOH MIOTHOCTHIO BHITAIKUBAIOTCS K UX IIEHTpaM ¢ OoJibiiei cuioil. ['0BOps 0 MIIOTHOCTH, MBI
Bceria Moa4épKUBaeM, 4TO 3Ta IUIOTHOCTh — 3(UpPHAS, B OTIMYHME OT XOPOIIO BCEM H3BECTHOM
aTOMAapHO-MOJIe-KYJISIPHOM; U 3THU JBE IJIOTHOCTH KaK Obl MPOTUBOCTOSIT IPYT APYry: 4eM OOJIbIle
aTOMAapHO-MOJIEKYJIIpHasl IUIOTHOCTh TeJa, TeM MeEHbIIe IUIOTHOCTh 3¢dupa B HEM. CBHHeI,
M3BECTHBI HaM Kak MeTalll ¢ OOoJbllei IJIOTHOCTBIO, B cpene 3pupa MeHee IUIOTeH, YeM,
HampuMep, BOJa; U MOITOMY OH BBITECHSETCA K LIEHTPY METa3aBUXpEHHs (K LEHTPY 3eMiid) C
OoJblIe culoil, YeM Bosia, TO €CTh B BOJIE CBUHEIL] TOHET.

BrITankuBaromas ciocoOHOCTh MeTa3aBUXPEHUI 00BsACHSETCS TeM, 4To 3(pUpHas MIIOTHOCTh
Ha ux nepudepusx Ooiblle, 4eM B LEHTpaX, I'JiIe OHA, KaK ObIO OKa3aHO, CHM)KAETCs 3a CUET
pacriaga aToMoB. B TakoMm noJie ¢ nepeMeHHOM 3(hMpPHOI MIOTHOCTHIO aTOMBI OYAYT BBITECHATHCS B
CTOpOHY €€ MOHWKEHUs, TaK KaK UX cpenHss 3(upHas mioTHocTh emé Hwke. K cioBy: ecnu Obl B
IIPUPOJIE CYILECTBOBAIM 00pa30BaHUs THIIA AaTOMOB C MOBBIIIEHHON 3()MPHOM MIIOTHOCTBIO, TO OHU
yCTpEeMJISUTUCH  Obl, Ha00OpOT, OT IEHTpa K Nepudepur, TO €cTh B 3EMHBIX YCIOBHUSIX OHHU
MOTHUMAJUCh Obl camu co0oit BBepX. Ho Takux oOpa3zoBaHMii HET M OBITh HE MOXKET, & €CIH Obl U
OBUIH, TO TABHO YJIeTeNH ObI OT HaCc.

2.5. PacnpeneneHue ckopocten acpmpa B MeTazaBUXPEHUAX



Ecim mb1 yOenmnm ceGs B TOM, YTO OCHOBOM TaK HAa3bIBAEMOTO TATOTCHHS SBIISETCS
nepeMeHHas IUIOTHOCTh 3(Upa, BOZHUKAIOIIAs B META3aBUXPEHHM, TO HE MEHIalo Obl BBISBUTH
3aBUCUMOCTb 3TOH IJIOTHOCTHU OT YAAIEHHOCTH OT €r0 LEHTpA.

UroObl HE YCIOXKHATH 3agady, OyaeM paccMaTpuBaTh HE HaJOXKEHHE JApPYr Ha Jpyra
HECKOJIKUX METa3aBUXPEHUH, HANpHMEp JIyHHOTO M COJIHEYHOIO Ha 3E€MHOE, a OJMHOYHOE,
MOJTHOCTBIO M30JIMPOBAHHOE OT APYrux. Ha cpaBHHUTENBHO OOJBIIOM YAAJICHWH OT €ro LEHTpa
IUIOTHOCTH 3(upa, HamO moJiarath, OyneT HauOOJbIIEH; OHA OMPEACTUTCS TEKYIIMM MOMEHTOM
[IpocTtpancTBa (B pesyibrare pacmmpenus D¢pupHoro OOnaka IMIOTHOCTH B HEM, €CTECTBEHHO,
nocTosiHHO cHIpKaeTcs). C nanbHel nepudepun 3¢up OyneT HapPaBIATHCA K LEHTPY, U PUIUHON
ATOTO SIBUTCS, KaK MBI YK€ HE pa3 TOBOPHIIU, paciajl B 3TOM LIEHTPE aTOMapHOTO BemecTBa. bynem
CUUTATh, YTO IMOTOK ATOT HEU3MEHEH (XOTS HAa CaMOM JIeJie OH TOKE TIOCTOSIHHO MEHSIETCS)

[To mepe mpubnmxkeHUs K LEHTPY CKOpOCThb 3¢dupa OydeT pacTH, TaKk KaKk CEYEHHE 3TOTO
MIOTOKa — MOBEPXHOCTh Cepbl — OyIeT MOCTOSHHO yMeHbIlaThes. Emé Oonbliiee yBenuueHue
CKOpOCTH OyJIIET MPOUCXOANUTH 32 CUET CIUPATBHOTO JBMKEHUS, YBEITMUMUBAIOIIETO MyTh 3(upa.

[TpumeM 3aKOH U3MEHEHHUsI CKOPOCTH d(Hpa B METa3aBUXPEHUHU TaKUM K€, KaK B BOJOBOPOTE
B TOM K€ BaHHE NPHU OTKPBHITOM CIIMBHOM OTBEPCTHH: OHA MPONOPIMOHAIBHA YTeYKaM M 0OpaTHO
MPONIOPIIHOHAIFHA KOPHIO KBAJpaTHOMY OT YAaJeHHS OT Kpas OTBepCcTHs. B Hamem ciydae 3TOT
3aKOH 3BYYHT TaK: CKOPOCMb 3¢hupa 6 11000t mouke IK8AMOPUAIbHOU NIOCKOCIU MEeMA3aA8UXpeHLsl
NPONOPYUOHANBLHA pACnady amoMAapHO20 6eujecmed 6 yewmpe U 00pamuo NpoOnOPYUOHANbHA
KOpHIO K8AOpAmHOMY Om paccmosnus 0o He2o . Ero cnpaBeIMBOCTh XOPOIIO MOATBEPKIAETCS
ACTPOHOMHYECKHMH ITapaMeTpaMu JABIKeHHs riaHeT B CollHeYHOW cucTeme. Ecii MpuHSTH Takyro
MTOCTOSTHHYTO BEITHYUHY METa3aBUXPEHUS, Kak MIPOM3BEICHNE ko3 dunmeHTa
MPOTIOPIIMOHATBPHOCTH Ha yTeukH 3¢upa (B pesynprare pacnana atomoB Ha CouHile), paBHoi 364
375,386 KUJIOMETPOB B CTENEHH TPU BTOPBIX, MOJCIEHHBIX HA CEKYHIbI, TO MOJYYUM C YUYETOM
ynanéuHoctu oT CoJiHIa CleayIolue pacyETHbIE 3HAUYSHHSI CKOPOCTEH JUIsl TJIaHeT B KUJIOMETpax B
CeKyH]y:

Vpan - 6,802 (a7 cpaBHEHMSI: AEUCTBUTEIBHAS CKOPOCTh paBHa 6,81);

CatypH - 9,646 (nmeiicTButesbHas - 9,64);

FOmuTep - 13,061 (meiicrBurenbhas - 13,06);

Mapc - 24,137 (neiictBurenbHas - 24.13);

3emitst - 29,791 (neiictButensHast - 29.79);

Benepa - 35,029 (netictButensHas - 35,02);

Mepkypuii - 47,886 (neiicrBurenbHas - 47,89).

CxomumocCTh, Kak Mbl BUJIUM, OoJiee yeM jaoctaTouyHas. OTCI0[ja MOKHO 3aKIIOYUTh, YTO BCE
IUTAHETHl JBIKYTCS B MeTa3zaBuxpeHuu CoJHIIA B CPETHEM CO CKOPOCTSIMH OKPYXKArOIIEro HX
adupa, Kak J[ABHIKYTCA CO CKOpPOCThIO BeTpa oOnaka Ha HeOGe. HexoTopoe HECOOTBETCTBHE
CKOpOCTel »¢upa M IUITAHET MOXKET BO3HHKATh B pe3yJbTaTe IBMKEHHUS IMOCIEIHUX HE IO
UJeanbHbIM KPYTOBBIM OpOMTaM, a Mo JuIMnTUYeckuM. UM Takoe HecoOTBETCTBUE, HApUMED, Y
3eMiiu TIOPOKJIAET CE30HHbIE M3MEHEHHS HANpaBiICHHH SKBAaTOPHAIBHBIX BETPOB — MYCCOHBI:
JIETOM OHHM JIYIOT C 3alaja Ha BOCTOK, a 3MMON — B 0OpaTHOM HampaBlICHUH.

[TpuurHbBI X BO3ZHUKHOBEHUS TAKOBBI. JIBUrasich 10 3JUTMOTHYECKON opOuTe, 3eMiis 3uMOii (B
nexkaOpe) oOkas3blBaeTCsl MakcUMaslbHO mNpuOImkEéHHOM K ConHiy, a JeToM (B HIOHE) —
MaKCUMaJIbHO yJal€HHOM OT Hero. CkopocTh 3eMiIM MPAaKTUYECKH IMOCTOSIHHA: Halla IUIaHeTa
CIIMIIKOM HMHEPIMOHHA, YTOOBI CYLIECTBEHHO MEHSTh CBOIO CKOPOCTh B TE€YEHHUE MOJYyroja, — a
CKOpOCTh 3(Hpa B METa3aBUXPEHUH, KaK Mbl IMOKa3aJIM, YBEIUYMBAETCS MO Mepe NMPHOIMKEHHUS K
LEHTpY, B AaHHOM ciyyae — K Counniyy. [loaTomy neToM, ABHUrasich B MeHEe CKOPOCTHOM 3(UpE,
3emiast OOroHsieT ero, a 3UMOH — OTCTaeT OT Hero. MOXKHO CKa3aThb MO-APYroMy: 3HUMOM
MeTazaBuxpeHue CoJHIa pa3roHsieT 3eMIro, a JISTOM — TOPMO3UT.

VY4auThiBasg TO, 4TO COOCTBEHHOE METa3aBUXpEHHE 3eMJIM HMMEET HalpaBJIeHHE BpaIlleHUs
TOYHO Takoe ke, kak u y CosHIla, a UMEHHO — IPOTUB YacOBOW CTpeNKu (TJsiAs C ceBepa), He
TPYIHO COOOpa3uTh, YTO TOMYTHBIH 3UMHUN >QupHBIT BeTep, orubas CcoOOCTBEHHOE



MeTa3aBUXpEeHUE 3eMIIH, Oy/IeT YXOAuTh Ha Oombinee ynanenue or ComHIa, BCTPEYHBIN JTETHUN —
oyner mpubmmkarbes k CousHity. [lo 3akoHy cOXpaHEHHS KOJHMYECTBA JIBWDKEHUS TOITYTHBIN
3UMHHI BETEP, YIAIAACH OT LIEHTPA BPALIEHUS, YMEHBIIUT CBOKO CKOPOCTh M OKaXET TOPMO3SILEE
BO3/ICMCTBUE HA METa3aBUXPEHUE 3E€MJIM; a OHO, B CBOIO OY€pE/lb, CTAHET MPUTOPMAKUBATH BO3IYX
aTMocdepsl, co3/laBas TEM CaMbIM BETEp C HANPABJICHUEM C BOCTOKA Ha 3amaj. BeTpeuHslil teTHui
3UPHBIHA MOTOK, MPHOIMKAICH K IICHTPY CBOETO BpAIICHHS, HA0OOPOT, YBEIMYUT CKOPOCTh U
CTaHET PACKPYYUBATh METa3aBUXpPEHUE 3eMJIH, a Yepe3 HErO YCUIIUT aTMOC(EpHBIN BeTep, AYIOIIUMA
C 3amaja Ha BOCTOK. 1 kaxznoe moisyrogue dKBaTOPUAJIBHBIE BETPHI MEHSIOT CBOE HAIPABJICHUE HA
oOparHoe.

TouHO Takue k€ MYyCCOHBI BCTPEYAIOTCS M HA APYTrUX IUIaHETaX, NpUuéM, 4em Oouiblie
SKCUEHTPUCUTET OpOUTHI IUIAHETbl, TEM OHHM CHJIbHEE. OKCUEHTPUCUTETOM H3MepsieTcs
AITUIICHOCTH OPOUTHI: OH PABEH PA3HOCTU HAMOOJBIIETO U HAUMEHBIIETO PACCTOSHUM MIAHETHI OT
ConHua, oTHecéHHOW K Oosbmiel ocu opOuthl. Y 3emnu 3kcueHtpucurer pased 0,0167. Jlns
CpaBHEHHMs: y Omkaimiedl Kk Ham muiaHeTsl — Mapca oH moyTtH B 6 pa3 OoJiblIe M COCTABIISAET
0,0934; u 5TO OTpa)xkaeTcsi Ha CUJIE €r0 MYCCOHOB: OYpH, KOTOpPhIE OHH BBI3BIBAIOT, MOJHUMAIOT C
MOBEPXHOCTH Mapca nbulb U NOKPBIBAIOT €10 MOBEPXHOCTh TaK, YTO W3MEHSIIOT BHEUIHUI BUJ
IJIAHETHl JI0 HEey3HaBaeMocCTH. bombmiei skcuentpucurer y FOmurepa (0,0485) m y CarypHa
(0,0556), u y 06enx mraHeT 0OHAPYKEHbBI YPE3BBIYAHO CHIIBHBIE BETPHI, AYIOIIHE OMEPEMEHHO TO
B 3aI1a/IHOM, TO B BOCTOUHOM HampasieHuH, npuiyeM y CatypHa oHu — OoJiee Mo1Hble. Ho cambilii
OOJIBIIION AKCHIEHTPUCUTET Y TaHeThl Mepkypuit — 0,2056; Ha HEM MYCCOHBI TTO TEOPHH JOJHKHBI
OBITh CAaMBbIMU CHJIBHBIMH, HO CIIaCaeT IUIAaHETY OT HUX OTCYTCTBHE Ha HEW aTMOC]ephl.

l'oBopst 0 MeTa3aBUXpEHUSX, CIEIyeT HWMETh a BHUAY, YTO 3aKOHOMEPHOCTb H3MEHEHUS
CKOPOCTH B 3aBUCUMOCTH OT pajinyca paclpOoCTPaHsIETCsl HE Ha BCE MPOCTPAHCTBO BOKPYT LIEHTpa U
Jla’ke HEe Ha JMCK METa3aBUXPEHMs], a TOJIbKO Ha €ro SKBaTOPHAIBHYIO MJIOCKOCTh. B cnosix nucka,
yAaNEHHBIX OT ATOW IMJIOCKOCTH, XapaKTep 3aBUXPEHUN M3MEHSIETCS; U YeM OOJIbLIe CMEIEHUE OT
9KBATOpa, TEM CHJIbHEE M3MEHEHHUE, a B MOJSAPHBIX 00JacTsIX A(pHUpPHbIE MOTOKH MPHOOpPETAIOT
COBCEM HHBIE IBWKEHHS: CHayalla OHM DPa30eraloTcsi CHHpaibHO OT LEHTPa, 3aKpyUMBAIOTCS B
MOJISIPHOM HAIpaBJIEHUU, a TIOTOM BO3BpAIIalOTCsl U Kak Obl 0OQyBalOT MOJIIOCA; ATUM MOXKHO
00BSACHUTH OCOOCHHOCTh MOJISIPHBIX BETPOB Ha 3emiie, AYIOIIMX BEPTUKAIBHO W3 KOCMOca M
oxnaxjaromux e€ mositoca. Ho B 3KBaTopuanbHOW IUIOCKOCTH AMCKA METa3aBUXPEHHUS 3aKOH
BOJIOBOPOTA, ONPEIENISIOIINIA €r0 CKOPOCTH, NIEHCTBYET UAeaIbHO.

2.6. PacnpegeneHue nnoTHOCTU 3¢pmpa B MeTazaBUXPEHUUN

VYBenudyeHne CKopocTH 3¢upa, KOTopoe HaOmogaercss Npu NPUOIMKEHUM K LEHTPY
METa3aBUXPEHUS, MOXET IPOUCXOAUTh TOJBKO IPU HAJIMYUU €r0 YCKOPEHMs, a YCKOpEHHUE
BO3MOKHO TOJIBKO B pe3yibTaTe AeWCTBUS cuiibl. ClleoBaTeNbHO, KaXAblil >(pUpHBII IIapuK B
MIOTOKE OyJIeT UCIBITHIBATh YCUJICHHOE JIaBIE€HUE CO CTOPOHBI Nepuepruu U YMEHbIIEHHOE — CO
CTOpPOHBI LIEHTpa MeETa3aBUXpEeHUs. Takoe HEypaBHOBELICHHOE COCTOSIHME IIApUKOB TOBOPUT O
HQJIMYUU UX JABWKEHHS; U 3TU JIBWKEHHUS SBJSIOTCA NPUYMHOM yMEHBIIEHUs IIIOTHOCTH 3¢dupa (B
COOTBETCTBUH C 3aKOHOM HEpaBHOMEpHbIX Jedopmanuii). Eciu Obl 3pUpHBINA MOTOK ABHUraiCcs K
LEHTpY 0€3 YCKOpPEHHMsI, TO €CTh C MOCTOSSHHONH CKOPOCTBIO, TO YMEHBUIEHHS IUIOTHOCTH 3(upa HE
MIPOUCXOTUIIO OBI.

Otcrona cineayer, 4To niomHocms 3upa 6 11000l mouke Memazasuxperus yMeHbulaemcs no
CpasHeHul0 ¢ HAuboabWel HA 8eNUYUHY, NPONOPYUOHANLHYIO PACNAOY AMOMAPHO20 8euecmsd 6
yenmpe u 06pamHo NPONOPYUOHANLHO PACCMOAHUIO OM HE2O.

OTa 3aKOHOMEPHOCTh CIpPABEIJINBA TOJBKO B OOIIEM M TpeOyeT HEKOTOPHIX YTOUHEHHUl B
JacTHOCTAX. Tak e€ nelcTBHE HE paclpoCTPaHSETCs B YMCTOM BHUJE Ha MPOCTPAHCTBO, 3aHATOE
AIPOM META3aBUXPEHUS, TO €CTh TEJIOM IUIAHEThl WM 3BE37bl, PACIIONIOXKEHHOM B ILEHTpE:
MOJIEKYJBl W TpOoYMe aToMapHble O0O0pa3oBaHMs Teja OKa3blBAIOT OYEHb OOJIbIIOe JI000BOE
COIPOTHUBIIEHUE d(PUPHOMY MOTOKY, MBITAIONIEMYCSI IPOHUKHYTH B LIEHTP U Pa3pyIIalOT TEM CaAMbIM



CTPOr'yr0O réOMCTpHUIO 3aBUXPCHUA. Ha MNPOTAKCHUN OT MNOBCPXHOCTHU IJIAHCTBI WJIM 3BE3AbI 10 eé
[EHTpa IUIOTHOCTh 3(Hpa, 3aMoJHSIONIET0 MEXKAaTOMHBIE MPOCTPAHCTBA, M3MEHSAETCS 10 OYEHb
CJIOJKHOMY 3aKOHY MU 3aBUCUT OT MHOT'MX WHIUWBHUAYAJIbHBIX ocoOeHHOCTEH OCHTpAJIbHOI'O0 TCJIa: OT
€ro aTOMapHOTO COCTaBa, OT BHIPAKEHHOHN CIOEHOCTH B HEM, OT HAIWYHS KUIKOH (a3pl BHYTPU U
ot apyrux. Ho B 11000M ciydae MOXKHO YTBEp)KIaTh, YTO 3(UpPHAS TUIOTHOCTH B IIEHTPE TJIAHETHI
WJIK 3BE€31bI BCETAa MCHbIIIC, YEM Ha cé ITOBCPXHOCTH.

A 3TO 3HAUUT, YTO CKOPOCHMb PACNAdd XUMUYECKUX INEMEHMO8, 3A8UCAUAs OmM NIOMHOCIU
OKpyJcaiowe2o d¢hupa, He NOCMOSHHA U YBEIUYUBAECCA NO Mepe NPUOIUNCEHUs K YeHmpy, 6
yenmpe ona — Haubonvwas . Takas e CBSI3b pacmaja ¢ IUIOTHOCTHIO HaOIIOmaeTcs Ha BCEM
MIPOCTPAHCTBE META3aBUXPCHHUS: TJI€ TUIOTHOCTh (Upa BHIIIE, TAM aTOMbI YCTOWYHMBEE, a e OHA
HIDKE, TaM CKOPOCTh pacraja yBeJlndyeHa.

OTUM MOXXHO OOBSICHUTH TO, YTO Ha 3eMJie YHCJIO YCTOWYMBBIX Pa3HOBUIHOCTEH aTOMOB,
u3MepsieMoe coTHel, Oompine, yueM Ha KOmutepe mnu CosnHile, re 0CTalluCh, B OCHOBHOM, TOJIBKO
JIBa XUMHUUYECKHX DJIEMEHTA: TeUi U BOJAOPOI; a Ha JIyHe, HAMpOTHB, MOXKET OKa3aThCs X OOJIbIIIe
nake, 4eM Ha 3emJie, Tak Kak 3(upHas IIOTHOCTh B paiione JIyHsl Beimie. Ciemyst 3TO# JIOTHKE,
MOXHO JaK€ YTBEPKJaTh, YTO CKOPOCTh pacrhaja XUMHYECKUX DJIEMEHTOB B TIyOOKOU IIaxTe Ha
3emiie BhINIE, YeM Ha €€ TIOBEPXHOCTH, a Ha TTOBEPXHOCTH BHIIIE, YeM Ha KOCMUYECKOW CTaHIIUM,
MMOATOMY HCITOJIB30BaTh CKOPOCTH Paciiajia B KaueCTBE 3TaIOHA BPEMEHU PUCKOBAHHO.

Ecnu cpaBHMBaTh M30BITOYHBIE TUIOTHOCTH d(PHUpa B MEHTPAX PA3IUYHBIX TUIAHET, TO MOXKHO
OTMETHUTH, YTO y OOJiee TOPSYNX OHA, BEPOSITHEE BCETO, MEHBIIIE, a y 00Jiee XOJIOTHBIX — OOJIbIIIE,
HO M y TeX W y JPYrUX OHA COXpaHseTcs BCE ke Hu30bITouHOW. CHIKEHHE TUIOTHOCTH JI0
HOPMaJIbHOM MOYKET HaOIIOAAaThCS TOJIHKO B IIEHTPAX HEKOTOPHIX 3BE3/; @ Y T€X U3 HUX, Y KOTOPBIX
IUIOTHOCTH 3¢Upa B IEHTPE yIaja JI0 pa3pekeHHO, oOpa3yercs naxe «4€pHasi Iplpay», B KOTOPOH
HE MOTYT CYILIECTBOBATh aTOMbI U KOTOpasi HE MOXKET MPOIYCKaTh CBET.

Emé onHol mompaBKOW K MPEAJIOKEHHOW 3aKOHOMEPHOCTH HM3MEHEHHUS TUIOTHOCTH MOXKET
ObITh YTOUHEHHE paccTOsHUS OT LeHTpa. [IpaBunbHee ObIJIO ObI TOBOPUTH HE O PACCTOSIHUM OT
LIEHTpa METa3aBUXPEHUSA, a O CYMMapHOW BeJIMYUHE, COCTOSILEeW U3 YHaIEHHOCTH Haj
MOBEPXHOCTHIO IJIAHETHI (3B€31bl) U U3 HEKOTOPOM [UIMHBI, ONM3KOM €€ paauycy, HO HE paBHOMN
eMy. JTa JuiMHa Bcerna OoJibliie pajnyca, HO C Pa3IMYHbIM MPEBBIIICHUEM Y Pa3IMYHbIX TUIAHET U
3BE3/: y OoJiee XOJOAHBIX IJIAaHET MPEBBIIICHHE O0JIbIIe, Y TOPSYMX — MEHbIIE, a Y 3BE3 — elé
MEHbIIIE.

C yuéroM MONMpaBOK YTOYHUM (QOPMYIUPOBKY 3aBHCHUMOCTH; OHa OyneT 3By4yaThb Tak:
IUIOTHOCTh 3Qupa B 000N TOYKE METa3aBUXPEHHs 3a MpelesiaMd Tejla IUIaHeThl (3BE3[Ibl)
YMEHBIIIAETCS MO CPaBHEHUIO C HauOOJbIIeH Ha BEJIWYHHY, MPOMOPIHOHANBHYIO pacHaay
aTOMAapHOTO BEIEeCTBa TeJda M OOpaTHO MPOMOPHHOHAIBHYIO YAAaIEHHOCTH OT €ro MOBEPXHOCTH
TUTIOC HEKOTOPasi BEIMYMHA, MTPEBBIIIAIOIIAs €r0 PaIuyC.

2.7. N'paBMTaUMOHHOE Nofe MeTasaBUXpPEeHUs

[[OI"OBOpI/IMCH emie pa3 mMoHuMarThb oA FpaBHTaHHCﬁ (1)I/ISI/ILIGCKOC SABJICHUC BBITAJIKMBAHUA TCJI
B CTOPOHY HCHTpAa MCTA3aBUXPCHUA. HpI/I 0oJiee BHUMATEILHOM pPacCMOTPCHHUUN STOIO SABJICHHUA
MOKHO 3aMCTHTb, YTO PCHIAOIINM Q)aKTOpOM IIpxu 3TOM ABJISICTCA HE TINIOTHOCTb 3(1)I/Ipa, a eé
HU3MCHCHUC U HAIPABJICHUC U3MCHCHHA, TO €CThb TIpPAJUCHT TIIJIOTHOCTH. KYCOK ACpeBa
BBITAIKMBAETCS BOJIOM HE MNOTOMY, YTO INIOTHOCTb BOJbI 0O0JIBIIIE TIJIOTHOCTH AcpeBa (Ha .HYHG BOJa
BBITAJIKUBaJIa OBl ACPEBALIKY C MEHBIIIEH CHHOﬁ, a B HEBECOMOCTH 3TOH CHJIBI BOO6H.IC HeT), a 110
MPpUYUHC TOT'0, YTO INIOTHOCTb BOJBI Ha pa3H0171 rJIy6I/IHC pa3Hasdg; U ACPEBAINIKA BLITAJIKHUBACTCA B
CTOPOHY MEHBbIIIEH INIOTHOCTH.

3aKOH U3MCHCHHS BCIWYUHBLI T paaucCHTa IINIOTHOCTH B MCTAa3aBUXPCHUHU MOKCT OBITH
OHpC,Z[CJ'IéH YUCTO MATCMATUYCCKU KaK IMPOU3BOAHAA OT IMOJIYYCHHOI'O HaMH BBIIIC BLIPAXKCHUS,
OITMCBhIBAIOIICTO 3aKOH 3aBMCHUMOCTH ITIJIOTHOCTH 3(pra OT paCCTOSAHUA N0 LICHTPAa MCTA3aBUXPCHU.
B mo6oit KOHerTHOI\/'I TOYKEC MCTA3aBUXPCHUSA BCIWYHWHA T'paJUCHTA OIPCACIUTCA KaK YaCTHad



IIPOU3BO/IHAS B 3TOU TOUYKE.

[Mocne nuddepeHpoBaHrs NOIYYUM BBIPAKEHUE ISl 3aKOHA TPABUTAIMH, CIOBECHAsS
(bopMyIHpPOBKa KOTOPOTO TAKAsL: 8bIMAIKUBAIOWAS CNOCOOHOCMb MEeMAa3asuxpets, onpeoeiiemas
2paouenmom NJIOMHOCMU, HPAMO NPONOPYUOHANbHA PACNAdy amoMapHo20 6euecmsd 8 e2o
yenmpe, 0OPAMHO NPONOPYUOHATLHA KEAOPAMY PACCMOSAHUAL 00 YeHmpa U HANPABIeHd K HeM) .

OTa BBITAIKUABAIONIAS CIIOCOOHOCTH OIPENENseT TaK Ha3bIBAEMOE YCKOPEHHE CBOOOIHOTO
najeHus (mpaBwibHee OBUIO OB TOBOPUTH OO0 YCKOPEHHWH CBOOOJHOTO BBITAIKUBAHWSA), Ha
MMOBEPXHOCTU 3E€MJIM OHO, KaK U3BECTHO, MPUOIU3UTEIHLHO paBHO 9,78 MeTpa B CEKyHY B KBaJpare,
Ha Mapce -3,72, a Ha noBepxHocTH FOnuTepa oHO 3HaYUTENHHO OoJibIe - 22,88.

Ha npensnoxeHHbI 3aKOH I'paBUTALMU PACIIPOCTPAHSIIOTCS T€ K€ YTOUHEHHUS, YTO U Ha 3aKOH
M3MEHEHHUs IJIOTHOCTH 3(prpa B META3aBUXPEHUHU; MBI O HUX yXe€ TOBOpHWIU. J[ONOJHUTH UX MOKHO
TOJIBKO TE€M, YTO MPU HAJIOKEHUU METa3aBUXPEHUU BBITAJIKUBAIOLIASl CIIOCOOHOCTH ONpPENEIIIeTCs
KaK pe3yJbTaT BEKTOPHOTO CJIOKEHUS TpaJMeHTOB. DJTO 3HAUUT, YTO YCKOPEHHE CBOOOIHOIO
MaJeHUsl Ha TMOBEPXHOCTH 3eMJIM OIPEIENseTcs HE TOJbKO METa3aBUXPEHHWEM BOKpPYr Hallen
IJIaHEThI, HO U MeTazaBuxpeHnreM ComHia, JIyHsl U Jake B Majiol CTENEHU JAPYTuX IJIaHeT.

YTOuHEHUs: MOTYT CHJIBHO BJIMSTH Ha pe3yibTaT, HO OHU HU B KOEW Mepe He 3aTparuBaroT
OCHOBY 3aKOHA I'PaBUTALIMHU, TO YTO BBITAJKUBAOLIAS CIIOCOOHOCTh META3aBUXPEHUSI OIIPEIEseTCS
IPaJUeHTOM IUIOTHOCTH 3(Hpa; 3Ta OCHOBA HE3bIONIEMa M HE JOMYCKAaeT HUKAKUX YTOUHEHUU U
JIOTIONTHEHUH; OHa JIMIIHUM pa3 CBHJIETENILCTBYET, UTO 3aKOHBI MEXaHUKU B 3(UpHOH cpene
NeMCTBYET B UUCTOM BH/JIE.

2.8. Macca u Bec Tena

DdupHas Teopus 00sA3bIBACT HAC IO-HOBOMY OTHECTHUCh K M3BECTHBIM (PU3HUECKUM
napameTpaM: K Macce U K BECy TeJl; YACTUYHO MbI YK€ Kacaluch 3TOH TeMbl — 3aTpOHEM €€ emié
pas.

YroObl ONpenenuTh CUILy, C KOTOPOH METa3aBUXPEHUE BBITAIKMBAET TEJO B HAINIPABICHUU K
CBOEMY LIEHTPY, HEOOXOIMMO MOJYYEHHOE YCKOPEHHE CBOOOJHOIO MaJeHHsl YMHOXKUTh Ha Maccy.
Tak BoT, 3Ta Macca B 3)MpHOM IPOCTPAHCTBE — BOBCE U HE Macca, a HeUTO JPyroe.

Ilon Mmaccoil NpUHATO IMOHMMAaTh KOJMYECTBO BEILIECTBA, a BEILECTBOM BO BceneHHoH
ABJIICTCS. TOJBKO A(PUP U TOJIBKO OH; JAPYrux BelecTB HeT, [loaTtoMy, eciau Mbl BO3bMEM 00BEM
BBIOPAHHOTO TeJla M 3alOJIHUM €ro BELIECTBOM, TO €CTh 3(UpPOM (MaTeMaTHUYECKH 3TO O3HA4aeT
YMHOX€EHHE 00beMa Ha IUIOTHOCTb), TO MOJIYYUM ..., — HUYEro He noixyduM. MHTepecyromas Hac
¢bu3nyeckas BeJIMYMHA, UMEHHO Ta, YTO HY)KHA Ul OINIpe/IeNIeHUs Beca Tena, 00pa3yercsl TOJIbKO B
TOM clly4dae, eclii B cpele 3(upa BO3HMKAeT IyCTOTa, a BO3HMKAeT OHAa TOrja, Korza s¢up
3aKpy4HMBAETCsl B TOPOBBIM BUXPb, TO €CTh IpeBpaiaercs B aToM. CyMMapHbIil 00bEM MycTOT BCex
aTOMOB TeJla 00pa3yeT Maccy ero rpaBUTalMy (WM MPOCTO — rpaBuTanuio). OTMETUM,YTO MyCTOTa
BO3HUKACT HE TOJBbKO BHYTPH BUXpEH, HO M B MpPUJIETAIOIIEM K HUM IPOCTPAHCTBE; NPUYMHOM
3TOrO sBJISIETCA BO30YXIEHHME BHUXpeM 3(PUPHBIX YacTul cHapyxu. OObEM BHEIIHEH IyCTOTHI
3HAYUTENbHO MEHbIIE 00bEMA BHYTPEHHEH, HO U €ro Helb3sl UTHOPUPOBATh.

Takum oOpas3oM, unepyuro mena obpaszyrom 3gupuvie WAPUKU AMOMOE 2Mo2o menda, a
epasumayulo — nyCmomvl GHYMpU U 6He amOMHuIX euxpetl.  VIHepuus NposBIsSETCS B
COIPOTHUBJIEHUH JIBI)KEHUIO C YCKOPEHHEM, a TpaBUTAIlUs — B BUJIE Beca B IT'PaBUTALMOHHOM TOJIE.
Bec mena ecmv eexmopHnas eenuuuna, onpeoensemas npou3BeOeHueM BeKmopa paoueHma
oasneHusi (NI0MHOCMU) HA CKAAP — 00bEM abCONOMHOU NyCmomsl meid, HA36AHHLIL HAMU
epasumayuetl.

2.9. 3aKoH rpaBuTauum metasaBuXpeHus n 3akoH BcemupHoro TaroteHus
HpeﬂHO)KeHHLIﬁ 3aKOH BBITAJIKMBAHUA TCJI B HAIIPABJICHUHU K HCHTPY MCTA3daBUXPCHUA (CI‘O

MOKHO Ha3BaTb 3dKOHOM TATOTCHUA TCJI K HECHTPY WX MMPOCTO 3dKOHOM T’ paBI/ITaI_II/II/I) IIaéT, MOXXHO
OKa3aTb, TOT XKC PpC3yjbTaT, 4YTO H W3BECTHBIM 3aKOH BCCMI/IpHOFO Tsarorenus (HpI/ITH)KGHI/ISI),



HECMOTpS Ha TO, YTO OHM pa3jnyaroTcsa B OCHOBe. [Ipounsonuio 3t1o noromy, 4yto 3akoH BecemupHoro
TAroTeHus noJrydyeH Ha OCHOBE OIIBITA U MIO3TOMY COOTBETCTBYET PEATIbHOCTH.

Opnako mpu OoJjiee BHUMATEIBHOM PACCMOTPEHUH MOXKHO OOHAPYKUTh PACXOMKACHUS ITHX
3aKOHOB, M O3TH pPAaCXO0XICHUS — OYEHb CYIICCTBEHHBIC; B YACTHOCTH, OHM IO-Pa3HOMY
OIIPENEIAIOT JABICHUSA BHYTPH IIAHET M 3BE3J, U Y HUX Pa3HOE OTHOILICHHUE K ONPEICICHUI0 UX
Macc.

CHavana — 0 Maccax MHEpUUU IUIaHeT U 3BE31. 3akoH BceemupHoro TsroreHust npuHAT Kak
3aKOH B3aMMOBIIMSHUS TEJ;, a TOCJE TOTO, KaK OH OBUT IPUHSAT, UCXOS U3 HETO K€, OTPEICISUTUCH
Maccel kocmMuueckux tei. [lomydyaercst Tak, 4To OH Kak Obl 3aMKHYT Ha caMOM ce0e: ¥ 03TOMY-TO
OH JAET TaKue pe3ylbTaThl BBIYMCIICHHH, KOTOPBIE XOPOLIO COIVIACYIOTCS C JE€UCTBUTENIBHOCTBIO;
[O-JIPYrOMYy U ObITH HE JOJDKHO. Ecinu Mbl uncnio 12, nmosiyueHHOE OT MEPEMHOXKEHUS IIECTEPKU U
JBOMKHM, pa3leluM Ha TO K€ YHCI0 6, TO HE JOJDKHBI YAUBIATHCA TOMY, YTO TMOJY4YMIIU B
pe3yabTaTe ABOMKY.

[IepecmoTp 3akoHa BcemupHOro TsAroreHuss maér HaM NpPaBO YCOMHHUTBCA B TOYHOCTH
OTIpe/IeNIEHUs] MacC MHEPIMH IUIaHET U, 0COOEHHO, 3BE31. To, UTO «IpUTATHBAIONIAs» CIOCOOHOCTh
1eHTpa MerazaBuxpenus ConHua 6osblie, 4eM y 3eMJid, TOBOPUT JIMIIb O TOM, YTO KOCMUYECKHUI
Mycop OyzaeT ctsaruBarbesi K ConHIly B OOJBIIEH CTENEHU, 4eM K 3emiie; HO ¢ yUéTOM TOro, 4TO Ha
CounHile 3TOT MycOp MOYTH MICHOBEHHO «Cropaer» (pacmajaercs), a Ha 3emiie JHIb YBeTUIUBACT
TOJIIMHY OCaJ0YHBIX ITOPOJI, MOKHO IIPEAIIOIOKHTh, YTO IEHCTBUTENIBHASI MAacCa UHEPIUHU CBETHIIA
HE HaMHOro OOJjbllle MacChl WHEPLUMM Halledl IUTaHeThl, a MOXeT ObITh — Ja)ke MEHbIIE.
Boitee-meHee TOUHO Macca HHEPLHN OIPEENICHA Y T€X IUIAHET, KOTOPbIE JOCKOHAIBHO U3Y4YEHBI; K
HUM MOKHO oTHecTH Mapc u JIyny. Urto ke kacaercsa Takux IuiaHeT, kak Omurep m CatypH, TO
HaJIMuue Ha HUX OYIIYIOMIMX BETPOB, IYIOIIHUX MOMEPEMEHHO B IPOTHBOIIOIOKHBIX HAIIPABICHUSIX,
HO C CWIBHBIM KpPEHOM B OJIHY CTOPOHY, T'OBOPUT O OOJIBIIOM HECOOTBETCTBHM CKOPOCTEH
BpAIllCHHUs IIIAHET CO CKOPOCTSMM BpALEHHWs MX META3aBUXPEHUH; CIIEOBATECIIBHO, MX MAacChl
CHJIBHO 3aBBIIICHBI.

N eme MOXXHO yTBEp>KJaTh, YTO IPU pacueTax TPACKTOPUM IIAHET B UX MAcCChl, KaK MEpBI
MHEPLUH, HENPOU3BOJBHO BKJIIOYAIOTCS M MHEPLUUH HMX METa3aBUXPEHHM, TO €CThb COOCTBEHHO
Macchl MHEPIMHI BCEX IUIAaHET TAKUM 00pa30M 3aBBIILIAIOTCS.

Yro kacaercs onpeneneHus JaBJICHUM U aTOMAapHBIX INIOTHOCTEW BHYTPH IIIAHET U 3BE3N, TO
3ak0H BeemupHoro TAroreHus, kaxercs, UX Ype3MEPHO IIPEYBEIMYNUBACT: €/1BA JIA BHYTPH IUIAHET
BO3HUKAIOT JIaBJIEHUSI B MUJUIMOHBI aTMocdep, U TPYIHO MPEICTaBUTh, YTO aTOMapHas IJIOTHOCTh
JOCTUTaeT TaM HEBOOOPA3UMBIX 3HAYEHUH (3KCIIEPUMEHTAIBHO YCTaHOBIIEHO, YTO B LIEHTPE Halleh
IUTAaHEThl aTOMapHas MJIOTHOCTh PaBHA IUIOTHOCTH OOBIYHBIX TSDKENBIX 3J1eMeHTOB). CKopee Bcero
Takue pe3yabTaTbl — IUIOJ YUCTO MATEMaTHYECKOro Moaxoja K (Gopmylie, OTpa)karolled 3aKOoH
Bceemupnoro Tsrorenus; B 3HamMeHarene 3TOM (GopMyiibl, Kak U3BECTHO, CTOMT KBaJpaT pajauyca:
IIPUHUMAS €0 COBCEM MaJIbIM, MBI ITOJIy4UM OOJIBIINE YUCIIA.

He yuutsiBaer 3akoH Becemupnoro Tsrotenust u usMeHeHUE CKOPOCTH pacnaja aTOMOB — a
OHO MOKeT ObITh. [IposBistoNIMEecs Ha TOBEPXHOCTH 3€MJIM MOYTHU YTO PETYNISAPHBIE TOXOJIO0JaHUS
U TOTEIUICHWsS] KIMMara CBHUACTEIbCTBYIOT C HEKOTOPBIM 3alla3/blBAHMEM O TaKUX HMMEHHO
U3MEHEHUAX BHYTPH ILIAHETHI.

CoruacHo ke HallleMy 3aKOHY T'pPaBUTAllMM METa3aBUXPEHUN B MOMEHTBI YCKOPEHUs pacnana
BCE Tela Ha 3eMJIe CTAHOBSATCS TsDKEJEe, a IPU 3aMeNIeHun —ierde. Cula TSHKECTH U3MEHSETCs
€lle U IPU MPOXOKIACHUM HU3KOYACTOTHBIX I'PABUTALIMOHHBIX BOJH, HUCXONAIIMX M3 KOCMOCA: Ha
CKJIOHAX KaX[O¥ BOJIHBI I'PaJIMEHT IUIOTHOCTH U3MEHSETCS; 3aKOH BceMupHoro TsArorenus takue
«MEJIOUN» UTHOPUPYET.

2.10. dBonouUMA MeTa3aBUXPEHUN OT POXKAEHUA A0 CMEPTU
VSACHUB OCHOBHLIE 3aKOHBI CYHICCTBOBAHUA KOCMHUYCCKUX MeTaBaBHXpeHHﬁ, HCTPYAHO

B006pa3I/ITB HUX 3BOJIIOOHUIO OT POXKACHHUA OO0 CMCPTH. HaunéMm ¢ camoro-camoro Hadaiga — CO
CTOJIKHOBCHHA B(I)I/IpHBIX 00JIaKOB. q)pOHT HUX CTOJIKHOBCHHS IMMOPOKIAACT AaTOMBI, a Ooiee FHYGOKI/IG



B3aMMHBIC TPOHUKHOBEHHS — BCEBO3MOJKHBIC 3aBUXPEHHUS. ATOMBI, KaKk Mbl YK€ TOBOPWIIH,
MPEJICTABISIOT COO0M MHKPO3aBUXPEHHsI THIA JBIMOBBIX KOJICUYEK WIIM, JAPYTUMHU CJIOBaMHU,
MHUKPOCKOTIMYECKHE TOPOBBIE (PUTYPHI C BpaIIaOIIUMHUCS 000s10ukaMu. Kaxmoe Takoe KOJIbLo MO
JEWCTBUEM BO3MYIIEHHOTO 3(UPHOTO OKPY>KEHHs TIOYTH MIHOBEHHO CBOPAYMBAETCS B KIYOOK —
3TO M €CTh aTOM B CBOEW OKOHuYaTenbHOW (opme. M pasMepbl TOPOBBIX KOJIEL, U BapUaHTHl HX
CKPYYMBAaHUSI  OMNPENENAIOTCS  CIYYAaHHOCTBIO;  TMOITOMY  MOXKHO  TNPEATNOJOXKHUTh,  YTO
Pa3HOBHIHOCTEH aTOMOB B MOMEHT UX POXJCHUS — OYECHb U OYE€Hb MHOTO, 3HAYUTEIHHO OOJIbIIIE,
9YeM MMEeTCs B HACTOSIIee BpeMs Ha MOBEPXHOCTH 3emitu. [1o1 pa3HOBUAHOCTHIO aTOMOB B IAaHHOM
cllydae MBI TIOApa3yMeBaeM U XUMUYECKHE AJIEMEHTHI, U KX H30TOIIbI, U MX H300apHl.

Benen 3a sBieHMEM pOXKACHUS aTOMOB TIIOSIBIISIETCSI COIYTCTBYIOLIEE €MY SIBJICHHE WX
pacriaga. OCOOEHHO CKJIOHHBI K pacraay T€ aTOMbI, Y KOTOPBIX YPE3BBIYaifHO OOJIBIINE AUAMETPHI
TOpoB (OYEHb JIJIMHHBIE IIHYPHI TOPOB) M YbH CKPYYEHHBIE KOHCTPYKIMH HEyJauHBI.
PaspriBaromniiecs IHYpBsI aTOMOB OyIyT YKOpPauMBaThCS, CHOBA 3aMBIKATHCS 1 CHOBA CKPYYUBATHCH,
HO YK€ B HOBBIC Pa3HOBUIHOCTH aTOMOB.

OAHOBpEMEHHO C MpoLeccaMu POXKIACHHSI U TpaHCPOpPMAIMU aTOMOB IPOUCXOAMUT IPOILECC
rIyOOKOTO  B3aWMHOTO TMPOHUKHOBEHHUS CTOJIKHYBIIUXCS J(PHUPHBIX OOJNAKOB C  PE3KUM
BO3MYIIIEHHEM cocTOsiHMs ddupa: d3dup Oyaer Oypiutb. Beimenum u3 Bcero paznooOpazust hopm
BO3MYIICHUH d(Hpa TOIBKO MaKpo- U METa3aBUXPEHHs ¢ pa3MepamMu MeHee COTHEYHOW CHCTEMBI.

3aBuxpeHus >Qupa, Kak JOOble 3aBUXPEHMs] TEKy4MX cpel (KMIKOCTeHl WM Ta30B),
MOPOXKAAIOT CHIKEHUE TUTIOTHOCTH d(Hpa Mo Mepe NMPUOIKEHUS K WX IeHTpaM; TyJaa ke Oyaer
HampaBjeHa TPaBUTALWs, BO3HUKIIAS KaK TPaAWEHT IIEPEMEHHOTO JaBlieHUS. BrITecHsemMble
MOBBIIIEHHBIM TIEPU(PEPUIHBIM TaBICHHEM aTOMBI YCTPEMSATCS K THM IeHTpam. OJIHOBpEeMEHHO
OyIyT TPOWCXOIUTH MPOLECCH CIUMAHHUS aTOMOB B MOJICKYJBI, KPHUCTAJUIBI M TPOYHE TBEPIBIC
Tena.

CoOpanHoe B KaXJOM IICHTPE 3aBUXPEHHH aTOMapHOE BEIIECTBO MPEIACTaBISET COOOM
3aTpaBKy /i Oyayimiei miuaHeTsl. Pacrag aToMOB B 3T0i 3aTpaBKe BHI30OBET LIEHTPOCTPEMUTEIHHOE
IBUKEHHE 3(Hpa, U 3TOT MOTOK HAUYHET pacKpyduMBaTh 3aBUXPEHUE; PACKPYUHBASICh, OHO YCHIIUT
CBOE TPaBUTAI[MOHHOE TIOJIE U eUIé CTpEeMUTENIbHEEe HAYHET CTATUBATH K CBOEMY LIEHTPY aTOMapHOe
BEIIECTBO.

Tak OymyT nedcTBOBaTh BCE 3aBUXPEHUS, M MEXKAY HHMH BO3HHMKHET KOHKYpPEHLHUS; B
pe3ynbraTe 0oJiee MOUIHBIE U3 HUX HAUHYT MOTJomaTh Mejakue. M 310 OyaeT mpoucxXoauTh A0 TeX
1op, TMOKa IMOJIOKEHHE HE CTaOWIM3UPYETCs, TO €CTh MOKa LIEHTPbl OCTABIIMXCS 3aBUXPEHUN He
OKa)XXyTCsl Ha «O€30MMacHOMY yIaIeHUU OPYT OT Apyra.

CronkHoBeHue >GUPHBIX 00JaKOB OyIeT COMPOBOXKIATHCS POCTOM 3(PUPHOTO JABICHUS
(TJIOTHOCTH); CBOEr0 HAWOOJIBIIEr0 3HAYEHUS OHO JOCTUTHET B MOMEHT KOT'Jla CTOJIKHOBEHUE
npekpatutcsa. Ha 3ToM HaganbHOM 3Tarne OyaeT M YyCKOPEHHOE BOSHMKHOBEHHE HOBBIX aTOMOB, U
nepBasi BOJIHA UX YCKOPEHHOTO pacmajia; pacnaayTcs caMble HeycToH4HBhIe U3 HUX. Jlanee mporecc
HECKOJIBKO CTaOMIHM3UpyeTcs: IUIOTHOCTh dJ(upa HEKOTOpoe BpeMs OyAeT COXpaHAThCS
MIOCTOSIHHOM, U TaKk)Ke MOCTOsTHHAs Oy/IeT pacmaj aTOMOB; CTAOMIU3UPYIOTCSA U CaMU 3aBUXPEHHUS: K
TOMY BPEMEHHU OHH yXe OyIyT UMETh BHYUIUTEIbHbBIC pa3Mephl (CTAaHYT YK€ METa3aBUXPEHUSIMH),
U coOpaHHBIC B UX IIEHTPAX aTOMbI, MOJIEKYJIbI, KPUCTAIUIBI U APYrue TBEPAbIE 0Opa3zoBaHus OyayT
BBITIIAZIETh KaK OOJBIINE MIAPOBUAHBIE Tella — WX MO-TIPaBy MOKHO YK€ Ha3bIBaTh MJIAHETAMU; TaK
OHM BO3ZHHUKAIOT. 3BE3/1 B TAKOU IJIAHETHON CTPYKTYpE, BpoJie Obl, HE JOJIKHO OBITh; OHU MOSBATCS
MIO3/JHEE.

CraOuibHOE COCTOSIHME METa3aBUXPEHMH HapyLIUTCS IMPH IMEpBbIX NPU3HAKAX CHUKEHUS
M30BITOYHON TUIOTHOCTHU 3(Upa; MPOU30HAET 3TO TOTJa, KOTJa, IPE0/10JIEB COOCTBEHHYIO HHEPLHIO,
s¢pupHOE 0071aK0 HAYHET CBOE paciMpeHre. CHIKEHHE MIOTHOCTH MOPOAUT POCT paciiafa aTOMOB;
B pe3ylbTaTe YBeNWYarcss >(QUpHbIE MOTOKH, HAMpABJICHHBIE K ILEHTpaM METa3aBUXPEHUH; 3TH
MOTOKM HAYHYT MX pacKpyuuBaTh. TakuM 0Opa3oM yCTaHABIMBAETCS CBSI3b MEXIY pacIIUpEHUEM
(pa3zberanuem) 3¢upa U yCKOpEHHEM BpallleHHs MeTa3aBUXPEHUH.

JanbHeiilee pa3BUTHE COOBITHH, Ka3aloCh Obl, — BIOJHE MPEACKa3yeMoO: pacIIupeHue
s¢pupHOro obiaka M YCKOpEHHE BpALICHHUsS METa3aBUXPEHUH OyayT MpoJaoKaThbes J0 TeX Iop,



MOKa TUIOTHOCTH 3(prpa HE MOTEepseT CBOIO M30BITOYHOCTH; ATOT MPOIIECC MO0 BCEM MEPKaM JIOJDKEH
ObUT OBl JUIUTHCS OYEHb U OYCHb J0JT0. JlomkeH ObuT ObI, eciii Obl HE OJHO OOCTOSTEIBCTBO —
yrpo3a KaTakjau3Ma (BCIBILIKK), KaK CJIEACTBUA HeycToiuMBocTH mpouecca. K atomy mpusBoaut
[IENOYKa JIOTHYECKUX PACCYKICHUI: HauaBIIeecs B pe3ylbTaTe OOLIEr0 CHW)KEHUS IUIOTHOCTU
adupa yCKOpEHHE BPALICHUS METa-3aBUXPEHUS NPUBEAET K YMEHBIICHHUIO INIOTHOCTH 3(upa B ero
LIEHTPE; YMEHBIIECHHE IUIOTHOCTM — K YCKOPEHHUIO pacmaja aTOMOB; YCKOPEHHE pacmajga - K
YBEIMYCHUIO [EHTPOCTPEMHUTENLHOTO MOTOKA 3(Hpa, a TOT, B CBOIO OYepe/b, YCKOPUT BpalleHHE
MeTa3zaBuUXpeHusa. Ha 3Tom Kpyr 3aMbIkaeTcs; HAIMLO — Ka3ajJoch Obl, HEMMHYEMbIH KaTakJINU3M,
KOTOPBIM MOXKET IPUBECTH TOJIBKO K OJJHOMY — K BCIIBILIKE IUIAHETHI, TO €CTh K IIPEBPAILIEHHIO €€ B
3BE31Y.

B 00mem-To mporecc CKJIIOHEH UMEHHO K 3TOMY, HO €CTh B HEM, ciaBa bory, ciepkuBaromime
(akTOpbl, KOTOPBIE PACTATUBAIOT €T0 BO BPEMEHU U TEM CaMbIM OCTAaBJISIOT HaM, KHUTEIAM 3eMIIH,
HaJEX/y Ha TO, YTO Halla IJIaHeTa OyAeT yCKOpSATh CBOE BpallleHHE M pa3oTrpeBaThCsl HE CTOJIb
CTPEMHUTENIBbHO, KaK IpeJCKa3all HaM XOJl HallMX JOrMYeCKHX paccyxJeHud. W oCHOBHbIMU
TOPMO3SIIIUMU (haKTOpaMH SIBJSIOTCS OOJIbIIAsi MHEPLIMOHHOCTh METa3aBUXPEHUHN U CTYIIEHYaTOCTh
pacnazia XMMUYECKUX JIEMEHTOB.

OO0 WHEPIMOHHOCTH TOBOPUTH OCOOO HEYEro: OHa JIEUCTBUTENBHO OOJbIIAs U OYEHb
Oonpmas. Tak MeTtazaBuXpeHHe BOKpYyr 3emun 3¢ dekTuBHO Aaneko 3a JIyHoi, a g0 camoit JIyHbI
— ax 384 ThICSYM KWJIIOMETPOB; U 3TO — HE CaMO€ KPYITHOE MeTa3aBUXpEeHHE. PacKpyTUTh Takyro
MaxuHy (BIpPOYEM, U IPUTOPMO3UTh) — HE TAK-TO MPOCTO.

CryneHyaTocTh pacnaja XMMHUYECKHX 3JIEMEHTOB, KaK COIYTCTBYIOIIUHN (DaKTOp, BO3HUKAET
HE Cpa3y; BHayaJle paciaj] HOCUT IUIaBHBIN XapakTep U TOJBKO MOTOM MPUOOpETaeT CTYIEHYaTOCTb.
Ecnu MbICI€HHO paclojIOKUTh BCE TOJBKO YTO BO3HUKIINE Pa3HOBHIHOCTH aTOMOB B JIMHHUIO 110
Mepe BO3pacTaHUsl aTOMHBIX BECOB, TO MPOCTPAHCTBA MEXIY IOJIOKEHUSIMH OTHOCUTEIHHO
YCTOWYMBBIX aTOMOB (2 UX HE TaK Y>K U MHOTO, 3TO MbI 3Ha€M) OKa)XyTCsl IIJIOTHO 3aIl0JIHEHHBIMU
MEHee B pa3HOM cCTeneHH YCTOWYMBBIMM XHMHUYECKUMHU 3JEMEHTaMHM BIUIOTH JO CaMbIX
HeycTroiuuBbIX. [lo Mepe BbIObIBaHUS OTAENBHBIX PA3HOBUJHOCTEH B pe3ylbTaTe MX pacrajaa Ha
JUHUM PACIIONIOKEHUS OyIyT MOSIBISITbCA MPOTAIMHBI, M 4YeM Jajblie — TeM Oombiie. U ecnu
paHee NpU HE3HAYUTEILHOM YMEHBIIEHHHM IUIOTHOCTH 3(upa HaXOAWJICS TaKOM XUMHUYECKHM
AJIEMEHT, KOTOPBIM pPE3KO YCKOpsUT CBOM pacmaj, TO CO BPEMEHEM BO3HUKAET U YCHUIIUBACTCS
CTYNEHYaTOCTh A3TOr0 IMpoIllecca: YCKOPEHHBIM pachajJ OYepeaHOro 3JeMeHTa Tpedyer Oolee
3HAYUTENIBHOTO YMEHbIIeHHUsT 3(GupHO IUIoTHOCTU. IlepuoguuHOCTh pacmana XUMHUYECKUX
JJIEMEHTOB CTAaHOBUTCS HOPMOHM JKM3HM KaXIOW IUIaHEThl, U TMEpPHOJbl OSTH TMOCTOSIHHO
pacTIruBarOTCsl BO BPEMEHH.

[ToaTBepxkaeHHEM CTYMEHYATOr0 XapakTepa pachaja XUMHUYECKHX JJIEMEHTOB MOKHO
CUMUTATh MEPUOJUYECKHE MOTEIUICHU KIMMaTa Ha Hallel IJIaHeTe: KaK TOJIbKO HACTyMaeT Bpems
WHTEHCUBHOTO paclaZa OYepeJHOro SJeMEHTa B HeApax 3eMiIM, TaK cpa3y XKe HadyhHaeT
YBEJIMYMBATHCS CPEAHET00Bas TeMIepaTypa miaaHeTsl. [IpaBaa, STH MOTEIIeHUsT Ha TOBEPXHOCTH
3eMiu MPOSBIIAIOTCS C OOJBIINM 3ama3fbIBAHUEM OTHOCUTEIIBHO CaMOTO BPEMEHH MHTEHCHBHOTO
pacmaza, Tak Kak CKOpPOCTh TEIUIONEepenaud KOphl HeOOJbIIasi, U TeIJIO U3 HEAp 0 MOBEPXHOCTH
UAET JOBOJBHO JOJr0; HO YCKOPEHHE pacmaja aTOMOB MpPU CHIDKEHUH 3(DUPHON IUIOTHOCTH
MIPOUCXOIUT NMPAKTHUECKH 0€3 BCAKUX BPEMEHHBIX 3a/I€PiKEK.

Tak BOT, JOMyCTUM, YTO 3(HpHAs IUVIOTHOCTh CHU3MJIACh HACTOJIBKO, YTO HACTYIHJIO BpeMs
YCKOPEHHOTO pachaja O4YepeJHOro 3JIEMEHTa: pachaj] yBEIMYUT SPHUPHBIH IMOTOK K ILEHTPY
MeTa3aBUXPEHUs; HO — U 3TO OYEHb BAXKHO — METa3aBUXPEHHE B CHUJIy CBOEHl MHepuuu Oyaer
pacKpyuuBaThCsl OUYEHb M OYEHb MeJuleHHOo. Eciam Obl packpyuuBaromias cujla OT YCKOPEHHOTO
pacraga aTOMOB ObUla TOCTOSHHOW, TO, paHO MM TO3THO, METa3aBUXpeHHe HalOpaio Obl
COOTBETCTBYIOIYIO CKOpOCTb. (OJHAKO pacmaj aTOMOB «BBIABIXAETCA», DIEMEHT-OUYEPETHUK
MPAKTUYECKU HCYE3aeT, U CKOPOCTh paclaja CHH)KAETCs; HAYMHAETCSl BpeMs NMPUTOPMaXKUBAHUS
METa3aBUXPEHHUS, U 3TO BpPEMs JUIMTCA O Haydalla yCKOPEHHOIO pacraza OYepelHOro 3JIEMEHTA.
Taxkum 06pa3zoM, HHEPIIMOHHOCTh META3aBUXPEHHUS CTIIAXKUBAET MUKH POCTa CBOEH CKOPOCTH, Aemast
e€ OoJiee cTaOMIIBHOA.



N Bc€ xe omacHOCTh IUIaHeTy TmojacTeperaeT. I[locTosiHHOE CHMXKEHHME IIJIOTHOCTH
OKpykaBiero 3dupa, MpOUCXOAMIIEe B Pe3yabTaTe PACHIMPEHUS METarajJakTHUKH, CIOCOOCTBYET
pacmay aToMOB ¥ TIPUBOJMT K Pa3orpeBy IuiaHeT. HanMeHbinas mioTHOCTh 3dupa HabI0gaeTCs B
caMOM IIGHTPE METa3aBUXPEHUH; TaM XKe HAET YCKOPEHHBIH pacmajg aTOMOB M HauOoJbllee
BBIJICJICHUE Terula. PaHO WM MO3/THO PO BCSKOM IJIAHETHI pa30rpeeTcs 10 TAKOTO COCTOSIHUS, YTO
BEIIECTBO MPEBPATUTCS B TEKYYYIO >KHIKYIO (a3y, W HadHETCS MPOIECC pacciioeHus: Ooiee
TSOKEINBIE MaTePUAIIbl YCTPEMSTCS K LIEHTPY; OoJee NErKue HaYHyT BCIUIBIBATH BBEPX. DTOT MPOIIECC
OyZeT YCKOpSAThCS 3a CUET BpAICHUS TUIAHETHI, 32 CUET TaK HA3BIBAEMOTO LICHTPU(PYTHPOBAHUS.
(Em€ pa3 momyTHO HANMOMHUM, YTO CaMble TKENBIE B HAIllEM MPEACTABICHUM MaTepuajbl Ha
camMoM jene B 3(upHOA cpene — camble JETKHME, TaK KaK WX CPeAHSs dPHUpHAs TUIOTHOCTh
HaWMEHbIIIasi; HAUOOJIBIICH SBISETCS UX UHEPIINSL. )

Paccnoenue BemecTBa BHYTpH TUIAHETHI TPUBEAET K TOBBIIIEHUIO KOHIIEHTPAIIUU OTACIBHBIX
JJIEMEHTOB B CBOMX ciosix. M He nmail bor HadarbCs YCKOPEHHOMY pacmnaay aroMOB OJHOTO
KaKOTO-TO TaKoro ciiosi. PaccessHHbIe cpeau MpoYMX aTOMBI C YCKOPEHHBIM PAacIajioM CHOCOOHBI
JIUIIB Pa30TPeTh MJIAHETY, HO COOpaHHBIE BMECTE OHU MOTYT €€ B30pBaTh M Pa3HECTH Ha KYCKU. Tak
KOrJa-To, MO HAlleMy MHEHMIO, B30pBajach Hallla MpapoJAUTENIbHUIIA-TUIAHETa, a 3emis — eé
ockoyiok. JXXaér i u 3emito Takas cyapOa, Beab y HEE TOXKE KHJKas CEepAlleBUHA, — TPYIHO
cka3aTb. Bcé€ B pykax boxuux!

Bnpouewm, ot konma CBeta n30aBUTHCS HE YIAaCTCS B JTIOOOM Cilydae, HO 0oJiee BEpOsITEH MyTh
MMOCTENEHHOTO W MPOTHO3UPYEMOTO TMPUONIKEHHS COCTOSIHHMSL  IJIAaHEThI, KakK IIeHTpa
METa3aBUXPEHHS, K TAKOMY KPU3UCHOMY, IPH KOTOPOM OHA — TUTAHETa — MPEBPATUTCS B 3BE3]IY.
B koHIIe KOHIIOB HACTYIUT K€ TaKOM MOMEHT B ABOJIOIMHM METa3aBUXPEHUs, Korja ero 3(upHas
IJIOTHOCTh HE CMOXET YyAEepX,aTh B YCTOWYMBOM COCTOSHUM JaXX€ CaMbleé YCTOWYHBBHIC
Pa3HOBUJHOCTH aTOMOB, W HAYHETCS BCEOOMMU (MJIM TMOYTH BCEOOIIMIA) pacrang. OTO U eCTh
Mepexo/l TUIAHEThl B COCTOSIHME 3BE3/bl. 3/1€Ch MbI MOJOIUIA K BBIBOAY TaKOTO YMO3AKJIIOUEHUS,
YTO BCE IUIAHETHI PAHO WJIM MTO3THO MPEBPALIAOTCS B 3BE3/1bI; MHOM CyAbOBI Y HUX HET.

A BOT oOpaTHBIN Mepexo]l OT 3Be3/bl K IJIaHETEe, 0 HAIIUM COOOpaKCHUSIM, HE BO3MOXKEH;
3BE€3/1y 0’KHMAET TOJHKO MOJHOE BHITOPAHKE; IOTaCHYTh OHA He criocoOHa. Bmecte ¢ Heto morubaet
U ee KOoJIbIOeIh — METa3BUXPEHHE; OHO MOCTENEHHO YCIIOKOUTCA U pacceeTcs B IIpocTpaHcTse.

Honro nu ropsat 3BE3ab17 [loaro, UM TOpONUTHCS HEKyAa. B Hadasie cBOEW >KM3HMU 3BE3Ja
YCUJIEHHO PAacKpy4HMBaeT CBOE METAa3aBUXpPEHUE U TEM CaMbIM CTATMBAeT K ce0e Bce Tela u
paccesiHHbIE aTOMBI, YTO HaXOAATCS B Ipeaenax €€ J0CAraeMOCTH; 3TO — JOMOJHUTENbHbIN
rOpIOYHMI MaTepual; OH MOMOJHSETCS em€ CIy4alHbIM KOCMHUYECKHMM MycopoM. CKopocTh
BpallleHUsI METa3aBUXpPEHUsI OYyJeT pacTH, BEpOsiITHEE BCEro, He J0 Oecrpezena, U MO3TOMY B €ro
neHTpe OyJeT coxpaHsAThCs M30bITOYHAS 3(uUpHaAs IUIOTHOCTh, KOTopas Oyaer obeperarb, MO
KpaiiHeil Mepe, BpeMEHHYI0 YCTOMYMBOCTh CAMbIX YCTOWYUBBIX Pa3HOBUAHOCTEN aTOMOB. bobias
MHEPIHs MeTa3aBUXpeHUsI OyJIeT ClI0COOCTBOBATh MMEHHO TAaKOMY CIICHAPHUIO Pa3BUTHS COOBITHIA.

B oTaenbHBIX ciaydasX HapacTaHHE CKOPOCTU BpAlllCHUS METa3aBUXPEHHS] MOXKET OKa3aThCs
TaKUM OOJIBILIUM, YTO MPUBEIET K PE3KOMY CHUKEHHIO IJIOTHOCTH 3(Hpa B €ro LEHTPE, BIUIOTH 10
MOoTepy M30BITOYHOCTH. B TakoM LIEHTpe He MOTYT CYIIECTBOBAThH AK€ CaAMbIE YCTOWYUBBIC ATOMBI.
A ecnu TIOTHOCTH 3(Hpa MOHU3UTCS TaM J0 Pa3pEKEHHOM, TO Takas cpela HE CMOXKET Jaxe
MIPOBOJIUTH CBET; 3TO U €CTh Ta camasi YE€pHasi IbIpa, 0 KOTOPOH YK€ TOBOPHIIOCH.

Breiropanmne 3Be3mHoro BemiectBa HeusOexHo. [locremenHoe cokpamienue oObema
pacmaalonIuxcs aTOMOB YMEHBIIUT CTPEMSIIUNCS K IEHTPY S(UPHBIA MOTOK, KOTOPBIA KPYTUT
METa3aBUXPEHHE, W OHO HAYHET NPUTOPMAXKUBATh CBOE BpaileHue. llokpyruBmmuce mnociue
IIJIABHOTO 3aTYXaHUS 3BE3/Ibl KAKOE-TO BPEMS IO MHEPLIMH, META3aBUXPEHUE HAUYHET YCIIOKAaUBATHCS
n pacceuBatbca B [IpocTpanctBe. Te IUIaHETHI, KOTOpBIE KPYTHJIUCh BOKPYT 3BE€3/Ibl B 3TOM
METa3aBUXPEHUHU, TPU €ro MPUTOPMAKMBAHWU OyAyT B CHUIy CBOMX HWHEpIUH paz0beraTbcsi BCE
Janbllie ¥ Jaibliie OT LIEHTPa, U MOTYT YWTH B HE3aBHUCHMMOE CTPAaHCTBOBAaHUE, U, CKOPEE BCErO,
CpeIy ITUX ITUIAHET BBIACTUTCS JIUJAEp — IUIaHeTa ¢ HAWOOINBIINM 3aBUXpPEHHEM d(PHpa BOKPYT
ce0s1, — ¥ BO3HUKHET HOBAs IUIAHETHAs CHUCTeMa. A TOTOM 3Ta NUAMPYIONIAs IJaHEeTa PaHO WM
MO3/THO TPEBPATUTCS B 3BE3MAY, M MPOLECC MPOJOKUTCS B HANPABICHUU AAJIbHEUIIETO CHUKEHUS



3(UPHON TUIOTHOCTH.
2.11. OBonouunsa MeTazaBuxpeHMn Ha npumepe CosIHeYHHOM CUCTEMBI

CaMbIM TJIaBHBIM IapaMETPOM SBOJIOLMHU SIBISETCSA, 0€3 COMHEHHS, M3MEHEHHE YPUPHOU
IUIOTHOCTH: CHayalla OHa PE3KO BO3pacTaeT (B MOMEHT CTOJIKHOBEHHsI S(QHPHBIX OOIAKOB) U
CTAHOBUTCSA W30BITOYHOM, a 3aTeM MEUICHHO CHUXAEeTCs JO0 TNOTepU B KOHIIE KOHIIOB CBOEH
n30biTounHoctu. B mpenenax CoJiHEYHOW CHCTEMBI B HACTOSIIEe BpeMs 3acedb (akT pocTa
IUIOTHOCTH, Pa3yMeeTCsl, HeJIb3sl; TOATOMY MPOCIIEANM 3BOJIONUIO (TI0 OTACIBHBIM €€ parMeHTaM)
C MOMEHTA Haydaia CHWKEHUS TUIOTHOCTH d(upa.

HauGonbimast a¢upHas IioTHOCTh MeTazaBuxpeHus: CoJIHIIa HAXOAUTCS, KOHEYHO, Ha CaMBIX
KpallHUX TOYKaxX €€ TPaBUTAIIMOHHOTO BIUSHHUS; 9TO — TJIe-TO B pailoHe KomeTHoro obiaka Oopra;
3arfisiHyTh Ty/a y HAaC HET HUKAKOW BO3MOXHOCTH, M MOATOMY OyleM HCKATh JUIsl PACCMOTPEHUS
MecTa HE CTOJIb OTHOAJIEHHEBIE.

OmHuM W3 TakUX MECT SBIAETCS TpaHUIA TPABUTAIIMOHHOTO BIIMSIHUS JBYX OCHOBHBIX
MeTtazaBuxpennii ConHeuHol cuctembl: camoro ConHIla W KpymHeumed tuianetsl IOmnutepa;
HaxoJUTCA 3Ta 30Ha Mexay Mapcom u FOmurepom. Bceé€, uTo ocTamoch OT MOMEHTa POXKIIEHUS
aTOMapHOTO BEIIECTBA, 3/IECh MOTJIO COXPAHUTHLCS MOYTH B TIEPBO3JAHHOM BUE. MecTo 3TO HE Tak
YK W yJaJIeHO OT Hac, U MOITOMY acCTPOHOMAaMH XOPOIIO HM3Y4€HO; OHHM Ha3BaJIM ATy 00JacTh
[Tosicom acTepouaos.

AcTepouibl — 3TO, 10 MHEHHIO YYE€HBIX, COXPAHHUBIIHMECS 0 HAIIWX THEH MpeICTaBUTEITH
MHOTOYHCIIEHHOTO KJlacca HEOECHBIX TeJ, CTOJIKHOBEHHWE M CIIMIIAHHE KOTOPHIX B CBOE BpeMs
MOpoXaao OoJibiiie TIaHeThl. [I0 OCHOBHOMY COCTaBY XHMHMUYECKHX JJIEMEHTOB aCTEPOMJIbI
pa3nendoTcs Ha KPEeMHEBbIE, METAINIMYECKHE M YTJIEPOJHbIE; KPOME OCHOBHBIX AJIEMEHTOB OHH
coJIepKaT MPaKTUYECKU BCIO Tabmuiy MeHieneeBa v, MOXKET ObITh, eIie OoJbIIe.

Camprii  6ompmoir  actepouns (Llepepa) ummeer pasmep 974 kuinoMerpa; HaWMMEHBIIHE
U3MEpSAIOTCA COTHSAMU MeTpoB. (DOpMBI acTepouzoB — caMble pPa3HOOOpa3Hble: OT TMOYTH
chepuueckux, kak Llepepa, 10 CUIBHO BHITSHYTHIX, KaKk EBHOMUS; 3HAYUT, aCTEpOUIbI — TBEPbIE
tena. [losc acTepousoB TpeAcTaBisIeT co00M Kak Obl rpeOeHb A(DUPHON IUIOTHOCTH, YaCTh
acTepouIoOB He YyJepXkajlach Ha 3TOM rpeOHe U cBaiuiaach B cropoHy CosHna, — B
MeTa-3aBuxpenue Mapca, — apyrue — B cropony HOnurtepa, npeBpaTHBIINUCH B CIIYTHUKH; U T10
XUMHYECKOMY COCTaBY, U 1O (popmMamM 3TU CITyTHUKH HE OTIMYAIOTCSA OT aCTEPOUJIOB; CPEIU HUX —
cnytHuK Mapca — ®oboc, cnyrauku FOnurtepa: EBpoma, Kammucro, I'anumen m npyrue. Ha
HEKOTOPBIX U3 HUX B OOJBIIUX KOJWYECTBAX MPUCYTCTBYET BOJA B 3aMEP3ILEM COCTOSHUM, a OHA,
KaK M3BECTHO, COCTOMT M3 KHCIIOpoJaa M Bojaopoda. Takum oOpa3oM, B CoIHEUHON cHUCTEME €CTh
MecTa, TJie U30BITOYHAS TUIOTHOCTH (Upa eié HACTOIbKO BBICOKA, YTO YAEPKUBAET B YyCTOMYUBOM
COCTOSIHUM, M0 KpaiiHell Mepe, Bce HaM M3BECTHBIE XUMUYECKHE JIEMEHTHI, a, BO3MOXHO, U 0oJiee
TOTO.

[Inanera 3emns pacnonoxkeHa Omwke K ConHIy, TO €CThb K ILIEHTPY COJHEYHOTO
METa3aBUXPEHHUS, U MT0ITOMY OKpPYKE€Ha 2(UPOM C MEHBIIeH TIOTHOCThIO. M ecnu B 3eMHOI Kope,
TO €CTb Ha TOBEPXHOCTH IUIAHETHI, COXPAHWINUCh M€ BCE XHUMHYECKHE AJIEMEHTHI TaOIHUIIBI
MenneneeBa (mpaBnaa, 4acThb U3 HHUX YK€ paJdOaKTHBHA), TO BHYTPHU IUIAHETHI, TJ€ IUIOTHOCTh
HUKE, MHOTHE U3 HUX YK€ PaclallcCh, a APYyrue UHTEHCUBHO pacnagaroTca. TOJIbKO 3TUM MOYKHO
O0OBSCHUTH OOMIILHOE BBIJICJICHHE TEIUIa BHYTPH IUJIAHETHI U JKHJIKOE COCTOSIHUE €€ CepJIEeBUHBI:
MO-HACTOSIIIeMy TBEPAOW OCTa€Tcsl TOJNBKO O0OJOYKa TIAHEThl — KOpPOYKa TOJIIMHOW BCETO
20...40 xunomerpoB. KoinuecTBa XMMHUYECKHX BEUIECTB B 3€MHOM KOpe pacmpeneeHbl
CIIEYIOIIUM 00pa3oM: OOJIbIlIe BCEr0 KUCIOPOaa, ajnee UAYT ¢ YObIBaHHEM KPEeMHHA, alFOMUHUH,
KeJe30, KaJIbLIUM, HATpUl, KaJduil, MarHuil U BCe MPOYUE DJIEMEHTHI, COCTABJISIONINE MEHEE OTHOTO
MPOIIEHTA.

Ha namen cniyraune — JlyHe, cocTosieil U3 Tex K€ BELIECTB, HO HAXOIALIEHCS Ha CKIIOHE
36eMHOTO METa3aBUXPEHUS, TO €CTh B 30HE ¢ OoJbiel 2(pUPHON MIOTHOCTHIO, pacial] XUMHUECKUX
3JIEMEHTOB HE CTOJIb MHTEHCHUBHBIA, W TOJIMHA TBEPAOW KOphI y He€ mo3ToMy cocrtasisier 700



KHAJIOMETPOB.

Ha 0Gonee mo3mHeill CTyNEeHH HSBOJIIOLMU HAXOIATCS TaKHE METa3aBUXPEHHUsS, KaK y TUIAHET
IOHI/ITCp u CaTypH: HUX HOCHTPBI HAXOOATCA, MOXHO CUUTATb, B IMPCAKPHU3UCHOM COCTOSIHHUU U
TOTOBbBI B OTHOCHUTCIIbBHO CKOpPOM BPEMCHU IIPCBPATHUTLHCA B 3BéSI[bI; 00 3>TOM TOBOPAT MHOTI'UC
(baxTOpBl, HO MPEXkAE BCETO — XUMHUYECKUI COCTaB IIAHET: U3 BCEro Habopa, HaM M3BECTHOTO U3
XMMHH, TaM OCTaJMChb B OCHOBHOM Bojaopoa U remui (Ha CarypHe ux cooTHouieHue 93 u 7
nporenToB, Ha FOnmurepe — 90 u 10); mpubIU3nuTENHHO TaKoi ke coctaB U Ha COJHIIE; Bce IpOUne
XUMHUYCCKHUEC DJICMCHTBI HA 3TUX IUIAHCTAX YKC€ pacCnaavcChb. CKOpOCTI) BpaliCHHUA HOBerHOCTefI
IUIaHET, CBUACTCILCTBYIOIIAA O PACKPYUCHHOCTH HX M@T&?:ElBI/IXPGHHfI, SHAYUTCIBHO ITPCBBIIIACT
HaIly 3eMHYIO: cyTKU Ha CaTypHe IpH ero AuaMeTpe, MpeBbIIaronieM auaMmerp 3emin B 9,44 pasa,
coctaBisier 10,233 yaca, a Ha Onurtepe ¢ nuamerpom 11,27 3emubix — Bcero 9,841 uwaca. O
Haprl)KéHHOM COCTOSAHHU IIIAHCT TOBOPAT TAKKC HUX TCIIOBBIACICHUA! IOHI/ITep H31y4acT B 1,7
paza teria 6onblie, yem noiydaet ot Coinnna, a CatypH - qaxe B 2,8 pasa.

W, mwnakonen, — ConHIE: OHO JEMOHCTPHPYET 3aBEpIIAIONINI ATall  HBOJIOIUH
MCTa3aBHXp€HHﬁ. Ero MCTa3aBUXPCHUEC PACKPYTHUIIOCH YK€ HACTOJBKO, YTO M30BITOYHAS TIOTHOCTH
a¢upa, 0XBAaTHIBAIOUIETO CBETHJIO, HE MOXKET yIepKaTh OT pacmaza Jake TaKhe OYeHb IPOYHBIE
aTOMBI, KaK BOZIOpoA ¥ renuil. Ecim simepHble mporneccsl pacnana Ha FOmurepe wimm CarypHe uayT
TOJIEKO BHYTpH, TO Ha COJIHIIE OHM YK€ OXBaTHJIM BCIO €Tr0 BHEIIHIOW 000110uKy. B pe3ynbrare
€XKECEKYHTHO TOJBHKO B BHJIE COJIHEYHOTO BETPA CBETUJIO TEPSET OPUEHTUPOBOYHO OJMH MUJITHOH
TOHH BEIIECTB; CKOJIBKO €r0 McYe3aeT BHYTPH — TPyIHO cka3aTh. Cropaer Ha CoJHIIE U BECh TOT
KOCMHYECKUI MYyCOP, KOTOPBIM CTATUBAETCSI K HEMY METa3aBUXPEHUEM.

2.12. UcTtopusa 3emnu

Boliie Mbl Hamekald Ha TO, YTO Halla poJAHAs MUlaHeTa 3emJisl BO3HHMKJIA KaK OCKOJOK B
pe3ynbTaTe B3pbIBa CBOEH MparulaHeThl. Y Hac HET yOeOUTENbHBIX 10Ka3aTeIbCTB 3TOT0, HO OYCHb
U O4YeHb MHOTHE (DaKThI TOBOPAT 00 3TOM; MpeEXkJIe BCEro — TO, YTO IUIAHETHl BHYTPEHHEH YacTu
Comneunoit cuctemsl: Mepkypuii, Benepa, 3emns, Jlyna u Mapc, — npeAcTaBisitoT co00it 0co0yro
POJICTBEHHYIO TPYIIY, OTIMYAIOLIYIOCS OT MPOYUX IMJIAHET TeM, YTO OHM KOMIIAKTHO PacIOJIOKEHbI
U Yy HHUX CXOX COCTaB XMMHYECKHUX 3yieMeHTOB. K Takomy ’ke 3aKII0YeHHIO MOABOJSAT HAC HAIIU
paccyxaeHus 00 3BOJIONUAX MeTa3aBuxpeHuil. M1 Bc€ ke Oyaem paccMaTpuBaTh UCTOPUIO 3eMIIH
KaK Hallle CMeJIoe MPerosoxKeHne, — He 6ojee Toro.

[Ipomre Bcero ckaszarb, YTO BCE NEPEUMCIICHHBIE TJIAHETHl 3€MHOM TPYIIBI OTOPBAIUCH OT
ConHila; HO B MIPHUHIIUIIE HE UCKIIIOYAETCS U TaKOE, YTO OHU KOTJJa-TO MPEACTaBISUIM COO0H APYryro
€IMHYIO IIJIaHEeTY, pacrhoJjiokeHHYI0 BOmM3M OoT CoJHIIA M PACKOJIOBIIYIOCS BIIOCIEACTBHHM Ha
oTnenbHble Kyckd. O0a 3TH MPEANoOKEHUs CXOIATCS Ha TOM, YTO CYIIECTBOBaJla OTPOMHAas
IJIaHeTa, cOOpaHHas U3 MEPBOPOAHON MBUIM B PEIMKTOBOM METa3aBUXPEHUU, U OHA MPEICTABIISLIIA
co0o0il maeaqbHOE KOCMHUYECKOE TENO: HJCaNTbHOE MO0 HAOOPY XMMHUYECKHUX JIIEMEHTOB, MO HX
PaBHOBEPOSTHOMY MPOIIEHTHOMY COOTHOILIEHUIO, TI0 UX PACHOJIOKEHHUIO U CIOEHOCTH, 10 MHOTHM
JIpYrUM TMpHU3HAaKaM U, B YAaCTHOCTH, IO CBOEHM OKpyriocTu. B camom LieHTpe 3TOW mpariaHeThl
ObUTH cOOpaHbl HanOoJee TSHKETbIE AaTOMBI M MOJIEKYJIbI, a Ha €€ TOBEPXHOCTH — Haubosee IErkue,
— W CpeAM HUX Te€, YTO ONpPEAEeNsIOT KUIKOCTU M raspl. Bce mpoune BemiecTBa B mpolecce
(dhopMHUpOBaHUS TIJIAHETHI U TP €€ CIIOKOWHOM U MPOJO0KUTEIHHOM BpAIllEHUU BBICTPAMBAIIUCH B
COOTBETCTBUU C TE€M K€ MPUHIIUIIOM: YeM TsDKEeNee MX aTOMbI, TEM OHHM CMEIIAUCh ONKe K
1eHTpy. B pe3ynbpTare Takoro neHTpuyrupoBaHus Bce BEIIECTBA HAXOAMIN CBOM MECTA U B KOHIIE
KOHIIOB OKa3aJIUCh YJOXEHHbIMM B BUJE clIO€B. He TpynHO norajgaTees, 4TO Takas IUIaHETa
MpeJicTaBiIsIa co00l MHOTOYHCTIEHHBIE c(hepruecKre MOHOJIUTHBIE 000JI0YKH, KaXKaast U3 KOTOPBIX
OXBaThIBAJNa MPEABIAYIIYI0O BHYTPEHHIO. T€ W3 HHUX , 4YTO OBUIM COOpaHbl W3 TPOYHBIX
MaTepuaaoB, HAMpUMEpP K3 METa/lIoB, OOpa30BBIBAM B IOJHOM CMBICIIE CJIOBA MAHIIBIPH;
Onmaromaps WM IUIaHETa NPEACTaBisIa COOOM OYEeHb KPENKyH IIAPOBUAHYIO KOHCTPYKIIHIO,
pa3opBaTh KOTOPYIO, Ka3alloCh ObI, MPOCTO HEBO3MOXXHO, U TEM HE MEHee OHa ObLIa TO3/IHEee
paszopBaHa.



[Tpumeps! MOAOOHBIX BHYTPEHHUX CTPYKTYpP MOYKHO HaOMNIOATh B M3BECTHBIX U JOCTATOYHO
XOPOIIO M3YYEHHBIX KOCMUYECKUX OOBEKTax, MMEHyeMbIX ['amuneeBbiMu criyrHUKamu HOmutepa:
HEKOTOpble U3 HUX, Hanpumep I'anumen m Kammucro, npeacraBistoT coOOi uieanbHbIE IIAPBI C
TOJICTBIMM BOJSIHBIMU HapyXHbIMU 00ojioukaMu. OcTaercss NpeAnoioXuTb, YTO 3TU IJIAHETHI
TaK)K€ OTHOCATCS K PEJIMKTOBBIM U COXPAHUIIUCH B IIEPBO3JAHHOM BH/JIE TOJIKO IIOTOMY, YTO UMEIH
MaJible pa3Mepbl U pacroIarajivch B 30HE OTHOCUTEIHHO BBICOKOW A(UPHOH IIIOTHOCTH.

PannoakTuBHBEIM pacniag Ha HalIed IpalulaHeTe KOCHYJICS B IEPBYIO OYEpelb CaMbIX
TSOKENBIX TPAHCYPAHOBBIX 3JIEMEHTOB, KaK pa3 T€X, YTO ObUIM PACIIOJIOKEHbI B CaMOM LIEHTpE
IUTAHEThI; OTCIOAA IOoLIo oOpa3oBaHME €€ paciulaBiIeHHOro siipa. Pacmaj BeliecTB BbI3bIBAJ
pacKkpy4uMBaHUE METa3a-BUXPEHHUs, a OHO, B CBOIO OYEPE]b, MOHIKAJIO IPUPHYIO MJIOTHOCTh U
CIOCOOCTBOBAJIO YCKOPEHHUIO TOTO K€ pacmajga. B cocTosiHMe MHTEHCHBHOTO paciiaja Mmoo4yepeaHo
BKJIIOYAIMChL CJIOM 3a cjioeM, 000JI0YKa 3a O0O0O0JOYKOH, M B KaKOM-TO MOMEHT OCTaBIIHECS
Hapy)XHbl€ U3 HUX HE BbIJEpPKAJIM BHYTPEHHErO JaBJICHUSA U Janu TpeuuHbl. OTMETUM TO, YTO
HEKOTOpble U3 000JI0UEK, HallpuMep 0a3anbTOBbIE, UMEIN OYEHb MY TEIUIONPOBOAHOCTh U HE
MPOITyCKaJIl BHYTPEHHEE TEIUIO IIJIaHEThl B HAPYXKHBIE CJIOU; 3TO cracajio BOAy U JIErkue (ppakuuu
JOPYTUX )KAJKOCTEH, PacoJlaraBUIMXCs HAa IIOBEPXHOCTH IUIAHETHI, OT UCIIAPEHUS U yIETy4YNBaHUS.

[lepBeIM OTKOJOJNCS OT mpamjgaHeThl Mapc; 3a HUM nocreuin 3emist u JlyHa; mosnHee
oTaenunacek BeHepa, m campiM mocinegHuMm ymén Mepkypuii. Ecnm paccMarpuBarhe BapHaHT ¢
ComnnueM, To nocie oTAesneHnss MepKypust OCTaBIIAsCsA 4YacTh IPEBPATUIIACH B 3BE3JY.

[Tapa 3emns-JIyna oOpa3oBanachk U3 OJJHOTO KyCKa IIParuIaHEThl: 3eMJIsl — KakK HapyXHas €ro
4acTh C COXPAHMBUIMMUCS Ha HEH MOBEPXHOCTHBIMH BEIIECTBAMM, U B TOM YHCJIE C BOJOU H
atMocdepoif; a Jlyna — Kak BHYTPEHHSSI €ro 4acTh B PACIUIABICHHOM >KUJIKOM M TOIYKHJIKOM
cocrossHuM. OTaenuBIINCh OT mHparviaHeTel JlyHa cpa3y ke mnpuoOpena CBOIO OKPYINIOCTh
(KarmIeBUAHOCTB) M Hayalla, OCThIBasl, MIOCTENIEHHO 3aTBEp/eBaTh. B 11€J0M OHa J0JKHA COCTOSITH
u3 Oosee TSHKEIBIX aTOMOB, TaK Kak Ha caMOM IparulaHeTe pacnojaranach riyoxe 3eMin.

Benepa oTpbIBanace OT mpamiaHeThl TOI/a, KOrja €€ MOBEPXHOCTh OblIa YK€ JAOCTATOYHO
pazorpera, a Mepkypuii — em€ mo3aHee, Korja OHa YK€ KHUIena; Mo3TOMY Ha MepKkypuu HeT
atMocgepbl, U €ro BHEIIHMH BMJ HanomuHaeT JIyHy; 3HauuT, OH 3aTBepieBal, yxe Oynydu
OTOPBAaHHBIM OT ITPAIUIAHETHI.

B monb3y Toro, uro mparuiaHetodl Obiio CosHIIE, TOBOPUT, B YaCTHOCTH, COINIACOBAHHOE
HaIIPaBJICHUE BpPAIlCHUs BCEX OTOPBABILMXCA IUIAHET M MX METa3aBUXPEHUM: BCE OHM, KpoMme
Benepsl, BpamarTcs NPOTHUB YacCOBOM CTPENKU (€CIU CMOTPETh HAa HHUX C CEBEpa), U B TOM XK€
HanpasyieHnu Bpamaercs: CosHue. OTopBaBIIKECs IIIAHETHI B IEPBBI MOMEHT COXPaHSIIN IIPEKHEES
CBOE HANpaBJICHUE BPALICHUS, TO €CTh TO, YTO OHM MMEIIU, HAXOIACh B JIOHE IIPAIIAHETHI; TAKOE
HaIIPaBJIICHUE MOJKHO Ha3BaTh 3apOJBIIIEBBIM: OHO HACIEAYETCS M OIpEleNseT BpallleHHe
BO3HUKAIOIIMX BOKPYI IUIAHET MX COOCTBEHHBIX MeTa3aBUXpeHUH. BcTpeuHoe HampaBieHue
BpalieHus: BeHeppl MOXHO OOBSICHUTH TE€M, YTO OHA OKa3ajJach 3aXaTod MEXIy JBYX
MeTa3aBuXxpeHuil: 3eman 1 Mepkypus. Ecnu nake e€ 3apojpliieBoe HarpaBlieHUE BpalleHUs ObLIO
UHBIM, OHO HE MOIJIO COXPAaHUTHCS IO YKa3aHHOM PUYMHE.

3apojpllieBoe BpallleHue Haumbosee BbIpaKeHO y MepKypus: OH OTIENWICS CaMbIM
nocjaeHuM M Omarojapsi cBoei OBICTpPO OG(OPMHBILEHCS OKpPYIJIOCTH MAalo PacKpyTHUICS OT
COOCTBEHHOro MeTa3aBUXpeHHs. [103TOMy MOXKHO NpeArnoyioKuTb, YTO OH ceidac Bpalaercs
BOKpPYT CBOEH OCH MPUOIU3UTEIBHO C TOM K€ 4acTOTOM, ¢ Kakoil Bpamangocs CoJiHIIE B MOMEHT €ro
OTpBIBA, TO €CTh C CUAEPUUECKUM MEPHOJOM B 58 36eMHBIX CyTOK; ceiliuac CoJIHILIE BpaIaeTCsl, KaKk
U3BECTHO, B JIBa pa3a ObICTpee.

3eMiIs BHauasle UMela Jajleko HeKpYTIIylo, yriloBaTyio (GopMy; K TOMY K€ OHa yHacjenoBaia
OT TpAaIJIaHEThl IPKO BBIPAKEHHYIO CIIOEHOCTb, HO HE CEpUUECKYI0, a MOYTH IIJIOCKYI0, TO €CTh Ha
OJTHOW €€ cTopoHe, 4To Oblaa MmoBepXHOCThIO CoJIHIA-TIAaHEThl, ObUIM COCPEAOTOYEHBI JETKHE
BEILIECTBA, HA IIPOTUBOIIOJIOKHON — TKENBIE, a MEXAY HUMU CIIOSIMH — BCe Ipoune. bruaropaps
9TOMYy 3eMilsl OYEeHb CKOpO IpeoJoJie]la CBOE BpOXKJIEHHOE BpallleHHE M OCTAHOBUJIACH,
MOBEpPHYBIINCh TSDKENON cropoHoi k Comuity. [logobHoe MBI HabmogaeM B opHeHTalMu JIyHbI
OTHOCHUTENILHO 3€MJIM: OHA MOBEPHYTA K HAIllEH IUIAHETE BCETJAa OJJHOM CTOPOHOM; ¥ B 3TOM Cllyyae



NpUYMHA — Ta XKe: qucOananc JIyHsl.

CBo10 OKpyriocTh 3eMJis, Kak U Apyrue miaHetsl: Mapc u Benepa, — npuoOpena He cpasy:
ynanmuBmuchk ot CoiHila, oHa nonaia B OoJjiee TUIOTHBIA 3Hp, U MEAMNI 10 TOro y He€ pacmaj
aTOMOB IPUTOPMO3WICA. TOJBKO 3HAYUTEIBHO IMO3/HEE, KOTAa JaBjeHUE d(pUpa B OKPECTHOCTSIX
3eMiId CHU3WIOCH, pacnaj aroMOB CHOBa YCWIMJCS, W IUIaHETa Hayaja pa3orpeBaThCs U
OKpYTJIAThCS: €€ CepAleBUHA pacllaBUjach, a TBEpJAAs KOpa YTOHBIIMIACH HACTOJIBKO, YTO HE
MOTJla MPOTUBOCTOSATh OKPYIVIAIOIIMM cuiiaM. B HacTosiee Bpemsi 3emilsl IpeJCTaBisieT coOoit
KpYIJIO€ KHUIKOE TEJIO C OYCHb TOHKOW TBEPAON 000s0uKoil. B 00pa3HOM mpejcTaBiIeHUH OHA
CX0%a C CBIPbIM KYPHUHBIM SMIIOM, CKOpJIyIla KOTOPOrO CPaBHUMA C 36MHOU KOpPOH.

CnoxHas reorpadus 3eMHOTO IIapa — CBHJIETEIBCTBO TOTO, YTO TUIAHETa ObLIa KOTIA-TO
COBCEM HEKpPYIJIBIM TEJIOM: KOHTUHEHThl U OKE€aHbl — €€ poAMMBbIE ISTHA; IO UX KOHTypaM, a
TaK)K€ IO pACIOJIOKEHHUIO CTapblX TOPHBIX XPeOTOB MOXHO BOCCTAHOBUTH B OOHIMX dYepTax
nepBoHayasnbHylo ¢opMy 3emuu. [lo3aneime cMeleHUs] TeOJIOTUYECKUX IUIMT M JBUKCHUS
KOHTMHEHTOB HYKHO pacCMaTpUBaTh KaK pa3BUTHE BCE TEX e OKPYIIIAIOIIKX IPOIIECCOB.

Packpyrka 3emiin MOXeT ObITh pa30HUTa Ha HECKOJBKO 3TaloB, MEPBBIM U3 KOTOPBIX OBLIO,
KaK YK€ 0TMEYaJoCh, MIPUTOPMAKMBAHUE MCXOJHOTO BPALIEHUS JI0 MOJHON OCTAaHOBKH; MPU ITOM
3emuis okaszanack NoBEpHYTON K COJHIYYy CBOEH TSKEIOW CTOPOHOM; JNETrKHe (PpakUuy BELECTB, B
YaCTHOCTH BOJIa ¥ BO3/1yX, pacloJiaraiich Ha HOYHOM CTOPOHE.

Ha BTOpOoM 3Tame mpoucxoauia MEUICHHBIN MOJIyMOBOPOT IUIAHETHI Ha Yrojl A0 JAEBSHOCTa
rpaaycoB. [IpyunHOI TaKOTro yriI0BOrO OTKJIOHEHUS ObIJT MOMEHT OT JEHCTBHUS BETPOB U OKEAHCKUX
TEYEHH, SBUBILIUXCS, B CBOIO OYEpPE/b, CIEACTBUEM PACKpYTKH 3(pupHOro MerazaBuxpenus. Eciu
MIPUHSATH, YTO B T€ BpeMEHa MeTa3zaBuxpeHue 3emiin OblIo ciabee TemepemHero He 6osee, yeM B
JIBa-TPH pasa, TO CO3/1aBa€MbIE UM BETPHI, TYIOILIUE C 3a1a/ia Ha BOCTOK, UMEIIH CKOPOCTh B JIECATKU
U Jlaxxe 0oJiee COTHU METPOB B CEKyH[y. Takue BETpbl MOABIMAIN Ty4H NECKa U MbUIM U THAIU MX
BOKPYT IIJIAHETHI, CMeTasi BCE Ha CBOEM IIyTH; OHU KaK MOIIHBIN a0Opa3uB UCTUPAIIU CaMble KPEIKUe
opoJipl BeIcTynaromux rop. Co3gaBaeMble TUM BETPOM SIPOCTHBIE OKEAHCKUE BOJIHBI OYKBAJIBHO
CMBIBAJIU 3araHbIi Oeper KoHTHHEHTa. M BCs 3Ta MOIIh TBITAJIaCh MOBEPHYTH 3EMITIO.

OTOT »JTanm 3HAMEHATENEeH TEM, YTO €My COIYTCTBOBaJ OypHBIH MpoLEcC pa3BUTHUSA
MHUKPOOPraHU3MOB UM POCTa pacTUTENbHOCTH. OcakJaromascs MblUIb IpeAcTaBisia coO0ou
IIPEKPACHYIO IHUTATEJIbHYIO CPely: B KOTJIOBUHAX KOHTHHEHTAa OHA IUTaja jeca (6jaro, 4ro Nbllb
9Ta Oblja HACBILEHA BJIAroil), a B OKEaHe U MOpSX KOPMMJIa MOPCKHE MUKpoopranu3Mel. Hanboiee
OJaronpUATHBIME MECTAaMM JUIsl TAKUX MPOLIECCOB OBLIM CPEAHAS U BOCTOYHAs YacTh KOHTHMHEHTA U
IpUJIeraroIias K Heil BoAHas 4acTh.

Ilocne mnpeomosieHHss MOMEHTa aAucOanaHca, TO €cTh IIOCIEe I[OBOpPOTa Ha yroj Oojee
JEBSIHOCTa TpagycoB, Haudajcs TPETUH 3Talm BO BpalleHMHM 3eMJIM — pacKpyTka, KOTopas
IpOJOJDKAeTCs M B HAIIM JHU, O YeM CBMJIETEIbCTBYET IpeobiajlaHue 3alaJHbIX BETPOB U
OKEaHCKUX T€YECHUH.

3. dneKTpnYecTBO U MarHeTU3Mm

D¢dupHas Teopus MO3BOISAET OOBICHUTH MIPUPOY TAKHMX WHTEPECHBIX (PU3UUYECKUX SBIICHUH,
KaK JJIEKTPUYECTBO M MAarHeTH3M; He MPOCTO MPUHATH UX K CBEACHUIO Kak ()akT M Kak (akT
BOCIIPUHUMATh HMX 3aKOHBI, a MMEHHO OOBACHUTH: YTO ATO TaKO€, KAaK OHU BO3HHKAIOT, Kak
JEUCTBYIOT U KaK B3aUMOJEHCTBYIOT.

[IpenBapsis nmpencrosiue paccykAeHus, cpa3y 3asBUM, YTO CaMbIM IJIABHBIM ITOJIOKEHUEM,
ONPEAEISIOIINM U DJEKTPUYECTBO U MArHETU3M, SIBIIETCA UX CBA3b C DJIEKTPOHAMHU: HE MOXKET
OBITh 0€3 AIIEKTPOHOB HU AJIEKTPUUYECTBA, HM MarHETU3Ma, HA DJIEKTPUUECKUX M MAarHUTHBIX TOJIEH.
HckmroueHre COCTaBISIIOT TOJBKO TaK HA3bIBAEMBIE AJIEKTPOMATHUTHBIE BOJIHBI, KOTOPBIE
paclpoCTpaHsOTCs B dPHUpe U B MPUCYTCTBUU DIIEKTPOHOB HE HYKIAIOTCS, U OOBICHIETCS
HCKJIIOYEHHE TEM, 4YTO OTH BOJIHBI Ha3BaHbl JJICKTPOMAarHUTHBIMM [0 HEAOPA3yMEHHUIO: HUX
pacrpoCTpaHEHUE HE UMEET HU KAKOT'O OTHOLIEHHMS HU K DJIEKTPUYECTBY HU K MarHETU3MY.



HamomuuMm uto mpeactaBiisieT u3 ce0s AIEKTPOH: 3TO — Oeraroniue mo Kpyry JIpyr 3a Apyrom

TpU A(PUPHBIX HIApUKA — BPOJE BPAIIAIOIIETOCs KOJECHKA; €CTh Yy 3TOr0 KOJECHKa U OCh: JIBa

0CEBBIX A(UPHBIX IIAPHUKA, IPUMBIKAIOIINX K AIEKTPOHY C pa3HbIX CTOPOH M YIHPAIOIIUXCS IPYT B

apyra. OcoOEHHOCTBIO JIEKTPOHA SBISETCS €T0 ITYIIHUCTOCTRY) — CHOCOOHOCTh OTTAJIKUBATHCS OT

APYruX YacTUI[ C TOMOUIBI0 CBOEr0 CTOSYEro TEIJIOBOTO MOJs; JAPYTMMHU CIIOBAaMH: 3JIEKTPOH

MOCTOSTHHO IIEBEIUTCS W MPUBOJIUT MPUJIETAIONIMK K HeMy 3(QUP B HEKOTOPOE YHOPSAIOYCHHOE
BO30Y)XJICHHOE COCTOSIHUE — OHO-TO M JEJIA€T €T0 IMyITHCTHIM.
3.1. AneKkTpnyecTBo

bynem paccmaTpuBaTh 3JIE€KTPUYECTBO KaK COBOKYMHOCTh (PU3MYECKUX SIBIICHUM, TJIaBHBIM
YYaCTHUKOM KOTOPBIX SIBJISIETCS AJIEKTPOH; 3TO: M TAaKO€ BBIPA3UTEIHLHOE MPUPOJIHOE SIBJICHUE, KaK
MOJIHUS, ¥ JIEKTPU3AIUS CYXHUX BOJIOC MPU PACUYEChIBAHUM MX TJIACTMACCOBOM pacuecKou, U CBET
ANIEKTPUYECKON JIaMIMOYKH, U paboTa paauo-TEICBU3MOHHON amnmaparypbl, U MHOTOE-MHOTOE
JPYTO€, C YEM MBI MIOCTOSTHHO CTAJIKUBAEMCS B CBOEH YKU3HH.

Haunem c¢ Ttoro, uto eme pa3 3asBUM; HUKAKUX 3araJ0YHbBIX DJEKTPUUYECKUX 3apsI0B B
MPUPOJIE HET; AJICKTPOH KaK YacTHUIlA €CTh, a OTPUIIATEIHHOTO JJIEKTPUYECKOTO 3apsiga y HEro
HUKAKOTO HET; 3apsiI0B BOOOIIE HET HUKAKKUX, HU TTOJIOKUTEIBHBIX, HU OTpUIIATEeNbHBIX. [ledansHo,
KOHEYHO, 3TO OCO3HABaTh, UMEsI B BHJIy, UTO 0oJiee ABYXCOT JIET JIFOJU BEPIJIM B CYIIICCTBOBAHUE
3apsJI0B, HO JIyUIIle TI03/THO, YeM HUKOT/IA.

CornacHo 3(pupHON TEOPUH AIEKTPOHBI — 3TO Ta3, ¥ HA HUX PACIPOCTPAHSIIOTCS OOBIYHBIE
3aKOHBI THEBMAaTUKU. Kak W B MHEBMAaTHKE, TTOBEACHHUE DJIEKTPOHOB XapaKTEPHU3YETCs JaBICHUEM
(2JIEKTpUUYECKUM HAMPSHKEHUEM), PAcXoJ0M (TOKOM), COMPOTHUBICHHEM H EMKOCThIO; KaKk U B
ITHEBMATHUKE, B AJICKTPOHHOU CpPEJie €CTh MOHITHE «aTMOC(EPHOTO0» NAaBICHUS: 3TO TOT MOTEHIIHAT,
KOTOPBII XapaKkTepeH JUIsl TaHHOM TOYKU MPOCTPAHCTBA; TaBJICHHE SIEKTPOHOB MOKET MOBBIIIATHCS
BBIIIIE «aTMOC(EPHOT0» U CHIKATHCS HUKE €ro, MPUUEM IMOBBIIIEHUE HE OTPAaHUYEHO, a CHIKEHUE
MeeT Mpejiesl — HyJeBOe JaBJeHHEe; Bce Kak B MHEBMAaTHKE. Pa3mMephl 3JIeKTPOHOB B THICAYH pa3
MEHbIIE pa3MepOB aTOMOB ra3oB, — M IO3TOMY OHHM MOTYT T€4b [0 TaKUM Yy3KUM KaHalaM,
KOTOpbIE HEBO3MOXHO PAacCMOTPETh Na)Xke B MHUKPOCKON. MOXHO cka3aTh Aake Tak, 4TO s
AJIEKTPOHOB HET HEMPEOJOJIHMMBIX Mperpaj: OH MOXKET MPOHUKATh MPAKTUYECKU BCIOAY, HO I/I€-TO
JIETKO, a I/Ie-TO C COMPOTHUBIICHUEM, 0OIbIINM WK MeHbIIUM. ([Ipubnu3urensHo Takke BeaeT cels
U ra3: U3BECTHO, YTO HAKAYEHHOE BO3JIyXOM aBTOMOOMJIBHOE KOJIECO CO BPEMEHEM CITYCKAEeT, a 3TO
3HAYUT, YTO BO3yX MOXKET MPOHHUKATh CKBO3b pe3HHy.) Jlerde Bcero aeKTPOHBI MEepPeMelaloTcs
BJIOJIb MPHUCACHIBAIOIIMX >KET000B aTOMOB METAJUIOB: B ATOM Cllydae OHH HE MPUOIMKAIOTCA K
aToOMaM U He YAaJSI0TCSA OT HUX, TO €CTh HE 0CBOO0KAAI0T SHEPTHUIO U HE TPEOYIOT ee.

TpynaHoCTH BO3HHKAIOT TOT/A, KOrJAa HEOOXOIMMO OTOPBATh AIIEKTPOH OT aroMoB. B xumuu
€CTh JIaXXe€ TaKoe MOHATHE, KaK MOHMU3AIIMOHHBINA MOTEHIIMAT, XapaKTePU3YIOIINI CHUITy CUEIUICHUS
AJIEKTPOHOB C aTOMaMU: OH OMpeAeNsieT TO HampsiKEHHE B BOJIBTAX, KOTOPOE HEOOXOIUMO s
OTpBIBA IIEKTPOHA OT aToMa. HanbomnbIre 3Ha4eHrs HOHU3AMOHHOTO MOTeHIIHANa UMEIOT aTOMBI
WHEPTHBIX Ta30B, HAUMEHbBIINE — aTOMbI IIETOYHBIX METAJIOB, HO HET HH OJHOTO XMMHYECKOTO
JJIEMEHTa, AaTOMbl KOTOpPOTO OTHaBajdu Obl AIEKTPOHBI cBOOOMHO. Bo Bcem «BuUHOBaTa»
MIpHCachIBAIOIIAs CIOCOOHOCTh ATOMOB, TOUHEE — HAJIMUYKE Y aTOMOB MPHCACHIBAIOLINX BOPOHOK U
XKenoOoB.

HNoHuzanmonHple NOTEHIMAIBI aTOMOB ONPENETIEHbl YUCTO SKCIEPUMEHTAIBHBIM IyTEM
(MO3TOMY WX OTPHIIATh HUKAK HENb351) M TOJBKO B OTHOIIEHWU TaK HAa3bIBAEMBIX HEHTpPaIbHBIX
aTOMOB, TO €CTh TaKWX, Y KOTODPBIX IaBJICHHWE DJIEKTPOHOB paBHO «arMmochepHoMy». Ecmu ke
JIaBJIEHUE — MOHWKEHHOE, TO HOHU3ALMOHHBIN OTEHIIMANl BO3PACTAET, & €CIIM — MOBBIIIEHHOE, TO
— cHmkaerca. CHIKEHUE HaONIONaeTCsl M MPU COACHCTBUM HEKOTOPHIX (U3MYECKUX (DaKTOPOB,
TAaKUX KaK TETUIOBHIE JIBIIKEHUS (UEM BBIIIE TEMIIEpaTypa, TeM Jierde OTPHIBAIOTCS IIEKTPOHBI),
YKECTKOE U3JIyY€HHE, BAKYYMUPOBAHUE U JIP.

IToJjie 3J1eKTPOHHOI 0 1aBJEHUS — JJIEKTPHYECKOoe MmoJje

Eme pa3 3asAaBUM, UTO HCT HUKAKUX MATCPHUAJIIOB, KOTOPBIC HE IIPOITYCKaAIN OBl B TOM MJIM MHOM



CTENEHU DJIEKTPOHBI; CJIEI0BATEIbHO, OHU — 3JIEKTPOHBI — €CTh Be3je. HaTypanbHoe naBieHue
UIEKTPOHOB JIpyr Ha Jpyra oOpa3yeT TaK Ha3bIBa€MbId 3JIEKTPUYECKUM IOTEHIHAT TOYKU;
M3MEHEHHE JaBJICHUS  XapakTepu3yeT OJleKTpuueckoe 1moie. JIpyrumu cioBamu, no0
INeKMpUeckumM noiem 60yoem HNOHUMAMb pacnpedeieHue I1eKMPOHHO20 O0AaBleHUs 8 cpeoe
Otcrona crefyeT BaXHBIM BBIBOJ O TOM, UTO 2eKmpuieckoe noie Oe3 21eKmpoHo8 He bvlieaem '
€CTb JJIEKTPOHbl — €CTh I0JIe, HET 3JEKTPOHOB — HET mojs. Hukakoro nanbHOJEMCTBUS Ha
AJIEKTPOHBI U BJIEKTPOHOB JPYr Ha JIpyra, KpOME HENOCPEICTBEHHOIO JaBJIEHUS, HE CYLIECTBYET.
He mMoxet ObITh U OTPHULIATETFHOTO AABIICHHS JIEKTPOHOB: OHO HEMBICIHMO.

Hekotoporo yrouHeHuss TpeOyeT COOTHOILLIEHHE MEXIy IUIOTHOCTBIO 3JEKTPOHOB U HX
nanenueM. Ecin B wmaeanbHO 3¢upHON cpeme W30BITOYHAS TUIOTHOCTH HPHUPABHHUBACTCS K
JaBIICHUIO (M TO M JPYroe ONpeAessieTcs CTENEeHbI0 JIedopMamuii AIeMEHTapHBIX MIApUKOB), TO B
aTOMAapHO-MOJIEKYJIIPHOM cpesie JaBlIeHHE U IUIOTHOCTD AJIEKTPOHOB CHUIIBHO PACXOSATCS.

Bo3bmem, HampuMmep, BO3yX: aTOMbl T'a30B B HEM, KaK Mbl YK€ TOBOPWJIM, O0JIafaroT
MYIIMCTBIMA CBOMCTBaMU. B CIUIOIMIHON CBOEW Macce BO3JyX HAMOMUHAET BOPOX IYHMIHUCTBIX TEll
(urpymiek). DIEKTPOHBI TOXE ITYIIUCTHI, TOATOMY OHHM C TPYJOM MOTYT HPOHUKATh MEXIY
aTOMaMH, 3aHMMas MYCTOThl. DTHX MYCTOT B BO3JyXe HEMHOIO, U, CJIEIOBATEIbHO, 3JIEKTPOHOB B
HEM TakKke HEMHOTO, TO €CTh IUIOTHOCTh UX COBCEM HEOOJIbIIas; HO MPU BCEM IIPH TOM JIaBJICHHE
AJIEKTPOHOB JIPYT Ha JIpyra MOXET ObITh OU€Hb U O4YeHb OOJBIIMM. Beskoe momnoiaHeHne ra3oBoi
Cpelbl Jake CYMTAHHBIM KOJIMYECTBOM AIEKTPOHOB Oy/ET CYIIECTBEHHO YBEITUUYUBATh UX B3aUMHOE
naBiieHre. TakoBO COOTHOIIEHUE TUIOTHOCTH U JABJICHUS IEKTPOHOB B BO3AYXE.

B «HenmymucTeIX» cpenax, TO €CThb B JKUIKOCTIX U B TBEPABIX TellaX, INIOTHOCTh 3JIEKTPOHOB
MOJKET OBITh 3HAYHTENFHO BBIIIE: OHW MOTYT 3aHUMaTh MYCTOTHI HE TOJIBKO MEXKIy aTOMaMH, HO U
BHYTPH HHUX, TO €CThb aTOMbI MOTYT aOCOpOMpOBaTh EKTPOHBI. AOcopOupyromas crnocoOHOCTb
(3TIEKTPOHOEMKOCTb) Pa3IMYHbIX aTOMOB — pa3JIM4HasA: y OJJHUX OHAa — HIKE, Y JPYTUX — BBHIIIIE,
— HO B JIIOOOM Cllydyae «HEMYIIUCTBIC» aTOMBI W MOJIEKYJbI TMOTJIOMAIT (a0COpOMpPYIOT) HE
€IMHULIBI U Ja)Ke HE COTHU 3JIEKTPOHOB, & THICSYH.

[TosTOMy He3HAaYHTENBHOE TOTIOJHEHHUE «HEMYIIMCTOW» CpeAbl dJIEKTPOHAMHU MPAKTUYCCKU
HE CKa)XETCS Ha POCTE UX B3aMMHOTO JaBiieHus1. COOTHOIIIEHHUE IJIOTHOCTH U JaBIICHHSI SJIEKTPOHOB
B XKHJIKUX U TBEPIBIX Cpeaax, KaKk Mbl BUJIUM, COBCEM WHOE, YeM B ra3ax.

DJIEKTPUYECKOE TI0JIE MOXKET OBITh 0XapaKTepPH30BAHO B TOJIHOW MeEpe B TOM ciydae, eciid
pacrpenielieHue JJIEKTPOHHOTO JIaBJICHWsST B HEM Oyje MPEICTaBICHO B BHJE T'PAJUCHTOB,
OTIPENISNAIONMX HE CaMoO JaBIICHHE, a €ro M3MEHEHHE B NPOCTPAHCTBE W HANPABICHUE TaKOTO
n3MeHEeHUs (TpaIueHT — BEKTOP).

DuieKTpryecKkue sipjieHusi. MoJjHus.

Kaxiplif U3 Hac U yale BCero ¢ BOCTOProM (MJI, HalpoOTUB, C UCIYTOM) HaOII01a)l MOJTHUN
— SBJIGHUE YIUBUTEIbHOE M NPOMU3BOJIIEE CUIIbHOE BIedaTsieHue. OOpa3oBaHHBIA YEIOBEK
3HAeT, YTO MPOSBISIETCS MPOCKAKUBAHHE 3JIEKTPOHOB MEXIYy OOJIakaMU WIH MEeXIy 0OJakoM U
3eMJyiel. YTOUHUM Halle IOHUMaHHe MOJHUM B CBETE I(PUPHON TEOPUH.

DneKTpoHbI Ha 3emiie TMOHYT B OOJIBIINX KOJMYECTBAX: YACTh U3 HUX «CTOPaeT» B IIAMEHHU
XUMUYECKUX PEAKIMH, B TOM YUCIE M IpU OOBIYHOM TOPEHHH, HO OOJIbIlIas 4acTb NPOHHUKAET B
Helpa 3eMiIM M TaM HMCYe3aeT, IMOMOJIHAA Telo IulaHeTsl. [loaToMy Ha mnoBepxHOcTH 3emin
3JIEKTPOHOB HE TaK YK MU MHOTO. 3HAYMTEIbHO OOJIbIIE MX B BBICOKHMX CIOSX HaJ aTMocdepoit
3eMiM, T/l OHM HaKalIMBalOTCAd Kak pPe3yJbTaT COJHEYHOIO BeTpa M 00pa3yloT 3JEKTPOHHYIO
000J10uKy (pagualMOHHBIN Mosic). Bo3nyx arMocdepsl MOYTH HE MPOBOIUT 3JIEKTPOHBI: €ro
NYHIIMCThIE aTOMBl M MOJIEKYJIbl 00pa3yloT CBOEro pojia MEpUHYy, KOTOPOM OKyTaHa IIIaHeTa.
PaguanioHHBIN MOSIC U3 MYIIKUCTBIX AJIEKTPOHOB MOKHO IO AHAJOTHU CPAaBHUTH C IYIIMCTHIM
MOKpPBIBAJIOM Ha mepuHe atMocdepsl. IIOTHOCTh 3MEKTPOHOB B 3TOM IMOKpPHIBAJIIE OYEHb BBICOKA;
OHa — MaKCUMallbHasl, KaKasi TOJIbKO MOKET ObITb; U JIaBJICHHUE AJIEKTPOHOB B HEM OYEHb BBICOKOE:
B MaciuTade 3JeKTPUUYECKUX BEJTMUYUH OHO paBHO 10 B J€BATOM CTENEHU BOJIBT.



ITo cBoeit ynmenbHOW 3PHUPHON TUIOTHOCTH SJIEKTPOHBI MOTYT OBITh OTHECEHBI K CaMbIM
aTOMapHO TSDKEINIBIM Tra3aM, TO €CTb OHU CTPEMSTCS OMYCTUTHCS BHU3 HA 3EMIIIO, OTTECHSSI BBEPX
BCE Jpyrue rasbl BO3[yxa; HO C/eJaTh 3TO UM HE MPOCTO, TaK KaK OHM IYLIMCTHI U IYIIMCTHI BCE
aTOMBI U MOJIEKYJIbl BO3yXa. OJHOr0 MEJIEHHOTO IIPOCAYUBAHMSI AIEKTPOHOB CKBO3b BCIO TOJIILY
aTMoc(epbl HEIOCTATOYHO JJIsl TOTO, YTOOBI PAccOcaTh JIEKTPOHHYIO 000JIOUKY; OCTAETCS TOJIBKO
HAJESIThCSl HAa MOJIHMM: OHM pElIaloT 3ajady IepeHoca 3JEKTPOHOB Ha 3€MJII0 OYEHb MPOCTO U
3¢ dEeKTUBHO — TIPOOOEM; U TIOMOTAIOT UM B 3TOM I'PO30BBIE O0JIaKa.

Korpa B jxapkuii 1eTHUI J€Hb HArPETHIM BO3AYX YCTPEMIIAETCS BBEPX, OH MOXKET JOCTUTaTh
BBICOTHI, TJIe¢ HAUMHACTCS TPaHUIA PaTUAllMOHHOrO mosica. Tam mapbl BOJbI KOHACHCUPYIOTCS U
MEPEXOJIAT U3 COCTOSHHUS ra3a B )KHJAKOCTb U JaXe B JI€/, TO €CTh MOJIEKYJbl BOJbI TEPSIOT CBOIO
nymucTocTb. Ilonb3ysich OIaronpusATHHIM MOMEHTOM, 3JIEKTPOHBI paJMalMOHHOTO TOsca
00JIeTIINBAIOT MOJIEKYJIbI BOJIbI KaK TOJIBKO MOTYT — COTHSIMHU U ThICSIYaMU Ha KaXKIyI0 MOJIEKYITY.
[TogbeM obnaka B CHTy €ro MHEPLIMU PAaHO WM MO3/IHO MPEKpaIlaeTcs, U OHO YCTPEMJISIETCSl BHU3,
yBJIeKasi BMecTe ¢ 000 HEMCUUCIUMOE KOJMYECTBO MPUIUIILINX JEKTPOHOB. Ha HU3KOMH BBICOTE
MIPOUCXOJUT MPo0Oi BO3/1yXa, M 3JEKTPOHBI JABUHOM YXOJAT B 3EMIIIO.

Uto Takoe — mpoboii? OOpaTumMcs K aHaJIOTUK — K MTHEeBMaTHke. [omycTtuM, y HacC umeercs
pecuBep C BBICOKMM JaBJIEHHEM BO31yXa; TpyOKa, COEJUHEHHAs C PECHUBEPOM, YIEepTa CBOUM
OTKPBITHIM KOHIIOM B TOJICTBIH cl0¥f mopuctoro noposiona. I1pu a3tom Bo3ayx, ckopee Bcero, Oyaet
MMOTUXOHBKY MPOCAYMBATHCS CKBO3b IMOPOJIOH, HO JIABJICHHE B TPYOKE OY/IET COXPAHATHCSI BEICOKHM;
9TO — MCXOJIHOE COCTOsIHUE. Teneps HaYHEM MOCTENEHHO BHEIPATH TPYOKY B MOPOJIOH BCE TITYOXKe
U rayoxke. B Kakoi-TO MOMEHT, €CTECTBEHHO, TPOU30UIET MPOPHIB BO3yXa CKBO3b OCTABIIYIOCS
TOJIILY OPOJIOHA — 3TO M €CTh MPOOOIi: BO3IyX MO/ JaBICHUEM Pa30pBET MOPOJIOH, Pa3BUHET €ro
Y YCTPEMUTCS 110 BO3HUKIIIEMY KaHAITY.

TouHo Takxke BO3HHMKaeT MpoOOW Bo3dyxa arMochepbl CKOMHILEM 3JIEKTPOHOB T'PO30BOTO
o0Jiaka; HET HU KaKOW Pa3HUIIbI, €CJIM HE CUMTATh SPKOW CBETOBOW BCIIBIIIIKA MOJHHH, KOTOPOH Y
MMHEBMATUKH, pazymeercs, HeT. CBeT MOpoXKaaeT THMOHYIINE B IIHYype MpoOos 3MeKTpOoHbL. ['pom,
KOTOPBI MBI CJIBIIIUM MIPU IPO3€, MPEACTABISET COOON BOJIHY JaBJI€HUS, BOSHUKIIYIO B pe3yJIbTaTe
PE3KOTO pa3/IBUTraHUsl CTEHOK KaHajla, 0 KOTOPOMY YCTPEMIISIETCS TOTOK AJIEKTPOHOB. M3BeCTHO,
YTO JUaMeTp ATOr0 KaHaja JOCTUraeT [BaJAlaTH CAaHTUMETPOB U Oojee, a TOK B HEM MOXET
npesbimats 200 000 ammnep. IIpu moaxone k 3eMiie MOJIHMS PacUICIUIICTCS HA HCKPBI, TO €CTh
oOmuii KaHan pacragaeTcs Ha pykaBa. Cpemnsisi ckopocTh MosiHuH paBHa 10 000 kuimomeTpoB B
CEeKyHAy, a JJINHA MOJIHUU MHOr1a npespimaer 10 kuioMeTpos.

Kak Tosibko aBieHHe 3JEKTPOHOB B KaHAJE YHaJleT, aTMOCHEpHOE JTaBJICHHUE ero 3aXJIOMHET,
Y MOJIHMS IPEKPATUTCS; IPOU30UIET €I1€ OJJUH XJIOTIOK — KaBUTALMOHHBIM.

[lepexxuM KaHana MOJHHHM aTMOC(EpHBIM BO3AYXOM MPOUCXOIUT CAMBIM HEOKHJAAHHBIM
00pa3oM, U MOXET CIY4YUTbCA TaK, YTO HE BCE DJIEKTPOHBI CMOTYT BBICKOUUTH M3 HEr0 W YWUTU B
3eMJII0, ¥ YacTh U3 HUX OKAKETCS 3amepToil Kak Obl B JIOBYIIKE — B MEIIKE; TaK POXKIACTCS
mapoBasi MoJHHUS. ChEeKUBUIUCH B KIyOOUeK, OHa OydeT IIUIETh M HCKPUTHCSA, KaK HIMMAT U
HCKPATCS MPOBOJA BBICOKOIO HamnpshkeHus. KOCHYBIIMCh TOKONPOBOSAIIETO MpeIMETa, I1apoBas
MOJIHUA YUJIET B HETO; U JIyYllle, €CJIM STUM MPEMETOM Oy/IeT HE YeIOBeK.

DJleKTpU3aus TeJl

Kakoe Obl BHcyaTiicHHE HE npon3Boaniia Ha HAC MOJIHUA, Ooitee yGCI[I/ITeJIBHBIe
CBUICTCIILCTBA CYHICCTBOBAHUA OJJICKTPUYCCTBA MBI IIOJIyda€éM B Halld JHU OT pa60T]':»I
QJICKTPUYICCKUX HpI/I60p0B n MalluH. HarpeB yTr0ra, CBCT BHCKTqueCKOﬁ JJaMIIbI, TOJIOC
paauoInpueMHHUKa, CBETAIIMNHCS OKpaH TCJICBU30pa U MHOTOC ApYroc 1 B 6BITy " 3a npeaciiaMu €ro
— BCC CBA3aHO C JJICKTPUYCCTBOM, BCC MOPOKICHO HM. M tem He MeHee cHayaja 06paTI/IMC}I K
OCMBICJICHUIO TCX HEB3PAYHBIX HpOHBHeHI/Iﬁ ABUKCHUSA OJJICKTPOHOB, C KOTOPBIX HAYMUHACTCA
HU3YUCHHUC DJICKTPUYCCTBA HIKOJIbHUKAMMU.

I/I3BCCTHO, 4TO IIPpU TPEHUU HNPCIMETOB M3 HCKOTOPBIX MATCPUAJIOB OHHU IJICKTPUIYIOTCH,
Takoi nmponecc NporucCxXoquT Mpu TPCHUH CTCKJIA O IICIIK, AHTApA WA 700HHUTA O mepCTh, OAXKCE



OJIHOH TKaHH 110 pyroi. KakoB MexaHu3M 3ieKTpu3anuu’?

Ms1 yxe He pa3 CpPaBHUBAJIM NIEKTPOHBI C IBUIBIO, BOCIIOJIB3YEMCS 3THM CpPAaBHEHUEM H
ceityac. Ilpu TpeHun 371€KTpOHBI OYKBAJIBHO MEXaHUYECKU YHAIAIOTCA C OJHOW MOBEPXHOCTH U
OCAXJAIOTCS Ha JIpYroi, KaKk CTHpaeTcs, HalpuMep, MbUlb MOKpPOHM Tpsnkoi ¢ mebenu. Kazanoch
Obl, MBUTH TOJDKHA OJIMHAKOBO PACIIPEICIIATHCS MEXKIY TPANKON M MOJUPOBAHHOHN MOBEPXHOCTHIO
MeOenH, HO HeT: OHa BCS OCAXJACTCS Ha TPSIMKE M MOJHOCTHIO (ITOYTH TOJHOCTHIO) YIAIAETCS C
MeOenH; CKa3blBalOTCA pa3Hble CHOCOOHOCTH TPSNKH W IMOJMPOBAHHON  IMOBEPXHOCTH
azicopOUpoOBaTh, TO €CTh BOCIIPUHUMATD, TBLIb.

To ke camoe NPOUCXOAUT C IIEKTPOHAMM: OHHM JIETKO CTHPAKOTCS IIEIKOM CO CTEKIa,
SHTApEM C LIEPCTH, OJHOM TKaHbIO C Apyrou M Tak naiee. Ho ectp M Takme marepuansl, U UX
OO0JIBIIMHCTBO, KOTOPBIE aJICOPOUPYIOT IMEKTPOHBI OJMHAKOBO: KaK Obl MBI HE TEPIIU JPYT O JIpyra
MIPEeIMETHI U3 3TUX MAaTEPHUAIIOB JIEKTPU3ALMs HE 0OHAPYKUBAETCSL.

B oOmem ciydae anekTpusaius BbIpakaeTcs JMOO B M30BITKE JJIEKTPOHOB, JTUOO B HUX
HejocTaTke (M M30BITOK M HEJOCTAaTOK  OMNPEAENSIOTCS  OTHOCUTEIBHO  HOPMAIbHOTO
«arMoc(epHOro» MOTEHIMalla), U OHa CBOMCTBEHHA KakK il MPOBOJAHHUKOB (METAJJIOB), TaK U JJIs
TMBJIEKTPUKOB; HO (DOPMBI €€ BBIPaKEHUSI BO BCEX Clydyasix — pasHble. B meramiax u nepuuut u
W3JIMIIEK 2JIEKTPOHOB pacCpeOTOYMBAIOTCS IO BCEMY Tely, a B JHIJIEKTPUKAX OTOTO HE
MIPOMCXOJIUT; BBILIE 00 3TOM MBI YK€ TOBOPUIIH.

Kaxnpiii B OoTHenbHOCTH aToM (WM MOJIEKyslda) AWAJIEKTpUKAa CIOCOoOEH yaep)KaTbh B
HE3aBHCHMOCTH OT CBOMX COCENEH Kak W3JIMIIEK AIEKTPOHOB, TaK W MX HEAOCTATOK; U ITOMY
CIOCOOCTBYIOT, B YAaCTHOCTH, IPUCACHIBAIOIINECS BOPOHKU IETEIb aTOMOB; MOJIydaeTcsl Kak Obl
TOYe4Has 3JeKTpu3auusa. VM Takoe cBO€ COCTOSIHME aTOM MOJKET YIEpKMBAaThb HEKOTOPOE BpEMH,
II0KA B pe3yJIbTaTe €CTECTBEHHON MUTPALMM IEKTPOHOB MX MOTEHIMAI HA aTOME HE BBIPOBHAETCS
C OKPYKaIOIUM.

I'oBopuIIOCH YK€ ¥ 0 TOM, YTO OOJICIIEHHBIE 3JIEKTPOHAMU NIPUCACHIBAIOIINE YYaCTKU aTOMOB
HEeHTpaln3yroTcs, a OroJieHHble, Ha00OpOT, YCHJIMBAIOT CBOM IpHCACBHIBAaIOLIME crocoOHocTH. U
[I03TOMY YMECTHO CPaBHEHHUE 3JIEKTPOHOB C IbLIbIO: OOJENICHHbIE MbUIBI0 KYCKH CHIPOW TJIMHBI,
KaK U3BECTHO, HE CKIICHBAIOTCSI.

Bce 3T 0cOOEHHOCTH 3JEKTpU3alUM OYEHb YAAYHO HCIOJb3YIOTCS B CBETOKONHPOBAIBHOM
TeXHUKe Tuna Kcepokc. C NOKPBITOM 0COOBIM MaTepHaIoM (Hallle BCEro — CeJI€HOM) MOBEPXHOCTH
IUIACTUHBI yOAJSIFOT JJIEKTPOHBI M OTOJIAIOT TEM CaMbIM BCE IOBEPXHOCTHBIE aTOMBI. 3aTEM Ha
IUIACTUHY MPOCLUPYIOT M300pakeHue; IOJ JeHCTBHEM CBeTa aTOMbl CHOBAa HAaCBIIAIOTCA
3JIEKTPOHAMHM, HO TaM, IJie CBET He Iomnaj, JeGUIUT IeKTpoHOB coxpaHnsercs. Ilocne storo Ha
IUIACTHHY HAHOCAT IOPOLIOK KPAaCHUTENs; W TaM, I'Zle Ha IJIACTHHE COXPAaHWINCh OTOJICHHBIE
aTOMBI, MOPOLIOK Ipuiunaer. IlnacTuHy ¢ NPUIMNIIMM KpacUTeIeM HpWXKHMalT K Oymare, u
KpacuTellb MEPEXOAUT Ha Hee; TaK MOJy4aroT KO U300pakeHui.

B kxaudecTBe Ipyroro nmpuMepa MOKHO pacCMOTPETh MCIOJIb30BaHUE SIBJICHUN MIEKTPU3ALNN U
CIIMIIaHUS MOJIEKYJ B JKMBOH MbIIE. TKaHb MBIIIIBI COCTOUT U3 MEPEMEKAIOIIUXCS MOJIEKYII
aKTMHA U MHMO3MHA, IPUYEM MOJIEKYJIa MMO3MHA MUMEET IMOJIYKPYIJIYIO0 I'OJIOBKY, YIHPAIOLIYIOCS B
akTHH. Bce mpocTpaHCTBO MeXIy MOJIEKYJaMH 3alOJIHEHO JKUAKOCTBIO C U30BITKOM 3JEKTPOHOB;
3JIEKTPOHBI OOJICIVIMBAIOT MOJICKYJIbl MHO3MHA W aKTMHA M HEUTpalu3yloT HX CIOCOOHOCTh
clumnaTbes; MblIa paccriabiaeHa. CUrHalm Ha COKpallleHHe ToJaeTcs B BUIE NOPLHMHU
KaJbIIMHUPOBAHHOM KHUAKOCTH C AePUIUTOM 371eKTpoHOB. CKaThIBasACh M0 MUO3MHY U IOMaJas Ha
aKTHH, 3Ta JXMJIKOCTh OTOMpaeT y oOOOMX MOJIEKYJA OJIEKTPOHBI, OTOJIAs TEeM CaMbIM HX
IIPUCACHIBAIOLINE yYacTKU. B pe3ynbrare HauMHAETCS CIMIAHUE MOJIEKYJ; OHO BBIPAXKAETCA B TOM,
YTO IOJIOBKa MMO3MHA OOKATBIBAETCS MO AKTHUHY; MPU 3TOM MPOUCXOIUT YACTUYHOE YKOpAuHBaHUE
MbIIIBL. Ecau mopuuu ynpapisromed XKMJIKOCTH OYAYT MOBTOPSATHCS, TO COKPALICHUE MBIIIIIbI
npoAopkuTcea. Ho Kak TOJBKO MOCTYIUIEHHWE 3TOM >KUIKOCTH MPEKPATUTCs, HauHETCs OOpaTHBIN
nporecc: U30BITOYHbIE UIEKTPOHBI CPE/bl, NPOHMUKAs MEXIY TOJIOBKOM MHO3MHA U MOJEKYIOH
aKTHHA, OyIyT 3alOJHATh UX MPUCACHIBAIOIINE YYACTKH, HEUTPAIHU3Ysl UX CIIOCOOHOCTD CIIMIATHCS;
MBIIIIA CHOBA PACCIa0UTCS.

MOXHO TpeAnoyokuTh, YTO TaKOM IPOLIECC pa3JelIeHUs aTOMOB M MOJIEKYJI TOJ



BO3/ICMCTBUEM MPOHUKAIOIIUX B IMPUCACHIBAIOIIME MECTA IEKTPOHOB JIEXKUT B OCHOBE PACTBOPEHHUS
BEIIECTB: JJIEKTPOHBI PACTBOPHUTENSI, MMEsS BO3MOXKHOCTH CBOOOJHO IEpeMenaTbcsi BMECTE CO
CBOMM MOJIEKYJaMU M TMOJXOJUTh KaK YroJHO OJU3KO U C pa3HbIX CTOPOH K MOJIEKyJaM
pPacTBOPUMBIX BEIIECTB, OCJIAOJAIOT HX CBA3M HACTOJIBKO, YTO OHM paclajgaroTcsi, TO €CTb
JTUCCOIIUUPYIOT.

HasnexTpu3zoBaHHOCTH TeJl 0OHAPYKUBAETCSI OOBIUHO BU3YaJIbHO: TeJa JTUOO MPUTATHBAIOTCS,
JII/I6O OTTAJIKHUBAIOTCA; Y TSXKCIIBIX MPEAMCTOB 3TH SABJICHHA HC CTOJIb OYCBU/HBI, HO Yy JICTKUX —
Opocatorcst B riasza. [loTepras 0 cyxue BOJIOCHI IJJACTMAcCcOBasi pacuecka HPUTSATHUBAET K cede
JJUCTOYKHN 6YM8,FI/I, HA3JICKTPU30BAHHBLIC JICTKUC TKAaHW CIIMIIAKOTCA, WA HaO60pOT, PaACXOIaATCA,
TAaKUX IIPUMEPOB MOKHO IMMPUBECTHU MHOKECCTBO.

((HpI/ITﬂ)KeHI/Ie» H KOTTAJKHUBAHHUE» HAIJTCKTPU30BAHHBIX TEJI

[lepeiinem Kk clenyroiemMy BOMNPOCY: KAaKOB MEXAHWU3M MNPUTATUBAHUS M OTTaJKUBAHUS
HadJIeKTPU30BaHHBIX TeN? Bompoc MHTEpeceH B TOM CMBICTE, YTO d(UpHAs TEOPHUS OTBEpPraeT u
MIPUTSDKEHUE, U HAJTUYHUE DJICKTPUUYECKUX 3aps/IoB, a 0€3 HIUX B3aMMOBJIMSIHUE HAIEKTPU30BAHHBIX
TeJ KaK Obl CTAHOBUTCS HEOOBSICHUMBIM.

OCHOBOI BCE€X MEXaHMYECKUX MEPEMENICHUN MNPUTITUBAIOMIUXCS WM OTTATKUBAIOIIUXCS
HadJICKTPU30BAHHBIX TEJI SBJSICTCS pa3indHas d(pHUpHas MIOTHOCTh, BOZHUKAIOIIAS B PE3yJbTaTe
JBYDKEHUSI SJIEKTPOHOB: YeM OOJIBbIIIE ATH JBWKCHHS, TEM MEHBIIIE IUIOTHOCTh d(dupa u, Hao00poT,
YeM MEHbIIEe JBWKEHHUSA, TeM oOHa Oonbine. M3MeHeHHWe TMJIOTHOCTH TMOPOXKAAET H3MEHEHHE
naBieHuss »Gupa, a pa3HOCTh JABJICHWW TPHUBOAUT K TOSBICHUIO CUIBL. O CBS3M JIBIDKCHUM
3GUPHBIX MIAPUKOB C MX IJIOTHOCTHIO YK€ TOBOPHIIOCH; MBI IMIOBTOPSEM 3TO B JaHHOM MECTE IS
TOT0, YTOOBI MOJYEPKHYTh 3HAUMMOCTh TAKOTO SIBJICHMS: MMEHHO OHO TO3BOJIMJIO HAM OTKAa3aThCs
OT TPECIOBYTOTO MPUTSHKEHUS M TOHSTHh TPaBUTALMIO; C €ro IMOMOIIbI0 OyneM OOBSACHATH
MEXaHUYECKHE B3aMMOBIIMSAHUS HA3JIEKTPU30BAHHBIX TEJ, OTBEpras B IMPUHLUIIE, MO-TIPEKHEMY,
HaJM4Ke NPUTSHKEHUS U B 3TOM CIIydae.

IlonBecum psOM J1Ba JIeMECTKAa U3 METAIMYECKOH (OJbIM M MOJAAUM HAa HUX B HU30BITKE
351eKTpoHbl. CrenaTh 3T0 MOXHO TPaJULMOHHBIM IIKOJBHBIM CHOCOOOM — IPUKOCHOBEHHEM K
HUM HATepTOM O BOJIOCHI IUIACTMACCOBOM pacdyeckoi, miu 0ojiee COBPEMEHHBIM CIIOCOOOM — ¢
OTPHLIATEJILHOTO IOJIFOCA 3apsLHKEHHOT0 KOHAeHcaTopa. JlenecTku pasoiayres; nouemy?

Haunem oObscHEHHE C TOro, 4r0 OTMETUM HAJIM4YU€ YTEYEK 3JIEKTPOHOB C JIENIECTKOB B
OKpYXaIoOIlyl0 Cpefly; 3TO, MOXeT OblTb, — CaMO€ IJIABHOE B IIOHMMAaHUU IpoLecca.
JloKa3aTenbCTBOM HAIWYMsl yTEYeK SIBISETCA TO, YTO JOBOJIBHO CKOPO Pa30LIEIINECs JICECTKU
BEPHYTCS B CBOE HCXOJHOE BEPTUKAIbHOE IOJIOKEHUE. YTEUKH 3JIEKTPOHOB C JIETIECTKOB OymyT
IPOUCXOJUTh B DPAa3HbIC CTOPOHBI, HO OYEHb CKOPO HX IUIOTHOCTb B IPOCTPAHCTBE MEXIY
JIeTIeCTKaMU BO3pacTeT, W B JajbHEHIEeM NpEeANOYTUTENbHBIM HANpaBICHUEM Ui HUX OyIoyT
BHEIIHKWE 110 OTHOIIEHUIO K JIEMEeCTKaM MpocTpaHCcTBa. [lOBbINIEHHBIE IBMXKEHUS 3JIEKTPOHOB
MOHU3AT TaM 3(UPHYIO IUIOTHOCTh, M KaXXIbIH JIEMECTOK OyIeT HMCIBITHIBATh CUIY OT PAa3HOCTH
3(pHUPHOTO JaBJIEHUs, HANIPABIECHHYIO BO BHELIHIOIO CTOPOHY; JIEECTKH pa3oiayTcs. TakoBo Haie
oObsicHeHue. loguepkHeM: JlenecTKu pa3oiyTcs He MOTOMY, YTO OyIyT TOJKaTh APYr Apyra, a
BCJIEJICTBHE Pa3HOCTH JIaBJIeHUH 3(upa ¢ pa3HbIX CTOPOH KaXKIO0TO B OTAEIbHOCTH JienecTka. U erme
pa3 MOBTOPUM: pelIaromuM (HaKTOpOM B JaHHOM OIIBITE SIBUJIOCH YMEHbIIIEHUE TUIOTHOCTH 3¢Hpa B
IPOCTPAHCTBE C JABWXKYIIMMHUCS »HiekTpoHamu. Cuia, mopoxjaaemas pasHOCTbIO 3(pUPHOTO
JIaBJICHHsI, OKa3aach Jaxe OOJIbllIe PeaKTUBHOM CHUJIbI CPBIBAIOLIUXCS C JITIECTKA 3JIEKTPOHOB.

W3 namero oOBSICHEHHUS CIEAyeT, YTO OTKIOHEHHE JIENeCTKa, Ha KOTOPBIA MOJaH M30BITOK
IEKTPOHOB, MOXKET IPOU30UTH U B TOM CIydae, €CJIM JPYroro COCETHETO JIENIECTKAa COBCEM HE
OyzeT, HO IIPU YCJIOBHMHM, KOT/Ia C Pa3HBIX CTOPOH JIETIeCTKa OYJAYT YXOJUTh B OKPYXAIOIIYIO Cpeny
pa3Hble OTOKH 3JIEKTPOHOB; OHU B pa3HON CTETEHH BO3OYIAT 3(Up, U 3TOTO0 OKAXKETCS TOCTATOUHO
JUIE  TOro, 4TOOBI JIEMEeCTOK OTKJIOHWICS. CrenaTh 3TO MOXKHO Pa3IMYHBIMH  CIIOCOOAMHU:



HAaHECEHHWEM Ha OJIHY M3 CTOPOH OCOOOTO MOKPBITHS, CO3JAaHUEM DPA3JIUYHBIX CHEIHAIBHBIX IO
(opme mepoxoBaToCcTe, UCIOIB30BAHNEM TTOTYITPOBOJHUKOBBIX MATEPUAIOB U IPYTUMH.

OT H3II0KEHHOTO OOBSCHEHMS BO3HUKHOBEHHS CHIJIBI Ha OTACJIBbHOM JICIICCTKEC HCAAJICKO 0
000OCHOBaHHA, MO KpalHEH Mepe TEOPEeTHUECKH, BO3MOMKHOCTH CYIIECTBOBAHHUS MH(UUIECKOTO
KOBpa-caMoJIeTa: €ClId KaKUM-TO CIIOCOOOM CO3/1aTh Ha BEPXHEW CTOPOHE KOBpa YCKOPEHHbIE
JBVKEHUS DJICKTPOHOB, TO CIIOKOWHBIN 3(pUp 10T KOBPOM CO3AACT MOABEMHYIO CHITY.

Tenepp TOT ke OMBIT € NO1aYeH FITEKTPOHOB HA JIBA COCEHUX JIETIECTKA TOBTOPUM HA00OPOT:
CO3/aJIUM Ha HUX Pa3pe’KEHHUE AIEKTPOHOB; JJIsl 3TOTO AOCTATOYHO NMPUKOCHYTHCSI K HUM MOTEPTON
O LIEJK CTEKISHHOM NAJOYKOM WJIM IOJIOKUTENBbHBIM IIOJIOCOM 3JIEKTPUYECKOTO KOHIEHCATOpa.
JlemecTkn CcHOBa pasodayrcs. bymem u 3TOT ciny4aid OOBSACHSATH, PYKOBOACTBYACH 3(UPHOMN
TEOpHUEN.

Hcexonum u3 TOro, 4to 3J€KTPOHBI €CTh BE3/E; €CTh OHU M B BO3JyXe; Mbl 00 3TOM yXe
ropopwid. Jlroboe Teno, Haxoxsdlieecs B BO3JyXe, B CTaOMIBHOM D3JIEKTPUUYECKOM COCTOSHUU
HACBIIEHO 3JIEKTPOHAMHU HACTOJIbKO, UTO UX JABJIEHUE U B BO3JyXE, U B 3TOM TeJjie 0AUHaKoBO. (O
IJIOTHOCTH 3JIEKTPOHOB B 3TOM CJIy4ae MOYKHO HE TOBOPUTH; ECTECTBEHHO, OHA OOJIbIlIe B METAILJIE U
MEHbLIE B BO3JyXe.) A MNpu OTCYTCTBHUM Iepenaja >3JIEKTPOHHOTO JaBJIeHHS He OyaeT u
OpPraHM30BaHHOTO MMEPEMEIEHHUs AIEKTPOHOB HU U3 BO3/yXa B CTOPOHY Tela, HU HaBCTpeuy; U
TOJIBKO ITPH MOABJICHHUH IEPCIIaa HAYHETCA UX HAIIPABJICHHOC ABHXKCHUC.

B mamem ombiTe SJICKTPOHBI OKPYXKAIOMICTO BO3JyXa YCTPEMATCA K JICICCTKaM, IMOTOMY 4YTO
TaM HCKYCCTBEHHO CO3J]aHO MX pa3pekeHHe; HO OYeHb CKOPO MX IJIOTHOCTh B MEKJIENECTKOBOM
MMPOCTPAHCTBE YMAJACT HACTOJIBKO, YTO OCHOBHBIMH 6y,HYT IMOTOKH, HWAYIIHUE TOJBKO H3BHE.
JIBuKyIiuecs IeKTPOHBI YMEHbIIAT IUNIOTHOCTh 3QHpa B HAPY)KHOM ITPOCTPAHCTBE OT JIETIECTKOB, U
JIETIECTKU T0J] BO3JeicTBHEM 0OoJiee BBICOKOTO AaBJIEHUS 3(pHpa B 30HE MEXKIAY HUMHU Pa3oHayTCs.
Pe3ynpTar TOT K€, 4TO M MpH Nojadye U30bITKA JIEKTPOHOB HA JICMIECTKH; U B ITOM ClIydae TaKxke
HUKAKOTO OTTaJIKMBAHUSA JICTIECTKOB HE NPOMCXOIUT, & «BUHOBATON» OKA3BIBACTCA IIO-TIPEKHEMY,
Pa3HOCTh JIaBJIeHUH ddupa.

[TpoIoIKUM OTIBITEI M MOJAJUM Ha OJIUH JICTIECTOK HM30BITOK 3JICKTPOHOB, a Ha JAPYroM
CO37aIUM HX pa3psDKEHHUE; Pe3y/IbTaT OKaKETCS MPOTHBOIOJIOXKHBIM: JICTIECTKH cOym3saTcs. Kak
ObUTIO OBl 3aMaHYMBO OOBSICHHUTH 3TO SIBJICHUEC MPHUTSHKCHHEM 3apsijioB — CBOETO Poja 4YyJAeCHOU
MAJIOYKOM-BBIPYYATIOUKOM, HO TPUTSKCHUS Ha CaMOM JIeJie HeT M HEeT HHKAKUX 3apsA70B, U HaM He
0CTaeTCsl HUYEro JPYroro, Kak BOCIOJb30BaThCS MPEKHUMHU HAIIMMHU PACCYKICHUSIMHU.

DNeKTPOHBI OyIyT yTeKaTh C JICMIECTKA, IJie OHW B W30BITKE, W TOIOJHATH HEIO0CTAIOIIYIO
IUIOTHOCTh Ha JpyroM. HaumOoJbIIMii MOTOK 3JCKTPOHOB OyJeT HAOMIOJATHCS B 30HE MEKIY
JICTIECTKAMH; CJICJIOBATEeNIbHO, TaM JKe OyJIeT co3[IaBaThCs IOHMKCHHOE JIaBJICHUE ddupa.
BosHukiass B pe3ynbraTe Ha KaXJIOM JICTIECTKE B OTICIBHOCTH PAa3HOCTh A(PUPHOTO JIABJICHUS
MOPOJIUT CHJIY, HAIPaBJICHHYIO HM3BHE BOBHYTPbH; JICTIECTOK OTKJIOHHUTCS TyJa XK€, TO XK€ camoe
ClIeJIaeT He3aBUCHUMO OT IEPBOTO JPYTOH JIENECTOK; BOSHUKACT WILTO3US UX MPUTKCHHUS.

PaccmarpuBaeMblii ONIBIT XOPOII TEM, YTO OH UMEET WHTEPECHOE MPOJoJbKeHHe. JlomycTuM,
MOTIOJIHEHUE HEIOCTAIONIMX JJIEKTPOHOB HA OJJHOM W3 JICNIECTKOB YCTPAHWIIO 3TOT HEJOCTATOK:
TUIOTHOCTH 3JIEKTPOHOB HA HEM CTajla HOpMaJIbHOM, HO Ha JPYroM JIETIECTKE OHA COXPAaHUIACh ellle
M30BITOYHON. DJEKTPOHBI, MO-TIPEKHEMY, OyIyT YXOAUTH CO BTOPOTO JIEMECTKa B BO3AYX KaK B
CTOpPOHY TEpPBOTO, TaK W HAPYXy; MPH 3TOM UX MOTOK B CTOPOHY JAPYroro JIETIECTKAa OKaXETCs
OonpmmM.  DJToMy  OymeT  cHocoOCTBOBAaThH  Oonbllas — MOTJIOTHTENhHAs  CIOCOOHOCTh
(2MEKTPOEMKOCTh) METaJUIMYECKOTO JIeTlecTKa, ueM Bo3ayxa. CoxpaHUBIIEECS TOBBIIIICHHOE
JIABJICHHUE DJIEKTPOHOB B 30HE MEXKIY JIETIECTKAMH MPUBEIET K MUX OTKJIOHEHHUIO B HAIPaBJICHUU
JIpyr K JIpyry, TO €CTh UX IEepBOHAYAIbHOE TOJOXKeHHe coxpaHuTcs. OTcrona cieayeT Takoi
BBIBOJI: «HE3aPSDKEHHBIN 3JIEKTPOHAMH JIETIECTOK OYAET OTKIOHSATHCS B CTOPOHY «3apsKEHHOTOY,
a TOT HABCTpeUy MEPBOMY; MPHU 3TOM BOBCE HEOOS3aTEeNbHO, YTO OBl «HE3aPsKEHHBIN JIEMECTOK
Obu1 MeTamnueckuM. [locnenHee yTBepkIeHHE OCHOBAHO HAa TOM, YTO aOCOPOHMPYIOT SJIEKTPOHBI
HE TOJHKO METAJUIbI, HO M aTOMBI U MOJIEKYJIBI IPYTUX MATEPUAIOB, TBEPBIX WU KUIKUX, KPOME



razoo0pa3ubsix. 1103TOMy-TO miacTMaccoBasi pacuecka IMOCHe TPEHHUS O BOJIOCHI NMPHUTATHBACT Kak
KYCOYKH METaJUIMYeCKOU (poJIbru, Tak u Apyrue HeMeTaJUIMYeCcKHe JIETKHe Tea: oOphIBKU Oymard,
IIYLIMHKHA, TOHKHE CTPYU BOJBI U IIPOUEE.

OTKJIOHEHHE JENECTKOB HABCTpPeuy JpYyr JApPYry COXpaHSeTCss M TOorja, KOorja H30bITOK
JIEKTPOHOB IOSIBUTCS Ha IEPBOHAUYAIbHO «HE3apsyKEeHHOM» JienecTke. Kazamoch Obl, Kak MOTYT
«IIPUTSATUBATHCS JICNIECTKH, UMEIONIME OJIMHAKOBBIA 3HAK «3apsaa», TO €CThb UMEIOIINE H30BITOK
9nekTpoHoB? C TOYKM 3peHus >PUPHON TEOPHUM HHUKAKOrO Iapajjokca B 3TOM HET: TOTOK
AJIEKTPOHOB B 30HE MEXJy JIEIECTKaMU BCE €Ill€ MPEBBIIIAET OTOKU B JPYrMX HAIPaBICHUAX, U
3TOTO JOCTATOYHO ISl TOTO, YTOOBI JIEIECTKU COMMKAIUCH.

Ecnu cnenuth 3a MX MOBEACHHWEM U Jaiblie, TO, CIYCTS HEKOTOPOE BpeMs, OOHApYKUTCH,
YTO IE€PBOHAYAIBHO 3apSIKEHHBIA 3JIEKTPOHAMH JIENIECTOK NEPECTAaHET OTKIOHATHCS U IMPUMET
BEPTUKAIBHOE IOJIO)KEHHE, B TO BpeMsSl KaK BTOPOM COXpAaHUT CBOE IpPEXKHEE OTKIOHEHHE. DTO
OyZeT rOBOPUTh O TOM, YTO 3apsHKEHHOCTh DJIEKTPOHAMM BTOPOTO JIETECTKAa JIOCTUIJIA TaKOIo
YpOBHS, KOTJla YTEYKH D3JEKTPOHOB C IEPBOrO YpPAaBHOBECUJINCh B 00€ CTOpPOHBI, a MOTOK
MpHUOBIBAIONIMX HAa BTOPOM JIENIECTOK AJIEKTPOHOB MPEBBICKJI YTEUKHM C HEro B HapyXHOE
MIPOCTPAHCTBO.

Korma B pesynpTaTe neperekaHus OSJIEKTPOHOB WX H30BITOYHOE JaBJI€HME Ha OOOMX
JieriecTKax BBIPOBHSETCS,, BO3HUKAET Ta CUTyallus, KOTOpas HaMH YK€ paccMOTpeHa paHee:
JIENIECTKU Pa3oMayTCs. 3aKOHYHUTCS OMBIT T€M, YTO M30BITOUHBIE AJIEKTPOHBI Ha JIEMECTKaX PaHo
WM TO3THO UCCSAKHYT, U JIETIECTKH MPUMYT BEPTUKAJIbHOE MOJI0KEHHE.

B cepeaune Haiero omeita MOXKET BOSHHUKHYTh WHOE MPOJOJKEHUE: JOIYCTUM, IIOTHOCTh
AJIEKTPOHOB Ha TOM JIETIECTKE, T/Ie OHa ObljIa B M30BITKE, CTaja B pe3ysbTaTe yreuek HOpMallbHOM, a
Ha BTOPOM — BCE €I€ COXPAaHUTCS MX Pa3pPEKEHHOCTb. OIJIEKTPOHBI M3 IMPOMEKYTOUHOIO
BO3JIYLITHOTO MPOCTpPAaHCTBAa OyIyT YCHUJIEHHO BBITECHSATHCS B CTOPOHY JIEMECTKA C HEJOCTATKOM
AJIEKTPOHOB, M 3TO MpHUBEAET K cOMMmKeHuro oOoux jernectkoB. Korja ke MOTOKM 3JIEKTPOHOB,
MOTIOJHSIONINE MX HEJAOCTAaTOK C 000MX CTOPOH JIEMECTKa YPaBHSIOTCS, OH MPUMET BEpTUKAIbHOE
MOJIOKEHUE, B TO BPEMS KaK JIPYyrod COXpaHUT CBOE OTKJIOHEHHE B €ro CTOpoHy. B nmanpHeiimem
BO3MOXEH U TaKOW BapuaHT, YTO HaWOOJBIINM OyAET MOTOK 3JEKTPOHOB M3BHE, U TOTJA JETECTOK
C pa3peXEHHBIMU DJIEKTPOHAMH OTKJIOHHMTCS HapyXy, a APYroil — B €ro CTOpPOHY. 3aKOHYUTCS
OTIBIT, OIISITH K€, OJTHBIM HACBIIIEHUEM U O€3Pa3IMYHBIM I10JIOKEHHUEM JICTIECTKOB.

Ha npumepe paccMOTpeHHOro OMbITa BUJHO, YTO MOBEACHUE JICNIECTKOB HE IMOIYMHSETCS
MPUMUTUBHOMY 3aKOHY: OTTaJKWBAaHHUE TEJI C 3apsaMH OJHOTO 3HAaKa M MPUTSHKEHHE — C
MIPOTUBOMOJIOKHBIMH, — OHO CJIOKHEE, U €ro MOXHO elle 0oJjiee YCIOKHUTh, €CIU HCIOIb30BaTh
pa3IMyYHbIC MOKPBITHS HA JICTIECTKAX.

OdeHb 3pUMBIMHU SIBJICHHS JICKTPUUECKOTO «IPUTSHKEHUSD) U «OTTAIKUBAHUS) CTAHOBSTCS
TOTJ1a, KOT/Ia MBI BUIUM MPHIKMNAIONIEE K TEIy CHHTETHYECKOE IIaThe UIH, HA00OpOT, KOTIa OHO,
Ha’JIEKTPU30BAHHOE, TOTIOPILUTCS, HO HUYETO HOBOTO B 0OBSICHEHUSAX TaKHe SBJICHUS HE TPEOYIOT.

IIBI/I)KQHI/IH HOHOB B JJICKTPOJHUTAX

OTka3aBIIMCh OT NPUTSHKEHUS, Mbl 00s3aHbI II0-HOBOMY B3IJISHYTh Ha TakoW Mpolecc, Kak
JBUKEHHE NOHOB B JIEKTpOIUTaX. DAKT UX IBUKEHUS B CTOPOHY MIEKTPOAOB MPOTUBOIOJIOKHOTO
3HaKa HEOCIIOpUM, HO TaKK€ XOpOIIO M3BECTHO, YTO 0€3 TMepeMelIMBaHus 3JIEKTPOIUTA
raJIbBAaHMYECKUI IPOLECC MTOYTH MOJHOCTBIO CTONOpUTCS. B uem neno?

Bo3pmeM pacTBOp MEOHOrO Kylopoca, OIYCTUM B HErO IEKTPOJAbl M NOABEAEM K HHUM
AJIEKTPUYECKOE HANpsDKEHUE; ¢ OTPULATENIBHOIO 3JIEKTpoJa — KaroJa — OJJIEKTPOHBI OyayT
IIOCTyNaTb B 3JIEKTPOJMT, @ U3 HETO — Ha IOJIOKUTEIbHBIA IEKTpOJ — Ha aHOJ. Bona, kak
M3BECTHO, Pa30MBaeT MOJEKYNy Kyrnopoca Ha MOH MeIH (aTOM C HEJOCTaTKOM 3JIEKTPOHOB) U Ha
MOH CEPHOKHUCIIOro ocTaTka (¢ ux u30biTkoM). [Ipocnennm 3a nmoBeneHHEM OTACIBHBIX HOHOB: MEIN
— KaTHOHA ¥ KMCIIOTHOT'O OCTaTKa — aHUOHA.

W3 pacTBOpa K KATHOHY YCTPEMSITCS 3JIEKTPOHBI, U HE OJJUH, U HE JIBa, & THICAYU U THICIUN —
MMEHHO CTOJIBKO CIIocoOeH abcopOMpoBaTh MOH. DIEKTPOHBI CHavana OyayT HaMpaBIsATHCS K HEMY



CO BCEX CTOPOH, HO OY€Hb CKOPO TJIaBHBIM HAMPABICHHEM MX JIBIKEHUS Oyner — oT karoaa. OHu
MOHU3AT dPUPHOE JABJIICHUE C €r0 CTOPOHBI, U PA3HOCTh APUPHOTO JTABJICHUS CMECTUT MOH MEIU
Tyna xe. Kak TOJbKO HOH HACBITUTCS DJJICKTPOHAMH, €ro JBI)KCHHE IPUOCTAHOBUTCS.
[Tpubnu3nuTenbHO TaKOM XK€ MaleHbKUH IIaKOK COBEPIIUT W AHHOH, HO TOJIKO TOBBILIICHHAS
AKTUBHOCTH AJICKTPOHOB BO3JI€ HETO OKAXKETCS CO CTOPOHBI aHOJA: UMEHHO TYyJla YCTPEMSITCS €ro
M30BITOYHBIC AIEKTPOHBI, U TyJa CMECTUTCS OH caM. M30aBUBIINCH OT JMIITHUX 3JICKTPOHOB, aHUOH
ocTaHOBUTCS. OCTaHOBUBIIMECS HEUTPAIM30BAHHBIE AaTOMBI MEIM W CEPHOKHCIBIA OCTAaTOK
MepPeCTaloT MPUHUMATh YIaCTHE B TaIbBAHMYECKOM IPOIECCe W OYIyT HETOBUKHBIMU 10 TEX IOP,
MoKa Cyap0a He CTOJIKHET WX JIPYT C IPYroM; JUIS 3TOTO Kak pa3 U HEOOXOJAMMO MEepEeMEITUBAHHE
pactBopa. [Ipu CTOJIKHOBEHHWH CEPHOKHUCIBI OCTaTOK OTOEpET y aTomMa MEIH JJICKTPOHBI, OHH
pazoiiyrcs, W CcuTyauust moBTopurcs. Tak, mar 3a mmaroM, OyIyT ABUTAThCS B HYXKHBIX
HaIpaBJICHUAX BCE MOHBI DJIEKTPOJIUTA.

VYTKHYBIIUICS B JIEKTPO]I aTOM MEIHN MOXKET YCIEeTh B OTOJICHHOM BHU/IE TPWJIMITHYTh K HEMY,
HO €CJIM OH B 3TOT MOMEHT OKaXXETCsl YK€ OOJICTUIEHHBIM 2JIEKTPOHAMH, TO HE CMOXKET NMPUIUITHYTh
u Oyaer npeiigoBaTh B TMOJTHOW HE3aBUCUMOCTU. JTUM OOBSCHAETCS TOBEJICHUE HEIUIOTHOTO,
PBIXJIOTO TAIbBAHMYECKOTO TTOKPBITHS, B KOTOPOM METAJIJT IIPEJICTABIICH B aTOMApHOM BUJIE.

WNnas cynp0a — y CEpHOKHCIIOTO OCTaTKa: JOOPABIIKCH /10 aHO/a, OH OTOPBET OT HEro aTroM
MeTamia (Tod e MeAu), YWJIET ¢ HUM B pacTBOp, U TaM OHM Pa30NIyTCs; OTOJICHHbIN MOH Meau
YCTPEMHTCS B JOJTHH MyTh K KaTOAy HAaBCTPEUy HAYIIMM K HEMY SJICKTPOHAM, & CEPHOKHUCIBIN
OCTaTOK BEPHETCS K aHOAY W TOBTOPUT CBOW JeicTBUs. Ecim Obl He ObUIO TMepeMenIuBaHUS
ANIEKTPOJIUTA, TO BCE KHUCIOTHBIE OCTATKU CTPYIWJINCh Obl PaHO WM TO3JHO BO3J€ aHOJa U
TepeBOIMITH OBl MaTepHaI aHOJIa B aTOMAaPHOE COCTOSTHUE; U TOJIBKO HAIMYNE KUCJIO THBIX OCTaTKOB
BO BCEM MPOCTPAHCTBE PacTBOpa (a 3TO JOCTUTAETCs MEepEMEIINBAHUEM) CIIOCOOCTBYET CMEIICHHUIO
HMOHOB MEJH 10 CaMOT0 yropa B KaTo[.

bouiee cnoxHbIE TPOLIECCHI ¢ IBUKEHUSIMU HOHOB IMPOUCXOIAT B FAJIbBAHUYECKUX JIEMEHTAX,
HarpuMep B ayieMeHTe BoabTa, KOTOPHIN mpencTaBiser coO0N MEIHBIH U ITUHKOBBIN 3JIEKTPOIbI,
MOMEILIEHHbIE B PAacTBOP CEpHONl KHUCIOTHl. (OCOOEHHOCTH IMpollecca COCTOUT B TOM, YTO
CEPHOKHUCIBIA OCTAaTOK MO-Pa3HOMY COEIMHSIETCS ¢ MeAb0 U IMUMHKOM . Korja oH OTpbIBaeT OT
AJIEKTPO/Ia aTOM MEIU M MPHUCOETUHSET €ro K cede, ToO BMECTe C HUM YBIIEKAaeT U BCE JIEKTPOHBI,
YTO OBUIM MPEXKJIE @ HEM; B PE3yJIbTaTe IJIOTHOCTh SJIEKTPOHOB Ha 3JIEKTpoe cHuxkaeTcs. B gusuke
Takas CIIOCOOHOCTh aTOMOB METAJJIOB JIMOO 3a0HpaTh AJIEKTPOHBI C cOOOH, OO, HA00OPOT, UX
OT/IaBaTh XapaKTepHU3yeTcs aOCOIIOTHBIM HOPMaJbHBIM MOTEHIIMAJIOM; Y MeId OH paBeH 1uttoc 0,61
Bosbra.

Korpa e mnpoucXOOUT COEIMHEHHE CEPHOKHUCIOIO OCTaTka € aTOMOM IHMHKa JpYyroro
3JIEKTPOJ1a, TO BCE HAPYKHBIE 3JICKTPOHBI aTOMA U YaCTh UX OCTATKA OT’)KMMAKOTCS U CABUTAKOTCS HA
ANIEKTPOJA; B pe3ylbTaTe IJIOTHOCTh OJJIGKTPOHOB HA HEM YBeIMYMBaeTcsi (aOCOIIOTHBIM
HOpMaJbHBIA MOTeHIMan LHUHKa paBeH MuHyc 0,50 Bonbra). Takue 0coOEHHOCTH OKHCICHUS
BBI3BaHbI TOJHKO KOH(PUTYpAllUsIMU aTOMOB MEJIM U [IUHKA U WX MPUCACHIBAIOIIUMU KEI0OAMU; STU
CBOMCTBA METAJIJIOB IOCTOSIHHBI 1 HEU3MEHHBI.

[Tocne Toro, kak 006pa3z0BaIMCh MOJIEKYJIBI METHOTO U IIMHKOBOTO KYMIOPOCOB, OHU YXOJST B
pacTBOp MU TaM, CILYCTSI HEKOTOpPOE BpEMsl, pacHajaroTcs IMOJ JACUCTBUEM BOJAbI Ha MOHBL Ilpu
pacmazie MOJIEKYJI WX SJEKTPOHBI MepepactpesiessloTCs MEXIy HOHAMHU CIEAYIOIINM 00pa3oM:
CEpHOKHUCIBIA OCTAaTOK MEIHOTO KyIMopoca OTTATHBAeT Ha cels OONbIIyI0 YacTh AJIEKTPOHOB C
aToMa MeIu M MPHOOpPETaeT OYeHb BBICOKYIO UX IUIOTHOCTb, & CEPHOKHUCIBIA OCTATOK MOJIEKYIBI
IIMHKOBOTO KyIopoca, 3abpaB MOCIEAHHUE IJIEKTPOHBI C MOHA IIMHKA, OTOJSET €ro HAa4uCTO. JTO
MPUBOJUT K TOMY, YTO MEXKAY CEPHOKHCIBIM OCTATKOM MEIHOTO Kylmopoca U HOHOM IIMHKA
MOSIBJISIETCST TIOTOK AJIEKTPOHOB, OH YMEHbIIAaeT 3(UpPHOE [aBICHUE MEXKIy HHUMH, U OHHU
YCTPEMIIIIOTCS IpYT K Apyry. CTONKHYBIINCh U COEIMHUBIINCH, OHH 00pa3yr0 CHOBa MOJIEKYTY
IIMHKOBOTO KYIOPOCa, M CHOBA IIMHK BBITECHSET BCe dNEKTPOHBL. Ho, 00paTuM BHUMaHUE HA TO, YTO
9TH 3JEKTPOHBI YK€ COBEPIIMIIM CKAYOK OT MEAHOIO AJIEKTPOJa B CTOPOHY LIMHKOBOTO; TAK OHHU
OyIyT IIar 3a IIaroM IMepeMemiaThCs B ITOM HANpaBlIEHUH, MOKA WX HE OCTAHOBUT Pa3HOCTh
ANIEKTPOHHBIX MOTEHIMAJIOB Ha 3JeKTpojax. Eciau 3Ty pa3HOCTh MOHUXKATh MYTEM HCIOJIb30BAHMS



QJICKTPOHHOI'O TOKa, TO rajJbBaHUYCCKUM mpouccce 6y,ZleT npoaoJrKaTbCa A0 TEX IIOpP, IIOKa BECH
MCHHBIﬁ QJICKTPOA HC BBIITAJICT B aTOMapHBIﬁ 0Ca0K, UJIM BECh HMHK HE MMPCBPATHUTCS B KyIIOPOC.

3JIeKTpOHHblﬁ MMOTOK — 3J'IeKTpI/I‘IECKI/H71 TOKR

To, 4TO ANEKTPUUECKHI TOK MPEACTABISIET COOOM ANEKTPOHHBIA MOTOK M YTO MM JABHXKET
TOJILKO AKTHUBHBIN MEpenaj 3JEKTPOHHOTO JABJICHUS, Mbl YK€ TOBOPWIHM; YTOYHUM HEKOTOpbIE
MOMEHTBI, CBSI3aHHBIE C HUM, W OyIeM HX pacCMaTpuBaTh MO-TIPEKHEMY C TO3HUIUN IPUPHON
TEOPUH.

[Ipex e Bcero — 00 3JIEKTPOHHOM MOTOKE: B 3JIEKTPOPU3UKE CII0KHUIOCH MHEHUE, UTO KPOME
JIEKTPOHHOW MPOBOJMMOCTH CYIIECTBYET €lle HOHHAasl. B mpuHIUIIE TaKk MOKHO TOBOPUTbH, HO MbI
JOJKHBI YETKO MpPEJCTaBIsITh, YTO HOHBI, TO €CTb aTOMbl WJIM MOJEKYJIbl C HEHOPMalbHOMN
IJIOTHOCTBIO 3JIEKTPOHOB, SIBJISIOTCS BCETO JIMIIb HOCHUTEISIMH WM, TPOCTO, MOCPETHUKAMU; CaM
K€ AJIEKTPOHHBIN NOTOK HUT/IE HE NpephIBaeTcs. B 3TOM cMbiciie Hapsily ¢ MOHATHEM JIEKTPOHHOMN
MIPOBOJMMOCTH MOKHO OBLIIO OBl YIIOTPEOISITh BHIPAKEHUE «METAIITNYECKAs IPOBOIUMOCTD).

UYro kacaercs akTUBHOTO Iepernaja JIEKTPOHHOTO JaBJICHUs, TO OH MOKET BO3HUKATh KaK OT
HarHeTaHus >JIEKTPOHOB, Tak U mpu oTcoce. IlepBblii cinydail mo00€H HAarHETaHWIO BO3JyXa C
MTOMOIIBI0 KOMIIPECCOpPa, a BTOPOH — €ro OTKayKke C MOMOIIbI0 BakyyM-Hacoca. [Ipu HarHetanuu
AJIEKTPOHOB NEPETHSS BOJHA AaBJIeHUs OyJIeT BBITJIAAETh KaK MECTHOE YIUIOTHEHHE 3JIEKTPOHOB, U
3TO YIUIOTHEHHE OyaeT OBbICTPO CMelaThCs MO TMPOBOJHUKY B HANpaBICHHMH OT HUCTOYHHKA
JABJICHUS;, 2TO — Hambosee pachpocTpaHeHHBIM ciydail. I[lpu oTcoce 3IEKTPOHOB TMEPEAHIOO
BOJIHY JIaBJICHUS MPaBUIBLHO ObLIO OBl HAa3BaTh BOJHOM pa3psuKEHUs, U OHA CMEIIAeTCsl C TOH ke
CKOPOCTBIO B HAIIPABJIEHUH K UICTOYHHKY; 3TO — TaK Ha3blBaeMas JbIpOYHasi MPOBOUMOCTb.

B o0mieM Ha 37eKTpUYEcKyIO LENb PACIPOCTPaHIETCsS TaKOe MPaBUJIO: CKOJBKO JIEKTPOHOB
YIIJIO OT UCTOYHHKA, CTOJBKO )K€ K HEMY BO3BPALIAETCs, — HO MOTYT OBITb OTKJIOHEHHUS U OYEHb
CYIIECTBEHHbIE: BCE 3aBUCUT OT €MKOCTU MOTpeOuTeneld. B Hauane BOZBHUKHOBEHHUS 3JIEKTPOHHOTO
MOTOKAa OT UCTOYHHMKA OyIET yXOJUTh OOJIbIIE 3JIEKTPOHOB, YEM BO3BpAIaThCA K HEMY; Pa3HOCTh
OyIeT HaKalyIMBaThCSI B EMKOCTAX (B YaCTHOCTH — B KOHJIEHcaTopax) motpebutens. Ilotom
MPOLIECC MOXKET CTAaOMJIM3UPOBATHCS, HO B CIOKHBIX CHCTEMax OH IIOJIHOCTBIO HHUKOIZA He
YCTaHaBIIMBAETCA.

B MCKIIOYMTENBHBIX ~ CIIy4asiX  DJIGKTPOHHBbIE  TOTOKM  MOTYT  OBITh  TOJBKO
OJIHOHANPABICHHBIMU, HAMpUMEp MpPU MOJAKIIOYECHUH NPOOHHMKA C MHAMKATOPHOU JaMIOYKOH, U
TOTJIa UCIIOJIb3YETCSl TOJIBKO OJUH MpoBOAHUK. CyIllecTBYIOT M 0oJiee CIOXKHBIE OJHONPOBOIHBIC
AIIEKTpUYECKHE MPUOOPHI; ISl HUX, €CTECTBEHHO, 0ojiee MOIXOAAT OJHOMOJISPHBbIE UCTOYHHKHU
MUTAaHUS — W Takue B MPHUHIMIIE MOTYT OBbITh: Hallle MOHMMAaHUE 3JIEKTPOHHBIX IPOIECCOB
JOITYCKAEeT 3TO.

Haubonee mnoaxoAsiiuM TOKOMPOBOJSAIIMM MaTEpPHUAIOM  SIBISIOTCS METaulbl.  ITO
OOBSICHSIETCS TE€M, YTO aTOMbl METAJUIOB UMEIOT KOHTYpPHBIE IMpPHCACHIBAIOIINE keno0a; U Kak Obl
aTOMBI HE COCJAMHSIIUCH MEXKIy cOoO0H (a COeNMHSIOTCS OHH MEXAYy cO0O0#l C MOMOIIBI0 TEX Ke
XKeNoOoB), WX Kenoba SBISIOTCS MPOJOJDKEHHEM OJHUX APYTUMHU: CKOJIb3Sl MO Keylobam,
AJIEKTPOHBI MOTYT NEpeMeniaThCsl U3 KOHIIAa B KOHEI| MPOBOJHUKA. B mpenenax aroma 3JeKTpOH
cMmemaercs 0e3 KakuxX-JIMOO TOTepb; HEKOTOpble YCWJIMA OH COBEpUIaeT TOJBKO MpHU
MEepEenpbHIrMBaHUM C aTOMa Ha aToOM, J1a U TO TOJBKO MPHU YCIOBUH, UTO ATOMbI COETMHUIUCH MEKTY
coboif HeyauHo. Bripouem, 3Hast yclioBUS CTBIKOBKM aTOMOB (a 3TO — 3aTBepJeBaHUE MeTalia U
miactuyeckass jaedopmarusi BOJOYEHHS), MBI HE MOXKEM pPAacCYUTBHIBATh HA TO, 4YTO HX
MpHcachIBalOle Kenoba COeAMHWINCh TakK, Kak xoTend. OTCioja —  DIJIEKTPUUYECKOe
COIPOTHUBIIEHUE POBOIHUKOB.

OHO BO3pacTaer €me U OT TOro, YTO y aTOMOB €CTh TEIUIOBBIE JBWXEHUS, NMPUBOIALINE K
MIOCTOSTHHOMY BCKPBITHIO CTBIKOB; MPEOJOJIEBas MX, aTOMbl BBIHYXKJEHBI cOBeplIaTh ycuius. B
CPEIHEM BIMSHHUE TEMIIEPATYPHBIX U3MEHEHUE IEKTPUUYECKOTO COMPOTUBIIEHMS Y BCEX METAIJIOB
NpUOJIN3UTENBHO OJIMHAKOBOE, HO €CTh M HEKOTOpbIE OTKIOHEHMS; Tak OOJjbllle Ha TeMIepaTypy
pearupyer 4MCTOE JKEJIE30 U MEHbIIE — MEAb, a €LE€ MEHbIIE — HEKOTOPBIE CILIABbI JIATYHH M,



KOHEYHO, PTYTh, HO PTYThb — YK€ XUJAKHHA MPoBOAHUK. CHIDKEHHE TeMIIEpaTypbl OJaromnpusTHO
CKa3bIBACTCS HA DJICKTPUYECKOM CONPOTUBICHUU; M €CIU €€ CHHXKATh J0 IIyOOKOro X0i0Aa, TO
MOXXHO JIOCTUYb CBEPXIPOBOJAMMOCTH, OHA BO3HUKAET IPU TeMIlepaType MUHYC 266 rpaaycoB 1o
Llenbcuro y cBUHLA U IIpU 00JIee HU3KOM TeMIIEpaType y allOMHHHUS.

MHoroseTHue yCWIHS YYEHBIX CO3JaTh CBEPXIPOBOJSAIIME MaTepuajbl IIPU HOPMAaJIbHBIX
YCIIOBHSIX TOKa HUKAKHX PE3YJAbTATOB HE JAlH, XOTS, COTJIACHO 3()UPHON TEOpPHH, TAKOE MOXKET
ObITh. Uto mmst sroro HyxHO? HyXHO BBIIOTHUTH JBa YCJIOBHS: IEPBOE — IPABUILHOE
COEJIMHEHHE MPUCACHIBAIOLIUX )KEI000B aTOMOB, U BTOPOE — IPEJOTBPALIEHUE BCKPBITHS CTHIKOB
IIpU TEIUIOBBIX JBMKEHUSIX. [IpaBMIIBHOTO COEIMHEHUS aTOMOB MOXHO JIOCTHYb IPH OYEHb
ME/UIEHHOM 3aTBEpAECBaHUM HEKOTOPHIX METAJUIOB B YCIOBHUSAX HEBECOMOCTH. V3BECTHO, YTO OUYEHb
THIaTeNIbHAs TEPMOOOpPadOTKAa IMPOBOJHUKOB JIAKE€ B 3€MHBIX YCIOBHSX IOBBIIIAET TEMIIEPATYpy
nepexosia MPOBOJAHMKOB K CBEpPXIIPOBOJMMOCTH; MpPU ATOM, HAAO MoOjaraTtb, aroMbl HMEIOT
BO3MOYHOCTb MEPECTPOUTCS U YAYUYIIUTh CBOM B3aUMOPACIIOJIOKEHUS. A JUIsl TOTO, YTOOBI aTOMBI
HE pacKpbIBAJIM CBOM CTBHIKH IPU TEIMJIOBBIX IABMXKEHUSAX, HYKHO MOJOMpPATh METaIbl C BBHICOKOM
YIOPYroCThIO, HalpUMEp BBOAMTH B CIUIaBbl Oepwuivii. Bo3MOXKHBI U Apyrue BapuaHThl, HO, Kak
HaM KaxkeTcsi, 0e3 rIyOOKOro MOHMMAHUs TOKOMPOBOIALIMX MPOLECCOB C TOUKH 3peHus 3(UpHON
TEOpUH NMpoOIEMY CBEPXIIPOBOIUMOCTH He pemuTh. [lo kpaiiHeld mepe, HY)KHO YCBOUTb XOTS Obl
TO, YTO OTKPBITBIMH U1 IEPEMELIEHHS] FIEKTPOHOB MOTYT OBbITh TOJIBKO MPHCACHIBAIOIINE KeI00a
aTOMOB Ha MOBEPXHOCTH MPOBOJHHUKOB, a BCE WJIM MOYTH BCE BHYTPEHHUE 3aHATHI MEXATOMHBIMHU
CBSI3SIMMU.

CornacHo >QUpPHONM TEOPUM HAUMEHBILEE CONPOTUBICHUE IEPEMELICHUIO HIIEKTPOHOB
OKa3bIBAET BaKyyM; €clid Obl OH ObLT aOCOTIOTHBIM, TO €CTh YUCTHIM 3()UPOM, TO COTPOTUBIICHUS HE
BO3HHMKaJI0 Obl HUKakoro. Ho monoxeHue ycyryOnsioT 1Ba OOCTOSITEIbCTBA: BO-NEPBBIX,
a0COJIIOTHOTO BaKyyMa JOCTHYb HEBO3MOXKHO, a BO-BTOPBIX, IEpeEMENIasiCh BHYTPH JIFOOOr0 KaHana,
JIEKTPOHBI OyIYyT LEIUIATh 32 CTEHKU U UCHBITHIBATH OT 3TOr0 CONPOTUBIIEHUE CBOEMY JIBUXKEHHUIO.
OTcro1a — BBIBOJI: JIETKOTO PELIEHUs IPOOIEMbI CBEPXIPOBOIUMOCTH HE CYILIECTBYET.

N3yueHne NBUMKEHUH 2JEKTPOHOB B BaKyyMe€ MHTEPECHO caMoO IO cebe; OHO MO3BOJIIET HaM
XOpOIIO TMOHATH IMpPOLECChl, NPOMCXOJAIIME B 3IJIEKTPOBAKYyMHBIX Jammax. Haubosee
MHTEPECHBIMHU BOIIPOCAMU SIBJISIFOTCS: OTPBIB JJIEKTPOHOB OT BJIEKTPOJA, YIPABICHUE BEINYMHOU
IEKTPOHHOTO IIOTOKA, CKAaTHUE INOTOKAa B TOHKYIO CTPYIO M OTKIOHEHHE CTPYH; IIOCIEIHME 1B
BOIIPOCAa KacaroTcsd B OCHOBHOM 3JIEKTPOHHO-Iy4eBbIX TpyOok. OO OTphIBE 3JIEKTPOHOB OT
IIPUCACBIBAIOLINX KET0O0B aTOMOB 3JIEKTPO/Ia y’Ke FOBOPUIIOCH; OCTAJIbHBIE TPU SIBIECHUS TPEOYIOT
MIOSICHEHHUS.

VTBepxkaas, 4To 3NIEKTPUUYECKOE I0JIE HE MOXKET CYIECTBOBAaTh 0O€3 3JIEKTPOHOB M YTO
IEKTPOHBI B HEM HEMOCPEACTBEHHO KOHTAKTHPYIOT, HE HUMeEs HHMKAKOTO JAJIbHOIEHCTBUS, MBI
BBIHYXJICHBI TEIEPb MPEACTABIATh IIPOLECCH], IPOUCXOASIINE B IEKTPOBAKYYMHBIX JamIax, Kak
B3aMMOBJIMSHUE HECKOJIBKUX 3JIEKTPOHHBIX IIOTOKOB CO CBOMMU II€peNajaMy JaBIEHUM; U TOJIBKO
Tak. CeTKa JIaMIIbl, PEryJIMpYOIas BEJIMYUHY IPOXOAAIIETO Yepe3 Hee MOTOKA, MOXKET OTCAChIBATH
4acTb JIEKTPOHOB M TEM CaMbIM €0 YCKOPSATh WJIM, HalPOTHB, MOKET €ro TOPMO3UTh, CO3/aBas
BCTPEUHBII NOTOK. CKaTHe 3JEKTPOHHOIO MOTOKA B TOHKYIO CTPYHO MOKHO OCYILIECTBUTD ITPOCTHIM
criocoOOM, MpPOIyCKash €ro uepe3 Majloe OTBEpCTHE, WIM JAPYTHM CIIOCOOOM — CO3JaHHEM
JOTMIOJTHUTEIBHOTO OOKOBOTO KPYrOBOTO MOTOKAa. DTHM k€ OOKOBBIM KPYrOBBIM HOTOKOM MOYKHO
OTKJIOHATh  DJIEKTPOHHYKO CTPY0 B HYXHOM HAalpaBI€HUM; JUISI OTOTO0  JOCTATOYHO
mddepeHInpoBaTh CUJIBI MOTOKOB C Pa3HbIX CTOPOH. MIMEHHO TakuM crnocoOOM yIpaBiseTcs
UIEKTPOHHBIA JIyd B KHHeckome. JlJIi CpaBHEHUS MOJKHO CKa3aTb, 4YTO TaKX€ IPOUCXOAUT
yIpaBJieHHE BO3AYIIHBIMU OTOKAMU B IPUOOPAX CTPYWHOU MMHEBMOABTOMATHKH (THEBMOHHKH ).

OcoOblif XapakTep HUMEIOT 3JEKTPOHHBbIE MOTOKM B MOJYMPOBOJHHKAX; K HUM OTHOCSATCS
camMble pa3Hble MaTepualbl C CaMbIMM pa3IMYHbIMU cBoiicTBamu. K dectn cnennanucros,
3aHMMABILIUXCS IOJYIPOBOJHUKAMH, — OHHM HHUKOIJa HE PYKOBOJCTBOBAINCH IIJIAaHETAPHOU
MO/IENIbIO aTOMOB; OHA MX He ycTpauBaia. VX Bo33peHHs Bcerja 6a3upoBaiich Ha MPU3HAHUU TOTO,
YTO aTOMBI IPEACTABISIIOT OO0 pelieTyaTble KOHCTPYKIINH, a SIEKTPOHbI — KaK MEJIKUE YaCTULIBI
cpeau 3TUX pemeTrok. Takoe MOHMMaHME HM B 4YeM HE pacXoauTcs ¢ 3(QUpHOM Teopuel. D10



HEMPOMU3BOJBHOE CONMKEHHE IMPOU3O0IUIO0, CKOpee BCEro, MOTOMY, YTO SJIEKTPOHIIMKHA BCETAa
OTTAJIKUBAJINUCH OT @aKTa, OT OIIbITA, OT HPAKTUKHU; U PC3YJIbTAThl Y HUX BIICUATIIAOIINC. Moxno ne
COMHEBAThCs, 4TO d(UpHAst TeopHs OyAeT BOCIPUHITA UMH KaK cama co0oil pasymeromiasics. A 4To
KacaeTcsi caMHuX MOJIYIPOBOJHHUKOB, TO 3(upHas Teopws, MOXKalyd, Majgo 4YTO HU3MEHUT B
IIOHUMAHHUU MPOHECCCOB, MPOUCXOAAINIUX B HUX.

HpeILCTaBHﬂﬂ IIOYTHU HAarJsiaAHO BHCKTpI/I‘ICCKI/Iﬁ TOK B BHAC JJICKTPOHOB, CKOJIB3AIUX II0
6yrpI/ICTI)IM MOBCPXHOCTAM IMPOBOJHHUKOB, MOKHO BbICKa3aTb COMHCHHUC, 4YTO CKOPOCTH
pacrpoCTpaHCHHA BOJIHBI UX JABJICHUA Onm3ka K CKOPOCTH CBC€TA, TO €CTb K TPpEMCTaM ThICA4YaM
KHJIOMETPOB B CEKYH]Iy; CKOpee — 3HAYUTEIILHO MEHbIe. B TO ke BpeMs MOXHO NPUHATH 32
HeﬁCTBHTCHBHyIO MNOABMKHOCTb CaMUX 3JICKTPOHOB B IIPOBOJHHKAX, YKAa3aHHYIO B CIIPABOYHUKAX,
TaK B cepedpe, eciid BEPUTh ITUM JaHHBIM CKOPOCTh 3JICKTPOHOB paBHA 56 CAHTHMETPAM B CEKYHIY
IIpHU pa3HOCTHU HaprI)KCHI/II\/’I B OOUH BoieT Ha OAHOM CAHTHUMETPC; HAUMCHbIIAA CKOPOCTH — B
IIWHKE, TJIe OHAa COCTaBIIIECT BCero 5,8. A BOT B CIPaBOYHBIC JaHHBIC IO MMOJABMXHOCTH MOHOB B
BOJHBIX pPACTBOpAax M B Trasax BEPUTCA C TPyAOM, TaK KaK B HalIEM NOPCACTAaBJICHUKW OHa HC
MOCTOSHHA W MOKET K01€0aThCs OT BBICOKAX 3HAYEHUN BILJIOTH A0 HYJIA.

3.2. MarHeTU3M

DNeMEeHTapHBIM MarHUTOM SIBIIIETCS DJICKTPOH; €CIIM TOBOPUTH 00Jiee TOYHO, TO — HE caM
JJIEKTPOH, a €ro BpallleHue — BpAIICHHE TOTO CaMOTO KOJIECHKA, B BHJE KOTOPOTO MBI
npeAcTaBisieM cede IeKTpoH. Eciu B 351eKTpruyYecTBE OH BBHITIONHAET (PYHKITUU HOCUTENSI SHEPTHH,
KaK aTOMBl M MOJIEKYJIBl BO3/lyXa B ITHEBMATHKE, TO B MarHeTH3ME€ €ro pOJb WHAs: OH SIBISCTCA
AJIEMEHTOM, YIOPSIOUYNBAIOIINM B3aMMHOE PACIIONIOKEHUE U BpalieHue. st ysiCHeHUs CKa3aHHOTO
MO3BOJIUM ceOe ere 0 JHO 00pa3HOe CPaBHEHHUE: €CIIH B JICKTPUYECTBE JEKTPOH — KaK COJIaT B
0010, TO B MarHeTU3Me — KaK COJIaT B CTPOIO.

VY snekTpoHa ecTh Bce aTpHOYThl MarHuTa: aKTUBHBIE TOJIIOCA M aKTHBHAs OOKOBasi CTOPOHA;
Omaromgaps MM OH BBICTPAMBACTCS COOTBETCTBYIONIMM OOpa3oM IO OTHOIICHUIO K JPYruM
anektpoHaMm. Ilomroca wmarHuTa (B JaHHOM ClOydyae — TOPIBI AJIEKTPOHA) TOTYYHIIH
reorpaUyecKue Ha3BaHUS: CEBEPHBIM W I0XKHBIA. [Ipomsommio 310 He ciydaiiHO, HaOmOmas 3a
MOBEJICHUEM MAarHUTHBIX CTPEJIOK, JIOJU OTMeuYain uX opueHTanuio Ha CeBepHbli u FOkHBIN
nosroca 3emu. Ilonumast, urto 3eMiis camMa — MAarHWT, U INISAS MBICJEHHO M3 KOCMOCa Ha ee
CeBepHBIH TIOJIFOC, MBI OTMETHUM BpallleHHE MPOTHB 4acoBoil crTpenku (CoJjHIE BOCXOAHWT Ha
Bocroke, a cagurcest Ha 3amazne); 0TCI0/1a — U CEBEPHBIN MoJitoc Marauta. [Ipu B3risae Ha FOxHbIi
MOJIIOC MBI OOHAPY)KMM HallpaBJCHUE BpaIleHUs 3eMIIM, €CTECTBEHHO, 10 YacOBOM CTpEJIKE; IO
aHAJIOTMM COOTBETCTBYIOIIMI TOpel] MarHuTa Ha3BaH IMKHBIM TmositocoM. K cuacTbio, 3T
COTJIACOBAHHBIE C HAa3BAaHMAMM IIOJIOCOB MX HAIPABJICHHUs BpAICHUS OKAa3aJdUCh TAaKUMH, KAaKUMH
OHHU JIOJDKHBI OBITh B 3JICKTPOMArHUTHBIX SBJICHUSX, U HIDKE MBI 3TO TTOKaXKEM.

A TIO0Ka mepe]1 HallliM B30POM — JJICKTPOH; M OH PACIIOJIOKEH TaK, YTO €ro OCh BPAIICHUS —
BEepPTUKAIbHA, a HAIllpaBJICHUWE BpAlICHUS, €CIM MOCMOTPETh HA HETO CBEPXYy — IPOTUB YaCOBOM
CTpEJIKH; CJIeI0BATENbHO, €0 CEBEPHBIN MOIIOC OyAET CBEPXY, a FXKHBIH — CHU3Y, — MPHUBBIUYHOE
reorpauueckoe pacmosnoxeHue. bmmkaiinias Kk HaM OOKOBas CTOpPOHA AJIEKTPOHA CMEIIaeTcs
BrpaBo. JloroBopuMcsi W BOpeIb UMEHHO TaK MPEACTAaBIATH cede pacloOKEeHHE dSJIEKTpOHA U
TM000T0 MarHuTa B MPOCTPAHCTBE.

Ecau PAAOM OKaXKYTCAd HCCKOJIBKO 3JICKTPOHOB U €CJIM HUYTO HE 6y,£[eT ME1IaTh, TO OHH, KaK
MBI YK€ TOBOpPUIIM, BBICTPOATCA COOCHO C OIHUM HAIIPAaBJICHUCM BpalllCHU, O6p33y5[
BpaHlaIOHlHﬁCﬂ BOKpYT CBOE ocu IIHYpP; 3TO — TOXKEC MArHuT, TOJIbKO B HCM MAIHUTHBIC ITOJIFOCA
6y,Z[yT MMpOSABJIATHCA, pa3yMECTCA, TOJILKO Ha KpaﬁHHX QJICKTPOHAX, U 3THU MPOABIICHUA COXPAHATCA
HEM3MEHHBIMU: KaKUM OBl JJIMHHBIM HC OBLI IOIHYp, €ro moJiroca BCCria 6YILYT BO3JEHCTBOBATh Ha
OKPYXCHUC HCU3MCHHO. TCHCpB Mbl MOXKEM CKa3aTb TaK, YTO HM3BCCTHasA M3 BHCKTPO(I)I/ISI/IKI/I
MAaAcHUMHKRAA CUN0BAA JIURUA eCMb COOCHO pAacnoJjlOdiCeHHble U epaiarnijuecs 6 00HOM Hanpaejlenuu



9/IEKMPOHBI,  CUHOHUMAMU ~ MASHUMHOU  CUTOBOU  JTUHUU  SGISIOMC  MACHUMHBIL  WHYD U
9NIEKMPOHHBLU WHYD .

Teno artoma, mpexacTaBisitolee COOOW BpAIIAFONIYIOCS TOPOBYIO OO0OJIOUYKY, SIBISETCS IO
ONpPCACIICHUIO TAKKXC MArHUTHBIM HIHYPOM, TOJIBKO 3TOT IIHYP 3aMKHYT W IHO3TOMY HE HMECT
MOJIFOCOB. Bripouem, pa3opBaHHBIN aTOM CTAHOBHUTCS OOBIYHBIM MarHUTHBIM ITHYPOM; OOBIYHBIM —
B MarouTHBIX IIPOABJICHHUAX, HO HEOOBIYHBIM B CHJIE DTHUX HpO?[BJ'IeHI/If/'I: TEJI0 aToMa 00JIe€ IIOTHO U
0oJiee mMpoYHO.

Psnom (mapamienbHO) paclojIOKEHHbIE MAarHUTHBIC ITHYPHI 00pasyroT mydok. Ecim um
HHUYTO HC MCIIACT, TO HUX HAIIPAaBJIICHUA BpalllCHUA 6YZIYT napasuTHbIMU, TO €CTb BCTPCYHBLIMH.
Taxkoit IMIy4Y0K, KaK €ANHOC LCJI0C, MAIrHUTHBIC CBOICTBa TCPACT: Y HCTO HET CBOUX ITOJIFOCOB U HET
OJHOHAITPAaBJICHHBIX OOKOBBIX CTOPOH. Marnuraeie cBoicTBa ITy4OK 6yIIeT HUMETHh TOJIBKO B TOM
cllydae, €CJIM BpallleHHE BCEX €ro HIHYpOB OyJeT OJHOHAINPABJICHHBIM; HpPU 3TOM Yy HEro
MOSIBJISIFOTCS MOJIIOCA U JICMCTBYIOIINE B OJJTHOM HalpaBiIe€HUH OOKOBBIE CTOPOHBI; TAKOM My4OK MBI
BIIpaB€ Ha3BaTb MAarHuTHBIM W BIIPABC CUUTATH, YTO OH ONPCACIIACT TaK HA3bIBACMOC MArHuTHOC
0JIC; TOYHEE: MACHUMHOE Noje eCib NPOCMPAHCMBO, 3AN0THEHHOE NYKOM 8PAuaOuUxXcs 8 0OHOM
HANpasieHuu MaeHUMHbIX WHYPOS .

OnHOHANpPaBIEHHOCTh BPAILEHMS IIHYPOB B MAarHUTHOM ITydK€ — IPOTHBOECTECTBEHHA
MOXET YJEPKUBAThCA TOJIBKO TPH OIPEACIEHHOM BHEIIHEM BO3JCUCTBUH; TaKO€ BO3JIECHCTBHE
MOTYT OKa3bIBaTh aTOMbI ¥ 3(DUPHBII BeTep.

ATOMBI HEKOTOPBIX XUMHUYECKUX BEIIECTB, HAIIPUMED JKeJie3a, HUKENS U KoOanbTa, yCTPOSHBI
TaKuM 00pa30M, YTO BBICTPAMBAIOT MPUJUIIINE K HAM DJIEKTPOHBI B MarHUTHBIE TIHYpHI. Ecnu B
MOMEHT 3aTBEpJIEBAaHUSl ATHX BEUIECTB MX aTOMBl PACIOJIOXKEHBI TaK, YTO BCE WX MArHUTHbBIE
LIHYPBI 00pa3yloT OJIMH MarHUTHBIA MyYOK, TO MOJIy4EHHOE TBEPAOE TEJI0 OKaKeTCs MarHuToM. B
JalbHENIIIEM aTOMbl TaKOTO €CTECTBEHHOTO MarHurta OyayT yAepKUBaTh OOpa3oBaBIIMiiCA
MarHUTHBIA IMy4OK M MPOTUBOACUCTBOBATH CTPEMJICHUIO OTIENIBHBIX €r0 MarHUTHBIX IIHYpPOB
CMEHUTh CBOE HampaBjeHHe BpalleHuss Ha oOpaTHoe. JleiicTBMe MarHMTHOrO Iydka
pacnpocTpaHseTcss M Ha NpPUJIETAIONME K MarHuTy MPOCTPAHCTBA, TO €CTh 3a €ro MpelelaMu:
HaxXOoJsIIMecs TaM CBOOOJIHBIE 3JIEKTPOHBI OyyT BBICTPAUBATHCS €CTECTBEHHBIM 00pa3oM B JIMHUU,
Kak Obl HapaluBasi MarHUTHbIE LIHYPbl TBEPAOIrO Teja; MpaBa, pacHojiaratbes IJIOTHO JAPYT K
Ipyry IIHYpbl B CBOOOJHOM MPOCTPAHCTBE YK€ HE MOTYT — OyAyT MellaTh CTaJIKMBAIOIIHECs
000JI04YKH, — U BBIXOAAIIUN U3 TBEPJIOTO TeJla MArHUTHBINA IMy4OK Oy/IeT pacXoIUThCS BEEPOM.

HpyruMm  QakTopoMm, yIEp>KHUBAIOIIMM MAarHUTHBIA IIy4OK, SIBJISIETCS pa3Has CKOPOCTh
3GUPHOrO BETpa; 3TO fABJIIEHHE HMeEET OOJIBIIOE 3HAUYEHHWE B AJIEKTPOMAarHeTH3Me, U IMO3TOMY
paccmoTpuM ero Oonee monapoOHo. IlpencrtaBum cebe ompeneneHHbI MAarHUTHBIA HIHYD,
pacmooKeHHBIH nonepek 3gpupHoro noroka. Eciu ckopocTs 3dupa B ceueHUU MOTOKA OJMHAKOBA,
TO TaKo#l BETep MOKET TOJIbKO MPOruOaTh WIH OTKIOHSTH LIHYP, HO MOBJIUATH HA HAIIPABIIEHUE €T0
BpalleHust He cMoXxeT. Jlpyroe aesno, eciau CKOpoCTh ApUpa B CEYCHUU MOTOKA OKAXKETCS Pa3HO: ¢
OJIHO# CTOPOHBI IIHYpa OOJbIIIE, a C IPYTOi — MEHbIIIE; TaKas Pa3HOCTh CKOPOCTEH 00ayBaroIero
sdupa Oyzaer nubO COACHCTBOBATH BpPALICHUIO MarHUTHOTO ILIHYpa, JIMOO MPEMsITCTBOBATH E€MY.
[Ipu copelicTBuM MIHYp OyJeT YyBCTBOBATh ce0sl B 0€30MaCHOCTH, a TIPU COMPOTUBIEHUU — PAHO
WJIH TI03[THO BBIHYX/IEH OYJIeT MOMEHSThH HalpaBlieHHE CBOETO BpallleHUsI.

TouHno Takoe >ke BO3ZAEWCTBHE OKa3bIBaeT S(QUPHBIA BETEp C Pa3HBIMH CKOPOCTSMU Ha
MarHuTHbIH Tydek. Ecnu s(upHBIA MOTOK, MPOHU3BIBAIOIINN €ro, UMEeT OONBIIYI0 CKOPOCTh C
OJIHOH CTOPOHBI, U OHA YOBIBA€T MO MEPe CMEIICHUS K JIPYroid, TO BCE MAarHUTHBIE IIHYPHI MydKa
BBIHYXJICHBI OyIyT BpallaTthCs B OJHOM HAMpaBICHUH, HECMOTPS Ha MX HEXEJIaHUE 3TO JIENaTh.
bonee Toro, agupnvlii 6emep ¢ pasHviMu cKopocmAMU He MONLKO OpUEHMUpYyem MAacHUmHble
WHYPbI, HO U coodelicmeyem ux Qopmupoeanuio : SIIEKTPOHBI, OKa3aBIIMecs B TOJe JIeHcTBUSA
3UPHOTO TOTOKA C TAaKUMHU CKOPOCTSIMH, OYIyT BBICTpPAUBAaThCSI B COOCHOCTh C OJIHUM
HaIpaBJICHUEM BpAILIEHUs], TO €CTh OyIyT OObEIUHATHCS B IIIHYPHI.



Hposmnemm Mar"gle€Tusma

[lepemennas ckopocTh 3(upa, IIABHO HW3MEHSIOWIASICS B OJHOM HAIpPaBICHUH, MOXKET
BO3HMKAaTb B MAaKpO3aBUXPEHMSX, HAIPUMEDP CO3/1aBAEMBIX 3JIEKTPOMATHUTHBIMU KaTYIIKaMHU.
CkopocTh 3aKpydeHHOTO €10 3¢upa Oyner yObIBaTh MO MEpe YOAJICHHS OT BUTKOB KaK K LIEHTPY
KaTyIIKH{, TaK U Ha nepudepuio; mo3ToMy € OJHOM CTOPOHBI OT BUTKOB OYJET OJHO MAarHUTHOE
HalpaBJIEHUE, a C JPYrodl CTOPOHBI — OOpaTHOE, WJIU, APYTUMHU CJIOBAMHU, BHYTPU KATYILKH
copmupyeTcs MyK MarHUTHBIX IIHYPOB OJHOTO HAIPABJICHUS BPAICHUS, a CHAPYKH, OXBATHIBas
BHYTPEHHHI KOJIbLIOM, PACIOJIOKUTCS APYroM MyK C MPOTUBOIOJIOKHBIM HAIPaBICHHUEM.

[Iponiecc dopmMHUpOBaHUS MAarHUTHBIX ITYYKOB MHUKpO3aBHXpeHHEM 3(dupa — obpaTum, TO
€CTb NOCMOSHHbIL MASHUM 3aKpyuyueaem 6oKpye cebsi 3¢pup 1O OTMEUEHHOMY BBIIIE 3aKOHY:
OKpY)KHasi CKOPOCTb 3(Hpa MOCTENEHHO YBEIMYMBAETCS MPH CMEIIEHUHM OT LEHTpa IydkKa K €ro
Kpato (TaM OHa — HauOoJbIIast), ¥ MOCTENEHHO YMEHbIAETCS 3a MpeiesiaMu IydKa Npu yAaJIeHUuU
oT Hero. Takoe MposiBIeHHE MarHeTu3Ma, a UMEHHO: (JOpMHUpPOBAHME MHUKPO3aBUXpPEHHEM 3(upa
MarHUTHOTO Iy4Ka M OOpaTHBIN INpollecC — 3aKpy4YMBAaHUE MarHUTOM 3(Qupa BOKpYyr ceds, —
SIBJIIETCS OJIHUM U3 OCHOBHBIX; OHO JIEKUT B OCHOBE MHOT'MX 3JIEKTPOMArHUTHBIX MTPOLIECCOB.

JlpyruM He MeHee Ba)KHBIM IPOSIBJICHHEM MarHeTH3Ma MOXHO CUHUTATh YHPYTYH pEakKlHio
MarHUTHOTO IIHypa Ha JaBjeHHe cOOKy. Mbl 3HaeM, 4TO IIHYp HE MpPOYeH, HO B Mpelenax a0
CBOEr0 pa3pylIeHUs] OH YIPYro COMPOTHUBIISIETCS BCAKOW MOMBITKE CMECTUTh WM MPOTHYThH €ro.
[Ipu 3TOM BO3HHKAET OTKJIOHSAIOLIEE BO3JEHCTBHE, BHI3BAHHOE TEM, YTO LIHYP BpAalllaeTcsi BOKPYT
cBoeil ocu. Ecinu B3sSTh NPOBOJAHMK M YHEpEeTbCd UM B MarHUTHBIA LIHYp, TO, BO-TIEPBBIX,
noTpedyeTcst ycuiue JUisl ero nporuda, a BO-BTOPBIX, AJIEKTPOHBI NMPOBOJHHUKA , OOKATHIBASCH IO
IIHYPY, CMECTSTCSI B CTOpPOHY €ro BpallleHHs, TO €CTh COBEpIIaT MAaJIeHbKUH IIaXOK I10
npoBOAHUKY. IIpu ero panpHeWeM CMEIIEHUMM B JIEUCTBUE BCTYMHUT CIEAYIOUIUA MarHUTHBINA
IIHYp, U CHOBA BCE MOBTOPUTCS, U JIEKTPOHBI MPOBOJHUKA CHOBA COBEpILAT €€ OJUH IIaXOK B
MpeKHEM HampaBiIeHUH, U Tak jaajee. TakuM o0pa3oM B IMPOBOJHUKE, MEPECEKaoeM MarHUTHBIN
My4yeK, BO3HHMKAeT JBM)KEHUE OHJIEKTPOHOB, TO €CTh AJEKTpuueckuii Tok. M 3To mposiBieHue
MarHeTus3Ma, a TOuHee roBOpsl — AJIEKTPOMAarHeTu3Ma, TPyIHO MEepEeOlleHUTh, B€b IMEHHO Ha 3TOM
MIPUHIIMIIE OCHOBAaHA pa0OTa BCEX MEXaHHUUECKHUX T€HEPATOPOB AMEKTPUUYECKOTO TOKA.

Ho B rma3za oObiuHO OpocaeTcsi MHOE MPOSBICHUE MarHeTH3Ma: MarHUTHBIC MPUTSIKEHUS U
OTTanKkuBaHuA. Ecinu cABUrath COOCHO JBa MarHUTHBIX ITydKa, Ja TakK, 4TOObl COBIAAaIN
HaIpaBJICHUs BpAIICHHUA UX IIHYPOB, TO OHU YCTPEMSTCS HAaBCTpEUy APYr APYry U MOTSHYT 3a
co00i1 MarHuTel. DTO KAXKETCS HACTOJHKO MOHATHBIM, YTO HE TpeOyeT OCOOBbIX pa3bsCHEHUIA.
CoBrajaroniee HarnpapieHHE BpallleHWE TOPLEBBIX IEKTPOHOB CONMKAIOUIMXCS IIHYPOB CO3/IAET
MeXAy HUMH 3(upHOE pa3pspkeHue, U OHU OyIyT CTpeMHTCs IpYyr K JApyry 1o ymopa. B cBoro
ouepeib dJIEKTPOHBI «IPUBSI3aHBI» K aTOMaM M MOJIEKyJaM MarHuTa U TAHYT HX 3a co0oif; BOT U
Bce. [Ipu CTBIKOBKE MarHUTOB MX MarHUTHBIE IIHYPHI 3aMBIKAIOTCS, U U3 JIBYX 00pa3yeTcsl eAMHbIN
MarHur.

CoocHoe cOmKeHre ABYX MarHUTHBIX ITyYKOB CO BCTPEYHBIM HAIPABICHUEM JIBMXKEHUS MX
IIHYpOB IOPOXKIAET COBCEM HMHYIO KapTHUHY: HUCIHbITBIBas JIOOOBBIEC CONPOTHUBIICHUS, 3(UpPHBIE
3aBUXpPEHMs] TOPLEBBIX D3JEKTPOHOB OyAyT YKJIOHATHCS OT B3aUMHOTO CONMXKEHHUS U
IIPOTUBOACUCTBOBATL APYT ApYry. B pe3ynbpTare MarHWTHbIE MIHYPHI KaKJIOTO ITydKa pa3onayTCs
KPYTBIM BeepoM, M Beepa 00OMX MYYKOB, KaK Beepa YHIPYTrHX HPOBOJIOK, OyAyT HMpPEnsTCTBOBATH
B3aMMHOMY cOmkeHuto. Taxke OyayT OTTaJKUBAThCS «IIPUBS3aHHBIC» K AJIEKTPOHAM LIHYPOB
aTOMBI U MOJIEKYJIbI MarHUTOB.

Kpome oTMeueHHBIX NpPOSBICHUM MarHeTu3Ma €CcTb M Jpyrue, HO OHM, Kak IpaBuio,
SIBJISIFOTCS IPOU3BOJHBIMH OT YKa3aHHBIX 0a30BbIX. FIX MHOTO, HO K HUM, KaK MBI YK€ TOBOPWIH, HE
MMEIOT HUKAKOT'0 OTHOLIEHUS AJIEKTPOMAarHUTHBIE BOJIHBI, PACIPOCTPAHSIONIUECS MO dPUPY.

MarHuTHbI€e OJISI B Pa3/JIMYHbIX Cpeaax



WneanbHOM cpeloil Al MarHUTHBIX HIHYPOB SIBIISIETCS BAaKyyM, TO €CTh YMCTBIN 3¢up. Ecnu
OH CIIOKO€H, TO BCE HAXOJIIMECS B HEM JJIEKTPOHBI OYCHb OBICTPO BBICTPOSITCS B MarHUTHBIC
IIHYpbl; TOJIbKO HAalpaBJIEHUE BpALICHUS COCEIHUX IIHYpOB Bcerza OyneT napa3suTHBIM
(anTunapainensHbiM). OAHO HaNpaBiIEHHWE BPALIEHUS COCEIHUX MAarHUTHBIX IIIHYPOB MOJKET
BO3HUKATh, KaK OBLIO CKa3aHO BHINIE, B A(UPHOM 3aBUXPEHUH, U TOTJa 00pa3zyercsi MarHUTHBINA
ITY4OK.

[Ipumepom nouTu 4UCTOM 3(PUPHOMN Cpelbl A MAarHUTHBIX INPOSIBICHUNH MOXKET CIYXUTh
0e3B0o3aynIHbIN KocMoc. Ha nanpHux mojactynax K 3emie 3J1eKTpoHsI, JeTsue oT ColHIa, UMEIoT
BO3MOKHOCTb BBICTPOMTCSI B MAarHMTHBIE WIIHYpbl, W IIOJJETas K Haled IUIaHETe, OHU YKE
MIPEJICTABIISIOT COOOM TIOTOK MapaJIeNIbHO JIETAIMUX HUTeH. HasBaTh TakoW MydOoK MarHUTHBIM
HeNb34, TaK KaK B HEM Oy/IeT HEeyNopsA0UEHHOE HAallpaBJICHUE BPAIleHNUsI BCEX MATHUTHBIX ILIHYPOB.
Bokpyr 3emimn, kak Mbl 3HaeM, JIEHCTBYET METAa3aBUXPEHHE; OHO YK€ BBIHYKIA€T COCEIHHE
MAarHWTHBIE IIHYPBI BpallaTbCs B OJHOM HAIIPABICHWUM, W OHO IIPEBpAIlACT HAIly IUIAHETy B
MarHuT. Omyckaromuecs K €€ MOJII0ocaM MUPHaJbl MarHUTHBIX IIHYPOB, O0Opa3ylolIue CII0XHbIE
IIOBEPXHOCTH M OTPAXKAIOIIME KOCOM CBET, BBIMVIAAAT KaK CEBEPHOE CHSHHME M KaK KpacoO4yHOE
MpUPOJHOE siBIEeHHE. BO3HMKaeT OHO B THUXHE JHM, KOIJla HET BeTpa M, CTalo ObITh, HET
MOPOXKJIAIOLIET0 €ro 3(UPHOro BETpa; a KOrJa OH €CTh, TO CBOEH TypOYJIEHTHOCTBIO OH JIETKO
pa3pylaeT ¥ MAarHUTHBIE IOTOKHU, 1 MAarHUTHBIE IITHYPHI.

Ta 30Ha Ha TpaHUIIEe MATHUTHOTO MOJIS 3€MJIH, IJ€ TPOUCXOANT MEPEOPUEHTALINSI MArHUTHBIX
HUTEW COJTHEYHOTO BETpa B YIOPSAAOUYCHHBIC HAIIPABJICHHS BPAILlCHNS, HA3bIBAETCS MarHUTONAY30M.

brnaronpusTHOM cpenoil [Uiss MAarHUTHBIX IIHYPOB M IIYYKOB SIBJISIFOTCS (peppOMarHUTHBIE
Marepuaibl, a W3 HUX JYy4YIIMMH — MarHUTHO-MATKHE, TaKHe€ KaK JJIEKTPOTEXHHUYECKAs
MaJIOYIJIEPOAUCTAs CTajlb C IPUCAJAKON KPEMHUS, YUCTOE IIEKTPOTEXHUYECKOE KEIE30, NEPMAILIION
u japyrue. OHM XOpOUIM MO JABYM COOOpPaKEHUSM: MX aTOMbl, MOJIEKYJIbl U KPHUCTaJIbl OYEHb
IUIOTHO HACBIILEHBI AJIEKTPOHAMM, U 3TH 3JIEKTPOHBI IIOYTU OECIPENATCTBEHHO MOTYT COOMPaThCs B
MarHuTHBIE IIHYPBl U TaKXeE JIETKO pacnanarbes. [IpensaTcTBus BO3HUKAIOT B TEX CiIydasx, KOrzaa
OpHEHTAlLMsl MAarHUTHBIX LIHYPOB HE COOTBETCTBYET OPUEHTAILMM aTOMOB, MOJIEKYJI U KPUCTAJJIOB;
TaKHe CBOMCTBA MaTepUaJIOB Ha3bIBAIOTCSI MATHUTHO-AHU30TPOITHBIMH.

MarnuTtHo-TBEepAble ()EPPOMArHETUKH, a K HHUM OTHOCATCS XPOMOBOJIb()PAMOBBIE H
XPOMOMOJIMOICHOBBIE CTaJM, HACBILIEHBI AJIEKTPOHAMU HE MEHbILE, HO OTIMYAIOTCA OT MSTKHX
TE€M, 4YTO C TPYJOM IE€PEMArHUYMBAIOTCS; @ OTO 3HAYUT, YTO DJIEKTPOHBI B HHUX CKJIOHHBI
yIlep’KUBaTh CBOE MOJIOKEHUE U, HallpaBJieHHe BpaieHus. Ha npumepe TBepabIX heppOMarHeTHKOB
XOPOIIO BMJHA MHEPLUHOHHOCTh IEKTPOHHBIX IIHYPOB, YCYryOJISIOLIascsl HEXeJaHUEM aTOMOB
U3MEHSTh CBOU MOJIOKECHHUS.

B cotHu u ThIcAuM pa3 ciabee MarHUTHBIE I0JI1 B IIapaMarHUTHBIX MaTepuanax; K HUM
OTHOCSTCS BO3JYyX, AJIOMUHUN U Jpyrue cpeisl. HerpynHo cooOpasuTh, YTO OpPUEHTHPOBATH
MYLUIMCTBIE 3JEKTPOHBI CPEAM MYLIUCTHIX AaTOMOB BO3/yXa HE COCTaBIIsIET 0COOOro Tpy/a; Ci1abocTh
MarHUTHBIX MOJIEH OOBACHSAETCA TOJBKO PEIKUM PACIOJI0KEHHEM 3JIEKTPOHOB B 3TUX Cpelax.
ITonyTHO BBICHSAETCS, YTO INIOTHOCTH 3JIEKTPOHOB B BO3AYXE B COTHH M THICSIYM pa3 MEHBILIE, YEM B
MeTaJulax, 3a MCKIIOYeHneM alntoMuHus (mpasja, Jmutpuii MiBaHOBHY MeHzeneeB ero K 4ucTbIM
MeTaJjulaM He OTHOCHII), HO NP0 HEro MOXHO CKa3aTh TAaK: BHYTPU aTOMOB aJIIOMHHHUS 3JIEKTPOHOB
MIPAKTUYECKU HET; MaJ0 MX M B IPOCTPAHCTBAX MEXKAY €ro aroMaMH, HO ITOBEPXHOCTHBIE
IIPUCACBIBAIOLINE K€100a y Hero Mo4YTH HUYEM HE OTIMYAIOTCS OT KeJ0OOB JPYTHX METaloB U
[I09TOMY XOPOLLIO IMPOBOAAT DJIEKTPOHBI; MOITOMY-TO AJIFOMUHHUEBBIE IPOBOJAA IOYTH HE YCTYIAOT
MEJIHBIM.

XyXKe BCEro IEHCTBYIOT HAa MAarHUTHBIE IIOJIS JUAMarHUTHBIE MaTEpHalbl, K KOTOPBIM
OTHOCSTCS BOJA, KBapll, cepedpo, Meb U JIpyrue; OHU HE YCWIMBAIOT BHELIHEE MAarHUTHOE IOJie
Kak (peppOMarHeTHKH 1 He paBHOJYIIHBI K HEMY KaK IMapaMarHeTHKH, a Jjaxke ociaalisor ero. Yem
3TO MOXHO 0O0BsACHUTBE? EnBa 1M 3TO BBI3BAHO OTCYTCTBHUEM 3JIEKTPOHOB; MOXKHO JlaxKe
YyTBEPKJaTh, YTO UX TaM OYE€Hb MHOro. IIpuumHa, BeposiTHEE BCEro, KPOETCs B TOM, YTO aTOMBI
JUaMarHeTUKOB HE IO3BOJIIOT CBOMM JJIEKTPOHAM HU CMEIIATHCA 10 COOCHOCTH, HU IIOBOPAaYUBAThH
CBOU OCH BPALLCHUS.



3.3. AneKTpoMarHMTHble SIBlIEHUA

DNEKTPOMAarHUTHBIE SIBJICHUSI OTPaXKalOT CBSI3b JJEKTPUUYECKOTO TOKA C MAarHUTHBIM IOJIEM.
Bce ux ¢usnueckue 3aKOHBI XOPOIIO U3BECTHBI, © MBI HE OyZeM CTapaThCsl MOMPABUThH MX; Halla
1eJ1b UHAS: 00BACHUTH GU3NYECKYIO IPUPOY ITUX SIBJICHUM.
MarsuTHoe 1oJie BOKPYI MPOBOJHUKA C TOKOM

OnHO HaM yXe SICHO: HM JIEKTPUYECTBO HU MarHeTU3M HE MOT'YT ObITh 0€3 3JIEKTPOHOB; U B
9TOM YK€ MpPOSIBISIETCS 3JEKTpOMarHeTusM. ['0BOpUIIM MBI U O TOM, YTO KAMYWIKA C MOKOM
nopocoaem MmazHumuoe noie . 3aJepKUMCS Ha TOCIEIHEM SIBJICHUM U YTOYHUM — KakK OHO
MIPOUCXOJIUT.

Byaem cMoTpeTh Ha KaTylIKy C TOpLA, U MYCTh JEKTPUUYECKUI TOK MO HEW HAET MPOTHB
yacoBoi crpeniku. Tok mpencTaBisieT coOOi MOTOK 3JIEKTPOHOB, CKOJB3ALIMI IO MOBEPXHOCTU
MIPOBOJIHUKA (TOJIBKO Ha IOBEPXHOCTU — OTKPBIThIE IIpUcachiBatoIiye xenobda). [IoTok anekrpoHoB
Oyzner yBiiekaTh 3a coOOil mpuiieraromuii 3pup, ¥ OH HAYHET TAKXKE JABUIaThCs MPOTHB YacOBOM
cTpenku. CKOpOCTh NPUJIETAIONIEr0 K MPOBOAHMKY 3¢upa OyIeT ONpeAensiThCs CKOPOCTHIO
AJIEKTPOHOB B IPOBOJHUKE, a OHA, B CBOIO O4epeab, OydeT 3aBHCETh OT Mepenaga 3(QUpHOTO
NaBJIeHUs (OT AIIEKTPUYECKOTO HANPSDKEHUS Ha KaTyIIKe) U OT MPOXOJHOTO CEUeHUs MPOBOIHUKA.
VBnekaembiii TokoM 3¢up OyneT 3aTparuBaTh COCEIHHE CJIOW, U OHHM TaKKe OyIyT IBUTATHCS
BHYTPU M BHE KaTyHIKu 10 Kpyry. CKOpOCTb 3aKpy4E€HHOIO 3(Hpa paclnpeaeauTcs] CIeAYIOIINM
oOpa3om: HauboJbllIee ee 3HaYeHHEe, pa3yMeeTcsi, — B pailoHe BUTKOB; MPH CMEIIEHUHU K LIEHTPY
OHA YMEHBINIAETCsl 10 JIMHEHHOMY 3aKOHY, TaK 4TO B CAMOM LIEHTPE OHA OKa)KeTCsl HyJEBO; Mpu
yJlaJIeHuU OT BUTKOB Ha NepU(EpUIo CKOPOCTh Takxke OyJIeT yMEHbIIAThCs, HO HE M0 JUHEHHOMY, a
1o 6oJiee CI0KHOMY 3aKOHY.

3akpy4eHHOE TOKOM MAakpo3aBUXpEHHE 3(Hpa HAUYHET OPUEHTHUPOBATH DJEKTPOHBI TAKUM
00pa3oMm, YTO BCE OHU MOBEPHYTCA 0 MAPAIIEIBHOCTH OCEH BpAIIEHHS C OChIO KaTyLIKW; TPU 3TOM
BHYTPU KaTyIIKHM OHHM OyIyT BpaliaThCsi MPOTHUB YacOBOM CTpEJKH, a 3a ee MepeaesaMud — II0
4acOBOM; OJIHOBPEMEHHO SJIEKTPOHBI OyIyT CTPEMHUTHCS K COOCHOMY PAacCMOJIOKEHHUIO, TO €CTh
OyayT coOupaThCs B MarHUTHBIE HIHYpPBI. [Ipolriecc opueHTHPOBAHUS SIEKTPOHOB 3aliMET KaKO€-TO
BpeMsi, U 10 3aBEPIICHUIO €ro BHYTPHU KATYIIKM BO3HHMKAE€T MArHUTHBIM MY4OK C CEBEPHBIM
MOJIIOCOM B HaIlly CTOPOHY, a 3a MpeAeiaMu KaTyIIKH, HaoOOpOT, CEBEPHBI MOJIIOC OKaKeTCs
yaaJeHHbIM OT Hac. TakuM 00pa3oM, Mbl JI0Ka3ajil CIPaBENIMBOCTh U3BECTHOTO B AJIEKTPOTEXHHUKE
MpaBWiia BHHTA WU OypaBUMKa, YCTAHABIMBAIOIIETO CBSI3b MEXAY HANpaBlIEHHEM TOKa U
HaIpaBJICHUEM POXKJACHHOTO UM MarHUTHOTO TOJIS.

Maenumnas cuna (Hanps’ceHHOCMb) 8 KadNCOOU MOUKe MACHUMHO2O NOJs ONPedeiumcs
U3MEHEHUeM CKopocnmu BCﬁl/lpCl 8 smotl mo4kKe, mo ecmbs npOLBSOaHOIZ onm cKkopocmu no ydaﬂeﬂuio
om 6uUmMKO8 KamywKu : 4eM Kpyde H3MEHEHHE CKOpPOCTH, TeM OOJIbllIe HampsHKeHHOCTh. Ecnm
COOTHOCHUTh MarHUTHYIO CHITY KaTYIIKU C €€ DJIEKTPUUYECKHUMH U T€OMETPUUYECKUMU MapaMeTpamu,
TO OHA UMEET MPSIMYIO 3aBUCUMOCTh OT BEJIMYMHBI TOKa M OOpPAaTHYI0 — OT JAMaMeTpa KaTyYIIKH.
Uewm Oonbllle TOK U Ye€M MEHBIIE AMAMETP, TeM OO0Jblle BO3ZMOXXHOCTEH coOpaTh SIEKTPOHBI B
ITHYPHI OMpPEAETICHHOTO HAMpaBleHUS BpalleHHs U TeM OOJbIIeH OKa)KeTCs MarHWTHas CHuiia
karymkd. O TOM, 4TO HANpPSHKEHHOCTh MAarHUTHOTO TOJS MOXKET YCHUJIMBATBCS WM OCHaOIsAThCS
CpeNoi, y’Ke rOBOPUIIOCH.

[Ipouecc mpeoOpa3oBaHMs AMEKTPUUECTBA MOCTOSHHOTO TOKAa B MarHeTU3M — HE O00paTuM:
€CJIM B KaTYyLIKy MOMECTUTh MAarHuT, TO TOK B HEH HE BO3HUKAET. DHEPrusi MaKpO3aBUXPEHUS,
CYILIECTBYIOIIETO BOKPYI MAarHWTa, HACTOJbKO Maja, 4YTO HE B CHJIAX 3aCTaBUTh CMEIIATHCA
AJIEKTPOHBI 10 BUTKAaM IPU CAMbIX MaJbIX COMPOTUBIEHUAX JUisl HUX. Ellle pa3 HamOMHUM, YTO B
oOpaTHOM TmpoIlecce MaKpo3aBUXpeHHE dHUpa, BBHIMOIHSIIONIEE POJIb TOCPEAHUKA, JIHIIb
OpUEHTHPOBAJIO 3JIEKTPOHBI, U HE 00Jiee TOro, TO €CTh TOJBKO YIPABISLIO MATHUTHBIM TOJIEM, a



CHJIa IOJIA OIPCACIIAIACH KOJTMYCCTBOM OAHOHAIIPABIICHHBIX MAaIrHUTHBIX HIHYPOB.
I[BI/I)KCHI/IC MMPpOBOAHHUKA B MATHUTHOM I10J1I€

JIBI>KEHUE DIIEKTPOHOB B MPOBOJHHMKE BO3HUKACT TOJBKO TOT/A, KOTAAa OH IepeceKaeT
MarHATHBIN MTy4OK. DTOT MPOLECC MBI PACCMATPHUBAIN YyTh PaHbIIE, KOTJa TOBOPWIN 00 yIpyroi
peakMy MarHUTHOTO IIHypa. JlOMOJHWUM TeM, YTO YIpyro MNporuOaronIuecss MOJ HarmopoM
IIPOBOAHHKA MarduTHBIC IIHYPBI B KaKOM-TO MOMCHT pPBYTCA u paspymaroTcsa u
BOCCTAHABJIMBAIOTCS TOJBKO TOCIIE TOTO, KaK MPOBOJHUK WX mpoiaer. Ha mx BoccraHOBIEHHE,
€CTeCTBEHHO, TpeOyeTcss BpeMsi, IMOITOMY OHHU 3ama3fblBAalOT M OTCTAIOT OT JIBHXKYIIETOCS
IMPOBOAHHKA, 3THUM MOXKHO OOBSICHUTD TO, YTO OHHM HC CMCIIAIOT JJICKTPOHBI B IPOBOAHHUKE C
0o0paTHON €ro CTOpPOHBI B IPOTHBOINOJIOXHOM HallpaBleHUU. BronHe BO3MOXHO, 4TO OyayT
pBaTbCsA U paspyllaTbCAi HE BCE MAarHUTHBIE IIHYPBI, YaCTh W3 HUX, YIPYrO INPOTHYBIIUCH IIOJ
HCfICTBI/IGM IMPOBOJHHKA, IIOCJIEC €ro IMPOXOKIACHHUA BBIIIPAMUTCA H 3aiimMeT IMPEKHEC CBOC
MIOJIOKEHHE; HO U B 3TOM Cllydae UX 000JIOUKH YK€ He OyIyT CMEeIaTh €ro 3JeKTPOHbI B 00paTHOM
HaIpaBJICHUH.

Hartpikaromuecss Ha Bpamarompecss 000J0YKH MarHUTHBIX ITHYPOB 3JIEKTPOHBI MPOBOIHUKA
OyAyT JIerko CMeIIaTbCsl BJOJb HErO0 TOJBKO B TOM Clydae, €ClIM He OyIyT HUCIBITHIBATh
COMPOTHBIIEHNE; HO Takoro He ObiBaeT. ClenoBaTenbHO, IMOJ HAMoOpoM HIHYPOB OHHU CHadyasa
OTCTYIISAT TOTIEPEK MPOBOJHUKA JO TIpejaesia M TOJBKO TOTOM YyXe OyAyT BBHIOMPATh MEKIY TEM,
9TOOBI COpPBAaThCS C TPOBOJHWUKA WU YHUTH B TMPOCTPAHCTBO, WM CMECTUTHCSI HECMOTpS Ha
COMPOTHBIIEHUE BJAOJb MPOBOJHUKA. OTPBHIB 3JEKTPOHOB OT IMPHCACHIBAIOUINX KEJIOOOB, KaK MbI
YK€ 3HaeM, — 3aTPYAHUTENCH, IO3TOMY AJIEKTPOHAM HE OCTAETCS HUYEro JPYroro, Kak JBUTaThCs
[0 MPOBOJHUKY. YCHUIIME, KOTOPOE MPHUKIAABIBACTCS K HEMY, ONPEACTUTCS CUJION, cTpeMsIIeics
OTOPBAaTh JEKTPOHBI OT KEJI0OOB, a 3Ta CHIIa, B CBOIO 0Uepe/ib, OyJIEeT 3aBUCETh OT CONPOTUBIICHUS
JBUKEHHUIO AJIGKTPOHOB BJOJb NPOBOJHMKA. TakuM 00pa3oM Mbl JOKa3ail CHpPaBEIMBOCTh
3aKOHA, OMPEAEISIOUIET0 AIEKTPOIBIKYIIYIO CUIIY 3JEKTPOMAarHUTHON MHIYKIMH, U OOBSCHUIH
M3BECTHOE B JIEKTPOTEXHUKE MPABUJIO MPABOU PyKH, COTIACOBBIBAIOIIECE HAMPABIICHUS JABHXKEHUN
MIPOBOJIHMKA B MAarHUTHOM I10JI€ U TOKA B HEM.

HpOBOI[HI/IK C TOKOM B MAarHUTHOM I10J1¢

PaccmoTpuM Temeps 0OpaTHBINM IpoIECcC: MOBEACHHE MPOBOJAHHMKA C TOKOM B MarHUTHOM
nosie. [IoTOK 37eKTPOHOB, MBMKYIIMXCS 1O MOBEPXHOCTH NMPOBOJHHMKA, Oyae yBJIeKaTh 3a cOOOM
npuieraromuii 3¢up, U ckopocth 3upa OyaeT yObIBaTh MPH YAAJICHUH OT MPOBOJHUKA —
nogobHoe Mbl yxke Habmomanu. M Takke, Kak Mpexjae, YObIBarolasi CKOPOCTh OIMPEIeTHUT
OTHOIIIEHHE IBUXKYIIErocs 3Gupa K HANpPaBICHUIO BpAIICHHWS MAarHUTHBIX IIHYPOB; B JaHHOM
ciydae a¢up OyAeT yCUIMBATh M YKPEIUIATh MAarHUTHBIEC IIHYPHI C OJHOM CTOPOHBI MPOBOJHUKA U
MIPOTUBOACHCTBOBATh U PA3pPyIIATh IIHYPHI C APYTrOi CTOPOHBI. MOXKHO Aa)Ke KOHKPETU3UPOBATh:
YKpPEeIIAThCS OyayT T€ MAarHUTHBIE IIHYPHI, KacaTelbHOE JBWYKEHUE BpAIAIOLUXCA 000JO0UYeK
KOTOpBIX OyJIeT COBMaJaTh C HAMpaBJIEHHWEM TOKa B IPOBOJAHUKE; U HA0OOPOT, pa3pymarses OyayT
T€ LIHYpPBI, BPallleHHE KOTOPBIX IPOTUBOJAECHCTBYET TOKY.

berymue mo mpoBOAHHKY AJIEKTPOHBI OyAyT OOKATHIBATHCA MO BpallarOIIUMCS 000JI0YKaM
OCTaBIIMXCA IIHYPOB M OTKJIOHATHCSA IONEPEK IMPOBOJHHMKA IO MEpPE BO3MOXKHOCTH, a TOYHEE
ropops — A0 ynopa. Tak Kak Jaibllie B MONEPEYHOM HAMPABICHUH OHU CMECTUTHCS HE MOTYT
(MHaue OHM JTOJKHBI OyAyT OTOPBATHCA OT MPOBOJHUKA), TO OHU TMOTSHYT 3a cO00O B TOM Ke
HalpaBJIEHUH AaTOMbl W MOJIEKYJIbl TPOBOJHHMKA, BO3HUKHET IMIONEpEYHas Cuja CMEILIEHUs
npoBoaHuKa. O4eBHIHO, 3Ta cuiIa OyaeT TeMm Oosblie, YeM OoJblle HAmpsHKEHHOCTh MarHUTHOTO
MoJIsE U 4eM OOJIbIIe TIOTOK AJIEKTPOHOB B MPOBOJHUKE; UMEHHO TaKyI 3aBUCHUMOCTb OTpa)kaeT
W3BECTHBII B DJIEKTPOTEXHUKE 3aKOH MHAYKIIMM MAarHUTHOTO TIOJISI.



W3 namero oOBSCHEHMs CTAHOBHTCS TOHSTHOM CBSI3b HANpPaBJICHHH TOKAa B MPOBOJHUKE,
BpAallleHUsT MAarHUTHBIX IIHYPOB M BBIHYKJICHHOIO CMELICHUS I[IPOBOJHHUKA; 3Ta CBSA3b B
AIIEKTPOTEXHUKE OTOOpa)kaeTcsi MPaBHIIOM JIEBOM PYKU: €CIH PACIOJIOKUTH JIEBYIO PYKY B
MarHWTHOM TIOJIE JIAJIOHBIO K CEBEPHOMY IOJIIOCY M TaK, 4TOOBI pyKa yKasblBajla HAlpaBJICHHE
JBUKEHUSI TOKAa B IPOBOJHUKE, TO OTOTHYTBIM MEPHEHAUKYJISIPHO OOJBLION NaJell YKaXeT
HAINPABJIEHUE IEUCTBUS CMENIAOLIECH 3JIEKTPOMAarHUTHOM CHJIBI.

JuleKTpOoMarHuTHasi HHAYKuus. Tpancdopmarop.

DdupHas Teopusi MO3BOJSCT OOBICHUTH IJICKTPOMATHUTHYIO HMHJIIYKIIMIO, KOTOpas, Kak
W3BECTHO, 3aKIIOYAcTCS B TOM, YTO M3MEHSIONICECS BO BPEMEHH MAarHUTHOE TIOJIE TIOPOXKIAET
AIEKTPUUECKOE, a H3MEHSIIOIICECs AJIEKTPUIECKOe ToJIe MopoxKaaeT MaruutHoe. OT cedst 106aBuMm,
9TO HEMOCPEJCTBEHHBIM YYaCTHUKOM JTHX TMPOIECCOB SBISICTCS Takke d3pup B dopme
MaKpO3aBUXPEHUS; U 00 ITOM MBI YK€ TOBOPHIIU, KOTJ]a OOBSICHSUI BO3HUKHOBEHUE B KaTYIIIKE C
TOKOM MarHUTHOTO ITOJISL.

OOBIYHO SBIICHUE IEKTPOMATHUTHOW WHIYKIIUU JEMOHCTPHPYIOT C TIOMOIIBIO ITOCTOSTHHOTO
MarHuTa W TOJIBEIICHHOTO ATIOMUHUEBOTO KOJbIA: TMPU MPUOIMKCHHH MarHuTa K KOJIBILy OHO
OTTAJIKUBACTCS, a TIPU YAAJICHUH OT HErO OHO MpHUTATHBaeTCsS. OTMEUYECHO TakKe, YTO HE3aMKHYTOE
KOJIBIO (C pa3pe3oM) K MarHUTy paBHoOIymHO. [loueMy Tak nmpoucxoant?

[Ipu mpuOIMKCHWH MarHWTa K KOJBI[y €r0 MarHWTHBIE NTHYPHl CBOMMH BPAIIAIONTAMUCS
OOKOBBIMH TIOBEPXHOCTSIMHU OYIYT CIBHTaTh SJICKTPOHBI B KOJIBIIE JIO YIIOpa B 0CEBOM HaIPaBICHUU
1 TIOCJIE ATOTO 3aCTaBST WX JIBUTATHCS MO KPYTY, CO3/1aBast KOJBIIEBOH AIIEKTPUICCKHIA TOK, €0 eIle
Ha3BIBAIOT BUXPEBBIM. [10jp0OHO 0 1I0T0OHOM BO3HUKHOBEHHH TOKa y)K€ TOBOPHIIOCH, KOTJIA MBI
paccMmaTrpuBaiIl CMelleHHe MPOBOJAHMKA B MarHUTHOM mosie. Ecinu MarHuT Oyner mpuOimkarbes K
KOJIbI[y CEBEPHBIM TMOJIOCOM, TO OH MOPOJUT B KOJbIE IBUKEHHE 3JIEKTPOHOB MPOTHB YaCOBOM
CTpeJKu (TpH B3IJIsL/I€ CO CTOPOHBI MAarHUTA); 3TO — MEPBBIH ATaIl.

Ha BTOpOM »3Tame KOJIBIICBOM SJIEKTPUYECKHUN TOK 3aKpyTUT AGUP B MaKpPO3aBHUXPCHHE.
Hanpasnenue BpaiieHust 3aBUXpeHusi OyJeT TaKuM K€ — MPOTUB YacOBOM CTPENKU, a CKOPOCTb
s¢dupa B HEM pacrpeeiseTcs Mo yKe U3BEeCTHOMY HaM 3aKOHY, TO €CTh C YObIBaHHEM K LIEHTPY U
Ha nepudeputo.

Ha tperbem sTame makpo3aBuUXpeHHE COOEpeT ANMEKTPOHBI B MAarHUTHBIE IIHYPHI M 3aCTaBUT
UX BpalllaThCsi B COTJIACOBAHHOM HAIIPaBJICHHUU: BHYTPU KOJIbIIA — MPOTHUB YACOBOW CTPENKH, a
CHapyKU — HaBCTpeUy, TO €CTh MOPOIUT MarHuTHoe noje. OpueHTalus BceX MarHUTHBIX IIHYPOB
BHYTpU KoOJblla OyJeT TakuM, YTO HMX CEBEPHBIM IMOJIOC OKaXKETCS HANpaBlICHHBIM B CTOPOHY
MpHUOIMHKAIOIIErOCsS MAarHUTA.

A nanplie MPOU30HIET MPOTHBOJCHCTBHE MAarHuTa M KOJblla, MOTOMY YTO Ha BCTPEYHOM
JBUKEHUH OKaXXYTCS OJHOMMEHHBIX MAaTrHUTHBIX MOJIOCA; KOJIBIO OylIeT YKIOHSATHCS OT MarHura.
(Ynpyroe npoTuBOeCTBIE MAarHUTHBIX ITHYPOB PACCMOTPEHO HAMU BBIIIIE. )

Eciu mocTosiHHBIM MarHUT yAaisiTh OT KOJbLia, TO CIBUIAHUE BJIEKTPOHOB B KOJIblLE Oyner
OCYILIECTBIATHCS  OOpaTHBIMH CTOPOHAMH €r0  BpalllalOIIMXCS MAarHUTHBIX LIHYpOB, U
AJIEKTPUYECKUH TOK MOOEKUT B JPYr'yl0 CTOPOHY, TO €CTh IO YacOBOW CTpENKe, a B pe3yibTaTe
MarHuTHOE I0Jie B KOJbLIE H3MEHUT CBOIO OPHEHTAIMI0O Ha IPOTUBOIOJIOKHYIO M Oyner
CIOCOOCTBOBATh CMELIEHHUIO KOJIbIAa B CTOPOHY MarHmra.

Pazpe3aHHoe KOJIBIIO Tak ceOsl BECTH HE MOXKET; B HEM JIEKTPOHBI HE UMEIOT BO3MOXKHOCTHU
OeraTb MO KpPyry M HE 3aKpyduBarOoT 3(GUp B MaKpO3aBUXPEHHE; I[O3TOMY IpOLECC
JIEKTPOMArHUTHOM MHIYKIIMH NIPEPHIBAETCSL.

SIBrieHue IEKTPOMAarHUTHON MHIYKIIMU UCTIOJb3YeTCs B TpaHc(opMaTopax; B HUX TOK OJJHOM
KAaTyIIKH Yepe3 IMOCPEACTBO MAarHUTHOIO TOJS HABOJUT TOK B JIPYroM KarylKe; NP 3TOM
BBIJIBUT'A€TCS YCIIOBUE, YTOOBI IEPBUUHBIN TOK U3MEHSIICS BO BPEMEHHU.

[IpencraBuMm cebe /Be KaTyIIKW, HAHU3AaHHbIE HA OOIIMI CepACYHHK M3 MAarHUTHO-MSTKOTO
MaTepuala; 1o OJHON U3 HUX MbI OyJleM MPOIycKaTh U3MEHSIOMIMNCS 10 BEMUYMHE TOK; Ha30BEM



9Ty KaTYyILIKY IIEPBUYHON; BO BTOPON — JIOJDKEH BO3HUKHYTh BTOPUYHBIN TOK; IOCMOTPUM, KaK 3TO
IIPOU30MICT.

IIpyn oTcyrcTBHM INEPBHYHOIO TOKA CEpAEYHUK pa3MarHudeH. Ilo Mepe HapactaHus Toka
NepBUYHAs KaTylIKa HayHeT (OpMHPOBaTh M YCWJIMBATh CBO€ MAarHUTHOE moJie. Bo3HuKkaromiee
MarHuTHOE TOJ€ HAYHET PACHoj3aTbCsi MO CEpACYHHKY M OyneT TMOCTENEeHHO HAJBHIaThCs Ha
BTOPUYHYIO KaTYIIKYy; 3TO PAaBHOCUJIBHO TOMY, YTO K HEHl HpUOIMKAETCSl MOCTOSIHHBINA MarHut. B
BUTKAaX KaTyIIKU BO3HHMKHET TOK, WM, TOYHEE CKa3aTh, B HUX MOSIBUTCS NIEKTPOJBMKYILAS CHIIA.
Tak kak BUTKHM COEIMHEHBI MEXJIy CO0O0M MOCIEe0BATENbHO, TO UX CHJIBI OyAyT CYyMMHpPOBATHCS.
[Tpu yObIBaHMM TIEPBUYHOTO TOKA BECH MPOLIECC TOBTOPUTCS, HO HANpaBJICHUE BTOPHUYHOTO TOKA
Oyznet oOpatHbeiM. Tak pabotaer Tpanchopmarop.

D¢upHas TeOpHs MO3BOJISET MPOCICTUTH 38 KAKABIM IIIaroM MPOMCXOSIIEro Mpouecca U
IpesicKka3arh nosejeHue Tpanchopmaropa. Omyckas moApoOHOCTH, CKaKeM, 4TO MPU HapacTaHUU
TOKa B IIEpPBUYHONM KaTyIIKE HANpaBlieHUE TOKa BO BTOPUYHOM OyneT o0OpaTHBIM, a IpH
YMEHBIIEHUH — COBIAJAOMUM. ECIIH ke TOK B IEPBUYHOM KaTyIIKE COXPAHATH ITOCTOSHHBIM, TO
€€ MarHuTHbIE IIHYpbl HE OyIyT CMEIIaTbCs OTHOCUTEIbHO BUTKOB BTOPUYHOW KaTYIIKH U HE
BBI30BYT B HEUl MOSIBJICHUSI JIEKTPOABUKYILIEH CUJIBI.

3.4. NonepeyHble BOMHbI 3chupa («3NeKTpoMarHUTHbIE» BOJSHbI)

K Tax Ha3pIBaeMBIM SJIEKTPOMArHUTHBIM BOJIHAM, TO €CTh K TOTEPEYHBIM BOJHaAM 3(upa,
ANIEKTPUYECTBO MMEET CaMO€ KOCBEHHOE OTHOIICHHE: OHO MOXET WHOT/Ia MX TMOpOXKJaTh, — a
MarHeTu3M BOOOIIE HE HWMEET HUKAKOTO OTHomIeHWs. CTpaHHBIM W HEMOHSATHBIM B HCTOPUU
«QIEKTPOMAarHUTHBIX» BOJH Ka)KETCS BCE: M UX NpPEJCKa3aHWe Ha OCHOBE DJIEKTpOMarHeTusma, u
CO3JaHHE HX AJIEKTPOMArHUTHOM TEOPHU, U — CaMO€ YAMBUTEIbHOE — IJIOJJOTBOPHOCTh 3TOM
Teopun: Ormarojaps el OblT CO3/1aH MOTPSICAIOMIMN MHUP PaJHOBOJIH; U B OCHOBE BCEr0 3TOTO —
omnboyHas Teopusi. BrpoueM, ommbovHbIe TEOPUH B HAYKE — HE HOBOCTb, U MHOTHE U3 HUX ObLIN
Ha KaKOM-TO 3Talle IUIOJOTBOPHBIMU; B3SITh XOTS Obl [UIsl IpUMepa Ty e IJIaHETapHYI0 MOJEb
aToma.

Kak BBITISOAT «3NE€KTPOMAarHUTHBIE» BOJHBI B cBeTe 3(GUPHON Teopuu? IT0 — OOBIYHBIC
MomnepeyHble BOJIHBI 3(dupa; UX 3apoXKICHHE U PacHpocTpaHeHHWe yaoOHO paccMaTpuBaTh Ha
npuMmepe panuoBosH. Ho cHauana — oOpa3Hoe cpaBHEHHME: BOTKHEM B BOJAY Majky U Oynem
COBEpUIaTh BEPTUKAIbHBIE KOJIEOaHNUs; OT MAJIKU B pa3HbIe CTOPOHBI MOOETYT BOJIHBI. TOYHO TakK ke
POKIIAIOTCS U PATUOBOJIHBL: AIIEKTPOHBI, Oerarolye Tyaa-clofia Mo aHTEeHHE, YBIEKalT 3a co0oif
3¢up, ¥ TOT HAUMHAET «BOJTHOBATHCA»; BOJIHBI PACXOJIATCS OT aHTEHHBI KpyramH.

Ecnu BHHKaTh B mpUpOay MONEpeyHBIX KosieGanuii 3¢dupa Oonee riyOOKO, TO MOKHO
OTMETHUTH, YTO OHU BO3HHUKAIOT U PACHPOCTPAHAIOTCA Oiarofaps ABYM TaKUM OCHOBOTIOJAraroluuM
(dakTopaM: ynpyrocta 3pUpHBIX IMIAPUKOB U UX UHEPLUUU. Bripouem, ynmpyrocTs 1 HHEpIuUs JIexaT B
OCHOBE BCEX KOJICOAHUM: U 3BYKOBBIX, 1 MEXaHHUUECKUX, U MPOYUX.

HuskouacToTHbIE TOMEpeuHble BOJHBI 3(Hpa pacxoAiarcs BO BCE CTOPOHBI PABHOMEPHO;
BBICOKOUYACTOTHBIE — MPEANOYUTAIOT PACTIPOCTPAHATHCS B OJJHOM KaKOM-TO HAMpaBJICHHH, a TaKHeE,
KaK CBET, — JIy4OM, U TIOATOMY aMIUTUTY/a €ro KojaeOaHHii He 3aTyXaerT.

[Tonepeunslie BOJHBI 3(Upa MOTYT paclpoOCTPaHATHCS B PAa3IUYHBIX Cpelax, Tak Kak 3dup
€CTb Be3/le, HO B UHCTOM 3(HUpPE OHU PACIIPOCTPAHSIIOTCS JIErye BCEro; U MX paclpoCTpaHEHHeE, Kak
MBI BUIUM, HUKAK HE CBS3aHO C 2JIEKTPOHAMHU, a, 3HAYUT, U C JIEKTPUUECTBOM, U C MATHETU3MOM.

Kpome nomnepeyHsIx BOJIH B 3(pupe T0JLKHBI CYIECTBOBAThH MPOJIOJIbHBIE: OT HU3KOYACTOTHBIX
IPaBUTALIMOHHBIX JI0 BBICOKOYACTOTHBIX C YacTOTOM, 3HAYMUTENBHO IIPEBBIMIAIONIEN YacTOTY
MOTIEPEUHBIX BOJIH, — M CKOPOCTh MX PaclpOCTPaHEHUs JOJDKHA ObITh HAa HECKOJBKO JECATUYHBIX
nopsAKOB Bblie. O0 OCBOGHUU 3THX MPOJIOJIBHBIX BOJIH MPUXOAUTCS MOKA TOJIBKO MEUTATh.



4. Tononorua atTomoB

O TOM, 4TO MUKPOMHpP KOHKPETEH M IPOCT IO CBOEMY YCTPOWCTBY, TOBOPHJI €LIE BEIMKUI
Muxaun BacuibeBuu JIOMOHOCOB; B €ro HaydHBIX TPYAAaX CKBO3ZHUT SICHOCTb U yOEIUTEIbHOCTb.
Ve B TO BpeMs OH pa3BuUil M OOOCHOBaJ YYEHHE O MaTepHalbHBIX aTOMax M KOPIYCKyslax
(MOJneKynax M HMHBIX MajblX YacTUIIAX); OH MPEJCTABIIAJ aTOMbl KaK HEJEIHUMBbIE U CIIOCOOHBIE K
IBIDKEHUIO W B3aMMOJACUCTBUIO: «HedyBcTBUTENbHBIE /MaTepuanbHble/ YaCTHIBI  JOJDKHBI
pa3nuyaTbCs Maccow, (UIypolo, JBUKEHUEM, CHJIOK MHEPLUUU WM PACHOJIOKEHUEM». DTO OH
3QJI0KUJ OCHOBBI (DM3MUECKOW XUMHH, MPEBPAIAIOIICH €€ M3 ONMUCATEIbHON HAYKH B TOYHYIO.
«Pusnueckas XUMHUs, — TOBOPUJI OH, — €CTh HayKa, OOBICHSIOIIAs] HA OCHOBAHUH IOJIOKEHUN U
OTBITOB (PU3UKH TO, YTO TMPOMCXOAWT B CMEIIAHHBIX TeJlaX MPH XUMHYECKUX oOrepanusx». B
1752-1753 rr. M. B. JIoMOHOCOB BHEpBbI€ YHTANl JUIsl CTYJCHTOB Kypc «BBeneHne B MCTHHHYIO
(U3NYECKYIO XUMUIOY.

OaHuM W3 MIaroB K KOHKPETU3allMU YCTpPOICTBa MHUKpOMHpa Obula pa3paboTKa TEOpUU
MIPOCTPAHCTBEHHOTO CTPOCHUS XMMMUYECKUX COEJIMHEHUN — TaK Ha3bIBAEMOUN CTEPEOXMMMH; OHA
Kacajach HE TOJIBKO OPTaHUYECKUX BEIIECTB, HO U HEOPraHMYECKHX, TO €CTh KOOPAUHAIIMOHHBIX
coenquHeHU. B dYacTHOCTH, CTepeoXMMHUS M3y4yaeT MNPOCTPAHCTBEHHYIO H30MEPHUIO: H30MEPHI
MMEIOT OJIMHAKOBBIM COCTaB MOJIEKYI U OJMHAKOBOE XMMHUYECKOE CTPOEHHUE, HO OTIMYAIOTCS APYT
OT JIpyra pacIoJIO)KEHHEM aTOMOB B TMpocTpaHcTBe. IIpoloinkeHHeM CTepeoXUMHUH cTaja
TOMOJIOTUSI — COBCEM YK KOHKpPETHOE onucaHue GopM MOJIEKYJ] BILIOTH JO UX MATEMaTH4YE€CKOIO
BBIPAKEHUSL.

[TocTaBum nepen coboii 3a7auy onpenenuTs GOpPMbI yKe HE MOJIEKYJ, a OTJAENbHBIX aTOMOB,
TO €CTh 3aliMeMcsi UX TOMOJOrHell, 3Has B OOMMX 4YepTax, 4YTO aTOM MpeACTaBiseT coOoif
€CTECTBEHHO CKPYYEHHYIO TOPOBYIO 000J10UKy (MHKpO3aBUXpeHne) u3 a¢upa. Ho mpexae okuHem
B30pOM BCE€ MHOTOOOpa3ue aToMapHOTO MUPa, U3BECTHOTO Tereph Kak Tabiauia Meneneesa.

B kope Hameit mimaHeTsl 0OHapy»XEHBI aTOMBI C aTOMHBIM BecoM OT 1 (Bomopon) mo 238
(ypaH); MCKYCCTBEHHO IOJIY4€HO HECKOJHKO MX Pa3HOBUIHOCTEH C BeCOM A0 272; HO MECHBIIE
BOJIOpPOJIa aTOMOB He cyilecTByeT. [lepBoHauanbHO CUMTAIOCh, YTO aTOMBI HE MOXOXKHU APYr Ha
Ipyra, ¥ KaXIblii XUMHYECKHH 3JIEMEHT cyllecTBYeT caMm mo cebe. Takux SKOOBI HEMOXOXKHUX
3JIeMeHTOB Ha 3emiie — 88; Bce OHM Ipe/IcTaBjeHbl B Tabnuie MeHzeneeBa co CBOUMU UMEHAMH,
CO CBOMMU aTOMHBIMH BECAMHU U CO CBOMMH XUMHYECKUMH XapaKTePUCTUKaAMHU.

Opnako 6osiee BHUMATEJIBHOE U3YUYE€HHE MUKPOMUPA MPUBEIIO K MPU3HAHUIO CYLIECTBOBAHUS
OOJIBIIOr0 KOJMYECTBA MOXOKUX AJIEMEHTOB C OTIIMYAIOUIMMUCS aTOMHBIMU BECaMM; UX Ha3Baju
M30TONaMU. Y3ke oOHapyKeHO okojio 1850 Takux pa3sHOBHUAHOCTEW; M3 HUX HpuMepHO 280 —
CTaOMJIbHBIC M30TOIIbI, a 46 — MPUPOIHBIE PAJMOAKTUBHBIC B ceMEMCTBaX Topusa-232, ypaHa-238 u
ypaHa-235. Yucno U30TOMOB € KaXKIbIM JTHEM BCE YBEIMYMUBACTCSA, M MOXKHO JIaXe MPEAINOJIOKUTD,
4TO mpu 0oJiee TOHKOW COPTHPOBKE aTOMOB IO MX aTOMHBIM BECaM 3TO YHUCIO OyAET MOYTH YTO
HEOTpaHUYEHHO BO3pacTaTh. M Bce ke, HECMOTpPS. Ha KaXKYIIYIOCS BO3HUKIIYIO 3allyTaHHOCTH B
aTOMHOM MHUpe, MO-TpeXHEMY He3bl0IeMoil ocTaeTcsi cama Tabnuia MeHneneeBa, Kak cucTeMa
XMUMHUYECKUX JIEMEHTOB; B OCHOBE KOTOPOil — mepuoandeckuii 3akoH /. 1. Menaeneesa.

Jatoii oTkpbiTUs 3aKoHa cuntaercss 1 mapra (17 ¢espans mo IlpaBociaBHOMY KaneHIapro)
1869 rona, xoraa JImutpuii IBanoBuY 3aBepuini padoTy «OnbIT CUCTEMBI AJIEMEHTOB, OCHOBAaHHON
Ha WX aTOMHOM Bece€ MU XHMHUYECKOM CXOJCTBE»; TEPMHUH «IEPUOJUYECKUN 3aKOH» («3aKOH
MEPUOTUIHOCTHI») YUeHBIM BriepBbie yrnoTpeOmn B koHie 1870 roma. Ero ¢opmynupoBka 3akoHa
riacuT: «CBOICTBA 2JIEMEHTOB, a MOTOMY M CBOWCTBA 00pa3yeMbIX UMH MPOCTHIX U CIIOKHBIX TEll,
CTOSAT B NEPUOJMUYECKONW 3aBUCUMOCTH OT MX aTOMHOTo Beca». (boyiee mo3nHHEe KOPPEKTHPOBKHU
(bOpMyITHUPOBOK 3aKOHA, MPUBS3BIBAIOIINM €T0 K HEKUM 3apsaaM HEKUX siiep, COIIacHO A(UPHOI
TEOpPUH, HE COCTOSATENHHBI M1 HAMU B pacueT MPUHUMATHCS HE OYIYT.)

[IpuHUIKIIOM MOCTPOEHUS EPUOANUECKON CUCTEMBI SIBIISIETCA €€ MOApa3/IeICHUE Ha TPYIIbI U
MIEPHOJIBI;, TPYMIBI, B CBOIO OYepelb, ACIATCS Ha TIaBHBIE W MOOOYHBIE MOATPYIIBI: B KaXIOM
MOATPYIIE — XUMHUYECKUE aHAJIOTH. DIIEMEHTHI MOATPYI B OOJBIIMHCTBE TPYIN 0OHAPYKUBAIOT
MEXJly COOOW OIpeNeieHHOE CXOJCTBO, IJIaBHBIM OOpa3oM B BBICIIMX CTENEHSIX OKHCICHHS,



KOTOpbIE dYalle BCEro paBHbI HOMepy Ipynmbl. llepuon oxBaTbIBaeT 3JIEMEHTHI, HAauMHAs CO
LIEJIOYHBIX METAJIJIOB U 3aKaHYMBas MHEPTHHIM ra3oM (UCKIHOUYEHHUE COCTABISET MEPBBIM MEPHON).
[lepnoauueckass cucreMa COCTOMT M3 CEMHU IIEPUOJOB M BocbMU TIpynm. IlocnenHuii cenpmoin
MEePHOJT B 3EMHBIX YCJIOBHSX HE 3aBEpIICH, W HET HUKAKUX MPUHIUNHAIBHBIX OTPAaHUYCHUN Ha
CYLIECTBOBAaHME BOCBMOIO U MOCJIEAYIOLIUX [IEPHOJIOB.

B nepBbiii mepuosa BKIIOYAIOT BOJOPOJ U TEIUil; COOCTBEHHO Nake ATO U HE MEpHo, a
OTJIENIbHO CTOSALIME 3JIEMEHTHl. A €ClIi UCKIIOYMTh W3 HEro Iejuid MU CMECTUTh €ro B Hadallo
CJIETYIOIIETO Meproia, Kak TpedyeT Toro 3dupHas Teopus (B 3TOM Mbl yOSAUMCS 9yTh MO3KE), TO B
IIEPBOM IIE€PHOJIE OCTAHETCS OJIUH TOJIBKO BOJAOPOA, MECTO KOTOPOMY HE HAaXOAUTCS HUB OJHOU U3
rpymni cucteMbl. OH IpOsIBIISET CBOKWCTBA, 00IKE CO IEJIOYHBIMU METAJUIAMHU U C FaJIOr€HAMHU.

Bropoil mepuon, camblil, MOXalyill, MHTEPECHBIA U3 BCEX; OH HAYMHACTCA C JIUTUA H
3aKaHYMBAETCS MHEPTHBIM I'a30M HEOHOM; BCETO B HETO BXOJAT 8 3JE€MEHTOB. ATOM IIEI0YHOTIO
MeTajjla JIUTHS TPUCOECTUHSET HUCKIIOYUTEIbHO TOJBKO OJMH aTOM KHCJIOpOoJa, a aTroM
clenyromero 3a HuUM Oepwuids — Yyxe 1Ba. Jlamee cmemyer Oop, ci1abo MpOSBIISIOIIHIA
METaJUTMYECKUE CBOMCTBA; €ro cTeneHb okucieHus +3. (CTemneHb OKUCIEHUS OMpEAeIsieT pa3mMep
MIPUCOEUHEHMS, a €€ 3HAaK — IepepaclpeelieHue IEKTPOHOB NpPHU TaKOM MPHUCOEAUHEHUHU:
MOJIOKUTETBHBIN, KOTJa aToM TEepsieT 3JEKTPOHBI, a OTPHUIATEIbHBIM, KOrja 3abupaer K ceoe.)
Crnenyrommii 3a 60poOM yriaepoJl — TUIWYHBIA HEMETAJUI, CTENeHb OKUCJICHUS KOTOPOTO OBIBAET
Kak +4, Tak u —4. A30T, Kuciaopoa u (Top — BCE HEMETAIIBI; Y a30Ta BBICIIAS CTETIEHb OKUCICHHS
+5, U COOTBETCTBYeT OHa HoMmepy TIpymmbl. Kucimopoa u ¢rop oTHOCATCS K cCaMbIM aKTHUBHBIM
HEMeTaJljIaMm.

Tpernit mepuoa (HaTpHil ... aproH) TAKXKe COJAEPKUT § JIEMEHTOB; XapaKTep U3MEHEHUS UX
CBOMCTB B OCHOBHOM MOJ00EH TOMY, YTO Ha0It0/1aeTcsi BO BTOpoM nepuojie. OcoOOeHHOCTH COCTOSIT
B TOM, YTO MarHuii, B OTIIn4Yue OT Oepuiuins, 0oJjiee METaJUIMYEH, KaK U AIIOMUHUIA 10 CPAaBHEHUIO C
o6opom. Kpemuuii, docdop, cepa, XJI0p — TUINUYHBIE HEMETAIIbI, OHU TMPOSBJISIIOT BBHICIIHE
CTETIEHU OKUCJICHUSI, paBHbIE HOMEPY T'PYIIIIHI.

MenzeneeB Ha3bIBall 3JIEMEHTHI BTOPOTO U TPETHETO MEPHOJOB (1O €ro CIOBaM — MaJlbIX)
TUMAYECKUMHU. OTH DIIEMEHThl — CaMmble PAacCHpOCTPAHEHHbIE B MPUPOJE; YIIEpOd, a30T H
KHUCITIOPOJI, KaK M BOJIOPO/I, SIBJISIFOTCSI OCHOBHBIMH 3JIEMEHTaAMH OPTaHUYEeCKOM U )KMBOW MaTepuUU.

B yerBepTOoM mepuojie HACUUTHIBAETCS yXkKe 18 31eMEeHTOB, HAUMHAs CO MIEJI0YHOr0 MeTaa
KaJusl ¥ KOHYash MHEPTHBIM ra3oM KPHUIITOHOM. 3a KaJlheM CleQyeT IIeJI0YHO3EMENbHbIN MeTasl
KaJbIUH, a Jajee cleyeT psij U3 ACCATU MEePEXOAHbIX METANIOB: CKaHIUH ... HUHK; OOJIBITMHCTBO
U3 HHUX, KpOME jKeJe3a, KoOanbTa U HUKENsS, MPOSBISIOT BHICIINE CTEHNEHH OKHCIICHHS, PaBHbBIE
HOMEpPY IPYIIIBL.

[Iareiii mepuox (pyOuauii ... KCEHOH) aHAJOTHMYEH YETBEPTOMY; B O0OMX STHX MEpUOAax
0COOCHHOCTH M3MEHEHUSI CBOMCTB AJIEMEHTOB MO CPAaBHEHUIO CO BTOPHIM M TPETHUM MEPHOJAMH —
6onee crnoxuble. llectoit mepuon (1e3uit ... pajoH) BKIOYaeT 32 3JIeMEHTa; B HEM, Kpome
MEePEeXO/IHBIX METAJUIOB (JIaHTaH, TaQHUM ... PTYTh), pacHoJiararoTcsl JTaHTAHOUABI (LEpHii
JMIOTEIUH), TPUYHUCIAEMbIE K peaKo3eMenbHbIM ayeMeHTaM. CelnpMOW Mepuoj — BCE MpoYHe
AJIEMEHTHI, HaYMHasl ¢ (ppaHIHs.

Pa3znenenuie s1eMeHTOB Ha TPYNIBI U MOATPYIIBI BEI3BAHO SIPKO BBIPAXKECHHBIM W3MEHEHUEM
XMMHYECKUX CBOWCTB BHYTpPH MepuoJoB. Hampumep, y XHMHUYECKUX ODIIEMEHTOB BTOPOTO M
TPEThEro nepuojaa OT JUTHUS IO HEOHA M OT HATpHs J0 aproHa C BO3PACTaHHEM aTOMHOW Macchl
CBOMCTBA U3MEHSAIOTCS CIIEAYIOIUM 00pazoMm:

* ocmabeBaroT MeTaJUTMYECKHe CBOMCTBA;

* YCHIIMBAIOTCSl HEMETAJUTMUECKHE CBOMCTBA;

* BO3pacTaeT BhICIIAs BAJICHTHOCTh B COETUHEHUSAX C KUCIOPOJIOM;

* yObIBaeT BaJICHTHOCTh B BOJOPOIHBIX COCIMHEHUX (Y HEMETAIIOB);

* W3MEHSIOTCSl CBOWCTBA COEAMHEHUM 53JE€MEHTOB OT OCHOBHBIX Yepe3 aM(poTepHbIE K
KHCIIOTHBIM.

OtnaBasi [ODKHOE MEPUOAMYECKOMY 3aKOHY XHUMHUYECKMX OJJIEMEHTOB M OTMeEYas €ro
CHUCTEMHOCTb, HEJIb3sl B TO )K€ BPEMs HE YINOMSHYTb O TOM, YTO OH JAJIEKO HE MJICAJIEH, U HE



IIOTOMY, YTO YY€HbIE HE /10 KOHIA PACKPBUIN €r0 CEKPETHI, a [0 cBOeH npupoae. bpocaercs B riasza
TaKO€ HCKIIFOYECHHME U3 3aKOHA: KaJIWi, UMEIOLIUNA MEHBIIYI0O aTOMHYIO MAcCy, 4YeM aproH, JOJLKEH
ObUT OBl 32aHMMATh MECTO B NIEPUOINYECKOM TabyuIle nepe HUM; HO OH — IIEJI0YHOM MeTalll, U €ro
MPUIILUIOCH PACTIONIOKUTH MOCJIe aproHa. Takux MmepecTaHoBOK B TabiHIle oKa3anoch Tpu. Miu eme:
BBICIIAsl BAJEHTHOCTb JJIEMEHTOB OTJEJIBbHON TIPYyNIbl B COECIUMHEHMSIX C KUCJIOPOJIOM JOJKHA
ONPEENATECS HOMEPOM JTOM TpYIIIbI; HO MeEAb, OTHOCALIAsICS K INEPBOW IpyIIe, MpOSIBISIET,
HampuMep, JBOMHYIO BaJEHTHOCTh, a (TOp H3 CEObMOM TpYNIbl HHUKOTAa He ObiBaeT
ceMuBalIeHTHbBIM. OcoOeHHO OpocaeTcsi B IJla3a HECTaOMJIBHOCTh BAJIEHTHOCTH: Y HEKOTOPBIX
AIIEMEHTOB OHA MOXET OBbITh JJBOWHOM, TPOWHOW U JTaske OOJIbIICH.

bynem HazedTbcs, 4TO BBIABIECHUWE KOH(UIypalMM aTOMOB, MPOU3BOJAMMOE HAa OCHOBE
3¢UpHON TEOpUHM W OO0O3HAYCHHOC HAMH KAaK TOIOJIOTHS aTOMOB, IIO3BOJHUT OOBSICHHUTH U
3aKOHOMEPHOCTH MEPUOIMYECKOTO 3aKOHA U €r0 UCKIIIoYeHUs. B MaTemaThke TONOJIOTUS U3y4aeT
cBOlicTBa (uryp, He H3MEHsIomMecs Npu Aedopmanusax, MTPOU3BOAUMBIX O€3 pPa3pbIBOB U
CKJIEMBaHUI (MaTEeMaTUKU FOBOPSAT: MPU B3aUMHO OJHO3HAYHBIX U HEMPEPBIBHBIX OTOOPAKEHUSIX).
B namewm ciydae Tomosiorusi OyAeT OINpeneisTh BapUaHThl CKPYYMBAHMS TOPOBBIX 000JOYEK, U
TOYHO TaKxe: 0e3 pa3pbIBOB U CKJIEUBAHUN B IPSMOM CMBICIIE.

4.1. Bogopon

Bomopon — OecuBeTHBIN Ta3, CKDKAIOIIUICS JIMIIL TPH OYeHb riay0okoM xomome. OH —
caMblil JIETKMI M3 BCEX ra3oB; IUIOTHOCTh BoJopoaa B 14,5 pa3 MeHbIIE TUIOTHOCTH BO3/yXa;
MMOATOMY HAIOJTHEHHBIE BOJOPOJIOM IMAPUKHA  YCTPEMIISIFOTCSI B HEOO.

B xuMmudeckoM IiaHe BOJOPOJ — YPE3BBIYAMHO AKTUBHOE BEIIECTBO: OH COCIUHSIETCS C
OYEeHh MHOTUMHU XMMHUYECKHUMH JIEMEHTAMHU, €CJIM HE CKa3aTh, 4TO cO BceMU. OH MEpPBBIM CTOUT B
Tabnuie MenaeneeBa, u ero aroMHas Mmacca paBna 1,0079.

[Tocne oOmux ¢GU3MYECKMX M XUMHUYECKHX XapaKTepucTUK (Oosiee moapoOHO O HHUX MBI
OyZeM TOBOPHTH AAJIbIIIEe) MMOCMOTPUM Ha BOJOPOJ C TMO3UIMHU A(HUPHON TEOpHUH; HAC WHTEPECYET
KoH(uUrypanus ero aroma — ero TonoJyiorus. O ToMm, 4YTO aTOM BOJOPOAA MPEICTABIIAET COO0H TOp
¢ Bpamfaromieics 0007109kor, MbI y)ke 3HaeM. [IIHyp Topa cocTOUT Kak ObI U3 COOCHO COOpaHHBIX
AJIEKTPOHOB, a AJIEKTPOH MPEICTaBIIIET cOO0W Oeraromue 1mo Kpyry Apyr 3a APYyroM TpH dOUPHBIX
mapuka. 3HauuT, B CEYEHUH LIHYpa TOpa — TPU TaKUX IIapHKa.

A CKOJBKO IIApUKOB BO BceM artome Bojopona? Iloncuumrars He TpyaHO: U3 (U3UKH HaM
M3BECTHO, UYTO aToM Bojopona B 1840 pa3 Tspkernee SJ€KTpOHA, a B DJIEKTPOHE — TPU IIAPUKA;
3HauuT, Bcero — 5520 mapukoB. [IpaBna, B Toi ke (HU3MKE WHOTJA YKa3bIBAETCS, YTO aTOM
BOJIOpOJIa TsDKEJIee AJICKTPOHA Bcero Juib B 1863 pa3; u Torma B HeM Oyner yxke 5508 apupHbIX
mapukoB. Ho BcTpeuaeTcst 1 Takoe: 3JIEKTPOH Jierdye mpoToHa (siapa atomMa Bojopoaa) B 2000 pas;
3HaunT, — He 5520 u He 5508, a 6000 mapukos (?).

KoMMeHTupyst 9T pacxoxkAeHHUs, MOXKHO ObUIO Obl COCNaThCsl HA HETOYHOCTH (DPU3MUECKUX
OTIBITOB U BBIYMCIIEHUI: geckaTh, 2000 — mpu rpydom okpyrienuu, 1840 — Goiiee TouHo, 1836 —
coBceM TO4HO. Ho, oTTankuBasice oT 3(UPHON TEOPHH, MBI TETEPh 3asBJSEM, UTO TOUYHBI BCE TPU
yucna, u 6ojee Toro — JAeHCTBUTENIbHBINA pa30poc MHEPLMU aToMa Bojopoaa HamHoro mupe. (Ho
P BCE MIUPOTE OTKIOHEHUHN MHEPLHS KOHKPETHOTO aTOMa MOXET OBITh TOJBKO CTPOTO KpaTHOU
WHEPLUHU 3JIEKTPOHA — TaK yX YCTPOEH IIHYp TOpa; a MHEPLHMs SJIEKTPOHA, B CBOIO OYEpEb,
HEU3MEHHA: 3TO — TPU OETAIOIIUX C MOCTOSHHOM CKOPOCTHIO IIApHKA.)

Y aroma BoJOpOAa €CTh MHHHUMAIBHBIA pa3Mep, MEHbIIIE KOTOPOTO OH HE MOXKET OBITh.
Omnpenensiercsa 3TOT HAUMEHBIINM pa3Mep Topa yOpYyrocThlO IIHYpa, a OHA, B CBOK OYE€pelb, —
M30BITOYHOHN TUIOTHOCTBIO OKpysKatoiero a¢upa. KakoB on — 31oT pasmep? TpynHo ckazaTh, HO,
BBIOMpAsi U3 YIIOMSHYTBIX TPEX YMCEJ, MOXKHO OCTAaHOBUTHCS HA MUHUMAIBHOM, TO €cTh Ha 1836;
peallbHO, KOHEYHO, 3TO YHCJIO elle MEHbINe: MOXKeT ObITh Jaxke rae To okosio 1800. Ja aTo u He
BA)KHO: ThICSYa BOCEMBCOT TaK ThICAYa BOCEMbCOT; OCTAHOBUMCS Ha 3TOM.

W BoT, HauMHas C THICSYM BOCBMHUCOT, HaBEPHsSKA €CTh aToMbl ¢ yuciaoM 1801, u ¢ yuciom
1802, u ¢ uncnom 1803, u Tak nanee BIUIOTH A0 ... (?), HO BEpXHEro mpejesna MOYTH YTO HET: aTOM
BOJIOPOJIa MOKET OBITh TSDKENee AJIEKTPOHA M B TPU THICSIUM pa3, U B YETHIPE, U B MATh THICSY, U



naxe Oojee, MOKAa HE TMPEBPATUTCS B aTOM TelusA. ODTUM OOBSACHSAETCS TO, YTO Y BOJOpOJa
oOHapyXeHbl M30TOIBI: MPOTUH, AEHTepuil, TpUTHII ¢ atroMHbIMH Becamul, 2 u 3. TOJBKO MBI
TENeph 3asBISIEM, YTO MX — HU30TOIOB BOJAOPO/Ia — B JCHCTBUTEILHOCTH HE TPH, a 00Jiee 4eThIpex
TBICAY; U TO, YTO OHHM OKa3aJIHCh Pa3OMTHI BCETO JHIIb HA TPU YKA3aHHBIX TPYIIIbI, TOBOPUT O
rpy0OCTH METO/I0B COPTUPOBKH.

BHyTpeHHuil nuamMeTp HauMEHbBIIErO0 aroMa BOJOpPOJa — MPOTHSI — MOYKHO OIPENENIUTb,
3Has, 4YTO TIO OKpPYXHOCTH pacnojioxkensl 1800 3(uUpHBIX IIApUKOB; CIEIOBATEIbHO, OH
npuOim3nuTenbHo paBeH 570 auameTpoB mapukoB. (31€Ch YMECTHO OTMETHTh, YTO THAMETP
3QUPHOrO IIApUKA, WM TMPOCTO — INAPHK, SBISETCS aOCONIOTHOH Mepoil JumHbL) Takoi
NPUOJIM3UTENBHBIA pacueT HE YUUTHIBAET JBa OOCTOSTEIHCTBA: BO-TIEPBBIX, COCEIHUE IIAPUKH HE
BBICTPAaNBAIOTCS B JIMHUIO, @ CMEIIEHBI JAPYr OTHOCUTENBHO ApYyra, TO €CTh B CBOEM BpAaLICHUU
COCETHUE CTPOEHHBbIE (JIEKTPOHHBIE) IIAPUKU CIABUHYTHI HAa HEKOTOpYI0 a3y, a BO-BTOPBIX,
IIapUKY Ha BHYTPEHHEM JuameTrpe Topa ciaedopMupoBaHbl. OOGe 3TH NONPaBKU YMEHBIIAIOT
JNEUCTBUTENBHBIN AHaMeTp, MO3TOMY OyAeM cuuTarh, yTo uuciao 570 kak Hambosee TouHoe. B
JalbHENIeM Hac OyleT MHTepecoBaTh HAUMEHBUINN paauyc U3ruda IIHypa Tejaa aTOMOB, U OH,
clIeIoBaTeNbHO, OyJeT paBeH 285 3(hupHBIM IIapUKaM.

[louemy TOp cTpeMuTcs NpUHATH (OPMYy OBajla, TAHTENM, WIA JaXXK€ BOCBMEPKHU C
nepexiectoM? Beilie Mbl y)Ke OOBACHAIM 3TO; IMOBTOPUM: Bpallaromiasicss o0oJiouka Topa
BO3MYILIAE€T MpUJIeralomuil K Hei 3¢up, u OoJibllie — BO BHYTPEHHEM MPOCTPAHCTBA, YEM BOBHE;
03TOMY 3(UpHOE JaBICHHE CHAPYXKHU OKas3bIBaeTCsl OOJble, YeM BHYTPU; Pa3HOCTH JABIICHUI
CTPEMUTCS CIOXKHUTH TOP; U B MPOTUBOOOPCTBE C YIPYTOCTHIO LIHYpa ONpeAesieTcss OKOHYATEIbHAS
ero (opma.

[IpoTHBOOOPCTBO CXKMMAIOMIEH W YOPYrod CWJI TPU OTCYTCTBUM TPEHHUS TOPOKIACT
HEYCTOMYMUBOCTh (OPMBI; 3TO — YK€ NWHaMuKa. [lake uaeanbHO KPYIJIBIA aTOM TPOTHS HE
COXpPaHSET CBOIO KpYriyio (opMy: OH MOMEPEMEHHO CKUMAETCs B OBaJ TO MO OJHOW OCH, TO IO
MEPIEHINKYIISIPHON K HEH, TO ecTh myJabcupyeT. OBambHBIN TOp 00Jiee KPYITHOTO aToMa CKJIOHEH
MporudaTbcs B TaHTENb; TaHTENb elle Oojiee KPyMHOro aroMa — B BOCBMEPKY, a BOCbMEpKa, B
CBOIO O4Yepe/ib, 3aKPYUHBACTCSl B IMEPEXJIECT; M MOITOMY KaXKIbIH aToM BOAOPOJa HAXOIUTCS B
COCTOSTHUM IYJIbCALIUU.

Jlunamuka (GopM aToOMOB YCIIOXKHSETCS €llleé U TeM, YTO Yy BBITSHYTHIX TOpoB (y oBaia, y
TaHTeNu U y BOCBMEPKHU) Kpasi 3arubaroTcs B CTpPEeMJICHHH CONMM3UTHCS APYr ¢ apyrom. KpuBusna
TaKOro IMOMEPEeYHOro 3aruda TakKe OMPEeNseTCsl YIPYrocThi0 IIHYPOB; MUHUMAJBHBIA paanyc
KPUBU3HBI KOJIEOJIETCS T/Ie-TO OKOJIO TeX ke 285 MIapuKOB: YyTh MEHbIIE WIH UyTh OOJIbIIE; TAKOE
KojebaHue TOXe MpeicTaBisieTcs Kak mynbcanus. CrenoBaTesbHO, KPYIHBIE aTOMbI BOJOpOJa
MyJBCUPYIOT B Pa3HBIX HAMpPABICHHUSIX W, €CTECTBEHHO, C Pa3HbIMH YaCTOTAMM; U 4Ye€M KpYIIHEe
aToM, T€M CJIO)KHEEe M HSHEepruYHee ero KoyieOaHus; 3THM MOXXKHO OOBSICHUTH TO, YTO CaMble
KpYIIHBIE aTOMBI BOJIOpOAa (B palloHe TPUTHSI) CKJIOHHBI K PaJIMOAKTUBHOCTH, TO €CTh K pacraiy.
N3BecTHO Aaxke, UTO yCpeJHEHHOE BpeMs Mojypaciajia TpUTUs cocTaBiseT 12 jer.

[Tynecupytoliue aToMbI BOJOPO1a BO30YXk1at0T BOKPYT ceOs 3dup (CTosIuMEe TEIUIOBBIE MOJIf),
U 3TO BO30YyXKJAEHHE JeNaeT HX MNYHMIHCTBIMH, TO €CTh OONaJalolUMU CHOCOOHOCTBIO
OTTaJKMUBAThCS, HE MPHUOIIKAACh BIUIOTHYIO, OT JAPYrUX aroMoB. [IymmcTOCTh nenaer aToMbI
JMETYYHMH, a B IIeJIOM BOAOPOJ — razoo0pa3HsiM. CoelMHEHUE aTOMOB BOJOPO/a B MOJIEKYIIBI HE
yCTpaHseT WX MyJIbCAllUIO, W TMO3TOMY MOJEKYISPHBIM BOAOPOA (a2 OH yalle UMEHHO TaKUM U
ObIBaeT) — ToXKe razoo0pazeH. CBOM CcTOsTUME TEIUIOBHIE TOJISl aTOM BOJIOPOJIa TEPSIET TOJIBKO B TEX
CilyJasiX, KOrJa COEAMHSETCS B MOJIEKYJbl C JPYTMMHU XUMHYECKUMHU SJIEMEHTaMH U KOTJa €ro
MyJIbCALMS TTOAABIISIETCS MOJIEKYISIPHBIMU CBSI3SIMHU.

B3sitas HamMu Ha BOOpPY)KEHHE TOIOJIOTHS AaTOMOB TIO3BOJISIET OOBIACHUTH (UZHUYECKYIO
CTOPOHY BaJIGHTHOCTH, TO €CTh CIOCOOHOCTH aTOMOB COEIUHSATHCS IPYT C APYroM; B OOIINX YepTax
MBI 00 STOM YK€ TOBOpWUIH. Y aroMa BoAopoja (y MpOTHsi), TO €CTh y TOpa C Bparlaromeics
000JI0UKOI, OgHA U3 JABYX CTOpPOH — Kak OBl TpucaceiBaromas (OHa B caMOM Jele
MIpHUCACHIBAIONIAs ), M BBITJISIIUT OHA KaK BOPOHKA, BHYTPh KOTOPOU yCTpeMIsieTcst 3up; 3TO U €CTh



BAJICHTHOCTb aTOMa: 3TOM CBOEU CTOPOHOM, TO €CTh 3TOM IPUCACHIBAIOIIEH BOPOHKOM, aTOM I'OTOB
IPWINIHYTH (IpUCOCAThCs) K APYTUM aToMaM. Y MPOTHsI IIPUCACHIBAIOLIAS BOPOHKA — HJIEAIBHO
Kpyrjasi, HO 3TO — MCKJIIOUYEHHUE: Yy BCEX JIPYIMX aTOMOB OHAa BBITJISAUT Kak METIsl, U AaXKe y
JeUTepuss U TPUTHUsS OHa OOJIbIIE [OXO0’KA HA IMETII0, YEM Ha KOJbIIEOOpa3HYI0 BOPOHKY, a €CIU
rOBOPUTH TOUHEE, TO, IO KpailHEN Mepe, y TPUTHUS TaKUX ME€TeIb — YK€ IOUTHU JiB€ (Y BOCBMEPKHU
— JIBE TETJIM); a €CJId BOChbMEPKA — C MEPEXJIECTOM, TO €CTh METIU pa3BepHyThl Ha 180 rpamgycos,
TO TOrma oOOpa3yloTcsi JBE€ 3aKOHYCHHBIE TIE€TIM C  [PHCACHIBAIONIMMH  BOPOHKaMH,
PacroJIOKEHHBIMU € Pa3HBIX CTOPOH.

biaromapss HanuuMio y aTroMOB BOJOpOJA IMPHCACHIBAIOLIMX BOPOHOK (BaJIGHTHOCTH), OHHU
MOTYT OOBEIUHATHCA U OOBETUHSIIOTCSA B MApbl, TO €CTh B MOJIEKYJbl. O4eBHIHO, caMOe TIPOYHOE
coeluHeHUe OyJeT BO3HUKATh B TOM Ciydae, KOIJla pa3Mepbl aTOMOB OyIyT COBIAAATh: MPOTUH C
MPOTUEM, JIEUTEPUI C IeUTepreM U Tak nainee. Ho mo Teopun BEPOSITHOCTH TaKUE COBIIAJICHUS —
MaJIOBEpOSTHHI (€Il pa3 B CBSI3U C 3TUM HANlOMHUM, YTO M30TOIOB y BOJIOpOJA HE TpH, a Oosee
YEeThIpEX THICAY); TOITOMY B OOIIEH CBOEW Macce MOJIEKYJBl BOJOpOJa OYyAyT COCTOSITh U3
pa3HOKaIMOEpHBIX aTOMOB, MPOYHOCTh COEAMHEHUS KOTOPBIX — HE CTOJb Bbicoka. OHa Oyzaer
0CNIabJIAThCSA €I1e U OT TOro, YTO Y CIIAPUBLIMXCS pa3HOKaIMOEpHBIX aTOMOB HE OyAyT COBMa/laTh
4acTOThl WX myabcanuil. Ecim gake npeanosoXuTh, YTO MPOU3OILIO IOYTH HEBEPOSITHOE:
COEIMHWINCH a0COJIFOTHO OJIMHAKOBBIE 1O pa3MepaM JBa MPOTHsS, TO U TOTJa MPOYHOCTh HX
coemHeHus He OyaeT aOCOIOTHON: HaBEpHsIKa UX MYyJbcallui OyayT cMeleHsbl 1o ¢ase (Jaxe — B
poTuBo(ase), U 3TO OCIAOUT MOJIEKYIY.

[Tonb3ysich MOMEHTOM, BBICKQXEM MPEINOJOKEHNE, YTO KPYIMHBIE aTOMbl BoJopona (B
pailone neitepust u, TeM OoJiee, B palloHE TPUTHUsS) MOTYT MPUCOENUHATh K cebe Mo JABa MEIKUX
aToMa (TIpoTHs).

Y aroMOoB BOAOPOAA, Kak Mbl CKa3ajM, BAJCHTHOCTb BBIPAXKACTCA B HAIUYUU
IIPUCACBIBAIOLINX BOPOHOK. Y MOJEKYJI 3TH BOPOHKHM HEHTpPAlIM30BaHbl, IMO3TOMY MOJIEKYJa
BOJIOPO/IA, KaK €AMHOE 1IeJI0e, Ka3aJloCh Obl, HEUTpalbHA U K COEANHEHHIO C IPYTUMH aTOMaMH He
JOJDKHA CTpeMUThes. Bee Tak Ha caMoM Jienie M €CTh 32 UCKIIIOYEHUEM OJJTHOTO «HO»: COEITMHEHHBIE
B Iapy NpUOIU3UTEIBLHO OAMHAKOBBIE IO pa3MepaM aToMbl BOAOPOAa OOpasylT HO KOHTYpPY
APYryl0 Pa3sHOBUIAHOCTh BAJIEHTHOCTH — IPHCACHIBAIOIIMI ejo0; ¢ ero MOMOIIBI0 MOJIEKyJa
BOZOPO/a MOXKET MPUCOECIUHATbCA K JPYrUM aToMaM, HMMEIOLUM IOJO0OHYI0 BaJIEHTHOCTD,
HampuMep K aroMaM MeETaJljIoB, co3jaBas TI'uApuibl. Memaromas TakoMy IpUCOECIUHEHUIO
nyJabCcallusi aTOMOB BOJOpPOJAa MOXET ObITh B MOJOOHBIX CIy4asX IOAABIATHCS COCEAHUMHU
aroMamu. C TOMOIIbIO NPUCACHIBAIOIIMX >KEJI000B MOJIEKYJIbl BOJOPOAA JOJDKHBI ObUIM ObI
COEIMHATBCA M MEXAy COOOH, HO MEUIaloT ITOMY BCE T€ € CTOSUME TEIUIOBBbIE IOJIS, TO €CTh
NyIIMCTOCTh MOJIeKYyl. Ecium ke ee ycTpaHUT, HampuMmep 3aMOpaXKMBAaHUEM, TO MOJEKYJIb
JEUCTBUTENFHO HAYHYT COEIUHATBHCS U CO3/1aBaTh TBEpHbIE Tena, U 3TH Tena OyayT o0ianaTh
CBOMCTBAaMHM METAJIJIOB: KOHTYpPHbIE IIpUCACHIBAIOIIME Kejobda UX MOJIEKYa OyayT oOpa3oBBIBATh
HENpepbIBHbIE TOPOXKKH ISl SIEKTPOHOB, a OyrpUCThle MOBEPXHOCTH Tel (Y aTOMOB BOAOPO/Ia HET
IOPSIMBIX Y4acTKOB) OyOyT XOpOIIO OTpaXkaTh CBET W CO3[aBaTh XapaKTE€PHbIH MeTaNIM4eCcKui
6neck. Ho ast Toro, 4yto Ob1 «yCIIOKOUTBE)» aTOMbI BOJIOPOJIA, UX HY)KHO OXJIAZUTh JIO TeMIEpaTyphbl
munyc 259,1 rpanyca Llenbcus.

[TonpoGHee 0 coeAMHEHHIX BOJOPOAA C KOHKPETHBIMU JIPYTHUMHU XUMHUYECKUMU JIEMEHTAMU
Oy/ieM TOBOPUTH ITPH PACCMOTPEHUHU TONIOJIOTMI aTOMOB 3THX 3JIEMEHTOB.

4.2. Tenun

I'enuii 3aHMMaeT BTOPYIO MO3ULIMIO B Tabnuiie MeHeneeBa mnocie Bojiopojia. ATOMHasi Macca
renmus — 4,0026. OH mpencrtaBiseT coOol WHEPTHHIN Ta3 6e3 1Bera. Ero mmornocts — 0,178
rpamM Ha JuTp. CxKIDKaeTcs reuil TpyiHee BCeX M3BECTHBIX ra30B JIMIIb MPU TEMIIEpaType MUHYC
268,93 rpangyca Llenbcust M mpakTUUecKu He oTBepaeBaeT. OxnaxaeHHbIH 10 muHyc 270,98
rpagyca llenbcus remuii mpuoOperaer cBepxTekydecTb. OOpasyeTcss Teiauwii duaiie BCero B
pe3yibTare pacnajaa KpynHbix aroMoB. Ha 3emiie oH pacnpocTpaHeH B MajblX KOJUYECTBaX, HO Ha



CounHue, r1e UJIeT MHTEHCUBHBIN pacnaja aTOMOB, Felusl O4eHb MHOro. Bece 3Tu 1aHHbBIE SBISIOTCS
Kak OBl TAaCTIOPTHBIMHU M XOPOILIO M3BECTHBL.

3aiiMeMcsl TONOJIOTUM Trenusl, W A Hadaja OIpelNeNMM €ro pa3Mepbl. YUuTbIBas, 4YTO
aTOMHAs Macca reJiis B 4eThIpe pas3a OoJIbIlie BOJOPOIHOM, a atoM Bojoponaa B 1840 pa3 Tsokenee
AJIEKTPOHA, MOJYYMM Maccy aroMa renus paBHOW 7360 snekTpoHam; cCleloBaTelbHO, O0IIee
KOJIMYECTBO Y(PUPHBIX MAPUKOB B aTOME T'eliusl cocTaBisgeT npubmusutensHo 22 000; mmHa mHypa
aToMa M JUAMeTp HMCXOIHOTO TOpa COOTBETCTBEHHO paBHBI 7360 m 2300 »pupHBIM HIapHKaM.
UYtoObl 3pUMO TPEJCTaBUTh COOTHOIICHUE TOJIIMHBI IIHypa MCXOJHOTO TOpa aroMa Telvs W €ro
IuaMeTpa, u300pa3uM Ha JMcTe OyMaru pydkoll OKpYKHOCTh auameTpoM B 370 MUIIITMMETPOB, U
IyCTh Clie] OT pyYKH MUMEET LIMPHUHY B OJHY TPETh MWIIMMETPA; MOJIyYeHHas] OKPYKHOCTh JacT
HaM yKa3zaHHOe mpeacraBieHne. OnuH 31eKTpoH (CTpoeHHbIe d(pupHBIe mapuku) OyaeT 3aHUMaTh
Ha HapUCOBAaHHOW OKPYKHOCTH Bcero muib 0,15 MummmeTpos.

CkpyurBaHHME HCXOJHOTO TOpa B 3aKOHYEHHYI0 (GOpMy aromMa Teinus MPOUCXOIUT
cienyomuM odpa3zom. CHavasla OKpYKHOCTh CIUTIOIIMBAETCS B OBaJI, IOTOM — B ()OPMY TFaHTEINH,
Janiee — B BOCBMEPKY, a 3aT€M IETJIM BOCBbMEPKH pa3BepTHIBAIOTCS TaK, YTO BO3HUKAET MEPEXJIECT.
Mexay mpouyum, epexyiecT y 0oJiee KpYIHbIX aTOMOB HE 00pa3yeTcsi, U OOBSICHSAETCS 3TO TEM, UTO
JUIMHA IIHypa y aToMa Tejus MokKa eule He Oojblluas, U IMpU CTPEMIIEHUU CPEJHUX TOUYEK IIHypa
comu3nuTbes — Kpas (IeTyiM) BBIHY)KJEHBl pa3BepHyThcs. Jlamee Kpas H30THYTCSI M Ha4yHYT
cOMMKaThCs.

Jlo 3TOro MOMEHTa TOTOJIOTHSI aTOMa Tejus, Kak Mbl BHJMM, CXO)Ka C TOMOJIOTHEH aToMma
M30TOIIa BOJIOPOJa — TPUTHS, HO €CJIM y TPUTHUS HE XBaTaJIO CUJI HA 3aMbIKaHUE KpaeB (HE XBaTaJlo
JUIMHBI €r0 MIHypa), TO y Telus NEeTIM HAJBUTAIOTCA OJHA Ha JAPYIryl0 M TakKuM 00pazoM
3aMbIKaoTca. [[mst Toro, 4toObl yOeOuThCs B HAACKHOCTH COEAUHEHMsS IETelb, JOCTaTOYHO
MPOCIEANUTh 3@ PACIOJNIONKEHUEM HMX TNPHUCACHIBAIOIIMX CTOPOH: y BHYTPEHHEW METiIu OoHa Oyner
CHapyXXH, a y BHEITHEW — U3HYTPH.

Tomnonoruio aToMOB O4YeHb YIOOHO MPEJCTABIATH B BHJIE€ MPOBOJIOYHBIX MOJEINEH; ISl 3TOTO
JOCTaTOYHO HCIOJB30BaTh B MEpPY VYIPYIyl0, HO JOCTATOYHO IUIACTUYHYIO IMPOBOJIOKY. ATOM
BOJIOpPOJIa M300pa3uTcs B BUIE OOBIYHOTO KOJIbLIA. YBEIMYUM JUIMHY KycKa MPOBOJIOKH B YEThIpE
pa3a (BO CTOJIbKO pa3 aToM Trelivs TsDKelee aToMa BOJOpOjJa), CBEPHEM €ro B KOJBIO, CIaseM
KOHIIBI ¥ IPOJEMOHCTPUPYEM IPOIIecC CKPyYUBaHMsI aToMa renus. [Ipu ckpyduBaHUU MBI JOJIKHBI
MOCTOSIHHO TOMHUTB, 4YTO pajuychl THOKM HE JOJDKHBI OBITh MEHBIIE pajguyca KoJblia,
MIPEJICTaBJISAIONIero co00il aToM BOAOPOJIA; 3TO KaK Obl YCIIOBUE, 33]aBA€MOE€ YIPYTOCThIO IIHYpa
— TOpOBBIX oOoJsiouek. (B Harype, HaMOMHMM, MUHUMAJBHBIN paguyc paBHsUICS 285 3hUPHBIM
mapukam.) [IpuHATEIHE MUHUMaIBHBINA paguyc THOKHM OMpeesnsieT TOMOJIOTHIO0 BCEX aTOMOB; U €llle:
CIIEJICTBUEM OJIMHAKOBBIX PAaaUyCcOB THOKHM OyIyT OJMHAKOBBIE pa3Mepbl MPUCACHIBAIONINX METEIh
(cBOero poja — MX CTaHJAPTU3ALMS), U MOITOMY-TO OHU O00Opa3yl0T YCTOWYMBYIO BaJIEHTHOCTb,
BBIPOKEHHYIO B CLIOCOOHOCTH COEMHSATH Pa3IUYHbIE aTOMbI MEeXIy coOoi. Eciu Obl netinu umenu
pa3IUyYHbIE pa3Mephl, UX COEAUHEHUE ObUIO ObI MPOOIEMATHUHBIM.

JloBonsi mpolecc CKpY4YMBAaHHS TPOBOJIOYHOM MOJENM aromMa Teiaus A0 KOHIA, MbI
0OHapyXHM, YTO COCAMHEHHbIC BHAXJIECT METIU HAJBUHYTHI OJJHA Ha IPYT'yI0 HE 110 ynopa. TouHee
TOBOPS, OHU MPEANOWIN ObI 3aKPYTUTHCS €Ile Aajbllle, HO HE IMyCKaeT YIPYrocTh IIHypa, TO €CTh
yCIIOBHE€ MUHUMAJIBHOTO paauyca. M mpu BCAKOW MOMBITKE METEIb MPOJBUHYTHCS HAaBCTPEUY €lle
Janblie YIpyrocTh MIHYpa OTOPOCUT WX Ha3ad; OTCKOYUB, OHU CHOBA YCTPEMSITCS BIEepel, U CHOBa
yIPYrocTh OTOPOCUT WX Ha3ald; MPU 3TOM aTOM Telus OYAET TO CheXKUBATHCS, TO PACIyCKAThCA, TO
€CTh BO3HMKaeT mynbcanus. [lynbcanus, B CBOIO o4Yepe/ib, MOPOJIUT CTOSUYEE TEMIOBOE MOJIE BOKPYT
aToMa M CIENAeT €ro MyIUCThIM; TaK Mbl IPUILLIM K BBIBOJTY, YTO M€JIUA — ras.

Ha ocHOBaHWMM TOMOJIOTUM MOKHO OOBSICHHTH W Tpodne (QU3NUecKue W XUMHUUYECKUE
XapakTepUCTUKU renus. O ero MHEPTHOCTH, HAlmpHUMEpP, FOBOPUT TO, YTO €ro0 aTOMOB HET HHU
OTKPBITHIX TMPHUCACHIBAIOIINX TETeIb, HU MPHUCACHIBAIOIINX KEJI0O0B: OH HE CHOCOOEH BOOOIIE
COEIMHATHCS C APYTUMU aTOMaMu, TIO3TOMY — BCErJla aTOMapeH U MPaKTUYECKU HE OTBEPJICBACT.
[[BeTa renuii He UMEET MOTOMY, UTO Y €r0 aTOMOB HET MPSMBIX «3BYYalIUX» YYaCTKOB LIHYpPOB; a



CBEPXTEKYUECTh Y HETO BO3HUKAET BCIIEJICTBUE BCAKOTO OTCYTCTBUSI BS3KOCTH (CIMIIAHUE aTOMOB),
OKpYTJION (OPMBI U MAJIOTO pa3Mepa aToMa.

Kak u y Bojtopo/ia, y reiust aroMbl HE IMEIOT OJIHOTO pa3Mepa: OJHU U3 HUX OOJbIle, Apyrue
— MEHbIIIE, a B 00I1IeM OHM 3aHUMAIOT TIOYTH BCE BECOBOE MPOCTPAHCTBO OT BOJIOPOJA (TPUTHUS) JI0
CJIEYIOIIETrO 3a TeJIMEM JINTUS; MEHEE IIPOYHbIE U30TOIIbI I'€lINs, KOHEUHO, JaBHO YK€ pacHalluch,
HO U CYILLECTBYIOIIMX B HACTOSIIEE BPEMsI MOKHO HaCUUTATh HE OJIHY COTHIO.

B tabnuue Menneneea renui jtydilie pacrosnaraTb HE B KOHIIE IEPBOro MEpUO/ia — B OJJHOM
psAay C BOJOPOJAOM, a B Hayajle BTOPOrO IMEpUoJa Mepesa JUTHEM, NOTOMY YTO €ro aTroM, Kak U
aTOMbl BCErO0 ATOr0 IMEpUOJa, IPEACTaBISET COO0M OJUHOYHYK) KOHCTPYKLMIO (OAMHOYHBIN
KIIyOOYeK), B TO BpPEeMs KaK aTOM CIIEAYIOIIEro MHEPTHOTO Ta3a HEOHA BBITVIATUT YK€ B BHJE
CHapEHHOM KOHCTPYKLUH, IOXO0KEN 10 3TOMY IIPU3HAKY Ha aTOMBI TPETHETO MEPHO/IA.

4.3. NNutun

Jlutuit 3aHUMaeT TpeTHit Homep B Tabiuile MeHeneeBa; ero atToMHasi Macca paBHa 6,94; oH
OTHOCHUTCA K HIEJOYHBIM MeTauiaM. JINTHil — caMblil JIETKMHA U3 BCEX METAJIOB: €ro IJIOTHOCTh
cocraBnser 0,53 rpamMma B canTuMmeTpe KyOmdeckoM. OH cepeOpuCTO-0enoro 1sera, ¢ SIpKUM
METAJUTMYECKUM OsieckoM. JIUTHUII MATOK W JIETKO pexeTcss HokoM. Ha Bo3zmyxe oH OBICTpO
TYCKHEET, COCIUHSACHh € Kuciaoponom. Temreparypa ruiaBiaeHus JuTus paBHa 180,5 rpamyca
Henpcusa. M3BeCTHBI M30TONBI JIMTHSI ¢ aTOMHBIMU Becamu 6 u 7. IlepBbIil H30TON MCHOJB3YETCS
JUTSL TIOJYYeHHST TSDKEJIOr0 M30TOTa BOJIOpOJa — TPHUTHS; IPYrod M30TOI JIMTUSI UCIIOJIB3YeTCS B
KaueCcTBE TETUIOHOCUTENS B KOTJIAxX SIACPHBIX PEaKTOpPOB. TakoBBI 00MHUE (PU3UKO-XUMHYECCKUE
JTAHHBIC JINTHSL.

Tonosorvuio aTOMOB JIMTHSL HAYHEM OIISITh K€ C YACHEHHs pa3MepOB UCXOJHOIO Topa. Tenepp
MBI 3HA€M, YTO y KaKJIOTO XUMHUYECKOTrO 3JIEMEHTa, U B TOM UYHCJE Y JIUTHUS, CYILECTBYET OO0IbIIOE
KOJIMYECTBO H30TOIOB, M3MEPSEMOE COTHSAMHU U ThICSYaMU; MOATOMY pa3Mepbl aTOMOB Oylem
YKa3bIBaTh OT ... U 0 .... Ho 4TO 3Hauat 3tu npenensi? MoXHO U UX ONpeaeuTh TouHo? Mnu
OHU YKa3bIBAIOTCS MPUOIU3UTENBHO? I KaKOBO KOJMYECTBEHHOE COOTHOIIEHUE M30TONOB? Cpa3y
CKa)XeM: OJHO3HAYHBIX OTBETOB Ha IOCTaBJIEHHBbIE BOMPOCHI HET; BCAKHI pa3 HE0OX0AUMO
BHEJPSTHCSI B KOHKPETHYIO TOMOJIOTHIO aTOMOB. PazbepeMcs B 3TUX BOIpocax Ha MpUMepe JTUTHSL.

Kak MbI 3aMeTnnu, nepexoa OT NPOTUS K TEJIUI0 C TOYKM 3PEHUs TOMOJOTHHM MPOUCXOAUT
IJJAHOMEPHO: C YBEJIMUYEHHUEM pa3Mepa UCXOJHOTO TOpa —[MOCTENEHHO M3MEHSETCS OKOHYATEJIbHAs
KoH(purypauust aromoB. Ho ¢usnyeckne u, 0COOEHHO, XMMHYECKHE CBONCTBA aTOMOB IpHU
mepexo/ie OT MPOTHUSl K TeHI0 U3MEHAIOTCS 0ojiee YeM CYIIECTBEHHO, CKOpee — paJUKaIbHO: OT
BCeoOIIel TPUTATATEILHOCTU MPOTUS 0 MOJHOW MHEPTHOCTH renus. ['1e, Ha KakoM U30TOIEe 3TO
MPOU3OIILIO?

[TogoGHBIE CKayKW CBOMCTB CBSI3aHBI C Pa3MEPHBIMHU CKayKaMU H30TOINOB. bonbiioil atom
BOJIOpOJia (TPUTHIl), MPUOOPETAIONINI OYepTaHUsl aTOMa Tellvs, OKa3bIBaeTCs PaAMOAKTUBHBIM, TO
€CTh HENPOYHBIM. BBI3BaHO 3TO T€M, UTO €ro 3arHyThle Kpas MeTelb HE TOCTUTAIOT APYT Apyra, u
MOXHO TPEICTaBUTh, KAK OHU TPENBIXAKTCs, YCTpEeMJIEHHbIE HaBcTpedy. OHU HAlIOMUHAIOT PYKU
IBYX JIIOJEH B pacXOAIIMXCS JOJKaX, OECCUIIBHO CTPEeMAILIUXCS IOTSIHYTHCS M CIETHTHCS.
Buemnee s¢upHOoe naBneHue OyaeT MaBUTh HA KOHCOJHU TPEMBIXAIOIIUXCS TMETENb aTOMOB TaK
CWJIBHO, YTO 3TO J0 100pa He IOBEJET; MOJIYYHMB CO CTOPOHBI Jake HEOOIBIIOE AOMOJHUTEIHHOE
C/IaBIIMBaHUE, KOHCOJH OTIOMSTCS — HE BBIJEPKAT KPYTOTo M3ruda MIHypa, U aTOM pa3pylIuTCs;
Tak OHO M mnpoucxoaut. I[losToMy MOXKHO cCKa3aTh, YTO CpE€IM M30TOMOB HAa TpaHUIAX
CYIIECTBYIOMIUX (PU3UKO-XUMHUYECKHX MEPEX0A0B HAOIIOAAIOTCS MPOBAJbl: TaM M30TOMOB MPOCTO
HET.

[TonoGHBII TIPOBaAJ CYIIECTBYET MEXKY T'eIMeM U JTUTHEM: €CIU aTOM — YK€ He Telluid, HO
elle He JIMTHUI, TO OH HEMPOUYEH, U €r0 YK€ TaBHO B 3€MHBIX YCJIOBUAX HET. [loaTomMy n3oTom nutus
C aTOMHBIM BECOM, PaBHBIM MIECTH, TO €CTh C JJIMHOW ImHypa Topa B 11 3(UPHBIX HIAPUKOB,
BCTpEUYaETCsl OUEHb PEAKO U, KaK ObUIO CKa3aHO, UCTIONB3YETCs AJIS MOJy4EHUS] TPUTHUS: €ro JIETKO
pazopBaTh, yKOPOTUTH U MOJIYUYUTh B pe3yIbTaTe U30TON BOJOPO/IA.



Takum 00pa3zom, Mbl, BpOJe, ONPEACTUINCH C HAUMEHBIIMMH pa3MepaMH aToMa JIUTHS: ITO
— 11 cBsi3aHHBIX 3J€KTPOHOB. UYTO € Kacaercsi €ro BEPXHEro Ipeneia, TO TYT BO3HHMKAET
HEKOTOpasi 3arBO3/Ka: JIEJI0 B TOM, YTO, COIJIACHO TOMOJIOTMH, aTOM JIUTHS HE HMMeEET O0COOBIX
OTIIMYMIA OT aToMma CJCAYIOUIEro 3a HUM Oepwuids (MbI B 3TOM CKOPO YOEIHUMCS), U MEXKIY
M30TOMAMHM TOTO M JAPYroro 3JIEMEHTOB HET HUKakoro mnpoBana. [loaToMy mnoka HE CTaHeM
yKa3bIBaTh BEPXHUH IIpeJeNl pa3zMepa aroma JIUTHSL.

[Ipocnenqum 3a ¢dopmooOpa3oBaHueM atoMa JUTHA. VICXOQHAS OKPYKHOCTh TOJIBKO YTO
BO3HHUKILIETO MUKPO3aBUXPEHHUS C YKa3aHHBIMU BBIILIE pa3MepamMu OyJeT CTPEMUTCS PEBpaTUTCS B
OBAJI; TOJBKO Y JIMTHS OBaJl — OYEHb JUIMHHBIA: MPUOIU3UTENBHO B 8 pa3 JIMHHEE AHaMeTpa
KOHIIEBOTO 3aKpyriaeHus (Oyaymien MmeTiin); 3T0O — OYeHb BHITSHYTHIN oBasl. Hayasio cBepThiBaHMs
aToMa JINTUS TIOXO0XKE Ha TaKoe jK€ Hayajo y OOJBIIMX aTOMOB BOJOPOJA U y TEHs, HO JajibIle
MIPOUCXOJUT OTKJIOHEHHE: BOCbMEpPKA C IIEPEXIIECTOM, TO €CTh C Pa3BOPOTOM I1€TENb, HE BO3HUKAET;
JanpHelee cOMMKEeHNe UIMHHBIX CTOPOH (IIHYpOB) OBajia JI0 IMOJIHOTO HUX CONPUKOCHOBEHHS
COMPOBOXKIAETCSA OJTHOBPEMEHHBIM 3ari0OM KOHIIOB HABCTPEUyY APYT APYTY.

[Touemy He oOpa3yeTcst BocbMepka ¢ nepexiectoM? [Ipexe Bcero noromy, 4To oBajl OYEHb
JUIMHHBIN, ¥ J1a)Xe €ro IMOJIHBIM Mporud B raHTEN0 1O CONPUKOCHOBEHUS LIHYPOB B CEpEMHE HE
BBI3BIBAET UX CHJIbHBIX MU3THO0B; MO3TOMY IOTEHIMS Pa3BOPOTa KpallHUX MeTelb — OYEHb ciadasl.
A BO-BTOpBIX, pa3BOpPOTY B KaKOW-TO CTENEHU MPOTHBOJCHCTBYET HAuaBIIMWCA 3aru0 KOHIIOB
oBana. J[pyrumu cioBamMH: aKTHUBHBIH MOMEHT CHJI, CTPEMSIIMICS pa3BepHYTh KOHIIEBbIE METIIH,
OYEHb MaJl, a MOMEHT COIPOTUBJIEHHS Pa3BOPOTY — OOJIBILIOMN.

JUis  HarnsAHOCTH  BOCIOJIB3YEMCSI PE3WHOBBIMU  KOJIBLIAMH, HAmpuMep TEeMH, 4YTO
MPUMEHSIOTCS B YIUIOTHEHHUSX MamuH. Eciau mepexxumarh KOJIBLIO MaJloTo JHaMeTpa, TO OHO
00s13aTeIbHO CBEPHETCSI B BOCBMEPKY C TIEPEXJIECTOM; a €CIHM BbIOpaTh KOJBIO OOJBIIOTO
JaMeTpa, TO €ro NepeXuM A0 MOJTHOTO COMPUKOCHOBEHMS IIIHYPOB Pa3BOPOT KOHIIEBBIX METEINb HE
BbI3bIBaeT. K CI0BY: 3TH pe3nHOBBIE KOJIbIIA TAK)KE OUEHb YIOOHBI U MOJCIUPOBAHUS TOMOJIOTUN
aTOMOB; €CJIM, KOHEYHO, UIMEETCSl UX UITUPOKUN HAOOD.

3aru® KOHIIOB OBajia BBI3BIBACTCA, KaK MbI YK€ 3HaeM, BO3MYILEHHUEM 3(hupa MEXIy HUMHU:
YyTh-4yTh CTPOHYBIIMCH C HACAIbHO TMPAMOTO TIOJOXKEHHUS, OHHM YXKE€ BBIHYKICHBI OyIyT
cOMMKaThCs 10 TOJHOTO CONPUKOCHOBEHHS. 3HAUMT, B pa3Hble CTOPOHBI KOHIIBI OTrHOAThCS HE
Moryt. Ho ¢ HanpaBneHuem 3aruba y HUX €CThb BbIOOD: MO0 Tak, YTO MPUCACHIBAIOIINE CTOPOHBI
KOHILIEBBIX METEJIb OKaXYTCS CHapY»Ku, Tu060 — u3HyTpu. [lepBoiii BapuaHT OoJjiee BEpOSITEH, Ta Kak
MOMEHT OT CHJI OTTaJKHWBAaHUS BpAIAIOIIMXCS O0OJOYeK ILIHypa OT mIpuieraromero 3gupa Ha
BHEIIHUX TOUYKAX MeTesb OyneT 00Jbliie, 4eM Ha BHYTPEHHHUX.

Commxkaromuecs: 00KOBbIE CTOPOHBI OBaJla OYEHb CKOPO BOIY B CONPUKOCHOBEHUE, CMbIUKA
LIIHYPOB PACIPOCTPAHUTCS OT LIEHTPAa K KOHLAM M OCTAHOBUTCA TOJIBKO TOrJa, KOrJa Ha KOHLAX
OKOHYATEJIIbHO C(OPMUPYIOTCS TETIM € MUHHUMAIbHO JOMYCTUMBIMH paJuycamMu H3ruoa.
OAHOBpEMEHHO MPOUCXOJAIINE 3aru0bl U B3aUMHOE COJNMIKEHHE JTHX TeTeNb NPUBOIAT K
CTOJIKHOBEHHUIO MX BEPIIMH, MOCIE YEro B JIEJ0 BCTYMAKOT MX IPHUCACHIBAIOUIME CTOPOHBI: IMETIIH,
MIPHUCACHIBAsCh, HBIPSIOT BIUIyOb; W 3aBeplIaeTcs mnpoiecc (GopMHpPOBaHHUS KOHPHUTypaluu aToMa
JIUTUA TEM, YTO CMECTUBLIMECS METIN YIUPAIOTCS CBOUMMHU BEPIIMHAMU B CIIAPEHHBIE LIHYPHI POBHO
[0 LEHTPY KOHCTpYKIuH. OTHaleHHO Takas KOH(UIypalus aToMa HallOMHMHAET CEepAEUYKO HIIH,
TOYHEe, 10JI0KO.

HanpammBaercst cam co0oii epBbIii BBIBOA: aTOM JIMTUSI HAUWHAETCS TOTJa, KOT/1a BEPIINUHBI
CHApUBILINXCS IEPBUYHBIX I€TENb, HBIPHYBIIME BHYTPb KOHCTPYKIMM, AOTSAHYTCS O LIHYPOB
cepeluHbl aToMa. A JI0 TOro ObLI ellle He JIMTHi, a KaKOW-TO MHOM 3JIEMEHT, KOTOPOTo Teneph yxke
HEeT B IPHUPOJE; €ro aroM ObUI KpailHe HEyCTOMUYUB, OYE€Hb CHUJIBHO IMYJIbCHPOBAJ, OBLI MO3TOMY
NYIIUCTBIM M OTHOCWJICA K Ta3aM. Ho M aroM camMoro HayajJbHOTO H30TOMNA JUTUS (MBI €ro
onpenenuian coctosmuM u3 11 000 cBA3aHHBIX 3JEKTPOHOB) TOXKE MOIy4aeTCss He OUeHb MPOYHBIM:
panuychl u3ruba ero mereiab — MpeJeNbHble, TO €CTh YIPYTrue LIHYpbl U30THYTHI 10 Ipezena, u
IIPU BCSKOM BHELIHEM BO3/JIEMCTBUU OHHM TOTOBBI JIOMHYTh. Y 0oJiee KPYMHBIX aTOMOB 3TO cllaboe
MECTO YCTpaHAETCS.



[IpencraBnsiss Mo pe3yiapTaTaM TOIOJIOTHM 00pa3 aTomMa JUTHS, MOXHO OLEHHTH TO, YTO
noJlydyusiocb.  /IBe  mepBUYHBIE METIM  3aMKHYJIUCh W HEHTPAIM30BAINCH,  TaKKe
HEHTpaIM30BaHHBIMH OKa3aJIUCh BTOPHYHBIC METIU MO 00€ CTOPOHBI OT MepBUYHBIX. CriapeHHBIE
IIHYpBI CO3JIAJIN KeJo0, M 3TOT JKeN0O HIET MO BCeMY KOHTYPY aToMa — OH Kak Obl 3aMKHYT B
KOJIBLIO, — ¥ €ro MPHUCACHIBAIOIIAs CTOPOHA OKazajach cHapyxu. OTCIofa CIEeAyeT, YTO aTOMBbI
JUTHS MOTYT COCIUHATHCS M MEXIy COOOH M C JPYTMMH aTOMaMH TOJBKO C MOMOIIBIO CBOMX
MIPHUCACHIBAIONINX JKEJI000B; IMETIIEBOE MOJIEKYJSIPHOE COCJMHEHHE aToM JUTHS 00pa3oBaTh He
MOJKET.

CuibHO BBINTYKIIBIE MPHUCACHIBAIONINE Kelo0a arOMOB JHMTHUS MOTYT COCAMHSATHCS MEXIY
cO0OH TOJILKO HAa KOPOTKUX YYacCTKaX (TEOPETHUECKH — B TOYKAX), U TIOATOMY MPOCTPAHCTBEHHAS
KOHCTPYKIIUSI M3 COCTUHHBIIUXCS MEXIy CO0O0W aTOMOB JIMTHS TOJIy4aeTcs OYECHb DPBIXJION |
pa3pexeHHOM; OTCIO/Ia — MaJjast IVIOTHOCTH JIMTHS: OH TIOYTH B JIBa pa3a Jierde BOJIBL.

Jlutuit — MeTallI; ero METAJUTMYECKHE CBOMCTBA BBITEKAIOT W3 OCOOEHHOCTEH (opm ero
aToMOB. MOJHO CKa3aTh MO-APYroMy: T€ OCOOBIE CBOWCTBA JIUTHS, KOTOpBIE OOYCIOBIICHBI
0co0bIMH (hopMaMH €r0 aTOMOB M KOTOPBIE AETAI0T €ro HEeIMOXOXUM (PH3MUECKH M XHMHYECKH Ha
JpyrUe BEeUecTBa, Ha3BaHbl METAJUTHIECKUMH; PACCMOTPUM YacTh U3 HUX:

*  JIIEKTPONPOBOJHOCTH: OHA BO3HHWKAET 10 TOW TMPHUYMHE, YTO AaTOMBl HMEIOT
KOJIbIIeOOpa3Hylo GopMy M3 CIAPEHHBIX IIHYPOB, CO3JAIONIMX MpHCACHIBAIOLIUE Kejo0a,
OTKPBITBIE HAPY)KY, OXBaTBHIBAIONINE aTOMBI 0 KOHTYPY W 3aMbIKalONIMeCs caMd Ha cele;
AIIEKTPOHBI, MPIWIHUIIIHE K STHM JKEI00aM, MOTYT OECHpEersTCTBEHHO MepeMemaThCcsi M0 HUAM
(HarIOMHUM eIIe pa3; 4TO TPYIHOCTH BO3HHKAIOT MPH OTPHIBE IEKTPOHOB OT aTOMOB); a TaK Kak
aTOMBI COEIMHSIOTCS MEXKIy COOON TeMH XK€ JKeI00aMH, TO Yy AJIEKTPOHOB €CTh BO3MOXHOCTb
MepecKakuBaTh C aTOMa Ha aTOM, TO €CTh CMEIIATHCS 110 Tely;

* TEIIONPOBOJHOCTb: YIPYrO-HU30THYThIE LIHYphl aTOMa 00pa3yloT Ype3BBIYAWHO KECTKYIO
YOPYI'yH0  KOHCTPYKLHUIO,  KOTOpas  MNPaKkTHUECKH  HE  IOMIOIAeT  HHU3KOYaCTOTHBIE
KPYIHOAMIUIMTYJHbIE (TEIUIOBBIE) YAAPbl COCEHUX aTOMOB, a MepelaeT X Jalblie; U eclu Obl He
ObUIO B TOJILIE aTOMOB BCEBO3MOKHBIX HapylIEHHH B MX KOHTaKTax (IUCIOKALMi), TO TEIUIOBas
BOJIHA PaCpOCTPaHATIAch Obl C OTPOMHON CKOPOCTBIO;

* Oneck: BBICOKOYACTOTHBIE MAaJOAMIUIMTYJHBIC YAapbl CBETOBBIX BOJH 3(Upa JErKo
OTPaKAIOTCSl OT HANpPSHKEHHO M30THYTHIX IIHYPOB aTOMOB U YXOIAT HPOYb, MOAYMHSSCH 3aKOHAM
BOJIHOBOT'O OTPaXCHUSA; y aToMma JMTUS HET NPSAMBIX YYacTKOB IIIHYpOB, MO3TOMY y HEro HeT
COOCTBEHHOIO  «3BYYaHHUs», TO €CTb HET COOCTBEHHOro IIBe€Ta — JIMTHMH M[O3TOMY
cepeOpucTo-0embIii C CHIIBHBIM OJIECKOM Ha cpe3ax;

* IUTACTUYHOCTB: OKPYIJIbI€ aTOMBI JIMTUSA MOTYT COEUHSATHCA MEXY COOOH KaK yroJHO; OHU
MOTYT, HE pa3pbIBasiCh, 0OKATHIBATHCA APYT IO JIPYTY; U 3TO BBIPAXKAETCS B TOM, YTO TEJIO U3 JIUTHS
MOJKET MEHATh CBOIO (pOpMy, He Tepsisi CBOEH LIeIOCTHOCTH, TO €CTh ObITh IJIACTUYHBIM (MSATKHM); B
pe3yibTare JUTHI pexxercst 6e3 0co00ro Tpya HOXKOM.

Ha npumepe oTMeueHHbIX (U3NYECKUX OCOOCHHOCTEN JIUTUS MOXKHO YTOUHUTB CAMO TOHSTHE
MeTallula: Memanl ecmb Geujecmeo, cocmoaujee u3 amomos ¢ Kpymo U30SHYMbIMU WHYPAMU,
0bpasyrowuMy  KOHMypHsle npucacvleaiowue xiceioba, OmKpblmvle HAPYHCY; aAmombvl SAPKO
8bIPAIICEHHBIX (WYENIOUHBIX) MEMANN08 He UMEIOM OMKPbIMbIX NPUCACLIBAIOWUX Nemelb U NPAMbIX
UNU NAABHO U302HYMBIX Y4aACmKo8 wiHypos . I103TOMy MUTUH B HOPMAJIbHBIX YCIOBHSX HE MOXKET
COEJIMHUTBCS C BOJIOPOJIOM, TaK Kak aTOM BOJOpOAa MpezcTaBiseT coOoi nermto. VX coenuHenne
MOJKET OBITh TOJBKO TMIOTETHYECKHM: MPU IIyOOKOM X0JIOJI€, KOTJa BOJIOPOJI OTBEPAEBAET, €ro
MOJIEKYJIbl MOTYT COEIUHATHLCS ¢ AaTOMaMU JIMTHS; HO 110 BCEMY BUIHO, YTO UX CIIaB ObLI Obl TAKUM
&Ke MATKUM, KaK caM JINTHH.

320/1H0 YTOYHMM TMOHSTHE IUIACTUYHOCTU: MIACMUYHOCTb MEMAllo8 ONpeoeisiemcs mem,
YUMo ux OKpyaible amombl MO2Ym 0OKAMbIEAMbCs Opye No Opy2y, UIMEHSS 63AUMOPACNON0dNCEHUE,
HO He mepsisi KOHMAaKMbl Mexcoy coO0U .

4.4. Bepunnuun



Bepumii 3aHUMaeT 4eTBepTYIo Mo3uluio B Tadbnauue Menaeneesa. Ero aromnas macca paBHa
9,012. OH npeacraBiseT co00il CBETIIO-CEPhI METAIL C IVIOTHOCTHIO 1,848 rpamMMa B KyOudeckom
CaHTHMETpE U TeMIleparypoll miasieHus 1284 rpagyca Llenbcusi; oH — TBEpABIN U B TO )K€ BpPEMs
xpynkuid. KOHCTpyKIMOHHBIE MaTepuaibl Ha OCHOBE Oepwiuivs O0JaJaloT OJHOBPEMEHHO U
JIETKOCTBIO, M TIPOYHOCTBIO, U CTOWKOCTBIO K BHICOKMM TemnepaTrypaM. CriaBsl Oepuiuius, Oynydu
B 1,5 pa3a jerue amiOMUHHUSA, TEM HE MEHEE MPOYHEE MHOTUX CIEHHAIbHBIX cTanei. CBoo
MIPOYHOCTh OHU COXpaHstoT 10 Temrepatypsl 700 ... 800 rpaxycoB Llenscusa. bepuwmuii croek k
paauanuu.

[To cBouM (u3MUECKUM CBOMCTBaM, KaK BHIHO, OCPUILTHI CHIIBHO OTIMYACTCS OT JIUTHS, HO
10 TOIOJIOTUU aTOMOB OHHU IOYTH HE Pa3IMYMMbl, OTJIMYUE JIMIIb B TOM, YTO aTOM OEpHILIUS Kak
OBl «CIIUT C 3aI1acoOM»: €CIIM aTOM JINTHs HAllOMUHAET TECHBIH KOCTIOM IIKOJBbHHUKA Ha B3POCIOM
YeJIOBEKEe, TO aTOM OepuiLusi, HA00OPOT, — MPOCTOPHBIN KOCTIOM B3pOCJIOro Ha (urype pedeHka.
N30biTOyHAs UIMHHA IIHypa aToMa Oepuiuiisg IpU OJMHAKOBOM KOH(Urypaluu €ro c JUTHEM
oOpa3yer Oojiee NOJIOTHE OYEpPTaHUS C paauycaMy HU3rHMOOB, MPEBBILAIONIUMH MUHUMAaJbHbBIE
KpuTHdeckue. Takoll «3amac» KpHUBHU3HBI y aTOMOB OepMJUIUS MO3BOJSET UX JePOpMUPOBATH
BIIOTH JIO BBIXOJa HA IIPEJIeN U3TMO0B ITHYPOB.

Tomnonornueckoe cX0ACTBO aTOMOB JINTUSA M OEpUILIUS TOBOPUT O TOM, YTO YETKON IpaHUIIbI
MEX1y HUMHU HET; U HEBO3MOXKHO CKa3aTh, KAKOH HAaMOOJBIINUNA pa3Mep UMEET aTOM JIUTHUS U KaKoi
HauMEHbIIMH — aTtoM Oepwiuing. OpUEHTHUPYACH TOJBKO Ha TaOIWYHBIA aTOMHBIM Bec (a OH
yCpeIHSIeT BCe 3HAYEHHS), MOXHO CUMTaTh, YTO IIHYpP CPEIHEro Mo pa3MepaM aroma OepuIuIHs
COCTOUT Mpubnu3nuTenabHo u3 16 500 cBsA3aHHBIX MEKTpOHOB. BepxHuii npeaen pasmepoB aTOMOB
M30TOMOB OEpHIINS yIUpaeTcs B MUHHMAJIbHBIA pa3Mep aToMa CIeAYIOIIero jieMeHta — 0opa,
KOH(UTYpalusi KOTOPOro Pe3KO OTIMYAETCS.

3amac no paguycaM KpUBU3HBI IIHYPOB aTOMOB O€pHILIMSI CKa3bIBAETCS B NIEPBYIO OYepeb Ha
COEJJMHEHUH UX MEXJy cOOOM B MOMEHT 3aTBEpJCBaHMs METa/Ula: OHU NMPUMBIKAIOT IPYT K APYry
y’K€ He KOPOTKMMH (TOYEUHBIMHM) Y4acTKaMH KakK y JIUTHs, a JUIMHHBIMU TI'paHULAMH; KOHTYpPBI
aTOMOB Kak Obl HOJCTpauBarOTCAd ApPYyr MHOJ Jpyra, IeOopMHUpYACh U TNpuieras Apyr K JApyry
MaKCHUMaJIbHO BO3MOKHBIM 00pa3oM; IO3TOMY TaKHE COEIMHEHHMs O4YeHb MpouHbl. CBOIO
YIPOUHSIOIIYI0 CIIOCOOHOCTh aTOMbI O€pUIUINS MPOSBISAIOT U B COGAMHEHUSX C aTOMaMU JPYrux
METaJUIOB, TO €CTh B CIUIaBAaX, B KOTOPbIX OEpUIIMI HCMOJIB3YeTCs B KadyecTBE IPHUCATOK K
TSDKEJIBIM MEeTaJlIaM: 3alloJIHAs MYCTOThl U MPHUCACBIBAACh CBOMMHU I'MOKHMMHU Kel100aMH K aToMaM
OCHOBHOI'O MeTajula, aTOMbl OEpUJUIMS CKPEIUIIOT MX Kak Kied, Aernasl CIlJIaB OYEHb IPOYHBIM.
Otcrona ciefyer, 4ToO HPOUYHOCMb MEMAlo8 Onpeoensemcs ONUHAMU CAUNMUXCA YUACMKO8
NPUCACHIBAIOWUX Jiceob08 amomos : 4YeM JUIMHHee ATH YYacTKH, TeM IpOoYHee MeTalll
Paspymienne MeTamioB NPOUCXOAUT BCETAA MO MOBEPXHOCTU C CAMBIMU KOPOTKHUMM CIMIIIMMUCS
y4acTKaMH.

3amac 1o pajguycaM M3ruda MIHypOB aTOMOB OepHILIHsI MO3BOJISIET UM JieopMUpoBaThes 0e3
U3MEHEHMsI COeIMHeHUH MexIy coOoii; B pe3yibrare aeGopMupyeTcs Bce Tello; 3TO YKe —
ynpyras nedopmainus. Yipyras oHa MOTOMY, 4TO B JHOOOM HCXOJHOM COCTOSIHUM aTOMbI MMEIOT
HauMeHee HalpspkeHHble (opMbl, a Mpu JedGopManuu BbIHYKIEHbl TEpHETb HEKOTOphIE
«HEYyJI00CTBa»; U CTOUT TOJBKO Ae(POPMUPYIOLIEH CUJle UCUE3HYTh, KaK aTOMbI BO3BPATSTCS B CBOU
UCXOJ/IHbIE MEHee HaIlpsbKeHHbIE coCTOsHUS. ClleIoBaTeNbHO, YNpy20Ccms Memaiid onpeoensiemcs
u30bLIMKOM ONUH WHYPO8 €20 amomMo8, NO3GONAWUM UX Oeopmuposams 06e3 UIMeHeHUs.
V4ACMKO8 83AUMHO20 COEOUHEHUS .

C ympyrocteio Oepwiiivsl CBs3aHa €ro KapoMpOYHOCTh; OHA BBIpaXKaeTcss B TOM, YTO
TEIUIOBBIE JBMKEHHS aTOMOB MOTYT MPOUCXOAWTH B TMpeAenax ynopyrux aedopmanuii, He
BBI3BIBAIOIINX HU3MEHEHHE COCTMHEHUI aTOMOB MEX1y COOOM; MOITOMY B OOIIEM HCaAponpouHOCmy
Memanna onpeoensiemcs , Kak U YIPYrocCThb, u30bimKoM OIUH WHypog e2o amomos . CHUKEeHne
MIPOYHOCTH METaJlJIa MPU BBICOKOM HarpeBe 0OBSICHIETCS TEM, YTO TEIJIOBHIE IBIKEHHUS €r0 aTOMOB
YMEHBIIIAIOT YYACTKU COCIMHEHUN UX MEXIY COOOi; a KOrJa 9TH YYaCTKU MOJIHOCTHIO MCUE3aIoT,
MPOUCXOJUT TUIABJICHUE METAJlJIa.



Yupyroctu OepriIus COMYTCTBYET €ro XPYMKOCTh. XPYIMKOCTh MOXET paccMaTpUBaTLCSA B
oOmiemM cimydae Kak aHTHIIOJ IUIACTHYHOCTH: €CJIH IJIACTHYHOCTH BBIPAKACTCS B BO3MOXKHOCTH
aTOMOB H3MEHSTh CBOM B3aUMOPACIIOJOXKEHUS C COXPAaHEHHWEM COCAMHSIIONIMX YYacTKOB, TO
XPYIMKOCTh BBIPA)KAETCs, B IEPBYIO OYEPE/lb, B TOM, YTO y aTOMOB TaKOi BO3MOKHOCTH HET. Besikoe
B3aMMHOE CMEIICHHE aTOMOB XPYIIKOTO MaTepHaia MOXET MPOUCXOJUTh TOJIBKO IMPH TOJTHOM
pa3pbiBe UX CBS3CH; y ITHX aTOMOB HET MHBIX BAPHAHTOB COCTUHEHHH. Y yIPyrux MaTepuaion (y
METAJUIOB) XPYIMKOCTh XapaKTePU3YeTCs CIIe U TEM, YTO OHA — KakK OBl MPBITAroNIas: BO3HUKIIAS B
pe3yibTaTe Ype3MEPHBIX HAMPSHKCHHUA TPEIIHHA ¢ OBICTPOTON MOJIHUHU PACIPOCTPAHSECTCS 10 BCEMY
cedeHuto tena. Jyis cpaBHEHHS: KUPIHY TOJ yAapaMy MOJIOTKAa MOXKET KpPOIIUTHCSA (3TO — TOXKE
XpPYIKOCTh), HO HE packaibiBaThbes. «lIppiraromiasy XpymnmkocTh OepuiUIAS OOBSCHSACTCS TEM, UYTO
€r0 aTOMBI COCTUHEHBI MEX Iy COOOU HE JTydIINM 00pa3oM, U BCE OHH HAIPSKCHBI; M CTOUT TOJBKO
HapYIIUTBCS OJIHOW KAKOW-TO CBS3M, Kak TpPaHUYHBIC AaTOMBI CTPEMHUTEIBHO HAYHYT
«BBITIPIMIISITECSY B yIIEpO COCTUHEHWI CO CBOMMH COCEISIMU; CBSI3M TOCJICIHUX TakKKe HAYHYT
paspymaThCs; ¥ 3TOT TPOIECC MPHUMET IemHo xapakrep. ClemoBaTeNbHO, XPYRKOCMb YNPYeUx
Memainnos 3asucum om cmeneHu oepopmayuii COeOUHEeHHbIX MeHcoy CoO0U amomos u om
OMCYMCMBUsL 803MONCHOCTNU USMEHEHUS C853ell MeHCOY HUMU .

Pagnanmonnasi croiikocTe Oepuiuinsi OOBSCHSETCS BCE TEM JK€ 3allacoM B pa3Mepax ero
aTOMOB: ITHYP aTOMa OCPHIUIMS MMEET BO3MOXHOCTH CIPYKHHHUTH TOJ KECTKUM PaTHAIUOHHBIM
yIapoM, HE JOXOAS JIO CBOSH KPHUTUYCCKOW KPUBHU3HBI, M TEM CaMbIM COXPAHHTHCS
HEpa3pyIICHHBIM.

N Tem xe MOXKHO OOBSICHHTH CBETJIO-CEPHIH IBET OCPHUIUIMS W OTCYTCTBHE Yy HETO SIPKOTO
METaJUTHIECKOro OJiecka, Takoro, HampuMep, Kak y JUTHS: CBETOBBIC BOJIHBI 3(upa, mangas Ha
HEXECTKHE ITHYPhl MOBEPXHOCTHBIX aTOMOB OCPHJUIHS, TOTJIOIIAOTCS MMM, W TOJBKO YacTh U3
BOJIH OTPAXKACTCS ¥ CO3AET PACCESTHHBIN CBET.

[TnoTHOCTH OEpWILIHS TIOYTH B HYETHIPE pa3a OoJbIIE 4YeM Yy JIUTHS TOJILKO IMOTOMY, YTO
IUIOTHOCTh ITHYPOB €ro arOMOB BHINIE: OHU COCAMHSIOTCS MEKAY CO0OW HE B TOUYKax, a
JUIMHHBIMM y9acTKaMH. B TO jke BpeMs B CIUIOIIHOW CBOEH Macce OepwIiuii — J0CTaTOYHO
PBIXIIOE BEIIECTBO: OH BCETO JIUIIIG B JBa Pa3a IJIOTHEE BOJIBI.

4.5. bop

[TacnopTHble naHHBIE OOpa: OH 3aHMMAaeT MATYI0 NO3UIUI0 B Tabmuue MeHzaeneeBa u
OTHOCHUTCSI K TPEThEH rpymme nepuoaudeckoil CUCTEMBI, TO €CTh OH — YK€ He MeTalll; aTOMHas
macca 6opa 10,811; y Hero m3BecTHBI JBa M30TONa ¢ aToMHBIMH Maccamu 10 u 11; mIoTHOCTH
O6opa2,3 rpaMma B KyOMYEeCKOM cCaHTHUMeETpe; Temneparypa miasienus 2075 rpamycoB Llenbcus;
00p npeacraeT 0ObIYHO B METKOKPUCTAIIIMYECKOM BUJIE.

OdeHnp yHCTHI OOp OeclBETEH, OJHAKO YHMCTHIM OH IMPAKTUYECKU HUKOTJAa HE ObIBaeT U
MIO3TOMY BBITJISTUT Yallle BCETO KaK TEMHO-CEpbIil, Oypblii WK Jlaxke Kak 4epHbId. B ¢puznueckom u,
0COOEHHO, B XUMUYECKOM OTHOLIEHHIX OOP OYEHb CUIILHO MOX0 Ha CBOETO COCE/a — Ha YIJIePOI:
OH TaKKe COCIMHSETCS C KHUCIOPOIOM, C cepoil, ¢ a3otoMm, ¢ (dochopoM, ¢ MeTalIaMu;
COEIIMHSIOTCS OHU M MeXy co00il. Bece 3TH coeMHeHUs HYX1al0TCA B «IIOKOTE»; TPU 0OBIYHOM
xKe TeMmreparype Oop coemuHsieTcsl Tolbko co (ropoM. C azoToMm M yriepoaom Oop oOpaszyeT
CBEpXTBEpJIble HUTPUIBI M KapOWUIBI, a C BOAOPOJOM — THUAPUIBI, KOTOpPHIE TO aHAJIOTHUU C
yIIeBOJOPOJAMH HA3bIBAIOT eme OopoBojopogamu. bop MokeT ydwacTBOBaTh Takke B
COEIMHEHUSIX MTOJIUMEPOB.

B tomonoruueckom rmiaHe mepexoa OT KOHGUTypalluu atoma Oepuiiins K KoH(urypamuu
aToma 00pa — CTyMeH4YaThll, U TIOATOMY, Ka3ajJoch Obl, MOXKHO JIOBOJILHO TOYHO YKa3aTh, FPAHUILY
MEXy UX pa3MepaMu; HO Ha CaMOM JeJie OHa HE Takas YK KOHKpPETHas: B OJHOM ClIydae OHa
MOXKET CMECTUTHCSI B CTOPOHY OEpUIUIHS, B IPYTOM — B CTOPOHY OOpa, — TMOITOMY HET CMBICIA
HCKaTh €€ OJHO3HayHOU. byneMm cuuTtarth, 4TO OHa mposeraer rae-to mexay 16 500 u 18 400
CBSI3aHHBIX DJICKTPOHOB. JTO — HIDKHSS TPAaHUIIA; BEPXHEH I'PaHUIBl Y aTOMa 0opa HeT: OH TUIaBHO
MEPEXOTUT B aTOM YIJIepOa.



Tononoruro aroma 6opa MOXHO paccMaTpuBaTh Kak HpOAOJDKEHHE (OpMOOOpa3oBaHUs
aToMa OepwUIvsi, HO Jydllle HadaTh CHadana. MTak, MpH CTOJKHOBEHHM JABYX (PpOHTOB sdupa
MOTJIO BO3HUKHYTh MHKpPO3aBUXPEHHE B BHJIE BpalIaromIeiicsi TOpOBO 000JI0YKU (TUIIA JBIMOBOTO
KOJIbLIa) TMaMeTpoM NpuOIu3uTensHo B 5 900 >pupHBIX MIapUKOB. DTO KOJBIO M3 KPYrjoro
MpeBpaIlaeTcs B OB, IPU CaMOM HauOOJIbIIEM CILIIOIIMBAHUY, KOT/Ia PAANyChl 3aKpPYTJICHUNA Ha
€ro KOHIIaX YMEHBIIIATCS J0 NpeAeTIbHBIX 3HAYCHHH, TO €CTh JI0 285 MIapUKOB, €ro JITMHA OKAXKETCS
B 30 pa3 Gonbie 3TUX paanycoB. JTMHHBIE CTOPOHBI OBasia OYIyT MPOJOJKATh CONUXKATHCS JIO
MOJIHOTO CONPUKOCHOBEHHSI, a €ro KOHIIEBbIC IETJIM 3aBEPHYTCS, OyJIeM CUUTaTh, BBEPX U
yCTpeMATCsl HaBCTpedy Apyr Apyry. CTOJIKHYBIIMNCH CBOMMH BEPIIWHAMM, METIIM 3aBEPHYTCS €Il
pa3 B TOM J>K€ HAIPABJICHHHM M YCTPEMSTCS BHYTPh (BHH3); NMOTOHHT HMX TyJa NpPHCACHIBAHUE
KOHIIEBBIX TI€TENb. 3aBEPIIUTCS ATOT ITAall TEM, YTO BEPUIMHBI IETENb YIPYTCS B CEpeAUHY
CIIAPEHHBIX IIHYPOB; TOYHO TaK k€ (OPMHUPYETCS aTOM OCpPUILIHSL.

A nanwiie mpowusoiter cienyromiee. CrapeHHbIE HIHYPHI, 3aMBIKAIOIINE KOHIEBHIE TETIIH,
TaKKe HAYHYT CIUMATHCS MEXKIY COOOW M BBI30OBYT YIUIMHEHHE aToMa: U3 (JOpMBI, HATIOMHHAOIIEH
s0JI0KO, aTOM HpeBpaTUTCS B MoA0OME mepua. YKa3aHHOE CIMIIAHWE CIapeHHbIX IIHYpOB
TEOPETHUYECKH JIOJDKHO OBLIO OBl MPEKpPaTUTHCS B MOMEHT, KOTJa BEPIIMHBI METENh YIPyTCS B
cepelMHy IIHYpOB, HO — W B 3TOM BECh CEKPET — CIIMINIIMECS METIH MOTYT MPOMAaxXHYThCS U
MIPOCKOYUTh MUMO WIJIH, YIIEPIIUCh B NIHYPHI, IO CIIYYalHOCTH MOTYT COCKOYHTH C HUX; M TOT/Ia
CIIMTIAaHKWE CTIAPEHHBIX ITHYPOB MPOJJIOJDKHUTCS. BBIBEpHYBIINECS W3HYTPHU aTOMa CIIAPSHHBIC TIETIIH
HAYHYT Pa3BOPAYMBATHCS M YXOJUTH BBEPX, a BHU3Y, KaK CIIEJICTBHE, BOZHUKHYT yXe CIIApPCHHBIC
HOBBIE, BTOpUYHbIE neTiu. Ecinu Obl ;yiiHa TOpOBOTO MIHYpa ObLTa JOCTaTOYHOH (Takoi oHa Oymer
TOJBKO y aToMa Yyriepoja), TO aTroM Oopa BBITIHYJICS Obl B JIMHHIO, Ha KOHI[AX KOTOPOM
pacrioaraguch Obl MEPIEHAUKYISIPHO OPHEHTHPOBAHHBIE MEXay cO00i crmapeHHble meTiu. Ho
aToM Oopa elle OTHOCHUTEIbHO Mall, M €ro BBIBEPHYBIIHECS B CTOPOHY M YXOJSIIHE BBEPX
CHapeHHble MEeTJIH 3aMpyT B KAKOM-TO MOJIYIIOJHSTOM IOJIOKEHUHU, HAIIOMUHAIOLIEM OTKPBITHIN
cemadop, WM nuTaréayM, WM BOXAS C TMOAHATOW pykoil. [IpomsolgeTr 3TO MOTOMY, HYTO
BBI3BIBAIOLIEMY MOJBEM I€TeNlb COJMMKEHUIO CIApeHHBIX I[IHYPOB OKaXyT COMNPOTHUBICHUE
BTOPUYHBIE TETJIM, UCXOTHO CHApEeHHBIE U HE JKenarollue pasMmblkaTtbes. (Bce sTm mMaHumymsimum
CTaHOBSTCS OYEBHUJHBIMU, €CIIU MPOU3BOAUTH UX HA PE3UHOBOM KoJjblie.) Tak obpasyercs M Tak
BBITJIATUT atoM Oopa. OOpaTuM BHHMAaHHE Ha TO, YTO 4YETbIpe IIHYpa, COEIUHSIOLIUE €ro
pa3HeceHHbIE MeTIH, OYAyT BHIKPYUECHHBIMHU.

Oxapakrepu3yeM IOJy4eHHbIH aToM Oopa C TOYKH 3pPEHHUS €ro MPHUCOCAUHUTEIHHBIX
CIOCOOHOCTEH: y HEero — 4YeTblpe MEeTJIM M JBa MPHCACHIBAIOLINX >KeI00a; MeTIH — MOMapHO
COMKHYBIIIUECS, a )Keln00a — HEKOHTYPHBIE U C Pa3BOPOTOM (BBIKpYUYECHHBIE).

Mexny coboif atombl 00pa MOTYT COEAMHATHCSA TOJIBKO C MOMOIIbIO MeTenb. J[ocTaTouHo
MMETh TOBBIIICHHYIO TeMIleparypy M (WJM) MOBBIIICHHOE JJaBlIEHUE, YTOOBl METIW aTOMOB
PacKpbUINCh W HAyalud TMEPEeKPEeCTHO COEOUHAThCS Mexay co0oil. PackpbITuio merenb
CHOCOOCTBYIOT BBIKPYYEHHBIE LIHYPHI; OHU TOCJIE TAKOTO PACKPBITUS CTAHOBSTCS MPSMBIMH, HO
OJIHA U3 Map MeTeNb BBIHYKJEHA IMPHU 3TOM Pa3BEPHYTHCS TaK, YTO €€ MPUCACHIBAIOIINE BOPOHKHU
OKa3bIBAIOTCS CHAPYKHU, & CAMHU TETJIH PACXOJIATCS BEEPOM.

CTepeOMeTpI/IH 6opa MNPUHOUIIHAJIBHO HU Y€M HC OTIIMYACTCA OT CTCPCOMCTPUHU YIJICPOIA,
Ooee TOTO, aTOMBI 60p8. MOTYT COCOUHATBCA C aTOMaMH 6opa BIICPEMCIKKY, 06p33y;1 XOopo1o
HU3BCCTHLBIC TPU AJTIOTPOIIMICCKUX MO)II/I(I)I/IKaI_II/II/IZ NPpOCTPaHCTBCHHYIO, INIOCKOCTHYIO U HHHeﬁHym.
Atom 6opa MOKCT NPHUCOCAUHUTD K YCTBIPEM CBOUM IICTIIAM YCTBIPEC aTOMa BOAOPOAA, BO3MOIKHbBI
TAK¥XKEC CJIOKHBIC IICTIICBBIC COCAUHCHUA B OJHY MOJICKYJITY HECKOJILKUX aTOMOB 60pa N HCCKOJIBKHX
AaTOMOB BOJOpOJda B CaMBIX 3aMBbICIIOBATBIX KOMGI/IHaLII/IHX. IletneBrie coenMHEHUS aTOMBI 6opa
MOT'YT O6pa3OBLIBaTL C aTOMaMH BCCX TCX XUMHUUYCCKUX 3JICMCHTOB, KOTOPBIC UMCIOT TAKKC IICTJIH,
TO €CTh C HEMCTaJlJlaMU.

C aTomMaM¥ METaJJIOB aTOMBI 60pa MOT'YT COCAUHATBHCA TOJIBKO € MIOMOIIBIO ITPUCACBIBAIOIIUX
)KCJ'IO6OB; IIpu 3TOM €ro Kenoba BBIHY>XKICHBI BBITPAMIIATHCS (1/1368.BJ'I$ITBC$I oT BLIpr‘{eHHOCTI/I) )51



pacKpeIBaTh C OJHOW CTOPOHBI METJIM, @ OTKPBITBIE METIH, TO €CTh METIH C OTKPBITBIMU
MPUCACHIBAIOUIMMHA BOPOHKAaMH, BEAYT ce0sl arpecCUBHO: OHU TOTOBBI IMPHUCOCATHCS K TEPBOU
MOTIABIICHCA METIIE ¥ IPH TOM JIake BRICBOOOXK1atoT Terio. CoeqHeHne aToMoB 00pa ¢ OMOIIBIO
XKeNoOOB MOXKET OCYIIECTBIATHCA HE TOJBKO C arOMaMH METajuIOB, HO M C aTOMaMu APYTHX
XUMUYECKUX AJIEMEHTOB, Y KOTOPBIX €CTh MPHUCACBHIBAIOUINE JKEJI00a; a TaKHe COSAUHEHHS] MOTYT
WHOT/Ia BBI3BIBATH pPAcCIpsIMICHHE aTOMOB OOpa B MEPBOHAYAIBHBIA JUTMHHBIA OBall C JBYMS
NEeTIISIMU Ha KOHIIAX; TaKOH BBITSHYBIIHUICS aToM OOpa MOXET OMYyTHIBATh JPYrHe aTOMBI CaMbIM
3aMBICJIOBATHIM 00pa3oM.

CoenuHeHne MeTIIMH — HanboJiee MPOYHOE, TIO3TOMY IPOCTPAHCTBEHHBIE MO (PHUKALINN U3
aroMa Oopa TOXX€ OYeHb MPOYHBIC; ITOMY CIIOCOOCTBYET €Ile M TO, YTO aroMbl Oopa oOpa3yroT
OYeHb MPOCTHIE, MPSIMOYTrOJbHBIE KOHCTPYKIHU (KyOMYECKHE KPHUCTAUIbI), B KOTOPHIX MOTYT
OTCYTCTBOBATh CIy4allHbIe MCKaKEHHS — TaK Ha3bIBaeMble IHMCIOKAIWHU. TeruioBbIe IBWKCHUS
aTOMOB TIOTJIOIIAIOTCS WX MPSIMBIMH YY9acTKaMH WM TIOYTH HE 3aTParuBarOT TeETelb, OTCIoJa —
JIOBOJIGHO BBICOKAsl Temreparypa IuiaBieHus. [lmoTHocTs Oopa, ompenensemasl pacroyioKeHHEM
[THYPOB B MEXATOMHBIX COEIMHEHHSIX, HE OYCHb BBICOKAs, HO BCE )K€ BBIIIC YeM Yy OepHILIHs, B
1,24 pa3za.

WneanbHO MOCTpOEHHBIE KyOMYeCKHE KPUCTAJUIBI 0Opa MMEIOT TaKyk MPOCTYIO PEIIETKY,
CKBO3b KOTOPYIO MOKET CBOOOJHO IPOHUKATh CBET; TaKWe KPHUCTAUIBI TMpo3pavHbl. CKBO3b
MCKa)XKEHHBIE KPUCTAJUIBI MITH KPUCTAJUTBI C BKPAIUICHUSIMA aTOMOB JIPYTUX XHMHYECKHX DJIEMEHTOB
CBET CBOOOJHO TIPOHHMKATH HE MOXET M MOTJIOIIAETCS aTOMaMH; OTJAI0T OHH €ro yXe Ha Oolee
HU3KHX YaCTOTaX KPAacHOTO CIIEKTpa WM JaKe B HEBHIMMOM WH(pPAKpacCHOM Juama3oHe, — BCE
3aBHCHUT OT COOCTBEHHBIX YAaCTOT TMPSIMBIX YYaCTKOB MEXIY KOHIEBBIMU TMETIISIMH; TaKhe
KpUCTAJLJIBI 1100 Oyphle, 1100 Aa)e YepHbIE.

4.6. Yrnepopg

VYrinepon 3aHMMaeT MIECTYI0 MO3ULHMI0 B Tabnuie MeHaeneeBa; ero aroMHas Macca paBHa
12,011. Ilpm OOBIYHBIX YCJIOBHSIX OH XHWMHYECKHM HWHEPTCH, NPH BBICOKHX TeMIepaTypax
COEIMHSETCS CO MHOTUMH 3JIeMeHTaMu. Temneparypa 1miaaBiieHus: yriepoaa paBHa 4020 rpamycoB
KensBuHa. B npupose u3BecTHbl B OCHOBHOM JIB€ KpUCTAIIMUYEeCKHe (OPMBI yriepoaa — aiamas Hu
rpadur.

Anma3z — mnonumopdHas MoauduKanus yriiepoja; B BUIE KyOMYECKONW CHHTOHHMM aiMas
OeclLIBeTEeH, HO €ro OKTa’JpHuecKrue KPUCTAILIbI MpHOOpeTatoT okpacky. [1noTHOCTh anmasa paBHa
3, 5 rpamMma B kyOnueckoMm cantumeTpe. OH — caMblii TBEpAbIH NMPUPOJIHBIA MaTepHuall, o0aagaeT
BBICOKMM II0Ka3aTejeM ONTUYECKOTO IMPEIOMIICHUSI U B BUJE KPYIHBIX KPUCTANIOB OTHOCHUTCS K
YHCITy IParoleHHbIX KaMHeH. AlMa3 — MOJYIPOBOTHUK.

I'padutr — nambonee pacmpocTpaHeHHass M YCTOWYHMBAs T'€KCOTOHAJbHAs MOJIUMOpPQHAas
MoauQUKaIKs yriepoa, UMeIolas yenlyiuaTele arperartsl. L[BeT rpaduta — OT TEMHO-CEpOro 110
yepHoro. Ero mnotHocth paBHa 2,2 rpamma B KyOHMUeckoM caHTUMeTpe. ['padut oraeymopeH
(u3nenus U3 Hero BbAEpkHUBalOT TemnepaTypy B 3700 rpaaycoB Llenbcusi) u BooOIe XUuMHUYECKH
CTO€K; OH 00J]aJaeT AJIEKTPONPOBOJHOCThIO. B TeXHUKE OH HMCHOJIB3yeTCs B KauecTBE TBEPAOU
CMAa3KH.

W3BecTHB Takke JMHEHHBIE TMOJUMEpHl yriepoJa — KapOMH U TOJIHKYMYIIEH, OHH
MIPEJICTaBISIOT COO0M BHICOKOMIPOYHBIE HUTH, KOTOPHIMU apMUPYIOT KOMITIO3UIIMOHHBIE MaTEPHAIIBL.
Kapbun o0mamaeT momynpoBOJIHUKOBBIME CBOMCTBAMU: TMOJ JACHCTBUEM CBETA €ro MPOBOJUMOCTD
CUJIBHO YBEIMYHBAETCS.

Yrnepoa MOXKET COeNMHAThCA € MeTauiaMu, obOpasys kapOuasl. KapOuabl Bonbgpama,
TUTaHa, TaHTaJa W HUOOWS OYEeHb TYrOTUIABKH, TBEPHbI, M3HOCOCTOWKHU, >KAPOMPOUHBI;, U3 HUX
M3TOTOBIISIOT MJIACTUHBI PEXYIINX HHCTPYMEHTOB; JIETAId U3 KapOHUI0B UCIONB3YIOT B TYpOMHAX U
PEaKTUBHBIX JBUTATEISIX.

Ho GomnbIlie Bcero M3BeCTHBI OPraHUYECKUE COSAMHEHUS YTIIepo/ia: OHU SIBISIFOTCSI OCHOBHOM
COCTAaBHOM YacThIO PACTUTENHLHOTO U )KMBOTHOTO MUpa. Bce roproune uckonaempie — HeTh, ras,



Top(, CIIaHIBI — TOCTPOCHBI HA YTIEPOIHOW OCHOBE; OCOOCHHO OOraT yriaepoJoM KaMEHHBIH

yroias. Kpome NpHpOAHBIX CYILIECTBYET MHOYKECTBO HCKYCCTBEHHBIX IIOJMMEPOB Ha OCHOBE

yriepoja. O01iee Yuciio U3BECTHBIX HAYKE OPraHUYECKHX COSTMHECHUH MPEBBINIACT 7 MUJLTHOHOB.
TomoJsiorust atoma yriiepoga

BwMmecte ¢ 60pom yriaepo1 3aHUMAaeT Ha pa3MEpHOM MIKaJle aTOMOB AUANa30H MPUOIN3UTEIEHO
or 18 000 mo 25 000 cBs3aHHBIX SJEKTPOHOB; «O(HIMAIBHBINY pa3Mep aTroma yriiepoja,
COOTBETCTBYIOIIMH €ro aToMHOM Macce, cocraBisier 22 100 31eKTpoHOB. ATOMBI H30TOIOB
yriaepoJia MOTYT OTJIMYAThCS pa3MepaMHu JPYT OT APYyra JOBOJBHO 3HAUUTENHFHO; MX pa3dpoCc MOXKET
coctaBiATh 4 500 31eKTpoHOB WM NpuoOaU3NTENbHO 20 MPOLIEHTOB OT HOMUHANIA. B cpenHeM atom
yraepona Oosbine atoma 6opa Ha 3 400 2IEKTPOHOB; 3TO, KaK pa3, — TO YBEIMYCHHUE, KOTOPOE
JeTaeT yriiepo] OTIMYAIONIMMCS OT 00pa; a 3TO OTJIMYHE, TJIABHBIM 00pa30M, COCTOUT B TOM, UTO Y
yriepojia He OBIBAaeT TEX «arpeCCUBHBIX)» MPOSBICHNUN, KaKHe ecTh y Oopa.

Tomnonorust atoma yriiepoja mo4ty He OTIMYAETCS OT TOMOJIOTHH aToMa 6opa. TOYHO Tak ke
MEPBOHAYAIBHBIH TOp Ae(OpPMUpPYETCS B OB, TIOTOM Ha KOHI[AX OBajla OOpa3yloTCs METIH; ITH
METIIN 3aru0aroTCs, CTHIKYIOTCS CBOMMH BEPIIMHAMHM, €IIe pa3 3aru0aroTcs, YXOMAT, CIIHIAsCH,
BHYTPb, OTKJIOHSIOTCS B CTOPOHY, BBIBOPAUMBAIOTCS W BBHITATHBAIOTCA, O00pa3yl0 B pe3yibTaTe
YETHIPEXITHYPHBINA KTYT CO CITAPEHHBIMU METIISIMA Ha KOHI[aX.

Tomonorust atoma yriepojia Mo JUHUU JUTHH-OEpUIUIUNA-00p-yriaepos — OCHOBHas, HO
BO3MOJKEH M TAKOW BapHaHT, KOT/Ia INTHEBO-OePHIUTNEBHIA 3aru0 MeTeh BHYTPh HE IPOUCXOIUT. B
HEM OTIaJaeT HEOOXOIMMOCTh, €CIM KOHIIEBBIC TIETIIM OBaJla CIIyYailHBIM 00pa3oM 3arHyrTcs Tak,
YTO WX MPHUCACHIBAIOIINE CTOPOHBI OKAXYTCS OOpAalIeHHBIMH APYT K JPYry, TO €CThb BO BHYTPb.
Y CTpeMHUBIINCH HABCTPEUY U CTOJIKHYBIIWCH BEPIIMHAMM, TIETIH HAYHYT B3aUMHO IPHCACBIBATHCS
U BBITSATHUBATHCS B JIMHUIO, 00pa3ys Ha APYroM KOHIIE IIHYPOB BTOpUUHbIE NeTiu. Takum oOpazom
aToOM YIJiepojia cpasy e NPHOOpeTaeT CBOI OKOHYATENIbHYIO BBITSAHYTYIO (hopMbl. Bropuunsie
IEeTJIN B TAKOM CIIy4ae OKa3bIBalOTCA B3aUMHO OTTAJIKMBAIOIIMMU: UX MPHCACHIBAIOIINE CTOPOHBI
OyayT pacrnojaraTbcsi CHapyku. OTTaJIKUBasCh, OHU PA30HAYTCs BEEPOM U MOCIEMIAT IPUCOCATHCS
K TaKuM e MeTIAM Jpyrux aroMoB. B kpaiiHeMm ciydae, eciy 3TUM NETISM HE MPEICTaBUTCS
BO3MO’KHOCTh HAWTHU ce0e Mapbl Ha CTOPOHE, OHU, BBIKPYUHBAsICh, 3AMKHYTCSl caMM Ha ce0si. TakoBa
TOTOJIOTUS OKOHYATENbHO C(OPMUPOBABIIEIOCS OJUHOYHOIO aroMa yriepoja. Y HEro, Kak u y
aToMa 0Oopa, — 4YeThIpe MeTVIM U JBa )KeJI00a; MeTIu — MONapHO COMKHYBIIHMECS, a xkejoda —
BBIKPYYEHHBIE.

CrepeoMeTpus aJLIOTPONMU yIjaepoaa

ATOMBI yriepoaa MOTYT OOBEIUHATHCS MEXKAY COOOH B Pa3HBIX KOMOMHAIMSX, M KaXKIbIH
BUJ OOBEIMHEHHH JaeT CBOIO OPUTHMHAIBHYIO aIUIOTponudeckyto Moudukanuoo. CoequHeHHs
OCYIIECTBIISIIOTCS B OCHOBHOM IMETJISIMH, HO MOTYT OBITh M COCAMHEHHS aTOMOB C ITIOMOIIBIO
KeI000B.

JInst Toro, 4TOOBI aTOMBI yriiepo/ia Hadyalld COCIUHSATHCS MEXKAY COOOHM METISAMH, MOCIEIHNUE
HEOOXOJJMMO TIPEIBAPUTEIBHO PACKPBITh. OCYHIECTBUTH 3TO MOYKHO Pa3IMYHBIMHU CIIOCOOAMMU:
TETJIOBBIM BO3/ICHCTBUEM, JIaBICHHEM, KECTKUMH BOJIHAMH 3(Hpa, C TIOMOIIBIO KaTaIH3aTOPOB HIIH
KoMOuHanuen 3Tux (aktopoB. Hambomnee pacrpocTpaHeHHYIO aUIOTPONUYECKYIO0 MOAU(PHKALINIO
yrieposa — rpadUT MOXKHO TOJIY4HTh, HAIPUMEp, IyTeM HArpeBaHUs aHTpaunuTa 0e3 IocTyma
Bo31yxa. PaccMoTpum 310T npouecc 6oiee moapooHo.

OIMHOYHBIA aTOM yriiepoja, Kak Mbl OTMEYalld, MPEICTAaBISeT COOOM ABAXK/IBI CI0KEHHOE
KOJIBIIO: CHayaja MCXOJIHBI TOp CIUTIOIIMBAETCS B OBaJl, TO €CTh pACTATUBACTCS, a MOTOM
CKJIQ/IBIBAETCS €Ile pa3; MOJydeHHas KOH(QHUrypanus HamOMUHAET (QUTYpY IIBAa TEHHHCHOTO Ms4Ya.
Ecnu BABOE CIOKEHHBIN 3aMKHYTHIH ITHYp aTOMa yriepoJia pacTsHyTh, TO Ha KOHIAX 00pa3yroTcs
napHble emi. (HamomuauM, 9to paanycsl 3TuX netenb paBHbl 285 mapukam.) [omydennas gpopma
OJMHOYHOTO aToMa — HE OKOHYATeNbHAas: OJHAa M3 TIap IeTelb OKAXKETCS CIOXCHHON



OTTAJIKMBAIOIIUMH CTOPOHAMH — TAaKOTO OBITH HE MOJKET, M 3TU METIH MOCTapaIOTCs KaK-HUOYIb
BBIBEPHYTHCS, YTOOBI BHOBH COCIUHHTHLCS, HO YyXe OOpPaTHBIMU TNPHCACHIBAIOIIUMH CTOPOHAMH.
JUTMHA CJIOKEHHOTO aToMa yriepo/ia MO3BOJISIET 3TO CAeNIaTh, U METIIN Pa3BEPHYTCS U CIOXKATCS, HO
IPU 3TOM CIIAPEHHBIE HIHYPHI, TO €CTh Xenoba, OyayT BbIKpydeHbl. O4eBHIHO, Takas (opma
OJIMHOYHOTO aTOMa YrjepoJia He OYeHb YCTOWYMBA, TaK KaK B HEH MPUCYTCTBYET MPOTHBOOOPCTBO
XKes00O0B M MeTeJNb: BEIKPYUEHHBIE )Ke00a XOTeNn Obl BRIIPSIMUTHCS B YIIEPO CIUMIIUMCS HETISIM,
a Te, B CBOIO 04epeib, OyIyT BCEMU CBOMMU CHJIAMH COXPAHAThH CBOE CIIMIIAHUE.

YactuuHoe pa3penieHre MPOTUBOCTOSHHS JKETI000B M TETeIb MOXET MPOM30HTH Jaxe MpU
CaMOM HE3HAUMTEJIbHOM HarpeBe WM Jake 0€3 HET0 — B HOPMAJIBHBIX YCIOBHUSX: €CIIH JBa aTOMa
CIIy4aifHO CTOJIKHYTCS MEXIY COOO# BBIBEPHYTBIMH METJIIMH, TO 3TH IMETIH MOTYT PaCKPBITHCS
(kaK JTamOHM) M COCTBHIKOBAaThCsA, OOpa3oBaB TakuM oOOpa3oM MOJEKylry. MOXHO Jaxe
MIPEIOJI0KHTh, YTO B aHTPAIUTE YTIIEPO/T HAXOIUTCS UMEHHO B TAKOM MOJICKYJISIPHOM COCTOSIHUH.

[Ipu OoJsiee BBICOKOM HAarpeBe MOJICKYIBI YIJepoJa W3 JIBOWHBIX aTOMOB COCTUHSIOTCS B
rpadur. [lpu cirygailHOM CTOJKHOBEHHH JBYX MOJICKYJ CBOMUMH KOHIIAMH WX TETIA MOTYT
PacKpBITBCA W COCIUHUTHCS TIEPEKPECTHO, TO €CTh K IMPHUCACHIBAIOIICH CTOPOHE IETIH OTHOU
MOJICKYJIBI MOKET TPHJIUIHYTh TPHUCACHIBAIONICH CTOPOHOW METJIsI JPYrod MOJIEKyNbl. Takoe
COCIIMHEHHUE TEePBBIX JIBYX MOJIEKYJI MEXIY COOOW MOXHO CYHMTATh HAYajJoM pPOCTa KpHCTaJIa
rpadura. B mepexkpecTHOM COSIMHEHUHN JIBYX MOJIEKYJ CIUIIITMMUCS OKa3bIBAIOTCS TOJILKO UX JBE
TIETIH, a JIBE PYTHE OKA3BbIBAIOTCS PACKPBITBIMU. OHHM OYyIyT UCKATh ceOe Maphl, U MPH CITYIaAHHOM
CTOJIKHOBEHUH C JIPYTUMHU MOJICKYJIaMH PACKPOIOT UX KOHIIEBBIC METJIM M BBIOEPYT cebe 1o OJTHOM
W3 HUX, 00pa3oBaB TakuM 00pa3oM CJEIYIOUINEe MEXMOJCKYISIpHble CBsi3H. [lomoOHBIE
MOJICOSTMHEHUS OyIyT MPOUCXOANTH U B TIPOJOJIHHOM M B TIOIIEPEYHOM HANPaBICHUSIX JIO TEX IOP,
nmoka OyayT HaXOTUThCS OYEPETHBbIC CBOOOIHBIC MOJICKYJBI YIJiepoJila M IOKa HMX TEIUIOBBIC
JBYDKEHUS TIO3BOJIAT ATO JIeNiaTh. Bo3HHUKArOMMIA KpucTamt rpaduta OyAeT IUIOCKUM, TaK KaK MEeTIN
BCEX COCMHMBIIUXCS MOJICKYJI IMEIOT MTapaUIeTIbHYI0 OPUEHTAITHIO.

[Tocne mpekpamnieHnss pocTa KpucTajuia mporecc ero GopMupoBaHUS MPOJOKUTCS: TOJDKHA
pemuTcsi cyp0a OCTaBIIMXCSI OTKPBITHIMH IETElb, PACTIONIAraroIIuXcsl Mo OokaM Kpuctaia (Ha
KOHI[aX KpHUCTa/lla OHM 3aMKHYTHI). PacKpbiTbie OOKOBBIE TETIM COCEAHHX aTOMOB, TEX, YTO
o0Opa3oBaiii B CaMOM Hadyalie MOJICKYJIbI, YCTPEMSTCSI HaBCTPEUy APYT OPYTy, CTOJIKHYTCS CBOUMH
BEPIIMHAMH H, CIIUIAsCh, 3aTHYTCS BOBHYTPH, HAIIOMHHAS TEM CaMbIM 00pa30BaHHUE aTOMOB JIMUTHUS
u OepuILIusL.

Bosnukiue kpucramisl rpadpuTta OyAyT UMETh, KaK MPUHSATO TOBOPUTH, (OPMBI UYelryek, TO
ecTb OyayT tuiockumu. Ecin sxe yTo4HATh, TO uX (GopMbl OoJbIe OyAyT HallOMHHATH BBITSHYTHIC
TUTACTUHBI C aHU30TPOITHBIMK CBOMCTBaMH, Y€M I'€KCOTOHAIbHBIC U30TPOITHBIC Yenyiiku. Kpucramn
rpaduTa UMEET BO3MOXKHOCTD B JIFO00OE€ BpeMsl TIPOJIOJIKUTh CBOM POCT; HO JUISl TOTO, YTOOBI PacTH
€My B IIUPHUHY, HY)KHO Pa30PBaTh TOJBKO YTO CIIMIIIIHECS «B CEPICUYKO» METIH COCETHIX aTOMOB, a
3TO C/IENAaTh YXKE HE JIETKO.

[TnacTunbl TpaduTa MOTYT COOMPATHCS B CTOIIKH, IIPUCACHIBASICH OJIHA K IPYroi xenodamu, U
Ja)ke HE MMM, a OTICIbHBIMH HMX TOYKAMU — BBICTYMAIONIMMU OOKOBYIIKAMH I€TENb. JTU
COCJIMHEHUS] HEMPOYHbBI, U MOTOMY KapaHJall MOXXHO YHMHHUTH MPOCTBIM HOXOM. B To ke Bpems
paszopBaTh OTHAENBHBIA KpHUCTaI rpaduTa MPAKTHUYECKH HEBO3MOXKHO: HACTOJIBKO KPEMKH €ero
netieBble coenuHeHusl. OHM MPOTUBOCTOAT JIaXKe XUMUYECKOMY BO3JICHCTBHUIO; TOITOMY TpaduT —
JI0CTaTOYHO WHEPTHOE BemiecTBO. Ero xumuueckass CTOMKOCTh, MEXaHWYeCKasi MPOYHOCTh U TOHKO
IJIaCTUHYATasl CTPYKTYpa JIENAl0T €ro XOpOoIleld CMa3Ko TPYIIMXCS MOBEPXHOCTEH MpU OOIBIIOM
yIeIbHOM JaBJICHUU.

UYepHblii 11BeT rpadura OOBACHAETCS TEM, YTO MpsAMbIE YYacTKH IITHYPOB €ro aTOMOB
HACTOJILKO JUTHHHBIE, YTO MOTYT «3BY4YaTh» TOJBKO Ha HU3KUX MH(paKpacHbIX yacToTax. [loHATHA
TaKXKe paguaIlMOHHAs CTOWKOCTh TpaduTa: €ro aToMbl HE MMEIOT OMACHBIX HM3TUOOB, TOTOBBIX
MPUBECTH K U3JIOMY YIOPYTHMX IIHYpOB TPHU KECTKUX yraapax paauanuu. W eme — 00
ANIEKTPOTIPOBOIHOCTH TpaduTa: y €ro aTOMOB BCE MPUCACHIBAIOIIHME Kel00a MOYTHU MOITHOCTHIO
OTKPBITHI, HE UMEIOT MepeCceYeHUd U yI0OHO COCOUHSIIOTCS MEXIY COOOM MeTIsIMH, — U BCE ATO



CIOCOOCTBYET TOMY, YTO BJIEKTPOHBI MOTYT CBOOOJHO IMEpeMelaTbCs MO KpUcTaulaM rpadura.
Hekxotopoe conmpoTHBICHHE OHHM HCIBITHIBAIOT TOJIBKO Ha CTHIKaX mneresnb. Ho Ha GOKOBBIX
CTOpPOHAX KpHUCTAJUIOB, TJE NPUCACHIBAIOIIME Xeloba 00pa3yloT «CepAeYKH» Kak y aTOMOB
METaJJIOB, CONPOTHBIIEHUE ABWKEHUIO 3JIEKTPOHOB IOYTH IOJIHOCTBIO OTCYTCTBYET. B TosicToM
cioe rpadura >IEKTPOHBI UMEIOT BO3MOXKHOCTH, IEPECKaKUBasi C OJHOM IETMOYKH aTOMOB Ha
JpYyryto, u30erath MeTIEeBBIX CTHIKOB M TIOATOMY HCIBITBIBAIOT MEHBIIEE COMPOTUBIICHUE CBOEMY
TIBYKEHUIO.

He u36exatp 371€KTpOHAM TETIEBBIX CTHIKOB TOJIBKO B TOM CIIydae, €CJIM KPUCTaILIBI rpaduTa
OyayT mpencTaBisATh COOOW OTHENbHBIE HUTH. BBIIE MBI OTMEYal M, 4TO KpHCTal rpadura
AQHM30TPOIICH: €r0 CTPYKTYPHI B NPOJOJIHHOM HAMpPABICHUH M B TOMNEPEYHOM — pa3IdYHbIC, U
00yCJIOBJICHO 3TO TEM, YTO MPOJOJIbHOE HapallBaHHE KpUCTaU1a TpeOyeT OAHUX (U3NIECKHX
YCIIOBHIA, a MOTIepeuHoe — Apyrux. [Ipy HATM4YMK U Te€X W IPYruX KPUCTAJUT pacTeT U B JJIUHY U B
UIUPUHY; HO €CIIU B J€MCTBUTEIBLHOCTH OKAXKYTCSl TOJIBKO MIEPBBIE YCIOBUS U HE OYAyT COOIIOAEHBI
BTOpBIC, TO KPHCTAUIBI HAYHYT BBHITATUBATHCS B HHUTH; TMOSIBHTCS HOBas aJIOTPONHYECKAs
Moaudukanus yriepoaa — KapOuH. O HEM MOXKHO cKa3aTh TaK: WACAJIbHBIM KpUCTALI KapOUHA
MIpe/ICTaBIsIeT cOO0M TOT K€ KpucTal rpaduTa, HO ¢ LIMPUHOM B OJIMH aTOM.

Kapbun oTHOcHTCS K JIMHEWHBIM MosiMepam yriaepoja. Ero ornumunrenbHOH 0COOEHHOCTHIO
SIBIISIETCST TO, YTO CIUIETEHHBIH W3 €ro HENPEepPBIBHBIX HUTEH B COTHU pa3 MPOYHEE OCTAJbHBIX, U
MO3TOMY HHUTH KapOWHA WCIIONB3YIOT Uil apMUPOBAaHUS CBEPXIPOYHBIX KOMITO3HIIMOHHBIX
MatepuanoB. [Ipyroil oCoOEHHOCTBbIO 3TUX HHUTEH SBISETCA TO, YTO HX 3JIEKTPONPOBOAHOCTH
3HAYUTENILHO HWXKE, 4eM y rpadura (C 3TOT0 MBI Hayaiau pa3roBop o Hem). [IpaBma, oOHapyxeHO,
YTO TIOJI BO3JCUCTBHEM CBETa JJIEKTPUUYECKOE (DIIEKTPOHHOE) COTPOTHBIICHHE KapOWHA PE3KO
CHIDKAETCS; U B 3TOM MPOSIBJIAIOTCS €r0 MOJYIMPOBOJIHUKOBBIE CBOMCTBA: KOPOTKHE, HO YKECTKUE
BOJIHBI CBETA MOATAJIKUBAIOT JIEKTPOHBI U MOMOTAalOT UM IPEOJI0JIEBATh HEYIOOHbBIE MEepPeXo/bl B
METJIEBBIX COCAMHEHUSX.

Ho camoii, moxamyii, WHTEepecHOW (TOUHEe — TPHUBICKATEIbHON) aUIOTPOIMUYECKON
Mo uduUKaIuen yriepoaa SBISETCS MPOCTPAHCTBEHHBIM monumep — anmas. Kpucramn anmmasa
BBIPAILMBACTCS TPU COUETAHUHM OIPE/IEICHHBIX YCIOBUN, OCHOBHBIMU U3 KOTOPBIX SIBISIOTCS
nasienue B 60 000 atmocdep u Temmneparypa B uaTtepBasie 1 600 ... 2 000 rpamycos llenbcus.
['maBHBIM U3 ATUX (AKTOPOB SABJISAETCS NaBICHHE, a TEMIIEpaTypa B OCHOBHOM OIPEJIENSIET CKOPOCTh
pocra.

B dopmupoBanuu kpucramia aamMasa NPUHUMAIOT ydacTHe OJUHOYHBIE aTOMBI yriepojaa (B
rpadgure OHM — TapHbIE) C HOPMAJIbHOW B3aUMOIEPIEHIUKYIAPHON OpHEHTaluel MeTellb Ha
MIPOTUBOMOJIOKHBIX KOHIAX, MPU 3TOM y OJHOM Maphl METeb aroMa MPUCACHIBAIOIINE CTOPOHBI
pacrojiaraloTcsi CHapyXu, a y OpYyrod — H3HYTpPH., TaK UYTO IWIHYpPbl CTBOJIOB aTOMOB — HE
BBIKpYUYCHHBIE, a HOpMaybHble. [leTnn aroma pacxonsTcs OT CTBOJAa BEEPOM C MaKCHMaJIbHBbIM
yriaom Mexay HuMHu B 90 rpanycoB. KoneuHo, B cBOOOIHOM COCTOSIHUM aTOMBI YIJIepoJia TAaKUMU
ObITh HE MOTYT. [103TOMY MOXHO TPENOJIOKUTh, YTO KPUCTAJUIbI ajMas3a BBIPALIUBAIOTCS HE U3
YHCTOTO YIJIepoJia, a U3 CBSI3aHHOTO, HAIIPUMEP M3 YIIIEBOJOPO/a, B YACTHOCTH M3 METaHa: B HEM
aTOM yIJIepo/ia UMEEeT caMmble MOaXoAsmre GOPMBI ISl MOACOSAUHEHHST K KPUCTAITY.

Kpucrann anmasza mpencrtaBisieT coOOiMl TpeXMEpHYIO OpPTOTOHAIBHYIO KOHCTPYKLHIO 0Oe3
KOCBIX, JMaroHajJbHbIX CBs3eil. OCOOEHHOCTHIO KpHCTaia SBISETCS TO, YTO Y3Jbl COEIUHEHUN
aTOMOB B HEM — HE IPOCTPAHCTBEHHbIE, a IUIOCKHE; TPEXMEPHOCTh OOLIell KOHCTPYKIUH
BO3HUKAET BCIEACTBUE TOTO, YTO IUIOCKHE JBYMEpHBIE Yy3Jbl Ha KOHIAX KaXJIOrO W3 aTOMOB
OPUEHTUPOBAHBI NEPHEHIUKYISPHO JIPYT APYTY.

PaCCMOTpI/IM yCTpOﬁCTBO MCXKATOMHOI'O Yy3JIa, UMCd B BHIAY, YTO BCC Y3JIbl KpUCTAJIA —
a0COJIIOTHO OJWHAKOBBIC. On 06’bCI[I/IH$ICT YCTBIPpC aToOMa, BCC OHH CXOHAATCA K HEMY II0 IABYM
B3aMMHO NEPINCHAUKYIISAPHBIM HPAMBIM JIMHUAM. Iletnu onHoO# Iapbel aTOMOB, JICKAIIIUX Ha O6IJ_ICI\/JI
HpHMOﬁ, HMCIOT BHCIIHUC MMPUCACBIBAIONINEC CTOPOHBI, a IICTJINU I[pyl"Oﬁ Maphl, pacnonaralomeﬁcsi Ha
HepHeHﬂHKyHﬂpHOﬁ HpHMOﬁ, — BHYTPCHHUC. B y3JI€ IICTJIM BTOPBIX ATOMOB OXBATLIBAKOT IICTIIA
NEPBLIX, U OHHU HAKPCIKO CIUITAOTCA; NPOYHOCTb UX COCAUHCHUA ONPCACIIAACT IMPOYHOCTL aJiMa3ia.



JIpyrux coeAMHEHUH, HapuMep C IMOMOIIBIO XKeJI000B, KPUCTAIT HE UMEET.

3aBepIIeHHBIC Y3JIbl, 00BEIMHSAIONINE 110 YETHIPE aTOMa, PacloJiaraloTcsd BHYTPHU KpHCTaJLIa,
a Ha €ro MOBEPXHOCTH OHU — HEKOMIUIEKTHBIC; UX JI0YKOMIUIEKTOBAHUE U €CTh POCT KpHUCTasUia.
[IpencraBuM cebe HE3aBEPIICHHBIA Y31, OOBEIUHSIONINN TOJIBKO TPU aTOMa Yriepojaa; y Hero
CIIMMIIUMUCS OyIyT TOJBKO JBE TMapbl IMETeNlb, a OCTaBIIMECS JIBE METIIH OT BCTPEYHO
PaCIOJIOKEHHBIX aTOMOB OYyT IPHUKPBITHI aTOMaMU BOAOpoaa. Takxke NPUKPBITBIMUA OYAYyT METIIN
TOr0 aroMa yrjiepojia, KOTOPbIA JOJKEH MPHUCOCIUHUTHCA K JAHHOMY Yy31y. YUHUThIBas TO, YTO
METaH B CJIIOKHUBIIMXCS YCIOBUAX POKICHUS KPUCTAIA HAXOAUTCS B MPEAILUIA3MEHHOM COCTOSIHUH,
KOTJIla aTOMbl BOJOpPOJIAa €Je-€Je YIEPKUBAKOTCS Ha CBOMX MECTax, MPUCOEAUHSAEMBIM aTOM
yrjiepoJia moJi BO3JACHCTBUEM JIaBJICHUS OTKUMAET aTOMbI BOJIOPOJIa U 3aMbIKA€T CBOMMU NETISAMU
OCBOOOIMBIITHECS TIETIH y3J1a; Y3€J] CTAHOBUTCS 3aBEPIICHHBIM.

He 6ynet ocoObrx mpo0iieM U npu JO0YKOMIUIEKTOBKE y3J1a U3 JBYX aTOMOB MPH JIOTIOJTHEHUHT
€ro TPEThUM, YK€ BCTPOCHHBIM B KPUCTAJII MU TOTOBBIM K IPUCOEANHEHUIO; 3TOMY TPETHEMY aTOMY
HE OCTaeTcsi HHUYEero Jpyroro, Kak HCKaTh CBOUM CBOOOJHBIM KOHIIOM BO3MOXHOCTH
MPUCOETUHEHUS K HEKOMIUIEKTHOMY Y311y, U OH €€ HaXOJIUT.

TpynHee Bcero npoucxXoauT 3apOsKICHHE HOBOTO Y3JI1a; 3/1€Ch BO3MOXHBI JIBA BApUAHTA, OJTMH
M3 KOTOPBIX KPHUCTALITY HEMPHUEMJIEM; BCTAaeT BOIPOC: Kak OH m30eraer ero? HempuemiembiM
SIBJISIETCSI COEIMHEHHE TIETEb OJJHOHAIIPABICHHBIMU CTOPOHAMU, HAIIPUMEP HAPYXKHOU C HAPYKHOU
WY BHYTPEHHEHW C BHYTPEHHEH. 3HAUWT, €CJM Ha CBOOOJHOM KOHIIE aTOMa yTiiepoja — METIU C
BHYTPEHHUMH TPHUCACHIBAIONTAMHA CTOPOHAMHU, TO TEPBOE TOJCOCANHEHUE K HEMY JIOJDKHO OBITH
MeTeNib JAPYroro aroMa C BHENIHUMH CTOpoHamHu. Ocraercss TpeAanoyokKUTh, YTO B Cllydyae
3apOXKACHUS HOBOTO y3J1a C HEMPABWJIBHBIM MOJICOCTMHEHUEM OYEPEIHOTO aToMa (a TaKuX CITydacB
— TMOJIOBHMHA OT OOIIEro 4Wcia) HE MOXKET BO3HMKHYTh KOMOWHAIMS C BCTpAaMBAaHUEM €€ B
KpUCTAJIJI, U OHA PaHO WJIM MO3JIHO OyAer paspyuieHa. Y TOJIbKO MpH MpaBUIIBLHOM 3apOKIECHUU
y3J1a aTOMBI yIJIepo/ia, ero 00pasyloliye, BCTpauBaloTCsa B KPUCTAILI, U TaM OHH YyBCTBYIOT ceOs B
0€30MMacHOCTH.

Poct xpucramia mpekpamiaercst Torjaa, Koraa GU3N4YecKUe YCIOBUS M3MEHSIOTCS HACTOJIBKO,
YTO HE OTBEYaroT TpeboBaHusAM pocta. Kakue 310 ycrnoBua? Mbl ux yke ynoMUHaIH: BO-TIEPBBIX,
OHHM JIOJDKHBI CO3[aBaTh MPEAIUIA3MEHHOE COCTOSIHME HCXOJHOTO MaTepHualia; BO-BTOPBIX, OHHU
JOJKHBI pa3pyllaTh HEMpaBUIbHbIE KOMOWHAIMM aTOMOB U, B-TPETbHX, OHH JIOJDKHBI OBIThH
OeccuiIbHBl pa3pylINTh NPABHILHO COEAUHEHHble aToMbl. [lodydaercs Tak, 4To QuU3NYECKUE
rapameTpsbl YCIOBUM poCTa KpUCTalIa ajiMa3a JOJKHBI YKJIA/IbIBATHCS B ONPEICICHHbIA UHTEPBAIL:
He HIKe U He Bhile. Eciu He OyayT BBINOJIHATHCS 3TU TpeOOBaHUs, TO U OOJBIIOrO KpUCTaslia He
Ooyner. OcobenHo oOpaillaeM BHMUMAaHHE Ha BTOPOE YCJIOBHE — Ha pa3pylleHHE HEelpaBUIIbHBIX
KOMOHMHAIINI{; peaan30BaTh €ro B YCIOBHUSX MPOU3BOJCTBA HCKYCCTBEHHBIX alMa30B MOXXHO
MPOCTBIM MEXaHUYECKUM NEPEeTUPAHUEM KPUCTAIUIOB, APOOSIIMM HEMpaBWIbHBIE W3 HUX, U HE
MIPUHOCSIIUM BPE/A MOTHOLICHHBIM.

[locne 3aBepuieHHs pocTa KpuUCTalsia ajlMa3a BCE €ro IOBEPXHOCTHBIE Y3Jbl OyayT
HEJOYKOMIUIEKTOBAHBI; 3TO 03HAYAET, YTO OH OYJET OKPYKEH «IIETUHOI» M3 HE3aMKHYTBIX MEXIY
co0oil meTesnb aTOMOB yriepoda. B ecTeCTBEHHBIX YCIOBUAX METJIM MPUTATHBAIOT K cebe 0ok
OKpYXAaIOLUA MyCcOp U JIeNal0T aiMa3 HeB3pauHbIM. [Ipu orpanke mycop yaansieTcss U 3aMelaercs
MPO3payHbIM BELIECTBOM. ECIM OYMILEHHBIM KPUCTAIIJI HAYEM HE IMOKPHITh, TO OH CKOPO CHOBA
obpacTaer MycopoM.

[IpennosxeHHas MOAETh KPUCTAIITIA XOPOIIO corjacyeTcs ¢ (GPU3MUECKUMU XapaKTePUCTHKAMU
anMasa. Ero TBepaocTh BBIpa)KaeTcsl B TOM, YTO OH HE CIIOCOOEH TIaCTUYECKH 1ehOpMHUPOBATHCS U
MPOTUBOCTOUT MEXaHHUYECKOMY paspyiieHuto. OOBsSCHSETCS 3TO TeM, YTO aTOMbl yriepoaa B
KpUCTAIIJIE HE UMEIOT BO3MOKHOCTH M3MEHSTH CBOE IMOJIO)KEHHE (OHH COCTUHEHBI METISMHU, a He
XKenobamu), CBS3aHbI MEXAY COOOW MEPEKPEeCTHBIMH MPOCTPAHCTBEHHBIMH CBSI3SMU M CBSI3U 3TH
00pa3yroTcst MOJHOIIEHHBIMU METIEBBIMH COeTuHEHHsIMU. K 3TOMY crienyer emie 100aBUTh TO, YTO
KpHUCTaJUI ajiMa3a HE HUMEET AUCIOKAUMK W WHOPOIHBIX BKIIIOUEHUMN, 3a HCKIIOUECHUEM, MOXKET
ObITh, aToMOB Oopa. [locinennue, ecnu X pasMmepbl OTU3KH K pa3MepaM aTOMOB Yriepoja, He
TOJIbKO HE OCHaOISIOT KPUCTAll, HO, HAMpPOTHB, YNPOYHSIOT ero. Pa3Heie anuHBI aTtomMoB (Y



yriaepoaa, Kak Mbl 3Ha€M, OHM — TOXK€ pa3Hble) JEJIal0T BCKO KOHCTPYKIHUIO KpHUCTasla OYEHb
KECTKOM, MPOTUBOCTOSALIEH, B YACTHOCTH, KOCOMY CIBUTY; [I03TOMY aJIMa3 HE UMEET JaKe YIPYTUx
nedopmarnuii.

[Ipo3pauHocTh anMasza BhIpaXKaeTcs B TOM, 4YTO €ro KpPUCTAIbl HMMEIOT CKBO3HBIE
NPSIMOJIMHEHHBIE HIENTH, CKBO3b KOTOpPbIE BOJIHBI 3(pupa (CBETa) MPOHUKAIOT 0€3 MPEMsATCTBHIA; K
TOMY K€, Ha CaMOH TIOBEPXHOCTH KPUCTAIUIA IUIOTHOCTHh ATOMOB (MX IIHYPOB) HE OYCHb OOJIbIIAs, U
II03TOMY OHU HE OTPa)KaloT CBET. B TO ke BpeMsi IpaBWJIbHAs BHYTPEHHsSA CTPYKTypa ajMasa
MO3BOJISIET €My coOupaTb CBET U HAlpaBiATh €ro KOHIEHTPUPOBAHHBIMM Iy4KaMu B
OTIPE/IENIEHHBIX HapPaBJIEHUSIX.

CrBOJIBI aTOMOB YIJIepoJa, TO €CTh MX IpPSAMBIE yYacTKH, B KpUCTaJIJIE ajiMa3a — OYEHb
KOPOTKHE, TaK Kak OoJibllas 4acTb WX JUIMHBI YXOAMUT HA OTOTHYTbIE KOHIIEBBIE NETIH, NO3TOMY
€CJI U «3By4aT» ITH MpPSAMbIE YYaCTKH, TO TOJIHKO Ha BBICOKUX (FOIYOBIX U Jjajiee) 4acTOTax.

C TOYKM 3peHHMsI EKTPOIIPOBOJHOCTH aJIMa3, KaK U3BECTHO, — IOJIYIIPOBOJIHUK: B Ipeesax
OJIHOTO aTOMa JIEKTPOHBI JIBUKYTCS BJIOJIb €0 MPUCACBHIBAIOIIUX KEeI000B, HO MPHU NEPEXoJie Ha
COCETHMI aTOM OHHU JIOJDKHBI CHaudaja IMEpPecKOYUTh Ha Keno0, 0Opa30BaHHBIM CIMMIIUMUCS
MeTJISIMU, a 3aTeM YyXe C HUX — Ha MPHUCACHIBAIOUIMI >Keno0 Jpyroro aroma; yKa3aHHbIE
MEpECKaKUBaHUS U ONPENENSIOT 3JeKTpUuyYeckoe comnpoTuBiieHue. [lepeckakuBaHus MOTYT OBbITh
oOseryeHsl BO3/JEHCTBHEM BHEUIHUX (PAKTOPOB: KECTKOTO CBETAa, MOBBIIIEHHON TeMIEpaTyphl U
MIPOYUX, — U 3TO OIpEeIeNsIeT MOJIYIPOBOIHUKOBbIE CBOMCTBA aJIMa3a.

CrepeoMeTpusi yriieBoa0poa0B

Monexymbl yriieBO0POI0B TIOCTPOCHBI TOJBFKO Y aTOMOB YIJIepoJia M BOJOPOIa; BApHAHTOB
UX COCAMHEHHUS — OTPOMHOE KOJUYECTBO. MIX MOYKHO KITaCCU(PHUIIMPOBATH IO PA3HBIM MpPU3HAKAM:
M0  CTENEHH  HACBINICHHOCTH  BOJOPOAOM  (HACBHINIEHHBIE W  HEHACBIIICHHBIC),  TI0
Pa30MKHYTOCTH-3aMKHYTOCTH (QIUKIMYHOCTH ¥ QTUIUKIAYHOCTH), TO (Pa30BOMY COCTOSIHUIO
(razooOpa3Hble, )KUIKHUE, TBEPBIC), N30MEPHOCTH H 110 APYTHM.

CaMBIM MEJKOMOJIEKY/ISIPHBIM HACBIIICHHBIM YIJIEBOJOPOIOM SIBJISICTCSI METaH: €r0 MOJICKYJIa
COCTOMT W3 OJHOTO aToMa YIiiepoja M YeThIpeX aToMOB Bojopoaa. He TpyaHo ceGe mpeacTaBuTh
CTEPCOMETPHUIO 3TOW MOJICKYJIBI: Ha KaKIOH METie aToMa yriepoJia Ha HX HPHUCACHIBAIOIINX
CTOpPOHaX 3aKpeIUICHBI TI0 aTOMY BOJOPOJa; Ha OJHOM KOHIIE aTroMa yriiepojia BOJOPOIHBIE TOPHI
POCIIOJIOTAIOTCS CHApYXH, a Ha JPYrOM — HM3HYTPH, NMETIM C NPWIANIIAMUA K HAM aTOMaMH
BOJIOPO/Ia PACXOJSATCS OT CTBOJIA aTOMa YIJIepoJia BEEpOM, MPHUYEM YroJl PACXOXKICHHS NETeb C
BHYTPEHHUMH MPUCACHIBAIOIIUMHU CTOPOHAMU 0OJIBIIIE, YeM C BHEIIHUMHU.

Ecim atoM MeraHa [OMOJHATH TPYNIOW W3 OJHOTO aroma yriepoJa W JBYX aTOMOB
BOJIOPO/Ia, TO TOJIYYUTCS TOMOJIOTMYECKHI PsiJi aTOMOB HACBIIIEHHBIX YIJIEBOJOPOIOB: dTaH (I1Ba
yrjiepoja ¥ IIeCTh BOJOPOJIOB), MpONaH (TpH YIiepoja W BOCEMb BOJOPOJOB), OyTaH (4YeThIpe
yrjiepoJia u JAeCATh BOJOPOJIOB), IEHTaH (TISITh YriIepoJI0B U IBEHA/ILATh BOJAOPOIOB) H TaK Jajee.

CrepeomeTpusi MOJICKYJI 3THX YTIICBOJIOPOJIOB — YK€ CIIOXKHEE, YeM Y MOJICKYJIbl METaHa, H,
KpOME TOTO0, OHH BHJOU3MECHSIOTCS Y KaXJOTO VIJIEBOAOPOJa B OTICIBHOCTH, TaKHE
BUJIOM3MCHEHHSI HA3bIBAIOTCS HM30MEPaMU; ONPEACISIOTCS OHHM COCAMHEHUSIMH TETENh aTOMOB
yriaepoaa. Y dTaHa BO3MOXKHBI TPH BapHaHTa: €ro JBa aroMa yIrjiepoja MOTYT CIUMAThCS
BHEIIHUMH CTOPOHAMH, BHYTPEHHMMH HWJIHM TEPEeKPecTHO. Y TMpolMaHa, MMEKIIEro TP aTtoMma
yriaepojaa, TaKuX KOMOMHAIIUKA MOXET OBbITh ueThipe; y OyraHa — OoJibllie, a y MEeHTaHa — elle
O6onpmie. Ho BO Bcex OJTUX U30MEPHBIX CTEPEOMETPHUSX OOHApY)KMBAETCA  CIEAYHOIIast
3aKOHOMEPHOCTh: €CIIM TETIU COCAUHSIOTCS OJHUMH CTOpOHamMH (100 BHEUIHUMH, ITUOO
BHYTPEHHUMH ), TO CTBOJIBI aTOMOB yIJIEpOJia B MOJIEKYJIaX paclojaraiTcs B JUHUIO, MapaiieIbHO
Jpyr OpYTy; a €ciau MEeTIH COSAUHSIOTCS TEePEeKPECTHO (BHEIIHEW CTOPOHOW ¢ BHYTPEHHEH), TO
CTBOJIBI aTOMOB YTJIEpOJa pPAacloiaraloTcsl MEePHeHAUKYISIPHO WM Onm3ko K Tomy. [oBOps o
CTepEOMETPUU YTIEBOJOPOJOB, MBI HE JIOJDKHBI 3a0bIBaTh, YTO METJIM HAa OJHOM KOHIIE aToMa
pa3BepHYTHI M0 OTHOIICHUIO K METISM Ha JIPYrOM €ro KOHIIE MOJ MPSMBIM YTJIOM; M3-32 3TOTO
mo0asi MOJIeKyJa MpeACTaBIseT cOO0H MPOCTPAHCTBEHHYIO KOHCTPYKIMIO (HO HA TUIOCKOM JIMCTE



Oymaru Takue 00beMHbIE KOHCTPYKIIUH IPUXOAUTCS H300pakaTh INIOCKHUMH).

CrepeoMeTpusi IMO3BOJISIET OTBETUTh HAa BOMIPOC: IIOYEMY HEKOTOPBIE YIJIEBOJOPOIbI
ra3o00pas3Hbl, APyrue B HOPMAIbHBIX YCIOBUAX SIBISIOTCS KHUAKOCTSAMH, & TPETHbH — TBEPABIMU?
OtmeTnM, YTO ra3000pa3Hbl MEJIKOMOJIEKYISIPHBIE YIJIEBOJAOPOJbl: METaH, 3TaH, IpoIaH, OyTaH;
KUAKOCTSAMHU SBIISIIOTCSA YIJIEBOJOPOAbI C 00Jiee KPYNHBIMU MOJIEKYJaMU, HauMHas C IEHTaHa,
MOJIEKYJIBI KOTOpPOTO COJEpXkaT IO MSATh aTOMOB YIJepoJa, — M KOHYas YIJIEBOJOPOJIOM C
LIECTHAAThI0 aTOMaMU YIJIEpOJa B MOJIEKYJI€; M HAKOHEL, TBEPJbIMH SIBIISIFOTCS MapauHbl,
MOJIEKYJIBl KOTOPBIX COJEp)KaT OoJiee MAEBATHAALATH AaTOMOB Yriiepoja; HauOosiee TBEpAble
napauHbl — WX Ha3BIBAIOT IEPE3NHAMU —HUMEIOT MOJIEKYIIBI, COJIepIKalne 0oyee TPUIAaTH CeMU
aTOMOB YIJIEPO/1a, 1 METKOKPUCTAJUIMUECKYIO CTPYKTYPY.

OTBeT Ha NOCTaBJIEHHBINA BOIIPOC OyAeM MCKaTh BCE B TOM K€ MYIIHCTOCTH. ATOMBI yriepoaa
caMiM 1o ce0e He HMEIT MPOTUBOOOPCTBYIOUIUX YYAaCTKOB M IO3TOMY HE IYJIbCUPYIOT.
[lynbcupytoT M OuY€Hb MHTEHCHUBHO aTOMbI BOAOpoJa — Mbl 00 3TOM 3HaeM. Tak BOT, B
COEIMHEHUSX TE€X M JIPpYTHX, TO €CTh B YIJIEBOJOPOJAX, YIJEpoJ HE MOJAaBIsET KoJeOaHUs
BOJIOPOJIHBIX aTOMOB, M T€ CO3Jal0T BOKPYT HEr0 CTOSYHME TEIUIOBBIE MOJIS; TUIOTHOCTh UX BOKPYT
MOJIEKYJIBI MOKET OBbITh TaKOW, YTO OHA BCSl MPEBPATUTCSA B MYIIMCTYIO YaCTHUILY; a 3TO YK€ —
IJIaBHBIN MpHU3HAK ra3zoobpaszHoctu. [lomydaercs Tak, yTo aTOMBI BOJOPOJa CBOUM IOPXaHUEM H
CBOMM CTpPEMJICHHEM TOJHATh aToOM yriepoJa B BO3AyX HANOMMHAIOT CKa304YHBIX MTalleK,
YHOCSAIIMX C COOON B BBICH MPUUENUBIIYIOCS JATYIIKY. Eciau y 3THX nrTamexk — y BOJAOPOIHBIX

aTOMOB — XBaTaeT CHJI, OHU JENaloT MOJIEKyJly ra3oo0Opa3Hoil; eciau He XBaTaeT, TO —
KUJKOCTHOM; a Y)K €ClIM COBCeM He OyJeT CHJI, TO MOJEKyJa OCTaHeTCS MPUJIUIIIEH K TBEpAOMY
Temly.

Kpome TOro mymucTocTs YrieBOJAOPOAHOW MOJIEKYJI€ MPHUAAIOT TETJIEBblEe COECTUHEHUS
aTOMOB YTJIEpOIa; KayKJI0€ TaAKOE COEMHEHNE MOYKHO MPUPABHATH B ’TOM CMBICIIE K OJHOMY aToMy
BoJoposia. CKasbIBAIOTCS TAK)KE PACIOIOkKEHHE aTOMOB BOJOPOAAa B MOJIEKYJaxX YrJIeBOJAOPOIOB,
KOH(pUTypalusi MOJIEKYJ, pa3yMeeTcss — TeMIiepaTypa u Apyrue GakTopsbl.

Ecnu yuuThIBaTh TOJBKO OTHOILIEHUE KOJMYECTBA AaTOMOB BOJOPOJAa IUIIOC KOJUYECTBO
METJIEBBIX COCAMHEHUN K KOJIMYECTBY aTOMOB YyIiiepojia B MOJIEKyaax (Ha30BEM TaKO€ OTHOIICHHE
K03 (UIIMEHTOM MYIIUCTOCTH), TO Y Ta3000pa3HbIX HACBIIIEHHBIX YIIIEBOJOPOIOB OHO U3MEHSETCS
B mpenenax ot 4 y MeraHa (Temmeparypa kureHus MuHyC 164,5 rpamyca llenbcus) mo 3,25 y
Oyrana (temmneparypa kurnenuss muHyc 0,5 rpamyca); y KHUIKOCTHBIX ATOT KOI(PPHUIIUCHT
kojiebercss ot 3,2 y meHTtaHa (kumenue npu 36,1 rpamyca) mo 3,063 y yrieBomopona ¢
IIECTHAIATHIO aTOMaMu yrieposa; y mapagunoB — 3,053 go 3,029, a y nepesunoB — ot 3,027 no
3,019.

MOXHO OTMETHTH €IlIe TaKyl 3aKOHOMEPHOCTh: aTOMbI BOJOPOJA, pacrlojararouiiecs Ha
HapyXHBIX CTOpPOHax TeTelb YIJepoJa, CO3Aal0T OOJBIIYI0 MYIIMCTOCTh, 4Ye€M Te, 4YTO
pacmonaraloTcsi Ha BHYTpeHHUX. Tak y OyTaHa, HMMEIOIIEr0 YeThIpe HapYyXHBIX BOJOPOAA,
TeMIieparypa KurneHnus paBHa munyc 0,5 rpaayca, a y n3o0yraHa ¢ MsAThI0 HapY>KHBIMU BOJIOPOJaMHU
TeMIlepaTypa KUIEHHs elle HIKe U cocTaBisieT munyc 11,7 rpagyca. To ke camoe Habmrogaercs y
KUJKOCTEN: MEHTaH C IIECTbI0 HApPYXKHBIMHU BOJOpoAaMM 3akunaeT npu 36,1 rpagyca Llenbcus, a
M30IIEHTaH C CEMbIO HAPYXHBIMU BOAOPOAaMHU Iipu 27,9 rpagyca.

CrepeomMeTpHusi HEHACBIIIEHHBIX YIIJIEBOJOPOJIOB — HECKOJIBKO CJOKHee. Bo3zbmem ist
IpuMepa aleTUJIeH, MOJEKyJa KOTOPOTO COCTOMT M3 JABYX aTOMOB YIJIepoJa M JBYX aTOMOB
BoJioposia. OH MoJiyyaeTcsl MpH pearupoBaHUM KapOuaa KaublHs C BOJAOW MM W3 METaHa MpHU
MPOMYyCKaHUHM  4Yepe3 HEero DJIEKTPUYEeCKUX  pa3psioB. OTIMYHUTETBHOW  OCOOEHHOCTHIO
CTEPEOMETPUU alleTUJICHA SIBJIAETCS TPOWHAsl CBSI3b aTOMOB YIJepoJa B €ro MOJEKyJax. ITO
03HAYyaeT, YTo, BO-NIEPBBIX, METJIM C BHYTPEHHUMHU MPHUCACHIBAIOUIMMU CTOPOHAMHU OJHOTO aToMa
yriaepojia OXBAaThIBAIOT METJIM C HApYKHBIMU MPUCACHIBAIOIIMMH CTOPOHAMHM BTOPOTO aToMa, U
BO-BTOPBIX, U3 OCTaBIIUXCS METEIb JIBE, IO OJHOW OT Ka)XJOro aToMa, 3arHyThl HABCTPEUy JAPYT
Ipyry ¥ 0O0pa3yloT HakIaJKy THUMA TOW, YTO €CTh y aToMa Teius; U TOJIbKO OCTaBIIHECS



HE3aMKHYTBIMH OCTaJIbHBIE JIBE NIETJIM COEIMHEHBI C aTOMAaMU BOAOPOA.

[To3BonmuMm cebe MPEenArnoyioKUTh, KaK BO3HHMKAET MOJIEKyJa aleTHJIeHa B MOMEHT
IIPOCKAKMUBAHUS 3JIEKTPUUECKOIO paspsga B MeTaHe. Paspsn mnpeBpamiaeT MeTaH B IUIA3MY;
MO-TIPOCTY TOBOPSI, OH CPBIBAET C aTOMOB yIJIepoJa aToMbl Bogoponaa. OcBoOOAMBIIMECS aTOMBI
yriepoaa COENMHAIOTCA MEXAYy CO0O0W NO-MAapHO MAKCHMajIbHO BO3MOXKHBIM 00pa3oM, TO €CTb
TpeMsl NEeTIAMM, Kak ObUIO CKa3aHO Bbllle. Te e, yTo 00pa3yloT TIelMeBYH0 HaKJIalKy,
CTSTUBAsICh, U30THYT BHOBb OOpa30BaHHYIO MOJIEKYJIYy TaK, 4YTO JIBE OCTABIIMECS HE3aMKHYTHIMHU
METIM HE CMOTYT JNOTSHYTHCS APYT O APYra W BHIHYKICHBI OyAyT MONMarh W IpucocaTh K cebe
HaxoJsIuecs MoOIn30CTH aTOMbI BOJIOPOAA.

XapakTepHOW 4YEpPTOM CTEPEOMETPUM HEHACHIIIECHHBIX YIJIEBOJOPOJOB SABJISETCS JIBOMHAs
CBSI3b aTOMOB YIJIEpOJa, KOrja METIM C BHYTPEHHMMHM IPUCACBIBAIOIIMMHU CTOPOHAMH OJHOIO
aTOMa OXBAaThIBAIOT METJIM C HAPYKHBIMU CTOPOHAMHU JPYroro aToMa; Ha30BEM TaKO€ COEIMHEHUE
cko6or0. OHa HaOmonaeTcss W y aleTuiieHa, U y JTWIeHa, U y OyTWJIeHa, U Yy BCEX JPYTux
HEHACBILIEHHBIX YIJIEBOJAOPOJIOB; Ojaroaaps el KoJIMYeCTB aTOMOB BOJIOPO/ia B MOJIEKYJIAX TaKHX
YTJI€BO0POJOB YMEHbILIAETCS.

Cko0a CcHUITBHO TMYJIBCUPYET; €€ MYIIHCTOCTh MOXHO OIEHWUTHh MNpUONMM3UTENHHO B 3,1
TEIUIOBBIX TOJs aroMoB Boaopoda. C yderoM 3Toro KoOA(pQGUIMEHT ITyHIHUCTOCTH 3TUJIEHA
OKa3bIBaeTCsl paBHBIM 3,55, M OH 1O ra3000pa3HOCTH pacloiaraeTcst MeX1y MeTaHoM (4) U 3TaHOM
(3,5); Temmeparypa Bckumanus stuieHa (munyc 103,8 rpamgyca llenbcus) BbIie 4em y MmeTaHa
(munyc 164,5 rpagyca), HO HIKe yeM y 3taHa (MuHyc 88,6 rpanyca). Koadpduuuent mymmcroctu
OyTuiieHa ¢ ydeToM JAecTBHs CcKoObl cocrtamisier 3,275, u OyTuieH co CBOeil Temreparypoi
KUTEHUsT MUHYC 6,3 Tpaayca pacrosaraercs Mexay mponaHoMm (KodpGUIUEeHT mymucTocT 3,33,
TeMIieparypa kurnenus MuHyc 42,1 rpaayca) u Oyranom (kosd¢unuent 3,25, remneparypa MUHYC
0,5).

Oco0asi mymHCTOCTh — Y alleTWeHa; 3Ta OCOOEHHOCTh BbI3BaHA €ro OPHUTHHAIBHON
crepeoMerpueil. Ecu OlleHUTh MyMIMCTOCTh TeMEBOM HAKIaAKA B 1,7 BOJOPOIHBIX TEIIOBBIX
moJjisi, TO KOd(PPHUIIMEHT MyNIMCTOCTH aleTUeHa COCTaBUT 3,4, M OH CO CBOCH TemmepaTypou
KUIIEHHUSI MUHYC 75 rpagycoB 3aliMET MECTO MEXKIY 3TAaHOM U IIPOIaHOM.

3aBepirasi pa3roBop 00 YIriIeBOAOPOJAX, OTMETUM HMX OECIIBETHOCTh; OHA OOBSCHSIETCS BCE
TEM JKe: aTOMbl B MOJIEKYyJaX YIJIEBOJOPOJOB HE MUMEIOT TaKUX JJIUH MPSMOJUHEHHBIX y4aCTKOB
ITHYPOB, KOTOpbIE KOJeOanuch Obl («3By4alin») Ha BUAUMBIX YE€JIOBEUYECKUM I1a30M 4acTOTaXx.

CrepeoMeTpusi M TONMOJIOTUSI KAPOHUIOB

KapOuzpl, ToO ecTb cOeAMHEHHs yriepoja ¢ MeTaulaMd (M HEKOTOPBIMH HEMeTajulaMH,
HamnpuMep C KaJblMEM), UMEIOT CBOIO OCOOYIO CTEPEOMETPHIO; OHA XapaKTepPHA TEM, YTO aTOMBI B
HUX COEIMHSIOTCS HE METSIMM, KaK B YIVIEBOAOPOAX, a JKelIo0aMu; MpH 3TOM KOH(Urypauus
aTOMOB CHJIBHO BMJIOM3MEHSETCS, TO €CTh CTEPEOMETpHUs KapOMJIOB COIPSraercs ¢ TOMOJIOTHeH
aToMOB B HUX. HekoTopoe n3MeHnenue Gopm aToMOB yriepoja HabII0Aaa0ch, Kak Mbl BUJIENH, U B
AUIOTPONMUYECKUX MOAU(DUKAIMAX, U B MOJEKYJIax YIrJIeBOJOPOJOB; HO TaM 3TO BBIPAXKAJIOCh B
OCHOBHOM B DPa3BOpPOTE€ MM OTrHOE KOHIEBBIX HETEIb;, HO CTBOJBl aTOMOB, COCTOSIHUE H3
CMApEeHHBIX kKeJ0OOB, COXPAHSIMCh MOYTH HEM3MEHHBIMU. B kapOupax aTomsbl yriepoja MOTYT
TpaHc(HOPMUPOBATHCA JI0 HEY3HABAEMOCTH.

KapOuzpl, Kak H3BECTHO, MOJIy4yarOT MPOKAJIMBaHHWEM IIPU BBICOKHUX TeMIlepaTypax CMecu
MOPOILIKOB METAJUIOB WMJIM HUX OKCHAOB C YIieM B JIeKTpudeckux nedax. KomOuHanmein
IEKTPOHHOTO U TEILUIOBOIO BO3JEHCTBUS CMECHU NMPUBOAATCA B COCTOSTHUE IUIA3Mbl, KOIZIa aTOMBbI
MeTajljla Pa3beINHAIOTCA U JIETKO CKOJIB3ST, C MOJIEKYJI OKCHJIOB CPBIBAETCSI KUCIOPOJ, @ CTBOJIBI
aTOMOB YTJIepo/ia HallOMUHAIOT MY4OK OpeHYalIux CTPYH, YTPATUBIIMX CBOE €IWHCTBO. B Takom
COCTOSIHUM aTOMBl METAaJUIOB U YIJIepoJa, MepeMelInBasCh, HAXOAAT Takue (OpPMBI KOHTAKTA,
KOTOPBIE IPOTUBOCTOAT NIEKTPOHHO-TEMNIOBOMY Pa3pyLLIEHUIO.

[losicaum ckazanHoe Ha npumepe. IIycTh npokanuBaercs B 3JIEKTPOINEYH CMECh MOPOLIKOB
OepwiuIns U yriiepoJa; TeMiepaTypa cMecH nojyiep:xxuBaercsa Ha yposHe 1700 rpanycoB. bepunuit



B 3TUX YCJIOBHUSIX CTAaHOBUTCS >KUJKHUM (€ro TemiiepaTypa IuUiaBieHus paBHa 1284 rpagycam), a
aTOMBI yIJIepoJila HaXOJATCS B «IIbSHOM» COCTOSHHH. llepememmBasch, aTOMbl Oepuuids U
yriepoja OyayT HaXOAWTh TaKHE COCAMHEHHS MEXIy cO00M, KOTOpbIe COCOOHBI MPOTHBOCTOSTH
TETJIOBBIM JIBIDKEHUSM: ISl UX paspylieHus yxe TpeOyercs temmeparypa B 2150 rpamycos; 3Tu
COEIMHEHUS Ha3bIBalOT KapOuaoMm Oepmums. [Iponece «moactpanBanusy OyAeT MPOUCXOAUTH JI0
TeX TOp, IMOKa BCS XKUAKas (haza He MPEBPATHTCS B TBEPABIA KapOusI.

[Ipumep ¢ OGepriuieM XOpOII T€M, YTO caM OCpUJUIMK JaeT HaM MOJICKa3Ky B OOBSICHEHHU
3arankd  KapOumoB. Korma MBI paccMarpuBaid  TONOJOTHIO aTOMOB JTOTO METaia, TO
MOJAYEPKUBAIM €TI0 CIIOCOOHOCTh CKJIEUBATh aTOMBI JPYTUX METAJIOB, Jefas ux 0oJjiee MPOYHBIMH.
Termepp TOYHO TakUM >K€ CIIOCOOOM YIPOYHSETCS caM OepWuIMi, HO B KauecTBE KJesl yxKe
WCIIOJNb3YeTCsl yriepoa. B mgaHHOM ciydae aToMm yriepoja HalmoMHUHAeT CBoe (opmMoit atom
OepuIIus: y HEro OCTAIOTCSI 3aMKHYTBIMU MEXIY COOOM TOJBKO NMEpPBUYHBIE METIH, a BCE TEIO
BBITJIAIUT KaK JUIMHHBIM JKeJ00 M3 CHApeHHbIX LIHYpPOB, MPWIMIIIMK K COCEIHHM aroMam
Oepwiiusl U MOBTOPSIONIMI MX KOHTYpbl. B 00pa3HOM cpaBHEHMHM aToM yriepoja B Kapounue
HallOMHHAET TOT K€ KOCTIOM B3POCJIOT0, HO HE Ha (UType IIKOJIbHHUKA, a HA TPy peOeHKa.

CkiienBaHue aTOMOB METaVIOB C IIOMOIIBbIO aTOMOB YIJIEPOJAa CYILIECTBEHHO TIOBBIIIAET
MPOYHOCTh UX COCIUHEHUS,  ITO OTPAKAECTCS HA UX KAPOCTOUKOCTH, YNCTHIN TUTAH, TIABAILIANCS
npu Temieparype 1668 rpaaycoB, B COEIMHEHHH C YIJIEPOJOM OCTaeTCs TBEPIABIM BIUIOTH [0
temmneparypsl B 3140 rpagycos. Hapsiny ¢ HCKIHOUMTENBHOM )KapOCTOMKOCTBIO M TYTrOIUIABKOCTBIO
(mopsiaxa 3000 rpamycoB) KapOUIbl XapaKTEPU3YIOTCS BBICOKON KOPPO3MOHHOM CTONKOCTBIO.

HekoTtopoe wuckitoueHue COCTaBIAIOT KapOHWAbl MapraHila M JKejne3a: OHM TEePMHUYECKU U
XUMHYECKH MEHEEe YCTOWYUBBI, — U OOBSICHUTH 3TO MOKHO TE€M, 4YTO OHHU HE SBISIOTCA
MOJIHOIICHHBIMU METaJUIaMU, TO €CTh MX aTOMbl UMEIOT HEeCcKoJIbKO HHble Gopmbl. K Tomy ke, B
Kese3e YriiepoJa CKIOHEH OObEeIUHSTHCS B TpaduT; cMech xkene3a, kapOuaa u rpadura u3BecTHa
KaK YyT'yH.

CoenvHEeHHs aTOMOB METAJUIOB C aTOMaMH YIVIEPOJA HENb3s CYUTATH MOJIEKYJIaMH: OTH
COEJIMHEHUS MPEJICTABIIAIOT COOOM CIUIABbI; IO3TOMY HE COBCEM INPABHIIBLHO M300paxaTh KapOHbl
B BUJ€E (popMyia Mosekyi. To, 4To JUIMHBI CIAPEHHBIX HIHYPOB OJJHOIO aToMa yrjiepojia XBaTaeT AJs
TOr0, 4YTOOBI ONOSACATh JBA ATOMA OEPHILIMS, HE TOBOPUT O AECHCTBUTEIBLHOM COCANHEHUH UX MEXTY
cOOOM: COEAMHUTHCS OHM MOTYT B JIFOOOM KOJIMYECTBEHHOM cooTHouleHuu. He moBopaumBaercs
A3bIK Ha3blBaTh KapOWIHBIE YACTHULBI KPUCTAIAMU: OHM HE HMEIT CTEePEOMETPUUYECKH
IIPABUIIbHYIO, PETYSIPHO HMOBTOPSAIOLIYIOCS CTPYKTYpY, TaKylo, HapUMep, Kak y rpadura win y
ajMasa.

IIpencraBnenue kapOUI0OB B BUJE CIUIABOB, B KOTOPBIX aTOMBI YIJIepoJia MOX0XH Ha aTOMbI
METaJUIOB, MOJTBEPKAAOTCS HUX METAJUIMYECKMMM HIpPHU3HAKAMHU: OOJIBIIMHCTBO W3 HHUX HMEET
BBICOKYIO  DJIEKTPOIPOBOJHOCTb, METAJIMUECKUI  OJECK, IOJIOKUTENIbHBIA  TePMUYECKUH
KO3 QULHUEHT 31EKTPOCONPOTUBIICHUS U JPYyTHE.

4.7. A3oT

A30T pacrnosiaraercst B Tabnuie MenzeneeBa 1Moj CeIbMbIM HOMEPOM; €0 aTOMHasl Macca
paBHa 14,0067. OH npenctaBiseT coOoi OeCIBETHBIM ra3 M BXOIAUT OCHOBHOW COCTAaBISIOIIECH
qyacTeio (78 mpoleHToB) B atMochepy 3emiiu; OOHApYy)KEH OH TaKkKe B Tra30BbIX TYMAaHHOCTSAX
Bcenennoii u B costHeuHOi aTMoc(epe; ecTb OH Ha Ypane, HenTtyHe u Ha Ipyrux nijiaHerax.

B npupoaHbIX YCIOBHSIX a30T IPEACTABIEH B MOJIEKYJISIPHOM BHUJE; €70 MOJIEKYJIAa COCTOUT U3
JBYyX aTOMOB; OHa — O4YEHb IPOYHAs M pacnajgaercs Juib npu Harpese Bbiue 3000 rpagycos
Lenbcust. A30T CKMKAeTCsl MPU TeMIlepaType HUke MUHYC 196 rpagycoB, a 3aTBEpAEBacT HMXKE
muHyc 210 rpagycoB. B TBepmoM cocTossHMM OH 00pa3zyeT KyOMYecKHe M TIeKCaroHaJlbHbIe
MOAU(PHUKAITIH.

A30T XMMHMUYECKHM MAaJOAaKTHBEH: B HOPMAJIbHBIX YCIOBHUSAX OH B3aMMOJEHCTBYET JIMLIb C
JUTHEM, 00pa3ys KpUCTaJUIbl. B TO jke BpeMsi U3BECTHBI caMble pa3lInuHble coenuHeHus azora. C



BOJIOPOJIOM OH OOpa3yeT aMMHaK, MOJIEKyJla KOTOpPOrO COCTOMT W3 OJHOIO aToMa a30oTa M TpeX
aTOMOB BOJIOpOJia. AMMHAK — TOXE a3 U TOXKe OECUBETHBIN; OH CHKMKACTCS MPH TeMIIEpaType
HIKE MUHYC 34 rpalycoB, a 3aTBEpJAEBAET HWKE MUHYC 78 IpaycoB; IOJy4alOT €r0 CUHTE30M M3
npocThix BemecTB mpu Temmeparype 400 ... 500 rpagycos, mox naBineHuem S ... 1000 armocdep u
B NPUCYTCTBHM KaTajau3aTopa (OOBIYHO jkene3a). AMMHAK BBIIEISIETCS TaKXKe NPU KOKCOBAHUU
KaMeHHoro yrisi. CoBpeMEHHas XUMUS INPEACTaBISET MOJIEKYJly aMMHUaka B BUJE TPEeXTpaHHOMN
IUMpaMHbl C aTOMaMM B €€ BEpIIMHAX; aTOMbl BOJOpOJia B HEW pa3HeceHbl moj yriom 107
IpagycoB.

W3BecTHBI ellle HECKOJIBKO COEAMHEHUI a30Ta ¢ BOJIOPOJIOM, U HauboJyiee paclipoCcTpaHEHHOE
W3 HUX — THUJIpa3uH (WK JuaMuj)) — OeCIBETHAs JKUJKOCTb, 3aTBEPJICBAOIIAS MPU TEMIIEpaType
HUKE JBYX TIpaaycoB W 3akunatomas npu 113,5 rpamycax Llenscus. Monekyna ruapasvHa
COJIEP’KUT JIBa aTOMa a30Ta U YeThIpe aroma Bojopoaa. ['uapa3uH MeHee yCTOMUYUB, YeM aMMHaK, U
Ha BO3/yX€ FOpUT C OOJILIINM BBIJEIIEHUEM TETLIa.

W3 npyrux coeauHeHMi a30Ta YHOMSHEM a30THYIO KUCIOTY, MOJIEKyJlIa KOTOPOM COCTOUT U3
OJIHOTO aToMa a30Ta, OJHOr0 aToMa BOJOpOJa M TPEX aTOMOB KHCIOpOJa; 3TO — OeclBeTHas
KUJKOCTh, Kursimas npu 84,1 rpaayce, a mpu munyc 41,6 rpamyca 3aTBep/eBaroIiasi B Ipo3pavyHyto
KPUCTAJUIMYECKY0 Maccy. BoOAHBIM pacTBOp Aa30THOM KHUCIOTHI pPa3pyllacT >KUBOTHBIE H
pacTUTENbHbIE TKAHU, COETUHSIETCS MOUYTH CO BCEMU METaJlJlaMU M HEMeTaJlJIaMu.

OTMeTHM elie Tak Ha3bIBa€Mble HUTPUABI — COEIUHEHHS a3oTa C MeTalaMd |
HeMeTamaMu. OJJHO Takoe COeAMHEHUE C JINTUEM MbI YK€ YIOMHHAIIU: OHO JIETKO 0Opa3yercs, HO
TaKXe JIETKO pacnanaercs npu temmeparype Bbimie 300 rpagycoB. [pyrue HUTpUIIBI METAIOB
BO3HUKAIOT TPYyJIHEE, HO U OTJIMYAIOTCS BBICOKOM TemIiepaTypoi IUIaBJIEHHS, YTO TOBOPUT O HX
TEPMUUYECKOW M XUMHYECKOH CTOMKOCTH. OHU XapakTEPH3YIOTCS METAUIMYECKUM OJIECKOM,
ANEKTPOHHOU MPOBOJAUMOCTBIO, a TAK)KE BBICOKOM TBEPAOCTHI0. HUTpUABI MOTYT BKIIFOUATh HE OJUH
MeTajjl, a CIUIaBbl. ATOMapHbIE COOTHOIICHHS] HUTPUAOB MOTYT OBbITh HEKPATHBIMH, TO €CTh Ha
OJIMH aTOM MeETaJljla MOXET MPUXOIUThCA MEHEe OJHOro aroMa a3zora. Hutpuael HemeTamioB —
coeMHEeHUs ¢ OOpoM, C alIOMMHHMEM, C KPEMHHEM — HU3BECTHbI KaK TBEpJble MOJIMMEpPHBIE
BeIlleCTBa ¢ Temreparypoi 1miasiaeHus Boiae 2000 rpaaycoB; OHU SBISIOTCS JIMOO AMAIIEKTPUKOB,
MO0 MOTYITPOBOJHUKAMH.

Tomnonorust atoma a30Ta — OpUTHHAJIbHAS; 00 STOM T'OBOPUT €ro MeTJIeBasi BaJICHTHOCTh: OH
MPUCOEIUHSIET K cebe HEYeTHOE KOJMYECTBO aTOMOB BOJIOpPOJia, a MMEHHO Tpu. HomuHanbHas
JUIMHA IIHYpa MUCXOJHOTO Topa atoma cocTaBisier 25 700 3(upHBIX MIAPUKOB; 3TO OTHOCUTEIHHO
JUIMHHBII [IHYp, U MO3TOMY jAeopMmaiusi Topa HUIAET HE MO IMyTU CKJIAJAbIBaHUSA €ro BIBOE, a
—BTpOE: CHayajla OKPYXHOCTb TOpa IMpOrudaercs ¢ TpeX CTOPOH, 3aTeM 00pa30oBaBLIUECS TPU
BBICTYIIA BBITATUBAIOTCS B JIy4d (JICTIECTKH), ¥ HA UX KOHIAX BO3HUKAIOT METIH; TaKk GopMUpYeTCs
TPEXJICNIECTKOBBIM aToM a3ora. Ecnu mpocnennTs 3a TOMOJIOTHEN OAMHOYHOTO aroMa Jajblie, TO
MOXHO OTMETHUTb, YTO JICIECTKH H30THYTCS B OJHY CTOPOHY M COHIYTCS BMECTE, YTKHYBILIWCH
BEpIIMHAMH TETENb JPYT B Apyra; aToM npuooperet rpeiidepuyto hopmy.

Ho ckopee Bcero, 10 3toit rpeiidepHoii Gopmbl €10 HE JOMIET: TPEXJICIECTKOBBIC aTOMBI
MIPH CIy4ailHBIX CTOJIKHOBEHHIX OYAyT 00pa3oBbIBaTh IByXaTOMHBIE MOJIEKY/bl. B Mosekyne a3ora
TP METJIM OJTHOTO aTOMa MPUIUMNAIOT K TaKUM >K€ TPEM METISM JPYroro; CIUMAIOTCs TakkKe HX
Ty4H, TaK KaKk OHH MPEJCTaBISIIOT co00# kenoba. OreHnBasi CUly CLEIUJICHHsS] aTOMOB B MOJIEKYJIe
a30Ta, MOKHO CKa3aTh, YTO OHA OYEHBb OOJbIIAS; U JUIsl TOTO, YTOOBI pa3opBaTh MOJIEKYNY, HYKHO
MIPUJIOKUTH OTPOMHOE YCHITHE.

Mounekyna morna Obl ObITH BOOOIIE HEPACTOPKUMOMW, eciu Obl HEe J1Ba 0OCTOSTENBCTBA.
[TepBoe: pazmMepsl aTOMOB B MOJIEKYJIE — HE OJMHAKOBBIE, 1 TIOATOMY MX B3aMMHOE MPHUIIETaHue —
JaNieko He MJICATbHOE; €CIIM U BCTPEYAIOTCs HealbHbIe Taphbl, TO OHU — OOJbIIAs PEIKOCTh, U Y
HUX Ccy/b0a — UTh Ha MMapy NOYTH Be4HO. BTopoe: criapeHHbIe JTeMeCTKH MOJIEKYIbl UCIBITHIBAIOT
B3aMMHOE BIICYCHHE, U JBA U3 HUX TOMBITAIOTCS MAKCHUMAIBHO CONU3UTHCA MEXAy co00#, HO UM
OyZeT MPOTHUBOCTOSATH YIPYroCTh IIHYPOB; O0ph0a ITHX CHUI MOPOAUT HEYCTOWYMBOCTH B BHJIE



MOPXaHUsl CIAPEHHBIX JICTIECTKOB; KOJE€OaHHWS OTHEIbHBIX JICTIECTKOB OIPENENAIOTCS HX
WH/IMBUYAIbHBIMH XapaKTEPUCTUKAMU, U MTO3TOMY JICTIECTKH B Tape OyayT KosebaTbcsi HEBIOMal
— 9T0 eme OoJIbIIe 0CTa0UT MOJIEKYITY.

[TopxaHusi ClapeHHBIX JICTIECTKOB MOPOKIAIOT BOKPYT MOJIEKYJIBI CTOsIUEE TEIUIOBOE T0JIe, U
3TO TOJIE JeNaeT MOJEKYITy mymucTo. KonebmroTes He TONbKO COMM3HMBINMECS JIETIECTKH, HO U
OCTaBIIMKCS OJUHOYHBIM, XOTS B MEHBIICH CTENEeHHW; U OH OyJIeT MOMOJHUTEIFHO pPacKauyuBaTh
terwioBoe noJje. Orcrona, a30T — ras.

[leTneBbie coeMHEHMS] aTOMOB a30Ta C aTOMaMHU JPYTUX XUMHUYECKHUX DIIEMEHTOB XOPOIIO
WUTIOCTPUPYIOTCSA Ha MPUMEpe aMMHaKa: aTOMbI BOJOPO/Ia MPWIIMIAIOT B HEM K IPUCACHIBAIOIINM
CTOpOHAM TIeTeNb aTroMa a30Ta, «rpeidep» MpH 3TOM paCIyCKaeTcs W TNPHOOpETaeT BUI
TPEXTPaHHOM MHUPaMHIBI, a TOYHEE CKa3aTh — TPU JIETIECTKA MOJIEKYIbI C TMPMIIAIIIIAMA HA KOHIIAX
BOJIOPOJHBIMH KOJICYKAMU PACXOIATCS TaK, YTO 0Opa3yroT Mexay coOoit yriel mopsaka 100
rpaaycoB. ['OBOPHTH O TOM, YTO 3TH YIJIBl PaBHBI TOYHO CTa CEMH Tpajaycam, ObIJI0 OBl HE COBCEM
MPAaBUIILHO: YUUTHIBASI TO, YTO OTOTHYTHIE JIEECTKH MOJIEKYJIBI aMMHaKa HE MOTYT B HOPMaJIbHBIX
YCTIOBHSIX HE KOJIEOAThCS, YIJIBI 3TH HMMEIOT IIepeMEHHbIE 3HAueHHs. YKa3aHHBIE KOJeOaHWHs,
OYEBUIHO, YCUJIMBAIOT TEIUIOBOE TI0JIE MOJIEKYJIBI, CO3/1aBa€éMO€ B OCHOBHOM aTOMaMH BOJIOPOJIa;
MO3TOMY aMMHaK — Toke ra3. IloguepkHeM, UTO BO BCeX METIEBBIX COEAMHEHHSX a30T BCET/a
TpPEXBaAJICHTEH.

CoenuHeHHs C TOMOIIBIO JKEJI000B aTOMBI a30Ta MOTYT 00pa30BBIBATH CO BCEMHU METAJIIAMU
U TEMH HEMETaJUTaMH, KOTOPbIe MMEIOT CBOHM OTKPBITHIE TpHcachIBaromue xenobda. OcoOHIKOM B
ATOM psily CTOWT HUTPHUJ JIUTHS, KOTOPBIH He TpeOyeT il CBOEro OOpa3oBaHWs CHEIHaIbHBIX
yCIOBUN. ATOMBI JUTHSI JIETKO IMPOHUKAIOT BHYTPh «rpeidepa» aroMa a3oTa U NPUIUNAIOT TaM
CBOMMH JKelo0aMH M KeloOaMH JIENeCTKOB a30Ta, Y KOTOPBIX IPHCACHIBAIONINE CTOPOHBI
oOpalleHbl BOBHYTPb; IPHU 3TOM JIETIECTKH DPACXOAATCS, JAaBas BO3MOXKHOCTb aTOMaM JIMTHUS
CIIMIHYTbCS MEXIy co00il B 1ieHTpe. [[nuHbl jenecTka XxBaTaeT MOYTH HA BECh NPHCACHIBAIOLIUM
KOHTYp aToMa JHTHA. B packpelToM BHJE TpU NpHUCACHIBAIOIIMX JKe€JI00a aTtoMa a3oTa MOTYT
IPUCOEIUHUTE K cebe aTOMbl JpPYruX OHJIEMEHTOB B DPA3HOM KOJMYECTBEHHOM U JApPOOHOM
COOTHOILEHUH. B 3TOM cityuae a30T BeICTynaeT B poJM Kjesl HarojoOue yriepoja U CocoOCTBYeT
YIPOUHEHUIO MAaTEpUAJIOB: CKJIECHHBIE Aa30TOM METaulbl MOBBIIAIOT CBOI TBEPAOCTh U
TYroILIaBKOCTb, COXPAHAs CBOM METAJUINYECKHUE CBOMCTRA.

becuBeTHOCTH a30Ta OOBSACHSETCS OIAThH JK€ TEM, UTO JIEIIECTKH €0 aTOMOB KOJIEOJIIOTCS Ha
4aCcTOTax, HE PErUCTPUPYEMBIX PELENTOPAMHU YEJIOBEYECKOTI0 Iia3a.

Tononorust atToMa a3oTa NO3BOJSET OOBACHUTH TAKYI0 OCOOEHHOCTh A30THBIX COCIMHEHHUH,
YTO B pe3yibTaTe UX IEPENnoACOCINHEHUNH MOKET BBIJENATHCS OIPOMHOE KOJMYECTBO TEIUIA, a
MHOT/Ia TakoM Ipolecc HAET CO B3pbIBOM. MOJIEKYyJbl C y4acTHEM a30Ta MOTYT IHpPEICTABIATh
co0oii 1100 MPOCTPaHCTBEHHbIE KOHCTPYKIHMH, JINOO Cyry0o MIOCKUE; IPOCTPAHCTBEHHBIE, Ja elle
BO30Y)K/ICHHbIE MOJIEKYJbl BMECTE€ CO CBOMMM TEIJIOBBIMHM MOJSMH 3aHUMAIOT OYEHb OOJIBLION
0o0beM, a IUIOCKHE, HA00OpOT, CpaBHUTENBHO Maiblid. [losToMy, ecin Mojekyle HpeacTaBUTCS
BO3MO’KHOCTh IPe0OPa30BaThCs U3 NPOCTPAHCTBEHHOM B IUIOCKYIO, TO OHA CJIIEJIAeT 3TO C OOJIBIINM
JKeJlaHUEeM: ee MOTEHIMAJIbHAS SHEPTUs B 3TOM Cllydyae MepeiieT B KHHETUYECKYI0; BblIe/IUBLIEECs
TEIuI0 MOOYAUT COCeIHUE MOJEKYNbl ClejaTh TO K€ camoe; T€, B CBOIO Ouepeib, MOATOJKHYT
Jpyrue MOJIEKYJIbl, U MPOLIECC MPUMET LIETTHOM XapaKkTep B BUJIE B3pbIBA.

4.8. Kucnopop

BocbeMoit o cueTy XMMHYECKHH 351eMeHT Tabauibl MeHeneeBa — KUCIOPOJI; €ro aTOMHast
Mmacca paBHa 15,999. OH — camblif paclipocTpaHEeHHBIH Ha 3eMie 3JeMEHT; B atMocdepe ero 21
MPOIIEHT, B TBEPA0i 060s10uKe 3eMian — 47 MPOLIEHTOB; B OKeaHaX — 86 MPOLIEHTOB.

B HOpManpHBIX YCIOBUSAX KHCIOPOJA — Ia3; TEMIIEPATypa KUIMEHUS CKMKEHHOTO KHCIOpOoJa
paBHa MuHyc 182,9 rpanyca Llenscus, a Temneparypa nepexoaa U3 TBEpAOr0 COCTOSHUS B KHUAKOE
— MmuHyc 218,7 rpagyca. B Bozayxe aTMocgepbl aToMbl KUCIIOPOia OOBEUHSIOTCS B MOJIEKYIIbI;
0 JIBa aToMa B Kaxa0il. Mi3BecTHa ayutoTponuyeckast MOJUpHUKaIHs KHCI0pOoJa — 030H, MOJIEKyJa



KOTOPOTO COCTOMT W3 TpeX aToMoB. O30H BO3HHMKAeT NpPU BO3JICHCTBHU YIbTPa(uOIETOBOrO
U3JIy4yeHUs U IPU IPOCKAKUBAHUM IEKTPUUECKOTO pa3psaa (MOJIHUM).

Kucnopoa XuMHueCKH OYEHb aKTUBEH; 110 CBOCH aKTUBHOCTH OH YCTYIAeT TOJbKO Gropy. OH
COEJIMHAETCS MPAKTUYECKH CO BCEMU 3JIEMEHTAaMH, UCKIIIOYas MHEPTHBIE Ta3bl. B coennHeHusx c
MeTaJUlaMU OH TPOSIBIISICT MEPEMEHHYI0 U Jake ApoOHYI0 BaleHTHOCTh. [louTw Bce peakmuu ¢
y4acTUEM KHUCJIOpOJia OTHOCSTCS K THUIY 3K30TEPMUYECKHX, TO €CThb MPOUCXOJAT C BBIACIECHUEM
TEIUIa WK JIaXKe CBETa, a COSJAMHEHHE C BOJOPOIOM IIPOUCXOINUT Aaxe B popme B3pbiBa. Emie 6onee
AKTUBEH O30H.

N3 coequnenunit kuciopoaa HanboJiee U3BECTHA BOJIAa, MOJIEKYJIa KOTOPOM COCTOUT M3 OJHOTO
aToMa KHUCJIOpOJia M JBYX aTOMOB BOJIOPOJa; BOJOPOJ pa3HeceH B MoJiekynae Ha yroa 104,5
rpagyca. Bopna, Oosbliie W3BECTHas Kak >KUIKOCTb, BXOJUT OCHOBHOHM COCTAaBHON 4acTbio B
MUHEpaJibl, TAe MpeAcTaeT yxke B TBepaoM Buie. Kuakas Boja 3akumaer npu 100 rpamycax u
3aMep3aeT Mpu Hyse rpaaycos o Llenbcuro. B &UIKOM COCTOSIHUM BOJa UMEET MaJlylo BSI3KOCTb U
OOJBIIYI0 TEIJIOEMKOCTh. [3BECTHO, YTO B CIUIOIIHOM Macce MOJIEKYJIbl BOABl MOTYT
JMCCOLMUPOBAaTh, TO €CTh pacHajaThCsi Ha COCTaBIAONIIME aToMbl. Boma — Xxopormmii
PacTBOPUTEND.

C yrneponom Kucioposa oOpa3yeT YIJEKHUCIbIH Ta3, MOJIEKylla KOTOPOrO COJIEPKUT OAMH
aToOM yriepoja U JBa aTOMa KHCJIOpOJa; IPU HEJOCTAaTKe KHUCIopojaa oOpasyercs yrapHbli ras,
MOJIEKYJIa KOTOPOTO COJEPKUT YK€ [0 OJTHOMY aTOMY TOTO WJIM APYroro 3JIeMeHTa.

Camyto OOJBIIYI0 XMMHYECKYIO aKTUBHOCTbH KHUCIOPOJ MPOSBISIET B cocTaBe KHUCIOT. OH
0o0BeMHSIETCA B HUX C a30TOM, cepoi, pochopoM U IpYyrUMH 3JIEMEHTAMU; 3aMbIKalOT MOJIEKYJIbI
KHCJIOT aTOMbI Bojopoja. BoaHble pacTBOpbl KUCIOT pa3belaloT MPAKTUYECKH BCE METAJIbI.
ATOMapHBII KHCIOPOJ TOKE pa3belaeT METAJUIbI, 00pa3ysi OKHUCIIbI, HO IEHCTBYET MEHEEe aKTUBHO.

Tomonorust aroma KucIOpoJa MPOAODKAET Ty K€ TPEYroJbHYI0 TeMmy, uTo Oblila HayaTa
aTOMOM a30Ta: UCXOJHOE KOJIBLO-TOP NeOpMHUPYETCS C TPeX CTOPOH, BBICTYIBI BBITSTUBAIOTCS,
ITHYpPBI COMMKAIOTCS; M 3aKaHYMBAETCS IIEPBBIH 3Tal 00pa30BaHuUs TPEXJIyU4e€BOM 3BE3/bl C NETIIMU
Ha KOHIIaX Jiydel. Y a30oTa Takas 3Be3/la HEKOTOPOE BPeMs COXpPaHSIETCs MJIOCKOW U B Tako# (opme
yCIeBaeT 3a ATO BpeMs HaWTH ce0e MOJOOHYI0 M TMPHUCOCAThCS K HEH, 00pa3ys IBYXaTOMHYIO
MOJIEKYITY.

Pa3mepbl HCcX0IHOTO TOpa aromMa KUCJIOPOAa HECKOJIbKO OOJbllle: HOMHUHAJIbHAS JJIMHA €ro
mHypa coctaiseT 29 400 a¢upHBIX mapukoB, To ecTh Ha 3700 mIapuKOB JJIMHHEE, YEM Yy a30Ta;
M03TOMY BO3HHMKAET HEKOTOpas KOppeKius Toroysoruu aroma. OJHOBPEMEHHO C BBITATUBAHUEM
KOHILIOB 3B€3/Ibl POUCXOIUT UX COMMKEHUE U 3aKpyduHBaHHe; COTM3UBIINECS JTIOObIE /1Ba JICMIECTKA
o0pa3yloT Mexay coOoil emle 0/JHY, BTOPUYHYIO NETIIO, a OCTABIIMUKCA B OJUHOYECTBE TPETUM
JIENIECTOK 3aBOpavyMBaeTCs, CO37aBasi BHEIIHUN MPUCACHIBAIOIIMK eno0, U HAKpPBhIBACT €€ CBOEH
MeTJIeH; ’TO — BTOPOM MPOMEKYTOUHBIN ATAIl TOTIOJIOTHH aTOMa KHCIOPOa.

Ha tpethem, mocneanem stane cOITU3MBIINECS JBa JIENECTKA CHaYyalla IOBOPAUYMBAIOTCS APYT
K JIPYTY «JIULIOM», TO €CTh MPHCACHIBAIOIIUMHI CTOPOHAMH, CIIUIAIOTCA HACKOJIBKO 3TO BO3MOXKHO, a
3aTeM 3arufaroTcsi U YOHPAIOTCA MAaKyIIKaMU CBOMX TI€TeNlb B IIPHUCACHIBAIONIMIA JKeJI00
3aBEpHYBILETOCS] OJUHOYHOTO JICMECTKa; Ha 3TOM TOMOJOTHS OJWHOYHOTO aroMa KHUCIOpoAa
3aBeplIaeTCs.

UYro ke B KOHIIE KOHIIOB MOJYyYHIoch? A MOJydHIach B HEKOTOPOM POJi€ YHUKaJIbHas Gopma
aToMa: CBOMM KOHTYPHBIM, OTKPBITBIM HapyXKy NPHCACHIBAIOIIUM >KEJI000M OH IMOXO0X Ha aToM
MeTajljla, HO BCE JK€ 3TO — HE METAJUI; BCE €r0 3arHyThI€ YaCTH OKa3bIBAIOTCS HANPSKEHHBIMU, U
10 3TOW MPUYMHE OHU HEYCTONYMBBI, U aTOM MYJILCUPYET, CO3/1aBasi BOKPYT ce0si CTosYee TEIIOBOe
10JI€; 3HAYMUT, OH — IIYIIUCT, U 3Ta MYIMIKHCTOCTh HE MO3BOJIIET EMY COEAMHUTHCA C TAaKHUMHU K€
aTOMaMH, KaKk OH caM, 1 00pa30BaTh MeTaLInYecKoe Tej0. Ecim e oH Bce ke COeAMHUTCS ¢ HUMH,
HarnpuMmep npu 00pa30BaHUU MOJIEKYI, TO MPOUCXOINUT 3TO C Pa3srHOOM CIIAPEHHBIX JIETIECTKOB U €
Pa3BOPOTOM HX IETeNb, TO €CTh C Pa3pblBOM 3aMKHYTOTO KOHTYypHOTo >xenoba. [lomyuaercs Tak,
4TO, [IOKa aTOM KHCIOpPOJa HAaXOJWUTCS B OJMHOYECTBE, OH — META/UI, a KOTJAa COEAMHSETCA C
JPYTUMH aTOMaMH, TO — YK€ HE METaJlI.



Monekyna KHCIOpOJa COCTOUT U3 JIBYyX aTOMOB, OOBEIMHHUBIIUXCS IYTEM CIIMIIAHUS TETENb
CIIAPEHHBIX JIENIECTKOB M IPHUMBIKAIOIIMX K HUM IIpUCAChIBAIOIIMX >KeJ000B. Mouiekyna Takxke
IYIIMCTAa: CJIMIIAHUI0O AaTOMOB B HEH NPOTHBOJACHCTBYIOT HUX 3aKpPYYEHHBIE KakK HPYKUHbI
OJINHOYHBIE JIENIECTKH, U 3TO NPOTUBOACHCTBHE IIOPOKIAET €€ MYyJIbCALUIO, BBIPAXKAIOIIYIOCS B TOM,
YTO CJMIILIMECS NapHBIE JENECTKH Oy1yT NEPUOINYECKH BBIIBUTATHCS U3 MOJIEKYJIbl — Y UIMHSSICh,
1 yOuparTbcsi BHYTPb — YKOPAuUBasCh.

CoenuHeHHe KHUCIOpOJa € BOJOPOJOM 00pa3yeT BOJY: B pe3yJbTaTe CHIIBHOTO TEIIOBOTO
BO3JICHICTBUS MOJIEKYJIa KUCJIOPOJa pacnaaeTcsl Ha aTOMbl; UX OCBOOOIUBIIMECS IETIH, HE YCIIEB
Pa3BEpHYTHCSA M CIUIHYTHCA MEXIYy COOOM, TOTYAC 3aIOJIHAIOTCSA KOJIEYKaMU aTOMOB BOJOPOJA;
BO3HMKAeT 3HAMEHWUTAas MOJIEKyJa ami-iBa-0. DbIBIIME paHee CIapeHHbIMHU JIENIECTKH aToMa
KHUCJIOpO/ia TOCJIE€ MOJCOEANHEHUS! K HUX METIsM aTOMOB BOJOPOJAa PACXOJATCS MOJ HEKOTOPBIM
YIJOM U YCIOKauBalOTCS. YCHOKaumBaeTcsi W BCS MOJIEKyla: HECMOTps Ha TO, 4YTO
MPUCOEUHUBIINECS aTOMBbl BOJOPOJA CO3JAIOT JOMOJHUTEIBHYIO MYIIUCTOCTb, B ILIEJIOM
MyJbCAIUsl MOJIEKYJIBI BOJIbI OKa3bIBAETCS HECKOJIbKO MPUIIIYIIEHHOMN, U B HOPMAaJIbHBIX YCIOBUSAX
OHa YK€ He SIBJIsIeTCs ra3000pa3Hoi, a MepeXoaUT B KUAKOCTb.

Bona OTJIMYACTCA OT APYIrux }I(PII[KOCTeﬁ MHOTHUMU CBOHUMHU CBOI\/’ICTBaMI/I, U OJHO U3 HUX —
ITIOCTOSTHCTBO BSI3KOCTW TPM HM3MEHEHHH TeMmeparypbl. Eciaum MOeKynasl APYruX >KHIKOCTEM,
YCKOpsid CBOU TCIJIOBBIC IBUKCHHS, YMCHBIIAIOT B3aMMHBII KOHTAKT M CTAHOBSATCS Kak ObI MEHEe
NPUBSA3aHHBIMU APYr K APYry, TO MOJIEKYJBI BOABI COXPAHAKT B3aUMHYIO CBA3b IIPAKTHYECKU
HOCTO?IHHOI\/'I; 3TO OOBICHAETCS TEM, YTO HUX IOJABWXHOCTH BbI3BaHA B OCHOBHOM MNYHIHCTOCTBIO
ATOMOB BOJI0POAa U 3arHyThIX OJMHOYHBIX JICTICCTKOB, 4 OHAa OYCHb MAJIO 3aBUCUT OT TEMIICPATYPHI.
Koneuno, o0mue TerioBele KojeOaHUs MOJEKYJA MOTyT cAelaTh HUX MNYIIUCTBIMU  J0
ra3z000pa3HOCTH (3TO MPOUCXOJUT MPU KUIECHUHU) WA, HA0OOPOT, YMEHBIIUTh TOJBIKHOCTH IO
MPEKpAIEHUs] B3aUMHOIO CKOJBKEHUS (sBJIeHHE OOpa3oBaHMs JibJja), HO B HMHTEpBAJIEC MEXIY
STUMH COCTOSIHHSIMH CBSI3M  MEXJAYy MOJIEKYl MEXIy COO0OH COXpaHSIOTCS MNPaKTUYECKU
MTOCTOSIHHBIMH.

Bopna otnmyaercs emie oueHb OOJBINONW CBOEH TEIJIOEMKOCTHIO. Y MOJIEKYJbI BOJBI MOYHO
BBIJICNTUTH CJIEIYIONINE MOTJIOTUTEIH TETJIOBBIX IBUKEHUMN: 3TO — 3arHYThIH B KOJIBLIO OJTMHOYHBIM
JENEeCTOK M JiIBa OTOTHYTHIX (TPSMBIX) JIeTecTKa C BOJOPOJHBIMA aTOMaMHM Ha KOHIAX.
[Tynecupytolee KOibIO 3arHyTOTO JIENecTKa MOXKET UMETh IIMPOKHM Jruana3oH aMIUIUTY] CBOUX
KoJjeOaHuil, TO eCTh MOXKET HaKalulMBaTh OOJbIIYI0 SHEpruto. Ho OCHOBHBIMU MOTJIOTUTENSMU
TEIUIOBBIX JABM)KCHHUI BCE K€ SIBJISIFOTCS BBITSIHYTHIE JICTIECTKH; OHH MPEJICTABIISIIOT COO0H KOHCOJIH
C MaccaMmH BOJIOPOJHBIX aTOMOB, OTHECEHHBIMU HA WX KOHIIbI; MOMEHT MHEPIUU ITHX KOHCOJIEH —
oueHb Oouspmioi. [loryomasi SHEPrui0 BHEIIHUX yOApOB, BBITAHYTHIE JICTIECTKUA JIMIIb
HE3HAYUTENIbHO YBEJIMYMBAIOT aMIUIUTYy CBOMX KOJeOaHWM; U U1 TOTO, YTOOBI packadaTb HUX
OCHOBATEJIbHO, HY)KHO MPUIIOKUTH K HUM MHOTO BHEIITHEH SHEPTHUH.

OObscHEeHUEe OPYTUX CBOMCTB BOJIBI U KHCIOPOJA, TAKUX KaK CIHOCOOHOCTH DPAacTBOPSTH W
OKHUCJISITh, KPOETCS B HAKOMHUTEIHCTBE aTOMOM KHCJIOPOJIa M MOJIEKYJIOW BOJABI B IIEJIOM OOJBIIETO
KOJIMYECTBA AJIEKTPOHOB. ATOM HMMeEET OuY€Hb JUIMHHBIE MPUCACBHIBAIOIINE XKenoba, oOpalieHHbIe
HapyXy; Ha TakuX >Keno0ax MOKET CKAIIMBAThCS OYEHb MHOTO 3JIEKTPOHOB. Y MOJIEKYINBI BOJbI
JIOTIOTHUTENIbHBIC TPUCACHIBAIONINE HApY)KHbIE >Kelno0a BO3HHMKAIOT IO KOHTypaM aTOMOB
BoJiopoJia. [loaToMy MOJIEKy Ty BOJIBI MOKHO CUHUTATh HAKOMUTEIEM JIEKTPOHOB.

Bonpiioe ckomiieHre 3MeKTPOHOB SBISETCS OJHOW W3 MPUYMH JAUCCOIHAIIMUA MOJIEKYN BOIDIL:
AIIEKTPOHBI, MPOHMKAS B IIETH IOJ aTOMaMH BOJOPOJAA, OCHAOJISIIOT HMX CBSI3U C aTOMaMu
KHCTIOpO/ia BIUIOTH JIO WX OTHAe’eHHs. J[pyroii mpUUYMHON SIBIAIOTCS TEIJIOBBIE KOJIeOaHUS
KOHCOJIBHBIX JIEMIECTKOB: MOJIEKYJIa BOJBI pa3MaxXxMBaeT HWMU Kak JEpPEBbS CBOUMHU BETBSIMU B
CWIBHBIN BeTep; B 0OIIeil Macce KUIKOCTH MOJIEKYINBI JIYIST APYT Ipyra 3TUMU JIETIECTKaMHU, Kak
MOJIOTKaMU; TIPU STOM aTOMBI BOJIOPOJIa Ha KOHIIAX YYBCTBYIOT ce€0sl HE OYEHB YIOTHO.

TouHO Takke MPOWCXOIUT PACTBOPEHHE B BOJIE TBEP/bIX BemiecTB. CHayana, yTKHYBIIUCH
CBOUM KOHCOJIbHBIM JIEMIECTKOM B aTOM (MJM MOJIEKYNIy) TBEpPJOTO BEIIECTBa, MOJIEKYNa BOJbI
MIPOU3BOJIUT UHBEKIUIO JEKTPOHOB (IIMPHUITYET MX); SJIEKTPOHBI OCIAOISIOT MEKATOMHBIE CBSI3U



BEIIECTBA; a 3aTE€M yJapaMH CBOMX JIETIECTKOB, KaK AyOMHAMH, BOJIa CPbIBACT HEMPOUHBIE aTOMBI
MOJIEKYJIBI CO CBOMX MECT M IOTJIOLIAET UX. PacTBopeHue B Boji€ KUCIOT, COAEPKAILUX KUCIOPOJ,
COINPOBOXKIAETCSA JUCCOLMALUEHN, TO €CTh YACTUYHBIM WJIM IIOJIHBIM OTAEJIEHUEM aTOMOB BOJOPO/a.

[Ipubnu3uTenbHO TakXKe TMPOUCXOAUT OKHcIeHue MerauioB. CHayana HMHBEKIHEH
JIEKTPOHOB U YyAapaMH CBOMX JIELIECTKOB aTOMbI KMCIOPOJa, PACTBOPEHHBIE B BOJE, OCIAOISAIOT
KpEIUIEHHE NOBEPXHOCTHBIX aTOMOB METajljla, a 3aTEM 00OBOJIAKMBAIOT X CBOMMHU JICNIECTKAMU Kak
IIymajgbllaMH; TpPH  OTOM  NIPUCACHIBAIONIME Kelo0a  KHUCIOpoJa  HAKIAABIBAIOTCS  Ha
IIpHcachIBaIOLIME Kea00a MeTajla U HEUTpaau3yroT ux. TOYHO Takxke BeleT ceOsl 110 OTHOLIEHUIO K
MeTaJlly KUCJIOPO/J, HaXoAAIuics B cocTaBe KUcaoT. CoeqMHEHHE UX MEXy cO00M MPOUCXOIUT ¢
IIOMOIIBIO KEI000B, NMOATOMY HUX KOJIMYECTBEHHOE COOTHOILIEHUE OMIPENENIAETCS COOTHOIIEHUEM
JUTAH 5K€I000B, M OHO MOYKET ObITh HEKPATHBIM; OTCIOIa — NIEPEMEHHAs U IPOOHAsT BAJICHTHOCTD.

OOBoJIakMBaHME aTOMOB DA3JIMYHBIX XUMHYECKHX D3JIEMEHTOB C IOMOUIBIO IIyHajblLIEB
(JIeTlecTKOB)  BOJBI  CTMIOCOOCTBYET YCIOKOEHWIO TYJAbCAllMA €€ MOJIEKYJd: UX KoJieOaHus
aMOPTU3UPYIOTCS COCEAHMMM aToMaMmH. JIMIIMBIIMCH CBOEH MNOABMKHOCTH, MOJIEKYJBbl BOJbI
CTaHOBSTCS CPEACTBAMM CKPEIJIEHUS JPYTrUX aTOMOB, TO €CTh KJIEEM KakK a30T, KaK YyriiepoJl, Kak
60p nim O6epuiunii B mogo0HoM poiu. [loaTromy B MUHEpaniax OKa3bIBa€TCsS TaK MHOTO BOJIBI.

Cpeny meTieBBIX COEOUHEHHMH KHCIOpOJa MOKHO BBIIEIUT OOpa3oBaHHWE YrapHOro u
yraekucioro ra3oB. [Ipum HemocraTke Kuciaopojga €ro aTOMbl B MEPBYIO OYEpEdb COEIUHSIOTCA
CBOUMM METJISIMU C BBIKPYYEHHBIMH METJISIMH aTOMOB YIJI€poJa; €ro HOPMaJIbHO 3aMKHYTbIE METIN
P 3TOM HE PACKpbIBAIOTCS; 3TO — YyrapHblid ra3. [Ipm m30bITKE KHCIOpOJa U MPHU BBICOKOM
TEeMIIepaType 3aMKHYThIE METIH YIiepoa TakKe PAaCKPhIBAIOTCS U COSAUHSIIOTCS C METISMH IPYTUX
aTOMOB KHUCJIOPOJa; BO3HUKAET YIJEKUCIbIA ra3. B yKa3aHHBIX COEIUHEHMSIX HAaIpPSKEHHOCTh
aTOMOB YIJIepOo/ia U KUCIOPO/ia YMEHBIIAETCS, TO €CTh YMEHbIIAETCS UX NOTEHIIUAJIbHAsl SHEPTUs, U
COOTBETCTBEHHO YBEIMUYMBACTCA KUHETHUYECKas, TeruioBas »Heprus. IloBbllieHHe TeMmnepaTypsl
COIIPOBO’KJAETCS BBIJCICHUEM CBETA: CBETATCSA aTOMBI YIIIepoa.

W3 Tpex coCTOsHUM KUCIOpOoia: aTOMapHOT0, MOJIEKYJIIPHOI'O M 030HHOT0, — TOCJIEIHEE —
HauOoJsiee akTUBHOE. EciaM y OJMHOYHOrO atomMa KHCIOpOJa M MOJIEKYJbl MapHbIE JIEMECTKU
3aMKHYTbl CBOMMH IETJIAMU M HE COBCEM TOTOBBI JUIsl NMPHUCOEIUHEHUS K APYIMM aToMam, TO y
030HA OHU HAXOJSTCS B HENIPOYHOM COEIMHEHUH MEKIY COOOMN U JIETKO PaCKPbIBAIOTCSL.

4.9. dTop

DTOp — AEBATHIN MO CYETY XUMHUYECKUI AJIeMEHT Tabiauipl MeHaeneena, ero arToMHasi Macca
paBHa 18,998. OH mpencraBiser coO0i OJI€THO-KENTHIM ra3 ¢ TEMIEPATypOl IJIABJICHUS MHUHYC
219,6 u kunenns munyc 188,1 rpagycos Llenbcus.

@TOp — caMblif CHJIbHBIM OKHCIUTENb, OH OKHCIAET AK€ KHUCIOPOJ; €ro XUMHUYEeCKas
AKTUBHOCTH HACTOJIBLKO BBICOKA, YTO OH pearupyer MOYTH CO BCEMHU BEIECTBAMHU, 32 UCKIIIOUEHUEM
WHEPTHBIX Ta30B: IeNlHs, aproHa, HEOHA; NMPHU HOPMAIbHBIX YCIOBHUSX OH HE B3aMMOJCHUCTBYET
TaKkKe C a30TOM U C YIIepoJOoM B anmaszHoi Moaudukanuu. [Ipum peakuusx ¢ ero ydacTuem
BBIIEIISICTCS. MHOTO TEIlIa, MHOTA 3TO MPOUCXOIUT B BUJE B3phIBA.

CrpanHoe neno, yriaepTopoBble cOeIWHEHUS — (TOPOIUIacT U TePIOH — OTIMYAIOTCA,
HA000POT, MOPAZUTENHFHON XUMHUYECKOW CTOWKOCTBIO: UX HE OepeT naxe IMapckas BOJIKAa —
KOHIIEHTPUPOBAHHASI CMECh a30THOW U COJITHOM KUCIOT. NHEPTHOCTHIO OTINYAIOTCA TaKKe (PPEOHBI
(X1aIoHBI) — HACHIIICHHBIE YIJIEBOJOPOJAbI, B KOTOPHIX BOJOpPOJA 3aMeHeH Ha (Top U XJop;
(bpeoHbI SBISIOTCS Ta3aMH W UCHOJB3YIOTCS B KayeCTBE XJIAJI0AT€HTOB JIs XOJOIWJIBHHUKOB, HUX
TeMmrneparypa KuneHuss — okojio MuHyc 30 rpanycoB Llenbcusi.

W3 npyrux coeirMHEeHH MHUPOKO U3BECTHBI IIJIABUKOBAs KUCIOTA, MOJIEKYJa KOTOPOM COCTOUT
W3 OJIHOTO aroma Yyrjiepoja M OJHOTrO aroma (Topa, W TPUPOJHBIE MHHEpaIbl: (IIOOPHT,
TJTABUKOBBIN mImat u Apyrue. CBOOOIHBINA (TOp B MPUPOJIE HE BCTPEUACTCS.

Tomonorust aroma ¢Topa 3aBepmiaeT TpeyroiapHylo Temy. Ilocie dQopmupoBanus wu3
HCXOJHOTO TOPa TPEXJIYIEeBOM 3BE3/Ibl MPOIIECC AaTbHEHINEro pa3BUTUSI aTOMa BEIOUPAET UHOE, YeM
y a30Ta M KUCJIOPOJa, HallpaBJIeHUE: JIBa JIEMeCcTKa (Jyda) YCIEBAIOT COMM3UTHCS CBOMMHE KOHIIAMH,



Ha KOTOPBIX PACIIOJIOKEHBI MPHCACHIBAIOIINE TIETIIH, PaHbLIe, YeM, CONTUCH CBOUMHU OCHOBAHUSAMU;
CONMM3MBIIMECS TETIU DPA3BOPAYMBAIOTCA M CIHUIAIOTCS, HEUTpanu3ys Ipyr ApYra; CIUIIIUECS
NEeTIM M3rUOAI0T JIYrol CBOM CIIAPEHHBIE IIHYPHI M JIOBAT MAaKyIIKaMH eJl0O OCTaBIIErocs
OJIMHOYHOTO JIeTleCTKa. B 3aKOHYeHHOM BHIe aTOM (hTOpa HAIOMUHAET JICTSALIETO T'yCsl C KPbUIbSIMU
U3 3aBEPHYBIIMXCS JICTIECTKOB M C BBITSHYTOH II€ei MOCIETHET0 TPETHETO U3 HUX; METIs Ha KOHIE
TPETHETO JIENIECTKA aCCOLIUUPYETCSI C KIIFOBOM, TOTOBBIM YIIUIHYTh. OTINYHE OT NPUHATOro 00paza
OyZleT COCTOsITh, CKOpEe BCEro, B TOM, YTO TOJIOBA I'yCs HE BBITSIHyTa B CTPYHKY, a MEUETCs W3
CTOpoHBI B cTOpoHy. HoBoe, dropoBckoe HampaBieHHe B (JOPMHPOBAHMU aTOMa OOYCIIOBIICHO
VIUTMHEHUEM JICTIECTKOB: Y (TOpa OHU JIHHHEee npuoau3nuTensHo Ha 1000 s3pupHBIX MapUKOB, YeM
y kucinopoxaa, u Ha 1500, uem y a3zorta, a Bca uiHA miHypa atoma (ropa cocrasisier 35 000
[IAPUKOB.

[ToBbIillieHHast aKTUBHOCTH atoMa (ropa OOBSCHSETCS TE€M, YTO OH, BO-TIEPBBIX, MOXKET
HAKaIlUIMBaTh Ha CBOMX IPUCACHIBAIOMIMX Kelo0aX 5SJIEKTPOHOB OOJIbIIE, YeM JaXe aTOMBI
KHcIopo/a (3a cueT OoJjiee UIMHHBIX EJN00OB, Ha KOTOPbIX MOXkeT ckomutcs Oonee 17 000
AIIEKTPOHOB), @ BO-BTOPBIX, BECh ITOT 3aIlac JIEKTPOHOB MPUXOJUTCS HE Ha J(Ba IIyMajiblla KaK y
KHACJIOPOJa, a Ha OJWH KIIOB. VIMes O4eHb TMHHYIO MICH0, aToM (TOpa MOKET JOTSHYTHCS IO
CaMbIX YIAJICHHBIX CIUIIIIHUXCA YYaCTKOB B MOJICKYJIaX APYrux BCIICCTB, BBI6pOCI/ITB Ha HUX
OOJIBIITYIO TOPIIUIO DJEKTPOHOB, OCITA0OWB TEM CaMbIM HMX CBS3HM, MPUIUIIHYTh CBOCH METIEH HIIN
CBOHMM JKEJIOOOM K CTOJKHYBIIMMCSI aTOMaM WJIM MOJIEKYJIaM W 00pa30BaTh HOBOE COCIUHCHUE.
[TosTomy mepen arpeccueit propa HE MOKET YCTOATh MPAKTUUECKH HU OJIHO BEIIECTBO, H TOITOMY
OHO Ha3bIBaeTCs pazpymuTesneM (mo rpedeckun «pTopoc» — paspymenne). K  cioBy,
pa3beIMHUTEIBHOE BIIMSIHUE JJIGKTPOHOB CKA3bIBACTCS W HAa COEIMHEHHMAX camoro Qropa: eciu
MPOIYCTHTD Yepe3 TUIABUKOBYIO KHCJIOTY JIEKTPUYECKUE Pa3psbl, OHA pacranaeTcs Ha BOJOPOI U
¢drop.

C npyroit CTOpOHBI, YIMBHUTEIBHYIO XHMHYECKYIO HHEPTHOCTH (Toporuiacta u TediaoHa
MO’KHO OOBSICHUTH TEM, YTO B COSJAMHEHHSIX aTOMOB ()TOpa ¢ aTOMaMH yriepoJia HEHTPaIU3yIOTCS
(3aKpBIBAIOTCS) HE TOJIBKO IPHCACHIBAIONINE CTOPOHBI HMX TMETEIh, HO W WX IPUCACHIBAIOIINE
xKenoba: My TOTO Wy APYTroro JjIMHA KaXXJ0ro M3 >KeJI00O0B cocTaBiisieT mpuoansutenbHo 5000
QUPHBIX IIAPUKOB, IO3TOMY OHH CMBIKAlOTCS ©Oe3 ocraTtka. Mexay co0ol MOJIEKYIIbI
TeTpadTOpITUIICH], 00pa3yromire (GToporuiacT u Te(IOH, KOHTAKTHPYIOT OTACIBHBIMU TOUYKAMH, B
4aCTHOCTU OOKOBYIIIKAMU TIETEJb; TH KOHTAKTHI HE OUEHb ITPOYHBI.

C azotoM (rop HE COEQMHSETCS MO MPOCTOM MPHUYMHE: MOJIEKyJa a30Ta, KaK MbI 3HAeM,
MOJTHOCTBIO 3aKpbhITa, U aToM (ropa OeccuiieH moo0paTh K HEll KIIFOYHM; K TOMY K€ MOJICKYJia He
OuYeHb OOUTCS €ro 3JCKTPOHHBIX HHBEKIUI: y Hee y caMoi uMeeTcsi OOJIBIIOE KOJIMYECTBO
ANIEKTPOHOB. Takke HaM JOJDKHO OBITh MOHSATHO TO, YTO aToM (TOpa HE CHOCOOCH pa3pylluTh
KPHUCTaJUTBI ajiMa3a: OHU TaK KPEMKO CHIMTHI, YTO HE UMEIOT IIEeJIeH M MPOpeX, yepe3 KOTOPhIe OH
MOT Obl IPOHUKHYTh CBOUM KJIFOBOM; caMOe 0O0JIBIIOE, YTO CIIOCOOCH ceaTh Gprop ¢ aima3om, Tak
3TO NMPWIMITHYTh K HEMY, HO ¥ 3TO BO3MOXKHO TOJIBKO B TOM CIIy4ae, €CIIM MIOBEPXHOCTHBIC CBSI3U
KpHUCTaJlIa CIy4ailHO OKaXyTCs He3aBEPIICHHBIMHU.

B kadecTBe XJ1a/0areHTOB COCIUHEHHS (TOpa MPUMEHSIOT MOTOMY, YTO OHH MMEKOT OYCHb
yI0OHYIO TeMIIEpaTypy KUIIEHUS: JaBJIeHUEM KOMIIpeccopa U OXJIaXICHHEM MX JIETKO MpeBpaliaTh
B JKUJKOCTh, @ OHa, UCTAPSACh, 0TOMpaeT Termno. K ToMmy ke TeroemMkocTs propa, aToM KOTOPOTO
UMeeT KOHCOJb, TO €CTh JJIMHHYIO IO, J0BOJBHO Oosbmias. OHa — 3Ta TEMIOEMKOCTh —
SBIISICTCS. TPUYMHONW TOro, YTO BCE peakuuu ¢ ydacTueM (ropa MAYT C BBIACIEHHEM TeIUIa:
yCIIOKauBasiCh B COEAMHEHHMSIX C JAPYTMMH aromMamu, (rop meperaer BHOBb 0Opa30BaHHBIM
MOJIEKYyJIaM BCE CBOM TEIIOBBIE IBUKECHUSI.

4.10. HeoH

HHepTHLIfI ra3 HCOH 3aHUMACT B Ta6.HI/II_IC MeHpeneeBa ACCATYHO IMO3UIHIO: aTOMHAasl Macca
HCOHA paBHa 20,179 06 HHCPTHBIX Tra3aX U3BCCTHO TOJIBKO OOHO: OHHU HE CIIOCOOHBI BCTYIIaTh B



XUMHUYECKYIO peakiuio BoooOme. C OJHUM U3 TaKUX T'a30B — C T€IHMEM — MBI yXKe TT03HAKOMHMIIHICh:
HEOH — BTOPOMU U3 HUX.

Tomnonorust aTOMOB HEOHA OTKPBIBAET HOBYIO CTpaHMIly. 3aberasi BIepell, CKaKeM, YTO aTOM
HEOHa MPEJCTaBISET COOOM JBa CIMAPEHHBIX aTOMA Telivs; U TAaKUMH )K€ CIIapeHHBIMU OyIyT Bce
aTOMBbI TpeThero mnepuoaa. OTCrola MOXHO C/eNaTh BBIBOJ O TOM, YTO B Tabnuue MeHneneeBa
HEOHY OOJbIlIe TOAXOTUT MECTO B TPETheM IEepHOJe Iepe] HaTpueM. Bmpouem, momoOHYyrO
MEPEABIDKKY CIIEeIOBalio OBl chenaTh CO BCEMH XHMHUYECKUMHU 3JEMEHTAMH WHEPTHBIX Ta30B:
KaX/IbI U3 HUX Jydmie OblJI0 ObI CMECTHTH B CIEIYIONIUI MEPHOA M MOCTABUTH IEpe]] MEPBBIM
[IETIOYHBIM METAJIOM.

Hcxonnoe KoJbLO-TOp OyAyliero aromMa HeOHa IeGOpPMHPYETCs YK€ C YEThIpeX CTOPOH;
TOMY CHOCOOCTBYeT MiMHa Koibla — oHa cocraBimsier 37 100 »¢upHBIX MIAPUKOB Y
HOMHMHaJIbHOTO aTtoMa, 4yTo Ha 2 100 mapukoB Oonbiie, yem y ¢ropa. IlHypsl BbICTYHOB
CONIDKAIOTCS; CAMU BBICTYIIBI BBITSTUBAIOTCS M 0Opa3yloT UYETHIPEXJIYUEBYIO 3BE3ly; Ha KOHIAX
nydyed BO3HHMKaOT Tmerinu. [lanee mnernu momapHo cOmmkaioTcs, W Qurypa mpuoodperaer
JBYXYaCTHBIN BHJ; TONXY(QHUTYpsl pa3BopaunBatorcsi Ha 180 rpagycoB, W B HEHTPE MEXIAY HUMHU
BO3HUKaeT mepexyiecT. CTONKHYBIIMECS MaKyIIKaMH TE€TJIH JIENAIOT MOJYyOBOPOT B pasHbIC
CTOPOHBI M B3aWMHO CJBHTAIOTCS, 00pa3ys TereBble HAKIAJKH. 3aBEPIIAeTCsS TOMOJOTHS aToMa
HEOHA TEeM, YTO KpYIJIble MOJy(QUTYpHI, CTATHBAEMbIe HApPY>KHBIMH TPUCACHIBAIONIMMH JKEJI00aMH,
9yTh-4yTh IOBOPAYMBAIOTCS BOKPYT CBOMX OCEH M YCIIOKaWBaIOTCS, OOpaIIeHHBIC METICBBIMU
HaKJIaJIKaMH B OJHY CTOPOHY; ITPHCACBHIBAOIIHNE XKeTl00a MPU 3TOM YKOPAYMBAIOTCS MOYTH JI0 HYIIS.

Bo3Hukmnii atoM HeOHa MyJIbCUPYET TOYHO TAKKE, KAK aTOM TeJus; M0ITOMY OH TaKOM Ke
IIYIIKUCTBINA: €ro TeMIepaTypa KUNeHus: paBHa MUHYC 245,9 rpanyca Llenbcus.

WHepTHOCT aTOMa HEOHAa OOBACHAETCA TEM, YTO y HEro IPAaKTUYECKH HET OOpalICHHBIX
Hapy)Ky [IPHUCACBIBAIOLINX 5KE€JI000B U HET OTKPBITBIX IPUCACHIBAIOLINX CTOPOH METEIb.

4.11. Hatpun

Tomnonorust aroma nepBoro meI0YHOr0 MeTasla TPEThero nepuo/ia Tabnuusl Menaeneesa —
HATpHUsI pa3BUBAET YETHIPEXIYyUEBOE HAIIPABJICHUE HEOHA: BMECTO I'eJIMEBBIX HAKIIAJ0K MOITY(UTYPbI
aToMa HaTpus oOpa3yloT JuTHe-OepriuineBckue cepaeuku. OHU CTaau BO3MOXKHBIMU MOTOMY, YTO
JUlMHa 1mHypa atoma Hatpus Ha 5200 >pupHBIX MAPUKOB JUIMHHEE, YeM y aToMa HeOoHa, U
cocrasiisieT 42 300 mapuxos.

U Ttax nmanee.
Cnacubo, 4To ckavanu kHury B 6ecnnatHom anekTpoHHon bubnmoteke Royallib.ru

OcTaBuUTb 0T3bIB O KHUrE
Bce kHUIM aBTOpa
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