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W 3HAI0, OKONUUMCA 6Ce HA ceeme
éce na semae npoilgem a ne
nocaegnuil ¢ nymu ne nepegoil.
Croavko ewe npuiigem,

Toavko koega a us goma

eulitgy,

Ymobut yiimu enepey,

Bempeuy s na nymu maasuuwry,
Romopuiit cnosa cnoem...

Cé YTO BBl INPOYTETE B 3TOM TPYyJe, JABHO H3BECTHble Belld W IOHATHA, U, $
JyMaio, 4TO 9TO OJlHA W3 IIONBITOK  B3IVIIHYTh Ha HAll MHP W Hally XXH3Hb C
HECKOJIbKO HEeOOBIYHON TOYKH 3peHHUs.

9T0 BCE pPONWIOCH HE BHE3allHO M He cpady LeaukoM. IIporecc MMO3HAHHS IJIHJICS
MHOr#e rogpl. OT MOMEHTa IepBOH JOTaIKH, A0 IOCTPOEHHST KAKOH-TO JIOTHYECKOH CHCTEMBbI,
MPOIIUIO TPHMEPHO TPHAIATH JIeT. DTO He 3HA4YUT, YTO BCE BpeMs 3aHHUMAJICS STHMU
npo6iaeMamMu. Bcé mpoucXoamio ImocTelneHHo, KakK Obl caMO CO0GOHM, HO 4YTo OBl HH JIeIalloCh,
a MBICTIhL BCE PaBHO BO3Bpaliajgach K 3Tod npooOieme. M, Kak JIOrMYeCKH IOHATHAs CHCTEMa,
ora Haest o(popMUIACH IPUMEDPHO IITHL-UIECTh JIeT Hasajd. Torma ke ObLIa IIONBITKA BCE 3TO
omucath. Cefiuac 3T0 yKe uerBepras penakuusa, W, s nymalo, He mociaenmssi. Tor, y Koro
XBATUT TepIeHUs] MPOYUTaTh ITOT TPYJ JI0 KOHIA, IOUMET MeEHs.

ITocTaBuTh HOCJIENHIOD TOYKY B TOM OIHMCAHHH - HEBO3MOKHO.

2910 MoxeT cuenath Toibko 2KM3Hb.

OT0 BpeMs IMOHATOOMIOCh, YTOOBI OCMBICIHTH BCE, YTO BBLI IIPOYTETE B IIOCIEIHEH
rjlaBe U IpOaHAIU3UPOBATh TOT HCTOYHUK 3HAHUH, O KOTOpPOM OyjaeT HATH pedb.
Kpome Toro, 6bLI0 OYeHb MHOTO OTBJIEUEHHH, KaK 3TO YacTO IIPOHCXOIUT B Hallen
CyeTHOHN ITOBCEJIHEBHON KU3HH.

Peur Gymer BecTHCh O Bellax IPOCTBIX H H3BECTHBIX, HO JUII MHOTHUX BBLIBOJIBI
OyJIyT COBEPIIEHHO HEOXKHUJAHHbl: O MHpe, B KOTOPOM MbI JKHBEM, O IKHU3HH, KOTODPYIO
KaXJpId W3 Hac IpoxuBaeT. Ho 2To BCE, mpexiae Bcero, 0 TOM, Yero MLl He 3HaeM,
WA He XOTUM 3HaTh.

To ecrs, 0 ku3HE HemsBecTHOH! - “Vita incognita”.

OTOT TPYH IOCBSINAI0 BEIHMKOMY YyBCTBY Ji06BH. ToH I0OBH, KOTOPOH 4YeJIOBEK
3a0ojieBaeT OJMH pPa3 B KHU3HU. IDTO BCE IPHUHOCHT CTPAJIaHUsI €My M BCeM OJIU3KHUM, HO
BCE-TaKH, 4yepe3 3TO BCE Hago HpouTH. IIpoiTH, 4TOGHI, MpEXie BCEro, Mo3HaTh CeGs U 3TO
BBICOKOE YYBCTBO JIIOOBH. IIpoiiTH, YTOOBI MOHSATH TY JKH3Hb, KOTOPYI0O MBI BCE IPOXKHBAEM.
OueHb Kajb, YTO 9TO IOHHMAaHHE IPHXOMUT HHOIVIA CIMIIKOM I03aH0. Ho BCE ke - 310
Halla XW3Hb U IIOCTYNKH HAIH, 3€PKaJI0 JKEeJIaHWH HallhX.

Y Kaxjoro w3 HaC HACTyIlaeT TaKOH MOMEHT, KOIfla HeOOXOIHUMO OIVIIHYTBCS Ha3zal H
OCMBICJIUTh BCE IepexkuToe. B 2TH MOMEHTHI MBI HIIEM CMbBIC B KH3HH M OYEHb 4YaCTO, He
HaxoJil OTBETOB, OpocaeMcs B KPaWHOCTH.

Ecam sToT Tpym mact orBeT jaXe Ha OJUH Ball BOIPOC - OyAy CYHTATh -
11€JIb JJOCTUTHYTA.

Kemailo BaM BBICTOSAThL B STOH, HHOIMIa OG€3yMHOH, XKH3HH M IIyCTh KaXIbId H3

Bac mooemqutr CEBSI.
w A Boe  moauum.
3a  magxckuit  epex,
3a mo, umo ¢ boee
YComMnuaucs, 1993-94 rr.
On narasaa awbosvio ecex,
HUmob6 ¢ myrax eepumo o .t‘f
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-2 wewan rewdbeca, - cwazas odiuesitur,
— o gabro yopee ocinabiun clou wnouciu. Mu iorie
rorewus u%céufm erwo 7 Dug siiozo debe hyek
qonape., Mu cymeews nraxoguiie cowpoluua « bez
qonags, o bcé dilbioé gouoiio byged npebpauaiiica
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Nognad wwabryw dadny. M ke zraen,
akoe cokpobuuge mu adgem: e, Kodiopoe Guao
FALUIHO Rauums wpegRANnU, wak 0, Komopae bygein
Faino kakamu nomonkan.,
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I'nasa 1.

HauaJio Bcex HauaJ.

CywecrByerT HEKOTOPOE HE3ABHCHMOE OT 1100bIX
Habaogennii win nswepennii “peaavnoe cocmoanue”
gmanccxon CHCTEMBI, KOTOPOE B HNPHHLNIE MOKET

BITH ONICAHO NPHHATHIMH B (pu3nke crnocobamn

BBIPAKEHILS.
A. Ditnwmeiin

efyac Mbl IIONBITAeMCS MBICJIEHHO COBEPIIUTDH IIyTelleCTBHE

B CTPYKTYpbI, KOTOpble MOXKHO Ha3BaThb MHOI'OCTYIIEHYaThle

BUXpPH. OTH 00pa30BaHHs, COCTOSNHE H3 MEJIKHX YacCTHIL

BellecTBa, JaBHO BCeM 3HAKOMEI. IlosBiieHne HX BO3MOXKHO
IIPH OIIPeJIeJIEHHLIX YCJIOBHSX, B JIIOOOH JBHIKYINEHCS XKHUIKOCTH HIH
rase. Kaxneii u3 Hac Mor HaOJdOaTh TaKHe BHE3alIHbLIE IIOPBLIBBI
BeTpa, KOIJla 3aKpPy4YHBAIOUUNICS IIOTOK BTSATUBAaeT B ce0s JOPOKHYIO
IbUIL M JaxKe JErkue mnpeaMeTbl. HMHorma B IOMOOHBIX SIBJIEHHUSIX
3aJIEACTBYIOTCS OI'POMHBIE IIOTOKH C KOJIOCCAJIbHBIMH 3allacaMH SHeprum
U TOIYla TAaKHe BHUXPH IIPEBPAIIAIOTCSI B CMEPYH M TOPHAIO0 CTPAIIHOHN
paspymmTe/IbHOR cuiabl. CMeTas Ha CBOEM IIyTH BCE, K YeMy OHHU
IIPUKACAIOTCS, JBIZKYTCS TakKhe 00pa30BaHHS C OOJIBIIMMH CKOPOCTSIMH.
OTH OrpoMHBLIE BOPOHKH MOIYT BTATHBaTh B cebsd MHOTI'OTOHHBIE
KOHCTPYKIIMH H IlepeMelaloT UX Ha 3HauyuTeJibHble paccrosHusa. Ho, K
CYACTBIO, IOJ00HbIE SBJIEHHS B HAIIMX 3€MHBIX YCJIOBHUIX HAOJIIOIAIOTCS
PEeIKo, XOTd JaxKe Te eJUHHYHbIe CJIy4yad HX IIOSBJIEHHsS IIPHHOCST
MHOI'0O HeCUaCTHH H OeJICTBHH.

Yame Bcero MBI CTaJKHBaeMCsSI C BHXPEBBIM JIBHXKEHHEM
COBEpPIIEHHO HEe3HAYHTENbHBIX MacmTatoB. M g Hammx JaabHEeHIIHX
pacCyXKJjeHnn He OyJgeT MMeTh 3HaYeHHs NPUYHHA BO3HUKHOBEHHUS TAKOI'0
JIBIDKEHHUsI, XOTs IOHATHO, 4YTO JII000oe H3MeHeHHe IIPIMOJIUHEHNHOIO
JIBUXKEHHs BO3HHKAET B pe3yjJbTaTe JIeNuCTBHI KaKHX-TO CHJI.
3ayacTyio 3TO sIBJIEHHE IIPOSIBIISIETCS Ha HAIIUX IVIa3ax IPH JIBHKEHHH
IIpegMeToB B  Bo3ayxe. B 3ToM ciyyae coBepIIEHHO He HMeeT
HHUKAKOI'0 IPUHIUIHAJIBHOIO 3HAYeHHs 4YTO JABHKETCSI M HallpaBJieHHe
B3aUMHOI0 JIBIDKeHHs. BecbMa 4YacTo IOJ00HBLIE SIBJIEHUS IIPHHOCST
HaM JOIIOJIHUTEJIbHbIE XJIOIOThI, HO HMHOIYIA MCIIOJIL3YIOTCI BO OJIaro.
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W b e Kobaneske A.A. J

Hama HeyroMonHas MBICIIb
cyMmeJla IIOCTaBHTh Ha CIyXKOy
YeJIOBEKY BHXPh H MbI, Jaxke
He 3aJyMbIBasch 00 3TOM,
HCIIOJIb3yEM €I'0 CBOHCTBA.

IIpuBouIMBIE 371eCh
IIPEUMEPBl BUXPEBBIX CTPYKTYP
wa 9TO HHYTOXHO Majasl 4YacTh
E Takoro mpossienus. [lomo6HbIe
i SIBJIEHHSI MOXKHO OITHCHIBaTh H
Puc. 1 “Ttas” raiiyna. U3ydaTh OUYeHbL IIOJPOOHO, HO
CYIIECTBYET CaMOCTOSTeJbHOE HallpaBJeHHe B HayKe, KOTOpoe
3aHHUMAeTCsl H3YyYeHHEM 3THX SBJIEHHH — TuiapoauHaMuka. [loaromy
31€Ch MNPHBOIATCSA IPOCTO IIPUMepPHl TaKHX IIPOSBIEHHH, a
paccMaTpuBaTh MBI OyJIeM HECKOJILKO JpyTHe
SIBJIEHUSI, TaKXke HCIOJL3YIIUX IIPHHITAIILI
BHXPEBOI'O JIBIZKEHUSI.

IlomoGHBIE sBJIEHHs HAOIOIAIOTCI H B
Bojie. OGpa3oBaBuiecss BOJOBOPOTHI HHOTIJIA
NPUYHMHSIIOT IUIOBIAM M HBIPSJIBIIHKAM OOJIbIIHE
HEIPHUSITHOCTH, 3aXBaThiBasi HX B CBOH
Bpalalonuicd MOTOK. PekH ¢ gocraTodHo
CHJILHBIM TeYeHHEeM 3a4acTylo o00pa3yioT
HACTOJILKO MOIIHBLIE BOJIOBOPOTHI, YTO BHIOPATHCS
U3 HUX ILIOBILy, ObIBa€T HEBO3MOIKHO.

Bce »Tu sgBienus omHOro Iopsjaka. ITO
BCE BHUXPH. OTH 00pa30BaHHsS MBI BCTpeYaeM
IIOBCEMECTHO HHOIJA JiaXke He OCTaHaBJIHBas
Ha HHX CBoero BHHUMaHug. Yame Bcero B
HallUX 3€MHBLIX VYCJIOBHSIX MBI HabJiogaeM
JIMHEHHbIE BHXPH, TO €CTh BBHITIHYTHIE
II0J] BO3JIEMICTBHEM CHJI T'PaBHTAIH BJ0JIb
OCH CBoero BpameHus. HM3BecTHBH HaM
U IUIOCKHE BHXPH, BO3HHUKAOIIHUE HHOITA
B aTMoc(epe Ha OGOJBIIMX BHICOTAX.
Ho ceruac Hac OymeTr HHTepecoBaTh
eme ojHa (opMa TaKoro o6pa30BaHUs -
mapoBugHas. Takue HWIH NOMOOHBIE HM
BHXPH BCTPEYAOTCI B YCJIOBUIX cl1abo
II0JIBEPKEHHBIX JEACTBUSIM I'DaBHTAIIMOHHBIX
CHJI. DTH SIBJIEHUs Yallle BCEro MOXKHO OBLIO

Puc. 2 TopHago B mycrbiHe.

Puc. 3 TnoGanbHBI BHXpHh HaJ
AHTApKTHKOM.
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Obl HaOJIOIATh B TINIyOMHAX
Mopeil 1 oKeaHoB. C pa3BHTHEM
KOCMOHAaBTHKH YHCJIO TaKHX
Ha0I10]1aeMbIX SIBII€HUHN
OYEBHJIHO YMHOKHUTCSI.

B pmanpHermux CBOHX
paccyXKJaeHHusIx 10
o0pa3oBaHUEM BHUXPb, 5 OyIy
IPEJICTABJIITh TOJIbKO BHUXPb
1apoBOH (OPMBI, HEIIPEPLIBHO
BpalfalONMUCI U HMeIoNUn
JUCKPETHYI0 BHYTPEHHIOIO
CTPYKTYDY.

JlaBaniTe MBICIEHHO
IIpeJCTaBUM cel0e CHUTYalldIO: - BOKPYT' BaCc CyIIeCTByeT OeclpejebHOoe
00JIaKO MaJIeHbKUX IMapukoB. OHHM HACTOJLKO JIETKHE, YTO HaXOIITCS
BO B3BEIIEHHOM COCTOSIHUH M HeIIpephIBHO Iiepemernaiorcs. Ilepen
Bammmy rasamMu Xaoc M3 TaKUX MaJleHbKHX JIBIDKYIIUXCS IHIAPHKOB.
9TO0 YTO-TO Hamojo0He TyMaHa WM o0JIaKa IILUIH, TOJIBKO YaCTHUIIbI
5TH JIOCTAaTOYHO KPYIIHBIE, YTO Bbl MOXKETe pasjindaTh HX IApOBHIHYIO
dopmy. Jlii1 Hamero JalbHEHIIEr0 PACCYKAEHUST He HUMeeT 3HavYeHHs U3
4Yero COCTOST 3TH IAPUKH, HO 3TO peajibHble BellleCTBEHHbIE OOBEKTHI,
UMelpe CBOU (PH3HKO-MeXaHHYeCKHe XapaKTEPHCTHKH.

B HekoTOphII MOMEHT H3BHE 3TOI0 THIIOTETHYECKOro o06JiaKa
yHapsieT MOIIHasl CTpysd M3 TakuxX ke dactull. Ilepen Bammmu riiazamu
pa3BopavyuBaeTcs Iiejioe IpejicTaBlieHne. Bcsd cTpyKTypa HayMHaeT
BpalaThCs, OYPJIUTh U 3aKPYYHBATLCS B BUXPEBbIE IOTOKH HEHMMOBEPHBIX
KoMOMHAIUH. JlocTaTouyHO CHIIbHOE BHEIHee BO3MYyIIeHHe 00pa30Balio
Obl OJUH WM HECKOJIbKO BHXpeH. Kakoe-To BpemMsi Mbl CMOIVIH Obl
HaOII0gaTh, KaK TaKHe BHXPH pasJIeTaloTCs B pa3Hble CTOPOHBI H
IIOCTEIIEHHO PACCHINAlTCA B IE€PBOHAYAILHON CTPYKTYpE.

Ho BoT MomHOCTh BHEIIHEro HMIIyJbCa yBeJIHYHBaeTcsd, H
IIOCTEIIEHHO HA4YMHAIOT 00pPa30BBIBATLCI BCE OoJjiee IOJIN0XKHUBYILHE
BuxpH. IlojlydyeHHON HMH 3HEPruM JOCTATOYHO Ha MOJJlepXkKaHHe
COOCTBEHHOI'O BpalleHHs 0oJiee IJIUTeNIbHBbIH CPoK. Yem Gosbiie OygeT
IIOJIy4YeHO SHEeprud, Tem Oojiee ObICTPhIM OyaeT BpallleHHhe BHUXPS H
TeM JOJIbIIE OH CMOXKET CYIIEeCTBOBATb.

Ternepnr oTBIeYeMcs OT BHENTHETO IIPOSIBIIEHHS CBONCTB BUXPEBOIO
JIBH2KEHHsT MU pPAacCMOTPHUM, YTO K€ IIPOUCXOJAHUT BHYTPHU 3STOIO
BpaIAIErocs BOJIYKA.

3axBaueHHble B OpPOHUTY BpallleHHs, MaJIeHbKHE INapuKd OyayT

Puc. 4 3Be3nHblii BUXph - COHPAIbHAsI TaJIaKTHKA.
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IIOCTENIEHHO, BHTOK 3a BHTKOM, IlepeMelmarbcs oT Iepudepun K
IIEHTPY 3TOro Bpanawuerocs mapa. M HacTynmuT Takod MOMEHT, Korja
MaJIeHbKHE IMapHKH 06pa3yioT OHO CILIONIHOEe o6pa3oBaHHE. ITO GyaeT
WIA IyCTOTEJIbIA Iap WIK IeJIbHOe Bpamamileecs TeJio.

Ho wmomuocTh BHeIIHEro BO3JAEHCTBUS IIPOJOJIKAeT pacTd H,
obpasyoonmecs mapbl CyIIEeCTBYIOT BCE oJibllie W Joibimie. Hactymnut
TAaKOH MOMEHT, Korja OOJbIINX IIapoB OygeT 00pa30BaHO CTOJILKO,
YTO M OHH HAUYHYT 3aKPy4YHBATLCSI B BHUXPH. YBEJIHUYHUBAIOIHHACST
BHEIIHUN IOTOK OyJeT YBJIeKaTh OOJIbIIKE IIAPHl B TAKOE XK€ BUXPEBOE
obpa3oBanue. ToJIbKO COCTOSITH OHO OyJeT B OCHOBHOM M3 OOJIBIIHAX
mapoB. To4yHO Tak Ke OHHM OYAyT IPOJBHUIaTLCA K IEHTPY BpalleHHs, U
VIUIOTHATBCS B 3TOH 000JI0UKe. JIOCTUTHYB ONpeNeIéHHON IUIOTHOCTH,
mapsl OyJAyT CJaBjeHbl TaK, YTO HX BHYTPEHHUE CTPYKTYPhl He
BBIJIep:KaT, U OHH HA4yHyT JionaThcsd. MX mpocto OynerT pas3jgaBlIMBaTh.
ManeHbpkue HIapHKH, M3 KOTOPHIX OHH COCTOST, Iepe’ayT B
CTPYKTYpPY OOJIBIIOTO Imapa. A 3HEPrus HX BPallaTeJIbHOTO IBHXKEHHS
OypeT 1epejiaHa OOJIbIIIOMY
mapy U IPOJJUT €ro
cymecrtBoBanne. Eciau sTor
rporiecc OygeT JJ0CTaTOYHO
HHTE€HCHUBHBIM, TO MOKeT
HACTYIIUTh TAKOH MOMEHT,
Korja SHeprus
JIONAKIIUXC AapoB OyaeT
MOJJIePKNUBATh BpalleHue

00JIBIIOTO mapa
JIOCTATOYHO JJINTEeJIbHOEe
BpeMsl.

Koneuno, ecitm Ml
YyCTPaHHUM BHEIIHIOK
MOAKAYKY SHEPrusiMd, TO
IIOCTEIIEHHO BCe IIaphl
OyJIyT U3pacXojI0BaHbl, U OOJIbIIKE MIAPHI IPEKPATAT CBOE CYIECTBOBAHHUE.
TakuMm o6pa3oM, IIpoJoOJ/DKas HAKAyKy BHENTHHUMH SHEpPrussMd 3TOro
IIPOCTPAHCTBA, 3aIllOJIHEHHOI'0 MajleHbKUMH IIapHuKaMH, Mbl CMOXKEM
OpraHH30BaTh MHOT'OYPOBHEBYIO CTPYKTYPY BHXpeH. ITO BCE OyHer
3aBUCETh OT MOIIHOCTH BHeNIHero #HctToyHuka. Ho Ha Jo6oMm u3
YPOBHEH, OoJiblleMy BHXPIO, JUIsI CBOEr0 HEINPEePLIBHOT'O BpalleHHs,
HeOoOXOJMMO BTAT'HBaTh B ce0s1 MeHbIIHe. B ero o60j104Ke OHHU
PacChIAlOTC W IepeJaloT CBOI SHEPryui0 BpalaTeIbHOIO JBHKEHUS
6oJipiioMy Imapy. Eciii Mbl mornbITaeMcss KaKUM-TO 00pa3oM H30JIMPOBaTh
JIIOOOM U3 I1IapoB, TO 0€3 IMOCTYIAIIMX SHEPruil OH IIPEKPaTUT CBOE
cymecTBoBanue. Takwe oOMeEHHBIE IIPOIECCHI JIOJIKHBI CYIIECTBOBATH

Puc. 5 Ilpumep paccmarpuBaeMoil BHXPEBOW CTPYKTYPBI.
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HEIPEPbIBHO M IIOCTOSHHO HAa BCeX YPOBHAX, HEJOCTATOK HX Ha
OJHOM YpOBHe HeHn30eXHO MNpPHUBEIET K COKpPAIleHHWI0 NIapoB Ha
cleyooneM, BhICIIEM YpoBHe. HenpepbhlBHOCTh HaKaykKH SHEPrusiMU
Ha BCeX YPOBHAX, 3TO0 HENPEeMEHHOE YCJIOBHE CYIIeCTBOBAHUI
9TOH BCEH CHCTEMBI.

Takum o6pa3om, co3gaHHas CTPYKTypa CMOXKeT CyIeCTBOBaTh,
oKa OyJeT IIPOJIOJIKAThCS BHEIIHee IIOCTYIUIEHHe SHeprui. B stom
nporecce MOryT OBITh CO3JlaHbl MHOT'OYPOBHEBBIE CTPYKTYPBI C
OI'POMHBIM pa3HoOOpa3wueM BHXPEW BHYTPH KaxXjoro juamna3oHa.
A mociaenHu#l ypOBEHL CaMBLIX OOJIBIIMX IIAPOB, MOXKET HMETh
TaKHe IUIOTHOCTH YNAaKOBKH BeIleCTBa, YTO B HX CTPYKTypax
Majible BHXPH pas3JioXKaTcsd Ha MHOTO CTyleHed BHH3. Torga 3rta
[ENI0YKAa OKaXeTCAd 3aMKHYTOH, B CMBICJI€ IIOBTOPHOI'O HCIIOJIb30BaHUS
[IEPBUYHBIX BHXPEH.

Teneppr npencraBum ceb6e HEHMOBEPHYIO, HO JOIYCTHMYIO
CUTYyaIMI0, KOIY[a Mbl CMOIVIK Obl BHUAETh OJHOBPEMEHHO HECKOJILKO
ypoBHeH Takux Buxped. Torga Mbl Obl HaGIIOAJd KaK BO3HHKAIOIIHE
HUOTKyJa BHXPH OYEHb MAJIOTO0 pa3Mepa, HUHTEHCHUBHO BTATHBAIOTCS
OOJIBIIMM BHUXPEM, a TOT B CBOI0 OYepedb BTATHUBAETCH €llE OOJIbIIHM.
Haumnas oT MajieHbKHX OBICTPHIX M IOPKHX BHXpPEH, 3TOT IPOIECC
IIOCTEIleHHO Obl 3aMeUIslICsI, U Ha O4YeHb KPYIIHBIX 00Pa30BaHHUSIX MbI
BpsI JIM CMOIVIM Obl YBHJETh TakKue IIpollecchl. Bcé mnpoucxoauiio
Obl OYeHb MeEJJIEHHO, IIPAKTHYECKH He3aMeTHO JJI1 Hallero Iviasa.
besycinoBHo, 4TO C BO3pacTaHHWeM pa3MepoOB, TO €CTb, IOALIMAsICh
II0 yYPOBHAM, KOJIM4E€CTBO OOpPAa30BaHHBIX BHXpel ObLIO OBl BCE
MeHblle. M HaoGopoT, yeMm Jajibllie BHH3 MbI OIyCKAJIUCh OBbI, TeM
BUXpeN ObLIO Obl OOJIBIIE.

Eciu 6b1 MBI MONBITAIMCH CABUHYTH CO CBOEro IIyTH XOTS Obl
OJIMH BHXpb, 3TO IIPHUBEIO Obl K CIBUTY I€JION IHENOYKH BHXpeHl. 3a
HUM IIOTSIHETCS IEJIbIA IIIeH(] HIKECTOSIIHUX, KOTOPble OH BTITHBAET
1 OJlarogaps KOTOPLIM OH CYIIECTBYeT. IDTO OyHeT BBINVIIIETh, KakK
COIIPOTUBJICHHE HAIllleMy BO3JEHCTBHIO U B KaKyl0 Obl CTOPOHY MBI
ero He CJIBUraJii, OH BCE paBHO OyjaeT CcOnpOoTHBILATLCA. Ha sToM
PHUCYHKe JJIs IIpuMepa IIpejcTaBlIeHO o0pa3oBaHHE, KOTOPOE€ MbI
cMorid Obl YBHJETb C HHIXKHENO YPOBHSI TAKHUX BHXPEBBIX CTPYKTYD,
€ClIM TPEJCTABUTh STOT HENPEPHIBHBIM IIPOIECC KaK MOMEHTAJIbHbIN
cpe3. B sToM ciiydyae Mmajble BUXPH JABHKYTCS K IIEHTPY, e OHH
IpeBpanfalnTcsd B 0ojiee KpymnmHoe 00pa30BaHHE.

Bot npumepHo Ha TakoH OCHOBe OYIyT CTPOUTHCS BCe JaJIbHEHIIe
MOU paccyxjaeHus. Bcé, 4uTo OKpyXKaeT Hac, s paccMaTpHBal Kak
BUXpEBbIe CTPYKTYpPhl. MBI 3aHUMaeM BIIOJIHE OTNpeIeIEéHHbIN quana3oH
TaKUX MaTepPUAJIbHBIX CTPYKTYpP, BeCbMa OrPAaHHUYEHHBIM, B KOTOPOM
HaM IIpeIOCTaB/IsIeTCs] BO3MOXKHOCTb POJIUTHCS KUTh U yMepeTh. Ho ¢
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IOMOIIBI0 PA3JIMYHBLIX IIPHUCIIOCOOJIEHHH MBI MOXKEM PacCHIMPHTh CBOH
IMarna3oH HcciegoBaHur. Torma Mbl OygeM HaOJI0JaTh T'aJaKTHKH,
3aKpyYHBalONFecss B OrPOMHbIE BHXPH, KaK M MOJIEKYJIbI HIH JaxKe
aToOMBI, MPeACTaB/IIoIe COO00H MaJleHbKHe INapHUKH.

IlosTOMy mompITaeMcs celyac paccMaTpuBaTh BCE, UYTO Hac
OKpyXkaeT HMEHHO C 92TuxX no3unui. Hackoilbko 3T0 BCE Oyaer
COOTBETCTBOBATh PEAJbHOMY COCTOSIHHIO OKPYXKaloIero Hac BeIecTBa,
MOKaXKeT JaJbHEHIIHH XOJ BCeX PacCyXKJIEeHHH.

IIpexne Bcero, HECKOJBKO CJIOB O caMHX o00beKTaxX Hallux
paccyxneHnn. PaccMarpuBas CTPYKTYPY OKpYXKalIero Hac BellecTBa,
OyJeM BBOJMTL IOHSATHSI 4YacTullbl. Cpasy ke HeoOXOIUMO YTOYHHTL O
KaKuX pa3Mepax HIH Jualia3oHe pa3MepoB OyneT HATH peub. IIpuBemny
MOPSITIOK BEJIMYMH H3BECTHHIX B HACTOsSIIEE BPeMsl CPeIHHX pa3MepoB
HEKOTOPHIX OOBEKTOB, KOTOphle B JallbHeHnleM OyIyT HCIIOJIb30BaHbI
B HAIIMX MBICIIEHHBIX HCCJIeJ0BaHMsIX. Takwe dYacTulbl KaK aToM

uMelT pasMmepel nopsagka 107%° a, manpumep, Comnme — 139=0°

METpOB. JIEKTPOH Ke, W3MepeHHbli ¢ TouHocThio 10 l0¥  merpos,
omnpenesieTcss KakK ToykKa. 1o ecTh, ero pa3Mepbl HAaMHOI'O MeHBIIe
nuamerpa camoro aroma. IlosToMy pmama3oH HaIIMX HHTEPECOB
IIPH PacCCMOTPEHHH CTPYKTYPHI BelleCTBa IIPOCTHPAETCs Ha MaclTad
BEJIMYUH BBIPAXKAIOUIMICSI €IUHHIIEH C JBaIIaThbi0 BOCBMBIO HYJISIMH,
a B JIEHCTBHUTEILHOCTH elé OoJjbire. Jlamee OyayT paccMaTpHBATbCS
MOHATHS, 3aKJII4Yaole B CBOUX CTPYKTypaX HaMHOIo OOJbIIHe
BEJIMYHMHBL. B HEKOTOpHIX Ciaydasx OyayT HCIOJIL30BaThCS IOHSITHS
OTpaXKawIlye CTPYKTYPhl HAMHOI'O OOJIBIIMX Pa3MepOB.

U emg ompo. 9 cumraro, 9yro Bce MOJOOHBIE TIOCTPOEHUST HE JTOJDKHBI
IIPOTUBOPEYHUTL Halled OQHUIMAILHON HAydyHOH MBICTH. BCE 0KHO
CTPOUTBCSI KOPPEKTHO C COOIIOJIEHHEM H3BECTHBLIX OCHOBOIIOJIATAIOIINIX
3aKOHOB, Ha KOTOPBIX 3MXKJIETCS BCs Hallla HaykKa.

C 5THX MO3HIMH pPAacCMOTPHM 4YacCTHIy BelecTBa 3JEKTPOH,
Kak o0Opa3oBaHHe CJIOXKHOH CTPYKTyphl. Jlymalo, HM y Koro He
BO3HHKAeT COMHEHHMH, 4YTO, H 9Ta YacTHIlA He MOXKeT ObITh “IepBHYHBLIM
KUpnHYuKoM” Hamero mupa. [1o3ToMy IpemmnosaoKuM, 4YTo OH COCTOUT U3
JIOCTATOYHO MaJIbIX vacTull “m” - [mini]. Bymem B cBoMX paccyKIeHHsX
paccMaTpHUBaTh 2JIEKTPOH, HO MMEeM B BHJIY BCE CEMEHCTBO YaCTHII,
Kotopoe HaswiBaeTcsa - AJIPOHBI. Hayko# ceropmmsiiHero 1mHS He
onpejeleHbl Ha3BaHMs BCeX KIIACCOB YaCTHI], IO3TOMY OyAdy Ha3LIBaThb
HUX TaKAMH YCJIOBHBIMH Ha3BaHHUSIMH.

35ech s YMBIIUIEHHO JOIYCKAal0 OJHY HETOYHOCTD.

CoBpeMeHHOe Hay4HOe IpeJiCTaBIeHHe O pa3JieJIeHHH 3JIeMeHTapHbIX
YaCcTUI[ Ha KJIacChl, a MLl B 3TOM MBICJIEHHOM IIyTENIECTBHH VKe
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OIlyCKaeMCs B OJMH M3 TaKHX KJIACCOB, NPEJCTABIEHO HX pa3jelIeHHeM
Ha aapoHbl U JenToHbl. Ho 10 BpeMeHH CyIeCTBOBAaHHS HEKOTOpPLIE
U3 HUX, IIPUYEM M3 PA3HBIX KJIACCOB, OTHOCATCS K JIOJIMOXKHUBYIIHM, a
JIpyTde K CTaOWIbHBIM YacTHUIaM. B YacTHOCTH IIPOTOHBI, 3JIEKTPOHHI,
HEATPOHBI H JP. OTHOCIATCA K cTabWIbHbIM. I[losToMy, YTOOHI He
3allyThIBaTh BCE H3JI0KEHHe, Ha3bIBAl0 3Ty CTYIIEHb MAJIOCTH YaCTHIL
- AnpoHamu, BKIaJbIBasg B 3TO OIpejelieHHe TOJBKO TO, YTO, H3
3THUX YaCTHI[ COCTOSIT aTOMBI.

IlosToMy npuMeM Takyi YCIOBHYIO CXEMY, 4YTO SJIEKTPOH HJIH
aJ[pOH, BBEJIEM COKpalleHne <AI>, COCTOUT H3 M-YaCTHI[ H IIOCTOSHHO
HUX BTSITMBaeT U3 OKPYXKAIIEro MpocTpaHCcTBa. To ecTh mpedmoaraeM,
YTO 3JIEKTPOH CaM II0 cebe IIpeiCTaB/IsieT BPallaloluicsI BUXPhb, H 3TOT
IIPOIIECC IIOCTOSHHO IIOJIEP2KUBAETCS TMOIVIOMAIUMHUCS YaCTUIIAMHU
MeHbIIero pasmepa. ClenoBaTellbHO, B OKPECTHOCTIX aJpOHA MBI
cmoriii Obl HAOIIOJATh HEKOe JABHXKEHHEe m-4aCTHll II0 CIHpaId K
IleHTpy BpamnieHus. Ecim Ol 3T0 OBLIO 00JIAKO TaKHUX ajIpoOHOB, TO
BOKPYTI' KaXJOI'o U3 HUX HaOmofaaach Obl MOBBIIEHHAs KOHIIEHTPALHS
MEHBIINX YaCTHI], 3TO HAIIOMHHAJIO Obl TaKHe IIapOBHIHbIE TYMAHHOCTH.
Yro6bl BBIICHUTH, YTO Xe OyjaeT coO00H IpejcTaBIsTh 00JIAKO,
CO3JIaHHOE M3 MOJO00HBIX CTPYKTYP, PACCMOTPHM pa3JIMYHble BapHaHTHI
IoBeJeHns] TakuxX Buxpedn. Hekorophble HHTepecylolpe HAC BOIPOCHI
B3aMHOI'0 IIOBEJIeHHsT BHUXPEBBIX 00pa30BaHHH B IIpeJIojaraeMoM
o0J1aKke MOXKHO MBICJIEHHO IIPOMOJEIMPOBaTh, IPUHAMAs BO BHHMAaHUE,
YTO KaXJbIi H3 HHUX IIOCTOSHHO BcachiBaeT MeHbine. I[losTomy
CTAaTHYECKOI'0 IIOJIOKEHHS BCeX COCTAaBJIMJIUX 3TOr0 IMpollecca
He OyngeT HHKorjga. Bcs sTa HenMoBepHas CTPYKTypa IOCTOSHHO
n3Mensercd. Hamnpumep, cutryanus  CIHSHHS, T.e. IOAXOI APy
K JIpyI'y Ha J0CTaTO4YHO OJIM3KOEe pacCTOosSHHEe JBYX aJpoHOB. B
5TOM Cllydyae IIPOH30HAET CIHUsHHEe HX 000Jlo0ueK HU obOpasyercs
oguH Oojiee MOINHBIH BHXPb, 3aKPYYHBAOIIUHA mM-4aCTHIBI BOKPYT
o0IIIero IeHTpa BpalleHUs.

] ) —
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Puc. 6 Ilporecc ciamsiHusi BUXPEBBIX CTPYKTYP.

[Tonyuunnock Gojiee MolHOe 0O0pa30BaHHE CTPYKTYPHO HAEHTHYHOE
nepBUuYyHOMY. Eciin momoOHBIX cOoeUMHeHUH OyjaeT He JBa, a HaMHOI'0
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0oJIblle, TO TaKUM 00pa3oM, CJIMBas WIM COENUHSS aJpPOHBLI, MBI MOXKEM
IOJIYYUTh YaCTHIBI Oojiee CJIOKHOM BHYTPEHHEH CTPYKTYphI, T. €.
- aTOMBI, <COKpallleHHO AT>.

CrnenoBaTellbHO, KaXK/IbId BUXPh MOCTIEAYIONIEr0 YPOBHS COIEPXKUT B
CBOEHN CTPYKType COEIUHHBIIHECS BHUXPHU IPEIbIIYIIEr0 YPOBHSI.

Hrak, momydeHHble aToOMbl B CBO€H 000JI0UYKE HMEIOT Kak Obl
pasBepHyThle dYacTUIpl aapoHbl. Ho 3THM yacTulpl B CBOIO odYepenb
COCTOST K3 m-yacTuil. To ecTh, 060JI04Ka aToMa COCTOUT M3 M-YaCTHII.
A Kak 3T0 ObBUIO OIpeJelIeH0 BBIINEe, JJISI CBOEro CyIeCTBOBAHUS
OHH JIOJIXKHBI IIOCTOSHHO BTIATHBaATh ellé MeHbIIHe dYacTuubsl. U
II09TOMY TaKOH IIPOIIECC BTSATHBAHHS HOBBIX YACTHI[ U3 OKPYZKAIOIIEro
npocrpancTsa mnponpokaercs HEIIPEPBIBHO, wnaue onm He cMoryr
cymecTBoBaTh. OuYeHb BaXXHO IIOMHHTHL O TOM, YTO 3TOT IIPOIECC
HIET IOCTOSIHHO M HEIIPEPhIBHO, TO NOMOXKET B JaJIbHEHIIeM IOHSTH
MeXaHU3M BO3HHKHOBEHHsI 0ojiee CIIOXKHBIX B3auMogencTBuil. M 310
SIBJIIETCSI OCHOBOHM BCeX JNaJIbHEHIINX PacCyXKJIEeHHM.

Ternepr paccMOTpUM pasjdyMs B CTPOEHHH IIOJyYEHHBIX YaCTHIL
Mpbl Hayaad CBOM PacCCyXKIEeHHs C MPENIOJI0XKEeHHs, YTO SJIEKTPOHBI
COCTOAAT W3 M-YaCTHII.

Ormnune B 000JI0YKax MexXny Am #u AT B ToM, 4TO B 000JIOYKE
aJjpoHa IUIOTHOCTb M-YACTHI[ TaKas, YTO OHH paclajalTci Ha eIé
Oojlee MelnkHe. A B 000J0YKEe aTOMa OHH IIPOJOJIKAIT CYIIECTBOBATH
H IocTelneHHO MuDOYHIUPYIOT K SAOpY H yXKe TaM paclagaioTcs
Ha japyrue, Oojiee Menkuhe dvacTtunpl. Ilosromy o6ojouka aroma -
9TO M-YaCTHIlbl, KOTOPHIE, B CBOI O4Yepelb, COCTOSIT H3 YaCTHIL
CJIEAYIOIIEro YPOBHS MAJIOCTH.

Ilo anamorun ¢ npeapIIyIuM 0003HaYEeHHEM, YaCTHUIbI MEHBIIEro

ypoBHS 00603Ha4nM W [mikro], win ciemyiomas CTylneHb MalOCTH.

PaccmarpuBas mpomecchl JaJbHEHNIero CJHHSHHS 4YacTHIl H
yBeJIMYEeHHUs pa3MepoB HOBOOOpa30BaHHM, OOHApyXHBaeM, 4YTO B
Jualia3oHe Hallero CylIeCTBOBAaHUS MNPUHIUIIMAIBHBIX pa3jInuyuid B
CTPOEHHH 4YaCTHI[ He cylecTByeT. Bce wusBecTHble HaM 4YacCTHIIBI
0oJIpllle aToMa HMMEIOT Ty K€ BHXPEBYIO CTPYKTYpy H (opMy Imapa.
CoBpeMeHHas TeXHHKa II03BOJISIET BHU3YAJILHO YBHIETH MOJIEKYIIbI
H Jlaxe pas3IMuYuTh HX BHYTPEHHHE CTPYKTYpPbI, Aajiplie OymayT
IIpUBEEHbl TaKue IPHUMEpHI.

Cnenyomui, NPUHIMIHAIBHO KadeCTBEHHLIH, CKaudyoK OyJeT
HabJIIogaThCcsl IpH ob6pa3oBaHuu 3Be3dbl. W pelcTBHTENLHO, Ha
MPOTSDKEHUH OT aToMa JI0 3Be3JIbl HUKAKNX IPHUHIUIHAIBHLIX Pa3Iddyui
MBIl He HaOIogaeM, Ja HX H HeT. ITOT IPOMEXYTOK 3aHHMAIOT
YacTHIbl, KOTOPhble Mbl Ha3bIBaeM BellecTBO. I[IpHHIMIBI IOCTPOEHHS
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U CTPYKTypa BceX 00Opa30BaHUN MJIEHTHYHBI, HECMOTPsI Ha BCE HX
MHoroo6pasue. Eciin pa3o6paThCsi BO BHyTPEHHEH CTPYKTYpe BellecTBa
C TPEeNCTaBJIEHHON TOYKH 3pEeHHs, TO OKa3bIBaeTcCs, 3TO BCE IIPOCTO
CKOILJIeHHe aToMOB. BHyTpeHHee CTpoeHHEe KaXKJIOI'0 M3 COCTaBIISIOIIUX
5]IEMEHTOB NPHUHIUIINAILHO He H3MeHSIeTCs.

Jlanpiie MBI BBIHYXKJIEHBI BBECTH B CBOHM PACCYXKJIEHHS TakKoe
o0pa3oBaHHe KakK 3Be3Jla, CUHTas ero PsIoBOH YaCTHIlEH HaIlero Mupa.
910 OyJeT CIeayll i YPoBeHh 00pa30BaHHBIX B HAIlEM MHpPE BHUXPEH.
Ecim mpuBect o6pa3Hoe cpaBHEHHE, TO MOKHO IIPpEJICTaBUTh 3TO
TaKUM 00pa3oM; aTOM - 3TO BHXPb; BEIECTBO - 3T0 MHOXKECTBO BHUXpPEH,
a 3Be3Jla - 9T0 OJMH OOJILIION BHXPh. BKIoYas 3Ty 4YacTHIy B CBOHU
JaJIbHEHIIe pacCyXKIeHHs, BBEIEM COKpalieHue - 3B.

Bcero, kKoHeyno, 06 »ToM oO0pa3oBaHHH MBI He 3HAaeM, HO
paccMOTpHUM XOTs OBl TO, YTO H3BECTHO M IIOCMOTPHM, Kak 3Ta
HH(pOPMAIHs BIHCLIBAETCI B IEIIOYKY HAIIUX MBICJEHHBIX ITOCTPOEHHH.
B mnocienyomux rjiaBax II03HAKOMHUMCS 0ojiee JeTallbHO C 3TOH
yactunen. Celyac MBI pacCMaTPHBAEM TOJIBKO OCHOBHBIE IIPHHITUIILI
CTPYKTYPHOTO cTpoeHHs dYacTull. JlocToBepHO H3BECTHO, YTO
IIOBEPXHOCTh 3Be3Jbl COCTOUT M3 ILIa3Mbl, a 2TO He YTO HHOe,
KaKk cMech ajpoHoB. HMMeio B BHIY IIOBEPXHOCTH H3JIyYaloOULyIo.
Ho oxpyxaer 3Be3ny BCE MHOroo0pasHe H3BECTHBIX HaM CErojHs
YacTHIl. DTOT OOJLIION BHXPH ILIaBaeT B OKPYXKEHHH aTOMOB H
UX KOMOHMHAIlMOHHBIX COEIWHEHHSIX. A KakK Mbl paHee BBIICHHIIH,
agpoHLI COCTOSAT W3 m-yactui. CjemoBaTesIbHO, I IOJIePKAHHSI
CYIIECTBOBAaHUSI TaKHUX aJpPOHOB, COCTaBJISIOIMNX OO0O0JOYKY 3Be3JIbl,
OHa JOJIKHA OyjJeT HHTEHCHBHO IIOIJIOI[ATh mM-4YacCTHILI H3
OKpPY2KaloIero MIpoCTPaHCTBaA.
OTOT Ipolecc HelpepbIBHLIN
U IIOCTOSHHBIN. MBI ero He
3amMevyaeM BBHJY MaJOCTH
9TUX IIOIJION[AEMBIX YaCTHIIL
Ho <cBoé omnpemeneHHoe
JIedCTBHEe Ha IIPOCTPAHCTBO,
OKpyXKalolllee 3Be3Jy, OHH
OKa3pIBalOT. ITO Oyuer
BBIICHATLCS 110 XOJy HaIIuX
pacCyzKJIeHHH.

Ceriuac MBI B CBOEM
MBICJIEHHOM HCCJIe0BaHUHU
HaXOJIUMCsI B 00JIaCTH YaCTHII,
Puc. 8 ®ororpadust Conana B perrreHoBekux Jydax. KOTOPBIE COCTABJIIIOT OCHOBY
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F| Halero CyumecTBOBaHHI.
! UT00BI 00pa3HO IPEICTABUTH
Bl ce6e MaIOCTh IOIVIONAEMBIX
18| 3BE3]0M YaCTHll, IPHBELY
4| cpaBHenne B 1mdpax. Kak
OLLIIO paHee IIPUBEIEHO,
qacTHIla agpOH MeHbIIe
BUJUMOHN HaMHU 3Be3JIbl
B €IHHHUIly C JIBaJIaThio
ceMblo HyJIsIMH. To ecTh
A3 TAaKUX YaCTHI[ COCTOUT
j 4| e€ 000JI0YKa, a BCcachIBaeT
el ﬁ. B T e e gl ™| 3BE371A, JACTHIBI enlle Gonee
Puc. 7 Mukpodororpadusi cpeza H-Nb,O,. Bunna MEJIKHE, BOSMOKHO MEHBIIHNE
CTPYKTypa OJHOI MOJIEKYIIbI., or Hee B 10 pa3. Pasmep

aJpoHa Ha CeroJHSIIHHHA
JIeHb TOYHO He OIIpejielieH, II03TOMY B JEeHCTBHUTEILHOCTH COOTHOILIEHHE
MOXKET OKa3aThCs elé OoJIblIe.

Ha mnpepcraBieHHBIX 37eCh CHHUMKaxX Mbl BHIUM IIpejeJIbHbIE,
JIOCTYIIHbIE HaM JIjI1 HaOJIIogeHus, OOBbEeKThl OKPYZXKAWIIEro MHpa.
C omHOH CTOpPOHBI - 3TO aToOMapHas CTPYKTypa MOJEKYJIH,
JIEMOHCTPHPYIONIAsi MPOCTPAHCTBEHHOE B3aMMOIIOJI0KEHHE COCTABJIIONIX
e€ aToMOB, C JIpyrod - camas Onm3Kas i1 Hac 3Be3na - CounHrle.
Mexny 5THMH CHHMKaMH OT'POMHBLIE IIPOCTPAHCTBeHHBIE MaciiTadbl. M
TOJIBKO OJlaroaapsi BO3MOXKHOCTSIM COBPEMEHHOH TEXHHUKH, Mbl MOXKEM
I03BOJINTL cebe ITOoJ00HOe cpaBHeHHe. ITie-To B IPOMEKYTKE ITHX
peaJbHbIX O0OBEKTOB HAXOIHUTCS BeCh BHIUMBIM HaMH MHP.

B panpHeHmux paccyXIeHHSIX BCE 3TH OOBEKTHI s pacCMaTpHUBAIO
KaK MHOIOYPOBHEBbl€e BHXPEBbIEe CTPYKTYpPHhI, HENPEPBIBHO
B3aHUMOJIeNCTBYIoNHe MeXay cobon. [loaroMy, morpyzxkasch MoCTeneHHO
B Oojiee aOCTpakKTHbBIE pa3MBIILIEHUs, Mbl Bcerjga OyaeM HMeTb
B BHJY HENPEPBIBHOCTh H IIOCTOSHCTBO B3aUMOJEHCTBHUH ATHX
o0bekToB. Ham peanbHBIH MHP HaCTOJHBKO MHOT'OILIAHOBBIH, YTO
OIINCaTh B3aHMMOJIEHCTBHE €0 COCTAaBIMIONMX IIPOCTHIMH JIENCTBHIMHU
IIPaKTHYECKH HEBO3MOXKHO. XOTs KaXXJbli H3 IpeacTaBIeHHbIX
Ha (Qororpaduax oOGHEKTOB HMeeT BHJ Iapa, UX BHYTpPeHHee
CTpOE€HHe - 3TO0 BHUXPb, HMEKIHH BeCbMa CJIOXKHOE CTpPOEHHeE.
Hcxonsg M3 3THX INPUHIMIIOB, MBI U OyIeM CTPOUTHL BCe JaJIbHEHIIHe
pacCyzKJIeHHs.

Jlnst 6ojiee 0O0pasHOrO IIPEJCTAaBIIEHHS BCEH OIMMCAHHOM CXEMBI
IIOCTPOEHUH, HM300pa3suM 3TOT IIPOIECC B BHIE HEKOTOPOH JIMHEHHOHN
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JIHarpaMMBbl, TNPEJCTaBIEHHON HAa TOM DPHCYHKE.
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Puc. 9 Jluneiinas quarpamMa TpaHcOpMauyi BHXPEBBIX CTPYKTYD.

3nech NPUMEHSIOTCS 0603HAYE€HHs] H3BECTHBIX HAM YaCTHIL KaK 3TO
omucano BeIme. I{udpamu 0603HaYEHB YPOBHH PEAIbHBIX MaTe€pPHAIbHBIX
00bEKTOB, KOTOPHIE MOXKHO JOCTOBEDPHO KJIaCCH(PUIHPOBATH C
JIOCTUTHYTBIX ITO3UIMA COBPEMEHHOH HayKH.

ITo sroli gmarpamMMme JIETKO MPOCIETUTh OOhEIUHEHHE YaCTHIL
B BHUXpH 0ojlee KpymHoro pasMmepa. W3 pucyHka BuguMm, 4yro 3B (4)
co3JlaBajlach U3 YaCTHI[ MEeHbIIEro pa3mepa - aroMoB (3). Touno Takum
JKe o00pa3oM caM aToM O0O0pa30BBIBAJIICI H3 aJgpoHOB (2), KOTOpHIE
OblTH co3fganbl u3 m-yacturl (1). M Tak pmamee, 10 KOHIA Hamen
muarpaMmbl. CaM IpHUHIUI 00pa30BaHHMsS 3ITHX pPeajlbHBIX O0BEKTOB
OJIMHAKOB Ha BCeX CTyIeHsxX. To ecTh, Bce 3TO BHXPH, XOTS MBI HX
BOCIIPHHHMAaeM KakK Bpamamonpecs chepbl WM mapbl. Kaxknoe u3 3THX
o6pa3oBaHUI HMeEET CJIOXKHYI0 BHYTPEHHIOIO CTPYKTYypy. Kitaccmueckoe
Hallle IPeJCTaBIIEHHE O CTPOEHHH TaKHX OOBEKTOB PEANTH3YETCsS TaK
Ha3bIBa€MOHN ILUIAHETAPHOM MOJIEJILI0 CTPOEHHs 3JIEMEHTAPHBIX YaCTHIL.
CMEICT e€é 3akimoJaeTcs B 06pa3HOM CPaBHEHHH BHYTPEHHEH CTPYKTYPBI
OTJIEJIBHO B3SITOH YaCTHILI CO CTPOEHHEM COJIHEYHOH CHCTEMBI.
IIpegnonaraercs Hajauyue syipa, B IIEHTPE 3TOI0 06pa30BaHHs, BOKPYT
KOTOPOI'0 BPANIAIOTCSI €ellle MeHBbIIHe CTPYKTYphl. TakuMm o6pasoMm, B
BUIUMON HaMH cdepe HMeeTcs IEeHTpPajbHas 4YacTh - SJIPO, CKPBITOE
OT HAcC BHeIIHeH 000j104Kon. Kaxkioe M3 3THX COCTaB/ISMIONMX HMEET
JIUCKPETHYIO CTPYKTYPY, KOTOpas MOXKeT OOHapyXKHBaTh celOs IIpu
HHCTPYMEHTATILHBIX HCCIENOBaHUSIX peajbHoro obobekra. Ilosaromy Ha
IPUBEJEHHON JHarpaMMe HCClIeAyeMble HaMH BHXPH H300pazkKeHbI
chepamu, yCIOBHO IPHHSATHI OJUHAKOBOIO pa3Mepa.

CrengoBaTellbHO, B IIPOIECCE CBOEr0 06pa30BaHHUsS KaXKjas U3 THX
YacTHIl, 3aKPY4YHBasi B BUXPh MEHBIIHE BHXPH, CO3JaeT cebe HapyKHYIO
060JIOUKY, COCTOSINYI0 W3 Pa3BEPHYTHIX BHUXPEBBLIX CTPYKTYP HHIKHEIO
ypoBHs. Tak B mpolecce o6Gpa3oBaHus 3Be3[bl (4), HCIOJIL30BAIHCH
aroMbl (3), HO 060JIOYKA €€ COCTOHMT H3 aJIPOHOB (2) WM pPa3BEPHYTHIX
aToMOB. A BOT caMMX IlepBOHAYaIBHBIX AT (3) B 5TOH 000JI0YKEe HIH
HeT, WIM HX HHYTOXKHOE KoimdecTBo. Jlajbie yriyOisisiCh B aHan3
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MOJIETH 2TOr'0 IPOIECCa, BHIHM, YTO JJII CBOEro CYNIECTBOBAHHS
pa3BEPHYTHIE aTOMBI OYIyT BTSAIMBATL OOLEKTHI CIEAYIOIEN0 YPOBHS
MajocTd - m-yactunsl (1). Em@é pas yTodyHHM: TakKoH IIPOIECC
[IPOTEKAET ITOCTOSHHO H HEIPEPLIBHO.

Takum Xe 06pa3oM IPOJOJIZKAM HAlIM PACCYKIEHHS Ha JPyIrHe
o0pa3oBaHHble BUXPH, M II0 aHAJIOTHMH IPUIEM K BBIBOUY - B AT (3)
He CylecTByIOT B uuctoM Buue An (2), XoTs OHH 00pa3oBaHbl U3
mux. (O6oJi0YuKa aTOMOB COCTOMT H3 m-yactui] (1), a moriomamoTcs C

OKpyzKaliero npocrpanctsa p-gacturpl (0).

B cBa3m ¢ BBejleHHEM KeCTKOT'O YCJIOBHS CYIECTBOBaHHUSI
BCel IIOCTPOEHHOH JHarpaMMbl, O HEIPEPBIBHOCTH IPOTEKAIIUX
IIPOIECCOB IIOIVIOIEHHSI BHXPEBBIX CTPYKTYP MEHBLIIEro YPOBHI,
TpebyeTcsl HEeKoTopoe yTodyHeHHe. Kak MbI yKe paHee 00YyCIOBUIHCH
- IIPOILIECC BCAChIBAaHUS IPOUCXOJUT IIOCTOSIHHO M HEIPepbhIBHO, HO
pa3Mepbl BHUJIUMBIX HAaMH YaCTHUI[ HE YBEJIHYHBAIOTCS, CJIE€I0BaTEJILHO,
HeNpephIBHO IIPOMCXOJAUT H Ipolecc HUX pacnaga. I[lormomaemsie
YacTUIlbl PacIafaloTcs BO BHYTPEHHUX CTPYKTypaxX TaKOI'0 BHUXpPsI Ha
emé OoJiee MeJIKHE 4YacCTHIbI, KOTOpPble H3JIy4alTCsd B OKpyzKalollee
MpoCTpaHCTBO. KoHeuHo, 3T0 NBHKEHHE H3TydYaeMbIX YaCTHIl HallpaBJIEHO
HaBCTPeYy ABHIKEHHIO IIOIVION@eMbIX YACTHUI[ © B OKPECTHOCTIX TaKOI'0
BUXpsS HACTylaeT JIHHAMHYECKOoe paBHOBecue. Tak IIpojoJrKas CBOH
pacCyKJeHHs Ha IIpUMepe peajJbHOro oObeKTa, TOH Ke 3Be3JIbl, BUIHM,
4TO H3JIy4YalTCsI C ee IIOBEPXHOCTH elle Oojiee MeJKHEe 4YaCTHIIbI,
KOTOpble MBI Ha3biBaeM (oTOHBL To ecTh, peaabHO HaO6II0aeMbIR
HaMH IIPOIleCC IIpoTeKaeT CleaylluM o0pa3oM: YaCTHILI ILIa3MBbl,
IIOrpyzKasiCh B IIyOHHBI 3TOI0 00pa30BaHUsI, HE BBIIEPXKUBAIOT JABJICHUS,
U pacChIIaloTcss Ha (POTOHBLI, KOTOPLIE PACCEHBAIOTCS B OKPYZKAIOIIEM
npocTpaHcTBe. X0Ts COBpeMeHHas HayKa He MOKeT JaTh OJHO3HAYHOI'O
onpejeiieHnss (GOTOHY, YacTHI[A 3TO HIM BOJIHA, CeHyac Ui Hallero
aHaIM3a 9TO He HMMeeT IPHHIUIHAJIBHOIO 3HaYeHHs.

Ternepr paccMOTpUM HaxXOXKJIeHHE JBYX OJIHMHAKOBLIX YaCTHUIl B
HEIIOCPEJCTBEHHON OJIM30CTH OJHA OT JPYroH. ITo Oyaer Cly4aw,
KOIyla JBa BpaIAOUMXC BHXPS HAXOATCSA PSAJIOM H HHTEHCHBHO
BCAChIBAIOT C OKPYZXKAIOIIEro IIPOCTPAaHCTBA MeHbIIHe dacTuipl. OHu
elé He CIWINCh B OJUH OOJIBIION BHXPh, a HMOJOILIM APYT K JAPYyry Ha
PacCCTOsIHMS, CPaBHUMBIE C X pa3MepaMH.

Kak npumep, paccMoTpuM jBa aTomMa. DTH YaCTHUIbI, BTSITHUBas B

cebs W-4acTUIpl U3 IPOCTPAHCTBA MeXKJy CBOUMH IEHTPaMH, CO3[aIyT
B 9TOM MeCTe pa3peXeHHe 3THX JKe JacTHil Torya Takue aToMbl OyIyT
HCIIBITBIBATh C BHENIHEH CTOPOHBLI KaK OBl JaBlIeHHE OKPYKAINUX HX

p-yactuil, Jra cuna OyjeT J1elcTBOBaTh Ha 9TH OOBEKThbI, 1 CTPEMUTHCS
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COEMHUTHL TaKHe OJIM3KO CTOsIHe BUXPH. B pealbHON KH3HH TaKoe
B3aMMOJIECTBHE MBI HAa3bIBAEM IIPHUTSIKEHHEM.
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Puc. 10 luarpamma mporecca B3auMOJENCTBHSI JBYX YACTHIL.
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Hauap cBo#l aHanmm3 MOJOOHBIX CTPYKTYP H3 IIPOCTPAHCTBEHHOIO
00jl1aKa OJIMHAKOBBIX OOBEKTOB, CelyaC BBeJeM eIlEé OJHO IIOHSTHE,
IIMPOKO IIpUMEHseMOe B Hay4yHbIX TepMHHax. B janpHemmem, JJIs
00pa3HoCTH, OyJeM Has3bIBaTh COBOKYIHOCTb KaKHUX-IMOO OIUHAKOBBIX

YacTHIl - Ta30M. JTo OyjaeT Wra3, m-ra3 U T.J.
CrnenoBarelIbHO, B HallleM INpPHMepe JBe YaCTHUIlbl, WX JBa aToOMa,
IOJIOIIENIINE Ha JOCTaTOYHO OJIM3KOE PacCTOSIHHE APyr OT JpyTa,

OyJyT HUCIBITHIBATh CHIOBOE B3aUMOJENCTBHE W-Ta3za. ITa cuwia Oyjaer
HallpaB/ieHa Ha COJHXeHHe [IBYX OJHU3KOPACHOJIOKEHHBbIX BHUXPEH.
Ecin ckonneHTpHpoBaTh TakKue [OJIOXKHBYIIHE BUXPU B HEKOTOPOH
IIPOCTPAHCTBEHHON 00J1aCTH, TO, YCWJIHMBas JpPyr Apyra, OHH OyIyT
00/1a1aTh I'PYIIIOBON CHJION IPUTSDZKEHHUS, YTO MO3BOJIUT UM HEKOTOPOe
BpeMsl yIep:KUBaThCS BMECTE.

I[TogoO6HOEe 0O0BSICHEHHE TPOIEecCy TMPUTIAREHHuS JABYX
B3aUMOJIENCTBYIOIMX MacC B II0Jle TpaBHTAIldd ObLUIO IIPEIIIPUHSITO
(dpaniy3ckuM yuéneiM Jlecaxkem Gojiee nByxcoT Jer Hazajn. Ilo ero
TEOpUH, JIBa Teja, HaXOMdIIHecs B HEIOCPeJICTBEHHOH OJIM30CTH B
IIOTOKE YaCTHI[ JIECAKOHOB, COJIMKAIOTCI 3a cYeT TeHeBoro s(ddekrra.
Takue yacTuipl ObUIM BBeJEHBI JJI1 OOBSICHEHHS MeXaHu3Ma JeNCTBU,
KOJIMUYECTBEHHO OIIPeJleIEHHOI0, 3aKoHa TATOTeHHsI, OTKPBLITOTO
HrloroHoM. 3a Ccyér HX MOIVIONEHHsS B3aHMOJEHCTBYIONMMHU TeJIaMH
H co3gaercsd TeHeBon 3¢derr. B mampHedmeM oT 3TOH TEOpHH
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OTKa3aJuch. Bo-lepBhIX: MMOTOMY, YTO MPEIIoIarajoch, YTO JeCazKOHbI
JIBIDZKYTCS HEIPEPBLIBHBIM IIOTOKOM B KaKOM-TO HampaBieHus. Ilostomy
JIBIDKYIIHECS Tejla JOJDKHBI ObUIM HCIBITHIBATH Pa3HOE 3aMejjleHHe, B
3aBHCHMOCTHU OT HaIlpaBJIEHHS 3TOI0 JIBHXKeHHS. Bo-BTOPHIX, HOIVIONIEHHE
TaKUX 4YacTHI[ IpuBeJIo Obl K pa3orpeBy a2roro teja. H3-3a Takmx
IIPOTHBOPEYHH 3Ta TeopHs He IOIy4Ymiia JOJDKHOM MOAIepXKKH. XOTd U
ObLIN MPEIIIPUHATHI Oe3yCIIelHbIe MONBITKH 00HAPYKUTH HaIlpaBJIEHHOE
JIBIDKEHHE THUIIOTETHYECKHX JIeCaKOHOB.

Mexanu3M B3auMOJIENCTBHSI, KOTOPLIA IIpejjiaraercs cendac,
NPUHIUIIHAJIBHO OTJIMYAaeTCs OT IIpoIrecca MOIVIONEHUs JIeCaXkKOHOB,
onucaHHoro Beime. Cregyer OTMETHTb, YTO CYIIECTBYIOT H JIpyTHE
TeOpPHUH OOBICHAIME IIPOIECChl B3aUMOJEHCTBHS 4YacTHIl, HO 31eCh
Mbl UX pacCcMaTpHBaTh He OyJeM.

Ilepoe W OCHOBHOe: He CYIECTBYeT OTJeJbHOI'0 Kjacca
YacTHI[, KOTOpPble MOXKHO OBLI0 OBl HIEHTH(PHUIMPOBATH, Kak
JleCaKOHbl MJIM KaK Ipejjiaraiu 0Oojiee I03JHHEe TeOpHH Ha3BaTh
HX TpPaBHTOHAMH. JTH CHJIBI B3aHMHOIO IIPUTSKEHHs IIOPOXKIAITCS
CaMHM TIPHHIMIIOM CYIIECTBOBAHHS BHUXPEBBIX CTPYKTYpP, IIO3TOMY B
KadecTBe II0JJOOHBIX OOMEHHBLIX 3JIEMEHTOB MOTYT BBICTYHIATh BCe
YacTHUIbl, B 3aBUCHMOCTH KaKOH YpPOBE€Hb OpPraHH3allid MHPOBBIX
CTPYKTYyp OyJeM pacCMaTpHBaTh.

Bropoe ocHOBHOe oT/IMYUKE B TOM, UYTO HEOOXOIHUMO paccMaTpHBaTh
B3aHMOJIEHCTBHE JABYX BHXPEBBLIX CTPYKTYP, KOTOPbIE€ CO3JaHbl U3 TAKHX
Xe BHXpeH MeHbIIero pasMepa. 1o ecTb KaXKIbId U3 pacCMaTpPHBAEMBIX
VPOBHEN HMeeT HMCKPEeTHYI0 BHYTPEHHIOI CTPYKTypy. laiee, Bcerma
HeoOXOIUMO IIOMHHTb O HENPEPhIBHOCTH H IIOCTOSHCTBE IIPOIECCOB
IoIJIomeHuss u pacnajga. HMiam mo-mpyroMy - Takylo CTPYKTYPY
He0oOXOIHMMO aHAJIM3HUPOBATh B COCTOSHHUH JIUHAMHYECKOI'0 PaBHOBECHS,
C y4eToM BJIUSHHS OKpPYKalollero MX rasa. Tak Kak, HMEeHHO 3TOT
ra3 M IpejacTaBjisieT CO00H COBOKYIHOCTH HCCJIEyeMbIX BHUXPEH,
00bEIUHAIIINX BCIO aHAIU3UPYeMyl0 JHarpaMMy B eJIuHOe IeJioe -
HeIPEePBLIBHO IIpeobpasylonieecs, IOCTOSHHO MeHsolleecs, IIPOHU3aHHOe
€IMHbIM JIBH2KEHHEM.
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