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[Toka3zaHo, 4TO PHEPTOAUHAMHYECKU MMOAX0]] TpeOyeT paccMaTpuBarh dUp Kak
PaBHOTMPABHBIN KOMIIOHEHT CUCTEMBI BELIECTBO + 3(up, mpruoOpeTaromnii HOBbIS
CBOWCTBA B MPOIIECCE €ro MPEBPAIICHUS B BEIIECTBO. [IPpUBOSATCS apryMeHTHI,
CBUJICTEIHCTBYIOIINE O SIUHCTBE MX MIPUPOJIBI, U HA 3TON OCHOBE OMUCHIBAIOTCS
HEKOTOpPBIC CBOMCTBA A(hHpa Kak ImpeaBeliecTna (prematter)

BBenenue. [lonarue apupa uMeeT IpPEeBHIOI0 UCTOPUIO, BOCXO/IA K CaMbIM HadajaM IMO3Ha-
HUS 4EJIOBEUECTBOM OCHOB MHUpo31aHus. [IpencraBienne o HeM Kak O IEPBOOCHOBE BCETO CYIIle-
ro cyuiecTBoBajio u B ApeBHeM Kutae, u B Unauu, u B Slnonuu, cras 3ateM joctosinueM EBpo-
nbl. Ha mpoTsikeHnn BEKOB MOJIENbHbBIE NPEACTaBIEHUS 00 3(Upe yCI0KHAIUCH 110 MEPE Hajle-
JICHUS €r0 HOBBIMU CBOWCTBAMHU, CIIOCOOHBIMU OOBSICHUTH HAOJI0JaeMble SBJICHUS, B TOM YHUCIIE
KOPITYCKYJIAPHOW CTPYKTYPOM, IMOJBHKHOCTBIO, BSI3KOCTBIO, CKHMMAEMOCTBIO, TEMIIEPATypOU,
WHEPLUHUOHHOCTHIO U T.A. ¥ T.I. VICTOpUU CTAHOBJIEHUS M HBOJIIOIMH ITHX MPEACTABICHUI MMO-
cBsIeHa oommpHas nureparypa [1-6]. OcoOyto poib ceirpanu Tpyasl P. JlekapTta, KOTOpHIi elie
B XVII Beke 000cHOBaN KOHIEMIHIO 3(pupa Kak CBETOHOCHOW cpenpl. C Tex mop uues 3dupa
MPOYHO BOIIIa B HAYYHBIH 00MX0J, ocoOeHHO B Tpynax Hrrotona, ®penens, Makcpemna, Jlo-
pEHIIa ¥ APYrUX U3BECTHBIX yUEHBIX. D(upHas KOHIENIHs oCTUrIa KyapMuHanuu B XIX Beke,
Korga MakcBelul, Onupasch Ha CO3JAaHHYI0 MM MOZENb d(hupa, MoIyduit cucteMmy (yHnameH-
TaJbHBIX ypaBHEHUH 3yieKTpoauHaMuku. OJIHAKO MEXaHWUYECKHUe MOJENHU JIBUXKYIIErocs sdupa
BCTPETHIIUCH ¢ OONBIIMMH TPYIHOCTSMH. [ TaBHas U3 HUX ObUIA CBSI3aHA C KAXKYIIEHCS HEBO3-
MO>KHOCTBIO IPUMHUPUTH MONEPEYHOCTh KOJIeOaHH, CBOMCTBEHHYIO TBEPABIM TeJIaM, C OTCYTCT-
BUEM CONPOTUBIICHHS d(hUpa ABIKECHUIO HEOECHBIX Tel. HeonHo3HauYHyI0 MHTEPIPETalnio BbI-
3bIBAJIM TAKXKE PE3YJbTaThl 3KCIEPUMEHTOB C IBMKYLUIMMHCS MCTOYHUKAMHU M IPUEMHUKAMU
cBeTa. JTU TPYAHOCTH HapsAy C HEBO3ZMOKHOCTBIO 3KCIIEPUMEHTAIILHOTO OIPEIEICHNs CBOWCTB
aupa nModyIMIM y4eHbIX MpeobialaBIIero B TO BpeMsl MO3UTUBUCTCKOTO CTPOS MbICIEH HC-
KIIFOUUTH BCien 3a A.DWHIITEMHOM MPUMEHEHHE ITOro MOHATHS W3 ¢u3uku XX cronetus [7].
OpHako, mpu3HAaB >QHUP M3IUIIHUM JUIs cHenuanbHoil Teopum otHocutenbHocTH (CTO),
A.DWHIITENH BCckope ObUT BBIHYX/I€H BepHYTh ero B OTO. Benen 3a 3TuM ydyeHbI MUp BEpHYI
a¢up U B KBAHTOBYIO MEXaHHUKY MOJ BUIOM (usnueckoro Bakyyma (®B). [Toctenenno o6Hapy-
KWICS psAZl KOCBEHHBIX MPU3HAKOB, MOATBEPKIAIONINX CYIIECTBOBaHHE 3(PHpa Kak MaTepualb-
HOM cpesibl, 00J1aAa01Iel HerncuepnaeMbIM 3al1acoM SHEPIMH U CIOCOOHON B3aMMOJIEHCTBOBATh
C BEIECTBOM. B MakpoMupe BaXHEWIIMMM W3 HUX OBUIM 3KCIIEPUMEHTHI Tecna ¢ «ycuiuBaro-
UM TpaHCMUTTEpoM» 8], mo3posuBiKe eMy B 1905 1., kak mucanu ras3ersl, «3aKeTb HE0O HaJl
OKE€aHOM Ha ThICSiYM MWIb" U He MeHee «200 2IeKTPUYECKHX JIaMIl, BOTKHYTBIX B 3€MJIO IJOKO-
gemM». 3a 3TUM TIOCTENOBAIM CO3JaHHbIE YYEHBIMU-IKCIIEPUMEHTATOpaMH MHOTOYHCIIEHHBIE
KOHCTPYKIIUU «cBepXxennuHUIHbIX» ycTporcTB (¢ KIIJ Beime 100%), Hanbonee BEpOSTHBIM HC-
TOYHHUKOM M30BITOYHON SHEPruu KOTOpbiX ObuI 3¢up [9], a Takke B3pbIB BOJOPOIHON OOMOBI
nay HoBoit 3emieit B 1961 r., ipi KOTOPOM HEProBbIIEICHHE IPEB3ONLIO pacyeTHoe B 10° pa3
B OTCYTCTBHE KaKUX-THOO OTIMYHBIX OT 3¢upa uctouHukoB >Hepruu [10]. B HabmonarensHOM
aCTPOHOMMHU HEJABHUM CBHUJETEIHCTBOM CYIIECTBOBaHMS 3(pupa sIBUIOCH 0OHapykeHHe HHppa-
KpacHbIM TeneckonoM «WISE» ynapHOW BOJIHBI B BHJE KENTOW JIyrd, CO3JaBa€MOM 3BE3]101
«Zeta Ophiuchi» ¢ maccoit B 20M, «yberaroiieii» co CKOpoCThIo 24 KM/C CKBO3b KOCMHUYECKYIO
nbutb [11]. OTH 1 Apyrue GakThl YCUIUBAIOT HHTEPEC K U3YUCHHUIO CBOMCTB d(hrpa u mpoieccoB
€ro mepexo/ia B BeIeCTBO U 00paTHO, UTPAIOLIUX, O-BUAMMOMY, PEIIAIONIYIO POJIb B KOCMOJIO-
TUH.



3amaueil HACTOSIIEH CTAaThU SIBIISETCS BBIICHEHHE HEKOTOPBIX CBOWMCTB 3(Hpa C MO3UIIHHA
SHEPrOAMHAMUKH KaK TEOPUH, TO3BOJISIONIEH paccCMaTpUBaTh €ro Kak HEMPEMEHHbI KOMITOHEHT
PaCIIMPEHHON CUCTEMBI «BemecTBO + 3dup» [12]. B cooTBeTCTBHMU ¢ METOAOIOTHEH YHEPTOAH-
HAMUKH TaKO€ pPACCMOTPEHHE OMHUPAETCS HE Ha TUIOTE3bl W MOJICIbHBIC MPEICTABICHUS O
CTpyKType 3¢upa, a HA MHOTOKPATHO MOATBEPKACHHYIO BO3MOXHOCTh OIUCAHUS COCTOSHUS
Pa3HOOOpPa3HBIX OOBEKTOB MCCIEIOBAHUSI M MPOTEKAIOUIUX B HUX IIPOLIECCOB C MOMOIIBIO YKE
M3BECTHBIX WJIM BHOBb BBOJIMMBIX IapaMETPOB, CYIIECTBOBAHUE KOTOPBIX MPEICKA3BIBACTCS €€
MPUHIUTIAMH.

1. CoOcTBeHHas1 (BHYTpeHHsis1) Heprusi 3¢pupa. l3BecTHOe emie ¢ JPEBHUX BpPEMEH
CBOMCTBO 3(upa KaKk CBETOHOCHOHM cpeibl Hapsly ¢ MHOTOYMCIICHHBIMU CBHJIETEIbCTBAMU BOJI-
HOBOH MPHUPOJBI CBETA CIYKUT HEOOXOIUMBIM U JIOCTATOYHBIM OCHOBAaHHMEM JUISI PACCMOTPEHUS
3(upa Kak HEBEIIECTBEHHOMN COCTABIISIFOIIECH JTF000 MaTepHAIbHON CHCTEMBI. Takas KOHIICTIIIHS
COJIEP’KUT 3JIEMEHTHI HOBOI'O MUPOBO33PEHHUSI, KOTOPOE JEIUT MaTEpUIO Ha BEIIECTBO (JUCKPET-
HYIO 4aCcTh MaTepUH, UMEIONIYIO OMPEIEICHHYI0 (OpPMY U TpaHHIIbl), U dPUP KaK «IPEIBEIIeCT-
BO», T.€. CIUIOIIHYIO Cpeay, HE MMEIIIyl0 rpaHul] U ¢opmbl. Takoe aereHue mpeamnosaraet
MPUHIIMIIAATIBHOE €IUHCTBO UX MATEPUAIBHON CYIIHOCTH U BO3MOXHOCTH B3aUMOIIPEBPAILICHUS
OJTHOTO B JIpyroe. B mepByro ouyepenp 3TO OTHOCUTCA K HAJIWYUIO Yy 3(upa OTIMYHON OT HYJSA
TUIOTHOCTU U COOCTBEHHOM (BHYTPEHHEH ) SHEPTHH.

Kak u3BecTHO M3 KJIaCCUYECKOW TEOPUU BOJIH, KBAJpaT CKOPOCTH PaCHpOCTPaHEHUs KoJie-
Oanwuii B M000I Cpelie Vv, ONpeaemsieTcs] OTHOIIEHUEM YIPYTOCTH Cpeabl (B YACTHOCTH, €€ J1aB-
JICHUS py) K IJIOTHOCTU 3TOU cpelibl py [ 13]:

Vi = Opu/Ops. (1)

Ortcrona crenyer, uTo 3up Kak HeKasi CBETOHOCHAs cpefia, IEPEHOCAIas aBTOKOJICOaHUsI CO
CKOPOCTBIO CBETA ¢, ¢ HEOOXOAUMOCTBIO 00J1a/1aeT HE TOJIBKO OTIIMYHON OT HYJIS TUIOTHOCTBIO Py
U Maccoil M, HO U HEKOTOPOU MOTEHUUAIBHOW dHEpPTUen £y, MEpON IUNIOTHOCTH KOTOPOM M SIB-
nsercs faBnenue p, (JUK/M’). DTO MO3BONAET OMPEACTHTh SPUDP KAK CAIOUHYIO 6CenPOHUKAIO-
Wyt cpedy ¢ OMAUYHOU OM HYJIs NIOMHOCMbIO U YAPY2OCMbIO, KONeOIIOUWVIOC 8 He02PaAHUYEH-
HOM Ouanasome yacmom.

Ecnu 00603HaunTh 3HEpruio 3¢upa u ero maccy B 1enom uepes £, u M, , o u3 (1) npu unrer-
PHPOBAHUU €ro M0 00beMy V, 3aHATOMY 3PUPOM CIETYET:

E, = M, (2)

K sToMy BbIpaxeHuto ajs sHepruu 3¢upa 3anonro a0 A.OiHmreliHa npunuiy X. Hlpam u
H.VmoB, Ixx. Tomcon u O. XoBucaiin, A. Ilyankape u ®@. Xazenopns [1]. Takum oGpazom,
yIEIbHYIO dHEpruio 3pupa &, = E,/M, = ¢’ MOXHO CUHTATh JABHO M3BECTHO M BIIOTHE omnpeze-
JIEHHOM BEJIMYHUHOM.

2. BzaumonpeBpamenue 3¢pupa u Bemiecra. BeissicHuM Oipkaifiiye clieCTBUS, BRITEKAOIIIE
U3 3aKOHA COXPAHEHHUS SHEPTUHU PaCIIMPEHHON CUCTEMbI BEUIECTBO + 3pup, HE HAJIEss oCTea-
HUI KakuMH-THO0 CBOMCTBaMH, BBIXOJSIIMMHU 3a paMKu BbipaxeHui (1) u (2). Paccmorpum
JIOCTAaTOYHO OOIMMIA ciydyail MHOTOKOMIIOHEHTHON TEPMOMEXaHWYECKON CHCTEMBI Maccoul M,
IIPEACTABUB €€ BHYTPEHHIO dHepruio U B BUAEC CyMMBI NapLUAIBHBIX dHepruil U; Bcex ee i—X
crenener ceoooapl U = X;U; [14]. YuTeM Hapsiy C 3TUM €€ BHEIIHIOI0 KHHETUYECKYIO SHEPTHIO
E'= Mv,*/2, OIpELEIIEMYI0 CKOPOCTBIO LIEHTPA €€ MAacChl V,, U BHYTPEHHIOK KHHETUYECKYIO
HHEPrUI0 OTHOCUTENBHOTO JIB)KEHUS k-X MaKpOCKOMMYECKHUX YacTel (KOMIIOHEHTOB) CUCTEMBI C



Maccol My U CKOPOCTBIO Wy , PAaBHYIO U= EkMkwk2/2. Torma 3aK0H COXpaHEHUs PHEPTrUM pac-
IMIMPEHHOM CUCTEMBI «BEILECTBO + 3(hup» mpu oOMEeHe MeKy HUIMH Maccoil M puUMeT BUA:

AU + dE, = S;udM +Vsvo2dM +Y Siciowi dM +c*dM,= 0, (3)

r/ie u;— yaenbHoe 3Hadenue suepruu Uj; ¢y = M/M — maccoBast 1oJis k-TO BEIIecTsa.
Herpynno 3ametuts, uto BBULY dM = — dM, Beipaxkenue (3) mpuHUMAET BU/I;

Yo HVavet +Va Siewit = ¢ (4)

Otcrona crneayer, 4To Mo Mepe MPUOIMKEHHS Vo, U Wi K CKOPOCTH CBETa BCE COCTABJISIIO-
M€ BHYTPEHHEH YHEPTUU CUCTEMBI X;U; «BBIPOKIAIOTCS» U MIPH V, = € U Wi = ¢ 00paIiaioTcs B
HYyJIb. JTO ¥ O3HAYaeT MpEeBpalleHHe BEIIeCTBa B A3QUp. ITO MPOUCXOIUT, HAIPUMED, NTPU B3PbI-
BE CBEPXHOBOM, CONPOBOXAAIOIIEMCSl IPEBPAILICHUEM BEILECTBA B M3JIyYEHHUE WM 110 MEpPE yc-
KOPEHHUsI YaCTHI] BEIIECTBA B YCKOPUTENSAX BBICOKUX dHepruil. OOpaTHbIN mpouecc A.DUHIITEHH
Ha3BaJl «KOHJeHcauue» 3dupa [7]. Takum mpoiieccoM MOXKET CTaTh, HAIPUMEP, 0Opa30BaHUE
U3 MomnepevyHoi Oeryieit BoIHbI 3(hupa 3aMKHYTOH (KOJIblIe0Opa3Hoil) BOJIHBL. Takue CTpyKTYphl
Jerko ce0e MpeCTaBuTh, COSAMHUB Havajla M KOHIIBI BOJHOBBIX MAKETOB. Tak MOTyT 00pa3oBbI-
BaThCS AJIEKTPOHBI, MPOTOHBI WU JIFOOBIE APYTryMe YacTHIIbI, OTIUYAsICh MPU STOM IKBUBAJICHT-
HBIM PaJNyCOM 3aMKHYTOW BOJIHBI M JPYTUMH €€ MapaMeTpaMu. ITOWH TOUYKHU 3PSHHUS MTPUICPKH-
Basics 1 J. llIp&aunrep, nucaBIIuii: «T0, 4YTO Mbl B HACTOSAIIEE BPEMS CUMTAEM YaCTUIIAMH, €CTh
Ha caMmoM Jeine BoHbD [15]. OmHako 310 HE Te BOOOpakaeMble BOJHBI Jie¢ bpoiins, koTopsie
BBEJICHBI UM «pYyKaMu» JUIsl OOBSCHEHUS Jyallu3Ma «BOJHA - YACTHIIA», & BOJHE peallbHbIE BOJI-
HBI IJIOTHOCTH 3(upa, IBUKYIIMECS N0 JTUHHUH, COCAMHSIOMEH y3JIbI 3TOW BOJHBI. DTH JTUHHUA
MOTYT OBITh KaK 3aMKHYTBIMH, €CJIH SIIPO aToMa HEMOJBUKHO, WIH Pa30MKHYTBIMHU, €CIIH OHO
nBmkercs. To 00CTOSATENBCTBO, YTO NPU ITOM JBIDKETCS HE caM 3(up, a JHIIb MTyYHOCTH €ro
BOJIHBI, CHUMAeT TPYJHOCTH, CBS3aHHbIE C BUXPEBBIMU MOJENISIMU 3(pHpa U 00YCIOBIEHHBIE TEM,
YTO JII0OBIe BUXPH MOTYT BO3HHUKHYTH TOJIBKO B BSI3KOHM Cpe/ie M TIOTOMY ITOJIBEPIKEHBI 3aTyXa-
HUIO.

Umcno mapaMeTpoB, XapaKTEPU3YIOIUX TTOMUMO YacTOTHI, aMILTUTYABI U (ha3bl BOJIHBI Ta-
KYIO CTPYKTYpYy aToMa, BeCbMa MHOI000pa3Ho. Y0eauMcst B 3TOM JUIs ciydasi, KOTAa po aToMa
HE JISKUT B MJIOCKOCTU OpOUTHI 3JIEKTPOHA, 00pa30BaHHON y3/1aMu €ro BOJHBI. Takoe cTpoeHue
aToma OJrsKe K ero 0o00J04eyHOM, HeXKeNn TUIaHeTapHON MOJIeNId aToMa, U 00Jiee COOTBETCTBYET
M300paKeHMSIM aTOMOB KOH/ICHCUPOBAHHBIX BEIIECTB, MOJYYCHHBIM Ha CKaHUPYIOIIUX MHKPO-
ckomax [16]. YcToiiunBocTh Takol KOHCTPYKIMM MOXKET OBITh oOecriedeHa Oiaroaapst 6ajiaHCy
CHWJI IPUTSHKCHUS PA3HOMMEHHBIX 3apsI0B 2JIEKTPOHA U pa U CUJT OTTAIKHUBAHHUS, CO3/IaBaEMBIX
UX MarHUTHBIMH MOMEHTaMH. J[JIs1 3TOI MO/IEM OCHOBHBIM MapaMEeTPOM OYIEeT «paarycy» aroMa
R, ompenensieMblil pacCTOSHUEM OT sijipa aToMa JI0 IUIOCKOCTH Haubojee yaaleHHOH OpOMTBHI.
Janee, B yucio mapaMeTpoB BOIIET yIiioBas CKOPOCTh MEpPEMEIICHUs MyYHOCTEH KOJbLIEBOU
BOJIHBI (€€ (pa3oBasi CKOPOCTh), KOTOpasi 3aBUCUT OT €€ paguyca I U OT HaIllpaBJICHUs BpaleHUs
BOJIHBI OTHOCHTEJBHO S/Ipa aTOMa, U MMOTOMY UMEET Pa3IMYHbIN 3HAK. ITO COOTBETCTBYET MOHSI-
THUIO CITMHA 3JIEKTPOHA, KOTOPBIN, KaK U3BECTHO, HE TOXKJIECTBEHEH €r0 MEXaHMYECKOMY MOMEH-
Ty. HakoHen, 3To HanpaBieHHe, CKOPOCTh U LIar «3aKpyTKH» BOJIHBI, ONpeesieMblii H3MEHEH -
€M yrja HakKJOHA IJIOCKOH BOJHBI 110 OTHOIIEHHUIO K IIOCKOCTH €€ OpOuTHl. PeanbHOCTh Takoi
«CKPYYEHHOCTH» HEIaBHO TOATBEPKICHA TPYIIION UTATBSTHCKUX M MIBEJICKUX SKCIIEPHUMEHTATO-
POB, CKOHCTPYMPOBABILUX MEPEIAIOIIYIO AaHTEHHY, U3JIyYalOIIyl0 PaJHOBOJIHY, HATTOMUHAIOILYIO
BUTbIE MakapoHbl «dy3usumy». brarogaps sToMmy oHU cyMenu co37aTh Ha OJHOM U TOM K€ Hecy-
el YyacTtoTe JBa pa3HBIX KaHala CBS3UM OT JBYX HE3aBHCHUMBIX nepeaatyukoB [17]. Byayuwm
3aMKHYTOM, Takasl BoJiHA MmojoOHa jeHTe MéOuyca. B eme Gosiee cloKHOM Cirydae, KOTJa Tpa-
eKTOpHs 2(UPHOI BOJIHBI UMEET CIIUPaIe0Opa3Hblid XapakTep (Harnogooue TpaeKTOPUH HIEKTPO-


http://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%B7%D0%B8%D0%BB%D0%BB%D0%B8

Ha B MArHUTHOM I10JI€), KOJIbIIEBAs BOJTHA MPUOOpeTaeT TopouanbHyio Gopmy. Takum obpazom,
BOJIHOBasi MOJIeNIb aToMa 00J1alaeT TaKUM MHOT000pa3reM MapaMeTpoB, UYTO CHOCOOHA OOBsC-
HUTh MHOTHE OCOOCHHOCTH MOBEJICHHS TaK HA3bIBAEMBIX «QJIEMEHTAPHBIX YaCTHUI» U BEIICCTBA B
nenom. OIHAKO MOCTPOCHUE M PACCMOTPEHUE TAKMX MOJEJICH BBIXOJIUT 32 PAMKH SHEPrOJMHAa-
MUKH.

3. [TapameTpsl NPOCTPAHCTBEHHOH HeoAHOPOAHOCTH 3¢upa. Hapsay ¢ 0OObIYHBIMU T€0-
METPUYECKUMU U (PU3UUECKIUMH TapaMeTpaMu d(Pup Kak HEPaBHOBECHAS CpPeIa XapaKTEPU3yIOT-
csl cielu(pUUecKUM MapaMeTpamMu ee MPOCTPAHCTBEHHON HEOJAHOPOIHOCTH, BBEICHHBIMU BIIEP-
BbIC B paMKax dHeproguHaMuku [12]. UToObl MOHATH MX CMBICI, PACCMOTPHUM MPOHU3BOJIEHYIO
MOJIYBOJIHY, B KOTOPOH INIOTHOCTH CPE/Ibl p U3MEHSETCSl OT €€ paBHOBECHOTO 3HAUYEHUSI p B 00€

cToponsl (puc.l).
U3 pucyHka cienyer, 4To MOJyBOJIHA 00pa30BaHa MEPEHOCOM HEKOTOpOM yacTu M macchbl
KOJICOJTIOIICHCS Cpebl B HANPABICHUH BOJIHUCTOW CTPENKHU. Takoil MEepeHOC COMPOBOXKIACTCS
CMEIIIeHHUEM IIEHTPa MacChl OTYBOJIHBI U3 MOJIOKEHUS C PaJInyC-
P, BEKTOPOM Iy, B TIOJIOKEHUE I's. B pesynbraTe oOpa3yercss HEKO-
TOPBI «MOMEHT pacrpeaeneHus» Z,, onpeaensieMblil BbIpaxe-
HUEM:

Zy = M(ry—13) = I[p(r,0) — p (O)]xdV . (5)

YroObl MpUIATh STOMY BBIPAXKEHHUIO O0JIee PUBBIYHBIN BH/I,

IPUMEM 3TO OTKIOHEHME I'y — Iy, 32 AMIUIUTYAY BOJHBI Ay = (M).

> Ilockonbky Takoe cMeleHue Maccbl M IPOUCXOAMUT 3a BpEMs

Pric. 1. TTomyBomHa KaK AMIIONb noaynepuona 7/2 = 1/2v, cpenHss CKOpPOCTh €€ NepeHoca B 3TOM

KOJIe0aTeIbHOM TPOIIECCE Vy = 245V, a €€ KHHETUYECKast SHEPTus

Mv,2/2 = 24,°V*. TIoCKONBKY B MECTaX «[Iy4HOCTI BOJHBI ¢ KHHETHUECKas SHEPIUs ETHKOM

IpeBpaliaeTcsd B NOTEHUUAIbHYIO, 3TO BBIPAXKEHHE OMNPEIENSeT U MOJHYI0 SHEPTHIO0 BOJHBI B

100011 MOMEHT BpeMeHH. B nepecuere Ha Maccy BOJHBI Kak 1esioro My = 4M 3710 nenaet cpel-
HIOIO TUIOTHOCTB SHEPTUU BOJIHBI P £, paBHOU

PE,= p A V2, (lx/v?) (6)

TO BBIPAKEHHE OTIHYACTCS OT H3BECTHOTO M3 TEOPHH KOTeOaHuil p, = pA, v>/2 [13] muub
TEM, YTO B JAHHOM CJIy4ae OCLWUIMPYIOIIMM I1apaMETPOM SBISETCS caMma IUIOTHOCTh CPEIbl
p(r,t) Kak QYHKIUS JIOKATbHBIX KOOPAWHAT U BPEMEHHU.

3aMeTHM, 4TO 3Heprus E, NPUHAAISKUT caMOMy KoJieOouieMycst 3pUpy U He 3aBUCUT OT
MPUCYTCTBUSI B HEM BEIECTBA, T.C. SIBISETCS €ro «COOCTBEHHOW» (BHYTPEHHEH) IHEprue.
HmenHo 310 fenaet 3¢up Toi cpenoid, KoTopas cnocoOHa MepeHOCUTh SHEPTUIO B TPOCTPAHCTBE
«Iocyie TOTOo, KaK OHa IMOKWHYJIA OHO TEJIO M He JocTuria apyroro» [18]. DTo cBOiCTBO, OmIHM-
604HO MpunrcaHHoe MaKCBEIIOM 3JIEKTPOMArHUTHOMY TOJIIO, 10 CUX TOpP CIYXKUT OCHOBaHHEM
JUIsL IeTIEHUS] MaTepUU Ha BelIecTBO U nose. [Ipu 3Tom mojie mpruHUMAaeTcsl 32 HEKYI0 CaMOCTOsI-
TEJIbHYIO MaTepHaIbHYIO CYIIHOCTb, HE 3aBUCSILYIO OT UCTOUHHUKA 1MoJid. OmrO0YHOCTh TaKOTO
JIEJIEHNs OYeBUIHA XOTs Obl MOTOMY, YTO IOJIe CYIIeCTBYeT U B BemecTBe! B camom nene, mo-
TEHILMAJIbHAs YHEPIHs M0JIS 10 ONPEAEICHUIO PUHAMIEKUT BCEH COBOKYITHOCTH B3aMMOJEHCT-
BYIOIIMX Macc, 3apsiioB U TOKOB, T.€. ABIISETCS «B3auMHOI». CUil0BOE 10JIe, KaK U penbed Me-
CTHOCTH, OCTaeTCs HEM3MEHHBIM, TIOKA €ro UCTOYHUKH HE M3MEHAT B3aUMHYIO KOH()UTYpaIHIo.
[ToaTomMy 0 mepeHoce MojeM SHEPTUU OT OJJHOTO Tela K JPYroMy B YCIOBHUSX UX HEU3MEHHOIO
MOJIOKEHHS He MoxeT ObITh U peun! Jlanee, 4ToObl yOeAUTHCSA B 3aBUCUMOCTH JIFOOOT0 MOJIS OT
€ro UCTOYHHMKOB, IOCTATOYHO MOJOXKUTh B 3akoHax Herorona, Kynona win Amnepa maccy, 3a-



PSA WM TOK B JII0OOM M3 JBYX B3aUMOJICHCTBYIOIIMX TeJ paBHBIM HYO. [Ipu 3TOM coOTBEeTCT-
BYIOIIME TPABUTAIIMOHHBIM, JJICKTPHUECKUM WU MAarHUTHBIM TIOJISIM CHJIBI TakKe oOpaTsTcs B
Hynb. CieoBaTenbHO, B3aUMOJICHCTBYIOT HE OIS, a TIOPOKAAIOIINE UX MACChl, 3aps/bl U TOKH,
IPUCYILIHME TOJBKO BellecTBY. boiee TOro, 10CTaTOYHO paccMOTPETh Cllydyail paBHOMEPHOI'O
pacrpeziesieHus HCTOYHUKOB IOJISI B IPOCTPAHCTBE (KOTJa B HEM HE OCTaeTcsl MecTa sl Mpoo-
HBIX Macc, 3apsiIoB U TOKOB), KaK U3 T€X K€ 3aKOHOB TaKXeE IOCIIEYyeT PABEHCTBO HYIIO COOT-
BETCTBYIOIIUX 3TUM ToJisiM cuil. [locnennee o3navaer, 4YTo CUIIOBBIE TIOJISL HE TOJIBKO CO3JAI0TCS
MCTOYHMKAMHU, HO U CTAHOBSTCS OTJIMYHBIMU OT HYJS JIUIIb P HEPABHOMEPHOM pacipejese-
HUU 3TUX UCTOYHHUKOB B MpoCTpaHcTBe [19]. DT0 3amMeuaHne OTHOCUTCS U K KBAaHTOBBIM IOJISIM,
KOTOPBIMH TIBITAIOTCSI 3aMEHHUTH 3PHP, PaBHO KaK U K PU3NYECKOMY BaKyyMy, Jenasi JAcliCHUE
MaTepUH Ha BEIICCTBO M (PU3MUECKHUI BAKYyM TaKKe HECOCTOATEIbHBIM [20].

4. CusioBoi xapakrtep B3auMojeiicTBusi 3gupa ¢ BemecrBoM. Puc.l HarisigHO 1€MOHCT-
pPUpPYET TO OOCTOSTENBCTBO, YTO JIt00As TOIYBOJIHA MPENCTABISET COO0M MPOCTPAHCTBEHHO He-
OJTHOPOJHBI OOBEKT C HEPAaBHOMEPHBIM PACHpPEJENIEHUEM B HEM IUIOTHOCTH P(I,!) MO AJIUHE
BOJIHBI A. DTO NMPHUBOJUT K BOZHUKHOBEHHUIO rpaaueHTa (OE,/Or) snepruu BoiHbI E, =E4(r) Kak
(YHKLUHU NPOCTPAHCTBEHHBIX KOOPJAUHAT. B COOTBETCTBUM € ONpe/esieHueM 3JIeMEHTapHOM pa-
60Tbl B MexaHuke dW = F-dr u sneprogunamuke [12] 3To npuBOIUT K BOSHUKHOBEHMIO CHIIbI Fy
B €€ 0OBIYHOM IIOHUMaHHH:

F, = — (OE,/or). (7)

TakuMm 00pa3zom, NPUTIOKEHUE YHEPTOJUHAMUKHU K dQHUpy OOHApYKHBAEeT HAMYHE Yy €ro
BOJIHBI CHJIbI, IPOIIOPLIMOHAIIBHON €€ KpyTHU3HE U JIEHCTBYIOIIEH B HAIIPaBJIEHUH, YKa3aHHOM Ha
puc.l xxupHoit ctpenkoid. C 3TUX MO3MUIMIMA, dPUpHAs BOJTHA MOXKET paccMaTpUBAaTbCA Kak JH-
I0JIb C MApOU MPOTUBOHANPABIEHHBIX CHJI. DTH CHJIbI U IPUBOJAT K TOMY, 4TO 3(Up 3aIl0JIHAET
BCE MPEOCTaBIEHHOE eMy MpocTpaHcTBO. OTCI0a ClIeAYeT TaKkKe, YTO B3auMoieicTBHe 3dhupa
C BEILLECTBOM HOCHUT CHJIOBOW XapakTep, Kak U Jr000i Ipyroi BUA B3aUMOAECUCTBUS. JTO MPUH-
UMNHATIBHO OTINYAET 3PUp OT PU3UUECKOT0 BaKyyMma, B3aUMOJIEHCTBHE KOTOPOTO C BEIIECTBOM
HOCHT, KaK IIPUHSTO CUUTATh, «OOMEHHBIN» XapakTep, T.€. U OCYLIECTBIISETCS MyTEM U3JTyuyeHUs
Y TOIJIOUICHMS DJIEMEHTApHBIX YacTHIl — HOCHUTENEeH B3auMoaeucTBHs. Cuibl, UCXOASILNE U3
«@(pUPHBIX AUTIONENH», SBISAIOTCS BIOJIHE pEAlbHBIMU CHJIAMU MEXaHUYECKOUW MPUPOIBI, KOTOPbIE
6saroapst HEOrpaHUYEHHOMY YHUCITY MOJI CIOCOOHBI H30MpaTEeNIbHO BO3/IEMCTBOBATh HA KPaTHbIE
UX 4acTOTe CTPYKTYpHBIE JIEMEHTHI BellecTBa. biarogaps stomy B3auMmozeiicTsue s¢upa c Be-
IIECTBOM MPHOOpETAET €AMHYIO IPUPOAY, OTIINYAsICh JUIIb JUana3oHoM yactoT. [locnennee o3-
HAyaeT, YTO 3JEKTPOHbBI B3aUMOJICHCTBYIOT C 3()UPOM HE IOTOMY, YTO TOT TAKKe 00JIafaeT deK-
TPUUECKOHN CTENEHbI0 CBOOOBI, a TOTOMY, UTO U KOJIEOaHHS 3JIEKTPOHA KaK MPOAYKTa KOHJIEH-
calnuu 3pupa UMEIOT eMHYI0 C HUM BOJHOBYIO npupoay. C 3THX MO3ULUI 3JEKTPOMAarHUTHOE
U3ITy4eHHe — 3TO IMPOCTO YacTh AMarna3oHa KojeOaHui >¢upa, KOTOpas B3auMOJIEHCTBYET C 3a-
PSDKEHHBIMU YacTUIIAMM BEIECTBA M 3afiep KUBaeTCs (TOTJIONMIAeTCsl) AIEKTPOMArHUTHBIMH K-
panamu [21]. B peHTreHOBCKOM amama3oHe YacTOT 3TH dKpaHbl HEAIP(DEKTUBHBI, TAK UYTO Cam
PeHTren He ciy4aliHO OTHEC 3TH M3IY4YEHMS K HEJIEKTPOMarHUTHbIM. K mocieaHum B HacTos-
1iee BpeMs BIOJHE 0OOCHOBAHHO OTHOCAT U «TJIyOOKOIPOHUKAIOIIME» U3IyYeHHs], MHOTHE U3
KOTOPBIX SKPAaHUPYIOTCS] OOBIYHBIMH MOJIMMEPHBIMU IIJICHKAMH, HE TPEACTABIISIONIUMHI HUKAKHX
MPEMSITCTBUNA AJIs 3JIEKTPOMAarHUTHBIX BOJIH. TakuMm oOpa3oM, He (u3nueckas Ipupojia u3iryde-
HUIl (KOTOpasi enuHa), a UMEHHO CIOCO0 M30JSLMU OT M3JIyYeHHH pa3HOM 4YacTOTHl JIOJKHA
CIIY’)KUTb (M AEUCTBUTEIHHO CIIY’)KUT) OCHOBAaHHEM JJIsl pAa3JIMYCHUS ONITUYECKUX, TEIJIOBBIX, pa-
JVOBOJIHOBBIX U T.II. U3JTy4YEHUH.



5. KBaHTOBBII XapakTep npouecca uzjaydeHus. MI3BecTHO, YTO MOJIHASI SHEPTHUS aTOMA OC-
TaeTCsd HEU3MEHHOM, €CIU JIBM)XCHHUE 3JIEKTPOHOB B HEM IMPOUCXOJUT TOJBKO MOJA JEHCTBUEM
BHYTPEHHUX (IIEHTPAJIbHBIX) CHJI, YASPKHUBAIOMUX WX Ha opbute [22]. CienoBaTenbHO, 00 U3-
JyYEHUH BEIIECTBOM SHEPTUHM MOXKHO TOBOPUTH TOJILKO B TOM Clly4ae, KOrja Ha €ro aTOMBbl
NEICTBYIOT CTOPOHHUE (HeUeHTpajibHble) cuibl F, ucxonasdime oT okpyxkaromiei ero 3pupHou
CpeIbl. ITO W SBIIACTCS MPUYUHOMN, IO KOTOPOH BEIIECTBO U 3(PUp HEOOXOIMMO paccMaTpUBaATh
KaK €JMHOE LIeJIOE.

[Tpr TakoM pacCMOTPEHUHM CTAHOBUTCS SICHBIM, YTO €CIIM B KaKOH-JIMOO MOMEHT BPEMCHH
ucxozsmas u3 3gupa cuia F conanpasiena co ckopoctsio aekTpoHa v (F-v > 0), To Bo3Hukaer
ero yckopenue, kotopoe 3akanuupaercs, koraa F-v = 0. Eciu xe F-v < (, 31eKTpOHBI UCTIBITHI-
BAaIOT KPATKOBPEMEHHOE TOPMOYKEHHUE, JUIMTEIIBHOCTh KOTOPOTO OMPENEISIETCSl OTPULIATEIbHBIM
MOJIYIIEPHOJIOM B3aUMOACHCTBYIOIEH ¢ 371eKTpoHOM BOJIHBI [23]. IIpu 3TOM BO3HUKAET MOJTYJISA-
1Usl Hecylled BOJHBI 3(upa BOJHAMHU «BO3BBIIICHUSA», CIEAYIOIIMMU JIPYT 3a JIPYroM uepe3
MPOMEKYTOK BpeMeHu Mexay coctossHusmu F-v = 0. BBuay Toro, 4to mpoiecc TOpMOKEHUS
WJIM YCKOPEHUS 3JIEKTPOHOB KPATKOBPEMEHEH, COIIPOBOXKAAIOLIUIN €ro MPOLIECC U3IyUEHUs U Mo-
[JIOLIEHUSI aTOMaMU SHEPTUHU BOJH TaK)Ke MPUOOpeTaeT TUCKPETHBIN XapakTep. Takum oOpazom,
KBAHTOBas MIPUPOJA U3ITy4eHUs 00yCIOBIeHa He 00LIei MpUpOoI0i BCceX SBIEHUN B MUKPOMUDE,
a XapakTepoM IpoIecca M3JIy4eHHUs, YTO OTHIOAb HE MPOTUBOPEUYHUT KIIACCUUECKOW MEXaHHUKE.
HecocrosiTenbHBIME OKa3bIBAIOTCS M CCHUIKM Ha HEU30€XKHOCTh MAaJCHHs JIEKTPOHA Ha SAIPO
BCIICZICTBUE M3JIYYCHHUSI UM SHEPrUH, MOCIYKUBIIME OCHOBAHHEM JJII OTKa3a OT KJIACCUYECKUX
npejacTaBieHuil. Jleno B TOM, 4TO B pe3yibTaTe yYKa3aHHOM MOCIIEI0BATEIbHOCTH aKTOB U3Jy4e-
HUS ¥ TOPMOXCHHS OPOUTAIBHBIX 3JCKTPOHOB HACTYIACT JTUHAMUYECKOE PABHOBECHE MEXKIY
MOTJIOUICHHON W U3Iy4EeHHOW SHEpruel, Tak 4TO ATOT MPOIEcC MpUoOpeTaeT yCTaHOBUBILUNCS
XapakTep.

Bce ckazanHOe coXpaHseT CUly U ¢ O3ULUI BOJHOBOM TEOPUU CTPOEHUS BEIECTBA, KOTO-
past 3aMeHsIeT IJIEKTPOH KaK YaCTHUIly KOJbIEBOM BOJIHOW. OTIMYUE TOJIBKO B TOM, YTO BMECTO
YaCTHUIIBI MBI UIMEEM OErYIIYI0 TI0 HEKOTOPOH «opOUTe» BOIHY, @ BMECTO «IIEPECKOKA» YACTHIIBI
C OpOUTHI HAa OPOUTY UITK €€ TOPMOKEHHUST — 0OMEH PHEPruei MeX Iy PacroyiOKEHHBIMU B OJHOM
U TOM >K€ DJIEMEHTE MPOCTPAHCTBAa d ) BOJTHAMM OJHOW U TOW K€ PACHIUPEHHOHN cHCTeMbl. Xa-
PaKTEpHO, YTO MPH 3TOM 3a MOJYyOOOPOT KOJIHIIEBOM BOJHBI B €€ BCTPEYHOM JIBHIKEHUU C d(PU-
pPOM uepe3 KaKAbli AIMEeMEHT ero oobeMa d ) mpoiieT CTOBKO BOJH 3JIEKTPOHA, CKOJIBKO COIEP-
JKUTCSA UX B TMOJYKOJbIIE. ITO OyAET BOCIPHUHATO AETEKTOPOM H3IyUYEHHUs KaK €IMHBIA MaKeT
BOJIH, OT/ICTICHHBIA MPOMEXYTKOM BPEMEHH, T.€. Kak (JOTOH B €ro KIACCHUYECKOM MpeCTaBIie-
HUU.

6. llorenunan 3pUPHOH BOJIHBI M €ro CBSi3b €€ 4acToTo M amMmautyaoi. OgHoil u3
0COOEHHOCTEH PHEProIMHAMUKHU SIBJISETCS pa3IMueHUe KOJUYECTBEHHBIX (3KCTEHCUBHBIX) U Ka-
YECTBEHHBIX (MTEHCHUBHBIX) MEpP DHEPrUM KaKJIOW W3 MPHUCYIIMX CHCTeME CTeNeHel CBOOObI,
KOTOpPBIE Ha3BaHbI €€ KOOpAWHATOW W moTeHmuasoMm [12]. UToObl HAWTH ATH mapameTpbl s
BOJIH 3¢upa, npoauddepeHupyeM BBIpAKESHHE SHEPTUU BOJHBI (5), CUHTAs €ro CPEAHIOI0
MJIOTHOCTh P HEU3MEHHOM:

dE, = A d(MAy). (8)

ComnocTaBisist (8) ¢ BEIpaKEHHEM dJIeMeHTapHOU paboTel dW; = y;d®; B TepMOJIMHAMHKE U
SHEProJMHAMUKE KaK MPOU3BeIeHUS 0000IIEHHOr0 MOTeHIHAaNa \; (IaBIeHUs p, XUMHUIECKOTO
MOTEHITMAA k-TO BEIIECTBA L, JJIEKTPUUECKOTO MOTEHIIMAaa 00JIaCTH ¢ U T.J.) Ha dJIEeMEHTapHOE
M3MEHEHHE COMPSKEHHOW ¢ HUMHU SKCTEHCUBHOUM KoopauHaThl O; (o0bema V, uncna Monei k-ro
BemecTBa N, 3apsaa 3 W T.1.), HaiijieM, 94TO B HalleM cliydae KOOPAMHATOW M MOTEHIHAJIOM
BOJIHOBOU ()OPMBI ABMKEHHUS SBIISETCS COOTBETCTBEHHO BEITMUMHBI



Op = MAyv; Y =43V, 9

U3 KOTOPBIX TEpBasi SBJISIETCS SKCTEHCUBHOM, a BTOpasi — MHTEHCUBHOM BennuuHOH. O0e 3TH Be-
JMYUHBI COJEpXKAT MPOU3BEJCHUE aMIUIUTY/bl BOJIIHBI A HA €€ 4acTOTY V , 4TO U 00YCIIOBHIIO
IIPUMEHEHHUE K s TEPMHUHA «aMIUIUTYAHO - YaCTOTHBIN MoTeHIMam» [24]). Uucio Takux noTeH-
L[1AJIOB PaBHO YUCILy MOJ 3upa, T.€. B IPUHLUIIE OECKOHEYHO.

MokeT moka3aThbCs, 4TO OTHECEHHE 3(upa K cperaM ¢ OECKOHEUHBIM YHCIOM CTENeHEH
cBOOO/IbI IPOTUBOPEUUT YTBEPXKIECHUIO O HAIUYMM Y HEIO €AMHCTBEHHON (OpMBbI KoJeOaTelb-
Horo JBwxeHus. OTHaKo He clieayeT 3a0bIBaTh, YTO OJHOM U TOH ke (hopMe SHEPTHH MOXKET CO-
OTBETCTBOBAaTh MHOXECTBO CTENEHEN cBOOO bl Tak, KHHETUYECKON SHEPTUU COOTBETCTBYET TPU
HE3aBHCHMBbIX KOMIIOHEHTA UMITYJIbCA; HANPSKEHHOCTH IEKTPUUYECKUX U MAarHUTHBIX IOJEH —
UX JIEKapTOBBI UM MHBIE COCTABIAIOIINE; XMMUYECKON SHEPIUH — YUCIIa MOJIed Ny BCEX KOMIIO-
HEHTOB pearupytomieit cmecu. C 3TUX MO3ULKK CTAaHOBUTCS 00Jiee MOHATHBIM TO MHOI000pasue
3JIEMEHTAPHBIX YaCTHILl, KOTOPOE JEMOHCTPUPYET IKCIEepUMEHTaNbHasl (pu3MKa BBICOKUM SHEp-
ruii. Haxoxxaenne 171 BOTHOBOM ()OPMBI IBHYKSHHS MTapaMETPOB, CBOMCTBEHHBIX JIIOO0H APYyroi
CTENEHU CBOOO/BI, CIIY)KUT B JajbHEHIIIEM OCHOBaHMEM JUUIsl HAXOXKJICHHsI YCIOBUH paBHOBECHS
a¢upa ¢ BEIIECTBOM U IMOTOKA HOCHTENS 3TOH (DOPMBI IBMKEHHS KaK MPOU3BEICHHS KOOPIUHA-
Thl Ha CKOPOCTb €€ IIepeHO0ca B MPOCTPAHCTBE. JTO MO3BOJIAET 0OOCHOBATh E€MHCTBO 3aKOHOB
nepeHoca u mpeodpa3zoBaHusi BOITHOBOH (POPMBI SHEPTHHU C IPYTUMH €€ (hOpMaMH.

7. OrcyrcrBue B 3¢pupe BA3KocTH. OJHUM U3 OCHOBHBIX BO3PaKEHUU IPOTUB TEOPUU
a¢upa Bcerga ObUIO MpecTaBlieHne 00 00s3aTeTbHOM HATUYUU Y HETO BSI3KOCTH, UTO JTOJIKHO
OBLI0 OBI IPEMSITCTBOBATH IEPEMELICHUIO B HEM TeJ U IPUBOJUTH K HAOII0JaeMOMY U3MEHEHUIO
op6ut HebecHpix Ten. O Hamuyuu B dQupe TpeHus, Ka3aaoch Obl, CBUIETEIBCTBOBAJIO OOHAPY-
JKEHUE MPU3HAKOB «3(PUPHOro BETpay U «ycTaJoCTU» (IIOKpacHEHMs) cBeTa. Mexnay Tem oba
3TUX 3KCIEPUMEHTAIBHBIX CBUIETENBCTBA OTHOCWINCH K PEAIBHOM KOCMUYECKOH Ccpene, CoAep-
JKallel ra3zoBble IbIIEBBIE, T.€ BEIIECTBO CO BCEMU NMPUCYLIUMH €My cBoiicTBamu. B atux ycio-
BUSIX TNPHUMNMCHIBAHHWE AMCCUIALMK SHEPruu 3GUpy OTpa)kaeT JMIIb HaUBHbIE NPEICTaBICHUS
MPOLUIOTO O TEIJIOTEe KaK HEYHMUTOXKUMOM (Iironjie, copepkaiieMcsi BO Bcex 0€3 HCKIIIoUEHUs
MaTepHaJIbHBIX 00bEKTaX. JTa TOUKA 3pEHHUs, Ka3aJoCch Obl, MOAKPEIUIIIach U 3-M HayaJloM Tep-
MOJINHAMUKH, YIPOIIEHHO TPAKTYEMBbIM KaK YTBEP)KICHHE O HEJOCTUKUMOCTHU aOCOJIOTHOTO
HYJISl TEMIIEPATYphl. B 1eHCTBUTENBHOCTH KE OMNBIT CBUAECTEILCTBYET O BO3MOXHOCTU aCHMIITO-
TUYECKOTO MPUOIMKEHUSI K aOCONIOTHOMY HYJIIO TEMIIEpaTypbl, YTO MOATBEPHKAAETCS IMOIyde-
HUEM TeMIepaTyp B MUJUITMOHHBIE 1osin KenbBuHa. bonee Toro, 3-€ Hayamo OTHOCUTCS TOJIBKO K
cucreMam, 00JIaAaoIUM TEIIoOBOK (opMOil ABMXKEHMsSI, B TO BpeMs KaK COCTOSIHUE OOBEKTOB
MUKpOMHpa BOOOILE HE XapaKTepusyeTcs Kakoil-mubo temneparypoil. Eciu Ob1 agupa u Takux
CHCTEM HE CYIIECTBOBAJIO, «TEILIOBAasi CMEPTH» BeenenHol 3a 15 MmimapoB JIeT ee CymecTBo-
BaHUs JEMCTBUTENHHO cTana Obl Hem30exHoU. [loHnMaHue 3Toro o0CcToSTENLCTBA OOJIEryaeTcs
TEM, 4TO C MO3UIMI PHEPrOJAMHAMHKH TEIUIOTa KaK (opMa JBHKEHHUS BO3HHMKIIA HA OIpe/eeH-
HOM JTare mpeBpauieHuss 3¢upa B BEUIECTBO C MPUCYLIUM €My «0allaHCOM» KHHETHYECKOU
HHEPrUM XA0TUYECKOIO JIBUKEHUS YACTHIL BEIIECTBA U MOTEHIUAIBHON PHEPIUH UX B3aUMOJEH-
ctBus. [lepemeiienue Ten B 000N cpene HEMPEMEHHO COMPOBOXKAAETCS Pa3pblBOM CTapbIX U
00pa30BaHNEM HOBBIX «MEXUYaCTUUYHBIX» CBA3el. [lepBblif U3 3THUX mporieccoB TpedyeT, Kak u3-
BECTHO, 3aTpaThl OMPEICICHHON pabOThl, BTOPOH — MPEACTABISIET COOOM pelaKcaluoHHbIN (He-
o0paTuMbIi) mpolecc, MpU KOTOPOM YIOPSAOYEHHAs SHEeprus, 3aTpaueHHas Ha pas3pyllieHHe
CBs3e, Bo3BpalaeTcs yxxe B ¢popme Tera. MHpIMU crioBamu, AMCCUTIALINS SHEPTUU SIBIISIETCS
HEOTHEMJIEMBIM CBOWCTBOM JIFOOBIX MaTepHAJIbHBIX Cpel, 00JIaAaloNMX TeIIoBoi GpopMoil ABU-
xeHus. OqHako Takas ¢popMa JIBUKEHUSI BOBCE HE CBOMCTBEHHA HE TOJBKO 3(UpPY, HO U CAMUM
MHUKPOYACTHUIIAM KaK IPOAYKTaM ero CTpykTypuszanuu. B adupe npouecc paszpbiBa cTapbix 1 00-



pa30BaHUs HOBBIX CBsI3€il 00paTUM IPOCTO MOTOMY, YTO APYTUX (POPM 3HEPrHH, KPOME BOJIHO-
BOM, OH HE MMEET. DTO 0OCTOSTEIBCTBO M OOBSACHIECT BOZHUKHOBEHUE B 3(hHpe HE3aTyXaroIux
aBTOKOJICOaHMH €ro TJIIOTHOCTH [25].

8. CTpykrypHasi ycTOMYMBOCTH BOJIH 3¢upa. [lo3unmru BoIHOBON TEOpUU CTPOECHUSA Be-
[IeCTBa OCOOEHHO YCHIIMJIMCH MOCJIE OTKPBITUS COJUTOHOB (OT aHTI. solitary wave — yeauHeH-
Hasl BOJIHA) — CTPYKTYPHO YCTOMYMBBIX U «UaCTUIENOJOOHBIX» BOJH. Y EAMHEHHOCTh BOJH, W3-
Jy4aeMbIX JJIEKTPOHOM, yKe Oblia 00BbsCHEHA May30i MEXIy MPOIecCaMH YCKOPSHHSI M TOPMO-
)keHus [26]. Uto ke KacaeTcsi 4acTHUIECNIOAOOHBIX CBOMCTB COJIMTOHOB M WX CIIOCOOHOCTH
«OTTAIKUBATHCS MOJOOHO TEHHUCHBIM IIapaM, TO M 3TO CBOMCTBO HEMOCPEACTBEHHO BHITCKAIOT
U3 puc.l, coriiacHo KOTOpoMy BOJIHA 3(Hpa MpeIcTaBiIsieT co00i cBOCOOpa3HbId TUIOIb C Ma-
poil cuJl, HAaIIPaBJICHHBIX B CTOPOHY APYruX BoJH. Ha HauanbHOU CTaguy U3ydeHUs COJTMTOHOB
CUMTAJIOCh, UTO UX CTPYKTYpHAasl yCTOMYMBOCTH OOYCIIOBJICHA SIBICHUEM TUCIEPCUU (3aBUCHUMO-
CTH CKOPOCTH PAaCIpPOCTPAHECHUsI BOJHBI OT €€ aMIUIUTY/bI), Onarogaps 4eMmy «pacroji3aHue)
BOJIHBI BCJIEJICTBUE IUCCUIIALIMU €€ SHEPTUU KOMIICHCUPYETCS YBETTMUYEHUEM KPYTU3HBI ee PpOoH-
ta. OgHako B 3¢upe, B KOTOPOM OTCYTCTBYET KaK JUCIIEPCHSI, TAK U PACCESHUE YHEPTUH, CTPYK-
TypHasi yCTOWYMBOCTD €€ BOJIH SIBJISIETCS MX «BPOXJACHHBIM» CBOWCTBOM. YOEAUThCA B 3TOM He-
CJIO’)KHO, €CIIM BOCIOJIb30BaThCSl HAWJEHHBIM BBIIIE BBIPAKEHUEM [JISl TUIOTHOCTH MX JHEPTUU
(5). Beenem s HarssaHOCTH KO3 (UIMEHT (hOPMBI BOJIHBI k¢ KaK OTHOILEHHE €€ aMILTUTYIbI
A K JurHe Oeryieit BOJTHBI A = ¢/V:

kg = Ag/\. (10)
Toraa MIOTHOCTH SHEPTUU BOJHBI IIPEICTAHET B BUJIC:
— =722
pE,= phkyc/2 (11)

OTcrona cienyer, 4To B OTCYTCTBHE TUCCHIIAIUH dHEpruu (E, = const) u IUCIIEPCUH CBETa
(korzja ero cKOpocTh ¢ HE 3aBHCUT OT YacTOThI) kg = const. Takum obpasom, Gpopma CTPYKTYpHO
YCTOHYHMBOW BOJIHBI 3Hpa HE 3aBUCUT OT YACTOTHI, €CJIH C €€ POCTOM YMEHBINACTCS aMILTATY 1a
BOJIHBI. DTO HE TOJBKO MPEIOTBPALIAET «yIbTPaPHUOIETOBYIO KaTacTpody» (HEorpaHUYEHHOE
BO3pAaCTaHHUE YHEPTUU BOJHBI C YBEIIMUYCHUEM €€ YaCTOTHI), HO U OOBSICHSET €€ CTPYKTYPHYIO yC-
TOMYMBOCTH B YCIOBHUSIX CTOSYEH BOJHBL. Te€M caMbIM CYIIECTBEHHO pacuiupsiercst cdepa mpu-
MEHUMOCTH TIOHSTHS COJIUTOHA.

8. DHeproodomen Me:xay BemecTBoM M 3¢upoM. Kak MbI BBISICHWIN BbIIIE, JIIOOBIE MTPO-
IIECChI B BEILIECTBE B YCIOBUAX €r0 paBHOBECHS C 3(pUPOM HaXOAAT OTPaKEHUE U B MOCIEIHEM B
CHJTy 3aKOHA COXpaHEHHUs SHEPruM B cucteMe «BemiecTBo + adup» (9). [lpencrasuser uatepec
nokazarb. YTO BOSHHMKAIOIIUHN MPH STOM 3HEPrOOOMEH MEXIY BEIECTBOM M d(OUPOM TOAUUHS-
€TCs TeM K€ 3aKOHOMEPHOCTSM, YTO U MOTOKHU BEIIECTBEHHbIX (Gpopm sHepruu. s aToro nmpen-
CTaBHM TIOJTHOE M3MEHEHHE BO BPEMEHH ¢ YHEPTHU BOJHBI E4(T,f) B BUJE CyMMBI €€ JIOKAIbHOU
(OE,/0f) m mpocTpancTBeHHOU (OF,/0r)vy = (V;V)E; ipon3BoaHo. [TocneaHIon coCTaBISIONIYO,
00yCJIOBJICHHYIO TIEPEHOCOM BOJIHOBOH (DOPMBI SHEPTHH B IMIPOCTPAHCTBE, MOYKHO MPEJICTABHUTH B
BUJIC MTPOU3BEICHUS NIOTOKA SHEPrOHOCUTENS Jy M IBHKYIIEH (TepMOAMHAMHYECKON) CHITBI Xg,
KaK 3TO MPUHATO B TEPMOAMHAMHMKE HEOOPATUMBIX IIPOLIECCOB U IHEProguHaMuKe [24]:

(Ve V)E = pAgvvy-V(A4pv) = — I X . (12)



3nech I, = py,V, (JK/M’) — BeTHUnHa, H3BECTHAS KaK CIICKTPANBHAS [TOTHOCTh H3/TydCHHS,;
Vy = ¢ — CKOPOCTb TIEPEMEIICHUs BOIHBI, Xz =— VY — IBIDKYIIAs CHJIA JIYYHCTOTO SHEproodome-
Ha, BbIpa)kaeMasi, OTpULATEIbHbIM IPaJJUEHTOM IOTEHLIMAJA BOJIHBI Yy = ApV.

B cootBercTBuu C BbipaskeHueM (11), TydncThlii SHEprooOMeH MEXIy TEJIOM M IMOJIEM U3-
JY4YEHHUs1 Ha KaKOH-THOO0 4acTOTe V MPEeKpalaeTcs Mpu paBeHCTBE MOTEHIIMANIA BOJIHBI J IO 00€
CTOPOHBI TPAHUIIBI CUCTEMBI:

Ve = Yeo - (13)

OTO paBEeHCTBO OTPAXKAET TAK HA3bIBAEMOE «IETaJIbHOE» PABHOBECHH HA JIIOOOH 4acToTe V,
YCIOBHEM KOTOPOI'O CTAaHOBHUTCS PAaBEHCTBO aMIUIMTY] KOJIEOAHUN Ay COOTBETCTBYIOLIEH KOJIb-
[IEBOI BOJIHBI BEIIECTBA M MOJBI KoJeOanuii dhupa Ay,. s Tak Ha3pIBaeMbIX aOCOIFOTHO Yep-
HBIX TeJl, NMOIVIOIIAIMX HAa BCEX 4acTOTaX BCE MANAOLIee HA HEro M3JIy4eHHE ONTHYECKOIO
JMara3oHa 4acToT, MOTEHIUAI |, CTAHOBUTCS OJHO3HAYHOH (yHKIMEH UX aOCONIOTHOW TeMIe-
patypsl Yy = Yy(7), uTo oTpakaeT 3akoH Ctedana-bonbimana. OqHaKO ISl «IIBETHBIX)» TeJl Ta-
KO OZJHO3HAYHOW 3aBHCHMOCTH HE CYIIECTBYET, U TIOTOMY NPHUIHCHIBaHUE YPHUPY KAKOU-THO0
TEMIIEPATYPBI SBJISAETCS UCKYCCTBEHHBIM IIPMEMOM, JIMIIL 3aTYMaHUBAKOIMM CyTh BOIPOCA.
Temmeparypa Kak Mepa WHTEHCUBHOCTH XAaOTHYECKOTO JBM)KEHUS B BEIIECTBE BOOOIIEC HE MPH-
Cylla MUKPOMHUPY U B 0COOEHHOCTH 3(uUpy Kak cpele ¢ ynopsioueHHoi Gopmoil nsmxenus. B
peaTbHOM e KOCMHYECKOM MPOCTPAHCTBE MBI HaOIr01aeM 3(pup B IEPEXOqHOM CTaINH K Bellle-
CTBY, T.€. CMECh €0 C BEIIECTBOM, HAYMHAsI OT BOAOPOJA U IelMsl U KOHYas rajlakTuKaMu. Takas
cpena obnamaeT CBOWCTBaMH Kak 3¢upa, Tak U BemecTBa. K 3TOW cpelie U OTHOCSATCS CYIIEeCT-
BYIOILIME OLIEHKH «TeMieparypsl Beenennoi» B 2,73 K, X0Ts 000CHOBaHHOCTh OTHECEHUS Cpe-
IIbl, JIMIIb HE3HAYUTEIBHO OCNAOMsAIomell n3irydeHne, K aOCOJIOTHO YEpHBIM TejaMm (LeTUKOM
HOIJIOIIAIOIIMM €r0) BeChbMa U BECbMa CIIOPHA.

Hanee, cormacHo (12) ans BOSHHUKHOBEHHS JIYYUCTOTO DHEPrOOOMEHa MEXIy (UPOM H
BEIIIECTBOM JIOCTaTOYHO KaKUM-JTMOO IyTeM HMOHU3UTh B HEM aMIUIUTYy COOCTBEHHBIX KoyieOa-
HUN. OTO U OCYILECTBISETCS, MO-BUAMMOMY, B «CBEPXEAMHHUYHBIX» YCTPOICTBax B Ipolecce
BO3CUCTBUS HAa UX pabouee BELIECTBO JIEKTPUUECKMMU UMITYJIbCAMH, YJIbTPa3BYKOM, KaBUTa-
1uel, MUKPOB3PBIBOM U JIFOOBIMHU JIPYTUMH «CBEPXOBICTPBIMH» IMPOLECCAMHU, JJIUTEIBHOCTh KO-
TOPBIX HE MPEBBIIIAECT BPeMsl BOCCTAHOBIJICHHSI pAaBHOBECHS MEX1y HUM U 3¢upom [12].

9. CymectBoBaHue B 3(pupe NMpPOAO0JbLHBLIX U MONEPEeYHbIX BOJH. 3BECTHBI KOHTHUHY-
ajbHBIE Cpenbl, 00JajarolMe MPUHIUIMAIIEHO Pa3HBIMU CIOCOO0AMU Tepeayd BO3MYIIICHUH.
OnHa W3 HUX OTJIMYAETCA TE€M, YTO BO3MYIIEHHUS TMEpENaroTCs MO JIMHUU, COBIAJAIONIEH ¢ Ha-
IIpaBJICHUEM pacnpocTpaHeHus. TakoBbl, HAIPUMEp, T'a3bl U KUAKOCTH. {pyroi THII Cpeabl CIo-
coOeH mepenaBaTh BOBMYIIECHUS ¢ BEKTOPOM CMEIICHHUS B HAIlPaBJICHUU PACIpPOCTPAHEHUS M C
BEKTOPOM CMEIIEHUS, OPUCHTHPOBAHHOM I10 HOPMaJIM K HAIPABJICHUIO pacipocTpaneHus. Tako-
BbI, HapUMeEp, TBEepbIe Tena. IMeeTcss u TpeTui TUI CPeibl, B KOTOPOU CMEIIEHUS TPOUCXOISIT
BO B3aMMHOOPTOTOHAJIBHBIX IPYT APYTY U K HAMPABJICHHUIO PACIIPOCTpaHEHUsT opreHTanusx. s
TaKUX CPpeJl XapaKTepHO 3HAYUTEIbHOE MPEBBIIIIEHNE TTPOI0JILHON yNpyrocTu Gy, Haj Moreped-
HON Gy, BCIIEICTBHE YEro CKOPOCTh PACIpPOCTPAHEHUS MPOJOIBHBIX KOJICOAHWH B HUX Vi, =
(Gm,/p)l/z HaMHOTO BBIIIE MONEPEYHON Vi = (Gm/p)l/z. HMmeHHO 3TO OBLIO 0OHAPYXKEHO B acTpO-
Homudeckux HaOmoaeHusx H.A.Ko3bipeBa, B KOTOPHIX (PHUKCHPOBAIOCH HEIJIEKTPOMATHUTHOE
u3JIydeHue 383716l OpHOH uepe3 3aKPhIThI METAINYSCKOM IMTOPKOM 3aTBOP (oToarmapara Te-
neckorna. CpaBHEHHE TOJIOKEHHS 3BE3/Ib B ONTHYECKOM W HEBUIMMOM JHAIA30HE YaCcTOT MOKa-
3aJ10, YTO CYIIECTBYIOT M3TY4YEeHHs, KOTOPHIE MEPEHOCITCS B APUPE CO CKOPOCTSIMHU, HAMHOTO
MIPEBBIMIAIOIIMME CKOPOCTh CBeTa ¢. B Hacrosiee BpeMss 0OHApYKEHO TaKKe MHOXKECTBO CXOJI-
HBIX SIBJIEHUM, COMPOBOXKAAIOIIUX PACHPOCTPAaHEHHWE B TBEPJBIX TeJIaX U KUIKOCTSIX IJIEKTPO-
MarHUTHBIX, CBETOBBIX U YNPYTHX CABUTOBBIX BOJH. OHU CBUAECTEIHCTBYIOT O HAJTUYUHU OOIIHX
AIIEMEHTOB B CTPYKTYpe 3TuX Tel. Tak, HEeKOTOpbIE )KUIKHUE MPU OOBIUYHBIX TEMIIEpaTypax H J1aB-
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JICHUSIX CPEbI ABISIOTCS XOPOIIMMHU MTPOBOJHUKAMH CABUTOBBIX KOJI€OaHUN Ha BHICOKMX YacTO-
tax (0.5-1.0 MI'n1 u Boie). Takum 06pa3om, A€o 37€Ch HE CTOJIBKO B MEXaHU3ME 00pa30BaHUs
BOJIH, a B MIPOJIOJIHOM U MOMEPEYHON YIPYTOCTH Cpelibl UX PACIPOCTPAHEHUSI B COOTBETCTBYIO-
[IeM Juarna3oHe 4acToT. IMeHHO TakoB, MO-BUAUMOMY, U 3dup Omarogaps HeoObYaliHO BBICO-
KOMY COOTHOIIEHHUIO €ro YIPYrOoCTH U TJIOTHOCTH [25].

10. O6cy:knenune pe3yiabtaroB. [IpeanpunHsaToe paccMoTpeHue d(pupa Kak «IpeaBemecT-
Ba» (prematter) OCHOBaHO Ha LIEJIOM psiic HOBBIX Mjiel. OiHa U3 HUX COCTOUT B OTKAa3€ OT UCTO-
PHUECKH CIIOKUBIIEHCA TEHACHLUU paccMaTpuBaTh BEIECTBO U IMPOCTPAHCTBO, CBOOOAHOE OT
BEIIIECTBA, KaK HEKHe CyOCTaHIINU, HE CBS3aHHBIE IPYT C APYTOM U CYLIECTBYIOIINE HE3aBUCUMO
oJuH ot Apyroro. Eif Ha cMeHy BbIIBUHYTA Ujes €IMHCTBA BELIECTBA U H3(Upa U UX NIEPMaHEHT-
Horo B3aumornpespauieHus. C 3tux no3unuil Beenennas npeacTaeT Kak paclIMpeHHas CUCTEMA,
OTJeJIbHbIE 00J1aCTH KOTOPOH HAXOIATCS Ha Pa3IMYHBIX CTaJUAX ITOTO Ipolecca U MOTOMY CO-
nepkar B cede B PasIMYHBIX MPOMOPLHUAX HE TOJIBKO BEIIECTBO M A(PHUP, HO M MPOIYKTHI UX
B3aumonpespanieHus. C 3TUX MO3ULUHN «TeMHas Marepus» BceneHHON MmpencTaeT Kak OIUH U3
TaKUX IPOAYKTOB.

Jpyras uaes coCTOUT B OTKa3e OT yrnoaoOiaeHus 3(pupa BEIeCTBY C NPUCYIIUMU €My MHO-
rooOpasHeIMi (opmMamMu IBMKeHUsS. [Ipu3Hanue >¢upa «mIpenBeniecTBOM» € €IMHCTBEHHOM
ynops1oueHHol (popmoil KoneGaTenbHOro ABMKEHHMST OCBOOOXKIAET OT HEOOXOAMMOCTU Haje-
JSTh €r0 CBOMCTBAMHU BEIIECTBA, 3a UCKIIOYEHUEM CBOMICTB, IPUCYLIUX JII000H MaTepuu — ee oOT-
JMYHON OT HYJIS IUNIOTHOCTU U YIPYrOCTH. B cBA3M ¢ 3TUM OTnagaeT HeoOX0AUMOCTh B IOCTpOE-
HUU KOPITYCKYJIIPHBIX, BUXPEBbIX, CTPYHHBIX, CTPYHHBIX U T.II. MOJeJNiel 3¢upa B OMBITKE 00b-
SCHUTh «HA NaJIbLIaX» XOTs Obl YacTh HAOJIIOAAEMBIX SIBICHUH.

Crnenyromas ujaest — oTKa3 OT JAEJIEHHUs MaTepUU Ha BELIECTBO M IOJE, MOCKOJIBbKY J1I000e
CHJIOBOE 10JI€ (IPaBUTALIMOHHOE, MATHUTHOE, 3JIEKTPUYECKOE, CUIIbHOE U c1ab0€e) MPUCYTCTBYET
u B BemecTBe. C M30KEHHBIX MO3UIMI 1I0JIe — 3TO HE Pa3HOBUIHOCTh MaTEpUH, a €€ CBOMCTBO,
00yCJIOBIEHHOE HEOJHOPOAHOCTBIO pacIpe/iesieHHs B MPOCTpaHCcTBe (3(upe) BelecTBa Kak HO-
CUTEJI MaccChl, 3apsAja, TOKa U JIPYrux elle He U3BECTHBIX CBOMCTB. Takasi mo3uuus cBsi3aHa ¢
NpU3HaHUEM >(QHpa €AUMHCTBEHHBIM MaTepHabHBIM MEPEHOCUMKOM BCEX BHUJIOB B3aMMOJAEUCT-
BHUS, a CWJIOBBIX I0JIEH B CBOOOJHOM OT BEUIECTBAa IPOCTPAHCTBE —KaK MEp HANps>KEHHOTro (He-
PaBHOBECHOI'0) COCTOSIHUSA 3(upa. ITO BCKPHIBAET OMIMOOYHOCTh M3HAYAILHOTO MPUIHCHIBAHUS
3¢upy TaKUX CBOMCTB, KOTOPHIE OH IPUOOPETAET TOJILKO IO MEPE MPEBPAILlEHNUs B BELIECTBO.

Hakonern, eme oxHa uaes — 3TO OTKa3 OT MOIBITOK MOJAMEHUTh KOHIYKTHUBHBIM NEPEHOC
sHepruu B d¢upe (6€3 rnmepeHoca Macchl) Ha KOHBEKTUBHBIHN, TpeOyIONTUH repeHoca caMoro dpu-
pa unu 000l Apyroi cyOCTaHIUM, MPU3BAHHON 3aMEeHUTH ero (0yab TO (pU3NYECKUH BaKyyM
WIN TI0JIe, TEMHAash MaTepus WM UCKPUBJIEHHOE MPOCTpaHCTBO). IIpu3HaHue BOJIHOBOrO Mexa-
HU3Ma TIepeHoca JHObIX B3aUMOJICHCTBUIN TO3BOJSET M30€KaTh psAa MPOTUBOPEUU CYIIECT-
BYIOIIMX MoOjeNeil 3gupa ¢ JaHHBIMU 3KCIEPUMEHTOB U YCTPAaHUTh HETaTUBHOE OTHOIIEHUE K
HEMY CO CTOPOHBI MPE/ICTABUTENIC KOHBEHIIMOHAJIbHOW HAYKH.

KocHemcs Tenepp T€X HETPUBHAIBHBIX CIEICTBUM, K KOTOPBIM IIPUBOJUT MOCIENOBATEIb-
HOE MpUJIoKeHHe Oa3upyromielcs Ha 3TUX UAeSIX YHEProJUHAMHUKU K Pa3InYHbIM 00JacTsIM 3Ha-
Hus. Cpeay HECKOJBKUX JECSITKOB TaKUX CIEACTBUM [27] OTMETUM TOJIBKO T€, YTO 3aTParuBaroT
MHUPOBO33PEHHUE B 1IEJIOM U MOTYT ChITpaTh PEBOIIOLUOHU3UPYIOIIYIO POJIb B Pa3BUTHH psiia 00-
JacTel ectecTBOo3HaHUsA. K HUM B IepByr0 odepeqb OTHOCUTCS BBIBOJ O BO3MOXKHOCTH 3BOJIIO-
uuu BeeneHHoM, MUHYSI COCTOSIHME PaBHOBECHUS BBUY HAJTUYMs B HEM apupa Kak MaTepHuH, Ko-
TOpOI1 HE CBOMCTBeHHA quccunanus [28]. He MeHee BaykeH BBIBOJI, KacaroIIMics pEeIIeHUs 3a1a-
YW, U3BECTHOU CO BpeMeH A.DWHINTEHA KakK «eauHas Teopust mojsiy». [Ipemnoxennas a¢pupHo-
COJIMTOHHAs KOHUEMIMSA B3aUMOAEHUCTBUS OTKPBIBAET MYTh K Topazo OONbIIMM 0000IIeHUsM,
YeM 3TO OBLJIO TOCTUTHYTO Oiiarojapsi MaKCBENIOBCKOMY OObEIMHEHUIO ONTHKHU C AJIEKTPUUYECT-
BoM. OHa BeJeT K NPU3HAHUIO €JUHCTBA HE TOJIBKO ONTUYECKUX U DJIEKTPOMAarHUTHBIX, HO U
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TOOBIX PYTUX B3aUMOJCUCTBHUH, OPOXKIAIOIINX (HOTOIDPEKT, ITESKTPUISCKYI0 U MAarHUTHYIO
MOJIIPU3AIUI0, MOHU3ALNIO, (IIyOpPECICHIINIO, (POTOXUMHUYECKHE U (DOTOSIEPHBIE peakuu, ¢o-
TOCHHTE3, CTPYKTYypooOpa3zoBanue u T.1. [lo cyTu, peub WIeT 0 eIuHOM Teopuu BCEX B3aUMO-
NeicTBU. YHUBEpCAIbHbBIE CBOMCTBA 3(hpupa Kak HOCUTENS BCEX BHJIOB B3aUMOJICHCTBUS OCBO-
00X1aeT 0T HeOOXOIMMOCTH MOMCKA CIeNU(PUUECKUX MaTepUaTbHBIX HOCUTENIEH «CUIIBHBIX» U
«cTabbIX», «KHYKIIOHHBIX» U «ME30HHBIX», «OaPUOHHBIX» U «TaXUOHHBIX)», «0O030HHBIX» U «MUK-
POJICNTOHBIX», «CIIMHOPHBIX» U «TOPCUOHHBIX», «HEUTPUHHBIX» U «TOHKHX), «3JIEKTPOMArHUT-
HBIX» U «TPAaBUTALUOHHBIX», «OMOJOTUYECKUX» H «MOP(HOTCHETUUECCKUXY, «XPOHAIBHBIX» U
«uHGOpMaMOHHBIX» Tosiel [29]. [Ipu3HaHue equHON MPUPOIBI CHII, HCXOASIIMX OT ddupa u
MHOT000pa3usi 4aCTOT, C KOTOPBIMU ATU CHJIBI ICMCTBYIOT HA CTPYKTYpPHBIE 3JIEMEHTHI BELIECTBA,
OTKPBIBAET NPSAMOM MyTh K CO3/IaHUIO «EAMHON TEOPUH MOJIs» KaK MEpPhl HAMPSKEHHOTO COCTOSA-
HUS dupa. B 3TOl Teopuu BMECTO MOMCKA €IMHOM CHIIBI CTAaBUTCS 33ja4a MOMCKA €AMHOTO Me-
TO/Ia HAaXOXACHUS SIBHO PAa3IMUYMMBIX CHJI, OTBETCTBEHHBIX 3a IPUIIMCHIBAEMbIC YIOMSHYTHIM
nosisiM A dextsr [30,31]. JlokazareapCTBOM IUIOMOTBOPHOCTH TAKOTO MOAXOMA SIBISIETCS OOHa-
pPY’KE€HHE HOBBIX BUIOB B3auMoiercTBUs [32-34].

B npaktuueckom IuiaHe HEMaJIOBa)KHOE 3HAUEHUE MMEET 0OOCHOBAHHME BO3MOKHOCTH MC-
MOJIb30BaHUA 3(pHpa Kak HEMCUEPHaeMOro HCTOUHUKA SHEPTHH B OECTOIUIMBHON SHEPreTHUKe Ha-
crosimiero u Oynymero [35,36]. Bce 310 moka3biBaeT, HACKOJIBKO TOJIE3HBIM MOKET OBITh MPH-
3HaHKe 3(upa NOTHOMPABHBIM MPEACTABUTEIEM MATEPUATBHOIO MUPa U BO3BpAIIEHHUE €T0 B CO-
BpPEMEHHYIO ()M3HKY B €T0 €CTECTBEHHOM, HE MCKa)KEHHOM TUTIOTE3aMH BHJIE.
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