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[TokazaHo, 4TO HEPTOIMHAMHYECKUH TIOIXO0/T K H3y4YCHHIO ddHrpa, HE ONMUPAIONIUNACS Ha

MOZCIJIbHBIC IPECACTABIICHUA U 6a31/1py10mm?1c;1 Ha SKCIICPUMCHTAJILHO TTOATBCPIKICHHBIX

YPaBHEHUSIX €r0 COCTOSIHUSI U JBUYKEHHUSI, TO3BOJIET YCTAHOBUTH CUJIOBYIO MIPUPOAY €TI0
B3aMMO/ICHCTBHS C BEILIECTBOM M Psi/i APYTUX €ro CBOMCTB, HE MpHOeras K rurnoTe3am

BBenenue. [lonarue shupa nMeeT IPEeBHIOI UCTOPHUIO, BOCXO/IS K CaMbIM HadajaM IMO3Ha-
HUSI 4E€JIOBEUECTBOM OCHOB MUpo3aaHus. [IpeacTaBieHre o HEM Kak O IEPBOOCHOBE BCETO CyIIIe-
T0 U «BCEMPOHUKAIOIIEH CyOCcTaHIIMI» CyIIecTBOBajo U B IpeBHeM Kurae, u B Unaun, u B Smno-
HUH, CTaB 3aTeM JocTosiuueM EBporbl. Ha mpoTspkeHUM BEKOB MOJENbHBIC MPECTABICHUS 00
3¢upe YCIOKHSIIUCH M0 MEepE Ha/IeTICHUS €r0 HOBBIMU CBOMCTBAMU, HEOOXOIUMBIMU TSI OOBsIC-
HEHUs HaOJI0IaeMbIX SIBIICHUM, B TOM YHCJIE KOPITYCKYJSIPHOW CTPYKTYPOM, MOJBHKHOCTHIO,
BSI3KOCTBIO, COKMMAEMOCTbBIO, TEMIIEPAaTy PO, UHEPLUUOHHOCTBIO U T.1. U T.I. lcTopun cTaHOBIE-
HUS ¥ DBOJIIOIMH TUX MPECTAaBICHUN TOCBsIIeHA o0mupHas auteparypa [1-6]. OcoOyro poib
ceirpanu Tpyasl Pene [lexkapta, xotopsiit eme B XVII Beke 060cHOBaNI KOHLEMIUIO dPUpa KaKk
cBeTOHOCHOM cpenpl. C Tex mop uzaest 3pupa MPOYHO BOILIA B HAYYHBIH OOMXO0J, OCOOCHHO B
Tpynax Hetotona, ®penens, Makcsemna, Jlopenna. DdupHas KOHIENIHs TOCTUIIA KyJIbMUHA-
1y B XIX Beke, koraa MakcBesul, onupasich Ha CO3AaHHYI0 UM MOJENb 3(upa, nonydus GyH-
JaMEHTAJIbHbIE YPaBHEHHUS AJIEKTpoarHaMUKH. OIHAKO MEXaHWYECKHUe MoJieiu d(upa BCTPETH-
JUCH ¢ OOIBIIMMHU TPYyAHOCTAMHU. O HA U3 HUX ObLIa CBSI3aHA C KAKYIIEHWCS HEBO3MOMXHOCTBIO
MPUMHUPUTH MOTMEPEYHOCTh CBETOBBIX BOJIH, CBOMCTBEHHYIO aOCOIIOTHO TBEPABIM TelaMm, U OT-
CYTCTBHE CONPOTHUBIICHHS 3(Pupa IBMKCHUIO HEOCCHBIX Tell. HeoTHO3HAYHYI0 HHTEPIPETAIUIO
BBI3bIBAJIA TAaK)KE HKCIEPUMEHTHI MO BBISICHEHHIO poiH 3(upa B ABUKEHUHM HUCTOUYHUKOB CBETA.
OTH TPYAHOCTH MOOYIMIN PsJi YUCHBIX B Hayane XX BeKa Mmojiep:kath A.DWHINTEHHA B €ro
CTpPEeMJICHUH UCKJIIOYHUTh MpPUMEHEHHE 3Toro moHsATus B ¢usuke [7]. OaHako, Oyaydu H3rHAH-
HBbIM 13 (DHM3UKH crienuaabHOi Teopueit oTHocuTenbHOCTH (CTO), 3dup ObLT BCKOPE BHOBb BO3-
BpaiteH B Hee B OTO u B KBaHTOBYIO MEXaHUKY 1OJ] BuAoM (usmdeckoro Bakyyma (OB). Heob-
XOJIUMOCTD MPU3HAHUS CYIIECTBOBAaHUS d(hHUpa WIH €ro KBAHTOBOTO aHAJIOTa — (PH3UIECKOro Ba-
KyymMa — JAMKTOBallaCh HE TOJBKO O€3pa3leNbHO TOCHOJCTBYIONICH B HayKe KOHIIETIHEH
Onm3koneicTBUSA. B sKkcriepuMeHTax OOHApYKWICS Pl KOCBEHHBIX TPU3HAKOB, CBHJICTEIIBCT-
BYIOILIMX O BJIMSHHMM 3TOM Cpelibl Ha CBOMCTBA BellecTBa. B Makpomupe BaKHEUIIMMU U3 HHUX
OBLIM AKCIIEpUMEHTHI Teciia ¢ «yCHIMBAIOINUM TPAHCMUTTEPOM» [8], MOTyUYUBIIME AabHEIIEe
MOATBEPKIECHNE B MHOTOUNCIIEHHBIX KOHCTPYKUHUAX «CBEPXEINHUYHBIX» YCTPOMCTB [9], a Takxke
B3pBIB BOAOpOoaHON 00MOBI Hag HoBoit 3emneit B 1961 1., mpu KOTOPOM SHEPrOBBICIICHHUE TIPe-
B30IIJIO PACYETHYIO BEJIMYMHY B 10° pa3. D haKThl CBHACTEIHCTBOBAIH O HAIHYNU Y abupa u
@B orpomMHBbIX 3a11acoB YHEPTUH, YTO B 3HAUUTEIIBHON MEPE CTUMYJIUPOBAIIO UX U3YUYEHHUE.

3aayeil HACTOSAIICH CTaThU SBISIETCS PACCMOTPEHUE CBOMCTB 3(upa ¢ MO3UIUI HHEProIU-
HAMUKH KaK TeOpUH, 0000IIAr0Iei 3aKOHBI TEPMOJMHAMHUKH Ha HETCTUIOBBIC (POPMBI IBHIKECHUS
U Ha BHYTPEHHE HEPAaBHOBECHBIE (MPOCTPAHCTBEHHO HEOJHOPOAHBIE) cucTteMbl [10]. B cooTBeT-
CTBUU C METOJIOJIOTHEH IHEProAMHAMHUKH TAKOE PACCMOTPEHUE OMHUPACTCS HE HAa MOJCIIbHBIC
MPEJICTaBICHUS O CTPYKType 3(dupa U Kakue-Inbo TUIIOTE3bl O €r0 CBOMCTBAaX, a HAa IKCIEPHU-
MEHTaJIbHO YCTAaHOBJICHHBIC YPABHEHUS COCTOSIHUS U JBWKEHUS O0OBEKTA MUCCIICIOBAHMUSI, TOTIOJ-
HSIIOLME OCHOBHOE ypaBHEHHE OallaHCa €ro SHEPruH U TMO3BOJSIONIUE aHATUTHYECKUM ITyTEeM
BBISIBUTH HEJIOCTAIOIIUE B3aUMOCBSI3U MEXIY U3MEPUMBIMU NTapaMETPaMH, XapaKTEPHU3yIOIUMU
€ro CBOMCTBRA.



1. CoOcTBeHHasi (BHYTpPeHHsis1) dHeprusi 3¢gupa. l3BecTHOE €llle C APEBHUX BPEMEH
CBOWCTBO 3(Hpa KaK CBETOHOCHOHM cpeibl Hapsay ¢ MHOTOYUCICHHBIMH CBUAETEIbCTBAMH BOJI-
HOBOM NPHUPOJIbI CBETA ABISAETCS HEOOXOAUMBIM U IOCTaTOYHBIM OCHOBAHUEM [UI PACCMOTPEHNUS
3¢upa Kak HEBEIIECTBEHHON COCTABIAIONIECH 10001 MaTepruanbHON CUCTEMBI. DTO COOTBETCTBY-
€T JEJICHUI0 MAaTEePUH HA BEIIECTBO — JUCKPETHYIO YacThb MAaTEpUH, UMEIOIIYIO OIPEIEICHHYIO
dopMy u rpaHUIb], U 3(pUp — CIUIOMIHYIO cCpely, He UMEIOIIYI0 TpaHull U (opmbl. Takas mo3u-
1Us1, C OMHOW CTOPOHBI, OTBEYAET COBPEMEHHOMY COCTOSHUIO 3KCIICPUMEHTAIbHON TEXHUKH, HE
MO3BOJISIOIIEH MOITBEPAUTH KOPIYCKYJISAPHYIO IPUPOY 3(upa, a ¢ APYroi CTOPOHBI — YIOBIIE-
TBOPSIET MATEMaTHUECKOMY alIapary HEProJUHAMUKH, O3BOJISIOIEMY €UHBIM 00pa3oM OIu-
caTh CBOWCTBA U MOBEJICHUE KaK CIUIOLIHOM, TAK ¥ KOPIYCKYJISIPHOM CpEelbl.

Kax u3BecTHO M3 KJ1acCHYECKOM TEOpUHU BOJIH, KBAaJpaT CKOPOCTH PacHpOCTPaHEHUs KoJe-
6aHuit B 1000 cpesie onpeensercss OTHOLIEHHEM YIPYTrOCTH Cpefibl (B YACTHOCTH, €€ 1aBICHUs
Ps) K IJIOTHOCTH 3TOU cpeibl py [11]:

¢* = Opy/Ops. (1)

Ortcroga cienyeT, 4yTo 3pUpP KaK CBETOHOCHAs Cpela, MepeHocsIas KojiedaHusl co CKOpo-
CTBIO CBETa ¢, 00J1a/1aeT HE TOJIbKO OTIMYHON OT HYJISI INIOTHOCTBIO Py U MAaccoi My, HO U HEKO-
TOPOM TNOTEHLIHMAIBHOM JHEpruer FE,, MEpod IUIOTHOCTH KOTOPOW M SIBJIETCS HABJIECHUE Py
(Jx/M®). DTO MO3BOMISIET OMPEAETHTH PP KAK CILIOMIHYIO BCEIPOHHKAIONIYIO CPELY C OTIHY-
HOU OT HyJIs IUIOTHOCTBIO U YIIPYTOCTBIO, KOJIEONIIOLIYIOCS B HEOTPAHUYCHHOM JUAla30He 4yac-
TOT.

Ecnu 0603Ha4nTh YHEPTHIO AdHpa U €ro Maccy B 1iesioM depe3 Ey u My, 1o u3 (1) npu unTer-
PHUPOBAHUU €ro 1o 00beMy Vi, 3aHATOMY 3(pUpoM, cienyer

E, = M, (2)

K sromy BbIpaxkeHHto a7 sHepruu 3¢upa 3agonro a0 A.JuHiTeiiHa npumn X. Hlpam u
H.YmoB, Ix. Tomcon u O. Xsucaiin, A. Ilyankape u @. Xazenopsb [1]. Takum obpazom,
YITbHYIO SHepruio 3dupa &, = Ey/M, = ¢’ MOXKHO CYHTATh JABHO H3BECTHON W BIIOIHE OIpe/e-
JIEHHOM BEJIMYHMHON.

Bripakenue (2) cBsS3bIBaET MEXKIY cOO0M mapaMeTpsl A3Gupa v B STOM OTHOIICHHH MTOJA00HO
ypaBHeHHO KianeiipoHa /15l uaeanbHBIX ra30B, XapaKTePU3YIOIEMY UX COCTOSTHUE.

2. Bzaumonpespaienue 3¢upa u BemecTBa. boNbBIIMHCTBO MPEAJIOKEHHBIX K HACTOS-
[IeMy BpeMEeHU MojieNieil apupa paccMaTpUBaIl €ro Kak HE4TO, CYNIECTBYIOIIEEe HE3aBUCHMO OT
BEIIECTBA M CHJIOBBIX TOJIEH, TOPOXKICHHBIX HEOTHOPOIHBIM paclpeelICHHEM BEIIeCTBa B IIPO-
cTpaHcTBe. MexXly TeM, K COOTHOLIEHUIO (2) Heb3s ObLIO MPUNHTH, HE AOMycKas (XOTs ObI MOJI-
YaJMBO) MpeBpamieHus 3¢upa B BeniecTBo. JelHCTBUTENBHO, B TpOILIecce MpeBpamieHus d3pupa B
BEIIIECTBO PHEPTHs MOCIeAHEro £ 1 ero Macca m B COOTBETCTBHMHU C 3aKOHAMHU COXPAHEHHUS YHEP-
T ¥ MacChl BO3pacTaeT 3a cueT yobutn sHepruu E, u Maccel My adupa, Tak uto u3 dE, = cszB
cienyer u E =mc’. DTo 03HadaeT, 4TO B MpoIecce KOHACHCALMH (CTPYKTypH3aIui) s¢upa, T.e.
NPEBpAICHHs €T0 B BEIIECTBO M3MEHSETCS W Macca IOKOs TIOCIETHETO /1, B Pe3yJbTaTe Yero
BEIIECTBO MPHOOPETAET MHOXKECTBO APYTHX CBOWCTB — PA3IUYHBIA XUMUYECKUN COCTaB, BS3-
KOCTb, SHTPOIIHIO, 3apsl pa3HOTO 3HAKa, MMOJIIPU3YEMOCTh, HAMarHUM4EeHHOCTh U T.1. HampoTwus,
M0 Mepe YCKOPEHHUSI BEIIECTBA U MPUOIMKEHUHN €r0 CKOPOCTHU K MPEAEeTbHOM CKOPOCTH CBETA 3TH
JIOTIOJTHUTEIBHBIE CBOMCTBA BBHIPOKIAIOTCS, U BEUIECTBO CHOBA nepexoaut B 3¢up [9]. Ocoben-
HO OYEBHJHO 3TO B OTHOIICHUH XaO0TUYECKOW OPMBI IBUKEHHSI BEIIECTBA, TOCKOIBKY TIPU JIOC-
TH)KEHUH [IEHTPOM MAaCCHI TeJla MPEeIbHOW CKOPOCTH HUKaKue (DIyKTyaluu CKOPOCTH OTAEIh-
HBIX YaCTHUI[ KaK B OOJIBIIYIO, TAK U MEHBIIIYIO CTOPOHY CTAHOBATCS YK€ HEBO3MOKHBIMH.



NmeroTcst u apyrue cooOpa)keHus, MOAISPKUBAIONINE TIpeAcTaBieHre A.DWHINTEHHA O
B3anMoIpeBpamieHnu dpupa u Beniecta [7]. C 3Tux mo3unuit 3pup ciemayeT cUuTarh mpeeib-
HO ymopsiioueHHON (popmoii aBmxkeHust marepun. OH 001a1aeT €IMHCTBEHHOM (KOJIe0aTeIbHOM )
dbopMoil ABMKEHUS W TPUOOpETaeT APyryue CBOMCTBA JIMIIL 10 MEPE €ro «CTPYKTypU3aALUN» -
IPEBpAIICHHS] B BEILIECTBO.

3. YpaBHeHue kosedanni 3¢pupa. [Ipeacrapiser HHTEPEC BIPa3UTh SHEPTUIO BOJIHBI Ye-
pe3 Takue mapaMmeTpsl KoJiedaTeIbHOTO MPOoLiecca, KaK aMIUTUTyJa Ay U 9acToTa v, He mpubderas
JUISL 3TOTO K THIOTE3€ JIMHEHHOCTH 3(upa Kak cpeabl (T.e. CIpaBeIMBOCTH sl Hee 3akoHa ['y-
Ka) U MPEINOI0KEHUS 0 TAPMOHHUECKOM (CHHYCOMIATBFHOM) XapakTepe BoiaHbI). C 3TOH Lenbio
paccMOTPHUM MPOU3BOJIBHYIO MOJYBOJIHY, B KOTOPOW INIOTHOCTh CPEIbl U3MEHSETCS OT €€ PaBHO-
BECHOT'O 3HA4YCHHS P B 00€ CTOPOHHI (pHcC.1).

W3 pucyHka cieayer, yTo MOJyBOJIHA 0Opa3oBaHa MEPEHOCOM HEKOTOPOM dacTh M Macchl KO-
JIeOJTFOIICHCS cpeibl B HANPABJICHUH BOJHUCTOM CcTpenku. Takoun

p MIEPEHOC COIPOBOXK/IAETCS CMEIIEHUEM IIEHTpa Macchl MOIYBOJI-

1 Hbl W3 TOJIOKEHHUS C PAJUYyC-BEKTOPOM Iy, B IOJIOKEHUE Iy
[TpumMeM 3TO OTKIIOHEHHUE 32 AMIUTUTYLy BOJTHBI Ag = Iy — I (M).
[TockoapKy 3TO CMelIeHHE MPOUCXOAMT 32 BpeMsl MOJTyneproaa
772 = 1/2v, cpenHsisi CKOPOCTh TEpeHOca Macchl M B 3TOM KoJie-
O0artenpHOM Tpoliecce Vs = 2A;v, a ee KMHETUYecKas SHeprus
paBHa Mv2 = 2A,V [TockonbKy B MeCTax «IIy4YHOCTH» BOJI-
HbI €€ KUHETUYECKasl SHEPIUs LETUKOM MPEBPAIIAECTCS B MOTEH-
LMAJIbHYIO, 3TO BBIPAXKEHHE OIpPEAESeT U IMOJIHYI0 SHEPruio
BOJIHBI B J1I000I MOMEHT BpeMeHHU. B mepecuere Ha Maccy BOJHBI
B 1enoM My = 4M 3TO JaeT MJIOTHOCTh 3HEPIMM BOJIHBI Py =

Puc.1. [TonyBosiHa KaK AUIIOJIb

E./Vs, paBHYIO
Ps= PASV2 , (/M) (3)

rae p = My/V; - cpeassist TUIOTHOCTD CPeibl. ITO BBIPAKEHHUE OTINYAETCS OT U3BECTHOTO U3 TEO-

pun KomeGanuii p, = pA, v>/2 [11] IHIIB yHETOM TOTO, YTO B JAHHOM CIIy4ae OCIAITHPYIOIIIM
napaMeTpoM SIBIISIETCS cama IIIOTHOCTh cpeabl p(r,f).

3aMeTHUM, UTO SHEPTUs Py MPUHAMICIKUT caMoMy KoJiebitonemMycst 3pupy U He 3aBUCUT OT
NPUCYTCTBUS B HEM BEIIECTBA, T.C. SIBISETCA €ro «COOCTBEHHOI» (BHYTpEHHEH) >HEprue.
Nmenno 310 nenaet 3up TOM Cpemoit, KoTopas CrocoOHa MEPEHOCUTh YHEPTHIO B IPOCTPAHCTBE
«TI0CJIe TOTO, KaK OHA MOKHMHYJA OJHO TEJO U He JocTuria aApyroro» [12]. B aToM oTHomeHun
3Hp MPUHIUIHATIBHO OTINYAETCS OT CHIIOBBIX TTOJIEH, OMTMOO0YHO MPUHUMAEMBIX COBPEMEHHOU
(bu3KMKON 32 HEKYIO CAMOCTOSITENIbHYIO MaTepUaIbHYI0 CYITHOCTh, 0010y 0 SHEPrHel naxe
B OTCYTCTBHE WX HCTOYHUKOB. JIeHCTBUTENbHO, NMOTEHLMATIbHASL SHEPrUsi MO OINpPEAESICHUIO
MPUHAJJICKUT BCEH COBOKYMMHOCTH B3aUMOJICHCTBYIOIIUX Macc, 3apsiioB M TOKOB, T.€. SBIIAETCS
«B3auMHOI». CUIIOBOE 10JIE€ KAK COBOKYIHOCTh CHJI B KaKOH-JINOO MOMEHT BPEMEHH B pa3ivy-
HBIX TOYKaX MPOCTPAHCTBA, OCTAETCS HEU3MEHHBIM, KaK M pelibe) MECTHOCTH, MOKa €ro UCTOU-
HUKU HE U3MEHSAT B3aUMHYI0 KOH(urypamuto. [loaToMy o nepeHoce nojaemM 3Hepruy He3aBUCUMO
OT €ro MCTOYHUKOB (B YCIOBHIX WX HEU3MEHHOTO MOJIOKEHHUs) HE MOXET ObITh U peud. bonee
TOro, coryiacHo 3akoHaM Herotona, KynoHna nu Ammnepa J0CTaTOYHO YJAJIUTh U3 MPOCTPAHCTBA
BEIIECTBO C MPUCYIIMMHU €My MaccamH, 3apsiiaMd U TOKaMU, YTOOBI TPaBUTALIMOHHBIE, SJIEKTPU-
YECKHE WJIM MarHUTHBIE MOJIS B HEM Mcue3u. JJocTaTouHO 1a)ke CUUTaTh BEIIECTBO PABHOMEPHO
3aMOHSIONIMM BCE MPOCTPAHCTBO (T.€. HE OCTABISAIONIMM MeCTa Ui MPOOHBIX TN, 3apsiioB U
TOKOB), KaK M3 T€X K€ 3aKOHOB IOCJIEyeT PaBEHCTBO HYJIO COOTBETCTBYromMX cuil. [loxoxe,
YTO JIMIIb NMPUBEPKEHHOCTh CTEPEOTUIIAM HapsAdy C Yepecuyp BOJbHBIM oOpalleHueM c¢ oOrie-



MPUHATHIMU TOHATUSMU HE MO3BOJIET UCCIENOBATENAM MPHU3HATh BCJIE] 32 DUHIITEHHOM, 4YTO
HeﬁCTBHTeHLHBIM MaTCpHuaJIbHBIM HOCHUTCIICM BCCX B3aI/IMO,Z[€I\/'ICTBI/II\/JI ABISACTCSA 3(1)I/Ip, a IIoJIC AB-
JISIETCS JIWIIIb €T0 CBOMCTBOM («BHEIIHUM MPOsIBICHUEM») [7]. YK€ OJTHOTO 3TOro J0CTaTO4YHO,
YTOOBI CYUTATH CHUIIOBOE TIOJIE MEPOU HAIPSHKEHHOTO COCTOSHUS 3(upa U MPU3HATH CYIIECTBO-
BaHUE TOCJEeIHEro Kak MaTeprUaIbHOTO HOCUTEISI 3TOTO TMOJIS.

4. Ilorenuuan 3¢upa. OTcyTcTBHE Y 3PUpa APYTUX, OTIUYHBIX OT KOJeOATEIbHBIX, (OpM
JBUKCHHSI OTHIOJIb HE O3HAYAET, YTO OH 00JIaJJaeT eMUHCTBEHHON CTENeHbI0 CBOOOABI. Kak ObL10
MoKa3aHo HaMu B dHeproauHamuke [10], uncno creneneid cBoOOABI II0O0H CHCTEMBI (T.€. YUCIIO
HE3aBHCHUMBIX MTapaMeTPOB, OJTHO3HAYHO 33JAI0IINX €€ CBOMCTBA M YHEPTHIO), PAaBHO YHCIY He-
3aBUCHMBIX (0COOBIX, KAYECTBEHHO OTJIIMYMMBIX U HECBOAWMBIX K JPYTHUM) IMPOIECCOB, MPOTE-
kaomux B Hel. [TockonpKy MIOTHOCTD 3(hHpa MOKET K0Ie0aThCsl ¢ pa3IMyHON aMIUIUTY 101 U B
HEOTPAaHMYEHHOM JIMAIla30HE YacTOT V, Ka)Jas MOJia TaKMX KOJICOaHWH HE3aBHCHUMA, W YUCIIO
cTerneHe cBoOo bl Ahupa B MPUHIIMIE paBHO OeckoHeuHocTH. OAHAKO Ui d(upa KaKk KOMIIO-
HEHTa MaTEePHAILHON CHCTEMBbI 3TH KOJICOaHWS HE HE3aBHCHMBI OT BEIIECTBA CHUCTEMBI. Ecim
YaCTHIIBI BEIIeCTBa 00pa30BaHbl U3 Aupa U KOIEOIIOTCA B PE30HAHC C COOTBETCTBYIOIIUMHU MO-
JIaMu KoJieOaHuid 2pupa, MOCIeTHUNH MOIYITUPYETCs KoJeOaHusIMH 9acTull BemecTsa. Tak ¢op-
MUPYETCSl OINpeAeNeHHbIN, crenuuueckuil AN KaXXAOro BelIecTBa aMILIUTYHO-4aCTOTHBIN
CHEKTp («TIOPTPET» BelecTBa) B dupe.

UroObl OXapakTepu30BaTh 3TOT «IHOPTpeT», mpoauddepeHIpyemM BhIpaKEHHE SHEPTUU
BOJIHBI (3), cUUTAast €ro CPEAHION0 IJIOTHOCTh P HEU3MEHHOM:

dE; = Agv d(MAV). 4)

Comnocrasmsist (4) ¢ BeIpaKEHUEM dJIEMEHTApHOU paboThl dW; = y;d®; B TepMOTUHAMUKE U
SHEProJIMHAMUKE KaK MpOu3Be/IeHUsT 0000IEHHOr0 MOTeHIMAaNa \; (1aBIeHUs p, XUMHUYECKOTO
MOTEHITHANA k-T0 BEIIECTBA L, DJIEKTPUUECKOTO MOTEHIIUaNa 00JIacTH ¢ U T.J.) Ha AJIeMEHTapHOE
M3MEHEHHE COMPSKEHHOM C HUMU SKCTEHCUBHOM KoopauHathl ®; (o0bema V), uncna monei k-ro
BemecTBa Ny, 3apsiia 3 U T.I1.), HaifieM, 4TO B HaIlleM Clydae SKCTEHCUBHON MEpOil BOJHOBOM
(dbopMBbI ABIKEHUS SIBIETCA BennunHa Oy = MA,v, a ee UHTEHCUBHAs Mepa (TIOTEHIIHA BOJIHbI)
Y =A,V, T.€. IPEACTABIIICT COO0H MPOU3BEICHUE aMILUTUTY Bl BOJHBI Ay HA €€ 9acTOTy V (32 4To
U Ha3BaH HaMU aMIUIMTYA0-49aCTOTHBIM HoTeHuanoM [10]). Yucno Takux MOTEHIHAIOB PaBHO
quciry MoJ 3dupa.

MoskeT moka3aThkCsl, UTO OTHECeHHE 3(upa K cpefaM ¢ OSCKOHEUHBIM YHUCIOM CTEMeHen
CBOOOBI TTPOTUBOPEUUT YTBEPHKICHUIO O HAIMYUH Y HErO SIUHCTBECHHOW (HOPMBI KOJIeOaTeIb-
Horo JBwKeHus1. OAHAKO HE cleayeT 3a0bIBaTh, YTO OJHOM U TOU ke hopMe SHEPTUU MOKET CO-
OTBETCTBOBATh MHOYKECTBO CTETICHEH CBOOOIbI. Tak, KHHETHYECKOM YHEPTHH COOTBETCTBYET TPHU
HE3aBUCHUMBIX KOMIIOHEHTa UMITYJIbCa; XUMUYECKOW PHEPTUU — Yucia Moliel Ny BceX KOMIIO-
HEHTOB PEarupyronieii cMecH; KojiebaTeIbHOMY JIBHKEHHIO — MHOKECTBO HE3aBUCUMBIX MOJ. B
TaKOM CJIy4ae CTaHOBHUTCS Oojiee MOHATHBIM «MEXaHU3M» CTPYKTypu3anuu 3dupa ¢ odpasopa-
HUEM JJICKTPOHOB, MPOTOHOB, HEUTPOHOB M T.I1.) IMTyTEM «KOHJEHCAIMI» COOTBETCTBYIOIICH MO-
161 2pUpa. ITH MPOLIECCHl U OTBETCTBEHHBI 32 MOSBICHUE y BEIIECTBA HOBBIX CBOWMCTB, HE MPH-
CyImuX camomy 3¢hupy.

Oco0eHHO SICHBIM CTaHOBUTCS 3TO C MO3ULIMNA BOJTHOBOW TEOPHUU CTPOCHHMSI BEIECTBA, MpHU-
3Hatomied Benena 3a O.1lpénuarepoM, 4To B MUpE CYIIECTBYIOT BOJHBI M TOJBKO BOJHBI [13].
CornacHo ei, Bce Tak Ha3bIBaeMble YAaCTUIIBI 0Opa30BaHbl CTOSYHUMH WU 3aMKHYTBIMU (KOJIb-
1eodpa3HpiMK) OerymumMu BojgHamu. [locnennue nerko cede mpeAacTaBuTh, COCIUMHUB Havalla U
KOHIIbI BOJTHOBBIX MakeToB. [l0cKOIbKY JIMHEHHAs! CKOPOCTh TIepEeMEICHHS BOJTHBI OTPEIeaeTCs
JIUIIb CBOMCTBAMH CpPEIbI, a AMAMETP KOJBIICBOW BOJIHBI pa3jIMueH, pa3jMdHa W YIJIoBas CKO-
POCTh BpaIlleHUs yYHOCTH BOJIHBI 3(upa. B oTianune oT MatepualbHBIX Tell, IEPEeHOC SHEePTUn



B KOJIBLICBOI BOJIHE OCYIIECTBISIETCS 0e3 MepeHoca Macchl. DTO 03HAYaeT, YTO BPAIIAIOTCS HE
CaMu 3JIEMEHTAPHBIC YaCTHIIbI, & UX aMIUTUTYIHO-YAaCTOTHBIA «IOPTPET». DTO MPOIUBACT HOBBIH
CBET Ha IOHATHE CITUHA AJIEMEHTAPHOI YacTHIbI, KOTOPBIN, KaK H3BECTHO, OTHIOJb HE TOXKICCT-
BEH MEXaHMYECKOMY MOMEHTY €€ UMITysbca. OTCYTCTBUE BMKEHHS caMmoro adupa B Oeryieit
10 KpyTy BOJIHE CHUMAeT M TPeOOBAHUE TOYCYHOCTH» DIIEMEHTApHOH YacTHIBI, BCTyIIAIONICE B
IPOTUBOPEYHE C TPeOOBaHUEM MPOCTPAHCTBEHHON MPOTSHKEHHOCTH JIIOOOT0 MaTepUalbHOTO
o0bekTa. CHUMAIOTCS U JPYTHe MPOTHBOPEUUsi, 00YCIOBICHHBIC OTIIMYHOM OT HYJISI BSI3KOCTBIO
y IBUXKYyIIErocs 3¢upa.

5. OrcyrcrBue B 3¢pupe Bs3zkocTu. OTHUM U3 OCHOBHBIX BO3PAKEHUN MPOTHUB TEOPUHU
adupa ABUIOCH peAcTaBiIeHnEe 00 003aTeIPHOM HAJIMYNN y HETO BSI3KOCTH, YTO JOJDKHO OBIIO
OBl IPEMATCTBOBATH MEPEMEIICHUIO B HEM TEJ U IPUBOJUTH K H3MEHEHUIO OPOUT HEOECHBIX TEl.
O Hanmuuuu B 3QUpe TpPEeHUs, Kazajaoch Obl, CBHUIETENbCTBOBAJIO OOHApY)KEHHE IMPU3HAKOB
«a(pupHOro BeTpa» M «yCTanocTH» (MOKpacHEHHs) cBeTa. Mexay TeM o0a 3TUX IKCIEPUMEH-
TJIbHBIX CBUJIETEJIBCTBA OTHOCWIMCH K PEAIbHOM KOCMUYECKOH Ccpelie, COIEpIKaIle Kak pacce-
SIHHOE, TaK ¥ KOHIICHTPUPOBAHHOE BEIIECTBO CO BCEMH MPUCYIIUMHU €My aTpuOyTaMu, U TIOTOMY
HE UMEIOT OTHOIICHHS K «YHCTOMY» 3(UpYy KaK «IIepBOOCHOBE» BEIIECTBA. B 3THX yCIOBUSIX
MPUMKUCHIBAHUE AMCCHUIALIMN SHEPTrUu 3(Upy OTpaskaeT JUIlb HAaWBHBIE MPEACTABICHUS IPO-
IIJIOTO O TEIUIOTE KaK HEYHHYTOXKHUMOM (hIIFomIe, CoepKameMcsi BO BceX 0e3 MCKIIIOYeHHS Ma-
TepHANBHBIX 00BEKTaX. ITa TOYKA 3pEHUs, Ka3aloch Obl, MOAKPEIIsAiIach U 3-M HA4alloM TepPMO-
JUHAMHKH, OLIMOOYHO TPAKTYEMBIM KaK YTBEP)KICHHE O HEAOCTH)KMMOCTH KaKMM-IHOO IMyTeM
BOOOIIIe a0COIIOTHOTO HYJISI TeMIIepaTyphl. B TeHCTBUTENBHOCTH OMBIT OTPa’KaeT BO3MOXKHOCTh
ACUMITOTUYECKOTO MPUOIMKEHNs K aOCONIIOTHOMY HYJIIO TEMIEpPATyphl, YTO MOATBEPKAAETCS
JTOCTHKEHHEM TeMIiepaTyp B MuLInoHHble nonu KensBuna. Kpome Toro, 3-e Hauano kacaercs
TOJIBKO CHUCTEM, 00JIaJa0INX TEIIOBOM (OpMOIi IBUKEHUS, U HE OTHOCUTCS K YHOPSAJOYECHHBIM
CHUCTEMaM, COCTOSTHHE KOTOPBIX HE XapaKTepHu3yercs TemrepaTypoil. Eciu Obl Takux cucTeM He
CYIIIECTBOBAJIO, «TEIUIOBAs CMEPTh» BCeIeHHON AeHCTBUTEIRHO cTana Obl Hen3OexHOU. [ToHn-
MaHHUE 3TOT0 00CTOATENLCTBA 00JIEryaeTcsi ¢ MPU3HAHUEM TOTO, YTO TEIUIOTa Kak opma ABMKE-
HUS BO3HUKJIA Ha ONPEIEIICHHOM JTale NpeBpallieHus 3(dupa B BELIECTBO C NPUCYIIUM €My
«cUMOMO030M» KHHETUYECKOM PHEPTUU XAaOTUYECKOTO JBIKEHHUS YaCTHIl BEIIECTBA U MOTEHIIU-
aJbHOM PHEPTUHU MX B3aUMOJECHCTBUA. B Takom citydae mepemenieHune Tel B Kakou-mdo cpene
HENIPEMEHHO COMPOBOXKIACTCS Pa3pbIBOM CTapbiX U OOpa30BaHHMEM HOBBIX «MEXKYACTUYHBIX)
cBsizeil. [lepBbIil U3 3TUX TPOIECCOB TpeOyeT, KaK M3BECTHO, 3aTpaThl OMPEICICHHON padoTHl,
BTOpOIl — mpezacTaBiseT co0oil perakcalmoOHHbBIN TPOIecC, MPU KOTOPOM paboTa, 3aTpadyeHHas
Ha pa3pyllieHue CBsA3€H, Bo3Bpaliaercs yxxe B Gpopme temiaa. TeM caMblM JuUCCUNALMS SHEPTUU
CTaHOBUTCS HEOTHEMJIEMBIM CBOWCTBOM IOOBIX MAaT€pPUAIBHBIX Cpell, 00NaJarolIuX TETI0BOU
dopmoii nBrmxkenus. OqHako Takas (hopMa IBMKEHHUS BOBCE HE CBOWCTBEHHA HE TOJBKO 3HPY,
HO ¥ MUKPOYACTHIIAM KaK KOJBIEBBIM CTPyKTypaM 3¢upa. B adupe nporiecc paspriBa CTapbix u
00pa3oBaHMsl HOBBIX CBSI3€M 00paTuM. DTO OOCTOSTEIHCTBO M MPUBOAUT K BO3HUKHOBEHHIO B
HEM He3aTyXalolINX aBTOKOJIeOaHUI MIIOTHOCTH.

5. CTpyKTypHasi yCTOHYHUBOCTh BOJIH 3¢upa. [lo3unun BoIHOBON TEOpUM CTPOEHUS Be-
IIeCTBAa OCOOCHHO YCWIIMJIMCH TIOCJIE€ OTKPBITUSI COJMTOHOB (OT aHTII. solitary wave — yelnHeH-
Hasl BOJIHA) — OJIMHOYHBIX CTPYKTYPHO YCTOHYMBBIX «4acTULENOAOOHBIX» BOJIH. COrylacHO 3KC-
NEpUMEHTaM, TaKUe BOJHBI ITPH CTOJIKHOBEHHH JIPYT C APYTOM HE M3MEHSIOT CBOCH (POPMBI, HC-
IBIThIBas B HEKOTOPBIX CilydasxX JMIIb (a3oBblii caBur. IIpm 3TOM COMUTOHBI MOAYMHSAIOTCA
3aKOHAM B3aWMOJEWUCTBUS YNIPYTUX TeJl. DTU CBOWCTBA COJIUTOHOB HEMOCPEACTBEHHO BBITEKAIOT
U3 puc.l, corimacHo KOTOpoMy /B€ CUMMETPUYHO PACIOI0KEHHBIE MOITYBOJIHBI 00pa3yoT CBOE-
00pa3Hblil JUIOJb C MAapol CUJI, HAIIPABJIEHHBIX B CTOPOHY BHELIHEH cpeibl. DTH CHUJIBI U IpPHU-
BOJAIT K «OTTAJIKMUBAHUIO» TUIOJIEH Opyr OoT apyra. Bmecte ¢ TeM Takue «4acTUIENOAOOHbIE»



CBOICTBA COJMTOHOB JENAIOT M3JUIIHEN Tumnote3y Ae bpoins o ayann3Me «BOJIHA-YACTHUIAY,
100 KOJIBIIEBasl BOJHA KaK MMAKET COJIMTOHOB YyXke cama 1o cebe MmpencTaBiseT co00i AUCKPET-
HYIO M YaCTHUIIETIOAO0HYIO CTPYKTYDY.

Y0enutbcs B CTPYKTYPHOU yCTOWYMBOCTH BOJIH 3(pHpa HECI0KHO, €CIIM BOCIOIb30BAThHCS
HalJICHHBIM BBIIIE BhIpAXXKEHUEM JIA TUIOTHOCTH UX 3Hepruu (3). BBenem uist HarnsgHOCTH KO-
3dumuent Gopmsl BoiHbI K Kak OTHOLIEHUE €€ aMIUIUTYAbl A, K AIuHE Oeryuiel BOJHBI
A=clv:

Kp= A\ (5)
Torna IIJIOTHOCTH SHCPIrur BOJHBI IPCACTAHCT B BUAC!
PE.= pKyc’/2 (6)

Ortcrona ciexyer, 4To B OTCYTCTBUE JUCCHIIANNU 3Hepruu (£, = const) ¥ AUCIEPCHN CBETA
(korza ero CKOpocTb ¢ HE 3aBUCHUT OT 4acToThl) Ky = const. Takum ob6pa3om, popma BoIHbI 3Du-
pa He 3aBHCUT OT YacCTOTHI M C €€ yBEJIMYCHHUEM YMEHBIIIACTCS aMIUIUTyJa. JTO MMEET HEro-
CPE/ICTBEHHOE OTHOILIEHHE K MpodieMe «yIbTpaduoIeToBOi CMEpTH», CBSI3aHHOW B KBAaHTOBOM
MeXaHUKe ¢ OECKOHEYHBIM BO3PACTaHUEM DHEPTUH KBAHTA U3IyUSHHS 110 MEPE YBEIMUYCHHS Yac-
TOTBI BOJIHBI.

[IpunATO CUMTATh, YTO CTPYKTYpHAs yCTOMUMBOCTH YEJIMHEHHOW BOJIHBI 00yCIIOBIICHA €
pacnpocTpaHeHWEM B HEJIMHEWHOMW cpejie, I/ie «pacloI3aHuey» BOJHBI BCIEACTBUE TUCCHUIAIIAN
€€ PHePrHH KOMIIEHCUPYETCSl TUCTIEPCHEH, T.€. BO3paCTaHHEM CKOPOCTH BOJIHBI C YBEITHYCHHEM
ee aMruTyAbl. OHAaKO B 3Upe OTCYTCTBYET Kak JUCIEPCHs, TaK U TUCCHUIIALUS BOJH, TaK YTO
3TO YCIIOBHE COONIONIAETCS B HEM BCErJa. JTO CYHIECTBEHHO paciiupser cepy NpuMEeHHMOCTH
TOHSTHS COJIMTOHA M CHUMAET Mpo0JIeMy Tyann3Ma «BOJHA — YaCTHUIIA», TOCKOJIBKY COJIMTOH 3a-
BEZOMO 00JIaZlaeT CBOMCTBAMHU YaCTHIBL. Jyalu3m CONMTOHA KaK BOJIHBI M YaCTHUIIBI TA€T OCHO-
BaHHE JUIS 9QUPHO-CONUMOHHOU KOHIETLUHN TPOoLecca M3IY4YCHUS U TMO3BOJISET JaTh HOBOE
000CHOBaHHUE PsIly MOJIOKEHUI KBAaHTOBOM MeXaHUKH [ 14].

6. DpupHas BoIHA KAK MCTOYHUK CWJbL. Puc.l HarmsgHO IEeMOHCTpUpPYET TO 0OCTOS-
TENBCTBO, YTO JIt00Ast MOJYBOJIHA MPEACTABISIECT COO0I MPOCTPAHCTBEHHO HEOJHOPOIHYIO CHC-
TEMY C HEPaBHOMEPHBIM pacCIpeneseHUEeM IUIOTHOCTU P(T,f) MO JIMHE BOJIHBI A. DTa HEOJHO-
POIHOCTB MPOSIBIISICTCSI B CMEIICHUU LIEHTPA MAcCChl OIYBOJHBI 2M U3 Ha4aIbHOTO MOJIOKECHUS
I'so B TIOJIOXKEHUE I's 1 BOSHUKHOBEHUH MOMEHTA PACIIPENIEICHUs €€ MIIOTHOCTH Zsy, OTIPEIeIIsieMo-
T'O B 9HEPTOJIMHAMUKE BBIPAKECHHEM:

Z, =2MAr, = [[p(r,))— p(H)]rdV, (7)

rie Ary = ry — I's, — CMEIICHHE [IEHTPa MacC pacCMaTpUBaEMOii CUCTEMBI. Takoe cMelleHue ena-
€T PHEPTUI0 BOJNHBI Ey =Fy(Iy) 3aBUCSIICH OT MOJOXKEHUS IIEHTPa MAacC paccMaTpUBaeMOM CHC-
TE€MbI U TIPUBOJNT K BOSHHUKHOBEHHIO €€ TpaJleHTa, T.e. cuibl F; B ee Hanbosee oOiieM MoHH-
manuu [10]:

F, = — (OE,/0r). (®)

DTO BBIPAKEHUE UCXOIUT U3 OOUICTIPUHATOTO OMpPEACIICHUS FJI€MEHTAapHOU pabOThl B Me-
xanuke dW = F-dr, oOHapy»uBasi HaIM4YUE y MOTYBOJHBI ApUpa CUJIbI, ACHCTBYIOIIEH B HAIIPaB-
JICHUH, YKa3aHHOM Ha puc.l xupHoi ctpenkoil. CieoBaTeNbHO, OAMHOYHAS BOJHA IPEICTaBIISI-
eT co0oi1 IUTOoIIb, NEHCTBYIOMNN HAa OKPYIKAIOUIYIO CPey Mapoil CUil, MPONMOPIHOHATIBHBIX KPY-



TU3HE NEPEJHET0 U 3aJHero (ppoHTa BONHBL. DTO OOBIACHSET, MOYEMY JBa COJIMTOHA IOCIE CO-
yIapeHusi OTCKaKUBAIOT JAPYT OT JIpyra Hamojo0ue OMiuIMapIHbIX IIapoB, U mouemy 3¢up cTpe-
MUTCS 3aIl0JHUTH BCE NMPEAOCTABICHHOE €My NPOCTPaHCcTBO. OTHAKO ropas3fo BaXXHEE APyroe —
YTO B3aUMOZEHCTBUE 3(Upa C BEUIECTBOM HOCUT CUJIOBOM XapakTep, Kak M Jr000# Apyroil Bun
B3aUMOJICHCTBHA. DTO MPUHUUIHNAIBHO OTIAMYAET 3QUp OT (PU3MUECKOro BaKyyMa, B3aUMOJEH-
CTBHE KOTOPOTO C BELIECTBOM HOCHT, KaK MPUHITO CUUTATh, «OOMEHHBII» XapaKTep U OCYIIECT-
BJIsIeTCsl (TMPEAIONOKUTENBHO) IMyTEM MU3JIYyUCHHs U MOIVIOIEHHS YacTHULl — HOCUTENEN B3anMO-
neicTBus. B oTinMume OT 3TOro CUIlbl, HCXOASIINE U3 «I(HUPHBIX IUIOJCH», SIBISIOTCS BIOJHE
peabHbIMU, U 0J1aroiapsi HEOrpaHUYEHHOMY YHUCITy MOJ| CIIOCOOHBIMHU U30MpaTEIbHO BO3ACHCT-
BOBATh Ha YacTHUIIbl BEILECTBA, UMEOIME ONM3KUE K PE30HAHCHBIM 4acToThl. bruaronaps stomy
JI00bI€ B3aUMOJICHCTBUS IPUOOPETAIOT EAUHYIO IPUPOY, OTIIMYASCH JUILb TUANIa30HOM YacTOT
KoJIeOaHUH MEepeHOCAIIero 3To B3auMoieicTere 3¢upa. C 3TUX MO3ULMNA CBET — JIMIIb Ta 4acTh
Uana3oHa KojeOaHui 3¢upa, KOTopas MPOSBISLETCS B TelaxX B BHIE ONTHYCCKUX I(D(EKTOB.
Eme 6onee y3kuii Auana3zoH 3TUX KojeOaHUI TelaMu pacceuBaeTcs U MOTOMY Ha3bIBAaeTCs Tell-
JIOBBIM H3Jyuye€HUEM. B pEHTreHOBCKOM [Mama3oHe 4acTOT MHOIME BEIECTBAa OKAa3bIBAIOTCS
IIPAKTUYECKH NPO3pavyHbIMU. Takoe M3IydeHHe Ha3bIBalOT PEHTTEHOBCKUM, IPUYUCIAS €ro 10
Py UCTOPHUYECKUX MPUYUH K KATETOPUH 3JICKTPOMArHUTHBIX. TakuMm 00pa3om, 3pup SBIsSETCS
ucmouHuxom sgpgexmos n060u npupoovl. Ero BoznelCcTBUE paznuyaeTcs HE MPUPOJON MO
KaK Halps>KEHHOTO COCTOSIHMS 3pUpa, a TeM, KaK BEIIECTBO €0 BOCIPUHUMAET. DTUM K€ OIpe-
JIeNIAIOTCS. M CIOCOOBI M30JIALIMU BEIeCTBA OT TUX Bo3AeHcTBHM. Hampumep, 3meKTpoMaruuT-
HbIE€ HKpaHbl MOMJIOMIAIOT U3JIy4eHHEe 3pUpa B TOM JUala30HE 4acTOT, KOTOPbIE CIIOCOOHBI BO3-
OyKIaTh AJIEKTPOHBI, HO 3HAUUTENIBHO cllabee — B PEHTI€HOBCKOM JUala3oHe, U €llle MEHbIIIE —
B IMalla30HE YacTOT, COOTBETCTBYIOIIMX TaK HAa3bIBAEMbIM «TOHKHUM)», «TOPCUOHHBIM» U T.II. TIO-
7siM. VIMeHHO 3T0, a He MaJas («HETEeIJI0Bas») MHTEHCUBHOCTh TaKUX M3Iy4eHUN 00yCIOBIUBa-
eT UX IITyOOKYyH0 MPOHHUKAIOUIYI0 CIIOCOOHOCTbH, OTHIO/Ib HE CBOMCTBEHHYIO 3JIEKTPOMATHUTHBIM
kosiebanusM. C Ipyroil CTOpOHBI, 3TH «TITyOOKOIPOHHUKAIOIINE) U3ITyUEHHsI B Psijie CIIy4aeB Xo-
POIIO MOTJIOUIAIOTCS MOJIMMEPHBIMU IJIEHKAMHU, HE MPECTABIIAIOIMMU MPAKTUYECKH HUKAKUX
NPENATCTBAN I JIEKTPOMAarHUTHBIX BOJH. FIMEHHO 3TO M CIIy’KUT OCHOBaHMEM JUIsl pasiuye-
HUSI MTHQPAKPACHBIX, TEIJIOBBIX, ONTHYECKUX, PAJNOYACTOTHBIX, PEHTT€HOBCKIX, KOCMHYECKUX
U T.1. u3nydeHuil. Cama sxe usnueckas nmpupoja BceX B3aUMOACHCTBUI eanHa — KoyieOaHus
IUIOTHOCTHU PA3JIMYHON YacTOThI U aMIUIUTY IbI.

CyMMHpYsCh OT MHOXeCTBa 3()UPHBIX TUMOJIEH, 3PUpPHBIE CUIIBI B 3aBUCUMOCTH OT UX (¢a-
361 UHTEPPEPUPYIOT, YTO U TPEAOTIPEACTICT «PaluyC MX NeHCTBUsS». TeM He MEeHee Haluudyue
3¢upa B NPOCTPAHCTBE, 3aHATOM BELIECTBOM, JeJaeT 00y MaTepUalbHyI0 CUCTEMY B MpPHUH-
LUIIE HE3aMKHYTOW M HEU30JIMPOBAHHOU. VICKITIOUeHHEM SBIISIETCS TOJIBKO BceeneHnHas B 1enom,
BKJIIOYAIOIasi B ce0sl BCIO COBOKYITHOCTh B3aUMOJICHCTBYIOIINX MaTepHaIbHbBIX Tel. DTO CIeIy-
€T yYUTHIBaTh BCeM (YHIAMEHTAIBHBIM JUCIUIUIMHAM, CBOOOTHO OIEPUPYIOUINX TOHSATHEM
3aMKHYTOH CHCTEMBI B OTCYTCTBHE CHOCOOOB M30JISIIMU OT I'PAaBUTALIMOHHBIX CHJI, HBUTPUHO U

adupa.

7. YeaoBus paBHoBecusi BeuiecTBa u 3¢upa. Kak Mbl BBISICHUIN BbIIIIE, JIFOObIE MTpOLIEC-
Chbl B BEILIECTBE HAXOJAT a/IeKBATHOE OTpakeHUe B 3(upe, MOLYJIUPYsl €ro 4acTOTaMH, Xapak-
TEPHBIMU I €T0 CTPYKTYPHBIX 1€MEHTOB. [TokaxkeM Teneps, 4TO U MPOLECCH IEPEHOCA SHEP-
I'MU B 3(Upe NOTUUHSAIOTCS TEM XKe 3aKOHOMEPHOCTSIM, YTO U B BellecTBe. i 3TOro y4reM, 4ro
MEPEHOC PHEPTUU F3(PUPOM B MOTJIOLIAIONINX CpeAax CBsI3aH C COBEPIICHUEM HEKOTOPOH paboThl
dW npoTuB cuil conpoTUBiIeHUs cpeasl K, 1 3aTpaToif COOTBETCTBYIOIIETO KOJIMYECTBA SHEPTUU
BOJIHBI Ey. UTOOBI BBIPA3UTh 3TH CHIIBI COMTPOTHBIICHUS Yepe3 mapaMeTPhl BOJIHBI, BOCIIOIb3YEM-
csl MIPUHLIMIIOM paBeHCTBa JeiicTBus M nportusoneiictBus F, = — F, U BelpakeHuem sHepruu
BoJHEL E, = M,A,*v/2. B cooTBETCTBUH ¢ (8)



F,=—-F; = (OF;/0r) = O, grady, . 9)

Takum o6pa3om, mepeHOC YHEPTUH B MOTJIOMAOIMINX CPEAax COMPOBOXKIACTCS MMOHMKEHHUEM
B HHUX IMOTEHLMANA BOJHBI s =AsVv, KaK U B JIIOOBIX IPYTHX peajbHBIX IMpoIleccax MepeHoca
SHEPTUH B BellecTBe. B TaHHOM citydae 3TO BBIpa)KaeTCsl B YMEHBIICHUH aMIUTUTYAbI U 9YaCTOTHI
BOJIHBL. B KOCMHMYECKOM MPOCTPAHCTBE ATO MPOSBISETCS B YMEHBIICHUU SPKOCTU CBEUYCHHUS
3B€3]] U «KPACHOM CMEIICHNN», BBI3BAHHOM IIEPEU3TyUYCHHEM CBETA pacCESHHBIM B d(Hpe Bele-
CTBOM Ha MeHbIlel dactore. [locnennee siBjeHHEe 0COOCHHO HATJISAHO MPOSIBISIETCS B A deKTe
KomnToHa.
ITpu Hactynnenun paBHoBecusi 3¢pupa c BemecTBoM (dW = 0; grady, = 0) moTeHIMaNbI
a¢upa Kak KOMIIOHEHTa CHCTEMBI J, U OKPYKAIOMIEH CPEIbI g, CTAHOBATCS OJIMHAKOBBIMH, YTO
Y SBJISIETCS] YCIIOBUEM X PAaBHOBECHSL:

Ve = Yoo - (10)

DTO OTHOCHUTCA M K TaK Ha3bIBAEMOMY «JETaJbHOMY» PaBHOBECHIO Ha JIO0OI 4acToTe V,
YCJIOBHEM KOTOPOT'O CTAHOBUTCSI PABEHCTBO aMIUIUTY]l KOJieOaHUU Ay COOTBETCTBYIOIIECH YacTH-
1Bl BEIIECTBA M MOJIbI KosieOaHuit apupa Ag,. s Tak Ha3bIBaEMBIX a0CONIOTHO YEPHBIX Tell, MO-
IJIOLIAOIIMX HAa BCEX 4aCTOTax BCE MAJAOIIEE HA HETO U3JIy4EHHE ONITHYECKOro IUana3oHa yac-
TOT, MOTEHIHAI s = WY4(7), T.€. CTAHOBHUTCS OJJHO3HAUYHOU (hyHKIIMEH UX aOCOMIOTHON TeMIiepa-
Typsl T. JIns «UBETHBIX)» K€ TEJI TAKOM OJHO3HAYHOM 3aBUCHMOCTH HE CYILIECTBYET, U TOTOMY
NpUnucbiBaHue PUpPY KaKOW-THOO TeMmmepaTyphl SIBISETCS MCKYCCTBEHHBIM MPHEMOM, JIHIIb
3aTYMaHHUBAIOIIUM CYTh Borpoca. Temmneparypa Kak Mepa HHTEHCUBHOCTH TETIOBOTO JBUKEHUS
BooOmIe He mpucyma 3¢gupy. B peanpHOM e KOCMHUYECKOM IMPOCTPAHCTBE MbI HaOI01aeM
a¢up, B TOW WIH WHOW Mepe «3aIbUICHHBIN» MPUCYTCTBHEM BEIECTBA, HAYMHAS OT OTACIBHBIX
XUMHUYECKHX AJIEMEHTOB M KOHYAasl rajJjakTukaMu. Takas cpena siBJsieTcs MPOAYKTOM Mepexoia OT
a¢upa K BEMIECTBY U 00paTHO, U TIOTOMY B ONpPEACIICHHOM Mepe 00J1a1aeT CBOMCTBaMH Kak d(u-
pa, Tak u BemecTBa. K HEMy UM OTHOCSTCSI CyLIECTBYIOLME OLEHKH «TemMneparypsl BeeneHHo,
XO0TsT 000CHOBAaHHOCTh OTHECEHHS K a0COJIOTHO YEPHBIM TEJIAM CPEJIbl, JIMIh HE3HAYHTEIHHO
ocnabnsonel n3y4yeHne, BeCbMa U BeChbMa CIIOPHO.

8. CymecTBoBanue B 3¢upe NpoAoJbHBIX U MONEPEeYHbIX BOJIH. V3BECTHBI KOHTHHY-
QIBHBIC CPEJbl, 00JIAAIONINe TMPUHIUITHAIBHO Pa3HBIMH CIIOCOOAMHU IepeIadyd BO3MYIICHHU.
OpnnHa u3 HUX OTJIMYAETCS TE€M, YTO BO3MYILEHUS MEpPEeAaroTcs MO JIMHUMU, COBMAJAIONICH C Ha-
IpaBJICHUEM pacrpocTpaHeHus. TakoBbI, HAIIPUMED, Ta3bl U )KUIKOCTH. J[pyroii THIT CpeIbl CIO-
cOOCH mepenaBaTh BO3MYIICHHUSI C BEKTOPOM CMEIICHUS B HANPABJICHUU PACIPOCTPAHCHHS H C
BEKTOPOM CMEIICHHSI, OPHEHTHPOBAHHOM 110 HOPMAJIM K HAIPaBIICHUIO pacTpocTpaneHus. Tako-
BbI, HATIpUMED, TBepbIe Tena. ViIMeeTcs U TpeTHil T Cpefibl, B KOTOPOM CMEIICHUS IIPOUCKOMIST
BO B3aWMHOOPTOTOHAJBHBIX JAPYT APYTY U K HAMIPABJICHUIO PACIIPOCTpAaHEHUS OpueHTAmsIX. Jliist
TaKUX CPeJl XapaKTEPHO 3HAYUTENIBHOE MPEBBIIICHHE TPOAOIbHON yIpyrocTu Gy, HaJ momnepey-
HOU GYy, BCIIGICTBUE YETO CKOPOCTH PACIPOCTPAHEHUS IMPOJOJBHBIX KOJICOAHUN B HHUX Vip =
(Gup/p)”* HAMHOTO BBIIIE TIOMEPEIHON Vi = (Gun/p)”*. IMEHHO 3TO GBIIO OGHAPYXKEHO B aCTPO-
Hommueckux HaOmoneHmsx H.A.Ko3bipeBa, B KOTOPBIX (PHKCHPOBATIOCH HEAIEKTPOMATHUTHOE
u3nyudeHue 38e31bpl OpHOH Yepe3 3aKPBIThI METAIIMUeCKON TOPKOM 3aTBOp (hoToammapara Te-
neckora. CpaBHEHHE TIOJIOKEHUS 3BE3/IbI B ONTHYESCKOM M HEBHIUMOM JUAIa30HE YacTOT TOKa-
3aJ10, YTO CYIIECTBYIOT U3JIYYCHHUs, KOTOPBIC MEPEHOCITCS B A(UPE CO CKOPOCTSIMH, HAMHOTO
MIPEBBIIAIOIIMME CKOPOCTh CBETa ¢. B HacTosIee Bpemsi 00HAPYKEHO TaKKe MHOMXKECTBO CXOJI-
HBIX SIBJICHUH, COIPOBOXKIAMOIINX PACIPOCTPAHCHUE B TBEPJBIX TENAaX W KUAKOCTIX 3JICKTPO-
MarHUTHBIX, CBETOBBIX U YNPYTUX CABUTOBBIX BOJIH. OHU CBHIETEIBCTBYIOT O HAJTHMYUU OOIIHX
AJIEMEHTOB B CTPYKTYpE 3TUX Tell. Tak, HEKOTOPBIC KUAKUE MPH OOBIYHBIX TEMIIEpaTypax U JaB-



JICHUSAX CpPeAbl SABISIOTCA XOPOUIMMHU ITPOBOJIHUKAMH CIBUTOBBIX KOJIEOAaHUN Ha BBICOKMX 4acToO-
tax (0.5-1.0 MI'n u Beime). Takum 00pa3oM, JeNo 3/1eCh He CTOJIBKO B MEXaHU3MEe 00pa30BaHUs
BOJIH, @ B NIPOJIOJIbHOM U MONEPEYHON yIPYroCcTH CPebl UX PACIPOCTPAHEHUS B COOTBETCTBYIO-
IIeM JMana3oHe 4acToT. IMEHHO TakoB, MO-BUAUMOMY, U 3(up Onaromaps HEOOBIYHOMY COYe-
TaHWIO YIPYTrOCTU U IJIOTHOCTH.

9. O6cy:xkaenne pe3yjbTaToB. Heo0X0IMMO Mpexkae BCEro MOTIEPKHYTh, YTO BCS yIOMSI-
HyTasi BBIIIE COBOKYITHOCTh CBOWCTB 3(Hpa, JOCTATOYHAS ISl PACCMOTPEHHS €r0 B KauecTBE
PaBHOIIPABHOTO TIApTHEpPA 000 MaTepHaTbHON CUCTEMBI, HaliJIeHa 3/1eCh 0€3 KaKkux-JInbo J10-
MOJHUTENBHBIX TUIIOTE3 M MOCTYJIATOB, BBIXOIAIINX 332 PaMKH KIACCUYECKUX MpPEICTaBICHUM.
DTO CTaJ0 BO3MOKHBIM 0JIaroaaps psily HOBBIX HJICH.

OpHa U3 HUX COCTOUT B OTKa3€ OT UCTOPUYECKH CIOKHBIICHCS TEHICHIIMN paccMaTpUBaTh
BEIIECTBO M d(DUP KaKk HEKUE CyOCTAHIIMH, HE CBSA3aHHBIC IPYT C JIPYTOM U CYHICCTBYIOIIUE HE-
3aBUCHUMO OJUH OT Apyroro. Eil Ha cMeHy BBIABHHYTa HJesl MEPMaHEHTHOTO B3aUMOJEHUCTBUS
BelecTBa U d(Upa BILIOTH JI0 MMPEBPAIICHUS OJTHOTO B IPYTOE.

Jpyrast uaes COCTOUT B OTKa3e OT yHoa00JIeHHs 3pupa BEMIECTBY C MPUCYLTUMHU €My MHO-
rooOpa3HbpIMH (POpMaMu MEXaHHMUYECKOTO JBMKeHUs. [Ipu3Hanue adupa HAUTIPOCTEUIICH «IIep-
BOMAaTepue» ¢ eMUHCTBEHHOU yHOpsSAOYeHHON (HOpMOI KoieOaTeNbHOTO ABHKEHUS OCBOOOXK-
JAeT OT HEOOXOIMMOCTH HAJCINIATh €r0 CBOWCTBAMHU BEIIECTBA, 32 UCKIIOYCHHEM CBOMCTB, MPH-
cymux 000l MaTepuu — ee OTIMYHOW OT HyJS IUIOTHOCTH U YIPYrocTd. B cBsizu ¢ 3tum
OTIIaJIaeT HEOOXOIMMOCTh B TIOCTPOSHUHU KOPITYCKYJISIPHBIX, BUXPEBBIX, CTPYHHBIX, CTPYHHBIX U
T.I. MoZieNielt 3rpa B MOMBITKE OOBSICHUTD «HA MajblaX» XOTS Obl YacTh HAOINIO/IaEMBIX SIBJIE-
HUIA.

Crnenyromast uaest — oTka3 OT JAeNIeHUs] MaTepUH Ha BEIIECTBO U IOJI€ ¢ MpU3HaHuEeM 3pupa
KaK €IMHCTBEHHOT'0 MaTEPHAIIBHOTO MEPEHOCYUKA BCEX BUOB B3aUMOJACHCTBUS. DTO JIETAET U3-
JUIIIHEN MOMBITKY MaTepUaIn30BaTh HE TOJIBKO caMm 3up, HO U ero cBoiicTBa. [locnennee oTHO-
CUTCS M K 3JICKTPOMAarHUTHOMY TOJIIO, CHITPABIIEMY MTOHAYaNy MPOTPECCUBHYIO POJIb B 00BEIH-
HEHUH JICKTPOMArHUTHBIX U ONTUYECKUX sABIeHu [15].

Hakowner, eme ojHa ues — OTKa3 OT MOMBITOK IMOAMCHHUTHh KOHAYKTHBHBINA TIEPEHOC dHEP-
run (0e3 mepeHoca Macchl) Ha KOHBEKTHBHBIN, TpeOyIoIuil mepeHoca apupa Wil 3aMeHSIOmen
ee cyOcTaHIK. DTO MO3BOJISIET H30€kKaTh Psijia MPOTUBOPEUUH CYIIECTBYIOIINUX TCOPHUl 3dupa ¢
JTaHHBIMU YKCIIEPUMEHTOB.

Kocuemcst Teneps TOro HOBOTO, UTO AA€T MPEJIOKEHHAS 37eCh A(UPHO-COTUTOHHASI KOH-
Henius B3aumMoieicTBus. [Ipexne BCEro OTMETHM, YTO OHA BCKPBIBAET «MEXaHU3M» B3aHUMO-
IeicTBUS d(rpa ¢ BEIIECTBOM: KoJieObaTeIbHBIC MPOIIECCH, TPOUCXOISIINE B JIFOOBIX CTPYKTYP-
HBIX DJIEMEHTaX BEIECTBA, BHI3BIBAIOT MOIYJALMIO dQHpa HA PE30HAHCHOHM 3TUM MpoleccaM
yactote. Bonmubl apupa nepeHOCIT MHAYIIMPOBAaHHBIE TAKMM 00pa3oM KOJIeOaHHS B OTCYTCTBUE
nepeMeneHus: caMmoro 3gupa, T.e. MOPOXKIAIOT TO, YTO MBI Ha3bIBAEM B3aUMOJCHCTBUEM TE Ha
PACCTOSIHUY B KOHIICTIIIUY OJIM3KOICHCTBUSA. ECIIM BEIIECTBO WM €r0 MaKpOCKOITMYECKHAE YaCTH
BpAIllalOTCA WM JBHXKYTCA MO 3aMKHYTBHIM OpOMTaMm, OHU MOPOXKAAIOT B d(Upe aJeKBaTHbIC
3aMKHYTbI€ (KOJIBLIEBBIC) BOJIHBI. B 4acTHOCTH, €CIM B BEIIECTBE MPOTEKAIOT 3aMKHYThIE MOJIE-
KYJISIpHbIE TOKH, OOYCJIOBIMBAIOIME €r0 MarHETH3M, OHU M B 3(Upe MOPOXAaI0T KOJIbIIEBbIC
BOJTHBI, BOCIIPHHIMAEMBIC ICTEKTOPAMH KaK BUXpEeBOe MarHuTHoe moiie. Cam ke 3(hup mpu 3ToM
MOJKET He 00JIaaTh HU AJNEKTPUIECKON, HU MAarHUTHOM CTENEHBIO CBOOOIBI.

[IpennoxxenHas 3pUPHO-COUTOHHAS] KOHIEIIUS B3aUMOJICHCTBUS OTKPBIBACT MyTh K T'O-
pa3no 6onpIIMM 0000IIEHUAM, YeM 3TO OBLIO TOCTUTHYTO OJarofaps MakCBEIJIOBCKOMY OObe-
JTUHCHWIO ONTUKH C dJIeKTpruiaecTBoM. OHa BeIeT K MPU3HAHUIO SIMHCTBA HE TOJIBKO ONTHYCCKUX
U DJEKTPOMArHUTHBIX, HO M JIOOBIX APYTHUX B3aHUMOJCHCTBHM, MOpoXAarommx (GpoTrodPdexr,
AIEKTPUUECKYIO0 U MATHUTHYIO TIOJIAPU3AINI0, MOHU3AIUIO, (PIIyOPECICHIINIO, (POTOXMMUYECKHE
u QoTosAepHbIe peakiuu, (HOTOCUHTE3, CTPYKTypooOpa3oBanue u T.m. [lo cyTu, pedb UaeT o
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pellIeHNH 3a7a4M, U3BECTHOM cOo BpeMeH A.DHHIITeHa Kak «EnunHas Teopust mons». Bo3spaiie-
HHUE TOJI0 (CKaJIsIpHOMY, BEKTOPHOMY WJIM TEH30PHOMY) CMBICIAa yJIOOHOW MaTeMaTHYeCKOU
(GyHKLIMH, ONIPEeIonIed 3aBUCUMOCTb KaKOH-TM00 BEJIMYMHBI OT MOJI0XKEHUS B IPOCTPAHCTBE,
U PACCMOTPEHHUE €ro KaK Ceoucmea MaTepuH, a HE €€ Pa3HOBUIAHOCTH, JIMIIAET CMbICIIA MTOMCK
crenn(UIecKkuX MaTepUanbHbIX HOCUTENEH «CHIBHBIX» U «CJIA0BIX», «HYKIOHHBIX» U «ME30H-
HBIX», «OapUOHHBIX» U «TAXMOHHBIX», «OO30HHBIX» U «MHKPOJEHTOHBIX», «CHHHOPHBIX» U
«TOPCUOHHBIX», «HEHUTPHUHHBIX» M «TOHKHX», «3JEKTPOMAarHUTHBIX» U «TIPaBUTALUOHHBIX»,
«OHOJOTHYECKUX» U «MOPPOTreHETUUECKUXY, «XPOHAIBHBIX» U «HMH(OpMaIMOHHBIX» mojei. C
U3JI0KEHHBIX MO3ULIMNA €IUHCTBEHHBIM HOCHUTEIEM NPHUIHMCHIBAEMBIX UM B3aUMOACHCTBUI CTa-
HOBSTCS pa3JIMUHbIE MOJIbI OJTHOT'O M TOT'O e dHeproHocuTess — s¢upa [16].

Jlanee, noHMMaHNE €JUHCTBA BCEX BUIOB B3aUMOJICHCTBUS IPOJIMBAET HOBBII CBET Ha MpHU-
pOdy U «MEXaHU3M» BO3HHMKHOBEHMs H30MPATEIbHOTO B3aWMOJIEHCTBHS, OOYCIIOBIMBAIOLIETO
CcBOEOOpa3me, KaueCTBEHHOE OTJINYME U HECBOAUMOCTD APYT K IPYry pa3HOOOpa3HbIX MPOLIECCOB
Ha BCceX YpoBHSIX Mupo3aaHus. CoBpeMeHHas TeopeTudeckas (u3nKa, KaKk U3BECTHO, MPU3HAET
CYILIECTBOBaHHUE TOJBKO YETHIPEX BUAOB B3aUMOACHCTBUM, /IBa U3 KOTOPBIX (3JIEKTPOMATrHUTHOE
U TPABUTALMOHHOE) ONEPUPYIOT MPUBBIUHBIM MOHATHUEM CHJIbI, PA3IMYaOTCs MPUPOIOH 3TOH
CHJIBI M TIOJITAIOTCSI KOJTMYECTBEHHOMY OIHMCAHMIO, a JIBA IPYTUX (CHIIBHOE U ci1aboe), mpeIcTaB-
JSIFOT cO00M cKopee 00001aroIue TEpPMUHBI ISl IBYX TPYI €Ille€ HE BIIOJIHE MMO3HAHHBIX sBIIE-
Huil. CuuTaeTrcs, 4TO 3TU B3aUMOAECUCTBUS Pa3IMyalOTCs JHILb 110 UHTEHCUBHOCTH, UMEIOT Pa-
JyC JIeHCTBUA, HE MPEBBIIAIOIINN pa3Mephl A1pa aToMa, U HOCIAT OOMEHHBIM XapakTep, T.e.
OCYUIECTBIIIOTCSA IIyTEM MCIYCKaHMs U MOTJIOIIEHUs BUPTYaJbHBIX (HEMaTepUaIbHbIX) YaCTHIL,
poXaroIIMXCs U3 GU3NIEcKoro Bakyyma. [Ipu 3ToM Kax1oMy HE3aBUCUMOMY BUIY B3auMOJIEH-
CTBUSI COOTBETCTBYET CBOSI YAaCTHUI[Aa — HOCUTENb 3TOTO B3aUMOJICHCTBUSI.

Mexay TeM 4YacTHIlbl, OCYLIECTBISIONINE JiBa MOCIEIHUX BUAA B3aHMMOJAEUCTBUS, BBHIY
Ype3BBIYaifHO MAJIOTO pajnyca JACHCTBHS HE MOTYT OBITh OTBETCTBEHHBIMH 33 TO MHOTOOOpasue
MaKpoIpoIeccoB, KOTopoe Habmropaercss B npupoae. He moryT mpereHnoBaTh Ha 3Ty pojib U
HEUTPUHO, MTOCKOJIbKY OHU MPAaKTHUYECKHU HE B3aUMOJICHCTBYIOT ¢ BemllecTBOM. UTo ke kacaercs
I'PAaBUTALIMOHHOTO B3aMMOJAEUCTBHS, TO JJISi HETO YacTHIla — HOCUTENb B3aUMOACHUCTBUS 10 CUX
nop BooO1e He oOHapykeHa. OcTaeTcsi o CyIIeCTBY €IWHCTBEHHAs yacTtuia — ¢potoH. OqHaKo
IpPOIIECC €ro UCIYCKaHUsS U MOIJIOIIEHHs pacCMaTPUBAETCS B COBPEMEHHOM (DU3MKE KaK JIMIIEeH-
HBI YCKOpPEHMSI U JUIUTEIbHOCTH, @ caM (POTOH — KaK OOBEKT, JIMIIEHHBIH MPOCTPAHCTBEHHOU
npoTsbKeHHOCTH. [1oaToMy K mpoleccy M3iIydeHus: U HOIJIOmEeHUs! (POTOHOB 3aKOHBI MEXaHMKH,
OCHOBaHHbIE Ha MOHATHH CUJIbI, HE IPUMEHUMBL. Bce 3To uiaeT BO3MOXKHOCTH OOBSICHITD U3-
OuparenbHOE B3aUMOJECHCTBUE KaK pe3ysbTaT OOMEHHOIO B3aUMOJIEHCTBUS C pa3HOOOpPa3HBIMU
YaCTHIIAMHU — HOCHUTEJISIMU B3aUMOJEUCTBUSI, UM KaK CIIEJICTBUE CHJIOBOTO XapaKTepa B3auMo-
JIEUCTBUA BenlecTBa ¢ nojiem [17].

Hanpotus, mpemioxkeHHbIN 371eCh MMOAX0/] TpeOyeT NMPU3HAHUS CYIIECTBOBaHUE HAPSY C 4-
MsI U3BECTHBIMHM BUJIaMU B3aUMOJCHCTBHUS psiia €ro HOBBIX BHJOB. TakoBO, HallpuUMep, opueH-
mayuonHoe B3aUMOJCICTBUE, MPUBOAIIEE Y YHNOPSJOYMBAHUIO B3aWMHOI OpHEHTAIMM Ocel
BpALLEHUs MHUKpPO, Makpo U meracucreM [18]; mopcuonnoe B3aumoaeiicTsue, Belpaxaromieecs B
BBIPAaBHUBAHUHU YIJIOBBIX CKOPOCTEH BpallleHUs Takux cucteM [19], u eupockonuueckoe B3aumo-
NeiicTBUE, BBIpaXKaroleecss BO B3aMMHOM NPUTSDKEHUH WM OTTAJIKMBAaHUM BPAILlAIOIIMXCS Macc
[20].

Hakonen, ¢ nmpu3HaHueM eIMHON HPUPOIBI BCEX B3aUMOAEHUCTBUI OTKPBIBAIOTCS HOBBIE
BO3MOKHOCTH PEIICHUS aKTyalbHBIX 3aJad KJIACCHUYECKOW M KBaHTOBOW MexaHuku [21,22],
KJIACCUYECKOW M HEPAaBHOBECHOW TEPMOJIMHAMUKHU [23,24], 3HEPreTUKH U 3HEPrOTEXHOJIOTUHU
[25,26], SnEeKTpOAMHAMUKH W 3JEKTpOMEXaHUKU [27,28], OMOPU3MKM U TEOPUH 3BOJIIOLMH
[29,30], KOCMOJIOTMH U €CTeCTBO3HAHMS B 11esioM [31, 32].
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