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AHHOTaAIMUSA
PaccmoTpeHa cTpykTypa MaTepuaIbHOrO POCTPAHCTBA HA OCHOBE
equHoul sHeprur muposganus (EDM). Paccmorpena mnpupona
MaTepHaJIbHbIX YACTHUILL U UX CBOMCTBA HAa ocHOBe EDM. Paccmorpena
MpUpOJA JEKTPOMATHUTHBIX sIBJIEHUI Ha ocHoBe EDM. Paccmorpena
MPUPOAA KUHETUUECKUX SIBJICHUI HA OCHOBE PEaKLIMK MaTepUaIbHOTO
MPOCTPAHCTBA Ha JII0ObIe (DOPMBI TBIKEHHS MaTePUATbHBIX YaCTHII.



I'eoprun Ilonmos
UcTokn
MaTepuaJbHOr0 MHpa

ITa KHUTA SABJISETCS IICTBCIZ)TOI'/JI N3 IUKJIa KHUT' «TeHpb ucrtu-
HbI, NJIN HeokoHueHHast KHUTa».

Kak u mo06ast Benukas peka UMeeT HayaJlo, Tak U MaTepualib-
HBIA MUp, HECMOTPsI Ha BCE CBOE OecrpenesbHOoe MHOTooOpa-
31€, UMEET KOHKPETHBIM UCTOK. B NCTOKax MaTepraaIbHOro Mupa
JeXUT earHas sHeprust muposaanus (EDM). Umenno uz sto-
ro, MPOCTOrO Ha BUJI UCTOUHHKA, M BBITEKAET BCE MHOrooOpasue
IIPOSABJIEHHBIX MaTE€PUAJIbHBIX (DOPM U SBJICHUM.

O yem NOUJET peyb B ITOM KHUTE

B 310i1 KHHMre paccMoTpeHa MpHUpPOAA MaTepUaTbHOTO MPO-
CTPaHCTBA M OCOOEHHOCTH ero mposiBiieHusi. [lokazaHo, 4ToO B
OCHOBE MAaTepHUajibHOTO MPOCTPAHCTBA U BCEX MaTepHAIbHBIX
(hopm nexut eguHasi SHEPrus, KOTOpass B €IMHOM U HeTIpepbIB-
HOM TIPOCTPAHCTBE BCET/la HAXOOUTCs B Iporiecce Mpeoodpa3oBa-
HUs1, IEpEXOAsl U3 OTHOTO CBOEro BUAA B ipyroii Buj. [1pu atom,
KQK/IbII U3 IByX BUAOB €IUHON SHEPIUU UMEET JIB€ CBOU IPO-
TUBOITOJIOKHOCTHU, BBIPAKAIOIIMECS B €€ CBOMCTBAaX. DTH CBOM-
CTBa SIBJIAIOTCSI 6A30BBIMU U TTPOSIBJISIIOTCS KaK IIEHTPOOEKHBIE



Y LIEHTPOCTPEMUTETbHBIE.

BBeneHo noHsaTHE MOHAIBI U TPUHIIMIIA MOHA/bI, KAK HEKOU
OCHOBBI ¥ CrieluhuKU IpeoOpa3soBaHUsl €IMHON SHEPIUU MUPO-
3nanus (E9M). ITokazaHo, 4To Bce MPOsIBICHUS U ITPOLIECChl Ma-
TepUAILHOTO MUPA MOJUYUHSIOTCSI MU COOTBETCTBYIOT MPUHIUITY
MOHA/IbI.

BBeneHo NoHsTHE y3/1a pereHeparopa MaTepuaibHbIX (hOpM.
Ha ero ocHOBe paccMOTpeH MeXaHU3M POXICHUS Oa30BBIX Ma-
TepUaJIbHBIX YaCTHI], aTOMOB, COJHI| M TuIaHeT. PaccMorpeHa
crpykrypa YepHout apipel u CBepxHOBOW. Paccmorpena mpu-
poAa rpaBUTALIMOHHBIX CWJI Y MPOLIECCOB pachaja MaTepyuu Ha
MpUMepe I'PaBUTALIMOHHOM JIerpajialiii Oa30BbIX MaTePUATbHBIX
yactuil. PaccMoTpeHa cTpykTypa 0a30BBIX MaTepUasibHBIX Ya-
CTUI] ¥ TIPUPOJA UX CBOWCTB. PaccMoTpeHa mpupoaa saepHbIX
cBs3ed. PaccMoTpeHa mpupona MarHUTHBIX M 3JIEKTPUUYECKUX
cBoUcTB. PaccMoTpeHa npupoga MarHUTHBIX U IEKTPUUYECKUX
B3aMMOJIENCTBUN. PaccMoTpeHa npupoa 3JIeKTPUIECKOro 3apsi-
Jla ¥ B3aMMOJIEMCTBHUS 3apsKEHHBIX yactull. PaccmoTrpena npu-
pona criHa 6a30BOM YacTUIlpl. PaccMoTpeHa mpupojia KUHETH-
YECKOW HEPruv JBUKEHHUS, MPUpPOJA UMITYJIbCA U MPUHIIMIIA
uHepimu. PaccMoTpeHbl 0OCOOCHHOCTH TPaBUTAIIMOHHBIX SIBJIE-
HUU IIPYU BPALLEHUH MaTepUabHOro tesa. Paccmorpena crpyk-
Typa (poTOHa U IMHAMUKa ero JBv:xeHust. PaccMoTrpena npupo-
Ja 0a30BbIX ONTUYECKUX SIBJICHUM.

PaccmoTpeH MexaHu3M MOIJIONIEHUs] U U3y4yeHus: (POTOHa
NIEKTPOHOM. PaccmoTrpeHa mpupona TOPMO3HOTO H3ITyYEHHS.



PaccmoTtpen mexaHusMm mnposiBiieHUs1 (hOHOHOB. PaccMoTtpeHa
npupona 0a30BbIX 3BYKOBBIX SIBJIEHW. PaccMoTpeHO moHsTHE
BPEMEHHU U MOHATHE HACTOALLIETO MOMEHTA.

BBenenue

B ocHoBe (popmupoBaHMA MaT€pUM JIEXKUAT TaPMOHUSA COCY-
IIECTBOBAHMS BCeX OA30BBIX SHEPrHid, COCTABISIONINX EIIMHYIO
sHepruto Muposjaanus -EDM. ESM cyiiecTByeT Ha NpUHIIU-
nax rapMOHWU B3aMMHOW HEOOXOAMMOCTH IPOTHUBOIMOOKHO-
cren. Micxons U3 3T0ro, Ha STUX NPUHLMIIAX CTPOUTCA U BECh Ma-
TepUaJIbHBIN MUP, ABMKeHUE Bcex ero (popm. COBOKYITHOCTH Oa-
30BbIX 3aKOHOB CYIIECTBOBaHM S MATEPUAIbHOIO MUPA BHITEKAET
13 CBOWICTB B3aMMOAOIOIHSIONMX SHepruil E9M. MimenHo rap-
MOHWSI ¥ B3aMMHasi HEOOXOAMMOCTh MTPOTHUBOIIONIOKHOCTEN SIB-
JII€TCS1 OCHOBOM PaBHOBECH S IPOSIBJIEHHOIO MaT€pUAIbHOTO MU-
pa, Kak 1IeJ10ro, Kotopas oTpaxaercs cTpykrypoil ESM u nuk-
JIaMW MOHAJIbl, KaK ee (bOpMBI CYIIIECTBOBAaHUS M TIPeoOpa3oBa-
HU1 OTHOY SHEPTUH B CBOIO ITPOTUBOIIONIOKHOCTb. B OCHOBY BCex
paccykJIeHUU U YMO3aKJIIOUEHUH, U3JIOKEHHBIX B JAHHOU KHUTE,
TMIOJIO’KEHO HemnpepbiBHOE Mpeodpa3zoBanue EDM, kotopoe npo-
UCXOUT B MPOCTPAHCTBE, B COOTBETCTBUU C HEKOU TMIIOTETH-
YECKOM CTPYKTYPOH MOHaAbl. IMEHHO CTpyKTypa MOHAabl, WA
MIPUHIIMIT MOHA/Ibl, OTpaxaeT Bce ocodeHHoctd E9M. [Ige npo-
TUBOIIOJIOXKHbIE CTOPOHBI OTHOW U TOM ke 3Hepruu EDM nanee
JIOXaTcsl B OOBSICHEHUsI U TIOCTPOEHUSI BCEM KapTUHBI MaTepu-
QJIBHOTO MHUPA, C YYETOM UX LIEHTPOOEKHBIX U IIEHTPOCTPEMHU-



TeJbHbIX CBOMCTB. OnHa u3 sHepruit EOM Ha3BaHa anbgda sHep-
rust (A), BTopas —Oeta (B). B nukiiax MoHa/ibl OHU UMEIOT pa3-
HbIE HAIpPaBJICHUS BPAIEHUS] U TIO3TOMY, OJHY U3 HUX MOXHO
Ha3BaTh IPaBOBpALATEIbHOM (ITpaBOM), HAIlpUMep —A, a BTO-
py1o sHepruio, b —ineBoBpaiiaresbHO (J1eBoM). Bo Bcex oTHoIIIe-
HUSIX OHU UMEIOT OJIMHAKOBbIE, HO TPOTUBOHAMNPABJIEHHBIE CBOM-
ctBa. Tak, uX HEHTPOOEKHbIE SHEPTUM MPOTUBOIIOIOKHO Ha-
MIPABJIEHBI U MIPU COBMEUIECHUM MOT'YT YMEHbIIATh BO3MYIICHUE
IIPOCTPaHCTBA. DHeprus b u sHeprusa A UMeIT 1o JABE COCTaB-
nsonye — neHTpodexHyo 1B u nenrpocrpemurensayo 1C.
Kak cnenctBue 3Toro, eHTPOCTpEMUTENbHASL SIBISETCS] BUXPE
oOpasyollen, a eHTpoOekKHasl SBJAETCS JIUHEHHON JIBKYIIEH
cwion. Ha3zBaHusi 3TUX COCTaBIAIONIUX SHEPrUil — ajib(a 1eH-
TpoctpemutenbHas — ALIC n anbda nenrpodexnas ALIB, 6era
nenrpocrpemutenbHas BIIC, 6era nientpodexnas — BLIB. [Tpu
9TOM, 0a30BBIMHU SHEPTUSIMU ITPY 00PA30BAHUHU YACTHII, SIBJISTIOT-
sl IIGHTPOCTPEMUTENbHBIE SHEPTUH, a IEHTPOOEKHbIE UM TIOI-
YUHSIOTCSL.

O TepmuHe «BUOpAIIMIOHHBIE CBOMCTBA»

TepMmuH «BUOpAIIMOHHBIE CBOMCTBA» MPUBOIAMUTCS KaK HEKOE
oObenuHsIONMee ToHsATHE. 1o BUOpPAIIMOHHBIMU CBOWCTBAMU
nojipazymeBaeTcsi MposiBieHue JII0ObIX (hOpM MEPUOAUYECKOTO
JBWKEHUsI — BUXPEBOE, CIUPAJIbHOE, KojedaTeabHoe, MyJIbCH-
pyloliiee, CJIOKHOEe TMOBTOPSIIOIIEeCcs IBUKEHHE, TO eCTh, JIIo0oe
JBUKEHME, KOTOPOE MOKHO Pa3IoKUTh HA TAPMOHUKH.



I'naBa 1. MarepuanbHOE TPOCTPAHCTBO U MaTepUAJIbBHBI MUP

Kupoe npoctpaHcTBO. [IBe 6a30BblE SHEPIUM MUPO3AAHUSI.
MoHnajga MatepuanbHOro npocrpaHctBa. CTpyKTypa MOHA[BI.
CrpykTypa MaTepuaJIbHOrO ImpocTpaHcTsa. PopMel CyIIECTBO-
BaHUs SHEpruil MoHaJbl. CUMMETpPUs MPOCTPAHCTBA. YCJIOBHO
nposiBiieHHass MoHana. CBOMCTBa M B3aMMOOTHOIIEHUsI 0a30-
BbIX 9HEpruil. Busibl BO3MyIIeHM s IPOCTPaHCTBA. 3arpeie/ibHOe
BO3MYILIEHHE MTpocTpaHCTBa. [IpocTpaHCTBO M €ro CBOWCTBA.

7KuBoe npocTpancTBo

CaMO MpOCTPAHCTBO KMBOE M COCTOMT W3 Oa30BBIX SHEp-
TWi, KOTOpble HAXOMATCS B COCTOSIHMM BEYHOTO MpeoOpa3oBa-
HU, KakK (pOpMBbI BEUYHOTI'O IBUKEHH . B OCHOBY J1BUKEHUS I10JIO-
KEH IPUHLIAI MOHA/Ibl, KOTOPBIY MTPOABJIAETCS B HEMPEPHIBHOM
npeoOpa30BaHUM SHEPIUHU U3 OTHOTO BU/A B IPYrOil BUJ, 1 KakK-
JIOT0 BAJa — U3 OJHOIO COCTOSIHUSA B IPYTO€. JTOT LIUKJI COCTOUT
W3 YEThIPEX CTa VA, KOT/Ia SHEPTUsI IPOXOMT BCE CTaTUH MTPe0o-
pa3oBaHus, OT LIEHTPOOEKHOIO A0 LEHTPOCTPEMUTESBHOIO CO-
CTOSIHUSI U 00paTHO. DTO CKPHITHII MUCTUYECKUI MPOIECC KU-
BOTO IPOCTPAHCTBA, 3aJI0KEHHbIM TBOpLOM Mian Pa3zymHbIM Ha-
yasioM. 7KMBO€E IPOCTPAHCTBO YYBCTBYET BCE CBOU IIPOSABJICHHBIE
SHEPrUM, OTAEJIBHO BBIIEJIEHHBIE U3 LIMKJIOB MOHAbl B (hopme
MaTepUaIbHbIX YaCTHULL, I10JIEW ¥ U3J1y4yeHUd. YyBCTBYET YCJIOBHO
IIPOSIBJICHHBIC SHEPTUH, aKTUBUPOBAHHBIE YacThLaMu. Pearupy-



€T Ha JTI0Oble KWHETUYECKHUE MPOIIECCHI, CBSI3aHHbIE C IBUKEHUEM
IIPOSABJICHHBIX SHEPTUH, U y4acTBYeT B HUX Y€PE3 CBOM YCJIOB-
HO NIPOSIBJIEHHBIE SHEPruM. 7KMBOE MPOCTPaHCTBO PETEHEPUPY-
€T MaTepuaJibHble YaCTHULIbl, y4aCTBYET B (POPMUPOBAHMY COJIHIL
IUTaHET U TajakTUK. OCHOBHBIM MPUHIUIIOM KUBOT'O MPOCTPaH-
CTBa AIBJIAAETCS CTPEMJIEHHE K TAKUM COOTHOILEHUSM HEPIUH,
IIPU KOTOPBIX PEAIM3YETCs MPUHLIMIT PABHOBECHS 110 COOTHOIIIE-
HUIO SHEPIui, OTPAKEHHBIX B LUKJAaX MOHa/Abl. OCHOBHBIM 3a-
KOHOM CYILIECTBOBAHUsI ITPOCTPAHCTBA — JABUKEHUE K MUCXOIHO-
MYy, HEBO3MYILIEHHOMY COCTOSIHHMIO Y€PE3 IMTPOLIECC AHHUTUJIALIAN
IIPOSIBJIEHHBIX SHEPIUU U YCJIOBHO MPOSIBIIEHHBIX SHEPIUH, C Ie-
PEXO/IOM MX B HEIPOSIBIEHHOE COCTOsIHME MpocTpaHcTBa. [Ipo-
CTPAHCTBO — 3TO HE PACIlJIaB SHEPIHiA, a COCYIIIECTBOBAHUE a0-
COJIIOTHO COQJTAHCHPOBAHHBIX COCTABJISIONINX, HAXOASIIMXCS B
HEPa3pbIBHOM M HETIPEPHIBHOM JIBUKEHUU U B3aUMOJEHCTBUH,
Ha YCJIOBUM MPUHLIMIIA MOHa/bI. JKMBOE NPOCTPAHCTBO MYJIbCU-
PYeT, OHO BEYHO, MOJIHO, U HAXOAUTCSI BHE U3MEPEHUH.

JlBe Ga30BbIE SHEPTUM MUPO3TAHUS

JlBe Ga3zoBble 3Hepruu, coctapisomue EDM, kaxnas w3
KOTOPBIX HMMeeT IPOTHMBOIOJOKHBIE — IHEHTPOCTPEMUTETbHOE
U [EHTPOOEKHOE COCTOSTHHS, 00pa3yloT eIUHYI0 SYEHKy Mpo-
CTpaHCTBa TO TMPUHIIAITY MOHAJIbI, B KOTOPOW U ayib(a, u Oera
SHEPruu MPOXOo/sl CBOM ITUKJIBI TPe0Opa3oBaHMs U3 IIECHTPOCTpPe-
MUTEJIBHOTO B LIEHTPOOEKHOE COCTOSTHUE, MOTYT MEHSTHCS Me-
cramu. O06a 1UKJIa MOHA/Ibl YPABHOBEIITMBAIOT JIPYT JIpyra CBOen



MPOTUBOIONIOKHOCTBIO. [Ipr 9TOM, BO BCEM MPOCTPAHCTBE ITO
MIPOUCXOIUT OJHOMOMEHTHO Ha Pa3HBIX B3aMMOCOIIACOBAHHBIX
cTausIX OECKOHEYHOE KOJIMUYECTBO Pa3 ¢ COXpaHEeHHeM OaJlaHca
9TUX MporieccoB. VIcXo/s U3 MX CBOKCTB, ICHTPOCTPEMUTEITbHBIC
SHEPrUU MOTYT (POPMHUPOBATH 3aMKHYThIe BUXPEBBIEC MTPOLIECCHI,
a CBOOOIHBIE TIEHTPOOEKHbIE MOTYT BHIIIOJHSTH POJIb SHEPIUU
0e3yIepKHOTO TBUKEHUSI.

MoHazia MaTepraaIbHOrO MPOCTPAHCTBA.

MoHaja — 3T0 He KOHCTpYKLUs — 310 iprupona E9M, ee crio-
cO0 CaMOBBIPAKEHUS M CaMOpeaT3alliy, U ee MOXKHO MpeacTa-
BUTb HEKOM YMO3PUTEJIBHOU CTPYKTYpou. MarepuaibHoe Ipo-
CTPAHCTBO SIBJISIETCS] ONHOBPEMEHHO U HEMPEPHIBHBIM U UMEIO-
M TOTEHUMIO IMCKPETHOCTH, COAEPKAILYI0 XOTh U BUPTYaslb-
HYIO, HO KOHKPETHYIO MEePBO3JIaHHYIO STYEHKY, KOTOPYIO U MOX-
HO Ha3BaTh MOHA/101. YCJIOBHO, €€ MOKHO IPE/ICTABUTH IBYXCTO-
POHHEN JIGHTOW B BUJIE BOCbMEpPKU. Ha OHOWM MonoBHUHE BOCH-
MEPKH, CHAPYKH1, HAXOIUTCS OIMH BUJI SHEPI'UH, HA BHYTPEHHEN
CTOPOHE HaXOJIUTCS BTOPOU BUJ, SHEPTUH, KOTOPbIM €1 TPOTUBO-
crout. Bo BTOpO# M0OJIOBUHE BOCBMEPKH, TIOC/IE TOUKH MEPEX0a
(TOYKM CUHTYJISIPHOCTH), YK€ CHApPYKU HAXOIUTCS BTOpast SHep-
v, a nepBas el NPOTUBOCTOUT U HAXOAUTCS BHYTPH BOCbMEP-
Ku. B MOHaje npescTaBieHbl ABa BCTPEUHbIX LIMKJIA ABUKEHUS
SHEpruu, KOTOpblE MOKHO Ha3BaTh IPABbIM U JIEBBIM LIMKJIOM. V13
TaKUX YCJIOBHBIX MOHA/1 U COTKAHO HEMPEPBHIBHOE MMPOCTPAHCTBO,
KOTOpPOE MOKHO Ha3Bathb 3(pupom. KuBasi CTpyKTypa IpOCTPaH-



CTBa He M03BoJIsieT (hOPMUPOBATH KECTKYIO U KOHKPETHYIO (hop-
MY CTPYKTYpPHPOBAHHUSI CAMOTO IMPOCTPAHCTBA, ITO Beeraa OyaeT
JUHAMUYHAsl CTPYKTypa camoBbIpakeHnst EDM.

CrpyKTypa MOHabI

Wrtak, ecim npeacTaBUuTh BOCBMEPKY M3 JIEHTBI C ABYMSI CTO-
poHamu, yepHou u Oesnoii. [lepBast monoBMHA BOCBMEPKU UMEET
JIB€ TIOBEPXHOCTH, OJIHY BHEIIHIOI OENyl0 U BHYTPEHHIOI Yep-
HYI0, [10CJIe MIEPEX0/1a TOUKU COEIMHEHM S IBYX MOJIOBUHOK, yXKe
BO BTOPOW TMOJIOBUHE — BHEIIHSISI IOBEPXHOCTh CTAHOBUTCS Yep-
HOW, a BHyTpeHHs1s1 O6estoi. Puc.1. 910 ycioBHas cxema MOHA/IbI
npoctpaHcTBa. [Ipu 3TOM, IMycTh YepHas MOBEPXHOCTb COOTBET-
CTBYET MpaBOBpalIaTeSIbHOW SHepruu A, a Oenast — JeBoBparia-
TeJIbHOU SHepruu b. B cooTBETCTBUM CO CXeMOM MOHA/Ibl, MOKHO
BBIJIEJIUTD JIBA HE3ABUCHUMBIX IIUKJIA, KOTOPBIE MPOSIBIISIOTCS MPU
MX aKTHBAllMU BHEIIHUMU UCTOUYHUKaMU. U yxe B 3TUX IUKJIax
MO’KHO BBIJIEJIUTh CJIEIYIOIIME COCTABJISIONINE SHEPIUM — 1IeH-
tpoctpemutesnbabie 3Heprund — ALIC u BLIC u, cooTBETCTBEHHO
UM 1ieHTpooexHbie sHepriuu — ALIB u BLIB. [1pu aTom, cornac-
HO IMKJIY JIBMkeHuss E9M no cxeme MOHaJbl C TOUKOM CUHTY-
napHocty, ALIC nepexonut B ALLB, koTopas najnee nepexoaur
B BIIC, a ta nepexomur B BLIb, u nanee, onsarte mo kpyry. B
MIPOCTPAHCTBE, B HEPA3/IEJICHHbIX 1IMKJIaX MOHA/Ibl, IPOUCXOIUT
HeTpepbhIBHBIN CUHX POHHBIN ITPOLIECC 0OpAIeHU s 9TUX SHEPIHA.
[Tpu 3TOM, IIeprion OOpaIeHu s, UM 9acTOTa OOpaIlieHs], IMeeT
HEKMI BepXHUM Ipenes. B mpocrpaHcTBe, B paBHOM Mepe, B3a-



MMHO COIJIACOBAaHHO OJHOBPEMEHHO MYJIbCUPYIOT SHEPTUU 000-
YX UMKJIOB. [Tpy 3TOM, ABMKEHUS LIEHTPOCTPEMUTEIBHBIX IHEP-
TWil TI0 OTHOLIEHWIO APYT K APYry MMEIT MPOTUBOIOJIOKHBIE
HarpapJIeH!s], TOYHO TAK)Ke W JBUKEHHS LIEHTPOOSKHBIX IHEP-
T'Uid M0 OTHOIIEHUIO IPYT K APYTY TaKke UMEIOT IPOTUBOIIOOXK-
HBIE HAITpaBJICHUs. DTO CBSI3aHO C TEM, 4TO 3Hepruu A u b, no
CBOEW MPUPOJIe, B3aMMHO MPOTUBOMOJIOKHBI, U CHOCOOHBI IPyT
JIpyra KOMIIEHCUPOBaTh, MPUBO/ISI K YMEHBIIIEHUIO VI TTOJTHOU
KOMIIEHCAIIMM BO3MYILIEHUsI POCTPAHCTBA MPU COBMEIIIEHUH B
KOHKPETHOUW TOYKE MPOCTPAHCTBA. YUYUTHIBAS TO, YTO MOHA[bI
HEPA3IMYUMBbl, BCE MPOCTPAHCTBO SBJISIETCS €AUHBIM TYJIbCUPY-
IOIIM IIEJIBIM.
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Puc.1. EnuHas sxHeprus Mupo3gaHus B CTPYKTYPE MOHA[bI.
A-anbda k. b — 6era nukia. ALIC u ALIB — nueHrpoctpemu-
TeJbHas U lieHTpoOexHast sHepruu nukaa A. BIIC u BLIB — nien-
TpoOEeKHasI ¥ [IEHTPOCTPEMUTENIbHAS SHEPruM 1ukia b. 1- mpo-
SIBJICHHBIN OTPE30K SHEPIUU. a-ITPaBbIi LIUKJI PACKPbITOM MOHA-
Ibl. B- JIEBBIM LUKJ. 1- yCIIOBHO NPOSIBJEHHBI MOHOXPOMHBIN
JIETIECTOK.

CrpyKTypa MarepruajibHOrO IMPOCTPAHCTBA

B MoHaze, MpOTUBOIOIOKHBIE SHEPrUM MPABOrO U JIEBOTO
LIMKJIOB, HENIPEPBHIBHO MEPETEKAIOT U3 OIHOTO COCTOSIHUSA B APY-
roe. LleHTpoOekHas MEPEeXOIUT B IIEHTPOCTPEMUTENBHYIO U Ha-
000pOT, IEHTPOCTPEMUTENIbHASI TIEPEXOIUT B IIEHTPOOCKHYIO,
MIPOXOJIsl TOYKY CHHTY/ISIPHOCTH. MoHaIa criocoOHa pacKpbITh-
Csl Ha JIBA CAMOCTOSITENIbHBIX IMKJIA TIPe0Opa3sOBaHUs SHEPrUU
— 1ukJ anbga u mukia 6era. Puc. 1. Kaxnaplid nukin nmpeoopa-
30BaHUSI — 3TO MPOLECC HEMPEPBIBHOTO MEPEXOAA M3 OAHOIO
COCTOSIHMSI B 00OpaTHOE, TO €CTh, M3 IIEHTPOCTPEMHUTETHHOTO B
HEHTPOOekKHOEe U 0OpaTHO Yepe3 Bce MPOMEKYTOUHbIE COCTOSI-
HUS. DTOT MPOIECC, B OTJMYUN OT OOBIYHOTO BpAIIEHH S, MOX-
HO Ha3BaTh oOpalieHreM. B cBOMCTBaxX 3TOM MOHAJIbI 3allUTa
MOTEHIIMS CTPYKTYPUPOBAHUSI BCETO MaTepUaibHOTO MUpa, KO-
TOPbII MOKHO Ha3BaTh IYJIbCUPYIOIIUM T'€HOM IPOCTPAHCTBA.
W peanbHOE MPOCTPAHCTBO HE €CTh CTPOrasi CTPyKTypa, COTKaH-
Has U3 TaKUX MOHAJ, a €CTh HEKOE MPOCTPAHCTBO, B KOTOPOM



UIyT HerlpepbIBHbIC MPOIIECCHl OOpAIleHNs], KOTAa Hellb3sl yKa-
3aTh KOHKPETHOE MECTO HaXOXJEHUSI MOHAbl. DTO HEKas BUP-
TyaJIbHasI CTPYKTYypa, KOTOpasi HeIPephIBHO TeHepUpyeTCsi B Oec-
npefieIbHOM IpocTpaHcTBe. [Ipu 3TOM, HeMpephIBHO MYJIbCUPY-
olee MPOCTPAHCTBO AOCOMIOTHO CHHXPOHU3MPOBAHO MO MPO-
TEKaIOIIMM ITporieccam oOparieHusi. HempepbIBHOCTb MPOCTpaH-
CTBa JIOCTUIAeTCs M CHMHXPOHU3AIMEN MPOLecCOB OOpalieHus,
Y TapMOHHUEN MX B3aUMOCBSI3U. YUUTHIBAsI CTPYKTYpPY JIE€MEH-
TApHOU STYEHKH, TAKOE MIPOCTPAHCTBO MOXHO MPEJCTABUTH, KaK
HEKYIO YCJIOBHYIO I'€KCarOHaJIbHYIO PeIIeTKY, KOTOpasi OTpakaer
COOTBETCTBYIOUIYI0O CHUMMETPHIO caMoro npocrpancrsa. OkeaH
MCXOJHBIX SHEPruil POCTPAHCTBA UMEET ONPE/ITIEHHbIN CIIEKTP
BUOpaIIMi, OT BBICOKMX, JO HU3KHUX YACTOT, KOTOPbIE TPOSIBIISI-
I0TCSl Yepe3 MOHOXPOMHBIE COCTABJISIOIIME B MPOLIECCE UX aK-
TUBAIMH, TO €CTh, BHIJICJICHHS U3 OKEaHa IMyJIbCUPYIOIIETro Mpo-
cTpaHcTBa. VI3 ak TUBUPOBAHHBIX SHEPIHiA MOKHO BbIIECIUTD Ta-
pbl HEPrUil, HA OCHOBE KOTOPBIX MOTYT CYILIECTBOBATh YCTOM-
YKBbIE MPOSIBJICHHBIE CTPYKTYphI. [lepBoii mapoii Oyaer momu-
HUPYIOIIAs [IEHTPOCTPEMUTESIbHAS U MOTYMHEHHAs el IIEeHTPO-
Oe’KHasi SHEPrusi OMHOTO M TOTo ke IUKJIA, Oyab TO aibga Win
Oera nukJI. Bropoii mapoii OyeT JOMUHHMPYIOIasi IIEHTPOCTpe-
MUTEJIbHAS SHEPTUsI OJHOTO IUKJIA U TIOMYMHEHHAS TIEHTPOOeXK-
Hasi — BTOPOTo IUKJIa. Tak MOXKHO MOJIyYUTh MOJISIPHBIC YaCTHIIBI
Pa3HBIX pa3MepOB, B 3aBUCUMOCTH OT UX YaCTOTHOTO CIIEKTPA.

®opmbI CYyIIECTBOBAHK S SHEPIU MOHAbI



JIBe IPOTHBOIIOJIOKHBIE 0a30BBIE SHEPIUH, ajibda u 6eTa, Mo-
I'YT UMETh pa3HbIe CTATYChl 110 OTHOIIEHUIO K HEMPOSIBJIEHHOMY
COCTOSIHMIO B IPOCTPAHCTBE. |- OHM MOTYT HaXOAUTHCS B MPOSIB-
JICHHOM COCTOSIHUM B (pOpMe MaTepUaJIbHBIX YACTHULI, 2- OHU MO-
I'YT HAXOIUTHCS B YCIOBHO MPOSIBIIEHHOM CTATUYECKOM COCTOSI-
HUM, KaK peakiMsl IPOCTPAHCTBA HA MPOSIBIEHHbIE SHEPIuu, 3-
MOT'YT HaXO/IUThCSl B COCTOSIHUM YCJIOBHO NPOSIBIEHHbIX JMHA-
MHUYECKHUX, KaK peakIysi MPOCTPAHCTBA HA KaKyIo — 00 hopmy
JBUKEHUS TIPOSIBJICHHOUN SHEPruu, 4- MOTYT HaXOAUThCSl B CO-
CTOSIHUM YCJIOBHO IPOSIBJIEHHBIX Yepe3 KMHETUYECKUE MpOLeC-
cbl B3aumoyieiicteust. [Ipu 3Tom, (hOTOHBI — 3TO 0cobast hopma
YCJIOBHO TPOSIBJIEHHBIX SHEPTUI TPOCTPAHCTBA, KOTOPbIE SBJISI-
I0TCSl CAMOCTOSITEJIbHBIMA SHEPreTUYEeCKUMU CTPYKTYpaMu, Ha-
XOJSAUIMMUCS] B HETIPEPHIBHOM I10CJIEA0BATEIbHOM LIUKJIE B3au-
MoripeBpailieHuil. Bce 6a30Bble YacTHUIIbI COCTOSIT U3 MPOSIBIICH-
HBIX SHEPIUid, KOTOpble U (POPMUPYIOT UX Maccy. HaBonumele

MPOSIBJIEHHBIMU YaCTUI[AMHM BO3MYIIIEHHUsI [IPOCTPAHCTBA pe-
AJIM3YI0TCS Yepe3 aKTHUBALMIO YCIIOBHO INPOSIBJIEHHBIX SHEPIHid,
U CTaTUYECKUX, U AuHamuueckux. IloctynarensHoe 1BUXeHME
YacTull B IPOCTPAHCTBE UHULIMUPYET TONOTHUTEIbHYIO KOMIIEH-
CallMOHHYI0 JUHAMUYECKYIO akThBalui0. CaMO MOHSTUE «IIPO-
SIBJIEHHOE» W «HEITPOSIBJIEHHOE» — €CTh BCETO JIUIIL HeKasl ITIKa-
Jla Tpajlaliii peajn3yeMbIX COCTOSIHUW OJHOW U TOW K€ HEp-
ruu. YCJIOBHO MPOSIBJIIEHHbIE HEPIMU MPOCTPAHCTBA, B OOJb-
HIMHCTBE CJIy4aeB, sIBJISIIOTCSI HEOThEMJIEMOU 4acThl0 MaTepu-
aJpHbIX yacTul. B3aumopeiicTBe MaTepuasibHbIX YacTUL UJET



4yepe3 YCJIOBHO MPOSIBIEHHBIE UMY HEPrvU. MaTepuabHble ya-
CTULBI CBOMM NEpEIBUKEHUEM B IMPOCTPAHCTBE AKTUBUPYIOT
KOMIIEHCUPYIOIIME SHEPTUU MPOCTPAHCTBA, MMO3TOMY, YacTHLIA
SIBJISIETCS] AKTUBHBIM YYaCTHUKOM B aKTUBALIMU YCJIOBHO MPOSIB-
JIEHHBIX 3HEPrHii, HarpuMep, (pOTOHA, UM BUXPEBBIX MPOLIEC-
COB B MpoCTpaHCTBe. YTO Kacaercsi caMHMX 4YacTll, TO YCTOW-
YUBOW CTPYKTYpOW OYOyT YacCTHIIHI HE TOJIBKO Ha OCHOBE JBYX
CJIOEB MPOTUBOIOJIOKHbBIX SHEPrHid, IIEHTPOOEKHON U LIEHTPO-
CTPEMMTEJILHOM, HO M HA OCHOBE TPEX M YEThIPEX TAKUX CIIAPEH-
HBIX CJIOEB IO MPUHLMUIY MAaTPEeUIKU. DTO YCTOMUYMBHIE CTPYK-
TYpbl, B KOTOPBIX, OCHOBHOM TMPUHIIMIT CYIIIECTBOBAHUS COCTO-
UT B TOM, YTO LEHTPOCTPEMUTESIbHAS BHELIHSS SHEPrUs JTI000ro
CJIOSI YaCTHIIBI HE JaeT OCBOOOMTHLCS IEHTPOOSKHOM, KaK Obl 3a-
XBaYE€HHOM €10. YacTHIIbI CTOCOOHBI MTPUTITUBATHCS APYT K IpPY-
Ty, B TOMBITKE 00pa30BaTh XOTS Obl YCIOBHYIO MOHAJTY, TO €CTh
CaMOJOCTAaTOUHYIO CTPYKTYpPY B MPOCTPAHCTBE SHEPIUM IO KO-
JIMYECTBY COCTABJIAIOLIMX SHEPIUM C LIEJIbI0 MUHUMM3ALUU BO3-
MyILIEeHHUs npocTpadcTBa. CBOMCTBA MPOCTPAHCTBA PEATU3YIOT-
sl yepe3 IpaBUTALIMOHHbIE, MATHUTHBIE U JJIEKTPUYECKUE sIBJIE-
HMA. 32 MarHUTHBIE CBOMCTBA OTBEYAET LIEHTPOCTPEMUTEINILHBIE
SHEPruu. 3a MEeKTPUUECKHE CBOMCTBA OTBEYAIOT LIEHTPOOEKHBIE
SHEpPruu. 3a rpaBUTALIMOHHBIE CBOMCTBA OTBEYAET PEAKLIMA ITPO-
CTPAHCTBA Ha Mepenaj INIOTHOCTH €€ COCTaBJISIONIMX SHEPTUK.

CumMmmeTpus npoCTpaHCTBa
BBHly MIOTHOM YHAKOBKM BUPTYQJIbHBIX MOHAJ CUMMETPUS



MIPOCTPAHCTBA UMEET MOTEHIINIO TeKCAarOHAILHOM PEIleTKH.

YcnoBHO nposiB/IeHHAs: MOHA/1a

Ecnu B HeKoeM KOHKpPEeTHOM 00beMe MPOCTPAHCTBA CKOHIIEH-
TPUPOBAJIACH BCSI COBOKYITHOCTh IMPOSIBJIEHHBIX SHEPIUi ITMKJIA
MOHAIbl B COOTBETCTBYIOIIUX MPOIMOPIUSIX, KAK IEHTPOCTPEMHU-
TeJIbHBIX, TaK U IIEHTPOOEKHBIX, TO ITO BHITOTHAS pean3aIus
NPOSIBJIEHHBIX SHEPruid, MPU KOTOPOW MUHUMHU3UPYIOTCS BO3-
MYIIEHUsI TPOCTpaHCTBA. Takylo peaym3aiyio MOKHO Ha3BaTh
YCJIOBHO TIPOSIBJIEHHOW MOHa0i. OHa MOXET ObITh COCTaBJIEHA
U3 MPOSIBJIEHHBIX U YCIIOBHO MPOSIBJICHHBIX dHepruil. Peanuza-
1S YCJIOBHOM MOHA/Ibl — 9TO MPOSIBJIEHUE OTHOCUTENIBHO YCTOM-
YMBOU KOHCTPYKIIMY U3 MPOSIBJICHHBIX 3Hepruil. K Takum ycios-
HO TPOSIBJIEHHBIM MOHA/IaM MOXHO OTHECTHU aTOM.

CBoiicTBa M B3aMMOOTHOITIEHUSI 0A30BBIX SHEPIUiA

[ukmaHOCTD Mporiecca oOpalleHrs B 3aMKHYTOM ITPOCTPaH-
CTBE, B3aUMOJIONOJTHSIONIE CBOMCTBA, COBMECTUMOCTh M B3au-
MOCBsI13b 0230BBIX SHEPIUM, TOPOKIAIOT IUCKPETHOCTb M HETIpe-
PBIBHOCTH TTpOCTpaHCcTBAa. Ha oCcHOBe ©a30BbIX SHEPruil BO3HU-
KaloT Bce 0a30Bble MaTepHajIbHbIe YaCTHIIBI, U3 KOTOPBIX U Op-
MUPYIOTCSI aTOMBI. VICXOMHas TUIOTHOCTh TTPOCTPAHCTBA MO Oa-
30BBIM COCTaBJIsIIONIMM EDM, mpencraBiieHHbIX B IMKJAX 00-
palleHus, SIBISETC eIUHCTBEHHBIM aOCOMIOTHO PaBHOBECHBIM
COCTOSIHMEM B HallleM MaTepHalbHOM MHUpe. YBeJUYeHHe TUIOT-
HOCTH 0a30BBIX SHEPruil B KOHKPETHOM 0OBbEMe MPOCTPaHCTBA



IIPU UX MPOSIBJIEHUH, KAK B ClIy4yae MposiBIeHUs1 (DyHIaMEHTaIb-
HBIX YaCTHIl, TpeOyeT MOHWKEHUS TUIOTHOCTUA B OKPYKaloIIeM
UX TIPOCTPAHCTBE, UTO M TIOPOXK/IAET PACTSKEHUE TPOCTPAHCTBRA,
IpUJerammiero Kk sromy oobeMy. Tak MOsIBISETCs paBUTAIM-
OHHOE T0JIe BOKPYI' MaTepUaJIbHON YacTullbl. BuxpeBbie cBOi-
CTBAa MaTepHAIbHOW YaCTHIIBI, €e BpalleHue, Omarogapsi IeH-
TPOCTPEMUTEILHOUN SHEPT UM, BHI3BIBAIOT KOMIIEHCAIIIOHHYIO aK-
TUBALMIO AHAJIOTMYHBIX LIEHTPOCTPEMUTENIbHBIX COCTABJISIIOIINX
npocTpaHcTBa. Tak MPOSIBIIAIOTCS MarHUTHBIE cBOMCTBA. [1pro-
pureTt 6a30BOM IIEHTPOCTPEMUTENTLHOW SHEPTrUH, (hopMUpYIOIIen
MaTepHaJIbHYIO YaCTHILy, TOPOXK/IAET sIBJIEHUE 3apsia, TPOsIBIIs-
oerocs B opMe akTUBALMK, JONOIHSIOUIEN €€ MO LUKy MO-
HaJIbl, IIEHTPOOEKHOM SHEPIUH, BhIpaKaIOIICHCs B Tiepepacipe-
JeJICHUU TUIOTHOCTU €€ SHEPril B MPOCTPAHCTBE BOKPYT YACTH-
upl. PopMUpOBaHKE 3apsiia TOTO UM MHOTO 3HAKa MOXHO Ha-
3BaTh nojspusanueil npocrpaHctsa. [Ipu atom, anbda u Oera
YaCTUIbl MOPOXKAAIOT MPOTUBOMONIOKHYIO, OTHOCUTENIBHO JPYT
Apyra, nojsipusanyio. BzaiMHas komneHcanus HaBeIEHHbIX 3a-
PSIOBBIX POTUBOMOIOKHBIX MOJISIPU3AIMOHHBIX MPOIIECCOB Ma-
TepUAIbHBIMU YaCTUIIAMHU, KaK hOpMa MOHMKEHUSI CTETIEHU BO3-
MYIIIEHUsI TIPOCTPAHCTBA, OOYCIIOBIMBAET MEXAaHU3M MX B3aMM-
Horo nputspkeHust. [Ipu popmupoBaHUM YacTHIIBI, TTPOSIBIICH-
Hasl U3 IPOCTPAHCTBA IGHTPOCTPEMUTEIbHASI SHEPTUsl MOKET CY-
IIECTBOBATh HEOMNPEAEIEHHOE BPEMSI TOJIKO B BUXPEBOM COCTO-
STHUM, U TOJBKO TOIZA, KOIZa 3TOT BUXPb BPAIIAETCSl BOKPYT
HEHTPOOEKHOW SHEPIUH, TEM CAMbIM YIEPKHBAsI €€ OT LIEHTPO-



OeXHbIX TeHAeHIMH. [1py 3TOM, AMaMeTp BUXpsl IEGHTPOCTPEMHU-
TEbHOW SHEPrUM, OT YACTHUIIBI K YacCTUIe, MOKET MEHSTHCS, B
3aBUCHUMOCTH OT ee 0a30BOM YacTOThl U IJIOTHOCTU €€ COCTaB-
JIAIOMKX, a TaKKe OT pa3Mepa sjipa LIEHTPOOEKHON SHEPruu.
[Ipu 3TOM, BUXPb IIEHTPOCTPEMUTEIBLHON SHEPIUM HUKOTAA HE
pa3MbIKaeTCsl, KpOME COCTOSIHUSI MHULIMMPOBAHHOIO PaCIIaBa.
LlenTpobekHasi SHEPrusi UMeeT MHbIe MPOSIBIEHUS U BO3MOXK-
Hoctu. [Ipy KMHeTHYecKuX Mporeccax U TOPMO3HBIX SBJIEHUSAX
OHA MOJET CTaTh JBVIKYIIEH CHJION B MepeMeIeHN Pa3opBaH-
HOTO IMKJIa TipeoOpa3oBaHus Hepruil. BaanmoneiictBue 6a3o-
BBIX SHEPTUH MPOSIBIISIETCS KaK B CTAaTUYECKUX, TaK U B JMHA-
MHUECKHX npoueccax. Kaxyrascs caMocTosATeIbHOCTb LIEHTPO-
OeXXHOW SHEepPruy yCJIOBHA, OHA BCErJa HaXOOWUTCS B CBA3KE U
IO/l OTIIEKOM LIEHTPOCTPEMHUTENILHOM 3Heprum. Jlaxe B ciaydae ee
TPAHCJISIMK B IPOCTPAHCTBE, OHA IBUTAETCSl B COOTBETCTBUU C
LIUKJIOM IpeoOpa3oBaHus1. Bce MHOrooOpasue B3aMOBIMSAHUS
SHEPrUil APYT Ha JIpyra MPOUCTEKAIOT NPH JABMKEHUH YaCTUIl U
(oToHOB. B OCHOBE 3THX peakIuii JISKHUT JMOO MONSIPU3AIMOH-
HOE, JIMOO BUXPEBOE SIBJICHUE.

Bujipl BO3MYI1IEHUS IPOCTPAHCTBA

Cy1uecTByeT yeThipe BU1a BO3MYIIEH! S MaTEpPUaIbHOTO MPO-
CTPAHCTBA, KOTOPbIE OTPAXkAIOT BBIXO MPOCTPAHCTBA U3 PABHO-
BECHOTO, NIEPBOPOJHOIO cocTossHus. [lepBblid BUJ BO3MYLIEHUS
— 3TO U30TPOINHOE PACTSKEHUE MPOCTPAHCTBA, KOTOPOE MPUBO-
JUT K YMEHBIIEHNIO CYMMAapHOU IUNIOTHOCTH ITPOCTpaHcTBa. Bro-



PO¥ BUJ1 BO3MYILIEHUsI CBSI3aH C aKTUBAIIMEN BUXPEBOM 1IEHTPO-
CTPEMUTEJIbHOUN SHEPTUU TPOCTPAHCTBA, KaK PEaKIIMU Ha MIPOSIB-
JICHHYIO 1IEHTPOCTPEMUTEIIbHYI0 BUXPEBYIO SHEPTUI0 YACTHIIbL.
Tpertuii BUI BO3MYIIIEHHS CBSI3aH C aKTUBAIIUEN 1IEHTPOOEKHOM
SHEPruy MPOCTPAHCTBA UCXO/ISI U3 MPUHIIUTIA JIOTIOJTHEHUS pa30-
PBAHHOTO LIMKJIA MOHA/Ibl. YeTBepThlil BUJ] BO3MYIIICHUSI CBSI3aH
C lepeMelieHueM MpOsIBIEHHO sHepruu B popme yactuil. [lep-
BBIY BUJI BO3MYIIIEHUS SIBJISIETCS IPABUTAIIMIOHHBIM UCKaKEHUEM,
CBSI3aHHBIM C M30TPOMHBIM PACTSKEHHEM IMPOCTpaHCTBa. BTro-
POl TUIT BO3MYIIEHUS SIBJISIETCS] MPUPOIONM MATrHUTHBIX SIBJIe-
Huil. TpeTuii TUM BO3MYILIEHUS SBJISETCS MPUPOJON 3aPsIIOBOTO
nossi. YeTBepThiil TUI BO3MYILIEHHS CBSI3aH ¢ KMHETUYECKUMU
IpOoIecCaMu, B TOM YHUCIIE U C TIPOSIBJIEHUEM TOPMO3HOTO M3ITy-
YeHUsl.

3arnpeenbHble BO3MYUIEHUS IPOCTPAHCTBA

Jlioboe BO3MENCTBHE MPOSIBIICHHBIX SHEPTUil HA CaMO TPO-
CTPaHCTBO, HE pa3pylLAIOIIEe €ro, OTHOCUTCS K JIMHEMHBIM MPO-
ueccaM BozaenicTBusA. HenrHeiHble pouecchl BO3HUKAIOT MpU
3arpeesbHONM aKTUBAIMKA SHEPrUil MPOCTPAHCTBA, CIOCOOHOM
MIPUBECTH K €0 JIOKAJIbHOMY pa3pyIIeHUIO, TO €CTh Pa3pyLIEHUIO
YCJIOBUI peaTi3aliyl [IKJIOB MpeoOpa30BaHusl SHEPTrUil MOHa-
npl. [Ipu 3anpeie/ibHON aKTUBAIMKM B KOHKPETHOM 00beMe, 00-
pasyetcs pacruiaB 6a30BbIX 3Hepruil npocrpaHcTsa. [Io okoH-
YaHWM BPEMEHM 3alpelesbHOr0 BO3/ECUCTBUS HAUMHAIOTCS pe-
JIaKCAIIMOHHBIE MPOIIECCHl, Koraa cocrasisomme EDOM ycrpem-



JIIOTCS YT K JIPYTy, HO MPU HEJOCTATOYHOM BPEMEHU U OT-
CYTCTBAU COOTBETCTBYIOIIMX YCJIOBUM HA BOCCTAaHOBJICHHE ITPO-
CTPAHCTBEHHBIX LIMKJIOB MOHA/bI, (POPMUPYIOTCS POMEKYTOU-
HblE, TOpa3o OOJIbIIUE U yKe METACTAOUJIbHBIE CTPYKTYPBI, KO-
TOpble MPOSIBJISAIOT BCE CBOMCTBA YaCTHII, OKPYXEHHBIX I'DaBU-
TALIMOHHBIM ITPOCTPAHCTBOM. B cilydae mpeznesnbHBIX U 3ampe-
JEJIbHBIX BO3MYIIEHNI POCTPAHCTBA, KOTAA HAUMHAIOTCS HEJH-
HEMHbIE MPOLIECChI, MOKHO BBECTH MOHSATUE TEMIIEpaTyphbl MPO-
crpaHctBa. [IpumMepom Takoro 3anpeesibHoro BO3MYILEHUsT MO-
KeT ObITh UMITYJIbCHOE BO3/ICHCTBHE M3TyYEeHUEM JOCTATOYHON
MOIIIHOCTH B IPEJIENBHO BBICOKOM CIIEKTPE YacTOT, KOI/a B TOY-
ke (pOKyca U3 «HUYEro» MOSIBATCS 0a30Bble YACTHUIIbI — HAMPH-
MEP, EKTPOHBI U TIO3UTPOHBI.

IIpocTpaHCTBO M €ro CBOMCTBa

[Ipuponoii nmpocTpaHCcTBa SBJISAETCS NMPUHLMIT MOHA/IBI, KakK
crocoda HerpepbhIBHOTO MpeodpazoBanusi EOM

Hcxonnaa nepeoponHas miotHocTs ESM aBisgercss OCHOB-
HBIM PaBHOBECHBIM COCTOSIHUEM IIPOCTPAHCTBA MO OTHOUICHUIO
K JIIOOBIM UHBIM.

JIio6ast hopma nposiBiIeHN s KAKOK — JTMOO0 SHEPTUM MPOCTPaAH-
CTBa SIBJISIETCS €70 BO3MYILEHUEM.

Ha nposiBieHHYI0 BUXPEBYIO IIEHTPOCTPEMHUTEIbHYIO SHEp-
TUIO POCTPAHCTBO pearupyer 0OpaTHBIMU KOMITEHCAIIMOHHBIMU
BUXPEBBIMH TPOLIECCAMH.

[IposiBnenne CcTaOWIBHON CTPYKTYphl C BUXPEBOH ILIEHTPO-



CTPEMMUTEITLHOM SHEPrrel MPUBOIUT K aKTUBAIIUU COOTBETCTBY-
IOIIEH HEeHTPOOEKHOM SHEPTUH MTPOCTPAHCTBA, UCXOMS U3 ITPUH-
1IWTIA JTOTIOJHEHMS JI0 TIOJTHOTO IUKJIA MOHA/IBI.

Croi, TOTOMHSIONIEN YCJIOBHO MPOSIBIEHHOM IIEHTPOOEKHOM
SHEepruu, yCTPEMJISIIOIIMICS K CBOEH MTPOSIBJICHHON IEHTPOCTpe-
MUTEJIbHOI SHEePruu, CHaJaeT Kak KBaJpaT pacCTOSHUS U3 — 32
YBEJIMYEHUS TUIOIIAIM ONMUChIBAIOIEH Cepbl.

DHepruu 0o0OMX IMKJIOB, COCTABJISIONIUX TMOJHYI0 MOHAIY,
MPOTUBOTOJIOKHBI APYT IPYTy Kak OOpaTHbIE CTOPOHBI JIEHTHI,
¥ CIIOCOOHBI K B3aMMHOMY YPaBHOBEIIIMBAHUIO, OY/Ib TO IIEHTPO-
CTPEMHUTEITbHbIE BUXPEBbIC WJIH IIEHTPOOEIKHBIE SHEPTUH.

Jlioboe moctynarenpHOE JBUKEHHE YaCTHIBI aKTUBUPYET
KOMITEHCHPYIOIIYIO, YPAaBHOBEIIIMBAIOIIYIO SHEPTUI0 000UX UK~
JIOB TIpe0Opa30BaHMsI SHEPTUI MPOCTPAHCTBA.

CoBwmellieHe B TPOCTPAHCTBE MPOSBICHHBIX SHEPTUH MTPOTH-
BOTIOJIOKHBIX ITUKJIOB YMEHBIIIAeT BO3MYIIIEHHE MPOCTPAHCTBA B
COOTBETCTBHHM C UX aKTUBUPOBAHHBIMU TUIOTHOCTSIMH.

['maBa2. Y37bl MaTepuabHOTO MPOCTPAHCTBA

Perenepupyoiue y3iusl. YepHas Apipa, WIKA y3€1 akLenTop.
OcoGeHHOCTH N30BITOYHOTO CJIOSI y371a akientopa. Tpu ypoBHS
y310B Beenennon. CBepxHoBasi. MarHUTHOE T0JI€ y3J/1a aKLEeTl-

TOpA.

Perenepupyiomue y3isl



Eciu nepBbIM 3TaroM TBOPEHKSI MATEPUAILHOTO MUPA SBJIS-
eTCs1 CO3JJaHNe MaTePUATIBHOTO MMPOCTPAHCTBA, KOTOPOE IPUHSTO
Ha3bIBaTh 3(PMPOM, TO BTOPHIM STATIOM SIBJISIETCSI CO3/IaHUE MeXa-
HHM3Ma 10 TBOPEHUIO MATePUAJIbHBIX YaCTHI], TeJl U BCEJICHHBIX.
Eciu co3manue MatepraibHOTO MPOCTPAHCTBA SIBJISAETCS aKTOM
MUCTUYECKUM, TO HAMOJTHEHUE ITOTO MPOCTPAHCTBA MaTepHasib-
HBIMU YaCTHIIAMU U TeJIaMU OCHOBAHO YK€ Ha PeaJlbHOM MeXa-
HHM3Me, KOTOPBI TaKkKe UMEET B CBOEM MPOUCXOXKICHUN MUCTH-
YeCcKre KOpHHU. DTHUM MEXaHU3MOM SIBJISIETCS] HEeKasl TUTAHTCKast
NIPOCTPAHCTBEHHAsS PEIIeTKa, B y3J1aX KOTOPOW MOCTENEeHHO CO-
CpEeNOTaYMBAIOTCS U PA3JIaraloTcsl JO COCTOSIHUS paciliaBa Mpu-
TSIHYTBIE CTPYKTYPbI MPOSIBJICHHBIX SHEPruil B (popMe JacTull,
TeJ Y U3y YCHHMSI.

Dra perieTka HEOObIYHAS, y3eJ KOTOPOW COAEPKUT Oa30BYIO
CTPYKTYPY C OIPOMHOM IJIOTHOCTBIO IMPOSIBJICHHBIX COAJIAHCHPO-
BaHHBIX 3Hepruit EDM. Dra cTpyKTypa BBI3BIBAET MPEIEIBHYIO
BEJINYMHY TPABUTAIIMOHHOTO PACTSKEHUS IPOCTPAHCTBA, HO HE
JOCTaTOYHYIO IJIsI ee pa3pbiBa. Takoi y3el, yepe3 ompeelieH-
HOE BpeMs1, PUoOpeTast JIOTIOJTHUTEIIbHBIN CJIOH 32 CUET TUTaHT-
CKOTO TpaBUTAIIMOHHOTO MPUTSIKEHUS, TIEPEXOIUT B COCTOSIHUE
C HeCTaOWIIbHBIM TIOBEPXHOCTHBIM CJIOEM, KOTOPBIH yKe CIIOCO0-
Ha pa3opBaTh CHJIa BCE HAPACTAIOIIETO IPABUTAIIMOHHOTO PacTsi-
KEHUs1, yKe JTOCTUTIIAsT KPUTHUECKOM BemurHbl. OCHOBa BCex
0a30BbIX Y3J7I0B UMEET OJIMH M TOT € BUJ — 3TO MHOTOCIION-
Hasi TOpOU/IajibHAs BPAIAINASACSA CTPYKTYpa U3 MPOSIBICHHBIX
SHEPruil 0OOMX IMKJIOB MOHA/IBI C TIOBEPXHOCTHBIM CJIOEM 1IeH-



TPOCTPEMUTEIIBHOM SHEPTUU. DTOT Y3€J1 CBEPXIUIOTHBIX MPOsIB-
JIEHHBIX ¥ COAJTAHCHPOBAHHBIX SHEPIUi, BBUIY CBOMX T'MIaHT-
CKMX Pa3MepoOB, aKTMBUPYET BOKPYT ceOsl THTAHTCKOE PacTsike-
HHME IIPOCTPAHCTBA. DTOT UCXOIHBIN Y3€Jl €CTh OCHOBA YepHou
JbIPBI, KOIJJa MaTepUasIbHbIE TEJIa U YaCTHIIbl 3aTATMBAIOTCA U
Pa3pBIBAIOTCS 3aKPUTUYECKUM I'PAaBUTALMOHHBIM TIOJIEM Y 1O-
BEPXHOCTH 3TOTO BCEJICHCKOTO 0Opa30BaHMs.

MucTHYECKOH YaCThIO 3TOTO PErEHEPUPYIOLLIETO MTPOLIEcca SAB-
JIeTcsl MEPBUYHBIN NOCJIEIOBATEbHBIA aKT MPOSBJICHUS ITUX
Y3JIOB, Y€ 3pEJIbIX U MePENOHEHHBIX U30BITOUHON SHEPTrUuei, 1
C MOMEHTA MPOsIBJIEHUsI B3pbIBAIOIIMXCS. 17151 MpOsIBIEHU ST Kax-
J0TO U3 3TUX NEPETONHEHHbIX Y3/10B OblIa UCIOJIb30BaHa YacTh
HEOOXOIMMOTO MPOSIBIEHHOTO MPOCTPAHCTBA. B 3TOM M 3aKJTI0-
YyaeTcsl MUCTHKA caMmoro mcxomgHoro mpouecca. Co BpemeHeM,
9TU y3JIbl TIOCTETIEHHO PA3ZEAITCA Ha «ITyCThIE», YKE OCBO-
O60aMBLIMECS] OT W30BITOYHON SHEPruM, U YCIEBIINE BHOBb Ile-
PETIOJTHUTBCS. — «CO3PETh», KOTOPbIE, AaJiee, ONsATh B3PhIBAIOT-
Ccd, SIBUB B MaTepUaJIbHOM ITpocTpaHcTBe CBepxHOBBIE. MIMeH-
HO 3T MPOLECCH M3HAYAJIbHOIO B3PbIBa BCEX MPUBHECEHHBIX
y3JIOB pereHepalyy 1 MopoawIu Jajee Bce MHOrooopasue ma-
TEpUAJIbHOIO MUPA, BKJIIOYAs IaJIAKTUKH, 3BE3/bl U BCEJICHHbIE,
NIPUBHECS] MHOTOLIBETHE KaxyIerocs xaoca. Ecim Obl He ObLTO
PETeHEepUPYIOIIMX MATEPUIO BCEJIEHCKUX Y3JIOB, TO TOCHE IEp-
BOTO B3pbIBa U MOCJIENYIOIIETO (DOPMUPOBAHUS MaTepUAJIbHBIX
opm, mocnenoBao Obl MOCTENEHHOE Pa3JIOKEeHNE MaTepUallb-
HBIX (POpPM, BIUIOTh 10 BOCCTAHOBJIEHUSl M3HAYAJbHOIO HEBO3-



MYIIEHHOTO MTPOCTPAHCTBA 3a CUET JIerpajallii MaTepuu B I0-
Jie COOCTBEHHBIX Pa3pHIBAIOIINX IPABUTAIMOHHBIX CUI. MIMeHHO
no3TomMy, TBOpSAIIMM HAyaJloM U MPUBHECEHBI BCEIEHCKUE pe-
reHepupyiomye y3ibl. Takue y3ibl, M0 Mepe HaKOIUIEHUs! MPU-
TSIHYTHIX TIPOSIBJIEHHBIX SHEPTUi, CIOCOOHBI PETYJISIPHO BOCCTA-
HABJIMBATh OECHpe/ieIbHOE MHOXECTBO MAaT€PUAIbHBIX YACTHIL
U TeJl, a TaK)Ke BHOBb BOCCO3/aBaTh BCEJIEHHBIE, 3BE3/1bl, COJTH-
1, riaHeTsl. To ecTh BOCCO3/1aBaTh MaTEPUANILHYIO OCHOBY JJIsI
MPOSIBJIEHU S TIpUBHECEHHBIX TBOpIIOM (hopM kKu3HU, (OPM HO-
CUTeNer CO3HaHusA, (popM, JAOIIMM BO3MOXKHOCTb IPUBHECEH-
HBIM CO3HAHUSIM 3BOJIOIIMOHUPOBATb.

V351bl pereHeparopbl, X MECTOIMOJIOKEHHUE B MPOCTPAHCTBE
OTHOCHTENILHO APYT Jpyra, He ciydailHbl. OHU SIBISIOT COOOM
HEKYI0 MPOCTPAHCTBEHHYIO PEILETKY, epHOJ] KOTOPOil orpee-
JISieTcsl BpeMEHeM pacriaja M pereHepalvy MaTephaibHbIX MU-
poB. OHU SIBJISIIOTCS] TAKUM K€ 3aMBICJIOM, KaK M CaMo IMpOosIBJie-
HHME MaTepUaILHOTO TPOCTPAHCTBA U MPECTABIISIOT COOOM e/Iu-
HBIIl MEXaHU3M IPOSIBJICHUS MAaTEPUATIbHOTO MUPA, KaK TAKOBO-
ro. OrpoMHoe paccTostHie Mek/ly BCEMHU y3/1aMH He TIPUBOAUT
K [7I00JIbHOMY I'PaBUTAIIMIOHHOMY MCKAKEHUIO POCTPAHCTBA U
no3BosisieT (hOpMUPOBATh MaTepualibHble BcelleHHble. Hakarm-
BaeMasi y3JIoM JOINOJHUTEIbHAS SHEPrusl, JUILIb MEHSETCsl CBO-
UM TOJIOKEHUEM OT y371a K Y371y, COCTaBJIsisi OOOJIOUKY TMIaHT-
CKOW M30BITOYHOM SHEPTUH y3J1a, KOTOPHIH B ONpee/ICHHbBI MO-
MEHT, Pa3phIBACTCSl CHJIAMU T'PaBUTAIMU, TTPEBpAIaeTcsl B UC-
XOIHBIN 0a30BbIM y3en. Bce y3imbl M MX mepuopnveckue cOpo-



Cbl B (pOpMeE M3ITy4YeHUs, WK B3pbIBOB CBEPXHOBOM, U €CTh U3-
OBITOYHAS TBOPSIIIAST SHEPIUsSI MAPO3AAHMU S, TOCTOSIHHO €ro 00-
HoBJIsttonIasi. [lepeceyeHre MOTOKOB M3Ny4YeHUsI U3 BHOBb CO-
3[JAHHBIX MaTepPUAIbHBIX OOBEKTOB OT BCEX BO3MOXHBIX Y3JIOB
¥ MPUBOAMUT K OOpA30BAHMIO TANAKTHK, UX 3aKPYUMBAHUIO, U
HEeOOBIYHBIM (popMam peam3aiud. [1pr HakoIIeHNH T0CTaTOu-
HOM SHEPruy Ha y3Jie, 3Ta TeMHasl HeBUIMMas HeusJydarolas
CTPYKTYpa B3pbIBA€TCs, CTAHOBACh BUAMMOWU. B mepuon B3pbl-
Ba 3TOT y3€J1 IIpeBpalaeTcs B UCXOOHbIN y3enl. Tak, mocremneH-
HO, y3JIbl PEreHepaTopbl BCEJEHHBIX MEHSIOT CBOE COCTOSIHUE,
NpUHUMAS COCTOsIHME MO0 YepHO# AbIphl, 1100 CBEpXHOBOM.
ITpu B3prIBe CBEPXHOBOW BO3MOKEH BAPUAHT ACCUMETPUYHOIO
pacripeie/ieHus pasJieTaloIeCs] HAKOTJICHHON MacChl N30BITOY-
Hoit sHeprun E9M. Takoii accumMeTpruvHbIi BHIOPOC HAKOTLIIEH-
HOW Macchl IPUBEAET K Aperdy UCXOTHOTO sAapa YepHOU ABIPHI.
Co BpemeHeMm, Takon japeid YepHbIX ObIp OAHAKABI MPUBEIET
K CJIMSIHUIO T€X, TPAEKTOPUU KOTOPBIX OKAXKYTCH B JOCTATOYHOM
6mmsoctu. [1pu 3TOM, YacTh sHeprum YepHHIX ABIP BHIPBETCS B
(bopme uzydeHus M Kackaga BbICOKOIHEPreTUUECKUX YaCTHIL,
Harpumep, HeirpuHo. Tak oOpa3yloTcs Oosee MaccuBHble Yep-
HbIE ABIPbI, HO TP CIIMSIHUM U Pacrajie AByX Ha TpU 00pasyIoT-
cs1 1 Oonee menkue. Tak hopmMupyeTcst TMHEHKa YEPHBIX JIBIP 110
CBOEH 3HAYMMOCTH.

UepHas npipa, UK y3€J1 aKIEenTop
V3en pereneparop, Onarogapsi TATAHTCKOMY T'PaBUTAIIMOHHO-



My PACTSIKEHMIO ITPOCTPAHCTBA, 3aXBaThIBaeT Bce (pOpMbl MaTe-
PUAIBHBIX MTPOSIBJIICHUM, BKJIIOUAsi BCe (POPMBI U3TyYEHUH, pa3-
JlaraeT Ha COCTaBJISIIOIIME SHEPIUU U HAKATUTUBAET UX, YBEJTUUU-
Basi, TEM CAMbIM, ¥ IPABUTALIMOHHOE PACTSKEHUE OKPYKAIOIIErO
MPOCTPAHCTBA, YBEJIMWYMBAs €r0 pa3pblBalINyl0 cuity. VIMEHHO
9TOT y3eJ1 U MeeT OOIIeNPUHATOe Ha3BaHue — « UepHast abipax.
bnarogaps stomy mponeccy, YepHas apipa sBisercs Ipeare-
Yyeil Ipyroro MpoTUBOMNOJIOKHOIO sIBJIEHUS — poxaeHus1 CBepx-
HOBOHM M3 KaXYILIErocs «HUYEro», KOriaa Mociie B3pblBa aKKYy-
MYJIMPOBAaHHOU SHEPIUH, MPOCTPAHCTBO BHOBDb HATIOJHSIETCS TH-
TaHTCKUM KOJIMUYECTBOM M30BITOUHON SHEPIUU, TPaHCHOPMUPY-
IOLLEVICS BO BCEBO3MOXKHbIE (DOPMbI U3Ty4YE€HUS U MaTepUasIbHbIE
CTPYKTYPbI — OT 0a30BbIX MATepUAIbHBIX YACTHII, JI0 BCEJIEHCKUX
CTPYKTYD.

UepHble IbIPHI ABJISIOTCA MOMOMHSIEMBIMUA aKKYyMYJIATOPAMHU
W3HAYAJIbHO aKKyMYJIUPOBAHHOW M30BITOUHOM SHEPruM B TMOJ-
BEJOMCTBEHHOM MM MpocTpaHcTBe. [lo Mepe 3aTsaruBanus ma-
TepUAIbHBIX TeJ B TAKYIO IPABUTAIIMOHHYIO JIOBYIIIKY, IPOUCXO-
JIUT UX TIOCJIEIOBATEIbHBIN Pa3pbiB IPABUTAIIMOHHBIMU CUJIAMU,
CHayaJla Ha MOJIEKYJISIpHbIE, 3aTEM Ha aTOMapHbIe, 3aTEM Ha Ma-
TepHraJIbHbIE YACTHUIIBI — [0 Mepe MPUOINKEHUS K TOBEPXHOCTU
Topa. M HakoHell, Ha MOCJIeTHEM STalle IPEEIbHbBIX ITPOYHOCT-
HBIX BOBMOKHOCTEW CYIIECTBOBAHUSI YACTHIIbI, UIET €€ pa3iioxke-
HUE Ha COCTABJIAIOLIME MOHOXPOMHBIE SHEPTMU B YUCTOM BU/JIE, B
HeKou (popMe, HaOMHUHAIOIIEeW paciiyiaB. 3ajaya YepHou AbIpsl
— U3BATH U3 TIOJIBEZIOMCTBEHHOTO TIPOCTPAHCTBA M30BITOK TIPO-



SIBJIEHHBIX M YCJIOBHO MPOSIBJIEHHBIX SHEPTUi MPOCTPAHCTBA, aK-
KyMYJIMPOBAHHBIX B MaTepUAJIbHBIX TeJIaX U BCEBO3MOXKHBIX U3-
JIyYeHHUsIX, TSl TIOATOTOBKY Tpoliecca OOHOBJIEHHSI MaTepHraib-
HOTr'O MHpa 3a cueT (pOPMUPOBAHUSI OCHOB HOBBIX 3BE37], COJIHII
u raHet. Takol mpoiiecc 0OHOBJIEHHST OOYCIIOBJIEH OTpaHUYEH-
HBIM NIEPUOJIOM JKM3HHU BCEX MATE€pUANIbHBIX TEJ U3 — 3a UX I10-
CTOSIHHOM BHYTPEHHEW NEpPECTPOMKH, CBSI3AHHOW C pa3pblBalo-
MM JIEMCTBUEM OKPYXKAIOIIEro MX MO T'paBUTALUM, CO3JaH-
HOT'O CAMUMH k€ TeJIaMU, 4 BepHee SIBJISIOIIUXCS CIIEICTBUEM UX
oOpazoBanwus. Ecim mpenctaBuTh yCIOBHO KIIMMAaTHYECKYIO Kap-
Ty BCEJIEHHOU, TO YepHas Jiplpa — 3TO CE30H 3UMbl BcesieHHOu,
KOIZla UJET MOArOTOBKA K BECEHHEMY LIBETEHMIO U PACKPBITHIO
3B€3/], COJIHII U TUIAHEeT. DTU CE30HHBIE MOMEHTHI — 3UMa, BeC-
Ha, JIETO U OCEHb OECKOHEYHO IpeACTaBleHb BO BceneHHON B
ee pa3IM4yHbIX MecTax. PereHepupyiomas pemierka, norpyxeH-
Has B MPOCTPAHCTBO, [Ta€T HOBYIO JKU3Hb MaTepUaJIbHBIM 00b-
eKTaM, TMOPOK/IAeT BCE MHOrOOOpasue MaTepuaibHbIX (hOpM H,
B OIIPE/I€IEHHbIE MIEPUO/BI 3UMBI, YHUUTOXXAET 3TO JIErpagupyo-
1ee MHOrooOpasue.

Oco6eHHOCTH N30BITOYHOTO CJIOS y3J1a aKIenTopa

¥3en akuentop B CBOe MaKCMMAaJIbHOM peann3aluu Mped-
CTaBJIsIET COOOW BPAIAIONIMIACS TOP, a B TOCEAYIONINX, MEHb-
MIMX peanu3anusax — map. Takue CTPYKTypsl SBISIIOTCS HeW-
TpaJbHBIMU, He UMeoIuMU 3apsiaa. OHAKO, MO CYyTH -3TO MPO-
SIBJICHHAs CTPYKTypa, KOTOpasi U3 -3a CBOEH KOHCTPYKIIUH, B



OCHOBE KOTOPOM JIEKaT B3aMMOOTHOLIEHUS LIEHTPOCTPEMUTEIb-
HBIX U HEHTPOOeKHBIX Hepruii EDM, He MOxeT camocTos-
TEeJIbHO aHHUTWJIMPOBATh U BEPHYTbCS B COCTOSIHUE MPOCTPaH-
crBa. ba3oBblil y3€i akLIeNTop — 9TO MHOTOCJIOMHBINA TOp, C 4e-
pPEayIOIIMMUCS AKTUBHBIMM ClIOSIMM, IIpesenbHO BbICOKME 4Ya-
CTOTHI LIEHTPOCTPEMUTENBHBIX SHEPTUI 0OECTICUNBAIOT TUTAHT-
CKYIO CKOPOCTb BpallleHus1 y31y. Bce nposiBjieHHble WK YCIIOB-
HO TIPOSIBJIEHHBIE SHEPIUH, BKJIIOYAS WU3JyYEHUE, NIPUTSIHYTHIE
TAKUM Y3JIOM 32 CYET TMTAaHTCKOI'O IOJIsl TPaBUTALIMM, pasJiara-
I0TCSl TIPY NOJJIETE K MOBEPXHOCTU TOPa, CO3aBasi MOCTENIEHHO
JOTIOJTHUATENbHBIN BEPXHUIA N30OBITOUYHBIN MOBEPXHOCTHBIN CIION.
ITpu sTOM, 0Opa3yercst CTPYKTypa CBEpX IUIOTHOTO JAMHAMHUYe-
CKOI'0 pacIljiaBa, Korja Bce NMPUTSAHYTHIE SHEPTMHM HENPEPHIBHO
TIBITAIOTCSI 00PA30BaTh APYT C IPYrOM CBOM asib(a niv OeTa K-
Jbl. B 3TOM o€ MpOUCXOOUT M MUMOJIETHOE CIIMSIHUE SHEP-
ruil ¢ oOpa3oBaHUEM TeX WM MHBIX Map YacTULl aHTUIIOIOB, U,
OJHOBPEMEHHO C 3TUM, UJET UX aHHUTWJIALMSA U3 -3a TUIIEpaK-
TUBHOCTM paciuiaBa 3Hepruul. IlonmonHsomumncsa cnou pacria-
Ba MPUTATMBAETCS K UCXOIHOMY Y371y 3a CUET TMTaHTCKOIO I0-
JI TPaBUTALMM, KOTOPOE €lle MPEBBIIAET BHEIIHUE Pa3pblBa-
IOLIME IPAaBUTALIMIOHHBIE CHJIBI. DTO CIIOM «KMITSAIMX>» SHEPIUi,
KOTOPBIA M3 — 32 CBOEM CBEpX IUIOTHOCTU M aKTUBHOCTH, HE
MOXeT (pOpMHUPOBATh CTAOWJIbHBIE CTPYKTYPbI YaCTHII, cOaslaH-
CUpOBaHHBIE MEXIy cOOO0i Mo LUKy MoHaabl. Hapacratommuii
CJION OCTaeTcs IMIEPAKTUBHBIM JJO CAMOIO MOMEHTA €r0 pa3pbl-
Ba. ITO U €CTh COCTOSIHUE, KOTOPOE MOKHO Ha3BaTh YepHOH Abl-



poii. [locie KpUTHUYECKOrO pacTsiKeHUs! MPOCTPAHCTBA MPOMC-
XOAWT B3PbIB HAKOIUIEHHOTO CJIOSl 32 CUeT cpabaThiBaHMSI Tpa-
BUTAIIMOHHBIX Pa3pPBIBAIOIIMX CHJI, BOBPOCIIUX JI0 MPEIETbHOIO
YPOBHSI, CIOCOOHBIX Pa30pBaTh MOBEPXHOCTHBIN CJIOW IIEHTPO-
CTpeMUTEIbHON SHeprun. Tak, u3 cCocTosIHUA y3/1a — YepHou JibI-
pblL, posiBiisgeTcss CBepXHOBas.

Tpu ypoBHs y3710B BeeneHHou

V311b1 perenepaTopbl UMEIOT ONPEAEICHHYI0 HepapXUI0, KOTO-
pasi peam3yercsl Ha TPEX OCHOBHBIX YPOBHSIX — HEUTPUHHBIN,
JIEKTPOHHBIN U HEUTPOHHBIM.

[lepBblil ypOBEHb — CaMblid TPOAYKTUBHBIN. DTOT y3€] U €CTh
OCHOBa MCTMHHOW YepHoi abIphl. B ripupose 3toro y3ia, ero u3-
HA4YaJIbHOU CTPYKTYPBI, JIEKUT HENPEPBIBHBIN MTOCJIOMHBIN ITPO-
1IECC POXKACHUS M aHHUTHJISIIIUN HEUTPUHO — CAMBIX MaJIbIX TIEp-
BOKHUPIUYMKOB MATEPUATBHOIO MUPA. DTO HEKUW TMIIEPAKTUB-
HBIA BUXPEBOW MOTOK SHEPrUMl MPOCTPAHCTBA, HAXOMSIIMICS B
COCTOSTHMH TTOCTOSTHHBIX ITpeoOpa3oBaHuil. B o0beme 3Toro y3ma
U/1yT HETIpepbIBHbIE MEPIIAIOLIME IPOLIECCHl POXKAECHUS Map Hel-
TPUHO M AHTUHEUTPUHO, TaK KaK OJHOBPEMEHHO C 3TUM HUAET
BCTPEYHBII TPOLIECC UX aHHUTWISAIMU. B Kax0M cjioe 3Tu rpo-
LIECCHI IO CBOEM MPOCTPAHCTBEHHOM peaM3alliii HAIOMUHAIOT
COTBI WJIH, B KaKOW — TO Mepe, reKCaroHasabHyIo pereTky. [1po-
LECChl UAYT MOCIOMHO B MOTOKAaX, JBMKUMBIX LEHTPOCTPEMHU-
TeJIbHBIMU SHeprusiMu. [lo mMepe mponBukeHHs] BIIyOb y37a,
CHauaJsa TsoKesble, 6oiee MaCCHBHBIE M O0Jiee HU3KOYaCTOTHBIE



HEUTPUHO CMEHSIOTCS Ha OoJiee BRICOKOUYacTOTHbIE. Ha Kakoi -
TO ITyOWMHE B UX pean3alliil y4acTBYIOT SHEPrUH MpeaeTbHbIX
9acToT. DTO CJIoi 6A30BBIX, MEPBOPOAHBIX HelTpuHo. [To Mepe
JAJILHEHIIIEro TOrpyKeHHsI B TTyOUHBI Y3714, KOrJla BHyTpEHHEe
JIaBJIeHUEe CTAHOBUTCS MPeAeSIbHBIM, 4YaCTOTa MPOIIECCOB POXKIe-
HUSI 1 aHHUTWJISIIMY BO3PACTAeT, IIJIaBHO MepeXO0fisl B COCTOSIHUE,
HAMOMUHAIOIIEe KUTISIIUN, HO YIOPSIOUEHHBIN pacIliaB SHep-
ruii ESM. Dto yepeayomuyecs CJIou ¢ KeCTKO BbIPAXKEHHBIM Ue-
peIOBaHMEM IIEHTPOCTPEMHUTENILHBIX U IEHTPOOEKHBIX SHEPTU.
VIMeHHO 3TOT BHYTPEHHUI CJIOU U SIBJISIETCS 3aJAI0IIUM CJIOEM,
PaCKPYUMBAIOIIUM BCIO CTPYKTYPY y3/1a. DTO U €CTh CEpAIIeBUHA
y371a, KoTopasi umeeT (hopMy KoJiblla BHYyTpU Topa. Puc.2. BHyT-
U 3TOrO NMEPBOrO YPOBHSI, B IMHEWKE CYyIEp y3/10B, CYILIECTBYET
CBOsI TpaJialiyisl Y3JI0B 10 BearurHe. VIMeHHO 3TOT y3en obaa-
€T CBepX TMTaHTCKUM T0JIeM I'PaBUTAIIMKM U UMEHHO OH SIBJISIETCS
OCHOBHBIM Yy3JIOM — PEr€HEPATOPOM OCHOB MaTEpPUAJIbHBIX BCe-
JICHHBIX, COJIHI M TulaHeT. [lo Mepe yMeHbllIeHUs1 3HAYMMOCTU
Y314, CBSI3AaHHOT'O C U3MEHEHUEM YaCTOTHOTO HanoyiHeHust E9M,
MOCTENEHHO MCYE3aeT BHYTPEHHUM KHUIISIIUN CJIOM, a 3aTeEM MO-
CTETMEeHHO UCYE3aET U CJION C MePBOPOAHBIMU HEUTPUHO. Tak, 1o
Mepe YMEHBIIIEHU s 3HAUMMOCTH y3J1a, YMEHBIIAIOTCS €ro (PyHK-
[IUOHAJIbHBIE BO3MOXHOCTU PEreHepaliii MaTepyi.

BTopbiM ypoBHEM Y3JI0B SIBJISIETCS JEKTPOHHBI. B ocHOBE
9TOro y371a ykKe JiexkaT Oojiee HU3KOUaCTOTHhIe SHeprun EDM.
CTpyKTypa 3TUX Y3JIOB YK€ SIBJISIETCS ABYXCJIOWHOW. BHYTpeH-
HUM CJIOEM SIBJISIETCS SIIPO BCE €Ille HEMTPUHHBIX Mpeodpa3o-



BaHWIA, HO YK€ C HU3KOYACTOTHBIMU HEUTPUHO U ¢ Oojee pe-
KMMM [TPOLIECCAMHU POXKICHUSA U aHHUTWIALMU. BepxHum cioem
ABJISAETCA MOTOK IMHAMUYHOU CTPYKTYpPBI, B KOTOPOM ITPOUCXO-
JAT MIPOLIECCHl POKAECHUA U AHHUTWIALIAN JIEKTPOHOB U NO3U-
TPOHOB. DTO YK€ MEHEE AKTHUBHBIE Y3JIbl, 10 CPABHEHMIO C y3J1a-
MU TIEPBOTO YPOBHSI. DTH Y3JIbI YK€ MOTYT OBITh M C(hepHUIECKOM
(popmBI, CTAHOBSICH OCHOBOM 3BE3[] pA3HOW BEJIMYMHBI, B 3ABUCH-
MOCTH OT CBOETO pasMepa. TeM He MeHee, IpaBUTAllMOHHOE I10-
JIe 3TOrO y371a HAaCTOJIBKO BEJIMKO, YTO OH TAK:KE IMPOAOJIKAET, B
KAKOM —TO MEpE, BHIINOJIHATE (PDYHKIIMIO Y3714 pereHeparopa.

Tpetuii ypoBeHb — caMblil HU3LIMK. B OCHOBE 3TOro ypoB-
Hs JIEKAT Y3JIbl, BEDXHUM CJIOEM KOTOPOTO SIBJISIETCSA CTPYKTY-
pa HerpepbIBHBIX MPeoOpa30BaHU MPOTOHOB U JIEKTPOHOB B
HEUTPOHBI M 00PATHO. DTO HEUTPOHHBIN y3ei1. Popma ero Takxe
MOXeT OBbITh, Kak cpepudecKkasi, Tak U TopoujaaibHas. B 3aBu-
CHMMOCTH OT MAaccChl 3TOrO y3Jla MEHSAIOTCS U €ro (PyHKLIMOHAJIb-
Hble BO3MOKHOCTU. Ha (byHKIIMOHAIBbHBIE BO3MOKHOCTH y3JI0B,
B [IEPBYIO0 OYEpEb, BIMAET UX YACTOTHOE HATIOJIHEHUE U UX CO-
BOKYITHas1 Macca.



Puc.2. Crpykrypa YepHon apiphl. 1, 2, 3 — ciiou ¢ nocnenosa-
TeJIbHBIM TOBbIILIEHHEM YacToThl E9M — kumsime notoku pox-



JEHWs Y aHHUTWISLMY HEUTPUHHBIX Map. 4 — cepaueBuHa Yep-
HOM JIBIPBL. 5- MarHUTHOE 1oJie YepHO# JbIpHI.






Puc.3 npoueccel co3peBanust YepHOU IbIPbI. a-UCXOIHBINA pe-
TeHEPUPYIOIIUI y3€Jl. B- HaYaJbHbIM Nepuoj co3peBanust Yep-
HOW JIBIPBI. C- MOCJEIHUI 3Tan co3peBaHuss YepHon apipel. D —
pa3pbiB 000104Kku YepHOU JBIPHI. 1- ITOBEPXHOCTHBIN CJIOW IIEH-
TPOCTPEMUTEJIBHBIX SHEPIUM. 2- CIIOM aKKYMYJIMPOBAHHOIO pac-
m1aBa EDM.

CeepxHoBas

Ilepexon YepHou AbIpBI U3 COCTOSHUA Y371a aKLENTOpa B CO-
crosiHue CBEpXHOBOH SIBJISIETCS AKTOM MTHOBEHHbBIM, HAUMHAIO-
HIMMCS C TIPOLECCOB, WAYIIUX Ha MPEeSIbHbIX CBETOBBIX CKO-
POCTSIX, IO3TOMY, HaYaJIbHBbIII MOMEHT B3pbIBA SIBJISIETCS MPAK-
TUYECKU HEYJOBUMBIM. M Bce 3TO MPOMCXOAMT IOCHE TOro, Kak
I'PaBUTAIIMOHHBIE PA3PbIBAIOIIME CUJIbI CTAHYT CITIOCOOHBIMH ITpe-
OJI0JIETh MPOTUBOIENCTBUE IEHTPOCTPEMUTENILHOM SHEPTUU TTO-
BEPXHOCTHOTO CJIOSI U OTOPBATh OT 0a30BOTO y3J1a HAKOTUIEHHbIS
SHeprum. Pa3pbiB HaKOTIEHHOW 00O0JIOUKH y371a aKIEeTTopa Mpo-
MCXOIUT MIHOBEHHO MO BCEH MOBEPXHOCTU TOPA, HAUMHAS C K-
BaTOpA, I7Ie JIMHENHAS CKOPOCTh BpalllEeHUs1 TOpa MaKCUMaJIbHA.
[Toatomy, Bcst SHEprusi, KOTopas yaepkKUBaJlaCh IEHTPOCTPEMHU-
TEJIbHBIMU SHEPTUSIMU, BBITUIECKMBAETCS B IVIOCKOCTHU BPAILIEHU
TOpa. AKKYMYJIMPOBaHHbIE SHEPTMM OTPOMHOM IUIOTHOCTH, MO
OTHOILIEHMIO K TUIOTHOCTY HEPTUU B IIPOCTPAHCTBE, MTHOBEHHO
MIPOHUKasi B cOAJIaHCHPOBAHHOE TTPOCTPAHCTBO IMKJIOB TIPE0o-
pa30BaHM s SHEPrUid, IPEBPALIAIOT UX B paciiaB. Tak uTo, Mo me-



e HaYaJIbHOT'O MPOJBUKEHM S TON SHEPTUU U3 30HBI B3PbIBA, Ka-
KOW -TO TIEPHO TIPOMCXOINT JJABUHOOOPA3HBIN MPOIIECC IJIaBIIe-
HUS IPOCTPAHCTBEHHBIX BUPTYaJIbHBIX CTPYKTYp MpeoOpa3oBa-
HUS1 SHEPTrUM, MPUBOASIIUI K 00pa30BaHUIO HEKOTO Xaoca U3 CO-
crapysgomux E9M. I1pu 310M, MpOMCXOAUT NOATOTOBKA U CTapT
K 00pa30BaHMIO 0a30BBIX MATEPUAIBHBIX YaCTHIl. Tak HauyMHa-
I0TCS ITPOLIECcCH 00pa30BaHMs MaTepUaIbHbIX (DOPM 3aHOBO, KO-
rJJa pa30pBaHHbIN HAKOIUIEHHBIN CJIOM SHEPruil MPOCTPAHCTBA,
MOMEHTAJIBHO UJIET Ha CTPOUTEIHCTBO OA30BBIX YACTHUI] MATEPH-
aJIbHOTO MMPA- HEUTPUHO, IEKTPOHOB, TPOTOHOB, HEUTPOHOB,
Ha CO3/IJaHMe MHOXECTBA IIPOMEKYTOYHBIX MAJIO CTAOUIIbHBIX Ya-
CTULl U CTPYKTYp, a AaJiee, U MaTepUabHbIX TEI U CTPYKTYp
u3 HUX. M3 —3a OrpOMHOM CKOPOCTH BpallleHHsl y3Jia, BECh MPO-
IeCC MaTepUATN3AIMU COCPEIOTOUYEH B TUIOCKOCTH HEHTPOOEK-
HOTO pacTeKaHus 0a30BbIX SHEPTUH 1 KX KOHTJIOMEPATOB, YTO CO
CTOPOHBI BUAUTCS KaK pa3/IeTalOIIMECs TIOTOKA BCEBO3MOXKHbIX
MakpodOpM, BKJIIOUAsi OCHOBBI COJIHII, 3B€3]1 U IUIAHET, [IBUTa-
IOIIMXCS TI0 HEKMM OpOMTaM B TJIOCKOCTH BHIOpOCa, B COOTBET-
CTBUM C HallpaBJIEHUEM BpallleHHs y3/1a HA MOMEHT B3pbiBa. Of1-
HOBPEMEHHO C 9TUM IPOUCXOIUT KOHYCOOOPa3HbIe BHIOPOCH Oa-
30BBIX HEPrUil U3 BHYTPEHHETO OTBEPCTHUSI TOpa B 00€ CTOPO-
Hbl. Puc.3 d. [Ipu 310M, BpanieHre BbUIETAIOIMUX ITOTOKOB KOH-
[JIOMEpATOB SHEPrUid MPOAOIKACTCS MO HAIPABJIEHUIO, 3a/laH-
HOMY BpaleHueM y371a. CKOHIIEHTPUPOBAaHHOE MAarHUTHOE TO-
Jie, akTUBUPOBAHHOE BPAIIEHUEM MOBEPXHOCTHOU LIEHTPOCTpE-
MUTEJIbHOM SHEPIUEH Y3714, B CEPEJUHE OTBEPCTUS TOpA U BBIXO-



JsiIee HapyKy, OKa3bIBAlOT CUJIbHOE BJIMSIHUE Ha BbLJIETEBIIINE
MOTOKH HAKOIUICHHOH SHepruu. VIMEHHO 3TH BUHTOBbIC TIOTOKU
CYIIIECTBEHHO YCHJIMBAIOT M €3 TOr0 OrpOMHOE MarHUTHOE TIO-
ne y3na. [Tocie Toro, Kak BCSl HAKOIJIGHHAst N30BITOUHAS SHEP-
T'Ysl Ha TIOBEPXHOCTU PEreHepUpPYIOIIEro y3ja, BHIPBETCS U3 ero
OOBSATUI M Ha TPEIENTBHBIX CKOPOCTSIX YCTPEMUTCSI B OTKPBITOE
NIPOCTPAHCTBO, PEreHEPUPYIOIIHIA y3eJl MOCTENeHHO BHOBb CTa-
HOBUTCS YepHO# JbIpo. DTO MPOMCXOAUT TOrJa, KOrja Ipo-
CTPAHCTBO BOKPYT' pEereHepUpYIOIIEro eHTpa MOJIHOCTBIO OYH-
CTUTBCS OT PA3JIETAIOIIENCS aKKYMYJMPOBAHHOM YHEPIUH, Tak,
YTO WHBIE TMOTOKM MaTepUaibHbIX 0O0pa30BaHUN M M3JTyYeHUs,
HAXOJAIIMXCS BHE IUIOCKOCTH PacTeKaHWsl B3OPBAHHOW MacChl
6a30BbIX SHEPrHii, CTAHOBSITCSI CIIOCOOHBIMH MTPOPBATLCS B 30HY
3axBaTa PereHepupyIoNIero HeHTpa. 1o u OyIeT MOMEHTOM 00-
pa3oBaHus oyepeHoW YepHOU bIpHI.

B3pbIB CBEpXHOBOW SIBJISIETCS MHOTOKACKATHBIM TTPOIIECCOM,
HAYMHAIOIIMMCS C KPUTHUYECKOTO M3JTyYeHH S, PacTUIABIISIONIETO
CTPYKTYPY IPOCTPAHCTBA Ha CBOEM IyTU. DTUM U3TydeHUeM Oy-
JIET YCJIOBHO MPOSIBJICHHAS] SHEPryisl HAMBBICIIIMX BUOPALIUA, CO-
CPENOTOUMBIINASCS B TPUTIOBEPXHOCTHOM CJIO€ HA MOMEHT B3pbl-
Ba. CreiyIommm 3tanom OyeT 00pa3oBaHuUs N3HAYAIBHBIX BbI-
COKOYACTOTHBIX MaTePUAIbHBIX YACTHI] — HEUTPUHO Y aHTUHEH-
TprHO. U TOJIbKO HAUMHAs C TPEThE BOJIHBI, CO BCEMU BapHyaly-
SIMUA ¥ TUIOTHOCTSIMU 3Hepruii EDM, HaunmHaeTcss (hopmMupoBa-
HME OCHOBHBIX Oa30BbIX YaCTHUI] — IIPOTOHOB, HEUTPOHOB U K-
TpoHOB. Kpome 6a30BbIX yacTuil 00pa3yeTcsi OrpoOMHOE MHOKe-



CTBO €J1a00 CTAaOWJIBHBIX U TIPOMEXYTOUYHbIX yactull. Hapsmy c
nporeccamu (popMHUPOBAHUSI MATEPUAIIBHBIX YACTHUI U aTOMOB
BO3HHUKAIOT CTPYKTYPbl — aHAJIOTU YEPHBIX JbIP, KOrja CyIle-
CTBEHHBII chepruiecKrii 00beM pacriaBa BbIPBABILIEICS IHEP-
rud, cOaJJaHCMPOBAaHHBIN 110 BCeM cocTapiistiomuM E9M, npen-
CTaBJisieT coOOM YCIIOBHO TMpOsSIBIICHHYI0 MoHany. Hemocratou-
HBlE pa3Mepbl A (POPMHUPOBAHMS KPUTUUYECKOW T'PaBUTAIINU,
MPOBOIAT K TOMY, YTO Ha TMOBEPXHOCTH TAKOro OOpa3OBaHMS
JIEMEHTAPHBIE YaCTULIbI HE MOTYT PA3JIOKUTHCS A0 OTIAEJIbHBIX
cocrapistonmmx EDM. [lpy HanvuMM akTUBHOTO CJOSI JIEMEH-
TapHBIX YaCTU MOTYT OOpa30BaThCs YCJIOBUS T'eHEepald U pe-
reHepai HeuTpoHoB. [lo Mepe HakorieHusl Takoro cJjosi Ha
ee TIOBEPXHOCTH, 00pa3yeTcsi TaK Ha3biBaeMasi HEeUTPOHHASI 3B€3-
na. Tak, U3 OrpoMHBIX COAJTAHCHPOBAHHBIX IO SHeprusim EOM
CTPYKTYp — pacIUIaBOB 3apOXKAATCS 3Be3/bl U IUlaHeThl. Mc-
XOJIHbI€ BBICOKOIUIOTHbIE MHOrOpa3MepHbIE sijipa paciijiaBa Mo-
CTeTrieHHO oOpacTaT 0osiee HU3KOYACTOTHBIMU COCTABJISIOIIH-
vu E9M. Tak ¢popmupyercss MHOropasMepHbi psj cepuye-
CKUX 00pa30BaHMII — OCHOB COJIHII U IJIaHeT. Puc. 4.
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