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IIpeaucaoBue

Kuury cnepyer paccmarpuBath Kak llpuioxeHue Kk KHUre
«HeusBecTHas sHEprusi», pa3bsACHSIONIEH, YTO MACCbl B TIPUPO-
Je Het, a ectb Tonbko DHEPI'MS, uto gBisieTcss coOBEpIIEHHO
HOBbIM B oTiinure ot CAII 1 3anmaiHeIX TOJTKOBAaHUH 3TOTO TEp-
MUHA.

Bce 3akonbl Hbl0TOHA CBsI3aHBI ¢ MaCCO KJIacTepa BEIIEeCTBa
OJJHOT0 3HAKA U XapaKTepU3YyIOT €€ COCTOSIHUE Ha TOBEPXHO-
cti 3eMJM Wid 1iaHeT Ha opoute Bokpyr ConHia. Kunernye-
CKas U MOTEHIIMAJIbHAS SHEPIYsl He BPAIIAKIIMXCS TeJ TaKkKe
OIPENIENAIOTCSl BEJIMUMHOW MAaCC M XapaKTepU3yIoT €€ COCTOs-
HUE MHEPIUOHHOTO JIBUKEHUSI WU TIOKOSI.

Her onpenenenust U MOHATUST MAcChbl, KaK yTBepkaaeT M.
Ixemep!:

«HyorcHo npusnams, umo, HeCMOMPS HA COBMECHIHbIE YCUNUSL
Pusuxos u hunocoghos, mamemamukos u 102uK08 He 0OCMuUHY-
MO HUKAKO020 OKOHUAMENbHO20 NPOSICHEHUSL NOHAMUS MACCHL».

IIpupoaa Mmacchbl — 3TO caMblil IJIaBHBIA BOMPOC PyHAaMeH-
TaJIbHON (DU3UKU U OH JIO CHX MOP HE PEUIEH.

TeopeTnyecku, aHTUT paBUTALIMS 3aITpellieHa KaK MPUHIIUIIOM
9KBUBAJIEHTHOCTU CHJI TPaBUTAIMM U WHEPIIMU, TaK U OOIIein
TEOpHUEr OTHOCUTEJILHOCTH U3-3a OTCYTCTBUSI OTPHLATEJIbHON

"M Ixemep. IToHsATHE MAcChl B KJIaCCUUECKOM U cOBpeMeHHOH (pusuke. M.: IIpo-
rpecc. 1967 r.



Macchl, HEOOXOIUMOW ISl CO3JIaHUST OTPUIATEIbHON KPUBHU3-
HBI ITpocTpaHcTBa. CoracHO 3aKOHY BCEMHPHOT0O TSITOTEeHUSI
moObie 1Be Macchl B CU U3 s1/iepHO-aTOMHO-MOJIEKYJISIPHOTO Be-
IeCTBA MPUTATUBAIOTCA APYr K APYTY C CHJIOH, MPOMOPIIMO-
HAJIbHOW WX BEJIMYMHAM M OOPaTHO MPOITOPIIMOHAIBHO KBaIpa-
TY PACCTOSIHUSI MEKAy HUMH, TIOMHOKEHHON Ha T'PaBUTALIMOH-
HYIO MTOCTOSIHHYI0 — K03uieHt Kapenauina. DTOT riiaBHbIN
3ak0H HpioTOHa SIKOOBI OmpeesseT COCTOSHUE U TIONOKEeHUe
IUIAHET COJIHEYHOW CHUCTEMBI HA OPOMTaX CHJIOM MPUTSKEHUS
Conniia.

Kak coo6maet Duapio KommHs B cBoelt kHure?:

«/[nsi mubemckux MOHAX08 3aKOH 8CEMUPHO20 MI20MEHUS]
Hvromona uau npunyun omuocumenvnocmu SiiHumerina npo-
CMO He CYwecmeo8ant U nO3MoMY He MO2AU CMOSIMb HA NYMu
npoepecca. Ilpusnas makyro 603MONCHOCMb, Mbl 8npase Oony-
cmumas, umo opeeHsis yusuauzauus Ezunma nowna no momy sice
nYMu U NO3HANA 3AKOHbL BPUPOOBL 20PA300 24Y0HCe, UeM MOHCEM
cebe npedcmasums cospemennas Hayka. B maxom cayuae mol
O00NICHBL NPUBHAMb, YIMO MOALKO KOHCEPBAMUBHOCHTb U NPUBED-
HCEHHOCHb K 002MAM MEWAIOM HAM PA38UBAINb MEXHON0UU, Bbl-
Xoosuyue 3a pamKu mpaouyuOHHON HayKi».

3aMeueHO OTKJIOHEHME CBOHCTB MacChl B 3TOM 3aKoO-
HEC HC TOJIbKO B TI'PaBUTALIMOHHBIX BSaHMOﬂeﬁCTBHHX IJIAHET

2 Suapio Komnaz. BOT'N 3JEMA. CEKPETBI APEBHUX TEXHOJIOT! V. Usp-
BO: M.: Dkcmo, 2005 r.; ISBN: 5-699-09231-5.



u CoJHIIa, HO ¥ BO B3aUMOJICHICTBUSIX C MAacCOM acCTEPOUIOB BO-
KpyT KpynHbIX miaHeT u ComnHia. B 3TomM 3akoHe MHOTO OIIMOOK
1 HesicHocTer. OJHOM 13 ITTaBHBIX OIMOOK SIBJISETCS TO, UTO JUIS
NPUTSKEHUS] HEOOXOOMMO 4TOObl MacChl MMENU Pa3HBIl 3HAK.
Jpyras ormmoOKa — CHJIbI IPUTSHKEHU S CITyTHUKOB K aCTEpOUaM
BOOOIIIE HE MTPOUCXOAUT. ACTEPOUIOB B COTHEYHOM CHCTEME 00-
HAapyXeHO MHOT0, a BOT CIYTHHKOB BOKPYI HUX HHU Y OJHOIO
u3 HUX HeT. [IpeanpuHsAThIe MONBITKY BEIBECTH HA OPOUTY acTe-
POMJIOB UCKYCCTBEHHBIE CITyTHUKHM OKOHYMJIMCh KpaxoM. [lepBas
nonbiTka — 30H1 NEAR — noaronsum k acrepougy dpoc ame-
pukanipl. Boiycryio. Bropas nonsitka — 301 XAABYCA («Co-
KOJI»), AITIOHLIBI OTIPABWJIM K acTepoualy MiTokaBa, 1 Toxe HUYe-
IO HE BBIILLIO.

Emé onHa HemanoBaxHasi OIMOKa 3aKII0YaeTCs B TOM, UTO
NPy BpalIeHUU KJIACTEPOB OOBIYHOTO BEIIECTBA UJIM CaMOBpa-
IIEHUH TUIAHET B COJIHEYHOU cucteme U camoro CosHIa, MX Mac-
ca MpeCTaBIIsIeT COOOH NMEPEMEHHYIO BEJIMUMHY, UTO U OIpejie-
JISIeT X He KPyroBble OPOUTHI.

Hpyron BcemupHbid 3akoH OTO A. DiHIITeHa, Kak HaC yBe-
psieT coBpeMeHHoe akasemuueckoe npeacraienue (CAIT), 60-
Jiee TOYHO ONMUCHIBAET COCTOSIHUE NMPOCTPAHCTBAa-BpeMs BO-
KpYyr Maccbl-3Heprum u3 4,9% nanbonee M3y4eHHOTO aTOM-
HO-MOJIeKyIsipHoro BeiectBa. Macca B CU — 310 Mepa uHepT-
Hoctu. OHa no CAII cBs3aHa ¥ SKBUBAJIEHTHA SHEPIUN JICJIEH-
HOM Ha KBapar ckopocTH cera. Ho sHeprus — 3to mepa aBH-
skeHud. Jlokrop B. dtkun 3akmouaer — «[locmyaam A. Iiin-



wmetina 00 SK8UBANEHMHOCMU MACChbL U FHepeUU NPOMUBOPEUUN
3AKOHY COXPAHEHUsL SHEPUU U He COOMBENCIMEYent CYu,ecmay oe-
aa. Ipowno bonee 100 aem ¢ momenma eozuuxroserus: TO. O0-
HAKO 00 CUX NOp He Ymuxarom OUCKYCCUU O MOM, 3A8UCUIN AU
macca mea om ux CKOpoCmu, ompasicaem AU OHA 3anac dHep-
2UU 8 HUX, A0OUMUBHA AU MACCA NPU 00BEOUHEHUU men U ud-
cmuy, 8 cucmemy U COXpaHsiemcst A OHA 8 UBONUPOBAHHBIX CU-
cmemax macumaoa Bcenernnoti npu anHuzunsyuu 8 Heil mamepu-
anviblx uacmuy. Knaccuueckas gpuzuxa, keanmoesass mexaHuka
(KM) u meopus omrnocumenvriocmu (TO) no-pazromy omeeua-
10 HA 3MU 80NPOCHL, NPUUEM UX BbIB0ObL He OMBEUaroN NPUHUU-
nYy cOOMEemMcmaeus, m.e. He CO2nAacyromcs opyez ¢ Opy2om npu u3-
MEHEHUU MACmana cucmembol uau ckopocmu osudicerust. OOun
U3 MAKUX CNOPHLIX BONPOCO8 KACAEMCS NPUHUUNG IKBUBANEHN-
HOCIMU 3HEpeUul U MACcbl, NOCMYAUPOBAHH020 A. FiHumeriHom
6 1905 200y. Imom npunuun pacnpocmpamsiem ceés3b MexHcoy
maccoti meaa M u snepeueli e2o uznyuenus E, Haiioennyro paree
psidom uccaedosameneii, Ha 6ce Popmbl SHepeUU U A6NEHUSI NPU-

poowt. C mex nop ¢popmyna E = Mc? cmana cumeonom meopuu
omnocumenvhocmu ( TO), xapakmepu3zys eé OCHOBHYIO «<nPaKmu-
uecKyro omoauy».

Tak:ke MHOTO OIIMOOK U npomugopeuuli ¢ IBICHUSIMY TIPUPO-
el B CTO.

IlepBoe, B CTO, T.e. pensarusuctckor TO — orpaHnueHue
CKOpPOCTH JBW)XEHHSI BCeX OOBEKTOB MaTepuu Bo BcemeHHoM
CKOPOCTBIO CBETA, MPUYEM HET pa3iuyusi B TPUMEHEHUH K JIEK-



TPOMarHUTHBIM WJIM B3aMMOJIEMCTBUSIM I'PABUTAIIIOHHBIM.

Bropoe. PasmepHocTy [MHBI, BpEMEHH, SHEPIUU U MacChl
3aBUCSAT OT CKOPOCTHU ABUKEHUS, T.€. MAaTeMaTH4YeCKUe TUIo-
Te3bl JIopeHna A. DIHIITEHOM NepeHeceHbl B KaUeCTBE OCHO-
Bbl (hM3HYECKON HayKu. A mMacca pacTeT C YBEIUYEHUEM CKO-
POCTH JIBUKEHMS JIEKTPOHA.

OpnHako, pe3yabTaTbl SKCIEPUMEHTOB IO aHHUTWJISLIUMHU
3JIEKTPOHOB-TIO3UTPOHOB, 4 TAKXKe M0 AHHUTWISLIMM BCTpeu-
HBIX MYYKOB JIEKTPOH-TIO3UTPOHHBIX IMYYKOB B KOJUIaAepax
B3I1I1-2000 yTBepxaaioT 00paTHOE — UX Macca M OHU CaMH BO-
o0I1ie ucye3aer, OHU NpeoOpasyioTcsi B POTOHBI, MIOOHBI, ME30-
Hbl, TIapbl IPOTOH-aHTUIIPOTOH, HEUTPOHBI U T. .

YecTtHble (pU3UKH MPEKPACHO BUISAT, YTO BCE OMBITHI, STKOObI
nonreepauie CTO, — 310 MUIIb TPIOKH?, 0 YEM HE pa3 3a-
ABJISUIA Takue (PU3MKU-sAaepuky Kak . Pesepdopa, @. Con-
1, IIx. ®okc?t, A. A. Tankun, JI. A. ITo6enonocues®, [Iu Xyas,
¥ KOTOpPbIE YTBEPKIAIOT, UYTO PE3YJIbTAThl SKCTIEPUMEHTOB HE CO-
racyrcsa ¢ popMyaaMy DUHINTENHA JJI ABWKYLIEUCA Mac-
Cbl M KHHETUYECKOW 3Hepruu. Bee Tpu sxkcniepumenTa Jlnanr3ao

3 0O0630p BceBO3MOXKHBIX TPIOKOB M3JI0%keH B padorte Cemukos C. A. CBepxcBeT-Jer-
ko! // «mxkenep» NeNel 1—12, 2011.

4 Fox J.G. // American Journal of Physics, V. 33, Nel, 1965.
3 To6emonoctieB JI. A. u ap. // KT®, T. 59, B. 3 c. 84, 1989.

® Di Hua, «Fundamental Revision of Einstein’s Relativity Theory — The Galilean
Relativistic Mechanics with Variable Speed of Light», Frontier Science, Volume 3,
Number 4, 2009.



®3H’ nOKa3BIBAIOT, YTO PEJISITUBHCTCKAS MEXaHUKA DUHINITeHA
BBOJUT HAC B 3a0JTyX/IeHUE:

«Pe3ynemamul écex mpex sKCnepuMenmos He COo2aacylomcs
¢ popmynramu IiiHwmerina 015 OBUNCYULEIICSE MACCHL U KUHEMU-
UecKoll SHepeul U Onposepzaem SUHUMENHO8CKUE NPeoopa308a-
Hus Jlopenya».

B knure® 23 aBTOpOB NPUBOASTCS J0Ka3aTelbCTBA HECOOT-
BerctBusA mipenckazanuii CTO u OTO pesynabratam peabHO
MPOBEIEHHBIX SKCIIEPUMEHTOB. B yactHOCTH, B cBoel padote ['0
Nu Xyanb u I'o Yxoup Xya, yKasplBaIOT, «umo npu mujamens-
HOM CPABHEHUU pe3yavbmamos oouleli meopuu OmHOCUNENbHO-
cmu U Pakmuueckux acmpoHOMUECKUX HAOA00eHUIl, 803HUKA-
rouee npomugopeune Mexcoy HUMU OKa3vléaemcsi mpyoHo npe-
oodonemo. bonee mozo smu dee meopuu ycmanaeausarom hu3u-
UeCKY0 meopuio U3 Mamemamuveckux, a He Ha0Gopom, Hapy-
was KAacCuuecKuti NPUHUUN».

I'maBHas ommoOKa A. DUHINTENHA’ B ITOAXO0IE O TOM, KaK HAJI0
CTPOUTH TEOPETUYECKYIO (PU3UKY, 3aKITIOYAETCS B €r0 YOk IEH-
HOCTH, UTO «...AKCUOMAMUYECKAsl OCHOBA Meopemu1eckol gu-

! Liangzao Fan. «Three Experrimens Challenging Einsteins Reativistic Mechanics
and Traditional Electromanetic Acceleration Theory», Academia Sinica, 2010.

8 Florentin Smarandache, Fu Yuhua & Zhao Fengjuan. Unsolved Problems
in Special and General Relativity. Educational Publishing & Journal of Matter
Regularity (Beijing) 2013, p. 320. ISBN: 9781599732206. Printed in the United States
of America.

? Djtamreitn A. O Metoze Teoperudeckort puzuku //Cobp. HayuH. Tp. T. 4. — M.:
Hayka, 1967. — C. 184.



3UKU He Modicem Obimb U3eneueHa u3 onvlimd, a 00NXHCHA OblMb
C80000HO U30Opemena. .. Onvim moxcem noOCKa3ams HAM COON-
semcmayoujue Mamemamu4ecKue NOHMus, Ho OHU HU 8 KOem
cayuae He mMozym Oblimbs 8bl8edeHbl U3 Hezo. Ho nacmosiuyee meop-
uecKkoe HauanNo NPUCYe UMeHHo mamemamure''».

V P. ®eiinmaHa Ha 9TOT CYET eCTh COOCTBEHHOE M3pedeHue'!:

«DuzuKka — He Mamemamuxda, a mamemamuxka — He ¢pusuxa?
B ¢buzuxe vl 00131CHbI NOHUMANMb €853 CN08 C PEANbHLIM MU-
pom».

JleficTBUTENbHO, UCTOPUSI TIO3HAHKS 3aKOHOB MPUPOJIbI yKa-
3bIBa€T HAa IOCTOBEPHO YCTAHOBJICHHYIO IOCJIeOBATENILHOCTh —
9KCIIEPUMEHT — (pr3MUecKasi TEOpUsi — MaTeMaTUIeCcKue OTo0-
paxkeHUs1 — Mepbl — MIPAKTUKA, a He Ha000poT. YToOBI Mpekpa-
TUTh BCE BHIIIEYKAa3aHHbBIE «MPIOKU» U «O0B0PUOBbIE NEPECOPO-
Mmul» DUHINTEHHA, CKaXKy '> 00JIbIIe, YTO MACChl TTOKOS U Mac-
ChbI PEJISITUBKUCTCKON B MPHUPo/Ie BooOie He cymecTByeT! Cy-
IIECTBYIOT TOJIbKO MTPOIYKTHI B3aUMOJIEHCTBHUSI CTPYKTY PUPOBaH-
HOUM MaTepuH U KJIACTEPOB U3 HE€ C MoJieM TATOTEeHUs] 3eMIIH.

10 Maremarika — 510 BaxHeiimas yactb MPHUKJIATHOW Hayku — pabots! K. I'€nens
0 HemnoyiHoTe MateMatuku 1 M. KnaiiH. «Maremaruka. YTpara onpeieaeHHOCTH» M.
Mup 1984, ctp.255.

" ®ejinman P. XapakTep pusnueckux 3akoHoB. M.: Mup, 1968. C. 55—56.

12 IMangpun A. A. Crpykrypa muposgaHus BeejneHHod. Yacts 1. Mukpo-
mup. Uznparensckue pemenus no quuensuu RIDERO. 2021 roa, 474 crp. ISBN
978-5-4496-8644-2



PaccmarpuBasi MHIALMOHHYI0O MoAenb paszayBanusi [Ipo-
crpaHcTBa Beenennou npu Bonbiiom B3peiBe B 10 pa3, oT™Me-
yaioT, 4To [IpoCcTpaHCTBO pacHIMPSIOCh CO CKOPOCTbIO MHOTO
OOJTBIIIEH CKOPOCTH CBETA, OMPABIBIBAS TO TEM, UTO IMPOCTPAH-
CTBO 3TO HE MaTepusi — MPOTUBOPEYMs U TIOMHHIA adCcyp, Tak
KaK MPOCTPAHCTBO POXKIAETCS I'PaBUTAIIMOHHBIM IOJIEM U SIB-
nsercst npoctpadcTBoM. Bropoe, B CTO macca, Bpems u 1J1u-
Ha CTAHOBATCS B (DYHKIIMOHAJIBHOW 3aBUCMMOCTU OT CKOPOCTH
JBWXKEHUSI PacCMAaTPUBAEMOro OOBEKTa JBIMKEHHS Ha W3BECT-
HYIO BEJIMUMHY B 3HaMeHatese ApoOu, KOTOpasi MOXKeT CTaTh Oec-
KOHEYHOCTHIO MJI BOOOINE KOMIUIEKCHBIM uucioM. Bpemenn,
Kak ¥ Macchl HET B MpUpPOJE, TO mapameTpsl cuctemsl CU 3,
yepe3 KOTOpbIe ONpeNesIsioTcsl ABUKEHUE, U3MEHEHUE U Jpyrue
SIBJIEHUSI, KOTOpPblE MPUCYTCTBYIOT B SIBJIEHUSIX Mpupoabl. [lo-
3TOMY €ro CTaBUThb B 3aBUCUMOCTb OT CKOPOCTU HEJb3sl. DTO
yIpaXxHEHUs 17151 yMa CKa304HUKOB OT MaTeMaTuku. IyiaBHoe
BCE maremaTu4deckme T€Opyu B psijly METOIOB MO3HAHUS 3a-
KOHOB TPUPO/bl OTOABUHYTHI HA MOCJEAHEE MECTO JIMIIb JIBY-
Ms Teopemamu o HenoyHoTe K. T'€nens. [Ipu riryObokom aHammse
HE ylaeTcss OOHApYXKUTh BPeMsl, KaK OHY W3 CYIIECTBYIOIIUX

13 OcHoBHbIME BemAuMHAMY Me:xnyHaponHoii cuctemsl BeuuuH (CH) spisiorcst
JUIMHA, Macca, BpeMsl, NeKTPUIECKHI TOK, TePMOAMHAMUYECKAs TeMIepaTypa, KOJH1-
YeCTBO BEleCTBa U CUJIa cBeTa. ENUHUIIB U3MepeHus [JI HUX — OCHOBHbIE €JMHUIIbI
CU - metp, KWJIOrpamMMm, CeKyHIa, aMIep, KeJIbBUH, MOJIb U KaH[eNla COOTBETCTBEH-
HO. OctanbHble euHULBI CU SBIAI0TCSA MPOU3BOIHBIMU B 00PA3yIOTCS U3 OCHOBHBIX
C NOMOILBIO YPABHEHUI, CBA3BIBAIOLIMX APYT C APYIoM (pru3nyecKkye BeIuuuHbl Mex-
JIYHApOJHOH CUCTEMBI BEJIMUKH.



(popm MaTepuM 1 HEOTHEMJIEMYIO YACTh IOHSATHS TPOCTPAHCTBA.
B npupoae cymiectByer i 4acTora B (hOpMe MyJIbCUPYIO-
niero 3apsija Heprun. [IpeacrapieHre BpeMeHU B YETBEPTOU
KOOpIMHaTe-MeTpuKe MUHKOBCKOTO — 3TO €CTb WCKJIIOYUTEb-
HOe CyObEKTUBHOE MOHSITHE YeJIOBEKa JIJIsl CO3[aHuUsI MaTeMaTH-
YECKHUX MOJEJer ONUCAHUs ABWKEHUS U U3MEHEHUs] MaTepuu
U3 OIHOM (POPMBI B JPYTYIO, T.€. ITO MPOLYKT MBIIUIEHUS YeJI0-
BeKa, a He (hopMa MaTepuu U YK TeM Ooliee He sIBJIEHUE MPUPO-
bl

I'énenb naet BLIBOJ O CYyIIIHOCTH BPEMEHU: «Bpemst —3mo om-
HI0Ob He cneyuguueckas xapakmepucmurka ovimusi... A e eepio
8 00BEKMUBHOCb 8DeMeHU. .. Bpems — cyovexmusno, no kpaii-
Hell mepe, K020a OHO NPUHUMAEMCSl 8 CMblCAe HAUlell e20 UH-
MYUMUBHOU KOHUENYUU: MO MOdcem Oblimb NPOSICHEHO Ny-
mem Habaooenusi pabomsl yma... Hawa ecmecmeennas ckaom-
HOCMb MbICAUMb PUSUMECKUTE MUD KAK NPOCMPAHCMBEHHO-8pe-
MEHHOI — pe3yAbmam Hauleli NPUBLIUKU ACCOUUUPOBANNL NPUUUH-
HOCMb C epemerem u uzmenenuem». Iloatomy I'€nens npuinen
K BBIBOJ1Y, UTO BpPEMS — 3TO WLTIO3USI.

[Tpu ckopoCTSIX HUXkE CKOPOCTH CBeTa peoOpa3oBaHusl DiiH-
HITeiHa Tepexonar B mpeodpasoBanus [amines. Oouree 3ame-
JyaHue — npeodpazoBanus Jlopenna-Ilyankape, Ha KOTOpPBIX Oc-
HoBaHa CTO, mporuBopeyar siBJeHUsM Npupoisl. B mpupone
LAPCTBYIOT TOJIBKO (pu3HUecKHe moJsi (1o JaJbHOAEUCTBUIO —
MHUKPO, MAKPO ¥ TUIIEPIOIs) U 3apsiibl SHEPTUU B (DOPME ITyJIb-
CUPYIOLIUX C ONpPEAEIEHHOM YaCTOTOM MArHUTHO-IPABUTALM-



OHHBIX UCTOYHWKOB JBMKEHUSI B BUXPOHAX ', 371eCh HET Bpeme-
HU, CWJIbl, MAacChl, EKTPUUYECKOTrO 3apsAaa U T. [I. — 9TO BCE BbI-
HYXJICHHBII IPOIYKT MBIIIJICHUS U BHIYUCIEHUI YeJoBeKa C Mo-
MOIIIbIO BHIOPAHHOM M pa3paOOTaHHOW UM e CUCTEMBbl U3Mepe-
Hust CU, noka eie npuemsieMoil COBpeMEHHUKAMU 17151 TpUMe-
HEHUHN B MaKpOMHUPE.

3amedyaHusi KOHKPETHO — CKOPOCTb CBeTa 3TO (pyHJaMeH-
TaJIbHAs1 KOHCTAHTA IEKTPOMArHUTHBIX B3aMMOJIENCTBUM U ITPU-
MEHSTH €€ JJIs IPAaBUTALIMOHHBIX B3aUMOJEUCTBUI HEJb3sl, TaK
KaK TaM JIEUCTBYIOT Apyrue (PU3MYECKUE 3aKOHbI — 3aKOHBI
opmupoBanus (pU3MUECKHX TPABUTAIMOHHBIX, MArHUTHBIX
1 3JIeKTpocTaTHUecKuX moJiei. B obimieir TO TeH30p DiHIITEN-
Ha MEXaHWYECKU MPUPABHEH TEH30pPYy FHEPTUU UMITYJIbCa TEa,
T.€. CBSI3BIBAETCS TEOMETPHS IPOCTPAHCTBA-BPEMEHH, 00YCIIOB-
JIEHHasl TIPUCYTCTBUEM MaTepuu (MacChl-SHEPTUM) U €€ JIBUKe-
HUEM. 3/1eCh ITPU TEH30PE SHEPTUU U ITPUCYTCTBYET MAcca U CKO-
poctb cBeTa. I3 atux ypasHenuit OTO u cnenyert, 4To rpaBuTa-
IIMOHHBIE 3(PheKThI 0OYCIIOBICHBI HE TONSIMH, a Jiechopmanuei
CaMoro MpoCTPaHCTBAa-BpeMeHN ' — 5TO OMMOKA.

14 o
Mlanpun A. A. Tons u Buxponsl CTpyKTypsl MUPO3JaHus BeelleHHO. V3nanus
Punepo. 2020 roa. Tpetbe uznanue.
5B TperbeM nyHKTe Cortaienus «MIOHXeHCKUi pa3roBop o peauruu» ot 1940 ro-
Jia yKa3aHo — 3. uemvlpéxmeproe npeocmagaeHue npupooHbliX NPOUECCO8 6AAemCs
mamemamuuecKkoil abcmpaxyueri u He 615encs MOOeNb0 NPOCMPAHCINEA-BPEMEHIL;



doro 1. lecbopmaruisi mpocTpaHCTBA-BPEMEHU MPUCYTCTBU-
€M Macchl (crpaBa), cieBa cpepruieckoe rpaBUTAIIMIOHHOE TIPO-
CTPaHCTBO-TI0JIE YEAUHEHHOTO UCTOYHMKA-MACCHI.

VYeanmHEHHBIN UCTOUYHUK I'PABUTALMOHHOIO MOJIA, T.€. OIUH
MCTOYHHK Oe3 OKPYKEHUsI APYTUMH, He HCKPHUBJISIET, a TOIbKO
nopozxaaet cpepuyeckoe NpocTpaHcTBo-noJe (doro 1, cre-
Ba) BOKpPYT Hero. Matemaruka u sikoObl ero (popMyJibl C YEThl-
PEXMEPHBIM MPOCTPAHCTBOM-BpeMeHeM MUHKOBCKOro (4et-
BEpTasl KOOpPJMHATA B METPUKE paBHA ITPOM3BEIEHUI0 CKOPOCTU
CBETa Ha BpeMsl) ONMCBHIBAIOT FEOMETPUI0 NCKPHUBJIEHUSA MPO-
CTPAHCTBA Ha MPUCYTCTBUE MACChl (SHEPrUM) B JAHHON TOUKE.
Ha xakoM OCHOBaHMM IIOCTABJIEH 3HAK PaBEHCTBA MEXIy ITH-
MU COBEPUIEHHO pa3HbIMU I10 CMBICIIy BEJIMUMHAMHU. 3aMETUM
ellE pa3, YToO yeAMHEHHBII UCTOYHUK-Macca-IHEeprus B pUpo-
Jie HUYEro He MCKPHBJSIET, a TOJIbKO U3JIyyaeT COOCTBEHHbIE
BHEILIHKE M0JI — IPaBUTALMOHHbIC, MATHUTHBIE U JIEKTpUYE-
CKHE. A BOT B JONOJHHUTEJbHOM I10j1¢ BausiHausi ColHua uc-



KPHBJIsIeT JieficTBHEM XOJIOAHOU 0e3MacCcOBOM TUIa3MOM MPo-
CTPAHCTBO-TIOJIE POKACHUEM CUJIOBBIX JIMHUM U CUJIbI PUTSIAKE-
Hus. U 31ech MaTemaTka 6€CcCHIbHA YTO TO U3MEHUTH B IPH-
pozie B3auMO,1eCTBHSI TOJIEH .

OpHako HU Te, HU Apyrue rpynmnsl (GopMyn He YUYUThIBa-
10T UICTUHHYIO CKOPOCTb PaclpOCTPaHEHU I TPaBUTALIMOHHBIX MO-
JieH, onpeesieHue MPOCTPAHCTBA-NOJSA U BO3MOXHOCTH CY-
IIECTBOBAHMSI MACChI C IIPOTUBOIIOIOKHBIM 3HAKOM (03 aHTHBe-
1IECTBA), KaKk 3TO NpHUCyTCcTBYeT B 3akoHe Kysnona. B npupone,
Kak Oy/eT IMOKa3aHo Jjajiee B KHUTE, IPUCYTCTBYIOT HCTOYHUKHU
rpaBUTAIAN C ITPOTUBOIOJOKHBIMU 3HAKAMHU 3apsIOB, a MPO-
CTPAHCTBO BOOOIIE POKAAETCS TOJIBKO KOHKPETHBIM BUIOM I10-
TS

JpeBHue TtexHomoruu crpoutenbctBa B Ermnre, Tubere
U CTPOMUTENbCTBO JIMACKaTHMHOM BO Piopuae HCHOIb30BAIU
3BYK /IJI1 H3MEHEHHUs1 3HAYEeHHsI MACChl M €€ 3HaKa MHOIO-
TOHHBIX KAMEHHBIX OJIOKOB — UTO EIIE MOKHO CKa3aTh 0 Macce?
C nomorpio MeTooB 1. XaryncoHa MOXKHO H3MEHSITh HE TOJIb-
KO Maccy, HO M 00bEM OJIOKOB TBEPIOro Tejla — CAyBaTh IPO-
CTPaHCTBO-TOJIE U3 aTOMOB, KaK BO3/yX W3 BO3AYIIHOIO IIApH-
ka. Otciona Macca BooOie — nepemMeHHas Benunna. [1oato-
My TIpUMeHeHue 3ThX (POPMYIT TOPOKIAET OTHU TOJIHKO OIINO-
KH'®, C KOTOPBIMU BCTPEYAIOTCS MTPU MTPAKTUIECKOM UX UCTIONb-

1 Ommokn B pacuérax mocafiok amnmapaTtoB Ha actepounpl, 3¢gdekrsl Cepia, B.
[Tay6eprepa, UrHOpUpPYETCs ONpeeeHre JUCKPETHOTO MPOCTPAHCTBA-TIONSI, OIpe/ie-
JICHUE TIOJIOXKEHHUSI B COJIHEYHOH CUCTEME ra30XKUAKMX IIAHET OTHOCUTEIBHO TBEPABIX
TUIAHET 3€MHOM I'PYNIIbl, HE YUUTHIBAIOTCS 3(PeKThl OT BpaieHus ruiaHet 1 ColHia



30BaHUMU.

CyOcTaHIUsl CTPYKTYphl MAcChl U YHEPTrUH, MEXaHU3M UX
B3aUMOJICVICTBUS, a TaKkKe POXIEHUE CWIbl B 3aKoHax HbioTO-
Ha JI0 CUX TOpP HE OrnpeAesieHbl B TOM BUJE, B KOTOPOM OHM CY-
LIECTBYET B MIPUPOJE, a He B onpeneneHusax cucremel CH. 910
OYEHb BaKHAS CyOCTaHIIMS, Yepe3 KOTOPYIO B MPUKJIAIHBIX HAY-
KaX MCHOJb3YIOT T€ UM WHBIE METOABI YIIPaBJICHUS ABUKEHUEM
Y TIEPEHOCOM TeJl — HHEPIHOHHbIE WK 0e3bIHePIHOHHbIE.

YTO CAyunnoch ¢ 3TUMUA OCHOBHBIMM 3akoHaMu HbloTOHA
v DuHiTernHa B Hauasie X XI Beka? KakoBbl CTpOMTEIH U HEN3-
MeHHbI€ 0€CCTPYKTYPHbIE€ KUPIUYUKU — CTPOUTEIIBHBIN Ma-
tepuai Mupo3ganus? KakoBbl UICTUHHBIE 3aKOHBI IPUPOABI 7
Uro Takoe 3apsii SHEPruu, CYIIECTBYIOIIMI B MPHUPOIE, Kak
cTpouteb Bcero cymero? Kak BparieHre OOBIYHOTO aToM-
HO-MOJIEKYJISIPHOTO BEILIECTBA BHOCUT U3MEHEHUSI B COCTOSTHH e
JIBUZKEHMSI M B3aMMHOE TOJIOKEeHHe Tesl Ha npumMepe 3¢ dekTa
IxannOekoBa?

uT. 1O.



BBenenune

N3ydenue macchl 1 00bEMa TeJl — 3TO OT/Ie/IbHAS HayKa O MPH-
poze Matepuu, onpeaeneHust e€ opM, CTPYKTYpPbl, IBUKEHUS
Y B3aUMOJICMCTBUM, CBOMCTB U €€ coctosiHus. [louemy BO Bcex
popmynax HpioToHa Macca UMeeT TOJIbKO MOJIOKUTEIbHBIN 3HAK
3apsna? [loueMy aTOMbl Ha OBEPXHOCTU 3eMJIM MPHUTSITUBA-
OTCA U 00'beUHSIOTCSI B TAKME arperaTHble COCTOSIHUS, KaK
KHUIKOCTb U TBEpHOE Teyo? B TO ke Bpems COmIacHO 3ako-
Hy KyJsioHa 3/1eKTpOHBI TOJKHBI OTTAJIKUBATHCS IPYT OT Jpyra,
HO M 3TO He HaOJII0AaeTcsl HU B MyYKaXxX JeKTPOHOB, Pa3BEPTHI-
BAIOIIUX KAPTUHKY B TEJIEBU30PAX, HA HA JIEKTPOHHBIX 000JI0Y-
Kax B aTOMax.

Otcioa ¥ MIaBHBIA BOMPOC ycTporicTBa Mupa — KakoBa NpH-
poja MaTepuu, 1o4yeMy e€ CTOJbKO MHOro B (hOopMe aToM-
HO-MOJIEKYJISIPHOTO BelIeCTBA MpPU MOJTHOM OTCYTCTBUU aHTHU-
BemiectBa (CAIl, mucOanaHc BellleCTBAa M aHTHUBEILECTBA), KaK
OHAa POXKIAETCs, KaK [OJITO KUBET, YTO ABJIAETCA €€ HCTOY-
HUKOM-CTPOUTEJIEM U KaKOM CTPOMTESbHBI MaTepuasl OH HC-
MOJIb3YeT, YTO OMpefessieT €€ BO3pacT mepell MCUE3HOBEHUEM
VI U3MEHEHWEM U KAKO€ OTHOIIIEHUE K HEW MMeeT MPOCTPaH-
ctBO u 3¢up? YTO SABIAETCS MEPBUYHON CyOCTaHIMEH s 3a-
POXIeHHS 000N (DOPMBI MaTepuu ?



P. Ommenreiivep!” — u3 [penucnosust: «Bce asmopwt npusma-
10N, YUMo Mbl He ROHUMAeM NPUPoOy Mamepuu, 3aKOH08, KOmo-
pble Ynpasasitom eio, U 3vikd, Ha KOMopoM caedyem eé OnuUchl-
eamo». ... «Mvl noka He NOHUMAEM BEAUUUHBL INEMEHMAPHO-
20 2NeKMpU1ecKo2o 3apsi0d, NOCMOSHHOU MOHKOU CIMpYKmypbl,
a makoice nouemy moon npumepro 6 200 paz msidcenee 3neKmpo-
Ha».

N3BecTHbI aMepUKaHCKUI (PUBHMK AHTJIMHACKOTO MPOUCXOXK-
nenust ®. [laiicon'® BeIHOCHT BOOOIIIE KECTKUIA MPUTOBOP (PyH-
JAMEHTAJILHOU (PUBHKE: . . . « Mbl MAKHCce 0anNeKu Om NOHUMAHUSL
npUpoObl 3NeMEHMAPHLIX uacmuy, Kak nocaedosamenu Hotomo-
HA ObLAU 0ANeKU OM KBAHIMOBOU MEXAHUKLU. .. ».

. Kuam nonuman'® mpupoay Marepud 4Yepe3 Bed-
HYIO 9HEPTUI0 KOJeOaHU! MUKPOUYACTUI-AaTOMOB, KaK OCHOB-
HOI1 3aKOH CBOWCTBa CTPYKTYPHMPOBAHHON MaTepuH, Kak 0C-
HOBHOM 3aKOH €€ 0eCKOHEYHO J10JIroro, He3zaTyxaolie-
ro CyIleCTBOBAHUSI.

CornacHo ero 40 3akOHaAM YacTOTa BUOpAIIUIL UM OCHOBHOM
TOH (PU3UUYECKOTO Tesla OmpeAesseTcs, Mpekae BCero, Maccou
U pa3MepaMu OObeKTa, XOTS U MEHsIETCsS C U3MEHEHHeM BHeIlI-
HUX YCJIOBH (TEPMOJMHAMHYECKUX MapaMeTPOB CPedbl — J1aB-
JIEHUSI U TeMIlepaTypbl, MHTEHCUBHOCTEN 3/IEKTPUYECKOrO TOKA

17p, Onnenreiivep 1 30 aBTOpoB B KHMre « [Ipupona matepun», Y®H, Tom 86,
BoIL.4, 1965 rox, ctp. 593- 718.

18 ®. Maiicon. B cOopHHKe «DneMeHTapHble YacTuIp». 10.M. 1963, ctp 103.
19 40 3akonoB . Kuu.



U CBeTa, MPOXOASIIUX Yepe3 Cpey, COCEICTBAa APYTUX MoA00-
HBIX 0OBEKTOB M T.I.). KHiin oT/imyaeT BUOpaNuu Teja oT KO-
JieGaHuil aTOMOB: BHOPAMM — 3TO BHYTPEHHUE IBWKEHUS
TeJ (aTOMOB, MOJIEKYJT), KOTOpbIe BbI3BaHbI BHEITHUMU BO3JIEH-
CTBUEM 3BYKa WIM TeMIeparypbl. A BHyTpeHHHE KOJeOaHus
amomoeil 8 amMomax — 310 COOCTBEHHbIE KOJIeOaHUI-dHEPrus,
MOPOXAAIOIIME CaMO CYILECTBOBAHUE WM KU3Hb TUX aTOMOB.
Bo3znelicTBysl pe30HaHCHBIMM BHOPAHMsAME 3BYKa Ha Tejia, KO-
TOpbIE, B3AUMOJIEHCTBYSI C QuHacghepoil BOKPYT aTOMOB, U3BJIe-
KAIOT U3 HEE€ SHEPTUI0 U YCUJIHUBAKOT NIEPBUYHBIN 3BYK. A 3aTeM
YCUJIEHHBIN 3BYK MepeJaloT yepe3 3BYKOIPOBO/] Ha PE30HUPYIO-
Me NPUEMHUKU-HArpy3Ky. Takux npuémMHukoB Kuim nocrpo-
WJI OKOJIO JIBYX THICSY U BCEHAPOIHO MX IEMOHCTPUPOBAIL, BhI3bI-
Bas HEOIIMCYEMbIM BocTOpr nountaresier. Onnako Kunim He mpu-
BOJUT ONpe/esieHHIl STUX BEUHbIX HCTOYHMKOB SHEPIUU KO-
7e0aHuil MUKPOYACTHI], KPOME KaK HEKUE YaCTHIIbl armoMOAUHU
(bopMuUpYIOT rpaBUTAITMOHHBIE TIONS JUHACHEPbL ATOMOB.

Kumm ocBoOokIasl MpPakTUYEeCKH HEOTPaHUYEHHYI0 JHep-
THI0 B pa3IMYHbIX (hopMax e€ MposIBIEHUs], BO3JEHCTBYs BHEII-
HHUM 3BYKOM Da3JIMYHBIX 4YacTOT Ha pabodee Teno. A 3areMm
yIpaBisul OTKJIHMKOM (Sympathetic Vibratory) pabouero Tena,
OCTaHaBJIMBAsI TAKOE BHEIIHEe BO3OYKIEHHE Ha ONpeeEéHHOM
ypoBHe ero noanutku. HaurHas ¢ Gombinmmx Macc pabouero Te-
Jla 1 KOMOMHUPYS] BHOPAIUAMH Pa3HbIX YPOBHEH>" CTPYKTYp,

20 ypOBHI/I CTPYKTYP BEIIECTBA — I3TO ras, ) XUAKOCTb, TBépHOC TEJIO, aTOMBI-MOJICKY-
JIbl, aTOMHBIC A/1pa, JICKTPOHbI, ME30HBI, MIOOHbI 1 KOHEYHO K€ TEMIIEPATypa U BHEII-



Kum uepe3 BHEIIHUI 3BYK U CTPYKTYpY aroMa MyTéM B3auMO-
JeNCcTBUSA UX JacTuil 3¢pupa (amomoneit 1 AamMOMOAUHU) TIO-
nydan 3¢¢eKTsl U OpUTrHHAIIBHbIE YCTPOMCTBA, KOTOPHIE Aaxke
COBpEeMEHHasi HayKa MIOCTPOUTh He B COCTOSIHUU. LIeHTpanbHOI
uzieert reopun Kuu craso rpeacraBieHye o ToM, 4To BUOparu
BHEIIHUX MY3bIKAAbHbIX MOHO8 368YKA PEe3OHUPYOm ¢ Koneoa-
HUSLMU-OMKAUKAMU ANOMO8 pabouezo mena uepes nocpeocneo
aghupa ounacgepol — TAaKOB ObLTT MOCT MaTepUAIN3AlIN U3BJIE-
YeHUs] BEYHOW SHEpPruv aToMoB B (hopMe 4acTOThl KOleOaHui
TSI €€ OCBOOOXKIEHH S U TiepeBofa e€ B Ipyrue (pOpMBI JIJIs1 OCy-
IIECTBJICHUSI UMH TIOJIE3HON paOOTHI.

W oH mMPOKO MOJIb30BAJICA 3TUM CBOMCTBOM MAaTepHH, MPo-
U3BOJIs1 CBOM (DEHOMEHHBI.

I'naBHOe Hacnenue Tecna 3akimoyaeTcs B €ro nqurare:

«/[ns mozo umobvl no3namv matinel Beeaennoii mvicaume
Kamezopusimu SHepeuld, Yacmom u GUOPAUULL».

31ech B 3TOM LIATATE BHINNAAAET KaTteropus Maccbl. Vimen nm
Tecna BBUIY, 4TO Macchl BooOue HeT B npupoae? Torga 4uro
VMUTHPYET Maccy TeJ U JIEMEHTAPHBIX YaCTULL HA IOBEPXHOCTH
3eMi — MOXeT ObITh 0030HBI Xurrca?

Hamr coBpemennuk, amepukasen Isun Ilong okaszancsa on-
HUM W3 HEMHOIMX IPEEMHMKOB €ro WJeH, paclpOoCTpaHseT
YHUKQJIbHblE KHUTM 000MX H300peraresiell, U KCIIEpUMEHTHU-
pyer ¢ ux ycrpoucrBamu. OueHb peakoe uznanue — . Tlona,

HHUEC MIOJI ITPpU KOTOpOf/)I OHM HAXOOATCA.



Yonrep baymraprtaep «Mawuna Hukxonawvt Tecavl, evizvigaro-
was zemaempsicenusi» (Dale Pond, Walter Baumgartner. Nikola
Tesla’s Earthquake Machine with Tesla’s original patents, ISBN
1-57282-008-x).

B. TeiizenOepr?! paccMatpuBasl dnemeHmaprvie 4aCmULbl
geulecmea mamepuy MoAvKo KAk NOpyuu, Keanmuvl ee30ecy-
well  «dHep2uu» — 3MO NeKMPOHbl, NPOMOHbL U HEUMpPOHbl
u m. 0. Ho Kak 3TM KBaHTBI HEPruud 0Opa3yloT 3aMKHYTbIE
CTPYKTYPbI JIEMEHTAPHBIX YaCTHIIL?

Tak kak aTOMHBIE Apa U JEKTPOHBI 00JIA1AI0T BHEITHUMH
NOJAMH (JIEKTPUYECKUMHU, IPABUTALIMOHHBIMU, MarHUTHBIMU
Y CIIMHOM) U SIBJISIIOTCS] UX BE€YHBIMHM UCTOYHUKAMU?? TIO CpaB-
HEHMIO C BO3PacToM BcCeneHHOU, TO OCHOBHBIMHU PETUCTpUpYE-
MbIMUA MPHU3HAKAMH TMPOSIBICHUs] OOBIYHOTO aTOMHO-MOJIEKY-
JIIPHOT'O BEIECTBA HA TOBEPXHOCTU 3€MIJIU SIBJISIIOTCS B CUCTEME
CH — macca, 2NeKTpUYECKUI 3apsi U CTAlUOHAPHBIE MATHUTHI.
[ToaToMy KyacTepsl BemecTBa 001aAal0T Pa3HBIMHA CBOWCTBAMHU
M0 OTHOIIEHUIO K JIEKTPUUECTBY, TATOTEHUIO 3eMJIA U MarHe-
Ti3MYy. KOJJIeKTUBBl OTHOCUTENTBHO CBOOOHBIX IEKTPOHOB Ha-
CBHIIIAIOT MEKTPUIECKUM I(PUPOM 0OBEMBI METAJUTMIECKUX TTPO-
BOJJHUKOB, KOTOPHIA B BHUEC IMAHAIUH MOXET ObITh BhIBEICH

2B, T'eiizen6epr. «Punocodckue mpodaeMbl aTOMHON (u3HKM», 1953, cTp.98. Tle-
pesox 2008, m3narensctBo JIKU, crp.192. ISBN 978-5-382-00758-8/

2 IManpun A. A. CrpykTypa MuposaaHus BeejeHHo. Tom 1. Mukpomup. Usna-
teaberBo RIDERO. 2019 roa.



TexHosorussmu Tecya v ['past 11 poKJIEHNST XOJOQHOTO dJIeK-
TPUYECTBA U PEOOPA30BaH B JIEKTPOIHEPruto. Takxe v moTo-
KM PacCesTHHbIX BUXPEBBIX MArHUTHBIX TOJIel JE€KTPOHOB Ha-
CHIIAIOT OOBEMBI (PepPOMArHETUKOB MarHUTHBIM 3(pUPOM (Ke-
J1e30, KOOAJBT U JIPYTHUe), MOJISIPU30BaB CIIMHBI KOTOPBIX, MOJY-
YalOT BeYHbIE CTAlIMOHAPHBIE MarHUThl. A BOT aTOMHBIE SApa
HE MOT'YT TaKUM ke 00pa30M HacChITUTh OOBEM KilacTepa rpaBU-
TallMOHHBIM 3(pUPOM, OH OoJiee MTPOHUKAIOIIUH, BHIXOIUT HAPY-
Ky ¥ CBOMM BHEIIHUM IOJEM, B3aUMOJICUCTBYS C MOJIEM TsI-
roreHus 3emyi, UMATUpYeT y Hero B cucteMe CH Tak Ha3biBa-
eMyIo «Maccy». YTo Takoe nose TAroTeHus: 3emin?

E1e naTbaecar et Ha3aJ HU y KOrO He BbI3bIBAJIM BOIIPOCHI —
a YTo Takoe Macca, 4To Takoe cucrema usmepenuii CU, rae on-
HOU 13 OCHOBHBIX BEJIMYMH U3MEPEHUI OblIa Macca U e€ orpe-
JeneHre Jepes (pu3MYecKuil 0ObEKT-9TaoH B 1 KI, KOTOPBIi
xpaHuiics Bo ®@panuuu. [Ipyrumu cioBamMu, BMECTO Ompe/ieJie-
HHSI TEPMHHA MacChl ObLIT BBeJICH (DU3MUECKUI OOBEKT — STAJIOH.
DTOT 3TAJIOH TaKkKe KaK U BCE MACChl, HAXOAAIIMECS Ha MOBEPX-
HOCTU 3eMJIY, PUTATUBAJICS K e€ ueHTpy. Ho BoT npunuiu 70-e
rOJIbl MPOIIJIOrO CTOJNETHS, KTO TO J1axke B3BECHJI YXKE JIEKTPOH
B KWJIOrpaMMax U MPUPABHSI €r0 MOKOSIIYKCS MacCy HEKO-
eil snepruu — 511 K3B. To ke camoe mpou30LuIo U C JEKTPU-
YEeCKUM 3apsiIOM JIEKTPOHA, KOTOPBIA ObUT ONpeieNiEH BETNYIH-

Hoi B 1,6 x 10 KysoHa. [TosiBunock GecunciieHHOe MHOKECTBO
9JIEMEHTAPHBIX YacTull, 00beJMHEHHBIX 00mel Teopueir CTaH-



JApTHOW>* Mojie i 1 00JIaIatoIIMX MAaCCOM C IIOMOIIBI0 0030HOB
Xwurrca. Ho 110 cux nop HeT onpejejieHIs MEXaHU3Ma POK/ie-
HUS MAcChl y 3TUX YacTHUI| TAKUMH MOMMEHOBAHHBIMH 0030-
Hamu. HaoGopoT, TaBHO 13 KCIIEPUMEHTOB U3BECTEH MEXaHU3M
OTpEJIeIEHUsI MAaCcChl y Map, POKAEHHBIX B MOJI€ ATOMHOTO SApa
0OBIYHBIMU MOPOrOBLIMH 0030HaAMM -(hOTOHAMH C SHEPIU-
ey Boilie 1 M3B 17151 31eKTpoHOB U 211 M3B 11711 MIOOHOB.

CoBceM HeaBHO JIMIIb 3aKOHYMIUCH CIOPBI ISl Yero ObLT
HY)XeH (PMHAHCOBBIM BOPOTWJIAaM IUIAaHEThl DUWHINTEHH?, ero
CTO, OTO u Bbonpimon B3pbIB, KaK TYT K€ MOSABUINCH AHAJIO-
TMYHble MaTeMaTHYecKne Teopur XWITca, JJIs TOrO 4TOOBI
ellI€ pa3 NOATBEPIUTh JOCTOBEPHOCTH NEPBUYHOCTH Bosbio-
IO B3pbIBA U YTOOBI YBECTH BHUMAaHHE MOJIO/IBIX YUEHBIX OT HO-
BBIX IIPOPBIBHBIX TEXHOJIOTUM 1O XO0JIOJHOMY S1/IepPHOMY CHH-
Te3y, X0J0JHOMY JIEKTPUYECTBY H KOMIIEeHCAIMU HHEPT-
HOCTH TeJ. Vctopusi 3JMTaAPHOH MHKBU3HIIUH [TOBTOPSIETCS
Y OMSITh MOCJIE TIOSIBJIEHUI HOBBIX MTPOPBIBHBIX TEXHOJIOTH. [
TIO/ITBEPXKICHUSI 3TOTO OYEPETHOTO0 MaTeMaTHYeCKOro adcyp-
Ja — yKe IKCHepPUMEHTANbHO «omkpvlau» Ha BAKe 6030H
Xwurrca u nponoskaiot crpoutb UTEP — TepmosiiepHbiil peak-
Top. Tak 4To ke NepBUYHO B IPOM3BOJICTBE MACCHI HOBBIX J1€-
MEHTapHBIX YacTUI] — 6030H XUITCa UM TI0JIE TATOTEHUE TIIaHe-
TBI WA 3Be3abl?

23 CranzapTHOHN — 3HAYMT OOIIENPU3HAHHON B HAYYHOM COOOIIIECTBE.

24 YroGmt 3aropmo3uth Ha 100 JjieT npouecc No3HaHUA U NPUMEHEHUs] TaKUX I1pO-
PBIBHBIX TEXHOJIOTHH, Kakne O6butH mpetoxkensl [I. K n H. Tecna.



B mMukpomMaTtepuy 4acTMYHO SKCIEPUMEHTAJIbHO B CHCTe-
Me CU uzyyeHo mmiib 0e3MaccoBO-Oe3bIHEPIMOHHOE IBHKE-
HUe (POTOHA Y KUHETUYECKOE ABUKEHUE IEMEHTAPHBIX YaCTHUII
C 3apsAA0M MAcCChl, NEKTPUUYECKUM 3apsi/IOM U OIpPENETIEHHBIM
CIMHOM. A POXJEHHUE JIEMEHTAPHbIX (POPM CTPYKTYPUPOBAH-
HOW MaTepuu (BEIeCTBa) OT JEKTPOHOB U BbIILIE TPOUCXOIUT
U3 HEUTpaJIbHOM MaTepuu TUra (pOTOHOB (CBOOOIHBIN MArHUT-
HBIIl MOHOMIOJIb OJIMH) ¥ HEUTPOHOB (TPH 3aMKHYThIE OOOIOUKU
C TpeMsI MarHUTHBIMUA MOHONONsIMU). KakoBo orpenesnenue Bo-
oO1e 3THx 3apsaaoB? HeT oTBeTa Ha BOIIPOC 1 O MEXaHU3Me ITPo-
WCXOKACHUS 3apsi/la MACCHl Y IBYX HOBOPOXKJEHHBIX JIEKTPOHA
¥ MO3UTPOHA U3 OTHOTrO 6e3MaccoBOro (hOTOHA B TOJIE ATOMHOTO
si7pa, KaKk ¥ HET OTBETa O MPUPOJE CIKMHA TUX MUKPOYACTHII.
Ortcroa ciiefyer, 4to CTPOUTeNM (MAarHUTHBIE MOHOIIOJM) MPU-
MEHSIOT pa3Hble METO/bl CTPOUTENBCTBA — OTKPBITHIN JIMHEMHBIN
KOHTYD /151 (POTOHA, 3AMKHYTBIN KOHTYP AJISI JIEKTPOHA, MHO-
TO3TAXHBII IO PaJIyCy MHOTOKOHTYPHBINA MO (hOopMe /Jis1 Hei-
TpoHa U T. A. Her orBeTra n 0 MexaHU3Me MPOU3BOJICTBA BHEIII-
HEro MoJisl OT TaKUX MUKpouactull. OTcioa clenyioT U pa3ind-
HbIE METO/Ibl CTPOUTENILCTBA TAKUX MUKPOYACTUL], KaK CTPYKTYP
rPaBHAJIEKTPOMArHUTHBIX BUXPEBbIX MYJbTHIOJEH U UX
BHEIITHUX TOJIEN.

Uro ke mepBHYHO B MPOM3BOACTBE MACChl SIIEPHO-ATOM-
HO-MOJIEKYJISIPHOTO BelecTBa bosbioil B3peiB i Bropokan-
CKasl KOHIIeNus akajeMuka B.A. AmMOapitymsiHa? J[pyrumu ciio-
Bamu CUHTE3 marepuu nocne bonsmoro B3peiBa wim PAC-



ITA]J] maTepun U3 CBEPXIUIOTHOrO J03BE3AHOrO sigpa? Mnm ko-
14 U rjie TPOU3BOISATCS Ceiuac aTOMbl XUMUUYECKUX IEMEHTOB
Y C KaKUM CHEeKTpoM?

[Mocnennue qBa COOBITHS OMATH IPUBJICKIM BHUMAHUE YU&-
HBIX BCErO MUpA.

IepBoe — ITAPH?K, 16 nosiops 2018 200a. /TACC/. Ho-
6blll 3MANOH KUN0ZPAMMA MACCHL YMBEEPHCOeH 8 nsimHuuy 6 Bep-
cane Ha 26-ii I'enepanvholi kongbepenuuu no mepam u eecam.
Kunoepamm «omeszamn» om mamepuanoHozo0 HOCUMeNst-3mano-
Ha u menepv... OmHvIHe 8 Kauecmee 3MANOHH020 KUNOZPAMMA
OyOem UCnOoNBL308aMbCSL YHUBEPCANbHASL POPMYAA, OCHOBAHHAS
Ha NpuUHUUNAx Keammosoli guszuxu. Panee smanonom cayorcun
UUAUHOP U3 NAGIMUHO-UPUOUEB020 CNAA8A, XpaHsuuiics 8 Medic-
OYHApOOHOM O1Opo Mep u 8ecoé 8 2opode Cesp 60 Pparuuu. Te-
nepb KUN02pAMM Oyoent onpedensimsvCsi He 8eCOM IMANOHA, A KO-
AUMECNBOM INEKMPUUECKOU IHep2UU, KOMopoe HeobX00UMO,
umoobl COBUHYMb C MeCma 00BEKM 8eCOM 8 KUNOZPAMM. IHep-
2us1, 8 ce010 ouepeds, OyYoen paccuumvléamevcs Ha OCHO8e No-
cmosinnoil Ilhanka. Kunozpamm ocmasancs nocaeoneii mepoii,
SMANOHOM KOMOpoli caydxcun usuueckuil oo’sexm. Kak na-
nomuun 2nasa HayuonanvHoti aabopamopuu memponozuu u uc-
notmanuii. Ppanyuu Toma I peron, makoii nooxoo umen oue-
BUOHDIIL U3BSH, COCMOSBUWIULE 8 MOM, MO «IMANOH KUN0ZPAM-
Ma cyuiecmeyem yoice 0OCMAamouHo 00A20€ 8peMsl, U €20 MAac-
Ca Modcem UBMEHSIMbCS». «IMo He OUeHb XOPOUulo, Yuumoleds,
KaKasi MOYHOCMb 8 UBMEPEHUSX HYNCHA HAM HA OAHHBIL MO-



Mmenm», —ykazan yuenbiid. 20.05.2019 no TB npoiia uagopma-
1M — « Yuénuvle nepexoosim Ha HO80e onpedeeHue KUua02pam-
Ma maccol».

Bropoe — B I[EPHe 06v561€H0 060 OMKpbIMUU Xu22COBCKO-
20 60301a 4 mapma 2016 200a. — Elementy.ru, 4.07.2012...0m-
Kpuimue 6030Ha Xuzeca s18A5emcsi He8ePOSIMHBbIM KAOUOM K Pa3-
2a0Ke MexaHuaMa moezo, Kak (pyHOaMeHmanbHble uacmuybl NPu-
obpemarom maccy, umo u ymeepxcoaau Xueec, bpaym, Iuenep,
Lorcepano, Kapa u Ku6oa. Ymo amo 3a mexanusm? Imo ouenwv
CAOJNCHASL MAMEMAIMUYecKast meopusi...»

Humepevro ¢ akademurxom-guzuxom Banrepuem Pyoaxo-
6blM 0 3HaUeHUU OmKpoulmus 0030Ha Xuzzca, nepcneKmueax
Pu3uKu 3.1eMeHMaApPHLIX Yacmuy, U HOBbIX IKCNEPUMEHIMAX
na BAK - 27 JUNE 2014.

«be3 603ona Xueeca éce wacmuypl He umenu 6vt maccwl. bo-
301 Xuzeca — amo Hosas dnemenmapuas wacmuya. Camo no ce-
Oe omkpblmue HOBOU 3NeMEHMAPHON YaCmuybl — Mo 6cezoa
oonvioe cobvimue 6 gusuxe mukpomupa. Ho camoe 2nashoe,
UMo MO HAYANO UBYUEHUSL HOB020 CEKMOpA Mmoll meopuu, Ko-
Mmopas onucvléaem NPaKmuuecKu 6ce, Ymo Mvl 3HAEM CE200HS
0 MUpe INeMeHmapHblix yacmuy. Imo max Hasvieaemas Cman-

B1P.W. Higgs. Broken symmetries, massless particlees and gauge fields (an-
r.) // Phys. Lett. [en]. — 1964. — Vol. 12. — P. 132—133. — DOI:10.1016/0031—
9163 (64) 91136—9.2. P. W. Higgs. Broken Symmetries and the Masses of Gauge
Bosons (anr.) // Phys. Rev. Lett.. — 1964. — Vol. 13. — P. 508—509. — DOI:10.1103/
PhysRevLett.13.508.



0apmHas mMooenv, Ha36aHUe UCMOPUUECKOe, HO He OUeHb Yoau-
Hoe. B smoii Cmanoapmuoii mooeau HeobXoouMo HO8oe none,
C HOBbIMU NO CPABHEHUIO C UZBECIHBIMU NOASIMU CEOLICMBAMU.
Boobuwe kasicoas wacmuya accouuuposana ¢ nonem: ¢ pomoHom
ACCOUUUPOBAHO INEKMPOMAZHUMHOE noe, ImMo OoAee U MeHee
00HO U mo dce. B keanmoeoii puzuxe none u uacmuya — smo
ouerv Oauskue nousmus. B Cmanoapmmoii mooeau mpeodyem-
cs1 HOBOe none, H08oe 00 NOCAEOHEe20 BPEMEHIL, MENEPL OHO Yiice
He HOB0e, 4 OMKPbIMOoe, MAK KAK OMKPbIMa YACHUYa 3mozo no-
as. M y smozo H08020 nonst c60s coseputeHHo 0cobast ponb, OHA
C853aHA C meMm, umo Oe3 Hezo 8ce HAUU YACTULbL He umenu Obl
maccwvl. InemeHmapHvle uacmuubl — 31eKmMpOHbl, KBAPKU, U3 KO-
MOPbIX COeNAHbL NPOMOHbL U HEMPOHDbL, — 8Ce OHU OblAU Obl Oe3-
Mmaccosvle. B smom cayuae Mol Obl He CYugecmeosanis, NOMomy
Umo 1eKmpoHbl Kemani Obl CO CKOPOCMbIO C8ema U HUKAKUX
amomog He 06110 Obl. Ilosmomy 3mo ouens 8adxicHoe none, a O6o-
301 Xuzzca — OueHb 8aNCHASL UACTUUAL.

— Ilo GosbIIOMY CUeTy cTelleHb HApYIIeHUs 3TOM CHM-
MeTpuM BJHsIeT HA Maccy?

—/Jla. Yem 601vute 3HaAUEHUE 31020 NOASL, MEM O0NbULe MACCA.
Mui ce200mHs1 3Haem uucnenHoe 3Hauerue 3mozo noasi. OHo Obvi-
/10 UBBECIMHO 00 MO20, KaK OmKpulau maccy 6o3zona Xuzeca. Ezo
ULCNEHHOE 3HAUeHUe 8 eOUHULAX, KOMOPbLe UCNOAL3YIOMCSL 6 (DU~
3UKe INEMEHMAPHBIX uacmuy, — 3mo 247 2ueasneKkmpoHeonvm.



Taxoe none 6e30e cyuiecmeyem, 8o écem npocmparcmee. OHO
u obecneuugaem Maccy uacmuy.

— Kak nmosiBmiach BO3MOKHOCTh NMPOBEPHUTH ITY TeO-
PHIO B SKCIIepHMeHTe?

— Teopus npedckazvléaem HOBYIO UaCMuULY, K8AHN HOB020 NO-
st — 00301 Xueeca. Smy wacmuyy UcKaau Ha YCKOpumensix Ha-
uuHas ¢ cepedurvl 70-x 20008. Ilpobnema 6 mom, umo meopust
He npeocKa3vléaem 3HaueHus maccol smoi uacmuyvl. CHauana
OYMANU, YMO OHA Ne2ZKAsl, HO MO OKA3AN0Cb HEBEPHbIM — DO-
30H Xuezca He HAXOOUNU: He X8aMAno dHepeul yckopumeneii. [lo-
MOM Y8eNUMUBANU FHEP2UID, d ee 8Ce He Obl0. DHepeust HYHC-

Ha, nomomy umo E = mc?. Ecnu Y éac msoicenas uacmuud, mo
6aM HYNHCHO UMEMb OONbUUYIO FHEPZUIO CIMONKHOBEHUS, UNOoObl
uacmuyy noayuums, umoosl ona poounacs. Hakowney, noseun-
¢ boavuoti adpornnwili Koanaiidep co ceoeli hanmacmuueckor
9Hepeueil, U uacmuya OOHAPYHCUNACD.

Boripoc 0 MmexaHu3Me TPOM3BOICTBA MAacChl y 3JIEMEHTap-
HBIX YaCTHIl C TOMOINBI0O 0030HOB XUITCa OCTajcs HeyOemau-
TeJIbHBIM — MaTeMaTHuyecKasi TeopHsi. DKCIepruMEHTaTbHO
OTCYTCTBYIOT pe3y/IbTaThl TOTO, Kak O030H XUITCa B3aUMOJICH-
CTBYsI C BHOBb POX/IA€MOM 3JIEMEHTAPHOM YaCTHILICH, HaITpUMep,
C 2JIeKTPOHOM IIpY pacriaje HEMTPOHa, POXKIaeT Y HEro mMaccy
B 511 K3B. [la 1 cam OTKpBITHII 6030H MMeN BHavYaje maccy 125



—126 I'3B, a 3aTeM, Kak clielyeT U3 UHTEePBbIO akageMuKa Py-
6akoBa — 247 I'3B. MaruutHslii MOHOMONb [lypaka Toxe HIyT
yxe oonee 80 sier. KTo gact rapanTuio Toro, 4to UMEHHO 0030H
Xwurrca poxaaeT Maccy y JIEMEHTApHBIX YaCTULL ¥ YTO HAJO0 UC-
KaTtb Aa ¢ kKakumu cBorictBamu? K. I'eienb Takyto rapaHTHIO Ma-
TEMaTHYECKNM TeopusiM He Aa€Tr. [louemy 0030H Xurrca maér
Maccy HOBOMY 3JIEKTPOHY, & HE TOJIE TATOTEHUS 3eMiIn ?

[MosiBUIMCh MHOKECTBO TEOPUH U O TPaBUTAIUM, TTPUTSTU-
Barorei moosle Maccel Apyr K apyry. WM pomunace [IpoOGre-
Ma OTCYTCTBHUSI B3aUMOCBSI3M MEX]ly STUMHU TEOPUSIMU U TEOPU-
ern CTaHIapTHOM MOJENIU. DTO CBSI3aHO C pa3IM4HON (hopMon
CTpyKTypu3aluu noseu. [onst 31eKkTpoMarHuTHbIe coaepKar
B CBOMX (pa30BBIX 00BEMAX MyTbCUPYIOIINI MarHUTHBII MOHO-
nosib _ (3apsi] SHEpruM), KOTOPbI BCTpauBaeT B JAUCKPETHOE
MPOCTPAHCTBO-TIONIE CTAIMOHAPHBIE BOJTHOBO/IBI-TIONS U3 JIEeK-
TPUUYECKUX 3EPEH-MIOTEHIIUAIIOB. A 10Js1 (PU3HYeCKHE COCTOSIT
TOJIBKO U3 ABMKYIIUXCS 3EPEH-NOTEHIIMATIOB — IPAaBUTAIIOH-
HBIX, MEKTPUUECKUX U MATHUTHBIX.

MexaHu3M poXkJIeHUs] MAcChl y JIEMEHTApHBIX YacTHI] C TIO-
MOIIBI0 MArHUTHBIX MOHOITOJIEH MUK POBUX POHOB OoJiee yoeIu-
TeJIeH. A poXkJIeHUe CUJIbI IPUTSKEHUS ABYX Macc B 3aKoHe Hblo-
TOHA C TOMOIIIBIO XOJIOMHOM ©e3MaccOBOM IJIa3Mbl>’ yKa3bIBa-

26 I[Hanpun A. A. Buxponsl. M3narensctBo «TpoBanT». Mocksa. 2011 rog

27 IManpun A. A. Crpykrypa muposaanus BeeneHHoU. Tom 1—3. M3parenscrBa
Pupepo 2018 rox.



€T Ha sIBHbIe OIMOKK B 3ToM (hopMyJie. B ommmume ot 6030HOB
XuWrrca MarHUTHBIE MOHOTOJU CYHIECTBYIOT B IBYX Pa3TUYHbIX
COCTOSIHUSIX B 0030HaX-(POTOHAX U KOPITYCKYJIMPOBAHHBIX JIe-
MEHTApHBIX YaCTUIIAX THUIA SJEKTPOH C MOIYIEIBIM CITUHOM.

IlepBoe cocrosinue. CBOOOJHBI MarHUTHBI MOHOIIOJb
MUKPOBUXPOHA (DOTOHA, KaK €IMHCTBEHHBIN MTPECTaBUTEb MO-
HATHUS NPUPOIBI CyOCTAHIMU SHEPTHH, a TI0 CBOEH CTPYKType
0OBEMHBIN BUXPEBOW 3apsi/i JHEPruM HEe UMEeT MAacCChl, OIMH
pa3 Bo30yKIEHHBIN, KaK 0ObEMHBIN TeHepaTop KOJIcOaHUM, MMe-
€T BEYHYIO0 KM3Hb U ompejeJisieT CKopocTh cBeTa. [losatomy
BepHa (popMy.JIa SHePruM paBHasi POU3BEJECHUIO TOCTOSIHHOW
[TnaHka Ha 4acTOTy MyJbCalMil Mepe3apsiIKu MarHUTHOTO MO-
HoMosisi (DOTOHA, a He MPOU3BECHNE MAacChl Ha KBapaT CKOPO-
ctu cBeta. [louemy? [MotomMy 4TO Maccel BOOOIE HET B IPH-
pone. [Toromy uTO (POTOH HEe MMeeT COOCTBEHHBIX BHEITHHMX
NoJiel, a POKAAeT HeMpepbIBHbIA TPEK-BOJIHOBOJ U3 JIEKTPU-
YEeCKHUX 3EpPEeH-TOTEHIINAJIOB, BCTPOEHHBIX B JUCKPETHOE TPO-
CTPaHCTBO-TIOJIE.

Bropoe cocrosinue. 3aMKHYTBIH MarHUTHBI MOHOIIOJb
MUKPOBUXPOHOB KOPIYCKY/IMPOBAHHBIX YaCTHII, U Jake JeK-
TPOHA, HAXOIUTCS B HUX B JIByX COCTOSIHUSIX, OJHUM U3 KOTOPBIX
ABJIAETCA BUXPEBOM T'PaBUTALMOHHBIM 3apsf, KOTOPbIM TaKkKe
HE UMEET MacChl, HO UMEEeT COOCTBEHHOE BHEIlTHEE IPaBUTAIH-
OHHOE U JJIEKTPHYeCKoe MoJie. A Maccy BHOBb POKIEH-
HBII 37IEKTPOH MPUOOPETAET JIUIIbL B T0JIe TATOTEHUS] 3eMJIH,
a He B mosie 6o30Ha Xwurrca. OTciona Kiactep BeecTBa U Iaxe



MEKTPOH MPUOOPETAET MACCY JIUIIb B3aUMOJEHCTBIEM CBOETO
COOCTBEHHOTO T'PABUTAIIIOHHOTO TOJISI ¢ KAKUM-JIUOO JPYTHM,
HO TIPOTHBOIIOJIOXKHBIM IO 3HAKy T'PAaBUTALIMOHHBIM TOJIeM, Ha-
npumep, 3emn win Connua [lostomy B ipupose yeAuHEHHbIE
B KOCMOCE KJIaCTEPhl BELIECTBA, Ta30IbUIEBbIE YACTUIIBI U JJIe-
MEHTApHbIE YACTUIILl He NMEIOT MACChl OKOSI, KaK U JABHXKY-
II1eCsI CO CKOPOCTBIO CBETA UX COPOANYM (DOTOHBI.

I'naBublii BeiBog — ¢opMyna, B KOTOpoil SHeprusi paBHa
Macce MOMHOXEHHON Ha KBaJpaT CKOPOCTU CBETa HE COOTBET-
CTBYET IPUPOJIE SIBJICHUI 1 HEBEPHA BCJIeICTBHE OTCYTCTBHS
cyOCTaHIIMU MAacChl B MPHPOJIE .

B npupoze Het 1 Toro, uto noumMeHoBaHo B cucteme CH, kak
BpeMsi, CUJIA, SHEPrusl, Macca, MEKTPUUECKUI 3apsal U T. 1. —
9TO BCETO JIUIIIb ONPE/ICTCHUs] YETOBEKOM MapaMeTPOB-CBOMCTB
U3y4aeMbIX UM CTPYKTYpP Ha MOBEPXHOCTU 3emiin U BO BceneH-
HOW, CYILIECTBYIOLIMX B IPUPOLE.

CTpouTenbHbIM MaTepuajioM MHUPO3JaHusl SIBJISIOTCS Oec-
CTPYKTYpHBIE 3€pHA-TIOTEHIMANbl JAUCKPETHOTO MPOCTPaH-
CTBa-MoJisi (TpaBUTAIIMOHHBIE, NEKTPUUECKUE W MATHUTHBIE),
KOTOPBIE MPOSIBJISIIOTCS HA TOBEPXHOCTU 3€MJIM IEKTPUUECKU-
MU 3apsiiaMu, MacCoM M HEBUJIMMBIX 3apsiJOB SHEPIrUuu-/IBUKe-
HUsI, a CTPOUTEJIEM BEILIECTBEHHOW MaTepvu, HAuMHAs C JeK-
TpOHa, (POTOHA ¥ AaTOMHBIX SIAP, SABJISIETCS MYIbCUPYIOITUI BUX-
PEBBIMU TIOJIIMU MAarHUTHBI MOHOIIOJIb CO CBOMMM CITyTHUKA-
Mmu. [ToaToMy npupoaa Matepuu 31€MEHTAPHBIX YACTHUIL B CYIII-
HOCTU CBOEU SIBJISIETCSI MATHUTHOW. A MaccChl T€J1 HET B MpPHU-



polie — ecTh JIMIIb UX BHENTHWE T'PABUTAIIMOHHBIE TIOJSI aTOM-
HBIX SIJIEp KJIACTEPOB BEILIECTBA U BUPTYAJIbHbIE BHICOKOUACTOT-
HBIE CTPYKTYPbI, B3aMMOJIEHCTBYIOININE C IPAaBUTAIIMOHHBIMHU TIO-
JISIMU € TIPOTUBOIIOJIOKHBIM 3HAKOM, MPUBO/SIIIIEE K B3AUMHOMY
NPUTSKEHUIO IBYX UCTOYHUKOB ITUX TOJIEH C MOMOIIBIO 30HBI
XOJIOTHOW 0e3MacCOBOM TIa3Mbl, UMUTHPYS NIEPEMEHHYI0 MacCy
nByx Ten. [Ipu aToM clieqyer yuuThiBaTh MapameTpbl TPEThEero
NOJIsI UCTOYHUKA, B TOJIE KOTOPOrO MOTYT HaXOAWUTCS JBa Iep-
BBIX, HAITPUMED, JIBA TIOJIOKUTETBHBIX UCTOYHUKA MACCHI TIPUTSI-
TUBAIOTCS IPYT K JPYTY B TOJI€ TATOTEHUS] 3EeMIIH.

B Takom ycTaHOBJIEHHOM HPOTHBOPEYHM, KaK TOBOPHII
[T.JI.Karmmua?®: — «Pazsumue Hayku 3aKa04aemcst 8 mom, umo
8 MO 8pemMs KaK NPAaeUNbHO YCMAHOBAEHHbIE SIKCNEPUMEHMANb-
Hble PaKmol OCMAIOMCSL HE3bLONEMbIMU, MEOPUU NOCMOSIHHO U3-
MEHSIIOMCSL, PACUUPSIIOMCS, COBEPULEHCMBYIOMCSL U YMOUHSIION -
cs. B npouecce smoeo pazeumusi Mol HEYKAOHHO NPUOAUICAEM-
Csl K UCMUHHOU KapmuHte OKpydcaroueli Hac npupoovl, NOHUMA-
HUe KOMOpoU HeoOX0OUMO OAsi mozo, umobvl éce Ooaee non-
HO 061a0e6amb U Yynpasasims 3moi npupoooil. Haubonee mouy-
Hble MOAYKU 8 PA36UMULL MEeOPUU Mbl HAOA0Oaem moeoad, Kozoa
yoaemcst Haimu 3mu HEOHCUOAHHbBIE IKCNEPUMEHMANbHBLE (PAK-

2 11. J1. Kanuua. SkcnepumenTt, Teopust, [Tpaktuka. Ctatbu, Beictymienus. © W3-
narensctBo «Hayka», M., 1974 r., 288 crp. B atom coopuuke B cratbe «[IPOBJIE-
MBI KUOKOI'O T'EJIM», 11 a63ar ceepxy. Joknan va Obimem coOpaHun Axane-
mrm Hayk CCCP 28 nexa6ps 1940 r. Omy6nukoBaH B kypHasie «CoBeTckast HayKa»
Nel, 33 (1941).



Mbl, KOMOopble NPOMUBOPEUAN YCMAHOBUBUUMCSL 832a510aM. Ec-
AU maxue npomusopeuust yoaemcsi 008ecmu 00 OOAbUOL cme-
NEeHU OCmpombl, MO Meopusi OONHCHA UBMEHUMbBCS U, CAe00-
eéamenvHo, pazeumvcs. Takum obOpazom, OCHOBHbIM Osuzame-
NeM pazeumust (Pu3uKU, KaxK u 8CsKol Opyeoli HayKu, si8Asemcst
omwicKaHue amux npomugopeuuti. Omcrooa mvl NOAYUAem OCHO-
8Y 0151 0OBEKMUBHOT OUeHKU HaYuHO20 docmudicerust. Haxoorc-
OeHue 8CAK020 HOB020 SBAEHUSL 8 NPUPOOE HAOO OUEHUBAIMb MeM
3HauUmMenvree, wem O0oAvbUle UBMEHEHUL OHO MOJICen Nompeoo-
6amMvb OM CYWECMeYIouUx 8 OAHHOE 8PEMS 832151008 UAU MeO-
PULL».

B 3akone BcemmpHOro tarorenusi HbloTOHa BCce Macchl
MOJIOKUTEIIbHBI U TPUTATMBAIOTCS Apyr K apyry? Ho npu sTom
HE yKa3aH MEXaHW3M SIBJICHUS U MTPOSIBJICHUE CUJIbl B3aMMOJIEN-
CTBHMIA. YCTaHOBJICHO??, UTO TpaBUTAIIMOHHBIE TIOJISI ACTEPOMIOB
00J1aJal0T MPOTUBOIOJIOKHBIM 3HAKOM I10 CPABHEHUIO C TIOJIEM
CosiHIIa ¥ HACTOJIBKO KOPOTKOJEUCTBYIONIU, YTO OKAHYMBAIOTCS
BOJIM3M UX MOBEpXHOCTU. Ha0060pOoT rpaBUTAIIMIOHHBIE TOJIS KBa-
3apoB, MYJIbCAPOB, SJEP ralakTUK, 3BE31, COMHIIA U Jaxe Ma-
JICHHKOW TUIAHETHI 3eMJIs1 1aJIbHOIEUCTBYIONIN, UMEIOT TPOTUBO-
TIOJIOKHBIM 3HAK Y MPOCTUPAIOTCS HA MOJTOPA MUJUIMOHA KUJIO-
METPOB.

BeiBon — B 3akoHe HpioTOHa, Kak U B 3akoHe KysoHa, o0a

2 MManpun A. A. Crpykrypa Mupo3gaHus BcejneHHol. Tom 3. T'unepmup. M3na-
teaberBo RIDERO. 2019 roa.



3apsiga JOJDKHBI U] MPUTSKEeHUS yepe3 30HYy XOJIOIHOU 6e3-
MacCOBOM IUIA3Mbl UMETH IO ABA MPOTUBOIIOJIOKHO 3aPSKEHHBIX
3HaKa.

Kak pa3zooparbcs B CTOJIb OOINIMPHOM ONpeae e HuN
Macchbl-3Heprun’?

B npupone orcyrcrByer macca (3apsja Macchl), a MMEIOTCS
TOJILKO O€3MacCOBbIe IPaBUTAIIMOHHBIC 3EPHA-TIOTEHITUAITBI, KO-
TOpBIE CTPYKTYPUPYET MarHUTHBIA-TPaBUTAIIMOHHBIA MOHOIIONb
B KOPITYCKY/IMPOBAHHBIE JIEKTPOHBI U aTOMHBIE s1/1pa, U3J1y4alo-
e COOCTBEHHBIE BHEIIHUE TPaBUTAIMOHHBIC TIONSI. DTU COO-
CTBEHHBIE T0JIsI KJIACTEPOB BEUIECTBA U JIEMEHTAPHBIX YaCTHII,
B3aMMOJICHCTBYS C IEHTPAJIbHBIM IOJIEM TATOTEHUST 3eMIIH, 00-
pPa3yloT 30HY XOJIOAHOW IIa3Mbl, KOTOpasi YHUUYTOXAET IpPO-
CTPAHCTBO ME:XJy UCTOYHUKAMHU, B PE3Y/IbTATE YETO U POKIAACT-
cs cwia mpuTsHkeHus HploToHa — UCTOUHUKM COMMKAIOTCS.

Hy 1 KoHeuHO ke rjiaBHasi mpodaeMa MacChl — 3TO BEIeCTBO
u antuBeniectBo. CyIECTBYET ke MPOTOH M aHTUITPOTOH, KaK
CYLIECTBYIOT ¥ OCUMJUISLIMY HEUTPOH-aHTUHEUTPOH, KAOH-aHTH-
KaoH, (poToH-aHTU(OTOH U T.A4.. Bo Bcenn BeesieHHOM ycTaHOB-
JIeHO JUIIb 4,9% OOBIYHOTO BEIECTBA MPH IMOJTHOM OTCYTCTBUU
aAHTUBEIIECTBa, a 95,1 % — 310 TEMHAs MaTepysi M SHEPTUsl, U HaM
HUYEro HEM3BECTHO O HEM.

IToss1 Bpamammmxcs tej. dpKuM npuMepoM-IeTeKTOPOM

30 Mocne OTKpBITUA 3aKOHa Hpl0TOHA B OTKPHITOM JIUTEpaType HEOAHOKPATHO BBO-
JIVJTMCh MaTeMaTHUKaMU 3TH U JIPyrUe MOHATUSI MacChl, 6e3 OnpeIe/ieH!s1 KOHKPETHOTO
(puzrueckoro cmeiciia, B ToM umcie A. DiHmTeirHoMm, I'. Bonau, P.JI.dopaprom.



CYIIECTBOBaHMSI TEXHUUYECKOrO T'PaBUTALMOHHOIO 3pupa Mpo-
CTPAHCTBA-TIONSI OOOJIOUKM AHTHIPABUTAIIMOHHOTO MOHOTIOJS
BOKPYT TIOBEPXHOCTH BO30YkIEHHOTO TBEPAOTO Tesla U3 OObIU-
HOT'O BEILLIECTBA B LIEHTPAJIbHOM T0OJIE TATOTEHUS] 3EMJIU SIBJISIOT-
cs1 yerporictBa-rpasutonéTsl [l. Kumm, II. Cepna’!, B. Illaybep-
repa, B. C. I'pe6ennnkoBa, a Takxe OunanenbhuincKuii IKcme-
pumeHT H. Tecna u npyrux. OHU Takke JEMOHCTPUPYIOT POXK/e-
HUE 000JI0YKU-00BEMA MTPOCTPAHCTBA-TIONS C 30HOM XOJIOAHOM
6e3MaccoBO IJ1a3Mbl BOKPYT CBOETO UCTOUHHUKA — 9TO 3aMKHY-
Thle MHOYKTHPOBAHHBIE BPALLICHUEM BEILECTBEHHBIX KJIACTEPOB
HOCUTEJH «IITyObl» NeOpOMIEBCKMX KBaHTOB BONMH. OHM OT/IH-
YaloTCs KaK [0 MEXaHU3MY MPOU3BOJCTBA, TaK U MO CTPYKType
YJAOKEHUS], pa3MEIleHUs] U YACTOTHO-UMITYJIbCHOTO U3J1yYeHUsI
3€pEH-IIOTEHIMAJIOB B ITIPOCTPAHCTBE IPH (POPMUPOBAHUM UX 3a-
PA/I0B ¥ BHELIHETO 1107151 OT Hero. Ha rpakTuke 310 sBieHue M-
POKO U3BECTHO, Kak 3¢ ekt [Ixxanndexona (uau Bomdok Tomco-
Ha), a yKa3aHHas «I1y0a», Kak kKECTKO CBSI3aHHbBIE C MACCOU BOJI-
HOBOJIBI pa3psAa IPABUTALIMOHHOIO MOHOIIONSA, B IIPOCTPaHCTBE
BOKPYT raiiku-0apaliika, yrnpanisieT ABUKeHUEM (BUXPEBOM TOK)
LEHTpa Macc MUCTOYHMKA B (pOpPME HCIOIHEHUSI MEXaHUUYECKO-
ro «KyJapOuTa». «Tapenku» ¢ Maccoil coBepiiaioT 0e3bIHep-
IMOHHBII BOJTHOBOM MOJET MO IEMCTBUEM OMOPHBIX MOTEHIIU-
aJIOB CMEUMAIBHOIO aCUMMETPUYHOIO TOPOUAAIBHOTIO T0JISI BO-

31 ABTOp pa3mecTrJI ABe JieKuK Ha 10Tyoe «Jletaomme aucku [. Cepna u B. Ilay-
Oeprepa» https://www.youtube.com/user/shadrin1947umuhttps://www.youtube.com/
watch?v=eAN_nLzrA9Qhttps://www.youtube.com/watch?v=VwVmSxHm9a8



https://www.youtube.com/watch?v=eAN_nLzrA9Q
https://www.youtube.com/watch?v=eAN_nLzrA9Q
https://www.youtube.com/watch?v=VwVm5xHm9a8

KPYT HUX B TPEThEM MOJIE (ITOJIE TATOTEHUS 3EMIIN ), [10 AHAJIOTUU
0e3bIHEePIHOHHOT0 JBIKeHUs1 6e3MaccoBoro ¢orona. Kakos
MeXaHU3M HeWTpalu3allui Macchl 3TuX ammaparoB? CoriacHO
padoTe? — 3T0 TeXHUYECKHUI aHTUTPABUTAIMOHHBIN 3apsid 000-
JIOUKM BOKPYI BHEIIIHEN MOBEPXHOCTU TBEPAOIO Tena B popme
rpaBUAJIEKTPOMArHUTHOTO MOHOIIOJISA .

Ntak rnaBHbie Bonpockl — yTo onpenensieT B CU maccy u eé
3HaK (+UJIM-) y 7IeMEHTapHBIX YacTull: 0030H XHUITca UK MyJIb-
cupytomuii Buxpon®’? Kakas ¢opmyna onpenenser B mpupo-
JIe 3apsi] SHEpPruu: MPOoU3BeIeHNe MacChl Ha KBaJpaT CKOPOCTU
cBeTa Wi noctossHHoU [lnanka Ha yacToTy mynbcaruii Buxpo-
Ha? KakoB MeXaH13M N3MEHEHH 1 MACChl HA TIOBEPXHOCTU 3€MJIU
y BpAIlAIOIIUXCSl KJIACTEPOB U3 aTOMHO-MOJIEKYJISIPHOTO Bellle-
cTBa (TEN) WK TeJl, HAXOAAIMXCA B MOJIE OMPEIEIIEHHBIX 3BYKO-
BbIX BOJIH? [[)1s1 OTBeTa Ha MOCTABJICHHBIE BOIIPOCHI HEOOXOIUMO
110 HOBOMY B3[JISIHYTh Ha 3aKOHBI IIPUPO/bI, 4 HE HA MaTeMaTH-
yeckue ckazku CTO u OTO.

CAII yTBepx/1aeT, YTO MArHUTHBIX MOHOIIOJIEN HET B IPU-
pone. Utoost ytBepxkaate YTO TO dyngameHTaibHOE, HAIO
uMeTh ypoenb SHAHWI namuoro Beime 4,9%. MarauTHbIi
MOHOMNOJIb OTAEJIbHO U B CTALIMOHAPHOU (pOpMeE, KaK IEKTPOH,
JEVICTBUTEJILHO HE CYILIECTBYET, OH BCEr[la HAXOAUTCS B IBUXKe-

32 IHangpun A. A. Ctpykrypa Muposaanus BcesieHHod. Tom 1—2. Mukpomup-Mak-
pomup. M3panune RIDERO 2019 rog.

3 IManpun A. A. Buxponsl. MockBa. M3narensctBo «TpoBant», 2011 rog, ISBN
9785895132425. (232 crp).



HUU U B COCTaB€ BUXPOHOB — CaMOIBHKYIIIUXCS M 3AMKHY-
ThIX. HenocpeacrBeHHO 3aperucTpupoBaTh €ro B TAKOM COCTOSI-
HUU HEBO3MOXHO (DU3NYECKH, TOITOMY OH HEBUJUM U HE PEru-
crpupyeM. Kak TOJIBKO OH TOPMO3UTCSI BUXPOHOM B T0JIE aTOM-
HOT'O $i/ipa, OH MCYE3aeT, OH HE CYILECTBYET B COCTOSIHUM IIO-
KOs1, OH MEPEXOIUT B IPYrOe CBOE COCTOsSIHKME B (pOpME I'paBU-
TAIMOHHOT0 MOHONOJsA. [Iprpona co3nana UICTOUHUKYU SHEP-
T'UH, CIIOCOObI €€ XpaHeHUs W MpeBpallleHusl e€ B Ipyrue BU-
JIbl TIPY TIPEOJIOJIEHUU CBETOBOTO M 3BYKOBOTO OaphepoB. Pok-
JEHUEe Y BEYHAS KW3Hb TAKMX MCTOYHUKOB MOAJEPKUBACTCS
nyTéM BO30YKIEeHUsI TIePUOIUIECKUX KojieOaHui cdepuue-
CKU OOBEMHBIX U HEBUIMMBIX MAasITHUKOB U3 COCTOSTHUS 3apsi-
JJa B TOYKE B COCTOSIHAE HAIPABJIEHHOTO BUXPEBOIO BOJIHO-
BO0/1a U3 3EPEH-TIOTEHIIMAJIOB JUCKPETHOTO POCTPAHCTBA-TTOIA.
DTH UCTOYHUKM MMEIOT pa3Hble CBOMCTBA, KAK MPU CBEPXCBE-
TOBBIX, CBETOBBIX, TAK U CBEPX3BYKOBBIX, 3BYKOBBIX 1 OOBIYHBIX
HBIOTOHOBCKMX CKOPOCTSIX JIBUKEHMSI.

dyHgaMeHTAJbHASA HAYKa HAKOIMMJIA JOCTATOYHBIA OOBEM
3HaHUM, BKJoYaommuil 40 3akoHoB Kwim, 3aKOHBI MarHUTHOUN
KyMyJIsiliud, MoHoNob [lupaka, nuons! J1. I1IBuHrepa B Maruut-
HOW MOJIeSTU MaTepvy 3JIeMEHTAPHBIX YACTHI], MATHUTHBIA TOK
9. JInackaiHuHA, a TakKe CBOMCTBA JIEMEHTAPHBIX YaCTHI] Ta-
KMX, KaK: — aTOM, aTOMHOE $IIpO U JIEKTPOH UMEIOT JIMHEu-
HBI 1 OOBEMHBIN pa3Mep U CTPYKTYPY UX KOHTYpPOB, — UMEET-
CsA CIUH U MarHUTHBI MOMEHT y aTOMOB, SIJIEp, JIEKTPOHOB,
KaK HEKOE BpallleHWe, — UMeeTCsl (POTOH, KaK CaMOIBUKEHUE



JIEKTPOMArHUTHON MaTepUu U €€ BpallleHUue, — UMEETCsl BHEIII-
Hee I10JIe IEKTPUUYECKOro 3apsia, UIMEeTCsl Macca, — eCTb CKO-
POCTb CBETa M CKOPOCTb 3BYKa, a TAKXKE NEPEXOIbl Yepe3 CBe-
TOBOW M 3BYKOBOI Oapbepbl, Kak KBAHTOBAsI KOHJIEHCAIIHS JIeK-
TPOMarHUTHON MaTepuu, — €CTh aKThl UCIIAPEHUST MAaCChl JJIEK-
TpoHa B (POTOHBI U T. 1. Bc€ 310 pa3zodmeHo, He onpererne-
HO U He CBSI3aHO APYr C APYroM. A B Npupone Bcé B3a-
HMOCBSI3aHO JIpyT C JPYroM U BCE JBMKETCS M 0Opa30BaHO
SHepruey, Kotopas Toxke He omnpeneneHa. 3 nepedncieHHOro
U CIIOKUJICA 00pa3 HEBUUMOTI0 1 HEYJIOBHMOI0 MarHuTHO-
ro MOHOIIOJISI, CHPSITAHHOTO B YK€ BUUMBIA U PETUCTPUPY-
€MBIN CBOOOIHBIN 3apsj JBUKEHHE B (hopMe IJTeKTPOMArHuT-
HOT0 MHUKPOBHXPOHA (pOTOHA, JABUKYIIUWCSA CO CKOPOCTHIO
ceera. CAII xe oTpunaer cymecTBOBaHUE B IPUPOJE MarHUT-
HOro MoHonosns. IlyTe no3HaHus 3aKOHOB NMPHPO/AbI HAYMHA-
€TCs C ONpeJe/IeHNI 3AaKOHOB SHEPIruy, 3aKOHOB JBHKEHMSI
U 3aKOHOB (hM3HYECKHX MoJIeli, KOTOpble B3auM000paTu-
MO CBSI3aHbI M€Ky c000M. [JoCTOBEpHO YCTAHOBJIEHHI CIIE/Y-
I0I[1E€ 3aKOHBI.

3aKOHBI SHEPIUu:

— 1. 3aKkoHBI POXKIEHUS SHEPIUH,

— 2. 3aKOHBI KBAHTOBOM IEPE3apsIK1 3HAKA SHEPTUU U1 CU-
CTEM C HYJIEBBIM CIIMHOM U CLIMHOM PaBHBIM 1,

— 3. 3aKOHBI B3aMMHBIX [IEPEX0/I0B SHEPIUHU 17151 CUCTEM C MO-
JIYLEJIBIM CIIMHOM,

— 4. 3aKOHBI YHUYTOXEHUS SHEPIUH,



— 5. 3aKOHBI IPOU3BOJICTBA SHEPIUH,

— 6. 3aKOH COXPAHEHUs SHEPTUU B 3aMKHYTBIX CHCTEMaX,

— 7. 3aKOHbI KBAHTOBOU KOH/IEHCAIIMM SHEPTUU MPH MPEOJIO-
JIEHUM CBETOBBIX M 3BYKOBBIX 0aphepOB U UM COOTBETCTBYIOIINE
oOpaTHbIE TPOIIECCH UCTIAPEHHST MACCHl B CBOOOIHYIO SHEPIHIO,

— 8. 3aKOH NpeBpallieHu SHEPTUU ITPU HEOTHEMIIEMOU B3au-
MOCBSI3U TPUa/ibl MOHOIIONEN B BUXPOHAX,

— 9. 3aKOHBI MHTErpally U JE3UHTErpallui CTPYKTYpPUPOBaH-
HOW MaTepUU SHEPrUel Kak 3aKOHbl U3MEHEHUs] MaTepuH,

— 10. 3aKoHBI IEMCTBUS SHEPTUU, €€ MEXAaHU3MBI U UHCTPY-
MEHTHI.

U npyrue.

[1pu 3TOM CrIMH SIBJISIETCS UCTIOJIHUTESIEM 3aKOHA COXPAHEHU S
SHEPryM U XapaKTepU3yeT COCTOSTHUE SHEPIUU B HOCUTEJE 3apsi-
Ja IBVOKEHUsI. DHEPrusi MArHUTHOTO (IPaBUTAIIMOHHOTO) MOHO-
T0J1s1 B BUXPOHE MOXKET ObITh MOJIOKUTENLHOM M OTPUIIATETHHOM.
[onHoe npeBpalieHre SHEPIUU B 3apsijie BUKEHUS OT MOJIOKHU-
TEJIbHOT'O 3HAUYEHMS IO OTPULATENIBHOTO BBIMOJIHAETCS B CUCTE-
Max C IIeJIbIM U HYJIEBbIM 3HAYEHUEM CIMHA, a C TOIYLEIbIM —
OHO MMEET TOJIbKO OJHO 3HAY€HHEe, YTO U MOPOXKIAET B3aUM-
HbIE TIEPEXObl MEKAY MEXAaHUYECKUMHU U IEKTPOMArHUTHBIMU
BUXPOHAMH.

3aKOHBI (PU3NYECKUX TOJIEN:

— 1. 3akoHbl poxeHus (pU3NYECKUX MOJIEH,

— 2. 3aKOHBI pOXk/IEHUS IPOCTPAHCTB-MOJIEN OT BUXPEBBIX UC-
TOYHUKOB,



— 3. 3aKoHbl pOXkJIEHUsI MMPOCTPAHCTB-NIONEN OT CTallOHap-
HBIX UCTOUYHUKOB,

— 4. 3aKkoHbI B3aMMOAEUCTBUS (PU3NYECKUX MOJIEH.

N npyrue.

3aKOHBI IBUKEHUA

— 1. 3akoH 6e3bIHEPIIMOHHOTO BHKCHUS,

— 2. 3aKOHBI MTHEPLIMOHHOT'O JIBU)KEHU S,

— 3. 3aKOHBI BpalIaTEIbHOTO IBUKEHUS,

— 4. 3aKOHBI IEKTPUYECKOTO JIBUKEHUS,

— 5. 3aKOHBI MArHUTHOTO JIBMKEHUS,

— 6. 3aKOHBI TEIJIOBOTO M 3BYKOBOT'O JIBUKEHMSI MOCJIE KBAH-
TOBOU KOHJEHCAIINK SHEPIUH,

— 7. 3aKkOHBI IIEpEHOCa KBaHTOBOIO COCTOSIHUS KJlacTepa Be-
1IECTBA 3BYKOM,

— 8. 3aKoHBI IBUXEHUS-pocTa (IOpkl U (payHbl, (POTOCHUHTES,
JeJIEHUE KJIETOK.

N npyrue.

Jlanee ykazaHHbIe 3aKOHBI OY/IyT pacCCMOTPEHBI HA KOHKPET-
HBIX [IPUMEPaX U HAMIOJTHEHbI COOTBETCTBYIOIIUM CMBICIIOM.

BeuHblil MAarHUTHBI MOHOMIOJb — 9TO Mepa Oe3bIHEPLIMOHHO-
O JBWXKeHUsI (DOTOHOB.

['paBUTALIMOHHBI MOHOIOJIb — 3TO MEPa UHEPLIMOHHOTO JIBU-
’KEHUsI CTPYKTYPUPOBAHHON MaT€pUM BEIIECTBA, HATPUMED, aTO-
MOB, Taiiku [I)xanuOexkoBa u T. [I.

DJIEKTPUYECKUII MOHOMOJIb — 3TO Mepa 3JIEKTPUYECKOro
JBVKEHUS 3apsAIOB JMEKTPUYECKUM MOTEHIMAIOM, HalpuMep,



EKTPUUECKOE 3EPHO-MIOTEHIIMAT SJIEKTPOCTATUUECKOTO TOJISI.

Ho nouemy marepus B Ipupojie pa3aeiniach Ha CBEpXCBETO-
BYIO, CBEPX3BYKOBYIO 1 MEXaHUYECKYIO, 3TO OT/IE/IbHBIA BOIIPOC,
OTBET Ha KOTOPbII MOXET ObITh MOJyUYeH JIUIIb [10CIIe OCMBICTIE-
HUsl pe3y/IbTaTOB TOW KHUTH.

Tak Kak CBOKMCTBA CTPYKTYP BEILIECTBA U €r0 B3AUMOJIEUCTBUS
B CU 006ycIIOBJIEHO pa3IMyHbIMU MOJISIMH, TO TPOsICHEHHE cPop-
MYJIMPOBAaHHBIX BOMPOCOB B 9TOU KHUTE OYIyT U3JI0KEHBI B CJie-
JYIOLLEH MOC/eI0BATEIbHOCTHU:

— YCJIOBMSI aKTUBM3allMs U BOCIPOM3BOJACTBO TPHUAbl MOHO-
MOJIEN OT SJIEMEHTAPHBIX YACTHUIl U aTOMHBIX SIJIEP O IUIAHET,
3BE3/1, aCTEPOUOB, IYJIbCAPOB U KBA3apOB,

— poxaenue YCT-marepuHCKOW MaTrepud BO BCEJIEHHOM,
(popMHpoBaHME MPOCTPAHCTBA-TIONS BOKPYT HUX,

— IIPOU3BOJICTBO JJOYEPHEN MaTepuu B (pOpMe aTOMHO-MOJIE-
KYJISIPHOT'O BEILIECTBA B IyJIbCapax,

— MPOU3BOCTBO TEXHUYECKON aHTUI'PABUTALIMU KJlacTepamMmu
BpAIIICHUS U 3BYKOM.

Takum oOpa3oM OTCIO[a ClelyeT, YTo Macca — 3TO MOoJIeBoe
COCTOSIHME MaTepUM C 4acTOTaMM BHEINIHHUX €€ I'PaBUTALIMOH-

upix noneii or 10%° I'T] BIUIOTHh O IUIAHKOBCKUX 103 T, a UX
B3aMMO/ICHICTBUE Yepe3 30HY XOJIOAHOW Oe3MaccOBOU IJIa3Mbl
C LIEHTpaJIbHbIM Tos1eM 3emuii umutupyeT B CU cBoilcTBO Mac-
Chl Y TAKMX CTPYKTYp. POTOH HE UMEET BHEIIIHETO MOJIsl, T03TO-
My OH M He uMeeT Macchl. Camoe I1aBHOE MPUKJIAAHOE 3HAYECHUE
JUISl TAKMX CTPYKTYP C Maccoul — Kak €€ HeMTpaaInu30Barh B MOJIE



3eMIIu 1 3aCTaBUTh JABUTATHCS 0e3bIHEPIUOHHO 10 MEXaHU3-
My JBUXEHMSA (POTOHA.



I'nasa 1. Ioass pusnyeckune —
IIpocTpancrBo-IloJe

1.1. IIpocTpancTBO-MOJIE

Yro paHbllie poAMIOCh: MPOCTPAHCTBO WM Kakasi-nuoo ¢op-
ma marepun? CornacHo CAIl u OTO u3 CUHTY/ISIPHOM TOYKHU
BApPYr OECIPUYMHHO MPOU3OMIEN BOJBION B3pBIB U HAYATIOCH
MTHOBEHHOe 0Opa3oBaHUe (pa3ayBaHHE) MPOCTPAHCTBA MyTEM
MH(JISLMOHHOTO PaCcHIMPEHUsl MPOTOITY3bIPs B 10°° pas, abco-
JIOTHBII OTCYET BpEMEHHM C MOMeHTa BoJbIoro B3peiBa U CUH-

TE3 CJIOKHOU KOpIycKyJsipHorl Matepun. Ha 10 mukpocekyHe

nocine bosnpioro B3peiBa Temneparypa gocrurana 2 x 10 2K,
[Mpu Takux ycIoBUSIX IKOOBI 00pa3yeTcsl KBapK-TJII0OHHAS TUIa3-
Ma. U3 3T0i1 ropsiuelt ra3o00pa3Hoil cMecHu Mpamarepuu (KBap-
KOB, [JIIOOHOB, JIEKTPOHOB, HEUTPUHO U T. [I.) CTaJla POKAATHCS
CTPYKTypupoBaHHasi Matepusi. OTcioja U OTBET HAa MOCTABJIEH-
HBII1 BOIIPOC — MOYTH OAHOBpeMEeHHO. OTKy/a B35JI0Ch CTOJIBKO
BUIUMOUN MaTepuu? OTBET: U3 CUHTYJISIPHOM TOYKH C TJIAHKOB-
CKoii TIOTHOCTBIO 5 X 1072 r/eM3. A rae pa3MecTuIach HEBUIU-
Masi MaTepusi ¥ 9TO 3TO Takoe? A 4TO ke ObLIIO BOKPYT CUHTYJISIp-

Hoit Touku J10 B3peiBa? OtBer CAIl: «1m0-BUIMMOMY, HU TIPO-



CTPAHCTBO, HA BPeMsI He UMEJN CKOJIbKO-HUOYIb ONpee/IEHHO-
ro cmbicia — BceneHHass Haxoamachk B COCTOSIHUM C BBICOKOU
CUMMETpHUEH. ..». A BCs 00pa30BaBIIasiCsl MaTepusi B pe3yibTa-
T€ HEpPaBHOBECHOTI'O IIPOIIecca CTajla SBOMOIMOHMPOBATD U YEPE3
12—14 MuMapaoB JeT mpeBpaTuiach B TO, 4YTO MbI CeUac Ha-
omonaem. Hackomnbko 310 1ocTOBEpHO?

Takoil cueHapuil MPOTUBOPEUYUT IKCIEPUMEHTAIBHBIM JaH-
HBIM paclivpeHusi BceneHHoM, TPOM3BOICTBY BUIUMOIO aTOM-
HO-MOJIEKYJISIPHOTO BEILIECTBA HA COBPEMEHHOM 3Tarle, UTHOPU-
pyeTcsi TIepBUYHOCTh SHEPTrUH, MPUUMHHOCTh COOBITUN W, YTO
camMoe MHTEpECHOE, KBapK-INIIOOHHAA IJ1a3Ma SKCIIEPUMEHTAb-
HO HUKOrJa He HaOmoaanach. Jlajeko He Bce COIIacHbl MMEH-
HO C TaKUM CLIEHapueM poxkjeHus1 BceneHHol — ecTh U peaib-
HBII CIIEHapHiA, B KOTOPOM COOMTIONAETCS PHYUHHOCTD COOBITHIA
Y TIEPBUYHOCTD BCETO CYIIETO, KAKUM SIBJISIETCS HEBUIMMBIU CBO-
OOMHBIII MarHUTHBIE MOHOIIOJb, OECKOHEUHBIN 3apsiji SHEPruu
Y OCHOBHAsl COCTaBJISIIOIIASA 3apsiia IBUKEHUs (BUXPOH). Mme-
ercsi ¥ Ooniee peasibHOe COCTOSTHHE, YeM KBapK-TJII0OHHAS TUIa3-
Ma — 3TO S/IEPHO-ME30HHAA TUIa3Ma, YTO peaJlbHO MMEET MECTO
B 3kcriepuMenTax LENR. U rmaBHoe, HENMpepbIBHO MPOU3BOINT-
cs1 HeBuauMasi sHeprusi B popme YCT kBa3apoB M MyJIbCapoB,
KOTOPBIE YK€ U POKAAT BUIUMOE aTOMHO-MOJIEKYJISIPHOE Be-
IIIECTBO HA COBPEMEHHOM 3Tarle ool Muposganus.

CBSA3HOCTh MPOCTPAHCTBA CO BPEMEHEM JOJIrO€ BpeMs Ha-
XOIWJIOCh B MPAKTUKE y TEOPETHKOB-MaTeMaTHKoB. Kak wu3-
BECTHO OLIYTUMBIX PE3YJbTAaTOB 3TO He IpuHecao. Eme aka-



nemuk A. A. JlorynoB B kputuke OTO DiiHinTeliHa npeia-
ran onpeaeautsd [IpoctpancTBo BeeneHHon (pu3nyeckum rpa-
BUTAITMOHHBIM T0j1eM. OOI1Ien3BeCcTHa CBSI3HOCTh TIPOCTPAHCTBA
¢ (pU3MYECKUMHU TOJISIMU, a Yepe3 aTOMbl U C BUAUMOM CTPYK-
TYpUPOBaHHOUN Marepuei u hopMoil €€ CyllleCTBOBAHUSI — JIBU-
KeHreM U nu3MeHeHuem. OnHako puaocodbl HUKOTJa HE 3a1y-
MBIBAJTUCh HAJl TOUHBIMU OMpeAeSIeHUsIMU MaTepuu (1a U rIyou-
Ha No3HaHMs1 (JOPM MUKPOMATEPUHU B TO BpeMsi Oblla HEBEJIUKA)
u (opM e€ CyIecTBOBaHUS — CTPYKTYPBl M ICTOUHHUKOB €€ Oec-
KOHEYHO JIOJITOM Y CTAOMJILHOW JKU3HU.

Tenepb, 4TO KacaeTcsi BTOPOU COCTABJISIIONIEN MpPeCcTaBye-
HUSI CBSI3BHOTO MPOCTpaHCTBa-BpeMeHH. [Ipu riybokoM aHamze
He yrmaercsi OOHApYKUTh BPeMs, KaK OIHY U3 CYIIECTBYIOIIUX
(popMm MaTepum U HEOTHEMJIEMYIO YacTh MOHSTUS MPOCTPAH-
ctBa. [lpencraBneHre BpeMeHU B YETBEPTOU KOOpAMUHATE-MET-
puke MHHKOBCKOTO — 3TO €CTh MCKJIIOUMTEIbHOE CYOBEKTHUB-
HOE TMOHSATHE YeJIOBEKa ISl CO3[IaHUsI MaTeMaTUYeCKUX MOJe-
JIeV ONUCAHUS IBUKEHUS U U3MEHEHH ST MaTepUU U3 OTHOU (pop-
MBI B IPYTYIO, T.€. TO IPOAYKT MBIIUICHHUS YEJIOBEKa, a He (hop-
Ma MaTepHly U yX TeM Oojiee He siBJIeHHEe TTPUPOIBL.

['€nenp JaeT BHIBOI O CYIIIHOCTH BPEMEHH:

«Bpems — amo omuioov He cneyugpuueckas xapaxmepucmu-
Kka Ovimus... Al He eepro 8 00BEKMUBHOCMb 6peMeHU... Bpe-
M5l — CYOBEKMUBHO, NO KpaliHell mepe, Ko20a OHO NPUHUMAeN-
csl 8 CMblcae Haulell €20 UHMYUMUBHOU KOHUENUUU: Mo Mo-
Jicem ObIMb NPOSICHEHO NYMmem HabA00eHUus: pabomvl yma... Ha-



ua ecmecmeeHHAas CKAOHHOCHb MbICAUMb (PUSUUECKUTE MUP KAK
NPOCMPAHCMBEHHO-8DEMEHHOI — pe3ynbmam Hauell NPUsbIuKu
accouuUpoB8ams NPUUUHHOCHIb C BDEMEHEM U UBMEHEHUEM».

[Tostomy ['€nesnb nipuien K BHIBOY, YTO BPEMS — UAAIOZUSL.

He cymiectByeT 1 aOCOMOTHOE BpeMsI C IEPBUYHBIM HAYAJIOM
OTCYETAa BpEeMEHU Mocie Bosblioro B3pbiBa, a TaKke «CTpelia
BpeMeHu» Mo XOKKUHTY. SIBjeHue mpupofpbl, KaK 4acToTa CO-
ObITUI OOPAaTHO MPOMOPIIMOHATIBHO BpEMEHH, 3TO YaCTOTa JIEK-
TPOMAarHUTHBIX BOJIH, YaCTOTa KOJeOaHW MarHUTHBIX M I'pa-
BUTAIIMOHHBIX MOHOIIOJIEH, YACTOTa BPALIEHUS IUIAHET U 3BE3[
U T. . DTO SIBJICHUE 3aMevyaeM IOBCIOy B Npupojae. A Bpems —
3TO BUPTYAJIbHBIN BTOPOCTENEHHBIN MTapaMeTp, BBEIEHHBIN B CU-
cremy CH, n1g onucaHdsl TaKMX 4YacTOT, a TaKKe JIBUKECHUS
Y UBMEHEHU S CTPYKTYPUPOBAHHOW MAaTEPUHX C OMOIIIBIO XOJIO/I-
HOWM 0e3MacCOBOM IUIa3Mbl. A BOT ABUKEHME U U3MEHEHUE MaTe-
PUM CBSI3aHO TOJILKO C €€ SHEPruen U mpu e€ poIrTeEIbCKON PO-
. Tot ¢akt, yTo NUBMIM3AIMS IS yIOOCTBA UCTIONB3YET STOT
napameTp Jisi aDCOMOTHBIX METOK T€UEHUSI CBOEH KU3HU, IBO-
JIOLIMUA CTPYKTYPUPOBAHHOM MAaTepyy U B CUCTEME M3MEPEHUM
CH, He MOXET CITyKUTh OCHOBAHUEM JIJIsI ONIPEJICIIEHUS €r0, KaKk
OITHOM 13 (POPM CYIIECTBOBAHMS MaTEPHH.

MHOTroBEeKOBbIE M3BICKAHHS Pa3IM4HbIX (POPM MpPEACTaBie-
HUS IPOCTPAHCTBA, B YaCTHOCTH, JIUCKPETHOTO IMPOCTPAHCTBA >,
a Takxe B popme 3upa u (puznUecKkoro Bakyyma, He Ipora-
J 1apoM. MarHuTHoe, 9JIeKTPUYeCcKoe U IPaBUTAIIMOHHOE TI0-

3% JIu Cmoman. Atomsi MIPOCTPAHCTBA U BpeMeHU. «B mupe Hayku», anpenb 2004.



Jie ¥ POJCTBEHHbIE UM SIBJICHUS] UHEPTHOCTU TeJl, UX MOMEH-
TOB MHEPIIUU, CBOMCTBA TMPOCKONOB HEBO3MOKHO PacCMaTpu-
BaTh B OTPBIBE OT UICTOYHUKOB MX MOPOJUBIINX — CBSI3b PABHO-
BECHOI'O COCTOSIHUSI CUCTEMbI «CTOYHHK-TIONIe» WM TOUHEe «3a-
MKHYTO€ BUXPEBOE MOJie-paralibHOE BHEIIHEE nosie». Bee us3-
BECTHBIE U HEM3BECTHHIE €Ile sIBJIEHNsI BO BcelleHHON B3amMoO-
CBSI3aHBI, KaK B XMBOM opraHu3me. CoBpeMeHHasi HayKa IMpu-
3HaB, HaKOHEIl, YTO B (PU3MYECKOM OTHOULIEHHWH MPOCTPAHCTBO
MPeJCTaBIACT COOON HEKUH CIIOKHBIN OOBEKT — (PU3MUECKUI Ba-
KyyM, TEM HE MEHee, B MOJIHOW Mepe He MPU3HAET 32 MOCIEIHUM
BaKyyMHO-TIOJIEBOT'O COCTOSIHUSI MaTepuu, Kak ofiHOW u3 (opm
e€ cyuiectBoBaHMs. VI3yueHuem CTpyKTypbl IPOCTPAHCTB U €r0
JVICKPETHOCTH Mbl U3HAYAJILHO 0OSI3aHbl UICTOPUU PA3BUTHUS WH-
TYUTUBHBIX TNpefcTaBiieHnii 00 a¢pupe. Unes a¢pupa kak mupo-
BOU CcpeJibl HEOMHOKPATHO BBIABUTaIach elle JpeBHUMU (PUIIo-
codamu. Pa3Butre BOIHOBOM TEOPUHU CBETA, OTKPBITUE €0 JIEK-
TPOMAarHUTHOU MTPUPOJIBI e1lle OOJIbIIe YKPENIIO O3UITUH d(pr-
pa.

Tak B pman€kom 1717 rony B kHure «Ontuka» M. HeioToH
B (popMe BOIPOCOB U OTBETOB M3JIaraeT CBOK TOUKY 3pEHUs OT-
HocuTeIbHO 3upa. Tak, rpagueHT rmiotHoctu 3dupa (mosne)
NP Tiepexofie OT Tejla B IPOCTPAHCTBO MPUMEHSIETCS ISl 00b-
SICHEHU S TATOTEHUsI, TIPU 3TOM (PUpP MOAPa3yMEBAETCA COCTO-
SIIAM W3 OTICNIbHBIX YacTHll. «Takoe Bo3pacTaHue IMIOTHOCTU
Ha OOJIBIIIMX PACCTOSIHUSIX MOXKET ObITh UPE3BBIYAHO MeJIeH-
HBIM; OJJHAKO €CJIM yMpyrasi CHJia 9TON Cpejibl Ype3BbIUAHO Be-



JIMKA, TO 9TOTO BO3PACTAHMS MOXET ObITh IOCTATOYHO JJIsI TOTO,
9YTOOBI YCTPEMJISITH TeJIa OT OoJiee TUIOTHBIX YacTel cpefpl K 00-
Jiee pa3peKeHHbIM CO BCEU TOW CHJIOM, KOTOPYIO Mbl Ha3bIBa€M
TSATOTEHUEM».

M. ®apajeii, yBepeHHbIl B CyLIECTBOBAaHUM (pupa, mpem-
CTaBJISLJT €0 KaK COBOKYMHOCTb HEKUX (DU3MYECKUX CUJIOBBIX JIH-
Huil. BOT, 4TO OH MUIIIET O HUX:

Paznen 1449, tom 1 — «...OHM u300paxarmT 3TH KPUBBIE
TaK)XKe XOPOINO, KaK KeJle3HbIe OMUJIKU M300pakaioT MarHuT-
HbIe KPUBBIE. . .». VIl ipu OObSICHEHUY TIPUTSIKEHU ST UJTH OTTaJI-
KMBaHUSI MarHUTOB B CBOEM TpeThbeM Tome (M3narensctBo AH
CCCP, 1959 roa B paznene 3298):

«CTpemJieHre MarHUTHBIX CHJIOBBIX JIMHWIA YKOPAauHUBaThCS
(3266, 3280) BrOJNIHE COBMECTUMO C TaKUM IPEICTABICHUEM.
DTOT pe3yabrar OyleT UMETh MeCTO HE3aBUCUMO OT TOrO Kakoe
COCTOSTHHE MTPUITUCHIBATH (PU3NYECKUM CUIJIOBBIM JIMHUSIM: IMHA-
MUYecKoe uim crarndyeckoe (3269)» — 6 mapra 1852 roa, Kopo-
JIEBCKUI UHCTUTYT.

Opnako dapajneit He CMOT PacKpbITh MPUPOIY U CTPYKTYPY
MeXaHU3Ma POXKIEHUSI CUIJIOBBIX JIMHUI.

II. MakcBesu1, coracHblii ¢ 3(pupoM-cpeor, 0OOCHOBBIBAET
e€ creayImuM o0pa3oM: «/elicmeumenvho, ecau 6000uie SHep-
eusi nepedaemcst om 00HO20 Mend K OpYeomy He M2ZHOBEHHO,
a 30 KOHeuHoe 8peMsi, Mo O0ANHCHA CYUEeCma808amy cpeod, 8 KO-
MOPOIL OHA BPeMEHHO npedbléaen, OCMAasUs nepeoe Meno U He 00-
cmuznye emopozo. [losmomy ece meopuu OONICHbL NPUBECTU



K NOHAMUIO cpeobl, 8 KOMOPOI U NPOUCXOOUM MO PACRPOCMpa-
HeHUe SHepeUuL».

C o/1HO¥ CTOPOHBI, MIEPBBIE MOMBITKMA ONMUCATh CTPYKTYPbI MO-
JIell TOYEYHBIX MCTOYHUKOB (HallpuMep, I'PaBUTALIMOHHBIX, Mar-
HUTHBIX U JIEKTPUUECKUX) CKOPEE HOCAT YMO3PUTEIbHBIN I'pa-
(pruecknit xapakTep — 3TO pacnpeAesIeHUe B TPEX KOOpAUHATAX
yObIBaHMSI TOTEHIMAa C POCTOM PACCTOSTHUSI OT MICTOUHHKA.

A HanOornee HarIs1JHasl WLTIOCTPALUs TOJTHOTO YHUUYTOXKEHU S
SHEPrUM — 3TO MPOLECCH MHTEP(PEPEHLINN IEKTPOMArHUTHBIX
BOJIH Y CUJIOBBIE JIMHUM UHTEP(EPEHLIMH B IEHTPAJIbHBIX MOJSIX
JBYX MPOTHUBOMOJIOXKHBIX 110 3HAKY UCTOYHUKOB. [Iporiecchl un-
TeppepeHLH (POTOHOB ITOKA3bIBAIOT AHHUTWJISILIMIO IIPOTUBOIIO-
JIOKHBIX T10 3HaKy 3€pEH-JIEKTPONOTEHIIMAIOB B HEKOTOPBIX (pa-
30BBIX TOYKaX C MOJHBIM YHUYTOXEHHEM 3Hepruu. B mpouec-
ce MHTep(gepeHIIMM MarHUTHBIX MOTOKOB 3€pPEH-NOTEHIUAIOB
U3 MIPOTUBOMOJIIOKHBIX TOJIIOCOB CTALIMOHAPHBIX MarHUTOB IPO-
VICXOIUT aHHUTUJIALMA 3EPEH C MOJIHBIM YHUUTOKEHUEM JIMHEN-
HOT'O IIPOCTPAHCTBA XOJIOAHOM IIJIA3MOM 3TUX NOJIEH — POKAAIOT-
Cs1 CUJIOBbIE JIMHUMA MAarHUTHOTO MOJIsL M IPUTSI)KEHUE MCTOYHU-
koB. Takoe pacrpeiesieHue SKCIEPUMEHTAIBHO MTOATBEPKAAET-
cs1, HAIIpUMEP, KAPTUHOW pacIpeAeICHUs METAJUIMYECKUX OIM-
JIOK B KPHBBIX CHJIOBBIX JIMHHSIX Ha TUIOCKOCTH JIMCTa Oymard,
Pa3MEeNIEHHOIO HaJl IOII0CAMHU JBYXIIOIIOCHOIO MArHUATA, PacIio-
JIO’KEHHBIX MOJKOBOOOPA3HO — BIepBble 310 Habmoaan M. Papa-
nei. [ToHATHS «CUJIOBBIE JIMHUM» U «CUJIOBOE T0JIe» ObLITH BIIEp-
Bble BBeJIeHbl PapajieeM, KOTOPbII He MOy YT YHUBEPCUTETCKO-



ro 00pa3oBaHus, 4TO HE MOMEIIAJIO €My OTKPBITh BEJIMKHUI 3aKOH
neKTpoMaruuTHOM MHAyKmu (AMMN). [Toctpoenue Takux rpa-
(prueckux pacripeneneHui BO3MOKHO U ¢ (PUBUKO-MaTeMaTuye-
CKUX TO3ULMMU, T.€. YUCJIEHHO-IM(PPOBOM pPacyeT NOTEHLUAJIOB
B 3aBUCHMOCTH OT KBajpaTa pacCTOSHUS MEk/1y UCTOYHUKAMU
no 3akoHaMm Helorona, Kynona, buo-Casapa-Jlarutaca. Ognako
JI0 CHUX TIOp OTCYTCTBYIOT JOCTOBEPHBIE MUKPO(U3NUECKHE HA-
IJISIHBIE TIPEACTABIEHUS] MEXaHU3Ma IPOU3BOJCTBA, NPUPO/BI
Y CTPYKTYPBl POXKIECHUS CUJIBl U CUJIOBBIX JIMHUM B TaKUX JIUC-
KpeTHbIX pocTpancTBax-noisax. He onpenenena B CAII crpyk-
Typa ¥ B TaKMX B3aUMHBIX MUKPOINPOCTPAHCTBAX-IOJIEW B aTO-
Max, KOTOpBIE POKIEHBI C [IOMOILBIO BCTPEYHBIX MOJIEN aTOMHBIX
SIep M JIEKTPOHOB aTOMHBIX 000JIOUEK, KOTOpasi ¥ MOPOXKIAeT
AVHAMHYECKH PAaBHOBECHOE MPOCTPAHCTBO CTAOMJIBHOTO aToMa.
Ou4eBHIHO, YTO IUCKPETHBIE IPOCTPAHCTBA — 3TO MHTET PAJIbHBIE
JOYEPHHUE MTPOLYKTHI MOKOALIMXCA U ABUKYIIUXCS 3€PEH-TIOTEH-
LIMAJIOB CTALIMOHAPHBIX UCTOYHUKOB TATOTEHHUS, JIEKTPUUECTBA
Y MarHetusma B popMe (PU3NIECKUX MOJIEN.

dusnyeckre noist — 3T0 0ObEMHBIE M JUHAMUYECKU pery-
JIIPU30BaHHbIE PACIPENENIEHUS BUKYILMXCS 3EPEH-NIOTEHIINA-
JIOB OT X CTALIMOHAPHBIX NCTOYHUKOB — HEKMX KBAHTOB aMOp(-
HOTO IIPOCTPAHCTBA, COCTABIISIIOIINX TTOABMKHBIN 00BEM Hempe-
PbIBHO OOHOBJISIEMOrO MOJIs1 BOKPYr McTOuHMKa. Kpome mpen-
CTaBJIEHUA [UCKPETHBIX IPOCTPAHCTB (PUBUUYECKMMHU TOJISIMU
JMHAMWAYECKHU JBIKYIIMXCS 3€peH HEOOXOAMMO 3HATh U MeXa-
HU3M TPOM3BOACTBA MX KBAHTOBAHMS, TIOCTOSIHHOTO OOHOBIIE-



HUST U U3MEHEHUSI.
XosoaHas Oe3maccoBasi mia3ma. [lons aByX MpOTUBO-
MOJIOKHBIX MO 3HAKY MCTOYHUKOB COCTOAT U3 AMHAMHYECKOIO
MOTOKA COOTBETCTBYIOIIMX KBAHTOB MPOCTPAHCTBA-TIONS — 3€-
PEH-TIOTEHIIMAJIOB. A aHHUTWIAILMS B TaKUX IOJISIX MPOTUBO-
TMOJIOKHBIX KBAHTOB ITPOCTPAHCTBA-TIONSI YHUUTOXKAET CaMO MO-
JIe-IIPOCTPAHCTBO B 30HE XOJIOMHOW IUIa3Mbl, YTO MOPOKAAET
KPUBbIE CUJIOBbIC JIMHUMA B3aMMHOTI'O MOJISI U CHITY AUCTAHIIMOH-
HOTO TIPUTSDKEHUS 9TUX MCTOYHUKOB, CIIOCOOCTBYIONINX COJH-
JKEHWIO TIOJIBKHBIX UCTOYHUKOB. TakmM 0Opa3oMm, SHeprusi —
3TO U CIIOCOOHOCTD TMOPOXK/IATh CUITY, U3MEHSIONEH COCTOSTHHE
MaTtepuu (IBUXKEHHE M U3MeHeHue). Eciu 1Ba motoka B BUJE
BOJIHOBOJIOB 3€PEH-TIOTEHIIMAJIOB C MTPOTHUBOIIOIOKHBIM 3HAKOM
CXOJISITCSI UMILJIO3HEN 0 OJHOW OCH B OJJHY TOYKY, TO 00pasy-
€TCsl TOUKA 30HbI XOJOAHOM I1a3Mbl — UY€pHas apipa. Bo Bcex
OCTaJIbHBIX CJIy4asX IeOMEeTpUsi 30HbI XOJIOAHOM IIJIa3Mbl MO-
KeT OBbITh TPE/ICTAaBIEHa, KaK OKPYKHOCTb, Ayra OKPYXHOCTH,
MIOBEPXHOCTh, HEKUI TPEXMEPHBIN 00BEM, HATPUMEDP BHYTPEH-
HUI 00BEM aToMa TSI JIEKTPUYECKOM XOJIOHOM TUIa3Msl. [Ipy-
MM TIPUMEPOM TE€OMETPUU SIBJISIIOTCSI CETKM TepeceKarouX-
Cs1 30H XOJIOTHOM 6€3MacCOBOM IPaBUTAIIMIOHHON I1JIa3MBI ITO TI0-
BEPXHOCTH KOHTYPOB [ ‘aJlaKTUUECKUX HUTEU, CTEH, CBEPXCKOII-
JeHuit ['anakTuk, priaMeHToB, JiekKallux M0 IPaHUIIAM MEXTy
OOJBIIIMMM ITyCTOTaMM (BOMAaMU) U 00pa3yIoOIIUX KPYIHO-Mac-
mTabHYIO ST9eucTyIo CTpyKTypy [IpocTpancTBa BeeneHHON.
Takum 0Opa3zom, 3amadya TpeICTaBIeHUsT TUCKPETHBIX IPO-



CTpaHCTB Jenurcad Ha aBe. OpgHa — NpeiacTaBleHHE ITPO-
CTPAHCTB B (popMe HEOTAEIUMOr0 EAUHCTBA BHEIIHUX IOJIEW BO-
KPYT UX CTAlIMOHAPHBIX KICTOUHUKOB — LIEHTPAJIbHO-ITYJIbCUPYIO-
1K€ T0JIsl, B TOM YHUCJIE MUKPOIIOJIEN BOKPYT JEKTPUUECKOTO
3apsija U 3apsiia Macchl EKTPOHA, ATOMHOTO sijipa U T. 4. Bro-
pasi — IpeJCTaBJIEHUE €AMHCTBA C NIEPBBIMU OTHOCUTENIBHO CTa-
[IMOHAPHBIX KOHTYPOB MUKPOMPOCTPAHCTB MUKPOYACTHI], YCTa-
HaBJIMBAEMbIX UCTOUHMKAMHU SHEPIruu B (hOpMe BHYTPEHHUX TO-
Jieil ¢ MOMOIIbI0 BUXPEBBIX UCTOYHUKOB [IBUKEHUSI U U3MEHe-
Hus. OnpeaenuM BTOPbIE TPEACTABICHUS JIEKTPOMArHUTHBI-
MU Y MEXAaHUYECKUMU BUXPOHAMM.

B Mukpomupe 3TM MHKpONpPOCTpaHCTBA OyayT co3ja-
BaTh BHYTPEHHIOID CTPYKTYpPY Tpeka (POTOHA, BHEIIHUX IIO-
JIeW SJIEKTPOHA, ANEP M AaTOMOB XUMHWYECKMX 3JIEMEHTOB
U T. 1. B Makpomupe 3Tu AUCKPETHbIE MUK POIPOCTPAHCTBA-TIO-
751 OyayT co3faBatrhesi 3apsiiaMu (MUKPOBUXPOHAMU — UCTOY-
HUK) TIPY UX 3apsijIKe-pa3psake BUXPEBbIMU MOJSIMUA CIUPATTb-
HBIX BOJTHOBOZOB (TI0J1€) U3 3JIEKTPOIOTEHIIMAIOB WJIM TPaBIO-
TEHLIMAJIOB — [IEPEHOC 3apsAJa-3HEPrUU C UMIUIO3UEN-KCIIIO3H-
el B (hopMe 3EpeH-TMIOTEHIUAIOB O3 IEKTPUIECKOTO U rPaBUTA-
IMOHHOTO TOKAa. M TOJIbKO MOCyIe 3TOro B MPOBOIHMKE HACTYMA-
€T MPOU3BOICTBO JIEKTPUYECKOrO TOKA U TOKA I'PaBUTALIMOHHO-
ro (3ByK). Bmecte Te u ipyruie 00pasyloT «KHUBOE» BEleCTBEH-
HOE AMCKPETHOE MPOCTPAHCTBO-MOJIE.

Takue mpocTpaHCTBa SIBJISIIOTCSI OJHUM U3 MPOAYKTOB (hopM
SHEPruM, ABUTAIOIINX U U3MEHSIOIUX MAaTepUI0 KOHTYPOB 3J1e-



MEHTApPHBIX YaCTHI] U3 3€peH-N0TeHIMaIOB. CBOMCTBA BHEIIHUX
TI0JIEY TOTO WJIA MHOTO CTALIMOHAPHOTO UCTOYHUKA, IIPUCYTCTBY-
IOLLETO B JAHHOM TOYKE IMPOCTPAHCTBA, HAJIENISIET €T0 CBOMCTBOM
IIPOM3BOJICTBA HEKOW PEryJIsIpHO-CUJIOBOM MTPOTSKEHHOCTH 00b-
ema (CUJIOBOE T0J1€, CUJIOBbIE JIMHUU U MHTET PaJIbHBIE TIOTEHIIM-
QJIBI TIOJTST), KaK (PYHKIMH YOBIBAHMSI TOTO WJIA MHOTO MOTEHITHA-
JIa OT LIEHTPA, B KOTOPOM pa3MeEIlEH TaKOW UCTOYHUK. Takue mo-
JIl UEHTPAJIbHBl U «Pa3/lyBaloTCS» OT LIEHTpa UCTOYHMKA pery-
JISIPHO ¥ C ONPE/IETIEHHON YacTOTOM, KaK «OTOPOIIIEHHbIE» KOH-
TYpbl 3JIEMEHTapHBIX YacTull. OCHOBHOE CBOWCTBO TAaKHUX LICH-
TPAJIbHBIX NIOJIEW MTPOSBIISAETCS 10 IUCTAHIMOHHOMY B3aUMOJEH-
CTBUIO (MHTEP(EPEHIINH) C APYTUMU OJHOTHUIIHBIMU HCTOYHHMKA-
MU (TPaBUTALMOHHBIMU, NIEKTPUIECKUMHU WA MATHUTHBIMU) —
NPUTSKEHUE WM OTTAJIKMBAHUE C MOMOIIBI0 0Opa30BaBIINXCS
MEX/ly HUMU CUJIOBBIX JINHUM B3aUMOJEVCTBYIOLIUX TIOJIEH.

Borpoc — nouemy 311 cunoBble JTMHUM NosBisgoTcA? Kakosa
NPUPOJa BOSHUKHOBEHUSI CUJIbI B3aUMOJIEICTBUS TaKUX MCTOY-
HuKOB? [louemy nossiserca nHTEp(EPEHIMA TEKTPOMATrHUT-
HBIX BOJIH U MIHTEP(EPEHLIMS BHEIIIHUX NIOJIEN UCTOYHUKOB TOJIb-
KO, €CJId MCTOYHUKOB OOJIbllIe OJHOTO, U MOYEMY CHUJIOBbIE JIU-
HUM TaKOW MHTEp(EepeHIINY BCeria MPUCYTCTBYIOT B MArHUTHBIX
Y IPYTUX MOJIAX ?

[Ipu 3TOM Kakablii peajibHO CYIIECTBYIOIINAN CTAIIMOHAPHBIN
MCTOYHMK, Oyab TO s/1pa TalakKTUKH, 3B€3[bl, TUIAHEThl, TOPHA-
70, aTOMa WM JIEKTPOHA, JIO/LKEH MMETh 3HAK 3apsAJa Macchl
VI JIEKTPUYECTBA, a IBUKEHUE €IIE U BEKTOP HAIPABJICHUS —



9TO 3aKOH MPUPO/bI!

Jlg onpeneneHuss KOHKPETHBIX MOHATUM CHUJIBHOTO U Clla-
6oro nposiBieHUid opM MaTepuu, a Takxke OoJsiee Harmsa-
HOM JJEMOHCTPALMY OPraHUYHOM CBA3HOCTHU IPOCTPAHCTBA C I10-
JeM B (opMe 3E€pEeH-NOTEHIUAIOB COOTBETCTBYIOUIETO «3(U-
pa», MOXKHO TOJIBKO BBEJ A OITPEJIEJIEHUE EILE U HEBELECTBEHHO-
'O MPOCTPAHCTBA.

HegeliecTBeHHOE NMPOCTPAHCTBO HE COAECPKUT B ceOe HUKa-
KMX (POPM MaTepuu U SHEPTUU, UCTOYHUKOB ABUKEHUS U ITOTEH-
LIMAJIOB — HOJIb IIPOCTPAHCTBA, HOJIb TPABUTALIMOHHBIX [TOTEHIIUA-
JIOB, HOJIb MarHUTHBIX MIOTEHLUAJIOB, HOJIb IEKTPOCTATUYECKUX
NOTEHIIMAJIOB U HOJIb JBMKEHMS, T.€. AOCOMIOTHBIN HOJIb TEMIIe-
paTypbl UM HOJb JIEKTPOMArHUTHBIX BUXPEBBIX MOTEHIIMAJIOB.
[Toatomy (popma ero cymecrsoBaHUS HE UMEET HUKAKOU Ieo-
METPUYECKOM WU (PU3NIECKON KOH(PUTYPALIMU — TOUKA, JIMHUA,
IUIOCKOCTb, 00BEM WM KaKoi-1100 B[ mycToTsl. Ho npu aTom
OHO JIOJDKHO 00J1ajaTh BEChbMa XapaKTEPHBIM CBOMCTBOM — CHO-
COOHOCTBIO TOIAEPKUBATh B HEM3MEHHOM COCTOSIHIM KaKHe-Ju-
60 KBaHTbl aMOP(HOTr0 (3€pHA-MOTEHIIMAIIbI) WM BEIIECTBEHHO-
IO MPOCTPAHCTBA IIPY UX IMONAJAHUU B HETO WIN UX CBA3AHHOU
I€OMETPUYECKHA COBOKYITHOCTH.

Ecth HEOOXOOMMOCTh TaKXke BBECTH M ONpPEAETUTh amopd-
HOE€ ITPOCTPAHCTBO (MCTOPUYECKUM MOKOAIMKUCS 3puUp), Kak
HEKYI0 3apsKeHHYI0 Ia30Mo00HyI0 CyOCTaHIMIO, KOTOpasi He CO-
JEpKUAT B CBOEM OOBEME HUKAKUX CTAlIMOHAPHBIX HMCTOYHHM-
KOB II0JIEY ¥ HUKAKUX BUXPEBBIX MICTOYHUKOB JIBUXKEHUSA (3aps-



JIOB SHEPrn), HO MOXKET COfiepKaTh BCE BBIIIE HA3BaHHBIE IO-
TEHUMAJIbI-3EPHA WM UX T€OMETPUYECKH YIIOPsIJOUEHHbIE COBO-
KYITHOCTH. DTO U OyJeT ONpeessTh ero HeKOTOPYIO Onpe/esieH-
HYIO JIOKQJIbHO KOHCEPBUPOBAHHYI0, OECIIPEPHIBHO MEHSIOLIYIO-
Cs1 TIOJ], IeVCTBUEM BHYTPEHHUX, BHOBb MHAYKTUPYEMBIX TOJIEH,
reOMEeTPUYECKYI0 (POpPMY, COCTABJICHHYIO U3 ITUX MOTEHLUAJIOB,
HalpuMep, HEUTPUHO WIN «sMbl» B JaJIbHEM KocMoce BceeneH-
HOI1, 3alI0JIHEHHbIE, HalIPUMep, Ia30M000HbIMU 3€PHAMU-TPaB-
NOTEHIMAJIAMU C OHUM 3HAKOM, HO PAa3HOM BEIWYMHBI MOTEH-
Majga — 3TO 3apsj IPaBUTALMOHHBIM MOTEHIIMAIOM, HE COfiep-
Kallui 3apsiIOB SHEPIUH.

EcTb BelecTBEHHOE MPOCTPAHCTBO — €CTh NMOTEHIMAJbHAS
SHEPrus. DHeprus aOCOMOTHO OTCYTCTBYET B HEBEIIECTBEHHOM
IPOCTPAHCTBE. DHEPIUs MOJHOCTBIO MCYE3AET TOJBKO B 30HE
XOJIONHOM TUIa3MBbl TIPY AHHUTWISIMMA MPOTUBOMOJIOKHBIX 3E-
PEH-TIOTEHIMAJIOB KaK CTAllMOHAPHBIX, TAK M BUXPEBBIX MCTOY-
HHKOB.

OTU TpU TMOHATUS — BELECTBEHHOE, HEBEIIECTBEH-
HOE U aMOp(HOE MPOCTPAHCTBO, SIBJISIOTCS HEOOXOAUMBIM JIO-
MIOJIHEHUEM B OIIPe/IeNIeHrs] JOUEPHUX MPOIYKTOB 3apsijia SHep-
TMU — IUCKPETHOTO MPOCTPAHCTBA, KaK OJHOM M3 «CIaOBIX»
(popM nposiBNIEHN ST MaTEpUU.

Tpanchopmanyst ucropuueckoro 3¢pupa B HEKOe JUHaMUye-
CKOE BEILECTBEHHOE 3€PHUCTOE MPOCTPAHCTBO-NOJNE (JUCKpPET-
HOE TMPOCTPAHCTBO) OyAeT BechbMa IUIOIOTBOPHBIM JOTOJHE-
HUeM s Oosiee TTyOOKOro Mo3HaHWs BceX (hOpM MaTepuw,



B TOM uuciie ¥ ¢pusnueckoro Bakyyma Bceenennoit. IIpocrpan-
cTBO-3(bUp B (popMe 3EPEH-MTOTEHIIMANIOB, U3JTyYa€MbIX Pa3Iny-
HBIMU 3apsiIaMy KICTOYHUKOB T'PaBUTAIINU, IEKTPUIECTBA, Mar-
HEeTU3Ma M eCTh camoe ciiadoe nmposiBieHue (popM mMatepuu, T.e.
(pbopM npenmeCcTBYIOIMX IEMEHTApHBIM YacTulam. Pazmep 3e-
peH 3¢upa MHOTO MEHbIIE AaXKe MO CPABHEHUIO C IJIAHKOB-
CKUM pa3zMepPOM (10_33 CM), TaK YTO Jla)Ke Ha yPOBHE OOBIYHBIX
JIEMEHTAPHBIX YaCTHI] €T0 MOKHO pacCMaTpUBaTh, KaK CILIOII-
HyI0 cpeny. HeoOXomumo TOJBKO OCO3HATh-TIOHATh M OIpe/e-
JIUTh B KOHKPETHBIX TEPMUHAX MaTepuasbHOW (PU3MKU SIBJIe-
HUM, a He B 00IMX (PrIIOCOPCKUX KaTeropusx, MEXaHU3M JHA-
MHYECKOI'0 3aM0THEHUsI-pa3lyBaHusl KOHKPETHBIM MTOTOKOM 3€-
PEH-TIOTEHIIMAJIOB BEIECTBEHHOTO MPOCTPAHCTBA, a TaKXke 00-
paTHBI MEXaHU3M €ro MpeBpallieHus] B HEBEIIECTBEHHOE IMPO-
CTPAHCTBO NMYTEM aHHUTWISLIMA MPOTUBOIOJIOXKHBIX MO 3HAKY
3€pEH-TMIOTEHIIUAIOB — T.€. MEXAHU3M YHUUTOKEHUS TUCKPET-
HOT'O TIPOCTPAHCTBA 3EPHAMU-TIOTEHIIMAIAMH B 30HE XOJIOTHOM
TJ1a3Mbl POTHUBOMOIOKHOTO TI0 3HAKy UCTOYHHUKA.

PaccMoTprM BelliecTBEHHBbIE TPOCTPAHCTBA, KaK cliadylo Ma-
Tepuio B ¢opMe BHEIIHUX (PUBUUYECKUX TMOJIe reoMeTpuye-
CKA Y JAWHAMUYECKH PaCHpedeS€HHbIX KBAHTOBBIX TMOTOKOB
MOTEHIIMAIOB-3€pEH OKOJIO CTATMUYECKUX WJIM KBa3UCTaTHYe-
CKMX MHUKPO U MaKpOHCTOUYHMKOB, a TaKKe KpYyIHOMAcCHITad-
HYI0 CTPYKTypy SIYEHCTOrO TUIEepIpOCTpaHCTBa BcesneHHoi,
BKJIIOYAIOIIEN BUANMYIO, IPOMEKYTOUHYIO M HEBUJIUMYIO YaCTH,
HO B HEOTHEMJIEMOI X COBOKYITHOCTH C YKa3aHHBIMU UCTOYHU-



KaMHU.

Wrax, nmepBoe — 3TO MoJieBble MPOCTPAHCTBA, 0OPa30BaHHBIE
BHEIIIHUMU TIOJISIMM CTAlIMOHAPHBIX MCTOUYHUKOB C MAacCOM Ta-
KMX, KaK T'PaBUTAIIMOHHBIE, JJIEKTPOCTATUYECKHE U MATHUTOCTA-
TUYECKUE, T.€. MyIbCUPYIOIIHA 3PUp.

Bropoe — 310 mnpocrpaHcTBa (BUPTY&JIBHO IMOKOAIIUU-
cs1 3¢pup), CO3MaHHBIC BUXPEBBIMM TIOJISIMU JIBUKYIIIMXCS O€3-
MaCCOBBIX MCTOYHMKOB (MCTOYHUKOB [IBUKEHHUSI — BUXPOHOB)
U, KaK MpaBwWJIO, MPUBOJAIINE K O0Jiee CUITBHBIM MTPOSIBIICHUSIM
B (popMe MUKPOUYACTUL], BUXPEBBIX M0JI€N TOTOKOB BOJIHOBOJIOB
U3 3EPEH-NIOTEHIIMAJIOB, KJIACTEPOB ATOMHO-MOJIEKYJISIPHOTO Be-
IECTBA, 3BE3[l, IUIAHET, TAJIaKTUK U T. JI.

[lepBoe co3maér pusmyecKure mosysi BOKPYr MICTOUHUKOB, KO-
TOpBIE, B CBOIO OUYEpe/lb, CHAYaJIa POKIAI0TCS BTOPbIMU. Buxpe-
BbI€ I10J151 BTOPBIX POKAAET BELIECTBO U €r0 U3MEHEHHsI. YCIIOB-
HO HA30BEM NEPBYIO0 — JTUCKPETHBIMU MPOCTPAHCTBAMM, & BTO-
pyI0O — BELIECTBOM WM CTPYKTYpPUPOBaHHOU martepueil. Ectb
U TPeTbe, HO €lI€ HEeJOCTATOYHO M3YYEHHOE — 3TO KBAHTOBbIE
IPOCTPAHCTBA BUXPEBBIX MOJIEH, CO3/aHHbIE BPAIIAIOIIMMUCS
TeJaMM C Maccod, B TOM 4YMHCJ€, BUXPEBbIMUA TOKAMU YaCTHUIL
C Maccod B TeJie BEILECTBA, W KECTKO MPUBS3aHHbIE K HUM
B BUJIE BHEIITHEH O0O0JIOUKU-«KOKOHA» -«ITyObl» BOKPYT BHEIII-
HEHN 3aMKHYTOU MOBEPXHOCTU TBEPAOIO TeJia 10 aHAJIOTUU JIeK-
TPOHHBIX 000JI0YEK BOKPYT aTOMHOIO sijipa, T.e. TUHAMUYECKU
000JI0YEUHBI, CBSA3AHHBIA C MAaCcCOM IO €€ TTOBEPXHOCTH PHp.
IlepBoe pacrpocTpaHsercss OT UCTOYHMKA CO CKOPOCTBIO MHO-



ro OOJbINEN CKOPOCTH CBETAa U MMEET JIMIIb B CBOEM apceHaie
TOJIKO OECCTPYKTYpHBIE 10 00bEMY KBAHTHI 3epHA-TIOTEHITHA-
JIbI, COCTaBJISIOIINE «3(PUpP» Pa3HBIX UCTOYHUKOB — Pa3HOIIBET-
HbII 3¢pup. [Ipu 3TOM BTOpOE CO3/1aETCSI MArHUTHBIMA MOHOIIO-
JISIMHA BUXPOHOB CO CKOPOCTBIO CBETa M UMEET OOJIBIIIOe Pa3HO00-
pasue opM CTPYKTYPUPOBAHHOW MHUKpOMAaTrepuu OT (DOTOHOB
Y MUKPOYACTHIL JO aTOMHO-MOJIEKYJISIPHOTO BEIleCTBa, a, B KO-
HEYHOM CYETe, IPUBOAUT K OOpa30BAHUIO PA3IMYHBIX arperart-
HBIX (DOPM MMACCUBHOM MakKpomatepuu u rurnepmarepun. 1 tor
U IPYrOil BUJl MaTepuu MPOU3BEIEeHbl UICTOYHUKAMMU, HO Pa3HbI-
M. OMH — 37€KTPOMarHUTHBIM JUHAMUYHBIM IPOLIECCOM Ca-
MOJBWKEHHSI BUXPOHOB CO CKOPOCTBIO CBETA, IPYIOll — OTHO-
CHUTEJIBHO MOKOSIIUMUCS CTAIIMOHAPHBIMU UCTOYHUKAMU I'PABU-
TAlIMOHHOTO, JIEKTPOCTATUYECKOTO U MArHUTOCTATUYECKOTO TI0-
seu. I ToT u gpyroit KBAaHTYET COOTBETCTBYIOIIUE 3€PHA-TIOTEH-
uasibl «3(pupar», HO MO pa3HOMY YCTAHABJIMUBAET UX B POCTPaH-
crBe. BUXpOHBI yCTaHABIMBAIOT OMIOPHBIE MOTEHIIMABI B BOJIHO-
BOJIE, OTHOCUTEJIbHO TOKOSIIUECS] U BCTPOEHHBIE B MPOCTPaH-
CTBO-TIOJIE (M B BEILECTBE, Jla)ke B METaslle), a CTallMOHAPHbIE
UCTOYHUKY — TUHAMUYECKHU JIBUXKYIIHECs CO CKOPOCTBIO OOJIb-
11I€ CBETa OT OTHOCUTEJIbHO MOKOSIIMXCS CTAIIMIOHAPHBIX UCTOY-
HUKOB. VI HakoHell, TPeTUil TUIl TUCKPETHBIX MTPOCTPAHCTB, KO-
TOPBII SIBJISIETCSI CMEIIAHHBIM MPOIYKTOM TEPBBIX TBYX U OT-
pakaetr 3akoH Jlyn ne bpouns, T.e. Kaxjas yacTula WM Kia-
CTep BEIlECTBEHHOW MaTepHUM, COBEPIIAIOIIUNA TBUKEHHUE, Bpa-
[IEHWE WJIM TOCTYIAaTeIbHO-BpalllaTeIbHOE IABMKEHUE, POkKaa-



€T BOKPYT ceOsl JOMOJHUTEIbHYI0 (DOpMY FHEpruu («Iimyoy» -
000JI0YKY) B BUJIE BUXPEBOrO 000IOYEYHO-C(HEPUIECKOro mo-
71 KBAaHTOBOTO HOCHTENSI MHIYKTHPOBAHHOW SHEPTUM OIHOTO
3HaKa — 9TO CTAIMOHAPHO-TTYJIbCHPYIOIliee KBAHTOBOE MPOCTPAH-
CTBO BOKPYT TaKOr0O KJIACTEPa COCTOMT U3 CBS3aHHBIX 3EPEH-TIO-
TEHIMAJIOB (MIEPEHOCUMKH SHEPTHHN) U SBJISETCS TAKAM XKe HEBH-
JMMBIM, KaK ¥ riepBoe. OIHUM 13 OCHOBHBIX CBOMCTB TaKoW 000-
JIOUKH SIBJISIETCS] POXKJICHUE 30HBI XOJIOHOIM Oe3MacCOBOM T1a3-
MBI TIpM KOHTaKTe C MPOTUBOIIONIOKHBIM TI0 3HAKY TOTOKY 3€-
PEH-TIOTEHINAIOB BTOPOTO MCTOYHHMKA. A €ro SHeprusi sBis-
eTCsl JIOTIONTHEHNEM U HeOTheMJIEMON YacThlo, MOPOIMBIIEH €€
KOPITYCKYJISIPHOW JIBUKYIIIEICS MaTeprer U OHa CIIOCOOHa TTpH-
HMMAaTh, KaK TOJIOKUTEJIbHbIC, TAK U OTPHIIATE/IbHbIC 3HAYe-
HUS TSI COXpaHeHUsI cpeHero 3HadeHus. Hampumep, nBuky-
IIUICS B NEKTPUYECKOM T0JIe MEKTPOH, CMIOCOOEH WHIYKTH-
POBAaTh MEKTPOMATHUTHBIN eOPOMIEBCKIIA HOCUTEb (MarHUT-
HbIIA MOHOIIOJIb — MIEPEHOCYMK SHEPrvr) KBAHTA SHEPTUH, JITUHA
BOJTHBI KOTOPOTO PACCUMTHIBAETCS ACTEHUEM MOCTOSTHHOM [1an-
Ka Ha UMITYJIbC 9TOM YaCTUIIBL. A BOT Bpalaromasics raiika J]xa-
HUOEKOBA, WHIYKTUPYET BOKPYT ceOsl rpaBUTAIIMOHHBI MOHO-
1oJib (MEeXaHWUYeCKU JeOpOrIeBCKUI HOCUTEIb KBAaHTA HEP-
TMH — TIEPEHOCUYHK SHEPrHuu), TP pa3psiae KOTOPOro COBEpIa-
€T CBOW 3HAMEHHTHII OE3bIHEPIIMOHHBIN «KYJIBOUT» B HEBECOMO-
CTH TIOJl JACWCTBHEM OIOPHBIX I'PABUTAIMOHHBIX MMOTEHITAJIOB,
CTaIlMOHAPHO YCTAHOBJICHHBIX B IPOCTPAHCTBE B IIPOLIECCE ITOTO
paspsizia ¥ KOTOpBIE KECTKO CBSI3aHbI C IGHTPOM Macc. Takue Ho-



CUTEIM MaKpOMaTepyu, Kak U B MUKPOMATEPUU IEMEHTAPHBIX
9acTul], 00IaAal0T BCEM JIOTIOIHUTEbHBIM K OCHOBHOMY HEO00-
XOJUMbIM HAO0OpOM KBAHTOBBIX MApaMeTPOB TaKMX, KaK JJIMHA
BOJIHBI, 3apsiji, Macca, CIIMH, BPEMsI KU3HU U T.J., HO ONpeaess-
I0TCSl OHU YK€ HE Yepes3 aTOMHYI0 NOCTosAHHYI0 [ Inanka. [{ns sto-
ro MpUpoJAa U CO3Aa]a MEXaHU3M KBAaHTOBBIX MEPEXOJOB Aaxke
B MaKpoMaTepuu, TailHy KOTOPBIX yIaJ10Ch PACKPBITh U OIUCATh
B PaMKax 3TON KHUTU — 3TO TOT MPeAes, KOTOPbI TaK U HE CMOT
npeononets Jlyu ne Bpoib.

Utak, Bce puznyeckre noss-nmpocTpaHCTBA MOKHO Ipe/ICcTa-
BUTb KakK MOJIsl BOKPYI CTAllMOHAPHBIX UCTOYHMKOB C 3aMKHY-
THIM BHEIIHUM KOHTYPOM, B TOM YMHCJIE 3JIEKTPOH, a TaKxke
BOKPYT CBOOOJHO JBIKYIIMXCSI HICTOUHUKOB-3apsiIoB B (hopme
MarHUTHOT'O, TPABUTALIMOHHOI'O U 3JIEKTPUUYECKOTr0 3apsiIoB. bo-
Jiee CUJIbHBIE MTPOSIBJIEHUSI MaTEPUM U COOTBETCTBYIOIIME UM T10-
71 HAaOMIOAAIOTCSl B KOPITYCKYJISIPHBIX 3aMKHYTBIX MHKPOIIPO-
CTPaHCTBax — HEWTPOH, MPOTOH, JEKTPOH, SApa XUMUYECKUX
3JIEMEHTOB, JIEMEHTapHbIE YAaCTHLIBl, U T. A. ATOMBI U MOJe-
KYJIbI SIBJISIIOTCS] IPOM3BOIHBIMU MTPOLYKTAMH B3aUMOIEHCTBYIO-
HIMX IPOTUBOIOJIOKHBIX MOJIEN 32 CUET POKAECHUS 30HBI XOJIO/-
HOW TUIa3Mbl. DTU MHUKPOIIPOCTPAHCTBA MPOKJIAbIBAIOT IIAPO-
KyIO TPOITMHKY B JPYroil MHUpP TOKE 3aMKHYTBIX, HO OoJjiee cra-
ObIX MaKpOIIPOCTPAHCTB, MPU 3TOM OoJjiee OLIYTUMBIA U BUIM-
MBI, OCHOBaHHBI YK€ HE TOJIbKO Ha MOTEHI[MAJIaX, a Ha ONpeae-
JICHHOM COBOKYITHOCTM CMECH MHUKPOMOJel MOTEHIIUAJIOB, JJ1e-
MEHTAPHBIX YACTHIIl ¥ aTOMHO-MOJIEKY/ISIPHBIX BEIIECTB, 00pa3y-



IOIIMX TaK Ha3bIBAEMYIO TTACCHBHYIO MAcCy KJIACTEPOB BEIIECTBA.
VIMeHHO 3TOT MUp Ham HauOoJee sICEH ¥ TMOHATEH, TaK KakK 3TO
MUP KJIACTEPOB BUAUMOI U 00Jiee KOHIIEHTPUPOBAHHON MaKpO-
MaTepHH CO3/IaH U3 OYEHb OOJIBIIIOTO KOJTMUECTBA OPraHUIeCKHIX
Y HEOpraHNYEeCKUX CTaOMJIBHBIX aTOMOB M MOJIEKYJT B (hOpMe ve-
THIPEX OCHOBHBIX arperaTHbIX COCTOSIHUI BEIIeCTBA — 9TO MUP,
B KOTOPOM MbI POIUJIUCH, JKUBEM M OIIYIIIAEM €r0 CBOMMH Opra-
HAMW 3peHUs], CIyXOM U T. 1.

PaccmoTpuM BelllecTBEHHBIE POCTPAHCTBA, KaK IMPOSIBIICHUE
camoii cradoi (hOpMbl MaTepUK B BUJIE BHENTHUX (DU3MUECKUX
MOJIEN U XOJIOAHOM TUIa3Mbl U3 AUHAMUYECKHU PaclpeleIéHHbIX
3€peH-TOTEHIUAJIOB B IMCKPETHOM ITPOCTPAHCTBE BOKPYT CTATH-
YEeCKUX MJIM KBa3UCTATUYECKUX MHUKPO-, MAKPO- U TUIIEPUCTOY-
HHUKOB, KaK MPOIYKTOB SHEPTUH, a HE KaK MPOTOMY3bIpb, 0Opa-
30BaBIIMICS MOC/e OECIPUYMHHOTO BOJbIIOro B3phiBa mpama-
Tepuu B (pOpMe KBApKOB, JITITOHOB U T. [I.



1.2 dusnueckue MmoJsa
KJAacTePOB BellecTBa

BerecTBO COCTOMT M3 KOJUIEKTHBA aTOMOB (aTOMHBIX SJIEP
Y 3JIEKTPOHOB BOKPYT HUX) M 00pa3yeT KJacTephbl B Pa3IMUHBIX
arperaTHbIX COCTOSIHUSIX (ra3, )KUOAKOCTb, TBEPIOE TEJIO U T.H.)
Ha MOBEPXHOCTHU 3BE3]] U IIJIAHET.

3akoHbl (huznyecKux mojei

OCHOBHOE OTJIMYME CBOMCTB MATEPUU BEUIECTBA MAKPOMUPA
OT MaTep1 MUKPOMHUPA 3aKJIIOUAETCS B TOM, UTO B HEM YK€ IPO-
SIBJISIETCS] BO3MOKHOCTh HAOJIONIEHUs] HOBOW (hOPMBI TIEpEHO-
ca SHEPrUM U COCTOSIHUSA BEIECTBa (IUIOTHOCTh, TEMIIEpaTypa
Y T.J1.) C IOMOUIBIO 3BYKQ, YIAPHBIX MEXaHUYECKUX BOJIH, TPABU-
605u10B U T. A. [Ipy 3TOM IPOSABISIOTCS U OTJINYMS B CKOPOCTU
NepeHoca 3apsiioB SHEPIMU — MArHUTHBIA MOHOTIONb (CBOOO/-
HBI U 3aMKHYTBIN) TOJIBKO CO CKOPOCTBIO CBETA, a IPaBUTALIH-
OHHBIII MOHOIIOJIb B COCTaBE 3apsa JBUKEHUSA MEXaHUUYECKOTO
MaKpOBUXPOHA — CO CKOPOCTHIO 3BYKa U HUXKE BIUIOTh 10 OOBIY-
HBIX KHHETUYECKUX CKOPOCTEH.

He meHee BaxxHbIM siBJIsieTCs (haKTOP HOBOU (DOPMBI IIEPEHO-
ca 3apsI0B IEKTPUUECKUM MTOTEHIUAIOM (KJIACTEp JIEKTpUYe-
CKOro 3¢upa) NOTOKOM OJHO3HAKOBBIX MarHUTHBIX MOHOIOJIEN
(mo Tecna MOIIIHBIM HapacTalUMM (PPOHTOM OIHOIOJSIPHOTO
UMITyJbca Oe3 MCIOMb30BaHUS Criafaomero (hbpoHTa) — poxke-
HUE PaAMaHTHOIO WM XOJIOJHOTO IEKTPUYECTBA, A TAKKe JeU-



CTBHE XOJIOIHOM T1a3Mbl. U nepeHoc 3apsiaoB rpaBUTAIMOHHBIM
MOTEHIIMAJIOM (KJIacTep rPABUTALIMOHHOIO 3(hUpa) COOTBETCTBY-
IOIIMM BOJTHOBOJIOM T'PaBUTAIIMOHHBIX MOHoMojen (ro [[xanu-
OEeKOBY MEXaHUYEeCKUM BpallleHueM KJIacTepa).

Ho camoe ri1aBHOE, 3T0 0OpaTHBIE MPOLIECCH OCBOOOKICHHSI
BHYTPEHHeW SHEepPruM Kjactepa BellecTBa — IMpeoOpa3oBaHUs
MEPBUYHOIO SIIEPHOTO COCTaBa aTOMOB M HEUTpaIMA3AIMM Mac-
Chl KJIacTepa OT BO3JEVCTBUSI HA HETO BUXPEBBIMU IMOJISIMUA Mar-
HUTHBIX U TpaBUTAIIMOHHBIX MoHoMoner CBY-nuana3ona, KoTo-
pbie TIOTJIOIIEHBI MJTH 3aXBaYeHBbl KJIACTEPOM BelecTBa ¢ 00pa3o-
BaHKEM JIBYIIOJIOCTHBIX TMITEPOOIOMIOB XOJIOIHOM TUIa3MBbI Tpa-
BUJIEKTPOMATHUTHBIX TUIOJNEN, YTO U IPUBOIUT K XOJOAHOMY
saepHomy pacnany-cunresy (LENR) Ha mpumepax ycTpoilcTB
A. ®. Knaposa, M. 1. Comuna, C. B. Anamenko, A. B. Bauaesa,
JI. N. Ypyukoesa, K. Illoynaepca, a Takxke K Oe3bIHEPIIUOHHO-
My JIBUKEHUIO KJacTepoB Ha npumepax ycrpoiicts Jl. Kunu, B.
[Mlay6eprepa, 1. Cepna, B. C. I'pebennukona, [I. XarducoHa.

[ToaTomy KiacTephl BEIIECTBA B MAKPOMATEpUU CIIEAYET pac-
CMaTpHUBaTh, KaK W OTAEJbHbIE aTOMbI, B €JUHON U HEpPa3pPbIB-
HOM PaBHOBECHOM CHUCTEME B3aUMOJECHCTBUI WX BHYTPEHHUX
Y BHEUIHMX MOJIEH C OKPYKAIOUIMMHU UX MOJISAMU IPYTUX aTOMOB,
HalpuMep, B KPUCTAIMYECKOM PELIETKE TBEPAOro Teja. ATo-
MBI JIEKTPOHEUTPAJIbHBI, HO 00JIaIal0T MAacCoi B TOJIe TATOTe-
HUs1 3eMJIM, [TIO3TOMY M KJIACTEPHI U3 aTOMOB B 1I€JIOM 3JIEKTPO-
HEeUTpabHBI ¥ 00J1a/1al0T Maccoi. Kitactepsl BelecTsa B 1ejiom
MOTYT HaXO[IUTCSI B COCTOSIHUM TTOKOSI M TTOCTyIIaTeIbHO-Bpallia-



TEJIbHOTO JBVIKEHUSI, a TAaKXKe B COCTOSTHUM TOJISIPU3AIAU, BO3-
OyXJeHWs BHYTPEHHHX I0JIeH BHEITHUMU TIONISIMH, A TaKxkKe 13-
Jy9eHUEeM PaMOAKTUBHBIX aTOMOB, BXOASIIUX B KJIACTEP, EK-
TPOMAarHMTHBIM UM 3BYKOBBIM M3JTyuyeHHeM. Takue Kiactepbl Be-
IIeCTBa 00JIAJAI0T ¥ HOBBIMU CBOMCTBAMU 110 CPABHEHUIO C MUK-
POMHpPOM, TaKMMH KaK IUIOTHOCTb, TEMIEpaTypa, TeIUIoNnpo-
BOJIHOCTb, a TaKXke CBOMCTBAMH TI0 OTHOIICHUIO K NEKTpHYe-
CTBY — IIPOBOJIHUKH, IUIIEKTPUKHU, CETHETOIIEKTPUKH, IEKTPe-
Tol U T. 1. KOHAEHCUPOBaHHbBIE COCTOSIHUS BEIIECTBA MPOSIBIIS-
0T Pa3JIMYHbIE CBOMCTBA Y 10 OTHOLICHHIO K MAarHETU3MYy — (pep-
POMarHeTUKH, JUaMarHeTUKH, Mbe30MarHeTUKH, MapamMarHeTy-
KU U T. ]I

[TosToMy B OTJIMUME OT JEMEHTAPHBIX YACTHII, B BEIIIECTBE
KJIACTEPOB BO3MOKHBI M BHYTPEHHUE KOJUIEKTUBHbIE, B TOM UHC-
Jie ¥ TIOJISIPU30BaHHbIE TPAaBUTAIIMOHHBIM TIOJIEM 3eMJIH, TIOCTY-
nartesbHO-BpallaTesibHble JIBUKEHUs], KaK 3€peH-TOTEHIIUAIIOB,
CaMHX aTOMOB, TaK U IEKTPOHOB, OOYCJIOBJIEHHbBIE KaK TeMIIe-
paTypo, Tak ¥ MPOHNKHOBEHNEM M3BHE 3apsI0B SHEPIUHU B BU-
JIe CMEIITaHHOTO U3JTyYeHHsI M BO3JIEUCTBYIONIHX TOJIel, KBAHTOB
3ByKa W yJApHBIX BOJIH, YTO MPUBOIUT K OOJIBIIMM pazHOOOpa-
3usiM B (hOpMax U CTETeHsIX JIe3UHTErpalui MaTepuu, a Takxke
K BHYTPEHHEMY JBM)KCHHUIO M M3MEHEHHMIO aTOMOB — OXJIaK/ie-
HMIO, Pacraj MOJIEKY/I, MIOHU3AIlMM aTOMOB M WX Sijiep, SIBJie-
HUS1 HA TOBEPXHOCTH TBEPIOTO KJIACTEPA C POXKJICHUEM aHTUTPa-
BUTALIMOHHOW-000JIOUKM-KOKOHA.

Bocrpon3BoacTBO 000JI10UeK aTOMHBIX siiep U 00OJOYEeK



EKTPOHOB B AUCKPETHOM MMKPOIIPOCTPAHCTBE XOJIOJHOM
IEKTPUYECKON IUIA3MbI aTOMA ITPOUCXOIUT C TOMOIIBIO MATrHUT-
HBIX MOHOMNOJIEN (3aps1/I0B SHEPIUM) 10 MEXAHU3MAM, U3JIOKEH-
HBIX B MEpBON YacTu 310l KHUru. [Ipu BocmpousBoacTBe u 06-
HOBJICHUU 3aMKHYTBbIX KOHTYPOB SIIEPHBIX U ATOMHO-3JIEKTPOH-
HBIX 000JIOUEK U3 IPABUTAIIIOHHBIX U JIEKTPUYECKUX 3EPEH-TIO-
TeHIMAI0B ¢ yactotou 10 0_10% ['1 U3 HUX MyTEM OIHO3HA-
KOBOT'O OTTAJIKUBAHUSI-O0TOPOCa MOTEHIIMAIAMH C TIOMOIITBIO Mar-
HUTHBIX MOHOIIOJIeH (pOPMUPYIOTCS] BHEIITHKE NOJIs (FPaBUTALIN-
OHHBIM, MEKTPUYECKUA U MArHUTHBIN 3(PUP) ITOro Kjiacrepa,
KOTOpbIE B 3aBUCUMOCTH OT UX CBOMCTB JIAJIbHOJIEHCTBUSI, CKOPO-
CTU JIBUKEHHUSI, TPOHUKAIOIIEH CIIOCOOHOCTH, BBIXOAST HAPYKY
€ro BHEITHEN MOBEPXHOCTHU (IpaBUTALMS Y MPOSIBJICHUE 3apsiia
MAaccChl), HACBIIIAIOT 0OBEM aTOMHOTO SJpa U KOHLIEHTPUPYIOTCS
Ha €ro MOBEPXHOCTHU (TIPOSIBIEHUE 3apsiia NEKTPUUYECKOro IMo-
TEeHI[MaJIa Ha aTOMHOM SI/Ip€) WM PaBHOMEPHO HACBIIIAIOT 00b-
€M 31oro atoma. [IposiBiieHMe MarHUTHBIX CBOMCTB CTallMOHAp-
HBIX MArHUTOB BO3MOKHO JIUIIIb ITOCJIE MOJISIPU3AIIMN HEKOTOPBIX
BellecTB ((heppOMarHeTMKM) MyTEM perucTpaiu MpUTSKEeHUsT
VI OTTAJIKUBAHMS IBUKEHUSI MATHUTHOTO TIOTOKA 3€PEH — Mar-
HUTHBIN TOK MO JIMJCKaTHUHY.

IlepBble B3aMMOAEHCTBYIOT C MOJIEM TATOTEHUST 3EMJIM My-
TEM aHHUTWISILIUM C €r0 MPOTUBOIOJOKHBIMU 1O 3HAKy I'PaBU-
TAllMOHHBIMH MTOTOKAMU 3E€PEH-TIOTEHINAJIOB, 00pa3ysl 30HY XO-
JIOAHOM T'PABUTALIMOHHOM IJIa3Mbl, U TIO3TOMY MPUTATUBAIOTCS
K HEHTPY 3eMJIH, orpeaesisisi COOCTBEHHBIN 3aps] MacChl (Mac-



ca kJjacrepa B cucreme CU), uto noaTBep:xaaeT (pakT TOro, 4To
VICTOYHMKH 3apsiia SHEPrur B (popMe rpaBUTALIMOHHBIX MOHOIO-
Jefi 000JI0UeK aTOMHBIX Siiep B KJIacTepe MMEIOT TOJNBKO OIMH
3HAaK, MPOTUBOIOJIOKHBIM 3HAKY I'PABUTALIMOHHOTO 3apsia sij-
pa 3emum. OIHAKO y TBEPABIX KJIACTEPOB BEIECTBA BO3MOKEH
Y JPyroy THI B3aUMOAEUCTBUA (OTTAJIKMBAHUE) C IEHTPAJIbHBIM
THoJIEM TATOTeHHUs1 3eMJtd. []71st 3Toro HeoO6X0AMMO aKTMBUPOBATh
BOKPYT IIOBEPXHOCTU TBEPAOIO KJlacTepa pOKICHUE aHTUTPABU-
TallMOHHON-000JI0YKU-KOKOHA. ITO BO3MOXHO BBITOJTHUTH TEX-
Hoyorusimu [1. Kwmm, B. [ay6eprepa, [I. Cepna, [I. Xaruncona
Y MHOTMMU JPYTUMH.

Kwin Bepwii, 4T0o rpaBUTaLis 3aBUCUT OT NOJISPHOCTU CUM-
NAaTUYECKUX ITIOTOKOB, IIOCKOJIbKY TOBOPWIL: «Ecau npepeams om-
PUUAMENBHBIL CUMNAMUMECKULL NOMOK, UCXOOSIUUIL U3 UeHmpa
3emau, MONEKYAbl PA3NEMSIMCS 8 NPOCMPAHCIEE NOOOOHO POiO
nuén»».

Bropble npousBoAsATCS Tak:Ke MAarHUTHHIMU MOHOMOJSIMU,
HO C JBYMSI MPOTUBOMOJIOKHBIMU 3HAKAMH B COCTaBE JIEKTPO-
HOB M aTOMHBIX sifiep, 00pa3ys CMELIaHHBII 3NeKTPUYECKUid
3¢up ¢ 0O6pa3oBaHKEM 30HBI XOJIOIHOW IEKTPHUUSCKOM IIa3MBbl
C IByMs 3HaKaMH, KOTOPBIM HE UMEET TaKOro JaJbHOJCUCTBUS
Y IPOHUKAIOIIEH CIIOCOOHOCTH, KaK TPAaBUTAIIMOHHBIN 3(pUp BO-
Kpyr KJIacTEpa aTOMHO-MOJIEKYJISIPHOTO BEILECTBA, U OTpaHU-
YeH mpejesiaMu atoMa. B atome anekTpudeckuii a¢pup B3auMHO
AQHHUTUJIMPYeET, 00pa3ys (PMKCHPOBAHHOE TeOMETPUUYECKH JIeK-



TPUUYECKU HEUTPAIbHOE IIEHTPATIbHOE MUKPOIIPOCTPAHCTBO ATO-
Ma U3 MeHTpa-sapa U cheprudecku 0OBEMHBIX CIOEB-000I0UEK
U3 3JIEKTPOHOB, YAAJIEHHBIX APYr OT Apyra Ha (pMKCHPOBAHHOE

paccTossHue 108 om. [TosToMy mocneaHuid Bcerga HaXOAUTCS
B aTOM€ B COCTOSIHMM AMCTAHLIMOHHOTO HACBIICHUS ABYX 3HAKO-
BbIM 3(PMPOM U MPOSBIISAET €T0 AEKTPOHEUTpaIbHOCTh. OHa-
KO IIPY CWJIBHOM MOJISPU3ALMK WJIM MOHU3ALIMU aTOMOB KJlacTe-
pa 3BYKOM WJIM IEKTPUYECKUM HANPsKEHUEM (TEXHOMOTUSIMU
. Kwm, H. Tecna, [I. Xaruncona) MOXHO JOOUThCS pasjielie-
HUS JIEKTPUYECKUX MO 10 3HAKY 3apsija MOTeHIMaa U3 3€-
PEH-3JIEKTPOIIOTEHIIMAJIOB POU3BEIEHHOT0 3(p1pa U NOCIEAyI0-
HIErO €ro yJaJIeHUs U3 MUKPOIPOCTPAHCTB aTOMOB, YTO MPOSIB-
JISIeTCsl B yMEHbIIEeHNH 00bEMa 3aHUMAEMbIM TaKUM KJIACTEPOM.
DTO HAMIATHO JEMOHCTPUPYIOT 3(pdekThl [. XarurcoHa c Bep-
TUKQJILHO CTOSIIIIUM OPYCKOM MeTalljia, HAXOISIIUMCS B BBICOKO-
BOJITHOM 3JIEKTPOCTaTMUYECKOM I10J1€, KOTOPBIH MOC/IE BO3/EH-
CTBHM Ha HETO 3BYyKa orpeeséHHon 4yactoTsl 1 CBY u3 Heckob-
kux TpaHcopmaropoB H. Tecibl Ha m1a3ax cayBaeTcs Mo BUH-
TOBOM, KaK CIyBaeTcsl BO3AYyIIHbIN mapuk. [loscHum 310 siBIie-

HUE NpOCTHIM npumepoM. Mmeercs HeuTpoH auamerpom 10

Bewm, KOTOPBIM NP pacrajie 00pasyeT JMeKTPOH, aHTUHEUTPH-

HO U mipoToH. [locnennuil, mpucoeAnHsIsA XOJOAHbBIN TEKTPOH,
00pasyeT py HOPMAJIBHBIX YCJIOBUSIX aTOM BOJOPO/IA pa3MepoM

yiKe 10— em. D10 sBICHKE JEMOHCTPHUPYET YBeJMYEeHHE 00BE-

Ma BEIeCTBA B 10" pa3. OOparHoe sIBJICHHE — MOHU3AIUS JICK-



TPOHA C aTOMa BOJOPOAA, MOKA3bIBAET MIPOLIECC CAYBAHUS JIEK-
TPUYECKOTO MUKPOMPOCTPAHCTBA XOJIOAHOM IJIa3Mbl aTOMa BO-
Jopoza.

JIOMOIHUTENbHBIA 3aps]l JMEKTPUUECKOro MOTeHIMaa, Mo-
JaHHBIA Ha HEUTpaJIbHBIA KJIACTEDP W3BHE KOHILIEHTPUPYETCS
TOJIBKO Ha ero nosepxHocru (Papane u apyrue). CrepoBareb-
HO 3TO KJIacTep aBTOHOMHOM 3apsiKeHHON MaTeprU-CyOCTaHINH,
KOTOPOH CBOMCTBEHHO TOJABUKHOE NIEpEMEIIIEHUE MPU OMpeae-
JIEHHBIX YCJIOBUSIX.

Takum 00pa3oM KJiacTephl BEIIECTBA 3apsKEHHbIE JTOTIOTHU-
TEJIbHBIM BHEIIIHUM JIEKTPUYECKUM MOTEHIMAJIOM, CO3/IAl0T UC-
TOYHMK 3apsiJa JEKTPUUYECKOT0 HaNpsKEeHUs (MMOTEeHIMAaIa), KO-
TOPbIIl AKKYMYJIUPYETCsI TOJIbKO Ha NoBepxHOCTH. OTCIoAa U xa-
paKTepHasi KapTMHA CUJIOBBIX JIMHUI MEXY ABYMS UCTOYHUKA-
MU, JUIs1 KOTOPBIX, B CJIydae JIeKTPUUECTBA CUJIOBBIE JIMHUU 3a-
KAHYMBAIOTCS Ha IOBEPXHOCTH 3aps/ia, a JJIsI MAarHUTHBIX U Ipa-
BUTAIIMOHHBIX — HEMPEPHIBHOCTb CUJIOBBIX JIMHUM.

TpeTmnii. [IByX3HaKOBbIII MArHUTHBIA 3(UP YaCTUYHO BHIXO-
JWT 32 MpeJiesibl K1acTepa, a YaCTUYHO aHHUTUIIMPYET TaKUM Ke
00pazom, HO OH OoJiee MPOHUKAIOIIWI MO CPABHEHHUIO C TIEKTPU-
YECKHUM, HO MeHee JaJIbHOJEHCTBYIOIIUI MO CPaBHEHUIO C Ipa-
BUTALIMOHHBIM, W TaK)Ke HACBHIIIAET CTPYKTYypy kiactepa. Oc-
HOBHOE OTJIMYMTESbHOE CBOMCTBO IMOJIEd MarHeTu3Ma OT JeK-
TPUYECKUX U T'PABUTAIIMOHHBIX 3aKJI0YAETCS B TOM, YTO MX IO-
JI1 U3 3€PEH-MarHUTONOTEHIIMAJIOB CYIIECTBYIOT TOJILKO B BUX-
PEBOM BMKEHUM W JBHXKYTCS, BpAIlasCh TOJIBKO MPU CKOPO-



cTsAx Oonee cKopocTy cBeTa. Ecim MarHuTHBIE MOHOIIONH B CO-
CTaB€ BUXPOHOB TOPMO3STCS MX HEOTHEMJIEMBIMU CIIyTHHUKA-
MU BO BHEIIHUX MOJISIX IPYTMX UCTOYHUKOB, TO OHU MEPEXOAT
B Jipyrue (pOpMbl MaT€pUH U MOJTHOCTHIO TEPSIOT CBOU MAarHUT-
HbIE CBOMCTBA — CBOICTBA HENPEPHIBHOCTU ABMKEHUS] MArHUT-
HOW MaTepuu CO CBEPXCBETOBOM CKOPOCThIO. OCHOBHBIE CBOW-
CTBa MarHUTHOTO 3(bUpa, U3JIy4aeMOro KaK IMOCTOSHHBIMU Mar-
HUTAMU, TaK U JIEKTPOMArHUTAMH XOPOILIO U3yYEHBl U IEMOH-
CTPHUPYIOTCS IIMPOKUM HAOOPOM YCTPOWCTB M CIIOCOOOB UX MPH-
MeHeHus. OIHaKO, NIABHOE OTJIMYKME MAarHATHOTO 3(hprpa 3aKJIIo-
YyaeTcs B TOM, YTO €r0 POAUTENIEM, KaK U POUTEINIEM JIEKTpUYe-
CKOTO Y IPaBUTALIMOHHOTO 3(pupa, ABJSETCS MarHUTHBIN MOHO-
NOJIb — 3aPsi/l SHEPIUM, IEPBUYHASI IPUYMHA BCETO CYILETO.

Tak Kak 4MCIO aTOMOB B 3TOM KJjacrepe (IOCTaBIIMKA Ta-
KOTO0 CMEIIaHHOro 3(pupa) OAUHAKOBO ISl TUX MPOLIECCOB, TO
[0 Macce KJIacTepa MOXHO CYOUTb U O KOJMYECTBEHHOM Xa-
paKkTepucTUKe 00bEMa MPOM3BEAEHHOTrO 31eKkTpudeckoro (Pa-
pazeu, SKCIIEPUMEHTHI 10 JIEKTPOJIM3Y) U MarHUTHOIO 3(pu-
pa. Ecim Kiactep NpeBOCXOIUT BEJWMYMHY IUIAHKOBCKOW Mac-
Cbl, TO TOSIBJISIETCS BOZMOKHOCTh IMOJISIPU30BaTh BHEIIHUM I10-
JIEeM aToOMbl KJlacTepa U3BECTHBIMM MPUEMAMM, a TaKxke pasfe-
JIUTh SJEKTPUYECKUM U MarHUTHBIN 3up no nomocam. OgHo-
3HAKOBBIM IEKTPUYECKUI 3¢pup 00pa3yeT CTallOHApHO-HEero-
JBIKHBIE 00J1aKa-00bEMBI 3apSAA0B EKTPUUECKOrO Harpsike-
HUSI — KPYIJIOTO ra30nofo0HOro aekTpuueckoro agupa Tecna.
Bo3moxHa Takke nossipusanus IByX MPOTUBONOIOKHBIX 3apsi-



JIOB 3JIEKTPUYECKOro MOTEHIIMAIA U3 EKTPUUECKUX 3EPEH-TIO0-
TEHIIMAJIOB, KOHIIEHTPUPYIOIIMXCS HA €ro AUaMeTpabHO pac-
TMOJIOKEHHBIX MOBEpXHOCTSAX — M. @apaneit. [Ipu nonspuzanuu
BHEIIIHMX JIEKTPOHOB ATOMOB CTEPKHEW HEKOTOPBIX METAJUIOB
UMITYJIbCOM TOCTOSTHHOTO TOKa YAA€TCsl MPOU3BOOUTbh U3 HUX
JBYXTOMTIOCHBIE MAIrHUTBI, U3TyYalOII1e MarHUTHBIM 3(pUp C CO-
OTBETCTBYIOIIMM 3HAKOM OOJIBIIIE JIAIIIb B OJIHOM HAIIPABJICHUH —
MAarHUTHBIN MTOTOK 3€pEH-MIOTEHIUAIOB.

Paznenuth TakuM ke 00pa3oM I'paBUTALIMOHHBIA 3(Hp KJia-
CTepa HEBO3MOXKHO, BCIIEACTBHE BOCIIPOM3BOJICTBA €0 OAHOIO
JIUIIIb 3HAKA, KOTOPBIN BBIXO/ISl HAPYKY U B3AUMOJIEHUCTBYS C 1IEH-
TPaJIbHBIM IOJIEM 3EMUIIH OIPEeIISIeT MacCy KjacTepa B CUCTEME
CH. Orcropa u ciieryer, 4YTo Macca KJjiacrepa XapakTepusyeT Mak-
CHMaJIbHO BO3MOXHYIO BEJIMUMHY OOBEMaA 3apsa NeKTpude-
CKOTO HaIpsiKeHUs1 (KOJMYECTBO EKTPUUYECKOro 3¢hrpa) U Mar-
HUTHOTO MOTOKA 3€PEH-MarHMTONOTEHIIMATIOB NIPU Pa3/IeiIeHUU
MOJISIPU30BAHHOTO IEKTPUYECKOTr0 U MArHUTHOTO 3(prpa TEXHO-
JIOTUSIMU ITPOU3BOJICTBA «PaIMAHTHOrO 1ekTpuuectBa» H. Tec-
Jia ¥ NOCTOSIHHBIX MarHuToB 2. JInackannuua. [Tostomy H. Tec-
JIa TIOJTyYaJl CBOE KPYIJIOE JIEKTPUUYECTBO JIEKTPOCTATUUECKO-
ro a(pupa B pa3psiIHUKE C MEKTPOIAMU-IIAPaMU MAKCUMAJb-
HO BO3MOKHOrO Axamerpa. lpyruMm noaTBepkKACHUEM KOPpesi-
[IUU MEXKy BETUIMHOUN MAacChl U KOJIMUECTBOM OOBbEMA EKTPU-
yeckoro 3¢upa (BeJIUYMHON 3apsia JMEKTPUUECKUM MOTEHIIU-
aJIoM) CIIY’KUT PaBEHCTBO MEJHbIX MacC NMEPBUYHON U BTOPUY-
HOW 3JIEKTPUYECKOM LIENU €ro TpaHcgopmaropa, Ipu KOTOPOU



JOCTUTAJICSI PE30HAHC U MOPOKAAIOCh MAKCUMAJIbHOE HarpsiKe-
HUE Ha BBIXOJIE.

CpaBHMBasl sBJE€HUS, B3aUMOJEWCTBHS, CBOWCTBA MaTe€pUU
Y SHEPI'UHU, CTPYKTYPY U MEXaHU3MbI (POPMUPOBAHUS IPOCTPaH-
CTBa M MUKPOIPOCTPAHCTBA ATOMHBIX SIJIEP U JIEMEHTapHBIX Ya-
CTHI] — HETPYAHO OOHAPYKHUTH PE3KYIO TPaHb PA3INIHi B UX (u-
3UYECKUX CBOWMCTBAX MO IVIOTHOCTU MaT€pUM: — TUIOTHOCTb JIO-
KaJIM3alluu pa3MelleHus1 3€PEeH-NOTEHIIUATIOB, YCTAHOBJIEHHAS
BUXPEBbIMA MAarHUTHBIMU MOHOMNOJISIMU B NPOCTPAHCTBE, T.€.
CpeaHss IUIOTHOCTb Bemectsa. Hanmpumep, MarHMTHBIA MOHO-
noJb (pOTOHA POk IaeT OECKOHEUHBIH TI0 IJIMHE TPEK, U3 KOTOPO-
IO B HEBEIIIECTBEHHOM MPOCTPAHCTBe 0Opa3yeTcsi chepuyecKuii
kiyook YUCT ¢ MI0THOCTBIO HEUTPOHA. A MarHUTHBIE MOHOIO-
7 BHYTPEHHUX M BHEITHEH 000JI0YKM MPOTOHA, C COOCTBEHHOMN
HAUBBICIIEW TIJIOTHOCTHIO PaBHOW HEUTPOHY, OTHEJILHO pa3Me-
HMIEHHOTO B MPOCTPAHCTBE, CIOCOOHBI 3AMOHUThH I'PABUTAIIMOH-
HBIM U JICKTPUUYECKUM 3(PUPOM BECh BUIUMBIA 00BEM Hallei
BcesneHHOM, HO C IUIOTHOCTBIO KOCMHYECKOTO BaKyyMa-XOJIOJ-
HOW TUIa3MBl.

Uro onpenensieT IUIOTHOCTh CTPYKTYPUPOBAaHHOM Marte-
pun-BemectBa? IIpocrpancTBa — 3T0 caMoe ciadoe MposiBie-
HUe (popM MaTepuM, Kak CJIEJCTBUE PAJUAIBHOIO KBAaHTOBOI'O
Y BBICOKOYACTOTHOT'O IBUKEHH S 3€PEH-TTOTEHIIMAJIOB B 47T OT I0-
BEPXHOCTHU UCTOYHMKA. 11 HA060pOT, aTOMHBIE sIpa — 3TO camoe
CUJIbHOE MPOsIBJIEHUE (POPM MaTepuu — YCTAHOBKA 3EPEH-TIOTEH-
LIMAJIOB B BOJHOBOJAX HEMNOABMKHO B JUCKPETHOM IPOCTPaH-



CTBE s1[Ipa MpH MYJIbCALUX MATHUTHBIX MOHOIIOJIEW B I'paBUTa-
MOHHBIE MOHONOMM. [IpomexyTouHoe nposBieHre hopM Ma-
TEpUU U €€ CBOWCTBA MPUHAAJIEKAT KOHACHCUPOBAHHBIM (pop-
MaM MaTepud B BUJE PA3JIMUHbIX arperaTHbIX COCTOSTHUM KJa-
CTEpPOB AaTOMHO-MOJIEKYJISIPHOTO BellecTBa (rocienyoiiue ¢op-
Mbl MHTETpalii MaT€pu B COCTOSIHUU ITOKOS1), MPUHAJIEKA-
MM 3BE3[aM, IUIAHETaM, acTepouJaM U MEX3BE3IHOMY IpO-
crpanctBy Beenennoii. Takum oOpa3zom, mpocTpaHcTBa — (husm-
YecKue MOoJisi — XOJI0IHAs IJ1a3Ma — 3TO Pa3psiKEHHBIE M0 TUIOT-
HOCTH IYJIbCUPYIOIINE U YIAISAIOIIKAECS OT TOBEPXHOCTH UCTOU-
HUKA MOTOKHU 3EPEH-TOTEHIIMAJIOB JI0 UX MOJHOM OCTAaHOBKU —
nanbHOAelcTBUe. HaoOopoT, BelecTBo, cocTosiiee U3 aTOMOB
¥ MOJIEKYJI B Ta3000pa3HOM M KOHJICHCHPOBAHHOM COCTOSTHHH,
9TO PETYJIAPU30BaHHBIE JIOKAIBHO B CTAlIMOHAPHBIE KJIACTEPHI 3a-
MKHYTBIX KOHTYPOB «HEMO/IBUKHBIX>» BOJTHOBOJIOB U3 3€pEH-TIO-
TEHLIMAJIOB, MOKOSIIIMXCSA B BEILIECTBEHHOM IMpocTpaHcTBe. [1pu-
4EM, YeM IJIOTHee U OJIHKe BEIIeCTBO I10 IJIOTHOCTHU K TBEPAOMY
TeJly, TEM BBILLIE PETYJISIPU30BaHHASA JIOKAJIM30BAaHHAS TVIOTHOCTh
pa3MelnieHnst 3¢peH-TIOTEHIIMAIOB Ha MX BOJTHOBOIAX W ONMKe
JpYT K APYTY pa3MelleHbl UX UCTOUHUKHU-ATOMBI.

JI71s1 3TUX TPOMEKYTOUHBIX (hOPM MaTepUU HEOOXOIUMO KOH-
CTaTUpPOBAaTh (PAKT POKIACHUS U CYILIECTBOBAHUS BELIECTBA B TEX
(popmax (BUpPTyasbHBIE 3apsbl MACCHI M JIEKTPUYECKUE 3apsi-
Ibl aTOMHOT 0 s71pa B cucteme CN), kakue OHM HaXOoasTCs Ha MO-
BEPXHOCTH 3emuid, cBepiBIIUMCS (pakToM. CaMbIMM aKTy-
aJIbHBIMM 3]€Ch, KaK U B MUKPOMATE€pPHUH, SIBJISIOTCS MPOLIECCHI



cOpoca, TOIIOIeH!sT U TIepeHOCa SHEPIUH, A TAKKe POKACHUS
u npeoOpa3oBanre (hOpM MaTepUH U, B YaCTHOCTU, MHTETPAITHS
U3 Ta30BOM B JKUAKYIO W TBEPIYIO, WU MOJIEKYJISIpPHAs, aTOM-
Has U siiepHasi ie3uHTerpaiysi; oopa3oBaHle Ha MOBEPXHOCTU
TBEPAOIO KJIACTEpa aHTUI'PABUTALIMOHHOTO 3apsijia, KOMIIEHCH-
PYIOLLIETO BEIMYMHY MacChl Kjactepa u T. A.

Ha cerognst To4HO M3BeCTHA acCUMMeETpUsi BUAUMOTO (4,9%)
BEIIECTBA (JI0UEpHSsS ATOMHO-MOJIEKY/IIpHAs: MaTepusi) U HEBU-
qumoro (95,1%) antuseniectsa (marepudckas YCT-marepust)
B Hanlel BceneHHOM — MO 3HAKy 3apsa Macchl, MO pa3Mepy
1 popme, 0 MEXAHU3MY POKICHHS U BpEMEHU KU3HU, 10 Jalb-
HOZICMCTBMIO Y TJIOTHOCTU IOTOKA BHEIIHUX Tosed. [IpruunHbl
stoil acummerpun B CAIl noka He ycraHoBjieHbl. B peajsb-
HOM IpPeCTABJEHUM 3TU IPUYMHBI CIEIYIOT U3 Pa3HbIX YCIIO-
BUM UX POXJECHUS W KU3HU. POXJeHNEe HEBUIMMbIX MaTEpUH-
ckux YCT (antuemniectBa 1o CAII) cyimecTBeHHO OTIMYAIOTCS
OT POXKJIEHUsI IOUEPHETO BEIIECTBA ATOMHO-MOJIEKYJISIPHOW Ma-
Tepud. TepMHUH «aHTUBEIIECTBO» SIBJISIETCS HE COBCEM BEPHBIM.
OH 10 CyTH CBOE€M JIMIIb YKa3blBa€T HAa TO, YTO I'PaBUTALIOH-
HOE TI0JIE MacChl CTPYKTYPUPOBAHHOW MaTepuy BelliecTBa 00a-
Jaet 0OpaTHBIM 3HAKOM U M3ITy4aeT COOTBETCTBYIOIIUE TI0 3HAKY
Y JAJIBHOJIEVCTBUIO 3€pHA-TPABIOTEHIMAJIBL. Takoe Ioje Takxke
CMOCOOHO Ha CO3/IaHUE TPABUTAIMOHHOTO MIPUTSIKEHUSI WK OT-
TAJIKMBaHMSA, HO BOT YTO KacaeTcsl CBOMCTB I0JIEd I'pPaBUTALIMU
IO TUIOTHOCTH MOTOKA U AAJIbHOIENCTBUIO OJMHAKOBOM IO TUIOT-
HOCTU MATEPUH U «aHTUMATEPUM» (HEUTPOH, MPOTOH, aTOMHBIE



aapa u YCT-nynscapoB), TO UX pa3Mepsl, a TO3TOMY M IOTEH-
L[MaJIbl, CYIIIECTBEHHO pa3HATCA Ha 15—20 necATHYHBIX MOps-
koB — UCT (MaTeprHCKOE ApO UCTOYHHUKA) U HEUTPOHBI, MPO-
ToHbl (gouyepHue npoaykThl YCT). DTo mpuBOOUT K pasHUIIE
B JAJIbHOJEMCTBUU U TUIOTHOCTU MOTOKOB MOJIEM I'PABUTALIUHU,
YTO U MPOSIBJIAETCS B PA3HULIE MOJIE aCTEPOUIOB OT LEHTPAJIb-
HBIX ToJ1e sAnep rpaButaumu 3emian u Comxua. Ho camoe ras-
HOE, CTAHOBUTCS OYEBUIHOM OOJbINAs pa3HUIIA B KOHCTAHTE Bpe-
MEHM B3aMMHOTO repexoaa u3 nepBuuHor marepuHckod YCT
(13 KOpPOTKOBOJIHOBOTO M3imydeHus Beero 0,4% ot Beero guara-
30Ha ¢ sHeprueii bonee 100—500 M3B) ¢ OMHIM 3HAKOM B JI0-
YepHee aTOMHO-MOJIEKYJISIPHOE BELLIECTBO C POTUBOMNOJIOKHBIM
3HAKOM 3apsijia IPaBUTALIMOHHOrO noteHuuana. [lpu stom Ha-
OmofaeTcss aHAJIOTMYHBIA KBAHTOBBIM TEPEX0fl OHON (hOPMBI
crpykrypupoBanHor Matepuu (UCT) B apyrywo (cHayasia Heu-
TPOH, 3aTEM aTOMHasl Me€Ha) C MPOTUBOIMOJIOKHBIM 3HAKOM, Kak
U B ClIydae co CBOOOJHBIM MAarHUTHBIM MOHOTIONEM B (pOTOHE,
HO y’Ke 3a BpeMmsi Oosbiiie 14 MUJUTHApAOB JIET, YTO U ITPUBOMIMT,
no 3akmoueHuto CAIl, kK acuMMeTpuu BeleCTBA U aHTUBEIIIE-
crBa Bo Beenennoii. I Ha060pOT, TOJIBKO OIHO SIAPO, pa3pyIlieH-
HOT'O MPYU B3aUMOJEWCTBUM aTOMa, B TOM YUCIIE U MPOTOHA (aH-
HUTWJIALMSA NTPOTOHA C AHTUIIPOTOHOM), M3JIydaeT (pacraj Me-
30HOB) MpH 3ToM (hoTOH ¢ 3Heprueit 6onee 100—500 MsB, ko-
TOPBII yke crocoOeH poauTh B aTMocdepe Haiei BeeneHHON

oguH YCT nuamerpom ot 10 2 mo 10 8 em.
Toxe camoe ciedayeT YNOMSHYTh M O B3aUMHBIX Tepexo-



JaX MArHUTHOM M 3J€KTPUYECKOM CTPYKTYPHUPOBAHHOW MaTe-
pyUM Ha IIpUMEpe Nepe3apsAAKA MArHUTHBIX MOHonosiern B OMB
C Pa3HbIM 3HAKOM Yepe3 MEKTPUUYECKUIA, KOTOpbIE U MOPOKIA-
I0T JIEKTPUUYECKUM I(PUP (CTPOUTENILHBIN MAaTEPUAIT) C COOTBET-
CTBYIOILIMM 3HAKOM.

Takum oOpazom, mpocTpaHcTBO BeenenHoit o6pa3oBaHo mo-
JISIMM M 3allOJIHEHO OecCTPYKTYpHOM Matepueil B popme 3é-
PEH-TIOTEHIIMAJIOB (TPABUTALIMOHHBIX, JIEKTPUYECKUX M BCE-
712 JBMUKYIMXCS MarHUTHBIX ). DTO MPOCTPAHCTBO MPEACTaB-
asiet coboit XOJIOAHVYIO TTVTIA3MY, B KOTOPOIt aHHUTHIISITIHST
MPOTHUBOMOJIOKHBIX IO 3HAKY I'PaBUTAIIMOHHBIX 3€PEH-TIOTEHIH-
QJIOB CTATMBAET I0JI1 €€ UCTOUYHUKOB B €MHOE LIEJI0€ U HE Ja-
€T pazneTeTbes. A HaOMoIaeMble HEOOHOPOIHOCTH B (hopMe BH-
JMMOTO BellecTBa ((puaMeHThl, ra30BO-IbIJIEBbIE TYMAaHHOCTH,
CTEHbI, CKOILJICHU s TJIAKTHK, U T.[.), BOIJ U HEBUJUMOI MaTe-
puu 00pasyloT CTPYKTYPUPOBAHHYIO MAaTEpUIO, TIPOU3BOJAIILYIO
3Ty OECCTPYKTYPHYIO.

Heckonbko moxoxee B3auMHOE TpeoOpa3oBaHue HaOTOIaeT-
Csl U B NEKTPUUYECKON MaTepuu (JEKTPUUECKUX 3EPEH-TIOTEH-
LIMAJIOB), HO 4epe3 IMOCPEACTBO MAarHUTHOro MoHonossd. Ilpu
BCEM 3TOM CJIElyeT OTJIMYaTh MOJIEBYI0 (hOpMY 3apsJ0B SHEPIUU
(BUXpeBble MATHUTHBIY Y IPABUTALIMOHHBIA MOHOIIOM) OT KOp-
IYCKYJINPOBAHHOM (JIEKTPOH, HEUTPOH, TPOTOH M T.[1.) U UX B3a-
MMOOOpaTUMble KBAHTOBbIE MEPEXObl B OIMPEAEIEHHBIX MOPO-

33 Ecmm CKOPOCTb MAarHUTHBIX 3ép€H—HOTCHL{I/IaHOB CHMKACTCA N0 CKOPOCTH CBETA,
OHHU CTAHOBATCA I'paBUTAllMOHHbIMH.



rOBbIX YCJIOBUSIX. OIHAKO aHHUTUJISILIMK KOPITYCKYJIMPOBAaHHOM
MaTepyu, HAUMHAs yKe C JeUTepusl, He TPOUCXOAUT — UIYT sIIEP-
HO-MOHHBIE PEaKIIMK C POKIEHHEM OoJiee TSKETBIX JIEMEHTOB,
Haripumep, LENR.

B ormume oT CBOMCTB caMOABUXKYIIMXCS (POTOHOB, aTOM-
HBIX SIJIEP, MEKTPOHOB, MPUCYIIIUX MUKPOMATEPUH, TAe IpeBa-
JIMPYIOT JIEKTPOMArHUTHBIE B3aMMOJIEHCTBUSI, B CICTEMaX JIBU-
XKYILIUXCS MACC MAaKPOMATEPUH, ITPEBBILIAIOIINX 3HAYEHUE I1JIaH-
KOBCKOW, 3HAYMTEIbHEE HAUMHAIOT CKa3blBAThCSl I'PABUTALIMOH-
HbIE B3aUMOJICVICTBUS Yepe3 MOCPEACTBO UHIYKIIUU IPABUTALIN-
OHHBIX MOHOIIOJIEH — CBOOOTHBIX MEXaHUYECKUX MaKpPOBUXPO-
HOB Y 3aMKHYTO CBSI3aHHBIX B CTPYKTYpe-(popMe IpaBUIIEKTPO-
MarHUTHBIX MOHOMOJIEN W IuNojied (aKTMBUPOBaHHAsI Tpuaja
B3aMMOCBSI3aHHBIX MOHOIIOJIE), YTO MPUBOIUT K TAKUM SIBJIe-
HUSM TIPUPOABI C (pOPMON BEIIECTBEHHBIX CTPYKTYP, KaK 3BYK,
TOpPHAJ0, 11apoBble MoyHUM, cdepbl U3 Kiepkcaopmna, mapo-
Bble KOHKpEIMH, rpaBuOomuasl u T. 1A. [IposiBieHue Bo3ei-
CTBUSI 9TUX CTPYKTYpP Ha BEIIECTBO MPOUCXOIUT Yepe3 MarHUT-
HBIE W T'PAaBUTAIIMOHHBIE MOHOIOJIM, KOTOPBIE MOPOKAAIOT Mar-
HUTHOE, JIEKTPUUYECKOE U MEXAHUYECKOE JIaBJIEHUE, HO IO pas3-
HOMY.

Hanpumep, ecin B BO30yKIEHHOM aToMe, Kak B HEpaBHOBEC-
HOW CHCTeMe, IBMKYIIUICS JIeKTPOH POXK/IAET MArHUTHBINA MO-
HOIIOJIb (POTOHA (TMPOAYKT U3MEHEHUS] SHEPIrEeTUYECKOTO COCTO-
STHUST JIEKTPUYECKOro T0JIsA), TO Bpalnammascs rainka-«odapa-
meKk» JIkaHnOeKoBa, Kak CUCTeMa Macc, yke IPOU3BOJNT I'PaBH-



TAlIMOHHBIA MOHOIOJb (MPOAYKT U3MEHEHUsI SHEPrETUUECKOrO
COCTOSIHUSI COOCTBEHHOT'O TPAaBUTAIIMOHHOTO TOJIsI) CBOOOIHOTO
MEXaHHUYECKOTo BUXpoHa. B 000MX ciydasx mopoxkaaeMble MU
KBaHTbl BOJIH UMEIOT OJMHAKOBBIM CIMH, HO B Pa3HbIX HOCUTE-
JISIX.

s atux ke (popM MaTepuu 10 CUX MOp OCTa€rcs Tau-
HOU onpeaeseHre (PU3NYECKOrO CMBbICIA JIEKTPUUECKOTO TO-
Ka (OOBIYHOTO W XOJIOMHOTO) U 3BYKa C TOUKH 3PEHUsl MPUPO-
JIbl MEXaHW3Ma ero caMOIBHXkeHHs, Tak Kak emeé M. dapaneit
u H. Tecna koHCTaTUPOBAIM, YTO «3JEKTPUIECKUM I(PpUp» mac-
CHBEH OTHOCHUTEJIPHO JIBM)KEHUSI U JIJII TOTO, YTOOBI TAKOE «00-
JIAKO» 3aCTaBUTD JIBUraTbCsl HEOOXOAMMO MPUJIOKUTD EKTPU-
YECKYI0 Pa3HOCTh MOTEHIIUAIOB — JIEKTPUUECKOE HAMPSKEHUE
VI JIEKTPUYECKOe JaByieHue. M 3T0 3KCIIEpUMEHTAIBHO TOJ-
TBEPKJCHO, YTO TOK W 3BYK OOYCJIOBJICHBI MPUHYIUTETHHBIM
JBUKEHUEM-JaBJIEHUEM IO/ AEMCTBUEM PA3HOCTH MOTEHIIUATIOB
(97IEKTPUYECKUX Y MEXAHUYECKMX ) BOJTHOBOJIOB J1J151 9JIEKTPOHOB
U HEUTPAJIbHBIX aTOMOB — 3JIEKTPUUYECKOTO HANPSKEHUS] U Me-
XaHUYECKOro JaBJIeHUs (Pa3HOCTh IPABUTAIIMOHHBIX MMOTEHIIMA-
JIOB) COOTBETCTBEHHO. [Tpruém CBOMCTBA TOKA U 3BYKa CHUJIBHO
3aBUCAT OT MAPAMETPOB BO3/IENICTBUSI HA BEILIECTBO MOCTOSTHHBIX
Y IEPEMEHHBIX 3HAYEHUH JIEKTPUUECKOTO HANIPSIKEHUS U MEXa-
HUYECKOTO JaBJICHUS, T.€. CKOPOCTU U3MEHEHMS JIEKTPUUECKO-
r0 U MEXaHWYECKOIo MOTEHIMAJIA, YTO MPUBOAUT K POXKIEHUIO
MOHOMOJIEN, MYIbCUPYIOLIUX C PA3TUYHON YACTOTOM.

3arponyTtsie . Knim n A. @. KilagoBbiM BOIpOCH A€3UHTE-



rpaiuu u rnpeodpa3oBaHusl BelllecTBa (MeXaHnYeCcKHue BUXPO-
HBI) C OCBOOOXKIEHNEM BHYTPEHHEN SHEPrur MPH BO3ICHCTBUM
Ha HEro 3aroporoBBIMHU 3HAUEHUSIMU T'PABIOTEHIIMATIOB 3BYKa
Y YJIbTPa3ByKa [10 CUX NOp HE OIpeleseHbl U HE pa3pelleHbl
odurmansHOn pusukon. Toxke camoe KacaeTcsl Ie3UHTerpaluu
U IIpeoOpa3oBaHus BelecTBa (JeKTPOMArHUTHbIE BUXPOHbI)
TEXHOJIOTUSIMU C TIOMOIIIBIO 3aPSIIOB NEKTPUUECKUM MOTEHIIU-
anom K. loynnepca, C. B. Anamenko, A. B. Bayaea u bByp-
ayukoro [I. C. myteM BO3AEHCTBUS 3alOPOrOBBIMU 3HAUEHUSI-
MU (PPOHTOB HAHOCEKYHJHBIX (M3MEHEHHE MOTEHIIUAJIOB B Be-
IECTBE) JEKTPUUECKUX UMITYJILCOB UJIH IIAPOBBIM PA3PSIIOM.

OpHako camMol BaXXHOW TalHOM 11 HAyYHOTO COOOIIECTBA
0CTaéTcs BONpoc 0e3bIHEPIMOHHOTO JIBHXeHH armaparos [1.
Kumm, JI. Cepna, B. Illayoeprepa, B. C. ['pebennukoBa, u Ta-
KO ke TOABbEM U MEePEHOC MHOTOTOHHBIX KAMEHHBIX CTPOU-
TenbHbIX OokoB B Tubete, Erunte, ®nopuae u Apyrux peruo-
HaX IpU OINpPENIENEHHBIX YCIOBUSIX BO3JEHCTBUS 3ByKOM H3BHE
Ha KOHJICHCUPOBAHHBIN KJIACTEP PadOYero Telia yCTPOWCTBa Win
KaMEHHOTo OJIOKa — KaKOB MEXaHW3M HeWTpasu3alliu 3apsijia
MAacChl 3TUX YCTPOMCTB, a TAKKE KAKOB MEXAaHU3M YHUUTOXEHUS
CHUJIBI TIPUTSKEHUS ]

CB000/1HbIE IECKTPOMATHUTHBIE I MEXaHMYECKUEe MaKpo-
BUXPOHBI U 3aMKHYTbI€ MaKPOBUXPOHBI CO CTPYKTYPOM T'paBU-
JIEKTPOMATHUTHBIX MYJIbTUIIONEN — CYILIECTBYIOT JIU OHU B IIPU-
pone?

OTBET TaKOB — TOJILKO BOJTHOBOJBI U3 MIEKTPO- U IPABIIOTEH-



[MAJIOB, CO3/JaHHbIE MATHUTHBIMU U I'PABUTALIMOHHBIMU MOHO-
TMOJISIMU MAaK POBUX POHOB, SIBJISIIOTCS] IPUYMHOM BO3ZHUKHOBEHHU S
BUXPEBBIX TOKOB B KPUTUUECKMX COCTOSIHUSIX B BEIIECTBE U MPU-
BOJISIT K B3pbIBaM, TMOEIH JOIeH U YHUUTOXKEHUSIM TEXHUKHU.

[Tpumepsi:

1. MrHoBeHHOe pa3beIUHEHUE-COeIMHEHNE PYyOMITBHIUKOM
(axcnepumenTsbl H. Tecna) anekTpocereii ¢ MOIIHBIM NOTpedIie-
HUEM TOKa MPUBOIAT K 0OPa30BAHUIO BCHBIIKUA OOJaKa MOIII-
HOT'O TIOJIEBOTO CBETSAIIErOCs pa3psijia — TO 0OIAKO-TIOTOK POXK-
JEHHBIX MAarHUTHBIX MOHOIIOJIEH B TIPOCTPAHCTBE OBICTPOTO W3-
MEHEHHUsI NEKTPHUUECKOTO MO B CMECH C Ta30IMofI00HbBIM 00-
JIAKOM 3JIeKTprueckoro 3¢upa. Ecnu pazpequHsaATh pyoOusIbHU-
KOM CIIEIUAIIBHYIO CXEMY, TTO3BOJISIIOILYIO IIPOMYCKATh IEKTPU-
YeCKOe HaNpspKeHUe B OTPeOIsieMyIo CeTh C OY€Hb MEIJICHHBIM
HapacTaHUEM €ro BeJWYMHbI (OJHA-TPU MUHYTbHI), TO HUKAKUX
MarHUTHBIX MOHOIIOJNIEW POXIaThcsl He OydeT. Uem «Tskenee»
9TU MarHMTHbIE MOHOIOJIU U KOPOUYE BpPeMsl UX MPOU3BOJCTBA,
TEM IJIOTHEE BOJIHOBO/IbI, KOTOPBIE OHU ITPOU3BOISAT B OKPYKal0-
IIEM BEILECTBE, TEM ILUIOTHEE KOHLIEHTPALIMS CBETSILETOCS JIEK-
TPUYECKOTO 3(pupa, TEM CUJbHEE BUXPEBbIE TOKM — 3TO ATOM-
HO-3JIEKTPOHHBIN B3PbIB BEIIECTBA.

2. HakorieHre 1o BEIWMYMHE I'PABUTALMOHHOIO MOHOMOJIS
3aMKHYTOIO MEXaHMYECKOro MakpoBHUXpoHa B maiuHe K. Pe-
HO, a Yepe3 Hero 1 MarHUTHBIX MOHOIIOJIEN MOCJIE UX Pa3pAIKH,
MPUBEJIO K BUXPEBbIM TOKAM HEUTPaJIbHBIX aTOMOB M 3JIEKTPO-
HOB TaKOM CUJIbI, YTO CHJIOW B3PbIBa YHUUTOXKHUJIO €0 «IEPIIETY-



yYM MOOMJIE», €T0 CAMOTO M ACCUCTEHTA TP IEMOHCTPAIH TO-
ro uyaa B AkajeMuu Hayk OpaHiuu.

3. BoJIHOBOJIBI U3 TPABMOTEHIMAIOB TIOPOXKAAIOT 000I0UeY-
HBIIl AaHTUTPaBUTALIMOHHBII MOHOIIOJb BOKPYI KJIacTEpPA TBEP-
JIOT0 Tena, NepUOIUIecKr OOHOBIISIEMbIA U BOCIIPOU3BOIMMBIH,
CBOKCTBa KOTOPOTO OBUTH MTPOIEMOHCTPUPOBAHBI TEXHOJIOTUSIMU
B ycrporictBax [I. Kunm, [1. Cepna, B. Illayoeprepa, B.C.I'pe6en-
HUKOBA, a Takxke 3(pdexramu II. XaTuncona u H. Tecna B Pua-
Jeb(PUICKOM IKCIIEpUMEHTE (ero MOCIeACTBUSL IPOCTO YCTpa-
IIAIOIIHN ).

Co Bpemenu [. Kuu, H. Tecna u K. Peno He naHo onipene-
JICHU! 3TUM SIBJICHUSIM U ero (pu3MYecKoro mexaHusma. Pere-
HHEe ObUIO OYeHb MTPOCTOE — 3aCEKPETUTH U 3AMPETUTDH 10 BCEMY
MUpY BCE TOIOOHBIE TEXHOJIOTUM U U3BICKAHUS TI0 OCBOOOKIE-
HUIO «CBOOOIHOM SHEPTrUM» U MPOU3BOJICTBY «BEUHBIX JBHUIATE-
neit». OnHako B pa3BUTHIX cTpaHax (ocodeHHo B CIIIA) cekper-
HbIE JTa0OPATOPUM MPOAOJIKAIN 3aHUMAThCSI TAKUMU U3bICKAHH-
SIMH, ¥, KOHEYHO, pe3y/IbTaThl HUKOT/a He MyOINKOBATUCH B OT-
KPBITOM NIEYaTH.

C onHOW CTOpOHBI, B TOJHOM AHAJIOIMU C MEXaHW3MaMU
POXJEHHUSI MATHUTHBIX M T'PABUTAIIMIOHHBIX MOHOMOJIEN B MUK-
POBUXPOHAX POXKAAIOTCS MOIIHbIE COOTBETCTBYIOIIUE 3apsi/Ibl
SHEPruy B MaKPOBUXPOHAX. DTO MIPOUCXOIMT IPH YCIIOBUM «00-
pbIBa» TOKa YK€ KOJJIEKTHBA 3JIEKTPOHOB, MOHOB (Iyra) Wiu
UX [EHTPOCTPEMUTENHOE ABMKEHHE U TOPMOXEHHUE B IJIEK-
TpuueckoM mnosie. Toxke camoe MpOUCXOIUT MPU MEXaHUIECKOM



ynape (TpaBUTAIMOHHBIN) B BEIIECTBE, B3PBIB, BpallleHHEe B 3a-
MKHYTOM KOHTYPE CHUCTEMBI YaCTHI[ C MOABUKHOM MAaccou 4a-
crull ¥ T. 1. [Ipu 3TOM, YemM Kopode BpemMsi OCTAHOBKH-TOPMO-
’KEHMSI TOKA NEKTPOHOB, COU3MEPUMOE C TTapaMeTpamMH UX eIé
CBOOOHON TOJBMKHOCTH, T.€. YeM KOpOdYe TOK CIiafga-oOphiBa
OT MUKPOCEKYH/I 10 MTUKOCEKYH/I U MOIIIHEe TOK OT KUJIoamIep
(KOJUIEKTUB M KOHIIEHTpAllUsl JIEKTPOHOB) 10 Meramrep, Tem
MOII[HEe U TUIOTHee (KOMITPEeCCHsl U MHTErpalvsi 3apsiia SHEPruu
B Oe3MaccoBylo (hOpMy MaTepUl MarHUTHOTO MOHOIIONSI) POXK-
JAETCS] MATHUTHBIA MOHOMOJIb — HApaCTaHUe JA€T MOJIOKUATENb-
HBIH, CTIaj Ja€T OTPUIIATENIbHBIN 3HAK ITOTO 3apsiia SHEPIHM.

C npyroil CTOpOHBI, B MAKPOBUXPOHAX B OTIMYKME OT MHK-
POBUXPOHOB 3apOXAEHHWE MArHUTHBIX MOHOIIOJNE BO3MOXKHO
U 10 MEXaHU3MY CO3[aHHSl TPABUTAIIMIOHHOTO MOHOIIONS 3BY-
KOBBIX KBaHTOB. DTO BO3MOXHO C TIOMOIIBIO CPE/IbI C MOJBUK-
HBIMM YaCTUIIAMH MAaCChl, B KOTOPOW CO3[IaHHBIN I'PABUTAIIOH-
HBIM 3apsJIOM TIPU pa3psijike BOTHOBOJ I'MITEP3BYKA BOBJIEKAET
B BUXPEBOE [IBUKEHUE YACTUYKHU C MACCOW UMEIOIIUE EKTPU-
YecKuil 3apsa (MOHBI TJ1a3Mbl) — 3TOT KBaHT BUXPEBOIO TOKA
B (¢aze 1/4 nyHbI BOJIHBI OCEBOM MMILIO3UM B y3eJ (3apsiaKa)
Y TIOPOKaeT MAarHUTHBII MOHOIIONb, TEM MOIIIHEE, YeM CHIIbHee
TOK U Pa3HOCTb MOTEHIIUATIOB. PoXxieHre rpaBUTAlIMOHHOTO MO-
HOIIOJISI B MAKPOBUXPOHAX OTJIMYAETCS] OT MEXaHU3Ma B MUKPO-
BUXPOHAX, YTO OOYCJIOBJIEHO HAJIMYMEM MEXaHMYECKOTrO CIHMHA
B YK€ MMEIOIIeICs CUCTeMe Macc — 4eM OOJIbIlie Macca U 3a1aBa-
€MBbIll MEXaHUYECKUII MOMEHT BpAIlIeHHsI, TEM BBIIIIE €rO 3apsi]l



SHEPruM, WM YeM MOIIHEe W KOpoue yaap-B3pbIB JIETOHAIIUU
B BELIECTBE (CIIMH PABEH €/IMHUILIE), TEM CUJIbHEE MOCJIEACTBUS
paspsaKU POXKJIEHHOTO MOTOKA I'PABUTAMOHHBIX MOHOIOJEH.
A CBOWCTBA IPaBUTALIMOHHBIX MOHOMOJIEW B MAKPOBUXPOHAX OT-
JIMYAIOTCSI OT QHAJIOTMYHBIX MOHOMOJIEN B 3aMKHYTBHIX MHKPO-
BUXPOHAaX (HalpuMep, NEKTPOHOB) MPEKAE BCETO MHTETPUPO-
BAHHBIM JEVCTBUEM MPU MONSPU3ALIMY TAKKE, KAK ITO MPOUCXO-
JIUT C MEXAHU3MOM POXKJIEHUSI MATHUTHBIX CBOMCTB Y HEKOTOPbIX
METAJUIOB TaKJK€, KaK 3TO AEHWCTBO HAIJISIIHO OIMCA U3BECTHBIN
camoyuka . JIuackaiHuH:

«... W3 3mozo 6uono Kaxk maznum, modcem Oblmb U3MEHEH
U €20 CUNA MOJiCcen ObiMb CKOHUEHMPUPOBAHA, A MAKHCE bl MO-
Jiceme 8UOeMb, UMO MEMANN He SBASLeMCs HACMOSUUM Mdz-
Humom. Peanvhvim mazHumom s6nsemcst cyocmanuyust, Komo-
pas yupkyaupyem 8 memanne. Kasxcoas wacmuua é cyocmaryuu,
Mo cam no cebe eOuHuuHwbll MazHum. Eounuunvle maznumot mo-
2ym Ovbimb, KAK cedepHo20, MAK U 10HcHo20 noatoca. OHu ma-
Kue Heboavuue, Umo Moz2yn NPOHUKams noeciody. @axmuuecku
OHU MO2YM NPOHUKAMb Uepe3 Memann nezue, em uepes3 6030yXx.
OHU — 8 NOCMOSIHHOM O8UJICEHUU. .. MAZHUIM — 31O XPAHUMENb
6eUH020 08UdNCEHUSL. .. MazHumbl 16A5110MCsl OCHOBOLL 6Ce20».

Dra myrTaTa, Kak U odcrosTenbHble dKcrepumentsl H. Tec-
Jia C UCCJIEIOBAaHUSIMU «PAJVMAHTHON SHEPTrUM>», BIIEPBbIE CBU/IE-
TEeJBCTBYIOT O HEKOU CyOCTaHIINU, KOTOpas SIBJISIETCS caMa IO ce-
0e eqMHMYHBIM MarHuTOM (MarHUTHBIM MOHOIIOJIEM B paBHOBE-
CUM CO CBOMMU BUXPEBBIMHU TOJISIMU), & OKPY:KAIOLIEe HAC BEIlle-



CTBO U JBUKEHUE (SHEPIUs) ABIAETCS MPOLYKTOM ITUX «MarHu-
TOB».

[Ipouecc nponnkHoBeHUs 3ByKa (. Kunm) B TBepnplii Kia-
CTEP U €r0 «OTBET» MPUBOAUT B HEKOTOPHIX OCOOBIX YCIOBHSX
K POXJEHHUIO U MEJUIEHHOMY (C IIOCTOSIHHOM BPEMEHU IpolLiecca
OT HECKOJIbKMX MUHYT U BBIIIIE, B 3aBUCMOCTH OT 3HAaYE€HU 1 Mac-
Cbl) HAKOILJICHUIO BEJIMYMHBI aHTUTPABUTAIIMIOHHOTO MOHOMOJIS,
KECTKO CBA3AHHOIO C LIEHTPOM TOM CHUCTEMBI MacC, B KOTOPOU
3TO MPOUCXOUT. DTO U €CTh camoe cnadoe MposiBieHne Gopm
MaTepry, MHIYKTHPYIOIIEH 1eOpOIIEBCKYIO «IIyOy-000I0UuKy»
B 3aMKHYTO-CBSI3aHHBIX MEXaHUYECKUX BUXPOHAX, O0YCIIOBJIEH-
HbIX BpAILlEHUeM TBEPIBIX, KUIKUX U ra3000pa3HbIX KJIACTEPOB
BelecTBa (paboyvero Tesa B yCTPONCTBAX ) MM MOJIBUKHBIX MHK-
poYacTuyek, BXOASIMX B HUX. B 1aHHOM paszzesne nouaer pevb
u 00 3T0i hopmMe MaTepuu.

[TonBeneM UTOr — YTO XapakTepU3yeT Maccy KJacTepa aToM-
HO-MOJIEKYJISIPHOTO BELECTBA, HAXOASAIErocss Ha MOBEPXHOCTU
3emum?

1. CoOcTBeHHOE T'paBUTALIMOHHOE TOJIE BOKPYT KJacTepa,
B3aMMOJICHCTBYIOLIEE C TOJIEM TATOTEHUS 3€MJIM IPOSBIISET
y HEro 3apsiji Macchl, U3MepeHHbIN B cucreme usmepenuin CU.
[TnoTHOCTH KjlacTepa 3aBUCUT OT arperaTHOrO COCTOSTHMS KJia-
cTepa U ONpeJesisieTcsl OTHOIEHUEM MAacchl K 3aHUMaeMoMy e
00bEMY, a B O0I1IEM XapaKTepU3yeTcsl PeryJisipu30BaHHOM IIIOT-
HOCTBIO pa3MeIleHHs] 3€PEeH-NOTEHIMAJIOB Ha MX BOJHOBOJAX
Y TUIOTHOCTBIO MX Pa3MeUIeHusl Ipyr OTHOCUTENIBHO Apyra. 1o



HAIJISAHO J@MOHCTPUPYETCS] COCTOSIHUEM HEUTPOHA — B 00JIaCTH
CUJIPHOTO I'PAaBUTALIMOHHOTO TOJIsT BOJIM3H siipa 3eMIT OH UMeeT

MJIOTHOCTB mopsiaka 10 5 r/em3, a Ha MOBEPXHOCTU 3eMJIM OH
pacrniagaercsi ¢ 00pa30BaHUEM aTOMa BOIOPOIa — €ro 0ObEM yBe-

mmunsaercs B 10 12 pa3. Takke IpOMCXOIUT U C APYTUMH XUMHU-
YECKHMMH 2JIEMEHTaMU, poauBIIKXC nmyTem pacriaga saapa YCT,
9TO MPUBOIUT K pacimmpenuto ooObeéma 3emim. [lostomy cpen-
HsISl TUIOTHOCTh JIake TBEPAOro BEIIecTBa KjacTepa Ha MOBepX-
HocTH 3emin He npeBbiaet 20 r/cMm3. Bornbinoe pazHooOpasue
(pusruecKuX CBOMCTB KJIACTEPOB MOPOXAAET MHOrOOOpa3ue mux
BEILIECTBEHHBIX (POPM.

2. DNIEeKTpUYECKOe MOoJIe BHYTPU U BOKPYT KJjacrepa B lie-
JIOM 3JIEKTPOHEUTPATIbHO M HEBUIMMO B 3TOM k€ CUCTEME W3-
MEpeHHIA, YTO TMO3BOJISIET OTAEIbHBIM KJlacTepaM OOBbEIUHSIT-
cs1 B OOJIbIIIUE KJIacTephl — Oarogapsi 4eMy U BO3MOXEH MeXa-
HU3M OOBbEIMHEHHS] aTOMHO-MOJIEKY/ISIPHOTO BEIeCTBa B TBEP-
J0€ U KUJIKOE TeJ0. DIEKTPUIECKOE T0JIe EKTPOHEUTPAILHO
U 3a npejenaMu atoMa. ATOMHOE siIpO IPOSIBJISIET IEKTpUYe-
CKUI TIOTEHIIUAT C TIOJIOKUTETbHBIM 3HAKOM U U3JTy4aeT BOKPYT
cebst aneKTpruecKuii 3(pup (MeKTpuIecKue 3€pHaA-MOTEHIUAITBI
C MOJIOJKUTENBLHBIM 3HaKOM). briaronapst Takoii crabuiibHO cylie-
CTBYIOUIEW YacTHUIIE, KaK JIEKTPOH C €r0 XapaKTEPHbIM BUXpe-
BBIM pa3MepoM (Ha TPH JECATHYHBIX TMOPsAKA) ropasio Oonb-
MM pa3Mepa aTOMHOTO siipa, 00pa3yloTcsi aTOMHbIE 0OOOUKH
U3 2JIEKTPOHOB, U3JIyYalOlUe NEKTPUIECKUI 3(PUP C TPOTUBO-
MOJIOKHBIM 3HAKOM Y KOMITEHCUPYIOIIIME Ha HOJb U3JTyUeHHe 3a-



paaa sapa aroma. [lpu cuibHOM NonsipU3ali aTOMOB, Hallpy-
Mep, BBICOKUM HanpsikeHuem B Tpancgopmarope H. Tecna, Bo3-
MOXHO pasjiejieHre OONaKOB JIByX 3HAKOBOTO 3JIEKTPUYECKOrO
3upa ¢ poKIEHUEM «Ta30MOIO0OHOrO CBETSIIErocs: 6eaoro 0o-
Jlaka» OJJHOT'O 3HaKa B BUJI€ COOTBETCTBYIOLIMX SMaHAIUM,

3. CyMMapHOe CTallMOHApPHOE MAarHUTHOE TOJIe KJjacTepa
TaK)Xe HEeWTPaJbHO, HO MOXET OBITh MOJISPHU30BAHO C 0Opa3o-
BAaHUEM Y HEKOTOPBIX METAJUIOB MTOCTOSIHHOTO U BEUHO-HAIIPAB-
JIEHHOTO MarHUTHOTO MOJIS ¥ BLIBOAOM €ro Hapyxky. Ilo npuunn-
HO-CJIEICTBEHHOMY COOTHOILEHUIO MEXy apOl I'PaBUTALIMOH-
HBIX, JIEKTPUYECKUX MOJIeH WM MAarHUTHBIM, TIOCJIEIHEE SIBJISI-
€TCsl IPUYUHON POXKJIEHUS Napbl APYTHX.

4. TIpou3BoACTBO BO30YKIEHHOTO COCTOSIHWSI BHYTPEHHE!
CTPYKTYPBI KJIACTEpA BCEMU JIOCTYITHBIMU TPUPOJIE BO3ACUCTBU-
SIMU CTPYKTYPUPOBAHHBIX IMOJIEN (JIEKTPOMATHUTHBIM U 3BYKO-
BbIM M3JTyYE€HUEM, MTPUCYTCTBUEM B HEM PaJMOAKTUBHBIX ATO-
MORB) MPOSIBJISIET 3aPOKJICHUE B €r0 00BbEME JIEKTPUIECKUX TO-
KOB M QaHTUTPABUTAIIMOHHBIX 000JI0UEK-3apsIIOB BOKPYT €ro 3a-
MKHYTOU MOBEPXHOCTH U T. [I.

5. Takou kJlactep Bcerja sBJseTCs IPUEMHUKOM WU UCTOY-
HUKOM TeX WJIA UHBIX MOJIed, KaK C OOJIBIIMM TaTbHOIEHCTBIEM
(TpaBUTALIMOHHOE TOJIE), TAK U MAJIBIM (JIEKTPAUYECKHUM ), HAXO-
JAIMMCS TOJIBKO B IPEJIENax ero arToMoB.

6. HeogHoponHOCTH B CTPYKType M THUIl MaTepualia Kjacre-
pa B KpuCTajulaXx TBEPAOro Teja MPUBOAUT K PA3IMYHBIM €rO
CBOMCTBAM — BBICOKOTEMIIEPATYPHAsI CBEPXIPOBOIUMOCTD, Ibe-



303JIEKTPUKH, JIEKTPETH], (PEpPOMArHETUKH, Mapa U JuaMarHe-
TUKH U T. [.

A miepeiifisi OT KaTeropuii MaTepuu K KaTeropyuu SHEpruu ee
pa3 oxapakTepusyeM (pOpMbl €€ HOCUTEJIEH:

— CBOOOJHbBIE HOCHTENIM SHEPIU B BUJIE TOTOKOB-OOJIAKOB
0ecCTPYKTYPHBIX 3€PEH-TIOTEHIINAIIOB OT CTAIIIOHAPHBIX HCTOY-
HUKOB M MCTOYHUKOB C 3aMKHYTHIM BHEIIHUM KOHTYpPOM (Ha-
IIPUMED, IEKTPOH, ATOMHBIE AIpa), & TAKKE UCTOUHUKU JBUKE-
HUS WM 3aps/ibl SHEPIUY B BUJIE IIOTOKOB MarHUTHBIX MOHOIIO-
JIEW B IEKTPOMArHUTHBIX BUXPOHAX (HanpuMmep, POTOH),

— 3aMKHYThIE HOCUTEIM SHEPrUU B BUJE MOJISPU30BAHHBIX
MarHUTHBIX ¥ TPABUTALIMOHHBIX MOHOIIOJIEH CO CTPYKTYpOU Ipa-
BU3JIEKTPOMArHUTHBIX MOHONOJNEN W JUIOJNEW, JBHKYIIMXCS
B 3AMKHYTBIX KOHTYpPax 3JIEeMEHTAPHBIX YaCTHUII U SAEPHBIX 000-
JIOYKax aTOMOB XMMUYECKHX JIEMEHTOB,

— 3aMKHYTO-CBSI3aHHBIE HOCUTEJIM SHEPTMM BUXPEBBIX MOJIEN
B BUJIE 3EPEH-TIOTEHIIMAJIOB JeOPOMIEBCKON «IIIyObI-000IOUKI»
I'PaBUTALIMOHHBIX MOHOIOJEW MEXaHUYECKUX MaKpPOBUXPOHOB,
«BMOPOKEHHBIX» BO BHEIIIHIOI NMOBEPXHOCTh 3aMKHYTOIO KOH-
Typa BpallaloILEerocs Kjaacrepa aTOMHO-MOJIEKYJISIPHOTO Belle-
CTBa.

[Tpome:xyTouHbIe (POPMBI MAaTEPUH, N3BECTHBIE KaK CTAOWIIb-
Hbl€ arperaTHble COCTOSIHMSI aTOMHO-MOJIEKYJISIPHOTO BEILlECTBA
B (popMe rasa, IIa3Msl, KAIKOCTU U TBEPIOIO TeJIA U HEKOTOPbIE
Apyrue, MpeACTaBISIOT COO0N KOHIIEHTPUPOBAHHBIE CKOTIIEHH S
(KJacrepsl), a IO CBOEU CTPYKTYpE SABJISIOTCS CMECHIO M3 Clla-



OBIX U CHIIbHBIX (DOPM MaTepu B BHJIE TOXJICCTBEHHBIX MUK-
pOYACTHII, aTOMOB, MIOHOB WJIM MOJIEKYJI C TUIOTHOCTBIO, XapakK-
TepusyemMor uuciaoM ABoraapo uiaM Jlommuara u temnepary-
poii, 0O0yCIIOBJIEHHON BpallaTeIbHO-TIOCTYTATeIbHbIM JBHKEHU-
€M ITUX YyacTuil. Takue CKOIUIEHMS 9TONM TACCUBHON MACCHI BO3-
MOXHBI JIUIIb BOJIM3W UCTOYHUKOB UX MTPOM3BOJICTBA U TPABUTA-
LIMOHHOTO yAepxkaHusi akTUBHBIM s1ipoM (UCT) ranakTuk, 3BE3/1
Y TIaHET.

B marepumn, okpy:xaroiei akTUBHbBIE si/ipa IJIAaHET U B MAaHTUU
3emuiH, Kak MPOAYKThl MX pacnaja, MOsBISITCS HOBbIE (Pop-
MBI arperaTHOr0 COCTOSTHUSI — 3TO MACCUBHASI I0UYEPHSIsl MATEPUS
B (popMe HEUTPAJILHBIX SIJIEP TUIA HEUTPOHA, U SIIEPHO-ME30H-
Hasl riasMma. [IpocTpaHCcTBO Mek1y aKTUBHBIM SIAPOM U IEPBUY-
HOU MaTtepuen B (pOpMe HEUTPAJIBHBIX AAEP ABJIAETCA CYyTh MOILI-
Hasl TPaBUTAIIMOHHAsA 00O0JIOYKA U3 IMHAMUYHBIX 3EPeH-TIOTeH-
1IMAJIOB C BBICOKOW MPOHUIIAEMOCTBIO U IAJIbHOIEUCTBUEM, KOTO-
past u popMHUpYyeT HEHTPATbHOE IM0JIe TITOTEHUsI OT aKTUBHOTO
anpa 3eMI.

IIpocTpancTBa-nouas

Knacrepbl U3 pa3ivyHbIX PEryjisipHO MOBTOPSIOIUXCS aTo-
MOB WJIA MOJIEKYJI, 0Opa3yloT OJHO M3 YeThIPEX arperaTHhIX CO-
CTOSIHMI BEIIECTBA MACCUBHOM W MHEPTHOM MAacChl — TBEPHOE,
KUJKOE, Ta3000pa3HOe WM COCTOSIHUE TJIa3Mbl, 2 HOBOE arpe-
ratHoe coctostHue Matepur YCT co3maioT akTMBHOE COCTOSIHUE
HEHTPAJILHBIX MOJIEN TATOTEHMSI, KOTOPOE, B3aUMOJIENCTBYSI C TO-
JISIMM TPaBUTALIAA ATOMHO-MOJIEKYJISIPHOTO BEIIECTBA, POKIAIOT



30HBI XOJIOJHOM IUIa3MBbl U CTATMBAIOT BOEAMHO IPOCTPAHCTBO
Bcenennon. BHemnue npocTpaHcTBa, Hal TAKUMHU KJIacTEpaMu
1 YCT HazoBeM MakpOIPOCTPAHCTBAMU-TIOJISIMHU 110 CPABHEHUIO
C JIEMEHTAPHBIMU MUKPOIIPOCTPAHCTBAMU-TIONIAMU HaJ A1pa-
MU, aTOMAMHU U IEKTPOHAMU C UX MYJIBTUNONAMU. | paBuTany-
OHHBIE B3aMMOJEUCTBUSA MEXIY KJIaCTepaMU HAYMHAIOT IIPEBa-
JIMpOBaTh HaJ 3JEKTPOMArHUTHBIMU IIPU 3apsijie Macchl Oonee

ILUIAHKOBCKOH — 2,2 x 10 rpaMma.

Takue mpocTpaHCTBa POXKAAOTCS BHYTPEHHUMHU U BHEIIHU-
MU TOJISIMU KJIACTEPOB BEIIECTBA, aCTEPOUJIOB, TUIAHET, 3BE3[L
¥ TAJIAKTHK, a TAK)KE KBA3apOB U ITYJIbCAPOB.

OtzenpHBIN KJIACC BHEHTHUX MAaKpOIPOCTPAHCTB-TIONEH 00-
pazyiot siapa YCT (Bcero 0,4%), KoTopbie €NI€ HE MPOU3BEIU
Ha CBOEl OBEPXHOCTU COOCTBEHHOT'O IOCTATOYHOTO KOJIMUECTBA
MACCHBHON MAacChl MUKPOYACTUI] JIIs1 0Opa30BaHMs KJIACTEPOB
0OBIYHOTO BenlecTBa. B 3TOT meproz ux 3BOIONMY OHA AKTUBHO
NPUTATUBAIOT, 3aXBaThIBAIOT U MOIJIOMIAIOT BHEIIIHEE BELECTBO,
B TOM YHCJIE, aTOMHO-MOJIEKY/ISIPHOE BEIIECTBO, HapaOOTaHHOE
Ha NIOBEPXHOCTH YK€ CBETALIMXCA JPYTUX 3BE3[ WM Ia30XKU-
KMX TUIAHET, T.e. 0Opa3yloT CBSI3aHHBIE Maphl IyTbCap-3BE3[a,
nyJabcap-TUIaHeTa, TAIAKTUKYA WM CO3AAI0T KPYMHO MacIiTad-
HYIO CTPYKTypy BceneHHon u3 «cren» u «Boua». HarisanHyio
KapTHHY 3TOr0 MOXXHO IPEACTaBUTh ceOe B BUJIE MBUIBHOM Iie-
HbI, 110 TPAHULIAM ITy3bIpEi KOTOPOU HAXOAATCS CBEPXCKOIUIEHUSA
rajakTuK, a B IIeHTpax Mmy3blpeit Haxoastes: MouHble YCT. Yto
MHTEPECHO TaK 3TO TO, YTO CTPYKTypa TBEPIOTO Tesla poXkIaeT



AQHAJIOTMYHYIO «aTOMHYIO TeHy», B KOTOPOH B IIYCTOM 3JIEKTPH-
YECKOM ITPOCTPAHCTBE ATOMA B LIEHTPE HAXOOUTCA AAPO, a MO I0-
BEPXHOCTH chepbl aTOMa PaCIIOIOKEHbl €r0 AEKTPOHHBIE 000-
JIOUKHU.

HenpepbiBHBII TMpollecC KBAHTOBAHUSI-3aPAIKUM U HMHIYK-
LMU-OTTAJIKABAHNS 3€PEH OT 3aMKHYTOM IMOBEPXHOCTU TaKHMX
KJIACTEPOB MOJISIPU3YET OKPYKAIOLIEE BEIIECTBEHHOE MPOCTPaH-
CTBO, IPEBpALIAET €r0 B COOTBETCTBYIOILLIEE IyIbCUPYIOLIEE,
HeMpephIBHO OOHOBJISIEMOE BHEIIIHEE IM0JIe U CO3MAET AMHAMMU-
YECKM PaCNpPEICIEHHYI0 IJIOTHOCTh COOTBETCTBYIOIIMX IOTEH-
LIMAJIOB I0JIS1 — SKBUIIOTEHILIMAJIbHBIE TOBEPXHOCTU. CyMMapHbIe
BHYTPEHHUE TOJIs1 TAKUX KJIACTEPOB OINPEAENAIT ero pusnye-
CKHe CBOWCTBA M OOYCJIOBJIEHBI TUIOTHOCTHIO PACTIPE/IENICHHSI T10-
TEHLIAAJIOB.

I'paBuTanmoHHOE NPOCTPAHCTBO-MOJIE

SpKUM TMPUMEpPOM-IETEKTOPOM CYILECTBOBAHUSI TEXHUYE-
CKOT'0O I'PaBUTAIIMOHHOTO 3(pUpa MPOCTPAHCTBA-TIONS OOOIOUKU
AQHTUTPABUTAIIMOHHOTO MOHOTIOJISI BOKPYT IMTOBEPXHOCTH BO30YXK-
JEHHOTO TBEPIOIO Teja B LEHTPAIBHOM I0JI€ TATOTEHUS! 3eM-
Jm siBJsiiotcst yerpoucrBa-rpaBuTonétsl . Kumu, 1. Cepna, B.
[Mlay6eprepa, B. C. I'pebennukoBa, a Takxe Punanenbguiickuii
sxcepumeHnT H. Tecna m gpyrux. OHuM Takke AEMOHCTPUPYIOT
pOKJIeHne 0OO0JIOUKU-00BEMA TIPOCTPAHCTBA-TIONST BOKPYT CBO-
€ro UCTOYHUKA — 3TO 3aMKHYTbIE€ MHAYKTUPOBAHHbIE BPALLIEHU-
€M BelIeCTBEHHBIX KJIACTEPOB HOCHUTENN «IIyObl» AeOpOiisIeB-
CKHX KBAHTOB BOJH. OHM OTVIMYAIOTCSA KAaK IO MEXaHU3MY IPO-



W3BOJICTBA, TaK U MO CTPYKTYpE YJOXKEHUS, pa3sMELICHUs U 13-
JIy4eHus1 3€pEeH-NOTEHIIMAIOB B POCTPAHCTBE MpU (hOPMUPOBa-
HUM UX 3aps0B M BHEIIHEro mnojsi ot Hero. Ha mpakTuke 31o
SIBJIEHUE IIMPOKO U3BECTHO, Kak 3dekT [xaHnOekoBa, a yka-
3aHHas «I1y0a», Kak JKECTKO CBSI3aHHBIE C MAcCOW BOJHOBOJIBI
pa3psa rpaBUTALIMOHHOIO MOHOMOJIS, B POCTPAHCTBE BOKPYT
raiiku-Oaparika, yrpasisieT IBUKeHUEeM (BUXPEBOM TOK) IIEHTpa
Macc UCTOYHUKA B (pOpME MCIIOIIHEHNS MEXAHUUYECKOTO «KYJIb-
ourta». «Tapeiaku» coBepIIaT Oe3bIHEPIIMOHHBIN BOTHOBOM T10-
JIET NOJ1 AEUCTBUEM OIIOPHBIX MMOTEHIIMAIOB CIIELIMATIBHOTO ACUM-
METPUYHOIO TOPOUJAILHOIO MOJIsi BOKPYT HUX B TPEThEM MO
(TIoJ1e TSAIrOoTeHUs 3eMJIH ).

[lepBuuHOEe OOBEMHOE T'pPaBUTAIIMOHHOE MaKpPOIPOCTpaH-
CTBO-IIOJIE B pacuupsomenica BeenreHHONM co3ga€rcss BOKPYT
nepBuyHbIX 4YE€pHBIX cepuueckux ten (YCT-kBazapsr, YCT-
IYJIbCApbl), KOTOPBIE BBIMAAAOT U3 arMoceps! Hater Beenen-
Hou. Dt YCT moryT ObITh 06pa30BaHbI TOJILKO B HEBEIIIECTBEH-
HOM TPOCTPAHCTBE MyTEM MpeoOpa3oBaHUsI BCEH JITMHBI TIOCTY-
NaTebHOTO CaMOJBHKEHHUI-TPEKa BOJIHOBO/A U3 JIEKTPOIOTEH-
LIMAJIOB (POTOHA B CAMOBPALIATENILHOE JBUKEHUE POXKIAIOIIETO-
csl cpeponsia-KiTyOKa NMepeMEHHOrO M HapacTaloUIero pajuyca.
OJIHOBpEMEHHO Clle/lyeT 3aMeTUTh, YTO aHAJIOIMYHOE KOJIye-
CTBO 3€PEH-MOTEHIIUAIOB, KaKue aKKyMYJIUPYIOTCsl B OECKOHEY-
HO JUIMHHOM (DOTOHE, a 3areM cBopaumnBaiorcs B YCT, moxer
IPOM3BECTU U TOJBKO OJUH MPOTOH, OTAEIBbHO Pa3MEIlEHHBIN
B TIPOCTPAHCTBE, HO yke B 00bEME BOKPYT ceOsl M POIUTH CO-



OTBETCTBYIOIIIEE MPOCTPAHCTBO-TIONE OECKOHEUHOE 10 00bEMY,
HO OYEHb pa3pekEHHOE N0 TUILY Bakyyma BceeneHHOu.

Kak tonmpko UCT «ynano» B BEIIECTBEHHOE MPOCTPAHCTBO
Haiierd BecenenHoli B popMe camoBpaiamoierocsi cepuiecko-
ro KJIyOKa, HauaJics oOpaTHBIN MpOILIECC, ero pacraji u o0pa3oBa-
JIMCh TIEPEMEHHbIE IPABUTALIMOHHOE, MEKTPHUECKOEe M MarHUT-
HOE TT0J151 — CBSI3aHHBI MEXaHUUECKUI 1 SIEKTPOMArHUTHBIN TH-
nepBUXpoH c ero nossimu. Bo Bpems nputsikenust YCT k neHTpy
(ckorutenus I'aakTHK ) OmkanIe HauOOJIbIIEN CKOITUBIIIENCS
IIACCUBHOM aTOMHO-MOJIEKYJIsIpHOU Macchl, akThBHas YCT u, co-
OTBETCTBEHHO, 00bEM HanboJee 3(p(PeKTUBHOTO €ro rpaBUTalIM-
OHHOT'O TOJIsI BCE BpeMsl YBEJIMUMBAETCS IO BEJIMUMHE TIPU T10-
CTOSTHHOM BHEIITHEM JpameTpe. ITo 0OyCIIOBJIEHO OYeHb OOJTb-

[IIOM JJIMHOW BOJIHOBOIOB, OoJjiee 1028 CM, YTO COOTBETCTBYET
BpEMEHU KU3HU JBUXKYIIMXCSA B BOJTHOBOJAAX U3 IIEHTpa K MO-
BEPXHOCTH IEKTPOMArHUTHBIX KBAHTOB /10 14 MUTMApJOB JIeT
u Oosee. [Ipon3BOACTBO HENTPOHOB WM W3JTyYeHHE JJIMHHO-
BOJIHOBBIX KBaHTOB Ha moBepxHocTH YCT mpoucxoauTt TOIBKO
M0 UCTEUEHWH ITOrO mepuoja BpeMeHU. [IBUKeHUEe TaKoro mo-
TOKAa BHYTPEHHUX KBAHTOB OT LIEHTPA K MOBEPXHOCTH B Teye-
HUE YKa3aHHOTo BpeMeHu ropoxkjaeT camoBpaiienue YCT B 11e-
soM. OfHaKO, MPU TOM, HAMOOJbINAsA YaCTh AKTUBHOTO TOJIS
U3JTy4eHus U3 3€peH-TPaBIOTEHIIMAIOB (MMUTALIMSA 3apsija Mac-
CBI C IPOTUBOIIOJIOKHBIM 3HAKOM WM TEMHas sHeprust) 1o 80%
WHJIyKTUPYETCS] STUMU COOCTBEHHBIMU KBAaHTAMM TIPU JIBHIKE-
HUM 10 KPUBBIM BOJTHOBOJAM Ha MOBEPXHOCTH Chep, BHI3bIBAS



UX CaMOBpAIlleHH e TI0 MEXaHU3MY JIBUKEHUSI «OeJTMUbero KoJje-
ca». [Toatomy Gonbinue o pazmepam YCT, momnas B HEKOTOpOE
KPYITHOE 1IapOBOE CKOIJIEHUE 3BE3/1 MPUMEPHO OTMHAKOBOM Be-
JIMYMHBI, CTAHOBATCS A1pOM cnupaibHou [anaktuku. Cninpanu
3BE3/] M ra30MbUIEBBIX TYMAHHOCTEN B TakuX [ anakTukax, cxons-
IMecs: pyKaBaMu K IIEHTPY, 1 00pa30BaHbl BCE BpEMsI YBEINIH-
Baoleiicsa maccou u cuion noins takod YCT, B ommume ot Kpy-
TOBBIX M JUTMIITUYECKUX OPOUT TUIAHET BOKPYT 3BE3[, siApa KO-
TOPBIX YK€ JaBHO HAXOASTCS B CTAAUU POU3BOACTBA HEMTPOHOB
U J0JITO€ BPEMsI UMEIOT MPAKTUYECKU MOCTOSIHHYIO WA YMEHb-
nratortytocst maccy. YCT U3 KOpOTKOBOJTHOBBIX (POTOHOB (BBIILIE
100—500 M3B), ciocoOHBIE TPOU3BOAUTH MOTOKK HEUTPOHOB,
poxaaroT 3B€371b1 1 1aHeTsl (0,4%) ¢ 0OBIYHBIM aTOMHO-MOJIe-
KYJISIPHBIM BEILIECTBOM, 2 BMECTE C Ta30MbUIEBBIMUA TYMAHHOCTSI-
MU-00J1aKaMu U OTpeaessiioT Bcero 4.9% cyMMapHOTro BU3yasib-
Ho peructpupyemoro BemiectBa. YCT u3 JIMHHOBOIHOBBIX (PO-
TOHOB POXJAIOT MOIIIHBIE KBa3aphl, KOTOPbIE HE CIIOCOOHBI 00pa-
30BbIBaTh HEUTPOHBI. IMEHHO ¢ 3TM 3(ppekTom cBsa3aHo 95,1 %
(pbopMupoBaHue nonerd TEMHOW MACChl M SHEPIrMM BO BHEIIIHUX
Y MPOMEXKYTOUHBIX Cl0osIX BeeneHHoil. B cambIX BHEIIHUX CJIO-
SIX TPOMCXOJIUT HAKOIUIEHWE U B3aMMHOE OTTAJIKUBAHUE JIPYT
ot apyra YCT (kBa3zapsl ¥ IMyJIbCapbl), UMEIOIIUX OIMHAKOBBIE
3HAKM IPaBUTAIIMOHHBIX MOJIei. MexX 1y HUMU pa3MellieHbl CKOTI-
JIEHUsI ¥ CBEPXCKOTUIEHUSI TAJIAKTHUK, 0OPa3yIOIIUX «CTEHbD», KO-
TOpbIE SABJISIOTCS CBA3YIONIUM JIJIsI «CKJICMBAaHUS» B OJIHO IIeJIoe
MPOCTPAHCTB Haleu BeeneHHou.



IIpoTsizk€HHOCTH MOJIeil.

[IpakTHyeckn yCTaHOBJIEHO, YTO Hanboee 3¢ PeKTUBHOE TO-
Jie LIEHTPAJIbHOIO aKTUBHOIO TATOTEHUs1 3eMJIM paclipoCTpaHsi-
eTcs 10 MOJyTOpa MUIJTMOHOB KUJIOMETPOB. YCTaHOBJIEHO U TO,
YTO MOJI51 COOCTBEHHOT'O MACCUBHOTO TATOTEHUS aCTEPOUJIOB OT-
JIMYAIOTCS 0 MPOTSHKEHHOCTU M KAUECTBOM MPUTSIKEHU S OT 1IeH-
TPaJIbHBIX TOJIel aKTUBHBIX TuiaHeT U CoJjHIA, T.e. MpaKTHye-
CKU NPUTSIKEHUE K aCTepouAaM TaKHUX aTOMHO-MOJIEKYJISIPHBIX
KJIACTEPOB, KaKUMHU SIBJISIIOTCSI CIIyCKaemble ammaparbl, OIpe-
nensiercs cunamu 3pdekta Kasumupa B LEeHTpaabHOM MOJNE
Connua. Tloka oTcyTcTBYyeT KanuOpoBKa COOTBETCTBUS pa3Me-
poB UCT pasmepy 3¢ppeKTUBHOTO JaTbHOAECUCTBUS LIEHTPaIb-
Horo nojist. [loyemy To 10 cMX MOp HE U3MEPEHbI IKCIEPUMEH-
TaJIbHO U CKOPOCTH PaclpOCTPaHEHUs! IPABUTALIMOHHBIX, JIEK-
TPUYECKMX U MarHUTHBIX mosieil. Ho yxke u3mepensl 3gdek-
TUBHBIE NPEJIENbl JaJIbHOAEUCTBUS CTAIIMOHAPHBIX MCTOUHUKOB
U JIEKTPOMAarHUTHBIX (DOTOHOB — OHM pasHble. DTO 10Ka3bIBa-
€T Pa3JIMYHBI MEXaHU3M U, COOTBETCTBEHHO, CKOPOCTh PaCIpo-
CTpaHeHM s TUX NOJeH.

[IpOoTAKEHHOCTh PACHIPOCTPAHEHM S AKTUBHBIX I'PABUTAIIOH-
HBIX MOJIEN 3aBUCUT OT pazMepoB U mioTHoctd YCT u cpaBHU-
Ma, B MUHUMYME, C BUJIMMBIMUA pazMepamu ['anakTuk, riaHer
CO CIIyTHMKAaMM M 3BE3[HBIX CUCTEM, COAEPKAIUX HEKOTOpOe
KOJIMYECTBO IU1aHeT, Thna COJTHEYHOM CUCTEMBI UM CUCTEMBI
riaHeT Onmurepa wim Carypaa. [Ipu aTom, nocnegaue razoxus-
KY€ TUTAHETHl C OTHOCUTENIBHO MEHBIIIM KOJTMYECTBOM Hapado-



TaHHOTO aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA U OOJIBIIIMM TIO Pa3-
Mepy UCT cunbhee ortanikuatorcs ot YCT ConHua, a mosTto-
My JaJibliie HAXOASATCS OT HEro, YeM IJIAaHEThl 3€MHOW TPYIIITbI
Mapc, 3emis1, Benepa u Mepkypuid.

I'paBuTaninoHHBbIC AHOMAJIUM.

W3mepeHusi CTalMOHAPHBIX T'PABUTALIMOHHBIX AHOMAJUI
(I'A) — 310 OTIMUMS OT CpelHEW BEJUYMHBI YCKOPEHUS CBO-
6omHOro najieHus. B HEKOTOpbIX pernoHax 3emid, Harpumep,
B CIIIA u B P®, B MecTax pacroyioKeHHs1 TPaBUTALIMOHHBIX aHO-
Majui aepeBbs (POTO) PacTyT BIOJIb U3JIOMA CUJIOBBIX JIMHUMU
TAKOTO IMOJIsI M YKa3bIBAIOT Ha uX HanpasyieHus. B. C. ['pebenHu-
KOB OYE€Hb [IETAJIbHO U3Yy4aJl BO3/IEMCTBUE MOTOKOB I'PABUTALIM-
OHHOTO TOJIS1 HA TPOPACTaHKe CeMsIH U Ha HalpaBJieHUe pocTa
KOPHEH B I10YBE.

UckpusJiennsi CTBOJIOB JiepeBbeéB B aHOMAJbHBIX 30-
Hax — Canra-Kpy3, Measequikas rpsiia u 3aKkoJi10BaH-
Has poia.

Canra-Kpy3, CIIHA. D10 jaercTBME Ha WCKPUBIIEHUS CTBO-
JIOB TPAaBUTALIMOHHBIM TI0JIeM 3eMJIM B BUJI€ BOPOHKH JIUAMET-
pom 50 meTpoB. Ha nepoM ¢oto ciieBa rnokasaHo ero AecTBre
Ha POCT JIEPEBbEB B 9TOM 30HE. 371ECh U BO/IA TEUET U JIakKe KaM-
HU KaTSITCS HE BHU3, 4 BBEPX.



®oto 2. ckpuBiieHusI CTBOJIOB JIEPEBHEB B AHOMAJIbHBIX 30-
Hax — CanTa-Kpy3, Mensenunxkas rpsajga 1 3akolJJOBaHHOM po-
nie-Jlecouek

Ha BTopom ¢oTo 2, nocepeanHe — nepeBbs Ha MeaBeaAnIKoM
rope, P®. Ha nocnegnem ¢oto 2 — nepeBbsi B 3aK0JIJOBAHHOM
pote, Jlecouek. BoT, 4TO IUIIET O CBOMX UCCIIEAOBAHUAX ITOIO
spienus B. C. ['peGeHHUKOB.

«...Bpode 61 3a.1001cun0 yuiu, HU ¢ MO20 HU € C€20 3AKUCAUNO
60 pmy, 8 21A3aX 3aMYMAHULOCH, U 20108Y Cre2Ka Kak Obl 3aKpy-
acuno. Haznyncs, npucen na kopmouku — ougyuseHust YCUAUMUCS.
[1oOHsn 06n0MOK cmapoii gemiku, omeen pyKy 6 CMopoHy — eem-
ka 3amopmosunace Oonaxko umo smo? ...Iloeooun onsme na-
A0uKol — mopmosumcsi... Tloonsacs, nokauan eemouxoii — Hu-
ue20; HaZHYACS, NOBOOUN BEMKOLL 8 NPENHCHEM Mecme, Y UCKPUB-
NEHHO020 Depe308020 CMBONA — MAM, 20€ €20 U32Ub, ONsiMb ,,Mop-
ModceHue“ nanrouxku npu ee ogudiceruu. ,IIpozonouposan‘ cmeon
blille — HUUe20 0COOEHHO020, ML MAM, 20€ OH U302HYN — CHOBA



SJomsieuearnue”, 6yomo 20e-mo 8 uzz2ubde cmeonda 3a0eNaH mdae-
HUM, a Yy MeHsi 8 pYyKe He 8emKda, a JHcene3Hvlil 26030b. Imu
CMPAHHOCMU ,,NOBEOEHUSL“ NANOUKU NPOSBASIAUCL MONBKO 8 08YX
30HaxX — 8 2nYyOUHe 0Oeux nemensv, 0OPA3YEMbIX 3U23A2000PA3HO
UB0ZHYMBIM CIMBONAOM. MO Jice CAMOoe ,, MAZHUMO0OPasHoe “nomsi-
2usanue, 0a 6000a680K Kaxue-mo nooepeusanus 8 pyke. Yepes osa
OHsL — 5O ObLA0 YMPO — HUUE20 MAK020 8 ,,3aKON00BAHHOLL PO-
ue 1 He nouyecmeoean. Yepes Hedenio, uacoe 6 uiecmo eeuepa,
CIMPAHHble OUYULeHUSI NPULUAL CHOBA, 0adice Donee CUNbHbLE: 3d-
KPYIHCUNACHL 201064, UMO-MO 3amepyano 6 2nazax. M eom umo
5 ewe Ycmamoeua: UMEeHHO 8 3moii 30He Jlecouka OblLA0 OueHb
MANO HACEKOMbIX — AUUUL OOHO 2HE30bIUKO MYPABLEG-MUPMUK
HA KPOXOMHOU NPOANUHKE;, MYPAWU 3MU OblAU NOUeMy-mo 65i-
AbIMU U He 3auuuany ceoe ene3do. Tozoa, é Jlecouke, 51 s16HO
CIMOAKHYACSL C UeM-MO COBEPUIEHHO 0151 MeHsl Hogbim — Hesedo-
MbIM>.

Kpome BbIlieonucanHoro, Kak MOKa3blBaeT MPAKTUYECKUN
OIIBIT, CYIIECTBYIOT €€ U UMITYJIbCHbIe OTPUIIATEIbHBIE U TIO-
JIO)XKUTEJIbHBIE BBIOPOCHI SHEPrUM T'PABMTAIIMOHHBIX TIOJICH
B HEOOJBIIMX MO MPOTSKEHHOCTU OOJNACTSIX HA MOBEPXHOCTHU
3emii, B OCHOBHOM BOJIM3H Pa3iOMOB.

Takue n3mepenus, npopoausinmrecs enie B S0-x rogax npo-
IIUIOTO BeKa, MOKa3ajid, YTO BOJIU3U OOJBIINUX TOP OTCYTCTBYIOT
nojioxutenbHble ['A, a B OKeaHax, rje caegoBajo Obl OXUOATh
KPYHHBIX OoTpULatenbHbix ['A (Beap IIOTHOCTh BOJBI, 3aNIOIHSA-
IOIIEN BIAJWHBI OKEAHOB, B 2,5—3 pa3a HUXke IJIOTHOCTH TOp-



HBIX TIOPOJ], 3aJIeTalolIMX Ha TaKOM € YPOBHE Ha MaTepuKax)
HUYETO MOJ0OHOro0 He HaOII0JaeTCsl.

B Hacrosiiee BpeMsi oy4eHbl MHOTOYHMCIICHHBIE U YTOUHSI-
IOIIMECS KAPThl 'PABUTAIIMOHHBIX 10JIEN 3eMJIH, Ha KOTOPOU Kak
Ha PEHTI€HOBCKOM CHHMMKE BUJIHbI TEHH OTPHUIIATEeIbHBIX aHOMA-
JviA, OOYCJIOBJICHHBIE HanOoJiee CHIIbHBIM TOTJIOIIEHUEM TIOTO-
KOB 3€PEH-TIOTEHIIUAJIOB TUIOTHBIM BEILIECTBOM B MAHTHUH, PEJIbE-
(b1 TOp M3 OOBIYUHOTO BellecTBA U PA3IOMbI (IyCTOTHI) B MaH-
TUU Y KOope 3eMJIM ITPU MPOCBEYMBAHUY X IIEHTPAJILHBIM TTOJIEM
aKTHBHOTO sijipa 3eMim. HanOosbime oTpuiiaTebHble CTaIro-
HapHbIe I'PaBUTAIIMOHHbIC aHOMAJIMK OOHAPYXeHbI B IHAUKCKOM
okeaHe 1 Ha BoctouHom nodepexbe Kanaael. Hapsaay ¢ Takumu
CTaIMOHAPHBIMUA aHOMAJIUSIMU MIMeeTCs1 OeCUMCIIeHHOEe MHOKe-
CTBO MEPHONUECKUX KOPOTKHUX BHIOPOCOB M MEJICHHO MEHSIIO-
HIMXCSl aHOMAJIMM, CBUAETENbCTBYIOIIMX O HEIPEPHIBHOM ILIOT-
HOCTHOM Tiepepacrpe/ieieHud U (pa3oBbIX MPEBPALLIEHUSIX MacC
MIPU UX JBMKEHUU OT MAaHTUM K KOpe. AHAJIOTUYHbIE TEHU OTPU-
HATeIbHBIX AaHOMAJIMIA OT [IEHTPAJIbHOTO IPABUTAIIMOHHOTO TIOJIS
3emMii OOHAPYKEHBI U HA OOpaTHOM CTOpOHE JIyHBI.

VICTOUHUKH I'PpaBUTAIIMOHHOTO TOJIsI OBIBAIOT CJIETYIOIIHE:

— HeHTpaJibHbIe, sipa YCT U3 MIOTHOTO s1/IEPHOTO BEIIECTBA,
THIA HEUTPOHA, HO OYEHb OOJBIIUX TUAMETPOB — ITO KBa3apbl
U MyJIbCAPhl, UCTOUHUKU aKTUBHOTO LIEHTPATIBHOTO TOJISI TATOTe-
HUS UMEIOT (YCJIOBHO) 3HAK TOJIs TUTIOC M U3JTY4aloT B 47T OTOK
3€peH-TIOTEHIIMAIOB TAKOTO K€ 3HaKa,

— paccesiHHbIE B (DOPME KJIACTEPOB SIIEPHO-ATOMHO-MOJIEKY-



JISIPHOTO BEIIECTBa, OOpasylole WHEPTHO-TNIACCUBHYIO MAaccy
U3 aTOMOB MMEIOT 3HAK MUHYC, BCTPEYAIOTCS B BUJIE I'a30IIbLIe-
BBIX TYMAaHHOCTEU, aCTEPOMJIOB, KOMET, METEOPUTOB U JIyHBI —
B3aMMOJIEHCTBUSA IyTEM MOITIOIEHUS IOTOKOB 3€PEH-TIOTEHIIM-
QJIOB CO 3HAKOM IUTIOC WM MHTEP(EPEHMSA MPOTUBOIOIOKHBIX
I10 3HAKY 3€PEH-NIOTEHLUATIOB,

— HapabortanHble pacniajom coodcrBeHHoro siapa YCT, kopa
Y MaHTHS, «KUJIKOE» PO IUIaHEThl 00pa3yloT NACCUBHYIO Mac-
CY, HaXOJSILYIOCS B MOJIE €I1IE aKTUBHOTO $1pa MUIAHEThI, UMEIOT
cOOCTBEHHOE TI0JIe CO 3HAKOM MHUHYC — B3aUMOJICHCTBUS ITyTEM
TIOIVIOIIEHU S WU UHTEP(EPEHLIMS TOTOKOB IMTPOTUBOIIOIOKHbIX
NIOTEHLAJIOB,

— MCTOYHUKHU I'PAaBUTALIMIOHHOTO MOJISI CMEIIAHHOTO TUIA — 3TO
3BE3/bI U TEOJIOTMYECKN AKTHUBHBIC IUIAHETHI, IMEIOINE KOHKY-
pUpPYIOILIKE 110 BEJIMYMHE 3HAKU 3aPSIOB,

— HE3HAYUTEJIbHBIE TI0 BEJMYMHE JOMOJHUTEIbHbIE IPABUTA-
LIMOHHbIE MOHOIIOJIM, UHIyKTHPOBAHHbIE BPAILIEHUEM U KECTKO
CBSI3aHHBIC C BPAILAIOIIUMCS AJPOM 3BE3]1 U IUIAHET, HE3HAUH-
TEJIbHO U3MEHSIOIIME 110 BEJIMYMHE €TI0 BHEILIHEE T10JIE,

— IIOTOKM I'PaBUTALMOHHBIX I10JIEW, 3aPETUCTPUPOBAHHBIE JIE-
tekropoMB. C. 'pebeHHIKOBA, OT KJ1acTepa-UCTOYHUKA TOJIOCT-
HBIX CTPYKTYP (3¢ppexT nosmoctHbix cTpykTyp IIIC).

[ons1, COOTBETCTBYIOIIME ITUM MAaKPOMCTOYHUKAM — 3TO pa3-
JIMYHBIE TI0JIS TATOTEHUS C Pa3HBIMU I10 3HAKY, AAJbHOAEUCTBUIO
¥ 10 U3JTyYaIoIIel ClIOCOOHOCTH MOTEHIIUAJIOB.

Cambli1 OCTPBIN BOITPOC COBPEMEHHOCTH — CYILIECTBYIOT JIU aH-



TUTPaBUTAIIMOHHBIE 110J151?

C nosumit CAII Takue nons AOJKHA CO3/1aBaTh aHTHMATE-
pusi. OIHAKO MOMCKU TaKOBOW BO Bced BcenleHHOM He npuBe-
JIM K TOJNOXKUTEIbHOMY pe3yibraTty. Ho BMecTo He€ HaiieHbl
NpUPOAHbIE HEBUAUMbIE-TEMHbIE Macca U 3Heprus (95,1%), ko-
TOPBIM YK€ Cedvyac MPUITKUCHIBAIOT CBOWCTBA IMPOIABIIEN aHTH-
MaTepHuu — MO XapaKTepy B3aUMOAEUCTBHI C OOBIYHON MaTepu-
eH, 10 3HaKy 3apsja Maccel, Mo ¢opMme, Mo JaJIbHOAEUCTBUIO
Y IJIOTHOCTH MOTOKA BHEIIIHUX MOJIE, CTATUBAIOIIMX B €IUHOE
uenoe IIpocrpanctBo Beenennon. Ha noBepxHocTH 3eMiM KOH-
KypPUPYIOT JIBa MPUPOAHBIX IPABUTALIMOHHBIX TOJIsI C MMPOTUBO-
TMOJIOKHBIMU 3HAKAMHU — [IEHTPAJIbHOE AJIbHOJIEVCTBYIOILIEE I10JIE
sapa YCT u paccesstHHOE KOPOTKOAEUCTBYIOIIEE TOJIe pa3iny-
HBIX KJIACTEPOB aTOMHO-MOJIEKYJIsIpHOrO BemiectBa. IIpu Bpa-
HIEHUH TAKUX KJIACTEPOB BO3MOXKHO MOPOKIEHUE TEXHUUECKUX
I'PaBUTAIIMOHHBIX MOJIEH BOKPYT X MOBEPXHOCTU 0OOUX 3HAKOB,
HECMOTpSI Ha TO, YTO TaKUe KJIaCTepbl OONIAAAIOT JIUIIb PUPOJ-
HBIM KOPOTKOJEUCTBYIOIMM I'PaBUTALIMOHHBIM nosieM. [Ipruém
TEXHAUYECKOE (ITyTEM BpAIleHUs1) aHTUT PaBUTALIMOHHOE MOJIE BO-
KpYT' MOBEPXHOCTU KJIacTepa CrOCOOHO MOJHOCTBIO KOMIIEHCH-
POBaTh €ro MPUPOJHOE BHYTPEHHEE I'PABUTALIMOHHOE TI0JIE U OT-
TAJIKMBATh €0 BBEPX OT LIEHTPa 3e€MJIM, B3AUMOIEUCTBYA C ITPH-
POAHBIM TOJIEM TAroTeHusl. OJHAKO y KaxkJIOro mojisi JOJIKEH
OBbITh CBOI HCTOUHUK Jake y TexHu4Yeckux. B pa3nene «MexaHu-
YeCcKre MaKpPOBUXPOHbBI» MOAPOOHO PACMOTPEHBI MTPUMEPHI Ta-
KMX UCTOYHUKOB.



Takyto marepuio, Kak HEBUIMMbIA MArHUTHBIA MOHONONb [I11-
paka u 3¢pup, TOXKE UIILYT [IOYEMY TO ykKEe MHOTO JeCATUICTUN.

C no3uiuii peajabHOTO MPEICTABICHUS], KaK U B CJIyJae C Mar-
HUTHBIM MOHOMOJIEM, HEOOXOAMMO MPOCTO PeajbHO YTOUHUTD
HCKOMBIE CBOKCTBA 3THX MOjied. ['paBUTAllMOHHBIE TOJS acT-
podu3ruecKkux 00bEKTOB — MHOTOKOMITOHEHTHBI. OJTHa U3 OC-
HOBHBIX KOMIIOHEHT — IIEHTpaJbHA U UMEET MOJIOKUTEIbHBIN
3apsg, ucrouHuk kortopor YCT. TlocnenHsas cdopmupoBaHa
JBUKEHUEM BHYTPU HEro OT LIEHTPa KBAHTOB MO BOJHOBOAAM
C LIEHTPOCTPEMUTEIIbHBIM YCKOPEHHEM IO OKPY;KHOCTSIM YBEJIH-
YMBAIOIIETOCsl paauyca K nmoBepxHoctu. [lons maccuBHOM mac-
Chl SIIEPHO-aTOMHO-MOJIEKYJISIPHOTO BEIeCTBA CO3JAI0TCs 00-
paTHBIM JABMKEHUEM MArHUTHBIX MOHOMOJIEN B 3aMKHYTBHIX 00b-
€Max aTOMHBIX J€ep K LeHTpy. B Hamen BecenenHoi He BCcTpeya-
eTcsl MaKposiiep KOCMUYECKMX OObEKTOB JJae C pa3MepoM 0o-
Jiee OJHOTO CaHTUMETPA, B KOTOPbIX TAKOE BpalllaTeIbHOE JIBU-
JKEHUE YacTUll B HUX HampaBjieHO K UeHTpy. OJHAKO B OTJIH-
Yue OT MPUPOAbl TEXHUUYECKOE BOIUIOIIEHUE TAKOTO 3€PKAIbHO-
ro JABMXKEHMSI BOBMOXKHO — 9TO SIBJIEHUE HA3bIBAETCS LIEHTPATIb-
HOU WJIM aKCUAJIbHO-CTPYWHOM CBEpXTeKy4deu umruiosuen. Tak,
HarpuMep, PyKOTBOPHAsl peain3allvsi TaKoro BUKEHUs CyIle-
CTBYeT B «pemnynbscune» B. Illaybeprepa, B anmaparax . Kumn,
®. Csura, II. Cepna u B kouseprepe B. Pomuna, C. I'onuHa,
OJIHO3HAYHO YKa3bIBAET Ha BO3MOXHOCTb MHIYKIIMU COOCTBEH-
HOI'O TEXHMYECKOI'0 I'PaBUTALIMOHHOTO MOHOIIOJSI CO 3HAYEHU-
€M €r0 BEJIMYMHBI CON3MEPUMOM C BPAIIIAIOIIIEHCS MAaCCOM CUCTE-



MBI, HallPaBJICHUEM BEKTOpPa KOTOPOrO MOXKHO YIPABJISATh Iy TEM
BpalleH!sI MAHUTHOTO KJIacTepa Mo YaCOBOU WJTU MTPOTHB Yaco-
BOW CTpesKu. B mpupose ke CyIiecTByT JIUIb WHIYKTHPOBAH-
HbIe TPaBUTAIIMOHHBIE MOHOMOMM 000MX 3HAKOB. OIIHAKO TOJS
ot simep YCT Oonee nanbHOAEWCTBYIONIUE U OOYCIOBJIEHBI Pa3-
MepoMm uctouHuka B 1015 pa3 GoJblile aTOMHBIX sijiep JTI0O0TO
pa3Mepa Kjiactepa aToOMHO-MOJIEKYJISIPHOTO BeliecTBa. dpyrumu
CJIOBAMH, €CTh peasibHasi BO3MOXXHOCTb PEIlleHUsI 3TOH 3a/1auu
C TIOMOIIIbI0 TEXHUYECKUX CPEJICTB U Ha OCHOBE JICWUCTBYIOIINX
3aKOHOB B MpUpPOJE Halier BeeneHHom.

DJIeKTPpUYECKOE MPOCTPAHCTBO-TIOJIE.

AHaJIOTMYHBINA MTPUMEP-IETEKTOP MPOCTPAHCTBA-TIONS JIEeK-
TPUYECKOTro 3(prpa AEMOHCTPUPYET TOHKAs MOJI0CKa Oymaru, co-
THYTasl TOT0JIaM U TIOJIBEIIIEHHAS 32 STOT Neperud Ha TOHKOUW HU-
TH. [Ipy KOHTaKTHOM MoJaye Ha He€ MOTEeHIMAa JIeKTPOCTATH-
YeCKOro JIEKTPUUECTBA e€ JISTIECTKU PACXOASTCS B pa3HbIe CTO-
POHBI 10 OCcU Tiepernda, MoKa3bplBasi yBeIrMueHne o0bEMa-Tos
MeXay HUMUA. MOXHO U IPYyTUM CIIOCOOOM TPOAEMOHCTPHPO-
BaTh IMPOU3BEIEHHOE MTPOCTPAHCTBO-TIONE JIaXKe Ha KyXHe. Basm
PYJIOH MPO3PAYHBIX TMOJIMATUICHOBBIX MEIIKOB, OTOPBAJIM OJINH
MEIIIOK, COTHYJIM €r0 TOMOoJIaM U B3SJTA €ro 3a BEPXHIOK COTHY-
TYI0O KPOMKY — MOJIOBUHKY Pa3IBUHYJIHUCH APYT OT ApPyra modtu
TOPU30HTAJILHO. 371ech Nosie HeBUIuMO. Jlasiee Ha mpumMepax Oy-
JeT TIOKa3aHo, UTO TAKOE TMOJie MOXKET OBITh U MOTYIPO3PAYHBIM,
Y MepLAIIIE CBETSIIMMCS, ¥ MOJ00HO IMaHAIMU «OeJIoro Iia-
MEHW» B 3aBUCHMOCTH OT TUIOTHOCTU KOHIIEHTPAIIUW Pa3JIe/IEH-



HBIX JPYr OT Apyra 3€peH-3J1eKTPONOTEHIMAIOB U3 BEIEeCTBa
KJIacTepa.

®oto 3. BeiOpoc Oesnoro razornogodHOro obaka-TulaMeHu
U3 3€PEeH-3JIEKTPONIOTEHIIMANIOB TP KOMMYTalldH-OTKJTIOYEHHS
BBICOKOBOJIBTHBIX JIMHUI 3JIEKTpoIiepe/iay.

YeM 0TIIMYAIOTCS CBOWICTBA 3TOM XOJIOIHOM CBETSLIENCS Ia30-
MOI0OHON CYOCTaHIIMU OT TOPSIYeil aTOMHO-MOJIEKYJISIPHO-HOH-
HOM TIJIa3MBl, HAITPUMEP, 0OIaKO MIaMeH! OrH?



®ot10 4. CTonb BCIIBIXHYBIIETO OTHS OT MEePeOpOILIEHHOrO 00-
JIaKa MIEKTPUYECKOro upa — CIeLYyIOIMA Kagp U3 3TOro Ke
BU/IEOPOJIHKA.

BonbIme e€ KOHIIEHTpaIy B OOJIBIIIOM 10 00bEMY KiacTepe
IIPY KOHTAKTE C BELIECTBOM BEIYT K MOKapam M [1aKe B3PbIBAM.

B CAII cunrtaercs, 4ro 3JIEKTPOH — «aTOM» JIEKTPUUECTBA,
KaK HEIMO3HaHHOe siBjieHue npuponasl. Ho B 3TOM KHUre pac-
KPbIBAETCS TMOJIHASI CYTh JIEKTPUUYECTBA, IJIe «aTOMOM» 3JIeK-
TpUYECTBA SBJISIETCS OECCTPYKTYPHOE 3€pHO-3JIEKTPOIOTEHITHU-
al, a He eKTpoH. Kiactep sMaHanmm-o0lIaKo W3 TaKuX 3€-



PEH-3JIEKTPOIIOTEHIINAJIOB M 00pa3yeT 3JeKTpUIecKui pup
(nokazan Ha oro 3) co CBOMMM CrieUU(PUIECKUMHA CBOMCTBA-
MHU. DJIEKTPOH e ABJISIETCS CTAOMJILHBIM MTPOIYKTOM Y3Ke CTPYK-
TYPUPOBAaHHON MaTe€pUM, KOTOPBI POXKIEH BBICOKOYACTOTHBIM
MarHUTHBIM MOHOIIOJIEM.

OnHako M TO W JApyroe siBJieHUE MOMNaJaeT Moj OIpejaee-
HUE 3apsijia JeKTPUUECKUM noTeHuyanoM. IlepBolie ornpenese-
HUs nekTpuuectBa gaHbl b. ®pankiunom, P. Cummepom, M.
®apaneem u H. Tecna.

K 1749 r. Teopus anekrpuuectBa b. ®pankimna Oblia 3aBep-
mieHa. B nuceme KommuHcony ot 29 utons 1750 r. oH Tak gop-
MYJIMPYET €€ OCHOBHBIE TIOJIOKEHMU .

«1. Dnexkrpuueckass CyOCTaHIUSI COCTOMT U3 UPE3BBIUANHO
MaJIbIX YaCTHII, TAK KaK OHA CIIOCOOHA TPOHUKATH B OOBIKHOBEH-
HYIO MaTepHUIO, Ja’Ke B CaMble IJIOTHbIE METAJLIbI, C OOJIBILION JIer-
KOCTBIO M CBOOOJION, Kak Obl HEe BCTpeuast Py ITOM CKOJIb-THO0
3aMETHOI'0 COMPOTUBJIEHUSI.

3. DnekTpuuecKkas CyOCTaHIUsI OTIMYAeTCs] OT OOBIKHOBEH-
HOW MaTepyu B TOM OTHOIIIEHUH, YTO YACTHUIIBI MOCIETHEN B3a-
VIMHO TPUTATMBAIOTCS, @ YACTHULIbI IEPBOU OTTAJIKUBAIOTCS JPYT
OT Apyra...

4. VI XOTS1 4aCTUIIBI AEKTPUIECKON CYOCTaHITMY B3aUMHO OT-
TAJIKUBAIOT APYT APYra, OHU CHJILHO MPUTSTUBAIOTCS BCEH MPO-
4yeul MaTtepuen.

6. Takum 0Opa3oM, OOBIKHOBEHHAS] MATEPHsI IO OTHOIIIEHUIO
K MEKTPUUYECKOW KUIKOCTH SIBJISETCS Kak Obl CBOEOOpa3HOM



T'yOKOW. ...

7. Ho B OOBIKHOBEHHOH MaTepuu CONEpPKUTCS (Kak IMpaBH-
JI0) CTOJIBKO JIEKTPUUYECKON CYOCTaHIIMM, CKOJIBKO OHA MOXKET
3akJoydarh B cebe. Ecim nmpubaBuTh eif 310l cyOcTaHIMy elle,
TO OHA Pa3MECTUTCSI CHApYXkH, Ha IOBEPXHOCTH, U 00pasyer To,
YTO MbI Ha3bIBAEM JIEKTPUYECKOM aTMOC(PEPOM; B ITOM CJTydae
TOBOPSIT, YTO MPEAMET HAJIEKTPU3OBAH.

15. Dnextpuueckass atmocgepa NpUHUMAET (opMy TOro
npeiMeTa, KOTOPBIi OHa OOBOJIAKUBAET. . . > .

dpaHKJIMH TTOKA3bIBAET, YTO EKTpUIEcKass armocdepa 00-
BOJIAKMBAaET IIap PaBHOMEPHO, C OCTPHEB ee Jierdye oTooparh,
yeMm ¢ rpaHeil. OH AEMOHCTPUPYET CTEKAHUE 3SJIEKTPUYECTBA
C OCTpUSI Ha pa3inyHbIX onbiTax. [lo ®paHKIMHY B KakKAOM Te-
JIe COIEPKUTCSI 0cO00E NMEKTPUUECKOe BelecTBO ((hIouns, Kak
TOrJa TOBOPWJIM), UTO-TO BPOIE MEKTPUUYECKON KUIKOCTHU: —
«YacTuipl 3TON MEKTPUUECKON KUAKOCTH OTTAIKUBAIOTCS APYT
OT JIpyra, HO CUJIbHO MPUTSATUBAIOTCS YaCTUIIAMU TeJia, TaK YTO
BCSIKOE TEJIO JEWCTBYET Ha NEKTPUYECKYIO JKHJIKOCTh IMOJ00-
HO TyOKe, BTATMBAIONIEH B ceOs BOmy (YacTHUIIBI 3MEKTpUYe-
CKOM KMIKOCTH MHOI'O MEHBbIIIE YACTHI] CAMOI'O TeJIa, MHAUE OHU
He MOIJIM Obl TIPOHUKATh BHYTPb Tena). Ho mpucytcTBue amek-
TPUYECKON JKUAKOCTH B Tejle He AelaeT ero HadJeKTPU30BaH-
HBIM, €CJIM OHA COACPKUTCS B Tejieé B HEKOTOPOM, TaK CKa3aTh,
HOpMaJIbHOM KonndecTBe. [Ipy HaTupaHuu ke OHOTro Tena py-
T'MM YacTh JEKTPUUECKON KUKOCTU TIEPETEKaeT U3 OTHOTO Te-



Jla B Jpyroe, BOT TOTAA-TO 00a Teja U CTAaHOBATCS HAJEKTPU-
30BaHHBIMU. TO TeNNo, B KOTOpPOE IEKTpUYecKas KUIKOCTb I1e-
peTeKJia 1 B KOTOPOM TIO3TOMY CO3JaeTcsl ee U3OBITOK IO CpaB-
HEHUIO C HOPMaJIbHBIM KOJIMYECTBOM, CTAHOBUTCSI 00OaaaTesieM
CTEKJISTHHOT'O 3JIEKTpUUECTBa. BTOpoe Teso, B KOTOPOM JIEKTPU-
YECKOM JKUJKOCTH MEHBIIE HOPMAJIBHOIO KOJIMYECTBA, 3apska-
€TCS CMOJISIHBIM JIEKTPUYECTBOM.

Opnnako ®PpaHKIMH Jajl 3TUM [IByM BHIAM 3J€KTPUYECTBA
apyrue HaszBaHus. CTEKJISTHHOE JIeKTPUYECTBO (MM 00agaioT
Tesa ¢ M30BITKOM MEKTPUUIECKON KUIKOCTH) DpaHKINH Ha3BaT
HOJIOKUTENIBHBIM, a CMOJISIHOE (KOTOPBIM 00J1aAaI0T TeJla C HeJlo-
CTaTKOM 3JIEKTPUYECKOT0 (piona) — OTpULIaTeIbHbIM. DT Ha-
3BaHUsl, KaK U3BECTHO, COXPAHWIUCh JO HAIIUX AHEW, BIPOYEM,
Kak U JApyrvue TEpMUHBI, BBEICHHBIE B HAYKY 00 JIEKTPUYECTBE
dpaHKIMHOM: 3apsijl, pa3psi, KOHIeHcaTop, Oarapes, POBO-
HUK U T. [I.

Cy1ecTBeHHO, YTO B TeOpuM PpaHKIMHA JIEKTPUYECTBO SIB-
JsieTcst cyOCTaHIMed, KOTOPYI0 Henmb3sl CO3[aTh WM YHUYTO-
’KUThb, & MOXKHO TOJIBKO NIEpepacIpeesnTb. 3aKOH COXPAHEHU
JEKTPUUECKOTO 3apsiia — OCHOBHOE MoJIokeHue teopun Ppan-
KJIMHA.

Ipyroe o6bsicHeHHe ObLIO MpeIokeHo B 1759 romy aHrmya-
HUHOM PoGeprom CummepoM. [ToBOgOM AJ1s1 3TOrO MOCTYXUIU
JOBOJIbHO 3aHSTHbIE HaOmoAeHus1, rposeeHHble uM. CuMmep
uMes OOBIKHOBEHUE HOCHUTD JIBE Maphl UYJIOK: — «UYepHbIE IIep-
CTsIHBIE IJIs1 TeTUla M OeJible IMIENKOBBIE sl KpacoThl. CHUMas



C HOTH cpasy 00a 4yjKa ¥ BblIepruBasi oiuH u3 apyroro, Cum-
Mep BUJIEN, Kak 00a dyJKa pa3ayBaloTCs, BOCIPOU3BOAAT (hop-
MY HOTM Y MIPUTATUBAIOTCS APYT K Apyry. OQHaKo 4yJKU OJHO-
ro 1IBeTa, KaK YepHble, TaK U Oelible, IPYT OT Apyra OTTaJIKUBa-
otcsi. Ecnm iepkath B OJHOU pyKe /1Ba OelbiX, a B APYroi J1Ba
YEepHBIX 9YJIKa, TO IPY CONMMKEHNH PYK B3aUMHOE OTTAJIKUBAHKE
YYyJIOK OJHOTO ILIBETA U MPUTSKEHUE PA3HOLBETHBIX MPUBOIUT
K 320aBHOM BO3HE MEXAYy HUMH, YyJIKH IPOTUBOIMOJOKHBIX 11BE-
TOB Kak Obl HAOPACHIBAIOTCS IPYT HA APYTa U CIUIETAIOTCS B OIUH
NPUYIYITABBIA KITyOOK».

Ot HaOmoneHus u npuBear CUMMepa K 3aKJII0YeHHI0, YTO
B KaX/IOM TeJIe UMEETCS HE OfIHA, a JABE IEKTPUUYECKUE KUJIKO-
CTU — TOJIOKUTENIbHAS U OTPULIATENIbHAS, COIEPKAILMECS B TEJIE
B O/IMHAKOBBIX Kon4yecTBax. [Tpn HaTupaHum AByX TeJl Kakasi-T0
U3 HUX MOXKET NIEPEUTH U3 OJHOTIO TeJla B APYroe, Toraa B OJHOM
TeJle OKaXeTcsl M30BITOK OHOM U3 JKUIKOCTEH, a B JPYyrom — ee
HenoctaTok. O0a Tena CTaHyT HaIEKTPU30BAHHBIMU MPOTUBO-
IIOJIOKHBIMU TI0 3HAKY JIEKTPUYECTBAMMU.

Puxman u JIomoHOCOB He npuHsiii Teopun Ppankimza. Jlo-
MOHOCOB pa3pabaThiBaJl CBOIO TEOPUIO JEKTPUUECKUX SIBICHUM,
B KOTOPOU CHeJiall MOMBITKY OOBSICHUTH JEKTPUIECTBO JBHKE-
HUEM 4YacTull 3pupa — peasibHO I(PUpP 3TO NPOAYKT, BOCIIPOU3-
BOJIUMBIH JIEMEHTAPHBIMU YaCTUIIAMU TTPU X )KU3HU C 3aMKHY-
THIM KOHTYPOM, KOTOPBI/ MEPUOANIECKH OOHOBJISIETCSI MATHUT-
HbIMHA MOHONONIAMU. [To coBpemeHnHbiM npeacrasnenusm CAIL,
MOXHO KOHCTAaTUPOBATh, 4TO e/ PPpaHKIINH MPEIBOCXUTHI OY-



JYIIYI0 JeKTPOHHYI0 TEOpHI0, TO TMeTepOyprcKue akaaeMUuKH
npenBocxuTHIM Oymymryo Teopuio nons Papanes — Makcsen-
na. Boree nmoppoOHee 31v siBNeHus onvican M. Papaieit B cBoem
TPEXTOMHOM Tpyae 00 anekTpuyectBe — pazaens 1169—1178,
1299, tom 1, 1949 rog, AH CCCP.

JLOKTOp DTKUH, aHATU3UPYS SIBJIEHUS PAJUAHTHOTO JIEKTPU-
yectBa H. Tecna npuién k cieaymomemy 3aKJII0YeHUIO:

«Koeoa maxoe ycmpoticmeo 6v1n10 HACMpPoeHo 8 ,pe30HAHC
nymem U3MeHeHUs 3a30pa 8 pas3psiOHuKe, 6001b Kamywku (none-
DeK 8UMKAM) 8603HUKAN NOMOK 2A30N0000H020 céemsiuyezocs Oe-
1020 001AKA, CKOAB3SUE20 NO NOBEPXHOCTIU KAMYUIKU, He Npo-
HUKAs 62110b NPOBOOHUKOB, U CPLIBASICHL C MOPUA KAMYUIKU 8 8U-
Oe benvix mepuarouux paspsoos. llpu smom umnynvcol 3mozo
céema CnoKotuHO MeKAu uepe3 cucmemy, nOOOOHO 2a3y 8 mpy-
oe. Tecna Hazean s3mo cneyuguuroe sienrenue ,,CkUH-3¢pgpexmom”,
a cam nomok suepeuu — ,X0A00HbIM “ (DAOUAHMHBIM) 3NEKMPU-
uecmeom. [Ipu npumernenuy KOHYCOOOPA3HBIX BIMOPUMHBIX KAMY-
ueK e20 NOMoK Yoaeanocb KOHUEeHMpUposamv U HaAnpagasimo.
Byoyuu ouenv noxodxcum Ha ceem, OH mem He MeHee 001a0an
ceoticmeamiu, KOmopblx 00bl4Hble NONEPEUHBIE INEKMPOMAZHUN-
Hble Konebanust He umeau. B wacmnocmu, ,paduarmuvie’ uzny-
ueHUsi He PomozpagPupoanuco (MoIbKO NpU OUeHb OAUNENb-
HbIX SKCNO3UUUSIX NOSIBASAUCS HAMEKU HA YMO-MO NOO0OHOe No-
moky). Ilpu nHanpaenenuu nomoka ,Xxon00H020 IreKkmpuyecmea’
HAa MeOHble NAACMUHbL 8 HUX B03HUKANL MOK CMEUeHUsl, PA6HO-
BHAUHBIL CUALHOMY MOKY. OOHAKO npu 3mMmom HU 8 NPo8o0ax Ka-
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MYwKU, HU 8 NPOCMPAHCMEe MeHCOY Hell U NAACHUHAMU MOK
He Yaaseaueancs. Imom nomox Obln HEUMPANLHLIM O OMHO-
WEHUIO K NeKMPUUECKUM UMNYALCAM 8 CMO U 0onee MUKPO-
CEKYHO, MU B0AHbL BbI3bIBANU NepeMeueHUe PUUUECKUX men
U 83pbl6 (UCnaperue) MOHKUX NPOBOOHUKO08, a4 MAKice Oulyuierue
oonu Yy onepamopa, OmoOeneHHo20 OMm UCHOYHUKA NPOUHOL OU-
ANEKMPUUECKoli nepezopooxo. MzmeneHuem HanpsijiceHus u Onu-
MeAbHOCIU UMNYAbCO8 mpaHcgopmamopa Tecaa moducHo Ovl-
N0 OO0 Hazpesamv KOMHamy, aubo oxaaxcoams eé. Ilpu smom
Oonee KOpomKue UMNYAbCbL NOPOHCOAN MEUEHUSl, HANOAHSG-
wue KOMHAmMy NPOXAAOHbIMU NOMOKAMU, U CONPOBOHCOANUCH
nosi@AeHUeM OWyuleHUust mpegoeu u decnokolicmea. Ewé oonoii
0COOEHHOCMBIO ,,XON00H020 " NeKMPUUEcm8d Obl10 MAaK HA3bl-
eaemoe ,,(ppaKyUoOHUposanue: 8 napanneabHol yenu, cocmosig-
wieli U3 UenouKU AamMn HaKaAU8aHuUsl, WiYHMUPOBAHHBIX MOACMOU
MEOHOU WUHOU, 2NeKMPOHbL 08U2ANUCL NO NYMU HAUMEHBULEZO
conpomuenerus (uepe3 wiyHm), 8oi3vléas e2o Hazpes, a ,,X0N00-
HbIIL“MOK — HANPOMuUs, NPeonouuma.n Hauboviee COnPomuene-
Hue (namnot). To sice HAOAIOOANOCH U 8 KAMYUKAX MPAHCHOPMA-
mopa Tecavl. [lomok ,x0100H020“ anekmpuuecmea nepeoasancs
no 00HOMY NPOBOJY, 8bi3bleASl MEM He MeHee 8 OObIUHbIX NAM-
nax HAKAAUBAHUSL U 8 NAMNAX CO C20PeGULell HUMbIO C8eUeHUe,
nO00OHOe No APKOCMU Y2080l Aamne. Imu NOMoOKU NPOHUKA-
AU uepe3 MemanauuecKue IKPaHvl, Henpo3pautvle Onsi OObIYHbIX
S9MB. IIposoda, nooxkatouerHble HA 8bIX00 KAMYwKU, npu nozpy-
HCEHUU BEPMUKANBHO 8 MACAO BbI3bIBANU OBUNCEHUE MACAA U 00-



Pa308bIBANU HE €20 NOBEPXHOCMU NOAOCHIb 2AYOUHOL 00 5 CM.
Hu 00un u3 smux snepeemuueckux aghgpexmos emy He yoasanocn
NOAYUUMb NPU NOMOUU OObIMHBIX 2APMOHUMECKUX 3NEKMPOMAz-
HUMHBIX KOAEOAHUL 8bICOKOL yacmomul. Imo OblAo OmKpbimiue
coseputeHHo H08020 euda anekmpuuecmea. Ilpu smom H. Tecaa
00pamun GHUMAHUE HA 3HAUUMENbHOE Y8eAUUeHUe OMoasaemol
YCMpPOUCMEom 8 OKPYICAIOUYIO CPedy MOUHOCHIU NO CPAGHEHUIO
¢ moil, umo omoaem cam zenepamop. Mcmounuk smoii oonon-
HUMENbHOU MOUWHOCMU OH U HA3641 ,,JAPUPOOHLIM INeKmpuye-
CMBOM", €8513a8 €20 C IPUPOM U RPOMUBONOCIABUE €20 ODLIYHO-
MY 3NEKMPUUECKOMY MOKY, KAK NOMOKY 3N€KMPOHOB».

Il cpaBHEHMsI CKOPOCTEM PACHpPOCTPAaHEHUs MOJIEN SJIeK-
TpUYECTBA MpUBEAEM clieayonmid npumep. CKOpocTb pacrpo-
CTPaHEHUsI NMEKTPOCTATUYECKOT'O OISl OT CTALIMOHAPHOTO JIEK-
TPUYECKOIO 3apsia HarpsikeHus, kak ycraHoswl H. Tecna, co-
craBisieT 471 240 km/cek, T.e. OOJIbIIIE CKOPOCTH CBeTa. A BOT
MEPEHOC EKTPONOTEHIIUAIOB BOJIHOBO/IAMU MAarHUTHBIX MOHO-
MoJiei, T.e. BUXPEBbIMU MOJSIMU, BAOJb JAJTUHHOTO MeTajinye-
CKOT'O IMPOBOJHHUKA OCYILIECTBJISIETCSI CO CKOPOCTBIO CBETA.

MarauTHO€e NPOCTPAHCTBO-10JIe

SpKUM MPUMEPOM-IETEKTOPOM CYIIECTBOBaHUS JUHAMUYE-
CKOTO MPOCTPAHCTBA MAarHUTHOTO 3pupa U3 U3Ty4aeMbIX KBaH-
TOB MPOCTPAHCTBA-TOJIS (MATHUTHBIX 3€PEH-TIOTEHITUAJIOB) IBYX
VCTOYHUKOB CIIY’KUT BO3pAcTaiolias yNpyrocTb MPOMEKYTKa
MEXAY JBYX COMMKAIOIIMXCS OMMHAKOBBIX MOJIOCOB CTAIIMOHAP-
HBIX MarHUTOB. DTOT MPOIIECC MOKHO OXAPaKTePU30BaTbh, TOJb-



KO KaK HeMpepbhIBHO YBETMYMBAIOIIUICS 00BEM 32 CUET MTPUOBI-
BaHM$1 OJMHAKOBBIX 110 3HAKY MOTOKOB MarHUTHBIX 3€PEH-TIOTEH-
LIMAJIOB — OJJHOHAITPABJIEHHbII TOK.

3TO CBOICTBO MPOSIBIISIETCS] OAMHAKOBBIM 00pa3oM, Kak JIst
OJIHOTO TIONIOCA, TaK U IS Apyroro. bosnee nmogpoOHO cBOMCTBA
MarHUTHBIX MOHOIIOJIEN Y CPABHEHUE X CBOWCTB CO CBOMCTBAMU
MarHUTHBIX TOJIEH CTAlIMOHAPHBIX MOCTOSIHHBIX MarHUTOB pac-
CMaTpPUBAJIMCH B IEPBOM YaCTU KHUTH.

Takum 00pa3oM, UCTOYHUK MTPOU3BOAUT 3E€PHA-TIOTCHITMAIIBI
Y M3JIyyaeT MX MEpreHAMKYISPHO CBOEW 3aMKHYTOW MOBEPX-
HOCTH, @ TaKMM 00pa3oM pOXJAeT MPOCTPAHCTBO-3(Up, NpU
9TOM, SIBJISIETCSl UX TIPOBOJHUKOM, U BMECTe OHM O0Opa3yloT Be-
IIECTBeHHOE MpocTpaHcTBO. Eciin Obl ICTOUHMKY 3apsijia He 13-
Jydany Obl HEMPEPHIBHO U3MEHSIONIeecs: COOCTBEHHOE T0JIe, TO
BOKPYT TAKMX UCTOYHUKOB HE MPOUCXOAMIO Obl JBUKEHUS aCT-
podusrueckux 00BHEKTOB, He ObLIIO Obl ['alaKTHK 1 3BE3THBIX CH-
CTeM, COJIepKalllvX TUIAaHEThI M UX CITYTHUKH, He ObUIO Obl ceBep-
HOT'O CHSIHMS U MOJIHMM, JIMHEMHBIX U IIAPOBBIX, CHHUX CTPYH,
CITPATOB M 3J1b(hOB, HE OBUIO OBl CTAOMJIBHBIX SI/IEP XUMUYECKUX
9JIEMEHTOB U JIEKTPOHOB, He ObLIIO Obl AaTOMHO-MOJIEKYJISIPHOTO
BEIIECTBA U T. 1.

3€pHa-NoTeHIMAaJbl CTAMOHAPHBIX UICTOUHUKOB C OIHUM 3a-
MKHYTbIM KOHTYpOM (Hampumep 3JIEKTPOH) H3JIy4aloTcsi UM
B MOMEHT MX MEpUOANYECKOr0 OOHOBJIEHUS MYyIbCUPYIONMMU
MarHUTHBIMH MOHOIIOJISIMU M Jiajiee CYMMHpPYIOTCSl B oOiiee
IUIsl BCEX TaKMX MCTOYHMKOB — 3TO TPETbE CBOWCTBO. M3iyue-



HUe chepruIecKoro CJiosi OHOMMEHHO 3apsKEHHBIX 3€peH-TpaB-
noreHnanoB YCT co CKOpPOCTbIO BO MHOIO MUJUIMOHOB pa3
IIPEBBILIAIONIEN CKOPOCTh CBETA MEPIEHAUKYJISPHO MOBEPXHO-
CTU MaKpOUCTOYHHMKA — 3TO YETBEPTOE CBOWCTBO TAKUX IOTEH-
L[MAJIOB.

[loTreHmamns! ¢ MOBEPXHOCTA MAaKPOUCTOYHUKOB aTOMHO-MO-
JIEKYJISIPHOTO BELIECTBA U3JTyYalOTCS KX IbIM KOHTYPOM OT/IE/b-
HO, BXOISIIUX B HE'O MUKPOUYACTUI], 00pa3ys CyMMAapHbIi I0-
TOK HaJl €r0 BHEIIHEeN MoBepxHOCThI0. [loTeHmaisl camoBpariia-
formxcs saep YCT u3imydaioTcss MHOTOKOHTYPHBIME OOOJIOUKa-
MU, COCTaBJISAIOIIMMU CTPYKTYpPy HEUTPOHHBIX 3BE3I.

Anpo 3épeH, cOOCTBEHHO KBAaHT MOTEHIMANa — 3TO KBaHT
amMopHOro mpocTpaHcTBa (ISITOE CBOWCTBO) CIOCOOHOE TP
yIAJIEHUY OT UCTOYHUKA COOTBETCTBEHHO YBEJIMUMBATHCS B 00b-
€Me, He U3MEHss IPU 3TOM 3HAUYEHUE BEJIMYMHBI MOTEHLIMAA.
[IoTOKM KBaHTOB IIPOCTPAHCTBA C ITPOTHMBOIIOJIOKHBIM 3HAKOM
NPy WX B3aUMHOW AHHUTWJISIIIUM CIOCOOHBI YMEHbBIIATh 00b-
€M mons, oOpasys (pu3nIecKre CUIOBbIE JTMHUM U CUITY TIPUTSI-
KeHUsl. B 3TOM MpOsIBIISIOTCS KOPITYCKYJIsIpHBIE CBOMCTBa Oec-
CTPYKTYPHOM YaCTHULIbl, KAK JIEMEHTA CTPOEHUSI CTPYKTYPbI JUC-
KPETHOTO MPOCTPAHCTB. DTO CBOMCTBO MOATBEPXKIACT U MeEXa-
HU3M IIPOU3BOACTBA UHTEP(PEPEHLIMHN IEKTPOMArHUTHBIX BOJIH
OT JBYX NEPEMEHHBIX UCTOUYHUKOB U3JYYEHMS, a TaKKE MeXa-
HU3M MHTEP(EPEHIIUY TI0JIEN ABYX CTALIMOHAPHBIX UCTOUHUKOB
C POKAEHUEM CUJIOBBIX JIMHUIA.

PexuM n3irydeHus NOTEeHIHAIOB B 47T IIPOCTPAHCTBO HOCUT



NEPUOANYECKU MYJbCUPYIOIIMI XapaKTep — 3TO IIECTOE CBOW-
CTBO 3€PEH — HEMPEPHIBHOE NMEPUOINIECKOE TPOU3BOCTBO U U3-
JlydeHHe TaKMX KBAHTOB. DTOT MPOIECC HOCUT HETPEPbIBHBIM
XapakTep Ha BCE BpPEMsI KM3HU 3TOrO CTALIMOHAPHOTO UCTOYHU-
Ka, (hopMHpyst AMHAMUYECKU O0BEMHOE MyJILCUPYIOITee Y BHOBb
OOHOBJIsSIEMOE BHEIITHee 1mojie. B mporecce poxkaeHus u n3iyde-
HUSI HOBBIX 3€peH — KBAaHTOBAHUM 3E€PEH-TIOTEHIIUAJIOB CTAIlUO-
HapHBIX UICTOYHUKOB, yYaCTBYIOT MarHUTHBIE U I'PAaBUTALIMOHHBIE
MoOHoMo/IM. BHOBh 00pa3oBaHHBIE 3¢pHA CTAIIMOHAPHO pa3Mellia-
I0TCS1 HA KBAHTOBAHHOW OJTHO KOHTYPHOM MOBEPXHOCTH, BHITAJI-
KMBasi cTapble 3€pHa KOHTYpa I0cjie OYepeHOro OOHOBJICHU S,
KOTOpbIE U3JTyYalOTCS CO CKOPOCTHIO MHOTO OOJBIIEN CKOPOCTU
C CcBeTa.

KBanToBaHue, OOHOBJICHWE W U3JTyYeHUE MPOU3BOIST Oec-
KOHEYHO OO0JIbllioe, HO (PUKCHPOBAHHOE M KOHEYHOE KOJnYe-
CTBO 3€pEH-NIOTEHLIMAIOB B €IMHUILy BPEMEHU (IIOTOKA) Yepe3
3aMKHYTYI0 C(DEpUYECKYIO MOBEPXHOCTh CTAIIMOHAPHOTO UCTOY-
HUKa. Takum 0Opa3om, Ha JIIOOOM CKOJIb YTOIHO YAaJEHHOM
OT WCTOYHMKA PACCTOSIHUM B 3aMKHYTOM C(pepuyecKkoM eu-
HUYHOM CJIO€ C YBEJIMUMBAIOLIENCS TOJIIMHON 3€pHA, HAXOQUT-
Cs1 IEPBUYHBIA UHIYKTUPOBAHHBIA KOHTYP 3€pEH-MOTEHIIMAIOB
(310 ceapbMOe CBOMCTBO) B TOYHOCTH PAaBHBIA PA30BOMY IOJIIO
BUPTYAJILHOTO 3apsiia SHEPTUU UCTOYHUKA, T.€. B IPOCTPAHCTBE
C yJlaJIeHHeM pa3MbIBAeTCsl «KKOHTPACTHOCTb» MEPBUYHOTO 00pa-
3a. D10 peanusyercs cienyonmM oopazoM. KoHkpeTHoe mep-
BUYHOE KOJIMYECTBO 3E€PEH, PACHIONOKEHHBIX HA MIEPBUYHOM 3a-



MKHYTOM KOHTYPE€ MCTOYHHKA, ITOCJIC BBITAJIKUBAHUSA U C 00J1b-
00 (0)| CKOPOCTBIO YHAJICHUSA OT MCTOYHHKA LICHTPAJbHO IO pa-
ANnyCaM, PABHOMECPHO paCHpeAciIACTCd B ClICAyomeM CIUHNY-
HOM CJIOC Ha IMOBCPXHOCTU C(pepbl YBCIIMYUBAOLICTOCA paany-

ca R miomazpio 47R%. C pocToM paccrosiHuA R ymensnaercs
CpeAHss MOBEPXHOCTHAS IJIOTHOCTh 3apSKEHHBIX 3E€PEH-TIOTEH-
[IMAJIOB, pa3MeIleHHbIX B c(hepruuecKoM cJioe — moJie ocaads-
ercs. OT1cioa U ciielyeT 3aBUCUMOCTb UHTETPAJIbHOM CUJTBI B3a-
MMOJICUCTBUS, YOBIBAIOIIIEH C KBaJpaToMm pacctosiHusi R — pe-
AIMU3YIOTCSA U3BECTHBIE U3 MPAKTUKU 3aKOHbI. IIpoHMIIaeMoCTh
(IabHOAEWCTBHE) STUX 3€PEH PA3/IMYHA [JIs1 Pa3HbIX UCTOUHU-
KOB (BOCbMO€ CBOWCTBO) U MPAKTUYECKU U3BECTHA, KaK 17151 Ba-
KyyMa, TaKk U JJIs1 KOHIEHCUPOBaHHBIX BemiecTB. CamMol BBICO-
KOI MPOHUIIAEMOCTHIO 00/1a1aI0T 3€pHA T'PABUTAIIMOHHBIX LIEH-
TPaJIbHBIX TMOJIeN — akTUBHBIX m3nydaomux saep YCT (kBaza-
pPOB U myJsibcapoB). [JanbHozmelCcTBYE, TPOHUIIAEMOCTb U TUIOT-
HOCTh NOTEHIIMAJIOB TPABUTALIMOHHBIX IOJIEM aCTEPOUIOB, KaK
OT UCTOYHHUKOB CO CPEAHEW IUIOTHOCTBIO KaMH$, CYIIECTBEHHO
HUXKE. A TPOHUIIAEMOCTb 3€PEH-TTOTEHIIMAJIOB JIEKTPOCTATAYE-
CKHUX TOJIEH, U3JTyYaeMbIX U3 TIOBEPXHOCTU ATOMHO-MOJIEKYJISIP-
HOTI'O BEILIECTBA-UCTOYHUKA, MOXKHO CBOAMTH K HYJIIO C [IOMOLIBIO
METAJUIMYECKUX 3a3€MJIEHHBIX 9KPAHOB, TEM CaMbIM CO3aBaTh
9KpaHUPOBAHME-TEHb BHEIIIHETO TO0JIsS JEKTPUUYECKU 3apsKEeH-
HOT'O CTALIMOHAPHOTIO UCTOYHUKA — ceTKa Papanes, paspen 1174.
[Tpome:xkyTOUHOE MOJIOKEHUE MEXK Y HUIMU 3aHUMAIOT 3€pHA-TI0-
TEHIMAJIbl MATHUTHBIX N0JIel. TeHb LIeHTpaIbHbIX TPABUTAIIMOH-



HBIX [M0JIEN TAKXKE MOKHO HAOIIOAATE, HO IS 9TOTO HEOOXOIMMO
HAJIeUTh (PU3NYECKUM CMBICIIOM TOHSTUSI UHEPTHOM, MAacCUB-
HOM U aKTUBHOM MACCHI.

Bce usnokeHHble 3/1eCh KBAaHTOBBIE SIBJIEHUSI B MaKpOMHUpPE
YKa3blBAIOT HAa TO, YTO MPOLECC MHAYKIUHN (PU3UUECKUX TOJIeH
CTAIMOHAPHBIX MCTOUYHUKOB — 9TO KBAHTOBBI MEPEHOC CamMOu
crnaboi (popMbl MaTepuu, TMOTEHIIUAIOB-3EPEH CO CKOPOCTHIO,
KOTOpasi MHOTO OOJibIlie CKOPOCTH CBETa, HO ropasio Kopoue
10 pajInyCy AabHOAEUCTBUs (DOTOHOB CBETA, YTO U yKa3bIBAET
HA UX Pa3IMYHBbIA MEXaHU3M 00Opa30BaHMSI.

CTpyKTypa NMPOKBAaHTOBAHHOTO 3epHa OOpa3oBaHa U3 sAIpa
1 000JIOUKH — 3TO JIEBATOE CBOWMCTBO. SApo-moTeHIma, coo-
CTBEHHO, U TPEACTABIISET COOOM COOTBETCTBYIOIIYIO JOJIO BeE-
JIMYMHBl TIEPBUYHOTO MOTEHIMAa KOHTYpa 3apsga HCTOYHU-
ka. O6osouKa BOKPYT sapa (pOpMUPYETCs U3 HEBEIECTBEHHOTO
MPOCTPAHCTBA WJIM TIOTEHIIMANA 3apsifa JUCKPETHOTO MPOCTPaH-
CTBa, OKPY’KAIOIIIETro B JAHHBI MOMEHT UCTOUYHUK. Toraa cTpyk-
TYpy MOJIsS, OKPYKAIOIIETO0 TaKOW MCTOYHHMK, MOXHO IpE/CTa-
BUTh B BUJIE YePETYIONIUXCS, MYIbCUPYIOIIUX U HEMPEPHIBHO 00-
HOBJISIEMBIX C COOTBETCTBYIOIIIEH YaCTOTOU chepruiIecKux CIOEB,
c yOBIBaIOIIEN BEJMYMHOM, YCPEIHEHHBIX MO TIOBEPXHOCTH I0-
TEHIIMATIOB — SKBUIOTEHIIUATBHBIX TTOBEPXHOCTEM, OTIEIEHHBIX
JPYT OT JIpyra CJIOsIMU HeBEIIECTBEHHOTO WX APYroro OKpyxa-
IOIIET0 UCTOYHUK MpocTpaHcTBa. [IpocTpaHcTBO, 00Opa3oBaHHOE
M0 TAKOMY MEXaHM3MY C TIOMOIIbIO 3€PEH-TIOTEHIUAIOB, TPO-
SIBJIsSIET B OOJBIIMX MaKpOOObEMAX BCE M3BECTHHIC WHTETPAITb-



HbIE CBOMCTBA (AECATOE CBOMCTBO) TPEXMEPHOTO IJIOCKOTO TPO-
CTPaHCTBA — TOJIBKO B TPEXMEPHOM IPOCTPAHCTBE I'PABUTAIIU-
OHHBIE CHJIBI MOTYT OBITh OOPAaTHO MPOIOPIIMOHATBLHBI KBaJIpa-
Ty paccrosinuid Mexay ucrounrkamu. B XX Beke I1. Dpendecr
u JIx. YuTpoy mokazaiau, 4to eciv Obl YHCIIO U3MEPEHHId TPo-
CTpaHCTBa ObLIO OOJIBIIIE TPEX, TO CYIIECTBOBAHME IJTAHETAPHBIX
cHUCTEM ObLJIO Obl HEBO3MOXHBIM. TONBKO B TpeXMEpHOM MHU-
pe MOTYT CYyIIIECTBOBATh YCTOMUMBbIE OPOUTHI TUIAHET B IIAHET-
HbIX cucTtemMax. [[10THOCTh MOTOKA 3€pEeH-MOTEHIIMAIOB U Paju-
yC JaJIbHO/ICWICTBUS IEHTPAIbHBIX TPABUTAIIMOHHBIX IOJIEH, Ha-
npumep, siapa ConHua, IpsMo NPONOPIMOHATIEH MIOTHOCTH Ma-
TEpUU Spa U €T0 pa3Mepy — 3TO OAUHHAIATOE CBOMCTBO MIOTEH-
1manoB. M, HakoHell, ABEHA/II1aTOe CBOMCTBO ITUX 3EPEH-TIOTEeH-
[IUAJIOB 3aKJII0YAETCS] B AHHUTUJISLIMU TTPOTUBOIOJIOKHO 3apsi-
’KEHHBIX ITUX KBAHTOB, T.€. OECCTPYKTYPHBIX KOPITYCKYJI, TPU UX
B3aMMOJIEHICTBUM C YHUUTOXKEHHEM TOro 0ObEMa MPOCTPAHCTBA,
KOTOPOE OHM 3aHUMAIOT, IPOUCXOIUT MOJTHOE YHUUTOKEHUE Ma-
TepuM U SHepruu B (hopMe BEIIECTBEHHOTO MPOCTPAHCTBA. DTOT
MPOLIECC PE3KO OTJIMYAETCS OT AaHHUTUJISLIUM SJIEMEHTAPHBIX aH-
TUYACTUIL] TEM, UTO B JAHHOM IPOLIECCe AEUCTBUTENILHO UCUE3a-
eT camas cnabdast (popma MaTepuu — MPOCTPAHCTBO-TIONE, CO3/a-
Basi MHYI0 KapTUHY MOJS MEXIY ABYMSI UICTOYHUKAMH, OTJINY-
HYIO OT KapTUHBI TOJISI OT OIHOTO UCTOYHUKA.

WTak, cTalmoHapHble UICTOYHUKU POXKJIAIOT (PU3UUECKHUE LIEH-
TpaJibHbIEe MOJISA-MIPOCTPAHCTBA BOKPYr HUX. DTU (PUBUUECKUE
TMOJIsl TPOSIBJISIIOT CBOKMCTBA CUJIOBBIX MPOCTPAHCTB MO U3BECT-



HBIM 3aKOHAM U M0 CYTH SIBJISIIOTCS UHAMKATOPaMU MTPUCYTCTBUS
COOTBETCTBYIOILIMX 3€peH-noreHuumanoB. l[logsienue B 3TOM
MIPOCTPAHCTBE BTOPOTO MCTOYHUKA MTHOBEHHO 00Pa3yloT CHJIO-
BbIE€ JINHUU — JE€TEKTOPBI IPUCYTCTBUS.

Ha3BanHble cBoOliCTBa 3épPeH-NOTEHNNAJIOB YKa3bIBa-
0T HA TO, YTO 3TH KBAHTHI MPOCTPAHCTB, cCaMOl cJa0doM
¢hopmbl MaTepun, IBJISIIOTCA MOCJEJHUMH B PSIly Hepap-
XHUH 3JIeMEHTAPHbBIX YaCTHIL — 9TO JOKA3bIBAeTCA MPoLec-
COM MX AaHHUTWJISII{AM, TIePEeBOJAIUM BelleCTBEHHOE IIPOo-
CTPAHCTBO B HeBeIleCTBEHHOE.

IpoTszK€HHOCTH MOJIeid.

[TpakTuvecku ycTaHOBJIEHO, yTO HauOosee 3(ppheKTUBHOE TO-
JIe LIEHTPaJIbHOIO aKTUBHOIO TATOTEHUs1 3eMJIM paclipoCTpaHsi-
eTcsl A0 MOyTOpa MUJUIMOHOB KUJIOMETPOB. YCTAHOBJIEHO U TO,
YTO 10151 COOCTBEHHOT'O MACCUBHOTO TATOTEHUS aCTEPOUJIOB OT-
JIMYAIOTCS O MPOTSIKEHHOCTU U KAUECTBOM MPUTSIKEHU ST OT LIEH-
TpaJIbHBIX M0JIeW aKTUBHBIX TU1aHeT U COoNHIA, T.€. IPAKTUYECKU
NPUTSKEHUE K aCTepOuiaM TaKMX aTOMHO-MOJIEKYJISIPHBIX KJIa-
CTE€pOB, KAKMUMH SBJISIIOTCS CITyCKAEMBIE aIllapaThl, ONPEIEseT-
cs1 cuiiamu 3¢ dekra Kazumupa B nieHTpanbiom nose ComHia.

Mexann3M pacnpocTpaHeHusi (pU3NUYECKHX IMoJiel
U 3JeKTPOMArHNTHHIX (DOTOHOB.

[louemy TO 10 CHX MOp HE HU3MEPEHBI IKCIHEPUMEHTAIBHO
U CKOPOCTH paClpOCTPAHEHUsI I'PABUTALIMOHHBIX, JIEKTpUYE-
CKMX M MarHuTHBIX nosen? Ho yxe m3MepeHsl 3¢ eKTUBHbIE



npeJesibl AaTbHOIEHCTBUS CTALIMOHAPHBIX UCTOYHUKOB U JIEK-
TPOMAarHUTHBIX (DOTOHOB — OHM pa3HbIE. JTO JOKA3BIBAET pas3-
JIMYHBIA MEXaHU3M U, COOTBETCTBEHHO, CKOPOCTb paclpocTpa-
HEHMs 3TUX Noned. IIpoTsKEHHOCTh pacrpoCTpaHEHUsI aKTHB-
HBIX PABUTAIIMOHHBIX TOJIEW 3aBUCUT OT Pa3MEpPOB U ILIOTHO-
ctu YCT?¢ u cpaBHMMA, B MUHUMYME, C BUAUMBIMH Pa3MepaMu
["anakTuK, IJIaHET CO CIYTHUKAMU U 3BE3AHBIX CHUCTEM, COIEP-
JKalMX HEKOTOPOE KOJIMYECTBO IUI1aHeT, Tura COJHEeYHOU CUCTe-
Mbl WK cuctemsl iaHer FOnmurepa wim Carypha. [Ipu stom,
NOCJIEAHNE Ta30KUAKHUE TIJTAHETHI C OTHOCUTENIBHO MEHBIIINM KO-
JIMYECTBOM HapaOOTAaHHOTO ATOMHO-MOJIEKY/ISIPHOTO BEIIEeCTBa
u 6ombiiM 1o pazmepy YCT cunphee orrankuBawotcs or YCT
CosHua, a MO3TOMY Jajibllle HAXOAATCA OT HEro, YeM IUIAHETHI
3eMHOU rpynnsl Mapce, 3emis, Benepa u Mepkypuii.

[leppuuHoe OOBEMHOE TI'pPAaBUTALIMOHHOE MAaKpONpPOCTPaH-
CTBO-TIOJIE B paciupsoiieiics BceneHHON co3ga€rcsi BOKPYT
nepBruHbIX 4YE€pHBIX cepuueckux ten (YCT-ksaszaper, YCT-
IyJIbCapbl), KOTOPBIE BHINAJAIOT U3 atMocdepbl Halen Beenen-
Hoil. 911 YCT moryT ObITh 00pa30BaHbl TOJILKO B HEBELIECTBEH-
HOM IPOCTPAHCTBE MyTEM MPeoOpa30oBaHMsl BCEH AJIMHBI TOCTY-
NaTeJIbHOIO CaMOJIBUKEHHUA-TPEKA BOJIHOBO/IA U3 JIEKTPONIOTEH-
MaJIOB (POTOHA B CAMOBPAILLATEIBHOE JBUKEHUE POKIAIOIIETO-
cs1 cpepousia-Ki1yOKa NMEpeMEHHOrO M HapacTaloLIero pajauyca.

36 IManpun A. A. Crpykrypa muposaanus Beenennoil. znarensctBo «TpoBaHT»,
M. Tpowuuk. 2005 rog, crp.189. ISBN 5853890956.



OnHOBpEeMEHHO Clie/lyeT 3aMeTUTh, YTO aHAIOTMYHOE KOJNYe-
CTBO 3€pEeH-TIOTEHINAJIOB, KAaKUe aKKyMYJIMPYIOTCS B OECKOHEY-
HO JUIMHHOM (OTOHE, a 3aTeM cBopauuBaircs B YCT, moxer
MPOU3BECTU U TOJBKO OJUH MPOTOH, OTAEIBbHO pPa3MeIIEHHbIN
B MIPOCTPAHCTBE, HO yXke B 00bEMe BOKPYT ceOsl U POIUTh CO-
OTBETCTBYIOIIIEe MTPOCTPAHCTBO-TIONE OECKOHEUHOE TI0 00BEMY,
HO OYEHb pa3pekEHHOE MO TUIY BakyyMa Bcenennou. Kak Tonb-
k0 YCT «ymano» B BellleCTBEHHOE MPOCTPAaHCTBO Haiei Bcee-
JICHHOW B (popMe camoBpamawIerocss cpepuyeckoro Kiyoka,
Havasicss OOpaTHBIH MPOIIECC, ero pacraj i 00pa3oBaJIvCh Mepe-
MEHHbBIE TPABUTAIIMOHHOE, JIEKTPUUECKOE U MAarHUTHOE TIOJS —
CBSI3aHHBII MEeXaHUYEeCKHIl U JIEKTPOMATHUTHBIN rurnep-
Buxpon?’ ¢ ero nonsimu. Bo Bpems nputsikenuss YCT k neHTpy
(cxorutenns I'amakTHK) OaMKanIIer HauOOJIbIIEN CKOITUBIIIEHCS
IIACCUBHOW aTOMHO-MOJIEKYJIsIpHOU Macchl, akThBHast YCT u, co-
OTBETCTBEHHO, 00bEM HaunboJee 3(h(PeKTUBHOTO ero rpaBUTaIH-
OHHOT'O TOJIST BCE BpEMs1 YBEJIMUMBAETCS IO BEJIMUMHE TIPH T10-
CTOSTHHOM BHEIITHEM JirameTrpe. ITo 0OyCJIOBJIEHO OYeHb OO0JTb-
[IIOM JUTMHOW BOJIHOBOIOB, OoJjiee 1028 CM, YTO COOTBETCTBYET
BpPEMEHM KU3HU JBUKYIIUXCS B BOJHOBOAAX M3 IIEHTpA K IO-
BEPXHOCTH IEKTPOMArHUTHBIX KBAHTOB JI0 14 MWUIHAP/IOB JieT
u Oosee. [Ipou3BOACTBO HENTPOHOB WM M3JTyYeHHE JJIMHHO-
BOJTHOBBIX KBaHTOB Ha roBepxHOcTd YCT mpoucxoauT TONBKO

37 MTanpun A. A. Iona u Buxponsl. CTpyKTypa MUpO3JaHusl BCeleHHO. Bropoe
uznanuve. MznarensctBo dupekt-Menna. M-Bepmun. 2015 ron, ctp 411. O6bEM KHE-
ru 967 crp.



M0 UCTEUEHUH ITOrO Meproja BpeMeHU. [IBUKeHUe TaKoro mo-
TOKAa BHYTPEHHUX KBAHTOB OT IIEHTPA K MOBEPXHOCTH B Teye-
HUE YKa3aHHOTo BpeMeHu nopoxkjaaeT camoBpaiienne YCT B 11e-
soM. OfHAKO, MPU TOM, HAMOOJbINAsA YaCTh AKTUBHOTO TOJIS
U3JTyYeHU S U3 3EPEH-TPABIOTEHIIMATIOB (MMUTALIMS 3apsijia Mac-
CBI C POTUBOIIOJIOKHBIM 3HAKOM WJIM TéMHas1 sHeprusi) Ao 80%
WHIYKTUPYETCS] 3TUMU COOCTBEHHBIMU KBAaHTaMU TIPU JIBUKE-
HUU IO KPUBBIM BOJIHOBOJIaM Ha MOBEPXHOCTh cep, BbI3bIBAsI
UX caMOBpaIlleHUE 110 MEXaHU3MY JTBUKEHUS «OeTMIbero Koje-
ca». [Toatomy Gosnbinme 1o pazmepam YCT, momnas B HEKOTOpOE
KPYITHOE IIIApOBOE CKOIUIEHUE 3BE3] MPUMEPHO OJJMHAKOBOM Be-
JIMYUHBI, CTAHOBSITCSA IApOM cripasibHoi ['anaktuku. Cnimpaiu
3BE3/] U ra3onbUIEBbIX TYMAaHHOCTEW B TaKUX [ ajlakTHKax, cXo-
JSIIMEcs] PyKaBaMH K TIIEHTPY, U 00pa30oBaHbl BCE BpeMs yBe-
JmunBapmenca Mmaccou n cuioi noisa takon YCT, B ommnuue
OT KPYTOBBIX M JUTUIITUIECKUX OPOUT TITAHET BOKPYT 3BE3, S/1-
pa KOTOPBIX YK€ JJaBHO HAXOASTCS B CTa/IMM MTPOU3BOJCTBA HEM-
TPOHOB U JIOJITO€ BPEMsI UMEIOT MPAKTUYECKU MOCTOSIHHYIO WU
ymenbinaoiyocs Maccy. YCT U3 KOpOTKOBOJTHOBBIX (DOTOHOB
(Bbimre 100—500 M3B), ciocoOHbIE TPOU3BOIUTH MOTOKU HEl-
TPOHOB, poXkatoT 3BE3/1bI M 11aHeTh (0,4%) ¢ OOBIYHBIM aTOM-
HO-MOJIEKYJISIPHBIM BEIIECTBOM, a BMECTE C ra30IbLIEBbIMU TY-
MaHHOCTSIMHU-00JIaKaMH U OTpeaesisiioT Bcero 4.9% cymmapHo-
ro BU3yasbHO peructpupyemoro Bemecrsa. YCT U3 JIMHHOBOI-
HOBBIX (POTOHOB POXKJIAIOT MOIIHbIE KBa3aphl, KOTOPbIE HE CIO-
cOOHBI 00pa30BBIBaTh HEUTPOHBI. IMEHHO ¢ 3TUM 3 deKToM



cBs13aHO 95,1% ¢opmupoBaHue Nojield TEMHOM MacChl U SHEP-
T'MY BO BHEIIHUX M IPOMEKYTOYHBIX cilosx Bcesnennon. B ca-
MBIX BHEIIIHUX CIOSIX MTPOMCXOJUT HAKOIUIEHUE U B3aMMHOE OT-
tasikuBanue apyr ot apyra YCT (kBazapbl U my/ibcaphbl), UMEK0-
IIMX OJIMHAKOBbIE 3HAKU I'PABUTALIMOHHBIX MOJIel. Mex1y HUMu
pa3MeIleHbl CKOTIIEHH S M CBEPXCKOIUICHUSI TAJIAKTUK, 00pa3yio-
IIUX «CTEHbl», KOTOPBIE SIBJISIIOTCS CBSI3YIOUIUM JIsI «CKJIEMBa-
HUS» B OJTHO 11eJ10e TpocTpaHcTB Hared Beenennoii. CoOcTBeH-
HOE I'PaBUTAIIMOHHOE M0JIe BOKPYT KjlacTepa, B3aMMOAEUCTBYIO-
1iee C MOJIEM TATOTEHHWSA 3e€MJIM MPOSBIIAET y HEro 3apsll Mac-
Cbl, U3MEPEeHHBIN B cucteme usmepenn CU. ITnotHocts knacre-
pa 3aBUCUT OT arperaTHOrO COCTOSIHUS KJIacTepa U OIpeiesieT-
Cs1 OTHOIIIEHMEM MacChl K 3aHUMaeMOMy el 00bEMY, a B 0011IeM
XapakTepu3yeTcsl peryyisipu30BaHHOM TUIOTHOCTBIO pa3MeleHuUsI
3€pEeH-NMIOTEHIMAJIOB HA MX BOJIHOBO/IAX U IUNIOTHOCTBIO UX pa3Me-
HIEHUS APYT OTHOCUTENILHO JIpyra. DTO HAIMISAHO JEMOHCTPUPY-
€TCs COCTOSIHUEM HEUTpPOHA — B OOJIACTH CUJIBHOTO I'PaBUTAIIM-
OHHOTO TOJTs BOMM3H si/ipa 3eMIT OH UMEET TUIOTHOCTb TOPsAKA

10" r/em3, a Ha TIOBEPXHOCTU 3eMJIH OH pacragaercs ¢ 00paso-

BaHMEM aTOMa BOJJOPO/a — ero 00bEM yBenmuuBaercs B 10 15 pas.
Takke MpOUCXOAUT U C APYITMMHU XUMUUYECKMMU 3JI€MEHTAMU,
poauBMxcs nyteM pacnaga aapa YCT, yto npuBogur K pac-
mmpennio 00béMa 3emun. [1oaToMy cpeaHsis TUIOTHOCTh Jaxe
TBEPAOIO BEILECTBA KJlacTepa Ha MOBEPXHOCTU 3€MJIM HE Ipe-

poimaer 20 r/em”. Bolbinoe pazHooOpasue (PU3NIECKUX CBOICTB



KJIACTEPOB TIOPOXKIAET MHOr0OOpa3re UX BEIIECTBEHHBIX (hOPM.

Knacrepsl U3 pa3ivyHbIX PEryIsipHO MOBTOPSIOIIMXCS aToO-
MOB WJI MOJIEKYJI, 00Pa3ylOT OJTHO U3 YEThIpeX arperaTHbiX CO-
CTOSIHUI BeIecTBa MacCUBHOM W MHEPTHOWM MacChl — TBEPIOE,
KHJIKOE, ra3000pa3HOe WJIM COCTOSIHUE TUIa3Mbl, 2 HOBOE arpe-
ratHoe coctostHre Martepud YCT co31aioT akTMBHOE COCTOSIHUE
LHEHTPAJILHBIX MOJIEW TATOTEHU S, KOTOPOE, B3AUMOJIENCTBYSI C MO-
JISIMU TPABUTALIMM ATOMHO-MOJIEKYJISIPHOTO BEILIECTBA, POKIAIOT
30HbI XOJIOJHOM IJIa3Mbl U CTSATMBAIOT BOEIUHO MPOCTPAHCTBO
Bcenennon. BHeniHue nmpoctpaHcTBa, Hall TAKUMHU KJIACTEpamMu
1 YCT HazoBeM MakpONpOCTPAHCTBAMU-TIOSIMU 1O CPABHEHUIO
C JIEMEHTAPHBIMA MMKPOIPOCTPAHCTBAMU-TIONSAMU HAJl s/Ipa-
MU, aTOMaMH{ U JIEKTPOHAMU C UX MYJIBTUIIONAMU. | "paBuTanu-
OHHBIE B3aMMOJEUCTBUSI MEKAY KJIACTEpaMU HAYMHAIOT MPEBa-
JIMPOBaTh HaJ| MEKTPOMATHUTHBIMU TP 3apsijie Macchl Oosee

IUIAHKOBCKO# — 2,2 X 107 rpamma.

Takue nmpocTpaHCTBa POXAAOTCS BHYTPEHHUMHU U BHEITHU-
MU TOJISIMH KJIACTepPOB BeIIeCTBa, aCTepOUJIOB, TUIAHET, 3BE3N
Y TAJIAKTUK, a TaKKe KBA3apoB U IyJbcapoB. OTAENbHBIN Kj1acc
BHEIIHMX MaKpoIpocTpaHcTB-moneit oopasyiot sapa YCT (Bce-
ro 0,4%), koTopsle enié He MPOU3BEIM Ha CBOEH IMOBEPXHO-
CTH COOCTBEHHOIO JOCTATOYHOI'O KOJMYECTBA MACCHMBHOM Mac-
Chl MUK POYACTHII IJIs1 00pa30BaHUsI KJIaCTePOB OOBIYHOTO Bellle-
cTBa. B 3TOT nepuon ux 3BOMIOIMKY OHU AKTUBHO MPUTITUBAIOT,
3aXBaTHIBAIOT W IOIVIONIAIOT BHEIIIHEE BEIIECTBO, B TOM YHCIIE,
aTOMHO-MOJIEKYJISIPHOE BellleCTBO, HapaOOTAaHHOE Ha TIOBEPXHO-



CTH YK€ CBETAIIUXCS IPYTUX 3BE3/] WU FA30)KUJIKUX TIJIAHET, T.€.
00pa3yIoT CBsI3aHHBIEC TIApHI MyJIbCap-3Be3/1a, MyJbcap-TUIAHEeTa,
rajJlakTUKU WM CO3JAI0T KPYITHO MacITabHYI0 CTPYKTYpy Bce-
JICHHOM U3 «CTeH» U «BO1». HarnsiHyo KapTUHy 3TOrO MOXHO
NIPE/ICTaBUTh ceOe B BUJIE MBLJIBHOM TEHBI, TI0 TPAHUIIAM ITy3bI-
per KOTOPOY HaXOJATCSA CBEPXCKOIUICHU A TUIAKTHK, 4 B IEHTpax
ny3bipert HaxoasaTcss MonHble YCT. YUTo uHTepecHo Tak 31O TO,
YTO CTPYKTYpa TBEPAOIO TEJA POKAAET AHATIOTUYHYIO «aTOMHYIO
MIEHY», B KOTOPOH B IIyCTOM 3JIEKTPUYECKOM IPOCTPAHCTBE aTO-
Ma B LICHTPE HAXOOUTCA AAPO C MOJIEM IOJIOKUTELHOIO 3HAKA,
a 110 MOBEPXHOCTHU c(hpepbl aTOMa PACIIONIOKEHDI €70 JIEKTPOHHBIE
000JIOUKH C TOJIEM OTPULIATESILHOTO 3HAKA.

IIpuBeaeM nmpumep Ha OCHOBE BCE TOTO K€ 3aKOHA BCEMUPHO-
ro taroreHus Helorona. Kak n3BeCTHO, CKOPOCTh CBETA KOHEU-
Ha, B pe3yJibTare, ylaJEHHble 0ObEKTHl Mbl BUJUM HE TaM, IJe
OHM PaCIOJIOKEHBI B JAHHBIII MOMEHT, & BUJIUM MX B TOW TOYKE,
OTKyJa CTapTOBaJI YBUJICHHBI HAMM JIy4d cBeTa. MHOrux 3B€31,
BO3MOJKHO, BOOOIIE HET, UIET TOMBKO MX CBET. A BOT TATOTe-
HME — OHO C KaKOW CKOPOCTHIO pactipocTpansercs? Eme Jlannacy
YAAJIOCh YCTAaHOBUTB, UTO TAroTeHue ot CosHIa UCXOOUT HE OT-
Ty[a, I7Ie Mbl €r0 BUOUM, a U3 Ipyroud Touku. IIpoanammsnpo-
BaB JIAHHBIE, HAKOIUJICHHBIE K TOMY BPEMEHH, Jlariac ycTaHOBUIL,
YTO «I'PaBUTALMSA» PACIIPOCTPaHSETCsl ObICTpee CBETa, Kak MU-
HUMYM, Ha ceMb NOpsAAKOB. COBpEMEHHbIE U3MEPEHUsI OTOIBU-
HYJIU CKOPOCTb PaCIpPOCTPAHEHUS TpaBUTALIMKA €UIE€ Jablle —



KaK MUHUMYM, Ha 11 mopsikoB ObICTpel CKOPOCTH CBeTa.

Hrak, kakoBbl OIMNOKH JIBYX OCHOBHBIX 3aKOHOB Mu-
po3nanusi? Macca nepeMeHHA M MOKeT ObITh MOJHOCTHIO
CKOMIICHCHPOBAHA HA HOJIb B I0JIe TATOTeHHsl 3eMJIH.
PaccMoTpum 3TH siBJIeHHSI 1€TAJbHO OT 3JIE€MEHTApPHBIX
YacTuIl 10 KOHKPETHBIX anmnaparoB, CO3/IaHHBIX H300pe-
TaTeJsAMU.



1.3 IIpocTpancTBo BeesieHHon

[IpoctpancTBo BeenenHon chopMHUpPOBAHO BHEIIHUMY MOJIS-
My IOTHBIX sAgep YCT craumoHapHBIX MCTOYHMKOB C CaMO-
Bpararoreics (opmoii TBUKEHUsT BOKPYT COOCTBEHHOM OCH —
KBa3apoB, myibcapos, saep UYCT mmaner, 3BE3n, [amakTtuk
U T. . DTO JaJbHOIEUCTBYIOIIKE MOJIsI TEMHOM-HEBUIMMOM Ma-
Tepuu U 3Heprum (95,1%), craruBanoinme suencryio BeeneHnyio
B OfHO 1iejioe. KopoTKoaencTByIoIue Mojis MPOTUBONOI0KHON
10 3HAKY MOJISIPHOCTH 00pa3yeT HapaOOTaHHOE MyJIbCApPAMH BH-
JMMO€E aTOMHO-MOJIEKYJISIPHOE BEILECTBO 3BE3], IIaHeT, | anak-
TUK U KPYITHBIX OObEAMHEHUI UX CBEPXCKOIJICHUH, pa3MeIlEH-
HBIX, B OCHOBHOM, B KOpE€ IJIaHET, aTMOc(epe 3BE3/1 1 Ia30 Ibljie-
BBIX TYMaHHOCT#X (4,9%), KOTOpble CKOHLEHTPUPOBAHbI TAKUM
CTATMBAHUEM B «CTE€HAX» U «(pUIaMEeHTaX» — raJJakTH4eCKre HU-
TH.

Cymmapnas ['unepcrpykrypa npocrpaHcTBa BeeneHHo# siB-
JeTcs MPoAYyKTaMHU XOJIOJHOM I'PaBUTALIMOHHON IJ1a3MOU U HO-
CUT OOBEMHO-CETUaThlii W SIYEHCTHI Xapaktep. beckoneu-
HO OOJIBILION, HO KOHEYHbI M HENpPEPbIBHO pPaCHIMPSIONIUIACS
HECUMMETPUYHO IO TOBEPXHOCTH «ITy3bIpb» Halllen BeeneHHou,
JaJIEeKO HEPAaBHOMEPHO 3acesIeH 3BE3aMU, IaJlakTUKaMH, CKOII-
JIEHUSIMU U CBEPXCKOIUIEHUSIMU TaJIaKTUK B CTEHaX B BUAMMOM

ee yactu pasmepom Oonee ~ 10 28 em. Tlo CYLLECTBY, CTPYKTY-
Pa TAKOTrO «ITy3bIps1» ITPE/ICTABIISIET COOOM pacrpesiesieHue Belle-



CTBA M €ro MoJiel B pocTpaHcTBe BeeneHHOM, a Takke nepBUY-
HBIX UICTOUHUKOB MOJIEH-IPOCTPAHCTBA IPaBUTAIIMY — KBAa3apOB,
MYJIbCAPOB U T. JI.

Vike B Hauasie 20 Beka ObLIO U3BECTHO, UTO 3BE3/IbI MO KAKOM
TO NPUYUHE TPYNIUPYIOTCS B 3BE3/IHBIE CKOIUIEHUsI, KOTOpPbIE
NoYeMy TO 0Opas3yloT TalakTUKH. [lo3ke ObUIM HAJEHB! CKOII-
JIEHUs1 U CBEPXCKOIUIEHUS TalnakTUK. CBEPXCKOIIEHUE — CaMblii
OOJIBIIION TUN OOBEAUHEHUS TaJIAKTUK, BKJTIOYAET B ceOsl ThICA-
i rajlakTuk. Popma TaKuxX CKOTUIEHUH MOXET OBbITh pa3jinyHa:
OT LIEMOYKH, TAKOW Kak Iieroyka MapkapsiHa, 10 CTeH, Kak Be-
mikad creHa Cnoyna. B 1990 ronet Mapraper I'esuiep u [IxoH
XyKpa BbISICHWIM, 4TO Ha maciitadax nopsiaka 300 meramap-
cek BceneHHast mpakTHUECKU OJHOPOHA U TIPEJICTABIISIET COOOM
COBOKYITHOCTb HUTEBU/IHBIX CKOIUIEHU! I'aJIAKTUK, Pa3JeIEHHbIX
00JIaCTSIMU, B KOTOPBIX MPAKTUUECKU HET CBETALIENCS MaTepUU.
3TU 001aCTU-TIPOCTPAHCTBA (ITyCTOTHI — BOW/Ibl) UMEIOT pa3mep
MOpPsIAKA COTHU MErarnapcek 1, B OCHOBHOM, 3aIlOJTHEHbI OISIMU
rpaBUTAlMY 3€PHAMU-TPABIOTEHIMAIAMU C OJHUM 3HAKOM.

WccnepoBanus BpallleHUHd CIUPAIbHBIX TAIAKTHK, a TaKxke
pacripe/ie/ieHMil CKOPOCTEN TalaKTUK B CKOIUICHUSIX U CBEpX-
CKOIUIEHMSIX TIOKa3ajlo, 4YTO OOJbllas 4acTb TMOJHOH MAaccChl
u sHeprun Beenennoit HeBuauma (95,1%) n oOHapyxuBaeTcs
JIMIIb MO TPABUTALIMOHHOMY BO3/IEHCTBUIO HAa HAO/I0/1aeMble BU-
avMble 00beKThl. [103TOMy OCHOBHAsl 4acThb IPaBUTAIIMIOHHOTO
MIPOCTPAHCTBA SIBJISIETCS] HEBUAUMOM. M Kak B JIOOOM paciiu-
pSIIoIIEMCs] TIPOCTPAHCTBE Ha MEPBOE MECTO IO €ro CTPyKType



BCTa€T BOMNPOC O MECTOPACHOJIOKEHUU LIEHTpa Takou cepsl.
Vke TOUHO yCTaHOBJIEHO XaOOJIOBCKOe paciupenue BeeneHHon
CO CKOPOCTBIO TTPOMOPITMOHAIBHOM YIAJICHUIO Pa30eraiomxcst
lanaktuk ot Hac. ToyHoe ycraHOBjeHME LieHTpa BceneHHou,
a TaK’Ke ee aHaJIU3 U U3yUYeHHe ee CTPYKTYPbl IO3BOJIUT JaTh OT-
BET Ha BOIIPOC O XapaKTepe HANpPaBJIEHUs IBOJIOIUN MATEPUU
B ITpocTpaHcTBe BeenenHon — cunTes wim pacnan?

Ecnu cunrtars Bummyio yacts BeeneHHol Onukaiiineil K 1ieH-
TPy, TO HEHTPAJBHBIM SIIPOM 3TOTO «ITy3bIps» JIOJKHA OBITH
00JIaCTh, e TMOJMHOCTBI0 OTCYTCTBYeT TEMHAsl aKTUBHAs Mac-
ca (aneprus) wim YCT, a ee 1eHTp JOKEH ObITh ONpeeieH
0 MOJTHOMY OTCYTCTBUIO MCTOYHMKOB-SIJIEP LIEHTPAJIbHBIX I'pa-
BUTAIIMOHHBIX (3Be3]1, ['amakTuk) moseir. ITo MOryT OBITh POC-
CBIMM Ta30MbUIEBBIX TYMAaHHOCTEW B MPOCTPAHCTBE, 3alOMHEH-
HOM COOTBETCTBYIOIIMM HECKOMIIEHCHPOBAHHBIM I'PABUTAIIMOH-
HBbIM 3(pUPOM C JIPyTMM 3HAaKOM, U COM3MEPHUMBIX I10 MacCUB-
HOU Macce OOJIBIIIMM 3BE3/IHbIM CKOTUIeHUSIM. O01acTi BUAMMON
(4,9%) yvactu Bcenennoit, rae mpeodnagaer CTPyKTypa B BHIE
TPYNI ¥ CKOIUICHU TaJIaKTUK, OOpa3yIONIMX BBITSHYTHIC «HH-
TH» (CTeHbI) — (PHIIAMEHTBI, CO3/1AI0T CBA3HYI0 OOBEMHYIO CETKY
B3aMMO/IEMCTBYIOIIMX I'PAaBUTALMOHHBIX TIOJIEH My3bIpei (BOI)
U UX CTEHOK.

l'anakTnyeckasi HUTh, CT€HA, KOMILIEKC CBEPXCKOILIe-
HHIl, (puaaMeHThl — 3TO BCE camble OOJbIINE U3 MU3BECTHBIX
KOCMHYECKUX CTPYKTYp BO BeenieHHOM B (popMe HUTEN U3 rajiak-
TUK co cpeaHet mHoi 50—80 meranapcek (160—260 mui-



JIMOHOB CETOBBIX JIET), JIEKAIIUX 10 TPAHUIIAM MEXKY OOJIBIIN-
MU Imycrotamu (Borgamu). Hutu u Boriasl moryTt (hoopMHUpOBaTh
«BEJIMKHUE CTEHBI» — OTHOCUTENIBHO TJIOCKUE CKOIUIEHUS KJIacTe-
POB U CyIIEPKJIACTEPOB.

[Tpryém B 1ieHTpe my3bipen (BOi 1) HAXOATCS MOIIHbBIE SApa
YCT kBa3apoB, KOTOPbIE OTTAIKMBAIOTCA IPYT OT Jpyra OJHO-
VMEHHBIMU TTOJIOKUTEIBHBIMU MOJISIMHU, OIMHAKOBO NIPUTATUBASA
K ceOe CKOIUIeHU s U CBepXCKoTUIeH s [‘anakThk ¢ ux HapaOoTaH-
HOW TyJIbcapaMu JOYEpHEN Maccoy BeIecTBa, N3JIyvalolien oT-
pULIaTeIbHbIE TOTOKHU 3€PEH-TPAaBIIOTEHIIMAJIOB NTOJIA. B pe3ysb-
TaTe 3Ta Macca, UCTBITHIBASA IBOMHOE VI TPOUHOE MPUTSIKEHNE
CO BCEX CTOPOH CILTIOIIMBAETCS B (pOpMy cOOOpa3HO JEHCTBYIO-
UM CUJIaM B BUJIE CT€H, HUTEN U IPYTUX OObEMHBIX TEOMETPH-
YECKUX (POpM.

KBazapsl 110 pa3HOMY MOI'YT cO3JaBaTh CTPYKTypy aKTUBHBIX
BU3YaJIbHO perucTpupyemMbix oO0beKToB BceneHHol. 1o 3aBU-

cut or pasMepa ux agep YCT u3 nuanazona 10 ®_ 10 8 cm,
JUIMHBI BOJTHBI TpeKa MEPBUYHOTO JIEKTPOMArHUTHOTO KBaHTA,
ccopmuporagiirero 3to Aapo YCT u coctaBa OKpyKeHHS 00b-
€KTOB. B cilyuae MakcHMMaJIbHO Mpele/ibHbIX 3HAYEHUI pa3Me-
poB UCT u CKOIUICHN# TaJIaKTHK OHU MEXy COOOH JEeJIAT Mpo-
CTPAHCTBO C TAJIAKTUKAMM, TIPUTATUBAS UX ¥ OJHOBPEMEHHO OT-
TAJIKUBASCh APYr OT JIpyra, U TaKMM OOpa3oM OOpasyloT siue-
UCTYIO CTPYKTYpy. B cilyyae oTCyTCTBUSI TaJIaKTUK OHU MPUTSI-
TMBAOT K cebe J000e aTOMHO-MOJIEKYJISIPHOE BEIIECTBO U Jia-
e OTAesIbHBIE 3BE3/IBI, POKAas OT/AeIbHbIE BUIBI TATaKTUK. Kpo-



Me TOr0 CaMd OHM MOTYT TPUTSTUBATHCS OOJBIIAM CKOTLIE-
HUEeM B (popMe HEBHIMMBIX OOJIAKOB TPABUTAIIMOHHOTO 3hupa
C MPOTUBOIOJIOKHBIM 3HAKOM, TTOPOKAAEMOI0 aTOMHO-MOJIEKY-
JIIPHBIM BEILLIECTBOM, HO HECKOMIIEHCUPOBAHHOTO IMMYTEM aHHU-
TWISLIAY, IPOTUBOMOJIOKHOTO 110 3HAKY I'PABUTALIMOHHOTO (PU-
pa.

Buemnue mosnst 3BE31 M IUIaHET HapsAy C U3JIyuyeHUeM HUX
ueHTpaibHbIX sAaep YCT, KoTopple KOHKYPUPYIOT aHHUTWIISLIN-
el ¢ OOBIYHON CMECHIO TIOJIeH M3JIyYeHUs] aTOMHO-MOJIEKYJISIP-
HOT'O BEIEeCTBa, 0OJIAJA0T eMié U AOTIOHUTEILHBIMU (hopMaMu
BUXPEBBIX TOJIEH, MHAYKTUPOBAHHBIX TPUAJAMH TUIIEPMOHOIIO-
JIel, aKTUBMPOBAHHBIX CAMOBPAIIIEHUEM S1IEP ITUX aCTpOU3HU-
YEeCKUX OOBEKTOB.

KBazaps! ABISIOTCSI CAaMbIMK OTJAJICHHBIMU U SIPKUMU OOBEK-
TaMM B U3BecTHOM HaMm Bcenennon. B Havaine 60-x rogos 20 Be-
Ka yY€HbIE OIpPEIEINIIN KBa3apbl KaK Paiuo-3Be3/bl, IOTOMY YTO
UX CMOIVIM OOHAPYXKWTh, KAK CUJIbHBIE NCTOUHUKU PAJHOBOJIH.
Kak To7bKO MOIITHOCTD Paiio- U ONTUYECKUX TEJIECKOIOB CTala
HAMHOTO BbIIIIE OBUIO OOHAPYKEHO, UTO 3TO HE HACTOSIIIHE 3BE3-
JIbl, @ BU]L e1lle HEM3BECTHBIX HAayKe 3Be34000pa3HbIX 0OBEKTOB.

Mbl BUJUM UX IBUKEHUE, KOTOPOE TPOUCXOINIIO MUJUTUAPIBI
JIeT Ha3a/1 — TaK JIOJTrO CBET OT HUX jooupajics 1o 3emum. Ceityac
Mbl UX BUJUM TaKUMH, KAKUMU OHU TIOSIBUIUCDH JIECSATh-UEThIP-
HaJuaTh MUUTMApAOB JieT Ha3aa. CeroqHs KBa3apbl U paccTosi-
HUE JI0 HUX ONPEAEAITCS M0 KPACHOMY CMEIIEHUIO XapaKTep-
HBIX JIMHUW WX CIIEKTPA.



baazapbl — 3TO MOIIIHBIE UCTOUYHUKH SJIEKTPOMATHUTHOTO
U3YYEHUS B SIPAaX HEKOTOPBIX TAIAKTUK, ACCOLUUPYIOLTUXCS
C CBepXMACCUBHBIMU YEPHBIMU JIbIpamMu. OHU XapaKTePU3yIOTCS
HENpepPbIBHBIM CIEKTPOM BO BCEX JMANA30HAX JIEKTPOMArHUT-
HOT'O U3JTy4eHHus (raMMa, PEHTT€HOBCKOM, YJbTParoIeTOBOM,
uH(pPAKPACHOM U paauo). [l HUX TUNMYHBI TakKe OBICTpbIC
Y 3HAUUTEJIbHbIE U3MEHEeHHUsI CBETUMOCTH BO BCEX JUANa3oHax
CHEKTpa 32 NEPUO]] BPEMEHH B HECKOJIBKO CYTOK WJIU /1aKe YacOoB.
CBo€ Ha3BaHUE 3TH OOBEKTHI MOTYYUIIH OT IEPEMEHHOTO UCTOU-
Huka BL Amepuist (BL Lacertae), KOTOpbIM paHee CUMTAIICS T1e-
PEMEeHHOI 3Be3/101, HO 3aTeM ObLT UCHTU(PHUIIMPOBAH KaK PO
SJUTMNTUYECKON rajakTuku. Habmonaemble XapakTepUCTUKY Ta-
KHUX OOBEKTOB CXO/IHBI C XapaKTePUCTUKAMK KBA3apOB, UTO OTpa-
’KEHO B Ha3BaHUM «Ora3ap». OCHOBHOM MPU3HAK 01a3apOB — BhI-
COKasl IePEeMEHHOCTb OJ1eCKa, JOCTUTAIOIIAs] B ONITHYECKOM JTa-
na3oHe 4—>5m (TO €cTb CTOKpaTHOE U3MEHEHUE CBETUMOCTH).
N3nydenne cunbHO nossspu3oBaHo (30—40%), xapakTep Cnek-
Tpa — CTENEHHOM, YTO XapaKTEPHO AJIsi CAHXPOTPOHHOIO U3ITY-
yeHus1. B criekTpax 6;1a3apoB, B OTJIMYKE OT CIIEKTPOB KBa3apoB.,
OTCYTCTBYIOT SIpKH€ SMUCCUOHHbBIE JIMHUH, /17151 OJ1a3apoB Takxke
XapaKTepHO Y HAIMYUE PaJUOU3ITyUYEHUS.

Briazapbl BBINISIISIT MHOTO sIpY€ KBa3apOB OIMHAKOBOM MOIII-
HOCTH, b JKETHI OPUEHTUPOBAHBI MO-UHOMY. TurnuuHbie O71a-
3apbl OPOXKJIAIOT (POTOHBI CAMBIX Pa3JIMYHBIX SHEPTUM — OT pa-
JMOBOJIH /10 TaMMa-KBaHTOB. OTKpwiThiid [IIMuaTom KBazap kak
pa3 MPUHAAICKUT K YUCTy Oa3apoB, YTO OBUIO YCTAaHOBJIEHO



ik B 1981 rony. IMeHHO 3THM O0OBSICHSIETCSI €70 aHOMAaJIbHO
BBICOKasl CBETMMOCTh, Tak nopasumas [IImunra. U 6put0 yemy
ynuBJsATbest — 3C 273 ObLT M OCTaeTcsi Ha 3eMHOM HeOOCBOJE
camMbIM SIPKMM KBa3apoM Kak B paJMOCHEKTpe, Tak U B UH(Ppa-
KPacHOM M ONTUYECKOM JIMAIa30HaX.

B npocrpaHcTBe (pr1aMEeHTOB pacnosaraloTcsi CBEPXCKOILIe-
HUS TAJIAKTUK, K KOTOPHIM U MPUTSTHUBAIOTCS BHOBb 00Pa30BaH-

Hble caMble KpymHblie Oonee 10 8 em snpa YCT, obpazys 3Ty
SIYEMCTO-CETYATYIO KPYITHOMACIITAOHYIO CTPYKTYpYy BeenenHoi.
Mexny dumamMeHTaMu HaXoAsITCs MyCThlie OOJIACTU-NPOCTPaH-
CTBa, B KOTOPBIX OTCYTCTBYIOT TaJIAKTUKHM, HO B UX ILIEHTpax
U pasmelteHs! 3ti cample KpynHele YCT, koTopele M co3maior
9TU MPOCTPAHCTBA-TOJIS MYCTOT-BOI]. Bunumoe npocrpaHcTBo
Mexay ['anakTrkaMu u 3Be3IHBIMU CKOIUIEHUSIMU — CYTb ILJIOC-
KO€ MTPOCTPAHCTBO, MOPOKIAEMOE U PETYJISIPU30BAHHOE JTAIbHO-
JEWCTBYIOIIMMU I'PAaBUTALIMOHHBIMU NOJISIMUA AKTHUBHBIX S/IEP OT-
JeJIbHBIX 3BE3J, JAOJITOKUBYIIMMHU U CAMOJBMKYIIMMUCS SJIEK-
TPOMAarHMTHBIMU TIOJISIMH, & TaKkKe Pa3pO3HEHHBIMH CKOIUIEHU-
SIMM T'a30MbUIEBBIX OOJIAKOB ¥ TYMAaHHOCTEH.

Haubonee ynaneHHsle oT neHTpa BeenleHHON BHerajgakTuye-
CKMe OOBEKTHl — KBa3aphl, OOJaAaloNye MPaKTUYECKUd YKCTO
HEHTPAJIbHBIM U BO3PACTAIOIIUM [0 0OBEMY TOJIEM TATOTEHUS
YCT. Onu npuHagiexar K 0osee MOBEpPXHOCTHBIM cJIosiM Bee-
JIEHHOM, OOBSICHAIOT pacipenve BeenenHoit n pazoeranue [a-
JIAKTUK CO CBEPXCBETOBOW CKOPOCTBIO B MX PACILIUPSIOILEMCS 110-
ne. C MOMeHTa OTKpHITUS KBa3apoB B 1963 romy mporiecc 00-



HapyXeHUsI HOBBIX KBA3apoB Iesl 0YeHb ObICTpo U K 1988 ro-
Oy uX yke HacumthiBanoch okono 4000, a ceiiyac — yxe 0o-
nee 20 000. HabmoneHus 3a MECTONONIOKEHUEM OOHAPYKeHHbIX
KBa3apoB ABJIAIOTCSA BAKHBIM UCTOUHUKOM MH(OPMAIMH O pac-
rpeieJIeHu MaTepPUX aKTUBHOM (OTHOTIOJISIPHOM ) Macchl Bo Bee-
JICHHOM.

OmnpeneneHrie pacCTOSHUM JI0 TaJIeKMX KOCMUYECKUX 0ObeK-
TOB (TJIAKTUK M KBa3apoOB) MPOU3BOAUTCS B HACTOSAIIEE BPEMS
M0 «KPaCHOMY» CMEICHHIO «Z» WX CIHEKTPOB M3IydeHHs (o-
TOHOB. «Z» ONpPEESAETCS OTHOIIIEHUEM BETUYUHbBI «KPACHOTO»
CMeIIeHUsT KaKoW-JIMOO CIIeKTPAIbHOM JIMHUK B CIIEKTPE HAOJTIO-
JaeMoro o0ObeKTa K JIIMHE BOJIHBI 3TOH JIuHUU. KBazapsl — camble
Janekue BuanMble 00bekThl Beenennoi. [ToatoMy oHUM SIBISIIOT-
Cs1 TPEBOCXOAHBIM MPEAMETOM JJIsI UCCIIEIOBAHUS C LEJIBIO TIOJI-
TBEPKJEHUSI TOW WM MHOM Mojieniu BeenieHHOM.

Pacnpenenenne kBa3apoB. VccnenoBaHus pacnpeseseHus
KBa3apoB B MPOCTpaHCcTBe BeeneHHON npoBOAWIIUCH MO pa3HbIM
napamMeTpam, B TOM UHUCJIE U 10 BEJIMUMHE «KPACHOTO» CMeIIle-
Hus. Hanbonee nanekue kBazapsl HAOMIOAAIOTCS HA PACCTOSIHUN
B 30—35 MUIIMApIOB CBETOBBIX JIET, & CaMblil JIaJiekuid ¢ Z ~
9 Ha paccrostHuu 46 MUJTMAPIOB CBETOBBIX JiEeT. [LITOTHOCTH KBa-
3apOB BO3pacTaeT K nepugepun Beenennou.

l'anakTuku ¥ UX BUXpeBbIe MOJIsA

DTO IMraHTCKUE BUXPEBbIE IPABUTALIMOHHO-CBSI3aHHbIE CIU-
paJIbHO-111APOBBIE IO (POPME CUCTEMBI, COCTOSIIIIUE U3 3BE3, I1J1a-
HET, ra3a, TEMHOW MaTepuy U IPYTUX acTPOPU3MUECKUX 0ObeK-



TOB, C(OOPMHUPOBAHHBIE TIPUTSKEHUEM ITOJIsI MOIIHOTO CAMOBPa-
njaonierocs saapa YCT, pazmeniéHHbM B UX LeHTpe. Bee atu
OOBEKTHI SIBJISAIOTCS WHANKATOPAMU MPOTSIKEHHOCTU U pacipe-
nenenus nerictus nonent sipep YCT. JleOpoiineBckas myda Bo-
KPYT 9THX siiep CIOCOOHA MTPUBOIUTD U K TIOCTYMATEIbHOMY JBH-
JKEHUIO B TIPOCTPAHCTBE Beel raaktuku. [1ogoOHbIe spa MeHb-
IIUX Pa3MepPOB MOTYT ObITh U B BUJIe KBa3apOB U MYJIbCAPOB, T.€.
pacraiaTbCs ¢ U3JyuYeHHeM PaIMOBOJIH WM HEUTPOHOB. Kpome
rajJlaKTHK eIe HaOJI0AAl0TCs IIIAPOBbIe CKOIICHH S, KOTOPBIE OT-
JIMYAIOTCSL OT CIMPATIbHBIX HECKOJIbKO MEHBIITUMHU MapaMeTpaMu
sapa YCT — pazmepamu, CTeNeHbIo pacriaja, BUAOM U3TydeHus,
a Tak)kKe 4aCTOTON caMOBpaIIeHHsI BOKPYT COOCTBEHHOM OCH.

[To BHemHeMy BU/1y B ONITUYECKOM JTUATIA30HE PA3INYAIOT -
muntudeckue (okoso 17% ot oOiiero ymucia rajakTHK), CIIH-
pasbHbIe (0k0J10 80% OT 0OIIEro Ynciia raJlak THK ) U HeTIPaBUJIb-
HbIE TaJaKTUKH (0KOJI0 3% OT OOIIEro 4nciia rajakTuk). B ra-
JIAKTHKaX MIapOBBIE CKOIJICHUS, BXOJAIINE B CTapylo cheprye-
CKYIO TIOJICUCTEMY T'aJIAKTUK, COMEpKaT MHOKECTBO OEJIbIX Kap-
JMKOB. [1aBHOE CBOKMCTBO IMIAPOBBIX CKOIUICHWI JIJIs1 HAOoa-
TEeJIbHON KOCMOJIOTMY — MHOTO 3BE3]1 OIHOTO BO3pacTa B HeOOIb-
IIIOM TIPOCTPAHCTRBE.

ITpu stom B CAIl 0OCHOBHOM Hepa3penIMMblid BOIIPOC COCTO-
UT B MIPOUCXOXJEHUM OTAJIAKTUYECKUX Buxpei? B peasbHOM
MIpeJICTaBJIEHUU TaKOM BOIPOC TOIMPOCTY OTIAJaeT — B LIEHTpe
CIUPAJIbHBIX TAJTAKTUK HAXOAUTCS OYEHb MACCUBHOE CaMOBpa-

maromeecs s1po-YCT c pazmepamu ot 10 7_108%cm, aeé Bpa-



IaTeJIbHO-TIOCTYTATeIbHOE JIBMKEHHe 00pa3yeTcs TaKxke ecTe-
CTBEHHO, KaK W JBWXEHHE BCEW COJTHEUHOM CHUCTEMBI 4epe3
BpallleHue sijipa caMON MacCHBHOW 3Be3/ibl. BHOBb NIpHOBIBaIO-
1€ WM 3aXBaThIBAIOIIMECS OOBEKTHI NPy ABMKeHUU [ amakTu-
KU B COOTBETCTBUM C MX MAacCOM, CKOPOCTBIO M YIJIOM 3aXBaTa,
3aHMMAIOT COOTBETCTBYIOIIEE MOJIOKEHNE HA CIIUPATIbHBIX PyKa-
Bax WM BOJIM3U IIEHTPA TAIAKTUKU. DTO MOATBEPKIAOT U COB-
MecTHble X. Y. Baokoka padoTsl ¢ otiiom, X. II. Ba6kokom, Ko-
TOpBIE UCCJIEIOBAJIM BpallleHUe TaJTaKTUKY AHIPOME/Ib U MOKa-
3aym B 1938, 410 ee crimpaibHble pyKaBa BOJIOYATCHA — OTCTAIOT
BO BpAIIIEHUH OT sIpa.

B pesynbrate Bpamienus ['agaktuku oOpa3yeTcsi MarHUTHOE
T0JI€ ¥ 9TO MOJIe CBOMCTBEHHO €l Kak 1iesioMy. HayKuums Kpy1-
HOMACHITAOHOTO MAarHUTHOTO TIOJISI TAJIAKTUKY COCTABJISIET TIPU

stom 2 x 107° I'c, HO MOXeT HOCTUraTh 103 I'c, nposiBnsis
ce0s1 B MOHU30BAaHHOM ra3oBoM auicke [amaktuku. B crimpans-
HBIX TAJIAKTUKAX MarHUTHOE Tojie HanOoJiee CIIIbHO B UX pyKa-
Bax, [JIe OHO B CPEAHEM BBITSIHYTO BJIOJIb HUX. Y HEKOTOPBIX I'a-
JIAKTUK, Hanpumep, y ragaktuk M31 (TymanHocth AHapome-
Ibl), pacrnpesieieHre NoJisi UMEeT BUJ, KOJIbLIA, PACHOIOKEHHO-
ro Ha paccrosgHuu 10 Kk or neHTpa rajaktuku. Y Apyrux ra-
JIAKTHK, HannpuMep, y M33 u M5 1, oTU€TmMBO BeIpakeHa CTPyK-
Typa, UMemolas BUJ AByXPYKAaBHOW CIIMPAJIM — CBUJETEIbCTBO
JBYX MCTOYHMKOB IPaBUTALIMM, CBA3aHHBIX B napy. [lonspusa-
IIVs1 ONTUYECKOTO U PAJMOU3ITyUeHUs HAOMIOIAeTCsl He TOJBKO
B CIIMPAJIbHBIX, HO M B HEMPaBUJIbHBIX TaJaKTUKaX, HaIlpUMep,



B M82, NGC3718, Bonpmom MarenanoBom O0Jake, 4To yKa-
3bIBaeT Ha MPUCYTCTBUE B ITUX rAJIAKTUKAX KPYITHOMACIITAOHBIX
MAarHUTHBIX Toyier. OTHOCUTEIbHO CUIbHBIMU MarHUTHBIMU T10-
JIAMU 00/1aJAl0T PaJMOTATAKTHKH.

Pacrnipenenenvie u ¢opmsl nBrkeHus ['anaktuk. ['pynma ra-
JIAKTUK (popmupyeT (prjiaMeHThI (O4EHb TOHKHUE FAJIAKTUYECKUE
HUTEBUIHBIE CTPYKTYPbI) MPOTS)KEHHOCTHIO B MUJIJTMOHBI CBETO-
BBIX JIET U COCTaBJIsIET cKeseT BeenenHoi». ®uaaMeHThl pacno-
JIOXKEHbl TPUMEPHO B 6,7 MWILIHMAPAOB CBETOBBIX JIET OT 3eM-
. ['anakTUKH, CKOIUIEHUSI TaJaKTUK M UX CBEPXCKOIUICHMS,
«BCTPOEHHBIE» B (PUJIAMEHTBI, MOMEIIEHbI MEXY IyCTOTaMH,
co3/laBasi TEM CaMbIM I'MTAHTCKYIO «IeHY». OHM KOHUEHTPUpPY-
I0TCSI B M30THYTHIX «CTEHKaX» TOJIIMHOW nopsaaka 10 Muimo-
HOB CBETOBBIX JIET, MEpPeCcEeKaIuMxcs Apyr ¢ apyroMm. Hekoro-
pble «CTEHKH» MPOCJIEKUBAIOTCS HA COTHA MUJIJTAOHOB CBETOBBIX
seT. Tam, rJie CTEHKU «CMBIKAIOTCS», TAJIaKTUK OCOOEHHO MHOTO
(cBepXCKOIUIeHHsT). DTH 00JIaCTH TIOBHIIIICHHON KOHIIEHTPAITUN
rajJlakTUK 00pa3yioT B IPOCTPAHCTBE MOI00MEe UTMHHBIX BOJIOKOH
(uenoyek). BHYTpH 3TUX siUeeK, MEXy CTEHKaMU, TaKKe Haxo-
JATCS TYCTOTHI — «BOW/IBI-VOidS», B KOTOPBIX IJIOTHOCTD raJlak-
TUK KaK MUHUMYM B JIECSITh pa3 MEHbIIIE, YeM B CPEIHEM.

HekoTopbIM HAISIIHBIM AHAJIOTOM TaKOW CTPYKTYPbl MOKET
CIIy’KUTh TI€HA U3 MbUIbHBIX My3bIPEN, B KOTOPOU CTEHKH ITy3bl-
peil u urpaoT poib ¢punameHToB. [IpaBaa, pacnpenenexue ra-
JIAKTUK BJOJIb «CTEHOK» SIY€eK, B OIMYME OT pacrpeaeseHus
MBUIBHOTO PACTBOpPA B Iy3bIPsIX, OYEHb HEOAHOPOAHO, /1a U ca-



MU STYEHKU He 00J1aJal0T TPaBHJILHOCTHIO (hopM. Paszmeps 00i1b-
IIUX STYEeK COCTABJISIIOT OOJiee COTEH MUJIJTMOHOB CBETOBBIX JIET,
HO MHOTO 1 60Jiee MEJIKHX.

baukaiiiasi K HaM «CTeHKa» MPOXOAUT JJIMHHOM yror 4ye-
pe3 oxHble co3Be3aus ['uapel — [lenraBpa —Teneckomna — [1aB-
mvHa — VHpeina. OOpasyiommue ee TalakKTUKA UMEIOT JTy4YeBbie
CKOPOCTH B HECKOJIbKO TBICSY KM/C, ¥ OOJBIIMHCTBO W3 HUX
yIaJIeHO OT Hac He MeHee 4eM Ha 20—3(0 MUJUIMOHOB CBETO-
BbIX JieT. K 3TOll «CTeHKe» MpUHAUIeKUT U CKOIieHus B Jle-
Be, U Bce MectHoe CBEpXCKOIUIEHUE, Ha Nepudeprur KOTOPOro
pacnionaraercsi MectHas ['pynna rajlakTvk, BKJIo4amomas B ce-
05 Hamry [anakTuky. B ckoruieHuM ranaktuk B co3e3auu [le-
BBl TPEOOIaaloT IUIUIITHYECKUE 3Be3aHble cuctembl. Cpenu
TIOCJIETHUX BCTPEYAIOTCSI U CBEPXTUTAHTCKUE OOpa30BaHMS, Ta-
KM€, Kak rajaktuka M87. 16 rajakTUK 3TOro CKOIJIEHUSI BOIILTA
B Karaior Mecbe. CkoruieHus: B JleBe, B KOTOPOM HACUUThIBA-
0T OKOJIO 2,5 ThICSIY TaJIAKTHK, U SIBJISIETCS] IGHTPOM OJJHOMMEH-
HOTO CBEPXCKOIUICHUS TUIAKTUK. B HEro BXOAAT Tak:ke, Halpu-
Mep, CKOIUJIeHHs B co3Be3ausAX bombion Measeauiibl u ['oHUnMx
Icos. o ckornenuit [deBbl 1 bosbinoi Menseauisl MpuMEpPHO
OMHAKOBOE paccTossHKE — 0KOJI0 20 meranapcek. [Tockosbky mbl
HAXOMUMCS BOJM3H Kpasi 3TOW «CTEHKW», COCTaBJISIOIINE €€ ra-
JIAKTUKH 0Opa3yloT Ha HeOe CPaBHUTEIBHO Y3KYIO T0JIOCY, pac-

TAHyBIIyIOCA Oonee Yyem Ha 180°, HamogoOue Toro, Kak 3Be3/Ibl
["anakTvku KOHUEHTpUpYIOTCA B nosiocy Miueunoro ITytu. Ot-
JeJIbHBIX 3BE3/1 B raJIAKTUKaX BO MHOTO pa3 OOJIbIIIE, YEM OT/IEITb-



HBIX TAJIAKTUK B CTEHKaX sUeeK.

K apyroii 1yMHHOM «CTEHKE», MHOrA Ha3biBaeMon «Bemm-
Kas CTeHa», KOTOpask MPOTSIHYJIACh MMOJIOCOU MOYTH Ha MOJHeDOa,
MIPUHAJIEKUT Ooratoe XopoIo U3ydeHHOe CKorieHne B Boso-
cax BepoHuku, Haxopsieecss Ha pacctosstHAd nmodytu 300 Mui-
JIMOHOB CBETOBBIX JIET OT HAC, B LIEHTPE JPYIOM CBEPXTaJIAKTH-
ku. CkoruieHue B Bonocax Beponuku — siBiisiercs ieHTpom «Be-
JIMKOU CcTeHb». Kak u apyrue Goratbie CKOIUICHHS, OHO CONEp-
KUT MHOIO JUIMNTUYECKUX TIAKTUK. V3ydyeHne ero n1uHamMu-
KU BIEPBBIE YKa3aJl0 HA HAJIMYKE OOJIBIIIOTO KOJIMYECTBA HEBH-

JuMon Matepun. Macca ckorieHus: — okosio 10 15 Mace Comaria.

OnHO W3 KPYHHBIX CBEPXCKOIUIEHWI TaJaKTUK, 0Opa3OBaH-
HO€ HECKOJIbKMMM CKOIUICHUSIMH, YJJIEHHOE OT Hac MpUMeEp-
HO Ha 200 MWIJIMOHOB CBETOBBIX JIET, MOTY4YWJIO Ha3BaHue «Be-
JUKUN ATTpakTop». BcelleHHyl0 MOXHO CuMTaTh OJHOPOJHOU
TOJIBKO, HaYMHAsA C MaciiTada B HECKOJbKO COTEH MMJIJIMOHOB
ceroBbix JieT. Cpepa Takoro wim OoJbIero pamepa OyzieT co-
JepkaTh TPUMEPHO OIMHAKOBOE KOJIMUYECTBO TaJaKTHK, CKOII-
JICHU TIAaKTUK WIH «BOWIOB», a Ha 0ojiee MEJIKMX MacIlTa-
0ax pacripefieJieHre TAJIAKTUK HeJIb3s1 CYUTATh OJHOPOIHBIM J1a-
e MPUOTM3UTEITHHO.

Pa3mephl CBEPXCKOIIEHU IOCTUTAIOT COTEH MUJUTMOHOB CBe-
TOBBIX JieT. Bcero ke CBepXCKOIUIEHU! BBISIBJIEHO OKOJIO TOJTY-
cotHu. B kaxxgoe B cpeiHeM BXoAUT OKoJIO 10 CKOIUJIeHUH, XOTs
OBIBAIOT ¥ 3HAUUTEJIbHBIE OTKJIOHEHUS B OOJIBIITYI0 U MEHBIITYIO
cTopoHbl. CBEpXCKOIICHHUsI TATAKTUK SIBJISIIOTCS CAMBIMU OOJTb-



IIMMU U3 U3BECTHBIX CTPYKTYP, LIEIOCTHOCTh KOTOPBIX oOecre-
yuBaeTcsA rpasurauuend. Bo Bcenn Bupumon BceeneHHOM cBepx-
CKOIUICHUS PaclpeAesieHbl paBHOMEPHO.

[TpakTuyecku Bce CTEHbI COlepXkaT B CBOEM IIeHTpe Oora-
TOE CKOIUIEHUE TaJIakKTUK. B «Oym3koin» BceesieHHoM HaxomurTces
BCEro TpU TakuX CKoruieHus — B Bonocax Beponuku, Ilepcee
u ACO 3627, koTopoe 3KpaHUpyIOT o0Onaka Mmblii B MileuHoM
[TyTn.

Bce Nanaktvku HaxoasTCsA B COCTOSIHUM MOCTyNaTeIbHO-Bpa-
IIaTeJIbHOT'O IBUAKEHU S, IPY 3TOM NIEPBOIIPUYMHA BIHY K IEHHO-
IO NOCTYNATEJIbHOIO BpAILEHHs 3aK/II0Y€HA B MEXaHU3ME Bpa-
IIEHUS — 3TO TaKasl e TallHa, KaK 1 BpallleHUe BCeX 3BE3[ U aK-
TUBHBIX IJTaHeT. [[pyras TaifHa 3aKJ1i04aeTcsi B TOM, UTO IIpU Xao-
OJIOBCKOM pacimvpeHny BceneHHOW MPOUCXOIUT MPaKTHUECKH
Oe3bIHepIIMOHHOe pa3beranve [alakTWK CO CKOPOCTSIMH IPO-
NOPLMOHAIBHBIMU Y/IAJIEHUIO OT HAC, HAUYMHas C KaXJ0ro MocJe-

ayomero mara B 10 %3 oM Ha 30 km/cek. B atom 1 KpoeTcs OTBET,
KaK Ha MepBONPUYMHY BpallleHUs, TAK U HA MEXaHU3M IPOU3-
BOJICTBA HOBOT'O ITPOCTPAHCTBA B paciiupsionieics BeeneHHo.

Mup 3Be31 M rajakTUK BOOOIIE HE CMOr Obl BO3HHUKHYTh
u Beenennas ocranachk Ob1 O€CCTPYKTYPHO¥M, €CITH OBl I'PaBHUTALI-
OHHOE 110JIe OOBIYHOTO ATOMHO-MOJIEKYJISIPHOTO BEIIECTBA 3BE3]1
¥ TUIAHET He NPOsIBIISIIO Obl ce0s1 B BUJE (puTaMeHT Ha (poHe ak-
TUBHBIX LEHTPAJIBHBIX NOJIEN TATOTEHUS KBA3apOB, & TAKKE CBE-
TAIIENCS MAaCChl BOKPYT SIAEp 3BE3[ U TUIAHET.

CTpykTypa runepnpocTpaHcTBa.



HenpepsiBHOE paciivpeHre BHeIHeN nmoBepxHocTy Beenen-
Hou oOycnosiieHo Beimangennem YCT u3 ee «atMocdepsl», T.e.
U3 00JIaCTH, TJie KOHYAIOTCS TPAHUIIbl TPABUTALIMOHHBIX MOJIEH.
VBenmuyeHre BHEIIHEW MOBEPXHOCTH BceneHHOM MpoucxoguT
3a CUET pa3/IBUraHUsl I'PaHUIl ¢ aMOP(HBIM CUHTYJISIPHBIM IPO-
CTPAHCTBOM, KOTOPOE€ PETYIAPU3UPYETCS PACTYIIMM CO CBEPX-
CBETOBOW CKOPOCTBHIO I'DAaBUTAIIMOHHBIM ITOJIEM BHOBH 00pa3o-
BaHHOM YCT ¢ aKTUBHBIM MOJIOKUTEIBHBIM I10JIEM PABUTALIUU.

Takum 00pa3oM, CTPYKTYpy THITEPIPOCTpaHCTBa BeeneHHON
MOKHO TIPEJICTABUTD CIAEAYIOIIUM 00pa3oM:

— IlpoctpanctBo BeenenHoit oOpa3oBaHO AaTbHONEHCTBYIO-
MMM IpaBUTalMOHHBIMU nosisiMu siaep YCT, 3anonHeHo 3ie-
MEHTapHBIMH YaCTUIAMU, TA30MbLUIEBHIMUA TYMAaHHOCTSIMHU M 00-
JIAKaMH, CTSHYTO C MOMOIIBIO XOJIOAHOM TUIA3Mbl CO BCEMU aCT-
pou3ruecKuMM OOBEKTAMH, COIEPKAIIMMHU aTOMHO-MOJIEKY-
JIIPHOE BEUIECTBO OT IUIAHET, 3BE3]], TAJIAKTUK U UX CBEPXCKOII-
JICHUH, B €[IMHYI0, HO paciupsiouryocs Beenennyio.

— Pa3meps1 cambIx O0bIMX CTPYKTYP BO BeeneHnol — cBepx-
CKOILJICHUI TAJTaKTUK U TUTAHTCKUX «BOWI» — JOCTUTAIOT AECSIT-
KoB MeranapcekoB. Ob6mactu Beemennoit pasmepom 100 Mk
u OoJsiee BBINISAAT BCE OIMHAKOBO, TIPU 9TOM BbIJICJICHHBIX Ha-
MpaBJIeHU BO BceneHHoM Her.

— IIpocTpancTBeHHas KpuBU3HA BeesleHHON eciii 1 OTIIMYHa
OT HyJIsl, TO OYEHb MaJia.

— Ha GonbImx paccTOsSIHUSIX PErucTPUPYIOTCS] TOJBKO SIPKHE
OOBEKTHI, & CAMBIMU SIPKUMH TTOCTOSIHHO PAAMOU3ITYYalOIIIMH



o0BeKTaMK BO BcesleHHOM SIBIISIOTCS KBa3aphl.

B nenom Hamma BeeneHHast — 3TO «Iy3bIpb» pa3ayBaloIIErocs
HE B3PbIBHBIM 00pa30M IO BHEIIHEN MOBEPXHOCTU BEIIECTBEH-
HO SIYEHCTOrO IPABUTALIMOHHOIO MPOCTPAHCTBA, 32 CUET YBEJIU-
yuBaorierocst yrcia YCT u Bo3pacrarorero oobEMa rpaBuTa-
LIMOHHOI'O MPOCTPAHCTBA BOKPYr HUX. CpaBHUTH 3TOT IMPOLIECC
MOXHO C TIPOIIECCOM TMEHOOOpa30BaHMsI TIPU BHEIITHEM B30MBa-
HUM MBUIBHOM TIEHBI.

Buanmas yacts pazmepom Oosee 10 28 oM ot LIEHTpA 3aroi-
HEHA TaJlakKTUKaMHU, CKOTUIEHUSIMU M CBEPXCKOIJICHUSIMU TaJlaK-
THK, 00pa3yoIlIUX TPEXMEPHOE SYEUCTO-CEeTYaToe NaTbHOMEH-
CTBYIOILIEE I'PABUTALIMOHHOE ITOJIE U MJIOCKOE TPOCTPAHCTBO Bee-
JIEHHOM, HEPAaBHOMEPHO PEeryJisipu30BaHHOE I'PaBUTALIMOHHBIMH,
9MIEKTPOMArHUTHBIMU TIOJISIMU, Fa30IbUIEBBIMU OOJTaKaMU, TOJISI-
MU U3JTy4YeHUs U3 PA3HOOOPA3HBIX EMEHTAPHBIX YaCTHII U CBE-
TOBBIX (DOTOHOB. B 3TOI YacTH MPOM3BOICTBO NMPOCTPAHCTBA 3a-
KOHUYEHO, a Macca IMOCTOsIHHA.

IIpomeskyToUHAast YacTb BHEIIHEro c(hepryuecKoro cjosi ru-
neprpocTpaHcTBa oOpa3zoBaHa pacnazaatoimmucs YCT nHa paz-
HBIX 3Tanax 3BOMIOLUHM C 0OpPa30BAHUEM CBETSIIMXCS OOJAKOB
COpPOIIIEHHON aTOMHOM TIJIa3MBbI TIPH B3PhIBAX HOBBIX M CBEPXHO-
BBIX, UMITYJIbCHBIM U3JTy4€HHEM ITy/IbCApOB, HEUTPOHHBIX 3BE3[L
u 1. 1. Cepruueckuit cioii 0ObEMHOM HEBUIMMOM YacTH, pa3-
MEIEHHBI Ha MOBEPXHOCTH B 9TOM MPOMEXKYTOUHOM, 0OpasyeT
KpyMHOMAcIITaOHYIO U i€ YaCTUIHO BUAMMYIO YacTh Bcesnen-
HOM.



UCT, nynbcapbl, KBa3zapbl, HEUTPOHHbIE 3BE3JIbI, 1IBETHbIC
1 OeJble KapIuKH, C OJHOU CTOPOHBI, KaK 00J1a/1a10II1e TIOJIOKH-
TEJIbHBIM I'PaBUTALIMOHHBIM 3apsiZIOM, a TaKkKe OT/AEJIbHbIE 3BE3-
Jbl, B TOM YMCJIE U3J1y4YalOl1e TOJIbKO BUIMMBIN CBET, FAJIAKTUKA
Y MIX CBEPXCKOILICHU S, C IPYTOM CTOPOHBI, KaK 00JIaJaloIne BJI0-
0aBOK eIl¢ U OTPUIIATETLHBIM I'PABUTAIIIOHHBIM 3apsijioM, (pop-
MUPYIOT LeJIO€ CTSHYTOE BEIIECTBEHHOE IMPOCTPAHCTBO HAIlen
BcesnieHHON B BUAE AYEUCTO-TOYEUHOW TPABUTAIIMOHHOM IEHBI
Y TIEPEMEHHON MacChl.

HeBuanmasi noBepxHOCTHAsI 4acTh CJIOSI C(hephl MPOCTPaH-
crBa BeeneHHoi, cyiiecTBeHHO Oosblnas o 00beMy, MPeBOCX0-
JUT MPOMEKYTOYHYIO 1 BHYTPEHHIOI BUIMMYIO. DTa 0071aCcTh
pEeryJisipu30BaHa OTHOCUTEIbHO PABHOMEPHBIM pacipeae/ieHueM
KBa3apoB M IyJIbCAPOB M ONPEAEIAETCS, B OCHOBHOM, TOJBKO
I'PABUTAIMOHHBIMU, MArHUTHBIMU U JIEKTPUUECKUMHU TOJISIMU
ux YCT, a Takke uX HEBUAUMBIMU JIEKTPOMArHUTHBIMU TOJIs1-
MU (POTOHOB B PEHTTEHOBCKOM U pajuoauarna3oHax. B aroit ya-
ctu BeenieHHo, B ¢BA3M ¢ HenpepblBHBIM nepeMeniennemM YCT,
BCJIEJICTBUE TIOCTOSIHHO PACTYIIE MACChl U MAJCHUEM K LIEHTPY
MIACCUBHOW MAacChl, UX Pa3HOM 3BOJIIOLMEN, IPOUCXOIUT ITPOU3-
BOJICTBO JIOTIOJIHUTEIbHOTO T'PaBUTALMOHHOIO MPOCTPaHCTBA —
pacipenue BeeneHHon 1 yBenmyeHue e€ Maccehl. B 1iesiom sty
YacTh MPOCTpaHCTBa BeeeHHOM Gosee HarIsITHO ONUCaTh KPH-
CTAJUIMYECKOM PEIIETKON TBEPIOTO TeJa, y KOTOPOU B y3JIaX pa3-
MEIIIEHBI MOJIOKUTENbHBIE 3apsAbl aTOMHBIX SI/IEP, OKPYKEHHBIE
000JI0YKaMU M3 OTPHULIATENTLHO 3apsKEHHBIX JIEKTPOHOB. ToIb-



KO Y PELIETKYU TBEPAOTO TeJjia MOJIOKUTEIbHBIE 3apsi/Ibl (JIEKTPU-
Jyeckre) CTaOWJIbHBI TI0 3HAUYEHMIO, a Y KBa3apoB U MYJILCAPOB
3TOT 3apsA] (Macca) NePEMEHHbII, YTO U IIPUBOAUT K SBOTIOLUU
Y JIBUXEHUI0 BO BeeneHHOM.

Orunbarmomas nmoBepxHOCTh I'PAHUI] TPABUTAIIMOHHBIX MOJIEN
HENPEPBIBHO PACTET — 3TO BHEUIHSASI IMOBEPXHOCTH Bcelen-
HoW. Ha 3TOii rpaHmile mpoucxomuT HauOosee WHTEHCHUBHOE
IIPOU3BOJICTBO JIOMOJTHUTEIIbHBIX TPABUTAIUOHHBIX IPOCTPAHCTB
3a cuéT HoBbIX noJielt YCT, mocTynamiyx u3 HeBeeCTBEHHOTO
npocrpaHcTea. Macca — nepeMeHHa.

3arem crnemyer mepexojaHasi oonacth — atMoccepa Bcee-
JeHHoil. B armocdpepe npoucxoouT MPOU3BOACTBO TOJIBKO
TPEKOBBIX BOJIHOBOJIOB 3JIEKTPOMATrHUTHBIX JIMHEMHBIX IPO-
CTPAHCTB (POTOHOB BCETO YACTOTHOI'O CHEKTPA.

Oxkpyxarllee TpOCTPAHCTBO BOKPYr M CHapyxu aTtmocde-
pbl BeenieHHOM — cyTh aMoOp(pHOE CHUHTY/IIpHOE POCTPAHCTBO,
JIMIIIEHHOE KaKOW-TMOO0 OPUEHTAIIMU U PeryJspu3aliid, BCIe-
CTBUE OTCYTCTBHSI B HEM JIIOOBIX BUIOB MaTEPUH, U KOTOPOE TPO-
HU3aHO TOJILKO Tpekamu (potoHoB, oOpasyomux YCT.

Tam Kyga He JOCTUTraloT Jaxe MOTeHUMaIbl-3€pHa OT IOJIeH
YCT, TaMm HapCTByeT HeBeleCTBEHHOEe ITPOCTPAHCTBO, TyJa
U3penKa JOJIETaloT Jaxe (POTOHBI.

[MonBonss UTOrM MexaHu3MaMm OOpa30BaHMS TOTO WJIM MHOTO
IIPOCTPAHCTBA, BO3PACTA )KU3HU U NIEPEHOCA MATEPUN U SHEPTUU
B HEM, MOXHO C YBEPEHHOCTbIO KOHCTaTUpoBaTh. Bo-mepBbIX,
BCE€ BBIIICU3JIOKEHHBIE TTPOCTPAHCTBA-TIONS (OT aTOMHO-SIJEP-



HBIX [0 IPAaBUTAIIMOHHBIX OT SI€p 3BE3/1) OYEHb CUJIBHO OTJINYa-
I0TCS1 IPYT OT Jpyra Mo MJIOTHOCTH U IaJIbHOCTU JUHAMUYECKOTO
3acelsieHUs] 3¢pHaMU-TIOTEHIMAIaMu, a TaK)Ke UX Ka4ecTBa — 3TO
EKTPUUECKUE, MATHUTHBIE, TPABUTALIMOHHBIE, SJIEKTPOMArHUT-
Hble HUTEBblE Tpeku (oToHOB U chepsl UCT. Bo-BTOpHIX, ME-
PEHOC MaTepUH B SIIEPHBIX C(PepUIECKIX MUKPOIPOCTPAHCTBAX
MIPOMCXOMT MOYTH O€3 paccestHus], T.€. B COCTOSIHUM CBEPXTEKY-
YECTH, UTO U OIpelesisieT BO3pacT MPOTOHA, IEKTPOHA U APY-
TUX siiep aTOMOB XMMHUYECKUX JIeMEHTOB. B-TpeTbux, 0Opa3o-
BaBivecs neppuunbie YCT B ycnoBusax aMop(HOro mpocTpaH-
CTBa (HOJb MIPOTSIKEHHOCTU, HOJIb MAaTEpUM) HAUMHAIOT pacra-
JaThCsl B CBOEM COOCTBEHHOM T'PaBUTAIIMOHHOM MPOCTPAHCTBE,
uMest 10 OTHOIIEHUIO K MocyeqHeMY 0oJiee BICOKUH MOTEHITAI
SHEpruu.

W, HakoHel, nocieHee, pa3lyBaHue «I1y3blpsi» BcesleHHOn
IIPOMCXO/IUT 3a CYET pery/isipu3aluuy aMop(gpHOro NpoCTpaHCTBa,
T.€. HaIOJIHEHUE €r0 HOBBIMU HETPEPHIBHO PACIIUPSIOIIUMUCS
SIYEUCTO IPABUTAIIMOHHBIMU TOISMU-TIPOCTPAHCTBAMU C MOHO-
MOJILHO TATOTEIOLMM LIEHTPOM BOKPYT KaA0ro U3 YKcia naja-

formx YCT. Bece UCT m3 guanaszona 10 2_10 8 oM umeror oau-
HAKOBBII 110 3HAKY I'PABUTAIIMOHHBIN THIIEPMOHOIOIb, & HAPa0O-
TaHHasl MyJIbCapaMu JOYEpHsS SAepPHO-aTOMHO-MOJIEKY/IIpHAs
Macca — MPOTUBONONOKHBINA. [Toaromy cambie kpynHbie YCT
B MECTaX CBEPXCKOIUIEHUH TraJlaKTUK CO3AAI0T U3-32 B3AUMHOIO
OTTAJIKUBAHUS STYCUCTYIO CTPYKTYPY MYCTOT CO CTEHKaMU, TIPU-
TATUBAACH K OOIIEN aTOMHO-MOJIEKYJISIPHOM Macce 3TUX CBEepX-



CKOIICHHI C 0Opa3oBaHMEM OOBEMHOM TI'DAaBUTAIIMOHHOM CET-
k. Tak opmupyercsi pacrmmpsioniasicss KpymHomacirabHas
CTpyKTypa BceneHnHoil.



1.4 CosiHeuHas cucremMa, KaKk
HHANKATOP JAJbHOIEeNCTBHUS
rpaBUTAUOHHOrO MoJsa CoJiHia

ConHule 0Opa3yeT COJMHEYHYI0 CHCTEMY IUIAHET B TajlakTHKe
MieuHslil IyTh — 3TO 9 KPYIHBIX IUIAHET, U3 KOTOPBIX HEKOTO-
pble MMEIOT €IlEe U CBOM CIYTHUKM — Bcero 190, a Takxe mnosc
acreponioB. COlHEUHYIO CUCTEMY JIyUllle Ha3BaTh IIJIaHETApHAas
cucrema ConHIIA, B 9TOM CUCTEME OTCYTCTBYIOT «TOJIBIE» HEU-
TPOHHBIE 3BE3/bI U KBa3apbl — OHU UMEIOT TOT K€ 3HAK 3apsna
YCT, uro u aapo Connue. CylecTByeT elle U BHyTPH IJIAHETap-
Hble cucremsl: fOnmrepa (79 criyTHUKA, U3 KOTOPBIX 4 IIJTAHETHI),
Carypha (62 criyTHUKA, U3 KOTOPbIX 8 IUIAHETHI), YpaH UMeeT
27, a HentyH — 13. 13 Bcex acTpopu3nueckux 00beKTOB HauOo-
Jnee riyooko usyuensl 3emiis, JIyna u Connue. B menslieii cre-
nienu — IOnmurep, Mo u EBpora, a Takxe CarypH, DHuenan u Tu-
TaH. [Ipyrue riaHeTsl ¥ UX CIIyTHUKU cucTeMbl COJTHIIA U3yYEHBI
c em€ MeHbllei rryouHou. [1naneTsl ABUKYTCS MO UTUITHYE-
ckuM opoutam. Ha Bonpoc — nouemy He o kpyrosbiM? OTBeTa
HeT. Her oTBeTa 1 Ha BONpoc — noyemy IUIaHEThl 3€MHOM T'PyII-
bl HaxXoAATCs Ha OmkHUX K CONHIYy opOUTax, 4eM ra3oKul-
Kue. B mosice acteponsioB B HEMOCPEACTBEHHOM OIM30CTH U3Y-
4eH actepou] Becra u ero rnose rpaBUTaliiy OT OAHOTO HOJII0CA
10 IPYTOro, a TaK’ke MOJIs TPAaBUTALIMM IPYTUX aCTEPOUIOB — OHU



OTJIMYHBI OT MOJIEN I'PABUTALIMU 3EMJIU U IPYTUX TUIAHET — [oYe-
My? B conHe4yHOU cucTteMe MMEIOTCA MOYTH BCE acTpodusnye-
CKre 00BEeKThI, OOHApYyKEeHHBIE B JaJIbHEM KOCMOCE, OT yXke pac-
NaBIIKXCS TUIAHET A0 3B€3/1bl CPEAHEN BEJIMUMHBI, KPOME KBa3a-
POB, HEUTPOHHBIX 3BE3]] M OJTM3KUX K HUM KOPHUYHEBBIX Kapiv-
KOB — nouyeMmy? CosHeuHas CUCTeMa BpalllaeTcsl BOKPYT LIEHTpa
rajakTiku Mieunsiii [1yTh o mo4TH KpyroBoil opoUTe CO CKO-
pocThio okosto 220 km/c. A cama ["'aiakTvKa JBUKETCS CO CKOPO-
cThi0 20 KM/C 1O HAIpaBJIeHMIO K co3Be3ausAM JIupsl u ['epkyrne-
ca, yCKOpsIsSCh IO Mepe pacivpenus Beenennon. 3emuis, B Ta-
KHX JIBUXKEHUSIX, OMKCHIBAET B IPOCTPAHCTBE BUHTOBYIO JIMHUIO.

OCHOBHOE OTJINYME ITUX ACTPOPUZNYECKUX OOBEKTOB OT TO-
KOSIIIIMXCSI OOBEKTOB, pa3MeIEHHBIX Ha TIJTaHETaxX M 3BE3aX 3a-
KJIIOYAeTCs B TOM, YTO OHM 00JIa/Iat0T 0ojiee 3HAYMTEILHON Mac-
COM, UMEIOIIEH CYIIeCTBEHHOE BpalleHue BOKPYT KaKou-1100
MIOCTOSIHHOM OcH. B cBfI3M € Tem, UTO Bce Bpallaioiyecs Tena
MHAYKTUPYIOT BOKPYT OCH BpallleH!s CBSI3aHHBIE KECTKO C 1IeH-
TPOM CHUCTEMbI MACC BUXPOHBI, TO ITOT MPOLIECC CTAHOBUTCS 11
Ha3BaHHBIX OOBEKTOB MPEBAIMPYIOLTUM ISl TEHEPAIlUU JAOMOJ-
HUTEJIbHOW SHEPrUU B (pOopME MEXaHUYECKHUX U JIEKTPOMAr-
HUTHBIX THIIEPBUXPOHOB.

YcranosneHo, uto 3emuis qBuraercs no opourte BoKpyr ConH-
I[a OTHIOAb HE C PaBHOMEPHOW CKOPOCTBIO, a JielaeT HeOOb-
111e IPUTOPMaKMBAHUS U PHIBKM BIIEPEN MO HAIIPABJIEHUIO CBO-
€ro JIBUXEHUsl, KOTOPble CUHXPOHU3UPOBAHBI C COOTBETCTBYIO-
MM nosnokenueM Jlynel. OHaKO, HUKAKUX IBUKEHUN B CTOPO-



HbI, TIEPIICHIVKYJISIPHbIE K HAIPABJICHUIO CBOEW OPOUTHI, 3eMJIs
HE JIe/IaeT, HECMOTPSI Ha TO, 4TO JIyHa MOXeT HaXOIUThCS C JII0-
0011 CTOPOHBI OT 3eMJIM B TJIOCKOCTU CBOEH OPOUTHI — IoueMy?
CoBpemeHHas IMBUJIM3AIHS TTOChLTAET anmapaThl 17151 U3y4YeHH s
OMKHETO U IaJIbHEro KOCMOcCa, a Ha CBOEH IJIaHeTe JI0 CHX TTOp
OCTaIOTCSl «OeJble TATHA» B MCCIIEIOBAHUSAX OCHOBHBIX BOIIPO-
COB CTPYKTYpPHI IIEHTpa TUIAHEThl, SHEPTUU si/ipa, MPUPOABI Ts-
TOTeHUsI, PACHIMPEHUs] WM CKATHS TUIAHEThI, TAlHbl TPAHUTH-
3aIUM TIEPBUYHBIX 0A3aJTbTOB, IPUYMHBI U3JIMSTHUAN JIaBbl BYJIKA-
HOB Ha MOBEPXHOCTh, HEMIPEKPAILAIOIINeCs] pa3/iOMbl BHEIIHEN
MIOBEPXHOCTU 3eMJIY, MPUBOJISIIUE K €€ 00IeMy YBEJINYSHUIO
B 00bEME U T. II.

Jlaxke Tpy UCCIEAOBAHUSIX AAJTBHET0 KOCMOCA HAKOMUJIOChH
MHOTO TIPOTHUBOPEUMBBIX JAHHBIX, KOTOPbIE MOBTOPSIOTCS C 3a-
BUIHBIM TOCTOSTHCTBOM, HaUMHAs OT MEPBBIX MPOO MomagaHus
B JIyHy 1nu oTnpaBKM 30HAOB K CIyTHUKaM Mapca, 3akaHuuBast
MOCJIETHUMH TIOTIBITKAMU BBITH Ha OPOUTHI BOKPYT ACTEPOHIOB
WA KOMET, CUJIa IPUTSIKEHUS Y KOTOPBIX MMOTHOCTHIO OTCYTCTBY-
eT Iake Ha MX MOBEPXHOCTU. A KakK e 3aKOH BCEMHPHOTO Tsi-
rorenust Herorona?



1.5 BuxpesBblie noJs
BOKPYTI 3B€3/1 U IIAHET

MexaHu4ecKkne runepBUXPOHbI WJIH 3apsiIbl TBUKCHUS —
9TO HOBas AeOpoiiieBckas hopma (nedpoiieBckas «Iryda» ) MH-
JOYKTUPYEMOH JIOTIOJTHUTETbHOW SHEPTUH BpaIlaloIIeics rurep-
MaTepuel ¢ BHICOKUMU 3HAYCHUSIMA MAcC U HIHEPTHOCTU B BUJIE
BOJTHOBOJIOB 3apSIIKHU M Pa3psAKK c(heprdecKoro rpaBUTAIMOH-
HOTO TUTIEPMOHOIIONS (3apsi/i SHEPTUU), CO3/AIONIET0 CTPYKTY-
Py I'PaBUAIEKTPOMArHUTHOTO TUTIEPIUIIONS, CTIOCOOHOTO COBEP-
IaTh TIEPUOJUYECKH MPOIIECCHl KBAHTOBBIX MEPEXOIOB IS CO-
XPaHEHUS CPEIHEN SHEPTUM.

Bo BcenenHoii HaOmomaeTcsi paBHOBECHOE M JIONTOBPEMEH-
HOE caMOBpalleHHue aBTOHOMHBIX TMPOCKOIOB B (popme CBs-
3aHHBIX B CHUCTEMbI MacC 3BE3[, TUIAHET, KBa3apoB, MYJILCAPOB
¥ 3BE3HBIX TAIAKTUK, IPUBOJISIIIEE HE K MEPEeBEPTHIBAHMIO TICH-
Tpa Macc TeJa JUIsl ePEToTIOCOBKY IPABUTAIIMOHHBIX THIIEPMO-
HOTOJEH, a K Apyromy 3 deKTy — nepenonocoBKA MarHUTHBIX
TUTIEPMOHOIIONEH, T.€. TIEPETOII0COBKA IPAaBUTAIIMIOHHBIX MOHO-
NOJIel Yepe3 MepernoiocCOBKY MarHUTHBIX. [Iporiecc mpowucxo-
IWT criemyionmM oopasom. HakorieHHast BpareHreM SHeprust
IUIsl TIepe3apsiku TPaBUTAIIMOHHOTO MOHOIOJS CHavyasia mepe-
XOIWUT B UHAYKIIUIO CBSI3aHHOTO M BPAIIAIOIIETOCS MAarHUTHOTO
TUTIIEPMOHOIIONS. 3aTeM, B MPOIECCe ero pas3psaky depes To-
CpPeNCTBO MPOTUBOJEHCTBYIOIIETO MEKTPUIECKOTO TMIIEPMOHO-



NOJIs1 IPOUCXOIUT MEPETIONIOCOBKA MOJIIOCOB, a yXke MOCIE 3TO-
IO MPOTHUBOIOJIOKHBIA MATHUTHBIM THIIEPMOHOIONb CBA3aHHBIN
C MaccoM siJipa 3Be3/Ibl POKIAET UHIYKTUPOBAHHBIN I'PaBUTALIU-
OHHBII rUrep3apsj ¢ MPOTUBOMOIOKHBIM 3HAKOM. Takum oOpa-
30M [IPOUCXOAMT MEPETIONIOCOBKA IPABUTALIMOHHBIX TMIIEPMOHO-
MOJIEN, UTHAYKTAUPOBAHHBIX BPAILIEHUEM, B CBSI3AHHBIX CUCTEMAaxX
Macc CO CIMHOM HOJIb.

D70 Ke SBJICHUE SIBJISIETCS TPUUMHOM MaKCUMAJIbHOM aKTHB-
HocTH sigpa ConHLa, NPy KOTOPOU MPOUCXOJUT U3JTyYEHUE MOIII-
HBIX MarHUTHBIX MaKPOMOHOIIOJIEH, KOTOPbIe BU3YaILHO HAOIIO-
JIAI0TCS HA TOBEPXHOCTH (pOTOC(EPHI U B ITOT MEPUOA TPAKTUYE-
CKM TIOJTHOCTBIO TIOKPBIBAIOT «UEPHBIMU» IMSITHAMU €r0 MOBepX-
HOCTbh OT 9KBaTOpa J0 MOJIOCOB. YKA3aHHBIN MPOILECC U SIBJISI-
€TCsl OCHOBHBIM [UIsl cOpOCa HEPruy, HAKOIIJICHHOW BpallleHH-
eM siipa CosHIa MpU MEepenoioCOBKE €ro MarHUTHBIX MOJII0-
coB. Takum 06pa3oM, BMECTO MOJTHOTO KBAaHTOBOTO MPeodpa3o-
BaHUs SHEPryu, 3aTpaurMBaeMoi raiikoi /[»kaHnOekoBa Ha KBaH-
TOBBII TEPEX0]] — BOJTHOBOW OE3bIHEPIIMOHHBINA TIEPEBOPOT €&
LIEHTPA Macc, Ha MUIAHETAaX Y 3BE3/1aX MPOUCXOIUT IMPOLIECC UH-
BEPCUM MArHUTHBIX MOJIOCOB C pereHepalyer npoTUBOIIOIOK-
HOT'O I'PAaBUTALIMOHHOTO MoHOMNoJsA. [loaTomy rpaBUTaliMoHHOE
nosie CoytHIa NEPUOJNYECKHU YBEJIMUMBAETCS UM YMEHBIAETCS
Ha HEeOOJIBIITYIO BETUYMHY TAKOTO TIEPEMEHHOT0 MHIYKTUPOBAH-
HOT'O T'paBUTALIMOHHOrO 3apsaa. [1oaTtoMy ruiaHeThl COTHEYHON
CHCTEMBI ABMKYTCS HE TIO KPYTOBBIM, a IO JUTUTICOUHBIM OpOH-
Tam. Takor mponecc MOKHO OIPENEINTh, KaK KBAHTOBYIO CaMO-



MHIYKLHMIO TPaBUTALIMOHHOTO MOHOMOJSI B CBSI3aHHOM Bpallialo-
IIENCs CUCTEME MacC B [JBa B3aUMOCBSI3aHHbBIX APYTUX — MATHUT-
HOT'O U 3JIEKTPUYECKOT0, T.€. KBAHTOBBII MEPEXOJ] U3 COCTOSTHUS
MEXaHUYECKOIO B COCTOSIHME JIEKTPOMArHUTHOTO, CBSI3aHHOTO
C OCHOBHOW Maccoy rumnepBuxpoHa. OJHaKo B OTJIMYKE OT 3a-
MKHYTOTO BUXPOHA JIEKTPOHA, TOCIEJHAN CIIOCOOEH MPOU3BO-
JWTH yke 00a MPOTUBOIONOKHBIX MarHUTHBIX W TPABUTAIIMOH-
HBIX 3apsA/1a, YTO MOATBEPKAAETCS] MHBEPCUEN TOJIIOCOB U JIEK-
TPOMAarHUTHBIM M3JTyYEHUEM MOIIHBIX CBOOOJHBIX MArHUTHBIX
MakpoMoHornosed. HazBaHHOe sBjieHHE MMeeT MECTO Ha 3eM-
ne, Ha ConHile, Ha FOrmTepe u ipyrux oobekTax BceneHHOM,
IIPU 3TOM COXPAHSIETCS MOCTOSIHHBIM OTHOIIEHWE MarHUTHOTO
MOMEHTa K MEXaHUYECKOMY — aHAJIOT TUPOMAarHUTHOTO OTHOIIIe-
HUsI B MUKPOMATEPUU.

VIMEeHHO 3TOT e NepeMEeHHbII I'paBUTALIMOHHBII THIIEPMOHO-
0JIb OTBETCTBEHEH 32 aHOMAJIbHOE CMellleHue nepurenust Mep-
Kypusl. A Tak Kak 3TOT 3apsi]] B MAKCUMYME CBSI3bIBA€TCS C MOSIB-
JIEHUeM «4€pHbIX» nsTeH Ha COJHIIe, TO MUMEHHO 3TOT MPOLIECC
JOJKEeH OBITh OTBETCTBEHHBIM 32 HallryMeBiliee B XIX Beke Takoe
noBesieHue tianetsl Mepkypuii — B 1881 roay [e Jla Pio, Crtio-
apt u JIéBn oOHapYyKMIM PUYMHHO-CIIEACTBEHHYIO CBSI3b MaK-
CHMaJIbHOTO yuciia nsAteH Ha CoJHIIeE ¢ MOMEHTAMU MTPOXOKe-
HUs1 MepKypus uepes nepuresuii.

3apsaka — 310 nporecc popmupoBaHus cepsl 3apsaaa Cym-
MapHbIM T'PaBUTALMOHHBIM MOTEHIIMAJIOM BOKPYT Bpalllaloniei-
CA CHCTEMBI MAacC M KECTKO CBA3aHHBIA C HEW, a paspsjaka —



3TO NPOLIECC YCTAHOBKM CTAllMOHAPHOIO BOJIHOBOJIA U3 HEPABHO-
MEPHO PacCHpeeEHHbIX HA HEM I'PABUTALIMOHHBIX OIOPHBIX 3€-
PEH-TIOTEHIIMAJIOB, TEOMETPUYECKH (PUKCUPOBAHHBIX B OKpPYXka-
IOLIEM IPOCTPAHCTBE U KECTKO MPUBA3AHHBIX K LIEHTPY CUCTE-
MBI Macc OOBbEKTa ero NopoAMBIIKX. [l coXpaHeHusl cpeaHen
9HEPIUY 3TOM CUCTEMBI MACC, BBILLIEAIIEY B PABHOBECHBIN PEKUM
CaMOJIBUKEHU Sl BPALLICHN S, MEXaHUUECKUI TMIIEPBUXPOH CIIOCO-
OeH pery1mpoBarh OTOOp BHYTPEHHE! SHEPriy y BeleCcTBa 3TOM
cucrembl, B ToM uuciie y sapa YCT, a Takxe B3aMMOOEWUCTBO-
BaTh C BHEITHUMM ITOJIIMUA OKPYKAIOILETrO BEIECTBA U TPOU3BO-
JWUTh COPOC HEPTUU B BHUJE 3BYKOBOTO M3JIyYCHHs IIMPOKOTO
JMana3oHa 4acToT [10CJIe MPEBBIILIEHUS] UM HEKOTOPOTO Npejea.
B HEKOTOpBIX Cydasix 3TOT COPOC MOKET MPOUCXOIUTH TOJIBKO
Yyepe3 KBAaHTOBBIH Mepexoy] ¢ 00pa30BaHNUEM JIEKTPOMAr HUTHOTO
TUTIePBUXPOHA, CIOCOOHOTO Oosiee THOKO (6e3 mepeBopoTa) Mofl-
JepkuBaTh OANaHC SHEPrUM TaKOW cUCTeMBbl. SIBieHus, compo-
BOXJAIOIIHE 3aTeM TaKhe KBAaHTOBBIE MEPEXO/bl U OyAyT TaKke
IIPEJMETOM PAaCCMOTPEHUS B JaHHOM pasJelie.

MarHuTtHble TIOJIsI 3B€37] TEM CHIIbHEe, YeM ObICTpee Bpallle-
HYe 3Be3/1bl (WJIM aKTUBHOM IJIAHETHI), IJIOTHEe U OoJIbLIIe e€ pas-
MEp, a 3BE3/IHBIE NOJIS1 HE MPOCTHIE MOJIs TUIA IUNOJS, a Mepe-
MEHHBIE. ITO, B IEPBYIO OYEPEb, OTHOCUTCSA U K KBa3apam, HEU-
TPOHHBIM 3BE3JaM U KapjMKaM, HaXOALIMXCS Ha Pa3IM4HbIX
Tanax 3BOJIOLUU.

BisKeTT, OTKpBhIB OCTOSIHCTBO OTHOLIEHWI MarHUTHOTO MO-
MEHTAa U YIJIOBOTO MEXAHWYECKOIO MOMEHTA BpAICHUs IS
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