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AHHOTaAMSA

B yacTu 2 KHUTY TIpUBE/IEHBI CTPYKTYPHI TOJICH OT UCTOYHUKOB U
ux ¢hopM, a TaKxkKe IPOU3BOJICTBO U YHUUTOXEHUE SHEPTUU, POXKJICHUAE
XOJIOHOW AaHTUIPaBUTAIIMM M XOJOTHOW 0e3MaccoBOW IUIA3MBbL,
XOJIOMHOTO SIJIEPHOTO paciaji-CuHTe3a. PaccMOTpeHbl MeXaHU3Mbl U
CBOWCTBA BUXPEBBIX TOJIEH, XOJOJHOIO JIEKTPUYECTBA U XOJIOTHBIX
MJTa3MOUJIOB TUIIA IIAPOBOM MOJHHUM. BOJbIlIoe BHUMaHUE YIEJICHO
BO3MOXHOCTH TIPOM3BOJICTBA  AHTUTPABUTAIIIOHHBIX ~ O0OJIOUYEK-
KOKOHOB BOKPYI TOBEPXHOCTH TBEPIBIX TeJl, YHUUYTOKEHUIO
WHEPTHOCTH TeJ1 U OE3bIHEPIIMIOHHOMY JBHKEHHIO.
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I'naBa 3. BeniecTBo u mo.Je

B cootBerctBum ¢ CAII BemecTBo Haei Beenennoit o6pazo-
BAJIOCh B pe3ynbrare bonbmoro B3peisa 14 Musumapnos JieT Ha-
3a1. OIHAKO 3Ta TEOpUsl HE MOATBEPKAAETCS IKCIEPUMEHTAIIb-
HBIMU HaOMoaeHusIMU ¢ Teseckorna J1. Y260, He oObsCHSET pac-
mvpeHre BceseHHOM, MPOU3BOACTBO BEUIECTBA HA COBPEMEH-
HOM 3Tarie ¥ MHOTUX JAPYTUX SIBJICHU, U3 KOTOPBIX, CAMOE IJ1aB-
HOE — 3TO e€ HeCIOCOOHOCTh OOBSICHUTh ACHMMETPHIO Bellie-
CTBA 1 AaHTUBEIIECTBA.

CAII cumnTaet, YTO aHTHBENeCTBO COCTOUT U3 aHTUYACTHII,
KOTOpbIe 00JIaAaI0T OAMHAKOBBIMU C YACTUIIAMU CIIMHOM U Mac-
COM, HO OTJIMYAIOTCS APYT OT Jpyra 3HaKaMu BCEX JPYTUX Xa-
pPaKTEpUCTUK B3auMoJencTBUsI. HeT oTBeTa M Ha BOIPOC O Cy-
IIECTBOBAaHUM AHTUI'PABUTALNH, T.€. CYLIECTBYIOT JI Y CTPYK-
TYPUPOBAHHBIX KJIACTEPOB aHTUMATEPUHU MOJISI AHTUT PABUTALIUH,
No/I00HbBIe TPABUTAIIMOHHBIM TOJISIM KjiactepoB Matepruu? Teo-
pETUYECKY, aHTUTPABUTAIUA 3aMpelieHa Kak MPUHIIMIIOM K-
BUBAJIEHTHOCTH CUJI TPAaBUTALIMM W WHEPIMH, Tak W OOIIen
TeOpUel OTHOCUTENILHOCTU U3-3a OTCYTCTBUSI OTPHLATEIbHON
Macchl, HEOOXOTUMOM JIJIsI CO3/IaHMS OTPULIATETbHON KPUBU3HBI
npoctpaHcTBa. B 10 ke Bpems 3kcniepumentsl BASE!, GBAR
u ALPHA B IIEPH ¢ anTUnporoHamMu ¥ aHTUBOIOPOIOM TTpaK-

! Conosrér B. M. «VcciieloBaHNE CBOICTB AHTHBEIIECTBA B skcriepuMenTe BASE
(IEPH)». Cemunap OPBD 16 nosiopst 2021.



TUYECKU JIOKA3bIBAIOT, YTO AaHTUMATEPUS TAKKe MPUTATUBAETCS
B TPABUTAIIMOHHOM I10J1e 3eMJIH, KaK U OOBIYHAST MaTEepHSI.

C apyroy CTOpOHBI, LIEBIN KJIACC YKE MOCTPOEHHBIX I'PaBU-
TONETOB U3 00bIYHOro BemecTBa [[. Kumu, B. IllayGeprepa, /.
Cepna, B. C. I'pebeHHUKOBA U pEeBHUE TEXHOJIOTHH MEPEBUKE-
HUSI MHOTOTOHHBIX TUTAT MPH CTpouTesbeTBe B Tudere u Erunre
C MOMOIIBIO 3BYKA JOKA3bIBAIOT CYIIECTBOBAHNE AHTUTPABHUTA-
IMOHHBIX M0JIell BOKPYT MOBEPXHOCTH TBEPABIX TeJT HA 3emuie.
OpHUM CI0BOM, BCE YKa3aHHbIE OMpPeAesIeHUs] CBOWMCTB U MeXa-
Hu3M poxaeHus 4,9% semecrsa Beenennon no CAII Bosnsmoro
B3pbIBA HE BEPHBI.

CoracHO peaJibHOrO IpPEICTABICHUS BEIIECTBO MOPOXKIE-
HO U3 cBepXIUIoTHOro cocrosiuust YepHoix Cepuueckux Ten
(UCT)>2. Dro npopomkeHre pa3BuThs BIopakaHCKON KOHIIETITAN
B. A. AmbapiiymsiHa ¢ orpeiesieHueM MeXaHU3Ma UX POXKAECHUS
U pacriajia B Haieil BceneHHOM, pu KOTOpOM U POsKAaeTcs
BelleCTBO HAa COBPEMEHHOM 3Tarle.

BemecTBO COCTOMT M3 KOJJIEKTMBA aTOMOB (aTOMHBIX S1Ep
Y 9JIEKTPOHOB BOKPYT HUX) M 00pa3yeT KJacTepbl B Pa3TUYHbBIX
arperaTHblX COCTOSIHMSIX (ra3, )KUAKOCTb, TBEPIOE TEJIO U T.A.)
Ha TIOBEPXHOCTH 3BE3[1 U IJIaHET, 00/1a/1aeT BHEIITHUM KOPOTKO-
JIEMCTBYIOIIMM TPaBUTAIIMOHHBIM TosieM. [Ipu 3ToM, Kakaplit
aTOM BHOCHUT CBOM BKJIAJl B 3TO IOJIE, @ BOT €r0 JIEKTPUUYECKOE
TI0JIe OIPAaHUYEHO TpeJeSIaMy JIEKTPOHHBIX 000IOUEK.

2 Onpepnenenue Mexanusma poxaeHus YCT npuBegeHo B 4acTu EPBOY U TPETbel
3TON KHUTU.



IIpupoay marepum aTroMOB HAIVISIAHO JEMOHCTPUPYET
CTPYKTypa W A0Jrasi XU3Hb 7eKTpoHa. OHa 3aKJII0YeHa B Mar-
HUTHOU SHEPIruu, KOTopas MopoxaaeT rPaBUTAIIMOHHYIO U JIEK-
TPUYECKYIO SHEPTHI0, YTO MPOSBISAETCS MACColl B TIONE TATOTe-
HUS 3eMJIU U KJIACTEPOM JIEKTPUIECKOro pupa, CO3IAI0IIETO
YPABHOBEILEHHBIA JEKTPUYECKUAN 3apsA] U pa3Mep atoMa.

IIpupona B3aumojaencTBuil OOYCJIOBJEHA MPUTSKEHUEM
U OTTaJKuBaHueM noseil. [IputskeHne 3akinoyaercs: poxkaeHu-
€M XOJIOJIHOM 0€3MacCOBOM TUIa3Mbl, KOTOpask YHUUITOXKAET MPO-
CTPAHCTBO, a OTTAJIKMBAHUE — MOPOXKIEHHEM HOBOT'O MPOCTPaH-
cTBa. B3aumoneiicTBue aTOMHO-MOJIEKY/IIpHON Matepuu ¢ o-
TOHaMU OOYCJIOBJIEHO POXJIEHUEM IPaBHIJIEKTPOMATHUTHBIX
MYJIbTUIIONEN, a CO 3BYKOM — JIe3MHTerpamnuei 1 BO3MOXHO-
CTBIO CO3JIaHUsI BOKPYT BHEIIHEW MOBEPXHOCTU TBEPIOrO Tena
AHTUTPABUTAMOHHOIO 3apsi/a.

Poxxnenne BemecrBa. Bce atoMbl Ha MOBEpXHOCTU 3eM-
JIM TIOSIBUWJIMCh B pe3y/bTaTe pacrajga HeUTpalIbHBIX sigep Oe3
aTOMHBIX 000JI0UEK, KOTOpbIe ObUTM HHTETPUPOBAHBI U3 SHEP-
vy BOJMM3M sijipa 3eMJIM U TIPOIILIM MyTh OT HEUTPOHA JIO aTo-
Ma Bofopona. s ux oOpaTHOW Ae3WHTerpamuu C Bblele-
HUEM 3aTPaueHHOU SHEPrUU MOTPedyeTcs CrielualbHbIe MEeTOJIbI
BO30YKJICHUSI BEIIECTBA C 3aTPATON HEKOU MEPBUYHON SHEPIHH.
DTO MO3BOJIUT MOMYUYUTh (Pa3bl MEPEXOAHBIX MPOIIECCOB U U3Y-
yuTh OoJiee IyOOKOe MOHMMaHUe CTPOEHUST MaTepHU.

CradunabHocTh BemecTBa. Eciu B MuUKpomupe BO30YXK-
JIeHHe U TIepexoll Ha3aJl B PaBHOBECHOE COCTOSIHUE aToma



OrpaHWyYeHo Jullb (GoToHAMU U (POHOHAMHU, TO B MaKpPOMU-
pe BO30y:KJeHHe CTaOMIBHOTO BEIIeCTBa W Iepexo]] Hazajl
B PaBHOBECHOE COCTOSTHME Oojiee Pa3HOOOpa3HO, a MPOIyK-
Thl TAKKX TMPOIECCOB UMEET OOJbIIIOe MPHUKJIAJHOE 3HAYCHUE
B ObiTy. Ha moBepxHocTr 3emiin BEIIECTBO B OCHOBHOM Ha-
XOIOUTCSI B HEUTPAILHOM HEBO30Y:KIEHHOM U CTA0OHJIBLHOM
COCTOSIHUM €ro aTtoMoB. VICKJIIOYEHHSI COCTABJISIET JIMIIIb €CTe-
CTBEHHAsl PaJMOAKTHBHOCTh BEIECTB, OOYCJIOBJIEHHAsl pacma-
JIOM TPEX PaJUOAKTUBHBIX CEMEUCTB ypaHa U Topusi. K TakoBbIM

oTHocATcA u3oronsl ypana 238U (T1/2 = 4.5:10° zer), 235U

(T1/2 =7.0+10% ner) u Topus 232 Th (T 1/2 =1.4:10'° ner). Dtu
U30TOMBI ABJISIOTCS POIOHAYATBHUKAMU TPEX eCTECTBEHHBIX pa-
JUOAKTUBHBIX PsA0B. MeTonpl MX NPHPOAHOIO POXKIAECHUS
U BO30Y:KJ€eHUsI [0 CUX TMOp He u3ydyeHsl. ViMeHHO ypan-238,
HAXOJSIIMICA B MOYBE, MOPOXKIAET MPU pacriaje INIaBHBIA UC-
TOYHUK (DOHOBOM paualivu — ra3 pajoH 222 Rn, nawoimui nouru
TIOJIOBUHY CpeJiHel TofoBoM 103bl. OH JOBOJILHO OBICTPO pacna-
naercs (T1/2 = 4 qus), 00pasys KOPOTKOKHUBYIIIUE U3OTOIIBI TIO-
soHusA 218 Po u 214 Po, KOTOpBIE MOTI'YT HAaKaIlJIMBAThCA B JIET-
KHX, MPOJOJKas pacnaaarbcs. TeM He MeHee, B BO3yXe KOH-
HEeHTpalus pajoHa Mana. OHa HECKOJIbKO OOJIbIlle BHYTPH 37a-
HUMH, TJe pajloH UMEET TeHJCHIIUI0 HAKaIUIMBaThCSl B MOABAIAX
Y Ha HWXKHUX ITaXKaX.

Bornblioe mpakThyeckoe 3HaYeHUe WTPAeT PaMOaKTHUBHBIN
yriepop 14C, uMeroniuii nepyuo/1 norypacmaaa okojio 6 ThiC. JIET.
JlpyriM HMCTOYHHUKOM NPUPOAHON pajuvalvM SIBJISETCS I0Jro-



’KMBYILIAYM C NIEPUOJOM MOJTypacnaja = 1.3+10° ner) usoron Ka-

st “°K. Dot n30TOM OTBETCTBEHEH 32 MPUCYTCTBUE 3HAYUTEb-
HOTO 4YMCIIa U30ToNa aproHa B armocgepe. Kpome toro, paguo-
AKTUBHBIN KaJIMN — OCHOBHOM MCTOYHMK PaJWAlIAU, UCXOISILIEN
OT JKUBBIX CYILIECTB, BKJIIOUAsl U CAMOI'0 YeJIOBEeKa. A Takke UMe-
I0TCSI aKTUHOM/IBI — CEMENCTBO, cocTosiee U3 15 paanoakTus-
HBIX XuMH4ecKux 3eMeHToB III rpynmnsl 7-ro nepuona nepuo-
JIMYECKOW CHUCTEMbI ¢ aTOMHbIMU HoMepamu 89—103. Ha cero-
JHSIITHAN JIEeHb U3BECTHO 273 cTaOMIbHBIX sIpa, CYIIEeCTBYIO-
mux B mpupone. O6napyxkeHo okono 3000 paznuunbix siaep. Cy-
miectByer npeanonoxutesbHo 6000—7000 pa3auyHbIX aToOM-
HBIX sfep. M OONBIIMHCTBO U3 HUX PaJHOAKTHBHBI — C Teue-
HUEM BPEMEHU MPEBPAILAIOTCSA B APYTHe IEMEHTHI IyTEM O, [3-
pacriajia Wiy COHTaHHBIM JIeJIEHUEM.

W3npeBiie B CTPOUTENILCTBE /JIsI IOABEMA OTPOMHBIX KaMeH-
HBIX OJIOKOB UCIIOJIb30BaIM BO30Y:K/IeHHE UX BeleCTBa 3BY-
koM®. Jlo cux mop mexaHu3Mbl BO30OYXKIEHUs BELIECTBA 3BY-
KOM OCTAlOTCsI OOJIBIION TAWHOM, KOTOPYIO OTHAXIbl PACKPBIB,
yHéc ¢ cobort B mormiy [xxon Kwu, a Takxke 3. JlunckaiHuH.
He packpbin e€ u Benukuii Muctugukatop, JoouTens pusnde-
CKHUX TPIOKOB [I)k0H XaT4nCOH, KOTOPBIi 10 CHX IOp HE NepecTa-
€T yAUBJISATb YYEHBIX COBPEMEHHOCTHU peruivKaiyen 3(ppeKToB
Kwmn u Tecna.

Jlns monmyvyeHusi CBOOOJHON SHEPrvU U 3apaHee CIUIAHMPO-

3 He IyTaThb JIECBUTAIUIO MAaJICHbKUX IIAPUKOB B crostuen 3ByKOBOI71 BOJIHE.



BaHHOI'O HOBOT'O BeIIeCTBA U3 TIEPBUYHOIO, A TAKXKE YBEITMUCHHS
WM YHAUYTOXKEHHSI MACChI KJlacTepa BEelecTBa Ha TOBEPXHOCTH
3eMJIM UCTIONB3YIOT pa3jInyHbie METO/Ibl BO30YKJE€HUsI: 3BY-
KoM, (hOTOHAMH, MEXaHUUYECKHUM YJIapOM, JeKTPUIECKUM pa3-
PSIIOM, YAApOM ITyUKa SIIEPHBIX YACTHUII, BpAIlIEeHUEM KPYTOBbBIM,
COMPAJIbHBIM U T. 1.

11 BOCTIIaMeHEeHU 1 IPOB UCTIONB3YIOT OTKPBITHIN OTOHb, 11T
B3pbIBA — JIETOHAIMIO, ISl TIOJYYEHUS] UMITYTbCHBIX MCTOYHM-
KOB IMUTAHUSI — B3PbIB C MArHUTHOUM KyMyJIsiiuen u T. A. [{st ak-
TUBUPOBAHUSI MPOIIECCOB XOJOAHOTO SIIEPHOTO CUHTE3a UCIIONb-
3yI0T Oojiee TIIyOOKYI0 TeXHOJIOTUIO IIPOHUKHOBEHUsT BO30Y:K-
JIEHHsI 1 MOHU3AI[UN YaCTUIl C SICPHBIX 0OOJOYEK aTOMHBIX
siJiep B KOHJIEHCUPOBAHHOM Cpejie — KOHIeNIUsA pacna/i-CuH-
Te3, Pa3BUTAs U OMKMCAHHAS B TIEPBOIM YaCTU KHUTH.

Yro mpoMCXOAWT MpU TaKOM BO30Y:KJeHHH BellecTBa?
B 3T0ii 9yacT¥ KHUTM U PACCMOTPEHBI OTBETHI HA TAKKME BOITPOCHI.

OcHOBHOE OTJIMYME CBOWCTB MAaTepUM BEIIECTBA MAaKPO-
MHpa OT MaTepru MUKPOMMPA 3aKJII0YAETCS B TOM, YTO B HEM
yXke MPOSABJSIETCSI BOZMOXHOCTh HAOMIONCHUSI HOBOW (DOPMBI
riepeHoca, KOHJICHCAIIUH ¥ KyMYJISIIUsI SHEPIUH, & TAKXKE COCTOS-
HUS BelIeCTBa (TNIOTHOCTD, TEMITIEpaTypa  T.J1.) C IIOMOIIIBIO 3BY-
Ka, yIapHBbIX MEXaHUYECKUX BOJIH*, rpaBUOONIIOB, KyMYJISITHB-

4 Panee, B MHKPOMATEPUH yKe OTMEUAJIOCh, YTO BU3yaIU3alis BUIUMON MaTepuu
BO BeeneHHoli porcxoauT ¢ momoriibio DMB, a nposiieHue pusnueckux mojeu npo-
UCXOIUT yepes3 3€pHa-NMoTeHIMalbl 3(upa AUCKPETHOrO MpocTpaHCcTBa. B Makpoma-
TEPUU BO3MOKHO IIPOSIBJIEHUE YK€ COCTOSIHUSA BEILECTBA YEPE3 3BYK U MEPEHOC MOIIL-
HBIX 3aps/I0B SHEpruM B (hopMe rpaBUTALMOHHBIX MOHONOJIEN Yepes3 3apsiibl JBUXKeE-



HBIX CTPY#l U T. A. IIpr 5TOM NpOsBIAIOTCA M OTJIMYKUS B CKOPO-
CTH NIEpPEHOCa 3apsJJ0B SHEPIUU — MarHUTHBII MOHOIIONb B CO-
CTaBe CBOOOJIHOTO 3JIEKTPOMArHUTHOTO MAaKpPOBHUXPOHA TOJIBKO
CO CKOPOCTBIO CBETA, a FPaBUTAIIMOHHbIN MOHOIIONb B COCTaBE 3a-
psiJia ABVKEHU ST MEXaHUIECKOTO MaKPOBUXPOHA — CO CKOPOCTBIO
3ByKa ¥ HWKE BIUIOTh O OOBIYHBIX KMHETUYECKUX CKOPOCTEH.
A KOH/IeHCalMsl U CNIApeHUs] MaTepyu MpU MPEOI0JICHUH 3BY-
KOBOT'0 Oapbepa MporCcXoauT B hopMe repexoa u3 aToOMHO-MO-
JIEKYJISIPHOM B KJIacTepHYyIo (psiMoii 3¢pheKT) 1 Hao0opoT APOO-
neHue-aTTep KJIaCTepHOU B Oosiee MeJKyIo (asy.

Takum 006pa3om Bcs Martepusi MPUPOIBl (OeCCTPYKTypHast
B MUKPOMHUPE U CTPYKTYpPUPOBaHHAs B MaKpOMHpE) IEeTUTCS
CKOPOCTBIO CBETAa Ha JIB€ YaCTU — HEBHAUMYIO ObICTPYIO U BH-
JHUMYIO Me/IIEHHYI0, 00 BeMHEHHYIO TETIIOBBIMH M THIIEP3BYKO-
BBIMU MUK POBUXPOHAMHU.

He meHee BaxHbIM siBJIsieTCs (pakTOp HOBOM (pOpMBI Iepe-
HOCa 3aps/I0B MEKTPUIECKUM MOTEHIINATIOM (KJIACTep JIeKTPH-
YEeCKOro 3(gupa) MOTOKOM OAHO3HAKOBBIX MAarHUTHBIX MOHOIO-
aei (mo Tecna MOIIHBIM HapacTaIMM (PPOHTOM OIHOIIO-
JISIPHOTO MMITyJibca 0Oe3 UCMONb30BaHUsl CcHajaroero (poH-
Ta) — POXJCHUE PAJUAHTHOrO WIM XOJOJHOIO >3JEKTpuye-
CTBA, a TaKke JEWCTBUE XOJOHOI 0e3MaccoBOi MJIa3MbI°.

HHA B BUJE MEXAaHUYECKUX MaKPOBHUXPOHOB.

3 CpoiicTBa BO3JIEUCTBUS XOJOJHON OE€3MaCCOBOM IMIa3Mbl Ha BEIIECTBO, MPOSIBIIS-
IOIIMECS] B POXICHUM CHJIOBBIX JIMHHUU B TOJSIX, 4 TAKKE B JE3UHTETPAllUM Belle-
CTBa, HanOoJIee SIPKO MPEACTABICHBI TP HAHOOJBIIEN KOHIIEHTPAIIUK I'PaBUTAIIMOH-
HBIX 3€pEH-TIOTEHINAIIOB, MTPOSIBIISIEMON 000JIOUKAMU XOJIOHOW aHTUTPABUTAIIMU BO-



JIOTIOTHUTENTBHO — 3TO MEPEHOC 3apsIIOB TPABUTAIIMOHHBIM T10-
TEHIIMAJIOM (KJIaCTEp I'PaBUTALIMOHHOTO 3(p1pa) COOTBETCTBYIO-
IIIMM BOJIHOBOJIOM TI'DaBUTAIIMOHHBIX MOHoMoOJeH (1o IxaHuoOe-
KOBY MEXaHMYECKMM BpallleHHeM KJacTepa).

Tak Kak aTOMHbIE siipa M IEKTPOHBI OOJAAI0T BHEIIHU-
MU TIOJISIMU (JIEKTPUUECKUMHU, TPABUTAIIMOHHBIMY, MarHUTHBI-
MU U CIIMHOM) U SIBJISIIOTCS] X BEUHBIMH UCTOYHUKAMU TIO CPaB-
HEeHUIO ¢ Bo3pacToM BceneHHOM, TO OCHOBHBIMU PErucTpupye-
MBIMU NPU3HAKAMH TIPOSIBIIEHUS] OOBIYHOTO aTOMHO-MOJIEKY-
JISPHOTO BeIeCTBa Ha MOBEPXHOCTU 3eMJTH SIBJISIOTCS] B CUCTEME
CH - macca, 3/IEeKTpUYECKUI 3apsi U CTallMOHAPHbIE MarHUTHI.
[TosTomy Kiactepsl BeliecTBa 00JIa/Ial0T Pa3HbIMUA CBOMCTBAMU
10 OTHOIIIEHUIO K EKTPUUYECTBY, TATOTEHUIO 3eMJIM ¥ MarHe-
Ti3My. KOJJIeKTUBBI OTHOCUTENTBHO CBOOOHBIX JIEKTPOHOB Ha-
CHIIIAIOT TEKTPUIECKUM I(PUPOM 0OBEMBI METAJUTMIECKHX TTPO-
BOJJHMKOB, KOTOPbII B BU/IE SMAHAIINI MOXKET ObITh BHIBE/IEH TEX-
Hosorusimu Tecna u ['past 17151 poKIeHU ST XOJIOAHOTO MK TpUYe-
CTBa U MPeoOpa30BaH B EKTPO-3HEPruio. Takxke U IOTOKU BUX-
PEBBIX MArHUTHBIX T0JIeH JIEKTPOHOB HACKIIIAIOT OOBEMBI (hep-
POMAarHeTHKOB (Kese30, KoOaJIbT U APYrue), Mojsipu30BaB CIH-
HBI KOTOPBIX, TOTYYaI0T BEUHbIE CTAIIMOHAPHBIE MATHUTHL. A BOT
aTOMHBIE SIpa HE MOTYT TaKUM ke 0Opa30oM HACHITUTh OOBEM
KJIacTepa TPaBUTAIIMOHHBIM 3(PUPOM, OH OOJiee TIPOHUKAIOIIHH,

kpyr auckos . Cepna u B. [llay6eprepa, B 3enéHom Tymane Punanenbduiickoro sxc-
nepuMeHTa «Payra», a mpeaenpHas KOHIEHTPALHS MEKTPUIECKIX 3€pEeH-TIOTEHII-
aJIoB IEMOHCTpUpYeTcs 3ppekTamu XaTuncoHa, HandoJee CCIeI0BAaHHON HeMEIKH-
MU y4YEHBIMU B IIpoekTe «Konokom».



BBIXOJIUT HAPYKY U, B3aUMOJIENCTBYs C MOJIEM TATOTEHUS 3EMIIH,
nposieiisieT y Hero B cucteme CU Tak Ha3bIBaeMyIo «Maccy».

Ho camoe ri1aBHOe, 9T0 0OpaTHbIE MPOIIECCHl OCBOOOKICHUS
BHYTpPEHHEl XOJIOJIHOW SHEPrUM KJacTepa BellecTBa TEXHOIOTH-
savu H. Tecna, 9. I'past, T. Mopes, W. JI. Konena, a Takxe Tex-
HOJIOTVH NPeoOpa30BaHusl NEPBHYHOrO SIJI€PHOr0 COCTa-
Ba aTOMOB U HeHTpaJn3aluy Macchl KjacTepa Ha MpHUMe-
pax ycrpoiictB A. ®@. Knapoa, M. 1. Conuna, C. B. Anamen-
Ko, A. B. Bauaena, JI. 1. Ypyukoesa, K. loynnepca, . Ku-
mm, B. Illay6eprepa, [1. Cepna, B. C. I'pebennukona, /. Xaruu-
COHA. DTO JIOCTUTaeTCsl BO3JIEUCTBUEM HA HETO BUXPEBBIMU TO-
nsiMu MarHUTHBIX CBY ¢ rpaBUTAIIMOHHBIX MOHOTIONEN YJIbTpa-
¥ TUMEP3BYKa, KOTOPbIE TIOIJIONIEHBI WM 3aXBaYeHbI KJIACTEPOM
BEIIeCTBa ¢ 00pa30BaHKEM JABYIIOJIOCTHBIX TUTIEPOOJIOU/IOB, CBSI-
3aHHBIX XOJIOTHOW 0€3MacCOBOM TJIa3MOM I'PaBUAJIEKTPOMArHUT-
HBIX JMIIOJIEH, a TaKke OCBOOOXKIEHUEM XOJIOJHOIO NEKTpUYe-
CTBa.

[losToMy KJacTepbl BellecTBA B MaKpOMaTepUM CleAyeT
paccMaTpuBaTh, Kak M OT/E/IbHbIE aTOMbI, B €JUHON U Hepas-
PBIBHOU paBHOBECHOW CUCTEME B3aMMOJIECTBUI MX BHYTPEHHUX
Y BHEIIIHUX TOJIed C OKPYXKAIOINIMMU UX TIOISIMHM APYTUX aTo-
MOB, HAllpUMEpP, B KPUCTANIMYECKOM PEIIETKE TBEPAOTO Tela.
ATOMBI 3JIEKTPOHENTPAJbHBI, HO 00JIaal0T MAacCcoOl B IO-
Jie TArOTeHHs1 3eMJIM, I03TOMY U KJIacTephl U3 aTOMOB B lLie-
JIOM 3JIEKTPOHEUTpabHBI M oOnamaioT Maccoil. Kiacrepsl Be-
IIeCTBA B IIEJIOM MOTYT HAXOJAUTCSl B COCTOSIHUU TOKOSI M TIO-



CTyTaTeTbHO-BPAIIATEIbHOTO JBMIKEHUSI, 4 TAK)KE B COCTOSIHUA
NOJISIpU3aIK, BO30Y:K/I€HHsI BHYTPSHHUX TOJIel BHEITHUMU
MOJISIMU, & TaKXke U3JTyuYeHUEeM PaJUOAKTUBHBIX aTOMOB, BXOJIsI-
IMX B KJIACTEP, JIEKTPOMArHUTHBIM M 3BYKOBBIM U3JTyUCHHUEM.
Takue KiacTepsl BelecTBa 00JIaJal0T ¥ HOBBIMH CBOKMCTBaMU
M0 CPABHEHUIO C MUKPOMUPOM, TAKUMHU KaK IJIOTHOCTb, TEMIIE-
parypa, TeryIopOBOJHOCTh, a TaKKe CBOMCTBAMU IO OTHOIIIE-
HUIO K JIEKTPUUECTBY — IMPOBOJHUKH, TUIIEKTPUKHU, CETHETO-
NIEKTPHUKH, EKTPETH U T. 1. KOHAeHCMpOBaHHBIE COCTOSIHHS
BEIIIECTBA MPOSIBIISIIOT Pa3IMUHbIE CBOWCTBA Y MO OTHOIIEHUIO
K MarHeTusmy — (peppoMarHeTvKu, AMaMarHeTUKH, The30MarHe-
TUKHU, TTApaMarHeTUKY U T. [I.

[TosTOMy B OT/IMYME OT JEMEHTapHBIX YacTHII, B BEIECTBE
KJIACTEPOB BO3MOXHBI U BHYTPEHHHE KOJUIEKTHBHbIE, B TOM
YKCTIe U TIOJISIPU30BAHHbIE TPABUTALIMOHHBIM TOJIEM 3eMUJIH, TI0-
CTymaTeJIbHO-BpalaTeibHble JIBUXKEHUsI, KaK 3€peH-TIOTeHINA-
JIOB, CAMUX aTOMOB, TaK W 3JIEKTPOHOB, OOYCJIOBJICHHBIE KaK
TeMIIepaTypoil, Tak U MPOHUKHOBEHUEM W3BHE 3apsijIOB SHEP-
TMd B BUJE CMEIIAHHOTO W3JIyYeHUs] U BO3JCUCTBYIOIIUX TIO-
Jiell, KBAaHTOB 3BYKa M YJApHBIX BOJIH, YTO MPUBOIUT K OOJb-
MM pa3HOOOpa3usM B (hopMax M CTENICHSIX JIE3MHTETpalliy Ma-
TepuH, a TAKKE K BHYTPEHHEMY JIBMKEHUIO U U3MEHEHMIO aTo-
MOB — OXJIQKACHUIO, pacraj MOJIeKYJl, MOHU3AIIMU aTOMOB M MX
sayep, ABJICHWS Ha MOBEPXHOCTU TBEPIOTO KJacTepa C pokie-
HHUEM XOJIONHOW aHTUTPABUTAIIMOHHOM 00O0JIOUKH-KOKOHA U3 3€-
PEH-TPaBIOTEHIIMAJIOB AUCKPETHOTO MPOCTPAHCTBA-TIONS.



Bocnpon3BoacTBO MHOTOKOHTYPHBIX OOOJIOUEK aTOMHBIX
siiep ¥ OMHOKOHTYPHBIX OOOJIOUEK MIEKTPOHOB B JUICKPETHOM
MUKPOIPOCTPAHCTBE XOJIOJAHOM 3JIEKTPUYECKOM TUIa3Mbl aTOMa
MPOUCXOAUT C TIOMOIIIBIO XOMOJHBIX 0€3MacCOBBIX MarHUTHBIX
MOHOIIOJNIEN (3apsI0B SHEPIUM) MO MEXaHU3MaM, M3JIOKEHHBIX
B TIEPBOI yacTu 3ToM KHUrH. [Ipy BOCTIpOM3BOACTBE M OOHOB-
JICHWY 3aMKHYTBIX KOHTYPOB SIJEPHBIX M AaTOMHO-3JIEKTPOHHBIX
000JI04eK 13 IPAaBUTAIIMOHHBIX U JIEKTPUUECKUX 3EPEH-TIOTEH-

[IUAJIOB C YaCTOTOU 102~ 10?3 ['1 U3 HUX MyTEM OIHO3HAKOBO-
ro OTTAJIKUBAHUS-0TOpOCA MOTEHIIMAIAMU C TIOMOIIIBIO MAarHUT-
HBIX MOHOIIOJIEN (DOPMUPYIOTCS BHEITHHE M0Js (1-rpaBuTaiiu-
OHHBIH, 2-3/IEKTPUYECKHUI U 3-MarHUTHBIA 3(pUpP) ITOrO KJiacrte-
pa, KOTOpble B 3aBUCMMOCTH OT MX CBOWCTB AAJIbHOAEWCTBUS,
CKOPOCTH JBMKEHU 1, TPOHUKAIOIIEH CIOCOOHOCTH, BBIXOST Ha-
PYKY €ro BHEILlIHEW MOBEPXHOCTHU (IpaBUTALIMS U IPOSIBJICHHUE 3a-
psiia Macchl), HACHIIIAIOT 00BEM aTOMHOTO SI/Ipa M KOHIIEHTPHPY-
I0TCS1 Ha €ro MOBEPXHOCTU (ITPOsIBJIEHUE 3apsiia JEKTPUIECKO-
ro MOTeHIIMaa Ha aTOMHOM $1Jpe) WJIM PABHOMEPHO HACHIIIAIOT
00bEM 3TOro aroma. [TposiBjieHre MarHUTHBIX CBOWCTB CTAIIAO-
HApHbIX MarHUTOB BO3MOKHO JIMIIIb 110CJIE MOJISPU3ALUM HEKO-
TOPBIX BelECTB ((heppOMArHeTUKM) MyTEM PEruCTPaLU IPUTSI-
KEHUsI WM OTTAJIKMBAHUS IBUKEHUS MarHUTHOTO TMOTOKa 3€-
PEH — MArHUTHBINA TOK N0 JInackaaHuny.

IlepBble B3aMMOJEHCTBYIOT® C MOJEM TATOTEHUS] 3eMITH ITy-

6 CuJioBble JTMHAHA B3aHMOﬂ€fICTBleIlIPIX TmoJiei 06pa3y10Tc;1 Ipru JOCTAaTOYHO Clla-
OBIX 110 KOHIECHTpAlu BEpeH-HOTeHLII/IEUIOB, Ipr NPpEACIbHBIX KOHIUCHTpAUUAX IIPO-



TEM aHHUTWISILIUK C €r0 MPOTUBOIOIOKHBIMU 1O 3HAKYy I'PaBU-
TAlIMOHHBIMH MTOTOKAMU 3E€PEH-TIOTEHINAJIOB, 00pa3ysl 30HY XO-
JIOAHOM I'PABUTALIMOHHOM I1J1a3Mbl, U [IO3TOMY HPUTATHBAIOTCS
K LIEHTPY 3eMJIH, onpeiesis COOCTBEHHbIN 3apsi/i Macchl (Mac-
ca kJjacrepa B cucreme CU), uto noaTBep:xaaeT (pakT TOro, 4To
VICTOYHMKH 3apsiia SHEPrun B (popMe rpaBUTALIMOHHBIX MOHOIO-
Jefi 000JI0UeK aTOMHBIX SiIep B KJIacTepe MMEIOT TOJNBKO OIMH
3HaK, MPOTUBOIOJIOKHBIM 3HAKY I'PABUTALIMOHHOTO 3apsia siji-
pa 3emum. OIHAKO y TBEPABIX KJIACTEPOB BEILECTBA BO3MOKEH
Y IPYTOM TUIl B3aUMOIEUCTBUA (OTTAJKMBAaHUE) C LEHTPAJIb-
HBIM TOJIeEM TATOTeHUsT 3eMid. it 3Toro HeOOXOAMMO aKTH-
BUPOBaTh BOKPYT MOBEPXHOCTU TBEPAOro KJactepa OOBIYHOTO
ATOMHO-MOJIEKYJISIPHOIO BEILECTBA POXACHUE XOJIOAHON aHTU-
I'PaBUTAIIMOHHON 0OOJIOYKU-KOKOHA. DTO BOZMOXKHO BBITIOIHUTD
texHosorusimu [. Kuu, B. [May6eprepa, II. Cepna, II. Xatuu-
COHA U MHOTMMHU JAPYTUIMH.

BTopsle npou3BOAATCA TaKk€ MArHUTHBIMH MOHOIIOJISIMM,
HO C IBYMSI IPOTHBOIOJIOKHBIMU 3HAKAMHU B COCTaBE JIEK-
TPOHOB U aTOMHBIX sIJIEP, 0Opa3ysl CMEIIaHHBIN EKTPUUECKUIN
3¢up ¢ 06pa3zoBaHNEM 30HbBI XOJIOJAHON EKTPUIECKON T1a3MBbl
C IByMs 3HAKaMH, KOTOPbIII HE UMEET TAKOIO NaJTbHOAEWUCTBUS
Y TIPOHUKAIOIIEH CITIOCOOHOCTH, KaK TPABUTAIIMOHHBIN 3(pUp BO-
KpyTr KJIacTepa aTOMHO-MOJIEKYJISIPHOTO BEILECTBA, U OTpaHU-

WCXOZIUT MOJHOE YHUUTOXKEHUE MPOCTPAHCTBA-TIONSI, SHEPTHU U CTPYKTYPUPOBAHHOM
MaTepHH — POX/IaeTCs HEBEIeCTBEHHOE TPOCTPAHCTBO, HAIIPHIMED, BEPTHKAIbHAS [IbI-
pa B 3emJIe Ipy NageHuu rpasutonéra B. C. I'pebeHHNKOBA.



YyeH mpeaesnamu atoma. B atrome anekTpudeckuil 3hup B3auM-
HO aHHUTWIUPYET, 00pa3ys (PUKCHPOBAHHOE T€OMETPUIECKU
U VIEKTPUYECKU HEUTPAILHOE LIEHTPAJIbHOE MUKPOMPOCTPAH-
CTBO’ aTOMa W3 ILIeHTpa-siipa U ceprudecku 0ObEMHBIX CIIO-
€B-000JI0YEK U3 JIEKTPOHOB, YAAJIEHHBIX IPYT OT Ipyra Ha (pUK-

CHUPOBAaHHOE PaCCTOSIHUE 1073 scm. [TostoMy mocneaHuii Bce-
rJa HaXOIUTCS B aTOME B COCTOSIHUM IUCTAaHIIMOHHOTO HACHIIIIEe-
HMS JABYX 3HAKOBBIM 3(PUPOM U MPOSIBIISIET €r0 IJEeKTPOHeMH-
TPaJbHOCTh. OIHAKO MPU CUJIBHOU MOJISIPU3ALIMN WA UOHU-
3alliy aTOMOB KJlacTepa 3BYKOM WJIU JIEKTPUUYECKUM Harpsike-
HueM (texnonorusimu . Kunu, H. Tecna, /1. XaTurcoHa) MOX-
HO JIOOUTBCS pa3feieHUs AEKTPUIECKUX TIOJIEH 10 3HAKY 3apsi-
J1a TIOTeHIIMaa U3 3€PEH-3IEKTPONOTEHIIMATIOB MPOU3BEAEHHO-
ro 3¢upa 1 MOCIeAYOIIero ero yaaaeHus U3 MUKPOIPOCTPAHCTB
aTOMOB, UTO IMPOSIBJISIETCS] B YMEHBIIIEHUH 00BbEMA 3aHUMAEMbIM
TaKUM KJIACTEPOM. DTO HAIJISIAHO IEMOHCTPUPYIOT 3heKTh /1.
XaTynucoHa C BEPTHKAJbHO CTOSIMM OPYCKOM MeTaJlia
¢oTo 3.46, HaxoAIIMMCS B BHICOKOBOJILTHOM 3JIEKTPOCTaThYe-
CKOM I10JIe, KOTOPBII MOCTIe BO3/ICUCTBUS HA HETO 3BYKa OIpe/ie-
nénnoit yactotel 1 CBY u3 Heckonbkux TpaHchopmaropor H.
Tecnbl Ha 1a3ax CAyBaeTCs 1O BUHTOBOM, KaK CAyBaeTCsl BO3-

7 310 nuHAMMUEcKoe MUK POIIPOCTPAHCTBO aTOMa — CyTh OMNpeesieHHsI CBOWCTB
NEKTPUIECKON XOOMHON Oe3MacCOBOM TIa3Mbl.

8 B atomubix siIpax BepxHss 000JIOUKA U3 3ePEH-MIEKTPOIIOTEHIIMANIOB B3aMOJIE-
CTBYET C HUKHEN CMeKHOW 000JIOUKOM U3 3EPEH-2NIEKTPONIOTEHIIMAIOB, OCTABJIASA MU-
HYMAJIbHBII 3230p U IIPOSIBJISIS CAMblE CUJIbHBIE B3aUMOZIEUCTBUSA 110 CPABHEHUIO C PY-
MU (pyHIaMEHTaIbHBIMU.



OYUIHbIA 1mapuk. [losicHUM 3TO siBJIeHHE MPOCTHIM MTPUMEPOM.

o —1 o
Nwmeetcst HeTpoH aquamerpom 10 3 em, KOTOPbIN MpU pacna-
Je oOpasyeT NEKTPOH, aHTUHEUTPUHO U TIpoToH. [ociennwmid,
MIPUCOEIMHSISI XOJIOAHBIN NIEKTPOH, 00pa3yeT Mpu HOPMaTbHBIX

YCJIOBUSIX aTOM BOJOPOIA Pa3MepoOM Yxke 102 cm. D10 sBIIC-

HHEe JeMOHCTPUpYET yBeIndeHue oobéMa BerectBa B 10 15 pas.
OOparHoe siBJieHue — MOHU3AlIMsI IEKTPOHA C aTOMa BOIOPO/a,
MOKAa3bIBAET MPOIECC CAYBAHUS SJIEKTPUIECKOr0 MUKPOIPO-
CTPaHCTBA XOJIOMHOM O€3MacCOBOM MIa3MBbl aTOMa BOIOPO/A.
JOMOJTHUTENbHBIN 3apsi/i JeKTPUIECKOro MoTeHIuna-
JIa, MOJJAaHHBII HA HeNTPaJbHBIN KJIACTeP H3BHE KOHI[EH-
TPUPYeTCA TOJbKO Ha ero moepxHoctu (Papaneit u apy-
rue). Ciie1oBaTe/ibHO 3TO KJAacTep aBTOHOMHOI1 3apsi?KeH-
HOIl MaTepuH-CyOCTAHI[HH, KOTOPOW CBOICTBEHHO IIO-
JBHKHOE NlepeMelleHne Npu onpeaeaéHHbIX YCJI0BUsIX.
Takum 0O6pa3oM KjacTephl BellecTBa 3apsiKeHHbIE JTOTIOTHU-
TEJIbHBIM BHEIIIHUM 3JIEKTPUUECKUM MOTEHIIMAIOM, CO3/IAI0T UC-
TOYHMK 3apsia JEKTPUUECKOTO HAMpsKeHUsI (MTOTEHIHAIa), KO-
TOPBIN aKKyMYJIMPYETCsl TOJIbKO Ha roBepxHocTu. OT1ciona v xa-
paKTepHasi KapTUHA CUJIOBBIX JIMHUUM MEXy ABYMSI UCTOYHUKA-
MU, JIsl KOTOPBIX, B CJTy4ae JIeKTPUUECTBA CHJIOBBIE JIMHUU 3a-
KaHYMBAIOTCS Ha TIOBEPXHOCTH 3apsi/ia, a JJIsi MAarHUTHBIX U rpa-
BUTAIIMOHHBIX — HENPEPBHIBHOCTH CHJIOBBIX JIMHUH.
Tpetnii. /IByX3HaKOBbII MarHUTHBIA 3(PUP YACTUYHO BBIXO-
JIMT 32 TPEJIeITbl KIacTepa, a YaCTHYHO AaHHUTWIIUPYET TAKUM Ke



00pa3zom, HO OH OoJ1ee MPOHUKAIOIIUH MO CPABHEHHUIO C TIEKTPH-
YECKHUM, HO MEHEE JATbHOJEUCTBYIOIIMH 10 CPABHEHUIO C I'PAaBU-
TAIMOHHBIM, U TAKKE HACBIIIAET CTPYKTYPY Kiactepa. Ecim mar-
HUTHbIE MOHOIIOJIM B COCTaBE BUXPOHOB TOPMO3ATCSI UX HEOTb-
€MJIEMbIMU CIIyTHUKAMU BO BHEIIHUX MOJISAX JAPYTUX MUCTOYHU-
KOB, TO OHH NEPEXOJAT B Apyrue (popMbl MaTepru U MOJTHOCTHIO
TEPSIIOT CBOM MAarHUTHBIE CBOMCTBA — CBOMCTBA HENIPEPHIBHOCTU
JBUKEHUSI MarHUTHOM MAaTEpUU CO CBEPXCBETOBOM CKOPOCTHIO.
OCHOBHBIE CBOWCTBA MArHMTHOIO 3upa, U31y4aeMoro Kak
MOCTOSIHHBIMA MAarHWTamu, TakK W 3JEKTPOMAarHUTaMU XOPOILIO
U3yYeHBbl U JIEMOHCTPUPYIOTCS IIUPOKUM HAOOPOM YCTPOWCTB
U crnocoboB ux npumeHeHusi. OHAKO, I71aBHOE OTIMYME Mar-
HUTHOTO 3(pupa 3aKJI0YAeTCsI B TOM, UYTO €r0 POJUTEJeM, KaK
Y POJUTEJeM 3JIeKTPUYECKOr0 U IPaBUTALIMOHHOTO 3(upa, sB-
asieTcst 6e3MaccOoBbIi MATHUTHBIA MOHOIIOJIb — BEUHbIH 3apsi
SHEepruu, NepBUYHAsA MPUYUHA BCETO CYIIETO.

Tak Kak 4MCIO aTOMOB B 3TOM KJjacrepe (IoCTaBUIMKA Ta-
KO0 CMEUIaHHOTO 3(hvpa) OIMHAKOBO ISl ITUX MPOLIECCOB, TO
110 Macce KJacTepa MOKHO CYIUTh U O KOJIMYECTBEHHOM Xapak-
TepUCTHKE 00bEMA TPOU3BEEHHOTO 1eKTprudeckoro (Papaseit,
SKCIIEPUMEHTHI T10 JIEKTPOJIN3y) WU MarHuTHoro 3cgupa. Eciu
KJIACTEP MPEBOCXOMUT BEJIUYMHY IUIAHKOBCKON MAacChl-9Hep-

ruu okono 10" [3B, TO MOABIAETCA BO3MOXKHOCTb IOJISIPU30-
BaTh BHEIIHUM TI0JIEM aTOMBbI KJIACTEPa U3BECTHBIMU MPUEMAMU,
a TaKXKe pa3JesuTh JEKTPUYECKUI U MarHUTHBIN 3(pUp IO Io-
mocam. OJTHO3HAKOBBIN 3NEKTPUUECKUd 3(pup crnocodeH K 00-



Pa30BaHMIO CTAIIIOHAPHO-HETIOIBUKHOTO 00JIaka-00bEMa 3apsi-
JOB JIEKTPUYECKOTO HANpsKEHUs] — KPYIJIOTO 2a3010000H020
asnekmpuueckozo 3gupa Tecna. Bo3amoxHa Takxke Hossipusa-
1M1 JBYX [MPOTUBOIMOJIOKHBIX IO 3HAKY 3aps/10B EKTPUUECKO-
0 NOTEHIIMAJA U3 EKTPUUECKUX 3EPEH-TTOTEHIINAIOB, KOHIIEH-
TPUPYIOLLMXCSA HA €r0 JUAMETPAJIBHO PACIIOJIOKEHHBIX MOBEPX-
HocTsX — M. @apazeit. [Tpy mossipu3anyu BHEIIHUX JIEKTPO-
HOB aTOMOB CTEPKHEU HEKOTOPBIX METAJIOB UMITYJIbCOM MOCTO-
STHHOT'O TOKa YJIA€TCsl MPOU3BOAUTD U3 HUX ABYXIIOTIOCHBIE Mar-
HUTBI, U3JIyYAIOIIME MAarHUTHBIM 3(DUP C COOTBETCTBYIOIIMM 3HA-
KOM OOJIblIIe JIUIIIb B OTHOM HAallpaBJIeHUH — MarHUTHBIN MOTOK
3€pEeH-TIOTEHIIUAJIOB.

Paznenuth TakuM ke 00pa3oM I'paBUTALIMOHHBINA 3(Hp KJia-
cTepa HEBO3MOKHO, BCJIEACTBUE BOCIIPOM3BOACTBA €0 OJHO-
ro JIMIIb 3HAKA, KOTOPbIM, BBIXOASA HApyXy M B3aUMOIEUCTBYS
C LUEHTpaJIbHBIM I0JIEM 3eMJIM, ONpeaessieT Maccy Kjaacrepa
B cucreme CHU. Otciona u crieiyet, 4To Macca Kjiacrepa Xapak-
Tepu3yeT MaKCHMaIbHO BOMOKHYIO BEJIMUMHY 00bEMA 3apsaa
IEKTPUYECKOrO HANIPSKEHUS (KOJUYECTBO JIEKTPHYECKO-
ro 3(pupa) ¥ MarHUTHOTO NIOTOKA 3EPEH-MarHUTONOTEHLIMAIOB
NIpU pa3lesIeHUH MOJISIPU30BAHHOIO NEKTPUUECKOTO U MarHUT-
HOT0 3(pMpa TEXHOJIOTUAMU ITPOU3BOACTBA « PAOUAHMHO20 N€K-
mpuuecmea» H. Tecna n nmocTossHHBIX MarHuToB . Jluackai-
HuHa. [Tostomy H. Tecna nmonyyan cBo€ kpyenoe snekmpuue-
CMB0 3NEKMPOCMAMUUEcK020 3¢upa B pa3psiIHUKE C JEKTPOAA-
MU-IIAPAMA MAKCHMAJIBLHO BO3MOXHOIO auamerpa. [pyrum



NO/ATBEPKIEHUEM KOPPENIALMU MEXIY BEIMUMHONM MAcChl U KO-
JIMYECTBOM 0OBEMA MEKTPUIECKOro 3pupa (BeTMUMHON 3apsi-
1 3JIEKTPUIYECKUM MOTEHIIMAIOM) CITyKUT PAGEHCME0 MEOHbLX
Mmacc NeEpBUYHON U BTOPUYHOM JIEKTPUUECKON LIETH €TO TPAHC-
(popmatopa, py KOTOPO JOCTUTAJICS PE30HAHC U TIOPO3KAAJI0Ch
MaKCUMAJIBHOE HAIIPSIKEHUE HA BBIXOJE.

CpaBHMBasl ABJE€HUS, B3aUMOJAEWCTBHSA, CBOWCTBA MaTe€pUU
Yl SHEPIUU, PACCMOTPEHHBIE B MPEAbIIYIIMX Pa3lesiaX — CTPyK-
TYpy U MeXaHu3Mbl (POPMUPOBaHHUS NPOCTPAHCTBA U MHK-
POIIPOCTPAHCTBA ATOMHBIX SJIEP M J€MEHTAPHBIX YaCTUILl —
HETPYIHO OOHAPYKHUTh PE3KYI0 TpaHb pa3iNuuil B UX (pU3Mye-
CKHMX CBOMCTBAX I10 INIOTHOCTH MaTEPUU: — INIOTHOCTb JIOKAJIU-
3alMM Pa3MeEIIEHUs 3€PEH-TIOTEHMANIOB, YCTAHOBJIEHHAS BHX-
PEBBIMM MArHUTHBIMHA MOHOIIOJISIMU B IIPOCTPAHCTBE, T.€. CPEel-
HAA IVIOTHOCTH BemiecTBa. Hanpyumep, MarHUTHBIA MOHOIIONb
(oroHa poxmaer OECKOHEUHBI MO IJIMHE TPEK, U3 KOTOpO-
0 B HEBEIIECTBEHHOM MPOCTPAHCTBE 0Opa3yeTcst ChepuIecKuil
kI1yooK YCT ¢ IIIOTHOCTBIO HEWTPOHA. A MarHUTHBIE MOHOIIO-
JI1 BHYTPEHHUX U BHEIIHEN 000JI0YKM MPOTOHA, C COOCTBEHHOM
HAVBBICILIEW IVIOTHOCTBIO PAaBHOM HEMTPOHY, OTIAEJIBHO pa3Me-
IIEHHOTO B MPOCTPAHCTBE, CIIOCOOHBI 3AIIOJIHUTh TPABUTAIIMOH-
HBIM U JIEKTPUYECKUM 3(PUpPOM BeCh BUAMMBIN O0BEM HaIleH
BceneHHOM, HO ¢ IJIOTHOCTBI0 KOCMUUYECKOTO BaKyyMa-XOJI0/-
HOM ILJIa3MBbl.

Yro ompenenser IUIOTHOCTb CTPYKTYPUPOBAaHHOM Mate-
pun-emecrsa? IIpoctpancTBa — 310 camoe cJiadoe mposiBIe-



Hue (opmM MaTepuM, Kak CIEJCTBUE PAaJUAILHOIO KBAaHTOBO-
IO ¥ BBICOKOYACTOTHOTO JABHMKEHHUS 3E€PEH-NOTEHIMAIOB B 47T
OT TIOBEpXHOCTH MCTOUHMKA. V1 HA000pOT, aTOMHBIE siApa — 3TO
camMoe CHWJIbHOE TpOosiBJieHHe (popM MaTepuM — YCTAHOBKa 3€-
PEH-TNIOTEHLIMAJIOB B BOJIHOBOJIAX HENMOABHMKHO B JUCKPETHOM
MPOCTPAHCTBE SAApPA MPU MYIbCAUMSIX MATHUTHBIX MOHOIIOJIEN
B rpaBUTALIMOHHBIE MOHOTIONKU. IIpoMesKyTOUHOe MposiBlieHUE
(popm MaTepum u €€ CBOWCTBA MPHUHAJIEKAT KOHAEHCUPOBAH-
HbIM (pOpMaM MaTepUU B BUJE PA3JIMUYHBIX arpPEraTHbIX COCTOsI-
HUU KJIACTEPOB aTOMHO-MOJIEKYJIIPHOTO BEILECTBA (IOCIEAYIO-
e (GopMbl UHTErPAllMM MATEPUU B COCTOSTHUM TIOKOS1), MPU-
Ha/JIeXKAIMM 3BE3JaM, IUIaHETaM, aCTepOUJIaM U MEK3BE3HO-
My nipocTpaHcTBY Beenennoii. Takum 00pa3om, MpoCTpaHCTBA —
(usnyeckue moss — xonoaHas 6e3mMaccoBas ra3Ma — 3To paspsi-
’KEHHBIE M0 MJIOTHOCTH MYJIbCUPYIOLIUE U YIATSIONIMECS OT MO-
BEPXHOCTH MCTOYHMKA MOTOKHU 3E€PEH-NIOTEHIIUAIIOB 10 UX I0JI-
HOW OCTaHOBKHM — JajibHOAeWcTBHEe. HaoOopoT, BelecTBo, co-
cTosiliee U3 aTOMOB M MOJIEKYJI B Ta3000pa3HOM M KOHIEHCH-
POBAaHHOM COCTOSIHWM, 3TO PETY/ISIPU30BAHHBIE JIOKAJIBHO B CTa-
LIMOHAPHBIE KJIACTEPHI 3AMKHYTBIX KOHTYPOB « HEIIOABHAKHBIX»
BOJIHOBOJIOB U3 3€PEH-NIOTEHIIMAJIOB, TTOKOSAIIUXCS B BEIIECTBEH-
HOM mipoctpaHcTBe. [IpruéMm, yem mioTHee U ONHKe BEIIECTBO
10 TJIOTHOCTH K TBEPAOMY TeJly, TEM BBIIIE PETrYIsipU30BaHHAS
JIOKAJIM30BaHHaA INIOTHOCTD Pa3MeELICHN A 3EPEH-TIOTEHLIAAIIOB
Ha X BOJIHOBOJAX U OJMXke OPYT K APYTY pa3MelieHbl UX UCTOY-
HUKHU-ATOMBI.



Il 3TUX MPOMEKYTOYHBIX (hOpM MaTepuu HEOOXOIUMO
KOHCTaTUpPOBaTh (PAKT POXKIEHUS U CYHIECTBOBAHMS BEILIECTBA
B Tex (popmax (BUPTyaJIbHBIE 3apsi/ibl MACChl U JIEKTPUUYECKUE
3apsi/ibl aTOMHOTO sigpa B cucremMe CU), Kakue OHM HaxomsiTCst
Ha MMOBEPXHOCTU 3eMJiH, cBeplIMBIIMMCS (pakToM. CaMbIMU aK-
TyaJbHBIMM 3/1€Ch, KAK U B MUKPOMATEPHUH, SBJISIOTCS MPOLIEC-
cbl cOpoca, MOTJIOIIEHUS U MEPEeHOCca SHEPTuH, a TaKkKe POoKae-
HUsA U TIpeoOpa3oBaHue (popM MaTepuu U, B YaCTHOCTH, HHTe-
rpanmsi U3 ra30BOM B KUAKYIO U TBEPYIO, WM MOJIEKYJIsIpHAS,
aTOMHasI ¥ si/iepHasi Ie3UHTerpanus; o0pa3oBaHue Ha MOBEpX-
HOCTU TBEPJOIO KJIACTepa aHTUTPABUTALIMOHHOTO 3apsaa, KOM-
MIEHCUPYIOIIETO BEJIMYMHY MAcChl KJjlactepa u T. 1.

Ha ceromHss TOYHO W3BECTHa AacHUMMETPUs BHAHUMOIO
(4,9% ) BemecTBa (JI0UEPHSIs ATOMHO-MOJIEKYJISIPHASI MaTepusl)
u HeBuAUMOro (95,1% ) antuBemecrBa (marepunckas YCT-
MaTepusi) B Hallerd BcesileHHOM — 1o 3HaKy 3apsia Macchl, 1o pas3-
Mepy u opme, TI0 MEXaHU3MY POXKICHUS M BPEMEHU XU3HU,
IO 1aJIbHOJICMCTBUIO U INIOTHOCTH MOTOKA BHEIIHMX Tosiert. [Tpu-
yuHbl 3TOM acumMmerpun B CAII noka He ycraHoBiieHBl. B pe-
aJIbHOM TNpPeCTaBJEeHUM 3TU NMPUUUHBI CIEAYIOT U3 Pa3HBIX
YCJIOBUI UX POXKIEHUS U KU3HU. PoX/IeHNEe HEBUIMMBIX MaTe-
puHckux YCT (antuBemectBa no CAII) cymectBeHHO oTinya-
I0TCS OT POXKJIEHU S TOYEPHETO BEIIECTBA AaTOMHO-MOJIEKYJISI PHOU
Matepuu. TepMuH «aHTHBENEeCTBO» SIBJISIETCS] HE COBCEM Bep-
HbIM. OH 1O CyTU CBOEH JIMIIIb YKa3bIBAET HA TO, YTO IPABUTALIU-
OHHOE T0JIE MACChl KJIacTepa CTPYKTYpPUPOBAHHOM MAaTEpPUM Be-



IIecTBa 00aaeT 0OpaTHBIM 3HAKOM U U3JTy4aeT COOTBETCTBYIO-
1IME IO 3HAKY U JAJIBHOJAEUCTBHIO 3€pHA-TPaBIOTEHIMAIIBL. Ta-
KO€ TT0JIe TaKXke CIIOCOOHO Ha CO3J]aHUE TPABUTAIIMOHHOTO MPH-
TSKEHUS UM OTTAJIKMBAHUS, HO BOT YTO KacaeTcsl CBOMCTB I0-
Jieil TpaBUTALIMU MO TUIOTHOCTH MOTOKA U 1aJIbHOAEUCTBUIO OfIU-
HAKOBOW MO IJIOTHOCTA MaTepyy U «aHTUMaTepun» (HEUTPOH,
MpoTOH, aroMHble spa 1 YCT-nyabcapoB), TO UX pa3Mephl Cy-
IIECTBEHHO pa3HATcs Ha 15—20 necsatuunbix nopsiakos — YCT
(MaTepuHCKOE SIIPO UCTOYHUKA) U HEUTPOHBI, MPOTOHBI (JI0uep-
Hue npoayktel YCT). D10 NpuBOAKT K pa3HULE B AATBHOACH-
CTBUU U TJIOTHOCTH MOTOKOB TOJIeW IPaBUTALIMU, YTO U MPOSAB-
JSAETCS B Pa3HULIE TOJIEM aCTEPOMIIOB OT LIEHTPAJIbHBIX IOJIEH
rpaBuTaiuu 3emiu u ConHia.

Ho camoe rnaBHOE, CTAHOBHUTCSI OYE€BUIHOM OOJbINAs pa3HU-
11a B KOHCTAHTE BPEMEHM B3aMMHOIO Mepexoja U3 NMEPBUYHOU
matepuHckoii YCT (M3 KOPOTKOBOJTHOBOTO M3JTyUEHHS] BCETO
0,4% ot Bcero auamna3oHa ¢ 3Hepruert 6onee 100—500 M»3B)
C OJIHAM 3HAKOM B Jl0Y€pPHee aTOMHO-MOJIEKYJISIPHOE BEIIECTBO
C MPOTUBOIIONIOKHBIM 3HAKOM 3apsijia TPaBUTALIMOHHOTO MOTEH-
uuana. [1pu sTom HabmonaeTcs: aHaIOrMYHBIA KBAaHTOBBIN Mepe-
xo[1 ogHo# opmbl cTpykTyprpoBanHoil matepuu (UCT) B apy-
I'yIo (ATOMHYIO IIEHY ) C IPOTUBOIIOIOKHBIM 3HAKOM, KaK U B CITy-
Yyae cO CBOOOIHBIM MarHMTHBIM MOHOIIOJIEM B (pOTOHE, HO yxke
3a BpeMmsi Oosbilie 14 MUIIMApAOB JIET, YTO U IPUBOIUT, TIO 3a-
xmovyeHnio CAIIL, k acuMMeTpuu BeliecTBa U aHTHBeIlle-
cTBa BO Bceceaennoii. I Hao00poT, TOBKO OHO PO, pas3py-



IIEHHOTO NP B3aMMOJEWCTBUU aTOMa, B TOM YHMCJIE U ITPOTOHA,
u3IydaeT (pacrnag Me30HOB) IpH STOM (POTOH ¢ HEpruen dosee
100 M»3B, KOTOpBIii yXke CIOCOOSH pOIUTh B aTMOc(epe Hallei

Bceenennoit oqun YCT nuamerpom ot 10? hio) 10% cm.

Bonee HarsigHO 3TO JIeMOHCTpupyercs: sBosmonuen JlyHsl
1 vcyesHyBlen maneTod ®aston. Y ®astoHa NOIHOCTBIO pac-
nasiock ero YCT — B pesysibTraTe OCTaJIMCh €ro MPOAYKTH B (hop-
Mée aCTepOUIOB U3 aTOMHO-MOJIEKYJISIPHOTO BemecTBa. Y JIyHel
nouTtH nosHocThio pacnanock YCT, octaBuB BMECTO ceOst OUTH
uenyio radety u3 BemectBa. YCT ConHila HAXOOUTCSl B caMOM
HavaJle IyTH pacriajia, ABJIAETCS IPOLYKTOM ITyJIbcapa v KEITHIM
KapJIMKOM, Fa30BbIM IMTAaHTOM 1 00pa3yeT COIHEYHYIO CUCTEMY.
FOrmutep n CarypH ra3okuaKue TUIAaHEThl ¢ OOJBIITUM KOJTYe-
CTBOM HapaODOTaHHOI'O BEUIECTBA, HO €llI€ U C I0CTATOYHO OOJIb-
1AM I'PAaBUTALIMOHHBIM 3aps[0M OAMHAKOBBIM 10 3HaKy ¢ YCT
Connua. [ToaTOMy OHM OTTAJIKMBAIOTCS OT HET'O CIIBHEE, YEM UX
HapaOOoTaHHOE BelecTBO npuTsruBaercs sapom Conxua. Otcio-
Jla MX ToJokeHue Oosiee JajibHee, yeM Apyrux mianert. [Iporu-
BOIIOJIO)KHOE TOJIOKEHUE 3aHUMAIOT IUIAHETHl 36MHOU IPYIIIBI —
UX BEIIECTBO U B OOJIbIIIEM KOJTMYECTBE CUJIbHEE IPUTITUBACTCS
K YUCT CosHily, 4eM OTTAJIKMBAIOTCS OT HETO UX spa STUX ILJ1a-
HeT (Mapc, 3emisa, Benepa u Mepkypuid).

Toxe camoe crienyer yNnoOMsHYTb M O B3aMMHBIX IIEpEXO-
Jax MAarHATHOM M 3JIEKTPUYECKON CTPYKTypUPOBAHHOW Mare-
pUM Ha MpUMepe nepe3apsAaKyd MarHUTHBIX MOHononell B DMB
C Pa3HbIM 3HAKOM Yepe3 MEKTPUUYECKUId, KOTOpbIE U MOPOKIa-



0T JIEKTpUUECKUi 3¢pUp (CTPOUTEIHHBIN MaTEpUall) C COOTBET-
CTBYIOIIUM 3HAKOM.

Takum o6pa3zom, mpocTpaHcTBO BeeneHHoN 06pa3oBaHoO Mo-
JISIMM U 3aI0OJTHEHO 0ecCTPYKTYPHOI Matepued B (popme 3€-
PEH-TIOTEHIIMAJIOB (TPABUTAIIMOHHBIX, NEKTPUYECKUX U BCe-
r1a JBHZKYIIUXCSI MarHUTHBIX’). DTO MPOCTPAHCTBO TIpE-
crasisger cooort XOJIOJHYIO BESMACCOBYIO ITJIABMY,
B KOTOpPOW aHHUTWJISALMS TPOTHUBOMNOJNIOKHBIX 110 3HAKY T'PABU-
TAlIMOHHBIX 3EPEH-MOTEHIIMAJIOB CTSITMBAET €€ B €QUHOE Iie-
Joe W He Ja€r pasiereThcs. A HaOomaeMble HEOTHOPOIHO-
ctu B hopMe BUIUMOTO BeIleCTBA (3BE3/IbI, IJIAHETHI, TaJlaKTH-
KU, (PUIIaMEHTBHI, FA30BO-IbUIEBbIE TYMAHHOCTU, CTEHBI, CKOILJIe-
HUS TIAKTHK, W T.J.), BOWJ W HEBUIUMON MaTepuu oOpazy-
10T CTPYKTYPHPOBAHHYK) MaTepuio, MPOU3BOJISAIIYIO 3Ty Oec-
CTPYKTYPHYIO.

Heckonbko noxoxee B3auMHOe MpeoOpa3oBaHue HaOMonaeT-
Cs ¥ B JIEKTPUUECKON MaTepuu (MEKTPUUECKUX 3EPEH-TIOTEeH-
[IMAJIOB), HO 4epe3 MOCPeCTBO MarHuTHOro monomnoss. [lpu
BCEM 3TOM CJIe/lyeT OTIMYaTh MOJeBYI0 (popmy 3apsijioB SHEP-
r'Md (BUXPEBbIE MArHUTHBI Y TPABUTALMOHHBIA MOHOIIOJN)
OT KOPIYCKYJIMPOBAHHOM (3JIEKTPOH, HEUTPOH, TPOTOH U T.J.)
¥ UX B3aUMOOOpaTHMble KBAaHTOBHIE TEPEXO/bl B OMPEJIE/IEH-
HBIX MMOPOTOBHIX YCJOBUSIX. OIHAKO AaHHUTWISIIUYA KOPITYCKYJTH-
POBAaHHOW MaTepyy, HAYMHASA yXKe C AeUTepHsl, HE TPOUCXOAUT —

? Ecim o kakoi-to MMPUYINHE OHU TOPMO3ATCA, TO MTHOBEHHO IIPEBPAIIAIOTCA B I'pa-
BUTAllMOHHLBIC 3épHa—HOT€HLII/IaJILI.



UIyT SIIGPHO-MOHHBIE PEaKIu C POXKICHUEM OoJiee TSKETBIX
351eMeHTOB, Harpumep, LENR.

B ominume OT CBONCTB caMOABMKYIIUXCSI (DOTOHOB, aTOM-
HBIX sJiep, JEKTPOHOB, MPUCYIIUX MHUKPOMATEpUH, Te Tpe-
BAUPYIOT JIEKTPOMATHUTHBIE B3aUMOIEWCTBUS, B CHCTEMax
JBHKYIIUXCS MAacC MaKpOMaTepuu, IPEBHIAININX 3Hayue-
HUE TUIAHKOBCKOW, 3HAYMTEIbHEE HAUMHAIOT CKa3bIBAThCS I'pa-
BUTAIIMOHHbIE B3aMMOJCHUCTBUS 4Yepe3 MOCPENCTBO MHIYKIMU
I'PaBUTAIIMOHHBIX MOHOIOJNEN — CBOOOJHBIX MeXaHU4YeCKHX
MaKpPOBHXPOHOB M 3aMKHYTO CBSI3aHHBIX B CTPYKType-dop-
Me rpaBURJIEKTPOMArHUTHBLIX MOHOMOJIEN 1 AumoJiei (ak-
THBHPOBAHHAsI TPHAJAa B3aNMMOCBSI3aHHBIX MOHOMOJEH) ,
YTO MPUBOAUT K TAKUM SIBJICHUSIM MPUPOAHI ¢ (pOpMOil Bele-
CTBEHHBIX CTPYKTYp, KaK 3BYK, TOPHAJO, IIAPOBbIE MOJIHWU,
cepol u3 Kiepkcmopna, mapoBble KOHKPEIWH, TPaBUOOTU/IbI
u T. 1. [IposiBiienne BO3AENCTBUS ITUX CTPYKTYP Ha BEUIECTBO
MPOKMCXOANT Yepe3 MarHUTHBIE W PABUTAIMOHHBIE MOHOIIOJH,
KOTOpbIE MOPOKJAIOT MAarHUTHOE, JIEKTPUIECKOE U MEXaHUYe-
CKO€ /IaBJIeHH e, HO 110 Pa3HOMY.

Harnpumep, ecu B BO30YKAEHHOM aToMe, Kak B HEpaBHO-
BECHOM CUCTEME, ABMKYIIUIICS JIEKTPOH POXKIAET MAarHUTHBIM
MOHOTIIONb (hOTOHA (TIPOYKT CBEPXOBICTPOTO H3MEHEHUSI SHEP-
TeTUYECKOr0 COCTOSIHUSI IEKTPUUECKOTO TOJIs, CBEPXCBETOBBIE
SIBJIEHMST), TO Bpalalomasics raika-«0oapaiiek» Jl:xaHnoeko-
B4, KaK CUCTEMa Macc, yKe TPOU3BOAUT IPAaBUTAIIMOHHBIA MOHO-
noJb (MPOAYKT MEIJIEHHOTO M3MEHEHMsI SHEPreTUUecKoro co-



CTOSIHUSI COOCTBEHHOT'O TPABUTAIIMOHHOTO TTOJIs1, JOCBETOBBIE 5IB-
JIeHWsT) CBOOOJHOTO MEXaHW4YEeCKOTro BUXpoHA. B oboux ciyya-
SIX TIOPOXKJAEMbIE UMW KBAaHTbI BOJIH UMEIOT OIMHAKOBbI CITHH,
HO B pa3HbIX HOCUTEJISIX.

st 3Tux ke (popM MaTepuu 0 CUX TOp OCTa€rcs Tau-
HOU olpejeJieHHe (pU3MIECKOro CMbICIA MEKTPUIECKOrO TO-
Ka (OOBIYHOTO W XOJIOTHOTO) U 3BYKA C TOYKM 3PEHUsT MPHPO-
Jbl MEXaHU3Ma €ro0 CaMOJABHKEeHHMs, Tak Kak eme M. dapa-
aeit n H. Tecaa KoHCTaTUPOBAJIH, UTO «3AEKMPUUECKUL IhUup»
MACCHBEH OTHOCUTEJIBHO JIBUKEHUSI W JIJISI TOrO, YTOOBI Takoe
«001aK0» 3aCTaBUTD JIBUTAThCSI HEOOXOAUMO MPUJIOKUTH JJEK-
TPUYECKYIO PA3HOCTb MMOTEHIIUAJIOB — JIEKTPUYECKOE HarpsikKe-
HUE WIN JIeKTpUYecKoe JaBieHue. 1 31o skcrepuMeHTalIbHO
MO/ITBEPXKICHO, UTO TOK U 3BYK OOYCJIOBJIEHBI PUHYIUTETHHBIM
JIBUKEHUEM-JABJICHUEM TOJ1 JICVCTBUEM PA3HOCTH NMOTEHIH-
aJ0B (JIEKTPHYECKHX M MEXaHH4YeCKHX) BOJIHOBOJOB IS
JIEKTPOHOB U HEUTPAJIBHBIX aTOMOB — 3JIEKTPUUYECKOTO Harpsi-
JKEHHS 1 MEXaHUYECKOT'O IaBJIeHUS (Pa3HOCTh IPABUTALIMOHHBIX
MOTEHIIMAJIOB) COOTBETCTBEHHO. [Ipnyém CBOMCTBA TOKA W 3BY-
Ka CHJIBHO 3aBUCAT OT MapaMeTpOB BO3JEHCTBUS HA BELIECTBO
MOCTOSIHHBIX U MIEPEMEHHBIX 3HAUYEHUI JIEKTPUUYECKOTO Harpsi-
KEHHUSI 1 MEXAHUYECKOTO JIaBJIEHUS, T.€. CKOPOCTH MU3MEHEHUS
NIEKTPUYECKOTO U MEXAHWYECKOrO MOTEHIMaIa, YTO MPUBOIUT
K POXJIEHUI0 MOHOIIOJIEH, MYJIbCUPYIOIIMX C Pa3IMYHON 4acTo-
TOM.

3arponyTtsie 1. K u A. ®@. KiiagoBbiM BOITPOCH 1e3HHTE-



rpamum v npeoOpa3oBaHusl BelllecTBa (MeXaHHYeCKHe BUXpPO-
HBI) C OCBOOOXKIEHNEM BHYTPEHHEN SHEPrur MPH BO3ICHCTBUM
Ha HEro 3aroporoBBIMHU 3HAUEHUSIMU T'PABIOTEHIIMATIOB 3BYKa
U YIbTPa3ByKa [0 CHUX IOp HE ONpejesieHbl U HE pa3pelne-
HbI opunmanbHor (pusukon. Toxke camoe Kacaercsi {e3HHTe-
rpamum v npeodpa3oBaHUs BelecTBa (IJeKTPOMArHUTHBIE
BUXPOHBI) TEXHOJIOTUSMU C TIOMOIIIBIO 3aPSIIOB JIEKTPUUECKUM
norenimaioM K. Ioynnepca, C. B. Anamenko, A. B. Bauae-
Ba 1 Bypnyukoro /1. C. nyrem Bo31eiCTBUS 3alIOPOrOBBIMU 3HA-
YeHUSIMU (PPOHTOB HAHOCEKYH/IHBIX (M3MEHEHUE MOTEeHIIMAIOB
B BEINECTBE) EKTPUUECKUX UMITYJILCOB WM IMAPOBBIM Pa3psi-
JOM.

OpHako camMoy BaKHOW TAMHOM I HAYYHOTO COOOINECTBa
OCTa€TCsl BOMPOC 0€3bIHEPIMOHHOTO IBHKEHHS armaparoB
. Kumu, [1. Cepna, B. llayoeprepa, B. C. I'pebeHnrkoBa, 1 Ta-
KO %€ MOIBEM U IEPEHOC MHOTOTOHHBIX KAMEHHBIX CTPOUTEb-
HbIX On0koB!® B Tubere, Erumnrte, ®nopuae u npyrux peruo-
HaX NPU OMpPENIEIEHHBIX YCIOBUSIX BO3JENCTBUS 3ByKOM H3BHE
Ha KOHAEHCUPOBAHHBIN KjlacTep paboyero Teja yCTpoucTBa Win
KaMEeHHOTro OJIoKa — KaKOB MEXaHW3M HeHTpaiu3anuu 3apsijia
MAacchl 3TUX YCTPOMCTB, a TAKKE KAKOB MEXaHU3M YHUUTOXE-
HUS CHJIbI IIPUTSKEHUA?

CB000/1HbIE 3JICKTPOMAarHUTHBIE M MEXaHUYECKUEe MaKpo-

10 3100 Taitnoit osmanen . JIugckanHuH 1 MOCTPOWJI B OIMHOYKY Bo Piiopuze
(CIIIA) memslif 3aMOK M3 KaMEHHBIX OJIOKOB, TIepeMelas X M0 BO3AYXY MOJ aKKOM-
MTaHEMEHT COOCTBEHHBIX IIECEH U CBHCT.



BUXPOHbI 1 3aMKHYTbI€ MaKpPOBUXPOHBI CO CTPYKTypoW rpa-
BHYJIEKTPOMATrHUTHBIX MYJIbTHIIOJIEN — CYIIECTBYIOT JIM OHU
B IIpupoze”?

OTBET TakOB — TOJILKO BOJIHOBOZIBI M3 3JIEKTPO- M T'PABIIO-
TEHLIMAJIOB, CO3/IAHHbIE MATHUTHBIMU U IPABUTAIIMOHHBIMU MO-
HOIIOJISIMA MaKPOBUXPOHOB, SIBJISIIOTCS PUYUHON BOBHUKHOBE-
HUsI BUXPEBBIX TOKOB B KPUTUYECKUX COCTOSIHUSIX B BEILIECTBE
Y MIPUBOJISIT K B3pbIBaM, U0/ IO U YHUUTOXEHUIO TEXHU-
KH.

ITpumepsr:

1. MrHOBeHHOEe pa3beqUHEHNEe-COeAUHEHUE pPYOMIbHUKOM
(akcniepumenTsl H. Tecna) anekrpoceTeit ¢ MOIITHBIM TIOTpedie-
HUEM TOKa MPUBOAAT K OOPa30BAHUIO BCIIBIIIKK 00JIaKa MOIII-
HOTO TIOJIEBOTO CBETSIIErocsi pa3psiia — 3T0 00JaKO-TIOTOK
POXAEHHBIX MarHUTHBIX MOHOIIOJIEW B MPOCTPAHCTBE OBICT-
POro M3MeHeHNs1 JEKTPUIECKOro MoJisi B CMeCH C ra3o-
NMoJ00HBIM 00JIaKOM JIeKTpuueckoro 3pupa. Eciu pass-
EIUHSTh PYOMJIBHUKOM CIIEIMAIBHYIO CXEMY, MO3BOJISIONIYIO
IPOMYCKaTh EKTPUUYECKOE HAIPsIKEHUE B MOTPEOIISIEMYIO CETh
C OYEHb ME/IJIEHHbIM HAPACTAHUEM €I'0 BEJTMUMHBI (OHA-TPU MU-
HYTBI), TO HUKAKMX MAarHUTHBIX MOHOMOJIEN pOXIaThCs He Oy-
net. UeMm «Tsikesiee» 3T MarHUTHbIE MOHOTIONH U KOPOUe BpeMs
UX MPOU3BOJCTBA, TEM IIOTHEE BOJHOBO/bI, KOTOPbIE OHU MPO-
M3BOJAT B OKPY:KAIlOIEM BEILIECTBE, TEM IIJIOTHEE KOHLEHTpaLUs
CBETSIILIErOCs] MEKTPUUECKOro 3(pupa, TeEM CUIIbHEE BUXPEBbIE
TOKH — 3T0 aTOMHO-3JIEKTPOHHBII B3pPbIB BEIIECTBA.



2. HakoruieHue 1o BEJIMYMHE XOJOQHOTO I'PABUTAIMOHHOIO
MOHOMOJISI 3AMKHYTOT'O MEXaHUYECKOTO MaKPOBUXPOHA B MAIIIH-
He JK. PeHo, a yepe3 Hero U MarHUTHBIX MOHOIIOJIEW TOCHIE UX
pa3psiiKu, NPUBEJIO K BUXPEBbIM TOKAM HEUTPAJIbHBIX ATOMOB
Y JIEKTPOHOB TaKOW CHUJIbl, YTO CUJIOW B3PbIBA YHUUTOXUIIO €r0
«TIEpIIeTyyM MOOWMJIE», €r0 CaMOro M acCHUCTEHTa IMPH JIEeMOH-
CTpaIi¥ 3TOro uyda B AkajieMuu Hayk PpaHIum.

3. BonHOBOABI W3 T'PaBHNOTEHIMANIOB MOPOXKIAT 000J0-
YEUHBI XOJIOJHBI AHTUTPABUTAIIMOHHBIII MOHOMOJIb BOKPYT
BHEIITHEeW TOBEPXHOCTH KJIAcTepa TBEPIOrO Tela OOBIMHOTO
ATOMHO-MOJIEKYJISIPHOTO COCTaBa, EPUOANYECKH OOHOBIISIEMBII
¥ BOCIIPOM3BOJIMBIiA, CBOMCTBA KOTOPOT'O ObLITM MPOAEMOHCTPH-
poBaHbl TexHonorussMu B ycrporctBax [. Kumu, II. Cepna, B.
[Mlay6eprepa, B.C.I'pebennnkoBa, a Takxe 3¢pdexramu [, Xat-
yucoHa u H. Tecna B ®unanenbpuiickoM SKCIIEpUMEHTE (€ro no-
CJIE/ICTBUS ITPOCTO YCTPAILIAOIIN).

Co Bpemenu . Kunu, H. Tecna u 7K. PeHo He naHo onipezee-
HUU 3TUM SIBJICHUAM M €ro (PU3MYECKOro Mexanusma. Pemenne
OBUIO OYEHb MPOCTOE — 3aCEKPETUTH U 3aNPETUTh 10 BCeMy
MUpY BCe MOIO0OHbIE TEXHOJIOTUM M U3bICKAHUSI TI0 OCBOOOXKIe-
HUIO «CBOOOTHOM YHEPTrUM» U POU3BOJCTBY «BEUHBIX JBUTa-
Tesneii». OmHaKo B pa3BUTHIX cTpaHax (ocobeHHo B CIIIA) cek-
peTHbIe TaopaTOPHHU MPOIOJIKAN 3aHUMAThCsI TAKUMH M3bICKA-
HUSIMU, U, KOHEYHO, Pe3y/IbTaThl HUKOI/IA He MyOIMKOBAIKC.

C oaHOW CTOpPOHBI, B TOJIHOW AHAJIOTUU C MEXaHU3MaMU
POXJEHNSI MATHUTHBIX Y T'PABUTAIIMIOHHBIX MOHOIIOJIEN B MHUK-



POBHXPOHAX POXKIAIOTCS MOIIHBIE COOTBETCTBYIOIINE 3aPSIIbI
SHEprud B MAKpPOBHXPOHAaX. DTO MPOUCXOAUT MPU YCIOBUU
«00pbIBa» TOKa yke KOJJIEKTHBA 3JIEKTPOHOB, MOHOB (ayra)
WY UX HEHTPOCTPEMUTENILHOE IBUKEHUE U TOPMOKEHHE B JIEK-
TpudeckoM mojie. Toxe camoe MPOUCXOTUT MPU MEXaHMUECKOM
yaape (TpaBUTAIIMOHHBIM) B BEUIECTBE, B3PbIB, BPAILIEHUE B 3a-
MKHYTOM KOHTYpPE CHUCTEMbI YacTHI[ C TOABUKHOM Maccoil 4a-
crun 4 T. A. [Ipu 3TOM, YeM Kopoye BpeMsi OCTAaHOBKU-TOPMO-
JKEHUSI TOKA IEKTPOHOB, COM3MEPUMOE C TTapamMeTpaMu MX emié
CBOOOJHOW TOIBMKHOCTH, T.€. YeM KOpoue TOK Craaa-oOphIBa
OT MUKPOCEKYH/I 10 TMKOCEKYH/I U MOIIIHEee TOK OT KUjoamIep
(KOJJIGKTUB M KOHLIEHTpAlIMsl JEKTPOHOB) JI0 MEramriep, TemMm
MOIIIHEe U TUIOTHEe (KOMITPECCHsi M MHTETpallusl 3apsiaa SHEPTUun
B 0e3mMaccoByl0 (hopMy MaTepry MarHUTHOTO MOHOTIONS) POK-
JIA€TCSI MArHUTHBI MOHOTIOJb — HApACTaHUE JTAET MOJIOKUTEb-
HBII, criaj] Ja€T OTpUIATENIbHBINA 3HAK ITOTO 3apsia SHEPIuu.

C npyroii CTOpoHbI, B MAKPOBHXPOHAX B OTJIMYUE OT MHK-
POBHXPOHOB 32POXICHUE MATHUTHBIX MOHOIOJEN BO3MOXKHO
U 10 MEXaHW3MY CO3[aHMSI TPABUTAIIMIOHHOTO MOHOIIONS 3BY-
KOBBIX KBAHTOB. DTO BO3MOKHO C TIOMOIIBIO CPE/Ibl C TOIBMXK-
HBIMM YaCTUIIAMH MAaCChl, B KOTOPOW CO3[IaHHBIN I'PABUTAIIOH-
HBIM 3apsiIOM TIpU pas3psijike BOJTHOBOJ TMIEP3ByKa BOBJIEKAET
B BUXPEBOE JIBUKEHUE YACTUUKHU C MACCOW UMEIOIIUE JEKTPU-
YeCcKMUi 3apsf (MOHBI IJ1a3Mbl) — 3TOT KBAHT BUXPEBOTO TOKA
B (paze 1/4 nyivHBI BOJHBI OCEBOW MMIUIO3UU B y3en (3apsiIKa)
Y TIOPOXJIAET MArHUTHBIA MOHOMOJb, TEM MOIIHEE, YeM CHUJIb-



Hee TOK U pa3HOCTh NIOTEHINAIOB. PoXIeHre rpaBUTAITMIOHHOTO
MOHOIIOJIS1 B MAKPOBUXPOHAX OTJIMYAETCS OT MEXaHU3Ma B MUK-
POBUXPOHAX, YTO OOYC/IOBJIEHO HATMYMEM MEXaHUUYECKOTO CIH-
Ha B YK€ UMEIOIIENCs CUCTeMe Macc — 4eM OoJibllie Macca U 3a-
JaBaeMblil MEXaHMYECKUI MOMEHT BpAIlEHWs, TEM BBIIIIE €ro
3apsi/l SHEPrUM, WIM YeM MOILHEEe U KOpOYe yaap-B3pbIB JETO-
HallM¥ B BelIEeCTBE (CMMH PaBEH €JUHUIIE), TEM CUJIbHEE I0-
CIIE[ICTBUS PA3PSAAKU POKIEHHOTO MOTOKA IPABUTAIIMOHHBIX MO-
HOIOJIeH. A CBOICTBA I'PaBUTALIMOHHBIX MOHOIIOJIE B MAKpoO-
BHXPOHAX OTIMYAIOTCS OT aHAJIOTMYHBIX MOHOIIOJIEN B 3aMKHY-
ThIX MHKPOBHXPOHAX (Harnpumep, 3JEKTPOHOB) Ipek/e Bce-
IO UHTErPUPOBAHHBIM JEUCTBUEM ITPU MOJISIPU3AINY TAKKe, KaK
9TO MPOUCXOIUT C MEXaHU3MOM POKJIEHUS MATHUTHBIX CBOWCTB
Y HEKOTOPbIX METAJLIOB TaKkKe, KaK 3TO IEHCTBO HAIJIsITHO OIU-
caJl U3BECTHBIN caMOyyuKa . JInJCcKalIHuH:

«.. U3 smozo euono kaxk mazwum, modxcem Oblmb
UBMEHEH U €20 CUNA MOdCcem Oblmb CKOHUEHMPUPOSAHd,
@ MaKdice 6bl MOJNCEMe UOEMb, UMO MEMANNL HE S6ASAEMCSL
Hacmosuum maznumom. Peanvrvin maznumom siensiemcst
cyocmanyus'',  komopas  uupkyaupyem 6  memanne.
Kajxcoas uwacmuya 6 cybcmanuuu, 3mo cam no cebe
eOuruunbll maznum. Eounuunvle maznumol mozym Obimeo,
KaK CcegepHozo, Mak u 10%cHozo nomoca. Onu makue
HeboNbUIe, WO MO2YM NPOHUKANb NOECIOOY. PakmuuecKku
OHU MO2YM NPOHUKAMb Uepe3 MemAann Jezue, em 4epe3

1 AHaIIOFI/I‘{HyIO TUNOTE3Y BbICKA3bIBAJI B. Feﬁ3eH6€pr, HO OTHOCUTEJIbHO IPUPOIbI
MaTepuu U SHEPrun — Ux HpI/I‘{PIHHO-CIIGIICTBCHHOfI CBA3U.



6030yx. OHU — 8 NOCMOSHHOM OBUNCEHUU. .. MAZHUIN — 91O
Xpaunumenv 6eut020 OBUNCEHUS... Maznumul s6as10MCs
OCHOBOIL 8Ce20».

SOra uuraTa, Kak U odcrosTenbHble dKcnepumentsl H. Tec-
J1a ¢ UCCIIeJOBAaHUSIMU «PAOUAHMHOL dHep2uU», BIIEPBbIE CBUIE-
TEJIbCTBYIOT O HEKOU cyOcTaHnu (hopMbI SIHEPIUH, KOTOpasi
SIBIISIETCSL caMa 1o cebe eMUHUIHBIM MarHUTOM (MarHMTHBIM
MOHOII0JIEM B PaBHOBECUM CO CBOMMHM BUXPEBBIMHU MOJISIMU),
a OKpy’Kalollee Hac BELIECTBO U JABUKEHUE (SHEPrus) ABJAETCA
MIPOIYKTOM ITUX «MAZHUIOG .

[Ipouecc nponnkHoBeHUs 3ByKa (. Kunm) B TBepnpi Kia-
CTEp U ero «omeent»'> NpUBOAUT B HEKOTOPBIX OCOOBIX YCIOBHSIX
K POXIEHUIO U MEJUIEHHOMY (C IIOCTOSIHHOM BPEMEHU IpoLiecca
OT HECKOJIbKMX MUHYT U BBIIIE, B 3aBUCHMOCTH OT 3HAYE€HU S Mac-
Cbl) HAKOILJICHUIO BEJIMYMHBI aHTUTPABUTAIIMIOHHOTO MOHOMOJIS,
KECTKO CBS3AHHOTO C LIEHTPOM TOH CHUCTEMbI Macc, B KOTOPOM
3TO MPOKUCXOANT. DTO U €CTh caMoe cJiaboe nposiBIeHue (popm
MaTepuu, MHIYKTUPYIOIIEH J1eOpONIeBCKYI0 «ITy0y-000I0UKy>»
B 3AMKHYTO-CBSI3aHHBIX MEXaHUYECKMX BUXPOHAX, O0YCIOBJICH-
HBIX BpallleHUeM TBEPIDIX, KUJKUX M ra3000pa3HbIX KJIACTEpOB

12 3ByK, IPOHUKAOLIUH B TeJIO TBEPAOrO KJacTepa, IOPOKAaeT B HEM BHYTPEHHUE
KOJIeOaHNsT aTOMOB, BBI3HIBAIONIME COOCTBEHHBIN 3BYK, KOTOPBIH IMOJ AEHCTBHEM ITO-
JIs1 TATOTEHHsT 3eMITM TIO-HOBOMY OPHEHTHPYET, YIOPSIOUYMBAET CITMH BCEX aTOMOB,
a Ha BHEIIIHEH MOBEPXHOCTH KJjacTepa pacTéT cOOCTBEHHBIN aHTUIPaBUTAIMOHHBIN
MOHOIIOJb, KOMIIEHCHPYIOLMI ToJie 3apsifa mMacchl. [Ioka aeiicTByeT BHEIHUM 3BYK,
B 3TOT BHYTPEHHUH MPOIIECC BOBJIEKAETCS YBEIMUHMBAOIIEEC KOIMIECTBO ATOMOB,
¥ TaK JIO MOJIHOTO TIpefiefia, MOKa TIOMHOCTBI0 He Oy#eT SKpaHWpPOBaHO IOJIe 3apsaa
MAcCHI 3TOTO KJIacTepa. 3aTeM BHEITHHI aKTHBATOP MOKHO HA BpeMs yOpaTh.



BelecTBa (paboyero Teja B yCTPOMCTBAX ) MJTH MOJBHKHBIX MUK-
poYacTuyeK, BXOAANIMX B HUX. B JaHHOM pasferne noiaer peub
1 00 3T0i hopmMe MaTepuu.

[TonBeaeM UTOr — UTO XapaKTepU3yeT KJlacTep aTOMHO-MoJie-
KYJISIPHOT'O BEILIECTBA, HAXOASIIErocsl Ha MOBEPXHOCTH 3emun?

1. CoOcTBeHHOE TpaBUTAIMOHHOE TIOJIE BOKPYT KJACTEPA,
B3aMMOJICHCTBYIOLIEE C MOJIeM TArOTeHWs] 3eMId TpPOSBISIET
y Hero 3apsiJi Macchbl, U3MepeHHbIN B cucteme ndmepenuii CU.
[Mons kmactepa CUIBHO OTIMYAIOTCS TIO (hOPME OT BUXPEBBIX I10-
Jieu (poToHA, NMEKTPOHA U IPYTUX EMEHTApHbIX yacTull. [L1oT-
HOCTb KJIacTepa 3aBUCUT OT arperarHoro COCTOSTHMS KJjacTepa
U ONpe/ieNsieTcsl OTHOIIEHUEM MAacChl K 3aHUMaeMoMy el 00b-
€My, a B OO0IlEM XapaKTepu3yeTcsl peryasipu30BaHHON MJIOT-
HOCTBIO pa3MeIlEeHUsl 3EPEH-NOTEHIIMANIOB Ha X BOJHOBOJAAX
Y TUIOTHOCTBIO MX pPa3MelleHusl Ipyr OTHOCUTENIBHO Apyra. ST1o
HAIJISAHO JIEMOHCTPUPYETCS] COCTOSIHUEM HEUTPOHA — B 00J1aCTH
CHJILHOTO TPaBUTAIIMOHHOTO TOJIsI BOIM3YU siipa 3eMIIu OH UMe-

1
€T IUIOTHOCTb nopsiika 10 > F/CM3, a Ha MOBEPXHOCTU 3EMJIM OH
pacriajaercs ¢ 06pa3oBaHHEM aTOMa BOIOpO/ia — ero 00bEM yBe-

mmunBaercst B 101 paz. Takke NPOUCXOIUT U C IPYTUMHU XUMU-
YECKMMHU 3JIeMEHTaMHU, poauBIIMXcs myTeM pacnaga sapa YCT,
4TO MPUBOIUT K pacimmpenuto oobeéma 3emin. [losaromy cpen-
HsAA IUIOTHOCTB JaXK€ TBEPAOIO BEIIECTBA KjacTepa Ha MOBEpX-

HOCTH 3eMJIM He rpeBbliiaeT 20 r/em’. Bosbimoe pasHooOpazue



(puzmyeckux cBOKMCTB!? KJIaCTEPOB MOPOJKAaET MHOrooOpa3ue ux
BEIIECTBEHHBIX (POPM.

2. DReKTpUYecKoe MoJjie BHYTPU UM BOKPYT Kjacrepa B Ie-
JIOM JIEKTPOHEHTPAJbHO 1 HEBUIVMO B ITOW Xe CHCTeMe
U3MEPEHU, YTO MO3BOJISIET OTACTbHBIM KJIacTepaM OOBbEJUHSIT-
cs1 B OOJIbIIIUE KJIacTepbl — Oarogapsi 4eMy U BO3MOXEH MeXa-
HU3M OOBETUHEHUSI AaTOMHO-MOJIEKYJISIPHOTO BEIIeCTBa B TBEP-
J0€ Y JKUIIKOE TeJ0. DIEKTPUUYECKOe TMoJie MEeKTPOHEUTPATIbHO
¥ 3a TIpe/ieiaMu aToMa. ATOMHOE SIJIPO MPOSIBIISIET dJIeKTpuue-
CKHIl MOTEHI[HAJI C OJIOKUTEJIbHBIM 3HAKOM U U3JTyJaeT BO-
KpyT ceOsl eKTpuuecKuil 3pup (MeKTprUUecKue 3€pHa-TIOTeH-
IIMAJIBI C MOJIOKUTETbHBIM 3HAKOM). briaronapst Takoi cTabusIbHO
CYIIECTBYIOIIIEH YacTuIle, KaK JIEKTPOH C €ro XapaKTepPHbIM BUX-
PEBBIM pPa3MepoM (Ha TPHU JIECATHYHBIX MOPSIKA) TOpa3ao O0b-
MM pa3Mepa aTOMHOTO siipa, 00pa3yloTcsi aTOMHbIE 0OOIOUKH
U3 JIEKTPOHOB, U3JTyYaIOlHe JEKTPUIECKUi 3(pUp ¢ MPOTUBO-
TIOJIOKHBIM 3HAKOM M KOMITEHCUPYIOIIIUE Ha HOJIb U3JTyYeHHUE 3a-
psina simpa aroma. [Ipu cUIbHOU MOJISPU3AIIMN AaTOMOB, HATIPH-
Mep, BRICOKMM HanpskeHueM B Tpancgopmarope H. Tecna, Bo3-
MOXHO pazfiefieHue OONaKOB JIByX 3HAKOBOTO 3JIEKTPUYECKOrO
acpupa ¢ pokaeHUEM «2a30n0000H020 ceemsuLezocs 6enoeo 0o-
ANAKa» OTHOTO 3HAKa B BUJIE COOTBETCTBYIOIINX IMAHAIMM 4,

3. CyMMapHOe CTallMOHapHOe MAarHMUTHOE ToJie KJacTepa

B s THIepeyvHs — aTOMHBIH BeC, MEeKTPUIECKUil 3apan Aapa, (popMa MOJIEKYIAPHOTO
COEUHEHUS, EKTPOIIPOBOJHOCTD, IOTHOCTb, MATHETUKU-IMAMArHETUKY U T. 1.

14 https://www.youtube.com/watch?v=15x8QwEawLc



TaK)Xe HEHTPaJbHO, HO MOXeT ObITh MOJSIPU30BAHO C OOpa-
30BaHUEM Y HEKOTOPHIX METAJUIOB MOCTOSIHHOTO HAIPaBJICHHO-
r0O MAarHUTHOTO TOJII W BBIBOJIOM ero Hapyxy. [lo mpuuumH-
HO-CJIE/ICTBEHHOMY COOTHOIIIEHHIO MeXy TTapOil rpaBUTAIIMOH-
HBIX, MEKTPUUECKUX MOJIeH WIIM MarHUTHBIM, TOCIIeTHee sBJIs-
eTCs MPUYMHOU POXJICHUS TAphl IPYTHUX.

4. TIpou3BOACTBO BO30YKJIEHHOTO COCTOSIHUSI BHYTPEHHE!
CTPYKTYPHI KJIaCTepa BCEMH JOCTYTHBIMU MTPUPOJE BO3JCHUCTBU-
SIMUA CTPYKTYPUPOBAHHBIX MOJIEH (JIEKTPOMArHUTHBIM U 3BYKO-
BBIM U3JTyYEHUEM, MPUCYTCTBUEM B HEM PaTUOAKTHBHBIX aTO-
MOB) TPOSIBJISIET 3apO’K/IeHHE B €ro 00bEMEe JIEKTPHUECKHX
TOKOB U XOJIOJHbIX AHTHTPABUTAIMOHHBIX 000JI0Y€eK-3apsi-
JIOB BOKPYT €r0 3aMKHYTOM IMIOBEPXHOCTH U T. [I.

5. Takon kyactep Bcerga sBAs€TCS NMPUEMHHKOM WM HC-
TOYHHUKOM TeX WM WHBIX IOJIel, KaK ¢ OOJBIINM JaJIbHO-
JeficTBreM (TpaBUTAIIMOHHOE TI0JIE), TaK U MaJIbIM (JIeKTpruye-
CKHUM), HaXOJISIIMCS TOJIBKO B TIPE/iesiax ero aTOMOB.

6. HeomHOpOMHOCTH B CTPYKTYpe M THIT MaTtepualia Kjacte-
pa B KpHUCTa/UlaX TBEPIOro Tejla MPUBOAUT K Pa3IUYHBIM €ro
CBOICTBaM — BBICOKOTEMIIEpaTypHasi CBEPXIPOBOAUMOCTb, Tbe-
309JIEKTPUKH, JIEKTPEThI, (peppOMarHeTHKH, rapa v Jquamarte-
TUKH | T. ]I.

A miepeii/isi OT KaTeropuii MaTepuu K KaTerOpyuu SHEPTyu eIne
pa3 oxapakrtepu3yeM (OpMbI €€ HOCUTEIICH:

— cB00O/IHbIE HOCHTEIIM SHEPTUU B BUJE TTOTOKOB-OOJIAKOB
OeCCTPYKTYPHBIX 3EPEH-TIOTEHIIMAJIOB OT CTAIIMOHAPHBIX UCTOY-



HUKOB M MCTOYHUKOB C 3aMKHYTBIM BHEIIIHUM KOHTYpPOM (Ha-
TIpUMeED, MEKTPOH, ATOMHBIE SITPa), & TAKKE UCTOUHUKH JIBIIKE-
HUS WK 3aPsiIbl SHEPTUY B BUJIE TIOTOKOB MarHUTHBIX MOHOIIO-
Jier B 3JIEKTPOMAarHUTHBIX BUXPOHaxX (Harpumep, (hOTOH),

— 3aMKHYTbI€ HOCUTEJIW SHEePrud B BHJIE TOJISPU3OBAH-
HBIX MarHUTHBIX U TPABUTAITMOHHBIX MOHOIIOJIEH CO CTPYKTYpPO
I'PaBUJIEKTPOMATHUTHBIX MOHOMOJIEH U JIUTIONEH, IBYIKYIIAXCS
B 3aMKHYTBIX KOHTYpax 3JIeMEHTAPHBIX YaCTHII U SIEPHBIX 000-
JIOYKAX aTOMOB XMMHYECKHUX JIEMEHTOB,

— 3aMKHYTO-CBSI3aHHbI€ HOCUTEJIM SHEPTUM BUXPEBBIX TIO-
Jeri B BUJIE 3EPEH-TIOTCHIIMAIOB NEOPOIMICBCKON «IITyObI-000-
JIOYKW» TPABUTALMOHHBIX MOHOIOJEH MEXaHUYECKHUX MaKpo-
BUXPOHOB, «BMOPOKEHHBIX» BO BHEIIHIOK IMOBEPXHOCTh 3a-
MKHYTOTO KOHTYpa BpaIIaloierocs: Kjiacrtepa arToMHO-MOJIEKY-
JIIPHOTO BEINECTBA.

IIpomeskyTouHble (HOPMBI MAaTepUM, U3BECTHBIE KaK CTa-
OWJIbHBIE arperaTHble COCTOSIHUSI aTOMHO-MOJICKYJISIDHOTO Be-
mecTBa B (hopMe rasa, Iia3mbl, XHIKOCTH W TBEPIOTO Teja
Y HEKOTOpBIE JIPYTUe, MPEJICTaBISIIOT COO0M KOHIIEHTPUPOBAH-
Hble CKOIUICHHUsI (KJIACTephl), a IO CBOCH CTPYKType SIBJISIOTCS
CMECHIO U3 CJA0BIX ¥ CHJIBLHBIX (h)OpM MaTepUH B BUJIE TOX/IC-
CTBEHHBIX MUKPOYACTHII, aTOMOB, HIOHOB MJIM MOJIEKYJI C IJIOT-
HOCTBI0, XapaKTepu3yemMoi uncioMm ABoraapo i Jlommuara
Y TeMIIepPaTypoii, 0OyCIOBJICHHON BpalllaTeIbHO-TIOCTYIIaTe b~
HBIM JIBHKEHUEM STHX YacTHll. Takue CKOIUIeHHUs 3TOM MacCHuB-
HOI MacChl BOZMOYKHBI JIUIITh BOJIM3U UCTOUHUKOB UX TTPOM3BOJI-



CTBA ¥ T'PABUTALIMOHHOIO yepXkaHusl akTUBHBIM sigpoM (UCT)
rajakTHK, 3BE3 U IUIAHET .

B marepun, okpyxkamolieri akTHBHbIE 5/1pa TUIAaHET U B MaH-
TUM 3€MJIM, KaK MPOAYKThl UX pacraja, MOsBJSAITCS HOBbIE
(popMBI arperaTHOro COCTOSIHWSI — 3TO NACCHUBHAs JOYEPHSA
Marepus B (pOpME HEUTPAJIBHBIX AIEP TUIIA HEUTPOHA, U sA/iep-
HO-Me30HHas IU1asma. [IpocTpaHCTBO Mexay aKTUBHBIM Sf-
POM U NIEPBUYHOMN MaTepuer B (popMe HEUTPaJIbHBIX sIJIEP SIBJISI-
€TCsl CYTh MOII[HAS TPABUTAIIMOHHAST 000JIOUKA U3 AMHAMUYHBIX
3€pEH-NIOTEHIMAJIOB C BBICOKOU ITPOHULIAEMOCTBIO U IaJIbBHOJCH-
CTBHEM, KoTopasd U (pOPMHUPYET LIEHTPAJIBHOE I0JI€ TATOTECHUSA
OT aKTUBHOI'O s171pa 3eMJIN.

JuCKpeTHOE IPOCTPAHCTBO-M0J1€

Kracrepel U3 pasMyHbIX PEryJspHO MOBTOPSAIOIIMXCA aTo-
MOB WJIM MOJIEKYJI, 00pa3yloT OJHO M3 YEThIPEX arperarHbIX Co-
CTOSIHU BellleCTBA MACCHUBHOM Y MHEPTHOM Macchl — TBEp-
J0€, KUJAKOE, Ta3000pa3HOe WM COCTOSIHUE TUIA3MBbl, 2 HOBOE
arperatHoe coctosinre Mateprn YCT !° co3paloT akTHBHOE CO-
CTOSIHUE LICHTPAJIbHBIX IOJIEU TATOTEHHS, KOTOPOE, B3AUMOJEH-
CTBY$I C MIOJISIMU I'PaBUTALIMM ATOMHO-MOJIEKYJISIPHOTO BEILLIECTBA,
POXJAIOT 30HBI XOJIOJHOM TUIA3Mbl U CTSTMBAIOT BOEIMHO IPO-
cTpaHcTBO BceeneHHou. BHemIHHMe MpOCTPAaHCTBA, HaJ TaKUMHU
xyacrepamu 1 YCT HazoBeM MakponpocCTpaHCTBaMU-II0JIS-

15 AcTteponzipl He CIIOCOOHHI yepKUBATh Ha CBOEH MOBEPXHOCTH TaKHUE MUKpPOYa-
CTULIBL

1 Mpocrpancrsa u nonst UCT GyayT AeTaibHO PACCMOTPEHB! B paszere 3.8.



MH TI0 CPAaBHEHMIO C 3JIEMEHTApHHIMA MHKPONPOCTPAHCTBA-
MU-TIOJISIMH HAJ1 SIIpAMU, aTOMaMU U 9JIEKTPOHAMHU C UX MYJIb-
TUMNONSIMU. [ 'paBUTAIIMOHHBIE B3aUMOJICHUCTBUS MEXy KjacTe-
paMy HAYMHAIOT MPEBAJIMPOBATH HAJ| SMEKTPOMATHUTHBIMU TPU

3apsiie Maccel OoJiee MIaHKOBCKOM — 2,2 x 10 N rpamma.

Takue mpocTpaHCTBa POXKAAOTCS BHYTPEHHUMHU W BHeII-
HUMH TIOJISIMA KJIACTEPOB BeIllecTBa, acTepoujioB!’, miiaHer,
3BE3/] U FAJIaKTHK, a TAaK:Ke KBAa3apoOB U IyJIbCAPOB.

OTnenpHBIN KJIACC BHEIIHMX MAaKPONPOCTPAHCTB-MOJIeH
oopazywot aapa YUCT (Bcero 0,4%), koTopsie elié He MTPOU3BeETU
Ha CBOEl OBEPXHOCTU COOCTBEHHOT'O IOCTATOYHOTO KOJIMUECTBA
NMacCCUBHOM MacChl MUKPOYACTHIL JJIsi 0Opa30BaHUsI KJIACTEPOB
OOBIYHOTO BelIecTBa. B 3TOT meproy nX 3BOMIONNY OHUA AKTUBHO
MIPUTATUBAIOT, 3aXBATHIBAIOT W TIOTJIONIAIOT BHEIITHEE BEIECTRBO,
B TOM YHCJIE, aTOMHO-MOJIEKYJISIPHOE BEIIECTBO, HapaOOTaHHOE
Ha MOBEPXHOCTH YK€ CBETSIIUXCS APYTUX 3BE3]1 WIM ra30Kuj-
KHUX IUIAHeT, T.e. 0Opa3yloT CBs3aHHbIE Mapbl MyJbCap-3Be3/a,
ny/bcap-TIaHeTa, TAIAKTUKU WM CO3AAIT KPYIMHO MAacIITad-
HYIO CTPYKTypy BceneHHON u3 «cTteH» U «Boia». HarnsaHyio
KapTUHY 3TOr0 MOXHO TPEICTaBUTh ceOe B BU/IE MBUIBHOU Tie-
HBI, TIO TPAHUIIAM ITy3bIPeil KOTOPOW HAXOASATCS CBEPXCKOTUICHUS
rajlakTHK, a B IIeHTpax my3bipeit Haxonstcsa MorHbele YCT. Yto
MHTEPECHO TaK 3TO TO, YTO CTPYKTypa TBEPAOIO Tesa POXKAAET

17 B nacrosmee Bpems B CIIIA npousseneHa BbiCajika Ha acTepout. AHaIU3UPY-
I0TCS1 Pe3YJIbTaThl, NOJyYeHHbIe TIPY MOCaJIKe Ha acTepory Becra B yClOBHAX O4YeHb
cnaboii rpaButanuu CoHia.



AHAJIOTUYHYIO «aTOMHYIO TIEHY», B KOTOPOH B ITyCTOM 3JIEKTPH-
9YEeCKOM MPOCTPAHCTBE aTOMa B IIEHTPE HAXOIUTCS PO, a TIO TIO-
BEPXHOCTHU chephbl aTOMa PacIONOKEHBI €ro JEKTPOHHBIE 000-
JIOYKH.

HenpepbiBHBIH TpOLieCC KBAaHTOBAHWSA-3aPSKM U HMHJIYK-
UA-OTTAJIKUBAHUST 3ePEH OT 3aMKHYTOUM MMOBEPXHOCTH TAKUX
KJIACTEPOB MOJISIPH3YET OKpYyKaioliee BeIeCTBEHHOE Ipo-
CTPAHCTBO, TMpEeBpallaeT ero B COOTBETCTBYIOIIEE IyTbCUPYIO-
11ee, HelpephIBHO OOHOBJISIEMOE BHENIHEee T0JIe U CO3aET JIu-
HAMHUYECKH PaCTpee/IEHHYIO TUIOTHOCTh COOTBETCTBYIONIHX TIO-
TEHIMAJIOB TIOJIsI — 9KBHNOTEHI[HAJNbHBIE TOBepXHOCTH. CyM-
MapHble BHYyTPEHHHUE TI0JIs TAKUX KJIACTEPOB OMPEJIEISIOT ero
(puzrueckue cBoMcTBa 1 OOYCIIOBIIEHBI TUIOTHOCTHIO '8 pacipee-
JIEHW ST TIOTEHINATIOB.

I'paBuTanmoHHO€ NMPOCTPAHCTBO-MOJIE

SpkM TIPUMEpPOM-IEeTEeKTOPOM CYIIECTBOBAHUSI TEXHHUYeE-
CKOTO TPaBUTAIIMOHHOTO 3(pUpa MPOCTPAHCTBA-TIONS OOOIOUKH
XOJIOIHOTO AHTUTPABUTAIIMOHHOTO MOHOIIOJNSI BOKPYT TOBEPX-
HOCTH BO30Y:KJAEHHOr0 TBEPIOro Teja B IEHTPAJIBHOM IOJe
TSATOTEHUs] 3eMJIM SIBJISIIOTCS yCcTporcTBa-rpaBuTonéTsl [l Ku-
m, JI. Cepna, B. llay6eprepa, B. C. I'pebeHHUKOBa, a Takke
Punanenspuiickunn sxcriepument H. Tecna u [l XartumcoHa.
OHU TaKke IEMOHCTPUPYIOT POXAeHHE 0O0IOUKH-00bEMA TIPO-

18 Camu 110 cebe atombi u S17Ipa aTOMOB — 9TO OTHOCUTEJIBHO ITyCThIE IPOCTPAHCTBA
TI0 CPaBHEHMIO C pa3MepaMi MarHIUTHBIX MOHOIIONEH, X 00BEMBI TeOMETPHIECKH «Ha-
JYTbl» U3 COOTBETCTBYIOILMX 3EPEH IEKTPONOTEHIIAAIIOB.



CTPaHCTBA-MOJIs1 BOKPYT CBOEI0 UICTOYHUKA — 3TO 3aMKHYThIE UH-
JOYKTAPOBAHHBIE BPALICHUEM BEIIECTBEHHBIX KJIACTEPOB HOCH-
TeJH «IIyObl» NeOpPONIeBCKUX KBAHTOB BOMH. OHU OTIMYAIOT-
csl KaK MO0 MEXaHU3MY ITPOU3BO/CTBA, TaK U MO CTPYKTYpE YJIO-
JKEHUsl, pa3MeIleHUs] U U3J1yuYeHUsl 3€pEeH-MIOTEHUAIIOB B MPO-
CTpaHcTBe ITpU (POPMUPOBAHMYN UX 3apAJOB M BHEUIHETO IO
oT Hero. Ha npakTuke 310 sIBJIeHHE IIMPOKO U3BECTHO, KakK 3(-
ekt IxxaHnOekoBa, a yka3zaHHas «I1y0a», Kak KECTKO CBSI3aH-
HBIE C MACCOW BOJIHOBO/IBI pa3psiia FPABUTALIMOHHOTO MOHOIIOJS,
B IIPOCTPAHCTBE BOKPYT raiiKu-0apairka, ypasJsieT ABKEHUEM
(BMXpEBOM TOK) LIEHTPAa MAacC UCTOUYHUKA B (pOpME UCIIOTHEHUS
MEXaHUYECKOTO «KYyJIbOUTa» -NMepeBOPOT CHUHA. «Taperku»
COBEpIIAIT Oe3bIHEPIIMOHHBIN BOJHOBOM TOJIET IO IEHCTBUEM
OIOPHBIX MOTEHLMAIOB CIEIUAIBHOIO aCUMMETPUYHOIO TOPO-
UJAJIBHOTO TOJIS1 BOKPYT HUX B TPETHEM I0JI€ (TI0JIE TATOTEHUSA
3emimn).

[epBuuHOEe 0OBEMHOE XOJIOJHOE FPABHTAIMOHHOE MAaK-
POIPOCTPAHCTBO-MOJIE B pacumpsomencs BceneHHoU co-
31a€TCA BOKPYT NEpBUYHBIX YEpHBIX cheprueckux tea (YCT-
kBazapbl, YCT-mysbcapsl), KOTOpbIE BBINAJAIOT U3 aTMOC(hEphl
Hamedl Beenennoi. 9tu YCT moryT ObITh 0Opa3oBaHbl TOJNb-
KO B HEBEIIECTBEHHOM IPOCTPAHCTBE MyTEM MpeoOpa3OBaHUS
BCEH JIJIMHBI MOCTYNATEILBHOTO CAMOABHKEHHSI-TPEKA BOJIHO-
BOJA U3 3JIEKTPONOTEHUMAIOB (POTOHA B CaMOBPAaIIaTeJib-
HOe JIBWKEeHUe poskalonerocs cepona-kiyoka nepeMeHHo-
o ¥ Hapacrawoulero paauyca. OIHOBPEMEHHO CIIEAYET 3aMETUTD,



YTO QHAJIOTUYHOE KOJIMYECTBO 3EPEH-TIOTEHIINAJIOB, KAKUE aKKY-
MYJIUPYIOTCS B OECKOHEUHO IMHHOM (POTOHE, a 3aTeM CBOpa-
ynBatoTcs B cBepxiuiotHoe YCT, MOkKeT mpou3BeCTH M TOJBKO
OJIVH MTPOTOH, OTAEIbHO Pa3MEIEHHBIN B HEBEIIECTBEHHOM MPO-
CTPaHCTBE, HO yXke B 00bEME BOKPYT ceOsl i pOIUTh COOTBETCTBY-
1oliee IPOCTPAHCTBO-TIONE OECKOHEYHOE M0 00BEMY, HO OUCHb
pa3pekEHHOE 10 THITYy Bakyyma BceneHHO# — /1Ba MONTHBIX aHTH-
noya.

Kak Tonpko YCT «ynasno» B BemieCTBEHHOE ITPOCTPAHCTBO
Haierd BeenenHout B hopme camoBpamawinerocs cgepuue-
CKOTo KJTyOKa, HayaJicst OOpaTHBIN Mpoliecc, ero pacnan ' u oopa-
30BAJIMCh TIepeMEHHbIE TPABUTAIIMOHHOE, MEKTPUUECKOE U Mar-
HUTHOE TIOJIsSI — CBSI3AHHBI MEXaHWUYECKUIN M SJEeKTPOMArHUT-
HbIM THIIEPBUXPOH C ero nojisiMu. Bo Bpems nputsxkenuss YCT
K 1IeHTpy (ckoruienus ['anakTuk) Onvkaiiei HanOobIIei CKo-
NUBILEICS MACCUBHOI aTOMHO-MOJIEKYJISIPHON MacChl, aKTUB-
Hast UYCT wu, cooTBeTCTBEHHO, 00bEM HauOoee 3PGHEKTUBHOTO
€ro rpaBUTALIMOHHOTO TOJISI BCE BPEMsI YBEJTMUMBAETCS TI0 BEJH-
YUHE TIPU MOCTOSTHHOM BHEIIHEM JAuaMeTpe. DTO 0OYyCIIOBIEHO

. o 28
0OYeHb OOJIBIIION JUIMHOM BOJIHOBOLOB, Oosee 10“° cm, 4T0 cOOT-
BETCTBYET BPEMEHU KU3HU JBUKYIIUXCS B BOJIHOBO/IAX U3 IIEH-

1 Nmeercs B BUJIy 4TO, BHAaYaJle UIET MPSAMOI MPOIEcC MPSAMOIUHEHHOTO BH-
JKCHHMsI, 3aTeM I10CJie CBEPTHIBAHMS B CHEPUUECKYI0 KATYLIKy UIET OOpaTHBIA Mpo-
L)eCC B CHJIy IPaBUTAIIMOHHOIO CKATUS BOJHOBOJA B LIEHTpE, MPOUCXOTUT 0OpaTHast
KBaHTOBasl TeHEepalysl BAXPOHOB U3 MOTEHIIMATIOB-36PEH BOJHOBOA U MX [BUKCHHUE
CO CKOPOCTBIO CBETA, HO YK€ 10 UCKPUBJIEHHOMY BOJTHOBO/Y K BHEIITHEH MOBEPXHOCTH
YCT, KoTOpble BBUIETAT U3 HETO JIUIIb TOJIbKO Yepe3 14—30 Muimapaos Jer.



Tpa K MOBEPXHOCTH 3JIEKTPOMArHUTHBIX KBAHTOB 10 14 mwui-
apaoB JieT u 6osnee. [Ipor3BOACTBO HEUTPOHOB WM M3ITyUe-
HUE JIJIMHHOBOJIHOBBIX KBaHTOB Ha noBepxHoctu YCT mpowc-
XOJIUT TOJIBKO IO MCTEUYEHUU ITOrO Nepuojia BpemeHu. IBuxke-
HUE TAKOTo MOTOKA BHYTPEHHUX KBAHTOB OT LIEHTPA K IOBEPXHO-
CTU B TEYCHHE YKA3aHHOTO BPEMEHH MOPOXKIAET CaMoOBpalle-
aue YCT B uenom. OaHako, mpu 3TOM, HAUOOJbINAST YaCTh aK-
TUBHOTO TOJISI U3TyYEHUS] U3 3EPEH-T'PABINOTEHIIMAJIOB (MMUTA-
1Msl 3apsida Macchl ¢ MPOTHUBOMNONOKHBIM 3HAKOM WM TEMHAasI
sHeprusi) 10 80% UHAYKTUPYETCS STUMHU COOCTBEHHBIMH KBaH-
TaM¥ MPU JTBUKEHUU N0 KPUBBIM BOJTHOBOJAM Ha MOBEPXHOCTh
chep, BbI3bIBASI MX CAaMOBpPAIleHNE 110 MEXAaHU3MY JABUKEHUSI
«0eanubero Kogeca». [Toatomy Oonbiume no pazmepam YCT,
TMION1aB B HEKOTOPOE KPYMHOE IAPOBOE CKOIUIEHUE 3BE3J MpPU-
MEPHO OJVMHAKOBOW BEJIMYMHBI, CTAHOBATCS SIAPOM CHUPAJIb-
Hoil ['anaktrku. Crivpanu 3BE3]1 ¥ Ta30MbUIEBBIX TYMaHHOCTEN
B TakMxX [aJlakTUKax, CXOousIuecss pyKaBaMH K LIEHTpY, U 00-
pa3oBaHbl BCE BPEMsl YBEIMYMBAIOIIEHCS MACCOM M CHJIOU MO-
a1 takort YCT, B oIMUMe OT KPYrOBbIX U JTUINTUYECKUX Op-
OWUT TUTAaHET BOKPYT 3BE3M, SAApa KOTOPBIX yKe JABHO HAXOMST-
CsA B CTaiuu MPOMU3BOACTBA HEUTPOHOB U JIOJITO€ BpeMsl MMe-
10T TPAKTUYECKHU MOCTOSHHYIO WM YMEHbIIAKIIYIOCS Maccy.
YCT u3 KOpoTKOBOJHOBBIX (poTOHOB (BbIle 100—500 M3B),
CMOCOOHBIE MPOU3BOJUTh MOTOKHM HEUTPOHOB, POXKAAIOT 3BE3-
abl v mnaHeTsl (0,4%) ¢ OOBIYHBIM aTOMHO-MOJIEKYJISIPHBIM Be-
IIECTBOM, a BMECTE C Ia30IbUIEBBIMI TYMaHHOCTSIMU-00IAKaMU



Y ONpelensoT Beero 4.9% cymmMapHOro BU3yaabHO PETUCTPUPY-
emoro BemectBa. YCT u3 JIMHHOBOIHOBBIX (DOTOHOB POKIAIOT
MOIIIHBIE KBa3aphbl, KOTOpbIe HE CIOCOOHBI 0Opa30BBIBATH HEW-
TpoHbl. IMeHHO ¢ 3tum 3¢ dektom cBsazaHo 95,1% dopmupo-
BaHUe MNojield TEMHOM MAacCChl M SHEPIruu BO BHEIIHUX U IPO-
MEXKYTOUHBIX CJIOsIX BeeseHHo. B cambIX BHEIIHUX CIOSIX MTPO-
VCXO/IUT HAKOIUIEHWE U B3aMMHOE OTTAJKHUBAHUE JIPYT OT ApY-
ra YCT (kBazapsl U MyJIbCapbl), UMEIOIIUX OIMHAKOBbIE 3HAKU
I'PaBUTALIMOHHBIX MOJiel. Mex/ly HUMU pa3MelleHbl CKOTUIEHU S
Y CBEPXCKOIUICHUS TAIAKTUK, OOPa3yIOIIUX «CTEHBI», KOTOpPHIE
ABJIAIOTCS CBA3YIOUIMM 11 «CKJIEMBAaHUS» B OJHO LEJIOE IPO-
CTpaHCTB Haillel BeeneHHoi.

IIpoTszkéHHOCTH MoJei. [IpakThyecku yCTaHOBJIEHO, UTO
HauOosee 3 peKTUBHOE TOJIe TIEHTPATHFHOTO AKTHBHOT'O TSITO-
TeHUs1 3eMJIA PACIPOCTPAHAETCS JO MOJIYyTOpa MUWIIMOHOB KH-
JIOMETPOB. YCTaHOBJIEHO U TO, YTO MOl COOCTBEHHOTO MACCHB-
HOT'0 TATOTEHHUS] aCTEPOUIOB OTIMYAIOTCS MO MPOTIKEHHOCTU
U KAQYeCTBOM MPUTSDKEHUS! OT IEHTPAJIbHBIX MOJNEH aKTUBHBIX
riader M CosHua, T.e. MPAaKTUYECKU MPUTSKEHUE K aCTepOU-
JlaM TAKMX aTOMHO-MOJIEKYJISIPHBIX KJIACTEPOB, KAKUMU SIBJISIIOT-
sl CITyCKaeMble amnmaparthl, onpeaensercs cuiamu 3¢pdekra Ka-
3umupa B LeHTpanbHoM none Comnua. IToka orcyrcrByer ka-
mopoBka cootBetcTBUs pazmepoB YCT pazmepy 3¢ peKTUBHO-
'O JaJIbHOZIENCTBUS LIEHTPasIbHOTO noss. [louemy To 10 cux nop
HE U3MEepPEHbI FIKCIIEPUMEHTAIBHO U CKOPOCTH PACIIPOCTPAHEHM S
I'PaBUTALIMOHHBIX, EKTPUUECKUX U MArHUTHBIX mosieil. Ho yxe



u3MepeHbl 3(P(EeKTUBHBIE NMPe/aeJibl 1aTbHOJCUCTBUS CTAMO-
HAPHBIX MCTOYHUKOB U 3JIEKTPOMATHUTHBIX (POTOHOB — OHU
pasHble. DTO AOKA3bIBACT PA3JIMYHBI MEXaHM3M M, COOTBET-
CTBEHHO, CKOPOCTb PACITPOCTPAHEHUS] ITUX TOJIEH.

IIpOTAXEHHOCTh PACIIPOCTPAHEHNSI AKTHUBHBIX TPaBUTALIN-
OHHBIX MOJIEN 3aBUCUT OT pa3MepoB U IotHocTy YCT u cpaBHu-
Ma, B MUHMMYMe, C BUIMMBbIMU pa3Mepamu ['anakTuk, riaHer
CO CIIyTHUKAaMM M 3BE3JHBIX CHUCTEM, CONEPKALIUX HEKOTOPOe
KOJIMYECTBO IUIaHeT, Thna COTHEYHOM CHUCTEMBbl WJIM CUCTEMBI
riaHeT Omurepa wim Carypna. [Ipu aToM, nocnegHue ra3oxus-
KHe TUIaHEThl C OTHOCUTEJIHO MEHBIIIMM KOJMYECTBOM Hapalo-
TaHHOTO aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA U OOJIBIIUM TIO pa3-
Mepy UCT cunbhee orranikuatorcs or YCT ComnHua, a mosrto-
My JaJIbIIE HAXOAATCS OT HEro, YeM IJIAHETH 3€MHOW I'PYIIIBI
Mapc, 3emisi, Benepa u Mepkypuid.

I'paBuTaninOHHBIE AaHOMAJINMH.

W3mepeHnsi CTallMOHAPHBIX T'PABUTALIMOHHBIX AHOMAJUI
(I'A) — 310 OTVIMUMA OT CpelHEH BEJIMYMHBI YCKOPEHHS CBO-
601HOro najieHus. B HeKOTOpbIX pernoHax 3emuid, Harpumep,
B CIIIA u B P®, B MecTax pacroyioskeHusl TpaBUTAIIMOHHBIX aHO-
Manuid 1epeBbst (poto 3.1) pacTyT BIOJIb U3JIOMA CUJIOBBIX JIH-
HUM TAaKOrO MOJISL M YKa3blBAIOT Ha MX HanpasieHus. B. C. I'pe-
OEHHUKOB OYEHb JAETAJIbHO U3yYall BO3JEUCTBUE TOTOKOB I'PaBU-
TALIMOHHOTO MOJISl HA TPOpacTaHUe CEMSIH U Ha HallpaBJIeHUE Po-
CTa KOpHE! B MOYBE.



®oto 3.1. ckpuBieHUs1 CTBOJIOB JIEPEBLEB B aHOMAJIbHBIX
3oHax — Canta-Kpy3, MenBenuukas rpsna u 3akoiJ0BaHHASA
pola.

Canra-Kpys, CIIIA. D10 aeiicTBUE Ha UCKPUBJIEHUS CTBOJIOB
I'PaBUTAIIMOHHBIM TIOJIeM 3eMJI B BUJE BOPOHKH JUAMETPOM
50 metpoB. Ha nepBom ¢oto 3.1 crieBa rokasaHo ero jieicTue
Ha POCT JIEpeBbEB B 3TOM 30HE. 371€Ch U BOJ]a TEUET U JJaKe KaMHU
KaTSTCs HE BHU3, a BBEPX.

Ha Bropom ¢oto 3.1, nocepenune — nepeBbsi Ha MeaBeauil-
koi1 rope, P®. Ha nocnennem ¢oto 3.1 — gepeBbsi B 3aKonio-
BaHHOM poiile, Jlecouek. Bot, 4To nuimeT o CBOMX UCClieI0BaHU-
s1x 3toro sineHus B. C. ['peGeHHUKOB ¢ TOMOIIBIO COOCTBEHHO-
I'0O HHTEJVIEKTYaJbHOI0 JeTeKTopa, kak y Kuum u Tecaa.

«...Bpooe bl 3a.1051cuno yuiu, HU ¢ Mo20 HU C ce20 3aKUCAUNO
60 pmy, 8 24A3aX 3AMYMAHUNOCY, U 20108Y CA€2KA KAK Obl 3aKPY-
acuno. Haenyacs, npucen na Kopmouku — ougyuieHusi YCUAUNUCH.
Toomsin o6nomox cmapoii éemxu, omeen pyky @ CMopoHy — em-
Ka 3amopmosunace Oonaxo umo smo? ...Iloeooun onsme na-



AOUKOU — MOpMO3UMCSL... TlooHsiacs, nokauan 8emoukoli — Hu-
uez0,; HAZHYACS, NOBOOUN BEMKOL 8 NPEHCHEM Mecme, Y UCKPUB-
NEHH020 0ePe308020 CMBONA — MAM, 20€ €20 U32Uud, ONsims ,,Mop-
MOdHCceHUe “nanouku npu ee ogudicenuu. I Ipozonouposan”cmeon
éblile — HUUe20 0CODEeHHO020, UL MAM, 20€ OH U30ZHYM — CHO-
6a ,nomsizusanue’, 6yomo 20e-mo 8 useube cmeonda 3a0enau
MazHum, a Yy MeHsi 8 pyke He BemKa, a HCenNe3Hblll 26030b. Imiu
CcmMparHocmu ,,N08E0EHUSL “ NANOUKU NPOSIBASIAUCH NONBKO 8 08YX
30HaX — 6 2nyduHe 0Oeux nemens, 0OPA3YeMbIX 3U23a2000PA3HO
UB0ZHYMBIM CIBOAOM. MO Jice camoe ,, MazHUmooopa3Hoe“ no-
mszusarue, 0a 6000A80K Kaxue-mo nodepeusanus é pyxe. Yepes
06a OHsi — 3MO ObLIO YMPO — HUUE20 MAKO020 8 ,,3aK0A00BAHHOU
poute* s He nouyscmeosan. Uepes nedenro, uacos 6 uecmo eeue-
pa, CMpaHHble OUuYyueHUs NPUULAU CHOBaA, dadice Ooee CUNbHDbIE:
3AKPYHCUNACH 201084, UMO-MO 3AMePUao 8 2razax. M eom umo
5 eue YCmamo8un: UMEHHO 8 3moli 30He Jlecouxa Ovino ouerdb
MANO HACEKOMBIX — UL OOHO 2HE30bIUKO MYPABbEE-MUPMUK
HA KPOXOMHOUL NPOANUHKE; MYPAWU MU ObLAU NOUEMY-MO 851-
AbIMU U He 3auuuianu ceoe enesdo. Tozoa, é Jlecouke, st s16HO
CIMOAKHYACS C UeM-MO COBEPULEHHO 0151 MeHsl HogbiMm — Hesedo-
MbIM».

Kpome BHIIIIEONMMCAHHOTO, KaK IMOKAa3bIBAET MPAKTUYECKUI
OIIBIT, CYIIECTBYIOT elI€ U UMITYJIbCHbI€ OTpUIIaTeJIbHbIE U T0-
JIOKUTENIbHBIE BBIOPOCHI SHEPrMM TPAaBHTAMOHHBIX MOJei
B HEOOJBIINX TI0 MPOTSKEHHOCTU OOJIACTSIX Ha IMOBEPXHOCTH
3eMJI, B OCHOBHOM BOJIM3M Pa3JIOMOB.



Takue u3mepenusi, npopoausiuecs eule B S0-X rogax mpo-
IJIOTO BeKa, MOKA3aJIy, YTO BOJIU3U OOJIBIIUX TOP OTCYTCTBYIOT
nojioxkuTebHbie ['A, a B OKeaHax, IJie CJIEA0BAIO Obl OXKHUIATh
KPYITHBbIX OTpUlaTe/ibHbIX ['A (B€Ab MJIOTHOCTh BOJIbI, 3AIOJIHSA-
I0IIIEN BMAJIMHBI OKEaHOB, B 2,5—3 pa3a HMKe IJIOTHOCTU TOp-
HBIX TMOPOJ, 3aJIErallMX Ha TAKOM € YPOBHE HAa MaTepuKax)
HUYETO MOJI0OHOr0 He HAOJII0JAETCS.

B Hacrosiee BpeMs osy4yeHbl MHOTOUYKUCIEHHBIE U YTOYHS-
IOLIMECS KAPThI T'PAaBUTALIMOHHBIX TOJIEN 3€MJIM, HA KOTOPOU Kak
Ha PEHTT€HOBCKOM CHUMKE BUJIHbl TEHH OTPHUIATEJILHBIX aHO-
MaJIui, 00yClIOBIEHHbIE HanOOoJIee CUTbHBIM TMOTJIONIEHUEM T10-
TOKOB 3€PEH-IMIOTEHIIMAJIOB MJIOTHBIM BEIIECTBOM B MaHTHUH, pe-
nbedbl TOp U3 OOBIYHOIO BEIIECTBA U Pa3JOMbl (ITyCTOTHI)
B MAHTUU Y KOpe 3eMJIM IIPU MPOCBEYUBAHUM UX LIEHTPAJIbHBIM
nojieM akTUBHOrO siapa 3emuu. Hambosnbilve oTpuiiaTebHbIe
CTallMOHAPHBIE TPABUTAIIMOHHBIE aHOMaIMKA OOHApYykeHbl B MH-
JWICKOM OKeaHe 1 Ha Boctounom noGepexbe Kananel. Hapsimy
C TAKMMU CTAIIIOHAPHBIMU aHOMAJTSIMU MMeeTCsl OeCUUCITIeHHOE
MHOECTBO TMEePUOANYECKUX KOPOTKUX BBHIOPOCOB U MEJICHHO
MEHSIOIMXCA aHOMaMi?’, CBUIETENLCTBYIONIUX O HEMpPephIB-
HOM IIJIOTHOCTHOM Tiepepacrpe/iesieHud U (pa30BbIX MpeBpariie-
HUSX MAcC MPY UX JBUKEHUH OT MAHTUU K KOpe. AHAJIOTUYHBIE
TEHU OTPUILIATEIbHBIX aHOMAJIMH OT IEHTPAJILHOTO I'PABUTAIIMOH-

20 Anomanmu B Canta-Kpy3, Kamugophus u Ha Gepery o3epa CanaHTuHa, BOIU3M
ropona Yapara, ApreHTrHa, I/ie kealolye TYPUCTHI UCIBITHIBAIOT Ha ce0e AeiCTBIe

TIepUOINYECKON (pa3 B HE/IENI0) ¥ MTHOBEHHO BO3HUKIIIEH HEBECOMOCTH — ITOA0PACHI-
BAeT Ha BBICOTY JJO TPEX METPOB KBEPXY.



HOTO 1oJ1s1 3eMI 0OHApYKeHbl M HAa 0OpaTHOW cTopoHe JIyHBI.

VIcTOYHUKY T'paBUTAIIMIOHHOTO TIOJISI OBIBAIOT CJIETYIONIUE:

— neHTpayibHble, Aapa YCT 13 MI0THOTO IEPHOTO BEILIECTBA,
TUMA HEUTPOHA, HO OUeHb OOJBIINX TUAMETPOB — ITO KBa3aphl
Y IyJIbCAPBl, UICTOYHUKH AKTUBHOTO LIEHTPAJILHOIO MOJIS TArO0-
TeHHUA UMEIOT (YCIOBHO) 3HAK MOJS IJIKOC Y U3Ty4aloT B 47T 1o-
TOK 3€pEH-MIOTEHIMAIOB TAKOTO k€ 3HaKa,

— paccesiHHble B (DOpME KJIACTEPOB SIEPHO-AaTOMHO-MOJIEKY-
JIIPHOTO BEIecTBa, 00pa3yoIlie HHEPTHO-NIACCUBHYI0 MaccCy
Y3 aTOMOB MMEIOT 3HAK MHHYC, BCTPEYAIOTCS B BUJIE ra30MblIe-
BbIX TYMaHHOCTEH, aCTEPOUAOB, KOMET, METEOPUTOB U JIyHBI —
B3aMMOJICVCTBUS IMyTEM TOMJIOIIEHUSI TTIOTOKOB 3E€PEH-TIOTEeHIIU-
aJIOB CO 3HAKOM IUTIOC WJIX UHTEPEePeHIIrs TPOTUBOMOIOKHBIX
I10 3HAKY 3€PEH-NIOTEHLIUATIOB,

— HapabortaHHble pacragom coOctBeHHoro syipa YCT, ko-
pa ¥ MaHTUS, «KUAKOE» AIPO TJIAHETH 00Pa3yloT MACCHBHYIO
MaccCy, HaXOJAIYICA B MOJE €€ aKTUBHOIO SApa IUIAHETHI,
UMEIOT COOCTBEHHOE IT0JIE CO 3HAKOM MHHYC — B3aMMOJICHCTBYSI
MyTEM TMOMIOIIEHUS UM UHTEp(EPEHIUsI TOTOKOB MPOTUBOMO-
JIO)KHBIX TTIOTEHIIAAJIOB,

— UCTOYHUKU T'PABUTALIMOHHOIO MOJIsSI CMEMIAHHOTO THUIIA —
9TO 3BE3/IbI U T€OJIOTMYECKHY aKTUBHbBIE TJIAHETHI, UMEIOIINE KOH-
KypUpYIOIIKE [0 BEIMYUHE 3HAKYU 3aPsIJIOB,

— HE3HAYMTEJIbHBIE M0 BEJIMUMHE JOIMOJHUTEIbHBIE TPABUTA-
LIMOHHBIE MOHOIIOJIM, UHYKTUPOBAHHbIE BPALLIEHUEM U KECTKO
CBSI3aHHBIE C BPALIAIOLIMMCS SIIPOM 3BE3] U IUJIAHET, HE3HAUU-



TEJIbHO U3MEHSIIOIIME 10 BEIMUMHE €r0 BHEIIHEE T10JIe,
— MOTOKM IPaBUTALMOHHBIX MOJIEW, 3aPETUCTPUPOBAHHbBIE JIE-

tektopom>'B. C. I'peGeHHUKOBa, OT KJacTepa-MCTOUYHHMKA TO-

JIOCTHBIX CTPYKTYP (3pdeKT nosoctHuix cTpykTyp IIIC).

o151, COOTBETCTBYIOIIME STUM MAKPOMCTOYHUKAM — 3TO pa3-
JIMYHBIE TIONSI TATOTEHUs C Pa3sHbBIMU?? MO 3HAKY, JATbHOAEH-
CTBHIO ¥ TIO M3JTyYaloliel CHOCOOHOCTU TMOTEHITUAJIOB.

Camblii ocTpbIii BOIPOC COBPEMEHHOCTH — CYIIEeCTBY-
10T JI aHTUTPABUTAIMOHHbIE MOJISA?

C nosuimit CAII takue nons 1o/KHa co3gaBaTb aHTHMAaTe-
pus. OIHaKO MOUCKU TAKOBOM BO Bced BeesneHHOU He npuBeu
K MOJIOKUTEIbHOMY pe3ynbTary. Ho BMecTo He€ HailieHsl nmpH-
pojHbIe HeBHANMMbIe-TéMHbIE Macca u dHeprus (95,1%),
KOTOPBIM Y€ cedyac IPUIMCHIBAIOT CBOMCTBA MPOIABIIe aH-
THMAaTEPHUH — 10 XapaKTepy B3aMMOJIEHCTBUH C OOBIYHOM MaTe-
puen, o 3HaKy 3apsia Macchl, Mo (opme, N0 JaIbHOAEUCTBUIO
Y IJIOTHOCTU MOTOKA BHEIIIHUX TOJIE, CTATUBAIOIIMX B €IUHOE
uenoe I[IpocrpanctBo Beenennon. Ha noBepxHocTH 3eMiM KOH-
KypUPYIOT JIBa MPUPOAHBIX IPABUTAIIMOHHBIX TOJIS C TPOTUBO-
TMOJI0KHBIMU 3HAKAMU — [IEHTPAJIbHOE 1AJIbHOJIEVCTBYIOILIEE T10JIE
sapa YCT u paccesstHHOE KOPOTKOAEUCTBYIOIIEE TOJIe pa3iny-
HBIX KJIAaCTEPOB aTOMHO-MOJIEKYJIsipHOro Bemectsa. Ilpu Bpa-

2B C. I'peGennukoB, kuura «Moi mup», Copyleft 2006, Ted Beer, ctp. 230.

2 JlyHa, KaKk MCTOYHMK TOJIBKO MHEPTHOM Macchl, JAET «TeHb» LIEHTPAILHOMY I'pa-
BUTAL[MOHHOMY TIOJII0 3eMJTH Ha €€ HeBUIMMO# CTOPOHE, U [Jaxe OOJIBIIIIE ACTEPOU b
HE CTPEeMSTCS K B3aMMHOMY MPHUTSIKEHHIO N0 3aKoHY HploTOHA B M3BECTHOM IosICe,
a PaBHOMEPHO pacIpe/ie/ieHbl Ha HEM.



IIEHNN TaKUX KJIACTEPOB BO3MOXKHO IMOPOXKAECHUE TeXHHYe-
CKHX TPaBUTAIMOHHBIX TMOJIell BOKPYT UX MOBEPXHOCTH O0OUX
3HAKOB, HECMOTPS Ha TO, YTO TaKWe KJIacTepbl 00JIAIAIOT JIUIITh
NPHPOIHBIM KOPOTKOIENCTBYIOIIUM I'PABUTAIIMIOHHBIM TIOJIEM.
[Ipnuém TexHU4YecKoe (IIyTEM BpAIlCHMS) AaHTUTPABUTALIMOH-
HOE T0JIe BOKPYT TIOBEPXHOCTH KJIacTepa CIIOCOOHO TOTHOCTHIO
KOMIIEHCUPOBaTh €r0 MPHUPOJAHOE BHYTPEHHEE TI'PaBUTAIIMOH-
HOE T0JIE U OTTAJIKMBAaTh €ro BBEPX OT LIEHTpa 3eMJIM, B3aUMO-
JEVCTBYS C MPUPOAHBIM M0JieM TAroteHus. OIHAKO y KaKa0ro
MOJISI JIOJIKEH OBITh CBOM MCTOUHUK JIaKe Y TEXHUUECKUX. B pas-
nene «MexaHnyeckre Mak pOBUXPOHbI» MOAPOOHO paCMOTPEHBI
IpUMEpPbl TAKUX UCTOUYHUKOB.

Takyio MaTepuio, Kak HeBHJUMbIN MarHUTHbIA MOHOIMOJb
Hupaxa u 3¢pup, TOKE UIIYT MOYEMY TO YK€ MHOTO IECSATUIICTHIA.

C no3unuil peajbHOro MpeACTABJEHHUS, KaK U B Cllyyae
C MarHUTHBIM MOHOIIOJIEM, HEOOXOAMMO MPOCTO PEATbHO YTOYU-
HUTh MCKOMbI€ CBOWMCTBA 3TUX mojiedd. [ paBUTAIIMOHHBIE TIO-
751 acTpopU3NIECKUX OOBEKTOB — MHOTOKOMITIOHEHTHBI. OHa
U3 OCHOBHBIX KOMITOHEHT — IIEHTpaJIbHA U UMeeT MOJIOKUTEb-
HbIi 3apsj, uctouHuk koropor YCT. Tlocnenuss copmupo-
BaHa [IBUKEHUEM BHYTPU HEro OT IEHTPA KBAHTOB IO BOJ-
HOBOJIaM C IIEHTPOCTPEMUTENIbHBIM YCKOPEHUEM IO OKPY:KHO-
CTSIM YBEJIMUMBAIOIIETOCs paauyca K moBepxHoctu. [lons mac-
CUBHOM Macchl s1IEPHO-aTOMHO-MOJIEKYJISIPHOTO BEUIECTBA CO-
3[AI0TCS OOPATHBIM JIBUKEHHMEM MAarHUTHBIX MOHOIOJEN B 3a-
MKHYTBIX 0ObEMaX aTOMHBIX sifiep K 1eHTpy. B Hamelr Beenen-



HOUW HE BCTpPEUaeTcsi MaKposiiep KOCMUUYECKMX OOBEKTOB Jaxe
C pa3mepoM Oosiee OTHOTO CAHTUMETPA, B KOTOPHIX TaKoe Bpa-
IATeIbHOE JIBMKEHHE YacTHII>’B HUX HAlpaBJIeHO K IEHTPY.
OpHako B OIMYME OT IPUPO/Ibl TEXHNYECKOe BOIUIOIEHHUE Ta-
KOT0 3€pPKAaJIbHOI0 JBHKEHHsI BO3MOXHO — 3TO SIBJICHUE Ha-
3bIBAETCS LIEHTPAJIbHOM NJIM AKCUAJIBHO-CTPYWHOW CBEPXTEKYYen
uMIuio3men. Tak, HarpuMep, pyKOTBOPHAs pean3alis TAKoro
JBUKEHUs CYILIECTBYET B «peryibcrne» B. [laybOeprepa, B an-
naparax . Kwmm, ®@. Ceura, [I. Cepna u B konBeprepe B. Po-
nmHa, C. ['onuHa, OMHO3HAYHO YKa3bIBAaeT HA BO3MOXXHOCTb MH-
JYKIIUM COOCTBEHHOTO TEXHHY€CKOr0 X0JO0JHOr0 I'PaBUTAa-
IMOHHOT0 MOHOIIOJISI CO 3HAYEHUEM €0 BEJIUYMHBI COU3MeE-
PUMOM C BpAIIAIOIIEHCS MAaCCOM CUCTEMbI, HAIPABJICHUEM BEK-
TOpa KOTOPOrO MOKHO YIPABJIATh IyTEM BPAIlEHUs] MarHUTHO-
ro KJacrepa Mo 4yacoBOW WJIM MPOTUB YaCOBOH CTpesKu. B npu-
pozie ke CYHIECTBYIOT JIUIIb MHAYKTUPOBAHHBIE I'PABUTALIMOH-
HBIE MOHONOIA 000uX 3HaKoB. OxHako o ot saep YCT 6o-
Jiee ATbHOAEUCTBYIOIIME U OOYCIIOBJIEHBI pa3MepoOM HMCTOYHHU-

ka B 107 pa3 OoJibllie aTOMHBIX SJep JIIOOro pa3mepa KiacTe-
pa aTOMHO-MOJIEKYJISIPHOTO BelllecTBa. J[pyrumu cjioBamu, ecTb
peajibHasi BO3MOKHOCTb PEIICHUSI 9TOU 3a/1a4H1 C TIOMOIIIBIO TeX-
HHUYECKHUX CPEJCTB 1 Ha OCHOBE JCHCTBYIONINX 3aKOHOB B IPH-
poze Haieit BeeneHHOM.

BB MUKPOMUPE TaKOE JBUKEHUE PEAIU3YETCsl IIPU 3apsiiKe BTOPUUHOIO MArHUT-
HOT'O MOHONOJIA B BUXPOHE (DOTOHA, IIPU ABUKEHUY MArHUTHOT'O MOHOIIOJNS B MUKPO-
BUXPOHE IEKTPOHA U T. 1.



DJeKTpUIeCcKoe MPOCTPAHCTBO-MOJIE.

AHAJIOTUYHBIA ~ TIPUMEP-AETEKTOP  MPOCTPAHCTBA-MOJSA
JEeKTPUUYECKOro 3¢upa JAEMOHCTPUPYET TOHKAasl MOJIOCKA
Oymaru>*, cornyTas rormoJjiaM 1 TofIBeIlIeHHasl 3a 3TOT Neperud
Ha TOHKOW HUTH. [Ipym KOHTaKTHOU mojaye Ha He€ MOTEeHIIMa-
J1a MIEKTPOCTATUYECKOTO TEKTPUIECTBA €€ JICTIECTKU PACXO/ISIT-
Cs B pa3Hble CTOPOHBI MO0 OCH Mepernoda, MmokasbiBask yBeanye-
HUE 00BEMA-TIONS Mekay HUMUA. MOXHO U JPYrMM CIocoOoM
MIPOJEMOHCTPUPOBATH MTPOU3BEIEHHOE MPOCTPAHCTBO-TIONE Ja-
e Ha KyxHe. B35 pyJIoH Mpo3payHbIX MOIUSTUIIEHOBBIX MEIII-
KOB, OTOPBAJIM OWH MEIIOK, COTHYJM €ro MormojiaM W B3sUIU
€ro 3a BEPXHIOI0 COTHYTYI0 KPOMKY — MOJIOBUHKH Pa3/IBUHY/IUCh
JpyT OT JIpyra MOYTH TOPU3OHTAIIBHO. 3/1ECh TI0JIE HEBUIMMO.
Hanee Ha npumepax (¢poto 3.2) OyzeT nmokazaHo, 4TO TaAKOE TO-
Jie MOXET OBITh W MOJYITPO3PAYHbIM, U MEPIAIOIIE CBETSIIUM-
csl, ¥ MOJOOHO SMaHAIMU «0e1020 NAAMeHU»* B 3aBUCUMOCTH
OT TUIOTHOCTU KOHIIEHTPAIIUU Pa3[eNEHHBIX APYT OT JOpyra 3€-
PEH-3JIEKTPOIIOTEHIIMAJIOB U3 BEILIECTBA KJlacTepa.

24 Camoe JEMIEBOE HATTISITHOE TIOCOOME B CPEeHEN IIIKOJTE.

2 Jvanamn 3MEKTPUIECKOro 3¢pupa 13 OOMBIION MACCH MEIHBIX IIPOBOJOB, O KO-
TOpPOM MHOT0 pacckasbiBan u nieMoHcTpupoBai H. Tecna — https://www.youtube.com/
watch?v=KzV_XuNzKol



N ]

®oto 3.2 BeiOpockl Gesoro ra3ornogo0HOro odaka-rjiamMe-
HU U3 3EPEH-3JIEKTPOINIOTEHIINAIOB TP KOMMY TAllUK-OTKJII0Ye-
HMS BBICOKOBOJIBTHBIX JIMHUE 3JIEKTporepenay. BCrbIXHYBIIUIA
OrOHb (CIpaBa) OT MEepeOPOIIEHHOro O0JaKa MEKTPUIECKOTO

acpupa.

YeM OTIMYAIOTCS CBOUCTBA 3TOU XOJIOAHOM CBETAILIEHCS
2a30n0000HOI CyOCTaHITMHM?® OT TOpsSTYed ATOMHO-MOJIEKYJISp-
HO-MOHHOM TJ1a3MBbl, HAIIpuMep, 00JIaKo TIAMEHH OTHSI?

Bornplive e€ KOHLEHTpaluy B O0JIBIIOM 110 00bEMY KJlacTepe
IIPY KOHTAKTe € BelecTBOM ((poTo 3.2) BeyT K okapam U Jaxe
B3pbIBaM.

2 3nBun I'peti cTpomT cBOM TeHepaTopsl HA OCHOBE TAKOTO X0100HO020 neKmpuye-
cmea, KOTOPOE B OTIMYME OT FOpAYEN aTOMHOM IUIa3Mbl COCTOMT U3 JIEKTPHYECKHUX
3apAI0B JIMLIb OHOTO 3HAKA.



B CAII cuuraercsi, 4To 3JIEKTPOH — «anom» JIEKTPUIECTBA,
KaK HEMO3HAHHOE sIBJIeHME pUpoabl. HO B 3TOM KHUTE pacKphbl-
BAE€TCA MOJHAS CYTh IEKTPUUECTBA, TJIE€ «AMOMOM» JEKTPU-
YecTBa SIBJISAETCS 0€CCTPYKTYPHOE 3epPHO-3JIEKTPOIOTEHIIMA,
a He aeKTpoH. Kiactep -001ako 13 Takux 3€peH-3IeKTPOIOTEH-
[IMAJIOB M 00pasyeT neKTprueckuid 3¢up (mokazax Ha ¢oto 3.2)
CO CBOMMH CIIENU(PUIECKUMU CBOMCTBAMU. DJIEKTPOH Ke SIBJISI-
eTcsl CTAOMIIBHBIM IPOYKTOM YK€ CTPYKTYPHMPOBAHHOM Mate-
UM, KOTOPBIN POKAEH BHICOKOUACTOTHBIM MAarHUTHBIM MOHOIIO-
JIEM 3aMKHYTOTO MUKPOBUXPOHA.

OnHaKo ¥ TO U APYroe sIBJIEHUE TOMAJaeT MOJ OIpeesIeHUe
3apa/a JeKTPHYeCKHM NoTeHunaaoM. OCHOBHBIE OIpe/ie-
JieHus MeKkTpudectsa Aanbl b. @pankimaom, P. Cummepom, M.
Papaneem u H. Tecna.

K 1749 r. Teopus anekrpuuectBa b. ®pankiimnaa Obl1a 3aBep-
mieHa. B nuceme KomumHcony ot 29 uions 1750 r. oH Tak ¢op-
MYJIMPYET €€ OCHOBHBIE TIOJIOKEHMU .

«l. Dnexmpuueckas cyocmaHyus cocmoum U3 4pe3ebl4aiHo
MAAbIX 4acmuy, mak KaKk oHa CnOCOOHA NPOHUKAMb 8 0ObIKHO-
BEHHYIO Mamepuio, 0adice 8 camvle NAOMHbIE MEMANNbL, C O0Nb-
WOl nezkocmvio U c800000I, KAk Obl He ecmpeuds npu Mom
CKONb-UO0 3AMEMHO20 CONPOMUBLEHUS.

3. Dnekmpuueckas cyocmanyust OmAUMAemcs Om 0ObIKHOBEH-
HOIl Mamepuu 8 mom OMHOWEHUU, YMO YACHUYbL NOCAEOHEl 83a-
UMHO NPUMSIZUBAIOMCS, a YACMUUbL NEPEOIl OMMANKUBAIOMCS
opyz om opyaa...



4. U xoms uacmuiybl 31eKmMpu4ecKoll cyocmanuyuu 83aumHo
ommankusearom opye opyed, OHU CUALHO NPUMAZUBAIOMCSL BCell
npoueri mamepueil.

6. Taxkum 06pazom, 0ObIKHOBEHHASL MAMEPUsL NO OMHOULEHUIO
K 31eKMPUUECKOU HCUOKOCMUL 518151emCsl KAK Obl C80e00pa3Holil
2YOKOIl. ..

7. Ho 6 00bikHOGen 0Tl mamepuu codepocumcs (Kak npasuno)
CMOABLKO INeKMPUUECKOl CYOCMAHUUU, CKOALKO OHA MOJICEm 3a-
Katouamo 6 cebe. Ecau npubasums eii amoui cyocmanyuu euie,
MO OHA Pa3MeCmMUmcst CHapyxHcu, Ha NOBEPXHOCHIU, U 00pa3yem
mo, Ymo Mvl HA3bl8AeM INEKMPUUECKOU amMOCepoli; 8 3mom
cayuae 2080psm, WMo npeomen Ha3AeKMmpUu306aH.

15. Inekmpuueckas ammocgpepa npurumaem opmy mozo
npeomema, KOmopbwlii OHa 0080NAKUBAEN. . .».

dpaHKJIMH MOKA3bIBAET, YTO EKTpUUEcKas arMocdepa 00-
BOJIAKMBAET IIAp PAaBHOMEPHO, C OCTPHUEB ee Jierdye oToOpaTh,
yeMm ¢ rpaHed. OH AEMOHCTPUPYET CTEKAHUE SJIEKTPUYECTBA
C OCTpUSI Ha pa3inuHbIX onbiTax. [lo @paHKIUHY B KakKAOM Te-
JIe COIEePKUTCS 0cO00e MEKTPUIECKOe BellecTBO ((hmon], Kak
TOI/Ia TOBOPWJIM), YTO-TO BPOAE NMEKTPUUECKOW KUAKOCTU: —
«Yacmuypl 3moii aneKkmpuueckoll HcuoKocmu ommanKuearom-
cs1 Opye om Opyaa, HO CUNLHO NPUMSIZUBAIOMCSL YUACMUUAMU me-
Aa, Mak 4mo csikoe meno Oeticmeyem Ha NeKMpU4ecKyio Huo-
Kocmb N000OHO 2yOke, emsizusaiouell 8 ceost 600y (uacmuupl
INEKMPUUECKOTL HCUOKOCTIU MHO20 MEHblULE UaACTUY, CAMO0 Nie-



Ad, UHave OHU He MO2aU Obl NPOHUKAMb 6HYMpbL meaa). Ho npu-
cymcmeue 3NeKmpuUecKoll HCUOKOCU 8 mene He 0eaden €20 Ha-
INEKMPUBOBAHHBIM, €CAU OHA COOEPHCUNICSL 8 MeNe 8 HEKOMOPOM,
Mak ckazamv, HOPMANLHOM KOAUUECTIGe.

[Ipu Hamupanuu e 00HO020 mena OpyeuM UACMb INEKMPU-
UecKoli HCUOKOCHU nepemexkaenm u3 00H020 meaa 8 opyzoe, 80m
moz0a-mo 0ba mena u CMaHoBIMCsl HANeKMpUuzo8anHoimu. To
meno, 8 KOMopoe NEKMPUUECKasi HUOKOCHb NepemeKna U 8 Ko-
MOPOM NOIMOMY CO30Aemcsl ee U30bIMOK NO CPABHEHUIO C HOP-
MANLHBIM KOAUMECBOM, CIAHOBUMCSL 001a0amenem CmeKAsiH-
HO20 AneKkmpuvecmed. Bmopoe meno, ¢ komopom snekmpuue-
CKOUL JHCUOKOCMU MeHbULE HOPMANLHOZO KOAUMECMEd, 3apsica-
emcst CMONSIHBIM ANEKIMPUUECTIBOM>.

Opnako PpaHKIMH Jai 3TUM [IByM BHUIAM 3JE€KTPUUYECTBA
apyrue HazBaHUs. CTeKJIsIHHOe 3JeKTpUuYecTBO (MM oOaja-
IOT TeJa C U30BITKOM IEKTPUUECKON KUIKOCTH) PpaHKIIMH Ha-
3BaJl TMOJIOKUTEIbHBIM, @ CMOJISIHOE (KOTOPHIM OOJIA/IAl0T Te-
JIa C HEIOCTATKOM JIEKTPUUECKOrO (DITIOU1a) — OTPULIATESTbHBIM.
DTU Ha3BaHUsI, KaK M3BECTHO, COXPAHWIUCh O HAIIMX AHEH
B TepMuHax TpuOo3IeKTpuiecTBO, BIPOYEM, KaK U Jpyrue Tep-
MUHBI, BBEJIEHHbIE B HAYKY 00 3MeKTpruecTBe PpaHKIMHOM: 3a-
psizl, pa3psji, KOHAeHcaTop, OaTapesi, MPOBOTHHUK U T. [I.

Cy11iecTBeHHO, UTO B Teoprn PpaHKIMHA NEKTPUUECTBO SIB-
JsieTcss cyOCTaHIIMel, KOTOPYI0 Hesb3sl CO3[aTh WIM YHUUTO-
KUTH>', 2 MOJKHO TOJILKO TepepacipeienTh. 3aKOH COXPaHEeHUsI

el AHHI/IFI/IJIHI_II/IH MPOTUBOIIOJIOKHBIX 10 3HAKY SJIEKTPUUICCKUX 3epéH 30HOI XOJ1oa-



MEKTPUIECKOT0 3apsijia — OCHOBHOE ToJioxkeHre Teopun Ppan-
KJIMHA.

Ipyroe o0bsicHeHue ObLIo NpeaioxeHo B 1759 rony anrinya-
HUHOM PoGeprom Cummepom. [ToBogoM it 3TOr0 MOCTYKUIU
JOBOJIbHO 3aHSTHBIE HAOMONeHus1, MpoBeieHHbie uM. CuMmep
uMesT OOBIKHOBEHHE HOCHTD JIBE TIaphl YYJIOK: — «UepHble uep-
cmsiHble Onsl menaa u 6eavle uenkogule 05 kpacomol. CHuMAas
¢ Ho2u cpasy oba uyaka u evidepeusas 0O0uH uz opyeozo, Cum-
Mep 8uden, Kak 0oa uynka pazoyearomcsi, 80Cnpou3o0sm ¢hop-
MY Ho2U U npumsieuearomcesi opye k opyey. OOHAKo uyaku 00HO20
ueema, Kak uepHvle, max u oeavie, Opyz om opyza OMmanKuea-
tomesi. Ecau depoicamsv 6 00HOIL pyKe 08a benvix, a 6 Opyeoii 06a
UEPHBIX UYAKA, MO NPU CONUNCEHUU PYK B3AUMHOE OMMANKUBA-
HUe YYN0K 0OHO20 U8ema U NPUMAICEHUE PASHOUBEMHBIX NPUBO-
oum K 3a0a6HOli 803He MENCOY HUMU, YYAKU NPOMUBONONONHCHBIX
18emoe Kak Obl HaOpacwvlearomces Opye Ha opyea U CNAemaromcsi
6 00UH NPUUYONUBLIIL KAYOOK».

Otu HabmoneHus u npuser CuMMepa K 3aKJTII0YEHHUI0, YTO
B KQXKJIOM TeJie UMeeTCsl He OfIHA, a JIBE MEKTPUUECKUE KUIKO-
CTHU — TMOJIOKUTENbHAS M OTPUIIATeNIbHAS, COlEpKalliecs B Tese
B OIMHAKOBBIX KonuecTBax. [Ipy HaTMpaHuy JBYX TeJ Kakasi-To
U3 HUX MOXET MEPEerTH U3 OJHOIO TeJia B APyroe, Torjaa B OJHOM
TeJie OKaKeTCsl U30BITOK OJHOM U3 JKUAKOCTEH, a B IPyroM — ee

HOW 6e3MacCcOBOM IIa3Mbl [TPUBOUT K CTSTMBAHHIO OOBEMHBIX 3apSIIOB SIIpa U aTOM-
HBIX 000JIOUEK ¥ OIIpe/iesIsieT pa3Mep aToMa, €ro eKTPOHEHTPATbHOCTh. 06 3TOM Xe
CBUJIETENBCTBYET 3aKOH KyroHa.



HenoctaTok. O0a Tena CTaHyT HaIeKTPU30BAHHBIMU MPOTUBO-
MOJIOKHBIMM 10 3HAKY JICKTPUYECTBAMMU.

Puxman u JIomoHOCOB He npuHsiii Teopun Ppankimza. Jlo-
MOHOCOB pa3pabaThiBaJl CBOIO TEOPUIO JEKTPUUECKUX SIBICHUM,
B KOTOPOU CHeJall MOMBITKY OOBSICHUTH JEKTPUIECTBO JBHKE-
HUEM YacTull 3(pupa — peaabHO 3(pup 3T0 NPOLYKT, BOCITPOU3-
BOJIUMBIH JIEMEHTAPHBIMU YaCTUIIAMU TTPU X )KU3HU C 3aMKHY-
THIM KOHTYPOM, KOTOPBI/ MEPUOANIECKH OOHOBJISIETCS MATHUT-
HbIMHA MOHONONIAMU. [To coBpemeHnHbiM npeacrasnenusm CAIL,
MOXHO KOHCTAaTUPOBATh, 4TO ecJi PpaHKIINH MPEJBOCXUTHII OY-
JYIIYI0 JEKTPOHHYI0 TEOpUI0, TO MeTepOyprckue akaJeMuKu
npeABOCXUTUIMN Oyayiiyio Teopuio nonss Papaness — Makcpen-
na. bonee noppodHee 3w sBNeHus onvcan M. ®apajeii B cBoeM
TPEXTOMHOM Tpyze 00 meKTpudecTse — pasaensl 1169—1178,
1299, tom 1, 1949 ron, AH CCCP.

A JIOKTOp DTKHH, aHAJIU3UPYs SABJICHUS PAJAUAHTHOIO JIEK-
tpuuectBa H. Tecia npuInén K cieayomemMy 3aKII0UEHUIO:

«Koeoa maxoe ycmpoticmeo 6vi10 HACMPOEHO 8 ,,pe30HAHC’
nymem UMeHeHUs 3a30pa 8 pas3psoHuKe, 8001b KamMywKu (none-
PeK 8UMKam) 803HUKAN NOMOK 2a30N0000H020 C8EMAULE20Cs Oe-
1020 001AKA, CKONb3AUE20 NO NOBEPXHOCU KAMYUIKY, He NPO-
HUKAS 621Y0b NPOBOOHUKO8, U CPBIBASCH C MOPUA KAMYULKU 8 8U-
Oe Denvix mepyarouwux paspsoos. Ilpu 3mom umnynbcol 3mozo
ceema CNOKOUHO MEKAU uepe3 CUcmemy, NOOOOHO 2a3y 6 mpy-
oe. Tecna Hazean smo cneyugpuuroe senenue ,,cKuH-3ghgexnmom
a cam nomok sHepeuu — ,,XON00HbIM “ (PAOUAHMHBIM) INEKMPU-

<



uecmeom. [lpu npumenenuu KOHYCOOOPA3HbLIX BMOPUUHBIX KAMY -
uteK e20 NOMoK yoaeanocb KOHUEHMpUposams U HANPAaeAsimo.
Byoyuu ouenv noxodcum Ha ceéem, OH mem He MeHee 001a0an
ceolicmeamu, KOmopvix 00blutble NONePeuHble ANEKMPOMAZHUN-
Hble Konebanus He umeau. B uacmnocmu, ,paouanmmsle” uzny-
ueHUsi He Pomozpagupo8anuco (MoabKo npu OUeHb OAUNENb-
HBIX IKCNO3UUUSX NOSIBASNUCH HAMEKU HA YMO-MO NOOOOHOe No-
moxky). Ilpu nanpaenenuu nomoka ,,x0100H020 dNeKmpuuecmsa
HA MeOHble NAACMUHbL 8 HUX BO3HUKAN MOK CMEUEHUS, PAGHO-
BHAUHBIL CUALHOMY MOKY. OOHAKO npu 3mMom HU 8 NPOB0Oax Ka-
MYWKY, HU 8 NPOCMPAHCMEe MeNCOY Hell U NAACTUHAMU MOK
He Ynaeaueancs. Imom nomox Obln HeUmpansbHbiM NO OMHO-
WEHUIO K ANeKMPUUECKUM UMRYALCAM 8 CIO U Donee MUKPO-
CEeKYHO, MU B0NHBL BbI3LIBANU NEPeMelleHUe PUUUECKUX men
U 83pbl8 (Ucnaperue ) MOHKUX NPOBOOHUKO8, d MAKICe OUlYyUeHue
ooau Yy onepamopa, OmMOeneHH020 OM UCHOYHUKA NPOUHOL OU-
ANEKMPUUECcKoli nepezopooxoil. MzmeneHuem HanpsisiceHust u Onu-
MeNbHOCU UMNYNbCO8 mparcghopmamopa Tecna MOx#cHO Obi-
N0 AUO0 Hazpesamv KOMHAMY, Aaubo oxaaxcoamo eé. [Ipu smom
Oonee KOpOmKUe UMNYAbCbl NOPOHCOAN MEUEHUSl, HANONHSE-
e KOMHAMy NPOXAAOHbIMU NOMOKAMU, U CONPOBOHCOANUCH
nosieneHuem owyuieHUust mpegozu u oecnoxoticmea. Ewé oonoii
0COOEHHOCMBIO ,X0N00H020“ INeKmpuuecmea Ovlno MaK HAa3bl-
saemoe ,,(ppaKyUoOHUposarue : 8 NapannenbHol Yen, coCmosig-
uieit U3 UenouKU NAMN HaKaAAUBAHUSl, WYHMUPOBAHHBIX MOACMOU
MEOHOU WIUHOLL, 3NeKMPOHbL 08UANUCH NO NYMU HAUMEHBULE2O



conpomuenenusi (uepe3 ulyHm), 8bl3blédsi €20 Hazpes, d ,,X0N00-
HbliL “ MOK — HANPOMUS, NPeONnoOUUMan HauboabULee COnpomuene-
Hue (namnot). To dHce HAOAIOOANOCH U 8 KAMYUWKAX MPAHCHOpMa-
mopa Tecavi. I[lomok ,,x0100H020 " 2neKmpu1ecmea nepeoasancs
nO 0OHOMY NPOBOJY, BbI3bl8ASL MeEM He MeHee 8 OObIUHBIX NAM-
nax HAKAAUBAHUSl U 8 NAMNAX CO C2opesuleli HUMbIO CeeueHuUe,
NO00OHOe O APKOCMU OY2080l Aamne. Imu NOMOKU NPOHUKA-
AU uepe3 MemanauuecKue KPambsl, Henpo3pautsle 0As OObIUHbIX
OMB. I1posoda, nookatoueHHble Ha 8bIX00 KAMYUIKU, NPU No2pY-
JHCEHUU BEPMUKANLHO 8 MACAO 8bI3bI8ANU OBUICEHUE MACAA U 00-
PAa308bl8ANU He €20 NOBEPXHOCHIU NOAOCHb 2AYOUHOLL 00 5 CM.
Hu 00un u3 smux snepzemuueckux sghgpexmos emy He yoaseanocu
nOAYUUMb NPU NOMOUAU OOBIUHBIX 2APMOHUMECKUX INEKIMPOMAZ-
HUMHBIX KOAEOAHULI 8bICOKOI uacmomul. Imo 6bl1o omKpolmue
cogeputento Ho8020 euda nekmpuuecmea. Ipu smow H. Tecaa
obpamun 6HUMAHUe HA 3HAUUMENbHOE YEeAUUeHUe Omoaeaemol
YCMpOICMBom 8 OKPYHCAIOUYIO Cpedy MOUSHOCHIU NO CPAGHEHUIO
¢ mot, umo omoaem cam zewepamop. Mcmounux smoii 0onon-
HUMENbHOU MOWHOCMU OH U HA38AA ,JAPUPOOHLIM INeKmpuye-
CmMeoM*, c8s13a86 €20 ¢ 3PUpPom u nPOMUEONOCMABUE €20 0ObIUHO-
MY 3NEKMPUUECKOMY MOKY, KAK NOMOKY INEKMPOHOB».

DJIeKTPUIECTBO B KMBBIX OPraHu3Max

M. ®apaneit mpoBOAUI OMBITH HAJ| JEKTPUIECKUM CKATOM
¥ YCTAaHOBWJI, YTO JIEKTPUYECTBO, CO3JaBAEMOE CHelUaIbHbIM
OpPraHOM 3TOU PHIOBI, COBEPIIIEHHO TOXJECTBEHHO JIEKTpUYe-
CTBY, NIOJTy4a€MOMY OT XUMUUYECKOTO UJIM MHOTO UCTOYHHUKA, XO-



TS SIBJISIETCSI TIPOJYKTOM JESITeJIbHOCTU JKUBOW KJIETKU. DJeK-
TPUYECKUX CKaTOB HacuuThiBaercs 6onee 30 BUIOB. DTH MaJo-
TIO/IBVKHBIE OOMTATENH JIHA, padMepoM oT 15 10 180 cm, pacripo-
CTpaHeHbI ITIABHBIM 00pa30M B PUOPEKHON 30HE TPOITMUECKUX
¥ CyOTPOMMUYECKUX BOJ] BCEX OKEaHOB. 3aTauBIINCh HA JTHE, MHO-
712 HAMOJIOBUHY TMOTPY3UBIIKCH B IECOK WU WJI, OHU MAPATTU3Y-
0T CBOIO JIOOBIUY (IPYTUX pbIO) pa3psIoM TOKa, HAMTPSIKEHUE KO-
TOPOT'O y pa3HbIX BUIOB CKAaTOB ObIBaeT OT 8 10 220 BOJIBT. DJieK-
TpUYecTBO*® y cKaTa BeIpadaThIBAeTCSl B OCOOBIX OpraHax, CBOe-
00pa3HBIX «3EKTpUUecKUX Oarapesx». OHM HAXOOATCS MEX-
JIy TOJIOBOW M TPY/IHBIMU TUIABHUKAMU U COCTOSIT U3 COTEH IIle-
CTUTPaHHBIX CTOJIOMKOB CTyAeHUCTOro BeriecTBa. CTONOMKY OT-
JeJIeHbl APYT OT Jpyra TUIOTHBIMHU TIePEropoiouKamMu, K KOTO-
PbIM TIOIXOAST HEPBBI. BepXyIIKM U OCHOBAHUS CTOJIOMKOB CO-
MPUKAcalOTCs C KOXell cnuHbl 1 Opioxa. HepBbl, moaxoasiue
K JIEKTPUYECKUM OpraHaM, UMeIoT BHYTpH «Oatapeii» OKOJIO I0-
JYMUJUIMOHA OKOHYAHUI. HUM. DJNEKTPUYECKUIA OPraH COCTOUT
U3 MHOECTBA KOJIOAIEB, UAYIIMX BEPTUKATIBHO MO OTHOIEHUIO
K MOBEPXHOCTHU TeJIa, TaK, YTO OHU HATIOMUHAIOT COTH. Kaxpiit
TaKOHM KOJIOIEL], COCTOSAIIMNA 13 375 1 OoJiee QUCKOB, HATOJIHEH
CTY/IEHUCTBIM BEIIECTBOM. [{MCKM 3TH BBIMOIHSIOT Ty ke (PyHK-
M0, YTO JIEKTPOIBl B Oarapee, W OOJbIIle BCEro HANOMUHA-
10T CaMbIii TPUMUTHBHBIA BOJIBTOB CTOJIO — CepeOPSIHbINA 1 1TUH-
KOBBII JIMCKU, Pa3Jie/ieHHblE BJIAKHBIM CYKHOM, — U3 KOTOPO-
IO BO3HUKJIM COBpeMeHHble Oatapen. K atum opranam u3 oco-

28 http://shnurok 14.narod.ru/Animals/TeniVMore/10.htm



00l «3NEKTPUIECKON JOM» MO3ra CKaTa BEAyT YeThipe OOJb-
[IMX HEPBHBIX CTBOJA. DT CTBOJIbI PA3BETBISIOTCS B CIOXKHYIO
CEeTb TOHKMX HEPBHBIX BOJIOKOH, COEIMHEHHBIX C TUCKAMHU.

Jlnsi cpaBHEHUs CKOPOCTEN paclpoCTpaHeHUsl TONel JJeK-
TpUYecTBa MpHBeaeM creayomuil npumep. CKOpocTh pacripo-
CTpaHEHM s MEKTPOCTATUYECKOTO MOJIs1 OT CTAIIMIOHAPHOTO JJ1eK-
TPUYECKOTO 3apsijia HampspkeHus, kak ycraHoBuin H. Tecna?,
coctaBnsier 471 240 xwm/cek, T.e. OOMbIIe CKOPOCTH CBETA.
A BOT MepeHOC JEeKTPONOTEHIHAJIOB BOJTHOBOIAMH MarHUT-
HBIX MOHOTOJIEH, T.€. BUXPEBbIMU MOJISIMU, BIOJb JJIMHHOTO Me-
TAJUIMYECKOTO MPOBOHUKA OCYILIECTBIISETCS] CO CKOPOCTHIO CBE-
Ta.

MarsuTHoe npoCTPaHCTBO-MOJIe

SIpkuM TpUMEpPOM-IETEKTOPOM CYIIECTBOBAHUSI TUHAMUYE-
CKOTO MTPOCTPAHCTBA MArHUTHOTO 3(hbUpa U3 U3Ty4aeMbIX KBaH-
TOB IIPOCTPAHCTBA-TIONS (MATHUTHBIX 3EPEH-TIOTEHIIMAJIOB) IBYX
WCTOYHUKOB CIIy)KUT BO3pACTAIONIAsl YINPYrocTh MPOMEKYTKA
MEK]Ty IBYX COMMKAIOIIMXCS ONMHAKOBBIX MOTIOCOB CTAIIMOHAP-
HBIX MarHUTOB. DTOT MPOIIECC MOKHO OXapaKTePU30BaTh, TOJb-
KO KaK HelpephiBHO YBeJUYMBAKOIIUIICS 00bEM 32 CUET MPH-

%9 Tecna nonaras, 4o oH OTKPBLT HOBBII BUJI 2JIEKTPUIECTBA, 0OIAJAIOIIEr0 0COObI-
MU cBoiictBaMu. B cBoem narente No787, 412 «VckyccTBO nepeauu SHEPruu uepes
ectecTBeHHble cpeaibl» (0T 18 arpens 1905 roga) Tecia 3aKT0UmMII, YTO CPEAHSIS CKO-
POCTh BOJIH, paCIpOCTpaHsAEMbIX ero mpudopom, coctasisiia 471 240 km/cek. TTomy-
YaeTcs, YTO MPU M3BECTHOM cKopocTh cBeTa paBHoi 300 000 Km/cek, crnocod TpaHc-
MUCCHH, O KOTOPOM roBopuil Tecna, MpeAcTaBiseT coO0i HEUTO HHOE, YeM CTaHAapPT-
HOE MEKTPOMarHuTHoe usinydenue. [lonoOHble crerpduyeckue mpoaoIbHbIe BOIHBI
«CBOOOIHOY SHEPIUM» PACHPOCTPAHSIOTCS OBICTPEe CKOPOCTH CBETA.



ObIBAHUSI OJMHAKOBBIX I0 3HAKY MOTOKOB MArHUTHBIX 3é-
PEeH-NOTEeHINAJIOB — OJHOHANPABIEHHBIN TOK.

DTO CBOMCTBO MPOSIBJISIETCS] OJMHAKOBBIM 00pa3oM, Kak JijIst
OJIHOTO TIOMIOCa, TaK U i1 Apyroro. bosnee nmogpoOHO cBOMCTBA
MarHUTHBIX MOHOMOJIEN U CPABHEHHUE X CBOWCTB CO CBOMCTBAMU
MArHUTHBIX TOJIeH CTAlMOHAPHBIX MOCTOSTHHBIX MArHUTOB pac-
CMaTPUBAIUCH B MIEPBOW YaCTU KHUTH.

Takum 00pa3oM, UCTOUHUK MPOU3BOAUT 3EPHA-TIOTEHIIUAIIBI
Y U3JIy4aeT uX MepreHJUKYJISIpPHO CBOEH 3aMKHYTOM MOBEPXHO-
CTH, a TAKUM 0Opa30M POKIaeT MPOCTPAHCTBO-3(PUP, TP ITOM,
SIBJISIETCSI WX TIPOBOJHUKOM, M BMeCTe OHM OOpa3yloT Belle-
CTBEHHO€ MPOCTPaHCTBO. Ecii Obl MCTOYHKMKY 3apsiia He U3-
Jyqasy Obl HeTIpephIBHO U3MEHSIIONIeecs: COOCTBEHHOE T0JIe, TO
BOKPYT TaKMX UCTOYHUKOB HE MPOUCXOANIIO Obl BVIKEHUS aCT-
podusrueckux 00BEKTOB, He ObLIIO Obl ['aTaKTHK 1 3BE3/THBIX CH-
CTeM, CollepKalllX TUIAaHeThl M UX CIIYTHUKH, He ObLIO Obl ceBep-
HOTO CUSIHUSI M MOJIHMM, JIMHEWHBIX U IIAPOBbIX, CHHUX CTPYH,
CIPATOB ¥ 7Tb(OB, HE OBLIO OBl CTAOMITBHBIX SIJIEP XUMHUECKUX
9JIEMEHTOB U JIEKTPOHOB, He ObLIIO Obl AaTOMHO-MOJIEKYJISIPHOTO
BEIIeCTBA U T. JI.

3€pHa-NOTEHIMAJIbl CTAMOHAPHBIX WCTOYHUKOB C OJHUM
3aMKHYTBIM KOHTYPOM (HampuMep 3J€KTPOH) M3Ty4alTCcsl UM
B MOMEHT UX MEPUOAUYECKOr0 OOHOBJIEHUS MYJIbCUPYIOIIMMU
MarHUTHBIMM MOHOIOJISIMU M Jiajiee CyMMHpPYIOTCSl B oOiiee
JUISI BCEX TaKUX UCTOYHUKOB — 3TO TPeThe cBOMCTBO. U3yue-
HHe c(heprUIecKOro CJI0s1 OMHOUMEHHO 3aPSKEHHBIX 3€peH-T'PaB-



noteHianoB YCT co ckopocTbio BO MHOTO* MWIJTMOHOB pa3
IIPEBBILIAIONIENA CKOPOCTh CBETA INMEPIEHANUKYJISAPHO NOBEPXHO-
CTU MaKpOWCTOYHHKA — 3TO YeTBEPTOE CBOMCTBO TAKUX MTOTEH-
L[MAJIOB.

[oTeH1MasBI C MOBEPXHOCTA MAKPOUCTOYHUKOB aTOMHO-MO-
JIEKYJISIPHOTO BELIECTBA U3JTyYalOTCS KX IbIM KOHTYPOM OT/EIb-
HO, BXOJSINUX B HETO MUKPOYACTHII, 00pa3yss CyMMapHbIA TO-
TOK HaJl €r0 BHEIIHEW MOBEpXHOCThI0. [loTeHmaibl camoBpariia-
oruxes siiep YCT uzmydaroTcsi MHOTOKOHTYPHBIMH 000JIOUKA-
MU, COCTaBJIAIOIIMMU CTPYKTYPy HEUTPOHHBIX 3BE3I.

Anpo 3€peH, COOCTBEHHO KBAaHT MOTEHIMATa — 3T0 KBAHT
amMopHOro MpocTpaHcTBa (MSATOE CBONCTBO) CIOCOOHOE MPH
y/IaJIeHUH OT UCTOYHUKA COOTBETCTBEHHO YBEIMUMBATHCS B 00b-
€Me, He U3MEHsAA IPU 3TOM 3HAUYEHUE BEJIMYMHBI MIOTEHLIMAA.
[IoTOKM KBaHTOB IPOCTPAHCTBA C MPOTUBOMNOJIOKHBIM 3HAKOM
NPy WX B3aUMHOW AHHUTWJISIUKM CHOCOOHBI YMEHbIIaTh 00b-
€M Tossi, o0pasys (pU3NYECKUe CHIIOBbIE JIMHUU U CUITY TIPUTSI-
KeHHsl. B 3TOM MpOsIBISIIOTCS KOPITYCKY/ISIpHBIE CBOMCTBa Oec-
CTPYKTYPHOM YaCTHULIBL, KAK JIEMEHTA CTPOEHUS CTPYKTYPbI JUC-
KPETHOT'O MPOCTPAHCTB. DTO CBOMCTBO MOATBEPXKIACT U MeXa-
HU3M MPOU3BOACTBA UHTEP(PEPEHIINHU EKTPOMArHUTHBIX BOJIH
OT JBYX NEPEMEHHBIX UCTOUYHUKOB W3JIyYEHHs, a TAKKE MeXa-
HU3M MHTEP(EPEHIINY TI0JIEN ABYX CTALIMOHAPHBIX UCTOUHUKOB
C PO’KAEHUEM CUJIOBBIX JINHUIA.

PexuM u3itydeHus MOTEeHIHAIOB B 47T POCTPAHCTBO HOCHUT

30 o Jlartacy — B 50 MWIIMOHOB pa3.



NEPUOANYECKU MYJIbCUPYIOIIUNA XapakTep — 3TO HIeCToe CBOil-
CTBO 3€pEH — HEMTPEPHIBHOE MEPUOJNIECKOE MPOU3BOACTBO U U3-
JIy4eHHe TaKMX KBAaHTOB. DTOT MPOLIECC HOCUT HeNpepPbIBHbIN
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 — KBAHTOBAHUU 3E€PEH-MOTEHIIMAIOB CTaI[O-
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, OOHOBJICHUE U U3TyYeHUE MTPOU3BOIAT OECKO-
HEYHO OOJbIIoe, HO (PUKCMPOBAHHOE M KOHEYHOE KOJIMYECTBO
3€PEH-MIOTEHIIMAJIOB B €IMHUILY BPEMEHHU (IMOTOKA) 4yepe3 3a-
MKHYTYI0 C(PepUYECKYI0 MOBEPXHOCTb CTAI[MOHAPHOIO KCTOY-
HUKa. Takum 0Opa3om, Ha JIIOOOM CKOJIb YTOIHO YAaJEHHOM
OT WCTOYHMKA PACCTOSHUM B 3aMKHYTOM C(PEpUYECKOM €/H-
HUYHOM CJIO€ C YBEJIMUMBAIOLIENCS TOJIIMHON 3€pHA, HAXOQUT-
Cs1 IEPBUYHBIA UHIYKTUPOBAHHBIA KOHTYP 3€pEH-MOTEHIIMAIOB
(310 ceAbMOE CBOMCTBO) B TOUHOCTH PABHBIM Pa30BOMY IOJIIO
BUPTYaJIbHOTO 3apsijia SHEPTMU UCTOYHMKA, T.€. B IPOCTPAHCTBE
C yJlaJIeHHeM pa3MbIBAeTCsl «KKOHTPACTHOCTb» MEPBUYHOTO 00pa-
3a. D10 peanusyercs cienyonmM oopazoM. KoHkpeTHoe mep-
BAYHOE KOJIMYECTBO 3EPEH, PACHONIOKEHHBIX HA IEPBUYHOM 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 miomanpio 4nR%. C POCTOM paccTosiHUsI R yMEHbIIAeTCs
CpeaHsisl MOBEPXHOCTHAS MJIOTHOCTh 3apsKeHHBIX 3E€PEeH-TIOTeH-
[IMAJIOB, pa3MeIleHHbIX B c(hepruuecKoM cJioe — moJie ocaads-
ercs. OT1cioa U ciielyeT 3aBUCUMOCTb UHTETPAJIbHOM CUJTBI B3a-
UMOJICHCTBYS, YOBIBAIOIIEH C KBaJpaTOM pacCTosiHusl R — pea-
JIM3YIOTCSA U3BECTHBIE W3 MPAKTUKK 3aKoHbI®!'. [IpoHMIIaeMOCTh
(IabHOAEWCTBHE) STUX 3€PEH PA3/IMYHA [JIs1 Pa3HbIX UCTOUHU-
KOB (BOCBbMOE CBOICTBO) U IMTPAKTUUECKU U3BECTHA, KaK /ISl Ba-
KyyMa, TaK U JUIsl KOHACHCUPOBAaHHbIX BemecTB. CaMoil BBICO-
KO MPOHMIIAEMOCTBI0 00/1aJal0T 3€PHA I'PABUTAIIMOHHBIX IICH-
TPaJIbHBIX TOJIe — aKTUBHBIX u3nydaomux saep YCT (kBa-
3apoB U My/bcapoB). [anbHONENCTBUE, TPOHUIIAEMOCTD U TUIOT-
HOCTh TIOTEHIIMAJIOB T'PABUTAIIMOHHBIX TMOJIEH acTepOUIOB, Kak
OT UCTOYHUKOB CO CPEHEN IJIOTHOCThIO KaMHsl, CYIIECTBEHHO
HUXKE. A TPOHUIIAEMOCTb 3€PEH-TTOTEHIIMAJIOB JIEKTPOCTATAYE-
CKHUX TOJIEH, U3JTyYaeMbIX U3 TIOBEPXHOCTU ATOMHO-MOJIEKYJISIP-
HOTO BEILIECTBA-UCTOYHUKA, MOXKHO CBOIWTH K HYJIO C MOMO-
1[I0 METAJUIMYECKUX 3a3EMJIEHHBIX 9KPAHOB, TEM CaMbIM CO3/1a-
BaTh 9KPAHNPOBaHNE-TeHb BHEIIIHETO OIS IEKTPUUECKH 3a-
PSKEHHOTO CTallMOHAPHOTO MCTOYHMKA — ceTka Papajesi, pas-
nen 1174. ITpoMexkyTOYHOE MOJIOKEHUE MEXI1y HUMU 3aHMMAa-

3! 3akomsr HploToHa, Kysona u npyrue.



10T 3€pHA-TIOTeHIIMAIbl MAarHUTHBIX TMOJiel. TeHb [eHTpaIbHbIX
I'PaBUTAIIMOHHBIX TOJIeN TaKKe MOKHO HAOMIOAATh, HO ISl 3TO-
r0 HEOOXOAMMO HAJeUTh (PU3HMYECKHM CMBICIIOM TOHSTHSY
HHEePTHOM, MaCCUBHOM 1 aKTUBHOM MaccChl.

Bce uznoxeHHbIe 3/1eCh KBAaHTOBbIE SIBJIEHUSI B MAKPOMMPE
YKa3bIBaIOT HA TO, YTO MPOLIECC MHAYKIMH (PU3NYECKUX TTOJIEU
CTAIMOHAPHBIX MCTOUYHUKOB — 3TO KBAHTOBBIN MEPEHOC CamMoOu
cnaboit popMbl MaTepru, MOTEHIMAJIOB-3EPEH CO CKOPOCTHIO,
KOTOpasi MHOTO OOJIbIlIe CKOPOCTH CBETa, HO ropasio Kopoue
10 pajinyCcy JAJIbHOAEUCTBUS (DOTOHOB CBETA, UYTO M YKA3BIBAET
Ha MX Pa3JIMYHbIN MEXaHU3M 0Opa30BaHMUSI.

CTpyKkTypa IMPOKBAaHTOBAaHHOTO 3epHa OOpa3oBaHa W3 sAIpa
1 000JIOUKHU — 3TO JIeBATOE CBOWCTBO. SIapo-moTeHIuat, coo-
CTBEHHO, W TIPECTABJISIET COOOM COOTBETCTBYIOIIYIO OO Be-
JIMYMHBI TIEPBUYHOTO MOTEHIIMAIa KOHTYpa 3apsAa UCTOYHHUKA.
Oobomouka BOKpyr sjapa ¢opmMupyercss U3 HeBelleCTBEHHO-
ro MPOCTPAHCTBA WJIM MOTEHIMAIA 3apsia JTUCKPETHOrO IMpo-
CTPAHCTBA, OKPYXKAIOIIEr0 B IAHHBII MOMEHT UCTOYHMK. Torma
CTPYKTYPY MOJIsI, OKPYKAIOIIEro TAKOH UCTOYHUK, MOXKHO MPe/-
CTaBUTb B BUJE YEPEAYIOLIMXCS, MYJbCUPYIOIIMX U HEMpPEepbIB-
HO OOHOBJISIEMBIX C COOTBETCTBYIOIIEH YacTOTOM C(PeprUIeCcKUX
CNOEB, C YOBIBAIOIIEH BETMYMHOM, YCPEAHEHHBIX MO TIOBEPXHO-
CTU TIOTEHIIUAJIOB — SKBUIIOTEHIMAIBHBIX MOBEPXHOCTEN, OT/e-

32 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.



JIEHHBIX APYT OT JIpyra CJIOsIMU HEBEIIECTBEHHOIO WU JIPYroro
OKPYXKaIoIIero UCTOYHUK MpocTpaHcTBa. [IpocTpaHcTBo, 06pa-
30BaHHOE 0 TAKOMY MEXaHU3MY C IMOMOIIIBIO 3€PEH-TIOTEHITNA-
JIOB, IPOSIBJISIET B OOJIBIIIMX MaKpooObEMax Bce M3BECTHBIE WH-
TerpajibHble CBOWCTBA (eCsITOe CBOMCTBO) TPEXMEPHOTO IJIOC-
KOO MPOCTPAHCTBA — TOJIBKO B TPEXMEPHOM MPOCTPAHCTBE I'pa-
BUTAIIMOHHBIE CHJIBI MOTYT OBITh OOPAaTHO MPONOPIMOHAIBHBI
KBaJpary paccrositHuil Mexay ucrouHukamu. B XX Beke Il
Spendect u [Ix. Yurpoy nokaszanm, 4to eciu Obl YHCIO W3-
MepeHHIA TPOCTPAHCTBA OBLIO OOJIBINIE TPEX, TO CYIIECTBOBAHKE
TUIAaHETAPHBIX CHCTEM ObLIO Obl HEBO3BMOKHBIM. TOJBKO B TpeX-
MEpPHOM MUpE MOTYT CYIIECTBOBATh YCTOWYMBbBIE OPOUTHI ILJIa-
HET B IUIAHETHbIX cucTemax. [1JI0THOCTh MOTOKa 3EpEeH-NOTEeH-
[IUAJIOB U PAANYC JaIbHOAEUCTBUS IIEHTPAIbHBIX IPABUTALIMOH-
HBIX TOJIel, Harpumep, Aapa CoiHia, TPSIMO MPOMOPIIUOHATICH
IUIOTHOCTY MaTe€pUU slipa U €ero pa3Mepy — 370 OAHMHHAIATOe
CBOMCTBO MOTEHILIMAJIOB. [, HaKOHell, ABEHAIaTO€ CBOVCTBO
9TUX 3EPEH-MOTEHIIMAJIOB 3aKII0YaeTCs B AaHHUTHIISIIAU TTPO-
TUBOIIOJIOKHO 3aPSKEHHBIX 9TUX KBAHTOB, T.€. OECCTPYKTYPHBIX
KOPIYCKYJI, P UX B3aUMOJEUCTBUY C YHUUTOXEHHUEM TOTO 00b-
€Ma MPOCTPAHCTBA, KOTOPOE OHM 3aHUMAIOT, TPOUCXOAUT TOJ-
HO€ YHUUTOXEHUE MaTepuu U SHEpruu B hopMe BelieCTBEHHO-
ro MPOCTPAHCTBA. DTOT MPOIECC PE3KO OTINYAETCS OT AHHUTH-
JIAALIMY JIEMEHTAPHBIX AHTUYACTHULL TEM, YTO B JAHHOM IPOLIEC-
ce JeHCTBUTEJBLHO Hcue3aeT camas cinadas (popma MaTepun —
MPOCTPAHCTBO-TOJIE, CO3JaBasi MHYIO KAPTUHY TOJISI MEXIY JIBY-



Ms$I UICTOYHMKAMH, OTJIMYHYI0 OT KapTUHBI OJIs1 OT OJHOTO MC-
TOYHUKA.

WTak, cralimoHapHble ICTOYHMKU POKIAIOT (pU3MUECKUe 1IeH-
TpaJIbHbIE MOJISA-IPOCTPAHCTBA BOKPYr HUX. DTU (PU3HUECKUE
NOJIsl TPOSIBJISIIOT CBOMCTBA CUJIOBBIX MPOCTPAHCTB MO U3BECT-
HbIM 33aKOHaM U M0 CYTU SIBJISIOTCS WHAMKATOPaMM IpH-
CYTCTBHSI COOTBETCTBYIOIIMX 3EpeH-noTeHuuaioB. [losiBieHue
B 3TOM I[IPOCTPAHCTBE BTOPOTO UCTOUHMKA MIHOBEHHO 00pa3yIoT
CHJIOBBIE JIMHHUU — JIETEKTOPbI IPUCYTCTBUSI.

Ha3BaHHble CBOWCTBA 3€PEH-TNIOTEHIIMAIOB YKa3bIBAIOT HA TO,
YTO 9TH KBAHTHI MPOCTPAHCTB, CaMOM CJ1a00# (hOpMBbI MaTepuu,
ABJISIIOTCS TIOCIEAHUMU B PsALly UEPAPXUU JIEMEHTAPHBIX 4Ya-
CTHII — 3TO JI0KA3bIBAETCS MTPOLIECCOM UX aHHUTWIISILIU, TIEPEBO-
JSIIMM BEIIECTBEHHOE MPOCTPAHCTBO B HEeBelleCTBEHHOe.

Ilepexoa 3aMKHYTOIl M aBTOHOMHOI CHCTEMbI Macc
OT MOTPeOJIeHHsI SHEPTUN K €€ MPOU3BO/ICTBY.

Tenepb 1aBHOE, ABUKEHUE KBaHTA HOCHTEJSI UHIYKTUPO-
BAaHHOU SHEPIUM, Kak (POPMBI ABMKEHHS SHEPIMA MHKPOMA-
TePHUH, BOBMOXHO KaKk B CBOOOJHOM BUXPEBOM Bujie (TIPOsIB-
JisieMo# Kak (pOTOH), Tak U B 3aMKHYTOM BuU/Jie (ITPOSIBIIsIeMOI
KaK 3JIEKTPOH, MIOOH WJIM Me30HbI). [lepBbiii mpoliecc uaeET my-
TEM MOJHOI0 KBAaHTOBOTO MPeoOpa30BaHUsI HOCUTENS — B BU-
Jie MarHUTHOTO MOHOMOJIs1 (POTOHA UM B BUJIE€ TPABUTALIMOH-
HOI'O MOHONOJISI- KBAHT 3ByKa M (poHoHa. Bropoii npouncxo-
JWT C HETIOJIHBIM KBAHTOBBIM MPe0oOpa30BaHUEM HOCUTENS UK
CBSI3aHHOH Mapbl CO CTPYKTYypOl I'PaBHAJIEKTPOMATHUTHOIO



JMIIOJISI B MaKpoOMaTepuu, MposiBiisieMoll B (hopMe 3apsiAOBbIX
xsacrepos K. ITloyngepca, KaBUTAlIMOHHBIX Ty3bIPHKOB, IIOPOXK-
JAeMBbIX YJIbTPa3BYKOM, a TAKKE IIAPOBOU MOJIHUM T. 1.

DHEprus NoKos B BUJE 3apsAa MacChl «3aKOHCEPBUPOBAHA»
¥ He IPUHMMAET YJacTHs BO BHEIIHEM JBUKEHHH, 2 HA0OOPOT
IIPOTUBOAEUCTBYET €My CBOEM MHEPTHOCTBIO — €JUHCTBEHHO
BO3MOKHasA (popMa ABMKEHMS SHEPTUM MOKOs 3TO KMHeTHYe-
ckas. Popma 1BrkeHUs PoTOHA OE3 MacChl — CaMOABHKEHH e
MarHuTHOW (hOPMbI SHEPTUU CO CITMHOM PaBHBIM €MHUIIE — Oe-
3uHepuHoHHasA. Kunetndeckas (popma IBHXEHUS MOXKET ObITh
TOJIBKO BBIHYKJEHHOW M3BHE U C MACCOW IOKOS, KOTOpasl CIO-
coOHa MOPOXKAATh €IIIE M BTOPUYHBIE BUXPOHBI — BOJIHBI Jie Bpoii-
JIs1,  IIPU €€ BPAILEHUH MOKET JaKe U3MEHATh U BEJIMUUHY ITOU
MAacchl ¥ ONpe/IeNIEHHBIM 00pa3oM BJIHSTH Ha €€ BHEIIHEe JIBU-
’KE€HUE, T.€. MOAYJINPOBATH 3TO IBUKEHUE.

B makpomartepun ABUXKEHHUE KJIACTEPOB IIPOUCXOAUT C Mac-
COM IIOKOS M BO3MOXKHO B BUJIE HE TOJIBKO MOCTYIATEIBHO PABHO-
MEPHOM M NOCTYNATEIBHO YCKOPEHHOM, HO M BpPALATEIbHO-IIO-
CTYHATEJILHOM I10 CIIUpaIA. MOKHO 3aCTaBUTh BpalllaTh KJacTep
BEILIECTBA LIEJIMKOM, & MOKHO U €T0 COCTABJISIOIINAE KOMIIOHEHTHI
C MOMOIIBIO 3BYKA, IIPOHUKILETO BHYTPb TeJla, 0OECTIeUnTh KBaH-
TOBO BUXPEBOE MEXAHUUYECKOE JBUKEHUE aTOMOB BIOJIb BOJIHO-
BOJIOB, CO3/IAHHBIX MaKPOBUXPOHAMM.

HepaBHoBecCHbIE POIECCHI.

AKTUBUPOBAHHOE WJIM MPUPOJHOE CaMOBpAlllEHUE KJjacTe-
pa BeliecTBa BCeraa MHAYKTUPYET IONOJHUTEIbHBIA BHUXPE-



BOIl MOHOMOJIb SHEPIMU K BHELIHEMY IOJII0 TIOCTOSIHHOTO 3apsi-
J1a Macchl U poXJaeT camoe cnadoe mposieieHre (opMbl MaTe-
pyu — IprOOpeTaeT IOTONMHUTETLHBIN HOCUTE b UH/TyKTUPOBAH-
HOT'O 3apsija SHEPruM B (popMe CBA3AHHOIO C Maccoyl Mexa-
HHY€eCKOro MaKpoBHXpoHa. Eciu B ciryyae okost Macca Inpo-
ABJIAETCA JUIIb B (popME Mepbl MHEPTHOCTU (B3aUMOJECUCTBUSA
JBYX I0JIe), TO yKe MPHU BpallleHWu K Macce J100aBiisieTcs A0-
NOJIHUTE bHAS puOaBKa B (popMe ero mpoaAyKTOB — BOJIHOBO[L
U3 OIMOPHBIX 3E€PEH-T'PABIOTEHIIMAIOB U BTOPUYHBIA MUHIYKTH-
POBaHHBIN I'PaBUTALIMOHHBI MOHOIOJIb MEXaHUYECKOTO BUXPO-
Ha, CMIOCOOHBIE OKAa3bIBATh BIIMSIHUE HA €ro ABMKEHUE. A 4TO-
Obl Cpe/IHSIsI SHEPTUsI ITOW BpAIAIOIIECs CUCTEMbBI MACC CO CIH-
HOM>? paBHBIM €AMHUIIE OCTaBAJIACh HEU3MEHHOM, TOT UHAYKTH-
POBaHHBIN MOHOIIOJb JIOJIKEH ITPOU3BECTH NTEPE3apsIKy Ha ITPO-
TUBOIIOJIOXKHBIN — UTO U HaOMoaaeTcs B 3ddekte IxanndOekona,
KaK I[IPOsIBJIEHNE MEeXaHHYeCKHX KBAHTOBBIX 3(P(PEKTOB B MAK-
pomMarepuu.

Hpyrou ciy4yail Bpalalommxcs KJIacTePOB B 3aMKHYTOW CH-
CTeM€ MacC OTHOCUTCS K IPUPOAE PacHpOCTpaHEHHUs 3BYyKa
B HuX. [locie npoHMKHOBEHMS U3BHE B 3Ty CUCTEMY BHYTPb I10O-
TOKA 3BYKOBBIX KBAaHTOB, HAUMHAETCSl AKTUBU3ALMS U MOJISIPH-
3anMs TEIUIOBOrO JBMKEHUMSA BCEX aTOMOB M MOJIEKYJI 3a CUET
JOTOJTHUTEJIbHO BHECEHHOM SHEPTUY BO BHELTHEM MOJIE 3EMIIU —

3B MaKpoMarepuy e€ KJacTepaM IpH MX BPAIEHHH TaKKe CBOHCTBEHHO MPHUOO-
peTaTh CIHH, TOJBKO OH OyIeT yXke MeXaHWYeCKUM M OIpeeNsieTcs He TIOCTOSTHHOM
ITnaHka, a MOMEHTOM UHEPLIMH.



9TO MpUMEpP TUOETCKOTO MOABEMA KAMEHHBIX OJIOKOB U APYTHX.

AHAJIOTMYHO 3apOXKJIAINTCS HEePAaBHOBECHbIE ITPOLECCHI
B YCTPOMCTBaX C 3apsIOM 3JEKTPUYECKOTrO HaIpsKEHUs
(ycTpoycTBa C pa3psIHUKAMU TUIIA JNEKTPUUYECKUX CXEM TPaHC-
(popmaropos Tecna), a Takke ¢ 3apsaaMu MarseTusma (yCTpou-
CTBA C MATHUTHBIMU JIBUTATEJISIMU U PA3JIMYHbIE CUCTEMBI B3PbI-
BO-MAarHUTHBIX T€HEPaTopoB). MMeTcs U MHOXKECTBO Jpy-
I'MX IPUMEPOB HEPABHOBECHBIX OTKPBITHIX CHCTEM THIIA B3Pbl-
BOB (sIIEPHBIX, B3pbIBOB IpoBoyiouek u osbr, YBuC u 1.14.)
u ycrpoucts tuna C. ®olja, HO yKe Ha OCHOBE JJIEKTpOMar-
HUTHBIX MAKPOBHUXPOHOB. B nocnenHeM ciyvae npu A0CTH-
’KEHUM HEKOTOPBIX MPE/IEIOB OTOMPAEMOI SMEKTPOMATrHUTHOM
MOIIIHOCTH Yy KaTy1iek B 50 KBT, BO3HUKAET, KaK ClIeACTBUE, yKe
TAKOW AHTUI'PABUTALMOHHBIM MOHOIIOJIb, KOTOPBIM YMEHBIIIAET
Bec ycrpoiictBa Ha 90%. Takue cucteMbl MacC MOTYT HAXOJUTCS
B OJJHOM U3 TPEX COCTOSTHUIA:

1. B HEpaBHOBECHOM, C HapaCTaHWEM BHYTPEHHEW SHEPruu
BCJIE/ICTBME HEIPEKPAlAIONIErOCs BHEIIHETO BO3ICHUCTBUS, Ha-
MIPUMEDP, YBEJIMUYEHUEM YACTOThI BpAILIEHHU s, B3PbIBA WJIY 32 CUET
3ByKa WJIM MarHUTHBIX MOHOIOJIEN,

2. IpUXOIST B PABHOBECHOE COCTOSIHUE IOCJ/IE OKOHYAHUS
BHEIIHETO BO3/ICUCTBUS U MOAICPKUBAIOTCS TAKUM, BCJIEICTBUE
OOJIBIIION MHEPTHOCTH, 32 CUET AC3UHTET PAIIUU YACTULL pabovero
TeJla CUCTEMBI ITyTEM UMILIO3UH,

3. yXOIST B HEPAaBHOBECHOE COCTOSIHME C YMEHbIIIEHUEM BHYT-
PEHHEW SHEPruu Y 3aTyXaloT, HalpuMep, YMEHBIIEHUH YaCTOThI



BpaIlleHNsI 32 CYET TPEHHs WK cOpoca M3MydeHUsl (3ByKa WM
IEKTPOMATHUTHOTO M3JIy4YEHU).

HepaBHoBecHoOe cocTosiHME .

B nepBoM cityuyae npu ONpeAEIEHHbIX YCJIOBUAX HEYITPABIIA-
eMas MHKEKIM SHEPTMM BEJET K Pa3pylIEHUI0 CUCTEMBI Yepe3
KCII03u0. [Iprmvep, 9KCIIIO3UM — B3PBIB SAEPHON OOMOHI,
B3PBIBBI IPOBOJIOYEK, NEKTPOB3PbIBHI (3(ppekTsl C. B. Anamen-
ko, JI.A YOtkuna, mamuna K. PeHo u 1.11).

PaBHoBecHOEe cocTossHHE.

Bo BTOpOM cilyyae, BO3MOXXHBI BapUaHThl B 3aBUCUMOCTHU
OT SHEPrOEMKOCTH MHEPTHOCTH (3apsij] SHEPTrUM) Bcex (hopM Ma-
TEPUU B CCTEME U HAIMYMSA B HEW CHELMAIIBHBIX CXEM U1 3a-
XBaTa OCBOOOKIEHHOW SHEPruH, e€ mpeoOpa3oBaHUS U BBIBO-
Ja B Harpy3Ky. [Ipumep paBHOBECHOIO pexxuMa — SAECPHbIM pe-
aKTop MoXkeT paGoTaTh Ha MOCTOSTHHOM MOIIHOCTU MpU PaB-
HOBECHO OIIPEIEIEHHOM KOJIMYECTBE MOITIOIEHHBIX HEUTPOHOB
Yl HETPOHOB, BbIJIEJIMBILMXCS ITPU AEJIEHUH TOIIMBA. DTO U €CTh
IpUMEpP KOHTPOJMPYEMOIO IMepexoa C IMOMOIIBIO ClelHab-
HOM CXeMbI 3aXBaTa OCBOOOXKAEHHON SHEPrUu B CUCTEME — I10-
[JIOTUTEJIbHBIE CTEPXKHU; MTPeoOpa3oBaHUs U BbIBOJA B Harpys-
Ky — IMEpBbId M BTOPOM KOHTYP TEIJIOOTBOJA, JIEKTPOreHepa-
TOpbl U T. 1. CTOMT TOJIBKO HayaTh YBeJWYMBATH IOIJIOLIE-
HUME KOJIMYECTBAa HEUTPOHOB HAYHETCSI HEPAaBHOBECHBIN MPOLIECC
YMEHBIIIEHUsI BbIpa0OTaHHOI CBOOOAHOM SHEPruH, a HA0OOPOT —
YMEHBIIIEHHE TOIIOIEHUsI PUBOJUT K YBEJIMUYEHHUIO BbIpaOo-
TaHHOU 3HepruM. Takske BCe MPOMCXOIUT U B ycTporcTeax ['ogu-



Ha-Pomuna, [I. Cepna, B. [llayGeprepa, A. B. Bauaea — eciu cu-
cTeMa Macc mprodpesna I0CTaTOUHOE KOJTMYECTBO BpalaTeIbHON
SHEPruu (IOPOroBbIe CUCTEMBI) U BBIIILIA C IOMOIIBIO BHEIITHUX
MOTOPOB (TEHEPATOPOB) B PEKUM BPAILEHUS C POXKACHUEM PaB-
HOBECHOI TPHAa/bl MOHOIIOIEN MaKPOBUXPOHOB (T.€. CO CTPYK-
TYpOil aKTMBUPOBAHHOIO I'PABUJIEKTPOMArHUTHOIO MOHOIIONSA
WM Aunonst, (ha30BbI 00BEM KOTOPOTO MepepadaThiBaeT 3aXBa-
YeHHOe BElIeCTBO paOoyero Tesia CUCTEMBI), TO MPU HOKJII0Ye-
HHU K €€ CXeMe JIOTIOJIHUTENIbHOM CXEMBI 3aXBaTa M Mpeodpaso-
BaHUSI OCBOOOXKIEHHOW SHEPrvH, OHA MPEBPAIAETCsl U3 CHCTe-
MBI HOTPEOJIeHHsT SHEPTUU B UCTOYHUK MPOU3BOACTBA SHEP-
TMU [TyTEM AE3UHTErPaliy BELLIECTBA C IIOMOILBI0 UMITTIO3UH 3a-
PAI0B SHEPTUM B 3TY 3aMKHYTYIO CUCTEMY BUXPEBBIMHU OJISIMH,
9acToTa M IITyOrHA MIPOHUKHOBEHUSI KOTOPBIX 3aBUCHT OT YacTo-
Thl MArHUTHBIX MOHOMOJIEH EpBUYHON Tpuaabl. Ha mpotsikeHun
BCETO NEPUO/IA CYLIECTBOBAHU A HEPABHOBECHOTO PEXUMA C IPO-
W3BOJICTBOM SHEPIMU, KaK Mapa3uTHOE CJIeJCTBHE 3TUX MPO-
IIECCOB, Y CHCTEMBI POXKJAIOTCSI COOCTBEHHbIE KBAa3UCTAIIMOHAP-
Hble MAarHUTHOE, JIEKTPUYECKOE U IPABUTAIIMOHHOE T0JIE, KOTO-
pble HAYMHAIOT B3aUMOJEUCTBOBATh C BHEIUHUMU NOJIAMU. Ecin
HE NPEANPUHATD CHIELMAIBHBIX MEP /11 OTBOJA TOM SHEPrUH,
TO MPOU30UJET AaTOMHBIN B3PbIB. DTOT MPOLIECC XOPOILIO UCCIIe-
JOBaH B peaktope BauaeBa. A Tak Kak cucteMa aBTOHOMHA, TO
B ciyvae ycrpoiicts Cepna u [llayGeprepa, MOILIHBINA aHTHrpa-
BUTAIHOHHBIA MOHONOJb MAKPOBUXPOHA CUCTEMBI CIIOCOOEH
OTTAJIKMBATbCA OT LUEHTPAJIBHOIO MOJs 3eMJIM U HeylpaBiisie-



MO YJIETaTh B KOCMOC. [Ipyrum moJjie3HbIM CJaeJCTBHEM 3THUX
IIPOLIECCOB SABJIAIOTCSA CBOMCTBA BUXPEBOI'O MOJIS 9TOTO 3apsia —
000JI0YKa TIOJIST TAKOTO 3apsijia CIoCOOHAa KOMITEHCHPOBATh 3a-
P#/1 Macchl B TPETbEM BHEILIHEM I10JI€ U CIEJIaTh CUCTEMY I10JIETa
Oe3pIHepTHOI. VMeloTca u apyrue ¢haHTacTHYeCKHe ciejl-
CTBHSI CBOWCTBA TAaKOro MOJs 3apsla — HEBUIUMOCTb, 3allU-
Ta OT BHEIIHEr0 MeXaHu4eckoro 1 DMB Bo3aencTBuUs, JBUKE-
HHE B JII0OOH MO IJIOTHOCTU BEIIECTBA Cpelle, KOTOPOe C BbICO-
KUM OBICTPOJIEICTBUEM YACTOTHI STOTO TOJIS AE3UHTET PUPYETCS,
yCTyTasi CBOi 00bEM JIBUXKYIIEMYCsT UCTOYHUKY.

B peaktope A. B. BauaeBa, npu yclIOBUSIX HEPABHOBECHO-
ro pexxuma padboTbl MUKPOIIAPOBO MOJTHUM HA YacTOTe IUIep-
3ByKa, UMEETCs1 BOZMOKHOCTh KPOME MPOM3BOJCTBA JIEKTPO-
SHEPruy BO BHEIIHEH LNy MyTEM 3axBaTa CBOOOIHBIX 3JIEK-
TPOHOB, €IIIE CO34aBaTh U3 BOAbl XUMUYECKHE JIEMEHTHI (pac-
HIETUIEHEe U TIOCIIeYIOIINIT CUHTE3 HOBBIX aTOMHBIX siiep) Tab-
muibl Mennenesa. [naBHOe — uccie0BaTh U HAYUUTCS YIIPaB-
JIATh MEePeX0/I0M HEPABHOBECHOT0 B PABHOBECHBIH PEXUM
pabOThI — OT MOTPeOIEHUSI SHEPTUU B €€ UCTOUHUK TP aBTO-
MaTHYeCKOM TO/JIEpKaHUU PABHOBECHOIO IPOLIEcca 3a CUET
OCBOOOXKIEHUSI BHYTPEHHE! SHepruu cucTeMsbl. Eciii HayunThest
YIOPABJIATh ITUM MEPEXOIOM IyTEM PETYJIMPOBAHKUS IMapaMeTpa-
MU CICIUATLHON CXeMbI 3aXBaTa OCBOOOXIEHHOW SHEPIUH Ta-
KOI 3aMKHYTOI CUCTEMBI, TO MOXKHO CeJIeKTHBHO Ha ITPAKTHKE
UCTIONb30BaTh T€ WJIM MHBIE €r0 MIPOLYKTHI, YTO UMEET OOJIbIIoe
NPHKJIAJHOE 3HAYCHUE. DTO KE KacaeTCs U BCEX JPYTUX «Bed-



HBIX» JIBUraTesIel, a TaKkKe JEKTPUUECKUX U MarHUTHBIX CXEM
C BBIPAOOTKOH «CBOOOIHOI SHEPrum».

B03MOXHOCTH y BpalaloIIENCsl CUCTEMBI MACC C MOJIYLIETbIM
Y HYJIEBBIM CIIMHOM HaMHOT'O OOJIbIIE:

— C MOJYLEJbIM CIIMHOM (TPaBH3JIEKTPOMATHUTHBIN MO-
HOIIO0JIb ), KOI/1a [epe3apsiIKK He TPOMCXOJUT, CUCTEMA HAXOIUT
BBIXOZl cOpOca 3TOW HAKOIUIGHHOM MHIYKTHPOBAHHOMN SHEPruu
I'PaBMOHOIIOJIS YEPE3 3BYK WM PEAHUMALIMIO MATHUTHOTO MOHO-
HOJIS B 3JIEKTPOMarHUTHOM MAaKpPOBUXPOHE, KOTOPBIM YK€ CIIO-
coOeH K cOpOCy SHEeprum uepe3 U3ydeHHe IeKTPOMArHUTHBIX
KBaHTOB,

— C HYJeBBIM CHMHOM (IpPaBHU3JIEKTPOMArHUTHBIA JH-
I10JIb ), KOT/Ia BO3MOXHA Iepe3aps/ika IPaBMOHOIION S HA ITPOTH-
BOIOJIOKHBIM YEPE3 KBAHTOBBIN NEPEXOJL B JIEKTPOMATHUTHBIN
3aMKHYTO-CBSI3aHHBII MaK pOBUXPOH U MOCJIEYIOIIEH pereHepa-
LMEN IPYroro rpaBMOHOIIOJNSA C TPOTUBONOJIOKHBIM 3HAKOM.

[Tpu 3TOM BOIPOCH MOCTAHOBKM 33/1a4 COCTOSAIT B CJIEAYIO-
IEM:

— Kak1M 00pa3oM 33/1a€TCsl SHEPIUsl, Bpallaloias TAKOi KJia-
cTep MaTrepuy, T.€. KaKoBa NepPBONPHYNHA ?

— B Kakou (popme poxKJIaeTCsi HOCUTEIb UHIYKTUPOBAHHOTO
3apsAa SHEPrUH, CJAEeACTBHE, a €CJIU CICICTBHAE, TO KAaKOe I0-
JIE3HOE WJIM NApa3uTHOE?

— POXJEHUE MTPOUCXOIUT YKE B PABHOBECHOM U YCTAHOBUB-
IIEMCS MPOLIECCE WM B HEPABHOBECHOM ?

— HOCHUTENIb MHAYKTUPOBAHHOTO 3apsiga SHEPrHu CIOCco0eH



COBEPIINTH 3HAKOBYIO Mepe3apsAKy [UIsl COXpAaHEHUsl cpeqHen
SHEPrUU CUCTEMBI I He CIoco0eH?

— €CJI1 He CIOCO0€eH, TO KaKOU 13 IBYX BOBMOXKHBIX CUCTEME
Macc SHEpreTHYeCKH BBHITOAHO CJIEIOBATh P KBAHTOBOM Iiepe-
XOJIe B JIEKTPOMArHUTHBI BUXPOH CO COPOCOM SHEPruv WIn
C mepe3apsiAKOoil rpaBMOHOMOJ?

— KaKOBa MCXO/IHAsI MTHEPTHOCTh CUCTEMBI MAacC U CIIOCOOEH JIn
JeOpOIeBCKUI HOCUTENIh U3MEHUTD e€?

B paBHOBecHOM Tiporiecce ¢ OOJBIION MHEPTHOCTBIO Mac-
ChbI, HarpumMep, atMocepHoe TOPHAO, (OOJbIIE TUIAHKOBCKOW
U C MOJIyHeJbIM MeXaHWYeCKUM CIMHOM) CHUCTeEMa CHocOoOHa
TOJIJIEPXKUBATh CeOsl SHEPTETUUECKH B TaKOM COCTOSIHUU, WC-
TIOJIb3Ys1 B 3aBUCUMOCTH OT YCJIOBUY BHYTPEHHIOI SHEPTUI0 MUK-
POYACTHI] €€ COCTABJISIIONINX WJIM SHEPTUIO OKPYKAIOIIIETO Bellle-
CTBa WM BHEITHMX IOJIel, B TOM YHMCJIe aKTUBHOTO IIEHTPAJIb-
HOT'O TPaBUTAITMOHHOTO MOJIst 3eMJI. A B CiTydae pacxoja SHep-
TMW BHYTPU 3TOW CHCTEMBI, TOSBIISIIOTCS TOTIOJHUTEIIbHBIE ITy-
TH TIOJIyYeHHS SHEPTUM, KaK 3a CUET pacuierieHus oosee Try-
OOKHMX CKJIAJIOB €€ SHEPreTHUECKUX EMKOCTEH COOCTBEHHOTO Be-
IeCTBAa WM BHEIIHUX MoJiel u Matepun. Kpome Toro, ecnu Ho-
CHTENTb MHIYKTUPOBAaHHOKN SHEPTUU He CIIOCOOEH K Tiepe3apsiiKe
IUTsI COXpaHEHUSI CpeTHEel SHEPIUHU, TO CHCTeMa HaXOJIUT JIpyrHe
(bopMbI SHEpPreTHYECKOro cOpPoOca HaKOIJICHHOW BpallleHUEM
TaKOW SHEPruu B BUE MEKTPOMArHUTHOTO U3Ty4YeHHs, 3BYKOM
WJTA BBIOPOCOM Pa30BhIX MEXaHUYECKMX MaKPOBUXPOHOB B (hOp-
Me yIapHBIX BOJH, IPUBOJISIIIIUM K B3pHIBY BCell cucTeMsbl. [1pu



9TOM CYIIECTBYET HEKOE SHEPreTUYeCK CTaOMIbHO-PaBHOBEC-
HOE COCTOSTHHE CHCTEMBI C OOJBIION SHEProEMKOCTHIO 3apsiia,
Kak MakpooObekTa. Eciu HayaTh OTOMpaTh OT HEro SHEpruio,
paciieruieHre BellecTBa CUCTEMbI CABUIAIOTCSl B HANPABJIEHUU
OoJiee IK30TEPMUIECKUX, W TIPOLIECC MOKHO MCIIONMb30BATh JIJIsI
POU3BOACTBA SHEepruu. Ho 3T0 MpUBOOUT K 3HAYMTENILHO YCH-
JIMBAIOIMMCS] BUXPEBBIM TOJISIM BOKPYT CUCTEMBI (ITapa3UTHOE
CIIE[ICTBUE), YTO TaKkKe MOXHO MCIONb30BaTh ISl YIIPABJICHUSI.
XapakTep CTeleH! pacIlerieHrs] BeIecTBa 3aBUCHT OT COCTaBa
aTOMOB OKpyKarolux cucteMy. [1pu BbIBOIE CUCTEMBI U3 KAKOTO
MO0 PaBHOBECHOTO COCTOSTHMSI, OHA PACMaJaeTCsl C BHICBOOOK-
JIeHUeM BHYTPEHHeW SHEePryu.

Jns cructeM Bpalalomuxcsl MacC ¢ MEXaHMYECKUM CITMHOM
PaBHBIM eJUHHIIe CBOWCTBEHHO 3aTyXaHUE TaKOro ABMKEHUS
N0 M3BECTHBIM 3aKOHAM, a C HYJIEBbIM CIMHOM — Iepe3apsii-
Ka MEXaHHMYECKOrO BUXPOHA Yepe3 MPOMEKYTOUHBIN IMEKTPO-
MarHUTHBIN cO cTabum3anueid ocu Bpamenus. [Ipumepamu cu-
CTEM C HYJIEBBIM CIIMHOM SIBJISIIOTCS TUPOCKOIT ¥ POTOPBI ABUIa-
Tesel, a Takxke siipa 3B€31 U miaHeT. C noayuesabM CIIMHOM —
arMocepHbIil TOpHAMO, JeTalmue «Tapeiaku» B. Illaybepre-
pa, 1. Cepna, rpaButonér B.C.I'peGeHHMKOBa, JieTaoIIMe MO/
60i1 bapadanoB kameHHbIe O1okM Ervnta n Tubera u HEeKOTophie
ycrpoiictBa JI. Kuin. Co criuHOM paBHBIM €AMHUIIE — CUCTEMBI
Macc TUMa cTepHs, raiiku [xannOekoBa, napayienuresna, pac-
MIPOCTpaHEeHUe 3ByKa B Cpefie U T. [I.

CucreMmsl € 3apsIOM JIEKTPUYECTBA, MArHETU3MA WU JIeK-



TpOMarHeTu3Ma MMeI0T aHaJIOTMYHBIE CBOWICTBA, HO C 00s13aTeh-
HOM BO3MOXHOCTBIO OOPATHOW CBSI3U TMEPEXOIOB K MeXaHHue-
cKuM BuxpoHaMm. [Ipumepamu 3TUX CHUCTEM SIBJISIIOTCSL YCTPOW-
crBa H. Tecna, 2. I'pes, C. ®noiiga, A.B.Bauaesa, [I. Xaruuco-
Ha U JpYyTuX.

DTUM Y OTJIMYAIOTCS IBU2KEHHUSI U U3MEHEeHHUsI SHEPrUu dJie-
MEHTAPHBIX YACTHI] OT JABUKEHHI 1 N3MeHEeHNH KJacTepoB
BelllecTBa MaKpOMAaTepuH, KaK UICTOYHUKOB C COOCTBEHHBIM T10-
JIeM, a K KaKMM KOHKPETHBIM (hopMaM MpOosIBJICHUH 3TUX dPdek-
TOB (MPOIECCHI) 3TO MPUBOAUT — MPeAMET ITOM YACTH KHU-
TH.

BHOBB MproOpeTéHHBIE CBOMCTBA KJIACTEPOB aTOMHO-MOJIE-
KYJISIPHOTO BEILIECTBA, MPOSBJIseMble MU TIOCTIE MPOXO0XKIEHUN
MaKpPOBHUXPOHOB Yepe3 Hero, SIBJISIOTCS NMEPEHOC SHEPTUH, JIEK-
TPUYECKOTO 3apsijia, MacChl, CIMHA, UH(OPMAIIUU U UX COCTO-
SIHUSI PACCMOTPEHBI 37IECh C MO3UIIMIA BUXPEBbIX TOKOB (rpa-
BUTAIIMOHHBIX U 3JIEKTPUUECKHUX) BJIOJb MOTEHIIMAJIOB BOJIHO-
BO/JI0B, CO3JAHHBIX B HEM — B3aMMOJICWCTBUS BUXPEBBIX MOJIEH
C BEIIECTBOM U BHEITHUMH MOJIsIMU. OHU ITPOTUKTOBAHBI B O0JTh-
el CTENeHW TEIJIOBLIM KBAHTOBO-BHHTOBBLIM JIBHKEHHEM
MOJIEKYJI, aTOMOB, MIOHOB U JIEKTPOHOB B KJIACTEpax BelIeCcTBa
B Te€X arperaTHbIX COCTOSIHUSIX, KOTOpPbIe BCTPEYAIOTCS Ha TO-
BEPXHOCTH 3eMiid. DTU IBUKEHUSI, B OCHOBHOM, CKJIQ/IbIBAIOT-
Cs U3 MOCTyNaTebHbIX M BpallaTeIbHbIX COCTOSIHUM aTOMOB
1 MoJieKyJl. Ha3BaHHBIE KBaHTOBBIE CBOMCTBAa MMEIOT OOJIBIIOE
MPUKJIAJHOE 3HAYCHUE — TeMJOEMKOCTb, CBEPXTEKy4ecCTb,



JEeKTPUYECKUH TOK, CBEPXIPOBOAUMOCTb, JJEKTPOpa3-
PAA, 3BYK (rPaBUTAIMOHHBIN TOK), B3PbIB, aHTUTPABUTA-
ous*u 1. 1. CBOWCTBA TOABUXKHOM MaTepuyd MOTYT OBbITh 0O-
see 3(pPEKTUBHO peasn3yeMbIMU JIMIIb IIPU CO3JAHMU CBEPX-
MPOBOJAIIMX BOJHOBOIOB B ONPE/ETIEHHBIX KPUCTATUNIMYECKUX
pemnéTkax Jyisi mepeHoca 3apsijia, «TpyoOrpOBOIOB» IJIsI CBEPX-
TEKy4ero nepeHoca kuaKocTeil B oOIlel cucteMe Macc Wi eé
(pmon 0B U T. A. Takue cornacoBaHHbIE C TApaMETPaMU PELIETOK
BOJIHOBO/IbI JOJKHBI OBITh PE30HAHCHO KBAHTOBO HACTPOEHBI
Ha «BOJIHY» CBOWCTB CTPYKTYphI pabouero Teja, ABUKYIIMHU-
Cs1 IO HUM TIOTOKaMU MaKpPOBUXPOHOB — TO KOHIIEHTpalIusl, To-
JBWKHOCT M 3HAKU 3apsiIOB MUKPOUYACTHIL, JUIMHA CBOOOHOTO
npoOera, MeXaHWIECKUI CITMH (LIEJIbIA WM TTOYLEINbI), (hop-
Ma, MapaMeTpsl ¥ 3HaK 3apsifa HOCUTENIsl SHEpruu, popMa ABU-
KeHUs1 (MMILIO3USI WM KCIUIO3UsI) Ha Y4 TUTMHBI BOJIHBI, Mac-
ca, CKOpOCTb JIBUXKEHHs, Temreparypa u Jpyrue (pu3nuecKue
napaMeTpsl MOABUKHOIO Kjactepa. B cBsi3u ¢ onpeaeneHueM
CBOWICTB BUXPOHOB, KaK HOCUTEJIEN MaMSITH, YK€ MOKHO CTABUTh
BOIPOC O MEPEHOCe HE TOJIBKO MAcChl MHAYKTHUBHO-BOJIHOBBIM
NyTEM, a KOHKPETHOM MAacChl C OINpeNei€éHHBIM Ha0opoM eé
CBOWCTB, a IMPH ONpe/ie/IeHn! JIeOPOMIEBCKON «IITyObl» Bpallia-
IOIIMXCS KJIACTepOB — OE3bIHEPIIMOHHOM TepeHoce mMacchl. Co-
3MaHNe TEXHUUYECKU 3aMKHYTBIX MAaKpO CYMEepBOIHOBOJOB IS

34 IT0 sAB/IEHUE CJIEAYET pacCMaTpUBaATh JIMIIb, KaK OTTAJIKMUBAHUE IMTOJIOKUTEIBHBIX
rpaBUTALIMOHHBIX noneﬁ, T.€. TAKXKE KaK MPOUCXOAUT OTTAJIKUBAHUE IOJIOKUTEJIbBHO
3apsKCHHBIX aTOMHBIX SA€P.



NIepeHOCa MOIIHBIX MOTOKOB MarHUTHBIX 3apsioB (POTOHOB, 3a-
PSIJIOB SJIEKTPUYECKOTO HAMPSDKEHMS, SIIEp WM aTOMOB (DITIOH-
JIOB, TIO3BOJIUT PEIIUTD 337a4y TeHepallui COOCTBEHHBIX aKTHB-
HBIX aHTUTPABUTALIMOHHBIX Y MOHOMOJEN B ABUraTessix, UMelo-
IIUX MOIITHbIE BHEIITHUE TTOJISI ¥ TTPEeJHA3HAUYEHHBIX JIsI KUHETH-
YeCKOro MepeMeIeHHs armnapaToB ¢ YeJIOBEKOM Ha OOPTY B OKO-
JI03eMHOM M MEKIUTAHETHOM MPOCTPaHCTBe Oe3 0TOpOca Macchl,
HO C OIMOPO¥ Ha UMEIOIIMECS BHEIIIHUE TIOJISI aKTUBHOM U MTPOTH-
BOIIOJIOKHOM TO 3HAKY IPABUTAINH IUTAHET U 3BE3M U, B TOM UHC-
Jie, ¢ onopoit*® Ha cOOCTBEHHBIE OMOPHBIE MOTEHIMAIBI BOJIHO-
BOJIOB, MICKYCCTBEHHO-TEXHUYECKHU CTAI[MIOHAPHO YCTaHABJIMBAEC-
MbI€ B TPOCTpaHCTBE KocMoca. OJJHAKO CepbE3HBIM MPETISITCTBU-
€M JIs €€ OCYILECTBIICHUS fABJISIETCS Hen3BeCTHOCTh B CAIl
MIPUPOJIBI UICTOYHMKA U MEXaHU3Ma SIBJICHUH TATOTEHWS] aKTHB-
HOI rpaBUTAIIMEH, a TAKKE 00'beIMHEHHE B KJIaCTePhl MACCHB-
HOIl Macchl, CBEPXTEKy4eCTH U CBEPXIPOBOAUMOCTH?’ BO-
o0I1e, 2 B OKCHHBIX BBICOKOTEMITEPATYPHBIX CBEPXITPOBOTHHU-
Kax B YaCTHOCTH.

BrICOKYI0 TJ1aHKY B OOHApYKEHUM HOBBIX SIBJICHUU TTPUPOJIBI,
KOTOpbIE UMEIOT OUYEHb OOJIBITIOE MPUKJIAJHOE 3HAYEHH e B SHEP-
Te€THKE U COBEPILIEHHO HOBBIX 0€3bIHEePIMOHHBIX MPUHIMIIOB

33 AHTUrpaBUTALMSI HE KaK CJIECTBUE CO3/IaHUsI aHTUBELIECTBA, a KAK BHEILHEE 110-
Jie uu pa3psia chepsl TpaBUTALIMOHHBIX MOHOMONEN B (hOpMe BOITHOBOZIOB C TEM ke
3HAKOM, YTO M 3HAK 3apsja B AApe IUIAHEThl, HAPUMep, B U3BECTHBIX aHOMAJIbHBIX
30Hax — Harpumep, BOonu3u r. Canta-Kpys, Kanudophus.

36 Kak 910 JIEMOHCTPHPYIOT CBOHCTBA BPAIAIOIIETOCsI THPOCKOIIA.

37 HewusBectHa BOO6H_IC 1 MUKPOCKOITUYECKas TCOpUs JICKTPOTOKA B IIPOBOJHHKAX.



nepeMelleHusl JIETaTeJbHbIX alnaparoB B MPOCTPAHCTBE B XX
BEKe 3aJaJTi TPOCThIE JIIOAU JPEBHUX 3HAHWW, HE OOpEeMeHEH-
HBIE COBPEMEHHBIM 00pa30BaHUEM U YUEHBIMH CTETIEHSIMHU, Ta-
kue kak [{. Kunu, H. Tecna, T. Mopei, JI. Kepspan, B. [llay6ep-
rep, 1. Cepn, K. loynaepc, C. B. Anamenko, B. JI)xanuOekoB,
B. C. I'pebennukos, [1. Xatuuncon, C. ®moiia, 3. ['peit, ycTpoi-
ctBa ¥ 3((PEKTh KOTOPHIX JIO CUX TIOP COTPSICAIOT BOOOpaKeHHE
BCEro Hay4yHOro coOOIIecTBa.

B nanHOM paznene paccMaTpuBalOTCsl JPEBHUE TEXHOJIOTHH,
BCE «3a0BIThIE» U HOBbIE, 9KCIIEPUMEHTAITBHO OOHAPYKEHHBIE SIB-
JICHHS] Y CBOMCTBA B BEIIECTBE MAaKPOMATEPUU B CUCTEME MC-
TOYHHK-II0JIe, JOKa3bIBAOIINE MMOSIBICHUE B (DyHIaMEHTaJIb-
HOW (pu3MKe paHee He UIETU(UIUPOBAHHBIX MHIYKTHPOBAH-
HBIX IBUKE€HHEM 3apsiioB (MCTOUHUK) — MAKPOBHXPOHOB.
B sTOM pazzesne oHu BbIIEIEHDI, ONPEIEICHbl U YKa3aHbl UX OC-
HOBHbIE cBOMCTBA. [lapaiiesIbHO pacCMOTPEHbI BHEILIHUE IOJIS
9THX 3apsAA0B U UX CBOICTBA HA MPEJMET MPUKJIAJIHOrO MpUMe-
HEeHMUSI.

Il moATBepsKAeHMSI CYITIeCTBOBAaHU S aKTUBUPOBAHHOW TPH-
aJbl MOHONOJEH B JBWXKYIIEWCS CTPYKType HCTOYHHK-TIO-
Jie TIpUBe/IeHbl MPUMePbI-ONUCAHUS TEXHUUYECKUX YCTPOUCTB
U Croco0OB, a TaKke SIBJICHWA MPUPOIBI U CTPOEHUE 3eMIIH,
MOPOXK/JIAIOIMEe TPAaBUIJIEKTPOMArHUTHBIE JUIOJN U rpa-
BURJIEKTPOMArHNTHbIe MOHOIIOJH, KOTOPble HEOObSICHUMBI
¢ Touku 3penust CAIL

Takue 3¢p(PeKThl 1 SABJEHUSI JOCTATOYHO MPOCTO OObBSIC-



HSIIOTCSI C TOUKU 3pEHUsI 3apsijia-paspsiia ObICTPOro MarHUTHOTO
Y MEJIEHHOTO T'PaBUTALIMOHHOIO MOHOIMOJIEW MaKpOBUXPOHOB,
UX MEPETONIOCOBKH [IIs1 COXPAaHEHUS CPeJHEN SHEPTUU CUCTEMBI
Macc, a Takxke cOpoca KBaHTOB SHEPrUM CHCTEMOW Macc MyTEM
EKTPUUECKOrO WJIM MEXAHUUECKOrO pa3psiia B MIPOCTPAHCTBE
BHXPEBOTO MOJIS IIPYA HEBO3MOXHOCTH 3TOM 3HAKOBOM Iepe3a-
PSIIKM HOCHUTEJISI MHAYKTUPOBAHHOM SHEPruu. DTO cleyloiiye
3(¢peKThI U SIBJICHUS:

— 0CBOOOKIEHVE SHEPTUU MTPU IE3UHTET pallvsl BEleCcTBa, Te-
PEHOC SHEPTUU U COCTOSIHUS BEIECTBA (JIEKTPUIYECKUM TOK WU
3BYK), KOMIpeccus (CKJIal) SHepruv B (pOpMe 3aMKHYTBIX KOP-
MYCKYJ (I1apoBasi MOJIHHMS, My3bIpbKM KaBUTALIUU, 3apsiOBbIE
KJIACTEPBHI, T.€. CYOCTAHIIMU CO CTPYKTYPOil rPaBHJIEKTpOMAr-
HHUTHbIE JUIOJHU U T.J), 3aXBaT U BHIBOJl CBOOOHOUN SHEPruu
B TOJIE3HYIO HArpy3Ky 4epe3 MOCPeICTBO CHEeUaIbHbIX TEXHU-
YECKUX CXEM,

— TIPOM3BOJCTBO MexaHWYeckux pador (3Bykom [I. Ku-
m, A. ©. KiagoB wiam aneKTporuapaBindeckum 3 EeKTom
JI. A. IOTkuHa),

— MPOM3BOJICTBO «XO0JIOJHOT0» U OOBIYHOTO JIEKTPUUECTBA,

— MPOU3BOJICTBO U MepepaboTKa MEPBUYHOIO aTOMHOIO WU
SIIEPHOTO0 COCTaBa KJIACTEPOB aTOMHO-MOJIEKYJISIPHOTO Bellle-
CTBA U B YaCTHOCTH, 001yu€HHOrO TorumBa ¢ ADC (peakTopsl
A.®.KnanoBa-AdanackeBa u A. B. Bauaesa)

— U3MeHeHre (PU3NYECKUX CBOKMCTB U JIETMPOBAHUE MaTepura-
70B (06paboTKa mapoBbiM paspsaom bypmynkwii /1. C., kaBura-



et A. @. Knanos, peaktop C. B. AnameHko),

— ONpeJIeIEHNI MEXaHU3Ma CBEPXIIPOBOIUMOCTH, CBEPXTEKY-
YECTH, JICKTPUUECKOT0 TOKA U 3ByKa (I'PaBUTALMOHHOTO TO-
Ka) B BEIIECTBE MaKpOMaTEepUH,

— TOCTPOEHME JIETATeNILHBIX arnapaToB 0e3 oTOpoca Macchl
Ha OCHOBE B3aMMOJEUCTBHUS*® ¢ IIEHTPAJIbHBIMU TIOJISIMU TSATOTE-
HUs TutaHeT U 3Be3] (anturpasutauus 1. Kumm, II. Cepina, B.
[lay6eprepa, B. C. ')pebeHHUKOBA U IPYTHUX ),

— co3/1aHre Oe3bIHEPIIMOHOTO BOJIHOBOTO JBUKEHHS 32 CUET
COOCTBEHHOTO aCMMMETPUYHOTO BHUXPEBOTO TOJS («IITyOBI»)
C OIOPOi1 Ha COOCTBEHHBIE TPABMOTEHIIMABI, CTAIIMOHAPHO yCTa-
HOBJIEHHBIE B MPOCTPAHCTBE Pa3psIKOM MaKpOrpaBMOHOMNONIEN
(TTpY KOMIIEHCAIIMM MACChI B TPETHEM TIOJIE),

—niepeava (HarpaBJIeHHbINA pa3psj,) 9TOM CKOHLIEHTPUPOBaH-
HOW SHEPruu MOTOKOM CAMOJIBVIKYIIUXCSI C(pep MarHUTHBIX WA
I'PaBUTAIIMOHHBIX MOHOIIOJIEW Ha paccTosiHue Oe3 MCMOb30Ba-
HUs1 JIMHUHM 3JIEKTPO WK 3BYKONEpe1aun, KOTOPbIE POXKIAI0TCS
ycrpovictBamu [l. Kumm u H. Tecina, B3pbIBOMArHUTHBIMU T'€HE-
paropamu, MarHeTpOHAMH U BUPKATOpaMu, ObICTpIMU (ppOHTA-
MU BBICOKOBOJIbTHBIX HAHOCEKYHJHBIX UMITYJIbCOB,

— MOJYJISILIMS TUIa3Mbl TTOIJIONIEHHBIMU JIEKTPOMArHUTHBIMU
BUXPOHAMHU, CO3[IaHUE IIAPOBBIX IIA3MOUJOB, 3apsIOBbIX KJa-
crepoB (3kTOHBI I'.A.Mecsia, maposoiut paspsan . C. Bypnyu-
koro u 3apsgosble kiaacrepsl K. Iloynaepca),

3% Briephie B3aMMOJIEICTBHIE MONEH IPUTSIZKEHHST IUIAHET [/l KOCMIYECKHX allla-
paToB OBLTO peaM30BaHO B AMEPHKAHCKHX IpoekTax [Inonep u Boskep.



— IIpepbIBaHKE MOIIIHOM IJIA3MEHHOM 1yT MAarHUTHBIM IOJIEM
B TECJIOBCKUX PA3PSAHUKAX C LEJIbI0 CO3JaHMsI TOTOKA MOIIIHBIX
MarHMTHBIX 3apsiJIOB,

— MOJYJIALMSA IBUKEHHSA ITOTOKA IEKTPOHOB B JIEKTPOBAKY-
YMHBIX MIPHOOpax MpU CO3IaHUN MOITHBIX TTOTOKOB «TSIKEITBIX»
MarHuTHbIX 3apsaoB CBY, B yacTHOCTH, B BUpKATOpax,

— MOIYJISILMS MEXaHUYECKOTO IBUKEHUST BPAAONIUXCS TeJ
(6ymepanr, apdekt [[xanndekoBa, Bomuok ToMcoHa u apyrue),

— MOAYJISILIMS U NIepeJjada Ha pacCTOSIHUE COCTOSIHUM KJlacTe-
pa BelecTBa (IJIOTHOCTh, TEMIIEPATYPA, TABJICHUE, MArHUTHBIN
Y JIEKTPUYECKUN 3apsijl) MeXaHHYeCKMMH MaKpPOBUXPOHAMU
(rpaBuGOIMIBL, ABIPH B 3eMile U OKeaHe, KOT/ibl BepxHero Bu-
JII0s1).

[Ipn 3TOM I1aBHOE BHUMAaHHWE YIENSETCS HAa CYLIECTBYIO-
1yl (PyHJaMEHTaJIbHYI0 CBSI3b B3aMMHBIX IEPEXOJOB TPHA-
bl MOHONOJEH TP KPUTUYECKUX yCloBUsiX. PaccmarpuBa-
€TCsl aHAJIM3 YCJOBHIl M NPOIECCOB, NPU KOTOPBIX MPOMC-
XOIUT HAKOILIEHHEe W BbIJeJIeHHe 3apsia SHEPruH 3a CUET
NOJISIpU3allvK, PACIICTJIEHUs] BHYTPEHHENM SHEPruM BEIeCTBa,
a Takxke MOCJeJCTBHIl B3aMMOJEHCTBUSI MPOAYKTOB MaKpo-
BUXPOHOB C OKPYXAIOIIMM BeliecTBOM>® U MOISAMU. AHAJIN3U-

39 [Ipu u3nokeHnn Matepuaia aBTop JyIsl NOMYJsSpU3alUK U MOHUMaHHS CMbICIA,
KaKk U B TIePBOM YaCTU KHWIHU, BBIHYXJIEH ObLT MOJNB30BATHCS TEPMUHAMU CHCTEMBI
usmepeHuii CU — sHeprus Macca, JISKTPUUECKUIA 3apsij], CUJIa, BpeMsi, UHEPTHOCTb
U T.H., XOTS B IPUPOJE BCETO ITOTO HET, a €CTh TONBKO MOJISI U B3AMMOJIEUCTBHSI TI0-
Jiell u3 3EPEeH-TOTEHIIMAJIOB, TPOU3BEIEHHBIX MATHUTHBIMH 3apsaMH U BCET/a ero
COIPOBOKAAIOIIMMH IEKTPUUECKUMH U I'PABUTALIMOHHBIMU MOHOTIONSAMU. [Ipyt 3TOM



PYIOTCS YCJIOBHSI M IPOLECCHI, TIPH KOTOPBIX MPOMCXOAUT IO-
TpeOJeHne BHEIIHEH SHEPTUU U151 €€ aKKyMYJISIUA BO BHYT-
PEHHMX KJIAOBBIX BEIECTBA — S/IpaX, aTOMax, TeMIlepaTyphl
KJIaCTepoB, (pa30BbIX Mepexoaax u T. 1.

Hanee n1s aHanuM3a NPONECCOB, MPOHCXOASIMX B yKa-
3aHHBIX SIBJICHUSIX, PACCMOTPEHBI JIETAILHO NMpeodpa3oBaHme
U NepeHoC COCTOSIHUS MapaMeTpoB KJacTepa Macchl, 3BY-
KOBOH TEPEHOC YHEPrUU (XO0JIO/IHOE 3JIEKTPUYECTBO, XOJIO/-
HBII1 S1/IEpHBII CUHTE3, X0J0JHbIe TUIa3MOU/Ibl, KyMYJISITUBHBIE
CTPYH, IITAPOBBIE Pa3psiabl) ¥ MePEeHOC SHEPTHH TEKTPUIECKUX
3aps1/10B HaMpsiKeHUs (MepeHOC BOJTHOBOAAMU PAa3HOCTH MOTEH-
MajgoB 06e3 TOKa M MEKTPUUYECKUI TOK) C MOMOIIBI0 BUXpPe-
BBIX TOJIE MaKPOMOHOMOJIEN. 3a MEPBYIO YacTh OTBEYAT Me-
XaHHYeCKHe MaKpOBUXPOHBI, a 32 BTOPYIO — JJIEKTPOMATHUT-
Hble. DTO UCTOUYHUKU CAMOIBH:KEHHSI, HA KOTOpbIe M BO3JIa-
raercsi KBAaHTOBbIIl MeXaHU3M PO:KeHUs, IepeHoca U B3a-
HMHBIX IlepexoaoB 3Tux ¢opM mMarepuu B Mmakpomupe. [1pu-
9YEéM B PaBHOBECHBIX*’ COCTOSIHHMSIX CHCTEMBI Macc Makpomarte-
pUM TepBble BCErJa B3aMMOCBS3aHbl CO BTOPbIMU. 3JIECh CJie-
JyeT OTMETUTb, YTO caM MeXaHW3M KBAaHTOBOT'O IMepexoia Wiu
WHJIyKIIMA MAarHUTHOTO MOHOIIONS, KaK B JEKTPUUECKUM, TaK

peryisipusaiysi, reoMeTpr3alvs ¥ JOKAIU3alys yCTAHOBKH B IIPOCTPAHCTBE 3THX 3¢E-
PEH-TIOTEeHIIMAIOB MarHUTHBIMHU 3apsiIaMy OTIPENIENSIET IJIOTHOCTb MPOCTPAHCTBA, Ma-
TEPUIO KOHTYPOB aTOMOB U aTOMHBIX SIIEP U T. 1.

40 Heo0xoquMo 3amMeTuTh, 4TO Ui BHIBOOA KJIACTepa CHCTEMBbl MacC B paBHOBEC-
HOE BpalliaTeIbHOE COCTOSIHIE HAJIO 3aTPAaTUTh HEKOTOPYIO CTAPTOBYIO MJIM IIOPOTOBYIO
BHEIIHIO SHEPTHIo.



U B IPaBUTAIIMOHHBII MOHOIIOJIb HEM3BECTEH HU B MHUKPOMHU-
pe, H1 B MaKpOMHpe, KaK HEM3BECTHBI U MPUUYMHBI TAKUX TIe-
pexonoB. OIHAKO MPH 3TOM, ClIeAyeT CUMTaTh Haubosee Bepo-
SITHOW MPUYMHOM KBAHTOBBIX MEPEXOMIOB SIBJISETCS 3aKOH CO-
XpaHEeHU s Cpe/IHEN SHEPTUU PABHOBECHOM CUCTEMbI MACC KJa-
cTepa M Apyrue 3aKOHbl COXPAHEHHsl YK€ U3BECTHBIE U OMpee-
JIEHHBIE paHee B PyHIaMEHTaIbHOU (PU3UKE B CUCTEME U3MEpe-
Huil CU. I1py1 HEpaBHOBECHBIX COCTOSIHUSAX CUCTEMBI, KOrja BO3-
MYIIEHHAsI TPUBHECEHHON SHEpruel ogHa U3 e€ JacTei Hauu-
HAET YCKOPEHHOE JIBUKEHUE OTHOCUTENIBHO JAPYTOu, (B YaCTHO-
CTHU, TIPH BPAILIEHUH KJIACTEPOB MACCHI, B3PhIB UJIM CTPYHHO-BUX-
PEBOM MEXaHU3M KyMYJISTUBHOM MMILIO3MH K OCH TaKOil Ma-
TepuM) NPOUCXOIUT KBAHTOBOE HAKOIJICHUE MHAYKTUPOBAHHOM
SHEepruu B €€ HOCUTENSAX B (POPME MEIJIEHHOTO T'PaBUTAIMOHHO-
IO WM OBICTPOrO MarHUTHOTO 3apsinoB. [Iprpoia ucnonHseT Ta-
KYI0 aKKyMYJISIMIO SHEPTUU B BUJIE IIapooOpas3HbIx cep, chop-
MHPOBAHHBIX COOTBETCTBYIOIIMMYU CIUPATISIMU U3 3EPEH-TIOTEH-
[IUAJIOB, /IO €llI€ MOMyCTUMbIX mpenenoB. [Ipu atom, B ciydae
HEBO3MOXHOCTU TEPe3apsiIKU-TIEPETIOTIIOCOBKM OCHOBHOTO HO-
CUTEJS 3TON UHAYKTUPOBAHHOW (POPMBI SHEPTUH, ISl COXpaHe-
HUSI CPe/IHEN SHEPTUM CUCTEMBI, IIPOUCXOIUT €€ COPOC-BHIHOC
U3 JIaHHOW TOYKHU KJacTepa, MePeHoC B APYIyl0 WU KBaHTO-
BBl Miepexoj] B Apyrue (popmbl, HauOOJIee BHITOIHBIE /17151 CTa0U-
JIM3a1IMM HOBOT'O COCTOSIHUSI — PACIIEIUIEHUE XUMUYECKUX WA
SIIEPHBIX CBSI3e B MOJIEKYJaX M aToMax, IPOM3BOICTBO TeTl-
JIOBOM, JIEKTPUYECKOU, IEKTPOMArHUTHOM MM MEXAHUYECKOU



sHepruv. B apyrom ciyyae HepaBHOBECHOIO COCTOSIHUSI CUCTe-
Mbl MacC MOTOKM I'PABMOHOMNOJIEM 3BYKa MOJSPU30BAHHOM Ma-
TEpUU HAa TTOBEPXHOCTU TBEPIOTO KJIacTepa (Ha rpaHUlIe pasje-
JIa) POKJAIOT C MOMOIIBI0 BHICOKOUYACTOTHBIX KBAHTOBBIX IEPE-
XOJIOB JIEOPOMJIEBCKYIO «IITyOy» U3 TPEX OPTOrOHABHBIX KBa3H-
CTALIMOHAPHBIX BUXPEBbIX MOJeH (IPAaBUTAIMOHHOIO, MarHUT-
HOT'O M 3JIGKTPUYECKOro). ITa mryda odpasyeT U3 HUX aHTUTPa-
BUTAIIMOHHBIN «KOKOH» U CIOCOOHA B3aMMOJIECTBOBATH C OKPY-
JKAIOIIUMU MOJISIMU (HAlpUMep, TMoJie TATOTeHUs1 3eMJIU), C Be-
IIECTBOM, HE BXOISIIMM B COCTaB 3TOM cucTeMbl. [Ipu 3TO0M no-
SIBJISIETCSI BO3MOKHOCTD MOJIHOCTBIO MJIM YACTUYHO CKOMIIEHCH-
pOBaTh 3apsA] Macchl KjacTepa B 3TOM IOJIe, a €r0 KMHeTHYe-
CcKoOe JIBH’KeHHe TIePEeBECTU U3 UHEPTHOTO B Oe3bIHePI[HOH-
HOeE JIBH2KEeHHe.

COpoc M3IUIITHEN SHEPTUH B CUCTEMAX C TIOTYLIEIbIM CITUHOM
IIPOMCXO/IUT 32 CUET UBJIYUEHHS yKe ABYX BUXPEBBIX CAMOJIBU-
JKYILIMXCSA NMOJIEH — IEKTPOMArHUTHOTO U 3BYKOBOTO. Tak mpouc-
xomuTt ¢ ycrpoiictBamu B. Illayoeprepa, /1. Cepna, ®novina Ceu-
Ta, B. Pommuna u C. I'oguna, B.C I'pedbennukona, [I. Kumm u H.
Tecna, B KOTOpBIX CO3JAETCA YKE JOCTATOUHO CUJIbHOE aHTUTPa-
BUTAITMOHHOE T0JIE-KOKOH (3allIUTHOE T0JIe), B3aUMOJIEHCTBYIO-
1iee C BHEUIHUM IMOJIEM TATOTEHUs 3€MJIM, A TAKKE IMPOUCXO-
JIUT B3aUMOJIEVCTBUE C OKPYKAIOLIUM BEIIECTBOM, TPUBOSIINANA
K Oe3bIHEPIIMOHHOMY TMEPEHOCY MACChI.

Bc€ ckazanHOe BbIlIE MOXKHO COOTHECTU U K BO3OYKICHHIO
JOTOJIHUTEJIBHOTO TPaBUTALIMOHHOTO MOHOIIOJNSI BOKPYT TBEP-



JbIX KJIACTEPOB MACCHl IyTEM 3BYKOBOIO PE30HAHCA WJIM TaH-
nema MK-(oToH-runep3Byk 4epe3 CUHXPOHU3ALUIO-TIONAPU3a-
LMIO BpallarebHO-KoneOaTeIbHbIX IBUKEHUI aTOMOB, MO3BO-
JiSA0IIee MOJHMMATh UM NEPEHOCUTh MHOTOTOHHBIE KaMEHHbIE
OJIOKH C OJIHOTO MeCTa Ha JIpyroe, Kak 3To He pa3 AeMOHCTPHPO-
Basiock Ha Tubere, apdexkrom [I. Xatuncona, . JluackaTHUH
U T.J..

Jlanee paccMOTpUM OCHOBHbIE (PyHIaMeHTAaJIbHbIe B3aH-
MO/IeHiCTBUSA U BO30YK/JEHHsI B PA3IMUHBIX arperaTHhIX CO-
CTOSIHUSIX BEILIECTBA.



3.1 MakpoBHXPOHBbI — BO30Y:K/IeHHE
BellleCTBa BpaljeHueM

YeM OTIMYAIOTCA MAKPOBUXPOHBI OT MUKPOBUXPOHOB? [Ina-
Ma30H 4acTOT JJI1 MHKPOBHXPOHOB, CO3/IAOIINX JIEMEHTap-

HBbIE YaCTHUILI — 3TO YaCTOTHI OT 1013 JU11 pOTOHOB U 10%° IS
9JIEKTPOHOB U BBIIIIE JIO MJIAHKOBCKUX. DTOT AMANa30H HE CIO-
coOeH OXBaTUTh CBOMM (pa30BHIM OOBEMOM Aa’ke MUHHUMAJTb-
HBI KJIACTep aTOMHO-MOJIEKYJISIPHOTO BeleCTBa — rasa, raso-
BOI1 IJIa3MBl, KUAKOCTH U TBEpAOro tena. [lostomy u B3aumo-
JEUCTBUSA MUKPOBUXPOHOB ((POHOHOB, (POTOHOB M 3JIEMEHTAp-
HBIX YaCTHII) C BEIIECTBOM HJYT HAJETOM Ha aTOM WJIHU SJIPO
Ha ypoOBHE UX JUTMH BOJIH. [Ipy 3TOM OCOOEHHO CiiedyeT Bbie-
muth TangeMm WK-runep3Byk, HaxO[SIIUICS HA TPaHULIE ITUX
pa3uuui, «TskENbie» (POTOHBI U (POHOHBI KOTOPOTO CIIOCOOHBI
WOHM3UPOBATH (Je3UHTErpaIysl) Jaxe aTOMHBIE siipa, OCBOOOK-
nast OoJbIIIMe 3amachl cKJjiaja*! ero SHeprum MmyTéM U3MEHEHUS
COCTOSTHMSI SHEPTHH B BUJIE TIOKOS (3apsi] MacChl) B CBOOOTHYIO
SHEPruio )OTOHOB.

MaxkpoBUXPOHBI XapaKTEPUBYIOTCS yKe YaCTOTaMH, (ha30BbIil
00BEM KOTOPHBIX, ONMPEAEIAEMBIN IJTMHON BOJIHBI, YKe CIIOCOOEH
OXBaTUTh KJACTepP BemlecTBa U3 aTOMOB M MOJIEKYJI — 3TO Ya-

1 3ech HAMEPEHHO HE PAaCCMATPUBAIOTCS BOIIPOCH JEJIEHUS TSDKENBIX sIep, B KO-
TOPBIX 0OPA3yIOTCS ABIDKYIIFECS OCKOJNKU JENeHHs, YBEIMIUBAOIINX TEMIIEpaTypy
KJIacTepa — SHeprus B (hopMe JBUKYIIMXCS YaCTHLL SIAEP.



CTOTBI, 0Opa3yIolye AJTMHBI BOJH OOJbIIe 10~ cm. Yem unre-
PECHBI TaK1I€ MaKPOBUXPOHBI B SIBJICHUSIX TPUPOJIBI U AJ151 UCCIIe-
JIOBaHUM B MIPUKJIAJHBIX HayKax? A Tem, UTO ITOT KJacTep Be-
1ecTBa 00padaTbIBaeTCsl 3aXBAYCHHBIM MarHUTHBIM WJIU TPa-
BUTALIMOHHBIM 3aps1/IOM IIPY €0 MOMJIOIIEHUH OCOOEHHO «TSIKE-
JIOr0» MaKpOBUXPOHA, KaK 3aroTOBKa B TOKAPHOM CTaHKe
oOpadaTbhIBaeTcCsl pe3moM C TeM HeOONbIIMM OTIIMYUEM, UTO
B (pa30BOM 00BbEME MAaKPOBUXPOHA «PE3IOM» (BUXPEBBIE TOKU
3JIEKTPOHOB M aTOMOB BJIOJIb PA3HOCTH MOTEHIMAJIOB Ha BOJIHO-
BOJAxX) SAIBJSETCS ABHMKYIIMIICSA O CIMPaJIM B UMIUIO3MIO pa3-
HOT'O TMaMeTpa MarHUTHBIN MOHOTIONb, & KJIACTeP BellleCTBa-«3a-
TOTOBKa» — MOKOUTCs . [IponyKTOM nmepepaboTKu 3aroTOBKH SIB-
JIsieTcsl KOHeYHasl IeTalb, a BOT MPOAYKTaMH NepepabOTKH KJIa-
cTepa BellecTBa TAaKMMHU BUXPOHAMH, B 3aBUCHMOCTH OT (pop-
MBI €ro CyIIeCTBOBaHMS (CBOOOMHBIN UM 3aMKHYTHIN, MEXaHH-
YEeCKHI WU JIEKTPOMArHUTHBIN ), SHEPTUH, YaCTOTHI M, OCOOCH-
HO, «TSI)KECTH», a TAKKE arperaTHOro COCTOSIHUS BEILEeCTBa KJia-
cTepa, MOXeT ObITh MpeoOpa3oBaHue MEPBUYHON reoMeTpUYe-
CKOM (DOpPMBI, MPOM3BOJICTBO TEILIA U FJEKTPOIHEPrum, u3-
MeHeHHe ero XMMHUYECKOI'0 U s1/IEPHOr0 COCTaBa Iy TEM pacIlien-
JIEHWSI MAaTePUH Y TIPAKTUIECKHU BCe HAOMOIaeMble XUMUYECKUe
sneMeHTbl 1 MuHepasbl. Hanbosee apdpexTuBeH, B TAKUX Clyda-
sx, quana3zonsl DMB n3 CBY BiioTh 10 yacTtoT uHgpakpacHo-
ro m3nydeHusn*?. Takue MakpoBUXPOHBI yKe ObIBAIOT ME/IJICHHBI-
MU MeXaHHYeCKHMM (TelJIOBble — THIeP3BYK) U 3JEKTPO-
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marautHbiMu (UK — CBY). Boripoc — 0oTKyza CTOlIbKO HEP-
run? OTBET — 3TO SHEPrUsi MATHUTHBIX MOHOIIOJIEN, UICTOYHUKOB
SIIEPHBIX 000JIOUEK aTOMOB U JIEKTPOHOB, OHA B€YHA OTHOCH-
TeJbHO Bo3pacTta Hameil BceleHHOM 1 OTHOCUTENILHO 103U-
POBKH €€ pacxojia pu pa3psiKe-3apsiKe ¢ POXKICHUEM BOJIHO-
BOJIOB U3 JIEKTPUUYECKUX U TPABUTALMOHHBIX 3€PEH-TIOTEHIINA-
noB. Hanpumep, sHeprum MarHuTHOrO MOHOIION ST CBETOBOTO (po-
TOHA JOCTaTOYHO, YTOOBI MIPOJIETETh BCIO BUAUMYIO YacTh Bce-
JIEHHOM. [lpyroil mpakTUYeCKU BaXHbI1 BOIPOC — KaK M3BJIEYDb
9Ty HEPIWI0 W KeJATeIbHO 3a 0ojiee KOPOTKOE BpeMsi, YeM
14 murapnos jet? [Toka OTBET TaKOB — KayaTh U 3aXBaThIBATh
BHEIITHKE TOJIsi MOIIHBIX UMITYJIbCHBIX UCTOUHUKOB (THIA MOJ-
HUIA, UMITYJIbCHBIX TPAaBUTAIIMOHHBIX TOJIEW U T.1.), 3aTEM IIpe-
00pa30BBIBATH VX B XOJIOJHOE JIEKTPUUECTBO I COBEpIIE-
HUS TI0JIE3HON paOOThl WM YBEJIMUMBATh «TSKECTh» U BEJINYM-
HY MArHUTHBIX MOHOTMOJIEH, T.€. TUIOTHOCTb 3€PEH-TIOTEHIIUAJIOB,
COCTaBJISIIOIINX €r0 CTPYKTYPY U NIEPEBOIUTH €ro B Maphbl IPaBU-
TAIIMOHHBIX MOHOIIOJIE B COCTaBe I'PABUIJIEKTPOMATHUTHO-
ro JJUNOJISI C HYJIEBBIM CIIMHOM, T.€. UCTIONIb30BaTh MOIJIOIIEHUE
TaKMX MaKPOBHXPOHOB B BellecTBe padOyero Tejia pa3auuHbIX
YCTPOWCTB®, 1151 3aXBara, MpeoOpa3oBaHus SHEPIUH TOJIEH, aK-
KyMYJISILIUMA Y TIEpeAaydl B HArpy3Ky AJIsl COBEPIISHUsS] TaM TIO-
JIe3HOW PaOOTHI.

Jlanee B KHUre NMpYBeIeHH SMIUPHYECKHE CIIOCOObI N300-

= JleTasibHO OMKCAHO B pa3fesie TEMJIOBbIE U TMIEP3BYKOBbIE MUKPOBHXPOHBI B IIEp-
BOM YaCTHU KHHTH.



peraresieit BCero MUpOBOTrO COOOITIECTBA, MIO3BOJISIIONIIE HA ITPH-
Mepax KOHKPETHBIX YCTPOWCTB, pPeajiM30BaTh 3Ty 3adady. Bce
OHM CBOJSITCS K OHHOMY — COKPATUTh BpPeMsl JIETOHAIIMM MeXa-
HUYECKOT0 y/apa Wiu 0OpbIBa TOKA JIEKTPOHOB WU JYTY K MU-
HUMAaJIBHOMY JJO TMKOCEKYH/I, a TapAMETPbl TOKA U HAIIPSKEHUS
(IaByeHMs1) B UMITYJIbCE YBEJIMYUTD A0 BO3MOKHOIO MAaKCUMYyMa,
CBOJISl UX K TIpeiesiaM, CYyIIECTBYIOIIMX B npeaenax atoma. [Ipu-
BE€/ICHBI IPUMEPBI ITPOAYKTOB ITUX SIBJICHUI B 3€MHOU KOpE U aT-
Mocdepe — 3to cepsl u3 Kiepkcnopna, 0xnas Adpuka, ma-
POBBIE KOHKpELMH, KOl Bepxnero Bumos, AxkyTus, «Ipipei»
B 3emie, [llapoBasi MOJIHUSI, KABUTAITMOHHBIE ITy3bIPbKU U T. [I.

KBasucranoHapHble OTHOCUTENIBHO MEIJIEHHO U3MEHSIOIIN-
ecs IOJISI BOKPYT BPAIIAIOIIMXCA KJIACTEPOB BEUIECTBA CO3/a-
I0TCSl 1 HAKAIUIUBAIOTCSI, KaK TIPABUJIO, OBICTPBIMU BBICOKOYA-
CTOTHBIMU KOJIEOaHUSIMU KBAaHTOBBIX MEPEXO/I0B MATHUTHBIX MO-
HOIIOJIEW B IPaBUTALIMOHHBIE.

Yacrorel Hambonee 3(PPEKTUBHBIX W TPAKTUYECKU 3HAYM-
MBIX JIEKTPOMATHUTHBIX «TSIKENBIX» MAKPOBUXPOHOB IS IIPU-
KJIQJTHBIX 3a/1a4, CIIOCOOHBIX MPeoOpa3oBbIBaTh U PACIICIUIATh
NepBUYHOE BEHIECTBO C IIEJbI0 OCBOOOKIEHU-ITPOM3BOACTBA
SHEPruM MyTEM MOCIIeIOBATeIbHON MOHU3AIMUA 0O0JI0YEK aTo-
MOB M sfep, jgexar B auanazone CBY u UK wacror. B npy-
T'MX 3a/la4axX UX «TSOKENbIe» BOJIHOBO/IBI U3 MOTEHIIMAJIOB, HABe-
JNEHHBIX UMIUIO3UEN B KJlacTepax BEeUIeCTBA Pa3psiIKOM MarHUT-
HBIX WM I'PAaBUTALIMOHHBIX MOHOIIOJIEH, MPUBOIAT B MOJISIPU30-
BaHHOE CHMHXPOHHO-KOPOTKOMPOOEKHOE KBAHTOBOE JIBUKCHHE



3apsKEHHBIE JIEKTPUUECKU WIIM MUKPOYACTUIIBI C HEOOJBIION
Maccoill — 3TO BHUXpPeBble TOKH. BuxpeBble TOKM SBISIOTCA
NPUYMHON MEXaHU3Ma JIEKTPUUECKUX TOKOB, UMITYJIbCHBIX TH/1-
PaBJIMYECKUX [1aBJIEHUH, 3BYKa, MEXaHUUECKOTO CIIMHA, pacIpo-
CTpaHEeHUE B3PbIBHOW U YJApHOW BOJIHBI, POXKIEHHUE XOJIOAHBIX
AQHTUTPaBUTALIMOHHBIX MOHOIIONEN. Bosnbline o 3apsay Makpo-
BUXPOHBI «OCTQHOBJICHHBIC» TIPU 3aXBaTe EKTPUUECKU 3apsi-
’KEHHBIMU MOCTOSIHHBIMU U COM3MEPUMBIMU 3apsAAaMHU I171a3Mbl
TBEPIOTO TeJIa CIOCOOHBI IIPe0OPa30BBIBATH STH KJIACTEPHI BEllle-
cTBa B c(pepbl U KOTJIbI (KBa3UMETAJUIMYECKHE C(Ppephl U3 IIAXT
Knepkcnopna B I0xHon Adpuke u korisl Bepxnero Bumos
B dKkytuu, P®), a Takke mapoBble KOHKPeMH, KOTOPbIe Ha-
XOIAT AaKe Ha JTHE OKEAHOB M Ha APYIruX ruiaHerax. Takue Mak-
POBHXPOHBI OTBETCTBEHHBI 32 TPE0OPA30BaHNE MAHTHU U KOPHI
3eMJH, a TakKe 32 Ka4eCTBEeHHbII COCTaB PacpoCTPaHEH-
HOCTH XUMUUYECKUX JIEMEHTOB, MPUCYTCTBYIOIIMX Ha MOBEPX-
HOCTH Hallle TUIaHeThl U BO Bcell BeeneHHom.

MexaHnuyeckre MaKpOBHXPOHBI B KJIACTEPaX MOTYT OBITh WH-
JOYKTUPOBaHbl 3BYKOM, BBICOKUMHU 3HAYEHUSIMU KOPOTKUX Me-
XaHWYECKUX WJIM EKTPUUECKUX YIApOB (XUMUUECKUH, sLIEP-
HBI B3pPBIB, JEKTPUUECKUN pa3psa, OapadaHHBI OOW W T.1.)
wm tanaeMom MK-runepsByk wim CBY-runepsByk — 3T0 CBO-
OOHbIE MAaKPOBUXPOHBI, KOTOPHIE CIOCOOHBI IIEPEHOCUTH COCTO-
STHUE BEIIeCTBA U SHEPrui0, MOHU3UPOBATh aTOMbl M paclIer-
JISITh AaTOMHBIE S1/Ipa, MPOU3BOJUTH MEXaHUUYECKYI0 PadoTy. DTH
MaKpOBUXPOHBI OTBETCTBEHHBI 3 UX PACHPOCTPAHEHUE B BELlE-



CTBEHHOU cpefle, a €C/Ii OHU CUHXPOHHO-TIOJISIPU30BAHHBI, TO
CIOCOOHBI POK/IaTh Y AHTUTPABUTAIIMOHHBI MOHOIONb C TO-
JIeM-KOKOHOM BOKPYT BHEITHEW MOBEpXHOCTU Kiactepa. Mej-
JIeHHbI€ MaKPOBHXPOHbI HEBBICOKUX YacCTOT, WHAYKTUPOBaH-
Hble, HallpUMep, BpalleHneM, BCerga KeCTKO CBSI3aHbI C OC-
HOBHOM CHCTEMOM MAcC KJIACTepa U OTBETCTBEHHBI 3a IPOMU3-
BOJICTBO WJIM YHUUYTOXEHUE WHEPTHOCTH TeJl, a TPU pa3psIKe
OKa3bIBAIOT BIMSIHUE U HAa (pOpMY ABMKEHHUE KJlacTepa, HarpH-
Mep, OymepaHnr, BoT4oK TomcoHa, raiika J[xann6exoa. OnHa-
KO OH HACTOJIbKO HE3HAYMTEJIEH MO BEJIMYMHE, YTO BbI3bIBAET Ce-
PbE3HBIE 3aTPYTHEHU S ITPU ero peructparun. Hanbosee 3ameTHO
UX BJIMSIHUE HA MOBeJeHUe JIBUKeHHUs] OyMepaHra, THPOCKOIIOB,
MYJIb, BBHIMYIIEHHBIX M3 HAPE3HOTO OPYXKHs, a TaKKe Ha CBOU-
CTBa MArHUTOMEXaHUYECKOIr0 OTHOIIEHUS TUIAHET U 3BE3.
B atux ciayyasx MexaHM4eCKHH BUXPOH HE CIOCOOEH Hero-
CPE/ICTBEHHO MPOU3BOJUThH MOIHOE** KBaHTOBOE IMpeodpa3oBa-
HUE SHEePruu JJisl MEePEeroMoCOBKY M0 3HAKY T'PABUTAIIMOHHBIX
MOHOMOJIEN, TOTOMY 3TOT MPOLECC UAET Uepe3 KBAaHTOBBII Te-
pexo B CBS3aHHBIM C MAaccoll JeKTPOMArHUTHBIN TUIEp-
BUXPOH, KOTOPBII yXke CIOCOOEH pereHeprupoBaTh MPOTUBOIIO-
JIOKHBIN O 3HAKY I'PAaBUTAIIMOHHBIA TUIIEPMOHOIIONb U CTaOu-
JIM3UPOBATh COXPaHEHUE CPeAHEN SHEPrUU — CUCTEMA MacC C Me-
XaHWYECKUM CIIMHOM PaBHBIM HYJIIO. DTOT Mpoliecc Hadoa-
eTcsl Ha BceX 3BE3/1aX U IUIaHeTax. B Apyrom npoTuBONoIoKHOM
clly4ae, Korja MepeMeHHBIH 10 BeTMYMHE TPABUTAIIMOHHBIN MO-

44 o
Jlis cOXpaHeHUs CpeiHEN SHEPIUM CCTEMBI MACC KJIACTEpa BEILECTRA.



HOIIOJIb B CTPYKTYypE IPaBHIJEKTPOMATHUTHOTO MOHOMOJISI
HE MEHSET 3HaK U BCE BPEMs KU3HU COXPAHSIET €0 HEM3MEH-
HBIM, UHIYKTUPYETCS MArHUTHBIA MOHOIOJTb, & M3JIMIIIHE HaKarl-
JBaeMasi SHeprusl yxe cOpachiBaeTcsl B BUJIE Pa3HOr0 poja us-
nydenust. [Tpu cungazHou pa3psiake-3apsake o0a 3apsiia co3aa-
I0T BOJIHOBO/IBI M3 MOTEHIIMAJIOB TOJIBKO OIHOTO 3HAKa, a MPOsIB-
JIEHUE W3JIMIIHE HAKOIUIEHHON SHEPruM CTAHOBUTCS 3aMETHBIM
(BU3yaJIbHO U 3BYK) B (pOpME BUXPEBBIX TOKOB JIEKTPUYECKUX
Y MacCOBBIX 3aps1/IOB MOIBMKHbIX YACTHI] B Ta3e, a TAKKE JEK-
TPUYECKUX W 3BYKOBBIX pa3psaoB. DTU 3(PeKTs HaOMOAaI0T-
cs1 B aTMOC(EPHBIX TOPHA/IO — CUCTEMA Macc C MOJIyLeJIbIM Me-
XaHUYeCKMM cnuHoM. Eciu B cucteme Macc Kakoro-imdo Kiia-
cTepa BelleCTBa UMEIOTCS TIOIBUKHBIE YACTULIBI C MACCOU U MO-
JKET pacrpoCTPaHATCA 3BYK, TO 3Ta CHCTeMa 00J1a1aeT MeXaHu-
YeCKMM CIIUHOM PaBHBIM eIMHUIIE.

Jlanee paccMOTpeHb! BPaIalOIIMecsl CUCTEMbI MacC MaKpo-
MaTepuu, B TOM YKCJIe TEIUIOBbIE Y 3BYKOBbIE BpalllaTeIbHO-KO-
nebaTebHbIe ABWKEHUSI KJIACTEPOB aTOMOB BJIOJb BOJTHOBOJIOB,
KaK MCTOYHHMKU MPOU3BOJICTBA J1eOPOMIEBCKMX MaKPOBUXPOHOB
¢ MexaHn4yeckumu crimHamu 0, 2, 1 —310 HOBBIE DOPMBI BOJIH
Jlyn ne Bpoitns, nedporineBckas «imyoa».



3.1.1 MexannuyeckKue
MAaKpPOBHXPOHBI, 3BYK

Ecnu B MuKkpomarepr, Kak B €€ CBOOOJHBIX THIIAX OTKPHI-
TBIX KOHTYPOB ((DOTOHBI), TaK U B 3aMKHYTbHIX (0OOJIOUKH aTOM-
HBIX S/I€P, EKTPOHBI U T.11.), TPe0OIalaloT CHIIbI 3JeKTPOMAar-
HHUTHOTO B3aNMO/AeMCTBUSA HAJl IPaBUTALIMOHHBIMU (MacCILTa-

ObI ¢ Koa(ppuIEeHTOM B 103 9), TO B MaKpoMaTepuu, Onarogapsi
CYIIECTBEHHOMY ITPEBOCXOCTBY HAKOIJIEHHOTO CKJIaJla SHEPTUU
B (popMe 3apsiIOB SHEPTUU B MOKOE B KJIACTEPaX HaJ JIPYTUMU,
rpaBUTalMOHHbIE (OopMbl B3aumMoJeilicTBHs (B Kiactepax
C Maccoy BbIIIIE MJIAHKOBCKOW) CTAHOBSTCS MPEBATTMPYIOITUMHU.
[Tpu 3TOM, MEKTPUYECKUE U MAarHUTHBIE SIBJICHUSI B HEUTpaJib-
HOM KJIacTepe BEIllECTBA WJIM COBCEM HE3aMETHBI (3JIeKTpuye-
CKHUe JIOKAJTM30BaHbI MpeesiaMi aToMa), WJIM HAUMHAIOT TIPOSIB-
JIATH ceOsl I TPUMEHEHUEM CIeIMaIbHbIX (PU3NUYECKUX BO3-
JEeNCTBUM (TOSIpU3alivsl TpaBUTALIMEN MO 3eMJIU, JIeKTpU-
YECTBOM WJIM MarHeTU3MOM, COM3MEPUMBIM 10 BEJIMYMHE 3HA-
YeHUI C aTOMHBIMH), WJIM TPU BpAIllEHUH KJlacTepa, Mpu KOTO-
POM TMPOUCXOAUT JA€3UHTErpalisl YacTUIl MYTEM MOISAPU3ALIMU.
[Tpu 3TOM BCe TPH IVIABHBIX MOJISI HAYMHAIOT Pa3JIesATCs, OpU-
SHTUPOBATHCS U AKKYMYJHPOBATHCSI 00BEMHO, BBI3BIBAIOT CO-
OTBETCTBYIOIIIee BO3JICIICTBME HA aTOMBI, aTOMHBIE SIpa U JEK-
TpoHbl. MarHuTHOE 1M0JIe OPUEHTUPYETCS BIIOJb OCU, & JJIeK-



TpHYECKOe MOoJIe — [10 PAJUYCY, YTO BbI3bIBAET COOTBETCTBYIO-
11ee JBIKEeHUE. DIEKTPOHBI ABHKYTCA HAPYKY K TOBEPXHOCTH
BpaIlAIoNIerocs KjacTepa, TSHKEIbIe aTOMBI U UX Apa — K OCH,
a JONMOJHHUTEJbHO MHIYKTHUPYEMOE BpallleHUEM IpaBHTAIH-
OHHOE MoJie, MPONOPIMOHAIILHOE YacToTe 000poTOoB*+, co3na-
€T Ha ero MOBEPXHOCTU aHTUI'PABUTAIIMOHHOE WU CyTEepPrpaBU-
TAlIMOHHOE T0JIe B 3aBUCMMOCTH OT HaIlpaBJICHUS] BPAIlICHUS —
10 YaCOBOW WJIM MPOTHB YaCOBOW CTpENIKU. BCE 3TO BBI3BIBA-
€T BHEIITHNE COOTBETCTBYIOIINE SIBJICHU s, BU3yaJIbHO HaOMonae-
MbI€ Ha CHJIbHO BPAIAIONIMXCS 3BE3/1aX, IUIaHETaX, B TOPHAJIO,
sapdekrax IxannOekosa, B quckax B. Illayoeprepa, [I. Cepna
UT. .

B ciyyasx aamTeJibHOrO HAKOIUIEHUS 3apsiga UHIYKTUPO-
BAaHHOW SHEPIUM B HOCUTEJSIX MPOTUBOAEUCTBUS BPAILICHUIO
B (hopMe «II1yOBl» -KOKOHA IPAaBUTAIIMOHHOTO MOHOMOJIS, KOT/Ia
MAaCCHBHBIM KJIACTEP MAaKpOMAaTepUM MOABMKHBIX YaCTHIL] MOJ-
BEpraercsi CiupajbHO-MOCTYNATEIbHOMY JBUKEHUIO BOZMOXKHBI
CJIeIyIoII1e KBAHTOBBIE TTEPEXO/IbI:

— MOJIHOE KBaHTOBOE MpeoOpa3oBaHKe HOCHUTEIIS] UHIYKTH-
POBaHHOI SHEPruM KJactepa B CBOOOJHOM [IBUKEHUU B IPO-
CTpaHCTBe-Cpefie, C BO3AECUCTBUEM Ha MPUYMHY (BpaIIAIOIIMIACS
KJIaCTep BEIIECTBA),

— HETOJIHOE KBAaHTOBOE ITpeodpa3oBaHue cO COPOCOM SHEP-
'Y IEPBUYHOTO HOCUTEJIS PU AOCTUKEHUH Pa3pelEHHBIX TIpe-

45 o o .
HexoTopas aHajyorus ¢ Bpamamomeiicss MUKpoMaTtepuel, SHeprus KOTOpOr Toxe
HPOTIOPIMOHAJIBHA YaCTOTE 0OOPOTOB.



JeyioB B apyrue (hopMbl BHYTPEHHEW SHEPIruu KJactepa Bellle-
CTBa WU U3JTy4YE€HUE, B TOM YUCJIE 3BYKOM, MO3BOJISIONINE CO-
XPaHUTb CPETHIOI0 SHEPTUU CUCTEMBI,

— HemoJIHOe KBAaHTOBOE MPeoO0pa30BaHUe MHYKTUPOBAHHO-
r0 TPaBUTAIIMOHHOTO MOHOMOJIS B Tpesienax oO0bEMa Kiactepa
3a c4ET cOpOca ero SHePruv B CBSI3AHHO -3aMKHYTBIHN 3JIeKTPO-
MarHUTHBIN TMIIEPBUXPOH U MOCJEIYIONIEN Mepe3apsiiIKoi rpa-
BUTAIIMOHHOTO 3apsijia Ha TPOTUBOMOJIOKHBIN.

I'enepaTopbl rpaBUTAMOHHBIX MOHOMOJIEH .

¢ dext /I:xanndexona.

KBaHTOBbIE MTPOSIBIIEHNSI B MAKPOMAaTEepUH Uepe3 MOCPEICTBO
MeJJIECHHOTO MeXaHH4€eCKOr0 MAaKpPOBHXPOHA HAaYHEM pac-
cmarpuBath ¢ 3(ppekra /Ikanndexona (Buaeo*’) — CoHTaHT-
HOE TMepeBopaurBaHue (MepeBOPOT CIUHA) OCH BPAILCHUS Tell
Ha 180° no cniupayiu Ha 3emJie U Ha e€ OpOUTe CITyTHUKOB.

W3 uctopun (pU3MKK U3BECTHO, YTO AJII TOTO YTOOBI HC-
KJIIOYUTH POTHBOPEYNBOCTH KOPITYCKYJISIPHO-BOJTHOBOTO JTy-
anu3Ma ISl OMMCAHUST MUKPOMATepUuu B KBAHTOBOM MEXaHU-
K€ Ha MepBBbIX MOpax MPHIILIOCh OTKA3aThCsl OT MPUBBIYHON
B KJIACCMYECKON (pU3UKE HAIJISAHOCTH SIBJIEHUW W, B 4acCT-
HOCTU, OT JBMKEHUSI MHUKPOYACTUIIBI MO KOHKPETHOW TpaeK-
Topun B mpoctpaHcTBe. B apdekre xanmdexosa (¢poto 3.3,
CIMH CUCTeMBbl paBeH 1), T.e. B OJHOM W3 KBAHTOBBIX SIBJIe-

46 [Manpun A. A. Buxponsl. UznarenscrBo Jupekr-Menua. Mocksa. 2013 ron.
667 crp.

41 https://www.youtube.com/watch?v=60iBwQwAngo
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HUIl B MAKpPOMAaTePHH, 5TO NPOTUBOPeEYHe JIEMOHCTPUPYETCS
OMSAATh ¥ BEChMa HALJISIAHO:

1. uMeetcsi MPAMOJIMHENHOE MOCTYMNATEIbHO-BpALIATEIbHOE
(WM TONBKO BpalaTebHOE) JBMIKEHHE TalKu-«Oaparikar»
BJOJIb OIpPENENEHHON OCH, 3apsi>KeHHOe YHeprueu MpuHy-
JUTEJIbHBIM BHEIIIHUM BpalleHUEM (MOMEHTOM MMITYJIbCA), T.€.
NMPUYNHA BpaIleHus,

2.4epe3 40 cMm, T.e. uepe3 ABa moJHbIX 00opoTa (oto 3.3)
TIPEBIIYINETrO ABMKEHHUS TTPOUCXOANT «KYJbOUT-NEPEBOPOT
CIIMHA», T.€. KBAHTOBBIM MEXAHWYECKHUU TMEPEXO] WIA CIIOH-
TaHHOe* CIMpaIbHO-BpaIaTeIbHOE MEeXaHWMUECKOe JIBUKEHHE
C MepeBOpOTOM LieHTpa Macchl Ha 180 Takum 0Opazom, UTo yII-
KM 9TOM railku-Oaparka ¢ nepeBOpOTOM MEHSIIOT CBOE MECTOIIO-
JIOKEHHE C BHEIIIHETO HA BHYTPEHHEE, OJIHAKO MEPE/IaHHas TalKe
BHayaJie SHEePrusi BpallleHUs, YK€ MePEHOCUTCSI HA HOBOE Bpa-
1IEHUE,

3. UCTIOJIHEHHE 3aKOHA COXPAHEHUsI SHEPIUM B MOMEHT 3TOTO
«KyJTbOUTa» MyTEM MIEPEeBOPOTA CMIMHA BPAIIAIOIIEHCS Tk,

4. gepe3 40 cm, T.e. yepe3 JABa MOJHBIX 000POTA TIpE/Ib-
AYIIETO JIBUKEHUS, ONSATh MPOMCXOIUT «KYJbOHT» C TIepeBO-
POTOM CITMHA, U Ha 3TOT pa3 yIIKW TaliKku-Oapalika ¢ mnepeBo-
POTOM MEHSIOT CBOE MECTOIOJIOKEHUSI C BHYTPEHHETO Ha BHEIII-

8 CrioHTaHHOe BIKEHNE — «KYJIBOUT» — MEXaHUYECKUI1 KBAHTOBBIN MEPEXO]] C U3-
MEHEHHEM Ha MPOTUBOIIONIOKHOE BpallleH!e rallKu. AHAJIOTUYHBIA KBAHTOBBIN Tiepe-
xox1 HaOmonaetcst ipu camonHayKimu DJIC B HHAYKTUBHOCTU B MOMEHT OOPBIBA TOKA,
a TaKkke B MOMEHT KBaHTOBOTO NepeXoja MArHUTHOTO MOHOIIONS B JIEKTPOHE B Ipa-
BUTAIIMOHHBIA MOHOIIOJb.



Hee, T.€. BOCCTAHABJIMBAETCs MEPBUYHOE COCTOsSIHHME JBHKe-
HHSI C MPEKHUM 3HAKOM CIIMHA U BPallaTeJbHOI SHEePru-
eil.

[Tporiecc nepeHoca 3apsija SHEPrUU B APYroe MeCTo onpe/ie-
Js1eT OYeHb HAIJISAAHO U JPYrod MEeXaHu3M — Mpoliecc mepe-
BOPOTA CNHUHA railku-0apamka, Kak UCIoJHeHHe 3aK0Ha
COXpaHeHHsI SHePrum.

CpaBHuTth 10T 3 PEKT ¢ MPOIIECCOM CaMOJBUKEHUST (POTO-
Ha, CITUH KOTOPOT'O TOKE PaBEH eIUHUIIE, HO BOT HOCUTEITh SHEP-
TUU JIpyrou.

I | I r

®oto 3.3 IlepBuyHoe BpamieHUe raiiku BIOJb OcU (crpa-
BO-HAJIEBO -1) ¢ OMHMM CIIMHOM (YIIKU CIpaBa), KymibouT (2)
C MEepeBOPOTOM CITMHA, BpallleHUe (YIIKU CJIEBA) BAOJb TOU Ke

ocu (3), 3aTeM oMsATh BCE MOBTOPSETCS YKE C 3TU CIIUHOM (YIIKHU
cJieBa).

10 AJAEMOHCTPHUPYET BO3}I€ﬁCTBPlE Ha KJIACTEP BCEM CYyIIC-



CTBYIOIIMM HA0OPOM KBaHTOBBIX SIBJIEHHI CBOOOTHOTO BOJTHOBO-
IO IIpoLiecca — KWHETUYECKas SHEPrus BpalleHus], 3aJaHHas 10~
CTAaTOYHBIM MOMEHTOM UMITyJIbCa M3BHE, 1B 000POTA, «KYJIb-
OUT-TIEPEeBOPOT CIIMHA», elIé [Ba 000pOTa, MOJHBIA MEPUO,
JUTMHA BOJIHBI, CKOPOCTb JBHIKEHHSI, OOpaTHBIN «KYJIbOUT-TIepe-
BOPOT CIIMHA», BPEMS )KA3HU TAKOIO COCTOSTHUA.

CoBpemenHasi (pU3MKa, KaKk U KBaHTOBasi MEXaHUKa, 00'bsIC-
HHUTB TaKOW «KYJIbOUT» HE B COCTOSIHUM — TOJIbKO onucarh. Of-
HAaKO, MMEHHO M03TOMY KBAaHTOBAsl MEXAHMKA M KBAaHTOBAs TEO-
pHs OIS, KaK yXKe CTalo MOHATHO, JOCTUTHYB OIPENEeIEHHBIX
YUCTO MAaTEMaTUYECKUX PE3Y/IbTATOB ONMMCAHMUS TPUMUTUBHBIX
SIBJICHUI, HUKOTJJa HE CMOXET OOBSCHUTh CYTh (PH3HYECKOro
MEXaHU3Ma-CMBICJIA HOBBIX (CMECh CIIOXKHBIX U B3aUMOCBS-
3aHHBIX 3(P(PEKTOB) ABJIEHUN B YCTPOMCTBAX, BHOBb IOJTydae-
MBIX IKCHEPUMEHTAIbHO, @ TAKKE€ BHOBb OTKPBITBIX B IPUPO-
i€, TAK KaK paccMaTpUBaeT TaKKeE SABJIEHNS (DeHOMeHO0JIorn4e-
CKH, T.€. OICATEeJbHO-CO3€ePLATEJbHO C IIOMOIIBI0 MaTEMA-
THUYECKUX METOIIOB — METOJ, «UEPHOTO SIIUKa» 0e3 pacCKpHITUS
(puznyeckon CyIIHOCTU SIBJIEHUM B HEM, T.€. HE OTBEYas Ha BO-
MpoC «movemy»?

Tak B JaHHOM Ciiydae OOCTOMT A0 U C SIBJICHUSMH, IMPO-
UCXOIALIMMH C KJIaCTepaMH ABHKYI e csl MaKpoMaTepuu, Tak
OOCTOUT JeJI0 U ¢ HeoObsCHUMBIM, ¢ Touku 3peHusi CAII, -
dexre /I:xanndexosa. [[1s1 yrouHeHUsT OOCTOSATENBCTB ITOTO
YHUKAQJIBHOTO SIBJICHUSI ObLIH MIOCTABJIEHBI IOTIOIHUTEIIbHBIE IKC-



NepUMEHTHI (BU1e0*’) B TeX jKe YCJIOBUSX HEBECOMOCTU Ha Op-
ouTe C TeaaMu NWIMHIPUYIECKOH, cepryeckor, KyOmdecKom
U (opMbl mapajuienunesa, a Takke ¢ POTOPOM-TMPOCKOIOM,
y KOTOPOTO B OT/IMUMe OT raiiku [[)xannOGekoBa Bcst Macca potopa
pacripeie/ieHa Ha OJUHAKOBOM PACCTOSIHUM OT OCH BpallleHUSI.
Jlpyras KpailHOCTh B TPOTUBOMNOJIOAKHOCTh TUPOCKOITY — Bpallle-
HUE CTEeP3KHSA Yepes3 OCh, IPOXOISLIYIO Yepe3 CepeuHy CTEPXK-
Hsl ¥ IEPIEHAUKYJISIPHYIO €T0 JIJIMHE, YeM B TOU raiike, a TaKxke
cepsl U3 IVIACTHINHA C Taliko# (HepaBHOMEPHOE pacrpeje-
JIEHUE TUIOTHOCTH 3apsi/la Macchl BOKPYT €€ LEHTPa) U MacCUB-
HOro Bpalawolierocst rupockorna Ha 3emie. Kpome toro Obuin
MIOCTABJIEHBI M SKCIIEPUMEHTHI B KOCMOCE Ha CTaHUuMU «Mwup»
o nmpoBepke 3¢ dekra IkannOekoBa u Broporo 3akona M. Heto-
TOHA — TepsIETCs JI HHEPTHOCTDH HEBPAIIAIOUIMXCA TeJ C MOoJ-
HOM1 ToTepeli Beca Ha opouTe.

PesyabTaThl :

— Tesio B (popme KyOa He JielaeT «KyJIbOMTa» HU Ha OTHOMN
U3 TPEX OCEU BpAILCHU,

— HWJIMHIPUIECKOE TEJIO TIPOSIBIISIET ce0sl aHaJIOTMYHO,

— MapaJIenuIe]] IejiaeT «KyJIbOUT» JIUIIb Yepe3 CpeTHIOn
1O JIIMHE OCh BpaIlleHWsl Yepe3 JBa 000poTa (TOYHEe B KOH-
1Ie BTOpOro 000poTa), BpaleHrue BOKPYT CaMOW MaJIOH IO JIJTH-
HE OCH W CaMoOil OOJIBIION HE TPOU3BOIAUT «KYJIHOUTa», Ta-
KoM ke 3(pPeKT NposiBIIsieTcs U Ha 3emie (JIEMOHCTPAIUU OIbI-
TtoB B MU®MU Ha kanane youTube),

49 https://www.youtube.com/watch?v=LzVItPwiQyI
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— rarka-«0apariek» JeJlaeT epeBOpOT B KOHIIE BTOPOTro 000-
poTa, (CBOOOTHOE IBUKEHHE IEHTPA MACChl BIIOJb I'PABIOTEHIH-
QJIOB YCTaHOBJIEHHOT'O BOJIHOBOJIA),

— POTOP I'MPOCKOIA BOOOIIE HE IEPEBOPAUMBAETCS, & OCh Bpa-
IIEHUs] BOCCTAHABJIMBAETCS IPU aKTUBMPOBAHUM YCUIIUH €€ U3-
MEHEHUs], T.€. 3AMKHYTasl CUCTeMa 3apsiIKU U Pa3psiIKU HOCUTe-
JIsl UHAYKTUPOBAHHOM SHEPruH,

— CTepXkE€Hb C TallKOW MOCEepeIuHe NEPEBOPAUMBAETCS UEPE3
KaK/Ible IBa 000poTa BpallleHUs — JielaeT «KyJIbOuT»,

— MaCCHBHBII Bpaliaiomuics rupockon™’ Ha 3emiie ¢ JIErko-
CTBHIO yJIep)KMBaeT Ha HEKOTOPOE BpeMsI CBOM BEC B YCTAHOBJICH-
HOW TOYKE IMPOCTPAHCTBA U HE MAJIaeT,

OTBeT — BTOpOI1 3aKOH HHIOTOHA MOTHOCTBIO BBHITIOIHSIETCS,
MHEpPTHAsl Macca BOZMOKHO U3MEHSIETCS] Y He BPaIlaloIUXCs
TeJl B HEBECOMOCTH, a4 YCKOPEHHU S TeJl, TIOTyUYeHHbIE TIPY OJJHA-
KOBO IMPUJIOKEHHOW cuiie, 00paTHO MPOMOPIMOHATIBHBI UX JIeH-
CTBYIOIIIUM MaccaM, IPUCYIIUX Ha 3TON OpOUTe ISl STUX TeJl.

Hcxons u3 JOCTOBEPHO YCTAaHOBJIEHHOM KOHUEMNIMH, YTO MO0-
Jist 0e3 HCTOYHUKA He OBIBAET, 3TOT MEPEBOPOT-«KYJIHOUT> Taii-
KM — 3TO BJIMSIHUE BUXPEBOI'O MOJISI pa3psAAKY I'PaBUTALIMOHHOTO
MOHOIIOJIs1 (MCTOYHUK ), CO3JJaHHOTO BpaiiieHueM, B hopme ce-
pbl WIK €€ YaCTH) HA ABWKEHUE TalKH, T.€. MOXYJISIIUSA Tep-
BUYHOT'O JBMKEHUS pa3psiioM MHIYKTUPOBAHHOTO I'PaBUTAIM-
OHHOT'0 MOHOMIOJIS.

0 https://www.youtube.com/watch?v=aj-

RCIXNloc&list=PL.B6aWLfofOQi71XSH4iIsAilwTm4VdubGh
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Taxkoii mpo1ecc OCyIIEeCTBISAETCS MyTEM pa3psAAKU MEPBUYHO-
'O I'PaBMOHOMNOJIS (MICTOYHUK) C YCTAHOBKOM B INCKPETHOM ITPO-
CTPaHCTBE BCTPOEHHOIO B HETO BOJIHOBOJA (I10J1€) U3 OMOPHBIX
I'PaBIOTEHIIMATIOB — 3TO ABE (POPMbI CYIIECTBOBAHUS I'PAaBUTA-
LIMOHHOT'O MOHOIIOJIsI, €r0 MYJIbCAIMK OT 3apsIKU B BUAe cepsl
70 pa3psiIKy ¢ 00pa30BaHMEM BOJTHOBOJOB U3 CIIMPAJIel TPaBIio-
TEHIIMAJIOB. DTU ONMIOPHbIE IPABIOTEHIIHAJBI SABJISIOTCS JOKa-
3aTeJIbCTBOM TOTO, UTO 3Ta CYOCTAHITUS SIBJISIETCS MOJIeM-« KHUP-
NMYMKOM» TUCKPETHOTO MPOCTPAHCTBA, a CAMO 3TO MPOCTPaH-
CTBO COCTOWT U3 MOJOOHBIX KUPITUIUKOB-3EPEH-TPABINOTEHITNA-
JioB. [ToaTOMY 1pH MX YCTAHOBKE UCTOYHUKOM OHHU U SIBJISIIOTCS
OIIOPHBIMH.

3areM MO 3TOMY BOJHOBOAY M HauuMHaeT Oe3bIHepPIUOH-
HO JBUTaThCs (IPaBUTAMOHHBIA TOK) LEHTP MAacC TBEPAOIO Te-
Jia TIpY ONpPeAeNEHHBIX YCIOBUAX! M COOTHOIIIEHUSIX BHEIIIHETO
Y OCHOBHOTO MOMEHTA MHEPLMH, KOrJa HAKOIUIEHHAsl SHEPIrus
I'PaBUTALIMOHHOTO MOHOIOJIS TOCTUTAET ONIPEIENIEHHOIO Mmpeje-
Jia, HApYLIAIOILETo 3aKOH COXPAaHEHM Hepruu. Takou mpouecc
BO3MOJKEH JIMIIb B OJHOM CJlyyae, KOrjua NpogyKTOM pa3psaaku
SBJISIETCS MOKOSIIIMKCS BOJTHOBOJ U3 OMOPHBIX I'PaBIOTEHIIMA-
JIOB (HEBUJIUM BU3YAJIbHO — TEMHAsl MaTepusi) TaKxke, Kak 3TO
MTPOUCXOIUT MOCIE MPOXOXKIEHUS JNEKTPOMArHUTHOTO BUXPOHA
yepe3 BEIIECTBO, B KOTOPOM I0CJIE 3TOTO CO3JAl0TCS] BUXPEBbIE

310 YCJIOBHSI HEBECOMOCTH M KOMITEHCAIIMM MACCHI TPOTHBOTONOXHBIM 3apsIOM
B KOCMOCE Ha COOTBETCTBYIOINEH OpOHTE WM BHYTPH TOPPOUAATHHOTO TONIST «Tape-
ku» [I. Cepna B nonére.



NMEKTPUUYECKUE TOKM TOJBUKHBIX 3apsJI0B BIOJb BOJTHOBOIOB
U3 OMOPHBIX IEKTPONOTEHINAIIOB.

3apsgka rpaBUTAIIMOHHOTO MOHOIIOJS >? TPOMCXOAUT HAKOII-
JIEHWeM 3Hepruu B (popMe MpOTUBOAEWCTBUS BPAILIEHUIO KBaH-
TOBBIMH [apaMeTpaMU 3TOW ABMKYIIEWCS CUCTEMBL. B 1aHHOM
cllydae, TAKMMH KBaHTOBBIMU MapaMETPaMU SIBJISIIOTCSI MEXaHU-
YeCcKuil criuH (MOMEHT MHEPIUH, BCera BOSHUKAIOIIUIA TIPU CO-
3JIaHUU JIOCTAaTOYHOIO MOMEHTa MMITYJIbca TallKH), €ro 4acTo-
Ta BpaIlIeHWs] WIA TIEPUOJl U3MEHEHU s BEJIMYMH 3TUX TMapaMeT-
pPOB — BCE 3TO MOPOKIAET KBAHTOBYIO NEOPOIMIEBCKYIO «IITy-
Oy», T.e. 3€pHa-TPaBMOTEHIIMAIBI BUXPEBOTO MO cpephl 3aps-
na. Ha kaxnoi yerBeptl (01MH 0OOpPOT) MPOUCXOAUT 3apsa-
Ka cepsl 3TOr0 MOHOMOJISA, HA JPYroll 4eTBepTH (omuH 000-
poT) pa3psiika U KyJbOUT-caMOJBH:KE€HNE, BbI3BAHHBIN
ONMOPHLIMH TPaBNOTEHINAJAMM, 3aTeM TocCieAyoas mne-
pe3apsiika ¢ MPOTUBOINOJIOKHBIM 3HAKOM U OISITh pa3psiiKa
U KyJIbOHUT, HO B 00paTHYIO CTOPOHY. MeXaHMUeCKUil CITUH TOU
BpAILIAIONIENCs CUCTEMBI MacC — paBeH euHuIle. B aTom mporec-
ce TIPOUCXO/IUT MOJHO€e KBAaHTOBOE MPeoOpa30oBaHME HOCUTEJIS
3apsi/ia UHAYKTUPOBAHHOW SHEPruH, a MO3TOMY HET KBaHTOBO-

2r PABUTAIIMOHHBIA MOHOIIONb — HEBUIMMAsl BU3YaJIbHO BUXpeBast hopMa pruznde-
CKOTO TIOJISI B BUJIE c(pephbl (MOHOIIONb) U3 TPABUTAIIMOHHBIX TIOTEHIMAJIOB CO CTPYK-
TYpON aHAJIOTUYHOW CTPYKTYpe MarHUTHOTO MOHOIIOJS, MPUBEAEHHON Ha ¢ur. 2.1.
Sra hopMa crocoOHA K caMOABHUIKEHHIO -pa3psiike (BUXPOH), IPU KOTOPOM CO3aET-
Cs1 BOJIHOBOJ] M3 TPABMOTEHIIMAJIOB, CTAIMOHAPHO YCTAHOBJICHHBIX B MTPOCTPAHCTBE.
Takum 00pa3oM, 3apsizKeHO BUXPEBOe MMoJie B Bujie cepsl, pa3pszKeHo — B Bujie
BOJIHOBOJIA.



ro nepexojia B 3JeKTPOMArHuTHBIN MakpoBUXpPOH. Enununa
COOTBETCTBYET JIOTIOJTHEHHEM TPOTUBOIIONIOKHBIM «KYJTbOUTaM»
raiiku cB00OIHOTO JBWKeHUs — raiike [I)xannOekoBa. Hynepoi
CIIMH — MACCUBHBIM 3BE3[laM, IUIAHETaM M T'MPOCKOIY-POTOpY,
a TIONyLIeNbIA — TOpHAO, «Tapenkam» B. [layGeprepa, [1. Cep-
na, B. 'pebeHHUKOBA, T.€. 3aMKHYTOH JIeOPOMIEBCKON «IIyOe»,
KECTKO CBSA3AHHOM C CUCTEMOM Macc.

Ntak, BpailieHMe ralku — 3TO COCTOSIHME Tesia ISl TIPOU3-
BOJICTBA 3apsi/ia T'PABUTALIMOHHBIMU MOTEHIIUAIAMU ( MCTOYHHK )
BUXPEBOTO0 MaKPOMOHOIIOJIS, T.€. HOCUTENsl MHAYKTUPOBAHHOM
HEBUIMMOU cpepbl U3 TPaBIOTEHIIUAIIOB, KOTOPas TaKkKe Kak
U B JIEKTPOHE KECTKO CBA3aHA C T€M 3aMKHYTHIM (ha30BbIM
00BEMOM, B KOTOPOM OHa WHAYKTHpPOBaHA. A TIpU €€ paspsj-
K€ MPOUCXOAUT POXKJIEHUE BOJIHOBOAA-MOJISI, YTO U MPUBOIUT
K MOCJIeYIONIeMY JIBUKCHUIO-«KYJIbOUTY» IIEHTPA MacC TalKu
BJIOJIb HETO TOJ] IEUCTBUEM M C OMOPOW Ha rpaBMNOTEHIUAbI —
9TO yKe OIpeie/ieHue 3aMKHYTOT0 MEeXaHH4eCKOro MaKpo-
BHXPOHA, CBSI3AHHOIO C JBM)XEHHEM IIEHTpa CUCTEMbI Bpallla-
IOIIKUXCS] MacC, T.€. ONpEEIeHNs] HCTOYHMKA [IBHKEHUS.

OcHOBHOE OTIMUME > MHAYKIIUY TPaBUTAIIMOHHOTO MOHOTIOJS
B 3AMKHYTOM 3JIEKTPOMAarHUTHOM MUKPOBUXPOHE OT UHAYKLIUU
B MEXaHMYECKOM MAKPOBUXPOHE 3aKJII0YAETCS B TOM, YTO B IIEP-
BOM CJIy4ae OH POXK/IAETCsl CaMOBPAaIlleHNeM 3apsiIKU-UMILIO-
3MM MarHUTHOTO MOHOIIOJISI, @ BO BTOPOM CJlydae CJIeICTBUEM

33 310 oTIMUME OCOGEHHO MIPOSAIBJISIETCS B PA3JIMUMK METONIOB 3arrycka auckos [ay-
6eprepa u [I. Cepna — NpUHYITUTENBHBINA U CAMOIPON3BOJIBHBIMH.



NPUHYANTEJBHOr0 BpalleHHs Tailku (MpU JOCTAaTOYHOM MO-
MEHTE MMITYJIbCA), UMEIOIICH ONpPENEIEHHbI TAKUM JBUKECHU-
€M MOMEHT MHEPLUU — 3TO C OHOM CTOPOHBI. A € JpYyroil cTo-
POHBI, HEOOXOIMMO OTMETUTh SKBUBAJIEHTHOCTh HAJIMYUS NPH-
YHHBI BOOOIIIE JIJIs1 PO IEHHUsT OBICTPOrO MAarHUTHOTO MOHOTIOJS
Y ME/IJIEHHOT'O I'PaBUTAIIMOHHOTO. B nepBoM citydae — 310 u3me-
HEHUE EKTPUYECKOro M0JIsl, 2 BO BTOPOM — 3TO U3MEHEHHE Me-
XaHUYECKOr'O COCTOSIHUSL U3 COCTOSIHUSI OTHOCUTEJIBHOTO MOKOSI
B COCTOSIHME TOCTYINATEIbHO-BPAIATEIbHOTO WM TOJIBKO Bpa-
I1aTeJIbHOTO BO3MYILIEHHUSL.

Jlpyrumu ciaoBaMu, IIpY YCTAHOBJIEHUH PAaBHOBECHOTO COCTO-
SIHUS1 BBIHYKI€HHOT'0 BPAIllEHUsI HEKOEro KJjlacTepa Macchl BO-
KPYI' HEKOTOPOIl BBIJIEJIEHHON OCU B 3TOW CUCTEME UHIYKTHUPY-
ercsi MeXaHH4eCKHil BUXpPOH>* C MPUCYIIMMHU eMy JAJISl 9TOH
CHCTeMbl KBAHTOBBIMH JIMHAMUYECKUMU MTapaMeTpamMu, CBOK-
CTBEHHBIMHU YK€ JIIs1 JaHHOH Bpallaioiencs: MeXaHn4ecKou cu-
crembl Macc. Ecim y Takoii cucteMsl €CTh BO3MOKHOCTh™ CBO-
00/JHOT0 IBIKEHN S BPAIIEH! I C HAKOTIJIEHNEM SHEPTUH J10CTa-
TOYHOII /1151 MEXaHUYECKOTO KBAHTOBOI'O Mepexo/ia, To o0pasy-

> 3nec clielyeT OnpeneuTh MEXaHWYECKHH BUXPOH M €ro OCHOBHOE OTIMYHE
OT 3apsDKEHHOM c(hepbl IPABUTALIMOHHOTO MOHOIIOJIS — 3TO IBHKEHHE- pa3psiiKa 3TO-
T0 TPAaBMOHOIONS C YCTAHOBKOM MM B NMPOCTPAHCTBE CTAIMOHAPHOTO CITUPAIBHOTO
BOJIHOBOJIA M3 FPABMOTEHIINAJIOB, T.€. BOJHOBOE BHMKEHHUE MAHKY, KaK KBaHTa JeOpoi-
JIEBCKOM BOJIHBI.

35 Takas BO3MOXHOCTb OIIPEAIEIIAETCS U3 COOTHOIIEHUII BEJIUYMHbI UHIYKTUPYe-

MoK ,HOHOHHHTGHLHOﬁ MaccChbl, 3HAYCHUI T'paBIOTEHIIMAJIOB Ha CIIUPAJIbHOM BOJIHOBO-
A€ U IrpaBIOTEHIHAJIOB I1OJIA TATOTCHUA 3emiy.



eTCsl «KYJBOUT» — BUXPOH C MePeBOPOTOM IieHTpa Macc Ha 180°.
Ecnu Takor BO3MOXXHOCTH y BpAIAIIMXCSA SAEp 3BE3] U IUIa-
HET HeT, Kak 3T1o HaOmopaercsa Ha Comane, 3emite, Onmrepe
W JIpyrux 3BE€3/1aX W IUIAHETaX, TO HAKOIJIEHHAasl BpalleHH-
€M SHeprusi IpOTUBOAEUCTBUS B (pOpME IpaBUTALITMOHHOTO MO-
HOTIOJISI CHOHTAHHO TIPeo0pa3yeTcsl B SHEPTUI0 W3JIydaeMbIX
MarHWTHBIX WJIM TPABUTALIMOHHBIX MOHOIIOJIEH, CBS3AHHBIX C 00-
11el MacCou MOKOsI JIEKTPOMArHUTHBIM WJIM MEXaHUYECKUM '~
NMEePBUXPOHOM. A TaK KaK B LIEJIOM CPEJHSIsI SHEPIUsl ABTOHOM-
HOW M CBOOOJIHOW CHUCTEMBI JJOJKHA MMETh MOCTOSTHHOE 3HaJe-
HUE, TO UHAYKTUPYEMbIil I'PaBUTAIIMOHHBI MOHOMOb CHAvYaIa
POXJAETCS C OIHUM 3HAKOM, & 3aTEM C IPYTUM — B CPE/IHEM CyM-
MapHasi SHeprusi UMeeT MoCTosiHHOe 3HayeHue. [Ipu aToM ecthb
HEOOXOMMOCTh MIOMYEPKHYTh, YTO CyMMapHasi HHEPTHOCTb Ta-
KO BpalaTebHOU CUCTEMBI B OTJIMYME OT MOKOSIIIENCs B OIpe-
JeJIEHHbIE MOMEHThl YBEJIMUMBAETCS UM YMEHBIIAETCS HA Be-
JIMYMHY TPaBUTALMOHHOTO MOHOIIONSI, UHIYKTUPYEMOIO B JJaH-
HBII MOMEHT 3aJJaHHBIM U J0CTATOYHBIM 110 BeJNYHHE MO-
MEHTOM uMITyJIbca. Mepoit uneptHoctu B cucreme CU siisier-
cs Macca. CrieoBatesibHO, HHEPTHOCTD BPAILAIOIIENCsl CUCTe-
Mbl B OT/IEJIbHbIE MOMEHThl YBEIUUMBAETCS WIA YMEHbIIAETCS
Ha BEIMYMHY>® BUXPEBOT'O IMOJIsI BOJHOBOAA CPETHETO TMepeMeH-
HOT'O TPaBUTAIMOHHOTO MOHOIIOJISI TP €T0 Pa3psiIKe.

3 STy BeNMYMHY MOXKHO CPAaBHUThH C JIEKTPOEMKOCTBIO WM HUHAYKTUBHOCTBIO,
CBOIMCTBEHHOW HEKOEMY KJIacTepy BELIECTBA WM YCTPOICTBA, U OXapaKTepU30BaTh €€
KaK HOCUTEJb 3apsijia UHAYKTUPOBAHHBIX IIOTEHIMAJIOB, XKECTKO CBA3AaHHBII C CUCTE-
MO#i Macc U BpallleHUEM €ro TIOPOAUBIIKM.



NutepecHo 3amMeTuTh, uTo y «mapenok» J1. Cepna u kamHen
Tubera MX HEBECOMOCTh M HHEPTHOCTD B OTJIMYME OT raiiku Jlxa-
HUOEKOBa, HAXOASIIENCs YK€ B HEBECOMOCTH, MOIJIa MOJIHOCTHIO
UCUYE3HYTh Jaxe Ha noBepxHocTu 3emiau. OIHAKO 3TO APYroit
(pu3nYecKuil MeXaHU3M KOMIICHCAIIUKA BCEro 3apsiia Macchl
KJlacrepa.

C nomollpio BpaIlleHus] TOCTOSHHBIX MarHuTOB, KOTOpOE
Takxe ObUIO MCHOJNB30BAHO JUIsl 9TOrO, BO3MOXKHO OBLIO CO-
3[1aTh TOPOUJAILHOE KBa3UCTAIIMOHAPHOE XOJIOAHOE AHTHIPAa-
BUTAIMOHHOE TIOJIe W JOTOJHUTENLHYIO JIEOPOMIEBCKYIO BOJI-
HY-TIWJIOT JIJIs1 0€3bIHEPIHOHHOTO JIBUKCHUS TI0 TOPU30HTA-
JIM cO cKopocThio 1,5 km/c. YV rupockona BpallleHUEM HHAYK-
TUPYETCS] TaKOW I'PAaBUTALIMOHHBIA MOHOIOJb, KOTOPBIN CyIIe-
CTBEHHO YBEJHYUBAET €r0 MHEPTHOCTb-YCTOMYUBOCTh MOCTO-
STHCTBA TOJIOXKEHUSI OCH BpAIlIeHUsI B TIPOCTPAHCTBE uepe3 To-
CPEACTBO YCTAHOBKHU OMOPHBIX I'PABIOTEHIIUATIOB B IUCKPETHOM
MPOCTPAHCTBE BOKPYT HETO.

Wtak, rnaBHOEe CBOMCTBO MEXaHMYECKOTr0 BUXPOHA Bpallle-
HUS — 3TO MHAYKIIUs IeOPOMIEBCKOTO XOJIOHOTO I'PAaBUTAIMOH-
HOI'O MAaKPOMOHOIOJISI NPUHYAUTEJbHBIM BpalleHneM Kia-
cTepa BEIIecTBa C MAaCcCOU BbIIlIe TUIAHKOBCKOM C TaKOW SHEp-
T'OEMKOCTBIO TPABIIOTEHIIUAIOB, KOTOPBIE CITIOCOOHBI OKa3bIBaTh
BO3/leiiCTBHE Ha IBUKEHUE KJIacTepa. TO CBOMCTBO OMpeaess-
€T BO3MOXHOCTbh YCTAaHOBKM-BCTPAUBAHUS ONOPHBIX 3€PEH-IIO-
TEHLIMAJIOB B JUCKPETHOE MPOCTPAHCTBO BOKPYT BpaIAIOIIEHCs
MAacChl ¥ BHe e€ 1ake B BaKyyMe KOCMOCa ¥ TIPEJICTABIISIeT COO0M



JeOpOIIIEBCKYIO «IITyOy» -ITUJIOT, T.€. CBA3AHHYIO C MaCCOM.

[TonbITKM MHOTHX YUYEHBIX KaK TO rpaduuecku u (pu3nIecKu
OOBSICHUTD 3T JIBUKEHU I CBOASATCS JIUIIIb K aHAIN3Y JBUKEHUS
C MaJIbiM, CPEAHUM U OOJIBIIMM MOMEHTOM HHepuuu>’. 31ech
IIPUBEJICHBl HEKOTOPBIE BBIACPKKU M3 3akimodyeHus ['ockomuc-
CHM, KaK BO3MOXHbIE MPUYNHBI TAKOTO TIOBEACHHSI BpalllaioIie-
rocs Tena:

1. Bpawerue abcontommo sxecmrozo mena ycmouugo onmHo-
CUMENBHO OCell KAK Hauboavluez0, MaxK U HAUMEHbULE20 2/146HO20
Mmomenma unepyuu. Ilpumep ycmotiuueozo epaujeHus B0Kpye ocu
HAUMEHbULE20 MOMEHMA UHEPUUU, UCNONb3YEMbILL HA NPAKMUKe —
cmaouAu3ayust MmpaeKmopuu noAema nemsiuieli nynu.

2. Bpawernue 6okpye ocu Hauboavutez0 MOMEHMA UHEPUUU
YCMOoIMUgo 0nst 1100020 mena 68 meueHue HeoZPaHUMeHH020 8pe-
MeHU.

3. Bpawenue 6oxpye ocu co CpeOHUM MOMEHMOM UHEePUUU
Heycmouuugo 6cezoa. Imo OblN0 NOOMEEPIHCOEHO NOCAEOYHOUAU-
Mu sxcneouyuamu Ha cmanyuio «MHP», komopole npoeoduu
noKazamenvible ONbIMbL C BpaUleHUemM Kyoa, YUAUHOpa, napan-
nenuneda U uapa ¢ HepasHOMEPHBLIM PAcnpeoeneHuem NAONHO-

37 OceBoil MEXaHUIECKHii MOMEHT VHEpIMY TeJIa SIBJISETCS JOMOTHUTEIbHON MepOi
WHEPTHOCTH TeJla BO BPAIIATEIbHOM JIBHKEHUH TIOIOOHO TOMY, KaK Macca TeJa sIBJs-
€TCsl MepOi ero MHEPTHOCTH B MOCTYNATEILHOM JIBUKEHUU. MarHuTHBIA MOHOIIOb,
CYILIECTBYS TOJIBKO BO BpalllaTeJIbHOM CAMOJBIKEHUH, CO3AAET MATHUTHBII MOMEHT
YaCcTULl WK cucTeMbl yacTull. OTHOIIEHWe MarHUTHOTO MOMEHTa K MEXaHU4YEeCKOMY
XapaKTepu3yeT YHUBEPCAIbHbI XapaKTep CBA3M MEXKAy MEXaHU3MOM KX MPOU3BOM-
CTBA.


http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0

CMU MACChbl BOKPYe €20 ueHmpa. B nocaeonux osyx cayuasix epa-
ujeHue 0OveKma 8OKpYy2 cpedtell no OAUHe OCU uepe3 08a 000pPo-
ma 6vi3bl8AN0 «KYAbOUN».

H epawerue OelicmeumenvHo Oyoem cmpemumscst nepeimu
K YMeHbleHUIo sHepeuu epaujerus. Ilpu smom, pazauurvle mou-
KU mena HauHym UCNbIMbléams nepemeHHvle yckopenus. Ecau
MU YCKOpeHus Oyoym npusooumv K nepemerHvim oeghopmayu-
M C paccesiHuem 3Hepeuu, mo 8 umoze OCb 8PAULEHUS COBMe-
CIMUMbCSL C OCbI0 MAKCUMANbHO20 MOMeHma unepyuu. Ecau dice
dedpopmayuu He NPOUCXOOUM U/UAU He NPOUCXOOUM PACCESTHUS
SHepeult, Mo NOAYUAEMCs IHEP2eMUUECKU KOHCEPBAMUBHASL CU-
cmema. Qopa3no 2080psi, Meno Oyoen KYeblpKamvCsi, GeUHO Nbl-
masicoy Havumu cebe «KOMBOPMHoe» NON0NCEHUe, HO BCAKULL Pa3
OyOem e20 NPOCKAKUBams U UCKAMb 3aH060. Takum o6pazom, oce
BPAUEeHUSL ADCONOMHO HCECMKO20 U/UAU UOEANLHO YNPY2020 me-
14 HUK020a4 He COBMECUMCS C OCbI0 MAKCUMANbHO20 MOMEHMA
UHepUUU, ecau UHa4aabHo OHA He cosnadana ¢ HuM. Teao oy-
0em BeuHO COBEPULAMb CAONCHBIE MPEXMEPHbLE KONCOAHUS, 3a-
sucsiujue om napamempos U Ha4aabHbIxX YCA0BUI.

4. Ilpu pasercmee 6cex 2AA6HLIX MOMEHMO8 UHEPUUU BEK-
Mop Y2A0801l CKOPOCMU 8PAUEHUst Meaa He OYoem MeHSIMbCsl HUL
no @eauuuHe, HU N0 HANPABAEHUIO — B0KPY2 KAK020 HANPABNEHUS
3aKpYymun, BOKpY2 mMozo HANPAaeAeHUus u Oyoem epaujamuoCsl.

Bov1600 — «eaiixa-6apawex /[oicanubexosa» — KAacCuMecKuli
npuUMep 8paueust AOCONOMHO JHCECMK020 mend, 3aKpYUeHHO020
B0KpY2 OCU, He CO8NAOAOULell C OCbI0 HAUMEHbULE20 UNU HAUOONb-



uie20 MOMEHMA UHEPYUL.

B nmoronHeHve Kk cTabuimM3anyy MmojeTa Mmyji, BHITYIEHHON
U3 CTBOJIa HAPE3HOTO OPYXkHS, MOKHO NOOABUTH aHAJOTMYHBIN
IpUMeEp ¢ MPOBJIEMOH BBIXO/Ia U3 OCEBOTO «IITOMOpPa» (MOCTY-
MaTeJIbHOE JIBUKEHUE C BPAILIEHUEM) CaMOJIETOB B Hayasie Mpo-
LHUIOrO BeKa. Y CaMOJIETOB TaKKE€ MMEETCS Macca paBHOMEp-
HO pacripe/ieJIEHHasi OTHOCUTENbHO OCH BpallleHus — 3TO (ro3e-
JspK. Macca KpbUlbeB, Kak M yIITKK TalKu-Oapariika BHOCST CBOU
BKJIaJl B MOMEHT MHEPIIUH Ha OOJIbIIIEM paauryce, IO3TOMY MeXa-
HU3M (PU3UYECKOTrO sIBJIeHUs] Y HuX oommid. imeercst MHOTOUmC-
JICHHOE KOJIMYECTBO MyOJIMKAIIMK O MPUYMHAX 3aX0/1a B IITOTIOP
Y BBIXOJIA U3 HETO, HO YOeUTeIbHOrO OOBbSICHEH!sT MeXaHu3Ma
Y MPHUPOJBI SIBJIIEHUS C TOUKHU 3pEeHUs] (PUBUKU HE CYIIECTBYET
¥ TOHBIHE, KaK U B ciydae ¢ 3 dextom [xannOexkosa.

Kuraiickuit Bo14ok>® — Boruok ToMcoHa, BOJTYOK, oOnaaa-
IOIIMIA CBOMCTBOM IMEPEBOPAYMBATHCS MOC/IE aKTUBAIIMU Bpallie-
Hu. B omiune ot 0OBIYHOIrO BOTYKA MMEET CMEIIEHHBIN K HU-
3y HEHTP TSKECTH IO TUITY PYCCKOM UTPYIIKU «BaHbKa-BCTaHb-
Ka». OOBIYHBIA BOJTYOK ITOCTIe PACKPYIUBaHUS (B JTIOOYIO CTOPO-
HY) o0Jiaj1aeT CAeayIOIUMU TPeMsi CBONCTBAMMU:

— HampaBJIeHUE BpallleHHUsI ITOCTOSTHHO

— B IPOLIECCE BPAILIEHU I TOUYKA HA BOTUKE, Kacaroascs mioc-
KOCTH, HE U3MEHSIETCsI

— paccTosTHUE OT LIEHTPA TSKECTU JJO TOUKH OIOPHI B ITPOLIECCE
OCTaeTCs TEM XKe

38 1] Kuraiickuii BOITUOK — https://www.youtube.com/watch?v=V7hGcLU_wlY



OTU TpU CBOKCTBA AOJIKHBI HAOMIONATHCS Y JTOOOTO BOTUKA.
OnnHako, HeoObIYHasl (hopMa 1 HEPABHOMEPHOE pachpererne-
HME Macchl MO TeJly BOJTYKA MOXKET NMPUBECTH K MHOMY Xapak-
TEpY BpalLEHUs — IPOTUBOPEYAILEMY 3aKOHAM COXPAHEHHUS: Ye-
pe3 HEKOTOpOe BpeMs I0CjIe Hayasla BpalleHUs BOJYOK Iepe-
BOPAUMBAETCSl M HAUMHAET BPAILAThCsl, KAacasiCh INIOCKOCTH Jpy-
T'OM CBOEU TOUYKOU (PACHONI0KEHHON JUaMETPAJIbHO IIPOTUBOIIO-
JIOKHO), a HalpaBJIEHUE BPAILEHUs] U3MEHSETCS Ha IPOTUBOIIO-
JIO)KHOE — LIEHTP TSKECTH MOTHMMAETCsl U COBepIaeTcsi pado-
Ta IO MOJHATHUIO Beca Ha OIPEAEIEHHYIO BETUYMHY. 31eCh MPo-
SABIISIOTCS Bee 3(PeKThl CBOMCTBEHHbIE /17151 raiku [IkaHnOeko-
Ba — MHIYKTUPYETCA IPaBUTALMOHHbI MOHOIIOIb MEXAHUYECKO-
ro BuxpoHa. To ke camoe MOKHO OOHapyXUTb NMPU AKTUBALUH
BPALIEHUEM C JIOCTATOYHBIM MOMEHTOM KMITYJIbCA «KEJIBTCKOIO
KaMHSI» U «KOJIyMOOBa» SAUIIA.

Bo3Bpamarommuiicss Gymepanr

Tpaexmopus noaéma oymepanza

Tunuunvui bymepanz umeem 6 paccmosiHue Medicoy KOHYA-
Mmu 8 38—46 cm u yeon medxncoy naeuamu ¢ 70—1I110 zpadycos.
Dopma eo3zepawaroulezocs dymepanza Omauuaemcs. om 6oego-
20 OONBULEN UB0ZHYMOCNIBIO, MEHBIULEN OMHOCUMEAbHOL MOAUU-
HOUl U OAU30CMbIO NPOPUNS NAEU-KPbLIbe8 K NPoPUnio camo-
NémHo2o Kpvlaa. Pazmep u éec — nomenvue, maxk umo Hauanb-
HAs CKOPOCN1b OKA3bIBAEMCSL 8blute, uem Yy 00e6020. E20 modicro
UCNOAB308AIMb 05 OXONMbL HA MEAKYIO OUUb, HO OCHOBHOE UCXO00-
HOe HAa3HaueHue — CNOpmueHoe u pasénexamenvroe. bymepane



cnocoben nporemams oucmaryuio 8 90 mempos u NOOHUMAMvCs
Ha evicomy 00 15 mempos.

Mexanuxa noarema oymepanea

Bozspawaemviii oymepare 3anyckaemcsi 6 6epmMUKANbHOL
naockocmu. Ecau 6ymepane 3anycmume 20pu30HmManvHo (Kax
NeMaroumyro mapenouxy), o He gozgpamumcsi. Iloném «oyme-
parea o5 npasuu» 8vleasoum mak. Ha nauanrvhom smane oy-
MepaHz YKAOHSEeMCsl 61€680 U OOHOBPEMEHHO HAKAOHSAEMCS Ha-
npaeo. B kaxoti-mo mMomeHm o1 NOUMU AOHCUMCS HANPABO U 00-
HOBPEMEHHO 3a0upaem nepeoHior 4acms Kpyea 8PAauleHUs 66epX,
HAuUHas peskoe 0sudiceHue 88epx-tanego. Ilpooondicas nosopom
HAN€80, OH CHUJICAemCcsl U nogopauusaem K mecmy opocka. Ecau
€20 He N085IM, Mo Oymeparz npoaemaenm 0aablie U CHO8a denaem
BUMOK MeHbUle20 pazmaxa. B udeane nocne Heckonvkux aumroe
OH MEONeHHO OnycKkaemcsi 60AU3U MOUKU OPOCKA, NPOOOAXHCAS
0080NbHO OLICIMPO BPAUAMBCSL — KAK KPLLAAMOE CEMEUKO KAEHA.

Cnocob memanus — npuUMUHA, 3aCMABASIIOWASL OYMepaHz onu-
cbleamsv 8 noneme okpyxcHocms. bymepanz neped o6pockom oep-
acam gepmukanvio. Ilrockas nosepxHocmes obpauiena om me-
mamens. 3amem pe3KuUmM Kpyzo8blM OBUICEHUEM KUCHMU OYyme-
pawz 3anyckaemcst 8 6030yx. Hauanvnas cxopocmo oymeparea
0ondicHa Ovbimw He mernee 10 Kuaromempos 6 uac, a CKOpocho 8pa-
uienust — He menee 10 obopomos 6 cexyndy. bpouwennvlii npa-
8011 pYKOIl OYymepamz 8 noneme HauuHaem nOCHeneHHo 3a0upams
en1e60. Bospemsi nonema ox nepexooum u3 6epmuKanbHO20 NOAO-
JHCEHUS 8 20PUBOHMANBHOE U 8 KOHUE NONEMA 8bI2A510UN, KAK M-



nenvkuti gepmonem. Ilpasunvrio OpoutenHvlli Oymepare, onucas
OKPYIICHOCMb, nadaem K H02aM XO35IUHA.

OtkpsiTre 3pdexTa [IxaHndexoBa MocykKuao HOBBIM TOTY-
KOM K Pa3BUTHIO a0COIIOTHO HOBOM 00J1aCTH HayKH, KOTOpasi 3a-
HUMaeTcsl IeOpOMIEBCKUMU KBAHTOBBIMH TPOIeCCaMU, TIPO-
UCXOJAIIMMHA B MAKPOMHEPe, Hapsily C KBaHTOBbIMU d(pdekTa-
MU OIpeNeNIEHUs] JEKTPUUECKOTO TOKA M 3ByKa B MeTasulax,
CBEPXIPOBOAUMOCTU, CBEPXTEKYUECTH U T. [1.

B mukpomupe, cOrflacHO KOPITYCKY/IsIPHO-BOJTHOBOMY [ya-
mismy Jlyu e Bpoitsisa, moOoii TBUKYIIENHCs MOCTyNaTeJ bHO
O KJIACCMYECKOM TPaeKTOPUM KOPITYCKYJISIPHOI yacTuiie, oosa-
JAIOIIEN SHEpruel U UMIYJIbCOM, COOTBETCTBYET €lIE U BIOJ-
HEe omnpenesiéHHasl BOJHAY’, T.e. Takas CHUCTeMa SIBJISETCS elé
¥ KBAaHTOBBIM OOBEKTOM C MPHUCYIIMM €My KBAaHTOBBIMU TIapa-
MeTpamu®’ 1 mepexogamMmu Mekay HUMH. DTO YTBEepiKIeHue OyaeT
CHPaBEAJIMBO U /1J1s1 BPAIAIOMIUXCS UHEPTHBIX KJIACTEPOB MaK-
pOMaTepHH C ONpeIeIEHHBIM BHIOM ! HEpaBHOMEPHOT'O pacripe-

» IIJ'[I/IHa BOJIHBI TaKOI YacTUlbl ITPOIOPIHHOHATIbHA nocTostHHON [Inanka (3apﬂ)1y
,HBI/I)KCHI/IH) u 06paTHO IponopurOHaJIbHAa IMTPOU3BEACHUIO MACChl Ha CKOPOCTb 4aCTU-
IIbI.

0 KganToBbIMU rapaMeTpamu CBS3aHHOW CUCTEMBI MAcC SIBJISIETCS] XapaKTep KBaH-
TOBBIX MEPEXOIOB (CITUH — MOJIHBIM, MOTYLIENBI U T.1.), JJIMHA BOJIHBI, MACcCa WJIU 3a-
Psll KJIacTepa M ero CKOPOCTh, MOMEHT MHEPLIMU U €ro CllaraeéMble, KauecTBO BUXPO-
HOB (MEXaHWYECKHUH, MEKTPOMArHUTHBIN WJIM CMEIIaHHBIN ), MHIYKTUPYEMbII 3apsiji
Y HEKOTOPBIE JIpyTHe.

81 Yacrp macchl Bpamaomerocs KiacTepa, pasMEINEHHAS Ha GOJBIIEM paguyce
OT ocH, 00JIaaeT MaKCHMAJIbHBIM MOMEHTOM MHEPIIUH U MPEIISTCTBYET NCIIOTHEHHIO
MEXaHWYECKOTO KBAHTOBOT'O NEpexoa — arMoc(hepHOe TOPHAJIO.



JeJIeHusI TUIOTHOCTA MacChl OTHOCUTEIBHO OCH, MEXaHUUYECKUIA
CIIMH KOTOPBIX OmpefenseT OydeT Ju ero JBMKEHHEe C Mexa-
HUYeCKHUM KBAaHTOBBIM NEPEXOJOM-«KYJIbOUTOM» WU C JIeK-
TPOMArHUTHBIM. [Ipu 3TOM, OYEBUHO, YTO MPU ONpeIeIeHUN
JUMHBI BOJTHBL JIyn e Bpoiiisi MexaHn4eckoro Kjiactepa aTom-
HO-MOJIEKYJISIPHOTO BEIIECTBA C MAaccoil Oosee TIAHKOBCKOTO

3HauyeHusd 2,2 X 107 I, BMECTO aTOMHOM TTocTosiHHOU I manka
Y UMITYJIbCA, T.€. ApaMETPOB MOCTYIATEIbHOTO IBUKEHUS MUK-
poyYacTull, HeOOXOIUMO UCTIOIb30BaTh HOPMUPOBAHHbIE MeXa-
HUYECKHEe MOMEHThI HHePIUH ¥ UMIIYJbCa, T.e. TapamMeTphl
KJIacTepa BpAIlAoIIerocs Tesa.

Uro Takoe KOpHYCKYyJisipHasi WHEPTHAsT MHUKPOYaCTHIA
(mpu3HaKu: macca, CIIMH U JIEKTPUUECKUI 3apsiji, Hallpumep,
JIEKTPOH) — 3TO MaKCUMaJIbHOE 3HAYEHUE SHEPTUU MaTePUH IIPU
€€ KBAaHTOBOM Tepexo/ie U3 MarHUTHOU (pOPMBI B I'PaBUTAIMOH-
HYIO WA HA0OOPOT U PETHCTPUPYEMBIX MyTEM B3aUMOJIEHCTBUS
BHEIIIHUX MOJIE MUKPOUYACTHULIBI C OKPYKAIOIIUMHU TMOJISIMU, Ha-
npuMep, C AMEKTPUUECKUM U TPABUTAITMOHHBIM TI0JIeM 3eMJIH.

Yro Takoe KBaHTOBbIE BUXPEBbIE JIEKTPUUECKUE TOKU B Be-
niectBe? DTO IBUKEHUE NEKTPUUECKU 3aPSKEHHBIX MUKpPOYa-
CTHUII BJIOJIb OTIOPHBIX IEKTPONOTEHIIMAIOB COOTBETCTBYIOIIETO
BOJIHOBO/IA.

Yro Takoe a¢pdpekT IxxaHnnOekoBa? IT0 MEXaHUUECKUN KBaH-
TOBBII NIepexo]] (IeOpOMIEeBCKIIA KBAHT) IJIs Tiepe3apsiAKK rpa-
BUTAIIMOHHOTO MOHOMOJISI C IIeJIbI0 COXPAHEHUsI SHePruu Bpa-
IIAMOIIENCS CUCTEMBI, T.€. BUXPEBOil I'PAaBUTAIIMOHHBIA TOK



IIEHTPa MaCChI BJOJIb MOKOSIIIUXCS-BCTPOEHHBIX B TUCKPETHOE
IIPOCTPAHCTBO OINOPHBIX I'PABIOTEHIIMATIOB BOJTHOBO/IA, CO3/IaH-
HOTO Pa3psAKOil IrPaBUTAIIMOHHOTO MOHOIIONS, 3apsKeHHO-
ro ¥ CBSI3aHHOTO C BPAIIAIONIENCsl CUCTEMO Macc B raiike-«0a-
parike». B TOT MOMEHT, KOorjja rpaBUTAIIMOHHBIII MOHOTIONb CTAJl
pa3psKaThCs MPU BpalllaTeIbHOM CAMOJABHMKEHHH U MPOU3-
BOJIUTH OTMIOPHBIE TPABMOTEHIIUAIIBI, OH CTAHOBUTCSI MeXaHU4Ye-
CKHM BUXPOHOM. B ciiyuae, ecnu B Kjlactepe ecTb MOJABUKHbIS
YaCTHIIBI C MACcCOM, TO OyIyT BO3HUKATh BUXpeBble TOKU. Eciu
TaKOBBIX HET, TO BO3MOXHbI HECKOJIbKO BAPUAHTOB ITpoIiecca:

— BJIOJIb BOJTHOBOJIA U3 OMOPHBIX TPABIOTEHIIUAIOB BO3MOXK-
HO JIBMDKEHME CaMOTO LIEHTpa MacChl 3TOrO KJjactepa 1Jisl nepe-
3apsi/IKM 3HAKa TPABMOHOMIOJISA,

— mepe3apsiaKa TPaBMOHOIIONS WA cOPOC €r0 MHAYKTUPOBAH-
HOM SHEPruu JjIsl COXpPAaHEeHUs1 CPeJHEN OCYILECTBIISIETCS Yyepes
MH]IYKIMIO CBSI3AHHOTO C MAaCCOM 3JIEKTPOMArHUTHOTO MakKpo-
BUXPOHA,

— BOJTHOBO/ U3 OTIOPHBIX I'PABIIOTEHIIUAIOB CHMMETPUYEH OCH
BpAlIEHUsI U €ro MOTEHIIMAIIbI 3aCTABJISAIOT MACcChl YaCTHUII Bpala-
IOIIETOCs IWJIMH/IPA TUPOCKOTIA ABUTAThCSI TOJIBKO BJIOJIb BOJIHO-
BOJIa, YTO ¥ TIOPOKAAET €ro U3BECTHBIN 3(PeKT.

Torna ravike J[aHu6ekoBa CBOWCTBEHHO Clieayloliee:

1.CocrosiHMe MOCTymNaTeIbHO-BpAIATEeIbHOIO (MM TOJBKO
BpallleHus1) ABUKEHUS MO KJIACCUYECKOM®? TpaeKTopuu ¢ mMac-
COM MOKOSI — IIEHTP MacCc HaXOOUTCS B OMPEAEIEHHOM MecTe

2 o
6 321,[[21HH06 BBIHYKJICHHOE BpalllCHUE TaKW BAOJIb OCU BpalllCHHUA.



OKOJIO OCHOBHOT'O KJIacTepa.

2.KBaHTOBBIT O€3bIHEPITUOHHBINA KYJIbOUT-ABUKEHUE IS T1e-
pe3apsiIKi TPAaBMOHOIIONSI B COCTOSIHUU JIEOPOMIEBCKON BOJIHBI
BO BpeMsl 3aJJaHHOT0 [IBUKEHHUsI C OMOPOM Ha rpaBMOTEHIIMA-
JIbI BOJTHOBOJIA, CO CBOMCTBEHHBIMU €11 JOTIOJTHUTEILHBIMUA KBaH-
TOBBIMU TApaMeTPaMU — BEJIMUMHA 3apsa, IMHA BOJIHBI, CIIMH
PaBHBII €UHUIIE, TOTIOTHUTETBHO MHIYKTUPOBAHHASI BPAIIICHU-
€M TlepeMeHHas o 3HAKy U BeJIUYMHEe dHeprus B (popme mepe-
MEHHOTO T'PaBUTAIIMOHHOTO MOHOTIOJISI.

3. DHeprus 3apsaa IPaBMOHOIONS JOCTATOYHA IS PEOJO-
JIEHUsI SHEPTUU BHEITHEr0O MOMEHTa UMITYJIbca, 0OPa30BAHHOTO
WJIMHIPOM TaiKu.

A e€ KBaHTOBBIN IMepexoi IS Mepe3apsIKu HaOomaeTcs,
KaK «KyJIbOUT» — JBMKEHUE TOCTe Pa3psiAKU® rpaBUTAITUOH-
HOT'O MOHOIIOJIS, TP KOTOPOM IIEHTP MAacChl TallkM HauyWHaeT
JBMKEHUE BOJb OTIOPHBIX MOTEHIIMAIOB BOTHOBOAA, T.€. CO3/1a-
€TCs TaKOW K€ BUXPEBOM TOK, KAKOM BO3HUKAET IMOCJIE TTPOXOK-
JICHUs] TSKEJIOr0 MarHUTHOTO MOHOIOJNS B Cpefie, UMeloIen
CBOOOJIHBIE 3apsKEHHBIC JICKTPUUYECKU MUK POYACTHUIIHI.

[Tpu 3TOM, Ha MMeloleecs BpalllaTebHOE IBUKEHUE TalKu
HaKJIapIBaeTcsa® npyroe — 6€3bIHEPIUMOHHBIA KYyJbOUT BOKPYT
OCH, TIpU KOTOPOM COXpaHSIeTCsA® CpemHUid MOMEHT WMITYJIb-

63 Paszpsnka — 910 ycTaHOBKA IOTEHIMAIOB-3€PEH HAa BOJIHOBOJE, TAKAKE KaK U 3JIeK-
TPOINOTEHLIUAJIOB B (DOTOHE U IPABIOTEHLIUAJIOB B 3JIEKTPOHE.

o4 10 MPUHOUIT MOAYJISANNHA CYHIECTBYIOLIETO IIponecca ApyruM.

65 3apﬂm<a rpaBUTALITMOHHOI'O MOHOIIOJIA ITPOUCXOJUT 3a CUET YMEHBIICHU A SHEPIrUn



ca 1o aOCOJIOTHOM BeJIMUMHE, COXPAHSIeTCs BpallleHue, HallpaB-
JIEHUE TEePBUYHOTO MOCTYMATEILHOTO ABMKEHMSI MACChl MOKOSI
Y OCh BpallleHus1, HO B pe3yJibTaTe MOJIHOTO KBAaHTOBOTO MEePEX0-
Jla MEHSIOTCSl MECTaMU [IEPBUYHOE BXO/IHOE Ha BBIXO/JHOE OT-
BEpCTUE raiiky, T.€. €CJIM BHAYaJIe railka OTKpy4rBasiach C BUHTA,
TO TIOCJIE IEPEBOPOTA OHA CTaJla 3aKPYYMBAThCS HA BUHT. A 3TO
orpejesieHue HCXOASIIIero M BXOASIIero BHEIHEro Mo, T.€.
3HaK HOBOT'O MCTOYHMKA I'PAaBUTALIMOHHOTO MOHOIIOJSI N3MEHMII-
Csl Ha MPOTUBOMOJIOXKHBIMA. [Ipy TakoM JIBUKEHUHU HA TOJIOBU-
He JiTHe BOMHBI B 40 cM (1Ba 000pOTa) MPOUCXOIUT 3apsiaKa
Y pa3psAaKa rpaBUTALIMOHHOIO MOHOIIONS C OAHUM 3HAKOM, 3a-
TeM clieflyeT KyJbOuT.

[Nocnenymwoiuii NEpeBOPOT OMATh MPoUcxogut uepe3 40 cm
(mBa 00OpOTa), HO yXke B 0OOpaTHYI CTOpoHy. Tak B mocTyma-
TeJIbHO-BPAIAIOIIENCs MACCOBOM CHUCTEME 3apOKIAETCs IpaBU-
TAlIMOHHBIA MOHOIIOJIb TO C OIHMM 3HAaKOM 3apsja, TO C ApY-
ruM. [locpencTBoM MexaHHM3Ma BUXPEBBIX TOKOB MAacChl BJOJIb
OTOPHBIX MOTEHIMAJIOB BOJTHOBOJA, MEHSIETCSl 3HAK JOIOIHU-
TeJbHOU SHepruu. Popma KBaHTOBOTO JIBUKEHHSI KJlacTepa Ma-
TepUHU, NMPU KOTOPOM 00pa3yloTCsi BOTHOBO/BI C ONIOPHBIMU T10-
TEHLIMAJaMy Pa3HbIX 3HAKOB OIpeesisieT MEXaHUYEeCKUIl MaK-
pocnuH — [is raiiku [[xaHnOekoBa TOT CNVH paBeH eIUHU-
e, T.e. B MEXaHMYECKOM BUXPOHE MPOUCXOAUT MOJHOE KBaH-
TOBOE TpeoOpa3oBaHNe WHAYKTUPOBAHHOHN 3Hepruu B dopme
I'PaBUTALIMOHHOTO MOHOMOJISI MyTEM TEpexoja SHEPruu 3apsiia

BpamaTeJibHOro IBUKCHUS.



OT TUTI0Ca K MUHYCY U orpezenser ero ¢Bo0oaubiM. C ogHon
CTOPOHBI, 3TO BOTHOBOE ABMKEHME AHATIOTUYHO TBUKEHUIO CBO-
00/ THOr0 MUKPOBUXPOHA (DOTOHA U TaKXke KaK JIeKTPOMarHuT-
HBII TAKON MeXaHMYeCKUH BHXPOH CAMOCTOSITEJIbHO TeOMeT-
PUYECKU YCTAHABJIMBAET B IPOCTPAHCTBE MPU Pa3psIKE CTallU-
OHapHbIe COOCTBEHHBIE® 3EpHA-TIOTEHIIMATBI HA HOBOM BOJIHO-
BOJIC U CO3JaET COOCTBEHHOE CAMOJIBMIKEHUE (KBAHTOBBIN Tepe-
XOJl — KyJIbOUT) 10 HEMY. A C JIDyrOi CTOPOHBI, €Cli B (hoTo-
HE CMEHa 3HaKa 3apsijia MAarHUTHOT'O MOHOIIOJISI TPOUCXO/UT Ye-
pe3 MOCPEACTBO NMPOTUBOACUCTBYIOLIETO Pa3psAIKe JEKTpUYe-
CKOrO MOHOIIOJISA, TO OYepeAHasl 3apsaKa IPOTUBOMOIOKHOIO
I'PaBMOHOMOJISI IPOU3BOIUTCS BpallleHUEM rafiku Mocie KyIbOu-
Ta T.€. POTUBOMNOJIOKHBIM BpallIATEIbHBIM JIBUKEHUEM TaKU.
Kpome Toro, 3ToT rpaBUTallMOHHBI MOHOIIOJIb, )KECTKO CBSI3aH-
HBIH C BpAIAIOIIENCs CUCTEMO LIEHTpa MacC Tallku, B OKpyXka-
IOIIeM JTUCKPETHOM MpOCTpaHCcTBe (popMupyeT’’ cBOE COOCTBEH-
HOE BHEIIIHEEe IPaBUTALIMOHHOE T0JIE, TAK ke KAK EKTPUUECKUN
MOHOIIOJIb MMKPOBHUXPOHA (POTOHA (POPMUPYET CBOE BHEIIIHEE
noJsie, CocOOHOE B3aMMOJIEHCTBOBATh C JIEKTPUUECKUM TOJIEM
aTOMHOTO SIIpa U TaKKe KaK aTOMHbIE O00JIOUKU U3 JIEKTPOHOB
HEUTPAM3YIOT OOBEMHO 3apsi] SApa.

%p 3JIEKTPOMarHUTHOM BUXPOHE TOJIbKO OfIHa IOBEPXHOCTH chepbl B (hopMe criupa-
Jiell 13 MarHUTHBIX 3€PeH-NOTEHIMAIOB OIMHAKOBOM BEJIMUMHBI TEOMETPUIECKH YCTa-
HaBJIMBAET JIMILb OJHO 3€PHO-IEKTPONOTEHIIMAIA HA BOTHOBO/E (DOTOHA MU K-
TpOHa.

67 dopmMupoBaHUE BHELIHUX TOJIEH Ha3BAHHBIX MOHOIOJEN MIET M0 3aKOHAM WH-
IYKIUU (PUBUYECKUX TI0JIeH OT CTAllIOHAPHBIX MCTOUHUKOB.



Takum oOpa3om, Bo-miepBbIX, Hapsiy ¢ 3ddekrom [I. Cep-
na, rpaButoneéTom B. C. ['pebeHHMKOBA 1 JIEBUTHUPYIOIIMMHU Ka-
MeHHbIMU Osiokamu Tuberta, apdpext [IxaHnOekoBa — 3TO ca-
MO€ SIPKOE IKCIIePUMEHTAJbHOEe NOATBEPKAEeHHEe TOro, UTO
XOJIOAHbIE I'PABUTALIMOHHBIE MOHOMOJM, KaK U IEKTPUYECKUE,
UMEIOT JBa NPOTHBOMOJOKHBIX 3HAKA, A UX TOJIsI TAKXKe CO-
OTBETCTBYIOT TOJISIM 3aps/IOB CO 3HAKOM IUTIOC M TIOJNSAM 3apsi-
JIOB CO 3HAKOM MHHYC. Bo-BTOpBIX, 3TOT 3(p(PeKT JEMOHCTPUPY-
€T «KyJIbOUT» — KBAaHTOBBIN TIepexoji B AeOPOMIeBCKOM BOHE,
T.e. MpeoOpa30BaHNE WHAYKTUPOBAHHON SHEPTUM B MEXaHUYE-
CKUI BOJTHOBOUM KBAaHT, HO C y4acTHeM JIMIIb IPABUTAIIMOHHBIX
MOHOTIOJIel 000MX 3HAKOB U, B 0011IeM, 000CHOBBIBAET MPHPO-
J1y 3apO:K/1eHUs1 MeJJIEHHOTO0 BOJTHOBOI0 MEXaHU4€eCKOro
0e3bIHEPIIHOHHOIO IBHKEHHS TeJ € OMOpPOd Ha COOCTBEH-
HBIE TPABIOTEHIMAIBI BOJTHOBOJA — SKCIIEPUMEHTAIbHOE TOJI-
TBEPXKJIEHUE ITOr0 fIBJIEHUs ciyxkar Jietaiomue nucku . Cep-
na, B. Ilay6eprepa, rpasuronétsl . Kumm u B. C. I'pebennu-
KoBa. U, HakoHell, BliepBble BU3yaJIM3MPOBAHA TAHMHA KBAHTO-
BOTO Iepexojia NMpu NMepeBOPoOTe CIHHA — JBUXKEHHUE IIEHTPa
Macchl B/0JIb UHAYKTUPOBAHHOIO BOJIHOBOJAA IO COOTBETCTBY-
IOLUM OTIOPHBIM I'PABIOTEHIMAJIAM, T.€. MEXAHUYECKOE BOJIHO-
BOE JIeOpOIJIeBCKOE IBIKEHHE, T.€. TPABUTAIIMOHHBIA TOK rai-
Kku. bosiee ckopocTHBIE MexaHMYECKWe BO3AEUCTBUSA (JIeTOHa-
IIMOHHBIN yaap) A0 8—9 KM/Cek B KOHJIEHCUPOBAHHOW cpejie
TaKue, Kak B3pbIB XUMUUYECKMX BELIECTB MPUBOAAT K POXKAE-
HUIO-3apsiIKe B JaHHOM JIOKAJbHOM TOYKE MHOKECTBA MHUKPO-



I'PaBMOHOIOJIEH, KOTOpBIE NIPU Pa3psiiKe IPOU3BOAAT B3PbIB-
paspblB BHELIHEW NoBepxXxHOCTH. Ecnmm Takou mporecc nmpouc-
XOIUT B KJIACTEPE OIHOTO M3 OOBIYHBIX arperaTHbIX COCTOSTHUIA
MaKpoMaTepuu, TO co3Ja€Tcsl (PpOHT ylapHO 3BYKOBOI1 BOJI-
HbL. A eciy JOJKHBIM 00pa3oM C(hOKYCHPOBATh 3BYKOBBIE PE30-
HAHCHBIE BOJIHBI, [IPOHMKAIOLIVE U3BHE B TBEPIBIM KJIACTEP-Ka-
MEHb OIPEENIEHHOU (POPMBI, YCTAHOBJIEHHBIM HA TBEPIOM OC-
HOBaHMHU-PE30HATOPE, TO INOJISAPU30OBAHHbIE TUIEHEHHBIE U yXke
CTOSTYME 3BYKOBBIE BOJIHBI CIIOCOOHBI Ha TPAHMIIE Pa3fena PoK-
JaTh ¥ HAKAIUIMBATh CyMMAapHBIM AHTUTPAaBUTALMOHHBIA MOHO-
TI0JTb-KOKOH, CITOCOOHBII HE TOJIbKO HETPaIM30BaTh BEC KaMHS,
HO U NOJHATb €r0 MEJIEHHO U YIPABJSEMO Ha ONPEAEIEHHYIO
BBICOTY, @ 3aT€M IepeABUraTh OE3bIHEPIIMOHHO MO TOPU30HTA-
m — kamuan Tubera. Takue ke BRICOKOYaCTOTHO-3BYKOBBIE Me-
XaHWYECKME MUKPOBUXPOHBI OTBETCTBEHHBI 3a poxkjeHue ¢o-
HOHAMH Y POTOHAMH BUXPEBBIX IEMEHTAPHBIX TOKOB MAacCChl
aTOMOB, 3apsUKAIOLIMX Ha IPaHUIIE pasjiena «IryOy» IMOoJisi MHK-
POrpaBUTALIMOHHBIX MOHOMONEN. V, HaKOHell, caMoe IIaBHoe,
POXJEHNE MHAYKTUPOBAHHOIO I'DABUTAIIMOHHOTO MOHOMNOJS —
3TO Pe3y/bTaT MPOTUBOAECHUCTBUSA JIIOOOMY BO3MYIIEHHIO TIOKO-
SILErocsi ”HEPTHOTO KJiacTepa.

[Ipupona MexaHu3Ma TATOTEHUS, KaK U IIPUPOAA BO3HUKHO-
BEHUsI Macchl (CKJIaJa SHEPTrUM IOKOsA) Y MUKPOYACTHI] — ITO
VHIYKLMS, sIBJIeHUe, POTHBOAENCTBYIOIIee BpAlIEHUIO WIN
V3MEHEHUIO CKOPOCTH JBUKEHUS JIEKTPOMArHUTHOW MAaTepyH,
T.€. HEHTPOCTPEMUTEILHOMY YCKOPEHMIO IIPU BpAllEHUM Mar-



HUTHOTO MOHOIIOJISI B MUKPOYACTHIIAX, WJIM BpAIlEHUI0 3apsi-
Jla MacChl KJIacTepa aTOMHO-MOJIEKYJISIPHOTO BeIleCTBa BOKPYT
OTpeIeJIEHHON OCH.

B mMakpomupe clieyer JIIib YTOUHUTD THI JBHKEHUST MaK-
poTesia WM JIBUKEHUS YaCTUIl B HEM 0[] IeWCTBUEM 3BYKa WJIH
SOMB, onpenenuts pacnpenesieHue Macchl U €€ MJIOTHOCTU OT-
HOCHTEJIbHO OCU BpallleHUsI, 3HaYeHUsI e€ MOMEHTOB WHEpIUU
U UMITyJibca (MM 3apsij] SHEPrUMM BpalaTe/IbHO-TIOCTYIIATE b
HOTO JIBVDKEHMS) M TOTJIAa OMpEACUTCA TUI®® KBAHTOBO-BOJI-
HOBOTr0 OE3BIHEePIIMOHHOTO JIeOPOMIEBCKOTO JBVIKEHUS U €ro
KBaHTOBaHHbIE TMapaMeTPhl — JJIMHA BOJIHBI, TIEPHOJ] U3MEHE-
HUS BEJIMUMHBI TTApAMETPOB WJIM YacTOTa, MEXaHUYEeCKUN CIIMH
Y JIOTIOJTHUTEJIbHAS TIepeMEHHas TI0 BeJIMUMHE W 3HAKY SHeprus,
3ajaBaeMasi BHYTPEeHHUMHU MTapaMeTpaMy OCHOBHOTO TPaBHTa-
IIMOHHOTO MOHOIIONSA. M 3TOT mpoliecc HOCUT BCeOOIIUI Xapak-
Tep Kak Il MUKpOMATEPUH, TaK M JIII MaKpOMaTepuu — 3TO
BceoOmmii 3akoH Jlyu ne Bpoitns.

KBaHTOBBIEC TIEpeXO/bl TS TIepe3apsAKu HOCUTENST UHTyKTHU-
POBaHHOM SHEPryUM CAMOJBHKCHUsSI 3aps/IOB, CO3JIAOIIUX MHUK-
pOYACTHILy B MUKPOMUPE OIPEIESIAIOTCS €€ CIIMHOM, a B MakK-
pPOMHpE — OTHOCHTEJIbBHBIM MOMEHTOM WHEPIIMHU, €CJIM OH aKTH-
BUPOBAaH MOMEHTOM HMITYJILCA VT CAMOBPAIlEeHHEM TUIAHET,

B MHKPOMUPE THIT KBAHTOBO-BOJTHOBOTO JIBHKSHHSI 3aPsi/IOB ObIBACT CBOOOHBII
Y 3aMKHYTBII, NIepBblii 0Opa3yet (oToHsl DMB, a BTOpoi — MaccoBbie 31eMeHTap-
HbIE YACTHIIbI, B TOM YKCIIe aTOMHBIC 5/Ipa. B MakpOMUpe THIIOB IBUKEHHUS HACUHTHI-
BAeTCsI BEJIMKOE MHOXKECTBO, HAYMHAS C MPOCTEHIINX — MPSMOIUHEHHOE BIKEHUE
C OJIMHAKOBOK CKOPOCTBIO TBEPIIBIX TEJI JI0 BPAIaTEIbHO — KOJIeOaTeIbHbIX IBHKEHUI.



3BE3]1, TAJIAKTUK U T. [I.

Ortciona criefyer, 4TO NPUHYAUTEJNbLHOE BPallleHUEe MAaCChI
BOKpPYI cBoed ocu (cucteMa mnojpoOHasi cucteMe raiku Jlxa-
HUOEKOBa) CIIOCOOHO MHIYKTUPOBATh MEXaHNUYECKNH MaKpo-
BHXPOH BpallleHHsI, KaK IEPEMEHHbIN 110 BeJIMYMHE TPaBHTA-
IMOHHBII MOHOIOJb. Takoi MOHOIO/b TOJIKEH CHavYasia 3apsi-
auTtcest B (popme cepbl 13 crimpasield 0e3MacCoBbIX 3EpeH-TPaB-
NOTEHIIMAJIOB TaKUM JBUKEHHMEM JO BO3MOXKHOTrO Tpenesna®
B TaKoi KBaHTOBOM cucteme. [locsne npoiiecca 3apsaKy HacTyna-
€T ero paspsiika c MPOU3BOICTBOM BOJHOBO/A U3 3EPEH-TIOTEH-
IIMAJIOB U TOJIBKO TIOCJIe TOTO TaiiKa JielaeT KBAaHTOBBIN MepPeBO-
POT LIEHTpa Macc. 3aTeM CJIeyeT OIATh MPOLECC 3apsAKHU Mep-
BUYHBIM IPOTHUBOMOJIOKHBIM BpAlllEHUEM raiiku 3apsiaa-cde-
PbI IOTEHIIMAJIOB IPABUTAIIMIOHHOTO MOHOMOJS, HO yXke C MPOTH-
BOIIOJIOKHBIM 3HAKOM. MOMEHT JI0 Havyasa «KyJIbOuTa» TpH CBO-
OOTHOM JBMKEHWU COOTBETCTBYET MOMEHTY TOJHON pa3psii-
KM PaBUTALIMOHHOTO MOHOIIOJIS — 3TO CAaMOJBUKEHHUE-PACKPYT-
Ka (camoBparieHnue) ero cepsl B 0OpaTHYI0O CTOPOHY C yCTa-
HOBKOW MOKOSIIIIUXCS B MTPOCTPAHCTBE OMOPHBIX 3€PEH-TIOTEHIIN-
anoB. Takoii mpouecc — pa3psiika 1 YCTAaHOBKA CIIUPAIN BOJI-
HOBOJIa — 9TO U €CTh MPOJYKT JEUCTBUSI MEXaHNYECKOr0 MAaK-
poBuxpoHa. CiecTBHEM 3TOro npoliecca sSBJsieTcsi Oe3pHep-
IIUOHHBIN «KYJBOUT» UM CBOMCTBO TMPOCKOIA WU JIBHIKEHUE

% o a6comotHoit BemunHe WH/1yKTMPOBAHHBII IPaBMOHOIMOJb CTOJIb HE3HAYMTE-
JIeH, YTO Ha MOBEPXHOCTU 3eMJIM ero OOHAPYKHUTh He MPEeCTABIIAETCS BOSMOXKHBIM,
XOT#l B YCJIOBUSIX HEBECOMOCTH 3TO MOAAAETCS HAOMONEHHUIO.



BO3BpAIlAloNIerocsi OymMepaHra — BUXPeBOH TOK IO KOTOPO-
My CJIeyeT JBM)KEHUE IallKy C KPbUIBIIIKAMU WM YCTOMYMBOE
JBHKEHUE TMPOCKOIIA ¢ HEBUAUMOM OMOPON CUMMETPUYHOM CH-
CTEMBbI MACC Ha 3TU MOTEHIIMAJIB WJIM BO3BpallleHHe OymepaHra.
[epe3apsinka cdepbl 1O MUHUMAJIBHOTO pajlyca MaKCUMAaJb-
HBIX TOTEHIIMAJIOB MIPOUCXOOUT Kaxple ABa 000pOTa ¢ TIOMO-
IIbI0 IEPBUYHOIO BBIHYKAEHHOTO MMIyJbca BpauieHus. [Ipy-
T'MMU CJIOBaMHM, CUCTEMa Macc, nmojoOHas raiike [xannOekoBa,
camMa «OeCIOKOUTCSI» O COXPAHEHUHM CPEIHEH SHEPruM IyTEM
nepe3apsIki 3Haka rpaBUTAMOHHOTO MOHOIIONS € MOMOIIBIO
MHBEPCUU 3HAKa SHEPIUU MEPBUYHOTO BpallleHUs1, IepeBOPAYM-
Basl «KyJbOUTOM» MeXaHHYeCKHH KJII0Y 3apsiaa. ITO Mpouc-
XOIUT B MOMEHT JOCTHMXEHUsI BEJIUYMHBI Ipejiesia 3apsja HO-
CHUTeJIsI UHAYKTUPOBAHHOM SHEPruM B (pOpME I'paBUTALIMOHHO-
IO MOHOIIOJISI, KOTOPBIM CTAHOBUTCSI PaBHBIM MEPBUYHOMY I'pa-
BUTALIMOHHOMY 3apsay. Ilpu stom cnenyer 3apukcupoBarh ca-
MOE€ IJIaBHO€ — 3TO 3aps/iKka MEXaHUYECKOTO BUXPOHA, T.€. Ipa-
BUTALIMOHHOTO MOHOIIOJIS1, CBSI3aHHOTO C CUCTEMOM Macc Bpalle-
HUS$I CO CIIMHOM PaBHBIM €/IMHUILIE, PeaTU3yeTCs JIUIb NPHHYAU-
TeJbHOM aKTHBAllMel MOMEHTA MHEPIUH, 00pa3yeMoro BHelll-
HEel Maccol (KPBUIBIIIKY ralKu-0aparika), KOTOPhIM 10 3Have-
HHIO OOJbIIIE OCHOBHOTO MOMEHTA MHEPIMH, CO3/IaHHOTO CHM-
METPUYHOM OTHOCHUTEJIBHO OCU KPYIVIOM TalKOW (LWJIMHAP WIN
KOHyC) 0e3 e€ yiek. IMeHHO B TaKMX YCIOBHSIX 3apOKAaeT-
Cs MEXaHMUYECKUI BUXPOH, CIIOCOOHBIN ITPOM3BECTH MEXaHUYe-
CKMY KBAaHTOBBIN MIEPEXO]], C FAUKOMN U PEaTM30BaTh ITOJTHOE KBaH-



TOBOE MpeoOpa30BaHMe HAKOIUICHHOM 3Hepruu. B qaHHoM ciy-
yae rnepesapsaaka IapaMeTpoB KBaHTOBOW CHCTEMBI MACC IPO-
UCXOAUT Oe3 yJacTusi-reHepaIiy eKTPOMarHUTHOTO BUXPOHA.
Torpa oOmee onpeaenenvie 3akona Jlyu ne Bpoitis pist Tako-
ro Kjactepa MakpoMaTepuu MOKHO 3amucaTh CIEIYIONUM 00-
pazom: «Jlio0as Bpamaomascs CHCTeMa Macc UHAYKTUpYeT ( 3a-
pAaka cdpepbl) BOKPYT OCH BpAIlEHUs] CyMMAapHbIM I'paBUTa-
IIMOHHBI MOHOMOJb (eOPOIIEBCKYIO ,,IITy0y*), KOTOPBINA CIO-
COOEH M3MEHSTh YaCTUYHO U MEPUOANIECKH MOMEHT WHEpIUU
9TOM CUCTEMBI Ha BEJIMYMHY 3aps/ia 3TOrO HOCHUTENS, a TaKxke
CHOCOOEH HaKJIaIbIBaTh (MOAYJAMPOBATH ) CBOE BIIUSIHHE Ha T10-
BejieHre e€ Oe3bIHEPIIMOHHOTO JIBkeHHs (pa3psaaka cdepsbl,
BOJIHOBOE J1e0poilieBCcKOe ABHKEHNe ) Py cOpoce Win Te-
pe3apsIKe HAaKOIIEHHOU BPAIIEHUEM SHEPTUM».

Takum 00pa3oM, OCHOBHOE U IJIaBHOE CBOWCTBO I'paBUTa-
LIMOHHOI'O MOHOIIOJISI MEXaHMYECKOTO BUXPOHA BPALIAOIIErOCs
KJlactepa (CBOMCTBO HOJIb) — 9TO BUXPEBO-TI0JIEBOE 3alIOMHHA-
HHe BCEW UCTOPUM U3MEHEHN 1, CKOPOCTU U BPEMEHH, BEJIMYMHBI
Y HaIlpaBJIEHUS1 U3MEHEHUS [IBUKEHUS U TOKA B IPOCTPAHCTBE
JBHKEHUSI — 3TO HOCUTEITh, IEpEHOCUMK HH(popmanuu’™® u Mo-
AYJAATOP ABHKEHMSI.

70 Ha 910M CBOJCTBE OCHOBAHA M MO3IOBAsI ACSTENLHOCTh YENOBEKA — MOHOIIONb
CIIOCOOCH HE TOJIBKO 3alKCaTh COOBITHE C MOMOIIBIO 3epPEH-3JIeKTPOIIOTEHIMAIOB
B COOTBETCTBYIOILIEM Y3Jie TOJIOBHOTO MO3ra, HO M IPH ONpeesEHHOM BO3AEHCTBUM
Ha 3TOT y3el, aKTUBM3UPOBATh OOpAaTHOE POXIEHHE MOHOIONEH ¢ MEePEChUIKOH MX
B «PETPAHCIATOP» ISl BCIIOMUHAHUS TeX WM MHBIX COOBITHII YeIOBEKOM, MTPOM30-
IIEJIIUX C HUM JJa)e HECKOJIBKO JECSATKOB JIET Ha3a/l.



Torga mepBbIM CBOICTBOM I'PABMOHOIIONSI TAKOIO BUXPOHA
Oy/leT UCHOJHEeHUEe VCTOPUYN 3allOMHHAHUSI TBUKCHUS U W3-
MEHEHUS B 3apsI’KaeMOM I'PaBUTALIMOHHOM MOHOIIO/IE MEXaHuYe-
CKOrO BUXPOHA, MIPUBOJSAIIEE IIPU €r0 pa3psi/IKe K YBEINUYEHUIO
YCTOMYMBOCTH TIOJIOKEHHST OCH BpallleHUs1 POTOpa B MPOCTPaH-
CTBE, BpallleHUe TMPOCKOIIa WM K JIBUKEHHUIO BO3BPAILAIOIIEro-
cs1 OyMepaHra, KUTaiiCKOro BOTUYKa U T. [I. — U3MEHEHHUE MoBe/e-
HUS €T0 JIBMKEHUS U 1ae COBEpIIEHH S JOTIOIHUTEIbHON pado-
THI IO MTOJBEMY LIEHTPA TSKECTU B MOJIE 3EMIIN.

Dddexr IxannOekoBa, CBI3aHHBIA C WUHAYKIIUECW IPaBUTa-
MOHHOTO MOHOIIOJIS, IOCTATOYHOTO AJIsI POSIBJICHUSI €r0 B BU-
Je «KyJIbOUTa» B MAaKpOMATEPUH, ONIPee MM Kak BTOPOe CBOH-
CTBO CBOOOTHOTO MEXaHMUYECKOTO BUXPOHA.

OCHOBHOE CBOWCTBO (TpeThe) I'PaBUTAIIMOHHOTO MOHOIIOJIS
MEXaHUYECKOTr0 BUXPOHA, KOTOPOE MPOSIBJISAETCS JIUIIb MPU €ro
pa3psiiKe — 3TO YCTaHABJIMBATh CTALIMOHAPHBIE I'€OMETpUYe-
CKHU pacripe/ieIEHHbIE U CTPYKTYPHO BCTPOEHHbBIE B AUCKPETHOE
IPOCTPAHCTBO OKOJIO LIEHTPa MAcC BPAIIAIOLIErocs Tejla MOKO-
simuecsi onmopHbIe (1eOpoilieBckast «Imyoa-000JI0uKa» -BHUX-
peBbIe MOJIsI) TPaBUTALIMOHHBIE MTOTEHIIMAIBI BOTHOBOMA ’! 1axe
B BaKyyMe KOCMOCa. DTO CBOMCTBO CBSI3aHO C IVIABHBIM CBOW-
CTBOM I'MPOCKOIIA COXPAHATh YCTOMYMBOCTb U HAIIPABJIEHUE OCU

"' 311 onopHbIE MOTEHIMAIB! ABJISIOTCH OCHOBHOM MPUUMHON GE3HHEPLHOHHOIO
JBUOKeHUs1 «Tapesiok» B. Illaydeprepa u [I. Cepna. FIM OMOraroT B 9TOM CyMMapHBIT
T'PaBUTAIMOHHBIN MOHOIIOIb MEXAaHUYECKOTO BIXPOHA, YMEHBIIAIINN BEC U UHEPT-
HOCTb «TapesKh», a TAKXKe BOJHOBOE JBMKEHHE TOPPOUAAIBHOTO MOJA HeOpoiiieB-
CKOH «IIyObI» CKBO3b aTMocepy (MIM BaKyyM KOcMOca) B IIPOCTPAHCTBE.



CBOOOJHOTO THPOCKOMA M OOBsCHSCT (PU3NYECKUN MEXaHW3M
ero cBoicTB. [louemy Takoe OBICTPO BpaImawiieecs yCTpou-
CTBO COXpaHsIeT YCTOWYMBOCTh W HAMIPABJIEHUE OCU B MIPOCTPaH-
CTBE, T.€. KaKOB (DU3NYECKUI MEXaHU3M TOrO siBjieHus1? OTBeTa
Ha 3TOT BOIPOC B OTKPHITOM JUTeparype HeT. CorylacHo peaJib-
HOMY NpeJCTABJEHHI0 MarHUTHBIA MOHOIOJIb B CBOOOJIHBIX
JIEKTPOMArHUTHBIX MUKPOBUXPOHAX UMEET CBOMCTBO MPU pa3-
PSAJIKE ¥ 3apsIJIKe COXPAHSITh IEPBUYHOE HATIPABJICHUE ABVKCHUS
(otoHa, T.e. cCOXpaHATh COOCTBEHHYIO OCh BpAIIIEHUs C ONOPOI
Ha COOCTBEHHBIE JIEKTPOIIOTEHITAAIIBI TP CO3[JAHUH BOJTHOBOJIA
(poToHa. AHAJIOTMYHO, CO3JaHHBIN BpallleHUeM CBOOOJHOTO T'M-
POCKOIa XOJIOHBINA IPaBUTAIIMIOHHBI MOHOMOJb TIPU pa3psIKe
IIPOU3BOIUT OTHOCUTEJIBHO MOKOSIIIIUIACS BOJTHOBO/I, @ CAMOJIBH-
JKEHUE M0 HEMY YaCTUYEK MaccC, COCTABJISIIOIINX CUMMETPUYECKU
pa3MelleHHOe TeJIO POTopa, COXPaHsET HAMPaBJIeHUE OCU B MPO-
CTpaHCTBe, 3a/JaHHYIO0 MIEPBOHAYAILHO BBIHYK/€HHBIM Bpaliie-
HUeM rupockona. Eciu B okpy:xaolei cpejie, Hanpumep, Baky-
YM, OTCYTCTBYIOT IOJBHXHBIEC YACTULBI C MACCOU (CTPYKTYPH-
POBaHHOW MaTepue), TO 3TU MOTeHIIMAIbl BOTHOBOIA MHTYKTH-
PYIOT BO BHEIITHEM MIPOCTPAHCTBE TOJILKO JOTOTHUTEIbHBIN Ipa-
BUTAIIMOHHBIM MOHOIIOJIb, CO3/IAIOIINNA OMOPY (TUPOCKOI, BCe
BpAILAIONINeCs TUIAHEThI, 3BE3/bI, TAJIAKTUKU M COJIHEYHAS CU-
cTeMa) JUisl OpHEeHTAlM YCTAHOBJIEHHON ocu BpaileHus. OT-
crofia clielyeT, YTO MepPOM MHAYKTUPOBAHHOW MHEPTHOCTH C CO-
XpaHeHHEM HarpaBJIeHYs OCH BpaIIeHHsI BO BpalllaTeJIbHOM JIBH-
JKEHUW THPOCKONA SIBJISETCS JeOPOMIEBCKIe KBAHTBI-«IIy0a»,



CBSI3aHHBIE KECTKO C LIEHTPOM MAacCC BEILECTBEHHOIO KJacTepa.
A HocHUTeJeM 3apsAAa 3TOM WHAYKTUPOBAHHOW WHEPTHOCTH
SIBJISIETCS1 XOJIO/IHBIN I'PaBUTALIMOHHBIA MOHOIIOJIb MEXaHUYECKO-
r'0 MakpOBHMXPOHA, CIIOCOOHOTO MpU pa3psiike BOKPYT OCHU T'M-
POCKOMa CO3/AaBaTh MOKOSIIMICS BOJIHOBOJ U3 OMOPHBIX I'PAB-
MOTEHIMAJIOB, JBUKEHUE MO KOTOPHIM TMPOCKONA U CO3[IAET U3-
BECTHYIO JIONIOJTHUTEbHYI0 HHEPTHOCTb OCU BPallICHHUSI.

Ecimu ke Takue vacTuipl Macchl NPHUCYTCTBYKT B cpelie
¥ UMEIOT OIpeAeeHHYI0 TMHY CBOOOTHOro mpodera, TO OHU
CO3/1AI0T BJOJIb MOTEHIMAJIOB BOJIHOBOJA BUXPEBBIE I'DAaBUTA-
IIMOHHBIE TOKU (BBIHOC JOMOJHHUTEJIbHON YHEPrum), KOTO-
pbl€ OIATh MOPOXKAAIOT 3apsi/IKYy cpepbl HOBOI'O IPAaBMOHOMOIS
Y Ha HOBOM MecTe. Tak poskaaeTrcst 3ByKOBasi BOJIHA.

B ciyyae BpalieHHs MaCCMBHBIX KJIACTEPOB C MOJIYLIeJIbIM
CIIMHOM Tiepe3apsiKa co cOPOCOM SHEPruy WK APYTUMU KBaH-
TOBBIMU [IEPEXOIAMU ITPOUCXOAUT MYTEM MOCIIEOBATENBHOM BbI-
COKOYACTOTHOM T'€Hepali I'PaBUTAIIMIOHHOTO MOHOIIONS U €ro
CIIOHTAHHBIM KBaHTOBBIM TIEPEXO/IOM 2 B MATHUTHBIA MOHOTIOJb,
B pe3y/ibTaTe Yero akTUBUPYETCS BCS TpUa/a KBa3uUCTallMOHAp-
HBIX BUXpeBbIX nosiei. [Ipu 3ToM, Kak NOKa3bIBAIOT YCTPOKCTBA
H. Cépna u B. [llayGeprepa, UCMOMB3YIONIMX BpaIaTeIbHOE TBU-
KeHre pabouero Tesa, MOSBISIETCS BO3MOXHOCTb YIPABJICHHS
9TUM CyMMApHBIM TOPOMJAJBbHBIM IOJIEM, OKPYKAIOIIUM «Ta-

72 Benencrne Pa3HOCTH B CKOPOCTSIX U3MEHEHUs1 I'PABUTALIMOHHOTO M MATrHUTHOTO
MOHOTIOJIEH TIPOIecC HOCUT CIIOXKHBIA KBAaHTOBO-CKAHUPYIOIIMI XapakTep depe3 00-
pa30BaHKe CTALIMOHAPHOIO MArHUTHOTO IOJSL.



PEJIKy», UTO TIO3BOJISIET MPAKTUYECKU 0€e3bIHEePIHOHHO " BU-
raTbCs 1oj yIjioMm, 1o BEPTUKAJIM, TaK U 110 TOPU3OHTAIIH, IE/1aTh
NOBOPOTHI WJIM BOOOIIIE 3aBUCATh HEMOABMKHO B TIPOCTPAHCTBE
HaJ1 3eMJIEN. Kpome Takux MoETOB B 3TUX YCTPOMCTBAX BO3MOXK-
HO MPOU3BOJICTBO IEKTPOIHEPIUU (TIOJIE3HOE CBOWCTBO), & €r0
NIepeMEeHHOe TI0JIe CIIOCOOHO TeHEePUPOBATh NEKTPOMArHUTHOE
U3JTyYeHHe (BpEIHOE CBOMCTBO), T.€. JEKTPOMATrHUTHBIE BUXPO-
HBI — COPOC SHEPrum. A eciii CHUMATh 3Ty OCBOOOJVBIIYIOCS
SHEPruIO B CIIEUAIILHO MOJTOTOBJIEHHbBIE IEKTPUUECKUE CXEMBI
IU1s €€ 3axBara, HaxosAL1ecs B K IylIeM pexruMe, a 3aTeM Ipo-
W3BOJIUTH BBIBOJ] PEOOPA30BAHHON SHEPIUH B HATPY3KY IS TIO-
JyuyeHus Teria, kak y B. Pomuna u C. ['onquHa, TO nipu 3TOM
YBEJIMYMBAETCSI BOSMOKHBIN MpeieJsa 3HAYeHUI UHTyKTUPOBaH-
HOTO HOCHTEJISI TIO0 aOCOMIOTHOM BEJTMUMHE /17151 YCTAHOBUBILIETO-
Cs1 9TOrO PaBHOBECHOT'O COCTOSIHUSI CUCTEMBI.

B 3aBucuMoCTH OT HampapjieHUs BpallleHUs, CUCTEMa Macc
HauMHAeT CWJIbHEN NpUTArUBarcs (XO0JO04HAs1 CylmeprpaBH-
Talusl) WK OTTAJIKUBATHCS (XOJOJAHASI AHTUTPABHTALNS)
ot noJisA TArotenust 3emun. Y Jlxona Kuim B ero skcnepuMmeHTe
¢ 4-X TOHHBIM METAJUIMYECKUM 1LIAPOM, JJIsI AOCTUKEHHUS aHAJIO-
T'MYHOM 33/1a4M TPUMEHSUICS CTAPTOBbIN 3BYK B KOHTAKTe C 10-
BEPXHOCTBIO 111apa WM HA ONPeeJéHHOM PACCTOSIHUM OT HETO.
BcenencrBue 3TOro MHAYKTUPOBAICS XOJIOIHBIN TOMOTHUTENb-

3 Be3bIHEpIIMOHHO — 3TO COBEPIIIEHHO HE 3HAYUT JBUTAThCS, Kak (DOTOH, ITO 3HA-
YUT TAHYTh CKOMIIEHCHPOBAHHBIH BeC M HEUTPATM30BAHHbIN B HOJIb 3apsi] MAacCHI B CO-
OTBETCTBHH C TIPUJIOKEHHOM JIeOpOMIEBCKON BHEIITHEH TATONW — U3BECTHBI CKOPOCTH
Ge3BIHEPIIIOHHOTO ABIKEHHS Oe3 pa3pyIlIeHns CTPYKTYpPBI Macchl oT 1 1o 10km/cex.



HBIA K OCHOBHOMY I'PaBUTAIIMOHHBIN WJIM aHTUT PAaBUTAIIMOHHBIN
MOHOIIOJIb MEXaHMYECKOI'0 BUXPOHA BOKPYT OBEPXHOCTH I11apa.
Jl7s1 ero pocra map OblJI0 HEOOXOAMMO BCE BpeMs TIOIUTHIBATH
COOTBETCTBYIOLIUM 3BYKOM.

Eciu He cCHUMATB 3TOT HaKAIUIMBAEMbld BPALLICHUEM JIeK-
TPUYECKUU 3apsi]l U HE KOHTPOJIUPOBATb BUXPEBBIE EKTPU-
YecKHe TOKH, pa3BUBAIOIIMECS OT OCHU K rnepudepuu, To UIET
HeyIpaBJisieMasi peakliysl pacllielUIeHUs] BHYTPEHHEW SHEpPruu
BelllecTBa padoyero Tejaa U MpOM30MAET B3PbIB, KaK 3TO CIIy-
ymtock ¢ ycrporictBoM K. PeHo n anogom peakropa C. Ana-
MeHKO. [ToaTomy 4eTBEépTO€E CBOWCTBO MEXAHUUYECKOTO BUXPO-
Ha 00YCJIOBJIEHO CTIOHTAHHBIM KBAHTOBBIM I1€PEX0/I10M B JJIeK-
TPOMarHUTHBIA MakpoBUXpoH. Ecim raiike JxaHnOekoBa CBOM-
CTBEHHO [IBU)KCHUE-KYJIHOUT BIOJb CO3JIAaHHBIX € TPaBIIOTEH-
IIaJI0B BOJTHOBOJA, TO B OCHOBHBIX HAOMIONAEMBIX SIBICHUSIX,
KyJIbOUT HEBO3MOKEH M3-3a MPEBBIILIEHUN SHEPTUH OCHOBHOTO
MOMEHTA MHEPLIMU TUPOCKOIA HAJl JPYTUMHU BTOPOCTENIEHHBIMHU.
A mepe3apsiiKa rpaBMOHOIIONS Oy/IET MPOUCXOAUTD IPH €ro pas-
ps/iKe yepe3 KBAaHTOBBI BHICOKOUACTOTHBIN CKAaHUPYIOIIUN TIe-
pexo[1 Ha pereHeparyio ObICTPOro MarHUTHOT'O MOHOTIOJN S — MPO-
1iecc OOpaTHBI OOPA30BAHUIO MACCHI Y JIEKTPOHA.

PaccMOTpeHHBIN Ipoliecc CYLLECTBEHEH MO MpejieJiy Belu-
YUHBI TPABUTAIIMOHHOTO MOHOIIONS ISl 00Jiee MAaCCHBHBIX Tel
C HyJIEBBIM CIIMHOM, HallpuMep, U1 sIep IJIaHEeT U 3BE31. Bpa-
HIeHHe spa Kiactepa’ Macchl ¢ e€ 0CeCMMMETPUYHBIM pacrpe-

4 ..
7 HCO6XOIH/IMO 3aME€TUTD, YTO CaMOBpallalonueca 3B€31bl 1 HEKOTOPHIC aKTUBHBIC



JICIEHUEM yxke UIET ¢ MHAYKIIMEN CBSI3aHHOTO C MAacCOM 3JIeK-
TPOMAarHUTHOTO THIIEPBHXPOHA 4Yepe3 BhIHYXKJEHHOE Bpailie-
HUe”> CBA3aHHOTO C MacCOM MarHUTHOTO MoHoMoNsA. Hanpumep,
BpallleHUe KBa3apoB U IyJIbCAPOB, HEUTPOHHBIX 3BE3J, sjpa
ConHua u gaxe BpaineHue crytHuka Mo, kak omHoM maTepu-
QJIbHOW TOYKHU CO CBOMM MOMEHTOM MHepiuu, BOKpyr IOmnuTte-
pa poXk/JaeT Takve MepeMEHHbIE JIEKTPUUECKUE M0JIsl, KOTOPbIE
y’ke CIIOCOOHBI TEHEPUPOBATh MOTOKU 3JIEKTPOMArHUTHOTO W3-
Jy4eHHUs] — TIOPOXIalT cOpoc IHeprun. [Ipu 3ToM, Hemaso-
BaXHBIM 3HAUEHHEM, XapaKTepU3YIOIIMM TaKOe KBAaHTOBOE Ipe-
o0pa3oBaHUEe SHEPTUU B MaKpOMAaTEepPHUH, yKe SIBJISIETCS MOCTO-
STHHBIM MapaMeTp Mpoliecca — OTHOIIIEHWE MarHUTHOTO MOMEHTa
K MEXaHUYECKOMY, WU MAZHUMOMEXAHUUECKOe VU, KaK Y MUK-
POYACTHLL, 2upomazHumuoe oTHoueHue. [1o3ToMy msaTbiM CBOU-
CTBOM 3TOT0O MeXaHHY€eCKOro BHXPOHa OyJIeT ero B3auMoo0-
pPaTUMOCTb SIBJIEHUM KBAHTOBBIX [IEPEXO/IOB B JJIEKTPOMATrHUT-
HbIfl THIEPBUXPOH H HA00OOPOT. DTO CBOWCTBO BHIHYXKJCH-
HOE 1 00YCJIOBJIEHO HAKOTIJIEHUEM SHEPrud B (POpMe IrpaBUTAIH-
OHHOTO MOHOIIOJISI KJIACTEPAa MacChl 1 HEBO3MOKHOCTH '® pa3-

TUIAHETBI UMEIOT HEPABHOMEPHOE PACIPEACIICHUE MACCHI OT LIEHTPA — MJIOTHOCTh MacC-
CbI y6])IBa€T K HepI/I(bepI/II/I. O,[IHaKO X BHCIIHUEC Cq)epbl, HUMEIOIINE KaK U T’MPOCKOIT
PaBHOMEPHOE pacCripeeJICHUE MaCCbl OTHOCUTEIILHO OCH, CIIOCOOHBI MpenATCTBOBATh
INOJTHOMY KBaAaHTOBOMY II€pexony, T.c. CB06OZ[HOMy JBUKCHUIO rauku H)KaHI/I6eKOBa.

5 o ..
! Bpartienrie nocTosHHbIX MarHUTOB B ycTpoicTBax CEpna Bceraa reHepupoBallo
BBICOKME 3HaYEHU S IEPEMEHHOI0 EKTPOCTaTUUECKOTO MOJIA.

76 Ectp IMPUYINHBI, KOTOPBIC MTPETIATCTBYIOT TAKOMY BOJIHOBOMY IBHUKCHUIO, KAK 9TO
3aME€YCHO Y 'MPOCKOIIOB U CaMOBPAIIAIOINXCA IIAHET U 3BE3/I.



PSIIKH-TIEPETIOIIOCOBKY €ro MyTeM KBAaHTOBOTO MEXaHUYECKOTO
MIEPEBOPOTA LIEHTPA MACC. DTO SIBJICHUE CBOMCTBEHHO 3aMKHY-
TBIM MUKPOBHUXPOHAM, 00Pa3yIOIIMX MUKPOUYACTHIIBI C ITOJTyIIe-
JIIM CIIMHOM TPU KBAHTOBOM MEpeXoie MarHUTHOTO MOHOIIO-
JISl B TPABUTAIIMOHHBIN, a 3aTeM pereHeparysi MarHUTHOTO T'pa-
BUTAITMOHHBIM, HO C HEOOJIBIIIUM OTJINYMEM. B Takux MuUKpoda-
CTUIIaX HE TeHEPUPYETCsl MPOTUBOIOJIOKHBIA MATHUTHBIA MOHO-
nosb. [ToatoMy cOpoc sHEpruM runeprpaBMOHOINONST TPOUCXO-
JIT MyTEM pa3psiIKU-NHBEPCHU MATHUTHOTO TUTIEPMOHOTIONSI
C IPOU3BOJICTBOM BOJIHOBOJIOB U3 JIEKTPOIIOTEHIIMAJIOB U CO3/1a-
HUEM MPOTUBOMOJIOKHOTO MArHUTHOTO — 3TO IIECTO€ CBOWCTBO
MEXaHUYECKOrO IMIEPBUXPOHA. A yKe BPAIIAIOIINIACS MarHUT-
HBII TUTIEPMOHOMOJb KJIACTepa MacChl MIPU CBOEH 3apsiiKe-pas3-
psjke (bOpMUPYET BOJHOBOABI U3 JIEKTPOMNOTEHIIUATIOB, KOTO-
pble ¥ CO3/1al0T OYEHb CUJIBHOE MEJIeHHO U3MEHSIOINIeecs: KBa-
3UCTAIIIOHAPHOE JIEKTPOCTATHUECKOE TOJIe M0 PAAUYCy OT OCU
K niepucdepun. M BOT yke 3TO 1ojie CiocOOHO TeHepHpOBaTh IM0-
TOK MaKPOBUXPOHOB, YHOCSIIIIUX SHEPTUI0 B BUJE NEKTPOMAr-
HUTHOTO M3JIy4eHUsI — cOPOC SHeprum cucteMbl macc. Takoe
sIBJIEHHE CBOMCTBEHHO CBSI3AHHBIM C OCHOBHOM MacCOM TUIep-
BUXPOHaM (JIeOpPOIJIEBCKON «IIIyObl») BCEM CAMOBPAIAIOIIAMCS
3BE3aM U IUTaHETaM, B TOM YKCJIe U HEUTPOHHBIM 3BE3/1aM, Y KO-
TOpbIX Niepuon BpaieHus orenusaercs ot 0,001 no 4,3 ¢. 3xech
clieyer oOpaTuTh BHUMaHUE Ha JEWCTBUE MHOTUX KOHKYpPUPY-
IOIIHX TPOIIECCOB:

1. IInutenpHasi O BpPEeMEHM BBICOKOYACTOTHAsI CyMMapHasi



VHJYKIMS TOCTUKEHUS Mpe/iesa 3HAYEHUs] IPABUTALIMOHHOTO
MOHOITOJISI MEXaHUYECKOIO BUXPOHA.

2. JIocTaTOYHO JJIUTETLHOE BPEMS €r0 pa3psiIKU IPU KBAHTO-
BOM BBICOKOYACTOTHOM MEPEXO/Ie B IEKTPOMarHUTHBIN.

3. BBICOKOYACTOTHOE CKAHUPYIOIIIEE KBAHTOBAHUE COCTOSTHUSA
I'PaBMOHOIIOJISI TIPY PEreHepali MPOMEXYTOUYHBIX 3HAYEHUU
KBaHTa MarHUTHOTro MOHOIMOJs1. Co3/1aHue KBa3UCTAlIMOHAPHOTO
ME/JIEHHO MEHSIOIIEroCsi MAarHUTHOTO U 3JIEKTPUUYECKOrO TOJIst
BCJIE/ICTBHE U3MEHEHU S 3HAUeHUI TPaBUTAIIMOHHOTO MOHOMOJS.

4. KBaHTOBBIE SIBJIEHUS] MATHUTHBIX MIEPEXOJOB U UX B3aUMO-
JIEMCTBUS C OKPYXKAIOIIMM BEUIECTBOM M IMOJIEM, aHAJIOTMYHbIE
SIBJICHUSIM, TTPOUCXOJISIIIIMM B IIIAPOBOW MOJIHUU.

5. Tlepe3apsiaka TpaBMOHOIONS MEXaHUYECKOro MaKpo-
BHUXPOHA Yepe3 MOCPEACTBO NIEKTPOMArHUTHOIO MAKpPOBHUXPO-
Ha.

6. IloMumo pereHepaliid MarHUTHOIO MOHOIIOJISI B CBSI3aH-
HOM C OCHOBHOW MacCOW MEXaHMYeCKOM BHXPOHE, pa3psiKaro-
IIUICS TPAaBUTALIMOHHBIA MOHOIMOJIb SIBJISIETCSA €€ U UCTOUYHU-
KOM I'DaBUTAIIMOHHBIX BOJIH — 3BYKA.

DddexT [IxaHnOekoBa BOZMOXEH JIUIIIb TTPH OMpeAeIEHHBIX
COOTHOIIIEHUSIX OCHOBHOIO MOMEHTA WHEPIMHA CUMMETPUYHO
pacnpeaes€HHOM MacChl BOKPYT OCH M BHEIIIHETO MOMEHTA UHEP-
1MUY KPBUIBIIIEK TallK1, MAacChl TAaKH, a TAKXKE U Mpejesia 3Haue-
HUSI TPaBUTALIMOHHOIO MOHOIIOJISI HA CO3JIaHME BOJIHOBOJA HO-
BOU OCH BpallleHHsI Ha KyJIbOUT-TIEPeBOPOT IieHTpa Macc. Macca
raiki CO 3HaU€HHEM BEJIMUMHBI BhIIIE TUIAHKOBCKOMN JBUKETCS



«KYJBOUTOM» B TIPOCTPAHCTBE’’ TIO1 ACUCTBUEM I'PABIOTEHINA-
JIOB, YCTAHOBJICHHBIX HA TMOKOSIIEMCS] BOJTHOBOJE U OMUPAETCS
Ha HUX — 3TO Ba)KHOE CBOMCTBO OMPEJEIUM CeAbMbIM. AHaJIO-
TMYHO MPOUCXOOUT B (ha30BOM 00bEME (POTOHA — TaM MArHUT-
HBIH MOHOITOJTH 6€3 MacChl JIBMKETCSI C OITOPOM Ha SJICKTPOIIOTEH-
rasbl. OTHAKO TaKkoe JIBUKEHHE BO3ZMOXHO TOJIBKO B CB00O/1-
HOM (CIHMH paBeH €AVHMIIE, BOCbMOE€ CBOWCTBO — (popMHUpO-
BaHMe CIIMHA) BpallaTeJbHO-TIOCTYATeIbHOM IBUKEHUU U TIPU
OTpeJeNIEHHBIX BHEITHUX YCIOBHUSX. DTH YCIOBUSI B MPUPOJIE
TaK K€ PEeJIKO BCTpeyaeTcsl, Kak M YCJIOBHSI 00Opa30BaHUS Mapo-
BOW MOJTHUM.

DKcrepuMeHTalTbHas (PU3MKa MOKA3bIBAET, UTO MEXIY MeXa-
HUYECKUMHU U MATHUTHBIMU MOMEHTaMHU MOJIEKYJI (aTOMOB) Cy-
IIECTBYET Olpe/iesieHHast CBsi3b. Mexk 1y MeXaHMYeCKUMU U Mar-
HUTHBIMM MOMEHTAMHU MAaCCHUBHBIX OOpa3IloB, TUIAHET U 3BE3[
TaK)Xe CyIIECTBYEeT B3auMOCBs3b. COOTBETCTBYIOIIME TUPOMAr-
HUTHBIE 3(PDEeKTH 0OOHAPYKEHBI SKCIIEPUMEHTAJTBHO:

— 3¢ dexT DrHmTerHa — Ae Xaa3a — eCJId HAMArHUTUTB TOJI-
BEIIIeHHBIN BEPTUKAJIBHO IIWIMHAP, TO COIJIACHO 3aKOHY COXpa-
HEeHHUsI MOMEHTA KOJIMYeCTBa JIBUKEHHSI OHOBPEMEHHBIN MOBO-
POT CBSI3aHHBIX aTOMOB BHYTPU 00paslia IOJKEeH BbI3BATh TIOBO-
POT BCETO IWIIMHJIPA BOKPYT OCH — 3TOT MOBOPOT ObLT 3a(hUKCH-
POBaH MO YTy 3aKpy4rBaHUsI HUTH TIOJIBECa,

77 [pocTpaHCTBO 9TO UCKPETHO, & CTPYKTYPa COCTOUT I3 3EPEH-TIOTEHIMAIIOB, 110~
3TOMY YCTaHABIMBaeMBbIe OTIOPHbIE OTEHIMAIE BCTPAUBAIOTCS CTPYKTYPHO B Takoe
JUCKPETHOE POCTPAHCTBO.



—a3¢dekr bapHera (o6paTHbIi 3 eKT) — OBICTpOE BpallieHue
HWIMHApPA TPUBOIUT K TOSIBJIEHUI0O HAMArHUYEHHOCTU BJOJIb
ocu. Haunbonee vccnenosan 1ot 3¢pekt B pemnynbcrne B. [ay-
Oeprepa, a BpallleHHe MarHUTHOTO MOHOMOJISI IPUBOIUT K MH-
JOYKIIAY SJIEKTPUYECKOTO TOJIs1, KaK 3TO IEMOHCTPHUPYIOT YCTPOU-
crBa /. Cepna.

OCHOBHOI1 3aKOH NPHPO/IbI — MATHUTOMEXaHUYECKOE OT-
HOIIIEHWE IS JII0ObIX BPAIIAIONIMXCS PABHOBECHBIX CHCTEM
C MaccoM eCTb BeJIMYMHA TIOCTOSIHHAS.

TopHaao — X0J0AHBII IPABUAJIEKTPOMATHUTHBIN MO-
HOIOJIb.

PaccMoTprM mporiecchl BUXPEBOM MHIYKIIMU TPaBUTAIIMOH-
HOT'O MOHOIIOJISI MAKPOBUXPOHA B arMocepHOM TopHano. Me-
XaHWYECKUI MaKPOBUXPOH POXKIAETCS MPU BUXPEBOM MEPEHO-
ce KpUTHYECKOIN Macchl MapOBOASHOW CMeCH arMoc(epHOro
BO3/IyXa B U3BECTHOM IPUPOIHOM SIBJICHUU KaK TOPHA0 — 3TO
CBSI3aHHAsl MEXaHMYeCKasi CUCTeMa 3apsiia Macc ¢ MOMYLEIbIM
cnuHoM. TopHag0 — 3TO BUXpeBOe IBMKEHUE CMECH rasa B aT-
Mocdepe, BbI3BAHHOE BpallleHneM 3eMJIM U UCTIAPEHUSIMU BOJIbI
TETJIOro OKeaHa, 00pa3yIollero ABMKYIIUICS BOKPYT COOCTBEH-
HOW OCU BU3YyaJIbHO BUIMMBIN U BOTHYTbI KOHYCHBII KJlacTep —
BOJIHOBO/I-TIOJIE C BUAMMBIMYM BUXPEBBIMU TOKAMU MOJIBUXKHbBIX
yacTull ¢ Maccoil. TopHago — 3T0 TpoNMYecKHe LMKJIOHBI, ypa-
ranbl, TaridgyHsl 1 cmepur. Ha JlanbHem Bocroke u B FOro-Bo-
CTOYHOM A3MM TPONUYECKUE IUKJIOHBI HA3bIBAIOT TakyHamu,



a B CeepHoii u lOxHoi AMepuke — yparanamu '8, Takue ypara-
HBI-Tal(PyHBI pesxe NoABIAITCA B FOkHOM nonymapuu 1o cpas-
HEHMIO C 4YacToTou ux poxaeHus B CesepHoM. Ha ceBepo-3ana-
ne Tuxoro okeaHa BO3HUKAIOT camble OOJIbIIINE Ha 3eMJie TPOITH-
YecKHe ITMKJIOHBI, IPUMEPHO BJIBOE OOJIBIIIE IO MAcCe TPOIruJe-
CKMX LIMKJIOHOB ATJIAHTUYECKOTrO OKeaHa. B otuume ot Tponu-
YEeCKHX IMKJIOHOB, BHETPOMMYECKHUE 1IMKJIOHBI MOIYYalOT SHEP-
TUI0 IPEUMYILIECTBEHHO OT TOPU30HTAJIbHBIX I'PAIUEHTOB TEMIIE-
parypsl Bo3ayxa. Tponrueckue HMKIJIOHbI 3aPOKIAI0TCS B IITH-
JIEBOUM 30HE HaJl OKEaHAMHU, B OCHOBHOM MEXIy IIMPOTaMu S—
25°, kak B CeBepHoM, Tak ¥ B KOxHOM monymiapuu, HO MOJ-
HOCTBIO OTCYTCTBYIOT B 9KBATOPHAJIBHON 30HE, OrpaHUYEHHOMN
NPUOTM3UTENLHO S5° CEBEPHOU MIMPOTH M 5° 10KHOUW IUPOTHI,
T.€. TPONMMYECKUE IIMKIJIOHBI OOBIYHO BO3HUKAIOT HA PACCTOSHUM
He MeHee 550 KM 1M S rpajlycoB IIMPOTHI OT IKBATOPA. ITO TaK
Ha3bIBAEMBIE «NOSCHl YPAZAHOB» .

Takum 06pa3oM, poxaeHUe MPOTUBOIOIOKHBIX (DOPM TOpPHA-
70 IO 006€ CTOPOHBI OT SKBATOPA SIBJISIETCS MPSIMBIM CBUIETETb-
CTBOM HEIOCPEICTBEHHOTO YYaCTHs B 3TOM MPOLIECCE BPAILIEHU A
3emun.

B Atnantuke «nosic ypazaroe» pacriojlokeH B TPEYrOJIbHOU
30HE TeIUIbIX TeueHuu [onberpuma mexnay 3anagHou Adpu-
KOM M1 MEeKCHKaHCKMM 3aJIMBOM. 3/1€Ch B NIEPUO], C HaYasla Bec-
HBI IO Hayasla HOSIOpsI MOBEPXHOCTHBIE BOJIbI BCETJa MPOTrPETHI
1o 27 ° C. Bocxonsimye MOTOKM CO CTO MPOILIEHTHOM BJIaXKHO-

78 http://www.youtube.com/watch?v=J3Jzs_PDHEc



CTBIO B BUJIE HEBU/IUMBIX IJIa3y MHOTOUHMCIIEHHBIX BEPTUKATBHBIX
CTPYH MOAHNUMAIOTCS KBEPXY, 00pa3ys epBUYHbIE 0OIauHbIe 00-
pa3oBaHus ¢ BUXpeBOoM cTpyKTypou. [1o mepe Bparnienus 3emiiu
9TU 00J1aKa 3aKPyUYMBAIOTCSI COOTBETCTBYIOIIUM OOPa30OM U MpH-
ommxatorcst K Gnopune (CIHIA), Bc€ OGosbiiie HACHITAsACH Mapa-
MU BOJIbl U paCKPYUMBAsICh, yKE MPEBPALIAIOTCS B BU3YAJIbHO BU-
JUMblE CO CITyTHUKOB BUXPH C IJIa30M B LIEHTpE (s1pO TOpHa-
0 U3 I71a3a TOPHAJIO OMYCKAETCS-PUTATUBAETCS K TOBEPXHOCTU
3emin). Takum 00pa3om, OPTOrOHAJNbHbBIE BIKEHU S STHX T10-
TOKOB POXJAIOT BUXPH LIMKJIOHOB, NEPEXOASIIMX MPU OIpee-
JIEHHBIX YCJIOBUSIX B TOPHAJIO.

[ocne cBoero poxkieHusi, TPOMUYECKHE IUKJIOHBI JABUKYT-
Csl MO HAIPABJICHUIO MPEeOoOsIaJaloIIuX BETPOB, U €CIIU YCIIO-
BUSI OCTAIOTCS OJIaroNpUsITHRIMU, IUKJIOH HAOMpaeT CITY 1 00-
pa3yeT XapaKTEepHYI0 BUXPEBYIO CTPYKTYpy C IJIa30M B LIEH-
tpe. 1o cTpyKType TpOnmuYecKuii UKJIOH MOXET ObITh MOJeIeH
Ha TPU KOHIIEHTPUYECKWE YacTH. BHEIIHsISA YacTh UMeeT BHYT-
pennuii paanyc 30—50 KM, B 3TOM 30HE CKOPOCTh BETPOB PaB-
HOMEPHO YBEJIMYMBAETCS IO Mepe NPUOIMKEHUS K LIEHTPY LIMK-
noHa. CpeqHsisl 4acTh, KOTOpasi UMeeT Ha3BaHUE « CIeHbl 2143a»,
XapakTepusyeTcst OONBIIUME CKOPOCTSIMH BeTpa. LleHTpabHas
yacte quameTpoM 30—60 KM MMeeT Ha3BaHUE «21a3a», 311ECh
CKOPOCTb BETpa YMEHbILIAeTCsl, TBMKEHUE BO3/yXa UMeeT Ipe-
UMYIIIECTBEHHO HUCXOJSIIHNIA XapaKTep, a HE0O OCTAETCs SICHBIM.
JIBrkeHue BO3[yXa B LIEHTPAJIbHOM YacTH IMKJIOHA (TJIa3) Ha-
npaBJieHo BHU3. ECIM IIMKIJIOH JOCTAaTOYHO CHJIBHBIN, TJ1a3 O0Mb-



IIOU U XapaKTePU3yeTCsI CIOKOMHOM MOTO/I0M, SICHBIM HEOOM, XO-
T$s1 BOJIHBI HA MOPE MOTYT OBITh UCKJTIOUUTETFHO OOJIBIITUMH.

['a3 TopHa 0 OOBIYHO MPABWIIBHOM KPYIJIOH (DOPMBI OTpejie-
JISI€T BEPTUKAJIb MECTOIOJIOKEHH S [JIABHOTO MCTOYHHUKA 3TOTO
aTMOC(PEpHOTO COOPYKEHHUsI — SIAPO TOPHAAO, MOLIHbII I'PaBH-
TAIMOHHBIN MOHOIIOJb, KOTOPbII UMEET TOT K€ 3HAK 3apsja,
4TO U Kopa 3emin. Kak ToJbKO sIpo TOPHAI0 OMYCTUIIOCH K TIO-
BEPXHOCTU 3eMJIH, MOSIBUIICS XapaKTepHbIA XO0OT (JIBMKEHME
BUAMMOIO BEILIECTBAa aTMOC(EPHI BI0JIb BOJTHOBOAA-TIONS) U Ha-
YaJICsl BUXPEBOU MOIBEM BEILIECTBA KBEPXY — 9TO O3HAUYAET, UTO
poAUsICS TPaBUTANMOHHBINI MOHONOJIbL-UCTOYHHUK,, TPUTS-
HyJicA 10 3akoHY HbloToHa K s11py 3emuin, HayaJicsl MPOLIECC ero
Pa3psiIKU C POKJICHUEM BOJHOBOJOB-NOJISI U3 I'PABIOTEHIIM-
QJI0B U MOCJIEAYIOINIMMHA BUAUMBIMA BUXPEBBIMU TOKAMH Bellle-
CTBa BJIOJIb HUX, NIEPe3apsIKy Ha MTPOTUBOIMOJIOKHBIN OH BBITION-
HUTb HE MOKeT, [T03TOMY COPOC U3JUIITHEN SHEPrUH OyJeT Mpo-
U3BOJUTCS Yepe3 JeKTPOMArHUTHbIII MAKPOBHUXPOH, 0Opa-
3yIOIMI HEBUJMMOE OCEBOE MArHMTHOE I0JIe U paJuajibHOE
JeKTPUYECKOe T0Jie, CBOMCTBA KOTOPBHIX XOPOIIO U3yuus B.
[ayGeprep Ha CBOMX «pemyJbCUHAX», HO C HEOONIBIIUM OTJIH-
YreM — B €ro JIMCKaxX ObLI UCIOMb30BaH 3P (PEKT «aHTUTOPHAIO»
-aHTUIMKJIOHA, TPABUTALIMOHHBIA MOHOIIOb POXKIAJICSA C MPO-
TUBOIOJIOKHBIM 3HAKOM 3apsila U MO3TOMY OH OTTaJIKUBAJICS
oT 3emIn.

MecTroHaxox/IeHUE sijipa TOPHAI0 PACHONIOKEHO Y TOBEPXHO-
cTi 3eMid. SIapo LeHTpa TrajJlakTUK — 3TO TOXKE MOLIHBIM I'pa-



BUTAIIMOHHBI MOHOIIOJIb, & €r0 MECTOPACIIONOKEHUE OCTAETCS
B TOYKE €ro POXJEHWs, HO B OTJIMYUE OT JAHHOTO TOPHAIO
OHO TIPUTATHBAET MPOTUBOIIOJIOKHOE TIO 3HAKY BEIIECTBO 3BE3]T
¥ TUIAHET, UMeIoIIee TOT Ke 3HAK 3apsijia, YTO PacCMaTpUBaEMblii
TopHa10. [ToaToMy 3TO s1IpO 0Opa3yeT crupaibHble TATAKTUKA
B TUIOCKOCTY TEPIIEHIVKY/ISIPHO OCH €ro camoBparieHus. [ a3
y KPYITHBIX TPOMMUYECKUX IIMKJIOHOB MHOT/IA 3AMETHO PaCIInps-
ercs BBepxy. CTEHOH 11a3a OnpeensiioT KOJbIO MIOTHBIX I'PoO-
30BBIX OOJIAKOB, YTO OKpYXaeT mia3. 31ech oOMaKka JOCTUTaoT
HanOOJIbIIIEH BBICOTHI 10 15 KM B mpesiesiax IMKJIOHA, a OCAIKH
Y BETPBI y MIOBEPXHOCTU MaKcHMasIbHbl. Hanbosbimas ckopocThb
BETPOB JIOCTUTraeTcs Ha BbIcOTe, 00bIYHO 0K0J10 300 M. imMeHHO
BO BpeMsI IPOXO’K/IEHUS CTEHBI I71a3a HaJl ONpe/IeIeHHbIM panio-
HOM I'PaBUTAIIMOHHBI MOHOTIOJIb HAHOCUT HAMOOJIBIIINE pa3py-
mieHusi. CaMble CUJIbHBIC ITUKJIOHBI XapaKTEePU3YIOTCsI HECKOJIb-
KMMU IIUKJIaMU 3aMEHbl CTEHBI I71a3a B TEUEHUE CBOEH KU3HU.
[Ipu 3TOM crapasi creHa riaza cyxkaercs 10 10—25 kwm, a ei
Ha 3aMeHY IPUXOAUT HOBAsI, OOJIBIIIETO IMaMeTpPa, UTO MOCTETIeH-
HO 3aMeHsieT co0oi cTapylo. Bo BpeMst kaxaoro neprona 3ame-
HbI CTEHBI I71a3a [IUKJIOH cabeeT, HO ¢ 00pa30BaHKeM HOBOM CTe-
HBI 171232 OH OBICTPO HAOMPAET CUITY JI0 MPEKHUX 3HaUeHuid. Yem
00ycJIoBJIeHa TIOI0OHAST CTPYKTYpa CaMOBHKEHUST TOPHAJIO?

Korpja iBa UkJIOHa TPUOIIMIKAIOTCS IPYT K APYTY, UX [IEHTPBI
HUPKYJISAIMA HAYMHAIOT BPAIIaThCs BOKPYr OOIIEro IeHTpa —
ciusiHue U (POKyCUpoBKa, poto 3.4.



®oto 3.4 JIBa TOpHAJO OAHOIO 3HAKA, KOTOPBIE CIMBAIOTCS
B OIIVH

[Tpu 3TOM /1Ba IIMKJIOHA TIPUOIMKAIOTCS JIPYT K APYTY, (DOKY-
CHPYSCh 10 TOPU30HTAIM BOJIHOBOAAMHU TPYO M B KOHIIE KOHIIOB
CJMBAIOTCSI MOHONOJISIMHA — 9TO JIeBATOE CBOMCTBO MeXxa-
HUYECKHX CBSI3aHHBIX C OCHOBHOI CHCTEMOH Maccoi Me-
XaHHYeCKHX MAKPOBHXPOHOB — OCHOBHOIl 3aKOH BHXpe-
BbIX MoJieil. Eciii MKJIOHBI pa3HOTO pa3Mepa, OONbIIHiA OyaeT
JOMUHUPOBaTh B TOM B3aMMOJIEHCTBUH, 2 MEHBIITHI OyJeT Bpa-
IaThCsl BOKPYT HETO.

YroObl ObITh MICHTU(DUITMPOBAHHBIM KaK TOPHAIAO0, TaKON
BUXPEBOU KJIacTep MOJKEH UCXOAUTH M3 00JlaKa M C TIOMOIIBIO
Bpallaoiencss 1 BechMa MOIBUKHON TPyObI-« X000Ta» Kacarb-



csl 3eMJIM — 3TO chadblii TopHan0. OueHb CHJIbHBIE TOPHAMO
UMEIOT HECKOJIbKO KOAKCUAIBHBIX TPYO-«Xx000TOB». OOpasyoT-
Csl OHM B TPO30BOM OOJIaKe — TaM, TJIe CTAJKUBAIOTCS BO3MYII-
HbIE TIOTOKU Pa3IMYHbIX HAITPABJIEHUI U Temnieparyp. TopHano —
9TO LIUKJIOH C OBICTPO BPAIAIOIIUMCS CTOJ0O0M BO3/IyXa, OIyC-
KaIOMUICA ¥ 00pa3yOIINIACS MOl KYy4eBO-I0KIEBBHIM OOJIAKOM.
W3 nieHTpasibHOM 9acTH MOIIHOTO BUXPEBOTO 00JIaKa OITyCKaeT-
Cs1 TUTQHTCKUI TEMHBI X000T, KOTOPBIN BBITATMBAETCSA 110 Ha-
IIPABJICHUIO K IOBEPXHOCTU 3EMJIM WJIM MOPS — IToYeMy ?

CkopocTh JBMKEHHU S YaCTHIL MAacChl B OTJEbHBIX TOUYKaX XO-
00Ta JOCTUTaeT CKopocTel 3ByKa B rase. Ha rpaHune KoHTak-
Ta X000Ta ¢ MOBEPXHOCTHIO 3€MJIM HABCTpeUy eMy MOJHUMAET-
Cs1 BUXPEBOE 00JIAKO M3 MbLIM UM BOAbl. OOpa3yeTcst CIyIONIHOMI
cTond, mepeMernammiicss co ckopocteio 20—40 km/4u. CBoE
JBWXKEHUE TOPHAZO COMPOBOXKIAET 3BYKOM (COpOC SHEPIrum)
CPaBHMMBIM C T'POXOTOM IPOXOASAILEr0 MUMO moe3ja. Kakosa
NpUYMHA poXkJeHUs 3ByKa? OTBET — I'paBUTALIMOHHBI MOHO-
O0JIb 3TO U €CTh UCTOYHUK 3ByKa. MHOrIa TopHa0 nponM3BOAUT
3BYK, IOXOKHMI Ha 3BYK Bojonaaa. Hanbonee y3kas yacTb 3100
cTo10a MPUXOAUTCS IPUMEPHO Ha CEpeIMHY, BbICOTA €r0 JOCTH-
raer 800—1500 m.

W3 IMKJIOHWYECKOTO TPO30BOTO 0OJaKa MOXKET OMYCTUThCS
HECKOJIBKO TaKMX CTOJNIOOB-XO00TOB. B MOMeHT paspsinku siapa
TOPHA/Ja POXKJAIOTCS] caMble OOJIbILINE 110 BEJTMYMHE I'PABIOTEH-
[IMajibl BOJIHOBOZIOB M3 CaMOTO LIEHTpa siIpa, CIOCOOHbIE rpa-
BUTALMOHHBIM YApOM CJIOMaTh JiepeBbs nonosam. [log Bius-



HUEeM OOJIBIIION CKOPOCTU BpAllleHUs] BHYTPU BUXPs JIaBJICHHE
B HEM MOHMKAETCs. DTO MPUBOAUT K TOMY, UTO MIPU MiEepeMeltie-
HUM BUXDsI, B €r0 XOOOT-KJIACTEp BUXPEBHIMM TOKAMU BCACHIBA-
eTcsl Bce, UTO BCTpevaeTcs Ha IMyTH (Bona, (ppyKThl, ppida, IeCoK
WIN Pa3IMYHbIe MTPEIMETbI: KAMHH, TOCKH, KPBIIIIA JOMOB, JIET-
KOBbBIE aBTOMOOWJIM U T. T1.), KOTOpbIE 3aTeM BHINAJIAI0T U3 00-
JIAKOB Ha 3€MJII0, MHOT/IA Ha 3HAUMTEJIbHOM paccTosiHuu. LiBer
cMmepuell ObIBaeT J0BOJIBHO pasHoOpa3HbiM. Koraa 3ao06navnas
BOPOHKA TOJIbKO HAUMHAET CITyCKaThCs ¢ He0a, OHa UMeeT Tpsi3-
HO — Oeblidi Wi cepwiil 11BeT. Ho yem Oosbliie MbU U TPsI3u
MOJIHUMAET C 3€MJIM CMEpPY, TEM TEMHEE OH CTaHOBUTCSA. Yaiue
BCEI0 OKpacKa cMepya KOpUYHeBasl WM KPaCHOBATASI.

Hanpagienue Bpamenusi (IpOTUB YaCOBOM CTPEJIKU) TOP-
HAJI0 B CEBEPHOM NONYIIAPAXA OTIMYAETCA OT TOPHAIO B I0K-
HOM TMOJIyIIApUU — TIO YaCOBOHM CTpesike. AHTHI[UKJIOHHYE-
CKHe TOPHAJI0 BPAIAOTCS B CEBEPHOM IOJIyIIApUH IO 4acCOo-
BOH cTpeJke. VHOrma perucTpupoBaIvCh HAOMIOEHHS IIUKJIO-
HUYECKUX U aHTUIMKJIOHUYECKUX TOPHAIO MO/ OJHOM U TOU Xke
I'PO30id, TPUIEM MATEPUHCKHUIA OOsiee MOIIHBINA MOPOKAAT J0-
yepHUil 6osee cnadblil.

Oco6eHHO HAIISIIHBIN BU] Y STOTO MPUPOJHOTO SIBJICHUST HO-
gpl0. [Tporiecce! (n3mydenue (hOTOHOB, T.€. COPOC SHEPTHHN), TIPO-
UCXOASIINE B WHAYKTUPOBAHHOM 3JI€KTPOMArHUTHOM MAaKpoO-
BUXPOHE, CBA3aHHBIM C OCHOBHOUM MacCOil TOPHAJ0, 3aCTaBJIsi-
10T CMEpUYeBOy CTONO CBeTHTCS. BepxHsisi ero vactb u3Bepra-
eT MoyHuM. [loocTh «Xx000Ta» OT CTEHKHM JO CTEHKH TO U Je-



JIO TIPOHU3BIBAIOT IeKTpUdecKue paspsiapl. [Ipu ero aBuxeHUn
HaJ1 HaCceJIEHHBIMU ITyHKTaMU PUEMHIKH, TEIEBU30PBI U JIAMITBI
JHEBHOTO OCBEIIEHHS BKJIIOYAIOTCSI CAMOCTOSITEIbHO Oe3 MuTa-
HMSI U3 TOPOJICKOM CEeTH.

IIponeccol. Hanpasienne BpameHusi (IpoTUB YacOBOKN
crpenku) Bpamenue Topaaso ¢ oOpazoBaHreM Xo00Ta B ceBep-
HOM MOJTyIIAPUM MIPOUCXOUT MPOTHB YaCOBOM CTPEJIKE, a B I0XK-
HOM TIOJTyIIIAPUY 110 YaCOBOM cTpesike. I Hao6opoT, aHTUTOpHA-
10 (aHTUIMKJIOHBI) BPAIAIOTCSl B CEBEPHOM IMOJTYIIIAPUU TI0 Ya-
COBOM CTpeJike U He 00pa3yioT xodota. Takum 00pa3om, poxe-
HHE TPOTUBOIOJIOKHBIX (POPM TOPHAJIO IO 0O€ CTOPOHBI OT K-
BaTopa SIBJISAETCS PSMBIM CBUIETEIbCTBOM HETIOCPEICTBEHHOTO
y4yacTHsi B 9TOM poliecce BpameHust 3eMIiu.

TopHa/10-MUKJIOH KOHIIEHTPUPYET HAKOIUIEHHOE BEIIECTBO
B CBOEM TUIOCKOM BHXPEBOM KJIacTepe, pa3BHUBasi JBHKEHHE Ya-
CTUI] B TIeHTpe (MUHUMYM [aBJICHUS) IO 3BYKOBBIX CKOpPO-
CTel U UHIYKTUPYET MEXaHUYECKU BUXPOH. BusyanbHo 3ame-
TeH 3TOT MPOIleCC, KOrja IEHTP BUXPEBOro oOnaka oOpasyer
B LIEHTPE OKHO-TJIa3 BUXPEBOro 00/aka M XapaKTepHBI X00OT,
CITyCKAIOIIWIACS IO TIOBEPXHOCTH 3eMJIM. B 3TOT MOMEHT, pok-
JAIONIAIACS TPABUTAIIMIOHHBIN MOHOIIOJb MEET TOT XK€ 3HAK, YTO
¥ 3HAK BHEIIHEro MOJIs IPaBUTAIMM KOPBI 1 MAHTUH 3eM-
7M. DTOT 3apsijl, B3AMMOJIEUCTBYS C IIEHTPAJIBHBIM IT0OJIeM 3eMITH,
NIPUTATHBAETCS K €€ TIOBEPXHOCTH, M, pa3pskasiCh BOJIHOBOJIAMHU
U3 TPABUTAIIMIOHHBIX MOTEHIIMAJIOB, 00pa3yeT XO0OOT BUXPEBBIX
TOKOB YacTHII ¢ Maccoil. [[IOTHOCTB IpaBUTAIIMIOHHBIX 3EPEH-TI0-



TEHIAJIOB, (POPMUPYIOIIUX HEBUAUMYIO cchpepy’® aToro 3apsina,
HEJJOCTaTOuHa AJIs1 €0 BU3yaIM3allvy [71a30M WM TeleKaMepPOu.

3areM MPOUCXOIAT MEPUOANYECKUE pa3psiibl I'PaBUTAIIMOH-
Horo MoHonois. [lepe3apsiiky Ha MPOTUBOIOJIOKHBIN 1O 3HA-
Ky 3apsijia He TIPOMCXOAUT — COPOC SHEPruM MPOUCXOOUT Ye-
pe3 2eKTPOMarHUTHBII MakpOBUXPOH. 3a BCE BpeMs KU3HU
9TOrO TOPHAJAO 3HAK 3TOrO 3apsijia HE MEHSIET CBOEro 3Haye-
HUSI — MONYUENbI CIUH cucTeMbl 3apsiia macc. [locne BbIxo-
Jla ero B PABHOBECHBIA PEXUM MPU KPUTHUYECKOW MOPOTrOBOU
Macce, TOpHaJ0 CIIOCOOEH CaMOCTOSTENIHHO TO/IEPKUBATh STOT
PEXUM MyTEM paclleryieHusl BHyTPEHHE! SHepruM 4acTHull, Co-
CTaBJISIIONIMX U TMOMOJHSIONIMX 3Ty cucteMy macc. CreacTBu-
€M HauaJsia paclieruieHus sBJsieTcsl poxaeHue cepbl rpaBu-
TAallMOHHOI0 MaKpPO3aps/1a, KOTOPblii HAYMHAET IPUTATUBATh-
csl K UeHTpy 3emud, oOpa3ysi XO00OT, Ha KOHIIE KOTOpOrO OH
u Haxonutcsl. Hao60poT, aHTUIIMKIIOHMYECKUE YparaHbl MPUTSI-
TMBAIOT CUJIbHEe C(hOPMUPOBAHHBIN KJIACTEP BO3/yXa aHTHUIIMK-
JIOHAa W3 BEPXHMX CJIOEB aTMOc(epsl, CO3[aBasi B LIEHTPE MaK-
CHUMYM JaBJICHUs] — UHAYKTUPYETCS] MEXaHUYECKUI BUXPOH, XO-
JIOMHBIN AHTUTPABUTAMOHHBII MOHONOJb KOTOPOTO OJJHOTO
3HAKAa C IEHTPAJIBHBIM TIOJIEM TATOTEHHSI 3eMJIM — OH OTTAaJI-
kuBaeTtcs (repulsin [ayGeprepa) or moBepxHOCTH 3eMiIn. ITU
siBJIeHUsT 3amMeveHbl Takxke Ha Connue, FOnurepe u B ranaktu-
kax. Kak Tonpko Macca 9THX BUXPEBBIX 001aKOB JOCTUTAET KPU-

" Ognako Takylo cdepy MoxHO 3apeructpupoBaTb Ha ComHue — https://
www.youtube.com/watch?v=pc7_mmOFfkI



https://www.youtube.com/watch?v=pc7_mmOFfkI
https://www.youtube.com/watch?v=pc7_mmOFfkI

TUYECKOI1, 3aMbIKAIOTCSI KOHTYPbI BHEIITHEW Cpe/IHel TOBEPXHO-
CTU 1 00pa3yeTcsi aBTOHOMHBIN BPAIIAIONIUIACS MaCCOBBIH KJla-
cTep — BUXpeBas cucreMa 3apsja Macc. B 3aBucumoctu ot ero
MAacchl U MOUIHOCTU SHEPrUM BPALIEHUS] TOPHAJO MOXET UMETh
XapaKTEepHYIO JJIs TPAaBUTAIMOHHBIX BOJTHOBOJOB BOTHYTYIO KO-
HUYECKYI0 (pOopMy, pOpMY TOJICTON KOJIOHHBI WM JJIMHHON TOH-
KOW Bpalamiiencss Tpyoku. 3acacelBaioliee JBHKEHUE CMECU
BEIIIECTBA M BO3/yXa B OTBEPCTHE XOOOTa HAIMPABIIEHO KBEPXY.
OpnHako, Mo BHEIIHEN MOBEPXHOCTH X000Ta CYIIECTBYIOT MepPH-
OAMYECKH M3MEHSIOIIMECS TEYCHUSI BO3yXa C HAMPABICHUEM
MPOTUBOACWCTBYIOIIM BUHTOBOMY IMOTOKY BCACBIBAHUS TIO €r0
BHYTPEHHEN MOBEPXHOCTU. OAHOBPEMEHHO MEPUOIUYECKHU CO-
BEpILIAETCS BUXPEBOM TOK B0JIb MOTEHIINAJOB BOJTHOBO/1A,
T.€. HOJAbeM BO3YIIHO-MAPOBOM CMECU MO CHOUPAIU MO BHYT-
peHHel moBepxHOCTH Xx000Ta. Ha cocelHuX ydacTKax Mpoucxo-
JUT OIMyCKAHHe BO3[lyXa, B pe3y/ibTare Yero BUXpb 3aMbIKa-
eTCsl — CCcTeMa CTAaHOBHUTCS 3aMKHYTOM, Kak popMa Bo.I-
HOBO/Ia rPaB3apsi/ia JeKTPoHa . B 3T0OT MOMEHT MpOUCXOauT
00HOBJIEHHE KOHTYypa MArHUTHBIM MOHOIIOJIEM M €0 3aPsITKOM.
BHemiHee none TOpHag0 B3aMMOIEHCTBYET C BHEHIHUMMU IOJIsI-
MU 3eMJIM. PO TOPHAIO NPUTATUBAETCA K OBEPXHOCTH 3€M-
JIM, 3apsi]l SMEKTPUUECKUM MOTEHIIMATIOM HAKarluIMBaeTCsl B TPO-
30BBIX OOJIAKaXx.

[lepuoanuecku MoBTOpsieTCA MpOLECC 3apAAKU-PaA3PAAKH
MEXaHMYECKOT0 BUXPOHA U M0 MEPEe YBEJIMYEHUS CBOETO I'PABU-
TAlIMOHHOTO MOHOIIONSI- CPePbl, POKIAECTCS TBUKYIIUICS K TO-



BEPXHOCTU 3eMJT HEBUMIMBIiA XOOOT CO chepruiuecKuM rpaBMo-
HOIOJIEM BHepeau. MOMEHT KacaHusl MOBEPXHOCTU 3eMJTU WU
BOJIBl O3HAYAET MAKCHMYM 3apsIKU TPABMOHOIIONS U €ro MpU-
TSDKEHUS K siIpy 3eMIld — TIOKa Mpoliecc HeBUAUM. 3ateM pas-
PsIzKasich, TPaBMOHOIIOND CBOIO cepy mpeodpasyeT B BOJIHO-
BOJl IPABUTAIIMOHHBIX MOTEHIMAJIOB, OHOBPEMEHHO WHIYKTU-
pys ¥ 3apsiKasi MarHUTHBIA MOHOTIOJNb CBSI3AHHOTO 3JIEKTPOMAr-
HUTHOTO BUXPOHA, KaK B aneKkTpoHe. [Tocne Toro, Kak BAOJIb BOJ-
HOBOJIa BBEPX YCTPEMJISIETCSl TOTOK BHXPEBBIX TOKOB MacChl
MapoB M YaCTUYEK BOIBI U BO3IyXa, XOOOT CTAaHOBUTCSI BUIIM-
MbIM, & B TEMHOE BpeMsI CYTOK BUJHBI U MEKTPUUECKUE BUX-
peBble TOKU. VIIET mpoliecc MoryomeH s 3apsJoM rPaBMOHOIIO-
JI51 JIOKQJIbHOW SHEPTUM I'PABUTAIIMOHHOTO 10151 %0 1ieHTpa 3emitn
U MpeoOpa30BAHNY €€ B JIEKTPUIECTBO Yepe3 MOCPE/ICTBO Mar-
HUTHOTO MOHOTIOJISI B 9JIEGKTPOMAarHUTHOM BUXPOHE. DTOT MO-
MEHT COOTBETCTBYET 1 HavaJly CHOJIOXOB MOJTHUNA. OueHb BaXKHO
3aMETUTh, YTO TPABUTAIIMOHHAS] BOPOHKA, OKOHTYPEHHAs BUXPe-
BBIMU TOKAMHU YaCTUYEK MACCHI MOJIHOCTBIO COOTBETCTBYET (hOp-
Me BOJTHOBOJIA JIEKTPOHA, YKa3aHHAsI KPACHBIM I[BETOM Ha (pur.
2.8, yacTh 1 9TOU KHUTH.

89 o1 mponece nepuommueckmit. CHavana 3aps rPABMOHOIONS, 3aTeM Paspsiil
C YCTAHOBKO#1 3¢ peH-TpaBIIOTEHINAJIOB, BUXPEBHIE TOKU B paboveM Tejie, OOHOBJICHHE
KOHTYpa BOJIHOBOZIA, W3JIy4YEHUE 3epEH-TPaBIIOTCHIINAIOB, aHHUTWIALMS UX TOJIeM
3eMI, YHUYTOXEHUE NTPOCTPAHCTBA-TIPUTSIKEHHE U Jjajiee BCE OISITh TIOBTOPSIETCSI.
ITOT KoJedaTenbHbIN POoLecC OCBOOOXKIAET BHYTPEHHIO SHEPIUio pabodyero Tela
Y TIOITBEpIKJaeTCs prMepaMu padoThl peryibcuHa [llayoeprepa, reneparopa 'anca
Konepa u Csuta ®inoiiga.



B oueHb CHIIBHOPa3BUTHIX (PABHOBECHOE COCTOSIHUE CHCTEMBI
C 3apsA/I0M Macchl BHIIIE KPUTUYECKOW) TOPHAZO THNA «]IKOHA»
IEKTPUUECKHUE MTOJIS1 M Pa3psi/ibl CO3JAI0TCS BUXPEBBIMU TOKAMU
VIOHOB U 3JIEKTPOHOB BJI0JIb BOJTHOBOZIOB U3 I'PABIIOTEHI[HAJIOB .
ITpu nocTrkeHnr paBHOBECHOI'O IIPOLIECCA B TOPHAJIO, T.€. KOrjaa
MarHUTO-MEXaHMYECKOE OTHOLIEHHE MOMEHTOB CTAHOBUTCS Be-
JIMYMHOU TIOCTOSIHHOW, BCE JIONOJIHUTEJIbHBIE PACXOIbl SHEPIUU
Ha MOJJEPKAaHUE TAKOTO COCTOSHUSA MOIOJNHAITCA MYyTEM pac-
IIETUIEHNS U TOIJIOIIEHUSI BHYTPEHHEN SHEPIUU BEILECTBa, Ha-
XOIALIErOCs B 3aMKHYTOM KOHTYPE BPALIAIOIIEUCA MACCHI 3TO-
r0 TOPHAJO — JABJIEHKE, TUIOTHOCTD, TEMIIEpaTypa, pacllerlie-
HHME MOJIEKYJI, MOHU3ALlMs aTOMOB U T.J., YTO U OIPEAENIAET CO-
CTOSIHME BHYTPEHHEW SHEPTUU U COCTOSIHUE aTOMHO-MOJIEKYJISAP-
HOI'O BEUIECTBA B TOM YHCJIE TEIUIOBYIO, MATHUTHYIO, aTOMHYIO
u anepHylo. Popma KOHTypa ABUKYILETOCSA 3aMKHYTOIO KJIacTe-
pa TOpPHAJIO0 COOTBETCTBYET HEINOJIHBIM (POPMaM KBAaHTOBO-BOJI-
HOBBIX [IEPEXO/IOB MATEPUH, T.€. MEXAHUYECKUI CITMH PABEH I10-
JIOBUHE, 00pa3yl0TCsl MaKpOrpaBMOHOIOJIM TOJIBKO OIHOTO 3Ha-
ka. Cam OH HAIIOMMHAET TMIAHTCKUU JIEKTPOH C BH3YaJbHO
Ha0JI0JaeMBIM TOJIBKO FPABHTAlMIOHHBIM BOJIHOBOJOM, Ha-
IIPABJIEHHBIM K LIEHTPY 3€MJIU, KaK 3JIEKTPOH Ha OJIHOW U3 aTOM-
HBIX 000JIOUEK BOKPYT aTOMHOTIO spa, y3eJl KOTOPOro MMeeT
TAKOE K€ PACIIOJIOKEHUE, HO BBI3BAHHOE IEKTPOCTATUYECKUMU
NOJAMU. DTO KBAHTOBBIM I'e€HEPaTOpP MPOU3BOJACTBA IPABUTA-
LIMOHHOT'O MOHOIIOJIA (CyneprpaBUTaLyis), KOTOPBII PUTATMBA-
€T OCHOBHYIO YaCTb CHUCTEMBI MACC aTMOC(EPBI B TOPHAIO K I10-



BEPXHOCTH 3eMJIM. B aHTUIIMKJIOHE, B AaHTUTOPHAIO BCE MPOLIEC-
Cbl IPOTUBOMOJIOKHBI IO HAIIPABJIEHUIO OT LIEHTpa 3eMIIH.

Ot1o HarsAHO JeMoHcTpupyeT Buaeod! Pecos Hank (poto
3.5), B KOTOPOM MOIIIHOE TOPHAZ0 CBOMM BPALIEHUEM I10 4aco-
BOW CTpeJIKE POXKIAET U3 CMEKHBIX 00JaKOB aHTUTOPHA/O, KaK
3TO U OTMEYEHO HallpaBJICHUEM BPaIlEHUs JOUYEPHUX aTMOcdep-
HBIX MacC CaMHUM aBTOpPOM B posiuke. B 3TtoMm ciydae nBuke-
HMS Macc 00JIaKOB MPOTHUB YacOBOM CTPEJIKU POXKIAET COOTBET-
CTBEHHO aHTHI'PaBHTALMIOHHBIN 3aps/i, KOTOPBII OTTAJIKMBA-
ercst oT moepxHoctu 3emutn. [Toaromy Xx000Ta He BUITHO.

81 pecos Hank, TORNADO TWINS & TRIPLETS!!! Unusual Twisted Tornado
Family of May 24, 2016 https://www.youtube.com/watch?v=EdPhSJG3mHc



®oro 3.5. 13 ponuka Ilekoca XsHKa (BEpXHUM CHUMOK ), BHU-
3y MOKa3aHbl CTPYKTYPbl TOPHAJIO U aHTUTOPHAJIO C TIPOTUBOIIO-
JIO)KHBIMU 3HaKaMU 3apsija TPaBUTALMOHHOTO MOHOMOJS, JIEK-
TPUYECKHE BOJHOBOIBI MOMEYEHbl CMHUM LIBETOM, UX IJ1a30M
Ha HaType He BUJHO.



OCHOBHOI1 3aKOH BUXPEBbIX MOJIEN : 00UHAKO8bLE NO 3HAKY
3aps0a UCMOYHUKU BUXDEBBIX NOAELL CAUBAIOMCS-00BEOUHSIOMCS
U, NPU ONPEOeNeHHbIX YCAOBUSX, NOPOHCOAION NPOMUBONON0MNC-
Hble No 3HAKY 3apsoa.

DTO yTBEpXKICHUE CIPABEAJIUMBO Kak B MUKPOMHpE, Tak
Y B MAaKpOMMpE:

— JUIsi MAarHUTHBIX MOHOIIONEHN 3JIEKTPOMAarHUTHBIX MUKPO-
BUXPOHOB (POTOHOB,

— JUIsl TPAaBUTAIMOHHBIX MOHOIIOJIE MEXaHUUECKUX BUXPO-
HOB 3BYyKa, TOPHAJO.

W3n0xeHHble Mpolecch MOATBEPKAATCS M BO3JIEHCTBHEM
NIOTIePEYHBIX BUXPEBBIX TOKOB (poTo 3.6) mociie pa3psaKu rpa-
BUTAIIMOHHOTO MOHOIIOJSI HA CTBOJIBI COCEH B JIECHOW dalle
C IJIOTHOW yCTaHOBKOM cTBOJIOB. Tak 13—14 mronsa 2016 roxpa
B OYEHb JXapKyIo Moroay ¢ Temreparypoi Bozayxa a0 30 C po-
JWJICS TOpHAI0%? Ha MoskaliCKUM BOIOX paHMuIUIIeM noj Mock-
BOU U3 yparaHa, npuinesiero u3 MuHcka.

82 Manpun A. A. https://www.youtube.com/watch?v=qw5SQRmgWvpQ



MO ARCH WA

®oto 3.6 [TponyKThl MONEPEUHBIX BUXPEBbIX TOKOB B HavyaJle
paspsaku rpaBMoHonosst TopHano nmon Moxkaiickom — cpe3aH-
HbIE JIPEBbS.

3apHIII/IBI_HI/ICb BOCXOIAINMHU ITOTOKAMU I1IapOB BOIbI U3 Mo-



JKaMCKOro BofioXpaHwMila B Houb Ha 13—14 wionsa 2016 ro-
4, yparaH rnpeBpaTuics B TOPHAJO, s1poO (IpaBUTALMOHHbII MO-
HOIOJIb) KOTOPOT'O OITYCTUJIOCh K MOBEPXHOCTHU 3eMJH. [lepBbiit
pa3ps sapa TOPHANO NPUIIENCS Ha TepecedeHre C JOpOrou
Ha Moskaiickuii caHatopuil. ['yasiomymMy nonepeyHbIMU BUX pe-
BBIMU TOKaMU paspsijia cpyomsio 6omee 100 nepeBbeB mocepem-
HE UX CTBOJIOB, a TAK)KE BBIPBAJIO M3 MOHTA)KHOW KOPOOKH J1eK-
Tprdeckou 1enu 220 BOJIbT BKJIIOUEHU S OAOPOKHBIX (hoHapen
ocBeleHus mpeoOpaszoBaresb (oto 3.7) MUTaHUS JTaMIIbl B CO-
craBe — TpaHcopmarop 1 Hemelkuil konaeHcarop E01/C70—
301000 10 muxpodapan, 2508, 50/60 Hz. Ha ¢oto 3.7 nokaza-
HO — OOImui BUJ1 OJI0Ka CO CTOPOH TpaHcgopMaTopa U KOHJIEH-
caropa Ha Jpyroi cropoHe OJ0Ka, ¥ XapakTepHasi CTereHb pa3-
pYIIEHNS BHEITHEH TJIaCTMACCOBOM OOOIOUKHM KOPITyca KOH/EH-
caropa.

®oto 3.7. BeipBaHHBIN cO cTo0a (DOHAPHOTO OCBEINEHUS
pa3OUTHIl MeXaHWYecKu OJIOK MpeoOpa3oBaHUs ISl MUTAHUS
JIaMIIbl OCBEILIEHUSI.

DJIEKTPUYECKN BHYTPEHHSA CTPYKTypa KOHJEHCATOpa U €ro



HOMUHAJIbHASI EMKOCTh He TIOCTpaiaiu. Biok ObUT BHIPBAH BUX-
PEBBIMU I'PaBUTALIMOHHBIMUA TOKaMH. Houbio BO BpeMs 3TOrO SIB-
nenus (poHapu ObLTM BKJTIOUEHBI, TOPEJIH JIAMITHI, Ha KOHJEHCa-
TOpe ObLIO HATIPSIKEHUE.

30Ha nopaxeHus Kpyrioe nsaTHo guamerpom 100—150 mer-
poB. Bropoii rynsomuii pa3psp siipa TOpHAIO MPOSIBU ceOst
yepe3 HECKOJIbKO KumitomeTpoB Ha okpanHe CHT «Bukrtopus» —
OIATH pa3psAKa fapa TOPHAIO U OISATh 30HA MOPAKEHUs MTATHO
aamerpom 100—150 metpoB, popma nopaxeHus1 aHaJIOTMYHA,
cpy6neno He meHee 100 cocen nmocepenune®® creosnos. Ecth aHa-
JIOTUYHBIE NATHA-30HbBI IOPAKEHUS AEPEBBEB NIOCIIE MMPOXOXKIE-
Hus TopHaao 13 utons u B benopyccuu B paiione [puinyku u Ko-
MapoBO. 3aTeM MyTh TOPHAJO IEN Ha MOCKBY B HalpaBJIEHUU
Py3b1 uepe3 nepesuu u nocénku Komoobakuno, [Typmeso, [Tpya-
H$1, HAHOCS HETTOTIPABUMBI yIIiepO KpbIlllaM JJOMOB U MOHUMAsT
6osee NErKue 1oMa ¢ ux (pyHIaMEeHTOB.

IIpukaaaHbie acneKThbl 3TOro sAiBjaeHus. [Ipu npoxoxae-
HUY TOpHAI0%* BONMM3M MOBEPXHOCTH 3eMIIM 3aXKUTAKOTCSI BbI-
KJIIOUEHHBIE JIAMITOYKY HAKAJIMBAHUS, PAAVUONIPUEMHUKH U TeJIe-
BU30pbI. B 0cTaTOuHO NpremMeMbIx yCIoBUsX 1Sl OTO- U BU-
Jieoanmnaparypsl, nocjiefHue Bcerga (UKCUPYIOT MOIUMUIIAPO-

83 Taxoit 5ppeKT — cpyOUT AepeBbs IOCEPEIMHE CTBOIOB, B IUIOTHOI Yalle Jieca —
MOJKHO paccMaTpUBaTh KaK JETEKTOPHI Pa3MEILEeHHs CAMBIX MOIIHBIX TPABUTALIMOH-
HBIX OTEHIMAIOB, BBI3BIBAIOIIMX MTONIEPEYHBIE IBIKSHHSI JIH BUXPEBBIE TOKU MACChI
BEIIECTRaA.

8 3101 ke acdext Habmomaercst npu nponere tapesok . Cepia.



BaHHBIN BPAIIAIOIINNACS TOHKUIA TOABMKHBIA KOHYC-«X000T» 8,
BEepIlIMHA KOTOPOr'o HAIpaBjieHa K UCTOUHUKY LEHTPaJIbHOM Ipa-
BUTAIIUY, T.€. K LIEHTPY 3eMJIM — 3TO JIBa B3aUMOJICHCTBYIOIINX
I'PAaBUTAIIMOHHBIX 3apsi/ia C TPOTUBOIOIOKHBIMU 3HAKAMU, KOTO-
pble 3apsikeHbl MPUPO/I0, a He TEXHHYECKHMH CIIOCOOaMu
B YCTPOWCTBaX M3BECTHHIX M300peTartesieil rpaBUTONETOB. M3-
BECTHBI MOIITHOCTb Pa3psAOB IPaBMOHOMNOS, MOABEMHAS CHIIA
Y KPUTUYECKAs] CKOPOCTh TAKMX BUXPEN — Cpe3aHHbIE BOJTHOBO-
JIOM TIpH pa3psiIKe si/ipa IPaBMOHOIIONS MOCEPEIUHE CTBOJIBI JIe-
PEBbEB, Pa3BaJICHHBIE JIOMA, TIepeOpOIIIEHHbIE HA COTHU METPOB
ABTOMOOWJIU, «BbIJIOBJIEHHAs» PbiOa U3 BOJOEMOB U TMOAHSATAS
B 00Jlaka TOPHAJ0, KPHIIIIU JOMOB, BEIPBAaHHBIE C KOPHEM Jiepe-
Bb#, 4 TAKKE KJIACCHUECKUI ITPUMep CO IIEMKOM, TPOOUBIIICH Ha-
CKBO3b JIEPEBSHHOE OPEBHO.

C Hau6oJbIIen MPOIOKUTETBHOCTBIO XU3HU ObUT yparaH
Ixon 1994 roga, npocyiecrBoBaBiimii 31 nenb. [xoH umern ca-
MBI IJIMHHBINA yTh B 13 280 KM cpein BCeX TPOMUUYECKUX IIUK-
JIOHOB, J|JIs1 KOTOPBIX U3BECTEH 3TOT Mapamerp.

Campblit kopoTkui 6611 yparad Ilarpucus (poto 3.8) -oqHu
CYTKH.

85 Cremyer oTMeTHTD, UTO NP AHAJIOIMYHOM JBHKEHHM CIIMPATbHBIX TATAKTHK
He 00pa3yeTcsi Takoi KOHyC. B TOpHamo Hammune KOHyca, KOHTAKTUPYIOIIEro ¢ Io-
BEPXHOCTBIO 3€MJIM — 3TO MPU3HAK OOPa30BABIIErocsi COOCTBEHHOTO BEKTOPHOIO
¥ OCECHMMETPIYHOTO I'PABUTAIIMOHHOTO MOHOIIONSI HA OCHOBE CBOMCTB TIOABMKHOCTH
JacTHI] KJIACTEPA €r0 COCTABIISIOIIETO.



®oro 3.8. Yparan [larpucus.

TuxookeaHckuii yparan «[larpucusi» BO3HUK 23 OKTSIOpS
2015 roma BOMM3M ToOOepexbs 3aiMBa TeyaHTemeK, K IOTY
oT Mekcuku u Beero 3a 24 vaca ycwiicsa ¢ 1-id 1o 5-11 Ka-
Teropuu onacHocty no mkaine Cadpdupa — Cumrncona. Yparan
BBI3BAJI OOJIBIIIE BOJHBI BOJb OeperoB ['eppepo 22 okTsaops,
NPUYMHUB YIIepO MpUOpekHbIM coopykeHusiM. OH ObUT cCaMbIM
CHJIbHBIM TPOMUYECKUM ITUKJIOHOM 32 BCIO UCTOPUIO HaOMoe-
HUI1 B MUpe 10 ckopocTH BeTpa 335 km/vyac. CHavasna OH cMme-
IIAJICS BAOJb MOOEPEskbsl, a 3aTeM Pe3Ko MOBepHY.I Ha cyiry. [1o-
ciie BbIxofa Ha Oeper yparan [latpucus ocimaben u BCKope Io-
CJIe 3TOro paccesiyics Mo3AHo BeuepoM 24 okTsaops. Illectpb ve-
JIOBEK MOTHOJH B pe3yJibTaTe 3TOro coObITUs: YeThipe B CanbBa-
Jope, onuH B I'Batemasie u oguH B Hukaparya. Cyxorpy3 Los



Llanitos 6bu1 BeIOpOITIEH Ha Oeper yparaHoM. HemocpencTBen-
HO OT yparaHa IMOCTpajJajiy COTHU THICSY YENIOBEK, B OCHOB-
HoM B ['Baremane. O0mmuii ymep6 ot «I[larpricun» orieHuBasicst
1o MeHblen Mepe B 462,8 muuoHa aosuiapos (2015 nonnapon
USD); ymiep06 Tompko B MeKCHKe OIIEHUBAJICSI B CYMMY, ITPEBbI-
HIAIOIIYI0 5,4 MAJUIMAPAA MEKCUKAHCKUX A0JI1apoB (325 Musim-
oHoB josuiapos CIIA).

Oor111ee KOTMYECTBO SHEPIUU, KOTOpAsi BbIIGISIETCS] B TPOIIHU-

YEeCKOM IIMKJIOHE CPeJHEro pa3mepa, CocTaBisieT okono 10 BBy,
Sto npumMepHo B 70 pa3 Gosbliie moTpedieHrs BCeX BUI0B IHEP-
ruu yesiopedecTBoM, B 200 pa3 0oJibilie MUPOBOTO IMPOU3BOACTBA
SMEKTPOIHEPTUU U COOTBETCTBYET SHEPTUH, KOTOPask OCBOOOK-
nanack Obl OT B3pbIBa 10-MeraroHHON aTOMHOW OOMOBI B Teue-
HUe KaxAbix 20 MUHYT. DTa cUCTEMa Macc aBTOHOMHA U CBOOO/I-
Ha B aTMocepe, IOITOMY OHA CAMOCTOSITEJIbBHO HAXOAUT KAKUM
IPOLIECCOM OCYILECTBUTD IMOINOJTHEHUE U3PACXO0BAHHOM SHEP-
TUMU ISl PABHOBECHOTO CYIIIECTBOBAHMS MJIM COPOC HAKOILJICH-
HOM cBOOOAHOI 3Hepruu. CucreMa Macc TOPHAI0, B OTJIMYME
ot TpaHcdopmaropa Tecna, He UMeeT criellaIbHbIX CXEM BHEIII-
Hell OOBSI3KM [T 3aXBaTa M HAKOIUIEHWsI CBOOOIHOM SHEpruu
Y BBIBOJIE €€ B HAarpy3Ky /ISl COBEPILUEHHUS MOJIE3HOM ISl Yello-
BeKka paboThl B BU/IE B BUjle OOBIYHOTO /eKTpuyecTBa. Eciu 1u-
BUJIM3ALIMS HAYUUTCS pa3MellaTh B aTMocdepe (MeTaJInuecKue
TUIACTUHBI C OTBOAOM) HAa CTAaHIAPTHOM ITyTH 3aPOKICHUS U IBU-
keHus: TopHaJo COOTBETCTBYIOIIME TUCTAHIIMOHHbIE MHYKIIM-
OHHbIE YCTPOWCTBA CHIEIMAIbHBIX JIEKTPUUECKUX YCTPOICTB 151



yJIaBIMBaHUS XOJIOIHBIX TOJIeN CBOOOIHON SHEPTrUH, aHAJIOTUY-
HbIE CXeMaM KAYIIen SMeKTPOHHOU OOBS3KH HCKPOBOTO pa3psifl-
HUKa B TpaHcdopmaropax Tecna, M BKIIOUUTb UX B IJIAHETAp-
HYIO CETh JIEKTPOIOTpeOieHUs], TO MOXHO OyleT oOecreuuThb
BCIO TUIAHETY OOBIYHOM JIEKTPOIHEPrre B JOCTATOUHOM KOJIH-
YecTBe U MpH 0oJsiee BLICOKOM YPOBHE SKOJIOTHH, HE CHKHTasl yT-
JIEBOJIOPO/IBL, YpaH M T. A. Tecna yxe aenan nogooHble mark au-
CTAHIIMOHHOTO 3aXBaTa CBOEH PaJHAHTHOW dHEPruM (XOJoi-
Hbl€ MH/IYKIIMOHHBIE BUXPEBBIE M0J151), TOPOKIEHHON MaJIeHbKU-
MU MOJIHUSIMU B CBOUX Pa3psiIHUKAX, C MOMOIIIBIO TOJICTHIX Me-
TAJUIMYECKUX JIMCTOB, B KOTOPBIX HABOAWJIMCH TOKH B COTHU-ThI-
CsAYM amIiep.

KBaHTOBbBIE sIBIIeHUSI, OOHAPYKEHHBIE TTPU POKAEHUU, PA3BU-
TUU U NOAJIEP)KaHUM PABHOBECHOTO COCTOSIHUS TOPHAAO-LIUKJIO-
Ha-aHTUIMKJIOHA UMEIOT HIMPOKOE MPUKJIAHOE 3HAaUEHHE B HAY-
K€ ¥ HOBBIX TEXHOJIOTUSIX MpoMblliuieHHOCTH. Hanpumep, 60b-
IIMHCTBO COBPEMEHHBIX HACOCOB /17151 HOAHSTHS BOJbI, a TAK)KE
ycrporictBa I'. Konepa, C. ®noiina, 1. Cepna u B. Illayoep-
repa, B. C. I'peGeHHMKOBa /17151 IPOU3BOACTBA JIEKTPOIHEP-
I'id, NTOAbEMHOM CHJIbI U 0€3bIHEPIHOHHOTO [[BYKSHHS Jie-
TaTeJIbHBIX armapaToB (JIMCKOB), OCHOBaHbI Ha 3 eKTax, Ha-
OM0aeMbIX B KJIacTepe TOPHAI0-aHTUIMKJIOHE, HO yXKe TeXHH-
YECKMMU CPE/ICTBAMMU.

Wtak, HaryisiiHbIe KBAaHTOBBIE SIBJIEHUSI B MAaKPOMHUpE, IIPO-
JEeMOHCTPUPOBaHHbIE B TOPHAJIO0, AAOT BCE OCHOBAaHUS Jisi
3apOKJIeHHsT HOBOM oOnacTv (pM3MKM He MaTeMaTH4eCKOMn



KBanToBoii Mexanuku, a [leGpoitieBckoit (pu3znueckoin Ksan-
TOBOWM MeXaHMKM BpallleHHs KJIAaCTEPOB aTOMHO-MOJIEKYJIsIPHO-
o BEUIEeCTBa.

VYerpoiicTBa Ha 0CHOBE TOPHA0. MarHuTHbIE, IEKTPU-
YECKME U TPaBUTALMOHHBIE SIBJIEHUSI B TOPHAJO BUJHBI HEBO-
OPYKEHHBIM T71a30M. YOETUTEIbHBIX U FPAMOTHBIX OOBSICHE-
HUI MeXaHu3Ma 3Tux sAejeHuid ¢ nosuimii CAII He cymecTBy-
eT. BelHy X /IeHHOEe BpalleHue KJacTepOB BEIIECTBA BOKPYT Bbl-
JICJIEHHOW OCH, MIPUBOJIUT BCEra K B3aMMHOW I'eHepaluyu TpHua-
JIbI COOCTBEHHBIX TEXHUYECKMX MaKPOMOHOIIOJEH, IPOAYKTaMH
KOTOPBIX CTAHOBUTCSI POCT U 3apOXKJEHUE KBA3UCTAIIMOHAPHBIX
JOTIOJTHUTENIbHBIX TPEX N3BECTHBIX MOJIEH, KaK CJAeACTBHSA ITUX
MPOLIECCOB — I'PABUTALIMOHHOTO, IEKTPUYECKOTO U MAarHUTHOTO,
HO O0J1ee KOPOTKOJENCTBYIOIIEro Mo CPABHEHHUIO C MPHPO/IHBI-
MH. DHEpruio B JaHHOM Cllyyae TOPHAJO uYepriaeT U3 pacilen-
JIEHUs] BHYTPEHHEN SHEPIUY aTOMHO-MOJIEKYJISIPHOTO BEILIECTBA
napoB BOAbI U BO31yXa.

JJ1 aHaM3a IMPOLIECCOB U YCIOBUM POXICHUS 3(P(PEKTUBHON
TPHUAAbI MOHOMIOJIE pACCMOTPUM TAKOTO poOjia TEXHUUYECKHE XO-
JioiHble BUXPeBble 3()(peKThI B yCTPONCTBAX, CO3/IaHHBIX MU-
POBBIM COOOITIECTBOM U300peTaTesNiei *® 1711 BceX BUJIOB arperar-
HOI'O COCTOSIHMSI MaTepUu B pa3HOE BpeMsl B Pa3HbIX CTpaHax,
UMEIONINX CYIIECTBEHHOE MPHKJIATHOE 3HAUYEHHE, HO HeOObsIC-

8 Kak xopoio u3BectHo, CAIl ¥ TOCTATOYHO OOJBIIOE KOJMYECTBO MPOBEPEH-
HBIX Ha MPAKTHKE N300pETeHNH 1 MATeHTOB, HAUMHASI C COPOKOBBIX T'OJOB ITPOIILIOTO
BeKa, (DOPMUPYIOT /IB€ B3aMMOMCKJIIOYAIOIINE HAYKU. DTO CBSI3aHO C 3aKJIIOYEHUEM
B 1940 rony B MioHxeHe coraiieHreM Mexay MaTeMaTUKaMy 1 (pU3UKaMu.



Humoe ¢ no3urmu CAIT.

Hccnenys UMKIMYECKWe cemnaparopbl AJisi OYMCTKM Tasa
OT TbUM, (paHIly3cKuid uMHX)eHep — metawnypr 7K. Panke
B KoHIIe 20-x rogoB XX Beka 0OHapyk U HEOOBIYHOE SIBJICHUE:
B IIEHTPE CTPYU a3, BHIXOISIIUN U3 IUKJIOHA, UMeJT OoJiee HU3-
KyI0 TemIeparypy, YeM UCXOiHbI. B Takom cmepue camonpo-
M3BOJILHO BO3HMKAET MOIIHBII TOK TeIUla OT OCHU K Nepudepuu:
MIPOZIOJILHOE S1IPO BJOJb OCH MOTOKA BCEra XoloaHee nepude-
puu. BuxpeBasi Tpyda PaHke — 3T0 TOT Ke ITUKJIOH, HO PEKOH-
CTPYMPOBAHHBIN ISl TIOJIyYEHHUS] MAKCUMAJIbHOIO KOJIMYECTBA
X0JIO/1a B OCEBOW YacTW BUXPEBOTO MOTOKA U, COOTBETCTBEHHO,
TerJia — B nepudepuiiHoi. PazHoCTh TemnepaTyp Mexkay caMbl-
MU TFOPSTYMMU U CAMBIMU XOJIOIHBIMU CJIOSIMUA B BUXPEBOU TPY-
6€e MOeT OBITh 3HAUUTEILHOW. DTH CJIOH B TIOJIE TIEHTPOOEKHBIX
CHUJI COCYILIECTBYIOT Ha PACCTOSIHUM HECKOJIbKUX MUJUIMMETPOB
JpyT OT Jpyra.

bonee 20 ner orkpeitne Panke urHOopmpoBasiock. M numib
B 1946 romy Hemenkwii ¢pusuk P. Xuabm omyOmukoBan pa-
60Ty 00 3KCHEpHMEHTAIBHBIX HCCIEIOBAaHUSIX TaKOW TPYOHI,
B KOTOpOW [Jajl PEKOMEHJAIMU I KOHCTPYMPOBAHUSI TaKMX
ycrporctB. C Tex mop Mx MHOTrJAa HasklBalOT TpyOamu Panke —
Xuiblia.

B cBoux padorax B. E. ®uHbKO 00paTvi BHUMaHUE Ha psif
napaJoKCOB BUXPEBOH KOHYCHOM TpyObl, pa3padaThiBast BUX-
PEBOM OXJIa/IUTEJb ra30B ISl MOJyUYEHUs] CBEPXHU3KUX TeMIIe-
paryp (30°K). OH oOHapy)WI, 4TO XOJOAHBIA OCEBOW MPOTUBO-



TOK B BUXPEBOW TpyOe MMeeT HarpaBjieHue BpaIleHusl, IPOTH-
BOIOJIOKHOE HAIIPABJICHUIO BpallEeHUs NEPUQPEPUNHOTO ITOTOKA
rasa, ¥ 4To ra3oBasi BuxpeBasi TpyOa renepupyet MK-uznydyenue
MOJIOCOBOTO CIIEKTPA C JIMHOM BOJIHBI S—12 MUKPOH, a HHOTIA
ellle W BBIXOJISIIIee U3 OCEBOW 30HBI M3TyUYeHHUEe royooro 1BeTa.
OH OOBSICHWII 3TU TIPOIECCHl «MEXAHUBMOM BOAHOB020 DACULUL-
PEHUSL U CHCamusl 2a3a».

PeasnbHble mMpomecchbl HECKOIBKO OTIMYAIOTCS OT TaKOro 00-
IIIEro TOJIKOBAHMUS 3TOro siejieHusi. Ha camom gene — 310 KBaH-
TOBbIE OPTOTOHAJIbHBIE SIBJIEHHSI BO BPAIIAIOIIMXCS KjacTepax
C BUHTOBBIM JIBUKEHHEM ra3a W C IOJBMKHBIMU HOCHUTEJISIMU
MAacchl, T.€. aTOMaMH ¥ MoJIeKyJamMu. B Takux kjgactepax oObId-
HO Peam3ylTCsl TIPOIECChl ¢ HEMOJIHBIM KBAaHTOBBIM TTpeodpa-
30BaHMEM HOCHUTEJIsl UHIYKTUPOBAHHOUN SHEPTMU B MeXaHU4e-
CKHX MAKPOBHXPOHAX, CBA3aHHBIX C CUCTEMOI Macc C Mociie-
JOYIOIUM COpPOCOM SHEPrUd uYepe3 JIEKTPOMArHUTHBIE MaKpo-
BUXPOHBL. JIpyrumu cjioBamu, €c/iu BHEIIHUE TeprudepuiiHbie
CJIOW BO3/IyXa WIM BOABI BPAIAOTCA W MMEIOT OOJBIINIA MO-
MEHT UHEPIINH, YeM MPUOCEBBIE, TO, BO-TIEPBBIX, UHAYKTUPYETCS
OOJBIINIA TIOTOK OO0Jiee 3HAUUTEIBHBIX M0 BEIUYNHE BUXPEBBIX
XOJIOMHBIX TPABUTAIMOHHBIX MOHOIOJIEN, 2 BO-BTOPBIX, MPO-
UCXOUT UHAYKIIMSI U HAKOIUIEHUE BEJIUYUHBI ITUX HOCHUTENEH
OJIHOT'0 3HAaKa W Pa3HOTO JJIsl KaXAOro Cjosi. 3aTeM MPOUCXO-
JIUT WX pa3psijika, MPOU3BOJICTBO BOJHOBOJAOB U BUXPEBBIX TO-
KOB YaCTHII C MACCOM 1 MEKTPUIECKUX 3apsIJIOB BAOJb HUX, UTO
Y MPUBOAUT K HArpeBaHUIO repudepUilHbIX U OXJIAK/1eHUI0



IIPU OCEBBIX CJIOEB C M3MEHEHUEM HAIPaBJICHUS UX IBUKEHUS
B ITPOTHBOIIOIOKHYIO CTOPOHY. 1)1l TaKOW TPyOBl YaCTHYHO pea-
JIM3YETCs MOJTHOE KBAaHTOBOE MPeoOpa3oBaHue, T.€. MPOUCXOIUT
«KYJIBOUT» YaCTH MOTOKA BO3/yXa K OCH, IJie MOMEHT UHEPIIUU
HavMeHbIi. HeckoMIteHCMpOBaHHBIN COPOC SHEPTUX CUCTEMBI
MIPOUCXO/IUT B MIEPEBOPOTE HAIPABJIEHU S TOKA CTPYH BOJIBI B IIPU
0CeBOH yacTu 00bEMa ITOU CUCTEMBI, UHAYKIIUUA B HEW MPOTH-
BOIOJIOKHOTO IPaBMOHOINOJ S, BUXPEBbIE TOKHA KOTOPOTO «CHKHU-
MaloT» MIOTOK BO3/yXa UM BOJIbI, IPUHYAUTEIBHO OXJIAKAasl €r0
1 BhIHYKXJas u3nydarb MK-(oToHbEl. ITO KBaHTOBBIE ABJICHUA,
0OYCJIOBJIEHHbIE POK/IEHUEM T'PAaBUTAIMOHHBIX MOHOIIOJIEN pa3-
HOW BEJIMUMHBI U 3HAKOB 151 IPUCTEHOYHBIX U OCEBBIX CIIOEB.
VYerpoiicTBo Tparnyecku noruoIero H3BeCcTHOro (pu3uka
Kepapa Peno. Cpoii antnapar oH ckoHCTpyupoBal B 1926 ro-
1y, U TOCJie TIPUBEJIEHUsI ero B JEMCTBUE yUEHBI U ero Koj-
JIeTW Tparuyecku Morudau BO BpeMsl JIEMOHCTPAIMM YCTaHOB-
ku. JK. PeHo 3anmMaics mpo0eMoi MmoydeHns 3J1eKTpuJecTBa
u3 Bo3yxa. B cBoelt maboparopun B ['peHoONE OH co3nan ma-
IIMHY, Y KOTOPOH /IeHb 3a JIHEM ee KoJieca BPalllaIiCh, U HU-
KTO U3 HaOmoaTenel He MOT ONpeeNuThb, IJe KPOeTcs UCTOYU-
HUK SHEPruu, BBI3BIBAOIIMN ABWXKYIIYIO crily. MammHa Obuia
ABTOHOMHOM, CTOSIJIa HA CBOEM OCHOBaHWH, OblJIa M30JIMPOBaHA
OT 3eMJIM U ABUrajiack HezaBucuMo. Hekotopoe Bpems K. Peno
3aBOPOKEHHO HAOTIONAI 32 STUM YyJOM, a IOTOM CJeJIal Cle1y-
[o11iee 3asiBieHue: «Pakmuuecku Mauuna 08uzaemcst Oaazo0apsi
NPOCMOMY 2NEKMPUUECm8Y, HO MO INEKMPUUecmeo u3 6030yxa!



Ecau mbl 6yOem npumensims maxue mexHono2uu Ha npakmuxe,
MO 3a HECKOABLKO Nem 00OCmuzHeM past Ha 3emaex.

[TpuunHa, u3-3a KOTOpOH Morud n3odperaresib BMeCTe C arl-
1apaToM IpU €ro AEMOHCTPALMOHHOM MCIIBITAHUY B AKaJIEMUU
Hayk ®panuuu B Ilapuxe, 3akmodaercs B ToM, uro /K. PeHo
BIIEPBbIE CTOJIKHYJICS C BBICOKMM 3HAYEHUEM HNpe/iesia WHIYK-
THPYeMOH Hepruei B opMe MEXaHMUECKOTO MaKpPOBUXPO-
Ha, BO3HUKAIOLIETO BCerja Npy BpalleHUuH cucteMbl Macc. Oka-
3aJI0Ch, YTO HOCUTEJb 3TOW UHIYKTUPYEMOM SHEPIUH, T.€. Ipa-
BUTAITMOHHBI MOHOIIOJb, ObUT HE B COCTOSTHUM CKOMIICHCHPO-
BaTh €€ CBOE mepe3apsaaKor ¢ 0OpaTHBIM 3HAKOM HAKOTUICHHS
SHepruu, a cOpoC WM OTBOJA CBOOOIHOW SHEPrUU OTCYTCTBO-
Bajl. [ToaTOMy MPOM3OILENT KBAaHTOBBII MEPEXO B IEKTPOMAr-
HUTHBIM, C MOCIEAYIOIIEd UHIYKIIMEd MarHUTHOTO MOHOMOJIS.
[TocnencTBrsi MHOTOKPATHON pa3psiIku MarHUTHOTO MOHOTIONS
BCEI/1a IPUBOISAT K TPOU3BOJICTBY BOJIHOBOAA U3 JIEKTPONOTEH-
IIMAJIOB U HAKOILJIGHUIO OOJBIIIOTO KBA3UCTAIIMOHAPHOTO 3apsijia
EKTPUUECKUM MOTEHIIMAIOM. 3aTeM — BUXPEBbIE TOKH IO KOH-
CTPYKIIMSIM MAIlIMHBI ¥ TIPUBEJIH K B3PBIBY, KaK 3TO BCEra Mpo-
VCXOJIUT TIPY JIEKTPOB3PBIBE MPOBOJIOYEK. [Ipyrumu cioBamu,
3apsif] MEKTPUUYECKUM MMOTEHIIUAJIOM 1Sl IOJIEP:KaHU S IBUKE-
HUSL M €r0 YCKOPEHU S YBEJIMUMBAJICS MYTEM JIE3UHTET pallUU aTo-
MOB BelllecTBa pabo4ero Teja — paclierieHue aTOMOB ITyTEM
MOHU3AIMY C OCBOOOXKAEHUEM CBOOOIHBIX JIEKTPOHOB.

Verpoiicteo B. Illay6eprepa. [Iponomkenuem 3toro Ha-
npaBjieHus1 U He 0e3 BCEMUPHO NMPU3HAHHOTO yCITieXa 3aHsUICS



camoyuka u3 Aecrpuu B. Illayoeprep. OH He MOMYyYMIT JOIK-
HOTO KJIACCHYECKOro 0Opa30BaHMs, OJHAKO 3TO HE TMOMEIIAo
eMy, pa3BuBasi MPUPOIHYI0 HAOMIONATEIbHOCTD, 3aMaTeHTOBATh
27 wu300peTeHUd B pa3HbIX cTpaHax, u3 70 3aperucTpupoBaH-
HbIX. Ero OCHOBHBIE «TeOpun», N3JI0KEHHbIE B KHUTE «DHEePrus
BOJIbI» B 3aI1a/IHBIX U3JIAaHUSIX, He omyOmkoBaHsl B P®. Ero Tep-
MHHOJIOTHSA U Celuac OCTAETCs 3araJJKOM 1J1s1 yYEHBIX C KJIaCCH-
yeckuM oOpazoBaHreM. O4eHb MHTEPECHBIM Pa3BUTUEM U MPU-
MeHeHreM 3(pdekta TopHanod momyunnau uaeu, 3ajoKeHHbIE
B €TI0, TaK HA3bIBAEMOM, «PenyabCcuned®» — IBUratelIb JeTaloImuxX
«TapesioKk» -JUCKOB. BpallleHue Kj1acTepoB KUAKOCTA OTHOCH-
TEJIbHO MOKOSAIIErocsl MPOCTPAHCTBA MPUBOJUT K B3aUMHOU WH-
OYKIMA TPHAAbl MAKPOMOHOMOJIEN TPEX BUIIOB M3BECTHBIX
BUXPEBBIX MOJIEH, 0OMaIAI0MKMX JAOCTATOYHON SHEpruey, 3auM-
CTBOBaHHOW Y BHYTpPEHHEH 3Hepruu padodero tena. 1o sIBJe-
HUE M ObUIO MCIOIB30BAHO ISl TPOM3BOCTBA NIEKTPUUYECKOM,
SHEpPruy BEPTUKAIBHOIO B3JIETA U TOPU3OHTAIBHOIO MOJIETA Jie-
TaTEJIBHOTIO allapara, a TaKke MPpU PEeLIEHUH Psijia JPyTUx Mpu-
KJIQJHBIX 33]1a4, KOTOPble MOKHO MPOWJUIIOCTPUPOBATh HA MPU-

87 [Ipamoit a¢pdexT TopHAO 3aKIII0YaeTCs B NONIEPKAHUU SIBJIEHUS BCACHIBAHUS
BEILIECTBA y3KOU FOPJIOBUHON BOPOHKHU-TEJIA BPALIAIOIErOcs KJlacTepa raza U IIepeHo-
ca 3TOro BelleCTBa K IIMPOKON 4acTH BOPOHKH, a B ycTpoicre-apurarese B. Illay-
Geprepa UCIOIL30BaH 0OPATHBIN 3(DPEKT.

88 VYCTpoiicTBO pery/ibCHH-OTTAIKUBATeNIb COCTOUT U3 y3/la Ha4aIbHOIO MpUBOJA
BpaIllleH!s1 POTOPa, COOCTBEHHBIX METAJUIMIECKHUX BOJHOBOJIOB, YKPEIUIEHHBIX Ha PO-
TOpE 1 CO3/IAI0IINX ABOIHOE 3aKpyINBAHNE CTPYH pabOUero Tesa K IIEHTPY OCH Ha JeT-
BEPTU JUJIUHBI BOJIHBI B Y3€ll.



Mepax ycrporcts B. [lay6eprepa.

Amnmapatsl u ycrpoiicta (doto 3.9) B. llaybeprepa padora-
JIM Ha OOIIeM MPUHIIUIE B3aUMOCBSI3U BBIHYKIEHHOTO JIBUKE-
HUS BpalllaTeIbHO-TIOCTYNATEIbHON CUCTEMbl U BO3HHUKAIOIIMX
IIPU 3TOM TPEX €€ TEXHMYEeCKUX BUXPEBBIX IM0JIEH, B3aUMO/IEH-
CTBYIOIIMX C OKPYXKAIOIIMM 3Ty CUCTeMY BEIIeCTBOM U MPHUPOI-
HBIMH TOJISIMU BHEIITHel cpefibl. [IponykraMu-nateHTaMu Takon
B3aMMOCBSI3U SIBJISUIMCH YCTPOWCTBA, pellaloliue caeaylomme 3a-
Jauu:

— OYMILIEHUE BOJIBL.

— MPOU3BOJICTBO CBEPXCHJIbHBIX MArHUTHBIX TOJIEH,

— MPOU3BOJICTBO TOBEPXHOCTHOT'O CJI0S1 XOJIOMHOM MJIa3Mbl BO-
KpYT JMCKA.

— IPOU3BOJICTBO JEKTPOIHEPIUH,

— «OMOCHHTE3» BOIOPOAHOTO TOILJIMBA U3 BOJIHI.

— MPOU3BOJICTBO TeIlIa UM XOJI0/1a,

— XOJIO/THBIV aHTUT'PABUTAIIMOHHBINA IBUTATENh «repulsiny» ObLI
UCTIONIb30BAaH, KaK JBUraTeib BEPTUKAJIBHOTO B3JIETAa B JIETAIO-
1eM anmnapare-aucke «benoHie».

OcCHOBHOI1 3aKOH TIPUPOJBI, OTKPHITEI biskeTroMm, o mo-
CTOSIHCTBE OTHOIIIEHUSI MArHUTHOTO MOMEHTA K MEXaHUUECKOMY
y BpallaolMxcs Tel, MOATBepKaaeTcsa pemnyiascuHom B. Illay-
Oeprepa, ycrporictBoM PoiuHa-lI'onuHa, etaommuMu AucKaMu
H. Ceprna 1 MHOTMMU APYTUMH YCTPOMCTBAMHU, 4 TAKXkKe TMpoMar-
HUTHBIM OTHOIIIEHHEM JIeMEHTAPHBIX YACTHII.



®oto 3.9. Ucropus B poto pemnynbcrna B. [laybeprepa

PaboTta 3TUX YCTpOWCTB OblIa OCHOBaHAa Ha HOBBIX NMPHUH-
munax ¢pyHaaMeHTanbHOM (pU3UKU. 1151 BEepTUKATIBHOTO B3JIETA
TeHEPUPOBAJICSI BOKPYT TBEPIOH MOBEPXHOCTH OOBIYHOTO aTOM-
HO-MOJIEKYJISIPHOTO BellleCTBa COOCTBEHHBII TEXHHUYECKHUM XO0-
JIOJHBbII AHTUTPABUTAMOHHBIA MOHOIOJIb OIMHAKOBOU I10-
JIIPHOCTH C MPHUP OJHBIM I'DABUTALIMOHHBIM 3aPsI/IOM LIEHTPAJTb-
HOro noss taroreHus 3emin. 19 gespana 1945 ropa anmapar
«beJioH1Ie» COBEPIIMII CBOW NIEPBBIM U MOCJIEIHUI SKCIIEPUMEH-
TaJIbHBIA NOJIET. 32 3 MUH JIETYMKU-UCIIBITATENN JOCTULIIU BBICO-
Tl 15 000 M 1 ckopoctu 2200 KM/4 IpY TOPU3OHTAILHOM [1BU-
seHnd. OH MOT 3aBUCATh B BO3lyXe U JieTaTb Ha3a/-Brepe] Mo-
4TH 0e3 pa3BOPOTOB — 0€3bIHEPIIOHHO.

CambIM 3HaUMMBIM JTocTHRKeHeM Buktopa Illayoeprepa Obl-
JIO OTKPHITHE CUJIBI OE3B3PHIBHOTO W3BJICUEHHSI BHYTPEHHEU
SHEPruy BOJbI U ra3a MmyTéM MMILJIO3UU-BKPYUNBAHUS ITOJBUK-



HOW CTPYH BOJbI K LIEHTPAJIbHOUN OCH Yepe3 KBAHTOBO-BOJIHOBOM
y3eJ1 BOJIHOBOJIA. DTOT MPUHITHIT OB IOJIOKEH UM B OCHOBY pa-
OOTHI IBUTATENIEN TPUHIIUITMAILHO HOBOTO TUTIA, TTO3BOJISIONINI
CYIIECTBEHHO CHMXATh TPEHUE NP JBUKEHUM CYKUBAIOILIENCS
CTPyH BOJIbl WY I'a3a BIOJIb TEXHUYECKHUX BOJHOBO/I0OB. DTO,
6€e3 COMHEHHSI, ero caMoe PeBOJTIOIMOHHOE OTKPHITHE, TOCKOJb-
Ky COBpEMEHHasl TeXHUKa B 9TOM HarpaBJIeHUH AOIUIa, (DaKTH-
JeckH, J10 abcypna. [llayGeprep nonaras, 4to Hafo Aefaarh CTaB-
Ky He Ha JIaBJIeHue ¥ TeMreparypy (IIpUHIIMII, HA KOTOPOM pado-
TAlOT BCE JIBUraTe]Id BHYTPEHHErO CrOpPaHusl), a Ha CUJIy BCAChI-
BaHUs1, HAITPABJICHHOU Ha CUJTY O€3B3PHIBHOTO PACIIIETIEHUS Ma-
TepHUU BelIecTBa padovero Tejna UMILIO3KUEN BOJTHOBOIOB U3 T0-
TEeHIMAJIOB — 3(p(peKT aHTUTOpHAO. Takass TEXHUKA HE co3Jia-
€T OTXOJOB WJIM OTPAOOTAHHBIX T'a30B, a MPOU3BOIUT SHEPTHUIO
«no mapugpy, NOUMU PAGHOMY HYAIO».

To, uto ero TexHuka (QyHkuuonupyer, Illaybeprep noka-
3aJ1 HA CBOUX «BCACHIBAIOIINX» U «(pOpeneBbIx» TypOMHAX /s
TUIPONIEKTPOCTAHLMM, KOI(P(PULIMEHT NONE3HOTO AECUCTBUSA KO-
TOpBIX OBUI HAMHOTO BHIIIe, YeM Yy OOBIUYHBIX TypOWH. Tex-
HOJIOTUYECKUI YHUBepcuTeT 3amnagHorepmanckoro IlTtyrrapra
¢ yyactueM camoro Bukropa Illaybeprepa mposén B 1952 ro-
JIy OMbITHI, KOTOpPbIE OJHO3HAYHO AOKA3aId, YTO MPaBHJIb-
HO 3aBHXpsieMas (TOCTynaTe/bHO-BpalllaTeJIbHOE BKPYUYUBa-
HUE CTPYU K OCH) BOAA C MOMOIIIBIO CIIENUAJIBHBIX CITUPAJIbHBIX
TpyO B COCTOSTHMM KOMIIEHCHPOBaTh CUy TpeHus. Tekcr no-



KJana¥ o pesynbTatax TUX OIBITOB, MOATOTOBJICHHBI DpaH-
niem [lornenem (Franz Popel), Obi1 onyonmMkoBaH B TOM %ke TO-
ny oy Ha3zBaHuWeM «[IpenBaputenbHbIA AOKTaN*’ 00 IKCHEepH-
MEHTaX C MCMOJIb30BAHUEM CIUPATIEBUAHBIX TPYO Pa3IMUHBIX
dopm, 20 Bek» («Wendelrorhen mit verschniedener Wandform.
Internal report», Institute of Health Technology, Technical
University, Stuttgart, 1952). [lozgnee, B 1981 rony, 3Tu 1aHHbIe
ObLTM MOATBEPKACHBI PsiioM onbITOB B KoposieBckoM TexHuve-
ckoM uHcTuTyTe CTOKIOMbMA.

W3BectHo, uto yxe B 1939 romy B. Illaybeprep cozman
YCTPOKCTBO, KOTOPOE MOIJIO CIYXUTh T€HEpaTOpPOM 3JIEKTPO-
SHEpPIuu, WIKA 3JeKTPOCTAHLIMEN IJIsI CAMOJIETOB M MOABOAHbIX
JIOZIOK.

CBolii 1epBhIii ABUTATENTH, pAOOTAOIINN HA COBEPIIIEHHO MHBIX
npuHIMnax aercteus — «Repulsin-A» — B. [layGeprep cozgan
B 1940 rony.

B pesynbprare aHanm3a MaTeHTOB M MPUHIMIIOB PaOOTHI arl-
IapaToB MOXHO IPUMTH K BBIBOLY O TOM, 4TO K 1940 romy B.
[IayGeprep MOTHOCTHIO OBJIAE] TEXHOIOTUEN CO3JaHUs CBePX-
TeKyurx’! BOJIHOBOJIOB B YCTPOICTBaX ¢ 3aMKHYTOH CHCTEMOM
BBICOKOUYACTOTHOTO BpAINIEHUS CYKAIOIIEHCs: BUHTOBBIM 00Opa-

89 3101 Teker ¢ TaGmAIIAME PE3YIBETATOB IKCIIEPUMEHTOB H3NOKEH TAKKE B KHHIE
«DHeprusi BoApl», U31-Bo «Sy3a» 2007T.

%' Yro 10 0uens noxoxee komuccnn PAH PO u YAH MyOIUMKOBaIH yxe B 21 Beke
IO MOBOJY pe3yabTaToB padoT A.B.Bauaesa, J.U. Vpymkoesa u C.B.AnameHko.

o1 He myTaThb C KpI/IOFeHHOﬁ CBEPXTEKYYCCTDbIO I'CJINA.



30M CTPYH CBEPXTEKy4Yel KUAKOCTH (IPaBUTALIMOHHBIN TOK), I'e-
HEepUPYIOIIel COOCTBEHHBIE ISl HUX BBICOKOUACTOTHBIE MaKpO-
MOHOMOJIN*>— UCTOYHUKHU BCEX TPEX BUXPEBHIX IMOJIEH, COCO0-
HBIX B 3aBUCMMOCTH OT pellaeMoi 3aJauu CrielagbHbIM 00pa-
30M B3aMMOJIEHICTBOBATH C BHYTPEHHEN SHeprueit pabouero tena
Y C OKPYKAIOIIEH Cpejioi, 0TOUpas OT He€ Ty WK UHYI0 hopmy
SHEPruM BeIeCTBa WM TOJIsl ¥ TpeoOpa3oBbiBast €€ B HEOOXO-
JUMYIO.

Skcnepumentsl KocunoBa H. B. u Tapbapyka B. W.
B 2002 romy, MOATBEPXKIAOT OOPATHBIE SIBJICHUs B3aUMOWH-
OYKIIMA TPEX Tojeld W BpailieHWs. B MpoBeIeHHBIX KCIepu-
MEHTaxX IMOKAa3aHO, YTO IMPU OTBOAE IEKTPUUECKOrO TOKA 4Ye-
€3 EKTPONPOBOAHYIO KUAKOCTb, HAXOISIILYIOCS B MATHUTHOM
1noJjie, KUAKOCTh MPUXOAUT B BUXPEBOE MOCTYMAaTeIbHO-BpaIlia-
TeJIbHOE JIBUKEHUE.

I1o0 Oeticmeuem umnao3uu MOAEKYALL YNOPAOOUUBAIOMCS
8 paouanbHO-0Ce60M HANPABAEHUU, MAKUM 0OPA30M, 6EKNOp
Oelicmeust 8Cacvl8arouell CUNbl mModice HanpaeaeH no OCU, OKOAO
OCU Jice U HabAoOaomcs Haubonee CYuleCmeeHHble CHUNCEHUS
menaa u dasaenusi. baazooaps smomy eoenexaemcsi, KOHUeH-
Mpupyemcsi U cesa3vl8aemcs (IMYAveupyemcst) KUCAopoo, npo-
BOUUPYIOWUTE OUAMAZHEMU3M. MO — MOUHAS. NPOMUBONONOIC-
HOCMb CUNbL AMOMHO20 8030€HCMBUSL, U3BECMHOU KAK 3AEKMPU-

92 B ero narentax u YCTPOMCTBAX Il UX peau3alii TEPMUHOJIOT U, MOSCHAIIA
MPUHIAIBL PaOOTHL, 10 CHX MOP He MOAHAETCS CBSA3M C KJIACCUYECKOH W TPHHATOH
BO BCEM MHpE HAyYHON TEPMHUHOJIOTHH.



uecmeo. 1100 Oelicmeuem umMnao03uu noayuaemcst 6e30emoHaul-
OHHBII 00paTHO BcachBawoIuid 3(pdekT B oOmacTu Aapa, KOTo-
pbIil TIPOBOLIUPYET IMYJIbCUBHBIE MPOLIECCHI, & UMEHHO CBSI3bI-
BaHMe KUCJIOPO/a, KOTOPBIA CTAHOBUTCS TeM OoJiee TaCCUBHBIM,
JyeM OJrke K LIEHTPY BOPOHKU. Pe3ynbrar — cxkumanue nepude-
PUYECKON MacChl, BBHITYCK TEKYINEH CyOCTaHINN 32 MPEIEIbl BO-
POHKH, BO3pacTaHUWe CKOPOCTH CaAMO3aKpy4MBAaIOLIErOCs Belle-
ctBa 6e3 yBenuueHus: cuiibl TpeHust. CKOpocTh BpallleHus Mpu
9TOM yBEJIMUMBAETCS Ha KBAaJpaT CKOPOCTH TAaJIeHUs Temrepa-
TYPHL

Ila, coBepIlieHHO OYeBUTHO, YTO MOHSTH HanucanHoe B. [lay-
OeprepoM, J1a eie co CMbICIOBBIMM OIIMOKaMU TPH MEPEBOJE,
yu€HbIM C Kiaccudyeckum oOpaszoBanuem (CAII) coepiiieHHO
HEBO3MOXHO U TaKOE U3JIOKEHHE CIeAyeT Ha MPOTSHKEHUU BCei
ero kuuru. Ho pusuku skcnepuMeHTaTopbl MOTYT TOHSITh, U TO
JIMIIb YaCTUYHO, paboTy amnmapara no tem 3¢ dexram, KOTopbie
peanu3yloTcs Ipy paboTe OT/IEIBHBIX Y3JI0B B JUHAMUKE Bpallie-
HMS 3aXBaYEHHOrO KJlactepa arMoc(epHOro BO3ayXa, a Takxke
10 TEM TeXHUYECKU U3TOTOBJICHHBIM BOJTHOBOJIAM B €r0 KOpITyce.

HWcnipitanus B ['epManny mokasanu, yTo MajieHbKast « UMAIAO-
3uonHas»*® MamuHa auameTpoM 20 M C BpallaorMcs B Hel

93 Sxennosus — SHEPrus MaTepHy HaIlpaBJIeHa HApyXy (B3pHIB), UMNA03Us — SHEP-
TUsl MaTepUU HAITPaBJIeHA BHYTPb K OCH BpaIlleHHMs], TIPEBPALIAIONIast FA30BYI0 CTPYIO
B UIITy, POXUTAIOIIYI0 OSTOH M CTallb, AHAJIOTMYHO SIBJICHUIO C COJIOMHUHKOW B TOP-
HAJIO, & TAKIKE SIBJICHUIO TIPOKUTAHKS CTAIBHOW OPOHHU PACILIABJISIONICHCS U Bpalla-
IOIIECS KUIKOCTHIO KYMY/ISITUBHOTO 3apsijia C KOHYCHOUM BBIEMKOM, B KOTOPOH U 3a-
poxaaercs (poKyc-TOUKa MecTa HanOOJBIIEro 3HAYCHHS] BETMYUHBI MAarHUTHOTO MO-



MIOTOKOM pa®Ooyero Tesa 1o CrenuaibHbIM CBEPXTEKYYMM BOJIHO-
Boz1aM co ckopocThio 10000 000pOTOB B MHHYTY MOXKET MOAHSTH
57 touH, a ipu 20000 060poTax B MUHYTY — 228 TOHH MAacCBhl.

B cBoux «meopusix» B. IllayOeprep HacTamBaeT Ha TOM,
YTO CHMpPAJIEBUIHBIE BCACHIBAIOIIHE TPYObl ABOMHOTO 3aKpy4H-
BaHMS MOTYT CaMOCTOSITEJIbHO '€HEpUpOBaTh OIPOMHYIO SHEp-
ruto. [IpeanonoxuTenbHo, Takas UMAA03UOHHAS MAILIUHA TeHe-
pUpyeT Tak Ha3bIBa€MbIil aBTOPOM «OUAMAZHEMU3M>», UTO TIO-
CTOSIHHO CTUMYJIMPYET HeUTO BPOJIe MPoIiecca «ObIXxaHusi», oma-
rogapst KOTOPOMY JIOCTHTaeTCsl HempepbIBHASL pa0OTa MAIIMHBI.
[Tpu ornpenenEéHHbIX pekuMax paboThl MPOMCXOOUT CKUKEHHE
IIPY OXJIAXKJEHUH BO3/yXa C OTOOPOM SHEpruu sl MofJIepxKa-
HUSI PABHOBECHOT'O PeKMMa BpallieHus1 padouero tena. PazHocTb
NEKTPUYECKUX MOTEHIMAIOB YBEJIMUMBAETCS 110 PAAUyCy Nep-
NIeH/IMKYJISIPHOTO OCH BpAIlleHUsI C YBEJIMUSHUEM JHCiIa 000po-
TOB B MUHYTY. [locpecTBoM u3mMeHeHus1 yucia 000pOTOB MOX-
HO U3MEHSITh IPOU3BOAUTENHHOCTD. Haripumep, 4ToObI BhIpado-
Tath oT S0 10 100 JoMmagMHBIX CUIT, TOTPeOyeTCs yCTAaHOBKA pa3-
mepom 60 x 60 cMm, obmmit Bec kotoport 30—50 Kr, a CKOPOCTh
BpamieHus — 12 000 060poTOB B MUHYTY.

TypOuna cama n3BJeKaeT IBUXKYIIYIO BOLY U3 BO3IyXa U CKU-
Kaet e€ — 0TOOp BHYTPEHHEW SHEPruu U3 padouero tena. Baky-
YMHO€ BCacChIBaIoIlee JEUCTBUE HACTOJIBKO CUJILHO, YTO, HAMPU-
Mep, 3aXBau€HHbI BO3YX PaCIIEIISETCs BO «(IIOUAb» U CO-
30a€TCS1 TIOMBEMHAS CUJIA STUM TEXHUYECKHUM XOJIOIHBIM aH-

HOIIOJIA.



TUTPABUTAIIMOHHBIM 3aps/IOM (MCTOYHUK) MaKpOBUXPOHA, CIO-
coOHasg nogHATh Oojiee 200 ToHH Macchl. MICTOYHHK CO31aéT
XOJIONIHOE AHTUTPABUTAIIMOHHOE MOJIE MO 3HAKY COBIAAAIOIIEe
co co 3HakoM nosist 3EMJIN — nanee Hakauka oOnaka-Kjactepa
13 3EpeH-TPABMOTEHIIMAIOB, T.€. CO3/IaHKe CBOCOOPA3HOM «BO3-
JOYIIHOW» TOMYIIKH, T.€. MPOLUECC OTTAJIKMBAHUSA JBYX OJHO-
MMEHHBIX MO 3HAKy MCTOYHWKOB WJIM AQHTUTPABUTAILIUS B JEH-
CTBMH, B TIOJIHOW aHAJIOTMH C OTTAJIKUBAaHUEM OJMHAKOBBIX IIO-
JIIOCOB pa3HbIX MarHMTOB.

3aKkoHbI KOHAEeHCAIlUN SHEPTHH B IPO0JeHIs CTPYKTY-
PYPOBaHHON MaTepPH.

3aKpyuuBaIOIIMEcs] MAacChl CTPYU BOJbI MOCTENEHHO JI€3UH-
TEHI'PUPYIOT MOJIEKYJIbl BOAbI, JOCTUTasl TP ITOM KPUTUUYECKON
TEMIePaTypPHON TOYKH, ITPU KOTOPOr 00pasyioTcs: ¢hIrouabl —
JApoOJieHHe CTPYKTYPHPOBAHHON MaTepun 4depe3 dat-
Tep. [oMOoreHn3MpoBaHHbIM, Oaroaapsi CiupajeBUIHON BCACHI-
BaloOIel cUCTeMe, BO3MYyX/Boma/(iony] OTAENSAETCS] OT CTEHOK
3aKPYUYMBAIOIIUXCS CIEIUATIBHBIX TPYO, CHYKAs COMPOTHBIIC-
HUe, BA3KOCTh, TPEHUE, a MIPEojIoicBasi 3BYKOBOH Oapbep rpe-
BpaIllaeT TOT MOTOK B CBePXTeKyunii. BeiOpachiBaeMblil TOTOK
JOCTUraeT Kputuyeckon ckopoctu 1290 metpa B cekyHay. DTo
MouTy B 4 pa3a BbIIE CKOPOCTH 3ByKa B BO31yxe. BrixomHoe
orBepcTue (POpCyHKU umeeT auameTp 1Mm. Boixoasinas cTpys
BOJIbI WM BO3/yXa HACTOJBKO ke TBephaa®, Kak U CMAaAbHOL

4 Ha s1om TIPVHIIMTIE CO3/IaHMSI CBEPXTEKY4el CTpyH OCHOBAaHO O0eBoe JeiicTBIEe
KYMYJISTHBHBIX CHApSJIOB, B KOTOPBIX 0Opa3yercs cxonsmasics: B (poKyc BOpOHKa Bpa-



npym. C NOMOLIbIO0 OAHOUN BBIXOAHOUM CTpPYyW auameTrpoM 1 mm
MPOU3BOAUTCS SHEeprusi nopsiaka 17,9 nomaauHeIX CUJI, 4TO M03-
BOJISIET TypOMHE COXpaHsTh CKOpocTh Bpamenus 12 000 o6opo-
TOB B MUHYTY. Y KaxJ01 (POPCYHKH 2 UM 4 BBIXOIHBIX OTBEP-
CTUsl, U B OHOM cucteme Moxet ObiTh 10 100 popcynok. Yepes
KaXJJ0€ OTBEPCTUE BBIXOAUT 1 JIMTP BOABY/(PIIIOMIOB 3a JAOJIO ce-
KYH/IBL.

[Tpodeccop ®. Dpenradt u3 ABCTpUM BHIYUCIIUIL, UTO B Cpe/-
HEM UMNA03U6Hble CUJIBI O B 127 pa3 Goliee MOITHBI, YeM
9KCNAHCUBHDBIE CUJIDI.

Potop «penyavcura» 3ammyckaercsi ¢ MOMOIIBIO IeKTpUYe-
CKOT0 MOTOpa, OOIIMI BaJl KOTOPOTO CBSI3aH C BaJIOM IeHeparo-
pa nnepeMeHHOro Toka. CHavyasia 3JIeKTpOI pUBO/L TOAMUTHIBAETCS
SHepruei N3 BHENIHETO UCTOUHUKA TOKA, YTOOBI IIPUBECTH POTOP
B JiBMkeHre. Korja potop HauHeT MPOU3BOIUTL OOJIbIIIE SHEP-
ruu (repexoj U3 notpedieHns: B IPOU3BOACTBO SHEPTUM), YEM
TpeOyeTcs ISl Oo/IepKaHusl PABHOBECHOTO COCTOSIHUS Bpallie-
HUS PeIyJIbCUHA, JIEKTPUIECTBO, BHIpadaThIBaeMOE TeHepaTo-
POM, MOXXHO OTBOAMTH B MOJIE3HYIO HArPY3KYy. ITO CTAHOBUTCS
BO3MOXHBIM TPH CO3[JaHUM 3aMKHYTOH CHCTEMBbI CO BCTPO-
€HHOH CrelyaJbHOW CXeMbI OOBSI3KH, ITO3BOJISIONICH MPeood-
pa3oBaTh OCBOOOJMBIIYIOCSI SHEPTUI0 U OTBECTU BBIpAOATHIBA-
€MYI0 CBOOOIHYIO SHEPIHIO B MOJIE3HYI0 HArPy3Ky. DTy (PyHK-
Mo Oepe€T Ha ce0sl cHaYasla MOTOpP, KOTOPbI CHayala pacKkpy-
YUBAET POTOP PEeIyJIbCHHA, 3aTPAUMBasi EKTPOIHEPIUIO U3BHE,

MAKIErocs MMOTOKa CI)JHOI/I,IIOB, CHoCcoOHast IMPOHUKATh YE€PE3 TOJILY 6pOHI/I TaHKOB.



a 3aTeM B KAYIIEM pekMMe cxeMa OOBS3KHU MEpeKIIovaeT pe-
KUM OTPeOJIeHUsI Ha peKUM MPOU3BOICTBA JIEKTPOIHEP-
UM Yepe3 reHepaTop nepeMeHHoro Toka. [1o orieHkam, mpormop-
s cocrapiser 1/9, To ectb 1/10 sneprum Tpedyercs 1Jisl IBU-
KeHuss Mmotropa U 9/10 — npomM3BOACTBO SHEPIUM FEHEPATOPOM.
[Mpuyém ne3uHTerparnys (ApooJaeHne ) MOIeKy1 padodero Tena
NyTEM BpalleHusl, CTAIO0 MPUUYNHON BOZHUKHOBEHUEM TPUAJIbI
BUXPEBbIX TEXHHYECKHUX Nosed. M kak cJiefcTBUe UX B3aMO-
JEVCTBUS C BEIECTBOM U MPUPOJHBIMHE MOJISIMU OKPYKaIoLIen
Cpefbl, UTO MPUBEJIO 3TO SIBJIEHUE JJIsl PelleHus APYTUX Mpu-
KJIQJIHBIX 337124 PeliaeMbIX 3TUM «PeIyJibCUHOM>:

— MOJTyYEHNE TEXHUYECKOUN XOJIOAHOM IJ1a3Mbl BOKPYT XOJIO/I-
HOT'O aHTUT'PABUTALIMOHHOTO MOHOMOJIS,

— MOJIyYeHUe MeKTPUIECKON SHEPIUU U3 BO3/1yXa,

— CO3JaHKe JIBUTATeIsl BEPTUKAIBHOTO B3JIETA C TATOM HE Me-
Hee 50 TOHH,

— pOXJIEeHUE CBEPXTBEPIOW CTPYyH (PJIIOMIOB BEIIECTBA — XO-
JIOZTHOW KyMYJIITUBHOM CTPYH.

Hlaxe coBpemeHHasi (pu3MKa, KOTOpasi yKe BCECTOPOHHE
OIKcasla OCHOBHBIE CBOMCTBA CBEPXTEKYUECTH KUAKOCTEN C TO-
MOIIIbI0 (DEHOMEHOJIOTMYECKUX TEeOpUid KBAaHTOBOW MEXaHWKH,
JI0 CHX TOp He HAXOIUT OOBSICHEHNI (PM3HYECKOr0 MeXaHu3-
Ma TeXHUUYECKUX PEIICHUH B «penyabCcute» Ha3BaHHBIX 3a/1ay.

C no3uiuii peajbHOro0 MNpeAcTaBJeHUs1”> 3TOT Mpolecc

9 www.youtube.com/watch?v=eAN _nLzrA9Q wu www.youtube.com/watch?

v=VwVm5xHm9a8 — B KOHIENIMY UCTOYHUK-TIONE — JieTatomue aucku B. [lay6ep-



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

MOXHO UHTEPIPETUPOBATD JBUKEHUEM 10 BEPTHKAJIH, KaK Tpa-
BUTAIIMOHHOE OTTAJKMBAHWE OJHOMMEHHBIX CTAITMOHAPHBIX 3a-
PSIIOB, a MO TOPU30HTANIM, KaK HAIMPaBJIEHHOE BOJHOBOE OE3bl-
HEpIMOHHOE JBMKEHUE C MOMOIIBI0 ACUMMETPUYHOTO TOPOU-
JaJILHOTO TONSA%® AeOpOIMIeBCKOM «IITyObl» C OMOPOM Ha TpaBH-
TALMOHHbIE MOTEHIMAJIbl BOJTHOBO/IA BOKPYT 3aMKHYTOI'O KOHTY-
pa cucteMbl. O00I0YKa-KOKOH XOJIOIHOTO aHTUT PABUTAILIMOHHO-
IO MOHOIIOJSI BOKPYT 3aMKHYTOT'O BHEIITHETO KOHTYpa CHUCTEMBI
KOMIIEHCUPYET €€ MacCy B MOJIE TATOTEHUS 3EMIIUA, TOUHO TaKXKe
Kak 000J109Ka 1mojist 00BEMHOTO 3apsi/ia U3 aTOMHBIX JIEKTPOHOB
KOMIIEHCUPYET LEHTPAJIbHOE I0JIe MOJIOKUTENIBHO 3apsiKEHHO-
ro 3MEKTPUYECKUM TMOTEHIIMAJIOM aTOMHOro sijipa. Bzaumoneii-
CTBUSI 3TUX TOJIEN MPUBOAUT K POXJICHUIO TTOBEPXHOCTHOU 30-
HBbI XOJIOJHOM IUTIA3Mbl. DHEPrusi, KOTOPYIO 3Ta CUCTEMA MACC UC-
NOJIB3YET AJIs TONETA, U3BJIEKAETCS U3 Pab0OYero Tesa MyTéM ero
OXJIaXKIeHU 1 10 (DIIOMIOB M MOHU3AIIUY aTOMOB, T.€. /IBa MOCJe-
JOBATEJIbHBIX YPOBHSI JA€3UHTErPAIlK BEIECTBEHHON MaTepuH.
Hcrnionb3oBaH 3¢ ekt TOpHAI0, HO aHTUIIMKJIOHA. PabounM Te-
JIOM B JIBUTratesie CiIykKuT Bo3AyX (Boaa). MoTop-craprep npuBo-
JIWT B IBUKEHUE POTOP, KOTOPBIT (POPMUPYET (TpaBUTAITUOHHDIIA
TOK) OBICTPO BpAIAIOIIUIICS BOKPYT OOIIEN OCH BOISHOW TOMY-
OTKPBITHII CITUPATBHBINA TOP-OyOIMK C HE3aBUCUMBIMU KaMepa-
mu. [Tpu aToM, padouee Tesio (Bo3ayX/Bojia) py OTOPACHIBAHUN

repa u I Cepna, 4. 1, IIpoctpaHcTBo-Tiojie 1 4.2. [leOpoiineBckas myda u SHeprus
pacIIeruieH s BeIIeCTBa.

96 .. .
AHasor akTHBHOTO (ha30BOro 00bEMa (hOTOHA, JIBIKYIIETOCs C OTIOPO Ha TeK-
TPOINOTEHLIUAJIbI BOJIHOBOJIA, CO3/JAHHOT'O MArHUTHBIM MOHOIIOJIEM.



3a CYET IEHTPOOESKHOW CHJIBI K Tiepudepun MPOXOAUT CKBO3b
«IITOMOPBI» — MOTYOTKPBIThIE (POPCYHKHU POTOPA, MOTydaeT A0-
MOJTHUTEJILHOE BpAlllEHUE BJIOJIb OCH KaXKA0M U3 Jionacteir-pop-
CYHKHU ¥ BKpy4YMBaHUE BHYTPb K HEH, T.€. IPOUCXOIUT JBOWHOE
KpY4YeHHE C WHKEKIMed B HUX SHEPrUu 3a CUET OXJIAKACHUS
pabouero Tena — IEHTPOOEKHOE POKICHUE OTIAETBbHBIX CTPYH
Y BKPYYHMBAHUE BHYTPb K OCH OTJEJBHOIO «IITOMOpPa»’’ ¢ pox-
JeHUeM MeXaHMYeCKUX BHXPOHOB Yy KaXIOH CTpyH — 3apsii-
Ka TPaBUTAIIMOHHBIX MOHOIOJEH. CyIIeCTBeHHO, YTO TIPU TeX-
HOJIOTUYECKOM HMCHOJIHEHUM METAJTMYEeCKUX jeTasiell, (hopMu-
PYOIIUX METaUTUIECKOe JIoke ® BOJTHOBOJIA, OBUIN MCIIOIb30Ba-
HbI TAKKe TJIaBHbIE KPUBbIE JIMHUU TJIOCKOCTEM, IO KOTOPBIM, €C-
71 ObI TTPOMCXOVIT CJIB BOJIBI, IIOTOK CTPYU COBEPIIAI OBl CITH-
paJieBUJHOE ABMKEHHUE OT OOJIBINETo IMaMeTpa v TOJICTON CTpyr
K MEHbIIIEMY JUaMEeTpPy U C YMEHbIIIEHUEM AraMeTpa CTPyH, Ha-
NPaBJIeHHON BKPYUYMBaHUEM BHYTPb K OCH BpalieHus — 3(pext
CO3JIaHUSI BUXPEBBIX CTPYH BOIOBOPOTA P BEPTUKAIBHOM CJIH-
B€ BOJIBI Yepe3 OTBEPCTHE. DTO SIBJIEHUE MEXAaHUUYECKOTO 3aKPy-
YUBAHUS CTPYU pabovero Tena B hopme cripaiu-KoHyca rpaBu-
TallMOHHOTO BOJTHOBOZA K €ro BepIIMHE, MPUBOJsIIee e€ B COo-
CTOSIHHE CBEPXTEKY4eCTH, OJTM3KO K CO37aHuUI0 (DOPMBI BOTHOBO-

o7 Ilo CyHIECTBY 9TO TEXHUYECKU CO3JaHHBIC Ha by JUIMHBI BOJTHBI BUXPEBbBIE TOKU —
MCTOYHHK 3apdana rpaBUTAlIMOHHBIX MOHOIOJIER.

% ITpUMHUTHBHBIN aHAJTIOT — POTOP MACOPYOKHU MJIM IITONOP IJIS SKCTPAKIUK MIPo-
60K, T.e. HCIIOJIHeHHe TaBHOro Te3uca B. [llayGeprepa — OTCYTCTBHE B YCTPOKMCTBAX
reOMETPUYUECKHY IIPABUJIbHBIX JIMHUH, IPSMBIX, OKPYKHOCTEH, 11APOB, LIIMHAPOB, KO-
HYCOB U T. 1.



Ja 00paTHOro, KOTOPBIA 00pa3yercsi Mpu pa3psiike rpaBUTAII-
OHHOTO MOHOTIONS B (pa30BOM 0OBEME MEKTPOHA HA YETBEPTH
JUIAHBI BOJIHBI.

B aTOM ycTpoiicTBe IBUKYIIMIACS CNIMPAJbHBIA TOP CTpyU
BO3/1yXa/Bofbl/himoria 00pa3yeT BUXPEBblE TOKU, TEHEPUPYIO-
e MeXaHu4eCKHil MaKpOBUXPOH B (pOpMe TeXHUYeCKO-
ro X0JIOJHOr0 AHTHUIPABUTAIMOHHOIO MOHONOJA. A 1pu
paspsizie 3TOro 3apsijia MPOUCXOAAT MOCIEAOBATEIbHbIE BHICOKO-
YaCTOTHbIE KBAHTOBBIE NIEPEXObI:

— B MarHUTHBIM MOHOMOJIb U PETEHEPUPYIOLIUI €T0 TPaBMO-
HOIIOJIb,

— B BOJIHOBO/IbI 3 JIEKTPOIIOTEHIIMAJIOB U I'PaBIOTEHIIMAJIOB,

— B BUXPEBbIE 3NEKTPUUYECKHE U T'PABUTALIMOHHBIE TOKHU
BJOJIb HUX.

STU MeAJIeHHbIE MEXaHUYECKUE BUXPOHBI U ObICTPbIE MAarHU-
TOJIEKTPUUECKHE BBICOKOYACTOTHBIE IIPOLIECCH, KaK U B TOP-
HAaJI0-aHTUIIMKJIOHE, TPUBOAST K (POPMUPOBAHUIO-HAKAUKE MEJI-
JICHHO HApacTaiolero KBa3HCTALMOHAPHOIO TEXHUYECKOIO
XOJIOHHOTO AHTUTPABUTAIIMOHHOTO MOHOIIOJS OJIHOTO 3HAaKa
C LIEHTPAJIbHBIM I10JIEM 3€MJIU, C KOTOPBIM OH B3aUMOJEWCTBYET
Y OT KOTOPOTO OH OTTAJIKUBAETCsI, HAKAYMBasi «BO3AYIIHYIO MO-
AYIIKY» W3 TpaBUTAIMOHHOTO upa®. [Iprunna, KoTopas Bo3-
Oy/auia 3TOT 3apsijl, 3TO — TPUaJa MAaKPOMOHOIIOJEH B CTPYKTY-
pe rpaBU3JIEKTPOMArHUITHOTO MOHOIIOJ ST, COOCTBEHHBIMU BUXPE-

» AHaJor — OTTaJKMBaHUE OOHOMMEHHBIX I10 3HAKY IIOJIIOCOB CTAITMOHAPHBIX Mar-
HUTOB IIpU UX COJVKEHHH.



BbIMU MOJISIMU U TOKaMH, KOTOPbIE PACHICILISIOT BEIIECTBO TO-
JBVKHOTO KJIacTepa pabodero Teia U OCBOOOX AT HEOOXOIH-
MYIO JUIsl TOAJIepKaHKsl PABHOBECHOCTH IPOLIEcCa €ro BHYTPEH-
HIOI 3Hepru. ®opmyJa rnpolecca cieaynoas:

— addeKT BcachlBaHUS KJacTepa arMOC(EepHOro BO3ayxa
BpaleHueM Ha OOJBIIIOM JTUaMeTpe YCTPOWCTBA TUIMA 3aXBa-
Ta-yJUTKH,

— 3(]QdeKT 3apsAIKy NOTOKA XOJOAHBIX T'PAaBUTALIMOHHBIX
MOHOMOJIEN MYyTEM MOCTYNaTeIbHO-BPAIIATEILHOTO BUHTOBOTO
BBUHUYMBAHUA (3(P(PEKT BUXPEBBIX TOKOB YACTUUYEK BOJBI C Mac-
COM) K OCH 3TOU CTPYyH, T.€. CO3/IaHUE CTPYMHO-BpALATEIbHON
CHMPAIbHO-OCEBOM UMIUIO3UU B Y3€J1 BOJIHBI,

— MOJIEKYJISIPHO aTOMHOE yIOPsAJOYMBaHNe, T.€. MAarHUTHO-
rPpaBUTANMOHHAS TOJIpU3aLMsl C MIOMOILBIO MOJIS TATOTEHUS
3emin,

— pa3psKa rpaBMOHOIONEN ¢ 00pa30BaHMEM BOJHOBOJOB
U3 IPaBNOTEHIIMAJIOB U POXKIEHUEM JIEKTPOMArHUTHOTO MaKkpo-
BUXPOHa,

— POXJEHME BUXPEBBIX TOKOB YACTHI] C MAacCOW BJIOJIb IPaB-
MOTEHIIMAJIOB BOJIHOBO/IA,

— BOJIHOBOE JIBUJKEHUE YCTPOWCTBA B LIEJIOM 110 TOPU3OHTAIIN
110 MEXaHWU3MY CaMO/IBUkeHHS (DOTOHA,

— ¥ KaK CyMMapHOe CJIe/ICTBUE POX/JICHUE OCHOBHOI'O Hapac-
TAIOIIEr0 KBa3UCTAlIMOHAPHOI'O XOJIOHOIO AHTHTPABUTAIMOH-
HOI'0 MOHOIIOJISI, MarHUTHBIX,  3aTEM U JIEKTPUUYECKUX TOJIEH,
a TaKJKe XOJIOMIHOW KyMYJISITUBHOUM CBEPXTBEPION CTPYH, CIIOCO0-



HOU MPOIINTH JJaske OPOHIO TAHKOB, T.€. MEXaHUYEeCKasi KyMyJIsi-
1UsI SHEPruu B (popme 3apsiKaloIierocs IpaBUTAMOHHOTO MO-
HOIOJISI — OCEBasi UMILIO3US,

— BO BpeMsl paOoThl arnapara MosiBjsieTcsl CUIbHOE pa3peske-
HUE-BaKyyM I10 JIaBJIEHUIO HaJ] €0 MOBEPXHOCThIO, U HAIPOTUB,
BHU3Y COXPAHSETCS BBICOKOE aTMOC(PEpHOE [1aBJIeHHE, T.€. MO-
SIBJISIETCS €1LE U IONOJTHUTEIIbHASI MOIIHAS MOIbEMHAS CUIIA [J151
OpraHu3aluy BEPTUKAJIBHOTO B3JIETA,

— Kak cJieicTBUe padOThl JIBUTATEINs], TMOSIBIISIETCSI OCEBOE
VMHTETPUPYIOLIEE MArHUTHOE TOJIE W PaAMAIbBHOE MEPEMEHHOE
NIEKTPUUYECKOE MOJIe,

— KaK CJIe/ICTBUE B3aMMOJCUCTBUS TOJEN I'paBUTAIIMU COO-
CTBEHHOI MAacChl ¥ BHELTHETO BUXPEBOI'O MOJISI XOJIOAHOTO aHTH-
I'PaBUTALIMOHHOTO MOHOTIOJSI POXK/IAETCS MOBEPXHOCTHBIN CJIOM
XOJIOIHOM TUIa3MBI,

— IIpU OIPEJENIEHHBIX YCIOBUSX BpallleHUs (CKOPOCTh BBIXO-
nsament crpyd u3 gopeynku 1290 m/c) ata cuctema BBIXOAUT
HAa PaBHOBECHBI PEXUM ITyTEM paclierieHUs] U TOTpeOIeHus
BHYTpPEHHel SHepruu Kjactepa padodero teia B hopMe 3acachl-
BAaE€MOI0O BO3/1yXa,

— B 3TOM pexume npousBonutcs 9/10 cBoOOIHONM sHEprun
u 1/10 upér Ha nogaepkaHre TaKOro paBHOBECHOI'O COCTOSIHUS,

— YaCTMYHO WJIM TOJTHOCTBIO KOMIIEHCUPYETCS 3apsij] UHEPT-
HOUM MacChl CUCTeMbI 32 CUET CO3JIaHHUsI COOCTBEHHOTO SKpaHU-
PYIOLIEr0 KBAa3UCTALIMOHAPHOIO I'PABUTAIIMOHHOIO MOJIs, UMEI0-
HIEro TOT € 3HaK, YTO Y 3HAaK 3apsja sapa 3eMJd, NOSBISETCS



BO3MOXKHOCTh O€3bIHEPIIMOHHOTO JIBUKEHUS,

— anmapar nMpuoOpeTaeT HOBbIe CBOMCTBA Ha BHICOKMX CKOPO-
CTSIX BpallleHHsI pabouero Tesa, POk IAIONIHIACS BOKPYT HETO aH-
TUTPABUTAIIMOHHBIA TOPOUATLHOU (DOPMBI MOHOIIOJb, KOTOPBIT
o0JIa/IaeT yKe NOCTaTOYHOMW IJIOTHOCTBIO 3€PEH BUXPEBBIX IMO-
JIeil — anmnapar CTAaHOBUTCSI HEBUHUMbIM.

OCHOBHOM BOIIPOC: «3a CUET YEro peajm3yercsl TaKou pe-
KuM»? OTBeT: «3a CUET paclleryieHusi BHYTPEHHEH SHepruu
MPOTOYHOTO KJjacTepa Bo3ayxa No (opmyne — BcachbiBaHHE,
OXJIAK/IEHUE, OXCOKMKEHHE [0 BOJbl, paclIeIUIEHHME MOJIEKYJT
JO0 aTOMOB C OCBOOOXJEHUEM MX SHEPruM CBSI3U, MOHU3ALMS
aTOMOB M aTOMHBIX siJIEp, MArHUTHAS MOJISIPU3AIINs, YIUIOTHEHHE
cTpyu A0 (ouaoB, GOPMUPYIOIIMX HA BBIXOJE XOJOJHYIO KY-
MYJISITUBHYIO CTPYIO (BUXPEBOE 10JIE BOTHOBO/IOB) ITyTEM BUH-
TOBBIX IPABUTAIIMOHHBIX TOKOB YaCTHII C MACCOM.

Wrtak, Bpamamoniascsi cucteMa-reHepatop padoTaeT 3a CUET
pacIieruieHus 1 OCBOOOXK/IEHUSI YKa3aHHOW BHYTPEHHEW dHep-
T'MM aTOMHO-MOJIEKYJISIPHOTO BEILLECTBA, IyTEM CTPYHHO-OCEBOM
UMIUIO3UM B y3€Jl BOJIHBI, KaK CIJIEICTBUE OOpa3yercsl TeXHU-
YEeCKUI XOJNOAHBIN aHTUTPABUTAIMOHHBI MOHOIIONb, Oe3bIHEPT-
HOCTb CHCTEMBI, 3allIUTHOE W HEBUIUMOE JIJIsI PajapoB CyMMap-
HOE BUXPEBOE I0JIe — 000JI0UKA.

Hanee, B 3aBUCUMOCTH OT MOCTaBJIEHHOM 331241, YCTPOICTBO
JOMOJIHSIOT COOTBETCTBYIONIMMU y3J1aMU OOBSI3KY IS

— MPOU3BOJICTBA JIEKTPOIHEPIUH, T.€. TEHEPATOPOM,

— TEIJIOOOMEHHMKOM /1751 IIPOM3BOICTBA TEIUIA, YTOObI



pabouee TeJI0 He 3aMep3Jio,

— CO3/1aHUS1 CBEPXCUJIbHBIX MarHUTHBIX TOJIEH,

— CO3/1aHUs1 OIBEMHOMN TSTH, OTTAIKUBAHUE OT TMOJIS PUTSI-
JKEHUST 3eMIIH,

— oOpazoBanus (OIIOUJHOTO U CBEPXTEKYYEro COCTOSIHUS Be-
1IECTBA, T.€. XOJIOJHOW CBEPXTBEPAOU CTPYH — MEXaHHYeCKast
KYMYJISIIASL SHEPrUM.

ITOT Mmpolecc Mpu GOJBIIEM BO3PACTAHMU YKCIIAa 0OOPOTOB
NEPUOANYECKU TIOBTOPSIETCS, PETEHEPUPYETCS U 3aTEM MEePEXO-
JWUT B PAaBHOBECHOE COCTOSIHUE, ITPU KOTOPOM CPEJHUE YaCTOThI
BCEN TPUAAbl MOHOIIOJIE MHTEIPUPYIOTCS U CO3JAI0T CPEAHUE
KBa3MCTAllMOHAPHbIE 3HAYE€HUs] COOCTBEHHBIX BUXPEBBIX IMOJEi
U3 OTHOCUTEJIBHO MOKOSIIIMXCSI COOTBETCTBYIOLIUX 3EPEH-TIOTEH-
anoB. Tak poXIalOTCSl BpAllleHWEM CHCTEMBbI Macc e€ coO-
CTBEHHbIE I'PABUTAIIMOHHOE, MArHUTHOE U JIEKTPUYECKOE TOJIE.
[Ipu Hauane crapra B3/I€ETa U BO BpeMs IOJIETA BCE NapaMeTphl
TaKOM KBAHTOBOW CHUCTEMbI CTAOWJIM3UPYIOTCS, TaK KaK y Tpa-
BUTALIMOHHOTO MOHOMOJI1 MOSIBJISIETCS IOTIOJTHUTEIIbHAS CTETIEHD
CBOOOMBI 1151 COpOCa SHEPTUH — MOCTYIATEIbHAS.

[Tpu sTOM, CrnemyeT OTMETHTh, YTO €Clid MaclTaObl OTHO-
IIEHUs] CUJIbl TPABUTAIIMOHHOTO B3aUMOJEUCTBUSI MEXK/1y IByMsI
IIPOTOHAMM K CHJIE KYJIOHOBCKOTO JIEKTPOCTATUYECKOrO OTTaJI-
KUBaHUS MEX1y HUMHU COCTaBJISIET 10, 10 yke B KJacre-
pax MmakpoMartepuu ¢ maccoi 6osee IlJIaHKOBCKOM 3TO OTHO-
IIEHWE TIPY OTPE/ICIEHHBIX YCIOBUSIX MOXKET ObITh MPUOTKEHO
K €/IMHUIIe, ¥ ObITh J1a)Ke 3HAYUTESILHO OOJbIIIe 3TOr0 3HAYEHU s,



YTO O3HAYAeT MPeBaAJTUPOBAHNE TPABUTAIMOHHBIX B3aUMO/IEH-
CTBUM HaJ JIEKTPOMArHUTHBIMU. ITO, MOXKATYH, [JIAaBHBIM BO-
npoc (pyHAaMEHTATbHOM (PU3MKH, POKAAIONIEN HOBBIM 3aKOH —
3aKOH «TopHam0», OCHOBA MPUPOIbI CTPOEHUSI aTOMOB U sijiep
BEIIeCTBa, JKUBOIO pOCTa KJIETOK, KPOBOOOPAIIIEH! s B KaITUJLJIS-
pax KUBOTHBIX U T. [I.

Bonblioe 3HayeHure B MPUPOAE UMEET Pe3ysIbTaT UCHOIb30-
BaHUS CBEPXTEKYUYEro nepeHoca Macchbl KOHYCHbIM (BOTHYTBIN)
BpallleHUEM CYKE€HHUsI CTPYH Ha OTHOW YETBEPTH €€ [IJIMHbI BOJ-
HBI, T.€. IBUKCHHE UMUTHPYIOIIEE TBUKEHUE aTOMOB BJIOJIb O-
TEHIIMAJIOB T'PaBUTALIMOHHOTO BOJHOBOAA — UMNAO3UU. ITO pe-
IIeHre 0OPATHOM 3a/1a4M TOM, KOTOpasi pelaeTcsi py peasib-
HOW pa3psiike TPaBUTAIIMOHHOTO MOHOIIOJS C IMPOU3BOACTBOM
BOJIHOBOJIA M YBJIEYEHHEM KBAHTOBOI'O TOKAa aTOMOB BJOJIb €I0
noreHuanoB. Kak 3To HM cTpaHHO, HO PUPOJIA CO3AANIA B KU-
BBIX OpraHU3Max CUCTEMY KPOBOOOpAIIIEHH S, TOKE OCHOBAHHYIO
Ha 3TOM K€ MPUHLMUIIE C TIOMOIIBI0 COCYIOB, UMEIOUIMX BHYT-
PEHHIOI CTPYKTYPY, CIOCOOCTBYIOIIYIO K 3aKPYYUBAHUIO KBaH-
Ta KPOBH ITPU UMITYJILCHOM aKTUBaIu cepateonenuem. He ciry-
YallHO B COCTaB KPOBU BXOAWT XUMMYECKHUU JIEMEHT KeJie30,
Oosiee CriocoOHBIM K HAMAarHMYMBAHUIO, T.€. K 3a[IOMUHAHMIO 3a-
KPy4YMBaHMUsI M K 3allOMHHAHUIO criuHa. POCT pacteHui Takxke
CBSI3aH C 9TUM SIBJICHUEM — U3BECTHHI paCTEHUSsI, TPOOUBAIOIINE
MMITYJIbCHBIM KOHYCOM T'OJIOBKM POCTKA TOJIIILy acalibTa.

MexaHnueckre MakpOBUXPOHBI, POXKIAIOIIMECS BpallleHUueM
TOKa BO34yXa/BOnbl/(pIIOMA0B K OCH, CONEUCTBYIOT IIPU CBOEU



pa3psijike C CO3/IaHUEM BOJIHOBOBOJA 3aKPyYMBaHUIO |0 MUKpO-
YaCTUI] HOCUTEJIS] MAacCh-SHEPIHU B CTOPOHY OT CTEHOK MeTall-
JIMYECKOTO BOJTHOBOA. DTOT MPOIIECC CMIOCOOCTBYET YMEHbIIIe-
HUIO COMPOTHUBJIEHHUE €T0 IBUXEHUIO, ITyTEM OpraHU3aluy BHYT-
PEHHEr0 BKPYUYMBAHMS MO HANPABJISIIOIIEN U CYKAIOIIEHCs JIH-
HUM TOKA CKIKEHHOTO TMOTOKA K €ro NeHTPAIBHOW OCU C TIO-
MOIIIBIO CIIEIIMAJILHO HAITPaBJIEHHBIX TIOJYOTKPBITHIX KAHAJIOB TH-
na mronopa. IIpu KpUTHYECKUX 3HAUYEHUSIX JIBOMHOTO 3aKpy-
YMBaHUS CTPYW Ta3a WK BOJb Ha YeTBepPTH'’! JIMHBI BOJI-
HbBI B (hopMe cxoasimierocsi KoHyca ¢a3oBoro oobéMa Ta-
KOTO MaKpOBUXPOHA, OHA Ha BBIXOJIE MPEBPAINACTCS B HACTOJb-
KO TBEP/YIO UITTY MOTOKA XOJIOHBIX (QJIIOHI0B, YTO CIIOCOOHA
KaK Jia3ep MPOKUraTh OTBEPCTHUSI B TBEPABIX U TUIOTHBIX TENax.
10 sIBJICHUE APOOJIEHUS JIUIIIb TIOATBEPKAAET, UYTO CTPYKTYPY
ra30BOro COCTOSTHUSI CTPYM C TIOMOIIIBIO TAKOTO CKPY4YUBaHUS
MOXHO YIJIOTHUTD JIa)Ke JI0 COCTOSIHUS TUIOTHOCTH aTOMHOTO
sIIPa, 2 BO3MOXKHO, U JI0 COCTOSIHUSI IIEeHTPAJIbHBIX s1I€PHBIX
Me30HOB. PeabHO — co3/1aHMe MEXaHUYEeCKOTO BKPYUYMBAHUS
crpyu'® padouero Tena B popmMe BOTHYTOrO KOHYCa K €ro Bep-
IIMHE BHI3BIBAET B HEH sIBJICHUE CBEPXTEKY4eCTH. DTO sIBIeHNe
MEXaHUYECKOTO BUXPOHA OJIM3KO K IBUKEHUI0 MAarHUTHOTO MO-

1 o o o
99 CroeoGpasHbiit 3eKT BUXPEBOiA MONAPU3ALII — CIIAHOBOI OPUEHTALIM MAK-
POHOCHUTEJIS] MACCHI.

101 Ecian Hauath OTCYET OT PaspAAKU NEPBUIHOIO MarHUTHOI'O MOHOIIOJIA, TO 3TOT
MOMEHT COOTBETCTBYET i nepuoaa, T.€. Ha4ajly 3apssAKu BTOPUIHOT'O MOHOIIOJIA.

102 o
92 O6pasoBanme MAKPOCITMHA KIIACTEPA STO CTPYH M CIIMHA YACTHLIB BOJIBL.



HOTIOJSI BOKPYT OCH B MUKPOBUXPOHE, HO TPUMEHEHO K MEXaHH-
YEeCKOMY aHAJIOTY MAKPOBHXPOHA, B KOTOPOM BMECTO IIPHBO-
J1a 3apsiIoM JIBUKEHUSI-MarHUTHBIM MOHOIIOJIEM MCIIOJb30BaHa
BHENIHss1 BUXpeBasi sHeprus. B npupoae — 370 aHTUTOPHA-
J10.

Hab6monenust 3a MpUpOIHBIMU SIBJIEHUSIMH, TIPOUCXOASAIIUMHE
B aTMOC(hepe B MOMEHT MOX0/1a TOPHAO (IIMKJIOHBI U aHTUIIVK-
JIOHBI), MHOKECTBEHHbIE 3(P(EKThI, KOTOPbIE UCTIOIb30BAHbBI CO-
00I1IeCTBOM M300peTaTeliel ik IOCTPOSHHSI CBOMX YCTPOKCTB,
a Takxe CTpyKTypa hoToHa, hOHOHA 1 JIEKTPOHA, yKa3bIBa-
I0T Ha TO, 4TO 3 eKTh (padoThl Papasest, U3NOKEHHBIE B TPEX
TOMHOM TpY/ie) MeKTPOMarHuTHoi uHaykuuu dapanesi, mosno-
JKUBIIIFE OCHOBY ypaBHEHUsIM MakcBesuia sIBJISIIOTCS HeMOJIHbI-
Mu. VIX Heo0X0aUMO [ONOJHHUTH, TOMUMO BBEICHHS B HUX
BHXPOHOB, €I U MIePUONUECKON KBAHTOBO-CTyNeH4YaToi '
HAKAYKOW COOCTBEHHOT0 BEKTOPHOr0 KBa3HCTaI[IOHAP-
HOT'0 I'PAaBUTAIMOHHOTO MOHONOJISI C NHBePCHell moJiroca
MArHUTHOT0 MAKPOMOHOIIOJISI IPH TAKOM Iepexo/ie , KOTo-
PBIiA, OTHAKO, BOBHUKAET TOJILKO 1O JOCTHKEHUIO KPUTHYECKO-
ro0 MarHUTHOTO MOHOTIONSI B 3aAMKHYTOM CUCTEMe C BPAIIAIOIM-
cs1 paboYrM TEJIOM, Macca KOTOPOro OOJIbIIIe MIaHKOBCKOU. [Tpu-
4€M, BCS TPHaAa, MHAYKTUPOBAHHBIX BpAIIEHMEM MaKpPOMOHO-
nosieil KECTKO cBsA3aHbI'™ ¢ 3TOI cucTeMOl, MpUHAAJIEKAT el

103 KBaHTOBO-CTyNeHYaTOi, TOTOMY Kak HMepHOANYECKU UAET MepesapsaKa rpaBH-
TALMOHHOTO MOHOIOJISI MEXaHUYECKOTO MaKPOBUXPOHA YEPE3 NIEKTPOMATHUTHBIN.

104 Anasor 3aMKHYTOI'0 MUKPOBHXPOHA JIEKTPOHA CO CTpyKTypoit [DOMM.



Y aKTMBHO B3aUMOJIEVCTBYIOT C BEIIECTBOM M MOJISIMUA OKPYXka-
I0ILIEN CPEIOU.

Kogoxkou. [Ipyrum Gosee ycrienHbiM, a mo3TomMy Oosiee cy-
nepceKpeTHhIM, ObUT TTPOEKT «KosoKom» TpeThero peiixa, KOH-
TPOJIb 32 KOTOPHIM OBLJIO TIOPYYeHO BO3JIOXUTh Ha M. Bopmana.
Hoktopa B. I'epnax, K. [Iedyc u or CC I'. Kammuiep u 3. Ma3ys
ObLTM HAYYHBIMU PYKOBOIUTEISIMU U UCTIOTHUTENISIMUA TPOEKTa
COOTBETCTBEHHO.

B 1921 ronpy B Ne29 exenenenbHOro xypHaia «®Pusnye-
CKas HayKa» npodeccop Mute n3 TexHn4ueckoy BbICIIEN IIKOJIbI
B [llapnorrenOypre u goktop IllTaympaiix U3BeaoT O TOM, 4TO
CYLIECTBYET BO3MOKHOCTb Pa3JjlaraTh PTyTh C HOMOLIbIO CPABHU-
TEJIbHO MPOCTHIX (PU3MYECKUX METOJOB U UETKO UJEHTUPUIIN-
pOBaTh 30J10TO, KaK OJWH U3 XMMHUYECKUX U (PU3MUECKUX MPO-
JOyKTOB pacnaaa. B xozme cBoero uccnenoBanuss Mure HaOmio-
JaJl, Kak Ha BHYTpEeHHel oOMeTKe PTYTHOM JIaMITbl B pe3y/bTaTe
CWJIHOW M OBICTpOr OOMOapIMpOBKU 0OPa30BBIBAJICS TEMHBIN
HaJIeT. BbUlO TOYHO YCTAaHOBJIEHO, YTO Jlamma A0 MPOBEICHUA
9TOrO 3KCNEPUMEHTa HE CoAepkaia 30j0Toro Marepuaia. Ilo-
cie 70—200 yacos nipu noreHuuaie 70 BosbT U Harpy3ske 400
— 2000 BaTT MoJIy4asoch BIOJIHE OIIyTUMOE KOJIUYECTBO 30J10-
Ta — Mexay 1/10 n 1/100 musumarpamMmoB. 1ot 3(pdeKT ocHO-
BaH Ha MOPA3UTENHHO HU3KOW CTAOMIBHOCTH PTYTH ', moaBep-
raeMoy JEKTPUUECKUM pa3psijiaM.

105 IpakTrdyecku 310 OBUIO peaan30BaHO B CBepXceKpeTHoM mpoekTe TpeTbero Peii-
xa «Kosokom».



Merauimyeckuil Koyokon umen 9 ¢gyrtoB B nuamerpe u 12
—15 ¢yT10oB BBICOTBI. BHYTpH KOJIOKOJIA pacronarajimch asa Iy-
JIMHJPA, KOTOPble MOIJIM BpAIIaThCsl C MPEebHO % BO3MOXK-
HOW CKOPOCTBIO B TAKMX YCJIOBUSAX B MPOTHUBOIOJOXHBIX Ha-
npaBjicHHSAX. B 00bEM 3anmBasiach OarpsiHUCTOTO IIBETa JKHUJI-
KOCTh «Xerum 525» Ha OCHOBE PTYTH. DTa KUAKOCTb TPaHC-
MOPTUPOBAIACH B EMKOCTSIX, 9KPAHUPOBAHHBIX CBUHIIOM C TOJ-
IIMHON CcTeHOK A0 3 cM. s pabGoTel TpeOboBamuch OOJbIITE
3aTpaThl NIEKTPOIHEPTUU, CPABHUMBIE C TIPOU3BOJICTBOM O0BE-
MOB HEOOJIBINON THUAPOIIEKTPOCTAHIIMHU. [IUIMHIPET TPUBOIM-
JIUCh BO BpallleHUH U Yyepe3 1—2 MUHYTHI BHIKTIOYATUCH. 3aTeM
BKJIIOYAJIU 3JIEKTPOPA3Ps1Ibl MOIIIHOTO UMITYJIbCHOTO JIEKTpUYe-
CKOTO TOKa C Halpsi’KeHUeM [0 OJJHOrO MUJUIMOHA BOJIBT. 32 3TO
BpeMsi padOTHI BECh KOJIOKOJI CBETHUJICS TOTyObIM CHSTHIEM 00pa-
30BaBIIEHC 0OOJIOYKU 30HBI XOJIOMHOW 0e3MacCOBOM IJIa3MBl.
[Tporiecc ObUT AJTUTENBHBIN (4—5 YacoB) ¥ IEPUOIUYECKU BKIIIO-
YaJIUCh 3TU LIWJIUHIIPBI.

[locne nepBbIX k€ UCHBITAHUM, TEXHUYECKUU NIEPCOHAII, Ha-
XOMUBIIMICS B HETOCPEACTBEHHON OJIM30CTU OT KOJIOKOJA, TO-
Jy4UJT HEMONPAaBUMBIN yIIepO 37J0pOBbI0 — 5 U3 7 YYEHBIX
ymepau. [lanbHeinMe UCTbITAaHUSI anmapara ObUTH HarleIeHbl
Ha HCCJIe0BAHUSI BO3/ICHCTBUS BUXPEBBIX TOJIEH ToyOoro cu-
sHUS (TIOBEPXHOCTHAsI 30HA XOJIOIHOM 0e3MaccoBOil mJja3-

106 Cospanme LEeHTpU(MYT Ui pasfelieHUsl U30TOIOB ypaHa — CJIOKHeHas 3a1a-
Ya, CBSI3aHHAs C MMpoOTeMaMyl LIEHTPUPOBAHMS IMIMHAPOB. ['epMaHus JmanpoBaa
B IIPOU3BOJICTBE TAKUX aIlllapaToB.



MBbI) Ha paCTE€HUS U )KUBOTHBIX.

YCTaHOBJIEHO, YTO OpraHUYecKue OOBEKTHI, pa3MeIlEHHbIC
B HEMOCPEJICTBEHHON O0JacTH TOJsl XOJOTHON Oe3MaccoBO
IUIa3Mbl OKOJIO BHELIHEW MOBEPXHOCTH KOJIOKOJA, 32 OYE€Hb KO-
potkoe BpeMs (1—2 MUHYTBI) PEBPAIIAIMCH B YEPHYIO BA3KYIO
cyocranmio. Cpasy BOIpOC Kakou U3 TPEX BUIOB XOJIOTHOM 6e3-
MacCOBOM IJIa3Mbl OTBeUaeT 3a ITOT npoiiecc? CuHee cusiHue —
9TO MPU3HAK OYEHb IJIOTHOT'O JIEKTPUUYECKOr0 3(pupa, KOTOPHIN
B3aMMO/IEICTBYS C MPOTUBOMOJIOKHBIM 0 3HAKY MO0 aTOMOB
BEIIECTBa, pa3pymaeT nocjieqHuii. MarHuTHast XonoaHast 0e3-
MaccoBas Ijia3Ma MPHUTSKeHUs JIByX MPOTUBOMOIOXHBIX TMO-
JIIOCOB CTAITMOHAPHBIX MATHUTOB HE 00JIa/IaeT TAKUM CBOMCTBOM.
MakcumaibHOe TpOSIBIICHHE BO3JCUCTBUS KJIACTEPOB OOJIBIITNX
Macc Ha TMOBEPXHOCTH 3eMiid TyTéM 0Opa30BaHWS MPHUTSIKe-
HHSI C TIOMOIIIBIO 30HBI XOJIOJHOM IPaBUTAIIMOHHON 6€3MacCOBOM
IUIa3Mbl peaIU3yeTCsl JIMILb 1aBJICHUEM.

B opranusmax Gosiee KpyIHBIX XHBOTHBIX OOpa30OBHIBAJIACH
HeKasl KpucTajuimdeckasi cyOcranis. OHa pa3pymaia Ku3He-
JeSTeIbHOCTh Tejla U3HYTPU. Bcs KUIKOCTh, BKJIIOYAs KPOBb,
MOHAyaJy rycrena, oToM pacrajaiack Ha ¢ppakuuu. beuio nmpu-
HATO CUYMTATh OE30MACHBIM PACCTOSIHUE OT KoJiokona B 150—
200 meTpos.

CreHbl OMeleHusl, IJe HaXOAUJICS KOJOKOJ, ObUTA OOTHIIO-
BaHbl KEPAMUYECKUM KUPIIMUOM, KOTOPbIE MIOKPBIBATIMCh PE3U-
HOBbIMM Martamu. [locie KaxI0oro MCHbITAHWSI PE3UHOBBIE Ma-
Tl CHUMaTH U ckuramn. Ileab ¢pusnveckux ucmbiTaHWid Obl-



Jla HarpaB/ieHa HAa HAay4YHbIE WCCJIEIOBAHUS «BUXPEBO2O CHiCa-
MUs», «pPa3oenenHue MAazHUMHbIX Noaei», <NOAAPU3AUUIO CNU-
HO6» Yl U3YUYEHUE «KCNUH0B020 pe30HaHca». MHOorue yJéHsle no-
CJIe ITUX UCIIBITAHUN YMEPJIU.

IIponecchbl. OCHOBHBIM ITPOIYKTOM B KOJIOKOJIE OBLIIO IPOU3-
BOJICTBO 30J10Ta. 30J10TO NOIY4YaIoCh U3 pTyTH. OCHOBHOE CBOM-
CTBO PTYTH — «NOPA3UMENbHO HU3KASL CMAOUNLHOCTb PIYMU,
nooeep2aemas HanpsidjCeHUuro .

B pabore A. ®. KiagoBa npuBOASATCS SKCIIEPUMEHTAIbHBIE
pe3yJbTaThl SIIEPHOTO MPEeoOpa30BaHUsI XUMHYECKOTO COCTaBa
BOJIHBIX PACTBOPOB, B TOM YKCJie PaJHOAKTHBHBIX, ITyTEM Ka-
BUTAIIMOHHOI 006padoTku padouero Tena. [To ypoBHI0 paanoak-
TUBHOCTH CYIWJIM O CTENIeHU MpeoOpa3oBaHus PTyTU. Amnmapar
COZIEP:KUT BPAIIAIOIIMECs KOJBLEBBIE POTOPHI U CTATOPBI C OT-
BEpPCTUSIMU paBHOM II01Iaa4, 4To coctasisier 0,1—0,7 ot Bcen
TUIOIIAIM KOJIell. DTU OTBEPCTHsI Ha KOJbI[aX HEOOXOMUMBI JJIsI
CO3/1aHusI TOTOKA KABUTALIMOHHBIX ITy3bIPbKOB.

B mporiecce aktuBanuu padOTHl MOITHOTO JIEKTPUIECKOTO
TOKA TOJ1 ICUCTBYEM HalpsKEHUs U yAbTPa3ByKa MyTEM Bpallie-
HUS KOJIET] POKAAeTCsl TOBEPXHOCTHBIN OObEM BBICOKOUYACTOT-
HOM JIEKTPHYECKOH XO0JOJHOMH MJIa3Mbl, KOTOPbI 1O Mepe
pOCTa MPOHUKAET BIIyOb PTYTU M PACIIEIUISET €€ aTOMBI U SII-
pa (pacrnaj 10 ME30HOB) MEPBUYHOM aTOMHO-SIJIEPHOM MaTepuu
u o0Opasyercss HOBasi (pOpMa — CHMHTE3 HOBBIX JIEMEHTOB, Kak
aHaJIOr MPOLIECCOB MPOUCXOJSAIINX B KABUTALMOHHBIX ITy3bIPb-
kax KiranoBa 1 MUKpOIIapoBOM XOJIOAHOM IL1azmMone Badaesa.



B 3aBucumocTy OT mapaMmeTpoB Ipoliecca, a Takke OT MOJBO-
Ja sHepruv B (hopMe YacTOThl BpPAILEHUS WU MOJAYU BBICOKO-
BOJIBTHBIX UMITYJIbCOB MOXHO TOJTy4aTh 3apaHee CIUITAaHUPOBAH-
HBII 3JIEMEHT, B TOM YHUCJIE 30JI0TO WJIM TUIATUHY.

Kak sta texnomorusi padboraer? OueHb MOIIHBIMU 3JIEK-
TPUUYECKUMU HAIMPSIKEHUSIMU CO3JAETCSl TOJSIpU3alusl Bellle-
CTBa, POXKJIAIOIIUICS MOTOK OTPUIIATESIbHBIX JIEKTPUUECKUX 3€-
PEH-TIOTEHIIMAJIOB OJTHOTO 3HAKA ITPOHUKAET B HETO U YHUUTOXKA-
€T 30HOU 00pasyIoIIeics XOJIOIHON IJ1a3Mbl AJIEKTPUIECKHUE T10-
JIS1 aTOMHBIX SIIeP, YTO TMPUBOIUT K OBICTPHIM SIAEPHBIM peaK-
usM pacnaga-cuHTe3a. OHako, YTo0bl JOCTUYL HEOOXOTUMOM
MJIOTHOCTU 3JIEKTPUYECKUX 3E€pPEH-MOTEHIMAIOB, MPOIECC CO-
MIPOBOXK/1A€TCS NMAPA3UTHBIMU SIBJIEHUSIMU — POKJIEHUEM T'PaBU-
TAIIMOHHBIX MTOTOKOB 3€PEH-TMOTEHIIMAIOB U MArHUTHHIX. BmecTte
C NMEKTPUYECKUMHU ITU MOTOKU CO3JAI0T 0OOJIOUYKY-KOKOH BO-
KPYT NMOBEPXHOCTH TBEPOIO TeJla anmapara.

AHaIOrn4HbIN anmapar ObL1 IpruMeHeH AdaHachbeBbIM B TH/I-
POBOJTHOBOW TEXHOJIOTHH TepepabOTKN PaJUOAKTUBHBIX OTXO-
noB ¢ ADC, a Takke akageMukoM JlyapiieBbiM %7, KOTOpbIii pu-
MeHu 3pdext IOTKMHA U1 MOJTyYeHus] KaBUTAIIMOHHBIX Y-
3bIPHKOB B aHAJIOTMYHOM KOHCTPYKTUBHOM O(hOPMIIEHHUH, HO Oe3
BpallleHUs IIWIUHAPOB.

[TprmMech paMOAKTUBHBIX MATEPUATIOB K PTYTH MPUMEHSLIACH

107 Hymermmes B. JI. Crocod mpeoOpa3oBaHMs SHEPrUM 3JEKTPOrHIpaBInye-

ckoro ymapa — nar.P® Ne2157893, 1997 r. https://www.youtube.com/watch?
v=TwC6GV6B_rg



B TeXHOJIOrNH «KOoJI0KO» AJ1s1 TOTO, YTOOBI CJISAUTH 32 CTETICHBIO
npeoOpa30BaHUK PTYTHU B 30JI0TO IO YPOBHIO Pa/IMOAKTUBHOCTU
10 aHayioruu, Kak v . Kuim ucnonb3oBan MarHUTHYIO CTpei-
Ky KOMIIaca Mpu BO3/IEHCTBUM 3BYKOM 32 NEPECTPONKON BHYT-
pEHHell aTOMHOU U SIEPHON CTPYKTYpPbl padovero Tesa B CBOMX
ycrpoucTBax, kKak [. Cepn ncnonb3oBain MApUKU BHYTPU LEH-
TPAJILHOTO KOJbIIA, 711 KOHTPOJIA Mpe/iesia, MPEBbICUB KOTOPBIN
JIMICK CPBIBAJICS U yJIeTall BBepX, a Proitn CBU(T HAKPEnKo Npu-
KPY4MBaJI CBOM TPaHC(HOPMATOPHI K MACCUBHBIM CTOJIAM.
CHavaJia 1M TpoLiecchl 0OPaOOTKU JE3UHTETPAITUM AaTOMOB
U S1IEp BEUIECTBA NEKTPUUECKON XOIOIHOM IIa3MOM, 3aTeEM Ka-
BUTaIMel ¢ oOpa3zoBaHueM Oosiee KpymHbIX (ppakimii. KaBura-
IIMOHHBIE My3bIPHKU — 3TO CHAPEHHBIE M B3aUMOJIEHCTBYIOIINE
JpYyT C IPYroM MPOTUBOMOJOKHBIE MO 3HAKY MOJISIPU30BAHHbIC
MarHUTHBIE MOHOIIOJH IIIAPOBBIX 0OPa30BaHUIA, MUK POITIAPOBBIX
MOJIHUY — IPABHAJIEKTPOMATrHUTHbIE JUIOJU . DTU My3bIphb-
KU, TIOJISIPUBYACH (CITUHOBAS MOJISIPU3AllMsi) BO BHEITHEM Mar-
HUTHOM TIOJIe, YIIOPSA0YSHO NMILTIO3MEN 00pabaThIBAIOT KJIacTe-
pbl aTOMOB PTYTH, IpeBpalias UX B MUKpocamopoiku (cde-
pbl 13 Knepkcnopna unu cdepbl Karcyn skeje3a B BbICTpenax
C.B.Anamenko) 3onota. 1o creneny ymeHbIIEHUIO paJUOAKTUB-
HOCTH OIPeIeISIIOT 3aBEPIIEHHOCTD MTPOIIECCa TPOU3BOICTBA UH-
CTOro 30J10Ta. BpeHbIMU ClIeACTBUSIMU MPOIIecca SIBJSETCS BUX-
peBble OOOJIOUYKU-TIONSI U3 NEKTPUUYECKUX M T'PABUTAIIMOHHBIX
3€pEH-MOTEHIIMAJIOB HA BHEIIIHEH MOBEPXHOCTH KOJIOKOJIA, KO-
TOpble B3aUMOJIEHCTBYIOT C BHEITHUMH TOJISIMUA U OKPYXKAIOIIUM



BemectBoM. PoxkgaeTcsa MOIITHOE 0ceBO€e MarHuTHoOe 11ojie. Pe-
3yJIbTaThl B3aMMOJCHUCTBUN OOIen3BecTHb 13 Punanenbguii-
CKOTO 9KCTMIEPUMEHTA U IPYTUX MOJOOHbIX.

VYerpoiicrBo!® JI. CepJuia. Annaparbl ¢ TEXHUYECKUM aHTH-
IpaBUTAIMOHHBIM 3(P(EKTOM Ha OCHOBE BpAINAIOIIEHCS CUCTe-
MBI MArHUTHBIX POJIMKOB B KaUeCcTBe pabouero Teja ObLIv Ipej-
noxensl B 1946 rogy John R.R. Searl. Yto xapakrepHo, Kak
u Buktop Illayoeprep, Ixon Cepn He MOMyUYnsI AOIKHOTO 00-
Pa30BaHMS U MMOITOMY NP CO3AHUM CBOUX YCTPOWCTB HE ObLI
OrpaHMYEeH PaMKaMHM KaHOHM3UPOBAHHBIX 3aKOHOB 3HAHUS (3a-
KOHbI Hbl0TOHA), a MoJTyYas X UCKTIOYUTEIBHO U3 TeX SBJICHUI
1 3(pPEKTOB, KOTOPBIE MOJIyYal OT UCIBITAHUNA CBOUX arlrapa-
TOB. DTO ciieAyeT U3 (PUIbMOB U TEKCTa JIEKIIUI, KOTOPBIE OH YH-
TaJI 10 BceMy mMupy B 80 rogax Mmpouuioro CrojieTust. Anmapar
Ipe/ICTaBIsT coOoM cuctemy (Buaeo'” u3 NBUKYIIMXCS MOCTO-
SIHHBIX MAarHUTOB-POJIMKOB MO BHEIIHEN MOBEPXHOCTU BOKPYT
HEMOJBUKHOTO KOJIBLEBOrO MOCTOSIHHOIO PAaJUalIbHOIO MarHu-
Ta C OPTOrOHAJBbHBIM MEPECEYCHUEM MArHUTHBIX MOJNEU. JTU
POJIMKY OB HAMArHUYEHBI CTIEIUAIBHBIM 00pa3oM U B OJJMHA-
KOBBIX YCJIOBUSIX C HEMOABMXKHBIM KosblIOM (oto 3.10). [1pu
BpallleHUM MAarHUTHBIX POJIMKOB YCTPOMCTBO CO3[AET JIEKTPO-
CTaTUYECKYI0 Pa3HOCTh MOTEHIIUATIOB, BEKTOP KOTOPOW HAIpPaB-
JIEH TI0 PaJNyCy OT POJIMKOB K KOJIbIIEBOMY MarHuty. [Ipu aTom

108 I'eneparop u neraomme nucku 1. Cepna — https://www.youtube.com/watch?
v=GcezL-91SFOY.

109 https://www.youtube.com/watch?v=KzlhagOJOJQ



https://www.youtube.com/watch?v=KzlhagOJOJQ

HETIOJBU/KHOE KOJIBLIO 3apsKaeTcs MONOKUTENBHO, a POJIMKU —
oTpuIIaTeIbHO. B3anmoneiicTBre 1IeHTpOOeKHOW CHITHI M MarHU-
TOB CO3/Ja€T MOCTOSIHHBIN 3a30p MEkK/1y ABHKYILIMMUCS POJIHUKA-
MU U KOJIBLIOM, B PE3YJIbTAaTe€ YEro OTCYTCTBYET MEXaHUUYECKUN
Yl TAJIbBAHWYECKUI KOHTAKT MEX/Y KOJIBLOM M POJIMKAMHU.

B Takoii koHCTpyKIMy HaOmonaercst 3@eKT, 4To, ecau ofl-
HOMY POJIMKY MPUIATh HEOOJIBILOE IBUKEHNUE, OCTAIBHbIE POJIH-
KM TaKk’Ke HAYMHAKOT BHE3AIHO JBUTaThCS B HAITPABJIEHUU ITPO-
TUB JIBUKEHUsI YaCOBOW CTPEJIKU — 3TO TaK Ha3blBaeMbIl (-
ekt [I. Cepna, T.e. caMOABHKEeHHE 10 AHAJIOTUM JIBUKCHHUS
MarHMTHOTO MOHOTIONSI B CBOOOMHBIX MJIM 3aMKHYTBHIX MHKPO-
BUXPOHAX, CO3JAI0IINX (POTOHBI MJIM AaTOMHO-MOJIEKYJISIPHOE BE-
mecTBo. Y «penyavcura» B. Illaybeprepa Havyamo crapra JiBU-
JKEHUS CBA3aHO C MEePBUYHOM 3aTPaTOMl SHEPruy, T.e. 3aXBa-
Ta «YJIMTKOW» HENIPEPbIBHOW CTPYU aTMOC(EpHOro BO3/1yXa ABU-
raTejieM C BHEIIHUM ITUTaHUEM JIO MOSBJIEHUS MarHUTHOTO I10-
JI1 ¥ TPAaBUTAMOHHON MOJNAPU3ALMKM CTPYU BOAB B Tosie 3eM-
m. Y [I. Cepna HeT 3T0r0 HEpreTndeckoro nopora. OH oOHapy-
KWJI, YTO €CJIM KOJIMYECTBO POJIMKOB, PACHONOKEHHBIX BOKPYT,
COCTaBJISIET HEKOTOPOE KPUTHMUYECKOE MUHUMAJIBHOE YHUCIIO, TO
OHU TNPUXOAAT B CAaMOCTOSITEJbHOE BpAILEHNUE, YBEJINYMBas
CKOpOCTb JIO0 TeX IOp, MOKa HE NMPUAYT B AMHAMMYECKOE PaB-
HOBecHe. YCTPOICTBO BO BpeMsl BpallleHUs] POJIMKOB-MarHUTOB
IIPOU3BOAMT 3JIEKTPOCTATUUECKYIO PA3HOCTh OTEHLIMAIIOB B pa-
JMaJIbHOM HAITPABJIEHUHU MEXY KOJIBLOM M POIMKAMU JI0 OJHO-
ro MUJJIMOHA BOJBT. [Ipy 3TOM HEMOABMKHOE KOJBLO 3apsikKa-



€TCsl MOJIOXKUTENBHO, a POJIMKY — OTpuliaTesibHO. Ha aToM npuH-
mure JI. Cepn mOCTpOMIT IEKTPOreHepaTop sl 00eCTieueHus
CBOETO JIOMa JIEKTPUIECTBOM, 32 UTO ObLT MpejaH cyay. B mpo-
1ecce ero padoThl OXJIAKJAI0TCSI OCHOBHBIE Y3JIbl, a TaKke 00pa-
3yeTCsl IPaBUTALIMOHHBI MOHOIIOJb, B3AUMOJEUCTBYIOLIUH C MO-
JIeM TSITrOoTeHUs1 3eMJId, KOTOPOE BBITAJIKUBAET €ro C MOBEPXHO-
cru B atmocdepy. C 1946 roga no 1952 6b110 nocTpoeHo 6 jeta-
IOLIMX MAaKETOB TOJbKO BEPTUKAJIBHOIO HEYITPABJISIEMOIO B3JIE-
Ta, a yke K 1968 roga 6pu mocTpoeHsl okoso 40 Jerarnmx
JICKOB C PA3JIMYHOrO TUIIA YITPABJIEHUEM, a 3aTeM HECKOJIbKO Jie-
TaTeJIbHBIX YIPaB/ISIEMbIX aIlapaToB, HO Oe3 YyesoBeKa Ha Oop-
TY, B TOM YHUCJIE U IIMPOKO u3BecTHbIN «P-11» Becom B 500 Kr,
myOJIMYHbIe WCTIBITAHUSI KOTOPOTO B MPHUCYTCTBUM CBETHJI Hay-
kM (0koso 400 4enoBeK) M NMpaBUTEILCTBEHHOW SIUTHI TPOU30-
nu 30 uioHsa 1968 roga. DToT annapar B TEYEHUM IJTUTEJIbHO-
r0 BpeMeHU ISl TyOIMYHOM IEMOHCTPAIIUK BUCEIT HEMOBUKHO
HaJl KPOHAMU JIepeBbeB B AHINIMM, HO Pa3 B HEIEN0, OOBIYHO
B BocKpeceHbe, [. Cepi nmo pagrocurHaty omycKall ero Ha 3eM-
JII0, 3aMEeHST «pa3MarHUTUBIINUCSI» [IWIMHIP HA BHOBDb «3a-
PAKEHHBII» U TYT e 3aIlyCKaJ ero orsTh B HeOO.



Radia s L2 triking rollers from the
outslde tipping the *fiying dise® in any direction

®oto 3.10. Ucropus aucka Cepma B ¢oto. Ilepsoe oto cre-
Ba BBEPXY — U3BECTHOE TOPOUIAJIbHOE MOJIE XOJIOAHOW aHTUTpa-
BUTAIIMOHHON OOOJIOUKH, UCTOYHUKOM KOTOPOTO SIBJISIETCSI CH-
cTeMa BpAIAIOIIUXCSl MATHUTHBIX POJTMKOB.



3arem Obu1 noctpoeH!!? nerarenpHbil anmapar DEM-1, ko-
Topeiid 10 1978 rona He MeHee 500 pa3 oOneTes1 BOKPYT IIaHe-
Tl 3eMJisl. DTO CTaJIO MPEIMETOM B3aMMHOTO KOH(IIMKTA MEXK-
ny n1ByMms riaBHbiMU JaepxkaBamu Toro Bpemenu CCCP u CIIA.
OpHako BO BCEM MUpe UX ycrneurHo ¢otorpadrupoBaiy U CUUTa-
qm, yto 310 HJIO npuinensues HezeMHbIX UBUIM3ALUKI C TIO-
naun cnenciyx6 CIIIA.

ABTOHOMHBII 3JIEKTPOreHepaTop 3TOro HeoOBIYAHHOro ari-
napaTta MpoU3BOAWI JOCTATOYHYIO SJIEKTPUYECKYI0 MOIIHOCTh
IUTSI TIO[JIEPKaHUsI PUOOPOB yIpaByieHHsI B pabodeM COCTOsI-
HUM ]ISl aBBTOHOMHOT'O TOPU30HTAJIBHOTO TOJIETA BOJTHOBBIM 00-
pa3oM 1o Tumy camoaBikeHUs (oToHa. CaMbIM J10pOrocTosi-
M B 3ToM rpoekte (DEM-1) Obliia cuicteMa HaBUTaIvu, CBSI3U
Y YIIPaBJICHUSI alllapaToM MO KaHAJIaM 1H00UmenbCKoll cemu pa-
JIMOCBSI3U TI0 CIIEIUAILHBIM CUTHAJIaM, KOTOPbhIE COTJIACOBAHHO
c [. Cepsiom ynpapisyii MEXaHUYECKUMU NPUBOJAMU OTKPBbI-
THSI WM 3aKPHITUSI CEKTOPOB-OKOH, a TaKkKe 4acToTord 000-
poToB posukoB. [Ipy HAMYMK T100AJBLHOI CHCTEMbI HABH-
raium, CBS3U U yIpaBJIeHUsl anmnapaToM, MOsBISIETCS BO3MOK-
HOCTb C OY€Hb BBICOKON CKOPOCTbIO OE3bIHEPIIMIOHHO MEPeIBU-
raTh, OCTAHABJIMBATh U BHITIOIHATH APYrYie MAHEBPHI C TAKUM arl-
napaTtoM, Kak B I'PaXJAHCKWX, TaK U B BOEHHBIX IEJIsAX, OBITh
HEYSI3BUMbIM, HEOTIO3HAHHBIM U HEBUJIMMBIM HaJ BCEeH IJIaHETON
3emus.

1o I'enepatop u neraomme nucku . Ceprma — https://www.youtube.com/watch?
v=GczL-91SFOY.



OTU ceKTopa ObLIM CIIOCOOHBI U3MEHSATh CUMMETPHIO BHEIII-
HEro MHTErPAIbHOTO TEXHUIECKOTO TOPOUIAILHOTO 1mojist ! «Ta-
peNKi» B HYKHOM HAIlPaBJICHUW W TO3BOJISUTA HAXOUTCS IO
OIpeJeSIEHHBIM YIJIOM K TOPU30HTY, 3aBKCasi B HENMOABHKHOM
COCTOSTHMU ¥ IEMOHCTPHPYSI, TAKMM 00pa3oM, MOJIHYIO MOTEPIO
Beca ¥ HHEPTHOCTH BHYTPEHHHX BPAIIAIONIMXCS POJIMKOB, y3-
JIOB ¥ TIpUOOPOB, HAXOMAIIMXCS BHYTPU TOPOMIAIBHOTO COO0-
CTBEHHOI'0 IPABUTAIMOHHOIO MOJIsI, OMUHAKOBOI'O MO 3HAKY
C LIEHTPAJIbHBIM TOJIeM TATOTeHUs1 3emui. ToponiaibHOe BUX-
peBoe ToJie BOKPYT MarHUTOB (KOKOH-IE€OPOIIIEBCKasT «IIIyOa»
AQHTUTPABUTAIIMOHHOTO MOHOTIONS U JIBE HE3aBUCUMBIE 30HBI XO-
JIOMHOM 6e3MacCcOBOM TUIa3Mbl, TUIOTHOCTh KOTOPOW MOXKET W3-
MEHSTBCS OT IPO3PAYHON JI0 TUIOTHO 3€JIEHOM U [1a)Ke YePHOM)
B TEPUOJ BHIXOAA HAa PabdOUMil pekrM MEHSUJIO LIBET OKPYKalo-
IIIEro MPOCTPAHCTBA C 3eIEHOBATOTO Yepe3 pO30Boe Ha (proseTo-
BBII M TIOJIHOCTBIO BBITECHSIIO BO3/IyX, 3aMEHsIsI €ro, MO CIOBaM
J. Ceprna Ha CloW «8aKyyYMHO20 NPOCMPAHCMEA» C HEU3BECTHbI-
MU cBoiicTBamu 2. Eci ObUT0 HEOOXOAMMO M3MEHUTH CKOPOCTh
JIMCKa, TO JJIs1 3TOTO HaJo ObLIO MEPeTH Ha APYTON PeKUM pas-

" 510 none o0Ja1aeT yAMBUTEIbHBIMU CBOMCTBAMYU XOJIOQHOW 0€3MacCOBOM IIa3-
MBI.

2 Yacriano st cBoiicTBa yke M3BeCTHbI 1 omucanbl B.C.TpeGeHHUKOBBIM, HC-
cnezoarensimu PuaaenbPUIACKOro SKCepruMeHTa 1 odist BOKpyr «Kosokoma» — co-
31a€Tcsl IVIOTHOE M CMEIIAHHOE KBAHTOBOE BUXPEBOE MOJIe «<KOKOH» BOKPYT CUCTEMBI,
U3 KOTOPOTO JEHCTBUTENBHO BBITECHSIETCSI MIOJHOCTHIO WM YaCTUYHO aTOMHO-MOJIe-
KYJISIPHOE BEIIECTBO M TMPOVCXONUT B3aMMOJICHCTBUE CHCTEMBI C BHEITHUMU TOJISIMH
C POXkJICHHUEM XOJIOTHON 6e3MaccOBOH TIa3MBI.



TOHA POJIMKOB IO OKPYKHOCTH LIMJIMHJIpA — BKJIIOUUTh HArpy3-
Ky. Jluck cam pasroHsuics 10 (popMHUpOBaHUS HEOOXOMMOM
¥ KOHTPOJIMPYEMOH CHJIbI G€e3bIHEPIHOHHOTO BEPTUKAIBHOTO
WIA TOPU3OHTAJIBHOIO TMOJIETA U NIPU JOCTHKEHUU ONpPEHesIEH-
HOW BBICOTBI CTAHOBWJICSI BU3yaJIbHO HeBHAUMBbIM. KopnpoBaH-
HBIE CUTHAJIBI OT y3J1a YIIPABJICHHUS HA 3eMJIE U3 PaJUOanaIas3o-
Ha ¢ yactorou 1200 ri; BO3IEUCTBOBAIA HA YaCTOTY JIBUKEHUS
POJIMKOB U NOJIOKEHHE OKOH (OTKPBITO-3aKPbITO) U UX KOJIUYE-
CTBO B CEKTOPE, YTO MO3BOJISJIO YIIPABJISTh COCTOSIHUEM JIBUKE-
HUS U [0JI0KEHU I HAKJIOHA K TOPU30HTY, U3MEHSTDb BBICOTY, 3a-
BHUCATh HETIO/IBMKHO B BO3/IyXe HaJl 3eMJIEH, TIOUTH Oe3bIHepPIH-
OHHO COBEpILATh TOBOPOTHI MPH JABUKEHUU CO CKOPOCTBIO CBbI-
e 1,5 KkM/cekyHAy, YCKOpATh, 3aMEMJIATh JBUKEHUAE U IPOU3-
BOAUTH nocanky. [lonér u3 JlonmoHa 10 ABCTpaany COCTaBUI ObI
BCETO JIMIIIb HECKOJIBKO MUHYT MPY OOBIYHOM PEKMME BPaIlleHU ST
pOJIMKOB, a 110 JIyHbl — He GoJiee OIHOro Yaca, HO B Oojiee CKO-
POCTHOM ¥ O€3bIHEPITMOHHOM JBMkeHUH. [IpyHIMn Ge3biHep-
IHOHHOTO [BIKEHHS JWCKOB JI0 CHX TOpP MHPOBBIM COOOIIIe-
CTBOM e11I€ He 00'bSICHEH, 2 MEXaHM3M MTPUPO/IbI TAKKE HEH3Be-
CTEH, KaK ¥ MEXaHU3M ITPUPO/bI MOJIEN TATOTEHHUS.

Hpyroii uaTepecHbI 3¢heKT 3aKT0YAICI B CAMOIPOU3BOJTb-
HOM BKJIIOYEHUM PACIIOJIOKEHHBIX PSIOM PaJuONpPUEMHUKOB —
3 eKT aHATOTMYHBII MPOXOKIEHUIO TOpHAA0. OHaKO HanOo-
Jlee 3HAYMMOE CBOWCTBO ammapar MpruoopeTai Npu JOCTaTOUYHO
O0JIBIINX 00OPOTAX MArHUTHBIX POJIMKOB. [Ipu Takux ycrnoBusix
POXAAIIIMICA BOKPYT HErO aHTUIPABUTALMOHHBIA MOHOIIONb



B BUJIE TOPOMJAIBLHOUN NeOPOIJIEBCKON 0OOJIOUKHM ke 00aa-
€T JJOCTaTOYHOU TUIOTHOCTBIO 3EPEH BUXPEBBIX MOJIEU, Y IPUAAET
anmnapaTty HOBO€ CBOMCTBO — arnapar CTAaHOBUTCS HEBUIUMBbIM.
Pa6otsl Cepnia HUKOT1a He yOJTMKOBAIMCH B OTKPBITOM Ha-
YUHOU WJIM TEXHUYECKOH Jiuteparype B nepuor 50 — 70 rogos
Jaxe B ero pogHon AHrmu. OIHAaKO U3 e’KeJHeBHbIX ra3er
U3 BCEX CTPaH 3HAIM 00 9TUX pe3yJIbTaTax, U TOJbKO B MOCIE-
HUE TOJIbl IOSIBUJIOCH OOJIBIIIOE KOTUYECTBO MyOIMKAIMiA HA Te-
My O JIETAIOUIMX «Tapesikax». OIHaKO MeXaHU3M (PU3NYECKUX
SIBJICHUI 0e3bIHEePIHOHHOr0 TONETA JIeTaTeIbHBIX aNlapaToB
B. [ay6eprepa u [. Cepna, Kak NMpu3HABAIA OYEBUIIbI-YUE-
Hble, elI€ 10Jrue roapl He OyaeT OObSCHEH Ha JOCTATOYHO BBICO-
KoM ypoBHe. VI koneuHno nonruii sku3HenHsiii! 1 myts [I. Cepra,
MOJTHOCTBIO TOCBSIIIEHHBIA COBEPIIEHCTBOBAHUIO KOHCTPYKIIUU
¥ YIIPaBJICHUIO TUX alapaToB, CBUIETENILCTBYET O TIOIHOHN 0e3-
ONACHOCTHU TeX YPOBHEH MoJiel, KOTopble ObUTH MCHOJIb30BaHbI
B €ro0 JIeTaTesIbHBIX anmaparax AJisi okpyxatoueit cpeapbl. C apy-
TOM CTOPOHBI, U3BECTHO, 4TO caM /[I. Cepn HuMKOrga He Jerain
Ha CBOEM armapare, a BOT ToyOu, TOMaAaloIIrecs Ha My TH TI0-
JI€TA AMCKA MaJaM 3aMePTBO Ha 3emmo. 13 Punaaenbpuiicko-
ro sKcnepuMenTa v 3(peKToB XaTunucoHa CleyeT MpsiMoe BIIU-
SIHUE CJI0SI 0OOJIOUKH T'PaBUTAIMOHHOTO MOHOIIONS M3 CBSI3aH-
HOT'O C OCHOBHOM MacCOW MEXaHMYECKOTO BUXPOHA Ha CTPYKTY-
Py aTOMHO-MOJIEKY/ISIPHOTO BEIIECTBa, MOMABIIEro B 00bEM XO-

113 . ..
OnHaKo ciielyeT 3aMeTUTh, YTO BCE TaKU TOTyOH, Momaakoiiie B 00bEM TOppo-
UJIJIBHOTO TIOJIA Ml Ha 3eMJTI0 MEPTBBIMMU.



JIOMHO¥ 0e3MacCcOBOM IJ1a3Mbl — OHA pa3pyiiaercs (apodieHue),
¥ TIPU OTPE/ICIEHHBIX YCIIOBUSX B «CEPYIO MBLIb» — TIOPOIIIOK.
D10 OyJeT JecsThIM CBOICTBOM MEXaHUUECKUX BUXPOHOB.

Bor nurara nokropa [I. Cepn o cBoéM anmapare ot 9 uioHs
B 2012 rony:

«Cnacenue nauteii naaremol — 3mo 2parouo3ras 3adaua. Ec-
AU MbL 3AXOMUM 80CCMAHOBUMb IKON02UIO, HYHCHO OYdem cOe-
Aamb MHO20 none3Holi pabomwl. Kax moavko 6vl Ha 3mo pe-
UUmeco, 8am NOHAOOOUMCS OUeHb MHO20 3Hepeuu. OHa 0ondic-
Ha OblMb Oeuedoli U NONHOCMbIO dKoN02uuecky uucmoli. bonee
60 nem s nLIMAACst 0amv MUPY HOBbLIL MUN SHEP2EMUUECKOL CU-
cmembl, KOmopasi 0c80000UNA Dbl UeN08eUeCB0 OM HePMAHO20
OpemMeHU U adCUoOmaxtca 0KpYz MonAUGHbIX Pecypcos.

Jlanmwlii 2enepamop — MazHUmMHoe Ycmpoicmeo, Komopoe s18-
ASIEMCS. NOAHOCMbIO MAZHUMHBLIM. Y Hezo 80Ul COOCMEeHHbII
O8uzamens, KOMOPblll Cam KA0UAEMcs U npoooadcaem paoo-
mamo U, HACKOAbKO Mbl MONCEM CYOUMb, HUK020A He OCMAHAG-
ausaemcsi. Ipgpexm Cepra — amo 3¢pghekm mazHemuzma, OCHO-
BAHHDBII HA MAZHUMHDBIX NOASIX, KOMOPble 3ACMABASION MAZHUN-
Hble POAUKU HENPEPLIBHO BPAUAMbCSL BOKPY2 MAZHUNHBIX KOAEU,
2erepupyst anekmposnepeuro. Huxaxozo wyma, nazpesa, suopa-
UuU, HUKakozo 3aepsizHeHust — éce amo Ienepamop Cepra. On
CNOCOOEH OMOpP8ambCst OM 3eMAU U 00pa308ams COOCMBEHHOEe
epasumayuonmoe none. Koeoa evl euoume maxue geugu, 8ol no-
HUMaeme, Wmo Mo UOeaNbHblil MeXaHu3M, adicHeliuiee u3oope-
meHue, KOMopoe Uen08ex Kozoa-aubo moz co30amo.



Mvl 6cezo aumb nvimanucs co30ame 2eHepamop, ¢ Nnomo-
UBIO KOMOPO20 MOJHCHO ObLA0 bl 0C8eU4aANb DOMA, UMO-NO NPO-
cmoe, NOCKOAbKY 5 npulten K 61800y, Ymo 0onvulile 2eHepamo-
bl HA SINeKMPOCMAHUUSIX OblAU Nomepeli OeHez U O3HAAMU ONsl
Hac 6onvuile npodnembl ¢ 3azpsiBHEHUEM OKPYdcaroueli cpedol
6 oyoyuwem. Tlosmomy, udes 3aKa0uaNACL 8 MOM, UMOObL CO-
30amb KAKoU-mo npocmoul 2eHepamop 3AeKmpu1ecmed, Komo-
Polit 06110 Obl HECAONHCHO U320MOBUMD.

Mmue 2060psim — vl He ModHCcene coenams Mo, bl PA3pyuUme
6CH0 MUPOBYIO IKOHOMUKY, BCSL MUPOBASL IKOHOMUKA OA3UPYemcs
Ha Hedhmu, u oHa pabomaem, —2080psim oHu. Imo e, ona ouens
Xopouto pabomaem 0Asi mex, KMo HAX0OUMCcst 80 21a6e IKOHO-
MUKU, HO 8PSI0 AU ONsl 6cex ocmanbHuIX. A npodoadicaio ymeep-
ACOaMb, UMO SIKOHOMUKA He PYXHem, npocmo 6yoem 0onzast cme-
HA napaouzmvl, MaKas KHee, KAk nepexoo om NOWMAOUHOL mseo-
80li CUNbL K ABMOMOOUNIO.

Mvt nocmpounu 41 aemarowuti OUCK, U OHU Aemanu u npu
9MoMm OblAU NOAHOCMbIO Yynpasasiembimu. [leped smum 6vLr0 euwye
6, komopute yremenu. OHu OblAU Heynpagasiemvimu. Imo Ovino
ycmpoiicmeo, cooepoicauiee 6ce OOCMUNCEHUS HAYKU GHYMPU Ce-
0s1. Imom 2enepamop MoNCHO ObLIO UCNONBL30BANb 8 KAUECBEe
ucmounuxa sxepeuu. Ho umernto ezo cnocobrocmo nemams 6bvi-
3b16a.14 BOCMOpe.

Cyuwecmeyem MHO20 KOMNAHULL, 3AHUMAIOUWAUXCS 8bIPADOM-
KOUi U pacnpeoenenuem 3AeKmposHepeunt, KPYnHolxX KOPRopayuil.
H3zo0pemenue nocmasum noo yzposy ux cyujecmeosarue. OHu



CMapaiomcs 3aceKpemuns makue Uzoopemenusi, He 0amv UM
8bIIMU HA PLIHOK, NOMOMY YMO CUMYAUUSL HA PbIHKe USMEHUN-
s He 8 ux nonwv3y. OHu xomsim coxparumo éausinue. Hegpmsnwie
KOMRAHUU U PSIO OpYeUux KPYnHulX NPeonpusimuii Yynpasasiiom Mu-
pom. K codxcanenuro, onu ynpagasitom u 6016UUHCMBEOM NPAGU-
MenbCcme.

Jowcon Cepax.

IIpoueccol''4, mpoucxoasmue B 6e3bIHEPIHMOHHBIX «Ta-
peakax». [Ipexne Bcero, OTMeueHHbIC SIBIEHUS OTHOCSTCS
K MIPOM3BOJICTBY MEXaHUUYECKOTO MaKpPOBUXPOHA B hopMe KJa-
cTepa TOPOUJAJIbHOW BHICOKOYACTOTHOM JIeOPOIIEBCKOW BHEIII-
Hell «I1yObl» BUXPEBOTO XOJIOAHOTO aHTUTPABUTAIIMOHHOTO T10-
7151, 0Opasyoleil B3aMMOJIECTBUEM C BHYTPEHHUM T'PaBUTAITH-
OHHBIM TIOJIEM MACCHl JMCKA JIBE€ aKTUBHbIE MOBEPXHOCTU 30-
Hbl TOPOH/IA XOJOHON 6e3MaccoBoil miIa3mbl. Toponaib-
HOE T10JIe BOKPYT 3TOr0 amnrapara MOKET YBEeJMUMBATbCS U W3-
MEHSIThCSI, OXBaThIBasi €r0 BHEUTHIOI MOBEPXHOCTh TaKUM 00-
pa3oM, UTO MOXET 00pa30BaThCSl TOPOU] B BUE IIapa, NMel0-
11 BHYTPEHHIOI M BHEIIHIOK TTOBEPXHOCTH 30H XOJIOTHON
11a3Mbl. BHyTpeHHsIs 30Ha MOKET MOJTHOCTBIO UM YaCTHUYHO
KOMITEHCHPOBATh 3apsi/l MAcChl anmapara. A BHEIIHssI TIOBEPX-
HOCTh 30HBI B3aMMOJIENCTBYET TOJBKO C IEHTPAIbHBIM MOJIEM
3emun, peryimupys cTeneHb NmputsbkeHus. M, HakoHel, acuM-
MeTPHsi TOPOUJATBHOTO BHEIIHETO MOJIs 33/1aET YroJ BOTHOBOM

14 I'eneparop u neraromue aucku . Cepna 4.2 — http://www.youtube.com/watch?
v=VwVm5xHm9a8 u www.youtube.com/user/shadrin1947/videos



http://www.youtube.com/watch?v=VwVm5xHm9a8
http://www.youtube.com/watch?v=VwVm5xHm9a8

«aTakv» ¥ OTpeJIelisieT CKOPOCTh TOPU3OHTAIILHOTO OE3bIHEPIIU-
OHHOT'O JIBUKEHUS arapara.

Bpamaronasaca Cucrema 3apsga MacC MMEET MONYLEbI
cnvH. [loaTomMy BMecTO nepe3apsiiku 3HaKa I'paBUTALMOHHO-
IO MOHOIIOJISI OHA MEPUOAMYECKHA U BBICOKOUACTOTHO IMEPEXO-
JUT B JIEKTPOMATrHUTHBIA BUXPOH, HAKAYMBAsl BEJUYMHY KBa-
3UCTALIMOHAPHOTO 3apsja rPaBUTALIMOHHBIM MOTEHIMAIOM. Ta-
Kas cucteMa — 00bIYHAs Macca annapara, OKpykéHHasi 3a-
PS/IOM W3 TPAaBUTANMOHHBLIX MOTEHIHAJOB C 0OPaTHBIM
3HAKOM — 3TO TOJHBIA QHAJIOT «IIyOBl» U3 3E€pEH-IJIEKTPO-
NOTEHIMAJIOB JIEKTPOHOB BOKPYI aTOMHOIO fpa (XOJ0AHAs
IU1a3Ma), co3JaBaeéMOM MAarHUTHBIMU MOHOMOJSIMU JIEKTPOHOB
aTOMHBIX 000JI0ueK. DTa «Iryda» — 000JI0UYKA-«KOKOH» -«Ba-
KyyM>» -XOJIOAHAs IUIa3Ma B (popMe MEUIEHHOI'O aHTUIPaBUTA-
IIMOHHOTO MOHOTIONSI BOKPYT OOBIYHOTO 3apsijia Macchl Hapac-
TaeT MyTEM MEPUOAVYECKON HAKAYKUM M KBAHTOBBIMHU IIEPEXO-
JaMU JIEKTPOMArHUTHBIX OBICTPBIX MaKpOBUXPOHOB. YTO 3Ha-
YUT QHTUTPABUTALIMOHHBI MOHOIONbL? A 3TO 3HAYUT, YTO WH-
OYKTHPYEMBbIN 3aps]l UMEET 3HAK, COBNAJAIONINN CO 3HAKOM SJ1-
pa LIEHTPAJILHOTO M0JIs1 3EMJIY, a [IO3TOMY B I0JI€ €r0 JAEUCTBUS
OTTAJIKUBAETCSI OT HETO CBOMM COOCTBEHHBIM BHEIITHUM IIOJIEM.
BHemHee moJge 3toro 3apsga (pOpMHUPYETCS MYJIbCUPYIOIIAM
JUHAMUYECKUM MMOTOKOM 3€PEH-TI'PaBIOTEHIIUAJIOB, BhITAIKMBA-
€MbIX OOHOBJISIEMBIMU U3 €r0 KBA3WCTAIIMOHAPHOW OOOJIOUKH,
HOBBIMH T'PaBIOTEHLIMATAMU, PUXOASAIIMMU Ha CMEHY CTapbhiM
C 4YaCTOTOM BCEX KOHTYPOB AaTOMOB PUTPAHUYHOTO IIOBEPXHOCT-



HOTO cJiosi cuctemMbl Macc. OIHAKO 3TOT MPOIECC MPOUCXOAUT
HEe MTHOBEHHO, a mocTeneHHo. CHavasia KOMIIEHCHPYETCs TIoJie
MAacChl JMCKa BHEIITHUM aHTUTPABUTAIIMOHHBIM MOHOIIOJIEM BO-
KpYT Hero, 4to noareep:xaaercs agdexramu Xarurcona. [1pea-
METHI TIepe]l TeM, KaK B3JIeTeTh K MOTOJKY, CHaYajaa HAYMHAIOT
KoJyieOaHusI TOANphIrMBaHue-TiafieHne. M Toipko 3arem, Korjaa
AQHTUTPABUTAIIMOHHBI MOHOIIONb BBIPOC JIO JIOCTATOYHOM BEJIH-
YHMHBI /1711 KOMIIEHCAIIUM OOBIYHOTO 3apsijia Macchl 3TOM CUCTe-
MBI, OH OTTaJIKMBAETCSI OT TMOJISl TATOTEHUsT 3eMJIH.

Takue monsi, Kak mokazaHo B 3ddekre [xaHnOexoBa 00-
pPa3ylOT ONMOPHbIE TIOTEHIMAJIbI, CIIOCOOHBIE YIIPABJISATh TOPH-
30HTAJILHBIM 0€3bIHEPIHOHHBIM > IBIKEHUEM CHCTEMbI MacC
BOJTHOBBIM IyTEM. Kpome Toro Mak porpaBMOHOIIONb MEXaHUYe-
CKOT0O BHUXPOHA BOKPYT JIUCKAa MMEET TAaKOM e 3HaK 3apsija, Ka-
KUM 00J1afaeT saapo 3eMiu, co3jaloliee HEHTPAIbHOE MoJe Tsi-
TOTEHUs] U TIOSTOMY XOJIOJHOM IJ1a3MOM 3TUX [BYX MOJeW OT-
TAJIKMBAETCsI OT TIOBEPXHOCTH B aTMocdepy — B3aMMOACUCTBYE
MO CXeMe JBYX OJHOMMEHHO 3apsKEHHBIX CTAIMOHAPHBIX T'pa-
BUTAIMOHHBIX MOHOTIOJ . [TOMMMO IpaBUTAIIMOHHOTO MOHOIIO-
7151, OBICTPbIE BBHICOKOUACTOTHBIC KBAHTOBBIE MEPEXOJIbl JJIEK-
TPOMAarHMTHOTO MaKPOBUXPOHA HAKAUMBAIOT IBA JPYTMX BO3-
PACTAIONIVX ME/IJICHHBIX KBa3UCTAIMOHAPHBIX M OPTOrOHATBHBIX
BUXPEBBIX TOJISI — MATHUTHOE U 3JIEKTPOCTATHYECKOE, M€ IJI€H-
HO U3MEHSIoIIeecs.

s VHpykTHpyeMBblii TOMOMHUTEIBHBI MOMEHT WHEPIWUHM MMeeT OOpaTHBIA 3HaK
C MHEPTHOCTBIO MACChl U IIOJIHOCTBIO MJIM YACTUYHO KOMIIEHCUPYET €€.



3aMeTuM, 4TO ToJIe TATOTeHUs1 3eMJIM U €ro 3HaK 3apsia 3a-
POXIAETCs B pe3y/ibTaTe BblJIeTa MOTOKA MArHUTHBIX MOHOMONEH
B BOJIHOBOJAX IO CJIOKHBIM CITUPAJIBHBIM TPAGKTOPUSIM K TIO-
BepxHocTH YUCT nipu ero pacniaze. B Tapenkax Cepna 3ty pyHK-
M0 OepyT Ha ceOsl AMEKTPOHBI PACTIAIAIONINXCS aTOMOB pado-
Yero TeJjla, y4acTBYIOIINE B BUXPEBbIX TOKaX BAOJIb BOJTHOBOJOB,
a B aHAJIOTMYHBIX ycTpoiicTBax Kuu u ['peGeHHMKOBa — rpaBu-
TallMOHHBIE TOKU 3BYKA U T'MIIEP3BYKa.

3areM, 0TOMpasi OT ANEKTPOCTATUIECKOTO OIS AEKTPOIHEP-
TUI0, YBEJIWYUBAETCS 3apsi[i MaKpOrPAaBMOHOMOJS, YTO BEHET
K YBEJIMUEHUIO BBICOTHI yIepkaHUs «Tapeiku». Cucrema me-
pexonuT Ha Oosiee BBICOKMN SHEPreTUYecKUil ypoBeHb Oe3bl-
HEPLMOHHOTO ABM:KeHUs1. [Ipu orpeneneéHHONM U KOHTPOJIMpye-
MOl CKOPOCTH Pa3roHa POJIMKOB, CUCTEMAa MAacC UHIYKTUPY-
€T TOJIbKO KBa3UCTAlIMOHAPHOE CHMMETPHUYHOE MOoJie XOJI0/1-
Hoil miaa3mel (poto 3.10) B hopme Topouaa, criocooHOe «Ha-
KayaTh» TOJIBKO TAKOW aHTUTPABUTAIIMOHHBIA MOHOIIOb U3 3€-
PEH-TIOTEHITNAJIOB JIeOPOIJIEBCKON «IIIyObl», KOTOPBIA IO3BO-
JISIET JIMIIb BEPTUKAJBbHBIA B3JIET U HEMOABUKHYIO YCTAHOBKY
Ha KOHKPETHOW BBICOTE. 3aMKHYTHIA KOHTYP OOOJIOUKH 3TON
«11yObl» HAYMHAET BBHITIOIHAThH (DYHKIIMU CTAMOHAPHOIO WC-
TOYHMKA U (POPMUPYET TaKOoe BHYTPEHHee I0jie U3 COOTBET-
CTBYIOIIMX 3€PEH-TIOTEHIINAJIOB, KOTOPOE yXke CIIOCOOHO TMOJI-
HOCTBIO HEHTPaIM30BaTh BHEIIHEE [10J1e OOIYHOTO MPUPOIHO-
ro 3apsijia U3 aTOMHO-MOJIEKYJISIPHOM MAacchl 1Jisl TPETHETO TO-
JI51, IOMOOHO TOMY, KaK OOOJIOUKHU U3 JIEKTPOHOB BOKPYT aTOM-



HBIX SijIep, HEWTPAIM3YIOT TMOJIe WX 3apsjIoB B pelleTKe TBEP-
JOTO Tejia W CIOCOOCTBYIOT €r0 POXASHUIO. DTO JTUHAMHYHOE
1oJIe XO0JIOJHOM MJIA3Mbl BHITECHSIET YACTUYHO WJIM BECh BO3-
JyX BOKPYT «TapeJKu», a BPAIAOIIKECs] POJIMKU MPU 3TOM ca-
MOILIEHTPUPYIOTCS ¥ 00Pa3yIoT eIUHYI0 CAaMOCOTTIACOBAHHYIO CH-
cTeMy, OObeIUHEHHYIO TaKUM 1ioieM. CyOcTaHIMs CTPYKTYpH-
POBaHHOW MaTepyM KBA3WCTAIIMOHAPHOIO AaHTUTPABUTAIIMOHHO-
IO TOJIsl, KAK HEKOETO PeryJmpyeMoro 0ObEMHOIO CTAIIMOHAPHO-
'O IPAaBUTAIMIOHHOTO MOHOIIONSI COCTOUT U3 3aMKHYTOTO KOHTY-
pa 000JIOUKY rPABUTAIMOHHBIX 3€PeH-TOTEHINATIOB AeOpoii-
JIEBCKOM «IIIyObl», CO3AAHHBIX M KBa3HCTAIIMOHAPHO YCTAHOB-
JICHHBIX B TOPOHJIE XOJIOJIHOH 0e3MaccoBOM ILIa3Mbl TIpH
paspsiKe MeIEHHBIX MaKpOTrPaBMOHOIOJIEN BOKPYT armapara.
Tak TpPOMCXOOUT PaBHOBECHBIM BBICOKOYACTOTHBIM KBAHTOBBIM
B3aMMHBIIl TIepexoj 3apsoB BCEd TpUaabl BUXPEBBIX MOJIEH,
C IPOM3BOACTBOM OCHOBHOTO KBa3UCTAIIMOHAPHOTO AHTUTPaBU-
TAIIMOHHOTO MOHOIIOJIS, OOYCIIOBJICHHOTO TOKOSIIIIMMCS «00J1a-
KOM» CTAIlIOHAPHO YCTAaHOBJIEHHBIX M OOHOBJISIEMBIX T'PABIO-
TEHIIMAJIOB B BOJIHOBOZAX, 0OPa3yOIIMX JeOPOMIEBCKYIO «IITy-
Oy», IJIOTHOCTh TIOTEHIIMAJIOB KOTOPOW 33aJa€TCsl YaCTOTOM Bpa-
IIEHUS MarHUTHBIX POJIMKOB. DTO HAIVISIIHO JEMOHCTPUPYET-
csl MyOJIMYHBIMU TIOJIETAMU «TapeJIOK» Ha MPOTSKEHUU Oojiee
50 ner B AHITIMM, a 110 MEXAHU3MY YAEpPKaHUA Ha OJHOU BBICO-
T€ UX MOXHO CPaBHUTH C BE3A€X0JaMU Ha BO3/1YIITHON MOAYIIIKE
Y YIUIOTHEHUEM JUCKPETHOTO MPOCTPAHCTBA-TIONS TIPU COMIIKE-
HUM OIHOMMEHHBIX TOJIIOCOB MOCTOSIHHBIX MarHuToB. Ecin Ha-



YUUTHCS CO3[aBaTh ACHMMETPHYHOE [10JIe TOPOU/A /1715 3aXBa-
Ta U YCTAaHOBKH OMOPHBIX 3EPEH-TPABIOTEHIIUAIOB MTPEUMYIIIe-
CTBEHHO B OJIHOM HaIpaBJICHUH, KaK 3TO MPOUCXOAUT TIPU Op-
raHu3aluu CaMOABMKEHUS (DOTOHA, TO OIMOPHBIE MOTEHINAJIBI
CBSI3aHHOTO C OCHOBHOI Maccoil BOJTHOBO/IA 3aCTaBsIT «Tapel-
Ky» CKOJIB3UTb TI0 TOPHU3OHTY BOJIHOBBIM 00Pa3oM, T.€. JIBUTaTh-
cs1 0e3bIHEePIHOHHO ''® TIO TOPU3OHTAJIM WJIM TIO]T YIJIOM U 3a-
CTaBUTh MTHOBEHHO OCTAHOBUTbCS B IIPOCTPAHCTBE HETIOJBUK-
HO JIaXke B IyCTOTe Bakyyma kocmoca. [Ipu 3Tom, oueBUAHO, YTO
HEOOXOIUM ONTUMAJIbHBIA PACUYET CBSA3AHHOW JeOpOMIIEBCKOM
JUTMHBI BOJIHBI M YaCTOTHI 9TOTO BOJTHOBOJIA JIJIsI 3aXBara 0ObE-
Ma JUCKPETHOTO MPOCTPAHCTBA BIEPEAN JBUKEHUS «TAPEIIKU».
D710 npuBeAET K CKOPOCTSM HAMHOTO OOJIBIITNM, YeM 1,5 Km/ceK.
[Mouemy Ge3biHEpIIOHHO? [T0TOMY UTO CO3AaHHOE KBAa3UCTAIH-
OHapHOE TEXHUUYECKOe aHTUT'PABUTAIIMOHHOE TOPOUIATBHOE TIO-
Jie BOKPYT «TapeJKW» U B HEM MMEET TOT k€ 3HaK, YTO U 3HaK
LEHTPAJIBHOIO MPUPOAHOrO MOJIsT 3EMJIM, @ BCE aTOMHO-MOJIE-
KYyJISIpPHOE BEIIECTBO B HEM HMMeeT MPOTHUBOMOJIOXHBINA 3HAK —
CyMMapHasi Macca MMeeT MUHUMAaJIbHOE 3HaYeHWe TIPU CO3/1aH-
HOW YacCTOTe BpallleHUsI MarHUTOB-POJIMKOB. BCE 31O HelTpanu-
3yeT 3apsiJl MACChl BHYTPY TOPOMIA [1J1s1 OIS TATOTEHUs] 3eMIIH,
T.€. YHUUTOXXKAET HHEPTHOCTD BPAIIAIOIIErocs TUCKa BO BHEIII-
HeM nosie. [loaToMy U mpUHILIMIT ABUKEHUS] MHOW, OCHOBAHHBIN

116 O nmako Takoe ABMKEHME He O3HAYAET JIBUKEHHE CO CKOPOCTBIO CBETA WJTH BHIIIIE,
Kak 3710 npencrasieHo 13 uions 2014 roga B 38e3nonére HACA, CIIA.



HE Ha MEXaHMUYECKOM TepeMelieHur Macchbl'!” B IpocTpaHCTBe
(Mepa UHEpPTHOCTH) C OTOPOCOM MACCHI TIOJT ICHCTBUEM MEXaHU-
YeCKOW CHJIbI, a Ha MPHHIUIE JABUKeHUs (hOTOHA-«He3Macco-
BOW» BOJIHBI C TIOMOIIIBIO PETYIUPYEMOro MPOU3BOACTBA IJIOT-
HOCTHU JIOTIOJTHUTEJIbHBIX BOJIHOBOJIOB W3 OTMOPHBIX MOTEHIIM-
QJIOB B HECUMMETPUYHOE TOPOUJATBHOE TOJIe, YCTAHOBJIEHHBIX
BBICOKOYACTOTHBIMU T'PAaBMOHOTIOJISIMU TIPH pa3psiIKe, 3aXBaThl-
BAIOIIMX HOBOE MPOCTPAHCTBO BHepenu NBMkeHus. [noTHOCTDb
3€pEeH-TIOTEHIINAJIOB B TaKUX BOJHOBOAAX MOXKET MPHOINKAT-
Csl B 3aBHCHUMOCTU OT YaCTOTHI BpAIEHHS POJMKOB-MAarHUTOB
K TUIOTHOCTH «TSIKENBIX» TPABUTAIIMOHHBIX MOHOMIONEH '8 — rpa-
BUOOIMIOB! Y. A Tak Kak BOJTHOBOJBI M3 ITHUX I'PABIIOTEHINAJIOB
JKECTKO CBSI3aHBI C CUCTEMOM Macc, TO OHU TSIHYT 3a COOOM HeBe-
COMYIO MAacCy «TapesiKi», TOTEPSBINYIO emE MOJHOCThI0 WA
YacTh CBOEW MHEPTHOCTH TPU BPAIICHUU MAarHUTHBIX POJIMKOB
BHYTpU Topouna. [Ipyrumu cioBamMu, Kak mepe3apsKaroniuiics
MarHUTHBII MOHOIIONb TSIHET Brepen (ha3oBblii 00bEM (poTO-
Ha (MHUKPOBHXPOH) BIEepe/l, ONMUpasCh Ha 3épHA-3JeKTPo-
MOTEHINAJBI 3aPSAKAIIIEro BOJHOBO/A , TAK U MeJlJIeHHast
aCUMMETpUYHAsl 000JI0UKA TEXHUUYECKOTO aHTUT PABUTAIIMOHHO-
ro TOJIs1 BCE BpeMsl OOHOBJISIETCS] M TSHET 3a COOOM TOPOMIAb-

11 .
7 Bropoii 3akoH HbloTOHa, T.€. cuila IPOU3BOAUT TAKOE YCKOPEHUE Tejla, KOTOPOoe
00paTHO NPOHOPLUOHAIBHO €r0 Macce.
18 3aps10B, KOTOPbIE OTBETCTBEHHBI 32 00Pa30BAHUE «JIbIP» -KOJIOJLEB Ha 3emile.
1 PaBHOOUIBI — IUIOTHBIE CBETSAINMECs IMIApBI, BBUICTAIONIME W3 HeAp 3emiun
Wi 4yepHsle cdepsl, BbUIeTalomue ¢ nosepxHoctu ¢orocepsl ConHua — https://
www.youtube.com/watch?v=pc7 _mmOFfkI.
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HOE T0JIe, B KOTOPOM HaXOIUTCs yke Oe3MaccoBasi «Tapeska,
OIUPAsCh Briepean ceOs Ha CBOK, BHOBb CO3IaHHYIO M aCHM-
METPUYHYIO «I1yOy» U3 rPaBUTAMOHHBIX 3épeH-NOTeHIuA-
JIOB. BO3MOXeEH 1 1pyroil TUIl IEPEMEIIEHU I MacChl, TOJTHOCTBIO
CKOMITIEHCUPOBaHHOU aHTUTPaBUTALMOHHBIM 3apsIJOM, UHIYLIH-
POBAHHBIM 3BYKOM, U py4HO#1 criocod nepemerienus (Tuderckue
KaMHU) WK pykou noBoabips (I1. Kunu u npyrue), Ho KOHeuHbIe
MIPOLIECCHl HAKAUYKU T'PABUTAIIMIOHHBIX MOHOIIOJIEN aHAJIOTUYHBI.
Uro 3TO 3HAYUT [J151 MPAKTUUECKOTO MUCMOJIb30BaHUS B Mepe-
MENICHNUH JIETATEIbHBIX anmnapaToB? A 3T0 COBEPUICHHO HE 3Ha-
YUT, YTO TAKOW ammapaTr MOXKET JIBUTaThCSl CO CKOPOCTBHIO CBe-
Ta. DTO BCETO JIMIIIb 3HAYUT, YTO B JAHHOM Cllyyae He OyIeT Bbl-
TIOJTHATBCSI BTOPOM 3akOH HbI0OTOHA (3aKOH MHEPTHOW MAacChl),
KaK Ha MOBEPXHOCTU 3eMJIM, TaK U B BaKyymMe KOCMOcCa BIaslv
OT MCTOYHMKOB TPaBUTAIMU. DTO 3HAYUT, YTO TAKUM arrmapa-
TOM HE3aBHCUMO OT BEJIMUYMHBI €ro Macchl OyJdeT O4YeHb JIETKO
YIIPaBJIATh U IBUTATh Oe3 yiepOa 30POBbIO Meperpy3KaMHu Jio-
Jieid, HaXOMISIIIIUMUCS] BHYTPU OOOJIOUKU XOJIOJIHOTO aHTHUTPABU-
TallMOHHOTO MOHOMO. [ 1aBHOE 1o 6€30MacHOCTH UCTOJb30Ba-
HUS — HE MlepeceKarh TOJIHMHY TPAHUIy 000J04KN OHOJOoTU-
YeCKMM WJIM HeopraHnueckum oobekTaM. [locnencreust uzBect-
Hbl 13 Putaaenb(UICKOro SKCIEPUMEHTA U ucnbiTanu Koso-
koma. Takoe mosie oOMagaeT M 3alMTHBIMU CBOMCTBAMU — HU
OJINH aTOMHO-MOJIEKY/ISIPHBIN KJIaCTep He CrIocOOeH MPeooieTh
Oapbep ero 000JIOUKH U3 XOJIOIHOM IJIa3Mbl Oe3 JIe3MHTET AU,
WTak OCHOBHBIE CBOMCTBA AKTUBHON ABYX30HHOW TOPOU-



JAJIbHOM acCHMMETPUYHON 00O0JIOUKH BOKPYT armapara:

1. KomneHcanus 3apsiia Maccel MOJTHASL WM YaCTUYHASL.

2.0TTajIKUBaHUe ammapara OT MOBEPXHOCTU TIOJIEM TSTOTe-
HUsl 3eMIIN.

3.BomHOBOE O€3BIHEPIIMOHHOE IBWKEHHE IO TOPH3OHTAIIH
co ckopocTtsimu 6onee 1,5 Km/cek.

4. BuzyaspHasi BUAMMOCTD IIapa B MOJTYIPO3pavHoOii, ceped-
pUCTOI WM OOOH TMeperBaloleicss 000J04Ke WA TMONTHAs
HEBUVIMOCTb.

5. 3aIuUTHBIN SKpaH U3 XOJIOIHON 0e3MacCOBOH TIA3Mbl 3TON
000JI0UKH CIIOCOOEH JIe3UHTErPUPOBATh JTI000€ BEIECTBO Aaxke
KUAKOCTb U TBEPIOE TEJO.

6. C noMoI1IbI0 CTPYKTYPbl XOJIOAHOW IJIa3Mbl UMEETCSI BO3-
MOHOCTb (DOPMHUPOBATh BU3YaJIbHO BUAUMBIE W HEBUIMMbBIE
MOIIHBIE JIy4d, OTIMYAIONIMECs IO CBOWCTBAM OT JIa3€PHBIX
Y CBETOBBIX ITyYKOB, CHIOCOOHBIX IIPOU3BOIUTDH pa3pylleHre-pac-
HIETUIEHHE JTIOOBIX MATEPUAJIOB, KOTOPBIE CIIOCOOHBI BBIJIBUTATh-
Csl M3 arnmapara Ha JIioOy 3a/IaHHyI0 TITyOuHY, MOJOOHO Tesie-
CKOIMUYECKOTrO IITaTHBA.

7. AHaJIOTMYHbIE BUAMMbIE U HEBUAUMBIE ITUJIMHIPUYECKHE
TI0J1s1, BBIJIBUTaeMbIe U3 amnmapara Ha JIIoOyIo ITyOMHY CIIOCOOHBI
3aXBaThIBATh CBOMM T'PABUTAIIMOHHBIM TOJIEM JII0OOE BEIIeCTBO
C aTOMHO-MOJIEKYJISIPHOM CTPYKTYPOHA.

s coznanus acummerpuyaHoro nosst . Cepn cHavyana uc-
MOJIb30BAJl cUCTeMy MOJOTOYKOB (poto 3.10, cambiii Bepx-
HUIA crpaBa), HO Oosiee 3(P(PEKTUBHBIM OKa3aICsl MeXaHH4e-



CKHM METOJ] C OTKPbIBAHUEM HA MPOCBET HECKOJBKUX CEKTOPOB
10 OKPYKHOCTH B 00JIACTH BHEIITHE! TOBEPXHOCTHU Topoua (¢o-
To 3.10, 1Ba Kazapa cHu3y). BelpaBHUBasA nose (M3MEHAS Yroi
aTaku), CUCTeMa Macc caMa 3aJaBajia HeOOXOAUMBIN yBeJIMUYeH-
HBII TOTOK HAIPaBJIEHHBIX CAMOJBUKYIIUX ONOPHBIX MOTEHINA-
JIOB, @ BMECTE C 3TUM YCTaHABJIMBAsl U HOBOE MOJIOKEHHUE «TapeJ-
KW» — BOJIHOBO# mporecc. OTciofa pacCMOTPEHHOE JIBUKEHHE
SIBJISIETCS] BOJIHOBBIM, /1€0pPOiJIEBCKIM JBU:KEHHEM B T0Jie
BUXPEBOTO MOJISI — TaK, IPUMEPHO, JBUTAETCS MJIOBEL Ha JOC-
Ke, TIOiIMaB HecyIuil rpeOGeHb BOTHBI. [|pyrumMu clioBamH, JIBU-
’KE€HME CCTEMbI MAacC 10 TOPU30HTY, IJIe OTCYTCTBYET €€ Bec, a e
MHEpTHasl Macca CYIIECTBEHHO CHMKEHA KBa3UCTAllMIOHAPHBIM
AQHTUIPABMOHONOJIEM, TO3BOJSET €d JIBUIAThCSl CO CKOPOCTHIO
IIPEBOCXOIALIEN CKOPOCTh 3ByKa MOYTHU B IATH pa3 — 1500 m/c.

DHepropecypc «Tapesku» Ha 3apaHee onpeieJEHHOM ypOB-
HE JIe3UHTErpallvy BEIIeCTBA MArHUTOB B MOJIETE ONPEIeIseTCs
€MKOCTBIO TIOJISIPU30BAHHON MAarHUTHOW SHEPruu, a Takxe (pu-
3UYECKMMHU CBOIICTBAMM BEILIECTBA, ONPEIENSIONIMX TeEMIepary-
Py U COCTOSIHME J€3UHTErpallii aTOMHO-MOJIEKYJISIPHOTO Bele-
crBa. [loatomy uepes HekoTopoe BpeMs nosiera [1. Cepit 3aMeHs 11
CTaTOPHOE KOJIbLIO HA HOBOE, T.€. IEPEMarHiYeHHOE U C HEPa3py-
IIEHHOUN KPUCTAJUTMIECKON PEIETKOM, a B 00j1ee COBEPIIEHHBIX
apuratensx B. [llaybeprepa 1uis yBenmueHUst CpoKa pecypea uc-
TMOJIb3YEMbIX KOHCTPYKIIMOHHBIX MaTepuaioB ObUIM UCTIOIb30Ba-
HBI TETUJIOOOMEHHUKH )15 TIOIOTPeBa armapaToB.

Takum 06pa3om, B JaHHOM ciydae, 0e3bIHePIHOHHBIN THIT



JBYKEHHST OOYCJIOBJIEH OPTOrOHAJIbHBIM MAarHUTHBIM BpaIllcHH-
€M C MepUOANYECKON HAKAUYKON KBa3UCTAIIMOHAPHBIX 3apsIIOB —
TOPOU/IAJIbHBIN T'PAaBUTALIMOHHBIA, OCEBOM MArHUTHBI U pajiu-
aJIbHBIN MeKTpudecKuid. [Ipy 3TOM rpaBUTAIIMOHHBIN MOHOIIONb
MMeeT OJIHO M TOXEe 3HAYeHMe 3HaKa C 3apsijioM sjpa 3emiu
(Ipn ompeneNéHHOM HalpaBIeHUN BpAlEHW:), TO3BOIAIOINI
BBITIOJIHAITh BEPTHKAJBHBII HA00P BHICOTHI JIETATEJILHOTO afl-
rnapara, a Takke TOPOMJAJbHOE KBAa3UCTAlIMOHAPHOE MOoJie Jie-
OpOWIEBCKOW «IITyObl», M3MEHsIsI (hOPMY CUMMETPHH KOTOPO-
r'0 OCYIIECTBIISIOT 0€3bIHEePIHOHHBII TOJIET IO TOPU3OHTATN
BOJIHOBBIM MYTEM C OINOPOM HA TPABMOTEHIIUAIIBI TOTIOTHUTEb-
HOTO BOJTHOBOJIA, CTPEMSIIIETOCsl CUCTEMON Macc CKOMITEHCHUPO-
BaTh ACUMMETPHIO TOPOUAAJILHOTO TOJISI — YO aTakM IJIOCKO-
CTU BpalllEHWs] BUHTOB BepTONETA. Takoil rOpU30OHTAIIBHBIN TTO-
JIET BOBMOXEH U B BakyyMe kocMoca. THepTHOCTB JieTaTelIbHO-
IO JIMCKa MOJHOCTHIO WK YACTUYHO YHHUYTOKAETCS B TPETHEM
T10J1e TOPOMJIAIbHBIM CTAIIMOHAPHBIM ITOJIEM OOOJIOYKH MHJIYK-
TUPYEMOTO XOJIOHOTO AaHTUTPABUTALIMOHHOTO MOHOTIOJISI UMEI0-
UM TOT e 3HaK, YTO W 3HaK 3apsaa 3emum. Takum xe 00-
pa3oM KOMIIEHCUPYETCSl MEKTPUUECKUI 3apsiji aTOMHOIO sijipa
JIEKTPOHHBIMU 0OO0JIOUKAMHU, YTO IMO3BOJISIET aTOMaM OObe/IH-
HATHCSA 1a’ke B MOHOKPUCTAJUIBI TBEPAOTO Tesia. Onpenennm 3To
BEChbMa BaJKHOE CBOWMCTBO MEXAHWYECKOTO MAaKpPOBUXPOHA, Kak
MOTEPI0 MHEPTHOCTH 3apsijia MacChl B TPEThEM ToJie 3eMJIM Kak
OJMHHA/ATOEe CBOWCTBO CBA3aHHBIX MaKPOBUXPOHOB.
CTpykTypa u cBoiicTBa 1e0poiljieBCKOM «IIyObl» aHTH-



rPpaBUTAMOHHOIO0 MOHOIIOJS TOPOUJAJBHOr0 KBa3ucra-
IMOHAPHOIO MOJISI X0JI0JHOH IIa3Mbl.

Kak u B IMPOKOU3BECTHOM BO BCEM MHUPE COBETCKOM TOpIIe-
abl «IllkBan»'2, B KOTOpOW /7151 ABMXKEHMS TOJ] BOIOW CO CKO-
pocthio 10 100 M/cek MCrob30BaHa «IIyOa» — YeXosl BOKPYT
BHEIIHEW MOBEPXHOCTH TOPIEbl U3 KABUTALMOHHBIX MAapO-BO-
JSTHBIX TTy3bIPbKOB 151 CHYDKEHUSI COIIPOTUBJICHUS BOJIbI, B AMC-
kax [I. Cepna Takxe Mpu ONpedes€HHbIX YCJIOBUSX BO3HUKAET
«1ry0a», HO 3Ta 000JI0YKa TPH/IAET arraparamMm CBOMCTBA HeBe-
COMOCTH, HEBUIUMOCTH, OE3bIHEPIIMOHHOCTH, A TaKKe CBOMCTBA
3aIIUTHOTO MOJIs1, CIOCOOHOrO MPeJOTBpaIlaTh TPOHUKHOBEHNE
U3BHE B CJION €ro 000JI0UKHU JII0O0E aTOMHO-MOJIEKYJISIPHOE Be-
mectBo. CTPYKTypa 3TOM «IIIyObl» COCTOUT YK€ He U3 My3bIpb-
KOB, a M3 3aMKHYTOTO KOHTYpa-OOOJIOYKH TOJs 3E€PEH-TOTEH-
LIMAJIOB, YCTaHABJIMBAEMbIX CTALIMOHAPHO HAa BOJHOBOAAX MpHU
pa3psiKe MOTOKA I'PAaBUTAIIMOHHBIX MOHOIOJIE Ha BHEIIHeH
rpaHuie 3aMKHYTOT0 KOHTYpPa, KOTOpble BCE BpeMsi OOHOB-
JIAITCA CUCTEMAMHU YIIPaBJICHUSA JUACKA. MEXaHu3M U CTPYKTy-
pa YCTaHOBKM 3€PEH-ITOTEHIIMAJIOB ITOJIHOCTBIO aHAJIOTMYHA POXK-
JIEHUI0 KOMIIEHCUPYIOIIEro 0OBEMHOTO 3apsija BOKPYT aTOMHO-
ro sijipa renus, npenacrabienHas Ha ¢ur.2.11. I[Ipu qocrarouno
OOJIBIIIUX 3HAYCHUSIX YACTOTHI MATHUTHBIX POJIMKOB TUIOTHOCTD
3€pEeH-TPAaBIIOTEHIIMAJIOB JOCTUraeT TAKUX 3HAYEHUH, NPU KO-
TOPBIX MOJHOCTBIO BHITECHSIETCS] U3 00BEMA TOJISI TOPOU/IA JII0-

129 foreunosuu I'. B. Pa6otsl Hayamich ¢ 1963 roaa, a ¢ 1977 roxa oHa yxke OblIa
MIPUHSTA HA BOOPYKEHHE.



060e aTOMHO-MOJIEKYJISIPHOE BEIIECTBO, B TOM YHUCJIE B KHUKOU
WK TBEpHOM arperatHoy (pase. CBOMCTBA BIWSHUSA HA JIBUXKE-
HUE JIUCKA 3TUX MOTEHIUAIIOB OYeHb HAIJIHO JEMOHCTPHUPY-
I0TCSI IBM)KEHUEM railku [ )kaHnOeKkoBa B HEBECOMOCTH, a TaKxke
CBOMCTBAaMH TaKOTO T0JIs1, OOHAPYKUBIIUMUCS TIPU aBAPUAHOM
najgeHuy rpaBuTonéra ['peGeHHNKOBA B 3eMJTI0O — BBIOOPKA JIbI-
PHI-KOJIOAINIA B 3eMJIe Oe3 CyIIeCTBEHHbBIX MOBPEKASHUI CAMOTO
anmapara U 4eJioBeKa.

Drta 000JI0YKa-TPABUTAIMOHHBIN 3apsi/i M €ro 3HaK TaKOH ke,
KaK ¥ 3HaK 3apsja sapa 3emin. ITo MOATBEPKIAeTCs 1 HaOo-
JEHUSIMU OYEBUJIIEB, MTPUCYTCTBYIONIUX MpU B371€Te aucka [l.
Cepna. Tak [IxoH Tomac (John A. Thomas Jr-maaimmii Harcasn
kHUry o Cepre u ocHoBasl BMecTe ¢ HUM Kopriopauuto JUCK —
D.I.S.C.) B cBOEli KHUTE yKa3a:

«... K020a OUCK 8nepabvle NOOHANCS, UACTb OKPYHCAIOULEIL 3eM-
/U NONANA 8 30HY 000N0UKU 3aPsA0a U ObLNA 3aX6aAUEHA €20 2PABU-
MAYUOHHBIM NoAeM... bviro ouenv cmpanno nabarodame, umo,
ecau OUCK CAUUKOM 00120 NAPUA HAO 3eMaell, Nousa 00xcuza-
AACL U3-30 INEKMPUUECKUX MOK08, coz0arouux menao. Taxoice,
ecau JHCUBOMHbBIE NOOXOOUN CAUUKOM OAU3KO, HA UX HEPEHYIO
cucmemy 8AUsLN UOHUSUPYIOUUIL pa3Psio».

Jlpyrue cBorcTBa (M3MEHEHU S CTPYKTYPBI BELIECTBA O] AU~
CTBHEM 0OoJiee MOIITHOM 000JIOYKH) IEMOHCTPHUPYIOT Pe3y/IbTaThl
dunagenbuiickoro akcnepuMenTa, 3pgekTbl XaTuucoHa 1 uc-
nbiranust Konokona. Oco6eHHO 3To mpruoOpeTaeT O0bIIoe MpH-
KJIQJIHOE 3HAUYEHUE MPU BMKEHUU B KOHACHCHUPOBAHHBIX Cpe-



Jax, B TOM YUCIie U B BoAe. A JBMKEHUE MEPEXOIUT U3 KUHE-
TUYECKOTO B BOJIHOBOE JIBUKEHME T0JIEBOro Kiacrepa. Ha3Ban-
HBIE CBOMCTBA JIOTIOHSIOT YXe 3a(pUKCUPOBAHHBIE BHIIIIE CBOM-
CTBa 3aMKHYTO-CBSI3aHHBIX MEXaHUYECKUX BIUXPOHOB.

3akonbl SHeprun. /le3unrerpanus BemecrtBa'?!. Juep-
THI0, KaK Mepy JBHMK€HMHsl, [IJI HEYIPaBJISIEeMOro MOJIETa
BpalIAIOIIAsCcs CUCTEMa MAarHUTOB M3BJIEKAET U3 CBOUX KJIAJI0-
BBIX MyTEéM pacuienieHust (JpooJjeHne) BHyTpEeHHEW dHep-
TMU BeIIecTBa pabodero Tenia 10 ONMpeesIEHHOro SHepreTude-
CKOI'0 YPOBHS (pa30BOro COCTOSIHUSA BEIIECTBA, TEIJIOBBIX JOME-
HOB, JIE3UHTErpaliuy MOJIEKY/I U aTOMOB 10 (DIIOMI0B, BKJIIOYAs
U XUMHUYECKYI0, a Takxke ux saep. Jlesunrerpaius no ypoBHsM
CTPYKTYPBI BeIllleCTBa — Nepexo/ibl (pa30BOr0 COCTOSIHUS, OXJIa-
JKJIEHUE JIBUKEHHUSI MOJIEKYJI, MOJIEKYJSIPHBI CUHTE3 WU pac-
TaJi, aTOMHasl, siiepHasi, MPOTOH-aHTUIPOTOHHAS] AHHUT WIS,
9NEKTPOH-TIO3UTPOHHAS AHHUTWIISIIIMS Y, HAKOHEell, aHHUTHJIsI-
1151 3€pEeH-TIOTEHINAJIOB, T.€. 00pa30BaHNE HeBelleCTBEeHHOT0
MPOCTPAHCTBA WJIM HUYTO Yepe3 PoKAeHue 30HbI X0J0HOI
0e3maccoBoii mia3mel. IIpuunna pacineruieHus — BpaiieHue
KJIacTepa BellleCTBa UM MUK POBpaIlleHUe TUnep3ByKoMm. [Ipyru-
MU CJIOBaMH, Oe3 BpailleHusl Bcsl (PyHIaMeHTaIbHAS TPUa/ia CH-

121 TepBbie SKCIIEpUMEHTATbHBIE PE3YJIbTATHI O Ne3WHTErPAIi MATEPHH, PACKPBI-
BaoIye (pU3NIECKyI0 CyTh MPOOIEMBI IO YPOBHAM €€ CTPYKTYPbI, ObLITH OMyOINKOBa-
HbI B padotax [I. Kumu no 1897 roma, 3atem B paboTax (maTeHThl ¥ ctatbhi) A. @. Kia-
JoBa 1o «KaButanmoHHO# AecTpyKiwu Matepun» ¢ 1996 no 2003 roga. 3aech TepMu-
HBI IECTPYKIINSI, IE3UHTET paIvsl, paclieryieHue U N3MeHEeHHe MAaTepHy — CHHOHUMBI,
MMEIOIIVE OJJUH CMBIC]T.



CTeMbl MAaCC — MarHUTHBIN, TPABUTAILIMOHHBINA U JIEKTPUIECKUI
MOHOIIOJIH, HAXOSATCS B «CHSAIIEM» HEUTPATU30BAHHOM COCTO-
STHUM BOKPYT IIEHTPA MACChl U COBMEIIEHBI C IIEHTPOM TSIKECTH.
[Tpu e€ BO30y:XA€HMH BpallleHUEM 3Ta TPHAa AKTUBUPYETCS, Ha-
YMHAET CBOM POCT MO TPEM B3aUMHO OPTOrOHAJIBHBIM KOOPAU-
HataMm!?2, KOTOpBIE B CBOIO OYepe/ib B3aMMOJICHCTBYIOT C €€ Be-
IIIECTBOM M BHEIIIHUMU TOJISIMU, TIPOSIBJISisl HOBBIE CBOKCTBA, KaK
B HEPaBHOBECHOM, TaK M B PABHOBECHOM COCTOSIHUM, 0OeCTeyn-
Bas TAKMM 00pa30M COXpaHEHUe Cpe[HEel SHeprum Kiacrepa —
9TO ABEHAAUATOE CBOWCTBO MEXAaHUYECKUX CBSI3AHHBIX BUXPO-
HOB. [Tocrie BbIxoa cUCTeMbl B pABHOBECHOE COCTOSIHUE, OHA Ha-
XOIUTCS B COCTOSIHUM OTHOCUTEJIHOTO MOKOSI 1 pABHOMEPHOTO
BpalieHust 0e3 yCKopeHHs. 3aTeM, pacxojysl SHepPruio Ha TMoj-
JepKaHre PaBHOBECHUsI, CUCTeMa Hen30e:KHO IPUXO/IUT B HEPaB-
HOBECHOe cocTtosiHue. Torna cucrema WIIET SHEPruio JJis Moj-
Jep:KaHus CBOETO PABHOBECHUSI — PACILEIUISIET CBOI0 COOCTBEH-
HYI0O BHYTPEHHIOIO SHEPTHI0, 3aMIaCEHHYIO B KJIACTEPE BELIECTRA.
PacmenuieHue coOCTBEHHOTO BEIIECTBA M TPUBOJIMT K €r0 Je3-
UHTEeTpalluy, HAYMHASI C MAJIBIX SHEPrui CBS3U — (ha30BOE U TeM-
NepaTypHOE COCTOSIHUE BEILECTBA, T.€. UAYT NEePEXOIbl U3 TBEP-
JI0T0, KUJKOTO B Ta30BO€ M (PIIIOM[bI, OXJIAXKJEHUE BEIECTBA,
3aT€M MOJIEKYJISIPHBIM M aTOMHBIM pacnaj-cuHTE3 U T. 1. Me-
XaHM3M [JE3UHTErpalum — 3T0 npeoOpazoBaHue (as3bl COCTOS-

122 Tpu B3aMHO — OpTOroHaJbHBIE KOOpAUHATHL. [lepBas — 3TO och BpaleHus: —
MAarHUTHOE TOJIe, BTOpasi IEPHEeHANKY/ISIpHA K OCH BPAIIeHUs — EKTPUIECKOe ToJie,
U TPeThsI — 000JI0UYKA BUXPEBOro MOJs B (hopMe TOPOHIA aHTUTPABUTAIIMOHHOTO MO-
HOMOJIAL.



HUs1 BELIECTBA U CTPYKTYPbl MOJIEKYJI, aTOMOB U s1IEp BElIeCTBa
XOPOLIO IEMOHCTpUpYETCs B peakTope Bauaesa u nmokasbiBaer,
KaK BOJIa B COCTaBe UCXOJHOTO MaTeprasla BhICTYIIAeT B KAUuecTBe
CTPOUTEJILHOTO MaTepuaa Jyisi o0pasyiomuxcs nemeHToB. OHa
pacIlernisieTcs UMIUIO3MEN SHEPTruU BOJIHOBOMIOB B (popMe Kila-
crepa 3€peH-NMOTEeHUUANIOB U3 MYyJIbCUPYIOIETO ABYHOJIOCTHOIO
runepOoona rpapusdieKTpoMarauTHoro aumodst (M) ¢ 06-
pa3oBaHUEM 30H 0€3MacCcOBOM XOJOHOM MIa3Mbl B aTOMax,
aTOMHBIX si/Ipax (pacraji-CUHTe3 Wi JpoOieHre-KOHIeH Al sT)
BIUIOTh [0 YAaCTHII, COCTABJISIOIIUX SIAEPHBIE OOONIOYKU U3 Me-
30HOB, a 3aT€M CJIe/IyeT OBICTPBIN MPOLIECC PEKOMOMHAIIMK-0CA-
KJEHUs y)Ke B MACCOBOM sI/IEPHO-MEe30HHOM I1a3Me C POXK-
JICHUEM HOBBIX JIEMEHTOB B IIazmoujie Bauaena.

Ha npumepe paboThl ofHOM siueiiku peaktopa Bauaesa A. B.
u peaktopa KnamoBa A. ®. npoaeMOHCTPUPOBAHBl OCHOBHBIE
MPOIIECCHl MOHM3AIUK IEKTPOHOB C 000JI0OYEK aToMa WM Ya-
CTHII C SIIEPHBIX 000JI0UEK aToMa, PUBOASAIIME K pacnaay nep-
BAYHOW MaTe€puv M CHHTE3Y BTOPUYHOU. UTO Takoe pacmai-
CHHTE3 CTPYKTYPUPOBAHHOM MaTepru? ITO TAKOU TUII ITPOLIEC-
COB, IIPY KOTOPOM HeOobllIasi MePBUYHAS SHEPrus U3BHE, 3a-
TpavyeHHasi Ha BBICBOOOK/IEHUE SHEpruu (pacmaj) u3 MaTepu,
OKa’KeTCsl HAMHOTO MEHbIlIe BTOPUYHOM SHEPryU, KOTOPAasi Bbl-
cBOOOIMTCS B XOJIe TIoceayolei peakiyu ( cunTe3). s ocy-
IIECTBJICHUSI TAKUX MPOLIECCOB MOTPEOYETCsl « OTOHb (PUTHIISA»,
AQHAJIOTMYHBIN HAaYa Ty XUMUUYECKOTO TOpEeHUsi U (POTOHBI CBe-
Ta 1711 (POTOCUHTE3A.



XoJsiogHas miaasMa u3 0e3MacCOBBIX 3€pEH-TOTEHLUAIOB
(u3nydenue HemsBecTtHoro tumna B CAII) mpOTHBOIIOIOXKHBIX
3HAKOB SIBJISIETCSI HOBOU (POPMOil MpOsiBIeHUs1 OECCTPYKTYp-
HOM MaTepuy, OINpPEAEsAIoNIeld HOBBIE CBOWCTBA JUCKPETHOIO
IPOCTPAHCTBA-TIONS — YHUUTOXEHUE ITPOCTPAHCTBA, YHUUTOXKE-
HUE SHEPruH, YHUUTOKEHUE MAcChl, POXKIAECHUE CHUJIbI B3aUMO-
JEWCTBUSI, POXKIEHUE CUIIOBBIX JIMHUWIA mons T. A. Hampumep,
BHYTPH aToMa 0OpasyeTcsl AMHAMUYECKOe PAaBHOBECHOE MUK PO-
IPOCTPAHCTBO-TIOJIE, 3AIIOJIHEHHOE [BYX 3HAaKOBBIM 3JIEKTPH-
YyeCcKUM 3(}UpOM C 30HON IJIEKTPHUUYECKOH XOIOmHON Oe3-
MaccoBOM IU1a3Mbl. [IpOTMBOIONOKHO 3apsKEHHbIE IOTOKH 3€-
PEH-JIEKTPOIOTEHIIMAIOB aHHUTHIIMPYIOT ¢ 00pa30BaHUEM CH-
JIOBBIX JIMHUM 3JIEKTPUYECKOrO MOJs M YHUUYTOKEHUEM IIPO-
CTPaHCTBA, YTO MPUBOAUT K MPUTSKEHUIO UICTOUHUKOB UX ITOPO-
JMBIIUX U (PUKCAIIMM NApaMEeTPOB aTOMHOTO MPOCTPAHCTBA Y-
TEM POXAEHUSI 1 OOHOBJIEHUS XOJIOAHOM IJ1a3Mbl U3 Oe3macco-
BBIX IEKTPUUYECKUX 3EPEH-TIOTEHIIMAJIOB C TPOTUBONOJIOKHBIMU
3HAKaMMU.

AHaNIOrvyHa 1o pokAeHUIO ¥ YHUYTOKEHUIO MATHUTHAS XO-
JoaHas 6e3MaccoBas Iia3Ma, KoTopasi XapakTepu3yeTcst pUTs-
’KE€HHEM TOJIIOCOB CTallMOHAPHBIX MarHUToB. OHAKO IpaBUTA-
IHOHHAsA X0JofiHasA OGe3MaccoBas Iia3Ma, HopoXxaaemMasl B OC-
HOBHOM SI[JPOM aToOMa, M3JIydalonmM Oosee AalbHOAEHCTBYIO-
I111e U OJHO3HAKOBBIE 3EPHA-TPABIOTEHIIMAIIBI, TPOSIBIISET ceOsl
IBOsAKO. B oqHOM citydae, OHa poxAaeTcs OT B3aMMOAEHCTBUSA
JIMIUb C LEHTPaAJIbHBIM ITPOTUBOIOIOKHBIM I10 3HAKY M0JIEM 3eM-



JM (AbHOAEWCTBHE KOTOPOIo pacnpocTpaHsercs Ha 1, 5 mui-
JIMOHA KMUJIOMETPOB), ¥ POSBIISIET y aToMa 3apsg Maccesl B CU.
A, HarpuMep, OT B3aUMOJICUCTBHS CO 3ByKOM aTOMHO-MOJIEKY-
JIIPHOTO BEILIECTBA B IKCIEPUMEHTaX C HAaIKPbUIbSIMHU KYKOB
3narku B kaure B. C. I'peberHnkoBa « Mol MUp», poKaaeTcs
BCTpPEYHOE aHTUrpaBUTAMOHHOE moJje (c¢oto 3.14), nanb-
HOJICWICTBHE KOTOPOT'O OT Maphbl HAJKPBUTHEB HE MPEBBIIIAET 2 CM,
KOTOPOE OTTAJIKUBAET CUMMETPUYHBIE IETAJIN HAIKPBLIbEB.

J. Krtn cBoum BUOpaTopoM, yKperiEHHOM Ha TosICe, CIIOCO-
OeH ObUT TeHeprpOBaTh, KAK AHTUTPABUTAIMOHHOE TIOJIe BO-
KPYT OYeHb TSKETOM OOJBIION MO AMAMETPY MEeTaUTUYeCKOM
cepsl, Tak 1 0OpaTHOE TMOJIe BOKPYT He€, KOTOpOe yKe POXK-
JIaJ10 30HY XOJIOAHOM 6€3MAaCCOBOM IJ1a3Mbl, KOTOPOE BBIPadaThI-
BaJIO B 3eMJIe TIOf] 3To chepolt IMy-KoJoferl (MexaHu3M pado-
ThI TPA3€POB), TOCTATOUHYIO [IJ151 €€ 3aXOPOHEHUS.

CuioBble JIMHUM B3aUMOJIEHCTBYIONIMX TOJNEH 00pa3yloTcs
IPU JOCTATOYHO CJIA0BIX MO KOHIEHTPAIUM 3E€PEH-TPABIIOTEH-
[[UAJIOB, a TIPU TMPEeNbHbIX KOHIIEHTPALUSIX MPOUCXOAUT MOJ-
HOE YHUYTOXEHUE MPOCTPAHCTBA-TIONS (HE3aBUCHMO OT TOTO
YeM OHO 3arloJIHEHO), SHEPIMU U CTPYKTYPUPOBAHHOM Mate-
pUM — POXIAeTCsl HeBelleCTBEHHOe NPOCTPAHCTBO (HU-
YTO-NMPOAYKT, MEXaHHU3M J[eliCTBUS rpa3epa), Halpumep,
BepTUKAJIbHAS IBIPA-KOJIONIEI] B 3eMJIe TIPU TaIeHUU IPABUTOIE-
ta B. C. I'pebennukoBa. CBoMCTBa BO3ACUCTBUS XOJOIHOM 0e3-
MacCOBOH TUIa3Mbl HA BEIIECTBO HanOosee sIPpKO MpeCTaBIIeHbI
IpY HAUOOJTBITICH TUIOTHOCTH TPABUTAIIMOHHBIX 3€PEH-TIOTEHITH-



aJIOB, TIPOsIBIIsIeMOi B 000soukax BoKpyr auckos 1. Cepna u B.
[MlayGeprepa, B 3enénom Tymane PumanenbGuilckoro sKCrepu-
MeHTa «Panyra», a mpejenbHas KOHLIEHTpAalKs JEeKTPUUECKUX
3€peH-NIOTEHUAJIOB AEMOHCTpUpyeTcs 3(pdekramu XaTunucoHa
HAa €r0 «CAYBAIOIIEMCS» METAJUIMIeCKOM OpYyCKe, a TaKke B pa-
Hee HanOoJee NCCIeIOBAaHHON HEMEIIKUMU YIEHBIMH B TIPOEKTE
«Konokom», KoTopbie Bce MOruoam OT €€ BO3AeHCTBUS.

[Tpy HepaBHOBECHOM Mpoliecce HeynmpaBJsieMoil J1e3uHTe-
rpalyi C MOMIOIIEHUEM BbIIEIsIEMON BHYTPEHHEN SHEPTUH MPO-
VICXOZIUT TIOJIHOE Pa3pyLIEHUE CTPYKTYPhl arperaTHOro COCTOs-
HUST pabovero Tena — CKMKEHHe BO3yXa M JAECTPYKIHSI-Ipo0-
JeHue ero 1o ¢mounaoB B ycrpoiictBax Jl. Kumm, penynabcrHax
B. [llay6eprepa mim ge3uHTerparys TBEPIOTo Teja B KYUKY « ce-
poii nbl» B 3pdexTax [. Xaruncona. Kak otmeueHo B pado-
tax A. @. KnagoBa, conpoBOXIaI0T 3TH 3(PPEKTh U3MEHEHUS
KOHTPOJIUPYEMBIX OOBEMOB MTPOCTPAHCTB.

Hanpumep, ni1s pa3pbiBa cBsA3el (XMMUYECKUI pacriag) Mex-
ay anemenTtami B 1ienouke CqHsOH tpebyercs 168 kBr-u/morb,
a MPpY peKOMOMHAIINY TUX TTPOLYKTOB IMOCIIE IEKTPOUMITYJIBC-
HO nepepa®oTKy BeicBoOOKAaeTcst 204 kKBT-4/mMob.

MO’KHO IPUBECTH U IPYTOi SIPKUIA IPUMEP OMOXMMUIECKOTO
pacuieryieH!s BEIIeCTBa INIIOKO3bl B KPOBU Y€JIOBEKA [ ITUTa-
HUs1 SHePruen IBUKEHHU s MbIILIL U [TPOLIecca 3alIOMUHAHMSA [TPU
BBICIIIEH HEPBHOM [I€ATEIbHOCTH MO3ra IIPU MHTEHCUBHOM y4€-
6e. DT MPOLIECCh, MPOTEKAIOIIINE C 3aTPATON SHEPryH ( MpoIec-
ChbI 110 CXEME pacnaj-CHUHTe3, Kak ropeHne U pOTOCHHTE3 ),



TpeOyeT [1s1 CBOero ocyiiecTBieHus Moyiekyny AT® (aneHo3uH-
Tpudocdar), ABIAIYIOCS YHUBEPCAIBHBIM SHEPTOHOCUTENIEM
BHYTPH KJIETKU. DHEPrUsl HAKOIUIEHA B CBA3SX MEXKAY TPEMS I10-
CJIEIOBATEIIBHO COEJUHEHHBIMU OCTaTKaMU (pOChOPHON KUCIIO-
Thl (MX Ha3bIBAIOT MAKPOIPrMUYECKUMU CBsI3sIMM). B xome «3a-
TPaTHBIX» (PEPMEHTATUBHBIX peakiui monekyiaa ATP pedoc-
opummpyercs u npeodpasyercs B AILP (aneHosunandocdar).
Ha camom Jnienie pa3pbiB J000# XMMUYECKOH CBSI3M TpeOyeT 3a-
TpaThl KAKOrO-TO KosM4ecTBa 3Heprun. OHAKO MMIpOJIN3 MaK-
POIPrUYECKOU CBA3M JACT SHEPTETUUECKUN BBIUTPBILLL, KOTOPBIM
cocrasiiger okoso 30 kx / mone. Kpome Toro, peakuus pac-
IETUIEHU S MAKPO3PTMYECKOU CBA3M UJIET TOJIBKO B TOM Cllyvae,
eciu KoHleHTpauust AT® 3HauUTETbHO MPEBBIIIAET KOHIIEHTPA-
LIMIO IPOIYKTOB €€ TMIPOJINA3a, TOITOMY KUBbIE KJIETKU BBIHY K-
JIeHBI IOJIAEPKMBATh €€ Ha BBICOKOM ypoBHe. Hocuresem sHep-
T'MU B Halllel KPOBM sIBJIseTCs IToKko3a. FIMeHHo oHa oOpa3yercs
IIpY NEpeBAapUBAaHKH YIJIEBOIOB M KM POB IUILHU U PACXOJOBAHUN
3aI1acoB XMPOB MO KOKEW M IIMKOIeHa B IeYeHu. [ mokosa —
3TO TO CaMOe NepBOE OPraHWYEeCKOe BEIIeCTBO, KOTOpoe 00pa-
3yeTcsl paCTEHUSMHU B pe3ysbTaTe (POTOCHMHTE3A U3 YIJIEKMCIIOTO
rasa u BOjbl. Y pacTeHMi IJTIOKO32a U (PPYKTO3a TaK Ke CIIykKar
NIePEeHOCUYMKAMH BEIIeCTBA U SHEPIMU — OHU 00pa3yloTCs B JIU-
CTBSIX U TPAHCIIOPTUPYIOTCS K CTEOJIsIM, KOPHSIM, I[BETaM, ILJIO-
JaM. VI HakoHel, Ta ke IVII0KO3a SABJIAETCS NMUTATEIbHBIM BEILe-
CTBOM 1)1 OOJIBIIMHCTBA OAKTEPHIA.

[IpuBeneHHOE BpallleHMEe MArHUTHBIX POJIMKOB B auckax /l.



Cepna, T.e. MArHUTHAS J€3WHTErPaI[HsA MACChl — 3TO OOPATHBIN
MPOLIECC CO3AAHUIO- KOHI€HCA MAarHUTHOU SHEPTUU C POXK-
JEHUEM MacChl aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA C MOMOIIBIO
MarHuTHbIX MOHonosnerd B '9MM, Hanpumep, co3aHre Macchl
B 2JIEKTPOHE, I OH U SIBJISIETCS] SHEPrOHOCUTEJIEM 1 CTPOH-
TeJieM. YMEHBIICHUE EAUHULIBI OTHOCUTEIBHOU BEJIMUMHBI I'pa-
BUTAIIMOHHBIX MOHONONEW B ' 9MM B TBEPIOM Telie Ha 1eMeH-
TapHOM YPOBHE MTPUBOJUT K OCBOOOKIEHUIO SHEPTUU — ITO YPO-
BEHb JE3MHTErpaliuM 3apsaaa macchl «tapesok» [I. Cepra.

YpoBHM Je3MHTEerpanyy Benecrsa

HauanbHbIil ypoBeHb JIe3UHTErpaliuu Beliectsa (ha3oBblil,
T.€. MePeXo/bl U3 TBEPAOro (IJIaBjieHue, IpoOJIeHue), KUIKOTO
B ra3oBoe, win rmonisl. [[podieHue KBapiieBbIX KIacTepoB, Te-
PEXOM U3 )KUJKOTO COCTOSTHUS BOABI BO (DIIIOU/IBI U T. 1. B YCTPOU-
crBax 1. Kuu.

OxnaxaeHue, T.e. CHUXKEHHE aMIUIMTYAbl IOCTYyNaTellb-
HO-BpalllaTeJIbHbIX JIBUKEHUI MOJIEKY]T M aTOMOB BEIeCTBa —
9TO MePBbINl YPOBEHb JE3UHTErPAllii MaTepuu B Tapeiakax B.
[MayGeprepa — cxMKeHue BO3AyXa.

BTtopoii ypoBeHb — XUMUUYECKUIT AaTOMHO-MOJIEKYJISAPHBIN
pacnaja-cuHTe3, B Ipoleccax ropeHus u (porocuHresa,
pacIieruieHre MaTepiy BelecTBa padOUUX TeJl BILIOTH JI0 (hTi0-
uzoB B. Illay6eprepa u JI. Kunu. [IpeBpaiiienus B cepyro nbLib
KpaéB Opycka Metasuia y [. XaTuncoHa cBs3aHO ¢ 00pa3oBaHUEM
COOCTBEHHOTO TPABUTALIMOHHOTO MO HA TIOBEPXHOCTH TBEPIIO-
IO TeJa, CIIOCOOHOT0, Kak ¥ 000JI0UKa-KOKOH BOKPYT aucka Cep-



J1a, TAKUM 00pa3oM Je3MHTErpupPoOBaTh J1I000E BEIIECTBO, M0-
MaBIliee B MPOCTPAHCTBO TOTO TOJIsA, B 30HY XOJOTHOM Oe3mac-
COBOU IJIa3MBl.

TpeTunii ypoBeHb — aTOMHBII pacnajx Ui pacrnaj BHeIll-
HUX 000JI0YEK MEKTPUIECKOTO 3apsja aTOMa — HOHU3ALIUS aTO-
MOB C OCBOOOX/IEHHEM JIEKTPOHOB. MexaHu3M pacrnaga — Jia-
BUHHBI MEXaHW3M MOHU3AIUU B CUJIBHOM JIEKTPUUECKOM TIO-
Jie UM VHXKEKIIMs UMILUIO3UEel B aTOMbl BOJHOBOJOB U3 3JIEK-
TPOTOTEHIUATIOB COOTBETCTBYIOIIIUMH MAarHUTHBIMU MOHOTIOJTSI-
MU CBOOOHBIX MUKPOBUXPOHOB, T.¢. (hoTtoapdekt nmm ¢porto-
aTOMHbBIE peakU. DTOT ypOBEHb JNE3UHTErpaluu HauOosee
HIONYJISIPEH U UCTIONb3YETCsl BO BCEX YCTPOMCTBAX ISl MPSIMO-
IO TOJTy4eHUs MEKTPUUECKON HEPIUd, B TOM UHCIe, BO BCEX
YCTPOMCTBAX C UCHONb30BaHUEeM TpaHcdopmaropa Tecna u Ka-
naHaj3e. TpeTuil ypoBeHb JIE3UHTErpallUY BEIECTBA B «Tapeii-
Kax» — 3TO M ypOBEHb [E3UHTErpalliu IyJbIbl B peakTope
A. B. BauaeBa. CornacHo BauaeBy, ecu He oTOMpaTh HOHU3U-
POBaHHbIE MEKTPOHBI (CBOOOIHYIO SHEPIHIO) B HKAYILYIO CIICIIU-
QJIbHYIO CXEMY 3aXBaTa 3THX JIEKTPOHOB B peakTope, TO Mpo-
UCXOIUT aTOMHBI B3pPBIB — HE MYTaTh C SIIEPHBIM B3PHIBOM.
Tak, HarpyMep, IPY BO3IYITHOM U Ha3eMHOM SIIEPHOM B3PbI-
B€, Ha OJHOM M3 3TAllOB €ro pa3BUTHsI 00pa3yercsl IUIOTHas
BHEIHSAS chepruecKkass 000JIOYKa W3 MOHU3UPOBAHHBIX 3JIEK-
TPOHOB, a B IIeHTpe cdepa U3 TONOKUTENBHO 3apsiKEHHBIX
aromoB U szaep. Ilocie ObICTpOR peKOMOWHAIIMKA KOMITOHEHT
ITUX JABYX OOBEMHBIX 3apS/IOB POKIAETCS OONIAKO cepoi MbLIU



U3 HEUTPaAIbHBIX ATOMOB, XMMUUYECKU COCTAB KOTOPBIX 3aBUCUT
OT YCJIOBUM Y BUJA B3PbIBA, XUMMUECKOTO COCTaBa OK Py Karolen
Cpellpl ¢ €€ MepBUYHON TpaHCOpMAaIen U T. .

YeTBEPTHIl YPOBEHDb — sIJIEPHBII pacnaj-CHHTE3, T.€.
JEe3UHTerpalysi U HOBas MHTErpalus — MOHU3ALMS aTOMHBIX
s7ep ¢ OCBOOOXKICHUEM YaCTHIL TUTIA T U k-ME30HOB C BO3MOX-
HBIM MX 3aXBaTOM CMEKHBIMU S1JpaMH B KOHIEHCUPOBAHHOM CO-
crosiHuM BemlecTBa. Jlanékuii aHanor — apdekr Méccbayapa.
MexaHu3M pacnaja — WHXKEKLMs UMIUIO3UEN B spa MarHUT-
HBIX MOHOIOJIE MUKPOBUXPOHOB, €r0 BOJTHOBOJIOB U3 JIEKTPO
Y TPABIOTEHIIMAJIOB COOTBETCTBYIOUIMMHU «TSKEIBIMU» MAarHUT-
HBIMU Y T'PABUTALIMOHHBIMA MOHOMOJISIMUA CBOOOHBIX M 3aMKHY-
THIX MUKPOBUXPOHOB, T.e. (pOTOsIAePHBbIE, 3BYKOsI/IepHbIE
Y Me30HHOsIIepHbIe peakin. Bce 000m04Ky siapa, Kak 1 aTo-
Ma, CO3/IAI0TCSl MAarHUTHBIMU MOHOMOJISIMUA — UHTErpalusl siiep.
[Tpu o6paTHOM Mporiecce UAET MOHU3AIIMS BHEITHUX 000JI0UeK,
MPOUCXO/UT TOJIHASL WM YaCTUYHAsl A€3UHTErpaius siaep aro-
MOB MEPBUYHOTO XMMHUYECKOI0 COCTaBa BELIECTBA, 3TO YPOBEHb
JEe3UHTErpallvy IyJIbIIbl B peakTopax A. B. Bauaeau A. ®. Kna-
JI0Ba, octuraercst Bo Beex ycrpoucrBax LENR.

IIaTelil ypoBeHb pacriajia MaTepuu JOCTUraeTcs MpH aH-
HUTWISILIAM 3JIEMEHTApHBIX YacTUIl C Maccod (QHTUYACTHILIbI,
9NIEKTPOH-TIO3UTPOH, TPOTUBOIOIOKHBIE MO 3HAKY MIOOHBI, IIPO-
TOH-aHTUIIPOTOH) — OIHAKO 3TOT YPOBEHb HE YHUUTOXKAET SHEP-
TUI0, TPOUCXOAUT KBAHTOBBIM MEPEXO/] IPABUTAIIMOHHOIO 3apsi-
Jla B MAarHATHBI MOHOTIOJIb (POTOHOB (MCITAPEHUE MACChI ITOKOS),



T.€. SHEPrus NMOKOs IEPEXOAUT B SHEPIHIo caMmoaBrkeHus1. [Ipo-
1iecc 0OpaTHbIN MPoIecCy KBAaHTOBOH KOH/1€HCAIMH MArHUT-
HOI1 SHEpruu.

IIlecToii ypoBeHb pacriaza TOJIEBOM MaTepuu CBOKCTBE-
HEH YK€ TOJIbKO JIJIs1 (PUBMUYECKHUX TMOJIeH '** — rpaBUTALIMOHHBIX,
MEKTPUIECKUX, MArHUTHBIX. OH OOYCJIOBJICH aHHUTUJISIUEN
IPOTHUBOMOJIOKHBIX 0 3HAKY 3EPEH-TOTEHIIMAIOB TUCKPETHOIO
NIPOCTPAHCTBA B 30HE XOJIOAHOW 6€3MacCcoBOil IIA3MbI, UYTO
Y TIPOSIBJISIETCSI TIPU X MHTePhepeHnnu, T.e. 00pa3oBaHUM CH-
JIOBBIX JIMHUY B MOJISIX IBYX TPOTUBOIIONIOXKHBIX O 3HAKY 3apsijia
CTaIMOHAPHBIX UCTOUHUKOB. DTOT YPOBEHb JIE3UHTErpalluu Be-
IIECTBEHHOM MaTepUM 3aKJII0YAETCS B YHUUTOXKEHUU J1aXke Clle-
Jla SHEPrUU — 3T0 AHHUTWJISIHS TPOTUBOIOIOKHBIX MO 3Ha-
Ky 3épeH-NOTeHIMAJIOB B 30HE XOJIOJHON Oe3MaccOBOH IL1a3-
MBI ¢ 00pa3oBaHWEM HeBelIeCTBEHHOIr0 IMPOCTpaHCTBa (HU-
yto). [lo KiamoBy oTrMeueHO 3TO, Kak SBJIEHUE YMEHbIUEHUS
MPOCTPAHCTBEHHOT0 00BEMA B TepMeTHUYHOM cocyne. Hpyrue
CBOIiCTBA XOJIOAHOW 0€3MacCOBOW TUIA3MbI 3aBUCT OT IJIOT-
HOCTH MOTOKOB BCTPEUHBIX U MPOTUBOMOJIOKHBIX MO 3HAKY 3€-
PEH-TIOTEHIIMAJIOB, U MPOSBIIAIOTCA B NOABIEHUN CHJIOBBIX JIH-
HHI 11 ca0bIX, TPOMEKYTOUHOM U MOJHOM YHHUYTOKEHHHU
NMPOCTPAHCTBA [IJIs IPEAEIbHBIX 3HaYeHUM. Takou rmporecc Mo-
*KET MPUBOJIUTH K PA3IMYHBIM (popMaMm Ae3UHTET paIli MATEPUN
Ha MUKPOYPOBHE OT pacliajia aToMOB U aTOMHBIX 1/iep [0 pacha-

123 duznueckue mojst MUKPO U MAKPOUCTOYHUKOB — 3TO AUCKPETHBIE MUKPO U MAK-
PONPpOCTPaHCTBA, 06pa3038.HI>I KJIaCTEpaMU-TIIOTOKaMH 3ép€H-HOTeHLII/IaIIOB.



Jla ME30HOB SIIEPHBIX 000JIOUEK U TIOJIHOTO YHUUTOKEHUsI Mate-
puM BO Bcex (popmax.

Pacxon sHeprum B «rapenkax». Pacxon sHepruu Ha odecrie-
YEeHUEe CaMOABIKEHUS (POTOHA MAET BECbMa HE3HAUMTEJIbHbINA —
3TO CJIeAyeT U3 TOro, 4To (POTOH CIIOCOOEH IMPOUTH PaCcCTOSTHUE
5 10°8 CM, T.€. BCIO BeenieHnyo, «IokpacHeB» JIUIIb Ha Z. CO 3Ha-
yeHussMU 8—10. «Tapenka» NpakTUYECKU MOJTHOCTHIO TepsieT
CBOI0 MAaCCy-UHEPTHOCTb U, JIBUrasiCh TaK:Ke BOJHOBBIM IyTEM
10 FOPU30HTAJIM, PACXOYET SHEPIUI0 AaTOMOB U siiep MyTEM pac-
XO/1a BEJIMYMHBI 3apsija MAarHUTHBIX MOHOIONEN yepe3 paspsi-
Ky IPaBUTALIMOHHBIX MOHOIIOJIEW, KOTOPOU XBaTaeT [1s anmnapa-
ta P-11, Becom B 500 kr Ha 1500 yacos.

IMoTepss unepTHOCcTH. Maccoii'?* B cucreme Cu 0o0naiaiot
BCE TeJla C aTOMHO-MOJIEKYJISIPHOM CTPYKTYpOM, HaXO[sII1ecs
Ha MOBEPXHOCTU 3eMJIM — 3TH Tejla UHEPTHBI, IPUTATUBAIOTCS
U 00pa3yloT BeC, PaBHBIN MPOU3BEACHUI0 MACChl HA YCKOPEHHE
cBOOOIHOTO MajieHns. Macca, Kak Mepa MHEPTHOCTH TTPOSIBIISIET
ceOs1 U B HEBECOMOCTH Ha OpOMTE BOKPYT 3eMIIH, T.€. OHA HE UC-
Je3aeT B TeX YCJIOBUSIX, a BTOpou 3akoH HbloToHa coOmonaercsl.
KBa3uIocTossHHBIN 3aps] MacChl U NEKTPUYECKUI 3apsj, T.€.
cBoiictBa B CH sokann3oBaHHOU (DOPMBI BUXPEBOM MaTEpHH,
CO3[IaHHOW Y MOAJEP;KUBAEMON 3aMKHYTHIMU MarHUTHBIMU MO-

124 Macca — 310 MIPOAYKT B3aMMOJIEWUCTBHSI MIPOTUBOMOJIONKHO 3apsKEHHbIX MOTO-
KOB XOJIOITHOM 0€3MacCOBOM IJIa3Mbl, TIPOSIBIISIONIEICS IPU MPUTSKEHUH C TIOMOIIBIO
TIOJISI TPABUTAIMHU KJIACTEpa aTOMHO-MOJIEKY/ISIPHOM CTPYKTYPBI C MOJIEM TPaBUTALIN
3emin.



HOTIOJISIMH, TIPOSIBJISIIOT ceOsl B IPUPOJIE B MPOCTPAHCTBE MEX-
Iy IByMs NPOTHUBOMNOJNIOKHBIMU CTallAOHAPHBIMU UCTOYHUKAMHU
B TI0JIE TPETHEro MCTOUHKKA CIIETYIOIIIM 00pa3oM

— Ecnu 1Ba MPOTUBOIOIOKHBIX 3JIEMEHTApHBIX MCTOYHUKA
(c 3aMKHYTHIMM MAarHUTHBIMM MOHONIOJIsIMH B [ OMM) co-
eIMHAIOTCS BMECTE BIUIOTh JIO NIEPECEUEHUS UX CTPYKTYp, TO
IIPOUCXOIUT AaHHUTWIALMA C YHUUTOXKEHUEM 3apsA70B SHEPrun
B IIOKOE, HO HE caMmoM 3Hepruu Martepuu. Hampumep, Terio-
Bbl€ 3JIEKTPOH M MO3UTPOH B3aUMOJIEHCTBYIOT APYT C JPYIOM,
IIPA 9TOM YHAUTOXAETCS Macca MOKOS U JIEKTPUUYECKUH 3apsf,
HO 00pasyloTcs /IBa raMMa-KBaHTa 0€3 Macchl U dJeKTpuJe-
CKOI0 3apsi/ia, SHEPrusi KOTOPBIX MEPEXOAUT B JIBA CAMOJBUKY-
IIMXCSI CO CKOPOCTBIO CBE€TA MAarHMTHBIX 3apsijia — 3TO MpoIecce
nepexoja KOpIyCKYJISIPHOU CTPYKTYpPUPOBAaHHOM MaTE€pHUH B Ca-
MOJBHKYLIeecs (pU3nYecKoe MoJie, T.€. B M0JIeBYI0 (pOPMy MaTe-
pHH, IJ€ UICTOYHUK SHEPIUU BCE TOT K€ MArHUTHBIA MOHOMOJb,
HO yXe cBOOOHbIN. ToT ke mporiecc HaOMoaaeTcs Py aHHU-
TWJIALAN TPOTUBOIOJIOKHBIX OJHMHAKOBBIX 3JIEMEHTAPHBIX Ya-
CTHULI — YAaCTULIA, aHTUYACTULA, T.€. IPOTOH-AaHTUIIPOTOH.

— Ecnu onvHakoBble 1O 3apsijly MPOTHUBOMNONOXKHBIE MO 3HA-
Ky JIEMEHTapHbIE UICTOYHUKY pa3MelleHbl HA HEM3MEHHBIX pa3-
HBIX NpeJeJbHBIX paauycax IPOCTPAHCTBA (KAaK 3TO JIEMOH-
CTpUpYyeTCs MOJIEM aToMa, B KOTOPOM ITOJIOKUTEJIbHBIN 3apsi]
aTOMHOTO s1Jpa HEUTPAIU30BaH MPOTUBOIOIOKHBIM OOBEMHBIM
3apsiIOM U3 JEKTPOHOB), TO AHHUTWISIUM 3apsiIOB HE MPO-
VCXOJIUT, & CTPYKTYPBI UCTOYHMKOB COXpaHANTCA. BHemHee



JIEKTPUUECKOE TOJIe HaJl TMPOCTPAHCTBOM aToOMa HEHWTpAJIbHO,
T.e. YHHUTOKeHO. [103TOMy ¥ CTaHOBUTCS BO3MOXHO TIPOU3-
BOJICTBO KOHJICHCHPOBAHHBIX CpeJ] ((KUAKOCTH U TBEPAOTO Tena)
Ha TIOBEPXHOCTH 3eMIIH.

— B mpenpigymieit riaBe mogpoOHO pacCMOTPEH MeXaHW3M
HEBO3MO’KHOCTH YHHUYTO:KE€HHsI CTPYKTYpbl aTOMHOTO $i/Ipa
naJieHueM B IEHTP MHOTOTOUYEYHOM CTPYKTYPHI U3 C(pepruecKuX
CJIOEB TPOTHUBOIIOJIIOKHOTO OOBEMHOIO 3apsifia U3 JIEKTPOHOB
M JJake OTAENBHOTO 3JIEKTPOHA B SIIPO aToMa BOgoposaa. AHa-
JIOTMYHO TOPOUAATBPHOE IPABHTALIMOHHOE T10JIe XOJIOTHOU 0e3-
MAacCOBOM IJ1a3Mbl BOKPYT CUCTEMbI MACC BPAILAIOIINXCS] MarHU-
TOB-POJIMKOB HeWTpanmsyer e€ 3apsa Maccel auckos 1. Cepra
HIOYTH TaKKe, KaK M MEKTPUUYECKOe TOJIe U3 IEKTPOHOB KOM-
HEHCUPYET MoJie aTOMHOTO Siipa POXKJIEHHEM 30HbI XOJIOTHOU
JIEKTPUYECKOH 06e3MacCOBOM IJ1a3Mbl, HO C YYETOM pa3HbIX
CBOWCTB 3€peH-TIOTEHIMAJIOB 0 UX AajibHoAelcTBUI0. [ToaTomy
BO BHEIIHEM TPEThEM IIOJIE, T.€. B IOJIe TATOTEHUs 3eMJIU 3TH
JIeTaTelIbHbIE aNmapaThl MOC/e B3JIETa, KaK MOIUIABKY HE NMEIOT
HHEPTHOCTH, TaK KaK UMEIOT CKOMIIEHCHPOBAHHbII Ha HOJIb 3a-
psiiMacchbl. B MOMEHT focTrkeHus 3TOro GajaHca rnose Xouo/-
HOW 6e3MacCOBOM TIa3Mbl CTAHOBUTCSI HACTOJIBKO IJIOTHBIM, UTO
anmapar-I1ucK MOXKET CTaTh IMOJTHOCTHIO HeBUAMMBbIM, IPOXO/sl
CTaJU{ BUAUMOCTH U MOJynpo3paynocTu . OmHaKo [yisl TO-
ro, YTOOBI 3aCTABUTH JIETATEIILHBIN armnapaT, HaXOAIIUIACS B CO-
CTOSTHMM «IIOTUIAaBKa» B BO3J/lyXe, JBUTAThCSI BOJHOBBIM 00pa-
30M IO FTOPU30HTY HEOOXOMMO eIlle CO37aTh BIEpeIy OMOPHbIE



I'PaBUTAIIMOHHBIE 3€PHA TTOTECHIIMAIB ACUMMETPUYHOTO TTOJIS.

O61ree 3aKkJIOYeHNE 10 KOMIICHCAIIUY 3apsijia MacChl KJia-
cTepa BEIeCTBa B KAKOM TO COOTBETCTBYIOIIEM TPEThEM IIO-
ne hopmyaupyeTcs ciaenyomumM oopazom. KommeHcarus BHYT-
PEHHUX TPUPOMHBIX TOJIEH 3apsijia Macchl MPOUCXOIUT BCEr/ia
0e3 HapyImIeHNsI aTOMHO-MOJIEKYJISIPHOH CTPYKTYPBbI, IIOKa
MOTOK 3€PEH-TMIOTEHIIUAJIOB OT BHOBb MHIYKTUPYEMOUN TeXHUYE-
CKOW TOPOMJAJMbHOM 000JI0YKHM XOJIOIHOM TIa3Mbl aHTUT PABH-
TAIIMOHHOTO MOHOIIOJIS (IeOpOMIIEBCKOM «IIyObI») IO BHEIITHE-
My 3aMKHYTOMY KOHTYPY aKTUBUPOBAHHOTO BpallleHUeM KJiacTe-
pa He CKOMIEHCUPYET MOTOK MPOTUBOMOJIOKHBIX MO 3HAKY 3€-
PEH-TIOTEHIIMAJIOB OT peaJIbHOM aTOMHO-MOJIEKYJISIPHOM MacChl
kyacrepa. Torma cymMmapHoe BHellIHee Tosie OyAeT paBHO HYJIIO
Y 10 OTHOIICHHUIO K IIEHTPAIbHOMY MO0 3eMJIM 3TOT KjacTep
Oy/IeT IBUraThCsl, KaK MOIMJIABOK, 0€3bIHEPTHO M B HEBH/IH-
MO BUXPEBOI 000JI0UKe XOJIOIHOW Oe3MacCOBOM IIa3Mbl TPH-
aJibl MePeXoAHbIX BLICOKOYACTOTHBIX MOJIel ¢ HAKOILJIeHU-
€M B OOHOBJIEHHEM Me/JIEHHOT0 aHTHTPaBHTAI[HOHHOTO
MOHOIOJISI.

Wtak, mone 3apsiia Macchl M 3JEKTPUYECKOro 3apsjaa Be-
IIeCTBa B MOKOE CO3/1aH0 3aMKHYTbIMH BUXPOHAMH C Tiepe-
MEHHBIMHU MO BEJIMUMHE BBICOKOYACTOTHBIMU MOJISIPU30BAHHBIMU
MarHMUTHBIMU MOHoToNisiMu [ OMM — npsimoii nponecc. Ta-
KK MarHUTHbIE MOHOTIOIA MOTYT CYIIIECTBOBAaTh B MAKPOBUXPO-
He JIb B (hopMe MOHOIIOJS-TUTIOC U MOHOIIOJISI-MUHYC, Tiepe-
MEHHOTO TI0 BEeJUYMHE I'PABUIJIEKTPOMATHUTHOIO MIIOJISI



(I'I9M]I) B ¢popme B3anMoaeiCTBYIOIIUX KOHTYPOB /IBY-
NOJIOCTHOTO runepoojonja. V3 takux mo ¢gopme momnapHO
CBSI3aHHBIX BBICOKOYACTOTHBIX 3aMKHYTBIX MarHUTHBIX 000JI0-
YEeK COTKaHbl aTOMHBIE fpa BCEH aTOMHO-MOJIEKYJISIDHOU Be-
niecTBeHHoN marepud. [1oaToMy U mosiBisieTcss BO3MOXHOCTh
NyTEM BapbUpOBaHKS APaMeTPOB BPalleHHs CTAllMOHAPHBIX
MarHuTOB, IMUTHPYIOIIMX aHAJIOTUYHBIE 000JIOYKU B MUKPOMa-
Tepru, OCBOOOXKIaTh BHYTPEHHIOI SHEPTUIO.

CamoBpamieHnne npoT1B YaCOBOM CTPEJIKU IIOCTOSIHHBIX PO-
JIMKOB-MarHUTOB BOKPYT CTaTOpa LIMJIMHPA-MarHuTa pUuBOIUT
K COOTBETCTBYIOIIEH MO 3HAKy IPaBUTALMOHHON MOJspU3aLUU
3apsijia MX o0Ilei Macchl B MoJie 3eMIId. DTO COCTOSIHUE COMPO-
BOXJaeTcs MPoLeccoM pacuienieHust (0cBOOOXIeHNe SHep-
I'N) €€ BHYTPEHHEN SHEPTUU C POKICHUEM TEXHUYECKOI'0 KBa-
3UCTAIIMIOHAPHOTO TOPOUIAILHOTO aHTUT' PABUTAIIIOHHOTO MOHO-
TI0JIs1 BOKPYT BHEIIIHEH MOBEPXHOCTH KJlacTepa OOBIYHOTO aTOM-
HO-MOJIEKYJISIDHOTO BEIIECTBA B KOH/IEHCUPOBAHHOM arperar-
HOM COCTOsIHMM (BOAa TBEpHoe Teno). Bpamienne mo yacoBou
CTpeJiKe IPUBOAUT K 0OpaTHOMY IPOLIECCy.

W, nocnenHee, 0TBET Ha BONPOC — YeEM OTJIMYAKOTCSH JieTa-
e «Tapenku» B. IllayOeprepa oT aHAJIOTUMYHBIX «Tapeiok»
J1. Cepna — npuMeHEeHHEeM B KQUueCTBE BpaIIaloIierocsi padoyve-
ro Teja HaMarHM4YeHHbIX BellecTB. Tak Kak BCsl BEIIECTBEHHAas
aTOMHO-MOJIEKYJISIpHasl MaTepusl CO3aHa CAaMOABUKYIIIMMH CS
MarHMTHbIMH MOHOIIOJISIMHM 3aMKHYTBIX MUKPOBHXPOHOB
Ha 3apsaaky B '9MM - kaHoHuueckas ¢opMma Bpaljarelib-



HO-TIOCTYTIATEIbHOTO CaMOJABHMKEHHUSI MMILIO3Hell MaTepuu
Ha YETBEPTH JIJIMHBI BOJIHBI B y3e1. [ToaTomy 1 nepBuYHBIN pa3-
TOH-CTapT UAET TaKKe caMOJABHKeHHeM. DTO MOATBEPK/IAeT-
cs1 v HanOoJiee 3(P(HEeKTUBHON CAaMOPAa3rOHKON CITUPATIBHBIX Mar-
HUTHBIX JBUTateneii'?. 3areM ciefyeT yCKOpeHHe N0 Orpefie-
JIEHHOW CKOPOCTH BpALIECHHUs, KOTOPOE CO3JAET MHTErPaJbHOE
HapacTaollee KBa3uCTalMOHaApHOE TOPOUJAJIbHOE TI0JIE C IPaBU-
TAlMOHHBIM 3apsIIOM, 3HAK KOTOPOTo TaKOW ke, KaK M 3HaK 3a-
pAaa aapa 3eMJIM, 4TO MPUBOIUT K BEPTUKAJIBHOMY B3JIETY. [ 0-
PU30HTAJIBHOE NIEpEMEIIEHUE OCYILECTBIISIETCS 110 AaHAJIOTUHU Ca-
MOJIBUKEHHSI MAarHUTHOTO MOHOMOJISI (POTOHA, BOJIHOBBIM 00pa-
30M, T.€. C OTOPOii Ha 3EPHA-TIOTEHIIMAIIB BOJTHOBO/A, HO TOJIBKO
I'PaBUTALIMOHHOTO. DTO CAaMOJABHKEeHHE U OTJIMYAET UX OT JIUC-
koB B. IllayGeprepa.

HJIO nag niianeron 3emJis ',

JloKyMeHTaJIbHO TIOITBEPAUTH PEATbHOCTh U OOECTIOCOOHOCTD
JIeTalouMx TUcKoB BepMaxTta BTOpoid MUPOBOI BOWMHBI YIa10Ch
JIMILIb FEHEPAJI-TIOJIKOBHUKY, ITpodeccopy MBamosy JI. I'. B kHu-
re «OnpoKuHyTHIA MUpP»'?7, Tie OH Ha MpPeIbsSBICHHBIX TOKY-
MEHTaX TMOKa3bIBAET MCTOPUIO MX TOSIBIEHUS, MPONAKU JOKY-
MEHTOB MPOJAXKHBIMUA COTPYJHUKAMHU, & TaKke OOWHIO TUCKA-

125 CriupanbHblii BEYHBI MArHUTHBIA JBUTaTeNh WWwWw.youtube.com/watch?
v=2qVFz-TTUwWA
126 http://litresp.ru/.../popovich-marina.../nlo-nad-planetoj-zemlya

127 Yisamos JI. T. OnpokunyTslil Mup, Mocksa, Kuuxnsiii mup, 2018 rog, crp.348
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http://www.youtube.com/watch?v=ZqVFz-7TUwA
http://www.youtube.com/watch?v=ZqVFz-7TUwA
http://litresp.ru/chitat/ru/%D0%9F/popovich-marina-lavrentjevna/nlo-nad-planetoj-zemlya?fbclid=IwAR2WNks03y1URokoYwWbJQek9M2tF9w5Wnr3BaviwQLgsOa0ZfB4QAFOAkY

MU-CHapsiiaMu B AHTapkTuje, pazouBiieit B 1947 romy 3Kc-
neauuuMIo KouTp-aamupana P. bepna mon konoBbiM Ha3BaHUEM
«High Jump». CCCP Ttoxe nbiTajiach 100patbcs 10 0a3bl HEM-
1ieB B AHTapkTue. B HosiOpe 1945 rona Obu1 OTIIpaBieH KOHBOR
13 Tpéx moaBoaHbIX Joaok tumna"K» cepun XIY-1945 3a NoNo
K-56, K-53, K-51. Pe3ynbTar — OTpUIaTeNbHbII. . .

«B cocmase skcnedunuu CIIIA 6viau asuarocey, noooOHAs:
n00Ka, 12 Haoeoowvix kopabael, 25 0oesvix camonémos. Bhe-
3anHo 3ma 3ckaopa dvina amaxosara 60.au3u 3emau ,,Koponegol
Moo “aemarougumu OUCKAMU, BLIHBIPUBAIOUAUMU U3 21 OUHDL OKe-
ana. Hauanoco npocmo nooouuie, a AuuHbwlii cocmae noosepecsi
HeU38eCMHOMY MUny U3NYUeHUus, NOBAEKUIe20 NCUXU1ecKue pac-
Ccmpolicmea 6naoms 00 NOMYMHeHUst CoO3Hanus, bvino nomonae-
HO 2 3CMUHUA, CEPLESHO NOBPENCOEH ABUANHOCEY, NOZUON0 OKONO
400 uenosex».

Ucropus nadmonennss HJIO B CCCP u apyrux crpaHax u3-
noxena M. TMomosuu B kaure «HJIO Hax moma"HeTon 3emutss».
Nwmenno 1978 rox u cran rogom crapra B CCCP rocynapcren-
Hou nporpammsl 1o usyuenuio HJIO. B Amepurke aHaJIOrMuHyI0
nporpaMmy 3amyctuiu B 1947 rony — noja NpuKpuITUEM BTOP-
JKEHUsI TIPUINENIbICB Ha TUlaHeTy 3emiisl, B BenmukoOpuranum —
B 1949-m (mpoektsl Sign, Grudge, Blue Book) — oGHapyxumm
uctoyHuk HJIO - neraromme aucku Cepna. Mbl 3aepxKaiuch
Ha Kakue-T1o 30 JIeT ¥ TO TOJILKO MOCJIe TPOMKOIO MHITUAECHTA MO/
r. [lerpozaBoackom:

— Bcé uzmenunoco ocenvio 1977 200a. 20 cenmsops okono



4 uacoe ympa nao [lempozagoockom 3a8uc 6 6030yxe 02pOMHbIIL,
noxoxcuii Ha medysy obdwvekm ouamempom npumepro 100 mem-
pos. OH chauana nosucen Hao 20po0OM, a NOMOM HAYAA O8U-
2amwvCs 60016 Yauyvl JIenuna, OCmano8uncs U Yyeeauuuncs 6 pas-
mepax. Ceeuenue ycuaunoco, u HJIO ocvinan 20po0 muodice-
CMEOM MOHKUX AYUEBbIX KPACHBIX CMPYLl, KOMOopble NPOU3600U-
AU eneuamaenue npoausHozo 003cos. Haympo é cmékaax eepx-
HUX madiceii 00MO8 NOS8UNUCL MOHKUE KpY2able OMmeepCchius,
a ONNABNEHHbIe KYCOUKU CIEKNA NeHCANU HA NOOOKOHHUKAX.

Yposenv uccaedosarnuii 6vin camvim 6bICOKUM, 8 HUX NPUHU-
manu yuacmue Akademus Hayx, Munucmepcmeo 060porbl U ue-
bl COHM YUEOHbIX 3A6€0eHUll U HAYUHO-UCCAE008AMENbCKUX
ueHmpos. DPUHAHCUPOBANU UCCAEO08AHUSL NO CAMOMY BblCUle-
MY paspsidy, npuuém oadxice 8 camble Maxcénvle 200bl. Y cmaro-
8UMb KOHMAKM ¢ UHONAAHEMHBIMU POPMAMU HCUSHU MEUMANU
bBpedicres, Auoponos u Eavuun, u moavko I'opbaués ommuocun-
cs1 k npooneme HJIO ¢ nedosepuem — npu ném Oroodicemmvle 3a-
Mpamoel HA NOUCK 6HE3EMHbIX UYUBUAUZAUUTL YPe3aau 84emeepo.
[locneonue omxpelmvle OanHble 00 UCCACO08AHUSIX 8 0ONACTU
anomanvhvlx aereHuti oamupyromes 1999 2000m, Ho 206o0pume
0 MOM, UIMO NPOZPAMMA NPEKPAUEHA, NO MEHbULELE Mepe HAUBHO.
Lo 1977 200a ecemu MANONOHSMHBIMU C OOUENPUHSIMOT MOUKU
3penus seujamu 8 Cogemckom Coroze 3aHUMANCS UCKAIOUUINENb-
Ho KI'B.

VerpoiictBo!'? B. Pomuna u C. T'oguna. Tlocnenyio-

128 pomun B. B., Tonuu C. M., natent P® No2155435. C1, knace 7 HO2N11/00,



masi mpoBepka cxemsl arkutens [I. Ceprna Obuta mpoBeneHa
B 2000 rony B konseprepe B.B.Pomuna n C.M.I'onquna (poto
3.11). KoHcTpykims 1abopaTOpHOTo CTeHja KOHBEpTepa ¢ u3Me-
pUTETbHBIM KOMILJIEKCOM OOeceurBalla MMPOKUil IMana3oH Uc-
CJIEIOBaHUI, YCTaHAB/IMBaJIa ONPEEIEHHBII YPOBEHb KOHTPOJIA
3a pabOYMM TMPOIIECCOM M TPEJOCTaBIsIa HeOOXoauMyo 0e3-
OMACHOCTH %’ 3KCIIEPUMEHTOB.

FO3HS5/00. Jata nyomukanuu dhopmyisl n3ooperenus: 2000.08.27. Perucrparmon-
HBII HOMep 3asBKu: 99122275/09 ot 27.10.1999.

129 Mono6Hbie 9KCIIEPUMEHTHI co BpemeHU rudenu K. Pero B 1926 romy cuntatorcst
BECbMa OMACHBIMU ISl KU3HU.



®oro 3.11. YcrpoiictBo I'ogunHa-Poriuna, noropsiioree ar-
napar 1. Cepia.

[Ipu nOCTVKEHUM KPUTUYECKOTO PeXKrMa IKCIEpUMEHTAITb-
Hasl YCTAHOBKA CTAHOBWTCSI TOJIHOCTBIO SHEPreTUYECKU aBTO-
HomHon. HaOmogaores JIokajibHOE M3MEHEHHUE Beca BCel KOH-
CTPYKIIMHU, CHVJKEHUE TEMIIepaTypbl BO3[yXa M OOpa3oBaHHE
KOHIIGHTPUUECKHUX «MAarHUTHBIX CTEH» B paauyce 15 M BOKpyr
YCTaHOBKH, a TaKkke HaOJI01aeTCsl KOPOHHBINA pa3psiji B BUJE IO-



JyOOBaTO-PO30BOrO CBEUECHUS U XapaKTEPHBIH 3arax 030HA.

JlnamMeTp MarHUTHOHM CHCTEMBI padOdvero Teia KOHBEpTepa,
CO3[]aHHOM Ha OCHOBE PEAKO3eMEJIbHBIX METaJUIOB, ObLI OKO-
JIO OIHOTO METpa, M COCTOSLT U3 CTaTopa M portopa B (opme
JBVKYIIMXCS TI0 BHEIIIHEW OKPYXKHOCTH CTaTOpa Habopa poJiu-
KoB. CTaTrop BHITMOJHEH U3 OTIEIbHBIX CETMEHTOB, KOTOpPHIE Ha-
MarHMYMBaJIMCh OOBIYHBIM CIIOCOOOM IyTeM paspsifa Oatapeu
KOHJICHCATOPOB Yepe3 MHIYKTOp. [lanee cermMeHThl coOnpanmch
U CKJICMBAJIVCh B CIIEIMATIBHOM cTariesie. POIMKy ycTaHOBIIEHBI
Ha 00IIeM MOABKHOM CeTapaTope ¢ MOMOIIBI0 JUHAMUYECKHX
BO3/IYIIHBIX TOJIIUITHAKOB C IIEJTbI0 MAKCUMAJIBHOTO CHKEHUS
TpEeHHUsI.

Cucrema 00Bsi3KHN KOHBepTepa. [lis iepegaun Bpararesib-
HOTO MOMEHTa Ccemnaparop ObUT KECTKO CBS3aH C OCHOBHBIM
BajioM ycrpouctBa. OCHOBHOM Bajl MOCPENCTBOM (PPUKIIMOH-
HBIX OOTOHHBIX MY(T CBSI3aH C IYCKOBBIM [IBUTATENIEM, BbI-
BOJSIIIIMM YCTPOMCTBO B PEXKMM CaMOMO/IeP KaHusl Bpaille-
HUSI, U JEKTPOJVUHAMUYECKAM TeHEpaTOpOM, KOTOPBIA TOJICO-
eMUHSUICS K aKTUBHOM Harpyske depe3 HaOOp Mepeksovare-
Jieid, oOecTeurBaloIui CTyNIeHYaToe MoACoeJMHEHNE HArpy3KU
or 1 mo 10 kBt ¢ marom 1 kBrT.

YerporictBo padotaert cremytomum oopazom. OO0pOTHI T1aB-
HO YBEJIMYMBAIOT JIO TeX MOp, MOKa aMIepMETp, BKIIOUSHHBIH
B lIeNb MUTAHUSI JEKTPOABUTaTesIsl, He HAYMHAET MOKAa3bIBaTh
HYJIEBOE 3HAYCHHE MOTPeOIIeMOro ToKka M HaJldue oOpaTHO-
ro TOKa. DTO COOTBETCTBOBWIO mMpuMepHO 550 06/MuH, mpu



9TOM MarHUTHBIM JAaTYMK TepeMelieHus TiatopmMbl HAUMHAI
(pukcupoBars m3mMeHeHune Beca maropmel yxe mpu 200 o6/
MuH. [lanee ¢ MOMOIIbI0 7IeKTPOMarHUTHOM OOTOHHOM MY(ThI
9NEKTPOABUIaTesb MOJTHOCTHIO OTKJIIOYAIOT U K OCHOBHOMY Ba-
JIy YCTPOKCTBA Yepe3 eKTPOMArHUTHYIO MY(PTY MOICOEAUHSIIOT
JEKTPOAMHAMUYECKUI FEHEepaTop.

Poxpenne kBa3ucranmoHapHbIXx moJeil. [Ipu noctuxke-
HUM KPUTUYECKOTO pekrMa, KOTOPBIF HacTymaeT okoJio 550 06/
MUH OOOpPOTHI POTOpa C OOJIBIIMM YCKOPEHHEM BO3pacTaioT
C O/IHOBPEMEHHBIM 3aMeJIJIEHUEM TEKYIIIEro N3MeHeHHsI Beca.
B stor MOMeHT noaksoyaioT nepyto Harpy3ky B 1 kW. Cpa-
3y e TOoCIIe MOAKJII0YEeHUs IEPBOil HArpy3KHU 00OPOTHI HAUMHA-
I0T TMaJaTh, & U3MEHEHMs Beca poaorkaeT pactu. U3meHnenue
BeCa 3aBUCUT OT OTBOAAMMON B aKTUBHYIO Harpy3Ky MOIIHOCTH,
B kauecTtBe Harpy3ku ObLT UCIIOIb30BaH HA0Op U3 AECATH OOBIK-
HOBEHHBIX JIEKTPUYECKUX Harpepatesieil st Boasl o 1 kW.
[Tpu MmakcuMaIbHON OTBOAMMOM MOIITHOCTH B 7 KW m3MeHeHue
Beca Bcel miargopmel BecoM B 350 kr gocturaer 35% ot Beca
B HETOABUKHOM COCTOSIHUM.

[Tpu paGote KOHBepTepa B 3aTEMHEHHOM MTOMEIIEHUN BOKPYT
Hero HaOJmoaeTcs pa3psl B Buje roayOooBaTo-po30BOrO CBe-
yeHus1'*" u xapakTepHbi 3amax o30Ha. OOJaKo BO3OYXIEHUS
Y MOHM3AIMM BO3/yXa OXBaThIBaeT OOJACTh CTATOpa U pOTOpa
U UMeeT COOTBETCTBEHHO TopouaibHyo ¢opmy. Ha ¢one 30-
HBI XOJIOAHOM TJT1a3MBbl 10 TIOBEPXHOCTU POJIMKOB POTOPA OTYET-
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JIMBO MPOCMATPUBAETCS] BOJHOBAsI KAPTUHA — 30HBI TOBBIIIIECH-
HOM MHTEHCHBHOCTH CBEYEHU I PACIIOJIOKEHBI IO BHICOTE POJIMKA
TaK, KaK 3TO ObIBAET B BHICOKOBOJIbTHBIX BBICOKOYACTOTHBIX MH-
JOYKIIMOHHBIX HAKOMUTENISIX SHEPIUU B MPeanpoOOHOM peXu-
Me. DTU 30HBI UMENU OeJlo-KeNThI IIBET, HO 3BYKA, XapaKTep-
HOTO Ui AYTOBOI0 pa3psaa, CIBHIIHO He Obuto. He mmenoch
TaK)Ke HUKAKUX BUAMMBIX SPO3MOHHBIX TOBPEKIEHUN MOBEPX-
HOCTEW CTaTtopa U pOJIMKOB.

HaOmonascs erie oavH, paHee HUT/IE He YIIOMUHABIIUCS 3¢-
(pexkT — 3TO BepTUKAILHBIE MArHUTHBIE cTeHbl (poro 3.11,
BHU3Yy CIPaBa) BOKPYI YCTAHOBKM. BbulO 3ameueHO M u3Me-
PEHO aHOMaJIbHOE MOCTOSIHHOE€ MAarHUTHOE I0Jie, OKPYXalo-
11ee KOHBepTep. BhIsiBNIEHbI 30HBI TOBBIIIIEHHOW HANIPSIKEHHOCTU
MarHuTHoro nosns nopsaaka 0.05 T, pacnonoxkeHHble aKCUAJIbHO
OT 1IeHTpa yCTaHOBKU. HampapieHue BeKTopa MarHUTHOTO IO-
JIl B 9TUX CT€HAaX COBIMAJAJIO C HAIPABJIEHUEM BEKTOpA MarHUT-
HOT'O 10Jis1 pOJIUKOB. CTPYKTypa 3TUX 30H HallOMUHAJIa KPYyru
Ha BOAE OT OPOIIEHHOro KamMHs. MexIy STUMH 30HaMH Tiepe-
HOCHMBbIi MAarHUTOMETP, UCHIOJIB3YIOIIUI AaTYUK XoJJla B Kadye-
CTBE YyBCTBUTEJIBHOTO 3JIEMEHTA, aHOMAJIbHOT'O MAarHUTHOT'O T10-
7151 He peructpupoBa. CJiou MOBbILIEHHON HAPSIKEHHOCTH pac-
NPOCTPAHSIIOTCSI IPAKTHUYECKH 0e3 OcaadieHus: Ha pacCTOsTHUE
OKOJIO 15 M OT LleHTpa KOHBepTepa U OBICTPO CIAJaloT Ha rpa-
Hu1le 9ToM 30HbI. TomuHa cnost 5S—38 cm. ['panuiia cnos numeer
PE3KMI1 XapaKTep, PaCCTOsIHUE MEXTY clIosMU 0Koslo SO0—60 cm
Y HEMHOTO HapacTaeT 110 Mepe y/lajJeHus OT LIEHTpa KOHBEpTepa.



YcroitunBas KapTUHA 3TOTO MOJIs HAOMIOAATACh TAK)KE U HA BbI-
COTe 5 M HaJl yCTaHOBKOM, Ha BTOPOM 3Take HaJ| TJabopaTopren.
Bpliie n3mepeHuii He MPOBOAUIIOC.

Boulo  oOHapykeHo'3!  Takke OXJIaXIeHWE CIIOEB
BO3[yXa —  aHOMaJbHOE TMaJeHHe  TemIeparypbl
U B HENOCPENCTBEHHOW ONMM30CTH OT KoHBeprepa. [lpu
obmem ¢one B madoparopun +22° C (+2° C) usmepeHo
najeHue Temreparypsl Ha 6—8° C. To xe camoe
sIBJICHUE HAOMIONANIOCh W B BEPTUKAJBbHBIX MarHUTHBIX
creHax. M3amepeHus TeMriepaTypbl BHyTPY MarHUTHBIX CTEH
MPOBOIMIIUCH OOBIKHOBEHHBIM CIMPTOBBIM TEPMOMETPOM
¢ uHepLuen usMepeHus: okono 90 cekyHa. B MarHuTHbIX
CTeHaX  OTYETIMBO  (PUKCUPYIOTCS  TeMIlepaTypHbIe
M3MEHEeHHUs 1a)ke C TIOMOIIBIO TeJIECHBIX OIIYILEHUH, ecn
B TOJIIy MarHUTHOW CTEHBI IOMECTUTh PYKYy, TO Cpasy
YyBCTBYETCSI XOJIOJl. AHAJIOTUYHAsI KapTUHA HaOJI0/1aiach
M Ha BbICOTE 15 M HajJ YCTaHOBKOH, Ha BTOPOM 3Ta)e
J1ab0paTOprK, HECMOTPSI HA UMEIOIIUECs KeJIe300eTOHHbIS
MOTOJIOYHBIE MIEPEKPHITHS.

D ekt n3MeHeHHs Beca 00paTUM OTHOCUTEILHO HaIlpaBJie-
HMS BpAIllEHUsI POTOPa, M UMEET HEKOTOPBIA «THCTEPE3UC».

IIpu BpaleHnu Mo 4acoBoOil CTPeJIKe KPUTHYECKHIT pe-
JKHM HAcCTylaer B paiione 550 06/MuH u co3xaercs Tsra '+

131 Pommn B. B., Togun C. M.,Crathsg «DKCHepyMEHTAIBHOE HCCIeJOBAaHNUE
(puzmueckux 3(pPeKToB B IMHAMUYECKOW MarHUTHOW cucteme» [lucema B KT,
2000, 1. 26, BbIN. 24, cTp. 70—75.
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NPOTHUB HANpPaBJieHUsI BEKTOPAa rpaBUTAaIiM, a NIPU Bpa-
IeHNU MPOTUB YaCOBOM CTPEJKH, KPUTHYECKHI PeKuM
HacTynaet B paiioHe 600 o6/MuH 1 co3aeTcs TAra o Ha-
NPABJICHNI0 BEKTOPA rPaBUTALMH.

Bcero 6bu10 nposesieHo Oonee 50 MmycKoB ¢ aOCOMIOTHON TO-
BTOPSIEMOCTBIO B TeueHue Tpex mecsueB. [Ipu Bcex 3amyckax
(pukcrpoBasioch U3BMEHEeHHE Beca YCTPOWCTBA U YMEeHbIIIeHHe
TeMIIePaTyPbl OKPYXKAIILETO BO31yXa.

ABTOpBI YCTPOICTBA 3aSIBIISIIOT, UTO BCE MOTYUYEHHBIE PE3YJib-
TaThl KpailHe HEOOBIYHBI U HYK/IAI0TCS B KAKOM-JINOO TEOPETH-
yeckoM oObsicHeHuu. K coxanenuio, nHTeprpeTaius noaydeH-
HBIX pEe3yJIbTaTOB B paMKaXx OOIIENPU3HAHHBIX (PU3UUYECKUX TEO-
puii He B COCTOSTHUM OOBSICHUTH BECh KOMILUIEKC HAOJI0IaeMbIX
SIBJIEHUU.

Heo0xonuMo oTMETHUTh, YTO BCe OTMEUEHHbIe aBTOpamMu -
(bexThl U siBNIEHUs paHee ObUIM YK€ OMyOIMKOBAHbI OOJBIINM
KOJIMYECTBOM 3apyOeXKHBIX TATEHTOB HA Pa3JIMUHBIE YCTPOMUCTBA
C B3aMMO/IEMCTBYIOIIMMU OPTOTOHAJILHBIMU TTOTOKAMH MaTEpUn
B (hopMe MAarHMTHBIX, TPABUTAIMOHHBIX U YJIEKTPHYECKHX
nosier, MPUBOASALIMX OIHY YacThb BO BpAIllEHUE OTHOCUTEJIBHO
npyroi. besycnoBHas 3acinyra apropos C. ['onuna u B. Pomum-
Ha COCTOUT B CO3[JAHUM YCTPOICTBA C €r0 YepTekaMu U MPOTO-
KOJIAMH UCTIBITAaHUI Ha TeppuTopur PP B OOBIYHBIX KJIaccuye-
CKHX TEpMHUHAaX. 3/1€Cb CTOUT IJIABHBIN BOIIPOC: «KaKkue pusnye-
CKUe sIBJICHUs OTJIMYAIOT JieTaomue ,,rapeiku” B. llayoepre-
pa OT aHAIOTUYHBIX ,,Tapenok” [I. Cepna mpu TOM HEOCTIOPUMOM



MPEUMYIIECTBE, UTO MOCIIeHIE MyOIUYHO TEMOHCTPUPOBAIUCH
Ha MPOTSHKEHUU OoJiee TATUIIECITH JIeT, a B cepequne 70 ronos
MPOIIIOrO BeKa HECKOJIBKO Pa3 0OJeTasM Hallly TUIaHeTy 7».
IIpouecchl. YcrpoiictBo-kouBepTep (doto 3.11) B. Po-
nmHa 1 C [oguHa nipeacTaBisier cOOOM CUCTEMY Macc C MeXa-
HUYECKMM MOMEHTOM WHEPIIMH, OINpPEIe/IsIeMbIM JBKYIIIMMU-
Cs1 110 BHEIIHEN OKPYKHOCTH HEeMOABH2KHOT0 CTaTOpa-MarHuTa
POJIMKOB, BPAIIAIOIIMXCS BOKPYT COOCTBEHHOM OCH — 3Ta CHUCTe-
Ma MacC-MarHMTOB C HEIOJIHBIM KBaHTOBBIM IMpeoOpa30BaHUEM
WHAYKTUPOBAHHON SHEPrvM HOCUTENSl B 3aMKHYTO-CBSI3aHHOM
C 9TOM Maccol MeXaHH4eCKOM MakKpoBHXpoOHe. [[ns coxpa-
HEHUsl Cpe/IHEW SHEPrUM B MpeJesax pa3peli€HHOro KOpujaopa
NPUHYAUTENBHOM MHAYKIIMA HOCUTEJb-TPABUTAIMOHHBIA MakK-
POMOHOIIONb HE CMOCOOEH BBITIONHUTD TEpe3apsaKy, MOITOMY
MIPOUCXO/IUT KBAHTOBBIN MEpexo[] MPHU ero pa3psake ¢ BO30YyK-
JIEHMeM MarHUTHOIO MaKpOMOHOIMOJISI B 3aMKHYTOM 3JE€KTPO-
MarHMTHOM MakpoBuXpoHe. Ilocie 3apsaku MarHUTHBIX MaK-
POMOHOIIOJIEN OCH CO3[JAHHBIX UM BOJIHOBOJOB JIEKTPOIOTEH-
IIMAJIOB OPUEHTHUPOBAHBI MEPIIEHIMKYJISIPHO OOIIEH OCH KOHBEP-
Tepa, a 3HAYEHUE TEKTPONOTEHIIUAIOB YBEJTMYMBAETCS C YaCTO-
TOX 0OOPOTOB, UTO BHAYAJIC M IIPUBOIUT K POXKJICHHIO 30HBI XO-
JIOIHOM TJIa3MBbl BCEHl YCTAaHOBKU. TaK Kak MAarHUTHBIE MaKpoO-
MOHOTOJIM TaKke He CNOCOOHBI K Tepe3apsike B TAKOW CHUCTe-
Me, OHM COpPACHIBAIOT M3JIMIIHION WHIYKTUPOBAHHYIO SHEPIHIO
yepe3 BOJIHOBO/IBI B (popMe M3ITydeHusi. DTOT MPOIECC BHICOKO-
yacToTHbIM. CpeHee 3HaUeHNe KBa3UCTAIIMOHAPHOTO XOJIOJHO-



'O I'PaBUTAIMOHHOTO MOHOIIOJISI YBEJTUUMBAETCS C YACTOTOM Bpa-
IIEHUSI POJIMKOB, a €ro Mpeesa pacTeéT co cOPOCOM JEKTpUIe-
CKOW SHEepruu 4epe3 MeKTPOJUHAMUYECKUI TeHepaTop Ha Ha-
I'PY3KYy B BUjIe MOIIHOCTU A0 7 kw. DT0 1oJsie XOJ0AHOM M1a3Mbl
HAYMHAET BHITECHSATh BO3/IyX M3 aKTUBHOTO OOBbEMa KOHBEpTE-
pa — HAUMHAIOTCS OOJIee MHTEHCUBHBIC B3AaUMOJIEHCTBUS C MOJIEM
tarorenus 3emin. IlocTynaTeabHO -BpaliaTebHOE ABMKEHUE
JUIS1 9TOU CUCTEMbI peaiu3yeTcsl MPY B3aMMOJIENUCTBUM C BHEIII-
HUM MOJIeM TAroTeHUs: 3eMJIM Bcero Jimiib Ha 35%. bonee To-
r0 BOJIHOBO/IBI M3 TPABMOTEHIIMATIOB TOPOUJAIBLHOIO TOJIsI XO-
JIOMHOM TIJIa3Mbl, HAUMHAIOIIAECS OT OCH U 3aKaHYMBAIOIIUECS
Ha JABWKYIIMXCS POJIMKAX U3TYYaloT WIMHIPUYECKUE MEXaHU-
YEeCKHE BOJIHBI C MyYHOCTHIO B 50 CM U € y3/1aMu TOJIIMHON 4
—35 cM, TOJIBKO BOT MEPEHOCAT OHU COCTOSIHME MCTOYHMKA, T.€.
€ro MarHUTHOE JaBJieHne u temrepatypy. [Iporeccsl BHICOKO-
YaCTOTHbIE U BCE U3MEPSIEMbIE BEJTMUMHBI JAHbI YCPEHEHHBIMU
C YYETOM MOCTOSIHHBIX BPEMEHU KaxkJI0ro U3 (pU3NYecKux B3au-
MOAENCTBUM.

B koHBepTepe mpemaycMOTpPEeHO MPUHYAUTETbHOE BpallleHue
POJIMKOB B MPOTUBOIMOJIOKHOM HAIlPaBJIEHUU CaMOIPOU3BOJIb-
HOMY pasroHy camoiBuxeHusi ponukoB B 3pdexrte . Cep-
Jla — COOTBETCTBEHHO U IOCTUTaeMblid 3(h(PeKT ObLT MPOTUBOIIO-
JIOXKEH, & BMECTO MPOU3BOJCTBA MEKTPOIHEPIHM OBbLIO €€ To-
BBIIIICHHOE MOTpediieHne ¢ 3pdekTaMu oOpaTHBIMU JE3UHTE-
rpalyy BelecTBa, a BMECTO OTTAJIKMBAHUSA (XO0JI0AHAsI AaHTH-
rpaBuTanus) ObUIO SKCIIEPUMEHTAILHO OOHAPYKEHO JOTIOTHU-



TEJIbHOE YBEIMYEHHUE (X0JI0AHAsA CylleprpaBUTaLMs ) Beca.

Jlerareannbie annapatbl CIIIA.

Hawubosnee yacto B pa3HbIX TOYKAX MUpPA, B TOM YHCJIe U TIPU
UCTIBITAHUSIX HACTYNATEIbHOTO BUXPEBOrO MMITYJIbCHO-JTy4EBO-
'O OPYKHsI C HEero, ObLT 3aMeveH HeOOBIYHBIN armapar, KOTOPbIA
pa3BUBAJ CKOPOCTH B JIECATH Pa3 MPEBBIIIAIOITYI0 CKOPOCTh 3BY-
Ka u Jietatormii Ha ipuniunax B. [llayoeprepa u J1. Cepna u ko-
TOpBIi ObLT paccekpedeH B 2009 roay '** B pamkax npoekta OPU-
OH.

B 1989 u 1990 ropax «HJIO» BOpyr craau akKTUBHO MOSIB-
naThest Haj Benbrueii'34. BUHOBHMKOM OKa3aJicsl TPEYTrOJbHBIA
(doto 3.12) nerarenbHbiid annapat mojaeau «Astra TR-3B» unu
«XR7», criocoOHBIN JIeTaTh COBEPIIEHHO OECITyMHO CO CKOPO-
CTBIO, OOJIee YeM B [IECATh pa3 MPEBHIIIAIOIEH CKOPOCTh 3BYKA.

133 https://www.youtube.com/watch?v=NalaQRgZvoE

134 http://archives.kgsu.ru/index.php?option=content&task=view&id=2939Iazera
«CoBetckast monofexb» 12.04.1990


https://www.youtube.com/watch?v=NaIaQRqZvoE

doro 3.12. ASTRA TR-3B

(I'azeta «CoBetckas mosoaexb» (12.04.1990))

B Houb ¢ 30 Ha 31 mapTa 1990 roaga npou3onuI0 Maccu-
POBaHHOE «BTOP:KeHHE» HEOMO3HAHHBIX JEeTAIIHNX 00b-
eKTe» B BO3JyIHOe npocrpancTso beabrun. U B Ty *ke
HOYb Y/1AJI0Ch, HAKOHeI], C/1eJ1aTh BH/1€03alUCh, 03B 0JIsI-
IOIIYI0 10BOJbHO YeTKO NpeJACTAaBUTh BHEIIHUN BU]I O/1-
HOTI'0 U3 HHX.

Bnepsrie HJIO, 0 KoTOpBIX HET peub, OblIM 3aMeueHs! 29 Ho-
s0ps 1989 roma Hag ropoakom DiireH, pachooKeHHBIM Ha BO-
CTOKe cTpanbl, y rpanuibl ¢ OPI. 3areM oHM HEOJHOKpATHO
NOABJISAJINCh M TaM, U B COCEJHMX paliOHaX, NMPEUMYIIECTBEH-



HO B OKPECTHOCTSIX KpymHeiiero B Bocrounoii benbruu ropo-
na JIeexa. B peBpane — mapre cdepa ux «IeATEIbHOCTA» CTa-
JIa IOCTETIEHHO paclIMpATheA K 3anany. A 31 mapra noner HJIO
ObL1 3aprKcpoBaH HaJ bpioccesieM, KOTOPBIH SBJISIETCS reorpa-
(pyueckuM LIEHTPOM CTpaHBbl.

Tpeyroabubiii gderareibublii anmapat TR-3B Astra!®
npoekta ABpopa.

[NepBbiil MOJET B LEIsAX TAKTUYECKON Pa3Be KU ObLI POBEAEH
B Hauane 90-x. [Janee npencrasieHa Ae3mH¢opmManus B pe-
nakumn Cyx06 CIIA:

Ioxpvimue, ucnoavsyemoe 6 couemanuy ¢ INeKMpUUecKUMU
Konmp Mepamu u ECCM, mooicem 3acmasums annapam 6vlensi-
0embv MAaNeHbKUM, ObIMb 8 8UOe UUAUHOPA, OOMAHUUBO NOKA3AMb
cebs1 Ha paoapax NPOMUBHUKA 8 8UOe HECKONLKUX DAZAUUHBIX Ca-
MOonemos, abo ckpovimsbcsi cogcem. Ilazmori HanoAHeHHoe YcKo-
pumenvroe Koavyo, Hazvieaemoe Disrupter Maznummnozo [loas,
OKpYyofcarouee KaOUHy KUNAdxicd, co30aHa ¢ NPUMEHEHUEM Yab-
Mpa-68bICOKUX MEXHON02UT, OANEKO ONEPeNCAIOUUX 8Ce U3BECNT-
Hble.

TR-3B Astra sieasiemcsi ceKpemtoli pa3pabomxoui camonemos
maxmuueckoli pazeedxu. Yauje 8cezo e20 80CNPUHUMAIOM KAK
HJIO mpeyzonenoii ¢hopmvl uz-3a mozo, ymo cuno8as ycma-
HOBKA 3M020 NemamenvHo20 annapama no cymu npeocmaensi-
em coOoll 2eHepamop MOULHO20 MAZHUMHO20 BUXPE8O20 NOAS.

135 https://www.youtube.com/watch?v=srxOxJGeivU https://www.youtube.com/
watch?v=bECFjTooYel



Csemoesoli nomox, nepuoouUuecKu UCNYCKAeMbLLi SMUM 2eHepamo-
POM, CHOPOHHUE HAOAOAMeNU BOCNPUHUMAION KAK HEe3eMHOU
u Heuenoseueckuil. Imo cozoaem >Phexm HegepoOSIMHOIL Ne2KO-
cmu Kopaonsk u no3eonsien emy MAaHespuposams u adCoMOMHO
npesviuams no MexHUUeCKUM XApaKmepucmuKam éce nocmpo-
eHHble NemamenvHvle annapanol.

Kabuna nuaomose TR-3B Astra, okpyocena HeKUM noooou-
em KOAbUeB020 YCKOPUMens Yacmuy, KOmopblii onepexcaem 6ce
MbICAUMbLEe MeXHOA0UU cospementocmu. | nasnas ueav u oco-
OeHHOCMb NOOOOHOIU YCMAHOBKU 8 2eHEPAUUU MOULHO20 MAZHUN-
HO20 8UXPesozo noas, komopoe, uacmuuro (0o 90% ) uau noaHo-
cmolo, Helimpaauzyen 6030elicmaue CUNbl MANCECMU HA MACCY
camoezo annapama. I[uromt «Acmpvr» cnocobtsbl O.0420N0NYHUHO
neperocumo yckoperue 00 40 G, mak kak aghgpexm 89-npovyernm-
HOUl nomepu zpasumayuu, odecneuusaemviii MFD-zenepamopom,
denaem e2o 05l UeN08e4eCK020 OP2AHUMA MAKUM dce, Kak 4,2 G
npu 0OLIUHBIX YCAOBUSIX.

IIpoueccsl poXAEHUS TUIOTHOM XOJOTHOM Oe3MaccCoBOM
TJ1a3MBbl.

XononHast 6e3maccoBas tiazma Bokpyr HJIO-Actpa TR-3B,
T.e. Oeaniii map (doro 3.13), 3axkuraomuiics Bokpyr TP-3B
B pomuke!*. OgHO W3 ero CBOKMCTB MPH KOHTaKTe ¢ KJacTe-
pPOM JTI0O0TO BEIIECTBAa TOM BBICOKOILJIOTHOM IIa3Mbl TIPOMC-
XOIUT ero MTHOBEHHAasl BHICOKOUACTOTHAsI JIE3UHTerpalusi-pac-
a1 (gaxe xene30-0eToHa, JIAeH, KOMITBLIOTEPOB, KOPoUe BCEro)

136 https://www.youtube.com/watch?v=2QvFPxdywjk



JI0 OIPEAETEHHOIO Mpeesa MJIOTHOCTU U MYCTOTHI (KPacHO-ce-
pasi MbLIb, aTOMBI, JEKTPOHBI, ME30HBI U T.H.), JUCTAHIIMOHHO
PEryJampyeMoro orneparopoM.

XonoaHas OGe3MaccoBasi Tula3Ma — 3TO 30HA AHHUTWIISIIAN
MPOTUBOMOJIOKHBIX TIO 3HAKYy 0e3MacCOBHIX 3€pEeH-TOTEeHINA-
joB (B CAII usiiyyeHre HEU3BECTHOIO THUIIA) SIBJISIETCS HOBOU
opmoii nposiBNieHNsT OECCTPYKTYpHON MaTepHu, OIpeeIsio-
1€/l HOBBIE CBOMCTBA JTUCKPETHOTO MPOCTPAHCTBA-MOJS — YHU-
YTOXKEHUE MPOCTPAHCTBA, YHUUTOKEHUE SHEPTUU, YHUUTOKEHUE
MAacChl, POKJIEHUE CUIIbl B3aMMOJEUCTBUS, POKACHHUE CUIIOBBIX
JIMHWI 1107141 T. 1. Hampumep, BHyTpu aTtoma oOpa3yeTcs TMHAMMU-
YECKOE PAaBHOBECHOE MMKPOIIPOCTPAHCTBO-TIONE, 3ANOJIHEHHOE
JIBYX3HAKOBBIM 3JIEKTPUUYECKUM 3(UPOM C 30HOI DJIEeKTpU4e-
CKOM XOJIOMHOM Tu1a3Mbl. [IpOTHBOMONOKHO 3apsiKEeHHbIE TOTO-
KU 3€PEeH-3JIEKTPONOTEHIIMATIOB aHHUTMJIUPYIOT ¢ 00pa30BaHUEM
CWJIOBBIX JIMHUW 3JIEKTPUYECKOTO MOJIl U YHUUTOKEHUEM IPO-
CTPAHCTBA, YTO MPUBOAUT K MPUTSIKEHUIO UICTOYHUKOB X TIOPO-
JUBIIMX U (PUKCAIIMM NTApaMETPOB aTOMHOIO IMPOCTPAHCTBA ITy-
TEM POXICHUS U OOHOBJIEHUSI XOJIOIHOW TUIa3Mbl U3 O€3Macco-
BBIX JIEKTPUYECKUX 3EPEH-TNIOTEHIUAIIOB C IPOTUBOMNOIOKHBIMU
3HAKaAMU.

AHAJIOrMYHA MO POKJIEHUIO M YHUUTOKEHUI0 MATHUTHAS XO-
JIOAHAA MJ1a3Ma, KOTOpasi XapakTepU3yeTcsl PUTSKEHUEM TOJTI0-
COB CTallMOHAPHBIX MAarHuTOB. OJHAKO rPpaBUTAIMOHHAS XO-
JIOHAsA T1a3Ma, MOpOoXJaemMasi B OCHOBHOM SIIDOM aToMa, W3-
JIyJaonmm OoJjiee TaTbHOICHCTBYIONIVE U OJIHO3HAKOBBIC 3EpHA



I'PaBIOTEHIIMAJIBI, TPOSIBIISIET ceOsl TBOSIKO. B oiHOM cityvae, oHa
POXKIAETCS OT B3AaUMOJIEHCTBUSI JIUIIIb C LIEHTPATbHBIM ITPOTUBO-
TIOJIOKHBIM IO 3HAKY MOjieM 3eMJIH (JIaTbHOAEWCTBHE KOTOPOTrO
pacnipoctpaHsiercs Ha 1, 5 MWIJIMOHA KUJIOMETPOB), CO3/1aBast
y aroma 3apsj maccel B CU.

CwioBble JIMHUM B3aUMOJICHCTBYIONIMX TOJIed 00pa3yloTcst
MpU JIOCTATOYHO CNAOBIX MO KOHIIEHTpAlUK 3€PEeH-TPaBMOTEeH-
1IMAJIOB, a NP MPeJesIbHbIX KOHILIEHTPALMSAX MPOUCXOAUT TMOJI-
HO€ YHUYTOXEHHE MPOCTPAHCTBA-NOJNS (HE3aBUCHUMO OT TOTO
YeM OHO 3aroJIHEHO), SHEPIMM U CTPYKTYPUPOBAHHOU MaTte-
pUM — POXKIAETCS HEBEIIECTBEHHOE MPOCTPAHCTBO, HAPUMED,
BEepTUKAJIbHAS AbIPA-KOJIO/EL B 3eMJIe TTPU MaJICHUU TPaBUTOIE-
ta B. C. I'pebennukoBa. CBoMCTBA BO3ACUCTBUS XOJOIHOM 0€3-
MacCOBOH TUIa3Mbl Ha BEIIECTBO Hanbojee sIPKO MpeCTaBIICHbI
NPy HAUOOJIBINEH KOHIIEHTPAIIMKA T'PABUTAIIMOHHBIX 3EpEH-TIO-
TEHIIMAJIOB, IPOSIBJIsIEMOi B 00010ukax BOKpyr auckos 1. Cepna
u B. Illay6eprepa, B 3enéHoM TymaHe Puiaienbuiickoro sKc-
nepumMeHTa «Payra», a mpeaesibHasi KOHIEHTpAIUs IeKTpruyie-
CKUX 3€pEeH-TIOTEHIIUAJIOB AeMOHCTpupyercs 3¢ gekramu Xat-
YHCOHA, paHee HambOoJiee UCCIIEIOBAHHON HEMEIKUMU YYEHBI-
MU B TIpoekTe «KomoKkom», KOTopbie Bee TIOrHOIN OT € BO3JCH-
CTBUSL.

Ha ¢oto 3.13 npeacrapiieH npoiiecc pokAeHus INIOTHON 000-
JIOUKH XOJIOAHON 0e3MacCOBOM BBICOKOYACTOTHOM IIJIa3Mbl BO-
Kpyr rpasuronera Astra TR-3B.



®oto 3.13. IocnenoBarensabie Poto poxaeHusi chepoood-
Pa3HOU UMITYJIbCHON BHICOKOYACTOTHOU OOOJIOUYKY TUIOTHOM XO-
JIOMHOW 0e3MacCOBOM TJIa3Mbl BOKPYT I'paBUTONIETAa. B criemyio-
1iee MTHOBEHHE MOXKET ObITh BKJIIOYEH MEXaHWU3M BOJHOBOIO
0€3bIHEPLIMOHHOTO TOPU30HTAIIBHOTO TOJIETA arMapaTa U OH CO-
PBETCS HA OYEHb OOJIBIIION CKOPOCTU OJIM3KOM K CKOPOCTH CBETA.

W3BeCTHBI U Jpyryie CBOWCTBA TAKOTO THIIA IPABUTONETOB:

— PpOXJEHHEe MOIIHOTO JIy4ya, BBIIBUTAIOIIETOCS CJIOBHO
U3 IITATUBA, CBET OEJIbIi, KaK IPH JIEKTPOCBApPKe, IO CBOWCTBaM
OTJIMYAIOIIUIACS OT MEKTPOMArHUTHOTO WJTH JIa3€PHOTO,

— MOIHUMATh WJIM BIABJIMBATh B 3eMJII0 HEBUIVMBIM JIyYOM
JOCTaTOYHO BECOMBIE TPY3bI U T. [I.



I'paButonér'’’ B. C. I'pedennuxoBa. g gext IIC

Hawubonee acdexTuBHbIe pe3yabTaThl UCCISIOBAHUN TOJIeH
rpaBUTAIIMM BEIECTBA MPOBEJCHBl Ha HATYpPHBIX HCCIIENOBa-
HUSIX U UCTBITAHUSIX KOHCTPYKIIMH W3 OT/AENbHBIX OPraHoB —
HAJIKPBUIBSIX JKUBBIX OPraHM3MOB HACEKOMbBIX. DTO MO3BOJIHIIO
['peGeHHUKOBY, UCHIONB3YsI CBOM MHTEJUIEKTYaJIbHBIN JETEKTOP,
OITPE/IENUTD MIPE/IENTBl BO3MOKHOTO IIPHMEHEHH S TIPH aKTUBAITIH
BO3/IEHCTBUS HA KPBUIbsI C OCTATKAMU KUBBIX KJIETOK HEKOTOPBIX
KYKOB.

W3yvyass KW3Hb HACEKOMBIX, TOSBUBIIUXCS Ha 3eme
Ha 200 MIJLIMOHOB JiIeT paHbllie YyesnoBeka, B. C. I'pebeHHu-
KOB OTKPBIBAJ Y HUX HEHCUepriaeMble KJ1aJ0Bble MO3HAHMU S 3aKO-
HOB NPUPOLIBI — «nameHmol [Ipupodsr», pa3BUBAIOLIMECS B ITUX
OMOIOTMYECKUX OOBEKTaX 3HAUUTEIBHO OOJBIINIA TIEPUOJT IBO-
monuu yenoBeka. COBEpILIEHCTBO CPEJCTB CBSI3U, OPUEHTHPOB-
KU, BOJTHOBBIE, [1OJIEBbIE XaPAKTEPUCTUKY MUPA YIEHUCTOHOTUX
TIOJICKa3bIBAJIA aBTOPY COOCTBEHHBIE OTKphITHSL. Jletom 1988 ro-
13, pasmisAgpBasi B MUKPOCKON XWUTUHOBBIE TIOKPOBBI HACEKO-
MBIX, TIEPUCTBIE X YCUKU, TOHUANUIIINE TIO CTPYKTYpe YEITyHKH
6a00YKMHBIX KPbLIbEB, A)KYPHBIE C PAYKHBIM MEPETMBOM Kpbl-
JIbsl 3JIATOTJIA30K 1 ipoune nateHTsl [Iprpomst 138, on 3auHTepe-

137 http://www.youtube.com/watch?v=MGh5Ry-VU_A — armmapar B.C.I'peGeHnu-
koBa, BC P®.

13¥p C. I'pebenHukoB «HovHOM MONET Ha TpaBUTONETE», K. TeXHUKA MOJIOAEKU
Ned, 1993 r. «Taiinbl MUpa HaceKOMbIX», HoBocrOupck, 1990 r.; ®usnyeckas npu-
pona SIIC nogpodHO M3T0XKeHa B KHUTe: «Heneproamaeckie G5ICTpOITpoTeKaoye
sIBJIEHUsI B OKpyxatolei cpene». Yacts 111, Tomek, 1988 r. Knura «Moit Mup». Bee-



http://www.youtube.com/watch?v=MGh5Ry-VU_A

COBAJICS OJIHOM UX HEOOBIKHOBEHHO PUTMHYHON MUKPOCTPYKTY-
poii. DTo ObUIA YPE3BBIUANHO YIOPSAAOUSHHAS, OYATO BBHIIITAM-
MOBAaHHAS Ha KAKOM TO CJIOKHOM aBTOMAare MO CrelraJIbHbIM
yepTekaMm U pacuéTaM, KOMIIO3UIMSI-CeTKa C MUKPOBOPOH-
kamu (¢oto 3.18). Ha ero B3ms, ata HM ¢ YeM HECpaBHUMAS
SI9EUCTOCTD, SIBHO HEe TpeOOBAJIACh HU JJIsI IIPOYHOCTH ITOU Jie-
TaJIM, HU I e€ yKpalieHus. DTo HaOMOIeHNE U TIPUBEIIO ero
K OTKpHITHIO 3(ppekTa'*® mogaocTHbIX cTpykTyp (DI1C) nosepx-
HOCTEli-CeTOK, KOTOpbIe aBTOP MOSICHSIET B CBOer KHUre «Moii
MUD».

«['nézoa 2aruxmos u opyeue 2Hé30a NUén AUCMOPE308 C SUeU-
Ccmotli cmpyKmypou UCNYCKAAU MAaKue MOUjHble NS UBNYHEHUS,
Umo pyKu, 0ObluHble Uenoseueckue pyku — u He monvko mou! —
SABCMBEHHO OWYUAANU HAO 2HE3008bAMIU MO MENA0, Mo KaK Obl
XONOOHDIIL 8eMEPOK, MO MYPAUKU, Mo MUKU, mo bonee 2ycmyio,
8po0de Kucens, cpedy Yy OOHUX PYKa «msiiicenena», y opyeux oyomo
UMo-mo NOOMAANKUBANO ee 88EPX; If HEKOMOPbIX HeMENU NANbUbL,
C800UNO MbILULUBL NPEONNEUbSl, KPYHCUNACH 201080, ODUNBLHO 8bl-
0ens.1acb CAIOHA.

...A Yy o0pviea, UCMoO4eHHO20 NUEAUHBLIMU HOPKAMU, CMOS-
N0 2yOeHUue Om COmeH MmvlCsiU HeYCMAaHHbIX KPblAbed 2aAUKNO8,
Komopble OmKpbla MHe nepeylo 0éepb 6 Heseoomoe «3namue
0 Il1C». Ymo xacaemces nOO3eMHO 2HE30AUUXCS NUeN, MO «3HA-
Hue o IlIC» um HcU3HEHHO HeoOXOOUMO, B0-NepablX, ONsl Mo-

ro ke 00 DI1C omy61MKoBaHO OKOJIO TPEX AECATKOB PA3HBIX CTaTe.
139 http://www.youtube.com/watch?v=hYJXE4FCm7Q



20, Moo Npu polmve HOBOLL 2aneper CMPOUMeNvbHUUd He 8pyou-
24cb Obl 8 2HE300 K cocedKe, a ewje usdanu oooutna ezo. Uua-
ue gecb nuenozpaod, UCMOUEHHDLII NePeceKAOUUMUC HOPKAMU,
pyxuem. Bo-emopwix, Heav3s donycmumu, umobdvl KOpHU pacme-
HUl — a OHU, KAK Mbl 3HAeM, CHOCOOHbL CAOMAmb 30aHue —
He npopocau 0vl 6 2anepeu u aueliku. U, ne 00xo0st HecKonb-
KUX CAHMUMempos8 00 suell, KOPHU OCMAHABAUBAION POCHL UAU
3a0upaiom 6 CMopoHY, UYecmeyst ONU30CMb NUEAUHBIX 2HE30.
Mo Hazasi0HO NOOMBEPOUNOCH 8 MOUX MHOZOUUCNEHHBIX ONbl-
max no npopacmanuio 3eper nuteHuupbl 8 curviom none 1C
1O CPABHEHUIO C KOHMPONbHBIMU 3ePHAMU, PA3BUBACUUUMUCS NPU
mex dce memnepamype, 8AANCHOCMU, OCEEULEHHOCMU: HA CHUM-
Kax U pUCYHKAX 8UOHbL U 2UOeNb KOPEUWKO8 8 ONbIMHOLL Napmul,
U pe3Koe OMKAOHEHUe UX 8 CMOPOHY, NPOMUBONONONCHYIO MOUM
«UCKYCCMBEHHBIM COMAM.

...CX00HbIM 00pazom een cebsi Nyuok OYMAadNCHBLIX MPYOOK,
CNAOWb 3ACEeNEHHbIX NUeaaMu-aucmopesamu. B kaxcoom momu-
Hene NOMeUancst CHAOUWHOL PO MHO20CAOUHBIX CMAKAHYUKOS
U3 00Pe3K08 NUCMbES, 3AKPLIMbBIX B0ZHYMbIMU KPY2AbIMU — MO-
JHce U3 MUCMbe8 — KPbUUeUKAMU; GHYMPU CMAKAHYUKO8 — Ulen-
KO8ble 08a.1bHble KOKOHbL C MUMUHKAMU U KyKoakamu. A npeona-
201 NO0SIM, HUUE20 He 3HAIOWUM O MO€ll HAX00Ke, NOOepHCaAnmb
NAOOHb UAU AUUO HAO 2HEe3008beM AUCIOPE308, U 8Ce NOOPOOHO
npomokoauposan. Pezyaomamol 3mux HeOObIMHBIX IKCNEPUMEH-
mMoa 6bl Modiceme Hatimu 8 moeli cmamuve «O pusuxo-ouorozuue-
CKUX CBOTICMBAX 2He3008ULL NUeN-ONbLAUMEeNel».



...«Ommanxkueasce» Om NUYEAUHLIX 2He30, 51 HAMBEOpPUN
HECKONbKO 0eCsImKO08 UCKYCCMBEHHBIX «COMO6» U3 NAACMUKA,
oymazu, memanna, 0epesa, u OKa3anocb, Umo NPUUUHA 8Cex SNUX
HENnPUBbLIYHbIX OUYULEHUII — HUKAKOE He «OUuonone», a pasmepul,
¢opma, Koauuecmeo, 83aUMOpPACNON0dNiCEHUE NOAOCTEL, 00pA30-
BAHHBIX NH0ObIMU MEepObiMu meaamu. M no-npedxcrnemy opea-
HU3M 31O YY8CMB08AN, 4 NPUOOPLL «MONUANU.

Haszeas naxooxy sgpgpexmom nonocmuvix cmpyxmyp — IIIC,
51 YCUNEHHO NPOOOANCAN U pa3HooOpasun onvimol, u llpupoda
nPoo0oNACANA PACKPLIBANb MHE CBOU COKPOBEHHBIE MALiHbL OOHY
3a Opyeoii...

IIpubopul He peazuposanu Ha HUX HUCKOALKO: HU MOYHeliuue
MepMOMempbl, HU Pe2ucmpamopul Yavmpaseykd, HU 3NeKmpo-
Mempbl, HU MazHumomempbwl. [Iposeau mouHenuun Xumuueckuil
AHAAU3 IMOI 2AUHbL — HUUe20 0cobeHHozo. Moauan u paouo-
memp...

Oka3zanoce, umo Il1C Huuem He SKpanupyemcsi, NOOOOHO 2pa-
sumayuy, Oelicmeysi Ha HCUBOe CKB03b CMEHbBl, MOACMbLL Me-
manan, opyeue npezpaobl.

...A 8e0b mHe yoanroco-maxu coename NPUOOPUUKU 05l 00B-
exmusenoli pezucmpayuu IIIC, omauuno peazupyrousue Ha Onu-
30CMb HACEKOMbUX 2He30. Bom onu Ha pucyHke: zepmemuueckue
cocyovbl, 8 KOMOPLIX HA NAYMUHKAX HAKAOHHO NOOBEULEHBL CONO-
MUHKU U OOONCHCEHHDIE BEMKIU — PUCOBANBbHBLE Y2ONbKU; HA OHe
HEeMHO020 800bl, UMOoObl UCKAIOUUMb INEKMPUSAUUTO.

... Y Haoxpelaves dcykoe Bponzosku obnapydxcun ananozuy-



Hblll 3¢phexm — NOAOKHCUN HA MUKPOCKONHGIL CMOAUK MY
HeOONbUYIO B0ZHYMYIO XUMUHOBYKO NAACMUHKY, 4MOObl euje
pas paccmompems ee CMpaHHO-36e304amvle sUelKU npu CUNb-
Hom yeeauuenuu. Ilontobosancs ouepeonvim wedespom Ilpupo-
Ovl-108eaupa, u noumu 6e30 8CAKOL Ueau noN0HCUA ObLAO HA Hee
NUHUEMoOM OpYeyro MOYHO MAKYI dHce NAACMUHKY C SMUMU
HEeOObLIKHOBEHHBIMU SUELKAMU HA OOHOU U3 ee CMOPOH.

®oto 3.14. Tanen HaaAKpbUIbEB 31aTKU (371aTOITIA3KU) APYT
HaJ JpYroM MNpy aKTUBaLMHU-cOpoca €€ ¢ BBICOTH 1—2 cMm
Ha BTOPYIO NOJOBUHKY. [IpoBepeHo B

https://www.youtube.com/watch?v=WMHPMQMUo2k

Ho ne mym-mo 6v1.10: demanvka 6bip8andace u3z NUHyemd, no-
sucena napy cekymo 8 o30yxe HAO MO, WMo HA CMOAUKE MUK-
pOcKona, HeMHo20 nogepryaacs (ghomo 3. 14) no uacoeoii cmpen-
Ke, cpexana —no 8030yxy! — enpaeo, noGepHYAACL NPOMUB 4aco-
80Ii cmpenKu, KaUHYAACs, U AUUb Mo20a 6bICMPO U Pe3KO Ynana
Ha cmon».

Cnemyer cpasy 3aMeTUTh, 4TO TpencTaBieHHast [ peGeHHU-
KOBBIM BU3YaJIbHasl U MMMCbMEHHAas1 UH(OpMalMs KacaeTcsl Tex-
HUYECKHUX XO0JIOIHbIX IPABUTAINMOHHBIX MOJel, BO30yXk/Ia-



€MBIX BOKPYI MPHPOJHOrO KJACTEPa ATOMHO-MOJIEKY/ISIPHOTO
BEIIIECTBA «KUBOTO» jKYKa, BBHITIOJIHEHHOTO B BUJIE HA/IKPbLUILEB
CIUIOIIb YCHIIIAHHOTO KOHMYECKMMU BOJHOBOJAMU C IIMPOKUM
pacTpyOoM Uil yCUJIeHUsI 3apsiia TPaBUTAIIMOHHBIM MOTEHIUA-
nom. [lapHONENCTBYE TEXHHUYECKH AKTUBHPOBAHHBLIX CO0-
CTBEHHBIX TOJIEM OT OJHOMW Mapbl HAJAKPBUILEB HE IPEBbIIIA-
er 1—2 cM B mosie TAroTeHus1 3eMJIM, HAJIbHOAEUCTBUE KOTO-
poro 6onee 1,5 mwmona kunomerpoB. HO nipu stom creny-
€T, UTO Mapa HaJIKPbLIbEB, KaK JIBe Macchl B 3akoHe HbioToHa
0 BCEMUPHOM TATOTEHUU, B COOTBETCTBUU C HUM, TAKUMH TOJIsI-
MU JIOJUKHA MPUTSATHBATHCS, 4 HE OTTAJKHBATHCSA. DTO SIB-
JieHue OoJiee MOoX0oKe Ha OTTAJKHBAHNE OJMHAKOBbIX MOJIIOCOB
MarHWTOB — 3TO 1 MOHATHO. OTcIoa FKcnepruMeHT I'peGeHHuKO-
Ba C HAJKPBUIbSIMU 5KYKOB, KAK 1 MHOTME JIPYTHe, CIIE pa3 yKa-
3bIBAET HA TO, YTO 3aKOH BCEMUPHOTO TAroteHust HploToHa a0i-
’KeH ObITh YTOUHEH.

«[Ipuos 6 cebs, 51 c6513a.1 HECKONLKO NAHENEl NPOBONOUKOIL:

9mo oasanocw He bez mpyoa, u mo (¢gpomo 3.15) auue xKozoa
5 83511 UX BEPMUKANLHO.



®oto 3.15. MHOTOCIIONHBIN «XUTUHO-OJIOK» U3 HAJKPhLUIbEB
KYKOB, 00JIaJAloIINX STYEHCTON CTPYKTYpOH, Mmoka3zaHHOH I 'pe-
OEHHUKOBBIM.

Toayuuncs maxovi MHO2OCAOUHBLL «XUMUHO-010K». [lono-
arcun e2o Ha cmon. Ha nezo ne moez ynacmo oasice maxoii cpashu-
menvHo msiicenvlii npeomem, Kak ooaviuas Kanueaspekas (go-
mo 3.16) ckpenka: umo-mo kax Obl OMOUBANO ee 86ePX, d 3ameM
6 CIMOpOHyY.



OHW BCE-TAKK
NPUNETANN?

®oto 3.16. IlepeBEpHYTHIN XUTUHO-OJIOKOM U TaHIIBI CKpeTI-
KM HaJl HUM, B HEKOTOPbIE MOMEHTBI CKpENKa Ucue3aeT 13 MoJs
BUIVMOCTH.

A npukpenun KHONKY ceéepxy K «OAOKY» — U mym HAYAAUCH
CMonb HeCooOpasHtble, HeseposimHble 8eujU (8 HACMHOCMU, HA Ka-
KlUe-mo M2HOBEHUSI KHONKA HAYUCMO ucue3na u3 euoa!), umo s
NOHAN: HUKAKOU 3Mo He MAsK, a coscem-coscem [lpyzoe. Bom
€ 3Moe2o cayuast, COOCMEEHHO, 8ce U Ha4a10Ch.



®oto 3.17. [loaroroBka Kk NONETY U B3JIET IPABUTOJIETA C Ye-
JIOBEKOM Ha Ij1aTopMe.

Hoaém (gpomo 3.17).

Mersi cHu3y He 8UOHO, U He MOAbKO U3-30 PACCIOSHUSL: 0adice
npu OUeHb HUSKOM noaeme si OOAbULENl YACMbIO COBCEM He ONl-
opacwieaio menu. Ho ece-maxku, kax st nocae yznan, 1oou uzpeo-
Ka Koe-umo 8UOsim HA dMOM Mecme Heb0c800a: MO0 c8emnvwlii
wap uau OUCK, Aubo nooodue ePMUKANLHO20 UAU KOCO20 001aU-
Ka C pe3KUMU KPAsiMU, OBUNCYU4e20Csl, NO UX CEUOEMeNbCmEaM,
KaK-mo «He no-ooaaurnomy». Hekmo naonooan «<naockuti Henpo-
3pauHbIl K8AOPAm pasmepom ¢ 2eKmap» — mModxcent, 3mo ovlaa
UNNIO30PHO YBENUMUBULASICS. NAAMPOPMOUKA MOez20 annapama?

...CMOMpenb-mo cmompu, a ghomoezpagpuposams Heawvss. Tax
U mym, ecau He Xyjice: He 3aKPbleacs 3ameop, a 635imble C CO-
0010 naeHKU — 00HA Kaccema 6 annapame, 0pyaast 8 KapMaHe —



OKA3AAUCH CNAOUbL U HCECIMKO 30CEEUEHHBIMU.

...Jozasioume na smu chumxu. Takosa sma 6 oduem-mo,
Hexumpas wmyKa 6 padouem u cooparrom suoe. I uokuii mpo-
CUK 6HYMPU PYNesoli pyuKu nepedaent 08UdCeHUe OM NeOli PY-
KOSIMKU Ha zpasumayuontvle xcanosu. Cosuzas u pazosuzas
MU «HAOKPBLABS», COBEPUAI0 NOOBeM U npuzemaerue. O0-
HAHCObL NPU OLICMPOM CNYCKe, 8 pexcume c60000H020 NAOEHUS,
N€6dsl PYKOSIMb. .. caemend, U Obimb Obl MHE «8 AYUUeM MUpe»,
HO 51 He MOAbKO He pa3ouacs, a oaxdce He HOUYE8CME08a.N YOa-
pa 0 3eM10, MU MbMY: NAAMPOPMOUKA NPOOENANA 8 NAULIHE —
Xopouto umo He Ha oopoze! — 0osonvro 2aydoKuil Koaodey'*
0e3 0mea.n08 Ha NOBEPXHOCMU, CHAYANA BEPIMUKANbHBIIL, d 3~
mem 3a0uparouwull 8 nPOMUsocoHeunyro cmopony '*'. Uz smozo
uy0o-Kon00ua s He 6e3 mpyoa uzenexk u ceosl, u ceoll annapam,
KOHEUHO Jice, U3PSOHO NOCMPAdasuuli: Ho 60NbUe 8Ce20 XA0NOM
00CMasUN «KOA0OEU»...

...8 HECKONLKUX CAHMUMEMPAX Om meost — 2PaHuUUa, pazoensi-
HOUASL «3MO» NPOCMPAHCINBO ONL «MO20», BHEUHE20, 2PaHULA
HeBUOUMAS, HO OYEeHb KOBAPHASI. ..

...Hacexomvie yoezanu uz npooupox — 6 cmek.ie noayuuaacy

140 10 pa60Ta BO3HGﬁCTBHH oJIA XOHOHHOﬁ IIa3MbI Ha BEHIECTBO.

141 Ecnu CpaBHHUTb MONETHI HAJKPBbUILEB 3JIATKU HAa[ TAKUMU K€ HAAKPLUIbAMHA, TO
HETPYAHO 3aMETUTH UX OGOKOBO C6pOC, TaK U B CIy4ac C KOJIOALEM. ..

42319 TPaHHUIIA 30HB! XOJIOJHOH IIa3Mbl B3aUMOJIEHCTBYIOIINX TPABUTALIMOHHBIX
T0J1ell IPOTUBOIIONOKHBIX IO 3HAKY — MAcChl IPABUTONIETA C MUJIOTOM M POKAEHHO-
TO AaHTHTPAaBUTAIIMOHHOTO 3apsiga U ero nojs. O6a Momst MOPOXKASHB! 3eMHBIM aTOM-
HO-MOJIEKYJIIPHBIM BELIECTBOM.



08aNbHAS ObIPKA ¢ KOPUUHEBLIMU, KAK Obl «XUMUHOBLIMU»
Kpasamu — vl uoume ee Ha CHUMKe; HEOOHOKPAMHO 51 YY8CME0-
841 CKBO3b MKAHb KAPMAHA NOO00OUE KOPOMKO20 He MO HCHce-
HUsl, He MO 3AeKmpoyoapa — HAGePHOe, 8 MOMEHN <UCUE3HOBe-
HUSL» NAEHHUKA.

...O0HU socnpuHUMANU «PEHOMEH» KaK C8eMSUUECS WUAPbl
UM OUCKU, NPUUEM MHOUE NOUEMY-MO «BUOeAU» He OOUH uiap,
a... osa! Ilonesone ckadcewtv: y cmpaxa 2naza eeauxu. /pyeue
ymeepacoanu, umo Aemena <HACMOosuasi MapeaKa» ¢ UAMOMU-
HAMopamu u AYuamu. ..

Crxopocmub noaema 008016HO 8EAUKA — HO HE CEUCHUN 8 YUUAX
MOUX gemep: Cun08as 3awuma' naamgopmol ¢ OL0K-naHens -
MU «BbIPE3ANA» U3 NPOCMPAHCIBA PACXOOSUUTICS. KBEPXY HeBlU -
OUMDBLLE CMONO UAU AYY, OMCEKATOWULL NPUMSIICEHUE NAam@Pop-
Mbl K 3emne, —HO He MeHsl U He 8030YX, WMo 8HYMPU SIMO20 CHON-
0a Hao Hero; 6ce IMo, Kak s Oymaro, npu noneme Kax 0vt pazosu-
2aem npocmpancmeo, d c3a0u MeHsi CHO8A CMbIKAEM €20, 34XA0-
nvisaem. meHHo 8 3mom, HagepHoe, NPUMUHA HeGUOUMOCTU an-
napama «C ce00KOM», a MOUHee «CMOSIKOM», UAU YACTUUHO UC-
KAHCEHHOU 8UOUMOCU, KAK Y MeHSl ObL10 HeOa6HO HAO HOBOCU-
oupcroti 3amyaunxoti. Ho 3awuma om npumsidcenus: pezyaupy-
emMasi, Xomsi u HenoAHast: RO0Aulb 8nepeo 20108y, U Ydice OUiULY-
Waromcst Kax Obl 3a6UXPEHUSE 0N BCIPEUHO020 8empd, sI8CMBEEHHO
NAXHYUe20 MO OOHHUKOM, MO 2PEUUXoll, Mo MHO2OUBEMbEM Y-

143 9T0 30Ha XOIIO,HHOFI ITa3Mbl B BUJI€ ABYIIOJIOCTHOI'O FI/IHGP6OIIOI/I,H21 rpaBHUJICK-
TPOMArHuTHOIO AUIIOJIA.



208bIX CUOUPCKUX MPaAB».

Ha ocnoBe HaOmoaeHMid 32 THE3AAMH TTYENT U HAAKPBUIBSIMH
’KYKOB, OH JaJl orpejejeHus 4 UCTOYHUKAM T'paBUTAIIOHHBIX
NoJIel ¥ UX CBOMCTBaM, IOCJIe Yero 3a ABa rojga U300pel U Mo-
CTPOWJI JIeTaTeJIbHBIN alMapaT-rpaBUTOJIET, HA KOTOPOM MPOBO-
JIVJT ICTIBITaHM ST, camM'® Jtetalt 1 (PUKCHPOBAJ ero BhIIICYKa3aH-
Hbl€ UM CBOMCTBA.

['paButonér B. C. ' peGeHHUKOBA BHITJISIUT OYEHb ITPOCTHIM —
CTOHKA C JByMsI PYKOSITKAMHU, YCTAHOBJIEHHAsl Ha PACKPBITHIX
KPBILIKAX CKJIaJHOIO YeMOJaHYMKa — JHHULIE, OIopa AJIs HOT Ye-
JIOBEKA.

144 Ogako cieayer uMeThb BBuy, 4To 3dexT IIIC renepupyercs aTOMHbIMU 11
paMH BEIeCTBa M COTIACHO KCIEepHMeHTaM | peOeHHIKOBA MPOTAKEHHOCTh JaIbHO-
JEHCTBHS TIOJIS OT HAJKPBUIbEB XKYKOB IO TOJIOCTHBIX CTPYKTYP U3 COT IMUYENT IPOCTH-
paercs ot 2 cM 10 200 cM. A a(pdekT aHTUrpaBUTALIMK OT STUX TOJNEH POKAAETCS
OT MX B3aMOAIEHCTBUS (IPUTSDKEHUE WM OTTAIIKMBAHHUE) C [IEHTPAJIbHBIM MIOJIEM Ti-
rotenus 3emi. OTcoOa ¥ BCe XapaKTEPUCTUKU OO TSTOTEHUIO.

145 I'pebennukoB, kak u [1. Kim, HemocpeACTBEHHO caM JieTal Ha CBOEM IpaBHTO-
nére, B ovuvie B. [llay6eprepa u 1. Cepna, KOTOpbIe He JIETAJH.



®oto 3.18. Poro 'pebeHHNKOBA STYEEK-MUKPOBOPOHOK, Te-
HEPUPYIOIIUX aHTUTPABUTAITMOHHBIE TIOJISI C TOJIIIUHON 0005104~
Ku 11yOsl 1—2 cM, cripaBa cucTeMa BOTHYTHIX Pe30HATOPOB KO-
HYCOB-BOJTHOBOJJOB-MUKPOBOPOHOK Ha OOpaTHOM CTOpOHE Ha[-
KPbLIbEB KYKOB.

[eHeparusi aHTUTPABUTALIMOHHOTO TIOJISI OOYCJIOBJICHA aKTHU-
BallMeil CUCTEMbl BUXPEBBIX SUEEK — ITO CETKU U3 MePBHYHBIX
MHKPO3JeMeHTOB aKTUBHOW MaHeIM, BBIIOJHEHHOW B BUJIE
YeThIpeX Pa3[BIKHBIX BEEPOB U3 YIJIMHEHHBIX MepdOprupOBaH-
HBIX METAJTMYECKUX JIMHEEK. BJIOKM CeTOK BBITIOHEHBI U3 HAJI-
KPBbUIbEB XKyKa «OpoH306Kku». Kak BCsikoe BUXPEBOE YCTPOWi-
CTBO, 3Ta sueilka UMeeT Bpaujawiieecs pabodee Teao (aToMbl
BEIIIECTBAa BO BpalllaTeIbHO-KOIe0aTeIbHOM TBUXEHUU, BXOIS-
1€ B PE30HAHCHBIE TOTOBbIE KOHTYPbl MUKPOBOPOHOK-BOJIHO-
BOJA) U ero aktuBarop. B kauectBe opmupoBaresisi-BOITHOBO-
J1a BUXPS CIIyKUT BOPOHKOOOPa3HAst MUKPONOJ0cTh (poTo



3.18) — 3TO NOBEPXHOCTHbIE PE30HATOPHI, YCHJIUTEIN 3BY-
Ka, kak smmk y U-o0pa3Horo kameprona. [yis Toro, 4ro-
ObI MOT' 3apPOJIUTHCS HApaCTAIOIe-Me/JIEHHBI aHTUTPABUTALIN-
OHHBIII MOHOIIOJIb-BUXPb, OH JOJIKEH ObITh AKTUBUPOBAH MOTO-
KOM OBICTPHIX BbICOKOYACTOTHBIX (CBY) MarHUTHBIX MOHOTIONEH
C MOCJIEAYIOLIMM €T0 NOITIONIEHUEM U POKACHUEM TaHEM-TIepe-
xona MK-runep3Byk B popme I'DM]] B TakMX MUKPOMOIOCTSIX,
KOTOPBIE CO3/1AI0T HAITPABJIEHHBIH [TOTOK BOJTHOBOJOB I'MIIEP3BY-
Ka. YcusieHue MPOUCXOAUT IyTEM CIIMSIHUS UMILIO3UEN I'paBUTa-
IIMOHHBIX MOHOIIOJIEH B TAKUX aKTMBUPOBAHHBIX BOPOHKOOOPA3-
HbIX MUKponosocTsax (goto 3.18—3.18a). Benencrsue paspsia-
KM CYMMApHBIX 3apsiIoB Ha CBOOOHOM MOBEPXHOCTHU OJIOKOB 3a-
POXAaeTcsl BepXHee MOBEPXHOCTHOE 00JIAKO aHTUTPABUTAIMOH-
HOT'0 3apsa «IoriaBka» (¢poro 3.19) rpaBu3JIeKTPOMarHur-
Horo qunoJs (M) B popmMe ABYIOJIOCTHOrO rHIIEPO0-
Jouja. s 3Toro NOTOK MarHUTHBIX MOHOIIOJIEH JIOJKEH ObITh
CHavyaJsla POXJEH-3apsIKEH, 3aTeM pa3psikasiCh CO3/1aET MUKPO-
BOJIHOBO/I B 3TOU STYEUKE, BOJIb IOTEHIIMAJIOB KOTOPOrO HAYMHA-
10T W/ITU BUXPEBbIE TOKHU, KOTOPHIE B CBOIO OUYEPE/ib U TEHEPUPY-
10T aHTUT'PABUTALIMOHHBIA MOHOMOJIb. OJHAKO Y 3TOrO MpoLec-
ca oOpasyeTcsl HapacTaoIIUi AHTUTPABUTAITMOHHBIA MOHOIIONb
TOJILKO OJTHOTO 3HaKa (crvH 2). Tloatomy /17151 COXpaHeHus1 Cpei-
Hell SHepruv MPOUCXOJUT BICOKOYACTOTHBIN KBAHTOBBIN Tepe-
XO[l B JIEKTPOMarHUTHbIA BUXPOH.

[Ipouiecc 3TOT BBICOKOYACTOTHBIN U aKTUBUPYETCS Mepel-
HUM (PPOHTOM MMIYJIbCA MOAAYM COOTBETCTBYIOILIETO MOTEHIIN-



aja Ha OJHY IJIACTUHY KOHJEHcaropa. DTOT NepeqHuil (PpoHT
UMITyJIbca M OmpejieisieT Habop padoumx vactot. Bropoit ma-
CTHHOM SIBJISIIOTCS] METAJJIMUECKUE Beepa ¢ ceTKaMu. MeisieHHoe
HapacTaHue BEJMYMHBI aHTUTPABUTAIIMOHHOTO MOHOMNOJS (Ha-
KayKa) MPOMCXOANT M3-32 PA3HUIIBI B CKOPOCTSIX 3apsIKU-Pa3-
PSOKMA MEXAy OBICTPIM MAarHUTHBIM MOHOIIONEM B BHUXPOHE
U ero Me/AJIeHHbIM T'PaBUTALIMOHHBIM aHTUNoOAoM. Toxe camoe
IIPOUCXO/IUT B «MOIUIaBke» Ha ¢oto 3.19 ¢ HukHen nomycde-
POH, HO C POK/IEHHEM CyIeprpaBUTAIIMOHHOrO 3apsiaa. imeHHo
MIOTOMY T'PaBUTOJIET JOCTATOYHO YCTOMYMB BEPTUKAIBHO B ITO-
JETE.

BuxpeBoe nosie BOKpYT IpaBUTONETA — ITO MOJie 1eOpOiIeB-
CKOM «IIIyObl», T.e. IIyObl 3€PEeH-TPAaBIOTEHIINAIOB XOJIOJHOTO
AQHTUTPABUTALIMOHHOTO MOHOIIOJSI aTOMHO-MOJIEKY/ISIPHOIO Be-
IeCTBa. DTO MOJEe UMEET 3HAK, YTO M 3HAK LIEHTPAIBbHOIO IO-
151 Taroterusi 3emuu. [TosTomy B3aumoseiicTBUe noseid — oTTa-
kuBanue (repulsion). HauGonee 3¢gexkTMBHOE OTTaTIKMBaHKE
BONM3M 3eMJIH, KOTOpOe U 331aET BBICOTY TIOJIETa B aTMOcepe.

BornyTsle BOHOBOABI B KaxkA0M siuerike ¢ pazmepom NK-ru-
Nep3ByK B YETBEPTb [IMHBI BOJHBI (B Hayaje aKTUBAIMM HM-
MYJILCOM) UMEIOT reoMeTpudecKkyo hopMy ¢ pacTpyOooM — Kak
v npu paspsake rpaszapsaga ' 9M]] B aaexkrpone (poto 3.18a)
WY THNeP3BYKa. MHOXECTBO 3TUX BOPOHOK U (pOPMUPYIOT Jie-
OpoiieBCcKyIo 11y0y, KOTOpasi KECTKO CBSI3aHa C CUCTEMOM Macc.



doto 3.18a. AHaJIOrK-CXeMbl BOJTHOBOJOB JIEKTPOHA U 3BY-
Ka — XapaKTepHbIiI BOTHYTbI I'PABUTALIMOHHBIA U 3JEKTpUYE-
CKMI1 BBIITYKJIBII, BHU3Y CIIpaBa — BOJIHOBOJ, 3BYyKa OT COOTBET-
CTBYIOILIMX IO 3HaKy I'PABUTALIMOHHBIX 3apsI0B (+ WK -).

B kaxpnoit uz 4-x Boponok (¢oto 3.18 I'pebennukona B.C)
XOPOIIIO BUAHBI MX pacTpyObl U IJIABHBIE NIEPEXO/bl K Y3KOW Ya-
CTH — K «IJa3dy». BHyTpH Kakmoll BOPOHKM aBTOpP M300pa3ui
CriMpajbHbIe PyKaBa BUXPEH, a 10 KOHTYpPy pacTpyOoB — KOPOT-
KMMH CTpeJIKaMu IOKa3ajl COIVIACHOE HalpaBJIeHWe 3THX Iep-
BUYHBIX BUX el — C TAHI€HLIMAJIbHBIM HallpaBJIeHUEM BXO/1a BUX-
peBbIX TOKOB. Korma Bce BOPOHKH-BUXpH OyIyT OOMHAKOBBIM
00pa3oM OpHEHTHPOBAHBI-IIOISIPU30BAHbI B KJIACTepe BEIlleCTBa



(cnuHOBas MOJsApU3AIMS) MOJEM TATOTEHUST 3€MJIM, KaK U J0-
MEHBI B MArHUTHBIX MaTepraiiax, 3(peKT HapaCTaeT U IIPU COB-
MaJIeHUd Ha OTHOW W3 4acTOT, PE3OHAHCHOM ISl TaHHBIX Me-
XaHWYECKUX BOJHOBOAOB-CETOK, I'PAaBUTALIMOHHOE TOJIE CTAaHO-
BUTCs HecymuMm. Ecimu ero crmenars acMMMETPUYHBIM TOI00-
HBIM yIJIy aTaK¥ BUHTOB Y BEPTOJIETA, C TOMOLIBIO HAKJIOHA Bee-
poB, a y Jl. Cepna — OTKpBITbIE CEKTOPA Kpasi CETMEHTOB Tapei-
KM, TO CUCTEMA MAaccC, CTapasiCh BBIIIPABUTh ACUMMETPUIO, HAU-
HeT 0e3bIHEePIHOHHOE BOJTHOBOE JIBUKEHHE 110 TOPU3OHTAIIH.
UYeM BblIIIie TIONIET, TEM CUJIbHEE 3apsi]l, TeM TUIOTHEe AeOpOiyIeB-
cKas my0a U3 rpaBrnoTeHnuaioB. TexHHYeckoe X010/ JHO€e aH-
TUTPABUTALMOHHOE TI0JIe OKPYXaeT NMPHPOHbIN I'PaBUTAa-
IUOHHbIH MOHOMNOJb CUCTeMbl MacC (YeIOBeKa M STIOIHUK),
HEUTpaM3yeT ero, Kak Iojie aTOMHOTO siapa OKpyXkaer oOja-
KO 3JIEKTPOHOB B aTOM€, U T'PABUTOJIET CTAHOBUTCS HEBUIUM
CO CTOPOHBI TPETHErO MNOJA, T.€. MoJsA TAroreHus 3emian. Eciu
CpaBHMBAThH CMIOCOOBI MHIYKIIUU XOJIOHOTO aHTUTPABUTAIIOH-
HOro 3apsiia rpaButosiéToB ['pedennukoBa, Cepna u [llaybep-
repa, TO, HECOMHEHHO, MPEANOYTEHUE CIeyeT OTAAaTh MUHUA-
TIOPHOW U MOOWJIbHOM Tu1aTopme. IpyruMu cioBaMu, poxe-
HUE U YCWJIEHUE XOJIOIHOIO aHTUTPaBUTAIIMOHHOIO 3apsijia CeT-
KO BOPOHKOOOPA3HBIX MHKPOIOJIOCTEH IPABUTOJIETA TO-
pazno 3(pheKTUBHEH TBUKYIIEHCS NMILIO3UBHBIM 00Pa30M BO-
JsiHOM cTpyu mo BonHOBo#aM IllayGeprepa, uTo mo3Bosisier cy-
IECTBEHHO MUHUMUHU3UPOBATh pa3Mepbl IPaBUTONETA.

Bot Tonbko co BpeMenem u ¢ kaibkyiastopoMm B. C. I'pe-



OEHHMKOB HEMHOT'O HAaIyTaJ — BpeMsI Kak TAKOBOTO HET BOOOIIIe
B mpupoze. A cOou B yacax W JEKTPOHHBIX B TOM UHCIE, KaK
U B KaJbKYJIATOPE CBS3aHBl JIMIIIb C BIUSHUEM TOJIEH 3JeKTPo-
MarHUTHBIX Y IPAaBUTALIMOHHBIX Ha (PU3MYECKHE CBOMCTBA Ma-
TeprajoB BHYTpH InyObl. Tak, Harmpumep, OH caMm THCal, 4TO
U3 IPOOMPOK uepe3 CTeKJo (Kak u B Puiaaenb@uiickom Kc-
NeprMeHTe) CBOOOIHO yOeraim HaCeKOMbIE, IPYKUHBI 1 aHKepa
B Yacax M3MEHSUIA CBOU CBOWCTBA, 3AJIOKEHHBIE B HUX B MHpE
0e3 000JI0UKH JIeOPOMICBCKOM IITyOBl XOJIOIHOTO AHTUTPAaBUTA-
LMOHHOT'O MOHOIIOJ.

Pa3aBrkHbIE KaT031 KOHCTPYKTUBHO TPECTABISIOT COOO0M
OOBIYHBIE Beepa, COOpaHHbIE U3 TUIOCKUX YUIMHEHHBIX JI€MEH-
TOB. Bcero ycraHoBieHO 4eTbipe Beepa. UeTwipe ocu, — ist
KaXkJ10r0, 3a(pMKCUPOBAaHbl BEPTUKAJIBHO MO YIJIaM IIaT(OPMBI.
Kaxaplii Beep cOCTOUT U3 JIeBATH TUIacTUH. [lmacTuHbl oTrpec-
COBaHbI U3 JIMCTOBOTO MeTajljia B BUIe KOpoOouek. MukpoceT-
KU C HAJIKPbUIbSIMU HACEKOMbIX HAKJIEEHBl C BEPXHEN CTOPOHBI
Ka)KIOH TaKOH TVIACTUHKY BO BHYTPEHHEH MOJIOCTH KOPOOOYEK.
XONOAHbI aHTUT PABUTALIMOHHBII MOHOTIONb IPABUTOJIETA IeHe-
pPUPYIOT UMEHHO 3TH CETKH, HO 4YTOObl OHU 3(P(HEeKTUBHO pa-
00TaIM Ha TOJIHYI0 MOIIHOCTh UM HYKHO MMITYJIbCHOE «ITHTa-
Hue» — ctapT (3¢pdext OTKMHA). Ha pororpadmsax takxe Mox-
HO HAWTH JIB€ TOJIOBKM OT OOJITOB, MPUMEPHO MOCEPEIUHE Kaxk-
JIOM TIOJIOBUHKM 3TIOAHUKA. DTO KPEIUIEHUE paclpeessiomero
MeXaHU3Ma, KOTOPbIil NepeaéT yCUIIME C «pacIpee/uTeNei»
Ha YCTPOWCTBO PAaCKpbITUsI BEEPOB.



Jlerarenphbiii anmapar ['pebennnkoBa B. C. oOnanaer ynuBu-
TEJIbHBIMU CBOMCTBAMU:

— OH HapylIlaeT 3aKOH BCeMUPHOro TsaroteHunsi HploToHa,

— B 3aBHCUMOCTH OT TUIOTHOCTH JIeOpOIIEBCKOM 11yObI (000-
JIOUKAa XOJIOJIHOW TUIa3Mbl) BOKPYT T'PABUTOJIETA, OH MOXKET OBITh
BH/IUMbIM, HEBUIUMbIM U 4€pHOU cpepoil 1Jisi OKpyXKaio-
VX,

— He TpeOyeT TPaAWIIMOHHOTO B HAIlleM TIOHUMaHWU JBUTraTe-
s,

— He UMEET HU KPbLJIa, HU BO3AYIIIHOTO BUHTA,

— OeclryMeH M pa3BUBaeT OE30MacHYI CKOPOCTh TOJIETA
B 1500 km/4ac, KOTOpasi He OlIYIIAETCS MUJIOTOM,

— COBEpIIIEHHO OTCYTCTBYIOT HHEPIHOHHbIE CBOWCTBA Mepe-
MEIIaeMOro TeJia, HET HA TeIUIOBOT0 BO3/EHCTBUS Ha armapar
OKPY’KaloIlIero BO3AyXa, HI CKOPOCTHOI0 HAropa.

Ectb u 1pyrue HeoObSICHUMBIE SIBJICHHS:

— TPaBUTONIET OKPYKEH 3alIUTHON OOOJIOUKOW M3 XOJOIHOW
6e3MaccoBOM TIa3Mbl, CKBO3b KOTOPYI0 HMKAaKO€ aTOMHO-MO-
JIEKYJISIPHOE BEIIECTBO (Ta3, KUAKOCTb, TBEPIOE TEJIO) MPOUTU
HECITIOCOOHO He paclaBIIIKiCh B HUYTO,

— B MoJieTe TPOJABIMBAOTCS '4¢ HACEKOMBIMU CTEKJISTHHBIC
CTEHKH MTPOOMPOK,

— MpY aBAPUIHOM MaJIeHHUH arapara Ha 3eMJTI0 B TIOUBe 00-
pasyercsi TOBOJILHO ITyOOKas IaxTa, oOpa3oBaHHasl BhIPaOOT-

146 1y e CBOICTBa, HaOMonaMUCh 1 B Puianenb(uiickoM SKCIiepuMeHTe, Koraa
MAaTpOCHI OT yKaca «npoxoouau» depe3 mepeOOpKHU U KopIyc Kopaoiisl.



KOM BBICOKOYACTOTHOM 30HBI-O00JIOYKH XOJIOMHOM I1JIa3MBI,

— B 9TOM MaJIEHUM YYEHBI OCTAJICSl MPAKTUYECKU HEBpE-
M,

Ha crapte nipu HEBBICOKOI BBICOTE CBET CBOOOIHO MPOXOHIT
Jyepe3 0OOJIOUKY TOJIsI B 30HY pa3MellleHUs] YelOBeKa U OTpa-
’KasiCh BBIXOAMJI OOpaTHO, MOKa3biBask muiora. Korma rpasuto-
nér Haxoawics Ha Bbicore 100—150 meTpoB nedpoiineBckas
000J104Ka BOKPYT Hero Obuia yxke MOMyNpo3padyHoi 1 odaana
CBOWCTBOM HEBUIUMOCTH IIATPOPMBI U €€ MO C OBEPXHO-
cTu 3eMut. VIMEHHO 10 3TOi MpUYHHE ero He ObLIO BUIHO, T.€.
OH MOT BCE BUJETh, a OT HETO CaMOr'0 OTPAKEHHBIM CBET PAaBHO-
MEpPHO PacCceuBaJICsl B MTPOCTPAHCTBE — CBOMCTBO 3TOM 000JI0Y-
ku. BHauase HapaliyBaHus BETMYUHBI TPABUTALIMOHHOIO MOHO-
NOJIST YEJIOBEK Ha IPaBUTOJNIETE BU3yaslbHO BUAUMM. Kak TOJbKO
OH HAYMHAET NMOAHMMAThCS, HApaMBasi MOIIHOCTD (YBEIUUMBAs
nIonaab akTuBUpoBaHHbIX BeepoB) To [IJIABHO, a He BHe3ar-
HO HauMHAeT JieaThCsl HEBUAUMBIM. B monére — nonHas HeBU-
qumoctb. Korga oH nieran B 3—35 MeTpax Hajl 3eMJIEU, BEJTMYMHA
rpaB3apsijia ¥ IJIOTHOCTh TIOTOKa 3EPEeH-TIOTEHIMAIOB 1e0pou-
JIEBCKOM 111yObl aHTUTPABUTAIIMOHHOTO MOHOIIOJSI HEBEJIMKa, T0-
9TOMY OH ObL1T e11I€ BU3yaIbHO BUIMM 1 0TOpackiBas TeHb. To ke
caMmoe ¥ MpU PE3KOM CHUKEHUH, B PEKUME «I1a/IeHUs] KAMHEM»,
KOTJIa ’KaJII03U YaCTUYHO CJIOKEHBI, — OH TOKE CTAaHOBWJICS BU-

47 3101 3(p(peKT HAOMMHAET YeIOBeKa, BHIOPOIIEHHOTO U3 I0OMa TPaBUOOIHIOM
Ha ynune Ocunenko B 1967 rogy B cropoHy KpacHOX07IMCKOro MOCTa M OCTaBIIIErocst
K1BBIM, MOCKBa.



JMMBIM.

Ha ¢oto 3.19 mokazaHbl CTpyKTypa OOONOYKM aHTUTPABH-
TaIIOHHOTO MOHOTIOJISI TPABUTONETA, TIOMSPU30BAHHOTO TIOJIEM
3emun.

®oto 3.19. «IlommaBok» IBYMOIOCTHOTO rMIepOOIOH A Ipa-
BU3JIEKTPOMArHUTHOIO JAUMOJISI TPABUTOJIETA B MOJIE 3EMJIM.

[Tonér Ha 3TOM rpaBUTONETE TaUT B ceOe U OIPOMHYIO OuUO-
JA02uuecKyro onachocmu, Kotopyio B.C.I'peOeHHUKOB U UCTIBI-
Taj Ha cebe. DTo, pekIe BCEro, ABOMHOE BO3/ICHCTBIE Ha Opra-
HU3M CBY-u3nydeHuil 1 000J0YKM-KOKOHA aHTUTPABUTAIIMOH-
HOro MoHonosud. Tak 4To, JleTaTh Ha TaKOM arapare BCE paB-



HO, YTO HAXOIUTKCS IO JIydoM cTosiiei psaoM anteHHsl PJIC.
B TO xe BpeMsi BHYTpY OT CTEHOK OOOJIOUKU TIOJIsl, B 30HE, TJIe
HAXOJIUJICS UEJIOBEK, €CTh TOJIBKO IMOJIE IPABUTAIIMU OT YeJIOBEKa
Y KOHCTPYKIIMI armapara — 3TO ojie 0ObIYHOIO aTOMHO-MOJIe-
KYJISIPHOTO BEIIECTBAa IPOTUBOIIOJIOKHOE MO 3HAKY MOJII0, KOTO-
PO€ CO3AI0T CETKY I'PAaBUTOJIETA. BHEIIHME MO, B TOM YHUCIIE
1 000JIOYKA XOJIOJHOTO aHTUTPABUTAIIMOHHOTO MOHOTMOJISI BO3-
JeiCcTByeT Ha (pu3MYecKHre CBOMCTBA TBEPHBIX ¥ marepualios,
u3MeHsis ux. [ peOEHHUKOB OTMeYal, YTO ero Ky4KH Ucue3ain
U3 €r0 CTEKJISTHHBIX MTPOOUPOK, BBIXO/ISI HAPYXKY CKBO3b UX CTCH-
ku. Tonmmmeaa 1—2 cM 000JI0YKH TOJIST — 9TO T'PaHMIIA HEUTpa-
JIM3AIIMH IByX OOBEMHBIX B3AUMOJIEHCTBYIOIIUX MPOTHUBOIONIOX-
HBIX TPaBUTALIMOHHBIX TOJIEW — 30Ha XOJIOAHOM I1a3mbl. Yeso-
BEK, CTOSIIIIUI Ha JHUIINE arnapara HaXOAWICS B COOCTBEHHOM
T0JIe, U3JIy4YaeMbIM BCEMHU KJaCTepamMHu aTOMHO-MOJIEKYJISIPHO-
IO BEIIECTBA Y€JI0BEKA U KOHCTPYKLIMAMMU ammnapara — 3T0 OIUH
3apsil. A BTOpOUl — 000JI0UKa aHTUTPABUTAIIIOHHOTO MOHOIIO-
JIS1 BOKPYT YeJIOBeKa, MHAYKTUPOBAHHAS PAOOTON KOHCTPYKITUH
rpaBuTosi€Ta. TpeTbe nose — 31o nosie Tsarorenus 3emin. OHa-
KO, MIOMUMO XOJIOAHOTO aHTUTPABUTAIIMOHHOTO ToJisl (00004-
Ka-«KOKOH») BOKPYT TPABUTOJIETA, JJI1 COXPAHEHUSI SHEPTUU CU-
CTEMbI MACC C MOJIYLIEJIBIM CIIMHOM (3apsi/i KaK U B TOPHAA0 UMEJT
OJIMH U TOT K€ 3HAK ) BMECTO Nepe3apsaaKy 3HaKa (Kak B a(pdexrte

148 B PunanenbduitckoM KcriepuMenTe 27 YeoBeK OKA3aIUCh SKOObI «CPOCIIH-
MICS» ¢ METAJUTMYECKIM KopITycoM Kopa6is. Beero n3 181 yenoBeka sxumaska B K-
BbIX B 1943 rofy ocranoch TONbKo 21 yenoBek.



JxaHnOeKkoBa) UHAYKTHUPOBAJIOCHh MAPa3UTHOE MOITHOE BHEIII-
Hee nosnie snekTpomMarautHoro CBY mn3nmydenusi, cnocobHoe Biu-
SITh HAa BKJIIOUEHME U BBHIKJIIOUEHHE PaAONPUEMHUKOB, TeJIeBU-
30pOB U JIPYTUX MEKTPUUECKUX MPUOOPOB U YCTPOUCTB B 30HE
nposéTa rpaBuToseTa. [loatoMy y4u€Hblid ctapasics He JIETaTh Hall
KUIBIMU KBapTaidamu HoBocmOmpceka.

IIpouecchl, npuBoASAIIYE K 00pa30BaHUI0 0O0JIOUYKH TEXHU-
YECKOI'0 XOJIOIHOTO aHTUIPABUTAIIMIOHHOTO MOHOIIOJS BOKPYT
u3o0peraresisi ¥ ero TPaBUTOJNETA JIOHENb3s MPOCTHl B TOHM-
MaHUM — 3TO CIUIOIIHBIE 3BYKOBbIE MMILJIOBMOHHbBIE BOJIHOBO-
JIbl HA HAJIKPBUIBSX KYKOB (CyKaloIlascs CriMpajibHasi BOPOHKA
C IIAPUKOM B BepIllMHEe) pa3MelEHHble OJIOKaMH Ha MOBEPXHO-
CTU aKTUBaTopa-ceTok. [Ipy akTUBaIuKM CeToK 00paszyeTcs Tex-
HUYEeCKasl 1eOpoiIeBcKast «Imyoa» -000I04Ka U3 3E€pPEeH-TPaB-
MOTEHIIMAJIOB, Pa3PSDKAIONIMXCS HA 9TOM MOBEPXHOCTH T'PaBU-
TAllMOHHBIX MOHOIOJEN. DTa 000T0UKA 30HBI XOJOIHOM I1a3-
MBI JKECTKO CBSI3aHA C MAcCOW I'DABUTONETA, U B 3aBUCUMOCTHU
OT IVIOTHOCTH MOTOKA 3€PEH-TIOTEHINAJIOB STOU «IITyOBI» MPH-
JIaeT el CBOICTBA KOMITEHCAITUH 3apsia Macchl (Oe3bIHEPTHOCTD)
Y TOJYIPO3PAaYHOCTA WJIM HENPO3PAauyHOCTH (MJIM HEBUIUMO-
CTH), HEBECOMOCTH M MOIIIHEUIIIEH 3alUThI OT BCEro BHEIIIHE-
IO — OCHOBHOE CBOMCTBO BBICOKOYACTOTHOWM TEXHUYECKOW 30HBI
XOJIOAHOM TUIa3Mbl — pa3/IBUraHUE TIPU JBUKEHUU WIA YHUUTO-
’KeHHe JII0OOro MPOCTPAHCTBA B HUYTO U3 ra3a, KUIKOCTH WU
TBEPIOrO TeJla — CIIOCco0 JJIs CO3/1aHUsT METOIOB OypeHusl 3eMIIH



BIJIyOb € MOMOIIBIO rpa3epoB'¥. Bo3myx armocdeps 1yist abi-
XaHUS TOT0 JIETYMKA-YUYEHOTO NOCTYIIAN YePe3 BEPXHUE U HUK-
HUE OKHa 00O0JIOUKH MOJIS.

3arycK-crapT rpaBUTOJIETA IPOUCXOAUT € MIOMOILBIO BBICOKO-
BOJIbTHBIX HAHOCEKYH/IHBIX MMIIYJIbCOB [0 MEXaHU3MYy 3(pdek-
ta IOTKMHA, MPUBOAAIIMX B ACUCTBUE 3aITyCK TMIIEP3BYKa (TaH-
nemHbii nepexon CBY-MK ¢(oToHOB npy NOMIOMIEHUH B THTIED-
3ByK). [ Mniep3ByK JOXOIUT JO aKTUBHOM YacTH STY€EK HA TIOBEPX-
HOCTU CETOK, B3aUMOJENCTBYET PE30OHAHCHO C aTOMHO-MOJIEKY-
JISIPHBIM BEIIECTBOM KOHYCOB-BOJTHOBOJOB, BO30OYKIAeT B HUX
BUXPEBBIE TOKH, KOTOPBIE M HAUMHAIOT 3apsIKy IPABUTALIMOHHBIX
MoHoroJsel. [TocteneHHo B TeueHne HECKOJIbKMX MUHYT HaUMHA-
€T MHAYKTUPOBAThCS 000JI0UKA KBA3UCTAIIMOHAPHOTO XOJIOTHO-
r'0 aHTUT PABUTAIIMIOHHOTO MOHOMOJS (J€OpOMJIEBCKYIO «IITyOy» )
BOKPYI' MacChl I'paBUTOJIETA U €€ JIETYMKA B I0JIE LEHTPAJIBLHO-
IO TPaBUTALIMOHHOIO MoHomonsA 3eMin. PesoHanc gocruraercs
COBIIQJIEHUEM YaCTOT MarHUTHBIX MOHOIIOJIEW BBICOKOBOJIBTHO-
'O UMITYJIbCA C MEXaHUIECKUMH YaCTOTaMU CBOOOIHOTO JBHKeE-
HYS BOJIM3Y TIOJIO)KEHUsI pABHOBECHSI aTOMOB ¥ MOJIEKYJT B KOH-
JEHCUPOBAHHOM BeILECTBe rpaButoneTa. Ha mosepxHoctu ce-
TOK, BCJIEJICTBHE 3THX IPOILIECCOB, POXIAeTcs AeOpoilyieBcKast
«1ry0a», KOTOpast IPOYHO CBSA3aHA C 3apsI0M MacChl TPABUTONE-
Ta. BeoencrBre pasHMILIBL B IWIOTHOCTH BO3yXa U TBEPAOIO Te-

149 Tak B Oy/yIeM 110 aHAJIOTHH C Jla3epaMu Oy[yT Has3bIBaThCsl YCTPOKCTBA, YHU-
YTOKAIOIIHE C MOMOIIBIO 30HBI XOJIOJHON 0€3MacCOBOM MIa3MBbl JIyda 3E€peH-TPaBIIo-
TEHIMAJIOB U3 AHTUT PABUTALIMOHHOIO 3apsiia aTOMHO-MOJIEKYJISIPHOE BEILECTBO B JIO-
6OM arperaTHoOM COCTOSIHHH.



7a (TpY JeCATUYHBIX MOPS/IKA), BUXPEBbIE TOKU 3aKAaHUNBAIOTCS
Ha TIOBEPXHOCTHU CETOK, 00pa3yst CYMMAapHYI0 0OOJIOUKY XOJIOAI-
HOT'O aHTUTPABUTAIMOHHOTO MOHOMONA. CMH 3TON MeXaHuyve-
CKOHM CHCTEMbI TIOJIyLIENIbIN, TTOITOMY Mepe3apsiAKu 3HaKa rpaB-
MOHOIIOJISI HE TTPOMCXONT, & HAKOTUIEHHASI SHEPT U MepUoanYe-
CKU cOpachIBaeTCs Yepes N3TydeHue JIeKTPOMArHUTHBIX BUXPO-
HOB ¢ yactotoui CBY.

Takum 06pa3oM, COBOKYITHOCTh AKTUBUPOBAHHOM SIEKTpUYe-
CKOM CXeMbI OOBSI3KY I'PAaBUTOJIETA M CETKH C STYCHKAMU I'paBUTA-
IIMOHHBIX BOJTHOBOJOB CO3/IaET reHepaToOP BUXPEBOI0 XOJIOIHO-
IO aHTUTPABUTALIMOHHOTO MOHOIOJS, CIIOCOOHOTO B3aMMOJIEH-
CTBOBATbh C I'PABUTAIIMOHHBIM TIOJIEM 3eMuid /1jis1 Oe3bIHePIH-
OHHOT0 TMOJIETA HAJl €€ NTOBEPXHOCTBIO.

He meHee BaXxHBIM pE3yIbTaTOM HWCCIEAOBAHUNA WCTOYHU-
koB-niosielt ['pebenHrkoBeiM B. C. ecTb yCTaHOBJIEHHOE UM $IB-
JieHue 3aNlOMUHAHN S MX MECTOHAXO0K/I€HUsI UHIYKTUPOBaH-
HOTO TPABUTAIIMOHHOTO TOJSI U3 aTOMHO-MOJIEKYJISIPHOTO Be-
IIECTBA, KOTOPOE OCTAETCS B JaHHOM MecTe B (pOpMe HEKOEro
«gbanmoma» Ha HeonpeAeIEHHOE BpeMsl axke MOocIe ero yjaase-
HUs. 10T 3(ppeKT aHanoruyeH nosspusauu eppoMarHeTu-
KOB IMOCTOSIHHBIM MarHUTOM, HO TOCJIEJHUNA OOBSCHSIETCS TIOJISI-
puU3alMen CIMHOB 1eKTPOHOB. CrnietoBaTesnibHO, Kak 'y 1. Ku-
JIM, B OKPY>KaloIleM NCTOYHHK BeleCTBE MPOUCXOIUT MOJISIpr3a-
1S CITMHOB SiIEp BEIIEeCTBa, OPUEHTUPOBAHHBIX I'PABUTAIIOH-
HBIM T10JIEM UCTOYHHKA.

I'paBuTonér NASA. 13.06.2014 r Bo Bcex CMU nosiBuioch



clieyoliee CooOIIeHNe.

B NASA npeocmasunu npoekm Kocmuueckozo Kopaons, ocHa-
WEHHO020 2unepoguzamenem, padomarOuUM no NPUHYUNY UCKPUB-
NEHUSL NPOCMPAHCIMBEHHO-8PEMEHH020 KOHMUHYyma. OH no3eo-
AUM 38€3001€my O0CHU2AMb CEPXCEEMOBbIX CKOPOCMel, 3a-
mpauueast Ha npeodoseHUue paccmosHus 00 oaudcaliuleli K Ham
36e30b1 Anvpol Llenmagpa, pacnonodicenHoli npumepHo 6 4 cae-
MOBLIX 2004X, 8CE20 06e HEOelU.

18.06.2014 HACA mipescTaBwiIo onucaHve MPUHIUIA JIBU-
JKEHUS 3BE30JIETA, CIIOCOOHOTO JBUTAThCS OBICTpEe CKOPOCTH
ceta. [IpoekT 6buT moarororneH yueHsiM HACA Xaposibaom
VYaiitom u rpacgpuueckum au3aitHepoM Mapkom PaiiamaiikepoM.
TeopeTruecku myTelniecTBIe C TAKOW CKOPOCTHIO BOZMOXKHO TTPU
MOMOIIIY MCTIOIb30BAHUSI TaK HA3bIBAEMOI'O JBUTATENsl UCKPUB-
JIEHUsI, KOTOPBII TeHepUpyeT BUPII-TIOJe, UCKPUBJISIOIIEe MPo-
CTPaHCTBEHHO-BPEMEHHON KOHTHHYYM. VIMEHHO 3TO M MpPUBO-
JIMT TaKOW KOCMUYECKUI KOpaOJib B IBMKEHUE. Xapoyib] YauT —
9T0 (PU3UK, KOTOPHIA HA TTPOTSKEHUM MHOTHX JIET paboTaeT HaJl
BOMPOCAMHU MPEOAOIEHU S CKOPOCTU CBETA C IOMOIIBI0 KOCMUYe-
ckux kopaoneit. Ene B 2011 rogy oH onmyOIMKOBaI CBOM Hay4-
HBII JIOKJIa/I, B KOTOPOM BIIEPBbIE MTPEACTABIISET OOIIECTBEHHO-
CTU CBOIO KOHILIETIIUIO TIEpEeMEIIEHUI B MPOCTPAHCTBE CO CBEPX-
CBETOBOU CKOpOCThI0. OHAKO Terneph padoTaioliasi C HUM KO-
MaH[1a €AMHOMBIITUIEHHUKOB MPEJICTaBIIIa MPOEKT KOCMUYECKO-
ro KopabJisi, KOTOPBIA Ha MPAKTUKE BOILIOMIAET OOO3HAYEHHYIO
koHilernuio. CoriaacHo MpeACTaBIeHHON KOHIIETIIIUY, IIPOCTPaH-



CTBO 32 3BE37I0JIETOM OYJIET CO CTPEMHUTEIbHON CKOPOCTHIO pac-
HMIAPATHCS, TOJNKAsA KOpadib Briepe Mo npsiMoit. Mcrmonb3ys Ta-
KOl MeTOj TiepeMellieHusI B MPOCTPAaHCTBE, MOXHO OyieT 10-
opatbes 10 Anbdsl LlenTaBpa Beero 3a 14 nueit. Anbga LleHTaB-
pa — 310 Omkaias K 3emiie 3Be3/IHasl ChcTeMa, HO axe OHa
yAaJIeHa OT HaIlleW TUIAHETHl HA OFPOMHOE paccrosinue — 4,3 cBe-
TOBBIX rofa (1 cBeToBOM roj — 310 NpUMEPHO 9,5 TPUILIIMOHA KU-
JIOMETPOB).

Bo30y:xaeHne KyMyJasaTHBHOI cTpyu. MexaHmuyeckast
(rpaBUTaLMOHHASA) KymyJisausA . Co31aHue CBEPXTBEPAOU CTPYH
I'PaBUTAIIMOHHOTO TOKa (IOMJOB, ObLJIO MCHOIB30BaHO B 00-
€BbIX KYMYJISATUBHBIX CHapsiax AJis CBEPXTEKy4yero nepeHoca
(Xo0aHAsA CTPYIHO-OCEBasi MMILIO3HsI K OCH BpallleHusl )
B3PHIBYATOTO BEIECTBA Yepe3 OPOHIO TAHKOB U OETOHHYIO 3alllu-
Ty.

Vxe Kk 1943 1, HeMellkue yd€Hble TOOMINCH BBIIAIOIIUXCS
YCHEXOB B KOHCTPYMPOBAHUU MOIIHBIX KYMYJISITUBHBIX 3apsi-
JI0B ¢ ionycepudeckuMu oonuioBkamu. Hanbosnee kpymHbMu
HEMEILIKUMU KyMYISTUBHbIMU 3apsaamu Oei SHL 500 ¢ qua-
MeTpoMm 3apsna 650 MM 11 UCTIONIb30BaHUS MPOTUB MOPCKMX
cynos, SHL 1000 ¢ nuamerpom 3apsna 1000 mm, u cynep3apsn
«berxoBen» («Beethoven») ¢ o0melt Maccoil B MepBBHIX 00pa3-
nax 70 5000 Kr, ¥ B KOHEYHBIX oOpasiiax ¢ 3apsigomM BB okoso
1720 kr, u obmeit maccout 3500 kr, nuamerpom 180 cm, mpo-
ouBatorert 6osee S00 Mmm 6poHu 1 10 20 METPOB MOHOJIUTHOTO
6etona. O6pa3siipl «beTxoBeHa» UMM Kak MoaychepruecKyo



OOJIUIIOBKY, TaK U KOHMYECKYIO IIMPOKOYTOIBHYI0 OOJHUIIOBKY
B 120 rpanycoB u3 amoMuHusA TOMIMHON 30 MM.

B3pbiBHBIE JIUH3BI 11 K3MEHEHHSI TeOMeTprU (PpOHTA TTPO-
XOK/IEHUS] JIETOHAIIMOHHOW BOJHBI ObutM OTKpbITHL B CIIIA
u ['epmanuu — B mporiiecce padoT HaJl yBeJIMUeHHEM OPOHENpo-
OUBaEMOCTH KyMYJISITUBHBIX 3apS/IOB IyTEM XOJIOIHOM CTPYH-
HOI MMILJIO3HH, a TaKXkKe sICPHOM JIeTOHAIel BO30YKICHUS
SIIEPHBIX PEaKIHiA MyTEM IeHTPAJbHOI UMIUIO3UH C TOMOIIBIO
oOxaTHsl BCero o0bEMa JEISIIUXCs MaTepraioB B3PhbIBOM, Ha-
IIPaBJIEHHBIM T10 paiuycaM B IIEHTP.

Bort Kak onuchIBaeT MEXaHU3M JEWCTBUSI KyMYJISITUBHOTO 3a-
paaa opunipanbHas Hayka (Bugeo V).

Kymynsmusnulii aghgpexm oocmuzaemcs npumeHeHuem 3apsi-
oa ¢ KymyasmusHoil eoporkoi. Kymyasmuenas eoponka ooviu-
HO KOHUUYecKoll ghopmvl uz memanna. Mexanusm Oetlicmeus: cie-
oyrowuii. Ilocae 63pvisa Kancronsi-0emonamop a, HaXoAsIerocs
Ha MPOTHBOIOJIOKHOU M0 OTHOIIEHUIO K BOPOHKE CTOPOHE 3a-
psi/1a, BO3HUKAET 0emoHAyUOHHAS BOJIHA, KOTOPasi iepeMeIiaeT-
cs1 BIOJIb OCH 3apsiia. BomHa pa3pyinaer KOHMYEeCKyl0 BOPOHKY,
HauMHasl OT €€ BEPIUIMHBI, U cOOOIIaeT e€ MaTepuany OOJbIIyIO

cKopocTb. JlaBieHue NpogyKTOB B3pbIBa, JOCTUraloIee 1019 1/

M 3HAUUTETHHO MPEBOCXOAUT TIPeAEI MPOYHOCTU MeTasuia. [1o-
3TOMY ABUKEHUE METAJUIMYECKOM BOPOHKHU MO/ IEUCTBUEM ITPO-
JYKTOB B3pbIBa MOJ0OHO TEYEHUIO KUAKOM TUIEHKU. TeueHne Me-
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https://www.youtube.com/watch?



https://www.youtube.com/watch?feature=endscreen&NR=1&v=WCvLcUOlzyc
https://www.youtube.com/watch?feature=endscreen&NR=1&v=WCvLcUOlzyc

TaJlJIa HE CBSI3aHO C €rO IUIABJIEHUEM, a BbI3BAaHO BHICOKOU MeXa-
HUYECKOHN HArpy3KOU — JABJICHUEM, T.€. [PABUTAllIOHHBIM 110~
TeHIHAJIOM. [[BIKyIIHiics MeTayuT 00pa3yeT CXOMSAIIMNACS IO
OIPEIENIEHHBIM YIJIOM K OCH KOHYCa IIOTOK, KOTOPBIY IEPEXOAUT
B TOHKYIO METAJJTIMYECKYIO CTPYIO, IEPEMELLAIONTYIOCS B/I0JIb OCH
co ckopocthio 10 km/cek. [leiicTBre 31O CTpyHM 1 00yCIIaBIMBa-
€T BBICOKYIO MPOOMBHYIO CITIOCOOHOCTb B3pbIBA KYMYJISITUBHOTO
3apsiia. BbICOKOCKOPOCTHAs CTpys MPOOMBAET CTAIBHYIO OPOHIO
Y 3HAYMTENILHbIE TOJIIM OeTOHA.

PeanbHo npoucxomdr cieayomue nponeccsl. [eronanms
KAIICION S TPUBOJMUT K 3apsAKe ITOTOKA I'PAaBMOHOIIOJNEN B KJ1acTe-
pe BB BOIM3M MCTOYHMKA-KAICIONSI — 3BYyKA WM YAAPHOU BOJ-
HBI onpeeiéHHon qumHbl. [Tpu ux paspsiike o6pasyercst ppoHT
BBICOKOTO JJABJIEHUSI TPABUTALIMOHHOIO TOKA, KOTOPBIN JIBUKET-
cd K MeTajuimyeckon BopoHke. Ha rpanuiie nepexona BB uepes
METAJUTMUYECKYI0 BOPOHKY BO3HMKAET NONIEPEYHAs! BOJTHA, YCUIIH-
BAeTCs BpalllaTe/IbHBbI BUXPh M MEHSIETCS 3HAK 3apsijia I'paBMoO-
HOIIOJIEW, BCJIEACTBHAE YETrO0 BOJHOBOIBI SKCIUIOZUMHOM (POPMBI
CTaHOBSITCSI BOJIHOBOJIaMY UMILIO3UITHON (pOPMBI, T.€. CXO1s-
niericsl (popMbl B BUJIE UIVIbl. BUXpeBble IpaBUTALIMOHHBIE TOKU
yactuyek BB BIOJIb rpaBNOTEHIIMANIOB TaKMX BOJHOBOJOB Ha-
YMHAIOTCA Y BEPIIMHBI METALINYECKOTO KOHYCA HEMHOI'O paHb-
IIIe ¥ YCTPEMIISIIOTCSI OBICTpee B IYCTOE MPOCTPAHCTBO. DTH MHUK-
POCKOINMYECKHE KBAHTOBO-BUHTOBBIE JIBUKEHUSI YACTUYEK Me-
TAJJTMYECKON BOPOHKU U MoJieKy1 BB, cxkmKeHHbIe BBICOKUM
JaBJIeHUEM (I'PaBUTALIMOHHBIM ITOTEHIIUAJIOM ), IPOM3BOIAT CyM-



MapHOE€ MaKpPOCKOMUYECKOE [IBUKEHHUE YK€ IMOJBUKHOIO TMOJ
BBICOKMM JIaBJIEHHEM BCETO BEIIECTBA C 0OPa30BaHUEM BOPOH-
KM, BEpIIMHA-CIMB KOTOPOU HAUMHAETCS Yepes3 BEPIIMHY MeTall-
JIMYECKOrO KOHYCa, FPAaHAYAILIEr0 Ha IPYrod CTOPOHE C IMYCThIM
MIPOCTPAHCTBOM — 00pa3yeTcsl «CIIMB-IBHKEHMEe» 15! 1o Bparna-
TEJTBbHOW MOBEPXHOCTH INTOMOpAa K OCH BpallleHHus ¢ 00paso-
BAaHUEM YCKOPSIOLIErOCs 3a0CTPEHHOIO HOBOTO (PPOHTA BOJIHBI
¢ (hOKYCHPOBKOM-UTJION K OCH 3a CUET pacimperus: oobéma BB,
HaXosAIIerocsi Ha nepudepuu OoT BepIIMHbI KoHyca. [pyrumu
CJIOBAaMM, KOHUYECKHUE JIMH3bl MOAYJIHPYIOT OCEBYIO UMIUIO3HUIO
I'PAaBTOKA C:KMKEHHOTO BBICOKMM JaBjieHreM BB, no mexanusmy
a¢ppexra JI. FOTKUMHA.

Takum 00pa3oM, MOCTYyNATENbHBINA TIEPEHOC BpallleHHEM 3a-
KPYYMBAOIIMXCA BHYTPb K OCH CTPYW KJIACTEPOB BEILIECTBA 3a-
PSKaeT B yCTPOMCTBE U3MEHSIIONIMIACS 110 PAIUYCy COOCTBEHHBIN
rPaBUTAIMOHHBIH «TSKEJBIH» MaKpPOMOHONOJb (HCTOY-
HHK), KOTOPBII pa3psikasicb, B CBOIO OY€pe/lb, IPUBOAUT K CO-
3MAHUI0 COOCTBEHHOTO BOJIHOBO/IAa (MOJI€) U3 TPaBIOTEHIINA-
JIOB. B/10JIb 3THX I'paBIOTEHIIMAIIOB CO3/IAI0TCS] BUXPEBbIE I'PABU-
TallMOHHBIE TOKU YaCTUI] C MACCOM U3 amoMuHus 1 BB, nponosb-
Hasl CKOPOCTb KOTOPBIX BJIOJIb OCH JJOCTUTaeT OIPOMHBIX 3Haye-
HuM 10 10 KM/ceK, 4TO BO MHOTO pa3 PEBOCXOAUT CKOPOCTb 3BY-
Ka B 9T0i1 cpeze. [IpeononeBas 3BykoBoi Oapbep TBEPABIN alio-
MUHMIA TPOXOAUT hazy APOoOJeHHs 10 KUAKON cpelbl U3 MeJl-

151 Takoe JABUXKCHUE C O6I.[II/IM 3aKPYYUBAHHUEM U CYKCHUEM CTPYU O6pa3y€TCH BCEC-
raa rnmpru BEpTUKAJIbHOM CJIMBE BOIbI B CBO60,IIH06 MMPOCTPAHCTBO.



KHX YaCTHUIl. DTH TOKH 1 00Pa3yI0T KyMY/IsITHBHO-UMIUIOZUBHYIO
CBEPXTEKYUYIO U CBEPXTBEPAYIO CTPYIO-UIJTY, MPOKAIBIBAIOIILYIO
OpOHIO TaHKOB, BCJIEJCTBUE TOTO, YTO CKOPOCTb CTPYH BBIIIIE,
9YeM CKOpPOCTh 3ByKa B Metasuie. [loaToMy Ha TaHKax 4yepeayioT
KepaMUiecKue cJIoM B OpOHe /7S TIOIaBJICHUsI TAKOW CTPYH, KO-
Topbie Oosee 3(pHEKTUBHBI POTUB PACITPOCTPAHEHUST KyMYJIsI-
TUBHOU CTPYH.

Aaexkrporuapasandeckuin pazpsaa'? JI. A. IOTkwu-
Ha. Bo30y:keHue BenecTBa JeKTPUYECKUM Pa3psiioM.
AHAJIOTMYHBIA TIEPBOMY, HO OOpaTHBII MpoliecC, TeHEPUPYIO-
M Takue ke Mo MaciradaM (hppoOHTHI BBICOKOTO JaBJIEHUS,
uMeeT OOJIBbIIoe MPUKIIAAHOE 3HAYeHUE U ObLT JIETaIbHO UCCIIe-
noBaH B 50 rogsl nipoisioro Beka JI. A. FOTKuHbIM.

MexaHnueckoe BbIHYKICHHOE [BUKEHHE, MEXaHUYEeCKUI
yAap, B3PBIB UJIU 3BYK B Cpejie MaKpOMaTepuu ¢ Maccou rocJe eé
JIeTOHAIIMY (71IeKTPOpa3psi/] B KOHJEHCUPOBAHHOM Cpejie) Bceraa
MOPOXAAIOT IEHTPATbHYI0 IKCILUIO3HIO-PA3PSAKY Y UMEeT Ta-
KO€ K€ 3HaueHue 1jis1 GOPMUPOBAHUSI MEXAHHMYECKOT0 BUXPO-
Ha, KaK ObICTPOE U3MEHEHHUE JIEKTPUUECKOTO ITOJISI Iy TEM OOPbI-
Ba IEKTPUYECKOTrO TOKA JABUKYIIUXCS HOCUTENel 3apsijia B IMy-
CTOM MPOCTPAHCTBE ISl POXK/IEHUS MArHUTHOTO MOHOIOJISA
IEKTPOMATHUTHOTO BUXPOHA U €ro MOCENYIOIEN pa3psaKu.
Tonbko B IaHHOM cilydae Tpyu OOpbIBE TPABUTAIIMIOHHOTO TOKA
YacTHII C Maccoll (3ByKa), poxkJaercsi OToK cpep rpaBuTanm-
OHHBIX MOHOIIOJIEN, HOCUTEJIEN MHAYKTUPOBAHHOM SHEPIUH,

152 https://www.youtube.com/watch?v=eOpHEw pl9E.



https://www.youtube.com/watch?v=eOpHEwjpl9E

HE BBUICTAIOIIMX 3a IpeJesibl MOBEPXHOCTH CUCTEMbI MaccC Ya-
crutl (CpeJibl OOUTaHUST) €ero MOPOAUBINKX. Takoi BUXPOH He 00-
JlaJjaeT U3BECTHOM CBOOOION CaMOJIBUKEHHS B BaKyyMe, KaKOu
0071aJa€T MarHUTHBIA MOHOITOJIb. OH MCTOYHHK



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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