© MOJISIKOB C.II.
MAT'HUTHOE IIOJIE 3EMJIN

BBEJEHUE

CornacHO MHTEpHET-pECYpCaM, MacHUmMHoe noie 3emau uiu 2eomMazHumnoe nojie — MarHuTHOE MOJIe,
reHepUpyeMoe BHYTpU3eMHbIMU UCTOYHUKaMU. [losBuiiocs 4,2 Miapa. J1eT Ha3a.

bonee uem Ha 90 % OHO COCTOMT U3 MOJISI, UCTOUHUK KOTOPOI'O HAXOJUTCS BHYTPU 3€MJIH, B KUJKOM
BHEIIHEM sipe, — 93Ta 4YacTb HA3bIBACTCsl IJIABHBIM, OCHOBHBIM WM HOpPMaJbHbIM TnojeM. OHO
anmpoOKCUMHUPYETCsl B BUAE psAla 1O rapMoHuWKamM — psiga [aycca, a B mepBOM NpUOIIKEHHH BOJIH3H
MOBEPXHOCTU 3eMitH (110 TPEX €€ paarycoB) OJM3KO K MOJII0 MAarHUTHOTO JUIIOJS, TO €CTh UMEET TaKOW BUJ,
Kak Oy/ATO 3eMHOM 1Iap mpeacTaBisieT coOOi MOJI0COBONW MAarHUT C OChIO, HANPaBJIEHHOW MPUOIU3UTENBHO C
ceBepa Ha tor. LIeHTp 3Toro 1umnosis cMeneH OTHOCUTENBHO LIEHTpa 3eMJIM, a OCh HAaKJIOHEHA K OCH BpallleHUs
3emun Ha yron okono 10°. Ha Takoif e yroa OTCTOSAT OT COOTBETCTBYIONIMX Ieorpa(MuecKHX IONIOCOB
2eomazHumuble  noaloca  —  TOYKA — TEPECEYeHHMsT OCU  JMIMONSL C  TOBEPXHOCThIO  3eMJu
(https://ru.wikipedia.org/wiki).

Her Hu opHoro sBieHHs NpUpPObI, KOTOPOMY COBpEMEHHas Hayka cMorjia Obl JaTh IpPaBUIIBHYIO
MHTEpIpETAUIO: bonbIIon B3pbIB — NMPOUCXOXKAeHUE BceneHHoi... boipmel rioynoctn ydyeHble HE CMOTJIN
MPUAYMaTh, TAK KaK HE CMOTJIM YCTAaHOBUTH CYIIECTBOBAaHME MUPOBOTO d(upa (mocTyaaT DUHIITEHHA).

TepMosiiepHbIil B3pbIB B MpHpOJE HE cyllecTByeT. To, 4To HaOmionaeTcss B AKCIEPUMEHTE, SBJSIETCS
OaposiiepHbIM B3pbIBOM. Macca JBUKYIIErocs Teja sIBIsIeTCS BETUYMHON MMOCTOSIHHOM M HEe U3MEHSeTCs NP
IIOCTOSIHHOM CKOPOCTH JIBHKEHHS. YBEIMYCHUE CKOPOCTH JBWKEHMS Tejla IPUBOJUT K POCTY KMHETHYECKOU
sHepruu Tena. PocT Macchl MPOMCXOIUT TOJIBKO INPU PE3KOM HM3MEHEHHH CKOPOCTH JIBHKEHHS Tejla B
pe3ybTaTe CUHTE3a N30BITOYHON KMHETUYECKOM SHEPTUU B MACCy WJIM SHEPTHUIO B BUAE (POTOHOB.

IIpu coynapeHuu IBYX TeJl CHHTE3MpYyeTcsi Macca U3 3¢pupa, KOTOpas [0 BEJIWYMHE PaBHA SHEPIHUH,
BBIJICIIUBIICHCS B IIPOLIECCE COYAAPEHUS TEIL.

Ha Bcex 3Be3nax M OCTaJbHBIX KOCMHYECKHX TejaX MIYT MPOLIECChl CHHTE3a SHEPruu M3 3dupa
YaCcTUI[AMH, KOTOPBIE MTOJIyYHIIN Ha3BaHUE nepyHucol (ATpucHas Gusuka).

Tuxookeanckoe ByikaHuueckoe oruHenHHoe kojbmo (https://ru.wikipedia.org) peryaupyer sHEpruro
IIPOLIECOB TEMJI000MEHa B BO3/YIIHOM U BOJHOW cpejie IyTeM BBIJICJICHUS] SHEPIMH B MECTAaX PaclOIOKEHUs
BynkaHOB. OpHako sAApo aroma 3€eMJIM B 3THUX IIpOLIECaX HE YYacTBYeT, TaK KaK DHEPrUs BbBIACIAETCS
[IEPYHUCAMU, & HE MarMOH, KOTOPasi HE UMEET BBICOKOW TEMIIEPATYPBI.

Bce, uTo Kacaercs KimMaTra W IOrOJbl, MarHUTHOTO IOJIA 3€MJIM M BCEX IIPOLIECCOB JIBHKEHUH Tell,
TaKXe SBJIAIOTCS OIIMOOYHBIMHU.

PaccmoTpuM mporeccsl, Ipoxosiiye Ha riyouHe nopsiaka 15 kM ot BogHoi nmoBepxHocTd 3emiu. Ha
3TOH IiIyOMHE PacHOJIOXKEHbI sJipa aTOMOB, KOTOpPbIE JOJKHBI 0OecreuyuBaTh HAIWYME MArHUTHOIO IMOJA Y
MIOBEPXHOCTH 3eMJM. ECTEeCTBEHHO, 4YTO OCO3HAaHME JTHX IPOLECCOB JIEKUT 3a MpeAeiaMu 3HAHUU
coBpeMeHHOM ¢u3uku. [loaToMy ydeHble NpUIyMalId «MarHuTHOe TMoie 3eMiH, TIeHepupyemoe
BHYTPHU3EMHBIMU UCTOYHUKAMU.

Cunmes mpemvozo apyca amoma

Y4eHsle MUpa Jake HE IPEAIONararoT, YTO y aToOMa, MOJIEKYJIbI, KpUCTaula UMEETCS IOBEPXHOCTD,
KOTOpas 3allMIIaeT UX OT CTOPOHHEro CHJIOBOTO NeHcTBUA. A TeM OoJiee Jake HE MPEACTaBIIAIOT, YTO dTa
MOBEPXHOCTD SIBJISIETCS CPEACTBOM CHJIOBOTO JCHUCTBHUS Ha OKPY>KAIOIIMKA MHp, KOTOPBIH yJajeH Ha OoJbIloe
paccrosiHue.

PaccmoTpuM mporiecc cMHTe3a aTOMOM COOCTBEHHOMN MOBEPXHOCTH. [10BEpXHOCTh aTOMa CUHTE3UpYyeTCs
B TNPOMEXYTOK BPEMEHH MEXIy 3aBEpLICHHEM IOJyNepHoaa LHMKINYECKUX KOJIeOaHWH Hapy>KHbIMU U
BHYTpEHHUMHU aTpuHamu. IlycTh Hapy)XHble aTpUHBI 3aBEPIIMIM MOJIYNEPHUOJA IMKINYECKUX KOJIeOaHUH.
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O¢anbl BBITAIKUBAIOT TEPBbIE KBAHTOHBI CEpPHH aTPUHOB 3a MpeJeNbl COOCTBEHHBIX paauycoB. Ecim
Hapy»XHbI€ aTpPUHBl HE yJEp)KaThb B MpeJesiaX aromMa, TO OHU MOKUHYT aTOM, W IOCJIEJHHUI 3aBEpLIUT CBOE
cyliecTBoBaHue. UTOOBI 3TOT0 HE MPOU3OIILIO, NIEKTPUUECKUE BEKTOPA NEPBBIX KBAHTOHOB MarHUTHBIX CEpUit
BUCTp SIpUTHCA YJABIMBAIOT 3JEKTPUUECKUE BEKTOpA IEPBbIX KBAHTOHOB CEpUN HAPYKHBIX aTpUHOB, U
CBOOOJIHBIC KOHIIBI JIEKTPHUECKUX BEKTOPOB KBAHTOHOB BHCTPHI CO3JAIOT rojiorpamMmy. Tak Kak BCE Cepuu
SpUTHCA COBEPIIAIOT OAHO U TO K€ JEHCTBHE, TO s JEMOHCTpallMM Ipolecca CHHTE3a IMOBEPXHOCTH
BBIJIEIUM OJHY cepHio ¢ 3danoit Dy u cepusmu Hj,, Ex (puc. 1, a) u mokaxem ux B aedcTBuH. Ddana Dy
BrasikuBaet ceputo Ey cunoit F k momtocy Ilg (puc. 1, a).
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Puc. 1. ®a3p1 cuHTE32 0HOII cepuu aTtpucuia E,.
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FonorpaMMa A MaTCpruaAIN3YyCTCAd, CUHTC3UPYSA BCKTOpA Er QJICKTPUYCCKOTO I'paBUTOHA, Y KOTOPOI'O

N
COXPAHSETCS CUJIOBAs CBSI3b C DIIEKTPUUYECKHM BEKTOPOM MEPBOTO KBAaHTOHA Eg aputhca (puc. 1, 6). Bextop

Eq COXpaHsET CHIIOBYIO CBA3b C AIIEKTPUYECKUM BEKTOPOM MEPBOro KBaHTOHA HapyskHOU cepun En (puc. 1, 6).

Cepus E. BTanmkuBaeTcs B Ipenesibl aTOMa, BTSTHBas 3a cOOOM 3EKTpHUYECKUil MepBbI KBAaHTOH Eq
BMecTe ¢ HepBbIM KBAHTOHOM BMCTpHI passopaunBaercs cepust Er. Kak Tosnbko cepus Er passepnynach Ha 45°
— 90° ona momanaer B mone JeHcTBUSA aTpoycoB cepuM peiikuca 6untona Hs (puc. 1, B). Cepust Er Tepser
CWJIOBYIO CBSI3b C IIEPBBIM KBAHTOHOM CEPUM BUCTPHI M IOJHOCTBIO IOCTYNAET B IOJIE JIEHCTBUS CEpUU
peiikuca. [lo Bceil anuHe cepun Hg BO3HMKaeT cuiioBasi CBS3b IPH MOMOIIM aTpoycoB ¢ cepueil Ep. UToObI
CIIMSIHUS CEpUIM HE NPOM3O0IIO, BEKTOpa aTPUCOB KBAaHTOHOB BTOPOTO BHJA CEPUU OPraHU30BYIOT B3aHMHOE
OTTaJIKUBaHUe. TakuM oOpa3oM, 3a OJMH MEPUOJ IyJIbCALMI BEKTOPOB aTPUCOB KBAHTOHOB CHUCTEMBI KaXaast
CepHsl HApYKHBIX aTPUHOB CIIOCOOCTBYET CUHTE3Y OJIHOW CEpUU ampucuid.

Ampucun — 4YacTula, UMEIOLIAasi SHEPTUIO, PAaBHYIO KBAaHTY JEHCTBUS, COCTOALIAs M3 DIIEKTPUUYECKHUX
cepuil, KOTOpble CUHTE3UPYIOTCS M3 3(Hpa AIEKTPHUECCKUMH BEKTOPAMH TEPBBIX KBAHTOHOB CEPUN BHUCTP B



MOMEHT yJIepXKaHH MEPBbIX KBAHTOHOB AJIEKTPUYECKUX CEpUIl HAPYKHBIX aTPHHOB B IpeziesiaX COOCTBEHHOTO
paamyca. 3aTeM cepHH aTpucHiIa pasBopaumBarorcs Ha 90° M pacmonaraioTcs NapaaieNbHO MAarHUTHBIM
CepUsiIM PEMKHCOB, MpUOOpeTass TaKylo XK€ aMIUIMTYIy ITyJIbCalldii BEKTOPOB a/paTr, KaKyl HMEIOT Cepuu
PEUKHCOB. ATPUCHII MOJIy4aeT TOYHO TAKyIO e (OopMy, KaK y cepuil peHKHCOB, KOTOPbI YCTaHABIMBAET C
HUM CWJIOBYIO CBSI3b IIPH IIOMOLIHU aTPOYCOB.

Cepun arpucuiia BBIXOJAT 3@ NpEIesibl PEMKUCOB U YIApSIOT MO IOCIEIHEMY PSAY DJIEKTPUUECKUX
KBAaHTOHOB I1aKeTa aTPUCHIIA, KOTOPBIM MOKET YIAIUTHCS OT IIOBEPXHOCTH sAJIpa aTOMa Ha pacCTOSHUE BIUIOTh
OT HyJIA 10 3 KM B 3aBUCUMOCTU OT PacIlOJIOKEHUs [aKeTa aTpPUCHIIa B MOMEHT COYAApEHUs] UM pacnacTbCs
Ha I'PAaBUTOHBI WM HA MOJIOKUTEJIbHBIE CEPUU C IHEPTHEH, paBHOW KBaHTY JEHCTBUS.

PaccmoTpuM mporecc NBUKEHHS CEpUH aTPUCHIIA OTHOCHUTENBHO cepuH pelikuca (puc. 2). [IBmwkeHue

cepun E, BO3MOXHO JMIIIb B TOM CiIy4ae, €clii BEKTOpa aTpUCOB KBAaHTOHOB BTOPOrO BHUJA CEpPUU pelKHca
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owirona © oy arpucunma P P OyIyT TOJIKaTh CEPUIO aTpucuiaa PB OJIHOM HarpaBlieHUH (puc.

1, t2), a BeKTOpa aTpHUCOB KBAHTOHOB CEPHI - MyJILCUPOBATH B IPOTHBOda3e.
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Puc. 2. 3a oqun nepnoa nmyJabcanuii BEKTOPOB aTPHCOB CePHii KBAHTOHOB SIIPA HAPYKHbIE ATPUHBI
I 3

IYJIbC3/IA M CIIAHOB CHUHTE3UPYIOT OJUH ¢10ii P uiam P cepuii KBAHTOHOB PACHJIOB.

B 3TOM Cnyqae qepe3 HOJ‘IHepI/IO,I[a nynbcaunﬁ KBAHTOHOB CHCTCMBI CepI/II/I anI/ICI/IJ'IOB CMCCTATCA
OTHOCHUTEJIBHO CepUil peHKHUCOB Ha BETUYMHY aMIUTUTYAbI Mynbcauii Ao (puc. 2, tz). Kak Tosnbko cMerienue
CepI/Iﬁ anI/ICI/IJ'Ia OTHOCHUTCIIBbHO CCpI/IfI peﬁKHCOB HpOI/I3OH_IJ'IO, anoyCBI yCTaHaBJ'II/IBaIOT CI/IJ‘IOByIO CBA3b <<K>> C
6J‘II/I)KEIfIHH/IMI/I COCCIsAMMU. HaHI/IHaeTCSI BTOpOI71 HOJ‘IyHepI/IO,[[ nym,caulzlﬁ BeKTOpOB anI/ICOB KBAHTOHOB
E! - E?
cucreMmbl. OJIHAKO, B 3TO BPEMsI CEPUM PEUKHCOB M aTPUCHIIOB HE ABWXKYTCs. Bekropa peiikucoB ° on

1 _E3
arpucuiaoB " P MPUTOTOBHIIMCH K HaYay HOBOI'O MOyNeproa myabcauii (puc. 1, ts).

BO BTOpOI71 HepI/IOI[ Hynbcaunﬁ BCKTOpOB anI/ICOB KBAHTOHOB CHUCTCMBI aromMa CI/IHTC3I/IpyeTC$I BTOpOI71
CJ'IOI71 anI/ICI/IJ'IOB, I10 OTHOIICHUIO K KOTOpOMy HepBLIﬁ CJIOI71 anI/ICI/IJ'IOB OKazaJiCd CMCIICHHBIM Ha BeJ'II/I‘-II/IHy
aMIUIMTYAbl Ao IyJbCcalluii BEKTOPOB aTPUCOB KBAHTOHOB CEpUN PEHWKHMCOB. 3aT€M CHHTE3MPYETCS TPETHI

CJIOM aTpucuioB U T.1. CHUHTE3UpyeTCsl NaKeT aTPUCHIIOB.
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Ilakem ampucunog — TOCIENOBATENIbHOE HAJIOKEHHE IUIOCKOCTEH aTPUCHIIOB APYr Ha Jpyra co
CMELIEHUEM, PABHBIM AMIUIMTYE IIyJbCAllUi BEKTOPOB KBAHTOHOB CEPUI PEHKHUCOB.

B mnakere arpucHiIOB MarHMTHBIE BEKTOpAa KBAHTOHOB CO3JAIOT BPEMEHHBIE CEpPHH, KOTOpHIE
pacroyiaratoTcsi MPaKTHUECKH MapajuiebHO AJIeKTpudeckuM. [lapamiensHoe pacionoKeHue dJIeKTPUIECKUX U
MarHUTHBIX CEpHUil B MAaKETE aTPUCUIIOB CTAJI0 BO3MOXHBIM M3-332 CMEIICHUS CI0EB OTHOCHTEIBHO JPYT JIpyTa
Ha BEJIMYMHY aMIUIUTY/IbI TyJIbCAllUi BEKTOPOB KBAHTOHOB PEHKHCOB.

Ecnu maxet aTpucuinos coctout u3 1,84:10% coes aTpucunos, To ero Ha30BeM «CTAHAAPTHBIM TAKETOM
aTPUCHIIOBY.

Cmanoapmublil nakem ampucujios — KOJIMIECTBO cI0eB B Takere, pasHoe 1,84:10% mryk. CranmapTHbIii
MaKeT aTPUCUIIOB IPHOOPETAaeT HOBOE KAaU4eCTBO, BBIZCIUB BAOJb KaXK/I0W CEpUN PEHKHUCOB PACHJIbI.

Pacun — 5T0 OmHA W3 YACTHII CTaHJAPTHOTO IaKeTa aTPHCUIIOB, Y KOTOPOW MAarHUTHBIE BEKTOpa
KBaHTOHOB OOBEJIMHEHBI BO BpPEMEHHBIE CEPUU W COBEPUIAIOT ITyJIbCAIMM KBAHTOHOB B TPOTHUBO(dA3e C
AIIEKTPUYECKUMH cepusiMH. Pacwii, mpuHamiexamuii atomy, umeer Gopmy pomba ¢ YIrjioM NpH BEpIIUHE,
omsknM x 0°C (HyITrO TpajTycoB).

Maenummubiti mouln pacuna — TIPOTHUBOIIONOXKHAS CTOpOHa poMOa pacuia, W3 KOTOPOH BBIXOIAT
MIPOTHBOITOJIOKHBIE KOHI[BI BPEMEHHBIX MarHUTHBIX CEPUH pacua.

Maenummuwiti pponm pacuna — ogHa W3 CTOPOH pomba pacwmiia, BAOJNb KOTOPOH BBIXOST MarHUTHBIE
BEKTOpa KBAHTOHOB BPEMEHHUX CEPHH.

Dnexmpuyeckuil mvli pacuia — TPOTUBOIIONOXHAS CTOPOHA AJIEKTpHUecKoMy (pOHTY pomOa pacuia, u3
KOTOPOH BBIXOJISIT MTPOTHBOIOJIOXKHBIE KOHITBI BEKTOPOB AIIEKTPUUYECKUX CEPHI pachIa.

Dnexmpuyeckuil ¢ppoum pacuna — OJHA W3 CTOPOH pomMOa pacwiia, W3 KOTOPOH BBIXOIST BEKTOpa
AJIEKTPUYECKUX CEPUI pacuiia.

Bun pacuna w BHEmIHMIA B TUIOCKOCTH PEHKHCA, KOTOPBIA YIEPKHMBACT Mepell COOOW CTaHIapTHBIN
makeT, mokasaH Ha puc. 3. Kpaitaue cepuu arprcuiioB-1 BpeMEHHO CO3/1aI0T CTaHaapTHBIHN yron B 12700,
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Puc. 3. Bug pacuia, pacnoJioxkeHHBIi 0K0JI0 cepuii peiikuca (a) 1 MJIOCKOCTH CTAHIAPTHOTO
naxkera arpucujios (0).

HccnegoBanuro CI)I/IBI/I"IGCKI/IX CBOICTB CTOPOH pacuiia 6y,Z[eT MOCBALICHO YYCHBIMU MUPA MHOT'O pa60T.
CKOpOCTL NMEpEMECIICHUA PACUIIOB IJII KOHKPETHOI'O ClIy4das 6yneT paBHa:

8, =5 =(0,5+2,0)-10"
T
k Mm/c, (1)
r7ie s — JUTHHA cepur OMIITOHA (perKuca),

T.— BpCMs MPOXOKACHUA SHCPIrU KBAHTA JIeNCTBUSA aTpUHa 49€pe3 IMOJIFOC IIPOTOHA:

T
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c, (2)



rae Te — mepuoj MMKINYEeCKUX KojeOaHuil cepuil aTpuHOB, N = Ve - KOMTUYECTBO KBAaHTOB JCHCTBUS B aTpHHE,
Ve - yacToTa NUKINYECKUX KOJICOAHUI aTPUHOB.

Ha puc. 4 npencrasiieHsl ¢a3sl MyJIbcauyi BEKTOPOB aTPUCOB KBAHTOHOB CEPH pacuia.
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Puc. 4. ®a3bl nyJabcaliu BEKTOPOB ATPUCOB KBAHTOHOB cepHii pacuJia.

3a MepBbIM HEUTPAIBHBIM MAKETOM aTPUCWIOB MOTYT MATH 2, 3,...Nn MaKeThbl, B KOTOPBIX MIEKTPHUYECKHE
CepUU COXPaHSIOT CBOM pa3mep cepuil Oe3 M3MEHEHMH, KaKk M TNpU CUHTE3€, U PaBHBI pa3mepy cepuil
ANEKTPUYECKUX BUCTP.

BTopoil makeT aTpucuIOB CHHTE3UPYETCS Cpa3y K€ MOCJe 3aBepUICHUs CHHTE3a MepBOro makera. Tak
KaK aMIUTUTYy/1a MyJIbCalliii BEKTOPOB aTPUCOB KBAHTOHOB IMakeTa | arpucuia-1 3HAYUTENTHHO OOJIBINE Cepuid
aTpuCUIIOB-1, 3a 3TO BpeMs CEpUU MEPBOrO MAKETa yXOIAT HM3-TIOJA CEpUU aTpUCHia-2 BTOPOro IaKeTa.
dopMupyeTcsl MakeT 2 cepuil aTpHCHMIOB-2, MO 3aBepiueHHIo BpemeHn 107'c HaumHaercs QopmmpoBaHue

nakeTa 2 cepuii-2, u Tak gaiee (puc. 5).
NaKeT arTpuCHIIOB 3
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Puc. 5. @a3a ¢popMupoBaHus U3 Makera aTpucuia-1 caMocTosATETbHBIX N-MAKETOB ATPUCHIIOB-2

(maker aTpucnia-1 umeer paanyc peiikucon (1,81:10% ciioer), nakeToB aTpHCHIOB-2 PaBeH PaaNyCy HAPYKHBIX
cepuii BUCTPBI S1/Ipa aToMa).

IIpouecc cuHTE3a aTpUCUIIOB-2 MPEKPALAETCS] MTHOBEHHO IIOCJIE BBIXOJA 3a MpENENbl pPaguycoB
BHYTPEHHHX aTpUHOB craHa. Kak Toibko mpousomien 1mosopoT Ha 90° HepBhIX KBaHTOHOB BHYTPEHHMX
aTpUHOB, y cepuil peiikucos mpoucxoaut mosopoT Ha 180° MarmuTHBIX cepuil peifkucoB. CuaoBast CBS3b
aTpoycaMy MEX]ly MIEKTPUYECKUMH CEPUSIMHU PEMKHCOB U BCEX aTpUCUIIOB Tepsercs. [lakeTs! arpucuinos-1 u
2 TpeoOpeTaoT CaMOCTOATENbHOCTh M COXPAHSIOT CBOIO (POpMYy Ha MPOTSHKEHUH TUTEIBHOCTH OIHOTO
MOJyTIepuoia IMKINYECKUX KoneOaHui cepuil aTpuHOB. B  MOMEHT Hayajla HOBOro NOJIyHepuoja
MUKIMYECKUX KOJeOaHWi MaKeThl aTpUCHIIOB-1 M aTPUCHIIOB-2 MOTYT PacHaaThCsl WM BBITOIHATH KOMAaH/IbI
(OTOHOB, MOPOKACHHBIX ITUMU SJIPaMU aTOMOB. B HEKOTOPBIX CiTydasx CTaHAAPTHBIMU MAKETaMU aTPUCHIIOB
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aTOM OKpY>KEH TOJBKO C TeX CTOPOH, IJI€ €CTh HApPYXXHHBIE M BHYTPEHHUE ATPUHBI, OJarogaps KOTOPHIM
CUHTE3UPYIOTCS aTPUCHUJIBI.

HazoBeM BpeMEHHYIO IOBEPXHOCTb, CO3JaHHYIO CTAaHAAPTHBIMU IAKETaMH aTPUCHIIOB BOKpPYI aToMa
pacunutybom.

Pacuersl nokazanu, 4To SHEPrusi CTAaHJAPTHOIO MAKETa aTPUCHIIOB OOJIbIlIE SHEPIUM aToMa BOJOpOJA B
810° pas. DTo 3HAUMT, YTO KAXKIBIH aTOM BPEMEHHO 3alIUIIAET CBOIO MOBEPXHOCTH UPE3BHIYANHO GONBIIMME
MOPIUSMH SHEPTHH, KOTOPbIE HE MMEIOT IPSIMOr0 KOHTAKTa C PEUKHCAaMU sipa, HO COXPAHSIOT CBOIO (hopMy H
o0eperaroT SApo aToMa OT CTOPOHHETO BO3/ICHCTBUS.

Pacunbl pacuniry0oB camble yHMKalbHble YacTullbl BceenenHodl. OHM COCTOST M3 MNapajllesIbHBIX
MarHUTHBIX U AJIEKTPHUYECKUX CEpUil, KOTOPBIE MOTYT MPOTUBOCTOSTH JIEKTPHUECKUM M MATHUTHBIM IOJISIM,
BBIITyCKaThb WJIM HE BBIMYCKAaTh JJIEKTPOHBI 3a Ipenenbl aroma (paboTa BBIXOJA), CO3/aBaTh YIPYIroCTh,
TBEPAOCTh, BA3KOCTh, XPYNKOCTh, COPOLIMIO, IECOPOIUIO U BCE APYrUe CBOWCTBA MaTepUU.

B raszax pacuibl aTOMOB M MOJIEKYJ JEHCTBYIOT KaK MPY>KUHBI: IPU TIOBBIIICHAH JTABJICHUS ra3a pacuil
CKMMaeTcs € TOpLa, PAaCCTOSHHUE MEXIY IUIOCKOCTSIMH DJIEKTPUUECKUX CEpUl yBEIWYUBAETCS, a  IpH
KPUTHYECKOM JaBJIEHUU pacuil paspyliaercs. B oTCyTCTBUM CHUJIOBOTO JaBJIEHUS HA aTOM, TPETUH SIPYC Tac
MeEeT pa3Mep, paBHBIi 2 6.

[TakeTsl aTpUCUIIOB B 3aBUCUMOCTH OT KOJMYECTBA CJIOEB aTPUCHUJIOB BBIMIOJIHAIOT OY€Hb MHOTO paldoT B
MatepuanbHOM Mmupe. Tak Kak B COCTaB CTaHAApTHOTO MakeTa arpucuioB BxoauT 1,8410%% cmoes, To
BO3MOKHOCTH JICHCTBHS MTAKETOB aTPUCHIIOB HEOTPAHUYCHBI.

Jlis olecrnieueHusi sHepruen Bcex sAep aToMOB cUCTeMbl 3iemMeHToB Kocmuueckuit Pazym cozman
NIEKTPUUYECKUE CEPUU Inocmpuca mpau3uma, KOTOpbIE pacloylaraloTcs MNapajjieIbHO BUCTPE CEKpPbI
3JIeKTpoHa B myJsbcene. Ilepen cepusimu amocTprica TpaH3UTa OTCYTCTBYIOT JIOTIOJHUTENIBHBIE CEPUHU, TOITOMY
JONOJHUTEIBHOTO BIMSHUS HAa CEPUH IIOCTPUCA TPAH3UTA HE IPOU3BOAUTCS.

Cepun smiocTpyca TpaH3UTa IMyTEM 3€pKaJIbHOTO KOMUPOBAHUS CHHTE3UPYIOT HOCTPUHO TPAH3UTA TAK XKe,
KaK IOCTPUHO IOJIyIPOBOAHUKA, TOJBKO C OJHOM CTOpOHBI. Kak TONBKO MOSBIAETCS 3MOCTPUC TPAH3UTA,
CUHTE3UPYIOTCSl CEpUM 2¢hanbl Apuaousvi mpan3uma, aMIUINTYIbl MyJdbcalliii KOTOPBIX B JiBa pa3a OoJjblle
aMIUTUTY/ ITyJIbCAllui BEKTOPOB KBAaHTOHOB 3I10CTPUCA TPAH3UTA.

Oc¢ana ApuaaHbl TpaH3UTa MPOXOJUT Yepe3 MOJI0CAa BCEX siiep aTOMOB. Slpa aTOMOB MOIVIOLIAIOT 3TY
SHEPIUI0 U Jlajiee BBIMOIHAIOT Ty WM MHYIO0 padoTy. Ecam snocTpuc TpaH3uTa TOJIBKO YACTUYHO CBEPHYT,
COCE/IHUE siipa aTOMOB, KOTOPBIX JOCTUIaloT 3¢daHa ApuaJHbl TpaH3UTAa U INOCTPUHO TPAH3UTA, MOIVIOIIAIOT
IOCTPUHO TPaH3UTa MU CUHTE3UPYIOT (DOTOH, KOTOPBIM BBIXOAUT M3 sjipa aToMa MapajuleldbHO CEepUiM
nyJjbcena. bpiBIIas mpou3BojHas BUCTpa OMPTpPOHA 3JIEKTPOHA MPEBPATUIACh B BUTPY U YBEJIMYWIA CBOU
pa3Mepbl B COOTBETCTBUU C KOJIMYECTBOM BEKTOPOB aJIpaT B 00beME CBEPHYTHIX CEPH AMOCTpUCa TPAH3UTA.

Hakanyne cotBopenus ¢uopsl u daynsl TBopuom coznaercs JJHK, B sapax aToMoB KoTopol U3 cepuit
I'PAaBUTOHOB 00Opa3yercst yacTuua - snocmpuc Teopya. Dnoctpuc TBopua MpencTaBiseT co00i MarHUTHBIE
CepUH, KOTOpBIE PACIIONIOKEHBI BJOJb BHCTPHI CEKphl crojia B (uibaiftunre. DHeprus smnoctpuca TBopra
paBHa SHEPrHMM OJHOTO I'paBUTOHA. DnocTpuc TBOpL@ MTHOBEHHO CUHTE3UpYeT aghany Apuaonvr Teopya, Ha
KOTOPYIO NPOU3BOAMTCS 3€pKaJbHOE KOMMPOBAHUE 3MocTpuca TBopia, cpasy ke yBEIMUMBAIOLIEE pa3Mepbl
cBoux cepuil B 2 pasza. CuHTe3upoBaigock nocmpuno Teopya, cepur KOTOPOTO MNepeMeIarTcs no 3daxe
ApuagHbl M MOTYT, MpH HAJIUYUU COOTBETCTBYIOLIEH cpelbl, co3maBarh HoBble kormuu JIHK. be3 yuactus
TBopia He onuH OuoBK] He cymiecTBoBai Obl. Hauanom Bceero cymoro sBisiercss TBopel, KOTOpBIH Ha cepusix
snoctpuca TBopua cosjgaeT mporpamMMmy OyaylIoro Buja, pasBopaunBas Ha 90° YacTh SIeKTpUYECKHMX
BEKTOPOB KBAaHTOHOB CEpUI MOCTpHUCA, YTO U co3naer Oyaymue 0noBuasl. Tonbko TBOpel MOXKeET 3aCTaBUTh
A]pa aTOMOB, PACIOJIOXKEHHbIE Ha TIyOMHE 10 15 KM, COTBOPHUTH BO3MOXKHOCTH JUISI CHMHTE€3a MarHUTHBIX
MOCTPUHO, T.€. CO3/1aTh MarHUTHOE Noje 3emiu. i1 3Toro He06X0AMMO CO31aTh MPOTrPaMMy ISl H3MEHEHUS
aTPUCHJIOB B mpoliecce ux cuHTe3a. [Iporpamma TBopua co3maeT yciaoBus, IpU KOTOPBIX CHHTE3UPOBAHHBIE
aTPUCHJIBI COKPAILAIOTCS K Hayaly PeMKHCOB, U IJIOTHOCTh KBAHTOHOB KOTOPBIX COOTBETCTBYET IJIOTHOCTH
KBAaHTOHOB MAarHUTHBIX MOCTPUHO. BTOpBIe CHHTE3MpOBaHHBIE ATPUCHIIBI COKPAIIAIOTCS BCTHIK C MEPBBIMU



arpucuinamu. Tak mpoucxomuT cokparienue nopsaka 150 arpucunon. Kak Toiabko coOMpaeTcst KOJIMYECTBO
aTPUCUJIOB B COOTBETCTBUM C 3HEPIHENW MarHUTHBIX IOCTPUHO, JA€TCAd KOMaH/a JJIsi MTHOBEHHOI'O pa3BOpOTa
Ha 90° sIeKTpUdecKuX cepuii aTpHCHIOB, COOPaHHBIX BCTHIK. B 3TO ke BpeMs BO3HMKAET CHJIOBAs CBS3b
MEXJly MarHUTHBIMH BEKTOpaMH KBAHTOHOB OBIBIIMX 3JEKTPUYECKUX CEpUil aTpUCUIIOB. Tepsercst cuioBas
CBS3b MEXJAY D3JIEKTPUUYECKMMHU CEpUSMHU, U MAarHUTHBIE IOCTPUHO NMPUOOPETAIOT CaMOCTOSTEIBHOCTh. be3
YIPABJIEHUS ITPOLECCOM CHHTE3a MarHUTHBIX IOCTPUHO HUKAKOE KOJIJOBCTBO YUEHBIX HE CMOIJIO Obl IPUBECTU
K CO3JJaHHI0 MarHUTHBIX IIOCTPHUHO.

Tak cuHTe3upyercs MarHUTHOE I0Jie B NMPUPOJE, TO €CTh BCE NMPOUCXOIUT MOJ ynpasieHueM TBopua.
Crny4aifHOCTB 3/1€Ch HE paboTaer.

BbIBO/IbI

Jlo)xHasg wWHTepHnpeTanusi NPOUCXOXKICHUS BcelneHHONW Hamokwia OTIEYaTOK Ha  IMPOLECCHI,
MIPOUCXOJISIINE BO Beell BeeneHHoM, yTo TUpaXupyeTcst B COBpeMEHHON (U3HKe KaK UCTHHA.

1. bBonbimoil B3pbIB SBISETCA caMOil OOJIBIION OMIMOKOM (DU3UKOB COBPEMEHHOTO MHpa. YUEHBIC
UHTEPIPETUPYIOT (PU3MUECKUE SBJICHUS MO aHAJIOTY MPOXO0KICHHUS TOKA B IIPOBOJIHUKE, BCIEICTBUE YETO SAPO
3eMJId JOJKHO OBITh JKUJIKHUM, MO MOBEPXHOCTH KOTOPOTO MPOXOJIUT 3JIEKTPUUYECKHH TOK U CO3Aaercs
MarHUuTHOE MoJie 3eMJIA. DTO OUepeaHas rIIynoCTh.

MarnuTtHO€e nojie 3eMJIM CHHTE3UPYETC B pe3yJbTaTe CO3aHHOM TBOPLIOM ITporpamMmsbl, KOTOpas AAeT
BO3MOXHOCTh  TPaHC(OPMHUPOBATH  IJEKTPUUYECKUE CEPUM B  MarHUTHbIE T[OCJIE  MOJCOETUHEHHS
MOCJIEZIOBATEIbHBIX CHHTE3UPOBAHHBIX ATPUCWIOB B CEPUM AaTPUHOB, SHEPrUs KOTOPBIX paBHA SHEPrUU
MarHUTHBIX IOCTPHHO.

DnekTpuyeckue cepuu OyAylIero MarHUTHOTO TIOCTPUHO TpaHCHOPMUPYIOTCS B MAarHUTHBIE B
pe3yabTATE MTHOBEHHOI'O CHJIOBOTO B3aUMOJEWCTBUS MEXKIY DSJIEKTPUYECKHUMHM BEKTOPaMU KBAaHTOHOB C
YacTHIO PEHKHCOB, EKTPHUECKUE BEKTOpa KBAHTOHOB pa3BopaumBarorcs Ha 90°, a MarHWTHBIE BeKTOpa
KBaHTOHOB 00pa3yioT cepuu. CUHTE3UPYIOTCSI MAarHUTHOE TMOCTPUHO.

2. MarautHoe mojne 3emnm ympaisercs Kocmuueckum PazymMoM W He 3aBUCHT HE OT CKOPOCTH
BpaleHus 3eMiu, He oT ee KOHCTpyKuuu. 11o komanne Kocmuueckoro Pazyma maruutHoe nosie 3eMian MOXET
ObITh OTKJIFOUEHO MTHOBEHHO U pa3yMHas >KM3Hb Ha 3emuie mpekparutcsa. CiaywailHocTell B mpupoje He
cymecTtByer. [lo MHEHUIO aBTOpa, MarHUTHOE mojie 3eMJId He JeNUTCA Ha 4acTH (TJIaBHOE MoJje, MOJs
MHUPOBBIX aHOMAJIU{, BHEIIHEE MAarHUTHOE I0JIe). DTOT CJION PACIOJIOKEH MapajuieIbHO MOBEPXHOCTU 3€MITU
Ha rryOuHe mopsaka 15 kM.

TEPMHWHbI

Ampun — yactuna (¢poToH), sBiAOLWascS (U3NYECKONH OCHOBOM BCEX HYKJIOHOB SAEp AaTOMOB,
3JIEKTPOHOB, MO3UTPOHOB M HEUTPUHO. ATPUH COCTOUT U3 Habopa cepHii, SJHEPrusi KOTOPbIX HAXOIAUTCSA B
npejenax MOJOBUHBI 3HEPruM (U3MYECKOH OCHOBBI 3JIEKTPOHA. ATPHUHBI HYKJIOHOB aTOMOB COBEPLIAIOT
PUTMHYECKOE MEpEeMEIEHUE CepUil MO 3aMKHYTBIM TPAeKTOpHUSIM OKojo olmero momroca. Cepuu arpuHa
BBIXOJIAIT U3 MOJFOCA, CO3/[aBasi KpalHMUMU CepHUsIMU yroJ paBHbiii 12700,

Ampucun — 4aCTHILIA C DIEKTPUUYECKUMHU CEPUSAMH, UMEIOIAsl YDHEPTHIO, PABHYIO KBaHTYy aeicTBusA. OHa
CHHTE3UpYyeTCsl U3 3(pUpa 3JMEKTPUUECKUMH BEKTOPaMM MEPBBIX KBAHTOHOB CEpUIl BUCTP SIPUTHCA B MOMEHT
yJlepKaHHs IEPBBIX KBAHTOHOB JIEKTPUUECKUX CEpUN Hapy>KHBIX aTPUHOB B Ipeziesax COOCTBEHHOTO pajyca
IpU CTPEMJICHUU CEpUi aTPUHOB BBINTH 3a MpeneNbl pPaguycoB sipa aroMa. 3aTeM CEepUM aTpUCHIIa
passopaunBatotcs Ha 90° 1 pacronaraioTcs napamIelbHO MATHUTHBIM CEpPHAM PEHKUCOB, IPUOOPETAIOT TAKYIO
K€ aMIUIUTYyly MyJbCalliii BEKTOPOB KBAaHTOHOB, KaKyl0 UMEIOT CEPUM PEHKHUCOB. ATPHUCHI MOIy4YaeT TOYHO
TaKylo ke OopMy Kak y peiKuca, KOTOPbIi YCTaHABIMBAIOT C HUM CHUJIOBYIO CBSI3b IIPH IOMOIIM aTPOYCOB.
ATpHCHII BBITECHSIETCS CEPUAMHU PEVKHCA 3@ CBOU MPEEIIBI U YAEPKUBAET €T0 y CBOErO Hayasa.

Bbunmon — na®op peKHCOB B BHJE KOJIbLA, SBISIOUIMXCS MPOAOIDKEHHEM BHUCTP HAPYXKHBIX CEepU
SApPUTHCA.



Bucmpa — cocraBHas HelenuMas 4acTHIA CUCTEM YNPABICHMS U MaMITH MAaT€PUAIbHBIX U TyXOBHBIX
00BEKTOB, HMEIONIas SHEPIHMI0 PAaBHYIO SHEPrHU KBaHTy jeiictBus. Bucrtpa coctout us 1,84:10% cepwmii, B
KaXIyl0 u3 KOTOphiX BXoauT 1,84:10% xpantonos. KpaiiHue cepuu BHCTp BBIXOAST M3 MOMIOCA MOJ YIIOM
12°00"".

Maznumnwlii muin pacuna — TPOTHBOIOJIOXKHASA CTOpOHA pomba pacuia, M3 KOTOPOM BBIXOIAT
IIPOTUBOIOJIOKHBIE KOHLIBI BPEMEHHBIX MarHUTHBIX CEpUIl pacuia.

Maznumnulii ¢pponm pacuna — onHa U3 CTOPOH poMOa pacmia, BIOJIb KOTOPOH BBIXOISAT MarHUTHBIE
BEKTOpa KBAHTOHOB BPEMEHHBIX CEPHIl.

Ilakem ampucunoe — noOCIENOBaTENbHOE HAIOKEHHME IUIOCKOCTEH aTpUCUIIOB JIpyr Ha Jpyra co
CMEILIEHUEM, PAaBHBIM aMIUIUTY/IE MyJIbCalliii BEKTOPOB KBAaHTOHOB cepuil. B makere aTpucUIOB MarHUTHbIE
BEKTOpa KBAaHTOHOB CO3/Ial0T BPEMEHHBIE CEpPUHU, KOTOpPbIE paACIOaraioTcs MPaKTHYECKH MapajuleIbHO
anekrpudeckuM. [lapanienbHoe pacrnonoXeHHe 3JIeKTPUYEeCKUX M MarHUTHBIX Cepuil B MAKeTe aTpUCHUIIOB
CTaJI0 BO3MOXXHBIM H3-3a CMEILEHHUSI CJI0E€B OTHOCHTEIBHO JAPYT Apyra Ha BEIUYMHY aMIUIUTYAbI ITyJbCAllUi
BEKTOPOB KBAaHTOHOB.

Ilocmpuno 2nagnoe — NOCTPUHO, CUHTE3UPYEMOE 3IIOCTPUCOM, KOTOPOE PACIIONAraeTcsi CAMMETPUYHO
eMy U Cpa3y K€ yBEJIMYUBAET pa3Mep cepuil 10 KOMITOHOBCKOW JUIMHBI BOJIHBL. Y TJIaBHOI'O MOCTPUHO 3aj]aya
- TOCTABUTD AJIEKTPOH MOCJE U3ITyUYEHUs K Py TOro XKe aroma.

Iepynuc — caMocTosTeNbHAS YacTHIIA, NMeromas GopMy IMIHHApa, cocTosmas 3 1,135 10 auckos
Harno/100re HEUTPOHOB (HEUTpoIoeii), y KOTOPhIX 3JIEKTPUUECKUE CEPUU PACIIONIaratoTCs BI0JIb PAJINyCcoB, a
MarHUTHBIE BEKTOPA aTPHCOB KBAHTOHOB KOJICOTIOTCS MEPIICHINKYIISIPHO MOBEPXHOCTH HEUTpOToJiel, o0pa3ys
CepUH, PACIOJIOKEHHbIE MapaJJIEIbHO OCH IWIMHApa NepyHHca. Mexay JByMS CMEXKHBIMH JHCKaMU
HEUTPOIOJEH pacnoyiaraeTcsi AUCK, COCTOSIIMN M3 MarHUTHBIX cepuid BUCTp B kosmdecTBe 3600 mTykK,
ANIEKTPUYECKHE BEKTOpa KBAaTOHOB KOTOPBIX HANpaBjieHbl BJOJb MAarHUTHBIX BEKTOPOB KBAHTOHOB
HEUTPOIOJIEH.

Pacun — 510 OIHAa W3 YACTHIl CTAaHJIAPTHOIO IaKeTa aTPUCUIIOB, Y KOTOPOHW MarHUTHBIE BEKTOpa
KBaHTOHOB OOBEIMHEHbl BO BPEMEHHBIE CEPUU U COBEPIIAIOT MYJbCAllMM KBAaHTOHOB B MpOTHBO(A3ze C
ANIeKTpUYeCKUMU cepusimu. Pacun, nmpunajiexamuii atomy, uMeer Gopmy poMOa ¢ yrjioM IMpH BeplIUHE,
o3k k 0° (HyITro TpamgycoB).

Pacunuiyé — cMeHHas IOBEPXHOCTh aTOMOB, MOJIEKYJI M BEIIECTBA, KOTOPasi CHHTE3UPYETCS B KaXKIbIi
HOBBIH MMOJIYyIIEPUO U3 KBAHTOHOB 3(Upa CTaHIAPTHBIMU HAPYKHBIMU BUCTPAMHU SIPUTUCOB U (PUIOAWTHHTOB B
Hayajie KakJIOrT0 HOBOIO IMOJIyNepuoja MHUKINYECKUX KoJeOaHWN aTpUHOB W BBIJBUTAIOTCS 3a IPEIEIIbI
PEUKHUCOB.

Peitkucel — HEeOoThbEMIIEMbIE YaCTUYKU aTOMa, WMEIOLIUE DHEPTrHI0, PABHYIO KBAHTY JEHCTBUS, CEpUU
KOTOPBIX SIBJISIOTCS MPOJOJDKEHUEM HAPYXHBIX CEPHil KOPEHHBIX BHUCTp SpPUTHCA, a Takxke (ridaTuHra.
DneKTpUYeCKrue BEKTOpa KBAHTOHOB MAarHUTHBIX CEPUMl BUCTp sipuTuca U (HuiabalTHHIa OTHOCUTEIBLHO CEepHid
pENKUCOB, HAIPaBJICHbl B JUAMETPAIbHO MPOTHUBOIOIOKHBIE CTOPOHBI, a MOTOMY aMIUIATYJbI MyJIbCAIUil
BEKTOPOB KBAHTOHOB y HUX pa3Hble. [IpyM M3MeHEHUU SHEPruu CIUHOBBIX CEpUN aToMa M3MEHSETCS pa3zMmep
cepuil peiiKMCOB 3a CUeT yBEIWYECHUs aMIUTUTY MMyJIbcalluii KBAHTOHOB BEKTOPOB aparT.

Cmandapmmuwlii nakem ampucuiog — KOIM4YecTBO CI0eB B nakeTe, papHoe 1,84:10% mryk. Takoii naker
CTaHOBUTCS HEHTpaIbHBIM U HE MPUHUMAET HOBBIE CJIOM aTPUCUIIOB.

Anekmpuueckuii moi1 pacuia — MNPOTUBOIIOIOXKHAS CTOPOHA JIEKTpUUYECKOMY (DpOHTY pomba pacuia,
13 KOTOPOH BBIXOJAT MPOTUBOIIOIOKHBIE KOHIIBI BEKTOPOB AJIEKTPUUECKUX CEPU pacuia.

Inexmpuueckuit pponm pacuna — ogHA U3 CTOPOH poMOa pacuiia, U3 KOTOPOH BBIXOIAT BEKTOpa
EKTPUYECKUX CEPUM pacuiia.

Inocmpuc ceepHymulii — YYaCTOK DJIEKTPUUECKUX CEPUM DBIOCTPUCA, Yy KOTOPHIX H3MEHEHO
HanpapJieHMEe BEKTOPOB KBAaHTOHOB MAarHMTHBIX HocTpuHo Ha 180° B pesysbrate mpoxoxaeHHs 3(aHbl
ApuaznHbl uepe3 IUNIEKTPUK C AUDIEKTPUUYECKOM NMPOHULAEMOCTHIO ¢ 1 YMEHBIIAIOIIUNA BEIUNUYNHY SHEPTUU
IJIaBHOT'O ¥ MPOM3BOAHOIO IIOCTPUHO B N pas.



Inocmpuc mpanzuma — >SICKTPUUECKUE CEPUH, PACIIOIOKEHHBIE IMapajieIbHO BUCTPE CEKpPBI
JJIEKTPOHA B MYyJbCENE. DMOCTPUC TPAH3UTA CHUHTE3UPYETCS B MOMEHT paJMOaKTMBHOIO pacrazia HEHTpOHa.
IIpy 3TOM MarHuTHbIE BEKTOpa IEKTPUUYECKHX CEPHUIl AMOCTpPHUCA HAIIPaBJIEHbl TaK, YTO JIOCTPUC HE B
COCTOSIHUM CHUHTE3UpOBaTh 3(aHy ApHagHbl M TJIABHOE MOCTpUHO. KBaHTOHBI 3MOCTpUCA COBEPIIAIOT
XOJIOCTBIE TMYJIbCAIlUN HETPEPHIBHO, HUYETO HE CHHTE3Upys u3 sdupa. Cunres 3¢hansl ApragHbl U TIABHOTO
IIOCTPUHO 3MOCTPUCOM TpPaH3UTa HAYMHAETCS TOJIBKO TOIJA, KOIJa 4acThb MAarHUTHBIX BEKTOPOB KBAHTOHOB
M3MeHseTcBoe Harpasiaenue Ha 180° (CcBepHyThle MATHUTHBIE BEKTOPA KBAHTOHOB SMOCTPHCA, KOTOPHIE MOTYT
IIPOUCXOJUTDH MO/ IEHCTBUEM MBICIIH YEJIOBEKA).

I¢pana Apuaonst — B MOMEHT CHHTE3a SIIOCTPHCA CUHTE3UPYETCS KObleBas ddaHa ApUaaHbl, KOTOpas
BBIXOJUT M3 IOJIOCA SApa aToMa CHUMMETPUYHO SIOCTPUCY B HANpPaBlIEHUH (HOPMHUPOBAHUS TIJIABHOIO
MIOCTPUHO U OKaHYMBAETCSI B MOJIOCE siipa aTOMa CO CTOPOHBI HAaIpaBJIEHUH BEKTOPOB KBAHTOHOB CEpUIl
snoctpuca. Jdana ApuaaHbl — CUTyallMOHHAs KOJIbIIeBasi d(aHa, 3aMbIKaromas 1enb Toka uctounuka J]IC.
OHa cHMHTE3UpYETCsl SIOCTPUCOM Spa aTOMa B BUJIE 3€PKAJIbHOTO OTPAXKEHHUSL.

Ipana Apuaonvi mpanzuma — CUHTE3UPYETCS SMOCTPUCOM TPaH3UTa B MOMEHT pPa3BOpOTa 4YacTU
MarHMTHBIX BEKTOpOB KBaHTOHOB Ha 180°. Ddana ApuagHbl TPaH3WTA HATIPABIAETCS K AApaM TeX aTOMOB
Teja, KOTOPbIE TOJKHBI OJTYUYNUTh SHEPTHIO TIIaBHOTO MOCTPUHO JUTSl KU3HH.

Apumuc — cucreMa ynpaBlIeHUS TIEPEMEIICHUSMU CEpUN aTPUHOB MyJbCdJa IO 3aMKHYTHIM
TpaekTopusiM, Kotopass coctouT u3 3600 Buctp, OObEJUHEHHBIX IONApPHO B OUBHUCTPBI, a OUBUCTPHI
OObEIMHEHBI MOMApHO B IUBHUCTPHL. SpUTHC, COCTOSIIUNA U3 KOPEHHBIX BUCTp, MpEACTaBIseT cOOOM IHCK,
CepUH KOTPOTO HampaBjeHbl OT TOJIOCA, KOJEOMIOTCS B MPOTHBO(A3e M yCTAHABIMBAIOT CUJIOBYIO CBS3b
MexIy coboit. Tommuna cepuit aputnca mopsaaka 10, Sputic cunTe3npyer cepum, KOTOpbIe HATIPABICHHI B
IMaMeTpaibHO MPOTHUBONOI0KHOM HAIPaBICHUU CEPUSIM SPUTHCA, CO3/IaBasi MapalesIbHbIA AUCK — 1a0y.
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