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YK 537.86
YTO TAKOE JIEKTPOMATHUTHBIE BOJIHBI 1 KAKOM NX ®U3NYECKHI
CMBbICJI?
P.A. Duiuanos, npogheccop, Yupuuxckuii I'ocyoapcmeennwiit Iledazocuueckuit Ynueepcumem,
Yupuuk
«C mex nop Kax Mmamemamuxku HaKUHYIUCD
HA MHOIO Meopuio OMHOCUMENTbHOCMU,
5 ee bobUle cam He NOHUMAT0. »
Anvbepm Diinwimetin

Annotatsiya. Bugungi kunda kvant matematikasi har ganday masalani fizikaviy va kimyoviy
ma'nosiz hal qila oladi. Elektromagnit to ‘lginlar past chastotalarda bo ‘ylama, chastota oshgani sari
esa vint shaklidagi to ‘lqin sifatida tasvirlanadi. Elektron ehtimoliy elektromagnit to ‘lqinlar sifatida,
koordinatalardagi tartibsiz va ehtimoliy joylashuvi noanigliklarga olib keladi. Bizning yashash
muhitimiz ochiq, sun’iy o ‘zgartirilgan va tabiiy elektromagnit to ‘lginlardan iborat bir muhitdir.
Ochigq to ‘lginlarning hosil bo ‘lish mexanizmi ma’lum, lekin tabiiy to ‘lginlarning hosil bo ‘lishi hali
noma’lum. Yangi dualizm ularning energiya va to ‘lqin xususiyatlarini turli sharoitlarda tushuntiradi.
Yadro, termoyadro va Katta Adron Kollayderi tajribalarida qisqga muddatli ochiqg to ‘lginlar qayd
etiladi va ular zarrachalar sifatida qaraladi. Bundan tashqari, klassik nugtai nazarga ko ‘ra,
elektromagnit to ‘lginlarning (+) musbat va (-) manfiy zaryadi bor, lekin bu tushuncha fizik ma’noga
ega emas. Kvant fizikasi elektromagnit to ‘lginlarni elementar “zarrachalar” va to‘lginlar sifatida
ko ‘rib chigadi, lekin ularning tuzilishi to‘lig tushunilmagan. Shuningdek, nuklonlarda ular
leptonlar—bo ‘laklangan elektromagnit to ‘lginlar sifatida talqin qilinadi. Nazariy jihatdan, tabiiy
to ‘lginlarning paydo bo ‘lishi Katta Portlashdan keyin sodir bo ‘Igani ko ‘rsatilgan. Ochiq va yopiq
elektromagnit to ‘lginlar uchun matematik tenglamalar ishlab chigilgan.

Kalit so‘zlar: Elektrik, magnit to‘lginlar, nisbiy, musbat, o ‘tkazgich, tashiydi, tok, lepton-
bo ‘laklangan, magnit maydonlari, kvark tuzilishi, proton, Shredinger, yopiq, uzluksiz, statsionar,
kvant nazariyasi, elektron, neytron, dimer, juftlik, gamma, neytron bog ‘lanishi, o ‘rta, ko ‘pneytron
bog ‘lanishlar, proton, vodorod, yorug ‘lik, to ‘lginlar, yadro, termoyadro, vint chizig ‘i, sinusoid, tor,
atrofida.

Annomanusn. Ce200ns K6aHmogas mamemamuxa pewaem aooyo 3adayy 6e3 guzuueckozo u
XUMUYECKO20 CMbICIA. DNeKMpOMAaHUMHble GOJIHbL U300pAdCAOmM NPU HUBWUX 4aACMOmax Kax
NPOO0OTbHbIE, € NOBLIUEHUEM YACTOmMbl KAK BUHMOBAs BONHA. DINEeKMPOH, KAK BeposmHuble
INeKMPOMASHUMHbIE B0JIHbL, OECNOPAOOUHbIE U BEPOSIMHbBLE HAXOHCOEHUS 8 KOOPOUHAAX NPUBOOSM
K Heonpedenennocmam. Hawa cpeda obumanus — smo mope 21eKmpomMacHUmusIX 60.1H, KOMopbie
OMKPLIMbL, UCKYCCMBEHHO Npeodpaszyemvl U NpupooHble 1eKmpomMacHumusle 8oaHul. Mexanusm
00pa306anusi OMKPLIMBIX BOJH U3BECMEH, HO NPUPOOHBIX B0AH HeuzgecmeH. Hoewviil Oyanuzm
00bvACHAEem UX JHepeemuyeckux U B60JHOB0€ NOBeOeHUue 6 pAa3HblX YCIosusx. B saodepmwix,
mepmosioepuvix u Bonvwiou AnOpon Konnaiioep - KCnepumMenmax pecucmpupyromcs KOpOmKO
JHCUBYHUE OMKPLIMbIE BOJIHbL, KOMOPLIX cuumaiom, kax yacmuyamu. Kpome mozo, no knaccuueckuii
3apa0 OMB omnocumenvuviii (+) nuoc, (-) Munyc u He umeem ¢pusuueckoeo cmuicaa. Keanmogoti
@uzuxe IMB paccmampusaem Kak 1emenmapusie «Hacmuybvly U 60JIH UX COCMABIAGUIUL 00 KOHYA
He SICHbLU, KpOMe MO0, 8 HYKIIOHAX PACCMAMPUBAEMCSL KAK IeNMOHbI-OPOOHbLE JJIeKMPOMAZHUMHbIE
6onHbl. Teopemuuecku noxkazano o06pazoeanue NpPupooHsviX 6oaH nocie bonvuioeo e3puisa.
Cocmasneno mamemamuyeckuil ypasHeHue Omxpvlmvix 0aH u 3akpvimolx IMBII.

Knrwouesvie cnosa: dnexmpuueckue, MazHumHbwle 801Hbl, OMHOCUMENbHBIU, NII0C, NPOBOOHUKA,
nepesocum, Mok, J1enmoHbl-OpoOHble, MACHUMHbLIMU NOJAMU, K8APKOBOU CMPYKMYype, HPOMOH,
LlIpeduneep, 3aKpbimblii, HENPEPbIGHLIU, CMAYUOHAPHO, KEAHMOBOU MeopUlU, 2NeKMpPOH, HelmpoH,
oumepa, napa, 2amMma, HeUmpOHHOU C643U, Opmd, NOIUHEUPOHHbIE C653U, NPOMOH, 8000pOO0,
CBEMOBLIX, BOJIH, AOEPHBIX, MEPMOAOEPHBIX, BUHMOBOU TUHUU, CUHYCOUObL, OD, BOKPY2.
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Abstract. Today, quantum mathematics can solve any problem without physical or chemical
meaning. Electromagnetic waves are depicted as longitudinal at lower frequencies and as helical
waves as the frequency increases. The electron, as a probabilistic electromagnetic wave, has a
disordered and uncertain position in coordinates, leading to uncertainties. Our environment is a sea
of electromagnetic waves, including open, artificially transformed, and natural electromagnetic
waves.

Keywords: Electric, magnetic waves, relative, positive, conductor, carries, current, lepton-
fractional, magnetic fields, quark structure, proton, Schriodinger, closed, continuous, stationary,
quantum theory, electron, neutron, dimer, pair, gamma, neutron bonding, medium, polyneutron
bonds, proton, hydrogen, light, waves, nuclear, thermonuclear, helical line, sinusoid, torus, around.

Ceromusnrass KBaHTOBasl (PU3MKaA U KBAHTOBAsE XUMUSI CKPHITHO OCHOBBIBAETCSI HA KBAHTOBOM
MaTeMaTHKe, U OHO pellaeT Jro0bIe 3aaun 0e3 (U3HMuecKoro ¥ XMMHUYECKOT0 CMbICIIA, HO B 3TOM HET
BHHBI MATEMAaTUKOB, 3TO BUHA (PU3UKOB U XMMHKOB ITPH IIOCTAHOBKE 3a/1a4.

Ceromusi snekTpoMarHuTHeie BoOJHBI (OMB) wu300pakaloT NpU HUBKUX YACTOTaX Kak
MIPOJIOJILHBIC U C TIOBBIIIICHHBIM Y4acToThl DMB mipeBparaetcst B BAHTOBBIE BOJHBL. Ho HECcMOTpst Ha
BBIIIICYKA3aHHBIE MPEACTABICHUS O JJEKTPOHAX, KaK BeposiTHOEe U OecnopsgouHoe DMB, a takxke
KaK 4aCTHUIbI IPUBOJUT K HEOTIPE/ICICHHOCTSIM B BEPOSITHOCTH HAXOXKACHUE B KOOPAMHATAX.

Hamma cpena obutanus — 3T0 MOpe 3JIEKTPOMAarHUTHBIX BOJIH, KOTOPHIE MBI HE 3amedaeM. B
TEXHUKE CYIIECTBYIOT CIEAYIOIIME BHIBI BOJH: 3JEKTPO-, PaIUOBOJIHBL, MHKPOBOJIHEI,
penTreHoBckue OMB.

CymecTByIOT MPUPOJHBIE BOJHBI, 00pa30BaHHBIC IMOCIE OONBIIOTO B3PHIBA YEPHON JBIPHI
(M). Y cocroutr mnpubnuszurenbHo 25% wu3 eauHCTBeHHOM wacTuibl «Asly u  75%
BBICOKOKOMITPECHPOBAHBIX MPUPOIHBIX 3JICKTPOMArHUTHEIX BOJIHOBBIX TakeToB (OMBII).

[TocTosiHHas MaccoBasi COCTaBIISIFOIIASE BCEJICHHOM 9T0 YacTulia «Asly ycToluuBas mpu J00bIX
OOCTOSITENILCTBAX M OCTAJIbHBIE CYOAaTOMHBIC, AaTOMHBIE «YACTHIBD» €ro TPOHM3BOJHBIE Kak
«YACTHIIBI», a TaKkKe «Asl» SBIsSETCS MaMAThIO BCEICHHOM, KaXKIBIA pa3 BCelleHHass 00pazyeTcs Mo
OJIHOMY M TOMY ke myTu [1].

Krnaccudeckne  SJeKTpOMarHMTHbIE BOJHBI ~ OONMAarOT Kak  BOJHOBBIMH, TaK |
KOPIYCKYJISIpHBIMH CBOWcTBaMU. HOBBIM B3I Ayanu3Ma OOBSCHSAET WX JHEPreTUYCCKUE U
BOJIHOBOE MOBEJICHHE B Pa3IMYHbIX yclnoBusax. DMB nmMeer pacueTHyro Maccy, OHa MpeBpalaeTcs B
pasHbIe BHUJIE SHEPTUH KaK JIyajJl3M H MTOTYHHSETCS 3aKOHY COXpaHeHHsI sHepruu (puc.1).

DIIecKIil SMBII
(HYKIIOH) SMB
Kmpetnueckmit Tepman XuMHgecKi

-IOCTyNaTeNbHEIE
-K0NIe0ATelBHEI
-BpaniaTelbHEIe

- -ITYIBCH TITH N

TToTeHITHATTLHLIT y. pYyro Bronormaeckmii

Puc. 1. IIyTs nepexoga gyannsMa 3Hepruu B Mupe

B mupe ecth enquHCTBeHHasl yacTuia «Asl», 4To sBIsleTCS MaccOBOM OCHOBOW HEHTpoHa,
IIPOTOHA, a TAKXKE YEPHOU JABIPHI.

B npupone OMBII cymectBytor kak ¢opma sHeprur. OHHM MpenCTaBISIIOT CcOOOM
B3aUMOCBS3aHHBIC IIEPEMEHHBIE: DJIEKTPUUECKUE U MATHUTHBIE 1107151, KOTOPBIE PACIIPOCTPAHSIOTCS B
IIPOCTPAHCTBE. DJICKTPUUECKAE U MATHUTHBIE BOJIHBI HE MOT'YT CYIIECTBOBATh OTAEIIBHO, TaK KaK X
II0JII CUHXPOHHO CO3Jal0T JpYr Jpyra, koraa ropopum OMB ux HEBO3MOXHO ONMCAaTh €AUHOMN

byHKIIHCH.
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Tao6auna 1.

Buaer 9MB B npupoje 1 3KCIepHMEHTAX

Ne | Bo3nukHoBeH | Buabl Bosn ®opma KomMmnpeccnonnsie cBoiicTBa
He BOJIHBI CYIIeCTBOBAHUS H
BpeMsl JKU3HU
1 IIpuponneie | I'amma 3aKpBITHIA U BpeMs Heifitpon, nporon- = 0
OMBIT [o3utpon KHU3HH opburan OMBII cpenneii | 2 2 %
DNeKTpoH OecrpenesHO KOMHpeVCCI/II/I § é( o 2 =
CaeroBbIe OIeKTPOHHBIN OPOHTANE | 4 & & '@
SMBII B atome cnadoit g8 § %
KOMIIPECCUH c§~ = =5
CsetoBoii DMBII e X2
KOMIIPECCHOHHBIH =
2 | I'enepupyembl - OTKpBITHII U BpeMst He kommpeccupyetcsi, mpeBpaIiaeTcsi Ha SHEPTUIo
€ BOJIHBI PEHTTEHOBCK KHU3HU
ue L
-MHKpPO =
-panuo
IIEKTPUUECK
ui
3 | Paspymennsie | Bomnsl, Tak | OTKpBITBIH KOPOTKO He xomnpeccupyercs, npeBpaiiaercs Ha SJHEPTHUIO
BOJIHBI IIPH Ha3bIBacMast KHUBYIUH
AQHHUT WIS IIIA «JaCTHIA» YJIaBJINBAEMBIH C
TIOMOIIBIO
CIMHTHIUISTOPHI
aHaIN3aTOPOB BOJIH.
102°-1022 cexynn
JPOOHBIX BOJIHBI

Hosslit B3rimsin 0 OMB B XX Beke npencTaBiiseT Kak MepeMEHHbIX BUHTOBBIX 2JIEKTPHUUECKUX
U IUIOCKUX CHHYCOWJAJIBbHBIX MarHuTHBIX mojed. Jlo cux mop OMB paccmarpuBaem Kak
KJIACCUYECKYIO, IIJIOCKYIO, NEPHEHAUKYIIIPHYIO, CHHYCOUAIbHYIO BOJIHY, 3TO IIPEACTABICHUE HE
MIOJIHO OTPAXKAET (PU3NYECKHUI CMBICIT AIEKTPUUECKUX U MATHUTHBIX KOJI€OAHUI BOJIHBL.

Kpome Toro, 1o kjraccuueckum MOHATUAM 3apsa] DMB oTHocuTenbHbI (+) IItoC, (-) MUHYC U
HE KMeeT (PU3MYECKOro CMBICNIA, MOCKOJIbKY 3apsjl SIBJISETCS BOJHOBOW (YHKIMEW BpalleHUsS
AJIEKTPUUYECKUX BOJIH, @ BOJHOBas (PYHKIIMSI MArHUTHOTO T10JIS ONIpeieNsieT MarHUTHbIM MOMEHT.

Kak BunHo 13 Tabnuipl, OMB ObiBaeT 3aKpbITON U OTKPBITOH € Pa3IMYHBIM BPEMEHEM KU3HHU,
U3 KOTOPBIX MPUPOJHbIE BOJHBI sBisitoTcss DMBII GecnipenenbHO KUBYYHMMHU MPH CTAlMOHAPHOM
COCTOSTHUH, OTKPBITHIM KOPOTKO XKUBYUHUil (Tab.1).

Jiis mpuMepa paccMOTpUM 00pa30oBaHue caMbIX pacpocTpaHeHHbIX OMB Kak ayieKTpruecKuii
ToK. Ilpu renepanum snexTpuueckoro Ttoka (kak OMB) mocTOSHHBIMN MarHUT JBUTAeTCS BOKPYT
NPOBOJHUKA KATyIIKM TeHeparopa M o00pa3yeT CyHepHo3MIMOHHOE, BTOPUYHOE BHHTOBOE
AIIEKTPUYECKOE I0JIe BOKPYT MPOBOJHHUKA, YTO CHHXPOHHO 0O0pa3yeT MarHUTHOE I0Jie BHYTPHU
BUHTOBOI'O JJIEKTPUYECKOIO IO B IPOBOAHMKE AWAMETPAIBHO IUIOCKOM CHHYCOUIAIbHOU
¢ynkmueil. TeM caMbIM B MPOBOJHUKE 00pa3yeTcs pa3HUIA deKTpoMarautHoro nojs (OMII), uro
paccMaTpUBaETCs KaK dJIEKTPUUECKUN TOK, Kak OTKpeIToe OMB. Jlo cux mop yTBEp:KIaoT Ayanu3m
AIIEKTPUYECKOTO0 TOKa Kak yacTuIly U OMB, eciau Tak, 4To BHYTpU Te€HepaTropa JOKEH ObITh
U3MEJIBUYUTEID U 3apsIHBIE YCTPOMCTBO, & TAKXKE YCKOPUTEIIb, TAM UX HETY, B TCHEPATOPE IIEPBUYHOE
1oJjie TIOCTOSIHHOTO MAarHuta oOpa3yeT BTOPUYHOE JJIEKTPUYECKUH TO0J€ U OHO CHUHXPOHHO
o0Opa3zyeTcss BTOPUYHOE MAarHMTHOE MOJIS B JUAMETPaJbHOM IIJIOCKOCTU IMPOBOJHUKA KaTYIIKU
reHeparopa 3TO U ABISETCS peaibHOM OTKpbITOM OMB. OT0O ecThb BOJTHOBON M 3HEPreTHUYECKHU
Jyanu3M, He Kak dacTuua M BoiHa (puc.2). Pasnuma OMII B Havane M B KOHIIE NMPOBOJHUKA
IIEPEHOCHT TOK.
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Puc. 2. Hpouecc 06pa30BaHI/lﬂ U NMEPEHOCA IJTEKTPUIECCKOI'0 TOKA KAK JJICEKTPHYECKOC IM0JI€ BOKPYI IPOBOJIHHUKA
B xBanTOoBOl ¢uzuke DMB paccmaTpuBalOT Kak 3JIEMEHTAPHBIC «YaCTHUIIBD» W BOJHBI, UX
COCTaBJISIONINE 10 KOHIIA HE SICHBI, KPOME TOT0 B HYKJIOHAX pACCMATPUBACTCS KAaK JICTTOHBI-IPOOHBIC

1 2
OJICKTPOMArdMTHBIC BOJIHBI, - 5, + 5 B KBAapKax M HUX HAXOAAT B IKCICPUMCHTAX - SAACPHBLIX,

tepMmosepHbIX U BAK B3auMoaeicTBUsIX, IpU 3TOM JUIsl pETUCTPALIUU UCTIOIb3YIOT CLIUHTUIUISITOPU
WIA aHalnu3atopbl BOJH. Takue KOPOTKO JKHMBYYHME OTKpBIThIE HecTaOuwibHble OMB
paccMaTpUBalOTCS KaK 3JIEMEHTApPHBIE YacCTHLbl, HO 3TO TEOPUS HE MOXKET OTBEYAaTb MHOTMM
BOIPOCAaM aTOMHOW U CcyO0aTOMHOM CTPYKTYphl. UTO SIBJISETCS MacCOBOM COCTaBIIAIOIIEH HEHTpPOHa,
IIPOTOHA, & TAKXKE KaK JISITOHHOE COCTAaBJISIIOIIEE TPOTOHA OOJIbIIIE, YEM HEUTPOHA, IIPU 3TOM Macca
IIPOTOHA MEHbILE, YEM HEUTPOHA, 3TO TOXKE OJHO M3 «4acTHBIX ciaydaeBy». Kak ynep:kuBaroTcs
IpoOHBIE 3apsAbl B KBApKax, a TAKXKE MPH BBIXOJE €IUHOTO 3apsaa 3” U3 HyKJIOHA OJHOTO JIETITOHA
HE/I0CTaTOYHO, a TAKXKe KaK 00bEeIUHSIOTCS JPOOHBIE 3apsi/ibl, €CJIU OHU JEHCTBUTENBHO 3aps/ibl, TO
KakoBa uX BoiHOBasg (QyHkuus. [loHsATHE cnuHA cuuTaeTcs CIOCOOHOCTHIO OOpa3oBaHUS CBSI3U
nporoH-no3utponHod OMBIIL. B nporone wumerorcs Ba BBICOKMX W OAMH HU3KUH KBapK.
OTtpunarenbHbI KBapK HE KOMIIEHCUPYET MOJIOKUTENbHBIN KBapK Ha 1/3 3apsna, TakoM oOpazom
no3uTpoH B kauectBe DOMB mposiBisier 4/3 monoxkurenabHoro 3apsnaa. Eciam He nmeercs 1esnoro
MO3UTPOHA YTO OYAET C CIIMHOM M YTO ero npossiser? OCHOBOHM Ui TaKUX OLIMOOK SIBJISETCS
pEerucTpanysi OTKPHITHIX BOJIH B KOPOTKOE BPEMsI CYLIECTBOBAHHUS ITIO3UTPOHA B ONBITAX U 3TO JAIEKO
or uctussl. M3secten meron IIMP, mpu 3TOM pe30HaHC MarHUTHOIO MOMEHTAa IO3UTPOHHOIO
opOUTas IPOTOHA B MOJIEKYJIE C BHEIIHUM MAarHUTHBIM TOJIEM U JPYTMMU MarHUTHBIMHU MOJISIMHU
MO3UTPOHHOTO OPOUTAIIS MPOTOHOB MOJIEKYJIbI B3aUMOJICHCTBHSI yYacTBYET LEJbIi TO3UTPOH, a He
NpoOHbIE KBapKOBbIE BKJIIOYEHMsS] MPOTOHA. ITO €Ille pa3 JO0Ka3blBaeT HE BO3MOXKHOCTh
CYIIECTBOBAHUS KBApKOBOW CyOaTOMHOM CTPYKTYpBI, IOTOMY YTO B KBAPKOBOH CTPYKTYpe MPOTOHA
HE UMEETCsI OJIHA TOJHOIIEHHAs €IMHUIIA TO3UTpoHa. Beerna kBanToBast gusnka ropoput 06 SMB,
HO HUKOI'JIa M HUT/IE€ He HamKcaHa BojHoBas GyHKIus. Elie oauH napagoke npu perieHny ypaBHeHUs
[Ipenunrepa mnepBbIi IIar TOBOPUT O COCTABJIEHUE BOJHOBOW (YHKIMH, Jajee HUCHOJIb3Ys
MaTeMaTHYeCKUe YCJIOBHUS HOPMAalIM3alliM 3TOH (YHKLUH, Jajee MPUBOAUT HAXOXKJIEHHE STOU
YyacTUlbl B 00beMe paBHOI eauHMIle. TeM caMbIM BOJIHOBas (DYHKLHU 3aMEHSIETCS KYJIOHOBCKUM
UHTETpaJioM, Kak 3aps] CO CKaSIpHOM BEJIMYMHOW, HO KaKk HaM H3BECTHO 3apsag OMB
MHOT'OBEKTOPHAsI €IMHUIIA, YTO HUTJE HE YUUTHIBACTCSI.

Bo BceneHHO cylecTBYIOT ueThipe peasibHoe Bua OMBII 310 raMma, o3UTpoH, 3JIEKTPOH U
CBETOBBIE BOJIHBI — 3aKpBITBIM, HENPEPBIBHBIA CTAllMOHAPHO TOPOWUJAIBHBIM, KOTOPOE MOKET
TpaHCc(HOPMHUPOBATHCS B 3aBUCIMOCTH OT YCJIOBUH.

[IpaxTuka mo OMB naneko Brepenu ueM Teopusi, Tak Kak B KOMIBIOTEPHBIX HHPOPMAITMOHHBIX
TEXHOJIOTUSIX, DJIEKTPOMArHUTHYIO HH(OPMAIIHIO 3alIUChIBAEM U yAalIsieM Ha peppoMarHeTuKax Kak
9JIEKTPOHHYIO MaMATh B OMNPEIEICHHBIX KOOPAMHATAX, YTO HE COTJIACYeTCsl ¢ KBAHTOBOM TEOpHEn
JJIEKTPOHA.

Teopernueckn MOKHO MPEACTaBUTH 00pa30BaHUs MPUPOIHBIX BOJH MOCE OOJBIIOrO B3PhIBA.
UYepnas nplpa cocTouT mpuOmm3urensHo Ha 25% wu3 yactuusl «Asl» u 75% osHeprum
BBICOKOKOMITPECHPOBAHBIX MPUPOIHBIX cBoOOaHONW DMBII. Tlpn KpUTHYECKHX Maccax ¥ dHEPTUU
MIPOUCXOIUT OOJBIION B3PBIB ¢ pa3pyatomiei sneprueit MBI, uto nBuraer «Asl» co ckopoctsmu
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OoypIlie YeM CKOpPOCTH cBeTa. «Asl» paspymaer BCE UYTO €cTh BO BCEICHHOW H TepsieT
MOCTYNATEeNbHOE JBUKCHHSI C TIEPBUYHBIM TIOHMKCHHEM TEMIIepaTyphl BeeleHHOU. Jlanee yactuma
«Asl» HaumHaeT KojeOaTeTbHOE BPAIIATEIIFHOEC YHEPreTHYECKOE JBIDKCHUE, YTO MPHUBOAHUT K
oOpa3oBaHHe Cy0aTOMHBIX M aTOMHBIX JJIEMEHTOB Mupa. [Ipm komedaTensHOM BpamaTeIbHOM
IBIKEeHUH «Asl» obpaszyer Bokpyr cebst opoutans ramma IMBII nelitpona (puc. 3).

()

"Aslﬂ

Puc. 3. O0pa3oBanue HeliTpoHa
OpOuran ramma OMBII HeliTpona npaBasi BuHTOBasi TpanchopmupoBanHas OMB. Helitpon
ABJIIETCS IEPBBIM IPOAYKTOM MHUPO3/IaHUS BO BCEJIEHHOM, a HE MPOTOH. JKU3HM HEUTPOHA KOPOTKA,
HO HECMOTpPS Ha ATOTO JiBa HEHUTpOHA B3aUMOJIEHCTBYIOT, 00pa3ys mapy- raMma KOBaJICHTHYIO
CHApEHHYIO CBS3b C IPOTUBOMNOJIOXKHBIMU CIIUHAMHU (pHC. 4).

— @ @

Puc. 4. O0pazoBanue 1uMepa napa raMmMa HelTPOHHOI CBSI3U
Ectp I[pyTOI\/'I OyTb 06pa30BaHI/I$I HeI\;ITPOHHOfI CBA3U BAJICHTHO MOJIUMCPHAA OpTa raMMa CBA3b
B HEUTPOHHBIX 3Be37axX (puc. 5).

Puc. 5. O6pa3zoBaHue opTa raMmMa NoJIMHE{POHHON CBSI3M
Ora ¢usnyeckass peakuus IOMMHUPYET C TOHMXEHHS TEMIIEpaTypbl BCEJIEHHOM U [0
BO3MOXKHOT0 00pa3zoBanus no3utponHoit MBI Bokpyr «Asl» ¢ mpassiM BuHTOM OMBII npoTona
(Puc. 6).

£+

!

«Asl» proton
Puc. 6. O0pa3oBanmne nporona
Tenepp 00pa3zoBajicsi YCTOWYUBBIM NMPOTOH C MO3UTPOHHBIM opbObutasem OMBIL, nmpu 3Tom
TeMIIepaTypa BCEJICHHOW elle MOHU3WICA W KoyiebaTelbHO BpallaTelbHOE JABMKEHHE IMPOTOHA
obpazyer DMBII a1eKTpoHHOTO OPOUTAIIS C JIEBHIM BUHTOBBIM JBHKEHUEM, TEM CaMUM 00pasyercs
aTom Bojopoaa (puc. 7) [2].
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Puc. 7. O6pa3oBanue aToMa BoI0poaa

Jane npoucxoasaT Apyrue siAepHbIe peakiiuy ¢ Y4aCTUEM HEUTPOHA, POTOHA U 3JIEKTPOHA C
o0pa3oBaHHEM psia SJIEMEHTOB IEPUOANUECKON CUCTEMBI.

Bo Bcenennoil cdepuueckas opOWTaIb BOJOPOJA B BBICOKO IHEPIETHUECKUX IMPOIeccax
MEePEXOIUT Ha BO30YXKAEHHOHN monyceprudeckuil TpaHC(HOPMUPOBAHHBIN OpOUTANL IEKTPOHA, U
OHO pe30HUpyeT ¢ oOpa3oBaHueM JieBOBUHTOBOW OMBII CBeTOBBIX BOJIH C pa3sHBIMHU
XapaKTepUCTHKAMHU, IEPEXOIs B cocTosiHUE MOoKos (puc. 8) [3].

Puc. 8. O0pa3zoBaHue cBeTa BO BCeJIE€HHOI

Ceromuss B TEXHHMYECKHX OKCIEpPUMEHTaX YeJIOBEUECTBO HAYyYWIHCh 00pa3oBaTh
enuHCTBeHHBIC mnpupomaable OMBII CBETOBBIX BOJIH € TIOMOIIBIO PAa3IUYHBIX  JIAMIIOBBIX
WHCTPYMEHTOB C Pa3HBIMH TEIUIOMOTEPSIMH U 2HEPro 3¢ dekTuBHOCTAMU. OCTalbHbIE MPUPOTHBIC
OMBII- raMMa, O3UTPOH U ANEKTPOH HEBO3ZMOKHO 00pa30BaTh AaXKE MPH SIEPHBIX, TEPMOSAEPHBIX
u BAK »skcmepuMmeHTax, KpoMme pa3pylIeHHH CTPYKTYpHBIX OJJIEMEHTOB aTOMa B BBICOKO
IHEPTeTHYCCKHUX IKCIEPUMEHTAX, TJIe MPOUCXOIUT JI0 MOTHOTO paspymeHus DMBII paznmnaasiMu
crocobaMu KaK OTKPBITBIII KOPOTKO KUBYIUE BOJHBI. Peructpainus CHUHTHUISTOPaAMH H
BOJTHOBBIMH aHAJTU3aTOPAMHU OTKPBITHIX KOPOTKO KHUBYITUX BOJH PACCMATPUBAIOTCS KaK Pa3InIHBIC
JJIEMEHTapHBIE YACTHIIBI B TeOpeTHUYEeCKOU pusnke. TeopeTuuecku mpu 3TUX IKCIIEPUMEHTAX MOKHO
HaXOJUT JI0ObIE MPEANoIaracMble YacTUIBl 1 MOKHO O€CKOHEUHO MPOJI0JKATh ONBITHI, HA YTO HE
XBaTaeT BPEMEHH U HAa3BaHMUS.

3arajzika BCEJICHHON M3 HEYETOo SBISETCS OTBEpKEHHE (PU3NUECKON pealbHOCTH MHpA, TaK Kak
HEeMpaBUJIbHAS HAYYHYIO TPAKTOBKA - «KBAHTOBAs MaTEMATHKU» MOXKET pelaT Jto0ble 3a1a4un 0e3
(U3MYECKUX CMBICIIOB U MPUXOJUT K BBIBOJAM U3 HUYETO.

Bo BceneHHOM ecTh yacTHIa «Asly, TPUPOAHBIE AIIEKTPOMATHUTHBIC BOJHBI C PA3TUYHBIMU
XapakTepucTukamMu M KoHpurypanusmu kak OMBII u otkpsiTeie DMB, a Takxke npyrue BUABI
TepMalIbHOM SHEPTHUH.

Bce «uactuiply, peructpupyeMble B 3eMHBIX dKciepuMeHTax, DMB ¢ paznuunbiMu ciocodaMu
paspymierHoi DMBII u uX aHHUTUIISIINS, KaK OTKPBITAs JIEKTPOMAarHUTHAsI BOJIHA C Pa3IMYHBIMU
SHEprusAMH U BpeMs xn3Hu npubmmsutensHo 10710 - 1024 cex u »To ecth u3 Hewero. To ecTs y
KBAaHTOBOH 3aIlyTAaHHOCTH HET (PU3UYECKOTO CMBICIIA.

HoBrr1ii mpecTaBiaeHne 0 OTKPHITOM AIEKTPOMAarHuTHOM BoiHe (OMB), OT HU3KOH 10 BBICOKOH
9acTOTHI, U300paxaeTcs Kak OJHA OTKPBITAs BUHTOBAS JIMHUSA [4], HO COBpEMEHHASI HHTEPIPETAIUs
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COCTOUT W3 KOMOWHAIIMHM JIBYX KPHUBBIX, OTKPBITOH BHHTOBOHM JIMHUH, KOTOpas COOTBETCTBYET
COCTABJISIIOLIEH AJeKTpUYeckoil BosHe (puc.9.1) m cuHycoMIanbHON JIMHUHM, COOTBETCTBYIOIIAS
CHHXPOHHO MarHUTHOM BOJIHE (pHC.9.2), 3TH BOJIHBI HE MOTYT CYIIECTBOBATh pa3/ieibHO (pHc. 9).

Puc. 9. OTKpbITHIE 3JIEKTPOMATHUTHBIE BOJIHBI (1-3JIeKTpUYecKas BOJIHA; 2-MATrHUTHAS BOJIHA)

OTKpBITEIE BBICOKOYAacTOTHBIE DMB pacmpocTpaHsioTcst B BakyymMe W B JIt000OH cpene ¢
pa3sIMUHbIMU CKOPOCTSAMH, a HHU3KOYACTOTHBLIC BOJIHBI PACIHPOCTPAHAIOTCA B AUAMAIHUTHBIX H
MapaMarHUTHBIX CPe/lax Kak NEPEHOCAIMUCSI BOKPYT IIPOBOJHUKA BUHTOBOW JINHUU C IEPEMEHHBIM
QJICKTPUYCCKUM I10JIEM, d TAKIKEC CHHXPOHHO CYIICCTBYIOIIMM MAIrHUTHBIM I10JIEM BHYTPU BHHTOBOM
BOJIHBI, KaK B BaKyyme, TaKk M B NPOBOJHHUKE, B JHAMETPAJIbHOW IUIOCKOCTH LIMJIMHAPHUYECKON
MOBEPXHOCTU CUHYCOMIaIbHOU rHuel. OMB nmeeT OuHapHbIe 1 OUTIONSPHBIE CBOMCTBRA, AJIS ATHX
JIMHUI COCTaBUM MaTEMATHYECKOE YPaBHEHUE.

BBIBOI[I/IM YpaBHCHHEC BUHTOBOM JIMHUH. HYCTB Touka M ABUTACTCA PABHOMEPHO, CO
CKOPOCTBIO V| BIOJIH OMMCHIBAIOIIEH OECKOHEUHOTO MUIMH Ipa ¢ ockio OX u pamuycom R, a cama 3ta

y M
OMNHUChIBatOIIast Bpamaercs BOKpyr ocu OX ¢ yriioBoil ckopocTbio €. Torna npoekuuss 1 TOYKH
M na mrockocte Oyz Bpamaercss BOKPYT Hadajo KOOPIHMHAT CO CKOpocThio @ . Ecim

MMPEAIIOJIOKUTh, YTO TOYKa M B MOMEHT Hauajo BpPEMCHH, T.C. IIPHU t:O , AMECT KOOPAHNHATLI

M (0, 0, R)

_ =Rsin _
, TO YpaBHEHHUE IBMKECHUSA TOUYKHU M 1 umeer BUI x=0 , y sinot , z=Rcos a)t.

[Tpoexuust M 2 roukn M Ha och OX MMeeT ypaBHEHUE JIBHKCHUS X= Vt, y= 0, z2=0 . Orcrona

- =Rsinot ,_
3aKJII0YaeM, YTO ypaBHEHME ABMKEHHs TOukd M mmeer Buj X= Vt, y L= Rcosot
Tpaektopust Touku M HazbIBaeTCsl BUHTOBOM JMHUEW. 3HAUUT, YpaBHEHUE BUHTOBOW JIMHUU HMEET

2

- =Rsinot ;-
Bug X = Vt, y L= Rcosat 3, IPOMEXKYTOK BpeMeHu JumHbl @ momyuaercst omxun
BUTOK. B 3aBHCHUMOCTH OT 3Haka €V moiy4yaeTcs MpaBblii BUHT WM JeBbIi BUHT (puc.10).

\ gy

AW \ \

0L
'J: | | ]
"M._f K ‘l, X

/

4 Vi

B,

Puc.10. BunToBasi yHKIMS 3/1eKTPHYECKOTI0 3apsaa

M/
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XOopoIio H3BECTHO, UYTO TapMOHHMYECKHE KOJIeOaHMsI OIMUCHIBAIOTCS CHHYcOMAou. Jlis

z=Rsin(w X+ ¢,)

Ha IINIOCKOCTHU OXZ MOXHO HCIIOJIB30BaTh
27

IMOCTPOCHUA CHHYCOHIBI

rpadudeckuii Kanpkynarop Mathway https://www.mathway.com/ru/Graph. 3aech R, oy %o
COOTBETCTBCHHO, aMILIMTY/Ia, TIEPHOJT M HadabHast (aza cuaycouabl. IIpu yBenuueHnn ¢ 4acrtora

Z= Zsin(3x+%j = 2C0S3X

kojebanuit moseimaercs (puc. 11). Hampumep, mus u

. A
Z=28sIn (3X — —j =—-2C0S3X
2 MOJTYYHMM CIIEYIONIHe rpaduKu:

z

Puc. 11. CunycouganbHOe MarHUTHOE MOJIe
Eciu BBecTH 0G03HaueHne X = vt , TO TIOJY4HUM IapaMeTpUUYECKOe YPAaBHEHUE CUHYCOUIIbI
x=vt Z=Rsin(evt+¢)) —co<t<oo
T’enep}, pacCMOTPUM IABC ,I(pI/IBI)Ie BMECTC, T.C. BAHTOBYIO JIMHUIO 3aIaHHYIO YPABHCHUEM
x=vt Y=RsiNot 7_Rcoset —w<t<oo
U CUHYCOM]ly 33aJIaHHYIO YpaBHEHUEM
x=vt ¥=0 z=Rsin(eVt+¢;) —0<t<oo

T
Oy ="

YTO6KI MOTY4HTh KAPTHHY, YKA3aHHYIO Ha pHCYHKe 9, monoxkuM V = Ly 2 Torma stu
YpaBHEHHSI HEMHOTO YIIPOUIAIOTCS ¥ IPUMYT BUJ

X='[1 y:Rsina)t, z=Rcoswt -0 <{ <o (1)
u
x=t ¥=0 z=_Rcosot -w<t<owo o

HpOeKLII/II/I ITUX KpI/IBLIX Ha IIJIOCKOCTbH OXZ HUMCHOT CJ'ICI[y}OH_II/IC ypaBHeHI/I}I
X=t, z=Rcosaot —0<t<w

X=1 z=-Rcoswt —0<t<ow
B YaCTHOCTH, OHHU PACIIONAraloTCsl B3auMHO Kak B pucyHke 11. 3nauut, (1) u (2) uckomsie
ypaBHEHUS BUHTOBOW JTMHUU U CHHYCOU/IBI, COOTBETCTBEHHO.
CylecTByIOT OPHUPOAHBIE BOJHBI, KOTOPHIE SIBISIOTCS 3aKPBITBIMH, CIIHPAJIEBUIHBIMH,
HETIPEPHIBHBIMUA, PAaBHOMEPHBIMH M YCTOWUMBBIMH. [IpefcTaBieHue 3THX BOJH UMEET pPe3bO0BOE
IBUWKEHME 110 CIUpald Ha TOpe, COOTBETCTBYIOUIAas 3apaaHbM cBoiictBam OMBII, u
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CHUHYCOUJAJIbHOMY JBHKEHHIO HA BHYTPU JUAMETPAJIbHOM IMJIMHAPHYECKOW IOBEPXHOCTH,
COOTBETCTBYIOIIasi MAarHUTHBIM CBOMCTBaM Iakera (puc.12).

Puc. 12. DjeKTPOMATrHUTHBI BOJTHOBO MaKeT 3JIEKTPOHA
Paccmotpum npupoansiii OMBIT hoToHa 1 31eKTpoHA Kak TopouaaibHbIe cBolictBa DMBIL.
Jns 3TOr0, BUpTYanbHO pacCMOTPUM I10 OTAEIBHOCTH M COCTaBUM YPAaBHEHHE OIMCBHIBAIOLIUE UX
JIBYDKECHUS JUISI KQXKI0TO U3 HUX.
Top, cocrosimuii U3 3MEKTpUYecKoro BoiaHoBoOro makera (OMBII) mMoxHO MaTeMaTHdecku

onucarh B KoopauHaTax (puc. 13), roe R —ocesoit pamuyc Topa, I' —paguyc DMBII Bokpyr «och»
TOpAa.

\Vi

R

<« (2
N

Puc 13. O0pa3oBanue Topa, BpaueHneM OKPYKHOCTH
CocTaBUM napaMeTpuiICCKOC YpPAaBHCHHUE TOpaA. I[J'ISI OTOro BpallacM BOKPYyr OCHU OZ

OKPY)XKHOCTb, 3aJJaHHYI0 Ha TIIOCKOCTH Oxz napaMeTpHYeCKUM ypaBHeHHeM X = R+rcosv
z=rsinv 0<v<2r e R > T 3anannse uncna.

[Ipu Bpamenun Ha yrom Y | mpoTHB 4acoBOW CTPENKH BOKPYT OCH Oz , TOUKa 3aJaHHON

M, (R +rcosv,0, rsinv) M(X,Y,2)

OKPY’KHOCTH [IEPEXOIUT B TOUYKY Topa. Jlerko 3ameTuTs,

YTO IIPU 5TOM BpallICHUU TPEThA KOOpAUHATA HE MCHSCTCA, T.C. Z=rsiny , KPOME€ 5TOI'0 TOUKHU 0

R, =R +rcosv

u M OT OCH OZ OIWMHAKOBO YAAJICHBI, U 3TO PaCCTOAHUC paBHa . TOF)Ia

X=R,cosu y=Rsinu - x=(R+rcosv)cosu y=(R+rcosvjsinu .-

MBI BBIBCIIU MMApaMETPHUICCKOC YPABHCHUEC TOPaA
jx = (R +rcosv)cosu,

y=(R+rcosv)sinu, 0<u<27,0<v<2r.
zZ=rsinv,

YToOBI BBEIBECTH YpaBHCHHC BHHTOBOH JHMHHUHU Ha TOpE, T.C. CIIMpaJii HA TOPC 3aJaauM

u=wt,v=kt
BHYTPEHHEE YpaBHEHHE CIIMPAIU Ha IMOBEPXHOCTHU TOpa ’ , The 0<t<2rz . Torma
ypaBHeHI/IC CHI/Ipa.HI/I Ha Tope BBITJIAAUT CJ'IGIIYIOH_II/IM 06p830M
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X = (R + rcoskt)cos wt, ,
y = (R + rcoskt)sinwt, 0<t< 2%,
w
Z =rsinkt,
1)

UYroObl cnmpanbs Ha Tope Obuia Oojiee IUIOTHOHM, CleIyeT BBIOpaTh YHUCIIO k JIOCTaTOYHO
OO0JIBIINM.
YroObl NOTYYUTh 3aMKHYTYIO CIIUpPalib, CHa4Yaja MoTpedyeM COBIIAJCHHUSI ONUCHIBAIOLICH e

i

Touex mpu © 0y pH o .

x(O):R+r, y(O):01 z(O):O1

2 27k 2r 2w . 27k
X| —|=R+rcos— y| — |=0 z| — |=rSIn—
0] a 0 0] )] .
27zk_2
o " k—nw NeZ\{0}

Orcrona nosyuum, yro @ , T.€. . Torga ypasuenue (1) mpuMeT BUL
yd yp p

X = (R + rcosnwt) cos wt,
. 27
y=(R+rcosnmt)sinwt, 0 <t<—.
@
Z =rsinnat,
)
2r
t=—"—
Tenepb norpedyem Takke COBMa/IEHUE KacaTeIbHbIX BEKTOPOB MpHU t=0 H TIpH @ Boraucss

HpOI/ISBOI[HI)IC
jx’ = —nwrsin not cos wt — w(R + r cosnwt) sin wt,

y' = —nwrsinnwtsin ot + o(R + r coshwt) cos wt,
Z' = nwr coshot,

HaxoauMm, 4To

X'(0)=0, y'(0) =w(R +r), 2'(0) = nowr

x’(z—ﬂj =0, y’(z—”j =w(R+r), z’(z—ﬁj =Nor.
) ) 0

3TO MOKa3bIBaeT COBMA/ICHUE KacaTeIbHBIX BEKTOPOB. 3HAUUT, ypaBHEHNUE (2) ABIsETCS ypaBHEHUEM
3aMKHYTOW BUHTOBOMW JIMHUH Ha TOPE.

BeiBeieM ypaBHEHHE CHHYCOHIBI HAa IMOBEPXHOCTH LHJIHMHIPA C OCHIO Oz 4 paaycom
M(X,Y,z M, (X
(x,y,2) naro0asi TouKka CHHYCOM[bI, a 1(%,y,0)
y Xy M. (X,y,0) R
9TOM TOYKH Ha TIOCKOCTh . Tak kaK Touka JIE)KUT Ha OKPY)KHOCTH C PAIHyCOM

x=Rcoswt y=Rsinot
U NOCHTPOM B Hadall€ KOOpAWUHAT, TO y . Ecmm Y4€CTb, UYTO

z=rsin(bt + ¢,)

MOMECPCUHOTO CCUYCHUA R . HyCTB MMPOCKIHA

, TO IMOJIYyYUM YpaBHCHHUEC CHUHYCOUN/IbL
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2

Ha mwmHape. 3neck ' u b COOTBETCTBEHHO, AMIUIMTYAA W MEPUOJ CUHYCOU[bI, ¢V yriioBas

M
CKOPOCTh BpAILEHUS] BEKTOpa OM, BOKPYT OCH Oz,
UYToObl MONY4YUTh 3aMKHYTYIO CHHYCOHMAY Ha LMJIUHApE, CHadajga MoTpedyeM COBIAICHUS

27
t=""
ONKMCHIBAIOIIEH €€ TOYEK IPHU t=0y, npu o .

x(0) = R1 y(0) :0, 2(0) = rsingoo,

x(z_’sza y(zlj:o z(z—ﬂjzrsin(bz—ﬂﬂ%j
® ® ® ® _

T V4
b—=zn b—+@,=—+7zn
Z
Orcroza nonyuum, uto @ wm @  NEL e

Py
b=|n+-—-—|o
b=no N€Z\0} ( 2 ﬂj nez

B ciyuae b=nw ypaBHEHHE CUHYCOU/IbI IpeoOpa3yercs: B ypaBHEHUE

2r
. . <t —
X=Rcoswt y=Rsinot z=rsin(not +¢,) O<ts< o @
27
Tenepb noTpedyeM TakKe COBIAJIEHUE KacaTelbHbIX BEKTOPOB MpHU t=0 U Ipu @ | Beraucss

!

X'=-wRsinwt y' =wRcoswt z'=norcos(not + ¢,)
x'(0)=0 Yy'(0)=wR 7'(0) =nercosy,

[ 2 [ 27 [ 27
X|—1=0 Y| —|=wR 7| — |=norcosy,
@ ) () .

3TO ITIOKAa3bIBACT COBIIAZACHNUEC KACATCIbHBIX BeKTOpOB. 3Ha‘-II/IT, ypaBHeHI/Ie (4) SABIIACTCS ypaBHeHI/ICM
2

IMPONU3BOJAHBIC , HAXOIHUM, YTO

3aMKHYTOlN CHHYCOHMJBI Ha HyuMHApe. Ilpu sTom mepuon cunycouast '@ . TlpujmaBas pasiuuHble
snauenms st @ 0y nenoro unciaa N # 0 , MOKEM MOJIYYUTh HYKHYIO JUIsl Hac KpuBYyto. B ciyuae

b:(n+l—&
2

a
j , TAK’)K€ IPUXOJIUM K YpaBHEHHUIO (4).

Honoxum @ =1 4 $o =77 Toraa ypaBHeHus (2) u (4) npumyT BUJ
X = (R + rcosnt)cost,
Jy:(R+ rcosnt)sint, 0<t<2r.
z=rsinnt,

(5)
X = Rcost,
y =Rsint, 0<t<2r.
Z =-rsinnt,

(6)
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Kpussie, 3anaBaembie ypaBHeHUsAMH (5), u (6) pacrosiaraloTcsi B3auMHO Kak B pUCyHKe 12.

3Hauut, (5) u (6) UCKOMbIE ypaBHEHMSI 3aMKHYTOW BHHTOBOH JIMHUM Ha TOPE U CHHYCOUJbI Ha

LWINHAPE «COIIACOBaHHYIO» C TOPOM, COOTBETCTBEHHO. [IpupaBas pasnuyHble 3HAUYEHUS IS

IICJI0T0 YHciia n=+ 0 , MOKEM HOHy‘II/ITB Hy)KHBIe IJIA HAC KpI/IBBIe. OTMGTI/IM, qToO HpI/I yBeJ'II/I‘IeHI/II/I
2

N «I0THOCTBY YBCINYNUBACTCA, TaK KaK II€PUOJ CUHYCOHUABI n

UroObl BHHTOBas CHHpalb Topouaa Oblia Ooiee IUIOTHAs, CIEAyeT BbIOpAaTh YHCIO k
JOCTaTOYHO OOJIBIINM.

Kak BunHO u3 BbilIe 00CyXAEHHBIX DMB siBNIsieTCS COCTOSIHUEM SHEPTrUu, OHO MOXKET UMETh
pa3NUYHbIE TOPOUAATbHBIE TPAaHC(HOPMUPOBAHHBIE KOH(MUTYpPAINH, KaK ()OTOH,JIEKTPOH, IIO3UTPOH
u ramma OMBII. B atToMHOM W HYKJIOHHBIX OpOMTAIsIX HampaBieHwe BuHTa DMB ompenenser
3apsiAHbIN CBOKCTBA. [Ipu TOpOM1abHOM COCTOSIHUM B COBOKYITHOCTH MAarHUTHOM M 3JIEKTPUYECKOU
CBOMCTB ompenenser cnuHoBoe cBoiictBa DMBII. [Ins snextpona B atoMHo#l opOutamu DMBII
BHEIIHUM OTPULIATENIHBIA U BHYTPEHHEN CTOPOHOM ITOJIOKUTEIBHBIN, ISl IO3UTPOHA B HYKJIOHHOM
opbutanu Hao60poT. CIIMHOBOE CBOMCTBO CO3[a€T YCTOWUYMBYIO aTOMHYIO M HYKJIOHHYIO OpOHUTAaIH,
a taxke cama OMBII noguunsercs 3akoHoM 3ekTpoctatuku. Konpurypauuss SMBII B aromHOM,
HYKJIOHHOM OpOMTau OmpeiesseT HalpaBlIeHUEe XUMUYECKOW U (U3NdYecKoil cBsizu. B aTOMHBIX,
HYKJIOHHBIX opouTaisix OMBII He nepecekaercs (kpome 00pa3oBaHMsI CBSI3U WIIM IPU CIIapUBAHUE)
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