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EJUHAS KBAHTOBASA TEOPUSA ITOJIA:
MATPUYHOE MOJAEJIUMPOBAHUE JIEMEHTAPHBIX YACTUL]

C.H CaBunos
(TMoyuena 2 nexabps 2008; omy6nukosana 15 susapst 2009)

OMIUPHUUYECKUH BApUAHT €IMHOW KBAaHTOBOW TEOPHM, OMNMCHIBAIOIIMN KOHEUHBIH YPOBEHb
CTPYKTYpBl BCEX BHJOB MAaTEpUU, BKIIOYAIOIIEE MOJCIUPOBAHUE 3JIEMEHTApHBIX YACTHIL C
00BSICHEHHEM X CBOMCTB (Macca, BpeMs JKH3HH, KaHaJbl pacraia, 3apsi/bl, B3aHMOJICHCTBHE
U Tpodyee), MO3BONSIONICE BKIOYMTH BCE H3BECTHBIC KBAHTOBBIC SIBJICHUS B OOIIYIO
HNPUHLIUIHAIBHYI0 CXEMY COIVIACOBAHHYIO BO BCEX ACIEKTaX U JMIIEHHYIO TEOPETHUYECKHX
npoTuBOpeunil. B TeopeTndeckyro cxeMy BKIIFOUEHO TATOTECHUE.

BBEJIEHUE

MatpuyHoe MOJEIHPOBAHUE IEMEHTAPHBIX YAaCTUIl MPEJCTaBIIET CO00i eMHYI0 KBaHTOBYIO TEOPHIO,
KOTOpas OOBEIMHSET BCE BHJIbl 4YacTHIl M (PU3HYECKHE B3aMMOJCHCTBHS (DJIEKTPOMArHUTHOE,
IPaBUTAllMOHHOE) B OOIIYI0 CXeMy C KOHEYHBIM IOCTPOCHHEM. MaTpuyHOe MOJICITHPOBAHUE
anbTepHaTHBHO CTaHIAPTHOW MOJENH, HO MMEET psJi CYIIECTBEHHBIX NPEHMYNIECTB (MEpEUMCIICHBI
HIDKe). B pa3paboTke HacTosimel TeOpUH NIMPOKO NPUMEHEH Hay4HBIH mpuHIHI OKKaMa — HCKITFOYEHO
noJaBistoniee OOJBIIMHCTBO TEOPETHUECKUX TEHASHIMH M TOHSATHUH, CIyXalluX JUIS OIHCAHUS
SKCIIEPUMEHTAIBHBIX JAHHBIX — «MAaTPUYHOE MOJAEIMPOBAHUE» MOCTPOCHO MCKIIOUUTEIBHO Ha OCHOBE
SKCIIEPUMEHTAJIBHBIX JTaHHBIX, KOTOPBIE SIBIISIOTCS HEOCHOpUMBIMU. KomeHrareHckass MHTeprperanus B
ONMCAaHUU KBAaHTOBBIX SIBJICHUN UCKIIFOYEHA.

OBOCHOBAHUME BBIEPAHHOI'O ITYTHU ITOUCKA:

DKCIepUMEHTAIbHBIE JJaHHBIC, YKa3bIBAIOIIUE HA CYIECTBOBAHUE CIUHON U KOHEUHOU CyOdIeMEHTapHOM
CTPYKTYPBI BCEX 3JICMEHTApPHBIX YacTHI[ (BCC W3BECTHBIC JJIEMEHTAPHBIC YACTHIIBI SIBJISTFOTCS BTOPBIM
YPOBHEM IOCTPOCHUSI MATEPUH):

1 — YHuBepcanpHasi B3aMMOTIPEBPAIaeMOCTh YacTull. Hamnure pa3HbIX BapHaHTOB KaHAJIOB pacraia y
OJIHOM YaCTHUIIBI.

2 — OrcyrcTBUE 0OHAPY)KEHUS KBAaHTOBBIX 00pa30BaHUMN, BCTPEUAIOIIUXCS B COCTABE BCEX AIEMEHTaPHBIX
YaCTHI] ¥ PETSHYIONIEH Ha CyOdIeMEHTapHOE 3HAYCHHE.

3 — 3akoHOMepHas eJMHUYHOCTh 3HAYCHUS 3apsja Y BCEX JJIEMEHTAPHBIX 4acTul] (aTOMHBIC sapa K
JIIEMEHTAPHBIM YACTHIIAM HE MOTYT OBITh OTHECEHBI, TOCKOJBKY SBISIOTCS KOJIMYECTBCHHBIMHU
BapHaHTAMU KBAaHTOBOW CHCTEMBI).

OBCYXJIEHUE U PE3YJIBTATHBI
YACTbD 1. OBIIUE NOJIOKEHUSA

®dyHIAMEHTAILHBIM MTPUHITUIIOM MATEPUU SBJISICTCS MPUHIUI TPUYAHHOCTH, KOTOPBIA MPOSBISACTCS HA
BCEX YPOBHSX OpPraHH3allid MAaTepPHU M HE MPEIyCMATPUBACT BEPOSTHOCTH. [IpUHIMIT MPHUYMHHOCTH
peanmu3yeTcs Ha KOHEYHOM YPOBHE IMOCTPOCHHS MATEPUH, U TI0 IPUYMHE OTCYTCTBHS HHBIX MOJICTPYKTYP
KOHEYHBIN YPOBCHD JIMIIICH BAPUAIIMU U HE MOXKET COOTBETCTBOBATH COOTHOIICHUIO HEOMPEACICHHOCTH
IefizenOepra.
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Koneunsrit YPOBCHBb MOCTPOCHUA MATCPUU HE NPCAYCMATPUBACT BCPOATHOCTHU IPOABIICHUS, IMOITOMY
BCPOATHOCTL IIPOABJIICHUA COCTABJIACT 1,00, COOTBCTCTBCHHO JUCKPCTHOCTHL TaKOTO IIPOABJICHUA
OTPaHUYMBACTCA JBYMS CTCICHSIMU: 0,0 — OTCYTCTBHUC IIPOSABJICHUA, 1,0 — MAaKCHUMAJIbHOC MPOSABJICHHUC.
XapaKTepI/ICTI/IKI/I KBAHTOBBIX CTPYKTYP KOHCYHOT'O YpPOBHA 110 OIPCACIICHUIO HE MOTIYT HUMCTb
HUCKJIFOUCHUM u BepOHTHOCTeﬁ, OHO HC 06J1a[[aeT Ka4C€CTBCHHBIMH U KOJIMYCCTBCHHBIMU
XapaKTCpUCTUKaMHU 3a HpeaAciaMH cBoOcH JAUCKPCTHOCTHU. ManI/I'-IHOG MOJCIINPOBAHUEC JJICMCHTAPHbBIX
JaCTULl MO3BOJIACT PCAJIM30BATh MPUHIUII MPUIUMHHOCTU U MOACIUPOBATH 3JICMCHTAPHBIC YAaCTHULIBI OT
KOHCYHOT'O YPOBHHI.

KBaHTOBBIM OOBEKTOM KOHEYHOTO YPOBHSI TOCTPOCHHSI MAaTEpUU SIBJISICTCS TEPBOYACTHIR, KOTOpAs
NpEJCTaBISeT COOOW KBAaHTOBBIM OOBEKT (YacTHIly) JIMIICHHYKO CTPYKTYPbl, W  BEPOSTHO
MIPEJICTABIISIONIYI0 COOOM MPOCTPAHCTBEHHYID TOYKY WJIM KBAaHT MpocTpaHcTBa. IlepBouactuiia mo
npuyuHe OECCTPYKTYPHOCTH He o0nazaer CUMMETpHEeW W SBISETCS CIUHUYHBIM  OOBEKTOM.
[lepBouacTriia Kak KBAaHTOBBIM OOBEKT KOHEYHOTO YPOBHS IO OMPEICICHUI0 HE MOXKET 00aaaTh
B3aMMOJICHCTBUSIMU: 3apsioBas HEHUTPAILHOCTh, OTCYTCTBHE MAacChl (PHEPrHMH) M TPaBHUTAIHOHHOTO
B3aUMOACHUCTBUSL.

[TepBovacTriia sBIsIETCS MPOCTPAHCTBEHHOW TOYKOW (KBaHT), He OONamarolmieil dSHeprued, SHeprus
U3MEHSET XapaKTePUCTUKH MEepBOYACTHUIBI, OHA peaU3yeTcsi B JONOJIHUTEIBHOM 4-M H3MEpEeHMH,
U3BECTHOM KakK «BpeMs». B IpocTpaHCTBEHHO-BPEMEHHOM HW3MEPEHHMM I1E€PBOYACTHLA IIPE/ICTaBIISAET
cO0Ol JHMHEHHYIO0 CTPYKTYpY — TPAaeKTOPHUIO NPOCTPAHCTBEHHOW COCTaBJISIONICH IEpBOYACTHUIIBI C
MIPEJIENIBHON CKOPOCTBIO.

ITockobKy AMCKPETHOCTh KOHEYHOTO YPOBHS MHUHHMMAJbHA, TO IEPBOYACTHIIA MOMKET CYILECTBOBATbH
TOJIBKO B JABYX cocTosiHUAX: mokosimasicst sueprust E=0,0, u penarusucrckas E=1,0. YpoBeHb sHepruu
PENATUBUCTCKON IMEPBOYACTULIBI SIBJIETCS aOCONIOTHONW KOHCTaHTOM. PensituBHCTCKas mepBodacTHIa
oOyilafaeT BHEprued M COOTBETCTBEHHO WHEPLMOHHOW Maccoil, HO He oO0nazaeT TrpaBUTALMOHHBIM
B3aUMOJICHCTBUEM.

PenstuBucrckas nepBodacTHIia T€OMETPUYECKH IPOSIBIAETCS TPACKTOPUEH IBIDKEHMS IEPBOYACTUIIBI,
KOTOpasi He 00jajasi BOJHOBBIMU CBOMCTBaMH, HE O0JIaJaeT JUIMHHOW BOJIHBI, a MPEICTaBIsIET CO00M
JUHEHHYI0 TPAEeKTOPHUIO, KOTOpas MOXeT OBbITh yXonsiield B OECKOHEYHOCTh WJIM OBITh 3aMKHYTOI.
TpaekTopusi PpeNTATUBUCTCKOM mepBoyacTUIpl  00JagaeT Bapualuell 10  ypPOBHIO — SHEPIHH,
COOTBETCTBYIOIIEH KOJIMYECTBY MIEPBOYACTHUL] B TPAEKTOPHUH, U OIIPEIEISAIOT SJHEPTOEMKOCTh TPACKTOPHH.
I'eomeTpus TpaeKTOpU PENATUBUCTCKUX MepBOYACTUI] (OPMUPYIOIIUX MATEPUIO, OIMpPEESIOT BCe
CBOMCTBA 3TON MaTEPUH.

B cTpykrypax MaTepuM TpaeKTOpUH IEpBOYACTHI] (OPMHUPYIOT OTpPaHUYEHHOE KOJIUYECTBO
reOMETPUYECKUX BapUaHTOB, KOTOPble KOMOMHUPYIOTCS M OMPEAEISIIOTCS B Pa3HBIX BUIAX MaTepuu, U
Ha0Op 3THX N€OMETPUYECKUX BAPHAHTOB SBJISIETCS HEM3MEHHBIM CBOMCTBOM JAaHHOW (pOpPMBI MaTepuu.
I'eomeTpruyeckue BapuaHTBl  TPAaCKTOPUM  PEJIATUBUCTCKUX  IE€PBOYACTHIl WM  «MaTPHUIIBI»,
MOJIPA3JIEIISIOTCS 110 TEOMETPUUECKOi (opMe Ha MOPSIKU OCTPOCHUS: MaTpHLIbI repBoro nopska C, S,
M- o0pa3Hble, MaTpuipl BToporo mnopsiaka — 8 , O-o0pasHple (MOCTPOEHBI U3 MaTPHI] HPEIbIIYIIUX
MOPSIIKOB), MATPHUIIBI TPETBETO TMOpsijKka - BHHTOOOpa3Has. COBOKYIMHOCTb BCEX MAaTpHII WU HUX
B3aMMOPACIIONIOKEHUE COCTABIISIIOT CTPYKTYPY YacTHll. 3aMKHyTas MaTpu4yHas CTpYKTypa He oOiamaer
TMPOCKONUYECKUMHU CBOWCTBAMU M He 00JaJaeT MPOCTPAHCTBEHHBIM pACIOIOKEHHEM, MHAa4Ye TOBODS,
reoMeTpruYecKasl CTPyKTypa MaTpULl MHBapUAaHTHA OTHOCUTEIIBHO IIPOCTPAHCTBEHHOW CUMMETPUHU.

Martpuiisl GOpMUPYIOT CTPYKTYPY MaT€pHUH MO CIEAYIOIUM PUHIIUIIAM
1. HEIIPEPBIBHOCTD. Tpaektopusi HempepblBHa, HOITOMY JIMOO MpEICTaBiIIeTCS YyXOoAslled B
0ECKOHEYHOCTb, JIMO0 reOMETPUYECKH 3aMKHYTA.
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2. CUMMETPUYHOCTD. Bcskas maTpuyHas KOHCTPYKLHMS JOJDKHA 00J1afaTh MPOCTPaHCTBEHHOMN
CUMMETpHUEH: MaTepuu MEpBOro THIA O0JIAJAIOT JIMHEHHON CUMMeETpHel - TpaeKTOpusi CTPEMHTCS B
0ECKOHEYHOCTb; MaTepUH BTOPOTO THIIAa 00JIaal0T LEHTPHUUECKOW CUMMETPHEN - TPAaeKTOPHS 3aMKHYTa.
OtrcyrcTBre cUMMeTpuH (OJHOW M3 JBYX NPHBEICHHBIX) B MAaTPUYHON KOHCTPYKIIMH HEBO3MOXKHO.
IIpuHaIeKHOCTP MATPUYHONM KOHCTPYKLIMM OJHOBPEMEHHO K JBYM BHJAM CHMMETPUU TaKXKe
HEBO3MOJKHO, IIO3TOMY MAaT€puu BTOPOTO BHUAA B PEISATUBUCTCKOM COCTOSHMH, OrPAHUYUBAIOTCSA
npeoOpazoBaHusaME JlopeHca 0T (GOPMUPOBAHUS B HUX JIMHEWHON CUMMETPHH (TIPH CKOPOCTH CBETA).

3. IIOCTPOEHUME MATPULI:

a) CoxpaHeHHEe MaTPHUYHON CTPYKTYPBI: TPAEKTOPUU MOTYT OBITH JIUIIb COOPKAMHU M3 KOHEYHOTO YHCIIa
MaTpHll ONpEIEICHHOro BHJIA. MaTpuiia TOCTOSHHAa M HE MOXKET H3MEHHUThCS ©e3 BIUSHHUA.
BHyTpeHHMMM NpUYMHAMM, W3MEHSIOIMMHU MAaTpPUIbI, SBISIOTCA Ype3MEpHas WIM HEI0CTaTOYHas
SHEProeMKOCTb, B UI3MEHEHHE MaTPHIIbI IPOUCXOUT B TIOJOOHBIE MATPHIIbI, HO HHOTO MOPSAKA.

0) I[1maBHOCTh TPACKTOPUH - TYT'M TPACKTOPUI OOpalIeHBbl paJrycaMi BHYTPb YacCTHIIBI U COBMEIICHEI
TaKuM 00pa3oM, Tak 4TO OJIHA TPAEKTOPUS MEPEXOIUT B APYTyI0 0€3 TOUHBIX IPaHUIL], IIaBHO.

B) Matpuia onpenensercst BHICIICH CTEIEHbI0 CHMMETPUH, HanpuMep, GotoH coctout He n3 C-marpui,
a U3 S-Marpull, Tak KaK 3TO BBICIIMHI MOPAJOK CUMMETPHH IPU KOTOPOM IPOJIOJIbHASL OCh CUMMETPUU
OyzeT TakoBOMW U JUIS MaTPHIIBI.

r) Bce MaTpuibl reoMeTprUYecKu cOpa3MEpHBI B OIPECICHHOM JHala3oHe SHEPrOeMKOCTH (T03ToMY,
HarpuMep, TOP-MaTpulia He BCTPOETCS B IEMHUCKATY MMU-HYJIb-ME30Ha).

4. TEOMETPUYECKAS TTOJIHOLIEHHOCTD. Marpuusl MOTyT 00pa30BbIBaTh CTPYKTYPY YaCTHUIIBI
TOJILKO MEXaHM3MOM 3alleIUIeHHs JABYX 3aMKHYTBIX MaTpHll, Tak yTOoObl HMKakas jaedopmanus JBYX
MaTpHIl He MOTJIa IPUBECTH K UX Pa300IIEeHHIO, a CaMO pa300IIeHne MaTpHIl ObUTO ObI BO3MOXKHO TOJIBKO
IIpY HapyIIEHUH HENPEPbIBHOCTHU MO JII000H U3 TPaeKTOPHil.

5. BAIIPETBI. ®opMupyeMblie MaTpUIIaMU CTPYKTYpPbI 00J1a1at0T IBYMSI OTPaHUYEHUSIMU:

He OoJiee o/HOM "cuienku”, He 00Jiee TPEX OKPYKHOCTEH (JIEMEHTOB 3aMKHYTHIX TPACKTOPHUEH). 3anpeThl
HapYILIAITCS B CTPYKTYPE PE30HAHCOB.

(OOBsicHeHHE TEPMUHOB U BBITIOJIHEHUS 3aIIPETOB - JaJiee B TEKCTE)

6. OITPEAEJIEHUE DSJIEKTPUYECKOI'O 3APAJIA. 3apsa onpesensiercsl yCIOBHBIM MPEICTaBICHUEM,
KaK HarpaBJICHUE BPAIICHUS 3aMKHYTOH KPYrOBOM TpPAaeKTOPUM PENSATUBHCTCKOW B HEKOM H30paHHON
TUIOCKOCTH MJIM OTHOCUTENIBHO U30paHHOM OCH.

DJNEeKTpUYEeCKUI 3apsii MPOSIBIAETCA TOJIBKO Y MaTepuu BTOPOTO BHJA, U SBISAETCS HEOTHEMIIEMOU
YacThIO LIEHTPOBOI cuMMeTpuu. Hanpasnenue BpalieHus onpeaensercs JUlllb B N30paHHO TIOCKOCTH,
TaKOBOW MOXET OBITh EJUHCTBEHHAs HMEIomasics (DJIEKTPOH, MH-ME30HbBI), Mpeoliafaronas 1o
MHTEHCUBHOCTH DSHEPrOEMKOCTH MaTpuIbl (HYKJIOHBI), OJHA W3 JBYX paBHOLECHHBIX (MIO-ME30H).
Hannune B n30paHHOM MJIOCKOCTH JBYX TPaeKTOPHUH C Pa3HBIM HallpaBJIEHHEM BpalleHus (Gopmupyet
HYJIeBOW 3apsia (HeWTpoH). TpaekTopuu mepBoro THIa 00JIaJal0T MPOJOIBHON CUMMETPHEH, HO 3apsi
OIIpEACIISETCS TOJIBKO MO IIEHTPOBOW CHMMETPHH, TIOATOMY MaTepuH MepBoro Tumna (OToH U HEHTPUHO )
HE MOT'YT UMETb 3aps/a.

B onpenenenunu 3apsina Baxxknoe 3HaueHue npuHaminexut [IPUHLIUITY 3APAOBOI'O 3AIIPETA - B
OJTHOM M30paHHOI IUIOCKOCTH, B OJHOM HAlpaBJICHHMM BpAIIEHUS HE MOTYT JABHUrarbcsi OoJiee OIHOM
TpaekTopuu. [lon 3apsmoBbIi 3amper, TakuM 00pa3oM, MOJNagaloT XOTs Obl JBE COHANpPaBIEHHBIX
TPAaeKTOPUM IO OJHY CTOPOHY OT IIEHTpa H30paHHOI IUIOCKOCTH, TOATOMY €CJIH TPaeKTOPHUU
COHArpaBJIeHbl MO0 00€ CTOPOHBI OT IIEHTPa, KaK y HYJIb-BTOPOTr0-KaoOHa, TO 3alpeT He JeiCTByeT.
Pe3ynpraT cymecTBoBaHMs JABYX COHAIIPABJIEHHBIX TPA€KTOPUN IMpHU 3apsA0BOM 3allpeTe MPUBOIUT K
AQHHUTUJIIIMYA HE3aBUCUMO OT UCXOJHBIX MATpPHIL.

33.p5[[[ Y BCCX JJICEMCHTAPHBIX YaCTHULl HC CYHICCTBYCT OOJBIINM HWIIH MCHBIIINM, 4YC€M BCIMYHHA
QJICMCHTAPHOI'O0 3apsiia 3JICKTPOHA. EI{I/IHI/I‘IHOCTL 3apsaa 00BACHSAETCA TEM, YTO BCC TPACKTOPUH
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IOCTPOEHBl M3 OJHOIO BUAA YACTHL, KOTOPBIE IBUTAIOTCSA C NPEACIbHOM CKOPOCTBIO, MOXTOMY C
YBEJIMUEHUEM DHEPrOEMKOCTH KPYrOBOH TpaeKTOpUHM B H30paHHOM IJIOCKOCTH TPAaEeKTOPHUH,
COOTBETCTBEHHO YBEJIMUYMBACTCS KOJUYECTBO NEPBOYACTHUI] B HEl M YBEIMUYUBACTCS €€ IeOMETpUUECKast
pa3sMepHOCTb, YTO NPUBOJIUT K CHIIKEHHUIO YIJIOBOH CKOPOCTH BpAllleHHs B H30paHHOW IUIOCKOCTH.
M3meHeHne HHEpProeMKOCTH KPYroBOW TpaeKTOpMHM B U30paHHON IUIOCKOCTH HPUBOJUT K
IIPOTUBOMOJIOKHOMY HM3MEHEHHUIO YIJIOBOM CKOPOCTH BpAIlleHHs] 3TOW TPAeKTOpPUHU —TakUM 00pa3oM
CYMMapHO 3apsiJi He 3aBUCHUT OT (JOPMHUPYIOIIEH ero TPaeKTOPHH.

Tak kak 3apsi onpenensercs BpalleHneM TPAeKTOPHil, TO B3aUMOJAEHCTBUE 3apsA/I0B MOKHO ITOAYUHUTH
3aKOHAM MEXaHMKH. 3aKOH COXpaHEHHMsS HMIIYJlbCa BpAIleHUS B H30paHHONH IUIOCKOCTH - 3aKOH
COXpaHEHUs 3apsijia BO B3aHMOJICHCTBHSX, IPUHIIUIT HAaMMEHbIICH SHEPTruu (CTpEeMIICHHE K OTCYTCTBHIO
BPAIICHHIO) JIBE TPACKTOPUI C Pa3IMYHBIM BPAIICHHEM CTPEMSTCS K COBMENICHUIO M HEHTpaIH3alliu
BparnieHus (IEKTPUIECKOe MPUTSHKEHKE) U 00paTHBIH POLECC SJIEKTPUIECKOTO OTTAIKABAHHS.

YACTH 2. CTPYKTYPA U CBOMCTBA MATEPHUI ITEPBOI'O TUIIA

TIOJIE B3BAMMOJIEMCTBUM sBnsieTcss NposBIEHHEM HPSMOIMHEHHOH TPAeKTOPHH PEIATHBHCTCKOM
nepBovacTHIl (HanboJee AIEMEHTAPHOM),yXOAIeH B 0ECKOHEYHOCTb.

ITpu Takoil TpaeKTOpUM YacTHII, (OPMHUPYIOTCS M PACIPOCTPAHSIOTCS BEKTOPHl B3aMMOJICHCTBHUIA:
rpaBHUTAlUs ,AJICKTPOMAarHUTHOE (MHBIC B3aUMOJCHCTBHS -pe3yJIbTaT I€OMETPUYECKOTO COOTHOILICHUS
3aMKHYTBIX TPaeKTOpHi).B mpsMoIMHENHHO! TpacKTOpUH NEpBOYACTHIIA UMEET [UIMHY BOJIHBI PaBHYIO
OeckoHeYHOCTH U 1o Gopmyne IlnaHka sHeprust ee paBHa COOTBETCTBEHHO HYJIO, B3aUMOJICHCTBUS He
HECYT PHEPTUH.

JluneiiHple TpaekTOpHH (MO B3aUMOJCHCTBUIA) (OPMHUPYIOTCS TIpU Iepefade 'UMIyiabca' OT
BPEMEHHBIX [IEPBOYACTHI] B COCTABE AIEMEHTAPHBIX YACTUI[ Ha MOKOSIIUECS IePBOYACTHUIIBI BO BHEIIHEM
MPOCTPAHCTBE, CIIEAYET YUUTHIBATH CBOMCTBO MEPBOYACTHIIBI -OECCTPYKTYPHOCTh (TOYEYHOCTH), TOATOMY
Ipy nepeaade "UMIysbca’ MOKOSIMIIAsACS YacTHILa MOXKET YXOJUTh MO JIMHEHHOW TPaeKTOPUH TOJIBKO MO
yrnom O rpazx, To ectb (QOpPMHUpPYIOT HUX BCAKHE IyroBble TpaekTopuu. Ilo naHHOMY ompeseneHuro
IPSMOJIMHEHHBIE TPACKTOPUN HE 00pa3yloT MHBIX MPAMOJHMHEHHBIX TPACKTOPUH M TOTOMY HEBO3MOXHO
M3MEHEHHE BEKTOpa B3aUMOJEHCTBHMS B JAaHHOM TOYKE IOJ BIUSHHEM JIPyroro B3aHMOJEHCTBHUS.
[TpssmosnHelHbIE TpaeKTOpUM 00JaJal0T BEKTOpPOM, HO HE 0O0laJaeT B3auMOJIEHCTBUEM, IOCKOJIBKY
MOCTPOCHA W3 YacTUIBI HEe oONajaromiell cBoicTBaMH (IIEPBOYACTUIIA) — TOITOMY B3aUMOJICHCTBUS
(rpaBuTalUS U DIEKTPOMATHUTHOE) HENIOCPEICTBEHHO STHMH TPACKTOPUSMU HE MOTYT OCYIIECTBIISITHCS.
Ecnu anekTpoMarHuTHOE B3aUMOJICHCTBHE CBSI3aHO C KPYroBOM TpaeKTOpued B M30paHHOI IIOCKOCTH,
TO TpaBUTALMIOHHOE B3aUMOJICHCTBUE CIIEAYyeT CBS3bIBaTh CO BCEMM TPAGKTOPUSAMH U  HUX
SHEPrOeMKOCTSIMH, B CyMME JAlOUIMMM DJHEPrHI0 IOKOS WJIM Maccy dYacTulpl. MHaue roBop,
IPaBUTALMOHHOE M 3JIEKTPOMArHUTHOE B3aMMOICHCTBUS MJICHTHYHbBI, HO BEPOSATHOCTH (HOPMHPOBAHUS
PENATUBUCTCKONW MEPBOYACTHIBI MM KOJMYECTBO PEIATUBUCTCKUX IE€PBOYACTHUI] MEHBIIE JUIS
rpaBUTALUM U TIOTOMY OIIpeNeNIsAtoT Oosiee caaboe MpOosBICHUE TaHHOTO B3aUMOJCHCTBHS B CPAaBHEHUH C
ANIEKTPOMArHUTHBIM, a TPHHAJICKHOCTh K H30paHHON IUIOCKOCTH OIPENENsIOT BEKTOp JeHCTBUS
ANIEKTPUYECKOTO TMOJS W HMHTEHCHBHOCTh. OTHENbHO MarHUTHOE B3aUMOJIEHCTBHE CBSI3aHO C
AyITUKaue n30paHHOM IUIOCKOCTH B Pe3yJbTaTe MPELEeCCHH OCH BPAIeHHs KPYroBOil TpaeKTOpuu B
M30paHHOM IJIOCKOCTHU IpPU MEpeMElIeHUH YaCTHIIbI, MOJ00HO MPELEecCHd MEXaHWYeCKOro T'MpOCKOIa
Ipd M3MEHEHHM YIjla OCH BpAIIEHUS I0Jl BIUSHUEM BHEUIHMX CHJI. [lOCKONBKY 3lIeKTpHuecKoe
B3aMMO/ICHCTBUE OTpeieNsieTcs N30paHHO TIIOCKOCThIO, TO JiBa BapHaHTa BpAIIEHHUS B 3TOW IJIOCKOCTH
OTIPENIeNIAIOT JIBa BapHaHTa B3aUMOIEUCTBUS; TaKXKe IOCKOJIbKY IpaBHUTALIMOHHOE B3aUMOJIEHiCTBHE
CBSI3aHO C CaMHMM JIBW)KCHHEM MaTpHI, TO M OINPECISIeTCS] CIUHUYHOCTh €ro CYIIeCTBOBaHUS (He
CYILIIECTBYET aHTHI'PABHUTAIINN).
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T'PABUTAILITMOHHOE B3AUMOJIEMCTBUE

[TepBouacTuIibl, HaXOAMIMECS B TIOKOE, PAcHoJiaraloTcss B MUPOBOM NPOCTPAHCTBE, BEPOSITHO, 00pazys
CaMO IIPOCTPAHCTBO. JIBUrasch MO TPAEKTOPUAM IIEPBOYACTHIIBI ICHCTBYIOT HA HAXOAALIUECS BOKPYT HUX
MOKOSIIIMECS] NEPBOYACTUIBI IMEPEBOJ HUX B PEIITUBUCTCKOE COCTOSHUE B BUJAE MNPSAMOJIUHEWHOMN
TpaekTopuH, 3pdexkr oTmaum 00pa3oBaHHONW NPAMOJMHEHHON TPAEKTOPUHM CHOCOOCTBYET CHKATHUIO
KPUBOJMHEHHON TpaekTopuu K ILEHTPY — TakuM o0O0pa3oM OCYIIECTBISETCS BO3MOMKHOCTh K
CYILIIECTBOBAHUIO KPUBOJHMHEHHBIX TpaeKTOpuid. B TO ke Bpemsi BOKPYr 4acTHIbl (KPHBOJUHEHHOM
TpaeKTopuu) (GopMupyeTcss 00JIaCTh HH3KOTO BEPOSTHOCTH JIOKATU3AIMK TMOKOSIIMXCS TEePBOYACTHUIL
(pa3pexeHune) — OHO TPOSBIISICTCS MCKPHUBIEHHEM npocTpancTBa coritacHo OTO. Obnactb pa3psukeHus
MIPOCTPAHCTBA MEXY ABYMsI TPAeKTOPUAMH (POPMHUPYET BEKTOP CHIIBbI, HANPaBIISIOIIeH 00e TpaeKTOpUU B
LHEHTP paspsHKeHus, Takke <«(Q(GeKT oTaaum» Juil KaxJI0W dYacTHIl (OPMUPYIOT BEKTOp CHIIBI
HAIpaBJICHHBI OT OKPYXKAIOIIEro IMpPOCTPAaHCTBA K ILIEHTPY pA3PsDKEHUS IPOCTPAHCTBA, IOITOMY
CYMMapHO (pOpMHpYETCs CHJIa IPUTSHKEHUST — IPaBUTALIUS.

®OTOH mnpexacraBiaeH TpaeKTOpUEH MEPBOTO THUIA, TUIOCKOW BOJIHOOOPa3HOW (OPMBI, COCTOSIIEH U3
JUHEWHOU MOoCieA0BaTeIbHOCTH S-MaTpull. [locTpoenne GoToHa U3 C-, WM M-MaTpPUIl HEOCYIIECTBUMO,
MOCKOJIBKY B 3TOM CJy4ae MPOAOJbHAs OCh CUMMETPHU HE OyJIeT TAaKOBOM I KaXKIOH OTIEIBbHOM
MaTpHIIbI.

Bce s-maTpulibl paciosioKeHbl B OJJHOM IIIOCKOCTH, KOTOPasi TAKXKe SBJISIETCS MJIOCKOCTBIO MOJISPU3ALIIH.
B moo6HO# TpaeKTOpHK HET BApUAHTOB CHUMMETPUHU U MIOTOMY (DOTOH - €TMHCTBEHHBIH.

JITMHHA BOJIHBI OTIPEEIIAeTCS KOJUYeCTBOM S-Matpuil (OTOHOB) BJIOJb MPOJIOJIBHON OCH CUMMETPUU —
OCH PAcCIpOCTpPaHEHUs, TAKUM OOpa3oM, YeM MeEHbIIE IJMHHA BOJHBI, TeM OOJbIlIee KOJIUYECTBO S
MaTpull ee GOPMHUPYIOT U TEM OOJIbIIAst COOTBETCTBEHHO DHEPTHS DJIEKTPOMArHUTHOW BOJTHBI.

HEWUTPUHO. Ocrypmnsuus HeiTpuHO (ITOHTEKOPBO) SIBISICTCS CIICACTBUEM OOIIHOCTH MPHPOIBI TPEX
COPTOB HEHUTPHUHO, 110100HO OOIIHOCTH 3IEKTPOMArHUTHOTO U3ITy4EHHS.

CrpykTypa HEUTPUHO Tpe/ICTaBlIEeHA BUHTOBOM TPAaeKTOpUENH — MaTpUlla TPETHEro MOpPsaKa MO MePBOMY
Tuny Matepur. HanmpaBieHnue BpaiieHust BUHTa He (popMHpyeT 3apsll, Tak Kak B MaTepUU MEPBOTO TUIA
OCHOBHOW BUJI CHMMETPHH - TIPOJIOJIbHBIN (7151 3apsiia TpeOyeTcs IIEHTPOBast),[I03TOMY 3apsii HEUTPUHO
pasen "0".

Hamnpapnenue BpaiieHuss BUHTOBOM TPACKTOPHUM WMEET JBAa BapUaHTa, COOTBETCTBEHHO CYILECTBYET
YaCTUIA U aHTUYACTULA.

[IpoTshKeHHOCTh BUHTOBOW TPACKTOPHUHM B HANPABICHUH IMPOJOJBHONW OCH ONPEAEISIET IHEPTOEMKOCTh
HEWTPHUHO, KOTOPas B Pa3JIMYHBIX THANMA30HAX SBISAETCS JIEKTPOHHBIM, MIOOHHBIM WJIV Tay-HEUTPHUHO.

YACTD 3. CTPYKTYPA U CBOIICTBA MATEPUI1 BTOPOI'O TUNA (DJIEMEHTAPHBIE
YACTHULIBI)

B kauecTBe XapakTepHUCTUK CTPYKTYp M BBINOJHEHHS NPUHIMIA 3alpeTra, s BBEAY TPU HHCIOBBIX
XapaKTePUCTUKH (BCE XapaKTEPUCTHKHU TTOJIOKUTEIBHBI M [IEJIOYHCIICHBI) JUTS JISNTOHOB U ME30HOB!
A(kom4ecTBO OKpY)XHOCTEH). OKPYKHOCTD - TUIOCKOCTh 3aMKHYTasl TPACKTOPUEH WM, MHA4Ye TOBOPS
"IpIpKa”, CBA3aHHOCTh OKPYXKHOCTH TpaeKTopuu (Harpumep, it kpyra A=1, st BocbMepku A=2).
B(komuectBo crenok). Crenka mnpeacraBisieT co00i B3aMMOJICHCTBHE JABYX 3aMKHYTBHIX TPAcKTOPHI,
IIpU KOTOPOM HEBO3MOXKHO UX pasjieneHue 0e3 pa3pbiBa OJHOW M3 3aMKHYTBIX TPaeKTOPH, M0JI00HOe
CLEIUIGHUIO 3BEHbEB MeTayuinueckoil menu. Cuenka sBIsSETCS  €IMHCTBEHHBIM M OCHOBHBIM
B3aMMO/JICHCTBUEM MaTPHII.
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C(xapakrepuctuka nepekpecta). [Tepekpect mpeacTaBisier coOO0N reoMETPUIECKOEe MepeceueHue ABYX U
OoJiee TpaeKTOpHid. XapaKTepU3yeTcsi KOJMYSCTBOM yCOB (BXOJSIIMX U BBIXOJSIINX YacTel TPACKTOPUI
B MIEPEKPECTE) U KOJMUECTBOM MEPEKPECTOB B CTPYKTYPE, KOTOPHIC B YKA3aHHOM TIOPSIIKE 3AITHUChIBAIOTCSI
YHCITUTENIEM U 3HaMeHarteneM Apoou-3navyenus C.

Z(npocTpaHCTBEHHOCTh). COOTBETCTBEHHO, MPUHAIISKHOCTh TPACKTOPHU K N-MEPHOCTH MPOCTPAHCTBA!
O-mepHoe Z=0 (Touka), 1-mepHoe Z=1 (npsmasi), 2-mepHoe Z=2 (IUI0OCKOCTb), 3-MepHOe Z=3 (00BeM).

CTpyKTYpy HYKJIOHOB ¥ THIIEPOHOB XapaKTEPH3YIOT WHBIC BEINYNHBI

D(koaM4ecTBO OKPYXKHOCTEH)=IpOObI0 C YHCIHUTENIEM — TOP-MaTPHYHBIE OKPY)KHOCTH, 3HAMEHATelb -
JIMHEHHBIE OKPYKHOCTH.

E(cuenku u 3anemnsr)=apo0k ¢ YUCIUTEIEM -KOJIHYECTBO CIIENIOK, 3HAMEHATEIb -3alleTbl.

U3 npuBeieHHBIX paHee YacTHIl: nokosmasics neppovactuiia A=0,B=0,C=0/0,Z2=0;

nosie B3aumoericteuii A=0,B=0,C=0/0,Z2=1,

¢doron A=0,B=0,C=0/0,Z=2;

neritpuHo A=0,B=0,C=0/0,Z=3.

[Toxa3zarenu corsacoBaHHbIE ¢ IpUHLIKIIOM 3anpeTa: A < 3,B <1.

JUIMTEJIBHOCTD CYIHECTBOBAHUMA DJIEMEHTOB MATPUILI:
Bpems  cymiecTBOBaHMS ~ CTPYKTYpbl  OIpeIesieTcss  BpEeMEHEeM  CYIIeCTBOBaHMS  Haubosee
KOPOTKO’KMBYIIIETO JIEMEHTa. Bpems KU3HU 371eMEHTOB MaTpPUIL
CraGuIi3anus TOPOUAILHEIM KAHATOM JHHEiHO# TpaekTopun, 10Mc,
Cuenka TuHEHHBIX TpaekTopuii, 10°c.

C-matpuia (3JEKTPOH HE OTHOCHUTCS), 10°%c.

3artent Top-matpui, 107% (BepoATHO ABIISETCS CUTLHBIM B3aHMOICHCTBHEM)
sm-vatpuna, 10 e,

Camo3artent Topmatpuies, 10 e,

Cuernka gByx Top-Marpu, 103c.

Ilepexpecr, 10 ¢,

Tpexychlii epekpect (BBICOKOACUMMETPHYHBI), 10™%.

Hapy1uenue npuHumna 3amnpera (He 3apsizoBoro), 10%%c.

TEOMETPUYECKAS (MATPUYHAS) CTPYKTYPA DJIEMEHTAPHBIX YACTULI;

DJIEKTPOH mpencrasieH JIMHEHHON TpaekTopHel B popMe Kpyra Ha INIOCKOCTH.

3apsa onpenensercs eIMHCTBEHHOM INIOCKOCTBIO BpalleHUs. MakCUMaJIbHO BO3MOXKHAsl YHEPrOEMKOCTb
Tpaektopuu paBHa 0,51 M»sB. KosbleBoil BapuaHT TpaeKTOpHM —HauOoyiee MPOCTEHIINI, BEpOSTHO
MI03TOMY 3JIEKTPOH CTaOWJIEeH WM YCIOBHO cTaOmieH. KpyroBble TpaeKTOpHM B HMHBIX YacTHIAX, IO
CPaBHEHHIO C JIEKTPOHOM PHEProIeperpykeHbl U MOTOMY HECTAOUIIbHBI.

Omnpenenenrie 3apsiia: HaMpaBiICHUE BPAIIEHUS! B €IMHCTBEHHOM TUIOCKOCTH, CYIIECTBYIOT 3apsiabl "+" u
Xapaxkrepucruka:A=1,B=0,C=0/0,Z=2.

MIO-ME3OH mnpezacraBinsietT co00ii 1Be KPYTOBBIX (37I€KTPOHHBIE) TPASKTOPUH B CHUMMETPHYHOM CIICTIKE.
CBs3Ka CIOCOOCTBYET MOBBIIICHUIO YHEPrOEMKOCTH B CPAaBHEHMM C NPOCTON KpPYroBOil TpaekTopuei
(ammextpoHn) 10 52 M»3B.

Omnpenenenue 3apsiia: ompenensercs Mo OHOW W3 JBYX PaBHOLIGHHBIX IIOCKOCTEH - H30paHHOMN
IUIOCKOCTH U MOI00HO 3JIEKTPOHY CYLIECTBYIOT 3apsiabl "+" u "-"

Bpemss Ku3HHM  ompenensercs BpEMEHEM  CYLIECTBOBAHMS  CUENKU  JIMHEMHBIX  TPaeKTOPHH.
Xapaxkrepuctuka:A=2,B=1,C=0/0,Z=3.
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[MN-HYJIb-ME30H umeer ¢opMy JIeMHHCKATBI, U COCTOMT M3 JIBYX S-MaTpHIl C OJJHUM IEPEKPECTOM.
Tpaekropusi J&KUT B IJIOCKOCTH, HO B TOYKE IEPEKpPECTa HE B3aUMOJCHCTBYET, MOATOMY TOYKA
MIEPEKPECTa JIEMHHUCKATHI HE ABJISIETCS CLIENIKOM, HO KOJIMYECTBO OKPYKHOCTEM PAaBHO JBYM.

CyMMHpYys BEKTOpHI IBYX TPAaeKTOpUil 00pa3yroUX NepeKpecT JEMHUCKAThI, (GOpMHUpYETCs CyMMapHast
acCHMMETpHsI, KOTOpas JecTaOWIn3upyeT TPaeKTOPHUI0O W PE3KO COKpalllaeT CpeJHee BpeMs KU3HU
YaCTHUIbI IO COOTBETCTBYIOLIEH BEIMYMHBI.

S-MaTpHUIbl NPEBBIIIAIOT IO 3HEPTOEMKOCTH KPYroBYIO MaTpuIly, coctasisis 135 M»aB.

Onpenenenue 3apsaaa: UMEIOTCA JIBa BpallleHUsl B M30paHHON, €IMHCTBEHHOM MJIOCKOCTH, HO BPAILIEHUE B
JBYX OKPYKHOCTSX JIEMHHCKAaThl MMEET pa3HO€ HalpaBjeHUE, MO3TOMY cymMMapHO 3apsa paseH O.
JlemHHMCKaTa MMeEeT NOMUMO II€HTPOBOW CHMMETPHH, JOTIOJIHHUTEIBHYI0 OCh B CBOEH IUIOCKOCTH,
MPOXOJAIIYI0O 4Yepe3 IepeKpecT U HauboJyiee YyHaJeHHblE TOYKH OKpPYXHOCTEH, MMEHHO MO JTOH
aHOMAJILHOM OCH OCYILECTBJIICTCS CBOOOHAS MHBEPCUS U30paHHOMN MJIOCKOCTH U NMOTOMY HET pa3iHyHs
AQHTUYACTHIIBl M YacTHIBl, HHAue TOBOps, NH-HYJIb-ME30H He oOnagaer aHTtuvactuueid (oHH
TOX/ICCTBCHHBI).

Xapaxkrepuctuka:A=2,B=0,C=4/1,7=2.

[MN-MUHYC-ME30H. Matpuiia BToporo nopsjka JeMHUCKaTa U ClLeNKa ¢ Hel B 00euX OKpPYKHOCTSIX
marpuisl  BToporo mopsimka O-marpuna (nBe C-matpuimer). Kpyrosas waTpuma 1O HPHHIHITY
LEHTPUYECKOH CHUMMETPUM HMMEET LIEHTP - MEPEKPEeCT JIEMHUCKAThl, HO HAaXOAWUTCA B IJIOCKOCTH IO
yrnom 90 rpag K IUIOCKOCTH JIEMHHMCKaThl, TaKk YTO KPYroBasi TPAeKTOpHUS MPOXOAUT uepe3 o0be
OKpPYKHOCTH JIEMHHUCKaThl W 0OOpa3yeT OJHY CLENKy -C TO4YKoi mnepekpecra. Kpyromas wmarpuia,
CTaOUIM3UPYACH JIEMHUCKAaTHOW MaTpHILieH, UMeeT COOCTBEHHYIO 3HEproeMKocTh B 4,6 MaB.
Omnpenenenuie 3apsaa: 3aps ONpeAessercs IO IUIOCKOCTH €IMHCTBEHHOM KPYrOBOM MaTpHIlb
(meMHHCKaTa TaKOBOW He SIBIISICTCS), BApUAHTHI CYIIECTBYIOIMX 3apsjoB "+""-". Kpyrosas marpuia
yIepXKHUBaeT 00€ OKPYKHOCTH JIEMHHCKAThl, CTAOWJIM3HPYSI BCIO CTPYKTYPY HYacTHUIlbl Ha 8 MOPSAIKOB
BEJIMYMHBI CPEJIHEN TPOJIOJKUTEIILHOCTH KHU3HU B CeKyHIaX. Xapakrepuctuka:A=3,B=1,C=4/1,Z=3.
KA-MHUHYC-ME3OH, Tpaexktopus umeeT (GopMy TpexX IeTeslb, CXOJIAIIUXCS B OIHOM IEepeKpecTe U
HaxoJAIUXcsd B OJHOM IockocTH. CyMMapHBII BEKTOp TpeX TPACKTOPUH B INEPEKPECTE SBISACTCS
CUMMETPUYHBIM OTHOCHUTEINIbHA LIEHTPa BCEH KOHCTPYKIMH, [TO3TOMY He Halusrojaercs AecTaOuin3anuu
TPAaeKTOpUIl B OTJIMYME OT NHU-HYJIb-ME30HA, KPOME TOro TpaeKTopHs mnoctpoeHa u3 C-marpui, yTO
o0ecrieyrBaeT BHICOKYIO JIIUTEIbHOCTh CPEAHEr0 BPEMEHH KHU3HU YaCTHIIBI.

DHEepProeMKoCTh TPEXIETIIEeBOH TpaekTopun gocturaet 492 M»sB.

Omnpenenennie 3apafa; TPEXIETIEBYIO TPACKTOPHIO BO3MOXKHO pas3liokuTh Ha Tpu C-MaTpHiibl
HalpaBJICHUE [BW)KCHHUS PEIATUBUCTCKMX II€PBOYACTHIl B HHUX HMMEET CXOJHOE HaIlpaBJICHUE B
IUIOCKOCTH, CyMMa »J3THX HalpaBJIeHMH B IJIOCKOCTH OTHOCUTENIBHO IIeHTpa (opMHUpYyeT
OJTHOHAIPABJICHHOE BpallleHUE -onpeenseTcs 3aps - wim "+".

AHOMaJIbHast 0Cb CUMMETPUH OTCYTCTBYET.

Xapakrepucruka:A=3,B=0,C=6/1,Z=2.

KA-HVYJIb-ME3O0OH. Tpaexropus noio0Ha JeMHUCKATe, HO TPEXIeTJIeBas 10 OJJHON OCH, MOCTPOEHA U3
M o0Opa3HeIx MaTpull (M-MaTpuia). TpexmerieBas TpaeKTOpHs M0100Ha TPACKTOPHH Ka-MUHYC-ME30Ha U
o0namaeT Con3MepUMON SHEPTroeMKOCThIO B 496 MaB.

Omnpenenenvie 3apsiia. B €IMHCTBEHHOM INIOCKOCTH CYHIECTBYIOT TPHU KPYIOBBIX TpPAaCKTOPHU
oOJIafalolIMX BpalLeHHEM - LIEHTpaJibHas OKPYXXHOCTb, OOJajaroliasi BpalleHUEM U JIBE yJaJIEHHbBIE,
JUAMETPAIIBHO  PACHOJIOKEHHBIE OKPYKHOCTH €  IIPOTHUBONOJOXKHBIM  BpallleHHMeM. Tak Kak
pacrpeieJieHne BpallleHUs] LEHTPAJIbHOM OKPY)KHOCTH M BpALICHUH JBYX OOKOBBIX OKpPYKHOCTEH
COOTBETCTBYIOT €IMHON LIEHTPOBOW CHMMETPHH, TO 3apsbl ONPEIEIAIOTCSA 110 BCEM OKPYKHOCTSIM Kak
"+" m "-", cymmMmupysch IO HeHTpambHOro 3apsja (B JIEMHHCKaTe NH-HYJIb-ME30HA OKPY)KHOCTH C
IIPOTUBOIOJIOKHBIM BpPAlllCHUEM HE COOTBETCTBYKOT €IMHOM LIEHTPOBOM CHMMETpPUM - JIeXKaT Ha
AHOMAJBHOH OCH M WMEIOT COOCTBEHHBIC LIEHTPHI CHMMETpHH).BapuaHThl pacrioyioeHus! 3apsiaoB B
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CTPYKTYype: KOIJia B IIEHTpe olpejensercsd 3apsa "+, a mo JuaMeTpajbHbIM yyacTKaM CyMMapHbIi "-",
win obpaTHoe - B LEHTpe "-", MO AuamMeTpalbHbIM ydyacTkaMm "+ - (GopMuUpPYIOT pa3iuyue YacTULbl U
aHTHyacTulbl, umeronmre 3apsael 0", TpexmerneBas CTpYKTypa TakkKe Kak JIEMHHUCKaTa o0Jiamaer
aHOMAJIPHOM OCBIO CHMMETPHH, NMPOXOoAdlIel depe3 oba mepekpecta U HauOojee yHaJeHHbIE TOUYKH
OOKOBBIX OKPY)KHOCTEH, IOATOMY YaCTHIIa U aHTUYACTULIA HYJIb-KaOHAa UMEIOT BBHICOKYIO HHBEPCHOHHYIO
CriocOOHOCTh (BEPOSITHO WMMEET MECTO MpU OOpa30BaHMHM JBYX B3aUMOIPEBPAIIAFONIMXCS KAOHOB).
I'eomeTpus Ka-HylIb-Me30HA 00JIa1aeT IBYMS IepeKpecTaMu, MOJJOOHBIMH MEPEKPECTy JIEMHUCKATHI, HO
necTaOMIN3aliKi TPAeKTOPHHA U HECTAaOMIBHOCTH, MOJA0OHON HyJb-IIMOHY HE HaOJI0JAaeTcs, Mo MPUIMHE
TOT0, 4TO MEPEKpecTa JIBa U CyMMapHbI BEKTOP B HUX MPOTHUBOIIOJIOKEH - OHU B3aMMOKOMIICHCHPYIOTCH,
Ipo/jieBas CyIIeCTBOBAHUE YACTHUIIBI.

Xapaxkrepuctuka:A=3,B=0,C=4/2,7=2.

KA-HVJIb-BTOPOI-ME3OH. CTpykTypa COCTOMT W3 JBYX KPYTOBBIX JIMHEHHBIX TPAaeKTOpHIi,
JeXKalluX B OJHOM MJIOCKOCTH, TEOMETPUYECKH CIPOEIMPOBAHHbIE JIPYT Ha Apyra U oOpasyroliye B IByX
TOYKax JiBa mepekpecra (LEHTPhI KPYroB W JBa mepekpecra oOpazyror pom0). Kpyroseie Tpaekropun
BPAIIAIOTCS B pa3HBIX HAIPABJICHUSIX B OJJHOM MJIOCKOCTH U CyMMapHbIi 3apsa paseH "0".

Bpems cymiecTBoBaHMS YacTHMIBI IpPU  B3aUMOKOMIIEHCAMM AS(PQEKTOB JecTabWiIM3aluu  JIBYX
MIEPEKPECTOB U 110 MPHUYMHE BHICOKOTO CXOJICTBA C MEXaHMU3MOM 3allela COOTBETCTBYIOT MTOCIIETHEMY.
CooTHoIIEHHE XapaKTePUCTUK Ka-HYJIb-NIEPBOTO- U Ka-HYJb-BTOPOTO-ME30HA COBEPILIEHHO CXOJHBI,
UCKJIIOYas JIUIIb PACHpe/ielieHUe JIEMEHTOB CTPYKTYphl B MPOCTPAHCTBE, T0O3TOMY BBICOKA BEPOSITHOCTh
UX B3aUMOIIPEBPAICHHUS.

Xapaxkrepuctuka:A=3,B=0,C=4/2,7=2.

OTA-HVYJIb-ME3OH. Crpykrypa umeer ¢opmy cdepbl ¢ TpeMs TPaeKTOPUSIMU B MEPHAMOHAIBHBIX
HalpaBJICHUSX, CXOIIIUMUCS Y «II0JIFOCOB»-TIEPEKPECTOB, TAKUM 00pa30M YHCJIO OKPYXHOCTEH paBHO
TpeM. bosiee kommakTHas CTPyKTypa IO CpaBHEHHIO C KaOHaMH NPUBOJUT K Oosiee BBICOKOH
SHEProeMKocTH - 547 M»aB.

Omnpenenennie 3apsiia; €JUHCTBEHHAas U3 DJEMEHTApHBIX YacTHll, He obsagaromas u30paHHOMN
IUIOCKOCTBIO, TOTOMY 3aps/l HE OIpeJieNisieTcs, a TAaKkKe HeT Pa3inyus YaCTULA U aHTUYACTHIIbI.

JIBa mepekpecTta B3aMMHO CTAOMJIM3UPYIOTCS W HE BIUSAIOT Ha BPeMs JKU3HU YaCTHIbI, MPUYMHOU
KOPOTKOT'O CYIIECTBOBAaHMS YacTHUIIbI SBJIAETCS HApYyLIECHHUE 3apsA0BOr0O 3arpera, KOTOPBIN MPOSBISETCs
10 MIPUYHMHE HAJIMYUS B TPEX TPACKTOPHSX B JTH000I MOMEHT BpeMEHH JIBYX COHAINPaBJIEHHbIX, KOTOPbIE K
TOMY JK€ HaXOJATCS 10 OJHY CTOPOHY OT LIEHTpa CHMMeTpHuu (OCh, COeNMHSIONIas 00a MepeKpecTa).
Xapakrepucruka:A=3,B=0,C=3/2,Z=3.

I[TPOTOH. CtpykTypa npoTOHa MpecTaBlieHa BUHTOBOM MaTpHIIEH (TPEThero nopsiika) mpoaoibHas OCh
KOTOpOH 3aMKHyTa B KpYr ((popMa TpaeKTOPUH MPOTOHA SBJISETCS TOPOHIATIBHON U MPEACTABISIET CO00H
MaTpHIly YeTBEpTOro Topsaka - "Top-martpuna"). VMMes CIOXHYIO CTPYKTYpY, OKPYKHOCTh B TOp-
Marpuie ofHa (CIOKHOW TeOMETPUH), NPEICTABISIET COO0M TOP-MaTPUYHBI DKBHBAICHT JJICKTPOHA.
BunTOOOpa3Has TpaeKTOpUs 3aMKHyTas B KPYI' INPEJICTAaBISIET COOOH MPOCTYIO OKPYXHOCTB (TIpocTast
Mmarpuia) 0e3 jgecTadMM3upyronmx oOpa3zoBaHWi (IIEPEKPecT), MOITOMY CTPYKTypa CTaOHMJIbHA WIIH
OUYEHb JIOJTOBEYHA. BUHTOBas TpaeKTOpHUs 3aMKHYTash B OKPY)KHOCTb INPHBOJUT K T'€OMETPUYECKOMY
YIULIOTHEHHIO BUTKOB B LIEHTPAJIbHOM YAaCTU TAKOH CTPYKTYpPHI 110 CPABHEHUIO C BHEIIHUMHU BUTKAMU —
9TO MPHUBOJUT Ha OTBITE K 0OHAPYKEHHIO, TAaK HA3bIBAEMOTO «KEpHa spa.

CrpykTypa o0namaeT 0cOOEHHO BBICOKOH dHEproeMKocThio B 936 MaB.

Onpenenenvie 3apsaa: 3apsi ONPEAEseTCs IBUKEHUEM BUHTOBOM TPAEKTOPHUH 110 KPYTOBOM CTPYKTYpeE B
€IMHCTBEHHOMN IUIOCKOCTH C IEHTPOM. J[Ba BO3MOXHBIX HAIIPABIICHUS JIBUKEHMs - [1BA BapUaHTa 3apsja
"+t -,

Xapaxrepucruka:D=1/0,E=0/0.
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HEMTPOH. OcHoBa CTPYKTYpHl - TOp-MATpHIa B TOPOMIAILHOM KaHajle KOTOPOil pacmonoxerna O-
MaTpHIa, KOTOpasi HAXOAUTCSI ¢ TOP-MaTpULIEH B OTHOM CIIETIKE.

DHEeproeMKOCTh 3aMKHYTOH B TOPOUIATbHOM KaHasle MaTpuLbl paBHa 1,27 MaB.

Omnpenenenue 3apsiia; 3apsAf0oBbIil 3ampeT No3BoJisieT BpamaTrbes O-marpuile B TOPOMIAIBHOM KaHaie
TOJIKO B OOpaTHOM HaIpaBJIEHUH OTHOCUTEIHHO BpallleHHsI TOP-MaTpHUIlbl. Top-MaTpuila ¥ BHYTPEHHSSA
O-MaTpuna pacroJio’keHbl B 0JHOM, N30paHHOI MJIOCKOCTH U UMEIOT OOIIYI0 IIEHTPOBYIO CUMMETPHUIO,
MI03TOMY Bpalllasich B IMPOTHBOTIOJIOKHBIX HAIMPABICHUAX CYMMapHbII HeWTpoHa paBeH Hyimto. Ciemyer
o0paTUTh BHMMaHME Ha To, 4TO (OPMHUpOBAaHHME 3apsAAa B HU30PAHHOH IUIOCKOCTH TOpP-MaTpuLei
OTIpeJIeIIIeTCS €€ OCEBOM COCTABIISIONIEH, B TO JK€ BpeMsl cama BUHTOBasi TpAaeKTopus, o0s1afas BUTKaMH,
uMeeT COOCTBEHHOE BpalleHHe, KoTopoe (OpMUPYET aHOMaJbHOE MAarHMTHOE IOJe HEUTpoHa mpHu
HEUTpaJIbHOM 3apsjie, MOA0OHBIN Ipoliecc HabroAaeTCs y MPOTOHA.

KoHcTpyKIMsS MMeeT J1Ba BapHaHTa BpAIlCHHs TOP-MATPHUIBI B U30paHHOU IIOCKOCTH (COOTBETCTBEHHO
7IBa TIPOTUBOMOJIOKHBIX BpamieHus O-MaTpHIbl), TOATOMY CYIIECTBYET YacTHIAa W aHTHYacTuia (mpu
pacmajie KOTOPBIX COOTBETCTBEHHO 00Pa3yIOTCs IPOTOH U aHTHIIPOTOH).

TopounanbHOE MPOCTPAHCTBO TOP-MaTpulibl 3(hGEeKTUBHO craepxkuBaeT pacmajg O-maTpuibl, Tak Kak
MOCTIETHSSI HE MOXKET HOKHHYTh KOHCTPYKIHMIO HE IPEoJIojieBasl «CTEHKY» KaHalla TOp-MaTpUIbl,
nosToMy BpeMs xxu3HH HelTpoHa gocturaer 1000c. Xapakrepuctuka:D=1/1,E=1/0.
TAY-MUHVYC-JIEIITOH. Tpaekropuss npeincTaBisieT cO00H KpYIMHYIO CIENKY JBYX TOp-MaTpHI,
KaXx/1asi U3 KOTOPBIX HAaXOJUTCS B ABYX IUIOCKOCTAX ¢ yriom 90 rpag Mexay coOoi, Takum oOpa3om
SBJISSICH TOP-MaTPUYHBIM SKBUBAJICHTOM MIO-ME30Ha.

[Ipounas Top-maTpuyHas CIENKa W JIBe TOp-MaTpHuibl (GOopMUpPYIOT 3Heproemkocth B 1780 Mb»B,
MIOCKOJIBKY cClienlka 00Opa3oBaHa JIMHEHHOW TpaeKTopuel, NMpH BBICOKOH HHEPrOEMKOCTH OTpeeseT
MUHHMAIBHOE BpeMst KU3HH (7).

Ormpenenenue 3apsia: 3apsi OnpeessieTcst o U30paHHOM IUIOCKOCTH M3 JBYX PaBHOICHHBIX (1T0JI0OHO
MIO-ME30HY).

Xapaxrepucruka:D=2/0,E=1/0.

CUTI'MA-TUIFOC-TUITEPOH.

Top-marpuna o67agaeT CBOWCTBOM OOpa3oBaHMs «CaMOCHEIUICHHUS» - 3allelloB, KOTJIa 4acTh BUTKOB
"BUHTOBOM TpaeKTOpUM' MO OIHY CTOPOHY LIEIUISETCS 32 BUTKM Ha JAUAMETPaIbHO MPOTHUBOIOJIONKHOMN
CTOPOHE TOP-MaTPHIIbI, IIPU ITOM OKPYKHOCTh COXPaHSETCA €AMHUYHOMN U caMOil CLIETIKH HEeT, HOCKOJIBKY
clenka oOpa3yercss TOJBKO MEXKIY IBYMs 3aMKHYTBIMH OKPY)KHOCTSMH, HO B ClIydae TOpP-MaTpHIIbI
OKPYKHOCTB OJIHA CO CIOKHOUW T€OMETPHUEH.

CrpykTypa curmMa-rurnepoHoB oOpa3oBaHa U3 TOP-MaTpHIbI ITyTEM camo3allena B 00JacTH MepecedeHus
JBYX AMaMETPAJIbHBIX YYaCTKOB TOP-MaTpHIIbI, CaMO3allell COCTOUT U3 HECKOJBKUX CLEIUIEHHUH, TO ecTh
MIPOTSDKEH - 3TO €CTh MaTEPUHCKAsi MaTpULa TPUILIETA CUTMa-TUIIEPOHOB.

MarepuHckast MaTpuia no ¢popme HaOMHUHAET BOCBMEPKY COCTOSIIYIO U3 BUHTOBOI TpaeKTOpHH, HO Oe3
NepeKpecTa, SKBUBAJICHTHA MaTpULie IPOTOHA, HO JehopMupoBaHa.

Omnpenenenue 3apaaa: 3aps]l onpeaensercs moj00HO MPOTOHY, TaK KaKk MaTepUHCKas MaTpHIla SBIISETCS
UL J1eOPMUPOBAHHOM B TUIOCKOCTH Top-marpuieid. [Ioqo6HO NMpOTOHY MMEIOTCS JBE YacTHIBI C
3apsimamu =" m M+

Xapaxkrepuctuka:D=1/0,E=0/1.

CUT'MA-MUHYC-TUIIEPOH. CrpykTypa COCTOUT U3 MAaTEpPUHCKOM MaTpPHILbI,

B KOTOpoil camosaren crabunusupyercss O-maTpuileld, OKpyxkarolied ero, npoxoas uepe3 o00e
OKpPYXKHOCTH "BOCBMEpPKH' M Haxomsich B IUIOckocTH ¢ yriioM 90 rpaj K IUIOCKOCTH MaTepHUHCKOMN
MaTpHIIbI.

CoOcTBeHHas 3HeproeMkocts O-marpuiibl paBHa 8 MaB.

Crabunusupyromiee aeiictBue O-maTpuibl NpOJUIEBAaeT CYIIECTBOBAHME YacTHUIBI HAa OJMH MOPSJIOK
BEJIMYMHBI.
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Omnpenenenue 3apsna. 3apsa OIpenensercs MoJ00HO CHUTMa-TUTIOC-THIEPOHY, TaK KaKk MaTepUHCKas
MaTpHIa ABjIsieTcs 0oJbIlell 10 HHTEHCUBHOCTH, YeM O-maTpHa.
Xapaxkrepuctuka:D=1/1,E=1/1.
CUT'MA-HYJIb-I'MIIEPOH. CtpykTypa 4acTuibl COCTOMT U3 MATEPUHCKOW MATpHIbl, B TOPOUJAIBHOU
MIOJIOCTH KOTOPOi 3aMKHYTa JIMHEHHAs! TPACKTOPUSL.
Onpenenenue 3apsia; nogo6Ho HeiliTpoHy. Takxke CyliecTByeT YacTHUIAa M aHTUYaCTHUIIA.
B cTpykType YacTMYHO MPHUCYTCTBYET HapyLIECHHE 3apsIOBOTO 3alpeTa - OH HpOsBJIAETCS B 00JacTH
caMmo3allena, rje Ha ydacTKe camo3allerla B TOPOUIAJIbHYIO MOJOCTh MPOHHUKAIOT BUTKH COCEIHEH
BUHTOBOW TPA€KTOPUH C MPOTUBOIOJIOKHBIM JBIKEHHEM, HO 3TO JBM)KEHHE CTAHOBUTCSI CHHXPOHHBIM
JUIsl BHYTPEHHEH JIMHEMHON TpaeKTOpHH - MO 3TOW NpPUYMHE BpeMsl XKU3HM YacTUIBI OIpeesseTcs
3apsIIOBBIM 3aIIPETOM.
[To PHEProeMKOCTH CTPYKTYphl YacTHIAa YCTYMaeT CUTMa-MuHyc-TunepoHy (?), BEpOSTHO BeIMYMHA
SHEProeMKOCTH JINHEHHOW TPAaeKTOPUHU HE MOXKET MPEBBIIATh JaXke TaKoBOI BennunHbl O-MaTpuIlbl, 10
IPUYMHE 3aBHCUMOCTH TPOSIBICHHMS 3apsAJOBOrO 3alpeTa OT BEIMYMHBI  B3aWMOJCHCTBYIOIIMX
TpaekTopuil. CHUrmMa-HyJIb-TUIIEPOH TepsieT SHEProeMKOCTh, MOBBIMIAS CPOK CYIIECTBOBAaHUS J0
MaKCHMaJIbHO BO3MOXKHOTO ().
Xapaxkrepucrtuka:D=1/1,E=1/1.
JIAMBJIA-HYJIb-TTUITEPOH. TopmaTpuia 3aBepHyTas B "BOCBMEPKY", 0e3 mepekpecTta MoJ00HOro mu-
Me30HaM (BUHTOBAsI TPACKTOPHUSI UMEET OOJIBIIYI0 CBOOOY PACIOI0KEHHS, YEM JIMHEIHAS TPACKTOPHS).
CTpyKTypa 4acTHIBl COOTBETCTBYET MPUHILUITY T'€OMETPUUECKOM MOJHOIIEHHOCTH, MO MPUYHHE 3aleToB
yIEpKHUBAIOIIUX "HaxXJIeCT OT pa3BepThIBaHMs. Tak Kak B HAJIMYMH JMIIb OJIHA TOP-MaTpuLia 06e3 CLEenoK
Y MUHBIX CTPYKTYp, TO BHEPrOEMKOCTh Con3Meprma ¢ HykinoHamu 1113 MaB.
Omnpenenenre 3apsia; B €JUHCTBEHHOM IUIOCKOCTH HMEIOTCS JBE YacCTH OKPYKHOCTH C
MIPOTUBOIOJIOKHBIM BpaIlleHUEM - cyMMapHbIid 3apsan paBeH "0". Tak kak OTCYTCTBYET MEpEKpecT, TO
[IPOBE/ICHHE aHOMAJIBHONW OCH, XapaKTepHOH I ME30HOB, HEBO3MOXKEH [0 TNPUYMHE COXPAHEHUS
acCHMMETpHH B 001acTH "TiepeceyeHus!” BUHTOB.
Bpems KH3HU ompeiessieTcs 3a1eroM.
Xapaxkrepucruka:D=1/0,E=0/1.
KCU-HVJIb-TUIIEPOH. CrpykTypa COCTOMT M3 JABYX TOP-MATpHll, 3allelUICHHBIX 110 BCEMY
NPOTSHDKEHUIO BUHTOBOW TPAGKTOPHH, PAaclojarasich B MapalielbHBIX IIOCKOCTAX (popma OyrepOpoa).
3areryieHle OTIIMYAeTCs OT CLIENKH Y Tay-JIeNITOHA TeM, YTO 3allell F€OMETPUUECKH MPHHAISKUT BUTKAM
TOP-MaTpPULBI U COCTOUT U3 HECKOJBKUX CIETIJICHUI BUTKOB, TOT/1a KaK CIIENKa -T€OMETPHUUECKH SIBIISETCS
COBMEILIEHHEM IIETMKOM JIBYX TOP-MaTpHII.
Omnpenenenuie 3apsaa: JBE TOP-MaTpHUIbl NPUHAJIEKAT €IWHOW IUIOCKOCTH M €JUHOM IIEHTPOBOM
CUMMETpUH, TPHUHLHKI 3apsIOBOTO 3alpera MO3BOJISAET CYIIECTBOBATH TOJBKO pPa3HOHAIPABICHHOMY
BpAIIICHUIO -TIOATOMY CyMMapHbIi 3apsan paBeH "0". Paznuume BpamieHus B TOp-MaTpullaX HAJ U O]
TUIOCKOCTBIO YacTHUIIBI IO3BOJISIIOT CYLIECTBOBATH JIBYM BapUaHTaM - YacTHUIII M aHTHYACTHUIEI (B CIydae
IU-HYJ1b ME€30Ha TaKoro He HaOIIoAaloCh MO MPHYMHE HAIWYUS AaHOMAJIBHOW OCH CHMMETPHH,
JICTAOIYI0 HHBEPCHUIO YaCTUIBI HEYCTONUHBOM).
Bpems cyiiecTBoOBaHMS CTPYKTYpbl YacTUI[l COOTBETCTBYET MEXaHHU3My CaMo3allena, CXOJHBI I10
MEXaHHU3MY, HO pa3InYHbl KOJIUYECTBY B3aUMOJICHCTBYIOLINX OKPYKHOCTEH.
Xapaxkrepuctuka: D=2/0,E=0/1.
KCU-MUHYC-TUITEPOH. CtpykTypa COCTOMT H3 JBYX TOP-MAaTpHll, pPAaCIHOJIOKEHHBIX B OJHOMI
TUIOCKOCTH, CIETUICHHBIE MEXIy c000# OOKOBHIMU YacTsiMu (BHEIIHE (opMa HAIOMHHAET BOCBMEPKY).
3apsI0BBIN 3allpeT MO3BOJISIET CYLIECTBOBATh JIBM)KEHHIO BHHTOBBIX TPACKTOPHUU IBYX TOP-MaTpHIl B
y4yacTKe 3allena TOJIbKO B Pa3JIMuHbIe HalpaBlIeHHs, a 3HAUYUT 00e TOp-MaTpHIlbl, HAXOICh B OJHOM
IUIOCKOCTH BpAIAlOTCSd B OJHOM HANpaBJIEHUH, CYMMHPYSACh B JAWAMETPaIbHBIX Y4acTKax OT OOIIEro
neHTpa, Gopmupyrot 3apsaq +" nimm "-"
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CXO0ACTBO CO CTPYKTYPO KCH-HYJIb-TUIIEPOHA 00pa3yeT MoJ00HYI0 SHEPIrOEMKOCTb U BPEMS KHU3HHU.
Xapaxkrepucruka:D=2/0,E=0/1.

OMET'A-MUHYC-TUITEPOH. CtpyKkTypa COCTOUT U3 BOCBMHOOPA3HOM, "NepexIecHyToH" TopMaTpHIIbI
(ocHOBa CTPYKTYpBHI J1aM0OJa-THIIEpOHA) B T'COMETPHUYECKUX OKPYKHOCTSX KOTOPOHW TIPOXOJUT |
CLICTUISICTCS] KpYroBasi TOp-Marpuiia (Top-MaTpUYHbIH SKBHUBAJICHT [TH-MHHYC-ME30Ha).

CrpykTypa "mepexiecHyToil" OKPYKHOCTH HE CIOCOOHA Pa3BEPHYTHCS B OKPYKHOCTh, €CIH B JIBYX €€
NETJIAX NPOXOJHUT BTOPAsi OKPYKHOCTB - MOSIBISieTCSl AP(YEKT MHUMOTO IMepeKpecTa, CyThb KOTOPOToO B
YIBOCHHH OKPYXHOCTH HEOOpAaTUMO CBEPHYTOH TOp-MaTpHIIbl. BBIUMCICHHE BPEMEHHU CYIECTBOBAHUS
CTPYKTYpBI: BpeMsi B CEKyHIaX CYIIECTBOBaHHMS 3alena oOleHuBaeTcs Kak |g=-11 cekyHn, Bpems
CYIIIECTBOBAHUS CIICTIKH Top-MaTpHull |g=-12, cTpykTypa CymecTByeT B CpeJHEM 3HAUCHHH.

Pesynbrar MHEMOTO nepekpecTta (IByM MHUMBIX TOP-MaTpPHI]) — BBICOKasi SHEproeMkocTh B 1670 M»aB.
Onpenenenue 3apsiia NOA0OHO MU-MUHYC-ME30HY.

Xapaxkrepucruka:D=2/0,E=1/1.

PE3OHAHCBI. CtpykTypsl 3THMX 4acTUL[ HapyllarOT IMPHUHLHMII 3alpeTa MO KOJIMYECTBY OKPYKHOCTEH
WU CLEMNOK, HOITOMY KOJIMYECTBO BAPHAHTOB PE30HAHCOB 00JIee BEJIUKO, UM IEMEHTAPHBIX YACTULL, HO
3aIpeT COKPALIAeT UX CYIECTBOBAHUE JO MUHUMAJIBHOTO.

YACTb 4. MEXAHU3MBbI PACIIAJIA, B3BAMMOJIEUCTBUA U POXKJIEHUS
IJIEMEHTAPHBIX YACTHIL

Bce mnpouecchr (pokaeHus, pacmana, B3aUMOJCWCTBHS) CBS3aHHBIE C O3JEMEHTAapHBIM YaCTHIAM
MOAYUHSAIOTCS IISTH IIPAaBUIIAM!

1. Pacmagpl yacTUIl HPOUCXOJAT IO IYTH pa3jI0KEHUS CTPYKTyphl Ha COCTaBHBbIE MAaTPHUIIBI,
COITPOBOXK/IAIOIIEECS] COXPaHEHUEM ATHUX MATPHIl WK peoOpa3oBaHKeE B 110100HbBIE.

2. Pacniajy mpoMCXOAUT COTJIACHO LIEHTPOBOM CUMMETPHH, JIMOO MPOUCXOAUT B LIEHTPE CUMMETPUH, JI00
IIPY OTCYTCTBHUH LICHTPA B JUAMETPAIBHBIX Y4aCTKAX OKPYKHOCTH.

B03MOKHBI TakKe TpU CIIOPHBIE CUTYALIUH !

a) B cirydae 1Byx aOCOTIOTHO WACHTUYHBIX TPACKTOPHUI C PAaBHOIIGHHBIM PACIIOJIOKEHUEM (JIBE KPYTrOBBIX
CTPYKTYpBI B CLEIKE), MMPOUCXOJUT Pa3pbiB B OJHOW M3 TPAEKTOPHUIl C COXpaHEHHEM JIpyroi (pacman
MIOOHA, TJIe OKPYKHOCTh IO TMOJ00MI0 CTaHOBMUTCSI BUHTOM HEMTPHHO, M pachaj Tay-JIENTOHA, I7ie
BUHTOBAsT TPAaeKTOpUS OJHOM TOp-MaTpuilbl IpeoOpasyeTcs TNpU  BBICOKOH  DHEPrOEMKOCTH
HETTOCPEICTBEHHO B HEUTPHHO, C OCTATOYHBIM IPOAYKTOM I10 MOJOOUI0 MAaTPHII - AJIEKTPOH HIIA MIOOH).
0) B ciydae AByX pa3HBIX TpAaeKTOPHHA C aOCOJIOTHBIM CXOJCTBOM IO LEHTPOBOM M H30paHHO
IJIOCKOCTHOM CHMMETpPUEH, pacnajaercs B JUAMETPAJbHBIX YYacTKaX HaUMMEHEe JHEproeMkas
TpaekTopus (pacmaj HEHTpOHa C TOP-MaTpUIel M TOJHOCTHIO € CUMMETPUYHON KPYroBOW MaTpuIleH,
KpYroBasi pacraaeTcs 1o moJJ00HI0 B BUHTOBYIO CTPYKTYPY -HEUTPUHO C OCTATKOM -3JIEKTPOHOM).

B) Ilepekpect MOKeT pacmagaThCs TOJBKO TPH LEHTPOBOM PpACIOJOXEHHH (BEPOSTHO, HAXOISACh B
JMaMeTpalibHBIX y4acTKax K LEHTPY CHUMMETPUM B H30paHHOH IJIOCKOCTH, MEPEKPECTHl SBISIOTCS
CTaOWIIPHBIMM TaK KaKk OHHM B3aMMOKOMIIEHCHPOBAHHBI), TIO3TOMY IIpH pachaje HYJIb-KaOHOB,
JUaMETPAIbHBIMU YYaCTKaMH paclaja sBISIIOTCSA JIMHEMHBIE TPACKTOPUU 10 OCH, IIPOXOIALIEH MEXKIY
nepekpecraMu. Tak OChb pacmaza Ui NEpBOrO-KaoHa IPOXOAUT IO LEHTPAIBHOM IIETIE 4epe3 JBE
TPAEKTOPUH U TIOCIIE 3aMBbIKaHUs Pa30pBaHHBIX TPACKTOPUI 00pa3yrOTCsl YeThIpe OKPYKHOCTH (10 JIBE Ha
IIHOH -TIPOJIYKT),B ClIydae BTOPOTr0-KaoHa OCh pacmaja IMepecekacT COOTBETCTBEHHO YEThIPE TPACKTOPUH
U TOCNIe 3aMblKaHHs 00pa3yroTcs ILIECTh IMeTeNb PaclpesieNsisch Ha TpU MHOHA —KOTOpPbIE B CIIydasx
BBICOKHX DHEPTHi 00pa3yloT M3 MPOMEKYTOUYHBIX MMOHOB — MIOOHBI, DJICKTPOHBI H HEUTpUHO (B Oostee
PEIKUX KaHAJIaX PACcIajia).
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3. BzaumojeiicTBUe 4YaCTHIl MPOUCXOTUT MENKIYy T'€OMETPUYECKH TOJOOHBIMH MATPHIAMH IO TPEM
CXeMam:

a) M-MaTpHIIbl TOI00HBI 3aIelaM TOP-MaTpPHIL,

0) 8-marpuiia 1mo100Ha MOMEPEUHOMY CEUCHHIO TOP-MATPHUIIBI (CM.CXEMY)

B) MOTIEPEYHOE CCUCHHE BUHTOBOM TpaeKTOpuH mojao0oHo O-marpuie (1Mo 3ToMy MOJA00UI0 IOMYCKaeTCsI
NpOILIECC B3aUMOICHCTBHS HEUTPUHO U 3JICKTPOHOB).

V3MeHeHus B JBYX B3aMMOJICHCTBYIONIUX YACTHIIAX IMPOUCXOJAT 110 MATPHIIC SBJISIOIICIHCS 00IIen st
M0I0OHBIX MATPHUI] 0OOUX YACTHIL.

4. Ecnu SHEProeMKOCTh MPEBBIIIACT JHEPrOeMKOCTh MPOJYKTOB OOIMICH MaTpHIlbl, TO KOJIUYECTBO
NPOJIYKTOB YBEJIMYHMBACTCS B KOJIMUECTBE, M HA00OPOT, €CIM HSHEPrOEMKOCTH HEIOCTAaTOYHO IS
(GOpMHpOBAaHUS MATPHIBI JIOUEPHEH YAacTHIBI, TO OHAa HE (OPMHUpPYETCS — TO €CTh HEBO3MOXKHO
(bopMHpOBaHKE MATPUIIBI, KOTOPOH HE OBLJIO B CTPYKTYPaX UCXOHBIX YaCTHII.

5. Ilpu B3aMOICHCTBHH JBYX OJMHAKOBBIX 4acTUI] 3Q(EKT OT B3aUMOJICHCTBUSI SBISICTCS PABHBIM JIJIsI
00eHX YacTHIl, WJIK UHAYE TOBOPS — CHMMETPHUYHBIM.

JInst Bcex BUAOB B3aMMOJICUCTBHH 00S3aTENBHO COONIOJICHUE 3aKOHA COXPAHEHUS DIICKTPHYECKOTO
3apsiia, KOTOPBI MOXKHO TPaKTOBaTh KaK COXpaHCHUE BpalleHus (10J00Ke ¢ MEXaHUKOW) B U30paHHOMN
TUIOCKOCTH.

Cnexyer Taxke KOJIMYECTBO IPOAYKTOB pacraja YacTHLbl DPa3/euTh Ha JBE TPYIIbL: 0a3oBble
npoykThl (BIT) - 00pa3oBaHHbBIE U3 COCTaBHBIX MaTpuil, octarouHbie poaykThl (OI1) - oOpa3oBanHbIE U3
OCTAaTKOB DHEPTOEMKOCTH, KOIIUPYS COCTABHBIE MATPUILIbI, UX YACTH WIN IIPOU3BOIHBIE.

MIOOH: kosbLEeBblE CTPYKTYpbl MIOOHOB CLEIUIEHBI, IpPU pPaspylleHUH OJHA U3 KOJIbLIEBBIX
OKpYKHOCTEH pa3pbIBaeTCs U 0CBOOOKIAeTCs U3 3allerla, IPU 3TOM pa30pBaHHas OKPY)KHOCTb UMEET BUJ]
BUTKA BHHTA, TO €CTh CTPYKTypa HEUTpHHO (MIOOHHOE HeHTpuHO - BII); ocTraBmasics mnenas OKpy>KHOCTh
cOpachIBaeT JIMIITHIOK YHEPTOEMKOCTh 10 MaTpuIle BUHTA (HEHTpHHO AnekTpoHHOe - OIl),mpeBparasck B
KPYTrOBYIO JIMHCHHYIO Tpaektoputo -3ekTpoH (BIT). ITo Tomy e MmexaHW3Mmy paspbiBa OJHOW HX
TPACKTOPHUS IIPOUCXOIUT B3AUMOJCHCTBUE MIOOHA C HYKJIOHOM, IIPYU KOTOPOM OJIHA KOJIBLIEBask CTPYKTYpa
BOCCTAHABIIMBACTCS B TIOJIOCTH TOP-MATPHIIBI (HEWTPOH), B OCTABIIAsICS KOJIBIEBAsi CTPYKTYpa (DIIEKTPOH)
pacrnazaeTcss B HSHTPUHO, IOCKOJIBKY OY/IeT HapyIIeH 3aKOH COXpaHEeHHUs 3aps/a.

HVYIJIb-ITMOH: cocTtouT U3 ABYX S-MaTpull COBMEIIEHHBIX NepekpecToM, nosromy bII pacmaga moxer
ObITb TOJBKO (POTOH, KOJIMYECTBO (DOTOHOB COOTBETCTBYET KOJIMYECTBY MATpHI], IO KOTOPHIM
SHEPrOEMKOCTh TEePEeX0JUT B (OTOHBI. Pacman mpoucXoauT B LEHTpe 4YacTHIbI (IEpPEeKpecT), Mo3ITOMY
BO3MOJKEH 0OoJiee peJKuid pacnaj Ha JBa 3JekTpoHa - b1 (BockMepka cOCTOUT U3 ABYX METelb, KOTOPHIE
COXPAaHSIOTCS, HO PACXOJATCS), OCTATOYHAS SHEPIUsl YXOIUT 1o S-Marpuue B ¢potoH - OIl - 3TOT pacmnan
MIPOMCXOJUT BEpOSITHO B mepekpecte. [logo0ne MaTpull Mo3BOJSET MPOUCXOAUTH JAHHBIM IpoleccamM
BCIATH ¢ 00pa30BaHKEM ITHOHA.

TIJIFKOC-TTMOH: yactuna He MOXeT pacrafaThCsl Ha S-MAaTpUIIbl, Tak Kak Oosee cTaOmibHas Kpyropas
TPAaeKTOPHS FEOMETPHUECKH YACPKHUBAET X, JHIIb B OY€Hb peIKOM BapHaHTe (poToH BbIxoauT kak OIl.
Haubonee BeposTHBIM pacmajg MPOUCXOJUT B MEHee CTa0MIbHONM KOHCTPYKIMHM - JIEMHHUCKaTe B
MIEPEKPECTe - POKIAECTCSI MPOMEKYTOUHBINH MPOAYKT: TPH CLEMIeHHBIX O-MaTpuilbl AByMs 3alernamu -
IPUHIMI 3alpeTa pa3pbiBacT OAHO U3 OOKOBBIX KOJIEL, KOTOPOE pPa3pbIBasiCh CTAHOBUTCS BHHTOM U
poxaaer HeUTpUHO-bII, ocTaBiIKMecs 1BE OKPYKHOCTH SIBJISIIOTCS CLUECIUICHHBIMUA U COXPAHSIOTCSA B BHUJIE
MiooHa-bII. MeHee BeposTeH pacnaj ¢ COXPaHEHHEM TOJIBKO KOJIBLIEBOM TPACKTOPUHU - dIeKTpOH-bII,
Toraa kak 00e 60koBbIX O-MaTpUIBl B COOTBETCTBHH C 3alPETOM CUHXPOHHO paclaaaroTcs, o0pa3ys JiBa
UJICHTUYHBIX HEUTpUHO-BIL.

[Tnroc-mMoH MOKET pacnaaaThesi ¢ 00pa3oBaHHEM HYINb-TIMOHA, IEKTPOHA U HEUTPUHO, B IAaHHOM CITydae
pacnajaercs KOJbLEBas MaTpULla BKIIOYEHHAs B JIEMHUCKATy — COOTBETCTBEHHO, IIPU pa3pbiBe
o0pazyercsi BAHTOBAsI TPAEKTOPHsL, @ OCTATKOM SIBJISIE€TCS AJIEKTPOH.
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IUIFOC-KAOH. Pacnan yacTunbl B OTIMYME OT APYrUX YACTHIl IPOUCXOJUT CJIOXKHEE, MOCKOIBbKY
TOJIBKO B HEH M3 BCEX YaCTHUI] UMEETCS LIECTUYCHIM MEPEKPECT K TOMY K€ PACIOJIOKEHHBIM B LIEHTpE.
Pacnan mo BceM NpuHIMIAM JOJKEH NPOMCXOIUTh B IEPEKPECTe € H30JSIMMEH TpexX MeTellb U
00pazoBaHMEM TpPEX DJIEKTPOHOB, JiBa U3 KOTOPBIX 3apsHKEHBI MO 3apsly KaOHa, HO HU B OJHOM pacriajie
H0J00HOTO He HAabJII0JaeTCs.

B npenBapuTenbHBIX pacCcyKICHUAX JIOMyIeHa ONIMOKa - KOH(QUIYpalysi CTPYKTYpBI JIUIIb HATOMHUHAET
BUTKH JIEMHHCKAaTBI, HO TIOCTPOCHBI OHU W3 C-MaTpul] (M3 S-MaTPHIl COCTABUTH TPEXIIETICBYIO CTPYKTYPY
HEBO3MOXKHO). JJIsl MOCTpOCHUsI TpeX DIEKTPOHOB TpeOyercsl mmiecTb c-martpuil. [Ipu pacmanme mutoc-
KaoHa, KOTOPBIM Ha4yMHAeTCs B IepeKkpecTe ,00pa3yloTcsl TPU COBMEIICHHBIX C-MaTpHUIlbI, OJHA U3 C-
Matpul GOopMHUPYET HEUTPUHO, Ipyrue ABe 00pa3yloT EKTPOH, HO Yallle BTOPBIM MIPOAYKTOM SIBISETCS
MIOOH — 3TO NPOMCXOJUT NPU B3aUMOACHCTBUU IEKTPOHA U HEUTPHUHO, KOTOPOE <«BBHUHUYMBAETCI» B
KOJIBIIO DJIEKTPOHA M OCTABIISIET YaCTh SHEPTUH B BHJIE BTOPOTO KOJIbIIA (I10100HAsT PEaKIHsi IPOHCXOINUT
B COCTaBE MEPBUYHOMN YaCTHIIBI).

ITpu mpsiMoM pacnajie CTPYKTYphI IIFOC-KaOHAa HEBO3MOYKHO 00pa30BaHKE MHOHOB, TIOCKOJIBKY HET Jlaxe
noJo0usi TakoBbIX Marpull (S wiu 8 —matpui). Hannume nmMoHOB mpW pacrajie IUTOC-KaoHa, MOXKET
IIPOMCXOUTB TOJIBKO B TOM CIIydae, €CIIU IUIFOC-KAOH Iepeles B IPOMEKYTOYHOE COCTOSIHUE, KOTOPOe
oOpasyercsi TNpH pa3feieHUU IIEeCTHYCOTO TIepeKpecTa Ha TPH YEThIpEXyChlX C 00pa3oBaHHEM
TPEYroJIbHOH OKPYKHOCTH MEX1y HUMHU (B LIEHTPE YacCTHIIBI),TorAa pacnaja (1Mo MpuyHMHE 3arpera s
YeThIpEX OKPYXHOCTEH) B HCAITFHOM BapUaHTE MPOUCXOIUT B AUAMETPAIBHBIX Y4acTKaX U 00pa3yroTcs
COOTBETCTBEHHO TpPEM IIepeKpecTaM - TpH NHOHA (MEHbIIee KOJMYECTBO ITHOHOB YKa3bIBAlOT Ha
HE3aBEPUICHHOCTh TMpoliecca paszieieHus mepekpecra). [lpuumHa 00pa3oBaHHS MTPOMEXKYTOYHOTO
COCTOSIHUSI HE SICHA, HO OYEBHUJIHO YTO pa3fieieHHe IIEeCTUYCOTo MepeKpecTa MpeiCTaBiseT co0oi aHajIor
TOrO K€ pacrajga, a pa3HHMIa BO BPEMEHM paclaia Mo o0OMM MeXaHH3MaM COCTaBIISET BEIUYMHY
BPEMEHH BBITIOJIHEHUS 3aIlpeTa, KOTOPasi MEHBIIIE BPEMEHH JKU3HH YacTHIbl Ha 14 nopsinkos (1) u motomy
He omnpezensercs (CM. B TEKCTe BpEeMEeHa paciialoB MaTPHIL).

HEMTPOH: Kak yXKe YIOMHUHAJIOCh 10 MPUHIMITY 20, MepBOHAYAIBHO MPOUCXOAUT Pacraj KOJIbIEBOM
JMHEHHOW MaTpUIbl B KaHAJe TOP-MAaTpulbl (B IUaMETPaJbHBIX YJ4acTKax), KOJbLEBas CTPYKTypa
Pa30pPBaBILIUCH «BBIBUHYMBACTCA « MEXKJy BUTKAMU TOP-MAaTPULIBI B EHTPAJIBHYIO YacTh, IJI€ Ha BTOPOU
craquu mporecca (HOPMUPYETCS 3aMKHYyTast KOJbIEBas CTPYKTypa (aHAIOT 3JIeKTpOHa), HO Oymydu
BBICOKO DHEPrOEMKOM, 110 CPABHEHMIO C DJICKTPOHOM KOJIbLIEBAs CTPYKTYpa Ha TPEThEHW CTauu Iporecca
pacrmazia BBICBOOOXKIaeT MO IyTH IMpeHeH BUHTOBOM TPaeKTOPUH MPH «BBIBUHYMBAHUU» - GOPMUPYETCS
HEUTPUHO, BEPOSATHO NIEKTPOH MOKUIAET HEUTPOH BCIIECICTBUE IIPOTUBOUMIIYJIbCA MOIYYEHHOTO UM OT
HEUTPHUHO.

MexaHu3MBbl pacnagoB OCTAIBHBIX YACTHULL JAJIEE€ B TEKCTE 110 COOTBETCTBYIOLIUM TEMAM.

YACTbDb 5. CTPAHHBIE YACTHUIbI

B ocHOBe poJieHUs CTPAHHBIX YaCTHUIl UMEET 3HAYEHHE BBICOKOE COOTHOILLIEHUE 3alleNIOB TOP-MaTpUll U
M-matpull. Jleno B TOM, YTO BUTKM BHHTOBOM TpaeKTOpHH, MPUHHUMAIOIINE ydacTHe B 0Opa3oBaHUU
3aiena TOp-MaTpHLl, PacHoJOkKEHbI MOJ O4YE€Hb OCTPHIM YIVIOM JAPYr K JIpYry, TaKk KaKk caMa BUHTOBas
TPAaeKTOPHS JISKUT B OJHON M30paHHOM IMJIOCKOCTH, a €€ BUTKU B IUIOCKOCTSX mof yriaoM 90 rpanx u B
paluaIbHBIX YYaCTKaX MX IUIOCKOCTH NOYTH CXOJHBI. [II0CKOCTM He COBNAAalOT MOJIHOCTBIO M3-3a
BUHTOBOW (hopMBbI TpaeKkTOpuU. Bricokoe nmpubimkeHne K eAMHON MIOCKOCTH Y JIBYX BUTKOB, HalW4ue
y4JacTKa HE3aMKHYTOH OKPYKHOCTH OOpa30BaHHOM M1y BUTKaMH IO3BOJISIET pacCMaTpUBaTbCs 3TOT
Y4acToK, Kak BUPTYaJbHbII HYJIb-KAOH, TaK KaK €CJIM COBMECTUTh 00a BUTKAa BUHTOBOM TPaeKTOPUH HX B
OJIHY TJIOCKOCTb, TO OHM 00Pa3yroT J1Ba MEPEKPecTa, 3aMKHYT MEXy COOOH OKPYKHOCTh, BUTKU B OJTHOM
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TUIOCKOCTH JIa1yT 3aMKHYTbIE OKPYKHOCTH 10 OOKaM - MOJIyYUTCs TTOJTHOLCHHBIA HYyIb-KaoH. [10100HbIH
MIPOLIECC UMEET MECTO MPH POXKAESHUU CTPAHHBIX YACTHUII.

BenuunHy CTpaHHOCTH YaCTHI] MOJKHO OIPENENIUTh, KaK KOJIMYECTBO TOP-MAaTpHIl 00pa3yIoLINX 3allelbl,
TaK HalpuMep: HyKIOHbBI He 00anaroT 3anenamMu cosceM (S=0), 1am0aa- ¥ CUrMa-THIICPOHBI COCTOST U3
OJTHO¥ TOp-MaTpHIIbI ¢ caMmo3arenamu (S=1), KCU-TUIEpPOHbI COCTOST U3 IBYX TOP-MAaTpPHIl COSAMHEHHBIX
3arerioM (S=2), oMera-rHIepoH COCTOUT W3 OJHOM TOpP-MAaTpHIIbI M OJHOM HEoOpaTHMO 3aBEpHYTOH B
"BOCbMeEpKY" (IIB€ MHUMBIX TOP-MaTpHIIbI) -B CYyMME TpH reoMeTprueckux okpyxkHoctH (S=3). KaoHbl
0051a/1al0T CTPAHHOCTBIO 10 OIPEAENEHHIO, MHbIE YaCTHULbl CTPAaHHOCTbIO He oOnanaroT. Bennuuny
CTPaHHOCTH MOYKHO TaKKe TOJyYHuTh 0 opmyre: S=d* e, rue d-KoiIM4ecTBO COCTaBHBIX TOP-MaTpPHIL
(umcimrens BenmmumHBl D), €-xonmdecTBo 3arenoB (3HaMeHaTenb BedMYHHBI E). PokaeHue cTpaHHBIX
YaCTHIl CBA3aHO CO CTOJIKHOBEHHEM IHOHOB M HYKJIOHOB, O0IEe B CTPYKTYPaxX 3THUX YaCTHI] SIBJISIOTCS
TOp-MaTpula U "BocbMepKa", BEPOSATHO, OHU M B3aHMO/ICHCTBYIOT. B monepeyHom ceueHun Top-MaTpHia
UMeeT JIB€ OKPYXHOCTH C Pa3HOHAIIPABJICHHBIM BpAIllEHHUEM, €r0 OTIMYAeT OT "BOCBMEpPKU TIHOHOB
TOJIBKO OTCYTCTBHE HEPEKPEcTa - 3TO SABJISAETCS NMPUUMHOMN 1MOA00US TOp-MaTpHLbl U MHOHOB. BeposTHO
"BocbMepKa" MHOHA TIONEPEK BCTPAWBACTCSl B TOP-MATPHILy HYKJIIOHA M 00pa3yeT JBe CIENKH (Tak Kak B
MUHYC-ITHOHE MATpPUIBl COPa3MEpHbl, TO KpPYroBas MaTpulla CUYUTAETCA CIEIJIEHHOH ¢ TOYKOM
MepeKpecTa, OJHAKO TOpP-MaTpulla MPEBBIIIAET MO pasMepaM "BOCBMEPKY' U MOTOMY €€ BUTKU 00pa3yroT
CHENKH C KaXJIOH OKPYKHOCThIO "BOCBMEPKH' - B HTOT€ HMEIOTCS JBe cuenku). Dopmupyercs
IPOMEXYTOYHOE COCTOSHHME MMEIOIIee ABE CLENKM U HapylIawomas 3alper, M03TOMY B IOJIOKEHHBIN
Cpok (cM.paHee B TEKCTE) MPOMCXOMUT pacmaj. Pacrag He MOXXET NMPOM30HTH B ICHTPAIBHON YacTH
(mepexpect) ¢ 0oOpa3oBaHHMEM JBYX KPYrOBBIX MaTpHIl, HO 00€ Marpuibl OyIyT CUEIUICHBI C TOp-
MaTpuLel, 00pasys JBe CLENKH C COXPaHEHUEM HapyYIIEHHOTO 3alpeTa.

[TosToMy pacnag CTPYKTYpbl MPOUCXOJUT MO JMAaMETpPabHBIM ydacTKaM - PacHajaloTcs BUTKH TOP-
MaTpull, KOTOpble 1Mo “BochbMepke" (OpMHUpYeT S-MaTpHUILbl, KOTOPbIE B CBOIO OuYE€peAb MEPEXOAST Ha
JMaMeTpaIbHO MPOTHUBOIMOJIOKHBIA y4aCTOK TOP-MAaTpPHUIbl M, COEAMHSAS BUTKH, MO3BOJISAIOT MOCTPOUTH
COeIMHEHHE UX 10 THITy 3allerna.

Bropoil BapuaHT nomo0HOro cleHapusi pacraja HaOIIAaeTCsl MPU PAacXOXKAEHHM IEepEeKpecTa Ha JBE
OT/eTIbHbIE TPAEKTOPHHU - JIBE S-MATPHULIB], TI0 KOTOPHIM yXKe pacnajaroTcs BUTKU. [Ipu auamerpaabHOM
pacnaje Top-MaTpulla pacnaJaeTcsl Ha JIB€ MOJOBUHBI, KOTOPBIE 3aT€M BHOBb 3aMBIKAIOTCS, 00pa3ys JBe
J0YEpHHUE TOP-MATPHILl U COOTBETCTBEHHO JIBE YACTHIbI - TAaK BBIVIAAMT OO0IIas cxemMa 00pa3oBaHUs
THIIEPOHOB.

IIpn CTOJIKHOBEHMM J[BYX NPOTOHOB WX BHUTKH COEIUHSIOTCSA, (OpMHUpYS YK€ TOTOBBIM 3auen u
COOTBETCTBEHHO 0Opa3yercsi TUIEepOH, OCTaTOYHBIM HPOJYKTOM CTAaHOBATCS KAaOHBI IO Jlayiee
NpUBEACHHBIM MexaHu3MaM. [lpu MeHbIIell SHepruu JBYX CTOJKHYBIIMXCS MPOTOHOB 00pa3yroTcs
IPOTOH, HEWTPOH M IUIIOC-TIMOH — B JIAHHOM cllydae (OpPMHUPOBAHUE IHOHA IMPOUCXOJUT B TOUKE
KOHTaKTa MPOTOHOB MO HNPUYMHE «I10J00MS MaTpuI», (opMHUpOBaHHME K€ B IMPOAYKTaX NPOTOHA U
HEUTpOHA MPOMCXOJUT [0 MPUYMHE TepepaclpeiesieHusl 3apsa pU ero COXpaHeHUH — TaKUM 00pa3oM
He HaOJII0IaeTCsl aCHMMETPUYHOCTH B MEXaHW3MaX B3aUMOJICHCTBHH (5 MpaBHIIO B3aUMOJICHCTBHH ).
Bo3moxeH ciydail pacmaja OJHOBPEMEHHOTO pa3pblBa BHUTKOB B JMAMETPAJbHBIX y4acTKax TOp-
MaTpHUIbl U PAcXOXKAEHUS TPAGKTOPUIl B IMepekpecTe, MPH 3TOM BEPOSATHO obOpasyercs 4eThipe S
MaTpHIbl, KOTOpPBIE MO TPHHIMIY MATPUYHOCTH (HAMOONbIIAs CTENeHb CHMMETPHH) OO0pa3yroT
COOTBETCTBEHHO JB€ M-MATpHLbl U OJHY S-MAaTpHIly, UMEHHO M3 M-MaTpHIl MPOUCXOJUT HOCTPOEHUE
HY/b-KaOHOB. J[B€ OKpPYXHOCTH MOIEPEYHOr0 CEUCHHs TOP-MATPHUIlbl, ABE OKPY>KHOCTH "BOCBMEPKH" U
OJMH €€ TMEepeKpecT MOTyT C(OPMHPOBATH TPEXMETIEBYI0 C OCTABIIMMCS OT IHOHA IEPEKPecTOM
CTPYKTYpY -IUItOC-KaoH. JloMHHHpOBaHHE 0Opa30BaHMs IUTIOC-KaOHA B CPAaBHEHUU C MHHYC-KAaOHOM
CBSI3aHO C OPHUEHTHUPOBKOI 3apsaja (POPMHPYIOLIErocs KaoHa MO BBICOKO MHTEHCHBHOI TOp-MaTpulle,
HaXOMsACh C HEW B €AMHOW M30paHHOM TUIOCKOCTH (€AMHOM OHAa CTAHOBHTCS JJIS MEPEXOTHON YacTHUIIBI
NHOH-NIPOTOH). [l0 aHaNOTMYHON NpPUYMHE NMPH CTOJIKHOBEHWH MHHYC-THOHA W TPOTOHA, POXKIACTCS
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KaOH: KaOH COCTOUT M3 TPEX CHMMETPUYHO PACIHOJIOKECHHBIX METeNb ¢ 3apsaamu jaBa "+" (mo 6okam) u
omuH "-"(B IEHTpe), HO TpHU pachajze HYJb-KaOHA M AHTHU-HYJIb-KAaOHA, Oyarojapsi OCH aHOMAaJbHOMN
CHMMETPUHU PE3yJIbTaT CXOJHBIA. Tak Kak B MpoIeccax POXJICHHS M CTPYKTypax CTPAHHBIX YaCTHI]
OTCYTCTBYIOT O-MaTPHIIbI, COOTBETCTBEHHO THIICPOHBI U KAOHBI HE CIIOCOOHBI PacaiaThbCs Ha HEUTPHHO,
ANIEKTPOHBI U MIOOHBI.

Pacmag naMOpa-HyJb-THIIEPOHA, CHIMA-IUTIOC-TUIICPOHA M CUTMa-MHHYC-THUIICPOHA TMPOUCXOJIUT C
o0pa3oBaHHEM HYKIIOHA, TaK KaK y BCEX ITUX YAaCTHUI] TOP-MATPHIA OJHA, U TTHOHA, KOTOPBIN SBJISFOTCSI
COOTBETCTBEHHO MpeoOpa3oBaHHEM 3allerna Mo Mmojao0u mMarpuil. KCH-THIIEpOHBI MOCTPOSHBI U3 JABYX
TOp-MaTpHll, TO3TOMY OCBOOOKIAsACh OT 3arerna (3amen MmepexoauT B MHOH 10 MOJO0OWI0 MaTpHI) JIBE
TOP-MAaTPUIIBI COSAUHSIOTCS 00pa3ys oJiHy, KoTopas (GopMupyer jamMOa THIIEPOH: €CJIA ObLT KCH-HYJIb-
THIIEPOH,TO JIBE MPOTHBOBPAINAIOIIMECS MATPUIIBI COCIUHSSACH (POPMUPYIOT THIIMYHYIO BOCBMEPKY",
eciu ObLT KCH-MHUHYC-THIIEPOH, TO COXpaHsst opMy BOChMEpKH (TOJBKO (opMma), JTHKBHIUPYS 3aler
MPOKUCXOIUT NIEPEKPEIIMBAHNE BUHTOBBIX TPACKTOPHIA.

Pacmiajg omera-rurnepoH MPOUCXOMUT B IIEHTPE CHMMETPHUH, TJE HAXOMIATCS 3allelbl, KOTOPBIC IO
MOJOOMI0O MAaTpHIl MPeoOpa3ylTcs B KAOHBI M IHOHBI, COXPAHCHHBIC JIBE TOP-MATPHUIBI MOTYT
cpopMupoBaTh KCH-THUIIEPOH, JIMOO €CIM pacmagaercs KpyroBas TOP-MaTpHUIA,TO COOTBETCTBEHHO
OCTaeTCsl CTPYKTypa JaM0/1a-THIIEPOHa.

YACTD 6. AHHUTWJISILUSA U BBIITIOJIHEHUE 3APAZIOBOIO 3AIIPETA

B3aumoseiicTBUS YacTHIIbI M aHTUYACTHUIIBI MPOUCXOAUT B U30paHHON 1iockocTH. CoBMelleHHe
KPYTOBBIX MaTpHIl JIEKTPOHA M MO3UTPOHA C PA3IUYHBIM HAIMIPABICHHEM BPAIIEHHUS B ATOH IJIOCKOCTH
IIPUBOJUT K TMOSIBICHUIO B TOYKE MX COBMEIIEHHS JIBYX COHAIIPABJICHHBIX IOTOKOB PAaCIOJIOKEHHBIX 110
OJIHYy CTOPOHY OT IIEHTpa Ka)XIOW 4YacTUIBI (B Cydae HYJIb-BTOPOTO-KaOHA COHAIPABIICHHBIE MOTOKH
PACIOJIOKEHBI 10 pa3Hble CTOPOHBI IIEHTPAa CUMMETPUH ONpEACIICHHs 3apsja), TaK Kak HE yCIeBaeT
copMHUpOBaTHCS IPOMEKYTOUHOTO COCTOSIHUSA AIIEKTPOH-TIO3UTPOH C IIEHTPOM B TOUKE COHAIPABICHHBIX
MIOTOKOB,TO COTJIaCHO BBINIOJHEHUIO 3apsA70BOr0 3ampera, o0e YacTHlbl, SBJSSICH JIMHEHHBIMU
TPAeKTOPUSIMU TIpeoOpa3yroTcst B 1Ba GoToHa (10 KOJIMYECTBaM LIEHTPOB CUMMETPUH) — (OPMHUPYIOTCSI
COOTBETCTBEHHO JIBa HalpaBlICHUs ABWKEHHUS (OTOHOB IO MPSIMOM COEAMHSIOMIEH LIEHTPhI TPACKTOPHIA,
4TO HAONIOAAeTCs Ha OIBITE, B CIydae HAJIMYKMS DHEPrHHM y aHHHUTHIIUPYIOMIEH 4acTHibl (CKOpOCThH
JBUKECHUS) — SHEPTUS TTOJTHOCTHIO COXpaHSETCS B (JOTOHE TOTO e HAIPABJICHUS TOCIIC aHHUTHIISILIUH.
Ecny aHHUTWISIMSA MPOUCXOJUT IPU HAIWYMM TpeTheil OoJiee 3HEProeMKOM 4YacTUIpl, €€ LEHTP
CTAHOBMTCS OIPEEIAIOIIMM B IUIOCKOCTH aHHUTWIALMHN M YK€ M03TOMY 00€ KPYrOBbI€ TPaeKTOPUHU
MOPOXKIAIOT OANH (OTOH.

B ciyyae CTOJKHOBEHHS PENIATUBUCTCKUX 3JIEKTPOHA M IMO3UTPOHA 3apsAOBBIA 3ampeT He YCIeBaeT
peanu3oBaThCs, B pe3ylbTaTe JIBE€ OKPYKHOCTH TE€OMETPUYECKH CHEIUISIOTCA  aKKyMYIHUPYS
PEIATUBUCTCKYIO PHEPTHUIO, TAKUM 00pazoM oOpa3yeTcs MIOOH. CMEIIaHHBIM MEXaHHU3MOM MPOUCXOIUT
00pa3oBaHKEe MIOOHOB U3 ()OTOHOB.

CoBMmelieHre JIByX TOP-MaTpHUIl C PA3IMYHBIM BpallleHUEM IPU aHHUTWIISAIMN HYKJIOHOB HE NMPHUBOAUT K
3apsIIOBOMY 3aIlpeTy, Tak Kak HET JMHEHHBIX TPAEKTOPHUH, TO COOTBETCT-BEHHO HE 00pa3yroTcs (POTOHBI.
ITpu cOmmwkeHUH OBYX TOP-MATpHUIl MONEPEYHOE CEUCHHE UX CTAHOBUTCS MOJOOHBIMH JIEMHUCKATE, U
MIOTOMY AaHHUTWJISILIUS] HYKJIOHOB IIPOUCXOAUT 110 MEXaHU3MY CTPaHHBIX YacTHUIL ,00pa3ys MHOHBI.
3apsI0BBIN 3alpeT B CTPYKTYpE HYJb-CUTMa-THIIEPOHA COKpAIlaeT CYIECTBOBAHUE YACTHIIBI BPEMEHU
BBINOJIHEHUS 3apsiioBoro 3ampera u onpezaesnser 100% BapuaHT pacnaza npu KOTOPOM OJJHa BHYTPEHHSSA
JMHEHHas TpaeKTopus ImpeoOpasyercss B (OTOH, a BOCBMHOOpasHas Topmarpuna (0e3 3aKpyTKH),
npuoOpeTast MPOTHUBOMMITYJIBC BpallleHHs OT JIMHEHHONW TPaeKTOpUHM 3aKpyduBaeTcs MHpuoodperas
CTPYKTYpY JlaMOJia-TUIIepOHa.
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3apsAA0BBIN 3allpeT B CTPYKTYpE 3Ta-ME30Ha OIpeneNsieT KOPOTKOE CYIECTBOBAHME YaCTULBI U IYTh
pacmaza ¢ MpoaykTamu - (OTOHAMH, HO Ha MpaKTHKe HaOMI0JaeTcsl TakKe MPOCTON MyTh pacnaja 1o
OIMMCAaHHBIM paHee MPUHIMIAM, TO €CTh OCh pacrnaja (MM B JaHHOM Ciydae IUIOCKOCTh) MPOXOIUT IO
"sKBATOPY" YACTHILIBI pPa3lessisi MeXIy COO0N MepPEeKpPecThl, MOCIe 3aMbIKaHHUs Pa30pBAaHHBIX TPAEKTOPUI
B OKPY)KHOCTH, 00pa3yercsi COOTBETCTBEHHO IIECTh OKPYKHOCTEH COCTaBIIsisl 3aTeM TpU NMMOHA (pacraj
0 TIPHHIAITY 2B, OYEHB CXOJICH C PaciaioM BTOPOr0-KaoHa).

INPEACKA3AHMUS: OynyT npeacTaBieHb! B MOCISIYIONMX MaTepraiax.

3AKIIOYEHUE: AnbrepHaTUBHBIM BapuaHT MOJEIUPOBAHMS IO3BOJISIET CO3JAaTh E€AMHYIO CXEMY
MOCTPOCHUSI BCEX OCHOBHBIX AJIEMEHTApHBIX YacCTHI[ C BHIBOJOM M OOOCHOBAaHHMEM BCEX MX OCHOBHBIX
CBOICTB M MEXaHU3MOB B3auMOIeiCTBUSL. OCHOBHBIM CBOMCTBOM IPEICTABICHHON MOJIEIH SIBIIIETCS
JOCTHKEHHE BBICOKOTO YpPOBHA OOOOIIEHHMS M3BECTHBIX pE3yJIbTaTOB C IOMOIIBIO  E€IWHOU
NPUHLMNUAIBHON CXEMbl 3HAUUTEIBHO YCTYMAOWEH B  CIOXKHOCTH OCHOBHBIM  IOJIOKEHHSIM
cyuiectBytonieit CtaHgapTHOW MOJIETIH.
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