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B derBeproil wacTi paboThl N3IATA0TCS BOIPOCH KIACCH(MUKAINYA CTPYKTYPBI TOIMOTOINYIECKHAX S9IeeK, KOTOPbIe
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1. Beegenune

ITocranoBka Bompoca o AeTepMUHUPOBAHHON CTPYKTYpPE KBAHTOBBIX OOBEKTOB C TOYKU 3PEHUS KBAaH-
TOBOI TEOpPUHU SIBJISETCS HEKOPPEKTHOW, MOCKOJIbKY BCE OMHUCAHUE ABUMKEHUS WA CTPYKTYPbI YACTHIIL
SABJSETCS BEPOATHOCTHBIM. ECiu y4ecTsb, 9TO B MOCTyIaTaX KBAHTOBON TEOPUU HEABHO MMEETCs YTBEp-
KJEHUE O TOYEYHOCTH PACCMATPUBAEMBIX OOBEKTOB, TO CaMa MOCTAHOBKA MPOOJIEMBI O MPOTIKEHHON
CTPYKTYPe KarKeTCsd HECOBMECTUMOM ¢ KBAHTOBOW MEXaHMKOW, & B KOHEYHOM UTOI'€ U C KBAHTOBOHN TEO-
pueit nosisi. ToyedHOCTh YaCTULL HESIBHO [IOCTYJIMPYETCsi, HAPUMED, B CTATUCTUYECKOM I[IOCTYJIATE, I/e
YTBEPK/IaeTCs, 9TO IOTHOCTh BEPOATHOCTH HAWTH 3JEKTPOH B TOYKE C KOOPAUHATAMHU X B MOMEHT Bpe-
MeHU © ONpeesieTCs KBAIPAaTOM MOJIY/si BOJTHOBOW (DYHKIIUU YACTHUIBI. JTO O3HAYAET, UTO JACTHUIIA B
IKCIEPUMEHTE OOHAPYKMUBAETCS CTPOTO B OHOH TOYKE MPOCTPAHCTBA, YTO IKBUBAJEHTHO YTBEPK ICHUIO,
YTO JIEKTPOH SIBJISIETCst TOYedHbIM 00bekToM. Bmecre ¢ rem, skcnepumentst P. Xodinragrepa [1] 1o
riybOKO HEYTIPYTOMY PACCESTHUIO 3JIEKTPOHOB HA HYKJIOHAX Ja/u WHMOPMAIUIO O HAJUYNNA HEMTPEPHIB-
HO¥ BHYTpEHHEH CTPYKTYpPbl HYKJIOHOB. Ilo Tpamunuu KBaHTOBOW TeOpWu 3Ta BHYTPEHHSS CTPYKTYPA
00bACHATACH ABUKEHUEM TOYEIHBIX dacTull. Hampumep, coriiacHo KBAHTOBO# MEXAaHUKE TOYEIHBINH 00b-
€KT 3JIEKTPOH B aTOME CO3/IaeT HEMPEPBIBHOE B MPOCTPAHCTBE PACIPEIEICHNE 3apsia, TOKA U MacChl.
B ciiyuae HykjIOHOB TOYedHBbIE OOBEKTHI B UX CTPYKTYPE HA3BIBAJIMCH 1APTOHAMU, HO 3aTEM UX CTa-
J CBsi3bIBaThL ¢ KBapkamu (cm. nanpumep, [2]). Takas BO3MOXKHOCTH B KBAHTOBOI TEOPUM UMEETCs 3,
CYeT CTATHCTUYECKON HEJIOKATHHOCTH KBAHTOBBIX OOBEKTOB - TOYEIHBIE OOBEKTHI “IBUKYTCA HACTOJIb-
KO OBICTPO, YTO BMECTO OJHOW TOYKN BO3ZHUKAET PA3MBITOE 00JAKO C IJIOTHOCTHIO, MPOMOPIUOHATBHON
mwroTHOCTH BepogTHOCcTH. OHAKO caM (aKT HAMMYNSA BHY TPEHHEH CTPYKTYPBI Y HYKJIOHOB MOYKET CBU/IE-
TEJILCTBOBATH O CYIMIECTBOBAHUN PEATHHOM, OTHOCUTEIHHO JIETEPMUHUPOBAHHON TTPOCTPAHCTBEHHOHN TTPO-
TSIKEHHOCTU UX 3JIEMEHTOB, KOTOPbIE B PAMKAX [PEIJIaraeMOil KOHLEIIUN CBI3bIBAIOTCS ¢ NeOMeTpuei
HPOCTPAHCTBA HA MaJjbix Mactrabax. [TockoibKy B peiioxKeHHOil B [3-5] KOHLENIMN CTaTHCTHYECKOoe
YCPEeIHEHNE 3aMEHIeTCH HA TeOMETPUYIECKOe YCPEIHEHNE, TO B Hell TOABIIeTCA BO3MOXKHOCTD OIMUPATHCS
HA TEOMETPHUIO B OMUCAHUN CTPYKTYPBI 9AaCTHUIl, SJEMEHTbI KOTOPO MEePEeYnuCIaiOTCS C TIOMOIIBIO Tapa-
METPOB TOTIOJIOTHH.

DJIeMEeHTBI TONOJIOIMU ObLIM BBEAEHBI B YyKa3aHHbIX paborax. Hanpumep, BejinunHa 3/1€KTPUIECKOrO
3apsiia CBA3BIBAETCS C WIEPOBOI XapaKTEPUCTUKON TOTOJOTHYECKUX SYEEK, KOTOPBhIE COOCTBEHHO U
HPECTABAAIOT cO00¥ YacTuipl Marepuu. JacTuvaHo 3T0T BOnpoc obcyxaaicd B [6,7], rie Oblin yKasanbt
OCHOBHBIE MPUHITAIBI TOMOJOrUYecKoi Knaccudukanunu gactuil. OCHOBHAsS 3a1ada JAHHONH pPAOOTHI -
caenarhb 3Ty kiaaccudukanuio 60see o apoOHO, HA OCHOBE aHAIN3a HEKOTOPBIX PAHEE HEUCCIEIOBAHHBIX
dakrTos.

Bamernm, 4To B JJAHHOI 4aCcTH CTaThy CChbLIKKM HA (OPMYJIbL U3 11IEPBOIT 1 BrOpoit yacreit paborst [3-5]
OyayT 0003HAIATHCs ¢ TTOMOIBIO puMckuX 1udp [ n I] B nagase Homepa (DOPMyIIbl, HATPUMED, CCHLIKA
Ha Gopmyy u3 nepBoii yactu ¢ Homepom (2.7) 6yzer oboznavyarbes kak (1.2.7).

I E-mail: zhvictorm@gmail.com
2Pafora BeiHOMHEHA OpH HoAgepxkKe Munncrepersa O6pazosanus u Hayxku Pd (B pamkax LocymapcrBennoro 3aganus
n mpoexkra Ne 14.750.31.0015)
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2. 061_une IMIPpUHINUITBI K.naccn(anaunn TOIIOJIOTUYECKHUX dYeeK

CorsiacHo 001LEel KOHIIENUK TOIO/I0M0-I€0OMETPUYECKOI0 OAX0/A /IJisi OIUCAHUsT MaTepun u QyH1a-
MEHTAJIbHbIX T0JIei, u3/10KeHHOoi B paborax [3 6], reomerpus (PU3NUECKOr0 MPOCTPAHCTBA, OTPAZKAIO-
mas CBOHCTBA MATEPHH B HEM, ONHCBHIBACTCS ¢ HOMOINBIO TIAKOM THIEPIOBEPXHOCTH V2, BIOKEHHOI
B eBKJIMIOBO npocTpancTtso W4 Ha eauuniry Gosbineit pazmeproctu. Ilpu sTom Bpems 8 W* cuuraercs
abCoOIOTHBIM, TaK 9TO Bce (PU3MYIECKHE COOBITHS OMUCHIBAIOTCS B MPOCTPAHCTBE-BPEMEHU, WMEIOIIEro
crpykTypy npsmoro npoussegernst W4 x Tl Ouucanne reomerpun V3 crponres ¢ momompio GyHKImuI
BBICOTHI F = F(X,t), 3anatomeii V3 B dopMe rumeprnoBepxHOCTH:

u = F(x,1), (2.1)

rie x = {z,y, 2z} - AeKapTOBbI KOOPAMHATHI Ha rumepriockoctn P32 € W4, urparomieii poib cucTeMbl
OTCYeTa, a U - KOOpAUHATA BIOIb OPTOTOHATLHOTO HampasaeHns K P2 B W4,

B paGore [3] 6bL10 JaHO Onpeje/ieHue NOHATHS TOMOJOIMIECKON A9efiKu, KOTOPOE UCIOIb30BAIOCH
JIJIST BBEJICHUS TEOMETPUYIECKOrO MpeACTaBienns O dacturiax marepun. st ymobcTBa BOCTPOU3BEIEM
€ro u 3/1eCh.

Omnpegesnenne 1 Ilycrs F(x) - byuxkuus Mopca, 3asannast Ha TDEXMEPHOM €BKJIMIO0BOM [IPOCTPAH-

cree R3. Byaem Ha3biBaTh TOMOJIOrUYecKoO sueiikoii, cBa3annoii ¢ gpynkuueii F(X), OTKPBITYIO 00~
JIACTH [IPOCTPAHCTBA, OrPAHUYEHHYIO KaKOH-1nb0 nzonosepxHocrbio Gynkunu F(x). Tonosoruueckyio
A9eiKy OyJaeM Ha3bIBATH MPOCTOM, €C/IU TOMOJOTHIECKAsT TIeiKa SAB/ISeTCS KOMITAKTHOW M COIEPIKUT
€IMHCTBEHHYIO KPUTUIECKYIO TOUKY - 9KCTPEMYM, JIEXKAIUH CTPOTO BHYTPHU TOMOTOTHIECKON SIEHKH.
IIpocToit mpemeabHON TOMOJTOINIECKON TIEHKO OyaeM HA3bIBATH MPOCTYIO TOMOJOTHIECKYTO SUIeiKY,
eciau €€ rpaHuneii gpisercd ocobas U30MOBepXHOCTh GyHKIMU F(X), T.e. M30IOBEPXHOCTb, HA KOTO-
poii JexuT X0Tst OBl OmHa ceayoBast Touka JF(x). ITycToii Tonosornveckoii sveiikoii Oysem HaspiBaTh
TOTIOJIOTHYECKYTO 9efiKy, B KOTOPO# HET HU OHOW KPUTUYIECKOH TOUKHU (byHKmmu JF.

B mnporecce nmocrpoennst reopun B yKazaHHBIX pab0Tax ObIIO JAHO ONMpEIeIeHre JaCTHIIHI MATEPUH,
KaK TOMOJIOTr4eckoi gdeiiku. C ToO9KY 3peHns TpeOOBaHUsT OJHOZHAYHOCTH OIPEIeIeHNsT YACTUIIBI CPEIH
BCEX BO3MOXKHBIX TUIOB S9€€K, HA POJIb JJIEMEHTAPHON YACTHUIIBI CJIeIyeT BHIOUPATH MPEIeTbHBIE TOMO-
JIOTUYECKUE SA9efKU, OrPAHMYIeHHbIE 0CO00H M30MOBEPXHOCTHIO. B pesybrare BOBHUKAET BO3MOKHOCTD
MOCTPOUTH KJAACCUMUKAINIO JIEMEHTAPHBIX YaCTHIL, CPABHUBAS UMEIOIINECsT CBEJIEHNsT 00 UX CTPYKType
CO CTPYKTYPOil TOHOJOIMYECKUX AYEEK.

ITockombKy, MO ONpeIeIeHUI0, TOMOJOTUIECKUe AIeHKN ABIAIOTCH KOMIAKTHBIMU OOIACTAMEI TPEX-
MEPHOTO MPOCTPAHCTBA C TON WJIM WHO# IpaHUIle, KOTOpas ONpeIeIeHa Kak 0cobas M30MOBEPXHOCTD
dbyHIaMEHTATBHOIO MOTEHIHATA, TO KJIACCH(PUKANNSA TOMOJOTHIECKAX A9YEEK CBOIUTCH K MEPEUUCTIe-
HUTO BCEX BO3MOYKHBIX THUIOB Takux obsacreit. Ha camom mese perenne Takoit 3a1a9u, ¢ TOYKNA 3PEHUST
TOIIOJIOTUU, ABJIACTCA HeTpHBHaJ’[bHOﬁ 33,,&3,‘1812. HpeHHTCTBI/IeM CJIY2KUT TEeOpeMa 06 OTCYTCTBHUU TPOCTO-
ro crnocoba Mepeduc/ieHns BCeBO3MOXKHBIX TOMOIOIU TPEeXMEepPHbIX KOMIAKTHBIX MHOI00Opasuii [8, 11].
OpHaKO MBI MOYXKEM OOOHTH 3Ty TPYAHOCTD, MPENOI0KUB, 9TO PEATN3yeMble B MPUPOIE THUIIHI IACTHUIL
OTHOCATCS K OFPAHUYEHHOMY THITY BO3MOXKHBIX TOMOJOTHYECKUX CTPYKTYp. Kakux mmenno, Oymer yka-
3aHO HUKE.

CoryiacHo 001IeMy OIPEIE/IEHUIO TOTIOJIOTUYECKON STYefKu, nX KaacCupuKams J0JI2KHA, TPOBOAUTHC
MO JIBYM OCHOBHBIM CTPYKTYDPHBIM MapamMeTrpaM - TOTOJOTHNA TPAHWUILI U BHYyTpPeHHEH Tomnojornn. Eie
OJIMH MTapaMeTp CBA3aH C Ki1accuduKanneil BCeBO3MOKHBIX B3AUMHBIX KOMOMHAIUN OT/I€TbHBIX TPOCTHIX
WU MYCTBIX TOTMOJOTUYECKUX S9eeK, HAIIPUMED, BO3MOXKHBIX 3AIEIIEHU UX APYT C APYTOM, MOIOOHO
y3Jam Tpéxmepubix Kpusbix [8,9]. OgHako rakue cTpyKTYpbl Mbl HE Oy/leM PACCMATPUBATH, HOCKOJIbKY
JjIst OO'bSICHEHUsT OCHOBHBIX XaPAKTEPUCTUK YACTUIL, TTAPAMETPOB T'PAHUIIBI M BHYTPEHHEH TOTOJIOTHN
BIIOJIHE JIOCTATOYHO.

3. DuleKTpUYECKHl 3aps/] U CTPYKTypa I'PAHUIBI TOMOJOTAYECKON s9eiiku

Corj1acHO ONPEJEJIEHUIO YACTUIIbI, I'PAHULEN TONOJOIMYECKON siueiiku, el COOTBeTCTBYOLIEH, siB-
JIAIOTCS 3aMKHYTasi JByMepHAas MOBEPXHOCTH YpPOBHsA (DYHIAMEHTAJIHHOTO MOTEHIIHATA J, HA KOTOPBIX
JIEXKUT XOTd Obl OJIHA CeIJIoBag TouKa (T.e. ocobas u30moBepxHOCTh). Hanuune Ha rpaHuine ceioBbIX
TOYEK O3HAYAET HATUYIUE B UX TEOMETPUUECKON CTPYKType KOHYCHBIX OCOOEHHOCTEMH, YTO BHOCUT HECY-
MMECTBEHHOE YCJI0KHEHUE UX CTPYKTYPbI. [Iporie mpoBoanTh Ki1acCu@uKAINIO 1By MEPHBIX TOBEPXHOCTEH
YPOBHS TJIaJIKON (DYyHKIMKM, KOTOPBIE HE CO/EpPKAT TakuxX ocobeHuocteit. st Toro, 9To0bl ycTpanuTh
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UX, BOCHOJIb3YEMCsi CIIOCODOM 1EPeXoia K HeOCOObIM M3010BEPXHOCTSIM, KOTODbIH npumMensijics B |3, 6]
JIJIs JIOKA3aTe/IbCTBA JUCKPETHOCTH BEJIMYMHBI 3aPsiJa [IPU [1EPEX0/E Yepe3 0CODYI0 U30I0BEPXHOCT.

ITycrs S - ocobasi M30110BEPXHOCTH, OrPAHUYMBAIONIAS HEKOTOPYIO HPEAE/bHYI0 TOHOJOIMYECKY IO
stueiiky. I[lycrb 310# 0c000# U30110BEPXHOCTH COOTBETCTBYET 3HAYEHUE (DYHIaMEHTAILHOIO OTEHIIMAIA,
pasuoe Fy. Torma sunadenusim GpyHIAMEHTATBHOTO noTeHnmana Fp = Fs + 0F u F_ = Fg — 0.F, rje
0F - BECKOHEYHO Majasl BEJIMYHHA, COOTBETCTBYIOT JIBE M30MOBEPXHOCTH Sy U S_, KOTOPBIE SBIISIOTCS
HeocobbIMu. Byaem J/ist onpeie/IeHHOCTH CYUTAaTh, YTO 3HAK BEJIMYUHBI 0.F BLIOpAH TAKMM 00pa3oM, 9To
B OTKPBITOI 0bactn Vi ¢ rpannneii 0V—= = Sy couepKarcst u3onoBepxuoctn S u S_, a B OTKPBITOH
obstactn V ¢ rpanuneii 0V = S cogepKurcs n3onosepxuoctb S_ Bmecre ¢ obaacreio V_: 9V =S, re.:
V_ CV C V. U3onosepxuocts Sy OyeM HA3BIBATH BHEITHEH XapaKTePUCTHIECKONH H30MOBEPXHOCTHIO,
a S_ - BHYTpEHHEIA.

Heoco6bie uzonoBepxuocty Sy u S_ MpPeACTABALAIOT COOOi AByMEpHBIE 3aMKHYTBIE TIAJKHE KOM-
[AKTHBLIE OPUEHTUPYEMbIe IOBEPXHOCTH. Bce Takue TOMOJIOrMYecKr HESKBUBAJIECHTHDBIE IIOBEPXHOCTH I1e-
PEUUC/ISIOTCS € HOMOLLBIO OJHOIO LEJIOro Yucia g - ducia pydek [12,13].

Teopema. Karkmas npymeprast 3aMKHYTas TIIKAsT KOMITAKTHAS OPUEHTHPYEMast MOBEPXHOCTH -
deomopdHa OHON U3 NOBEPXHOCTEN, KOTOPbIE NPEACTaBJIAI0T CO00H cdepbl ¢ BKJIEEHHBIMU B HEE ¢
pyukamu. Yucji0 g 0JHO3HAYHO ONPEIE/ISET TONOJOIMYECKU PO/l 3TON OBEPXHOCTH. DiljIepoBa Xapak-
TEPUCTUKA [OBEPXHOCTH poja g pasua Y = 2(1 — ¢g). POpMyIMPOBKY U JOKA3ATEJIbCTBO MOXKHO HANTH
B [10].

Ciremys 9Toii TeopeMe, B JasbHeiIeM OygeM UCIO0Ib30BaTh 0003HAYEHHUE IBYMEPHBIX [IOBEPXHOCTENH,
mddeomopdubix cdepe ¢ g pydKaMu CUMBOJIAMA Sg2, rJle MHJIEKC CBEPXY O3HA4YaeT Pa3MepHOCThH I10-
BEPXHOCTH, a HUKHUUN HNHJIEKC g - YuCJIO pyqu nJIn poJL 3TOU MMOBEPXHOCTH.

ITpumepsni. 3HaueHusi ¢ HEKOTOPHIX OBEPXHOCTEH npejcrasienbl B Tadauue 1, a ux BHemHUil Bul
npejcrasien Ha puc. (1).

[ToBepxHOCTH Yucno pydex rpaHuiibl | JiepoBa XapaKTepUCTHKA
Cdpepa S?: g=0, x=1,
Top T2: g=1, x =0,
“Kpengenp™ g =2, y=—1.
Cdepa ¢ Tpems pydkamu: g =3, X =—2.

Tabsmma. 1. Tonosorndeckas KiaaccuuKamus By MEPHBIX MTOBEPXHOCTEHH.

xS =2

J

x($)=0
-
s x(S) =%
g= - g
g1 - &

g=2

xS)=-2

g=3

Puc. 1. [loBepxHOCTH, COOTBETCTBYIONINE HYeThIpeM HAauMeHbIIUM 3HadeHusMm g = 0, 1,2, 3.

Yacruma Yucso pydek rpaHutsl | 3apsn
3JICKTPOH €T : g=0, Q= =+1,
HEATPUHO V: g=1, Q=0,

MIOOH 1T g=2, Q= Fl.

TaoH TT: g=2, Q= F1.

Tpuon tT: g=3, Q = F2.

............ g > 3, Q] > 2.

Tabsmma. 2. Tononorndeckast KiaaccuuKaIs JETTOHOR.
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Puc. 3. Bo3moxHas cTpyKTypa 0co00i M30MOBEPXHOCTH TPUOHA

B kosonke “Ditneposa xapakrepuctuka’ Tabmuipt 1 npeacTaBaeHo 3HAYEHNE SHIEPOBOil XapaKTepu-
CTUKU si9€fiKd, KaK 00JIACTH MPOCTPAHCTBA, OIPAHUYEHHON MOBEPXHOCTHIO POJA ¢, ABJILIOINIECS BHEII-
Hell xapakrepucTuieckoil nzonosepxtocrbio. CoruacHo csoiicTsam diisieporoii xapakrepucruku [10,13]
obJiactu V', OrpaHuYeHHON 3aMKHYTOW OPUEHTUPOBAHHON 10BEPXHOCTHI0O S = JV, ee BejMuuHa PaBHA
MOJIOBMHE SIEPOBOIT XapaKTEPUCTUKN TTOBEPXHOCTH:

x(V) = 5x(0V)

Kak 6b110 110ka3ano B [3], BeJMUMHA 3JIEKTPUYECKOrO 3apsiJa, HAXO/SUIErOCs BHY TPU W30110BEPXHOCTH
dbyHIaAMEHTAIBHOTO TTOTEHIINAIA, PABHA, C TOYHOCTHIO JO 3HAKA, IAIEPOBON XapaKTEPUCTUKE STIEHKH,
re. x(V). B cuny sroro knaccudukanuio 4acTuil 0 BEJIMYUHE UX 3apsA]a MOXKHO PACCMATPUBATH KAK
KaccupUKAIUIO JIBYMEPHBIX M30MOBEPXHOCTEH, cooTBeTcTByOMIy0 Tadaume 1. 9ra nadopmarus mpe-
crasaena B Tabaune 2.

B nepgoit kosionke Tabaunp 2 ykazan Tun 9actuibl (T JIENITOHA), BO BTOPO - YMC/I0 PyYeK rPaHu-
Lbl T9eKK, 8 B TPEThel - BeJIMYnHA 3apsiia. SHAK 3aPsi/ia YaCTULIbl OIPEJIEJIsieTCs He TOJIbKO BEJIMYUHOM
9i1/IePOBOI XapaKTEPUCTUKN, KOTOPAsi CTOUT B TpeTheil Kojouke Tabymipl 1, HO n 3HAKOM IO/ WHTYK-
MW Ha TPAHWIE - HATPABIEHO OHO HAPYKY WX BHYTPb. lloaToMy Benmuumna 3apsga, Ipu OTHONU U TOM
Ke BEeMMYnHe dIepoBOil XapaKTePUCTHKH, MOXKET ObITh KaK MOJOKHUTETLHON, TaK W OTPHUIATETLHOM.
OcHoBHast ujiest OTOXKIeCTBIeHUsT siueek u3 Tabyuubt 1 jenronam, no cxeme Tabuuiibl 2, onupaercs Ha,
TPHU OCHOBHBIX TIpenosoxkenns. [leproe - 3apsa gacTuibl u “TonoJorndeckuit 3apsaa’ saeiikn coBaia-
o1. Bropoe - ycioBre ctabuibHOCTH 9aCTUIIBI IKBUBAJIEHTHO MAKCUMAJILHOM pocTore siveiiku. U Tperne
- OCHOBHBIE KAHAJIBI PACMAIa HECTAOUIBHBIX JACTHUIL JOMKHBI HA YPOBHE TOTOJOTUN ObITH COMOCTABUMBI
C TOMOJIOTUYECKOI PEKOHCTPYKIHeH pacnaga. B mamuoii Tabimiie 370 OTHOCUTCA B OCHOBHOM K MIOOHY W
TaoHy. YacTuria TpuoH - TUMOTETHIECKAS.

Crpykrypa Tpex JienToHOB npejacrasiaena Ha puc. (2). U3 camux puCyHKOB BHJIHO, YTO CTPYKTYPbI
cdepnl 1 TOpa SABJAAIOTCS MPOCTERTTNME, TaK 9TO UM PACTATATHCS MTPOCTO HE BO 9T0. MIOOH cOmepxiuT
B CTPYKTYype JIBe PYUYKH, U9TO yKa3bIBAeT HA BO3MOXKHOCTDH pacmnaja. Tomomormdeckass peKOHCTPYKITHS
BO3MOXKHOTO PACIa/la MIOOHA IIpeJICTaBIeHa Ha puc. (4), 94r0 cOOTBETCTBYeT HAOII01aeMOMY OCHOBHOMY
KAHATY Pacnaja 3Tof YaCTUIBL: fi+ — €+ + U + V. DTOT KaHAT PACHaa CBA3BIBAIOT CO CAabbIM B3a-
nmogeiicreuem. T1o anajlornaHoOM cxeme nMpoucXOAnuT paciiajl Ta0Ha ¢ 3aMEHOW MIOOHHOTO HEHTPUHO HA
raonnoe. Tun HeliTpuHO B peakuusix pacnaja He ykazan. O runax HeHTPUHO pedb HOHIeT HUXKE.
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Puc. 4. Tonosioruvueckass peKOHCTPYKIHSI OCHOBHOTO KaHAJ/Ia PACIIAafa MIOOHA HA B HEUTPUHO U SJIEKTPOH.

Puc. 5. Bo3moxnas cTpyKTypa Tpex TUIOB HeATpuHo. A - asekrponHoe, B - mioonnoe, C - Tay-aeiiTpuno

TakuMm 00pa3soM, MOXKHO CYUTATH, UYTO IIPEIJIOXKEHHAS MHTEPIpeTalus W3BECTHBIX JIEITOHOB UMEEeT
1101 OO0 OCHOBAHUS, COTIACYIONIUECH 110 Psiy apaMeTpOB, B YACTHOCTH, 110 3JIEKTPUIECKOMY 3apsiLy
¢ HabsogaembivMu coficTBamu. OHAKO, KPOME U3BECTHBIX JIENTOHOB, B Tab/uue 2 npucyrcreyioT 4a-
cTULbI ¢ 3apsigom 2 v bojiee. B wacTHOCTH, COrIAcHO 31O Tab/uie, B NPUPOIE BO3MOKHO HAOJIIOAEHE
JIENITOHA, € 3apsA/I0M 2, KOTOPbIil yCJOBHO Ha3BaH TPUOHOM (B CHJIy HAJMYMs TPEX PYYEK B CTPYKType
ero rpanuipl) u obo3Haden ti. Bo3amoxHasg cTpyKTypa 0cobOi M30MOBEPXHOCTU TPUOHA IPEICTABIIE-
Ha Ha puc. (3). IIocKo/IbKY BHEIlHss XapaKTePUCTHYECKAs U30MOBEPXHOCTb 3TON YACTUIBI COAEPIKUT
TPU pyUKHM g = 3, TO TaKas 4acTUIA JOJKHA PACHAIATHCS M0 OJAHOMY W3 KAHAJIOB 4 — [y + V Win
ty —wer+v+v+u.

4. O Tpex TUax HENTPUHO

OpHUM W3 BaXKHBIX IKCIEPUMEHTATBHBIX (DAKTOB O CTPOCHUHM HEATPUHO SBISETCH HATUYUE TPEX
UX THIOB - 3JIEKTPOHHOTO, MIOOHHOTO u Tay-HedTpuHO. [lo cBOMM 3apsAI0BBIM M CIWHOBBIM CBOWCTBAM
9TU HEWTPUHO HE OTJn4aroTcs. OTIMYUTE/IbHOW UX 4YepTOll siBJISIETCsl y4aCTHE TOJIBKO B OIPEIE/IeH-
HBIX PACIaax 1, BO3MOXKHO, B macce. IIpejiaraemast KOHIENINMS JA€T JTOCTATOYHO TPOCTOE 00bsICHEHHNE
CTPYKTYPbI Ppa3IndabiXx TUNOB HefirpuHo. [Ipu dukcupoBarnHo#i TOMONMOrNN BHEITHEN XapaKTepuCTrde-
CKOfi M30MIOBEPXHOCTH, COOTBETCTBYIOMIEll TOPY S7, 9TO SKBUBATECHTHO PABEHCTBY 3JEKTPHIECKOrO 3apsi-
Jla HyJII0, U3MEHEHUs B TOMOJIOTMH MOTYT KAaCaTbCs CaMOil 0c0o00i M30MOBEPXHOCTH U, COOTBETCTBEHHO,
BHYTPEHHEH XapaKTepPUCTUIecKoit m3ornoepxuoctr. [Ipu Tex orpanmvenHnsix Ha BBIOOP MCITOIb3YEMbIX
B KJaccuuKaIum CTPYKTYP, OCOObIE M30MOBEPXHOCTH PABJIUIHBIX TUIIOB HEHTPUHO MOTYT OTJIHIATHCS
TOJIBKO YHCJIOM CEJJIOBBIX TOYEK B MX CTPYKType. Ecanm ocobast m30MOBEPXHOCTH COAEPIKUT N CEJIJTOBBIX
TOYEK, TO BHYTPEHHSAS XapAKTEPUCTUIECKAS U30MOBEPXHOCTD OY/I€T COCTOATH M3 HECBA3HOIO O0beInHe-
Hus n aBymepHbix cdep. IIpumepsl Takoro crpoenus mng n = 1,2, 3 npusejiennl Ha puc. (5).

W3 pucynka BUIHO, 9TO JIEKTPOHHOE HEHTPUHO WMEET B 3TOH KJIACCUMDUKAINHT OHY CETOBYIO TOY-
Ky, MIOOHHOE - JIB€, a Tay-#Hefirpuro - Tpu. 3 obmmx coobpazkennit KBAHTOBOW TEOPUHN IJEKTPOCIab0TO
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B3anMOJIEHCTBUS CJIEIYEeT, 9TO 9UC/I0 HERTPUHO HE MOXKET MPEBBITATh Tpex. B paMkax mpejjiaraeMoro
MTOXO/A IUC/IO0 CEJJIOBBIX TOYEK HA 0CODOH M3OTIOBEPXHOCTH HE OIPAHUYINBAETCS HU N€OMETPUIECKUMU,
HU TOTIOJIOTUYIECKUMEU cooOpazkennsiMu. [109ToMy MOKHO OBLIO OBl TIPEAMOJIOKATH, ITO MOTYT CyIIe-
CTBOBATH W JIPyTHE UX THUIBI, KpOMe nepednciaeHubix. OQHaKo, onupasch Ha GuU3ndIecKue co0OpaKeHus
B COMOCTABJIEHUY C T€OMETPUYECKUMH, MOXKHO JIaTh BIOJHE aJeKBATHOE O0bICHEHUE HATUYIUIO MMEH-
HO Tpex TUMOB HeATpuHO. Takoe 0ObsCHEHHUE TO/KHO ANeIHPOBATH K (PyHIAMEHTATHHOMY BOMIPOCY O
Haanann (PUKCUPOBAHHOTO MUHUMAJIHLHOTO MACIITada CTPYKTYP YACTHIL.

HeiicTBuTe/IbHO, NTPOCTPAHCTBEHHBIE PA3MEPbI PyYeK rpanuipl (1 pydek Yujepa, 0 4em pedb 1oiiger
Jlanee) MOryT ObITh IPOU3BOJIbHBIMU, HAPUMED, CKOJIb YIOAHO MAJbIMU. B TO ke Bpems pa3Mep da-
CTHUII UMEET BIIOJIHE OIPeIe/IeHHbIE 3HAYCHUS, TUKTYEMbIe UX MACCON, U MEHbBIIIE HEKOTOPOTO 3HAYEHNU He
Berpedatoresi. Clie10BaTe/IbHO, B TEOPUU JI0JIZKEH CYLIECTBOBATH IPUHIIUIT, OIPAHUYUBAOLIUI 3TH pa3Me-
pol. Takoit mpuHINTT MOXKET BBITEKATH HEMOCPEJICTBEHHO U3 ypasuennit reopun. [Liankosckuit macrrad
JJTMHBI HE MOYKET OMPEJIEIsiTh, B CUJIy CBOEH MajoCTH, pa3dmepsl camMmux dactuil. [losromy aTor macrirad
JOMPKeH ClIeJJoBaTh U3 HEKOTOPBIX (PH3MYIECKHUX YCIOBHI B 0OBLeMIIomeM mpocTpancTse W4, B KoTopoe
BIOKeHa (PU3MIeCKas THIePIOBEPXHOCTE V2. DTH yCI0BHA Ha JAHHOM 3TaIle HOCTPOEHHS TeOPHH MOKA
HE YCTAHOBJIEHDI, HO UX HAJTUYIUE MOKHO PACCMATPUBATH B (DOPME MMPEIBAPUTEIHHOIO TOCTYIATA TEOPUN:

ITocrynar. IIpoTskeHHOCTH TEOMETPUIECKUX IJIEMEHTOB CTPOEHUS TPAHUIIHI TOMOJIOTHIECKUX STICEK
u pydek Yujaepa He MOXKeT ObITh MEHBITE, 9eM HEKOTOPbBIH PUKCUPOBAHHBIH (DyHIAMEHTATLHBIH MaciTab
AnuHbL L.

W3 sroro mocrynara cpasy Caeayer, 9To eCIu JUaMeTp TOpa, KAK BHEIIHeH XapaKTePUCTUIECKON n30-
MOBEPXHOCTH HEHTPUHO, UMEET HEKOTOPOE MUHUMAILHOE JOMYCTUMOE 3HAYeHne L, TO YUCTI0 CEJIJIOBBIX
TOYEK HA, W30MOBEPXHOCTH HE MOYKET MPEBBIMATHL Tpex. JleficTBuTeibHO, AInHa OKPYKHOCTH, HA, KOTOPO#
MOTYT Pa3MeIaThCsA CEJIOBbIE TOUKH, OlleHuBaeTCs Beandnnoii mlg. Torma paccrosinue HA OKPYKHOCTH
MEKJIy CeJIOBBIMU TOYKAMU Olpesensercsd senuaunoit AL = wLg/n, Thae n - 9uciao cejloBbIX TOYEK.
W3 Tpebosanus AL > Lo cnenyer, uro n < w. Takum obpa3om u3 Hanudus (HyHIAMEHTAILHON IIH-
HBI CJIEJIYET, 9TO 9HUCJI0 CEJIOBBIX TOYEK B CTPYKTYpPE HEHTPUHO HE MOYKET NpeBbImaTh Tpex. [Tosromy
¥ 9HCJI0 BO3MOXKHBIX CTPYKTYP THTA HEHTPUHO HE MOXKeT mpeBbimarh Tpex. [lociennee orpanntdenne,
BUJIMMO, SIBJISIETCSI CJIEJACTBUEM CBOWCTB CAMON I'MIEPHOBEPXHOCTH V>, KaK MATEPHAILHOIO O0BLEKTA.
Anamornyibie OrpaHUYeHUsT MOTYT OBITH PACIPOCTPAHEHBI W HA CTPYKTYPBI APYIUX TAXKETBIX JIEITO-
HOB, 9TO TaKKe JOJI?KHO OIDAHMYMBATH WX BO3MOXKHOE IUCTI0. V3 MpuBEIEeHHBIX OIEHOK CJEIYeT, 4TO
TPHUOH, 10 BCEH BUANMOCTH, MOYKET CYIIECTBOBATH, MOCKOJ/IHKY YHUCO CEIJIOBBIX TOYEK B €0 CTPYKTypE
rakke paHo 3. OHaKo 6oJiee TsIKe/IbIe JIENTOHbBI C 3aPsiA0M 3 U 00J1ee MOIYT He yJIOBJIETBOPSTH TAKUM
OTPAHWYEHUSIM U TIOITOMY, BO3MOXKHO, HE CYIIECTBYIOT.

5. BapuoHHBIil 3aps/] 1 BHYTPEHHSS CTPYKTypa A9e€eK

IIpennaraemas cxema OObACHEHUsT CTPYKTYPHI 9aCTHI] HA OCHOBE TOTOJOTWYECKON WHTEPIPETAIINN
JIEKTPUYIECKOTO 3apsiia, KaK CIeAyeT M3 MPEAbIAyIIero pas3jena, He MOXKeT ObITh PAaCIpoCTpaHeHa Ha
TSZKENTbIe JaCTUIBI, 00JaJaommue DapUOHHBIM 3apsaoM. Jlas Toro, 9To0Obl TpeamoXKeHHas KIacCugu-
Kallis MOTJIA BKJIIOYATH TAKWE 9aCTHUIIbI, A8 OAPUOHHOTO 3apsiia HeoOXOIMMO BBECTH B PACCMOTPEHUE
,HOHOJ'IHI/ITQJ'H)HI)H‘/JI 39JIEMEHT TOTIOJOTUYIECKOMN CTPYKTYDbI STUYenKu. TaKI/Ie JOTOJIHUTEJIbHBIE TTapaMeTpPbI
CTPYKTYPbl HEBO3MOXKHO Npunucarh tonojoruu rpauuisl. CorsiacHo npuseennoii soiine Teopeme, Bee
TaKWe TOBEPXHOCTHU TMOJHOCTHIO MEPEUNCIAIOTCA C MOMOIIBIO OJHOTO Mesioro unciaa g. B atom ciydae
OCTaeTCs eJUHCTBEHHBIN BAPUAHT - UCKATH HEOOXOIMMbIE TAPAMETPBHI BO BHYTPEHHEH CTPYKTYpe A9eeK.
TakuMm ecTeCTBEHHBIM MAPAMETPOM SIBISIETCS UHUCI0 TPEXMEPHBIX PYyUeK, “BKICEHHBIX B CTPYKTYPY pu-
3uueckoit mzonosepxuoctu V?: B W4, Takue pyukn sBIMI0TCH 1O CyTH OJHUM U3 BAPHAHTOB “KPOTOBBIX
vop” B OTO. B Hy>KHOM TOIOJIOrMYECKOM KOHTEKCTE BIIEPBbIE TAKME PYUYKU ObLIM ONUCAHBI B paborax
Yusepa u Musnepa [14-16], kak 910 ormevasnocs Bo Beegenun. Iloaromy B janbueiiinem Gyjiem rakue
PyYKHU HA3BIBATH PydKaMu Y UIepa.

Wcxonga n3 obIux CBOMCTB 3iim1epoBOoil XapaKTePUCTUKHA TOMOJOTHIECKOI sTIeiikn, ee BeTMInHA TeTH-
KOM OTIPEEISAeTCs CTPYKTYPOH TPAHUIIHI STYEfKN W HE 3aBUCHAT OT YWC/IA PyYeK Y njiepa, BKICCHHBIX B
cooTBeTCTBYIONIYTO siaeiiky. [lo onmpesenennio 3i1epoBoit XapaKTEPUCTUKN €€ 3HAYEHNE MOXKHO MOICIH-
TaTh C MOMOIIBIO CIeyIomei 0bmmei hopMyIbr:

X(V)=po—p1+ps—p3=1-—g, (5.1)

rae pi, @ = 0,1,2,3 - uncaa Berru [10,13]. Jdas paccmarpuBaembix TPEXMEPHbIX sideek 4ucia Berru
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Puc. 6. /IBymepHbIil aHamor pydku Yuiepa

UMEIOT CJIeYIONINUIl BUT:
p0:17 p1:g+ba p2:1+b7 p3:15 (52)

rae b - yucao pydek Yujiepa, BKJIEEHHbIX B sideliky. Bejuduny [ MOXKHO CONOCTAaBUTH Bejiuuune Oa-
puonHoro 3apszaa. Torma coornomenue (5.1) MOXKHO MHTEPIPETUPOBATH, KAK HU3BECTHYIO (HOpPMYITy
Humumkumpr-Tesu-Mana [2]:

b+ S
Q:T+J3-

Buech S - crpanHocTb, J3 - Npoekunus mzoctuHa, b - GapuonHbiit 3apsig. CpaBausas 31y (opmysy ¢
dopmyoit (5.1), naxoauwm:

Js=e(p2—p1) —(0+5)/2=¢(1-g) - (b+5)/2. (5.3)

JBymepHblii anasor pydku Yusepa npejicrasies Ha puc. (6).

st noaATBEPKACHNS JAHHONW TUITOTE3hI HEOOXOANMO MTPOBECTH BHIYUCIIEHUsI MACCHI YaCTHUIL, KOTOPbhIE
coflepzKaT pydKu Y ujiepa, u moKa3arTh, 9T0 MACCa TAKUX OOHEKTOB COOTBETCTBYET PEATHHBIM 3HAYCHUSIM
Macc 6aproHOB, KOTOPas B THICAYN Pa3 MPEBBIMAET MACCY IJEKTPOHA. Takue BBIYUCIECHUST HA JTAHHOM
yTarne MOCTPOEHUs TEOPUHU MOKA MPOBECTU HE MPEJICTABISLETCS BO3MOXKHBIM, HO Psi/il KOCBEHHBIX (DAKTOB
YKa3bIBAET HA TO, 9TO C(hOPMYTUPOBAHHASA THIIOTE3A PABEHCTBA OAPUOHHOIO 3aPsi/Ia YUCIYy PydIeK Y uie-
pa BO BHYTPEHHEH CTPYKTYype 4acTull UMeer 10, co0oi ocHOBaHus. DT (PAKTHI COCTOAT B CJAEAYFOIIEM.

Bo-niepBbix, Hajmyane pydex 03HAYAET, 9TO € TOYKWA 3PEHUS JIWHAMWKH, 00/1aCTh, B KOTOPOH COEP-
KUTCA pydKa Yujaepa nim uX HEKOTOPOE KOJUIECTBO, BBITJISIIAT KaK 00/1aCTh C KOPOTKOAEHCTBY IOMNMA
cunaMmu OOJIBIION WHTEHCUBHOCTU. VIMEHHO 3TOT (haKT ABIAETCH OTIUIUTETBHON YePTON sAI€PHBIX CHIT
WU CUJIBHOTO B3aUMOJIEHCTBUS, KOTOPBIE CBA3BIBAIOTCS UMEHHO ¢ OAPUOHHBIM 3apSI0M.

Bo-BTOpBIX, 0071aCTh, COMEpKAIIad PYydKA Y UIepa, J0IKHA OMUCHIBATHCS MHOTO3HAYHBIMA (DY HKITU-
avu. B gacraocTu, dyHIaMeHTaIbHBIN MOTEHIINAJ JOJI’KeH ObITh MHOTO3Ha4YHOU (yHKITHe
KoopamHaT. 10T (HaKT UIPAET BAXKHYIO POJIb B 3a/la4€ MOATBEPKIAEHUS YEThIPEXMEPHOCTU OObeM-
JIOIIErO TIPOCTPAHCTBA, B KOTOPOe BJIOXkKeHa, (busmuecKkas runeprosepxuocts V3. C apyroit cropomsr,
HAIWMYHEe MHOTO3HAYHOCTU CYIIECTBEHHBIM 00pPA30M MEHSeT XapaKTep OMWCAHWS TOJeil BO BHYTpEHHE
obsacTu 6APUOHOB, YTO MOXKET OOBSICHUTH T€ CIOXKHOCTH, C KOTODPBIMU CTAJTKWUBAETCH TEOPHUS siaep-
HOTO B3amMmoJieiicTBusi. MHONO3HAYHOCTD, B 9aCTHOCTH, O3HAYAET, YTO TAKWE FGACTHUIHI, KAK MPOTOH U
HEWTPOH, COCTOSIT HE U3 OIHOW TOMOJIOTUIECKOM S9eiKH, a U3 HECKOJILKNX. B mpocreiimem ciaydae n3 de-
Thipex sueek (cm. puc. (7)), HO CKJIEEHHBIX TAKMM 00Pa30M, 9TO OHM 00PA3YIOT HEOJHOCBA3HYI0 06J1aCThH
npocTpamcTsa V3. DToT (HaKT HA KaueCTBEHHOM YPOBHE O0DBACHAET, IIOYeMy TAKHe TACTUILI JOIKHEI
UMETh MAcCy, 3HAYMTEIHHO MPEBOCXOMLILYI0 Maccy npocroii sueiiku. Ha pucynke (7) BugHO, 9T0 pyd-
Ka Yuiaepa COCTOWT W3 OJHOU TPOCTOil sideiiku C1, KOTOpas CKJIEEHA C AByMs IMycThiMu siaeiikamu Co
u C3 110 UX rpaHule, JieXkalmmeil Ha TIJIOCKOCTH YPOBHHA U = JF1, KOTOPas U sIBJISETCS BHYTPEHHE
0c060i1 n3010BepxHOCTHIO YacTulbl. Touka Py - skcrpemym B npocroii siueiike Cp, a 1110CKOCTh U = Fo
COOTBETCTBYET eIlle OJHON 0COD0I N30TIOBEPXHOCTH, TI0 KOTOPOi ckiteeHbl siueiiku Co u C3 ¢ dqeiikoii Cy.
Buemnssa rpanuna aueiiku C4 €CTh TPAHUIA, ONPEIEIIIONAS BETUINHY 3aPsiIa YACTHUIIBI.

B-tperbux, pyuku Ywiepa Jai0T HA KA9eCTBEHHOM YPOBHE IMPOCTOE OObsCHEHWE BO3HUKHOBEHUIO
bapronHoit acumMerpun. JIBymMepHbIe aHAJIOrY PydeK Yujepa ¢ MPOTUBOTONOKHBIMY DAPUOHHBIMA 3a-
psagamu npejcrasiensl Ha puc. (8). 3Hak GapMOHHOrO 3apsija, KAK M 3HAK JEKTPUUYECKOTO 3apsi/ia,
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) u=Hx.,t)

Puc. 7. /IBymMepHBII aHATOT CTPYKTYPHI PYYKU Y HI€PaA, COCTOAMEH U3 HYeThIPeX TOMOOIUYEeCKUX TIeeK

C1,C2,C3,C4.

b=+1

S —]

Puc. 8. /Isymepnsrit anagor aByx py<ek Yujepa ¢ IPOTUBOIOIOKHBIMI OAPMOHHBIMI 33D 1aMU

OTIPEJIENIATCA TeM, C KAKOW CTOPOHBI 10 OTHOIIEHUIO K 33JaHHON HOPMAJId K TUIEPIIOBEPXHOCTU PYYIKA
BKJIeeHA. JTO 03HAYACT, YTO B OOBLEMJIIONIEM TpocTpancTse W4 mMeercs aHM30TPONNA, KOTOpAs OIpe-
aeJidaer d)I/ISI/I‘IeCKOQ OTJIMYre MaTepumm OT aHTUMATEPUN. HOCKOﬂbe B COBPEMEHHYIO 310Xy IPOCTPaH-
crBo V3 Bramm or MaTepUAIbHBIX O0bEKTOR TOYTH HE OTJIMYAETCs OT MUIEPIIOCKOCTH P37 C KOTOPOT¥
CBA3BIBAETCHA CUCTEMaA OTCHETa, TO BCE (1)I/I3I/IquKI/Ie nmapaMeTrpbl 4aCTUull 1 aHTUYaCTUIL HE OTJIMYal0TCHA
Mexk Iy coboit. OJHAKO B 3MOXY BO3HUKHOBEHHA BeeleHHO# TpocTpancTBo V3, KaK MEIepHOBEPXHOCTD B
W*, mMeno cyImecTBeHHy0 KpUBH3HY. MOXKHO IpeIon0KATh, HCX0Ad U3 00X coobpaykeHuii, uto V3
TOr/IA, KAaK U ceifuac, ABIgeTcs 3aMKHYTOI rureprosepxuocTsio B W4, B sTom ciyuae yenosus o6paso-
BAHMS TAKNX OOLEKTOB KaK PydKH Yujiepa, BKJIeeHHbIe BO BHe 00'beMa, Orpannaennoro V>, u BHyTphb
€ro JIOJIZKHBI OBLIN CYIIECTBEHHO OTJINYIAThCA. B camMoil mpocToit mHTEepIpeTanuu - pydKaM, BKJICCHHBIM
¢ BHyTpeHHell cTOpoHLI V3, Ha HaYaabHBIX 9TAAX SBOTIONAN BeeTenHoil IpocTo IMeeTCs MeHBIIe MeCTa
J7F X 00pa30BaHHd, IO CPABHEHHIO ¢ PYIKAMHI, BKICCHHBIME ¢ BHemHeH cTopoHsl V3. OaHako MOryT
ArpaTh POJIb U ApyTHe (DAKTOPLI, HAIpUMep, “BHyTpeHHee AapieHne’ B 00JACTH, OrpaHHIeHHOHN V3.

6. Knaccudukanua 6apmoHOB

IIpeacrasiiennbie coOOparkeHUs TO3BOJISAIOT JATH MPEABAPUTENLHYIO TAONILY KJIACCUPUKAIIANA TTPO-
CcThIX DApUOHOB U sigep. B rabauue 3 npuBeseHa TornoJorndeckas Kjaccudukamus Hanbosiee mpocThix
H6apuonos. K HuUM OTHOCATCS POTOH M HEHTPOH, & TaK Ke sIpa NPOCTHIX 3JIEMEHTOR - aeiitepus (zeii-
TOH), TpuTUs (TPUTOH) U JIBYX CTAOUJIbHBIX U30TONOB TeJIUs.

Yacruma Yucsio pyuek rpanunpl | 3apsiyg | BapuonHblit 3apsij
HIPOTOH P : g=20, Q==1 b==+1
HEHTPOH N g=1, Q=0 b=0

neiiron, 2HJ: g=0, Q = F1, b=7F2
neirron, 2H; g=2, Q= +1, b=+2
TpuTHil, SHI: g=0, Q =71, b=F3
rpurwiiy, S Hi g=2, Q = =+1, b=+3
renniiz S He*: g=2, Q = =£2, b=7F3
remmity *Het: g=2, Q = =£2, b=+44

Tabsmma. 3. Tononorndeckas KiaccuuKamus MPOCTHIX OAPUOHOB.
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Top1oBHHBI pyuek YHiiepa

Puc. 9. Tonosiornvueckasi peKOHCTPYKIMS Paciiaga HeHTpoHa

ITpuBenennas knaccurkamst 0APMOHOB CTPOMJIACH HA OCHOBE TEX YK€ MPUHIIATIOB, YTO W JIETITOHOB.
Bo-niepBbix, npeamonaraercsd, 9T0 CTAOWIBHBIM 9aCTUIAM COOTBETCTBYIOT HAUOOJIEE MPOCTHIE TOIOJIO-
TUYECKHe CTPYKTYPBhI. ITO B MEPBYIO OYEPEIh OTHOCUTCH K MPOTOHY, UMEIONIYI0 OIHY DPYUKYy Yuiepa
BO BHyTpeHHEl CBOeil cTpykrype, u rpanuiy, auddeomopduyio chepe ¢ g = 0 ( BHemHsAs rpanuna
C4 na puc. (7)). Dro nanbosee npocras CTPyKTypa, MOITOMY PACHAAAThCs €l HE BO YTO, €CJM TOJIHKO
CTPYKTYpPbI Tuila pydek Yujepa crabuiibabi. CjegayommuM 10 1pOCTOTE SIBJISIETCS HEHTPOH, yCTPOEH-
HBIl AHAJIOTUYHO IPOTOHY, ¢ TOW pasHuieil, 4o BHemiHeil rpanuleil sueiiku C4 Ha puc. (7) aBiagercs
Top ¢ g = 1 u 3apsagom Q = 0. Heifitpon sBigercs KBa3ucTaOUIBHON YacTHUIEi, pacrnagaioneiics B
cBOOOIHOM cocTosinuy mpuMepHO 3a 10 munyT. OCHOBHBIM KaHAJIOM pacha/ia SABJISIETCH PeaKIus
n — pi + eT 4+ v, uro maTepnperupyercss Kak pe3yJabrar caadoro B3auMOAeRcTBusA. PeKOHCTPyKIus
TAKOr0O pacnaja npejacrasiena va puc. (9).

TTockoMBKY TUMTMYHBIE TTPEACTABATEN CJIA00T0 B3anMOIEHCTBUS - PACTAIbI MIOOHA, 1 HEHTPOHA CBsi-
3aHbl B paMKax lIpeJjlaraeMoil TONOJIOIMYeCKONH UX PEKOHCTPYKLUU C IePEeCTPOUKON UX IpaHUlbl, T.€.
0c060it B30TIOBEPXHOCTH, TO c1ab0e B3anMOIeiCTBUE MOXKHO HHTEPIIPETHPOBATEH KAK ITPOIIECC IEPECTPOii-
KU TPAHUI] TOTOI0THYecKux g4eek. [loaTomy ciaboe B3aumMomeiicTBue ecTsb Juilib onua u3 Gopm dbyH1a-
MEHTAJBHOI'O 3JIEKTPOMATHATHOTO B3aUMOJIEHCTBUA.

Wurepec npefcraBiser U aHaIU3 CTPOEHUS MPOCTHIX DAPUOHOB - JEHTOHA W TPUTOHA, C TOYKU 3pe-
HUS WX CTAOUIBHOCTU. 3JI€Ch CIEeAyeT yKa3aTh HA HEKOTOPYIO HEONpPEIeeHHOCTb B CTPYKTYpe sep ¢
3apsiziom &1, KOTOpasi cBsi3aHA € TeM, UTO TaKoit 3apsj obecnednsator u cdepa S, n Kpenjean Si.
Cor1acHO 3KCIEPUMEHTAJIbHBIM JIAHHBIM, TPOTOH U JAeHTOH CTabuJibHBI, a $JIPO TPUTHUS PACIALAeTCs
110 cxeme caaboro pacnaga SHT — 3SHe®? 4+ T + 7. Omimune Mexly mMpoOTOHOM, JEfTOHOM M SIIPOM
TPUTHsI COCTOUT B HAJTUYHUU PA3IUIHOrO YUCTA pydek Yuiepa. ['paHura ke 3TuX saep MOKeT UMeTh
nse pazmuanbie Koudurypanuu - gu6o chepy SZ, mub0 “kpenjens”’ Si, 4TO 0GECHEUMBACT BETUUMHY
ux 3apsiza, pasnoro +1. TTockonbky B pacnaze sijpa TpuThusi IPpUCyTCTBYET HEATPUHO (aHTUHEATPUHO),
TO MOYKHO TIPEJITIOJIOKHUTH, 9YTO €r0 I'PAHUIIEN SBJISETCA KpPeHIe/Ib 8227 MoI00HKIH TpaHuLe MoooHa. Top
HE MOXKET ObITh TDAHUIEH TPUTHUS U sijpa JeHTepus, TMOCKOJIbKY B ITOM CJIydae 3apsij sapa ObL1 Obl
pasen (. CpaBHUBasi CTPYKTYPbI, COMOCTABISAEMbIE siIpaM JefiTepusi U TPUTUsI, BUIHO, UTO MPU OJTHOM
I TOH Ke CTPYKType TPaHUI] 9HCI0 pydeK YHaepa ompeenseT ee yCTORIUBOCTE. B anpe meifrepus 2H
UMEETCd JIBE PYYKU YWiIepa, KOTopble crabunu3upyior ero rpaauiy (cm. puc. (10)). Tpu pyuku yxe
He cTabnamsupylor rpanuiy thna cdepa S§ wan kpengens Ss, HO CTaGUIM3NPYIOT rpanuiy Thma S3,
OZOOHYIO IPAHUIE TPUOHA, YTO cooTBercTByer reamio-3 He. Takyio ke rpanuily CTabuiIn3upyer u
renuii-4, UMeIoNmii yyke YeTbipe pydku Yujiepa B CBOeii crpykrype. 3amerum, 9to Ha puc. (10) u306-
pazkeHa KOHQUIypalus, COOTBETCTBYIOIIAs APy JAeHTepus ¢ IByMsl pydKamMu YHUIepa, MaKCUMAaTbHO
MPOCTPAHCTBEHHO-CUMMETPpUYHAsA. TP TOPJOBUHBI 3TUX PYYeK “BBIXOAAT’ HEMOCPEICTBEHHO BO BHEII-
Hioto stueiiky Co. Eie ogHa ropJioBuHa HAXOAUTCs BO BHYTPEHHUX sideiikax yactuiibl. Haunnas ¢ rejusi,
HEOIPEJIEJIEHHOCTh B CTPYKTYPE I'DAHUILI UX TOMOJOIMYECKUX dY€eK MCUYe3aeT, MOCKOJIbKY 1pu g > 2
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ifHe

Puc. 10. Bo3moxknoe crpoenne sapa aeiitepus u reausi-4

Puc. 11. Bo3moxHoe crpoenue mF-mesona

BEJIMYMHA 3apsA/1a OJHO3HAYHO Onpejessgercd 3uadenuem g. Ha sropom pucynke (10) uzobpazkeHa Bo3-
MOXKHasl CTPYKTypa sijipa rejuns-4 ‘He. Cummerpusi 310l CTPYKTYPbl BbIOpaHa TakON ke, Kak u Jjisi
saapa nefirepusi. Tperbs pydka nzobparkeHa BEPTUKAJILHO. BO3MOXKHBI M IPYTHE TUTIHI TPOCTPAHCTBEHHO-
IO paCIONOXKEHUs PYyIeK U WX TOPJOBUH. 31eCh CIeAYeT MOTIePKHYTh, 9TO TeOMETPUIECKasi CTPYKTypa
6ApUOHOB MOXKET OTJINYATHCS OT JIBY MEPHBIX aHAJIOrOB, NpecTaBaeHHbix Ha puc. (10). Beibop reomerpu-
9eCKOM CTPYKTYPBI JOMKEH OMPEIeTAThCS PEIeHNsIMI HEKOTOPBIX MOJIEBBIX YpaBHEHHIl, O BO3MOXKHOMN
dopme KOTOpPhIX pedb MOWAeT JaJiee.

7. KauecTBeHHBIE OTJIMYNS CTpoeHud JIETITOHOB 1 Me€30HOB

Cpean aeMeHTapHbIX YaCTHL, KPOME JIENTOHOB U DAPMOHOB, BBIJEJAIOT OTACALHBIA KJACC YaCTHIL
- ME30HOB. JTHU YACTUIBI HE MMEIT OAPUMOHHOTO 3apsaa W HecTaOWIbHBI, BO3MOXKHO, KpoMme (DOTOHA,
KOTOPBIH HHO/IA OTHOCAT K Me30HAM. VexXo/Ist u3 9TUX cO0OparKeHui MOXKHO YTBEPKIATH, 9TO B PAMKAX
JIAHHOM KOHIIEIITUU ME30HBI - 9TO YACTHUIBI 6e3 BAPUOHHOTO 3apsiia, MpeJICcTaBasone coboi cocTaBHbIe
YaCTUTIBI UJIA, TOYHEE, YaCTUIIBI, TOMOJOTHIECKUE AIYEHKN KOTOPBIX BHYTPH CeOsi MMEIOT JIPYyTHe TOMO-
jgormyaeckne saeiikn. Takwe 9acTuibl MOryT OBITH JOCTATOYHO PA3HOOOPA3HBIMU TIO CBOEH CTPYKTypE.
[Toaromy ux monHas Kiaaccudpukanus TpedyeT OTAeNbHON paboThl, CBA3aHHONW € OMMCAHUEM BCEX THUIIOB
TOTIOJIOTUIECKU HEIKBUBAJIEHTHBIX CTPYKTYP, KAK XapaKTePUCTHUIECKUX U30TIOBEPXHOCTEH, TaK U 0COOBIX
uzonosepxuocteii. [IpocTeivu npumepamMu 060Jee CI0XKHON CTPYKTYPhI, YeM JIENTOHBI, MOTYT CJIyKHUTh
siueliku, n3obparkennnsie na puc. (11).

Ha pucynke (11) o6o3nadenst Sy = S2 - BHENHAS XapaKTePUCTHYECKAas W30M0BEPXHOCTh B (hopMe
cdepnr, Sg - BHemmHAS 0c0basg W30MOBEPXHOCTH C CEIOBONW TOUKON Fy, 81 - BHyTpeHHsisi ocobas u30-
MOBEPXHOCTH € ceToBOI Toukol P;. IlockonbKy BHeINIHsisT 0coOast M30MOBEPXHOCTD - cdepa, To 3apsi
takoii wactuibl pased 1. Ilo cBoeil crpykrype kordurypamnus aa puc. (11) ouenb 1moxoxka Ha KOH-
durypanuio, koropasi conocrapjsiaach Heirpuuo (5). OrTauume cOCTOMT B TOM, 9TO YaCTULA HA PUC.
(11) umeer JOMOJHUTENIBHYIO OCOOYIO M30MOBEPXHOCTH Sy € OHON ceoBoil Toukoit Py. Oxnako, eciau
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HBITATHCS JIOCTPAUBATH U30IIOBEPXHOCTH, OO'BEMJIIOLIME HERTPUHO, TO HEM3DEKHO NPUXOJAUM K yOex 1e-
HUTO, 9TO JIOJI’KHA CYIIECTBOBATH Takas O0bEMJIIONast W30MOBEPXHOCTH, KOTOPas Oygaer mmerh (hopmy
0c000# M30MOBEPXHOCTH, AHAJIOTMYHON Sy, €CaM PEANOAAraTh, 9T0 Ha OOABINTNX PACCTOAHUAX F A0JIK-
HO CTPEMHUTHCSA K TMTOCTOSHHOMY 3HAYEHHIO, OMMHAKOBOMY BO Bcex Hampasmennax. CrnemoBaTenbHO, €IH-
CTBEHHBIM OTJINYUEM 4acTHIbl HA puc. (11) or HERTPUHO ABJIETCs TO, YTO U30NOBEPXHOCTU So JIO0JIZKHBI
oTnudaThesa MaciraboM. Hefirpuao ABUKeTCS BHYTPH MAaKpPOMACIITAOHOW CTPYKTYPBI THIA Sy Ha PHUC.
(11), a wacruna na puc. (11) aBuxkercs B HEKOTOPO# Apyroif MakpomacmTabHOll sueiike, comeprkainei
ee. OCHOBBIBAsiCh HA ITOM AHAJIU3E, MOKHO YTBEPKIAAThH, YTO OTJIMYME ME3OHOB OT JIENTOHOB COCTOUT B
HAJIMYIAN TOMOJHUTETBHBIX BHYTPEHHUX OCOOBIX M30MOBEPXHOCTEH, KOTOPHIE MMEIOT MHKPOMACIITAODI.

Eme ogauM 3 OCHOBHBIX OTHYNH ME30HOB OT JIENMITOHOB SIBJASETCS BETUIWHA UX ciuHa. s mourm
BCEX ME30HOB BejuuuHa cnuHa Oosbmie 1/2. Tlosromy 5Ty BequduHy, €cjid el IpUAaTh TONOJIOrude-
CKUIl CMBICJI, MOYXKHO UCIIOJIb30BATh B KAYECTBE OJHOI'O U3 3JIEMEHTOB TONOJIOIMYECKONH KIaCCu(pUuKaLmuu.
Bwmecre ¢ rem, jjisi MHTEPIPETALIMKM TAKOIO SIBJIEHUSI KAK CIIMH HEOOXOAMMO BBOAUTH JOIOJHUTE/IbHBIE Xa-
pakTepucTuku pyHIAMEHTAJIBHBIX 110J1e#l BHyTpU siueek. Hekoropblie o01me coobparkenusi, KaCaroIuecst
OlMCaHWs CHOMHA, ObLIM PacCMOTPEHbI B padbote [5]. BoJee mosHoe onucanue COMHA BBIXOAUT 33 PAMKU
JTAHHOIT PabOTHI.

8. Hepocrarwinee ypaBaenue aJjisg F

Bce BBIBEJICHHBIE YPAaBHEHW S 1 COOTHOMIEHW S OTTNUPAIOTCA Ha CJAEJCTBUA OT BBEACHUA TEOMETPUIECKNX
MapKepoB e%(xX, t) ¥ CBA3aHHBIX ¢ HUMU 1oeit, B ToM unciae K u'V ([3 5]). ®akTudecKu Bce ITH ypaBHe-
HUsl ¥ COOTHOIIEHUsI ABJISIOTCA TOXK/IECTBAME, KOTOPBIE BBIMOTHAIOTCS TIPHU JIFO00H JOCTATOYHO IIIAJIKOM
dbyHKIMY F, U U CBA3BIBAIOT MEXKTy COOOW pa3IMIHbBIE TOJId, KOTOPBIE MOTYT OBITH OTOXKIECTBIEHBI
C TEMU WJIM UHBIMU TOJSIMU 3KCIepuMeHTalbHO (pusukn. Takum oOpa3om, B T€OpUM OCTAETCs BOIPOC O
TOM, KAKOMY YPABHEHWIO JOJI2KHA YAOBJIETBOPATH MYHKINs F, 9TOOBI COOTBETCTBOBATH HADIIOIAEMBIM
B peasibHOCTH (hU3WIecKruM 0OHEKTAM M MPOIECCaM B HUX U C UX yIACTHEM.

[Ipobrema cocTouT B TOM, 9TO BBIBEJCHHBIC YPABHEHUS B JAHHOW YaCTU CTATHU W B MPEIBIIYIINX,
MHBAPUAHTHBI OTHOCUTENBHO (DyHKIMOHATBHON dopmbl F. [lo3TOMy MOUCK HYKHOTO ypaBHEHHUs [10JI-
ZKEH OMMPATHCS HA CBOMCTBA KOHKPETHBIX PEITeHUil 9TUX yPaBHEHWH, HA, OCHOBE KOTOPHIX MOYKHO OBIIO
OBl cesaTh BHIOOD MEXKJy TEeMHW WM WHBIMW ypaBHeHusiMuU Jiist F. Dra npobiema eme ycyryossiercs
TeM, 9TO IMHAMUKA F OTHOCHTCS K OoOmemiomemy mnpocrpancrsy W4 pasmepnocru 4, orrocnTenHO
CBOICTB KOTOPOTO y HAC HET MOKA HUKAKUX MPIMBIX SKCIEPUMEHTANbHBIX JTaHHBIX. B 3T0#t curyamnun
pusnka 0OBITHO OPUEHTHUPYETC Ha KaKue-Truh0 (PaKThI 00IEero XxapakTepa, B TOM YHCTe, HA UIEH CHM-
MEeTpUM ¥ BapPUANMOHHBIE MPUHITUIBI, KOTOPHIE MOXKHO PACCMATPUBATH KAK TUHAMUYECKUE CHMMETDUH.
B npougecce cornocrapiierunsi Takoil TeOpun SKCINEPUMEHTAIBHBIM JTAHHBIM, KaK MMPABUJIO, POJIb CUMMET-
pI/Iﬁ " BapUallMOHHBIX TPUHIMIIOB OIrPaHUYMBACTCA U YTOYHACTCHA. HO Ha TMepBOHAYaAJIbHOM 3Talle OHU
UTPAIOT YPE3BBIYANHO BAXKHYIO POJIb. Tak OBLIO HA MEPBOHAYATHLHOM JTAle 3apOXKIeHUS HEOECHON Me-
XaHWKW, B KOTOPO# KPYroBbie OpOUTHI urpanmu GpyHgaMenTaabayio posb. Tak 6su10 u ¢ OTO, B kKoTOpOit
BapuANMOHHBIN npuHIuI ['misbepra- iHIITeHHA CIYKNAIT HHTYATHBHBIM CIIOCOOOM MOCTPOUTH TEOPHUIO
JAVMHAMWKN MCKPUBJIEHHOTO TTPOCTPAaHCTBA-BPEMEHN, OTNPasiCh JIMIIb Ha BO3MOXKHOCTH CylieCTBOBaAHUA B
TEOPUM MPEJIEIHLHOIO NePexo/ia K KJIaCCUIEeCKOl MEXaHuKe u teopun tsarorernsi Hporona. (cm. , Hanpu-
mep, [17]). Oanako, npussizka Kk Teopun Tsirorenust HbloToHAa B IPEJEILHOM 1EPEXO/E SIBJISIETCs JIULIb
HEOOXOIMMBIM YCJIOBAEM CIIPABEIJIUBOCTHA TEOPUH, HO HEIOCTATOYHBIM.

Cremysa Takoii Joruke, Ipu pa3pabOTKe JAHHOW TEOPUH MPUXOIUTCH TAKYKe MPUBJIEKATH KAKUE-TO
JOTOJIHUTEJIbHBIE naen, B TOM 4ucjie CI/IMMeTpI/If/'IHI)Ie7 JJIAA yCTAHOBJIEHUA HEJOCTAOIIETO YPABHEHWA JIJ151
F. B kauecrse ocHOBHO# nH(bOpMaLuu, KOTOPas M0JI€3HA J1Jjisi PELIeHUs] I0CTABJIEHHONW 3a/1a491, MOYXKET
paccMaTpuUBATHCS UCXOIHBIA MTOCTYIAT, 9TO (PU3MFECKOe TPEXMEPHOE MPOCTPAHCTBO - ITO THIIEPTIOBEPX-
HOCTH B YETHIPEXMEPHOM OOBEMIIIONIEM, TPEIOJI0KUTETHHO eBKINI0BOM, TPOCTPAHCTBE, a hyHKIuA J
- 970 (DYHKIMSA BBICOTHI 3TOW MUIIEPIOBEpXHOCTH. B coBpemennoii (pusnke ecTb pa3BUThIe MOIETA TEOPUT
yupyrux mem6pas [20], KOTOpbIe Ipu 09eBUAHOM UX 000OIIEHUN MOXKHO PACCMATPUBATDL B KAYECTBE TO/I-
XOJSIIErO MHCTPYMEHTA JIJIs [IEPBOHAYAJIBHOIO BbIBOAA ypaBHeHuil junamuku st Gyukoun F. Cremyst
Takoi o0Imeit nygee, MOKHO OBLIO ObI MPEANONIOKNATE, YTO ypaBHEHHUE it J MOYKHO, B OMPEIETEHHOM
npuOIMKEHNN, PACCMATPUBATD KAK ypaBHEeHUEe KOoaebanuit 3-X MepHOil MeMOpaHbI B CIIEAYIOMIEM BUJIE:

oFu =TAF + P, (8.1)

rje o - MJIOTHOCTH Marepun memOpanbl, T - ee HaTsiKeHue, a P - HOpMaJIbHOE HANPSIKEHWe WJIN J1aB-
aenne cpeast 8 W4, Baxkno, 4ro 1mo csoemy onpepesenuio F npeicrasiasier coboit GhyHKIuo n3runba
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MeMOpaHbI, KaK 3TO Tpebyercsi B Teopum ynpyroctr. Pa3zBuBasi Takoi mMojaxosd, MOKHO TPEIIOIaraTh,
410 Japjienre P co3gaercs TMIpOANHAMUYECKUM MTOTOKOM HEKOTOPOH ‘“Kujakoctn” wiv “rasza”, 3anoJ-
HAIOIIETO YeThIpeXxMepHoe 1MpoCTPaHCTBO. B 9TOM CJlydae MOXKHO TIOJIYyYUTh YPaBHEHWA, aHAJIOTUYIHBIE
KAIMALIAPHBIM BOJHAM HA MOBEPXHOCTH OOBIYHOM KUIKOCTH, HO B MPOCTPAHCTBEHHOW PA3MEPHOCTU HA
eaunuity bonpmeii. [To Beeil BumuMocTu, TaKOil MOIX0 MOKET OBITH TOJIE3EH JJIs OMUCAHUS MAJBIX BO3-
MyIernit pyHKImu F, KOTOpble MOXKHO COMOCTABUTDH MEKTPOMATHUTHBIM BOJTHAM MAJIONW aMILTATY/IBI.
OILHaKO C TOYKU 3pEeHUdA BOSMOKHOCTHU UCIIOJIB30BATH €I'0 B Ka4YeCTBE CHOCO6a OIIUChIBATHh TAKME MHOI'O-
3HAYHBIE CTPYKTYPbI, KAK OAPUOHbBI, TAKOHN 10IX0/] BPsiJl JIM MOXKHO CYUTATH 1oAxoasmum. Quupasich Ha
pesysnbrars pabor [18,19,21], MOKHO IPEII0IAraTh, YTO IPU ONPEIEJIEHHbIX YCJIOBUAX YPABHEHUS TUIIA
(8.1) MOryT UMETH MHOrO3HAYHBIE DEIIeHNs, KOTOPBIE TaK ¥Ke [PU KAKUX-TO, IOKA TOYHO HE yCTAHOBJICH-
HBIX YCJOBUSAX, MOTYT MMETh MOAXOSIIIE MHOTO3HAYHDBIE PEMIeHUs, KOTOPhIE COMOCTABUMBI CTPYKTYpE
H6apuonos. B nporusrom ciayuae ypapuenns tuna (8.1) MOXKHO paccMaTpmuBaTh JIMIIb KAK OUY€HB TPUO/IU-
JKEHHBIHN C11OCO0 ONMUCHIBATH IMHAMUKY MATEPUU B PAMKAX MTPEIAraeMOoro MmoIXo/1a, TTO3BOISTIONIA I JTUTITH
“ecTecTBEHHBIM CITOCOOOM BBECTH B TEOPUIO BEJIMYNHY CKOPOCTH CBETA, KAK XAaPAKTEPUCTUKY YIPYTO-
ctu MmeMOpaubl. Takoil MOAX0L MOXKET MPY OMPEIEIEHHBIX YCIOBUAX JaTh U HEOOXOINMOE eCTECTBEHHOE
perrenre mpodIeMbl CyIIECTBOBAHUSA MUHUMAIHLHOTO MACIITAOA JITMHBI BO3MYIIIEHU, KOTOPBIE TOI2KHBI
OOBSICHATDH OTJIMYNE PEATIHbHBIX TAaCTUI, OT BO3MOYKHBIX KOPOTKOBOJHOBBIX MaJIbiX (biykryanmit F, KO-
TOPbIE yIXKE HE COIOCTABUMbI 3jIeMeHTapHbIM dacTuiaM. QIHAKO JlaXKe B Cjlydae yClexa Takoro Mnoiaxo/la
NI OTTMCAHWsT He DAPMOHOB, OCTAHETCsT MPoOJeMa BhIBOAA OoJjiee ODIEro ypaBHEHUs, BKJIIOYAIONIEro B
cebs M IMHAMUKY DAPUOHHON MAaTepHu.

B cBazwm ¢ Tem, aTo mist onucanus 6apuOHOB B PaMKax MpeJjraraeMoii Teopun HeoOXOINMbI yPaBHe-
HUAA, J0ITYyCKAIOMMEe MHOTO3HAYHBIE DEITEHW A, MO?KHO IMONbITATHCA MOJIyIUTH YPABHEHUE J1JIA ]:, OornuvpasdacCh
Ha O0IMe UIeu BHIBOIA TAKWX YPABHEHUI W3 KBA3WIMHEHHBIX YPABHEHUI MEPBOr0 MOPAIKA OOIIEro Bu-
J1a, KoTopble onucanbl Obun B [18,19,21]. B 3T10M ciydae mocTpoeHue noaxXo/sInero ypaBHeHusk MOXKHO
HAYUHATH CO CJIEIYIOMIEro OOIIero ypaBHeHUsI:

H(E,u— F(x,t,E)) =0, (8.2)

rne H(E,n) - nponssoabnas muddepenmmpyemas dbyrnknns neyx aprymenTos & = E(x,t,u) n n =u —
F(x,t, E(x,t,u)), u - 9eTBepTas KOOpJUHATA B 0ObeMmonieM npoctparctse W4, a F(x, t, ) - nekotopas
GyHKIUS KOOPAWHAT W BPEMEHM, KOTOpass W OyJeT pacCMATPHBATHCA B KAYecTBe (DyHIAMEHTATBHOTO
norenuaia. Paspemias ypasuenue (8.2) OTHOCUTEILHO APTyMEHTA 1), OJIYYaeM CJEIYIONee ypaBHeHue:

u=F(x,t,E)+ h(E), (8.3)

upu nogxousieii byuxuun h(E). Tocaennee ypaBHeHre 04€BUIHO MHTEPIPETUPYETCSE, KAK OlPEIesIeHne
dyHuknuu BeicOTH runepnosepxuoctu (8.3):

F(x,t) = F(x,t, E) + h(E),

JUT KayKJIOr0 JIONyCTUMOro pemtenus FE(x,t,u) u xakoro-imbo orpanudenus F(x,t,u) = Ey(x,t). B
npocreiiiem ciyuae B cayvae orpanntenns F(x,t,u) = Ey = const dyHKOmeH BRICOTHI runeprnosepx-
Hocru Oyzer cama dbyrkuns F(x,t, Fy) (¢ TounocTwio 1o agaurueaoi nocrosanoi h(Ep)). Takoi noaxon
no3BoIAeT pacemarpuBath F(X,t, u) Kak HEKOTOPYIO XapaKTepucTuKy Marepun, pacnpejenennoi B W4,
He KOHKDEeTU3Upys ee npupomy. Ilpu srom pemienus ypasaenuii (8.2) u (8.3) sABAAIOTCS MHOrO3HAYHbI-
MU, 9TO TIO3BOJISET HAJEATHCA HA MOJydeHHe OOIIero ONMMCAHWS CTPYKTYpP THNA OAPHOHOB, MOAOUpAs
nozaxogiue crpykrypbl dyukuuit F(x,t, E) u h(E).

Baxkubim ciegcrBueM ypasuenuii (8.2) u (8.3) apagercs 1o, 9yro dyHKiusa E yaoBiaerBopser cucreme
ypaBHenuii mepsoro nopsaka (cm. [19] ) caexyiomero sua:

OF OF OF
axz axz au ) Z 07 ) ) 3’ (8 )
a TakK K€ ypaBHEHUIO BTOPOIO HOPIKa:
3
0°E 1 90%*E OFE 0 oF
I o=+ 2 (A2Z 8.5
oxZ % ot? - ou + ou ou )’ (8.5)

a=1
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rae:
_ OF(x,t,E) _10F(x,t,E) A 2 A2 0 A2 4 A2 A2
3 2 2 3
OF (x,t, E) 1 (OF(x,t, E) PF(x,t,E) 1 09°F(x,t,E)
2 T = AT — ) Yy - s Uy
A= o; 0o c? ot , OF ; 0x2 c? ot? —

Ormerum Tak ke, 910 ucnonb3ys (8.4), n3 ypasuenus (8.5) MOKHO MCKJIIOYUTH MPOU3BOIHBIE 110 BHEII-
Hell koopauHaTe u. B Takom Buae ypaBHenme nnas E MOXKHO NpeaCcTaBuTh B clemylomei oomei dpopme:

3

PE  16%E 1OB2\ OE @ (.,0F
o 108 (- L9BT) 08 0 (08
2022 " @ o <W 26t)6t+6t< at)

Baece B = A/F;. Takum o6pasoMm, jiid ONUCAHWs JUHAMUKU TUIEpIoBepxHOcTU (8.3) mpu yciaoBuu
E = Ey(x,t) MBI nosyuaem B PAacCNopsKeHne ypaBHEHWE BTOPOTO TOPSAKA MMEePOOInIecKoro Tuna,
KOTOPOE y?K€ MOXKHO JIONOJIHATH HEKOTOPBIMU COOTHOUICHUSIMU, Kacalowmmucs 3asucumocru F(x,t, E)
ot E, KoTOpBIe, BO3MOXKHO, TIO3BOJIAT MOIYYUTh HEJIOCTAIONIEE YPABHEHHUE /I JF.

9. 3akJroueHue

IIpeamoxkennas B Jannoii pabore Teopus MO3BOJISET MOCTPOUTD €IMHOE MPEICTABJIEHUE O BCEX OCHOB-
HBIX TIOJISX U B3aUMOJEHCTBUSIX COBPEMEHHOH (DU3NKM, OCHOBBIBASICH HA, IPEITTOJIOKEHUHN, YTO TEOMETPH ST
TpEXMEpHOH (DU3UIECKON IUIEPIOBEPXHOCTH, BIOKEHHONU B Y€THIPEXMEPHOE €BKJIAIOBO MPOCTPAHCTBO,
OMMCHIBAETCS OHOM (DYHKITHEH BBICOTHI - PYH/IAMEHTAIBHBIM TOTEHITUATIOM J. DTa KOHIIENINs T03BOIs-
€T MMOCTPOUTH TEOPHUIO TOMOJOTMIECKON HHTEPIIPETAINH JEKTPUIECKOTO 3apsAIa U HA €€ OCHOBE BBIBECTH
YPABHEHUS 3JIEKTPOJMHAMUKN, KBAHTOBON TEOPUW M TeOpum TsiroTennsi. Kpome 31oro, kKak ObLIO TOKa-
3aHO B [6]7 9Ta KOHLEHIMA 1TO3BOJIAET O6'])51CHI/ITI) CTpOeHre OCHOBHBIX TUIIOB 3JIEMEHTAPHBIX YaCTUull U,
KaK CJeJCTBUAE, OCHOBHBIX s/IEPHBIX B3aWMOIEHCTBUil - c1aboro u cuiabHOro. B nammoii pabore ObLin
MPEJICTABIEHBI OCHOBHBIE WJIEU TI0 BKJIIOYEHUIO B Ty OOIILYIO0 CXEeMY IPABUTANMOHHBIX TOJIEH U TaHO 00-
IIiee OMUCAHUE SIBJIEHUsI CKPBITON Macchl win “remuo#i marepun”’. OQHAKO [TaHHASA TEOPUd HE SBISETCH
LEJIMKOM 3aMKHYTOU, IIOCKOJIbKY B Heil He COJEPKUTCH KpailHe BarKHbII 3J1EMEHT - BbIBOJ, YPABHEHUH,
KOTOPOMY YI0BJIETBOPsieT (DYHKINs J, UIPAIOIIAsi OCHOBOTIOIATAIONIYIO POJib. PaKTUYECKH, MTPEICTAB-
JIeHHas KOHIEINIMWsl OTBeYaeT Ha BONPOC, KaK I'€OMETPUYECKUe CBOWCTBA MPOCTPAHCTBA, CBA3aHHbIE C
F, KaK (PYHKIIUU BBICOTHI (DU3UIECKON TUIEPIIOBEPXHOCTH, UCIOIB3YIOTCS B COBPEMEHHBIX TEOPUAX, B
KA4IeCTBE JIEMEHTOB OIMUCAHUS MO W YACTUIl. DTU MOCTPOCHUS JTAIOT BO3MOXKHOCTH CBS3BIBATH i€~
MEHTbI FeOMeTpI/I‘IeCKOﬁ M TOIIOJIOTUYECKOMN CTPYKTYDbI IPOCTPAHCTBA C PEAJIbHBIMU 3KCIIEPUMEHTAJIb-
HbBIMU (baKTaMI/I7 HO HE JJai0T O6'])51CH€HI/IH - novemMy Ha6mo,11aeMa${ JAUHAMWKA UMEHHO TaKOBa, KaK MbI
ee BuaMM B KkcrepumenTe. st BbIBoga ypaBHenwnit gy F, 110 BCeil BUANMOCTH, HEOOXOIUMO TTPUBJIE-
KaTh HEKOTOPBIE O0IMre COOOpaYKeHUsT WU IKCIEPUMEHTAIbHbIE (haKThl OTHOCUTEIHHO (DU3MUECKUAX
cBOMCTB caMoil pu3HYecKO! T'MIepnoBEPXHOCTU U €€ UHAMUYIECKUX CBOWCTB, KAK dJEMEHTa de-
TBHIPEXMEPHOro obbemmomnmero npocrpancrsa W4, Takux cBejenuil B HACTOSIIEE BpeMs TOKA CIHIIKOM
MaJIo0, 9To0bI CAeIaTh HAJAEXKHBIN BRIBOM, O hopme ypasaerus s F. Baxkubivm hakToM, KOTOPBIH 10J1-
ZKEH UrpaTth CymeCTBEeHHYIO POJIb B BbIBO/IE TAKOI'O yPAaBHEHUSA ABJIAETCA TO, YTO 3TO ypaBHEHUE JIOJI2KHO
JIONyCKATh MHOTO3HAYHBIE perenns 1yt GyHKnn F, KOTOpbie Obl ONMUCHIBAIN HEOTHOCBI3HBIE 00/1aCTH
OpPOCTPAHCTBA, coorBercTByiomue Gapuonam (cm. [6]). Takoro Tuna ypaBHEHHs ONMCAHbBI, HAIPUMED,
B paborax [18,19]. Oanako, BO3MOXKHO, jijid onucanus JF HEOOXOAMMO pellaTh YPABHEHUs JIUHAMUKE
HEKOTOPOW MaTepuu WJIK 110Ji B IIPOCTPAHCTBE W47 C JONOJIHUTE/bHBIM yCJIOBUEM BbIJICJICHUA B HEM
HeKOTOpOﬁ TUTIEPIIOBEPXHOCTU TaK, KaK 3TO JIeJIaeTCA 1PU OIMMMCAHUW TTOBEPXHOCTHBIX BOJIH B KJlaCCU4e-
cko¥t rugpoannavuke. Bee 3t BOmpockr TpebyioT OTAeIBHOrO aHAIN3a W WCCJIEJOBAHMS.
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Geometry, topology and phiscal fields. Part IV. Topological structure of elementary
particles

Keywords: A topological interpretation of the baryon charge, the topological structure of elementary
particles, the baryon asymmetry
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In the fourth part of the paper sets out the classification of topological structure of cells that bind to the structure
of elementary particles. The general principles of classification of leptons, baryons and mesons are represented.
The notion of baryon charge are suggested. It proposed a topological description of the phenomena associated
with a weak decay. The questions of the baryon asymmetry and some other questions of a general structure of
the universe are discussed.
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