TEO®U3UKA HEMUTPUHO
A.C. XoJIMaHCKUH

B coomeemcmeuu ¢ aHmponuviM RPUHYUNOM 8 PAMKAX PUUYECKUX 3AKOHO8 00IHCEH
pabomams mexanuzm cesazu yenosexa c Jfyxom. Pabouum menom oannoeo mexanusma
ABNAEMCA  HEUMPUHO, O UYeM COKPOBEHHO 2080pAm Mu@uvl HApooos mupa.
Pykoeoocmeysce noockaskamu bubauu u nocmyramamu Teoghusuku, nocmpounu
JI02UYeCcKU Henpomueopeyusyro Mooeib OU02EHHO20 HeUmpUHO U CO2NACO8ANU ee C
docmosepHvimu OanubimMu  Qusuxu. C nomowwpio mooeiu O00BACHUNU HEeKOmopble
anomanuu ¢usuxu u ouonoeuu bavxana. /[yxosuyro dezcpadayuro Hoocgepvi ¢ XX
8eKe CBA3ANU C PAOUKAILHBIM UBMEHEHUEeM HelUmpUuHHoOU 0OCMaHo8Ku Ha 3emie.
IIpsmbim creocmeuem CHUMNCEHUS UHMEHCUBHOCMU OUO02EHHO20 HEeUmpUHO cledyem
cuumams 21006a1IbHOE NOMeNnieHue U HeYKIOHHOe 3ameujeHue NOnyaayuu 0enoco
yenogeka (xpucmuanuna) nonynsayuei yenogeka-nompeoumens: (HeosA3bIYHUKA).

1. BBEJIEHUE

He#lTpuHO MOXXHO CYHMTaTh «KaMHEM MPETKHOBEHMS» BCEH (UMK MHUKPOMHPA.
DyH/1aMEHTAIbHOCTh HEUTPUHO OOYCIIOBJICHA TEM, YTO OHO, SIBJISSCH CaMOW MPOCTOMN
dopmoii MaTepuu, 00ECHEUMBACT CBS3HOCTh B €IMHOE IIEJIOC BCEH HepapXuu Mipa.
HelTpuHO CIy)XUT «XMpPAJBHBIM KJIEEM>» JIsI BHYTPEHHUX CTPYKTYpP 3JE€MEHTapHBIX
YacTHUI], OHO € MCIOJHSET pOJb TOCPEIHHMKA B TpoLecCe OOIICHHS YelIOBeKa C
Hyxom. B cuny mnOpenenbHOM  3JIEMEHTAPHOCTH  HEUTPUHO  €IMHCTBEHHBIM
MHCTPYMEHTOM, aJIeKBaTHO OTOOPAKAIOLIMM €ro CBOHCTBA, MOXKET OBITh TOJIBKO MO3T
YEJIOBEKAa, IOCKOJIBKY B OCHOBE JIOTMKM MBIIUICHHS WJIH MEXaHW3Ma CHHTE3a
MbICIeOpM JIe)KaT 3aKOHBI B3aUMOJICHCTBUS HEHTPUHO C BELIECTBOM Mo3ra. Takum
00pa3oM, MOXKHO CKa3aTb, YTO NOCTHKEHHE HEHTPUHO PaBHO3HAYHO MO3HAHHUIO MO3Tra
U TJIyOWHA 3TOr0 MO3HAHUS JIMMUTHPYETCS] MEPOW JYXOBHOH 3PEIOCTH MBICIHTEINS:
Hyxom naercsi cioBo npemyapoctu (1 Kop 12, 8)
Konen xpuctuanckoit 3pbl 0003HAUMIICS Pa3rPOMOM PYCCKOM LEPKBU U PUTYaJIbHBIM
youiictBom I{apckoit Cembu B 1918roay: moryoutu Xpucra Iocnogus (2 Iap 1,
14). 1 morpy3uiicsi MUp BO TbMYy BETXO3aBETHOW MAaTEPUATUCTUYCCKON MapaJurMBbI
(MAII) [1]. Uneonorom wu nocutenmemM MAII Bcerma ObLI, €CTh M €Ie J0JTO OyAeT
MHTEpHAIMOHAN (hapuceeB: ocTaBibine mpaBblii myTh (2 [letp 2, 15);c10B0 Moe He
BMemaercs B Bbl (Mu 8, 37);aK0 npaso cioBo I'ocnmoane (Ilc 32, 4)
®dusuka XX Beka okazanach )KEpTBOW U OAHOBPEMEHHO I1aBHOM onopoii MAIL. MAII
HUBEJIMPOBAIa yMbl TEOPETUKOB IIJJAHKOM MaTeMaTHYeCKON HSKBUIMOPUCTUKHU:
YaoBassii npemyapbix B myapoctu ux (Mo 5, 13) — a skcrnepruMeHTaTopoB
3a4apoBajia MPU3paKaMH BHUPTYAJIIbHOIO MHUpPA, HE HMMEIOLIEr0 K pEalbHOMY MUPY
HUKakoro otHomeHus. Manudectom MAII Hauana XX| Beka MOKHO CUMTATh JOKIIA]
J. I'pocca «I"psiayiiue peBoOUK B QyHIaMEHTAIbHOM pusuke» [2].
OU3UKH-TEOPETUKH 1o/ OanTenbHBIM OKOM MAII Kak ety B ECOYHHULIE UTPAIOT, KTO
B uncia [2], a KTo — B KOHCTaHTHI [2]. FIX JTyXOBHOE COCTOSHHE BITOJIHE OTBEYACT
JCHUHCKOMY JHMarHo3y — «ierckas Oone3Hb JeBusHe» ([BJI). B nomHoM
cootBerctBuu ¢ JIBJI MpInuieHne TeopeTMka CyMMHpPYET B ceO€  JIETCKYIO
HEJJOYMEHHOCTb C JIOTUKOM 3a3epKaiibs. HarsanHon wimocTpanuen CTUIS MBIILIIICHUS
teoperuka-JIBJI Moryr ciayxuth u3obpaxenue mpotoHa (Puc 1) U MMPOKHI CIIEKTP

BBIJICJIEHHBIX MEJIKUM IIpU(TOM IIUTAT T€OPPU3NKOB.

«B oTnmume OT MPOTOHOB M HEHTPOHOB TaKWe 3JIEMEHTAPHBIC YACTHUIIHI, KAK KBAPKH M AJIEKTPOHH,
HepemuMbl. OTKyza y HUX OepyTcsi MacChl TIOKOS - TIIaBHAS 3arajka IMPOUCX0KIeHUS Macchl. COTslacHo
COBpPEMEHHOW (hM3MUECKON Teopuu, Macchl (YHIAMEHTAJIBHBIX YaCTHUIl SIBISIOTCS PE3yJIbTaTOM HX



B3auMOJIeHCTBUs ¢ moyieM Xurrca. Ho moyemy 3To mojie MpHCYTCTBYET BCoAy Bo Bceenennoit? Yro
Takoe roje Xurrca?» [4].
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«...0€3 9TUX OTBETOB MBI HE MOWMEM HCTOKa M TepBOHaudaia BcemeHHoil. Mbl HE BUAWM CIIOCOOOB
MOJydeHNsT OTBETOB Ha OTH BONPOCHI HU B paMkax CTaHOapTHON MOIENH, HH B paMKaxX IMPOCTHIX
pacmmpennii CtaHmapTHOW Mojend. ...YToObl mombITaThcsl MOWTH nanbine CTaHTApPTHOH MOIETH U
OTBETUTh Ha OSTH BOINPOCHI, HY)XHbBI HOBBIE JKCIEPUMEHTHI Ha CBEPXMAJIBIX PACCTOSHUSX M IPHU
CBEPXBBICOKHX dHeprusax. OIHAKo 3TO U TPYAHO, U Joporo. B Hacrosimee BpeMs HaM HENOCTYIHBI
sKcrepuMenThl mpu dHeprusx Beimie 1 TaB. Ve B 2007rony B IIEPHe (Kenema) Oymer 3amyieH
HOBBIIT yckoputenb — Bounbinoit agponnsiii kosuainep (BAK). Mbr paccuuntsiBaeM OTKpbITh Ha BAK
MPUHINIIAATGHO HOBBIE (u3ndeckue sBiIeHHSA. COBEPIICHHO OIpPENeNCHHO OKHAAeTCsl OTKPBITHE

qacTuibl Xurrca» [4].
O030p COBPEMEHHOTO COCTOSIHHSI HEUTpUHHOU (m3uku nan Uropp MBaHOB Ha caiiTe

«QneMeHThI» [2]:

«B wucxomHoMm BapuaHte CTaHAAPTHOW MOJETH €CTh POBHO TPH THNA ' aKTUBHBIX' HEHTPHHO:
9JICKTPOHHBIE, MIOOHHBIE U Tay. Bce 3Tn THIBI HEHTpHHO 6e3MaccoBBI, JIeBOCTOpOHHKE. Kaxoe U3 Hux
BXOJUT B IyOJIeT BMECTE€ CO CBOMM 3apsDKEHHBIM JienToHOM. [lo mocTpoeHuro, Bce 3TH HEHTPHHO
B3anuMoJieHcTBYIOT ¢ W 1 Z 6030HaMHU. DTO 3HAYHT, YTO HEHTPUHO MOKHO YBHIIETh IKCIIEPUMEHTAIHHO
Kak gepes MpeBpallcHue B 3apsDKCHHBIC JICNITOHBI, HATIPUMED, TIPH CTOJKHOBCHHH C sApaMu (T.K. eCTh
B3aumozeiicteue ¢ W), Tak 1 4epe3 ynpyroe paccessHue HeHTpHHO (T.K. €CTh B3aUMOJIECTBUE ¢ Z).

[MomuepkHy, 9TO B IKCIIEPHIMEHTE MOXHO PETHCTPUPOBATh HEUTPUHO BCEX TPEX THUIOB. DTO JeNaeTcs
MMEHHO 10 YIPYroMy paccesHHIO, KOrja caMO HEHTPHUHO HE JIOBUTCS, a JETEKTHPYETCS JIUIIb
MEepeJlaHHBIA OT HEro UMIyJdbC. B wactHOocTH, Koiutabopamus SNO wm3Mmepsuia OTHENBHO IOTOK
JIEKTPOHHBIX HEWTPUHO, @ OTHACIBHO — MOTOK BCEX, M MMEHHO I10 HECOBMAJCHUIO 3THUX MOTOKOB OHA
a0COJIFOTHO YETKO J0Ka3aja, 4TO €CTh OCHMIUIALIUH.

Korgma BBIACHWIIOCH, YTO MaccChl HEHYJEBBIE, NMPHILUIOCH PACIIMPSTH MCXOAHYIO MOJENb. Bpemm
MacCOBYIO MAaTPHILY JUIA JIEBBIX HEUTpUHO. [Tpr 3TOM IpHIiock 700aBUTh U MpaBbie HEUTPUHO. TOIBKO
9TH TIpaBble HeUTpHHO HemocpencTBeHHO ¢ W u Z-0030HaMy He CBSI3aHBI, @ 3HAYUT, OHU HE YUaCTBYIOT
B IIpoIIeccax pacCesTHUs.

[Torom, mpaBzaa, okazanock, 4YTO MOXHO J100aBUTh TAKOE CllaracMoe B JIarpaH)KHaH, KOTOpOe BOOOIIe
HAYUCTO CTHPAET Pa3HUILy MEXIy HEHTPUHO W aHTHHEHTpHHO (MaiiopaHOBCKOe HeWTpuHO)... Ho ata
nobaBka — onuoHanbHa. Teopust paboraer u ¢ He, u 6e3 Hee. Kak B pealbHOCTH — IIOKa HEM3BECTHO.
OtBeT act Oe3HEWTPUHHBIN BOWHON OeTa-pacna.

Haxonern, ¢u3nkn ocmenenu, U CTaad IPOCTO JOOABISATH HOBBIE COPTA JIEBBIX W NPABBIX HEUTPHHO B
JIarpadKKaH, HO Tak, 4YTo0 OHM HHKaK He B3amMmojeiicTBoBaau ¢ W u Z (671aro Teopus He ompezesaeHa
OJIHO3HAYHO W HAJ HEHl MOXHO JeNIaTh MHOTO HaaCTpoeK). CTEPHIbHOCTE —3TO KaK pa3 W 03HAYACT, YTO
OoHM He B3aumoeicTByoT ¢ W u Z.

OTH CTEepUJbHBIE HEHTPHHO, MOTYT B3aMMOAEHCTBOBATH C XHUITCOBCKHM IIOJEM, a Yepe3 Hero
CMEIIIMBATHCS M C HOPMAIbHBIMU HEWTPHHO. B 3TOM Cciy4ae oCHMIUISIMKA HEHTPUHO MOTYT MPEBpaaTh
HOpMAJIbHbIC HEUTPUHO B CTEPIIIbHBIC K HA00OPOT.

VY anexrponHoro u MmrwoHHoro HeTpuHo HET maccsl.

Ho 6omee geTko 3T0 BCe BBIpakaeTcs Ha SA3bIKE KBaHTOBOI MexaHUKH. COCTOSHHE MMeeT Maccy, ecii
OHO SIBIISETCS] COOCTBEHHBIM COCTOSHHEM OIIepaTopa Macchl. DIEKTPOHHBIE W MIOOHHBIE HEHTPUHO HE
SIBIISIFOTCSI COOCTBEHHBIMH COCTOSIHASIMH 3TOTO OTIepaTopa.

KcraTtn, "MeHHO MO3TOMY €CTh OCHMIIISAIHA. OCIMIUIAINHE — 3TO TIEPEXOIBI MEXTy THIIAMH C TeUCHHEM
BpeMeHH. Ho cocTosIHUS ¢ OnpeiesleHHOM Maccoil BOJIIOLMOHUPYIOT TPUBUAIIBHO — OCTAIOTCS CAaMUMU
c000ii (MOTOMY, Y4TO OHH SBIISIOTCS COOCTBEHHBIMH COCTOSIHHSIME M ONIEPAaTOPa IBONIOLIMH BO BPEMEHH).
Huxkakue pacnajsl, CYOHSHTPUHO U T.JA. HE ITpH 4eM. Bce — ayeMeHTapHas KBaHTOBAas MEXaHHKA».

KBanToBas MexaHuka QJICMCHTApPHO TCPIUT U TaAKOC MHCHUC.
«MBI BBISICHIUIH, 9YTO HEUTPUHO UMEIOT MAacCy M UTO Pa3iIMYHbIC BUIBI HEHTPHHO CMEITHBAIOTCS [4].



3anmyTaHHOCTh BONpOCAa O Macce HEWTPUHO BCIUIBIBAET U IIPU ONPEIECIIEHUU €ro

MarHuTHOTO MOMEHTA.

«MarHuTHBEIE MOMEHT HeﬁTpHHO B CTaHI[apTHOﬁ MOACIN MaJl U HE MOXKET OBITE 06Hapy>KeH Ha
COBPEMEHHBIX OJKCIIEPUMEHTAIBHBIX YCTAaHOBKAaX. ECIM MeUIUT COMHEYHBIX HEHTPHHO CBS3aH C
BSaI/IMO,I[ef/'ICTBI/ICM MAarHMuTHOTO MOMCHTA HeﬁTpI/IHO C MarHUTHBIM I10JIEM KOHBEKTHUBHOM 30HBI COHHHa,
TO JOJDKHBI HaOmonathess 11JieTHHe Bapwaluyd PEerucTpUPYeMOro MOTOKa HEUTPHHO, €CIH TPU 3TOM
3HaueHne L, He MeHee 10 pp. DOra BenmuuHa OnM3Ka K YYBCTBUTENBHOCTH COBPEMEHHEIX
na60paTopH1,1x OKCIICPUMCHTOB. Takue Bapualnum HE Ha6JHOILaIOTC${ B Ga—GeaeTeKTopax n
Kamiokande» [5].

Ha xjopHoM  jgerekrope, MO-BUAMMOMY, HAOMIOMAIOTCS  AHTUKOPPEISIIUU
WHTEHCUBHOCTH TOTOKAa HEUTPHUHO C COJIHEUYHOM aKTUBHOCTHIO, MMetomend 11-eTHuit
nepuon [6].

Hapsiny ¢ MarHUTHBIM MOMEHTOM HEHUTPHHO TEOPETHUKH OOCYKIAIOT BO3MOXKHOCTH
HAJINYKMS y HEUTpUHO aHamoibHOro MomeHrta (T), CBS3aHHOTO C TOPOUAATBHBIM
MaraHuTHbIM mosieM (Puc 2) [7].
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Puc 2. Cxembl KOH(OUTypaIuii
JNMEKTPUYECKOTO TOKA W MArHUTHOTO
MoJisi B MAarHUTHOM () ¥ aHAMoOJIbHOM
momente (T).
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MOXHO NPHUHATH K CBEACHUIO M TEOPETUYECKHE OOOCHOBAHMS BO3MOXHBIX pEaKLUil
HEUTPUHO B AaKTUBHBIX CpeAax, K KOTOPBIM OTHOCATCS BEIIECTBO C IUIOTHOCTBIO
ONU3KOH K siiepHOH U acTpodu3nuecKkue 0OBbEKThl C CUIbHBIMU MarHUTHBIMH MOJISIMU
(mo 10" T'c). Takue Mo TEHEPUPYIOTCS B KOJUIANCHPYIOUIMX M B HEHTPOHHBIX
3Be3fax. IIpenmonararor, 4ro B 3THUX cpelax, B OTJIMYME OT BAKyyma, MOTYT HMITH

TaKUe Peaklyy C y4acTHeM HEeHTpHHO [8].
HeﬁTpHHO-SHeKTpOHHOC BSaHMOHGﬁCTBI/Ie NOPOXKIACT Napy 3JICKTPOH-IIO3UTPOH!

v—ovee' (1.1)
1 aHHUTWJISIIAI0 HEUTPUHO-aHTUHEUTPUHO:
vv —>ee’ 1.2)

BepositnocTs peakuun (1.1) mponopunoHanbHa YETBEPTOi CTENCHH CHHYCA YIiia MEXKIY BEKTOpaMH
MAarHUTHON WHAYKIMU W HUMITYJICOM HEHTpHHO [8].
HeiitpuHo-doToHHOE B3anMoIelicTBHE MHULIMUPYET pacnaj (OTOHA Ha Mapy HEWTPUHO-aHTHHEHTPUHO!

Yy — v (1.3)
WM PaJMalMOHHEIN pacnas 6€3MaccoBOrO HEMTPUHO:
Vo VY (1.4)
B kymmoHOBCKOM TI0JT€ sizipa atoMa (Z€) BO3MOKHBI TAKHE PEaKIIiH:
Vi + Ze— v; + Ze +y (rammMa KBaHT); (1.5)
y+Ze— Ze+y+v+v (1.6)

JlaHHBIE pEAKIMH CYLIECTBEHHO JOMOJHAIOT KBAaHTOBBIE IIPaBUIa KOMOMHMPOBAHUS
AJIEMEHTAPHBIX ~ YaCTHI[  NPUHIUIHAIBHOH  BO3MOXKHOCTBIO  TpaHC(POpMALUU
CTPYKTYpbI HEUTPUHO B CTPYKTYpPY (POTOHA MPH Yy4aCTHH KBAHTOB MArHUTHOTO MOJIS.
OTmeTHM, 4TO «CMENIOoCTh» TeopeTUKoB-/IbJI B MOCTPOEHUM CBOMX YMO3PUTEIbHBIX
MOJIeJIeN, KaK MPaBUiIO, HE HAXOJIUT JOJHKHOM SKCIEPUMEHTAIBHOW MOIACPKKH. Tem
HE MEHee, TOCKOJBKY 3TH MoJenu (opMabHO OCTAIOTCS B PaMKax KBAaHTOBOM
MEXAaHMKH, MX MOYKHO HCIOJIb30BATh KAK PAaMOYHBIE NP YCTAaHOBJICHUU IIPABHII
KOMOWHUPOBaHUS Cy03IEeMEHTapHBIX (POPM MATEPHUH.



B cuny nuxrara MAII B Teopernueckoit ¢usuke TabynpoBaHa ujesi OMOT€HHOCTH
HelTprHO [9]. Mexay TeM, naeanbHbIM HHCTPYMEHTOM 4yBCTBHTEIBHBIM K HEHTPUHO,
KOTOPBIM SIBJISIETCS MO3T, 4YelIOBeK obOnanan Bceraa. Kpome TOro, MHTEHCHUBHOCTD
MOTOKA COJTHEYHOTO HEHTPUHO B JIPEBHHE BPEMEHA MOTJIA OBITH CYIIECTBEHHO BHIIIIE,
yeM B Hamie Bpemsi. COOTBETCTBEHHO, €ro BIUSHHE Ha OMOC(epy M UeloBeKa MOTIJIO
OBITh HACTOJBKO SBCTBEHHO, YTO YEJIOBEKY TE€X BPEMEH YIaloCh aJeKBAaTHO
0TOOpa3UTh KIIIOYEBBIE MOMEHTHI HEUTPUHHON (DPU3UKH SI3BIKOM MUda. YUHUTHIBas 3TO,
MOXHO CUHMTaTh, YTO B JIOHAYYHYIO 3MOXY UYEIIOBEKY YK€ OBLIO BEIOMO, KaKyl0 poJb
HEHUTPUHO WrpaeT B €ro JIyXOBHOW Jku3HU. KOHeuHO, HeNb3s MepeBecTH
MHU]OJIOTUYECKYI0O CHMBOJIMKY OWOT€HHOTO JEWCTBHS HEHTPHHO Ha SI3BIK (QU3HKU O€3
3HaHUs KBaHTOBOW MexaHuku. OnHako, Oecnone3nsiM g Jlyxa OyneT 3To 3HaHWME,
eciu yenoBek He uctenures ot JIbJI u vHe ocBoboauTcs or MAII.

2. OCHOBHBIE TOJOKEHUA TEO®U3UKHN
KBaHT ayxa B Mupe mpeoOpasyercss B TUCKPETHBIN 3yieMeHT MaTepuu (3Heprodopma
[9]). ®unocodekre MPUHIUITBI 0OPATHMOr0 OOpAICHHS yXa B MATEPHIO PACKPHITHI B
paborax [10]. OcHoBHble mnpaBwia npeoOpazoBanus osHeprohopm (OD) B
cy037eMeHThI JaHbl B padoTte [9], a kmaccuduKamus U pacueThl SIEMEHTAPHBIX YaCTHII
u sgep B [11]. K Teme Hactosiielr pabOThl OTHOCSTCS CICAYIONIME IMOCTYJAThl
teopusukwm [9 - 11]:
- Bcenennast camo3aMKHyTa, IMXOTOMUYHA U UMEET OCh CHMMETPHH,
- Mup moctpoeH u3 5 uactuir: Heitpon (P), mpoton (N), aaekTpon (€), HeHTpuHO (V),
horoH (y);
- CINUH Yy HEUTpOHAa M DJIEKTPOHA OTPHUUATENICH, a y NPOTOHA U HEUTPHUHO
MOJIOKUTEJICH;
- YaCTHIIBI U sI/Ipa COCTOAT U3 Cy037I€MEHTOB,;
- QHTHYACTHUIBI 00Pa3ylOTCS U3 CYOdJIEMEHTOB C 3epKallbHO WHBEPCHON METPHKOU U
3HAKHM UX CIIMHOB MIPOTUBOMOJIOKHBI 3HAKAM CIIMHOB YacTHII;
- TIOTJIOIICHHWE YACTHIIAMH U siApaMu (DOTOHOB M HEUTPUHO MPUBOAUT K OOPATUMBIM
M3MEHEHHUSM PaJInyCoB, YIIIOBBIX YAaCTOT U MacC UX CyO3JIEMEHTOB;
- cy0dJIEMEHT MpecTaBIsAoT coboii bose-xonnencar oxuoro moist (N = 6 1G°) DD
COOTBETCTBYIOIIEH TOMOJIOTHH;
- Tonosiorust DP MoJenupyeTcs BUXPSIMHU AyXa (TOpbI, 000JIOYKH, CIIUPATH, HIHYPHI,
IIEMH) ¥ UX MapHbIMH KomOuHarusmu (Puc 3);
- camoBpaleHie BUXps ayxa (Q-BUXpb) €CTh MEPBONPHYMHA MACChl, MHEPTHOCTH,
IpaBUTALlMU U MAaTHUTHOTO TIOJIS;
- OCTAaHOBKAa BHXPs JyXa, UMCIOLIET0 COOCTBEHHBIH UMITYIbC (V-BHXPb, V/Q-BUXPB),
€CTh MEepPBONPUYNHA CTAOMIBHOCTH map DD, 3ieMeHTapHbIX YacTUIl U sep, a TaKxKe
ANEKTPUUYECKOTO 3apsijia ¥ €T0 MOJIS.
Konnencanmst 3@ B cyOdiieMeHT M oOpaTHBIM Tpolecc pacmana cyOdneMeHTa Ha
cBoOomHble D@ wnm ero TpaHchopMmamusi B IIHYP-COJCHOWJ W3 CBS3aHHBIX OO
(dbopMarIbHO OTHOCUTCS K M30PHEPreTHUECKUM (Da3oBBIM MEpexojiaM, M OMUCHIBAIOTCS
COOTHOILICHHEM:

hC/r « (nhC)/R (2.2)
B (2.1) h ects mocrosinHast [maHka Wi KBaHT JCHCTBUS CIIMHA, HOPMUPOBAHHBIA Ha
2n pamuan (h = h/2t = 1,05 16? 5pr ¢), a C —ckopocts cBeta, pasHas 3 10° cm/c.
HatypanbHoe umcio N moxer gocrurark 3HaueHud N, a r u R = nr ssmsrorcs
XapaKTEPHBIMHU PANyCaMU BUXPE COOTBETCTBYIOMMNX JD.



CTpyKTypBl IPOTOHA M JIEKTPOHA COOMPAIOTCS U3 TPEX CyOIIeMeHTOB (000I04Ka, 1BE
opbuTanu), a HeUTpoHa U3 0000ukH U opOHuTaar. Cy0dIEMEHTHI YacTHI[ C MacCOM
MOKOsi 00pa3yroTcs M3 TapHBIX 3apsaoBo-maccoBbix D@ (Puc 3) u 3Hak wux
MarHMTHOTO MOMEHTA U 3apsijia ONpeAeNsieTcsl 3HaKOM CIHHA.
@DOTOHBI PA3NUYHONW HHEPTUM H3IYYAIOTCS SIApaMH, HYKJIOHAMH, JJIEKTPOHOM |
AJIEKTPOMArHUTHBIM TOJIEM, IIOATOMY UX TOIMOJIOTHS HACIEAYET CIUPAIbHYI0 METPUKY
v/g-Buxps [9]. TopounaneHblii POTOH WILTFOCTPUPYET MOJEIbh aHAMOJILHOIO MOMEHTA
(Puc 2). ®oTOoH HMeeT COOCTBEHHBIH HMITYJIbC, KOTOPHIH M OOCCIIEYMBAET €ro
camMoJBMkKeHHEe B dPupe U TmocTosHCTBO BenuuuHbl C. Tomonorus ¢oroHa
OIlpejensieTcsl HE TOJbKO METPUKOH ero
(2 g:] {} (} ( } (4_} I/ICTO‘-IHI/II\(Ia, HO u 3neKTp0MarHI/ITH01>'I
METPUKOW  BellecTBa, C KOTOPHIM OH
LLy=0 L=0,Pep L=LP=p B3anMoJieiicTByeT. DOTOHBI, JEHCTBYIONTUE B
2-BIXPE v =BHXPh VE-BIEPb
pa3IMYHBIX BELIECTBEHHbIX cpenax,
ompenenwin  Kak  kBasudoronsr  [12].
[‘; E‘H (} {']') () (+) [Tpumepsl MEeTpUK KBa3HU(POTOHOB CBA3AHHBIX
() {+) (—}-} {} (—I—} (*) C DJIEKTPOHHOM CUCTEMOU MOJIEKYI IIOKA3aHbI
{m'e) -napa V- napa v g-mapa Ha Puc 4.
P=0, L=21 P=2p,L=0.2l P=0,L=0

Puc 3. Cxembl Tpex THNoB Buxpeit nyxa (g-, v- u v/g-BUXpH) U UX CTaOWIBHBIX Hap:
MOKOSIIIAsicsl,  3aps0BO-MaccoBas M/efiapa; CcaMOABMXKYILAsICS, HEWTPaIbHO-
MaccoBasi y-mapa ((pOTOHHas); TOKOsAIIAsACsA, HEHUTpalibHO-MaccoBas M/g4iapa
(«reMHast MaTepus).

Puc 4. Metpuka kBa3u(OTOHOB, CBSI3aHHBIX C
ANIEKTPOHHBIMH OPOUTATISIMA OCHOBHOTO ()
u  BO30yxkacHHOro  (0)  DIEKTPOHHOIO
COCTOSTHHS KapOOHMIBHOM TPYIIIBI
dopmansaeruna (H.C=0) [13].

HeiiTpuHo, Kak U HEHTPOH, COCTOMUT U3 IBYX CyO3s1eMeHTOB (000J04Ka M BHYTPECHHSS
opOuTAaIh), KOTOpBIE €CTh CIA00CBA3aHHBIN KOHAEHCAT HenapHbIx v/g-Buxpeit (Puc 5).
OO6onouka HEUTPUHO (ceponnanbHbIil V/J-BUXPb) UMEET MOMEHT HUMITYJIbCA, PABHBIH
-h/2, a TtopommanpHas opOuTame h, MO3TOMY CHOHH HEWTpWHO paBeH h/2.
OTpunarenbHbIi 3HAK CHUHA OOOJOYKH HEUTPUHO OOBACHSAET OTHECEHHE €ro K
JIEBOCIIMPAIIBHBIM ~ HEUTpUHO. COOTBETCTBEHHO, TIIOJOKUTEIBHBIM 3HAK CIIMHA
000JIOYKH aHTUHEHUTPHUHO COOTBETCTBYET MPABOCHUPATHHOCTH €r0 ABWKEHHS. Takum
0o0pa3oM, XHPATbHOCTb HEUTPUHO U €ro (U3NYECKHE CBOMICTBA ONPEAEIAIOTCS
cuMMeTpueit ero o0osouku. IIpuHIMI JOBUKEHUS HEUTPUHO MOXKET COYETaTh
MEXaHU3M UIPbl BUXPEH €ro Cy03JeMEHTOB C PEAKTUBHBIM ABMKeHHEM. [Ipu 3ToM He
MCKJIIOYEHO, YTO BO3MYIICHUS dpupa Oy1yT UMeTh BUJ 10pokku Kapmana.

HeilTpuHO B KOMILIEKCE CO CBOMM 3apsDKEHHBIM JIEITOHOM 00pa3yercss B sSAECPHBIX
peakuusaX MpeBpalleHUi HYKIOHOB, Kak CBOOOIHBIX, TaK M B cocraBe suep (Oera-
pacmazpl). Mcnone3ys JaHHBIE PacueToB CTPYKTYPHl HYKJIIOHOB U MX BO30Y)KICHHBIX



cocrostuuii [11], a Tak)ke M3BECTHBIE XapAKTCPHUCTUKH YaCTHII, CXeMy OeTa-pacrmaa
CBOOOHOTO HEWTPOHA MPeACTaBUIN B cieayromieM Buae (Puc 6):
PA*—>p+Wsp+e+, (2.2)

Puc 5. Cxema neBocnupansHoro Heitpuno (S = h/2).
Buytpenusis  v/g-opOutans SBIISICTCS  JIBHIKUATEIIEM
HEUTPUHO, pPa0OTAOIMM IO TPHHIUIYY BOJOMETHOTO
nsuratens. v/g-Buxpes adupa ¢ ummynscom p (mopokka

L Kapmana) nemwxercs mo mHepiuu. CTpeikaMu MOKa3aHbI
LUPKYJISIIMU HEPEPBIBHBIX MTOTOKOB ddupa.

BupryansHoe A* — cocTtosiHHEe HEUTpOHA M30MOP(HHO €ro MepBOMYy BO30YKIACHHOMY
COCTOSIHUIO, Ha3biBaeMoMy A(maMOma)-vactuiieii. B A*-cocrossHum  opOHTAb
HEHUTpPOHA, OKAa3bIBASCh BHYTPH 00OJIOUKH, MHUIIUUPYET €€ paclieryicHue Ha 000I0UKY
MIPOTOHA M €r0 BHENIHIOW opOuTaib. [Ipu 3TOM M30BITOUHBIE CYOJIEMEHTHI 00Pa3yIoT
KOPOTKOXUBYIINIA KOMIUTEKC {€/ve} — kBa3ub030H W*. Macca mokost A-4acTuilsl Ha
~23% 6omapmie Maccel HeWTpoHa. Ecnmu mpenmonoxuth, uTo sHeprus A*-cocrosiHue
HeHTpoHa ONMM3Ka K DHEPrHWH TMOKOS A-4acTUIbl, TO H3 COOTHOIICHUS
onpenenennocreil [9] cmemyer onenka Bpemenu kusHu A*-cocrosaus ~107%2 ¢. Do
BpEMS 10 TIOPSAKY BEJIMYMHBI COOTBETCTBYET BPEMEHHU JKU3HU BHPTYaTbHBIX 0030HOB.
Takum 00pa3om, OeTa-pacmaj HeUTPOHA UMEET JIBE CTAJAUH — MEJICHHYIO (KOHCTaHTa
ckopoct ~1072 ¢™), csasannyIo ¢ melicTBEeM «pasphixisiomen» ID ¢ sueprueii ~ 10
% 5pr [9] m GwICTpyI0O C ydacTHEM KOPOTKOXKHBYIIMX BUPTYalbHBIX COCTOSHHUMN
HEUTpOHA.

Puc 6. Cxema mnepecTpolku CTPYKTYpPBI
HelTpoHa (N) B CTPYKTYpy MpoToHa (p) depes
MIPOMEKYTOUHOE BUPTyaJIbHOE A*-COCTOsIHUE
HEUTpOHA. ITynktup O3HAYaeT, 4TO
Cy03JIeMEHTBI COCTOSAT U3 M/eq1ap.

CBoOongHOEC HEWTPUHO MEHee CcTa0uiabHO, 4YeM HeiTpoH. I[locie 3aBeprieHus
KMUHEMaTH4YeCKOM CTaJUU peakiuu Oera-pacrajga HEHTPUHO, OKa3bIBasCh BHE CQeEpsbI
NCWCTBUSL SICPHBIX CWIJI, B TPUHIMIE, MOXET pacuienuthess Ha N cyOHeiTpuHO,
U30MOpQHBIX HEHUTpUHO. DHeprodopmbl cyOHelTpuHO (00ONOYKa M OpOUTAIb)
Ka)X/1ast 10 OTJEIIbHOCTH, OYEBUIHO, MOTYT KOMOMHUPOBAThH C KBa3u(poTOHAMH.

[To cyru, mpaBoe HEWTPUHO €CTh HECTAOMIBHOE OOBEAWHEHHE Pa3HOPOIHBIX V/(Q-
BUXpEH, KOTOpble 00ECIeuMBAIOT B YACTUIAX W SApaxX TUHAMHYCCKHE CBSI3U HMX
cyosnemenToB (oOomouek u opOutaneit). KparkoBpemeHHOe OOBEIUHCHHE ATHX
BUXpEH eCTh CIEeICTBUE MOMAYMHEHUS paclaja 4acTUIl M sIep 3aKOHaM KBaHTOBOH
KHUHEMATHKH.

['maBHBIM UCTOYHUKOM OMOTEHHOTO HeWTpuHO Oymer CoJHIE, YTO COTIacyeTcs C ero
CranpmaptHoit Mozaenbio. OpHAaKO, MOXHO MpPEINOJIOXKHTb, YTO W AHTUHEUTPUHO



TaTaKTUYECKON TPHUPOJBI TaK)KE HWIPAET OMPEICICHHYIO pOJib B OHOIHEPreTHKe.
OO6HapyxeHue B IEHTpabHON oOmacTu ['alakTHKM WHTEHCHBHOE TaMMa-H3JIydeHue,
OTBEYAIOIICe AHHUTHISAIUKM 3JICKTpOHA M mo3uTpoHa [14], ykaspiBaeT Ha TO, 4TO
ueHTp ['anakTHKU reHepupyeT aHTUHEUTPHUHO, KOTOPOE B OTHOCHTEIHHO XOJIOAHOM
BOJIOPOJIHOM T'a3¢ MOKET MHUIIMHUPOBAThH pPeakiuio [6]:
p+ve. > n+é. (2.3)

®usuyeckue CBOMCTBa HEUTpUHHBIX O® MOryT MNpoOsBIATBCS B IOBEAECHUU
«KBapKOBOW» IJIa3Mbl, BO3HUKAIOLIEH MPH JOOOBOM CTOJIKHOBEHHH PENISTUBHUCTCKUX
saep 3oso0ta B Koswmaigepe [15]. Ilpu Takux CTOJKHOBEHHUSX HIET pa3bopka
ne(OPMUPOBAHHBIX SJIEPHBIX CYO3JIEMEHTOB, MUHYS CTPYKTYphl HYKJIOHOB, Cpa3dy Ha
ux cyoOsneMeHTHl («kBapkm»). Snpo nBmkercs co ckopoctbio 0,999 3a cuer
MTOTJIOMICHHBIX UM (DOTOHOB YCKOPSIFOIIETO TIOJIsl, CyMMapHasi YHeprus KOTopbix B ~70
pa3 Bblle SHEpruM MoKos camoro sigpa (Ma,C?). DToli SHEPrUM COOTBETCTBYET
KkBa3u(OTOH, H30MOp(DHBIH TopouaansHoMy V/g-Buxpio (Puc 3), B KOTOpOM (-BUXpH
BCEX CYOSJIEMEHTOB siapa 30JI0TAa WTPAOT POJIb MaJON T0OAaBKM K JIKBHUBAJCHTHOMN
Macce Q-Buxps kBasudoroHa. [Ipu cTonkHOBEHHMH sAep B TMEPBYIO OYepeab
MPOUCXOTUT pachaj KBasupOTOHA HA Y-KBAHTHI, MPU ITOM JIeHOpPMHUPOBAHHBIE
CyOdJIEMEHTHI sIIEp PENaKCHUPYIOT B CYORJIEeMEHThl HYKJIOHOB. HeWtpunaeie DD
CBSI3BIBAIOT UX B OJHOPOJHBIA KOHJIEHCAT, CBOMCTBA KOTOPOr0 OTBEYAIOT WJICAIbHOU
KUJKOCTH, NTPAKTHUUECKHU JUIICHHON Bs3kocTU. Ecim ydecTh, 4TO 3a BSI3KOCTh
XKUJKOCTH, BKIIIOUas JJaXKe CBEPXTEKYUUU T'eJiMif, OTBEYAET 3JIEKTPOMArHUTHBIE CUJIBI,
TO UJCATbHOCTh HEUTPUHHBIX CBSI3€H B cHCTEMax Cy03JI€MEHTOB CBUAETEILCTBYET 00
OTCYTCTBHH 3JICKTPOMATHUTHBIX B3aHMMOJCUCTBUI MEXIy HEMApHBIMU V/Q-BUXPSMHU.
VIMeHHO TO3TOMY KOCHOE€ BEIIECTBO MPAKTUUECKU MPO3pPAavyHO [UIsl HEHUTPUHO U
CYOHEUTpPHHO.

3. BUBJIEMCKASI MU®OJIOTUSI HEUTPUHO

bubieiickuM cHMBOJIOM 3JIEKTpOHA M OJHOBPEMEHHO THIO(GU3a SIBISCTCS IMaTpUapx
Nyna. CUMBOJIOM HEHTPUHO CITYXKHT JIEB M OH e ObLT 3MOJIeMOit nyuHa KojeHa [16].
CumBosinka o0pa3oBaHus V/Q-BUXpS U HEHTPUHO MPEICTaBICHA Yepe3 CLEHBI 3a4aTHsl
U poxxaeHus nap omu3HenoB B poay Mucyca Xpucta. Ecnu v/g-Buxpro oTBeyaer mapa
{WakoB (v-Buxpsn)-Hcas (g-Buxps)}, To HelitpuHo — mapa {Papec (obomouka)-3apa
(opbutans)} [9]. ['eHe3uc ramakTUYECKOro AHTUHEHTPHHO CBS3aH C CHMBOJHUKOM
OpakocoueTaHus napsl —Iapb ApTakcepkc u napuia Echups.

OOpa3oBaHue HEUTPUHO TIPU OeTa-pacmaje yepe3 MPOMEKYTOUHbIN {€/Ve}- KoMIuIeKe
packpsiBaeT cuMmBosiMka coutusi Myasl ¢ @amapsio: OH ke peue. KUil 3aj0r tede
aam? OHa e peye. MepCcTeHb TBOM U I'PUBHY, M Ke3J1 ke B pyle TBoeii. U nane
eil, 1 BHH/IE K Heil, u 3a4a Bo yTpode oT Hero (bouit 38, 18) MMsa da-maps (eBp. -
nambma), SBISETCS, TO CYTH, CaKpPaJIbHBIM MPEANICCTBEHHUKOM HMEHH Mapuam
(6oropoauma). Ero cmbica [9] packpeiBacT pojib MaTepuHCKHX oOoouek (ha) B
(bopMHpPOBaHUHU HE TOIBKO SMOPHOHOB M YaCTHIl, HO B DP-XpHUCTOC B JKEITYT0UYKOBOM
cuctemMe mosra. Bce atm 06onouku cBoedt GopMoit miu GOpMOH CBOMX CHIIOBBIX
muanid (Puc 5) HanmomuHarT naneMy: [ 0cnods meou coenan noo mobou pyueii. M
nompsicu Hao cob6ol cmeos NalbMbl, OHA ypoHum Kk mebe (n100wl) ceedxcue, cneivie
(Cypa Mapuam 19, 25)

v/g-Buxpb, <@apoaplin» HEHTPUHO, GOpMHPYETCS B 000JI0UKe 3jeKTpoHa. Jlerann
CTPYKTYpbI 3TOTO BHUXPS packpbiBacT coctaB 3amora Wynael. [lepcTeHb-KOIBIIO U
rpuBHa (MepeBsi3b, IEMOYKA) 03HAYAIOT TOP (J-BUXPs, OXBauCHHBIN V-KojabilamMu (Puc
3). XKe3n uiu mocox eCTh CHMBOJI MOMEHTA UMITYJIbCA BUXPSI.



Jleranu poxaeHus OJM3HEIOB PACKPHIBAIOT MEXAHW3M JBI)KCHUS HEHUTPHHO.

CHavaja mosIBIsSCTCS W ucue3aet pyka 3apel (eBp. - 3aps, Coanye). TloButyxa
ycIieBaeT MOMETHUTh ee KpacHoW JsieHTod. Ho mepBeiM u3 yTpoObl Bbixomut dapec
(eBp. - pacmopearowuii) (BeiT 38, 28 — 30)DTOT SMK30,1 MOKHO MCTOJIKOBATh TAKHM
oOpa3om. Pyka, BEITTISIHYBIIIASE U3 YTPOOBI, €CTh «laTbMa» MOTOKOB 3(upa UCXOMSIINX
u3 obomoukn kBasnOo3oHa wian CosiHna u npuHamiexammx opoutanmu (Puc 3). Tlo
MEXaHU3My WIPBI BUXpEH 000JI0YKa HEUTPHHO, WCIONB3ysS SHEPTUI0 dTUX MOTOKOB,
BBIXOJIUT TIEPBOH, 3aTEM €€ COOCTBEHHBIC ITOTOKU 00ECTICUNBAIOT BBIXO] OPOUTAIIH.
Baxxuwie neranu Gera-pacmaja HEUTpPOHA JaeT CUMBOJIMKA UCTOPUU ropoaa Hunesuun
y npopoka Housr [11]: U nosesie I'ocnoar bor uepBuio panHemy BO yTpue, u
NoJsi/ie THIKBY, H M3CIIE. ...s)Ke Poaucs 00 Hollb U 00 Homb norude (Mouna 4, 7,
10). 3xech «TBIKBa» €CTh CUMBOJ {€/Ve}- KOMILIEKCA, a «UePBb» MOKET 03HAYaTh v/(Q-
BUXPb Pa3phIXJIAIONIMN CTPYKTYpPY HEHTpoHa, a 3ateM u {€/ve}- komruiekca. Y HoHbl
cumBojioM O®, W3 KOTOpHIX (OpPMHUpYETCS HEUTPUHO B TMpolecce OeTa-pacraja
HEWTPOHA, SBIISIOTCS MAJIOJICTHUE ETU (COTPOKH»): ABAHANECATH T€M YeI0BeK, HKe
He MO3HaIIa JeCHUIbI cBOesi, HuuKe myitibl cBoesi (Mona 4, 11) bonbmioe uncio 12
teM (120 000)MoxHO cuuTaTh CUMBOJIOM yaBoeHHOro uncia ABoraapo (N). Otcrona
CIIEAyeT OllEHKAa MHHMMAJIbHON Mepbl Macchl-dHepruu (¢) D@, Ha KOTOpPBIE MOKET
pacmactbes antuHeitpuHo B cpene-ll. Bemmuuna & ~ 10% spr (10°' r) mo nopsiaky
BCJIMYMHBI COBIMAJACT C DHEPIruei pasphIXJIAIONIEro V/Q-BUXps, OmMpeaessieMoin
HE3aBHCUMO 10 CKOPOCTH OeTa-pacnaia HelTpoHa [9).
JIBroKeHne HEUTPUHO M CYOHEHTpHHO B cpene-ll mo MexaHu3My WUrpbl BUXpEH UMeeT
CKa4K00Opa3HBIN WIIM BOJTHOBOM XapakTep, 3TO U MOCTYKHIIIO ITOBOJAOM JJIsi CPABHCHHUS
HEHTPHHO CO JIHBOM: JIbBHIIA MMbIii KpHJIe, KpuJe ke ero aku opau (lau 7, 4) Us-
MO HOT JhbBa OTJIETAIOT B3aJ TECUMHKH, a B3MaXW KPBUIbEB OpJia TMOPOXKIAIOT
BO3JYILIHbIE BUXPHU. DTU AETalH, B IPUHIUIE, OTBEYAIOT MPUCYTCTBUIO B MEXaHU3ME
JBHIKCHUSI HEUTPHHO PEaKTUBHOM cocTaBisitomieii u nopoxkku Kapmana (Puc 3).

Cwmeptb 1bBa oT pyk Camcona (eBp. Connbiuiko) MOKHO OTHECTH K CHMBOJIMKE POJIH
OKOJIOCOJTHEYHOro MarHuTHOro mojs (pyku CamcoHa) B pacnaje HEUTPUHO Ha
cyoneltpuHo. CuMBOJaMU CyO’JIE€MEHTOB HEHUTPUHO SIBIAIOTCS WYEIbl W M,
BO3HMKAIOIIHME YE€pPE3 HEKOTOPOE BpeMs B MACTH JibBa: TPy JbBOB, U ce, POii mM4eJI BO
yerex abBoBbIX U Men (Cya 14, 8) IMTuenwnas mudororema I0mMycKaeT TOJKOBAThH
MeJl Kak opOuTany HEUTPUHO, MPeoOpa3oBaBIIMECS B CHIIOBHIC JIMHUU MarHUTHOTO
noist. [Tuenuabiii poit mpu 3TOM OyaeT 0003HaYaTh HEUTPUHHBIE 00OJIOYKH, KOTOPBIE,
JTUIIUBIIMCE  OpOWTallelf, TpPEeBpalIaloTCsl B TEIUIOBbIE KBa3HU(OTOHBL. ITH
KBa3u(OTOHBI, KOHJEHCHPYSICh Ha MOJEKyJaX KOCMHYECKOTO Ta3za, o00pasyloT
penuKTOBBIE (DOTOHBI, PHEPTUSI KOTOPBIX COOTBETCTBYET M3IYUYCHHUIO YEPHOTO Tena C
temmeparypoit T ~ 2,7K [9].

[IpuHiMn B3aMMOAEHCTBHS HEUTPUHO M CYOHEHTPHHO C (JOTOHAMM WILTIOCTPUPYET
Oubneiickas CUMBOJIMKA [MOEIMHKOB BOMHOB U CLIEH YOMHCTB C MPUMEHEHUEM KOTIbS,
HOoxa, ctpen [9]. [IpokoMMeHTHpyeM Jjisi mpUMepa TaKoW XapakTepHbIH croxker (2
Iap 2, 19-23) AcauJ ke jerok Horama cBouma (Acaui — GOTOH, BUXPH-TOP, HMEET
UMITyJIbC M HYJIEBOH MOMEHT mMmimynbca). M morna Acamia Bcjen ABeHHpa, W He
VKJIOHHCS HH HAa J€CHO HH HAa JieBO, HO Bcjel ABeHupa (ABEHHP — HEHTPHHO,
IpeciieIoBaHUe — CXeMa MeXaHHu3Ma uepa euxpeil). U pede eMy ABeHUP: YKJIOHHCS
Thl HA [IeCHO WJIM HA 1Iyee, 1 BO3MHU ce0e eMHAr0 OT OTPOK, U BO3MH cede Bce
opy:kue ero («OTpOK», <OpyXue» — JUCKpeTHble D®P MeTpUKM MarHUTHOTO WIIU
rpaBUTAIlIMOHHOTO ToNss). WM yaapu ero ABeHHUP KONHMeM CO3aJiM B JISABUS. W
npoiijie Komme CKBO3€e €ro, W naje TamMO M yMmMpe Npel HUM. U ObICTb BCSK



NpUXOAsi 10 MecTa, HAekKe maae Acamj W yMpe, M OCTAHOBJsimecs (KOIbe
O3Ha4aeT BEKTOP MOMEHTa HMITYJIbCa BHXPSA-TOpA, KOTOPBIA (opMmMupyeTcs mpu
JBMOKCHUM HEHUTPUHO M3 «OTPOKOB»; €ro MOJET Ha3aJ YKa3bIBaeT Ha PCaKTHBHBIM
OpUHIMN JBWKeHus: Hedrtpuno (Puc 5); mpu BcTpeue ABYX BHXpEl UX HMITYJIBCHI
KOMIICHCUPYIOTCSI, OHM OCTaHABIMBAIOTCS — «IaJIe TaMO M YMPE», IPEBpaIasich, MO0
B (-BHXpb CHJIOBOW JIMHMM MarHUTHOTO MOJisi, 0O B M/QHIapy — IUCKPETHBIN
3JIEMEHT IPABUTAIIMOHHOTO MOJIs (TEMHAsi MaTepHs).

4. METAMOP®O3bI HEUTPUHO

VY4uThIBas TEHETHYECKYIO CBA3b HEUTPUHO C AJIEKTPOHOM, MOXKHO MOJIarath, 4To €ro
CTPYKTypa ¥ XapakTep ACWUCTBUsS OYyAyT 3aBHCETh OT  IUIOTHOCTH JHEPTUU U
TOMOJIOTHUM  AJIEKTPOMAarHUTHOM COCTaBIAIOLIEH METpUKH cpeabl. llocnemHioro
npuHATo [6] oOmHMCHIBATH C TOMOIIBIO (QOpMATH3MA  BUPMYALLHBIX (DOMOHOS,
MEPEHOCAIINX DJIEKTPOMarHUTHOe B3auMmojencTBue. CTpyKTypHas Hepapxus MHupa
COCTOHT U3 CIEAYIOUINX CPE:

| — cpena 3Be31, sep M YaCTHII;

Il — cpena oTkpbITOrO KOCMOCA;

[l — MexxaTOMHBIC U MEKMOJICKYJISIPHBIE CPEIIbl KOHACHCUPOBAHHBIX COCTOSTHUM
BEIIIECTBA;

IV — cpena 31eKTpOHHBIX 000JI0YEK aTOMOB U MOJICKYII.

B mpuniune, sHeprus BUPTYyadbHOTO ()OTOHA MO TOPSAKY BEIUYMHBI OyJaeT paBHA
SHEPTUM peaibHOro (POTOHA, OTBEUYAIOLIETO KBAHTY 3JIEKTPOMAarHUTHOTO BO30OYKICHUS
cpenbl. [loatomy sHeprus takoro ¢ortona (E,) m ero mmuna Bomubl (M) Oyayt

aJIeKBaTHBIMHU IPOCTPAaHCTBEHHO-IHEPTETHUECKUMHU XapaKTEePUCTHKAMHU
AIIEKTPOMArHUTHOM METpHUKH cpesibl. Benmumnna E, oOpaTtHO mponoprroHanbHa A [6]:
E, ~ hC/A ~ 10"\ (cm). (4.1)

TUNHYHBEIM KBAHTOM SHEPTHU BO30yxkaeHus cpeasl | Gymer ramma-ksant (A ~ 10
cMm), a cpensl IV — GoToH BumuMoro wim yneTpaduonerosoro auanasona (A ~ 10°
cM). Bo3Oyxaennsim cocrostHusiM cpen I, 1l IV Oyayr orBewath KBasu(OTOHBI
Pazno- ¥ MEKPOBOIIHOBOTO auana3ona ¢ A or 107 no 10 cm [12].
Cas3biBast 3G GEKThl OCIMUBIUE HEUTPUHO [6] ¢ mporeccoM ero mpeBpaiieHus B
CcyOHeHTprHO (Vi) W ONMUpasch HAa AaHHBbIC MUMOJIOTHHU, MPEIUIOKUIN TOITAMHYO
CXeMy TpaHC(pOpMaIKu HEUTPUHO (Vi) B OnoreHHsie ero Gopmsl (Vi, Viv):

vi— Nvy — nvy — vy . (42)
@DopMBI HEUTPUHO Vi, Vi, Vi, Viv cooTBeTcTBYeT cpenam |, Il 1lI, IV. Yucoo N moxer
nocTuraTh 3Ha4eHns unciaa Aporaapo (6 1G°), uncino N< N. CBa3b MeXIy BeIMINHOM
sreprun HeitpuHo (E,) M ero mpocTpaHCTBEHHON XapaKTEPUCTUKOW B KaXIOW cpene
BBIpa)kaeTcst COOTHoImeHueM, moaooHsiM (4.1). Cxema (4.2) mpuMeHHMa, MPESKIC
BCET0, K COJIHEYHOMY HEUTPHUHO.
Tpanchopmanuss HEUTPUHO TIPH MTEPEXOJIE U3 OJHOU CPEIbl B IPYTYIO €CTh CIEACTBUE
M3MEHEHMS IJIOTHOCTH PHEPTUU U TOIOJIOTHUH SJIEKTPOMArHUTHON METPHKH CpEIbl.
Jloruka OuOnEHCKONW CHUMBOJHMKH, TpaBHIa KOMOWHATOPHKH JHCKPETHBIX (HopM
MaTepuH, a TaKKe UW3BECTHBIC JaHHbIE TO (U3MKE HEHUTPUHO MO3BOJSAIOT
MOCTYJIMPOBAaTh, YTO HEHTPUHO © CYOHEUTpHHO (Vi) B3aMMOMAEHCTBYIOT C
COOTBETCTBYIOIIMMHU (POTOHAMH 110 cXeMe aHanornuHou (1. 4)u npu 3TOM BO3MOYKHBI
CJIEyIOIHE TTPOLECCHI:
—pacmaja HeHTpUHO Ha CyOHEHTPHHO;,
— oOpazoBanre D@ CHIOBBIX JIMHUM MarHUTHOTO U TPABUTAIIMOHHOTO TTOJICH;
— oOpa3oBanue THOpUAHON HeHTpUHO-(HoTOHHON DD (V/Y-DD).



5.HEMTPUHO B KOHIEHCUPOBAHHBIX CPEJIAX

Metpuka KoHAeHcUpoBaHHbIX cpex |l onpenensercs reomeTpueld 1 HHTEHCUBHOCTBIO
AIEKTPOMArHUTHBIX B3aUMOJEHCTBUII aTOMOB M MOJEKYJ, KOTOpPHIM OTBEYAlOT
KBa3u(OTOHBI COOTBETCTBYIOLIEro auamnasoHa sHepruu (cM. Puc 4). Cpemy I
Mo/Ipa3JeJIuM Ha JiBa THIIA!

— cpesia KpUCTAUTHUECKUX CTPYKTYP JIMTOC(Ephl M KocTell )UBOTHBIX (cpexna Il 4);

— BOJIHBIE Cpe/Ibl 3eMITH U JKUBBIX opranu3moB (cpeaa lll ;).

OueBUAHO, YTO METPUKA U CKOPOCTh JBMIKCHUS CYOHEHTPUHO TNpU Tepexone M3
cpenbl || B Il OyayT MeHSTBCS, TakKe KaKk MEHSIOTCS ATH HapaMmeTphl y (OTOHOB.
JlaHHble W3MEHEHHs B OOIIeM Ciydae 3aBHCAT OT BEIMYMH JUIJICKTPUUYECKOM
MMOCTOSIHHOM M MarHUTHOM mpoHutiaeMoctu cpensl |ll. Yopyras u ogqnopoaHas cpena
Il 1 MOXeT cayXHuTh XOpOIIMM HPOBOJHHUKOM CYOHEWTPHHO, a B Cllydyae KOCTHOH
TKQHU — HAKOMWTENIeM HEUTpHHHOW »Hepruu. Ontmuecku akTuBHBIE cpeabl |l
JOJDKHBI NPUBOAUTH K pazfeneHuto D@ HelWTpuHo or O® aHTUHEHTPUHO U K
PacCIOCHHIO CYyOHEUTPHUHO Ha 000JIOUKY U OpOUTaNb. B crity TOTO, 4TO B 36MHOM KOpe
B JIOCTaTOYHOM KOJIMYECTBE MPHCYTCTBYET ONTHYECKH AaKTHUBHBIH KBapll, IMOTOK
COJTHEYHOTO CyOHeWTpuHO, mpoberas MO KOpe KaK [0 BOJHOBOAY, MOXET
pacHIeIUIATHCS Ha JIBa MOTOKA HEUTPpUHHBIX D® pazHol xupansHocTH [9].

Bo3HuUKHOBEHHE M pa3BUTHE JKUBBIX CYLIECTB Ha 3emJie CTajJ0 BO3MOXKHBIM
O6naronaps Tomy, uro cpena lll, akkymynupyer HEHTPUHHYIO SHEPrHIO Ha IIETTOYKax
BOJIOPOJIHBIX CBsI3¢i HAJMOJICKYJISPHBIX CTPYKTYp BOABI (KJIacTepoB), KOTOPHIC, B
CBOIO OUY€pe/b, CIOCOOCTBYIOT B3aUMOJICHCTBUIO HEUTPUHHBIX DD ¢ KBa3upoToHAMH
cpensl V. B ocHOBe MexaHM3Ma akKyMYJISIUU JI€KaT MPOLIECChl CaMOOpraHU3aIuu
BOJIHO-OMOJIOTMYECKHX CHUCTEM, KOOINEPAaTHBHBIE CBOMCTBA KOTOPBIX HANPAMYIO
CBSI3aHBI C OCOOCHHOCTSMH TEPMOJMHAMHMKH BOIBI W BOJHBIX pacTBOpoB [17].
AKKyMyIsiusi OIMHaKOBO 3()(EKTHBHA B €CTECTBEHHBIX BoJoeMax (OKeaHbl, MOps,
o3epa, pekn) U B (DU3MOJOTHYECKUX KUAKOCTAX (I1a3Ma KpPOBH, JIUKBOP, duM(pa).
OOmpsicHsieTcss 3TO OJNM30CTBI0O MX XHMHYECKOTO COCTaBa, IO KpaiHel wepe, Mo
OMOTEHHBIM JIEMEHTaM.

AKKYMYJISIHS, 10 CYTH, MPEACTaBIAET COOOW KOHACHCAIMIO HEUTPUHHBIX DD B
OJTHOPOHBIX MOJICKYJISIPHO-KJICTOUYHBIX aHcaMOsx mo cxeme (2.1) ¢ oOpa3oBaHuEeM
ruOpuaHbIX HeHTpuHO-PoTOHHBIX D@ B cpexe V. JlaHHBI MexaHU3M MOA00EH
MEXaHU3MYy KOHJICHCAlluhd HEUTpUHHBIX OD® Ha MoOJeKyjdax MEX3BE3JIHOr0 rasa B
penukToBbie GoToHBL. [lpu 3TOoM B cpene Il , menTpamMu kKoHAEHCAIMKU OKA3BIBAIOTCS
OMOTeHHBIE JJIEMEHThl WJIM MOJEKYJIbl MeTa0OJNUThl, METpPHKa 3JIEKTPOHHBIX
opOuTanieit KOTOPBIX PE30OHUPYET C METPUKON HEHTPUHHBIX DD,

TunuuaeiM 3meMenToM Metpuku cpeabl Il u IV sBusercs terpasap [12]. Kopuu
TETPa’IPUUECKOW CHUMMETPUH BEIIECTBEHHBIX CTPYKTYp JIeKaT B IpaBHJIax
KoMOMHHUpoBaHUsT D® B KBaHTHI CHUJIOBBIX MOJIEH, AJIEMEHTapHbIE YAaCTULIBI U sJ]ipa
[11]. B oOCHOBE TeTpa’ApPUYECKHX XHMHYECKUX CBS3€M JIEKUT reoMeTpHs SpP-
THOPUIN3UPOBAHHBIX 3JICKTPOHHBIX OpOUTalieit aToMOB (Yriieposa, KUCIopo/a, a30Ta,
KpemHus, ¢pocdopa u 1p.).

Od4eBuaHO, YTO KBa3U(OTOHBI, OTBEYAIONINE DJICKTPOMArHUTHOU MeTpuke cpeasl 1V,
MOTYT HW30HMpaTEeNbHO B3aUMOJIEHCTBOBATh KaK C OOOJOYKOW, TaK M C OpPOMUTAIbBIO
HeWTpuHO. WTOroM maHHOTO B3aMMOJIEHCTBHS OyAeT BO3MYIIEHHE T'€OMETPUU
TETPa’IPUUECKUX CBSI3€H, C KOTOPHIM MOXXHO COOTHECTH XHMHYECKH AKTHUBHYIO
rubpuaayio v/y-0®. Takum 00pa3oM 3HEPrUs HEUTPHUHO MPeoOPa3yeTCs B SHEPTHIO
xupasibHOW D@ U MpH 3TOM MPOUCXOAUT XUMHUUECKAsT aKTUBALUS MOJIEKYJIbI. 3HAKOM



CIHUPAILHOCTH Viy U CUMMETPHUEH 3JIEKTPOHHOM CHUCTEMBI OYAET OIpPEeNsAThCs 3HaK
cnupanbHoCcTH  V/y-D®, a 3HAUMT, W HANpaBlICHHWE XUMHUYECKOW pEaKIHH
VHULIUUPYEMOU aKTUBUPOBAHHOU MOJIEKYJIBI.

['uOpuanbii  HEUTPUHO-GDOTOHHBIM KBAHT JSHEPIHMH BO3MYIIECHUS METa0ONIHTa,
KOHEYHO, CYIIECTBEHHO MEHbBIIE 3HEPruH aKTUBAIMH JII000H XMMHUYECKOH peakiuu.
OnHako, MOKHO T0JIaraTth, 4TO aKKyMYJISIIMS HEUTPUHHOW YHEPIHM HA AJIEKTPOHHOU
CHUCTEME MOJIEKYJIbI CONPSKEHA C MPOCTPAHCTBEHHBIM YIIOPSAOYMBAHUEM XUPATbHBIX
PEaKIMOHHBIX IIEHTPOB. TakuM 00pa3oM, HEUTPUHO, AKTUBU3UPYS CTEPCOXUMUYECKHI
(hakTop, MOKET YBEIUYHMBATH BEPOSITHOCTH CIEAYIONIUX KIIOUYEBBIX 3JIEMEHTAPHBIX
aKTOB XMMUYECKOM KMHETUKH B KUBBIX CUCTEMaX:

- IepeHOC BUOPOHHBIX KBAHTOB PHEPTUHU B KOMIUIEKCE (hepMeHT-CyOCcTparT;

- TYHHEJIbHBIE NTePEeXO0/Ibl JIEKTPOHA U MPOTOHA.

Kpome Toro, HEHTpUHO Kak yHOpsSAOYMBAIONINI (AKTOp MOXKET BIUATH HA CKOPOCTh
nepenayr HHPOpMaIi MKy MPOCTPAHCTBEHHO pa3eIieHHbIMU CTPYKTYpaMy MO3ra
0 MEXaHU3MY HEJIOKAIbHBIX KBAHTOBBIX Koppessiuii [12].

6. HEUTPUHO U BAHKAJI

VYnopsagounBaHue  JIOKQIbHOM  TEPMOJMHAMHUYECKOM  CHCTEMBI B  Mpolecce
aKKyMYJIALIMM ~ HEHUTPUHHON HHEPTUU JOJDKHO CONPOBOXKIATHCS BBIBOJIOM 32 e
IpaHMIIbl U30BITOYHOM TEIIOBOM SHEPrHH U CHUXKEHUEM ee TemnepaTypbl. Ilockonbky
MHTCHCUBHOCTh TIOTOKa HEWTPUHO 3aBHCHUT OT TeJIMOKOCMHUYECKUX (hakTopoB, ¢
PUTMOM M3MEHEHUS NOCIETHUX OyAyT KOpPpEIMpOBaTh W3MEHEHHs TeMIepaTypbl
cucTeMbl M Jpyrue OuoreHHble >QQexTsl. [y opraHu3mMa dYeloBeKa, Harpumep,
Npouecc  aKKyMyJsilusi ~ HEUTPUHHOM  DHEPrHMM  JOCTUTAaeT  MaKCUMaJbHOU
3¢ PeKTUBHOCTH B 3 4aca HOYH, IPU 3TOM TEMIIepaTypa e€ro Teja CHuxkaercs Ha ~1
rpaayc [12].

OTueTnIMBO U PETYISAPHO TEMIIEpPATYpHBIA «cien» OnoreHHoro 3¢gdexra HEHTPHUHO
HaOJTI0aeTCs MoCye AHS 3UMHETO CONTHIIEBOpoTa (22 mexadps), 1ocTUras MaKCHMyma
B JieHb npa3aHuka Kpemienus. Tak Ha3bIBaeMble KPEIIEHCKHME MOPO3BI €CTh MPSMOE
CBHJIETENILCTBO A PeKTa yNOpsI0ouMBaHUs BceX BOAHBIX cucTeM B CeBepHOM
nonymapun. B 3t qHM n30bITOUHOE TEIIo 3 6uocdepsl yXoauT B KocMoc. B pabore
[17] ObUTO yCTaHOBJIEHO, YTO MCKYCCTBEHHOE NMOHMKEHUE TEMIEPaTypbl HHHLIHUHPYET
IpOIecC ACCOIMUPOBAHMUSA MOJIEKYJ caxapa B (PU3HOJIOTMYECKOM pAacTBOpE, B
pe3yibTaTe 4Yero BO3pPAcTaeT €ro ONTHUYECKas aKTMBHOCTb, a 3HAYUT M XHUPAJIbHBIN
MOPSAOK. DHEPrusl aKkTUBAIMK IPOIECCa acCOLMAIMKM Oblla Ha TOPSJIOK MEHbILE
sHeprun  KT. OOuapyxkeno takxke [17], uto (oHOBOE 3HAaYCHHME ONTHYECKOM
aKTUBHOCTH CaXapHBIX PACTBOPOB BO3PACTANIO B THU KPEIIEHCKUX MOPO30B.

EcTecTBeHHBIM JaTyMKOM Ha OHOTEHHOE HEUTpUHO sBIsieTcs o3epo baiikar.
@dusnyeckoe cocrossHue ero cpeasl |ll, gyBcTBUTENBHO K ypoBHIO COJIHEUHOM
axtuBHOCcTH (CA) [18].

CpenneroyoBas Temreparypa Bojbl baiikana pasHa 4°C [19]. B aroii kpuTHYECKOi
TOYKE BOJIa MMEET MAaKCUMaJbHYI0 IIJIOTHOCTh M CHJIBHO KJIAaCTEPU30BaHa, 4YTO
rapaHTHPYEeT BBICOKYIO 3(P(PEKTUBHOCTh aKKyMyIJSUH HEUTPUHHOW sSHeprum [17].
CBoii BKJIaJ B MHTEHCHU(DHUKAITMIO 3TOTO MpoIiecca AaeT u reosiorus baiikana. Ero moxe
NpeacTaBisier co00i pas3ioM 3eMHOM KOpPBI, TOCTUTAIONUINI BEPXHUX CIOEB MAHTUHU

(Puc 7).
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Puc 7. I'myOunHHOE cTpoeHHe
muTochepsl " BEpXHEH
MaHTHUM TOJA  OallKambCKUM
paziiomom [20].

['eonorust GaifkanbCKOro pasioMa CriocoOCTBYeT KOHIEHTPHUPOBaHUIO B Boje baiikana
HEUTPUHHBIX TTOTOKOB, WAYIIUX IO JUTOCc(epe ¢ BOCTOKA Haja TpaHulieid MoxopoBuua
U BOCXOIIIMX dYepe3 pa3ioM u3 Heap 3emud. JlaHHBIE (QHU3UYECKUE YCIIOBHS
oOecrieunBaeT BBICOKYIO A(P(HEKTUBHOCTh AKKyMYJSIMH OWOTE€HHOTO HEHWTPUHO B
baiikane, 4To u onpenenser ero yHuKajabHble OMOJOTHUECKUE CBOICTBA.

['maBHBIM W3 HUX ABJISIETCS  KOHCEPBALUS
onoreHesa JKUBBIX cucreM baiikama, d4rtoO
BBIPA3HIJIOCh, MPEXKIE BCEro, B MpeobiaasaHuu B
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MonuTopuHr Temneparypsl BoAsl baiikana mokazan Bcriiecku Temmneparypsl Ha AT =
0,02 — 0,0 na rayomnax 400 — 1000m B mexabpe-saBape 2000 Puc 8) [21].
[MTosiBneHre M30BITOYHOrO Temia B BUAE KBa3udoToHOB ¢ sHepruedt KAT, Ha nBa
nopsiika MeHbieid KT, MOKHO cBsA3aTh ¢ 3PPEKTOM YIOPSATOUMBAHUSA BOIBI HAa ITHX
riyOWHax, WHUIUAPOBAHHBIM TIOBBIIICHHEM IJIOTHOCTH TIOTOKAa KOCMHYECKOTO
HEUTPUHO B MEPUOJT «KPEUICHCKUX MOPO30B».

Bapuaruy MHTEHCMBHOCTH TIOTOKA HEUTPHHO, OOYCIOBICHHBIC T€IHOKOCMUYECKUMHU
dakTopamMu, MOTJIH OOYCIOBUTH pE3KUE H3MEHEHHUs (Ha MOPSAKH) YpOKAHHOCTH
BECCHHETO IUIAHKTOHA B HEKOTOpbIE TOABI [22]. DTOT pe3ynbTaT, TakkKe Kak Hu
aHOMaJIbHO BBICOKasi CKOPOCTh pPOCTa JIEpPEBbEB B pailloHe MaJeHHus TyHTyCCKOTro
HeiiTpuHO [23], CBUACTENBCTBYIOT O 3aBHCHMOCTH KHHETHKH ()OTOCHHTE3a OT
WHTCHCUBHOCTH HCHTPHHHOM SHEPruu. SIBJIEHHWE TMraHTH3Ma Cpeau PbhIO (HaHH3M),
obutaronx Ha Oonpmux IyouHax [19], Takke MOXHO CBSI3aTh C BBICOKHM



3HAYCHUEM CTAllMOHAPHOM IUIOTHOCTH OMOTeHHOTO HeiTpuHo B baiikane. CBoro 100
B YBEJIMYEHHE IIJIOTHOCTH IOTOKA HEWTPUHO [O/DKHA BHOCUTb M IOBBIIIEHHAS
celicMuUecKasi aKTUBHOCTb B paiioHe 03. baiikan. Becrpsicka MOHONUTHBIX MIaTGopm
JUTOC(EpPhl MOXKET MPUBOJIUTH K I'€HEPALM WHTEHCUBHBIX UMIIYJIbCOB HEUTPUHHOU
sHeprun B cpene lll;. KocBeHHO Ha 3TO yKa3pIBalOT HaOJIONEHHUS BCILIECKOB
HEUTPOHHOTO M3JTYYCHHUs B Topax nepel 3emieTpsiceHHsIMu [24]. MonHble HMITyJIbChI
HEUTPUHHOM 3HEPTUH MOTYT MHULIMMPOBATh Pa3IM4HbIE SACPHBIE PEAKLIUU C BBIXOI0M
HEeHTpOoHOB [6].

Taxkum oOpa3zom, nanHble o OuonorudeckuM 3¢ddexram B 03. baiikan cormacyrores ¢
MPEATIONOKEHUEM O KaTaIUTUUECKON mpuponae ouoreHHoro 3¢ dexra Herpuno. Ero
yyacTHe B OMOIHEpreTHKEe MOXET Ha MOPSA0K YBEIWYMBATH CKOPOCTh XHUPAIbHBIX
CTaJNil KWHETUKHU MeTabom3Ma 1 pOTOCHHTE3A.

7.HEUTPUHO U HOOC®EPA

AKKyMyIsiiusi HEHUTpUHO B BOJAX MOpEH M OKEaHOB JOJDKHA MPUBOAUTH K
TUIMOHEHTPUHHON CHUTyallud Ha BOCTOYHBIX Oeperax BCEX MAaTEpPUKOB, KOTOpas
COOTBETCTBYIOLIMM 00pa3oM JOJbKHA Oblla OTpasuThcst Ha Ouocdepe m Hoochepe
npuOpexHbIX 30H. [loka3zaTeNbHBIM B ATOM IUIaHE SBISETCS a3MATCKOE MOOEpexbe
Tuxoro oxeana. ®nopa u ¢ayHa HAHHOTO pPETHOHA, HMMEET CBOIO OYEBHJHYIO
cnerudury. OcoOeHHOCTH e Hoochepbl MPOSBIIKNCH, MPEXKIE BCEro, Ha YPOBHE
penurun. B crpanax Bocroka (Snonus, Kuraii, Muaus) BMecTo Kyiabpra Xpucra apur
KynbT bynnsl: Bo30Opanenn Obima ot Cesraro Jlyxa rJjaroJiati cjioBO BO ACHH
(dest 16, 6) B Mamuu K 3TOMYy ClieiyeT J00aBUTH €Ille KYJIbT BOBI.

MOoXHO NpEeanooXKUTh, YTO B YCIOBUAX JehUIUTa HEUTPUHO HE oOpaszyeTcs
OuorenHasi, HeUTpuHO-(hoTOHHAsA DD, KOTOpask B MO3Ty yelloBeKa ACUCTBYeT Kak DP-
Xpucrtoc [9]: Ml :ke ym XpucroB umambl (1 Kop 2, 16) ITo 3Toit mpuunHe pyccKue
JIIO/IM, TIepee3kasi C MaTeprka B MpuOpexHyto 301y JlanbHero BocToka, HCTIBITHIBAIOT
JTyXOBHBIN JTUCKOM(OPT U, KaK CIEACTBHE, 4Yalle OOJICFOT pPakoM U OoJibIie
MOABEPKEHBI ATKOTOJIM3MY U HAPKOMaHUHU.

Mopdonoruueckne 0CoOOEHHOCTH MO3ra 4YeJOBEKa, OIMPEAENSIONINe €ro JAYXOBHBIN
CTaTyC ¥ YMCTBEHHBIE CIOCOOHOCTH, Pa3BHBAIOTCS B COOTBETCTBHM C reorpadueit
HeitpuaHO#t 0o0ctaHoBKH [9]. TlosTOMy ee paauKkaabHasi cMEHa B 3PEIOM BO3pAacTe
ypeBaTa ISl 4YEJIOBEKa YTPaTOil MOJIHOIEHHOM cCBsi3u ¢ JlyXoM M CIOCOOHOCTH
TBOpUYECKHU MBICIUTE: Tako yesoBek mopadoiiaercs, eraga yCTPAHUTCA OT CBOUX
mect (ITp 27, 8)

CHuXeHUE IUIOTHOCTA HEWTPUHHOM SHEPruM B KOHIIE BTOPOrO ThICAYETETHS
XPUCTHAHCKOW 3pbl B MeECTaxX TpPaAMIMOHHOTO obOutaHus xpucthan (EBpoma wu
CeBepHast AMepHKa) IPUBEIIO K PE3KOMY TMACHUIO UX POXKIAEMOCTH M OJTHOBPEMEHHO
CTUMYJUPOBAJIO TIEpECETICHUE B 3TH MecTa MycyibMaH u3 FOxxHoit Amepuku, Adpuxu
n KaBkaza. [1ocKoJIbKY WX JyXOBHBIN CTaTyC COOTBETCTBYET HEUTPUHHON OOCTaHOBKE
Oomuskoii k oOctaHoBke JlambHero BocToka, OHM HE UCHBITHIBAIOT TyXOBHOTO
auckomMpopTa B XPUCTHMAHCKMX CTpaHaXx M COXPAHSIOT BBICOKUHA  ypOBEHb
POXKIAEMOCTH: YaJa MHOT0 MHHOILIeMeHHn4a poaumacs um (Mc 2, 6) Ormeruwm,
YTO B MECTax C TUIOHEHTPUHHOM OOCTAaHOBKOHM, KakK NMPABUJIO, HE Y)KUBAIOTCS U HE
pPa3sMHOXKAIOTCS HE TOJBKO XPUCTHAHE, HO M UX JyXOBHBIE Carpo(UTHl —UyJICH.
Takum 00pa3oM, rI00aIbHYIO MEPECTPOMKY AyXOBHOro cratyca homo sapiens XX
BEKE MOJKHO CBSI3aTb C M3MEHEHHMEM COOTHOLIEHUS  MEXAY HEUTPUHHON U
AJNIEKTPOMArHUTHOM SHEPTUSIMU B TOJb3y mocienaHeid. OObEeKTUBHBIM IOKa3aTeleM



HapylmeHust OanaHca 3THUX PHEPTUH B TEPMOAMHAMHUKE >KUIKUX Cpel 3eMIId MOXKET
CIIY’KUTBh POCT CPETHETOAOBON TEMITEpaTyphl, MOKa3aHHbIN Ha Puc 8.
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MOBEPXHOCTH 3€MJIM 34 ThICSAYY JET OT
CPEIHETOI0BOI0 3HAYECHMS, BBIYUCIECHHOIO

3a epuoj ¢ 1961mo 1990r [25]
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ITepecTpoiika AyXOBHO-()M3NYECKOTO cTaTyca HOOC(epbl HHULUUPOBAIA MYTAILUIO
reHOMa YeJIOBeKa, M HayaJloch (OPMHUPOBAHUE NEPEXOJHOW MOMYIALUN JIFOACH-
notpeduteneii. MeHTanbHbIe OCOOCHHOCTH 3TOHW IOMYJSINHN TPOSIBISIOTCS YK€ B
paHHEM JIETCTBE YEPE3 IKCTPABAraHTHOE MOBEACHNE, TaK Ha3bIBAEMBIX, I€TEH UHINTO.
B  ycnoBusx  rumoHEHTpUHHOW  OOCTAaHOBKH  TOMYJSIITUIO-WUHIWATO  CJEAYET
paccMaTpuBaTh Kak TreoJoruueckuil (akrop sBomonuu. [naBHoi ee (yHKImen
ABIIACTCS IIEPEBOJ YIJIEPOAAa BCEX TOPIOYMX MCKONAEMBIX B YIUIEKHCIBIA Tra3
atMocepsl. KoHEYHBIM HTOroM JaHHOTO nepedopMaTUpPOBaHUS (UIUIECKOTO
craryca Hoocgepbl OyneT IecATUKpaTHOEe TMOBbIIeHHE KoHUeHTpauun CO; B
atMocepe, CO BCEMH BBITEKAIOUIMMHU M3 3TOT0  JTyXOBHO-(PH3UUECKUMHU
nocaeacTeusmu [12].

8. MU®OJIOT sl BHOTEHHOI'O HEMTPUHO
OyHKIIMOHAIBHOMY pa3HOOOpa3uio OuoreHHbIX D@ OTBEYaeT MIMPOKUH CIEKTp
«ChEIOOHBIX» CHMBOJIOB SI3BIYECKO M OubOeickoit Mudomorun (Men, xied, MaHHa,
pbIOa, BOja, TyK, MOJIOKO, BUHO U Jp.) [9]. OTMeueHa B MU(OIOrUU U KIIOYEBAst POJIb
BOJIbl B aKKYMYJISIIUM HEUTpUHHBIX DD B opranuzme yenoBeka: aact ['ocmoab Bam
x;1e0 meuaau u Boay TecHyw (Mc 30, 20) YVuureiBas, 4To MOJCKYISIPHYIO OCHOBY
HaTypaJbHOTO XJie0a COCTaBJISIOT JICBOCIIHUpATIbHBIC O€IKHd, MUDOIOTHYECKUN XyieO
MOXKHO TIPHHSITH 3a CHMBOJ JICBOCIUPAIBHOW OOOJIOYKH COJHEYHOTO HEHUTPUHO:
IMocau xaed6 Teoii Ha aune Boabl (Exk 11, 1) MMeHHO 3TOT «Xjie0» MOKET
obecrieynBaTh yTy4YHEHHE PHIO U YBEIMUYEHHE YPOXKAMHOCTH TUTaHKTOHA B baiikane.
[MpucyrctBue  moBapennoir comun  (~0,9% NaCl) B mopckoit Boge u B
(GU3NOIOTHUECKUX  JKUAKOCTSIX  (KpOBb, JIMKBOP)  CHOCOOCTBYET — Ipoiieccam
camoopranuzanuu [17], a 3HauuT, W mOBBIIACT 3(PPEKTHBHOCTD AKKYMYJISIHH
HelTpuHHOM 3Heprun cpexamu Il u IV: CHecresi im xyied 6e3 coau? (MoB 6, 6)
AHanmornunbiii 3¢ (EKT TaeT CHIKEHHE TeMIIepaTypbl MpecHoi Boabl baiikana mo 3 -
4C.

AKKYMYJISIHsT OMOTEHHOTO HEHTPUHO B JKHMBBIX CHCTEMax W B MO3TY 4YellOBEKa
mo100Ha TPOIeCCY KOHACHCAIIMU MapOB aTMOC(EPHOI BOJIBI B KATUTH POCHI: M CJIAHY
SIKO c0JIb Ha 3eMJi0 chimuier (Cup 43, 21);kamisi pochl YTPEHHHS, CXOASIIIHSA HA
3emurio (Ilpem 11, 23);rmaBa most HanosiHucs pochbl (I1. IlecH 5, 2); cHuayT siko
poca riarosm Mou (Bt 32, 2)

B s3prueckoit mudonorun 00001IEHHBIM CHMBOJIOM OHMOTC€HHON HEHTPHUHO-POTOHHON
DO cayxur 6or Comuima — Murpa (DP-Mutpa). DP-Mutpa cymmupyer B cebde
ANEKTPOMArHUTHOE W HEUTpHHHOE OuoreHHoe wu3nmydenws ConHia. B pa3nudHbix
n300pakeHMsIX MUTpPBl TPUCYTCTBYIOT JJEMEHTBHI UEJIOBEKa, JIbBa, OpJa, 3MeH
(cumBonn marautHoro moist) [11]. Mudonorus Xpucra HaciaeqyeT W BO3BBIIIACT



CUMBOJIIMKY MUTpBl [0 TaJakTU4ecKux wmacmrtaboB. Ilpeamonoxkum, dYTO mpU
B3auMoaecTBun DD-Mutpa ¢ DD rajakTHIecKoro HeHTPUHO 00pa3yeTcs: THOpUIHAS
D@, koTOopas 0TBEYaeT MHOTOrpaHHON OubIeiickoit Mudoaoreme Xprcra-MeueHoCa
(D®-Xpucroc): IBUTCA HeBeCTa, ...0TKpbieTdocs chbiH Moii Mucyc ¢ TemMu, mxe ¢
HuM cyTh (3 E3n 7, 26)

Opomon IP-Mutpa B DD-Xpucroc B cpeae-IV cooTBETCTBYyeT ceMaHTHYECKUIN
CKAQ4OK CHMBOJIMKH «XJieba HEeOECHOro» OT BETXO03aBETHOW K HOBO3ABETHOH. OTIbI
BAalllM SIIOIIA MAHHY B NMYCTHIHU W YMpoma. A3 ecMb XJe0 KUBOTHBIW, MiKe
cuIeqblii ¢ HeOece: ale KTO CHECTh OT XJieda cero, ;kuB OyaeT Bo Beku (Uu 6, 49)
B opranm3me uemoBeka SJIEKTPOMArHUTHOW OCHOBOW OSTHUX JBYX OuOreHHBIXx DD
CIIy’)KaT KBa3M(OTOHBI YpeBa, CUMBOJIAMU KOTOPBIX SIBISETCS HAPOJ HW3PAMIbCKHUI
(O®-Uzpaunis) [11].

DO-M3pansib KOMOMHUPYET B KHUIKO-BO3IYLIHBIX cpeiax opranu3ma ¢ 9P yTpeHHero
COJIHEYHOTO HEUTpUHO U oOpasyercs DP-Mwurtpa. Ee cumBonoM sBIsieTCs MaHHa
HeOecHast, BBINIAAA0MIast, CIOBHO WHEH 1o yTpy: 3ayTpa :Ke ObICTh cmajiueil poce...
MeJIKO IKO KOpPUAHIAP, 0es10 aKu Jie[l Ha 3eMJIM. ...ceil xJied, eroxe aane I'ocnoab
BaM SICTH. ...HMSl TOMY MaHHa ...BKYC ’Ke €ro akd MYKH ¢ MeIOM, OCTaBHIIA
HelbId OT Hero Ha yTpHe, H Bockume yepBMu U Bo3mepaeca (Mcx 16, 13 — 31)
XJ1e0, MyKa OTBEYAIOT JICBOCIUPAIbHBIM TMOPUAHBIM HEUTPUHO-(POTOHHBIM DD Ha
Oelike U Ha aMUHOKHCIIOTax. Me, 4epBb —MarauTHas coctapistomas DD-Mwutpa. 3a
cyrku DdD-Mutpa 10KHA YTUIM30BAThCS HHAUYE OHA PALIMMU3UPYETCS U IETPaAUpPyeT
B TEIUIOBbIE KBa3U(POTOHHI — BOCKUIIE YEPBMH._

[IpeoOpazoBanne DD-Mutpa B IDD-XpuUCTOC COCTOUT B €€ CIUSHUU-
KOMOWHHMPOBAHUU C TPABOCIHUPATHLHON 00O0JIOYKOW TajaKTUYECKOro aHTHHEUTPHUHO,
D® KOTOPOro MOTYT KOHJEHCHUPOBATHCS Ha MPABBIX caxapax B COCTABE XKUIAKUX CPE.l
opraHu3aMa H, TpEXIe BCEro, B JIMKBOPHOM OacceiiHe M jKeaydaodykax mosra [12].
CumBonoM 3toil cocraistoniel DP-Xpucroc ssiuserca Ceer: Bes 60 BceesieHHast
cBeTibiM npocBemaimecsi ceerom (Ipem 17, 19);siko cBer mpaBaa Mosi (Uc 62,
1); cnagko cBet (Exk 11, 7);:xuBoT Ge cBeT uesioBexkoMm (Mu 1, 4)
dopMupoBaHreM OWOTEHHOW, THOpPUAHOW HeWTpuHO-hoTOHHOW DD-XpucToc
3aBepIIaeTcs akT cooOmeHus yenoBeka ¢ Jlyxom. D®P-Xpucroc, akTUBHPYS JHUKBOP
KEIyI0YKOB MO3Ta, CO3AAaeT YCIOBUS HEOOXOOUMBIEC JUIsi MHULIMALMK aKTa 3adyaTs
MBICITU-OTKPOBEHUS WJIM TyIIU 4YeloBeka. Jleranu (3K aKkIenTUPOBaHHUS KBaHTA
Jlyxa mpencraBisieT CHMBOJIMKA XPHUCTHAHCKOro oOpsna EBxapuctun — mpuyacTus
IJIOTH U KpoBU XpUCTOBOM. PU3MKY K€ aKTa MBIIIJICHUS PACKPBIBACT CUMBOJIMKA
pacrstus Mucyca Xpucra Ha kpecre [3].

9.IIOCJIECJIOBHE

JlaHHas cTaThsl HAIKMCaHa B pacyeTe HAa MYyIpPOro 4YEIOBEKA, COXPAHSIOILIErO CBS3b C
Hdyxom n »xenatouiero oOpectu cre3to CrnaceHus: B HBIHELIHIOK aHTHXPHUCTCKYIO
smoxy. B ycnoBusax nedurmra HEWTPUHHOW SHEPTUU M TIIOOANBHOM THIIEpKAITHUN
(n30bITOK CO»), IPH OTCYTCTBHU JYXOBHBIX HACTAaBHHKOB U W300MJINU JDKCYYHTEICH,
3Ta paboTa MOXKET MPHUTOIUTHCS, MPEXkKAE BCErO, MOJOABIM JIIOSM, YeH MyX >KaXIeT

MO3HAHUS AyXOBHO-(U3NIecKoi mpupoabl Xpucra: poxa ke Ero kro ucnosecrn? (Mc
53, 8)
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