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Teodpuzuxka HEUTPUHO

A.C. XonmaHcKui
(MMosyuena 7 pespanst 2007; ony6nukosana 15 anpens 2007)

B cooTBeTcTBMHM ¢ aHTPONHBIM NPHHIMIIOM B paMKaxX (H3NYECKHX 3aKOHOB JIOJKEH
paborarp MexaHM3M cBs3HM denoBeka ¢ Jlyxom. PabGoumM TemoM JTaHHOTO MeXaHHM3Ma
SBIISICTCS HEMTPUHO, O YeM COKPOBEHHO TOBOPST MH(H HapoxoB Mupa. PykoBomcTBysch
moAckaskamMn  bubmmm  m moctymatamm  Teou3WKH,  MOCTPOMIM  JIOTHYECKH
HEMPOTHBOPEUYHMBYIO MOJIENTb OMOTEHHOTO HEHTPWHO W COTIIACOBAJH €€ C JOCTOBEPHBIMH
naHHbBIMA  pr3uku. C TOMOIIBIO MOAETH OOBACHWIN HEKOTOpPHIE aHOMAWU (UK U
omonorun baiikana. JlyxoBHy0 aerpanaruio Hoochepsl B XX BeKe CBS3aIU C paauKaTbHBIM
W3MEHEHHeM HEeWTpUHHON o0cTaHOBKM Ha 3emie. IIpsAMBIM CIeICTBHEM CHWKEHUS
WHTEHCUBHOCTH OHOTEHHOTO HEWTPHWHO CIEAyeT CYHTATh TIJIO0AIBHOE MOTEIUICHHE |
HEYKJIOHHOC 3aMeIlIeHHe TMOMyNISIMUA Oeloro denoBeka (XPUCTHAHWHA) IOMYIISIHEH
4eIoBeKa-moTpeouTeNnst (HeOs3bIYHIKA).

1. BBEAEHUE

HeliTpuHO  MOXHO  CYHMTaTh «KaMHEM [PETKHOBEHMS» Bced  (U3MKM  MHUKpOMHpA.
@yHIaMEHTaJIbHOCTh HEMTPUHO OOYCIIOBJIEHA TEM, YTO OHO, SBISASACH caMOM MpocToil Gopmoii
Marepuu, 00eCIeYrBaeT CBA3HOCTh B €IMHOE Iejioe Bceil mepapxuu Mipa. HeWTpuHO ciryxut
«XHpaJIbHBIM KJIEeM» JJISl BHYTPEHHHUX CTPYKTYp 3JI€MEHTApHBIX YacTUILl, OHO e UCIOJIHSET poJib
MocpeHUKa B Ipolecce oOmieHus yenoBeka ¢ Jlyxom. B cuiny npenenbHOH 31€MEHTapHOCTH
HEHTPUHO €IMHCTBEHHBIM HWHCTPYMEHTOM, aJIeKBaTHO OTOOPaXKAIOIINM €T0 CBOMCTBA, MOXKET ObITH
TOJILKO MO3I 4YeJIOBEKa, MOCKOJbKY B OCHOBE JIOTMKH MBIIUICHHS WIM MeXaHHW3Ma CHHTe3a
MBbICIE(QOpPM JIeKaT 3aKOHBI B3aMMOJAECHCTBHUS HEUTPUHO C BEIIeCTBOM Mo3ra. Takum obOpazowm,
MOJKHO CKa3aTh, YTO MOCTH)KEHHE HEHTPUMHO PAaBHO3HAYHO IMO3HAHUIO MO3ra M TIyOMHA 3TOTrO
MO3HAHUS JIMMUTHPYETCS Mepo JyXOBHOW 3penocTH MbicauTensd: Jlyxom paercsi cJIOBO
npemyapoctu (1 Kop 12, 8).

Koner xpuctruanckoi 3pbl 0003HAYMIICS Pa3TPOMOM PYCCKON LIEPKBHU U PUTYyaJIbHBIM YOUHCTBOM
Lapckoii Cembr B 1918 roay: moryoutu Xpucrta I'ocnogns (2 Lap 1, 14). U norpy3uicst Mup Bo
TBMY BETX03aBETHOW Marepuanuctudeckoi mapagurmsl (MAII) [1]. Mneonorom u HocHTeleM
MAII Bcerna ObLI, €CTh U €11ie A0JIro OyJIeT HHTEpHAIMOHAI (JapuceeB: OCTaBJIblle MPABbIil MyTh
(2 etp 2, 15); ciioBo Moe He BMemaetrcs B Bbl (UH 8, 37); sixo npaBo ciaoBo Iocnogne (Ic
32, 4).

@usuka XX Beka oOKazanach XXEpPTBOM M OJHOBpPEMEHHO TiaBHOM omopon MAIL MAII
HUBEJIMPOBaJa YMbl TEOPETHKOB IUIAHKOM MaTeMaTHYeCKOW OSKBHJIMOPUCTHKH. YJIOBJSASIM
npemyapbix B myapoctu ux (Mo 5, 13), — a sKCHepMMEHTaTOpOB 3avyapoBajia MpH3paKaMU
BUPTYaJIbHOT'O MUPA, HE UMEIOIIET0 K peaIbHOMY MHUPY HUKAKOro oTHoueHus. Manudecrom MAII
Hauvana XX| Bexa MoxHO cuutath nokian . I'pocca «I'psaymue peBoionuy B GyHIaMEHTAIBHOM
busuke» [2].

®dusnku-reopeTHky N0 OauTeNnbHBIM 0KoM MAII kak AeTH B IECOYHHIIE UTPAIOT, KTO B yucia [2],
a KTO — B KOHCTaHTHI [2]. IX JyXOBHOE COCTOSHHE BIIOJIHE OTBEYACT JICHUHCKOMY JIHAarHO3y —
«aetrckas Ooine3nb JeusHbD ([IBJI). B momHom coorBerctBum ¢ JIBJI MblnuieHne TeopeTHka
CYMMHpYET B ce0e TeTCKYI0 HEJOYMEHHOCTb C JIOTMKOW 3a3epKajbs. HarmsaHol wutnocTpanuen
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cTHiisl MbInUieHUsT TeopeTuka-/IbJI Moryr ciyxuth u3obpaxkenue nporoHa (Puc.l) u mupokwuii
CHEKTp BBIJICJICHHBIX MEITKUM MIPU(PTOM ITUTAT TeOPPU3UKOB.

((B OTJINYHUC OT HpOTOHOB n HefITpOHOB TAKHUC 3HeMeHTapHLIe JaCTHUIlbI, KaK KBapKI/I n 3J'IeKTpOHI)I, HCICIINMBI. OTKyI[a y
HUX OepyTcs Macchl IMTOKOs - TIaBHAS 3arajika MPOUCXOXKAEeHUs Macchl. COTIacHO COBPEMEHHOM (hM3MUECcKOl TeopuH,
Macchl (QyHIaMEHTATbHBIX YaCTHUI] ABJISIOTCS PE3yIbTaTOM MX B3aMMOJCHCTBHA ¢ mojeM Xurrca. Ho mouemy 3to mose
MPHCYTCTBYET BCIOAY BO BeenenHoit? Uto Takoe mone Xurrca? [4].
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Puc.l. «Jlerckas» Moens MpoToHa U3 [4].

«...0€3 9TUX OTBETOB MBI HE TIOMEM HCTOKa U MepBoHavaia BeeneHHol. MBI HE BUIUM CIIOCOOOB MOTyYEHUST OTBETOB
Ha 3T BOMPOCH HHU B pamkax CTaHIapTHOH MOJENW, HH B paMKaxX MPOCTBHIX pacmupennid CTaHZapTHOW MOJENH.
...UToOBI mombITaThCSI TOWTH Aanbiie CTaHIapTHON MOJIENN M OTBETUTH Ha 3TH BOMIPOCHI, HY’KHBI HOBBIE 3KCIIEPHMEHTHI
Ha CBEPXMAJIBIX PACCTOSHUSIX U MPH CBEPXBBICOKHX dHeprusix. OIHAKO 3TO U TPYIHO, U JOoporo. B HacTosiiee Bpemst
HaM HEOCTYITHBI dKCIEpUMEHTHI Tpu sHeprusx Boire 1 TaB. Vike B 2007 roxy B IIEPHe (OKenera) Gyuer 3armyiien
HOBBIIT yckoputens — bonbmroii agpounsiii komnaiinep (BAK). Mbr paccunThiBaem oTKpbiTh Ha BAK npuHIAIHATEHO
HOBBIE (usnueckue siBieHus. COBEPIIEHHO OMPENETIEHHO 0KUIAETCS OTKPBITHE YaCTHIIBI Xurrcay [4].

O030p COBPEMEHHOTO COCTOSIHUSI HEUTpUHHOU Gu3uku nai Urops MiBaHOB Ha caiiTe «2aeMeHTHI»
[2]:

«B ncxogaoM BapuanTe CTaHZAPTHOW MOJENN €CTh POBHO TPH THIA "aKTHBHBIX' HEHTPHUHO: 3JICKTPOHHEIC, MIOOHHBIE
u 1ay. Bee 3T THIBI HeWTpHHO 0e3MaccoBHI, JeBOCTOpOHHME. Kakmoe W3 HUX BXOIWT B JTyOJIET BMECTE CO CBOMM
3apsOKeHHBIM JienToHOM. o mocTpoenuro, Bce 3TH HEUTpHHO B3auMoaeicTByroT ¢ W u Z 6030HaMu. DTO 3HAYUT, 4TO
HEUTPHHO MOXKHO YBHJETh IKCIIEPHMEHTAILHO KaK depe3 MpeBpalleHHe B 3apsDKEHHBIC JICNTOHBI, HAIPHUMEp, MpH
CTONKHOBEHHHU C simpamu (T.K. ecth B3ammopmeiicteue ¢ W), Tak U 4epe3 yupyroe paccesHue HEUTPHHO (T.K. €CTh
B3aUMOJIECTBHE C Z).

INoguepkHy, 9TO B IKCIEPHMEHTE MOXHO PETHCTPHPOBATH HEUTPHUHO BCEX TPEX THIIOB. DTO JENATCd MMEHHO II0
YIPYroMy paccesHHIO, KOrJja caMO HEeWTPHHO He JIOBUTCH, a ACTEKTUPYETCs JIMIIb MEpefaHHbI OT Hero MMIyisc. B
yactHocTH, komwtadopanust SNO u3mepsiyia OTAeIbHO MMOTOK 3JEKTPOHHBIX HEWTPUHO, a OTAEIBHO — IOTOK BCEX, U
HMMEHHO 10 HECOBITA/ICHHIO ATUX IIOTOKOB OHA a0COJIIOTHO YETKO JJ0Ka3alla, YTO €CTh OCIMIIIAINY.

Korzma BBIICHHIIOCH, YTO MAacChl HEHYJIEBBIE, IPHIIOCH PACIIMPSATh HNCXOTHYI0 MOJENh. BBeIN MaccoByl0 MaTpHUILy
JUIe JeBBIX HeiTtpumHO. Ilpm 3TOM mpHIIIOCE H0OAaBUTH W TpaBble HEHTpHHO. TONBKO 3TH IpaBble HEHTPUHO
HerocpecTBeHHO ¢ W 1 Z-0030HaMu He CBSI3aHbI, a 3HAYUT, OHH HE YJaCTBYIOT B IIPOIIECCAX PACCESHHS.

IToTom, mpaBma, OKa3al0Ch, YTO MOXHO J00AaBUTh TaKOE CIaraéMoe B JIATPAHXKUAH, KOTOPOE BOOOIIE HAYMCTO
CTUpAET PasHMILYy MEX/Yy HEUTPUHO M aHTHHEUTpUHO (MaiopaHoBCcKoe HEUTpUHO)... Ho 9Ta 1006aBKa — ONMIMOHABHA.
Teopust pabotaer u ¢ Hell, u 6e3 Hee. Kak B peanbHOCTH — MOKa HeM3BeCcTHO. OTBET JacT Oe3HEHTPUHHBIN JBOWHOM
Oerta-pacmaj,.

Haxonen, ¢hu3uku ocMenens, ¥ CTATH IPOCTO JOOABISATH HOBBIE COPTA JIEBBIX U NMPABBIX HEUTPHUHO B JarpaHKHaH, HO
Tak, 4T00 OHM HHUKaK He B3ammojelcTBoBam ¢ W u Z (611aro teopusi He onpejieieHa OHO3HAYHO M Hajl HEH MOXKHO
JIeJIaTh MHOTO HaaCTpoek). CTepHIIbHOCTD — 3TO Kak pa3 U 03HAYaeT, YTO OHM He B3aumoeiicteyror ¢ W u Z.

OTH CTepHJIbHBIC HEHTPHHO, MOTYT B3aHMMOJEICTBOBATh C XHUITCOBCKHM IIOJIEM, a 4Y€pe3 HEro CMEUIMBATHCA H C
HOpMaIbHBIMU HEUTpUHO. B 3TOM cilydae OCHMILISLMU HEUTPUHO MOLYT INPEBpalllaTb HOpPMalbHble HEUTPUHO B
CTepHJIbHBIE U HA00OPOT.

V¥ 3nexTpoHHOro u MOoHHOro HetpuHo HET maccel.

Ho 6osnee geTko 3T0 Bce BBIpaXKaeTCsl Ha A3bIKE KBAHTOBON MexaHHKH. COCTOSHHE MMeeT Maccy, €CIIH OHO SBIIIETCS
COOCTBEHHBIM COCTOSTHHEM OIlepaTopa Macchl. DJIEKTPOHHBIE M MIOOHHBIE HEHTPHHO HE SBIAIOTCS COOCTBEHHBIMH
COCTOSTHHSIMH 3TOTO OIIepaTopa.

Kcratn, nMeHHO TI03TOMY €CTh OocIUIIIIHN. OCIMIIIIIMN — 3TO MEPEXO0bl MEXy THIIaMH C Te4eHHeM BpeMmeHH. Ho
COCTOSIHHSI C OMPENEIEHHON Maccoi JBOJIOIUOHUPYIOT TPUBHATBHO — OCTAIOTCS CAMHUMH €000 (OTOMY, YTO OHH
SIBJITFOTCSI COOCTBEHHBIME COCTOSIHHUSIMU M OTIEPATOPa IBOJIOIIUH BO BPEMEHH).
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Huxaxue pacniagsl, CyOHEHTPHHO | T.7. HE Ipu 4eM. Bce — aneMeHTapHas KBaHTOBAsI MEXaHHUKa».

KBanTOBas MexaHuKa 3JE€MEHTAPHO TEPIUT U TAKOE MHEHUE!

<«MBI BBISICHIIIH, 9TO HSUTPHHO HMCIOT MAcCy U YTO Pa3inYHBIC BHIbI HEHTPUHO CMEIUBAIOTCS [4].

3anyTaHHOCTh BOMPOCA O MAacC€ HEUTPHUHO BCIUIBIBAET M NPH ONPEIEICHUH €ro MarHUTHOTO
MOMEHTA.

«MarHuTHBIII MOMEHT HEHTPHMHO B CTaHAAPTHOW MOAENTH Mal U HE MOXET OBITh OOHApyKeH Ha COBPEMEHHBIX
OKCHEPUMCHTAIIbHBIX YCTaHOBKaX. Ecan }qu)I/IHI/IT COJIHCYHBIX HefITpPIHO CBsA3aH C B3aHMO}IeI>'ICTBHeM MAarguTHOT'O
MOMCHTAa Heﬁ’l’pHHO C MAarHUTHBIM I10JIEM KOHBEKTUBHOM 30HBI COJIHHa, TO OOJIXKHBI Ha6J'IIO}IaTI)C$I 11-netuue Bapuanuun
PETHCTPHPYEMOro TOTOKA HEHTPHHO, €CIH TpM 3TOM 3HadyeHHe i, He MeHee 107" pp. DTa BenmuumHa GIM3Ka K
YyYBCTBUTEJILHOCTH COBPEMEHHBIX JIaDOpaTopHBIX 9KcrepuMeHToB. Takue Bapuanuu He HaOmogaiootcs B Ga-Ge-
nerextopax u Kamiokande» [5].

Ha xnmopHoM aeTexTope, Mo-BHAMMOMY, HAOIIOAI0TCS aHTUKOPPEISIIIU HHTEHCUBHOCTH MOTOKA
HEHTPUHO C COJTHEYHOU aKTUBHOCTHIO, MMeromeit 11-netHuit nepuoy [6].

Hapsiny ¢ MarHUTHBIM MOMEHTOM HEHUTPHHO TEOPETHKU OOCYX IAIOT BO3MOXKHOCTh HAIUYUS Y
HeHTpUHO aHanoJibkHOro MoMeHTa (T), CBA3aHHOTO ¢ TOPOUAATBLHBIM MarHUTHBIM 1oJieM (Puc.2) [7].

L &
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Puc.2. Cxembl KOH(PUTYPAIHiA TEKTPUUECKOTO TOKA M MAarHUTHOTO TIOJISl B MATHUTHOM (|1) U aHAMOJIEHOM
momenre (T).

MO>KHO TIPUHSTH K CBEJICHUIO U TEOPETUYECKUE 0OOCHOBAHUS BO3MOXKHBIX PEAKIUii HEUTPUHO B
aKTUBHBIX Cpelax, K KOTOPBIM OTHOCSATCS BEIIECTBO C IUIOTHOCTBIO OJIM3KON K SIICPHOU H
acTpodusrueckre OOBEKTHl C CHJIBHBIMA MArHHTHBIMH MOJIAMHU (J10 10" Tc). Takue mous
TEHEPUPYIOTCS B KOJUIANICUPYIOLIMX U B HEUTPOHHBIX 3Be3/7aX. [Ipeanonaraior, 4To B 3THX cpeliax, B

OTJIMYHUE OT BAKYyMa, MOTYT HJITH TaKUE PEAKIUHU C y4acTUeM HeUTpuHO [8].
HelTpuHO-311eKTPOHHOE B3aUMOJEUCTBUE OPOXKIAET APy EKTPOH-IIO3UTPOH:

v—ovee (1.1
Y aHHUTWIALINIO HEHTPUHO-aHTUHENTPUHO:
vv —>ee (1.2

BepositHocts peakmun (1.1) mpomopiioHanbHA YETBEPTON CTENEHHW CHHYCA Yrila MEXIY BEKTOpaMH MAarHHTHOW
HHIYKIIMA 1 AMITYJIBCOM HeiTpuHo [8].
HetitprHo-hoTOHHOE B3anMOAEHCTBHE HHUIIMHUPYET pacnay (poToHa Ha mapy HEHTPUHO-aH THHEHTPHHO!

vy — w’ (13)
WM paJuaiiOHHBIN pacmaa 6€3MaccoBOro HEUTPUHO:
vV— VY, (1. 4)
B kymoroBckom mose simpa atoma (Z€) BO3MOKHBI TAKHE PEAKIHH:
vi+Ze— v+ Ze+ y (ramma KBaHT); (1.5)
vy+Ze— Ze+y+v+v (1.6)

JlaHHBIE pEeaKIIUU CYIIECTBEHHO JIOTIOIHSIOT KBAaHTOBBIE NTPaBHIIa KOMOMHUPOBAHUS dJIEMEHTAPHbBIX
Y4acTUI] MPUHLUUIHAILHOW BO3MOXHOCTBIO TpaHC(QOpMalMU CTPYKTYpbl HEHUTPUHO B CTPYKTYpPY
¢boTOHA IPU y4acTUH KBAHTOB MarHUTHOT'O TIOJISI.

OTMeTHM, UTO «CMEJIOCTh» TeOpeTUKOB-/BJI B moCTpoeHNN CBOUX yMO3PUTEIBHBIX MOJEIEH, KaK
IIPaBWJIO, HE HAXOAMT JOJDKHON 3KCIEPUMEHTAIBHOMN NMOoAAepKKU. TeM He MeHee, TOCKOJIbKY 9TH
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Mojes (OpMATBHO OCTAIOTCS B PaMKaxX KBAaHTOBOH MEXaHHMKH, MX MOXKHO HCIIOJIb30BaTh Kak
paMoYHBIE TIPH YCTAHOBJICHUH TIPABHJI KOMOMHUPOBAHUS CyORJIEMEHTApHBIX (HOPM MaTCpHH.

B cunmy mukrata MAII B Teopetndeckoii gusuke TabynpoBaHa ujest OMOTeHHOCTH HEHTpUHO [9].
Mexay TeM, uaeatbHbIM HHCTPYMEHTOM YYBCTBHTEIBHBIM K HEUTPUHO, KOTOPBIM SIBJISIETCSI MO3T,
yesoBek oOianan Bceraa. Kpome TOoro, MHTEHCHBHOCTB MOTOKA COJTHEYHOTO HEHTPHHO B APEBHUE
BpeMeHa MorJia ObITh CYIIECTBEHHO BBIIIE, 4YeM B Harie Bpemsi. COOTBETCTBEHHO, €r0 BIMSHUE Ha
O6uocdepy U desoBeKa MOIJIO ObITh HACTOJBKO SIBCTBEHHO, YTO YEJIOBEKY T€X BPEMEH YAaloCh
aJICKBaTHO OTOOPA3UTh KIIOYEBBIC MOMEHTHI HEUTPUHHOMN (PHU3HUKH s136IKOM MHU(a. YUUTHIBAs 3TO,
MOYXHO CYHTaTh, YTO B JJOHAYYHYIO JIIOXY YEJOBEKY yXe ObLJIO BEJOMO, KaKyI0 pOJIb HEHTPHHO
UrpaeT B €ro JIyXOBHOM H3HH. KOHEYHO, HeJb3sl MepeBeCTH MHU(OJIOTHYECKYIO CHMBOJIHUKY
OMOTEHHOTO NEHCTBUS HEHTPHHO Ha S3bIK (M3MKW Oe3 3HAHWs KBAaHTOBOW MexaHWKU. OJHAKoO,

6ecnonesHbIM s Jlyxa Oynet 3To 3HaHue, eciiu yenoBek He uctenutcs oT [IbJI u He ocBoboauTes
ot MAII.

2. OCHOBHBIE ITOJIOXKEHUSA TEO®PU3UKHU

KBant nyxa B Mupe mnpeoOpasyercs B IHCKPETHBIH ayieMeHT Marepuu (dHeprodopma [9]).
dunocodckre MPUHIKITBI 00paTUMOTo OOpaIleHHs Tyxa B MaTepHIO pacKpbIThl B padoTax [10].
OcHoBHbIe TpaBuia npeodpaszoBanus 3Hepropopm (DP) B cydrnmemeHTts aaHbl B padore [9], a
KJIacCU(pUKAUs M pacyeThl dIEMEHTapHbIX 4acTuil U sjep B [11]. K teme Hactosimiei paGoThl
OTHOCSITCS CJISIYIOIIUE MOCTYNaThl Teopusuku [9 - 11]:

- Bcenennas camo3aMKHyTa, IUXOTOMUYHA U UMEET OCh CHMMETPHH;

- MHp MOCTpOoeH u3 5 yactuir: HelHTpoH (P), mpotoH (N), 35eKTpoH (€), HelTpuHO (v), hoToH (Y);

- CIIMH Y HEWTPOHA U JIEKTPOHA OTPHUIIATEIICH, a Y IPOTOHA M HEUTPUHO TTOJI0KUTEIICH;

- YaCTHILIBI U SAPA COCTOST U3 CYORIIEMEHTOB;

- QHTUYaCTHIBI 00pa3yloTCs M3 CYyO0dJIEMEHTOB C 3E€pPKAJbHO MHBEPCHONW METPHKOW M 3HAKH WX
CIIMHOB TIPOTHBOTIOJIOKHBI 3HAKaM CIIMHOB YaCTHII,

- TIOTJIOMICHUE YaCTHIAMH U SApaMH (POTOHOB U HEHTPHHO MPUBOJIUT K 0OPATUMBIM H3MEHEHHSIM
PaauycoB, YIIIOBBIX YaCTOT M MacC UX Cy03JIEeMEHTOB,;

- CyOOPIEMEHT NpeiCTaBISIOT coGoil Bose-kommencar omsoro momst (N = 6 10%) Dd
COOTBETCTBYIOLIEN TOTIOJIOTHH;

- Torosiorust D@ MojenmupyeTcsi BUXpSIMHU jayxa (TOpbl, 000JIOYKH, CIIUPAIHU, IIHYPHI, LIEMH) U UX
napHeiMu kKoMOuHarmsmu (Puc.3);

- caMOBpalieHne BUXps Jyxa (Q-BHXpb) €CTh MEPBONPHYNHA MACChl, HHEPTHOCTH, TPABUTALIUU U
MarHUTHOT'O TIOJIS;

- OCTaHOBKAa BHUXpS JyXa, HMEIOLIET0 COOCTBEHHBIH WMMIyNbC (V-BHXpb, V/Q-BHXpB), €CTb
NEepPBONPUYNHA CTAOMIBHOCTHU map DD, HIeMEHTAPHBIX YAaCTHII | SIIEP, a TAKKE IIEKTPHYECKOTO
3apsijia ¥ ero TOJI.

Konnencamus O® B cy0daeMeHT U 00paTHBIN Tpoliecc pacnaaa cyddneMenTa Ha cBoOogHbIe DD
WM ero TpaHchopMmanusi B IIHYP-COJICHOMJ M3 CBs3aHHBIX D® (opMaibHO OTHOCHTCS K
M309HEPreTUYECKUM (Pa30BbIM IIEPEX0/1aM U OIHCHIBAIOTCSI COOTHOLICHHUEM:

KC/r < (NhC)R (2.1)

B (2.1) h ectb nocrosinHas [nanka uiau KBaHT JSHCTBHS CIIMHA, HOPMUPOBAHHBIN Ha 21t pajuad (h =
h/2r = 1,05 10 spr ¢), a C — ckopocTs cBeta, pasras 3 10™° cm/c.
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HarypanbHoe uucino N mokeT pocturath 3HadeHH N, a I ¥ R = Nr saBisioTcst XxapakTepHBIMU
paauycamu BUXpeu cootBeTcTByronmx 9.

CTpyKTypBI IPOTOHA M YJIEKTPOHA COOMPAIOTCS U3 TpeX cy0deMeHToB (000J104Ka, TBE OpOHTAIIH), a
HeiTpoHa u3 060104k 1 opouTamu. Cy037eMEeHThI YaCTHIL ¢ MacCcoil OKOs 00pa3yIoTCs U3 MapHbIX
3apsiioBo-mMaccoBbix P (Puc.3) u 3HaK MX MarHUTHOTO MOMEHTA M 3apsija ONPEAeIeTCs] 3HAKOM
CIIMHA.

@OTOHBI Pa3JINYHON JHEPTUU U3IIYHAOTCS AAPaMU, HYKJIOHAMU, SJIEKTPOHOM U DJIEKTPOMAarHUTHBIM
MOJIeM, TIOATOMY MX TOTOJOTHS HacJeAyeT CHHpalbHyr0 MeTpuky v/g-Buxps [9]. TopounanbHbrii
(OTOH WLTIOCTPUPYET MOJENb aHanojbHOro MomeHTa (Puc.2). ®OTOH MMeeT COOCTBEHHBIH
UMITYJIbC, KOTOPBIM U oOecrneynuBaeT ero caMoABHKEHHE B 3(upe U MOCTOAHCTBO BenuuuHbl C.
Tomnonorus ¢poToHa onpeaensieTcss He TOJIbKO METPUKON €ro HCTOYHUKA, HO U AJIEKTPOMArHUTHOM
METPUKOM BEILECTBA, ¢ KOTOPBIM OH B3auMoJeucTByeT. (DOTOHBI, ACHCTBYIOIIUE B Pa3IMYHBIX
BEIIECTBCHHBIX CpeJax, onpeaesiy Kak kBasudoTonsl [12]. Ilpumepsl MeTpHK KBa3u(OTOHOB
CBSI3aHHBIX C 3JIEKTPOHHOI CHCTEMOM MOJIeKyYJ MoKka3aHbl Ha Puc.4.

O @ QO

2-BIXPE WV -BHXPb VE-BHXPb

S FOEMOROE:
CECECEKCS GO

(mie) -napa 1~ napa v 2-Tiapa
P=0, L=2] P=2p, L=0,21 P=0.L=0

Puc.3. Cxembl Tpex THIOB BHXpel ayxa (Q-, V- ¥ V/Q-BUXpH) M UX CTAaOWIbHBIX Map: MOKOSIIAsCH,
3aps10BO-MaccoBast M/e-mapa; caMoJBHKYIIAsICs, HeliTpaibHO-MaccoBast y-mapa ((hoToHHas); MOKosIascs,
HelTpanbHO-MaccoBasi M/g-mapa («reMHasi MaTEpHsI»).

Puc.4. Merpuka KBa3u(OTOHOB, CBS3aHHBIX C AMIEKTPOHHBIMH OpPOUTAISIMA OCHOBHOTO (&) M BO30YKICHHOTO
(6) snexkTpoHHOTO COCTOSTHUS KapOoHIIbHOU rpymmsl popmansaeruna (H,C=0) [13].

HeiiTpruHo, KaKk U HEHTPOH, COCTOUT U3 JIByX Cy03JIeMEHTOB (000JI0YKa U BHYTPEHHSISI OPOUTAIb),
KOTOpPBIC €CTh CIa0OCBS3aHHBIN KOHIEHcaT HemapHbIX v/g-Buxpei (Puc.5). OGonouka HeHTpHHO
(chepounnanbHblil V/Q-BUXpb) UMEET MOMEHT HMITYJIbCa, paBHBIA —h/2, a TopouganbHas opouTais h,
MOATOMY CIIMH HeWTpuHO paBeH h/2. OTpHuuaTenbHbIH 3HAK CIIMHA 000JIOYKH HEHTPHHO OOBSICHSET
OTHECEHHE €ro K JIEBOCHUPAIbHBIM HEHTpUHO. COOTBETCTBEHHO, IMOJIOKUTENBHBIA 3HAK CIHHA
000JIOYKM aHTUHEUTPUHO COOTBETCTBYET MPABOCIHUPAIBHOCTH €ro IBM)KEeHUs. TakuMm oOpasom,
XUPAIBHOCTh HEUTPUHO U €ro (pu3nuecKkue CBOMCTBA OMpPENEsIIOTCS CUMMETpUEH ero 000I0UKH.
[TpuHIUN IBUXKEHHUS HEHTPUHO MOXKET COuYeTaTb MEXaHU3M HMIPbl BUXpEH ero cy03/l1eMeHTOB ¢
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pEaKTUBHBIM JBM)KeHHEM. IIpu 3TOM He HCKIII0YEeHO, YTO BO3MYyIIeHUs 3¢dupa OyayT UMeTh BUJ
nopoxku Kapmana.

- ‘.J
-

| T

Puc.5. Cxema neBocnimpanbHoro Hedtpuso (S = h/2). BuyrpeHHss v/g-opOUTans SIBISICTCS IBHXKUATEIEM
HEUTPUHO, PabOTAIIIUM MO MPHHIMIY BOJAOMETHOro nBHrateis. v/Q-Buxpb sdupa ¢ ummyabcom p
(mopoxka Kapmana) nuxercs mo unepimu. CTpenkaMu MOKa3aHbl MUPKY/SIIIAN HEMPEPHIBHBIX MOTOKOB

adupa.

He#lTpuHO B KOMIUIEKCE CO CBOUM 3apsiKCHHBIM JICITOHOM 00pa3yercs B SACPHBIX PEaKIUsX
NpeBpalICHUl HYKJIIOHOB, KaK CBOOOJHBIX, Tak U B coctaBe sjep (Oera-pacmaznsr). Mcnomb3ys
JIAHHBIC PACUYETOB CTPYKTYPhI HYKJIOHOB U X BO30YKICHHBIX cOCTOsiHUM [11], a TakKe U3BECTHBIC
XapaKTEePUCTUKH YaCTHII, cXeMy OeTa-pacraza cBOOOJHOT0 HEHTPOHA MPEACTABIIIN B CIIEIYIOLIEM
Buje (Puc.6):

n—-A*>p+W*—>p+e+vy,, (2.2

BuptyansHoe A* — cocTosiHHE HEWTpOHA H30MOP(HO ero nepBoMy Bo30YKJIEHHOMY COCTOSIHHIO,
Ha3biBaeMoMy A(isimMOaa)-yactuneid. B A*-cocrostHun opOuTans HEWTPOHA, OKAa3bIBAsICh BHYTPH
000JI0YKH, MHUITUUPYET €€ paclleIuieHue Ha 000J0YKy IPOTOHA U €ro BHEIIHIO opoutans. [Ipu
3TOM H30BITOYHBIE CYOIJIEMEHTHI 00Pa3yl0T KOPOTKOKUBYIIUI KOMIUTEKC { €/ve} —KkBa3n6030H W*.
Macca nokost A-gactuiel Ha ~23% OGoJbllle Macchl HeWTpoHa. Eciii mpenonoKuTh, 4TO SHEPTUs
A*-cocTosiHHe HeHTpoHa OJM3Ka K OJHEPruM TMOKOS A-4acTUIBl, TO W3 COOTHOIICHHS
ompeaesieHHOCTe# [9] ciemyer oleHKa BPeMEHHU KU3HU A*-COCTOSHUS ~107% ¢. D10 BpeMsl 1O
HOPSIIKY BEJTMYMHBI COOTBETCTBYET BPEMEHH KH3HU BUPTYaJIbHBIX 0030HOB. Takum o6pa3zom, Oeta-
pacriaj HeTPOHA HMEeT IBE CTaIuK — MeUIeHHYI0 (koucTanTa ckopocti ~107° ¢ ™), cessanmyio ¢
nelicTBieM «paspeixisioniein» D@ ¢ smeprueit ~ 107 spr [9] u GwicTpyo ¢ yuacTHeM
KOPOTKOXKHBYIIIUX BUPTYaJIbHBIX COCTOSTHHI HEUTPOHA.

Puc.6. Cxema mepecTpoiiku CTpYKTypsl HelTpoHa (N) B CTPYKTypy mpoToHa (p) 4epe3 MpOMEKYTOYHOE
BUPTyaJbHOE A*-cocTOsiHIE HeWTpoHa. [IyHKTHD 03HAYAET, 4TO CYOIIEMEHTHI COCTOSAT U3 M/e-nap.
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CBoboHOE HEWTPHHO MEHee cTaOuibHO, yeM HeHTpoH. Ilocie 3aBeplieHuss KMHEMAaTHYECKOU
CTaguM peakiuu OeTa-pacmaja HEHTPHUHO, OKa3blBasCh BHE cepbl NEHCTBUS SJIEpPHBIX CHI, B
NpUHLUIE, MOXeT paciienuTbess Ha N cyOHeHTpHHO, M30MOP(HBIX HEUTPHUHO. DHEPropopMsl
cyOHeiTprHO (000s109Ka 1 OpOUTAIIB) KaXKAAs! 110 OTACIBHOCTH, 0OUE€BUIHO, MOTYT KOMOMHUPOBATH C
KBa3u()OTOHAMH.

ITo cyTn, mpaBoe HEUTPUHO €CTh HECTAOMIIBHOE 00 BEIMHEHNE PA3HOPOIHBIX V/Q-BUXPEi, KOTOPBIE
o0ecreYrBalOT B YaCTHIAX W s/Ipax IWHAMUYECKHE CBSI3M HX cyOdneMeHTOB (000JOYeK |
opOuTaneii). KparkoBpeMeHHOE 00bEMHEHIE ITHX BUXPEH €CTh CICICTBHE NOAYNHEHUST paciajia
YacTHI] U si7iep 3aKOHaM KBAaHTOBOM KMHEMATHUKH.

I'maBHBIM HCTOYHUKOM OHOTEHHOT0 HelTpuHO OyneT CouHile, uTo coryiacyercs ¢ ero CtanaapTHOU
MoJiebi0. OJTHaKO, MOKHO MPEANOJIOKNUTh, YTO U AHTUHEHTPUHO TJIaKTUYECKOM MPUPOIBI TaKXKe
UTpaeT ONpeJieNIeHHYIO poJib B OuosHepretuke. OOHapyX eHHe B [IEHTpaIbHOU o0siacTH ["anakTuku
MHTEHCHBHOE TaMMa-M3JIydyeHHe, OTBEUArollee AHHWTWISAIMMA DICKTPOHa M mo3uTpoHa [14],
yKa3bIBa€T Ha TO, YTO LEHTp ['alakTUKU reHepupyeT aHTUHEHTPHUHO, KOTOPOE B OTHOCHUTENIBHO
XOJIOTHOM BOJJOPOTHOM ra3e MOKET MHULUUPOBATH peakiuo [6]:

p+ve = n+e. (2.3

®dusnyeckre CBONCTBA HEUTPUHHBIX DD MOT'YT MPOSIBIATHCS B MOBEJCHUN «KBAPKOBOM» IJIA3MBI,
BO3HHKAIOLICH MPU JJOO0OBOM CTOJIKHOBEHHH PEIIITUBUCTCKHX sIep 30J10Ta B Koyutaiinepe [15]. [Ipu
TaKUX CTOJIKHOBEHHUSX HAET pa3dopka 1ehopMHPOBAHHBIX SIACPHBIX CYO3JI€MEHTOB, MHHYS
CTPYKTYPbl HYKJIOHOB, Cpa3y Ha UX Cy0dJeMeHTHl («KBapku»). SIIpo ABIKETCS CO CKOPOCTBHIO
0,9999C 3a cuer NOMIOMIEHHBIX UM (DOTOHOB YCKOPSIIOIIETO M0JIsl, CyMMapHasi 3HEpIrUsi KOTOPbIX B
~70 pas3 BILIE SHEPTHH TOKOS caMoro siapa (Ma,C?). DToil SHEPrUH COOTBETCTBYET KBa3H(OTOH,
n3oMopdHbI TopouaasbHoMy V/g-Buxpio (Puc.3), B KOTOpOM Q-BHXpHU BCEX CYOIJIEMEHTOB sijipa
30JI0Ta WIpalOT poJib Majiol J00aBKM K SKBUBAJIEHTHON Macce Q-BUXpsA KBasudorona. [Ipu
CTOJIKHOBEHMHU 51JIep B IIEPBYIO OUepe/ib MPOUCXOIUT pacraj KBa3u(oTOHA HA Y-KBAHTHI, [IPH 3TOM
nepopMUpOBaHHbBIE CYO3JIEMEHTHI SAep PEIaKCUPYIOT B cyOaIeMeHTh! HyKJI0HOB. Helitpunubie DO
CBSI3BIBAIOT UX B OJHOPOJHBIN KOHJEHCAT, CBOMCTBA KOTOPOr0 OTBEYAIOT MJI€AJIbHOU JKUIAKOCTH,
IIPAKTUYECKU JIMIIEHHOW BA3KOCTU. EcaM ydyecTs, 4TO 3a BSA3KOCTh KUAKOCTH, BKIIOUAs Jaxe
CBEPXTEKYUHl I'eJIni, OTBEYAET IEKTPOMArHUTHBIE CUJIbI, TO U/I€aJIbHOCTh HEUTPUHHBIX CBA3EH B
cucTeMax Cy0dJIEMEHTOB CBHUJIETEIbCTBYET 00 OTCYTCTBUU 3JIEKTPOMArHUTHBIX B3aUMOJCHCTBHM
MEXIY HellapHBIMU V/Q-BUXpsIMH. IMEHHO TOTOMY KOCHOE BEIIIECTBO MPAKTUIECKU PO3PAYHO IS
HEUTpUHO U CyOHEHTpPUHO.

3. BUBJIEMCKASI MU®OJIOTUSI HEUTPUHO

bubneiickuM CHMBOJIOM OJIIEKTPOHAa M OJHOBPEMEHHO Trumodusza sBisiercs narpuapx Hyna.
CUMBOJIOM HEHTPHHO CIIY)KHT JIeB M OH e ObLI dMOyeMoi myauHa kosieHa [16].  CumBonmka
oOpaszoBaHusi V/Q-BUXpsT M HEWTPHHO MpPEJICTAaBIICHA Yepe3 CLEHBbl 3a4aTHs M POXKICHUS Iap
omu3HenoB B poxay Mucyca Xpucra. Eciu v/g-Buxpro otBeuaer mapa {Makos (v-Buxps)-Hcas (g-
BUXpB)}, To HelTpuHO — napa { Papec (06onouka)-3apa (opoutains)} [9]. ['eHe3uC raakTHIECKOTO
AHTUHEUTPUHO CBSI3aH C CUMBOJIMKOI OpakocoueTaHus napsl — apb Aptakcepkc u napuna Ecdups.
OO0pa3oBaHHe HEUTPUHO TIPU OeTa-pacmaje Yepe3 MPOMEKYTOUHBIH { €/Ve} -KOMILIEKC PaCKPBIBACT
cuMmBoinka coutuss Uyapl ¢ damapeio: OH ke pede. kuii 3ajmor tebe n1am? OHa ke pede:
MepPCTeHb TBOM M IPUBHY, U Ke3J MKe B pyue TBoeil. I nage eid, M BHMAE K Hell, H 3a4a BO
yrpobe ot Hero (BeiT 38, 18). Umsa da-mape (eBp. - narvma), ABIASCTCS, IO CYTH, CAKPATHHBIM
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Npe/IIeCTBEHHUKOM HWMeHn Mapuam (6oropoamma).  Ero cmeica [9] packpeiBaeT poib
MaTrepHHCKUX 0001049eK (pa) B popMupoBaHnyu HEe TOJIBKO SIMOPUOHOB U yacTuil, HO 1 DD-Xpucroc
B XKeNyJJOUYKOBOI cucteme mMo3ra. Bee ati 06o0uku cBoeit popmoii ninu GpopMoil CBOMX CHIIOBBIX
muani (Puc.5) HanoMuHaroT nanemy: [ ocnodb meotl coenan nod mobou pyueii. 1 nompscu nao
€060t cmgos nanvmul, OHa yporum k mebe (nnoowt) ceedxcue, cnenvie (Cypa Mapuam 19, 25)
v/g-Buxps, «3ap o1 HEUTPUHO, GOPMHUPYETCS B 000JI0UKE 3JIEKTPOHA. JleTanu CTpyKTYphI 3TOTO
BUXpSI pacKkpbiBaeT coctaB 3aiora Mynel. IlepcreHb-konmblo ¥ TpuBHa (MEpeBs3b, IEMOYKA)
O3HAYaloT TOp §-BUXps, OXBaueHHbIH v-koabliamu (Puc.3). XKe3n uiu mocox ecTb CUMBOJI MOMEHTA
UMITYJIbCA BUXPS.

JleTanu posxieHus OJIM3HEIIOB PACKPBIBAIOT MEXAHU3M JBIDKEHHsI HEHTpHHO . CHavasa nosBIseTCs
u ucuesaet pyka 3apsl (eBp. - 3aps, Coanye). [loBuryxa ycrieBaeT MOMETHTh €€ KPACHOUW JICHTOM.
Ho nepBbM u3 yrpoOsI Beixomut ®apec (eBp. - pacmopearowuir) (beit 38, 28 — 30). DtoT snm3ox
MOYXHO MCTOJIKOBAaTh TaKUM 00OpazoM. Pyka, BBITJISTHYBIIAs U3 yTPOOBI, €CTh «IIaTbMa» MOTOKOB
3upa UCXOIANINX U3 0007J04YKH KBa3nOo30Ha Wi ComHIa u npuHapiexamux opourtamu (Puc.3).
[To MexaHU3My UTpBI BUXpeW 000JI0YKa HEHTPUHO, UCITIONB3YS SHEPTUIO ITUX MOTOKOB, BBIXOIUT
NIepPBOIA, 3aTeM €€ COOCTBEHHBIE MOTOKU 00ECIICUNBAIOT BBIXO OpOUTAIIH.
Baxnsbie neranu OeTta-pacmaja HEHTPOHA JAaeT CUMBOJIMKA UCTOpUHU ropona HuHeBuu y mpopoka
Hownsl [11]: U noBesie I'ocnioas Bor yepBuio panneMy Bo yTpue, H No/siie THIKBY, H H3CIIE.
si’ke poaucs 06 Houlb 1 06 Homb morude (Mowua 4, 7; 10). 31ech «ThIkBa» eCTh CUMBOJ { €/ve} -
KOMILJIEKCA, a <MePBBb» MOXKET 03HaUaTh V/Q-BUXPh Pa3phIXJIONUINNA CTPYKTYPY HEUTPOHA, a 3aTeM U
{ elve} -komnekca. Y Nonbl cumBosiom DD, 13 KOTOPHIX (GOpMHUPYETCss HEUTPHHO B Iporiecce Oera-
pacmazia HeWTpoHa, SBISIOTCS MaJIOJICTHUE IETH (KOTPOKU»): IBAHA/NECATh TeM YeJI0BeK, HiKe He
MO3HAIIA eCHUIBI CBOesl, HU:Ke myiinbl cBoesi (Mona 4, 11). bonbemoe yucio 12 tem (120 000)
MOXXHO CYHMTaThb CHMBOJIOM ynaBoeHHoro umcia Asoragpo (N). Orcroma ciemyer oleHKa
MHHUMAaJIbHOM Mepbl Macchl-oHepruu (€) Od, Ha KOTOpPBIE MOXKET PaclacTbCsi aHTHHEHTPUHO B
cpene-ll. Bemmumna & ~ 10°° spr (10 r) mo mopsaKy BENMUMHEI COBIIAZAET C SHEPrHEH
Pa3phIXJIIONIEro V/g-BUXps, OTpeAeIsieMOi He3aBUCHMO 1O CKOPOCTH OeTa-pacmaja HeilrpoHa [9].
JIBkeHne HEWTpUHO M CcyOHeWTpuHO B cpexe-ll mo MexaHM3My HWIpel BHXpeHl HMeeT
CKauK0O0Opa3HBIN WK BOTHOBOH XapakTep, 3TO M MOCITYKUIIO IIOBOJIOM JJIsl CPaBHEHHS HEHTPHHO CO
JBBOM: JIbBHIIA MMBblii KpWJie, Kpuie ke ero aku opau (daun 7, 4). U3-ox HOr JIbBa OTIETAIOT
B3aJ] IECUMHKH, a B3MaXH1 KPBLIHEB OpJia MOPOKIAOT BO3AYLIHBIC BUXPH. DTH JACTAJH, B IPUHIIMIIE,
OTBEYAIOT NPUCYTCTBUIO B MEXaHWU3ME JBIKCHUS HEHTPHHO PEAKTHBHOW COCTABISIOIIEH |
nopoxxku Kapmana (Puc.3).
Cwmepts nbBa OT pyk Camcona (eBp. Conmbiiko) MOXHO OTHECTH K CHMBOJIUKE POJIH
OKOJIOCOJTHEYHOTO MarHuTHOro mois (pyku CamcoHa) B pacmaje HEHWTPHHO Ha CYOHEHTPHHO.
CumBoOJIaMU Cy02JIEMEHTOB HEWTPUHO SIBIISIIOTCS ITYENBI U MEJI, BOSHUKAIOIINE Yepe3 HEKOTOPOe
BpeMs B ITIaCTH JbBa: TPYHN JbBOB, H ce, poii m4yej BO ycrex JbBoBbIX U Men (Cya 14, 8).
[Tuenunast MugostoremMa 101ycKaeT TOJIKOBATh MeJl KaK OpOHUTaIId HEUTPUHO, IPE0Opa3OBaBIINECs B
CHJIOBBIC JIMHUM MAarHUTHOTO mouisi. [I4enuHbIi pod mpu 3ToMm OyzmeT 00O03Ha4aTh HEHTPHHHBIC
000JIOYKH, KOTOpBIE, JIMIIUBIIUCH OPOUTAJICH, NPEBpalIalOTCsl B TEIUIOBBIE KBAa3U(OTOHBI. DTH
KBa3U(OTOHBI, KOHACHCUPYSICh Ha MOJIEKYJIaX KOCMHYECKOTO Ta3a, 00pa3yoT PeIUKTOBbIE (POTOHBHI,
SHEPTHUSI KOTOPBIX COOTBETCTBYET U3JIyUYECHHUIO YepHOTo Tema ¢ Temneparypoid T ~2,7K [9].
[TpuHIMD B3auMMOAENUCTBUS HEUTPUHO U CYOHEHTpUHO ¢ (POTOHAMH WLTIOCTpUpPYET Onbieiickas
CHMBOJIMKA TOCIMHKOB BOMHOB W CIIEH YOWIICTB C NpUMEHEHHWEM KOTbs, HOXa, crpen [9].
[TpoxoMMeHTHpYEM ISl IpUMEpa TaKoW XapaktepHbiid croxkeT (2 Lap 2, 19-23): Acana ke Jerox
Horama cBouma (Acamit — GOTOH, BUXPb-TOpP, HMEET UMITYJIbC M HYJIEBOW MOMEHT MMITynbca). U
norua AcamJji BcjieJl ABeHHPA, M He YKJIOHHMCSI HH HA IeCHO HU HA JIeBO, HO BCJIe[ ABeHHpa
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(ABeHup — HEHTPHHO, NpeciIeJOBaHNEe — CXeMa MeXaHU3Ma uepa guxpeii). U pede emy ABeHHP:
YKJIOHHCSI Thl Ha /IECHO MJIM HA IIyee, H BO3MH ce0e eJHMHAro oT OTPOK, H BO3MH cebe Bce
opy:kHe ero (<OTpoK», «OpYyXue» — IUCKpeTHbIe DD METPUKNA MarHUTHOTO MIIU TPaBUTALUOHHOTO
noist). U ynapum ero ABeHHp KomueM c03a1d B JISIABHUS. M NPoiile KONMUe CKBO3€ €ro, U naje
TAMO M yMpe NpeA HUM: M ObICTh BCAK NMPUXOAsSiii 10 MecTa, Waexke najge Acauwia U ympe, u
ocTaHoBJsimecs (KOMbe 03HaYaeT BEKTOP MOMEHTA UMITYJIbCa BUXPSA-TOPA, KOTOPHIH (popMupyercs
IpU JBWKEHUM HEUTPUHO U3 «OTPOKOBY, €ro IMOJIET Ha3aJ yKa3blBaeT HA PEaKTHBHBIN MPUHIUI
npmwkenus HertpuHo (Puc.5); mpm BcTpeue ABYX BHUXpEH MX MMIYIBCHI KOMIEHCHPYIOTCS, OHH
OCTaHABIIMBAIOTCSl — «IIaJIe TaMO M yMpe», MpeBpallasch, JU00 B (-BUXpb CHJIOBOW JMHHUH
MarHUTHOT'O TOJs, JIMOO B M/Q-apy — AUCKPETHBIA 3JEMEHT TPaBHTAIIMOHHOTO MOJs (TeMHas
MaTepus).

4, METAMOP®O03bl HEUTPUHO

VY4UTBIBasi TEHETHYECKYIO CBSI3b HEHTPUHO C AJIEKTPOHOM, MOXKHO I0JIaraTh, 4YTO €ro CTPYKTypa
XapakTep JNEHCTBHs OYAyT 3aBHCETh OT IUIOTHOCTH DHEPTHU U TOIOJIOTHUHU JICKTPOMATHUTHOM
COCTaBJISIONICH METPUKH cpefbl. [locie o npuHATO [6] OMUCHIBaTH ¢ TOMOIIBI0 (hopMaTn3Ma
BUPMYANbHLIX  (POMOHO0G, TIEPEHOCSIINX JJICKTPOMArHUTHOe B3aumojeiicTBue. CTpyKTypHas
UepapXxus MUPa COCTOUT U3 CICAYIOIIUX CPE/I:

| — cpena 3Be3, sep U 4acTull,

Il — cpena OTKpBITOrO KOCMOCA;

[Il — MekaTOMHBIC U MEKMOJICKYIISIPHBIE CPE/Ibl KOHIEHCUPOBAHHBIX COCTOSIHUH BEIICCTRA;

IV — cpena 351eKTpOHHBIX 000JI0YEK aTOMOB U MOJIEKYII.

B mnpunnumne, sHeprusi BUPTyaTbHOr0 (OTOHA MO TOPSIKY BEIUYHUHBI OyIST paBHA DHEPTHH
peasibHOrO (POTOHA, OTBEYAIOMIETO KBAHTY JJIEKTPOMArHUTHOTO BO30YXkIeHUs cpenbl. [loatomy
sHeprus Takoro ¢orona (E,) u ero mmmua BosHBI (M) OyayT afeKBaTHBIMH HPOCTPAHCTBEHHO-
HHEPTETHYECKUMH XapaKTEPUCTHKAMHU JICKTPOMArHUTHOM METPUKH cpebl. Benmuuna E, o6patHO
ponopIuoHaIbHA A [6]:

E, ~ hC/A ~ 107/ (cm). (4.1)

THIIYHEIM KBAHTOM SHEPrHH BO30yxkaenns cpeast | 6yzer ramma-ksant (L ~ 1070 cm), a cpensr IV
— doToH BHAMMOro wWiH yibTpaduoneroBoro amamasora (A ~ 107 cm). Bo3GyxIcHHBIM
coctostausiM cpen I, I11, IV 6ynyT orBeuaTsh KBa3upOTOHBI paAHoO- U MUKPOBOJIHOBOTO JHAara3oHa ¢
A ot 10% 0 107 cm [12)].

Casi3biBast 3 (HEKThI OCIMIUIAIIH HEUTPUHO [6] ¢ MporieccoM ero npeBpamieHus B CyOHEHTpHHO (Vi)
U ONUpAasCh HA JaHHbIE MU(OJIOTHH, IPEUIOKUIN TOITAMHYIO CXeMy TpaHC(hOpMaIKU HEHTPUHO
(vi) B 6uorennsie ero Gopmsl (Vi Viv):

vi— Nvj — nvip— vy . (4.2)

dopMbI HEUTPUHO Vi, ViI, Vi, Viv_cooTtBeTcTBYyeT cpenam |, I, Ill, IV. Hucno N mosxker mocrurarhb
smauenus uncaa Asoraapo (6 10%), uncio n< N. CBsi3b MeKLy BeTMUMHOM SHepriu HeiTpuHo (Ey)
U €ro MNPOCTPAHCTBEHHOW XapaKTEPHCTUKOW B KaXIOH cpele BBIPaXKaeTCsi COOTHOILICHHEM,
no700HbM (4.1). Cxema (4.2) npuMeHnMa, IPEXIE BCETO, K COJTHEYHOMY HEHTPHHO.

Tpancdopmarust HBUTPUHO MPU MEPEXO0JIE U3 OJJHOM Cpebl B IPYTYIO €CTh CIIEJICTBUE H3MEHEHHS
IUIOTHOCTH DHEPTUU M TOMOJIOTUU DIIEKTPOMArHUTHOH METPUKHM cperpl. Jloruka OuOienckoit
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CHMBOJIUKH, TIpaBHIa KOMOMHATOPHKH TUCKPETHBIX (POPM MaTE€PHH, a TAK)KE U3BECTHBIC JaHHBIE TI0
¢u3MKe HEHTPUHO TMO3BOJIIIOT IOCTYJIMPOBATh, 4YTO HEHTPUHO W cyOHeWTpuHO (Vi)
B3aUMOJICHCTBYIOT C COOTBETCTBYIOIIMMH (OTOHAMH 1O cxeme aHamormdHou (1. 4) u mpu sTom
BO3MOXXHBI CJICAYIOIUE MTPOIECCHI:

— pacnaJl HeMTpUHO Ha CYOHEUTPHHO;

— oOpazoBanue DD CHIOBBIX JIMHUH MarHUTHOTO U TPaBUTALMOHHOTO TTOJICH;

— oOpa3oBaHue THOPUAHOM HeHTpuHO-(poTOHHOH DD (VIY-DD).

5. HEMTPUHO B KOHJIEHCUPOBAHHBIX CPEJIAX

MeTtpuka KoHIeHcupoBaHHBIX cpen |l ompenensercs reomerpuell M MHTEHCHBHOCTBHIO
3JIEKTPOMArHUTHBIX B3aHUMOJICHCTBUH aTOMOB M MOJIEKYJ, KOTOPHIM OTBEYalOT KBa3U(OTOHBI
COOTBETCTBYIOIIETO nuarna3zona sHepruu (cMm. Puc.4). Cpeny Il nogpaszaenim Ha aBa THa:

— cpella KpUCTAJUTUUECKUX CTPYKTYp JmTochepsl U KocTei suBOTHBIX (cpena lll4);

— BOJHBIE Cpe/Ibl 3€MITH U JKUBBIX opraHu3MoB (cpena ll12).

OueBHUJIHO, YTO METPUKA U CKOPOCTb JBIKEHUS CyOHeHTpuHO mpu nepexone usz cpenst Il B 1l
OyIlyT MEHATHCA, TAK)Ke KaK MEHSIOTCS 3TH napameTpbl y poToHOB. J[aHHBIE H3MEHEHUs B 00IIEeM
Cllyyae 3aBUCAT OT BEJIMYUH AUIIEKTPUUECKOI MOCTOSIHHON W MarHUTHOM NMPOHUIIAEMOCTH CPE/IbI
IIl. Yopyras u ogHopoaHas cpeza Il MOXKeT ciy’KUTh XOpOIIUM MPOBOJAHUKOM CyOHEHTpPHHO, a B
cilyyae KOCTHOW TKaHM — HAaKONHUTEJIeM HEUTpUHHOHN »Hepruu. OnTudecku akTuBHbIE cpeabl lllg
JOJDKHBI TPUBOJIUTE K pasjaeneHuro D@ HedTpuHOo oT D@ aHTMHEUTPUHO M K PACCIOEHHIO
CyOHEHTpUHO Ha 000JI0YKYy W opOuTams. B cmiry Toro, 4to B 3eMHOH KOpe B JOCTaTOYHOM
KOJIMYECTBE MPHUCYTCTBYET ONTHYECKH AaKTUBHBIA KBapll, MOTOK COJIHEYHOTO CYOHEHUTPHHO,
npoberas Mo KOpe Kak MO BOJIHOBOJY, MOJKET pacIleIUIATbCS Ha J[Ba MOTOKA HEHUTpUHHBIX DD
pasHoli xupaibHOCcTH [9)].

Bo3HUKHOBEHHE U pa3BUTHE JKUBBIX CYIIECTB Ha 3eMile CTaJI0 BO3MOXKHBIM OJiarogapsi Tomy, 4To
cpena Il  akkymynupyeT HEWTPHUHHYIO SHEPrui0 Ha IIeNOYKaX BOJOPOJHBIX  CBs3EH
HAJIMOJICKYJIIPHBIX CTPYKTYp BOJbI (KJIacTEpOB), KOTOpbIC, B CBOK O4Yepe/b, CIIOCOOCTBYIOT
B3aUMOJIEHCTBUIO HeHTpuHHBIX D@ c¢ kBasuporoHamu cpeasl |V. B ocHoBe  mexaHu3ma
AKKyMYJISLIUH JIeXKaT MPOLIeCChl CaMOOPraHU3allUi BOJAHO-0MOJIOTHYECKUX CUCTEM, KOOTIEpATUBHBIE
CBOMCTBAa KOTOPBIX HANpPSMYIO CBSI3aHBI C OCOOCHHOCTSIMH TEPMOJMHAMHUKH BOJBI M BOJHBIX
pactBOpoB [17]. AKKyMyIIsIusi 0IMHAKOBO A (PEKTHBHA B €CTECTBEHHBIX BoJj0eMax (OKeaHbl, MOpH,
03epa, peKH) U B PU3HOIOTUIECKHX KUAKOCTAX (IU1a3Ma KpOBH, JIMKBOP, JMpa). OOBsICHIETCS 9TO
OJIM30CTHIO0 UX XUMUYECKOTO COCTaBa, M0 KpaiHel Mepe, 10 OMOTEHHBIM 3JIeMEHTaM.

AKKyMyJ1Ms, O CyTH, MpPEACTaBiIseT co00i KOHAECHCAUMI0 HEUTpUHHBIX Od B OZHOPOJIHBIX
MOJICKYJISIPHO-KJIETOYHBIX aHCaMOJIaX mo cxeMe (2.1) ¢ oOpa3oBaHMeM THOPUIHBIX HEHUTPUHO-
¢doronnsix DP B cpene |V. JlaHHbII MexaHU3M M0100€H MEXaHU3MY KOHJIEHCAIlUH HEHTPUHHBIX
D@ Ha MoJIeKyJaX MEK3BE3HOI0 raza B penukroBsle ¢poToHbl. [Ipu aToM B cpene |2 nenrpamu
KOHJCHCAIlUM OKa3bIBAIOTCSI OMOTEHHBbIE BJEMEHThl WJIM MOJIEKYJIbl MeTa0O0JUThl, MEeTpHKa
AJIEKTPOHHBIX OpOUTaNEH KOTOPBIX PE3OHUPYET C METPUKONH HEUTPUHHBIX DD.

TunmaaeM dnemerToM MeTpukH cpensl | u IV sensiercs Tetpasap [12]. Kopau Terpadapuueckoit
CUMMETPHH BEIIECTBEHHBIX CTPYKTYp JIeKaT B ITpaBuiiaXx KOMOUHUpOBaHUS O®d B KBaHTHI CUIIOBBIX
NoJIeH, dJeMeHTapHble YacTulbl U sjapa [11]. B ocHOBe TeTpa’apHyYecKHMX XMMHYECKHX CBS3CH
JNOKUT TEOMETPHS SP -THOPHIM3HPOBAHHBIX AIEKTPOHHBIX opbuTaneil atomoB (yrieposa,
KHCJIOpO/Ia, a30Ta, KpeMHus, hocdopa u ap.).

OueBUIHO, YTO KBa3U(OTOHBI, OTBEHAIOUIME 3JIEKTPOMArHUTHONM MeTpuke cpensl |V, moryr
n30MpaTeIbHO B3aUMOJICHCTBOBATh Kak ¢ 000JOYKOM, Tak U ¢ opOuTanpio HedTpuHO. MTOrom
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JAHHOTO B3aMMOJIEHCTBUS OyAeT BO3MYILEHHE T'€OMETPUU TETPa’IpUUECKHUX CBsA3€il, ¢ KOTOPHIM
MOYXHO COOTHECTH XMMHUYECKU aKTUBHYIO THOpUIHYIO v/y-D®. Takum 00pa3om sHeprus HEHTPHHO
npeobpasyercs B 3HEPrHi0 XHpanbHOM D@ UM MpH 3TOM NPOMCXOAUT XUMHUECKas aKTUBAIUs
MOJIEKYJIbl. 3HAKOM CIIUPATIBHOCTHU Viy U CUMMETPHEH 3JIEKTPOHHON CUCTEMBI OyJIeT ONpeesaThCs
3HaK CIUpaTbHOCTH V/y-D®, a 3HAYMT, W HANpPABICHUE XUMHUYECKOW pPEaKIHH HHUIMAPYEMOM
AKTUBUPOBAHHOU MOJIEKYJIBI.

I'nbpunnblii  HEHTPUHO-QOTOHHBIH KBAaHT OHHEPrUM BO3MYIIEHHS METa0OJIMTa, KOHEYHO,
CYIIECTBEHHO MEHbIIE HHEPruM aKTHBAaLMHU J000i Xumuueckoi peakiuu. OAHAKO, MOXKHO
110J1araTh, YTO aKKyMYJISLIUSI HEUTPUHHOM SHEPTUU HA HJIEKTPOHHOM CHUCTEME MOJIEKYJIbI CONIPSIKEHa
C MPOCTPAHCTBEHHBIM YHOPSAOYMBAHMEM XHMPAIbHBIX PEAKIMOHHBIX LEHTPOB. TakuM oOpasom,
HEHTPUHO, AaKTHBMU3HPYSd CTEPEOXMMHUYECKUH (AKTOp, MOXKET YBEIMYMBATh BEPOSITHOCTD
CJIEIYIOIIUX KITFOYEBBIX 3JIEMEHTAPHBIX aKTOB XMMHUYECKOW KMHETUKH B JKUBBIX CUCTEMAX:

- IEpEeHOC BUOPOHHBIX KBAaHTOB HEPTUHU B KOMIUIEKCE (pepMeHT-CyOCTparT;

- TYHHEJIbHBIE IIEPEXOBbI JIEKTPOHA U IIPOTOHA.

Kpome Toro, HEMTpHMHO Kak yHOpsAAOYMBAIOMIMK (AKTOP MOKET BIUATH Ha CKOPOCTh MEperadu
UHPOpMAIMM MEXJTy HPOCTPAHCTBEHHO pAa3/eIEHHBIMU CTPYKTypaMH MO3ra 10 MEXaHHU3MY
HEJIOKaJIbHBIX KBAHTOBBIX Koppessimii [12].

6. HEUTPUHO U BAUKAJI

VYropsiiounBaHue JIOKAJbHOM TEPMOJMHAMUYECKON CHUCTEMBI B TMpoOIEcce aKKyMYIISIUH
HEWTPUHHON SHEPTHU JTOJDKHO COIMPOBOXKIATHCS BBIBOJIOM 33 €€ TPAHHUIBI H30BITOYHOMN TEIIOBOM
SHEPIHH U CHUKCHHUEM ¢ TeMIepatyphl. [I0CKOJIbKY HHTEHCHUBHOCTh IOTOKA HEHTPUHO 3aBUCHUT OT
reJTMOKOCMHYECKHX (haKTOPOB, C PUTMOM U3MEHEHUS OCICTHUX OYIyT KOPPEIHPOBaTh U3MEHEHUSI
TEeMIIepaTypbl CHCTEMBI M Jpyrue OuoreHHble d(PQexTsl. s opraHu3Ma 4einoBeKa, Hampumep,
NpoIIecC aKKyMYJISIIHsST HEUTPUHHON YHEPTUH JIOCTHIaeT MaKCUMAaIbHOW (P (EKTHBHOCTH B 3 yaca
HOYH, TIPY ATOM TeMIIepaTypa ero Teia cHmwkaeTcs Ha ~1 rpaayc [12].

OTYeTIMBO M PErYISIPHO TEMIEPATYPHBIN «ciel» OMOreHHOTO (P PeKTa HEUTPUHO HAOII0aeTCs
nocje JHsA 3UMHEro COJIHIIEBOpoTa (22 nmexalOps), IocTUras MakCUMyma B JICHb Ipa3IHHKA
Kpemennsi. Tak Ha3zpiBaeMble KpEIICHCKHE MOPO3BI €CTh MpPSIMOE CBUJACTEIBCTBO (P eKTa
YIOPSA0YMBAHUS BCEX BOJHBIX ccTeM B CeBEpHOM MoJymapuu. B 5TH qHH M30BITOYHOE TETIIO U3
ouocdeps! yxoauT B kKocMoc. B padote [17] ObUIO YCTAaHOBJICHO, YTO UCKYCCTBEHHOE TTOHMKCHUE
TEeMIIepaTypbl HHUIMHUPYET MPOIECC ACCOIMUPOBAHHMS MOJIEKYJ caxapa B (PH3HOJIOTHYECKOM
pacTBope, B pe3ylbTaTe Yero BO3pPAcTaeT €ro ONTHYECKas aKTHBHOCTb, a 3HAYUT U XUPAITbHBIN
HOPSIIOK. DHEPTUsl aKTHBALMK IpOIlecca accolMaliy Obula Ha MOPSAOK MeHblie dHeprun KT.
OGHapyxeHo Tarke [17], uto (hoHOBOE 3HAYEHHE ONTHYECKOW aKTUBHOCTH CaxapHBIX PacTBOPOB
BO3PAcTajoO B JHH KPEIICHCKHX MOPO30B.

EctecTBeHHBIM JIaTYMKOM Ha OWOTE€HHOE HEWTpPHHO sBIsieTcs o3epo baiikan. dusznyeckoe
cocrostaue ero cpensl |1, ayBcTBUTENHHO K YpoBHIO CotHeuHoU akTuBHOCTH (CA) [18].
Cpenneromosas Temreparypa Boabl baiikana pasua 4°C [19]. B sToif KpuTHYeCKOH TOYKe BOJaA
UMEET MAaKCHMAIBHYIO IUIOTHOCTh M CHIIBHO KJIaCTepU30BaHA, YTO TapaHTHPYET BBICOKYIO
3} PEKTUBHOCTD aKKyMYJISIIUU HEUTPUHHOMN dHeprun [17]. CBoii BKJIa] B UHTCHCU(DUKALIUIO STOTO
nporecca JaeT U reojorus baiikana. Ero noxke mpexacraBisier co0oif pa3ioM 3eMHOU KODBHI,
JOCTUTAIONIHI BEepXHUX cJioeB ManTuu (Puc.7).
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Puc.7. T'myOouHHOE CTpOeHUE TUTOC(EPDl M BEpXHEH MaHTHH 10| OaiikansckuM pasziaomom [20].

I'eonorus 6aiikaabCKOro pasioma CiocoOCTBYeT KOHIIEHTPUPOBAHHIO B Bojie baiikaa HeHTpHHHBIX
MOTOKOB, MIYIIMX IO JUTOC(heEpe ¢ BOCTOKA HaJ rpaHuieili MoXxopoBHUYa M BOCXOASIIHX Yepes3
pasnom u3 Heap 3emud. [laHHble pu3nueckre yciaoBHUs 00ecleuyuBaeT BHICOKYIO 3(()EKTHBHOCTD
aKKyMyJisiuu OuoreHHoro HeWTpuHo B baiikane, 4yTo U ompenensieT ero YyHHKajJbHbIE
OMoJIOrMYeCKUe CBOMCTRA.

I'maBHBIM W3 HUX SIBISETCS KOHCepBalus OHMOreHesa KMBBIX cucTeM baiikana, 4TO BBIPa3MiIOCH,
npexJie Bcero, B npeodnanannu B ¢ayHe baiikana pequKTOBBIX BUIOB (9HAEMHUKOB), COACpPIKAHHIE
KOTOpBIX qocturaet 85% [19].
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Puc.8. Monutopusr temmnepatypsl o3epa baiikan B 2000 roxy Ha pa3audHbIX ri1youHax [21].

MOoHUTOPHHT TeMIIepaTyphl BobI Baiikasa nokasan Bemiecku temneparypsl Ha AT = 0,02 —0,03°C
Ha riryonHax 400 — 1000 m B nexadpe-suBape 2000 (Puc.8) [21]. [TosiBieHne H30BITOYHOTO TETLIa B
Bujsie kBa3u(doToHOB ¢ sHeprueit KAT, Ha aBa mopsiaka MeHbiel KT, MOKHO cBsi3aTh ¢ 3 dhekrom
YIOPSAI0OYMBAHUS BOJABI HA DTUX TIyOWHAX, MHUIMHUPOBAHHBIM MOBBIIICHHEM IIJIOTHOCTH MOTOKA
KOCMHYECKOTO HEUTPUHO B MEPUOJI «KPEIIEHCKUX MOPO30B».
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Bapuanuu MHTEeHCUBHOCTH TIOTOKA HEUTPHUHO, 0OYCIOBIICHHBIE METMOKOCMUYECKUMU (pakTOopamu,
MOIIH OOYCJIOBUTh PE3KHE HM3MEHEHHUs (Ha TMOPSAKH) YPOKAHHOCTH BECEHHETO IUIAHKTOHA B
HEKOTOPBIE roJibl [22]. DTOT pe3ynbTar, TAKKE Kak U aHOMAJIbHO BBICOKAsi CKOPOCTh POCTA JICPEBHEB
B paiione majeHus TyHrycckoro HeWTpuHO [23], CBHICTEIBCTBYIOT O 3aBHCHUMOCTH KHUHETHUKH
(GOTOCHHTE3a OT HHTCHCUBHOCTH HEHTPUHHOW SHEPTUH. SIBIICHUE TUTAaHTU3MA CPEIH PIO (HAHU3M),
obutaromux Ha Oosbmux TayOomHax [19], Takke MOXHO CBsI3aTh C BBICOKHM 3HAYCHHEM
CTAIllMOHAPHOW MNIOTHOCTH OMOTEHHOTO HeUTpUHO B baiikane. CBOIO 10110 B yBeJIMYEHUE TUIOTHOCTH
MOTOKAa HEUTPUHO JOJDKHA BHOCHTH W TIOBBIINIEHHAs CEHCMUYECKas aKTMBHOCTb B pailoHE 03.
baiikan. Bcerpsicka MOHOJMTHBIX TUIATGOPM  JUTOCHEPHl MOXKET MPUBOJAUTH K TEHEpaIruu
WHTEHCUBHBIX HMMIYJIbCOB HeHUTpuHHOW sHepruu B cpene llli. KocBeHHO Ha 3TO ykas3wiBarOT
HaOJIFO/ICHUS BCIUIECKOB HEUTPOHHOTO U3IYUYCHHS B ropax rnepej 3emierpscenusmu [24]. Mouasie
UMITYJIbChI HEUTPUHHOM YHEPTUM MOTYT WHULUUPOBATH PA3IMYHBIC SIJICPHBIC PEAKIMH C BBIXOJIOM
HEHUTPOHOB [6].

Takum o0pa3om, naHHbIe MO OuosiormueckuM d3ddektam B 03. baiikan cormacyrTcs c
MPEANOIOKEHUEM O KaTAIUTHYECKON mpupojae ouoreHHoro 3¢ddekra HerpuHo. Ero ydactue B
OMOPHEPTETUKE MOXKET Ha TOPSAJNOK YBEJIMYMBATH CKOPOCTh XHPAIBHBIX CTAAuil KUHETUKH
MeTabosm3Ma 1 (OTOCUHTE3A.

7. HEUTPUHO U HOOC®EPA

AKKyMyJIALlAs HEMTPUHO B BOAAX MOpPEM M OKEAaHOB JOJDKHA NMPUBOAUTH K TMIIOHEHTPUHHOMN
CUTYyallUd Ha BOCTOYHBIX Oeperax BCeX MaTEpUKOB, KOTOPas COOTBETCTBYIOIIUM 00pa3oM JOJIKHA
ObuTa OTpa3uThcsl Ha Ouochepe um Hoochepe mpuOpekHbIX 30H. [loka3aTenbHBIM B ATOM IUIaHE
ABIIseTCS azuarckoe nodepexkse Tuxoro okeana. duopa u ¢ayHa JaHHOTO pErHMOHa, UMEET CBOIO
oueBUAHYIO creruPuky. OcoOEHHOCTH ke HOooC(epbl MPOSBUINCH, MPEXJIE BCEro, Ha YpPOBHE
penuruu. B crtpanax Bocroka (Smonwms, Kurait, MUaaus) BMecTo Kyiabpra XpUcTa HApUT KyJbT
bynasl: Bo3opanenu obima ot CesaTaro /lyxa riaronatu cioBo Bo Acuu ([est 16, 6). B Muaun
K 9TOMY ClieJlyeT 100aBUTh elle KyJIbT BOJIbI.

MO>HO NpeAnoiI0kKUTh, YTO B YCIOBHAX JepUIUTa HEUTPUHO He oOpasyercs OuoreHHas,
HelTpuHO-poToHHass DD, KOTOpas B MO3ry yesioBeka jaeicTByet kak DD-Xpuctoc [9]: Mbl ke ym
XpucroB umamsl (1 Kop 2, 16). [lo 3Toii npuumHe pyccKue JIOIU, Tepee3kas ¢ MaTepuka B
npubpexHyro 30Hy JlanbHero BocToka, HCIIBITHIBAIOT TyXOBHBIM TUCKOMGOPT M, KaK CIEJICTBUE,
yarrie 00JICIOT pakoM U OO0JIbIIE MOABEPKEHBI AJIKOTOJIM3MY U HAPKOMAaHUU.

Mopdodonorudeckue 0CoOEHHOCTH MO3ra 4YesOoBeKa, ONpEeNeNAIolue €ro JAYXOBHBIH CTaTyc H
YMCTBEHHBIE CIIOCOOHOCTH, Pa3BUBAIOTCA B COOTBETCTBUU C reorpadueil HeHTpuHHONW 00CTaHOBKHU
[9]. TlooToMy ee paauMkanbHas CMEHa B 3pEJIOM BO3pacTe upeBara Juisd 4YelOBeKa yTpaTou
MOJTHOLIEHHOW cCBsi3n ¢ JlyXoM H cIOCOOHOCTH TBOPYECKH MBICIUTH. Tako 4eloBek
nopaodomiaercs, eraa ycrpanurcs ot csoux mect (Ip 27, 8).

CHMKeHne INIOTHOCTH HEUTPUHHOM SHEPIMH B KOHIIE BTOPOT'O THICSYEIETHs XPUCTUAHCKOM PBI B
MecTax TpaguiroHHoro obutanus xpuctuad (EBpona u CeBepHast AMepuKa) IPUBENIO K PE3KOMY
MaJICHUIO UX POXKAAEMOCTH U OJJHOBPEMEHHO CTUMYJIMPOBAJIO IIEPECETICHUE B 3TU MECTA MYCYJIbMaH
u3 lOxuHoit Amepuku, Adpuxku u Kapkaza. Ilockonbky uX TyXOBHBIH CTaTyC COOTBETCTBYET
HEHUTpUHHON oOcTaHOBKe Osm3koi Kk oOctaHoBke JlanpHero BocToka, OHM HE HCIBITHIBAIOT
JTYXOBHOTO AUCKOM(OPTA B XpUCTHAHCKHUX CTPaHAX U COXPAHSAIOT BBICOKUI YPOBEHb POXKIAEMOCTH!
yaJga MHOro HHHOIIeMeHHMYa poaumacs um (Mc 2, 6). OrmeruMm, 4TO B MeCTax cC
TMITIOHEUTPUHHON 00CTAaHOBKOM, Kak NMpaBWJIO, HE YXKHBAIOTCS M HE Pa3MHOKAIOTCS HE TOJIBKO
XPUCTHAHE, HO U MX JIyXOBHbIE CANpOUTH — HYIEH.
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Takum 00pa3zom, TI00aTBHYI0 IEPECTPONKY JYXOBHOTO craTtyca homo sapiens B XX Beke MOKHO
CBSI3aTh C U3MCHCHHEM COOTHOIICHHS MEXIy HEUTPHUHHOM M 3JICKTPOMArHUTHON SHEPTUSIMU B
nojip3y mociefaHeii. OOBEKTUBHBIM IOKAa3aTeJIeM HapylieHHusl OajaHca 3TUX JHEPruil B
TEPMOJMHAMUKE JKUJKUX Cpell 3eMIIM MOXET CIYXHTh POCT CPEIHEr0J0BOI TeMIeparyphl,
MoKa3aHHbIN Ha Puc.9.

AT

-5

L0 i 1 1 1 1
100 1200 1400 1600 1500 2000

Puc.9. Xon oTKIIOHEHHS TeMIIEpaTyphl TOBEPXHOCTH 3€MIIM 33 THICSIY JIET OT CPETHET0I0OBOTO 3HAUCHHUS,
BBIYHMCIIEHHOTO 3a iepro ¢ 1961 mo 1990 r [25].

Ilepectpoiika ayXOBHO-()M3UYECKOTO cTaTyca Hoochepsl HMHULIUHpOBaNa (GopMHUpOBaHHE
NePEX0THON MOMyJIALNY JItoAei-ToTpeduTeneiil. B ycnoBusx runoHeATpuHHONK 00CTaHOBKH JIAHHYIO
MOMYJISIUIO CJIEAyeT paccMaTpUBaTh Kak TI'EOJIOTHYECKUH QakTop 53BOIONMH. [71aBHON ee
(byHKLMEH ABISETCS ePeBOJl YIepoaa BCeX TOPIOUNX HCKOIAEMBbIX B YTIICKUCIIbIH ra3 atMocdepsl.
KoneuHblM uTOTOM jAaHHOrO mnepedopMaTHpoBaHusd (GHU3NUECKOro craTyca Hoocdepbl Oyaer
JeCSITUKpaTHOE MoBhIIeHHE KoHLeHTpauun CO2 B atMocdepe, Co BCeMH BBITEKAIOIIMMHU U3 3TOTO
JTyXOBHO-(U3NYCCKUMHU TTocieacTBusIMHE [12].

8. MU®OJIOTUSA BUOTEHHOI'O HEUTPHHO

@OyHKIIMOHAILHOMY pa3HoOoOpa3uio OuoreHHeIx O® OTBeYaeT WIMPOKUN CIEKTP «ChEI0OHBIX»
CHUMBOJIOB sI3bIUeCKOU U Oubmneiickoit mudonoruu (Mena, xiaed, MaHHa, pbIOa, BOJIA, TYK, MOJIOKO,
BUHO 1 1p.) [9]. OT™MeueHa B MU(OJIOTHH U KIFOUEBask POJIb BOJABI B aKKyMYJISIIIMU HEHTPUHHBIX DD
B opranu3mMe 4enoBeka: 1acT ['ocmoan Bam xi1e6 neuaym u Boay tecHyo (Mc 30, 20). YuureiBas,
YTO MOJIEKYJSIPHYI0 OCHOBY HaTypaJbHOrO XJieba COCTaBISAIOT JIEBOCIUpaIbHbIE O€JKH,
MUGOJIOTHYECKUI X1e0 MOXKHO NPHUHATH 32 CHUMBOJ JIEBOCIUPAILHONH OOOJIOUKH COJHEYHOIO
ueiitpuno: IMocim xne6 Twoit ma aunme Boabl (Exk 11, 1). MMeHHO 3TOT «xjie0» MOXET
o0ecrnieunBaTh yTy4HEHHUE PhIO U yBEJIMUEHUE YpoxKaHOCTH IUIaHKTOHA B baiikaie.

[MpucyrcrBue moBapenHoit comu (~0,9% NaCl) B Mopckoii Boze 1 B pH3HOIOTHYECKHX KUIKOCTSIX
(kpoBb, JMKBOpP) CHOCOOCTBYET mpoueccaM camoopranusanuu [17], a 3Ha4uT, W TOBBIIIACT
3¢ GEKTUBHOCTD aKKYMYJSIIMM HeWTpuHHOU sHepruu cpenamulll, u IV: CHecrest i x1e6 Oe3
cosu? (MoB 6, 6). AHanmoruyHbIi YPPEKT JaeT CHIKEHNE TEMIIepaTyphl IpecHo BobI baiikana 10
3-4°C.

AKKyMyJ1Ms OMOT€HHOTO HEMTPHUHO B )KMBBIX CUCTEMAax U B MO3TY UeJoBeKa 11000Ha MpoLeccy
KOHJICHCAI[UM MapoB aTMOC(epHOM BOIBI B KAaIUTM POCHL. M CJAHY SIKO COJIb HA 3eMJII0 ChIIIeT
(Cup 43, 21); xanas pocel yrpennusi, cxoasuus Ha 3emuo (IIpem 11, 23); raaBa mos
HanosHucs pocsl (I1. Iecn 5, 2); cHuayT K0 poca riaarosu Mou (Bt 32, 2).

B s3brueckoii Mugoaoruu 0600111eHHBIM CUMBOJIOM OMOT€HHOM HEHTpUHO-(pOTOHHON DD CITyKUT
o6or Conama — Mutpa (ODP-Murtpa). DD-Mutpa cymmupyer B cebe IJIEKTPOMarHUTHOE |
HeiiTpuHHOe 6uoreHHoe u3nydeHus CoiHua. B pa3nnyHbx n300paxeHusx MUTPBI IPUCYTCTBYIOT
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9JIEMEHTHI YEJIOBEKA, JIbBA, Opia, 3Menu (cumBos MarauTHoro moss) [11]. Mudomnorus Xpucra
HacJielyeT U BO3BBILIAET CUMBOJUKY MUTpPHI 10 rajlakTHYeCKUX MaciTabos. [Ipeamnonoxum, uto
npu B3aumojiericTBun DP-Mutpa ¢ DD rajakTH4ecKoro HEUTpuHO obOpasyetcs rubpumaHas DD,
KOTOpasi OTBEYaeT MHOTOTPaHHOU Oubieiickoil mudonoreme Xpucra-medeHocna (OD-Xpucroc):
SIBUTCS HEBECTA, ...0TKpbleT6ocs cbIH Moii Uucyc ¢ Temu, ke ¢ HuM cyTh (3 E31 7, 26).
Opomonnun O@-Murtpa B DP-Xpucroc B cpene-lV cooTBeTCTByeT ceMaHTHUYECKHUH CKauoK
CHUMBOJIMKH «XJ1e0a HeOECHOI0» OT BETX03aBETHOM K HOBO3aBETHOM. OTIbI BAIIIHU S11011a MAHHY B
NYCTBIHM M YyMpomia. A3 ecMb XJ1e0 KMBOTHBIH, HJKe CHIebIH ¢ Hedece: alle KTO CHeCTh OT
xJjie0a cero, :uB 0ynet Bo Bexu (Uu 6, 49).

B opranusme uenoBeka 3JIEKTPOMAarHUTHOW OCHOBOM JTHX JABYX OHOreHHoix O® ciyxar
KBa3U(OTOHBI YpEBa, CAMBOJIIAMH KOTOPBIX SBJIAETCS Hapox u3paminbekuit (OD-U3pawns) [11].
DO-N3pannb KOMOMHHUPYET B KHUAKO-BO3AYIIHBIX cpefax opranusma ¢ 3P yTpeHHEro COJIHEYHOT O
HeilTpuHO u oOpasyercs D®-Murpa. Ee cumBonom sBisiercs MaHHa HeOecHas, BBINAJaroliasi,
CJIOBHO MHEH 10 YTpY: 3ayTpa ke ObICTh CHaJlIei poce... MeJIKO IKO KOPHAHAP, 0eJ10 aKu JiejJ
HA 3eMJIH. ...ceH XJ1e0, eroxke gage 'ocroab BaM SICTH. ...MMsI TOMY MAHHA ...BKYC 7K€ ero aku
MYKH ¢ MeJOM; OCTAaBHUIIA HEIbIH OT HEro HAa yTpHUe, M BOCKUIE YepBMH U Bo3Mmepaecs (Mcx
16, 13 — 31). X1e6, MyKa OTBEYAIOT JICBOCIHPAIBLHBIM THOPUIHBIM HEUTPUHO-(POTOHHEIM DD Ha
Oenke U Ha aMUHOKHCIIOTax. MeJ, yepBb — MarHuTHas coctasistomas IP-Murpa. 3a cytku JO-
Mutpa n[0KHAa YTWIM30BAaTbCS HMHAuY€ OHA pPalUUMHU3UPYETCs M JErpajupyer B TEIUIOBbIE
KBa31(OTOHBI — BOCKHIIE YEPBMHU.

[IpeobpazoBanne DD-Mutpa B DD-XpHUCTOC COCTOUT B €€ CIUSIHUU-KOMOMHUPOBAHUHM C
MPaBOCHUPATbHON  00O0JIOUKONW  TraJlakTUYecKOoro aHTuHeiTpuHo, DD KOTOpPOro MOTyT
KOHJICHCUPOBAThCsl Ha IPAaBBIX Caxapax B COCTaBE XUAKUX Cpell OpraHu3Ma U, MPEkKIe BCEro, B
JMKBOPHOM OacceiiHe u xenymoukax mosra [12]. CumBosiom 3To# coctaBisromeit IP-Xpucroc
spisietcs: CeT: Best 60 BeesieHHasi cBeT ibIM npocBemamecs: ceerom ([Ipem 17, 19); siko cBet
npasaa Mos (Uc 62, 1); caanko cBet (Exk 11, 7); :kuBot 0e cBeT uenoBekom (Uu 1, 4).
dopmupoBaHUeM OUMOTEeHHOW, TMOpHUIHON HEeWTpuHO-PoTOHHON Dd-XpuHCTOC 3aBepuIaeTCs aKT
coobmieHus yenoseka ¢ Jlyxom. DP-Xpuctoc, akTUBUPYS JUKBODP KEJIYJOYKOB MO3ra, CO3/aeT
yCI0BUSI HEOOXOAMMBIE Ul MHUIMAIMK aKTa 3a4aTHs MBICIU-OTKPOBEHMS WJIM AYIIN YEJIOBEKa.
Jletanu QU3MKHK aKLEeNTUPOBaHUS KBaHTa Jlyxa mpejcTaBiiseT CUMBOJIMKA XPUCTHAHCKOTO 00psiaa
EBxapuctum — npuyacTus IOTH U KpoBU XpHUCTOBOW. DU3MKY K€ aKTa MBIIUICHUS PACKPBIBAET
cuMBoIKa pacrsatis Mucyca Xpucra Ha kpecte [3].

9. MOCJIECJIOBHUE

JlaHHast CTaThsl HAKMCaHa B pacdyeTe Ha MYJAPOTO YEJIOBEKAa, COXPAHSIOIIETO CBA3b € JlyxoMm u
emaroriero obpectu cre3to CriaceHHss B HBIHEIIHIOI aHTUXPUCTCKYIO 3T0Xy. B ycioBusx
neduiTa HEUTPUHHON SHEpruu U TiobanbHON runepkanauu (H306Tok CO2), IPU OTCYTCTBHH
JYXOBHBIX HACTABHUKOB M HM300WMJIHMH JDKEYYHTENEH, 3Ta paboTa MOXKET MPUTOIAMTHCS, MPEKIE
BCETO, MOJIOJIBIM JIFO/ISIM, Y€H JTyX JKaXIeT MO3HAHUS JTyXOBHO-(DHU3HUECKOM IPUPOIBI XPHUCTA: PO
:ke Ero xro ucnosecrn? (MUc 53, 8).
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