PasmbllJIeHUS 0 MEPHOCTH.
M 000 BceM, 4TO ¢ Hell CBA3aHO HJIA TOJIBKO)
MOKeT ObITh

Ilymo 6 muicauy au HauuHaemcs ¢ 00HO20 waza.
Kongyyuii

Mepnocmv — 5mo co80KYNHOCMb KA4eCMBEHHbIX
xapaxkmepucmuxk lIpocmpancmaa.
H.B. Jlesauios

...noHamue Meprocmb, aensaoujeecs blpajiceHuem ceolucmas
u kauecme Mamepuu u [Ilpocmpancmea, max

WU UHAYE CEA3AHO C 83AUMOOCICMBUEM INEKMPUYECKUX

u maenumuulx yacmuy s3my Mamepuio u Ilpocmpancmeo

COCMABIAIOUUX.
@.JI. LlIxpyones.

JIBa OYEHb €MKHUX OIPEIEIEHNUs, ONMHUCHIBAIOIINX OJHO M3 KPAcyroJabHBIX
IIOHATHUM, uCHoNb3yeMbIXx Bemukum Pycckum VYuensiMm H.B. JleBamoseim.
[TonsiTus, 3a KOTOPHIM HE MHOTO HM Majio — OajlaHC MakpoIpocTpaHcTBa. Benp
KAaK KaKIbplii HYKJIOH MEHSET MEPHOCTh MUKPONPOCTPAHCTBA HA BEIUYUHY
nopska 0,000086%, Tak, oueBnaHO, U YenoOBEK B MacmTabax Muarapa-3emian u
Hama oOutenb B pamkax Kocmoca — »3ieMeHThl yCTOMYMBOCTH BCEro
MaKpOIIpOCTPAHCTBA, ONPEACNIAEMOl COCTOSHHEM HYJIEBOro aiab0eqo Bcex

cocraBisronux. "KaxeTrcs HEBEpOSTHBIM, YTO JIFOOOM ko
aTOM BJIUSET Ha MAaKpPONPOCTPAHCTBO, HO, TEM HE
MeHee, 3T0 — (¢akT. EcTecTBeHHO, BIMUSHUE OJHOTO
aToMa — MHUKPOCKOMMYECKOe, HO HUX CyMMapHOe
BIIMSTHHAE n eCTh TOT Oajanc, KOTOPBIi

YPaBHOBEIIMBAET MAKPOIPOCTPAHCTBO",

L=3.02037

[TonsiTHE MEpPHOCTH TPUMEHHMO KO BCEM
YPOBHSIM — OT MHKPOKOCMOCa JO MaKpOKOCMOca,
00bEIMHEHHBIX OOIMMU 3aKOHAMHU Pa3BUTHS, YTO
obOyeryaer  €ro  M3y4eHWE M,  OJHOBPEMEHHO
3aTPYAHSCT, U3-32 IMIUPOKUX PAMOK OCMBICICHUS W HE




BCErJa COOTBETCTBYIOIIMX 3a/Jau€ CYOBbEKTUBHBIX BO3MOXHOCTeH. I[loTomy
pPa3MBILIUICHUST aBTOpa BIIOJHE MOTYT OKa3aTbCs JajJeKd OT HUCTUHBI WIU
"CTYKOM B OTKPBITYIO ABEPH'", OTBET — B KOHIIE MTyTH, KOTOPBIA U HAZAO MPOUTH
JUTSL TOTO, YTOOBI MOHSATH, KyJla OH BEJIET.

"Hukakass MakpOCTpyKTypa HE MOXET HU3MEHUTh OSHEPreTUYECKUE
XapaKTEPUCTUKM, HE M3MEHAS XapaKTEPUCTUKH CBOEH OCHOBBI — aroma'’,
HamytcTBoBan A.M. XatweiboB. Ilpuaercs 3aHsThCS MUKpoMHpoM. U ero
U3ydeHUe TNomnpoOdyeM HayaTh C OTKPBITOIO KocMoca. Bo-TiepBhIX, Kak
upoHusnpoBasl A.M. XarblO0B, TaM 10 pPOXJICHHS BceleHHOU MpsATalIucCh
IPOTOH M 2JIEKTPOHS. BO-BTOPBIX, M3ydas CMEKHEIEC IPOCTPAHCTBA, KaK KOIJa-
to aenan H.B. JleBamoB Ha rpaHulle mpoBaja, OTACISIONIETO HAIl '"CIOCHBIH
nupor" oT cneﬂy}omero“, B HUX MOKHO IIOIIBITATECS HAUTH CXOXHE C

HHTCPCCYIOINMH 3JICMCHTBI U Ka4CCTBA.

Teopus Cynepoowenunenus B.C. JIeoHOBa HACKIIIAET OTKPBITHIM KOCMOC
5

KBaHTOHaMu® (HEHTpasbHAas dYacTuia, OOJajaromas JIEKTPUYSCKUMH U
MAarHUTHBIMH CBOMCTBaMH, KOTOpBIE MPOSBISIIOTCA B
pe3ynbTare 3JEKTPOMArHUTHOIO BO3MYILEHHS). Y
A.A. JlyunHa QOTOHBI M MarHUTHbIE OUMOJSPHBIC
YAaCTHLIBI — OCHOBA IOJIEN — IPOCTPAHCTBA, B KOTOPOM

HAXOJATCA MaTepun®.

Puee. 12, C ananra npesoint

S : DIEKTPOHBI U IIPOTOHEL... 3BeCTHO', 4TO mocie
B3pbIBA CBEPXHOBOW CHHTE3 THOPUIHBIX MaTepuil
IPOUCXOJUT HA YPOBHE MHUKPONPOCTPAHCTBA, MPU ITOM KauyeCTBEHHAs
CTPYKTypa MHKPOIPOCTPAHCTB BBICTYNAeT KaK IPOTUBOBEC KaueCTBEHHOM
CTPYKTYpbl ~MakpompocTpaHcTBa. Ilocine AOCTHKEHUsS KayeCTBEHHOIO H
KOJIMYECTBEHHOro 0ajaHca MEXIy HHUMH, HPOCTPAHCTBO MpPHOOpeTaeT
yCTOMYMBOE paBHOBecHMe. B MOMEHT B3pbIBa CBEPXHOBOMl "OT IeHTpa
pacIpoCTpPaHsIOTCS  KOHLEHTPUYECKHE  BOJHBI  BO3MYILIEHHS  MEPHOCTH
IIPOCTPAHCTBA, KOTOPBIE CO3JAIOT 30HbI HEOAHOPOJHOCTH IPOCTPAHCTBA
(aHU30TPOIHOCTH)"S. DTH 30HBI 3AMOJHAOTCS MATEPUSIMH, BEIOPOIICHHEIMY [IPH
B3pbIBe. KBaHTOH, "BCTpeuasdch" € BJIEKTPUUECKUM BO3MYIIAIOUIUM 3apsiioM,
CYLLIECTBOBAHME  KOTOPOTO  ONpPENENICHO  JJIEKTPUYECKOW  acUMMETpUei
BceneHHOM, HayMHAET MNPUTATUBATHCS K LEHTPAIbHOMY BJIEKTPUUYECKOMY
3apsny. BOnu3u Hero mpocTpaHCTBO CxKUMAETCs, OyAy4yu YIpyrou cpefoi, nmpu
yAAJIEHUU OT HEro — pactiarubBaercs. 1o ecTh MPOUCXOAMT cdepuueckas
nedopmaliisi KBAHTOBAHHOW Cpejibl, BOZHUKAET rpaBUTAllMOHHAas TpaHuua. [lpu
ATOM KBapK MPHOOPETAET MacCy M MPEBPALIAETCS B DJIEMEHTAPHYIO YACTHUILYy —
5JIEKTPOH’. DJIEKTPOHBI PUCOEIMHSIIOTCS K MArHUTHBIM 4acTULaM, GOpMUPYS
aTOM U T.J.

O3HakOMUTBCA C €HI€ OJHOM Teopue, B KOTOPOM OMMCAHO
dbopMUpOBaHUE aTOMOB M MOJIEKYJI C TOMOIIBIO DHEPreTUUYECKUX KIYTOB —



dbotoHOB, MOXXHO ¥ A.A. Jlyunna ("®uszudeckue Mmojisi — MyTh K IO3HAHUIO
BEYHOTO U OECKOHEUHOTO Ipoliecca pa3BUTHUs MaTepun'").

AM. XaTblOOB CUYMTAa€T KOCMOC 3allOJHEHHBIM JI0JEKa3IpalibHO-
UKOCadpAJIbHBIMU  PEIIETKAMU C HYJIEBBIM TOTEHIMAIOM, OOpaMJICHHBIMU
KyOUUYECKOH CTPYKTYpOH M3 HEHTpMHO M aHTHMHEHTpuHO®, He yTouHAs HX
"mpoucxoxkaeHus" (Takas CTPYKTypa KocMoca OO€CleuMBaeT OJHY TOUKY
CONMPUKOCHOBeHUs ¢ Teopueil CyrnepoObeauHeHuss — oObICHEHHE TPUHIIUIIOB
JIBIKEHUS MaTEepUaIbHBIX MacC B KOcMOce: IpH JBWKeHuU B KocMoce 00beKT,
MMEIOIIMIA MarHUTHBIE YaCTOThI M 3JIEKTPUYECKUE MOTEHINANBI, BRIHYKJICH HX
oTnaBath, Haceimas pemétkn Kocmocall). "Ilpu HanoXeHUM IIEPBUYHBIX
MaTepul JAPYyr Ha Jpyra, MNPOUCXOAUT B3aUMOJCHCTBHE KAYECTB KaXKIOU
MaTepuu APYr C APYroMm, YTO MPUBOIUT K (POPMHUPOBAHUIO COOTBETCTBYIOIIMX
CTPYKTYp B BHJE KyOWUECKOH, TeTpadJpaibHOM, J0JIeKa’ApaIbHOM,
MKOCAdApaIbHOW M IPYTUX pEmETOK''?, HMMEmuX HyJIeBOH MOTEHIHAN
(cBHIIETEIBCTBO OTCYTCTBHSI BO3MOXKHOCTH YCIOKHEHUS UCXOTHON CTPYKTYPHI).

[Toumem ycnoBust nisi pasputus. OOpaTuM BHUMaHUE Ha TO, 4YTO
OTKPBITBIII KOCMOC (IIPOCTPAHCTBO, TPAHHYAIIEE CO CJIOEM, OOpa30BaHHBIM
OJIHOM MaTepuei) u Hama Beenennas oTindaroTcess MepHOCThiO: 2,87895058... u
3,00017, coorBeTrcTBeHHO. HO B OTKpPBITOM KOCMOCE, KAK MBI YK€ YCTaHOBHIIH,
JOJICKadpaJbHO-UKOCAdIpabHbIE  PEIIETKH, OOpamJICHHbIE  KyOMuYecKOM
CTPYKTYPOM W3 HEUTPUHO M AHTUHEUTPUHO C HYJEBBIM NOTeHUHaioMm. Her
YCIOBMH JJI Pa3sBUTHA U B OJHOMATEPUAILHOM, HE UCKPUBIEHHOM CIoE 3,
WHa4ye B HEM Obl MOSBWINCH TUOPHUIAHBIC MaTepuu. Takue yCIOBHS CO3/IAIOTCS
JUIIb B CJIO€ C ABYMS MaTEpUsIMH, KOTOPBIA OTIMYAETCA OT MPEAbIAYIIETO
OombIIet MEPHOCTHIO (Ha KO3 GUIIMEHT KBaHTOBaHUs). OOpa3yromecss B HeM
1 B 00jiee BBICOKUX CIIOSIX THOPUAHBIC U TIEPBUYHBIC MATECPHUH ''CTPYKTYPHUPYIOT

MIPOCTPAHCTBO, B KOTOPOM HAXOJUTCS, M, BOKPYr ceOs, B BHUIC PEIIETKH,

KJIACTEpPOB KyOMUYECKOH, TeTpadJpalibHOM,  JOACKAdIpaIbHON WJIM WHOU
KoH(HUrypauuu''4 3a cuer HaKOIIEHHS %
NOTEHUHMANOB B y31aX M MOBBIICHAS /, @ @ A0
MEpPHOCTH Bced pemerku. [Ipuyem =S = ;o
COBCEM 'HE CIy4yailHO TIJIATOHOBBIC

] Tena (xy0, 7

MKOCadAp,  JOJAEKadap)  ABIAIOTCA  IOCIIEN0BATENHHO
£| BIOXKEHHBIMH APYr B JApyra, a HMKOCAdIp M JOJEKadIp
SABIISIOTCS B3aUMOOIOIHSIOIMMHI IpyT apyra" .

M eme oOIWH MOMEHT, CBSI3aHHBIM C OTKPBITHIM
..| KocMocoM. MepHocTh 3eMiu (B IEHTPE) HIDKE MEPHOCTH
OTKpBITOrO KocMmoca. M, TakuM o6pa3omM, UMeeT B 3TOW 30HE
JHIb J0JI€KadpaIbHO-UKOCA3ApATbHbBIE pEIIeTKH,
oOpamJieHHbIE KyOWYEeCKOW CTPYKTypoll U3 HEWTPHUHO U
AaHTUHEUTPUHO C HYyJEeBbIM MoTeHuuaaoM. [lo mepe pocra
MEPHOCTH YBEJIMYUBACTCS MOTEHIMAI, M PACIIUPSIIOTCS BO3MOXHOCTH TSt
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CHHTe3a THOPUAHBIX MaTepuii. B KkakoM jke HampaBieHHH? YBeIHUCHHUE
MEPHOCTH OTKPBHIBACT BO3MOXKHOCTH I YBEIMUCHUSI OKTaBbl. UeM OHa BBIIIIE,
TEM MEHBIIIE pa3Mephl PEIICTKH (SYCHKH), B KOTOPOH (HDOPMUPYIOTCS YaCTHIIHI.
Takum 00pa3oM, OT IEHTpa sAapa ITUTAHETHI K Mepu(eprur MPOUCXOIUT CHUHTE3
9JIEMEHTOB OT TPOCTEHINEro, OKa3bIBAIOIIETO MHHUMAIBHOEC BIMSHHUE Ha
MEPHOCTh MHKpPOKOCMOCa, 10 HauOoyiee CIOXHBIX. Kak H3BECTHO, MEHbIIIE
BCET0 M3MEHsIEeT MUKpoKocMoc atoM Bogopoaa (0,0000859712), a 6GonbIie Bcero
— aToMBI paauoakTHBHBIX 3ieMeHTOB (0,02020234...). DT0 MPOUCXOUT TTOTOMY,
YTO JUIA CHHTE3a BOJOpOAa HEOOXOJWMO MHHHMAIBHOE WCKPHUBIICHHE
MUKpONIPOCTpaHCTBa. braromapss 3ToMy, a TakkKe TOMY, UYTO BOJOPOJI
"OKa3pIBAET MMHHMMAIBHOE BJIHSHME Ha OKpyXaromee mnpocTpancTBo"!® u
HauOosee "TepnuM" K motepe mepBuuHOM Marepuun G (M moroMy Haubosee
cTabuiieH), OH SABJISIETCSI CaMbIM PAacCHpOCTPAaHEHHBIM AJIEMEHTOM B HallIeH W,

BO3MOJKHO, B IPYIuXx BceneHHBIX.

[Ipocreiimnii aToM, U3BECTHBIA HaM U3 Tpy1oB A.M. XaTbi00Ba, — aTOM ¢
JBYMsI TIPOCTPAHCTBAMU — DJIEKTPOHHBIM M MIPOTOHHBIM (FPaBUTAILIMOHHBIMU) U
OJIHOM BHEIIHEW paaualMoOHHOW perieTkoi (okrtaBa 32.62546258). Anbbeno
peakuuii aToMa pPaBHO HYJIO IPHU MPEACIbHBIX 3HAYCHHSX BCEX IMapaMeTpPOB:
rpaBUTAIlMOHHAs 4YacTtoTa — 97.625450 okTaBa, MarHUTHBIA UMITYJIbC — 256
oktaBa (MU CosiHeuHO# CUCTEMBI), SKBUBAJICHT JIEKTPUUYECKOTO MOTEHIMANIA —
512.12501250, yroy CKOJIbXEHUSI PAaBEH HYJIIO JJISl YUCJa N, WIM 3HAYCHHIO
yraa 3kIunTuKd COTHEYHOM CUCTEMBI (TIPY ATOM MM UMEET JPYroe 3HAaUCHHE).

Havanpnas popma umeer no 3 cBsizu (Bcero — 9) u 310 — mKocaasap (c
paBHBIMU CTOpoHaMHu). AnbOeno, paBHOE HYIIO, 00ECIIeUnBAECTCS PABEHCTBOM
OTpUIIATEIBHBIX (MPOTOHHOE) W TOJOXKUTEIBHBIX (DJIEKTPOHHOE) YIJIOB
CKOJIBXKCHHS ' DJICKTPOHOB (TO K€, B CMBICIC CyMMapHOIO HYIEBOTO aib0elo,

BEPOSITHO, KAaCAaE€TCsl COpPaBO — W JIEBOCTOPOHEE
BpAILIAIOIINXCS IUJIAHET: BCE MPaBOCIUPAILHBIE
JIAHETHI Haleun Bcenennoun HUMEIOT

OTpUIIATENLHOE aNb0Eq0, a JIEBOCIUPANLHBIE —
tuna Benepel — nonoxurtenbHoe'®, a Taxke, Kak
MOKHO JIOIyCTUTh, IPaBO — M JIEBOCHHPAILHBIX
["anakTuk).

[ToBpimienue MepHoctu ¢ ypoBHs  2,878950584... mo 3,00017
YBEJIMYMBACT KOJMYECTBO pelieTok aromMa. M s 3emi OH yKe HMeeT
CJIeAYIOIINE OCOOCHHOCTH:

- 7 TpaBUTALIMOHHBIX [IOBEPXHOCTEN,
- 1 mpoTOHHAs MOBEPXHOCTS,

- 2 BJIEKTPOHHBIX MIOBEPXHOCTH,

- 1 HEeWTpOHHAs MOBEPXHOCTb,

- 1 HeliTpuHHAs IOBEPXHOCTB,




a TaK)Xe OKTaBy Bhimie 28,

Crpyktypa  aroMa — J0J€KadJIpajbHO-
TeTpadapaibHas-kyOudeckas. B crpykrype — 8 »
JOACKadIpoB (1Mo yriaM KyOuka), 12 tetpasapoB 1</ :
cBs3u U 1 kyOuk (uLeHTpasibHBIN). Besi cucrema ' K '\ 2
yACPKUBACTCS €AUHON KyOHUYecKol pemeTKou. ' 3 !
[lenTpanbHbIl KyOUK — 3TO CHUCTEMA U3 OKTa’ApPOB :
U HKOCAadJIPOB, BJIOXKEHHBIX JApyr B apyra (16
BJIOKeHMI ). OTHOCUTENBLHO JOAEKAdAPOB KyOUK — (
3TO AaBTOHOMHas CTpykTypa. Kaxneii wu3 8
JOACKA3IPOB COACPKUT HKOca’ap (mapa). Yucio
TaKuX BJIOKEHHBIX Nap — 44. YacTtoTbl, KOTOpbIE
UCITIOJIb30BaHbl B LIEHTPAJbHOM "KyOHKe", M 4acTOTbI, HA KOTOPBIX IMOCTPOEHBI
BHEIIIHUE JOACKASPBI, MKOCAIPBI, TETPa’Apbl, HE IEPECEKAIOTCHA, IMOTOMY
MPUHATO CYUTATh, UYTO MEXKAY ABYMS LIEHTPAIbHBIMU KYOUKaMH — 3TO MyCTOTA.
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Ha pucyHke — CBA3b CMEXKHBIX JOJEKA3IPOB (TETpa’ap — BbIJEIEH
KPacCHbIM I[BETOM M 3aKpalleH XENThIM, JJI1 HArISJAHOCTA W TMOHUMAaHUA).
NMeHHO 3Ta CBSI3b YAEPKUBAET aTOMHYIO CTPYKTYpPYy OT pacChlllaHUi U
yHuuTOXkeHus. Ecnu yOpaTe XOTs Obl OJHY CBSI3b, LEHTPAJIbHBIA KyOWK
WCUE3HET B TeueHue 4-5 qaei"'®.

OcraeTcss COrJIacUTBCSI C TEeMH aBTOpaMM, KOTOPBLIC CUHUTANOT, YTO
MCPHOCTBH OIIPCACIISICT.

— KadecTBa MPOCTPAHCTBA U MATEpUU B JTAHHON TOYKE, a €€ U3MEHEHUS
OPUBOASIT K  U3MEHEHWI0 MaTepuu: MaTepuH, TNOMNaBIIME B  30HY
HEOJHOPOJIHOCTH, KBAHTYIOTCA B COOTBETCTBUU C MEPHOCTBIO CJIOSl, B KOTOPHIii
OHHM TOMNAJIHU. AJIEMEHTHI, JJI1 KOTOPbIX JIaHHAsI MEPHOCTh SIBIISIETCS KPUTUYHOM,
pacnagaroTcs Ha COCTaBISIONINE, U3 KOTOPHIX BO3MOXKHO (DOPMUPOBAHKHE HOBBIX
MaTepuil. OTOT mpouecc xopoio onucad B padorax H.B. Jlepamosa, Hanpumep,
"CymHoctb u pazym" Towm 1. ("KadecTBeHHas CTpyKTypa rutaHeTsl 3emis");

—  ToTeHuuana, co3ngaBaemoit  "dopmoi"
“e# | pelIeTKH, a TaK)Ke AUAIa30oH 4acTOT KonebOaHwuii, T.€.
OKTaB MEPBUYHBIX MaTepuii’’ (4eM BBbINIE OKTaBa,
TEM BBIIIE YacTOTa IYYKOBOM/3JEKTPOMATrHUTHOMN
BOJIHBI WJIM [IEPBUYHON MATEPHH).

2920 J
2915
2910

- - 37ech €lle pa3 XOYeTCs OTMETUTh Pa3HUILY
2910 \ / \

P TEAZAY TEEE MCXKIY TAKMMH XapaKTCPUCTHKAMU ITPOCTpaHCTBA U
MaTCpuu, KaKk MCPHOCTDb U OKTaBa.

A = o M3BecTHO,  YTO  MEPBUYHBIE  MaTEPHH
. 2T MPEICTABISAIOT COOOM CIEKTP 3IICKTPOMATHUTHBIX

©- oxygen

wnirgen | BOJTH (criexTp AIEKTPOMATrHUTHBIX BOJIH

o - carbon
- hydrogen




OTpPEETICHHOW OKTaBbl) C Pa3HbIMU YAaCTOTaMH, T.€. KOJEOAHUSIMU Ha Pa3HbIX
OKTaBax — Iy4YOK BOJH. B 1eioM MHp — 3TO OrpOMHBIN '‘My3bIKaJIbHBIM
WHCTPYMEHT', OXBAaThIBAIOUIMN IIMPOKUN JMANa30H OKTaB N, OMUCHIBAEMBIii

bopmyIIoi:
9 =k-2"
I'ne ¥ —gacrora KoneGaHuii Npy JaHHOM OKTaBeE,
N - HOMEP OKTaBbI,
K - koo punment, paBubIit 1,236

Bech criekTp 4acToT 3JIEKTPOMArHUTHBIX BOJIH B BUIE OKTAaB OXBATHIBAET
BCcto matpunly Pycckoro Bcemepa, T.e. 0XBaThIBa€T BECh CIIEKTP YacTOT BCETO
OKPYXAaIOIEro MUPa, Ha KOTOPBIX OH (PYHKITMOHUPYET.

MepHocTh  SIBISIETCS KAQYECTBEHHOM  XapaKTEPUCTUKOW  MEPBHUYHBIX
MaTepuil ¥ KOHKPETHOM 00JacTH MPOCTPAHCTBA, €r0 "KPUBU3HBI' WJIM CTEIICHU
ero aedopmanmu. OHa OTpakaeT CTATUYHOCTH TpolieccoB. OKTaBa ke CBs3aHa C
YaCTOTHBIMHU XapaKTEPUCTUKAMH TEX K€ MEPBUYHBIX MATEPHil, HO B MpoIeccax
WX B3aMMOJICUCTBUS APYT C APYTOM, UX COCTOSTHUEM, 0Opa30BaHHEM CTPYKTYD
WIN CTPYKTYPUPOBAHHEM IPOCTPAHCTBA (0Opa3oBaHUE PEIIETOK) U MAaTEPUU B
HEM, T.€. OKTaBa OTPaKaeT JUHAMMYHOCTD MPOLECCOB2L,

A Temepp B3IISHEM Ha OAHY W3 BETBEH
mecTunydeBrka’?, Kak BUIHO W3 PHCYHKa, 4YeM
BBILIE MEPHOCTD, T€M OOJIBIIYIO IPOCTPAHCTBEHHYIO

2,87895058
Ock nyva wecTinyvesika

- % 1,37895058
o i
-
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MerascenenHsie

| CyNepNPOCTPAHCTS

00J1aCTh OHA OXBATHIBAET (C YBETUYEHUEM MEPHOCTH

4§ —— [ YMEHBIIAETCS KpPMBU3HA — oOparHas BeJIWYMHA

1 B pamdyca WCKPHMBICHHMS B JaHHOH TOYKE), TeM
o g OOJIbIIE TIEPBUYHBIX MATEPHUI YYACTBYET B CHHTE3E
£1— " (pM3MUecKH IUIOTHOTO BEIECTBAa IIaHET. Tem oOHa
,ﬁ* ?é:‘ - MO3KET OBITh KAUECTBEHHO Pa3HOOOpasHee.

B cooTBercTBUM C rpaJueHTOM (MepenaaoM)
MEPHOCTH MPOCTPAHCTBA B 30HE HEOJHOPOTHOCTH, B
APYTUX Ka4YECTBEHHBIX YCIOBUSIX CBOOOTHBIC (DOPMBI
MaTepuy HAYMHAIOT CIMBAaThCA W OOpPa30BHIBATH
HOBBIE KadecTBa. B pesymprare cuHTe3a THOPUAHBIX (OPM HMX TEPBUYHBIX
MaTepuil B 30HE HEOJHOPOAHOCTH MEPHOCTH 00pa3yroTCs MIECTh MAaTEPUATIBbHBIX
cdep, BIOKEHHBIX APYT B Apyra: (pu3udecku mioTHas, d(upHas, acTpajlbHas U
TPU MEHTAJTHHBIX.

"EnKa" MepHOCTel ny4a wecrunyyesmka:
MEPHOCTb NO OCH Nyya - 2,87895058; MepHOCTL Nonepéx
ocn-1-Ni -0T2,87895058 no 2,87895058 + (Ni-1)xAL;
Ni = 1-:- 13 - KONNUYECTBO (HOPM NEPBHYHLIX MAaTEPHIl B
COOTBETCTBYIOWEM CynepnpoCTpaKcTse.

Otnuuust 00yClIaBIMBAIOTCA CTPYKTYpOH 3TUX cep, Tak Kak Kakiaas U3
HUX UMEET Pa3InYHOE YUCIIO U3HAYAIBHBIX (JOpM MaTepuil, KOTOpbIE IPU CBOEM
ciausHuu obpaszoBamu 3tH chepri?®. Tlpu 4em "MepHOCTH HOPUAHON (HOPMEI



matepun ABCDEFG (t.e. mocie cnusaus) — (U3HMYEeCKH IUIOTHOTO BEIECTBA
(®PIIB) HaxoauTCs B CJICAYIONIEM AHaNa30He 3HAYCHU MEPHOCTHU:

2.87890 < Loms < 2.89915;

MepHocTh TuOpuaHOM Gopmbl Matepun ABCDEF — sa¢dupHoro Bemectsa
(OB) HaxoauTCs B AMANa30HE:

2.89915 < L5p< 2.91935;

MepHocTh Tuopunnoi popmel matrepun ABCDE — actpansHOro Bemiectna
(AB) HaxoauTCs B TMana3oHe:

2.91935 < Lap < 2.93956;

MepHOCTh TuOpugHON (opmbl Marepun ABCD — BemecTBa NepBOi
MeHTallbHOU cepsnl (BIIM):

2.93956 < Lgmm < 2.95976;

MepHOCTh TuOpugHoii ¢opmbr matepun ABC — BemectBa BTOpOH
MeHTaiabHOM cdeprl (BBM):

2.95976 < Lgpm < 2.97996;

MepHOCTh THOpugHON ¢dopmbl MaTepun AB — BelmiectBa TpeTbeit
MeHTanbHOU cdepsl (BTM):

2.97996 < Lpmym < 3.00017"%4,

A dro xe mpoucxoaut ¢ cyurHocts (o H.B. JleBamoBy) mwiu Mo3rom mno
A.M. Xarbi00BYy?

BricBoOoauBIIMECS B pe3ysbTaTe IMPOLIECCOB BO BHYTPEHHEM OOBEMeE
mosekyn JIHK Marepum HauyuMHAIOT 1iepeTekars 4epe3 KaHal MExKIy
¢bu3nueckuM U 3PUpPHBIM YpOBHEM. D(UPHBIN ypoBeHb 3anoiHseT matepus G,
KOTOpasi He BXOJUT B COCTaB TMOpUIHON Marepuu 3QupHON cdepbl 3emiin, U
ATOT MpOIECC OYJET MPOIOJKATHCS 10 TE€X MOp, MOKa B PE3YJIbTATE BTOPUYHOTO
UCKPUBIICHUS HE OTKPOETCSA TpaHUIA MEXIY (GU3UYECKU IUIOTHOW MaTepueu u
aCTPAJIbHBIM YPOBHEM.

IIpu sTOM, 3A€Ch W Jaibliie, MEPBUYHBIE MaTEPUU JBIKYTCS "Kak
MOJIOKEHO" OT YpPOBHSI C OOJIbIIEH MEpPHOCTHIO — K MEHBIIEH, a Marepuu,
BBICBOOOXKICHHBIE KJIETKOW, — HaBCTpeuy MOTOKy. OTBET Ha BOMpPOC "Kak ATO
BO3MOXXHO?" — B paborax H.B. JleBamoBa. "ATOMBI €O31al0T BTOPUYHOE
HCKPUBJICHUE MHUKPONPOCTPAHCTBA. TakuM 0Opa3oM, KaXKIblii aTOM H3MEHSIET
MEpPHOCTb CBOETO MHUKPOIPOCTPAHCTBA, B TO BpeMs Kak BCE OCTaIbHOE
OKPYXaIOIl[ee €r0 MUKPOIPOCTPAHCTBO COXPaHSIET MEPHOCTh, KOTOpas ObLIa 70
CHUHTE3a JIaHHOrO aToma. B pe3ynbTaTe 3TOro BO3HMKAET HEKOTOPBIM mepenan
MEpPHOCTH, HAMNPABJICHHBI OT YPOBHS C MEHBIIEH MEPHOCTHIO K YPOBHIO C



OoJbIIeH,.. aToOM HaYMHAET JBUIAaThCsl K BEpXHEH TIpaHUIE JMara3oHa
YCTOMYMBOCTH M OCTAHABJIMBACTCS HAa OAIaHCHOM YPOBHE MEpHOCTH' %,

Takum 00pa3zoM, KaxKJIblil aTOM CO3J1a€T CBOE aHTUTPABUTALIMOHHOE TOJIE.
A nepBuuHas Mmatepus G, CyMMuUpys OTAEIbHBIE MOJIA, IPU ONPEAEIICHHBIX
YCIOBUSIX  CIIOCOOHA  OJIOKUPOBAaTh BCTPEUHBIM IMOTOK JUISL  CO3JIaHUs
HEBECOMOCTH?®,

C TOukM 3peHuss TEPMUHOB, HCHOIb3yeMbiX A.M. XaTblOOBbIM,
MPOJIABIIMBAHUE KadyeCTBEHHOro Oaphepa MeEXAy (usnyeckum © 3(QUPHBIM
YPOBHAMH HPOMCXOAUT NP H3MEHEHHH anbOeno Oomee ueM Ha 224 %2,
"OcHoBoOM nepeaun JIF0O0W TPYMIbl MOTEHIIMATIOB MEXAY CMEKHBIMUA aTOMaMU
SBJIIETCSL TPABUTO-3JIEKTPOMArHUTHAsL BOJIHA, MMEIOIAsi CyMMapHOe anbOeno,
paBHOe Hym0, 1 Moponoruaecku odopMmiIcHHas B BHae 0ouku"?® ¢ mByms
ocHOBaHUAMHU. "OOHO OCHOBaHHE "ONMHUpAETCs' HA BHEIIHIOK IMOBEPXHOCTH
aToMa, BTOPOE - Ha BHYTPEHHIOK (BTOPYIO) MOBEPXHOCTD CIEAYIOIIEro aTomMa, 1
3Ta  TOCJIENOBATENbHOCTh  BBITATMBAECTCS B COUpallb,  (opmupys
MOCJIEIOBATEIBHOCTh aTOMOB, OOBEIUHEHHBIX TI'PABUTALIMOHHOM CBA3BIO. [[s
nepesayn Mo 3TOM Ienu KakoW-mubo CTpyKTypbl, HeoOxoaum O-mepexoxd, To
€CTh BEKTOPHOE aJb0e/10 CUCTEMBI PABHO HYJIIIO, TOTAAa HE OyleT pacceuBaHUs U
TIOTEPH YaCTH CTPYKTYphl"?. BHANMO, 3TO 3HAYMT, 4TO anb0en0 3(PUPHOTO CII0S
Oosee 4eM BIBOE BhIIIE (PU3NYECKOTO M C TOUYKM 3PEHUS TEpMUHOB A.M.
Xarpi00Ba, HMCUE3HOBEHHE 'TpaHMIIBI' — PE3yNbTaT BBIPABHUBAHUS ajb0eno
CJIOEB.

MexaHu3M 3TOro SBJIEHHUS MOKHO, HAIlPUMEP, MOMBITATHCS MPEACTABUTH
B BHUJE CTYNEHEK JIECTHUIBI: YTOOBI TMOAHATHCA HAa BEPXHIOIO, HEOOXOIUMO
BHayase MOJHATH HOry. Mnm kaHana co nuiro3aMu: CyJHO 3aXOJIUT B IUIHO3,
YPOBE€Hb BOJbl TMOJHUMAETCA OO OTMETOK CIEAYIUIEH Kamephl, I0Cie
BBIDABHUBAaHUS YpPOBHEH 3aciioHKa YyOWpaeTcss W CyOHO TEpPEeXOJUT B
CIEAYIOLIYIO Kamepy.

Yto0b1 OTBJICYBCH, nonpoOyemM
cpaBHUTH BUIbl Oodek [luorena y A.M.
XatpiboBa ¢ (QopMoil sAmepHOro KaHana,
KOTOPYIO HCIOJIB3YET B CBOMX pucyHkax H.B.
JleBamos. Hammno
CXOXECTh BTOPOT'O
tumna ¢ ¢popmoi Ha pucyHkax. OmgHoON U3 ocoOeHHOCTEN
ATOrO BUAA OOUYKH SIBISIETCS TO, UTO MOTEHLIMAN CHayvasa
TepseT anpoeno (pacceuBaercs), a IOTOM
yBeanMuuBaeTcs’.  MoxeT,  IepBMYHAas  IOTEpS
NOTEHI[Mala CBA3aHa C HEOOXOIWMOCTBHIO 3aMOJHUTH
3apsaMy KBAHTOBAaHHOE MPOCTPAHCTBO?




Wrak, npu yBenuueHuu anbOeno Ha 224 % NpOUCXOIUT KaueCTBEHHbBIN
CKauYOK B aTOMHBIX PEAKIUAX — PEAKIUU MPOXOASIT Ha JAPYrOM HOCHUTENE
uH(popMaIuu, HaIpUMeEp, Ha AHTHUHEUTPOHE, YTO COMPOBOXKAACTCS OTPHIBOM
AIEKTPUUECKOT0 MOTEHIIUANA OT )KUBOU KJIETKH M MIEPEHOCOM 3TOr0 MOTEHIaIa
B aHTUHEUTPOHHOE MPOCTPAHCTBO, COXPaHSS U3MEHEHHBIM MAarHUTHBIN UMITYJIbC
¥ HOBYIO T'DABUTAlIMOHHYIO 4acToTy>:. Ha sdupHOM ypoBHE (Qopmupyercs
KOS PUZNYECKOTO.

ITo mepe Hakomienuss matepud G Ha 3(pUPHOM ypoBHE (a €ro UMEIOT
KOCTHBIE M XPSILIEBBbIE KJIETKH, KJIECTKH COCAMHUTEILHON M >KUPOBOM TKaHEH,
MBIIIIEYHBIE KJIETKH Pa3HBIX BHJIOB, KJIETKU KPOBH, KJIETKH HEPBHBIX Y3JIOB,
CUMIIATUYECKOM M MAapaCUMIIATHYECKOW CUCTEM, HEPBHBIE KJIETKH T'OJIOBHOTO U
CIIMHHOTO MO3Tra M TOJIOBBIE KJIIETKH) MPOMCXONUT YBEIHMUCHUE MEPHOCTH 3TOTO
YPOBHSI, MOBBIIICHUE €T0 alIbOEI0 U KOrja MocieHee JOCTUTHET 3HaueHus 484
%, OTKphIBaeTCs TpaHUIla MEXAY (PU3MUECKUM M acTPabHBIMH YPOBHSIMH.
[locnennuii 3amonHsieTcss BHaudajne warepued G (Ipou3BeIEHHAs KIETKOM
MaTepusi 3TOr0 BHUJAA JIEIUTCS YXKE MEXIYy JBYMs YPOBHSMH), GOpMUPYS
HIDKHEACTPAJIbHBIM YPOBEHb, a 3aTeM, IO MEpE JaJbHEHIIEro YBEIMYCHUS
MEpPHOCTH U BTOPUYHOTO MCKPUBJIEHUS, F — BEepXHEeacTpaJIbHBIM.

[Ipy >TOM TPOUCXOAUT TIEPEHOC DJJICKTPUYECKOTO TOTCHIHAA B
HEHTPUHHOE TPOCTPAHCTBO, & MArHATHOTO WMITYJIbca W TPABUTAIMOHHOM
YacTOThl — B AaHTUHEUTPOHHOE, B HEUTPOHHOM MPOCTPAHCTBE OCTAIOTCS KOITHH
MarHMTHOTO HMMIYyJbCa W TPABUTAIMOHHOW 4YaCTOTHL. 3/1€Ch MPUCYTCTBYET
abdexT npobreHus — Npu KOMUPOBAHMM MATrHUTHOTO UMITYJIbCa OKTaBa
MarHMTHOTO WMIIyJbCa CHI)KAeTCsi B O0OMX TIPOCTpAaHCTBax Ha &, a
IpaBUTAIIMOHHAS] YacTOTa B ATUX NpocTpaHCTBax yBenuuuBaeTcs Ha 0,750250,
COXpaHsis TakuM o0pa3zoM oOwmil sHeprerudeckuii 6amanc®?. Ha actpansHoM
ypoBHE (popMUpPYETCS MOTHOE aCTPAIbHOE TEO.

Crnenyroliee M3MEHEHHE CBSI3aHO C HCYE3HOBEHHUEM KadeCTBEHHOTO
Oapbepa MeXIy (PU3HUECKON U TIEPBOM MEHTAIBHOU chepamMu. ITO MPOUCXOIUT
B pe3yJibTaT€ BTOPUYHOTO HWCKPUBJIEHUS MPOCTPAHCTBA, BBI3BAHHOIO
HAKOIJICHWEM M  TOCJCIOBAaTEIbHBIM CHHTE30M Martepuii G (KiIeTku
COCIMHUTEIILHOW M XXUPOBOW TKaHel) u F. [Ipu 3ToM moJIHOE acTpaibHOE TEJo
MMEIOT MBIIIEYHBIC KJICTKH Pa3HBIX BHUJOB, KJIETKH KPOBH, KJIETKH HEPBHBIX
y3JI0B U HEPBHBIC KJICTKU TOJIOBHOTO M CIHHUHHOTO Mo3ra. J[jist aToro anb0eno
acTpaJibHOTO YPOBHS JOJKHO BbIpacTu Ha 728 % (ot HOpwmbl). IlepBuuHas
Matepust G IEUTCS yKE MEKIY TpeMsl YPOBHSIMU. DICKTPUUECKUN TMOTSHIIUAT
MEPEHOCUTCS B AHTUHEUTPUHHOE IPOCTPAHCTBO, W MPOUCXOAUT CIEAyIOIIee
CO3/JaHU€ KOMUW — MArHUTHBIA HMIYJbC CHUXaeTcs ene Ha 8, u
rpaBUTALIMOHHAS 4YacToTa YyBenauuuBaercs Ha 6,250250. DOtu  3HaueHHs
COXPaHSIOTCSA B IPOCTPAHCTBAX.

Hakomienne u mocienoBateNbHbIi CUHTE3 Ha MEPBOM MEHTAJIbHOM
ypoBHe Marepuit G (menuTcs yKe MEXIy YeThlpbMsi YpoBHsMHU), F (Mexmy



10

nBymsi) U E, nocturiiee KpUTHYECKOTO 3HAYEHHS, OTKPBHIBAET T'PAHUILY MEXKIY
(bu3MYEeCKUM M BTOPHIM MEHTAJbHBIM YpoBHeM. Ha 3TOM ypoBHE HaxomasTCs
KJICTKH KpOBH (M3 0JHOM (opMbI MaTepuu, BUAUMO G), KIICTKH HEPBHBIX Y3JIOB,
CHMITaTUYECKOM M MapacHuMITaTHUECKOM cucTeM (u3 AByX Gopm, HaBepHOe, G,F)
W HEpPBHBIC KJIETKH TOJOBHOTO M cnuHHOTO Mo3ra (u3 tpex, G,F,E). Korma
CyMMapHO€ anb0eno JOCTUrHeT 3HadeHus 964 %, NpOUCXOAUT OTpPHIB
TPaBUTALIMOHHOM  YacTOTBl M3  HEUTPOHHOIO  IIPOCTPAHCTBA, YacTOTa
yBenuuuBaetcs Ha 16,375375 u coxpaHsieTcs B HEUTPUHHOM MPOCTPAHCTBE Oe3
KONMUA B JAPYruxX MPOCTPAHCTBAX (@K€ €CIM YAACTCAd DIICKTPUUYECKUI
MOTCHITNAI BEPHYTh B HEUTPOHHOE IPOCTPAHCTBO, TPABUTAIIMOHHAS YaCTOTa, HE
UMEIOIasi KOMWM B HEHTPOHHOM MIPOCTPAHCTBE, OCTACTCS B HEHTPUHHOM
MIPOCTPAHCTBE 0€3 DIEKTPUUYECKOr0 MOTEHIMala, HO C YMEHBIIICHHONH OKTaBOM
MarHMTHOTO UMITyJIbca). MarHUTHBIN UMITYJIbC TIPH 3HaYeHUU anbbeno 964 %
COXpaHsieTCSI B HEUTPUHHOM TMPOCTPAHCTBE CO CHIIKEHHEM OKTaBBI [0
npenenbHoro coctossHust (12) W MOXKET CIY>KUTh OCHOBOWM JUIsl CO3JaHUS
BBICOKOOPTaHU30BAaHHBIX (DOPM KU3HU, YUWUTHIBAsA, YTO STO ObUT MarHUTHBIM
MMITyJIbC MO3ra®,

Ha »TtoM crpoutenscTBa (yHpameHTa®, 06pa3oBaHHOTO S(QUPHBIM,

aCTpaJIbHbIM M MEHTAJbHBIM YPOBHEM, 3aBepliaercs. Ero BO3MOXKHOCTH —
OalaHC C COOTBETCTBYIOIIUM IUTAHETAPHBIM YPOBHEM 3€MJIM, a TapameTphl,
OYEBUIHO, OMPEAEISAIOTCS BO3MOKHOCTSIMU MO3Ta UHAMBUAYYMa "TIPOMYCKATh"
0€3 TOBPEKICHUI MyUYKOBBIE BOJIHBI ONIPEICTICHHBIX XapaKTEPUCTHK.

YcnoBue CTaOMIIBHOCTHU
dbynmamenta — "3oioToe cedyeHue"
MOTOKOB, MPOXOJSIINX MEXKIY ITUMHU
YpOBHSIMH  (YTO, B YaCTHOCTH, U

BIORNYTHM

obecneunBaetr Kommeke "CgetJI"). Ha aTom
YPOBHE KJIETKA OKAa3bIBA€T MaKCHUMAaJIbHOE
BJIMSIHAE HA MPOCTPAHCTBO, UCKPUBIISSL €TI0 B

Haubonpmei  crenenu>™.  Eme  oxgmy
0COOEHHOCTh (PyHIAMEHTa TOMYEPKUBACT
A.M. XatpiboB: "MO3r — OIHOBPEMEHHO

CBSI3AHHOE COCTOSIHUE 3 TMPOCTPAHCTB —
HEUTPUHHOTO (BBICIIEE), AaHTUHEHTPOHHOTO U
NpPOTOHHOrO, WM uoHHoro"®. UM 3meck, Ha
MOM B3IJIs], KIII0UEeBOE CJIOBO — ''cBsi3aHHOE".
Bo3MoxkHO, dYTO cleayloolue YpOBHU —
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YPOBHM MO3ra C OKTaBOM Bbllle 64, HE CBS3aHHOTO C CYLIHOCTBIO,
OTJIMYUTENbHAST OCOOEHHOCTh KOTOPBIX — COCTOSIHME IUIa3Mbl, MPU KOTOPOM
MAarHATHbBIA ~HMMIYJIbC  OMNEPEXKAET TPABUTALUUOHHBIA M DIJIEKTPUYECKUM
NOTEHIIMAIBI W peaklUuu TMPOXOASAT Ha JpyroM Hocurtene (HEHTPOHHO-
HEUTPUHHOM, aHTHHEHTPOHHO-aHTUHEUTPUHHOM, HEUTPUHO-aHTUHEHTPUHHBIM ),
pa3BUTHE CYIIHOCTH OYJIET ONpEeNeNaThcs "pazmepamMu’ HEMHEPIIMOHHOW MacChl
("ecmu okTaBa 3apsiga 6osee 54 (mo 512), hopMupyeTcss HEMHEPIIMOHHAS Macca,
KBAHTOBAHHAS [0 HAa3HAYEHHIO M CBokicTBam">’)? A "BHelIHee mposBicHUE" —
BO3MOXXHOCTH TYTEIIECTBUSI CYIIHOCTHU B KOCMOCE 0€3 MpPUBA3KH K TEIy
"cepeOpsHON HUTHIO"?

dopMupoBaHUE TOCIACAYIOMNUX YPOBHEH C TOYKH 3pCHUS (PUBUKHU
npoueccoB, onucaHHbix H.B. JleBamoBbIM, MNPOUCXOJUT aAHAIOTUYHO.
HenocTynmHOCTh MX KOJMYECTBEHHOTrO omnucaHus B TepmuHax A.M. XaTbiOoBa,
BEPOSITHO, HUMEET BPEMEHHBIM XapakTep W BIOJHE TOHSATHBIE MPUYUHBI,
CBSI3aHHBIE C MCKJIIOYEHHEM MX HCIOJb30BAaHUS B BOCHHBIX IEIIIX HOCUTCISIMHU
3aMKHYTOH CHMBOJIHKHC.

OTtcyTcTBHE BO3MOKHOCTH CO3J@HUSI MOJIHOM KapTHUHBI (POpMUPOBAHUS
BBICIIIUX MEHTAJbHBIX YPOBHEW 3acTaBiIeT OOpAaTUTh BHHUMAHHE Ha JIPyTHUE
MOMEHTBl ~ BJIMSIHUS ~MEPHOCTHM Ha CYIIHOCTh. Bo3bpMeMm, Hampumep,
cyliecTBOBaHue OuoputmMoB. Kak H3BECTHO, TOJHBIA LUK AKTUBHOCTH
a(UpHOTO Tejla dYeJIOBeKa HWMEET JUIMTSIBHOCTh JBAJIaTh TPH  JIHS
(pusuueckwuii), acCTpaabHOTO — JABAJIATh BOCEMb |ohowereuecmo
nHed  (OMOLMOHANBHBINH), ~ MEHTAIBHOrO — — sy omece
TpUALAT, TPH JHSA  (MHTEIUIEKTYyalbHBIH), 30 o
NHTepecHas cuTyalus. TEpBUYHBIE MaTepuu
(G,F,E) makamnuBarOTCS Ha COOTBETCTBYIOIIHX
YPOBHSIX, BHUIUMO, JO T'pPaHUYHBIX 3HAUYCHUH,

MEpPHOCTb COOTBETCTBYIOIIEH 30HBI U albOEn0 7 Mosroscs seupc)
p HALNONE KO8
pacTyT, a TpaHUIbl HE OTKpbiBatoTcsa. boiee it ot o .

TOTO, anr0eno 30HBI MEePUOANYECKU

YMEHBIIAETCS 10 MUHMMYMa, a 3aT€éM BCce HauyuHaeTcsi cHadaina. OTBeT Ha
BOIpocC "moueMy" MOHATEH: Jt00as KJIeTKa He MOXKET A0JT0 paboTaTh B pexUME,
OJIM3KOM K MAaKCUMaJdbHOMY, MOCKOJIbBKY CKOIUIEHHME LUIAKOB, KOTOpbIE HE
YCIIEBAIOT MOKHMHYTh KIETKY, MOXKET MOBPEAUTH €€*’, A BOT KaKOB MEXaHU3M
W3MEHEHNs aap0en0?

"BcnoMHMM, YTO MEpBUYHBIE MATEPUU BBICBOOOXKIAIOTCA B PE3yJbTaTe
pacuieruieHusi GU3NYECKH TUIOTHOM KJIETKOM OpraHMYeCKUX U HEOPTraHWYECKUX
MOJIEKYJI. OTH MOJEKYJIbl NPHHOCATCA B KIETKY KPOBOTOKOM M IOJ
BO3JICCTBUEM OCMOTHYECKOTO (TYpropHOro) MIaBi€HUS NPOHUKAKOT 4Yepes3
KJIETOYHYI0 MeMOpaHy BHYTPb, TIJ€ COOCTBEHHO M TPOHUCXOIUT UX
pacieruienne. DPpPexT 0CMOTHUECKOro KJIETOYHOTO JaBJICHMsI, KaK U MpUpoja
JAr000r0 APYroro JaBICHUS, OCHOBAH Ha Mepernaje ypoBHEH MEPHOCTH MEXIY
BHEIIHEM W BHYTPEHHEHW CpelamMu KIETKH, pPa3IelEHHBIMA KIETOYHOMU
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MeMOpaHoii... [lepuonnueckoe koynebaHWE MEPHOCTH MEXKIY KIETKOU H
ma3Mol  O0YyCIOBJIEHO TEM, 4YTO CKOPOCTh pAaCUICIUICHUS OpraHu4YecKuX
MOJIEKYJ BHYTPHU KIIETKM MEHBIIE CKOPOCTHM MNPHUTOKA MX B KIETKY. A 3TO
O3HAYaeT, YTO BCe (PYHKIIMU KIJIETKU B YACTHOCTH M BCETO OpraHU3Ma B IIEJIOM,
3aBUCAT HalpsAMYK OT AakKTHUBHOCTM Mpouecca pacuerieHus. HMeHHo
aJipCHATINH SIBJSIETCS TEM YCKOPUTEIEM BHYTPUKICTOYHOTO pacIIeIieHus, 0e3
KOTOPOTO OpTraHW3M HE B COCTOSHHM OOECIEeYMBaTh CBOIO (PU3HUECKYIO
aktuBHOCTL".*! [lomydaercs, 4To perynupys ypoBeHb aJPEHAINHA, MO3I MOKET
aKTUBH3WPOBATh WM 3aMEIJISTh JEATEIBHOCTh KJIETOK, MMEIOIMMX S()UpHBIC
Tena, W, TakuM o0pa3oM, NEPUOJMYECKH YBEIMYMBATH WM YMEHbIIATh
IJIOTHOCTh TOTOKa Marepuu G. H3BecTHO, 4TO BBIPAOOTKOW aapeHaINHA
3aHUMAIOTCA HAJIIOYECYHUKH, MEXaHU3M K€ YIIPABICHUS UMU, BEPOSITHO, JICKUT
B 00JacTH M3MeHeHHsT Ph opraHu3Ma W BBIXOIUT 3a PaMKH JAaHHOH pPaOOTHI.
BeposiTHO, yTO aHamornyHble "aKTUBATOPHI CYIIECTBYIOT U JJIA JPYTUX BUIOB
KJICTOK, MMCIOIIUX JApyrue ypoBHH (¢ ympaBiienuem ph, Hampumep, uepes
PEryIMpoBKy AbIXaHUAY?). Bemb, Kak HM3BECTHO, "y CIOKHOOPIaHH30BAHHBIX
MHOTOKJIETOYHBIX OPTaHU3MOB BO3HUKJIO HECKOJIBKO TUIIOB KJIETOK:

a) KOCTHBIC U XPAMICBBIC KIICTKH, UMCIOIIHNC TOJIBKO B(prHBIS TCJla.

0) KJIETKM COEIMHUTEIbHOM W KUPOBOW TKaHEH, MMEKIIME >PUpHOE U
HIKHEACTpaJibHOE (M3 0HOM (hOpPMBI MAaTEpPUM) TENA.

B) MBIIICYHBIC KJICTKHW Pa3HBIX BHJIOB, MMEIONIUE S(DUPHOE W TOJTHOE
acTpaibHOe (U3 1ByX (hopM MaTepuil) Tena.

I') KJIETKA KPOBH, MMEIOIIME 3(PHUpHOE, MOJHOE acTpPaJbHOE MU TEPBOE
MEHTaJIbHOE (U3 OJTHOM (POPMBI MaTepuu) Tea.

J) KIETKH HEPBHBIX Y3JI0B, CHUMMATHYECKOM U TMapacUMIIaTUYECKON
CUCTEM, UMEIOIIe d(PUpPHOE, MOIHOE acTpaibHOe (M3 ABYX (hopM Marepuil) u
nepBoe MEHTaJIbHOE (U3 ABYX (hopM mMaTepuii) Tena.

€) HEepPBHBIE KJIETKH T'OJIOBHOTO M CIIMHHOTO MO3Ta, uMerIue 3upHoE,
MOJIHOE acTpPaJIbHOE U TOJHOE MEepBOe MEHTalmbHOE (M3 TpEX GopM Marepuil)
Tena.

OCOOBII THUII KJIETOK COCTAaBISIOT IOJOBBIE
KJIETKH, Yy KOTOPBIX IOJOBUHHBIA Ha0Op XpOMOCOM
B A7Ipe M TOJBKO >dupHble Tea'".

Yro kacaerca BTOPOro, TPETHErO H
YETBEPTOr0 MEHTANLHBIX Tel, TO, XOTS OHH H
MMEIOT CBOM LMKJIBI AKTHBHOCTH, HX HOCHUTEIH,
IPOMCXOXKICHHE U YIIPABICHUE MMH IOKA TAKXKe
3aKpBITBl [0 NPUYMHAM, BEPOSTHO AHAIOTMYHBIM
M3J105KCHHBIM BEIIIIE.
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OOpatumMcst K BOIPOCY CIAUSIHUS MEepBUYHbIX MaTepuii. Kak u3BecTHO, OHO
"BO3MOXKHO TOJBKO B Tpelenax o0bEéMa, IJie€ CTaHOBATCS OJMHAKOBBIMHU BCE
napameTpsl 5THX Matepuii"** ("ImydkoBas BOJIHA MMeEET 8 MapaMeTPOB, OJUH M3
HUX — Yroia HakioHa coupamu"®) u npu m3MeHenuu Kod(duuueHra
KBAaHTOBaHMS Ha BeJnuuHy, paBHyro 0,020203236. A Tenepb BCIOMHHM, YTO
KOKIBII aTOM  BOJOpOAA MEHSET MEPHOCTh MHUKPONPOCTPAHCTBA Ha
0,0000859712. To ectb, maxke 235 TakKUX aTOMOB C TOYKU 3PEHHUS MEPHOCTH
ciocoOHbl ObTM OBl OOecreunTh ycioBus anst ciausHusa. Ho mpocras
apudmeTrka B JaHHOM cCllydae HE MOAXOAUT. Beap cyliecTByeT paccermBaHHUE
MaTepuid, KpyrooOOpoT MEPBUUHBIX MaTepuii, koTopsie H.B. JleBamoB Ha3bIBam
"xu3Hb"*®, HeraTWBHBIE SMOIMH U MpOYME OTPULATEIBHBIC BO3JCUCTBHUS.
JIOJDKHBI BBIIIOJHATHCS U APYTHE YCIOBHA. "CIMSHUE CTAHOBUTCS BO3MOKHBIM
IpU OAVHAKOBOM KPHMBU3HE MEPHOCTH MHUKPOKOCMOCAa aTOMOB W HaJU4MH
BHEIIHUX DJIEKTPOHOB C IPOTHBOMOJIOKHBIME crimHamu: 3,0001 < A -om <

3,00017 1 3,00017 < A +am. < 3,00024"47,

Kpyroob6opot matepuii moapodbHo paccMotpeH B Tpyaax H.B. JleBamiosa,
Hanpumep, "[locneanee obpamienue k yenoBedyecTBy'". UTto kacaercs aMouuid, TO
"KaxIOMy  SMOIMOHAJIBbHOMY  COCTOSIHUIO  OpraHu3Ma  COOTBETCTBYET
ONpeNeEHHBIA yPOBEHb COOCTBEHHOW MepHOCTH. WM, Kak clenctBue, mIpu
U3MEHEHUH SMOIIMOHAIIBHOTO COCTOSIHUS, MEHSIETCS M COOCTBEHHBIM ypOBEHB
MEpPHOCTH aCTPaJbHOrO Tella KJIETKU (Opranu3Ma). Jpyrumu cioBaMu, SMOLIMH
MOTYT 'HPUNONHATH WM ' ONYCTUTh AacTPalbHOE TENO KaXKIOM KIETKU
MHOTOKJIETOYHOTO oOpranusma. lIpm dYem "HU3MEHHbIE W OTPULATEIIbHBIE
AMOIMA TapMOHUYHBI C HWIKHEACTPAJIbHBIM IIJITAHOM IUIaHEThl. Bricmime wu
MOJIOKUTENbHBIE 3MOLIMM BBIBOJSAT AacTpajbHOE TEJIO Ha BEPXHEACTPAJbHBIM
mnan"®, To ecTh, KaXk/1as HEraTUBHAS YMOLMS COIPOBOXKAAETCS YMEHBIICHUEM
MEpPHOCTH AacCTpajbHOrO Tela B IMpeaeNax TIpaHull €ro YCTONYMBOCTH
(YMEHbIIIEHUEM HCKPUBJICHUS ), CHUKEHUEM TTOTEHITMAIA, ''TIPUBOJIUT K BHIOPOCY
SHEPrHH, CO3JAaHHIO CBOEOOPA3HBIX OSMOLMOHAIBHBIX BONH"*  (mEepBHYHBIX
MaTepuii — mny4dkoBbIX BoaH G, F), uyto "ymioTHser" TrpaHHIy MEXIY
(bU3MYECKUM U TEPBBIM MEHTAJILHBIM YPOBHEM (CHIDKAET aibOeI0 YPOBHS). DTa
BOJIHA PACOPOCTPAHSAETCS B MPOCTPAHCTBE U, BEPOSTHO, MOKET BO3/ICIICTBOBATH
Ha Jpyrue oOBeKTHl (B TOM ymcie mtonei). B cnmocobHocT "u3mydars" Takyro
BOJIHY, @ MOXET, U HE TOJbKO TaKyl0, B IEPBYIO OYepelb MOJ03PEBAIOT TJia3a
(BCTIOMHUM HCIICTICIISIONIMIA B3MJIAI). A BOT BBIBOJ acTpPaJbHOrO Tejda Ha
BEpXHEACTPAJbHBIA TUIAH TMOJOKUTEIBHBIMUA AMOIUSIMH  (IMOLIMOHAIBHBIMU
B3JIETaMH) MOKET OBITh CBSI3aH C YBEJIMYCHUEM MEPHOCTH, HaIlpuUMep, 0
3,00024, uyro TOBBINIAET TNOTEHLIMAJT YPOBHS, CIOCOOCTBYET IMOSBIICHUIO
JIOTIOJTHUTENIHHBIX AJIEKTPOHOB C MPOTHUBOIOJIOKHBIMU CIIMHAMU KaK OJHOMY U3
YCIIOBUM CIMSIHUSI MATEPUM, a TAaKKE YIUIOTHEHUIO aTOMOB (3a CUeT HACHILIEHUE
COOTBETCTBYIOIINX MMOBEPXHOCTEU IOMOJIHUTEIHHBIMU 3JIEKTPOHAMHU).
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OOpatumMcst K JpyruM HETraTUBHBIM

Bo3AeuCcTBUAM. OJHO W3 HHUX — BHEIIHHE
BO3JICMCTBHASI HA aTOM  OINPEJEICHHBIMU
gyacToTaMu — packpbul A.M. XarblO0B u

oueBUIHO Oe3 mosicHeHuil: "atom umeer 4
pabounx moBepxHoctu — NA, LA, FA, RE u
40 HeiitpanbHbIX. Ha3BaHUs MOBEPXHOCTEN HE
cinydyarHoe. IIpu BHemHEM BO3JEHCTBUM Ha

. COOTBETCTBYIOIIMX YacTOTaX aToOM MOYKHO
paspymuTs">. BeposaTHO, pedb HAET 0 HU3KOYACTOTHBIX BOJIHAX, XaPAKTEPHBIX
JUTSL TSDKETIOM POK-MY3BIKM. DTO U OINpPEAEIIeT OCHOBHOM XapaKTep €€ Bpeaa Ha
OpraHM3M uejoBeka. Bmpouem, »TOoT mnpobiieMa YK€ HEOJHOKPATHO
00CcyK/1anach.

WNHtepecHble s HAC  3aBUCUMOCTH
OOHApYXKMJI  JIOKTOp OHOJIOTMYECKHUX  HAYK,
akanemuk PAEH wm PAMTH Ilérp IlerpoBuu
['apsieB — aBTOp Tak Ha3bIBAEMOM BOJIHOBOM
reHeTukd. OH yCTaHOBWJI, YTO HEHOPMAaTUBHAs
JIEKCUKA OTPULIATEIIBHO BIIMSET HA MOJIEKYJIbI
JJHK (to ectp Ha "ammapaTr" pacuieruieHus
MOJIEKYyJl Ha mnepBuuHble Marepuu). Ilo ero
JAHHBIM, OpaHHbIE cl0Ba BBI3BIBAIOT
MyTareHHbIN ¢ dexr, CPaBHHUMBIN c
PaaOAaKTUBHBIM H3JIyYEHHEM MOIIHOCTBIO B TBICAYM PEHTreH. MexaHus3m
BO3AEUCTBUS — pa3pbiB Mojekylnl JHK, u3meHeHume HX MeCTOINOJOKEHHUS.
HeraTtnBHOE BO3IEHCTBHE OTMEYEHO U B CIIy4dae MPOU3HECEHUS IPOKISATUH.

Takum 00pa3oMm, MEpPHOCTh MOXKET XapaKTepU30BaTh  pa3Mepbl
00pa3oBaBIIICiCS B pe3yIbTaTe B3PhIBA CBEPXHOBOU HEOJHOPOIHOCTH, pa3MephI
U CTPYKTYpYy pEILIETKH, a TakKe KpUBHU3HY (OOpaTHYIO BEIWYMHY paauyca
UCKPUBJICHHS B JaHHOW TOYKe MPOCTpaHcTBa). [lociemHss — KOJUYECTBO
MaTepuil, KOTOpblE MOTYT CIUTbCA B '"rpanunax" aaHHoOW MepHocTH (7 1uis
Munrapa-3emiid) U, BEpPOSITHO, MAaKCUMAJIBHYIO OKTaBY (JJIsI CETOIHSIIHErO
nosiokenust Muarapa-3emiu — 512, B TakoM ciydae, JJis TOBBIIICHUS OKTaB
HEOOXOMMMO  YBEJIMYECHHE MEPHOCTH U, 3HA4YUT, 'MOWCK"  OoJbIeit
HEOJHOPOAHOCTH) W moTeHIasoM. C yBeJIMYEHHEM MEPHOCTH pacTeT W
KOJMYECTBO TIEPBUYHBIX MATEPUH, YYACTBYIOIIMX B CHHTE3€ (U3UYECCKU
IJIOTHOTO BEILIECTBA B MTPOCTPAHCTBAX-METABCEICHHBIX.

Anexcanap HukoHoBu4

MockBa
03 oxTs6pst 2016 Tona
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P.S. ABTOop BblpaxaeT riayOouaiiliyto npusHaTenabHOCTh Uropro
MuxaiinoBuuy KoHnapakoBy 3a nomoib B ocBoeHurn HoBbIX 3HaHUM.

1 H.B. NeBawos " CywHocTb 1 pasym" T.1, rnasa 1. KauecTBeHHasa CTPYKTypa naaHeTbl 3emna.

2 A.M. XaTbl60B. "Boga. lumda atoma".

3 A.M. XaTbl60B. "Mporynka no Gu3nyecknm noHATUAM".

4 H.B. NleBalwos. "3epkano moeit aywun". Fasa 32. BONbLIOWK CNOEHBIN NNPOT.

> B.C. /leHoB. "®yHAameHTaNbHble OTKPbITUA KBaHTa NPOCTPaHCTBA-BpeEMEHM (KBaHTOHa) M1
CBEPXCUNbHOrO 3/1eKTPOMarHUMTHoro Bsammogerictama (C3B) .

& A.A. JlyumH. "dusnueckne nona".

" N.M. KoHapakos. "Ypok Ne 14: OT nepBUYHbIX MaTEPUI 10 MNBOW KNeTkn".

8 H.B. NleBawos. "CywHocTtb 1 pasym". Tnasa 1. KayecTBeHHan CTPyKTypa naaHeTbl 3emns.
9B.C. Nlenos. 1.3.3. OcHOBHble Npobaembl Ha MyTU K Teopun CynepobbegmnHeHns. Kak csaputb
3/1eMeHTapHbIe YacTULbl.

10 A.M. XaTbi60B. "TpUTnit — HeM3BecTHoe Havano".

11 A.M. XaTbi60B. "TpUtnit — HeM3BecTHoe Havano".

1211.M. KoHapakos. " Ypok Ne18. Mup Ha BbICOKMX OKTaBax".

13 .M. KoHapakos. "Ypok N214. OT nepBMYHbIX MaTEPUIA [0 KMBOM KNeTkun'".

1% .M. KoHapakos. "Ypok N218. Mup Ha BbICOKMX OKTaBax".

15 Tam se.

16 H,B. /leBalwwos, "HeogHopogHaa BceneHHan".

17 A.M. XaTbiboB. "Boga. HauanbHbii ankbes ana akagemmkos PAEH".

18 A.M., XaTblboB. " [IsnxeHune 8 ConHeyHol cucteme".

¥ ®.0. WkpyaHes. "CeeT/Ibiii BeHnk" H. lesawosa 8 "BaHHom [ene" A. XaTbi6osa 1 Tpyaosas
JNlonaTta". FnaBa 5. Knetka — B3aumoaeincTeme B rapMoHUMU.

20 B A. MepeaHos. "Cnosapb 3bl4eHMA" MO HOBbIM 3HAHWAM.

21 .M. KoHapakos. "Ypok N218. Mup Ha BbICOKMX OKTaBax".

22 11.M. KoHgpakos. "Ypok Ne17.MHorobpasue 1 rapmoHua MakpoKkocmoca'".

B H.B. NleBawos. "CyLwHOCTb U pasym"

24 H.B. Nlesawos. "CywwHocTb 1 pasym". Tnasa 1. "KauecTBeHHanA CTPYKTypa naaHeTbl 3emna’.

% H.B. Nlesawos. "HeogHopoaHas BcenenHaa". BanaHne maTtepuasnbHbIXx 06bEKTOB MUKPOKOCMOCA
Ha OKpY’KatolLiee MX MPOCTPAHCTBO.

26 1.M.KoHapakos. "O matepun G".

27 A.M. XaTbl60B. "3epKano coBpemeHHOMN HayKun".

28 A.M. XaTbi60B. " OCHOBbI HeHEeCHOM MexaHWKKU. TeHHan MHXKeHepus, UK BKnaa [uoreHa B
pa3BUTME COBPEMEHHOMN HayKn'".

2 Tam xe.

“I'naBa 5. bonblwas Jlonata B $pM3MKe NPoLLEeCCoB.

31 A.M. XaTbI60B. "3epKano coBpemeHHOMN HayKn".

32 A.M. XaTbi60B. "OcHOBbI HebeCHON MexaHUKW. FeHHas UHXeHepusa, aun Bknag JuoreHa 8
pa3BUTME COBPEMEHHOMN HayKn'".

3 Tam xe.

34 H.B. Nlesawos. "MocnegHee obpalieHne K yenoseyectsy". Mnasa 2. BOSHUKHOBEHME XU3HU Ha
3emne.

% Tam e

36 A.M. XaTbl6oB. "Mos3r (nouTtu no [JapsuHy), nav nogpakanue Cendry".

37 A.M. XaTbl60B. "W npo H/O Toxke".

% ¢, [. WkpyaHes. "CseT/lbiit Bennk" H.Jlesawosa 8 "BaHHom [ene" A.XaTbibosa n Tpyaosas
Nonara. Mnasa 3.7. CmBoIMKa MHGOPMaLMOHHOIO obecneyeHums.

39 H.B. Nlesawos. "MocnegHee obpalieHne K YenoseyecTsy". BAMAHME CYLLLHOCTM HA OPraHU3mM U
NCUXMKY YenoBeKa.
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40 H.B. Nesawos. "CywHocTb 1 pasym". T. 1. Mnasa 3. Mpupoaa amoumit. Ponb smouumii B 380a10UMUN
HKU3HU,

41 Tam xe.

42 B.A. MepexaHoB. "[IbixaHne Kak MHAMKaTop npeobpa3osBaHusa mo3ra u nporpammbl "Ceet/1".

43 H.B. Nesawos. "MocneaHee obpatieHne K yenosedectsy". Nasa 2. BO3HUKHOBEHWNE XU3HM Ha
3emne.

44 H.B. Nesawos. "MocneaHee obpateHue K yenosedectsy". Masa 10. EAMHCTBO 3aKOHOB
MWKPOKOCMOCA M MaKpoKocMmoca BceneHHoOM.

45 A.M. XaTbI60B. "3epKano coBpeMeHHOM HayKKn".

46 H.B. NNesawos. " CyuiHocTtb 1 pasym". T.1. Fnasa 3. Mpupoaa amoumit. Ponb amouumii B 3B0AOLUN
KU3BHW.

47 H.B. Nesawos. "MocneaHee obpateHue K yenosedectsy". Masa 10. EAMHCTBO 3aKOHOB
MMKPOKOCMOCA U MaKpOKocmoca BceneHHoM.

48 H.B. lesawos. " CywHocTb 1 pasym". T.1. Fnhasa 3. Mpupoga smouuin. Ponb smouumii B 380110LMK
KU3HU.

4 Tam xe.

50 A.M. XaTbi60B. "Boaa".

Ilepen namm craths Ausiekcanapa CepreeBuua HwukoHoBHHAa,
KOTOpBII peun pa3o0paTtbcss U MPEAJIOKUTh CBOE BHJIEHUE B
HaBEJACHUHU «MOCTOB» MEXIy ABYMs KOHUenuusMu HoBbIX 3HaHMIA.
Kak nuiier cam aBTOp — «3TO mepBas npobda nepa». M 310 oTpanHo,
YTO B HAIEH CPElIe MOSBIAIOTCS UCCIEIOBATENM, KOTOPBIE, ITBITAFOTCS
IpU HAMKMCAHUU CTATeH, MTOMUMO LIMTHUPOBAHUS PAabOT OCHOBAaTEJIEH
HoBbix 3Hanuii, camu no0paTbCsi A0 CYTH, 3aJI0KEHHOH B 3TUX
3HAHUSAX, POYNATATh TO, YTO HAIMKMCAHO «MEXKIY CTPOK», TEM CAMBIM
nomoub llountarensm HoBbix 3HaHuN pazo0paTbCsd B CIOXKHBIX
Bompocax. [[ns oTBeTa Ha BOMPOCHI, KOTOPHIE YACTUYHO 3aJI0KEHBI B
Ha3BaHUU CTaTbHU. ABTOp aHanu3upyeT 50 UCTOYHMKOB MH(POpMAIUH,
IPUBOJS HAa HUX CChUIKU. Takue MCCleIoBaHMs CIIOCOOCTBYIOT Oosee
aKTUBHOMY Pa3BUTHUIO YEJIOBEKA, KOTOPBIA MOXKET OBITh YBEPEH, UTO
€ro Nnpuriacsar B baxto.

ABTOp MO XOJly HamMCaHUs CTAaTbU 3aJa€T PSAJl BOMPOCOB, KAK
cebe, TaK U YUTATENsIM, Ha KOTOPbIE€ CaM MbITAETCS OTBETUTh. 3/1€Ch HE
UCKIIFOUEHBI OIIMOKH, KOTOpbIE HE M30€XaThb B HCCIIEI0BATEIbCKOM
pabote. Ho Takue cTaThu HY>KHBI M JOJKHBI CTUMYJHUPOBATH HOBBIX
aBTOPOB HA HAIIMCAHUE HE TOJIBKO CTATEN MUCCIEN0BATENBCKOTO IJIaHA,
HO ¥ Hay4YHO-TIONYJISIPHBIX.

Xo4y IOXKEeJaTh aBTOPY NAIBHEUIIMX YCIIEXOB, KAK B HAy4YHO-
MCCIIETIOBATENBCKOM, TAK U MPOCBETUTEIBCKON AEATEIILHOCTH.

Konapakos .M.
05.10.2016 .



