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B xHUTE aBTOp M37MaracT CBOIO TEOPMIO MUPO3AAHUS. DTa TEOPHS TTO3BOJISIET
O0OBSICHUTD IPAKTUUECKHU BCE SIBJICHUS KUBOU U HEXMBOM Npupoabl. Paccma-
TpHUBasi B3aMMOACICTBHE HEITPEPHIBHO U3MEHSIIOLIETOCsl HEOMHOPOIHOIO IIPO-
CTAaHCTBA C MaTepMeEl, KOTOpast UMeeT KOHKPETHBIE COBICTBA M KAYECTBa, aBTOP
BBOJUT MOHSITHE «KBAHTOBAHUE IIPOCTPAHCTBA 110 MaTepusim». [1ono00HbI nmo-
XOJI TO3BOJISIET CBECTU BCE MPUPOAHBIC SIBJICHUS B OAHY TApMOHUYHYIO, HEIPO-
TUBOPEUYUBYIO crcTeMy. M, Kak ciiecTBIEe, BIIepBbIie BO3HMKAET BO3MOXHOCTh
OOBSICHUTH MPUPOIY TPABUTALIMOHHOIO, MATHUTHOTO 1 3JIEKTPUUECKOTIO MO0~
JIeil, KaK pe3yJbTaT B3auMOJECTBUSI HEOAJHOPOIHOIO IMMPOCTPAHCTBA C HEO-
JTHOPOIHO pacmpeneaeHHOM B 3TOM IMPOCTPaHCTBE MaTepueit. Mcnob3yst mpuH-
LIMIT HEOJHOPOIHOCTH, aBTOP ITOKA3bIBAET EAMHCTBO 3aKOHOB ITPOPO/IbI Ha ypO-
BHE MaKpoO- U MUKpOKocMoca. BriepBrie copMyarpoBaHbl HEOOXOAUMBIE U
JIOCTATOYHBIE YCJIOBUS JIJIsI BOSHUKHOBEHUS XKM3HY HE TOJILKO Ha HaIlleH T1j1a-
HeTe, HO M Ha MWIMapaax Apyrux IIaHeT ¢ MOMEHTA X BOBHMKHOBeHMs. KHura
MpeICTaBIIsIeT UHTePEC IJIs YYEHBIX U prsiocodoB, CrieiMaancToB, Mpenoaa-
BaTeJIei 1 IIMPOKOTo Kpyra ynTaTesieii, KoMy HeOe3pa3IMIHbI ITpo0JIeMbI TT03HA-
HUSI XKU3HU Ha 3eMJIe U IOCTVKEHHSI BBICIIIETO YPOBHSI CO3HAHMSI pa3yMHOI Ma-
TepUMN.
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OT3biB HAa MOHOTpPaduI0 aKaeMUKa
H. Jlesamosa «Heoanopoanas Beenennaga»

CoBpeMeHHas1 HaydyHasl KapTuHa Mupa niu BeceseHHo (rped. pan. jart.
universum — BCE TO, UTO CYIIECTBYET) CO3IaETCs, Oarogaps LeJIeHaIIpaBJICH-
HbIM (pyHIAMEHTAJIbHBIM MCCJIEIOBAHUSIM, SKCIIEPUMEHTAIbLHBIM HAOII0e-
HUSIM YYEHBIX U (PHUI0CO(PCKOMY OCMBICICHUIO NOJTYyYEHHOM MM UH(POpPMa-
LIMM, Ha KOTOPOI OCHOBBLIBAIOTCSI HAyYHbIE TEOPUU, OOBSICHSIIOLIE HEOObI-
YyHbIe (PaKThl U YIIyOJsiolue MoHuMaHue npupoanl BeenenHoii. IToHstue
«Hay4YHas KapTWMHA MHUpa» aKTMBHO MCHOJIb3yeTCS B €CTECTBO3HAHUU U
(prnocodpun ¢ koHua XIX Beka. OgHaKko, crieMaaibHbII aHAIN3 €r0 COAepKa-
HUS CTaJl IIPOBOAUTHCS 00JIEE MIIM MEHEE CUCTEMATUUECKH TOJILKO C CEPEAHBI
XX BeKa, HO 10 CHX Op OJHO3HAYHOTO €T0 MOHUMAaHMS HEe JOCTUTHYTO. Be-
POSITHO, 3TO CBSI3aHO C OOBEKTUBHON pa3MbITOCTBIO U HEOMPEAEIEHHOCThIO
caMoro noHsATus BecesleHHas, 3aHUMAIOIIETO CBSI3YIOLIEE TTOJI0XKEHUE MEXKIY
CcOOCTBEHHO (PMJIOCOMCKUM U €CTECTBEHHOHAYYHBIM YPOBHSIMHU 0000I1IEHNS
1 MAPOBO33PEHYECKOT0 OCO3HAHUS PE3YJIBTaTOB, METOIOB U TCHACHIIMA Ha-
y4yHoro no3HaHusa Mupa (BcenenHnoit). IIpobnema no3Hanuss BceneHHOM
WCTOPUYECKM OYEHBb JTABHO BOJHYET U (puaocodoB, U YYEHBIX. ECTh Heco-
MHEHHBIE YCIIEX1 B OOBbSICHEHUM TallH Mupa, HO U €CTh CEPbE3HBIC ITPOOJIEMBbI
B TOJKOBAHMM HOBBIX OTKPHITUMA (DM3UKOB, XMMUKOB, OMOJIOIOB U APYTUX
y4eHbIX. UMEHHO B 3TOM KOHTEKCTE MOSIBJIEHUE PelLieH3UPyeMOii MOHOrpa-
(un — OTUETIMBOE CBUAECTEILCTBO TIYOMHHBIX CABUIOB B COBPEMEHHOM
pus10cOPCKOM BOCIIPUATUM caMOl MpobaeMaTuku (peHoMeHa BcesleHHOM,
HEOJHO3HAYHOTO MOHUMAaHUS IPUPOABI €€ ObITHSI B HAYYHOM Cpejie.

Axkagmemuk Hwukonaii JleBaloB mpeanpuHsSI HENPOCTYIO 3aaadyy I10
Hay4YHO-(PUI0cOPCKOMY MEPEOCMBICIIEHUIO CaMUX MCTOKOB MOHUMAaHUS
(pbenHomeHa BeeneHHoOM B uctopuu pryiocopun M COBpeMEHHOM HayKe, Aes1ast
aKIIEHT Ha OHTOJIOTUYECKME OCHOBAHUS B OCMBICIIEHNM (DEHOMEHA CaMOpa-
3BUTHSI HEOMHOPOIHOM BeeneHHo. TpanuiimoHHO BC€ MHOrooopasue n3Bec-
THBIX YEJIOBEUECTBY OOBEKTOB M CBOMCTB BO BCeieHHOI neisiT Ha Makpo- 1
MUKPOMMUPHI. YK€ BO BBEIEHUU CBOEW KHUIU, aBTOP BIOJIHE MPaBOMEPHO
YTBEPXKIAET, UYTO «3Ta MpodJieMa OyaeT CyIIECTBOBATH 10 TEX IOP, ITOKa He Oy-
JIET CO3JaHa KapTMHA MUPO3IaHUSI, HA OCHOBAHUY MOHUMAaHMS 3aKOHOB Ma-
KpPOKOCMOCa U MUKpoKocMmocar» (25 ctp.). M ata punocodckast Mbicib pedpe-
HOM IIpoliljia yepe3 Bcro MoHorpaduio H. JIepamona.

A moHorpadus H. JIeBaioBa, 6eccriopHo, SIBJI€HUE, U, KaK JI000¢€ SIBJe-
HYE, OHA 3aCJy>KMBAET CAMOTO CKPYMYJE3HOTO aHAJIMTUYECKOTO PACCMOTpE-
HUS. JJoMUHMpPYIOLIAsI UAesl KHUTYA COCTOUT B TOM, YTO UICTOPUYECKOE CTAHO-
BJIEHME U COBPEMEHHOE pa3BUTHE KYJILTYPbl HAy4YHOTO ITo3HaHus BeceneHHoi
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MPOUCXOIUT, OJ1arogapsi KOJOCCATbHON MBICIUTEIbHOM paboTe TYyUIINX Mbl-
cauTesne Bcex BpeMEéH M HapojoB. Cama MocTaHOBKa ITpOOJIEMBI O
HeoJHOpoJaHOI BceneHHoM B cTopry GMJIOCO(PCKOM MBICIY NPEACTaBISIET
HECOMHEHHbI MHTEPEC U B TEOPETUYECKOM, M MPAKTUIECKOM ILIaHe, IMO-
CKOJIbKY CBsI3aHa C BBISICHEHMEM YCJIOBUI MOSIBJACHUS XKU3HU U YEJIOBEKA —
CyOBEKTa OCMBICIICHHOMN XU3HEACATCIbHOCTU U PA3BUTHUS JYXOBHOM U MaTe-
pUaIbHOM KYJABTYpbl. ABTOP YMEJIO BOBJIEKAET YMTATENIS B Ipouecc puitocod-
CKOT'0 MEePEOCMBICICHUSI BEYHBIX ITp0o0JIeM ITO3HAaHUS ObITUS U pa3BUTHUs Bee-
JIEHHOM M pa3JIMUHbLIX €€ CTpYyKTyp. M 3TO — BecbMma HerpocTas 3agada v 1Jisl
aBTOpa KHUTHU, U JJIS1 TF0OOTO YuTaTelisl U, TeM Oosiee, peueH3eHTa. [loaTomy
s1 00Opallly BHUMAaHME YATATEIe KHUTY TOJBbKO HA OVH M3 HAM0O0JIee aKTyallb-
HBIX, HA MO B3IJIsI[, BOIPOCOB, KOTOPHI MOAHUMAETCSI aBTOPOM B €I0 MO-
Horpaduu, 1, MO COOTBETCTBYIOILIMM YIJIOM 3pEHMS, JaM OOIIYI0 OLIEHKY
aToil padote H. JIepamona.

Peunb noiiaer 06 aHanuze pujiocopcKkoro OCHOBaHUS HOBOTO acCIleKTa B
TEOPUM MO3HAHUSI — HEOAHOPOoAHOCTU BeeneHHoi. Oco00 BBIAETIO JIUIIL He-
KOTOPbIe — KJIIOUEBbIC Y3JIbl IPOOJIEeMbl IO3HAHUSI CYTU BceneHHOM, 13J10-
>KeHHbIe y H. JIeBamroBa B ero kHure. Mo€ BHUMaHue TIPUBIEKIO METOHAOJIO-
rMyeckKoe u3MepeHue aBTOpoM pojIn 1 3HaueHus puiocodckoro pakTopa B
WCTOPUYECKOM CTAHOBJICHUU HAyYHOM KapTUHBI MUPa, T10 MEPE CKJIaIbIBAHUS
palLOHaJIbHO-TEOPETUYECKOIO BUIeHUsI BeeaeHHOM. AHAIM3Y 3TOM BaxkHeTi-
1Ie¥ IIpoOIeMBbI ITO3HAHMI Mupa CrieIMaIbHO MTOCBAIIEHA IIepBasi Il1aBa KHU-
' «<AHaJIUTUYECK1I 0030p». B Hell M3710XKEHbI U KPUTUUYECKU IEPEOCMBICTIC-
HBI IpeBHeIIe MUprIecKre U aHTUYHbIe PrIocoPCKre MpeacTaBIeHUS U
B3TJISIIbI BBIJAIOIIMXCS MBICJIUTENIC Ha MUP, U IPEBHUE BO33PEHUSI ITPOCTHIX
JIIoJeil Ha ObITME YeJioBeKa B MUpe NMpUpoabl. «B McTopumn yesoBedyecTBa
Ha0JII01aJI0Ch HECKOJILKO NEPHUOAOB B3JI€ETA HAYUYHbIX ITpeacTaBiieHUi o Bee-
JICHHOM, — TMOJIYE€PKMBAET aBTOP, — HAa CMEHY KOTOPbIM IPUXOAWIIN LIEJIbIE
BIIOXY HEBEXXECTBA U BapBapcTBa. BOKpyr coOXpaHUBIINUXCS OCKOJIKOB UCTUH-
HOT'O 3HAHWSI HAUMHAJIN CO31aBaThCsl «HOBBIE» TEOPUU MUPO3AAHMSI, KOTOPLIE,
TOJIbKO K COBPEMEHHOCTHU, JOCTUIJIM HEKOM 3aBeplueHHOCTU». W nanee —
«IIpeacraBineHus o npupoae BeelleHHOM oTpaxKaloT M ONpeacsiioT YPOBEHb
pa3BUTHSI HAYYHOI MBIC/IM Y TEXHUKU, a TAKXKE, OIIPEIEISIIOT Oyaylliee pa3BU-
THE UUBUIN3ALIMA B 1IeJI0M» (67 CTp.).

ITpuBiiekaeT BHUMaHMe U KOHLIENITYaJbHbIM XapakTep MoHorpaguu. Bee
€€ TeopeTUUYeCKEe MOJOXEHUS U MpaKTUUeCcKre HAOII0AeHUSI OpraHUYeCKU
B3aMOYBsi3aHbl. OHM CKJIaIbIBAIOTCSI B CTPOMHYIO 1 CTPOTYIO HAyYHO-(PUJIIO-
co(pCKy10 cUCTEMY OCO3HAHMS 1 00bsICHeHUs1 BeceneHHOM, Oyaydr MpOHU3aH-
HBIMU CKBO3HBIMU OOBEAUHSIOILIMMU Y3aMU (PUI0CO(PCKOTo aHATUTUYECKOTO
OCMBICJIEH!SI BCETO HOBOT0O. ABTOp M3JIaraeT OHTOJIOTMYECKUE MPOOIEeMBbI
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BcenenHoit HeoTaeaMMo OT mpobyieM rHoceosiorun. IIpobnemaTrka mo3Ha-
HUSI HEOJHOPOIHOCTU BceneHHOM paccMaTpuBaeTcsl yepe3 Npu3My HOBOTO
MMOHMMaHMs HEOAHOPOAHOCTU MPOCTPAHCTBA. AHAIM3Y 3TOM KIIOYEBOM ITPO-
OJiIeMbI aBTOP NOCBITUJ (DAKTUUYECKM JIBE TJIaBbl: BTOPYIO U TpeThio. B HUX OH
CKPYNYJIEZHO MEPEOCMBICINI COBPEMEHHOE OTHOIIIEHNUE K TAKUM (PUIIOCOd-
CKMM M HayYHBIM ITOHSITUSIM KaK «MaTepUs», «<IIPOCTPAHCTBO», «BPEMSI» U JIP.
K sTomy cnenyet no6aBuTh, 4To akageMuk H. JleBaloB, mpu TpaauliIMOHHOM
noHuMaHuu Matepuu (71 cTp.), KaKk OObeKTUBHOM peaJbHOCTU, TPUHLIATIM -
aJlbHO MHa4Ye CyIUT O MHOTOOOpa3uu cBsi3eit GopM U BUIOB MaTepUU C MPO-
ctpaHcTBOM. M, eciu mpeanonoXuTh, YTO CYILIECTBYET MHOXECTBO TUIIOB
i (opM MaTepum, Kaxaasi U3 KOTOPbIX OTJIMYAETCS OT APYroil CBOMMU
CBOMCTBAMM U Ka4eCTBAMM YACTUYHO WM IMTOJIHOCTBIO, U 3T (DOPMBI MaTe-
PUU «HAKIAAbIBAIOTCS» Ha MMPOCTPAHCTBO C HEMPEPHIBHO U3MEHSIOIIUMUCS
CBOICTBaMU 1 KayeCTBaMu, — (PUIOCOMCKU Pa3MBIIIUISIET aBTOP, — TO BO3HU-
KaeT pacnpeaesieHue 3TUX CBOOOAHBIX (DOPM MaTepuu MO NPOCTPAHCTBY IO
MIPUHLNIY TOXAECTBA MEXIY CBOMCTBAMU MPOCTPAHCTBA U (popM MaTepuu (83
CTp.). ABTOp pacCMaTpuBaET CUCTEMY MAaTPUYHBIX TPOCTPAHCTB, 0OpPa30BaH-
HBIX CMHTE30M MaTepuil ogHoro tuma. B kjiaccuyeckoit punocodum mnpo-
CTPAHCTBO, KaK COOCTBEHHO BpeMs U ABVMXKEHUE, IPEACTABIISIIOT B BUAE HE-
OTBEMJIEMBIX CBOMCTB (aTpnOyTOB) Matepruu. HoBoe BuaeHNE ObITUS MaTEpUN
1 IPOCTPAHCTBA MOPOAUT HEMPOCThIE THOCEOJIOTMYECKIE MTPOOJIEeMBbI, KOTO-
pble HE CYLIECTBOBAJIM paHee B HAYYHOM T€OPUM ITO3HAHMUSI.

B 31011 KHUrE TIpenIoXeHO HeMAaIO MPUHLIMITAAIBHO HOBBIX OAX0OJ0B K
OCMBICJIEHUIO ITPpo0JeM BceceneHHOM, BepBble Ha3BaHbI OCTPbIE BOIIPOCHI, O
KOTOpPBbIX (uaocodbl ellé¢ He MUcalu. ABTOP CTPEMUTCS MPEATOXUTDL P
MPUHLMOKXAIBHBIX IPOOJIEM, UCXOASI U3 KPUTUUECKOTO (PDUI0COPCKOro 0co-
3HAHMS XapaKTepa UBMEHEHUI B KAUECTBEHHOM COCTOSIHMU IPOCTPAHCTBA,
KOTOPbBIE MPOSIBIISIIOTCS, IPEXK]IE BCEro, B UBMEHEHU Y KAY€CTBEHHOT'O COCTO-
SIHUSI MaTepUU. DTy, IO CYyTU, PEBOJIOLIMOHHYIO MbIC]Ib, akageMuk H. JleBa-
IIIOB ITOATBEPKIACT CIACAYIOIIMMU cloBaMu: «M3MeHeHHe KauyeCTBEHHOTO
COCTOSIHMSI MaTepUM BJIUSIET HAa KaUY€CTBEHHOE COCTOSIHME MPOCTPAHCTBA C
oOpaTHBIM 3HaKOM. B pe3ynbraTe HaMuMss MeXAy NpOCTPAaHCTBOM 1 MaTe-
pueii oOpaTHOM CBSI3U, MPOSBIISIONICICS B UX B3AaMMHOM BJIMSIHAW APYT HA
Jpyra, BO3HMKaeT KOMIIEHCAllMOHHOE PaBHOBECHE MEXIY IIPOCTPAHCTBOM U
MaTepuen, Haxodsliencs: B 3ToM IpocTpaHcTBe» (114 c1p.).

CrpykTypa MOHOIrpapuu mocTpoeHa BOKPYT OCO3HAHWSI HEOTHOPOTHOCTHU
MPOCTpPaHCTBA BO BceieHHOM, KakK IJTaBHOM HayYHO-(PpUI0CcOPCKON TPOOIEMBbI
MBICJISIIETO YeJloBeuecTBa. Mexmy mpoOJieMaTUKON HAydHOTO J10KA3aTeb-
cTBa ObITHSI HEoJHOpOoAHOM BeeneHHol 1 e€ duyiocopckuM 0CO3HAHUEM CY-
ILIECTBYET IJ1y0OKasl coaepxartejabHasi B3auMocBsI3b. MMeHHO dustiocodus
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cnocoOHa B3aMMOYBSI3aTh MPUPOAY HAYYHOI'O UCCJIENOBAHUS TTOJIBUKHOCTHU
HEOJHOPOJHOTIO IMPOCTPAHCTBA U €T0 BPEMEHHYIO pa3MepPHOCTb. Tak, paccy-
XKaast O «BHYTPEHHEM JIOTUKE» YCTOMYMBOCTU U HEYCTOMYMBOCTU COCTOSTHUS
CJIOXXHBIX CUCTEM, aBTOP MpaBOMepHO 3asiBisieT: «CaMbIM IPOCTHIM aTOMOM
SIBJISIETCSI aTOM BOAOPO/1A, CJIOKHBIMUA — TPAHCYPAHOBBIE SJIEMEHThI. ATOMBI
BOJIOPOAA — CaMbl€ YCTOMYMBBIEC 3JIEMEHTHI BO BCceleHHOM, TpaHCypaHOBBIE
— COBCEM He YCTOMUYMBBIE U TIPAKTUYECKU BCE M3 HUX CYLIECTBYIOT TOJIbKO B
MCKYCCTBEHHBIX YCIOBUSX M “XXKUBYT’ MOPOU MUJLTUAPIHbBIE JOJIM CEKYHbI,
a To 1 MeHbIe» (179 cTp.).

E1e coBceM HeTaBHO CUMTANIOCh, YTO CYLIECTBYIOT TOJbKO YETBIPE DJI€-
MEHTAPHBIX YACTULIBI — MIPOTOH, HEMTPOH, 3JIEKTPOH U POoTOH. CeroaHs oT-
KPBITHI HOBBIE 3JIeMEHTApHbIC YaCTULIbl U MHOTOYUCJIEHHBbIE MTPOLIECCHI UX
B3aMMHBIX IIPEBpALIECHUIA. DTU SIBJICHUS XOPOILIO OMMCAaHbl aBTOPOM M KPaco-
YHO MpPEACTaBIeHbI UM B pucyHKax. OH yOoeIuTeIbHO MOKa3aJl, KaK CyIeCTBO-
BaHME OJHOI YacCTULbl, TaK WJIM MHA4Ye, CBI3aHO C HAJIMUMEM JPYrou, mpu
O00BSICHEHMM €AMHCTBA IIPUPOIBI MAKPOKOCMOCA M MUKpPOKOcMoca. Tak, co-
[JIACHO aBTOPY, «“d€pHasi Ablpa’ MAaKpOKOCMOCA CO3IAET BOKPYT CE0SI MOIITHOE
paavagbHOE IPaBUTALIMOHHOE MoJie (paauaibHbINM Ieperiag MEPHOCTH ) BBI3bI-
Balolliee pacriaj 00l MaTepuu. AHAJIOTMYHO, BHYTPEHHUI 00bEM CIUpaIn
mosekyssl PHK vnu IHK, co3gaét mogoOHbIe yCa0BUS, MPUBOASIIME K pa-
cnaay IUIEHEHHBIX MOJIEKYJ, MO AEMCTBUEM CTOSIYEil BOJIHBI MEPHOCTH.
Cnpaib 3TUX MOJIEKYJI BEIET Ce0s1 UIEHTUYHO “YEPHOM AbIpe” MaKpOKOCMO-
ca, 4yto no3BousieT Ha3BaTh Mosiekya1y PHK viu JIHK “yé€pHoit gbipoii” Mu-
KpokocMoca» (cTp. 260-261). [IpobaeMa MponucxXoxXaeHUs XKU3HU — OdHA U3
HanOoJiee CJIOXHbBIX, HO U CAMbIX MHTEPECHBIX B MO3HAaHUU (peHOMeHa Bcee-
JieHHou. Eciiu uctopus pa3BUTHS >KM3HU Ha 3eMJIE 3a ITOCIeaHMEe 4 MIIPI. JIET
He BBI3bIBACT MPUHLMIIMAIbHBIX pa3HOIIACUI Cpeau YUEHBIX U (pra10CcodOB,
TO BOIPOCHI MPOUCXOKICHUS Y SBOIIOLIMY XU3HU BbI3BIBAIOT HEIIPEKpallla-
o1ecs cropbl. M1 B 1aHHOI paboTe aBTOpP pa3MBbIIISIET 00 SBOIIOLIAM XK1 -
BOT'O MMpa, KaK pa3BeTBJIEHHOM, MHOIOILZIAHOBOM npoiecce. MI3BeCTHO, 4TO
B COCTaBE COBPEMEHHOI (payHbI U pJIOPBI COCYILIECTBYIOT BUbI, IPEACTABIISI-
I01IME COOOM MOCIEAHNE 3BEHbSI CAMbBIX PAa3JIUYHBIX PSIIOB Pa3BUTHUS XKUBOTO
BEILECTBA U CTOSIIIME Ha KAYECTBEHHO pa3HBIX YPOBHSIX €r0 OpraHU3aluu.
Akanemuk H. JIeBalios, B CBSI31 C 3TUM SIBJICHUEM, PACCMOTPEJT SIBJICHUS HE-
OpPraHMYeCKOro U OpraHu4YeCKOro B3auMOIeACTBUS 3JIeMEHTAPHBIX YaCTHII,
aTOMOB, MOJIEKYJI U T.[. 3aBeplilasi HaydyHYIo paboTy, OH CpaBeIJIMBO 3aKJII0-
YaeT, YTO B Heli: «Ha OCHOBE MHOTOYPOBHEBOM XXMBOI MaTEpUU BIIEPBHIE 110~
Ka3aHbl MEXaHW3MbI MyTallUii, HAKOIJIEHUS UX U Mepeaadya HOBBIM MOKOJIe-
HUSIM XHBbIX OPTaHU3MOB, UTO, B CBOIO OUYEPE/Ib, SIBJISICTCS PYHAAMEHTOM JJIsI
MOHUMAaHMS 3BOJIOLIMOHHOIO Mpollecca XKUBOU Mpupoabl» (299 ctp.).
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Peuensupyemasa moHorpadusa H. JlesamoBa «HeomHoponHas BceneH-
Hasl» IpeJCTaBIsIeT HECOMHEHHBIN MHTEPeC IJIS1 YUYEHBIX-€CTECTBEHHUKOB U
ryMaHUTapUEB, CIICLIMATMCTOB U MpenoAaaBaTeieii, 1a U IUPOKOTO Kpyra Yn-
TaTesieil, MO0 MOAHSThIC B Hell HeTPaJULIMOHHbIE BOITPOCHI O HEOTHOPOJHOCTU
BO BcenieHHOI 1 camoli BeesleHHOM — BecbMa aKTyajlbHbI, TOBOJBLHO MPOOJIe-
MaTUYHBI 1 TPEOYIOT CAMOCTOSITEJIbHOTO TBOPYECKOTO MPOUYTEHUS M OCMbICJIC-
HUS. A 3TO 3HAYUT, YTO TBOPUYECKUIA MOMCK HayYHO-(PMUIIOCO(PCKUX OTBETOB Ha
«BEYHBIE» BOMPOCHI O 3araJloyHOM CaMOpa3BUTUU BceleHHOM, MO3BOJISIET
MOHSITh BCIO «3bIOKOCTb» IMPUBBIYHBIX UCTUH WJIM CIOXKUBILIMXCS MTPEJCTaBIIC-
Huii o Mupe. B utore, MoxXHO e11€ pa3 cKa3aTb, 4To MOoHorpadus H. JIepamio-
Ba OyaeT MMeTh 00JIbIlIOe 3HAaUYEHME I YYEHBIX U (putocodoB, mpenogaBa-
TeJIe U BCeX TeX, KTO NPpodeCCUOHAILHO 3aHMMAETCs Ipo0IeMaMuy IT03HAHUS
Bcenennoit. Akanemuk HukoJait JleBaioB BriepBbi€, ITOXKaAyi, B IIPaKTUKE
Hay4YHO-(pUI0codCKOro nuccieaoBanus (peHoMmeHa BceleHHOM 1 CTaHOBIIE-
HUS €€ OBITUSI, CKPYITYJIE3HO OCMBICIIMBAET U caMU (PUJIOCOPCKO-METOA0JI0-
rmyeckre OCHOBaHMS mo3HaHus. OH yMeJo MOJb3YyeTCsl AUaJeKTUYSCKUM
METOIOM 3MITUPUYECKOTO U PALIMOHAJIbHO-TEOPETUUECKOTO PACCMOTPEHUS
HeogHopoaHocTu BceenenHoit. KiroueBast uaest aBTopa 0 HEOGHOPOIHOCTHU
BcenenHoit monydmniia xopoluiee HaydyHOe 0OOCHOBAaHME U KpPUTUYECKOE (DU -
JJoco(pcKoe OCMBICICHUE TPU aHaIU3e UM KapTuHbI Mupo3nanus. [1oapo6-
HBIA U IIYOOKMI aHaJIM3 aBTOP OCYLIECTBUII B 3aKJTIOYUTEJILHON YETBEPTOM
raBe MoHorpadnn «Heobxoaumble M 1OCTaTOYHBIE YCIOBHSI BOBHUKHOBEHMS
>KU3HU BO BceneHHo» , KOTopast HOCUT JOCTaTOYHO paJIuKaIbHBIA XapakTep.
B Heli n37102XeHBI OCHOBHBIE TTapaMeTpPhl ITOSIBJICHUS XKU3HU, a TJTABHOE — Ka-
YeCTBEHHbIE OCOOEHHOCTU (PYHKLIMOHUPOBAHMSI OPraHMYECKUX MOJEKYJI.
ABTOp paccMaTpuBaeT MX, KakK, CBOETO poaa, HEOOXOAUMbIE OOBbEKTUBHEIE
YCJIOBUSI BOBHUKHOBEHMS XXU3HU Ha 3eMJjie U MWUIMapAax ApyTrux IIaHeT BO
Bcenennoit. MoHorpadwus H. JleBanrosa 3aciyXkKuBaeT CaMOi BBICOKOM OLICH-
k1. OHa — nokasarteab PyHaaMeHTaIbHOCTU BKIaga akagemuka H. JIesaniosa
B cTaHOBJIeHME puytocodpun BeeneHHoli. MoHorpadus npeacrasiisieT co0oi
3aME€THO€ MpoABMXKeHHE Ha (PUI0COPCKOM TOMNpHUlle pa3pabdOTKM COBpe-
MEHHOI Teopuu nmo3HaHus KocMoca. DTo — MoaJIMHHO IPOPBIBHOM HAyYHO-
(prnocodckuii Tpya, KOTOPbI OYAET UMETH (4e€pe3 OCBOCHUE €T0, IIPEXAE BCE-
ro, y4€HbIMU U PprsiocodamMm) orpoMHOE 3HaUEHUE MTPU U3YYEHUU CTyIeHTa-
MU 1 acMpaHTaMU Pa3IMYHbBIX KOHLIEIIIWI COBPEMEHHOI0 €CTECTBO3HAHMSI,
3aMHTEPECOBAHHOIO U HEMPEIB3SITOr0 MPOUYTEHUS HETPaaAULIMOHHBIX ITOIX0-
JIOB YYEHBIX U prj1ocodOB, pa3padaThIiBalolIMX aKTyaJabHble IPOOIEMBI ITO-
3HaHus Bcenennoit. MoHorpadwus akagemuka H. JIeBamosa «HeogHopoaHast
BcenenHasi», HamucaHa CTPOrMM, OECHPUCTPACTHBIM aKaJaeMUUECKUM
s13bIKOM HayKu. C y4€ToM xapakTepa TeMbl MOHOTpa(uu, B Hell OTCYTCTBYET
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CYOBEKTUBHO-TUYHOCTHOE OTHOILIIEHUE K KAKUM-JIMOO TEOPETUYECKUM TP -
CTPACTHUSIM M OOBIIEHHBIM CYKIEHHUSIM O COCTOSTHUM Mupa. M 5T0 — npaBuiib-
HO, 00, peLieH3UpyeMasl HaydHass MOHOTpagusi — cTporas UCcie10BaTeIb-
ckasl pabota. BMecTe ¢ TeM, ITOXBaJIbHO, UTO aBTOP, B LIEJISIX JOCTVXKEHUS JTy4d-
LIEro YSICHEHMS CJIIOXHBIX CIOXETOB MUCCIEAOBAHUS, MPUOEraeT K SIpKUM
00pa3HbIM CpaBHEHMSIM U3 OOBIICHHOM >XXM3HU. TaK, OH BOBHUKHOBEHHE KO-
JiebaHMi1 MEpHOCTU IPOCTPAHCTBA, IPU B3pbIBE CBEPXHOBOI 3BE3/1bl, CPABHU-
BaeT C BOJJTHAMM, KOTOPHIE TTOSIBJISIIOTCSI HA TOBEPXHOCTHU BOJIbI ITOCJIE OpOCKa
kamHs1. Unu, nutupyto: «I[IpeacraBum nepBUYHbIC MaTEPUU OJHOIO THIA, KaK
«KyOMKM» OOHOTIO pa3Mepa U paCCMOTPUM, KaK MaTEpUM B3aMMOJIEHICTBYIOT
JIPYT C IPYTOM B 30HE€ HEOOTHOPOIHOTO MPOCTpaHCTBa». Mu, 011 OObsICHEHUS
rpoliecca Iepexojaa aToMa M3 YCTOMYMBOTIO COCTOSIHUSI B HEYCTOMUMBOE,
aBTOpP CPaBHMBAET 3TO SIBJICHHWE C 00pa3oM SIM Ha J0porax, 3aIlOJHSIEMbIX
BOAOM BO BpeMs noxad (cTp. 142, 172, 201, 198-200).

3akaHuuBas aHaau3 MmoHorpaduu H. JleBaioBa, xoTenoch Obl €1IE pa3
3aMETUTh, YTO 3TY CAMOOBLITHYIO KHUTY MOXHO PEKOMEHAOBATb HE TOJbKO
YYEHBIM U puitocodam, rIpenogaBaTesisiM U MearukaM. OHa OyIeT Mmoje3Ha 1
BCEM T€M, KOMY HeOe3pa3IMUHbI TPOOJIeMbI ITO3HAHUS BOOOIIE, KTO, TaK WU
nHaye, uHTepecyeTcs: puaocodpckM rno3HaHmeM Mupa 1 03a004eH IMMOMCKOM
MyTel U CPEeACTB MO3HAHUS U TIOHUMaHUS CTAHOBJICHUS XKM3HU Ha 3eMiie U
€€ DBOJIIOLIMM 10 JOCTUXKEHMS BBICILIETO YPOBHS — pa3yMHOI MaTepuu (4ye-
JioBeka). PazpabateiBaemas H. JIeBaloBbIM KOHLIETILIMS HEOTHOPOIHOM Bee-
JICHHOI1, IO3BOJIUT, B OyAylleM, IIPeABUACTb U MMPeACKa3blBaTh OObEKTUBHbIC
MPOLIECCHI B MAKPO- 1 MUKpoMupe. B MoHorpadrmn HamedeHbl HOBbIE TTEPCIIe-
KTUBHbIE HallpaBJIeHUs JaJibHEWIeH (pyHIaMeHTaIbHOM UCCJIeN0BaTEIbCKOM
pabOThI B 3TOM 00J1aCTU HAyKU U (PUIOCO(PUN.

Hrax, moHorpadus H. JIeBalmoBa — 3T0 3aMeTHOE COOBbITUE B MUPOBOI
purnocodpuu nozHanusg BeceneHHol. OHa MPOHUKHYTA NIyOOKHMMMU pPa3Mbl-
LIIJIEHUSIMU O POJIY Y 3HAYEHUU (PUI0COPCKOro Hacaeausi 1 COBPEMEHHOTO
MOMCKa B 001aCTA TEOPUX MO3HAHMS BOOOIIIE.

Xpycmaaee IOpuii Muxaiiaoeuu — dokmop ¢hunocog-
CKUX HAyK, npogeccop.

IIpedcedamenw [Ipobaemuoeco yuebHo-memoou4eckoeo
Cosema no eymanumapuHomy obpa3oeanuro 8 8y3ax
Munucmepcmea 30pasooxpanenus Poccuu. Ynen
Hayuno-memoouueckoeco Cosema no gurocopuu
Munucmepcmea obpaszosanus Poccuu.
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Or aBTOpa

3aKOHbBI IPUPOIbI POPMUPYIOTCS HA YPOBHE MAaKPOKOCMOCA I MUKPOKO-
cMmoca. YenoBek, Kak >KMBOE€ CYIIECTBO, CYILIECTBYET, B TAK Ha3bIBAEMOM,
MIPOMEKYTOYHOM MUPE — MEXIY MaKpo- 1 MUKpoMupoM. M B aToM mpome-
>)KYTOYHOM MUPE YEJIOBEKY ITPUXOAUTCS CTATKUBATHCS TOJBKO C MMPOSIBJIEHUEM
3aKOHOB IIPUPOABI, a HE C HUMM HenocpeacTBeHHO. Kak ciencTBue 3T0rO,
BO3HUKAET IIpo0JIEMa C CO3MAaHUEM ITOJHOLECHHOM KapTUHBI MUPO3IAHMUSI.
Brta npobiiemMa OyaeT CyllecTBOBaTh A0 TeX IOp, IOKa He OyaeT co3maHa
KapTWHA MUPO3JaHUSI, HA OCHOBAHUU IMMOHMMAaHMS 3aKOHOB MaKpOKOCMOCa
1 MUKpOKocMoca. Kak ObI 10JIr0 MbI Obl HE CMOTpPEJIM Ha BEPXYILLKY aiicoepra,
IO TEX MOpP IOKAa KTO-TO HE COOOpa3UT HBIPHYTH I1OJ BOAY WU HE YBUIUT
arcoepr LEJIMKOM, BCE MOMNBITKU OIMCAHUS €ro OyayT, B JIy4llEM Ciydae,
HENOJHBIMU. AHAJIOTUYHO OOCTOMT JIEJIO0 U C «aiicoeprom» muposaanus. [1o-
Ka KTO-HUOYIb HE «<HBIPHET» B BOJIbI HEBEIOMOTO, BCE TTOIBITKY CO30aTh Kap-
TUHY MUPO3JaHUsI, KAKUMU Obl OHU HE Ka3aJUCh KPAaCUBBIMU, OKAXKYTCsI HE-
cocTosITeIbHBIMU. MICTOpHS MO3HAHMS YEJTOBEKOM ITPUPO/IbI CIYKUT MOJTHBIM
MOATBEPXKACHUEM 3TOTO.

OnHa 13 OCHOBHBIX MPUYMH NOAOOHOIO 3aKJIF0YAETCSI B TOM, UYTO OpraHbl
YyBCTB, KOTOPbIE YEJIOBEK MCIIOJb3yeT MPU CBOEM IMO3HAHWUM MPUPOAbI, HE
JAI0T €My TaKO BO3MOXXHOCTH I10 OAHOM nmpocTtoit mpuuurHe. [Ipupona co3na-
Jla OpraHbl YyBCTB Y€JIOBEKA HE AJIsl TOT0, YTOOBI OH (U€JI0BEK) CMOT IT03HATh
npupoay. OpraHsl 4yBCTB Y€JIOBEKA, BIIPOYEM, KaK M OpTaHbl YyBCTB KMBOT-
HBIX M PACTEHUI, BO3HUKJIM U PA3BUBAIMCH, KAK MEXaHMU3M agalTaluyd U
MPUCIIOCOOJIEHMS KaXXI0TO BUAA XUBbIX CYILIECTB K 9KOJOTMYSCKUM HUIIIAM,
KOTOpbI€ OHM 3aHUMAIOT. YeT0BEK CTajl UCITOJIb30BaTh CBOM OPraHbl YyBCTB U
JIJTSI HAKOIIEHMSI, COXpaHEeHUs U epeaadyu nHgopmauuu cede mogooHeM. Ho
3TO — MHAPOPMALIMS O MPOMEKYTOYHOM MUPE, a HE O MAKPOMUMPE UJIN MUKPO-
mupe. Ha 4to, K coxxaneHuro, He oOpallaeTcsl BHUMaHue. A, 3ps. [lotomy, 4To
pacmnosarasi TOJIbKO IISIThbIO OpraHaMM YyBCTB, JaXKe pacLIMPEHHbIMU C [TIOMO-
IIbI0 IPUOOPOB, MMPOCTO HEBO3MOXHO OMKCATh U CO31aTh MOJHOLIEHHYIO
KapTUHY MUpo3aaHus. /1151 TOro 4ToObl CO31aTh IMTOJHOLIEHHYIO KAPTUHY, He-
00XOAMMO MMETh BO3MOXXHOCTb OJHOBPEMEHHOTO HAOMIOAECHMS, KaK HaJl-
BOIAHOM, TaK 1 MOABOAHOMN YacTel «aricoepra» MUPO3AaHUSI, YTO BOZMOXKHO
TOJIbKO TIPY TOSIBJIEHUM NOIOJHUTEIbHBIX OPraHOB YUYBCTB K IISITU CYILIE-
CTBYIOLIUM.

[TpakTyecKM KaxKIbIi KEJAIIU MMEET BO3MOXHOCTh IOJYYUTH
ONBITHBIM ITYTEM J10KA3aTeJIbCTBA OTPAHUYEHHOCTU HAIlIMX OPraHOB YyBCTB.
M 1151 3TOro He HY>KHO KaKMUX-JIMOO CJIOXHBIX SKCIIEPUMEHTOB, a TOJILKO,
HBIPHYB I10J, BOAy 0€3 MaCKW, OTKPBITh I1a3a. KapTuHa moaBomHOro Mupa
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MpeacTaHeT Mepe] HalllMM B30POM B UICKaXXEHHOM BUJIE: (OPMBbI, PACCTOSIHUS
He OyIyT COOTBETCTBOBAThb peajlbHbIM. M HET B 3TOM HMKAKOTIO IapagoKca.
I1aza yenoBeka amanTUpOBaHbl K BO3AYILIHOM Cpele, a Ijla3a pbl0 1 APYrUx
MOJIBOAHBIX XHUTeJIei — K BOOHOU. Yl mosToMy rnoaBogHas KapTUHa OyIeT 1c-
KaXXEHHOM JJIs1 yejloBeKa, a Ha3zeMHast — JJisk pbl0. YTo ke roBOpUTh O Ka-
YEeCTBEHHO APYTUX SIBJICHUSIX TPUPOJIbI, C KOTOPHIMU YEJI0OBEK HUKOTIA HE
CTAJIKMBAJICSI U1 HE MOXKET CTOJKHYThCSI TTOCPEACTBOM CBOMX ISITU OPTraHOB
YyBCTB?

Camoe MHTepecHOe — HUMKTO 00 3TOM He 3agymbiBaeTcs. M, Kak cien-
CTBHME, HayKa, pa3HbIe €€ OTpacu, IPEeBPATUIUCH B CJIETIBIX U3 CTAPO MHIYC-
CKOIi TIpUTYE O CJIOHE, KOTJa TPOMX CJEIbIX NONPOCUJIM OINMCAaTh CJIOHA.
Kaxxaplit 13 HUX, HATKHYBIIKCh Ha KaKyl0-TO YaCTh CJIOHA CITELLIMJI OITMCATh,
yepes3 CBOU OIIYIIEHMs, BCero cjioHa. YTo M3 3TOro mojydyuaoch U3BECTHO
KaXJIOMy, €CJIM HET — TO HE CJIOXKHO TpeacTtaBuTh. K coxajieHuto, BCsl UC-
TOpUS TEOPETUUYECKO HayKM, KOTopas MblTajach CO31aTh KapTUHY MUPO-
31aHUsI, OYEeHb CUJIBHO HAallOMMHAET MPUTUYY O TPEX ciaenbix. M, 4To uHTe-
pPECHO, MPaKTUYECKU BCE BEJIUKKUE OTKPBITHS YeJIOBEUYECTBA ObLIM CAETaHbI
YU4EHBIMM B MOMEHTBI, TaK Ha3bIBaEMbIX, TIPO3PEHUI, 03apeHMi1, KOTOPHIS
BCEra «JeXasu» 3a mpeaejiaMy ISITU OpTaHOB YYBCTB YeJIOBEKa.

Ho u 3T0 He 3acTaBUIIO YesoBeKa 3ayMaThCcsl Hajl BOIIPOCOM — YTO MO-
>KHO TIOJIYYUTh C TIOMOIIBIO TISITU OPTaHOB YYBCTB U YTO HYXKHO 151 TTOJTHO-
LIEHHOTI'O IMO3HaHUsI IPpUPOAbI. B TO ke camoe BpeMs1 HeJib3s1 U BAHUTH 3a 3TO,
KaK HeJIb3sl BUHUTD CJICTIOr0 OT POXKASHUS 3a TO, UYTO OH HE B COCTOSTHUU T10-
HSITh U IPOYYBCTBOBATb KPAacOTYy M KpacKu OKpyxKarollei nmpupoabl. EnuH-
CTBEHHAas1 BO3MOKHOCTb JOCTUTHYTb 3TOTO JJIsI CJICTIOTO — MPO3PETh.

MHe x0Te0Ch Obl BEpUTh, UTO 3TO Y MEHSI TTOJIYYMIOCh U, B pe3yJibTaTe
MOJIOOHOIO «IIPO3PEHUS», YAAI0Ch CO31aTh IpemaiaracMyto Baiemy BHUMa-
HUIO TEOPUIO, U3JIOXKEHHYIO B JAHHOM KHUTE.

Axademux H. Jlesamos
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IIpenucioBue. AKTyaJbHOCTD MPOOJIEMbI

ITosiBneHue yenoBeKa U 3apOXICHUE Y HETO CO3HAHUSI Hepa3pbIBHO
CBSI3aHO C TOIbITKaMU IMMO3HAHMS UM OKpYKarolero mupa. Becb Mup B cBoeii
OECKOHEYHOCTHU, 0€3rpaHUYHOCTU U OECIIPEIeIbHOCTU HE JaH YEJI0BEKY B €TO
HenocpeacTBeHHOCTH. OHTOIOIrMYECKUI ITOAXO0A JA€T BO3MOXKXHOCTb OXBAaTUTh
MHUp, KaK 1Iejaoe, KaKk cuctemy. TakuM oOpa3om, OHTOJIOTUSI OTBEYaeT Ha
BOIPOC: B YEM CYLITHOCTh MUPO3daHUS U MUpOoNToHUMaHus. Cneuudpuyeckast
(purnocodckast mocTaHOBKA BOMPOCa, KOTOPYIO MBI BCTpeYaeM y ApeBHErpe-
yeckux puinocodon Paneca, AHaKcMMaHIpa U AHaKCMMeHa, COCTOUT B
MOMNBITKE YCTAHOBUTH MEPBONPUYNHY, TIEPBOOCHOBY, KOTOPHIE MOIJIU OBl
0O0BSICHUTH BCE OECKOHEYHOE MHOIroo0pa3ue MPUPOIHBIX SIBJICHUA.

dajiec cunTaa TakuM IIepBOHAYaJIoM Boay, AHaKCUMeH — Bo3ayX, lepa-
KJIUT — oroHb, KceHodan u [lapmMeHus — 3emiio, T.e., B 001LIEM, T€ XKe, Ka-
3aBIIMECS B IPEBHOCTHU Jajie€ HEPA3JIOXKUMBIMU CTUXUU, KOTOPbIE Mbl HAXO-
JUM U B APEBHEWHIUMCKON, U B ApeBHEKUTANCKOM HaTypduriocopuu. JIniib
AHaKCHUMaHIp BBIABUHYJI, B KAUeCTBE TAKOIO MMepBOHAYaia, HEKYIO HEOIpe-
JNEJIEHHYIO TEePBOCTUXMIO, KOTOPYIO OH O0O3HAYMJI CJIOBOM <«aleMpOH».
JleiOHMII HavyajoM CUYMTaJl MOHANY, T.€., IPOCTYIO0 CYOCTAaHLIUIO, KOTOPas He
BO3HMKAET U HE UCUE3aET, He MUMEET YaCTeil 1 MOXKET ObITh ITOJIy4YeHa TOJIbLKO
myTeéM TBopeHus. Kaxnasg MoHaaa 10JKHa ObITh OTJIMYHOM OT IPYroi, v, Kak
JIt000e TBOpPEHUE, MOHA1a MOJBEpXKEeHA OeCIIPEepbIBHOMY U3MEHEeHM10. M3Me-
HEHMS MOHAJIbI UICXOIST U3 BHYTPEHHETO HavaJja, T.K. BHCIIHSS IPUYNHA HE
MOXKET MMETb BIMSHUS BHYTPU MOHAIAbI. DNUKYpP, JIeBkunm, JeMOKpUT u
KaHT moyiaranu, 4Tto nepBOHAYajJbHBIM COCTOSIHMEM MPUPOIbI OBLIO BCE-
o0l11Iee paccesiHUE NEPBUYHOTO BEILIECTBA BCEX HEOECHBIX TeJ1 — aTOMOB. JIeB-
KU 1 JIeMOKpUT Toarajim, 4To 0eCKOHEYHO He TOJIBbKO YMCJI0 aTOMOB BO
BCEJICHHOI, HO Y YUCJIO BOBMOXKHBIX JJISI HUX (popM, T.€. uX PUryp, ouepra-
HuM. Yucio 3Tux pasnnyHbeix GopM — OECKOHEYHO. JloKa3aTeabCTBO
OECKOHEYHOro uuciaa GpopM aTOMOB, KOHEYHO, HE MOTJIO ObITh SMIOUPUYE-
CKMM, BCJIEACTBUE HEBUIMMOCTU U HEOCSI3a€MOCTH 3TUX (popM, a TOJbKO
JIOTUYECKMM. DTO yUEHUE CTAJI0 HOBBIM 1 BITOJIHE OPUTMHAJIbHBIM CITOCOOOM
pelIeHNsI €CTECTBEHHOHAYYHOU U (pu10CcOPCKOM MPOoOIeMbl, KOTOpas Oblia
MOCTaBJICHA Iepe] IPEUECKOM MBICIIBIO 3JIeHlIaMU C X YYCHUEM, COTJIACHO
KOTOPOMY UCTUHHO CYyIliee ObITME HE MOXET HA BO3HUKHYTh, HY IOTMOHYTh.

JleBkurnm u JIeMOKpUT, TaK ke, Kak DMIeI0KJI U AHaKcarop, CorjaacHbl
C 3TUM T€3UCOM, HO, BMECTE C TeM, OOPOJIMCH IIPOTUB BO33PEHUI 3JICHIIEB,
OTPULIABLIMX MBICJIMMOCTb MHOXECTBA Y MBICJIMMOCTD IBUKEHUS. DMITETOKIT
MBITAJICS PELINTH 3Ty 3a4a4y, pa3padoTaB TUITOTE3Y O YETHIPEX «KOPHSIX BCEX
BEILIECTB» U O IBYX CUJIaX, KOTOPBIMU OHU MPUBOASATCS B ABMKECHUE. AHAKCa-
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rop Ty Xe 3a1a4y IbITAJCS PELINTh, BBIABUHYB TMIIOTE3Y O CYLLIECTBOBAHUM OT-
JIeJIbBHOTO OT BCETO «yMa» — MEXaHMYECKOM ABMKYILEN CUJIbI, KOTOpasl Ipu-
BOJIUT 3TH YaCTULBI B IBM>KeHMEe. Ho HU DMnenoki1, HU AHaKcarop He mpej-
ToJiarajau, 4YTo 3JIEMEHTAPHbBIC YACTULIbI BEIIECTBA SBJISIIOTCS a0COIIOTHO HE-
JenuMbIMUA. UMEHHO 3Ta MBICIb CTAHOBUTCS OCHOBOI MaTepUATUCTUIECKOMN
dunocodpun n pusuku Jlepkurmma u Jlemokputa. Teopuss 0 HEBUIMMBIX HAMU
aToMax BbITeKaeT U3 HAOIIOACHU I Had TPOLIECCaMU U SIBICHUSIMU, TIPOHUCXO-
JSIIIMMU B YyBCTBEHHO BOCIPUHUMAEMOI pupoje. Teoprst aToMr3Ma BO3HU-
kia y JleBkunna u JlemMmokpuTa Ha OCHOBAHMM HAOJIOJEHUI M HEKOTOPBIX
aHanoruii. 1o pazssicHenno Cumnunus, Jleskuri u JleMOKpUT NOCTyJIM-
pOBaJiM CYILIECTBOBAHNE OECKOHEYHOIO0 MHOXECTBA aTOMOB IOTOMY, YTO
OE€CKOHEYHOCTh He00X0aArMa 111 OOBSICHEHM S BCEX SIBJCHWI, HAOII01aeMBbIX
B (prznueckom mupe. ToJIbKO TEM, KTO CUMTAET aTOMbI 0€CKOHEYHO MHOTUMU
10 YMCJY, YAAETCS AaTh BCEMY pa3yMHOE 00bsICHEHUE. DTO 0OOCHOBAaHUE —
KJIACCUYECKUI TIPUMEP BO3HUKHOBEHHUSI HAYYHOI TMITIOTE3HI.

AToMHUCTHYECKOE yueHHE JIeMOKpHUTa pa3BUBAJIIOCH B HEPA3PBIBHOM CBI3U
C TIOHSITUEM O BEYHOCTU BPEMEHM. APUCTOTEb ITMCAJl, YTO BEYHOCTb BPEMEHU
obL1a 111 JleMokpuTa CpeacTBOM 10Ka3aTeIbCTBA TOIO, YTO CYILECTBYET HE
BO3HUKIIIee ObITHE. 3a uckiaodeHueM IlnaTtoHa, Bce punocodnl, Kak yKa3bl-
BaJI ApMCTOTENb, CYMTAJIM BpEMSI HEPOXIEHHBIM. YueHue JIleBkummna u JleMo-
KpUTa O KaueCTBaX TeJ ObLIO COBEPIICHHO HOBOM TOUYKOU 3pEHNSs, BIEPBLIC
BBEAEHHOM B IpeBHETpeYecKyto praocoduro 1 HayKy. OHO OCTaBUJIO ITy00-
KM cief B pa3BUTUM PUBUKU, XUMUU U PUI0COPCKOro TOHMMaHUsI IPUPO-
Ibl. Bo33peHUs 3T pe3KO pacXoIUIUCh C TOCHOACTBOBABIIMMMU B 5 B. 10 H.3.
npeacTaBicHUIMU. MpbICcau 0 6ecKoHEeUHOCTU BceneHHo u 06 ogHOBpe-
MEHHOM CYIIIECTBOBAHWY B HEM O€CUMCIIEHHOTO MHOXECTBA MUPOB C TPYIOM
MPOKJIAIbIBAIN CE0€ MYyTU B CO3HAHUE JIOJICHA.

KaHT nprHMMaI aTOMUCTUYECKYIO TEOpUIO DNuUKypa, JleBkuima, JleMo-
kpuTta. Tak, DnuKyp npeamnoaarai, YTo CylIeCTBYET TSXKECTb, 3aCTaBIISIOIIAS
NagaTh MEPBUYHBIEC YaCTULIBI MaTepun. ETo Teopuss HEeMHOTMM OTJIMYAETCS,
npu3HaBaa KaHT, or nppHuMaeMoro uM HelotoHoBa nputsikeHusi. HakoHell,
BUXPHU, BOZHUKIIINE U3 OECIIOPSA0YHOrO IBUKEHUS aTOMOB, COCTABUJIM OJIUH
13 TJIaBHBIX IIYHKTOB B cucteMe JleBkuppa u JleMoKpuTa, 1 3TU BUXPU
BCTpEUYalOTCd B KOCMOroHndeckou reopun Kanra. B To xe Bpems, KaHT ro-
BOPUT, UTO BbILLIEHA3BaHHbIE CTOPOHHUKM YYEHUSI O MEXaHUCTUUECKOM ITPO-
HUCXOXIEHUU MUPO3IaHNsI BBIBOJUIN BCSIKWIA HAOJII01aeMblii B HEM MOPSIIOK
13 CJIETIOTO CJIy4yasi, KOTOPbIM CTOJIb YIAYHO OOBEIMHUII aTOMbI, YTO OHU CO-
CTaBWJIM OJTHO CTPOMHOE 1IeJ10€. DNUKypa, HallpuMep, OH KPUTUKOBAI 3a
YTBEpPXKIEHUE, YTO aTOMBbI, JaObl OblJIa UX BO3MOXKHAasl BCTpeda, 0e3 BCAKOM
MIPUYMHBI OTKJIOHSIOTCSI OT CBOETO MPSIMOJIMHENHOTO IBUXKEHMUSI.
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Bce atn punocodsl, roBOpMII OH, TIPUNKUCHIBAJIN TPOUCXOKICHUE XUBbIX
CYLLIECTB CJICIOMY CJIy4alo U IOMCTUHE BRIBOAWIN pa3yM U3 HepazyMusi. KaHT
BUJIEJI POJb BBICIIETO padymMa B IIpolieccax, NPUCYILIMX 3aKOHAM MaTepuM,
KOTJa U3 €€ COCTOSIHUSI OJTHEMIILIETO pa3I0XKEHUSI U paCCesTHUS €CTECTBEHHO
pa3BUBAETCS HEKOE IIPEKPACHOE CTpoHOE 1iea0oe. OH oTMeda, YTO MaTepusl,
COCTABJISIIONIAS TIEPBUYHOE CYILECTBO BCEX BEIIECH M MOJUMHEHHAS U3BECT-
HBIM 3aKOHaM, JOJKHA 1aTh IpeKpacHbIC CoOUYeTaHUsI. DTOU MPUUNHOM 10JI-
>KeH ObITh bor, moToMy 4To npupoaa, 1axe B COCTOSIHUM Xaoca, MOXET ACi-
CTBOBATh TOJILKO MPABUJILHO U CIaXXEHHO. B OTHOILLIEHUM CTpOEHUS U IBU-
>KeHUsI HebecHBIX Tes1, KaHT roBopuii, 4To, pa3 jaHa MaTepusi, KOTopas, 110
MIPUPOAE CBOEI, OfapeHa CUJION IIPUTSKEHUS, HETPYIHO ONPEACIUTD T€ TP -
YUHBI, KOTOPbIE MOIJIM COASMCTBOBATh YCTPOSHUIO CUCTEMbI MUpa, paccMa-
TpruBaeMoM B 1iejaoM. HeoOxoamumo, 4ToObI TEJIO IIpUOOPEJIo IIapO00pa3HyIO
(opmy 1, 4TOOBI CBOOOIHO TapsIIMe Teja COBEPIIAIM KPYTOBOE IBUXKEHUE
BOKPYT LIEHTPAa, K KOTOPOMY OHM TATOTEIOT. B3auMHOe pacnoioxXeHue OpouT,
COBIMAACHUE HAIIPABJIEHUS, SKCLIECHTPUCUTET — BCE 3TO MOXKET OBITh OOBSICHE-
HO MPOCTEUIIMMU MeXaHUYEeCKUMU MpuyrnHaMu. B 1o xxe Bpemsi, KaHT npu-
3HAET, YTO JIerye NOHSTh IPOMCXOXKACHME BCErO YCTPOMCTBA MUPO3AAHMSI, YEM
TOUYHO BBISICHUTh, HA OCHOBAaHWM MEXaHUKW, BOSHUKHOBEHME OJHOI TOJIBKO
MNBIJIMHKY UJIU TYCEHULIBI.

Heob6xonyuMo oTMeTUTh, 4TO caM KaHT OOBSICHS BEJIMKUU MOPSI0K
IPUPOABI TOJIBKO CUJION MPUTSKEHUS U CUJIOM OTTaIKMBAHUS, KOTOPBIE O~
HaKOBO NEepBUYHBI U BceoOmm. O0e oHU 3aMMCTBOBaHbI U3 puaocopumn
HproToHa, KOTOPHII CUEST BOBMOXHBIM OTKA3aThCSl OT €CTECTBEHHOI KOCMO-
roHuu. KaHT 3aMeHMJI aHTOJIOTHIO TPaHCLEHIEHTaIbHOI (puocodueil, T.e.,
CUCTEMON MOHATUI Y MPUHIIMIIOB, KOTOPbIE MPEAIIECTBYIOT OIBITY alIPUOPH,
HO JAHBbI YE€JIOBEKY UYBCTBEHHO M MO3TOMY MOTYT OBITh IMOATBEPKIACHBI
onbIToM. KaHT olleHMBaeT CBOIO TMIIOTE3Yy, KaK HOBBIII BUTOK B Pa3BUTUU
TEOpUU MUPO3AaHUsI, OCHOBAHHOI Ha BCEOOIIMX 3aKOHAX NpuUpoabl. B coBep-
IIEHCTBOBAaHWY TUIIOTE3 MUPO3AAHUS, a TAKXKE, PEIICHUU MOJOOHBIX ITPO-
0s1eM, He0OXOIMMO 00palIAThCS TOJIBKO K ecTeCTBeHHOM punocopuu. Pusn-
yecKas Xe 4acTbh HayKu 0 BcesrleHHOM MOXeT ObITh B OyaylleM 1OBeIeHa 10 Ta-
KOTO XK€ COBEPIICHCTBA, 10 KaKoro HbI0TOH N0OBEN €€ MaTeMaTUYECKYIO YacCTh,
oTMmevas KaHr.

HMcxonHoe nonoxeHue ¢puyiocodpun lerenss — TOXAECTBO ObITUS U MbI-
LIIJIEHWS, T.€., TIOHUMaHUE pealbHOTO M1pa, KaK MPOSIBJICHUS U, TOHSITHUS,
Jyxa. DTO TOXIECTBO paCCMAaTPUBAIOCH, KAK UICTOPUYIECKHU PA3BUBAIOLIUIACS
OpolecC caMONO3HaHUs aOCOJIOTHOM naeer caMoit cedsi. B ocHOBe Bcex
SIBJICHUIA TIPUPOJBI K OOILIECTBA JIEXKUT a0COJIOT, JYXOBHOE U Pa3yMHOE Ha4yaIo
— «a0bcoTI0THAs Uaesl», «MUPOBOM pazyM» WIN «MUPOBOU TyX». DTO HAYaJIO
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— aKTUBHO U JESITEAbHO, IPUYEM, NEATEIbHOCTb €r0 COCTOUT B MBIIIJICHUH,
a ToyHee, B camonnoHuMmaHuu. Ilo Ieremto, oHTONOTMS — 3TO ydeHUE 00 ad-
CTPAKTHBIX OIpeaeaeHUs X cylnHOCTU. OH oTMeydaJsl, 4To Aj1s 00jiee paHHUX
omnpeaesieHUi A OHTOJIOTUM B UX OOHOOOpa3uy U KOHEYHOI 3HAYMMOCTHU He Cy-
ILIECTBOBAJIO IIPUHILIMIIA U OJIMKaMIIee Coaep>KaHUEe MOTJIO ObITh OCHOBAHO Ha
MpeaCTaBJIEHN, Ha 3aBEPEHUN, a UHOTOA, Takke, Ha aTuMoiornu. Cucrema
Ierens mpenBocxuTuiaa UACK €IMHCTBA OHTOJOTWHU, JOTUKU U TEOPUU
MMO3HAHUS, U 3TUM yKa3ajia BbIXOJ K TO3UTUBHOMY MO3HAHUIO MUpA.

PazButne HayuyHo#i Mbiciu B 20 BeKe, Kak 1 B Mpeablayle Beka, Tpedo-
BaJI0 HOBOTO OOOCHOBAHMS OHTOJIOTMYECKOM runore3bl. M oHa mosBuiack
cJiyyaitHo. JIopeHII moJiydn ouepeIHble MaTeMaTUYeCKKUE ITpeoOpa3oBaHus,
a OUHIITENH NOABEN MO HUX JBa MOCTYJIaTa:

1. I[TpocTpaHCTBO MPUHMMAETCS U30TPOITHBIM, KOI 1A CBOMCTBA €ro He 3a-
BHUCST OT HAIIPaBJICHUS U PACCTOSIHUSI.

2. CKOpOCTh CBeTa MPUHMUMAETCS, KAK KOHCTaHTa U, KaK MaKCUMaJlbHasl
CKOPOCTb IBUKEHMSI MaTepUaAIbHBIX 00BEKTOB. I pyrumMu cioBaMu, CKOPOCTh
CBeTa He 3aBUCHUT OT IIPOCTPAHCTRBA.

Dta Teopus cTana (pyHIaMEHTOM NPEACTaBICHUM O MPUPOJI€ MPOCTPAH-
CTBa.

Bmecte ¢ TeM, HEKOTOpbIE OTKPBITHS MOCeIHE YETBEPTU ABAALIaTOTO
BE€Ka 1 HayaJia ABaALAaTh IIEPBOr0 HE HAXOIIT OOBSICHEHUM B CYILIECTBYIOIIMX
nocryJjaTtax. Pe3yabraTel aHann3a 6a3bl JaHHBIX, ITOJYYEHHBIX 3a IpeaeaaMu
3eMHOI aTMOC(depbl MOCPEICTBOM paauoTeIeCKONa, OnyoJIMKOBaHHbIE B 1997
rogay aMepruKaHCKUMHU acTpodusukamu boprom Poaimanrom mn JIxkonom Paii-
CTOHOM, CBUJIETEJIBbCTBYIOT O TOM, YTO BCEJIECHHAsi — HEOJHOPOIHA.

DKCIepUMEHTHI NPOBeAEHHbIE JOKTOpOM JItomknHOM BaHT B MpUHCTOH-
CKOM HayYHO-MCCIeJ0BaTEIbCKOM UHCTUTYTE 1aIU OLISTOMJISIIOLLE PE3YIb-
TaTbl — MYYKU CBETA IIEpeMeIIaINCh B 0CO00I ra30Bo Cpeae CO CKOPOCTHIO
B 300 pa3 ObicTpee, YeM TEOPETUYECKU AOITyCTUMasi ckopocTb. B Utanuu,
JIpyras rpynmna (pM3uKOB IoJIydria JaHHbIE O paCIIPOCTPaHEHUU MUKPOBOJIH
CO CKOPOCTBIO Ha 25 MIPOLIEHTOB BbIIIE€ TEOPETUYECKU JOITYCTUMOIA.

He n36exana nogoOHOM ydyacTy U saepHas ¢pusuka. Tak, OCHOBHOI 3a-
KOH COBPEMEHHOM (DU3MKU, 3aKOH COXPAaHECHUS MaTE€pUH, IJTACUT, UTO MaTe-
pusl HUOTKYyJa He TOSIBJISIETCS M HUKyda He ucye3aeT. [IpumeHuTenbHO K
CHHTE3Y YaCTULI B XOAE SIACPHBIX peaKlnii, 3TOT 3aKOH MOXKHO 3aM1caTh B CJIe-
IYIOLLIEM BUJE:

m; + m; > m; (1)

Jpyrumu cjioBaMuy Macca, BOZHUKIIAS B pe3yJibTaTe CUHTE3a YaCTULIBI,
JIOJKHA ObITh MEHbIIIE WA PAaBHOM COBOKYITHOM MacCe YaCTULL €€ CO30aBIIIMX.
OnmHako, B HEKOTOPBIX AKCIEPUMEHTAX Macca BO3HUKAIOIIEH YaCTUIIHI,
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MOPOIi, HA HECKOJIBKO MOPSAKOB IIPEBHIIIATIA COBOKYITHYIO MACCY YaCTHlI, €€
CO3aBIIUX:

m; + m; << ms (2)

OTU U MHOTHE IPYTHUE IKCIIEPUMEHTAIbHBIE JAHHBIE TOBOPST 00 0Uepe/-
HOM KPH3HUCE B HAyKe, T.€. BOZHUKJIA HEOOXOAMMOCTh B HOBBIX MOAXOHAX, T1-
MoTe3ax, MO3BOISIOLINX JAaTh O0ObSICHEHUS TTOJTYYE€HHBIM OTKPBITUSAM. Briep-
BbI€ B HayKe IPEIIOKEHA KOHILIENIIUSI MAaKpO- U MUKPOKOCMOCa, HA OCHOBE
WUIEU HEOJHOPOAHOCTU IPOCTPAHCTBA. DTa UAEs MO3BOJIMIa 000CHOBATh U
OOBSICHUTH MMPAKTUYECKU BCE SIBJICHUS XKMBOM M HEXXUBOM TIpupoabl. Hempe-
PBIBHOE€ M3MEHEHUWE MEPHOCTU IPOCTPAHCTBA B PAa3HBIX HAIIPABJICHUIX
(rpagMeHThl MEPHOCTH) CO3JAET YPOBHMU, B IIpeieiaX KOTOPBIX MaTepusi UMEET
onpeleeHHbIE CBOMCTBA M KauecTBa. [1pu mepexone M3 OgHOro YpOBHS B
JIPYroi, MpOUCXOOUT KAYECTBEHHBIN CKAYOK CBOMCTB U MPOSBJICHUI MAaTEPUU.
Ha ocHOBaHMM 3TOT0, 000CHOBBIBAETCS CYLLIECTBOBAHUE NPYTUX BCEJICHHBIX.

OCHOBOM UaE MaKPOKOCMOCA SIBJISIETCSI CUCTEMA B3aMMOIECTBYIOIINX
MEXY COOOM BCEJIEHHBIX, KAY€CTBEHHO OTJIMYAIOIIMXC ApyT OT apyra. [1o-
JOOHas MO3MLIMS BIEPBBIE Ja€T BO3MOXHOCTb OOBSICHUTD TaKUE SIBJICHUS, KaK
«4€pHBbIE ABIPBI» U CYLLIECTBOBaHME, TaK Ha3bIBAEMOM, «dark matter», KOTOpbIe
ObLIM OOHaApyXEHbI, B Pe3yJbTaTe aCTPOHOMMUYECKUX MCCIAECNOBAHUN U
pacyeToB.

Ha ypoBHE MMKpOKOCMOCA CO3MaHHAS KOHLICILIMS MTO3BOJISIET OOBSICHUTD
SIBJICHME PAAMOAKTUBHOCTU, IPUYMHBI KOTOPOTO HUKEM HE OOBICHSINCH. B
TO X€ caMO€ BpeMs, 3Ta TeOPHS ITO3BOJISIET OOBSICHUTD 1 3araaky xxu3Hu. Ha
npumMmepe aHaausa noseaeHus MosieKyabl PHK Bupyca B BogHOI cpeje, Kak
IPOCTEUIIETO XXMBOIO OpraHN3Ma, BHE BOJHOM Cpelibl — KaK OPraHU4eCKOM
MOJIEKYJIbI, OOBSICHIIOTCS KAUY€CTBEHHBIE MPOLIECCHI, TPOUCXOIAIINE TPU
BTOM, U JAETCS NOHUMAHUE KAYeCMEEeHHOU MPaHcHhopMayu HeICU8oi mamepuu
8 ACUBYIO.

Ha ocHOBe naen KBaHTOBaHUSI MEPHOCTU HEMPEPHIBHO MEHSIOIIETOCS
MIPOCTPAHCTBA, 000CHOBAaHA MHOTOMEPHOCTh XXKM3HU. BIiepBbIe BEIBOIASTCS U
00OCHOBBIBAIOTCSI HEOOXOAUMBIE U JOCTATOYHbBIE YCIOBUS BOZHUKHOBEHMS
XKU3HU BO BcesleHHOM. A Takke, OOBSICHSIOTCSI Ka4YeCTBEHHBIE MPOLIECCHI
npeodpa3zoBaHUsI MaTepUU, IIPOUCXOISAIINE HA KIETOYHOM YPOBHE.

ITonydyeHHBIEe pe3yJIbTaThl ITO3BOJISIOT II0-HOBOMY B3IJISHYTH Ha CYIIE-
CTBYIOILIME 3aKOHbI (PU3UKU, XUMUU, ACTPOHOMUM, MEAULIMHBI U IPYTHUX HAYK,
YTO, B CBOIO OUEpE/ib, JAET BO3BMOXHOCTh pa3BMBATh HOBbIE HAIIPABJICHUS BO
MHOTHX 00JIACTSIX HAYKM.
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ItaBa 1. AHauTuyeckuii 0030p

1.1. 3Ha4uMOCTb OHTOJIOTHH (PU3HIECKHUX MPOLECCOB AJIsA
¢punocockoii 1 HAYYHOIT MBICIH Ye10BeYeCTBA

ITpoctpancTBo?! Uto 3TO Takoe? YenoBeK ¢ ApeBHUX BPpEMEH CMOTpEJI Ha
3BE3IHOE HEOO M CO3/1aBaJl CBOE MpeacTaByicHue o BeceneHHoi. Homo sapiens
— YeJIOBEK pa3yMHbI — B CAMOHA3BaHUU YEJIOBEK BBIACINI PA3yMHOCTh, KaK
OCHOBHYIO OTJIMYUTEIbHYIO YEPTY, BHIACISIONIYIO €r0 U3 BCEM OKPYKAIOILIE
npupoabl. M Kak 11060My MBICSIIEMY CYLLIECTBY, 110 CBOEMY OIIPEAEICHUIO,
YeJIOBEKY MPUCYIIE CTPEMJICHME O3HATh OKpyKaroui Mup, Beenennyto. U,
€CTECTBEHHO, B pe3yJbTaTe 3TOr0 Mpollecca MO3HAHMSI, BBIPMCOBBIBAECTCS
KapTUHa Mupo3aaHus. Uctopus poxigana M yHUYTOXajla LMBUIM3ALMU, a
BMECTE C HUMU MOSIBJISITIMCh WX UCYE3AJIN PEIUTUN, (PUI0COPCKUE CUCTEMBI,
noHsaTus o BeceneHHoi. /laneko He BCE€ coxpaHuIa UCTOPUSI, 0COOEHHO HEBOC-
MOJIHUMBIH yIlIepO HAHECI0 UCTOPUM LIMBUJIM3ALMU Aa U Pa3BUTUIO LIUBUJIN -
3allM B LIEJIOM, XpPUCTUAHCTBO, OCOOCHHO KATOJUILIM3M.

daHaTUKaMU, BIOXHOBJISIEMbIMU CBSIIEHHUKAMU, ObUIA YHUUYTOXKEHDI
COKPOBMILHULIBI 3HAHUN yIIEAIIMX HABUIN3ALWI, IpeBHUE OMOIUOTEKU —
XpaHWINIIA LIEHHEHIINX KHUT:. MpoTollyMepcKkasd B BaBuiioHe, AjleKcaH-
npuiickas B Erunre, pa3pyueH apxunenar CaHTOpUH, KJaJoBble MallUPyCcOB
B ®uBax u Memduce, ITpycckas oOndamoreka B PuMme, coxXrim Xxpam-Kamnuiie
B AdrHaxX, YHUUYTOXUIU TpoMagHy1o 01ubaroTeky B Llapbrpane, HeM3BeCTHO
Kyaa ucue3nu ouonmoreku ApocnaBa Myaporo u MBana Ipo3Horo, MaHy-
ckpunthl nuBUAn3auuii Maiiss, MHkoB u AurekoB. M B pe3yabrate 3TOro,
MHOTHE 3HAHUS OPEBHUX UMBWIN3ALUMA 3eMIU ObUIM YHUYTOXEHbI. MHO-
rue... HO, K cYacThlo, He Bce. M To, 4TO OBLJIO CITaceHO OT KOCTPOB MHKBU3M -
LIMM, 3TU CITaCEHHbIE MOPO LIEHOM MHOTUX XXU3HEN ApeBHUE (DOTUAHTHI MTO-
paXaroT IJIyOMHOI M TOYHOCThIO OINMcaHuil BceaeHHol, K TOHUMaHUIO He-
KOTOPBIX aCIIEKTOB KOTOPHIX COBpEMEHHAs1 HayKa TOJIbKO NPUOJIU3UIACH.

HaubGosee nHTEpeCHBIMA B 3TOM OTHOLIEHWU U HAWOOJIee NPEBHUMU
apistoTcs CinaBsHo-Apuiickue Benpl. B «Knure Ceta», Bo3pacT KOTOpOd —
COPOK ThICSIY JIET, U3JIaracTCsl KApTUHA MUPO3JaHMsI, KOTOpas IIPOCTO MOTPSI-
CaeT CBOEU TOYHOCTHIO U MOJHOTOM. HeBeposiTHO, HO (paKT, KOTOPHIN BEIHY-
XJIEH OyIeT MPU3HATh KaXAblil, KTO OTKPOET 3TY KHUTY.

...B ucruaaom M3Havanbe, BepHee, TOraa,
korna B besakoneuHoit HoBoii Beunoctu
paznuiach BeJIukyuM MOIIIHBIM IOTOKOM
Kuv3Hb Hecyas cusomasg Marnus,
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I1epBo3manHbIii 2ZKr3zHb nopoxaaromuii CBer,
B HoBoii JlelicTBUTEILHOCTU POKIEHBI ObLIN
pa3HooOpa3Hbie IIpocTpaHcTBa 1 PeanbHoCTH
Muwupos ABu, HaBu u I1pasu.

N yem Omxe K

M3navansHoMy McTounuky CBeTa
pacnonarainuck 3Ty IIpocTpaHcTBa

1 PeanbHOCTU B pa3inyHbIX cusioliux Mupax,
TeM OOJBIIMMU MEPHOCTSIMU

ot Benumuaitime IlpoctpaHcTBa

1 PeanbHOCTHM OBIITM HATIOJTHEHHL. .. !

CopoK ThICSY JIET Ha3aJ 3HaJU O TOM, UTO CYILIECTBYET MHOXeCTBO Bcee-
JIEHHBIX, UMEIOLIUX Pa3HYI0 MEPHOCTh U 00pa3ylolIuX BCe BMECTE SAUHYIO
MPOCTPAHCTBEHHYIO CUCTEMY, KOTOPYIO OyIeM YCJIOBHO Ha3bIBaTh MATPUYHBIM
MIPOCTPAHCTBOM.

Kak BeTBM [IpeBa coenHmI
I1epBo3ganHbIi ZKruBoTBOpsiiuii CBeT
Jlucrtouku-PeanbHOCTH

Haurero Muposoro [IpeBa

C MOTYYMM CHUSIIOILIMM CTBOJIOM.

M xaxnpiii JIncrouek-PealbHOCTD
cusi1 6e3MEpHO,

nepeauBasich Spkum CBeTOM
pa3anyHbix CoJIHII,

a cTBOJI MuposBoro /IpeBa yxonun
MHOT'OYMCJIEHHBIMU KOPHSIMU CBOUMU
B be3koHeuHyo HoByro BedHOCTD,
nmopoxaéHHyto B HoBoii JleiicTBUTETbHOCTH.

KpacuBbiM, 00pa3HbIM I3bIKOM, JOCTYITHBIM IJIsI IOHUMAaHUS JTI000MY
YeJI0OBEKY, BHE 3aBUCUMOCTH OT TOT'O, XKIJI JIU OH COPOK THICSIY JIET Ha3al UIn
>KMBET ceyac, Oblia repeaaHa HallMMUY peakaMy HHPopMalys 00 yCTpoii-
ctBe Beenennoit. [TopaxaloT TOUHOCTh M MaclITaObl IepegaHHOM nHPOpMa-
uuu. Hama neiictBUTeIbHOCTh, BeceneHHast, KoTopast TOJIbKO YaCTUYHO U3-
BECTHA COBPEMEHHBIM YUYE€HBIM, ITOKA3bIBACTCS, KaK MaJeHbKas 4acTh, KaK
MecynHKa Ha oepery 6e30pexxHoro okeaHa. OHa — TOJIbKO OJMH JIMCTOYEK-

I CnaBsgHo-Apuiickue Benbl, «Knura Ceera», Xapatbs 2, c. 36.
2 CnaBaHo-Apuiickue Benpl, «Knnra Csera», Xaparbs 2, c. 38.
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peaibHOCTh Hamero Muposoro lpeBa. M KaXabiii TaKOU JIMCTOYEK-peallb-
HOCTb UMEIOT CBOIO MEPHOCTh U CTPOTO OIPEIECIEHHOE MOJ0KEHUE HAa CTBOJIE
Muposoro [peBa. JItobonbITHO, He paBaa Jau?!

M3naraercs npuHUMNO KBAHTOBAHUS MPOCTPAHCTBA MO OIPEASIEHHOMY

MPU3HAKY, KOTOPbI COBPEMEHHOM (PU3MKE U3BECTEH IS IIPOLIECCOB, IIPOUC-
XOISIIIMX HAa YPOBHE MMKPOMMpPA, — KBAHTOBAHUE 3JEKTPOHHBIX OPOUT y
aToMOB. MUKpOMMP TOBOJILHO IITyOOKO M3YYEH SAePHOIM U KBAHTOBOM (pU3K-
KO, B TO BpeMsl, KaK U3yYE€HHE U IIPEACTABICHUS O YCTPOMCTBe MakpomMupa
HAXOJUTCS Ha HavyaJbHOM ctaguu. [IpoctoTta 1 00pa3HOCTD s3biKa Ben — He
ciyuariHa. Te, kTo 3anucan undopmauuio B « KHure CBeta» mpeKpacHO Mo-
HUMAaJIN, 4TO JIIOOOU CrielIaIbHbIN I3bIK U3JIOXKEHUS MHPOPMALIMU HE MOXKET
OBITb TIPUEMJIEM, TaK KaK CO3HdABIIME CIIELAAIbHBINA SI3BIK MOTYT BCE I10-
TMOHYTb OT TEX WJIX MHBIX IIPUYMH U HE CMOTYT MepeaaTh TOTOMKAM CMBICIT
TEPMUHOB UMM yIIOTpeOsieMbIX. M, Kak ciieICTBME, HUKTO HE CMOXKET Ipa-
BUJIBHO TTOHATh MH(MOPMALIUIO.

DTO CTaHEeT NPEAELTBbHO ICHO €CJIM OOPATUTHCS K IIPUMEPY COBPEMEHHOM
HayKu. YUYEHBIMU MPUIYMAHO 1 BBEICHO CTOJBbKO HAyYHBIX TEPMUHOB, YTO
0oJ1e€ IEBSIHOCTA MPOLIEHTOB HbIHE XXMUBYILIUX JIOAEH HE B COCTOSIHUM TTIOHSITh
3HAYE€HME OHbIX TEPMUHOB. MTHOrma 1oXoauT A0 abcypaa, KOraa HEKOTOpPhIe
Hay4YHbI€ PaOOThI B COCTOSIHUM MTOHSTh TOJbKO HECKOJBKO YEJIOBEK Ha IJia-
Hete. M ecm nmpoaHaM3upoBaTh pa3BUTHUE HAYKW, TO CTAHET SICHO, YTO CO-
BPEMEHHBIV HAayYHBIN SI3bIK MOXET OBITh YK€ B CJICIYIOIIEM CTOJIETUM CTAHET
a0CypIHBIM 1 HETTOHATHBIM 11 OyAYIIMX IIOKOJEHMUI, KaK, HAallpuMep, S3bIK
AJIXMMHKOB CPEIHEBEKOBbS KAXKETCS HECYPAa3HbIM M AaHTMHAYYHBIM COBPEMEH-
HBIM YUYE€HBIM, XOTs1, B CPEAHNE BEKa aJIXMMMUSI ObLIa IPU3HAHA BCEMU U SIBJISI-
JIaCh aKaJleMMYECKOM HayKOl, N3y4aeMOU CTyJicHTaMM B yHUBepcuTteTax. U,
€CJIY OBl HE OBLUIO aIXMMUWU, HUKOTLIA HE TTOSIBUJIACH Obl HEOPraHUYECKAS 1 OpP-
raHn4yeckKas XMMHUU, KOTOPbIE HUYEro OOIIETO YX€ HE MMEIOT CO CBOEH
«MaTtepblo». I1oaTOMy eclin ecTb HEOOXOAMMOCTh NepenaTb MH(MOpMAaLIMIO
JAJIEKMM MOTOMKAaM, €AMHCTBEHHBIM CIIOCOOOM I0CTUYb XKEJIaeMOTO SIBJISIETCS
rnepegadya nHGOpMaM MaKCUMAJILHO JOCTYITHBIM SI3bIKOM. TOJIBKO B 3TOM
cJIydae €CTh IIAaHC, YTO JIMHTBUCTHI U UICTOPUKM OYIYILIEr0 CMOTYT IPOYECTh
1 MTOHSITh 3Ty MH(POpMaLunio. [103ToMy, ¢ 5TO TOUKM 3pE€HUS, JOCTYIIHBIA 1
00pa3HbIl 1JI51 TOHMMAHUS ITPAKTUYECKHU JTI000Tr0 YeJIOBEKA SI3bIK U3JI0KECHUS
SIBJISIETCSI AOCTAaTOYHBIM rapaHTOM, 4YTO MepeaaBaeMyro MH(POPMAaLIIO TOMMYT
npaBuibHO. Bo BpemMeHa HanucaHus «KHuru CBeTa» cyllecTBOBaIU HeE
TOJIBKO CHELUAIbHbIE TEPMUHBI, HO Y pa3Hble aJl(paBUTHI IS JTIOACH pa3HOM
MOJITOTOBKM M YPOBHS MOCBAILIEHUS. DTO CO3aBAJIO CUCTEMY, KOTOPAS ITO3BO-
JIsi1a 00€CIIEUMTh MOJIHBIM KOHTPOJIb 3a JOCTYyNOM K MHpopmauuu. B Te
JaBHKE BpeMeHa IMPEKPaCcHO MOHMMAJIU, YTO MUH(pOpMaLIUsI — OYEHb MOIITHOE
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OpYyXHue, KOTOpO€ HE AOJKHO IMOIAcTh B PYKM AYXOBHO HE3peJIbIX JIOMIEH,
KOTOpPbIE MOTJIM Obl MCITOJIb30BaTh 3Ty MH(POPMALIMIO B KOPHICTHBIX LIEJISIX WU
HEBEXXECTBEHHO, UTO, B CBOIO OUepe/ib, MOXKET IPUBECTHU K 00JIee I MEHEe
rJ100aJIbHBIM KaTacTpodaM.

...OnHako cpean Kperosn

BTOPOM KacThl ObLJ1a TpyIna

elé 0oJ1ee BHICOKO MOCBSIIEHHBIX,
MaJio KoMy u3 Kperosn

HU3IINX KaCT U3BECTHAas,

1 uMeJia oHa apyroe JlyxoBHoe YueHue,
CUJILHO OTJIMYABIIIMECS OT NPEeabIAYIINX.

Inacuiio ato JlyxoBHoe YueHue,

YTO Halll OKpyxKariuit ABHbI Mup,

Mup xeéntbix 3Be30 1 ComHeuHbIx CucTeM,
TOJIBKO NEeCYMHKA B be3koHeuHol BcelleHHO.
Yro cymectBy1oT 3B€31b1 1 CoiHIIA O€eble,
roJ1yoble, JUIOBBIE, PO30BEIE, 3€JIEHbIC,
3Bé3abl U CosiHIIA 1IBETOB,

HaMM HEeBUAAHHBIX,

HallMMU 9YBCTBAMU HE TTOCTUTAEMBIX.

M 6eckoHeUYHO BEJIMKO UX YUCJIO,
O0e3rpaHUYHO UX pa3HOOOpasue,

6e3koHeuyHbI [IpocTpaHcTBa X pa3aessionme.
M Bce aTn pazHooOpa3Hbie Mupbl —

HUYTO Neped MHeIMU Mupamu,

BHe Halleil BceneHHo JiexxammMmu,

1 CHOBA 0€3rpaHUYHO BEJIMKO MX YMCIIO

1 HEU3MEPUMO BEJIMKO X pPa3HOOOpa3ue.
beskoHeuyHoCTH be3koHEYHOCTEN pa3nesioT
BCE 3TU pa3HO- U MHOrooopasHbie Mupsi...*

Kitaccudpukanys 3B€31 10 U3J1y4aeMOMY CIIEKTPY ITOJTHOCTBIO C(POPMU-
poOBaach TOJbKO BO BTOPOI ITOJIOBUHE ABAILIATOrO BEKA, U HEKOTOPbBIE TUIIbI
3BE31 ObLIM OOHAPYXKEHBI TOJBKO C MOMOIIBIO paAUOTEIECKOIIOB U, €CTEe-
CTBEHHO, Y€JIOBEUECKMMM OpraHaMM 4yBCTB He BocnpuHUMaIuch. [lomooHoe
HE MOXET OBbITh IIPOCTHIM COBHAJCHUEM, a €CJAU 3TO TaK, TO CYILIECTBYET

¥ CnaBsaHo-Apuiickue Benpl, «KHnura Csera», Xapatbs 4, ¢. 84-85.
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OoJb11Iast BEPOSITHOCTD TOTO, UTO M MHOTO€ OCTaJIbHOE, IepegaHHoe B Begax,
OM3KO K UCTUHE.

Kak ke cJiydnsioch, 4TO CTOJIb LIECHHbIE 3HAHUSI ObLIN «3a0bIThI» HA CTOJIb
JIOJITOE€ BpeMsl 1 ToYeMY TOJIbKO ceiiyac MH(pOopMalys 0 HUX cTaja JOCTyITHA
MHOruM?! HecKoabKo IMpUUYKMH IIPUBEIN K 3TOMY, M OJTHA — OCHOBHA$ U3 HUX
— 3aKJII0YAeTCs B UBMEHEHMSIX KJIMMAaTa, BEI3BAHHBIX PE3KUM IT0XOJIOJAaHUEM
TPUHAALATh ThICSY JIET HAa3a U, KakK CJIEACTBUE, IIepeceieHrue Hapo10B B 00-
Jiee TEMJIbIe Kpasi, TPy KOTOPOM IepeceCHIIbI OTOPBAJIMCH OT CBOUX MEPBO-
OCHOB U MOTEPSIJIM MHOTUE 3HAHUSI, KOTOPBIMM BJIaAeau ux npeaku. OyeHb
Majio Beicokux IToCBSIIEHHBIX YIIJIM C TIEpECeIEHLIaMU, YTO U TTOCTYKUJIO
OOHOU U3 OCHOBHBIX MPUYMH UX «oandaHus». CypoBas Iprupoaa 3acTaBuia
X OOPOThCH 3a (PU3NMUYECKOE BbIKMBAHME M ObLIO MM HE OO 3BE3H. A Koraa
OITAaCHOCTh MMHOBAJIa, MaJIO YTO OCTAJIOCh OT ObUIBIX 3HAHUI, TOJIBKO OCKOJIKHU
X COXpaHWJIaCh B HAPOJHBIX ITpegaHusIX. «OCKOJKW» 3TUX IPEBHUX 3HAHUN
ObLJIN «OOJIBIIUMU» WU «MEHBIIMMU» U, KaK CJIEICTBUE 3TOTr0, B OOJIbIIECH
I MEHBIIEH CTEIIEHU NPOSIBUINCH B PUIOCOPCKUX CUCTEMAX U PEIIUTHSIX
pa3HbIx HapoaoB. C nepecenecHIaMU OTIIPABJISUIMCH B TaJbHUE Kpasi U XPaHU-
TE€JIU 3HAHUU, HO B OOJILIIMHCTBE CBOEM OHM HE OBIJIM BHICOKOTO MOCBSIIIIE-
Hus. KpoMe Toro, J11oasaM OTHpaBUBIIMMCS B HOBBIE 36MJIM, YACTO 3a ThICSYU
KMJIOMETPOB OT cBOe PoauHBI, BO BpeMsI IIEpeX010B NPUXOAUIOCH CTAJKM-
BaTbCSI CO MHOTUMU TPYAHOCTSIMU: TOJIOJ0M, IPUPOIHBIMU CTUXUSIMU, OTpa-
KEHMEM HaIlaAeHUM APYTUX IUIEMEH, COBEPIIATh HAAaAeHUS CAMUM.

Jlaxke B Te BpeMeHa MHOTME yIOOHbBIE JJIS1 XKU3HU 3€MJIU ObIIIM 3aHSATHI U
HalTH CBOOOIHBIE 3¢MJIM OBLJIO HE MPOCTO. B OONBIIMHCTBE CliydaeB MUPHBIM
MMYTEM WU B pe3yJibTaTe BOMH BHOBb IPUILIEAIINE OCESIJIUCH BMECTE ¢ a00-
puUreHaMu, HaxXoIsICh C MOCJEAHUMHU B COCTOSIHUM CMMOMO3a, TTOCTEIIEHHO
CMEIIMBASACH ¢ HUMU. [105TOMY Ha 3TOT eprOa OCHOBHBIM SIBJISJIOCH BBIKM -
BaHUeE, 3HaHUsI HE BOCTpeOOBaINCh BO BpeMs IepeceeHuil. TojabKo Koraa
TIEeMeHa MepecesieHLeB HaXOAUIU HOBbIE MECTa, MOTPEOHOCTD B 3HAHUSIX I10-
SIBJISIACh BHOBb, B OOJIbIIIEI CTEIEHU — B IPUKJIAAHbBIX 3HAHUSX, TO3BOJIS -
IOLLIMX MepeceeHaM 00pabdaThIBaTh 36 MJIIO, CO3JaBaTh HEOOXOAUMBIE MTPE/I-
METhI 00MX01a ¥ pa3Hble UHCTPYMEHTHI JIJISI BO3POXACHUS peMEce, TaK KaK
BO BpeMsI IepeceIeHUM JII0Iu OpaJii U COXPaHSUIA TOJILKO CaMOe€ HEOOXOa -
Moe. THorna mpoxoauiu rofbl, AeCATUIETUS, IToKa IepeceieHIaM YAaBaloCh
HaiTu xenaemoe. [loaToMy 0oOydeHHE HOBBIX HOCUTEIEH 3HAHWUSI, HOBBIX
>KPELIOB HE MOTJIO ObITh MOJHOLEHHBIM. B pe3ynbrate 3Toro, u3aHadyajabHbIE
3HAHMS YACTUYHO TEPSJIMCh, YACTUYHO BUAOU3MEHSIIMCH U, KaK CJIEACTBUE,
B OOJIBILIMHCTBE CJIy4aeB IMTOCTENEHHO TPaHC(HOPMUPOBAIMCH B PMIOCOPCKO-
MUOJIOTUYECKIME YYeHUSI. AHAJIOTUUHBIE SIBJIEHUSI IPOUCXOIUIN U B PE3YJIb-
TaTe€ BOCHHBIX MoxonoB. BciaeacTsue x’Apuiickoro noxona B JIpaBuanio
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(ApeBussgs Muansa) B 2691 rogy 1o p.x. u3 benoBoabs, XKUBYIIMM IJIEMeHaM
— IpaBuAaM U HaraM — ¢ IMTOKOPEeHKWEM ObUTY ITPUHECEHBI Y 3HAHUSI, KOTOPLIE,
B BUJIOM3MEHEHHOU popMe, cTaiu pyHaaMeHTOM puaocoduu 1 MUGOJIOruun
Nunuu:

...JApyrue xe Poabl Pacel Bennkoit
pacceasaTcs o BceMy JUKy Muarapa-3emMin
U TIeperayT 3a XMMaBaT-TOPHI...

1 HayyaT JIIOAEeH ¢ Koxelt Beta Mpaka
Mynpoctu Mupa CusiHuii...

J1aGbl MpeKpaTUIN OHU IIPUHOCUTD
>KEPTBHI CTpAllIHbIE, KPOBABbIE,

cBoeli bornHe — Ye€pHoit Matepu

u 3meam-/Ipakonam n3 Mupa Hasu,

a o0penn HOBY10 boxecTBeHHY10 MynpocThb
u Bepy...*

BriocnenctBuu, yacTh MyaphIx U3pedyeHui u3 Myapoctu Mupa CussHuit
BOILIUIM B COOpPHUK IoA4 Ha3BaHueM Pur-Bena, KOTOpbIii cCOXpaHUJICS Ha Tep-
putopun Muanun. B npeBHeMHANIICKOM 00111eCTBE C(DOPMUPOBAIACH CUCTEMA
BapH, a mo3aHee KacT — 3aMKHYTBIX COLIMAIbHBIX 00pa30BaHUIT, OObEIUHSIB-
IIXX JIIOJEW CTPOro OIPEACIEHHBIX NPOdeCcCCuil, NCKIIOYABIINX IIEPEXOI U3
OIHOM KaCThI B IPYTYIO M 3allpellaBIINX MeXKAaCTOBbIe Opaku. [TIepBoe mecTo
B COLIMAJIBHOM MepapxXuu NpUHaIIexXaao OpaxmMaHaM, T.€. Xpelam, OObIYHO
COYETaABIIUM B JIPEBHOCTU (PYHKLWU CBSILIEHHOCIYXXUTEIEH ¢ PYHKLUESH
YUE€HBIX; 3aT€M, IIUIA KILATPUU — BOCHHO-aAMWHUCTPATUBHAS 3HATh, BallIb1
— CBOOOJHBIC YWICHBI OOLIMHBI, 3aHUMABIIMECS 3eMJIEACIMEM, PEMECTIOM U
TOProBJei, KaK B TOpoaax, Tak U B AEPEeBHSIX. DTU TpU BapHbl BO3HUKIIU B
npouecce (popMrUpoOBaHUS KJIACCOB Yy apUMCKUX MJIeMEH (X’ApulileB u
Jna’ApuiilieB), B TO BpeMsl, Kak UeTBEpTasi BApHa — BapHa IIyIp, Kyaa BXOIUIN
HEMOJIHOIIPaBHbIE OOIIMHHUKM, HA TOJII0 KOTOPBIX JOCTABAJIMCh CaMbl€ HE-
MNPUSITHBIC BUIBI TPpyda, 00pa3oBajach, IIaBHBIM 00pa30M U3 MECTHBIX ILJIC-
MEH, IPaBUAOB M HArOB, MIOKOPEHHBIX APUSIMU, B XOJ€ BOCHHBIX JICCTBUA.

JpeBHecnaBsgHcKUEe Beabl moaoXuan Hadyauno (puiaocodcKoi Tpaguuuu
B peBHeit Muauu. B mHauiickoM BapuaHTe Belabl COCTOST M3 YETHIPEX
COOPHUKOB TMMHOB (CaMXHUT), IIECHONEHUM, Marn4eCKMX 3aKJIMHAHUI, MO-
JutB U T.0.: Pur-Bensl, CamaBenbl, AnxypBennl 1 AtxapBaBeabl (1id ATxa-

4 CnaBsiHo-Apuiickue Benpl, «KHura myapoctu [epyna», Kpyr [Mepsbrii, Canbrus 5, c. 39.



24 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

pBaHrupacsl). Kaxabiii 3 3Tux COOPHUKOB CO BpeMeHEM oOpacTajl pa3inyd-
HbIMJA KOMMEHTApUSIMU U TOIIOJHEHUSIMU PUTYAIbHOTO, MAarM4ecKoro, pu-
Jocockoro nopsinka — bpaxmanamu, ApaHbsikaMu, Ynanuinagamu. Co0-
CTBEHHO, punocodckue Bo33peHus JpeBHeid MHauu Hanboiee mojiHOe OTpa-
>KEHME TOJYYMJIM B YNaHullIagax, HO IepBble MpooJiecKu PpuiocoPcKoro
MOAX0Ja K e CTBUTEIbHOCTHU MPOCIEXUBAIOTCS YK€ B COOpHUKAX BeInye-
CKMX THIMHOB, OCOOCHHO B ApeBHEIIeM U3 HuX — Pur-Bene®:

7. | KocMOTOHMYECKUIA TUMH |

Torma He OBIITO HY CYILIET0, HA HECYLIETO;

He 6b110 HM BO3AyLIIHOIO NPOCTPAHCTBA,

HU HeOa HaJ HUM.

Yro B iBrzkeHnn 661107 I1og YbMM MOKpOBOM?

YeM ObLIIM BOAbBI, HENPOHUILIaEMbl€e, IITyOOKMe?
Torga He OBLJIO HU CMEPTU, HU OecCMePTUSI, HE OBLIO
Paznuuus mexny HOUbIO U THEM.

be3 nyHoBeHus camo coboit abimano EnnHoe,

M Hudero, kpoMe Hero, He OBbLIO.

BHauasne TbMa ObL1a COKPBITA THMOIO,

Bcé 310 [0bL10] HEpa3mIMIuMMO, TEKYYE.

Ot Benmkoro 3anaca 3apoauiaoch EnnHoe,
[ToxpbiTOE MYyCTOTOIA.

M Havanocs|Toraal ¢ XxejaHus, — OHO

bbL10 epBbBIM CEMEHEM MBICIIH.

CBsI3Ky CyLIETrO U HECYLIETO

OTbIcKaJI, BOCOPUEMIISI B CEPALIE, TIPO30PJIMBbIE MYIPELILI.
Bepsb nx npocrépra nomnepek. bbuio amu

BHu3y [uTO], 66110 11 BBEPXY?

Hocurenu cemenu 6b11, cyiabl ObIM. Boxnenenue —
Buugy, ycunus — BBEpXY.

KTo nouctuHe 3HaeT, KTo Ternepb Obl HOBEIAN,
OTKya BOBHUKIIO 3TO MUPO3JaHbE?

boru [mossBuMCh| mmocjie COTBOPEHUS €T0.

[Ho] xTO ke 3HaeT, 3 4ero OHO BO3HUKJIIO?

M3 4yero BO3HUKIIO 3TO MUPO3AaHbE, CO3Ia JIX

| KTo ero] nimu Het?

KTO0 BHaes 3T0 Ha BhICIIEM Hebe,

ToT moucTuHe 3HaeT. [A] ecau He 3HaeT?

° «/IpeBHenHauniicKas punocodus. HavanbHblii mepron». [lepes. canckput. M., 1963 .
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Eme Gonee MHTEpECHO MPOCIEAUTh 3a oTpaxeHueM B CilaBsiHO-
Apmiickux Benax ucropuu Annantuasl u Erunta. M, ongarb-Taku, 00 3TOM ro-
BopuTcd B Benax:

...Benukoe [loxonogaHue mpruHECET BETEP

na’ ApMCKMA Ha 3eMJTI0 110 1 MapeHa Ha TpeTh
JleTa ykpbiBaTh Oynet e€ cBouM benbiM I1matom.
He Oynet nuiy J110a5M U JKMBOTHBIM BO BpeMsl
cue 1 HauyHETc Benukoe Ilepecenenue
notoMkoB Poga HebGecHoro 3a ropsl Purneiickue,
KOM 3alIMIIAI0T Ha 3alaJHbIX pyOexKax

Casaryio Paccenuro...

N novinyt onu no Benukux Bon,
OxeaHa-Mops 3anagHoro,

u nnepeHeceT ux Cusa HebecHas,

Ha 3emJito be3dopoabix awoaei,

¢ Koxelt nBera rmiamMeHu CBaieHHoro OrH4.
Benuxknii Boxxab mOCTpOUT B 3eMJie TOMU
Kanue Tpe3zyoua bora Mopeii.

N 6yner Huit — bor Mopeii

MOChLIAaTh UM O0€3CUETHBIE Japhbl CBOMU,

U CTAHET 3alriaTh 3eMau ux oT Ctuxuit 31a...

Ho Benukuii noctatok

OTYMaHMT I'OJIOBbI BOXAEH U XPELOB.

Benukas JIeHb 1 xKeaHue 4y:KOTro 3aXBaTUT Pa3yM HX.

M HayHyT OHM JiraTh boram u nroa5Mm,

1 CTAHYT XUTb 110 CBOMM 3aKOHaM,
Hapyas 3aBetbl Mynpbix [1epBonpenkoB
u 3akoHbl bora-TBopua EnqnHoro.

M GynyT ncrnonb3oBaTh

Cuny Ctuxuit Muarapn-3emin

IJIs1 NOCTUXKEHUSI CBOUX LIEJIEH. ..

M pasrHeBaroT OHM ICTHUSIMU CBOUMU

Hua — Benukoro bora Mopeii...

N yanutoxut Huit u Ctruxuu 3eMI1io Ty,

1 CKpOETCs OHa B IiyouHax Benukux Bon,

TaKO Xe KaK CKpbuiach B JIpeBHUE BpeMeHa

B rTyOMHax ceBepHbIX Boa — CpsiueHHas daapus...
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boru Pacel cnacyt nroaei mpaBe HbIX

n Cuna HebecHas mepeHeCET X Ha BOCTOK,

B 3¢eMJIM JIIOJIEN C KOXEM 11BeTa Mpaka...

a be3dbopoabIx J10a€eH,

¢ Koxelt 1Beta miamMeHu CasieHHoro OrHs,
nepeHeceT Cuia Benunkas B 0e3kpaiiHue 3eMIn
Ha 3axoje SApuna-CoaHia jexanue...

JIronu ¢ Koxer nuBeta Mpaka OyayT IIOYUTaTh
noroMkoB Pona HebecHoro 3a boros...

1 OYIyT YYUTHCS Y HUX MHOTMM HayKaM.
JIronu n3 Beankoii Pacel

nocTposT HoBbIe Ipanbl 1 Kanuina,

1 HayyarT JIOJIEH ¢ Koxeu 1iBeta Mpaka
BhIpAIIMBATh 3JTaKU 1 OBOIIM. ..

Yet1oipe Poga Pacel Benukoit cMeHsist apyr apyra,
oynyT ooyuarts JlpeBHeid MynpocT HOBbIX 2KpeLoB...
1 CTpouTh TpupaHbI-IpoOHULIBI,

B BUie [Oop pyKOTBOPHBIX, YETBIPEXTPAHHBIX...°

HuBunuzauuss Mududeckol ATIaAHTUABI, KaK €€ Ha3bIBaJIM JIPEBHUE
I'PEKU, COIVIACHO JaHHOMY MpelaH1I0, BOZHUKJIA B pe3yJbTaTe NepecesieHusI
IeMEH AHTOB U3 besloBoabs Ha 00b1I0M OCTpOB B 3annagHoM OKeaHe-MO-
pe — ATJIaHTUUYECKOM OKEaHe — UM CO3IaHUsI TaM ell€ OJHOTO oJyara LIMBUJIN -
3aluu. B nanbpHeileM mepeceaeHIbl CTaau Ha3blBaTh CBOIO HOBYIO PoauHy
AHTIaHb, T.€. 3eMJIE AHTOB. DTO Ha3BaHue, Ojarogapsi APEeBHUM IpeKam,
npeoOpasyeTcst B ATIaHTUAY U TTOJ 9 TUM UMEHEM COXpaHUTCS B MUcTopuu. B
cBouXx Tpynax, IlnatoH ynomuHaeT 00 ATIaHTUAE U U3JIaraeT MHEHHUE O TOM,
YTO C TM0eIbI0 ATJIAaHTUABI TOTUOIM IpeBHUE 3HAHUS. ATIaHTHIA ONYCTH-
JIaCh Ha OK€AHCKOE THO B pe3yJbTaTe NpUpPOIHbIX KaTakKian3MoB. Pacronara-
Jlach ATinaHTuaa K 3anany oT ceBepa Adpuku. [loarBepxxaeHueM npaBuib-
HOCTHU 3TOTI'0 CJIY>KUT 3arajka 1 (pakT CyIIeCTBOBaHUSI TAMHCTBEHHOI'O HapoJa
IyaHuu, oOHapy>keHHOro MopTyrajbliaMU, KOTJa OHU, B OYepeHOM pa3, OT-
KpblIM KaHapckue ocTpoBa, Ha KOTOPBIX, K CBOEMY YAMBJICHUIO, OOHAPYKWIN
0eJI0KOXMX a0OPUT€HOB, KOTOPHIE IO CPABHEHUIO C HU3KOPOCBIMU MOPTY-
rajblaMM BBITJISIAE]IM TUTAHTAMU CO CBOMM JBYXMETPOBBIM POCTOM. DTU T'O-
Jlyboria3sble U CBETJI0BOJIOChIE TUTaHThl 0OuTaIM Ha KaHapckux octoBax, HO

¢ CnaBsiHo-Apuiickue Benbl, « Knura myapoctu [lepyna», Kpyr [lepsebiii, Canbrus 5, c. 38.



InaBa 1. AHanIuTUYECKMIL 0030p 27

HUKOIa HEe JOCTUTaIN aPppUKAHCKOIO KOHTUHEHTA, Pa3InYUMOTO B XOPO-
IIYIO TIOTOAY C 3TUX OCTPOBOB. MMHTepeceH M TOT (pakT, YTO MOPTYrajblibl
OOHapYyXXWJIN Ha 3TUX OCTPOBAX U OAMYABIIUX JOMALIHMX XUBOTHbIX. CKi1a-
JIBIBAE€TCS BIIEYaTICHNE, YTO T'yaHYM ObLIM ITOTOMKAMM JIFOJEH, BLIOPOILIEHHbBIX
BMECTE C CO CBOMM JOMAIIIHUM CKOTOM Ha HEOOUTAaeMbIii OCTPOB, TJ€ OHU CO
BpeMEHEM OJIMYaIN UJIH, IO KpaliHEel Mepe, yTpaTUJIM OOJIbIIMHCTBO 3HAHWM,
KOTOPBIMM 001again. VX 13bIK ObLJI COBEPILIEHHO HE M3BECTEH MOPTYTraJIbLiaM.

K coxaneHuro, arpecCMBHas MOJMTHKA MOPTYTajblieB IPUBEIA K TOMY,
YTO CBOOOIOIOOMBEIC TYaHUM ObUIM YHUUYTOXEHBI coijaTaMy WM MTOTUOJIN
oT 00J1e3HEeN, 3aBE3EHHBIX HA OCTPOBA, M KOTOPHIX OHU He 3HaJIM. UTHTEepecHO
1 TO, UTO HApPaBHE C My>KUMHAMU CPAXKAIUCh U XKEHILMHbI, KOTOPbIE IPEAIO-
YJIM CMEPTh paOCTBY. B pe3ynbrare Bcero aToro, onMyaBuIne IOTOMKM ATJIaH-
TOB MOJHOCTBIO MCYE3JIU U YHECJIU C COOOM €l OJHY TaliHYy UICTOPUMU.

Te xe, KTO BCE-TaKM JOCTUT appUKaAHCKOTO KOHTUHEHTA, JOCTUTHYB
Hu3oBui Huna, co3nanu HOBYIO LIMBUIM3ALMIO — LMBUIM3ALMIO IpeBHEro
Erunta. M3 gpeBHEerMNeTCKUX MpeaaHnii U3BECTHO, YTO 3Ta CTpaHa ObLIa
OCHOBaHa JAeBIThIO beabimu boramu, npumenimmmu ¢ Ceepa. i1 Herpoun -
HOro HaceyieHus apeBHero Erurnra, 0e10KoXMe MPpUILEIbLbI, ITOCBSILIEHHbBIE
B JIpeBHUE 3HaHUsI, HECOMHEHHO, ObLIN, Kak boru. I1puliienblibl HE TOJIbKO
MOAYMHWIN ceOe HeTpouaHkbIe TieMeHa IpeBHero Erunra, Ho 1 HayYWJIv UX
MHOI'OMY: YMEHMIO CTPOUTD XXUJILE U XpaMbl, BIaAeTh TEXHUKOM 3eMJIeIEINs,
>KMBOTHOBOJICTBY, OPOIIIEHUIO, PEMECTaM, CYAOBOXICHUID, BOECHHOMY MC-
KYCCTBY, MY3bIKE€, aCTPOHOMMMU, TTI033UU, MEIULIMHE, CEKpeTaM Oaib3aMUpPO-
BaHMsI, UCITOJIb30BAHUIO MMOJIE3HBIX UCKOMAaeMbIX, TallHBIM HayKaM. Co3naiu
KAaCTOBYIO CUCTEMY, MHCTUTYT XpedyecTBa U MHCTUTYT (papaoHa.

JI1060MBITHO U TO, YTO BCE, ITIEPEUMCICHHOE BhIIIIE, TOSIBUIOCH Cpa3y, Ol -
HOBpPEMEHHO, a He ObLJIO pa3BUTO MOCTENEHHO, KaK JOJKHO ObLIO ObI ObITH,
B CJIyyae MOCTENEHHOIO Pa3BUTHS LIMBUJIM3ALIMU. A 3TO TOJILKO ITOATBEPKIACT
IMMPUBHECEHHOCTb 3THUX 3HaHUI. KpoMe Toro, B HacTosiiee BpeMs 10Ka3aHo,
YyTO TIepBbIe yeThipe nuHacTuu PapaoHon ApeBHero Erunrta OblIv OeabIMU
moasmu. MccnegoBaHre HalAeHHBIX MYMUMI TIEPBbIX JUHACTUI MOATBEP-
KJIAeT 3TO HECOMHEHHO. TakuM 00pa3oM, IpeBHME MUPHI TTOJIYy4al0T HAy4YHOE
MOATBEPXKICHME CBOEH peabHOCTH, YTO 1A€T OCHOBAHME CYUTATh, UTO U IPY-
rue Mudbl, BIOJHE BO3MOXHO, MMEIOT I10J CcO000Ii peajibHble (PaKTHhI.
HNHurtepeceH u apyroii ¢pakT ApeBHEETrUIIETCKON IMBUIN3AaLMU — 32 MHOTHE
TBICSIUM JIET CYLLIECTBOBAHUSI, 3Ta LIMBUJIM3ALIMs HE CO3/1ajla HUYEro HOBOTIO.
HpeBHne 3HaHus benbix boroB mpeBpaTUIMCH AJISI IOTOMKOB B CBSITBIHM,
OXpaHsIEMbIE KAaCTOW XpeLOB — 3HAHWS MPEBPATUINCH B HOIMbI. 2Kpelbl
TOJIBKO MepeaaBajd HOBBIM MOKOJIEHUSIM 3HAHUS, KOTOPbIE CAMU B CBOIO
oyepeb, MOAYyYMIM OT CBOMX yuuTesiei. JIrodast momnbITKa YTO-HUOYIb U3ME-
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HUTb BOCIIPUHUMAIACh, KAK KOLIYHCTBO; 3BOJIIOLIMOHHOE Pa3BUTHUE ETUIMET-
CKOIl HIMBUJIM3ALIMU ObLIO «3aMOPOKEHO» KpellaMU Ha MHOTHE ThICSYEJICTHUSI.
M 310T IpucKOpOHBINA haKT CTajl OCHOBHOM NPUUYMHOMN YHUUTOXEHMS €TUTIET-
cKoi nuBuan3anuu. Ho nepen TemM, Kak moruOHyTh, OHA OpocuJia CBOU CEMe-
Ha 3HAHUI B 0J1aroJaTHYIO MTOYBY CBOMX COCEACH.

Tarinbie 3HaHUA 3 ErnnTa monanu B JIpeBHIo10 [pennio, HaydHbIE TPYAbI
pustocodoB 1 y4EHBIX KOTOPBIX coxpaHuia Mctopus. K coxaneHnio, orpomM-
HOE YMCJIO IPEBHEETUNIECTCKMX MAaHYCKPUIITOB, ITIEPraMeHTOB, KOTOPbIE Havall
cobuparts ee Ainekcanap MakenoHCKUI U ero CIoABMXXHUKHU TTOCJIE TTOKO-
peHus Erunra, mnorn6u Bo BpeMs noxapa AJIeKCaHAPUINCKOM OMOINOTEKH,
YCTPOEHHOM (paHATUYHBIMU XpUCTUAHAMU. ENMHCTBEHHOE, YTO COXPAHUJIOCH
JI0 HAllIeTO BpEMEHM, TaK 3TO MOTWJILHUKHU (papaoHOB 1 3HaTu Erunra, nga u
TO, TOJIbKO IIOTOMY, YTO OHM ObLIM TIIATEIbHO CIIPSTAaHbI, a TOTOM U 3acChIIa-
Hbl neckamu. MMeHHOo moatomy uctopus Erumnra nsydanach TOJbKO IO (ppe-
CKaM M HAAIIMCSIM B UpaMUAax U MOTMIbHUKAaX. IMEHHO MO3TOMY MaJIO UYTO
M3BECTHO O X13HMU XUBBIX JIpeBHero Erumnra, 06 nx GuiiocopCKrx 1 HAaydHbIX
MPEeACTABJICHUSIX.

BecbMma mro06omnbiTeH U TOT pakT, yto CinaBsiHo-Apuiickue PyHbl u Eru-
nerckue Meporandsl UMEOT MHOTO OOIIET0, @ HEKOTOPhIE U3 HUX — IIPOCTO
TOXIECTBEHHBI... TakKuM 00pa3oM, MpakKTUIECKU HE OCTAJI0Ch CBUIETEILCTB
0 punocoduu u HayuyHoU Mbicau ApeBHero Erunra, ToJIbKO TaliHbIE XpaHU-
JIMIIA MAHYCKPUIITOB, CO3JAaHHBIX XPaHUTEIISIMUA TaliH, M30€Xaau y4acTU
OBITh COXCKEHHBIMU, HO U A0 CUX IIOP OHU HE U3BECTHBI IIMPOKUM MacCCaM.
ODTHU MaHYCKPUIITHI CTaJIM OCHOBOM CO3JaHMSI MTPAKTUYECKU BCEX TaiHBIX 00-
LLIECTB — PO3EHKPENLIEpOB, WIIJIMMIOHAPHUEB, MACOHOB U T.A. TeM He MeHee,
3HaHMY ApeBHero Ernmnra He ucuesnu 6ecciieHO, a HAILIUIA CBOE MPOI0JIKe-
HUE U pa3BUTHUE B ApeBHETrpedecKon punocoPuu.

JlpeBHerpedeckas (puiaocodusi BOZHUKIIA HE COOCTBEHHO B Ipeniuu, He Ha
bankaHckoM MoayocTpoBe, a Ha BOCTOYHOI OKpauHe rpedyeckoro Mupa — B
MOHMMCKUX ropojax 3aragHoro mooepexnsss Manoit A3un, OCHOBAaHHBIX
rpeKaMy U pa3BUBIIMX PaHbIIIE, YeM 3TO IPOU3OILIO B caMoii Iperinu, pado-
BJIAIEIBYECKYIO IIPOMBIIIJIEHHOCTbh, TOPTOBJIIO X BRIPOCIITYIO HA MX OCHOBE 1y~
XOBHYIO KYJIBTYpY. DTa KyJIbTypa co3JaBajach Mo BIMSIHUEM 0oJiee TPEBHUX
BOCTOYHBIX IMBMAn3auuii Basunona, ®uuukun, Erunra. I1epBoeie MaTepu-
aJIMCTUYECKNE YIeHUS BOSHUKIIM B MusieTe, KpyITHeliieM B 6 B. 1O H.3. U3 Ma-
JI0a3MaTCKUX IPeYECKUX TOPOJOB, Ha T'paHu 7-6 BB. 10 H.3. B HEM XX11 1 co-
3[1aJIM CBOM ILIIKOJIbI ITOCJIeI0BATEIbHO TPU MbIcauTeist: Danec, AHAaKCUMaHJIp
1 AHAaKCMMEH. 3a1aBIIMCh BOIPOCOM O TOM, OTKY/1a BCE BO3HUKAET U BO YTO
BCE IMpeBpaLLAETCs], OHM UCKAIM HayaJlo IPOUCXOXKIACHUS U U3BMEHEHMSI BCEX
Beweii. [1pu 3ToM, OHM TTOHMMAJIM EPBOBEIIECTBO, HE KaK MEPTBYIO U KO-



[1aBa 1. AHAITUTUYECKUIA 0030D 29

CHYIO MaTepuIo, a, KaK BEIIECTBO, )KMBOE B 1I€JIOM U B YaCTSIX, HAJIEJIEHHOE
nyiioi u nrkeHreM. Pajtec (KoHer 7-ro — mepsas OJIOBMHA 6-T0 B. IO H.3.)
ObL1 IesATeeM, COEAMHUBIINM MHTEPEC K 3aIIpOcaM MPaKTUUECKOM XKU3HU C
IJIyOOKMM MHTEPECOM K BOIIPOCaM O CTPOeHUU MUupo3aaHus. OH ObLI THIpO-
WHXEHEPOM, pa3HOCTOPOHHUM YUYEHBIM U MBICJIUTEJIEM, N300peTaTeIeM ac-
TPOHOMMUYECKHUX ITprbopoB’. Kak y4€HbIit, OH IIMPOKO TTpociiaBmics B Ipe-
LIMM, CAEJIAB yIa4yHOE MpeAcKa3aH1e COJTHEUHOrO 3aTMEHMSI, HaOJI10JaBIIIErO-
ca B Ipenuu B 585 1. 1o H.3. I1g 3Toro npeackazanus Panec UCIoab30Bal
MoYepnHyThie UM B Erunrte actpoHOMUYECKME CBEICHMS, BOCXOASIIME K Ha-
Or0ACHUSIM U 0000IIEHUSIM BaBUJIOHCKOM HAyKHU, YTO SIBJISIETCS KOCBEHHBIM
noaTBepxkaeHueM Hannuus B JIpeBHeM Erunrte HaydHbIx 3HaHU. CBOM reo-
rpapuueckue, acTpoHoMUYecKe U pusndeckue nodHaHus Majnec cBsi3al B
cTpoitHoe duocodckoe MpeacTaBIeHUe 0 MUpe, MaTepUaTMCTUIECKOE B
OCHOBE, HECMOTPsI Ha SICHBIE ciieabl MU(OJIOTUUEeCKUX MpeacTaBiieHunii. Masec
TroJiaraj, 4To CylIeCTBYIOIIEe BO3HUKIIO M3 HEKOETO BJIaXKHOTO ITEPBOBEILIE-
CTBa, WU «BOAbI». BCE MOCTOSIHHO pOXIaeTcsl U3 3TOTO €AUHOTO UICTOYHMKA.
Cama 3emuis JepXUTCSI Ha BOJIE U OKPYKEHa CO BCeX CTOPOH okeaHoM. OHa
MpeObIBAET HA BOJAE, KaK IMCK WJIM JOCKa, IJIaBalollas Ha IIOBEPXHOCTU BO-
noéma. B To e Bpemsl, BelIeCTBEHHOE MEPBOHAYAJIO «BOJbI» U BCSI ITPOUCIIEI -
11asi U3 HeE€ TIPUPOJa HE MEPTBBI, HE JIMIIEHBI OaylIeBIeHHOCTU. Bo BeceneH-
HOIT — BCE HAITOJITHEHO 00KEeCTBEHHOM CYIIIHOCTBIO, BCE omylieBieHo. Danecy
MPUHAAJIECXKUT MONbITKA Pa300paThbCsd B CTPOCHUU OKpyXKallleh 3eMITio
BcenenHoit, onpeaeanTb, B KAKOM ITOPSIIKE PACIIONOXKEHbI, 10 OTHOLLIEHUIO
K 3eMJie, HebecHble cBeTuia: JIyHa, CosiHlie, 3B€3abl. B 3TOM Borpoce Dajiec
oInupascs Ha pe3yabTaThl BABUJIOHCKOI Hayku. Ho oH nipeacTasiisiii nopsiiok
CBETUJI OOpaTHBIM TOMY, KOTOPHBII CYILIECTBYET Ha CaMOM JIeJie: OH IoJiaral,
YTO OJIMKE BCEro K 3emJjie HaxoAsITCsl, TaK Ha3bIBaeMoe, HEOO HEMOABUKHbBIX
3BE31, a gajiblie Bcero — CoJjiHue. DTa olmbKa Obljia MCIpaBjieHa ero npo-
JOJIKATEISIMU.

Ero coBpemeHHUK, AHaKCcUMaHAp®, MpU3HAJ ¢AMHBIM U TTOCTOSTHHBIM MC-
TOYHUKOM POXJIEHMS BCceX Belllel ykKe He «BOAy» M BOOOIIIe, He KaKoe-J1100
OT/I€JIbHOE BEIECTBO, a IEPBOBEILECTBO, U3 KOTOPOTO 000COOJISIIOTCS IMPOTU -
BOITOJIOXKHOCTHY TEMJIOr0 M XOJOJHOIro, JArollye HAadyajao BCEM BEIIECTBAM.
DTO mepBOHAYAO, OTJIMYHOE OT OCTAJIbHBIX BEIIECTB (M, B 3TOM CMBICIIE,
HEONpeaeJIEHHOE), HE UMEET TpaHMIl U IIOTOMY €CThb «OectpeneabHoe». [1o
000C00JIeHUM U3 HErO TEMJIOTO U XOJIOJIHOr0, BO3HMKJIA OTHEHHAasi 000J104Ka,

" B.®D. Acmyc. «AHTMYHasT putocodust». YaeOHoe nocodue, ¢. 24. Uzn. 2-e, nomn. M., «Bricias
mKosa», 1976 .
8 Tam xe, c. 25.
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oOJiexIasg Bo3ayx Hapn 3emyei. [lpurekaromuii Bo3ayx IpopBajl OTHEHHYIO
000104Ky M 00pa30oBaJl TPU KOJIbLIa, BHYTPU KOTOPHIX OKA3aJI0Ch 3aKJTIOUYEH -
HBbIM HEKOTOPOE KOJIMYECTBO MPOPBABIIETOCS HAPYKY OrHs. Tak mpou3oluin
Tpu Kpyra: Kpyr 3B€31, CojiHua 1 JIyHbl. 3eMiist, 1o ¢popMe mogoOHast cpe3y
KOJIOHHBI, 3aHUMMAaeT CepeAUHY MHUpa U HEIOABMXHA; XKMBOTHbIC U JIOAU
00pa30BaAIMCh U3 OTJIOXKEHUI BBICOXIIIETO MOPCKOIO THA Y U3MEHUJIN (DOPMBI,
pHu 1nepexone Ha cyury. Bcé odocobuBIeecst oT 6ecnpeaeibHOTro JOJXKHO, 3a
CBOIO «BUHY», BEpHYTbCS B Hero. [loaToMy, MUp — He BeueH, HO, TI0 pa3py-
LLIEHUIO €0, U3 OecnpeieIbHOIO BhIACJISIETCS HOBBII MUP, U 9TOI CMEHE MU -
POB HET KOHIIA.

ITocnenunii B psaay MuiaeTcKux (puimocod@oB — AHaKCUMEH?, TOCTUTILINT
3peJIOCTU, KO BpeMeHHU 3aBoeBaHusI MuJjieTta nmepcaMu, — pa3BUJ HOBBIE
npeacraBacHuss o myupe. [IpuHSIB, B KaueCcTBe MEPBOBEIIECTBA, BO3AYX, OH
BBEJI HOBYIO 1 BaXKHYIO UJICIO O MMPOLIECCe pa3peXeHUsI U CTYILEHUS, ITOCPEe/I-
CTBOM KOTOPOTIO, 13 BO3JyXa 00pa3yoTcsl BCE BEILIECTBA: BOJA, 36MJIsI, KAMHU
1 OroHb. «Bo3ayx» 1J1s1 Hero — abIxaHue, OOHUMAIOIIee BECh MUP, TTOJOOHO
TOMY, KaK Hallla Ayiia, Oyaydu AbIXxaHUeM, 1ep>XuT Hac. I1o npupone cBoeid,
«BO30yX» — POJ Mapa WJIM TEMHOIo 00JaKa U CPOIHU IIYCTOTE. 3EMIIST —
IUIOCKMI IUCK, MOAIEPXXMBAEMbI BO3IYyXOM, TaK e, KaK Mapsiuue B HEM
TUIOCKME, COCTOSIIIME U3 OTHSI, TUCKU CBETUJI. AHAKCUMEH UCIIPaBUJI YYCHUE
AHaKcUMMaHpa O MOPsIIKE pacloI0XEHNSI B MUPOBOM ITpOCTpaHCTBe JIYHBI,
ConHua u 38€31. COBpeMEHHUKU U TIOCJIeAyIolIMe rpedyeckue puiaocodnl
npuaaBaau AHaAKCMMEHY 3HadeHUe OoJIbliee, YeM IPYIruM MUJIETCKUM (PUITO-
codam.

AHanu3upys IpeacTaBiieHUs 3TUX GujIoco@oB 0 Npupoae, HeBOJIbHO
OpocaeTcs B I1a3a TOT (PaKT, YTO KaXKAbI M3 HUX MOJTYy4YMJI 3HAHUS HE 1IeJIb-
HbI€, a OTPbIBOYHBIE. M, MCITOIB3YsI KaXKIblil «CBOI» OCKOJIOK, IBITAJIMCH IT0-
CTPOUTbH CBOIO KapTUHY Mupo3aaHus. HeroysiHOTa, He3aBepLIEHHOCTb M3HA-
yaJibHOro PyHAAMEeHTa, Ha KOTOPBI OHU ONIMPAIMCh, IPUBOAMIIA K OTHO0O-
KOCTH, CUJIbBHOMY MCKaXXEHUIO0 KAPTUH MUPO3JaHUS, UMU CO31aBaeMbIX.

Becbma MHTEpECHBI KOCMOJIOTUYECKHUE MTPEACTABICHUS DMIIEA0KIIA,
JeITeJIbHOCTh KOTOPOro MpoTeKaja B AKparaHte (ArpureHre) Ha 6epery Cu-
I B 5 B. 10 H.3. CorlacHO KOCMOJIOTUUA DMIIEA0KIA, BOKPYT 3eMJIU
CYILLIECTBYIOT JIBa BpalllaoluXxcs noayuapusi. OQHO U3 HUX COCTOUT LICTUKOM
13 OTHS, APYTO€, CMELIAHHOE, COCTOUT U3 BO31yXa U U3 IIPUMECHU HEOOJIBILIOTO
KOJIMYECTBA OTHSI. DTO BTOPOE MOayIlIapue IMPOU3BOAUT CBOMM BpallleHUEM
sgBieHue Houu. Havano nBrzkeHus IIpor3011JI0 OT HapyllIeHUsI paBHOBECHS,
BCJIeACTBUE MpucoeaguHeHus1 orHs. CorlacHO acCTpOHOMMYECKOI TUIT0Te3e

 TaM xe, c. 26.
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Omnenokiua, CojiHle, MO CBOe MpUpoAe, HE OTHEHHOE. JIHEBHOE CBETUIIO,
BUIMMOE HAaMM KaXIbli JeHb Ha HEOECHOM CBOJIE, €CTh, 110 DMIEI0KIY,
TOJIbKO OTpaXk€HUE OTHsI, MOJ00HOE TeM, KOTOpble ObIBalOT Ha Boae. JIyHa
oOpa3oBajiach U3 BO31yXa, YBJICYEHHOIO OTHEM. DTOT BO3AyX CTYCTUJICS Ha-
Bepxy, Harogooue rpaga. Ceetut JlyHa He COOCTBEHHBIM CBETOM, a UCXO/ISI-
M oT ConHua. @opMa MUPO3JaHUS — HE IIapOBUAHA, B TOUHOM CMBbICJIE.
Mup nnpubnmkaeTcsi, 1o cBoei (popMe, K Sy, JIexKalleMy B TOPU30HTAIbHOM
nojtoxkeHuu . OH TIpeacTaBIIsI, YTO 3BE3IbI TPUKPEIUIEHBI K TBEPIOMY KPH-
CTAJUIOBUITHOMY HEOECHOMY CBO/LY, IIJIAHETHI XK€, ABMXKYTCS CBOOOTHO. DMIIe-
JIOKJI YK€ SICHO OTJIMYaJ IJIaHEThl, UMEIOIINE BUAUMOE IBUKEHUE O OTHO-
LLIEHMIO K OKPYXKaAIOIIMM UX 3B€31aM, OT BUAMMO HEIIOJBVXKHBIX, I10 OTHOILLIE-
HUIO IPYT K ApyTY, 3B€31. B3rnsa Ha JIyHy, Kak Ha Teo, 00pa3oBaBlIeeC ITy-
TEM CTYIIEHMSI BO3yXa U, CTajl0 ObITh, HE CAMOCBETSIIIEECS, MOACKa3al OM-
MeA0KITy O0ObSICHEHME COJTHEYHBIX 3aTMeHUI. [IpMunHy MX OH BUAET B TOM,
nHoraa téMHas JIyHa 3acinonsietr coooii ComHile. [eHMaabHOM, 111 TOrO Bpe-
MEHHU, ObLJIa JOTaaKa OMIIEA0KIIA O TOM, YTO CBETY TPEOYETCS U3BECTHOE Bpe-
Ms1 IJ1s1 paCIpOCTpPaHEeHMSI B IIPOCTPAHCTBE. DTa A0raaka MoJHOCTbHIO ITPOTH-
BOpEYMIa BCEM TOTAALHMM MIPEACTABICHUSIM O IIPUPOAE CBETA.

Bo BTopoii mosoBuHe 5 B. 10 H.3., Ha ceBepe Ipeuuun, Bo @pakuu,
MOSIBUJICSI HOBBIM LIEHTP pa3BUTUs HAyKu U pusiocopun — ropon Adaepnl. B
HEM IIpOTeKaJia AesATeIbHOCTh JIEBKUIINA B €T0 3pEJIyIO MOPY, a TAKXKE, OesI-
TeJIbHOCTh JIeMOKpHUTa, CO31aBIIMX HOBOE yUeHME — aTOMUCTUYECKUI MaTe-
puanu3M. Ha3BaHue yueHUsI MOKa3bIBAET, YTO OCHOBHOE (pr3nyeckoe (u pu-
Jjocodckoe) Bo33peHue JleBkunmna u JleMoKpuTa COCTOUT B TUITOTE3E O CYILIE-
CTBOBAaHMU HEJIEIMMBbIX YaCTUI] BelllecTBa. [peueckoe CI0BO «aTOMOC» O3Ha-
YaeT: «<HEeIEIUMBbIN», «Hepa3pe3aeMblili Ha yacTu». [1o coobmenuno Cummim-
uus, Jleskunn u JleMOKpUT rOBOPUJIN, YTO Havasa ((pu3ndecKre 3J1€MEHTHI)
— OECKOHEYHBI MO YUCIY, U MX OHU HA3bIBAJIM «aTOMAaMW» U CUMTAIMU UX
HEASIMMbBIMUA U HEIIPOHUIIAEMBIMU, BCICACTBUE TOTO, YTO OHU aOCOJIOTHO
IUIOTHBI U HE 3aK/II0YaloT B cede mycToThl. OHU TOBOPWIIN, YTO pa3aejicHUE
MPOUCXOIUT, O1arogaps MyCcTOTEe, 3aK/I0YalOIIEiCsI HE BHYTPU aTOMOB, a B
TeJlaX, aTOMBI XK€, OTAEJICHBI IPYT OT Apyra B 06CKOHEUYHOI IMyCTOTE U pa3jiu-
YaloTCcs BHETHUMHU (hOpMaMM, pa3MepaMu, MOJOXEHUEM U TTOpsiaKoM !,

ATOMBI HOCSTCS B IIyCTOTE, HACTUTasl OPYr Apyra, OHU CTaJKUBAKOTCS,
MPUYEM, TJI€ CIYIUTCS, OMHU OTCKAKMBAIOT APYT OT APYyra, IPyrue CLErIsoT-
CSl MJIU CILJIETAIOTCSI MEXAY CO0O0I, BCIIeNCTBUE COOTBETCTBUS (DOPM, pa3Me-

10B.®D. Acmyc. «AHTHYHAas ¢uiocodus». YaebHoe mocobdue, c. 68-69. Uza. 2-e, nom. M.,
«BeIciIas mkona», 1976 .
" Tam xe, c. 138-139.
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POB, TIOJIOXKEHUI 1 nopsiAKoB. OO0pa3oBaBIIKUECS COSAUHEHMS JEpXKATCSI BME-
CTe U, TAKUM 00pa3oM, MPOU3BOASIT BOBHUKHOBEHME CJIOXKHBIX TeJ. JIeBKUIIIT
1 JIeMOKpUT Iojarajiv, 4To 0€CKOHEUYHO HE TOJbKO YMCJIO aTOMOB BO BceesieH-
HOM, HO Y YMCJIO BOBMOXKHBIX JJISI pa3JIMYHBIX aTOMOB OPM, T.€. UX (pUTYp,
ouepTaHuii. CylIeCTBYIOT aTOMbI CAMOU pa3IMYHOM (pOPMBI: IIAPOBUIHEIE,
MUMpaMUIAIbHbIE, HEOPAaBUJILHOU (DOPMBI, KPIOUKOBATHIC U T.I1. YMCIIO 5THX
pa3iIMYHbIX POpM — OECKOHEYHO. JloKa3aTeJabCTBO OECKOHEYHOIro Yuciaa
(bopM aTOMOB, KOHEYHO, HE MOTJIO OBITh SMIIMPUYECKUM, BCICACTBUE HEBU -
JTUMOCTU 1 HEOCSI3a€MOCTU 3TUX POPM, a TOJIBKO JOTUYECKUM.

ATOMHCTBI HE CTaBST BOIIPOC O MPUUYMHE ABMXEHUS aTOMOB. OHU He
CTaBST €0, HE BCIEACTBUE «OECKOHEYHOCTH» , KaK TyMaJl O HUX APUCTOTE b,
a TIOTOMY, YTO JIBMK€HME aTOMOB IPEACTABISIETCS UM M3HAYaJIbHBIM CBOJ-
CTBOM aToMOB. MIMeHHO, Kak M3Ha4yaJIbHOE, OHO He TpeOyeT OOBSICHEHMUS
npuurHbl. Ho ydeHure o IBUXKEHUM aTOMOB HE €CTh U IIPOU3BOJIbHOE YTBEP-
XJeHue puiiocoda o TOM, UTO IMIPOUCXOIUT B 00JIACTU YYBCTBEHHO HEBUA -
MOTO ¥ HEBOCIIPMHUMaeMoro. Teopusi 0 HeBUIMMBIX HAMU JBUKEHMSIX BECbMa
MaJjibIX aTOMOB BHYIIIAETCS HallleMy YMY HaOJIOAeHUSIMM HaJl poLecCaMU U
SIBJICHUSIMU, TIPOUCXOASIIMMUA B YYBCTBEHHO BOCIIPUMHMMAEMOM MPUPOJIE.
Teopus aromu3ma Bo3HMKIIA y JIeBkumnma u JleMokpuTa, Ha OCHOBaHMM Ha-
OMoneHUI 1 HEKOTOphIX aHajloTuid. [TpenmMeToM aTHX HaOIIOAEHUIA ObLIN Ta-
KHe 001IEeN3BECTHBIE (PAKThI, KAK CITOCOOHOCTb HEKOTOPBIX TBEPABIX TEJ CXKU-
MaTbCs. Eciiv Tena MOoryT cokpalaTbCsi B CBOEM 00bEME, 3HAYUT, OHU COCTOST
13 YaCTULL, MEXKIY KOTOPBIMU MMEETCS ITYyCTOe MPOCTPAHCTBO, MHAYe, KAK MO-
IV Obl OHM YMEHBIIUTHLCS B 00bEMe? B cooTBeTCTBUU € 3TUM, JIeMOKPUT 10-
SICHSIJI, YTO OOJIbIIAsl WM MEHbIIAsl CTENeHb TBEPAOCTU U MSITKOCTU «CO-
OTBETCTBYIOT OOJIbIIEH WIN MEHbIIEH CTEIIEHU IJIOTHOCTU U Pa3psIKEH-
HOCTW». Bce Bellu u Tea BUAMMOTro, OLIYIaeMOT0 MUpPa, COIJIACHO UX y4e-
HU10, BO3HUKAIOT B pe3yJIbTaTe BPEMEHHOT'O COeIUHEHUSI HEBUAMMBIX U HEO-
CS1I3a€MbIX BEILIECTBEHHbBIX YACTULl. DTU YaCTULIbI YK€ HEe 00J1a1a10T, Bpa3pes
¢ AHaKcaropom, NOTeHUMAIbHOMU AEIUMOCTBIO 10 OECKOHEYHOCTU. DTO — Ya-
CTHU1IbI, a0COJIIOTHO HeJIEJIUMbI€ U TOTOMY Ha3bIBa€MbIE «aTOMaMU». ATOMBI,
10 UX MPEeACTaBJIIEHUSIM, HACTOJBLKO MaJjible YaCTULIbI BEILIECTBA, YTO HEMO-
CpPeICTBEHHO, ITPU MOMOILM YyBCTB, UX CYLLIECTBOBAaHUE HE MOXKET OBbITh 00-
Hapy>XXeHO: 0 HEM MbI TOJIbKO 3aKJII0YaeM, HA OCHOBAaHUY 10KA3aTEIbCTB WU
JI0BOAOB yMa. KocMo10rust aTOMUCTOB Y X KOCMOTOHUSI, B CBOUX PAa3IMYHbBIX
YacTsIX, COOTBETCTBYIOT pa3HbIM YPOBHSIM Pa3BUTHSI aHTUYHOM HAyKU U
IMOTOMY, B OTJI€JIbHBIX CBOUX YUCHMUSIX, JAJIEKO HE PABHOLICHHHI.

B HEKOTOPBIX KOCMOJIOTMYECKUX UACSIX aTOMUCTBI HAIOJITO ONEPEaNIN
CBOE BpeMsl, B IPYTrUX, OCTAIUCh, IPUMEPHO, HA TOM YPOBHE, KOTOPOTO J10-
CTUIJIa MWJIETCKAs IIKOJa, B JIMIIE CBOEr0 MOCJAECIHEr0 MPEeICTaBUTENs —
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AHakcuMeHa. HOBbIMU JOCTMXXEHUSIMU aTOMUCTOB ObLIM MX YYEHMS O Oec-
KOHEYHOCTU BcesleHHOI 1 0 6eCUMCIEHHOCTU MUPOB, OTHOBPEMEHHO CYIIEe-
CTBYIOLIMX B OECKOHEYHOM MMPOBOM IIPOCTPAHCTBE. YUyeHue JIeBKUIIA U
JlemokpuTa o 6eCKOHeYHOCTU BceaeHHOol psIMO BBITEKAET M3 MX MpeacTa-
BJICHUSI O O€CKOHEUYHOCTHU ITyCTOrO IIPOCTPAHCTBA U U3 MPEACTABJICHUS O OeC-
KOHEYHOM YMCJIE aTOMOB, ABMXXYIIUXCS B ImyctoTe. IIpoiiecc oGpazoBaHust
OECKOHEYHOI0 YKC/ia MUPOB B 06CKOHEYHOM ITPOCTPAHCTBE ATOMUCTHI TIPE/I-
CTaBJISIM CJIEAYIOLIMM 00pa30M: «BbIIEISSCh U3 OECIIPEACIbHOT0», HECETCS
MHOXECTBO pa3HOOOpa3HBIX MO (popMaM TeJl «B BEJIMKYIO MYCTOTY» U BOT
OHM, COOpaBIIMChH, TPOU3BOASIT €IUHbBINA BUXPhb, B KOTOPOM, HATAJIKUBAsICh
JPYT Ha Ipyra U BCAYECKU KPYKACh, OHU PA3ACISIIOTCS, MIPUUEM, TOJOOHBIE
OTXOIMIT K NOAOOHBIM. MIMero1mue xXe OIMHAKOBBIN BEC, BCJICACTBUE OOJILILIOTO
CKOIUICHUSI, YK€ HE B COCTOSTHUM 00Jiee KPYXKUTHCH... TaKuM 00pa3oM, TOHKUE
TeJIbla OTCTYNAIOT B HAPY>KHbBIE YACTU MyCTOTHI, CJIOBHO, KaK ObI, OTJIETasI K
nepudepun. Ilpoune xe, «OCTalOTCS BMECTE» U, CILJIETasICh MEXAy COOOIA,
JBUKYTCSI BMECTE M 00pa3yIOT, MPEXIEe BCEr0, HEKOTOPOE IapooOpa3HOE CO-
€IMHEHME. DTO IIapo0Opa3HOE COEAMHEHME OTIESIET OT ce0s1, KakK Obl, 000-
JIOUKY, 00beMJTIONLYIO B ce0e pa3HOoOOpa3HbIe Tena. Ha nepudepuu Buxps, u3
MOCTOSIHHO CTEKABIIMXCS CIUIOLIHBIX Macc, 00pa3oBajach TOHKas 000J104Ka.
[TpuuuHoOIi €€ 06pa3zoBaHUs ObLIO BpallleHUE TeJ U COIPOTUBJICHME LIEHTpA.
Takum crmtocoO60M BO3HMKIIA 3eMJIsI: CHECEHHBIE K LIEHTPY MAaCChI CTaJIu Aep-
KaTbcsg BMecTe. Ha aToM mponecc He ocraHoBwiIcsa. OO0pa3oBaBIasics Ha Me-
pudepurn 000104Ka NPoAoKajla YBEJIMUUBAThLCS, YBIeKaeMasi BUXPEM, IepU-
depust npucoeanHsIa BC€, yero Obl OHa HU Kacajiachk. B pe3ynbrarte, HEKOTO-
pble KOH(pUTypaLuu Tea 00pa3oBaivu coeauHeHus. Korna 3Tty Tena, nepBoHa-
YaJIbHO BJIaXKHBIE, BBICOXJIU, OHU CTaJIu KPYXKUThCSI BMECTE€ C MUPOBBLIM BHU-
xpeM. BriocneacTtsum, BOCIIaMEHUBIIMCh, OHU CTaJli HEOECHBIMU CBETHU-
Jlamu. bixe Bcero K 3emiie — Kpyr JIyHbI, caMblii yaaaéHHbIM — Kpyr CoJIH-
a. Mexny aTUMM KpallHUMHU KpyraMy pacIioJOXWINCh KPYTA BCEX MPOYMX
CBETUI.

Caenyet y4yecTb, YTO Koraa JIEeBKUIIIT rOBOPUT O LIAPOBUAHOCTU COCO -
HEHMS YaCTUL UJIU TeJI, BOZHUKILIETO B LICHTPE, ¥ O BbIICIUBIIECICS U3 3TOTO
COeIMHEHNST 000JI0UYKE, OH OMMCHIBAET MPOLIECC 00pa30BaHUSI TOJIBKO OJHOTO
13 OECUKCIEHHBIX MUPOB — TOI'0, B KOTOPOM BO3HMKJIA Hamua 3emiist, ConHie
Y IBMKYLIMECS, MexXay 3eMIeil u nepudepureii Haliero myupa, ceetuiaa. Ho
MUP, TAKUM 00pa30M, BOZHUKILMI, 110 JIEBKUIINY, €1I€ HE UCYEPITBLIBAET CO-
6011 BcesreHHOM. DTO — TOJIBKO OAWH U3 OECKOHEYHOTO YK CIa 00pa3yIOLLXCS
1 norunoarix MupoB. Pa3Butue npeBHerpedeckoii pumocopuun 1o Cokpara
ObL10, B LIEJIOM, UICTOPUE BOSBHUKHOBEHMSI U Pa3BUTHS MaTepruaan3mMa — OT
®daneca no Jlemokpura. B yuenue lemoxkpura (KoHell 5 — Hayano 4 B. 10 H.3.)
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JPEBHETPEYECCKUIA MAaTEPUAJIU3M JOCTUT CBOEH BBICILIEN (DOPMBI, CTaJl aTOMU-
CTUYECKMM MaTepUaIu3MOM B (pUI0CcOPr U1 OTHOBPEMEHHO B HayKe.

ITonoxeHue nen MeHsieTcsl ¢ HayajaoM 4 B. 10 H.3. [11aToH, ¢ peAkum B
WICTOPUU MBICJIM TaJJAHTOM, CO3JaET yYeHUEe OOBbEKTUBHOIO uaeaansma. Or-
HBIHE B IpevyecKkoit punocodpun «iMHUU JleMOKpuTa» pe3Ko U HEMPUMUPUMO
MpOTUBOCTOUT «JIMHUS [1maTona». [1lon «maTepuein» [1maTon moHnMaeT 6ec-
Mpeaec;ibHOE HAavyaJlo U YCJIOBME MPOCTPAHCTBEHHOrO0 000COOJIEHUS, IIPO-
CTPAHCTBEHHON pa3aeI€HHOCTA MHOXECTBEHHBIX BEILEH, CYIIECTBYIOIIMX B
yyBCTBEHHOM Mupe. B oopazax muda I11atoH xapakrepusyeT MaTepuio, Kak
BCEOOIIYI0 «KOPMWJINILY» U «BOCIIPUEMHUILLY» BCSIKOTO POXIACHUS U BO3HM-
KHOBeHUS. OOHAKO, «MIeU» U «MaTePUsI», THAUY€ — O0JIACTU «ObITUSI» U «HE-
OBITUSI», TPOTUBOCTOAT y I l1aTOHA HE B Ka4eCTBE HayaJl pAaBHONPABHbBIX U pa-
BHOCWJIBbHBIX. MUpy, Wi 001acTu, «iaei», 1o IlmaTtony, mpruHaIIexXuT HEO-
cnopumMoe 1 6€3yCcIOBHOE NEPBEHCTBO.

Yuenwe [11aToHa He ocTaBajgoOCh OOHUM U TEM K€, HO, B TEUEHHUE JOJITOM
xku3Hu [1natoHa, pa3BUBaIOCh U U3MEHSIJIOCh. BaXXHBIM 3TarioM B pa3BUTUN
[1maToHa oka3zanocsk ero commkeHue ¢ nudaropernamMu. MareMaTudeckue u
KOCMOJIOTHYECKME YUyeHUsT nmudaropeiilieB, Takux, Kak Apxut u ®uonaii,
HECOMHEHHO, CTaJiu U3BeCTHHI [11aTOHY M MOKHBI ObLIM MPUBJIEYb €ro
BHUMaHue. B no3ngHeM quaiore I1naroHa «Tumeii», MOCBIIIEHHOM BOIIPpOCaM
KocMosoruu, [1maToH mpsiMo BKJ1aabIBaeT U3J1araéMoe UM KOCMOJIOTMYECKOE
ydyeHue B ycTa nudaroperiies. CorjlacCHO 3TOMY YYEHUIO, MUP €CTb KMBOE
CyLLECTBO, nMemwlIee Gopmy mapa. Kak xXnBoe CylecTBOo, MUP UMEET MYIILY.
Jlylia — He B MUPE, KaK €ro «4acTh», a OKPYKAaeT BECb MUP U COCTOUT U3 TPEX
Hayal: «TOXJe-CTBEHHOT0», <MHOTO» U «CYIIIHOCTU». Hauana 3T — BeIcIIMe
OCHOBAHMS <«IIPEAECTBHOTIO» U «OECHpelebHOrO» OBITUS, T. €. OBITUS HIE-
aJIbHOTO 1 MatepuajbHOro. OHM pacrpeacsieHbl, COrJIAaCHO 3aKOHAM MY3bI-
KaJIbHOM OKTaBbl — B KPYrax, YBJICKaIOIINX HEOECHBIE CBETUJIA B X ABUXKE-
HUSX. OKPYKEHHOE CO BCEX CTOPOH MUPOBO AYIIOW, TEJI0 MUPA COCTOUT U3
BJIEMEHTOB 3€MJIM, BOAbI, OTHS 1 BO3yXa. DJI€MEHTbI 3T 00pa3yroT IIPOIIOp-
LIMOHAJIbHBIE COEAUHEHUSI — I10 3aKOHaM uucesl. Kpyr «ToxaecTBeHHOIo»
o0pa3yeT Kpyr HENOJABUIKHBIX 3BE31, KPYT «MHOr0» — KpyT I1aHeT. M 3BE31bl,
1 IJIAHEThI — CYLLIECTBA 00XECTBEHHbIC, MUPOBAs Ayllla OAYLIEBISCT UX, TAK
K€, KaK M OCTaJIbHOM MUp. Tak KaK 3JIEMEHTBI 36MJIX, BOAbI, OTHS 1 BO3ayXa
— TEJIECHBI, TO OHU, KaK TEOMETPUYECKUE TE€JIa, OTPAHUYECHBI TNIOCKOCTSIMMU.
dopma 3eMi — Ky0, BOJIbI — MKOCAdAP, OTHSI — MMMpaMuia, BO31yxa — OK-
Tasap. Hebo ykpanieHo mo obOpa3sy noaekasapa. 2K3HbO MUPOBOI Ayl
MPaBSAT YU CIOBBIE OTHOLLIEHUS M TapMOHMs. MUpOBas ayliia He TOJIbKO >KMBET,
HO UM TTO3HAET. B ¢CBOEM KpyroBoM BO3BPaTHOM JBMKEHUM OHA, MPU BCIKOM
COIIPUKOCHOBEHUM C TEM, UTO MMEET CYIIHOCTb, CBUIETEIbCTBYET CBOUM
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CJIOBOM O TOM, YTO C YEM TOXKIECTBEHHO, YTO OT YeT0o OTIMYAeTCsI, a TaKXKe,
rae, Korma U KakumM o0pa3oM BceMy OBIBAIOIIEMY JOBOAMUTCS OBITH — I1O
OTHOILLIEHMIO K BEYHO HEM3MEHHOMY U 110 OTHOLLIEHUIO K APYroMY ObIBaIOIIIE-
My. CJ10BO 3TOT0O CBUAETEILCTBYET ONMHAKOBO UICTUHHO — KakK I10 OTHOIIIEe-
HUIO K «<MHOMY», TaK M IT0 OTHOLLIEHUIO K «TOXIECTBEHHOMY». Korma oHO oT-
HOCUTCSI K YyBCTBEHHOMY, BOBHMKAIOT TBEPIble ICTUHHBIE MHEHUS U BEPO-
BaHus. Korga ke OHO OTHOCUTCS K pa3yMHOMY, TOra MbICJAb U 3HAHUE
HEOOXOIMMO JOCTUTAIOT COBEPIIIEHCTBA 2.

Benanuaiiimmm 13 HermocpeACTBEHHBIX Y4eHUKOB [1i1aToHa 6611 ApucTo-
TeJIb. XapakTep puiIocoPcKoro yyeHust ApUCToTesis 0 ObITUM OTpa3WJICI 1 Ha
ero pu3nYeCKOM YUEHUHU, a TAKXKE, HAa €I0 KOCMOJIOTMU. APUCTOTEJIb, B CBOEM
YYEHUU O ABUXKEHUM, NIPUHUMAET BO BHUMaHME BCE, NOOBITOE IO 3TOMY
BOIIPOCY €ro MpeaiecCTBEHHUKAMU — JIIOJIbMU IMTOBCEIHEBHOTO OIIbITA U (D1 -
Jocopuu. M te, n apyrue ykaszajim, 4TO BO3MOXXHBI TOJLKO 4YeThIpe BUIA
JBUKEHUS: YBEJIMUEHUE M YMEHbIIIEHME; KAaUYeCTBEHHOE U3MEHEHUE, WU
MpeBpalleH1e; BOSBHUKHOBEHUE U YHUUTOXEHNE; IBUXKEHUE, KaK ITepeMellie-
HUE B IIPOCTpaHCTBe .

ITogo6GHO TOMY, KaK, MpU UCCJIEAOBAaHMY BUIOB IIPUYUNH, ObLUT MOCTAaBJICH
BOIIPOC O MPUYMHAX B3AUMHO CBOJMMBIX 1 HECBOAMMBIX, TaK U, IIPU MCCIIe-
JOBAaHUU TIPOOJIEeMbI ABMXKEHUS, APUCTOTEIIb 3aa€TCSI BOIPOCOM, KaKOU 13
YeThIPEX BUIOB IBUKEHUS — IJIaBHBIN, HECBOIMMBIN K OCTaJIbHBIM. TaKoBO,
110 ApUCTOTEJTIO, IBMXKEHME B TPOCTPAHCTBE: UMEHHO OHO — YCJIOBME BCEX OC-
TaJIbHBIX BUJIOB ABWXKECHUS. YUeHUE APUCTOTEIISI O IBUKEHUM B IIPOCTPAH-
CTBE, KaK 00 OCHOBHOM M3 YEThIPEX BUAOB JBUXKEHMUSI, HE TPUBEIO APUCTO-
Teasl K COJIMXXEHUIO C aTOMUCTUYECKMMU MaTepuaauctamu. JleBkunm u
JleMOKpUT mosjaraiaun, YTo B OCHOBE BCE€X BOCIIPMHMMAaEeMbIX HALLIMMU YyBCTBa-
MU Ka4yeCTB, JieXXaT MPOCTPAHCTBEHHbBIE (DOPMBI M IPOCTPAHCTBEHHBIE KOH-
(purypaumm aBMXKYIIUXCS B MIyCTOTE aTOMOB. Teopus 3Ta MCKIII0Yaia BO3MO-
>KHOCTb Ka4eCTBEHHOTO IMpeBpallleHUs] OMHUX CBOMCTB B Apyrue. OHa Ipo-
BO3IJIalllajIa 3TU NpeBpalleHUsT pe3yJIbTaTOM HEAOCTaTOYHOM IMTPOHULIAEMOCTH
HaIllMX OLUIYILIEHUI 1 YyBCTB, HE «IOXOISIIINX» 10 CO3ePLIAHMSI aTOMOB C UX
SAVUHCTBEHHO OOBEKTUBHBLIMU Pa3INUYUSIMU T10 (pUType, IO MOJT0XKEHHUIO B
MPOCTPAHCTBE U MO NOPSIAKY APYT OTHOCUTENILHO Apyra. s ApUcToTelist 3TO
BO33peHue 0bL10 HenmpuemiaeMo. HecMoTpst Ha BClo poJjib, KOTOPYIO B KOCMO-
JIOTUU ApPUCTOTEJISI UTpaeT MPOCTPAaHCTBEHHOE ABMXKEHUE, (PU3uKa ApUCTO-
TeJIsI OCTAETCSI B CBOEI OCHOBE HE KOJIMYECTBEHHOM, a KAYeCTBEHHOU. ApU-

2B.®. AcMyc. «AHTUYHas ¢rtocodus». YuedHoe rmocodue, ¢. 223-224. U3n. 2-e, gom. M.,
«BrIcmIas mkona», 1976 .

13 Tam xe, c. 289-294.



36 Huxodmnaii JIesamoB. «HeomHoponHas BecenenHas»

CTOTEJIb YTBEPKIAET PealbHOCTh KAUECTBEHHbBIX Pa3JINUMii U peajlbHOCTh Ka-
YeCTBEHHOTO TIpeBpalleH1s OJHUX (PU3NUIECKUX DJIEMEHTOB B ipyrue. Pusn-
YECKMM TEOpHUSIM aTOMMCTOB M 3JIeaTOB APUCTOTENIb MPOTUBOIIOCTABISICT
CBO10, (pM3NUYECKME OCHOBBI KOTOPOU, OMMPAIOTCI Ha €ro puiaocodckoe
y4€HHE O BO3MOXHOCTU U JIEUCTBUTEILHOCTU. TaK Kak, Mo ApUCTOTENIO,
«MaTepusi» — BO3MOXHOCTb «(pOPMbI», TO UICTUHHO U TO, YTO «MaTEPUSI» €CTh
«(popmar». B caMoii nipupone «<MaTepur» KOPEHUTCS BO3MOXHOCTb IPUHSITh
dopmMmy, ctaTh Popmoii, u3MeHUThC B popMy. M3MeHeHne — He pe3yJibTaT
BHEIIIHETO Teja WM MUX YacTUll B MpocTpaHcTBe. /1151 B3auMoaeicTBUS
MpeaIMETOB APYT C APYIrOM JOCTATOYHO TOTO, YTOOBI, BXOAS B OOUH U TOT Xe
O01IMIA AJI1 HUX PO, MPEeAMEThl 3TU OTJUYAJIUCh APYr OT ApyTra JIMIIb
BUJOBBIMU IIPU3HAKAMU.

CoryiacHO ApUCTOTENTIO, IPOCTPAHCTBO — HU YTO MHOE, KaK 3aHUMaeMOe
TeJioM MecTo. Ho MecTo ecTh rpaHmIia APYroro Tejaa, OOHMMAIOIIETO JaHHOE
teJio. [loaToMy, eciiu 3a ipeenaMy Mrupa He CylLIeCTBYET HUKAKMX TEJ, TO 3TO
3HAYMT, YTO TaM HE CYILECTBYET HA MECTa, HU IPOCTpPaHCTBA. Mup o0beMIIeT
B ce0e HE TOJILKO MECTO, HO M BCE BpeMst. CaMo 1o cede, BpeMst — Mepa IBU-
>keHus. Tak Kak IBUXXKEHUE He pacIIpOCTpaHsIeTCs Ha 00J1aCTh, 3alpeaeIbHYIO
MHUPY, TO HE pacHpoCTpaHseTcs Ha He€ M BpeMs. 3eMJisl HENOIBUXHO
MpeObIBAET B LIeHTpe Mupa. M B 3TOM yTBepXKIEeHUNU KOCMOJIOTHUSI ApUCTOTES
— 1Iar Hazal, B cpaBHeHUM ¢ Kocmosorueid [lmarona n nudaropeitues. U
[ImaToH, 1 nudaropeiibl pa3BUBaIu ydeHUE O ABMXKeHUM 3emun. [Iudaro-
peHIbl YIMIIN O €€ IBVXKEHUU BOKPYT «lIEHTpaJIbHOTO OrHsI». I1maTon Hame-
T, JAJIEKO, BIPOYEM, HE SICHO, MBICJIb O IBUKEHUM 3€MJIM BOKPYT OCH.

Bce xe, He 110 BceM BompocaM KOCMOJIOTMU APUCTOTENb CTOST 033
CBOETrO BeKa. BblmalommmMcs DOCTMKEHUEM €TI0 KOCMOJIOTUM ObLIO CTPOroe
JI0KA3aTeJabCTBO IIapOBUAHOM (popMbl 3emiin. 11IapoBUaAHOCTD 3Ty OH T0Ka-
3bIBAeT M3 HAOIIOICHUI, CAeTaHHBIX BO BpeMsl 3aTMeHU JIyHbI. DTU HaOI10-
JeHUS MOKA3bIBAIOT, YTO Te€Hb 3€MJIM, HAIBUTAIOLLIASICS HA BUIMMYIO IIOBEP-
XHOCTb JIyHBI, BO BpeMs JIyHHOTO 3aTMEHMsI UMeET Kpyriayw ¢opmy. [1o
OO0BSICHEHUIO ApUCTOTEJISI, TOJIbKO IIAPOBUIHOE TEJ0, KOTOPHIM B 3TOM CJIy-
qyae SBIISIETCS 3eMJIsI, MOXET OTOpachiBaTb B MUPOBOE IIPOCTPAHCTBO — B
CTOPOHY, TPOTUBONOJIOXHYI0 COIHILY, — TeHb, KOTOpPasi B IPOEKI1Y Ha 111a-
POBYIO MOBEPXHOCTh JIYHBI IPEACTAaBUTCS TEMHBIM KPYTOM, HaJBUTAIOLLIVM -
CSl Ha AUCK TTOJTHOM JIYHBI.

KonoccanbHbIM 0Ka3aa0Ch BIUSHUE IPYTMX KOCMOJIOTUYECKUX YYEHUIA
Apucrotens. [Ipexne Bcero, 3To0 — ydeHue o JeJICHUM MUpa Ha IBE 00J1aCTH,
110 CBOeMY (PU3MYECKOMY €CTECTBY U MO COBEPILICHCTBY, BIIOJIHE OTJIMYHBIC
JIpyT OT Apyra: 00JacTb 3eMJIM C €€ YEeThIPbMSI 2JIEMEHTaMU — 3€MJIU, BOJbI,
BO311yxa, OTHsI — 1 00J1aCTh HeOa U MITOro 3jeMeHTa — agupa. U3 acpupa co-
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CTOSIT HEOECHBIE TeJa U caMO HE00. DTO — 00JIaCTh BCETO BEYHOTO U COBEP-
nieHHoro. B obnactu apupa nmpedbiBalOT HEMOABUXKHBIE 3BE3IbI, CAMbIE CO-
BePILEHHbIE U3 BCEX HEOECHBIX TeJ1. X BElLIeCTBO — YUCThIM 3(pUpP, OHU — Ha-
CTOJILKO YIAJIEHBI OT 3€MJIM, YTO HEAOCTYITHBI HUKAKOMY BO3JI€MiICTBUIO YEThI-
p€x 3eMHBIX 271eMeHTOB. [ 1naneThl, CojiHie M JIyHa TakKe coCToIT U3 3dupa,
HO, B OTJIMYMHU OT HEMOABMXXHBIX 3BE3]l, YK€ IMOABEPXKEHBI HEKOTOPOMY
BJIMSIHUIO 3€MHBIX 2JieMeHTOB. [IpeameTsl, Haxonsiuecs Ha 3eMe, COCTOST
13 2JIEMEHTOB 3€MJIM, BOAbI, BO3yxa U OrHs. MecTo mpeObIBAaHUS UX —
3eMJis1, 001aCTh MOCTOSIHHBIX U3MEHEHM M, MpeBpallieHU, POXIEHUS U TU-
oenu. Kak Hanbosiee TSKENbINA U3 BCEX AJIEMEHTOB, 3eMJIsI HAXOIUTCS B LICH-
Tpe Mupa. OHa — 1mapooOpa3Ha, 1 3TO JOKa3bIBACT Kpyrias popMa 3eMHOM
TE€HM, HaJABUTaIOLLIeliCcs Ha 1UCK JIYHBI, BO BpeMsl IYHHbBIX 3aTMEHUI. 3eMHO
11ap OKpYyK€H BOAOM, HaJ 000J0UYKON BOAbI HAXOAUTCS 000JI0YKa BO3ayXa.
HawuGoJtee TE€ErKuii 3JIeMEHT — OrOHb — MOMEIIAETCS B IPOCTPAHCTBE MEXTY
3emMiieil u JIyHOI U conmpuKacaeTcsl ¢ rpaHuLEl ISATOro AjeMeHTa — 3¢upa.
He Tonbko (puznyeckoe Tejio Myupa IeIUTCSI Ha IBE, COBEPIIEHHO Pa3/IMUHbIC
00J1aCTU — Ha ABAa COBEPLLIEHHO Pa3JIMYHbIX BUA AEISITCS TAaKKe Y IBVXKCHUS,
npoucxoasiye Bo BeceaeHHOM. DT0 — ABUXKEHUSI COBEPLLIEHHbIE, UJIA PAaBHO-
MEpPHBIE IO KPYTY, U IBUXKEHWSI HECOBEPIUEHHBIE, WX MPSIMOJIMHEHbIe. Y-
CTBIM 00pa31i0M COBEPIICHHOIO JBUKEHUS SIBJISIETCS CYTOYHOE OOpallieHUe
cepbl HEMOABUKHBIX 3BE3/1 BOKPYT 3eMiin. He cTosb yncThiil odpaselr coBep-
IIIEHHOTO ABWXXE€HUS — CJIOXKHBIEC IBU>KCHUS TIAHET, HEpAaBHOMEPHBIC U Ya-
CTUYHO HakKJOHHBIe. CJIIOXXHOCTb U 3allyTAaHHOCTD MJIaHEeTapHbIX ABVXKCHUM
00YCJIOBJIEHBI BJIMSIHUEM, KOTOPbIe HA HMX OKAa3bIBAIOT 3€MHbIE SJIEMEHTHI.
HecoBepiieHHast popma ABMXXKeHUST — ABUXKEHME CBEPXYy BHU3, UJIU, UYTO TO
K€, K HEeHTpY 3eMiid. BHU3 ycTpeMIISIIOTCS BCE Tejla, U TOJIbKO HACUJILCTBEH-
Hasg ImoMexa MOXET BPEMEHHO MPUOCTAHOBUTH 3TO UX ABMxXKeHue. Orcrona
ApuCTOTEJIb BBIBOJUT, UTO 3eMJIsI HE TOJIBKO 3aHUMAeT LIEHTp BcesleHHoI, Ho,
KpOMeE TOr0, YTO OHa IPEObIBAECT B HEM HENMOABVXKHO. Eciy Obl 1axke BO3HUKIIO
JIBVXKEHME 3eMJIM, OHO MOIJIO Obl IIPOMCXOAUTh JIMIIb BPEMEHHO, a 3aTeM,
BHOBb MPEKPATUIIOCH OBI.

dutocodckoe Hacaeare JPeBHUX I'PEKOB CTaJIo (DYHAAMEHTOM Pa3BUTHUSI
¢dunocodpuu B IpesHeMm Pume, a 3atem u B EBpornie. B Te njin nHbie UCTOpU-
YeCKMe IepUOAbl BBIABUTAINUCH TO OMHU, TO APYTUE TTOJOXEHUS, CHOPMYJIU -
POBaHHbIE TEMU I MHBIMU IPEBHETPEUYECKUMU PUTOCOPCKUMU LIKOJIAMU.
Hwuyero mpuHuUMIIMAaIbHO HOBOTO HE ObLIO CO3aHO B 3TU MCTOpPUYECKHUE
amnoxu. ToabKo ¢ npuxogoM Dnoxu Bo3poxkaeHuss NpouCXOIUT odepeHOe
OXMBJIeHUE PUI0COPCKON 1 HAayYHOM MBICIIHM, XKECTKO, K COXKaJICHUIO, PETY-
JIMPYEMOM XpUCTUAHCKOI 1IepKOBbio. OTHUM U3 BeJandaninmx puaocodoB U
Y4E€HBIX 3TOM a1oxu 061 JIeoHapno na Bunuu (1452-1519), B 6oabiieit cre-
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TIEHU U3BECTHBIN, KaK BeINYaNIINi XyaoxXHUK. Ero HaydHOe Hacienue, Ha
MHOTO CTOJICTUI OIlepeArBIIIEe BpeMsl, He3aCay>KeHHO 3a0b1T0. COXpaHUJINUCH
JIaJIEKO HEe BCE ero HaydHble paboThl. BoT, yTo OH nucan o 3emie u BeceneHHOIM:

«...3eMJIsI — HE B LICHTPE COJTHEYHOI'O Kpyra M He B LIEHTpe MUpa, a B LIeH-
Tpe CBOMX CTUXUI, €1 OJIM3KMX U C Heli COeIMHEHHBIX; M KTO cTaj Obl Ha JIyHe,
Korga oHa, BMecte ¢ CoJiHIIeM, IO HaMH1, TOMY 3Ta 3eMJIsI, CO CTUXUEI BO-
IIbI, TIOKa3aJIaCh Obl UTPAIOLLECH U IECTBUTEIBHO UIPajia Obl TY XK€ POJib, YTO
JlyHa, 1o oTHOLIeHHMIO K HaM. Bcs pedb TBOSI JOIKHA MPUBECTU K 3aKII0Ye-
HUIO, 4TO 3eMJIsI — CBETWJIO, OYTH IogooHoe JlyHe...» '

BriepBbie BEICKA3bIBAE€TCS MBICJIb O TOM, YTO 3€MJISI HE SIBISIETCS LIEHTPOM
MUPO3JaHMsl, a TOJbKO OJHOM 13 IIJIAHET B COJIHEUHOI cucteme. CaMo 110 ce-
0¢, TOJIBKO ATO — I'paHAMO3HOE NPOABUXKEHNE BIEPE B MPEACTABICHUSIX 00
YCTPOMCTBE MUPO3AaHMS. DTU MBICJIU NPOJOJIKUIN CBOE pa3BUTHE B paboTax
MOJILCKOTro actpoHoMa 1 MbicauTenst Hukonas Konepauka (1473-1543). I1bi-
TasICh IMOHSTH YCTPOMCTBO BceneHHOI, OH BBIABUHYJ PSII MMOJTOXEHWIA:

I1epBoe mosnoxxkenne. He cymecTByeT 00111€TO LIEHTpA 1J151 BCEX KPYIOB, T.€.
HeOeCcHBIX cep.

Bropoe nonoxenue. LleHTp 3eMiin He SIBJISIETCS LIEHTPOM MUMpPa, a TOJIBKO
LIEHTPOM TSIKE€CTU U LIEHTPOM I1yTU JIyHHI.

Tpetbe nosoxenue. Bce myTH miaHeT OKpyKaroT co Bcex cTopoH CoJIHIIE,
BOJIM31 KOTOPOrO HAXOAUTCS LIEHTP MUPa.

Yereéproe nojoxenne. OTHoleHue paccTossHus CojiHIAa OoT 3eMiIn K
yIaJ€HHOCTHU HeOOCBOJA MEHbIIIE, YeEM OTHOIIEHME paauyca 3eMJIM K pac-
crossHu10 oT CoJIHIIA, TaK YTO OTHOIIEHME 3TO, B 0€31HE HEOEC, OKa3bIBACTCS
HUYTOXHBIM.

IIaroe nmojoxkenne. Bc€, yTO Mbl BUAMM ABMXKYILIMMCS Ha HEOOCBOJE,
OOBSICHSIETCSI BOBCE HE €r0 COOCTBEHHBIM JIBUXKEHUEM, a BbI3BAHO IBUKCHUEM
caMoii 3eMyIi. DTO OHA, BMECTE C OJIVDKAUIIIMMU €€ 2JIEMEHTaMM, COBEPILIAET,
B TEYCHME CYTOK, BpalllaTEJIbHOE IBVUKEHUE BOKPYT CBOMX HEM3MEHHBIX ITO-
JIFOCOB U T10 OTHOLIEHMIO K IIPOYHO HEIMOABUKHOMY HEOY.

IIIecToe nonoxenue. JIrodooe Kaxyuieecs apuxkeHue CoJiHLIa HE TTPOMC-
XOOUT OT €Tr0 COOCTBEHHOTO IBUXKEHUS ; 9TO — WJITIO3USI, BBI3BAHHASI IBUIKE -
HUEM 3EeMJIM U €€ OPOUTHI, ITO KOTOPOU MbI 0Opainaemcs Bokpyr CoinHLa Wi
>K€ BOKPYT KaKOM-TO APYroW 3BE3/bl, YTO O3HAYAET, UTO 3€MJISI COBEPIIAET
OOHOBPEMEHHO HECKOJIBbKO JIBUKEHUIA.

Cenpmoe nojaoxenune. Habmomaemoe y miaHeT NONSITHOE IBUXKEHUE U
IBWXKEHUE ITOCTYIATEIbHOE HE SIBJISIIOTCS MX COOCTBEHHBIM ABUXXEHUEM; 3TO

4 «AHTONIOTHST MUPOBOIt punocobumn», Akanemuss Hayk CCCP, 1. 2, c. 88. M3gaTenbcTBO
«MpbIcab», MockBa, 1970 .
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— TOX€ WIIO3Us, BbI3BaHHASI MOABUXXHOCTBIO caMoi 3emiu. Takum oOpa-
30M, YK€ CaMOro €€ IBMXKEHMS JOCTaTOYHO, YTOObI OOBSICHUTD CTOJIBKO MHM-
MBIX pa3JINumnii Ha HeOe' .

KonepHuk npenmnonarain, yto BeesieHHas nMeeT mapooopa3Hyto (hopMy
B CHJIy TOTO, YTO ILlIap UMEET COBEPLICHHYIO (DOPMY:

«...BceneHHasa — mapoobOpa3Ha, Kak IIOTOMY, YTO IIap UMEET CaMyIo CO-
BEPILIECHHYIO (POPMY U SIBJISIETCS 3aMKHYTOM COBOKYITHOCTBIO, HE HYXKIAIOIICI -
CSl HA B KaK1X CKpenax, Tak ¥ IOTOMY, 4TO 13 BceX (puryp, 3ta — camasl BMe-
CTUTEJIbHASI, HanboJiee MOAXO0As1Iasl Ol BKIIIOYEHUSI U COXPAHEHUST BCErO
MUPO3AAHUS, WU 1€ TTIOTOMY, YTO BCE€ CAMOCTOSTEIbHBIC YacT BeeneHHOM
— g umMmelo B Buny Connie, JIyHy u 3B€31b1 — MBI HaOI101aeM B TaKo# (popMe;
WJIY TIOTOMY, UTO BC€ TeJia JOOMBAIOTCSI OTPaHUYEHMUS B 3TOM (popMe, KaK 3TO
BUJIHO MO KaILJISIM BOABI M OCTaJIbHBIM XUAKUM Te€JaM, KOraa OHU CTPEMSITCS
K caMo3aMbIKaHUI0. [103TOMy, HUKTO HE YCOMHMTCS, 4YTO TakoBa (popMa
npucyila HebecHbIM TejiaM... Hebo, 1o cpaBHEHUIO ¢ 3eMJIEN, — HEOOBITHO,
U ... OHO SIBJISIET BUAUMOCTb BEJIUYMHBbI OECKOHEUHO, a 3eMJIsl, IO OLIEHKE
HaIlIMMM YYyBCTBAMM, OTHOCUTCS K HEOY, KaK TOUYKa K TeJIy MJIM KOHEUYHOE 110
BEJIMYMHE K OeCKOHeYHOMY. Ho HMUero apyroro 3TuM He 10Ka3aHO; U HUOT-
KyJa He CJIeAyeT, YTO 3eMJIsI 1OJIKHA MTOKOUTHCS B LIEHTpe Mupa. ...Bce cka-
3aHHOE BBIILIE CBOAUTCS TOJBKO K TOKA3aTeJIbCTBY HEOOBITHOCTU Hebda, Mo
CpaBHEHMIO ¢ BeJuuuHol 3emim. Ho mokyna mpocTtupaeTcs 3Ta HEOOBST-
HOCTb, O TOM HE BeIacM».

Nnen KonepHuka nponoszkan pa3BuBaTh B cBoux padorax lanuieo Ia-
et (1564-1642). B cBoém nocinannu K @Ppandecko MHrosm, [annneii Boi-
CcKa3aJl MbICJIb, YTO YeJIOBEYECKasd HayKa HUKOTIA HE CMOXET PEIInTh, KO-
HeuHa 1 Beenennas nnm 6eckoneuna. M manee'’:

«...VI3 TOCTOMHBIX M3y4E€HUS €CTECTBEHHBIX BEILIEI, HA MEPBOE MECTO, IO
MOEMY MHEHUIO, JOJKHO OBITh IOCTaBJICHO yCTpocTBO BceneHHoit. Ilo-
CKOJIbKY BcesieHHas BCE COIEpKUT B ceOe M MPEBOCXOAUT BCE MO BEJIUYUHE,
OHa OIpeJesieT BCE OCTAJIbHOE U TJIaBEeHCTBYET Had BceM. Eciamn komy-1m160
13 JIIOJIEW YIAJI0Ch IIOAHSITHCS, B yMCTBEHHOM OTHOILIEHUM, BBICOKO HaJl 00-
IIIAM YPOBHEM Y€JIOBEUECTBA, TO 3TO ObLIM, KOHEUHO, [ITonemeit u Konep-
HUK...»

Pa3zButne npencraBieHUd 0 BceJlIeHHOM CONMpPOBOXIAJIOCH, KaK I'eHU-
aJIbHBIMM JIOTaJIKaMU O CYTH SIBJICHU, TaK U HACJIOCGHUEM PEJIMTUO3HBIX U (P -
JIOCOPCKUX MPEACTaBICHUI, TOCHOACTBYIOLINX B KOHKPETHBIN UCTOPUIECKUIA
nepuo. [1oaToMy, 3010Thi€ 3¢ pHA UCTUHHBIX 3HAHWIA MOXXHO OOHAPYXWUTh,

15 Tam ke, c. 118-122.
16 Tam xe, c. 227.
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KakK cpeay CTOPOHHUKOB MaTepuain3Ma, Tak u uaeanusma. Hanpumep, M-
MaHyua KaHTt (1724-1804), oCHOBOIIOJIOXKHUMK, TaK Ha3bIBAEMOTI'0, KpUTUYE-
CKOI'0 WY «TPaHCLEHAEHTAJIbHOIO» UIeaI3Ma B CBOU «TOKPUTUUECKUI» T1€-
puon (mo 1770 1.) co3nan «HeOyISIpHYI0O KOCMOTOHUYECKYIO TUIIOTE3Y, B KOTO-
POi1 BOBHMKHOBEHHUE U 3BOJIIOLIMS TIJTAHETapHOI CUCTEMBbI BHIBOASITCS U3 MEP-
BOHavajabHOIo aud@y3Horo odnaka yactull. B To xe Bpemst, KaHT BbICKa3a
TUIIOTE3Y O CYLIEeCTBOBaHUM boJibioi BeeneHHOM rajakTik BHe Halllel rajaa-
KTUKHW, Pa3BUJI YYCHHUE O 3aMEIJIEHUU — B Pe3yJIbTaTe NPUIMBHOIO TPEHUS —
CYTOYHOTIO BpallleH!sT 3eMJIU U KOHLETILNIO OTHOCUTEILHOCTHY ABVXKEHUS 1
nokosi. MccaengoBanust 3T, 00beAMHEHHBIE MAaTEpUATMCTUIYECKON Ueeit
€CTeCTBEHHOTO pa3BuTHs BeceneHHOM 1 3eMn, ChIrpaid BaxKHYIO pOJib B UC-
TOPUM TUAJIEKTUKA .

«...51 monarato, 4To TIepBOHAYAJILHBIM COCTOSIHMEM HMPUPOAbBI OBLIIO BCE-
o0l11ee paccesiHe TIEPBUYHOIO BellleCTBa BCeX HEOECHBIX TeJl WM, KaK OHU
(mpeBHerpedeckue (puaocoPbl-MaTepUAIMCTHI) NX HA3bIBAIOT, aTOMOB. DIU-
Kyp IMPEAIOIaraj, YTo CyIIeCTBYET TSDKECTh, 3aCTABJISIIONIAS MTA1aTh 3TU MEep-
BUYHbIE YaCTULIBI MaTepPUU; OHA, IO-BUIMMOMY, HEMHOTUM OTJIMYAETCS OT
MpUHUMaeMoro MHO Hbl0TOHOBA MPUTSKEHUST» .

KaHT BUAUT B HEOMPEAETMMOM CKIIOHHOCTU KaxKA0I0 BIIOJHE CDOpMU-
POBaBIIErOCsl MUPO3JaHUS K TMTOCTEIEHHOI TMOE I CBOEI OJWH 13 JOBOIOB
B JI0KA3aTeJIbCTBO TOTO, UTO, B TPOTMBOBEC 3TOMY, B Apyrux Mectax BceneHHas
OyIeT co3maBaTb HOBbIE MUPBI, YTOOBI BOCIIOJIHUTD yIIEPO, HAHECEHHBINA €1
B KaKOM-J1100 MecTe. [TponcxoauT mocTossHHOE OOHOBJIEHUE ITPUPOIBI, OeC-
KOHEYHOCTbh TBOPEHUS IOCTATOYHO BEJIMKA, YTOOBI, I10 CPABHEHMIO C HE, Ka-
KOM-TO MUP WJIM KaKOM-HUOYIAb MJICUHBII ITyTh MUPOB pacCMaTpPUBAETCSI UM
TaK K€, KaK 1IBETOK MJIM HACEKOMOE, TI0 CpaBHEHMIO ¢ 3eMJieil. B TO Bpemsl,
KakK Mp1poja yKpalraeT BEYHOCTh pa3HOOOpa3ueM SIBJIEHUI, OOT, B HEYCTaH-
HOM TBOpeHMM, o KaHTy, co3ga€T MaTepural 11 00Opa3oBaHUs €1IE OOJIBIINX
MUPOB.

«...Korga yepe3 Bclo 66CKOHEYHOCTb BpeMEH U IPOCTPAHCTB MbI CASAUM
3a 3TUM (PEHUKCOM MPUPOAbI, KOTOPbI JUIb 3aTEM CXKUTaeT ce0s1, YTOObI
BHOBb BO3POAUTHLCSI M3 CBOETO IeIia, KOorga Mbl BUAUM, KaK IPUPOJA JTaxke
TaMm, IJie OHa pacHagaeTcs U ApsIXJIeeT, HerucuepIiacMa B HOBBIX ITPOSIBJICHUSIX,
a Ha APYroy rpaHulle TBOPEHMS B TPOCTPAHCTBE HEC(OPMUPOBABILIEICS TTep-
BUYHOI MaTEepUM OHA HEMpPEeCTaHHO paciuupsieT chepy 00KeCTBEHHOIO OT-
KPOBEHUS, 1a0bl M1 BEYHOCTh, U BCE MPOCTPAHCTBA HAMOJHUTh €r0 yyaeca-
MH...»"?

17 Tam ke, c. 92-93.
18 Tam xe, c. 97.
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Onwmpasgce Ha HBIOTOHOBCKYIO MEXaHUKY, KaHT IbITaeTcst JoKa3aTh HECO-
CTOSITEJIbHOCTb MOMBITOK 00BbSICHEHUSI 00pa30BaHUs IJIAHETAPHbBIX CUCTEM, B
YaCTHOCTHU, COJTHEYHOM CUCTEMBI, IMTOCPENCTBOM 3aKOHOB MEXaHMKM, KOTO-
pbl€, 110 €r0 MHEHUIO, HE B COCTOSTHUM OOBSICHUTh 3aKOHOMEPHOCTH ITOBEE-
HUS TUIAHET:

«...Ecam mpeamosioXuTsb (a 3TOro HEJIb3s1 HE MPU3HATh), YTO IIPUBEACH-
HbI€ BbIlI€ aHAJIOTMU C BeJIMYaIlei JOCTOBEPHOCTHIO YCTAHABJIMBAKOT, YTO
COTJIACHBIE M 3aKOHOMEPHO CBSI3aHHbBIC APYT C IPYTrOM JIBUKEHUS U OPOUTHI
HEeOECHBIX TeJ1 YKa3bIBalOT HA €CTECTBEHHYIO MPUYMHY, KaK Ha CBOI UICTOYHUK,
TO ATOU MPUUYMHOM HUKAK HE MOXKET OBITh Ta cCaMasl MaTepusi, KOTOpasi HbIHE
HaMoJHSIET HeOeCcHOoe MpocTpaHCTBO. CTaso ObITh, Ta MAaTEPHS, KOTOpPAsI Ha-
MOJIHSIJIA OTO NPOCTPAHCTBO MPEXKAE Y ABMKEHUE KOTOPOM MOCIIY>KMIIO OCHO-
BOI CYILIECTBYIOLIMX Teepb 00pallleHMi1 HeOECHBIX TeJI, [IOCJIE TOro, KaK OHa
CKOITMJIACh B 3TUX TeJIaX U TAKMM 00pa30M OYKMCTUJIA IIPOCTPAHCTBO, OKAa3aB-
1IeeCsl HbIHE MyCThIM, WJIX (U4TO HEMOCPEICTBEHHO BBITEKAET U3 CKa3aHHOIO)
Ta MaTepusi, U3 KOTOPOM COCTOSAT MJIAHEThI, KOMETHI 1a U camo CoJiHIIe, nep-
BOHAYaJIbHO JOJIKHA ObLIa OBITh paccesHa IO BCEMY MNPOCTPAHCTBY ILIa-
HETApPHOM CUCTEMBbI 1, B 3TOM COCTOSIHUHU, JOJKHA ObLJIa ObITh IIpUBEICHA B
JIBWKEHME, KOTOPOE OHA COXpPaHWIa U MOCJIEe TOro, KaK COCAMHUIACH B OTIEI-
bHBIE CTYCTKH 1 00pa3oBajia HEOECHBIE Teja, COAEpKallKe B ceOe Ipexe pac-
CesIHHOE BEleCTBO MUPOBOM MaTepuu...» "

Takum obpazom, KaHT BUauT, B (pakTe CaMOro CyILIECTBOBAHMS MJIaHE-
TapHbIX CUCTEM, TIepPCT O0XKUI, KOTOPHIN, B KOHEYHOM UTOIE, IIPUBOAUT I1EP-
BUYHYIO MaTEpPUIO B ABMXKEHUE U 0€3 KOTOporo BceaeHHas He MOXET cylle-
CTBOBaTb, TaK KaK, caMma 1o cede, MaTepus HE B COCTOSIHUM HECTU B ce0e opra-
HU3yllee Hauaji0. bypHoe pa3BuTHe eCTeCTBEHHbBIX HayK B IEBITHAILIATOM
1 IBAILATBIX BEKAX MPEAOCTABUIIO OTPOMHOE KOJMYECTBO (DAKTOB O IIPUPOLE,
KaK MaKpOKOCMOca, TaK U MUKpoKocMmoca. boiiee coBepilieHHbIE TPUOOPHI
MO3BOJISIJIM €CTECTBOMCIIBITATEJISIM TOpa31o0 IJIyokKe IIPOHUKHYTh B IIPOCTOPDI
Bcenennoii. Ilpoucxoauna Bcé Oosibliasi U Ooablas crieuanan3alms Ha-
YUHBIX uccaeaoBaHuii. [1osiBasuIMch HOBbIE TeOprM 0Opa3zoBaHus1 BeeneHHOIM,
Takue, Kak Teopus boabiioro BapeiBa, corinacHo Kotopoii, Haia BeeneHHas
BO3HMKJIA B PE3YJIBTATE CYNEPB3PhIBA CBEPXILIOTHOTO siapa BceneHHOM, Ma-
TepUsI KOTOPOTO MOCIYKWIa CTPOUTEIbHBIM MaTEPUAJIOM ST (POPMUPOBAHUS
MeTarajaTuk, rajakTuk. OCHOBHBIM J0Ka3aTeJIbCTBOM 3TOTrO IOJOXKEHUS
CITY>KUJT (PAKT «pa30erarolrxcsl raJakKTuK» , KOTOPbIi, caM Mo ceOe, HUIEro He
roBoput. @aKkThl O IPOMCXOISIIEM B OKPYXKaloIleM HaC KOCMUYECKOM ITPO-
CTPaHCTBE TpeOOBaIM KAKOW-TO (pyHAAMEHTAJIbHOM TE€OPUM MHUPO3AAHUS,

17 Tam ke, c. 99.
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KOTOpasi ¥ ObLIa MpelJIoXeHa DUHINTEHOM. B cBoelt TeoOpuK OTHOCUTEIBHO-
CTU OH BBIABMHYJI ABAa OCHOBOIOJIATal0IIMX IIOCTYJIaTa — IIOCTYJIAT O TOM, YTO
BcenenHass — oqHOpOIHA MO CBOMM Kauye€CTBAM BO BCEX HAIPABJIICHUSX, IPY-
T'MMM CJIOBaMM, CBOMCTBA IMMPOCTPAHCTBA — TOXKJIECTBEHHBI IO BCEM Hallpa-
BJICHUSIM U, YTO CKOPOCTb CBETA SIBJISIETCSI KOHCTAHTOM U MAaKCUMAaJILHO J0-
IMYCTUMOM CKOPOCTBIO IBMXKEHUS MAaTECPUH.

B npuHLIMnie, TeOpUs OTHOCUTEIBbHOCTY DIMHINTEHA, SIBUIACh 3aBepllia-
IOLMM 3BE€HOM aKKYMYVJISILIMU IMIPEACTaBIeHUI O BceneHHOM, OCHOBAaHHBIX Ha
aTOMMCTUYECKOM Teopuu. [ IprHIMITMaIBbHOE OTJUYKE OT MPEABIAYIINX ITPE/I-
CTaBJIeHUM 0 mpupoae BeceneHHO 3aKI04aeTCsl B paCCMOTPEHUM BPEMEHHU,
KaK OTHOCUTEJIbHOI BEJIMYMHBI, 3aBUCSILEN OT CKOPOCTU ABUKEHUSI MATEPUM.
B nipuHLIMIIE, 5TO MOJIOXEHME CTAJIO TPETHbUM IMOCTYJIaTOM T€OPUU OTHOCU-
TEJIbHOCTHU, B KOTOPOI BPEMS BBICTYNAET YETBEPTHIM U3MEPEHUEM POCTPAH-
CTBA, B OTJIMYUM OT NPEAbIAYIINX TEOPUI MPOCTPAHCTBA, I11€ BpeMs IIPUHM-
MaJIoCh a0OCOJIOTHBIM B TPEXMEPHOM ITPOCTPAHCTBE.

Ha ocHoBaHuM cBoeli TeOprMM OTHOCUTEIbHOCTU, DMHINTESHAH MbITAJICS
cozagatb O01y1o Teoputo 1051, ¢ MOMOILBIO KOTOPO MOXHO OBbLIO ObI OObSI-
CHUTD BCE TIPUPOIHBIE SIBJICHUS, UCXOAS U3 €IUHOIO IMIPUHLUIIA OObSICHEHMUSI.
Ero nonkiTKa He yBeHUaJIach ycriexoM. KpoMe Toro, co3gaHHbie IprUOOpbI MO-
MOIJIA HE TOJILKO MOATBEPAUTH CYLLIECTBOBAaHUE aTOMOB, O CYIIIECTBOBAHUU
KOTOPbIX roBopwin JIeBkumim 1 JIeMOKpUT, HO 1 TTO3BOJIUIN NPOHUKHYTH B
caM aToOM M, TEM CaMbIM, HeJIeTUMBbIe «KUPITUINKI» MUPO3TaHbI CAMU OKa-
3aJIMCh CJIOXKHBIMU CUCTEMaMM. TakuM 00pa3oM, pa3BUTHUE MO3HAHUS MUPO-
3[IaHUS COBEPIIATIOCH MO IBYM HalpaBJICHUSIM — IO3HAHME MAaKpPOKOCMOCa
1 MO3HaHWE MUKpPOKocMoca. MMeHHO 3TOT aKT cTajl OCHOBHOI OLIMOKO
MMpakTUYECKU BCcex Teopuil muposnanus. [Ipupoga — earHa Ha BCeX CBOUX
YPOBHSIX, KaK Ha YPOBHE MUKPOKOCMOCA, TaK 1 HAa YPOBHE MaKpOKOCMOCA.
TonbKko paccMmaTpuBasi UX BMECTE, B €AMHOM COBOKYITHOCTU, BO3MOXHO
MOJIYYUTh MPABUJILHOE TMIPEACTABICHUE O IIPUPOLAE MUPO3TAHUS.

1.2. Pe3iome

Takum 00pa3oM, aHaJIM3 UICTOPUHU TIPEJACTABICHMI YeJIOBEUYECTBA O TP -
ponae BcesieHHOI moka3zal, 4To:

1. ITpencraBneHus yeaoBeka o mpupoae BeceneHHOM, HAa MPOTSLKEHUM U3-
BECTHOI UCTOPUHA, UBMEHSUIACH HE MOCJIEN0BATEIbHO. B ipeBHOCTY ObLIN LI~
BUJIM3ALMU U KYJBTYPbI, IPEACTaBACHUS O MPUPOAE MUPO3TAHUSI KOTOPHIX
OBLIM, IO HEKOTOPHIM BOIPOCAM, 3HAYUTEJILHO IIUPE COBpeMEHHbBIX. OYeHb
MHOI'0 3HAaHUN APEBHUX LUMBUIN3ALMU ObLIM YHUUYTOXEHbI UJIU BO BpeMs
BOWMH, WX (paHAaTUKAMU HOBBIX PEJIUTUIA.
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2. B ucropum yenoBeyecTBa Ha0JI0AaJIOCh HECKOJIbKO TIEPUOAOB B3/IETA
Hay4HbIX IpelcTaBJIeHUl 0 BceaeHHol, Ha CcMeHY KOTOPbIM NPUXOAMIN 1Ie-
JIbIC 3MI0XM HEBEXECTBA U BapBapcTBa. BOKpyr cCOXpaHMBIIMXCS OCKOJIKOB MC-
TUHHOTO 3HAaHUSI HAUMHAaIU CO3J1aBaTh «HOBbIE» TEOPUU MUPO3AaHUS, KOTO-
pbI€, TOJBKO K COBPEMEHHOCTH, JOCTUTJIM HEKOU 3aBEPILIEHHOCTH.

3. IIpeacraBiaeHust o npupoae BceaeHHON oTpaxKaroT M ONpencssiioT
YPOBEHb Pa3BUTHUSI HAYYHOW MBICIM M TEXHUKHU, a TAKXKE, OINPEHCNISIOT
Oynyllee pa3BUTHS LIMBUIN3AaLMU B LIeJJoM. HenmpaBuibHbIe TPEeACTaBICHUS
o nmpupojae BcesleHHOM He TOJIBKO OMpPEeaeasioT 3BOMIOLMOHHBIN MOTEHIIAA
LIMBWJIM3AlIM1, HO U CTEIIEHb U KAYECTBO B3aUMOJAECUCTBUS €€ C IIPUPOLAOM.
IIpy HenmoJIHBIX WJIM OIIMOOYHBIX NPEACTABICHUSIX YeJ0BEKa O MPUPOJIE
BceneHHoili, ero aesaTeIbHOCTh NPUBOAUT K Pa3pyLICHUIO SKOJOTMYECKOMN
CUCTEMBI, YTO, B KOHEYHOM UTOIE, MOXET IMIPUBECTU K YHUUTOKEHUIO CaMOI
>K3HU Ha IJIAHETE.

4. HayuyHble OTKPBITUSI OCJIEAHEN YETBEPTHU ABAALIATOrO BeKa MoKa3aau
HECOCTOSTEIBHOCTD CYIIECTBYIOIIMX MPEACTABICHU O Iprpoie BeemeHHoM,
1 BO3HUKJIA HEOOXOIMMOCTD CO3[IaHNSI HOBBIX IIPEICTABICHUI O Iipuponae. bes
HOBOM TEOPETUYECKOI CUCTEMBI MPEACTABJIEHUIA HE MOXKET ObITh JaJIbHEHIIIE-
r0 KAY€CTBEHHOI'O Pa3BUTHUS HAYKHU U LIMBUIN3ALUU B LICJIOM.

InaBa 2. HeomHopoaHocTh MPOCTPAHCTBA

2.1. ITocTanoBKa Bompoca

[Tpexnae, yeM pUCTyNaTh K CO3AaHNI0 KaKOW-TMOO0 TEOPUX MUPO3IaHMS,
Heo0XOAMMO OIPEAEIUTHCS C MOHATUSIMU, KOTOPbIE CO3al0T PYHIAMEHT
9TOU Teopun. be3 4ETKOTO onpeneaeHnsI HadajabHbBIX U TPAHUYHBIX YCIOBUM,
He MOXeET OBITh CcO3JaHa IIOJIHOlLieHHasd Teopus. JlaBaiiTe cHayalia
OMpeleIUMCH, YTO TaKOe BpeMsl. Jloiroe BpeMsi, BpeMs ITPU3HaBaJIOCh a0CO-
JIIOTHBIM U TOJIKO B JBaALlaTOM BEKe, IPY CO3JIaHUMU CBOEH Teopuu, DIH-
LITEWH TPeIJIOXIII IS0 00 OTHOCUTEILHOM ITPUPOIE BPEMEHU U BBE BpeMs,
KakK 4yeTBepToe nu3mepeHue. Ho npexne, yem ornpeaeisiTb aOCOTIOTHYIO UJIU
OTHOCHUTEJIbHYIO TIPUPOAY BPEMEHU, HEOOXOOUMO OIPEACIUTCSI — 4YTO XKe
takoe BpeMs?! [ToueMy-To Bce 3a0bLINM, UTO BpeMs SIBISIETCS YCJIOBHOM
BEJIMYMHOM, BBEIEHHOM CAMUM YE€JIOBEKOM U1 B IIPUPO/JIEC HE CYLLIECTBYIOLICH.
B npupoae cyiiecTByOT NepuoandeCcKue MpoLecChl, KOTOPbIC YEJIOBEK UC-
MIOJIb3YET, KaK 3TAJIOH JIJIS1 COIJIACOBAHUS CBOUX JEMCTBUM C OKPYKAIOILIUMMU.
B nnipupoze cyliecTByIOT MpOLIECCHI ITIepexoaa MaTepruur U3 OJHOTO COCTOSTHUS
win (popMbl B APYroe. ITU MPOLIECCHl MPOTEKAIOT OBICTPEE WIM MEIJIEHHEE U
5TO OHU — PeajibHbl 1 MATEPUAJIbHBI.
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Bo BceneHHoli HenmpepbIBHO NPOUCXOAST MPOLIECCHI Mepexo1a MaTepuu
13 OJHOI'O COCTOSIHUS B APYroe, U3 OJHOro KayecTBa B APYroe U OHU MOTYT
OBITb OOpaTMMbIMU 1 HeOOpaTUMbIMU. OOpaTUMBbIE TIPOLIECCHI HE 3aTparuBa-
10T KAUeCTBEHHOT'O COCTOSIHUSI MaTepuu. Eciuy ke mpoucxoauT KayeCTBEHHOe
M3MEHEeHME MaTepun — HaOI01a0TCs HeoOpaTumMble npouecchl. [1py mogo0o-
HBIX TIPOLIECCax, IBOJIIOLMS MAaTEPUM UAET B OMHOM HallpaBJIe€HUU — OT OJHO-
ro KauyecTBa K IPYroMy U MO3TOMY BO3MOXKHO KOJIMYECTBEHHO OLIEHUTD 3TU
sBiaeHUs. TakuM oO6pa3om, B MpupoAe HaOI0Ja0TCs MPOLIECCHl U3MEHEHUS
MaTepuu, TIpoTeKalolue B 0OJHOM HampaBjieHMU. Bo3HuKkaeT cBoeoOpa3Hasi
«peKa» MaTepuu, MUMEIolLasi CBOM UCTOKU U YCThe. Martepusi, B3sTast U3 3TOM
«peKu», UMEET IIPOILLIOe, HacTosiee 1 Oyayiiee. [IponuibiM BIsieTCS TO Ka-
YEeCTBEHHOE COCTOSTHME MaTepuM, KOTOPOE OHA MMeJIa paHblIlle, HACTOSIIEe —
KauyeCTBEHHOE COCTOSIHUE B JAHHBII MOMEHT, a Oyayllee — KauyeCTBEHHOE CO-
CTOSIHHE, KOTOPOE 3Ta MaTEpHsI IIPUMET, TTOCJIE pa3pyLIEHUS CYILLIECTBYIOILIETO
KauyeCTBEHHOTI'O COCTOSIHUSI.

HeobGpaTtumelii mipoliecc KaueCTBEHHOro Mpeodpa3oBaHUsI MaTEpUU U3
OIHOI'0 COCTOSIHUS B IPYroe MpoOTEeKaeT C ONpeaeIEHHOM CKOPOCThIO. B pa-
3HBIX TOYKaX MPOCTPAHCTBA OAHU U T€ XE IMPOLIECChl MOTYT IPOTEKATh C pa-
3HOI CKOPOCTBIO, MPUUYEM, B HEKOTOPBIX CTy4Yasix, OHA BAPbUPYETCS B JOBOJIb-
HO LLIMPOKOM Auaria3oHe. J1jist uaMepeHusi 3Tol CKOPOCTH, YeJTOBEK IPpUIyMall
YCJIOBHYIO €AWHUILY, KOTOPYIO Ha3Baiu ceKyHaol. CeKyHabl CIMBAIUCh B
MUHYTbI, MUHYTBI — B YacChl, YaCbl — B CYTKM U T.1. EquHuLIeit uaMepeHus no-
CJTY>KWJIM MTepUOJNYECKIE MTPOLIECCHI MPUPOABI, TaKME, KaK CYTOUYHOE Bpallle-
HHUE IJIAHEThl BOKPYT CBOEU OCHU M IEepUOJ OOpallleHUs MJIaHETbl BOKPYT
Connua. IIprumHa mogoOHOTo BeIOOpa — MpocCTa: ya00CTBO MPUMEHEHUS B
MOBCEIHEBHOM XXU3HU. DTY eAUHUILY U3MEPEHUST Ha3BaJIu eAUHULIEH BpeMeH!
1 CTaJIM MOBCEMECTHO yIIOTpeOsATh. UHTEpeCeH TOT (pakT, YTO MHOTHE HAPO-
Jibl, U3HAYaTbHO U30JIMPOBAHHBIC APYT OT ApYra, co3[aliu OYeHb OIM3KMEe
KaJleHAapu, KOTOPbIE MOIJIU OTJIMYAThCS YUCIOM JHEH B Heaese, Ha4ajaoM HO-
BOTO IojJla, HO IPOAOJ/KUTEIbHOCTD Fofa y HUX ObLIa OYeHb OJIM3KOM APYT K
npyry. UMeHHO BBelieHM€e YCIOBHOM eIMHUIIBI BPpEMEHU MO3BOJIUIIO YEJIOBE-
YeCTBY OpPraHM30BaTh CBOIO JESITEIbHOCTD U YIIPOCTUTh B3aUMOJIeAICTBME ME-
Ky JTIIOJIbMMU.

EnviHuna BpeMeHM — OJHO M3 BEJIMYAUIINUIA M300pEeTeHUI YeIoBeKa,
HO HEOOXOIMMO BCerga MOMHUTh U3HAYAIbHbIN (paKT: OHA — UCKYCCTBEHHO
co3JaHHas BeJIMYMHA, OMUCHIBAIOIIAs CKOPOCTh KAaUeCTBEHHOTO Iepexoa
MaTepuU 13 OJHOI'O COCTOSIHUS B ipyroe. B mpupoje cyliecTByIOT Iepuoam-
YyeCcKMe IMPOLECChl, KOTOPbIE MOCIYXUJIU OCHOBOM MJIsI CO3JaHUSI 3TOU
YCJIOBHOI €IMHULIBI. DTU ITIEpUOANYECKIE MPOLECChl — OOBEKTUBHBI U peaib-
HbI, 4 CO3JaHHbIC YEJIOBEKOM €AMHUILBI BDEMEHU — YCJIOBHBI U HEPEATbHBI.



InaBa 2. HeogHOpOOHOCTh NPOCTPAHCTBA 45

[ToaToMy, 11000€ NCMOIB30BAHUE BPEMEHM, KAK PEAIbHOTO U3MEPEHUS IIPO-
CTPAHCTBA, HE UMEET I10J, COO0 HUKAKOTO OCHOBaHMS. YeTBEPTOTO M3Mepe-
HUSI — U3MEPEHUST BPpEMEHU — MPOCTO HE CyLIECTBYeT B mpupoae. MMeHHo
MMOBCEAHEBHOCTH 11 TIOBCEMECTHOCTD IIPUMEHEHMUSI €IUHULL BPEMEHM, KOTOPhIE
COMPOBOXIAIOT YEJIOBEKA C MEPBOr0 MOMEHTA €r0 XXMU3HU A0 MOCIETHETO,
OYEHBb YACTO CO31AI0T WLITIO3UIO PEAILHOCTU BpeMEHU. PealibHO He BpeMms, a
MPOLIECCHI, TPOUCXOASIINE B MATEPUU, EAUHULICH U3MEPEHUSI KOTOPBIX, CITy-
XKUT eArHULIA BpeMeHU. [IpoucxoauT nmoaco3HaTesibHaAs MOAMEHA OJHOIO
JPYTUM U, KaK HeM30€KHbIN pe3yabTaT MoJ00OHOM NOJMEHbI peaibHOTO IPO-
1iecca eAMHULIEN €ro UBMEPEHUS — CIUSHUS B YEJIOBEUYECKOM CO3HAHUM O]l -
HOTI'O C IPYTMM — Chirpajio ¢ Homo sapiens 31y10 myTKy. Ctajayd co3naBaThCs
TEOPUU MUPO3NAHUS, B KOTOPBIX BpeMsI MPUHUMAJIOCh, KAK OOBbEKTUBHAS
peanbHOCTh. OOBEKTUBHOM peabHOCTBIO SIBJISIFOTCS IIPOLIECCHI, TPOTEKAaI0-
1IMe B MAaTEpUH, a HE YCJIOBHASI €IMHULIA IJISI UBMEPEHUSI CKOPOCTH IPOTEKA-
HUS 3TUX ITPOLIECCOB. JIpyruMu cioBaMu, B Ha4aJIbHbIE Y TPAHUYHbBIC YCIIOBUS
CO3IaHUSI TEOPUI MUPO3JaHNS, OLIMOOYHO BBOAWIACH CYObEKTUBHAS BEJIM-
yuHa. M 3Ta cyObeKTUBHAY BeJIMYMHA, IPU PA3BUTUM 3TUX TEOPUN MUPO31a-
HUSI, CTajla OMHUM U3 «IIOJABOAHBIX KAMHEN», 0 KOTOPHIE «pa30MINCh» 3TU T€O-
pUU MUPO3IAHUSI.

JlaBaiiTe monbITaeMCs BBISIBUTh U JPYTU€ «II0OABOTHbBIC KAMHW» O0IIEeN3-
BECTHBIX Teopuii MuposaaHus. [Ipexae Bcero, naBaite onpeneanMcs ¢ IIOHSI-
tueM matepuu. [log MaTepueit noHUMaeTCsl 06seKmusHas peasbHOCMb, OAHHAS
Ham 6 owywenusax. OmyumeHuss — nHopMaLys, NOCTyNawllasi B MO3r 00
OKPY>KAIOIEM Hac MUpE Yepe3 opraHbl 4yBCTB. Ha3zHaueHreM OpraHoB 4yBCTB
yeJIOBeKa SIBJISIETCS 00ecneuyeHrne ONTUMAaIbHOTO CYyIIECTBOBAHUS YEJIOBEKa,
KaK >XXMBOTO OpraHus3ma, B oKpyxatouiei cpene. OpraHbl 4yBCTB YeI0OBEKa
c(OPMUPOBAIMCH B PE3YJIBTATE aalITALIAM YETOBEKA K YCIOBHUSIM CYIIIECTBO-
BaHMS B 3aHMMaeMOM 3KoJornyeckoir Huiue. [loatomy, pazButre opraHon
YYBCTB 1IJIO MO ITYTU ONITUMAJILHOTO ITPUCIIOCOOJeHUS OpraHn3Ma 4ejaoBeKa
K 9KOJIOTMYECKOU cucteme. Takum oOpa3oM, opraHbl 4yBCTB Pa3BUIMCh U
c(OpMUPOBAINCH B pe3yJibTaTe aJanTallMu K YCIOBUSIM CYILIIECTBOBAHUS B
DKOJIOTUYECKOM HUIIE U CIIYKAT I TeX (pOopM MaTepuu, KOTOphIe ChopMu-
POBAIY DKOJOTUYECKYIO CUCTEMY B LIEJIOM, M SKOJIOTMYECKYIO HUIITY, 3aHAMA-
emyto Homo sapiens, Kak BUIOM. DTO — IpeIHa3HAYEHE€ OPraHOB YyBCTB Ue-
JIOBEKa, ¥ MTO3TOMY OLLIYILIEHMS, TTOJIydeHHbIE Uepe3 3T OpraHbl YyBCTB, OYy-
YT COOTBETCTBOBATh KAYECTBEHHOM CTPYKTYpPE MaTEpUU, 00pa3yIolIeii 5KO-
JIOTMYECKYIO CUCTEMY.

[TosiBIeHME pa3yma y 4eJloOBEKa HE M3MEHWJIO MMPUPOIY €ro OPraHoB
YYBCTB, IO3TOMY HalllM OpPTaHbl YyBCTB MOT'YT JaTh HAM MpPEACTaBICHUE TOJIb-
KO O TOM MaTepuu, KOTopast (POpMUPYET SKOJIOTMUYECKYIO CPEAy OOMTaHUS Ue-
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JoBeka. Co3gaHHbIE YEJIOBEKOM MPUOOPHI TOJABKO ITO3BOJIMINA PACIIUPUTH
JIMana3oH BOCIIPUSTUS HAILIMX OPraHOB YYBCTB, a HE IIPOHMKHYTH B HOBbIE Ka-
yecTBa MaTepuu. Halum opratHbl 4yBCTB OrpaHMYEHbI, U TO3TOMY HEM30€KHO
OyneT orpaHMYEHHBIM Hallle IpeCTaBJICHUE O MPUPOAE MaTEpUU. AganTauust
K YCJIOBUSIM CYILIECTBOBAHMSI B 9KOJIOTMYECKOM CUCTEME U TTO3HAHUE TIPUPOIbI
MaTepuu — JBe aOCOJIOTHO pa3HbIe Belll, KOTOPHIE XeJaTeJIbHO HE ITyTaTh.
AOcooTH3a1Ms HalllMX OPraHOB YyBCTB SIBJISIETCS €11E€ OOHUM ITOABOAHBIM
KaMHEM CYylIeCTBYIOLIMX Teopuii. Haim opraHbl 4yBCTB JalOT HaM IIpeacTa-
BJIEHUE O YETBHIPEX arperaTHbIX COCTOSIHUSIX (PU3UYECKU IIJIOTHOM MaTepun —
TBEPIAOM, >KMJIKOM, ra3000pa3HOM U ITJIa3MEHHOM, a TaKkKe, 00 ONTUYECKOM
Jvana3oHe MpoJ0JbHO-ITONIEPEYHBIX BOJH U 00 aKyCTMYECKOM JMana3oHe
MPOJOJIbHBIX BOJIH. BC€ ocTaibHOE HE BOCIIPMHUMMAETCS HAllIMMM OpraHaMu
YYBCTB M HE MOXET ObITh «00bEKTHMBHOI peaibHOCThbIO», JAaHHOW HaM B
olymeHusax. O3HavaeT Jiv 3TO, YTO OOJIbIIIE HUYETO HE CYILLIECTBYET, Ja U MO-
yeMy Halllu OLIYILIEHUSI JOJKHBI ObITh A0COTIOTHBIM KPUTEPUEM CYILIECTBO-
BaHUS MaTepun?

BrionHe ecTeCTBEHHO, YTO MpeACTaBIEHUE 00 OKPYXKaKOIIEeM HAC MUPE
MBI TTOJIy4aeM 4yepe3 Halllu OpraHbl YyBCTB M TOJILKO Yepe3 HUX, HO 3TO He
O3HayaeT a0COJIIOTHOCTU HallMX olnyleHui. CiaeayeT BCHOMHUTD, YTO YeJlo-
BEK CYIIECTBYET B «CPEIUHHOM» MUPE — MEXIY MaKPOKOCMOCOM U MUKPO-
KOCMOCOM, U ITO3TOMY BC€ HalllM MpeACTaBICHUS CJIOXUIMCh B pe3yJibTaTe
HaOIIOJeHUS 3a 3TUM ITPOMEKYTOUYHBIM MUPOM NpUpoabl. B To Bpemsi, Kak
3aKOHBI IIPUPOJbI BEpIIATCS MMEHHO Ha YPOBHE MaKpOKOCMOCA U MUKPOKO-
CMOCa, M YeJIOBEK UMEET JIeJI0 TOJAbKO C MPOSIBJIEHUSIMU 3TUX 3aKOHOB B IIPO-
MEXYTOYHOM MUpPE CYLLIECTBOBAaHUS YEJIOBEKA.

Haomonas 3a mposiBAeHMSIMA 3aKOHOB MUKPO- U MAaKpOKOCMOCa B IPO-
MEXXYTOYHOM MUPE, YEJIOBEK CO37aJ1 KapTUHY TOr0 ITPOMEKYTOYHOIO MUpa,
KOTOpasi JOBOJIbHO TOYHO OTpaxkaeT COCTOSIHME 3TOr0 MUpa CYILLeCTBOBaHUS
yesoBeka. Ho aTa KapTuHa He oTpaxaeT pUpoay MaKpo- 1 MUKPOKOCMOCa
MOJIHOCTBIO M TIO3TOMY HE MOXKET IPETEeHA0BATh Ha MOJIHOTY Nepegadyn Kap-
TUHBI MUPO3JaHU B 1LieJ0M. TakiuM 00pa3oM, COBpeMEeHHbIE TIPeCTaBIACHMS
O NPUPOAE TOJbKO YACTUIHO OTPaXKaIOT AeiICTBUTEILHOCTD 1 YHUBEPCAJIbHbIE
3aKOHBI, KOTOPhIE CO37aJ1 YEJIOBEK, ITOPOi MPEenoJHOCST HeOXUTaHHbIE CIOpP-
MpU3bI, IPU TOMNBITKAX YeJ0oBeKa MPOHUKHYThH, KaK B ITyOMHBI MaKpOKO-
cMoOca, TaK 1 MUKPOKOCMOCA.

OIHUM U3 TaKUX YHUBEPCAIbHbBIX, PYHIAMEHTAJILHBIX 3aKOHOB B €CTE-
CTBEHHBIX HayKax SIBJISIeTCS 3aKOH coxpaHeHUsI MaTepru. OTKPBITHS TOCIEI -
Hell YeTBEePTH IBaJLIATOTO BeKa B 00J1aCTU IAepHON PU3UKU pa3pyLIMIN 3TY
(dyHAaMEeHTaJIbLHYIO TOYKY OIOPHI COBpeMeHHOMN (pu3nku. OCHOBHOM 3aKOH
(3K — 3aKOH COXpaHEHUsI MaTepU — ObLT YHUUYTOXEH pe3yabTaTaMM 3K-
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CIEePUMEHTOB (PU3NKOB-AepIIMKOB. CyTh 3TOTO MOCTYyJIaTa — B TOM, YTO
mMamepusi HUOMKY0a He nosieasemcs u HukKyoa He ucuezaem. IIpyMeHUTEIBHO K
CUHTE3y YaCTUILl B XOJA€ SACPHBIX peaKlnii, 3TOT 3aKOH MOXHO 3aIl1caTh B
cJIeIyIoleM BUJIE:

m; + mz > m3 (2.1.1)

Jpyrumu cioBamMM, Macca BO3HUKIIIEH, B pe3yJabTaTe CUHTE3a, YaCTULIbI
JOJKHA OBITh MEHBIIE UKW PAaBHOM COBOKYITHOM MacCe YaCTULL €€ CO3IaBIIMX.
Pe3ynbraThl 3KCIiepMMeHTOB BBEJIU (DM3UKOB-SIIEPIIMKOB B COCTOSTHHME 1110Ka,
13 KOTOPOrO OHU HE B COCTOSIHUM BBIMTU U 10 Ceil AeHb. BCE €10 «TONbKO»
B TOM, YTO B HEKOTOPBIX SKCIIEPUMEHTAX MaCcCa BO3HUKINIEH YaCTULIBI IIOPOM
Ha HECKOJIBKO IMOPSIIKOB MPEBbILIAIa COBOKYITHYIO MAaCCy YACTHILI, €€ CO3IaB-
1110706

m; + m; << m3 (2.1.2)

PeanbHbIe 5KCIEpUMEHTHI, peajibHbIC TIPUOOPHI, a pe3yabTaThl — adCo-
JIIOTHO paHTacTUUecKue. BelnecTBo nmosaBmioch u3 HUOTKyaa. Ilpuuém, ot-
KJIOHEHME pe3yJIbTaTOB OT 3aKOHA JIEXKUT He B MpeaeiaX MOrpeliHOCTU P -
60poB. [TprbOpPHI ¢ MOTPEIHOCTHIO 00JIE€ MATH MPOLIEHTOB MPAKTUYECKU HE
HCIOJIL3YIOTCS IJIs1 HaydHBIX MccaegoBaHuii. [1oaTomy, B ciiyyae, Koraa pe-
3yJIbTaThl HA HECKOJILKO MOPSIAKOB OTJIMYAKOTCS OT OXKMIAEMbIX, IIOIPELTHOCTD
MpUOOPOB HUKAKOTIO 3HAYEHUS HE UMEET. [1€10 B TOM, UYTO Yy YYEHBIX HET U HE
MOKET ObITh HUKAKOI'O OObSICHEHUS. Te SBICHUS, KOTOPbIe OHU HAOJIIOIAI0T
MOCPEICTBOM MPUOOPOB WK BU3YAIbHO, €CTh IIPOSIBJIEHUS pealbHbIX 3aKO-
HOB Npupoabl. PeajibHble 3aKOHBI IPUPOALI (POPMUPYIOTCS HA YPOBHSIX Ma-
KPOKOCMOCa U MUKpoKocMoca. Bce, ¢ ueM 4estoBeK ConmpuKacaeTcs B CBoei
KW3HU, HAXOAUTCS MEXOAYy MaKpOKOCMOCOM M MMKpPOKOCcMOcoM. MIMeHHO
IMO3TOMY, KOTIa YeJIOBEK, C IIOMOILBIO MPUOOPOB, CMOT 3aIJISHYTh B MUKPO-
MUP, OH BIIEPBbIE CTOJIKHYJICSI C 3aKOHAMM IIPUPOJbI, 4 HE C UX MPOSIBJIICHU -
saMu. MaTtepus He TIOSIBISIeTCS M3 HUOTKy1a. BCE ropasno mpoiie u cioxHee
OOHOBPEMEHHO: TO, YTO YEJIOBEK 3HAET O MaTepPUM 1 IyMaeT, KaK O 3aBepIICH-
HOM, a0COJIIOTHOM IIOHSITUM, HA CAMOM JgEJIE, SIBJISIETCS JIUIb MAaJIECHbKOM Ya-
CTBIO 3TOTO MOHATUS. MaTepust IeAICTBUTEIILHO HUKYIA HE NCUE3aeT U HUOT-
KyJla He MOSIBJISIETCS ; ASUCTBUTEIBbHO CyluecTByeT 3akoH CoxpaHeHus1 Marte-
pMU, TOJILKO OH — He TaKOW, KaKMM ero nmpeAacTaBisioT Joau. Pusnyecku
IUIOTHOE BEUIECTBO — TOJILKO OAHA M3 (POpM MaTepuii, BOCOpUHUMaeMasl
YeJIOBEKOM YE€pe3 €ro OpraHbl YyBCTB.

A Tenepsb, JaBaiiTe NpoaHAIU3UPYEM MIPEACTABIIEHUS O CAMOM IIPOCTPaH-
CTBE, Ha KOTOPbIX 0a3MPYIOTCS COBPEMEHHbIE HayuHbIe MpeacTaBieHus. [1po-
CTPAHCTBO IMPUHUMAETCI TPEXMEPHBIM M OTHOPOAHBIM. XOTEJIOCh OBl yTO-
YHUTb, YTO OKpYXKalollee HAC IMIPOCTPAHCTBO BOCIIPMHMMAETCSI HALIMMU IJ1a-
3aMU, Kak TpexmepHoe. [IpeqHazHadyeHMe HAIIMX [71a3 — ONTUYECKUX JaT4YM-
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KOB, CO3JaHHBIX IIPUPOIOH — 00eCIIeYeHUE aJleKBaTHOM peaKlii Ha OKPY-
>Kalollyto Hac ipupoay. Haiuy rinaza mo3BosisiioT HallleMy MO3TY CO31aTh TOY-
HYIO KapTUHY OKpYXalollei Mpupoabl, 0€3 KOTOPO YeJIOBEK IPOCTO HE MO-
KET CYIECTBOBATh, KaK XXMBOE CyIIecTBO. [1py a3TOM, IJ1a3a yenoBeKa aganTH-
POBaHbI K (PYHKIIMOHMPOBAHMIO B Ta30BOM Cpelie, KOTOPYIO MPEACTABIISIET CO-
00i1 atMocdepa nmiaaHeThl. «KapTUHKY» KOTOPYIO Mbl BUIUM, IPUHUMAEM 3a
TpEXMEPHOE IPOCTpaHCTBO. Ho, eciiu MbI ITorpy>kaeMcsl B BOOHYIO Cpeny, KO-
TOpasi, IO HAIIMM IOHSITUSM, TOXE TPEXMEPHasi, TO B 3TOM Cpejie HAllIM IJ1a3a
OyayT maBaTh MCKaXEHHYIO KapTUHY 3TOI cpeabl, YTO HE IO3BOJISIET HaM
MMpaBUJIbHO OPUEHTUPOBATHLCS B HEW. B TO BpeMsI, Kak rj1a3a MOPCKMX XXMBOT-
HBIX, O3BOJISIOT UM OPUEHTUPOBATBCS B BOOHOU Cpelie, 0€3 BCIKUX IPOOJIEM.
OpueHTalys UX B BO3AYIIHOM cpele OydeT Tak XXe HapylleHa, Kak U Hallla B
BOAHOM. B Boje BUaMas HaMu «KapTUHKa» OydeT OTIMYaThCs OT TPEXMEP-
HOT'O M300paXeHMsI, K KOTOPOMY MBI TaK IPUBBIKJIN. [1omydaeTcs, 4To BomHas
cpella YeM-TO KaYeCTBEHHO OTJIMYAETCs OT BO3AyIIHOU. M 5TO oTiiMume He
TOJIKO B OTJIMYMU IJIOTHOCTU PACIIOJI0XEHUS MOJIEKYJI IPYT OTHOCUTEILHO
Jpyra U KayeCTBEHHBI COCTaB 3TUX MOJEKyJ1. be3ycioBHO, 3Tu (pakTophl
MMeEIOT 3HaueHue. BoIpoc ToJIbKO B TOM — TOJIBKO JI OHU?! B 3T0li TOUKe MbI
MOAOILIN K BOITPOCY: OJHOPOJIHO JIM MPOCTPAHCTBO?!

2.2. KavecTBeHHasi CTPYKTypa NPOCTPAHCTBA

Bce cymiecTByloliye TeoOpuu NpoCcTpaHCTBA pacCMaTpUBaId MPOCTPaH-
CTBO, KaK OJHOPOAHYIO cyocTaHII0. OQHOPOTHOCTh IPOCTPAHCTBA ITOApa-
3yMEBAET, UYTO CBOMCTBA MPOCTPAHCTBA — OAWMHAKOBBI BO BCEX HAIIPABJICHUSIX.
A BTO 03HAYAET, YTO MAaTEPUSI JOJKHA ITPOSIBISIThH CE0S B TI000M TOUKE OTHO-
POIHOIO MPOCTPAHCTBA TOXKAECTBEHHO. Tak in 310? /laBaiiTe mpoaHaJIU3UPY-
€M 3Ty CUTyalli0. ACTpOHOMaM U acTpo(u3MKaM M3BECTEH (PAaKT, YTO BO
BpeMsI ITOJTHOTO COJTHEUHOT'O 3aTMEHMSI MOXXHO HA0JII0JaTh OOBbEKTHI, KOTOPHIE
Hamre CoJiHie 3aKpbhIBaeT coboit. Mcxomst u3 mo3unmii OAHOPOAHOIO MpPOo-
CTPaHCTBA, 3TO IPOCTO HEBO3MOXHO. HOo TeM He MeHee, 3TO HayYHbII (PaKT.
HeB0o3MOXKHOCTB 3TOT0 OIPEALISIeTCS TEM, YTO 3JI€KTPOMarHUTHBIE BOJHBI B
OAHOPOJHOM MPOCTPAHCTBE HOJKHBI pACIIPOCTPAHSIITHCS MPSIMOIUHENHO.
Ho eciu 3T0 Tak, TO aOGCOJIOTHO HEBO3MOXHO HAaOJI0JaTh OOBEKTHI,
3aKpbIBa€MbI€ IPYTUM, PACIIOJIOXKEHHBIM OJIMKE K HaM.

OObsicHEHME 3TOMY (PEHOMEHY OBLIO JaHO CJIEAYIOIIMM OOpa3oM:
MAaCCHUBHBIII KOCMUYECKUI O0BEKT, KOTOPbIM siBJsieTcss CoJIHLE BIUSIET Ha
MPSIMOJIMHEMHOE pacpOCTpaHEHUE CBETOBBIX BOJIH, UICKPUBJISISI UX TPAEKTO-
pUI0, B pe3yjabTaTe Yero, Mbl B COCTOSIHMM HAOII04aTh TO, UYTO HAXOJUTCS 3a
HUM. OO0BbSICHEHUE, 0€3yCIOBHO MMPAaBUJILHOE, TOJBKO CYILIECTBYET OTHO Ma-
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JiIeHbKOe HO. Eciii cunTaTh NpOCTPaHCTBO OJHOPOIHBIM, TO 3TO CTAHOBUTCS
HEBO3MOXHBIM. Bo3HMKaeT BOIIpoc: a OGTHOPOAHO 1 OHO? Y e IMHCTBEHHO
BO3MOXHBIM O0BSICHEHMEM 3TOTO (paKTa MOXET ObITh ITPU3HAHUE TTPOCTPAH-
CTBa HEOJJHOPOIHBIM.

HaBaiiTe mpoaHaau3upyeM u aApyrue ¢dakrtbel. Hanpumep, siBieHue
MPEJIOMJICHMSI pa3HBIMU CPeAaMU MPSIMOJIMHEIHOTO pacIipoOCTpaHEHUS CBe-
TOBBIX BOJIH. DTHU SIBJICHUSI HOCSIT Ha3BaHUE ONTUYECKUX SIBJICHUM NPUPObI.
CyThb MX B TOM, UTO pa3Hbl€ CpeIbl MMEIOT MJIOTHOCTb, OTJIMYHYIO OT
IUDIOTHOCTU BaKyyMa, KoOTopas MNpuHUMaeTcsd HyjeBoil. CKOpOCTh
pacIpocTpaHeHUsI CBETOBBIX BOJIH B BakyyMe C IpuHUMaeTcs 3a KOHCTAHTY
u paBHoit 300 000 km/c. Cpena oka3bIBaeT COMPOTUBIEHUE PACIIPOCTPAHEHUIO
CBETOBBIX BOJIH, B pe€3yJIbTaTe Yero CKOPOCTb pACOPOCTPAHEHUS X B JAHHOM
cpelie CTaHOBUTCSI MEHbILIe CKOPOCTH PaCpOCTPaHEHUS 3TUX BOJIH B BAKyyMe
1 cTaHOBUTCS paBHOM V. TakuM o0pa3om, JaHHas cpejia BJIMsieT Ha CKOPOCTh
pacrnpocTpaHeHusI CBeTa ¢ KO3 dUILIMEeHTOM N, KOTOPhI Ha3Baiu Koaddu-
LIMEHTOM MPEeJIOMJIEHUS CPEIbI:

n=c/v (2.2.1)

re:

n — KO3(P@UIIMEHT NpeIOMIICHUS,;

¢ — CKOpOCTb cBeTa (POTOHA);

vV — CKOpPOCTb cBeTa ((POTOHA) B Cpelie.

C noMoublo 3Toro Ko3dduiuureHTa npeaoMaeHUs MOXHO pacCuuTaTh
TOYKY BBIXOJIA CBETA U3 3TOM Cpelbl HA TpaHULIE C APYyroi cpenoi. I1pakTu-
YeCKM KazKIbli IIKOJBLHUK IMTPOM3BOIUI MOAOOHbBIE PACYETHI U SKCIIEPUMEHThI
10 MPOITYyCKaHWIO CBETOBOIO TydKa yepe3 npu3My. Bcé Bpone Obl IIpOCTO U
sicHO. Ho omsiTh cyliecTByeT 0qHO MajgeHbKoe HO. OHO IOSBUTCS, €CIU
COIOCTaBUTh 3TY MH(GPOPMALIMIO C ITpaBUJIaMU KBAHTOBOI (DUBUKU, KOTOPasI
OITMChIBAET IIPUPOAY BOJIH, B TOM YHCJIE U ONTUYECKOro auana3doHa. CorjaacHo
TMOHSATUSIM KBAHTOBOI (DU3UKM, CBETOBBIE BOJIHBI M3JIYYalOTCS Y MTOTJIOIIAOT-
cs oNpeIe A€ HHBIMY NOPLUMSIMU, KOTOPbIe Ha3Baau (poroHaMu. Kaxabiii po-
TOH UMEET PHEPIr1I0, PaBHYIO:

E =hf (2.2.2)

rae:

h = 6,62 10-?” Erg/sek — mocrosgHHas I1maHka;

f — yactora poToHa.

Takum 06pa3om, Kaxablid GOTOH UMEET CTPOTO OMPEIEIEHHYIO SHEPTHUIO,
1 3Ta SHEPrus onpeaessieT CKOPOCThb nepemellieHus ero B cpene. [1oatomy, Mbl
MOXEM COCTaBUTh TOXIECTBO:

mc?/2 = hf (2.2.3)

ITpu npoxoxxaeHNM Yyepe3 Cpedy, CKOPOCTb BOJTHBI YMEHBILIAETCSI TPOIIOP-
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LVMOHAJILHO KO3((PUIIMEHTY TIPEJOMJICHUS NaHHOW cpedbl (C = nv) W,
cJieaoBaTe/IbHO, Heprusl GoTOHA YMEHbIIAETCS:
Eop = mv?/2 = hf (2.2.4)
EctectBeHHO, 4TO 3HEeprus (hoTOHA B Cpelie MOJydaeTcsl MEHBIIIe eTo
SHEPruu B BaKyyMe:

E,< E
[MoacTaBisst UX ypaBHEHMUS, TTIOJTYINM:
mv?/2 = hf < m¢?/2 = hf (2.2.5)

AHanu3upysl 3TO COOTHOLIEHUE, HEeM30EeKHO MPUAEM K 3aKJIIOUEHUIO,
4YTO, IIPU U3MEHEHNUY SHEPruu (POTOHA, NOKHA U3BMEHUTHCS 4acToTa, a, CJie-
JIOBaTEJIbHO, UIMHA BOJHBI A. JIpyruMu cioBamMu, BXOAUT B Cpedy OIWH
(otoH, a BeixoauT apyroi. [loaydaeTcs IBHOE IIPOTUBOPEUME C PEATbHOCTHIO.
Br1BoIbI IMHEMHOI ONTUKK MPOTHUBOpPEYAT KBAHTOBOM MexaHuKe. Kaxkmprit
(bOTOH MMeeT CTPOTOo OIPENCAEHHYIO SHEPTUIO, OH U3TyYaeTCs IIPU MEPEXOIE
BJIEKTPOHA ¢ OoJiblIel pa3pellIEHHOW OpOUTHI HA MEHbIIYIO; ITPU MOTJIOIIEe-
HUU aTOMOM (pOTOHA, SJIEKTPOH aTOMa MEPEXOJUT C HUXKHEM pa3pelI€HHOMN
opOUTHI Ha OOJIBIIYIO, TaK OIpeaessieT KBaHToBasl ¢pusuka. Ho ¢potoH, mpu
MMPOXOXIEHUU CPEAbl, HE MEHSIETCS, B TO BpeMs, KaK €ro CKOPOCTh YMEHb-
maetcs. Kak xe ObITh ¢ 3TUM?

Ecny cuurath 4TO MPOCTPAHCTBO — OAHOPOIHO, T.€., €r0 CBOMCTBA U
KauyeCcTBa HEM3MEHHBI, TToJIydaeTcs adbcyp. AOCypa Mcue3aeT eCiv MPU3HaTh,
YTO NPOCTPAHCTBO — HEOAHOPOJHO, UTO €0 CBOMCTBA U KaYeCTBA UBMEHSIIOTCS
B Pa3HbIX HAIIPABJICHUSIX, U, YTO MaTepHUs, 3aIOJHSIIOLIAs IIPOCTPAHCTBO,
BJIMSIET HA CBOMCTBA M KayeCcTBa MPOCTPAHCTBA, KOTOPOE OHA 3aIlOJIHSET, a
IIPOCTPAHCTBO BiUseT Ha MaTeputo. [IposBisieTcs, Tak Ha3biBaeMasi, o0par-
Had CBI3b. B pe3ynbrare ycTaHaBIMBAETCS PAaBHOBECHOE COCTOSIHUE MEXIY
MaTepuen, 3aMOJHSIOIEN MPOCTPAHCTBO, U MPOCTPAHCTBOM, B KOTOPOM
JaHHasg MaTepus HaxoauTcd. [1py TakoM paBHOBECUM MaTepud yCTouuMBa. B
JTAHHOM TOYKE MBI ITOJOILIM K TOHUMAHUIO IPYTOro MPpUPOIHOTO SIBJICHUS —
pagroakKTUBHOCTU. PagnoakTMBHOCTh — SIBJIEHUE, TPU KOTOPOM, aTOM CTa-
HOBUTCSI HEYCTOMYMBBIM, TPOUCXOAUT €r0 pacia, B pe3yJbTaTe KOTOPOTO BbI-
JIeJISIETCS DHEPIUs, 1 00pa3yeTcs 60Jiee yCTOMYMBBINA aTOM Wir aToMbl. Heyc-
TOMYMBOCTh BO3HUKAET MPU MOIJIOLICHUU JaHHBIM aToMoM (poToHa. [Ipu
MOIJIOLIEHUU (DOTOHA, IIPOMCXOIUT IEPEXO0 AJAEKTPOHA C OJHOM pa3pellIEH-
HOM opOuTHI Ha Apyryo. Ho mouyemy npu noryionieHun (poToHA, OAUH aTOM
CTAaHOBUTCS HEYCTOMUYMBBIM U PacIiafaeTcs, B TO BpeMs, KaK IPYro OCTa€Tcs
CcTaOMIbHBIM? PaanoakTUBHBIMU IIPU3HAIOTCS TPAHCYPAHOBBIE 3JIEMEHTHI,
aTOMHBII BEC KOTOPBIX MTPEBBIIIACT IBECTU TPUALIATh BOCEMb a.€. U UMEIOIINE
CJIOXKHYIO CTPYKTYPY 3JIEKTPOHHBIX OpOUT. Pacrian mogoOHbIX aTOMOB MOXHO
ObLJIO Obl OOBSICHUTBL MX CJIIOXXHOI CTPYKTYpPOIi, KOTOpasi HapyllaeTcsl mpu
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MOIJIOEHUHU (DOTOHA U U3 YCTOMUMBOIO COCTOSIHUSI MEPEXOJIUT B HEYCTOM -
YMBOE, B pe3yJIbTaTe Yero aToM M pacriagaercs. Bee€, Kazanoch Obl, IpeKpacHo,
ecJi Obl oMsITh He BMe1a1och 061 MajieHbkoe HO. PagroakTMBHBI HE TOJIBKO
TPAaHCYPAHOBbIE BJEMEHTbI, HO MW HM30TOIIbI BCEX APYTUX DJIECMEHTOB.
JIt000MmBITEH TOT (PAKT, YTO, K IPUMEPY, pAAXOAKTUBHBI M30TONBI BOAOPOIa —
JEeUTepUn U TPUTUIM, C aTOMHOM MAaCCOM IBE U TPU a.€., B TO BpEM#, KaK aTOM
30JI0Ta — MaKCHUMAaJIbHO YCTOMYMBBINM, MPU aTOMHOM BeC€ ITOYTU CTO
JIEBSHOCTO CEMb a.€. B 3TOM 1 aHaJTIOrMYHBIX CJTy4asiXx HEBO3MOXHO OObSICHUTD
YCTOMYMBOCTb M HEYCTOMUYMBOCTH CJIOXHOCTBIO CTPYKTYPbl OpraHu3aluu
aToMOB. BHOBb mosiBisieTCs mapagoKCe M, Ka3aJloch Obl, Hepa3pelIruMoe
npotrBopeune. Bee Ob110 OBl TakK, €CIIM UCXOAUTD U3 MPEAIOJIOKEHUS OTHO-
poaHOCTH ITpocTpaHcTBa. Ho eciin mpeanooXXuTh, 4TO MPOCTPAHCTBO HEO/ -
HOPOJHO — MPOTUBOPEYME U adCyp MCUYE3alO0T.

[Tpupony paanoaKTUBHOCTU MbI pACCMOTPUM HMXKe. B maHHBIIA MOMEHT
Hac MHTepecyeT Nprpoaa npoctpaHcTBa. Kak BUTHO M3 IPHUBEAEHHBIX BBILIIE
MPUMEPOB, KaK Ha YpOBHE MaKpOKOCMOCAa, TaK U Ha yPOBHE MUKPOKOCMOCA,
MPOCTPAHCTBO — HEOOAHOPOAHO. [TOHSITHE O TOM, YTO MPOCTPAHCTBO SIBJISIETCS
OOHOPOJHBIM BO BCEX HAIpaBJICHUSIX 0€3 «CEBEPa» U «10Ta», «Bepxa» U «<HU3a»
SIBJISIETCSI OCHOBOI COBPEMEHHOI KOCMOJIOTMM, OCHOBAHHOM Ha T€OpUU
OTHOCUTEJIbHOCTU DiHINTeHA. McciieqoBaHus, IIPOBEAEHHBIC HA pagOTe-
JIECKOIIE, BBIHECEHHOM 3a MpeJIeJibl 36MHOI aTMocdephl, Aajlu ITOATBEPXKIe-
HME 0 HEOTHOPOIHOCTHU ITpocTpaHCcTBa. [1poaHan3upoBaB pagroBoIHBI 160-
TU OTHAJIEHHBIX rajakTuk, pu3uku u3 Pouectepckoro u Kanzacckoro YHu-
BepcuteToB CIIIA caenanu mopa3uTeabHOE OTKPBLITUE O TOM, UTO U3JTyYSHUS
BpaIllalOTCs MO MEPE TOr0, KaK OHU ABMXKYTCS CKBO3b IPOCTPAHCTBO, B BUME
¢lBa 3aMETHOT0 PUCYHKa, HAITIOMMHAIOILIETO ILITOINOpP, HEMOXO0XEro HU Ha
yTO, HabmonaBiieecd paHee. [10aHBIA MOBOPOT «IITONOpPa» HAOIIONAECTCS
yepes KaxIblidA MUJIJIMAP MUJIb, KOTOPBIN IIPOXOIIT paarOBOJHbI. OTHU 3(-
(beKThI SIBJISIIOTCS JOMOJHEHUEM K TOMY, YTO U3BECTHO, KaK 3 dekT Dapajes,
MOJISIpU3alMs CBETa, BEI3BAHHAS MEXTaJTaKTUY€CKMMU MArHUTHBI-MU MOJISI-
Mu. [leprnogndyHOCTH 3TUX, BHOBb HAOJII0IA€MbIX BpallleHUI, 3aBUCUT OT yT-
Jia, IO KOTOPOMY JIBMKYTCSI PaJUOBOJHBI OTHOCUTEIBHO OCU OpPUEHTALIUMH,
MPOXOIsIICi 4yepe3 IMpocTpaHCTBO. YeM mapasiebHeld HampaBJeHUE
JIBUXKE€HMS BOJIHBI C OChIO, TeéM 00JIblIe paguyc BpallieHus. JlaHHast ocb Oopu-
EHTALIMU HE SIBJISIETCS (PU3UYECKOM BEJIMUYMHOM, a CKOpEE OIpeAcsieT Harpa-
BJICHME, TI0 KOTOPOMY CBET nepemeiiaercs Bo Beenennoit. [1o HabaroaeHUIO
¢ 3eMJIM, KaK YTBEPKIAloT UCCIEA0BATEIN, OCh IPOXOIUT B OAHOM HallpaBJie-
HUM, B CTOPOHY CO3Be31Us Sextants, U B ApyroM HaIlpaBJIEHUU, B CTOPOHY CO-
3Be3nus Aquila. Kakoe u3 HampaBIeHUIA OyIET «BEPXOM» UJIU «HU30M», BEPO-
SITHO, OyIET NPOU3BOJbLHBIM BEIOOPOM, CYUUTAIOT OHU.



52 Huxodmnaii JIesamoB. «HeomHoponHas BecenenHas»

DTO OTKPBITHE OBLIO clieaaHo JoKTopoM xopmkem Homnana u nokTo-
pom [IxxkoHoM PasictoHoM. OTYET 0 KOTOPOM OHM OITy0IMKOBaIu B «Pusnye-
ckoM O0630pe»?’ B 1997 . TakuM oOGpa3oM, KauyeCTBEHHAas CTPYKTypa IMpo-
CTPaHCTBA JOJIKHA OBITh HEOMHOPOAHOM. JlaBaliTe mpoaHaIU3UPYyEM SIBJICHUE
HEOIHOPOIHOCTHU MPOCTpaHCTBA. HEOMHOPOOAHOCTH IPOCTPAHCTBA O3HAYAET,
YTO €ro CBOMCTBA U KAUYECTBA — Pa3HbIC B pa3HbIX 00JIACTSIX MPOCTPAHCTBA.
JIOrMYHO TIPEeANION0XKUTh ABA BO3MOXKHbBIX COCTOSIHUS IIPOCTPAHCTBA — HEBO-
3MYILLIEHHOE MPOCTPAHCTBO, B KOTOPOM €r0 CBOMCTBA U3MEHSIIOTCSI HEITPEePhIB-
HO Y MJIAaBHO, B 3aJaHHBIX HAaIPABJICHUSIX, 1 BO3MYILIEHHOE IPOCTPAHCTBO, B
KOTOPOM HAOJII0AAETCS PE3KOE NU3MEHEHHUE CBOMCTB U KAY€ECTB.

I1penmnoaoxum, 4T0O HEBO3MYILEHHBIM MPOCTPAHCTBO ObLIO B Hayaje
(bopMupoOBaHUs TPOCTPAHCTBEHHBIX CTPYKTYpP, U, IO Mepe (POPMUPOBAHUS
OHBIX, BOBHMKAIOT 30HbI BO3MYIIIEHHOI'O IIPOCTPAHCTBA. 30HbI BO3MYILIEHUS
BO3HUMKAIOT TOJ BJIMSIHMEM BHEIIHUX (PAKTOPOB, KOTOPHLIMU MOTYT OBITh
JIPYTEe Ka4eCTBEHHBIEC MMPOCTPAHCTBA UMEIOIINE C JAHHBIM IIPOCTPAHCTBOM
KaKMe-TO OOIIME CBOMCTBA M KadyecTBa. ECTECTBEHHO 5T MPOCTPAHCTBA HE
MOTYT OBITh IMOJTHOCTBIO TOXIECTBEHHBIMU, a TOJIBKO YaCTUYHO. TakuM o0Opa-
30M, IIPOCTPAHCTBO MOXET OBITh B BO3MYILLIEHHOM M HEBO3MYILIIEHHOM COCTO-
SIHUM, UTO SIBJISIETCSI BaXKHBIM MOMEHTOM JJIsI TIOHUMaHUSI TIPUPOIBI 3BE31, K
KOTOPOI Mbl BEPHEMCSI HIKE. A B JaHHBI MOMEHT, JaBaiTe pa3oepeMcs ¢ Ma-
Tepueii. Ecam nmpocTpaHCTBO NPAKTHYECKH ¥ TEOPETHIECKH HE OTPAHMYEHO U €r0
CBOICTBA M KAYeCTBa MEHAIOTCA HEMPEPLIBHO, TO MaTepusi — KoHeuyHa. Koneu-
HOCTb MaTEepUH 00YCJIOBJIEHA TEM, YTO OHA MMeeT KOHKPETHbIE Ka4eCTBa U CBOJi-
CTBA, KOTOpble HMEIOT CBOHM Mpeaesbl U, BCIEACTBHE 3TOr0, KOHeuHbl. I1po-
CTPAHCTBO U MaTe€pHs B3aUMOJICUCTBYIOT APYT C APYTOM, IIPUUEM, B3AUMOICH-
cTBUe — oborogHoe. [ToaTomy, Korjna 0ecKoHeuHas BeJIMYMHA C HeNMPEePbIBHO U3-
MEHSIOIMMMKCS CBOMCTBAMM M KAY€CTBAMH, — MPOCTPAHCTBO, — B3aUMO/IEHCTBY-
€T ¢ KOHEYHOH BEJINYMHON C ONpeneJ€éHHbIMM CBOMCTBAMM M Ka4eCTBAMM, —
Marepueii — uX B3anMo/IeiCTBHE MIPOUCXOIUT B TOM TOJIHLKO 00J1aCTH MPOCTPAH-
CTBA, IJle CBOMCTBA U KAYeCTBA MPOCTPAHCTBA M MATEPUM TOXKIAECTBEHHbI APYT
apyry. M eciiv mpeanoaoXuTh, YTO CYLIECTBYET MHOXECTBO TUITOB WX (popM
MaTepUU, Kaxkaast U3 KOTOPBIX OTIMYACTCS OT APYTroii CBOMMM CBOMCTBAMU U
KayeCcTBaMM YaCTUYHO WJIX MTOJTHOCTBIO, U 3TU (pOpMbI MaTepUM «HAKJIaabIBa-
IOTCSI» Ha MPOCTPAHCTBO C HENPEPHIBHO M3MEHSIOIIMMUCS CBOMCTBAMU U
Ka4yeCcTBaMM, TO BOBHMKHET pacipeiesieHle 3THX CBO0OIHbIX (hopM MaTepumii 1o
MPOCTPAHCTBY, M0 NPHUHIMILY TOXKIECTBA MEXKIY CBOMCTBAMH NMPOCTPAHCTBA H
¢hopm maTepmii.

20 (This Side Up' May Apply To the Universe, After All», by John Noble Wilford, The New
York Times, 1997.
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IIponcxoouTt npolecc, aHaIOTMYHBIN ITPOLIECCY pa3AaeIeHUsI CMECH XK -
KOCTel, UMEIOIIMX pa3Hylo MI0THOCTL. Co BpeMeHeM Bce XXUIKOCTU CMECU
pacriojioXxarcsl CJI0sIMM OJHa Hajl Apyrou, 0osiee MJIOTHBIE XKUAKOCTU (U,
cJieIoBaTebHO, 00Jiee TSKEJIbIe), MepeMeCTSATCS BHU3 COCyla, a MEHee
IUIOTHBIC (M, CIEA0BATEILHO, 00Jiee JIETKME) PACOJIOXATCS OJIMXKe K BEpXY.
Ecau mpoiii€T 10CTaTOYHO BPEMEHM, TO BOSHUKHYT CJIOM >XMUJIKOCTEN C pa-
3HOM MJOTHOCTBHIO B OAHOM cocyne. M ecinm okpacuTh XUAKOCTU pPa3HOM
IJIOTHOCTHU B KAKOWM-JTMOO 1IBET, HAIIpUMEpP, CaMyIO IIJIOTHYIO OKPacUThb B
KpPaCHBIN LIBET, U, TI0 Mepe YObIBAHUS INIOTHOCTU XUAKOCTE, OKPACUTh UX
COOTBETCTBEHHO, B OPAHKEBBIN, XXEJITHINU, 3€JE€HbIN, rOJIy0oOli, CUHUI U PU-
OJICTOBBIN LIBETA, TO B PE3YJbTaTe, IMOCJIE TOT0, KAK CMECh U3 3TUX XXKUAKOCTEN
C pa3HO MJIOTHOCTBIO YCIIOKOUTCS, B COCYAE MOSIBATCS pa3HOLIBETHBIE CJIOU
KUIKOCTEN B MOPSIAKE YObIBAHUS MX MJIOTHOCTU — KPACHBIN, OpaHXEBbIN,
KENTBIN, 3€JIEHBIN, TOJIyOOl, CMUHUI 1 (DUOJIETOBBIA.

KuakocTu ¢ pa3HOM IJIOTHOCTBIO — 3TO TOXE MaTepusl, UMEIOLLas pa3-
JIMYMS TOJIBKO MO OMHOMY CBOEMY Ka4eCTBY — IJIOTHOCTU. B naHHOM ciy4ae,
MMPOUCXOIUT CBOCOOpa3HOe KBAaHTOBAaHUE (pa3deieHWEe) OOJHON U TOU XKe
MaTepuM 10 OOHOMY CBOMCTBY MJIM KadyecTBY. [1oaTOMY, €C/iv MpeAOJIOKUTD
HaJIMure MHOXecTBa (popM MaTepuii, OTIMYAIOLIMXCS APYT OT Apyra CBOMMMU
KauyeCTBAMM M CBOMCTBAMU B IPOCTPAHCTBE C HENPEPHIBHO U3MEHSIOIIMMUCS
CBOMCTBAMU 1 Ka4e€CTBAaMU, TO IIPOMU30MAET KBAHTOBAHUE 3TOr0 MPOCTPAHCTBA
no 3tuM popmam Matepuii. M ecnm ipuaate pa3HbIM pOopMaM MaTepUN pa3-
HbI€ 1IBETA, MPOCTPAHCTBO MPEBPATUTCS B LIBETHOMN CJIOEHBIN «mmupor». U
€CJIM, B CJIy4ae CMECH KMIKOCTEH, KpUTEepUeM pa3aeaeHUs XKUIKOCTEU B
cocy/jie SIBJISLJIach IJIOTHOCTh 3TUX XKUAKOCTEM, TO, B CJIydae ¢ pa3HbIMU (pop-
MaMM MaTepUii, BO3bMEM 3a MOAOOHBIN KpUTEPUIA MEPHOCTh MPOCTPAHCTBA.
I[IpocTpaHCTBO ¢ HEMPEPBHIBHO M3MEHSIOIEUCS MEPHOCTbIO HA30BEM Ma-
TPUYHBIM ITPOCTPAHCTBOM. TakKM 00pa3oM, B 3TOM MaTPUYHOM IPOCTPaH-
CTBe, ITPU B3aMMOJIEMCTBUMU €ro ¢ popMaMu MaTEpUU, BOSHUKHYT CJIOU C TO-
KIECTBEHHOM MEPHOCTBIO. KaxXablii CJION TOXIAECTBEHHOM MEPHOCTU 3TOTO
MaTPUYHOIO IIPOCTPAHCTBA HA30BEM IIPOCTPAHCTBOM-BCEJIEHHON C JaHHBIM
YPOBHEM MEPHOCTH. | pyrumMu cioBaMu, UBMEHEHUE MEPHOCTU MATPUUHOTO
MPOCTPAHCTBA HA HEKOTOPYIO BeanYMHY, AL mpruBOAUT K KaueCTBEHHOMY
M3MEHEHUIO MATPUYHOTO MPOCTPAHCTBA U OOPA30BAaHMUIO B HEM IIPOCTPaH-
CTBa-BCEJIEHHOI HOBOIO KaYeCTBEHHOTO COCTAaBa.

HaBepHo, MHOTME B JETCTBE MUIpajiv, CKJIaabiBasl M3 KyOMKOB pa3HbIe
KapTUHKU. Tak BOT, UI3BMEHEHHE MEPHOCTU IIPOCTPAHCTBA Ha BeJanuynHy AL
PaBHOCUJILHO MOSIBJIEHWIO HOBOIO KyOMKa M BO3MOXHOCTU CJIOXUTH C €T0
MMOMOIIIbIO, MTEPECTaBUB BCE KYOUMKM, HOBYIO «KapTUHKY»-BCEJIECHHYIO. DTO
CTAaHOBUTCS BO3MOXHBIM, TOJBKO TOrJa, KOTJa BCE «KYOMKHW — OOHOIO
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pa3Mepar». Eciiy Mbl cMelaeM KyOMKY pa3HbIX pa3MepOB U MONbITAEMCS CJIO-
>KUTb U3 HUX KaKYyI0-JIM00 KapTUHKY, TO, IPU BCEM XKEJIAHWM, Y HAC HUYETO HE
MOJYYUTCS, JaXxe, €CJIM Y HaC JOCTaTOYHO «KyOMKOB» Ha HECKOJILKO «KapTH-
HOK». CHauyaja Hy>KHO pacCOPTHUPOBATb 3TU «KyOUKM» TI0 pa3MepaM, a 3aTeM
CKJIAbIBaTh U3 HUX «KapTUHKW». [locnenoBaTrebHOE UBMEHEHUE MEPHOCTH
Ha OJHY M Ty Xe BeIMYnHYy AL SBJseTCsI KBAHTOBAHMEM MATPUYHOTO MpPO-
CTPAHCTBA U BbIpAXaeTcs KO3 PUIIMEHTOM KBAHTOBAHUS i, KOTOPBIA U €CTh
TOT 3TAJIOH, TI0 KOTOPOMY OTOUPAIOTCS «KYOUKW», ST CO3MaHUSI HOBOM «Kap-
TUHKW».

Takum 006pa3oM, Kak U M3 Pa3HOTO KOJIMYECTBA OAUHAKOBOIO pa3mepa
KyOMKOB MOXHO CJIOXXHWTb pa3Hble KAPTUHKU, TaK U U3 OJHOTUIHBIX (OpM
MaTepUuii B MAaTPUIHOM IIPOCTPAHCTBE 00Pa3yr0TCsI MPOCTPAHCTBA-BCEIEHHLIE.
DTU NPOCTPAHCTBA-BCEJIEHHBIE 00Pa3yIOT B MATPUYHOM ITPOCTPAHCTBE €U -
HYIO CUCTEMY, KaK CJIOEHBIN ITUPOT, KAXKIbIA CJI0 KOTOPOTO KAYECTBEHHO OT-
JiImdaeTcs oT gpyroro. IIpm 3ToM, KaXIOblii COCEAHUM CJIOM 3TOTO MUpOTa
MMeEET, B CBOE «MO3auKe», Ha OJMH «KyOUK» OoJibllie Uau MeHblle (Puc.
2.2.1). Bce 311 cjiou HaXoOSTCS B ITOCTOSIHHOM JABUXKEHUY 1 B3aUMOJIeICTBUN
MeEXXIy cO00. Pe3ynbTaToM TaKOTO B3aMMOIECTBUS MEXIY COCEAHUMMU ITPO-
CTPAHCTBAMM-BCEJICHHBIMU SIBJISIETCS IMOSBJIEHUE, B 30HAX CONPUKOCHOBEHUS,
3BE3M U «4E€PHBIX ObIp» (Puc. 2.2.2). I1pu 3TOM, TaM, TJIe IpOCTPAHCTBO-BCE-
JIEHHAs1 CONPUKACAETCS C IPYTUM, KOTOPOE UMEET B CBOEM COCTAaBE HA OOVH
«KyOuK» 00JIbIlIe, BOBHMKAET 3B€3/1a, a TJIe HAa ONUH «KyOUK» MEHbIIIE — «4€-
pHas IbIpar.

2.3. CucremMa MaTPUYHBIX IPOCTPAHCTB

Takum oO6pa3zoM, opMUpyeTCsT CUCTEMa MPOCTPAHCTB, 0O0pPa30BaHHBIX
CHHTE30M Matepuii omHoro tuia. KoadduieHT yi MoxkeT mNprHUMATh CaMble
pa3Hble 3HaueHus. Jlaxke n3MeHeHUe ero Ha HUYTOXKHYIO BEJIMYMHY IPUBOIUT
K TOMY, YTO MaTepUsl HAlllEro TUIIA HE MOXET CJIUTBLCS B BElLIECTBE (BBIPO-
nuTthes ). [1pu npyroM 3HaY€HWH Yi BOSBHUKAIOT YCJIOBUS U151 CIUSIHUS BOETWMHO
MaTepUid IPyroro TMna, OTJIMYHOIO OT JaHHOT0. DTO MPUBOAUT K 00pa30oBa-
HUIO Ka4eCTBEHHO IPYTroil CUCTEMBI IIPOCTPAHCTB — 00Opa3yeTcs JIPYyroe
MaTpUYHOE TIPOCTPAHCTBO. B pe3ybraTe 3Toro, Mbl UMeeM 1LIEJIYI0O CUCTEMY
MaTPUYHBIX ITPOCTPAHCTB, KOTOPbIE OTJIMYAIOTCS APYT OT ApyTra Koadduiim-
€HTOM KBaHTOBaHUSI MEPHOCTU IIPOCTPAHCTBA U TUIIOM MaTepuii, UX o0Opa3y-
IOIIMX. DTO NPOSIBIISIETCS B KAYECTBEHHOM OTJIMUYMM BEIllIeCTB, BO3HUKAIOIIIUX
MIPY CAUSIHUM Pa3HBIX TUIIOB MaTepUii M pa3HOTO KoandecTBa opM MaTepuid,
00pa3yIoIIMX KaXAblii U3 3TUX TUITOB BellecTB. Kaxmoe MaTpuyHOe Mpo-
CTPaHCTBO — HEOJHOPOJHO MO MEPHOCTHU. DTU KOJIeOaHMSI MEPHOCTHU MaTpH-
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YHOrO MNPOCTPAHCTBA MIPUBOIAT K TOMY, YTO B HEKOTOPBIX €ro 00JaCTsIX
MMPOUCXOIUT CMBIKAHUE C IPYTUMMU MAaTPUYHBIMU IIPOCTPAHCTBAMMU, UMEIOLI-
MU B 3THX 00JIACTSIX TaAKY10 XK€ MEPHOCTh. BOZHMKAIOT 30HbI NIEPETEKAHUS U3
MaTPUYHOTO MPOCTPAHCTBA C OMHUM KOAPOUIIMEHTOM MEPHOCTHU Y B MATPU -
YHOE MPOCTPAHCTBO ¢ ApyruM. M ecnu B cityyae 00pa3oBaHMs 3BE3/I U «UEPHBIX
IBIP» BCE ONPENEISIOCh JUIIb KOJIMYECTBOM MaTepuid, 0Opa3yrolux Ipo-
CTPaHCTBa-BCEJCHHbBIEC B 30HE 3aMbIKAHUS U, TIPYU 3TOM, MAaTEPUU ObLIIU OJI-
HOTI'O TUIIA, T.€. KBAHTOBAIMCH KOA(PPUILIMEHTOM MEPHOCTU , TO, IIPU CMbIKA-
HUMU MATPUYHBIX ITPOCTPAHCTB BO3HUKAIOT 30HBI MEPETEKAHUS MaTepUl
MMEIOIIMX Pa3JIMYHbIA KOODDUILIMEHT Y1, MATEPUI Pa3HBIX TUIIOB, KOTOPbIE
HE MOTYT ObITh COBMECTUMBIMU HU IIPU KAKUX YCIIOBUSIX.

YTo0 Xe MpOUCXOIUT B 3TUX 30HAX CMbIKAHWSI MAaTPUYHBIX ITPOCTPAHCTB?
Tak BOT, B 3THX 30HaX CMbIKAHUS IIPOUCXOAMUT paciiaj BelleCcTBAa KaK OMHOTIO,
TaK U IPYyroro TUMIa, u 00pa3yroTcs «CBOOOAHbIE» MAaTePUU, KaK OOHOTO, TaK
u apyroro TunoB. Ho, 4to ke npoucxoaut ganwiiue?! Ha mpouecchl Mpoucxo-
JISAIIME B 3TUX 30HAX BIUSIOT TPU YCIIOBUSL:

1) KonmmuecTBo (popm MaTepuii JaHHOIO THUIIA, 00pa3yIoIX KaxK10€ Ma-
TPUYHOE IIPOCTPAHCTBO B 30HE MX CMbIKaHMs. Hallle Bcero, KoJIm4ecTBo hopM
MaTepuii, 00Opa3yoLINX KaxXa0e U3 MAaTPUUYHBIX IIPOCTPAHCTB, Pa3JIMYHOE.
DT0, B CBOIO OYE€peb, CO3AAET Pa3HbIi ITOTOK BEIIECTBA, IO COBOKYITHOMY
COCTaBy, MEPETEKAIOIIEr0 U3 OAHOI0O MAaTPUYHOIO MPOCTPAHCTBA B APYroe 1
o0paTtHO. Bo3HMKAIOT 1Ba BCTPEYHBIX MOTOKA, YTO IMIPUBOJUT K 0OPa30BaAHUIO
MOIIHBIX BUXPEBBIX ITOTOKOB (pOpM MaTepuii IByX TUIIOB B 30HE MX II€pece-
yeHus. [Ipy aToM, O0Jiee MOLIHBIN MOTOK Pa3BEPHET CJIA0bIN BCISATh 1 BO3HU-
KHET MOIIIHBIA BUXpeBOii (OHTAH MaTepuii ABYX TUIIOB.

2) Ha MOLIIHOCTBH MOTOKOB MaTepHUil N3 MATPUUYHBIX IIPOCTPAHCTB OKA3bl-
BaeT BIUSHUE MEPHOCTb 30HbI CMBIKAHUS JBYX MATPUUYHBIX IIPOCTPAHCTB.
EcTecTBEHHO, 5Ta MEPHOCTb HE MOXET ObITh TAPMOHUYHOM C TUIIOM MEPHO-
CTU KaXXI0r0 U3 MaTPUUYHBIX IPOCTPAHCTB, HO OHA MOXET OBbITh O0JIee OIK-
3KOM K TUITY MEpHOCTU OJHOTO WJIX Apyroro Turma. Jpyrumu cioBaMu, BO3HU-
KaeT nepenajg MEPHOCTU B MATPUYHBIX IIPOCTPAHCTBAX B 30HE CMBIKAHUS, pa3-
JIMYHBINA U151 KaXXI0T0 M3 MAaTPUYHBIX IIPOCTPAHCTB.

|IL’1 - L1 < |L’2 - L1y (2.3.1)

A TakxXe, UMEET 3HaueHME 3HaK 3TOro mepenaga — IOJOXKMUTEIbHbIN
WIM OTpuLaTeabHbI. OTpULIATEeIbHBIN IIepenaa o3HavyaeT 0oJjiee O1aromnpu-
SITHBIE YCJIOBMS [IJIS1 BBITEKAHWSI MaTepUii U3 JTaHHOTO MAaTPUYHOTO IIPOCTPaH-
CTBA.

3) K xakoMy THUIy KBaHTOBAaHUSI MEPHOCTU MaTPUYHBIX MPOCTPAHCTB
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OKAa3bIBAECTCS OJIMXKE MEPHOCTb 30HBI CMBIKAHMSI MATPUYHBIX ITPOCTPAHCTB.
IIpoucxonur:

IL’1- Lol /L1 <0
L1 - L’ /172> 0
15801 (2.3.2)
L’ - L’ /L4 >0
IL’1-L’12| /L72<0

MepHOCTb 30HBI CMBIKAHMST MOKET OBITB OJTIKe K TUITY MepHOCTH L’1 mum
L’2. IIpu 3TOM, ecinu pa3inuuure B MEPHOCTH, YCJIOBHO AL’12, a KO3 PULIMEHT
KBAaHTOBAHUS Y1 U MPOUCXOIUT pacnaa MaTepuii ThIia MepHocTu Ls.

|L’z-ay4—=>0
Ecinu:
|L’2-by =20

[Mpoucxomut pacmnanm Marepuit Tua MmepHoctu L’1. Ecimu: (AL’12 - b y¢2)
< 0, mpoucXoaUT CUHTE3 MaTepuii Thiia MepHoCcTU L’2. I COOTBETCTBEHHO,
HaoOopor, ecan: (AL’12 - a y¢1) < 0, MPOMCXOAUT CUHTE3 MaTepuii TUMa
MepHocTH L’1.

Ine: am b — o0o3HavaeT, Kakoe KOJIMIECTBO pa3 KOAM@MUIIMEHT Yi «I10-
MeIaeTcsl» B 30He Je(opMaliii MEPHOCTH ITPOCTPAHCTBA.

Jpyrumu cjioBaMM, B 30HE CMbIKaHMSI MOXET BOSHUKHYTh CUHTE3 (hOpM
MaTepuil KaKoro-HuOyIb M3 IBYX TUIIOB MEPHOCTEW MaTPUYHBIX IPO-
CTPaHCTB, 3a CYET paclleIIeHUsI MaTepuii apyroro tuma. [1pu aToM cuHTe3e
MOXKET MOIJIOIIAThCI MaTepHs IMTPOMEXKYTOYHOTO TUIIAa MEPHOCTH Y BBIJIEIIS -
€TCS MaTepyst IPOMEXKYTOUHOTO THUIIA, YTO, B CBOIO OUEPE/ib, BHI3BIBACT HEY-
CTOMYMBOCTb B MATPUYHOM IIPOCTPAHCTBE C TUTIOM KBAaHTOBAHMSI MEPHOCTH
Y1 WIM Y2, B 3aBUCMMOCTH OT HallpaBJIeHUs MepeTeKaHust MmaTepuii. He npaBna
JI, OYEeHb HAITOMUHAET, 10 CBOEH ITPUPOJE, IK30TepPMUUECKIE U DHIOTEPMU-
YyecKue peakiMy Ha YypOBHE MUKPOKOCMOCA, ITPY KOTOPBIX WJIX TTOTJIOIAIOCH,
WJIV BBIJIEJISIIIOCH TETUIO M3 OKPYKAIOIIEH CPEIbI.

BepHéMcd K mpolieccaM, IIPOUCXOASIIMM B 30HE CMBIKAHMSI IBYX MaTpU-
YHBIX IPOCTPAHCTB. B 3aBUCMMOCTH OT TOTO, KaK B3aUMOACHCTBYIOT ITIEpeUm -
CJICHHBIE BBILIE TPU YCJIOBHUSI, B 30HE CMBIKAHUS IBYX MaTPUYHBIX ITPO-
CTPAHCTB MOXET BO3HMKHYTh 30Ha CMHTE3a MaTepUii TaHHOTO THUIIA, WJIU
30Ha pacrajaa 3Tux Marepuii. B omHOM ciyyae BO3HMKAET LIEHTP 00pa3oBaHUsI
MIPOCTPAHCTB-BCEJIEHHBIX C JaHHBIM TUIIOM KBAaHTOBAaHUSI MEPHOCTH IIPO-
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CTpaHCTBa, cynepaHaior 3Be3anl (Puc. 2.3.1). B aipyrom ciydae, BO3HUKAET
LIEHTP pacliaja MpOCTPAHCTB-BCEJICHHBIX C JAHHBIM TUIIOM KBaHTOBaHMUSI
MEPHOCTH ITPOCTPAHCTBA (CyNep aHaJIOT «4€PHOM ABIPLI»). IIpu 3TOM, CHTE-
3MpOBaHHbIE (POPMBI MATEPUIL JAHHOTO THUIIAa KBAHTOBAHMSI MEPHOCTU HA4YM -
HAIOT CKAIUIMBAThCS B 30HE CMbIKAHUSI MAaTPUYHBIX MPOCTPAHCTB, U €CIU
Macca BhITEKAIOIIMX U3 30HbI CMBIKAHUSI MAaTepUiA MEHbIIIE MACChl CUHTE3M -
pyeMbIX MaTepuii, B 3TOM 30HE BO3HMUKAET N30bITOYHASI KOHLIEHTPALIMS MaTe-
PUU B 30HE CMBIKaHUSI MATPUYHBIX ITPOCTpaHCTB. Co BpeMeHeM, N30bITOUHAs
KOHLIEHTpALUsI CTAHOBUTCS KPUTUYECKOU M HAUYMHAET MelIaTh BTEKAHUIO
MaTepUIii B 3Ty 30HY, UTO MMPUBOAUT K BOBHUKHOBEHUIO HEYCTOMUYMBOCTHU Mep-
HOCTHM 3TOM 30HKI. [Tporcxoaut cynepB3phIB, IIPU KOTOPOM, U30bITOK CUHTE-
3UpyeMbIX (POPM MaTepuii BHIOPAChIBAETCS U3 30HBI CMBIKAHUS, U, TIPU 3TOM,
BO3HUKAIOT KOJIeOaHMsI MEPHOCTH BHYTPU KaxKJIOI'0 M3 MAaTPUUYHBIX MPO-
crpaHcTB (Puc. 2.3.2). B aTuX 30Hax BHYTpeHHEro KojiebaHusi MEpHOCTHU
MaTPUYHOIO MPOCTPAHCTBA HAYMHAETCS IPOLECC 00pa30BaHUS IIPOCTPAHCTB-
BCEJICHHbIX, U3 KOTOPHIX (POPMUPYIOTCS CUCTEMbBI ITPOCTPAHCTB-BCEJIEHHBIX
(MeTaBceJIeHHbIE) B 30HaX BHYTPEHHEro KoJjiedaH1sI MEPHOCTU ITPOCTPAHCTBA
(Puc. 2.3.3). EctecTBeHHO, aMIUIMTyAa BHYTPEHHEr0 KOJae0aHUSI MEPHOCTH
MaTPUYHOTIO MIPOCTPAHCTBA YBEJIUYMBAETCS C yIAJICHUEM OT 30HbI CMBIKAHUS
MaTPUYHBIX ITPOCTPAHCTB. A 3TO MPUBOAUT K TOMY, YTO B 3TUX 30HAX MOTYT
CJIMThCS BOGAMHO pa3HOE KOJIMUYEeCTBO (POpM MaTepuit JaHHOro Tura. Ilpu-
yéM, YeM Jajiblle OT LEHTPA 30HbI CMbIKAHUSI MATPUUHbBIX ITIPOCTPAHCTB, TEM
0oJbIIEE KOJTUYECTBO (hOPM MaTEePUIL MOTYT CIIUTHCS U 00Pa30BaTh BEIIECTBO
(Puc. 2.3.4).

CnuBiiuecs: BoeauHO aBe ¢GopMbl MaTepuii, B IIEPBOM 30HE OT LICHTpA,
00pa3yloT MEeTaBCEJIEHHYIO U3 OJHOI'0 MPOCTpaHCTBa-BCceJeHHOM. Tpu ciauB-
muecs hopMbl MaTepuit GOPMUPYIOT B CAEAYIOIIEH 30HE METABCEJIEHHYIO U3
TPEX MPOCTPAHCTB-BCeJAeHHBIX. [Ipy caussHUM 4eThIpEX (opM MaTepuid,
oOpa3yeTcsl MeTaBCeJIEHHAas1 U3 CEMU MPOCTPaHCTB-BCceJIeHHBIX. CausiHue
IISITU, COOTBETCTBEHHO, JAET ABaALATh MSATh. CAUsSTHUE 1LIECTU — ILIECThACCT
mectb. Ilpu causitHUM ceMu — CTO AeBSATHAALATh, BOCBMU — JIBECTU COPOK
LIECTh, IEBSITU — YEThIpeCTa MATHAECST AEeBIATh NPOCTPAHCTB-BCEICHHBIX,
(popMUpPYIOLIMX METaBCEJIEHHYIO, B COOTBETCTBYIOILLCH 30HE BHYTPEHHETO
KOJIe0aHMSI MEPHOCTU JAHHOTO MAaTPUYHOTO IPpOCTpaHCcTBa. KoamuecTBoO BO-
3MOXHBIX ITPOCTPAHCTB-BCEJICHHBIX, BXOASIINX B METABCEJIEHHYIO, OIpe/e-
JisieTcs o popMyJie KordecTBa KOMOMHALIMI U3 MaTepuii, KOTOpble oopa-
3YIOT BEILIECTBO MPOCTPAaHCTB-BceieHHbIX (Puc. 2.3.5).

%Z ™ = n!/m!(n-m)! (2.3.3)
<m<n
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IJIe: N — MaKCUMaJlbHOE KOJIMYECTBO MaTEpUil JaHHOTO THUIIa KBAHTOBA-
HUSI MEPHOCTH, ¢ KO3 (OUILIMEHTOM KBAHTOBaHMS ¥i, KOTOPbIE 00pa3yIoT Mpo-
CTpaHCTBa-BCeJICHHbIE B JAaHHOI 30He BHYTPEHHET0 Kojie0aHMsI MEpHOCTHU Ma-
TPUYHOTO IPOCTpaHcTBa. Yallle Bcero KoamuecTBO MPOCTPAHCTB-BCEIEHHbIX,
00pa3ylolrX JaHHYI METaBCEJIEHHYIO, MEHbIlIe MakcumajabHoro. M, yem
Jayibliie OT LEHTPa 30HbI CMBIKAHUSI MAaTPUUHBIX IPOCTPAHCTB, TeM OOJIbIIIE
OTJIMUME MEXIYy BO3MOXHBIM U peajlbHBIM KOJMYECTBOM MPOCTPAHCTB-
BCEJICHHBIX, 00pa3yollMX JaHHYIO MeTaBceJIeHHY10. YeM aanbliie OT LeHTpa,
TeM 0oJibllle «CBOOOAHBIX MecT». JleJio B TOM, YTO YCJIOBUSI KBAHTOBaHMSI
MEPHOCTH JaHHOI 30HbI KOJIEOAHUSI MEPHOCTU SIBJISIFOTCS UL HEOOXOA -
MBbIMM YCJIOBUSIMU J1s1 00pa30BaHUSI IIPOCTPAHCTB-BCEIEHHBIX. [loCTaTOUYHBIM
9TO YCJIOBME CTAaHOBUTCS TOJBKO TOIJA, KOrAa B 3Ty 30HY BHYTPEHHETO
KOJie0aHUsI MEPHOCTU MAaTPUUYHOIO MPOCTPAHCTBA IOIAagaeT HeoOxoaumas
Macca MaTepuil IJIs CUHTEe3a 3TUX MPOCTPaHCTB-BCEJIEHHBIX. XOTS Macca
MaTepuid, «BLIOPOILIEHHBIX» M3 30HbI CMBIKAHWSI MATPUYHBIX TPOCTPAHCTB BO
BpEMSI CBEpPXB3pbIBa, OIPOMHAs, HO BCEIa KOHEUHas BeJIMYMHA. DTOI MacCChl
XBaTaeT 151 00pa30BaHMsI KOHEYHOTI'O YKMcJia MPOCTpaHCTB-BeesieHHBIX. [1ociie
CyIepB3pbiBa 30Ha CMBIKAHUSI MAaTPUYHBIX TPOCTPAHCTB YMEHbBILIAETCS, YTO
MPUBOJAUT K YMEHBIIEHUIO Macchl npuxoasdiieir Matepun. Co BpeMeHeM,
3TOT MPOLIECC MPUXOAUT K HEKOTOPOMY, ONpeac€HHOMY, O0alaHCHOMY
ypOBHIO. B pe3ynbrate cBepXB3pbiBa, 00pa3yeTCs CUCTEMA METAaBCEJICHHBIX,
KOTOPYIO YCJIOBHO Ha30BEM CYIIEPIPOCTPAHCTBO MEPBOIO MOpsiiKa, KOTOPOe
oOpasyeTcs cliMsiHUeM neBsATr ¢dopM marepuii (Puc. 2.3.6).

CrnenyeT OTMETUTh, YTO BO3HUKIIIME B 30HAX BHYTPEHHETO KojieOaHUs
MEPHOCTU MaTpUYHOTO MPOCTPAaHCTBA METaBCEJIEHHbIE CAMU OKa3bIBAIOT
BJAMSIHME HAa MEPHOCTb OKpPYXKAIIIEro MX MaTPUYHOTO MPOCTPAHCTBA.
MckpuBieHue, BO3HUKAIOIIEE TPY CMBIKAHWM JBYX MAaTPUYHBIX IIPOCTPAHCTB,
HEOJMHAKOBO B pa3HbIX HAaIpaBIeHUsIX. A 3TO 0O3HaYaeT HEKOTOPOE OTJINYKe,
KakK (DOpMBbI, TaK ¥ KQUYECTBEHHOI'O COCTaBa BO3HUKAIOIIMX B 3TUX 30HAX Me-
TaBCeJICHHbIX. TakKuM 00pa3oM, BO3HMKAET HEPAaBHOMEPHOE pacHpeaeIeHUe
MaTepuil B pa3HbIX HAIIPABJIEHUSIX. DTO, B CBOIO OUepe/ib, IPUBOAUT K pa3Iny-
HOI CTENEeHN BTOPUYHOTO BAUSIHUSI HA MEPHOCTh MAaTPUYHOTIO IPOCTPaHCTBA
BO3HUKAIOLIMMU METaBCEJICHHBIMU B COOTBETCTBYIOIINX 30Hax. MckpuBie-
HH€, BO3HMKalolllee B MOMEHT CBEPXB3phiBa MMEET U pa3HbIil 3HAK IO OCH,
MPOXOJsIIIEi yepe3 30Hy CMBIKAaHMSI MATPUUHBIX TPOCTPaHCTB. I[ToaTOMY, BO-
3HUKAIOIIYE B 3TUX BHYTPEHHMX 30HAX UCKPUBJICHUSI MAaTPUYHOTO MPO-
CTPaHCTBA METABCEJI€HHbIC, BbI3bIBAIOT BTOPMUYHOE UCKPUBJICHUE MEPHOCTHU
BO BCTPEUYHbBIX HAIlpaBJICHUSIX, MTapaslJIeAbHO BCE TOM XKe OCU, IPOXOISIIEeH ue-
pe3 30HY CMBbIKaHUSI MAaTPUUYHBIX IPOCTPAHCTB. DTO BCTPEUHOE NpOrudaHume
C IBYX CTOPOH, IO Mepe 00pa30BaHUsI METaBCEJIEHHBIX, TPUBOAUT K CMbIKa-
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HWIO BTOPUYHOI'O MCKPUBJICHNSI MATPUYHOTO TIPOCTPAHCTBA B 30HE OajaH-
CHOI MEpHOCTH MaTPUYHOTO IMPOCTPAHCTBA, KOTOpas OblJIa JO CBEPXB3PhIBA.

TakuM 00pa3oM, B pe3ysIbTaTe 3BOJIIOLIMU OITMCAHHBIX BBIIIIE ITPOIIECCOB,
BO3HUKAaET 3aMKHYTasI CUCTEMa METaBCEJIEHHBIX — CYIIEPIIPOCTPAHCTBO MEP-
BOTO TTopsiaka. B HalleM MaTpMYHOM MPOCTPAHCTBE BCTPEUHOE CMBIKAHME,
BO3HUKIIIEE BCJICACTBME BIUSTHUS METAaBCEJICHHBIX HA MEPHOCTh MAaTPUYHOTO
IIPOCTPAHCTBA, BOBHUKAET B METaBCEJICHHBIX 00pa30BaHHBIX AEBATHIO (DOpMa-
MU MaTepuii. CynepIpoCcTpaHCTBO IPU 3TOM CMBIKAETCsl, KaK CTBOPKHU PaKo-
BUHBI MoJuTiocka. [lepeTekaromniye yepe3 30Hy CMBIKAHUS MaTPUYHBIX ITPO-
CTpaHCTB (OPMBI MaTEpUU, HE UMEIOT OYePEIHOM 30HBI UCKPUBJICHUS MEP-
HOCTU MaTPUYHOTO ITPOCTPAHCTBA, B KOTOPOI OHU MOTJIM ObI CIUThCS. Takue
30HbI BO3HUKAIOT JIMIIIb B CjIyyae, KOrma JABE 30HBI CMBIKAHUS MaTPUYHBIX
MIPOCTPAHCTB OJHOTO 3HAaKa BO3HUKAIOT OTHOCUTEILHO «HEIAJIEKO» IPYT OT
npyra. [Tpu 3ToM, 00pa3yloTcst BCTpeUHbIe BOJIHBI BHYTPEHHETO UCKPUBJICHUS
MEPHOCTH MaTPUYHOTIO IIPOCTPAHCTBA, ITPU pe30HAHCE KOTOPBIX, BOSHUKAIOT
JTOMOTHUTEIbHBIC 30HbI BHYTPEHHETO UCKPUBJICHUS MEPHOCTH MaTPUIHOTO
MpocTpaHCcTBa. B 3TX 30Hax 00pa3yloTcs MeTaBceIeHHbIE, BO3HUKIIINE TTPU
CIUSTHUM JecaTh (pOpM MaTepuii, KOTOPBIE, B CBOIO OUYepe/ib, BHOBb BBI3BIBAIOT
BCTPEUYHOE CMBIKAHME 3TUX METaBCEJICHHBIX, KaK CJCACTBUE BIUSTHUS DTUX
MeTaBCEeJICHHBIX Ha MEPHOCTb MAaTPUYHOIO IIPOCTPAHCTBA B KOTOPOM OHU
HaxonaTcs. O0pa3yeTcsl CynepIrpoCTPaHCTBO BTOPOTO MOpPsIAKA U3 JECITU
¢dopm matepuii (Puc. 2.3.7).

[Tpu 3TOM, CMBIKaHKME METaBCEJICHHBIX CYTIEPIIPOCTPAHCTBA BTOPOTO IT0-
psIKa TIPOUCXOIUT Ha APYroM OajJaHCHOM YPOBHE MEPHOCTUM MaTPUYHOTO
IIPOCTPAHCTBA, HEXEJIM YPOBEHb CMBIKAHUS CYNEpIPOCTPAHCTBA MEPBOTO
ropsiaka. DTO CBSI3aHO C Pa3IMYHON CTENEHbIO BIAMSIHUS METaBCEJICHHBIX,
00pa30BaHHBIX JECATHIO M JIEBATHIO (popMaMM MaTepuii Ha MEPHOCTh Ma-
TPUYHOTO ITpOCTpaHcTBa. 711 BO3MOXHOCTH 00pa30BaHMsI METaBCEJICHHBIX U3
oIVMHHaAIATA popM MaTepuii, HEOOXOIMMO, YTOOBI TPU CYIIePITPOCTPAaHCTBA
BTOPOTO MOPsIIKA HAXOAWIMCH APYT OT Apyra Ha pacCTOSIHUM, He OoJiee CO0-
cTBeHHOTO pa3mepa. [1pu aToM, BO3HMKAIOT TpY BCTPEUYHbIE BOJHBI BHYTPEH-
HETO MCKPUBJICHUS MAaTPUYHOTO MPOCTPAHCTBA, KOTOPHIE, IIPU PE30HAHCE,
CO3aI0T IOTNOJTHUTEIbHBIE 30HBI UCKpUBJICHUS. B 3THX 30HaX MpoOMCXOaUT
CHHTE3 METaBCEJICHHBIX M3 ONMHHAaALATh hopM MaTepuii. BHOBb BO3HUKAET
BCTPEUYHOE CMBIKaHME METaBCEJICHHBIX, HO YK€ Ha IpyroM OaJJaHCHOM YPOBHE
MaTpUIHOTro TpocTpaHcTBa. OOpa3yeTcs 3aMKHyTast MPOCTPaHCTBEHHAs
CUCTEMA — CYIIEPIIPOCTPAHCTBO TpeThero nopsiaka (Puc. 2.3.8).

AHaJIOTMYHO — JJIST BO3MOXKHOCTHU CIAMSHUS IBeHAIaTh (pOopM MaTepuid,
HEO0O0XOIMMO, YTOOBI OBIJIO YEThIPE BCTPEUHBIE BOJHBI BHYTPEHHETO UCKPU-
BJICHUSI MAaTPUYHOTO IIPOCTPAHCTBA, KOTOPhIE, B P€30HAHCHBIX 30HaX, CO3/1a-
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10T YCJIOBUS JJisl 0Opa3oBaHUsI METaBCEJICHHbBIX U3 ABEHAALaTU (DOPM MaTe-
puii. I1py 3TOM, BHOBb BOBHMKAET BCTPEYHOE CMbIKAHME Ha APYroM OajiaH-
CHOM YPOBHE MEPHOCTH MaTPUYHOTO MPOCTPAHCTBA U 0Opa3yeTcsl HOBasl,
OYEHb YCTOMYMBAsI, CUCTEMA METABCEJIEHHBIX — CYNEPIIPOCTPAHCTBO YETBEP-
toro nopsaka (Puc. 2.3.9).

[T cynepnpoCTpaHCTB Y€TBEPTOTO MOPSIAKA, OJHO U3 KOTOPbIX HAXO-
JUTCS HA OTJIMYHOM OT IPYTUX IMIPOCTPAHCTBEHHOM YPOBHE, CO3[aI0T YCIOBUS
JIJIs1 0Opa30BaHMS METaBCEJICHHBIX U3 TpUHAALATU popM MaTepuii. BosHukaeT
BCTPEYHOE CMBIKAHUE, IPU KOTOPOM O0pa3yeTCs CUCTEMa METAaBCEICHHBIX,
KOTOpasl CTOJIb CUJIBHO BJIMSIET HA MEPHOCTb MATPUYHOTO IMIPOCTPAHCTBA, YTO
BO3HMKAET ouepeaHas CUCTEMa METaBCEJICHHBIX, 1O CBOEI CTPYKTYPE TOXIE-
CTBEHHAas CyIIepIPOCTPAHCTBY YETBEPTOIrO MOPsIAKA, HO yKe oOpa3oBaHHas
JBeHaALaTbio popMaMu MaTepuid. JIBe 3TU CUCTEMBI CO30aI0T YCIOBUS IJIsI
00pa30BaHM CJIEAYIOIIE CUCTEMBI METABCEJIEHHBIX BAOJb OOIIEH OCU, HO
yXe U3 OJMHHAAUATH (POpM MaTepuii. YMEHbIIEHUE KoarudecTBa PopM Ma-
Tepuii, 00pa3yOIIMX KaxXa0€e NOCaeayIollee TPOCTPAaHCTBEHHOE 00pa30BaHue
CBSI3aHO C TEM, YTO YPOBEHb CMbIKAHMSI METABCEJIEHHBIX MEHSIET CBOM 3HAK.
JpyrumMu cjioBaMu, UICKPUBJIEHUE MEPHOCTU MaTPUYHOIO MPOCTPAHCTBA HE
yBeJnuuBaeTcs, a yMeHbiaercs (Puc. 2.3.10).

DBOJIOLIMS 3TOrO MpoLecca MPUBOAUT K MOCJIEN0BATEIbHOMY 00pa30Ba-
HUIO BAOJIb OOILEN OCH CUCTEM MeTaBceeHHbIX. KomnyecTBo MaTepuii, oOpa-
3YIOLIUX MX, IIPA 3TOM, TIOCTEIIEHHO BhIpOXKaaeTcs 10 AByX. Ha KoH1ax aToro
«J1y4a» o0pa3yroTcsl 30HBI TJIe YK€ HU OJJHA MaTepusl JaHHOTO TUIIa HE MOXKET
CJIMTBHCS C APYTOM UJIN APYTMMM, 00pa30BaTh METaBCEJICHHBIE. B 5THX 30HaxX
BO3HUMKAET «IIPOJIaBJIMBaHUE» HALLIEr0O MATPUYHOIO IIPOCTPAHCTBA U BO3HU-
KalOT 30HBI CMBIKAHUSI C APYTUM MaTPUYHBIM pocTpaHCTBOM. [Ipu aTOM, BO-
3MOXKHO BHOBb JIBa BaApMaHTa CMbIKAHUSI MAaTPUYHBIX ITPOCTPAHCTB. B nmepBom
cJiydae, CMbIKaHUe MMPOUCXOAUT ¢ MATPUYHBIM MPOCTPAHCTBOM C OOJIBIINM
K023(pHULIMEHTOM KBAaHTOBAaHUSI MEPHOCTU IIPOCTPAHCTBA U, Yepe3 JaHHYIO
30HY CMBIKAHWSI, MOTYT IIPUTEKATh U PACIICIUISIThCSI MaTEPUU JIPYroro mMa-
TPUYHOIO MPOCTPAHCTBA U BO3HUKHET CMHTE3 MaTepuii Hallero tuna. Bo
BTOPOM CJiydyae, CMbIKaHME IIPOUCXOAUT C MAaTPUYHBIM IIPOCTPAHCTBOM C
MEHBIIMM KO3(PPULIMEHTOM KBAaHTOBAaHMSI MEPHOCTU IMPOCTPAHCTBA — Yepe3
JaHHYIO 30HY CMBIKaHMSI, MaTepUM Halllero MaTPUYHOIO MPOCTPaHCTBA Ha-
YHYT IepeTeKaTh U paclleIUIATLCS B APYTOM MaTpUYHOM ITpOCTpaHCTBE. B of1-
HOM cJTydyae BO3HUKAET aHAJIOT 3Be3/bl CyllepMaciliTaboB, B APYTOM — aHAaJIOT
«YEPHON ABIPbl» AHAJOTUYHBIX Ta0ApUTOB. DTO OTIMYME BAPUAHTOB CMbIKA-
HUSI MATPUYHBIX TPOCTPAHCTB OUYEHb BaxKHO /11 TOHMMaHWSI BOBHUKHOBEHUS
JIByX TUTIOB CYNIEPIPOCTPAHCTB LIECTOIO MOPsIAKA — LIECTUTyYEBUKA U aHTU -
necTuiaydeBuka. [ IpyHIMnmanbHOe OTINYME KOTOPBIX 3aKJIF0YAETCS JIMIID B
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HaIlpaBJeHUU NepeTeKaHusl MaTepuii. B oqHOM cilydae, MaTepuu U3 APyroro
MaTPUYHOIO IPOCTPAHCTBA IIPUTEKAIOT Yepe3 LICHTPAJIbHYIO 30HY CMBIKAHUS
MaTPUYHBIX IPOCTPAHCTB 1 BHITEKAIOT U3 HAILIETO MAaTPUYHOTIO IIPOCTPAHCTBA
yepes3 30HbI Ha KOHLIAX «JTydeli». B aHTuIlecTUIyYeBUKE MaTepUM TTIepeTeKaloT
B MPOTUBOIIOJOXHOM HampaBjaeHUU. MaTepuu M3 Hallero MaTPUUYHOIO
MMPOCTPAHCTBA BBITEKAIOT Yepe3 LIEHTPAJIbHYIO 30HY, a MAaTEPUM U3 IPYTrOro
MaTPUYHOIO NPOCTPAHCTBA BTEKAIOT Uepe3 «JIydyeBble» 30HbI CMbIKaHUS. YTO
K€ KacaeTcs LIeCTUIy4eBrKa, TO OH 00pa3yeTcsl CMbIKAHMEM ILIECTU aHaJIO0-
I'MUYHBIX «JIy4eil» B OMHON LIeHTpaabHOM 30He. [Tpu 3TOM, BOKPYT LIeHTpa BO-
3HUKAIOT 30HbI UCKPUBJIEHUSI MEPHOCTU MaTPUUYHOIO IPOCTPAaHCTBA, B
KOTOPBIX 00pa3yloTcsl MeTaBCeJIeHHbIE U3 YeThbIpHAALIATU (POPM MaTEpuid,
KOTOpPhIE, B CBOIO OY€peb, CMBIKAIOTCSI U 00pa3yloT 3aMKHYTYIO CUCTEMY
METaBCEJIEHHBIX, KOTOpast 00beAUHSIET LIECTh JIyYeil B OMHY OOLIYIO CUCTEMY
— mectiaydeBuk (Puc. 2.3.11).

[Ipny€m, KOIMYECTBO «Iydyel» OIIPEHE/IsIeTCS TeM, YTO B HalleM
MaTPUYHOM MPOCTPAHCTBE MOTYT CJIUTHCS, IPU 00pa30BaHMU, MAKCUMAJIbHO,
yeTbIpHaALaTh (GopM MaTepuil gaHHoro tumna. IIpy 3TOM, MEpHOCTH
BO3HUKIIEro o0beAMHEHUsI MeTaBCceJeHHbIX paBHA « (w = 3,14...). Ora
COBOKYITHasi MEpPHOCTb 0Jin3Ka K TpéM. UMEHHO MOATOMY BO3HUKAET LIECTh
«JIy4deil», UMEHHO MMO3TOMY TOBOPST O TPEX UBMEPEHUSIX U T.1...

TakuMm o0Opa3zom, B pe3yJibTaTe MOCIEA0BATEABHOTO0 (POPMUPOBAHUSI
MMPOCTPAHCTBEHHBIX  CTPYKTYp, oOOpa3yeTcd OajaHCcHasg cucTeMa
pacripeeeHuss MaTepuili MeXay HalllMM MaTpUYHBbIM MNPOCTPAHCTBOM U
apyrumu. I[locne 3aBepieHust popmupoBanus lLllectunydyeBuka, ycToiumBoe
COCTOSTHME KOTOPOTO BO3MOXHO TOJIBKO JIUIIb ITPU TOXIECTBE MEXITY MACCOM
MPUTEKAIOIIMX U BHITEKAIOIIUX U3 HETO MaTepUii:

| N©amai =6 ] nOdmdi (2.3.4)

re:

N® — neHTpajibHas 001aCTh CMBIKAHMST MATPUYHBIX TIPOCTPAHCTB, Yepe3
KOTOPYIO MaTepUU IPUTEKAIOT B HAllle MATPUYHOE ITPOCTPAHCTBO;

N — «JIy4eBBIe» 30HBI CMBIKAHUS C IPYTUM MATPUYHBIM IPOCTPaH-
CTBOM, Ue€pe3 KOTOPOE€ MaTepUM BBITEKAIOT M3 HaIlero MaTpUYHOIO MpPO-
CTPAHCTBA;

i — yncio popM maTepuii, 00pa3yroLIUX IIECTUIYYEBUK;

mi — Macca MaTepuil.

ToxnectBo (2.3.4) aJ1s1 BCEro Halllero MaTpMYHOIO MPOCTPAHCTBA MOXKHO
3anucaTh B 0oJiee yI10OHOM BUJIE:
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[N ami - 6 ] n“dmdi= 0 (2.3.5)

Kaxk BuaHO 13 3T0i (hopMYyJibl, 3aKOHBI COXpaHEHUSI MaTepUM HEe Hapy-
IIAIOTCS HA JIIOOOM YPOBHE IIPOCTPAHCTBEHHBIX 00pa3oBaHUil. OT MUKPOKO-
CcMOca JI0 MAKPOKOCMOCa OHU — o0111e. ETMHCTBO 3aKOHOB KOTOPbIX CJIEIYET,
XOTS1 Obl yXX€ M3 TOro, YTO MUKPOKOCMOC SIBJISIETCSI CTPYKTYpPHOI 0a3oid
MaKpOKOCMOCA. Y aHTULLIECTUIYYEBUKA LMPKYJISLIMSA MAaTEpUU UAET B 00paT-
HOM HallpaBJIEHMU, OT I'PaHULI 3TOTO CYNIepHpPOCTPaHCTBA K ero LHeHTpy. [Tpu-
YyéM, UCKPHMBJICHME MAaTPUUYHOIO IPOCTPAHCTBAa — MAKCUMAJIbHO B TPAHUYHbBIX
00JIaCTSX U MUHAMAJIBHO B LIECHTPE 3TOTO NPOCTPAHCTBEHHOIO 00Opa30BaHUSI
(Puc. 2.3.12). YcioBueM YCTOMUMBOIO COCTOSIHMSI aHTUILIECTUIIyYeBUKA
SIBJISIETCSI TApMOHUSI MEKy BBITEKAIOLIMMU MaTepUSIMU Uyepe3 LIEHTPaJIbHYIO
30HY CMbIKAHUSI MATPUYHBIX IPOCTPAHCTB M CUHTE3UPYEMBIMU B IPAHUYHBIX
30HAX CMbIKaHUsl (BHEIIHMX) MaTepUsSIMU JAHHOI'O TUIla KBAaHTOBaHMUS
MEPHOCTHU. DTOT OajlaHC MOXHO OITMCAaTh TOXASCTBOM BUIA:

| NCdamai=6 || ndmidi (2.3.6)

rae:

N© — neHTpasbHasg 30Ha CMBIKAHMS MAaTPUYHBIX IIPOCTPAHCTB, Yepe3 KO-
TOPYIO MaTepUM BBITEKAIOT U3 Halllero MaTpMYHOTO MPOCTpaHCTBa (cynepa-
HAJIOT — «4€pHasi AbIpa»);

N — KpaeBble 30HBI CMBIKAHUSI MAaTPUYHOTO IIPOCTPAHCTBA, Yepe3 KO-
TOpbIE MAaTEPUU TIPUTEKAIOT B HAllle MATPUYHOE ITPOCTPAHCTBO;

m; — Macca MaTepUu JaHHOTO BUJA.

ToxnecTtBo (2.3.6) MOXXHO epenucarh B 0oJiee yTI0OHOM JUIsT TOHUMAaHUS
BUJIE:

I Namai- 6 ] nPdmidi = 0 (2.3.7)

EctrecTBeHHO, TaKMX CYIIEPIIPOCTPAHCTB B HAILLIEM MaTPUYHOM IPOCTPaH-
ctBe MHOTO. OHHM CO3[aI0T, KaK ObI, Y3JIbl B MATPUYHOM IIPOCTPAHCTBE U
SIBJISIIOTCS «aTOMaMU1» B HEM. M1 BHOBB CTPYKTYpa MaKpOKOCMOCA aHAJIOTUYHA
CTPYKTYpe MUKPOKOCMOCA. DTO — €llI€ OAHO MOATBEPKICHUE UX €ANHCTBA.
YcioBueM GalaHCHOM YCTOMYMBOCTM HaIllero MaTPUYHOTO MPOCTPAHCTBA
SIBJISIETCS OaJlaHC MeXIy CUHTE3MpPYyeMOii B MATPUYHOM IIPOCTPAHCTBE MaTe-
puel M MaTtepueil BBITEKAIOIIel 4Yepe3 30Hbl CMbIKAHUWS MaTpPUYHBIX
IIPOCTPAHCTB. JTO YCIOBUE MOXHO 3aIMCaTh B BUJIE:
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nl[IJN(+)dmidi -6 HT](')dmidi] =m [”N(')dmidi -6 ]I‘](+)dmidi] (2.3.8)

rae:

N — KOJIMYECTBO 1IECTUIYUYEBUKOB;

N2 — KOJIMYECTBO aHTUILIECTUTYYEBUKOB;

N® — 11eHTpasbHasg 001aCTh CMBIKAHUSI MATPUYHBIX ITPOCTPAHCTB, YEPe3
KOTOPYIO MaTepUu IMPUTEKAIOT B HAILIE MATPUYHOE MPOCTPAHCTBO (LLIECTUITY-
YeBUK);

N© — neHTpaabHast 00J1aCTh CMBIKAHUSI MATPUYHBIX IIPOCTPAHCTB, YePE3
KOTOPYIO MaT€pUM BHITEKAIOT M3 HAIIEr0 MaTPUYHOIO IIPOCTPAHCTBA;

N — JIyyeBbIe 30HBI CMBIKAHUS ¢ APYTUMU MAaTPUUYHBIMU IIPOCTPAHCTBA-
MU, 4Yepe3 KOTOPbIE MaTepUM BBITEKAIOT U3 HAILIETO MAaTPUYHOTO IIPOCTPaAH-
CTBa;

N — morpaHWYHBIC 30HBI CMBIKAHUS C APYTUMU MATPUYHBIMU IIPO-
CTpaHCTBaMM 4Yepe3 KOTOPbIE MAaTEPUHM IIPUTEKAIOT B HAIIIE MAaTPUYHOE TIPO-
CTPaHCTBO;

i — uncio (popM maTepuii;

m — Macca MaTepuid.

AHanm3upyd Toxaectsa (2.2.4, 2.3.6, 2.3.8), J1erko NpuiTH K BEIBOAY O
TOM, UTO OHU MOTYT OBbITh BBIIOJTHUMBI TOJIBKO TP YCJIOBUSIX:

[”N(+)dmidi -6 Hn(')dmidi] =0

[”N(‘)dmidi -6 Hn(+)dmidi] =0 (2.3.9)

DTO TOXKIECTBO OTPAXaeT 3aKOH COXPAHEHUsS MATEPUU U ONpPENEseT
BO3MOXXHOCTb YCTOMYMBOIO COCTOSAHUSA BceenenHoil. M Oyner BbINOJIHUMO
TOJIBKO IIPU YCJIOBUM OajlaHCa MEXIY NMPUTEKAIOLIEN U BBITEKAIOIIENH U3

Hallero MaTpUMYHOIO IIPOCTPAHCTBA MAaTEpPUM, YCJIOBUE BBINOJHEHMUS
KOTOPOI'O MOXHO 3aIlMCcaTh B BUJE:

HN(+)dmidi - HN(‘)dmidi =6 Hn(')dmidi -6 ”n(+)dmidi =0 (2.3.10)

9T10 TOXKICCTBO 6y,Z[€T BBITIOJIHUMO, €CJIIN:

ﬂN‘“dmdi - ]N(‘)dmidi =0
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Hn”dmidi - Hn”)dmidi =0 (2.3.11)

WJIN:
,” [N®)dmidi - NOdmidi] =0

[ [n©dmidi - n'dmidi] = 0 (2.3.12)

nJn.

H [NO-NOJdmidi= 0
[ tno- no1dmai= o0 (23.13)

BrinmonHeHue aTux TOXACCTB BO3MO2KHO TOJIBKO ITPH YCJIOBUAX, KOTAA:

N(H =NO
n° = " (2.3.14)

MaTpHUYHBIX IPOCTPAHCTB MOXKET ObITh HEOTPAHUYEHHOE YMCJI0, HO IS
OIpeeEHHOTO KO3 urIIMeHTa KBAHTOBAHUS IIPOCTPAHCTBA, Yi BO3MOXHO
TOJIBKO OJJTHO MaTpU4YHOE MPOCTPAHCTBO. M KauyeCTBeHHAasi CTPYKTypa 3TOrO
MaTPUYHOTIO IPOCTPAHCTBA OMPEACIICTCS TUIIOM (POPM MaTEpUii U CTETIEHbBIO
X 00paTHOrO (BTOPMYHOIO) BJIMSIHMS Ha ITpocTpaHcTBa. IIpocTpancTBo Bim-
seT Ha MaTepuio, HO U MaTepus BJMSAET HA MPOCTPAHCTBO. I3MEHEHME Kade-
CTBEHHOI'O COCTOSIHUS ITPOCTPAHCTBA, IPOSIBISIETCI B UBMEHEHUU KAUYE€CTBEH-
HOTO COCTOSIHUS MaTepuu.

3MeHeHne KauyeCTBEHHOI0 COCTOSIHASL MATEPUM BJIMAET HA KA4YeCTBEHHOE
COCTOSIHME MPOCTPAHCTBA C OOpAaTHBIM 3HAKOM. B pe3yiibraTre HAIMUMA MEXKITY
MPOCTPAHCTBOM M MaTepueii 00paTHOM CBSI3U, MPOSABJISAIONIEHCS B KX B3aUMHOM
BJMSAHUM JPYr HA JPyra, BO3HMKAET KOMIEHCAIIMOHHOE PABHOBECHUE MEXKIY
NMPOCTPAHCTBOM M MATEPHeil, HAXOAAIIEHCA B 9TOM IIPOCTPAHCTBE.

B pesysnbrarte mposiBieHHS 3TOr0 KOMIIEHCALIMOHHOTO PABHOBECHUS MEXTY
IIPOCTPAHCTBOM U MAaTEPUEN, KAXKI0E KOHKPETHOE MATPUYHOE NPOCTPAHCTBO €
32JAaHHBIM KO3()(PUIIMEHTOM KBAHTOBAHMS MPOCTPAHCTBA i, ABJIIETCH KOHEYHbIM,
KaK 10 pa3MepaM, TaK 1 1o gopmam.
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2.4. IIpupona 38€31 1 «4EPHBIX ABIP»

KBaHTOBaHME MIPOCTPAHCTB MO (popMaM MaTepuii ux oOpa3yolInx, co-
3Ma€T CUCTEMY ITPOCTPAHCTB, KaXKI0€ M3 KOTOPHIX KAYeCTBEHHO OTJIMYAETCS
oT aApyrux. Kaxnaplii c10ii-nmpocTpaHCTBO C MEPHOCThIO Li B 3TOI cuctemMe
KayeCTBEHHO OTJIMYAETCS OT COCEAHMX Ha OAHY NEPBUUYHYIO (OPMY MaTePUU.

CylecTByeT CION-TIPOCTPAHCTBO € YpoBHEM MepHOCTH Li+1 = Li + yi u
MMEIOIIMI B CBOEM KaueCTBEHHOM COCTaBe Ha OAHY MEPBUYHYIO MAaTEPUIO
OoJIbIIIE, U CYIIECTBYET CIOM-TIPOCTPAHCTBO ¢ YpOoBHEM MepHOCTH Li.i = Li -
Yi UMEIOIINI B CBOEM KaUeCTBEHHOM COCTaBe Ha OJHY IePBUUHYIO MaTePUIO
MEHBbIIIe. DTO — TaK Ha3bIBaeMble, ITapajuieabHbie BceneHHBIE, KOTOphIE
MMEIOT pa3JIMYHYIO KAYeCTBEHHYIO CTPYKTYPY M ITO3TOMY HE MMEIOT TIPSIMOTO
KOHTaKTa Mexay coooii. Ho oHu, mpu BcéM 3TOM, UMEIOT, B CBOEH KaueCTBEH-
HOI CTPYKType, OOII1e KayecTBa — TO MJIM MHOE KOJMUYECTBO MEPBUYHBIX
MaTepuii, BXOISIINX B KAUeCTBEHHBIN COCTaB KaXXmoil 13 3Tux BcelleHHBIX.
KauecTBeHHBIN cOCTaB COCETHUX MPOCTPAHCTB-BCEJICHHBIX OTINYACTCS
TOJIbKO Ha OAHY INEePBUYHYIO MaTEepHI0 B MX KaYeCTBEHHOM COCTaBe U UX
MEPHOCTh — Ha BeJIMUYMHY KO3 PuilreHTa KBAHTOBAaHM S JAHHBIX IEPBUYHBIX
MaTepuil — i, U MeXX1y HUMU BO3HMKAET Nepenag MEPHOCTH.

Lii=Li-vyi <L <Li+1 = Li + i (2.4.1)

DTOT mepemnaja HalpaBJIEH OT IIPOCTPAHCTBA-BCEJIEHHOM ¢ OOJIbIIEH
MEPHOCTBIO K MPOCTPAHCTBY-BCEJIEHHOM ¢ MeHbliIeli. HanmpaBieHHOCTh 3TOro
rneperana MMeeT IMIPUHILUITMATBHYIO POJib, TaK KaK ONpeaesisieT IIPUpoIy po-
KJIEHUS, 9BOJIIOLMU Y TMOEIM 3BE3]1 B KaXXKI0OM KOHKPETHOM IIPOCTPAHCTBE-
BCeJIeHHOI. IMEHHO 3TOT mepernan MepHOCTU 3a(pUKCUPOBAINU (DU3UKU U3
Pouecrepckoro n Kanzacckoro Yumusepcurero CIIA?!, noktop JIxXopmk
Honnana n nokrop JI>xoH PasictoH. Y «Hameit» BcelleHHOM AeiiCTBUTEIbHO
€CTb «BepX» 1 «<HU3», TaK Xe, KaK U «BOCTOK» U «3amnajy». [IpoctpaHCcTBO-Bce-
JIEHHas MOXeT ObITh 00pa30BaHO, KAK MUHUMYM, IBYMSI IEPBUYHBIMU MaTe-
pUSIMU U, IIPA 3TOM, OyIeT UMETh MUHUMAJIbHYIO MEPHOCTh B JAHHOM Ma-
TPUYHOM IPOCTPaHCTBe. 3HAUEHHE MUHUMAJIILHOM MEPHOCTH MaTPUYHOIO
MMPOCTPaHCTBa oIpenessieTcss Ko3PGUIMEeHTOM KBaHTOBAaHUS MEPHOCTU
MpOCTpaHCTBa JJ1s1 popM MaTepuii ero oopasyromx. Kpome Toro, popmMbl Ma-
TepUil, KBAaHTYIOLIMECS JaHHBIM KO3(p(ULIMEHTOM KBAaHTOBAHMSI ITPOCTPAH-
CTBa i, B CBOIO OYE€peab, BIUSIOT HA MEPHOCTh MpocTpaHcTBa. [loaTomy, B

21 (This Side Up' May Apply To the Universe, After All», by John Noble Wilford, The New
York Times, 1997.
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npouecce GOPMUPOBAHNS MAaTPUYHOTO IIPOCTPAHCTBA, KOJUYECTBO OJHO-
TUITHBIX MTEPBUYHBIX (POPM MATEPpUd MOXKET OBITh OOJbIIE, YEM UX YHUCIIO,
oOpasyrolllee JaHHO€ MaTPUYHOE IMPOCTPAHCTBO. BTopuyHOE BhIpOXIAECHUE
IMPOCTPAHCTBA, BEI3BAHHOE BO3AEICTBMEM MaTepuii Ha MMPOCTPAHCTBO, B KO-
TOPOM OHM HaXOASTCS, SIBISIETCS OrPAaHUYMUTEIEM BEpPXHEN I'paHULIbLI YMCia
(dopMm MaTepuii, «ydacTBYIOLIUX» B POPMUPOBAHUU MATPUYHOI'O IIPOCTPAH-
cTBa. Takum 00pa3oM, KaxKa0e MATPUIHOE POCTPAHCTBO OrPAHUYEHO IO YUCITY
(¢hopMm MaTepuii ero oOpa3yiolux, Kak ¢ HU3y, Tak U ceepxy. MMeHHO B3auMHOe
BJIMSIHME TPOCTPAHCTBA HA MAaTEPUIO 1 MATEPUX HA MPOCTPAHCTBO, IIPUBOIUT
K TOMY, YTO KaXKJ10€ KOHKPETHOE IMPOCTPAHCTBEHHOE 00pa3oBaHMe OrpaHuye-
HO.

Li= Lo+ yi (i-2) (2.4.2)

A Teniepb, gaBaiiTe pa3doepEMcs, YTO MPOUCXOAUT HAa YPOBHE HaIllero
MIPOCTPAHCTBa-BCceJIeHHOM. Hallle mpocTpaHCTBO-BCeI€HHASI UMEET MEPHOCTD
paBHy1o L; = 3,00017. Dta MEpHOCTb MO3BOJISIET CIUTHLCS B €AUHOE LIEJI0€
ceMH (hpopMaM MaTEpUid, KOTOpPbIE U 00pa3yIOT BCE BELIECTBO Hallleid BeeeH-
HOIA. [{J1s1 TOro, 4ToObl BO3HUKJIN YCJIOBUS IJIsI CIMSTHUSI OYepeIHOU (pOopMbI
MaTep1M HaIlleTo TUMa, HEOOXOAUMO U3MEHEHE MEPHOCTH, TaK Ha3bIBA€MO-
ro, MaTPMYHOTO MpoCcTpaHCTBa Ha BeanduHy y = 0,020203236. [Tporcxoaut
KBAaHTOBaHME MEPHOCTU MAaTPUUHOIO IMIPOCTPAHCTBA, KaK B aTOME — KBaHTO-
BaHHUE 2JICKTPOHHBIX YPOBHEMN. [103TOMY, B IMCKPETHBIX 30HAX MAaTPUUYHOTO
MIPOCTPAHCTBA MPOUCXOAUT CUHTE3 BEILIECTBA U3 PA3HOIO KOJIMYECTBA MaTe-
puii. MepHOCTb KaxJ0ro MpoCTpaHCTBa-BCEIEHHONM — HEOAHOPOAHA, UYTO U
MIPUBOIUT K CMBIKAHHUIO B 9THUX 30HAX HEOAHOPOIHOCTEM, ABYX MPOCTPAHCTB-
BCEJICHHbBIX C pa3HOI MEpPHOCThIO. PaccMoTpuM Tpu OGvkaiiiime mpocTpaH-
CTBa-BCEJICHHbBIE C MEPHOCTSIMU:

Ls = 2,979966764
L;=3,00017 (nama Bcenennas)
Ls = 3,020373236

B 30Hax HEOTHOPOOHOCTU MEPHOCTU IIPOCTPAHCTBA ITPOUCXOIUT
CMBIKaHUE COCETHUX ITPOCTPAHCTB-BCEJICHHBIX MeXK Iy coooii. [Tpu cMbIKaHnM
pocTpaHCcTB-BceJieHHbIX Ls 1 L7, Mexxny Humum obpasyetcst kaHai. [1o atomy
KaHaJy MaTepuu U3 MPOCTpPaHCTBAa-BCceJeHHOM Ls HauMHAIOT nepeTekarTh B
MPOCTPaHCTBO-BceaeHHYI0 L. [Tpu aTOM, CylllecTByeT KaueCTBEHHOE OT/IMUME
BewiecTBa BeceneHHoit ¢ Ls u BemectBa Beenennoit ¢ Ly, I1oatoMy, B 30He
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CMBIKAHMS 3TUX IIPOCTPAHCTB MPOUCXOIUT pacIiajl BelleCTBA ITPOCTPAaHCTBA-
BceJIeHHO¥ ¢ Lg 1 m3 MaTepuii ero o0pa3yolnx MpOMCXOIUT CUHTE3 BellleCTBa
IIpOoCTpaHCTBa-BcesieHHOI ¢ Ly. JIpyrmMu citoBaMu, BellieCTBO, 00pa30BaHHOE
BOCBbMbIO (DOpMaMu MaTepuii, pacragaeTcsl U CUHTE3UPYETCsI BEIIECTBO U3 Ce-
MU (hopM MaTepuii. 30Ha CMbIKaHUS 3TUX IPOCTPAHCTB UMEET MEPHOCTb, Jie-
>Kalyio B MHTEpBaJe:

3,00017 < Lep. < 3,020373236

ITosTomy, ocBoOOXKIaloIIasicsl BocbMast hopMa MaTepuu TPOJOJIKAET
HaXOJIMThCS B 3TOM 30HE, OCTaBasiCb CBOOOIHOM, HeBOoCcTpeOBaHHOIi. Co Bpe-
MEHEM, OHAa HaKaIlJIMBAaeTCs B 30HE CMBIKAHUSI U HAUMHAET BJIMSTh, B HEKO-
TOPBIX MpeaeiaX, HA MEPHOCTb 3TOM 30HbI. UTO MPUBOIUT K YBEJIMYECHUIO Ka-
HaJla MEeX]Iy TIPOCTPaHCTBAMM-BCEIEHHBIMU U BBI3BIBACT €11I¢ OOJIBIINI OTTOK
BEILIECTBA C MEPHOCTHIO L. DTO MpUBOAUT K BOSBHUKHOBEHUIO YCJIOBUIA, TIPU
KOTOPBIX YaCTh BEIIECTBA C MEPHOCThIO L7 CTAaHOBUTCS HEYCTOWUYMBON U
HayMHAET pacliafaThCsl Ha COCTABJISIIONINE YacTH, BOBHUKAET, TaK Ha3bIBae-
Masl, TepMosiaepHas peakuus. Tak «3axurarorcs» 3B€31b1 (Puc. 2.4.1). I1pu
3TOM, 30HbI HEOTHOPOAHOCTE MOTYT ObITh Kak ¢ AL > 0, Tak u AL < (), oTHO-
cuTeJibHO Haleil BeeneHHoii. B ciydae, korna HEOJHOPOIHOCTU MEPHOCTHU
npocTpaHcTBa MeHbIe HyIs AL < 0, MporucXoauT CMbIKaHKE TIPOCTPAHCTB-
BCEJICHHBIX C MepHOCTSIMU L7 11 L. I1py 5TOM, BHOBb BOZHMKAIOT YCJIOBUS IJIST
repeTeKaHusl MaTepuii, TOJIbKO, Ha 3TOT pa3, BeIeCTBO ¢ MEPHOCThIO L7 me-
peTeKaeT B MMPOCTPAHCTBO ¢ MEPHOCTHIO Ls. TakuuM 06pa3oM, MpOCTPaHCTBO-
BCceJieHHas1 ¢ MepHOCThbIO L7 (Hama BceneHHas) Tepsier cBo€ Beliectso. M
MMEHHO TaK BO3HUKAIOT 3arafouyHble «d€pHbIe IpIpbl» (Puc. 2.4.2). Bot Takum
00pa3oM, B 30HaX HEOJHOPOJHOCTEN MEPHOCTU IMPOCTPAHCTB-BCEIEHHBIX,
00pa3yroTcs 3BE3IBI U «UEPHBIE IBIPHI». [1pn 3TOM, BO3HUKAET NepeTeKaHe
BEllleCTBA, MaTEpU MeXAYy pa3HbIMU MMPOCTPAHCTBAMU-BCEJIEHHBIMMU.

Cyl11ecTBYIOT TaKxKe MPOCTPaHCTBAa-BCEJIEHHbIE, UMEIOIIEe MepHOCTH L,
HO MMEIOIIME NPYroii cocTaB BellecTBa. [1pu cTHIKOBKE, B 30HaX HEOAHOPO-
JHOCTEM MPOCTPAHCTB-BCEJICHHBIX C OMMHAKOBOI MEPHOCTbhIO, HO pa3HbIM Ka-
YeCTBEHHBIM COCTaBOM 00pPa3yIONIEro UX BellleCTBa, BOSHUKAET KaHaJl MEX1y
3TUMU NpocTpaHcTBaMu. [Ipu 3TOM MponcxXoauT nepeTeKaHue BellecTB, Kak
B OJIHO, TaK W B JIPyroe MpOCTPAHCTBO-BCEJIECHHYID. DTO — HE 3Be3[a U He
«4€pHas AbIpa», a 30Ha IMepexoa U3 OJHOro MPOCTPAHCTBA B IPyroe. 30HbI
HEOAHOPOAHOCTU MEPHOCTHU IPOCTPAHCTBA, B KOTOPBIX MPOUCXOIST OIU-
CaHHBbIE BHILLIE MPOLIECChI, 0003HAUYMM, KaK Hoyb-Tiepexoabl. [Tpuyém, B 3a-
BUCHUMOCTHU OT 3Haka AL, MOXHO TOBOPUTb O CJIEAYIOLIMX TUITaX 3TUX Mepe-
XOJIOB:
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1) ITonoxuTeabHbIe HOMb-TIEPEXO0bI (3BE3/IbI), UePe3 KOTOPbIE BEILLIECTBO
repeTekaeT B JaHHOE IPOCTPAaHCTBO-BCEJIEHHYIO M3 APYroro, ¢ 0oJibliei
MepHocThiO (AL > 0)n™.

2) OrpuuaTejibHble HOJIb-TIEPEXOAbl, YepPe3 KOTOPbIE BEIIECTBO U3
JTAHHOTO ITPOCTPAHCTBA-BCEJICHHOW MepeTeKaeT B APYroe, ¢ MEHbIIEH
MepHocThIO (ALK 0) .

3) HeitTpanbHble HOJIb-IIEPEXO0/Ibl, KOTAa IMTOTOKU MaTepUid IBUKYTCS B
000MX HAIIPaBJICHUSIX U TOXIECTBEHHBI IPYT APYTY, 2 MEPHOCTH ITPOCTPAHCTB-
BCEJIEHHBIX B 30HE CMBIKAHMS IPAKTUYECKN HE OTIIMYAIOTCS: n’,

Ecnu nponokuTh nanee aHaJIu3 DPOUCXOASILIEro, TO YBUAUM, YTO KaX-
JI0€ MMPOCTPAHCTBO-BCEJCHHAsl, Yepe3 3BE3MAbI, TTOydYaeT MaTepulo, a yepes
«4€pHBIE OBIPEI» — €€ TepsieT. 111 BO3MOXHOCTHA YCTOMUYMBOIO CYILIECTBOBA-
HUS 3TOTO NPOCTPAHCTBA, HEOOXOAUM OaaHC MEXIAY NPUXOASILCH U yXOI51-
1LIeii MaTepUel B JaHHOE IIPOCTPAHCTBO-BCEJICHHYIO. J{0I>KEeH BBIITOJIHSTHCS
3aKOH COXpaHEHMsl BEIIECTBA, IPU YCJIOBUM YCTOMUYMBOCTU MPOCTPAHCTBA.
DTO MOXHO OTOOPa3UTh B BUIE (POPMYJIBI:

ﬂ n*ax mek dkdi + ” n’gx mejk dkd(ij) = H n Gk mgk dkdj (2.4.3)

rae:

n" )k — MOJIOKUTEJIbHbIN HOJIb-TIEpPEeX0/1, (3Be3/1a),

n’(ijx — HEUTPAIbHBII HOJIb-TIEPEXO/I,

N Gk — OTPULIATEJIbHBIA HOJIb-TIEPEXO/,

M(x — COBOKYMHas Macca (opM MaTtepui, IIpoTeKarolas 4epe3 3Be31y,

M)k — COBOKYITHAsI Macca (opM MaTepUii, MPOTEKAIOIIMX Yepe3 JaHHYIO
«YEPHYIO IBIPY» B IPYrO€ IIPOCTPAHCTBO-BCEJIICHHYIO,

M(jx — COBOKYIHAas mMacca (popM MaTepuii, IMIPOTEKAOIIMX Yepe3 Heli-
TPaJIbHBIA HOJIb-TIEPEXO/I.

TakuM o06pa3zom, MeXXAy NPOCTPaHCTBAaMU-BCEJIEHHBIMU C pa3HOM Mep-
HOCTbIO, Yepe3 30Hbl HEOAHOPOJHOCTU, MPOUCXOIUT LIUPKYJISILIUS MaTepUn
MeXIy IPOCTpaHCTBaMM, 00pa3ylolIMMu JaHHYI0 cucteMy (Puc. 2.4.3). Uepes
30HbI HEOJHOPOJIHOCTU MEPHOCTHU (HOJIb-TIEPEXOIbl) BO3MOXEH Iepexo/ 13
OIHOI'0 MPOCTpPaHCTBa-BCeIeHHON B npyroe. [Ipu 3ToM, MpOUCXOAUT TpaH-
chopMalys BelllecTBa Halllero IMpoCcTpaHCTBa-BCEJIEHHON B BEIIECTBO TOTO
MPOCTPAaHCTBA-BCEJICHHOM, Kyda OCYIIECTBIsIETCS nepedpoc MaTepun. Tak
YTO, HEU3MEHEHHOM «Hallla» MaTepusl IOMAacThb B Ipyrue MpocTpaHCTBa-BCe-
JICHHbIE HE MOXET. 30HaMU, Yepe3 KOTOPbIe BO3MOXKEH TaKO Iepexo/1, sIBJIsI-
I0TCSI U «4EPHBIE JbIPhI», B KOTOPHIX IPOUCXOAUT ITOJIHBIA pacraj, BellecTBa
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JAHHOTO TUIIA, U HEUTpaJIbHbIC HOJIb-MIEPEXObI, Yepe3 KOTOPbIE IPOUCXOIUT
OaJlaHCHBIA 0OMeH MaTtepuei. HelTpaibHble HOJIb-TIEPEXOAbl MOTYT OBITh
YCTOMYMBBIMUA UM BPEMEHHBIMU, MOSBISIOIIMMUCS MNEPUOAUYECCKU WU
cnoHTaHHoO. Ha 3emiie ecThb LeJblii psij 00J1acTel rae nepruoagnudeCK BO3HM -
KalOT HEMTpaJIbHbIE HOJIb-TIIepexoabl. M eciiu B X mipeaesibl mornagarT Kopa-
0J11, CaMOJIETHI, JIOAKMU, JIIOAU, TO OHU OecciaeqHOo rcue3atoT. TakuMu 30HaMU
Ha 3emJie IBJIsIioTCs: bepMyackuii TpeyrojibHUK, pailoHbl B [iManasx, [Tepm-
ckas 30Ha u apyrue. [IpakTuyeckn HEBO3MOXHO, B CJIy4yae IoIaaaHusl B 30-
HY JEMCTBUS HOJb-TIEpEeX0a, MpeacKa3aTh, B KaKyl0 TOYKY U B KaKO€ MpPOo-
CTPaHCTBO IepeMecTUTcs Matepus. He roBops yke 0 TOM, UTO BEpOSITHOCTb
BO3BpALECHMS B UCXOIHYIO TOUKY IPAKTAUYECKM paBHA HYJII0. OTCIONA CIIEMYeT,
YTO HEUTpaJIbHbIe HOJb-NEPEXObl HEJIb3s1 UCIOJIb30BaTh MJIS1 lieJeHarpa-
BJIEHHOTI'O ITepEMEILCHNUS B IIPOCTPAHCTBE.

He MeHee nHTEpecHa 1o cBOe IPUPO/IE IBOMIOLIMS XU3HU 3BE€3/1. Kax-
Jasl 3Be31a «KMBET» MUJUIMAPbI JIET MTOCJIE YEro OHA «<yMupaeT». B TeueHue
ATUX MUJIJIMAPAOB JIET BEILECTBO M3 MPOCTPAHCTBA-BCEJICHHON C OOJIbIIECH
MEPHOCTHIO Lg, yepe3 30Hy CMbIKaHMSI ITOMAIAET B IIPOCTPAHCTBO-BCEJIEHHYIO
C MeHbIel MepHOCTHIO L7. [1pr 5TOM, 3TO BEIIECTBO CTAHOBUTCS HEYCTOM-
YMBBIM 1 pacrnagacTcs Ha MepBUYHbIC MaTepuu ero oopasymwoiiue. CeMb nep-
BUYHBIX MaTE€pUil CIAMBAIOTCS BHOBb, 00pa3ys (pU3NYECKU IJIOTHOE BEllEe-
CTBO IPOCTpaHCTBA-BceJIeHHOM L. [1py 5TOM, B 30HE CMBIKAHUS TAKOU YpPO-
BEHb MEPHOCTHU, YTO NPOUCXOAUT CUHTE3 aTOMOB T€X 3JIEMEHTOB, COOCTBEH-
HBIII YpPOBEHb MEPHOCTU KOTOPBIX ITO3BOJISIET UM COXPAHUTbH CBOIO YCTOI-
YUBOCThb. B BepxHel 30HE YCTOMYMBOCTU (PU3MUYECKM TIOTHOTO BEIIECTBA
«HAXOOSTCSI» TOJIBLKO, TaK Ha3bIBaEMbIE, JIETKME 3JIEMEHThI TaKKE, KaK BOIOPO/I
(H) v renmii (He). IToaTOMY, B 30HE CMBIKAHUSI TPOUCXOIUT CUHTE3 3TUX JIe-
MEHTOB. M He ciyyaiiHo OoJibllasi 4acTh BelllecTBa Hallei BeceleHHOM — Bo-
nopoa. B 30He cMBIKaHMS TIPOMCXOAUT aKTUBHBIN MIPOLIECC CUHTE3a BOAOPOA,
MAacCChl KOTOPOTO 1 COCTABJISIIOT OCHOBY 3BE3M. TaK poXOaroTcs 3BE€31IbI — TaK
Ha3bIBaeMbIe, rojyonie rurantel (Puc. 2.4.1).

M3HavanbHas1 TNIOTHOCTh «HOBOPOXKJIEHHBIX» — O4e€Hb MaJjia, HO B CHUTY
TOTO, YTO 30HAa CMBIKAHUS HEOJHOPOIHA 10 MEPHOCTH, BO3HUKAET Mepena/l
(rpagyeHT) MEPHOCTU B HAIlpaBJIEHUM K LIEHTPY. B pe3ynbsrare aTOro Mose-
KYJIbl BOOOPOA HAUMHAIOT IBUTaThCs K LIEHTPY 30HbI CMbIKaHUsl. HaunHaeTcs
MPOLIECC CXKATUS 3BE3bI, B XOA€ KOTOPOTO IVIOTHOCTh 3BE3IHOTO BEIIIECTBA
HAuYMHAET CTPEMUTEIBbHO pacTu. [1o Mepe pocTa MIOTHOCTU 3BE3AHOTO BEllE-
CTBA YMEHBIIACTCSI O0OBEM 3aHUMAEMBbI 3BE301 1 YBEINUYMBACTCS CTEIIEHb
BJIMSIHUSI MACChI 3BE€3/1bl, KAK Ha YPOBEHb MEPHOCTH 30HbI CMBIKAHUS, TaK U
Ha aTOMHOM YpoBHe. TakuM 00pa3oM, COOCTBEHHBI yPOBEHb MEPHOCTH 3BE-
31bl HAUMHAET YMEHbILIATLCSI, @ BHYTPU CaMOM 3B€3/1bl HAUMHAIOTCSI ITPOLIECCHI
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CUHTE3a HOBBIX 00JIee TSKEJIbIX 2JIEMEHTOB. BO3HMKaeT, Tak Ha3bIBacMasl,
TepMOSIIepHas peaklivs 1 3Be3/1a HaUMHAET M3JTydaTh LeJIblii CIEKTP BOJIH,
KaK MOO0YHBIN 3 PeKT cuHTe3a 371eMeHTOB. ClieyeT OTMETUTh, YTO UMEHHO,
Onarogapsi 3TOMYy «I1O00OYHOMY 3P (@PeKTy», BOZBHUKAIOT YCIOBUS IJIsI 3apO-
KJIEHUS XX1U3HU. B 30He CMbIKaHWMS MapajjieIbHO IIPOUCXOIAT ABa Mpoliecca:
CUHTE3 BOJOPOJA MPU pacHaje BelleCcTBa MPOCTPAHCTBA-BCEICHHOM ¢ OoJiee
BBICOKMM YPOBHEM COOCTBEHHOII MEpPHOCTU (BEILLIECTBO, OOpa30BaHHOE
CUHTE30M BOCbMHM (DOPM MEPBUYHBIX MaTepUii) U CUHTE3 U3 BoJopoaa boee
TSDKEJIBIX 2JIEMEHTOB B XOA€ TePMOSIACPHBIX peakuuil. B pe3yabrate 3THX
MMPOLIECCOB 3B€3/1a YMEHbIIIAET CBO 00BEM M, KaK CJIEICTBUE YBEJIUUYCHUS B
Macce n0Ju 0oJiee TSIXKEIbIX YEM BOAOPOJ 3JIEMEHTOB, YMEHBIIAETCI U
YpPOBEHb COOCTBEHHOM MEPHOCTHU 3Be31bl. YTO B CBOIO 04Yepelb YMEHBIIAET
30HY CMbIKaHUs. JIpyruMu cJIOBaMU, «pOXKIEHHAS» IPYTUM ITIPOCTPAHCTBOM-
BCEJICHHOI 3Be3/a AJIs1 HAllleTO MPOCTPaHCTa-BCEJICHHOM MTOCTENEHHO OT/E-
JIIETCS OT CBOEU «MaTEpU».

He npaBna 11, nmoyyyaeTcs 11000NbITHAS aHAJIOTUS C PAa3BUTUEM SMOpU-
OHA BHYTPU MAaTKU, KOTJA «COTKAHHbIM» U3 KPOBU U TNIOTU MAaTEPU TLUIOM MO-
KMAAeT JIOHO MaTepU M HAUMHAET CAMOCTOSITEIbHYIO XXM3Hb, TaK W 3BE31a,
«pOXIEHHAsI» MPOCTPAHCTBOM-BCEJIEHHOM, MOKUAAET «JIOHO MaTEpU», KOraa
€€ ypOBE€Hb COOCTBEHHOIM MEPHOCTH YMEHBIIAETCS, KaK CJIEACTBUE YBEJINYE-
HUS CTENEHM BIMSIHUSI HA OKpYXKarllee NpocTpaHCTBO. OTOEIUBIINCH OT
«MaTEepPUHCKOr0» MPOCTPAHCTBA-BCEJICHHOM, 3B€34a HAYMHAET CBOIO COO-
CTBEHHYIO XXM3Hb — XXKU3Hb, KOTOPas MIPOAOIKAETCSI MUJIJIMAP/IbI JIET, 1O UC-
T€UEHUU KOTOPBIX, OHA «yMupaeT». [IpaBma 3BE€31bl, B CBOIO OYepeb, yCIIE-
BalOT «POJUTH» TJIAaHETAPHbIE CUCTEMBbI, HA KOTOPBIX UMEET IIAHC MOSIBUTHCS
>KW3Hb.

PaccMoTpuM MexaHU3M poXAEHUS TUIaHEeTapHOM cucTeMbl. B mpouecce
CXXaTWUsI 3Be3/Ibl, HapyIlaeTCs OaJlaHC MEXIy U3JIydalolleil MOBEPXHOCThIO U
n3ay4JarolumuuM oobeEMoM. B pesyiibrate yero, mepBUYHbLICE MAaTePUU CKaIlJIv-
BalOTCS BHYTPpM 3Be31bl. C TeUeHUEM BPEMEHU, B PE3YJIbTaTe TEPMOSIECPHBIX
peaklmii, 3BE3IHOE BEIIECTBO TEPSIET MPOCTEMIIIME aTOMBI, TAKME, KaK BOJO-
pon, TEJUIA U AP. ¥ BCE OONBIIMIA MTPOLICHT B HEM HAYMHAKOT COCTABJISITh aTO-
MBI TSDKEIBIX 2JIEMEHTOB. Pa3zMep 3Be31bl yMEHBILIAETCS, OHA CTAHOBUTHCS BCE
0oJiee 1 0oJiee IIJIOTHOM, TSKETOM U CTETIEHb BIUSHUS HA MEPHOCTD OKPY2Ka-
IOILIETO TIPOCTPAHCTBA CTAHOBUTCS BCE OoJiee U OoJiee cuibHOM. Eciu B Hayane
CBOEH 3BOJIIOLIMY 3Be3[1a UMeJIa MEPHOCTh OKPYXKalOIIEeTro €€ MpOoCTpaHCTBa
paBHy10 3,00017 < L, < 3,02037, To, IIpu CBOEM CKaTUU OHA BBI3BIBACT BTO-
PUYHOE BBIPOXKJIEHNE MPOCTPAHCTBA HA HEKOTOPYIO BEJIMYUHY. A 3TO IPUBO-
JIUT K TOMY, YTO MEPHOCTb OKPY>KAIOILIETO €€ IMPOCTPAHCTBA CTAHOBUTCS paB-
HOM:
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3,00017 < (L.-AL) < 3,02037
3,00017 < Ly < 3,02037
Lo =La— AL (2.4.4)

rae: AL MoxXeT Koie0aThCsl Ha IEpPBOM 3Tarle XXU3HU 3BE31bI B ITpeaesiax
0 <AL<0,020203236.

[TocTeneHHO BTOPUYHOE BBIPOXAECHUE MEPHOCTU MPOCTPAHCTBA, BbI-
3BaHHOE TSKECThIO 3B€3/bl, CTAHOBUTCS BCE O0s1ee 1 0oiee BhipakeHHbIM. 1
MEPHOCTb OKPYXKaAIOIIETO 3BE3y NPOCTPAHCTBA HAYMHAET NPUOJIMIKATHCS K
MepHocTH L. I1o Mepe pa3BuTHs 3TOro npoiecca, KaHaa MeXay IIpoCTpaH-
CTBAMU-BCEJICHHBIMU ¢ MepHOCTAMU Ls 1 L7 ymeHb11aercsa. Bc€ MeHbiee u
MEHbIIIEE KOJIMYECTBO BEIIECTBA MEPETEKAET U3 IIPOCTPAHCTBA C MEPHOCTHIO
Ls B mpocTpaHCTBO ¢ MEpHOCTHIO L7. [Ipu 3TOM, aKTUBHOCTD U3Ty4eHUI Ta-
KOI1 3B€3bl CTAHOBUTCSI BCE MEHbIIIE U MEHbIIIE, TIOKA HE MPEeKpalllaeTcs CO-
BceM. Hactymaetr cMepTh 3Be3abl. 3Be31a «TyxHEeT». Eciu B Hayvalie cBoeu
SBOJIIOLIMM 3Be3[1a UMeJjia OOJIbIIYI0 MAacCy, HO MEHbIIE AECATU COJHEYHbIX
Macc, TO K KOHIIY CBO€Ii KM3HM OHA BBI3bIBA€T BTOPUYHOE BHIPOXIEHUE MEP-
HOCTH, KOIJIa MEPHOCTb OKPYXKaIOIIEro €€ MPOCTPaHCTBA CTAHOBUTCSI MEHb-
e MepHocTH L. OHa mpou3BOAUT ITporuod B Ipyryro CTOpoHY. Bo3HMKaeT, Tak
Ha3blBaeMasl, HeiTpoHHas 3Be31a (Puc. 2.4.4).

Ls < La < L;
Li=L.- AL
AL 0.0102018... (2.4.5)

Ecnu, B HavaJie CBOEM 3BOIIOLINHI, 3BE31a MMEIa MACCy OOJIBIIYIO, YEM Je-
CSITh COJTHEYHBIX, BTOPUYHOE BBIPOXKIEHUE CTAHOBUTCSI CTOJIb 3HAYMTEIbHbBIM,
YTO BbI3bIBAET CMBIKAHUE MTPOCTPAHCTB-BCEIEHHbBIX C MepHOCTIMU L7 1 L.
[1pu 5TOM, MaTEpMS M3 MPOCTPAHCTBA C MEPHOCTHIO L7 HAUMHAET mepeTeKaTh
B IIPOCTPAHCTBO C MepHOCTHIO Ls. OOpasyetcst «u€pHas avipa» (Puc. 2.4.5).
TakuM 00pa3oM, «4€pHbIE AbIPLI» BO3HUKAIOT B XOJI€ SBOIIOLIMY 3BE3]1, TOUHEE
«OKOHYAHME XW3HW» 3BE3bI B HAILLIEM MPOCTPAHCTBE-BCEJICHHON MPUBOIUT
K POKIEHUIO 3BE€3/1bl B HIKEJIEXKAIlleM IMPOCTPAHCTBE-BCEJIEHHOMA.

2.5. Ilpupoaa oOpa3oBaHus MJIAHETAPHBIX CHCTEM

A Tenepb pacCMOTPUM TakxKe M TNPUpOoAYy oO0pa3oBaHUS IJIaHETAPHBIX
cucteM. B Havasie cBoeli XXM3HM 3Be31a UMeeT OajlaHC MEXAY €€ pa3MepoM,
KaHAJIOM MEXIy MPOCTpaHCTBAaMU C MepHOCTIMU L7 1 Ls 1 KoaudecTBOM
BEllLIECTBA, EPETEKAIOIIET0 Yepe3 3Ty 3Be3/ly U3 MPOCTPAHCTBA C MEPHOCTHIO
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Ls B IpOCTpaHCTBO-BCEJIEHHYIO ¢ MepHOCThIO L7 (Puc. 2.5.1). B pe3synbrate
TePMOSIIEPHBIX peaKluii, MPU MOTepe MPOCThIX aTOMOB, pa3Mephbl 3BE3/IbI
YMEHBIIAIOTCSI, U OHA HE B COCTOSIHUM TIPOITYCTUTh Yepe3 ceOsl BCIO Maccy Ma-
TepUIi, TEKYILMX U3 IIPOCTPAHCTBA C MEPHOCTHIO Ls B MPOCTPAHCTBO C Mep-
HOCTBIO L7. DTOT nucbasaHC cCo BpeMeHEM YBEJIMUMBAETCS U IOCTUTAET B KO-
HEYHOM HUTOTe KPUTHUUYECKOro YpoBHs. IIponcxoauT KoaoccalbHbI B3PHIB,
YacTh BeIECTBA 3B€3/lbl BEIOPACHIBAETCSI B OKpYXKalolliee €€ MpOCTPaHCTBO.
[Tpu 3TOM yMeHbILIAETCS MEPHOCTh 3TOTO OKPYXKAKOIIEro 3BE3AYy MPOCTPaH-
cTBa U (popMUpyeTCs KaHaJl, IO KOTOPOMY MEpPETEeKaeT TaKoe KOJIUYECTBO
MaTepUu, KOTOPOE 3Be3/1a B COCTOSTHMM Yepe3 ceds1 mpornycTtuth (Puc. 2.5.2).
Takoii B3pbIB HA3bIBAIOT B3PHIBOM CBEPXHOBOM. BHIOpOIIEHHBIE B3PHIBOM
CBEPXHOBOM MOBEPXHOCTHHIC CJIOM 3BE3[bl, KOTOPbIE, KCTAaTU, COCTOST U3
HanOoJIee JJETKUX SJIEMEHTOB, MMOMNAaAaoT B UCKPUBJIEHUS IPOCTPAHCTBA, CO-
3IaHHbIE TIPOAOJAbHBIMU KOJAEOAHUSIMU MEPHOCTU, BOSHUKIIUMU TIPU 3TOM
B3phIBe. B 3THX 30HAaX MCKPUBJICHUSI TPOCTPAHCTBA U3 NEPBUYHBIX MaTepUii
MPOUCXOAUT aKTUBHBINA CUHTE3 BEILECTBA, MPUUYEM, CUHTE3UPYETCS LIEJIbINA
CIIEKTp pa3JIMYHBIX 3JIEMEHTOB, BKJIIOYAS TSIKEIbIE M CBEPXTsLKEIbIe. Uem
Oosblle Tepenas MeXay YPOBHEM COOCTBEHHOW MEPHOCTU 3BE31bl U YpO-
BHSIMU COOCTBEHHOM MEPHOCTHU 30H UCKPUBJIEHMS TIPOCTPAHCTBA, TeM OoJice
TSIKEJIbIE DJIEMEHTBI B COCTOSIHUM «POJIUTHCSI» BHYTPU 3THUX 30H U TeM 0oJiee
YCTOMUYMBBI 3TU TSLKEBIC 3JIEMEHTHI. B 3aBUCHMMOCTH OT M3HAYaIbHBIX pa3Me-
pOB, B TEUECHUE XU3HU 3BE3[Ibl MOXET ObITh ONWMH WJIM HECKOJIBbKO B3PHIBOB
cBepxHOBOM. [Ipun KaxxnoM TakoM B3pbIBE COOCTBEHHBIN YPOBEHb MEPHOCTHU
3B€3/Ibl YMEHBILIAETCS, YTO MPUBOAUT K YMEHBIICHUIO CUHTE3a JIETKUX 3JIe-
MEHTOB 1 YBEJIMYEHUIO CUHTEe3a TSKENBIX. B pe3ynbsrare 3TOro, INOTHOCTD,
a cJIeloBaTeJIbHO, CTeTIEHb BJIMSIHUS 3BE3Abl HA OKPYXKalolliee MPOCTPAHCTBO
yBeqmunBaeTcs. [1pu B3pbiBe CBepXHOBOI, BO3HMKAIOT KOJIEOaHUSI MEPHOCTU
MPOCTPAHCTBA aHAJIOTMYHBIE BOJIHAM, KOTOPbIE MOSIBJISIIOTCS] HA TIOBEPXHOCTHU
BOJIBI ITOCJIe OpOocKa KaMHs. Macchl MaTeprM, BLIOPOILIEHHBIE TPU B3PHIBE, 3a-
MOJTHSIIOT 3T HEOAHOPOAHOCTU MEPHOCTU MPOCTPaHCTBA BOKPYT 3Be3/bl1. 13
3TUX MacC MaTepuu HauMHaOT 00pa3oBbIBaThCs maaHeThl (Puc. 2.5.3 u Puc.
2.5.4).

JlaBaiiTe monbsITaeMcsl pa300paThCs, IIOYEMY U KaK 3TO IporcxoauTt. Ha-
mra Beenennas umeet MmepHocTb L7=3.00017, 4TO MO3BOJISIET MUPHO COCYIIIE-
CTBOBATb ceMU (popMaM MaTepUU Hallero Tuna. YToorbl jJerye ObII0 MOHSTh,
B UEM CYTb pa3Myusl MEXAYy MaTepUsIMU Pa3HOTO TUIA, JaBaiiTe BCIOMHUM
HalM «Kyorukun». Hy>KHyI0 «KapTHHKY» MOXHO COOpaTh TOJIBKO U3 «KyOMKOB»
ogHoro pa3mepa. [1pn Hamuny «<KyOMKOB» pa3HOTO pa3Mepa, coOpaTh «Kap-
TUHKY» ITIPOCTO HEBO3MOXKHO; IIPEX/1e BCEro, HE0OXOAMMO OTOOpATh «KYOUKM»
OAMHAKOBOU (pOpMBI U pa3Mepa U3 Ipyabl Apyrux. ToJabKo ITOTOM BO3MOXKHO
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coOpaTh HYXXHYIO «KapTHUHKY». Tak BOT, TAKUM KpUTEpUEM ONpeacIeHUs
(bopMBbI 1 pazMepa 1151 MaTepUil IBISIETCS KOA(P@PULIMEHT KBAHTOBAHUS MEp-
HOCTM IIPOCTpaHCTBA Yi. [1py 3TOM, He HY>XKHO 3a0bIBaTh, UTO «KYOUKW» IPYTUX
pa3MepoB He ucye3arT. OHM MPOJOJIKAIT CylIeCTBOBATh, TOJBKO U3 HUX
HEJIb3$1 CJIOXKUTh Hallly «<KapTUHKY». Ho, eciiu ux paccoptupoBathb o popme
1 pa3Mepy, TOraa, M3 NOA0OHBIX «KYOMKOB» MOXHO CJTIOXKMTb IPYTUE «KAPTUH-
KW», HO 3TO OyIyT «KapTUHKMW» JIPYTroro KaueCTBEHHOI0 COCTaBa, M OHU HUKAaK
He OyAyT BJIMSTH U U3MEHSTh Hallly «<KAPTUHKY». AHAJJOTUYHO, KpOMeE ITPO-
CTPAHCTB-BCEJICHHBIX HAIIETO TUIA, CYLIECTBYIOT IPOCTPAHCTBA-BCEICHHBIE
C IpyTUMU 3HAYCHUSIMU KO3 PUILIMEHTa KBAHTOBAaHUS IpoCcTpaHcTBa ¥i. Ho,
OHHU HE OKAa3bIBAIOT MPAaKTUYECKM HUKAKOIO BIUSIHUS HA IIPOCTPAHCTBA Ha-
IIEro TUIIA U TO3TOMY MPU U3YYEHUU Bompoca 00 oOpa3oBaHMM Hallei Bee-
JIEHHOIi, MOXXHO He IIPMHUMAaTh X BO BHUMaHue. B mpocTpaHCcTBe ¢ Henpe-
PBIBHO U3MEHSIOLIEICSI MEPHOCTBIO, pa3peluéHHbIE (POPMbI MATEPUiA (T.€. TO
KOJIMYECTBO MAaTEPUIA, KOTOPOE 0Opa3yeT Hallle TPOCTPAHCTBO-BCEJIEHHYIO C
MepHOCThIO L7) npyr ¢ apyrom He B3aumoaeicTBYIOT. I[Ipu B3pbIBe CBEpx-
HOBOI, OT LIEHTpa pacIpOCTPaHSIOTCS KOHLEHTPUYECKHE BOJHBLI BO3MY-
ILIEHUSI MEPHOCTHU IIPOCTPAHCTBA, KOTOPBIE CO3aI0T 30HbI HEOJHOPOIHOCTU
MIPOCTPAHCTBA, MPOUCXOIUT AedOpMaLIs MEPHOCTHU WJIM UICKPUBJIEHUE IIPO-
crpancTtBa. B bonbmom KocMoce cyiiecTByeT 6€CKOHEUHOE YUCIO POpM
MaTepUii, KOTOpble B3aMMOJIEMCTBYIOT APYT C IPYTOM B OOJIbILLIEH MU MEHb-
LIEN CTeTIEHU WJIM He B3aMMOIEUCTBYIOT MEXIy CO00M BOOOIIIE.

Ecnu nBe GpopMbI MaTepuM He B3aUMOACUCTBYIOT MEX]Y COOOM, TO, HJaxKe
MpY MPOHU3BIBAHUM APYT JApyra, HUYTO B HUX HE MEHSIETCSI, OHU HUKAK JPYT
Ha JIpyra He BAUSIIOT U HUYTO HOBOE MPU 3TOM He Bo3HMKaeT. OHU KaK Obl He
CYLIECTBYIOT ApyT 1Jist Apyra. CTerneHb BAUSIHUS OJHON (hOpPMbl MaTEpPUM Ha
JIPYIYIO ONpeaesiuM, Kak KO3M@UIIMEHT B3aUMOIECICTBUS @, TOIIa MOXHO
cKa3zaTb, 4YTO KO3(PULIMEHT B3aUMOJAECHCTBUS IJIs1 3TUX ABYX GOPM MaTepum
paBeH HYJII0. DTO 03HAYaeT, YTO HET TAaKUX ABYX «KUPITUYUKOB», KOTOPhIE BXO-
JUIU ObI B COCTaB, KaK OJHOM, TaK U IPYyroil (opMbl MaTepuu. ¥ HUX HET
o0ImMX Ka4yecTB U CBOMCTB. Ko pUIIMEHT B3auMOIECTBUS HEOINHAKOB
Jaxke 1J1s1 ABYX (pOpM MaTepuu B pa3HbIX TOUKaAX IMIPOCTPAHCTBA TOTOMY, YTO
caMO MPOCTPAHCTBO — HEOAHOPOAHO. O B3aMMOACUCTBUU MaTepUU MEXKIY
c0001 MOXXHO rOBOPUTH TOJBKO TOTrAa, KOIa B3aMMOIEMCTBUE pacCMaTpy-
BaeTCsI B KOHKPETHOM O00OBEME 3TOro mpocTtpaHcTBa. CylleCcTBYIOT 0ObEMBI
MPOCTPAHCTBA, IJie B3aMMOJeCTBME MaTEPUIi MAKCUMAJILHO U OOBEMBI, T
5TO B3aMMOAEWCTBYE HEBO3MOXHO B MPUHLIUIE UM MaTepUU B3aUMO-
JEeMCTBYIOT MEeXAYy COO0I YaCTUYHO MO TOMY WJIM IPYroMy OOLLIEMY KauyeCTBY
(Puc. 2.5.5). Ilpu MmakcuMaabHOM B3aMMOJIEMICTBUM IBYX MaTepuil (0003Ha-
YMM OJHY U3 HUX OyKBOM A, Ipyryro — B), MpoMCXOOUT MOJTHOE CIUSTHUE NaH-
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HBIX MaTEpUIA APYT ¢ APYyroM M BO3HUKAET HOBasi, TmopuaHas dpopma — AB.
CnusiHre BO3MOXKHO TOJIBKO B Ipeaeaax o0béMa, I1e CTaHOBSITCS OAMHAKO-
BBIMM BCe MapaMeTphl 3TUX MaTepurii. HeomHOpOoaHOCTh IMMPOCTpaHCTBA BIMSIET
Mo-pa3HoMy Ha (POPMBI MaTepuii, KOTOpble MPOHU3BIBAIOT 3Ty HEOJHOPOI-
HocTb. Ha omHy opmy MaTepuii BiusieT U3MEHSIS €€ 0OJbllIe, HA IPYTYI0O —
MeHblIe. HeomHOpoAHOCTh M3MEHSIET KaUeCTBEHHYIO CTPYKTYpY MaTepuid,
YTO U CO3HAET YCIAOBUS JJISI UX CIUSHUS U 00pa30BaHUSI HOBOTO KayecTBa.
Takum 06pa3oM, BHYTpYU HEOJHOPOAHOCTH B Ipeaeiax 00bEMa, Iae BO3HUKA-
10T YCJIOBUSI JIJISI CIMSTHUS ABYX MaTepUii, BO3HMKAeT MaTEepUsi HOBOI'O Kaye-
crBa — rubpugHas popma AB (Puc. 2.5.6). Iu6pugHasa ¢opma AB Toxe
BJIMSIET HA HEOJHOPOAHOCTh MPOCTPAHCTBA, B KOTOPOit oHa Bo3HUKJIA. [Tpo-
WCXOAUT 3aIloJIHEHMEe HEOAHOPOJHOCTHM BO3HUKIIEH THOpUIHON hopMoit
AB, u e€ BoipoxaeHre. HeomHOpOAHOCTb MpeacTaBIsIeT COO0I UCKPUBIEHUE
MPOCTPAHCTBA, UTO IMIPUBOAUT K UBMEHEHWIO MEPHOCTH B IIpeieaax 3TON HEO-
JTHOPOIHOCTU IO CPAaBHEHMIO C COCEAHMMMU ydacTKaMU MpocTpaHCcTBa. Takum
00pa3oM, UBMEHEHME MEPHOCTHU IMPOCTPAHCTBA HAa HEKOTOPYIO BEIUYUHY
MPUBOJUT K BOSHUKHOBEHMIO YCIIOBUM 1S CIUSTHUS IBYX MaTepuid. J1j1s1 TO-
ro, 4YTOOBI MOIJIU CJIMThCS ABE (POPMBI MaTepUU, HEOOXOIMMO U3MEHEHUE
MEPHOCTU IMpocTpaHcTBa Ha BeandyuHy, AL = 0,020203236...

J1J151 TOro, YT0Obl BOZHMKJIA BO3MOXKHOCTb CIMSIHUS TPEX (POpM MaTepuid,
HEO0O0XOIMMO, YTOOBI MEPHOCTH IIPOCTPAHCTBA CHOBA M3MEHMJIACh HA BEJIMYM -
Hy AL, 4TO IpUBOAUT K TTOJITHOMY CJIUSIHUIO TPEX MaTepuii. MaTepust He MO-
KeT CJIUTHCSI KaKOM-TO CBOEM 4acThio. BO3MOXHO TOJIBKO MOJHOE CIUSTHUE
MaTepuii. Tak e, Kak He MOXET ObITh JBa C IMMOJOBMHOI YejloBeKa, a TOJILKO
JIBa UK TpU (€CIU, KOHEYHO, TOBOPUTCS O KUBBIX JIIOASIX), TAKXKE HE MOTYT
CJIMTHCSI ABE C MOJOBUHOM MaTepru, a TOJbKO ABE WK Tpu. OO03HAYUM Tpe-
Thl0 MaTepuio 0ykBoil C. B pe3ynbsrate caussHus Tpeéx popM MaTepuii, B Ipe-
JeJ1ax HEKOTOPOTro 00bEMa MpoCTpaHCTBA (IJI1s1 yIoOCTBa OyaeM CUUTATh €T0
cdepoit) Bo3HUKaEeT KauyecTBeHHO HoBasi TmopuaHast popma ABC (Puc. 2.5.7),
KOTOpasi 3aHUMaeT 00bEM, MEHbIIMI, YeM rudpuaHasa dpopma AB. [Tpuuem,
3TU cepbl UMEIOT YETKKE IPAaHULIBI, B IIpeAeaX KOTOPhIX MEPHOCTh IPO-
cTpaHcTBa — ogHopoaHa. I[Ipu oyepegHOM M3MEHEHUU MEPHOCTHU ITPO-
CTPAaHCTBA BHYTPU HEOJHOPOAHOCTU HA BEJIMUYMHY paBHYIO0 AL, BO3HUKAIOT
YCJIOBUS U151 CJIUSTHUS €11€ OMHOM (hopMbl MaTepr. Bo3HMKAeT KaueCTBEHHO
HoBasl ruopugHas ¢popma ABCD (Puc. 2.5.8). OHa OyneT 3aHuUMaTh cepy
00bEMa MeHblIero, yeM ruopuaHast popma ABC. Ilpu cienyrolieM n3amMeHe-
HUM MEPHOCTU MPOCTPAHCTBA BHYTPU HEOAHOPOAHOCTH Ha AL BO3HUKAIOT
YCIOBUS sl CAUIHUSA ele ogHoil popmbl MaTtepun E. BodHukaeT kaue-
cTBeHHO HoBas1 TtuopuaHas opma ABCDE (Puc. 2.5.9). I1pu cienyromem n3-
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MEHEHUU MEPHOCTHU IPOCTPAHCTBA BHYTPY HEOJHOPOAHOCTU Ha BEIUUYUHY AL
BO3HMKAaIOT YCJIOBUS ISl CIIMSIHMSA caeayrolieit popMmbl Matepru. Bo3Hukaer
KauyecTBeHHO HoBasl TmopuaHast opma ABCDEF (Puc. 2.5.10). OuepenHoe
M3MEHEeHMEe MEPHOCTU ITPOCTPAHCTBA BHYTPU HEOJTHOPOTHOCTU Ha BEJIMUYUHY
AL ongITh XKe, CO31a€T YyCIAOBUS IS CIMSTHUSA caenytoiieid @opmbl Mmatepuu G.
Bo3nukaeT kauectBeHHO HOBasi ruopuaHast opma ABCDEFG (Puc. 2.5.11).
Takum oO6pa3oM, Npu HENPEPbIBHOM U3MEHEHUU MEPHOCTH BHYTPU HEO-
JTHOPOAHOCTHA MPOCTPAHCTBA, BHYTPU 3TOM HEOJHOPOIHOCTH ITOCJIE€I0BA-
TeJIbHO CJIMBAIOTCS CeMb (pOpM MaTepuii, oOpasyrolux Hainy BceleHHyo 1
CO3[AI0T LIECTh MaTEepUAIbHBIX C(pep pa3HOr0 KAa4YeCTBEHHOTO COCTaBa U pa-
3Mepa. BHyTpeHHS4 cdepa, oOpa3oBaHHA CEMbIO (hpOpMaMU MaTEpPUIA, €CThb
dusnyecku niaotHas cpepa — nepnas IlaHeTapHas (MaTepuaabHas) cdepa
Halllel MIaHeThl 3eMJISI, BELIECTBO KOTOPOI UMEET YEThIPE arperaTHbIX COCTO-
SIHUSI — TBEPJOE, XKUIKOE, ra3000pa3Hoe U Iu1a3MeHHoe. Pa3Hble arperaTHbie
COCTOSIHUSI BO3HUKAIOT, KaK pe3yJibTaT KojaeO0aHWsI MEPHOCTH MEHbIIIE, YeM
AL. Y ecii uaTy OT LIEHTpA HEOTHOPOAHOCTH, ciaeayrouias cgepa, oopa3o-
BaHHasl IIPU CJIUSIHUU LIeCTU (opM MaTepuil — BTopas IuiaHeTapHas (MaTe-
puajbHasi) cdepa; IIpu CIUMSIHUM IISITU HOPM MaTepril — TPEThs IJITaHEeTapHAasI
(MaTepuaibHasi) cpepa; Npu CAUSIHUU YeThIpEX (pOpM MaTepuil — yeTBEpPTas
TUIaHeTapHad (MaTepuaabHas) cdepa; IIpyu CIMSIHUY TPEX — MsTasl IIaHeTap-
Hag (MaTepuanbHas) cpepa; mpu CIUSTHUM ABYX (POpM MaTtepuil — 1iectas
riaHetapHas (MatepuaiabHasi) cpepa (Puc. 2.5.12). Bce 3tu cepsl — mare-
pUaIbHBI U OTJINYAIOTCS KAYECTBEHHBIM M KOJIMYECTBEHHBIM CBOMM COCTaBOM.
B npuHummne njiaHeTa g1oKHA pacCMaTPpUBAThCS TOJIBKO, KAK COBOKYITHOCTh
9TUX ecTu cdep. ToJIbKO B ATOM ClIydyae BO3MOXKHO MOJYYUTh ITOJTHOLIEHHOE
MpeaCTaBIeHUE O MIPOUCXOISIIMX MTPOoLieccax 1 MOJyYUTh IPaBUIbHBIC TIPE/I-
CTaBJICHUS O IPUPOJE B LieJoM. VT3S MOJIHOTHI MPeICTaBICHUN O IIpHU-
pole, Noay4YeHHas TOCPEACTBOM HAllIMX OPraHOB YYBCTB, TOUHEE, A0OCOJIIOTU -
3alMsl HalllMX OPraHOB YyBCTB, IIPUBOIUT O3HAHUE B TYIIMK, U3 KOTOPOI'O HE-
BO3MOXKHO BBIMTH 0€3 KapAUMHAJIBHOIO U3MEHEHMSI TOHSTU O IPUPOJIE U TT0-
HUMaHUS TO! POJIM, KOTOPYIO UTPalOT OpraHbl YyBCTB B XKM3HU YEJIOBEKA.
XoueTcsl HAalIOMHUTb, YTO BCE OpraHbl YyBCTB, KOTOPBIMU pacHoJjiaraet
YeJIOBEK, UMEIOT TOJILKO OJTHO IMpeaHa3HaYeHEe — MaKCUMaJIbHasl afanTalus
OpraHM3Ma 4eJIOBeKa K 3KOJIOTMYECKOM HUIIIE, KOTOPYIO OH 3aHUMAET B 3KO-
JIOTUYECKON CUCTeMe IJIaHEeThl, KaK OAWH M3 BUAOB >KMBbIX OPraHU3MOB.
IIpenHa3zHayeHUe OpraHOB UYYBCTB — ONTUMaJlbHasl aJarTalys K yCIOBUSIM
CYLLIECTBOBAHMUS, a HE IS YEro-HUOyAb aApyroro. I1oatomy, opueHTHUPYSICh
TOJIbKO Ha OpraHbl YyBCTB, Mbl HE B COCTOSIHUM CO3[1aTh MMOJIHOLIEHHYIO Kap-
TUHY MUPO3IaHMS, KaK Obl CUJIBHO MBI 3TOr0 He xXejaau 0bl. UMeHHO Hero-
HMMaHHe 3TOro MPHBEJIO K TOMY, UTO COBpeMEHHas HayKa oKa3ajlach B TYITHKE.
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A Tenepb BepHEMCS K KAYeCTBEHHOM CTPYKTYpe TUIaHeThl. Eciiv 3a TOuKy
OTCYETa B3ITh PU3NYECKH TUVIOTHYIO cpepy, TO O0JIbIIIe BCEro OOIIMX KAUeCTB
OHa MMeEET CO BTOPOI MaTepualbHOU cepoii, a MEHbIIIE BCEro — C LIECTOMN
chepoii. O01IME KauecTBa pa3HbIX c(Pep CO3MAI0T YCIOBUS IJISI MX B3aUMOJIEHi-
CTBUS APYT ¢ ApyroM. CTeneHb 3TOro B3aMMOACUCTBUS Pa3IndyHa, U 3aBUCUT
OT TOT'0, CKOJIBKO OOIIMX KAa4eCTB UMEIOT 3TU cepbl. CTeNneHb B3aUMOIEHi-
CTBUSI 3TUX C(pep MexX Iy CO00I MOXKHO BbIPa3UTh KOA(PPULIMEHTAMU B3aUMO-
OEeUCTBUSI — o1; 02; 03; 04; o5 (Puc. 2.5.13). [Ipuuém:

1> 02> 03> 04> Us (2.5.1)

rae:

01— KO3 PUIMEHT B3aUMOAECUCTBUS MEXY (PU3NUECKU MJIOTHOM (TIep-
BOI MaTepuaabHOI) U BTOPO MaTepUAILHOU cepamu;

02 — KO3(PUIUMEHT B3aUMOACUCTBUS MEXAY (PU3NYECKU MIOTHON U
TpeTbell MaTepraabHON chepamMu;

03 — KO3(@UILMEHT B3aMMOAECUCTBUS MEXIY (PU3NIECKU MJIOTHOMU U Ue-
TBEPTOU MaTepUabHOU chepaMu;

04 — KO3(PUIUMEHT B3aUMOAECUCTBUS MEXIY (PU3NYECKU TIJIOTHON U
MSATON MaTepUaJibHOM cepamu;

05 — KOO(PULUMEHT B3aUMOACHCTBUS MEXIY (PU3NYECKU ITUIOTHOM U
IIECTOM MaTeprUaIbHOU chepaMu.

Korma MbI ToBOpUM 0 I1aHETe 3eMJIsl, Mbl JOJDKHBI IOHUMATh MOA 3TUM
11eCTh cpep, BIOKEHHBIX OHA B APYIYIO, KAK MATPEILIKU U MPEACTABISIOIINX
eIMHOE 11eJI0e. DTO MOHATUE — OYEHb BaXKHO JIJISI TOHMMAaHUSI MHOTUX SIBJIE-
HUI U1 3araioK XUBOW 1 HEXXMBOI MaTepMU, 3BOJIFOLIMM XKM3HU Ha HaIleH I1a-
Hete. [1pu 3aBepiieHMM GOPMUPOBAHMS KAYECTBEHHBIX CTPYKTYP 3€MJINA HE-
OQHOPOIHOCTH B IMpocTpaHCTBe HelTpanusyercs (Puc. 2.5.14). Bo3zHukiue
MpY CIAUSTHUU (POPM MaTepuil TMOpUIHbBIE MaTepUaabHble CPEPbl 3aTTOTHSIIOT
3TY HEOJHOPOIHOCTb. [TpoucxoauT «BeIpaBHUBaHUE IIPOCTpaHCTBa». Heo-
JHOPOJHOCTh MPOCTPAHCTBAa MOXKXHO CPaBHUTh C yXabaMu Ha TPyHTOBOM J10-
pore. Iloka sMbI He 3alTOJIHATCS 3eMJIEN, yxa0Obl ocTaroTcs. I1ocie 3aBepiie-
HUS (pOpMUPOBAHUS IUIAHETHI, CO3AABIINE €€ (POPMbI MATEPUU ITPOAOIKAIOT
CBOE JBMXKEHME, YK€ He CIMBAsICh APYr ¢ APYroM (Kak Boja, 3allOJIHUB 10
Kpa€B BOJOEM, HAUMHAET IMepeTeKaTh uepe3 Kpail U TeUET Janbliie). AKTUB-
HOCTb ABVKEHUST (pOpM MaTepuu He BCeraa OIMHAKOBa, YTO MPOSIBIISIETCS B
JBUXXKEHUU 36MHOI KOPHBI, 3eMJIETPSICEHUSIX U U3BEPKEeHUSIX ByJIKaHOB (Puc.
2.5.15). IIpouecc obpazoBaHus TJIAHETHI 3aBEPIIMIICS IIECTh MUJUIUAPAOB JIET
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Ha3aa. DTO — MNEPBbIM LUK 3BOJIOLMUA (POPM MATEpUil, KOTOPbIMA CBSI3aH C
ADBOJIIOLIMEN HEXMBOU MaTepuu. BTopoii 3Ttanm — 3TO 3BOJIOLMS XUBOU
Mmatepuu. [Ipexnae, yeM nepeiTi K pa3e 3BOMIOLIUN KMBOU MaTEepUM, XOTe-
JIOCh Obl HAIIOMHUTb, UYTO Hallla Iu1aHeTa 3emJisd, Hala BceeHHast, oopa3o-
BaHbI CIMsIHUEM ceMU ¢popM MaTepuid. [Tpuuém, 4ncio «ceMb» He UMeeT HU-
KaKoro MUCTHYeCKOro 3HaueHus1. M To, yto Haia BeeneHHass oopa3oBaHa u3
ceMu hOpM MaTepUil He SIBJISIETCSI YEM-TO YHUKAJIbHBIM UJIM HEIIOBTOPUMBIM,
00XeCTBEHHBIM. DTO IPOCTO KaYeCTBEHHAs CTPYKTypa Haueit BcenenHoii. 1
HE CJIy4aliHO, O€JIbIiA CBET, NpU NPEJIOMJICHMM, PACIIagacTCs Ha CEMb LIBETOB,
OKTaBa COJIEPKUT ceMb HOT. BmojiHe BeposiITHO, MOXET BO3HUKHYThH BOITPOC
— MoYeMy CBOOOJHBIE TTIEPBUUYHbIE MATePUU B 30HE UICKPUBJICHUS IIPOCTPAH-
CTBa HAUMHAIOT B3aMMOACUCTBOBATh MEXY COOOM U cO3aaBaTh TMOPUAHBIE
coelMHeHus1?! DTo, MPOUCXOAUT MOTOMY, UTO, KOI/Ia B 30HbI HEOAHOPOAHOCTU
MEPHOCTHY MOMNagalT CBOOOAHBIE (DOPMBI MaTepuii HAIIETO MPOCTPAHCTBA,
OHU OKAa3bIBAIOTCSI B KAYECTBEHHO HOBBIX YCJIOBUSIX. M, KaK pe3yJibTaT 3TOro,
OHU TIPOSIBJISIIOT ce0s mo-apyromy. M3 Tex xxe ceMu «KyOMKOB» B 30HAX HEO-
JTHOPOJHOCTE MEPHOCTM HAaUYMHAIOT 00pa30BbIBATHCSI HOBbIE «KAPTUHKM-
MO3auKu». B COOTBETCTBMM C IpafeHTOM (IIeperagoM) MEPHOCTU IPOCTPAH-
CTBa, B 30HE HEOJHOPOJHOCTHU B APYTMX KAUYECTBEHHbBIX YCIIOBUSIX CBOOOIHBIE
(opMBbI MaTEpUU HAYMHAIOT CAUBATLCSI 1 00OpPa30BbIBATh HOBLIE TMOPUIHBIS
COCOUHEHMS, KOTOPbIE B IIPUHLIMIIE HEBO3MOXHEI 3a IpeaeiaMyd 30H HEO-
JTHOPOTHOCTM MEPHOCTH MPOCTpaHCTBA. Kaxmoe HOBOe U3MEHEHME MEPHOCTHU
MPOCTPAHCTBA HA i BHYTPU HEOJHOPOIHOCTHU, CO3AAET YCIOBUS 151 CAUSIHUS
oyepeaHOM (POopMbI MaTepuu. DTOT Mpoliecc OyaeT MPOAOJKAThCS J0 TeX
TOp, MMOKa BCSI 30HA HEOTHOPOJHOCTU He 3aMIOJHUTCSI TMOPUIHBIMU (hopMaMu
Matepuu. [1pu aToM, Kaxkaast U3 3TUX TMOPUAHBIX POPM MaTEpUd YACTUUHO
KOMIICHCUPYET HEOAHOPOJHOCTh MEPHOCTHA MPOCTpaHCTBaA. B pesyibraTe
rpoliecca CIUSIHUSI MaTepuii B 30He HEOOZHOPOJHOCTU BOCCTaHABIMBACTCS
MEPHOCTb, KOTOpas Oblj1a 40 B3pbIBa CYNIEPHOBOM 3Be31bl. M He ciydyaitHO,
pacy€Thl KOJIMYECTBA MaTepUn BO BeelleHHOM — Ha MOpSa0K OOJIbIIE KOJIU-
YeCTBa CYLIECTBYIOLIEN (PU3NUECKU TUIOTHOU MaTEPUN.

I'me ke 1 yTo ke 13 ceds nmpencTaBistioT 3T 90% Mmatepun BeenenHoir?

CoBpeMeHHasl HayKa pellnia BOIpoc O4eHb IpocTo — «dark matter». Ma-
Tepust BcesaeHHOM, KOTOPYIO Mbl HE BUJMM, HE CJIBIIIUM, He ocsizaeM. MMeH-
HO 3Ta «TéMHas MaTepus» 1 3aKkimodaeT B cede 90% maTepun BceneHHoix.

He npaBna nu, «kpacuBbiii» oTBeT?! M1 04eHb 3HAKOMBI BCEM, KTO XOTSI
Obl HEMHOT'O IOMHUT KPU3MC B SIACpHON (pr3MKe Havasia Beka. ToJbKo Toraa
npobjemMa 3aKjaydajach B MICUE3HOBEHMM YAaCTU MaTepuu, OOHApYy>KeHHOM
IIPY HEKOTOPHIX SIIEPHBIX ITpolieccax. Ha crienmaibHO CO3BaHHOM MEXIyHa-
poaHoIi KoH(pepeHIMN (pU3MKOB B [eHye, mocjie N10JrMX U NPOaOIKUTEIbHBIX
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CIIOPOB, MPOOIEMY PEIIMIN IPOCTO — MCUYE3AIOIIYI0 MATEPUIO HECET B ceOe
YacTUlla HEUTPUHO, KOTOPYIO MBI HE BUIMM, HE CJIBIIINM, He 4yBcTBYeM. Ho,
€CJIM B SIAEPHBIX PeaKlLMsIX «Mcue3ajia» 4YacTh U3BECTHOI HayKe MaTepUu, TO,
B ciaydae «dark matter», ncue3aet 90% marepun Bcenennoit! Tak Bot, «dark
matter» mpeAacTaBiIsieT COO0M HECBA3aHHbIE (HE B3aAUMOICCTBYIOILIIE MEXITY
co0011) mepBUYHbIC MaTepuu Halel BeeneHnHoit. B To Bpems, Kak (pu3ndecku
IUIOTHAs1 MaTepusl BO3HUKAET, B pe3yJbTaTe CIUSHUS ITUX MEePBUYHBIX
MaTepuii B 30HaX HEOJHOPOTHOCTU MEPHOCTU BceneHHOI.

2.6. Pesiome

IIpocTpaHCTBO — HEOJHOPO/IHO, a 3TO O3HAYAET, YTO €0 CBOMCTBA U Ka-
yecTBa — pa3HbIe B pa3HbIX TOYKaX. HeomHOpOAHOCTH MPOCTPAHCTBA BbIpa-
>KAeTCsl YPOBHEM €ro MEpHOCTU B JaHHOM Touyke. HeogHOpOZHOCTH Ipo-
CTpaHCTBA U3MEHSIETCSI HENPEPbIBHO, APYTMMHU CJIOBAMM, CBOMCTBA M KAYECTBA
MMPOCTPAHCTBA MPEACTABIISAIOT COO0I HENMpPEepPhIBHBIE BEIUYNHbBI. BO3MOXHEI
JIBA BaphaHTa U3MEHEHUS CBOMCTB U KA4€CTB MPOCTPAHCTBA — MJIABHOE MU3-
MEHEHHe U pe3Kkoe. Pe3koe M3MeHeHue CBOMCTB U KA4yeCTB IPOCTPAHCTBA
BO3HMKAET, KaK pe3yJIbTaT KaKOTr0o-JI1M00 BHYTPEHHETO WX BHELIIHETO BO3MY-
LLIEHUsI pocTpaHCTBa. MaTepusl UMeeT KOHKPETHBIE CBOMCTBA U KayeCTBa,
MMO3TOMY MaTepusi — KOHeYyHa, KOHEYHas BeauduHa. [Ipu B3anmMoneincreumu
MaTepuU U MPOCTPAHCTBA, IPOUCXOAUT pacIipeaceHrue MaTepUU ¢ KOHKPET-
HBbIMM CBOMCTBAMM M Ka4€CTBAMU 10 MPOCTPAHCTBY. MaTtepus pacrnoaraercs
TOJIBKO B TOM 00BbEME MPOCTPAHCTBA, T €€ CBOMCTBA Y KAUECTBA TOXIECTBEH-
HbI CO CBOMCTBAMM 1 KadyeCTBaMU MpocTpaHcTBa. [logoGHOe pacripeneaeHue
MaTepruy MO CBOMCTBAM M KAayeCTBAM IPOUCXOMUT MOTOMY, YTO B APYTHUX
00J1aCTSIX MPOCTPAHCTBA MaTepUsl C JAaHHBIMU CBOMCTBAMM U KauyeCTBaMU He
MOXET OBITh YcTOMYMBA. Korma HermpepbIBHO N3MEHSIOIASACSI O€CKOHEYHAas!
BeJIMUMHA (IPOCTPAHCTBO) B3aMMOJEUCTBYET C KOHEYHbIMU BeJIMYMHAMMU
(MaTepusIMHU), UMEIOLIMMU KOHKPETHBIEC CBOMCTBA M Ka4yeCTBa, U IPOUCXOAUT
pacnopeaesieHue MaTepuid IO 3TOMY NPOCTPAHCTBY; MOXHO TOBOPUTH O
KBAaHTOBAaHMWM IIPOCTPAHCTBA ITO €r0 CBOMCTBAM M KayeCTBaM; IJIsI yIOOCTBa
OyaeM Ha3bIBaTh 3TOT NPOLIECC KBAHTOBAHMEM MPOCTPAHCTBA 10 MEPHOCTMU.
Tak Kak riepBUYHbIE MATEPUM — HENIEIMMBI, 4 NX CBOMCTBA X Ka4YeCTBA — KOH-
KPETHBI, 4 3HAYUT, KOHEYHBI, TO 3TO O3HAYAET, UTO, )11 TOTO, YTOOBI OUepe/I-
Hasl MaTepHusl MOTIJia IIPOSIBUTHCSI B MPOCTPAHCTBE, €r0 CBOMCTBA M KA4eCTBa
JOJDKHBI U3MEHUTBCS Ha ONPEASIEHHYIO BEJIMYMHY, Ha3bIBAeMYI0 K0P PULIN-
€HTOM KBAaHTOBaHWS MEPHOCTHU IpocTpaHcTBa yi. Kaxnpiii koadduumeHT
KBAaHTOBAHUS MPOCTPAHCTBA Yi ONpeaesieT HEKOTOPOE YKMCI0 MEePBUYHbBIX
MaTepuii, KOTOpbIe KAYECTBEHHO M KOJIMYECTBEHHO COOTBETCTBYIOT KOHKPET-
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HOMY 3HAY€HUIO 3TOro KoadduuueHrta. pyrumu ciioBaMu, IIPOUCXOOUT Me-
perpynimMpoBKa MaTepuii B HEIIPEPbIBHO U3MEHSIOLLIEMCS ITPOCTPAHCTBE, T10
OIpeIeIEHHBIM KaueCTBaM 1 CBOCcTBaM. B pe3ysibrare 3Toro, B ipoOCTpaHCTBE
(opMuUpyIOTCS, TaK Ha3bIBAEMbI€, MATPUYHbIE IPOCTPAHCTBA, IIPEICTABJISIIO-
11e co00ii CUCTeMbI MPOCTPAHCTB, COOPMUPOBAHHBIX ITIEPBUYHBIMU MaTEPU-
SIMA KOHKPETHOTO KO3(PULIMEHTA KBAHTOBAHMSI TPOCTPAHCTBA. MaTpu4yHBbIE
MPOCTPAHCTBA CMBIKAIOTCSI MEXKAY COO0I, UTO MPUBOIMT K Mepepacrpeaesie-
HUIO MaTepuu MeXIy HUMU. B pe3yibrate 3TOro npoMcXoauT CBEPXB3PHIB,
BBI3bIBAIOIIMKI ITedopMaliiio MPOoCcTpaHCcTBa. Bo3HuMKaloIe MpoaobHbIe
BOJIHBI KOJIEOAHMSI MEPHOCTU CO31alI0T HOBbIE KAUYE€CTBEHHbLIE YCIIOBUS, IPU
KOTOPBIX CBOOOJHBIC IIEPBUYHBIE MATEPUU HAYMHAIOT CJIMBATHCS APYT C APY-
roM, co3aaBasi rudpuanbie Mmarepun. [InGpuaHbIE MaTepUK, B CBOIO OUYEpEb,
BJIMSIIOT Ha IIPOCTPAHCTBO, B KOTOpoM oHU popMmupyrorcs. [Ipouiecc cuHTe3a
rMOPUIHBIX MAaTEPUM TIPOAOJKACTCS A0 TEX MOP, ITOKA CUHTE3UPYEeMbIe TH-
OpUIHBbIE MAaTEPUM HE KOMIIEHCHUPYIOT MOJHOCTHIO Ae(popMalii0o MEpHOCTU
MPOCTPAHCTBA B KOTOPOM Hayajicsl UX cCUHTe3. [Ipu 3TOM, IpOCTpaHCTBO B
3TOI 30HE BO3BpAIIAETCS K PABHOBECHOMY COCTOSIHUIO. [MOpuaHbIe MaTepun
B 3TOM CUTyallMM UTPAIOT KOMIIEHCALIMOHHYIO poJib. B pe3yibrate aTux npo-
1IECCOB BO3HUMKAET CUCTEMA ITPOCTPAHCTB, KOTOPasi UMEET KOHKPETHBIE (pop-
MBI U pa3Mmepbl. B MaTpyHOM IPOCTPAHCTBE BO3HUKAIOT 3aMKHYThIE IPO-
CTPAHCTBEHHBIE CUCTEMBI, T.H., IIECTUIYY€BUKN, OCHOBHBIM YCJIOBUEM YCTOM-
YKMBOTO COCTOSIHUSI KOTOPHBIX SIBJISIETCS OajaHC MPUTEKAOIINUX U YTEKAIOLINX
MacC MaTepur. DTO — 3aKOH COXpPaHeHNus MaTepuy Ha Ka4YeCTBEHHO APyroM
YPOBHE.

3BE3IbI I «<4ePHBIC IbIPHI» SIBJISIIOTCS PE3YJIBTaTOM CMbIKaHMSI KOHKPET-
HOTO IIPOCTPAHCTBA-BCEIEHHOM, KOHKPETHOTO CJ1051 B MATPUYHOM MPOCTPAH-
CTBE C COOCTBEHHBIM YPOBHEM MEPHOCTHU, C COCEAHUMMU MPOCTPAHCTBAMMU-
BCEJIEHHBIMU, UMEIOLIIMMU COOTBETCTBEHHO, COOCTBEHHBIE YPOBHU MEPHOCTH,
KOTOpPBIE€ OOJIbIIIE WX MEHBbIIE COOCTBEHHOM MEPHOCTHU PaCCMaTPMUBAEMOTO
CJIOSl HA OJTHY U Ty X€ BeJIMYMHY Yi. CMbIKaHUE C IPOCTPAHCTBOM-BCEJICHHOM,
MMEIOIIMM OOJBIINI YPOBEHb COOCTBEHHOM MEPHOCTH, IIPUBOJAUT K POKIIE-
HHUIO 3Be3/bl. [Ipy CMBIKaHWY C IPOCTPAHCTBOM-BCEJIEHHOU C MEHBILIMM YPO-
BHEM COOCTBEHHOI MEPHOCTHU, ITOSIBIISIETCS «4€pPHAA AbIpa». YCTOUYMBOCTD
JTAHHOTO MPOCTPAHCTBA-BCEIEHHOM BO3MOXKHO TOJILKO, IIPY OaJIaHCE MPUTE-
Kalollleil MaTepuu U3 «BEPXHETO» IMPOCTPAHCTBA M BbITEKAIOIIE MaTepuu B
«HIXHee». [Tpu B3pbIBe CBEpXHOBOI, BOBHMKAIOT BOJIHBI BO3MYILICHUS MEp-
HOCTHU MPOCTPAHCTBA U BBIOPOILIEHHBIE, TIPU B3PbIBE, TEPBUYHBLIC MAaTePUH,
MOMAaBIIME B BOZHUKIIINME 30HbI UICKPUBJIEHUSI MEPHOCTU, OKA3bIBAIOTCS B Ka-
YEeCTBEHHO JPYTUX YCIOBUSIX, B PE3yJbTaTe Y€TO, OHU HAYMHAIOT CJIMBAThHCS,
KBaHTY$Ch 110 MEPHOCTH, M1 00pPa30BbIBATH THOPUIHBIE (DOPMBI MATEPUU. DTU



114 Huxkomnait JIeBamos. «HeonHopongHas Bcenennas»

rudpuaHbie (popMbl MaTepUU (GOPMUPYIOT IJTaHETapHBIE ChEePhl pa3HOIO Ka-
YEeCTBEHHOTI'O 1 KOJIMYECTBEHHOTO cocTaBa. I1pu 3aBepiueHnn popMrupoOBaHUS
ATUX TUIAHETAPHBIX cpep B 30HE HEOJHOPOAHOCTH MEPHOCTHU ITPOCTPAHCTBA
YPOBEHb MEPHOCTU IIPOCTPAHCTBA BO3BPAILLAETCA K U3HAYAIbHOMY YPOBHIO,
KOTOPBI ObLI A0 B3pbIBa CBEpXHOBOU. InOpuaHbie (hopMbl MaTepuu CBOMM
BJIMSHMEM HA YPOBHE MUKPOKOCMOCA KOMIEHCHPYIOT aedopManui0 MEPHOCTH,
BO3HHUKIIYIO IPU B3pbiBe cBepxHOBOM. Ilocie BoccraHoBieHUS OanaHca
MEPHOCTEN MPEKPAIIACTCS aKTUBHBIA MPOLIECC CUHTE3a TMOPUIHBIX MATEPUIA.
Takum obpa3om popMUPYIOTCS IJIaHETapHbIe CUCTEMBbI BO BeesleHHOIA.
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ImaBa 3. HeoqHOpoAHOCTH MPOCTPAHCTBA H
Ka4eCTBEeHHASACTPYKTYpa (pM3nNYeCKH IJIOTHOIO BeEeCTBA

3.1. IlocranoBka Bompoca

HeonHopoaHOCTh MpOCTpaHCTBA HA YPOBHE MAaKPOKOCMOCA ITPUBOAUT K
(bopMupoBaHUIO MAaTPpUUYHBIX NpocTpaHCTB. [Ipouecchl, mpoucxoasue Ha
MaKpOypOBHE, BbI3bIBAIOT KAYECTBEHHOE M3MEHEHME COCTOSIHUS U CaMOro
MIPOCTPAHCTBA YU MAaTepUid €ro 3arojHsIuX. B pe3yabrare 3TOoro B mpo-
CTPAHCTBE BO3HUKAIOT, TAK HA3bIBAEMbIC, TMOPUIHBIE (POPMbI MATEPUU, KOTO-
pbl€, B CBOIO OYe€pe/ib, BIMUSIOT Ha KAYECTBEHHOE COCTOSIHME TPOCTPAHCTBA,
B KOTOPOM IIPOM30LILI0 0Opa3oBaHue 3TUX MaTepuil. CUHTEe3UpyeMble€ T'-
OpuaHbie (POPMbI MATEPUI HEUTPATU3YIOT 30HBI HEOAHOPOJHOCTEM, B KOTO-
PBIX IPOUCXOAUT UX cMHTe3. [1pu 3aBepiIeHMM mpolecca CUHTE3a TMOPUIHBIX
MaTepuii 30Ha HEOOHOPOIHOCTH, B KOTOPOU MPOUCXOANI CUHTE3 MTePBUYHbBIX
MaTepuii, IIOJTHOCTBIO HEUTpau3yeTcs. TakuM 00pa3oM, THOPUIHBIE (DOPMBI
MaTepuil BIUSIOT HA MEPHOCTb IPOCTPAHCTBA C 0OPAaTHBIM 3HAKOM I10 OTHO-
LIEHUIO K TOX HEOJHOPOJHOCTU MEPHOCTU MPOCTPAHCTBA, B KOTOPOI ITPOUC-
XOOWJI MPOLECC CUHTe3a 3TUX TMOpUIHBIX (popM. CHUHTE3 THOPUIHBIX (popM
MaTepUuil IIPOUCXOIUT HA YPOBHE MUKPOIIPOCTPAHCTBA, TAKMM 00pa3oM, Ka-
YeCTBEHHAs1 CTPYKTypa MUKPOIIPOCTPAHCTBA BBICTYNAET, KAaK MPOTUBOBEC Ka-
YEeCTBEHHOM CTPYKType MaKpOIIpOoCTpaHCTBaA. I1py 1oCcTUXXEeHNN KauyeCTBEH -
HOT'O 1 KOJIMYECTBEHHOTIO OajaHca MEXXAy HUMU, IPOCTPAHCTBO MPHUOOpETaeT
YCTOMUYMBOE PAaBHOBECHOE COCTOsIHME. MaKpoIpoCTpaHCTBO ¥ MUKPOIIPO-
CTPAHCTBO HENUTPAIM3YIOT APYT Apyra, KaK II0C HeUTpanmu3yeT MuHyc. 1, co-
OTBETCTBEHHO, BCE 3TO IMIPUBOAUT K TOMY, YTO JIFOOOE CKOJILKO-HUOYIb 3HA-
YUTEJIbHOE U3MEHEHME Ha YPOBHE MAaKPOKOCMOCA IMTPUBOAUT K COOTBETCTBY -
IOLIMM U3MEHEHMSIM Ha YPOBHE MUKPOKOCMOca 1 Hao00opoT. KaxkeTrcs HeBe-
POSITHBIM, UTO JIIOOOI aTOM BJIMSIET HAa MaKpONPOCTPAHCTBO, HO, TEM HE Me-
Hee, 9T0 — (pakT. ECTeCTBEeHHO, BIUSIHNUE OJHOTO aTOMa — MMKPOCKONMNYE-
CKO€, HO X CYMMAapHOE BJIUSIHUE U €CTh TOT OaJIaHC, KOTOPBI YpaBHOBEILIM -
BaeT MaKpOIIPOCTPAHCTBO.

3.2. KavecTBeHHas CTPYKTypa MUKPONPOCTPAHCTBA

ITpu B3pbIBE CBEPXHOBOM MPOUCXOAMT MCKPUBJICHNWE MPOCTPAHCTBA
BOKPYT 3Be34bI M BEIOpoC MaTepru. Ho cHavasa maBaiite pa3doepeMcs ¢ caMm-
MU 3BE31aMu. Kak n3BeCTHO, 3BE3/Ibl COCTOSIT U3 (PU3NYECKM TIJIOTHOM MaTe-
pun. Bo3HUKaeT 3aKOHOMEPHBIA BOIIPOC: KaK IMIPOUCXOAUT CUHTE3 (PU3NYECKU
TIoTHOTO BemlecTBa? KoahGUiMeHT KBAaHTOBAHUS TIPOCTPAHCTBA Yi OIpe-
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JIeIeT KAYeCTBEHHYIO CTPYKTYpPY JaHHOM BceneHHOol, ApyrMMHU CJIOBaMU —
KaKWe MEePBUYHBIC MATEPUM BCTYIIAIOT BO B3aMMOJIEMCTBUE APYT C IPYTOM U
00pa3yloT HOBOE KadecTBO. Kaxkmasa mepBryHas MaTepus UMEET CBOU KOH-
KpETHBIE KAa4eCTBa Y CBOMCTBA U ITO3TOMY TOJILKO B TOM YaCTU IPOCTPAHCTBA,
IJI€ BBIMOJIHSIIOTCS YCIOBUS TOXAESCTBEHHOCTH CBOMCTB Y KAY€CTB MPOCTpPaH-
CTBAa ¥ JAHHOM MaTepUU, 3Ta MATEPUS MPOSIBIISIET CEOS U B COCTOSIHUM OBITh
yCTOMYMBOM. TakuM 00pa3zoM, U3BMEHEHNE KAaY€CTBEHHOTO COCTOSIHUS TIPO-
CTPAHCTBA Ha HEKOTOPYIO BEJIMUYMHY AL IIPUBOAUT K «BBINAAEHUIO» B 3TOU
30HE MPOCTPAHCTBA MAaTePUHU, CBOMCTBA XU KAYECTBA KOTOPOI, TOXAECTBEHHBI
CO CBOMCTBAMM M KayecTBaMU caMoro mnpocrtpaHctBa. Ilpu odepemHom
M3MEHEHUM CBOMCTB 1 KaUYeCTB MPOCTPAHCTBA HA BEIUYUHY AL, BOZBHUKAIOT
YCIOBUS IJIsl «BbINIAACHUS» YCTOMYMBOIO COCTOSIHUSI B 3TOM 00JIaCTH IPO-
CTpaHCTBa OYEepEeaHONM MepBUUYHOM MaTepuur. Eciau 06a n3aMeHeHUs1 CBOMCTB
1 KQ4EeCTB MPOCTPaHCTBA AL TOXAECTBEHHBI APYT APYTY, MOXHO TOBOPUTH O
SIBJICHMM KBAaHTOBAHUS IIPOCTPAHCTBA IO MAaTEPUSIM, TOYHEE, IO COBMECTHU -
MBbIM II0 TEM WMJIM WHBIM CBOMCTBAM M KadyeCTBaM IE€PBUYHBIM MATEPUSIM.
ITpocTas orrka rmoackasblBaeT, YTO, €CJIM IBE TIEPBUYHBIC MATEPUHN TTPOSIBIIS -
10T ce0s1 MPU TOXIECTBEHHOM M3MEHEHW Y CBOMCTB M KAYECTB IIPOCTPAHCTBA,
OHU JOJDXKHBI 00J1afaTh KAKUMHU-JIMOO OOLLMMU CBOMCTBAMMU U KadyecTBamMu. B
aTOM ciiydae, AL mpeBpaiaercs B yi — KOI(P@UIIMEHT KBAHTOBAaHUS MPO-
CTPaHCTBA. A €CJIM 3TO TaK, TO B TOM 00JIACTU MPOCTPAHCTBA, IJI€ BHIIOJIHSI-
IOTCS YCIAOBUS IJIS1 yCTOMYMBOTO COCTOSIHUS 00EUX MaTEpUil, OHM HAYMHAIOT
B3aMMOJENCTBOBATh IPYr C APYrOM IO OOIIMM CBOMCTBAM M KA4yeCTBaM U
00pa30BbIBATh HOBOE KAYECTBEHHOE COCTOSIHME — TMOPpUAHYIO (pOpMy MaTe-
pUnN.

[IpennosioxXum, 4TO CYyLIECTBYeT MHOXECTBO IEPBUYHBIX MAaTepUd, U
OHM UMEIOT pa3HbIE€ CBOMCTBA U KayecTBa. B 3ToM cityyae MOXHO pacCcopTH-
pOBaTh X O COBMECTUMOCTU. KpuTepueM rmpu 3ToM OyaeT SIBISIThCS KO-
(puLMeHT KBaHTOBaHWS MNpocTpaHcTBa Yi. [ng Kaxmoro 3HayeHuUs yi
CYLLIECTBYET CBOS IPyIIIia NEPBUYHBIX MAaTEPUIL, COBMECTUMBIX MEXKIY COOOIA.
Jlaxe, mpy HE3HAYMTEJIbHOM U3MEHEHUH 3TOTO KO3(pPULIMEHTa, BO3HUKAIOT
Ka4eCTBEHHO HOBBIE YCIIOBUS JJIS1 B3AUMOACUCTBUS IPYTUX TIEPBUYHBIX Ma-
Tepuid. Ipyrumu cjioBamMu, KaxkKaAoMy 3Ha4€HUIO KO3 @ULIMEeHTa KBAHTOBAHUS
IPOCTPAHCTBA Y1 COOTBETCTBYET Jpyras BcejleHHass cO CBOMMU 3aKOHAMU
MPUPOIbI, CBOMCTBAMM U KadecTBaMu. IIpencraBuM mepBUYHBIE MaTEpUU
OIHOIO TUIIA, KAK «KYOMKM» OJHOTO pa3Mepa U paCCMOTPUM, KaK MaTEpUU
B3aMMOJIEMCTBYIOT APYr C APYTOM B 30HE HEOAHOPOIHOCTU IPOCTPAHCTBA.
Ecnu nedpopmanums mpocrpaHcTBa AL conamepurma c yi, TOJIbKO OHA IEPBUY-
Hasl MaTepUs, CBOMCTBA M Ka4eCTBA KOTOPOM TOXIECTBEHHBI CO CBOMCTBAMU
1 KayeCTBaMU JaHHOM 30HbI Je(OopMalli MPOCTPAHCTBA MOXKET HAXOAUThCS
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B YCTOMYMBOM COCTOSIHUM W HAKAIUIMBATbCS B HEM. AHAJIOTMYHO HOXIIEBast
BOJA 3aIOJIHSET J00bI€ BIIAAWHBI IIOBEPXHOCTHU U IIPY MOJIHOM 3aII0OJIHEHUU
MMOBEPXHOCTh JIYXXKM, 03€pa CPABHSIETCSI C YPOBHEM TBEPIAOI IMOBEPXHOCTH.
Ho, Hukakux KauyeCTBEeHHbIX U3BMEHEHUI C BOAOM, 3alIOJIHMBIIIEH BIAIWHBI
MMOBEPXHOCTU HE MPOUCXOIUT, BOAA — OCTAETCs Bogou. Tak u mpu HaCHIIIE-
HUU 30HBI Ae(POPMALIMU IIPOCTPAHCTBA OMHOU MEPBUYHOM MaTepUEii IIPOUC-
XOIUT NPOCTOE 0€3 KaUeCTBEHHbIX U3MeHeHU 3anoiHeHue (Puc. 3.2.1).
[Tpexne, yem MpoaoIKUTh aHAINU3 3TOTO IPoLiecca, XOTEI0Ch Obl 00pa-
TUTh BHUMaHME HA TO, YTO, TAaK Ha3bIBaeMbI€, IIEPBUYHBIC MATEPUU TAHHOTO
TUIIA UMEIOT OOIIME CBOMCTBA M KAY€CTBA, HO UMEIOT U CBOM OCOOCHHOCTH,
MIPOSIBJISIOLIMECS B TOM, KAK OHM B3aUMOAEHUCTBYIOT MEXKIY COOOM M KaK OHU
B3aMMOJICUCTBYIOT C MPOCTPAHCTBOM. BCIIOMHMM, YTO COJTHEYHBIN CBET
pacnagaeTcss Ha CEMb OCHOBHBIX 1IBETOB, UTO, TPYU aHHUTUJISILIMU BEILIECTBA,
ONSITh-TaKu, IPOUCXOAUT MOIIIHAS CBETOBas BCIbIKa. Kaxaas mopuus ori-
TUYECKOTO U3TydeHUS — (POTOH — UMEET CBOU OIPEACIEHHbBIE CBOMCTBA U Ka-
yecTtBa. MMEHHO IMOATOMY HAIlIM I71a3a Pa3jnyaroT 3TU CEMb OCHOBHBIX 11BE-
TOB, C TIOMOILBIO ITIPUOOPOB UZMEPSIETCS X JJIMHA BOJHBI MM YacToTa. Kax-
JIbIA (OTOH MpPEACTaBIsIET COO0 MUKPOCKOIIMUYECKOE UCKPUBJICHUE MPO-
CTPaHCTBA, HACKILLIECHHOE KaKOW-1100 OMHOM NepBUYHOUI MaTepueii. CIIeKTp
MOSIBJISICTCS, KaK CJICACTBHUE TOrO, YTO MOCTOSTHHO BO3HMKAET MHOXECTBO
MUKPOCKOITMYECKUX BO3MYILEHUI IIPOCTPAHCTBA, MapaMeTpbl KOTOPbIX —
pa3nuuHbl. BeaeacTBue 3TOro, CBOMCTBA M KayecTBa KaXKIOM TaKOW 30HBI
nedopManry MPOCTPAHCTBA, XOTh HE3HAYUTEIBHO, HO OTJIMYAIOTCS APYT OT
npyra. [ToaTomy, Kaxkaasi U3 TaKux 30H JeopMalii NpOCTPaHCTBA HabIlIA-
€TCs1 pa3HbIMM ITIEPBUUHBIMU MaTepusiMU. POTOHEBI ONITUUYECKOTO Arara3oHa
— OCOOEHHO MHTEPECHBI, TAK KaK OHM SIBJISIOTCSI HAa YPOBHE MUKPOIIPO-
CTpaHCTBa OCHOBOM Hameil BceneHHoli. MUMEHHO OHM MIpalOT OCHOBHYIO
poJib B mpoleccax (popMUpPOBaHUS 1 3BOJIOLIMU 3BE3/1, XKUBOM M HEXKUBOW
MaTepui. CyliecTBYeT MHOXKECTBO IEPBUYHbBIX MaTepHii, HO BEILIECTBO HALIEH
BcenenHoit 00pa3oBaHO CIMSIHUEM CEMU MEPBUYHBIX MATEPUIA JAHHOTO TUIIA.
[IepBruYHbBIC MATEpUM JAHHOIO TUIIA IIPEACTABISIOT COOOM MMePBUYHbBIC MaTE-
puM, UMeIoIIKMe O0IIMEe CBOMCTBA Y KAYeCTBA, KPUTEPUEM YETO SIBJISIETCS KO-
3 GULMEHT KBAHTOBAHMUS MPOCTPAHCTBA Yi. ECTECTBEHHO B MPOCTPAHCTBE
MOCTOSIHHO BO3HUKAIOT MUKPOCKOMUYECKME AeopMalvy ¢ IPYTUMHU Tapa-
METPAMM, YTO CO3MAET YCIOBUS 111 HACBILLICHWS X ITIEPBUYHBIMU MAaTEPUSIMU
¢ IpyrumMu KospduiimeHTaMm KBaHTOBaHUS ITPOCTpaHCTBA yi. B pesynbrare,
MMPOCTPAHCTBO OYKBaJIbHO HACHIIIEHO (pOTOHAMM HE TOJILKO ONTUYECKOIrO
auara3zoHa. CnekTp 3JeKTPOMarHUTHBIX BOJIH U IIPEACTABIISIET COOOM CIIEKTP
MIEPBUYHBIX MAaTePUi, COOTBETCTBYIOILIMX CIIEKTPY 3HAYECHUI KO PULIMeHTa
KBAaHTOBAHUS IIPOCTPAHCTBA Yi. 3HAYEHUS 3TUX KOI(PPULIMEHTOB — OJIM3KU
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JIPYT APYTY, HO, TeM He MeHee, KaxXKIblii U3 HUX 00pa3yeT «CBOIO» IPYIIITY COB-
MECTUMBIX MEXy COO0M MepBUYHBIX Matepuit. Ho MeXay co0oii IepBUYHbBIC
MaTepUH pa3HbIX TPYIII, COOTBETCTBYIOLIME pa3HbIM KO3 dUIIeHTaM KBaH-
TOBaHUS MPOCTPAHCTBA Yi, HE B3aUMOJIECTBYIOT, IO KpallHEW Mepe, HaTIps-
Myro. Kak, HanpuMep, pagroBOJIHBI HE B3aMMOJEMCTBYIOT C (POTOHAMMU OII-
TUYECKOIo Axana3oHa ¥ Hao0opoT. B To BpeMs Kak Mexkay co00¥ B3auMOIeii-
CTBYIOT, 00pa3ys HOBbIE€ CyIepno3ULIiy (TMOpUIHbIC KOMOMHALIMM ), KaK pa-
JIMOBOJIHBI, TaK U (POTOHBI ONITUYECKOTO AUana3oHa.

MmenHo 6aronapst HaJIOXKEHUIO APYT Ha ipyra GOTOHOB CEMU OCHOBHBIX
1IBETOB, B IPUPOJIE CYLLIECTBYET TaKOe OOraTcTBo Kpacok. Ho BasxkHbIM MOMEH-
TOM SIBJISIETCSI TO, YTO, TIPY 3TOM, HE BO3HUKAIOT TMOpUAHBIE COEANMHEHMS TTep-
BUYHbIX MaTepuil. [IpencrtaBum cebe BbIITaaeHUE LBETHBIX 10XACH. [oXabh —
KpaCHBII, OpaHKEeBBIN, XEATHIM, 3€JIEHBIN, TOJYy00Ii, CUHUI 1 (PUOJIETOBBIN.
M xaxnaplii n3 3TUX JOXKAeH MmagaeT ¢ Hebec B pa3HOe BpeMsI, B pa3HbIX MeCTax
1 B pa3HbIX Koan4decTBax. Kak ciaencTBUe 3TOro, Ha MOBEPXHOCTH TJIaHEThI
MOSIBUJIMCH Obl pa3HOLIBETHBIE JIY>KM BCEX LIBETOB Paayry, TaK KaK pa3HOLIBET-
Has BOJA B KaXXJI0U KOHKPETHOM JIy>Ke UJIU 03€pe CMEIMBAIACh ObI B pa3HbIX
KOJIM4YeCTBaxX M pa3Horo Habopa uBetoB. Ho, B TO ke camoe BpeMsl, BHE 3aBH-
CUMOCTH OT 1IB€Ta, BoJa ocTaHeTcsl BOAoM. Tak KaK He IIPOUCXOAUT HUKAKUX
Ka4eCTBEHHBIX M3MeHEeHM . Tak 1 mepBUYHbIE MaTepPUU MOTYT BT€KATh B OJI-
HY 1 TyXe Je(popMaliio IPpOCTPaHCTBA U CMELLIMBATHLCS C APYTMMU 0€3 co31a-
HUSI TMOPUIHBIX MAaTepUiA HOBOI'O KadyecTBa. [MOpraHbIe MATEpUU BO3HUKAIOT
MIPU CIUSTHUY NEePBUYHBIX MATEPUIA TOJBKO TOIIa, KOI1a BOZHUKAIOT CITELI-
¢duueckue yciaoBus. Kakue ke takue cneluduueckue yCJIOBUS JOIKHBI
BO3HUKHYTb, YTOOBI, BCE-TaK1, BOSHMK CUHTE3 TMOPUIHBIX MaTEpUM, BOZHHU-
KJIO HOBOe KauecTBo?! JlaBaiiTe mocTtapaeMcs IMOHSITh 3TO YIAWBUTEIbHOE
sIBJICHUE TPpUpPOoabl. JJ1s1 TOro, 4ToObl BOBHUKIIN YCJIOBUS IJIs1 CIMSIHUS Mep-
BUYHBIX MaTepU M 00pa3oBaiach TMOpUAHASI MAaTePHUsI, HEOOXOAMMO HATUMUME
TaKOTO UCKPUBJICHUSI MPOCTPAHCTBA, MPHU KOTOPOM B 3TOM UCKPUBJICHUU
CMOTYT HaXOAUTHCS B YCTOMUYMBOM COCTOSIHUU JBE UJIM O0Jiee TIepBUYHbIE Ma-
Tepuu gaHHoro tumna. Eciu BennyrHa gedpopMaliiyi MpoCTpaHCTBA JIEKUT B
Juara3oHe:

2vi<AL< 3y (3.2.1)

JIBe repBUYHBIE MATEPHUU B COCTOSTHUM HAXOIUTHCS B YCTOMUYMBOM COCTO-
SIHAM BHYTPU 3TOM 30HbI UCKPUBJIEHUS IIPOCTPAHCTBA, YTO CO3AAET JOCTATO-
YHbIE U HEOOXOAMMBIE YCIOBUS IJIsSI MX B3aMMOJEHCTBUS IO OOLIMM CBOI-
CTBaM M Ka4yecTBaM, ¥ CMHTEe3a TMOpUIHOM MaTtepun. M aHaorunyHo 115 BO-
3MOXXHOCTH CJIMSIHUSI B 30HE HEOTHOPOIHOCTHU TPEX, YETBIPEX, MITH, ILIECTU
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1 CEMU NEePBUYHBIX MaTepUii JaHHOTO TUIIA, HEOOXOAMMO, YTOOBI BeJIMUMHA
JedopMalMy MPOCTPAHCTBA JiexKajla COOTBETCTBEHHO B CJIEAYIOLIMX IMana3o-
Hax:

3yi<AL< 4y (3.2.2)
4y <AL< 5y (3.2.3)
5vi<AL< 6 yi (3.2.4)
6vi<AL< 7y (3.2.5)
7v:i < AL< 8 ¥; (3.2.6)

B pe3ynbrate mociaenoBaTeIbHOTO CIMSHUS TIEPBUYHBIX MATEPUA B 3TUX
30Hax AeopMalMv IPOCTPAHCTBA BOZHUKAIOT TMOPUIHBIE (DOPMBI U3 IBYX,
TPEX, YETBHIPEX, TISITU, IIECTA U CEMU ITIEPBUYHBIX MaTepuii. [Ipuuem, ecim Be-
JIMurHa aedopMalny IMPOCTPaHCTBA JIEXKUT B Auara3oHe (3.2.1), npoucxoaut
CUHTE3 TMOpPUIHOM MaTEpUU TOJBKO M3 IBYX MNEepBUYHLIX. Eciy BelmumnHa
JnedopMaliii MPOCTPAHCTBA JEXKUT B Auara3oHe (3.2.2) — MpoucXoauT CUH-
Te3 TMOPUIHBIX MaTepUii KaK U3 IBYX, TaK U U3 TPEX ITEPBUUYHBIX MaTepuil. U,
aHAJIOTUYHO, MPU KaXXJIOM U3MEHEHUHU BEJIUYMHBI Ae(POpMalU IIPOCTPaH-
CTBa Ha Y1, YUCJIO TMOPUIHBIX (DOPM MATEPUIA YBEIMIMBAECTCS HA OAHY. 1, KO-
rJa BeIndrHa aedopMaliiy IpoCcTpaHCTBa JIEXKUT B quamna3oHe (3.2.6), mpo-
HMCXOAUT CUHTE3 ILIECTU TMOPUIHBIX (DOPM MaTepun U3 ceMU (POPM MEPBUUHBIX
Matepuil. [nOpuaHyo (opMy MaTeprn, BO3HUKIIYIO B Pe3yJIbTaTe CAUSHUS
CeMU NEePBUYHBIX MaTEpUil, HA30BEM (PU3NUIECKM MJIOTHBIM BEILIECTBOM (CM.
Puc. 3.2.2 — 3.2.7). Ilpexne, yeM IepeiTi K aHaJIM3y BO3MOXHBIX COCTOSIHUMN
(pn3MUeCKM MIOTHOIO BELIECTBA, XOTEJI0Ch Obl 00PAaTUThL 0CO00E BHUMAaHME Ha
norpaHu4HbIe coctostHud. [Iprpona omHOM Takoi MaTepUabHOM CyOCTaH-
LIMU — DJIEKTPOHA — SIBJISIETCS KJIIOUE€BOM B MOHUMAaHUM NPUPOAbLI PU3NIECKU
IUIOTHOM MaTepuu Haueli BeeseHHoli. Bee cyliecTByrone Moaeain atToma —
MWHUMAJbHOM YCTOMYMBOM MaTe€pUAIbHOM CyOCTAaHLIMMA — OIMCHIBAIOT Ha-
JINYME y 3JIEKTPOHA (4TO TaKOE JIEKTPOH HUKTO TaK U HE MOMBITAICS O0bSI-
CHUTb, KpOME TOTO, YTO €My CTABUJIA B COOTBETCTBME OTPULIATEILHBINA 3apsi,
B TO BpeMsl, KaK IPOTOHY CTaBUJICSI B COOTBETCTBUE MOJTOXUTEJILHBIN 3apsi,
0€3 BCSIKOTO O0OBSICHEHMSI, UTO XK€ TAKOE €CTh HAa CAMOM JIeJI€ OJIOXUTEIbHbIN
WJIA OTPULIATEIILHBIN 3apsiabl) IBOMCTBEHHBIX CBOMCTB — KaK YAaCTULIbI, TaK
1 BOJIHBI. DKCIEPUMEHTBI NOATBEPKAAIN HAJIMYMEe OYaJIbHBIX (JIBOMCTBEH-
HBIX) CBOMCTB 3JIEKTPOHA, HO HUKAKOTO OOBSICHEHUS, IOYEMY OH IPOSIBIISIET
ce0s1 HEOOJHO3HAYHO, TaK U HUKTO U He Jai. JlaBaiiTe monbITaeMcsl MOHSTh
MPUPOIY AJIEKTpoHA. PacCMOTprM Takoe KaueCTBEHHOE COCTOSIHMAE ITPOCTPAH-
CTBa, MPU KOTOPOM BEJIMUYMHA Ae(POpMallMM MUKPOIIPOCTPAHCTBA JICKUT B
cJieaylolleM Jrana3oHe:
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6vi<AL<6,9 vy (3.2.6)

IIpu TakoM KaueCTBEHHOM COCTOSIHMM IIPOCTPAHCTBA BBIMOJIHSIIOTCS
HEOOXOAMMBbIE U JOCTATOYHbIE YCIOBUS IJISI CAUSTHUS IIE€CTU ITIEPBUYHbBIX Ma-
TEepUA, a IIs CAUSIHUSI CEMU MEPBUYHBIX MaTEepUii, HE XBaTaeT cCaMOii MaJlo-
ctu (Puc. 3.2.8). IIpocTpaHCTBO HUKOIAA HE HAXOAUTCS B CTATUYHOM COCTO-
SSHUM. B HEM MOCTOSTHHO MPOMCXOAUT CUHTE3 1 pacraj MaTepUuu, aTOMOB €€
COCTaBJISIOIIMX, Yepe3 KaXKAyI TOYKY MPOCTPAHCTBA IMTOCTOSIHHO ITPOXOIST
BOJIHBI, HECYII[I€ HE3HAUMUTEIbHbIE BO3MYILLEHUS MEPHOCTU, aCTPODU3UKU
Ha3bIBAIOT €r0 PEJIMKTOBBIM U3JlydyeHrueM BceleHHOM, KOTOpoe B OCHOBHOM
COCTaBJISIIOT TaMMa-U3JaydeHus1. [aMMa-u3iIydeHus MpeacTaBisioT coO0i
MPOSIBJICHWE NMEPBUYHBIX MaTepUil C IPYrMMU, MEHBIIMMU 3HAYCHUSIMU
KOo3(ppuirieHTa KBAHTOBAaHUS IPOCTPAHCTBA, YeM MMeeT Halla BeceneHHas u
HEIOCPEACTBEHHO B CUHTE3¢ (PU3MUECKY IIJIOTHOI MaTepUU yJdacTUs He TIpU-
HuMaloT. Ho, TeM He MeHee, KX POJIb SIBJISIETCS KII0UEBOM B IPUPOAE DJIEKTPO-
Ha. [TocToSTHHO ITPOHU3BIBAs MPOCTPAHCTBO, 3TU BOJHBI BbI3bIBAIOT HE3HAUM -
TeJIbHbIC, C IIEPBOTO B3IJISIAa, BO3MYILLEHUSI MEPHOCTHU ITpocTpaHcTBa. He3Ha-
YUTEJbHbBIE IJIS1 YET0-TO, 3TU BO3MYILLEHUSI CTAHOBSITCS ONpeaeasSOlIUMU B
npupoje 3jiekTpoHa. HaknaapiBasich Ha geopManio MUKPOIIPOCTPAHCTBA
(3.2.6), raMmMa-u3ay4eHUsS KPAaTKOBPEMEHHO CO3Jal0T JOIMOJHUTEIbHOE
HMCKPUBJIEHUE MUKPOIIPOCTPAHCTBA, IMMPY KOTOPOM BO3HUKAIOT YCIOBUS JJIsI
CJIMSTHUSI CEMU MEPBUYHBIX MaTepuii Hauero tuna (Puc. 3.2.9).

6vi <AL+h (3.2.7)

Ha xopoTkoe BpeMs BO3HUKAIOT YCJIOBUSI, IPU KOTOPHIX BCE CEMb Mep-
BUYHBIX MaTepU B COCTOSIHUM CIUTHCS M 00pa3oBaTh TMOpuaHyIo hopMmy. Ha-
YMHAETCY TPOLIECC CUHTE3a, MOSBISIETCS MaTeprUalbHOE 00JIaKO, KOTOPOE
HAYMHAET YIUIOTHSITBCS, HO TIPOLIECC YIUIOTHEHMSI HE YCIIEBAET 3aBEPIUIMUTHCSI.
BosiHOBOIT poHT, Mpoxoast yepe3 001acTh AeopMalliidi MUKPOIIPOCTPaAH-
CTBa, MOCTOSIHHO MEHSIETCSI U B pe3yJIbTaTe, COBOKYITHbIN YPOBEHb MEPHOCTHU
9TOM 00JIaCTM COOTBETCTBEHHO IIJIABHO MEHSIETCS, B MpeeaaX aMIJIMTYObI
MPOXOsIei BOJHbI. BoHa mpuHOCUT ¢ cO00I M3MEHEHUE YPOBHSI MEPHOCTU
30HBI Ae(PopMalIMi MUKPOIIPOCTPAHCTBA, 0€3 KOTOPOro HE BO3ZHUKAIOT HE-
00XOIMMBIE Y TOCTATOYHBIE YCIIOBUS IJISI CIMSIHUS CEMU MIEPBUYHBIX MATEPUIA.
I[TogoOHOE KaueCTBEHHOE COCTOSIHUE COXPaHSIeTCsl O4YEHb KOPOTKMIA TpoMe-
>KYTOK BPEMEHH, B TEUECHUE KOTOPOro MPOXOAsIas BOJIHA CO3AaET HEOOXO-
JUMYIO0 TOMOJIHUTEbHYIO JepopMalinio MUKporpocTpaHcTsa. [Tpuuem, cie-
JIyeT YYECTh, UTO BOJTHA HECET B CEOE NOIMOJTHUTEIBHYIO 1eopMannio 000nx
3HAKOB, KaK MOJIOXUTEJIbHYIO, TaK U OTpULATENIbHYI0. BecieacTBue aToro
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JedopMaliisi MUKPOIIPOCTPAHCTBA HAUYMHAET YMEHbIIAThCS, U HACTYMNaeT
MOMEHT, KOIJla BHOBb MCU€3al0T KAYECTBEHHbIC YCIOBHUS IJISI BO3MOXHOTO
CIIMSIHUS ceMU nepBUYHbIX MaTepuii (Puc. 3.2.10). MarepuanbHoe 00J1aKoO,
KOTOPOE TOJIbKO HAavyajl0 yIUIOTHSTCS, BHOBb paccenBaeTcs. Bce aTo mpouc-
XOJIUT BO BpeMsI ITPOXOKASCHUS Yepe3 30HY JePopMallii MUKPOIIPOCTPAaHCTBA
TOJIbKO OJTHOTO (pOTOHA ramma-u3iaydyeHus. B cuiay Toro, 4ro J100y10 TOUKY
MUKPOIIPOCTPAHCTBA HEIIPEPHIBHO MPOHMU3BIBAET OTPOMHOE YMCJIO BOJH,
MPOLECC YIJIOTHEHUS U pa3yMJIOTHEHWSI MAaTEPUU IPOUCXOIUT HEIPEPHIBHO.
JlaHHO€ COCTOSTHUE SIBJISICTCS TPAHUYHBIM COCTOSIHUEM (PU3UYECKU MJIOTHOM
MaTepuu. UMEHHO MMO3TOMY 3JIEKTPOH, KOTOPBI COOTBETCTBYET 3TOMY I'pa-
HUYHOMY COCTOSIHUIO, 00J1a7aeT IBOMCTBEHHBIMM CBOMCTBAMU, KaK YaCTHUILIbI,
TakK 1 BOJIHbI. UMEHHO m03TOMY rOBOpUTCS 00 3JIEKTPOHHOM 00J1aKe, KakK O
HEKOTOPOM CTYCTKE MaTE€pUM, KOTOPBIM IBUXKETCS BOKPYT siapa aToMa. AHa-
JIOTHEN 3JIeKTPOHHOMY 00J1aKy MOXKET CIYy>XKUTh TyMaH. BoassHbIe mapkl B BO-
3MyXe IpU TEMIIEpAType, TaK Ha3bIBA€MOM, TOYKM POCHI, HAYUMHAIOT KOHACH-
CUPOBAThHCS B MeJIbUalllIMe KaneJbK/ BOAbl, MaJIECHbKME HACTOJIbKO, YTO OHU
HE BBIIIAAAIOT B BUJIE TOXs, a MPOAOJIKAIOT «IIapUTh» B BO3IyXE, IOTJIOIAS
1 pacceuBas cBeT. Tak U B fedopMalusIX MUKPOIIPOCTPAHCTBA BOKPYT siapa
aToMa IOSIBJISIETCS M MiCUYe3aeT JEKTPOHHBIN «TyMaH» — HEYCTOMYMBOE Irpa-
HUYHOE COCTOSIHUE (PU3NUECKU MJIOTHOU MaTepUU.

Teriepb X0TeI0Ch ObI OOPAaTUTh BHUMAHUE HA MMOHSTUE ABUXECHUS DJIC-
KTpPOHA. DJIEKTPOH, SJIEKTPOHHOE 00J1aK0, BOOOIIE HE IBXKETCS B PU3NUECKU
IUIOTHOM cpene. B mepByto odyepenb MOTOMY, UTO 3JIEKTPOH HE SIBJISIETCS B
MMOJTHOM CMbIC/Ie (PU3NYECKU MJIOTHOU MaTtepueii, a €CTh, HU 4YTO MHOE, KaK
KpaliHe HeyCTOMYMBOE IrpaHMYHOE cocTosiHuE 3Toi Matepuu (Puc. 3.2.11).
DT0 KpaliHe HEYCTOMYMBOE TPAHUYHOE COCTOSIHUE MPOSIBISIETCSI B MEPBYIO
oyepeib B MIOCTOSTHHOM MEPEXOAE MAaTEPUU U3 OTHOTO KAYECTBEHHOTO COCTO-
stHUS B ipyroe. [1pu 3ToM 5T Ka4yeCTBEHHbIE COCTOSIHUS CBSI3aHHBI C TIOCTO-
SIHHBIM TIOTJIOLIEHMEM U U3TydeHEM (POTOHOB raMMa-u3J1ydeHUs IpU nepe-
X0JIe MaTepUU U3 OJHOr0 Ka4yeCTBEHHOI'O COCTOSIHMS B IPyroe M oOpaTHO
(Puc. 3.2.12 u Puc. 3.2.13). I1pu aTOM, MaTepusi MOXET BEPHYTbHCS K ITPEIbI-
JIylIeMy KaYeCTBEHHOMY COCTOSTHUIO HE 00513aTEJIbHO B TOM XK€ CAMOM MECTE
(Puc. 3.2.14).

[Tpy HaIMYMK TOPU3OHTAJIBHOTO TIepenaaa MEPHOCTH, BBICBOOOIVBIIIM -
ecs Ipu pacraae JeKTpoHa IepBUYHBIC MaTepUM, TTIOIJIOTUB (POTOH IPYrou
JUIMHBI BOJIHBI, MOTYT MaT€pUAJIM30BAThCS B KAKOW-JTMOO COCETHEN 30HE Jie-
(hopMaLIMy MUKPOIIPOCTPAHCTBA, CYLLECTBYIOLIEH BOKPYT siapa atoMa. [1po-
WCXOIMT, TAK Ha3bIBA€MbI1, KBAHTOBBIM MEPEXOM 3JTCKTPOHA C OQHON OPOUTHI
Ha apyryto. [1pn nomoObHbIX nepexoaax 3JIEKTPOHbI MOTJIOIIAT U U3JIy4aroT
(bOTOHBI C pa3IMYHBIMU JJIMHAMU BOJH. DTO CBSI3aHO C TeM, YTO KaXaasl 30-
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HAa OTJIMYAETCS OT COCEAHEN YNCACHHOU BEIMYMHON HedopMaliii MUKPOIIPO-
ctpaHcTBa. [loaTOMY M3-3a 3TOTrO pa3auyusl «IJIyOMHBI» 30H AedopMaluu
MUKPOIIPOCTPAHCTBA IAJIs1 BO3BMOXXHOCTU MaTepUAJIM3aLIMY SJIEKTPOHA HEOO-
XOIMMBI pa3HbIe JOTIOJHUTEIbHbIE UCKPUBIIEHUSI MUKPOIIPOCTPAHCTBA, YTO
1 OCYILLECTBJISIETCS IMTOCPEICTBOM MOIJIOIIEHUS (DOTOHOB, UMEIOIIMX PA3HbIE
JUIMHBI BOJIH ¥ aMIJIMTYAbL. Tak Kak ()OTOHBI Pa3HBIX IJIVMH BOJIH IIPUHOCHT C
CcO00M pa3HbIC MO BEJIMYMHE KOJeOaHUSI MEPHOCTU MUKPOIIPOCTPAHCTBA, TO
OHMU B COCTOSIHUU KaUY€CTBEHHO BJIUSITh HA IIPOLIECCHI B 30HAX HEOJTHOPOIHO-
CTEl, €CJIU MX AJIMHA BOJHBI COU3MEpUMa C pa3MepaMM 3TUX 30H HEOAHOPO/I-
HOCTU MUKpOHNpocTpaHCcTBa. MUMeHHO MO3TOMY, ITPY U3JIYYEHUU IJIEKTPOHOM
(boTOHA, OH «ITepeCKAKMBAET» HA MEHBIIIYI0 OPOUTY, 4 MPU IMOTJIOLLIEHUN, CO-
OTBETCTBEHHO, Ha OOJIbIIIYIO OpOUTY. [Ie10 B TOM, UTO, C U3Iy4EHUEM, C ITO-
Tepeli 3J1IeKTPOHOM (POTOHA, «ITyOMHAa» 30HbI Ae(opMalii MUKPOIIPOCTPaH-
CTBa, B KOTOPOM HAXOAUTCH 3JEKTPOH, U3MEHSETCS HA BEIUYMHY aMILIUTYIbI
nu3iayyaeMoro ¢goTtoHa. B pe3ynbsrare 3Toro 31eKTpoH CTAaHOBUTCSI HEYCTOMY M -
BBIM U pacIiafacTcs Ha IIEpBUYHBIE MAaTEPUHU €T0 00pa3ylolIne U MaTepuaiv-
3yeTcCs B 30HE JedopMalnn, pacIioJOXEHHOM OJIKE K Sapy aToMa. AHaJO-
TMYHO, IIPY NOIJIOLIECHUY 3JeKTPOHOM (POTOHA, €ro COOCTBEHHAsI MEPHOCTD
YBEJIMUMBAETCS, U OH «II€PECKAKMBACT» Ha OOJIbIIYIO OPOUTY.

YpoBeHb MEPHOCTU MUKPOIIPOCTPAHCTBA, MPU KOTOPOM BO3HUKAIOT
YCJIOBUS JJIS1 BOBHUKHOBEHMS JIEKTPOHA, HA30BEM COOCTBEHHBIM YPOBHEM
aJIEKTpOHA. BOKpyr sg1pa aToMa KOHILIEHTPUYECKH PACIIOJIOral0TCs 30HBI ¢~
(dopMaLy MEPHOCTU MUKPOIMIPOCTPAHCTBA, BOZHUKIIIME TP CUHTE3E Sapa.
[)1yObuHa 3THX 30H e opMaluu pa3indHa, IIO3TOMY JJIsl TOIO YTOObI BO3HU-
KJIU YCJIOBMS IJISI CJIUSTHUSI CEMM MTePBUYHBIX MaTepUii 1 BOBHUKJIIO AJIEKTPOH-
HOe 001aK0, HEOOXOAMMbI KOHKPETHBIE JJIST KaXKI0M U3 3TUX 30H JOMOJHM-
TeJIbHbIE UCKPUBJICHNS MEPHOCTU MUKPOIIPOCTPAHCTBA. DTUM YCIOBUSIM CO-
OTBETCTBYIOT (POTOHBI PA3HBIX JJIMH BOJIH, KaK YK€ OTMEUYAJIOCH BbILIE, JJTMHBI
BOJIH KOTOPBIX COU3MEPUMBI C pa3MepaMu 30H aedopmanuu. B ssape cocpe-
JTOTOYEHO MPaKTUIECKM BCE BEIIECTBO aTOMa, TaK Ha3biBaeMasi, (PU3NIECKU
11oTHasA Matepusi. CaMbIM IPOCTBIM aTOMOM SIBJISIETCSI aTOM BOIOPOJa, CJI0-
KHBIMU — TPAHCYPaHOBBIE 3JIEMEHTHI. ATOMBI BOJOPOAA — CaMbI€ YCTOUYN -
BbI€ 2JIEMEHTHI BO BceneHHOM, TpaHCYpaHOBBIE — COBCEM HEYCTOMYMBLIC U
MMPaKTUYECKU BCE U3 HUX CYLLIECTBYIOT TOJIbKO B UCKYCCTBEHHBIX YCIIOBUSIX U
«KMBYT», IOPO, MUJJIMAPAHBIC TOJU CEKYH/IbI, 3 TO U MEHBIIIE.

HeycToiumBOCTb TSKENBIX 2JIEMEHTOB MONAIAeT B «ITPOKPYCTOBO JIOXKE»
JIOTUKU, — SIAPO 00pa3yeTcs U3 MIPOTOHOB M HYKJIOHOB, YeM OOJIbIIE MTOCJICI -
HIX, TEM MEHEE YCTOMYMBYIO CUCTEMY OHM 00pa3yroT. YeMm GoJtee cioxkHas Cr-
cTema, TeM CJIOXKHEN 1J1s1 He€ HAaXOAUThCS B YCTOMYMBOM COCTOSIHAM. DTO IIpa-
BWJIO JEWCTBYEeT B OTHOILLIEHUM, MPAKTUYECKH, JIIOOOU CIOXKHOU CHUCTEMBI.
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TeM He MeHee, OCTAaETCS OTKPBITHLIM BOIIPOC O MTPUYMHAX BO3ZHUKAIOIIEH HEe-
YCTOMYUBOCTHU, TOTOMY UTO JIJISI PA3HBIX CJIOXKHBIX CUCTEM IIPUYMHAMU HEY-
CTOMYMBOCTU CTAHOBSTCS pa3Hble NPUPOAHBIE SIBJICHUS. TaK BOT, BCOBPEMEH-
HOM siiepHOM (pU3UKE HE CYLLIECTBYET OOBSICHEHUSI CaMOTO SIBJICHUST Paguo-
aKTHBHOI'O pacnajaa, a ToJbKO KOHCTaTUPYETCS peaJlbHOCTh mocaeaHero. U,
€CJIY C HEYCTOMYMBOCTBIO TPAHCYPAHOBBIX 3JIEMEHTOB XOTSI Obl JIOTHKA COTJIa-
CYETCS, TO C HEYCTOMYMBOCTBHIO U30TOMOB 00JI€€ «IIPOCTHIX» IJIEMEHTOB,
BKJII0Yas BOJOPO/, 3TA JJOTUKA, MSITKO TOBOPS, padOTaTh OTKa3bIBaeTCA. Aapo
aToMa BOJOPOAA COAECPKUT TOJIBKO OJMH HYKJIOH — IPOTOH — M aTOMHBIN BEC
€ro NpuHMUMAETCs 3a eAMHULY. TSKENbI Bogopod — JAeATEpUil MU TPUTUI
— B sIIpe UMEET, COOTBETCTBEHHO, Ha OJIMH WJIM ABa HYKJIOHA O0osb1Ie. ToabKo
5TU HYKJIOHBI, B OTJIMYME OT IIPOTOHA, SJIECKTPUIECKU HEUTPATIbHBI, UMEIOT
MPAaKTUYECKU TAKOM XKe BEC U pa3Mep U HA3bIBAKOTCI HEUTPOHAMU. B oTiimune
OT «ITPOCTOT0» BOJIOPO/Ia, OHU HEYCTOMYMBBI, APYTUMHU CJIOBAMMU, PAAUOAKTUB-
Hbl. B TO Bpems, Kak apyrue 3JeMeHThl, UMEIOILE aTOMHBII BEC B IECATKU
aTOMHBIX €IMHULI, ITPOJIOJIKAIOT ObITh YCTOMYMBBIMU. A 30JI0TO, aTOMHBIN BEC
KOTOPOTO JOCTUTAET MOYTH CTa JAEBSIHOCTO CEMM aTOMHBIX €IMHUII, BOOOILIE
SIBJISIETCS MAKCUMAJIbHO XUMUYECKN YCTOMYMBBIM 2JIEMeHTOM. [1osgBieHne B
SIIpe JTI000ro YCTOMYMBOIO aTOMa, «JIMIIHEro» HEUTpOHA, IPEeBpalIlaeT ero B
HEYCTOMYMBBIN n30ToI. K mpumepy, To ke 3010T0 Au UMEET B SIAPE CEMbIECST
JIeBITh IPOTOHOB M CTO CEMHALIaTh HEUTPOHOB, U ycTouuBo! [1pu nosiBie-
HUU €1IE€ OAHOrO HEUTPOHA B SApPE aToOMa 30JI0Ta JOIOJHUTEIBHOIO K yXe
MMEIOIIMMCS CTa CEMHALIATU JeJaeT €r0 HEYCTOMYMBBLIM. B TO BpeMs, Kak
CJIEAYIOIIMIA 3JIEMEHT, UMEIOIIMIA HAa OAWH IPOTOH OoJiblie, pTyTh HE B saape
COIEPKUT CTO AECBATHAALATh HEUTPOHOB, YCTOMYUB.

BosHukaeTr mpotuBOpedre CO 3APaBbIM CMBICIOM, €CIM IOAXOIUTh K
PACCMOTPEHMIO 3TOTO SIBJEHUS C KJIaCCUYECKOI TOUKM 3peHus. OTHO U TOXe
YMCJIO HEATPOHOB B Pa3HBIX aTOMax IPOSIBJISICT ce0s MO-pa3HOMY. 3HAYUT
IPUPONY SBJICHUS PAAXMOAKTUBHOCTU OMPEACIISIET HE YUCIIO HEMTPOHOB B $/1-
pe. Eciin 3T0 Tak, 4To XXe BCE-TaKU ACTACT aTOMbl HEYCTOMUMBBIMU, PAIUO-
akTuBHbIMU?! JlaBaiiTe pazdepEMcsl ¢ 3TUM JIOOONBITHEHIIMM SIBACHUEM
IIPUPO/IbI.

3.3. Baudnue maTepuaabHbiX 00bEKTOB
MHKPOKOCMOCA HA OKPYXKalolue UX NpOCTPAHCTBO

B 30He nedopmaniim MUKpOIPOCTPAHCTBA, K KOTOPOM BBIIOJIHSIOTCS
HEOOXOIMMBbIE YCJIOBUS [IJIS TTOJTHOTO CIMSHUS CEMU IIEPBUYHBIX MAaTEPUH,
MIPOMCXOIUT CUHTE3 TMOpUAHBIX (popM MaTepuii. [Ipuyém, rudpuaHbIe
(bopMbI MaTepuM caMu HAYMHAIOT BIUSTHL HA CBOE MUKPOIIPOCTPAHCTBO C
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oOpaTHbIM 3HakKoM. Kaxmag ruOpuaHas (popma MaTepuu YBEIUMUYMBACT
MEPHOCTb OKPYXKaIOIIEero MpocTpaHCTBA HAa HEKOTOPYIO BeauunHy. [Ipoiuecc
CMHTE3a 3TUX MEPBUYHBIX MaTEpUiA OyAEeT MPOAOIKATHCS 10 T€X IOp, TOKa
nedopmaliss MEPHOCTA MUKPONPOCTPAHCTBA He OyneT HeWTpaau30BaHa.
[1OpuaHbIE POPMBI MATEPUHU 3AMTOJIHAIOT COO0I 3T Ie(popMaLIMM MEPHOCTH.
IIpencTtaBuM cebGe TpyHTOBYIO JOpOry ¢ siMaMu. Eciiv B3sTh 1 3aChINIaTh 3TU
SIMbI IOJTHOCTBIO KAMHSIMM, TIOBEPXHOCTh JOPOI'M BHOBb CTAHET POBHOM, XOTS
B PEAJIbHOCTU SIMbI HUKYJA He ucuesnu. [IpocTo nx 3anoHUIN Ka4yeCTBEHHO
JPYTUMU TBEPABIMU MaTepuaiaMu. Tak u TMOpUIHBIE MATEPUM, BOZHUKILIME
B 30Hax AedopMaliyi MUKPONPOCTPAHCTBA, KAYECTBEHHO OTJMYAsICh OT
MIEPBUYHBIX MAaTePUI UX CO3IABILIMX, 3aIIOJHSIOT 30HbI HEOOHOPOAHOCTU U
co00Ji KOMIIEHCUPYIOT UCKPUBJIEHUE ITPOCTpaHCTBA. B maHHOM ciiydae, Hac
MHTepecyeT rudpuaHas (popMa MaTepun, BOZHUKILAS, KAK pe3yJIbTaT CAUSHUS
cemu (popM IepBUYHBIX MaTepuid. [Ilnana3oH 3HaYeHWIA MEpHOCTH, B IpeAeaax
KOTOPOro (pU3n4YeCKHU MJIOTHOE BEILIECTBO CTAOUIBHO, T.€. HE pacIiagaeTcs Ha
TIEpBUYHbBIE MATEPUU €TI0 00Opa3ylolIMe, JEXKUT B Ipeaeax:

2.87890 < ALgns. < 2.89915 (3.3.1)

Camblii MaJIEHbKWI aTOM — aTOM BOAOPOJIa — B CBOEM SIIPE UMEET TOJIb-
KO OJIMH HYKJIOH — MPOTOH, AaTOMHBIN BEC KOTOPOT'O PaBEH OJJHOM YCIOBHOM
aTOMHOW eauHuIEe. ECTeCTBEHHO MPEANOJIOXUTh, YTO U BIAUSHUE HA CBOM
OKPYKaoIIii MUKPOKOCMOC aTOM BOJOpOAA OyAeT OKa3blBaTb MUHMUMAJIb-
Hoe. B cuity aToro, Bogopo OyaeT yCTOMYMB BO BCEM AMaIa30He 3HAYECHUM
(pmznueckm moTHoOro BemiecTna (3.3.1). UMeHHO mo3TOMY, BOIOPOA, — CaMBblii
pacnpOoCTpaHEHHBIN 371eMeHT BO BcesreHHOI. [laBaiiTe monbITaeMCs IOHSTD,
IMoyeMy BOJOPOJ — CaMblil pacIpoCTpaHEHHBIN 371eMeHT BO BceneHHOM?
ITpu cuHTE3€ aTOMOB, B YaCTHOCTU BOAOPOA, TPOUCXOAUT UBMEHEHME Kaye-
CTBEHHOTO COCTOSIHMSI MUKPOIIPOCTPAHCTBA BOKPYT sSpa 3TUX aTOMOB.
[Ipyuém, Bo3HUKILIEE JONOJTHUTEIbHOE UCKPUBJICHNE NPOCTPAHCTBA UMEET
JIPYTrOM 3HAK I10 OTHOLLIEHUIO K 30HE Ae(POpMALIMU IIPOCTPAHCTBA, B KOTOPOI
MIPOM3OIIEN CUHTE3 3TUX aTOMOB. ECiM cunTath OTpULATEIbHON BEJIUYUHY
nedopManii IpoOCTPaHCTBA, B KOTOPOW MPOMU3O0IIE CUHTE3 aTOMOB, TOrIa
JIOTIOJITHUTEJILHOE UICKPUBJIEHUE ITPOCTPAHCTBA, BEI3BAHHOE KaXKIbIM aTOMOM,
OyIeT MOJOXUTEILHON BeInuynHOM. Takum 00pa3om, Ha IEPBUYHOE UCKPH-
BJICHME TIPOCTPAHCTBA HAKJIAABIBACTCS BTOPUYHOE UICKPUBJICHUE C TPOTUBO-
MOJIOKHBIM 3HAaKOM. B pe3ynbrare 4yero, nepBUYHOE UICKPUBJICHUE IMTPOCTPAH-
CTBa YaCTMYHO KOMITEHCUPYETCS. ATOM BOAOPOAA, UMEIOIIUI B CBOEM SIApE
TOJIBKO OJJMH HYKJIOH — IIPOTOH — CO3Ja€T TaKUM 00pa3oM MUHUMAaJbHOE
BTOPUYHOE MUCKPUBJIEHUE MMPOCTPAHCTBA U MMOATOMY CTAOMJIEH MMPAaKTUYECKU
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BO BCEM auana3oHe. OMacHOCTh HEYCTOMYMBOCTU BO3HUKAET TOJBKO MPU
HaxXO0XJIEHWU aTOMOB BOJIOPOAA y TPaHUILL AMaIla30Ha CTAOMIbHOCTHY (pr3nUe-
CKM IJIOTHOTO BeliecTsa. [1oaToMy, BOIOPOA UMEET CIIEKTP YCTOMUMBBIX CO-
CTOSTHUMIA, MpaKTUYECKM PaBHBIN JMaNa30Hy YCTOMYMBOCTU (DU3NYECKHU ITJIOT-
Horo BeuecTBa (Puc. 3.3.1).

KaxxmoMy ycTOMYMBOMY COCTOSIHUIO aTOMa COOTBETCTBYET YPOBEHb COO-
CTBEHHOI MepHOCTU aToMa. Eciin aToM nMeeT ypoBeHb COOCTBEHHOI MEPHO-
CTU OJIM3KMIA K BEpXHEU rpaHULIEe AMana30Ha YCTOMYMBOCTU (PU3NYECKU TIJIOT-
HOTO BEILECTBa, TO, IPU MOMIOLIEHUN aTOMOM (POTOHA C VIMHHOM BOJIHHI,
COM3MEPUMOM C pazMepaMu aToMa (IIpU IOIJIOLIEHMUA aTOMOM (pOTOHA,
BJIEKTPOH aToOMa «I1I€PeXOJUT» C OJIMXKHEN K siApy opOUTHI Ha OoJjiee yaaaeH-
HYI0), yPOBEHb COOCTBEHHOU MEPHOCTHY aTOMa U3MEHSIETCS Ha BEJIMYMHY aM-
TUTATYIbI OMIOLIEHHOM aTOMOM BOJIHBI. TakuM o0Opa3oMm, B pe3yjabTaTe Mmo-
[JIOLIEHUS aTOMOM (pOTOHA, yPOBEHb COOCTBEHHOM MEPHOCTH aTOMa YBEJIM-
yuBaeTcd. W, eciny n3HavaabHO aTOM HAXOAWJICS OJIM3KO K BEpXHE TpaHULIE
JIMAIa30Ha yCTOMYMBOCTU (DU3NUECKH TUIOTHOTO BEIIECTBA, IT0J00HOE U3Me-
HEHME MEPHOCTU MPUBOIUT K HEYCTOMYMBOMY COCTOSIHMIO aTOMa, X OH pac-
nagaercss. MoxeT BO3HMKHYTh BOIPOC, KAKMM 00pa30oM aTOM BOJOPO/AA B Ua-
CTHOCTHU WJIM JIIOOO¥ APYroil aToM, YCTOMUMBBINA B CBOEM OOBIYHOM COCTO-
SITHUM, CTAHOBUTCS HEYCTOMYMBBIMU U pacnagaetcsa? BeépHeMcs K oOpasy M
Ha JOpPOre, 3al0JHIEMbIX BOJIOM BO BpeMs JoxXAsd. Kak pa3mepsl, Tak U I1y-
OMHa 3TUX SIM BCera OyIeT pa3IndyHOMU U ITOTPEOyeTCsl pa3HOE KOJIMYECTBO BO-
JIbI I YETO-HUOYIAb APYTOoro, YTOObI 3alIOJTHUT 3TU SIMbI 10 KpaéB. I1oaTomy,
€CJIM BO3HMKAET HE3HAUYMTEJIbHOE HCKPUBJICHUE MUKPONPOCTPAHCTBA,
BO3HUKAET CMHTE3 TOJIbKO TAKHX ATOMOB, COOCTBEHHOE BJIMSIHHE KOTOPHIX HA CBOE
MHUKPOIPOCTPAHCTBO COM3MEPUMO C BEJIHYMHOM Je(hopMALMM MUKPONPOCTPAH-
CTBA B 00J1aCTH CHTe3a JaHHbIX aToMoB. Ha nedopmanuio MakponpocTpaHcTBa
HaKJaJpiBaeTcd Aedopmanus MUKPOIIPOCTPAHCTBA, TOJIBKO C 00PATHHIM 3HAKOM,
¥ OHU B3aUMHO YPABHOBELIUBAIOT APYT Apyra. MUMHMMAaIbHOE UCKPUBJICHUE Ma-
KPOMPOCTPAHCTBA, ITPU KOTOPOM BO3HMKAET CUHTE3 (PU3UYECKHU IMJIOTHOTO
BEILIECTBA, COOTBETCBYET YCIOBUSM CHHTE3a Bomopoda. AtoM Bogopoaa H
OKAa3bIBACT MUHMMAJIbHOE BIMUSHUAE HA CBOE MUKPONPOCTPAHCTBO U UMEHHO
MO3TOMY SIBJISIETCSl mepBeileil popMoii PU3MUYECKU TUIOTHOTO BElIeCTBA BO
Bcenennoii (Puc. 3.3.2).

ATOM BOIOPOAA — 3TO NMEPBOKUPIMYMK MaTepuu Hauled BceleHHOW m
VMEHHO OH MOCJIY>KWJI CTPOUTEIbHBIM MAaTEPUAJIOM, KaK JJIsI 3BE3]1, TAK U BCEX
JPYTMX U3BECTHBIX aTOMOB, KOTOPbIE BO3HUKAJIX B HEJpaX 3BE3/1 B pe3yJIbTaTe
TePMOSIACPHBIX PEAKLIMI, MOSBIISIOLINXCS B Pe3YJIbTaTe CXKATHUS BOAOPOIHBIX
3BE3[ — roJyobIx riraHToOB. CxXaThe BOOOPOIHbBIX TOJIyObIX TMTAHTOB ITPOMC-
XOOUT BCJIECICTBUE TOTO, YTO BHYTPU TOJIyOOIro TMraHTa CYILECTBYET Mepena/l



140 Hukomaii Jlesamos. «HeonHoponHas Beenennasi»




[naBa 3. HeogHOpPOAHOCTh MPOCTPAHCTBA M KAY€CTBEHHAsI CTPYKTYpa BEILIECTBA 141




142 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

MEPHOCTHU, HallpaBJIEeHHbIH K LIeHTpY 3Be31bl (Puc. 3.3.3). B pe3yabrare aToro
CXKaTUsl, aTOMbI BOAOPOJa HAUMHAIOT ABUTAThCS K LIEHTPY 30HBI IeopMaliin
MaKpOHNpPOCTPAHCTBA U, CTAJIKMBASICh APYT C APYTOM, U3IydaroT BOJAHBL. [1pu
BTOM 3JIEKTPOH KaXXAO0I'0 U3JTy4arolIero aToMa BOJIOpOa IePEXOINUT C OPOUTHI
¢ OoJIbLIIEl SHEPTUE Ha OpOUTY C MeHbIIeH. M Tak mpoaomKaeTcs 10 TEX T1op,
MOKa 3JIEKTPOH He MPUOIU3ZUTCS K SAPY-IIPOTOHY HACTOJbKO OJIM3KO, YTO
MIPOUCXOAUT Ka4eCTBEHHOE IpeoO0pa3oBaHUE aTOMa BOAOPOJA B HEUTPOH.
CyliecTByeT KpUuTUUYECKass MUHUMaJIbHAs opOMUTa Il BJIEKTpOHA aToMa
Boaopoaa. M ecim 31eKTpoOH, HAXOISCh HA 3TOM OpOMUTE, U3TyYaeT BOJHY U
MEePEXOJUT Ha OpOUTY HUXKE KPUTUUECKOM, MPOUCXOAIT HEeoOpaTUMBbIE
MIPOLIECChl M BOJOPOJ IEPEXOAUT B HOBOE KAUYECTBEHHOE COCTOSIHUE —
HEUTpoH. B HelTpoHEe pacCTossHME MeXIy MPOTOHOM U BJIEKTPOHOM
HACTOJIbLKO MaJibl, YTO MOXHO CKa3aThb UYTO 3JIEKTPOH IMPaKTUYECKU yNaJl Ha
npotoH. [Ipu copoce anekTpoHa HA OpOUTY HUXKE KPUTUYECKOM, BO3HUKAET
CUTYyallMs, KOraa IMIpaKTUIeCKU HE CYIIECTBYET BO3MOXXHOCTU BBIBECTH €T0 Ha
0oJiee BbICOKYIO opouTy. HelTpoH, He MMEIOIIMI 3J1eKTPUIECKOIo 3apsiaa,
CTAaHOBUTCS CTPOUTEILHBIM MaTepUaIOM IJIsl APYTUX aTOMOB.

Yckopssich, B pe3yibTaTe CTOJJKHOBEHMS C aTOMaMU U APYTMMU HEUTPO-
HaMM, HEUTPOHBI JOCTUTAIOT TAKUX SHEPIUii, KOIIa OHU B COCTOSIHUU MPO-
HUKHYTH B SIPO BOJOPOJA U CO3aTh ACUTEPUIA, TAK Ha3bIBAEMBbIH, TSKEIBIN
BogopoAd. TakuM 06pa3oM BO3HUKAIOT YCIOBUS IJISI TEPMOSIACPHBIX pPeaKIIi,
B pe3yJibTaTe KOTOPbIX CUHTE3UPYETCS Irejinii. AHAJTOTMYHBIM 00pa3oM Ipo-
HMCXOIUT CUHTE3 U aTOMOB BCEX OCTAJIbHBIX 3JIEMEHTOB. B pe3yiibraTe cxkxaTus
3B€3[Ibl HACTYIIaeT MOMEHT, KOIr/Ja IMMPOMCXOJUT B3PbIB, TAK HAa3bIBAEMOM,
CBEPXHOBOI, U BEILIECTBO BEPXHUX CIIOEB 3BE3/IbI, COCTOSIIECE U3 aTOMOB pa-
3HBIX 2JIEMEHTOB, BbIOpAChIBAaeTCS B OKpyxKalollee npocTpaHCTBO. Kpome
3TOTrO, CJIeAYeT BCIIOMHUTD, YTO, B IpeAeiaxX Auana3oHa YCTOMUMBOCTU (PU-
3MYECKU MJIOTHOIO BEIIECTBA MEPHOCTh MUKPOIPOCTPAHCTBA MEHSIETCS HE-
MPEPHIBHO B TO BpeMsl, KaK BTOPUYHOE BIMSHUE KaxXXI0ro aToMa Ha 3TO Xe
MPOCTPAHCTBO MMEET KOHKPETHYIO, KOHEUHYIO BEJIMYKMHY. DTa BEJIMYMHA
BJIMSTHUS COOCTBEHHO aTOMa MOXET ObITh OY€Hb MAJIEHBKOM, KaK Y BOJOPOa,
WJIM COM3MEPHMON C IMANa30HOM YCTOMUMBOCTU — KaK Yy ypaHa U CASAYIOLIMNX
3a HUM 3JieMeHTOB (Puc. 3.3.4). BausHue Bcex oCTaIbHBIX 3JIEMEHTOB JIEKUT
MEXIY STUMU KpaHOCTIMHU. BOnopoa Mbl Ha3bIBa€M CaAMBIM «JIETKMM» 3JI€-
MEHTOM, a TPAHCYPaHOBbIe — CaMbIMU «TsLKEIBIMI» (Puc. 3.3.5). Ho, Bpsiiu
KTO-HUOYIb 3aJyMBIBAJICSI, YTO CTOUT 3a STUMMU CTOJIb OUEBUIHBIMU OHSATH -
sIMUA. MBI NPUBBLIKJIM IPUHUMATh, KaK JOJKHOE, MHOTME TIPUPOIHbIE SIBJIE-
HUSsI, XOTSI OHM HECYT B ceOe Mopoii yIMBUTEIbHYIO MHPOpMALIMIO, 001aJaHNue
KOTOPOI MOXKET IMOMOYb pa3ragaTb MHOTME 3aragku npupobl. IIpeacraBum,
YTO B BOJY OpOIIEHO MHOIO IIapMKOB Pa3HOTO pa3Mmepa, HO OJUHAKOBOM
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IUJIOTHOCTU U CaMbIi MAJIECHbKUI U3 HUX — 1IEJI0€ YMCJIO pa3 IIOMENIAETCH B
JI1060M apyrom. BeaencrBsue 3Toro, Bec Kaxkaoro 0yaet 00JbliIe Beca CaMoro
MaJIEHbKOI'O BO CTOJIbKO pa3, CKOJIBKO pa3 OH IMTOMEIAETCS B JAHHOM IIIapUKE.
[Tocie Toro, Kak Bce 3TU LIApUKU YITAJIU B BOY, OHY IIPUILLIM B XaOTUYECKOE,
110 OTHOLLIEHUIO APYT K APYTY, ABMXeHue. Ho mocreneHHO, Mo Mepe moTepu
VMU U3HAYaJILHOTO UMITYJIbCA, OHU PACIIPEACIISATCS B BOJIE B ONIPEACIEHHOM
nopsiake. Camblil TETKWii IIapuK OyAeT IiaBaTh HAa IOBEPXHOCTU BOABI WU
OJIM3KO K Heil, TaM, Te €ro Bec OyAeT HEMTpaJIu30BaH daBjeHUEM Boabl. Bece
OCTaJIbHbIC LLIAPUKU, B 3aBUCUMOCTHU OT MX pa3Mepa, a CJIeI0BaTeIbHO U Beca,
OKaxXyTCsl NOTPY>KEHHBIMU Ha pa3HbIe ITyOMHLI. JIt000€e 1BMXXeHue BOAbI OY-
JIET IPUBOJIUTD B IBUKECHUE BCE 3T LLIAPUKU, HO KAXKIbIM pa3, IOCJIE IpeKpa-
LIEHUS IBUXKEHUS BOIHBIX MACC, BCE 3TU LIIAPUKU BHOBb 3aIMYT «CBOU» ME-
CTa — BEPHYTCS Ha Ty TJIyOUHY, TJI€ X BEC HEUTPAIMU3YETCS JABJICHUEM BOJIBI.
He nipaBna 1u, moHSITHAs 1 3HAKOMAasl KaXXI0My U3 HAC KapTyUHa. Tak BOT, ca-
MbIM «JIETKWM ILapUKOM» SIBJISETCS BOAOPO/, a BCE OCTAJbHbIC INAPUKUA —
aTOMaMU JIPYTUX BJIEMEHTOB, aTOMHBIA BEC KOTOPbIX — KPATHBLIA aTOMHOMY
BeCy aToMa Bojopoaa. KpaTHblii OTOMY, YTO J1I000€ SIAPO COCTOUT U3 HYKJIO-
HOB — IPOTOHOB U HEUTPOHOB, BEC KOTOPBIX — IPAKTUYECKU OAUHAKOBBINA.

Tak BOT, TaK XK€, KaK ¥ BOJHbIE MACChI IPUXOASIT B ABMXKEHUE 1101 BO3IEH -
CTBMEM BeTpa WUJIM Yero-HUOYAb IPYroro, B MIpOCTPAHCTBE MOCTOSTHHO TPOUC-
XOIAT pa3INYHbIC TIPOLIECCHI (HAIPpUMEDP, TPOXOXKACHUE Yepe3 MPOCTPAHCTBO
pa3HBIX BOJIH), B PE3YJIbTaTe YETO BCE «ILJIABAIOIIKE» B IIPOCTPAHCTBE ATOMBI
M MOJIEKYJIbl IOYTHA MOCTOSIHHO HAXOASTCS B IBMXKEHMM. [locie Kaxmoro
0UYEPETHOr0 BO3MYILIEHUS MEPHOCTU ITPOCTPAHCTBA AaTOMbBI BO3BpPAIIAlOTCS K
CBOMM <«PAaBHOBECHBIM» COCTOSIHMSM. BcCiencTBue 3Toro atombl BOJOpOAa
CKaIJIMBAIOTCS Y BEpXHEW I'paHULIbI JUaIla30Ha YCTOMYMBOCTU (PU3NYECKU
M0THOro BewecTBa. [loHMMaHue 3TOro, MpuobIMXKAET K OCMBICIEHUIO
PagrOaKTUBHOCTU U30TOMOB «JIETKUX» U «CPEIHEN TSKECTU» DJIEMEHTOB. K
MIpUMeEpY, IIpyu 00OMOapIAMPOBKE BOAOPOAA HEUTPOHAMM, HEKOTOPBIE aTOMbI
BOIOPO/Ia 3aXBaTbIBAIOT OJIVH WJIY IBa HEUTPOHA, B PE3YJIBTATE YETO aTOMHBII
BEC 3TUX aTOMOB YBEJIMYMBAECTCS HA OJHY WX ABE aTOMHbIE €IMHUIIBI 1 00pa-
3yeTcs AeTepruii MU TPUTHI, UMEIo1Ire OOIbIINI, Y4eM BOAOPO, aTOMHBII
BEC MPU TaKUX XK€ IECKTPOXMMMHUYECKUX CBOMCTBAX. JleWTepuit 1 TpUTUM,
MMeES TaKOW HE3HAUUTEIbHBIN aTOMHBIN BEC, SBJISIIOTCS PAAUOAKTUBHBIMU
n3oTtonamu Bogopoaa. HeoobsacHMMOE ¢ KJIacCUYECKOM TOUKM 3pEHUS SIBJIE-
HUE CTAHOBUTCS €CTECTBEHHBIM JIJISI IOHMMAaHUS, €CJIA YYECTh BbIILIECKA3AH-
Hoe. B npuHumMne, Bogopo1 yCTOMYMB B Ipeaeiax MIpaKTUIeCKU BCEro auana-
30Ha YCTOMYMBOCTU (PU3NYECKHU IIJIOTHOTO BelecTtBa. Ho, mpu 3ToM, ypoBEeHb
COOCTBEHHOM MEPHOCTH BOIOPO/IA PACIIONAraeTCs OJIM3KO0 K BEpXHEH TpaHULIEe
JMana3oHa yCTOMYUBOCTU. [1j1 TOro, 4ToObI MOHSIThH, YTO TAKOE YPOBEHb COO-
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CTBEHHOI MEPHOCTH, CJIEAYEeT BCNOMHMTb, YTO KaXXIbIA aTOM BIIUSIET HA CBOE
MUMKPOIPOCTPAHCTBO. DTO BIMSIHME O0YCIOBJIEHO TEM, YTO aTOM 3aHMMAET CO-
00i1 YyacTh MaKpOIPOCTPAHCTBA.

BiuvsiHue kaxxmoro aromMa Ha CBOE MMKPOIIPOCTPAHCTBO M MaKpOIIPO-
CTPAHCTBO — IMOCTOSSHHO M MPONOPLIMOHAJILHO aTOMHOMY BECY, APYTUMU
CJIOBAaMU, KOJIMYECTBY MIPOTOHOB U HEUTPOHOB, 00OPA3YIOIINX aTOMHOE SIPO:
yeM 00JibllIee YKUCI0 HYKJIOHOB (IIPOTOHOB U HEMTPOHOB) BXOASIT B COCTaB
sipa aToMa, TeM OOJiblle BIMWSHME aTOMa Ha OKpYyXKarllee NpOCTPaHCTBO.
Jedopmaiiyss MaKpoInpoOCTPaHCTBA MOXET ObITh pa3IUYHOM. ATOMBI, BO3HU-
Kalolye BCJIeICTBME CUHTE3a WJIM ITOMABIIME B 3Ty Je(OpMaLnIO, 3aII0JIHSIIOT
e€ coboit. IToaToMy, Mpu 3amOIHEHUN OAHON U TOM XK€ HEOTHOPOIHOCTU
pa3HbIMM aTOMaMM, MOCAeAHNE (ATOMbI) OKAXXYTCSI B pa3HbIX KAU€CTBEHHBIX
YCIOBUSX. ATOM BOAOPOAA, MPU CBOEM MUHUMAJIbHOM BIIMSIHUM HA OKpYy>Ka-
I011Ie€ MPOCTPAHCTBO, OYIET YCTOMYMB I10 BCE 30HE HEOTHOPOTHOCTH B CUITY
TOTO, YTO CTEINEHb BJIMSHUS aTOMa BOAOPOIa HA OKPYXKAIOLLEe MPOCTPAHCTBO
3HAYUTEJIbHO MEHBbIIIE BEJIUYMHBI caMoOi gedopmanuu. B To Bpemd, Kak
CTEINEHb BAMSHUS Ha OKPYXKalollee IIPOCTPaHCTBO aTOMOM ypaHa U cousme-
PUMO C MAaKCHMMaJIbHOM BeJIMYMHOM JedopMalliy TIPOCTPAHCTBA, IIPU KOTO-
PO MOXET CYILIECTBOBATh (PU3NYECKHU IJIOTHOE BellecTBO. [1oaTomy, ycinoBus
JUISI CUHTE3a Y YCTOMUYMBOTO COCTOSIHMS aTOMA ypaHa BO3MOXKHBI TOJILKO TIPU
BEJIMUMHE JeopMallii, COU3MEPUMOM CO CTEIIEHbIO BIUSIHUS aTOMa YypaHa
Ha OKpYyKarollee IMPOCTPAHCTBO. A 3Ta BeJIMYMHA, KaK YK€ TOBOPUJIOCH, CO-
M3MeprMa C BEJIMYMHOM I1arna3oHa yCTOMUYMBOCTU (DU3NYECKU TNIOTHOTO Be-
niectna. I1oaTomy, ypoBeHb COOCTBEHHOIT MEPHOCTU aTOMa ypaHa OyIeT Jie-
KaTb BOJIM3M HUKHEU TPaHUIIBI AMAIIa30HA YCTOMUYMBOCTH.

AtoMm Bomopoaa H oka3biBaeT MUHMMAJIbHOE BIMSIHME HA OKPYKAIOILIEEe
MMPOCTPAHCTBO U IO3TOMY OH OyJET YCTOMYMB MPAaKTUYECKHU B MIpeaeiax BCero
JIrara3oHa yCTOMYMBOCTU (PU3MUECKU IUIOTHOTO BelllecTBa. Apyrumu ciioBa-
MU, BOJIOPOJ MMEET COEKTP 3HAYCHUI COOCTBEHHOM MEPHOCTU, COU3MEPH-
MBI ¢ IMana30HOM YCTOMYMBOCTU (PU3UYECKH MJIOTHOTO BellecTBa. Takum
00pa3oM, ypoBeHb COOCTBEHHOM MEPHOCTH MpeACTaBIAsAeT C000ii 3HaYeHue(s)
MEPHOCTH MIPOCTPAHCTBA BHYTPH IHANA30HA YCTOMYMBOCTH (PpU3UIECKH ITIOTHO-
ro BeleCTBa, MPH KOTOPHIX MPOUCXOAUT CHUHTE3 JAHHOIO aATOMA M NPH KOTOPO
OH coxpaHseT ycroiunBoe coctosinue. CnekTp 3HaYeHUU ypoBHel co0-
CTBEHHOM MEPHOCTU BOAOPOAA O3HAYAIOT, YTO CUHTE3 aTOMOB BOAOpO1a Oy-
JIET IPOUCXOIUTh, KaK MpU AepopMalisIX IIPOCTPAHCTBA, COU3MEPUMBIX CO
CTEMEHbIO BJAMSIHUS aTOMa BOJOPOJA HA OKPYXKAKoIIEee IMPOCTPAHCTBO, YTO
0JIM3KO0 K BepXHel IrpaHUlIe Malia30Ha YCTOMUYMBOCTH, TaK U IIpU Jedopma-
LIASX IPOCTPAHCTBA, COU3ZMEPUMBIX C BEJIMUMHOM Trana3oHa YCTOMYUBOCTU
(puznyecku 1I0THOrO BeulecTBa. CiaeayeT OTMETUTD, YTO KaXKAbIii aTOM BJIV-
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SIeT Ha OKPY:Kalollee IMPOCTPaHCTBO B 3aBUCMMOCTH OT ero arToMHoro Beca. Ho,
BHE 3aBMCHMMOCTH OT TOT'0, KaK CUJIbHO OH BJIMSIET, OH YACTUYHO WJIU MTOJTHO-
CTbIO 3aIOJIHSIET o001 JeopMaLIMIo MPOCTPAHCTBA, YMEHbIIIAsA TEM CaMbIM
BeJIMUMHY 3ToM JepopMaliiu. [1oaTOMY, COBOKYITHOE BIMSIHUE HA TPOCTPAH-
CTBO JABYXCOT TPUALIATU BOCbMM aTOMOB BOAOPOJa MPUOJU3UTEIbHO OydeT
PaBHO CTENEHU BIWSHUS OQHOrO aToma ypaHa. IIpnuém, 3amonHssa codoi u
KOMIIEHCUPYS AedopMaliio IpOoCTPaHCTBa, KaXIblii aTOM Bogopoaa OyaeT
YMEHbIIATh «JIYOUHY» 3TOM AedopMaliii U ABECTU TPUALIATH BOCbMOM aTOM
BOJIOPOJA OKaXKeTCs B TAKMX K€ KaueCTBEHHBIX YCIOBUSIX, KaK U OJUH aTOM
ypaHa — CTaHET HEYCTOMYMBBLIM, paguOaKTUBHBIM. OTIMYMe OyIeT TOJLKO B
TOM, UTO BCE 3TU aTOMbI BOJOPOAA OYAyT HAXOAUTHLCS B MOCTOSIHHOM JIBU-
JKEHMU IPYT OTHOCUTEIBHO ApYra U MepruognUeCcK KaxKabIi M3 HUX OKAXKeTCsI
B MOJIOKEHUN HEYCTOMUYMBOCTU U, €CJIM B 3TO BpeMs Uyepe3 JaHHYIO0 TOUKY
MPOCTPaHCTBA MPONAET KaKOe-HUOYAb MUKPOCKOIIMUYECKOE BO3MYIIEHNE
MEPHOCTH MPOCTPAHCTBA, JaHHbIM aTOM BOJOPOA CTAHET PaJUOAKTUBHbBIM.
B 1O BpeMs1, KaK Kax/Iblif aTOM ypaHa IMMOCTOSIHHO HAaXOJUTCSI B HEYCTOMYMBOM
COCTOSTHUU M TTPY MUKPOCKOTTMYECKUX BO3MYIIEHUSIX MEPHOCTH TIPOCTPaH-
CTBa HAUMHAET pacrnagaThCs Ha 0oJiee yCTOMUMBEIE aTOMBI.

TakuM 00pa3oM, BHE 3aBUCUMOCTH OT TOr0, KAKOi 3TO aTOM, OH CTAHOBHT-
Cs paJIMOAKTHUBHbBIM, €CJIM OH, 110 TeM WJIH MHBIM NPUYMHAM, OKAXKeTCS 0JIM3KO K
BEepPXHEi rpaHuIle IUana3oHa yCToHYnBOCTH (hr3MIecKH IIOTHOTO BemecTna. B
CWJIY TOTO, YTO B IIPOCTPAHCTBE IMMOCTOSTHHO MPHUCYTCTBYIOT pa3jIMYHbIe MUKPO-
CKOMUYECKMe KoaebaHUsI MEPHOCTU, aTOMbI BOJIOPOAa OCTOSIHHO HAXOISITCS
B JIBUKEHUM, TIPM KOTOPOM OHM OTKJIOHSIIOTCSI OT OITMMAJILHOIO JJIsI HUX
ypoBHSI MepHOCcTH. Ho, Kak ¥ momiaBoK YIIEAIIW MOA BOAY BCILILIBACT
M0CJIe TOTO, KaK pbl0a OTITYCTUT HAXKMBKY, TaK M aTOMbI BOJIOpO/ia (BIIPOUEM,
KaK 1 J100ble Apyrue aToMbl) BO3BpalllaloTCsl K ONTUMaJlbHOMY YPOBHIO
cooctBeHHOU MepHocTU (Puc. 3.3.6). Eciu Bo BpeMs1 ABUXKEHUSI aTOMOB
BOJIOpPOJIa TI0J BO3EHCTBMEM BO3MYILIEHUI MEPHOCTA MUKPOIIPOCTPAHCTBA
PO KAKOTO-11M00 M3 aTOMOB BOJIOPOJIA «3aXBaTUT» OJWH VI IBA «JIMIITHUX»
HEUTpPOHA, TO, ITPU BO3BpAIEHUU TaKMX U3MEHEHHBIX aTOMOB K OIITUMAaJlb-
HOMY JJIsl BOAOPOJa YPOBHIO MEPHOCTU OHU «BBINMaAalT» U3 JUara3oHa yc-
TOUYMBOCTU (PU3NYECKU IJI0THOrO BeliecTBa (Puc. 3.3.7). B pe3ynbrarte yero,
CTaHOBSTCS HeycToMUuBBIMU U pacnanatorcs (Puc. 3.3.8). U Bcé cpasy cra-
HOBUTCSI Ha CBOM MeCTa, MCYe3al0T MPOTUBOPEUMSsl, BMECTO adCypaa OTKPHI-
BaeTCsl BEJIMKOJIeITHAsl KapTMHA MUKPOMMpPA B CBOEH MepBO3JaHHOM KpacoTe.
OcTaJioCch BBIICHUTH TOJBKO MaJIEHBKOE «HO»: IMOYEMY TSKEJIBbI BOAOPO/L,
BO3BpalllaeTCsl K TOMY XK€ ONTUMaJlbHOMY YPOBHIO COOCTBEHHOI MEPHOCTH,
YTO U «IIPOCTOM» BOJOPO, B pe3yJIbTaTe Yero CTAHOBUTCSI HEYCTOMYMBBIM U
pacrniagaercs?!
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JlaBaiiTe 4yThb Iy0Ke «3arjassHEM» B SIIpO aToMa Bogopoaa. Aapo «mpo-
CTO» BOJIOPOAA UMEET OJJMH HYKJIOH — MPOTOH — ITOJIOXUTEIbHO 3aPsI>KeH-
HYIO YaCTHILY, 3apsi KOTOPO HEUTPAIU3yeTCsl OTPULIATEIbHBIM 3apsSIA0M dJIe-
KTPOHA, YTO 00eCeYnBaEeT YCTOMUYMBOCTh aToMa. BcrmoMHMM, 4TO s11po coaep-
>KUT MPAKTUUECKU BCIO MAacCy aTOMa, B HEM COIEPKUTCS PU3NIYECKU IIIIOTHOE
BEILECTBO, MPEACTABISLIONICEe COO0M THOPUAHYIO (OPMY MAaTEpUU, BO3HUK-
IIYIO B Pe3yJIbTaTe CIUSHUS CeMU MEPBUYHbBIX MaTepuii. [nOGpuaHbie (pOopMBbI
BJIMSIIOT HA MEPHOCTh MUKPOIIPOCTPAHCTBA C OOpaTHBIM 3HaKOM. Beitencteue
yero, M3HavaJbHas aedopMmalysi MUKPOIIPOCTPAHCTBA HEUTpaausyeTcs, 1
BOCCTaHABJIMBAETCS 0alaHC — YCTOMYMBOE COCTOSTHME MPOCTPAHCTBA. Anpo
aToMa BOAOPOJa, IIPU CBOEM POXKIECHUM, CO3IAET CBOIO MUKPOCKOITMYECKYIO
JedopMalio MEPHOCTU OKPYXKaIOIIEro MUKPOIIPOCTPAHCTBA TAKOM K€ TIpH-
poIbl, 4YTO M M3HavajdbHas. M, ecan m3HadaiabHyo AeopMaluio CYUTATh
OTPULIATEIbHOM, TO (PU3NUECKU IJIOTHOE BEILIECTBO CO3IAET MOJIOXKUTEIbHYIO
nedopMalLio MUKPOIPOCTpaHCTBA. B 3aBUCMMOCTH OT TOro, Ha KAaKOM pac-
CTOSSHUHU OT siipa BO3HUKAET BbI3BAHHASI IMMPOTOHOM JedOopMalus MUKPO-
MMPOCTPAHCTBA, MOSBISIETCS WIA aTOM BOOOPOAA, WM HEUTPOH. Jle10 B TOM,
YTO HEMTPOH — BJIEKTPUYECKU HEUTpaibHAsI YaCTU1IA, KaYeCTBEHHO 00pa30-
BaHa MIPOTOHOM U 3JIEKTPOHOM, PACCTOSIHUE MEXTY KOTOPBIMUA — Ha MOPSI0K
MEHBbIIIE pa3Mepa atoMa Bogopoaa. [1oaTomy, cToab OJIM3KO pacIioIOXXEHHBIE
MOJIOXKUTEIbHAS U OTpULIATEIbHAs 30HBI Ae(POpMaLIM MUKPOIIPOCTPAHCTBA
MOJHOCTBIO KOMIIEHCUPYIOT APYT APYyra, 1 BOSHUKAET HEUTpaIbHAS 30HA MU -
KPOINPOCTPAHCTBA, KOTOpasl HE BCTyMNaeT BO B3aMMOJEHCTBME HU C KAKUMU
JPYTMMU, U30JUPOBAHHAS OT BCETO U BCHI.

Y atoma Bogopoa «3JIeKTpOHHas» 30Ha AeopMallMi MUKPOITPOCTPaH-
CTBAa HECKOJIBKO OTHAJIEHAa OT MPOTOHA, B PE3yJIbTaTe YEro €€ BIWSHUE Ha
MIPOTOH $7Ipa BOJIOPO/Ia 3HAYUTEILHO MEHBIIE, B CUJTY YETO CHJIa B3AUMOJICH -
CTBUSI MEXAY HUMU — 3HAYUTEILHO MEHBIIE YeM BHYTPYA HEMTPOHA, B PE3YJIb-
TaTe 4ero, MOsIBJISIFOTCSI CBOMCTBA, XapaKTepHbIE 1711 aTOMOB. Takum o0pa3om,
YETKO BEIPUCOBAJIMCH OTJIMYMS MEXTY aTOMOM BOJIOPOA U HEMTPOHOM U 3TO
pa3ianyre — TOJAbKO B PACCTOSIHUU MEXKIY ABYMsI 30HaMU JedopMallii M-
KPOITPOCTPAHCTBA pPa3HbIX 3HAKOB. MMEHHO pacCcTossHME MeXIy HUMU TaK
3HAYUTEIbHO BJIMSIET HAa UX CBOMCTBA, YTO Mbl TOBOPUM, B OTHOM CJiydae, 00
aToMe BOAOpPOAa, a B APYroM — O HEHMTpoHe. M o1siTh, IPOCTPAHCTBEHHbIE Xa-
PaKTEpUCTUKHU MPUBOIIT K KAYECTBEHHOMY CKauKy MPOSIBJICHUSI MAaTEpUU. A
Ternepb, BCIIOMHUM, UTO «3JIEKTPOHHAasI» 30Ha AedopMaliui HeoCcTaTOuHa 151
MOJIHOTO CJUSIHUS CeMU (POPM MATEPUU U, YTO YCJIOBUS )15 CIMSTHUS BO3ZHM -
KAalOT TOJIbKO BPEMEHHO, BO BPEMSI IPOXOKIECHUS (PpOHTA BOJIHBI YEPE3 «3JIC-
KTPOHHYIO» 30HY AedopMallii MUKPOIIPOCTpPaHCTBA. B pesynkrare 3Toro,
(pr3MUeCKHU IIOTHASI MaTEepUsI «pPOXKIACTCSI», YTOOBI B CACAYIOILIEE MTHOBEHUE
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yMepeTh, I TaK MOBTOPSIETCSI 06CKOHEYHOE YK CI0 pa3. Bo Bpemsi cBoeit «kpaT-
KOBPEMEHHOI XXM3HW» 3JEKTPOH IMPOSIBJISIET CBOMCTBA BelleCTBa, APYTUMU
CJI0BaMM, BJIMSIET HA IPOCTPAHCTBO TOYHO TaK XK€, KaK U SIPO aToMa BOIOpoJa
— IpoToH. B MOMEHT ero pacrnaga — «CMepTHU» — MOA00HOE BIMSIHUE UCYe-
3aeT. M, Kak ciaencrtsue, aTOM BOAOPOAA MOCTOSSHHO COBEPIIAET MUKPO-
CKONMYECKNE KOJIEOAHNWSI MEPHOCTH OKPYXKAIOIIETO MUKPONPOCTPAHCTBA,
OTHOCHUTEJIbHO YPOBHSI YCTOMUYMBOIO COCTOSIHUSI paBHOBecUsl. B pe3yibrate
MEPUOAUYECKONM MaTepruaan3alii 3JIEKTPOHA, «3JIEKTPOHHAs» MUHYCOBas
30Ha JeopMalii MUKPOIIPOCTPAHCTBA TO UCYE3HET, TO BHOBb IOSIBUTCS. Ta-
KUM 00pa3oM, pa3audue MexXay aTOMOM BOJOPOAA U HEUTPOHOM OIIpe-
JIESIOTCS TOJbKO MX IPOCTPAHCTBEHHOM CTPYKTYpOIi, KOTOpasi OKa3bIBAeT
BJIMSIHUE TOJIbKO HA MX XUMUYECKHME CBOMCTBA, B TO BpeMsl, KaK MPpUpOAa UX
BJIMSIHWSI HA MUKPOIIPOCTPAHCTBO — MPAKTUYECKU TOXASCTBeHHA. [1oaTOMY,
KOrJa aTOM BOJOPOJAA «3axXBaTbIBaeT» HEUTPOH, aTOM TSIXKEJIOTO BOIOPOAA
CTPEMUTCS K TOMY K€ ONTUMAJIbHOMY YPOBHIO COOCTBEHHOI MEPHOCTH, YTO
U «IIPOCTOM» BOAOPO/I, B TO BpeMsl, KAK COBOKYITHOE BIUSHUE SApa HA OKPY-
>Karolllee MUKPOIIPOCTPAHCTBO Y TSKEJIOTO BOJOPOAA B ABA WK TpU pa3a (B
clydae JeuTepust Wik TPUTHUS, COOTBETCTBEHHO) OOJIbIIIE, YEM Y TIPOCTOIO BO-
nopona. M, kak ciieicTBUe, TSDKENbIA BOJOPO/I BBINAAAET 3a Mpeebl YCTOM-
YUBOCTU (PU3MYECKU MJIOTHOro BeulecTBa. Ero simpa okas3bIBalOTCS B 30HE
MUKPOITPOCTPAHCTBA, TJI€ HE MOXET CYIIECTBOBAThL MaTepusl, BO3HUKILIAS
MIPU CIMSIHUM CEMU MEPBUYHBIX MaTepUii, MPOUCXOAUT pacHaj sapa Ha Ma-
Tepuu, ero obpazyoiye. YTo U COOTBETCTBYET paJIMOAKTUBHOMY pacIiamy.

MozxeT BO3HUKHYTh BOIIPOC: IIOYEMY aTOM BOJOPO1A, KAK U BCE OCTaJIb-
HbIe aTOMBbI, JOJDKEH CTPEMUTHCS K ONTUMAJIbLHOMY YPOBHIO COOCTBEHHOM
MepHocTu?! Y BooO111e, UTO CTOUT 3a 3TUM IToHATHEM? OuepeaHasi KOMOMHA-
LM CJIOB, HEe UMelolast GrU3n4eCKOro CMbICIa U YETKOro oobsicHeHus?! Jla-
BaiTe pa30epeEMCS C 3TUM MOHITUEM.

Kak yxe otMeuanoch, rmOpuiHble OpMbI MaTEpUIA CBOSH MacCOi1 3a1oJ-
HSIIOT Ae(OpMalLIMIO ITIPOCTPAHCTBA, B KOTOPOM IMPOUCXOIUT MX cuHTEe3. [1po-
1IECC CUHTEe3a MPOA0JIKAeTCS A0 TeX Mop, MoKa 30Ha AeopMallMu He 3a10JI-
HUTCS MOJTHOCTBIO, TAK K€, KaK IPHY 3aCbIITIAHUM KAMHSIMU SIMbI, TIOBEPXHOCTh
IPYHTOBOM IOPOrY CTAHOBUTCS pOBHOM. [MOpUIHBIE MATEPUN HEUTPATU3YIOT
co00i1 30HY e opMaLIii IPOCTPAHCTBA. A 3TO MOXKET 03HA4YaTh TOJIBKO OJTHO
— OHM CaMU BJIMSIIOT HA MEPHOCTb IPOCTPAHCTBA CO 3HAKOM, 0OpaTHbIM 3HA-
Ky gedopMaliid NpoCTpaHCTBA, B KOTOPOM MPOUCXOAUT CUHTE3 ITUX T'M-
OpUAHBIX MaTepuii. ATOMBI CO31al0T BTOPUYHOE MCKPUBJIIEHUE MUKPOIIPO-
cTpaHcTBa. TaknuM 00pa3oM, KaXKIblid aTOM U3MEHSIET MEPHOCTh CBOETO MM -
KPOMpPOCTPAHCTBA, B TO BpeMsl, KaK BCE OCTaJIbHOE OKPYKalOIlee ero MUKpPO-
MPOCTPAHCTBO COXPAHSIET MEPHOCTh, KOTOpasi ObLIa 10 CUHTE3a JaHHOTO aTO-
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Ma. B pe3yabraTe 3TOoro, BO3HMKAaeT HEKOTOPBIN IIeperiag MEPHOCTH, HAIIpa-
BJIEHHBII OT YPOBHSI C MEHbIIeli MEPHOCTBIO, K YPOBHIO C 00JIbIlIei. DTOT HEe-
O0JIbILION TTepernag MEPHOCTH 3aCTaBISIET aTOM ABUTAaThCs K BEpXHEN IPaHULIE
Jurara3oHa yCTOMUYMBOCTU (PU3MYECKHU TJIOTHOTO BellecTBa. BcmoMHuM, 4TO
rnepBUYHas aedopMalys MpOCTPAaHCTBA, B KOTOPOI MPOUCXOIUT CUHTES T'1-
OpuaHBIX (popM, CO3MAET IEeperag MEPHOCTH, HAalIPaBJICHHBIA OT YPOBHS C
00JIbIIIEN MEPHOCTHIO K YPOBHIO C MEHBIIEH, YTO U 3aCTaBJISIET CBOOOIHBIE
MEPBUYHBIE MATEPUU ABUTAThCSI BHYTPb 3TUX 30H, II€ OHU OKA3bIBAIOTCS B
JIPYTUX KaUY€CTBEHHBIX YCJIOBUSIX, TP KOTOPBIX MPOUCXOAUT CUHTE3 TMOPUI -
HBIX MaTepuii. TakuMm ob6pa3oM, rpagueHT (Iepenan) MEPHOCTU, B 30HE Je-
(bopmany MpOCTPpAHCTBA, UMEET OJMH 3HAK, B TO BpeMsl, KaK CO3JaHHbIN ITpU
CUHTE3€ aToMa Ileperag UMeeT IIPOTUBONOJIOXHBIN 3HaK. BCcmoMHUM U 1py-
roii (pakT: iMa Ha JOpOTe HE MCUE3aeT, a TOJbKO 3aI0JHsIeTCS KaMHsIMU. [1o-
3TOMY AaKe IMOCJe 3aBepIICHUSI CUHTE3a TMOPUIHBIX MAaTEpUIi, Iepenal Mep-
HOCTHU OCTAE€TCsl, U 3TO IPUBOAUT K TOMY, YTO IIEPBUUYHBIE MAaTEPUU ITPOIOJI-
KaIOT «BT€KATb» B 30HY JIepOpMallMy MIPOCTPAHCTBA. AHAJIOTUYHO, KaK BOJIa
PEKU UJIN PY4bsl, 3aIIOJIHUB A0 KPa€B 03€p0, IMIPOAOJIKACT BIAAaTh B HETO, CO-
30a€T TeyeHus B HEM. [1pu 3TOM, YacTh BOJbI 03epa BHITECHSIETCS M IPOAOJI-
>KaeT Teub Aajiblie. Tak Xe U NepBUYHbIC MATEPUU ITOCJIE 3aBEPIICHUS TIPO-
liecca CMHTe3a TMOpUAHBIX MaTEpUil TIPOAOJKAIOT IMTPOHU3BIBATH 30HY 1€-
(bopmaniuu, B KOTOPO 3TOT CUHTE3 MPOUCXOAUI. 30HA IePopMallMU IIPO-
CTPAHCTBA HE MCUYE3a€T, a TOJbKO 3aMOJHAECTCS THOPUIHBIMUA (POPMaMU Ma-
tepuii. [103TOMY, M3HAYANBHBINM TIEpETan MEPHOCTU, XOTb U KOMIIEHCUPYETCS
TMOPUIHBIMU MAaTEPUSIMU, IIPOJOJIKAET CYILIECTBOBATD [IJISI CBOOOIHBIX IIEP-
BMYHBIX MAaTEPU, TaK XKe, KaK 03€pO MPOAOJIKAECT CYLLIECTBOBATD JJISI BOJIbI B
HEro BTEKAKOIIEH U IOCJIE TIOJTHOIO 3aI0JIHEHUS.

Ilepemag MepHOCTH (TpaA€HT) BCEraa HAIpaBJIEH OT IPAHULL K LICHTPY
30HBI AJe(POpPMaLIMU TPOCTPAHCTBA, IO3TOMY IEPBUYHbIC MATEPUU, IBUTASIChH
BIIOJIb 3TOI'0 Ipagle€HTa, CO3Ja0T COOOI HAIlpaBJIEHHbIN ITOTOK. DTOT Hampa-
BJICHHBII ITOTOK MEPBUYHBIX MATEPUIA, B 30HE TI€penaga MEPHOCTU U CO3AET,
TaK Ha3bIBA€MOE, IPaBUTAIIMOHHOE NoJie. [paBUTallMOHHOE MOJIe BCeTaa MpU-
HUMAaJIOCh, KaK caMO CO00M pa3yMerolleecs, OUeBUAHOE 1 O€300Ka3aTEIbHOE.
Boo0O111e, moHsgTHE JTF000T0 MO0JIsI BBOAWJIOCH B BUJIE ITOCTYJ1aTa, 0€3 KAKMX-JI1-
00 I0Ka3aTeJabCTB U OOBSICHEHUI, YTO B MPUHLIUAIIE YPEBATO CEPHEZHBIMU
MOCJIEICTBUSIMU JJISI pa3BUTHUS HAyKU B 1IeJIoM. be3 moHrMMaHus, Ka3aJI0Ch Obl
OYE€BUIHOTO, HEBO3MOXHO JIBVKECHME HAyKU BOepea. Tak BOT, mepenaa Mep-
HOCTHU IIPOCTPAHCTBA B 30HAX HEOMHOPOIHOCTH, BOZHUKILNX MPU B3PhIBAX
CBEPXHOBBIX, CO3HAET TPaBUTALIMOHHOE IT0JI€, TpaBUTALIMIO0. KaXablii aToM,
BO3HUKAIOIIMI B PE3yJbTaTe CUHTE3a CEMU MEPBUYHBIX MAaTePUiA, CO3IAET
BTOPUYHOE UCKPHUBJICHUE IIPOCTPAHCTBA HA MUKPOYpPOBHe. Bo3HMKaeT nepe-



[1aBa 3. HeomHOpOIHOCTE MPOCTPAHCTBA M KAYeCTBEHHAs CTPYKTYpa BellleCTBa 155

rnajg MEpHOCTHU, CO3JaBaeMblii aTOMOM, HaIlpaBJ€HHBIM NPOTUB IIE€PBOHA-
YaJILHOTO, IPYTMMM CJIOBAMM, KaXIbIA aTOM CO31a€T aHTUTPABUTALIMOHHOE
nosie. B pe3yabrare 3TOro, aToM HAUMHAET IBUTaThCSI K BEpXHEW IPaHULIE A1 -
ana3oHa yCTOMYMBOCTHU 1 OCTAaHABJIMBAETCS Ha OaJIJaHCHOM YPOBHE MEPHOCTH.

JlaBaiiTe pazdbepeéM, moyeMy aTOM OCTaHABJIMBAETCS Ha, TAK HA3bIBAEMOM,
OaJJaHCHOM ypOBHE MepHOCTU?!

BcrioMHMM, 4TO KaxKablil aTOM HE TOJIBKO CO3Ja€T BTOPUUHOE UCKPUBJIE-
HUE IIPOCTPAHCTBA, HO U IPEACTaBIISIET COOOM (PU3NYECKU MJIOTHOE BELLIECTBO,
ruopuaHy0 GopMy U3 CEMU TNEPBUYHBIX MaTepUil, KOTOPOE KauyeCTBEHHO
OTJIMYAETCS OT IIEPBUYHBIX MaTepuii. [ LnaneTapHbI nepernan MEpHOCTU op-
MUPYET HAIlpPaBJI€HHbIC MOTOKM IIEPBUYHBIX MAaTepPUiA K LEHTPY MJIAHEThI U
KaXXJIbIA aTOM MOMagaeT nojJ ux «Hamop». Bo3dHukaet «3d ekt napyca» —
MEPBUYHbIC MAaTEPUM «AaBAT» HAa aTOM, 3aCTaBJISISI €r0 IBUTAaThCSl B TOM Xe
HamnpaBJeHUM, YTO 1 OHU caMU. [10TOK ITepBUUYHBIX MaTepUii KakK Obl «3aCTa-
BJISIET» aTOM JIBUTAThCS B 3aJaHHOM HalpaBJIEHUUN — K LIEHTPY 30HbI Aedop-
Mmanuu. [lepemag MEpHOCTH, CO3MaBaeMblii aTOMOM, HallpaBJICH OT LIEHTpPa
30HBI Ae(POPMALIMHU K €€ TPaHULIAM, YTO CO3AET BCTPEUHbINA UMITYJILC aTOMA.
B pesynbrare, naBieHue NEpBUYHBIX MATEPUI HA «[TOBEPXHOCTh» aTOMA 4Ya-
CTUYHO HEUTPAJIM3YETCI aHTUTPABUTALIUEHN, TOPOXIEHHON CAMUM aTOMOM.
M B onpenen€HHOM TOUYKE ATU ABE CUJIbl ypaBHOBEIIMBAIOT APYT ApyTra, YTO U
COOTBETCTBYET OAJJTaHCHOMY YPOBHIO MEPHOCTH U1 AAaHHOTO atoMa. Kaxabrit
aTOM MMEET «CBOW» pa3Mep, aTOMHBIN BEC M CTENEHb BINSHUS HAa OKPYXKalo-
11Ie€ MUKPOIIPOCTPAHCTBO, O3TOMY U151 KaXKIOT0 aTOMa CYILECTBYET CBOM Oa-
JIJAHCHBI YPOBEHb, XapaKTEPHBIN TOJIBKO 111 Hero. MUMEHHO 1T03TOMY, JIETKKE
BJIEMEHTBI UMEIOT OaJIaHCHBIM — COOCTBEHHBIN — YPOBEHb MEPHOCTH, OJIN3-
KM K BEpXHEU rpaHulIe AUana30Ha YCTOMUMBOCTUA (PU3NYECKU TNIOTHOTO BE-
ILIECTBA, B TO BpeMsI, KaK TSXKEJIbIE 3JIEMEHTBI — COOCTBEHHBIE YPOBHU MEp-
HOCTH, OJIM3KKE K HUDKHEH rpaHulle afuana3oHa ycroiunBoctu (3.3.1). U, B
cJiydyae aToMa TSIXKEJIOTO BOAOPOJa, €ro COOCTBEHHBI YPOBEHb MEPHOCTU
OJIM30K K BEpXHEW I'paHULIE 3TOTO AMAaIla30Ha U JaXXKe MPYU HE3HAYUTEIbHBIX
BO3MYILIEHMSIX MEPHOCTH, CO31aBAEMbIX BOJJHAMU IPOHU3BIBAIOIIMMI MUKPO-
MIPOCTPAHCTBO, OH (TSIKEJIBIA BOJOPOA) CTAHOBUTCS PAAMOAKTUBHBIM, TaK
Kak, Ipy MOIJIOILEHUY BOJIH, COOCTBEHHAs MEPHOCTb aTOMa TSI>KEJIOTO BOJIO-
poJa CTaHOBUTCS CBEPXKpUTHUUECKOM, 1 aToM pacriagaercs (Lp > 2.89915).
Hao6opoT, ypoBeHb COOCTBEHHOII MEPHOCTU TPAHCYPAHOBBIX 3JIEMEHTOB
0JIM30K K HUXKHEM IpaHUlIe A1Maria30Ha YCTOMYMBOCTU B TO BpeMsl, KaK BJIM-
SIHUE SIAEP TPAHCYPAHOBBIX 3JIEMEHTOB Ha CBOI MUKPOKOCMOC OJIM3KO K KpH-
TUYECKOMY 3HaUeHU10. 1 1oCcTaTOUHO HE3HAYUTEIBbHBIX KOJIeOaHMIT MEpHOCTHU
MHUKPOKOCMOCA, BOZHMKAIOIINX B aTOMAaX, MPU IMOIJIOLEHU UMU BOJIH, YTO-
Obl OHU CTaJIM HECTAOMJIbHBI M1 HAYaIU paciagaThCsl.
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M3oTonbl Bogopoaa U TpaHCYpPaHOBBIE 3JIEMEHThI OKa3bIBalOTCS B AHAJIO-
TMYHBIX YCIOBUSIX M, BCJIEACTBHAE 3TOr0, MPpUPOJA UX IOBEIEHUSI — TOXIE-
cTBeHHa. M30TOIIbI BCeX 3JIEMEHTOB, pacHojaralolmnxcs MexXay BoJOpOI0M
1 YpaHOM, PaiMOAKTUBHABI 110 TEM 3Ke ITpu4yrHaMm. Kaxxablil 3 3TUX 3JIEMEHTOB
MMEET COOCTBEHHbIN YPOBEHb MEPHOCTH, COOTBETCTBYIOLLIMI ONTUMAaJIbHOM
YCTOMUMBOCTU aTOMa KaxXaoro 3jieMeHTa. [lepBruyHOEe MCKpUBJICHUE MPO-
CTPAHCTBA, B KOTOPOM MPOUCXOIUT CUHTE3 MAaTEpUX 1 BTOPUUYHOE UCKPUBJIE-
HY€, BOZHUKIIIEE IO BO3ACHCTBUEM SAEpP aTOMOB, UMEIOIIMX Pa3Hble 3HAKU
(pa3Hble 3HAKM O3HAYAIOT HaJIMYKe MepernagoB MEPHOCTU, HaITpaB/JIEHHbIX Ha-
BCTpe4dy JAPYr APYry), CO37Jal0T yCJIOBHSI, B KaKoil ¢opMe MaTepusl MOXET
OBITh YCTOIYMBA B JaHHOI TOUYKE MPOCTPAHCTBA, COOTBETCTBYIOLIEH JTaHHOMY
YPOBHIO MEpHOCTHU. B pe3yiibraTe mogoOHOM «COPTUPOBKW», B 30HE HEOAHO-
POIHOCTHU IPOCTPAHCTBA MPOUCXOAUT paclpeaeieHue MaTepuu Mo Kaue-
CTBEHHOMY cocTaBy. MMEHHO MO3TOMY IJIaHETA UMEET SAPO U3 TSKEIIBIX
3JIEMEHTOB, KOJIMUYECTBO KOTOPBIX YMEHbIIAETCS OT LIEHTpa K IMTOBEPXHOCTH.
CpenHei TSKeCTH 3JIeMEHThI WJIM KOMOMHALIWS U3 HUX U JIETKUX 2JIEMEHTOB,
00pa3yloT KOpy IUIaHEThI, TpaHMILIa KOTOPO HAXOAUTCS Ha pa3HOM PaCCTOSI-
HUM OT LIEHTpa siapa IuiaHeThl. M eciin B3SITh ypOBEHb MOPSI 32 TOUKY OTCUETA,
TO BCE€ BIAJAMHBI 3aIIOJTHEHBI BOJIOM, KOTOpas MPECTaBJISIET COOOI CUHTE3 JIET-
KMX BJIEMEHTOB: KMCJI0poa U Bogopoaa. danee nuaet atmocpepa, oopazoBaH-
Hasl ra3aMU 13 JIETKUX 3JIeMEHTOB, Tepexoasiiast B uoHochepy (Puc. 3.3.9).

HMoHbI IBISIOTCS rpaHUYHON (OpMOIi (pU3UYECKHU TVIOTHOIO BEILIECTBA
Haleid BceneHHOM, pacnang KOTOPbIX COMPOBOXKAAETCS pa3HbIMU U3TyYEHU -
sIMM, KOTOpPbI€ BEIIECTBOM, B IMOJHOM CMBICJIE 3TOrO CJI0OBa, YK€ Ha3BaTh
HeJib3sl. TakiuM 00pa3oM, BOBHMKAET paBHOBECHE, TAPMOHMS MEXAYy HEMpe-
PBIBHO U3MEHSIIOLIMMCS TPOCTPAHCTBOM U MaTepueil, UMelolleil KOHKPETHbIE
CBOMCTBA M KayecTBa. beCKOHEYHOEe CIAMBAETCSI, CTAHOBUTCS TOXIECTBEHHO
KOHEYHOMY B KAKOM-TO OTPaHUYEHHOM 00BbEME ATOro 0ecKkoHeuHoro. Oye-
peIHOI MapagoKc, KOTOPBI, B IpUHILIKIIE, UM He saBiasercs. U, eciiu ¢ nmpu-
POJIION BJIEKTPOHA BCE OOJiee-MeHEee TTOHSATHO, TO IMMOHSITUE DJIEKTPUIYECKOTO
TOKa OCTAETCH €IIE HE OCBOCHHOM TeppuTopureii. Tak gaBaiiTe MOIBITAEMCS
MOHSITh MPUPOAY JIEKTPUUECKOTO TOKA.

B xnaccuueckoil pu3uke nopd 371eKTPUIECKMM TOKOM MOHUMAETCS Ha-
MpaBJIeHHOE IBUXKEHNE 3JIEKTPOHOB OT ITI0CAa K MUHYCY. Bpoae 661, Bc€ mpe-
JIETbHO MPOCTO, HO, K COXAJICHUIO, 3TO — WLIIO31A. UTO Takoe 3JEKTPOH,
KJ1accuyeckas (pr3rMKa He OOBSICHSET, 3a UCKIIOYEHUEM TOrO, YTO JICKTPOH
O00BSIBIISIETCSI OTPULIATEILHO 3apsikeHHoM yactuliei. Ho, yTo Takoe orpuiia-
TeJIbHO 3apsKeHHAas YaCTUIA, HUKTO He YIOCYXUJICS 0ObsICHUTD. B TO Xe Bpe-
MsI, OTMEUYaJ0Ch, YTO 3JEKTPOH 00JIadaeT AyaJbHbIMU (OBOMCTBEHHBIMM )
CBOMCTBAMM, KaK YaCTHU1IbI, TaK U BOJIHBI. Jlaxke B 9TOM onpeieIeHUN CKPBIT
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oTBeT. Eclin Kakoi-TO MatepuaibHbIiA OOBEKT 00JIagacT CBOMCTBAMU, KaK
BOJIHbBI, TaK M YaCTULIBI, TO 3TO MOXET 03HAYaTh TOJIBKO OJJHO — OH HE SIBJISI-
€TCs HU TeM, HU apyrum. I1o cBoeli mpupoje, yacTulia u BOJHA, B MIPUHIIMIIE,
HE COBMECTHMMBI 1 HE HY>KHO COBMeEIaTh HecoBMecTMMOe. UTo Takoe 3je-
KTPOH MBI J€TaJIbHO pa300paucCh BhIIIE, MO3TOMY HNEPEUAEM K CIIeYIOLISH
JacTu OOBSICHEHUS 3JIEKTPUUECKOro Toka. HampasiieHHOe IBU>KEHUE, Ka3a-
JIOCh ObI, YTO MOXET OBITh IPOILE — ABUKEHME B 3aJaHHOM HaIlpaBJICHUU.
Bcé aT0 Tak, HO CyIlIeCTBYET MaJIeHbKOE «HO». DJIEKTPOHbI BOOOIIIE HE JIBUra-
I0TCS B MPOBOJAHMKE, 10 KpailHel Mepe, TO, YTO IIOHUMAIOT MO JICKTPOHOM.
A ecliu pearnoJIOXnUTh, YTO OHU JBUTAIOTCS, TO JOJKHA OBITh CKOPOCTh MX
NepeaBUXKEHMS B IPOBOTHUKE.

JlaBaliTe BCHOMHUM OOBSICHEHUE IPUPOJbI IMTOCTOSHHOTO TOKA. DJe-
KTPOHBI B MPOBOJHUKE pacOpeneeHbl HEPABHOMEPHO B paavaJibHOM Ha-
MpaBJICHUH, B pe3yJIbTaTe Yero BOZHMKAET paJIuaIbHbII I'padueHT (Tiepenan)
aJIeKTprUuecKoro noJjs. [lepenan 31eKTpru4YeCcKoro moJisi UHAYLUPYET MarHUT-
HOE I10JI€ B NEPIEeHAUKYISIPHOM HaIlpaBJI€HUU, KOTOPOE, B CBOIO OYEPEb,
WHIYLAPYET MepIeHANKYJISIPHOE 3/1eKTpruuecKoe moJjie v T.0. Ho, onsth Taku,
MMOHSATHUS JIEKTPUIYECKOIO U MATHUTHOTO T10JIEM BBOISITCS B BUJE TTIOCTYJIATOB,
T.€., IPUHUMAIOTCS 0€3 KaKuX-I11n00 00bsicHeHUM. [1oaydyaeTcs nHTepecHas
CUTyalllsl, HOBbIE TTOHSITUSI OOBSICHSIIOTCS IPYTMMU, KOTOPbIE CaMU ObLIU
MPUHATHI 6€3 00bSICHEHU Y TOATOMY, OJ0OHbIE OOBSICHEHHSI HE BBIAEPXKI -
BalOT KpUTHUKU. CTOUT TOJIBKO BAYMaThCs B 3HAYEHME CJIOB M KpacuBas dppasa
npeBpaiaeTcsa B 6eccmbicauny. Ho, TeM He MeHee, eCliu 3aKpbhITh HA 3TO
IJ1a3a ¥ IPOBECTU PACCUET CKOPOCTU PACIIPOCTPAHECHUS TOBEPXHOCTHOTO 3a-
psiia MO COOTBETCTBYIOIIMM (POpMYyJiaM, TOJYYEHHBIN pe3yJibTaT OKOHYA-
TeJIbHO OCTAaBUT BCe TOYKM Hal «i». CKOpOCTb MOIYyYaETCsI HECKOJIBKO MUJI-
JIUMETPOB B CEKYH]LY.

Ka3zasnoch 061, Bc€ Bpoae Obl MpeKpacHO, HO 3TO TOJAbKO KaxkeTcs. Tak Kak,
MOCJI€ 3aMbIKAHMS LIETIN, SJIEKTPUIYECKUI TOK B HEW TTOSIBIISIETCSI MTHOBEHHO,
BHE 3aBUCUMOCTH OT TOT'0, KaK JaJIEKO HAXOAUTCSI ICTOYHUK ITOCTOSIHHOI'O TO-
Ka, U pe3yJIbTaThl pACYETOB CTAHOBSITCS JIMIIEHHBIMU KaKOIro-auoo gpusnye-
ckoro cmbiciia. DakThl U3 pealbHOM XKM3HU MTOJTHOCTBIO OITPOBEPraloT Teope-
TUYECKME 00bSICHEHUsI. Y, HAKOHELL, UTO TaKoe «ILII0C» U «MUHYC»?! CHOBa
HUKaKNX OOBSICHEHMI. B pe3yibraTe mMpoCTOro aHajau3a, MbI IIPUILLIN K
BBIBOAY, UTO OOILEYIIOTpeOIsIEMOE B (PpU3UKE MTOHATUE DJIEKTPUIECKOTO TOKA
HE MMeET MoJI CO00I HUKAKOTro 000CHOBAHUS, IPYTMMU CJIOBAMMU, C CYLLIECTBY-
IOIIMX HA JAHHBIA MOMEHT ITO3ULIMI COBpEMEHHAas (U3KMKa HE MOXKET O0bsI-
CHUTb IpUPOIY 3JeKTpudeckoro Toka. [Ipu BcéM npu ToMm, 4TO 3TO — peasb-
Hoe (PU3MNUECKOE SIBJICHUE.

B 4yém ke neiio, KakoBa Xe, BCE-TaKM, IIPUpPOIa 3TOTO SIBJICHUS?!
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JlaBaliTe monbITaeMCS MOJOWTA K MOHMMAHMIO 3TOTO SIBJICHUS C HE-
CKOJIBKO JAPYTUX NO3uLMii. BCmoMHMM, 4TO sapo J1000T0 aToMa BIUSET Ha
CBOM MUKPOKOCMOC. TOJIBKO CTEMEHb 3TOT'0 BJIUSIHUSA Y SIAEP Pa3HbBIX 3JI€MEH-
TOB, BeCbMa pa3inyHa. B ciaydyae oOpa3oBaHUsI M3 aTOMOB OJTHOTO 3JIEMEHTA
I MOJIEKYJI, COCTOSIIIMX U3 aTOMOB PAa3HbIX 2JIEMEHTOB, KPUCTAJUIMYECKUX
PELIETOK, BO3HUKAET OAHOPOAHAS Cpeda, B KOTOPOU BCE aTOMbI UMEIOT O -
HAKOBBI ypOBeHb MEepHOCTHU. s Gojiee Ty0OKOro mMoHMMAaHUsS 3TOTO
SIBJICHUSI, pACCMOTPUM MEXaHU3Mbl 00pa30BaHUSI MOJIEKYJ U3 OTIAEJIbHbIX
atoMoB. [Ipu 3TOM, BCHOMHMM, YTO BOCCTAHOBJIEHUE MCXOAHOTO YPOBHS
MEPHOCTU MaKpOKOCMOCA MPOUCXOIUT MO ciaeayomum npuuynHam. Lllects
chep n3 rMOpuaHbIX (pOPM MATEPUL, BOZHUKIIIME BHYTPU HEOOAHOPOTHOCTH,
KOMIEHCUPYIOT AedOopMalMI0 NPOCTPAHCTBA, BO3HUKIIYIO B PE3yabTaTe
B3pbiBa cBepXxHOBOM. [1pu 3TOM, ribpuaHbIe (POPMBI MATEPUIA YBETNUYNBAIOT
YPOBEHb MEPHOCTM MAaKPOITPOCTPAHCTBA B IIpeaeiax 00bEéMa, KOTOPbIA OHU
3aHumaloT. IIpu mepHoctu nipoctpancTtBa L=3,00017 Bce popmbl MaTepuii
Hauleid BceneHHOM yXXe HUKAK APYr ¢ APYyroM He B3auMOAeHCTBYIOT. I1pu-
MEYaTeIbHO, YTO BCE U3IYUYECHMS, U3BECTHBIE COBPEMEHHOM HAyKe, SIBJISIIOTCS
MPOJOJILHO-MIOTNIEPEUHBIMU BOJTHAMM, KOTOPbhIE BO3HUKAIOT, KaK pe3yJibTaT
MHUKPOCKOIIMYECKMX KOJIEOAHWUIA MEPHOCTH MPOCTPAHCTBA.

3.000095 < L; < 3.00017
0 < AL, < 0.000075 (3.3.2)

CKOpOCTh pacnpoCTpaHEHUsI 3TUX BOJH MEHSIETCsI, B 3aBUCUMOCTU OT
YPOBHSI COOCTBEHHOI MEPHOCTHU Cpeabl pacrpocTpaHeHus. Kornga uznydyeHus
CosH1Ia ¥ 3BE€311 MPOHUKAIOT B Mpeeabl aTMOC(ephl IUIaHEThl, CKOPOCThb UX
pacIpoCTpaHeHMsI B 3TOM cpelie yMeHbIaeTcsl. Tak KaK COOCTBEHHBIN ypo-
BEHb MEPHOCTU aTMOC(Eepbl MEHbIIIE COOCTBEHHOI'O YPOBHSI MEPHOCTH OTKPHI-
TOTr0 MPOCTPAHCTRA.

2.899075 < Licp. < 2.89915
0 < ALscp. < 0.000075 (3.3.3)

JlpyrumMu cjioBaMu, CKOPOCTb pacIipoOCTpaHEHUs IMTPOJ0JIbHO-ITOIIepey-
HBIX BOJIH 3aBUCUT OT COOCTBEHHOTO YPOBHSI MEPHOCTHU CPEAbI pacIIpocTpa-
HeHUSA. UTO 0OBIYHO BBIpAXAETCs KOIPPUIIMEHTOM IIPETOMIICHUS CPEAbI
(nep). IIpomoabHO-IONEPEYHBIE BOJHBI ITPU CBOEM PACHPOCTPAHEHUM B IIPO-
CTPAHCTBE MEPEHOCST 3TO MUKPOCKOMUYECKOE BO3MYILLIeHE MepHOCTH ALscp.
[Tpy mpoHM3bIBAaHUY UMM Pa3HBIX MaTepUAIbHbIX CYOCTaHLIUI, TPOUCXOIUT
HakjiaabiBaHue ALycp. Ha ypoBEHb MEPHOCTU 3THUX BEIIECTB WU cped. BHy-
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TpeHHee KojeOaHe MEpHOCTU, BOZHUMKIIIEE, KaK pe3yabTaT TaKoi nHTepde-
peHUMU (CIOXKEHUS), SIBISIETCS KaTaau3aToOpoM OOJIBIIMHCTBA ITPOLIECCOB,
MPOUCXOISIINX B (PU3NUECKHU TIOTHOM MaTepru. B cuity Toro, 4to aToMbl pa3-
HBIX JIEMEHTOB MMEIOT pa3HbIe MOJAYPOBHU MEPHOCTH, OHU HE MOTYT 0Opa-
30BbIBaTh HOBbIEe coearHeHus (Puc. 3.3.10).

ITpu paconpocTpaHeHUHY TPOAOJIBHO-IIONEPEYHBIX BOJH B Cpelie, MUKPO-
CKOITMYECKOE BO3MYILIEHME MEPHOCTU UMHU BbI3bIBAEMOE, HEUTPATU3YET pa-
31UYXS 3HAUYEHUI YpOBHEM COOCTBEHHOM MEPHOCTHU pa3HbIX aToMOB. Ilpu
3TOM, 3JIEKTPOHHBIE 000JIOUKM 3TUX aTOMOB CJIMBAIOTCS B OAHY, 00pa3ysi HO-
BOE XMMMNUYECKOE COeIMHEHUE, HOBYIO MOJIEKYJTY. ATOMbI MOXXHO CPaBHUTH C
MOIUIaBKaMM Ha MOBEPXHOCTU BoIbl. [1pomoibHO-TTONEpeYHbIE BOJIHBI 1O -
HMMAIOT 1 OITyCKAaIOT Ha CBOUX I'PEOHSIX «IMOTUIaBKM»-aTOMbI, TEM CaMbIM, 13-
MEHSISI YpPOBEHb MX COOCTBEHHOM MEPHOCTHU U CO37aBasi BO3MOXXHOCTb HOBBIX
coenuHeHui. [IpyHLIMNIMAILHO BaXKHbI IJ1s1 peaan3aliiyi CUHTE3a CASIYIOIINe
rmapaMeTphl MPOJOJIbHO-ITOIIEPEYHBIX BOJIH: aMILUIUTYAA U IJIMHA BOJIHBI (A).
Ecnu paccrosiHue Mex 1y aToMaMu COM3MEPUMO C JJIMHOU BOJIHbI, IIPOUCXO-
JUT B3aUMOJCUCTBUE MEXIYy COOCTBEHHOU MEPHOCTBIO 3TUX aTOMOB U MEp-
HOCTbIO BOJIHBI. BiivsiHMe 0qHOM U TOJ K€ BOJIHBI HA YPOBHU MEPHOCTHU pa3-
HbIX aTOMOB — HEOJMHAKOBO. MEpHOCTh OJHMUX aTOMOB YBEJIMYMBAETCS, a
JPYTUX — YMEHBIIAETCS UJIM OCTAETCs TOM XXe. MMeHHO 3T0 1 IPUBOAUT K HE-
00X0IMMOMY JJIsI CJIMSIHUSI aTOMOB OanaHcy MepHocteii (Puc. 3.3.11).

Ecnu xe nnvHa BOJHBI 3HAYUTEJILHO IPEBBILIAET PACCTOSTHUE MEXIY
aToOMaMM, TO ITPU 3TOM, pa3jIMuyue ypOBHE MEPHOCTEI aTOMOB COXpaHsIeTCs
WIY U3MEHSETCs He3HaunTeabHO. [IponcxoauT CMHXpOHHOE M3MEHEHUE YPO-
BHEI COOCTBEHHOI MEPHOCTU BCEX aTOMOB, M MU3HAYAJIbHOE KAYECTBEHHOE pa-
3IM4Me YPOBHEW MEpPHOCTEl aTOMOB COXpaHsSIeTCs. AMIUIMTYIA BOJIH OIIp-
eAesIeT BeIMUYMHY UBMEHEHMSI MEPHOCTH IIPOCTPAHCTBA, BHI3BIBAEMYIO STUMU
BOJIHAMU MpPU UX PaCOpOCTpaHEHUM B JaHHOU cpene. Paznuune ypoBHel
MEPHOCTEI MEXKYy pa3HBIMU aTOMaMU TPEOyeT pa3IMdHOr0 YPOBHS BIIMSIHUS
Ha HUX. UMeHHO aMIInTy1a U BBIIIOJHSET 3Ty (PYHKIMIO IIPU pacIIpocTpa-
HEHUU BOJIH B cpede. BennurHa paccTosiHUSI MEXAy aTOMaMU B XUJIKUX U
TBEPABIX CPeIax JISKUT B fuarazoHe 3HadeHuit ot 10-1° 1o 108 metpa. ImeHHO
MMO3TOMY CIIEKTP BOJIH OT YyJABTpadUOJIETOBBIX 10 MH(pPaKpaCHBIX MOIJI0-
LIAETCS Y U3JIYy4aeTCs IMTPU XMMUUYECKUX peaKLUsIX B XXKUAKUX cpeaax. Apyrumu
CJIOBaMM, IIPU COEAMHEHNM aTOMOB B HOBOM ITOPSIIKE, IPOUCXOAUT BhIAEIIEC-
HY€ WM NOMJIOIIEHWE Terla U BUAMMOTO CBETA (3K30TEPMUYECKUE U SHI0-
TePMUYECKHUE PEaKLIMM), TaK KaK TOJIbKO 3TU BOJHBI OTBEUAIOT TPeOyeMbIM
ycioBusiM. MTak, mpoaoJibHO-MONEPEeYHbIe BOJHBI, OT MH(MPaKPaCHBIX 10
raMMma, SIBJISIIOTCSI MUKPOCKOIMMYECKMMHU KOJIeOaHUSIMU MEPHOCTH, BOZHUK-
IIMMU [PU TEPMOSIAECPHBIX U SIIEPHBIX peaKuMsIX. AMIUIMTYAA BOJIH, y4a-
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CTBYIOIIMX B XMMUYECKUX PEaKLUIX, ONPEaeasieTCs] BEAMYUHON pa3HULIbI
MEXXIY YPOBHSIMM MEPHOCTE aTOMOB [0 Hayaja peakliyd U aTOMOB, BO-
3HUKIIMX B pe3yJibTaTe 3TOM peakuuu. M He cinydaiiHO, M31ydeHUe ITPOUCXO-
JUT TTOpLUUSIMU (KBaHTaMM ). KaxKIblii KBAaHT U3/Iy4YeHUS SIBJISIETCS pe3yibTa-
TOM €IMHUYHOTIO IIpoliecca npeodpazoBaHus atroma. [1oatomy, mpu 3aBepiie-
HUM 3TOrO Ipolecca, peKpallaeTcs U reHepalus BoJIH. BeIOpoc n3nyyeHunin
MPOUCXOAUT B MUJJIMAPAHbBIE 101 CeKyHAbl. COOTBETCTBEHHO, U3TyYEHUS
MOMIOLIAIOTCS TaKKe KBAaHTaMU (TTOPLIUSIMUA ).

A Tenepb, pacCMOTPUM KpUcTa/uIndeckue peletku. Kpucramimueckue
PELIETKY 00Ppa3yIOTCS U3 aTOMOB OAHOTIO 1 TOTO XK€ 2JIEMEHTA WJIM U3 OJMHA-
KOBBIX MOJIEKYJI. [103TOMY BCe aToMbl, 00pa3yiolne KpUCTALINYECKYIO pe-
LIETKY, UMEIOT OJJMHAKOBBIN YPOBEHb COOCTBEHHOM MEepPHOCTU. [Ipnyem, ns
KaXXKJ10M KPUCTAJIMYECKOM PELIETKA YPOBEHb COOCTBEHHOM MEPHOCTU OYyIET
cBoii. Bo3pbMéM J1Ba MeTasl1a, UMEIOIIME pa3IMUHbIe YpOBHU MepHOCTHU (Puc.
3.3.12). OHu npeacTaBisiioT co0O0i IBe KaYeCTBEHHO pa3HbIe CPEIbl, ITI0-pa3-
HOMY BJIMSIOIIME HAa OKPYKalollee NpoCTpaHCTBO. Ec/iM OHM HUKaAK JApyT C
JIPYyroM He B3aMMOJIeHiICTBYIOT, HUKAKMX HEOOBIUYHBIX SIBJICHUI He HaOJ101a-
ercsl. Ho, CTOMT UM TOJIBKO BCTYNUTH B HEITOCPEACTBEHHOE B3aMMOEICTBUE,
KaK MOSIBJISIIOTCS] KAY€CTBEHHO HOBbIE SIBJeHUsI. B 30He COCTBIKOBaHMSI KpU-
CTA/UIMYECKUX PELIETOK C Pa3HbIMU YPOBHSIMU COOCTBEHHOI MEPHOCTH, BO-
3HMKAET FOPM30HTAJIbHbIN Nepena (TpaaueHT) MEPHOCTU, HAIIPABJIEHHBIN OT
KPUCTAINYECKON peIIETKU C OOJILLIMM YPOBHEM COOCTBEHHOI MEPHOCTHU K
KPUCTAIUYECKON pelIéTKe C MEHbIIMM YPOBHEM COOCTBEHHOI MEPHOCTHU.
Terepb, mOMeCTUM MEXKAY IVIACTUHAMM 13 3TUX MaTepUaJIOB XUJIKYIO Cpey,
HACBILLIEHHYIO MOJOXUTEJIbHBIMU U OTpULIATEIbHBIMUA MOHaMU. B xuakoi
cpelie MOJIEKYJIbI U MOHBI HE UMEIOT XXECTKOTO IOJIOXEHUS U HAXOISITCS B I10-
CTOSIHHOM XaOTUYHOM JIBMXKEHUM, TaK Ha3bIBaeMOM, OpoyHOBCKOM. [ToaTomy
1101, BO3JIeiCTBMEM rOPU30HTAJILHOIO TIepenajga MepHOCTU MOHBI HAYMHAKOT
JIBUrathbcs ynopsinodeHo. IomoxxuTeabHOo 3apsikeHHbIE MOHbI HAUMHAKOT JBU -
raThCs K IVIACTUHE C OOJIBIIMM YPOBHEM COOCTBEHHOIM MEPHOCTHU, B TO BpeMsl,
KaK OTpULIATEJIbHO 3apsKEHHbBIE MOHbI — K MJIACTUHE C MEHbILIMM YPOBHEM
cobctBeHHOU MepHOCTH (Puc. 3.3.13).

[1pu 3TOM, IPOUCXOAUT MEpPEpACIPEACTICHE NOHOB B XUIKON Cpejie, B
pe3yJbTaTe yero, Ha MjaacTUHAaX NPOUCXOIUT HaKaIUIMBAaHUE MOJ0XKUTEIbHbBIX
1 OTpULIATEIbHBIX MOHOB. [10JI0XKMTEIbHBIE MOHBI, TPU CBOUX CTOJIKHOBEHH -
SIX C TUTIAaCTMHOM, 3aXBaThIBAlOT U3 aTOMOB KPUCTAJIMYECKON pelIéTKHU T1ia-
CTUHBI DJIEKTPOHBI, CTAHOBSICh, IPX 3TOM, HEUTpaJIbHBIMU aTOMaMU, KOTOPbIE
HAuYMHAIOT OCEAaTh HA CAMOM IJIACTUHE, B TO BpeMsl, KaK B CAMOM IJIaCTUHE
BO3HUKAET HEAOCTATOK AJIEKTPOHOB. IIpnuyem, «0oMOaparpOBKE» TTOIOXKM-
TeJIbHBIMM MOHAMM ILIACTMHA OyAET IMOABEepPraThCsl MOCTOSIHHO U IO BCEM
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MOBEpXHOCTU. Tak Kak, Mpu BCEM ITpU 3TOM, Iepenag MEPHOCTU MEXIY ABYMSI
TUIACTMHAMM IIPOJ0JIKAET COXPAHSTHCS U MOHBI U3 XKMAKOM Cpebl, IO BO3-
JeCTBUEM 3TOrO nepenaaa, mproOpeTaloT HallpaBJIeHHOE ABMXKEHNE. Xa0Tu-
YeCKMI Mpo1eCcC CTOJJKHOBEHUI MOJIEKYJT 1 MOHOB XKMAKOM Cpeibl MEX]Y CO-
0011, IprOOpeTaeT KAYeCTBEHHO HOBBIM XapakTep. IBUKeHE MOHOB 1 MOJIe-
KyJI CTAaHOBUTCS HapaBJIeHHbIM. [1pu 3ToM, ITOBeAEHME TTOJIOKUTEIbHBIX U
OTPULIATEJIbHBIX MOHOB OyIET pa3jMYHbIM I10[ BO3AEHCTBUEM CYILECTBYIO-
IIIETO Mmepernaga MEPHOCTA MEXAY IUIaCTUHAMM. [OpU30OHTaIbHBIN Mepena
MEPHOCTU CO3JaET YCIOBUS, IIPU KOTOPHIX, MOJOXKUTEIbHbIE MOHBI JOJIKHBI
JIBUTAThCSI IPOTUB MEperiana, B TO BpeMsl, KaK OTPULIATEIbHbBIE MOHbI — BIOJIb
9TOro nepenaga MepHOCTHU. [1o10XKUTENbHBIE MOHBI BEIHYXKAECHBI ABUTAThCS
«IIPOTUB T€YEHMUSsI», B TO BpeMsl KaK OTpUIIATEeJIbHbIE «I10 TeUYeHUI0». B pe-
3yJIbTaT€ 3TOr0 CKOPOCTh JABMXKEHUS, a CIEJ0BATEIAbHO SHEPIUS MOJIOXKM-
TeJIbHbIX MOHOB YMEHBILIAETCS, 4 OTPULIATEIbHBIX MIOHOB — YBEJIMYMBACTCS.
YckopeHHBbIe T0J0OHBIM 00pa30M OTPULIATEIbHbIE MOHBI, TPU CTOJIKHOBEHUU
C KPUCTAJUIUYECKOU PEIIETKOM, TEPSIOT N30BITOYHBIC 3JIEKTPOHbI, CTAHOBSICh
HEeUTpaabHbIMU aTOMaMU. KpucTamnyeckas peierka, mpu 3ToM, IIpruoope-
TaeT JOIOJHUTEIbHBIC 3JIEKTPOHLI. M, eciiu Terepb, COEAMHUTL MEXIAY COOO0M
5TU JIB€ IUIACTUHBI C Pa3HBIMU YPOBHSIMU COOCTBEHHOM MEPHOCTHU MOCPEI-
CTBOM ITPOBOJA U3 COBMECTUMOI'O C HUMU MaTepuasa, To B mocaeaHeM (Ipo-
BOJE€) BO3HMKHET, TaK HA3bIBAEMbIli, IIOCTOSSHHBIN 3JIEKTPUYECKUI TOK —
HamnpaBJICHHOE ABMXXEHME DJIEKTPOHOB OT ILII0CA K MUHYCY, TI¢ TUII0C — IJ1a-
CTMHA, UMEIoIIasl OOJbIINIA YPOBEHb COOCTBEHHO MEPHOCTH, a MUHYC —
IUIACTMHA MMEIOIAsl MEHbIINI YpOBEeHb COOCTBEHHOI MepHOCTU. M eciu
MPOAOJKMTH JaHHBIN aHaAIU3, TO TIepena MOTeHUIMAJIOB MEX1y MJIaCTUHAMU
€CTh HM UTO MHOE, KaK Mepenaj ypoBHel COOCTBEHHOI MEPHOCTU KPUCTAJI-
JIMYECKUX PELIETOK 3TUX IUIACTUH. B pe3ybrare aHaim3a 3TOro ImpoLecca, Mbl
MPUILIA K TTOHUMAaHMIO NPUPO/ibl OCTOSIHHOTO TOKA.

J1J1s1 TOHMMAaHMS TIPUPOIBI ABMXKEHUS SJIEKTPOHOB B MPOBOAHUKE, HE00-
XOAUMO YETKO OIPEAETUTHCS C IIPUPOAOI MAarHUTHOTO B 1 31eKTprnuecKoro
E noneii. Ilpupoaa rpaBUTaliMOHHOTIO IMOJIS JIIOOOr0 MaTeprUaJlbHOIO OObEKTA
omnpenessieTcsl mepenagoM MEPHOCTU B 30HE HEOJHOPOAHOCTU, B KOTOPOM
MIPOM3OIIEIT ITpoLecC 00pa3oBaHUS JaHHOTIO MaTepualbHOTro o0bekTa. M B
cliydyae oOpa3oBaHMs IJIAHEThI, M3HAYAJIbHOU NPUYMHON BO3HUKHOBEHMUS
MOJ0OHOI0 MCKPUBJIEHUSI MPOCTPAHCTBA MOCIYXKUJI B3PbIB CBEPXHOBOM 3BE-
3abl. [lepenan MepHOCTU HampaBiieH OT KpaéB 30HbIl HEOJHOPOJHOCTU MPO-
CTPaAHCTBA K €€ LIEHTPY, YeM U OOBSICHSIETCSI HAIllPaBJI€HHOCTb I'PaBUTALIMOH-
HOTIO MOJISI K LEHTPY TUIAHEThI UJIK JIIOOOI0 APYrOoro MaTepruajibHOro OObEKTA.
B cuny Toro, uto gedopMalivsi IpoCTpaHCTBA ITO-PAa3HOMY IIPOSIBIISIETCSI BHY-
TPU 30HbI HEOTHOPOAHOCTHU, IPOUCXOAUT CUHTE3 aTOMOB Pa3HbIX 2JIEMEHTOB
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1, KOTJAa JaHHBIN MPOLECC IMIPOMCXOIUT B MaciITabe BCeil MIaHeThl, IPOUC-
XOJIUT pacnpeaeieHue BelleCcTBa 10 MPUHLUITY YPOBHSI COOCTBEHHOI MEPHO-
ctu. UTo 03HavaeT pacrpeneacHre BEleCTBa IJIAHEThI IO 30HaM, IJie JaHHOE
BEILIECTBO MAaKCUMAJILHO CTAOMJIBHO. DTO HE 03HAYAET, YTO aTOMBI C OTJIMY-
HBIMU OT OITHMMAaJIbHOIO 3HAaYE€HUSIMU COOCTBEHHOI MEPHOCTHU HE MOTYT CUH-
TE€3UPOBATHCS B IIpeAesiaxX JaHHOro 00béMa ¢ KOHKPETHBIM 3HAYEHUEM MEp-
HOCTHM IIPOCTPAHCTBA. DTO O3HAYaeT TOJbLKO OJHO, YTO aTOMbI, UMEIOLINE
YPOBEHb COOCTBEHHOI MEPHOCTH BbIIIE YPOBHSI MEPHOCTH 00bEMA ITPOCTPaH-
CTBA B KOTOPOM IMPOM3OIIET 3TOT CUHTE3, CTAHOBSITCSI HEYCTOMYMBBIMU U
BHOBb pacrajgaloTcsl Ha IepBUYHBIE MAaTepPUM, U3 KOTOPhIX OHU C(POPMHUPOBA-
Jich. Y1 yem GoJbllIe pa3HULa MeXAY YPOBHEM COOCTBEHHOM MEpPHOCTH 00pa-
30BaBLIETOCSI aTOMA M YPOBHEM MEPHOCTU IMPOCTPAHCTBA, B KOTOPOM 3TOT
CUHTE3 MPOU3O0ILEII, TEM OBICTpEl MPOM30MIET pacnal 3Toro aroma. MMeHHO
TIO3TOMY IIPOMCXOAUT €CTECTBEHHOE MepepacIpeaccHE aTOMOB, a CJIEI0Ba-
TeJILHO Y BellleCTBAa BHYTPU 30HbI HEOJHOPOJHOCTHU IJIaHEThl. IMeHHO nmoa-
TOMY IPOUCXOAUT (POPMHUPOBAHME MOBEPXHOCTH TVIAHETHI B TOM BUJE, K KO-
TOPOMY MbI IPUBBIKJIU C CAMOTO POXKASHUS U BOCIPUHUMAEM, KaK JOIKHOE.
Heo0xonmMo nMeTh B BULY, UTO JIIOOOI aTOM UMEET HEKOTOPBIN 1Mana3oH, B
npeaesax KOTOporo OH COXpaHseT CBOI YCTOMUMBOCTD, 4 3TO O3HAYAET, YTO
BEILIECTBO, 00pa30BaHHOE M3 3TUX aTOMOB, TOXEe OyIET YCTOMYMBO B Ipeaesiax
9TOro Auarna3oHa. TBEpaast MOBEpXHOCTb MJIaHEThl IPOCTO MOBTOPSIET (pOpMy
30HBI HEOTHOPOJHOCTHU IIPOCTPAHCTBA, B IIPEAeiax KOTOPOIi, TBEPAOE BEIlIEC-
CTBO YCTOMYMBO, OKE€aHbI, MOPSI 3aIIOJHSIIOT BIAAWHBI, 1 aTMOC(Pepa OKpyKaeT
BCE 2T0. Takum 06pa3oM aTMocdepa pacriojaraeTcsl B BEpxXHei rpaHuLe A1-
ara3oHa yCTOMYMBOCTU (PU3MYECKU IIJIOTHOTO BEIIECTBA, B TO BpeMsl, KaK CO0-
CTBEHHO IJIaHeTa, HAXOAUTCS B CpeAHEN U HYUXKHEI 4YaCTH 3TOro Juarna3oHa...

A Terniepb, 1aBaiiTe BEpHEMCSI HA yPOBEHb MUKPOMMPA 1 ITONBITAEMCSI T10-
HAThb NIPUPOAY MAarHUTHOIO M 3JIEKTPUUECKOIo moJjieii. PaccMoTpuM Kpu-
CTAJIJINYECKYIO PEIIETKY, 00pa30BaHHYIO aTOMaMM OJHOTO 1 TOT'O XK€ JIEMEHTa
WJIM aTOMaMM HeCcKOJIbKMX 3jieMeHTOB (Puc. 3.3.14). B TBEpaoM BellecTBe CO-
CeHIE aTOMbI CMBIKAIOTCSI CBOMMU 3JIEKTPOHHBIMU 000JI0YKAMU U 00Pa3yIoT
KECTKYIO CUCTEMY, a 3TO O3HAYaeT, YTO UCKPUBJIEHUSI MUKPOIIPOCTPAHCTBA,
BbI3BaHHBIE SIAPOM OJHOIO aTOMa, CMBIKAIOTCSI C UCKPUBJIEHUSIMU MUKPOIIPO-
CTpPaHCTBa COCEAHEro M T.JI. U 00pa3yloT MEXIYy COO0M eIMHYIO CUCTEMY UC-
KPUBJIEHUSI MUKPOITPOCTPAHCTBA 1JIS1 BCEX aTOMOB, COMKHYBILUXCSI MEXKIY CO-
0o0i1 1 0Opa3ylolIrX, TaK Ha3bIBaeMble, JOMEHBbI. «CBsI3aHHBIE» MTOAOOHBIM
00pa3oM, aTOMbI CO3JAI0T €AUHYI0 CUCTEMY, COCTOSIIYIO U3 COTEH ThICSIY
MUWJJIMOHOB aTOMOB. Bce aToMbl, BXOISIIME B 3TY CUCTEMY, UMEIOT OJMHAKO-
BbIli YPOBEHb COOCTBEHHOI MEPHOCTHU, KOTOPBIA, B OOJBIIMHCTBE CIy4aeB,
OTJINYAETCSI OT YPOBHSI MEPHOCTH MUKPOIIPOCTPAHCTBA, B KOTOPOM HAaXOAUTCSI
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9Ta CUCTEMa aTOMOB. B pe3yJibrare, BO3HUKAET Iepernan MEpHOCTH, HaIlpa-
BJICHHBII MPOTUB TIepernaga MEpHOCTU MakKpoIrpocTpaHcTBa. DopmupyeTcs
30HAa B3aUMOJECUCTBUS MEXIY MUKPOIMPOCTPAHCTBOM M MaKpOIIPOCTPaAH-
cTBOM. BeTpeuHblii nepernag MepHOCTH MMOAOOHBIX CUCTEM aTOMOB ITPUBOJIUT
K KOMIIEHcCauuu AeopMalii MEPHOCTU MaKpONpPOCTPAHCTBA, B KOTOPOM
MIPOUCXOAUT CUHTE3 (PU3MYECKH TUIOTHOIO BelecTna. I1pu 3aBepiieHnu mpo-
1iecca CMHTe3a BelllecTBa, B 30He AedopMallii MEPHOCTHA MaKpPOIIPOCTPAHCTBA
MPOUCXOAUT B3aUMHasl HEUTpaau3auuss — aedopmanmss MEPHOCTU MaKpO-
MMPOCTPAaHCTBA HEUTpaJIM3yeTCsl BCTPEUYHBIMU JedopMalusiMi MUKPOITPO-
crpaHcTBa. [IpuuéMm, nepopMariyiss MEpHOCTH MaKpOIIPOCTPAHCTBA B (PU3HKE
MOJIYYMJIO Ha3BaHME TPAaBUTALIMOHHOTIO MOJISI, B TO BpeMsl, KaK BCTpEeUHas J1¢e-
(opMaLss MUKpPOIIPOCTPAHCTBA, CO3MAHHAS CUCTEMOM M3 aTOMOB TIOMEHOB
CO3MIA€T, TAK HA3bIBAEMOE, MATHUTHOE MOJIE AOMEHA, HA YPOBHE OJHOIO J0-
MEHA U MarHUTHOE T10J1€ IJIAHEThI, HA YPOBHE IJIAHETHI.

MarHuTHoOe 1oJie TIaHEeThl BOBHUKAET, KaK COBOKYITHOCTh MATrHUTHBIX
MOJIE BCEX TOMEHOB, CYIIECTBYIOIINX B (PU3MUECKM TUIOTHOM BEILIECTBE IJ1a-
HEThI B LIeJIOM. COBOKYITHOE MATHUTHOE MOJIE MJIaHEThl — HA NOPSIAKNA MEHb-
11I€ TPABUTALIMOHHOTO I10JISI IUIAHETHI TOJIbKO I10 OJHOM IIPOCTOM NPUYNHE —
MUPHUAIbl MUKPOCKOIIMYECKMX MArHUTHBIX T10JE€H TOMEHOB BCEW IJIAHETHI
OPUEHTHUPOBAHHBI XaOTUYHO JIPYT OTHOCUTEJILHO ApYyra U TOJAbKO HE3HAYM-
TeJIbHAs1 UX YaCTh COPUEHTHUPOBAHbI MapaJlJIEJIbHO OTHOCUTEIBHO APYT Apyra
1 COXPAHSIOT CBOXO HAMAarHUYEHHOCTh, CO3aBasi MAaTrHUTHOE T10JI€ TNIAHETHI.
ITIpryém, noMmeHbl 0Opa30BaHHbBIE Pa3HBIMM aTOMaMM, 00JIagalOT U Pa3HOM
CTENEHbI0 HAMAaTrHUYHUYEHHOCTU. HaMarHM4eHHOCTDb OIIPEeaeasieTcs CIo-
COOHOCTBIO JAHHOI'O JOMEHA COXPaHSTh ONpPEACIEHHYIO HAIIPABICHHOCTD
MarHUTHOTO IT0JIsI JOMEHA U B (pU3KMKe ONpeaeaseTcCs MI0IAabo NeTIN T1-
crepe3nca. MakcuMallbHO CBOMCTBA HAMAarHMYMBAHMSI TPOSIBIISIIOTCS Y XKeJle-
3a, COHACTPOEHHOCTb JOMEHOB KOTOPOTO B MACILTA0E MJIaHeThl U GOPMUPYET
B OCHOBHOM MAarHMTHOE€ MoJie ImjIaHeTbl. MMEHHO 1o 3TO NMpUYMHE aHO-
MaJIbHbIE 3AJIEXKU XKEJIE30COACPKALINX PY/I CO30AI0T MAarHUTHbIE AaHOMAIUU —
JIOKQJIbHbIE BO3MYILIEHUSI MArHUTHOIO TTOJISI MJIAHEThI B Mpeaeax JaHHbBIX
aHOMAaJIUH.

Tenepb, gaBaiiTe pa3zdepEMCs, KaKoe€ BJIMSIHME MArHUTHOE MOJIE —
BCTPEYHBIN ITepenan MEPHOCTU IIPOCTPAHCTBA — OKAa3bIBAET HA CAMU aTOMBI,
ero nopoxaaroiiue. I1py HaJIMUMKM MAarHUTHOTO I10JIs1, BJIEKTPOHBI aTOMOB
CTaHOBSTCS 00Jiee HEYCTOMYMBBIMU, YTO B 3HAYMTEIbHOU CTENIEHU YBEJINYM -
BaeT BO3MOXXHOCTb MX IIepeXoAa He TOJIbKO Ha BEICILIKE OPOUTHI OAHOTO U TOTO
K€ aTOMa, HO ¥ BO3MOXXHOCTB ITOJIHOTO pacana 3J€KTPOHa y OTHOTO aToMa
1 CUHTE3 €T0 Y IPYroro. AHaJOTMYHbBIE ITPOLECChI IIPOUCXOIAT, IIPU MOIJIONIE-
HHUM aTOMOM BOJIH; OTJIMYME 3aKII0YACTCS JIMIIb B TOM, YTO ITOTJIOLLICHUE
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BOJIH (DOTOHOB MPOMCXOAUT KaxKAbIM aTOMOM B OTIEJIbHOCTU, B TO BpeMsl, KakK,
0] BO3JEICTBUEM MAarHMTHOTO MOJISI B BO30YXIEHHOM COCTOSIHUM OJTHOBpE-
MEHHO OKa3bIBalOTCS MUJLIMAPAbI aTOMOB OJTHOBPEMEHHO, 0€3 KaKOT0-JIM00
CYLLIECTBEHHOI'O U3MEHEHMS ux arperatHoro cocrosinus (Puc. 3.3.15).

I[Ipy Hanauuuu NOpPOAOJBLHOTO Ieperaga MEPHOCTH, Ha3bIBAEMOIO
MOCTOSTHHBIM 3JIEKTPUUYECKHM MOJIEM, BHELLIHUE SJIEKTPOHBI aTOMOB, CTABLLIME
HEYCTOMYMBBIMU I10J BO3JAEHUCTBMEM MOMEPEYHOro IMepenaga MEpHOCTH,
Ha3bIBAEMOTO MOCTOSIHHBIM MarHUMTHBIM MOJIeM, HAUMHAIOT paclagaThCs Ha
MaTepuU UX oOpasylollye W, MoJ BO3ACHCTBMEM MPOAOJbHOIO Iepernana
MEPHOCTMU, HAaUMHAIOT JABUTaThCs BAOJb KPUCTAJUIMYECKON PEIIETKU OT
O0JIbIIEr0 YPOBHSI MEPHOCTU, HA3bIBAEMOTO IIJIIOCOM, K MEHbILIEMY YPOBHIO
MepHOCTU, Ha3biBaeMoro MuHycoM (Puc. 3.3.16). IIpononabHbIi MOTOK
MEePBUYHbBIX MaTepUIi, BRICBOOOIUBILIUXCS TPU pacnaae BHELIHUX 3JIEKTPOHOB
OJHMX aTOMOB, ITOIAajaasi B pacIoJiOXKeHWE IPYrMX aTOMOB C MEHbIIUM
YPOBHEM COOCTBEHHOM MEPHOCTH, BBI3BIBAET Y 3TUX aTOMOB CUHTE3 3JIEKTPO-
HOB. JIpyriMHM cJIOBaMU, 3JIEKTPOHBI «MCUYE€3al0T» Y OMHUX aTOMOB U1 «ITOSIBJISI -
10Tcs» y apyrux. [Ipuyém, 310 MpOMCXOIUT OTHOBPEMEHHO C MULIMOHAMU
aTOMOB OJJHOBPEMEHHO U B OIpeIeJIEHHOM HarpabsjieHUr. B Tak Ha3biBaeMoM,
MPOBOJHUKE BO3HMKAET ITOCTOSIHHBIN 3JIEKTPUUECKUI TOK — HaIlpaBJICHHOE
JBUXKEHUE 3JIEKTPOHOB OT IJI0ca K MUHYCY. TOJIbKO, B IIPeAI0KEHHOM Bapu-
aHTe OOBSICHEHUSI, CTAHOBUTCS MPEAEIbHO SICHO, YTO TaKOE HAIlpPaBJICHHOE
JIBWXKEHHUE, UYTO TAKOE «IIJIIOC» U «<MUHYC» U, HAKOHELI, YTO TAKOE «3JIEKTPOH».
Bce aTu noHsATHSI HUKOTIA HEe O0BSICHSUIMCh U MPUHUMAINUCh, KaK JOJIXKHOE.
Tonbko, 4TOOBI OBITH MPEACIbHO TOYHBIM, CIEIYEeT TOBOPUTH HE O «HaIlpa-
BJICHHOM JIBVMXKEHMM JIEKTPOHOB OT ILJII0CA K MUHYCY», a O HAalIPaBJICHHOM IIe-
pepacIipeieIeHUH 3JIEKTPOHOB BIOJIb IIPOBOJIHUKA.

Kak cTtano sicHO u3 BbIIIEU3JIOXKEHHOTO OOBSICHEHUS, 3JEKTPOHBI HE
JIBUKYTCS BIOJIb IPOBOAHMWKA, OHU MCYE3al0T B OJHOM MECTe, IJIe YPOBEHb
COOCTBEHHOM MEPHOCTU aTOMOB CTAHOBUTHCSI KPUTUYECKUM JIsI CYILLIECTBO-
BaHUSI BHELTHUX 3JIEKTPOHOB M 00Pa3yloTCsl y aTOMOB, Y KOTOPBIX BBIITOJIHSI-
I0TCSI HEOOXOAMMBbIE [IJISI 3TOro ycjaoBud. IIpoucxoaut nemarepuansanus
BJIEKTPOHOB B OJHOM MECTE€ M MaTtepuaiu3auus ux B Apyrom. [logoOHbI
MPOLECC MPOUCXOIUT B IIPUPOAE MOCTOSIHHO, XAOTUYHO Y ITO3TOMY CTAHOBUT-
cs1l Ha0JII0JaeMbIM TOJIBKO B CJTydae yIpaBJIeHUsI 3TUM ITPOLIECCOM, UYTO 1 OCY-
LLIECTBJISIETCS] IPU UCKYCCTBEHHOM CO3[JaHUM HAIIpaBJIEHHOTO Iepenanga Mep-
HOCTH BIOJIb ITPOBOIHMKA. XOTEIOCh Obl OTMETUTh, YTO MPUIMHAMMU ITPOSIBIIE-
HUSI, KAK MAarHUTHOIO MOJsl, TaK M 3JEKTPUYECKOIO, SIBJSIOTCS Iepenaabl
MEPHOCTHU (TpaueHThl MEPHOCTH ) TPOCTPAHCTBA, KOTOPhIE MPUHLIMIIUAIBHO
HE OTJIMYarTcs Apyr oT Apyra. Kak B oqiHOM ciiyyae, TaK U B APYTOM 3TO I1e-
peraa MEpHOCTU MeXIy IBYMsI TOUKaMU IPOCTPAHCTBA, UMEIOLLIMMU, 110 TOU
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WIM UHOM MPUYKMHE, pa3Hble YPOBHU COOCTBEHHOI MepHOCTU. Paznuyue B
MPOSIBJIEHUM 3TUX IMEpernanaoB 00yCIOBICHO TOJbKO MX NPOCTPAaHCTBEHHOM
OPUEHTHUPOBKO 11O OTHOLIIEHUIO K KPUCTAJIMYECKOM pelieTke. Bzaumomnep-
MEHAUKYJISIPHOCTD ABYX MeperagoB MEPHOCTU OTHOCUTEJILHO, TaK Ha3bIBae-
MOIJi, ONITUYECKON OCU KpUCTajjia, MPUBOAUT K KAYECTBEHHOMY OTIMYMIO
peaklMy KaXkKA0ro aToMa Ha 3TH mepernaabl MEPHOCTH TIPY MOJTHOM TOXIe-
CTBEHHOCTHU IMPUPOALI CaMUX MepernagoB. AHU30TPONHOCTb KaUYeCTBEHHOM
CTPYKTYpPbI, KAK MAKPOIIPOCTPAHCTBA, TAK U MUKPOIIPOCTPAHCTBA TPUBOIUT
K KaueCTBEHHO APYTUM peaKLUsIM MaTepuU, 3arOJIHSIONIEeH 3TU MTPOCTPaH-
CTBa, KaK Ha YpOBHE MaKpOIIPOCTPAHCTBA, TaK U Ha YPOBHE MUKPOITPOCTPAH-
CTBa.

IToHumaHue Npupoabl NOCTOSITHHOTO MAarHUTHOTO U 3JIEKTPUYECKOTO
MoJieil U MPUPOAbl MX BAMSHUS Ha KaYECTBEHHOE COCTOSIHME (DU3UUYECKU
TUIOTHOM MaTepUU MO3BOJISIET HOHATh U IIPUPOIY ITIEPEMEHHOTO 3JIEKTPOMA-
THUTHOTO 1noJisl. [lepeMeHHOe MarHUTHOE T10JI1e BJIUSIET HA OJUH U TOT K€ aTOM
I0-pa3HOMY, B pa3HbIX (pa3ax CBOEro Ka4eCTBEHHOTO COCTOsIHMSA. [1pu Hye-
BOI1 HAMPSKEHHOCTU MEPEMEHHOI0 MAarHUTHOTO TT0JIsI, ECTECTBEHHO, BIIMSIHUE
Ha KauYeCTBEHHOE COCTOSIHUE aTOMOB KPUCTAJIMYECKOM PELIETKU PAaBHO HY-
0. ITpu mpoxoXaAeHUM Yepe3 KPUCTALINYECKYIO PELIETKY YCIOBHO MOJIOXM -
TeJIbHOW (pa3bl HANPSKEHHOCTU TEPEMEHHOTO MAarHUTHOIO TTOJISI, KaXKIbIi
aTOM HaUMHAaeT TePSITh CBOU BHEIHME 3JIEKTPOHBI BCJIEACTBUE TOTO, YTO J10-
MOJTHUTEIbHOE BHEIIIHEE BO3IEMCTBUE TIepenaga MEpHOCTU BIUSIET HA Kaye-
CTBEHHOE COCTOSIHUE 3JIEKTPOHHBIX 000JI0UEK AaTOMOB, HE BJIUSISI CYLLIECTBEH-
HO Ha KAYE€CTBEHHOE COCTOSIHME aTOMHBIX s1iep. B pe3ynbraTe 3T0ro, HEKOTO-
pble BHEIIIHME 3JEKTPOHBI CTAHOBITCSI HEYCTOMYMBBLIMM U pacragaloTcs Ha
MaTepuu, ux oopasywiiue. IIpu MpoxoxkaeHUM YCJIOBHO OTpULIATEIbHOM
(pazbl HANPSLKEHHOCTU TTIEPEMEHHOIO MAarHUTHOTO MOJIsI HA000POT CO31aI0TCsI
YCJIOBUS IJIsI CUHTE3a DJIEKTPOHOB B 30HaX Je(opMallii MUKPOIIPOCTPAHCTBA,
CO3JaHHBIX MO BO3JeiCTBMEM aTOMHBIX sigep. [1oaTomy, mpu MpoxoXxaeHUn
BOJIHBI TIEPEMEHHOI0 MAarHMTHOTO MOJISI Yepe3 KPUCTATIIMYECKYIO PEIIETKY
BO3HMKaeT JII0OOIbITHAS KapTuHa. Ecau y JaHHOro aToMa UJju aTOMOB 101
BO3JIeICTBUEM MAarHUTHOTO I10JIs1 BHEIIHUE 3JICKTPOHbI CTAJIM HEYCTOMYNBbI-
MU 1 pacnajJiuCh Ha MaTepUu UX 00pa3ylolue, TO Y BIIEpeaU JexKalluX 10 OIl-
TUYECKOM OCH aTOMa Wi aTOMOB, Ta 3K€ camasl BOJTHA CO3IAET 0J1aronpUusITHbIE
yCca0BUS 111 cuHTe3a 2eKTpoHoB (Puc. 3.3.17). 310 co3maét nepenaa mep-
HOCTH (3JIEKTpUYECKOE T10JIe), CMELLEHHBIN M0 ¢a3e Ha 7t/2 y pacIiOIOKEHHBIX
BIIEpEAU IO ONITUYECKOM OCU aTOMOB, IEPIEHAUKYISIPHO IEPEMEHHOMY Ma-
THUTHOMY II0JIIO0, BCJIEICTBUE YEro, y 3TUX aTOMOB IIPOUCXOJUT CUHTE3 J10-
MOJTHUTENbHBIX 3JIeKTpOHOB (Puc. 3.3.18). JlonomHuUTEIbHO CUHTE3UPOBAH-
HbIE 2JICKTPOHBI, B CBOIO O4YEpeb, CO3JAI0T MEePINEeHANKYISIPHO SJIEKTpUYE-
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CKOMY ITOJIIO CMELLEHHBIN Mo da3e Ha 7t/2 nepenai MEpHOCTH (MAarHUTHOE IO~
Je). Y, Kak cieacTBre BCErO 3TOT0, 110 IIPOBOAHUKY IIPOMCXOAUT PacpoCcTpa-
HEHME TIEPEeMEHHOTO 3JIEKTPUUECKOro TOKa BOOJIb OoNTHYecKoi ocu (Puc.
3.3.19). I1o aHanornyHOMY MPUHLIUAITY B IMIPOCTPAHCTBE PACIIPOCTPAHSIIOTCS
BJIEKTPOMATrHUTHBIC BOJIHBI.

Takum 06pa3zomM, NepeMEHHOE MAarHUTHOE MOJIE IMTOPOKIAET B IPOBOIHM -
K€ MIEPEMEHHBIN JIEKTPUYECKUIN TOK, KOTOPHIi, B CBOIO OYEPEb, TIOPOXKIAECT
TIEPEMEHHOE MAarHUTHOE T10JIE€ B TOM XK€ MPpOBOAHMKE. [1pn Haimuny BOIU3U
OIHOI'0 MPOBOJHUKA C TIEPEMEHHBIM MAarHUTHBIM MOJIEM IPYTOrO, B MOCJIE/I -
HEM BO3HHMKAET TaK HA3bIBAEMbIA WHAYILIMPOBAHHBINA 3JIEKTPUYECKUM TOK.
M, xak caeacTBue, MOSBUIACH BO3MOXHOCTB CO3[IaTh T€HEPATOP SJIEKTPUUIEC-
KOTO TOKA, B KOTOPOM BpalllaTeJIbHOE IBUKEHNUE TYPOUHBI IIPEOOpa3yeTcs B
TIEPEMEHHBIN 2JEKTPUIECKUM TOK. HamoxxeHrne Ha KOHKPETHOE MUKPOIIPO-
CTPAHCTBO, C KOHKPETHBIMM CBOMCTBAMU M KAa4€CTBAMM BHEIIHETO BO3-
JIecTBUS, B BUe Iepenaaa (rpagreHTa) MEPHOCTU MPUBOIUT K TOMY, YTO
CBOMCTBA 1 Ka4e€CTBA MUKPOITPOCTPAHCTBA B 30HE HAJIOXKECHUS U3MEHSIOTCSI.
B cuny Toro, 4to npocTpaHCTBO, KaK HA MAKPOYPOBHE, TAK U MUKPOYPOBHE
— AHM3O0TPOITHO, T.€., CBOMCTBA U Ka4eCTBA IMIPOCTPAHCTBA HE OAVMHAKOBHI B
pPa3HbIX HAIIPABJIECHUSIX, JOTTOJHUTEIbHBIC BHELITHUE TIEPETIaibl MEPHOCTH, B
3aBUCUMOCTH OT TOTO, B KAKOM M3 HAIIPABJICHUI IIPOCTPAHCTBA OHU ITPOSIBIISI-
I0TCS1, OyIyT BBI3bIBATb PA3JIMYHbIC peaKUIMK (PU3NIECKHU IUIOTHOTO BEILIECTBA,
3aMOJIHAIONIETO 3TO IMPOCTPAaHCTBO. [1py 0gHOM 1 TOM Xe ITpuUpoAe Tepernana
MEPHOCTH, UMEHHO aHU30TPOMHOCTb ITPOCTPAHCTBA IIPUBOIUT K TOMY, UTO pe€-
aKkuus (PU3NIECKM TUIOTHOM MAaTE€pUM 3aBUCHUT OT TOrO, B KAKOM M3 MpPO-
CTPAHCTBEHHBIX HAIIPABJICHUN MPOSIBIISIETCS 3TOT nepernan. MMeHHo mosTomy
MpUPOAA MATHUTHOIO U SJIEKTPUYECKOTO MOJIe! — TOXIECTBEHHA, KAK HU Ia-
pagoKCaJIbHO 3TO 3BYUYMT. Paznnuyne MX CBOMCTB M KAYE€CTB OMNPEACIISICTCS
MMEHHO MX IIPOCTPAHCTBEHHBIMU XapaKTepUCTUKaMU. IMEHHO TOXIECTBEH-
HOCTb NPUPOJbl MATHUTHOTO U 3JIEKTPUUYECKOTO IIOJIEU U CO3IAET BO3MO-
>)KHOCTb UX B3aUMOACUCTBUS ¥ B3AUMOWHIYLIUPOBAHMS.

3.4. Pe3iome

MaxkponpoCTpaHCTBO U MUKPOIIPOCTPAHCTBO CYLIECTBYIOT B HEIIPEPHIB-
HOM B3auMMOAEUCTBUHU ApyT ¢ A1pyroM. Ho mpupoma naHHOToO B3aMOIEeACTBUS
0OCTaBaJIaCh Ha MPOTSLKEHMM BCEro BpeMEHH CYIECTBOBAHUSI HAyKU 3araKoM.
3aragkoii, Ha KOTOPYI0 MOYEMY-TO HUKTO He oopaliail BHMMaHus1. Ho, nMeH-
HO TOHMMaHMe B3auUMOJEMCTBUS MEXIY MaKpo- U MUKPOIPOCTPAHCTBOM
Ja€T noHnMaHue xxun3Hu BeenenHo. CuHTe3 (pU3n4yecKy IVIOTHOTO BEIeCTBa
MMPOXCXOIUT B 30HAX BO3MYILIEHUSI MEPHOCTU IPOCTPAHCTBA, KOTOPbIE BO3HU-
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KalOT BO BPEMsI B3pbIBa CBEpXHOBOM 3Be3/bl. BOJTHBI BO3MYIIIEHUS MEPHOCTU
MaKpOMNpPOCTPAHCTBA U3MEHSIOT CBOMCTBA U KAYECTBA IPOCTPAHCTBA, Yepe3
KOTOPOE OHU MPOXOAAT. BeiieacTBUE 3TOT0, UBMEHSIETCS MPUPO1a MOBEACHUS
MaTepuu, KOTopasi, o TEM MJIM MHBLIM IPUUYMHAM, OKA3bIBACTCS B JAHHBIX
00J1aCTSX BO3MYILEHUSI MEPHOCTU IIPOCTPAHCTBA. B pe3yabraTe 3TOro B 3TUX
30Hax AeopMaly MPOCTPAHCTBA HOSBISIOTCSI KAY€CTBEHHO HOBbIE (DOPMBI
MaTepuii. DT Ka4eCTBEHHO Jpyrue (popMbl MaTepuii, 3aI10JIHSISI COOOI 30HbI
HEOJIHOPOJHOCTU MPOCTPAHCTBA, HEUTPAIUIYIOT UCKPUBJICHMUE MAaKPOIIPO-
CTPaHCTBA, Y BOJIHbI BO3MYILUEHMS MEPHOCTU IPOCTPAHCTBA «3aMOPAKUBAIOT-
Cs1», BOBHMKAIOT CBO€OOPA3HbIE CTOSIINE BOJHBI BO3MYILEHUS MEPHOCTH Ma-
KpOIIpocTpaHCTBa. IIpolueccrl, nporucxoasinre Ha ypOBHE MUKPOIIPOCTPaH-
CTBa B 30HAX BO3MYLIEHUSI MEPHOCTHA MAaKpPOIIPOCTPAHCTBA, B KOHEYHOM UTO-
re, IPpUBOASIT K MOJHOM KOMIIEHCALIMKA BO3MYILIEHUS MEPHOCTHU MaKpOIpO-
CTPAHCTBA 3a CYET TOTO, YTO CUHTE3UpPyEeMble THOpUAHBIE (DOPMbI MATEPUU Ha
YPOBHE MUKPOIIPOCTPAHCTBA BJIUSIOT Ha OKPYXKaIOIIee MUKPOIIPOCTPAHCTBO
CO 3HAaKOM, OOpaTHBLIM 3HAKY M3HAYaJIbHOIO BO3MYIIECHMS MAKPOIIPOCTPaH-
CTBa, B KOTOPOM MPOUCXOIUT NJAHHBIN CUHTE3. MUKPOCKOMUYECKHUE, IO Cpa-
BHEHMIO C BO3MYILLIEHUSIMUA MaKpOIIPOCTPAHCTBA, BIAUSIHUS THOPUIHBIX (DOPM
MaTepUi1 Ha OKPYXKAIOILEe MUKPOIIPOCTPAHCTBO CYMMUPYSCh, KOMIIEHCUPYIOT
BO3MYILIEHUE MEPHOCTU MAaKpOIIPOCTpaHCTBA. KOMIIEHCUPYIOT, HO, HE aHHY-
JMpyloT. B pe3yibrare, 30HbI BO3MYILIEHUSI MEPHOCTU MaKpONpOCTPaHCTBA
OCTAIOTCS HE MCYE3aI0T, 3alOJHEHHbIC TUOPUAHBIMUA (pOpMaAMU MaTEPUM,
CUHTE3 KOTOPHBIX, B CBOIO OUYEPEb, IPOUCXOAUT TOJbKO B 3TUX 30HAX BO3MY-
IIEHUS MEPHOCTU MaKpONpOCTpaHCTBA. TakMM 00pa3oM, MaKpOIIPOCTPaH-
CTBO 1 MUKPOITPOCTPAHCTBO HAXOIATCS B TECHOM B3aMMOCBSI3U APYT C IPYIOM,
HE MOTYT CTaOMJIbHO CYILECTBOBATh ApYyr O€3 JApyra, U COCTOSIHME OaaHca
MEXY HUMU 00€CeYrnBAET YCTOMYMBOE COCTOSTHUE IMTIPOCTPAHCTBA B LIEJIOM.
JI100b1e M3MEHEeHMSI, BO3MYILEHUS B KQUECTBEHHOM COCTOSSHUM MaKpOIIPO-
CTPAHCTBA MPOSBJISIOTCI B UBMEHEHUM KAUYE€CTBEHHOIO COCTOSIHUSI MUKPO-
npoctpaHcTBa. M1 HA000pOT, JTH00bIE U3MEHEHMSI KAUECTBEHHOI'O COCTOSTHUS
MUKPOIPOCTPAHCTBA MPOSIBJILIOTCS HA KAYECTBEHHOM COCTOSIHUU MaKpO-
MIPOCTPAHCTBA. YCTOMYMBOCTb COCTOSIHUS BeeneHHom obecneunBaeTcs OanaH-
COM MEXIY MaKpONpPOCTPAHCTBOM M MUKPONPOCTPAHCTBOM. Bo3HuKaromume
B IIPOLIECCE ATOrO 0ajIaHCca MEXIYy MaKpOIPOCTPAHCTBOM U MUKPOIIPOCTPAH-
CTBOM CTOSI1IIME BOJHbI BO3MYILIEHUS MEPHOCTU MAaKPOITPOCTPAHCTBA UMEIOT
MOCTOSIHHBIN Mepenaj (Irpafl€HT) MEPHOCTU, HAIIpaBJICHHBIM OT BHEIIHEN
rpaHULbl 30HbI HEOMHOPOJIHOCTHU K €€ LIEHTpY. B pe3ynbsrare 3T0ro, naxe mo-
cJie 3aBEepIICHUSI CUHTe3a TMOPUIHBIX (POpM MaTepuid, IOA BO3ACHACTBUEM
ATOTO Iepenaga MePHOCTH MEPBUYHbBIE MATEPUU MTPOJOJIKAIOT CBOE IBUXKECHUE
OT TPaHMI 30HbI HEOJHOPOJHOCTA MEPHOCTU K €€ LEHTPY TaK Xe€, KaK U
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ruopuaHeie Gopmbl Matepuil. Kaxnas ruOpumgHasg (popMa MaTepuy Kade-
CTBEHHO Y CTPYKTYPHO OTJIMYAETCS OT APYTUX U YACTUYHO CBOUM BTOPUYHBIM
BBIPOXKIEHUEM IIPOCTPAHCTBA HEUTPATIU3YET BOZMYIIEHUE MEPHOCTU MaKpPO-
MpocTpaHCTBa. BeieacTBue 3Toro Ajis Kaxaou OTAEIbHO B3SITOM TMOpUAHOMN
(opMbI MaTEepuM nepenas MEPHOCTU BHYTPU 30HbI HEOTHOPOIHOCTU MAaKpPO-
IIPOCTPAHCTBA NPOIAOJIKAET CYIIECTBOBATH HECMOTPS HA TO, YTO JAHHAS TH-
OpuaHas MaTepus YaCTUUHO HEUTPAIU3yeT ITOT Ieperag MepHOCTU. ToabKo
BC€ BMECTe, TMOpuIHbIEe (OPMBI MaTepUid HEMTPAIM3YIOT U3HAYAIbHBINA U
MIEPBUYHBIN Mepenags MEPHOCTU B 30HE UCKPUBJIEHUSA MEPHOCTU MAaKPOIIPO-
cTpaHCTBa. B TO BpeMs1, Kak 1J1s1 OTAEJILHO B3SITOM TMOPUAHOM MaTepuu repe-
aj MEPHOCTH IIPOAOJIKAET CYylLIeCTBOBAaTh. KpoMe 3Toro, 3TOT nepemnan Mep-
HOCTHU CTAHOBUTCH ITOCTOSTHHBIM BCJIEACTBUE BOSHUKHOBEHUS CTOSIYEI BOJTHBI
MEPHOCTH. JlaHHOE SBJIEHME CYILIECTBYET TOJBKO IMOTOMY, YTO TMOPUIHbBIE
(bopMBI MaTepUii, XOTh U OOPA30BAHbI ITOCPEACTBOM OJJTHUX U TEX K€ IMEPBUAY-
HbIX MAaTEPUIL, KAUECTBEHHO U CTPYKTYPHO OTJIMYAXOTCS APYT OT Apyra, UMes
TOJIBKO YACTUYHOE B3aMMOJCUCTBUE MEXAY COO0I MO OOILIMM CBOMCTBAM U
KadyectBaM. [1oaToMy, (pr3MUECKM TUIOTHOE BELLIECTBO, KOTOPOE SBJISICTCS OJI-
HOU 13 GOpM TMOPUAHBIX MATEPUI, MOCTOSTHHO HAXOAUTCH IO JEMCTBUEM
BTOrO MOCTOSIHHOTO IMeperanaa MEPHOCTHU, BCIEICTBUE YEro Bee, (pU3nIecKu
TUIOTHbIE OOBEKTHI BEIHYXKAEHHO ABUTAIOTCS OT Kpasi 30HbI HEOTHOPOJHOCTU
MaKpONpOCTPAHCTBA K €€ LICHTPY. B coBpeMeHHOl (pU3MKe 3TOT IPOLIECC
HOCUT Ha3BaHMsI T'PaBUTALIAM, TPABUTALIMOHHOIO MOJIS INIAHEThI WX JTI000TO
JIPYTroro MaTe€puaJbHOTO MAaKpOOOBEKTA.

IpaBuTaLIMSI €CTh HM UTO MHOE, KaK BO3ACICTBME HAa (DU3NYECKU IIJIOTHOE
BEILLECTBO IMOCTOSHHOTO PaaraJIbHOIO IIepenaga MEpHOCTA MAKPOIIPOCTPaAH -
CTBa, BO3HUKIIIETO B 30HE HEOJHOPOIHOCTHA MAKPOIIPOCTPAHCTBA, KAK PE3YIb-
TaT B3aUMOJEMCTBUSI MPOCTPAHCTBA U CBOOOJHBIX MAaTEPUIA, 3aTTOTHSIOLIAX
JAaHHOE MPOCTPAHCTBO. Ha ypoBHE MUKPOIIPOCTPAHCTBA KAXIbIA aTOM BJIUSIET
Ha OKpyXKalollee IMPOCTPAHCTBO. DTO — TaK Ha3bIBAEMOE, BTOPUYHOE BIIMSIHUE
Ha IPOCTPAHCTBO, KOTOPOE MPUBOIUT K YACTUYHON HEUTpAIU3ALIM1 HA YPO-
BHE MUKPOIIPOCTPAHCTBA Neperiaga MEPHOCTM MaKpONpOCTpaHCTBA. Jdpyrumu
CJIOBAaMU, KaXIbIA aTOM CO3IAET BCTPEUYHBIN Mepenaa MepHOCTU IIPOCTPaH-
CTBa Ha YPOBHE MUKPOIIPOCTPAHCTBA, YACTUYHO HEUTPAJIUBYIOLLIUIA TIEPBUY -
HBII Meperag MEPHOCTU MAaKpPOIIPOCTPAHCTBA HA YPOBHE MUKPOITPOCTPAH-
cTBa. BiMsiHre KaXka10oro atoMa He3aBUCUMO OT BIIMSIHUSA JIFOOOTO APYroro ato-
Mma. IIpu coenuHeHM aTOMOB B MOJIEKYJIbI 1 KPUCTAIUIMYECKUE PELIETKU UX
WHAVBUAYaJbHbIEC BIMSHUS Ha OKPYXKaloIee MPOCTPAHCTBO OOBEINHSIOTCS
B 00111y10 crcTeMy. Kaxmass MoeKyia Wiu KpUCTaJIMdecKasl pelieTka orpa-
HUYEHA B IIPOCTPAHCTBE B CUJIY TEX UJIM MHBIX CBOMCTB M KAYECTB MAKpPOIIPO-
cTtpaHcTBa. [loaTomMy, co3maBaeMblii MOJIEKYJIOM MJIW KPUCTAIJIMYECKOMN
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pEeLIETKOM BCTPEUHBbIN Iepenan MEPHOCTU IMPOSIBISIETCSI HA MUKPOYPOBHE
npoctpaHcTBa. Kaxmass MoJsieKysia Wi KPUCTAJJI CO3Aal0T CBOEOOpa3HbIit
JOMeH, (GOpMUPYIOLIMI BOKPYT ceds mepenaj BCTPEYHON MEPHOCTU IPO-
CTPAHCTBAa, KOTOPhI Ha3bIBAIOT MATHUTHBIM ITOJIEM JaHHOTo foMeHa. Cyriep-
MO3ULIMS BCEX MAarHUTHBIX JOMEHOB CO31aET MarHMTHOE I10JIe MaTepHUaIbHOTO
00bEKTa, B ClIydyae IUIaHEThl — MAarHUTHOE MoJie T1aHeThl. COBOKYITHOE Ma-
THUTHOE T10JIe TIJIAaHEThl MO-pa3HOMY BO3JIEHCTBYeT Ha aTOMbI U MOJIEKYJIbI,
o0pa3ylolINe BELIEeCTBO IJIaHEThl, BCIEACTBUE UX KAUYECTBEHHBIX U CTPYKTYP-
HBIX OTJINYUI, B pe3y/bTaTe 4ero aToMbl, MOJIEKYJIbl, KPMCTAJJIbI IIPOSIBJISIIOT
pa3HbIe CBOMCTBA M KayecTBa. HeogHOPOTHOCTh MPOCTPAaHCTBA B pa3HbIX
HaMnpapJIEHUSIX NPUBOAUT K TOMY, YTO OJMH M TOT Xe Iepenag MEpHOCTU
MIPOCTPAHCTBA BJIMSIET HAa KAUYECTBEHHOE COCTOSIHUE (DU3MYECKU MJIOTHOM
MaTepUHU TMO-pPa3HOMY, B 3aBUCUMOCTU TOrO, B KAKOM MPOCTPaHCTBEHHOM
HaIpaBJIECHMU BOZHUKAET JaHHBIN Mepenag MEPHOCTU. DTO CBSI3aHO TaKXKe U
C TeM, YTO CUHTE3 TMOPpUIHBIX MaTepuii, BKJItoUyass U (PU3MUECKU TJIOTHYIO,
OPUEHTUPOBAH B COOTBETCTBUU C aHM3O0TPOITHOCTHIO CAMOI0 MaKpOIpO-
CTPAHCTBa, B KOTOPOM MPOUCXOAUT CUHTE3. AHM30TPOITHOCTh ITPOCTPAHCTBA
MpenonpeaessieT IpoCTPaHCTBEHHOE OPUEHTUPOBAHUE MaTepUU, KaK HECBSI -
3aHHBIX TIEPBUYHBIX MaTepUii, TaK U TMOPUAHBIX. AHU30TPOITHOCTh IPO-
CTpaHCTBa NpeaonpeaessieT CTPYKTYPHYIO M KQUeCTBEHHYIO0 aHU30TPOITHOCTD
MaTepur. AHU3OTPOITHBIM MaKpOKOCMOC MOPOXKAAET aHU3O0TPOIHbIA MU-
KPOKOCMOC, 0aJlaHC KOTOPBIX 1 00ecreynBaeT yCToMunBoe coctosiHie Bee-
JIeHHOM. BeieacTBue aHM30TPOMHOCTH, KAK MaKPOIIPOCTPAHCTBA, TaK M MU-
KPOIPOCTPAHCTBA BJIMSIHME JTOKAJbHON HEOJHOPOAHOCTU MPOCTPAHCTBA Ha
MaTepHrIo U Ha cCaMO MPOCTPAHCTBO CTAHOBUTCS 3aBUCUMBIM OT ITPOCTPaH-
CTBEHHOI OpUEHTHUPOBKM IrpajlieHTa Ieperiaga MEpHOCTU MPOCTPAHCTBA, KaK
110 OTHOLLIEHUIO K CAMOMY ITPOCTPAHCTBY, TaK 1 MO OTHOLIEHUIO K MAaTePUMU.
MMeHHO, KaK CeACTBUE 3TOr0, IPagueHT MEPHOCTHU ITPOCTPAHCTBA IIPOSIBIISIET
cebs1, KaK, TaK Ha3bIBaeMOE, TpaBUTALIMOHHOE T10JIe ITPU OAHOM IIPOCTpaH-
CTBEHHOM HaIlpaBJIeHMM, KaK MarHUTHOE MoJie — MpU APYroOM M, Kak 3Jie-
KTpUYECKOE T0Jie B TpeTheM. TobKo Oj1arogapsi 3ToMy, BO3MOXHO pacipo-
CTpaHEHUeE, KaK 3JIEKTPOMAarHUTHBIX BOJIH B TPOCTPAHCTBE, TaK U Apyrux. Ma-
THUTHOE T10JI€ TIEPEXOAUT B DJIIEKTPUUECKOE, KaK U HA000OPOT — BJIEKTpUYE-
CKO€ B MarHuTHoe. B ToM unciie 3To rpaBujio padboTaeT 1 MO OTHOIIEHUIO K
rpaBUTAllMOHHBIM BoiHaM. Bce oHM — B3auMo3ameniawliinue. OTo MpaBUiIo
HE pacIIpoCTpaHsIeTCsl Ha CTOsTYMe BOJHBI MepHOCTU. [ToHMMaHMue equHCTBA
MPUPOALI TMOJIeH AAa€T KJIIOY K CO3JaHUI0 aHTUTPAaBUTALIMM U BO3MOXKHOCTHU
MTHOBEHHOTO IMepeMelleHUSI B MPOCTPAHCTBE, OTKPHIBAET MPAKTUYECKU
HEOoTpaHUYEHHBIE BO3MOXHOCTHM Pa3BUTHUSI TEXHUKM, OCBOCHUE HOBBIX
MCTOYHUKOB DHEPTUU.
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ImaBa 4. Heo0xoaumbie U 10CTaTOYHBIE YCJIOBHUS
BO3HMKHOBEHHS XKU3HU BO BeeeHnoi

4.1. IlocranoBKka Bompoca

Bormpoc 0 BOBHUKHOBEHMHU >KM3HU Ha Halllel TJIaHETe BCeraa ObLT «KaM-
HEeM NpeTKHOBeHMUsI». C IpeBHUX BpeMEH (puaocodbl, yd€HbIe NBITATUCH PaA3-
ragaTth TailHy Xu3Hu. Co31aBajCh pa3Hble TEOPUU, TUTIOTE3bI O MPUPOAEL K-
BoIi MaTepuu. Bce oHM 0a3upyloTcs Ha mOoCTyaaTax (MOHSTUSIX, IPUHUMAEMbIX
0e3 mokazatejbCTB). UTOOBI COXpAaHUTH 3TU TEOPUHU XKMU3HECHOCOOHBIMMU,
MO3IHEeE BBOAUJIMCH HOBBIE M HOBbIE MOCTYAaThl. B HacTosI111ee BpeMsl Bce Cy-
LIECTBYIOIIKE HAYYHbIE TEOPUU UMEIOT B CBOEM (PyHIAMEHTE NECITKU, a T10-
poii U COTHM TocTyaToB. K X 4uciay OTHOCUTCSI U COBpeMeHHas1 (pu3uKa.
Mupopmainust, KOTOPYIO 4YeJI0BEYECTBO HAKOIMMJIO K KOHILY ABaALIaTOTO BEKA,
MOJHOCTBIO JI€JIAET 3T TEOPUU HECOCTOSITENbHBIMU. SIBIIEHNS, KOTOPHIE YUY€~
HbI€ HAOJII0AAI0T, IIOCPEACTBOM ITPUOOPOB MUJIM BU3YAJIbHO, €CTh IIPOSIBJICHUS
pealibHbIX 3aKOHOB ITpupoabl. Ho, peajibHble 3aKOHBI IPUPOALI (DOPMUPYIOTCS
Ha YPOBHSIX MaKpOKOCMOCAa U MUKpOKocMoca. Bce, ¢ yem uenoBek conpuka-
CaeTCsl B CBOEM XXM3HU, HAXOAUTCS MEXAYy MAaKPOKOCMOCOM U MUKPOKOCMO-
coMm. MMEHHO MOATOMY, KOI/Ia YEJIOBEK C TOMOILBIO MPUOOPOB CMOT 3aIISTHYTh
B MUKPOMUP, OH BIIEPBBIE CTOJIKHYJICSI C 3aKOHAMM IIPUPOJIbI, a HE C UX ITPO-
SBJICHUSAMU. MaTepus He MosIBUJIach U3 HeOTKyAa. Bce ropasmo mpolie 1 cJio-
>)KHEE OJHOBPEMEHHO: TO, UTO YE€JIOBEK 3HAET O MAaTEpUU U AyMAaeET, KaK O 3a-
BEPILLIEHHOM, a0COIIOTHOM ITOHSITUM, HA CAMOM JI€JIe, SIBJISIETCS JIUIb MaJleHb-
KO 4aCThIO 3TOTO MOHATUSI. MaTepus 1eliCTBUTEIbHO HUKYAA HE UCUYE3AET U
HUOTKYyOA He MOSIBJISIETCS; IEMCTBUTENBHO CyllecTBYeT 3aKoH CoxpaHeHUS
Marepuu, TOJbKO OH HE TaKOi, KAKMM €Tr0 MpeAcTaBIsaioT doau. Takum
00pa3oM, CYIIECTBYIOIIME HAyYHbIe TEOPUM, OCHOBAHHBIE Ha ITOCTyJIaTax,
0Ka3aJIuCh MEPTBOPOXKAEHHBIMU. OHU HE CMOTJIM JAaTh KAKOr0-JIMOO CTPOTi-
HOTO 1 JIOTUYECKOTO 00bsICHeHUS. HEBO3MOXXHOCTD CylIECTBYIOIIMX TEOPUIA
OOBSICHUTD YCJIOBUSI U IPUYMHBI 3apOXKACHUS KU3HU HE U3BUHSIIOT 3TO He-
3HaHue. 2KM3Hb Ha HAILIEH TJIaHEeTe MOSBUJIACH 00JI€€ YEThIPEX MUJUIAAPIOB
JIET Ha3ad U €€ pa3BUTHE TIPUBEJIO K MOSIBJIEHMIO Pa3yMHOCTH, HO CYyLLIECTBY-
I011As] UMBUJIA3ALIMS A0 CUX ITIOP, HE MOXET OTBETUTh Ha MPOCTOM BOIIPOC: UTO
TaKoe X13Hb, KAK OHA BO3HUKJIA U3 TaK Ha3bIBaeMOM HexXX1BoM MaTtepun? Ka-
KMM 00pa30oM U IIOYEMY, HeXXMBasi MaTepus, BAPYT, IpeoOpa3yeTcs B XUBYIO?
be3 moHnMaHuUs 3TOroO BOIpOCa, 4eJI0BEYECTBO HE MOXKET Ha3bIBaTh ce0s1 pa-
3YMHOI pacoii, a TOJIbKO Hepa3yMHBIM MaJIbILIOM, JJIs1 KOTOPOTO MPUIILIA I10-
pa HabMpaThbCd yMa-pasyma.
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HMrak, Kakue ycia0BUs JOJKHBI ObLIM BOBHUKHYTh Ha MJIaHETe, IPU KO-
TOPBIX BO3MOXHO 3apOKICHUE XKU3HU?

4.2. YcioBusi 3apoK1eHHs KU3HU HA MIaHEeTax

IIpexne, yeM OOBSICHUTH MIPUPOAY 3aPOXKIACHUS KU3HU, B TIEPBYIO OYE-
penb HEOOXOAUMO OIIPEALINTD, KAKKUE YCIIOBUS JOJKHBI CYLLIECTBOBATh, UTO-
OBbI Ha IJIAHETE MOIJIa 3apOAUTHCS, IO KpailiHel Mepe, OeJIKOBas >K1U3Hb. Jle-
BSATh IJIAHET COJTHEYHOM CUCTEMbI — HarJISIAHbBIM MpUMep 3ToMy. B naHHBII
MOMEHT, TOJIbKO Ha IUIaHEeTe 3eMJISI CYLLIECTBYIOT HEOOXOAMMBbIE U JOCTATO-
YHBbIC YCIAOBUSA IS XXKU3HU WU, IO KpallHEN Mepe, CII0KHOOPTaHM30BAHHOM
XnBoi Mmatepun. M mepBoouepeaHOMN 3agaueii IBasIeTCsl OonpeaeaeHne 3TUX
ycnoBuii. Ucxoast 13 MOHMMAaHMS BBILLIEYIIOMSHYTBIX IIPOLIECCOB, MPOUCXO-
JISAIIMX Ha MAaKpO- U MUKPOYPOBHSIX ITPOCTPAHCTBA, MOXHO BBIIECIUTh CJIE-
JIYIOLIME YCIOBUS, HEOOXOAUMBIE IS 3aPOXKICHUS KU3HU:

1. Hanmume mocTosHHOIO nepenaja MepHocTu ¢. BemyrHa mMocTosIHHOTO
repernaga MepHOCTU U KO3 (GULIMEHT KBAHTOBAaHUS TPOCTPAHCTBA i (OIpe-
JEJISIIOIINI KOJIMYeCTBO (hOpM MaTepUii JTaHHOTO TUIIA, KOTOPHIE MOTYT CJIMTh-
cd B IIpelesax 3TOro mneperaga) onpeaessitoT 3BOJIOLUMOHHBIN MOTeHLIMA
BO3MOXHOI >KM3HU. KpaTHOCTh 3TUX BEJIMYUH — KPUTEPU, TAIOLIMIA TTpe/I-
CTaBJICHUE O KOJIMYECTBE KAYECTBEHHBIX OapbhepOB (YPOBHEN ), BOZHUKAIOIINX
BHYTPM 3TOro Iepenaga MepHocTU. KoanuecTBo 0apbepoB xapakKTepu3yeT
Ka4eCTBEHHOE MHOI000pa3ue BO3MOXHOM XM3HU. B ToM uwmcie, Bo3MoO-
>KHOCTb ITOSIBJICHUSI pa3yMa U ero pa3BuTusi. MepHOCTh MaKpOIPOCTPaHCTBA,
rocJjie 3aBepiieHuss GOpMUPOBAHMS TUIAHEThI, BO3BpAIIAETCS K UICXOJHOMY
YPOBHIO, KOTOPBIM OBLI O B3pbIBa CBEPXHOBOM 3Be31bl. Ilocie 3aBeplieHus
npolecca oopa3oBaHUsI BOZHUKAET MMOCTOSIHHbBIN Neperag MEPHOCTU MEXIY
YPOBHEM MEPHOCTH (PU3MYECKHU TLUIOTHOIO BeulecTBa (2.89915) u ypoBHeM
MEPHOCTU OKpyxKaruiero Mmakpokocmoca (3.00017). Takum obGpa3zoM, I0-
CTOSIHHBINM Tlepenaa MEPHOCTH SIBJISIETCSI HEOOXOAMMBIM YCJIOBHEM BO3HU-
KHOBEHMS XM3HU. BaxkxHoe 3HaueHME MMeEET BeJIMYMHA 3TOTO Mepenana.
MMeHHO BeMurHa nepenaga onpeaeiasieT 3BOMIOLUOHHbBIN MOTEHILIMA XKUBOM
MaTepuu, XKM3HU. MUHUMaIbHBIN niepernaig MEpHOCTH, ITPU KOTOPOM BO3MO-
JKHO 3apOKIEeHUE XKU3HU, JOJKEH ObITh PaBEH:

s =1vi(AD) 4.2.1)

ITossBneHue 371eMEHTOB pa3dyMa 1 3apoKJIeHUE MaMITH, 03 KOTOpOii He-
BO3MOXHO Pa3BUTHUS padyMa, BOBMOXHO IIPU Iepenaae MEpHOCTU, PABHOM:
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s =2vi(AD) (4.2.2)

HeobxonyMbIim YCJIOBUEM AJIAA BOBHUKHOBCHUA pa3dyMa U €Io 3BOJIIOLNN
ABJIACTCA 1Ieperiaa MEPHOCTHU:

s =37 (AD) (4.2.3)

TakuM 00pa3oM, UCITIOJIb3YS Neperag MEPHOCTU, KaK KPUTEPUIA, MOXKHO
TOBOPHUTH O TPEOOBAHUM K KAY€CTBEHHOU CTPYKTYpPE IIPOCTPAHCTBA-BCEJICH-
HOM (111 Halero mpoctpaHcTBa-BeesieHHOM (Yi(AL) = 0.020203236...). Tonb-
KO IIPOCTPAHCTBA-BCEJI€HHbIC, 0Opa30BaHHbBIE TPEMS U OOJBIIMM KOJIUYE-
CTBOM (pOpM MaTepHrii UMEIOT HEOOXOAUMBIE YCIIOBUSI IS 3aPOKACHUS XKU3HU
1 pazyma

2. Hanmume Boanl. Boma gBiisieTcss 0OCHOBOM OpraHMYecKoi XXW3HU Ha
Haniei riaHere. KoHeuHo e, CylIecTBYIOT (DOPMBI XKM3HU He TOJIBLKO Ha 0eJI-
KOBoI1 ocHoBe. Ho 1151 Havasa, HEOOXOAUMO MPOCIEAUTh 3aKOHOMEPHOCTHU
BO3HUKHOBEHMS 0eJIKOBOI kn3H1. HeoOXonmmMo moHATh, YTO IPOUCXOINT B
HallleM COOCTBEHHOM JIOMe TIepe] TeM, KaK 3arIsiIbIBATh B UyKHUE.

3. Hammuue atmocdepsl. ATMocdepa gaBisieTcsd Hanbojiee IMHAMUYHOM,
aKTUBHOM 4acThlo MmiaaHeThl. OHa OBICTPO U PE3KO pearupyeT Ha U3MEHEHMUS
COCTOSTHUMSI BHEIIIHEH Cpeibl, YTO OUYEHb BaXKHO /1)1 BOSHMKHOBEHMUS KU3HU.
Hanuuue B atTMocdepe Kucaopoaa v yriaeKMCa0ro ra3oB — 3HaK HaJIMYMs Ha
IUIaHeTe OEJIKOBOM XU3HU. ATMOC(Epa HE OOJDKHA OBITh OYEHb MJIOTHOM U
ype3MepHO pa3pexX€HHOM. [1pu oueHb MI0THOM aTMocepe U3 TydeHUS 3BE-
3/1bl HE JOCTUTAIOT IMIOBEPXHOCTH TIAHETHI M HEe HarpeBatoT e€. [1pu aTomM Hu-
>KHME CJIO aTMOC(ephl He MOIJIOLIA0T U3JIYYEeHUS 3Be3/Ibl U TEIIOBBIC U3JTy-
YeHMsI MOBEPXHOCTHBIX CJIOEB IUIAHETHI. B pe3ysbrare, repenag MEpHOCTA Me-
K1y OCBEIIEHHOM 1 HOYHOI YacTSIMM MOBEPXHOCTU TVIAHEThl HE BO3HUKAET.
M, Kax ciencTBue, He BO3HUMKAET ABUKEHME aTMOC(EpPHbIX MACC B HUXKHUX
ciiosix atmocgepsl. [1pu oTcyTcTBUM rpagreHTa (meperana) MEPHOCTU BAOJIb
MMOBEPXHOCTU MJIAHEThI, HE BO3HMKAIOT aTMOC(EpHBIE BJIEKTPUUYECKUE pa-
3psabl. B ype3amMepHO pa3pek€HHOI aTMocdepe HMXKHUE CIOM MMEIOT BO-
3MOXHOCTb MOTIJIOIIATh U3JIYYEHHUS 3B€3/Ibl Y TETLJIOBBIC N3 TyUY€HUS TOBEPXHO-
ctu. Ho, mpu 3TOM, He BO3HUKAET ABMXKEHME aTMOC(EPHBIX MaCC, KaK pe3yJib-
TaT €€ Ype3MEePHOM pa3zpexk€HHOCTU. KaK U3BECTHO, BEJIMUMHA U TNIOTHOCTD
aTMocdepbl OIpeaeasIeTCss pa3MEpPOM U Maccoi TiaHeThl. I1oaToMy, TOJIbKO
IUIAHETHI, COU3MEPUMBIE IO pa3MepaM M Macce ¢ Halllel IIaHeTo 3eMIIEi
MMEIOT MAaKCUMAJILHO OJIarONpUATHBIE YCJIOBUS )11 BOBHUKHOBEHUS O€JIKO-
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BOI >KM3HU. ATMOC(depa He J0JDKHA ObITh HU YPE3MEPHO «TSKEJIOM», HA UYpe-
3MEPHO «JIETKOM».

4. Hanvune nepuoandeckoii cvmenbl JHa 1 Houm. IlmaHeTapHbIe CYTKM He
JOJIKHBI OBITh OU€Hb KOPOTKUMM WJIM OY€Hb IIMHHBbIMU. [lmaHeThl ¢ mpo-
JIOJDKMTEIbHOCTBIO IIJIAaHETAPHBIX CYTOK B Mpeesiax auamna3oHa 18-48 3eMHbIX
4acoB UMEIOT MaKCUMAaJbHO OJaronpusTHbHIEC YCIOBUS IJ1s1 BOBHUKHOBEHUS
>ku3HU. [Ipu MaccoBoM MorjoneHun (poTOHOB CBeTa aTOMaMM MOBEPXHO-
CTHOTO CJIOSI 0OJIbIIMX IUIOLIAACH, MPOUCXOAUT YBEJIMUEHNE YPOBHSI MEPHO-
CTH 3TOTO CJIOS Ha HEKOTOPYIO BeJqnunHy AL. DTa Be1rn4rHa COOTBETCTBYET
aMIUIUTYAE BOJIH, KOTOPbIE MOIJIOLIAIOTCS MTOBEPXHOCTHBIM CJIOEM ILIAHEThI
(uH(ppakpacHoe, onTUYECKOe, yiabrpaduoieToBoe n3aydeHuss ComHua). B
pe3yJibTaTe 3TOro, Iepernan MeXay YPOBHSIMU MEPHOCTU aTMOCMEpPHI 1 ITOBEP-
XHOCTHU IJIAHEThI B 30HE MOIIOLIECHUSI YMEHbIIAETCS Ha BeIUu4nuHy AL, B TO
BpeMsI, KaK HEOCBEILIEHHAsd UJM HOYHAs 4acThb MOBEPXHOCTU COXPaHSIET
MpeXHU reperan ypoBHEN MEPHOCTU MEX Iy aTMOC(HEPOii U ITOBEPXHOCTHIO.
TakuM oOpa3oM, BO3HMKAET neperag MepHOCTU MEXKIY OCBEILIEHHO U HEeO-
CBEIEHHOM 30HaMM ITOBEPXHOCTHU MJ1aHeThl. Bo3HUKaeT nmapaijieIbHbINI T10-
BEPXHOCTH IUIAHETHI Ilepena (rpaarueHT) MepHocTU. Onpeaesoniee 3Haue-
HME MMeeT BeJIMYMHA 3TOro Iepernana. J1eao B ToM, 4TO MOJIEKYJIbl aTMOC(EpbI
HaxoHsITCS MOJ BO3AeiCTBMEM I'PaBUTALIMOHHOTIO MOJIS MJIaHEThI, CYILLIECTBY-
IOIIETO IIOCTOSIHHO, KaK CJIeACTBHE (POPMUPOBAHUS B 30HE HEOJHOPOJIHOCTHU
MaKpOIIPOCTPAHCTBA ITOCTOSIHHOIO Tlepenajaa MepHOCTU, HallpaBJIEHHOTO OT
BHEILIHMX I'PAHUIIL K LIEHTPY 30HbI HEOMHOPOAHOCTU. [paBUTALIMOHHOE MOJIE
TIAHEThI KOMIIEHCUPYETCS TEM, YTO KaXKAbIiA aTOM WJIM MOJIeKYJ1a aTMOC(epbl
MMEIOT YPOBHU COOCTBEHHOM MEPHOCTH, OUE€Hb OJIM3KKME K BEPXHEUN rpaHULIE
JMana3oHa yCTOMYMBOCTU (U3UYECKH TJIOTHOTO BellecTBa. Berymaer B cuny,
TaK Ha3bIBAEMBbIi, «3(P@EKT MoIIaBKa», KOTraa Kaxaas MOJIeKyJia WM aTOM
CTPEMSITCS K MOJOXEHNIO0 MAKCUMAaJIbHO YCTOMYMBOIO COCTOSIHMSI paBHOBE-
cusi. UMeHHo, 61arogapsi 5ToMY, MOJIEKYJIbI 1 aTOMbI aTMOCGEpPhI He IMagaroT
Ha ITIOBEPXHOCTH IUIAHEThI, KAK MOJIEKYJIbl 1 aTOMbI 00JI€€ TSIXKEIbIX 2JI€MEH-
toB. Ilepenan (rpagueHT) MEPHOCTU MEXKIY JHEBHOU 1 HOYHOM 30HAMU Ha-
MpaBjIeH BIOJIb TOBEPXHOCTHU IIJIAHETHI, YTO MPUBOJUT B IBUXKEHUE CBOOOI-
HbIe MaTEepUU MapajjiesibHO €€ MOBEPXHOCTU OT 30HbI C OOJIBIINM YPOBHEM
MEPHOCTH (OCBELIEHHAsI MOBEPXHOCTh) K 30HE C MEHBIIIMM YPOBHEM MEPHO-
CTU (HEOCBeIEHHAsi IOBEPXHOCTh). B pe3yJibrate MosiBjieHNsI BTOPOTO Hallpa-
BJICHMSI IBUKEHMSI CBOOOTHBIX MaTEpUIi MapayieIbHO TTOBEPXHOCTH, BO3HM -
KaeT nepenajn atMmocgepHoro gasiaeHus (Puc. 4.2.1) 1 ymeHbIlIaeTCs cuja TsI-
»KecTu. Tak Kak MoJieKyJibl aTMOoCdephl He CBSI3aHbI MEX1y COO0I B XKECTKME
(TBEpPIOE COCTOSIHME BE1IECTBA) UJIU MOJTYKECTKUE CUCTEMBI (3KMJKOE COCTO-
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sSIHWE BeleCTBa), TO Iepenaa MepHOCTU MPOCTPAHCTBA BAOJb MMOBEPXHOCTU
MPUBOJIUT K TOMY, UYTO ITOTOK CBOOOAHBIX MaTepuii yBJIeKaeT 3a CO00I MoJIe-
KyJibl, 0Opa3zymwliye atMmocdepy. Bo3myliHbie MacChl MPUXOAST B ABVKEHUE,
BO3HUKaeT BeTep. [Ipu 3ToM, «pa3orpeTbie» MOJIEKYJIbl (MOJIEKYJIbI, TOIVIOTUB-
1IMEe COJTHEUYHBIC U3JIyYeHMUsl) TIepeMel]aloTCs Ha HEOCBEILIEHHYIO TEPPUTO-
pUIO, TJIe IPOUCXOIUT CIIOHTAHHOE (CaMOMNpPOU3BOJbHOE) U3JTyYEHUE UMU
BOJIH. J[pyruMu cjioBaMU, BCIASACTBUE TOTO, UTO COOCTBEHHBI YPOBEHb Mep-
HOCTH 3THUX MOJIEKYJI BbIII€ COOCTBEHHOTO YPOBHS aTMOC(EPhl HEOCBEIIEH-
HOI MOBEPXHOCTHU, TOT Iepenajl, MeXXI1y MEpHOCTBIO CpeJibl U COOCTBEHHOM
MEPHOCTBIO Pa30IPEThIX MOJIEKYJI, BbI3bIBAET HEYCTOMYMBOE COCTOSIHUE T10-
CJIEAHMX U MTPOBOLIMPYET CIIOHTAHHOE U3JTyYeHUE MOJIEKYJIaMU BOJIH. « X001 -
HbI€» MOJIEKYJIbI, B CBOIO OUepedb, MMEIOT YPOBEHb COOCTBEHHBIII MEPHOCTHU
HIXXE COOCTBEHHOI'O YPOBHSI MEPHOCTHU OCBEILLIEHHOIM TEPPUTOPUU, UTO TTPO-
BOLIMPYET MAaCCOBOE MOMIOIIEeHNE n3TydeHnid CoJTHIIAa U TETUIOBBIX U3 TyYeHU
OCBelLEHHOM nmoBepxHOCTU. [TocTerneHHO MPOUCXOIUT BhIPAaBHUBAHUE MEXKTY
COOCTBEHHBIM YPOBHEM MEPHOCTU OCBELLIEHHOI MOBEPXHOCTU U COOCTBEH-
HBIM YPOBHEM MepHOCTU MoJjieKyJl. [Ipu aToM, eciin cOOCTBEHHBI YPOBEHbD
MEPHOCTH «XOJIOAHBIX» MOJIEKYJI 3HAYUTEJILHO OTJIMYAETCSI OT COOCTBEHHOTO
YPOBHSI MEPHOCTH OCBEIIEHHOW TEPPUTOPUM, IMIPOUCXOAUT CHUKEHHUE I10-
caenHero. Korjga coOCTBEeHHBIN YpOBEHb MEPHOCTH OCBELLIEHHOMN TEpPUTOPUN
OITYCKAeTCs1 10 YPOBHS, TaK Ha3bIBAEMOI, TOUKHU «POCHI», MOJIEKYJIbl BOJbI 13
ra3oo0pa3HOIro COCTOSIHUS MepexondT B xkujakoe. Boimagaer poca. Ecim aTo
MPOMCXOAUT Ha YPOBHE 00JIAYHOCTH, IIPOLIECC KarjieoOpa3oBaHUS ITpUoOOpe-
TaeT LIeMTHOM XapaKTep, U BbIMAJaeT JOXIb. [ Ipy 3TOM, COCTOSIHME KauyeCTBEH-
HOro Oapbepa MeXAy BTOPbIM U (PU3MUECKUMM YPOBHSIMM BO3BpalllaeTcs K
HopMe. B citygae, Korga 3ToT Impoiecc NpoOUCXOauT ObICTPO 1 PE3KO, CKOTTUB-
1IMecs Ha YpOBHE KauyeCTBEHHOI'0 Oapbepa CBOOOIHbIE MaTePUM CTEKAIOT Jia-
BMHOOOpa3Ho. M, Kak ciaeacTBue, BO3HUKAIOT aTMOC(EPHbBIC 3JIEKTPUUECKUE
pas3psiibl — MOJTHUM. AHAJIOTMEN 3TOMY MPOLIECCY MOXKET MOCIYXKUTh INIOTUHA
Ha peKe, Y KOTOPOI OTKPbUIY BCE LIJIIO3bI, M BCS BOAA, HAKOIUICHHAS TIOTH -
HOIi, 0CBOOOX1aeTCsl OMHOBPEMEHHO.

Ilepuoguueckasi cMeHa JHSI 1 HOYU Jiej1aeT 3aKOHOMEPHBIM 1 €CTECTBEH-
HBIMU OITMCAHHOE Bbille. ONTUMAaJIbHBIMU 1JIS1 BOBHUKHOBEHUS KU3HMU SIBJISI-
I0OTCS TIJIAHETHI C MPOAOJKMTEIbHOCTBIO MJIaHETApPHBIX CYTOK B MHTEpBaJje
3HaueHui 18-48 3eMHbIX yacoB. [Ipu MeHblIel MPOJOJKUTEILHOCTH TJIaHEe -
TapHBIX CYTOK, ONMCAHHbBIEC BIIIE ITPOLIECCHI HE JOCTUTAIOT YPOBHSI, TPU KO-
TOPOM IMMPOUCXOAUT aKTUBHOE IBUKEHME aTMOCGEPHBIX Macc 1 pa3psiibl aT-
MOC(EepHOTO AJEKTpUUYECTBaA, 0€3 4ero, BOBHUKHOBEHNE OpPraHMYeCKOM
>KM3HU HEBO3MOXKHO. boJiee 1yinTenbHbIe TUIaHEeTapHbIEe CYTKU (OO0JIbLIIE, YEM
48 3eMHBIX YaCOB) IIPUBOISAT K IIOCTOSTHHOMY ILITOPMOBOMY COCTOSIHUIO aTMO-
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cephl IIAHETHI, YTO CO3MAET TSKEIbIE YCIOBUS 111 BOSBHUKHOBEHUS U pa-
3BUTHUS KU3HU. Ha Takmx m1aHeTax XU3Hb MOXET BO3HUKHYTh TOJIBKO, KOTIa
WHTEHCUBHOCTb U3JIyY€HUM 3B€3bl, JOCTUTAIOLIMX MOBEPXHOCTU MJIAHETHI,
YMEHBIIUTCS 10 ONMpeAeIEHHOro YpoBHs. ToAbKO IpU YypPOBHE M3JIYyYeHUM
3B€3/Ibl, KOIJIa OCBEIIEHHAS TIOBEPXHOCTD IJIAHETHI HE IEPETPEeBACTCS, BO3H-
KaloT YCJIOBMS IS 3apOKIeHUS XK3HU. OOBIYHO TaKK1€ YCIOBUS MOSIBIISTIOTCS
Ha IOCJIeIHEe cTaauu 3BOJIOLUY 3BE3A U JaXKe, €CJIM Ha HUX U BO3ZHUKAET
>KM3Hb, TO OHA HE YCIIEBAET Pa3BUTHCS N0 CIOXHBIX (popM Mepeln TeM, KakK
3Be3aa rnorudaet. Kpome aToro, eciiyv npoao/KUTEIbHOCTD IJIaHETaPHbBIX CY-
TOK HeOoJIbIIas, IIepenaa MEPHOCTU HE JOCTUTAET YPOBHS, IIPA KOTOPOM BO-
3HUKAIOT KaK1e-JI1100 CylLIeCTBEHHbIE IBUXXKEHMS MAaCcC HUXXKHUX CJIOEB aTMO-
cepnl maHeTbl. Eciiv ke mpoaoKUTEeIbHOCTh IJIAHETAPHBIX CYTOK 00JIb-
11asi, nepernag MEPHOCTA CTAHOBUTCSI HACTOJIBLKO CYILIECTBEHHBIM, UTO MPH-
BOJIUT K MOILHBIM Y IPOJAOJDKUTEIbHBIM aTMOC(EepHBIM OypsIM U IITOPMaM,
B pe3yJibTaTe KOTOPbIX, YHUUYTOXAETCS BEpXHUI CJION IMJIaHETapHOIO I'PYHTA,
YTO CO3JAET HEBO3MOXXHOCTD Pa3BUTHS (DJIOPHI IJIAHETHI, 0€3 KOTOPOI pa3BU-
THUE 3KOJIOTMYECKOI CUCTEeMBbI IIPOCTO HEBO3MOXKHO. IIITOpMOBOE cCocTOsSTHIE
aTMoc@epbl BBI3bIBAET TAKXKE MOILLIHOE IBUXKEHKE [TOBEPXHOCTHBIX CJIOEB OKE-
AQHOB IUIAHETHI, YTO, B CBOIO OUEPE/Ib, IeJIACT HEBO3MOXKHBIM 3aPOXKICHMUE K-
3HU B BOJE.

5. Hanmmume paspgaaos armocdepHoro snekrpudectsa. Bo BpeMs pa3psaoB
aTMOC(EpHOTO 3JIEKTPUYECTBA, B MPCKOI BOJ€ MMPOUCXOIUT CUHTE3 OpraHu-
YeCKMX MOJIEKyJ1. B 30He pa3psiia co3maeTcss AONOIHUTEIbHOE UCKPUBIIEHUE
MPOCTpPaHCTBA (M3MEHEHME YPOBHSI MEPHOCTH ), IIPU KOTOPOM MOJIEKYJIbI HE-
OpPraHMYECKUX COCAVMHEHUI, PACTBOPEHHBIX B BOJAE, COCAMHSIIOTCSI MEXIY
co0oIi B KaueCTBEHHO HOBOM MOpPSAKE, 00pa3ysi OpraHMYeCKue CoOeIMHEeHMS,
KOTOpPbIE MPEACTaBISIIOT COOOM LIEMOYKM OJHOTUITHBIX aTOMOB. TOJIBKO MO-
LIIHBIE Pa3psiibl aTMOC(HEPHOTO IAEKTPUIECTBA CITOCOOHBI CO3AaTh HEOOXOAM -
MBbI€ YCJIOBUSI, ITIPU KOTOPBIX YPOBEHb MEPHOCTU JOCTUTAET KPUTUIECKOM Be-
JIMYMHBL. /IBE CBOOOAHBIE 2JIEKTPOHHBIE CBSI3U KAXI0I0 U3 3TUX aTOMOB B CO-
CTOSTHUM IPUCOEIMHUTD K ce0e, KaK CBOOOJHBIE MOHBI, TaK U APYTHUE LIeTI0Y-
KM-MOJIEKYJIbl. ATMOC(EpHbIEe JIEeKTPUUECKNUE pa3psabl BO3HUKAIOT, KaK
CJIeICTBME TIepenaaa TOAIMHBI KAY€CTBEHHOTO Oapbepa MeXay (PU3NIeCKUM
1 BTOPBIM YPOBHSIMU MJ1aHEThI. Korna Houb CBOMM MTOKPOBOM OOHMMAET 3¢-
MJIIO, TOBEPXHOCTHBIN CJIOW MJIAHEThl HAYMHAET OXJIaXIAThCs W M3JIy4aTh
TEIJIOBbIC BOJIHBI. M, Kak Mpu BCIKOM M3JIyUYCHUU, YPOBEHb MEPHOCTU
M3JIyYarollero aToMa Win MOJIEKYJIbl yMeHblIaeTcsl. Korma 3To mpoucxoauT
OAHOBPEMEHHO C TPUJJIMOHAMM TPUJLUIMOHOB aTOMOB M MOJIEKYJI HA OTpaHU-
YeHHOU TeppuTopuu (IJIOLIAAb, OCBEIIEHHAs 3BE310M B JHEBHOE BpeMs),
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YpPOBEHb MEPHOCTH YMEHbIIAeTCs Ha Bceil 3Toi Tepputopun. Eciiv 3a 1eHb aT-
Mocdepa 1 TTOBEpXHOCTD IUTAaHETHI CUJIBHO Pa30rpeIuch, a HOUBIO IIPOM30IILIO
pe3Koe oxJIaxkIeHUe, BOSHUKAET CKa4OK YPOBHS MepHOCTH. I1pu 3TOM, cKO-
MUBILIKECS] Ha YPOBHE KaUeCTBEHHOI'0 Oapbhepa CBOOOIHbIE MAaTePUU JTABUHOM
oOpymuBaioTcs BHU3. [TpoucXoauT ajIeKTpUYECKUI pa3psia MeKIY aTMO-
cepoil 1 TOBEPXHOCTHIO TJIAHETHI.

Hrak, HeoOXOAUMBIMU YCIIOBUSIMU JIJISI BOSHMKHOBEHMS XKM3HM Ha T1J1a-
HeTax SIBJISIIOTCS:

HAJIMYME MOCTOSIHHOTO Mepenaaa MEPHOCTH,
HAJIMYME BObI,

HaJnmyue armocdepsl,

HAJIM4Me NepruoaudecKoii CMeHbI JHS M HOYH,
HaJIMYKeE Pa3psaaoB aTMOC(EPHOro 3JIeKTPUYECTBA.

* & 6 0o o

ZKu3Hb 3apoxaeTcs aBTOMaTUYeCKM Ha BCeX IUIaHeTax, IIe CYLECTBYIOT
repeurcIeHHbIe Bhllle ycJioBUsl. M Takux nmjaaHeT Bo BeeneHHOM — MMM -
apapl. Haia mianera 3emiist He SIB/ISIETCS YHUKAJIbHBIM TBOPEHUEM IPUPOIbI.

4.3. KayecTBeHHbIe 0COOCHHOCTH OpPraHUYeCKUX
MOJIEKYJ ¥ HX POJIb MPH 3aPOXKIEHAN KA3HH

A ceilyac pacCMOTpUM, KaK TP IE€PEUUCICHHBIX BbIllIe HEOOXOAUMBIX
YCJIOBMSIX, 3aPOKIAETCS M pa3BUBACTCS XKU3Hb. MopcKasi Boja, KaK BCEM U3-
BECTHO, CTaJia KOJILIOEJIbIO >KM3HU. B Heil comepxaTcs MpakKTUYECKU BCe XM -
MUYECKUE DJIEMEHTHI U MHOTHE COeTUHEHUS U3 HUX. Bo BpeMs pa3psioB aT-
MOC(HEpPHOTO JIEKTPUIECTBA MPOUCXOAUT AeopMalirs IIpocTpaHcTBa. B Bo-
Jie, IPOHU3bIBAEMON 3TUMM pa3psigaMu (MOJHUSIMU), BO3HUKAET YPOBEHb
MEPHOCTHU, IIPU KOTOPOM YEThIPEXBAJIEHTHbIE JIEMEHTHI (YIJIEPOd, KPEMHMUIA,
docdop) HAUMHAIOT COEAUHSITHLCS B LIeMOYKU. [Ipr 3TOM, BOZHUKIIIME MOJIE-
KYJIbl UMEIOT HE TOJIbKO CTPYKTYPHBbIE€ OTJIMYNS, HO IIPMOOPETAIOT U HOBBIE Ka-
yectBa. Kakue e HOBbIe KauyeCTBa BO3HMKAIOT, IIPU COCAMHEHUU TEX XK€
CcaMbIX aTOMOB B JIPYTOM CTPYKTYpHOM Topsiake? YTo 3acTaBisieT HaC pas3je-
JISITh aTOMBbI, 00pa3yolINe OJWH CTPYKTYPHBII MOPSIIOK, OT TE€X XK€ CaMbIX aTO-
MOB, CO3JAI0IIMX IPYrOoi CTPYKTYpPHbIN MopsaoK? Ilouemy, B oqHOM ciiydae
— HeOpraHM4YecKue CoeIMHEHNUs, a B APYTOM — OpraHudeckue?

B cuny Toro, 4To OCHOBOM OEIKOBOM XXU3HU SBJISIETCS YIJIEPOM, 10CTA-
TOYHO MPOAHAIU3UPOBATh KAYECTBEHHOE OTJIMYME IIPOCTPAHCTBEHHBIX Xapa-
KTePUCTUK MOJIEKYJI, KOTOPbIE CO30AET JaHHBIMA 2JIEMEHT, YTOObI pa3raaaTh
TaliHy 3apOoXaAeHUS KU3HU. JlaBaliTe monbITaeMcs IMTOHATh, K YeMY IPUBOISIT
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pa3auyusl CTPYKTYPHOI OpraHM3aluMu MoJieKysa. PaccMoTpuM HeopraHu-
YeCcKue CTPYKTYpPHbIE 00pa30BaHUsI — KpUCTaAJLIbl. KpucTamibl IpeacTaBiIsiioT
co0o¥i Takuhe MPOCTPAHCTBEHHbBIE COCAMHEHMSI, TI€ aTOMbl PACIOJOXEHBI
JpyT OTHOCUTEJILHO ApYyra Ha MpakTU4YECKU OTMHAKOBBIX PACCTOSIHUSIX. DTU
PaCCTOSIHUSI COM3MEPUMEI ¢ pa3Mepamu camux atomoB (10-14...10-12 meTpa).
[Tpuuém, oHM (paccTOsIHUSI) TIPAKTUYECKM OJMHAKOBEI IO BCEM ITPOCTPaH-
CTBEHHBIM HAIIpaBJICHUSIM (ajaMa3) UM TOXIECTBEHHBI B KaXXIOW M3 IPO-
CTPAHCTBEHHBIX IJIOCKOCTEM (rpaduT). DTU KpUCTaLIbl 0Opa30BaHbl aTOMaMU
yriepoaa (C), Ho OHM He SIBJISIFOTCSI OCHOBOM HE TOJIbKO >KMBBIX OPraHU3MOB,
HO ¥ opraHndeckux moJiekya (Puc. 4.3.1, Puc. 4.3.2). B yém nipuuuHbI TOTO,
YTO TaKME XKe aTOMBbI YIJIEpOJa, COeTMHUBIINCH B IPYTrOM ITPOCTPAHCTBEHHOM
MOpsiAKe, CTaIU (pyHIAMEHTOM XXMBOU NPpUPOIbI? A OHY (IPUYMHBI) — CJIE]I-
CTBUSI KaUYeCTBEHHbIX OCOOEHHOCTE opraHudeckux mouekyn (Puc. 4.3.3,
Puc. 4.3.4). KayecTBeHHbIe OCOO€HHOCTH OPraHMYECKUX MOJIEKYJI CIeIyIO-
1ue:

1. ITpocTpaHCTBEHHAS CTPYKTYpa OpraHM4YECKMUX MOJIEKYJI HEOJHOPOIHA
B pa3HbIX IPOCTPAHCTBEHHbBIX HAITPABJICHMUSIX.

2. MoJieKyJISIpHBII BeC OpraHU4eCKUX MOJIEKYJI KOJIe0JIeTCSI OT HECKOJIb-
KUX JECSITKOB 10 HECKOJIbKMX MUUIMOHOB aTOMHbBIX €IMHUII,.

3. HepaBHOMEpHOCTD pacripeaeieHUs MOJIEKYJISIPHOTO Beca opraHuye-
CKMX MOJIEKYJI IT0 pa3HbIM IPOCTPAHCTBEHHBIM HaIIpPaBJICHUSIM.

M, Kak ciaeacTBre nepeyrncIeHHbIX KAUeCTBEHHBIX OCOOEHHOCTE, opra-
HUYECKME MOJICKYJIbI BIUSIOT HEOAMHAKOBO Ha OKPYKAIOIIEe MX MUKPOIIPO-
CTPAHCTBO B pa3HbIX MPOCTPAHCTBEHHBIX HampablieHUsIX. OCOOEHHO SIPKO
o10 saBieHue BoipaxkeHo y moJiekys1 PHK n /IHK (Puc. 4.3.5, Puc. 4.3.6). Ato-
MbI, 00pa3yIoIIre 3T MOJIEKYJIbI, CO3AAI0T JJIMHHBIC LIETIOYKHU, 3aKPYYEHHBIE
B cnupayib. UMeHHO cnupaibHasg nmpocTpaHcTBeHHas ¢popma moJiekya PHK
u JIHK co3naér HeoOxonMble KayecTBa JJIs1 BOBHUKHOBEHUS KMBOI MaTe-
pun. Kakue Xxe 3T0 HeOOXOAMMbIE KaueCTBa CO3UIAIOT Yyd0 KU3HU? YTO
MO3BOJISIET TOBOPUTH O KAYECTBEHHO HOBOM 3Talle 3BOJIIOLY MAaTEPUU — 3BO-
JIIOLIAM XU BOW MaTepUH, 3BOTIOLMHU XXKU3HU? [1ombiTaeMcs MOHSATD 4y10, KO-
TOPOE POXIAET XKU3Hb...

Buyrpennuii o0beéM crimpaneit moaekya PHK nin JIHK obpasyet cBo-
e00pa3HbIii TyHHE b, CrimpalibHasl MOJIEKYJ1a OKa3bIBa€T CUIbHOE BIUSIHUE Ha
YPOBEHb MEPHOCTHA MUKPOIIPOCTPAHCTBA 3TOTr0 TyHHENs. [IpuuéM, 310 Biam-
sSIHUE Ha BHYTPEHHUU OOBEM TYHHEJSI HE ONMHAKOBO B pa3HbIX MPOCTPaH-
CTBeHHBIX HarpaBiaeHusx (Puc. 4.3.7). BcnoMHMM, 4YTO KaXXIblii aTOM OKa3bl-
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BaeT BJIMSIHUE HA MEPHOCTb MUKPOIIPOCTPAHCTBA BOKPYT ce0s1. CoenuHeHNE
13 aTOMOB CO3JaET KOMOMHALIMIO BJIMSIHUIA BCEX aTOMOB, 00Opa3yIOLLIMX 3TO CO-
CIUHEHNWE, HA MEPHOCTh MUKPONPOCTPAHCTBA MOJIEKYJbI. IIpu 3TOM, Ba-
J)KHOE 3HAYEHME MMeEET NPOCTPAHCTBEHHAs! OPUEHTALIMS BJIMSIHUS KaxKI0TO
aToMa, BXOJsIlIEero B coenruHeHue. CrimpanbHas cTpykrypa Moaekyil PHK
i JIHK co3naéTt yciaoBusl, mpu KOTOPBIX BJIMSIHUSI HA MEPHOCTb OOJIbILIMH-
CTBa 00pa3yloIIMX UX aTOMOB COCPEIOTAYMBAETCSI BO BHYTPEHHEM OOBEME
cMpanen 3TUX MOJeKyJl. MEpHOCTh BHEIIHETO 00bEMA CIIMpaIeit MOJIEKYJT
PHK wnu JIHK nperepneBaeT Julllb He3HAYUTEIbHbIEC U3MeHeHUs. CaeayeT
OTMETUTh, UYTO U3BMEHEHUSI MEPHOCTU BHYTPEHHET0 00bEMA ITUX CIIMpaiei
HEOJMHAKOBHI B pa3HBIX MPOCTPAHCTBEHHBIX HAIIpaBICHUSIX. BOoab ocu BUT-
KM CITAPAJIN CO30AI0T NEPUOINIECKI MTOBTOPSAIOIIMECS MEepenaabl MEPHOCTH.
DTH nepenanbl BO BHYyTPEHHEM 00bEME CO3IaI0T CTOSTUYIO BOJIHY MEPHOCTH
(BoJIHA MEPHOCTH, MapaMEeTPbl KOTOPOU HEe M3MEHSIOTCS BO BPEMEHU U B
npocTpaHcTBe). B pagnanbHbIX HanmpaBiaeHUIX crimpanb MoaeKyabl PHK viu
JHK co3ma€r 1maBHBIM nepernan MepHOCTH. MIMEHHO cTosdass BOJIHA
MEPHOCTH, CO3IaBacMas CrimpajibHou cTpykTypoit MmoJiekyJibl PHK nnn JIHK,
SIBJISIETCS JOCTAaTOYHBIM YCJIOBMEM BO3HMKHOBEHMS Xu3HU. [locTtapaemcs
BBISICHUTB IouyeMy 310 MMeHHO Tak. Monexkynbsl PHK n JIHK Haxonsarcsa B
BOJIHOM cpene. Mopckas Bojia, B KOTOPOM M 3apOnIach MepBasi XXU3Hb, CO-
JIEePXKUT OTPOMHOE KOJIMYECTBO MOJIEKYJT, MOHOB, KAK HEOPTAHNYECKOTO, TaK
1 OPTaHUYECKOTO MPOUCXOXACHMS. BCe 3T MOJIEKYJIbI 1 MOHBI HAXOISTCS B
MOCTOSTHHOM XaOTUYECKOM ABVMXKEHUHU. B pe3ysibraTe 3Toro IBUKEHUS, MOJIe-
KyJbl 1 MOHBI MEPUOJNYECKN MOMAaAalT BO BHYTPEHHUIN OO0OBEM CIMpaliun
PHK vnu IHK. U poxnaercs yyno Xu3Hu!..

Pasrangka atoro yyna — o4eHb mpocTas. J1ejio B TOM, 4YTO BHYTPEHHUI 00-
beM crimpayiv MosieKyabl PHK v JIHK siBiisieTcst JIOBYILIKOM JJ11 BCEX TTOIaB-
IIMX B HETO MOJIEKYI. PaguanbHbIN epenaas MEPHOCTU YIEP>KMBAET MOMAaB-
II1€ B 3Ty JOBYILIKY MOJieKyJibl BHyTpu ciupanu PHK vnu JIHK. I1pu aTom,
panvanabHbINA Nepenag MEPHOCTHU 3aCTaBJISIET CBOOOJHbBIE MATEPUM IBUTATHCS
BIIOJIb 3TOro nepemnana. M, Kak ciaeacTteue, BO3HUKAOT IPaBUTALIMOHHbBIE CH-
Jibl, HanpaBiaeHHbIE K ocH cripanvi PHK v JIHK. IToaToMy, Bce MOIEKYIIHI,
TIOITIAaBIIKE BO BHYTPEHHUIA 00BEM CITMPANIY, B pe3yJibTaTe OpOYHOBCKOTO (Xa-
OTUYHOTIO) ABMXXEHUSI, HAUMHAIOT IBUTATHCS BIOJIbL OCU cnupaiu. Tak xe, Kak
1 TEYCHUE PEKU YBJIEKAET 32 COOOM BCE, UTO B HEE MONANAET, pAIUAJIbHBIN T1€-
peraj yBJIEKaeT «IIJICHEHHbIE» MOJIEKYJIbI. TOJIbKO OYEHb OBICTPBIE MOJIEKYJIbI
MOTYT BBIPBATbCS U3 3TOTO IUIeHA. [1pu 5TOM, OHU TEPSIOT YaCTh CBOETO MO-
TeHlana. Bce ocTtajibHble MOJIEKYJIBI HAUYMHAIOT BBIHYKICHHO JIBUTAThCS
BIIOJIb OCHU criipaiv. Boosib ocu, crimpaib moJiekyabl PHK v JIHK co3na€r,
KakK BblI IOMHMTE, CTOSYYIO BOJIHY Meperaga MepHOCTU. [Ipu CBOEM BBI-
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HY>XJIEHHOM JBUKEHUU BIOJIb OCU «IIJICHEHHBIS» MOJICKYJIbI TTOMAAaloT B 30-
HbI C pa3HbBIMU MepHOCTSIMU. Kaxknast U3 aTUX MOJIeKYJI UMEET COOCTBEHHbIM
YPOBEHb MEPHOCTHU, TIPY KOTOPOM OHA MAKCUMAJILHO CTaOMJIbHA, a TAKXKe M-
ana3oH 3HAaY€HUI MEPHOCTH, B Mpelieaax KOTOPOTO MOJIEKYJIa MOXET CyIlIe-
CTBOBAaTb HE pacnanasch. M, Kak TOJIbLKO «IIJIEHEHHBIE» MOJIEKYJIbI, TP CBOEM
BBIHYXXIEHHOM JIBV>KECHUHU BAOJIb OCH, TIOIIAAAI0T B 30HY C 3allpeacAbHOM IJISI
HYX MEPHOCTbIO, OHU CTAHOBSITCSI HEYCTOMYMBBIMU Y HAUMHAIOT pacIiaaaThCs
(Puc. 4.3.8).

B pesynbraTte pacnama MoJIEKYJI, BBICBOOOXIAIOTCS BCE CEMb ITEPBUYHBIX
MaTepuii, KOTopble 00pa3oBain GU3NIECKH TNIOTHOE BelnecTBO. [1pu aTOM,
YacTb BEICBOOOIMBIINXCSI MAaTePUiA BHOBb CO3IAET HOBbIE aTOMBI M MOJIEKYJIbI,
MMeIOIIKEe COOCTBEHHBI yPOBEHb MEPHOCTH, TOXKIECTBEHHBI MEPHOCTH 30-
HbI pacnaga. OObIYHO BHOBb BO3HUMKIIIME MOJIEKYJIbI, IPU CBOEM BBIHYXKIEH-
HOM JIBVXXEHUHU BAOJb OCU, HE pacnagaroTcs. Boliias n3 BHyTpeHHEro oobeMa
crimpain Mojiekyiabl PHK winu JIHK, oHu okasbiBaroTcs B BOOIHOM Cpende
(Puc. 4.3.9). OTu MOJIEKyJIbI YACTO XUMUYECKM aKTUBHBI U, KaK CJI€ICTBUE,
arpeccuBHBbI, Kak 10 oTHowmeHMI0 K moyekyiaMm PHK wmm JIHK, tak u x
JPYTMM BHYTPUKJIETOUYHBIM O00pa30oBaHUsIM. 3aberas Boepen, OTMETUM, YTO
9TU MOJIEKYJIbI, KOTOpbIE B AaJibHEHIIeM OyaeM Ha3blBaTb TOKCMHAMU WJIU
IIJTaKaMM, BEIBOASITCS 3a peIe/bl KJIETKM U 1ajlee 3a Mpenesibl OpraHu3Ma (B
cJlydae€ MHOTIOKJIETOUHOI'O opraHu3Mma). BepHéMcs K aHanu3y IPOLIECCOB,
npoucxoadiyx Bo BHyTpeHHeM o0beme cnupanu PHK v JIHK... YacTb BbI-
CBOOOIMBIIMXCS CBOOOAHBIX MaTepuii, KaK BbISICHWIOCH, 00pa3yloT yCTOMY M-
BbI€ aTOMBI M MOJIEKYJIbI. A ipyras 4actb? UTo IIPOUCXOIUT C HEH?!

HMMeHHO B 3TOIl TOYKE aHajM3a Mbl NOJOULJIM K MOHUMAHUIO TallHbI
>KU3HU.

Hecps3anHbie MaTepum, yepe3 KaHal MexXay (pru3ndeckum (mepnasi Ma-
TepuasbHas cepa) U BTOPbIM (BTOpasi MaTepuaibHas cepa) ypOBHSIMU
IJIAaHEThI, KOTOPBIII BOBHUKAET BO BHYyTpeHHEM 00beMe crivpaiu PHK vnn
JIHK, HaunHaoT nepeTekatb Ha Apyr1ue ypoBHU. BCITIOMHMM, 4TO Kaxaast MO-
Jiekyna, ocooeHHo Takue orpoMHbie, Kak PHK u JIHK, nedpopmupytor mu-
KPOIPOCTPAHCTBO BOKPYT ce0s1. M mipu 3ToM nedopMupyeTcsi BTOpOil MaTe-
pUaJIbHBIN ypoBeHb I1aHeThl. [Ipunuém, dopma nedpopmaiiim moJIHOCTbIO KO-
nipyeT popmy mosiekyabsl PHK wnu JIHK, kak BripoyeM 1 BceX OCTaIbHbBIX
Moiekya. Korna Ha 1opore BO3HUKAIOT SIMBI (iepopMalivin), BO BpeMsT 10K
OHU 3aIIOJIHSIOTCS 10 KpaéB BoaoM. Eciiu 1oXab — Npoa0JKUTENbHBIN, 10-
>KJIeBasl BOAa, 3al10JHUB SIMbl, HQUMHAET CTeKaTh B HU3MHBI. TakKe 1 HECBSI -
3aHHbIC MaTEepUM, IePETEeKas 10 KaHAJIy Ha BTOPO MaTepUaIbHbINA YPOBEHD,
MOJHOCTBIO 3aIOJIHAIOT GopMy AedopMaunn. M30bITOK X BO3BpAILIAeT cede
CBOOOJY OT IJIEHA MJaHeThl. BO3HMKAET TOJbKO OJWH BOIIPOC — KaKUe Bbl-
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CBOOOJMBILIMECS MaTe€pUX U MOYEMY 3aMOJHSIOT 3Ty (opMy AedopMalun
BTOPOTO MaTepraabHOIO YPOBHS (Cephl)?

J1J1s1 TOro, 4T00BI OTBETUTH HA 3TOT BOIPOC, BCIIOMHUM, YTO BTOPOIA Ma-
TepUAIbHBIN YPOBEHBb (cepa) oOpazoBajcd B pe3ybraTe CIUSHUS IIECTU
CBOOOIHBIX hopM MaTepu. [1oaTomy, nepopmaliyiio BTOporo MaTrepruaaibHOTO
YPOBHSI 3aIIOJHSET TOJbKO Matepusi G, KOTopas SIBJISIETCS CeAbMOM MaTepureit
1 HE BXOJMUT B COCTAB TMOPUIHON MaTEepuM BTOPOM MaTepUaabHOI CEpPHI.
ITocne nmoaHoro 3anojiHeHus aeopman Matepueit G, Ha BTOpOM MaTepu-
aJlIbHOM ypoBHe (cepe) obOpasdyeTcss TouHasa Komnust Mojekyibl PHK mnu
JIHK. Bo3HukaeT, Tak Ha3bIBAEMOE, BTOPOE MaTe€pUAIbLHOE TE€JI0 MOJIEKYJIbI
PHK v IHK (Puc. 4.3.10). [Tpu noiHOLIEHHOM BTOPOM MaTepUaIbHOM Te-
Jie, MEXXy HUM — BTOPOI MaTepuaibHOM chpepoit U (PrU3MUECKM TNIOTHOM Te-
JIoM (mepBasi MaTeprajibHasg cepa) McUYe3aeT KaYeCTBEHHBbIM Oapbep, Tak
KaK CMCTeMa BTOpOe MaTepUajibHOE TeJIO, IUTI0C BTOpasi MaTepualibHas cepa
CTPYKTYPHO M KaUeCTBEHHO COOTBETCTBYET (DM3NUECKHU IUIOTHOM MaTepuun~2.
Mexny ¢u3ndecku IJIOTHOM (ITepBOE MaTEpUATbHOE TEJIO) MOJIEKYJIOU U
BTOPBLIM MaTepuaibHBIM TejioM MoJieKyibl PHK vnu JIHK, o6pa3yercst mocto-
SIHHBI KaHaJl, 0 KOTOPOMY BBICBOOOAMBILMECS MaTepUU MPOJOJIKAIOT T1e-
peTeKaTbh Ha BTOPO U Apyrue MaTepualbHble YPOBHM IUTaHETHI. Ecu mponecc
pacnaaa «ImIeHEHHBIX» MOJIEKYJ BO BHYTPEHHEM O0BbEME CITUPAIU MOJIEKYJIbI
PHK vnm JIHK nipekpatutcs, TO BTOpO€ MaTepUATIbHOE TEJIO MOJIEKYJIbl UJIN
HMCYE3HET COBCEM, UJIH YTPATUT ONTUMAJIbHYIO INIOTHOCTh. Kak u J1y>ka Ha 10-
pore: ecJii He OyIeT HOBOIO JOX/s1, BCSI BOJIA U3 HEE UCHAPUTCS, ¥ HA JOPOTe
OCTaHETCS TOJIBKO SIMa...

TakuM 00pa3oM, TTIOCTOSIHHBIN pacriaj, «IJIeHEHHBIX» MOJIEKYJ BO BHY-
TpeHHeM 00beéMe cripaiu MoaeKyasl PHK v JIHK gasisercsa Heobxomu-
MbIM YCJIOBMEM TSI OAACPKAHMS >)KM3HU. BOZHMKHOBEHME BTOPOTO MaTEPH -
aJILHOTO TeJia SIBJISIETCSI KAUeCTBEHHO HOBOI CTYNEHBLKOM B 3BOJIIOLIMU MaTe-
pun. [1neH€éHHas MaTtepusl Halla CIoco0 CBOETr0 OCBOOOXIECHUS U3 CBOEH
TIOpbMBIL. Y1 5TO 0CBOOOXKIEHNE — KMBAsI MAaTEPUSL.

ITosiBIeHKE BTOPOTo MaTepUaIbHOIO Tejia — HAYAJI0 3BOJIIOLIN JKUBO Ma-
TEPUH.

ITepBbIMM XMUBBIMU OpraHU3MaMu CTaJIu BUpYChl. Bupyc npeacrasisieT
co6oit moniekyiny PHK, okpyX€HHY10 0€1KOBOI 000104HOI. beskoBast 000-
JJouka co3ngact BOKpyr moJiekysl PHK ycToituuBylo cpeny, Co3maeTcsl CBoe-
00pa3HbIii MUKpOKJIMMAT BOKpYT MmoJiekyabl PHK BciieacTBue Toro, 4to 6ei-
KOBasl 000JI04Ka 3aMeIJIsIeT ABMXKEHNUE MOJIEKYJl, KaK BHYTPb ce0sl, TaK U U3

22 «The DNA PHANTOM EFFECT: Direct Measurement of A New Field in the Vacuum
Substructure», by Dr. Vladimir Poponin, 1996.
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ceos. [ToaToMy, MOIEKYJTbI MOMABIIME BHYTPb OCJIKOBOM 000JIOUYKHU, CTATIKM-
BasICh C HEli TIpU CBOEM JABUKEHUM, MOTYT MHOT'O pa3 CPUKOLIETUTD OT HEE,
rnepes TeM, KaK IOKMHYTh BHYTPEHHUI 00bEM 0eikoBo 06010uku. [ToBTOp-
Hble MHOTOKpPATHBIE IBUKEHMUS TTOMNABIINX BHYTPb 0€JIKOBOI 00010YK1 MO-
JIEKYJI YBEJIMYMBAIOT BEPOSITHOCTD TOTO, UTO OHU MOMNAAYT B «C(pepy BIUSIHUS»
moaekyabl PHK 1, Kak cienctsue, OyayT BTSIHYThI BO BHYTPEHHUIA 00BEM MO-
Jiekyabsl PHK 1 HAaUHYT CBO€ BBIHYXKIEHHOE ABMXKEHME BIOJIb ONITUYECKOM OCU
ATOW MOJIEKYJbI, TTONaaas Mo IEMCTBHUE CTOsSYel BOJHBI MEpHOCTU. UTO, B
KOHEUYHOM UTOTre, 1 MPUBOJUT K UX pacliaay Ha MaTepuu, X o0pas3ylolue.
Buyrpennuii o6bEM mMoJiekynbl PHK, Kak nbiecoc, 3acachiBaeT B ce0sl Bce
MOJIEKYJIBI, TTOTIABIIKE T10]] BO3AEUCTBUE PAIUAIILHOTO TI€penaaa MEPHOCTH,
co3naBaeMoro crnupaibio Moaekyibl PHK. Tak xe, kak n Mmonekyiabsl PHK,
«YEPHBIE AbIPbI» MAKPOKOCMOCA CO3/1AI0T BOKPYT ce0s cpepy BIMSHMUS, T10-
rnagasl B peesbl KOTOPO JIto0ast MaTepusl, B TOM YMCJIE U DJIEKTPOMArHUT-
HBbIE BOJIHBI, HE B COCTOSIHUH BhIpBaThCs. UEpHasI Ablpa MAKPOKOCMOCA CO3/1a-
€T BOKPYT ce0s1 MOLIIHOE pagraibHOE T'PaBUTALIMOHHOE MoJie (paaraabHbIN I1e-
penan MEpHOCTHU), BBI3BIBalOIlee pacliaj J10oii MmaTepuu. AHAJIOTUYHO
BHYTpeHHUI 00beM ciupanu moJjiekyabl PHK unu JIHK, co3naétr mogoOHbIe
YCIOBUS, MPUBOASIIME K pacany INIECHEHHBIX MOJIEKYJI IO IECTBUEM CTO-
siyeit BOJTHBI MepHOCTU. Cripajib 3TUX MOJIEKYJI BEAET ce0s1 MICHTUYHO «4Ep-
HOM JbIpe» MaKpOKOCMOcCa, 4To 1mo3BoJisieT Ha3BaTh MoJiekyay PHK viu JIHK
«YEPHO JBIPpOIi» MUKPOKOCMOCA.

Takum 00pa3oM, MOSBIICHUE OEJIKOBOU O00JOYKKU BOKPYT MOJIEKYJIbI
PHK saBunocsk ciienyioniei CTyeHblo 3BOJTIOLMY MAaTePUU OT HEXKUBOM Pop-
MBI K KMBOM. IMEHHO € MOSIBJIEHMEM 3TOM 000JI0UKM, MOXKHO TOBOPUTH O Ka-
YEeCTBEHHO HOBOM 3Tall€ 3BOJIOLIMM MAaTepUM — 3Tare 3BOJIOLUU KUBOU
Mmatepuu. CTosiuyasi BOJIHAa MEPHOCTH, BOBHUKAIOIAsl BO BHYyTPEHHEM 00bEME
mosekyJsisl PHK i THK, sSBasisicb HEOOXOAWMMBIM YCIIOBUEM 111 BO3HUKHO-
BEHUS XX1U3HU, HE SIBJISIETCS JOCTATOYHBLIM B CUITY TOTO, YTO, B IIEPBUYHOM OKeE-
aHe KOHILIEHTpAlLMs OpraHM4YeCKMX MOJIEKYJI ObLIa 04eHb MajleHbKOM. M 1105-
TOMY, 0€3 TOMOJHUTEILHOTO HaKoTIeHUs BOn3u MmoieKysisl PHK opranu-
YeCKHMX MOJIEKYJI He MOTJIO OBbITh M P€YM O MOCTOSIHHOM 3aXBaTe UX 3TOU MO-
JIEKYJIOH C ITOCJIEAYIOIIMM pacIiaioM Ha MaTepuu, X oopasyroiiue. Bo3zHu-
KaeT BOIIPOC, KaKuM oopa3om y MosieKyJibl PHK moria nmosBUThbCs 6e1KoBast
obojtouka? Kakoe 4yno J0KHO ObLIO MPOM30MTH, YTOOBI 3TO CAYYMUJIOCH?
OTBeT Ha 3TU BONPOCHI, KAK HU CTPAHHO, OYEHb ITPOCTO. benku, Kak Bce op-
raHWYECKME MOJIEKYJIbl, BOSHUKIM B HACHLIILIECHHOM PAacTBOPE IEPBUYHOTIO
OKeaHa, KaK CJIeICTBUEe aTMOC(EPHBIX 3JEKTpUIECKUX pa3pssaoB. Camu 1o
cede OCJIKM SBJISIOTCS OOJIBIIMMM MOJIEKYJIAMU, COCTOSILLIMUMU TTIOPOM U3
JIECSITKOB ThICSIY aTOMOB U IPU CBOEM CBOOOTHOM (OPOYHOBCKOM ) ABVUKEHUM
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B BOJIaX IEPBUYHOTO OKe€aHa, moranas B «1oJie TIroreHusi» Mmoaekyasl PHK,
HE MOTYT OBbITb BTSIHYTbI BO BHYTPEHHUI O0BEM 3TOI MOJIEKYJIbI B CUJTY TOTO,
4yTO O€JIKM, CaMM IO cebe, IPEACTABISIIOT OTPOMHBIE MOJIEKYJIBI X ITPOCTO HE
MOTYT IOMECTUTBLCS BO BHYTpeHHeM 00beMe MoJieKyibl PHK. Ho 310 He 03-
HauaeT, yto MoJjiekyaa PHK He BausieT Ha MoJieKysbl 0enkoB. Co3naBaeMblii
cnupanbio mojiekyabl PHK panvanbHbIN nieperiag MEPHOCTHU, TEM HE MEHEE,
3aXBaTbIBAET CBOMM «TSITOTEHUEM» NePBIUYHbIE CTPYKTYPbI MOJIEKYJT OSJIKOB 1
JieJIaeT UX CBOMMU TOCTOSIHHBIMU «CITyTHUKAMM», KaK 3TO IIPOUCXOAUT IIPU
3axBaTe OOJBIINM MaTepUaIbHBIM TEJIOM (HAIlpUMep, INIAHETOI) MEHbIIETO
(Puc. 4.3.11). 1 onats HabaogaeTcsl yAUBUTEIbHAS Mapajjieilb MEXIY
MaKpoOMUpPOM U MUKpomupoMm. Mtak, 3axsat u yaepxanue moJjiekyinoit PHK
MEPBUYHBIX CTPYKTYP MOJIEKYJI O€JIKOB U CTAJIO TEM YCJIIOBUEM, TIPUBEILLINM
K GOpPMUPOBAHMIO BOKPYT 3TOI MOJIEKYJbI 0€1KOBOM 0007104Ku. Co Bpeme-
HeM, 4yucio 6eakoB-cnyTHUKOB MojieKyJibl PHK Bo3pacrano, ux «opOouTthi»
ObLIM COM3MEPUMBI, B CHJTY OJIM3KUX 3HAYEHUI YPOBHEN COOCTBEHHOM MEp-
HocTu. B pe3ynbraTe yero, coceaHue 0€NKU-COYTHUKU OKa3bIBAIMCH IPYT OT
Jipyra Ha TaKOM pacCTOSTHMM, YTO BOZHUKAJIN YCJIOBUSI 1J11 BOSHUKHOBEHMS,
TaK Ha3bIBa€MBbIX, XMMUYECKUX peakiuii Mmexxay Humu (Puc. 4.3.12). Xumu-
YyeCKMEe peaKLMU MEXOY NepBUYHBIMM CTPYKTypamMu O€JIKOB-CITYTHUKOB
MIPUBOJMIIU K TTOSIBJICHUIO YCTOMUYMBBIX 3JIEKTPOHHBIX CBSI3€i MEX1y HUMU U
OHH CpacTajuch B 0mHO Lejtoe. [TocteneHHo, BOKpYr moJiekyibl PHK Bo3Hu-
KJIa CIUIOLIHAs O0€JIKOBask 000704YKa. beJKu-CrnyTHUKM, B pe3yabTraTe 3TOro,
3aKJIIOYMIN B CBOIO COOCTBEHHYIO «TIOPbMY» CBOEI0 3aXBaTYMKa — MOJICKYJTY
PHK (Puc. 4.3.13). Takuum 00pa3oM, BOZHUKJIA YCTOMUMBAsI CUCTEMA MOJIEKYJT
— mouiekyia PHK u e€ GenkoBasi 06ojiouka. Bo3HUK nepBbIii KMBOM opra-
HU3M — BUpyc. Tenepb, mpulilia mopa pacCMOTPETh €1IE OAHO KAa4eCTBO XK1 -
BOI MaTepuM — pa3mMHoxkeHne. Ha ypoBHEe BUpPYCOB MOXXHO TOBOPUTD O TyOI1-
POBaHUU UMM CaMUX Ce0s1, B pe3yJIbTaTe YEro MOSIBJIEHUE OJHOIO XKMBOTO OpP-
raHM3Ma CTaJI0 €ECTECTBEHHBIM Pe3yJIbTaTOM KU3HENESITeJIbHOCTU APYTOTO.
JlaBariTe 0osiee TOoApOOHO pa3zdepeMCS ¢ MPUPOIOI 3TOro sABiaeHus1. Bo-
3HuKIIag BOKpyr Mojekysisl PHK eqnHas 6enkoBasg 000Ji0uKka, HE SIBIASIETCS
CILJIOLIHOM, TI0 CBOEM CYTH, a IMPEACTBABISIET COOOM CETKY BOKPYT MOJIEKYJIbI
PHK. f4yeiiku 31Ol «ceTKN» — HE OJJMHAKOBBI, YTO ITO3BOJISIET MOJIEKYJIaM pa-
3HBIX pa3MepOB ITONAAaTh BHYTPb O€JIKOBOM 00010ukKu. HebGobime mo pa-
3MepaM MOJIEKYJIbI, 0OJBIIMHCTBO KOTOPBIX HEOPraHMYECKHUE, TOBOJBHO CBO-
00QHO MOTYT MOKMHYTh BHYTPEHHUI 00BbEM 0EJIKOBOM 000710YKM, ITPU CBOEM
XaOTUYHOM JABVXKEHMM, TaK KaK OOJIbIIMHCTBO STY€EK 0€JIKOBOI 000JI0YKU BU-
pyca IpeBbIIIAIOT UX pa3Mepbl. B To BpeMs, Kak OOJbIINE U CPEIHUE Op-
raHU4YeCKre MOJIEKYJIbI 3aAeP>XKMBAIOTCS 3TUM «HEBOJOM» BHYTPU OEJIKOBOM
000JI0UKM, TaK KaK BEPOSITHOCTh TOI'O, UTO JAHHAs MOJIEKYJIa MOMAaAET, IIpU
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CBOEM XaOTUYHOM JBMKEHUM B TY XK€ CaMYIO STYEIKY, 4epe3 KOTOPYIO OHa I10-
rajia BHyTpb, OYEHb MaJia. B pe3ysibrate 3Toro, BHyTpHU 0€J1KOBOM 000JI0YKU
BUpYyCa NPOUCXOAUT HAKOIUICHWE OpTaHUYECKUX MOJIeKY. [TporcxoauT cBo-
eobOpa3Has (puabTpalys BOIbl IEPBUYHOIO OKE€aHa Yepe3 BHYTPEHHUM O0BEM
0eJIKOBOI 000J104KM BUpyca. JlaHHBIN Mpolecc MOXKHO pacCcMaTpuUBaTh, Kak
MEPBUYHOE MUTAHUE TIEPBOTO XMUBOTO OpraHn3Ma. YacTh INIEHEHHBIX, TTI0100-
HBIM 00pa30M, OpraHMYeCKMX MOJIEKYJI, IoIagaeT B Mpeaeibl AeCTBUS pa-
JIMaJIbHOTO Mepernaga MepHocTy cnupanu MmoJiekyibl PHK Bupyca, Brsarusa-
€TCSI BO BHYTPEHHUI O0OBEM CIIMpAIXU U paclagaeTcsd TaM Ha MaTepUM, UX
oOpaszymwoiiuve. Eciy Boga nepBUYHOrO OKeaHa B JOCTATOYHOM CTEIIEHU HACHI-
IIIeHa OpraHMYeCKMMHU MOJIEKYJIaMU, IOCTEIIEHHO MPOUCXOAUT YBEJIUUECHUE
KOHLIEHTpALlMM OPraHU4YECKMUX MOJIEKYJI BHYTpU O€IKOBOI 000104Kku. [1pu
pOCTe KOHLIEHTPALUX OPTraHUYECKUX MOJIEKYJI BHYTPU OEJIKOBOM 00OJIOUKH,
YBEJIMYMBAECTCS U YUCIIO MOJIEKYJI, KOTOPHIE MOMAAaloT B «30HY MPUTSIKEHUS»
«4E€PHOU IBIPbI» MUKPOKOCMOCA — BHYTPEHHUI 00BEM CITMPATIN MOJIEKYJIbI
PHK.

CraenyeT OTMETUTh, YTO BHYTPU OEJIKOBOI 00010YKM HAKAIJIMBAIOTCS pa-
3HOOOpa3HbIE OPraHUYECKME MOJIEKYJIbI, B TOM YHUCJIE U HYKJIEOTUIbI — CTp-
outenbHbI MaTepuan 1 moyiekya PHK u JIHK. ITocteneHHO KOHLIEHTpa-
1I1s1 OpraHMYECKMX MOJIEKYJT BHYTPU O€JIKOBOI 000JJOUYKHU JOCTUTAET TAKOTO
YPOBHSI TNIOTHOCTU, IPU KOTOPOM ITPOUCXOAUT ITOCTOSTHHBIN pacriaf IoIaB-
IIIMX BO BHYTPEHHUI 00BEM OpraHMYecKrX MoJieKya. BeaeacTBue yero, Bo-
3pacTaeT NOTOK BbICBOOOXKIAIOIIMXCS MPU pacliafe MepBUYHBIX MaTepuUil ¢
(pr3MYECKM IJIOTHOTO YPOBHSI HA BTOPOM MaTepuaabHbI YpOoBeHb. UTO Mpu-
BOJIUT K M30BITOYHOMY HACHIILIEHWIO BTOPOTO MAaTEPHUATBbHOIO T€J1a MOJIEKYJIbI
PHK. N306bITOYHOE HACBILLIEHUE BTOPOr0 MaTe€pUAJILHOTIO Tejla, IIPUBOAUT K
MOSIBJIEHMIO OOpaTHOIO MTOTOKA NepBUYHOM MaTepun G cO BTOPOTo MaTepu-
aJIbHOT'O YPOBHSI Ha NepBbIii. B pe3yabraTte 3TOoro Ha (pr3M4eCcKoM yPOBHE ITO-
SIBJISIETCS MPOEKIIMS BTOPOTr0 MaTepuajbHOro teaa. Cpeay opraHn4eCKMxX
MOJIEKYJI, HACBIIIAIOIIMX BHYTPEHHUI 00BEM OE€IKOBOIM 000JIOUYKK BUpYCA,
MPUCYTCTBYIOT U HYKJICOTUABI, KOTOPHIE SIBJISIIOTCSI CTPOUTEILHBIM MaTepu-
asioM 11 moJiekysl PHK u JIHK. IToaTomMy, mpu nmosiBAeHMY MTPOESKIIUU BTO-
pOro MaTepuaabHOrO TeJjia, Ha GU3NIYECKOM YPOBHE BOZHUKAIOT HEOOXOAMMBbIE
YCIOBUS JISI COCAMHEHUS OTIOEJbHBIX HYKJICOTUIOB B CIIMPab MOJIEKYJIbI
PHK Bupyca.

[Ipoexiiyst BTOporo MaTepuaabHOTO Tejla Ha (pU3MIeCKOM YPOBHE COOT-
BETCTBYET TOYHOMY IOPSJIKY CJIeJOBaHUS HYKIeOoTUI0B B MoJjiekyiae PHK,
MMO3TOMY OHA CO31AET HAa (PU3NUECKOM YPOBHE JTOMOJHUTEILHBIC UCKPUBIIE-
HUSI MEPHOCTU MUKPONPOCTPAHCTBA, B COOTBETCTBUM C KAY€CTBEHHBIMU Xa-
PAKTePUCTUKAMU COOTBETCTBYIOIIMX HYKJIEOTUAOB, 00pa3ylolInX N3HAYaIb-
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HYIO, TaK Ha3bIBacMy10, MaTepruHCKY10 Mosiekysry PHK. Psagom ¢ MmaTepuHCcKO
mousiekynoii PHK Bo3HuKaeT TouHas e€ MaTpulia. CBOOOIHbIE HYKJIEOTUbI,
rnomnajgas B 3Ty MaTpully, HAUMHAIOT COCAUHSITBLCS APYT C IPYTOM B TOM XK€ Ca-
MOM TIOpsIaKe, Kak U y MatepuHckoi Mmojiekyabl PHK. HaBenenHnas marpuia
BBIHYXX1A€T CBOOOIHBIEC HYKJIEOTUABI COCIUHSITHLCS B 3aJaHHOM Topsiake. Tak
KaK, IIPOEKIMS BTOPOTO MAaTEPUAIBHOTO Tejla Ha (PU3NIYECKOM YPOBHE CO3IAET
TaKO€ U3MEHEHUE MEPHOCTA MUKPOIIPOCTPAHCTBA, ITPU KOTOPOM CBOOOIHEIE
MOJIEKYJIbI HYKJI€OTUI0B HE MOTYT COEAUHUTBCS B IPYrOM Iopsiake. B pesysib-
TaTe 3TOr0 BBIHYXXAECHHOTO COCIMHEHUS CBOOOIHBIX MOJIEKYJI HYKJICOTUIOB,
Ha (pu3n4YeCcKOM YpoBHe nosiBisieTcs Hosasa mosekyia PHK, koTopas siBiasier-
CS TOYHOM KOIIME MAaTEPUHCKOM.

Ho noyemy HyKJIeOTHIbI HE MOTYT COEIMHUTHCS B APYroM nopsiake? Ot-
BET Ha 3TOT BOIIPOC — OUYEHb MpocToit. Kaxkablii HyKJIEOTU UMEeT COOCTBEH-
HBII YPOBEHb MEPHOCTHU, OTJIMYHBIN OT APYroro, IIO3TOMY, IJIsI TOTO, YTOOBI
JIBa HYKJIEOTUA COCIUHWINCH IPYT C IPYTOM, HEOOXOIUMO CO3aTh JOMOJI-
HUTEJIbHOE U3MEHEHNE MEPHOCTU MUKPOIIPOCTpAaHCTBA. [TprueM, 11 pa3HbIX
rap HyKJI€OTHUIO0B, BEJIMUMHA 3TOT0 JOMOJIHUTEIbHOIO U3MEHEHUSI MEPHOCTU
MUMKPOIIPOCTpaHCTBa OyaeT apyroit. [loaToMy, Korna Ha GU3NIECKOM YPOBHE
BO3HMKAET AJOCTATOYHO IUIOTHAs IMPOEKIMs BTOPOro MaTepUaIbHOTO TeJja
mosaekyiabl PHK Bupyca, n3dHayanbHbBIN YpOBEHb MEPHOCTU MUKPOIPOCTPAH-
CTBA B 30HE MMPOEKIIUY U3MEHSIETCS B TOYHOM COOTBETCTBUU C KOJOM JAHHOM
moJiekybl PHK ganHoro Buga. YTto u mpuBOIUT K TOMY, YTO TOJIBKO TOT HY-
KJIEOTUJ, TTapaMeTPbl KOTOPOTO TOXKIECTBEHHBI JAHHOI 00JIACTU MUKPOIPO-
CTPAHCTBA TOJIbKO Y MOXET «3aHSITh» JAHHOE MeCTO. KaxKnblii HyKI1eoTu 1 0y-
KBaJIbHO «CaIUTCS» B CIIELIMAIIbHO TTOATOTOBJIEHHOE JIJISI HETO «THE310». B pe-
3yJIBTATE 3TOrO MPOLECCa, MOSBIISIOTCS ABE TOXAeCTBEHHbIE MOJieKyJibl PHK
JTAHHOTI'O BUPYCa. A MOCJIE 3TOTO HACTYMNAET 3TAIl CO3AaHUsI HOBO MOJIEKYJIOM
PHK 06enkoBoIt 000JI04KH, ITO TOMY K€ IPUHLIMITY, YTO Y MATEPUHCKOM MO-
Jnekynbl PHK Bupyca n3 6€1K0B, HAKOIUIEHHBIX B O€JIKOBOI 000JI0UKE MaTe-
puHcKoro Bupyca. [1onoOHbIN mporecc OyaeT BO3HUKATh KaXKIbIi pa3, Koraa
BHYTPU 0€JIKOBOI 000JI0YKH BUPYCA HAKOITUTCS JOCTATOYHOE KOJIMYECTBO OP-
raHMYECKMX MOJIEKYJ — «CTPOMTEJIbHBbIN MaTepUal» HY>XKHOI'O KadyecTBa.
[Tpoucxomut npoiecc nydompoBaHus (I0-ApyroMy — pa3MHOXEHUE) BUPYCA.
B pesysbrare 3Toro npoiecca, opraHudecKast MaTepusi, BO3HUKILAS B IIEPBUY-
HOM OKE€aHe M3 HeOpraHM4ecKOl, Mo BO3AEHMCTBUEM aTMOC(HEPHBIX 3JIe-
KTPUYECKUX PA3PsI0B PEOPraHU3yeTCs B MPOCTEMIIYIO CAMOOPTaHU3YIOIILY -
10CS XKMBYIO MaTeputo. Takum o0pa3oMm, IOSIBUJIMChH ITIE€pPBbIe TPUMUTUBHET -
ILI1€ >KMBbIE OPraHU3Mbl — BUPYCHI, 3BOJIIOLMS KOTOPBIX U MTPpUBEJIa K MHOTO-
00pa3unio paCTUTEILHBIX M XKUBOTHBIX (pOPM XXM3HU CHA4YaJIa B MUPOBOM OKE-
aHe, a MOTOM M Ha CyllIe.
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Craenymolei 3BOJTIOLIMOHHOM CTYIEHbKOM Pa3BUTUS XXKW3HU CTAIU, TaK
Ha3bIBacMble, OakTeprodaru, MpoMeKyTOYHOE 3BEHO MEXIy BUpycaMUu U
OaKTepUsIMU — MPOCTEHIIUMU OJTHOKJIETOYHBIMU OpraHnu3MaMu. MoxeT BO-
3HUKHYTH BOITPOC: KAKMM 00pa30M NPpOM301LJIa JaJbHEHIIAass BOTIOLIMS K1 -
3HU OT BUpyca — K O6akTepuodary, ot bakrepuodara — K 0OJHOKJIETOYHOMY
opraHu3my? W omnsarb HET MeCTa HUKAKOMY 4yIy, BCE — OY€Hb IPOCTO 1 B TOXE
BpeMs MpeKpacHO. Pa3zMHOXMBILKECS BUPYChI 3aIIOJHUIN BEPXHUM CIOU
MEepBOOBLITHOTO OKeaHa Ha INIyOuMHY He Oosiee cTta MeTpoB. /JlaHHas riayouHa
(cTO METPOB) MPOHUKHOBEHMSI BUPYCOB B MUPOBOI OKE€aH 00YCJIOBJIEHA TEM,
YTO CUHTE3 OPraHUYeCKUX MOJIEKYJ ITPOUCXOIUT BO BpeMsI aTMOC(HEpHBIX
pa3psa0B IEKTPUUECTBA, KOTOPHIE 3aTParuBajid TOJBKO ITOBEPXHOCTHBIN
CJIOM MEPBUYHOIO OKEaHa.

DTO0, BO-TIIEPBbIX, 4, BO-BTOPBIX, UMEHHO BEPXHUI CJI0M OKeaHa HAXOIWJI-
C4 B IIOCTOSIHHOM IBUXXEHUM, IO BO3IECHACTBUEM BETPOB U NPUJIMBOB, U Ha
ATy IyOMHY NPOHMKAET COJTHEUHBIN CBET. TaK BOT, BUPYCHI «ILJIaBalOLIUE» B
MOBEPXHOCTHOM CJIO€ ITEPBUYHOrO OKE€aHa MEPUONUYECKU OKa3bIBAJIUChH B
30HE JEMCTBUS aTMOC(HEPHBIX pa3psa0B 3IeKTpruuecTBa. ATMOC(EpHBIE pa-
3psiAbl BBI3BIBAIOT U3MEHEHUE MEPHOCTY MPOCTPAHCTBA B 30HAX CBOETO MPO-
XOXIEHUS, CO3/1aBasi, TEM CaMbIM, YCJIOBUS JIJII CUHTE3a OPraHUYECKUX COe-
auHeHuii. Ho, 4To mpou30iaeT, eciu B 30HE 3JIEKTPUUECKOTro pa3psijga oKa-
xeTcs Bupyc? KoHeuHo, ecii BUpYC MOMAAET MOoA NPSIMOE BO3AEHCTBUE JIe-
KTPHAYECKOTO pa3psiaa, IIPOU30UAET MOJTHOE €ro pa3pylieHue. YTo xe npou-
30MIET ecii BUPYC MOMNaAeT B nepudepuiiHbie 30HbI BO3IEHCTBUS aTMO-
cepHoro paspsiga? IlpousoiiayTt au, Ipu 3TOM, KakKule-I1M00 M3MeHeHUs ?
[Tpu n3MeHeHM MEPHOCTHU MMPOCTPAHCTBA BOKPYT U BHYTPU BUpPYCca, BO3MO-
>KHO TIPOTE€KaHME HECKOJbKMX MPOLIECCOB:

1. 3MeHeHre nopsaKa COCAMHEHMSI HYKJICOTUAOB B CYLIECTBYIOLIECH
moJiekyiie PHK Bupyca.

2. YBeIMYeHMUE UM YMEHBIIIEHME YMClIa HYKJIEOTUAOB B CYILIECTBYIOLIEH
mosekysie PHK Bupyca.

3. IlosiBeHME XMMUUYECKMX CBSI3EM MEXIy CYLIEeCTBYIOLIEN MOJIEKYJI0M1
PHK Bupyca u npyrumu mosekyiaamu PHK, koTopbie HaXoouincb B MOMEHT
BJIEKTPUYECKOTO pa3psiia BHyTpHY O€JIKOBOU 000104KY BUPYCaA UJIU TTOSIBUJIUCH
B HEW B pe3yJibTaTe BO3AECHACTBUS JIEKTPUIECKOTIO pa3psaa.

ITpu n3amMeHeHUM NopsiaAKa CoeIMHEeHUSI HYKJIeOoTUa0B B MoJjiekyjie PHK
BUpYCa, MOSIBJISIETCS HOBBI BUPYC, KaK pe3yJIbTaT, TAK Ha3bIBAEMbIX, MyTALIMIA.
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[Tpu yMeHblIeHMM YK clia HYKJIEOTUIO0B, 00pasyrouumx mojekyny PHK Bupyca,
MOCJIEAHUI MOXKET YTPaTUTh KaueCTBa XXMBOM MaTepuu, TaK Kak, AJsl IPOsi-
BJICHMSI CBOMCTB X1BOI MaTepuu, moJiekyiaa PHK goimkHa jocTudb KpuTH-
YEeCKOTO MOJIEKYJISIPHOTO Beca. BUpyChl SIBISIOTCS MOrpaHUYHON (POpMOid
OpraHMU3alMKU MAaTEPUU MEXKIY XXKMBOU U HEXXUBOM. /1151 MPOsIBJICHMSI CBOMCTB
>XUBOM Matepum, Mosiekysia PHK Bupyca nosmkHa 10CTUYb OIpeieIEHHONM MO-
JIEKYJIIPHOM MACChI, IIPA KOTOPOU BO3HUKAET 3(P(PEKT OTKPHITHS KAYECTBEH -
HOro Oapbepa MeXay IepBoi M BTOpoi MaTepuaabHbiMU chepamu. Ilpu
MEHbIIIE MOJIEKYJISIPHOM Macce, KaYeCTBEHHBbII Oapbep HE OTKPHIBACTCH.
MMeHHO mo3ToMY, €CIU BUPYC YIAJIUTh U3 BOAbI, OH MEPEXOIUT B KPUCTAI-
JIMYECKOE COCTOSIHUE, TaK KaK BHE BOAbI MoJiekyaa PHK Bupyca tepsiet rpyri-
el H 1 OH co cBoMX BHEITHUX 3JEKTPOHHBIX CBSI3€M, YTO JOBOJIBHO CUJIBHO
CKa3bIBACTCSI Ha €€ MOJIEKYJISIPHOM BECE U, KaK CJIEJCTBUE, KAY€CTBEHHBIN
Oapbep BOCCTAHABIMBAECTCS U UCUE3AI0T CBOMCTBA >XKMBOM MaTtepuu. [1omanas
B Boay, MoJiekya PHK Bupyca BocctaHaBianBaeT CBOM XUMHUYECKHME CBSI3U, B
pesynbrare yero, rpynnbsl H 1 OH nipucoeanHSIOTCS K Hell, 1 MOJIEKYJISIpPHbIM
BEC BHOBb Bo3pacTaeT. [1pu 1oCTMXKEHUHU KPUTUYECKOTO MOJIEKYJISIPHOIO BE-
ca IMIPOUCXOIUT OTKPBITUE KAYECTBEHHOTO 0apbepa MEXKIY IIEPBOIM U BTOPOI
MaTepuaJIbHbIMU cpepaMi, 1 BHOBb MOSIBJISIFOTCSI CBOMCTBA M Ka4eCTBA XXUBOM
Matepuu. Takum o0pa3omM, BeCbMa Ba>XXHBIM (DAKTOPOM, OTIPEACIISIIOIINM BO-
3MOXKHOCTb 3apOXICHUS KU3HU, SIBJISIETCS MOJICKYJISIDHBINA BEC, TOYHEE, CYy-
IIECTBYET Ka4eCTBEHHAas IrpaHulia MoJieKyaspHoro Beca MmoJjiekya PHK niu
JIHK, Tak Ha3bIBaeMbIii, KpUTUYECKUI MOJIEKYJISIPHBINA BeC, MPU KOTOPOM
SBOJIIOLIMS MAaTEPUU BBIXOAUT HA KAYECTBEHHO HOBYIO CTYIIEHb SBOJIIOLINN —
3BOJIIOLHIO JKMBOM MATEPHUH.

Ecnu xe nmoa Bo3neicTBEM aTMOC(EPHBIX pa3psaoB 2JIEKTpUUIECTBA
YBEJIMYMBACTCS YMUCIIO HYKJIeoTU 0B B MoJiekyne PHK Bupyca, HabarogaeTcs
HECKOJIbKO JIIOOOIBITHBIX MOMEHTOB. Bo-NepBbIX, MOSIBJIEHUE «JIUITHUX» HY-
KJIEOTUJ0B MPUBOAUT K POXIACHMIO HOBOIO BHUpyca, HOBO MyTauuu. Bo-
BTOPBIX, YBEJIMUYECHME YUCJIA HYKJICOTUIOB IIPUBOJUT K POCTY MOJIEKYJISIPHOTO
Beca MmosieKyJibl PHK, BcaencTBre 4yero yBeiMumMBaeTCs CTEIIEHD €€ BIIMSHUS
Ha OKpyKarollee MUKPOIIPOCTPAHCTBO, YTO IMIPUBOJIUT B CBOIO OUYEPE/Ib K YBE-
JIMYEHUIO pa3Mepa OeJIKOBOM 000J0YKM. YBEJIMUYEHUE pa3MEpOB OCITIKOBOM
000JIOUYKHM CBSI3aHO C TeEM, 4To Oosee Tskenas mosekyiaa PHK Bupyca B 6071b-
IIEH CTEIIEHU BJIMSIET HAa OKpyxXKalollee MUKPOIIPOCTPAHCTBO. Beaencraue
yero 0eJIKM-CITyTHUKM, 00pa3ylolre 000J0UKY BUPYCa, 3aXBaTbIBAIOTCS «I10-
JieM TsaroteHusi» moJieKysibl PHK Ha GoJiblieM ymaaeHUM OoT HEE€ caMoOi, YTO
MPUBOAUT K TOMY, UTO y 0oJiee Tskenoit monekyabl PHK nosBiseTcst 601b-
1Iero pa3mepa 6eakoBast 000104Ka. bosblnero paamepa 6eakoBast 000J1049Ka
MO3BOJISIET HAKAIJIMBATh BHYTPHU C€0s1 00IbIIIE OPTaHNYECKMX MOJIEKYJI U TTO-
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3BOJISIET CO3aTh 00JIee YCTOMYMBBIN BHYTPEHHUIA MUKpOKJIMMAT. Eciu ke, BO
BpeMs1 aTMOC(EPHBIX Pa3ps 0B JIEKTPUUIECTBA, BOSHUKAIOT YCTOMYMBBIE X1 -
MUYECKHE CBA3M Mexnay aByms mosiekyjiamu PHK, nosBasercsa Mosekyna,
MpeACTaBIIA0IAs COO0M IMIPOCTPAHCTBEHHO-XUMUYECKOE COEAUHEHUE IBYX
CUpayiel — MOSBISIETCS, TAK Ha3bIBaeMasi, ABycnupanbHasa mojiekynaa PHK,
IIpY ONpeaeIEHHbIX yeIoBUsX TosBisieTcd mojiekyiia JIHK. ITosgsnenue THK
OTKPBIBAET HOBYIO 3Py Pa3BUTHS XUBOI MaTEepUMN — OT OJHOKJIETOUHBIX XK1 -
BbIX OPTaHM3MOB 0 MHOTOKJIETOUHBIX U T.1. IO TOSIBJIECHUE Pa3yMHOM >KMBOM
Mmatepuu. JABoiiHas crimpaiib Mojekyabl JIHK co3ma€r 6osiee BeIpaxkKeHHYIO Je-
(bopMarLrIo MUKPOIIPOCTPAHCTBA OKOJIO CE0sI, YTO YCKOPSIET IPOLIECC paciana
«IUVIEHEHHBIX» MOJIEKYJI Ha MaTepuM UX oOpa3ylolue, B CUIYy TOTO, YTO IIpU
CBOEM BbIHYXXIEHHOM JBUKEHUU BO BHYTPEHHEM 00BEME CITUPAJIEN MOJIEKY-
Jibl JIHK «1yieHEHHBIE» MOJIEKYJIBI TTOIAAatoT MO yaaphbl ABYX CTOSTYMX BOJIH
MEPHOCTH, B TO BpeMs, Kak y moJiekyal PHK nmeercs Tojibko ogHa cTostyast
BOJIHA MepHOCTH. JIBoiiHas cTosiuast BojaHa MepHOCTU MoJieKyibl JIHK, Takum
00pa3oM, YCKOPSIET MPOLIECC pacliafa «IIeHEHHbIX» MOJEKYJ, YBeIUYnBasi
TeM caMbIM 3((PEKTUBHOCTD BCE¥ CUCTEMBI B LIeJJoM. KpoMe 3Toro, nBoiiHas
criupanb MoJsiekyJibl JIHK co3ma€Tr takoe BausiHME Ha CBOE MUKPOIPO-
CTPaHCTBO, 4YTO OEJIKOBasA 000J10YKa BOZHUKAET HA 3HAYMTEIBbHO OOJIbIIEM
PacCTOSIHUM OT CaMOM MOJIEKYJIbI, YTO MO3BOJISIET HAKOIMUTh BHYTPU TaKOM
000JIOUKM 3HAYUTEIBLHO OOJIbIIE 3aXBAYEHHBIX B «IIJIEH» OPTaHUYECKHUX MO-
JIEKYJL.

D10 — BaxKHemmii (hakTop AJ1sd MoAAePKAHUSA KU3HHU.

bonbmmx pa3zmepoB 0eKoBasi 000JI0YKa «ITPOLIEKMBAET» OOIbIIEE KO-
YeCTBO MOPCKOM BOJIbI C «ILIaBAIOIIUMM» B HEM OpPraHMYECKMMU MOJIEKYJIaMMU,
BO3HMKAIOIIUMU TIPU aTMOCGEPHBIX pa3psgax JeKTpUuecTBa. DTO €CTe-
CTBEHHO: OOJIbIIMM HEBOJOM MOXHO MOMMAaTh 00JIbIIIE PHIObI. TOJILKO HEBO-
JIOM, B JaHHOM cJiydyae, SBJsieTcsl OeJIKoBas 000Jiouka, a peidoii — op-
raHUYEeCKHE MOJIEKYJIbI, «ILJIaBalolIne» B IIEpBUYHOM oKeaHe. Kpome aToro,
JnBo¥iHag criipaab MoJieKyJbl JIHK co3maer yciaoBus 1151 NOSIBJICHUSI MHOTO-
cJIOiHOI 000/JI0YKHM, TaK Ha3bIBaeMoil, MeMOpaHbl. MeMOpaHa, B Tipolecce
BOJIIOLIN, COOPMUPOBAIACH U3 TPEX CIOEB: IBYX OCJIKOBBIX M OTHOTO XXKUPO-
Boro. IIpudém, >XXpoBOI CIOH pacriojaraeTcss MeXay IByMsl OCJIKOBBLIMU.
Cnupanu mosaexyJbl JIHK rpocTpaHCTBEHHO cMellleHbl O1HAa OTHOCUTEIbHO
npyroi. [ToaTomy, Kaxaas U3 3TUX COUPAJIEN CO3MAET «CBOU» OEIKOBbIE 000-
JIOUKH, KOTOPBIE OKA3bIBAIOTCS TOXE CMEILIEHHBIMU IPYT OTHOCUTEIBHO JIpyra
1, KpOMe 3TOT0, OJHa BHYTpU Apyroii. @PopMUpyoTcs 1Be OEIKOBBIE «Kpe-
MMOCTHBIE» CTeHbI BOKpYT MoJieKyJibl JIHK. B pe3yabrate yero, opraHudeckue
1 HEOPraHUYECKME MOJIEKYJIbl BBIHYKIECHBI MPOCAYMBATHCS Yepe3 MPerpabl,
YTOOBI ITOMACTh BO BHYTPEHHUI 00BbEM 00010UKHU. [1pK TpoxoXaeHUU yepes
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JBOMHYIO IIperpamy, 3T MOJICKYJIbI TEPSIIOT CBOIO KUHETUUYECKYIO S3Hepruio. U,
KaK CJICACTBUE, MPAKTUUYECKHM HE B COCTOSTHUM IIPOPBAThCS Ha3ad yepe3 000-
JIouku. Takum oOpazoM, MpoUCXOaUT (PUILTPALIMS BOABI TIEPBUYHOIO OKeaHa
1 HaKOIUIEHUE OpraHu4YeCcKrX MOJIEKYJ BHYTPU 000JI04eK. MexXay BJIOXKEH-
HBIMU, OAHA B IPYIy10, 0€IKOBBIMU 000JI0UKaMU oOpasyeTtcs 3a30p. U mobdast
MOJIEKYJIa, TTOC/Ie TIPOXOXKICHUS Yepe3 BHEIIHIOK OCJIKOBYIO 000JI0UKY, ITO-
MajgaeT B IIPOCTPAHCTBO MeXIy BHellIHEN U BHyTpeHHel. COOCTBEHHBIN ypo-
BEHb MEPHOCTHU OEJIKOBBIX 000JIOUEK 3HAUUTEILHO BhIILIE COOCTBEHHOI'O YPO-
BHS$I BoAbl oKeaHa. [1oaToMy, BOBHMKAET AIBOMHON HE3HAUMTEIbHBIN Mepena
MEPHOCTHU C 30HOU YCTOMUMBOroO paBHOBeCcUs MexX1y HUMU. [1pu cBoéM nBu-
KEHMH, BCE MOJIEKYJIbI JOJKHBI IPEOAOJIETh 3TU IIe€peIiagbl MEPHOCTHU U I10-
MagaloT B «<HEUTPATbHYIO» 30HY C YPOBHEM MEPHOCTH MEHBILINM, YEM YPOBEHbD
COOCTBEHHOM MEPHOCTU OEJIKOBBLIX 000JI04eK. UMEHHO MO3TOMY XXHUPOBbLIE
MOJIEKYJIbI, ITONaAasl B 3a30p MEXIy OCIKOBBIMU 000JI0YKaAMM, TTONAAAIOT B 30-
HY C YPOBHEM MEPHOCTHU BeCbMa OJIM3KUM K YPOBHIO COOCTBEHHOI MEPHOCTU
KHUPOBBIX MOJIEKYJI. ZKMpOBbI€ MOJIEKYJIbI HAUMHAIOT, KaK ObI, OCEAaTh B IIPO-
CTPAHCTBE MEXIY OE€JIKOBBIMM O00OJOYKAMM, TTIOCTEIICHHO 3aIOJIHSIS COOO0M
3TOT 3a30p. [Ipu 3TOM, MOJIEKYJIBI 2KMpPaA COEIUHSISICh APYT C APYTOM, CO3al0T
>KMPOBYIO ITPOCJIONKY MeXy OeJIKOBBIMU 000J104KamMu. Co BpeMEHEM, BOZHM -
KalOT XMMWYECKHUE CBSI3U MEXIY KMPOBOI MPOCIONKON U OEJIKOBLIMU 000-
Jloukamu. M Kak pe3yabTat, BO3HUKAET TPEXCIOHAsl 000J10UuKa — MeMOpaHa.

I1py nosiBJIEHUM TPEXCIONHOM 000JTOUKU, MOXXHO TOBOPUTD O CJIEAYIO-
1€ CTYIIEHM Pa3BUTHUS XXMBOW MaTepU — BO3HUKHOBEHHM OJIHOKJIETOYHBIX
oprann3moB. VX mperMyIecTBO Iepea BUpyCaMu B TOM, UTO MHOTOCJIOMHAS
KJIETOYHAasi MeMOpaHa CO31a€T BHYTPU KJIETKM YCTOMYMBYIO XUMHUUYECKYIO
cpeny. Kpome aToro, KiaetouHasi MeMOpaHa SIBISIeTCS 3alllMTON OT arpecCruB-
HOCTHU BHEIIHEM Cpeabl, UYTO CO3HAET OJIarONPUSITHBIC YCIOBUS JJ1s1 JAJIbHE -
1Iei 3BoMOLMY XU3HU. [1apodoOHbIe (BOOJOOTTAJIKMBAIOLINE) CBOMCTBA XK1 -
pOBOro cja0si MeMOpaHbl co3AaBaii OJIarONPUSITHBIE YCIOBUS I MPOHU-
KHOBEHMUSI BHYTPb 000JI0YKM OPraHMYECKUX MOJIEKYJI, CO3AaBas CJIOXKHOCTHU
JUJTSI TIPOHUKHOBEHUSI BHYTPb 000J10YKM MOJIEKYJI BOABI. JIeJI0 B TOM, YTO BHY-
TPEHHUI 00BEM 000JIOUKM — OrpaHUYEH U ITOATOMY, €CJIM B HETO MTOMNAagacT
MOJIEKYJIa BOAbI, KOTOPAasi 3aHUMAET MyCTh HEOOJIbIIIOM, HO TEM HE MEHEE, pe-
aJIbHBIA 00BEM MPOCTPAHCTBA, HE OCTAETCS MECTa JIJISI OpraHUYECKUX MOJIe-
KyJI, KOTOpbIE TOpa3a0 0OJbIle U, B CUJTY 3TOT0, ABUTalOTCS 3HAYUTEIbHO Me-
JJIEHHEee MOJIeKyJ BoAbl. TakuMm o0pa3oM, MOsIBJIEHUE XKUPOBOTO CJIOsI 000-
JIOYKM MPAKTUUYECKU BBIPABHSIJIO IIAHCHl OPraHMYECKMX MOJIEKYJ U HEopra-
Huyeckux. ITogoOHast 00ojiouKa KakK Obl «IIpUIEPKMBACT» YaCTh MOJIEKYJ
BOJIbI, CO3aBasl OJ1aronpUsITHBIE YCJIOBUS 1JIs1 HPOHMKHOBEHMSI OPTaHUYECKUX
MOJIEKYJ. DTO — OrpOMHeIliIlIee MPUOOPETEHNE, HO, KaK U 3a BCSIKOE MPUoOpe-
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TEHHE, 32 HETO OJHOKJIETOUYHBIE OPraHU3Mbl ObLJIM BBIHYKICHBI IJIATUTH
00s1b11Y10 LIEHY. ECJIM BUPpYCHI MOTYT CYILIECTBOBATh MUJIJIMOHBI 1 MAJLIMAPAbI
JIET, IEPUOJNYECKU HAXOASICh B XKBOM WJIM KPUCTAIMYECKOM COCTOSIHUU, TO
OJHOKJIETOYHBIE OpPraHM3Mbl, KaK IIOTOM MW MHOTOKJIETOYHBIE, CTaJIv
«CMEPTHBIMU». Y «MOJIOIOTO» OAHOKJIETOYHOIO OpraHu3Ma TOJIIMHA U TIO-
THOCTb XHWPOBOTO CJIOSI MEMOPAaHbl OTHOCUTEBHO HEBEJIMKA, YTO TTO3BOJISIET
MOJIEKYJIaM BOJbl IONagaTh BHYTPb 000J0uku. Co BpeMeHEM, ITPOUCXOIUT
OKMCJIEHME XHUPOBBIX 000JI0OUEK, B pe3yJbTaTe Yero ruapodoOHbIe CBOMCTBA
MeMOpaHbl YCUJIMBAIOTCS, KPOME TOTO, CO BDEMEHEM XXM POBO CJI0M 000JI104Y-
KM KaK OBl «TOJICTEET», KaK PE3yJIbTaT IMPOJOJIKEHMS 3aXBaTa OEJIKOBBIMU
000JI0UKaM1 HOBBIX XXMPOBBIX MOJIEKYJI M3 OKpyxXarlieh cpenbl. M, kak
CJIEICTBUE, MOCTETIEHHO 3aMEIJISIETCS, a TIOTOM UM ITIOJIHOCTBIO IIPEKPALLACTCS
LI PKYJISILMS BELIECTB yepe3 MeMOpaHy. [1pu morepe BHYTpEeHHUM OOBEMOM
KJIETKM OIIPEACIEHHOIO KOJMYECTBA BOAbI, IIPEKPAIIAETCS XKU3HEACITEb-
HOCTb JAHHOW KJIETKM, KJeTKa Morudaet. TakuM oOpa3om, 0JHOKJIETOYHbIE
OpPraHu3Mbl CTAJIM CMEPTHBIMHU, T.€. MOTYT CYILIECTBOBATh TOJIKO OTPAaHUYECHHOE
BpEMSI.

[osiBieHKME TPEXCIOMHON MEMOpPAHBI JAJI0 KOJOCCAIbHBIA TOJTYOK pa-
3BUTUIO XWU3HU U, B TOXXE BPEMSsI, BOSHUKJIA BPEMEHHbBIC OTPAHUYEHUS IPO-
JTOJDKUTEIbHOCTU XXKU3HEAEATEIbHOCTA OOHOKJIETOYHBIX OpraHu3MoB. [1pu
MoTepe BOAbI, OHU, B OTJIMUME OT BUPYCOB, Iorudanu. I1oaTomy nepBrie 0/1-
HOKJIETOYHbIE OpTaHU3MbI MOIJIM CYILIECTBOBATH TOJILKO B BOJAX IEPBUYHOTO
OoKeaHa. [IBM>KeHre BEpXHUX CJIOEB IIEPBUYHOTO OKEaHa IMPUBOAUIO K TOMY,
YTO OJJTHOTUIIHBIEC OMHOKJIETOYHBIC OPraHW3MBI ITOTIAIAJIV B Pa3HbIE BHEIITHUE
yciaoBUs. BansgHue pa3HbIX BHELIHUX YCJIOBUM HA OOHOTUITHBIE OJHOKJIETO-
YHBI€ OpPraHKW3Mbl CO3JaBAJIO TaAKKE YCIOBUS, IIPYU KOTOPBIX OHU WJIX Orubda-
JI, WA UBMEHSUIUCH. [1oIBUIMCh pacTUTEIbHBIE Y XKUBOTHBIE OJJHOKJIETOY -
HbIE OpraHn3Mbl. MHOroo0pa3re BHEITHUX YCJIOBUI ITOPOXKIAI0 MHOTOO0Opa-
31e (POPM PaACTUTEBHBIX U XUBOTHBIX OpraHM3MoB. Ctana popMHUpOBATHCS
MepBUYHAas 3Koorndeckas cucreMa. CriocoOHOCTb OJJHOKJIETOYHBIX KUBOT-
HBIX OPTAaHU3MOB CAMOCTOSITEJIbHO TIEPEMEILATHCH, Jajia HOBBIA TOJIYOK 3BO-
JIIOLUU XXU3HU. 2KBOTHBIE OAHOKJIETOYHbBIE OPTaHU3MbI IIPUOOPETIHN C 3TUM
HEKOTOPYIO HE3aBUCUMOCTb OT KaIlpM30B BHEIIHEN cpeabl. [1epBOOBITHBINM
OK€aH coaepXaJll ell€ OYEeHb MAJI0O OPraHMYECKMX BEIIECTB 1 ITEPBBIM OJTHO-
KJIETOYHBIM OpTaHM3MaM ObLIIO BECbMa CJIOXHO «BBIJIOBUTb» B OKPYKAOILIEH
BOJIE OPraHMYECKHUE BEILIECTBA, KOTOPbIE HEOOXOAMMBI IJI MMOAACPKAHUS UX
KU3HEACITEIbHOCTU. BCTIOMHMM, TIPY KaKMX YCIOBUSIX U3 HEOPTAHUYECKUX
MOJIEKYJ yIJIepoaa, KMCJI0poAa, a30Ta, BOAOPOAa U APYTUX BOZHUKAIOT Opra-
HUYECKME COEAUHEHUS... [IpOMCXOIUT 3TO, KOTIa HACHIIIEHHYIO HEOPTaH1-
YECKMMU MOJIEKYJIaMUW M aTOMaMU BOJLY, TPOHM3bBIBAIOT SJIEKTPUYECKUE pa3psi-
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JIbI, BO3HMKAIOIINE, KaK Pe3yJIbTaT Mepenaga CTaTUdeCKOro 3JIeKTpUIeCTBa
MEXIy aTMOC(HEepOoii M MOBEPXHOCTHIO. DIEKTPHUUYSCKUE pa3psIAbl UCKPUBIISIIOT
MUKPOKOCMOC, UTO M CO3Ja€ET YCIOBUS 11 COEAMHEHMSI aTOMOB YyIJiepoja B
LIEMIOYKM — OpraHn4YeCcKUe MOJIEKYJIbl. TakuM 00pa3oM, YTOObI BOBHUK CUHTE3
OpraHUYeCKUX MOJIEKYJI, HEOOXOAMMO U3MEHEHWE MEPHOCTU MUKPOKOCMOCa
Ha HEKOTOPYIO BEIUUMHY:

AL=0,020203236... (4.3.1)

M 4T00BI NIEpPBbIE OTHOKJIETOYHbIE OPraHU3Mbl MOIJIY BOCCTAHABIMBATD M CO-
XPaHAThb CBOIO CTPYKTYPY, HEOOXO0AUM CHHTE3 MPOCTEMIMX OPraHN4eCKnX coe-
JTUHEHUIA BHYTPH CAMHX OJIHOKJIETOYHBIX OPraHUu3MOB. BO3HMKHOBEHNE CHHTE3a
NPOCTEHIINX OPraHMIECKHUX MOJIEKYJI M3 HEOPraHUMIECKHUX BO3MOXKHO IPH M3Me-
HEHUU MEPHOCTH MHUKPOKOCMOCA HA BeJuuuHy AL/2.

Hukakoii npocTteiimmii (M 1axe CI0XHBIN!) )KMBOI OpraHuM3M CO31aTh
BJIEKTPUYECKUIA pa3psid MOJ0OHBI aTMOC(EepHOMY HE B COCTOSTHUM. B xoae
SBOJIIOLIUM Y TPOCTEMIIMX OAHOKJIETOYHBIX OPTraHM3MOB BO3HUK
MPOMEXYTOUYHBIM BapuaHT, AAOIMK HeoOXonuMyr BeauduHy AL.
BcrmiomMmHMM, 4TO Kaxpas MoOJieKyjda, aTOM BJIMSET, UCKPUBIISIET CBOM
MHUKPOKOCMOC Ha Ty WM WHYIO BeJIMYMHY. MakCHUMaabHOE BIMUSHUE Ha
MHUKPOKOCMOC  OKa3bIBalOT OpraHMYeckue MOJIeKyabl. boJjbiine
oprannveckue MoJjekyJibl, Takue Kak JIHK 1 PHK oka3biBaroT Takoe BIMsSIHUE
Ha MUKPOKOCMOC, ITPU KOTOPOM IIPOUCXOJUT HE CUHTE3, a pacraj NpOCThIX
OpPraHMYECKUX MOJIEKYJI, TOA BO3AECCTBUEM TI€pPENagoB MEPHOCTH, CO31aBa-
E€MBIX CTOSYeli BOJJHOM MEPHOCTU BHYTPEHHETO 00bEMa CIIMpPAIN MOJIEKYII
PHK vnmn IHK. BcmoMHMM, 4TO CMHTE3 OpraHUYECKUX MOJIEKYJI U3 HEOpTa-
HUYECKMX M3HAYAJILHO NPOUCXOAWI IPU aTMOC(EPHBIX pa3psigax JIEKTprude-
CTBa, KOTOpbIE CO3JaBajli YPOBEHb MEPHOCTU, HEOOXOAMMBII MIJIsSI BO3MO-
>)KHOCTU atoMaM yriepoaa C coeqHUTCs B Lienodku. [1oaToMy 1J1s1 BO3HU -
KHOBEHMUSI CUHTE3a OPraHUYECKMX MOJIEKYJI BHYTPU KJIETKM JOJKHBI IPOUC-
XOOUTH MPOLIECChl aHAJIOTUYHbIE MepeyncieHHbIM. KjieTKa He B COCTOSTHUM
CO3JaTh BJICKTPUUYECKU pa3psll, aHAJTOTUYHBIA pa3psgaM aTMOC(HEepHOro
3JIEKTPUUYECTBA, HO TEM HE MEHEE, B HEl ITPOLIeCC CUHTE3a OPraHUYECKUX MO-
Jiekya npoucxoauT. Kakum xe o6pa3oM npupoaa peimuia 3Ty npoodiemy!? U
OISITh, BCE AJIEMEHTAPHO MPOCTO.

J1J1s1 cCMHTe3a OpraHM4YeCcKUX MOJIEKYJ M3 HEOpraHMYeCKNX He00X01MO
co3aaTh Iepruognudeckue KojaebdaHusi MepHOCTM MUKPOKOCMoOca B mpeaesax ()
< ALK 0,020203236, koTopoe OyaeT HaKJIaAbIBaTbCS HA YK€ CYLLECTBYIOLLIEE
WCKPUBJIEHUE IPOCTPAHCTBA, CO3JaBaeMOE KJIIETOUHBIMU BKIIOUeHUIMMU. [1pu
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3TOM, IMIPOMCXOAUT HaKJIaAblBaHNE HA TOCTOSIHHBIN YPOBEHb MEPHOCTU MEPU-
OAMYECKM MEHSIIOIIECS BeTUUYMHBI. M1 Ha HEKOTOpOE KOPOTKOE BPEMSI B MU -
KPOCKOITMYECKOM 00bEME IMPOCTPAHCTBA BOZHUKAIOT YCIOBMS TaK HEOOXOA M-
MBbI€ [UIS1 CHHTE3a OPTaHUYECKHX MOJIEKYJI. ATMOC(EPHBIE IEKTPUIECKUE pa-
3psIAbI IPOUCXOISAT HA MAKPOYPOBHE, 4 CUHTE3 OPTaHMYECKUX MOJIEKYJI KJIET-
KaMM — Ha MUKPOYpPOBHE. B mepBoM ciiydae CUHTE3 SIBASIETCS ITOOOYHBIM 3(-
(¢eKTOM, BO BTOPOM — MPSIMBIM. [1J1s1 TOTO, YTOOBI 3TO MPOU30LIJIO, HEOOXO-
JUMO HaJIMUMe Y KJIIETKM MOJIEKYJI, COOCTBEHHBI YPOBEHb MEPHOCTHU KOTO-
PBIX, TUTIOC TIEPUOANYECKOE KOJIEOaHE MEPHOCTH, MPUXOISIIECE U3BHE KIIET-
KM, CO31aBajid Obl BMECTE€ HEOOXOAMMBIE YCJIOBUS IJISI CUHTE3a. Takoe BIIMSI-
HIE Ha MUKPOKOCMOC OKa3bIBAIOT CPENHEN BEIUYMHBI OPTaHUIECKUE MOJIC-
Kyabl. Kazanock Obl, BCE OYE€Hb IIPOCTO... B OMHOKJIETOYHBIX OpraHU3Max
JIOJI>KHBI OBITh MOJIEKYJIBI, IPUMEPHO, Ha MTOPsiAoK MeHbLIe MoJieky JITHK n
PHK, n mpo6aema yxe peuieHa... Ho, He Bc€ Tak mpocTto. Kaxnas Mmoaexkyia
U3MEHSIET MUKPOKOCMOC BOKPYT Ce€0s1, HO 3TO U3MEHEHME MPOAOJIKACT ObITh
HEW3MEHHBIM JI0 TEX IOP, ITOKA COXPAHSETCS LETOCTHOCTh CAMOI MOJIEKYJIbI.
J1J151 TOro, 4YT0Obl BOBHUK CUHTE3 OPraHMYECKUX MOJIEKYJT JOJDKHO BOBHUKHYTh
KOJIeOaHE MEPHOCTU MUKPOKOCMOCA C aMILIMTYIOM:

0<AL<0,010101618... (4.3.2)

KonebaHuss MepHOCTH MUKPOKOCMOCA JOJKHBI ObITh, IO KpaliHEN Mepe
MEPUOANYECKMMMU, YTOOBbI BO3HUKIW HOPMAJIbHBIE YCIOBUS IJISI CUHTE3a Op-
raHUYECKUX MOJIEKYI. sl 3TOT0, HOKHBI ObITh MOJIEKYJIbI, KOTOPbIE ObI
W3MEHSJIUCH ITPY HE3HAYUTEIbHBIX UI3MEHEHUSIX BHEITHEW CPEAbl U BHI3bIBAJIN
BHYTPU OJHOKJIETOYHBIX OPraHM3MOB HY>XKHbIE€ KOJIeOaAHUSI MEPHOCTU MUKPO-
KOCMOCa. DTU BO3ACUCTBUSI BHELLIHEN Cpelibl (M31y4eHMs) He JOJDKHBI B TO Xe
caMoe BpeMsl pa3pyllaTh caMUd OJHOKJIETOYHbIE OPTaHMU3MbI, HO JOJIKHBI
CBOOOJHO T0IagaTh BHYTPb UX MeMOpaH. OTBeYarolMMU BCEM 3TUM TPeOo-
BaHMSIM BHEITHMMMU (PAKTOPAMU SIBJISIIOTCS CJ1a0ble TETJIOBBIE Y ONITUYECKUE
n3nydyeHus CoJiHLIa, B TO BpeMs, KaK Ipyrasi 4acTb COJTHEUHOM pagvalvuy IJ1st
OpPraHMYECKUX COEAMHEHMIA 1 OPraHM3MOB (PEHTT€HOBCKOE M raMMa-u3J1yde-
HUS) sBsieTcs paspyliarouieii. 1 BHOBb cmaceHue — B Bofe... Boga okeaHa
MOMIOIIAeT PEHTT€HOBCKOE M raMMa-U3JIydeHUsI U TIPONYCKAeT TENJI0BOE 1
ontryeckoe maydyeHus CosHila, KOTOpbIe TaKXKe CBOOOJIHO MOTYT ITPOHU-
KHYThb B OJHOKJICTOYHbIE OpraHu3Mbl. TakuM o0pa3oM, A1 TOro, YTOObI BO-
3HMK BHYTPUKJIETOYHBII CUHTE3 OPraHUYECKUX COCIUHEHU, HEOOXOAMBbI
cJIeyIolIKe YCIOBUSL:

4) HaJIM4X€ BHYTPU OOHOKJIETOYHBIX OPTaHM3MOB OPraHUYECKUX MOJIE-
KYyJ1, KOTOpPBIE JIETKO U3MEHSIOT CBOIO CTPYKTYPY B HEKOTOPBIX Mpeenax, Ipu
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M3MEHEHUM BHEUIHUX (PAKTOPOB, UTO MPUBOIMUT K KOJEOAHUIO MEPHOCTHU
MUKpoKocMoca B nuarma3oHe 0 < AL < 0,010101618...

0) HaMuKMe BHEITHUX (paKTOPOB, KOTOPbIE MOTYT BbI3bIBaTh HY>KHbIE 13-
MEHEHUS CTPYKTYPhl 3TUX MOJIEKYJI, HE pa3pyllast MOJIEKYJIbl, KaK U CAMU OJI-
HOKJICTOYHBbIE OpPraHM3Mbl (cJIa0ble TEMJOBBIC U ONTUYECKUE U3TyYCHUS
ConHua).

B xone aBoJitonny, BO3HUKIIA HY>KHag 1JIs1 3TOr0 MOJIeKyJjla — MOJIeKyJja
xiaopodmia. Mosekyisl xiaopoduuia, HOIJIo1Iast 4acTh ONITUYECKOIro U Te-
TIOBOTO U3JIYYEHMUSsI, UBMEHSIIOT CBOIO CTPYKTYPY, CO37aBasi HOBbIE COEIMHE-
HUS, B CBOIO 0Uepeab OUEHb HEYCTOMYMBBIC, IPUYEM, TTOTJIOLLEHHE ITPOUCX0-
JUT NOPLUSIMU, TaK Ha3bIBa€MbIMU, (DOTOHAMU. DTU COEAUHEHMS pacliafa-
I0TCS1, KaK TOJIbKO IPEKPAIIAETCS I€HCTBYE TEIJIOBOTO U OTITUYECKOTO U3JTY-
YyeHHUsI, 1 UMEHHO 3TO BBI3bIBACT HYXXHbIe KOjeOaHUsI MEPHOCTU MUKPO-
KOCMOCa, KOTOPhIE TaK HEOOXOAUMBI JJ1s1 BOBHMKHOBEHMS MTpoLiecca CUHTE3a
BHYTPH OJJHOKJIETOUHbIX OpraHu3MoB. ITorsoiast GoTOHbI COJTHEYHOIO U3JTY-
YeHMsI, MOJIeKyJia XJIopoduJljia BEI3bIBAET KOJ€O0AHUSI MEPHOCTA MUKPOKO-
cMoca. DTOo CBI3aHO C TEM, YTO, IPU TMTOTJIOIIEHUN (DOTOHOB aTOMaMU MOJIE-
KYbI XJJopoduIa, 3J1eKTPOHBI MepeXoadaT Ha Apyrue opoutsl. [1pu aToM, Ha
BO3HUKIIKE 3JIEKTPOHHbIE CBSI3U, MOJIEKYJa XJopoduiljia NpUCOeTUHSIET
rpynnsl OH 1 H, yto npuBoauT K KoJiebaHUIO MOJIEKYJISIpHOTO Beca. M, Kak
CJIeICTBUE, KOJIEOAHMIO MEPHOCTU MUKPOKOCMOCA, YTO U CO3JAET HEOOXOA -
MbI€ YCJIOBUS JJ1s1 BOBHUKHOBEHMSI CUHTE3a OpraHMYecKuX coeanHeHuii. Ha-
KOIJICHHBI MOTeHLIMAJI MOJIeKYJIa XJopoduiia TepsieT BO BpeMsl CUHTe3a U
BO3BpalllaeTCsl B UCXOIHOE, 00JIee YCTOMUYMBOE COCTOSIHUE, TOTOBAasi K HOBOMY
MOrJIOEeHUIO POTOHOB. CMHTE3 MPOUCXOIUT C MOTJIOIIEHUEM U3 OKPYKal0-
e cpennl yriekucaoro raza (COz) 1, Kak ToOOOYHBIN IPOAYKT, BbIIEISICTCS
kucjopon (0z). [Tpoucxoaut, Tak Ha3bIBaeMblii, poTocuHTE3. Clie10BaTeIb-
HO, IPOCTEMIIME OIHOKJIETOUYHbBIE OPTaHU3MbI B XO/I€ 9BOJIIOLIMOHHOTO Pa3BU-
THs (Oarogapst MoJieKyJiaM XJopoduiiia) IpuoOpeand CIOCOOHOCTD, MOIJIO-
111as1 COJTHEYHBIN CBET, CHHTE3MPOBAaTh OPraHNYECKMEe COeNTMHEHMS, KOTOPhIE
HEOOXOAMMBI JJIs1 BOCCTAHOBJICHUSI UX CTPYKTYPbI U KU3HMU.

CoenrHeHNe OTHOKJIETOUHBIX OPraHU3MOB OTPOCTKAMU KJIETOYHBIX MEM-
OpaH B OAWH KOHIJIOMepaT (HampuMep, BOJIBBOKC) CTaJI0 NPUYMHOI o4yepe-
JTHOTO 3BOJIIOLIMOHHOTO CKauKa XXu3Hu. CpacTaHue OJHOKJIETOYHBIX OpraHu-
3MOB, OCPEACTBOM OTPOCTKOB KJIETOYHBIX MEMOpaH, SIBUJIOCh NPUIMHOM
0YEepETHOTO B3pbiBa PA3BUTHUS XU3HU. BpeMeHHbIe COeTMHEHUS TPpeBpaTH-
JICh B TIOCTOSIHHBIN CUMOMO03 OTHOKJIETOUHBIX OpraHu3MoB. C 3TOro MOMeH-
Ta DBOJIIOLMU XWU3HU, MOKHO TOBOPUTb O MHOTOKJIETOYHBIX OpraHU3Max.
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Hapy>xHbIe KJ1€TKM MHOTOKJIETOYHOTO KOHIJIOMEpAaTa IOIBEPTAIMCh BO3/ICH -
CTBUMIO BHEIIIHEMN Cpelbl, YaCTO arpeCCUBHOM, B TO BpeMs, KaK BHYTPEHHUE
KJIETKY MHOTOKJIETOYHOTO OpraHn3Ma CBOEM BHEIIIHEN CPEAOU UMETU OKPY-
>K€HME U3 IPYTrUX KJIeToK. B pe3ynabrare 3TOoro, Co BpeMEeHEM KJI€TKA MHOIO-
KJIETOYHBIX OPraHW3MOB CTaJIM BBIMOJHSITh pPa3Hble (DyHKIIMU U TPpUOOpEn
pa3HbI BHEIITHUA BU. B X01€ 3BOJIIOLIMM BOZHUKAI HOBBIE BUJIbI MHOTOKJIE-
TOYHBIX OPTAaHU3MOB, UCYE3aJIU CTapble. boJjiee COBEPIIEHHbIE SKOJOTMIYECKUE
CUCTEMBI IPUXOAWIN Ha CMEHY MpocThIM. Co BpeMeHeM, XX1U3Hb BbIOpasiach
13 CBOEU KOJIbIOEIM — OKeaHa v ocBomJia cyiry. Ho Bc€ aTo mpourcxoanio Ha
(bn3nyecky MI0THOM YpoBHE. Kak xXe 3TH 3BOJTIOLIMOHHBIE ITPOLIECCHI OTpa-
>KaJMCh HA IPYTUMX YPOBHSX IJIAHETHI? ..

BcnomuaumMm, uyto mosnexkyia PHK wimn JIHK Ha BropoM MaTepraibHOM
YPOBHE CO3IAET CBOIO TOUHYIO KOITUIO U3 OAHOM MaTepuu. OHa (KOMus) SIBJIsI-
€TCs1, TAK Ha3bIBAEMbIM, BTOPBIM MaT€pHUaIbHBIM TEJIOM 3TOM MOJIEKYJIbI. OJ1-
HOKJIETOUHBIM OpraHusm (kjetka), kpome moJjekys JIHK, o6pasyrommx xpo-
MOCOMBI SJpa KJIETKM, BKJIIOYAET B C€0s LBl Psil OPraHUYECKUX BKITIO-
yeHuii (anmapat [oabmku, MUTOXOHIPUA, HIEHTPUOIN, SHIOIIIa3MaTUIeCKast
CeTb U T.1I.), @ TAKXKE, OPraHNYECKME U HEOPTaHUYECKME MOJIEKYJIBI. [1ocien-
HYE IPUHUMAIOT YYaCTUE BO BHYTPUKIJIETOUHBIX OMOXUMHUYECKUX PEAKIIUSIX.
Tak BOT, Bce KJIETOYHBIE BKJIIOUEHMSI TOXKE OKa3bIBAIOT BIUSIHUE (T.€. nedop-
MUPYIOT, UCKPUBJISIIOT) Ha OKpYKarollee MUKPOIIPOCTPAHCTBO. OTaInune nx
BJIMsTHUS OT BiusiHUs Mosekysl PHK n JIHK cocTtout B TOM, 4TO GOIBIIMHCTBO
n3 HUX (3a uckmouyeHrneM PHK MUTOXOHIpWiT) HE OTKPBIBAIOT KAY€CTBEHHOTO
Oapbepa Mexay PU3NIECKUM U BTOPBIM MaTepUaIbHbIM YPOBHSAMU. [1oaTOMY
Ha BTOPOM MaTepuajbHOM YPOBHE BCE 3THU Ae(OpMalnu, BMECTE B3SThIE,
CO37a10T TOYHYIO KOMUIo (prznuecku mioTHol kietku (Puc. 4.3.14). Tak xe,
KakK ¥ CJIeIbl Ha BJIAXKHOM 3eMJIe MOBTOPSIOT (pOpMY HOT, TaK M BTOPOE MaTe-
pHUAIbHOE TEJIO KJIETKHU SIBJISIETCS MOJTHOM KoIurel (pU3ndecKu INIOTHOM KJIET-
Ku. OTIM4Ke TOJBbKO B TOM, YTO BTOPOE MaTepraabHOE TEJIO KJIETKU 00pa3y-
€TCS U3 OOHOU MEPBUYHOU MATepuu, B TO BpeMs, KaK (DM3NYECKHU TIJIOTHAS
KJIETKA — CJIMSTHMEM CEMU MEPBUYHBIX MaTepuii. Takum odpa3zom, oopasyeTcs
cucteMa (PU3NYECKHU IJIOTHAS KJI€TKa — BTOPOE MaTepUaIbHOE TEJIO KIETKMU.
B ¢usnyeckoit KineTke MOCTOSHHO MPOUCXOAAT MPOLIECCHl PaCIIEIICHUS
(pnznyecku MIoTHOro BemecTBa. [lepBuuHble MaTepun BBICBOOOXKIAIOTCS 1
HAaYMHAIOT HMPKYJIMPOBATH MEXIY YPOBHSIMU 10 CO3IABAEMOMY SIIPOM KJIET-
KM KaHaiy, popMupys 3allIUTHYIO 000J0YKY KIECTKH.

Kak xxe Bo3HMKaeT U3 BEIOpAChIBAEMbIX 110 KaHATY ITIEPBUYHBIX MaTepUi
3alMTHas 000104YKa KiaeTkr? Kakue nprupoaHbie Wi 00XXECTBEHHBIE CUJIbI
«T103a00TUJINCh» O TAKOM 3allMTE XXKUBBIX CO30aHUIi? 1 BHOBbB, K COXAJICHUIO
MHOTI'MX, HUKAKOTO 00XXECTBEHHOTO Havyajia B 3TOM HeT. Bc€, Kak u Bcerna, u
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OYEHb ITPOCTO, U OMHOBPEMEHHO OYEHb CJIOXKHO.

XpOMOCOMBI, oOpa3yoime apo KJIEeTKU, 1e(OpMUPYIOT MUKPOITPO-
CTPaHCTBO BOKPYT ceds. IIpu 3ToMm, B 30He AepopMaliMu yBEIUYMBAETCS
MEPHOCTb MUKPOIIPOCTPpaHCTBA. BEICBOOOIMBILIMECS TPU paCIIEIIJICHUN MTep-
BMYHbBIE MAaTepUU HAYMHAIOT JIBUTATbCS IO CO3JaBAEMOMY SIAPOM KJICTKU
KaHaJly ¢ PU3UIECKOTr0 YPOBHS Ha BTOPOI, TPETUM MaTeprabHbIe YPOBHU U
T.JI. DTOT NOTOK MEPBUYHBIX MAaTEPUIA HAIpaBJI€H IMIPOTHUB OCHOBHOTI'O IMTOTOKA
MEPBUYHBIX MaTepUil MaKpoIpocTpaHCcTBa. [10aTOMy BEIOpackiBaeMble Yepes
KaHaJl KJIETOYHOTO si/ipa IEpBUYHbIE MAaTepPUX pa3BOPAYMBAIOTCSI BO BCTPEU-
HBIX MOTOKAaX MNEePBUYHBIX MaTepuii, GOPMUPYIOIIUX CHephl MIaHEThl. AHA-
JIOTHEH 3TOMY MOXET CIyXKUT poHTaH. CTpys BOIbI, BbIOpackIBaeMasi oI, 1a-
BJICHMEM, TIOJHUMAETCS A0 ONpeNeIEeHHOM BhICOTHI. M3pacxonoBaB Havyalb-
HBII MTOTEHLIMAaJ, OHA CNAJacT BHU3, CO3aBasi CBOCOOPA3HbI BOASIHOM KYOJI.
Taxk 1 nepBUYHbBIE MAaTEPUM, BEIOpAaCcChIBaEMbIE Yepe3 KaHal KJIETOYHOTO sIIpa,
Pa3BOPAUYMBAIOTCS BCTPEUHBIMM ITOTOKaMU. M IBUTAIOTCS BAOJIb 30HBI UCKPH-
BJICHUSI MUKPOIIPOCTPAHCTBA. JJOCTUTHYB (DM3UUECKOTI0 YPOBHSI OHU, TOBTO-
psis1 GOPMY UCKPUBJICHUS MUKPOIIPOCTPAHCTBA, 3aBOPAYMUBAIOTCS K KJIETOY-
HOMYy s1py. B pe3yabraTe BOKpyr (pM3M4YECKU MJIOTHOIO ¥ BTOPOTO MaTepualib-
HOTI'O TeJI KJIETKM ITIePBUYHbIE MaTEpUU CO3aI0T U30JIUPOBAHHYIO 30HY (Puc.
4.3.15). Ilocne 3aBepiueHUsT GOPMUPOBAHUS 3aALLUTHON 000JI0YKM, OOLIUIA
MOTOK MEPBUYHBIX MAaTEPUI MTPOCTO OrMdaeT 3Ty 30HY. BHYyTpu naHHOM 3a-
IIMTHOI 000JI0YKM BO3HMKAET CBOEOOpa3HbIii MUKPOKINMAT, 0a3UC, IIe BTO-
po€ MaTrepuagbHOE TEJIO KJIETKW MAaKCUMaJbHO M30JMPYETCs, KaK OT Xaoca
OKPYKAIOIIEeH Cpebl, TaK Y OT BIMSTHUS IPYTUX KJIETOK WX OPTaHU3MOB. 3a-
LIMTHAas U30JUpYIolast 000J04Ka OyIeT CylleCTBOBATh A0 Te€X MOp, ITOKa 0y-
JeT IIPOMCXOIUTh PaclleIJIEHME BELIEeCTB BHYTPU KIIETKU U (DYHKIIMOHUPO-
BaTh KaHAJI MEXY YPOBHSIMMU KJIETKU. Apyrumu ciioBamMu, 10 TeX IOpP MoKa
KJIETKA OCTA€TCS XKMBOM. B MHOIOKJIETOUHBIX OpraHn3Max, KJIeTKA UMEIOT pa-
31MYHbIe PYHKIIMU U, KaK CICICTBAEC, MPUOOPETAIOT pa3Hble BHELIHUE (POp-
MbI. JIF00011 MHOTOKJIETOYHBIM OPraHu3M IIPEACTABISICT COO0M XKECTKYIO KO-
JIOHUIO, B KOTOPOI BHELIHIOK Cpeay OOJBIIMHCTBA KJIETOK 00pa3yloT ApYyrue
KJIETKH! TOTO XK€ opranuaMma. [Ipundem, 3To (puKcrupoBaHHOE MOJOXEHME KITE-
TOK COXPaHSIETCS Ha MPOTSKEHUM BCEU X KM3HU (MCKIIIOUEHUE COCTABISIIOT
KJIETKHA KPOBH).

BcrioMHMM, 4TO Kaxmast KrBasi KJIeTKa CO3Ia€T BTOPOE MAaTEpUATIbHOE Te-
JIO, KOTOPOE IIPEICTABISIET CO00I €€ CTPYKTYPHYIO KOTIHMIO. B XXE€CTKOM KOJI0-
HUM MOJIOXEHME KIETOK 3a(DPMKCUPOBAHO, ITO3TOMY UX BTOPbIE MaTepUaIbHbIE
TeJia TAaKXKe MMEIOT (PUKCUPOBAaHHOE MojioXeHue. [1oaToMmy Ha BTOpoM MaTe-
pUAJILHOM YPOBHE BTOPhIE MaTe€pUAIbHbIC T€JIa KJIETOK 00pa3yloT aHAJIOT Y-
HYIO XXECTKYIO CUCTEMY — BTOPOE MaTEPUAIIBHOE TE€JIO MHOTOKJIETOYHOTO Op-
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raHu3Mma. B xoae 3BoIIOLIMY MHOTOKJIETOYHBIX OPTAaHM3MOB CIICLIAAIU3aLI1s
KJIETOK ITpHBeJIa HE TOJIBKO K TOMY, YTO OHM CTaJIU BBIJISAETh 110 APYTOMY, HO
1 CTEINEHb UX BIUSHUS Ha CBOM MUKPOKOCMOC IpeTepIiesia CylleCTBEHHbIE
KayecTBeHHbIe M3MeHeHUsl. Jledopmaliysi MUKpOIPOCTPAHCTBA, Co31aBaeMast
HECKOJIbKMMU TUITAMU KJIETOK MHOTOKJIETOYHOI'O OpraHu3Ma IpuBeia K TOMY,
YTO MPOUCXOAUT OTKPHITUE KAYECTBEHHOrO 0apbepa MeXIy BTOPbIM U Tpe-
ThbMM MaTepUaJIbHBIMU YPOBHSIMM ILIAHETHI. [1pu 3TOM, Ha TpeTheM MaTepU-
aJIbHOM ypOBHE (DOpPMMPYIOTCS, IO aHAJIOIMU CO BTOPBIM MaTepUalbHbIM
YPOBHEM, TOYHBIE KOMUM (PU3MUECKU TJIOTHBIX KJIETOK CO BCEMU UX OCOOEH-
HocTsaMU. Ha30BEM 3TU KONUM TpeTbUMU MaTepraabHbIMU TeJIaMU (PU3nYe-
CKM TIOTHBIX KJETOK. OTIM4Me MX OT BTOPbIX MaTepUaAJIbHBIX TEJ KJIETOK
OIpeaeIsIeTCSI HE TOJBKO PACIOJ0XEHHWEM Ha CJeIYIOIIeM KaueCTBEHHOM
YPOBHE IUIAHEThI, HO M KAYECTBEHHBIM COCTaBOM. [1oIHbIE TPpETbU MaTepUaib-
HbIE TeJIa 00pa3yloTCs B pe3yJIbTaTe CUHTE3a U3 IBYX IEPBUYHBIX MaTepuit
(Puc. 4.3.16). TpeTbu MaTepraibHbIC TeJIa KJIETOK MHOTOKJIETOYHOI'O OpraHu-
3Ma Takxke 00pa3yroT XKECTKYIO CUCTEMY — TpeThe MaTepraibHOe TeJI0 MHOIO-
KJIE€TOYHOI'O OpraHM3Ma.

ITosiBaeHMe TpeTbUX MaTepUaIbHBIX TEJI Y XKMBBIX OPraHU3MOB SIBUJIOCH
KOJIOCCAJIbHBIM KaQY€CTBEHHBIM CKAYKOM B pa3BUTUM XUBo# npupoabl. Ha-
JIM4KME Y KJIETOK TPEX B3aMMOJEMCTBYIOIIMX MEXIy COOOI YpOBHEN CO31aJ10
HEOOXOIUMBIE 1 IOCTAaTOYHbIE YCIOBUS AJ11 BOSBHUKHOBEHMSI NAMATH, SMOIMIA
1 MHTEJJIEKTA, YTO U SIBJISIETCSI OCHOBOM BHICOKOOPraHW30BaHHOM XXUBOI Ma-
Tepun. HekoTopble TUIIBI KI€TOK MHOTOKJIETOYHBIX OPraHU3MOB, IPU CBOEH
ajanTalyuy K BRIIOJHSIEMbIM UMY QYHKIIUSIM, U3MEHWJINUCH 10 TaKOU CTere-
HU, 4TO BbI3bIBaeMasi MU aedopMalisi MUKPOIIPOCTPAHCTBA JOCTUIJIA Ye-
TBEPTOr0 MaTEpUaAJIbHOIO YPOBHS IIJIAHEThI. DTO — KJIETKM TOJIOBHOIO, CITMH-
HOT'0 M KOCTHOT'O MO3ra. AHaJJOTMYHO, Ha 3TOM YPOBHE 00pa3yeTCs 4eTBEPTOE
MaTepuaIbHOE TeJI0 MHOTOKJIETOUHOIO OpraHu3Ma 13 MaTepUabHbIX TeJT KJie-
TOK 3T0oro opraHusma (Puc. 4.3.17). Takum o0pa3om, B CO31aHMU BTOPOIO Ma-
TepUaJIbHOT'O TeJIa YYaBCTBYIOT BCe KJIETKU (pU3MUECKU IIOTHOIO OpraHu3ma.
B co3maHum TpeTbhero MatepuaabHOro Tejia — OOJIBIIMHCTBO KJIETOK. Ye-
TBEPThIE MaTepUaIbHbIC T€JIa MOTYT BOBHUKHYTH JIMIIb Y HEKOTOPBIX BUIOB
>KMBBIX OPTraHM3MOB M TO Ha ONIpeAeI€HHOM YPOBHE UX pa3BuTHUs. B coznpaHumn
IISITOrO0 MaTEpUAJILHOIO TeJIa MPUHMUMAET y4acTUE TOJIbKO YaCTh KJIETOK MHO-
rokjeToyHoro opranusma. [loatomy, ueTBEpTOoe U nsIToe MaTepuaJbHbIe Teja
Ka4eCTBEHHO (BHEIIIHE — TOXE) OTJIMYAIOTCS, KaK OT TPEThero, Tak v OT BTO-
pOro MaTepuaibHbIX T€JI MHOTOKJIETOUHOro opraHn3zmMa. @u3nyecku mioTHOE
WIX MEepBOE MaTepuaabHOE TEJIO KJIETKU, BMECTE CO BTOPBLIM, TPETbUM, 4Ye-
TBEPTHIM U T.[. MaTepUAJIbHBIMU T€JIaMU, IPEACTABIISIIOT COO0I OTHY CUCTEMY
— XXMBOU OopraHu3M, XXHUBYI0 MaTtepulo. TobKO Bce BMECTE OHM CO3Jal0T Uy-
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JI0 IPUPOJIbl — XXKMBYIO MATEPUIO, XU3Hb, BOJIOLMS KOTOPO 3aKOHOMEPHO
MIPUBOAUT K 3apOXIACHUIO padymMa — CaMOCO3HaHUS XUBOW Matepuu. Ilpu
HapylLIeHUU B3aMMOAEUCTBUS (DU3NUECKU IIJIOTHOTO TeJjla KJIETKU (ITepPBOTO
MaTepUaJILHOIO TeJia) C OCTAJIbHBIMU MaTepUaJlbHBIMU TeJIaMU, IIPOUCXOIUT
HapylieHWe QYHKLIMOHMPOBAHUS U CaMOi KiIeTKU. [IpekpaliieHne HupKyJisi-
LI TIEPBUYHBIX MATEPUI MEKIY YPOBHSIMU KJIETKY ITPUBOAUT K CMEPTH ITO-
ciaenHei. ZKrBas KjieTka He MOXeT PYHKIIMOHUPOBATh 0€3 00paTHO CBSI3U
CO CBOMMU APYTUMU MaTeprUaIbHbIMU TeJIaMU. TaK XXe, KaK U Apyrue MaTepu-
aJIbHbIE TeJla KJIETKU He B COCTOSTHMM (PYHKIIMOHMUPOBATh, 0€3 MOCTOSIHHOTO
MpolIecca pacranaa MoJIEKYJI B (pU3NIeCKHU TUIOTHOM KieTke. [1ociie octaHoBKHA
>KM3HEHHBIX MIPOLIECCOB, (pM3NMUYECKU TVIOTHAS KJIETKA pacnanaeTcs Ha opra-
HUYECKME U HEOPraHMYECKUE MOJIEKYJIbl. DTOT (pakT He TPeOyeT IMOSICHEHUA.
Ho, 4yTo mpoucxoaut, mpu 3TOM, C OCTaJAbHBIMU MAaTE€pUAIbHBIMU TE€JIaMU
KJIETKU? Pa3pyiaroTcs 1u OHY HAIogoove (pU3MIeCKH IIOTHOIO Teja KJIETKHU
WX HAOJII0JAaI0TCSl MHBIE TIPOLIECChI M, €CJIY Ja, TO Kakue?

J1efiCTBUTEJILHO, BTOPOE U T.1., MAaTepUAJILHBIE T€J1a BOZHUKAIOT B PE3YJIb-
TaTe AePOopMallM MUKPOIIPOCTPAHCTBA, CO30aBAEMON (pU3NYECKU IIIIOTHOM
KJeTkoi. [1oaTomMy, IIepBO€ 4YTO MOXKET IMPUITU HA YM, TaK 3TO TO, YTO U BCE
OCTaJIbHbIE MaTepHUaJIbHbIE TeJIa KJIETKU UCUYEe3al0T, IIpU pacnaae pusndecku
miotHoro. Ho, Tak i1 3T0, BOT, B Y€M BOITpOC?

JlaBaiiTe BCTIOMHMM, YTO BTOPOE U T.NI., MATEpUAJIbHbIC TeJIa KIETKU MO~
SIBJISIIOTCSI, KaK pe3yabTaT HachllIeHUS AeopMalium, CO31aBaeMOM KJIETKOM
Ha TOM WJIM UTHOM YPOBHE NNEPBUYHBIMU MATEPUSIMU, KOTOPBIE HE BXOOAT B CO-
CTaB KaXJ0ro U3 3TUX YPOBHeN. BTopoe MaTtepruaibHOE TEJI0O — NEPBUYHOMN
matepueit G, tpetbe — G u F, yetBéproe — G, Fu E u T.1. [Ipu Takom pac-
KJ1aJie, OpocaeTcs B IJIa3a KAY€CTBEHHOE OTJIMYME MIEPBOTO OT BCEX OCTAJIbHbBIX
MaTepUAJIbHBIX TeJl KIEeTKU. [1epBoe MaTepruaibHOE TEJI0 00Pa30BaAHO U3 2U-
OpuoHoil MaTepyu, BO3HUKILUEH TMPU CIAUSIHUUA CEMU MEPBUYHBIX MAaTEPUI.
Bce octanbHbIe MaTepralbHbIC T€J1a KJI€TKU BO3HUKIIM, KaK pe3yJabTaT HaCchl-
ILIEHUSI nepeutHbIMU MaTepUusIMu 1epOopMallMi MUKPOIIPOCTPAHCTBA, CO31a-
BaeMOM (pM3MYECKU TUIOTHBIM TEJIOM KJIeTKM. Kak ciien Ha MSITKOM ITo4YBe 3a-
MOJIHSIETCS JOXAECBOM BOOOM, TaK U AeopMalivsi MUKPOIPOCTPAHCTBA, BbI-
3pIBaeMasl GpU3NIYECKHU MIOTHOM KIETKOM, HACKIIIAETCS COOTBETCTBYIOIIMMU
MepBMYHBIMU MaTepusiMU. U, Kak He Bceraa ucue3aeT cjell, OCTaBJIeHHbI HO-
rOii B MSITKOM TTIOYBE, TaK M HE BCETIa MCUE3al0T BTOPOE U IPYTHe MaTeprab-
HbIE TeJa, MOCJIE pa3pylIeHUs (PU3NIECKHU MJIOTHOIO TeJIa KIECTKH.

JlaBaiiTe BBISICHAM, YTO X€ C HUMU Mpoucxoaut? I1py Hamumnmy y KJIeTKu
TOJIbKO BTOPOI'0 MaTe€pUaJbHOIO TeJia U3 ITIepBUUHON MaTepuu G, BOBHUKAET
CUTyalMs B KOTOPO BO3MOXHO HECKOJILKO BAPpUAHTOB PA3BUTUS MTpoLIecca.
BTtopoe maTepuanbHOE TEJIO CO BPEMEHEM TEPSET IMJIOTHOCTb HACHILLICHUS
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nepBrUYHOI MaTepueit G; mpyu Haanduu (pU3MIECKU IJIOTHOTO TeJjla, BOCIIOJI-
HEHUEe MOTEPb MPOUCXOIUT 3a CUET HACHILLEHUS TIEPBUYHBIMU MaTEPUSIMU,
BBICBOOOXIAEMBIMHU TIPU pacIiafic MOJIEKYJ BHYTPU KJIE€TKHA, HO 1 OOJIbIIAs
4acThb ITOTEPb BTOPIM MaTepUaIbHbIM T€JIOM IEpBUUHOMN MaTtepuu G, B TO XK€
caMo€ BpeM$l, BbI3BAHO BO3BPATHBIM IIOTOKOM 3TOM MEPBUYHOM MaTepuu Ha
(pn3rMYECKM TIOTHBIMA YPOBEHb. DTOT OOpPATHBIM ITOTOK U SIBJISIETCS HEOOXO-
JUMBIM YCJIOBMEM HOPMAaJbHOIO (DYHKIIMOHUPOBAHUS XUBOU KJIETKU. [1pn
pa3pylieHuM (PU3NIEeCKM TNIOTHOM KJIETKM, IIPeKpaIlaeTcs U 00paTHBIN MOTOK
nepBUYHO Matepuu G OT BTOPOTro MaTepHaJIbHOIO Teja K repsomMy (Puc.
4.3.18).

Bropoe MaTepuaiibHOE TeJ10 IMPOA0IKAET TEPSATh HEKOTOPYIO YacThb Mep-
BUYHOI MaTepum G, U3 KOTOPOI U 00pa3yeTcsi COOCTBEHHO BTOPOE MaTepH-
aJIbHOE TeJIO KJIETKU. B pe3yiibraTe 4ero, mI0THOCTb BTOPOTO MaTEPUATIBHOTO
TeJla YMEHbIIAeTCs, OHO, KaK Obl «TtaeT». M eciiy Obl MpoLece «TastHbsI» TIPO-
JoJoKaacs Obl, 6€3yCcIOBHO, BTOPOE MaTepUAJIbHOE TEJI0 KJIETKU, YEPe3 HEKO-
TOpOE BpeMsI Iocjie TMoeIn (PU3NIECKH IIOTHOTO, ucuesiio Obl. Ho, aToro He
npoucxoaut. M Bot, mouemy. BcritoMHUM, 4TO 1OCIe 3aBepIIeHKsT (POPMUPO-
BaHUS MJIAHEThI, IEPBUYHBIE MATEPUX MPOIOJIKAIOT IIPOHMU3BIBATH 30HY HE-
OIHOPOIHOCTU MPOCTPAHCTBA, B KOTOPOU MPOU3O0IIE CUHTES IIJIAHETHI. A 3TO
03HAYaeT, YTO ITOTOKHU MEPBUYHBIX MaTePHUil IPOHU3BIBAIOT U BCE MAaTEpUaJIb-
HbIE TeJ1a KJIEeTKU, BKJIIoYas U (puzndecku iotTHoe. M eciam HackleHne pu-
3MYECKM TUIOTHOIO Te€jJda CBOOOJHBIMU MTEPBUYHBIMU MATEPUSIMU HE UTPAET
MPUHLIMIAAILHON POJIM B PYHKIIMOHMPOBAHNUM (PU3UYECKU TUIOTHOM KIIETKH,
TO, MIPY IIPOHU3BIBAHNUM ITOTOKAMU MEPBUYHBIX MAaTEPUAL BTOPOTO U IPYTUX
MaTepUaIbHBIX TeJI KJIeTKM, KapTUHA KapAWHaJIbHO MeHsIeTCcs1. Bropoe Mate-
puajabHOE TeJIO MpeacTaBiseT coO00i CrycTokK nepBuyHoii mMarepum G, 3a-
MOJHMBIIEN ae(opMallMi0 MUKPONPOCTPAHCTBA, CO3JaHHYIO (PU3NUYECKU
TUIOTHBIM TE€JIOM Ha BTOPOM MaTepuaibHOM cepe. [1loaToMy, ITpu IpOHU3bI-
BaHUM TI€PBUYHBIMM MaTEPUSIMU TIAHETAPHOI'O MPOCTPAHCTBA, TIEpPBUYHAs
MaTepus G HaChILIAET ¥ BTOPOE MaTepUaIbHOE TeJI0. AHAJIOTUYHO TOMY, KaK
TIOTEPS BOABI JIY>KEH U BOJOEMOM B XKapKHE THU BO3MEIIAETCS ITOCPEICTBOM
noxnaei. [JTaBHoe — 4TOOBI «10XKIW» IIJIU peryJisipHo. M ecau B ciayyae ¢ 1y-
>KaMU 3TO CJIy4aeTcs 1aJEKO He BCeraa, TO B CIydae HaChILEHMSI BTOPOTO Ma-
TepuabHOIO TeJja NepBUYHOM MaTepueid G, mogoodHas mpobaemMa mpakTuye-
CKM HMKOTJa HE BO3HMKAET. TakuM 00pa3oM, KaYECTBEHHOE OTJINYME ITPUPO-
bl 00pa3oBaHUs GU3NYECKU IJIOTHOTO Tejla KJIETKU OT IPpUpPOabl 00pa3oBa-
HUS IPYTUX MaTepUaJIbHbIX TeJI KIETKU, CO3Jal0T YHUKAIbHYIO CUTYaluIo, 0e3
KOTOPOI 3BOTIOLIMS KMBOM MaTepuu ObLia ObI IIPOCTO HEBO3MOXHOIA.

ITocne paspymenus pu3nyecKu IVIOTHOM KJIETKH, IPYTUe MaTepUaJIbHbIE Te-
JIa KJIETKH He MCYe3al0T, He Pa3pyIaloTCs, a COXPAHSIOTCA 32 CYET MOANUTKH 0~
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TOKAMM NEPBUYHbIX MATEPHIi, MPOHU3BIBAIOIIUX IIAHETAPHOE MPOCTPAHCTRBO.

ITpaBaa, cyliecTBYeT BeCbMa CYLLIECTBEHHOE OTIIMUYME MEXKIY STUMU JIBY-
MsI coCTOSTHUSIMU. be3 (pr3nyecky mIoTHOro Teia KJIeTKH, B KOTOPOM ITPOMC-
XOAUT aKTUBHBII TPOLECC paclaga MOJIEKYJ Ha MEepBUYHbIE MaTepUU UX
o0pa3ylolre U MOLIHOIO HACHIILIEHUSI UMW BTOPOIO U APYTUX MaTeprUaTbHbBIX
TeJ1 KJIETKU, BTOPUYHOE HACHILLIEHUE IIEPBUYHBIMU MaTEPUSIMU DTUX TeJI TIPO-
HCXOIUT OYEHb MelIJIeHHO. B pe3ysibraTe 3TOro Bce Mpouecchl, MPOUCXOsIINe
Ha YpOBHE BTOPOI'O U APYTUX, MaTEpUAJIbHBIX TeJl KJIECTKU 3aMeJIsSIIOTCS B
COTHH, a TTIOPOM, 1 B THICSIYM pa3. 3aMeIJISIIOTCS, HO HE MpeKpallarTcs. DTo
— BeCbhbMa BaXXHbIII MOMEHT, UMEIOLLIMI NPUHLIMIIMAILHOE 3HAYSHUE JIJIST T10-
HUMaHUs, KaK caMOi XXU3HU, TaK U BO3MOXXHOCTH 3BOTIOLUY XXMUBOI IIPUPO-
Ibl. JlaBaiiTe moapoOHO, CTyIeHbKa 3a CTYIIEHbKOI, 11ar 3a 11aromM, mpoaHa-
JIM3UPYEM MPOUCXOSIIME MPOLIECCHI B XKMBOM CUCTEeMe T10CjIe pa3pylIeHus
(pr3MUYeCKU MIOTHOTO TeJa KJIETKU.

ITpu HaMTMYMM y KJIETKU TOJIBKO BTOPOIr0 MaTEpUaIbHOIO TeJia, IOoCIe pa-
3pylLleHMS (PU3NYECKH TJIOTHOTO TeJla KJIETKH, BTOpOe MaTepUaabHOE TEJI0 He
Hcye3aeT, He paccerBaeTcs, Kak yTpeHHUM TyMaH, nof aydamu CoyHia. Ko-
HEYHO, MJIOTHOCTh BTOPOTO MaTepHaIbHOIO Teja 0e3 (prU3n4ecKu MI0THOTO
3HAUYMTEJLHO MajaeT, HO TTOAMUTKA 32 CUET MEPBUUYHBIX MAaTePUA, TIPOHU3HI-
BalOIIMX TJIaHETapHbIE YPOBHU HE IMO3BOJISIET MOJHOCTHIO «BBICOXHYThH»
BTOPOMY MaTepuajibHOMy Teny. IToyemy 3T0 mpuHUMNOKUAIBHO BaxXHO? YTo
CJIyYMJIOCh ObI, €CJId Obl BTOPOE MAaTEPUAIBHOE TEJIO KJIETKU «BBICHIXAJIO»
nocjie paspylieHust GU3nIecKH IJIOTHOro Tena? Hudero «ocoOEHHOTO»,
TOJIBKO TO, YTO DBOJIIOLIMY XXKMBOI MaTEpUH, MOSIBJICHUS pa3yMa «IIPOCTO» HE
MPOU301LJIO Obl. BriojiHe BO3MOXHBI CUTYalll1, KOTAa BTOPOE MaTepuaibHOE
TeJIO MOXET ObITh MOJTHOCTBIO Pa3pyLIEHO B CUJTY TEX MJIM MHBIX TIPUYNH, KaK,
HanpuMep, BO3IEICTBHE MOLIIHBIX BUXPEBBIX IIOTOKOB NEPBUYHBIX MaTEPUiA,
MPOTEKAIOIIMX Yepe3 IIaHeTapHble ypoBHU. Ho, Takue sIBJIeHUS CITy4aloTcs
HE TaK 4acTO M He CO3Jal0T IM100aJIbHBIX MTPO0JIeM, He YTPOKaIoT KMBOI Ma-
TepUU U e€ 3BOJIIOLMHU B 1ieJjoM. Ho, Borpoc, mouyemy «HeBbIChIXaHUE» BTO-
pPOro U IpYrux MaTepraabHbIX TeJ KJIETKHU, ITOCIe pa3pylieHUsT GU3NIECKOIo
TeJia KJIETKU, SIBJISIETCSI KJII0YE€BBIM MOMEHTOM J1J1s1 BO3MOXXKHOCTH 3BOJIIOLIUN
KMBOUW MaTepuu M 3apOKICHUS pa3yma, OTJOXKM Ha HEKOTOpOEe BpeMs U
BEpPHEMCSI K KaU€CTBEHHBIM IIpolieccaM, IIPOUCXOASIINM C KISTKaMU, UMe-
IOIIMMMU Pa3HYIO KQUECTBEHHYIO CTPYKTYPY.

Ecnu xxuBas KjieTKa MMeeT, KaK BTOpoe, TaK M TPeThe MaTepralbHOE Te-
JIO, TO, IPU pa3pyllieHUU (PU3NYECKU IIOTHOIO TeJia, 0e3 MOAIMUTKY ITIepBUY-
HBIMU MaTEpUSIMU, Yepe3 paclleIieHUue MOJIEKYI B (DU3MUYECKU IJIOTHOM
KJIETKE, OKa3bIBaIOTCS yXKe IBa MaTepUalbHbIX T€JIa — BTOPOE U TPEThe MaTe-
puajibHble Teja. M, ecrecTBeHHO, ITOCIe MPeKpallieHUs «IToJauyu HaBepXx» (Pu-
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3MYECKU MJIOTHOM KJIETKOM MEPBUYHBIX MAaTePUI «XyJIeeT», KaK BTOpPOe, TaK
TpeTbe MaTepuajbHbIC Tela KJIeTKU. Ho, onsaTh-Taku, He MPOUCXOAUT UCUE-
3HOBEHME 3TUX MaTEpUAJIbHBIX TEJI ITOCIe pa3pylleHUs (PU3NIeCKU IJIOTHOM
KJIETKM 32 CYET BCE TOTO K€ HACBILLIEHUS MTOCIESIHUX TEPBUYHBIMU MaTEPUsI-
MU, ITOCTOSTHHO ITPOHU3BIBAIOIIUMU TJIaHEeTapHbIe YPOBHU. OTIMYME 3aKJTIO-
YaeTCs B TOM, UTO TPETbE€ MAaTE€PUAIILHOE TEJIO KJIETKU MOAMNUTHIBACTCS YK€
IByMs riepBuYHbIMU MaTepusiMu G u F. [Tpnuyém, ckopocTh HachIlIeHUS TIep-
BUYHBIMM MaTepUSIMM TPEThEro MaTepuaJbHOIO Tejda KJIETKW OOJblie
CKOpPOCTHM HAaCHIIIEHMSI BTOPOro MaTepUaIbHOTO TeJjia, MO OOHOM IPOCTON
npuumrHe. [ToToku nepBUYHBIX MaTEepUid, monaaasl B IVIaHETAPHYIO 30HY JIe-
dopmanu, IIpy CBOEM IBMXKEHUM Yepe3 HEE, BEIHYXKIEHBI «[TPOCAYNBATHCSI»
yepes KauyeCTBEHHbIE Oapbephl LIECTU IJIaHETAPHBIX MaTepUalbHbIX chep. B
pe3yJIbTaTe 3TOro CKOPOCTh UX ABVXKEHUS 3aMEISIETCS. U CKOPOCTD JBVXKEHUS
MEPBUYHBIX MaTepPUii, JOCTUTLIMX BTOPOI TJIAHETAPHOMU MaTepUaJIbHOM Cce-
pbl, CTAHOBUTCSI MUHUMAJIbHOM, IO OTHOIICHUIO K CKOPOCTSIM Ha BCEX APYTUX
TUIAaHETapHBIX YPOBHSIX.

Kpowme aToro, miaHeTapHble KaUeCTBEHHbIE Oapbephbl BIIMSIIOT HA Pa3HbIE
MEpBUYHBIE MATEPUM HEOAMHAKOBO, B pe3yJbTaTe 4ero, NpoOuCcXOIUT U3MEHEe-
HIE COOTHOLIECHMS MEPBUYHBIX MaTepUii B 00IeM MOTOKE, U CKOPOCTU UX
JIBVXXKEHUS APYT OTHOCUTEIBLHO ApyTa BCE O0JIbIIE U OOJIbIIE HAYMHAIOT Pa3Jin-
YaThCsl MOCJIE TIPOXOXKACHUS KaxK0ro KaueCTBEHHOro 0apbepa riaHeThl. UTo,
B CBOIO OYepedb, B 3HAUUTEJbHOM CTENEHU CKa3bIBAETCSI HA COOTHOILLECHUU
MEXAY MEePBUYHBIMMA MaTEPUSIMMU Ha KaXIOM IJIAHETAPHOM YPOBHE W,
COOTBETCTBEHHO, HA MUHTEHCUBHOCTHU MPOLIECCOB, MTPOTEKAIOIINX HA KaXKI0OM
13 IJIAaHETApHBIX YpOBHEN. [103TOMY, MpU HATMYKMHK Y KJIETKHA BTOPOTO U Tpe-
ThEro MaTepUaJIbHBIX TeJI, HACBIILEHUE NTepBUYHBIMU MaTepusiMu G u F tpe-
ThEro MaTepUAJILHOIO TeJa KJIETKM OyaeT MPOUCXOAUTH ObICTpEee, YEM IIPOUC-
XOJsl11Iee B TOXEe BpeMsI HAChILIeHUE TIEpBUYHOM MaTepueil G BToporo mMare-
puajbHOro Tena. M, eciiv npuHSATbL BO BHUMAHME, YTO «TassHUE» WIN APYTUMU
CJIOBaMU MOTEPSI BTOPBIM U TPETbUM MaTepUaIbHbIM T€JIaMU KJIECTKU NEPBUY-
HBIX MaTepUii MIPOUCXOOUT, IIPUMEPHO, OAMHAKOBO, TO, B PE3YyJIbTaTe pa3ind-
HOM MJIOTHOCTU Y CKOPOCTHU ABUXKEHUS IIEPBUYHBIX MATEPUIA Uepe3 BTOPOM U
TPETUI IJIaHETAPHBIE YPOBHU, CKOPOCTb HACBIILIEHUS IIEPBUYHBIMU MATEPU -
SIMU 3TUX TeJ1 OyAeT paznnuyHasi. BcaeacTBue yero, HachllleHME TEPBUYHBIMU
MAaTEPUSIMU TPETHETO MATEPUAILHOTO TeJIa OyIeT MPOUCXOAUTh OTHOCUTEIBHO
ObICTpee, UEM HaChILLIEHUE BTOPOTO.

KoHeuHo, 3To HACHIIIEHUE HE UAET HU B KAKOE CpaBHEHME C HACHIILICHU -
€M MEPBUYHBbIMY MATEPUSIMU STUX T€J, IPU HATUYNUU (PU3NIECKU TNIOTHOTO
TeJia KJIETKM, HO, TeM HE MEHEE, B pe3yJIbTaTe 3TOro HAChIIEHUS, BOBHUKAET
HEKMI M30BITOK, OTHOCUTEILHO BTOPOTO MaTePUAIbHOIO Tejla, MEPBUYHBIX
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MaTepuil B TPETheM MaTEpUAILHOM TeJjie KJIETKU. OTHOCUTENIbHBIN N30bITOK
KOHLIEHTpALIMM TMePBUYHBIX MaTepUii HA YPOBHE TPEThEro MaTepUaIbHOTO
TeJ1a, MO OTHOIUEHUIO K BTOPOMY MaTepUabHOMY TeJTy, IPUBOAUT K TOMY, UTO
MEXXIY TPETbUM 1 BTOPLIM MaTepUaIbHBIMU TeJIaMU KJIETOK BOBHUKAET OYEHb
ciiabast uupkyasauust nepsudyHoit matepuu G (Puc. 4.3.19). Hupkynsauus
MEPBUYHBIX MAaTEPUI1 MEX Ty BTOPHIM Y TPETbUM MaTepUaIbHBIMU TEJIaMU I10-
cJie TIOJTHOTO pa3pylleHus (PU3NYECKU TUIOTHOM KJIE€TKU, €CTh HU YTO MHOE,
KaK IPOSIBJICHUE KU3HEESITeJIbHOCTU. JIpyruMu c1oBaMu, €CJiv (pU3NYeCKu
TUIOTHAS KJI€TKa IIepe TEM, KaK pa3pyLIUThCs, UMeIa B CBOE Ka4eCTBEHHOMN
CTPYKTYpe, KaK BTOPO€, TaK U TPEThe MaTepuaJibHbIE Tejia, TO, IOCJIE pa3py-
1IeHUS (PU3NYECKU IIJIOTHOTO TeJia, IMPOLIECCHI KU3HEAEATEIbHOCTU KIETKHU
Ha 3TUX YPOBHSX HE OCTAaHABJIMBAIOTCS, a TOJILKO BO MHOTO pa3 3aMeIJISTFOTCSI.

AHaJIOTMYHbIE MTPOLIECCH MPOUCXOISIT M HAa YPOBHE (PU3MUECKM TNIOTHBIX
TeJ1 Y 36 MHOBOJHBIX 1 IPECMBIKAIOIIMXCS, KOTAA IIPU OXJIAXKIEHUU Tejla aK-
TUBHOCTb X XXM3HEHHBIX IPOLIECCOB 3aMEJISIETCS B IECATKHU pa3 0€3 KaKOro-
Jn00 Bpeda AJIsl 3TUX XXMBOTHBIX. bojiee TOoro, HEeKOTopble 36 MHOBOHbIC
TaKue, KaK JISITYIIKKW, MOTYT OJHOCTbhIO 3aMEP3HYTh, IIPEBPATUBILIKUCH B JIE-
JISTHbIE CTaTyM, a TIOTOM, HarpeBasiCh MO/l BO3IEUCTBMEM COJIHEYHBIX JIyuyei,
MOCTENEHHO BO3BPAILIAIOTCS K HOPMAJILHOMY YPOBHIO aKTUBHOCTHU. B Takom
3aMOPOKEHHOM COCTOSTHUM OHU MOTYT HaXOJAUTbLCS COTHU JIET, TOJIBKO Ha T
K€ COTHU JIET OCTaHABJIMBACTCS U pa3BUTHUE UX OpraHu3Ma, 3Boouus. B Ta-
KOM 3aMOPOXXEHHOM COCTOSIHUM XKU3HEHHbIE TPOLIECChI (PU3NYECKU IMJIOTHBIX
KJIETOK OpraHu3Ma JISITYLIEK 3aMeJISIIOTCS B IECSITKM ThICSY pa3, HO HE OCTa-
HaBJIMBAIOTCS MOJHOCTHIO. [I03TOMY B 3aMOpPOXXEHHOM COCTOSTHUM JISITYILIKA
MIPOIOJIKAET UCITOJIb30BaTh 3aI1aChl OPraHMYECKUX MOJIEKYJI, HAKOIIJIECHHBIE B
€€ KJIETKax JI0 TOro, Kak oHa 3ameépaina. I1oaTomy, B 3aMOPOKEHHOM COCTOSI-
HUM, JISITYIIKA OYEHb MEIJIEHHO XYACET, IOCTEIIEHHO HAUMHAETCSI TOJI0JaHue
1, €CJIM BOBPEMS HE pa3MOPO3UTh TAKYIO JSATYIIKY, OHA IPOCTO IMTOTUOHET OT
ncroueHus. Tak Kak, K COXaJIeHUIO, B 3aMOPOXEHHOM COCTOSTHUM JISITYILIKU
HE B COCTOSIHUU MUTAThCsA. MoliKapy, KOTopasl SIBJASIeTCSI OCHOBHOM MUILIEH
STUX 36MHOBOJIHBIX OHM MOKA €IIIE B COCTOSIHUM JIOBUTH TOJIBKO B AKTUBHOM
coctosiHuM. Oco00i1 OMaCHOCTU yMEPEThb OT UCTOLLIEHUSI B 3aMOPOXEHHOM CO-
CTOSTHUM Y JISITYLIEK MPaKTUYECKM HUKOTJA HE BOZHMKAET, TaK KaK 3aMOpa-
>KMBAIOTCSI OHU TOJIbKO Ha 3UMHUI TIEpUOJ, KOTJa TeMIepaTrypa Cpeabl Ux
obuTaHus oIycKaeTcs HuxXe Hyd 1o Lleabcuto. Tak BOT, 6e3 puznyecku
IUIOTHOTO TeJ1a KJIETKM BO BTOPOM U TPEThEM MaTepPUaIbHBIX T€JIaX XKM3HEH-
HbIE TIPOLIECCHI HE OCTAHABIMBAIOTCS, a 3aMEIJISIIOTCS B ThiCsSIuu pa3. Ho, Tem
HE MEHEe, 3TO BCE paBHO HE MOJIHAsI CMEPTh, KOTOPasl IOApa3yMeBaeT MOJIHYIO
OCTAHOBKY XXW3HEHHBIX MPOLIECCOB HA BCEX YPOBHSX, TAaK HAa3bIBAEMYIO,
a0COJIIOTHYIO CMEPTh.
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Tak BOT, JJ1s1 JKMBBIX OPTaHU3MOB, 8 O0AbUUHCIEE CAyHaes, abCONOMHAS
cMepmb He Hacmynaem HUKo020a.

ITocne pa3pyieHus pu3nUecKH MIOTHOTO Tejla KJIETKU HACTYIAeT OTHO-
CUTeJIbHasl CMEPTh XKMBOI'O OpraHn3Ma, Koraa IpoTeKalolue IMpoLecChl XKi1-
3HEACSITEIbHOCTH Ha YPOBHE BTOPOTO U TPETHEI0 MaTepUaAIbHBIX TeJI TPOTE-
KalOT B COTHM ThICSIU pa3 MeIJIeHHee, YeM, IIPY HAJIMYUU IJIOTHOTO (HU3U-
yeckoro Teja. [Tpu aToMm, >K1Boit opraHu3M TepsieT (GU3UIECKU MIOTHOE TeJIO,
B JAaHHOM cJIydae OJTHOI KJIETKU, HO «BEPXHUE 3TAXKN» — BTOPOE U TPEThE
MaTepuaabHbIe Tea — MPOJOJIKAIOT CBOIO KU3HEIESITEIbHOCTD, XOTS 1 3aMe-
JJIEHHYIO B COTHU ThIcs4 pa3. [IpaBaa, mpu 3ToM, MPOMCXOAUT 3BOJIIOLIMOHHOE
«3aMopaxuBaHue» 3Tux Tejl. K cyacThio, B TAKOM COCTOSIHUMM 3TU TeJla HE Ha-
XOISTCS Be4HO. J1s1 OMHOKJIETOUHBIX OPraHU3MOB IIOJTHOE pa3pylueHue pu-
3MYECKU IJIOTHOIO TeJia MIPOUCXOIUT, Ipu npouecce aeaeHus (Puc. 4.3.20).
B pesynibraTe neneHus MosiBJISIIOTCS ABE TOXIECTBEHHbIE HOBbIE KJIETKH, B TO
BpeMsl, KaK «CTapasi» KJeTKa McYe3aeT MOJHOCThIO pa3pylliasicb BO BpeMsl
npouecca aeaeHus. [ToaToMy, «cTapasi» KieTKa yMUpaeT, B TOM IOHMMaHUH,
YTO OHA MEPECTAET CYyLIECTBOBATh.

IToHnMaHue MeXaHM3MOB JeJIeHUSI KJIETOK MTO3BOJIUT B MMOJTHOM SICHOCTH
MPEeACTaBUTh SIBJIEHUST IMPOUCXOASIIME NPU pa3pylleHUU, THOEIU XKHUBOTO
opranu3ma. YTo xxe Takoe AeJIeHUE KJIeTKM, KaK OHO ImpoucxoauT?! JlaBarite
MOITbITaeMCsI pa300paThCsl, MOHSTh 3TOT MEXaHU3M, KOTOPbIH SIBJISIETCSI OCHO-
BOIi Bcero xXnMBoro. Korma KoHLEHTpalys OpraHMYeCKMX BeleCTB, BO3HUK-
IIMX B KJIETKE B pe3yJibTaTte (pOTOCUHTE3a WX TTOTJIOLIEHHBIX KJIETKOM U3 BHE-
LIIHEH cpelibl CTAHOBUTCSI KPUTUYECKOM, OHA TEPSIET CBOIO YCTOMYMBOCTD 1 Ha-
ypHaeTcs npouecc aejaeHust. [loueMy, mpu HaChILIEHUN KJIETKA OpraHU4YeCKU -
MU BellleCTBaMU, OHa CTAHOBUTCSI HEYCTOMYMBOI, U 3aITyCKAETCS MPOLIeCC €€
neneHus?! [loueMy, MMEHHO KOHLIEHTpaLMsI OpTaHMYE€CKUX BELIECTB CIYKUT
TOJTUKOM IS pacrajga CTapoil KIETKU 1 POXIEHUS IBYX HOBbIX, UMEHHO PO-
KIEHUSI, TaK Kak, MOsIBJIEHNE HOBBIX KJIETOK, BMECTO CTApOM U €CTh POKICHIE
kieTok? IlouyeMy M, KakuM oOpa3oM 3aryckaeTcs 3T1oT mnpouecc? Iloyemy
WUMEHHO KpUTHYECKAasl KOHILEHTpalusl OpraHUYECKUX BEIIECTB B KJIETKE
MPUBOJASAT K €€ COOCTBEHHOI r'MOeJIM U POXKJIEHUIO 1BYX HOBBIX KJIETOK?

BcrmoMHuM, 4TO K1eTouHass MeMOpaHa CIy>XKUT JIOBYLLIKOW 111 OpraHu-
YeCKMX U HEOpPraHMYeCKMX MOJEKYJ, 0Ka3aBIIUXCS B HEIOCPEICTBEHHOM
01130CTH OT KJIETKU. [Ipr COOCTBEHHOM CUHTE3€ OpraHMYECKUX COETUHEHUA,
KJIETOYHasl MeMOpaHa SIBJISIETCSI ITIPaKTUUYECKU HETPEOAOIUMbIM MPEMSITCTBU -
€M JJI1 CUHTE3UPOBAHHbBIX MOJIEKYJI, B pe3yJbTaTe 4ero, OHM Ha4YMHAIOT Ha-
KaruIMBaThCsl BHYTPU CUHTE3UPYIOLIEH KJIeTKU. Tak, mouemMy, HeHaChILeHHasl,
«TOJIOAHAs» KJIETKA HE B COCTOSIHUM JACIUTHCS, a TOJIbKO HACBIIIEHHAS, «ChI-
Tasi» KJIeTKa CTAHOBUTCSI TOTOBOI K TOMY, YTOObI TOrMOHYTh CAMOI 1 «POIUTH»
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JIB€ HOBbIC KJIETKM? Kakue CylIeCTBYIOT KaUeCTBEHHbIC OTINYMS MEXIY He-
HACBIILIEHHOM, «TOJIOAHOI» M HACBILIEHHOU — «ChITOM» KieTKamu?! Co0-
CTBEHHO, KJIETKA BIMSIET HA OKPYXKaollee MUKPOIIPOCTPAHCTBO, ONPEae/IEH-
HBIM 00pa3oM e opMUpPYs €T0, B pe3yjabTaTe 4Yero, Ha BTOpOM MaTepruaaibHOM
YPOBHE BO3HUKAET TOXKJAECTBEHHBIN OTIIEYaTOK, KOTOPBIN 3aIIOJIHSIETCS Mep-
BUYHOI Matepueii G, GopMupys BTOpoe MatepuaibHoe Teno. M3 gyero cie-
JIYET, YTO YPOBEHb MEPHOCTU BHYTPHU KJIETKM OTJIUYAETCS OT YPOBHS MEPHOCTU
OKPYXaloIero €€ MUKpOIPpOCTPAHCTBA.

Monexkynel ITHK 1 PHK xi1eTku, Kak yXe 0TMEYaJIoCh BhIIIE, CO31aBast
CTOSIUYIO BOJIHY MEPHOCTH, 1e(POPMUPYIOT CBOE BHYTPEHHEE IMTPOCTPAHCTBO
HACTOJIBKO, YTO IMPOUCXOAUT OTKPHITUE KAaYE€CTBEHHOTO Oapbepa MexXIy
MepBOI U BTOPOII MaTepuaibHbIMU c(pepamu. BeiieacTBue yero, BO3HUKAIOT
yCJI0BUSA 111 POPMUPOBAHUSI BTOPOTIO MaTepUaJIbHOIO Tejaa. UMEHHO TOJIBKO
BO BHYTPEHHEM MPOCTPAHCTBE 3TUX MOJIEKYJI, IPOUCXOAUT OTKPHITHUE Kade-
CTBEHHOro 0apbepa, B TO BpeMs, KaK BCE OCTaJbHOE COAEPKUMOE KJIETKU
TOJIBKO J1€(POPMUPYET CBOE OKPYKAIOIIEE MUKPOIIPOCTPAHCTBO, HE BbI3bIBAS
OTKPBITUSI KauyecTBeHHOro dapbepa. Ho, TeM He MeHee, BhI3bIBaeMasl Beelt
KJIETKOU AepopMaLyisl BHyTPUKIETOYHOTO MUKPOIIPOCTPAHCTBA OKA3bIBACTCS
BECbMa CYIIECTBEHHOM. Takum 00pa3oM, COOCTBEHHBIN YPOBEHb MEPHOCTH
caMOI1 KJIETKM OKa3bIBA€TCS BeCbMa OJIM3KUM K KPpUTUUECKOMY YPOBHIO, TP
KOTOPOM (PU3MUECKU MJIOTHASI MAaTEpUsi CTAHOBUTCSI HEYCTOMUYMBOI 1 pacra-
JlaeTCsl Ha IEpBUYHbIE MaTepuu, e€ obpasyroiire. Ho, B HOpMaabHOM COCTO-
STHUM, KJIETKA HAXOAMUTCS B YCTOMYMBOM COCTOSIHMM. Tak BOT, IIpU HAChI-
IICHUU KJICTKA OPTAaHUYECKUMU BEIIECTBAMM, KJIETKA HAUMHACT «TSKEJIETh»
U CUJIbHEH BJIMSTH Ha CBOU BHYTPEHHEE M BHEILIHEE MUKPOIPOCTPAHCTBO.
MN3meHseTcss COOCTBEHHbBIN YPOBEHb MEPHOCTU KJIETKM M, KaK CJIEICTBUE,
KJIeTKa CTAaHOBUTCSI MeHee YCToluMBa B LieJoM. [Ipu KpuTrnyeckoM Hachlle-
HUU KJIETKM OPraHMYEeCKMMM BEIIECTBAMM 3Ta HEYCTOMUYMBOCTH JOCTUTACT
MaKCUMaJIbHOro ypoBHs. Kpome 3TOro, mpu OOJIbIIONM KOHLIEHTpaLUU
OpPraHMYeCKUX MOJICKYJI BHYTPU KJIETKHM, 3HAYMTEIbHO YBEJINUYMBACTCS YACIIO
MOJIEKYJI, 3aXBaTbIBA€MbIX BHYTPEHHUM 00bEMOM cripalieid Mmosiekys JIHK u
PHK. B pe3yibraTe 3TOro, yBeJIMUMBaeTCS MMOTOK MMEPBUYHBIX MaTepUii ¢ pu-
3MYECKU MJIOTHOTO Ha BCE OCTaJIbHbIE YPOBHU KJIETKU. UTO MPUBOIMUT K J10-
MOJTHUTEIbHOMY HACHIIIEHUIO BTOPOTO U APYTUX MaTePUATbHBIX T€JI KIETKHU
MMEPBUYHBIMU MATEPUSIMU.

Btopoe u npyrue matepuanbHbIe TeIa KJIETKU TOXKE BINUSIOT HA CBOE MU-
KPOIIPOCTPAHCTBO, BCAEACTBUE YETO, IIPU MOSIBICHUN JOMTOJHUTEIBHOTO Ha-
CBHIIIIEHMSI BTOPOIO MaTepUaIbHOIO TeJla IEpBUYHOM MaTtepueii G, BO3HUKAET
JTOTIOJTHUTEJIbHAS AePopMals MUKPOIIPOCTPAHCTBA KJIETKU U CO CTOPOHBI
BTOPOr0 MaTePUAIbHOTO TeJla KJIETKU. BO3HUKAIOT ABE BCTPEUHbIC JOIIOJIHM -
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TeJIbHbIE Ae(OpMaLI MUKPOIIPOCTPAHCTBA KJIETKM, KaK CO CTOPOHbBI (pU3H-
YECKU IUVIOTHOM KJIETKM, TaK U CO CTOPOHBI €€ BTOPOIO MaTEpUATbHOTO TeJa.
B pesynbrare aTOro, HachlleHHas KJIETKA MPUOIMKAETCS K KPUTUIECKOMY
COCTOSIHUIO CBOE ycToitunBoCcTU. [IpubamkaeTcs, HO, TeM HE MEHee, €ILE He
JOCTUTAET KpUTUUYECKOTro cocTosiHuUS. «[locmeaHeii Karieit» B 3ToOM mpoliecce
CJIY>KUT Havajio (popMHUPOBaHUS BTOPOTO KJIETOYHOTIO SIApa.

Kak e aTo npoucxoaut?!

LleHTproau pacxoasTcs Mo MPOTUBOIIOI0XKHBIM ITOJIOCaM KJIETKM U CTa-
HOBSITCSI IEHTPAMU, BOKPYT KOTOPBIX U TPOUCXOIUT MpoLiece aejaeHus, pop-
MUpOBaHUSI HOBBIX KJIeTOK (Puc. 4.3.21). beakoBble HUTU HNOATATUBAIOT K
LICHTPHUOJISIM XPOMOCOMBI M3 CTAPOTO s/Ipa KJIIETKU, U 3TO SIBISIETCS HayaloM
(bopmupoBaHMA IBYX HOBBIX KJIETOK. BHavase HOBbIE siipa coaepxkKar Mmojo-
BUHHBII HA0OP HEOOXOAUMBIX XpPOMOCOM, TI0O3TOMY JBa KaHajla UMU CO3/a-
BaeMbIX, MPAKTUUECKU SKBUBAJICHTHBI KaHAIY s/ipa 1O Hayajia JeJIeHUs, U
KJIETKA €IIE COXpaHSIET CBOIO YCTOMYMBOCTD. [1pu 3TOM, MEPHOCTH MUKPOKO-
CMOCa KJIETKM ITOUYTHU HE U3MEHSIETCS I COXpaHsIETCs OaaHC IMTOTOKOB MEXITy
(pr3MyeCKM 1 BTOPBIM YPOBHSMM KieTKU. Kaxmass xpomocoMa B TaKUX S -
pax M3 HAKOILJICHHBIX B KJIETKE OPraHUYECKMX BEILECTB HAUMHAET BOCCO3/a-
BaTb CBOET0 3¢ PKAJIbHOTO JBOMHMKA, UYTO SIBJISIETCS] €CTECTBEHHBIM CTpEMIIC-
HUEM JI000M CUCTEMBI K COCTOSIHUIO MAaKCUMaJIbHOU ycTorynBOoCTU (PHC.
4.3.22). I1pu 3aBepliieHUM 3TOTO IIPOLiecca, BHYTPU OJHOM KJIETKU 00pa3yroT-
csl ABa s1/1pa, KaX10€ U3 KOTOPhIX UMEET KaHaJl, 10 KOTOPOMY IEpBUYHbBIE Ma-
TepUHU NEPEeTEKaT Ha BTOPOI MaTepuaabHbII YpoBeHb. JIBa siipa B JIOKaIb-
HOM 00BbE€ME KIIETKH CO3/IaI0T TAKOE UCKPUBJIIEHME MUKPOKOCMOCA, ITPU KO-
TOOM Cama KJIeTKa CTAaHOBUTCS HEYCTOMYMBOM M 00pa3yrollue e€ opraHuye-
CKMe BellleCTBa caMy HAUYMHAKOT pachafaThCsl, U MEPBUUYHbICE MAaTEepUU, UX
oOpasyrolle, HAaUMHAIOT MepeTeKaTh Ha BTOPOI MaTepUalbHbBIA YPOBEHDb B
CUJIY TOTO, YTO «JIUIIHEE» SAPO B KJIETKE CO3AAET AOMOJTHUTEIbHOE UCKPUBJIE-
HUE MUKPONPOCTPAHCTBA KJIETKU, I COOCTBEHHbBIN YPOBEHb MEPHOCTH KJIETKU
CTaHOBUTCH KpuTuyecKuM. [Ipn 3TOM, KOJIMYECTBO MEPBUYHBIX MAaTEpPUM,
repeTexkarIux ¢ (pU3nIeCcKOro YpoBHsI Ha BTOPOIi MaTepuabHbIN 3HAUM -
TeJIbHO OO0JIbIIe KOJIUYECTBA MAaTepUHU TEPETEKAIOIIEro CO BTOPOTro MaTepu-
aJIbHOTO ypoBHSI Ha pusnueckuii (Puc. 4.3.23).

PusnuecKku MI0THas KJIeTKa (CTapasi KjieTKa) HauMHaeT paciaaaTbes Ha
MOJIEKYJIbI €€ 00pa3ylolIre B CUJTy TOTO, YTO KaxXaasi OTAEIbHO B3sTas MOJIe-
KyJia, UMeeT MEHbIINI YPOBEHb COOCTBEHHON MEPHOCTH, YEM CUCTEMbI U3
HUX, M TO9TOMY OHM HE pacnajarTcs Ha YacTu caMu. Bo3HUKAaeT CBepXKpH -
TUYECKOE COCTOSTHUE 151 (PU3NUECKU TUIOTHOM KJIETKU, KaK €IMHON CUCTEMBI,
a He JIJ1 OTAEJIbHBIX OpraHNYeCKUX MOJIeKYJ1. COOCTBEHHBIN YPOBEHb MEPHO-
CTU KJIETKU 3HAYUTEIbHO 00JIbllIe COOCTBEHHOIO YPOBHSI MEPHOCTU OTACIBHO
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B3STOM OpraHndyeckoi Mmoyuekymabl. [1o Mepe pacniaga ¢pu3ndeckom KJIETKHU, Ha
BTOPOM MaTepUaIbHOM YPOBHE CO3[al0TCs ABAa BTOPHIX MaTEpUAJIbHBIX Teja
KJIETKU MOTOMY, UTO KaXXJI0€ SIAPO CO3MAET TOXKIECTBEHHOE UCKPUBJICHUE
MHKPOKOCMOCA Ha BTOPOM MaTepuaJbHOM ypoBHe. [Ipu 3TOM, KOJIUYECTBO
rnepBUYHOI Matepuun G B YaCTHOCTHU IepeTeKarolleil Ha BTOPOii MaTepuasb-
HbI YPOBEHb, CTAHOBUTCS M30bITOYHBIM Ha 3TOM ypoBHE (Puc. 4.3.24).

Korga 3aBepiuaercst pacnan crapoii (pU3N4YeCcKOi KJIIETKA, BMECTO Hee
OCTAalOTCSI COCTABJISIIOIIME €€ OpPraHWYEeCKUE MOJIEKYJbI, T.€., OpPTaHUYECKOE
BEILIECTBO — CTPOUTEJIbHBINA MaTepUasl AjIs1 CO3JaHMsI HOBBIX KJIETOK. A, KaK
TOJIbKO MpeKpallaeTcsl MHTEHCUBHOE IepeTeKaHUe MEePBUYHBIX MAaTEePU C
(pusnyeckoro ypoBHs Ha BTOPON MaTepuabHbIN, U30LITOK NMEPBUYHON
MaTepuu G 13 IByX C(pOpMUPOBABILIMXCS BTOPBHIX MaTEpUAIBLHBIX TeJI KJIETKU
10 TEM K€ KaHajJlaM HaYMHAET NepeTeKaTh CO BTOPOro MaTEpUaIbHOIO YPOBHS
Ha (PU3NUYECKUIA U CO3MAET MPOEKIIMU YXKe IBYX BTOPHIX MAaTEPUAILHBIX TEJl
KJIETKM Ha pu3ndeckom ypoBHe (Puc. 4.3.25). [1pu aToM, B 30HaX MpOEKLIMiA
BTOPbIX MaTE€pUAIbHBIX T€JI Ha (PU3NUECKOM YPOBHE, CO31AETCSI TOMOIHUTEIIb-
HOE UCKPUBJIEHUE MUKPOKOCMOCA, T.€. CO31aI0TCSI HEOOXOAMMBIE YCIOBUSI 151
CUHTE3a MOJIEKYJ M3 MAacChl OPraHMYECKOro BEIIECTBA, HAKOIJIEHHOTO B
KJIETKE Mnepel AeJIeHUeM M BOZHUKIIIEro IIpU paciiajie CTapoil KIETKM 1 pac-
MOJIOKEHUSI €ro B IOpsIIKe, 3aJaHHOM BTOPLIMU MaTepUaJbHBIMU TeJIaMU
kj1eTokK (Puc. 4.3.26). AHajiorom 3ToMy IpoLEeccy, K TOMY Xe OYeHb OJIU3KUM,
SIBJISIETCSl HAMarHM4YMBaHME U pacIipeaeeHue 1o CUIOBLIM JIUHUSIM MarHUT-
HOTO T10JISI MeTaJuIndeckoil nbliu. [1py 3aBepiueHur CMHTe3a, 00pa3yloTcs
JIB€ COBEPILIEHHO HOBBIE KJIETKU 10 00pa3y 1 MojJo010 BTOPbIX MaTepraib-
HBIX TeJI KJIETKU, C OaJIJAaHCHBIM MepeTeKaHWEM MEPBUYHBIX MAaTEPUIA MEXKITY
(bn3nYEeCKMM U BTOPHIM MaTepUaIbHBIM YPOBHIMU KiaeTK1. HoBbIe KiIeTKH,
BO3HUMKIINME B PE3yJIbTaTE ACACHUS CTapOI KJIETKU, HE SIBJISIIOTCS a0COJIIOT-
HBIMU KOIMUSIMU CTapOM KJIETKU, XOTsI M oueHb 0J1u3KM K Heit (Puc. 4.3.27 u
Puc. 4.3.28). UMeHHO, Garogapsi 3TOMY SIBJIEHUIO, IPOUCXOASILIEMY TIpU
NeJICHUU KJIEeTKW, BO3MOXXHa 3BOTIOIMSA JKM3HH.

CrnenyeT OTMETUTD, YTO MPU JE€JACHUN KJIECTKM HACTyIIaeT MOMEHT KOraa
cTapas KJIeTKa MCU€e3aeT, pa3pyllaeTcs MOJIHOCTbHIO, 4 HOBbIE KJIETKH €1IE He
HayaJu coOMpaThCs. DTO SIBJICHME HAOII01aeTCsl OYeHb KOPOTKOE BpeMmsl, HO,
TeM He MeHee, 3To — (pakT. Bo BpeMs1 AejieHus cTapasl KJIeTKa yMUpPaeT U He-
KOTOPOE BpeMsI HET HU CTapOi KJIETKM, HU HOBBIX. M XOTSI BpeMeHHOI UHTep-
BaJI MEXXy UICYE3HOBEHUEM CTApOM KJIETKU U MOSIBJIEHMEM HOBBIX HUUTOXHO
MaJl, 9TO He MeHsIeT CyTu. Mexny «(da30ii ctapoil KJIeTKU» U $pa30il «HOBBIX
KJIETOK» CYILIECTBYET KAaUECTBEHHOE COCTOSIHME, KOTJa HET HU OQHOM, HU
npyrux. YTo, B CBO1O o4yepe/ib, MTOJTHOCThIO MOATBEPKIAET ONMCAHHbBIN BhILIE
MEXaHU3M JieJIeHUs] KJIeTOK. Kpome 3Toro, ToJbKO OIMCAaHHBIE BHILIE ITPO-
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LIECCHI JCJICHUS KJIETKH TTO3BOJISIIOT OOBSICHUTH U CaMy SBOJIIOLIMIO XXKMBOU Ma-
T€pUU, NOSIBJIEHUE HOBBIX BUAOB, HAKOIJIEHKE, 1 BO3MOXHOCTD ITepenadu 0y-
JYIIUM MOKOJICHMSIM OTIbITA U MOJOXUTEJIbHBIX MyTalMii. [1J1s1 TOro, 4To0bI
9TO HE CTaJIO TOJIOCITOBHBIM 3asIBJICHUEM, JaBaliTe IOILITAEMCSI TPOBECTU
Ka4eCTBEHHBII aHAJIM3 JAHHOTO SBJIEHUS ITpupoabl. [loHnMMaHue 3Toro sBje-
HUS JA€T KJIIOY K pasrajke NpUpPOIbl IMTaMsITH, CO3HAHUS U MHOTUX JPYTUAX
SIBJIECHUM XMBOW MPUPOABI, KOTOPBIEC MO CEM I€Hb OCTAIOTCS «O€JIbIMU IST-
HaMU Ha KapTe MUPOITOHUMaHMUsI». PaccMoTpuM, KakuM 00pa3oM HOBOITPH -
o0peTeHMs, MOJOXUTEJIbHbIE MyTallMM MepeJaroTcsl OT OAHOIO MOKOJIESHUS
APYromy.

ZK13Hb He MorJ1a 3apOaUThCSI B TOM MHOTOO0Opa3uu XXUBBIX (pOpM, KOTO-
pbl€ CYILLECTBYIOT B HacTos11Iee BpeMsi. IIepBble OHOKJIETOYHbBIE OpraHU3Mbl
CTaJI OCHOBOM JIJIS1 BCEX XKMBbIX OPraHM3MOB Ha 11aHeTe. Kakum ke oopa3zom
MIPOM30IIIa 3Ta YAMBUTEIbHAs TpaHCPOpMaLUs MEPBbIX OAHOKJIECTOUYHBIX
OpTraHU3MOB BO BCE 3TO MHOTOOOpa3ue (popM KuBo nipupoabl? I1epBoie oj-
HOKJIETOYHBIE OPTaHU3MBI, KaK YK€ OTMEUaI0Ch, BOSHUK/INU B BEPXHEM CJIOE
TIEPBUYHOrO OKeaHa. [1pu neneHnm ofHOKJIETOUHOTO OPraHM3Ma MOSIBIISIOTCS
JIBa TOXJIECTBEHHBIX OJJHOKJIECTOUYHBIX OpraHn3Ma 1, Ka3aJoCch Obl, HA 3TOM
JOJDKHA OblIa 3aKOHYMTBLCS 3BOIIOLMS XNU3HU. [10BEpXHOCTHBIN CI0M Mep-
BMYHOI'O OKeaHa JOJIKE€H ObLI ObI 3aIIOJTHUTHCS OAHOTUITHBIMU OJHOKJIETO-
YHBIMU OpraHM3MaMM, 1 Ha 3TOM BCE JOJKHO ObLIO ObI M 3aBepiuuThesa. Ho
ATOro0 HE IMPOU30ILLI0. B 4€M MpMUYMHA TAaKOTO «HEJIOTMYHOTO» ITOBEACHMS
MPUPOILI, CO3AaBlIei i MHOrooopasue XXu3Hu? OTBET Ha 3TOT BOIIPOC JIEXKUT
MPSIMO Ha MTOBEPXHCTU, TOYHEE — B IIOBEPXHOCTHOM CJI0€ IEPBUYHOTO OKeE-
aHa. Bo3ayiiHble Macchl MPUBOAWIIM B IBUKEHUE MTOBEPXHOCTHBIN CJI0M nep-
BMYHOI'O OK€aHa, B pe3yJIbTaTe Yero, OMHOTUITHBIE OJTHOKJIETOYHbIC OpTraHu-
3Mbl, a4 O3€ ¥ MHOTOKJIETOYHBIE, PA3HOCUJIMCH OKEAHCKMMU UJIM MOPCKUMMU
TEYCHUSIMU Ha OOJIBIINE PACCTOSIHUS APpYyT OT aApyra. Kazamochk ObI BCE TaK, HO
MpY Y€M 311eCh MOsIBJIEHE MHOToo0pa3ust popM KUBBIX opraHu3MoB?! Bcé —
ouyeHb Ipocto! TeyeHUsT pa3HOCUIIM OOHOTUITHBIE OPTaHU3MBbI Ha JECSITKHU,
COTHH, a TIOPOM M THICSIYU KMJIIOMETPOB APYT OT Apyra. B pe3ynsrare 3T0TO,
OHM OKA3bIBAJIMCh B pa3HBIX BHEIITHUX YCIOBUSIX. TeMIiepaTypa BOAbl, XUMU-
YEeCKMIA COCTaB, HACBIIIEHUE Fra3aMU B OTHOM MECTE ITIePBUYHOI0 OKe€aHa OT-
JIMYaJIMCh OT Apyroro. Oco6eHHO 00JIbIIME OTJINYMS BO3HUKAIU HA MEJIKO-
BOJIbSIX, B paliOHAX M3BEPKEHUSI HA3eMHBIX Y ITOJBOIHBIX BYJIKaHOB. [lomanmas
B IPYIyI0 XUMHUYECKYIO Cpeay, OMHOTUITHbIE OpTaHU3Mbl OKa3bIBAJIMCh BO
BHEILIHUX YCJIOBUSIX, JOBOJBHO 3HAYUTEJIbHO OTIMYAIOLIUXCS APYT OT Apyra.
B xOHEYHOM MTOrE 3TO MPUBOAMIIO K UBMEHEHUIO Y BHYTPUKJIETOUYHOM CPEIBL.
M, xaK ciaeacTBre MU3BMEHEHUSI XMMUYECKOT0 COCTaBa BHYTPU CaMMX OJTHOKJIE-
TOYHBIX OPTAaHU3MOB, IIPOUCXOAUIN Ka4eCTBEHHbIE U3MEHEHHS Y B CAMUX O/1 -
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HOKJIETOYHBIX OPraHU3Max — MYTALIAU.

Ilon BIMsIHMEM U3MEHEHUS MOHHOIO OaJlaHCa BHYTPU OJHOKJIECTOYHBIX
OPraHMU3MOB B PE3YJIbTaTe U3MEHECHMS XUMUYECKOIO COCTAaBa BHEILIHEN CPEIbI,
MPOUCXOIMIM U3MEHEHUS MOJIEKYJISIPHOIO Beca, KAYEeCTBEHHOTO COCTaBa 1
MMPOCTPAHCTBEHHBIX CTPYKTYP OPTaHUYECKUX MOJIEKYJI, U3 KOTOPBIX 00pa3y-
IOTCSI OMHOKJIETOYHBIC OPraHU3MbI. 1€ OMHOKJIETOYHBIE OPTaHU3MbI, KOTOPHIE
HEe MOTu0aIv NOCje MOJOOHbBIX «PEKOHCTPYKLIMI», B TOM UJIM MHOM CTETIEHU
OTJIMYAJIMCH OT M3HAYAJIbHBIX OpraHMU3MOB. [10CTeTIEHHO 3TU U3MEHEHNS Ha-
KaIJIMBaJUCh, M HACTYIaJl MOMEHT, KOTJJa MOXKHO YK€ TOBOPUTb O MOSIBJIEHUM
HOBBIX BUJIOB OQHOKJIETOYHBIX OPraHU3MOB. [1py KpUTHYECKOM HACHIILIEHUU
M3MEHEHHBIX OJHOKJIETOYHBIX OPraHM3MOB OPTaHUYECKMMHU BElIECTBAMMU,
3aMyCKaJICS ITPOLECC ACJICHUS, B PE3YJIbTAaTe YET0 MOJOXUTEIbHBIE MyTalluU
3aKPEIUISUIMCh. YUCIIEHHOCTh U3BMEHEHHBIX OJTHOKJIETOUYHBIX OPraHU3MOB BO-
3pacTajia B reOMETpUUYECKOM mporpeccuu. MIsMeHuBIIMECS OpraHmM3Mbl TaK
K€, KaK U X «pPOJIUTEIbCKIE» , IEPBOHAYAIbHBIE OTHOKJIETOUHbIE OPraHU3MbI
MEPEHOCUIUCH TEYCHUSIMU B APYyTUE MECTa, C APYTUM XUMUUYECKMUM COCTABOM
1 BCE MOBTOPSIJIOCH BHOBb. JIs1 MOHMMaHUS MEXaHU3Ma PacOpOCTPAHEHUS
MYyTal1i, HEOOXOIMMO BCIIOMHUTD, YTO, ITPU KAYECTBEHHOM U3MEHEHUU Op-
raHUYECKUX MOJIEKYJI T10J1 BO3ICICTBUEM BHEIILIHEN CPEIbI, U3MEHSIOTCS CTPY-
KTYPHO 1 KAQYECTBEHHO HE TOJIbKO (pM3UUECKM TVIOTHBIE MOJIEKYJIbI HO U UX
BTOpbIC MaTepUaJIbHbBIE TEA.

[osiBIeHWE DOMOJHUTENBHBIX LIETIOYEK aTOMOB WJIM MOTEPS YKE UME-
IOIIMXCS OPTaHMYECKMMMU MOJIEKYJIaMM, O0Pa3yIOILIMMU OJJHOKJIETOYHBIE Op-
TaHU3MBbI, IPUBOIUT K TOMY, UTO U3MEHsIETCS AeopMalvss MUKPOIIPOCTPAH-
CTBa, BbI3BAHHAsl OJHOKJIETOYHBIM OpTaHM3MOM B LiejioM. M, Kak ciencreue
BTOTO IPOoLIecca, UBMEHSIETCS M BTOPOE MaTePUAILHOE TEJIO OJHOKJIETOYHOTO
opranusma. Ipyrumu cioBamMu, Ka4eCTBEHHbIC U3MEHEHUS IIPOUCXOIIT Ha
BCEX YPOBHSIX, CYLIECTBYIOIIMX U JAHHOTO OAHOKJIETOYHOI'O MJIA MHOTOKJIE-
TouHoro opranusma (Puc. 4.3.29, Puc. 4.3.30 u Puc. 4.3.31). Bo3Huxiuue
JOTIOJTHUTEJIbHBIE CTPYKTYPHbIE U3BMEHEHUSI OPraHUYECKUX MOJIEKYJ OJHO-
KJIETOYHBIX OPTaHMU3MOB BbI3bIBAIOT AHAJIOTUYHLIC 1e(OPMaLIMU MUKPOIIPO-
CTPAHCTBA KJIETKM HA BTOPOM MaTepuaibHOM ypoBHe. OCBOOOXIaeMbIE Mep-
BUYHBIE MAaTE€pUM, IIPU pacliajic OPraHuYeCKUX MOJIEKYJ BO BHYTPEHHEM
oobeme cnupaiieid Mosekya JIHK n PHK, HachIlaroT 3TM 1ONOJHUTEIbHbIE
nedopMalii Ha BTOPOM MaTE€pUaIbHOM YPOBHE, B PE3yJbTaTe Y€ro Mpouc-
XOOUT 3aKPEIICHME U Ha BTOPOM MaTepuaabHOM ypoBHe. M, Korna HaumMHa-
€TCS TIPOLIECC NCTCHUS TAKOM M3MEHEHHOM KJIETKU, BTOPOE MAaTEPUATIBHOE TE-
JIO TAKOT'O OJTHOKJIETOYHOTO OpraHn3Ma HECET B ce0€ BCE UBMEHEHMSI, TPOU30-
HIEAIINE C JAHHBIM XXMBbIM OPTaHM3MOM B T€UEHME BCell ero Xu3Hu. Bropoe
MaTEepPUAIIbHOE TEJIO OMHOKJIETOYHOIO OpraHM3Ma UrpaeT KIIYEBYIO POJIb B
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npoliecce AeJIeHUS, TaK KaK BO BpeMs 3TOro Mpolecca NpoucXoauT MOJIHOe
pa3pylieHue GU3n4YeCcKu IJIOTHOM «CTapoil» KJIeTKU. [1pu 3ToM, pa3pylaroT-
CS1 U UBMEHEHHBIE MOJIEKYJIbI, BCE MPUOOPETEHHDBIC U3MEHEHMS, IIPOU3O0ILLE -
IIIME B KJIETKE MMOJTHOCTBIO NCYE3AI0T BMECTE CO CTapOi KJIeTKoM. Boobi1ie aToT
MpOLIECC NCJEHUS KIJIETKMA ObLI ObI HEBO3MOXHEH 0€3 HaJIU4YMus y KJIETOK
BTOPOTO U IPYTUX MAaTEPpUATbHBIX T€JI, IPEACTABIISIIOIINX COO0M KO JaH-
HOI KJIETKM Ha COOTBETCTBYIOILIMX YPOBHSIX CO BCEMU €€ OCOOCHHOCTSIMMU.
[Tpy moTHOM MCUE3HOBEHMM CTAapOii KJIETKM B IPOLIECCE NEJI€HMS, TOJIbKO Ha-
JIM4ue y ocJieAHEe BTOPOro 1 Ipyrux MaTepuaabHbIX TeJ O3BOJISICT MOHSTh
1 OCMBICJIUTH peaibHbIN (PU3NUYECKUI TIPOLIECC IeIeHUS KIeTOK. TOJIbKO Ha-
JIMYME Y OJHOKJIETOYHBIX 1 MHOTOKJIETOUHBIX OPraHU3MOB BTOPOTO U APYTUX
MaTepHUaIbHBIX TeJ JA€T BO3MOXKHOCTb TOBOPUTH O MOSIBJIEHUU U Pa3BUTUU
>XUBOU Matepun. Hu neneHue KiaeTok, HU MOSIBJIEHUE HOBBIX BUIOB U, B KO-
HEYHOM HUTOre, (POpMUPOBAHUE IKOJOTUYECKON CUCTEMBI MJIAHETHI, HU I10-
SIBJIEHUE pa3yMa, IPOCTO HEBO3MOXKHO MOHSITh U OCMBICJIMTD, 0€3 TOSIBJICHUS
Y KMBBIX OPTaHM3MOB BTOPOI'O U APYTUX MaTepruaibHbIX TeJl. UMeHHO moaTo-
MY BC€ MOIMBITKY O0bSICHEHUSI IPUPOIbI XKUBOI MAaTEPUU C TOYKU 3PEHUS CY-
LIECTBYIOIIEI HAayKU TepIiesii MoJIHOoe (PUaCKoO.

4.4. Pe3iome

3apoxxaeHue XU3H1 Ha Ij1aHeTe 3eMJIsl B YaCTHOCTU U BO BcenieHHoi oc-
TaBaJIOCh «O€JILIM ITSITHOM» B CUCTEME ITPeICTBABICHUIA, CO3aBaeMbIX UeJI0-
BEYECTBOM B 0003pUMBIX UCTOpHUEN npeaenax. DakT CylecCTBOBaAHMS KU3HU
BOCIIPUMHUMAJICS WJIM KaK JOJIKHOE, WJIM B YMax JIoJel ImpruoopeTat 6oxe-
CTBEHHYIO IPUPOLY, WIIU TIPOCTO «OOXOIMIICSI» CTOPOHOM B CO37IaBaeMBIX Kap-
TUHAX MUPO3JaHUS MOCJie 0e3yCIMEIIHbIX MOMBITOK JaTh CTPOMHOE U lie-
JIOCTHOE 00BbsICHEHUEe (PeHOMEHY KMBOU MPUPOIbl. MeTOI0JI0rMYeCcKHU Ipa-
BUJIBHBIA MOJX0J K MTOHMMAHUWIO TIPUPOALI XKMBOM MaTEpUM JOJIKEH HA4YM-
HATbCSI C OIPeaeACHUSI HEOOXOIUMBIX 1 TOCTAaTOUYHbIX YCJIOBUI 151 3apOXKIe-
HUS XKM3HU U3 HEXXMBOU MaTEpUU:

1. Hanmyme moCTOSAHHOTO Mepenajia MEPHOCTH C.

2. Hanmume Boapl.

3. Hanmmuue atmocdepsl.

4. Hannuue nepuoauvecKoil CMeHbI THS ¥ HOYM.

5. Hanmume pa3psaaoB aTMoC(EePHOro 3J1eKTpUIEeCTBa.

BTOpI)IM KJIIOYEBBLIM MOMEHTOM SIBJISIETCSI HEOOXOAUMOCTb ITOHUMAaHUS
KAUYE€CTBEHHOTO OTJINYUS XKUBOM MaTcpun OoT HEXWBOM. be3 moHnMaHus Tor (O
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KaK KaXXJIbIii aTOM, MOJIeKYyJa BJUSIIOT Ha CBOM MUKPOKOCMOC, KaK IPOCTPaH-
CTBEHHAs OpraHu3alus BJIMSIET Ha CBOMCTBA MPOCTPAHCTBA, HEBO3MOXKHO
MPOHUKHYTh B IPUPOAY KMBOM MaTepuu. Mcrionb3oBaHWe TTPUHIIAIIA HEO-
JTHOPOAHOCTU MPOCTPAHCTBA HA YPOBHE MUKPOIIPOCTPAHCTBA, JAET BO3MO-
>KHOCTb CO3J1aTh MOJHOLEHHYIO KAPTUHY IMPOLIECCOB, IIPOUCXOASIINX HA MO-
JIEKYJISIPHOM YpOBHeE. B pesysbrare, MOXKHO BBIIECJIMTh KA4€CTBEHHbIE OCOOEH-
HOCTU OPraHMYECKUX MOJIEKYJI, KOTOpPbI€ CO3A0T YCIOBUS, IPY KOTOPHIX Ma-
Tepus MPOSIBIISIET ce0s1 B HOBOM KaueCTBE — KAa4eCTBE XXMBOUW MaTEPUM:

1. ITpocTpaHCTBEHHAsI CTPYKTYpa OpraHM4YeCKMUX MOJIEKYJI HEOJIHOPOIHA
B Pa3HbIX MIPOCTPAHCTBEHHbBIX HAITPABICHMUSIX.

2. MO.TIeKy.T[HpHHﬁ BEC OPraHN4YCCKUX MOJICKYJI KO0JIEOIETCSI OT HECKOJIb-
KX JECATKOB 1O HECKOJIbKNX MHUJJDIMOHOB aTOMHBIX CINMHUAILI.

3. HepaBHOMEpHOCTB pacIipee/ieHUsT MOJICKYJISIPHOTO Beca opraHuye-
CKMX MOJIEKYJI IO pa3HbIM ITPOCTPAHCTBEHHBIM HaIIPaBJICHUSIM.

CnupanesugHas ¢popma moisekyan PHK u JTHK, co3maét yHuKajlibHOE
SIBJICHME — CTOSIYYIO BOJIHY MEPHOCTH B CBOEM BHYTPEHHEM 00bEMe. BTsrn-
BaeMbIe BO BHYTpeHHUI 00beM crimpaiieit moaekya JIHK n PHK oprannue-
CKME€ MOJIEKYJIbl HAUMHAIOT BBIHYXXAEHHO ABUTAaThCS BAOJb ONTUYECKUX OCEN
BTUX MOJIEKYJ, TIEPUOANYECKH TI0Ianas oA yaaphbl IeperaaoB MEPHOCTH,
KOTOPBIE JJ11 OOJIBIIMHCTBA MOJIEKYJI CO3AAI0T 3aKPUTUYECKUE YCIIOBUS, U OHU
HauYMHAIOT pacnaaaThCs Ha IEPBUYHBIE MaTepUU UX oOpasymolire. BbicBoOO-
JUBIIXECS ITPU 3TOM IIEPBUYHBIE MAaTEPUU HACBIIIAIOT Ae(opMaLniIo, CO3aa-
BacMYyI0 3TMMU MOJIEKyJIaMU Ha BTOPOM MaTepUaIbHOM YPOBHE U (POPMUPYIOT
BTOPOE MaTtepuajbHOe TeJ10. [1osgBIIeHE BTOPOro MAaTEPUAJILHOTO TEJ1A SIBJISI-
€TCS Ka4eCTBEHHBIM CKAQYKOM OpraHu3aliiyd MaTepuM U CIYXUT HayaJaoM
BpbI XKUBOM MaTepun. BOSHMKHOBEHME BUPYCOB, BOBHUKHOBEHME Y HUX O€JI-
KOBBIX 000JI0YEK, MOJTYYAET LIEJTOCTHOE OOBSICHEHME Ha OCHOBE IMMPUHIIMIIA
B3aUMOAECUCTBUS MUKPOIIPOCTPAHCTBA C HENIPEPHIBHO MEHSIOLLIUMUCS CBOM-
CTBAaMU U Ka4ye€CTBAMU U MaTE€pUU, UMEIOLIEH OIpeeI€HHbIE CBOMCTBA U Ka-
yectBa. [Ipu aToM, mposiBasIeTCS KapTUHA IIPUPOILI, B KOTOPOM KaXKAbIi 3J1e-
MEHT MMEET OOBSICHEHUE U CBOE MecTO. [IoHsATHE O HEOAHOPOAHOCTH MPO-
CTPAHCTBA MO3BOJISIET BCKPBHITh MEXAHU3MbI SBOJIIOLIMMN XXU3HU, TTOSIBICHUS
MHOTroo0pa3usi POpPM XKMBbIX OPraHU3MOB, YTO JAET BO3BMOXKHOCTh OOOCHO-
BaTh MTO3ULIMU 3BOJIIOLIMOHHOM Teopuu. OripenencHre yCJIOBUA 1 MEXaHU3MOB
W3MEHEHUM, NPUBOIIIINX K ITOSBJICHUIO HOBBIX BUJIOB BUPYCOB U APYIUX
>KMBBIX OPraHMU3MOB, TTIO3BOJISIET YBUAETh LIEJIOCTHYIO KAPTUHY 3KOJIOTMYECKOM
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CUCTCMBI ITJIAHCTDI:

1. 3mMeHeHue nopsiika COeAMHEeHMSI HYKJICOTUAOB B CYIIECTBYIOLICH
mousekyine PHK Bupyca.

2. YBequuyeHue Uiu yMeHblIeHHE YMcia HYKJIEOTUIOB B CYIIECTBYIONIEH
moJiekyiie PHK Bupyca.

3. IlosiBIeHME XMMUUYECKUX CBSI3EM MEXIY CYLIECTBYIOILIE MOJIEKYJI0M
Bupyca PHK n npyrumu mosnexyinamu PHK, koTopble Haxoauianchr B MOMEHT
BJIEKTPUYECKOTO pa3psiia BHyTpU O€JIKOBOU 000I09KY BUPYCaA WU TTOSIBUJIMCH
B HEW B pe3yJIbTaTe BO3IECHACTBUS SJEKTPUIECKOTO pa3psiaa.

IToHsATHE HEOOHOPOIHOCTHU MPOCTPAHCTBA TTO3BOJISET JaTh MTOAPOOHOE
00BsICHEHNE MeXaHU3Ma (POPMUPOBAHUSI KIETKH, KAK OCHOBBI BCETO XXMBOTO
11 BCKPBITh POJIb MOSIBJCHUST OEIKOBBIX 000JI0UEK Y BUPYCOB, a IO3HEE — KJIe-
TOYHBIX MeMOpaH. KiieTouHast MeMOpaHa — 3TO Ka4eCTBEHHbLIN CKayoOK B
OpraHM3allMy KUBOU MaTepUM. DTOT IIPUHIINII, TTO3BOISIET BCKPHITh MEXaHM -
3Mbl BOBHMKHOBEHHSI U CUHTE3a OPraHWYEeCKMX BEIIECTB CAMUMM KUBBIMU
opraHM3MaMi U HeOOXO0IMbIe YCJIOBUS IJISI TOTO:

a) HAJIMYKE BHYTPU OJHOKJIETOUHBIX OPTaHM3MOB OPraHUYECKUX MOJIe-
KYJI, KOTOPBIE JIETKO U3MEHSIIOT CBOIO CTPYKTYPY B HEKOTOPBIX Mpeaeiax mpu
M3MEHEHUM BHEIIHUX (PAKTOPOB, UTO MPUBOIUT K KOJEOAHNIO MEPHOCTHU
MUKpokocMoca B nuamna3oHe 0 < AL < 0,010101618...

0) HaJIMyKe BHEIIHUX (DAKTOPOB, KOTOPbIE MOTYT BbI3bIBaTh HY>KHbIE 13-
MEHEHMSI CTPYKTYPhI 9TUX MOJIEKYJI, HEe pa3pylliasi MOJIEKY/bl, KaK U CaMU O/I -
HOKJIETOYHBbIE OpraHu3Mbl (cJ1a0ble TEMJOBBIE M ONTUUYECKUE U3TYyYSHUS
ComHua).

IIpy BO3BHMKHOBEHMU CUHTE3a XXKMBBIMU OpraHM3MaMU OpraHUYEeCKUX
COEIMHEHMI, 3BOJIOLUS XUBOM MaTepuy BCTYNAeT B KAYECTBEHHO HOBYIO
craauio. CaMOCTOSTENbHBI CUHTE3 XXMBBIMU OpTaHM3MaMM, Ha3bIBAEMbIX
PACTUTEIbHBIMM, OpraHUYECKUX BEIIECTB CO3aJl YCIAOBUS 1J1s1 HE3aBUCUMOI
9BOJIIOLIUY KU3HU, HE 3aBUCSILEN OT aTMOoc(epHOro ajekTpudectna. [TpuH-
LI HEOJHOPOJIHOCTHU MPOCTPAHCTBA MMO3BOJISIET O0OBSICHUTD IIPUPOIY MeXa-
HU3MOB MOSIBJICHUSI BTOPBIX MaTEpUAJIbHBIX TEJ Ha OINpeAcIeHHON cTaaguun
SBOJIIOLIMY OPraHUYECKOM MAaTEpUU U UX POJIb B PA3BUTUU XHUBO MaTepUU.
C y4€TOM ITOJIHOM KApPTUHBI TOTO, YTO TAKOE KMBOI OpraHu3M (BTOPbLIE U APY-
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rve MaTepuajbHbIe Te€jia), BO3HMKAET BO3MOXHOCTb JaTh ITOJHOLIEHHOE U
HcUYepnbIBalollee 00bsICHEHME IMTPOLICCCOB ASICHMSI KJIETKM U SIBJICHUIA, TIPO-
UCXOOSAIIMX MTpU 3ToM. HeoqHOPpOIHOCTh MIPOCTPAHCTBA U B3aUMOAEUCTBUE
€ro ¢ MaTepUen, UMEIONIEH ONpeaeIEHHbIE CBOMCTBA M KAY€CTBA, MO3BOJISIET
CO311aTh 1LI€JIbHOE NPEACTaBICHUE U O0OBbICHEHUE TOTO, YTO IIPOUCXOIUT NPU
pa3pylIeHNY TaK Ha3bIBaeMOT0 (PU3NYECKH TUVIOTHOTO TeJia XKUBOTO OPTaHU-
3Ma — PU3NYECKM TUIOTHOM KJIETKU. IIpr 3TOM YETKO ONpenessitoTCs Kadye-
CTBEHHbIE I (PYHKIIMOHAJIbHBIC OTIMYMS MEXKIY (PU3MUECKU IJIOTHBIM U JPY-
I'MMU MaTepUabHbIMM TeJIaMU XXMBOI'0O opraHru3Ma. BriepBbie JOKa3bIBAETCS,
YTO XXM3Hb HE MPEKPAIIAETCS C THOENIbIO (PU3NUECKHU TUIOTHOTO TeJIa, a TOJIBKO
MEPEXOIUT HA KAYECTBEHHO JPYror ypoBeHb (PyHKIMOHUPOBaHUS. O0bs-
CHSETCS MpUpoAa KpyroooopoTa >KM3HM Ha IuiaHeTe. Ha ocHoBe MHOTOypo-
BHEBOI CTPYKTYpPhI XXKMBOI MaTepuUM BIIEPBbIE ITOKAa3aHbI MEXAaHU3MbI MY-
Talyii, HAKOIUICHUS UX 1 TIepeaya HOBbIM ITOKOJICHUSIM XXWBBIX OPraHU3MOB,
YTO, B CBOIO OUEpeib, IBIAIETCSI QYHAAMEHTOM JJISI TIOHUMAaHWS SBOJTIOLIOH -
HOTO Mpollecca XKUBOU MPUPOIbI.
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Omucanne puCyHKOB

Puc. 2.2.1. IlocnenoBaTesibHOE UBMEHEHME MEP-
HOCTHU Ha OJTHY U Ty ke BeJIMunHy AL siBJsieTcs1 KBaH-
TOBaHWEM MaTPUYHOTO IPOCTPAHCTBA 1 BhIpaxKaeTCsl
K02(DUIIMEHTOM KBAHTOBAHMUS Yi, KOTOPBINA 1 €CTh
TOT 3TAJIOH, T10 KOTOPOMY OTOMPAIOTCS «KYOUKI» JIJIsI
CO3JIaHUSI HOBOM «KapTUHKW». TakKnM 00pa3oM, KakK
1 U3 Pa3HOro KOJMUYECTBA OJMHAKOBOTO pa3Mmepa
KYOMKOB MOXHO CJIOXXUTb pa3Hble KAPTUHKU, TaK U
13 OMHOTUITHBIX (OPM MaTEPpUil B MATPUYHOM IIPO-
CTPaHCTBE 00pa3ylTCs MPOCTPAHCTBA-BCEICHHBIE.
DTU NPOCTpaHCTBAa-BCEJIEHHbIE 00pPa3yloT B MaTpU-
YHOM IIPOCTPAHCTBE €AMHYIO CUCTEMY, KaK CJIOEHBII
MUPOT, KaXIBII CJIOM KOTOPOro KaueCTBEHHO OTJIM4YaeTcsl oT apyroro. I1pu
3TOM, KaXIbIii COCEIHMIA CJIOM 3TOro MMUpora MMeeT B CBOEH «Mo3auKe» Ha
OIVH «KyOMK» 00JIbllIe MJIM MeHbIIe. Bce 3T ¢JIon HaXoaTCs B TTIOCTOSIHHOM
JIBUKEHUU U B3aUMOJIEMICTBUM MEXY COOOIA.

Puc. 2.2.2. B pe3yabrate UCKpPUBICHUS MPO-
CTpaHCTBA, BI3BAHHOI'O TEMU MJIM UHBIMU TTIpUYMHA-
MU, BO3HUKAIOT 30HbI CMBIKAHUSI MEXIY COCETHUMU
MIpoCTpaHCTBaMU-BceJieHHbIMU. Eciu, Hanpumep,
CMBIKAETCSI MPOCTPAHCTBO-BCEJIEHHAsI ¢ MEHbIIEH
cOOCTBEHHOM MepHOCTHIO Li ¢ mpocTpaHCTBOM-BCe-
JIHHO¥ ¢ 60bleit Li+i, To, B pe3yJibTaTre 3TOro, B 30-
HE CMBIKaHUS poxnaaeTcs 3Be3aa L. aj1st mpocTpaH-
CTBa-BCEJIEHHOI ¢ MEHBILIMM YPOBHEM COOCTBEHHOI
MepHOCTU Li. AHaJIOrMYHO, CMBIKaHUE C MPOCTPaH-
CTBOM-BCEJICHHOI ¢ MEHbIIMM YPOBHEM COOCTBEH-
HOU MEPHOCTHU Li-1 IPUBOIUT K MOSIBJICHUIO «4€EPHOM
IbIpbI» — Lt B IpOCTpaHCTBE-BCEJIEHHOM ¢ OOJIbIIMM YPOBHEM COOCTBEHHOM
MepHocTu Li. Uepes, Tak Ha3bIBa€MbI€, TTOJOXUTEIbHbBIC 30HBI CMBIKAHUS
(3BE€34bI) B IPOCTPAHCTBO-BCEJICHHYIO MOMAaAaeT MaTepurs U3 MPOCTPAHCTBA-
BCEJIEHHOI ¢ 00Jiee BBICOKUM YPOBHEM MEPHOCTH, a UYepe3 OTpUllaTeIbHbIE
30HbI CMBIKAHUS («4€PHbBIC ABIPbI») MaTepUsl U3 MPOCTPAHCTBA-BCEJIEHHOM
MonaaaeT B IMPOCTPAHCTBO-BCEJEHHYIO C MEHBIIUM YPOBHEM MEPHOCTH.
Kaxmoe mpocTpaHCTBO COXpaHSIETCS B YCTOMUYMBOM COCTOSTHUM MTPU HAJTUIUU
OajlaHCca MEXIy 00bEMaMU «BTEKAIOIIE» U «BBITEKAIOLIC» MaTEPUU.
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Puc. 2.3.1. CMbIKaHUE ABYX MaTPUYHBIX IPOCTPAHCTB, UMEIOIINX pa3HbIe
KO3(PULIMEeHTh KBAHTOBAaHUS MEPHOCTU. B 30He
CMBIKaHUWS MATPUYHBIX MPOCTPAHCTB C pa3HBIMU KO-
a(ppuLIMeHTaM1 KBAaHTOBAaHUS MPOCTPAHCTBA MPO-
HUCXOIUT paciiag MaTepuil 000MX TUIIOB HA MEepBUY-
HbIe MaTepuu ABYyX TUIIOB. [1epBrUUHBIE MaTepun 000-
X TUIOB BO3BpPAIllalOTCS B CBOOOJHOE (HECBSI3aH-
Hoe) cocTosiHre. OTKphITME Ka4YeCTBEHHOTro Oapbepa
MEXIY COCEIHUMM MATPUYHBIMUA MPOCTPAHCTBAMU
MPUBOJUT K TOMY, YTO B 30HY CMbIKAHUSI YCTPEMJISI -
I0TCSI IEpBUYHBIE MAaTE€pUX BCEX TUIIOB M HAYMHAIOT
HaKaIriMBaTbCsd B HE.

L’1 — MepHOCTh IEepBOro MaTPUYHOTO MPO-

CTpaHCTBA.

L’>» — MepHOCTb BTOPOTr0 MaTPpMUYHOTO ITPOCTPAHCTRA.

L’12 — MepHOCTb 30HbI CMbIKaHUSI MAaTPUYHBIX TIPOCTPAHCTB.

L — nuama3oH KoJjiebaH1SI MEPHOCTH TIEPBOTO MAaTPUIHOTO IMTPOCTPAH-
CTBa.

L, — nuana3oH KojebaHnss MEpHOCTH BTOPOTO MaTPUYHOTO ITPOCTPaH-
CTBa.

Puc. 2.3.2. BriOpoc maTepuii yepe3 30HY CMbIKaHUSI MAaTPUYHBIX ITPO-
CTPAHCTB MPU CYIIEPB3PhIBE, KOra 30Ha CMbIKaAHUS
HE MOXET MPOITYCTUTD Yepe3 ceOs1 Bceil MacChl IBM-
Xyuieicst MaTepun. HakorieHre nepBUYHbBIX MaTe-
pUii MPOMCXOJUT, KaK CJISACTBUE pacrnanga rMOpyuaIHbIX
MaTepuii pa3HbIX MaTPUUYHBLIX IIPOCTPAHCTB Ha
MaTepuu Ux odOpasyromue. BoicBOOOXIEHHEIEC Tep-
BUYHbIE MaTepPUM HAYMHAIOT ABUTAThCS OT SMULICH-
Tpa B3pbIBa BO BCEX MPOCTPAHCTBEHHBIX HAIpaBJie-
Husx. [Ipu aTom, caeayeT MOMHUTD, YTO MPOCTPaH-
CTBO — HEOJHOPOJHO B pa3HbIX HAIlIpaBJICHUSIX, T.€.,
UMeeT pa3Hble cBolicTBa M KadecTBa. IloaTomy,
MaTepHusl pacIipeneisieTcsl B IPpOCTPAHCTBE HEOIHO-
poaHo. OG03HaYeHUS — Te XKe.
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Puc. 2.3.3. I[Ipu B3phIBe, IPOUCXOIUT BO3MYILIIE-
HIE MEPHOCTU OKPYKAIOLLIEro 30Hy CMBIKaAHUS MPO-
CTPaHCTBa, 00Pa3yrTCS 30HbBI HEOIHOPOAHOCTU MEP-
HOCTH, B KOTOPbIX HAUMHAET ocelaTh MaTepusl, BbI-
OpolleHHAas 3TUM B3pbIBOM. [1porCXomsaT MpoLecCHI,
aHAJIOTMYHbIE B3PbIBY CBEPXHOBOW 3BE3bl, TOJIHKO
Ha JIpyroM KauyeCTBEHHOM ypoBHe. Pa3zHuIa — TOJIb-
KO B MaciuTabax. B omHOM citydae poxXaaroTcs riaHe-
TapHbBIE CUCTEMBI, a B IPYTOM — BCeJIEHHbIE. B mo-
cliedHeM ciay4dae, aedopMaiuus Npu B3PHIBE CIOEB
TOXJIECTBEHHOW MEPHOCTU IPUBOIUT K CMbIKAHUIO
X MEXKy COO0O0M 1 poxXIeHUI0 rajlakTuk. O6o3Have-
HUST — T€ XKe.

Puc. 2.3.4. O6pa3oBaHue MeTaBCEJICHHBIX B 30-
HaxX HEOAHOPOAHOCTU MEPHOCTH MPOCTPAHCTBA, BO-
3HUKIIUX IIPU CYIIePB3phIBE.

1. 30Ha, e HeT yCI0BUIA 1S CIMSIHUSI MaTepUid.

2. 30Ha, rae MOTyT CJIUTBLCS IBe (pOpMbI MaTe-
pUI.
3. 30Ha, rae MOTyT CIUThCS TpU (OPMBI MaTe-
puyid.

4. 30Ha, TIe MOTYT CJIMThCS YeThipe (POPMbI Ma-
TEPUIL.

5. 30Ha, rIe MOTyT CJIUTBLCS NITh (DOPM MaTEPUA.

6. 30Ha, rIe MOTYT CJIMTHCS 1LIECTh (pOPM MaTe-
pUid.

7. 30Ha, 11 MOTYT CJIUTHCS CEMb (POPM MaTEPUIA.
8. 30Ha, e MOryT CIUTHCSI BOCEMb (POPM MaTEpUiA.
9. 30Ha, re MOTYT CJIUTHCS IE€BATH (POPM MaTEpPUIA.

10. 30Ha cMBIKaHUST MATPUYHBIX IIPOCTPAHCTB.
11. MeTaBceJieHHBIE.
12. 30HbI nepopMalluy MEPHOCTH.
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Puc. 2.3.5. BHyTpu Kaxaoi 30Hbl HEOZHOPOJHOCTU MEPHOCTh MPO-
CTpaHCTBA MEHSIETCSI HEIPEPHIBHO OT LICHTPA 30HbI
HEOJHOPOAHOCTHU K €€ KpasiM. B pesynbrare uero,
MaTepusl pacpeaeaseTcs HepaBHOMEPHO, CO31aBast
JIUCKPETHBIE CJION, OTJIUYAIOIINECS] KAYeCTBEHHBIM U
KOJIMYECTBEHHBIM COCTABOM IIEPBUYHBIX MAaTEPUIL UX
oOpasyromux. [Iporcxonur, Tak Ha3pIBaeMoe, KBaH-
TOBaHME TIEPBUUHBIX MaTepHii o mpocTpaHcTBy. [1pu
KOTOPOM MepBUYHBIE MaTepUU, Kaxaasi U3 KOTOPBIX
MMEET CBOM CBOMCTBA U KA4€CTBA, B3AUMOIEMCTBYIOT
C IMPOCTPAHCTBOM TOJIBKO TaM, IJi€ CBOMCTBa IIPO-
CTPAHCTBA TOXIECTBEHHbI CO CBOMCTBAMM M Kaye-
CTBaMM TepBUYHBIX MaTepuili. KBaHTOBaHUE Mpo-
CTPAHCTBA M0 NEPBUYHBLIM MAaTEPUSIM IIPUBOAUT K MOSIBJICHUIO CUCTEMBbI ITPO-
CTPaHCTB-BCEJIEHHBIX, KOTOPbIE KAUeCTBEHHO HEOJHOPOIHBI BHYTPU 30HbI HE-
OOHOPOJHOCTHU B CUJIY TOTO, YTO 30HA HEOJTHOPOJHOCTU, B KOTOPOI OHU BO-
3HUKJIYM, HEOOHOPOIHA B Pa3HBIX TPOCTPAHCTBEHHBIX HAIIPABJICHUSIX.

1. 30Ha HEOAHOPOTHOCTH MPOCTPAHCTBA.

2. IIpocTpaHCTBa-BCeIEHHBIE, KOTOPbIE 00Pa3yOTCsl BHYTPU €AMHUYHOMN
30HbI HEOJHOPOJIHOCTH MPOCTPAHCTBA.

Puc. 2.3.6. CyneprnpocTpaHCTBO MepBoro mnopsjaka. B cuiy Toro, 4to
IIPpU CYNEPB3pbIBE MPOUCXOAUT AeopMalus IIpo-
CTpPaHCTBAa, BO BCEX MPOCTPAHCTBEHHBIX HAIIpaBJICHU -
SIX BOBHUKAIOT CUCTEMBbI IPOCTPAHCTB-BCEJIECHHBIX,
KOTOPBIC OTIMYAKOTCA APYTr OT Apyra 4YHUCJIOM IIEP-
BUYHBIX MaTepurii ux odbpasyromux. [ Iprnyem, nepemna-
Ibl MEPHOCTU IIPOCTPAHCTBA B pPa3HbIX MPOCTPaAH-
CTBEHHBIX HAIIPABJICHUSIX BHYTPY 30HbI HEOTHOPO/ -
HOCTHU CTOJIb CYILLIECTBEHHbI, YTO BO3HUKAET KBAHTO-
BaHME IMPOCTPAHCTBA MO HECKOJbKMM MPOCTPaH-
CTBEHHBIM HaIlpaBJIeHUSIM OMHOBpeMeHHO. [1pu no-
JOOHOM MHOTOMEPHOM KBAaHTOBAaHWY ITPOCTPAHCTBA
BO3HUKAIOT CUCTEMBI IIPOCTPAHCTB-BCEJICHHbBIX (M€-
TaBCeJIEHHbIE), KOTOPbIE UMEIOT KECTKOE HEM3MEHHOE MO OTHOLIEHUIO K
IPYT APYTY MPOCTPAHCTBEHHOE TOJIOXKEHME, KAaK UMEIOT CBOM XKECTKME pa3pe-
IIEHHBIE OPOUTHI DJIEKTPOHBI BOKPYT dapa. B pe3yabraTe yero, MeTaBCceIeH-
HbIE CO3JAI0T €AMHYIO YCTOMUYKMBYIO CUCTEMY.

1. 30Ha cMBIKaHUS MAaTPUYHBIX IPOCTPAHCTB.

2. MeTtaBceJieHHbIE.
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Puc. 2.3.7. CynepnpocTpaHCTBO BTOPOIo IIO-
psiaka. Bo Bpems cyrnepB3pbiBa, BO3HMKAaIOT BOJTHO-
oOpa3Hble aedopMaliii MPOCTPAHCTBA, KPYyraMH,
pacxosiecs oT LieHTpa cyrepB3pbiBa. CynepB3pbiB
BBI3bIBAET HACTOJIBKO MOIIHBIE KOJblieOOpa3HbIE
BOJIHBI Ie(popMaliiy MaKpOIIPOCTPaHCTBA, YTO OHU
pacnpoCcTpaHsIIOTCS Ha OrpOMHBIe paccTossHUs. [Tpu-
Yy€M, YeM CUJIbHEE B3pbIB, TEM OOJBIIYIO JedopMa-
LIAI0 MAKPONPOCTPAHCTBA BbI3LIBAIOT BOJIHBI, UM CO-
3gaBaeMblie. Co BpeMEHEM IPOCTPAHCTBO B 30HE
CynepB3pbiBa BO3BpaIllaeTCsl K pPaBHOBECHOMY COCTO-
SIHAI0. DTOT TPOLECC COMPOBOXKAACTCS MOCTEIICH-
HBIM YMEHbIIEHUEM aMIUIUTY/I BOJIH epopMallMi MPOCTPAHCTBA OT LIEHTpa.
[ToaTOoMYy, yeM Jasblile OT AMULEHTPA CYIIepB3phiBa, TEM INyOMHA 30H AedOop-
MalMy IPOCTPAHCTBA OyaeT OOJIbIlIE. A 3TO 03HAYAET, YTO YEM JAJIBIIIE OT SITH-
LIEHTPa CYNepB3phIBa, TEM OO0JIbIIIEE YKUCIIO TIEPBUYHBIX MaTEpUii CIMBAIOTCS
JIPYT ¢ IPYroM, oopasysi CUCTEMbI METaBCEJICHHBIX.

1. MeTtaBcesieHHbIE, 00pa30BaHHbIE CAUSTHUEM AECATU (pOpM MaTEpUIA.

2. CynepnpocTpaHCTBa ePBOTo MNOPsIAKA.

Puc. 2.3.8. CynepnpocTpaHCTBO TPEThEIro MO-
psiaka. OGBIYHO, B MAaKPOIIPOCTPAHCTBE MPOUCXOIUT
MHOXECTBO CYIIEPB3PbIBOB, TIO3TOMY BOJIHBI Ae(Op-
Maly MaKpOIIpOCTPAHCTBA OTHUX HAKJIadblBalOTCSI
Ha aHaJIOTMYHbIE BOJIHBI BO3MYILIEHUS MaKpOIIpo-
cTpaHCTBa Apyrux. B pe3yabrare, BOBHUKAET CyIep-
MO3ULIMS BOJH AehopMalliid MaKpOIpOCTPaHCTBa,
KOTOpbIe 00pa3yroT KOMOMHMWPOBAHHbBIE POCTPAH-
CTBEHHBbIE CUCTeMbI. KauecTBEeHHas! CTPYKTypa 3TUX
MPOCTPAHCTBEHHBIX CUCTEM 3aBUCUT OT TOI'0, CKOJIb-
KO CYIIEpB3pBIBOB ITIPOU301IJI0 B JaHHOI 001aCTU Ma-
KPOIPOCTPAHCTBA M Ha KAKOM PACCTOSIHUM APYT OT
Jpyra HaxoIsTCS UX SMULIEHTPHI.

1. MeTaBcesieHHbIe, 00pa30BaHHbIE CIMSIHMEM OJMHHAALATU (pOpM Ma-
TEPUM.

2. CynepripocTpaHCTBa BTOPOTro MOPsIAKA.
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Puc.2.3.9. CynepnpocTpaHCTBO YeTBEPTOTO nopsiaka. BoamylleHue mep-
HOCTU MaKpOIIPOCTPAHCTBA, BEI3BAHHOE KAXKIbIM CYy-
MEPB3PbIBOM, PACIIPOCTPAHSIETCS KpPyraMmu OT 3IHU-
LieHTpa. Yem najplie OT 3NULEeHTPa, TeEM 00J1e€ CUIIb-
HYIO Je(popMaLi0 MAKPOIIPOCTPAHCTBA CO3IAET BOJI-
Ha BO3MYIEHUSI MEPHOCTU, cOo3aaBacMasl cymnep-
B3PbIBOM. A 3TO O3HAYaET, YTO YEM JAJIbIIE OT MU-
LICHTpa — TeM O0JIbllIee YUCIIO IEPBUYHBIX MaTEepUIA
MOTYT CJIMBATbCS IPYT C IPYTOM B 30HAX HEOTHOPO/ -
HocTel. Yem OoJibliie NEpBUYHBIX MATEPUIA CJIMBAIOT-
csl BMeCTe, 00pa3ys TMOpHUIHYIO MaTEpUIO, TEM OoJiee
WHEPLUMOHHOI, TeM 00ojiee YCTOMYMBOM K BHEILTHUM
BO3JEHCTBUSIM OHa cTaHOBUTCS. KpoMe Toro, yuem
Jaiblle OT SAMULIEHTPA CYepB3pbiBa, TEM O0JIbIIEE YMCIIO BO3MYILIECHUI Mep-
HOCTH MaKpOIPOCTPAHCTBA OT APYTUX CYNIEPB3PbIBOB, HAKJIAIbIBAIOTCS HA BO-
3MYILLIEHNE CO3JaHHOE JaHHBIM CYyNIepB3PbIBOM.

1. MeTtaBcesieHHbIE, 00pa30BaHHbIC CIMSTHMEM IBeHaAUaTh GopM MaTe-
pUIA.

Puc. 2.3.10. CyneprnpocCTpaHCTBO MISITOro Iopsiaka. B cuiy Toro, 4ro
MaTpUYHOE MPOCTPAHCTBO HEOAHOPOAHO U3HAYATIb-
HO, BO3MYIIEHWE MEPHOCTHU, BbI3bIBAEMOE KaKIbIM
CYIIEPB3PbIBOM, PaCIpOCTPAHSIETCSI HEPABHOMEPHO
IO pa3HbIM IIPOCTPAHCTBEHHBLIM HAaMpPaBICHUSIM
MakKpoIpocTpaHCcTBa. 1103TOMY CMHTE3 TMOPUIHBIX
MaTepuid MPOUCXOAUT TOJBKO BAOJIb HEKOTOPIX MPO-
CTPAHCTBEHHbBIX HaIlpaBJ€HUII MAaTPUYHOTO IPO-
CTpaHCTBA.

1. LlenTpanbHasg 30Ha CMbIKAHUSI MaTPUYHbIX
MPOCTPAHCTB.

2. MeTaBcesieHHbIe, 00pa30BaHHbIE CIMSIHUEM
TpuHaALaTu GOpM MaTepuid.

3. MeTaBceneHHbIe, 0Opa30BaHHBIE CIMSHUEM ABEHAALIATU (DOPM MaTe-
pUiA.

4. MetaBceJieHHbIe, 00pa30BaHHbIE CIMSIHAEM OIMHHAALATA (hOpM MaTe-

pUiA.
5. MeTtaBceneHHbIe, 0Opa30BaHHBIC CIMSHUEM AECITU (POPM MaTEpUIA.
6. MeTtaBceeHHbIE, 00pa30BaHHBIE CIMSIHUEM AEBITU (DOPM MaTepuii.
7. MeTaBcesieHHbIe, 00pa30BaHHbIE CAUSHUEM BOCbMU (POPM MATEPUIA.
8. MeTaBceneHHbIe, 00pa30BaHHbIC CIMSIHMEM ceMU (pOpM MaTepuid.
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9. MeraBcejieHHbIe, 0Opa3oBaHHbIE CIMSIHUEM LLIECTU (POPM MaTEPUid.
10. MeTtaBceneHHbIEe, 00pa30BaHHbIE CAUSHUEM NSITU (POPM MaTEpUIA.
11. MeTtaBceneHHbIE, 00pa30BaHHbIE CAUSTHUEM YEThIPEX (DOPM MaTepuil.
12. MetaBcesieHHbIe, 00pa3oBaHHbIE CAUSHUEM TPEX (OpM MaTEepUid.
13. MeTtaBcesieHHbIe, 00pa30BaHHbIE CAUSTHMEM ABYX (DOPM MaTEpUIA.
14. KoH1ieBas 30Ha CMBIKaHWSI MAaTPUYHBIX IIPOCTPAHCTB.

Puc. 2.3.11. llectunyuyeBuk. CienyeT UMeTh B
BU]Y, YTO TMOpUIHBIE MAaTepPHUM, BOZHUKAIOIIME B pe-
3yJIbTaT€ CUHTE3a U3 IIEPBUYHBIX MAaTePUIA, BIUSIOT
Ha MAaTPUYHOE IPOCTPAHCTBO, B KOTOPOM OHM HAXO-
ISTCS, 1 HACTYNAeT MOMEHT, KOTIa BTOPUYHOE BJIM-
STHME TMOPUIHBIX MaTEpUi JOCTUTAeT KPUTUUECKOMN
BEJIMYMHBI, B PE3YJILTATE YETO IMMPOUCXOIUT «IIpoJa-
BJIMBAHKE» OJJTHOTO MAaTPUUYHOTO MPOCTPAHCTBA B IPYy-
roe. B pe3yabrate 3TOro B OMHOM MaTpUYHOM IIPO-
CTPAHCTBE BO3HUKAET CYyMePAHAJIOT «4€EPHOU ABIPbI»,
a B IpyroM — cyrepaHaior 38e31bl. TakuMm o0pa3om,
B JAHHOM MaTPUYHOM IIPOCTPAHCTBE CUCTEMBbI ITPO-
CTPaAHCTB UMEIOT BIOJIHE KOHEUHbIE pa3Mepbl. KoadduimeHT KBaHTOBaHUS
JAHHOTO MaTPUYHOIO MPOCTPAHCTBA OMPEAEISIET TUIl MEPBUYHBIX MAaTEPUA,
13 KOTOPbIX, B 3TOM MaTPUYHOM IPOCTPAHCTBE, IIPOUCXOAUT (POPMUPOBAHNIE
MMPOCTPAHCTBEHHBIX CUCTEM. IMOpUIHBIE MATEPUN, KOTOPbIE BO3HUKAIOT B 30-
Hax geopMalMy BCJIEACTBUE CYIIEPB3PHIBOB, I KaXXKI0T0 KOHKPETHOTO
MaTpPUYHOrO MPOCTPAHCTBA MMEIOT KOHEYHOE MAKCHUMAaJIbHOE YMCJIO Tep-
BUYHBIX MaTepuii NX 00pa3yrolnux. BropruuHoe BbIpOXXaAeHNE MEPHOCTH IIPO-
CTPAaHCTBA MU CO31aBa€MOE, MMOJTHOCTbIO HEUTPAIU3YET IIEPBUYHYIO Jedop-
MalMI0 MAaKpOIPOCTPAHCTBA.

Puc. 2.3.12. AHTUInecTUIy4eBUK. Bo BpeMs cy-
MEPB3PHIBOB BO3ZHUKAIOT KOJIbLIEBbIEC BOJIHBI AedOp-
MallM1 MaKpoIIpOCTpaHCTBA. DTU MPOAOJIbHEIE BOJI-
HbI 16(DOPMUPYIOT IIPOCTPAHCTBO, KaK «BBEPX», TaK U
«BHU3». DTO SIBJICHUE BO3HUKAET B CUJTy TOTO, YTO Ma-
TPUYHOE MPOCTPAHCTBO CaMO M0 ce0e HEOTHOPOIHO.
CyliecTByIOT nepenaabl (rpagueHTbl) MEPHOCTU
«CBEpXy» «BHM3» 1 Ha «BOCTOK» M Ha «3amay. [Tosto-
My, KOTia Ha HEOTHOPOIHOE MPOCTPAHCTBO HAKJIA Ibl-
BaeTCsl HeOOHOpoAHas1 aedopmMalsg MaTPUYHOTO
MMPOCTPAaHCTBA, BO3HUKAalOIIas MpU CynepB3phiBE,
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MPOUCXOAUT (POPMUPOBAHME IBYX TUIIOB 30H Je(POopMaLlM¥ MAaTPUIHOTIO IIPO-
cTpaHcTBa. OgHA 30HA CMHTE3a TMOPUAHBIX MaTepUM MPEACTaBIsIET COOOM
«sIMy», apyrasg — «oyrop». BHyTpu «im» (popMUpPYIOTCS 1IECTUIYYEBUKHU, A
BHYTPU «OYrpoB» — aHTUILECTUWIYYeBUKHU. OTIMYME MEPBbIX OT BTOPHIX 3a-
KJII0YAeTCs B TOM, UTO B MOCJIEIHUX BO3ZHUKAIOT CYIIEPIPOCTPAHCTBA C MAKCU -
MaJIbHBIM YMCJIOM MEPBUYHBIX MAaTepUil BO BHEIIIHMX O00OBbEMAX, a ¢ MAHM-
MaJIbHbIM — BO BHYTPE€HHEM. YCJIOBHO MOXHO CKa3aTh, YTO B OJHOM CJIydae
MIPOCTPAHCTBA UMEIOT IMOJOXMUTEIbHBIM, @ B APYTOM — OTpULIATEIbHbBIN
CIUHBI.

Puc.2.4.1. Bo3dHUKHOBEHME 3B€3/bl, IPU CMbIKAHUU MPOCTPAHCTBA-
BCEJICHHOM HAIIlEil MEPHOCTH C IIPOCTPAHCTBOM-
BCEJI€HHOI OoJblleii MepHOCTU. Bo3myleHus
MPOCTPAHCTBA IIPUBOIAT K TOMY, 4YTO CJIOU
TOXIECTBEHHOM MEPHOCTU TIPOCTPAHCTBA B
HEKOTOPBIX 30HAX CMBIKAIOTCS ApPYr ¢ apyrom. Ilpm
CMBIKAHUU CJIOSI MPOCTPAHCTBA-BCEJIIECHHOM OIHOM
TOXIECTBEHHOU MEPHOCTU CO CJIOE€M OOJbIICi
TOXIECTBEHHONW MEPHOCTU, B 30HE CMBIKAHUSI
(dopmupyercs 3Be3na. [1pu aTOM, MaTEpM HAUMHAIOT
TepeTeKaTh U3 IIPOCTPAHCTBA-BCEICHHOM C OOJIbIICHA
MEPHOCTBIO B IPOCTPAHCTBO-BCEIEHHYIO C MEHBIIIENA.
IIprunHa neperekaHus B JaHHOM HaIlpaBJIEHUU
3aKJII0YaEeTCId B TOM, YTO ABA COCEIHUX CJIOS TOXIECTBEHHONW MEPHOCTBIO
OTJIMYAIOTCS APYT OT Ipyra Ha OAHY ITIEPBUYHYIO MaTepuIo. B 30He cMBIKaHUS
MIPOMCXOIUT pacHaa MaTeprUM YPOBHS OOJIbIIIEN MEPHOCTHA U CUHTE3 MAaTEPUU
MEHBIIIEN MEPHOCTU.

Le, L7, Ls — MEpHOCTM NPOCTPAaHCTB-BCEJICHHBIX, 00pa30BaHHBIX
CJIMSIHAEM IIECTU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — MepHOCTb 3BE3/IblI.
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Puc. 2.4.2. BO3BHUKHOBEHUE «YEPHOI ABIPHI»,
MPpU CMBIKAHUU TMPOCTPAHCTBA-BCEJICHHOMN Hallei
MEPHOCTHU, C IPOCTPAHCTBOM-BCEJIEHHOW MEHBIIEH
MEpPHOCTU. [Ipy cMBIKaHWY CJIOSI IPOCTPAHCTBA-BCE-
JIEHHOM OJTHOM TOXIAECTBEHHOM MEPHOCTHU CO CJIOEM
MEHbIIEN TOXIECTBEHHOM MEPHOCTH, B 30HE CMbIKa-
HUS popmupyeTcs «4€pHad abipa». [Ipu aToM, marte-
pUM HAYMHAIOT IepeTeKaTb M3 MPOCTpaHCTBa-BCeE-
JICHHOM ¢ OOJIblleli MEPHOCTHIO B MPOCTPAHCTBO-
BCEJICHHYIO ¢ MeHblIel. [IpyunHa neperekaHus B
JAHHOM HAaIIpaBJICHUU 3aKJII0YAE€TCS B TOM, UTO ABa
COCEIHUX CJI0S C TOXIECTBEHHON MEPHOCTbBIO OTJIN -
YyaloTcs ApYyr OT Apyra Ha OJHY MepBMYHYIO MaTepuio. B 30He cMbIKaHUS
MIPOUCXOAUT pacraa MaTepur YPOBHS OOJIbIIE MEPHOCTU U CUHTE3 MAaTEpUU
MEHbIIIE MEPHOCTU. «HE€pHas nbIpa» MPAKTUUYECCKU IIPEACTABISIET COOOM OK-
HO B MapaJUIeJIbHYIO BCEJICHHYIO.

Ls, L7, Ls — MepHOCTH MPpOCTPAHCTB-BCEJIEHHBIX, 00pPa30BaAHHBIX CJIMSI-
HUEM 1IIECTH, CEMU U BOCbMU (POPM MaTEpUii.

Lr — MEpHOCTb «4EPHOI ABIPHI».

Puc. 2.4.3. B kaxn0e NpoCTpaHCTBO-BCEJIEHHYIO
MaTepus NMPUTEKAET Yepe3 3BE3/IbI U BHITEKAET Yepes
«4€pHBIE AbIpbI». TaknM 00pa3oM, OCYIIECTBIISIETCS
OajlaHC MaTepUM B MpOCTpaHCTBE. Yepe3 30HbI CMbI-
KaHUSI MEXIY CJIOSIMU IIPOCTPAHCTBA MPOUCXOIAUT
repepacripeieieHre MaTepuu U UMEHHO OJiarogapsi
3TOMY BO3HUMKAIOT YCJIOBUS JIJISI 3aPOKICHMSI XKU3HU.
BewiecTBo 1051 ¢ GOJIBIINM YPOBHEM TOXKIECTBEH-
HOII MEpHOCTH paclafacTcs Ha IIepBUYHbIE MATEPUU,
1 MIPOUCXOAUT CUHTE3 BElLIEeCTBa CJI0sI C MEHBIIUM
YPOBHEM MEPHOCTHU. «JIMIIIHSISI» TIEpBUYHAsI MaTepusl,
IIpU 3TOM, BBICBOOOXKIaeTCs U3 IieHa. BHOBBL 0Opa-
30BaBlIeeCs BEIECTBO, MPU MONaJaHUU B «4EPHBIE AbIPbI» pacliagaeTcs Ha
MaTepuU ero oopasyroliye U MpOUCXOAUT CUHTE3 BEIIECTBA CJI0SI C MEHbBILIUM
YPOBHEM MEPHOCTHU U T.I.

Ls, L7, Ls — MepHOCTH MPOCTPAHCTB-BCEJIEHHBIX, 00OPa30BAHHBIX CJIMSI-
HUEM LIEeCTHU, CEMU U BOCbMU (DOPM MaTEpUIA.

L., Lr — 3Be31a 1 «4€pHast IbIpa»
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Puc.2.4.4. HeiitpoHHas 3Be31a. B mpouecce crapeHus 3Be34bI J0JIS JIET -
KHX 3JIEMEHTOB YMEHbBILIAETCS IIPU POCTE IOJIU TSKE -
JbIX. B uTOore, cTeneHb BIMSHUS 3BE3/1bl HA CBOU Ma-
KPOKOCMOC YBEJIMYMBACTCS, ¥ IIPOUCXOIUT Aedopma-
LIMS CJIOSI TOXKASCTBEHHOM MEPHOCTHU B cpepe BIIUsI-
HUs 3Be31bl. EC n3HavaabHbIN pa3mep 3Be3/bl ObLIT
MEHBbIIIE JOECSATU COJHEYHBIX paaUuyCOB, TO IIPU
rudesm 3Be31bl 00pa3yeTcsl, TaK Ha3biBaeMasl, HEWi-
TpoHHas 3Be3na. M, XoTsa HEATpOHHAas 3Be31a U HE
«OTKPBIBAECT» IBEPH B JIPYrOM CIOM TOXICCTBEHHOM
MEPHOCTHU, HO, TEM HE MEHEE, OKa3bIBaeT 3HAYMTEJIb-
HOE BJIMSIHME HA KAY€CTBEHHOE COCTOSIHUE «CBOETO»
CJIOSI TOXKJIECTBEHHOM MEPHOCTMU.

L¢, L7, Ls — MEpHOCTH TPOCTPAHCTB-BCEIEHHBIX, OOpPa30BaHHBIX CIUSI-
HUEM 1IIECTU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — HelATpOHHAa4 3Be3/a.

Puc. 2.4.5. «YépHasa apipa». Eciiu u3HavaabHBIN paguyc 3Be3[bl ObLI
OoJIbllIe AECITU COJTHEUHbIX, TO, ITPU TMOEIN TaKOM
3Be3/Ibl, 00pa3yeTcs Y€pHas aAblpa. Macca HEMTPOH-
HOT'O BEIIECTBA HACTOJILKO BeJIMKA, YTO IPOIaBIMBa-
€T MaTPUYHOE MPOCTPAHCTBO JI0 CIAEAYIOIIETO, HIXKE-
JIEXKallero NpoCTpaHCTBa-BCEJIEHHOMU. B HUXHeEM
cJIoe-BCEJICHHOM 3aropaeTcsl HoBasl 3Be3ga. Uepes
3Ty CBO€OOPA3HYIO ABEPb, MAaTePHUsl U3 OJHOIO IPO-
CTpaHCTBa-BCEJIEHHOM HAaUYMHAET MepeTeKaTb B HU-
KeJiexaliee, MOJHOCThIO pacnaaasiCh Ha MEPBUYHbBIE
MaTepuu €€ oOpa3yrolmre. YMupasi, MaTepus OTHOTO
TUIIA TIOPOXKIAET MATEPUIO IPYrOro TUIIA.

Ls, L7, Ls — MEpHOCTH POCTPAHCTB-BCEJICHHBIX,
00pa30BaHHbLIX CJIMSTHUEM 1LIECTH, CEMU U BOCbMU (DOPM MaTepUiA.

Lt — «a€pHas apipar.
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Puc. 2.5.1. Kaxnas 3Be31a «KMBET» MUJTMAPAbI
JIET, OCJIE Yero OHa «<yMHupaeT». B TeueHre aTMX MUJI-
JIMAPIOB JIET, BEIIECTBO M3 IMIPOCTPAHCTBA-BCEJICHHOMN
¢ OoJibleit MepHOCTBHIO Lg, yepe3 30Hy CMbIKAHUS
MoIagaeT B MPOCTPAHCTBO-BCEICHHYIO C MEHbIIIEH
MEpHOCTBIO L7. [Tpu 3TOM, 3TO BEILLIECTBO CTAHOBUTCSI
HEYCTOMYMBBIM 1 PACHagaeTCs Ha MePBUYHBIC MaTe-
pun, ero obpazywinue. CeMb IIEPBUUHBIX MaTEePUi
CJIMBAIOTCSI BHOBb, 00pa3ysi (PU3N4YECKHU IJIOTHOE BE-
ILIECTBO MPOCTpPaHCTBa-BceJieHHOM L. B 30He cMbI-
KaHWS TaKOW YpOBEHb MEPHOCTH, YTO MPOUCXOMUT
CUHTE3 aTOMOB T€X 3JIEMEHTOB, COOCTBEHHBI ypoO-
BEHb MEPHOCTU KOTOPHIX MO3BOJISIET UM COXPAaHUTh CBOIO YCTOMYMBOCTh. B
BEpPXHEU 30HE YCTOMYMBOCTU (PU3NYECKU TJIOTHOIO BELLECTBA «HAXOASITCSI»
TOJIbKO, TaK Ha3bIBAEMbIE, JIETKUE JIEMEHTHI Takue, Kak Bogopos (H) u reauii
(He). IToaTOMYy B 30HE CMBIKAHUS TIPOUCXOAUT CUHTE3 3TUX JIEMEHTOB. 1 He
cJiyyaliHo OoJibllIas 4acTh BelllecTBa Haluelt BeceaeHHoli — Bogopon. B 30He
CMBIKaHMSI MPOUCXOIUT aKTUBHBIN MTPOLIECC CUHTE3a BOAOPOA, MACCHI KOTO-
pOTO 1 COCTABJISIIOT OCHOBY 3B€3/1. TaK poXXIarOTCS 3BE€3/1bI, TAK HA3bIBAEMBIE,
roayonle ruranTbl. U3HavYaibHasi MJIOTHOCTb «<HOBOPOXKIEHHBIX» OYEHb MaJla,
HO, B CWJIy TOTO, YTO 30HAa CMbIKaHMSI HEOJHOPOAHA ITO MEPHOCTU, BO3HUKAET
nepenaj (rpagi€HT) MEPHOCTU B HAIIPaBJICHUU K LIEHTPY. B pe3ynkrare aToro,
MOJIEKYJIbI BOJOPOAA HAYMHAIOT IBUTATHCS K LIEHTPY 30HbI CMbIKaHus. Haun-
HaeTCsI MPOLIECC CXKATHUs 3Be3/Ibl, B XOAe KOTOPOTO, IIJIOTHOCTb 3BE3IHOTO Be-
1IECTBA HAUMHAET CTPEMUTEILHO PaCTU.

ITo Mepe pocTa IJIOTHOCTH 3BE3JHOTO BELLIECTBA, YMEHbBILIAETCS OOBEM 3a-
HUMAaeMbIii 3Be€3/101 U YBEJIMUYMBACTCSI CTEIIEHb BIMSIHUS MacChl 3Be3/Ibl, KaK
Ha YPOBEHb MEPHOCTU 30HBI CMBIKAHUSI, TAK U HA aTOMHOM ypOBHe. Takum
0o0pa3oM, COOCTBEHHBII YpPOBEHb MEPHOCTH 3B€31bl HAUMHAET YMEHbILIATHCS,
a BHYTPU caMOIi 3Be3bl HAUMHAIOTCS MTPOLIECChl CUHTE3a HOBBIX, 00JIEE TSKE -
JIBIX 3JIeMeHTOB. Bo3HUKaeT, Tak Ha3blBaeMasi, TepMOsIIEpHAsl peakKuus 1
3Be3/la HAUMHAET M3J1ydaTh LIEJIbI CIEKTP BOJH, KaK MOOOYHBIA 3ddeKT
CUHTE3a 2yieMeHTOB. Cle1yeT OTMETUTh, YTO UMEHHO 0J1aroaapsi 5TOMY «I10-
004yHOMY 3(pPEKTY» BO3ZHUMKAIOT YCIIOBUS IJISI 3apOXICHUS KU3HU. B 30HE
CMBIKaHUS MapajuieJIbHO MPOUCXOAST ABa Mpolecca: CUHTE3 BOAOPOaa Ipu
pacnaje BellecTBa MPOCTPAHCTBA-BCEJICHHOM ¢ 00Jice BLICOKUM YPOBHEM
COOCTBEHHOM MEPHOCTH (BEIIECTBO, 00pa30BaHHOE CUHTE30M BOCbMHU (hOPM
MEPBUYHBIX MAaTEPUI1) 1 CUHTE3 B XO/I€ TEPMOSIACPHBIX peaKLIMii U3 BOJOpoAa
0o0J1e€e TSKENIBIX 2JIEMEHTOB. B pe3ybraTe 3THX IpoLeCCOB 3B€31a YMEHBIIIAET
CBOI1 00BEM U, KaK CJIEICTBHE YBEJIMYEHHUS B MAacce JOJIU 00Jiee TSKENbBIX, YEM
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BOJIOPOJ, 3JIEMEHTOB, YMEHbIIAETCSI U YPOBEHb COOCTBEHHOI MEPHOCTHU 3BE-
31b1. YTO, B CBOIO O4Yepelb, YMEHBIIIAET 30HY CMbIKaHUsI. [IpyrumMu cjioBaMu,
«pOXXAEHHAasI» IPYTUM IIPOCTPaHCTBOM-BCEJIEHHOM 3Be3/1a, IJIsl HAalllero mpo-
CTpaHCTBa-BCEJIEHHOM, MOCTENIEHHO OTIEJISIETCS OT CBoelt «matepu». He mpa-
BJla JIU, MIOJTydaeTcs JIIOOOIbITHASI aHAJIOTUS C pa3BUTHMEM dMOpHOHA BHYTPU
MAaTKM, KOIJla, «COTKAHHbI» U3 KPOBU U TJIOTU MaTepu IIOA, MOKUAAET JIO-
HO MaTepu M HAUMHAET CaMOCTOSITEJIbHYIO 3KU3Hb, TaK U 3Be3/1a, «POXKIEHHAasI»
MIPOCTPAHCTBOM-BCEJIECHHON MOKMUIAET «JIOHO MaTepu», KOrjga €€ ypoBeHb
CcOOCTBEHHOI MEPHOCTH YMEHbIIAETCS, KaK CJICACTBUE YBEIUUYEHUS CTETIEH!
BJIMSTHUSI HA OKpYKalollee MpocTpaHCTBO. OTAEIUBIINUCH OT «MaTePUHCKOTO»
MPOCTPAHCTBA-BCEJICHHOM, 3Be31a HAYMHAET CBOIO COOCTBEHHYIO XXU3Hb —
>KU3Hb, KOTOpasi IPOA0LKACTCS MUJLIMAPBI JIET, 10 UICTEYEHU M KOTOPBIX, OHA
«ymmupaet». [IpaBaa, 3B€311bI, B CBOIO OYePEb, YCIIEBAIOT «pPOJUTh» IIaHETap-
HbIE CUCTEMBbI, Ha KOTOPBIX MMeeT LIaHC TTOSIBUTHCS KU3Hb.

L¢, L7, Ls — MEepHOCTH ITPOCTPAHCTB-BCEIEHHBIX, OOpPa30BaHHBIX CIUSI-
HUEM IIeCTHU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — 3Be3na.

Puc. 2.5.2. B npouecce cxxaTtus 3Be31bl, HapyllIaeTcs 0ajaHC MEXIYy U3-
JIyJarollei MTOBEPXHOCTHIO M U3TYYAIOIIUM O0BEMOM.
B pesyibrate yero nmepBUYHbIE MaTepUM CKAILIMBa-
I0TCS1 BHYTpM 3Be31bl. HakorieHre nepBUYHBIX Ma-
Tepuii, B KOHEYHOM MTOTe, IPUBOAUT K TaK Ha3bIBa-
€MOMY B3pbIBY CBEpXHOBOI. B3phBIB CBEpXHOBOI I10-
poXaaeT NpoaoJbHbIE KOJeOaHUsSI MEPHOCTHU ITPO-
CTpPaHCTBA BOKPYT 3Be3bl. BBIOpOI1IEHHBIE B3PHIBOM
CBEPXHOBOI ITOBEPXHOCTHBIE CJIOU 3BE3/IbI, KOTOPHIE,
KCTaTu, COCTOIT U3 Haumbosee JETKUX 3JIEMEHTOB,
MoNagalT B UCKPUBJIEHUSI MPOCTPAHCTBA, CO3MaH-
HbIE TIPOJOJbHBIMU KOJIEOAHUSIMU MEPHOCTH, BO3-
HUKIIMMU IPU 3TOM B3pbIBe. B 3THX 30HaX UCKpU-
BJIEHUS ITPOCTPAHCTBA, U3 MIEPBUYHBIX MATEPUIl MPOUCXOIUT AKTUBHbBINA CHUH-
Te3 BELIEeCTBA, IPUYEM, CUHTE3UPYETCS LIEbIM CIIEKTpP pa3IMYHBIX 3JIEMEHTOB,
BKJIIOYAS TSKEJIbIE U CBEPXTSIKEIbIe. UeM 0oJibliie nepenan MexXay YypOBHEM
COOCTBEHHOIM MEPHOCTH 3B€3/Ibl U YPOBHSIMHU COOCTBEHHOM MEPHOCTHU 30H UC-
KPMBJIEHUSI IIPOCTPAHCTBA, TeM 00Jiee TSKEbIE DJIEMEHTHI B COCTOSIHUU «PO-
JUTBCSI» BHYTPU TUX 30H U TEM 00J1€€ YCTOMYMBEI 3TU TSKEIBIEC 3JIEMEHTHI.
B 3aBrCMMOCTH OT M3HAYAJILHBIX pa3MEPOB, B TEUEHUE KU3HU 3BE3/Ibl MOXKET
ObITh OAWH WJIA HECKOJILKO B3pBIBOB CBepXHOBOMU. IIpn kaxkmom Takom
B3pPbIBE, COOCTBEHHBI YPOBEHb MEPHOCTH 3B€3/1bl YMEHBILIAETCS, YTO IIPUBO-
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JUT K YMEHBIICHUIO CUHTE3a JIETKUX 3JIEMEHTOB U YBEJIMUCHUIO CUHTE3a TS -
XEbIX. B pe3ynbrare 3Toro, mioTHOCTD, a CAEA0BATEIbHO, CTEIIEHb BIUSHUS
3B€3/1bl HA OKPYXKAOIEe MPO-CTPAHCTBO YBEINUYMUBAETCA. EC/IM M3HAYaIbHBIN
BeC 3Be3bl ObLI MEHBIIIE IECITU COJIHEUHbBIX, OHA, K MOMEHTY CBOCH «CMEPTU»
(MOTyXaHUI0) MPEBPATUTCS B TaK HA3bIBAEMYID HEUTpPOHHYIO 3Be3ny. Ecian
K€, U3HAYaJIbHBIM BEC 3BE3bI IIPEBLIIIAT IECATh COJTHEYHBIX, TO, B KOHIIE CBO-
€ro XXN3HEHHOTO IIyTH, 3B€31a IIPEBPALIACTCS B «4EPHYIO AbIpY». HEUTpOH-
HBII OCTaTOK 3Be31bl (HEMTPOHHOE BEIIECTBO IPEJACTABIISIET COOOI TaKyro
KA4eCTBEHHYIO CTPYKTYpy (PM3MUYECKU TJIOTHOTO BElIeCTBa, MPU KOTOPOH
TOJIbKO HEUTPOHBI, HE UMEIOLINE IEKTPUIECKUX 3apsSII0B, 00pa3yloT Maccy
3TOTO BEIIECTBA U, B CUJIY 3TOI'0, HET «IIyCTOr0» MPOCTPAHCTBA MEXIY HUMU,
KaK MeXIy siApaMyd COCEAHUX aTOMOB) HACTOJbKO CUJBbHO Je(hOopMUpPYET
OKpYXKarollee IMpPOCTPAHCTBO, YTO IMPOUCXOIUT MOSIBJICHUE HOBOM 30HbI CMbI-
KaHMsI, TOJBKO yXe C IPOCTPaHCTBOM-BCEJIECHHOM C MEHBIIIMM YPOBHEM CO0-
CTBEHHOU MepHOCTH L.

Ls, L7, Ls — MepHOCTH MPOCTPAHCTB-BCEJIEHHBIX, 00pPa30BaHHBIX CJIMSI-
HHEM IIECTHU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — 3Be3na.

Puc.2.5.3. BriOpolieHHbIe BO BpeMsl B3pbiBa
CBEPXHOBOI MepBUYHbIE MaTEPUU — YacCTh MaCChI
caMoli 3Be3/ibl, BLIOPOILLIEHHOI ITPY 3TOM, MTOMNAaalo0T
B 30HbI ICKPUBJICHUSI MEPHOCTU IPOCTPAHCTBA, BbI-
3BaHHbIE B3pbIBOM. B 30Hax gepopmanyi HaYMHaeT-
Csl aKTUBHBIH TIPOLIECC CUHTE3a TMOPUIHBIX MAaTepUi,
1 3TOT MpOo1Iecc MPOAOIKAETCS 10 TeX MOp, MOKa T'-
OpuIHbIe MaTEepUU COOOI HE KOMITEHCUPYIOT MOJIHO-
CThIO epopMaLIMIO IPOCTPAHCTBA, B KOTOPOM IIPO-
HUCXOOUT UX CUHTE3. DTO IMPOUCXOIUT [IOTOMY, UTO TU-
OpUIHbIE MAaTEPUX CaMM BJIMSIIOT HAa IMIPOCTPAHCTBO,
B KOTOPOM OHM HaxongTtcs. [IpuuéM, eciau nameHe-
HUE MEPHOCTU B 30HEe AedopMallMyu MPOCTPAaHCTBA, BHI3BAHHOE B3PhIBOM
CBEPXHOBOM CUMTATh OTPULIATEIBLHBIM, TO THOPUAHBIC MATEPUU OYIYT BJIUSITh
Ha MEPHOCTbh MPOCTPAHCTBA MOJOXUTEIbHO, YBEJIUYUBASI MEPHOCTh IIPO-
CTpaHCTBa B 30He AedOopMaluu.

Ls, L7, Ls — MepHOCTM MPOCTPAHCTB-BCEJIEHHBIX, O0OPa30BAHHBIX CJIMUSI-
HUEM LIEeCTHU, CEMU U BOCbMU (DOPM MaTEpUIA.

L. — 3Be3na.




268 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

Puc. 2.5.4. IlocTteneHHO, BEILECTBO B 30HAX UCKPUBJICHUS YILUIOTHSIETCS
1 POXKIAIOTCS TUIAHEThI. YIVIOTHEHUE BellleCTBa IPo-
WCXOOUT B CUJTy HAJIMYMSI BHYTPU 30H UCKPUBJICHUS
nepenana (rpaaveHTa) MEPHOCTU, HAMPABJIEHHOIO K
LICHTPY HEOOHOPOAHOCTU. YeM OJmKe 30Ha UCKPHU-
BJICHUS K 3B€3/Ie, TeM Ieperaa 00jiee IpKO BhIpaXKeH.
[TosTOoMy GaM>KHKE K 3B€3/1€ MIaHEThl OYAyT MEHb-
1LIETO pa3Mepa U CoAepKaTh OOIBIIYIO JOJIIO TSKEIBIX
ayieMeHTOB. KoTopkle, K ToMy Xe 1 00j1ee yCTOMYN -
BbI, TaK KaK COOCTBEHHBII YPOBEHb 30HbI HEOAHO-
POIHOCTH IJIAHETHI TEM HUKE, YeM OJIVIKE IIaHeTa K
3Be3ae. Takum 00pa3oM, YCTOMUMBBIX TSKEBIX 3J1€-
MEHTOB 00Jibllle Bcero Ha MepKypuu U, COOTBET-
CTBEHHO, 10 Mepe YObIBAHUS JOJIU TSXKEJIBIX 2JIEMEHTOB UAYT — BeHepa, 3e-
mist, Mapc, FOnurtep, CatypH, YpaH, I1inyToH.

Ls, L7, Ls — MepHOCTH MPpOCTPAaHCTB-BCEJIEHHBIX, 00pPa30BaAHHBIX CJIMSI-
HUEM IIECTHU, CEMU U BOCbMU (DOPM MaTEpPUIA.

L. — 3Be3na.

Puc. 2.5.5. ickpuBieHue NPOCTPaHCTBA, B KOTOPOM BO3HUKAIOT YCJIOBUSI
IJIS1 CIUsIHUSL (POPM MaTepuii B BellecTBO. IlepBuy-
HbIC MaTepPMU UMEIOT CBOM KayecTBa U cBoKcTBa. Ka-
YeCTBa M CBOMCTBA ITEPBUYHBIX MAaTEPUI UMEIOT CBOU
orpaHndyeHue. Kaxnas KoHKpeTHas BeJIMUMHA — KO-
HEYHAa, TaK Xe, KaK KOHEYHAasl BEJIMYMHA UMEET CBOIO
dopmy. IloaToMy mJisi TOro, 4ToObI MPOU3OIIIO
B3aUMOJECCTBE KOHEYHOUN BEJIMYNHBI (ITEPBUYHOMU
MaTepUH) C KOHKPETHBIMU CBOMCTBAMU U Ka4yeCTBa-
MM U 0€CKOHEYHO! BEJIMYMHBI (ITPOCTPAHCTBO) C HE-
MIPEPHIBHO U3MEHSIOIIMMUCS CBOMCTBAMU U Kaye-
CTBaMU, HEOOXOAMMO, YTOOBI JaHHAsI MaTepus ToIa-
JIa B 30HY 3TOTO IMPOCTPAHCTBA, UMEIOIIYIO aJICKBaT-
HbIE€ CBOMCTBA M Ka4eCTBA. A 3TO MOXET IMIPOU30MTHU TOJHBKO B OTPAHUYECHHOM
00bEMe 3TOro mpocTtpaHcTBa. IloaToMy, Koroma mpu B3pbIBE CYNEPHOBOM,
MPOUCXOIUT AedopMaLys MPOCTPAHCTBA, IPOUCXOIUT M U3MEHEHME B 30HAX
nedopMaly Ka4eCTB U CBOMCTB 3TOI0 IPOCTPAHCTBA. B pe3yibraTe, B 3TUX
30HAX MEepPBUYHbLIE MATEPUU IIPOSIBISIOT €01 MO-HOBOMY U MPOUCXOAUT
CUHTE3 TUOPUIHBIX MAaTEPUIA.
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Puc.2.5.6. CnusiHue ¢popm matepuii A u B B 30He
WCKPUBJIEHUS TIPOCTPAHCTBA, 1 00pa3oBaHMeE Bellle-
ctBa TUIa AB. DTo BelecTBO — Ka4yeCTBEHHO OTJIN-
yaeTcs oT (popM MaTepuil ero oopa3yroiux, BOZHU-
KaeT HOBOE KayeCTBO M3 CTapbIX KauecTB. [Ipuuem,
CJIUSIHME MaTepUil MPOUCXOAUT B OrpaHMYCHHOM
o0bEMe, e nmapameTpbl Gopm Matepuit A u B —
TOXJIECTBEHHBI. TOXIEeCTBEHHOCTb ITapaMETPOB Mep-
BUYHBIX MaTEpUIA OOYCIIOBIEHBI TEM, UTO OHM IT10IIA-
Jal0T B 30HY JedopMalliy IMIPOCTPAaHCTBA, BO3HUK-
LIIYIO TP B3pbIBE CyNepHOBOM. B 3T0i1 0bnacTu mpo-
CTPaHCTBA U3MEHSIIOTCSI CBOMICTBA U KayeCcTBa, B pe-
3yJIbTaTe Yero NepBUYHBIE MAaTEpUM, UMEIOIIME CBOM Ka4eCTBa U CBOMCTBA,
HayMHaIOT B3aMMOACHCTBOBATh MEXKy COOOM TaM Iie X CBOMCTBA M KAYeCTBa
TOXAECTBEHHBI Apyr Apyry. UMeHHO, 61arogapsi TOXXIECTBEHHOCTU CBOMCTB
M KayecTB 00JIACTU MPOCTPAHCTBA Y MEPBUYHBIX MATEPUIl BO3HUKAIOT HEOO-
XOOWMBIE YCJIOBUS AJISI CJIMSIHUSI CBOOOTHBIX IEPBUYHBIX MAaTepUiA M 00pa3o-
BaHUe TUOpUAHOU (POPMBI C HOBBIMU CBOMCTBAMU U KayecTBaMu. IIpuuém,
BO3HMKIIIAsI B pe3yabTaTe CUHTe3a TMOpuaHasi (popMa cama BIMSET Ha IIpo-
CTPaHCTBO, B KOTOPOM HAaXOJIUTCSI.

Puc.2.5.7. Ciiussaue popm matepuii A, B, C B 30-
HE MUCKPUBJIEHUS IPOCTPAHCTBA, U 00pa30BaHUE Be-
miectBa Tua ABC. 91o Bemectso ABC KauecTBEHHO
OTJIMYAETCS, KaK OT (POPM €Tr0 00pa3yIoInX, TAK U OT
BeulecTBa Tuna AB. CnusiHue IpoUCXOAUT B MEHb-
1IeM 00BbEME, YEM ITPU CAUSHUM IBYX (POpM MaTepuid
Au B, TaK KaK CBOICTBa M Ka4eCTBA TPEX IIEPBUYHbBIX
(popM MaTepuil TOXKIECTBEHHbI, COOTBETCTBEHHO, B
MEHbIlIeM 00bEME BHYTPU 30HbI UCKPUBJICHUS MTPO-
cTpaHcTBa. B 30He nedopmaliiu mpocTpaHCTBa CBOM-
CTBa M KayecTBa MEHSIOTCS HernpepbiBHO. [lepBruy-
HbIe MAaT€pUU, KAUECTBEHHO COIIaCOBbIBASICh B KOH-
KPETHOM 00BbEME MPOCTPAHCTBA CO3aI0T TMOPUIHbBIE (POPMBI MATEPUHU, KO-
TOpbIE BAUSIIOT HAa MPOCTPAHCTBO, U3MEHSISI €r0 CBOMCTBA U KAYeCTBa, YTO Jie-
JJaeT BO3MOXKXHBIM HOBOE€ CJIIMSIHME TIePBUYHBIX MaTepuii B IPYyroi Komou-
Haluu. Bo3HukaeT, Tak Ha3biBaeMasi, oOpaTHasl CBSI3b, KOIJa HOBOE KauyeCTBO
BJIMSIET HA KAYECTBO €ro MOpOAMBIIIEe, U3MEHSISI €T0 U CO31aBasl YCIOBUS IS
3apOXIEHMS HOBOIO KayeCTBa.
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A, B, C, D, E, F, G — ceMb niepBUYHBIX MaTepuii, 00pa3yrolIux Halle
MIPOCTPAHCTBO-BCEJIEHHYIO.

Puc. 2.5.8. Cinusinue ¢popm matepuit A, B, C, D B 30He UCKpUBJIEHUS
MpoCTpaHCTBa U obpa3oBaHue BelecTBa TUIa ABCD.
DTO BelIeCTBO 3aHMMAET 00bEM, MEHBIIINI, YEM BE-
mectBo TMna ABC moTtomy, 4yTo CBOICTBA U Ka4eCcTBa
yeThIpEX GOopM MaTepuil TOKIECTBEHHBI B MEHBIIIEM
00BbEME BHYTPU 30HBI UCKPUBJIEHUS TIPOCTPAHCTRBA,
yeM IIpU CIUSIHUM TpeX popM Mmatepuil. [mOpumHas
dopma ABCD npocTpaHCTBEHHO pacIiojaraercs
BHYyTpU TuopuaHoi ¢opmbel ABC. B cBoro ouepenp,
HOBasi TMOpUAHAsI MaTepusl BJIMSIET Ha OKpYyxKalollee
MPOCTPAHCTBO, CO3/1aBasl KAYECTBEHHBIE YCIOBUSI 151
BO3MOXHOCTH CMHTE3a HOBOW TMOPUIHOM MaTepuH,
“Melollell B CBOEM KaueCTBEHHOM COCTaBe Ha OJIHY
MnepBUYHYIO MaTepuio oosblie. [Ipu aToM, Kaxkaast HoBasi TMOpuaHast MaTepusl
YaCTUYHO HeWTpaau3yeT 30HYy MCKpUBJIEHUS mpocTtpaHcTBa. [Ipoucxoaut
MOCTEeNEeHHOE 3aI0JTHEHME «SIMbl» TUOPUIHBIMU MaTEPUSIMU.

A, B, C, D, E, F, G — ceMb nIepBUYHBIX MaTepuii, 00Opa3ylolInX Halle
MMPOCTPAHCTBO-BCEJICHHYIO.

Puc. 2.5.9. Chusanaue popm matepuii A, B, C, D, E B 30He UICKPUBJICHUS
MpPOCTpPAHCTBA U 00pa3oBaHueE BellecTBa, Tuna ABC-
DE. DTo BeliecTBO 3aHUMAEeT 00bEM MEHBILINH, YeM
BewiectBo TUIa ABCD mmotomMy, 4TO CBOMCTBA U Kaye-
CTBa ISATU (DOPM MaTepUid TOXKACCTBEHHbI B MEHbBILIEM
00BbEME BHYTPHM 30HBI UCKPUBJICHUS MPOCTPAHCTBA,
yeM IpU CIAUSHUU 4YeThIpeX ¢HOpM MaTEpuid.
In6pugnas dpopma ABCDE npocTpaHCTBEHHO pac-
noJjiaraetcss BHyTpu rudbpuaHoii ¢opmsl ABCD. B
CBOIO ouepeab, HoBas ruopuaHasa matepust ABCDE
BJIMSIET HA OKpyXKalollee MPOCTPaHCTBO, CO3AaBasl
KA4eCTBEHHBIEC YCJIOBUS JIsI BO3MOXHOCTU CUHTE3a
HOBOM T'MOpUIHON MaTepruu, UMEIOLLIE B CBOEM Ka-
YeCTBEHHOM COCTaBe Ha OJHY MepPBUYHYIO MaTeputo 0oabure. [1pu aToMm, Ka-
>KJ1asi HOBasi TMOpUIHASI MaTepUsl YaCTUYHO HEUTPaIU3yeT 30HY UCKPUBJICHUS
npoctpaHcTBa. [Iporcxoaut mocreneHHoOe 3alOIHEHUE «SIMbl» THOPUAHBIMU
MaTepUSIMU.
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A, B, C, D, E, F, G — ceMb niepBUYHBIX MaTepuii, 00pa3yrolIux Halle
MPOCTPAHCTBO-BCEJIEHHYIO

Puc. 2.5.10. Cnusinue dopM Matepuii A, B, C, D,
E, F B 30He UCKpUBJIEHUSI MPOCTPaHCTBA U 0Opa3oBa-
Hue BemectBa Turma ABCDEF. OT1o BemecTBo 3aHU-
MaeT 00bEM, MEHbIINI, YeM BelecTBo Thuiia ABCDE
IMOTOMY, UTO CBOMCTBA M KayecTBa 1L1ecTu opM Ma-
TEpUI TOXIECTBEHHBLI B MEHbIIEM O0BbEME BHYTPU
30HbBI UCKPUBJIEHUSI TIPOCTPAHCTBA, YEM IIPU CJIMSI-
Huu natu dopm Maepuii. [nopugnas popma ABC-
DEF npoCTpaHCTBEHHO pacmnoJjiaraeTcsl BHyTPU T'v-
opungHoit popmbl ABCDE. B cBolo ouepenb, HOBast
rubpuaHas matepusi ABCDEF BiausieT Ha oKpyxKato-
11Ie€ IIPOCTPAHCTBO, CO3/1aBasl KAYECTBEHHBIC YCIOBUS
JIJ1s1 BOBMOXXHOCTHM CMHTE3a HOBOI TMOpUIHON MaTepuu, UMeIolIei B CBOEM
Ka4eCTBEHHOM COCTaBe, Ha OAHY IIEpPBUYHYIO0 MaTepulo Ooblie. [1pu aToMm,
Kaxkasi HoBasi TMOpYIHAas MaTEpUsI YACTUYHO HEUTpaIU3yeT 30HY UICKPUBJIE-
HUS MpocTpaHCcTBa. [IporcXoauT nocTerneHHoe 3al0IHEHUE «SIMbl» THOPU -
HBIMU MaTEPUSIMMU.

A, B, C, D, E, F, G — ceMb nIepBUYHBIX MaTepuii, 00pa3yrolIux Hallle
MMPOCTPAHCTBO-BCEJIIEHHYIO.

Puc. 2.5.11. Cnusinue cemu popm matepuii A, B,
C, D, E, F, G B 30He MCKpUBJIEHMS IIPOCTPAHCTBA 1
oOpazoBaHue BenecTBa Tuna ABCDEFG. Oto Bele-
CTBO 3aHMMaeT 00bEM, MEHBIIINIA, YeM BEILIECTBO TH -
na ABCDEF noromy, 4To CBOICTBa 1 KauyeCTBa CEMU
¢dopm Matepuii MOryT OBITh TOXIECTBEHHBI B MEHb-
11eM 00bEMEe BHYTPU 30HbI MICKPUBJICHUSI TPOCTPaH-
CTBa, YeM MPU CIUSHUM 1IecTu popM MaTepuii. [n-
opunHas popma ABCDEFG nipocTpaHCTBEHHO pac-
nosaraetcs BHyTpu rudbpuaHoit opmer ABCDFE. B
CBOIO ouepeab, HoBas ruopuaHast matepust ABCDE-
FG BugeT Ha okpyxarollee MpoCTpaHCTBO, CO31aBast
KadyeCTBEHHBIE YCJIOBUS 411 BOBMOXHOCTU CUHTE3a HOBOM TMOpUIHOM MaTe-
pUU, UMEIOLLIE B CBOEM KaUeCTBEHHOM COCTaBe Ha OAHY NEPBUYHYIO MaTe-
puto ooJiblie. [1pu aTOM, Kaxkaast HoBasi THOpUIHas MaTeprsl YaCTUYIHO HEM -
TpaIM3yeT 30HY MCKPUBJIEHUS ITpocTpaHCcTBa. [IponcxoauT nmocteneHHoe 3a-
MOJHEHUE «SIMbI» THOPUIHBIMU MAaTEPUSIMU.
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A, B, C, D, E, F, G — ceMb niepBUYHBIX MaTepuii, 00pa3yrolIux Halle
MIPOCTPAHCTBO-BCEJIEHHYIO.

Puc. 2.5.12. IInaHeta 3emJisl, BO3HUKIIIAs B 30HE UCKPUBJIECHUS IIPO-
CTPaHCTBA B pe3yJbTaTe MOCJIeI0BATEIbHOIO CIMSI-
HUS ceMU hopM MaTepUii U MMPEACTaBIISIOLIAas COOOM
1IECTh MaTepUaJbHbIX Cpep Pa3HOTO KOJUYECTBEH-
HOTI'0 M KQUeCTBEHHOI'O COCTaBa, OJHA BHYTPU JIPYTOM.
DU chepbl BMECTE MPEACTABIISIIOT OIHY CUCTEMY —
TUIaHEeTy 3eMJIsd M HE MOTYT CYILECTBOBATh APYr 0e3
npyra. [ToaTomy, Korga paccMaTprBarOTCS IPOLIECCHI,
Mpoucxoasiye Ha pUu3nIecKoM YpOBHE, HEOOXOIM -
MO ITOMHUTB, UTO 3TO — TOJIbKO BUAMMAsI BepXyllIKa
aiicoepra, KOTOPbIM SIBJISIETCS I1aHeTa. BHyTpeHHS s
cepa, obpaszoBaHHasl ceMblo (popMaMUu MaTepuid
€CTb (pM3MYECKM IIOTHAS IIaHeTa 3eMJId.

1. ®usnyecky mIoTHas (nepBast MaTepualbHasi) cdepa.

2. Bropas matepuaibHas cdepa.

3. Tpetbs MaTepuaibHad cepa.

4. YetBépTtast MaTepuaibHas chepa.

5. I1arag matepuaiibHas cdepa.

6. Illecras maTepuaibHas cdepa.

Puc. 2.5.13. CTpyKTypHBIi1 U KayecTBeHHBI cocTaB cdep 3emun. Ha
3TOM CXeMe HarjsiAHO BUAHO, UTO €CTh 00I1Iee U YEM
OTJIMYAIOTCA APYT OT Ipyra MarepuaibHble chepbl
3emiin. OO1IME 3JIEeMEHTHI CO31AI0T YCIOBUS 1J1s1 B3a-
UMOJIeHACTBUS MexX Iy cpepaMu 3eMJIU, CTeNIeHb 3TO-
r0 B3aUMOACUCTBUS OTPaXarT KOA(PPULIMECHTHI :

1. ®usnuecku maoTHas (IepBasi MaTepraibHas)
cohepa.

2. Bropas marepuanbHas cdepa.

3. TpeTbs1 MaTepuranabHas cpepa.

4. YeTBEpTasg MaTepuajibHas1 cepa.

5. Ilsarasg matepuanbHas cdepa.

6. lllectaa maTepuanbHas cdepa.

7. CJ10ii HEUCKPUBJIIEHHOIO MPOCTPAHCTBA.

o — KO3(M@UIUEHT B3aUMOAEUCTBUS MeXAYy (PU3NYECKU IIOTHON U
BTOPOU MaTepuaIbHBIMU CepaMu.

o2 — KOA(M@UIKUEHT B3aUMOACUCTBUS MeXAYy (PU3NYECKU MIOTHOM U
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TpeTbeil MaTepuaTbHBIMU ChEepPaMU.

o3 — KO3 PULKUEHT B3aUMOACUCTBUS MEXKAY (PU3NUECKU IIJIOTHOM U Ue-
TBEPTOU MaTepUaTbHBIMU CPEpaMU.

o4 — KO3(pPULIMEHT B3aUMOIECTBUS MEXIY (PU3MUECKU MIOTHOM U I151-
TOI MaTepuaJbHbIMU C(pepaMu.

o5 — KO3(M@ULKUEHT B3aMMOACUCTBUS MeXAYy (PU3MYECKU IUIOTHON U
LIECTON MaTepUaTbHBIMU CHEPaAMU.

o6 — KO3 OUILMEHT B3aMMOAECTBUS MeXAY (PU3NUECKU MJIOTHOM Ce-
POl U C10€M HEMCKPUBJIEHHOTO (Heae(OpMUPOBAaHHOIO) MPOCTPAHCTBA.

h — xayecTBeHHBII Oapbep MexX 1y PU3NIYECKU TUIOTHOI U BTOPOII MaTe-
pUaJIbHBIMU c(pepaMu.

i — KayecTBeHHBIN Oapbep MexXAy (pU3NYECKU IIJIOTHOMU U TpeTheil MaTe-
puanbHBIMU ChEpaMMU.

J — KaudeCcTBEHHBI Oapbep MeXay (PU3MYECKU IJIOTHOU M YETBEPTOM
MaTepuaJlbHbIMU chepaMu.

k — KayecTBeHHBIN Oapbep MexXny (pU3NIYECKH MJIOTHOMN U ISITOM MaTe-
puaabHBIMU chepaMu.

I — KayecTBeHHBIN Oapbep MeXKIY PU3NUECKHU IJIOTHOM U 1IECTOM MaTe-
pUAIbHBIMU C(hepamu.

m — Ka4eCTBEHHbII 0apbep MexXay (PU3NYECKU IIOTHOM cepoii U ciioeM
HEUCKPUBJIEHHOTO IIPOCTPAaHCTRA.

Puc. 2.5.14. I1pu ciiusiHUY B 30HE UCKPUBJICHUS
MPOCTPAHCTBA, CEMb (POPM IEPBUYHBIX MaTepUid
00pa3yloT LLIECTh BUJOB BEIIECTBA, KOTOPhIC OT/IMYa-
I0TCSI APYT OT ApYyra Ka4eCTBEHHBLIM U KOJIMYECTBEH-
HBIM COCTaBOM. DTU BEIIECTBA CO3[al0T IIECTh MaTe-
puaJIbHbIX cep, OAHA BHYTPU APYTOii, KOTOPbIE BbI-
3bIBAIOT BTOPMYHOE BBIPOXKIEHME ITPOCTPaHCTBA (HC-
KPUBJIEHUE) U HEUTPaAJIU3YIOT IEPBUUYHOE UCKPUBJIE-
HHE MMPOCTPAHCTBA, B KOTOPOM ITPOUCXOAMIIO CIIUSI-
HHUE 3TUX ceMu popM Matepuid. [1ociie 3aBeplieHus
00pa30oBaHMs IJIaHEThI, IPOUCXOIUT pacIiial HEKOTO-
poOJi 4acTH BeIIeCTBa, YTO BHOBb CO3IAET YCIOBUSI
IJIsl CMHTE3a BeIeCTBAa U3 CBOOOIHBIX (DOPM MaTepuii, BOSHUKAET KPyroooo-
pOT BelllecTBa.

1. ®usnyecku MI0THas (MepBasi MaTepualbHasi) cdepa.

2. Bropas matepuajibHas cepa.

3. Tpetbs MaTepualibHas cdepa.

4. YeTBEpTas MaTepualibHas1 cpepa.
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5. Ilarasg matepuanabHas cdepa.
6. Illectag maTepuanbHasg cdepa.

Puc. 2.5.15. Ilocne 3aBeplueHus1 npoiecca popMUpOBaHUS MJIAHETHI,
MEPBUYHBIC MAaTEPUU ITPOJOJIKAIOT «BTEKATh» U «BbI-
TeKaTb» 13 30HbI HEOJHOPOAHOCTHU. InOpuaHbIie Pop-
Mbl MaTE€pUU, BOZHUKIINWE B pe3ybTaTe CUHTE3a U3
MEPBUYHBIX, KOMIICHCUPYIOT Ilepenaa MEPHOCTU B
30HE HEOAHOPOJHOCTH, HO He «youparoT» ero. I1os-
TOMY, KaK IPOTOYHAasl BOJa MPOJO/KAeT BTEKaTh U
BBITEKATh B BOJOEM, MOAAEPKMUBASI €TI0 YPOBEHD, TaK
1 IEPBUYHbBIC MATEPUU, TTOCJIE 3aBEePILICHUS POPMU-
POBaHUS IIJIAHEThI, POAOIXKAIOT BTEKATh U BHITEKATh
13 30Hbl HEOMHOPOAHOCTU. B cuity TOro, 4To 1mjaiaHeTa
YACTUYHO TepsIeT CBOE BEILIECTBO B OCHOBHOM B BUJIE
ra3oBOro 1uieiga u pagoakTUBHOIO pacliaga 3Jie-
MEHTOB, ITIPOUCXOAUT HE3HAUYNTEIIbHBINA JOMOJTHUTEIbHBIN CUHTE3 (PU3UIECKU
TUIOTHOTO BEIIECTBA U OalaHC, TAKMM 00pa3oM, BOCCTaHaBIMBaeTCs. BHyTpu
TUIAHETApHOM 30Hbl HEOAHOPOAHOCTHU CYLLIECTBYET MHOXKECTBO MEJIKMX HEOI -
HOPOJIHOCTEM, KOTOPHIE BIUSIOT Ha «IIPOTEKAOIIME» YE€Pe3 HUX NEPBUYHBIC
MaTepUU, B pe3yJIbTaTe Yero, KaxKablii y4aCTOK NOBEPXHOCTU MPOHMU3BIBAIOT
MMOTOKM IIEPBUYHBIX MATEPUIA B OMIPEICAEHHOM MPOIIOPLIMOHATIBHOM COOTHO-
mieHuu. B pe3ynbraTe 3TOro, B 3aBUCMMOCTH OT KOHKPETHOI'O paclpeaccHMS,
MPOMCXOIUT CUHTE3 T€X UJIM MHBIX 3JIEMEHTOB, IIpU (DOPMUPOBAHUH TIJIAHETHI.
MMeHHO 3TO BIsIETCS IPUUYMHOM 00pa3oBaHMsI 3aJI€Kel TeX I MHbBIX 3J1e-
MEHTOB B Pa3HbIX Y4acTKaxX KOPbI M Ha pa3IMuHoOM rimyouHe. U, koroa aTu 3a-
JIEXXM BbIPA0ATHIBAIOTCSI, HA 3TOM MECTE BO3HUKAET HEOAHOPOIHOCTh MEPHO-
CTH, 4TO IIPOBOLIMPYET CUHTE3 TEX K€ AeMeHTOB. [10 3aBepiieHnIO CUHTE3A,
OajtaHC MepHOCTH BoccTaHaBauBaeTcs. [IpaBaa, BoccTaHaBIMBaIOLIMi OaTaHC
CHHTE3 MOXET IMPOI0JIKATHCS COTHU, a IOPOM U THICSYM JIET, U PE3YJIBTaThl €r0
MOTYT YBUAETH TOJBKO IOCJeayIolI1e MOoKoJeHUs1. Takum o6pa3oM, KaxKablit
Y4aCTOK MOBEPXHOCTU ILJIAHETHI MPOHU3BIBAETCS B TOM WJIW MWHOM Hampa-
BJICHUM OIIPEACAEHHON Cynepno3uLrent (IpornopuuoHaIbHBIM COOTHOILIEHM -
€M) MMEpBUYHBIX MaTepuii. Bocxoasiiye MOTOKM IepBUYHBIX MaTEPUid, ITPO-
HU3bIBAIOIIME MOBEPXHOCTb, CO3IAI0T, TaK Ha3bIBaEMbI€, MOJIOXUTEIbHbIE
r€OMarHUTHBIE 30HbI, B TO BpeMsI KaK HUCXOISIINE — OTPULIATEIbHBIE.

1. S npo riaHeTHl.

2. ITosic Marmsi.

3. Kopa.

4. ATMOCepHI.
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5. Bropasg matepuanbHasg cdepa.

6. Llupkynsiuus riepBUYHBIX MaTepUil Yepe3 MOBEPXHOCTh IMJIAHETHI.

7. OTpunaTelibHbIE TEOMAarHUTHBIE 30HBI (HUCXOASIINUE ITOTOKU IEep-
BUYHBIX MaTepuit).

8. IlonoxurenbHble TeOMarHUTHBIE 30HBI (BOCXOISIIME MOTOKU ITIEpP-
BUYHBIX MaTepuit).

Puc. 3.2.1. Ecau npenctaBuTh NEPBUYHBIEC MaTe-
pUM OJHOIO TUMA B BUJE Pa3HOLBETHBLIX KyOUKOB
OJHOIO0 pa3Mepa, TO, B 3TOM cJIydae, B3auMOJIEICTBIE
MPOCTPAHCTBA Y MEPBUYHBIX MaTepUiA MOXKHO TIpe-
CTaBUTH B ciieayloleM Buae. Kaxaas nepBuyHasi ma-
TepHUsI UMeeT CBOM KOHKPETHBIE CBOMCTBA M KAYeCTBa,
II03TOMY, IJISI TOTO, YTOOBI OHA B3aMMOJIEMCTBOBAJIA C
MPOCTPAHCTBOM, HEOOXOAUMO M3MEHEHUE CBOMCTB
1 Ka4yeCcTB MPOCTPAHCTBA A0 TEX IOpP, MOKA OHU HeE
CTaHYT TOXASCTBEHHBI CBOMCTBAM 1 KauyeCTBaM JaH-
HOI epBUYHOU MaTepuu. J1Jis1 TOro, 4ToObI MPOU30-
IIJTM U3MEHEHMSI CBOMCTB M Ka4e€CTB IPOCTPAHCTBA,
HEOOXOAMMO BO3MYIIEHHME 3TOr0 IMpocTpaHcTBa. [lomoGHOE BO3MyLIEHUE
MPOUCXOIUT MPU B3pbIBE CBEpXHOBOI. [1pomoibHbBIE KOIbLEBbIE BOJIHBI BO-
3MYILEHNSI MEPHOCTU MPOCTPAHCTBA PACIIPOCTPAHSIONINECS OT SMULIEHTpa
B3pbIBa CBEPXHOBOI U CO31aI0T HEOOXOAUMBbIE YCIOBUS AJ1s1 MOSIBJICHUS HO-
BOTO KauyecTBa — TMOPUIHBIX MaTepuil. BoJIHBI BO3MYIIIEHUSI MOTYT UMETh
pa3Hyto ammiuTyay. Ecim aMiintyna Bo3MyleHNsI MEPHOCTH IPOCTPAHCTBA
couszMepuMa ¢ Koa(ppuIMeHTOM KBaHTOBaHUS AL = yi, TO, TOJIbBKO OfHA
TIepBUYHAas MaTepust A «pe30HUPYET» ¢ MIPOCTPAHCTBOM, M1 HOBOTO KauyecTBa
He obpasyeTcsl.

Puc.3.2.2. Eciu amMminTyaa BO3MYILLIEHUS Mep-
HOCTM IIPOCTPAHCTBA, BO3HUKINAS IIPU B3PHIBE
CBEPXHOBOW, IMPOIMOPLUUOHAIbHA KO3()PUIMEHTY
KBAaHTOBaHMSI, KaK BeanunHa AL = 2 vyi, To, TOr1a 1Be
nepBUYHbIe MaTepuu A U B «pe3oHupyroT» ¢ npo-
CTPAaHCTBOM, XU BO3HMKAET HOBOE Ka4e€CTBO — THU-
opugHas matepust AB. [1pu aToM, ru6puaHast popma
caMa BJIMSIeT Ha IIPOCTPAHCTBO U HEUTpaIn3yeT MoJ-
HOCTBIO 30HY AedopMallii NPOCTPAHCTBA, B KOTO-
poM oHa Bo3HUMKJIAa. CMHTE3 TMOPpUAHOUN (POPMBI Ma-
Tepun AB B 30He HEOTHOPOJHOCTH MPOCTPAHCTBA




276 Huxodmnaii JIesamoB. «HeomHoponHas BecenenHas»

IIPY 3TOM KakK Obl «3aMOpaXXMBaeT» 3Ty 30HY HEOIHOPOIHOCTH, CO3maBast
CTOSIUYIO BOJIHY MEPHOCTHU B mpocTpaHcTBe. [Ipu 3TOM, cricTeMa Bo3Bpala-
€TCSI K YCTOMYMBOMY COCTOSIHUIO, KOTOPOE ObLIO 0 MPUX0Aa MPOAOJbHOM
BOJIHBI BO3MYIIEHUSI MEPHOCTU MPOCTpaHCTBa. BoccTaHOBIEHME paBHOBECHS
CTAaHOBUTCSI BO3MOKHBIM TOJIBKO IPU BOZHUMKHOBEHUU CTOSIYUX BOJIH Mep-
HOCTH, 3a CUET TMOPUIHOM MATEpPUU U HOBOE YCTOMYMBOE COCTOSIHUE ITPO-
CTPAHCTBA KAYECTBEHHO OTJMYAETCS OT ITIePBOHAYAJILHOIO, MTOSIBJIEHUEM T'1-
OpuaHoI MaTepuu. IpyrumMu caoBaMu NpOCTPAHCTBO, A0 B3pbIBa CBEPXHOBOM
1 MOCJIe B3pbIBa, KAYECTBEHHO OTJIMYAIOTCS APYT OT ApYyra.

Puc. 3.2.3. Eciu amniauTyaa BO3MYILEHUST MEPHOCTU MPOCTPAHCTBA,
BO3HMKIIIASI IPU B3pbIBE CBEPXHOBOU, MPONOPLIUO-
HaJibHa KO3(pPUILIMEHTY KBAHTOBAHMSI, KaK BEJIMYMHA
AL = 3 yi, TO, TOr1a TpY NepBUYHbIC MaTepuu A, B u
C «pe30HUPYIOT» C IIPOCTPAHCTBOM, M BO3HUKAET HO-
Boe KauecTBo — rubpuaHas marepusa ABC. Ilpu
3TOM, TMOpuaHAas opMa caMa BIUSIET HA IIPOCTPaH-
CTBO M HEUTPAINU3YET MOJTHOCTBIO 30HY Jie(popMalinu
IIPOCTPAHCTBA, B KOTOPOM OHa BO3HMKIA. CUHTE3
rubpuaHoit matepuu ABC B 30He HEOJHOPOIHOCTU
MIPOCTPAHCTBA, HEUTPAIU3YET 3TY HEOAHOPOIHOCTb,
CcO371aBasl, KaK 3TO YK€ OTMEYAJIOCh, CTOSTYYIO BOJIHY
MepHOocCTHU. [TpocTpaHCTBO BO3BpaIIaeTCs K COCTOS -
HUIO0 paBHOBecusi. Ho, mpu 3TOM, 3TO COCTOSIHME paBHOBeCHUsI OydeT OTJIU-
4yaTbhCs OT JIIOOOIro APYyroro, Tak Kak aMIUIMTYAa CTOSTYE BOJHBI MEPHOCTU
OyIeT OTJIMYATHCS OT aMIUIMTYA APYTUX CTOSTYMX BOJIH B 3TOM IIPOCTPAHCTBE.
Tak Kak, ecau 3achlnaTh BCE SIMbBI HA 1OpOTre, TO 3TO HE OyAEeT 03HA4YaTh, YTO
SIMBI ICY€3JIA UJIU UTO OHU COBEPILIEHHO OAMHAKOBBIE, XOTSI Obl IOTOMY, UTO,
YTOOBI MOJHOCTBIO 3aChINATh SIMbl Pa3HOI ITyOMHBI MOTPEOYETCS pa3HOE
KOJIMYECTBO LIEOHS MJIN YeTO-HUOYAb IPYTOToO.
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Puc.3.2.4. Eciu ammiuTyaa BO3MYLLIEHUST Mep-
HOCTU TIPOCTPaHCTBAa, BO3HUKILIASI IPU B3PHIBE
CBEPXHOBOI, IMpOIOpLUMOHAJIbHA KO3(hPULIMEHTY
KBaHTOBaHMs, KaK BeJimunHa AL =4 v;, To, Torna ue-
Thipe nepBuuHbie Mmatepuu A, B, C u D «pe3oHupy-
I0T» C ITIPOCTPAHCTBOM, Y BO3HUKAET HOBOE KaUeCTBO
— ruopugHasa matepust ABCD. IIpu stoM, rubpu-
Hasl ¢opMa cama BJIMSIET Ha MPOCTPAHCTBO 1 HEWTpa-
JIM3YET IMOJHOCTbIO 30HY Je(hopMaluMu MPOCTPaH-
CTBa, B KOTOPOM OHa BO3HMKJIA. CUHTE3 TMOPUIHOM
Mmatepun ABCD B 30He HEOJHOPOAHOCTU NPOCTPAH-
CTBa HEUTpaIU3yeT 3TY HEOOHOPOJHOCTb, CO31aBasl,

KaK 3TO yXXe 0TMeUaJioCh, CTOSIUYIO BOJIHY MepHOCTHU. [IpocTpaHCTBO BO3Bpa-
1IaeTCsl K COCTOSIHUIO paBHOBecusi. Ho, mpu 3ToM, 3TO COCTOSIHME paBHOBECUS
OyIeT OTJIMYaThCs OT JII0OOro JIPYroro, Tak Kak aMIUINTyda CTOSTYE BOJTHBI
MEPHOCTU OYAET OTJIMYATHCSI OT AMITJIUTYJ IPYTUMX CTOSTYMX BOJIH B 3TOM ITPO-

CTpPaHCTBE.

Puc.3.2.5. Eciu amminTyaa BO3MYILLIEHUST Mep-
HOCTHM MOPOCTPAHCTBA, BO3HUKIIAS INpPU B3PLIBE
CBEPXHOBOM, MpoNopLMOHaAbHA KO3(P(PUILIIUECHTY
KBaHTOBaHMs, Kak BeanunmHa AL = 5vy;, To, Torma
naTh nepBUYHbIX Matepuii A, B, C, D u E «pe3oHu-
PYIOT» C TIPOCTPAHCTBOM, M BO3HMKAET HOBOE Kaye-
ctBO — rubdpuaHasg matepust ABCDE. I1pu aToMm, ru-
OpuaHasa opMa cama BIMSIET Ha IMMPOCTPAHCTBO U
HEUTpaJiM3yeT MOJHOCTBIO 30HY Je(opMaluu IIpo-
CTpaHCTBa, B KOTOPOM OHa BO3HMKJIA. CUHTE3 Iu-
opunHoit MaTepui ABCDE B 30He HEOTHOPOTHOCTHU
MIPOCTPAHCTBA HEUTPAIU3YET 3TY HEOOAHOPOIHOCTD,

co3/1aBasi, Kak 3TO yXKe OTMEUaJIoCh, CTOSTYYIO BOJIHY MepHOCTH. IIpocTpaH-
CTBO BO3BpallaeTcsl K COCTOSTHUIO paBHOBecHs1. Ho, mpu 3ToM, 3TO cCOCTOsIHIE
paBHOBeCHS OyIET OTJIMYATHCS OT JIFOOOTO IPYTroro, Tak Kak aMIUIMTYIa CTO-
sTYei BOJTHBI MEPHOCTH OYZIET OTIMYAThCS OT aMIUIATY/ IPYTUX CTOSTYMX BOJIH

B 3TOM IIPOCTPAaHCTBE.



278 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

Puc.3.2.6. Eciau amMmnnTyna BO3MYILEHKSI MEPHOCTU IPOCTPAHCTBA, BO-
3HMKIAsI [IPU B3PbIBE CBEPXHOBOI, MPONOPLUOHAJb-
Ha KO3(P(PULIMEHTY KBAaHTOBaHMSI, KaK BeJIMdnHa AL
= 6 v;, TO, TOTJa IIECTh EPBUYHBIX MaTepuii A, B, C,
D, E u F «pe30HUpPYIOT» C IPOCTPAHCTBOM, Y BOZHU-
KaeT HOBOE KayecTBO — rudpuaHas Matepust ABCD-
EF. I1pu sTtom, rubpumHasa ¢popma cama BIIMSIET HA
MPOCTPAHCTBO U HEUTpaAIU3YeT ITOJTHOCTBIO 30HY JIe-
(popmaLu MpoCcTpaHCTBA, B KOTOPOM OHA BO3HUKJIA.
Cunrte3 rudbpuaHoi matepui ABCDEF B 30He Heo1-
HOPOJHOCTH IIPOCTPAHCTBA HEUTPAIUIYET ITY HEOI -
HOPOJHOCTb, CO3[aBasi, KakK 3TO yXKE& OTMeUaaocCh,
CTOSIUYIO BOJIHY MepHocTU. I[IpocTpaHCTBO BO3Bpa-
1IaeTCsl K COCTOSIHUIO paBHOBecHsi. Ho, mpu 3ToM, 3TO COCTOSIHME paBHOBECUS
OyIeT OTIMYaThCs OT JIIOOOro APYroro, Tak Kak aMIUIMTYAA CTOSAYE BOJHBI
MEPHOCTH OYAET OTJUYATHCS OT aMILIMTYI APYTHUX CTOSTYMX BOJIH B 3TOM MpPO-
CTPaHCTBE.

Puc.3.2.7. Ecau ammuinTyna BO3MyILLEHUsS MEPHOCTU POCTPaHCTBA, BO-
3HUMKIIAS IIPU B3PBIBE CBEPXHOBOM, MPONOPLIMOHAIb-
Ha KO3(QPULMEHTY KBAaHTOBAaHMSI, KaK BeJIMunHa AL
=T vi, TO, TOrIa CeMb IIEpBUYHBIX MaTepuii A, B, C,
D, E, Fu G «pe30HuUpyOT» C IPOCTPAHCTBOM, U BO-
3HMKAET HOBOE Ka4eCTBO — Ir'mOpuaHas MaTtepust AB-
CDEFG. I1pu aToM, rubpuaHas popma caMma BJIUSIET
Ha MPOCTPAHCTBO 1 HEMTpPaAIU3yeT MOJHOCTbIO 30HY
neopMaliy MIPOCTPAHCTBA, B KOTOPOM OHA BO3HM-
kia. CuHte3 ruopuaHoit matepui ABCDEFG B 30He
HEOJHOPOJHOCTHU IIPOCTPAHCTBA HEUTPAIU3YET ITY
HEOJHOPOJAHOCTb, CO3[aBasl, KaK 3TO ye OTMeya-
JIOCh, CTOSIYYIO BOJIHY MEpHOCTU. [IpocTpaHCTBO BO-
3BpalllaeTCsl K COCTOSIHUIO paBHOBecus. Ho, mpu 3ToM, 3T0 COCTOSIHUE paB-
HOBECHS OYZET OTJIMYATBCS OT JIIOOOTO JPYTroro, TaK KaKk aMILIUTY1a CTOSTYEn
BOJIHbI MEPHOCTM OYAET OTJIMYATHCS OT aMIUIATY. APYTUX CTOSYMX BOJIH B
3TOM HNPOCTPAHCTBE.
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Puc.3.2.8. Eciu amminTyaa BO3MYLLIEHUST Mep-
HOCTU TIPOCTPaHCTBAa, BO3HUKILIASI IPU B3PHIBE
CBEPXHOBOI, IMpOIOpLUMOHAJIbHA KO3(hPULIMEHTY
KBAaHTOBaHUS, Kak BeanuuHa 6 vi < AL < 6,9 v: , To
torga ceMb nepBuYHbIX Matepuii A, B, C, D, E, Fu G
HE MOTYT «PE€30HUPOBATb» C MPOCTPAHCTBOM, U HeE
BO3HMKAET HOBOE KAa4eCTBO — I'MOpUIHAS MaTepusl
ABCDEFG. Ilpu n1aHHBIX YCJIOBUSIX, TOJbKO ILIECTh
MEPBUYHBIX MAaTEPUIA MOTYT CIMTBLCS U 00pa3oBaTh
ruopuaHyto marepuio ABCDEF. Kaxnas nepBuuyHas
MaTepusl UMeeT CBOM KOHKPETHBIE CBOMCTBA U Kaye-
CTBa U HE MOXET B3aMMOJeCTBOBATh C IPYTMMHU Ya-
CTUYHO KaKOM-JIMOO CBOEI YacThIO, a TOJIbKO 1LIeJIMKOM. Kak He MOXXeT OBITh
T10JI1 Y€JI0BEKa I YETBEPTh YeJIOBEKa, TaK KaK, YEJI0BEK MPEACTaBISIET COO0M
eIUHBIN XKMBOU OpraHU3M, BCe KJIETKM KOTOPOIo padoTaroT BMecTe, odecrie-
YMBasl YCJIOBUS XKU3HEAESITEIbHOCTU OpraHru3Ma B 11eJIoM. Tak U repBUYHBIE
MaTepUM HE MOTYT B3aMOAEHCTBOBATb TOJIbKO YaCThIO CBOET0 KAKOTO-HUOY/Ib
CBOICTBA UJIM KauyeCTBa, a TOJbKO «LIEJbIM» CBOMCTBOM MJIM KauyeCTBOM. Ta-
KM 00pa3oM, HaOI0aaeTCss KBAHTOBAHME MPOCTPAHCTBA 11O MEPBUYHBIM
MaTepusIM.

Puc. 3.2.9. B npocTpaHCTBE NOCTOSIHHO ITPUCYT-
CTBYIOT He3HAYUTEJIbHbIE KOJeOaHWSI MEPHOCTH TIPO-
CTpaHCTBa, MpeACTaBIsIOIIEe COO0 PETUKTOBBIE
U3JIy4eHUsI KOCMOCA, KOTOPhIe MPeACTaBIISIIOT COO0i
OTTOJIOCKM B3PBIBOB CBEPXHOBBIX, KOTOPbIE MPO-
M301IUIA MWUIMAPALl 1 MUUIMAPIBI JIET Ha3ad WJIn
MU3JIy4EHU YK€ YyMUparoux 38€31. Bce ot nsiyye-
HUSI CO3Jal0T CBOEOOpa3HbIl MPOCTPAHCTBEHHBIM
«(pon». 1 mosToMy npu cutyalu, Korjga 30Ha Jie-
(popmalim MepHOCTHU IPOCTPAHCTBA JICKUT B AUaria-
30HE 6 vi < AL < 6,9 vi, peJIMKTOBbIE U3TYyYEHMUSI MPO-
CTpaHCTBa, HeCylllMe He3HAauMTeJbHbIe KoJeOaHusI
MEPHOCTH ITPOCTPAHCTBA, BBICTYIIAIOT B POJIN «I1aJI0YKU-BhIpyJaJloukun». Ha-
JIOXXeHME (CyIepno3ulns) aMIUIUTYI KOJeOaH!UsI MEPHOCTHU, KOTOPOE OHU
MIPUHOCKT ¢ CO00Ii, HA MEPHOCTh MPOCTPAHCTBA B JAHHOI TOUYKE IPOCTpaH-
CTBa, BPEMEHHO Ha KaKoe-TO BpeMsl OyIyT co31aBaTh YCJIAOBUS JJIs1 CAUSTHUS
CeMU MEePBUYHBIX MaTEPUIA.
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Puc. 3.2.10. ITocne npoxona ¢ppoHTa BOJIHBI Yepe3 JaHHYIO TOUKY IIPO-
CTpaHCTBa, MEPHOCTb MPOCTPAHCTBA BO3BpalaeTCs K
YPOBHIO, KOTOPBIH ObLT 70 Mprxoaa (ppoOHTa BOJIHBI U
HEOOXOAMMBbIC YCIOBUS IS CUHTE3a CEMU MEPBUY-
HBIX MaTepuii ucye3aroT, U ruopuaHas marepust ABC-
DEFG pacnagaercs Ha nepBuuHble MaTepuun. HoBbii
(bpOHT BOJIHBI BOCCTAaHABJIMBAET HEOOXOAUMBIE IS
CUHTE3a YCJI0BMSI, U BCE TTOBTOPsIETCS] BHOBL. [MOpu-
Hag Matepusi ABCDEFG — ¢pu3nyecku mioTHoe Be-
IIECTBO — HAXOAUTCS B COCTOSIHAM MEPLIAHUS, KOTO-
poe SIBJSIETCS TIOTPAaHUYHBIM COCTOSTHMEM (pu3nde-
CKM IUIOTHOM MaTepUM U €CTh HU YTO MHOE, KaK TaK
Ha3bIBa€MbIii, 3J1eKTpOH. MMeHHO Mmo3ToMy 3JieK-
TPOH 00JIalacT AyaJlbHbIMU (IBOMCTBEHHBIMI ) CBOMCTBAMU, KaK BOJIHBI, TaK
1 YacTUllbl. B mIpuHIKIIE 3JIEKTPOH HE SIBJISIETCSI HU OQHUM, HU APYTUM, a
SIBJISICTCSI MOTpaHUYHOMN (popMOil MaTepun.

Puc.3.2.11. IIpu obpa3zoBaHud siipa aToMa, BO3HMKAIOT BO3MYILLIEHUS
MEPHOCTU MPOCTPAHCTBA, aHAJTOTMYHbIE BOZHUKAIO-
IIMM TIpU B3PbIBE CBEPXHOBOM, TOJBKO BCE IPOKC-
XOJIUT Ha yPOBHE MUKponpocTpaHcTBa. KoJjblieBbie
BOJIHBI BO3MYILIEHWSI MEPHOCTU MUKPOIIPOCTPAHCTBA,
CO37aBaeMbI€ SIIPOM aTOMa, I0BOJILHO OBICTPO 3aTy-
Xal0T YU YeM MEHBbIIIE SIAPO aToMa, TeM ObICTpee MPo-
UCXOOUT 3T0 3aTyxaHue. Ho, TeM He MeHee, BO3HUKa-
10T OJIHA WX HECKOJIbKO 30H Ae(opMaLlii MUKPO-
MIPOCTPAHCTBA JJISI CIMSIHUSL CEMU TIEPBUYHBIX MaTe-
puii ABCDEFG. CnusiHue ceMy nepBUYHBIX MaTe-
P MPOUCXOIUT B BUAE TTIOTPaHUIHOM POPMbBI PU3U-
yecKkM IUIoTHOM matepum. IIpu 3TOM BOKpYr sapa
00pa3yloTCcs CTOSIYME BOJIHBI MEPHOCTU MUKpPOMNpOCTpaHCTBAa. B cuny Toro,
YTO Ha YPOBHE MUKPOIIPOCTPAHCTBA MOCTOSIHHO MPUCYTCTBYIOT MUKPOCKOIIN -
yecKue KoJieOaHUsI MEpHOCTU MUKPOIIPOCTPAHCTBA, MMPOUCXOST MepUogAYe-
CKME€ U3MEHEHUS YPOBHI MEPHOCTU B TOM WM MHOM 30HE CTOSYEM BOJIHBI
MEPHOCTH aToMa.

1. IlepBas pa3peli€HHast opoOUTa JEKTPOHA.

2. Bropas pa3peli€éHHasi opouTa 3JIEKTPOHA.

3. DJIEKTPOH.
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Puc.3.2.12. B cuy TOro, 4To BCE U3BECTHbIEC U3-
JIy4E€HMS CYLLIECTBYIOT B BUJe NOPUUM — (POTOHOB —
MOCJIEAHUE, IIPU CBOEM JIBMKEHUU B IIPOCTPAHCTBE,
BJIMSIIOT TOJIBKO Ha Ty WJIM MHYIO YaCTb MUKPOIIPO-
CTPAHCTBA, B 3aBUCUMOCTHU OT JJIMHBI BOJIHbI JAHHOTO
(potoHa. Bo3MyllieHrE MEPHOCTU TIPUBOJUT K TOMY,
YTO MOrpaHu4yHas (popmMa MaTrepuyd — BJIEKTPOH —
CTAaHOBUTCSI HEYCTOMUYMBBIM U pacnagaeTcs Ha nep-
BUYHbIe MaTepuu. [Ipy 3TOM, MPOUCXOIUT MUKPO-
CKOMUYECKUIA B3PbIB, BCS SHEPTUSI KOTOPOTO YXOIUT
Ha CO3JIaH1E OAHOI0 (pOTOHA. DJIEKTPOH UCUE3AET C
JTAHHOM 3JIECKTPOHHOM OpOUTHI U HE TOJBKO C Op-
OuThl. JlaHHBII 371eKTPOH MPOCTO NEPECTAET CYILIECTBOBATh, «<ymupaeT». [1po-
JTOJDKUTEIbHOCTD XXM3HU 3JIEKTPOHA COCTABJISIET TPUJUIMOHHBIE TOJIM CEKYH-
nbl. [Tociie «cMepTr» 371EKTpOHA, HAa €r0 MECTE TTOSIBIISIETCS «BaKaHCHU». J1eno
B TOM, UTO HAJIWYUE DJIEKTPOHA CO3MAET 30HY CTOSYEH BOJHBI HAa JaHHOU
BJIEKTPOHHOI opouTte atoMa. Ilociie «cMepTHU» 3JIEKTpOHA, 3Ta 30HA CTAHO-
BUTCSI HEYCTOMUMBOI aKTUBHOM, TaK KaK YPOBEHb COOCTBEHHOI MEPHOCTH
STOI 30HbI CTAHOBUTCS BBIIIIE YPOBHSI COOCTBEHHOM MEPHOCTH aTOMa B LICJIOM.
BosHuxkimii Takum 00pa3oM MUKPOCKOITMYECKUI TTepe MEPHOCTU CO30AET
«JIOBYLIKY IJ1s1 ()OTOHOB».

Puc. 3.2.13. BakaHTHas 371eKTpoHHasl 30Ha He
OCTaeTcs1 CBOOOTHOI «10Jiroe» Bpems. Bce mpocTpaH-
CTBO OYKBaJIbHO HACHIIIEHO MUKPOCKONMNYECKUMU
KOJIEOAHUSIMU MEPHOCTH, KOTOPbIE, B OOJbIIMHCTBE
CBOEM, MPEICTABISIIOT COOO Xa0TUYECKUE U3Tyde-
HUS 2JEKTPOHOB Bceil BecenenHoii. [Tpoucxoaut no-
[JIOLIEHME OMHOIO M3 3TUX (POTOHOB U POXKIAACTCS
HOBBII 3JIEKTPOH B TOM Xe caMOli 30He nedopMalnuu
— 3JIEKTpoHHOM opouTe. IIporiecc cMmepTu 1 poxe-
HUS 3JIEKTPOHA MPOUCXOIUT TaK OBICTPO, YTO CO3/1a-
€TCs1 WUTIO3USI MePLIAHMSI OHOI'O U TOTO XK€E 3JEKTPO-
Ha. B cuny Toro, 4to BO BpeMs (ra3bl BAKAHTHOTO
BJIEKTPOHA, TIPUCYTCTBYET U PaAvaIbHbINA Nepenag MEPHOCTU BHYTPU 30HBI
HEOJHOPOJHOCTHU, POXIEHNE HOBOTO 2JEKTPOHA IMPOUCXOAUT HE B TOM XKe
caMOM MecCTe, IIe ucue3 Npeablaylinii 2j1eKTpoH. [1loaToMy Kaxkgoe HOBoe
pOXAEHME JIEKTPOHA ITPOUCXOIUT B HOBOM MecTe. B pe3ynbrare, BO3BHUKAET
Meplallee IBMXXEeHME JIEKTPOHA M0 OpOUTE BOKPYT Sapa.

1. IlepBas pa3pemi€éHHasi opoUTa JIEKTPOHA.
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2. Bropas pa3peni€éHHasi opouTa 3JIEKTPOHA.
3. DeKTpoH.

Puc.3.2.14. «CmepTh» 3JIEKTpOHA MOXET NPOM30MTH Ha OJHOI opouUTe,
a HOBOE «pOXJeHUe» — Ha Oosiee OJIM3KOH K Sapy,
WK OoJiee JajabHel, opobruTax. DT0 — M3BECTHBIN B
aToMHOU pu3uke PakT. [IpruuémM, CKa4yoK MOXET
MPOU30UTHU TOJBKO Ha OJHY OPOUTY BHU3 WU OJHY
opouty BBepx. B pe3yibrare yero, MeHsIeTCSl «IIpO-
MMMCKa» BHOBb POXKIEHHOIO 3JIEKTPOHA, MOCJIe paca-
na npeabiayiiero?! Yem «He mMOHpaBUIIOCH» €€ HE
«POXIAEHHOMY 3JIEKTPOHY «CTapOe» MECTO MPOIIUC-
ku?! Jla, HuueM. Jlesio B TOM, YTO «IIPOMUCKA» IEKT-
poHa U3MEHSIETCSI TOJbKO, €CJIM Ha CTPYKTYpPY CTO-
STYMX BOJIH aTOMa HaKJ1aJgblBaeTCs BO3MYILIEHIE Mep-
HOCTH, JUTMHA BOJIHbLI KOTOPOI COU3MEpUMA C paccTo-
SIHUEM MEXJy COCeIHMMM 30HaMM JedopMaliiyd MEPHOCTU BOKPYT siapa,
JIPYTMMU CJIOBaMM COM3MEPUMa C pacCTOSTHMEM MEXKIY COCEIHUMU OpOUTaMU
WIW TIPUCYTCTBYET BHEIIHUM nepenan MmepHocTu AL. B 3Tux ciyyasix mecto
«POXAEHUS» BIEKTPOHA CHOCUTCSI TpaBUTALIMOHHBIM BETPOM B OJHY WU B
JIPYTYIO CTOPOHY, B 3aBUCUMOCTHU OT CUTYalLlX U HAITPaBJIEHHOCTU MPOMCXO-
JSIIMX TTPOLIECCOB.

Puc. 3.3.1. CoG¢cTBeHHBI ypoBeHb MepHOCTH Bogopoaa H (crerneHb
BJIMSIHUSI aTOMa WJIM JPYyTOro MaTepruaaibHOro 00beK-
Ta Ha OKpYXKalolllee IMPOCTPaHCTBO) — CTOJIb HE3Ha-
YUTEJIbHBIN, YTO AEJIAET €ro YCTOMYMBBIM B ITpeacsiax
BCEro Arana3oHa MEPHOCTUA MEXAY (PU3NIECKHU IIOT-
HOI M BTOpOU MaTepuaibHbIMU chepaMu. Bogopon
MOXET OBITh YCTOMYMBBIM, KaK U BHYTPU pacKaja€H-
HOM 3Be311bl, TAK ¥ B MEX3BE3HOM IIPOCTPaHCTBE. B
CUJTYy 3TOTO, BOJOPO/, SIBJISIETCSI CAMBIM pacpocTpa-
HEHHBIM 3JIeMeHTOM Bo BceneHnnoii. I[IpakTnyeckn
BCE IPOLIECChI MpoucXoasa1umre Bo BceneHHO He 00-
X0IsTCs 06e3 ero yyactus. Bogopon — OoCHOBa He
TOJIbKO TEPMOSIIEPHBIX peaKIIMii 3BE€3/1, HO U UTPAET
BaXKHEUIIYI0 pojb B 00€CeUeHUM BO3MOXKHOCTU CYIIECTBOBAHUS XMBOU
MaTEepUU.

1. HuxxHuit ypoBeHb MEPHOCTU (PUBUYECKU MJIOTHOMN CPEpPHI.

2. BepxHuii ypoBeHb MEPHOCTU (PU3UYECKU TNIOTHOM cPepHhl.
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Puc. 3.3.2. Atom Bonopoaa H siisieTcst caMbIM
YCTOMYMBBLIM U CAMBIM PacIIpOCTPAaHEHHBIM JIEMEH -
TOM B Hallleir BceJileHHOM B crly TOro, 4To OH (BO#O-
poOJ) OKa3bIBAET MUHMMAJIbHOE BJIUSIHUE HA OKpPY-
Karolllee NpoCTpaHCTBO. B cuiy TOro, 4To IJisl CUH-
Te3a BOJOPOAa U3 MePBUUYHBIX MaTepUid JOCTATOYHO
HEe3HAYUTEJIbHBIX U3MEHEHWIA MEPHOCTU MPOCTPaAH-
ctBa. UIMEHHO MO3TOMY, BOAOPO/I, SIBJISIETCSI CAMbIM
pacrpoCTpaHEHHBIM 3JieMeHTOM BO BceneHHoii. B
TO Xe camMoe BpeMsl CJIeAyeT IIOMHUTh, YTO KaXKAbli1
aToM, B TOM 4YMCJIE ¥ aTOM BOAOpPOJAa, BIAUSIOT Ha
MEPHOCTh MPOCTPAHCTBA, 3aIOJHASA AedOopMaLIO
MpocTpaHCcTBa cBoei Maccoii. [ToaTomy, mocjie CMHTE3a KaxXK10ro aToMa, 30Ha
nedopMaly IIPOCTPAHCTBA YMEHbIIAETCS HA HEKOTOPYIO BEJIMYMHY, TPOIIOP-
LIMOHAJILHO aTOMHOMY Becy JaHHoro aroma. Iloatomy, mo mepe cuHTe3a pu-
3MYECKU MJIOTHOM MaTepUU C KaxKJIbIM CUHTE3UPYEeMbIM aTOMOM, BeJIUYMHA
nedopMaliid IpOCTpaHCTBA YMEHbIIAETCs, U 3TOT Mpoliecc OyaeT npoao-
>KaThCS 10 TEX MOP, TTOKA 30Ha AeopMaliii MOJHOCTbIO HE HEMTpaJIM3yeTCs
3a CYET BOZHUKIIIMX B pe3yJibTaTe CUHTe3a aTOMOB. [1pu aTOoM, Ipekpaliaercs
1 CaM CUHTE3.

Puc.3.3.3. Bo BceneHHOI TOCTOSIHHO TPOMUCXO-
JUT CUHTE3 aTOMOB, B OCHOBHOM BOAOPOAA; B CUJTY
3TOr0, CUHTE3 BO3HMKAET B 30HAX CMbIKAHUST MEXY
JAaHHBIM IIPOCTPAHCTBOM-BCEJICHHON 1 BbILIEJIEXKa-
muM. IToaToMy 30HBI gedopmaliiy IIPOCTPAHCTBA
yallle BCEro BO3HMKAIOT OJIMKE K BEpXHEU IpaHULIe
YCTOMYMBOCTU (PU3UUYECKM TUIOTHOIrO BellecTBa. U,
KaK CJIeJICTBHE 3TOI'0, BO3HUKAIOT ONTUMAaJbHbIE
YCJIOBUS 11 CUHTE3a UMEHHO BOJOPO/1a, B CUITY €ro
MUWHUMAaJILHOTO BTOPMYHOTO BIMSIHUSI Ha OKPYKalo-
11ee MpocTpaHCTBO. Tak KaK 30HbI HEOJHOPOAHOCTU
MMEIOT OTPOMHBIE IPOCTPAHCTBEHHbBIE pa3MepHhl,
CUHTE3UPOBAHHbIE aTOMbI HAUMHAIOT HAKAaIUIMBAaThCSl B 3TUX 30HAX, IOCTE-
MEHHO 3aM0JIHSS UX CO00M. B crity TOro, 4To 30HbI HEOTHOPOTHOCTH CAMM HE-
OITHOPOJHBI B pa3HbIX ITPOCTPAHCTBEHHBIX HATPaBJISHUSIX, BOSHUKAIOT BHY-
TpeHHUeE Mepernanbl (rpagueHThl) MEPHOCTU, HallpaBJAECHHbBIE K LIEHTPY 30HbI
HEOJHOPOAHOCTHU. B pe3ynbraTe yero, mieHEHHbIE B 30HE HEOAHOPOAHOCTHU
aTOMBbI BOJOPO/Ja ITOMNAaaloT oI BO3AEHCTBIE TOTOKOB NEPBUYHBIX MAaTePUiA,
HaIpaBJEHHBIX K LIEHTPY 30HbI HEOJHOPOJHOCTU. M, KakK ciaeacTBue, BO3HU-
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KaeT CXXaTue BOJIOPOIHOIO BEIIECTBA, YTO IIPUBOAUT K pa3orpeBy U Hadalry
TEPMOSIAEPHBIX PEAKIIUIA.

Puc. 3.3.4. /1ng cuHrte3a atoma ypaHa U 30Ha ngedopmaniiy poCcTpaHCTBA
JNOJIXKHA ObITh MAKCUMAJIBHO JOMYCTUMON i1 BO-
3MOXHBIX COCTOSSHUI (PU3MYECKU TUIOTHOTO Bellle-
ctBa. edopmManms mpocTpaHCTBaA, co3aaBaemMasi
SIIPOM aTOMa ypaHa HacTOJbKO 3HAauyMTeJIbHa, YTO
CAMHUYHBIA aTOM ypaHa MPaKTUYECKU IOJHOCTBIO
HEUTpaIn3yeT MAaKCUMAaJIbHO BO3MOXHbIN 111 PU3U-
YeCKM IJIOTHOI Matepuu nepemnan MepHocTu. [Toato-
MY YpaH 1 BCE€ TPaHCYPAHOBBIE 3JIEMEHThI CTAHOBSTCS
HEYCTOMYMBBIMY 1 HAUMHAIOT paclaaaThbCsl Ha MaTe-
puM 1xX 00pa3yrolire B OObIYHBIX YCJIOBUSX. Tak Kak
JaXke MOIOIIEHMS U3IydeHU i IryMmoBoro ¢goHa Bcee-
JICHHOI JOCTaTOYHO, YTOOBI COCTOSIHME aTOMa, Mo-
[JIOTUBILETO (POTOH 3TOro (POHA, CTAJIO CBEPXKPUTUUECKUM U OH pacnajcs. B
Mpoliecce pacnaga U3 OCBOOOAUBIIMXCS MTEPBUYHBIX MATEPUMN TIPOUCXOIUT
CUHTE3 YCTOMUYMBBLIX B JAHHBIX YCJIOBHUSIX aTOMOB U MPOUCXOAUT MOIIHBII
BbIOpOC u3nyyeHuii. [locie yero cucteMa BO3BpallaeTCs K yCTOMYMBOMY CO-
crosiHu1o. [Ipolecchl U MPUYMHBI, IPUBOISIINE K B3PbIBY CBEPXHOBOI U
MPOLECCHI M IPUYMHbI, IPUBOISIINE K pAAMOaKTUBHOMY pacIiaay, UMEIOT TO-
>KJIE€CTBEHHYIO IIPUPOLAY, UMesI OCOOEHHOCTH, BbI3BAHHBIE PA3TAUYUSIMU MEXTY
MaKpO- 1 MUKPOMUPOM.

Puc.3.3.5. ComnocraBieHue CTENEHU BIUSHUS Ha OKPYKAIOIIUI MUKPO-
KOCMOC (MUKPOITPOCTPAHCTBO) atoMa Bogopoaa H u
atoMa ypaHa U. CoOCTBEHHbBIA yPOBEHb MEPHOCTU
ypaHa U 1mo3BoJisieT eMy ObITb YCTOMYMBBIM B IIpE/Ic-
JIaX HE3HAUYMTEIbHOTO Arana3oHa MepHOoCcTU. UMeH-
HO II03TOMY ypaH U BCE TPAHCYPAHOBbIE 3JI€MEHThBI
paIVOaKTUBHBI, T.€., HEYCTOMYMBBI, IPAKTUUYECKHU,
MpUY JIOOBIX YCIOBUSX. B TO BpeMs, Kak BOOOpoOI U
JIpyrue JETKUe JIEMEHThI, CTAHOBSITCS HEYCTONYM-
BBIMU TOJILKO B OIPEAEIEHHBIX YCIOBUAX. UeM Jterdue
3JIEMEHT, TeM OH 00Jjiee YCTOMUMB, a 3TO O3HAYAET, YTO
Heo0X0oaUMO O0JIbllIee BHEIITHEE BO3ACHICTBUE, YTOOBI
BbI3BATbh €r0 HEYCTOMYMBOCTb.

1. HruokHMit ypoBeHb MEpPHOCTH (PU3UYECKU TNIOTHOM cephl.

2. BepxHuii ypoBeHb MEPHOCTU (PU3UYECKU IIIIOTHOM CHEPHI.
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Puc. 3.3.6. CuHTe3 aTOMOB BOJOPOJa MOXKET
MPOUCXOIUTD B Ipeaeiax MIPaKTUYeCKU BCero auara-
30Ha YCTOMYMBOCTU (PM3NYECKHU IJIOTHOTO BEIIECTBA.
YpoBeHb COOCTBEHHOII MEPHOCTH BOJIOPOJA, TEM HE
MEHee, OJIM30K K BEpXHEUW rpaHUlle YCTOMYMBOCTU.
Bcrynaet B cuiy apdekt nonaska. OnTuManbHbIN
YPOBEHb MEPHOCTU BOAOPOJA HAXOAUTCS OJIMU3KO K
BEpXHEM IpaHHUlie AMAIIa30HA YCTOMYMBOCTU. DTO
CBSI3aHO C T€M, YTO BOAOPO/ — JIEMYaUIIMWil U3 aTO-
MOB U €ro COOCTBEHHOE BJIMSIHME Ha OKpYXKalollre
MIPOCTPAHCTBO MUHUMaJIbHO. M 1T03TOMY ITOTOKM
MEPBUYHBIX MaTEePUil, KOTOPbIE MOCJE 3aBEPIICHUS
Mmpolecca CUHTe3a IPOoJOoJKAalT LUMPKYJIUPOBaTh B 30HE Aedopmaluu
MMPOCTPAHCTBA, «BBIHOCSIT» aTOMbBI BOAOPOAA HAa TOT YPOBEHb MEPHOCTU, IPU
KOTOPOM MX COOCTBEHHOE BJIMSIHME HA OKPYKAIOIIEe MPOCTPAHCTBO YPaBHO-
BEILIMBAET BO3JAECHCTBHUE MOTOKOB MEPBUUHBIX MaTepuil. AHAJTOTOM MOXET
CJIyXXWTh YpPaBHOBEILIMBAHUE MJIaBy4ECTU O0BEKTA, MOTPY>KEHHOIO 101 BOAY
€ro BECOM, B pe3yJIbTaTe 4ero, MaTepraabHbIM IIpeAMET OCTAHOBUTCS Ha TOM
IyOuHe, rie 00e 3TU CUIbl ypaBHOBEIIMUBAKOT ApyT Apyra. [1py 3ToM 00beKT
Kak ObI 3aBMCAET Ha oIpeaeaeHHOM riryorHe. Tak u Jit000ii aToM OyIeT cTpe-
MUTBCS K CBOEMY OITUMAILHOMY YPOBHIO.

Puc.3.3.7. IIpakTnyecku Bce aTOMbI UMEIOT pa-
JUOAKTUBHbIC M30TONbI. PainoakTUBHBIE M30TONbI
BOJIOpPOJIA — AECUTEPUIN U TPUTUIL — UMEIOT B CBOUX
sgapax Ha OAWH WJIM JBa HEUTpOHA OOJbIIE, YEM Y
coOCTBEHHO Bogopoaa. Mx aToOMHBIN BeC HA OOHY
WU IBE aTOMHBIE €AMHULIBI OTJINYAETCSI OT aTOMHOI'O
BECa BOJOPOAA U, TEM HE MEHEE, OHU SBJISIOTCS pa-
JUOAKTUBHBLIMU. B TO BpeMsl, KaK aTOMBI IPYTUX DJI€-
MEHTOB, UMEIOIINX TOYHO TaKOU M Jaxke OObILIUIA
aTOMHBIM BEC, HE MPOSBJISIOT NPU3HAKOB paauoaKk-
TUBHOCTU U TOJBKO MX U30TOIIbI, UMEIOLIIUE «JTUIII-
HUIi» HEATPOH, NPOSBIISIOT ce0s1, KaK pagriOaKTUB-
HbI€ DJIEMEHTBI. ATOMbI OY€Hb MHOTMX 3JIEMEHTOB B CBOMX YCTOMYMBEBIX CO-
CTOSTHUSIX UMEIOT B CBOUX S1Ipax HEUTPOHBI, ITOPOM AECIATKHU, U, TEM HE MEHEE,
HE CTAaHOBATCS PaAMOaKTUBHBIMU. [1oueMy MOsIBIIEHUE €11E OMHOTO HEUTPO-
Ha, B JOIIOJIHEHHUE K YK€ IPUCYTCTBYIOLIUM, IEJIAET OJOOHbBI aTOM paano-
akTUBHBIM? BCE e10 B TOM, YTO JIMITHUIA HEUTPOH HE MEHSIET ONTUMAJIbHOTO
YPOBHSI MEPHOCTHU aTOMA B 1IEJIOM, @ U3BMEHSET CTCIICHDb BIMSHUS SIApa 3TOTO
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aToMma, B Ipeaeax caMmoro siapa. IToaToMy atoM ¢ «JIMIIHUM» HEHTPOHOM
MPOJOJIKAET BECTU ce0sl, KaK 1 aTOM 0€3 OHOI'O U, B pe3yJIbTaTe, CTAaHOBUTHCS
PaIOaAKTUBHBIM.

Puc. 3.3.8. PagnoakTuBHBIN M30TON Bogopoaa — Aelitepuii D — BHe 3a-
BUCUMOCTHU OT TOTO, I/ie IIPOU30LIET €r0 CUHTES,
YCTPEMIISIETCSI K ONITUMAJILHOMY YPOBHIO COOCTBEH-
HOW MepHOCTH 00bIYHOTrO0 Bogopona H u B pe3yabrare
3TOr0, OKa3bIBAae€TCs B OJIU3KUX K KPUTUUECKUM 51
(pu3uuecku IIOTHOro BellecTBa ycjaoBusax. Ilpo-
CTPAHCTBO MOCTOSIHHO HACBILIEHO MUKPOCKOINYE-
CKMMU KOjJie0aHUSIMM MEPHOCTHU MPOCTPAHCTBA Ha
Pa3HbIX YPOBHSIX COOCTBEHHOI MEPHOCTH, B TOM UM-
CJie ¥ Ha yPOBHE ONTUMAaJIbHOI MEPHOCTU BOAOPOA.
B oCHOBHOM, 3TM MUKPOCKONUYECKME KOJeOaHUS
MepHOCTU ((POTOHBI) BO3HUKAIOT IIPU Mepexogax
BJIEKTPOHOB € 0oJice yIaJ€HHBIX OT siApa opOUT Ha
0osiee OJIM3KME K SIAPY Y TeX XK€ caMbIX aTOMOB BOJIOPO/a, UTO «IJIaBalOT» Ha
YPOBHE CBOEI ONTUMAaIbHOM MEepHOCTU. [1pu nmorimomeHnn (HaJoXeHUU Ha
aToM) 3TUX (POTOHOB aToMaMu aelitepusi D, ypoBeHb COOCTBEHHOI MEPHOCTHU
YBEJIMYMBAETCS U B pe3yJIbTaTe, TAKOM aTOM OKa3bIBACTCS 3a MpeaeaaMu Ou-
ana3oHa YCTOMYMBOCTU (PU3NYECKM IJIOTHOTO BEIIECTBA.
1. Huxxauii ypoBeHb MepHOCTH (pu3ndecku muoTHol chepsl (D.I1.C).
2. BepxHuii ypoeHb MepHocTH D.I1.C.

Puc. 3.3.9. Kaxxnast MoieKkyia Wi aToM UMEIOT CBOM IMara3oH MEpPHO-
CTHU, B Ipejeiax KOTOPOTro, OHM COXPaHSIIOT CBOIO YC-
TOUYMBOCTb. [T03TOMY (DM3MYECKM MIOTHAsI MaTepUsl
IUIAHEThI pacrpeaesisieTcs Mo Auana3oHaM YCTOMYM -
BOCTU. [paHMIIBI 3TUX AMAIIa30HOB SIBISIIOTCSI YPO-
BHSIMM pa3fie/ieHUsI MexX Iy aTMocepoil, oOKeaHaMu U
TBEPAOI MMOBEPXHOCTHIO TJIaHEThI. [paHu1Ia yCTONY M-
BOCTU KPUCTAJIMYECKOM CTPYKTYPHI MJIAHETHI I10-
BTOpsIeT (pOpMY HEOOHOPOJHOCTHU, ITO3TOMY ITOBEP-
XHOCTb TBEPJOM KOPHl UMEET BITAAWHBI ¥ BHICTYIIHI.
BnaguHbl BriocjieACTBUMM 3aIllOJIHUINCH BOAOU U
oOpa3oBaiii oKeaHbl, Mopsl, o3¢épa. Bona, npencra-
BJISIIONIAST COOOM XKUAKUI KpUCTAJI M MMelolast He-
3HAUYUTEJIbHBIA YPOBEHb COOCTBEHHOI MEPHOCTM, YCTOMYKMBA B BEpXHEM
y4yacTKe Auana3oHa, UMEHHO 3TO MO3BOJISIET €1l CKaIlJIMBaThCsl BO BaJUHAX
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KOopbl. ATMOC(pepa, MIaBHO Iepexoasiias B moHocdepy (M1a3MeHHOe rpa-
HUYHOE COCTOsSIHWE (PU3MYECKHU ITIOTHOrO BEIECTBA), 3aHMMaeT BEpXHUM
MOrPAaHUYHBINA y4aCTOK JMaIia3oHa MEPHOCTU (pU3UYECKU IIOTHOIO BeElle-
ctBa. [locne cuHTe3a pusnyecku MIOTHOTO BEIIECTBA, aTOMbI TPUOOPETAIOT
HEKOTOPYIO YCTOMYMBOCTD K BHEIITHUM IepernagaM MEPHOCTA MaKpOKOCMOCA.
[ToaTOMY TOJILKO KOrAa aMIUIMTYJA BHEIIHETO Ileperana MEPHOCTU CTaHET
COM3MEPUMOM C MOJOBMHOI 11ara3oHa MepHOCTU (PU3UYECKU MJIOTHOM cde-
pbl, aTOMBbI CTAHOBSITCSI HEYCTOMYMBBIMU U pacnagarorcs. JIrodboe nusMmeHeHue
MEPHOCTU MaKpONPOCTPAHCTBA BbI3BAHHOE, B TOM YMCJIE ¥ BCOBIIIKAMM COJI-
HEYHOUW aKTUBHOCTU, U3MEHEHHNE OOIEero YPOBHSI MEPHOCTU MaKpOIIPO-
CTPaHCTBa, B CUJIy TOTO, YTO COJIHEYHASI CUCTEMA ABMXETCS OTHOCUTEILHO
siipa Halllel raJJakTUKU, 1, KaK CJIeJICTBUE 3TOT0, [TONaaacT B 00J1aCTu C Apy-
TMMU YPOBHSIMU COOCTBEHHOIM MEPHOCTHU, B CHJIy HEOJHOPOAHOCTU CaMOTO
MPOCTPAHCTBA, MPUBOAUT K HAIPSKEHUSIM B 3eMHOM Kope. HanpsokeHus B
KOpe MPUBOJAT K €€ pacKojaM, OITYCKaHMIO WJIX NOJHATHUIO €€ B pa3HbIX Me-
CTaxX, U3BEPKEHUIO BYJIKAHOB U1 TOSIBJICHUIO HOBBIX, KaK Pe3yJIbTaT U3MEHEHUS
YCJIOBUI ABMXKEHMS MarMbl U T.1. [IporcxoauT nepepacnpeneieHue pusnde-
CKM IUIOTHOTO BellIeCTBA BHYTPU 30HBI HEOJHOPOAHOCTH TNIAHETHI, B COOTBET-
CTBUM C MOJIOXXEHUEM YPOBHEM ONTUMAIbHOU MEPHOCTH 151 Pa3HbIX arperar-
HBIX COCTOSIHUM (pU3NYECKM MJIOTHOM MaTepuu: TBEPAOro, XUAKOTO, ra3o-
00pa3HOTO U INIAa3MEHHOTO.

1. YpoBeHb MEpPHOCTU aTMOC(PEpPHI.

2. YpoBeHb MEPHOCTHU OKEAHOB.

3. YpoBeHb MEPHOCTU 36 MHOU KOPBHI.

4. YpoBEeHb MEPHOCTU MarMbl.

Puc. 3.3.10. Kaxaplii aToM MMeeT CBOIl Cc00-
CTBEHHBI YPOBEHb MEPHOCTU U €CJIU 3TOT YPOBEHb
COBMAAAET C YPOBHEM MEPHOCTU MaKpONPOCTPaAH-
CTBa, I€ ATOT aTOM HAXOIUTCS, TO OH OyIeT Haxo-
JIUTHCS B YCTOMYMBOM COCTOSIHUM. B MpOTUBHOM CJ1y-
yae, aTOM CTAaHET HEYCTOMYMBBIM U MPOU3OMIET €ro
pacnan. JIBa aroma pa3HbIX 2JIEMEHTOB A 1 A> UMEIOT
pa3HbIe YPOBHU COOCTBEHHOI MEPHOCTH B CUJIY TOTO,
YTO OHU UMEIOT pa3HbIiA aTOMHBINM BEC U, BCJICIACTBUE
3TOTO0, IO Pa3HOMY BJIMSIIOT HA CBOE MUKPOIIPOCTPaH-
cTBO. [103TOMY YpOBHM COOCTBEHHOM MEPHOCTHU ABYX
aTOMOB PAa3HbIX 3JIEMEHTOB OTJIMUYAKOTCI APYr OT
JIpyra Ha HEKOTOPY10 BEIUYMHY AL ¥ TO3TOMY HE MOTYT B OOBIYHBIX YCIIOBUSIX
00pa30BaTb OJHY CUCTEMY.




288 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

A1 — s1po IepBOro aToMma.

Ao — A1po BTOPOTO aToMa.

La1 — ypoBeHb COOCTBEHHOM MEPHOCTH TIEPBOTO aTOMa.

LA> — ypoBeHb COOCTBEHHOM MEPHOCTH BTOPOIO aTOMa.

AL — miepenan Mexay YpOBHSIMU COOCTBEHHOM MEPHOCTH JIBYX Pa3HbBIX
aTOMOB.

Puc.3.3.11. Bo3MOXHOCTb [1JIs1 aTOMOB, UMEIOIIUX pa3Hble YPOBHU CO0-
CTBEHHOI MEPHOCTU, 00Pa30BbIBATh MOJIEKYJIbI TOSI -
BJISIETCSI TIPU TIOTJIOIUEHUM WU U3JIYYEHUU OJHUM
13 HUX BJIEKTPOMATHUTHBIX BOJIH, JJIMHA BOJIHBI KO-
TOPBIX COM3MEPHMA C PACCTOSHUEM MEXIY 3TUMU
aTromMaMu. JlaHHBIM TpeOOBaHUSIM OTBEYAIOT BOJIHBI
13 IMana3oHa oT MH(paKpacHBIX 10 YABTpadpUoIeTO-
BbIX, BKIIOYUTEIbHO. [Ipy moriomeHu oqHUM U3
aTOMOB BOJIHbI, €r0 YPOBEHb COOCTBEHHOII MEpPHOCTHU
YBEJMUMBAETCS HAa BEJIMUYMHY aMIIJIMTYIbl BOJIHHBI.
[1pu n3mydyeHnn BOJHBI yPOBEHb COOCTBEHHOMU MEp-
HOCTHU COOTBETCTBEHHO YMEHbIIIAETCSI Ha BEIUUYMHY
aMILJIMTYJbI M3J1ydaeMoU BOJHBI. B pe3yibrare, cob-
CTBEHHBIC YPOBHM pa3HbIX aTOMOB A M A2 BBIPaBHUBAIOTCSI, U OHU B COCTOSI -
HUM 00pa3oBaTh HOBYIO MOJIEKYy. Bech cieKTp XMMUYECKMX COeTUHEHUIA,
CYLLIECTBYIOILIMX B IIPUPOJIE, BKIIIOUAS 1 OpraHUYECKME, CYLIECTBYET, OJ1aro-
Japst HEOOJIbIIIOMY YYaCTKY — JMa30HY TaK Ha3bIBa€MbIX 3JIEKTPOMarHUTHBIX
BoJIH. CJie1oBaTeIbHO, TTOSIBJIEHUE XXMBOI MaTepUU HEBO3MOXKHO 0€3 3TUX He-
3HAYUTEJIbHBIX KOJeO0aHUI MEPHOCTU MUKPOIPOCTPAHCTBA — BJIEKTPOMA-
THUTHBIX BOJIH OT MH(PPpaKpaCHBIX 10 YJIbTPa(PUOJIECTOBIX.
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Puc.3.3.12. AToMBI OZHOI'O U TOIO XK€ 3JIeMeHTa
MMEIOT OJMHAKOBbIE ONTUMMaJlbHbIE YPOBHU COO-
CTBeHHOU MepHOocTH. [ToaTOMY eciiu cpena, rae oHU
HaXOJSITCSI HE HACHILLIEHA Ype3MEPHO MH(MPpaKpaCHBI-
MU (TEILUIOBBIMHU) U3JIYYEHUSIMU, YE€pe3 HEKOTOPOE
BpeMsl, 3TU aTOMbI COOEPYTCSI HAa YPOBHE ONITUMAJIb-
HOI MEPHOCTHU, UTO CO3JAaET KAaUECTBEHHBIE YCIOBUSI
JUJTSI COEIMHEHMS UX DJIEKTPOHHBIX 000JI0UEK MEXIY
00011 1 00pa30BaHUS KPUCTAINIMYECKOUN CTPYKTYPHhI.
ITpu 3TOM roBOPST O TEMIIEPATYPE CPEIBI, TP KOTO-
PO TIPOMCXOAUT KprcTaau3auus. JIas aToMoB pa-
3HBIX 2JIEMEHTOB 3Ta TeMIIepaTypa CBOsI, TaK XKe, Kak
1 TIOCJIE 3aBepIeHMS Mpoliecca KpUCTa/UIM3aLMU KpUCTAJIIbl pa3HbIX 3JIEMEH-
TOB OYJIyT UMETb pa3Hble YPOBHU COOCTBEHHOU MEPHOCTU, 1 MEXIY HUMMU OY-
JIeT CYILLECTBOBATh Iepenaa MepHoCcTU L.

A — s1pa aTOMOB II€PBOTO 3JIEMEHTA.

Ao — s1ipa aTOMOB BTOPOTIO 3JIEMEHTA.

L: — ypoBeHb MEPHOCTHY KpHUCTaJIjIa IEPBOro 2JIEMEHTA.

L> — ypoBeHb MEPHOCTH KpHCTaJlJla BTOPOTO 3JIEMEHTA.

AL — mepenan Mexay YPOBHSIMU COOCTBEHHOI MEPHOCTH ABYX Pa3HBIX
BJIEMEHTOB.

Puc.3.3.13. Kpucrananyeckue CTpyKTypbl pa3-
HBIX 2JIEMEHTOB MMEIOT Pa3HbIE YPOBHU COOCTBEHHOM
MEPHOCTHU. M ec/ii MOMECTUTDh 3TU KPUCTAJIMYECKIE
CTPYKTYpPHI Ha PaCCTOSIHUM, COU3MEPUMOM C pa3Me-
paMM caMKX KPUCTAJJIOB, B IIPOMEXYTOYHOM IMpPO-
CTPaHCTBE BO3HUKHET Meperaa MEPHOCTU (TpaueHT)
OT YPOBHSI KPUCTAINYECKON CTPYKTYpPhl OOJbIIEH
COOCTBEHHOM MEPHOCTH K YPOBHIO C MEHBIIIEH. DTOT
repernaja He CTOJIb 3HAaUUTENbHbIN, YTOObI BHI3BaTh
HEYCTOMYMBOCTh aTOMOB, O0pa3yIOIINUX 3T KPUCTA-
JIMYECKHUE CTPYKTYPHI, HO, €CJIM MEXAYy HUMU ITOME-
CTUTb XUAKYIO Cpely, HACBILLEHHYIO ITOJOXUTEb-
HBIMM U OTPULIATSJILHBIMMA MOHAMM, Mepenan MeXay KpUCTaUIMYECKUMU
CTPYKTYpaMU 3aCTaBUT ABUTATHCSI CBOOOIHBIEC MOHBI B Pa3HbIX HAIIPaBICHUSIX.
I1pu 5TOM MOTOXUTENBHBIE MOHBI, UMEIOIIME 00JIe€ BBICOKUA YPOBEHB CO0-
CTBEHHOM MEPHOCTH, MOJI BO3ACHACTBUEM 3TOIO Meperaaa HaYHyT CKaIlJIMBaTh-
CS1 Ha TIOBEPXHOCTU KPUCTAJUIMYECKOMN CTPYKTYPhI C OOJIBIINM YPOBHEM COO-
CTBEHHOM MEPHOCTH, B TO BpeMs, KaK OTPUILATEIbHbIE MOHbI C MEHBIIUM
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YPOBHEM COOCTBEHHOI MEPHOCTH — Ha MOBEPXHOCTU C MEHBIINUM YPOBHEM
COOCTBEHHOM MepHOCTH. M30BITOK MOIOXUTEIbHBIX MOHOB Ha OJTHOM ITOBEPX-
HOCTH MO3BOJISIET TOBOPUTH O TTOJIOXUTEIBHOM 3apsiic, B TO BpeMsI, KaK 13-
OBITOK OTpULIATEILHBIX MOHOB — 00 OTpULATEILHOM 3apsiie TIOBEPXHOCTEIM.
Hanuuue nnepenana ypoBHE COOCTBEHHO MEPHOCTU MEXKIY pa3HBIMU KPU-
CTAJZIMYECKUMHU MTOBEPXHOCTSIMHU BbI3BIBACT MEepepacHpeicIeHue NOHOB, Ha-
CHIIIAIOILMX TPOMEXKYTOUHYIO CPEAy M IMIPUBOAUT K MOSIBJICHUIO, TAK HA3bIBa-
€MOTrO0, TIOCTOSIHHOTO 3JICKTPUUYECKOTO TOKA MEXIY 3TUMU MOBEPXHOCTSIMU,
€CJIM COEAUHUTD UX MEXIYy CO00M MOCPEACTBOM ITPOBOJTHMKA.

1. Kpucrannudeckasi TOBEpXHOCTb C MEHBIIIUM YPOBHEM COOCTBEHHOM
MEPHOCTHU.

2. Kpucranaudyeckasi IOBEpXHOCTb C OOJIBILIUM YPOBHEM COOCTBEHHOM
MEPHOCTH.

3. [IpomexyTouHas XuaKasi cpelia HachblllleHHAsI MIOHAMU.

4. [TonoxuTeabHbIe NOHHI.

5. OTpuuaTeIbHbIC UOHHI.

L: — ypoBeHb MEPHOCTHU KPUCTAJJIA IEPBOTO 2JIEMEHTA.

L> — ypoBeHb MEpPHOCTHU KPUCTAJLJIa BTOPOIO JIEMEHTA.

AL — mepenan Mexay YPOBHSIMUA COOCTBEHHOIM MEPHOCTU ABYX Pa3HbIX
BJIEMEHTOB.

Puc.3.3.14. Kpucrannuyeckas pelie€Tka J1000ro TBEpAOro BellecTBa He-
OIHOPOJIHA B pa3HBIX IIPOCTPAHCTBEHHBIX HaIlpaBJie-
HUSIX. DTO SIBJISIETCS Pe3yJIbTaTOM TOTO, UTO CUHTE3
ATOMOB IPOUCXOAUT B HEOAHOPOIHOM IPOCTPAHCTBE.
HeogHoponHoe MpoCTpaHCTBO, B3aUMOACUCTBYS C
HEOJHOPOJHON CTPYKTYpOIt aTOMOB, BBIHYXIAET UX
OPUEHTUPOBATHLCS U paCojIaraTbCsl MO OTHOILLIEHUIO
Ipyr K Opyry B omnpenes€eHHoOM nopsake. [1oatomy,
MPaKTUYECKU, BCE KPUCTAJLIbI aHU30TPONHBI, T.C.,
X CBOMCTBA M KayecTBa pa3jIMYHBI B Pa3HbIX IPO-
CTpaHCTBEHHBIX HaIlpaBJeHUsIX. B cuny Tex xxe nmpu-
YUH WX peaKklusl Ha OAHO U TOXE BHEIIIHEE BO3/Iei-
CTBUE OyIeT 3aBUCETh OT TOTO, B KAKOM IIPOCTPaH-
CTBEHHOM HaIlpaBJIE€HUHU 3TO Bo3aeicTBue npoucxoaut. [loatomy, nepemnan
MEPHOCTH BIOJIb ONITUYECKOM OCH KPUCTaJIa MOJyYrJT Ha3BaHUE 3JIEKTpUUe-
ckoro nossg E, Tak Kak 3acTaBisieT 3JIEKTPOHBI MepenpbhiruBaTh ¢ OPOUTHI
OIHOI'0 aTOMa Ha opOUTY Apyroro. B To Bpems, Kak nepenaa MEpHOCTU Nep-
MEHIUKYJISIPHBINA ONTUYECKOU OCU KpUCTaJIIa ITOJTYyYI HAa3BaHUE MAarHUTHOTO
nosst B, Tak Kak, 3acTaBiisieT aTOMbl WX TPYIINBl aTOMOB ITePEOPUCHTUPO-




OnrcaHne pUuCyYHKOB 291

BaTbCS B MPOCTPAHCTBE. XOTsI, B 000MX CIy4YasiX MPUCYTCTBYET Mepena Mep-
HOCTM npocTpaHcTBa AL.

Puc.3.3.15. IloctosgsHHOe MarHuTHOe moje B
MIpeICcTaBIIsIET COOOM nepenan MEpHOCTH NPOCTPaH-
CTBa, KOTOPBIA HAKJIaAbIBAETCSI HA KPUCTALNIMYECKYIO
CHUCTEMY B HAIIpaBJICHUHU, NEPIECHANKYISIPHOM OITH-
YyecKoM ocu Kpuctaaia. M eciy ycJIOBHO NPUHSTh
BEPXHIOIO IPAHUILY YCTOMYMBOCTU (PU3NYECKU TUIOT-
HOTO BEIIECTBA 3a «CEBEP», a HUXKHIOK — 34 «I0I», TO
rnepenag MEpHOCTH C 0ra Ha CeBep BBICTYIIAET, KaK
CEBEPHBIM MAarHUTHBIN I10JIIOC, a TIepenag MEPHOCTU
C CE€BEpa Ha 10T BBICTYIIAET, KaK IOXKHBIM MArHUTHBIN
MOJIIOC. DTU OTJINYUS OTIPEALIISIIOTCS HEOAHOPOIHO-
CTbIO KPUCTAJIJIOB B YKa3aHHBIX HaITpaBJIEHUSIX (BEpX-
HKU3). HeogHOPOAHOCTh CBOMCTB KPUCTAUIMYECKUX PEIIETOK CBSI3aHa C
MPOCTPAHCTBEHHOI OpMEeHTalLMel 3J1eKTPOHHBIX opout. [ToaToMy nepenan
MEPHOCTH C «IOra Ha ceBep» 00JIeryaeT «epexoabl» 3JIEKTPOHOB ¢ OpOUTHI Ha
OpOMTY, KaK BHYTPU OTACIBHOTO aToMa, TaK U MEXIY COCEAHUMHU aTOMaMu
KPUCTAJUIMYECKOM pelI€TKU. B To Bpemsi, Kak nepenaa MepHOCTHU C «CeBepa
Ha I0r» — B 3HAUYUTEJIbHOM CTEIIEHU, 3aTPYIHSIET YKa3aHHbIC TePEXOIbI.

A1, A> — siipa aTOMOB KPUCTA/UTMYECKOM CTPYKTYPHI.

1. ITocTOosITHHOE€ MAarHUTHOE MOJIe.

B — nepenag MEpHOCTH BIOJIb ONITUYECKOM OCU KpUCTala.

Puc.3.3.16. [locrosiHHOE 31eKkTpryeckoe nojie E
TMpeJICTaBJIsIeT OO0l nepenas MEpHOCTU BIOJIb OIITU -
YeCKOM oCcv KpUCTaIIndecKux peleTok. Hampasie-
HHE 3JIEKTPUYECKOTO I0JIsI MOXKET OBITh, KaK C «3ara-
Jla Ha BOCTOK», TaK M C «BOCTOKa Ha 3aman». I[lpu
5TOM CBOMCTBaA 3JIEKTPUYECKOTO T10J1sT OYAYT TOXIIE-
CTBEHHBI B CWJTY TOTO, YTO KPUCTAJUIMYECKUE PELLIET-
KU B TaHHbBIX HaIlpaBJIeHUSIX TOXAeCcTBeHHbI. [Tpupo-
Jla DJIEKTPUYECKOTO 1oJIsI ITpocTa. OHO CO30aET «Ipa-
BUTALIMOHHBIN BeTep». Ilepenans MepHOCTH BIOIb OI-
TUYECKON OCU CHOCHUT BJIEKTPOHBI C BJIEKTPOHHOMN
OpPOUTHI OJHOI'O aTOMa Ha OPOUTHI APYTOro BO BPEMsI
(pazbl MexX Iy MaTepuaIM3alisIMU JIEKTPOHA. ATOMBI paCcOJ0KEHHBIE BIOJIb
OINTHUYECKOI OCH KPHUCTaJIjia MOIaAaloT Mo pa3IndyHOE M0 CUJIe BIUSIHUE T1e-
perajza MEpHOCTH, B pe3yJIbTaTe Yero MpoUCXOIUT IiepepaciipeiesicHIE dJIeK-
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TPOHOB Y aTOMOB BIOJIb ONITUYECKOM OCH, UTO U CO3IAET, TAK HA3bIBAEMBIM,
BJIEKTPUYECKUIA TOK — HAIIPABJICHHOE JBMXKEHUE 3JIEKTPOHOB OT ILIIOCA K MU -
HYCY.

A1, A> — g1pa aTOMOB KPUCTAUIMYECKOM CTPYKTYPHI.

2. [TocTosIHHOE BJIEKTPUYECKOE MOJIE.

E — Ilepenan MepHOCTH BAOJIb ONITUYECKON OCH KpUCTAaJLIA.

Puc.3.3.17. IlepemeHHOe MarHUuTHOE noJjie B nipencrapisieT codoii epu-
oauyeckoe (BOJHOOOpa3HOe) UBMEHEHUE MEPHOCTU
MPOCTPAHCTBA B HAIIpaBJICHUH, ITePIIEHIUKYISIPHOM
OINnTUYECKOM ocu Kpuctauia. [Ipu 3ToM OguH U TOT
K€ aTOM KPUCTAJNIMYECKOMN pelI€éTKA MEPUOANIECKI
rnoragaeT Mo meperaabl MEPHOCTU, KaK B Hallpa-
BJIEHUM C «IOTa Ha ceBep», TaK U B HAIlpaBJICHUU C
«CeBepa Ha 1or». B cuity yero nepmoanyeckKy Kaxkablii
aTOM OKa3bIBAE€TCS B pa3HbIX KAY€CTBEHHBIX YCJIOBU -
sx. B pe3yabrate 3Toro KaxKablii aToM OyJaeT mepuo-
IUYECKU OKa3bIBaThCs B YCJIOBMSIX, KOTJA €ro 2JIEK-
TPOHBI TO «IIPUKpPEIJIEHBI» K CBOEMY aToMy OoJiee
KECTKO, TO HA000OPOT MPAKTUYECKU «CBOOOIHBI», B
3aBUCUMOCTHU OT TOT'0, B KAKOM HaIlpaBJeHUU JeHCTBYET Iepenaa MEpHOCTU
Ha JaHHOM OTPE3Ke ONTUYECKOM 0cy KpucTalia. EcTeCTBEHHO, pa3HbIe KpU-
CTaJIbI, COCTOSIIIME U3 aTOMOB pa3HbIX JEMEHTOB, OyAyT pearupoBaTh Ha
MOJ00OHBIE Meperaabl MEPHOCTU MO-Pa3HOMY B CHJIY TOIO, YTO OHU UMEIOT
pa3HbIE SIApa U pa3HOE YUCJIO JIECKTPOHOB C Pa3HbIMU IJIEKTPOHHBIMU 000-
Jljoukamu. Hambosee ci1abo 3JIEKTPOHBI «CBSI3aHBI» CO CBOMMM aTOMaMHU y
METAJIJIOB, KOTOpPbIE HOCSIT Ha3BaHUE MMPOBOJHMUKOB 3JIEKTPHUUECTBA.

Puc.3.3.18. IlepeMeHHoOe 3ekTpruueckoe noJjie E nmpeacrasiisieT codboit
rnepuoandeckoe (BOIHOOOpa3HOE) U3BMEHEHUE Mep-
HOCTU MPOCTPAHCTBA BAOJb ONTUYECKOU OCU KpHU-
craina. I1pyu 5TOM OJMH U TOT XK€ aTOM KPUCTaIN-
YECKOM pelIeéTKM IepruoauiecKy omnagaeT Mo rnepe-
ragabl MEPHOCTH, KaK B HallpaBJICHUM C «3amaja Ha
BOCTOK», TaK 1 B HaIIpaBJIECHUM C «BOCTOKA Ha 3aIiaiy.
B pe3ynbrate yero npoucxoguT Nepruoandeckoe Ie-
pepacnpeneieHue 3JeKTPOHOB BIOJb ONTUYECKOM
OCH, KaK B OJHOM, TaK M B APYIOM HaIIpaBJICHUM.
Bo3HukaeT nepeMeHHBIN 21eKTpuuyecKuii Tok. OauH
U TOT XX€ aTOM ITomnajaeT I10J IIPOTHUBOMOJIOXHBIC
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repenajabl MEPHOCTU BIOJIb ONTUYECKON OCU KPUCTAIUYECKONM PEIIETKU.
[Tpu 3TOM KaxXablii aTOM TO TEPSIET JIEKTPOHBI, TO MOJIYYaAET UX OT COCETHUX
atoMoB. [Ipu aTOM peryimpoBaHreM aMILIATYAbI K YaCTOThl MOXKHO ITOJIyYUTh
HOBBIE KaYeCTBEHHBIE COCTOSIHUSI (DM3NUYECKON MaTEepUU 3a CUET KpaTKOBpe-
MEHHOI0 Iepexoaa aToMa WJIM IpyIinbl aTOMOB Ha YPOBHU MEPHOCTH BbIIIIE
WIN HYKE ONTUMAJIbHOTO JIJISI JAHHOTO 3jieMeHTa. Takue mepexoabl poBo-
LIMPYIOT U3JIyYeHME WIK TTOTJIOLIEHE 3TUMU aTOMaMU (DOTOHOB, HAa KOTOPHIE
JaHHbIC aTOMBI HE pearupyroT B CBOEM OOBIYHOM COCTOSTHUM.

Puc.3.3.19. Eciu BCIOMHUTD, YTO ITIEPEMEHHOE
MarHutHoe moJjie B mpeacrasisieT coboii nmepenan
MEPHOCTU NEPIEHANKYJISIPHO ONTUYECKOMN OCHU B Ha-
IPABJICHUSIX «C CEBEPa Ha IOI» U C «tora Ha CEBEp», TO
pe3yJITATOM TAKOTrO IMEPUOINUECKOrO BO3IECUCTBUS
Ha IPOCTPAHCTBEHHO HEOJHOPOIHYIO CTPYKTYPY (U -
3MYECKU IMJIOTHOIO BEIIECTBA SBISETCS MOTEPS WU
MMpUOOpETEHME NOMOJHUTEIbHBIX 3JEKTPOHOB aToO-
MOM MJIM TPYIIION aTOMOB BAOJb ONTUYECKOU OCU
KpUCTAUIMYECKON peleTku. [leprnognyeckas moreps
WIA NpUOOPETEHUE aTOMaMM BJIEKTPOHOB €CTh HU
YTO MHOE, KaK INMEPEMEHHBIN 3JIEKTPUIECKUI TOK. Ta-
KMM 00pa3oM NepeMEHHOE MAarHUTHOE MOJI€ MOPOXAAET MePEMEHHOE 3JIEK-
TpUUYECKOe MoJjie 1 HA000poT. I1pu 3TOM «poXaeHUEe» PJIEKTPUIECKOTO MOJIs
MIPOMUCXOIUT C HEKOTOPOU 3aAepXKKOI, C TAK HA3bIBAEMOM, CABUKKOM MO (pa-
3€, UTO CO3IAET YCIOBUS TSI BO3MOXKXHOCTH PACHPOCTPAHEHUS DJIEKTPOMA-
THUATHBIX BOJIH B MPOCTPpAaHCTBE. MAarHUTHOE M BJIEKTPUYECKOE ITT0JIS, KaK
IOCTOSIHHBIE, TaK U TIEPEMEHHBIC, SIBJISIOTCS PE3YJIBTaTOM BO3IECMCTBUS Ha
MIPOCTPAHCTBEHHO HEOTHOPOAHOE (PU3NYECKHU IJIOTHOE BELIECTBO OAHOIO U
TOTO K€ 10 CBOEI MpUpOoie Teperiaga MepPHOCTH B Pa3HbIX HAIIPABICHUSIX.
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Puc.4.2.1. IIpu norioieHun aToMaMy BOJIH, UX YPOBEHb MEPHOCTU
yBenanuuBaeTcs. CoJTHEUHbIM CBET MOIJI0IIAETCS MO0-
BEPXHOCTHBIO IIaHeThl. Kaxkablit aToM, MOCIe TIOTJI0-
1IeHUs (pOTOHA CBETAa, HEKOTOPOE BPEMS HAXOAUTCS
B BO30YXXIEHHOM COCTOSIHIM (€r0 YpOBEHb COOCTBEH-
HOM MEPHOCTHU CTAHOBUTCS BHILIE YPOBHEN MEPHOCTH
COCEOHNX aTOMOB, 00pa3yIOILIMX KPUCTAIIMYECKYIO
PELIETKY), MOCe Yero, u3jayd4aeT BOJHY. ATOM MO-
IJIOIIAET OJHY BOJIHY, a U3JIy4aeT APYTryl0. DTO IIPo-
HUCXOIUT MOTOMY, UYTO YAaCTh SHEPIrUM MOIJIOLIEHHON
BOJIHBI TepsieTcsl. B pe3yabraTe 3TOro «paszorperast
MMOBEPXHOCTh» B TEUEHME COJTHEYHOTIO JHSI HAUMHAET
caMa Hu3Jy4yaTb BOJIHBI, B OCHOBHOM, TEIJIOBBIC.
M3myy€HHBIE pa30rpeToii IOBEPXHOCTHIO TEIIOBbIE BOJTHBI HAUMHAIOT IMOTJIO-
IIAThCS MOJIeKyJIaMu aTMocdephl. [Ipu 3ToM ypoBeHb COOCTBEHHOM MEPHO-
CTU aTOMOB aTMoc(ephl Haj pa3orpeToii MOBEpXHOCThIO yYBeanduBaeTcs. U,
B UTOTe, OOLIMI YpOBEHb COOCTBEHHOI MEPHOCTU aTMOC(ephbl HaJl, pa30rpeToit
MMOBEPXHOCTBIO YBEJIMYUBAETCSI, B TO BpeMsI, KAK COOCTBEHHBI YPOBEHb Mep-
HOCTU aTMOC@Ephbl HaJd HEOCBEIIEHHOM MOBEPXHOCTbIO, YMEHbBIIAETCS.
YMeHblIeHrne COOCTBEHHOM MEpPHOCTH aTMOC(Ephl HAJl HEOCBEIIEHHOM (HO-
YHOI1) MOBEPXHOCTHIO IJIAHETHI UM YACTUUYHO OCBEILIEHHON MPOUCXOAUT B
CHUJTy TOTO, YTO aTOMbI aTMOC(EPHI TOXKE U3IY4atoT BOJIHBI ¥ 3TO MPUBOAUT K
YMEHBILIEHUIO COOCTBEHHOM MEPHOCTU U3IyJYalolnX MoJIeKyl1. B pesynbrate,
MEX]Y OCBEIIEHHOM M HEOCBEILIEHHOMW IMTOBEPXHOCTSIMU IJIaHEThl BO3HUKAET
TOPU30OHTAJIbHBIN TIepenan (TpagfyeHT) MEPHOCTU. [102TOMY HECBSI3aHHEBIE B
KECTKYIO CUCTEMY MOJIEKYJIbl aTMOC(epbl HAUMHAIOT ABUTaThCS BAOJIb 3TOTO
TOPU30HTAJIBHOIO Mepenaga MepHOCTH, YTO U SIBJISIETCS IPUUYMHOM TBVXKEHUS
CJIOEB aTMOCdepbl — BeTpa.

1. IToBepXHOCTHBIN CJIOM TJIAHETHI ¢ aTMOC(HEPOIi.

2. KauecTBeHHBII 0apbep MexXay (pU3MUEeCKU MJIOTHON U BTOPOI MaTe-
puaNbHON cpepamu.

3. KauecTBeHHbIN Oapbep MEXIy BTOPO M TpPeThei MaTepUalbHBIMU
chepamu.

4. BepTukajibHBIN TIepenan MEPHOCTA BHYTPU HEOJHOPOTHOCTH.

5. IIpomoyibHBI (TOPU30HTAJILHBIN ) TIEpeTiaa MEPHOCTHU, BO3HUKAIOIIUIA
MEXKIY OCBEILIEHHOM M HEOCBEIIEHHON MMOBEPXHOCTSIMU MJIAHETHI.

6. YBennueHue KauyeCTBEHHOIo Oapbepa Haja OCBELIEHHON IOBEPXHO-
CThIO.

7. CKoIuleHMe NepBUYHBIX MaTepuii Ha TpaHUIEe MeXAy (pu3ndecKu
TUIOTHOI 1 BTOPOI MaTepUaIbHOM c(pepaMM HaJl OCBEILLIEHHOM IMTOBEPXHOCTHIO.
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Puc.4.3.1. IIpocTpaHCTBEeHHasl CTPYKTypa aaiMa-
3a, B KpUCTaJJIE KOTOpOro arombl yriepoaa C pacno-
JIararoTcsl Ha OIMHAKOBOM JIPYT OT JIpyTa pacCTOSIHUM.
PaccrosiHue Mexay aToMmaMu yriepoaa B KpUcTajlie
aJiMa3a COM3MEpMMO C pa3MepaMMu CaMHX aTOMOB
yriaepoaa. IloaToMy HuUKakue Opyrue aTtoMbl U
MOJIEKYJIbI HE TOJIbKO OOJIBIIIETO YEM aTOM YIJIepoa
pa3Mepa, HO M MEHBIIIETO HE B COCTOSIHUW ABUTAThCS
Mexay HuUMu. Bo3daMoxHa TOIBKO JIMIIb 3aMEeHa He-
KOTOPBIX aTOMOB YIJIepoJa Ha IpyTrue, YTO IIPUBOAUT
K TOMY, UYTO IPO3pavyHblii KpUCTAJI ajJiMa3a mpuoope-
TaeT oKpacky. I1o 3Toii mpuurHe 4eJI0BEeK NUMEET BO-
3MOKHOCTb JIIOOOBATBHCSI KPACOTOM XKEJTBIX, TOJIYObIX, KPACHBIX U YEPHBIX
aJiIMa30B, KOTOpbIe, 00paboTaHHbIE PYKOIi YeloBeKa, MMPeBpalllaloTCs B U3Y-
MUTEJIbHBIE TI0 CBOEH KpacoTe KaMHU... Kpome 3Toro, mogooHass KpyucTasain-
yecKasl peleTka JAejaeT aaiMa3 caMbIM IIPOYHBIM COEIMHEHMWEM aTOMOB B
MPUPOJE, U 3TO JIeJAET €ro He3aMEHUMBIM B TEXHUKE.

a. Paccrosinne Mmexny aromamu yriaepoaa C B Kpucraluie ajimasa.

Puc.4.3.2. IIpoctpaHcTBeHHas1 CTPYKTypa Irpa-
(puta, B KpucTayjie KOTOPOro aToMbl yrjiepojaa, B ro-
PU3OHTATBLHOI TIJIOCKOCTH PACIIOIOXKEeHbBI Ha OAMHA-
KOBOM pPacCTOSTHUH, B TO BpeMsl, KaK pacCTOSIHUE Me-
KTy CJTIOSIMU B BEpTUKAJILHOM TIJIOCKOCTU 3HAYUTEb-
HO OOJIbIIIE PACCTOSIHUSI MEX]1y aTOMaMU yIJIepoJa B
ropu3oHTaJbHOM. Takoe, Ka3anoch Obl, HE3HAYUTEb-
HOE OTJIMYKE B MPOCTPAHCTBEHHOM PaCIIOJIOXEHUN
aTOMOB yIJiepoja JeJiacT 3T KPUCTaJIJIbl OUeHb MSIT-
KUMMU. DTa IMIPOCTPAaHCTBEHHAsI OpraHu3alyisi aTOMOB
yIjiepojia HOCUT Ha3BaHUsI rpaduTa U O4eHb IIIUPOKO
KCIOJIb3YETCSI B IPOMBILIZIEHHOCTHU U B OBITY (CTEp-
>KHM KapaHjauiei, B 3JIEKTPOHUMKE U T.I1.). Te 2Ke caMble aTOMBI yIjiepoaa, 4To
CO3al0T caMoe IMTPOYHOE COeTMHEHE B IIPUPOJEC — aiMa3, CO3Aal0T U CaMblil
MSITKUI M3 TPUPOIHBIX KPUCTAIIMYECKUX coeAnHeHUIT — rpaduT. Kazanoch
Obl He3HAUYMTEIbHOE U3MEHEHMS B IPOCTPAHCTBEHHOM CTPYKTYpE COEIMHE-
HUSI aTOMOB yrjepoja MpeBpailaeT caMoe IMPoYHOoe COeJUHEHUE aTOMOB B
npuponae, B camoe Msrkoe. IIpruyrHa TaKoro oTJinuus B CBOMCTBAX 3TUX CO-
earHeHui yriaepoaa C 3akia04aroTcs B pa3IUYHbIX BHELIHUX YCIOBUSIX, IIPU
KOTOPBIX OHU 00pa3yroTCsl.
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Puc.4.3.3. IIpocTpaHcTBeHHAs CTPYKTYypa yrjiepoaHoii uenouyku. Coeau-
HSISICh B LIEMTOYKM, aToMBbI yriaepoaa C MoryT co3na-
BaTb MOJICKYJIbl B COTHU ThICSIY, MUJIJTMOHBI aTOMHBIX
eauHull. [Ipu 3TOM, TakMe MOJIEKyabl BIMSIIOT Ha
OKpYKaloluii MUKPOKOCMOC HEPAaBHOMEPHO, CO3/1-
aBasi BOKpYT ce0s1 aHU30TPOITHYIO CTPYKTYPY MUKPO-
KocMoca. Bo3MOXHOCTb co3maBaTh aToOMaMU yTJie-
poJa 1oJo0HbIE COEMHEHMSI ONPEaeIISIeTCs TeEM, YTO
OH — YeThIpE€XBaJIeHTHbINA. UMEHHO 3TO CBOMCTBO
BJIEKTPOHHBIX 000JI0YE€K aTOMOB yrjepoaa CO3daeT
CIIEKTp KadecTB, Ojarogapsi KOTOPbIM, CTaJO BO-
3MOXHBIM MOSsIBJI€HUE XMU3HU. Tak Ha3bIBacMbIe,
BHEILIHME 2JICKTPOHBI aTOMOB YIJIepoJa CIIOCOOHBI
co37aBaTh COEAVMHEHMSI C BHEIIHUMM JIEKTPOHAMU APYTMX aTOMOB B ITEPIICH-
JUKYJISIPHBIX OTHOCUTEIBHO APYT Apyra HampaBjieHus1X. UMeHHO 3TO CBOIi-
CTBO O3BOJISIET aToMaM yriepoaa C co3gaBarh pa3andHbIe MPOCTPAHCTBEH-
HbI€ COSAUHEHUSI.

C — aTowmsl yriaepona.

H — atombl Booposa.

Puc. 4.3.4. [IpocTpaHCTBEeHHAs1 CTPYKTypa LIMTO3UHA, OMHOIO U3 YETBIPEX
HYKJICOTUIOB, CTPYKTYPHO OOpa3yIoIINX MOJIEKYJIbI
JHK u PHK. CoeanHssch MexX1y COO0M, HYKJICOTU -
bl 00pasytoT crimpanu moJiekya JJHK u PHK, koTo-
pbI€ ABJISIIOTCS (PYHIAMEHTOM KU3HU. Yyno Xn3HU
poXaaeTcs, KaK CJAEJCTBUE Ka4YeCTBEHHO APYroro
MIPOCTPAHCTBEHHOI'O COENMHEHUS aTOMOB YIJIepoaa
Mexay coooit. [TogoGHast mpocTpaHCTBEHHAS CTPYK-
Typa COEIMHEHMUsI aTOMOB yIjiepoaa o0pa3yeTcs B
BOIHOM Cpelie BO BpeMsI aTMOC(EPHBIX Pa3psioB
aJIEKTpUYeCTBaA. Ipy Buaa COeAMHEHMUS aTOMOB yTJIE-
poaa Mexay co00¥ MOpoKIa0T TPU BH1a IPOCTPaH-
CTBEHHOM OpraHu3alydyd MaT€puM — M30TPOMNHYIO
CTPYKTYPY ajiMa3a, U30TPOITHYIO IO ABYM NPOCTPAHCTBEHHBIM HAIIPaBJICHUSIM
1 aHM30TPOITHYIO 10 OTHOMY, CTPYKTYpY I'paduTa 1, HAKOHEL, aHU30TPOITHYIO
10 BCEM MPOCTPAHCTBEHHBIM HAIpaBJIeHUSM, CTpyKTypy moJjiekya JIHK u
PHK. Takum o6pa3oM, aHU30TPOIMHOCTb MaTepuu SBjsieTcs pyHAaMEHTOM
KW3HU.
C — aTowmsl yraepona.
H — atombl Boopoa.
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O — aToMmBbI KUCJIOpOa.
N — aToMmbI a30Ta.

Puc.4.3.5. IIpocTpaHCTBeHHasl CTPYKTypa ce-
rMeHTa Mojekyabl PHK, nipeacraBasiomas coooii
MOCJIEAOBATEIbHOE COCAMHEHME B LICMOYKY HYKJI€O-
TUIOB — T'yaHWHa, aJcHWHA, TAMWHA U LIUTO3UHA.
MoJieKyJISIpHBINA BEC 3TOM MOJIEKYJIbl COCTABJISIET COT-
HU ThICSY, MUJIJIMOHBI AaTOMHBIX €IMHUIIL U pacIpee-
JIEH HEIPONOPLKXOHAIBHO B Pa3HbIX MPOCTPAHCTBEH-
HBIX HAMPABJICHUSX, YTO U SBJISIETCS YHUKAJIbHBIM
CBOMCTBOM 3TOI MoJeKyabl. IIpocTpaHCTBEHHAs
aHuzorporHocth MoJiekya JHK u PHK gasnsercs
HEOOXOAUMBIM YCIOBUEM 3apOXICHUS XKU3HMU.
MMeHHO npOoCTpaHCTBEHHAsI HEOJHOPOAHOCTh Ha

YPOBHE MUKPOKOCMOCA CO3IaET HEOOXOAUMbIE 1 JOCTATOUHbIE YCIOBUSI JIJIST
MOSIBJICHUS XKUBOM MaTepuu. 1 HeXXMBOW MaTepuM XapaKTepHO HaJIMyue
U30TPONHOM, CUMMETPUYHON MPOCTPAHCTBEHHON OpraHu3alid MaTepuu.
ITpocTpaHcTBeHHAas1 U KaUeCTBEHHAsI aCUMMETPUSI — HEOOXOAUMBbIE YCIOBUS
171 kuBo Matepuu. He mpaBma nm, M0OOIBITHBIN MapagoKe MPUpPOIbI?
AcuMMeTpust — XuBasi MaTepusi. [IpocTpaHCcTBeHHAs1 HEOOHOPOIHOCTD SIBJISI-
€TCSl HE TOJIbKO MPUYMHOMN POXAEHUS 3BE3/ U «4EPHBIX AbIP» BO BCEJICHHOM,

HO 1N HpH‘IHHOfI qyyaa [nIprupoabl — 2KNU3HMU.

Puc.4.3.6. IIpocTpaHCTBeHHBII B, C TOPLIA MO-
Jnexyn PHK v JIHK. Ciupany 3TUX MOJIEKYJT CO31al0T
B MUKPOIIPOCTPAHCTBE KaK ObI TYHHEIb, BHYTPEHHMIA
00BEM KOTOPOI0 MMEET paaualbHbIN TIepenan Mep-
Hoctu. BryTpu cniupaineit monexkya PHK u JIHK co-
31a€TCS aHU30TPOIMHAS CTPYKTYypa MUKPOIPOCTPAH-
ctBa. Bo3HMKaeT cBoeoOpa3Has 3acachIBaroIIasl BO-
POHKa U151 BCEX MOJIEKYJI, KOTOPbIE IPU CBOEM JIBU-
>KEHUU BHYTPU KJIETKU MTONAJAI0T B «ONACHYI0» OJIN-
3octh oT Mosiekyl JIHK n PHK. He nipaBna im, mo-
OOIbITHAsI AaHAJIOTUS C «4YEPHOM ABIPOM», KOTOpas
3acachbiBaeT B ce04 JIIOOYIO MaTEepHUIO, TTOMNABIIYIO HA

€€ «TeppUTOPUIO» — 00JIaCTh ITPOCTPAHCTBA, B MpeaeiaX KOTOPOro ASMCTBYET
n3oeIToyHOE npuTskeHue. Kak B ciydae mosekys JIHK u PHK, Tak u B ciy-
4yae «4E€PHBIX AbIP» 3aCaChIBAHME MATEPUU IIPOUCXOIUT B PE3YJILTATE HATUYUS
HEKOTOPOIo MOCTOSIHHOTO IIeperaga MEPHOCTHU B 30HE PACIIONIOXEHUS 3TUX
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MaTepUaIbHbIX O0BEKTOB. Pazinuuve TOJBKO B BEJIMUYMHE 3TOTO Mepemnana
MEPHOCTHU 1 B TOM, 4TO B ciaydae Mmosekya JJHK n PHK nMmeror Mmecto npoiiec-
Chl, TIPOUCXOIMIINE HA YPOBHE MMKPOIIPOCTPAHCTBA, a B ClIy4ae «4EPHBIX
IBbIP» — MaKpOIPOCTPAHCTBA.

Puc.4.3.7. CnupaneBuaHas rmpoctpaHcTBeHHas1 (popma Mosiekya PHK u
JIHK obGecrieunBaeT co3maHNe BO BHYTPEHHEM O0bE-
M€ 3TUX MOJIEKYJI aHU30TPOIHOI0 MUKPOIIPOCTPAH-
ctBa. PaguanbHbIi ¥ IPOAOJBbHBINA Nepenaabl MEPHO-
CTH, HAKJIAAbIBAsICh APYT Ha JIpyra BO BHYTPEHHEM
oobeMe crimpaneit mosiekyn PHK mn JIHK, co3gator
MPOAOJbHYIO CTOSIUYIO BOJIHY Ilepernajaa MEPHOCTH.
I[Togo6Hass mpocTpaHCTBEHHASI CTPYKTypa CO3MAET
JIOBYLLIKY JIJII BCEX IPYTUX MOJIEKYJT, KAK OpraHuvec-
KOTO, TaK M HEOPTaHMYECKOTO MPOUCXOXAeHUs. B
pe3yJibTaTe OpOYHOBCKOI'O ABMXXEHUS MOJIEKYJ BHY-
TPU KJIETKM, OHU OKa3bIBAIOTCSI BOJIM3U MOJIEKYJIbI
PHK vnam JIHK. PaguanbsHbIi niepenan ypoBHS Mep-
HOCTU BHYTPU CIIMpajieil 3TUX MOJIEKYJI 3aCTaBJISIET, MOMAaBIINE BO BHYTPEH-
HUI 00BbEM CHUPAJIIEN MOJIEKYJIbI ABUTATHCS BAOJb, TAK HA3bIBAEMOM, OIITH-
yeckoit ocu mosiekys JIHK n PHK. ITpu cBoEM nBMXXKEeHMM BO BHYTPEHHEM
oobeme criupaneit mojiekya JIHK i PHK, «riieHEHHBIE» MOJIEKYJIBI ITOITa-
JIAIOT IO AEUCTBUE TEPETIATOB YPOBHEN MEPHOCTH.

1. AHuzoTponHbIit BHyTpeHHU 00beM ciupanu PHK unu JTHK.

2. Ilepenan (rpagreHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BIOJb OCH Y.

3. Ilepenan (rpagveHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BAOJb OCU Z.

4. Ctostuasi BoJIHA Ilepernaga MEpHOCTU MUKPOIIPOCTPAHCTBA BHYTPEHHE -
ro ooneéma criupaiieii mosiekya PHK u JIHK Boons ocu X, coBnagaroliei ¢
OCBIO 3TUX MOJIEKY/I.

5. I1lnenéHHas BHeLIHAS MojeKyJsa D.
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Puc.4.3.8. IlonaBiiye BO BHYTPEHHUI 00BEM
criupaiein PHK u JIHK Moexyiibl, moa BO3AeiCTBU -
€M paarajabHOro Iepenaga MEPHOCTU BBIHYXIEHHO
HAYMHAIOT IBUTaThCs BAOJb OcU crimpanu. [1pu cBo-
€M JIBMKEHMU BIIOJIb OCH, TUIEHEHHAs MOJIEKYJIa T10-
rnajgaeT MoJ NpoJOoJbHbIC Nepenaabl MEPHOCTU MU-
KPOMNpPOCTPAHCTBA, CO3JaBaeMble CTOSIYE BOJTHOM
MEpPHOCTH. /119 OOJIBIIMHCTBA IJIEHEHHBIX MOJIEKYJT
ATOT Mepenaj 3anpencabHbli U NPUBOIUT K TOMY,
YTO 3TU MOJIEKYJIbl HAUMHAIOT pacnagaThbCs Ha Mep-
BUYHBIE MAaTEpUU UX 00Opa3ylolue.

1. AHU30TPONHBIN BHYTPEHHU OOBEM CITMPATIU
PHK vnn THK.

2. Ilepenan (rpagueHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BIOJb OcH Y.

3. Ilepenan (rpagreHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BAOJb OCU Z.

4. CTostyasi BoJIHA Ieperiaga MepHOCTU MUKPOIIPOCTPAHCTBA BHYTPEHHE-
ro oobsema cnupanei mosiekys PHK u IHK Boosbs ocu X, coBmagaroliei ¢
OCBIO 3TUX MOJIEKYI.

5. I1lnenéHHas BHeLIHAA MoieKyaa D.

Puc.4.3.9. [1on Bo3aeiicTBEM ITPOAOJIbHBIX ME-
penamoB MEPHOCTU BIOJIb OCH CIIMPAIM MOJIEKYJa
OKa3bIBAETCSI B HEYCTOMYMBOM COCTOSIHUU M, KOTJIa
pacKayka JOCTUTHET KPUTUIECKOU BEJIMYUHBI, TPO-
WCXOOUT pacmai 3Toi MoJjeKyJsbl D Ha mepBUYHEBIE
Marepuu, €€ oopasyromue. [Ipu aToM, mpoucxonur
CUHTE3 MoJieKyJ D’ ¢ TakuM ypoBHEM COOCTBEHHOM
MEPHOCTHU, TP KOTOPOM 3TU MOJEKYJIbl COXPAHSIOT
CBOIO YCTOMYMBOCTD MO, BO3ACUCTBUEM MPOIOJIbHBIX
repenagoB MEPHOCTU CTOSTYEI BOJIHBI CIIUPAIU MO-
aexyabsl PHK unu JIHK. DTH, ycTtoifunBhIe K 1T0100-
HBIM MepenagaM BHOBb CUHTE3UPOBAHHLIEC U3 MeEp-
BUUYHbBIX MaTEepUil MOJIEKYJbI SIBJASIIOTCS TOKCMHAMM, LIJIAKAMU U JOJIKHbI
OBITh BBIBEACHBI U3 opraHm3mMa. Takum oOpa3oM, BO BHYTPEHHEM OOBEME
crimpaiied mosiekyJ JIHK u PHK npoucxondar ssmepHbie peakMu pacrnaua u
cuHTe3a. Ho 510 — sgaepHbIe peakiiy Apyroro TUIia, KOraa pacnany noaBep-
raloTCsl BHEIIHUE MOJIEKYJIbl, MOMNABIINE B «JIOBYIIKY» COUpaieii MOJIEKYJI
PHK vnu JIHK. Ho, Tem He MeHee, pakT ocTaércst pakToM, B XKMBOU MaTepruu
MIPOUCXOIAIT SIACPHBIE peaKIMX pacIIeIUICHUs U CUHTe3a MoeKyJl. Y Huka-
KOTO IIPOTUBOPEYMS B 3TOM HET; B XXKMBOM MaTePUU SICPHbIC PEAKIIMU IPO-
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HUCXOOAT TOAbKO BHYyTpHU criipaiiei Moaekys JIHK n PHK, B Mukpockonnue-
CKOM 00BbEME, KAKMMU Obl OOJBIIMMU HE ObLIM Obl 3T MOJEKYabl. U mipu
5TOM, HE BOBHMKAET LIETTHOMN peaKkliMM, KaK B CJIy4ae KJIaCCUYECKUX SIIePHBIX
peaKkIuid.

1. AHu3oTponHbI BHyTpeHHUI 00beM criupanu PHK wiu JTHK.

2. Ilepenan (rpagveHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BIOJb OCH Y.

3. Ilepenan (rpagueHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BAOJb OCU Z.

4. Ctos1yas BoJIHA IIepernaaa MEPHOCTU MUKPOIIPOCTPAHCTBA BHYTPEHHE -
ro oorseéma cnupaned moaekya PHK u IHK Bmons ocu X, coBmagaroiiei ¢
OCbhIO 3TUX MOJIEKYI.

5. IlneHéHHas BHelLIHSI MojeKya D.

Puc.4.3.10. ®opmupoBaHue Ha BTOPOM MaTepUaJIbHOM YPOBHE KOMUU
moaekyasl PHK vinn JIHK Tak Ha3piBaeMoOro, BTOpO-
ro MaTepUAJILHOIO TeJIa. DTO TEJI0 CO3AAETCS U3 TIEP-
BUYHOU MaTepuu G. KauecTBeHHOE OT/IMYME MEXKITY
(¢u3nyecku MIOTHOM M BTOPOM MaTepHaATbHON
chepaMu, COCTOUT B OTCYTCTBMM HA BTOPOM MaTEpU -
aJIbHOM YpOBHE ITepBUYHOMU MaTepuu G 1, KOraa B 30-
He BausgHus cnupaieid moaekyia PHK vam JIHK wuc-
ye3aeT KaueCTBEHHBIN Oapbep MexXny (pU3NUECKU
IUIOTHOM M BTOPOI MaTepuaibHOM cdepaMu, IIpouc-
XOJIUT BOCCTAHOBJIEHUE KAaYE€CTBEHHOIo OajiaHca Mo
MIEpBUYHBIM MaTtepusiM. BTopoe MaTepuraabHOE TEJIO
(popmupyercs U3 NepBUYHON MAaTEPUU, KOTOPAsI BbI-
CBOOOXIAETCS MPU paclleIUIEHMU MOJIEKYJ Ha MaTepru X 00pa3ylollire BO
BHyTpeHHeM 00beéMe cnimpasieid Moaekya JJHK u PHK. Mukpockonuyeckue
>KUBbBIE «4EPHBIC ABIPbI» B KJIETKAX 00€CIIEYMBAIOT HEMTPEKPALLAIOLIUIACS I10-
TOK BBICBOOOIMBILNXCS TEPBUYHBIX MATEPUIL HA BTOPOU MaTepraIbHbIA ypO-
BEHb, YTO 00€CIIEUMBAET IIOCTOSIHHOE MOAIUTHIBAHUE BTOPBIX MaTePUAIbHBIX
Tea nnepBUYHOM Matepueid G, UX CTAOMJILHOCTb.
1. ®usnuecku mioTHas mojekyna PHK.
2. Bropoe marepuanbHoe Tea0 Mosiekyiabl PHK.




[1aBa 2. HeomHOPOIHOCTH MPOCTPaHCTBA 301

Puc. 4.3.11. Monekynsl PHK niu /IHK co3gator
HE TOJILKO CTOSTYYIO BOJTHY MEPHOCTH BO BHYTPEHHEM
00BbEMeE, HO 1 CO3aI0T BOKPYT cebs1 mepernaa MEpHO-
CTU MUKpOIpOCTpaHCcTBa. B pe3ynabrare 3TOro, BO-
KpYr cOoMpajeil 3TUX MOJIeKYyJ o0pa3yloTcsl CJIou,
MMeEIOIIME TOXASCTBEHHbIE YPOBHU MEPHOCTU. Bin-
SIHUE CIUpajeil 3TUX MOJIEKYJ Ha BHEIIHEE IPo-
CTPAHCTBO 3HAYUTEJILHO MEHbIIIE BJIUSHUS HA Mep-
HOCTb MUKPOIIPOCTPAHCTBA BHYTPEHHETO O00OBEMA
cnupaneit monekysl PHK wiu JIHK. Tem He meHee,
Ha YPOBHE MUKPOIIPOCTPAHCTBA CIIMPAJIM 3TUX MOJIE-
KyJ1 BBICTYNAIOT, KaK LEHTPbI AePopMaliiid MUKPO-
npoctpancTtBa. Mosexkynsl JIHK 1 PHK Ha ypoBHE MUKpPOKOCMOCA UMEIOT
IBOMCTBEHHbIE CBOMCTBA. DTU MOJIEKYJIbl OTHOBPEMEHHO SIBJISIFOTCS M aHAJIO-
raMu «4€pHBIX JbIp» W 3BE3JHBIX CUCTEM HAa YPOBHE MUKPOIIPOCTAHCTBA.
Buyrpennuii 06éM Mmosekya PHK n JIHK mposiBasier cBolicTBa, aHa-
JIOTUYHBIE «4YEPHOM AbIpE» MAaKpPOIIPOCTPAHCTBA, B TO BpeMsl, KAK BHELIHUIA
00BEM 3THUX MOJIEKYJI IPOSIBIISIET CBOMCTBA, aHAJIOTMYHBIE 3Be31¢. Bee npyrue
MOJIEKYJIbI, ITOMaaasl B MoJjie NPUTSKEHUSI 3TUX «3BE30» — <«YEPHBIX IbIP»
MUKPOITPOCTPAHCTBA WX BTSITUBAIOTCS BO BHYTPEHHUI OOBEM cCHUpaieit
moJiekysn PHK wim IHK, raoe pacmagaroTcsd Ha NepBUYHBIE MAaTEPUU KX
oOpasylollye, WJIn OCeJal0T Ha YPOBHSIX TOXKIECTBEHHOM MEPHOCTU, KOTOPHIE
BO3HHMKAIOT BOKPYT 3TUX MOJIEKYJI. [IepBUUHBIE CTPYKTYpPhI MOJIEKYJIBI O€/IKa,
nomnaznas B noje nputskeHus crmpaieit moaekyn PHK vnu JIHK, HaunHaoT
ocelaTh Ha YPOBHE TOXIECTBEHHOM MEPHOCTU Lp:.

1. ®usnuecku motHas mojekyiaa JHK unu PHK.

2. benkoBas 060104Ka.

3. I[lepenag MepHOCTU MUKPOIIPOCTPAHCTBA CO3/1aBA€MbIil BHYTPEHHUM
o0obeMoM MoseKyJibl JIHK v PHK.

4. IlepBrUuyHBbIE CTPYKTYPhI MOJIEKYJI OeKa.

P — aMMHOKMCIIOTHI O€IKOB.

R> — ¢cBOOOIHBIE pagrKaibl aMUHOKUCIIOT OEJIKOB.

Lp: — ypOBEHBb TOXIECTBEHHOM MEPHOCTHU IIEPBUYHOU CTPYKTYPhI MOJIE-
KyJibl O€JIKa.
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Puc. 4.3.12. Co BpeMeHeM, TIepBUYHBIX CTPYKTYP MOJIEKYJI OejiKa, 3aXBa-
yeHHbIX nojieM nputskeHus Mosekys PHK u JIHK,
CTAaHOBUTCS BCE OOJIbILIE U 00JIblIE. PaciojioXXeHHBIE
OJIM3KO APYT K IPYTY, IEPBUYHbBIE CTPYKTYPhI MOJIEKY-
JIbl O€eJIKa, MOCPEACTBOM BOJOPOMHBIX CBSI3EH U pa-
3HOOOpAa3HBIX CBI3ei MEeXy paguKaaaMy aMUHOKHU -
CJIOT, 00pa3yIolIuX IepBUYHbBIE CTPYKTYPbl O€IKOB,
HAYMHAIOT CO3JaBaTh BTOPUYHYIO CTPYKTYpy Oejka.

B otanume oT cBOOOAHOro cuHTE3a Oenka u3
MIEPBUYHBIX CTYKTYp OeJIKa, COeIMHEHME MOCIeTHUX
MMPOUCXOJUT HE MPOU3BOJILHO. YIepKUBaeMbIe I10-
JIEM TIpUTSXeHus crupanu mojiekyasl PHK mnm
JHK, nepBUYHbIE CTPYKTYpbl O€jIKa BBIHYXXICHHO
COEOUHSIIOTCS BAOJb YPOBHSI TOXIECTBEHHOM MEpHOCTH. B pesyiibraTe 3T0ro
Ha YPOBHE TOXIECTBEHHOM MepHOCTU Lpr HauMHaeT popMUpPOBaATHCS OEIKO-
Basi 00osiouka Bokpyr cnupanu moJiekyiabl JIHK nin PHK. YposeHnb Toxne-
CTBeHHOU MepHOCTU BOKpyT crinpaneit Mosekys PHK u JIHK BoicTynaer, kak
OpPraHu3YyIOIIEe MOoJI€e, 3aCTaBISIOIICe IEPBUYHbBIE CTPYKTYPbI O€JIKa, 3aXBa-
YEHHBIE «I10JIEM TATOTCHUS» CIIMPAIN, COCAUHSATHCS B ONPEACTEHHOM ITOPSII-
Ke, KaK, HalipuMep, CUJIOBbIE TMHUU MATHUTHOTIO MOJISI BEIHYKIAI0T KPYITULIBI
METaJlJIa pacrojaratbCs 1o KOHTYpaM 3TUX CUJIOBBIX JIMHUM, KOTOPHIE, IO Cy-
TU CBOEM, SIBJISIOTCSI YPOBHSIMU TOXIECTBEHHOU MEPHOCTHU, CO3aBA€MbIMU
MarHUTOM BOKPYT ceOsl.

1. ®usnuecku miotHasg mojekyna JIHK nin PHK.

2. benkoBast 060J10UKa.

3. Ilepenan MepHOCTH MUKPOITPOCTPAHCTBA CO31aBa€Mblii BHYyTPEHHUM
o0beMoM MoekyJibl JIHK v PHK.

4. IlepBuuHbIE CTPYKTYPhI MOJIEKYJI O€JIKa.

P — aMMHOKMCIIOTHI OEIKOB.

R> — cBOOOIHBIE pagrKaibl aAMAHOKUCIIOT OEJIKOB.

Lp: — ypOBEHBb TOXIECTBEHHOM MEPHOCTH IIEPBUYHOMU CTPYKTYPbI MOJIE-
KyJIbI OeJiKa.
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Puc. 4.3.13. IlocTtenneHHO BCE OoJblee 1 00JIb-
11I€€ YMCJI0 MTePBUYHBIX CTPYKTYp O€JIKOB 3aXBaThIBa-
€TCS «II0JIEM TATOTEHUS» crimpann MoJieKyasl J1HK
i PHK 1 BBIHYXIEHHO COeTUHSIOTCS MEXIY CO-
0011 Ha YPOBHE TOXIECTBEHHON MepHOCTU. Pa3zmep
OeJIKOBOro cJiosd BOKpyr crmpaiu MouaekyJnsl JJHK
nnu PHK nocTenieHHO pacTET, 1 HACTYIaeT MOMEHT,
Korga 0eJIKOBOE T0JI€ MOJHOCTBIO OKPYXaeT CUpPaJib
mosekyssl PHK wim JIHK. Tak nogsiseTcs 6eaKo-
Bas1 000;1049Ka y BUpycoB. [1osBineHune 6e1K0BoI 000-
JIOYKM BUpPYCa MOCIY>KUJIO HA4aJI0M HOBOI 3PbI 3BO-
JIIOLIMU MaTepUM — 3apOKICHUIO XU3HU. bellkoBas
000J104Ka co31aj1a B CBOEM BHYTPEHHEM 00BEME YCIOBUS 3HAYUTEIBHO OTJIM -
yarlIuMecs OT YCIOBUI BHE €€ nmpeaeoB. OHa cnocoOCTBOBAJIA YAEpXKAHUIO
BHYTPU ce0s1 OpraHMYECKUX 1 HEOPTaHUYECKUX MOJIEKYJT, TPOHUKIIIMX Yyepe3
9Ty 0eJIKOBYIO CeTKY. besikoBast 000Ji04Ka BUpyca KaK Obl MpolieXKBajia BOIY
IIEpBUYHOIO OKeaHa, coorpasi BCBOEM BHYTPEHHEM 00BbEME paCTBOPEHHBIE B
ATOM BOJI€ OPTaHUYECKME U HEOPTaHWYECKUE MOJIeKYJIbl. [1omoOoHasa ¢puibrpa-
LIS MOPCKOM BOABI ITO3BOJIsIIa HAKAIJIMBATh OPraHUYECKME MOJIEKYJIbI B HE-
nocpeacTBeHHOM 6;1m3o0cTy oT cnupanu Moaekyibl JIHK nin PHK. U, xorna
KOHIIEHTPALMS OPraHUYeCKMX MOJIEKYJ JOCTUTAAa KPUTUYECKOTO YPOBHS,
BO3HUMKaIU ycsioBus a1t nyoarpoBaHus Moaekya JIHK v PHK u 6enkoBoit
o0oJyiouku. B pesyibrate 3TOro npouecca, Bo3HUKajaa ToYHas KOIusl BUpyca.
C 5TOro MOMeHTa MOXHO TOBOPUTbH O 3apOXKIACHUM KU3HU.

1. ®usnuecku motHasa mosaekyna JIHK nnn PHK.

2. benkoBast 000104Ka.

3. Ilepenag MepHOCTU MUKPOIIPOCTPAHCTBA CO3aBAEMblil BHYTPEHHUM
o6beémMom Mosekyabl JIHK nin PHK.

4. IlepBuuHbIE CTPYKTYPhI MOJIEKYJI O€JIKa.

P — aMuMHOKMCIOTHI OEIKOB.

R> — cBOOOIHBIE pagrKaibl aMUHOKHUCIOT OEJIKOB.

Lp: — ypoOBeHb TOXIECTBEHHOW MEPHOCTU IIEPBUYHOU CTPYKTYpPbI
MOJIEKYJIbI O€JIKa.
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Puc. 4.3.14. Kiietka u e€ Bropoe MmatepuaiabHoe Tejo. Kaxaas mojiekyiia

CIIApAJIEIA.

WCKPUBJISIET MUKPOITPOCTPAHCTBO BOKPYT ce0s1, clie-
JOBaTEJILHO XWBasl KJIETKa, 00pa3oBaHHAasl U3 opra-
HUYECKMX U HEOPTAHUYECKUX MOJIEKYJ, CO3IAET HA
BTOPOM MaTepralbHOM ypOBHE AehopMalio, MoI-
HOCTBIO ITOBTOPSIOLIYIO BHEILTHUI BUJ CAMOM KJIET-
k1. Ho, aTta nedpopmanus octaBanach Obl He3aIod-
HEHHOM, ecau Obl HE HAJIMYKWE B KJIETKE MOJIEKYJ]
JIHK 1 PHK, KOTOpBIE€ HE TOJIBKO OTKPBHIBAIOT KA4ye-
CTBEHHBIN Oapbep Mexny (PU3NYEeCKMM U BTOPbIM
MaTepUaJIbHbIM YPOBHSIMU, HO M CO3JAI0T YCJIOBUS
IUJISL paCLUEIUICHUS MOJIEKYJI Ha IIEPBUYHbBIC MATEPUU
nx o0pasyloliue BO BHYTPEHHEM OOBEME CBOUX

1. ®usnyeck NIOTHAS KJIETKA.
2. BTOpOG MaTcpruaJibHOC TCJIO KIICTKH.

3. Anpo kneTku.
4. lleHTpUnoJIN.

5. 30Ha cMBIKaHUS MeXIy (PU3NYECKUM U BTOPHIM MaTepHaabHBIM YPO-
BHSIMU, — DHEPreTUYECKUI KaHaJl.
6. Attmapat I[oapmxu.

7. MUTOXOHIPUMU.

8. DHnoriazMarnyeckad CETh.

Puc. 4.3.15. B sape Kj1eTKM MpOUCXOIUT IIPOLIeCC pacllerIeHUsI MOJICKYJT

Ha NepBUYHBIE MaTepuu, UX odpasylonire. OcBobo-
JUBIIMECS TIPY 3TOM IIepBUYHBIE MaTEpUU HAUMHAIOT
LUAPKYJIUPOBATh IO KaHAY, CYLLIECTBYIOLLIEMY MEXKTY
(pu3MUYECKU TUIOTHBIM U BTOPLIM MaTepUaabHbIM TE-
JJamu. I1pu cBoéM IBMXKEHUU OT PU3NYECKM TUIOTHO-
ro K BTOpOMY MaTepuajibHOMY YPOBHIO, BOCXOISIIIE
MMOTOKM TIEPBUYHBIX MaTepuii pa3BopayMuBaIoTCsl U
HaAuyMHAIOT JIBUTAThCSl MO HAIlpaBJEHUIO Mepernaga
MepHOCTH. BoKpyr (pu3nuecKu NMiIOTHOM KJIIETKU U
€€ BTOPOro MaTepUaJIbHOI'O Tejia LMPKYJIUPYIOIIMe
NepBUYHBIE MATEPUU CO3IAIOT U30JIMPYIOIIYIO0 000-
JIOUKY.

1. ®u3nyecky MIOTHOE TEIO0 KIETKU.
2. Bropoe marepuaibHOE TEI0 KJIETKU.
3. KietoyHoe s1po.
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4. Llentpuonu.

5. DHepreTuyeckmii KaHaj MexXay (PU3NIYECKU MJIOTHOMN KJIETKOM U BTO-
PBIM MaTepUaIbHbIM TEJIOM.

6. Antnapat [oabaxu.

7. MUTOXOHIPUU.

8. M3onupyronie-3aiuTHas 000J104Ka.

Puc. 4.3.16. Pusnyecku maIoTHasI KJIeTKa CO BTO-
PBIM U TPEThUM TeJIaMU. BTopoe MatepuanibHOe TeJ1o
KJIETKM OTJIMYAETCS OT TPEThEro KaueCTBEHHOM CTPY-
KTypoii. TpeThe MaTepuaibHOE TeJIO 00pa3yeTcs CJIU-
sSTHUEM ABYX nepBUYHbIX Matepuil G u F, a BTopoe —
onHol nepBruuHoit MaTepueit G. OHU BMecTe 00pa3sy-
10T AUHYIO CUCTEMY — CJICAYIOLIYIO CTYIIEHb 2BOJIIO-
1y kuBoit MaTepun. [losiBIeHre y KJIETOK TPETHETO
MaTepUaJbHOIO Tejia MPUBEJIO K 3HAUUTEJIbHO 00JIb-
1Iei cTabMILHOCTH, )KU3HECTOMKOCTHU 1 00J1e€ BBICO-
KOM CTEeIeH! IPUCIIOCOOISIEMOCTU K U3MEHS IOLLIMM -
Csl BHELLIHUM YCJIOBUSIM CPEBbI.

1. ®u3nyeck MIOTHOE TEIO KIETKH.

2. Bropoe marepuaabHOE TEJI0 KICTKU.

3. KierouHoe siapo.

5. DHepreTnyeckuii KaHaa MexXay (PU3UYECKU TMJIOTHON KJIETKOM, BTO-
PbIM U TPETbMM MaTepHaIbHbIMU TEJIAMMU.

6. Attmapat [oabaxu.

7. MUTOXOHIPUU.

8. OHpor1a3MaTuyeckasi CeTh.

9. lleHTpnoiu.

10. KnetouHoe s1apo.
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Puc. 4.3.17. ®u3nyecku TUIOTHASI KJIETKA CO BTOPBIM, TPETbMM M Ye-

TBEPTHIM MaTepUAJIbHBIMU TeJ1aMU. HeTBEPTOE MaTe-
pUaIbHOE TEJIO 00pa3yeTcsl CAUSHUEM TPEX TEPBUY-
HbIX MaTtepuit G, F n E, TpeTbe MaTepHuasbHOE TEJIO
oOpasyeTcsl CIMSIHUEM ABYX MEpBUYHBIX MaTepuii G 1
F, a BTopoe MaTepuaibHOE T€JI0 — OJHOI ITEPBUYHON
Mmatepueit G. Hanuuue yeTBEpTOro MaTepuaabHOTO
TeJla — 3TO CAEAYIOIINI KaYeCTBEHHBIN CKA4OK B pa-
3BUTHUU XUBOI MaTe€pU, BO3SMOXHOCTD JIJISI PAa3BUTUS
CO3HAHMS HA KAYECTBEHHO JIPYTOM 3BOJIOLMOHHOM
YPOBHE.

1. ®usznyecky NJIOTHOE TENO KIETKU.

2. Bropoe marepuaabHOE TEJI0 KJIETKU.

3. Tpetbe MaTepuaabHOE KICTKMU.

4. YeTBépTOE MaTepraIbHOE TEIO KIETKU.

5. DHepreTnyeckuii KaHaa MexXay (PU3MYEeCKU IMJIOTHON KJIETKOM, BTO-
pPbIM, TPETbUM U YETBEPTHIM TEJIAMMU.

6. Atnapat loabmxu.

7. MUTOXOHIPUU.

8. DHnoruiazMarnueckad CETh.

9. IleHTpHOIN.

10. KiieToyHoe s11po.

Puc. 4.3.18. Ecin

KJIeTKa uMeeT (pU3NUYECKU IJIOTHOE TEJIO0 U BTOPOE
MaTepuraJibHOe TeJio (M3HadalbHas KJIeTKa), TO, T10-
cJie pa3pylIeHUsT Wiv ruden Gru3ndecKu MI0THOTO
TeJla, BTOpOe MaTepualibHOe Teao He ucuesaert. [1o-
TOKM TIepBUYHOI MaTepun G, MPOHM3BIBAIOIINE BCE
MPOCTPAHCTBO TUIAHEThI, HACKHIILIAIOT COO0I BTOpPOE
MaTtepuajabHoe Teo. B pe3ynbraTe aTOro, BTopoe Ma-
TepUajJbHOE TEJIO COXPaHSET CBOIO LIEJIOCTHOCTh U
MocJjie moTepyu (PU3NYECKH TIJIOTHOTO Tejla, KOTOPOe
cosnaio ero. EcrecTBeHHO, HAaChIIIEHUE BTOPOTO Ma-
TepUaJIBLHOTO TejIa 3HAYMTEJIbHO OTJIMYAeTCS OT Ha-
CBIIICHMST yepe3 (PU3MIECKU TUIOTHOE TeJIO, HO TEM He
MeHee, OKa3bIBACTCS TOCTATOUHBIM IJISI COXpaHEHUSI

LICJTOCTHOCTH BTOPOIro MatepuajibHoro teaa. I1pu aTomM, BTopoe MarepuajibHOe
TeJIO OKa3bIBaeTCsl KaK Obl «3aMOPOXKEHHBIM» 1 3TO COCTOSTHME OYIeT coxXpa-
HSITbCS 1O TeX IOpP, IMTOKa He BOCCTAHOBUTCSI (PU3MYECKU TJIOTHOE TEJO.

2. Bropoe MmatepuagbHOE TEJI0 KJIETKU.
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5. ToimmHa BTOPOro MaTe€puaibHOTO Tejla KJIETKMU.
G — IlepBuyHas maTepusl NPOHM3BIBAIOIIASl IPOCTPAHCTBO U HACKIILIA-
I011Iasl BTOPOE MaTepUAIbLHOE TEJIO.

Puc. 4.3.19. Ecau kineTtka umeeT (pU3NIECKU
IUIOTHOE TEJI0, BTOPOE U TPEThE MaTepUAIbHBIEC TEA,
TO TIOCJI€ Pa3pyLICHUS WU THOEIN (PU3NYECKHU TII0T-
HOTI'O TeJIa, BTOPOE U TPEThe MaTepUajbHbIC Tejia He
ncye3aloT. [Toroku nepBuuyHbix MaTepuu G u F, ripo-
HU3BIBAIOIIE BCE MPOCTPAHCTBO IJIAHETHI, HACHI-
1IAI0T cO00I, KaK BTOpPOE, TaK U TPEThe MaTepUaJib-
Hble Tejla. B pesyibrate 3TOoro, Kak BTOpoe, TakK U
TPeThe MaTepUaIbHbIE T€JIa COXPAHIIOT CBOIO 11€J10C-
THOCTb 1 MOCJIe OTepu (PU3NUECKHU TJIOTHOIO Tea,
KOTOpO€ co3aano ux. ECTecTBEHHO, HAChIIIEHUE
BTOPOTI'O 1 TPEThETO MaTEpUaAIbHbIX T€JI 3HAYMTEIHLHO
OTJIMYAETCs OT HAChILLIEHUS UX Yyepe3 (PU3NUYECKU IIOTHOE TeJI0, HO TEM He
MEHEE, OKa3bIBAETCS JOCTATOYHBIM JJISI COXPAHEHUS UX LIEJJOCTHOCTH.

2. Bropoe marepuaabHOE TEIO KIIETKU.

3. TpeTtbe MaTepraIbHOE KJIETKM.

5. ToniyHa BTOpOro MarepruaabHOTO TeJa KJIETKU.

G u F — nepBrUYHbIe MAaTepUHU, MIPOHU3BIBAIOIIKE TPOCTPAHCTBO U HAChI-
IIAIOIIME BTOPOE U TPEThE MaTepraIbHbIC TEA.

Puc. 4.3.20. Eciu kineTtka nMeeT (PU3NYECKU
IUIOTHOE TeJIO, BTOPOE, TPEThE U YETBEPTOE MATEPU -
aJIbHBIE TEJIA, TO TTOCJIE Pa3pyLICHUS I TUOEIU pU-
3MYECKHM MJIOTHOTO TeJIa, BTOPOE, TPEThE U YETBEPTOE
MaTepHUAIbHBIEC TEIAa HE ncue3aroT. [1oToku nepBuy-
HbIX MaTepuii G, F u E , npoHusbiBarole Bc€ nmpo-
CTPAHCTBO IJIAaHEThI, HACHIIIAIOT COO0M BTOPOE, TpE-
Th€ U YETBEPTOE MaTepuaabHbIE Teaa. B pesyabrare
3TOr0 BTOPOE, TPEThe M YETBEPTOE MaTepUaJIbHbIE
TeJIa COXPAHSIIOT CBOIO LIEJIOCTHOCTD U ITOCJIe TTIOTEPU
(pusznuecku mwiotHoro tena. [lpu a3ToM HachileHUE
ATUX TeJ ATUMU NEPBUYHBIMU MaTepusiMu OyneT
OTJIMYATBLCS OT HACBILIEHUS X Yepe3 PU3NYECKU TIOTHOE TEJIO.

2. Bropoe marepuaabHOE TEJI0 KIETKU.

3. TpeTbe MaTepraIbHOE KJIETKM.

4. YeTBEpPTOE MaTepUAIbLHOE TEJIO KJIETKU.




308

Huxodmnaii JIesamoB. «HeomHoponHas BecenenHas»

5. TommmHa BTOPOro MaTe€puaibHOTO Tejla KJIIETKU.
G, F u E — nepBuYHbIe MaTepuu, MIPOHU3bIBAIOIINE ITIPOCTPAHCTBO 1 Ha-
CBILIAIOLIME BTOPOE, TPETHE U YETBEPTOE MATCPUAbHBIC TEJIA.

Puc. 4.3.21. IlepBag ¢aza neneHus kieTku. Korna KoH1eHTpalms opra-

HUYECKMX BEIIECTB, BOBHUKIINX B KJIETKE B PE3YJIb-
TaTe (POTOCUHTE3a WM IOTJIOLIEHBIX KIETKON M3
BHEIIHEMN Cpelibl CTAHOBUTCS KPUTHYECKOM, OHA TE-
pPSET CBOIO YCTOMUYMBOCTb, M HAUMHAETCS IPOLIECC
neyieHus1. LleHTproan KJIIETKM pacXoasITCs 10 IPOTU-
BOITOJIOXKHBIM MOJIIOCAM KJIE€TKM U CTAHOBSITCS LI€H-
TpaMu, BOKPYT KOTOPBIX ¥ MPOUCXOAUT IPOLIECC Ie-
JICHUS.

1. ®du3uyecky MiIOTHasI KJIeTKa.

2. Bropoe marepuaibHOE TEIO0 KJIETKU.

3. KietoyHoe s1po.

4. KjieTouHble HEHTPUOJIN.

5. KaHani, mo KOTopoMy LIMPKYJIUPYIOT MATEPUMU.
6. Artmapat l[oabpmxu.

7. MUTOXOHIPUU.

8. DHpomnazMaTUyecKas CeTb.
9. XpOMOCOMBI s111pa.

Puc. 4.3.22. beakoBble HUTU NOATSATUBAIOT K LIEHTPUOJISIM XPOMOCOMBI U3

CTaApOro sApa KJIIETKU, 1 3TO SBJISIETCSI HayaloM (pop-
MHPOBaHUSI JBYX HOBBIX KJIETOK. B Hayajie HOBbIE
SJpa COIEepKaT MOJIOBUHHBIA HA0OP HEOOXOIMMbIX
XpOMOCOM, MO3TOMY J1Ba KaHajla UMM CO3JaBaeMbIX
MPaKTUYECKU S3KBMBAJICHTHBI KaHAJy s1Ipa A0 Havyajia
nejieHus. MepHOCTh MUKPOKOCMOCA KJIETKHA MOYTHU
HE U3MEHSIETCS U COXpaHsieTcsl OajlaHC TIOTOKOB Me-
XK1Y (PU3MYECKUM U BTOPLIM MaTepuadbHBIM ypO-
BHSIMU KJIETKMU.

1. ®du3uyecky MiIOTHas KJIETKa.

2. Bropoe MmatepuagibHOE TEJIO KJIETKU.

3. KierouHoe siapo.

4. KnetoyHble LIEHTPUOJIN.
5. KanHan, mo KOTopoMy LHUPKYJIUPYIOT MATEPUMU.
6. Artmapat [oapmxu.

7. MUTOXOHIPUMN.



OnrcaHne pUuCyYHKOB 309

8. DHorazMarnyeckad CETh.
9. XpOoMOCOMBI s1Ipa.

Puc. 4.3.23. Kaxxnas xpomocoMa B TaKMX siApax
13 HAKOIUIEHHBIX B KJIETKE OpraHMYecKuX BeleCTB
HauyMHaeT BOCCO3JaBaTh CBOETO 3€pKaIbHOTO JIBOM-
HUKA, 4YTO SIBJISICTCSI €CTECTBEHHBIM CTPEMJICHUEM
JIIOOOM CUCTEMBI K COCTOSSHUIO MaKCUMaJbHOM yC-
ToliunBOCTU. IIpu 3aBepiieHUM 3TOro mpolecca,
BHYTPH OJTHOM KJIETKM 00pa3yloTcs ABa Sapa, KaxI10e
13 KOTOPBIX UMEET KaHaJl, 10 KOTOPbIM MaTepusl Iie-
pETEKAET HAa BTOPOM MaTepraibHbI YPOBEHb.

1. ®u3nyecku MIOTHAS KJIETKA.

2. Bropoe MmarepuaibHOE TEJI0 KJIETKU.

3. KietouHoe siapo.

4. KJjieToyHbI€ LIEHTPUOJIN.

5. KaHan, mo KOTopoMy LHUPKYJIUPYIOT MATEPUMU.

6. Artmmapat I[onpmxu.

7. MUTOXOHIPUMN.

8. OHpor1a3MaTuyecKasi CeTh.

9. XpOMOCOMBHI s11pa.

Puc. 4.3.24. I1pu pacnage puznuecku rioTHOMU
KJIeTKM (POPMUPYETCSI BTOPOE MaTepUaIbHOE TeJIO
KiaeTku. [1pruém, KoHLeHTpaLus Mmatepuu G Bo BTO-
pPbIX MaTEepUAJIbHBIX TeJIaX KJIETKMA B HECKOJIbKO pa3
MPEBHILIAET 0aJIJaHCHOE COOTHOIIEHME OIS BTOPOIO
MaTepUaIbHOIO ypOBHS. M30bITOYHOE HACHILIEHHUE
BO3HMKAaET BCJIEACTBUE TOTO, YTO BO BpeMsl pacraja
CTapoil KJIETKM IO SIAepHBIM KaHajaM Ha YpOBEHb
BTOPBIX MaTepUAIbHBIX TEJI IEpeTeKaeT BO MHOTO pa3
0osble nepBUYHOI Matepuu G, 4eM Ipu HOpMaJib-
HBIX YCJIOBUSIX, B TO BpeMsl, KaK MOTePs] BTOPLIMU
MaTepUuaJibHbIMM TeJlaMU IepBUUYHOMN MaTtepuu G oc-
TaeTcyd npexxHe. U, Kak ciieacTBre, BO3BHUKAET M30bITOYHOE HACKIILCHHUE.

1. ®u3uyecky MIOTHAsI KJIETKa.

2. Bropoe matepuaabHOE T€I0 KIETKU.

3. Anpa xneTku.

5. KaHansl saep KIeTKU.

10. «TonmmHa» BTOpOro MaTepMajJbHOTO Tea.
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Puc. 4.3.25. I1ocne 3aBeplieHus1 pacraga cTapoii (pu3ndecku IJIOTHOM
KJIETKM, Ha BTOPOM MaTepuaibHOM YPOBHE OCTAIOTCSI
JIBa BTOPbIX MaTepUabHbIX TeJIa, KOTOPhIE MEPEChI-
1IeHBI IepBUYHOMI MaTepueid G. MU30bITOUHOE HACHI-
LIIEHWE 3HAYMTEJILHO MPEBBILIACT onTUManbHoe. [1o-
9TOMY, KOorja npeKpaliiaeTcs MMoTOK MepBUYHBIX Ma-
Tepuii ¢ GU3NUECKU IJIOTHOTIO YPOBHS, N30BITOK ITEp-
BUYHOI Matepuu G HaYMHaET MepeTeKaTb yKe CO
BTOPOTO MaTe€pUaJIbHOTO YPOBHS Ha (PU3UYECKUI.
[Tpnuém, neperekanure Ha GU3NYECKU TJIOTHBINA YpO-
BEHb IIPOMCXOIUT IO TeM Xe CaMbIM KaHajaM, I10
KOTOPBIM OHA IIE€pETEKAIa HA BTOPOM MaTepUaIbHBII
ypoBeHb. CieayeT OTMETUTh, YTO MEXIY MOMEHTOM
MOJIHOI'O pa3pylleHus CTapoil (PU3NYECKU IMIOTHOM KJIETKU U BOBHUKHOBE-
HHEM OO0paTHOTO ITOTOKA IepBUYHON Matepuu G, CcylIecTBYeT HEKOTOPbIi
MIPOMEXYTOK BPEMEHHU.

1. ®du3uyecky MIOTHAsI KJIEeTKa.

2. Bropoe marepuaabHOE TEJI0 KJIETKU.

3. Anpa xkneTkn.

5. KaHankb! ssaep KJIETKU.

10. «TonmmuuHa» BTOpOro MaTepuaabHOTIO Tea.

Puc. 4.3.26. O0paTHbIii TOTOK NepBUYHOI Matepun G Co BTOPOro MaTe-
pUAILHOTO YPOBHS Ha (pU3NYECKHU IJIOTHBIN CO30aET
Ha (pU3NYECKU IUIOTHOM YPOBHE ITPOEKLIMU ABYX BTO-
PBIX MaTEpUAJIBLHBIX TeJ1. DTU MIPOSKIMHU MTPOI0JIKA-
IOT HaChIIIAaThCs IEpBUYHOM MaTtepueit G 1o Tex mop,
MMOKa IMJOTHOCTh 3TUX NMPOEKUUN Ha (PU3NUECKU
TUIOTHOM YPOBHE HE CTaHET COM3MepuMa C TUIOTHO-
CThIO CaMHX BTOPBIX MaTepHaIbHbIX T€J Ha BTOPOM
MaTepUaJibHOM ypoBHe. MOXHO cKa3aTbh, 4YTO B pe-
3yJIbTaTe 3TOr0 mpoliecca Ha pU3NYECKU MJIOTHOM
ypOBHE (POPMUPYIOTCS ABa BTOPLIX MaTepUabHbIX
TeJia.

1. ®usnyecky Na0THAs KJIETKA.

2. Bropoe MmatepuajbHOE TEJI0 KJIETKU.

2’. IIpoeki1yst BTOpOoro MaTepuajibHOIO Tejla KIESTKU Ha (PU3UUECKHU TJIO0T-
HOM YpPOBHE.

3. Anopa xkneTku.

5. KaHans! ssaep KJIETKU.
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9. XpOMOCOMBHI s11pa.
10. «TomuuHa» BTOpOTro MaTepuajbHOTIO Tea.

Puc. 4.3.27. I1o 1ByM MaTpuliaM BTOPbIX MaTe-
pUAJIbHBIX TeJ1 Ha PU3UYECKU TUIOTHOM YPOBHE CUH-
Te3UPYyeTCs 1B HOBbIE (PU3UYECKU IIJIOTHBIE KJIETKH,
KOTOpPbIE SIBISIOTCS TOYHBIMU KOIMUSIMU KJIETKU 10
neneHuss. MaTtpuubl (IIpOE€KLIMK) BTOPbIX MaTepu-
aJIbHBIX TeJl BbIHYKIAIOT, CO3[aBasi COOTBETCTBYIO-
1I1e neperagbl MEPHOCTH Ha (PU3UYECKU TNIOTHOM
YPOBHE, COeIMHSITCSI MOJIEKYJIbI HA (PU3NYECKU TIJIOT-
HOM YPOBHE B TOM X€& CaMOM MOPSIIKE, KAK OHU ObLITA
COeOUHEHBI B CTapou KjeTKe. BHOBbL cOOpaHHBIE
MOJIEKYJIbI, TTO TEM e MpUYMHaM, o0pa3yloT KJie-
TOYHBIE€ BKIIOYEHUSI, MEMOpaHy 1, B KOHEYHOM UTO-
re, Ha MECTe CTapoil KJIETKU MOSIBISIOTCS 1BE HOBbIE, KOTOPhIE HE SIBJISIIOTCS
aOCOJIIOTHOM KOTIMEN CTapOii KJIETKM, XOTSI U OUEHb OJIM3KM K HEM.

1. ®du3uyecky MIOTHas KJIETKa.

2. Bropoe MatepuajbHOE TEJIO KJIETKU.

3. dnpa KJIeTKu.

5. KaHaubl gaep KJIETKU.

10. «ToamuHa» BTOpOro MaTepuajJbHOTIO Tea.

Puc. 4.3.28. I1ociie 3aBepiiieHus rpoliecca pop-
MUPOBaHMUS ABYX HOBBIX (PM3UUECKU IMJIOTHBIX KJIETOK
1Mo o06pa3y U MoJo0MI0 CTapoii, MEMOpaHbl HOBBIX
KJIETOK CO3Jal0T Iepenajg MepHOCTU, HallpaBJICHHbIN
BHYTPb HOBBIX KJIETOK. DTOT Mepenaj BOZHUKAET B
pe3yJIbTaTe pas3jinivs B KOHLIEHTpPAllMM OpraHude-
CKMX M HEOpraHu4ecK1xX MOJIEKYJI BHYTPHY 3TUX KJIe-
TOK 1 BHe. Pasnuuus B KOHLIEHTpallMM BO3HUKAIOT
BCJIEICTBUE TOTO, YTO KJIETOUHbIE MEMOpPAHbI UMEIOT
n30MpaTeIbHYI0 MPOHULAEMOCTb OJISI MOJEKYJI.
BcaencTBue 3TOro 1 BO3HMKAET pa3inure B KOHIIEH-
Tpauuu MoJiekya. Ilepenan MepHOCTH, HallpaBJIeH-
HBI BHYTPb KJIETOK BBIHYKJIA€T BCE MOJIEKYJIbI, ITOTIaBIIME B MIPeAesIbl 3TOT0
repenanga, ABUraThbCsl BHYTPb KJIETOK, TJIE OHU, B CBOIO OYepeab, pacIleIlIsI-
I0TCS1 Ha TIEpBUYHBIE MAaTEPUM UX 00pa3ylollie Npu MoIagaHuu BHYTPb CITH-
paneii monekya JIHK n PHK. IlepBuuHble MaTepun, BICBOOOXKIEHHbBIE B
pe3yJibTaTe 3TOro mpoliecca, Ha4YMHaT HaChIaTh BTOPhIe MaTepuajbHbIe
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TeJla Ha BTOpOM MaTepHuaibHOM ypoBHe. HOBOpOXIEHHBIE KIETKHU «OXKBa-
10T». CMEpTh CTApOIl KJIIETKU CIYXKUT MIPUIMHON POXKIAESHMSI IBYX HOBBIX KJI€-
TOK, Y XXM3Hb NPOJOJIKAETCS, IPUIEM, YMCJIO XXMBBIX KJIETOK yIBaBACTCS.

Puc. 4.3.29. Cnupanu mosexya JIHK u PHK Ha BropoM MaTepuaibHOM
YPOBHE CO3[al0T CBOIO TOUHYIO KOITMIO U3 IIEPBUYHOI
Matepuu G. DTO CBSI3aHO C TEM, UTO 3TU MOJIEKYJIHI,
UMes OrPOMHBIA MOJICKYISIPHBIA BEC, UMEIOT CITU-
paibHY10 popmy. CriupanbHas ¢popMa Co3Ia€ET YCII0-
BHS, KOTa BIMSIHME KaXKIOro atoMa, BXOMSIIEro B
COCTaB 3TUX MOJIEKYJI, HA MUKPOIPOCTPAHCTBO CO-
30a€T BO BHYTPEHHEM O00BEME ATUX CIUPAJIEH TaKOMU
YPOBE€Hb MEPHOCTH, IPU KOTOPOM OTKPBIBAETCS Ka-
YEeCTBECHHbIN Oapbep MexXay (pU3N4eCKU MJIOTHBIM U
BTOPbIM MaT€pUaJIbHbIM YpOBHSIMU. [Ipu 3TOM He
MIPOMCXOAUT pacliafa 3TUX MoJieKya. Pacnagarorcs
TOJIBKO MOJIEKYJIbI, KOTOPBIE ITOIagaT BHYTPh CITU-

paJieii.

1. Cnupanb monekyabl JIHK v PHK Ha ¢pusndyecku IOTHOM YPOBHE.

2. Bropoe marepuanbsHoe Teo moJiekyasl JIHK, PHK.

3. KauecTBeHHBII Oapbep MexXAy (PM3UYECKUM U BTOPbIM MaTepUaTbHBIM
YPOBHSIMM TUIAHETHI.

4. YBeJIMUEHHBI y4aCTOK CIMpaivu Ha PU3NIECKOM YPOBHE.

5. YBe1n4eHHbIM COOTBETCTBYIOLINI y4aCTOK CIUPAJIM HA BTOPOM MaTe-
pUaJILHOM YPOBHE.

Puc. 4.3.30. BHewHuit curHaa B BUAe MOHHOIO KoAa JTOCTUraeT Tejia
coOCTBeHHO HelipoHa. JlpyrumMu cjioBaMu, HECKOJIb-
KO JOMOJIHUTEJIbHBIX MOHOB OKAa3bIBAIOTCSI BHYTPU
HeipoHa. [1pu 3ToM, MOHHBIN O0alaHC BHYTPU HEMPO-
Ha U3MEHSIETCS. DTU «JIMITHUE» UOHBI ITIPOBOLIUPYIOT
JTOTIOJTHUTEIbHBIE XMMUYECKUE PEAKLINU, B PE3yJIbTa-
T€ KOTOPbIX MOSIBJISIOTCS HOBbIC WU Pa3pylLIAOTCS
CTapbl€ 2JEKTPOHHBIC CBSI3U, U U3MEHSIETCSI MOJIe-
KYJISIpHBIM BeC U KaUyeCTBEHHAasI CTPYKTypa MOJIEKYJIbI
Ha (pU3MYeCKHU IJIOTHOM YPOBHE.

1. Criupans monexyibl JIHK niu PHK Ha gpusu-
YeCKU IJIOTHOM YPOBHE.

2. Bropoe marepuanbHoe Teo Mmoaekyinl JIHK,

PHK.
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3. KauecTBeHHBII Oapbep MexXay (PU3NIESCKUM U BTOPBIM MaTepUaIbHbIM
YPOBHSIMU TIJIAHETHI.

4. YBeJIMUEHHBIN y4aCTOK CITMpaIv Ha PU3NIECKOM YPOBHE.

5. YBe1n4eHHBbIM COOTBETCTBYIOIINI Y4aCTOK CIUPAJIM HA BTOPOM MaTe-
pUAJILHOM YPOBHE.

6. lomoysHUTeAbHBIE aTOMbI, NIPUCOECIMHUBIINECS K BbIACJICHHOMY
yyacTtky cnupanu moyekyabl JIHK nin PHK Ha ¢pusnyeckoM ypoBHe.

Puc. 4.3.31. JlonnoaHUTEIbHOE UCKPUBJICHUE
MUKPONPOCTPAHCTBA, BI3BAHHOE MPUCOEAVUHMBIIIN -
MUCS «JIMITHUMW» aTOMaMU, U3MEHSET CTPYKTYpy
BTOpPOTO MaTepuanbHOro tejaa mouekyiasl JHK nin
PHK. OtnneyaTok BTOporo MaTepuajbHOIro Tejaa Ha-
CBILIIAETCS TOTOKOM MepBUYHOM MaTepuu G, U TAKUM
00pa30oM BOCCTaHABJIMBAETCSI TOXIECTBO CTPYKTYP
cnupaneit MonekyJisl JIHK i PHK Ha dusnuecku
IUIOTHOM M Ha BTOPOM MaTe€pUaIbHbIX YPOBHSIX.

1. Cnupanb monekynsl JIHK unu PHK Ha pusu-
YeCKU MJIOTHOM YPOBHE.

2. Bropoe matepuanbHoe Te1o Mmoaekyibl JITHK,
PHK.

3. KauecTBeHHBII Oapbep MexXAy (PM3UYECKUM U BTOPbIM MaTepUATbHBIM
YPOBHSIMHU TLIAHETHI.

4. YBeJIMUEHHBI y4aCTOK CIMpaIn Ha PU3NIECKOM YPOBHE.

5. YBeJMYeHHBI COOTBETCTBYIOLIMIA y4aCTOK CIIMPAJIM HA BTOPOM MaTe-
pUaJIbHOM YPOBHE.

6. JomosHUTEeAbHBIE aTOMBbI, IIPUCOSIMHUBIINECS K BbIACJICHHOMY
yyacTtky cnupanu mosekyiabl JJHK nin PHK Ha pusnyeckoM ypoBHe.

7. OTneyaTok BHEIIHErO CUTHAJIA HA BTOPOM MaTepraabHOM YPOBHE.

Huxkoaaii Jlesawos, uroav 2005 2o00a.

www.levashov.org
www.levashov.info
www.levashov.name
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JIpyrue KHUrM aBTopa

Ilociennee oOpamieHre K 4eJI0BE4ECTBY

B cBoeit mepBoil KHUIe aBTOP MpeajaraeT YMTATEI0 HOBYIO CUCTEMY
3HAHUM M OpeNCcTaBJICHU O 3aKOHAX MPUPOAbLI, KOTOPble HEOOXOOMMBI HE
TOJILKO JIJI1 TOTO, YTOOBI HE pa3pylluaTh HAIll AOM-IUIAHETY, HO U IS TOHUMa-
HUS KaXIbIM TyMAOIIUM YEJIOBEKOM, KaXIbIM, KTO
XOYET MOHATh U OCO3HATh IIPOUCXOAMIIEE C HUM CAMUM,

C JIIOJIbMU, OKPYXaIOIIMMHU €ro JoMa WiId Ha padoTe.

DTa KHUTA 151 TeX, KTO CTPEMUTCSI IPOHMKHYThH B TATHBI

IPUPOIBI, IOHATh U OCO3HATh YYy10 3aPOXKACHUS KU3HMU,

IMOHTH, YTO TAKOE IYILA U UTO IIPOUCXOIUT C YEJIOBEKOM

B MOMEHT M MOCJIE€ CMEPTU. Takne NOHATHS, KaK aylla,

CYILIHOCTb, pEMHKApHAaLIUs, U3 IIOHITUMA MUCTUUYECKUX

«4yJIeCHbIM» O0Opa30M MpPEBPAIAOTCS B MOHITHUS pe-

aJibHbIe, OOYCJIOBJIEHHbIE 3aKOHAMU 3BOJIIOLIMU XXKUBOM

Matepuu. BriepBbie B 3TOM KHUIE NAETCS OOBSICHEHUE MPAKTUYECKU BCEX
SIBJICHUM >XKUBOM Y HEXKMBOM ITPUPOIBI, MOKA3aHO €AMHCTBO 3aKOHOB MaKpO-
1 MUKPOKOCMOCA. ABTOPY yIAJI0Ch CO3AaTh €ANHYIO TEOPHUIO T10JIs1, O0bEI-
HUTb B OTHO LIEJIOE MPEACTABIEHUS O TIPUPO/IE.

Cymnocts 1 Pazym. Tom 1

B 31011 KHUTE aBTOP MPOJOJIKAET, MCITOJIb3YsI CBOIO TEOPUIO HEOAHOPO-
JTHOCTU IIPOCTPAHCTBA, CPbIBATh 3aBECY TallHbI C OUYEPEIHBIX «ITapaJOKCOB»
npupoabl. Ha 3ToT pa3 B poKyce 00beKTHBA IMTO3HAHUS — XXMBas IIPUPOAA U
caM 4enoBeK. ABTOp (popMyIMpyeT HEOOXOAUMBIE M JOCTATOYHBIE YCIIOBUS
JUUISI BOSBHMKHOBEHMS >KM3HM Ha 1uiaHeTax. [Ipocrora u
KpacoTa IMOHATUI JaET BO3MOXHOCTb YATATEIIO, BITOJ-

HE BO3MOXHO, BIIEPBbI€ B KM3HM MCHBITATh MIPOCBE-
TJICHWE 3HAHWEM, KOIIa BOBHMKAET YyBCTBO, YTO 3Ha-
HUS CTAHOBSITCS HEOTHEMJIEMOM YacCThIO Te0s1 caMoro. B
IIEPBOM TOME 3TOM KHUTU aBTOP OOHAXAET IIPUPOLY U
MexXaHu3Mbl SMoLMi. [Toka3bsIiBaeT pob SMOLIMIA B 3BO-
JIFOLIMY XXW3HMU B LISJIOM U YeJIOBeKa, B YaCTHOCTU. Briep-
Bble JA€TCS OOBbSICHEHUE YYBCTBA JIIOOBU U OT 3TOTO
OOBSICHEHMS JTI000Bb HE TEPSIET CBOCH KPaCOThI, a HAO-
OOpOT, ITO3BOJISET YEJIOBEKY IOHUMATh IIPOUCXOASIIEE C HUM CaMUM U U30e-
>XaTh HEHYKHBIX pa3ouyapoBaHuii... KpoMe 3Toro, aBTop nmpoJjiMBacT CBET HA
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MIPUPOIY MAMSTU, ONSITh-TaKX BIIEPBbIC ITOKA3bIBACT MEXaHMU3Mbl (DOPMUPO-
BaHM$ KaK KpaTKOBPEMEHHOM, TaK M JTOJATOBpeMeHHOM nmamatu. M Ha sToit
OCHOBE PacCKpbIBAET MEXAHU3MBbI 3aPOXKICHUSI COZHAHUS.

Cymnocts 1 Pazym. Tom 2

Bo BTOpoM ToMe KHUT'M aBTOP SICHO U YETKO MOKa3bIBaeT HEOOXOIUMBIE

1 JOCTAaTOYHBbIEC YCJIOBUSI MOSIBJICHMUSI COZHAHUSI Ha OIPEeAeIEHHOM YPOBHE

pa3BUTHS KU3HU. [ToHMMaHue MexaHM3MOB (DOPMUPOBAHMS ITAMSITU U CO3HA-

HHS HA YPOBHE MaTepUAIbHBIX TEJI CYIIIHOCTH MO3BOJISI-

€T aBTOPY OOBSICHUTD SIBJICHUE KU3HU TTOCJIe CMEPTH,

MMPOUCXOAsIIIEE C JIOAbMU B COCTOSIHUM KJIMHUYECKOM

cMmeptu. biarogapsi aToMy, 3T (PaKThl U3 KaTeropuu

HEOODbSICHUMBIX (P€HOMEHOB MEPEXOAsiT B KATeTOPHUIO

€CTECTBEHHBIX SBJICHUU >XMBOW Mpupoabl. ABiIeHUE

peMHKapHalM — W3 KaTerOpuM PEJIMTUO3HBIX U MU-

CTUYECKMX MMOHSITUM, ONSAITb-TaKM, IEPEXOAUT B KaTero-

pUIO peasibHbIX MPUPOAHBIX siBAeHMA. Tak ke, Kak u

MOHSTUSI KApMBI, IpeXa MepecTaloT ObITh MHCTPYMEHTOM

MaHUITYJIMPOBaHUSI CO3HAHUEM MacC B pyKaX roCy1apCTBEHHbBIX U PEJIUTHO-

3HBIX JesTeNIEH Y MPEeBpALIAIOTCS B IIPOSIBIICHUS BCE TE€X XK€ 3aKOHOB IIPUPO-

Ibl. [ToHMMaHue BCero 3Toro JeaeT 4yeJaoBeKa UCTUHHO CBOOOAHBIM U TBOP-

LIOM CBoei coocTBeHHOM cyar0bl. Hu bor, Hu Llaps u He [€poii, a cam yesmoBek

oInpeaesisieT CBOM MOCTYIIKA M HECET MOJHYI OTBETCTBEHHOCTb (HE TOJILKO
MOpPaJIbHYIO) 3a HUX.

Poccus B KpuBBIX 3epKajiax

Tom 1. OT 3BE€3AHBIX PYCOB K OCKBEPHEHHBIM PYCCKHM

Han »sToii kHuroit aBTop Havas padotats B 2003 roay, XoTs uUjiesl HaIruca-
HUS ITOJOOHOM KHUTUM CO3peBaia He OWH rof. JleTckoe yBiiedeHre U MUHTEPEC
K IpouIJIoMYy Kak cBoeid PoguHBbI, Tak ¥ BCeil MIaHEThI

CO BpEMEHEM HE MCUYE3/IU, a CTaJIU OJHUM U3 €ro MpU-

3BaHUl. AHAJIMTUYECKOE MbIIIJICHE, HEOOBIYHBIE BO-

3MOXHOCTH Y MHOXECTBO MPOYUTAHHBIX KHUI, B KO-

HEYHOM UTOTe, IIPUBEIN aBTOPaA K MBICJIM O HAITMCAHUU

KHUTU O peaJibHO uctopum Poccuu, a He TOi «Bep-

CUM», KOTOPYIO HaBsI3aJI1 CJIaBSIHAM-pycru4yaM «I100po-

KeJaaTean» ¢ IPUXOAOM K BJIaCTU AMHACTUU PomaHo-

BBIX, OCHOBATEJIM KOTOPOM COITACUIUCH MPEIATH CBOM
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HapoJ U BeJIMKOE MPOIIJIOe CBOUX MPEIKOB B 0OMeH Ha TpoH. B cBoeii kHure
aBTOp ToKa3biBaeT «13TOPu0» B mpuHIIMIINAJIbHO HOBOM CBETE, KaK 3TO He
JieJiajal HUKTO Apyroii 1o Hero. CBOM BBIBOJBI OH MOATBEPKIAET pealbHBIMU
MCTOPUYECKUMU JOKYMEHTAMU U KapTaMM, C KOTOPBIMU YUTATEb [TO3HAKO-
MUTCS OHMM M3 nepBbiX. IIlar 3a maromM aBTOp BOCCTaHABIMBAET pealbHOE
Mpolljoe Halllel riaHeTbl U Poccui, MHOTHUE THICSIUM JIET UTPAIOIIEN KITIO-
YeBYIO POJIb B Pa3BUTUU 3€MHOU LIMBWIN3ALIMM, KOTOpas M3HaAYaJIbHO ObLIa
KOJIOHUEN, CO3aHHOI Ha MJIaHeTe 3eMJIsl 00bIINM O0beTMHEHUEM TYMaHO-
UIHBIX NuBMIM3anuii. KoHeuHo, Torna oHa He Ha3bIBajlach Poccueit, Ho ne-
JIO HE B Ha3BaHMM, a B CYTU TOT'0, YTO 3a HUM CTOUT. A ctouT 3a Poccueit you-
BUTEJIbLHOE MPOILIJIOE Hapoaa, €€ HaceJIsIIolIero, 0e3 KOToporo He ObLI10o ObI HEe
TOJIbKO MHOTUX KYJIbTYp, HallMil 1 HAPOAOB, HO U COBPEMEHHOI LIMBUIN3a-
1107078

3epkaJjo mMoeii aymu

Tom 1. Xopomio B cTpaHe COBETCKOM JKHTb...

[TpyuuurHBI TOrO, YTO S B34JICS 32 CBOE XMU3HEOIMMCAHUE, BECbMA TPUBU -
albHble. Ha mpoTsskeHnn OOBOJIBHO JOJIOro BpeMEeHU MHE MPUXOAUIOCH
TOBOPUTH O HEKOTOPBIX COOBITUSIX CBOEH XXKM3HU U OYEHb YACTO MOM PACCKa3bl
BO3BpPaIAJIMCh KO MHE B TaKOU (pOpMeE, UTO 5 JAXE HE
MIPEAIOoJIaraj BO3MOXHOCTH ITOSIBJIEHUS TAKOTO «(POJIb-

KJ10pa». Mou pacckasbl 00pacTaly TaKUMM «(paKTaMu»,

YTO JaXXKe MHE CTAHOBWJIOCh MHTEPECHO MX MOCTYIIATh.

Btopoit npuunHOIi, TOATOJKHYBIIEH MEHSI K TAKOMY

«TIOIBUTY», ObLT (DAKT TOTO, YTO NEPUOAAIECKU MOSIBIISI-

JICh JIIOIM, KOTOPBIEC IIpeajiarajJu MHE HaIlMcaTrb 000

MHE KHUTY 1 BCSIKUI pa3 MEHS YTO-TO OCTAHABJIMBAJIO.

OnuH pa3 g gaxe corjaacuics Ha TO, YTOObI OJJHA aMe-

pUKaHCKas MucaTeJIbHULIA 3aK1cajga MOU BOCIIOMMHA-

HUS Ha KACCEThI U 1 MOTPATUJI HECKOJIbKO JHEI, HaroBapuBasl €ii CBOM BOCIIO-
MWHaHUY 1 pa3MblluieHud. Ho Bckope mepeaymall U OTKasajacs OT 3TOro
npeanoxeHus. Bo-mepBbix, MHE MPUXOIUIOCH TPATUThH TOBOJIBHO MHOTO Bpe-
MEHM Ha U3JIOKEHUE U MOSICHEHUE CIIYUYMBILIETOCS CO MHOM. BO-BTOpHIX, na-
Ke, MMesl Ha pyKax ayAuOKacCeTbl C MOMMM BOCIIOMWHAHUSIMU, MTUCATENIU U
XKYPHAIUCTBI YMYIPSUIMCh TaK BCE MCKA3UTb, YTO S MPOCTO IWBY OABAJICH.
[Ipuuem, nckaxxeHre HabJII0IAI0Ch, KaK B CTOPOHY ITPEYBEINYCHMS, TaK U B
CTOPOHY M3BpallleHUs (PaKTOB ¥ OTKPOBEHHOM JIKMU...
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Ceernana ne Poran-JleBamona

OTKpoBeHne
Yacts 1. lercTBo. Tom 1.

Caetniana o3HavaeT Hecymast CeeT. OueHb peliko ObIBalOT COBITaASHMS,
Korja InpeaHa3HadyeHue YeJI0BeKa, ero Aejaa U MMs COBNAgaloT NPaKTUIECKU
MOJIHOCTBIO0, KaK y CBeTiiaHbl Ae Poran-JleBaoBoii. Bes €€ XXu3Hb, ¢ caMoro

paHHETO JEeTCTBa, ObLIa MPOHM3aHa CTPEMJIEHUEM K
Caety, K 3HaHMIO, K JYXOBHOMY pa3Butuio. Cka3arh,
YTO €€ cyabba HeOObIYHA, 3TO 3HAYUT HUYErO HE CKa-
3aTh. C NEPBLIX JIET XXKMU3HU € MPUIIIIOCH TPUCIIOCA0IN -
BaThCs K TOMY, YTO OHA HE TaKasl, KaK BCe, K TOMY, YTO
OHa MOXET AeJ1aTh MHOIOE TAKOE, YTO ObLIIO HEMOHSITHO
1 HEIOCTYIHO OKpyxXaBIIuM e¢ monsaM. CoBceM elie
MajeHbKOM CBeTJaHe MPUILIOCh CaAMOM M3ydaTh U
OCBaMBaTh CBOM BO3MOXHOCTH, YUUTHCSI KOHTPOJIUPO-
BaThb MX 1 IIPAaBUJIbHO MCIOJIb30BaTh. OHA paHO MO3Haja
ropedyb HEMMOHUMaHUS U HeJJOBEPUSsI, 3aBUCTU U XKECTOKOCTU, OJMHOYECTBA U
HEHaBUCTU. YyaecHbIE CITIOCOOHOCTH, KOTOPBIMU OHA Bjajieaa C IETCTBa,
OKAa3aJIMCh HETIOHSATBIMUA U HEBOCTPEOOBAHHBIMU OKPYXABIIMMMU €€ JIIOJIbMU;
€l NpUIJIOCh CAMOI BBIXKMBATh U XXUTh B TOM MUPE — BeCbMa OMAaCHOM U
KOBAapHOM MHUpPE, OCOOCHHO JIJII OAMHOKOI MaJIeHbKOM N€BOYKHM. ..
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Knuru, Hag KOTOpbIMHE aBTOP pad0OTaeT

3epkajio Moeii xymm

Tom 2. Xopomio B cTpaHe aMEePUKAHCKOM JKHTb...

DTa KHUTa paccKaxeT 00 aMepuKaHCKOM I€pUO/Ie KU3HU aBTOPA, COCTA-
BUMBIIIEM TTOUTH MATHAALATH JIeT, ¢ 1992 mo koHel 2006 roga. DTo BpeMsi ObI-
JIO HaChILIEHO OTPOMHBIM KOJIMUYECTBOM Pa3HOOOPA3HbIX BCTPEY, COOBITUIA,
CBepIlIeHUI, OOpbOBI, OTCTYIIJIEHU 1 1100en. MHorue
13 HUX OKAa3aJIv BJIMSIHME Ha XXWU3Hb aBTOPA 1 €0 >KEeHbI
— CBeT/1aHbl, HEKOTOPbIC UMEJIU MJIaHETapHOE 3HaUe-

HUE, a KOEe-4YTO IOBJUSJIO U Ha Hainy BceleHHYlo.

KusHbp B AMepuKke okKa3zajlach COBCeM HE TaKoOi, Kak

MOKa3bIBAIY IO TEJIEBU30PY MJIM MUCATIU B KPACUBBIX

XypHajax. 2Kru3Hb BOOOIIe HUKOTIA HEe OBIBAET TAKOM,

KaKoOM €€ puCyIoT B pekyiame. M geio 3aech coBceM He

B TOM, YTO KaKOM-TO HapOd CUMTAECTCS TJIYIbIM, a Ka-

KOM-TO YMHBIM, KAKOM-TO XXKaIHbIM, a KaKOM-TO 1L~

JIpbIM. YMHBIE U IJIyNble JI0AM €CTh Be3ae. Jleso 31ech B TOM, UTO Ha 3eMiie
CO3J1aH OIPOMHBIN MU@, COCTOSIILIMI U3 MHOXECTBA APYruX MUGOB, TaKUX,
Kak Mu@ o cBobdone, MU 0 feMOKpaTuu, MU@ 0 Oore v AbSIBOJIE, O PABEHCTBE
1 OpaTtcTBe, MU@ O TOM, UYTO HayKa YTO-TO TOYHO 3HAET, MU} 00 OTHOLLIEHUSIX
MEXAY JIIOJAbMU U MHOXKECTBO Apyrux. M Hac — mroneit — 3aCTaBIIsIIOT IyMaTh
1 KUTh B COOTBETCTBUM C 3TUMU MUPaMU, a HE C peaJibHOI KapTUHON MUPO-
3IaHUs ¥ 3aKoHaMu npupoabl. 1 B AMepuKe 3TO MPOsIBIISIETCS B O4€Hb 00JIb-
1IIOM CTEINEeHU, YTO MOHAYasly BbI3bIBAJIO Y FepOeB KHUTHU TOJIHEHIIee HEIoyMe-
HUE U 1aXKe HEKOTOPYIO pacTepssHHOCTh. I1o3ke, pa3o0paBlIniCch, OTKYy1a Be-
Tep AyeT, OHU HavYaJIu CBOE MHOTroJIeTHee MpoTUBOCcTOsIHUE ¢ CrcTtemoil. Bot
00 3TOM 1 paccKa3bIBaeT 3Ta KHUTA...

Poccus B KpuBBIX 3epKajiax

Tom 2. Pycs pacngaras

Bo BTOpoM TOMe KHUTM aBTOP MU3J1araeT CBOE BUAEHME Ipoluioro Poccum.
[Ipu 3TOM aBTOpP HE TOJBKO IMTOJHMMAET BOIIPOC O MpeTHAMEPEHHOM MCKaXe-
HUM COOBITHM MPOILIIOrO, HO Y BIIEPBbIE BCKPBIBAET IIPUUNHBI 3TOTO UCKAXKE-
HUS, TIOKA3bIBAET, KTO M IOYEMY CTOMT 3a 3TUM, U KAKMM 00pa30M BCE 3TO CTa-
JIO BO3MOXXHBIM. ABTOD MpejIaraeT B3IJISTHYTb Ha COOBITUS JAJIEKOTO IPOILIO-
IO U HE OYE€Hb, COBEPIIECHHO IO IPYTMM YIJIOM, TOYHEE MOJ HECKOJbKUMU
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yIjlaM1 OJHOBPEMEHHO. ABTOp paccMaTpMBaeT LIeIbIiA
CHEKTP SIBJICHUI 13 XU3HU COLIMYMa, KaK OJHO 1IeJI0€
Y TTI0KA3bIBAET, YTO NPAKTUIYECKHU JTIF0O0E COOBITHE TIPO-
1IJIOTO JItOOOM CTpaHbI MPU TAKOM PACCMOTPEHUU HE
MOKET ObITh UCTOJIKOBAHO JBOSIKO, KaK 3TO BBITOAHO
BJIACTb JeprKalluM. A TTI0JIy4aeT BIOJHE ONpeaeIEHHOE
00BbsSICHEHME, KOTOPOE HE 3aBUCUT OT XeJJaHUI WU
aMOU1I1Ii OOBICHSIOIIETO, a TOJIbKO OT 00ObEKTUBHBIX
MPOLIECCOB, MPOUCXOASIINX BHYTPU YEJIOBEUECKOTIO
coobmiectBa. Emy ymaércsa, Onaromapss Takomy
MOJAXOAY, <«OYUCTUTb» MYTHBIC BOJbl BPEMEHHOW «pPEKM» MPOIILIOro
HuBUAM3aLIUU Mwuarapa-3eMid U B OCOOEHHOCTU TOro, YTO KacaeTcs
npounioro Poccuu, XoTs 3a BpeMsI CYLLECTBOBAHMSI 3TOM CJIaBIHO-apUIICKOMN
UMIIEpUU Y He€ ObLJIO MHOIO pa3HbIX UMEH. O TOM, KaK eMy 3TO YIAETCs,
YUTaTEeJIb MOXKET IIPOYUTATh B 3TOM KHUTE...

Cymnoctb 1 pa3ym. Tom 3

B 3TOM TOME aBTOp MPOJOJIKAET 1IAr 3a I1aroM OTKPhIBATh YUTATE/IIO Tali-

HbI IpUpoabl. B LIeHTpe ero BHMMaHUsI — NPpUPOIA TICUXUYECKUX SIBJICHU Ue-

JioBeka. Jlasiee aBTOp JAET LieJIbIi TIACT MMOHEPCKUX MPEACTABICHUM O SIBJIe-

HUSIX ICUXUKU YEJI0BEKA Y COLIMYMOB, KOTOPbIE HUKTO

Ipyroii HUKoraa a0 Hero He 3aTparvuBaji. OH BBOAUT HO-

BbI€ TTOHSITHSI, TAKME KaK IeoTCUXOJIOTUs yeJoBeKa U

SBOJIIOLIMOHHASI T€OMNCUXOJIOTUS COLIMYMOB. DTHU I0O-

HSITHUSI TO3BOJISIIOT COBEPILIEHHO MO-APYrOMY B3IJISIHYTh

Ha pa3BUTHUE 3€MHOI LIUBUIM3ALUMA U UCTOPUYECKUE

COOBITUS TPOLIJIOro, HACTOSIIEro U Aaxe Oymyllero.

DTU 3HAHMUS TTO3BOJISIIOT YBUAETH BMECTO «Xa0Ca» COObI-

TUIA U «IPOU3BOJIa» TUYHOCTENM, O KOTOPHIX TaK JIOOSIT

TOBOPUTb UCTOPUKHU, 3aKOHOMEPHOCTb ITPOUCXOSIIIIE -

ro, onpeaessieMylo pealbHbIMU 3aKOHAMU MPUPObI, ACVCTBYIOLIMMU B Y€JI0-

Be4yeCKOM coob1iecTse. M, Kak CeACTBUE 3TOr0, BIIEPBBIE MTOSIBIISIETCS BO3MO-

>KHOCTb IMMOHSITh IIPUYMHBI, CTOSIIIIME 32 TEMU WU UHBIMU COLIMAJIbHBIMU CO-

OBITUSIMU U SIBJICHUSIMU U YBUAETh KYKJIOBOAOB, KOTOPbIE€ TaK JOJI0 HAXOd -

JIUCh B TEHU; 1 €CJIU KTO-TO U JOTaabiBajcs 00 UX MPUCYTCTBUM, TO, O0€3 MO-

HYMaHUS 3aKOHOB IPUPOAbI, YCUTTUSIMU 3TUX KYKJIOBOJIOB OHM CTAHOBUJINCH

WIM cyMacIleAIMU, in ¢panbcudukaropamu. [lanee aBTop BBOAUT ITOHSI-

THE KOCMOIICUXO0JIOTMU YeJI0BeKa U OOBSICHSIET BIAUSIHME KOCMUYECKUX SIBJIE-
HUI Ha pa3BUTHUE LMBUIU3ALIAN.
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3aKOHBI IIEJIUTEILCTBA

CoBpeMeHHas1 MeIMIIMHA «3a0J1yaIach» B CO3JaHHOM €10 caMoli J1abu-
PUHTE U, MOTEPSIB «HUTh ApUaaHbI», HE B COCTOSIHUU 13 HEeTo BhIOpaThesi. B
cepeauHe ABaALAaTOrO0 BeKa MEAUKM TOBOPUINA O TOM, UTO, KOrJa OHU OyayT
pacrmoJiaraTb TOYHBIMUY IIPUOOPAMU JJISI AUATHOCTUKU U
HEOOXOAUMbIMU JIEKapCTBaMM, OHU IIPUBEAYT YeJIOBEYE-

CTBO K 30JI0TOM 3pe BCEOOIIEro 310poBbs... OHU BCE 3TO

noayuuau... Ho, TemM He MeHee, atoa1 60J€10T OTHIOAb

HE MEHbIIIE, YeM paHblile, a 0oJiblie. JleTr poxXIaloTcs ¢

yKe 0cJabJIeHHO MMMYHHOM CUCTEMOM; MIPUXOAS B

OOJBHUILY UJIU KIMHUKY OTHOCUTEIBHO 3J0POBbIM, Ye-

JIOBEK BECbMa CUJIbHO PUCKYET MOKMHYTh UX B KOMITAHUU

1IeJ10r0 psiaa 3a00JeBaHUM, JOBOJBHO YacTO MPUBOIS-

LIMX K CMepTeJIbHOMY ucxoay. M BC€ MOXET Mpou301TU

TOJIBKO OTTOTO, YTO YE€JIOBEK ITPOCTO IMOABIIINT BO3AYXOM 3TUX «XPaMOB
300pOBbSI». B 5TOM KHMre aBTOp OOBSICHSET NMPUUYMHBL 3TOrO0 U OAET
MpeacTaBjJeHUe 0 MeaulHe Oyayimiero. M 3HaHUS 3TOM MEIULIMHBI yXe
JEeWCTBYIOT U peajibHble pe3y/bTaThbl MOATBEPXKAAIT NPaBUIbHOCTh HOBOTO
myTu. B 3T0i1 KHUTE aBTOP OOBSICHSIET, KaK pad0oTaeT JKMBOM OpraHu3M, Kak 1
MMOYEMY BO3HHUKAIOT OOJIE3HM U IATOJOTMU, MEXaHU3Mbl CKAHUPOBAHUS
OpraHm3Ma, METOAWKHU ONpeaeJICHUS TIEPBOIIPUIMH 3a001€BaHUIA, CTPATETUIO
1 TaKTUKY JIeYeHUsI 00JIe3HEel 1 BOCCTAaHOBJIIEHUSI OpraHu3Ma a0 3J0pPOBOTO
COCTOSIHUSI, BILIOTh 1O T€HETUYECKOM KOPPEKILIMU OpraHu3Ma.

www.levashov.org
www.levashov.info
www.levashov.name
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Pycckoe OomecTreenHoe /IBnxeHune
Bo3poxaenue. 3o10Tou Bek

Pycckoe Ob6iectBeHHoe JIBrzkeHne «Bo3poxaenue. 3o10toii Bek» co-
3IaHO O MHULIMATHUBE PYCCKOIO YYEHOIO, aKaIEMMKA HECKOJIbKIX aKaIeMUIA,
Huxkonas JleBamona. DTo poeKT M0 KayeCTBEHHOMY NpeoO0pa30BaHUIO CO-
BPEMEHHOTIO YEJI0BEKa, MOJABEPraBIIErOCs MOCTOSHHOMY 30MOMPOBAHUIO Ha
MPOTSKEHUH TTOCTIEIHUX HECKOJIbKUX ThICSY JIET, B HacTos1ero Yemopeka Pa-
3YMHOTO. DTOT IPOEKT CTAaBUT CBOEH 3agadyeil mpoOyXaeHue reHeTUYeCKOMn

MaMsTHA PYCCKOro Hapoaa U IPYTUX KOPEHHbIX HAPO-
noB Poccun, BOCCTAaHOBJIEHUE UCTUHBI O CJIaBHOM
MPOILIJIOM 3TUX HApoOAOB, 00 MX POJIM B CO3JaHUU
BBICOKOPAa3BUTON 36MHOW LIUBWJIM3ALIAU, MPOLIBE-
TaBlIEl HA Hallel IIaHeTe MHOTKWE COTHU ThICSY
JIET. DTOT MPOEKT CTAaBUT CBOEH 3amadyeil moKas3aTb
JIIOISIM ITYTh 3HAHUSI — €IMHCTBEHHbIN MyTh, BEIYy-
LW T10 IYTH 3BOJIIOLIAN, €AUHCTBEHHBIN, KOTOPBI
MO3BOJIMT Hallle HUBUJIM3ALUU IEPEXUTh Tparnde-
CKUM TYIIMKOBBIM 3TAll, B KOTOPBI HAC 3aBEJIM CO-
LaJIbHbIC MAPa3UThl — OAHIUTHI C OOJIBIION KOCMUYECKON JOPOTH.

ITpoexT «Bo3zpoxaenue. 301010l Bek» — 3T0 cyacT/ivBasi BO3MOXHOCTb
JUTSL JTIFOAEW MpOOYIUTBCS OT TYOUTEIBHOIO SBOJIOLIMOHHOTO «CHA», B KOTOPBIA
HaM MOMOIJIY MOrPY3UThCS MApa3UTUUECKUE CUIIbI, U U3 KOTOPOIO HAM HE J1a-
10T BBIATH YK€ IOJITOE€ BpeMs, T.K. «CIISIILAMMW» MacCaMU Jierde YOpaBisTh U
Jierye 3a0Mpath Y HUX MX SHEPIUIO, X XXU3HEHHYIO CUITY, OCTaBJIsIsI B3aMEH 00-
JIE3HU, HEecUacThsl U cMepTh. «Bo3poxaeHue. 3o101oii Bek» — 3T0 1yTh 3BO-
JIIOLIMOHHOTO Pa3BUTHS YEJIOBEYECTBA, KOTOPbIM, B KOHEYHOM UTOTE, II03BO-
JIUT €My BBIXXUTb, TOCTUYb BHICOKOIO YPOBHS Pa3BUTUS, 3aHATh JOCTOMHOE
MECTO B CEMbE pa3yMHBIX LIMBWIM3aLMil Halleil BceleHHON U CcYaCTIMBO
>KWUTb MHOTHE MUJUIMOHBI JIET.

Pycckoe O6iiectBeHHOe [IBukeHue «Bo3poxaeHue. 3omotoit Bek» —
5TO Ha CETOAHSIIIHUMI IeHb €AMHCTBEHHAS peaIbHAsI BO3MOXXHOCTb IT0-HACTO-
SI1eMy TIOYyBCTBOBATh ce0s1 YenoBekoM PazyMHBIM, HauaTh MBICJIUTb pa3y-
MHO, TIOCTYIIaTh Pa3yMHO M OOpECTU MPOCBETIEHUE 3HAHUEM. DTO €IUH-
CTBEHHAa$ peaJibHas1 BO3BMOXHOCTb IOHSITh OTBETCTBEHHOCTb, KOTOPYIO Ka-
KIIbIMA YEJTOBEK HECET U 3a ce051, M 3a BCIO IUBUJIN3ALIAIO B LIEJIOM; € IMHCTBEH-
Hasl BO3BMOXKHOCTb CITACTU OT HEMUHYEMOI TMOesN ce0s1, CBOIO LIMBUIN3ALIMIO,
CBOIO IJIAHETY. I BU>KeHME MPEACTABIISIET COO0M OOIIECTBEHHOE OOBEANHEHUE
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JIIOJIEN, BHE 3aBUCUMOCTH OT UX IMTOJIUTUYECKUX YOCXKICHUMN, Y KOTOPBIX €CTh
WCTUHHOE XeJIaHUE U3MEHUTD CYILECTBYIOIIEE MOJIOXECHHUE K JIyUIIeMY; JIIO-
Jeli, TOTOBBIX AEMCTBOBATh HE Paay KOPBICTU U CBOUX JIMYHBIX UHTEPECOB, a
BO UM$ CBOe Bennkoil HalMy ¥ c4acTAMBOTO M MUPHOTO OYyAYILEro CTPaHbI,
3a COXpaHEHUE MJIaHEThI U €€ 9KOoJornuu. Kaxxabiii 4eCTHbIN Y€JI0BEK, Y KOTO-
poro 60JUT ayla 3a Oyayllee CTpaHbl ¥ Oyayllee HalllMX AeTei, JOKEH I10-
HUMAaTh CBOIO JUYHYIO OTBETCTBEHHOCTb 3a BCE MPOMCXOIIIEE, a HE XKIaTh
KOrAa KTO-TO OPUAET U CAEIAET BCE 3a HETO.

Celiuac yXXe HEeT BpeME€HHU CIIOPUTh O HUYTOXHBIX Mejaodyax, MPUILIO
BpeMsI OTOPOCUTH B CTOPOHY BCE JIMUHbIE aMOMILIMY — Ha KOHY Cyib0a HallUH,
e€ Oymyllee U gaxe caMo e€ cyuiectBoBaHue. Yyxxue boru u «uaeanbl» yxe
npuBean Poccuto Ha rpaHb KatacTpodsbl. [IpuBenn K TomMy, 4TO €IMHBINA CO-
LIMAJbHBIM OPraHW3M HALlMM PYCOB MPEBPATUIICS BO MHOXECTBO MEIbYaNIIINX
«OCKOJIKOB», MHOTUE 13 KOTOPBIX HE OOJIbIIIE OMHOM CEMbH, a TIOPOI U OJHOTO
yeJI0BeKa, KOTOPbIl TOJILKO caM 3a ceds1. MUMeHHO 3Toro u 100MBaJIMCh HAllIX
Bparu. IloaTomy, Bce Te, KTO pe30HUpPYET ¢ MH(pOpMaLIME, N3JI0KEHHOM B
KHUre «Poccust B KpUBBIX 3epKajlaX» M KTO FTOTOB JeiCTBOBATh Ha 0J1aro CBO-
€ro Hapoja, a He TOJIbKO Paayu CBOEI JIMYHOM BBITOJbl, OTKJIMKHYTCS HA 3TOT
npu3biB. [Ipuiia mopa, 4ToObl KaxKIblii pYCCKUI YEJTOBEK M KaxXXAbIM IIpe/I-
CTaBUTEb IPYIrUX KOPEHHBIX HapogoB Poccuun, mepecran ObITH paboM M
paboTatb Ha 6J1aro 4yxKe3eMLEB, SIBHBIX U CKPBITHIX BparoB-pa3pyluuTesiei,
a CTaJl CBOOOJHBIM Y€JI0BEKOM, CO3UAAI0IINM, HeCcylIUM OJ1aro cBoemy PO/ly,
ceoeMy HaPO]ly; cratb 61aroPO/IHBIM.

NHuTepHeT-cTpanuiy JIBUzKeHUS MOXHO HAWTH 11O CJIEAYIOLINM agpecaMm:

www.rod-vzv.net
www.rod-vzv.org
www.rod-vzv.info
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Jlesamos Hukonait BukropoBuy
Heoanoponnasa Bcenennas
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