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B xHUTE aBTOp M371aracT CBOIO TEOPUIO MUPO3AAHUS. DTa TEOPHS TTO3BOJISIET
O0OBSICHUTD IPAKTUUECKHU BCE SIBJICHUS XKUBOU U HEXMBOM Npupoabl. Paccma-
TpYBasi B3aMMOJICICTBIE HEITPEPHIBHO U3MEHSIIOLIIETOCs] HEOIHOPOIHOIO IIPO-
CTAaHCTBA C MaTepHeli, KOTOpast UMeeT KOHKPETHBIE COBICTBA M KAYECTBa, aBTOP
BBOJUT MOHSITHE «KBAHTOBAHUE IPOCTPAHCTBA 110 MaTepusim». [1og00HbII nmo-
XOJI TO3BOJISIET CBECTU BCE MPUPOAHBIC SIBJICHUS B OAHY TApMOHUYHYIO, HEIPO-
TUBOPEUYUBYIO cucTeMy. M, Kak cliecTBIE, BIIEPBbIe BO3HMKAET BO3MOXKHOCTh
O0OBSICHUTH MPUPOIY TPABUTALIMOHHOIO, MATHUTHOTO 1 3JIEKTPUUECKOIO MO0~
JIeil, Kak pe3ybTaT B3auMOJECTBUSI HEOMJHOPOIHOIO IMPOCTPAHCTBA C HEO-
JTHOPOIHO pacmpeIeEéHHOM B 3TOM MPOCTpaHCTBE MaTepueit. Mcnob3yst mpuH-
LIMIT HEOAHOPOIHOCTH, aBTOP ITOKA3bIBaeT AMHCTBO 3aKOHOB ITPOPO/IbI HA YPO-
BHE MaKpoO- U MUKpOKocMoca. BepBoie copMyarpoBaHbl HEOOXOIUMBIE U
JIOCTATOYHBIE YCJIOBUS JIJIsI BOSHUKHOBEHUS XKM3HM HE TOJILKO Ha HallleH T1j1a-
HeTe, HO M Ha MWUIMapaax Apyrux IjlaHeT ¢ MOMEHTA X BOBHUKHOBeHMs. KHura
MpeICTaBIsIeT UHTEePEC IJIs1 YYEHBIX U (prsiocodoB, CrieiMaaucToB, Ipenoaa-
BaTeJIei 1 IIIMPOKOTo Kpyra ynTaTesieii, KoMy HeOe3pa3IMuHbI ITpo0JIeMbI TTO3HA-
HUSI XKU3HU Ha 3eMJIe U IOCTHKEHHSI BBICIIIETO YPOBHSI CO3HAHMST pa3yMHOI Ma-
TEepUU.
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OT3biB HAa MOHOTpPaduI0 aKaeMUKa
H. Jlesamosa «Heoanopoanas Beenennaga»

CoBpeMeHHas1 HayyHasl KaptTuHa Mupa niu BeceseHHol (rped. pan. jart.
universum — BCE TO, UTO CYILIECTBYET) CO3IAETC, Oarogaps LejieHaIpaBJIeH-
HbIM (pyHIAMEHTAJIbHBIM MCCJIeIOBAaHUSIM, SKCIIEpUMEHTAIbLHBIM HAOII0e-
HUSIM YYEHBIX U (PHUI0CO(PCKOMY OCMBICICHUIO NOJTYyYEHHOM UMY UH(POpPMa-
LIMM, Ha KOTOPOI OCHOBBLIBAIOTCSI HAYYHbIE TEOPUU, OOBSICHSIIOLLIME HEOObI-
YHbIe (PaKThl U YIJIYyOJsiole MoHUMaHue npupoabl BeeneHnHoii. IToHsgTue
«Hay4YyHas KapTWHA MHUpa» aKTMBHO MCHOJIb3YeTCS B €CTECTBO3ZHAHUU U
(prnocodpuu ¢ koHua XIX Beka. OgHako, crieMaibHbII aHAIN3 €r0 COAepKa-
HUS CTaJl IIPOBOAMTHCS 00JIEE MIIM MEHEE CUCTEMATUUECKH TOJIBKO C CEPEANHBI
XX BeKka, HO 10 CUX Op OJHO3HAYHOTO €T0 MOHUMAHMS HEe JOCTUTHYTO. Be-
POSITHO, 3TO CBSI3aHO C OOBEKTUBHON pa3MbITOCTBIO U HEOMPEAEIEHHOCThIO
caMoro NoHsATus BecesleHHas, 3aHUMAIOIIETO CBI3YIOIIEE TTOJI0XKEHUE MEXKIY
cOOCTBEHHO (PMJIOCOMCKUM U €CTECTBEHHOHAYYHBIM YPOBHSIMHU 00001IEHUS
1 MAPOBO33PEHYECKOI0 OCO3HAHUS PE3YJIBTaTOB, METOIOB U TEHACHIIMA Ha-
y4yHoro no3HaHusa Mupa (BcenenHnoit). [Ipobnema no3Hanus BceneHHOM
WCTOPUYECKM OYEHBb JTABHO BOJHYET U (puaocodoB, U YUEHBIX. ECTb Heco-
MHEHHBIE YCIIEX1 B OOBbSICHEHUM TallH Mupa, HO U €CTh CEPbE3HBIC ITPOOJIEMBbI
B TOJKOBAHMUM HOBBIX OTKPBITUMA (PM3UKOB, XUMUKOB, OMOJIOrOB U APYTUX
y4€HbIX. UMEHHO B 3TOM KOHTEKCTE MOSIBJICHUE PeLieH3UPyeMOii MOHOTrpa-
(. — OTUETIMBOE CBUACTEILCTBO TIYOMHHBIX CABUIOB B COBPEMEHHOM
purs10cOPCKOM BOCIIPUATUM caMOl MpobaeMaTuku (peHoMeHa BcesleHHOM,
HEOJHO3HAYHOTO MOHUMAaHUS IPUPOABI €€ ObITHSI B HAYYHOU Cpejie.

AxkagemMuk Hwukonaii JleBalioB mpeanpuHsI HEOPOCTYIO 3agadyy I10
Hay4YHO-(PUI0COPCKOMY MEPEOCMBICIIEHUIO CaMUX MCTOKOB MOHUMAaHUS
(penHomeHa BceneHHOM B uctopru pryiocopun U1 COBpEMEHHOM HayKe, Aeas
aKIIEHT Ha OHTOJIOTUYECKME OCHOBAHUS B OCMBICJIEHNM (DEHOMEHA CaMOpa-
3BUTHSI HEOMHOPOIHOM BeeneHHoi. TpanniimoHHO BC€ MHOrooopasue n3Bec-
THBIX YEJIOBEUECTBY OOBEKTOB M CBOMCTB BO BCeleHHOI neisiT Ha Makpo- U
MUKPOMMUPHI. YK€ BO BBEIEHUU CBOEW KHUIU, aBTOP BIOJIHE IMMPaBOMEPHO
YTBEPXKIAET, 4YTO «3Ta MpodJieMa OyIeT CYIIECTBOBATH 10 TEX I1OP, ITOKa He Oy-
JIET Co3JaHa KapTUHA MUPO3IaHUSI, HA OCHOBAHUY MNOHUMAaHMS 3aKOHOB Ma-
KpPOKOCMOCa U MUKpoKocMmocar» (25 ctp.). M ata punocodckast Mbicab pedpe-
HOM IIpoliljia yepe3 Bcro MoHorpaduio H. JIepamona.

A moHorpadus H. JIeBaioBa, 6eccriopHo, SIBJI€HUE, 1, KaK JH000¢e SIBJe-
HYE, OHA 3aCJIy>KMBAET CAMOTO CKPYMYJE3HOTO aHAJIMTUYECKOTO PACCMOTpE-
HUs. JJoMUHMpPYIOLIAas Uaesl KHUTYA COCTOUT B TOM, YTO UICTOPUUIECKOE CTAHO-
BJIEHME U COBPEMEHHOE pa3BUTHE KYJILTYPbl HAy4YHOTO IT03HaHus BeceneHHol
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MPOUCXOIUT, OJ1arogapsi KOJOCCATbHOM MBICIUTEIbHOM paboTe TYyUIINX Mbl-
cauTene Bcex BpeMéH UM HapoioB. Cama MmocTaHOBKa IIpOOJIEMBI O
HeoJIHOpOoJHOI BceneHHOM B ucTopry GMJIOCO(PCKON MBICIY NPEACTaBISIET
HECOMHEHHbI MHTEpPEC U B TEOPETUYECKOM, U MPAKTUYECKOM ILIaHe, MO-
CKOJIbKY CBsI3aHa C BBISICHEHMEM YCJIOBUI TOSIBJACHUS )KU3HU U YEJIOBEKA —
CyOBbEKTa OCMBICIIEHHOMN XU3HEACATEIbHOCTU U PA3BUTHUS JYXOBHOMU U MaTe-
pyabHOM KYJIBTYpbl. ABTOP YMEJIO BOBJIEKAET YMTATENIS B Ipouecc puiocod-
CKOT'0 MEePEOCMBICIEHUSI BEUHBIX ITp0o0JIeM ITO3HAHUSI ObITUS U pa3BUTHUs Bee-
JIEHHOM M pa3JIMUHbIX €€ CTpYyKTyp. M 3TO — BecbMma HemnpocTas 3agada u 1Jisl
aBTOpa KHUTHU, U JJIS1 TF0OOTO YuTaTeisl U, TeM Oosiee, petieH3eHTa. [loaTomy
s 0Opallly BHUMaHME YUTATEIe KHUTY TOJIBbKO HAa ONVH M3 HAau0OoJIee aKTyallb-
HBIX, HA MO B3IJIsI[, BOIPOCOB, KOTOPHI MOAHUMAETCSI aBTOPOM B €I0 MO-
Horpaduu, 1, MOJ COOTBETCTBYIOLIMM YIJIOM 3pEHMS, JaM OOLIYI0 OLIEHKY
aToil padote H. JIepamona.

Peunb noiiaer 06 aHanuze pujiocopcKkoro OCHOBaHMSI HOBOT'O acIleKTa B
TEOPUM MO3HAHUSI — HeogHOpoaHOCTU BeenenHoi. Oco00 BBIAEIO JIUIIIL HE-
KOTOpPbIe — KJIIOUEBbIC Y3JIbl MPOoOJIeMbl MO3HAHUSI CYTU BceneHHOoM, 13J10-
>KeHHbIe y H. JIeBamroBa B ero kHure. Mo€ BHUMaHue TIPUBIEKIO METOHO0JIO-
rMyeckKoe u3MepeHue aBTOpoM poIn 1 3HaYeHus puyiocodckoro pakropa B
WCTOPUYECKOM CTAHOBJICHUU HAyYHOM KapTUHBI MUPa, I10 MEPE CKJIaIbIBAHUS
palLOHaJIbHO-TEOPETUYECKOIO BUIeHUsI BeeaeHHOM. AHAIN3Y 3TOM BaxkHeTi-
1Ie¥ Mpo0OIeMBbl ITO3HaHMI Mupa CrieiMaIbHO MTOCBSIIEHA IIepBasi I71aBa KHU-
' «<AHaJIUTUYECKMI 0030p». B Hel M310XKEHBI U KPUTUUYECKH EPEOCMBICTIE-
HBI IpeBHeM e MUudrUIecKe U aHTUYHbIE PUIocoPpCcKue peacTaBIeHUs 1
B3IJISIIbI BBIJAIOLIMXCSI MBICJIMTEIC HA MUP, U IPEBHUE BO33PEHUSI ITPOCTHIX
JIIoJeii Ha ObITME YeJloBeKa B MUpe NMpUpoibl. «B McTopumn yesoBedyecTBa
Ha0JII01aJI0Ch HECKOJILKO NEPHUOAOB B3JI€TA HAYUYHbIX ITIpeacTaBiieHui o Bee-
JICHHOI, — TOJIYE€PKMBAET aBTOP, — HAa CMEHY KOTOPbIM IPUXOAWIIN LIEJIbIe
BIIOXY HEBEXXECTBA U BapBapcTBa. BOKpyr CoOXpaHUBIINXCS OCKOJIKOB UCTUH-
HOTI'O 3HAHWSI HAYMHAJIN CO31aBaThCsl «HOBBIE» TEOPUU MUPO3AAHMSI, KOTOPLIE,
TOJIbKO K COBPEMEHHOCTHU, JOCTUTJIM HEKOM 3aBeplueHHOCTU». W nanee —
«IIpencraBineHus o npupoae BeelleHHOM oTpaxkaloT U ONpeacsiioT YPOBEHb
pa3BUTHSI HAYYHOI MBICJIM M TEXHUKU, a TAKXKE, OIIPEIEISIIOT Oyayliiee pa3BU-
THe UUBUIN3ALIMA B 1IeJI0M» (67 CTp.).

ITpuBiiekaeT BHUMaHMEe U KOHLIENITYaJbHbIM XapakTep MoHorpaguu. Bee
€€ TeopeTUUYeCKre MOJOXEHUS U MpaKTUUeCcKre HaOII0AeHUSI OpraHU4YeCKU
B3aMOYBsi3aHbl. OHM CKJIaIbIBAIOTCS B CTPOMHYIO 1 CTPOTYIO HAyYHO-(PUJIO-
CcOo(pCKY10 CUCTEMY OCO3HAHMS 1 00bsICHeHUs1 BeceneHHoOM, Oyaydr MpOHU3aH-
HBIMUM CKBO3HBIMU OOBEAUHSIOIIMMU Y3aMU (PUI0CO(PCKOTro aHATUTUYECKOTO
OCMBICJIEHMSI BCETO HOBOTr0. ABTOp M3JIara€T OHTOJIOTMYECKUE MPOOIEeMBbI



OT3bIB HA MOHOTpadUIO 7

BcenenHoit HeoTaeaMmMo OT npobseM rHoceosiorun. IIpodnemaTrka mo3Ha-
HUSI HEOJHOPOIHOCTU BceneHHOM paccMaTpuBaeTcsl yepe3 Npu3My HOBOTO
MMOHMMaHMs HEOAHOPOAHOCTU MPOCTPAHCTBA. AHAIM3Y 3TOM KIIOYEBO ITPO-
O1eMbl aBTOP MOCBATUI (PAKTUYECKHU JBE IJIaBbl: BTOPYIO U TpeThio. B HUX OH
CKPYNYJIEZHO MEPEOCMBICINI COBPEMEHHOE OTHOIIIEHNUE K TAKUM (PUIIOCO]-
CKMM M HayYHBIM ITOHSITUSM KaK «MaTepUs», «<ITIPOCTPAHCTBO»,, «BPEMSI» U JIP.
K sTomy cnenyet no6aBuTh, 4To akageMuk H. JleBalioB, mpu TpaauliIMOHHOM
noHuMaHuu Matepuu (71 cTp.), KaKk OObeKTUBHOM peabHOCTU, ITPUHIIATIM -
aJIbHO MHAuye CyJIuT O MHOTOOOpa3uu cBsi3eid (popM M BUIOB MaTEpUU C IIPO-
cTpaHCcTBOM. M, eciiv MpeamnojoXuTh, YTO CYILLIECTBYET MHOXECTBO TUITOB
i GopM MaTepUu, Kaxaas U3 KOTOPBIX OTJIMYACTCS OT APYroil CBOMMMU
CBOMCTBAMM U Ka4eCTBAMM YaCTUYHO WM ITOJIHOCTBIO, U 3T (DOPMBI MaTe-
PUU «HAKJIaAbIBAIOTCSI» HA MPOCTPAHCTBO C HEMPEPHIBHO U3MEHSIOIIMMMUCS
CBOICTBaMU 1 KayeCTBaMu, — (PUI0COMCKU Pa3MBbIIIUISIET aBTOP, — TO BO3HU-
KaeT pacrpeaeieHue 3TUX CBOOOIHBIX (POPM MaTepuu IO NPOCTPAHCTBY MO
MPUHLAITY TOXIECTBA MEXY CBOMCTBAMU ITPOCTPAHCTBA U opM MaTtepuu (83
CTp.). ABTOp pacCMaTpuBaET CUCTEMY MAaTPUYHBIX TPOCTPAHCTB, 00pa30BaH-
HBIX CUHTE30M MaTepuil ogHoro tuma. B xinaccuyeckoil puiaocoduu mpo-
CTPAHCTBO, KaK COOCTBEHHO BpeMs U ABVMXXEHUE, MIPEACTABIISIIOT B BUAE HE-
OTbEeMJIEMbIX CBOMCTB (aTpuOyTOB) MaTtepru. HoBoe BuaeHune ObITHSI MaTepruu
U TIPOCTPAHCTBA MTOPOAUT HEIIPOCTHIE THOCEOJOTNYECKHUE MTPOOIEeMbI, KOTO-
pbI€ HE CYIIIECTBOBAJIM paHEe B HAyYHOM TEOPUU MO3HAHUS.

B 31011 KHUrE TIpenIoXeHO HeMAaIO MPUHUIMITHAIBHO HOBBIX OAX0J0B K
OCMBICJIEHUIO TTIpo0JeM BceneHHOM, BepBble Ha3BaHbI OCTPbIE BOIIPOCHI, O
KOTOpPbIX (procodnl elle€ He Nucaau. ABTOP CTPEMUTCS NPEAJTOXUTh PSII
MPUHLUIIMAIBHBIX IPOOJIEM, UCXOIS U3 KPUTUIECKOTO (PUITOCOPCKOIro OCO-
3HAHMS XapaKTepa U3BMEHEHUI B KAUECTBEHHOM COCTOSIHUM MPOCTPAHCTBA,
KOTOPbIE MPOSIBIISIIOTCS, IPEXK]IE BCEro, B UBMEHEHUN KAY€CTBEHHOI'O COCTO-
SIHUSI MaTEepUU. DTy, IO CYTU, PEBOJIOLIMOHHYIO MbIC]Ib, akageMuk H. JleBa-
IIIOB ITOATBEPKIACT CIACAYIOIIMMU cloBaMu: «M3MeHeHNe KauyeCTBEHHOTO
COCTOSIHMSI MaTepUU BJIMSIET HA KAYECTBEHHOE COCTOSIHME MPOCTPAHCTBA C
o0OpaTHBIM 3HAaKOM. B pe3ynbraTe HaJIMuus MEXIy MPOCTPAHCTBOM M MaTe-
pueii oOpaTHOM CBSI3U, MPOSIBISIOIICICS B UX B3AaMUMHOM BJIMSIHUU APYT HA
JIpyra, BO3HMKaeT KOMITIEHCAllMOHHOE paBHOBECHE MEXIY ITPOCTPAHCTBOM U
MaTepuen, Haxoasliencs: B 3ToM IpoctpaHcTBe» (114 c1p.).

CrpykTypa MOHOIrpapuu mocTpoeHa BOKPYT OCO3HAHUSI HEOTHOPOTHOCTHU
MPOCTpPaHCTBA BO BeeeHHOM, KakK TJTaBHOM HayYHO-(PUI0COPCKON MPOOIEMBbI
MBICJISIIETO YeJioBeyecTBa. Mexmy mpoOJieMaTUKON HAydHOTO J10Ka3aTeb-
cTBa ObITHSI HEoJHOpOoAHOU BeeneHHoi 1 e€ duj1ocoPcKrM 0CO3HAHUEM CY-
ILIECTBYET IJ1yOOKasl coaepxartejbHasi B3auMocBs3b. MMeHHO dusiocodus
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cnocoOHa B3aMMOYBSI3aTh MPUPOAY HAYYHOI'O UCCJIENOBAHUS TTIOABUKHOCTHU
HEOJHOPOJHOTO IMPOCTPAHCTBA U €T0 BPEMEHHYIO pa3MepPHOCTb. Tak, paccy-
Kaast O «<BHYTPEHHEM JIOTUKE» YCTOMYMBOCTU U HEYCTOMYMBOCTU COCTOSTHUS
CJIOXKHBIX CUCTEM, aBTOP MpaBOMepHO 3asBiisieT: «CaMbIM ITPOCTHIM aTOMOM
SIBJISIETCSI aTOM BOJIOPOAA, CJIOKHBIMU — TPAHCYPAHOBBIE 3JIEMEHTHI. ATOMBI
BOJIOPOJa — CaMbl€ YCTOMYMBBIE 3JIEMEHTHI BO BCceeHHOM, TpaHCypaHOBBIE
— COBCEM HE YCTOMUYMBBIC Y MPAKTUYECKU BCE U3 HUX CYIIECTBYIOT TOJIBKO B
MCKYCCTBEHHBIX YCIOBUSX U “XKUBYT MOPOU MUJUTUAPIHbBIE JOJIM CEKYHbI,
a To 1 MeHblIe» (179 cTp.).

E1e coBceM HeTaBHO CUMTANIOCh, YTO CYLIECTBYIOT TOJbKO YETHIPE DJI€-
MEHTapHbIX YACTULBI — IIPOTOH, HEUTPOH, 2JIEKTPOH U HPOTOH. CerogHs oT-
KPBIThI HOBBIE 3JIeMEHTApHbIE YaCTULbl U MHOTOYMCJICHHbIE MPOLIECCHI UX
B3aMMHBIX IIPEBpALICHUIA. DTU SIBJICHUS XOPOILLO OMMCAaHbl aBTOPOM 1 KPaco-
YHO MpeACTaBIeHbI UM B pucyHKax. OH yOeIuTeIbHO MOKa3aJl, KaK CyIleCTBO-
BaHME OJHOM YaCcTULIbI, TaK UM MHA4Ye, CBSI3aHO C HAJIMYUEM JIPYroi, Mpu
00BSICHEHMM €AMHCTBA IIPUPOIBI MAKPOKOCMOCA M MUKpPOKOcMoca. Tak, co-
[JIACHO aBTOPY, «“d€pHasi Ablpa’ MAaKpOKOCMOCA CO3JAET BOKPYT CE0ST MOIITHOE
paauagbHOE IPaBUTALIMOHHOE MoJie (paauaibHbIM Ieperiag MEPHOCTH ) BBI3bI-
Balolliee pacriaj Jio00il MaTepun. AHAJIOTMYHO, BHYTPEHHUI 00bEM CIUpaIv
mosekyssl PHK vnu THK, co3gaét nogoOHbIe yCI0BUS, MPUBOASIINE K pa-
craay IUIEHEHHBIX MOJIEKYJI, MO ASMCTBUEM CTOSIYEil BOJHBI MEPHOCTH.
Cnpaib 3TUX MOJIEKYJT BEIET ce0s1 UIEHTUYHO “YEPHOM AbIpe” MaKpOKOCMO-
ca, yto no3sousieT Ha3BaTh Mosiekyly PHK viu JIHK “yé€pHoit gbipoii” Mu-
KpokocMoca» (cTp. 260-261). [1Ipobaema mporcxoxXaeHUs XKU3HU — OJHA U3
HanOoJIee CJIOXKHbBIX, HO U CAaMbIX MHTEPECHBIX B MO3HAHUU (peHOMeHa Bcee-
JieHHo. Eciiu uctopust pa3BUTHS >KM3HU Ha 3eMJIE 3a ITOcaeaHrEe 4 MIIPI. JIET
HE BbI3bIBACT NMPUHUMITHAIBHBIX pa3HOIJIACUM cpelu YU4EHBIX U pUI0codoB,
TO BOITPOCHI ITPOUCXOXKIEHMS U 3BOJIIOLIUY XKU3HU BbI3bIBAIOT HEMIPEKpallia-
ro1ecs cropbl. M1 B 1aHHOI paboTe aBTOp pa3MBbIILISIET 00 SBOJIIOLIAN XK1 -
BOT'O MMpa, KaK pa3BeTBJIEHHOM, MHOIOILZIAHOBOM mnpouecce. MI3BeCTHO, 4TO
B COCTaBE COBpPEMEHHOI (payHbI U (pJIOPHI COCYILIECTBYIOT BUbI, IPEACTABIISI-
I01IME COOOM MTOCIEAHNE 3BEHbSI CAMbBIX PAa3JIUYHbBIX PSIIOB Pa3BUTHUS XUBOTO
BEILIECTBA U CTOSIIIME Ha KAYECTBEHHO Pa3HBIX YPOBHSIX €ro OpraHu3aliu.
Akanemuk H. JIeBallioB, B CBSI31 C 3TUM SIBJICHUEM, PACCMOTpEJI SIBJICHUS He-
OpPraHM4YeCKOro U OpraHNu4YeCKOro B3auMOIECTBHUS 3JIeMEHTAPHBIX YaCTHII,
aTOMOB, MOJIEKYJI U T.[. 3aBeplilasi HaydHYI0 paboTy, OH CIpaBeIJIMBO 3aKJII0-
YaeT, YTO B HEli: «Ha OCHOBE MHOIOYPOBHEBOM XXMBOI MaTEpUU BIIEPBHIE 110~
Ka3aHbl MEXaHMU3Mbl MyTalliii, HAKOTIJIEHUSI UX U Mepelada HOBBIM ITOKOJIe-
HUSIM >KMBBIX OpraHU3MOB, UTO, B CBOIO OUYepe/ib, SIBJIsIETCS] (PyHIAMEHTOM 1151
MOHUMAaHUS 3BOJIOLIMOHHOIO Mpoliecca XKUBOU Mpupoabl» (299 ctTp.).
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Peuensupyemasa moHorpadusa H. JlesamoBa «HeomHoponHas BceeneH-
Hasl» IpeICTaBIsIeT HECOMHEHHBI MHTEPEC IJIS1 YUYEHBIX-€CTECTBEHHUKOB U
ryMaHUTapUEB, CIICLIMATMCTOB U MpenoAaBaTelieii, 1a U IUPOKOTO Kpyra Yn-
TaTesieil, 100 MOAHSTHIC B Hell HeTPaJULIMOHHbIE BOITPOCHI O HEOTHOPOJHOCTU
Bo BceneHHol 1 camoii BeesieHHOM — BechMa akTyaslbHbI, JOBOJILHO ITPo0Jie-
MaTUYHBI 1 TPEOYIOT CAMOCTOSITEJIbHOTO TBOPYECKOTO MPOUYTEHUS M OCMbICIIC-
HUS. A 3TO 3HAYUT, YTO TBOPUYECKUIA MOMCK HayYHO-(PMUITIOCOMCKUX OTBETOB Ha
«BEYHBIE» BOMPOCHI O 3araJloyHOM caMOpa3BUTUU BceleHHOM, MO3BOJISIET
MOHSITh BCIO «3bIOKOCTb» IMPUBBIYHBIX UCTUH WJIU CJIOXKUBILIMXCS MTPEACTaBIIC-
Huii o Mupe. B utore, MoxXHO e1I€ pa3 cKka3aTb, 4To MoHOrpadus H. JIepaio-
Ba OyJgeT MMeTh 00JIbIlIOe 3HAaUYEHME I YYEHBIX U (putocodoB, mpenogaBa-
TeJIei ¥ BCeX TeX, KTO MPpodeCCUOHAILHO 3aHMMAaETCs Ipo0IeMaMu IT03HAHUS
Bcenennoit. Akanemuk HukoJait JleBaloB BriepBbi€, ITOXKaAyi, B IPaKTUKE
Hay4YHO-(pUI0coCKOro nuccieagoBanus (peHoMmeHa BceleHHOM 1 CTaHOBIIE-
HUS €€ ObITUSI, CKPYTTYJIE3HO OCMBICJIMBAET U caMU (pU10COPCKO-METOI0JI0-
rmyeckre OCHOBaHMs mo3HaHus. OH yMeJo MOJb3YeTCsl JUaJeKTUYECCKUM
METOAOM 3MIIUPUYECKOTO U PaLIMOHAJIbHO-TEOPETUUECKOTO PACCMOTPEHUS
HeogHopoaHocTu BceenenHoit. KitoueBast uaest aBTopa 0 HEOGHOPOJAHOCTHU
BcenenHoit monyumniia xopouiee HaydyHOe 0OOCHOBAaHME U KpUTUYECKOE (Pu-
JJocopCcKOoe OCMBICJIEHME TPU aHalIn3e UM KapTUHbI MuposnaHusi. [Togpo0-
HBIA U IIYOOKMI aHaJIM3 aBTOP OCYLIECTBUII B 3aKJTIOYUTEJILHON YETBEPTOM
raBe MoHorpadun «Heobxoaumble M 1OCTaTOYHBIE YCIOBYSI BOBHUKHOBEHMS
>KU3HU BO BceneHHOoM» , KOTopast HOCUT JOCTaTOYHO paJIuKaIbHBINA XapakTep.
B Heli n37102XeHBI OCHOBHBIE TTapaMeTpPhl ITOSIBJICHUS XXKU3HU, a TJTAaBHOE — Ka-
YeCTBEHHbIE OCOOEHHOCTU (PYHKIIMOHUPOBAHMSI OPraHMYECKUX MOJEKYJI.
ABTOp paccMaTpMBaeT MX, KaK, CBOETro pojaa, HeOOXOaMble OObEKTUBHbBIE
YCJIOBUSI BOBHUKHOBEHMS XXU3HU Ha 3eMJjie U MWUIMapaax ApyTrux IIaHeT BO
Bcenennoit. MoHnorpadus H. JleBanrosa 3acityXkrBaeT CaMOi BBICOKOM OLIEH-
k1. OHa — nokasartejab PyHIaMeHTaJIbHOCTU BKIaga akagemuka H. JIesaniosa
B cTaHOBJIeHUE puytocodpun BeeneHHoli. MoHorpadus npeacrasiisieT co0oi
3aMeTHOE INpOABMKEHNUE Ha (HUJIOCOPCKOM MOMpHUlle pa3pabdOTKU COBpe-
MEHHOI Teopuu nmo3HaHus KocMoca. DTo — MoaJIMHHO NPOPBIBHOM HAyYHO-
(purnocodckuii Tpya, KOTOPbI OYAET UMETH (4€pe3 OCBOCHUE €r0, IIPEXAE BCe-
ro, y4€HbIMU U PryiocodamMm) orpoMHOE 3HaUeHUE MTPU M3YYEHUU CTyIeHTa-
MU 1 acOMpPaHTaMU Pa3IMYHbBIX KOHLIEIIIUIA COBPEMEHHOTI0 €CTECTBO3HAHMSI,
3aMHTEPECOBAHHOIO U HEMPEIB3SITOr0 MPOUYTEHUS HETPaaAULIMOHHBIX ITOIX0-
JIOB YUYEHBIX U prj1ocodOB, pa3padaTbhIBalolIMX aKTyaJabHble IPOOIEMBI IMO-
3HaHus Bcenennoit. MoHorpadwus akagemuka H. JIeBammosa «HeogHopoaHast
BceneHnHasi», HamucaHa CTPOruMM, OECHOPUCTPACTHBIM aKaJaeMUUYECKUM
sI3bIKOM HayKu. C y4€ToM xapakTepa TeMbl MOHOTpa(uu, B Hell OTCYTCTBYET
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CYOBEKTUBHO-TUYHOCTHOE OTHOILIIEHUE K KAKUM-JTMOO TEOPETUYECKUM TP -
CTPACTHUSIM M OOBIIEHHBIM CYKIEHUSIM O COCTOSTHMM Mupa. 1 5T0 — npaBuiib-
HO, M00, peLieH3UpyeMasl HayuHass MOHOTpagusi — CTporasi UCcie10BaTe/Ib-
ckasl pabota. BMecTe ¢ TeM, ITOXBaJIbHO, UTO aBTOP, B LIEJISIX JOCTVXKEHUS JTy4d-
IIEro YSICHEHMS CJIOXHBIX CIOXETOB MUCCIEAOBAHUS, MPUOEraeT K SIpKUM
00pa3HbIM CpaBHEHMSIM U3 OOBIICHHOM >XXM3HU. TaK, OH BOBHUKHOBEHHE KO-
JieOaHMi1 MEpHOCTU IPOCTPAHCTBA, IPU B3pbIBE CBEPXHOBOI 3BE3/1bl, CPABHU-
BaeT C BOJJTHAMM, KOTOPHIE TTOSIBJISIIOTCSI HA TOBEPXHOCTHU BOJIbI ITOCJIE OpOCKa
kamHs1. Unu, nutupyto: «I[IpeacraBum nepBUUHbIC MAaTEPMU OJHOTIO TUIIA, KaK
«KyOMKMW» OOHOTO pa3Mepa U paCCMOTPUM, KaK MaTEpUU B3aUMOJIECTBYIOT
JIPYT C IPYTOM B 30HE€ HEOOAHOPOIHOTO MPOCTpaHCTBa». Mu, 011 OObsICHEHUS
rmpoliecca Iepexoja aToMa M3 YCTOMYMBOTO COCTOSIHUSI B HEYCTOMUMBOE,
aBTOpP CPaBHMBAET 3TO SIBJICHHWE C 00pa3oM SIM Ha JI0porax, 3aIlOJIHSIEMbIX
BoA0M BO BpeMs noxad (cTp. 142, 172, 201, 198-200).

3akaHuuBas aHaau3 MoHorpaduu H. JleBaioBa, xoTesioch ObI €11E pa3
3aMETUTh, YTO 3TY CAMOOBLITHYIO KHUTY MOXHO PEKOMEHOAOBATb HE TOJbKO
YYEHBIM U puitocodam, IIpenogaBaTesisiM U MeanukaM. OHa OyIeT Mmoje3Ha 1
BCEM T€M, KOMY HeOe3pa3IMUHbI ITPOOJIeMbI ITO3HAHUS BOOOIIE, KTO, TaK UJIU
nHaye, uHTepecyeTcst puaocodpckuM rozHaHmeM Mupa 1 03ad004eH MOMCKOM
MyTEeW U CPEeACTB MO3HAHUS U TIOHUMaHUS CTAHOBJICHUS XXM3HU Ha 3eMiie 1
€€ DBOJIIOLIMU 10 JOCTUXXEHMS BBICILIETO YPOBHS — pa3yMHOI MaTepuu (4e-
JjoBeka). PazpabateiBaemas H. JIeBaloBbIM KOHLIETIIIMS HEOIHOPOAHOM Bee-
JICHHOI, O3BOJIUT, B OyAylleM, ITPpeaBUACTh U MPEACKa3bIBaTh 00 beKTUBHbIE
MPOLIECCHI B MAKPO- 1 MUKpoMupe. B MoHorpadmmn HamedeHbl HOBbIE TTePCIIe-
KTUBHbIE HalIpaBJIeHUs AaJibHEWIel (pyHIaMeHTabHOM UCCJIeN0BaTEIbCKOM
paboOThI B 3TOM 00J1aCTU HAYKU U (PUIOCO(PUN.

Hrax, moHorpadus H. JIeBalmoBa — 3T0 3aMeTHOE COObITUE B MUPOBOI
purnocodpuu noznanug BeceneHHo. OHa MPOHUKHYTA NIYOOKMMM Pa3Mbl-
LIIJIEHUSIMU O POJIY Y 3HAYEHUU (PUI0COPCKOro Hacaeausi 1 COBpEeMEHHOTO
MOKMCKa B 00J1aCTA TEOPUX MO3HAHMS BOOOIIIE.

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

IIpedcedamenw [Ipobaemuoeco yuebHo-memoou4eckoeo
Cosema no eymanumapuHomy obpa3oeaHuro 8 8y3ax
Munucmepcmea 30pasooxpanenus Poccuu. Ynen
Hayuno-memoouueckoeco Cosema no gurocopuu
Munucmepcmea obpaszosanus Poccuu.



11

Ot aBTOpa

3aKOHbBI MpUPOALI POPMUPYIOTCI HA YPOBHE MAaKPOKOCMOCA U MUKPOKO-
cMoca. YeJsioBeK, Kak XMBOE CYIIECTBO, CYLIECCTBYET, B TAK Ha3bIBAEMOM,
IMPOMEKYTOUYHOM MUPE — MEXIY MaKpo- U MUKPOMUPOM. M1 B 3TOM nmpome-
>KYTOYHOM MUPE YEJIOBEKY IMPUXOAUTCS CTAJIKUBATHCS TOJbKO C IPOSIBJIEHUEM
3aKOHOB IIPUPOABI, @ HE C HUMM HenocpeacTBeHHO. Kak cieacTsue 3T0rO,
BO3HUKAET IIPOOJIEMa C CO3MAaHUEM ITOJHOLECHHOM KapTUHBI MUPO3IaHMUSI.
Drta npobiiemMa OyaeT CyllecTBOBaTh A0 TeX IOp, IOKa He OyIeT co3maHa
KapTMHA MUPO3JaHNsI, HA OCHOBAHWY MMOHMMAaHUY 3aKOHOB MaKpOKOCMOCa
1 MUKpoKocMoca. Kak ObI 10JIr0 MbI Obl HE CMOTpPEJIM Ha BEPXYILLKY aiicOepra,
IO TEX MOpP IOKa KTO-TO HE COOOpa3UT HBIPHYTH IOA BOAY U HE YBUIMWT
arcoepr LEJIMKOM, BCE MOMNBITKA OIMCAHUS €ro OyayT, B JIy4IlEM Ciydae,
HEMOJHbIMU. AHAJIOTUYHO OOCTOMT JIEJIO0 U C «aricoeprom» Mmuposaanus. [1o-
Ka KTO-HUOYIb HE «HBIPHET» B BOABI HEBEAOMOTI'0, BCE IMOIBITKM CO3JaTh Kap-
TUHY MUPO3JaHUsI, KAKUMU Obl OHU HE Ka3aJIUCh KPAaCUBBIMU, OKAXKYTCsI HE-
cocTosITeIbHBIMU. MICTOpHS MO3HAHMS YEJTOBEKOM ITPUPO/IbI CIYKUT MOJTHBIM
MOATBEPXKACHUEM 3TOTO.

OHa U3 OCHOBHBIX MPUYMH IMTOAOOHOTI0 3aKJIH0YAETCS B TOM, YTO OPTraHbl
YyBCTB, KOTOPbIE€ YEJIOBEK MCIOJb3YET MPU CBOEM TMO3HAHWUU TIPUPOIBI, HE
JIAI0T €My TaKO¥M BO3MOXKHOCTHM I10 OJHOM rpocToi mpuuyuHe. [1pupona co3na-
JIa OpraHbl YyBCTB Y€JIOBEKA HE AJIsl TOT0, YTOOBI OH (U4€JI0BEK) CMOT IT03HATh
npupoay. OpraHsl 4yBCTB Y€JIOBEKA, BIIPOYEM, KaK M OpTraHbl YyBCTB KMBOT-
HBIX M PACTEHUWI, BO3HUKJIM U PA3BUBAIMCH, KAK MEXaHMU3M aJalTalud U
IIPUCITIOCOOJIEHUS KaXXA0TO BM 1A JKMBBIX CYLLIECTB K 9KOJIOTMYECKMM HUILIAM,
KOTOpbIE OHM 3aHUMAIOT. HeJT0BEK CTajl MCIOJIb30BAaTh CBOM OpTaHbl YYBCTB U
JIJTST HAKOTIEHUSI, COXpaHEeHUs U epegadyu nHgopmaunu cede mogooHeM. Ho
9TO — MHAPOPMALIMS O MPOMEKYTOYHOM MUPE, a HE O MAKPOMUMPE UJIN MUKPO-
mupe. Ha 4to, K coxxaneHuro, He oOpallaeTcst BHUMaHue. A, 3ps. [lotomy, 4To
pacrionarasi TOJbKO ISIThIO OpraHaMy YyBCTB, JaXKe paCIIMPEHHBIMU C TOMO-
IO MPUOOPOB, IMTPOCTO HEBO3MOXHO OITMCATh U CO3aTh IMOJHOLEHHYIO
KapTUHY MUpo3aaHus. J1J1s1 Toro 4ToObl CO31aTh IMOJHOLIEHHYIO KAPTUHY, He-
00XOAMMO MMETh BO3MOXXHOCTb OJHOBPEMEHHOTO HaOMIOASHUS, KaK HaJl-
BOJHOM, TaK Y MOJBOJHOM yacTell «aricoepra» MUpo3aaHusl, YTO BO3MOXHO
TOJIBKO MPU TOSBJICHUU NOMOJTHUTEIBHBIX OPTAaHOB YYBCTB K IISITU CYILE-
CTBYIOLLIMM.

IIpakTMyeCcKM KaXXAbIi XKeJarlluid UMEET BO3MOXHOCTb ITOJIYYUTh
ONBITHBIM ITYTEM J10KA3aTeJIbCTBA OTPAHUYEHHOCTU HAIlIMX OPraHOB YyBCTB.
M 111 3TOro He HY>KHO KaKMUX-JIMOO CJIOXHBIX SKCIIEPUMEHTOB, a TOJILKO,
HBIPHYB I10J, BOAy 0€3 MaCKW, OTKPBITh I1a3a. KapTuHa moaBogHOro Mupa
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MpeacTaHeT Mepe HalllMM B30pOM B MCKaXKEHHOM BUJIe: (POPMBI, pACCTOSIHUS
He OyIyT COOTBETCTBOBATh peajlbHbIM. M HET B 3TOM HMKAKOTO IapagoKca.
I1aza yenoBeka amanTUpOBaHbl K BO3AYILIHOM Cpele, a Ijla3a pbl0 1 APYrux
MOJIBOAHBIX XXHUTeJIel — K BOOHOU. Yl moaTomy rnoaBoaHast KapTuHa OyJIeT 1uc-
KaXXEHHOM JJIs1 yejloBeKa, a Ha3zeMHast — JJist pbl0. YTo ke roBOpUTh O Ka-
YEeCTBEHHO APYTUX SIBJICHUSIX MPUPOJIbI, C KOTOPHIMU YEJI0BEK HUKOTIA HE
CTAJIKMBAJICSI U1 HE MOXET CTOJIKHYThCS TTOCPEACTBOM CBOMX MSTH OPTaHOB
YyBCTB?

CamMmoe MHTepecHOe — HUMKTO 00 3TOM He 3aaymbiBaeTcs. M, Kak cien-
CTBHE, HayKa, pa3Hble €€ OTpacJiu, IIPEeBPaTUIIMCh B CJIETIbIX U3 CTAPOId MHIYC-
CKOIi TIpUTYE O CJIOHE, KOTJa TPOMX CJENbIX NONPOCUIIM OIMCATh CJIOHA.
Kaxxaplit 13 HUX, HATKHYBIIKCH Ha KaKyl0-TO YaCTh CJIOHA CITEILIMJI OITMCATh,
yepes3 CBOU OIIYIIEHMs, BCero cjioHa. YTo M3 3TOro mojyduaoch M3BECTHO
KaXJIOMy, €CJIM HET — TO He CJIOXKHO IpeacTtaBuTh. K coxajieHuto, BCs UC-
TOpUSI TEOPETUUYECKON HayKM, KOTOpas MbITajach CO31aTh KapTUHY MUPO-
31aHUsI, OYEeHb CUJIBHO HAallOMMHAET MPUTUYY O TPEX cienbix. M, 4To uHTe-
PECHO, MPAaKTUYECKU BCE BEJIUKUE OTKPBITHS YeJIOBEUECTBA ObLIM CASTaHbI
YUEHBIMU B MOMEHTBI, TaK Ha3bIBAEMbIX, TIPO3PEHUIA, 03apEeHMI1, KOTOPhIS
BCera «Jiexasau» 3a mpeaejiaMy ISITU OPTaHOB YYBCTB YeJIOBeKa.

Ho u 3T0 He 3acTaBuIIO YesoBeKa 3ayMaThCcsl Hajl BOIIPOCOM — YTO MO-
>KHO TTOJIYYUTh C TIOMOLIBIO IISITU OPTaHOB YYBCTB U YTO HYXKHO J1s1 TIOJTHO-
LIEHHOTI'O IMO3HaHUsI MpUPoabl. 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 M IPOYYBCTBOBATb KPACcOTY M KpackKu OKpyxKarollei nmpupoabl. EnuH-
CTBEHHAas1 BO3MOKHOCTb JOCTUTHYTb 3TOTO JJIsI CJICTIOTO — MPO3PETh.

MHe x0Te0Ch Obl BEpUTh, UTO 3TO Y MEHSI TIOJIYYUIOCh U, B pe3yJibTaTe
MMOJIOOHOIO «IIPO3PEHMSI», YAAIOCh CO3/1aTh IpeaiaracMyto Baiemy BHUMa-
HUIO TEOPUIO, U3JIOXKEHHYIO B JAHHOM KHMUTE.

Axademux H. Jlesamos
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IIpenucioBue. AKTyaJbHOCTD MPOOJIEMbI

[TosiBneHUe yenoBeKa U 3apOXICHUE Y HETO CO3HAHUSI Hepa3pbIBHO
CBSI3aHO C TMOINbITKAMU IMMO3HAHMS UM OKpYKarolero mupa. Becb Mup B cBoeii
OECKOHEYHOCTHU, 0€3rpaHUYHOCTU U OECIIPEIeIbHOCTH HE JaH YEJIOBEKY B €TO
HENnocpeacTBeHHOCTU. OHTOIOIrMYECKUI TTOIX0A JA€T BO3MOXXHOCTb OXBAaTUTh
MHUp, KaK 1IejJoe, Kak cuctemy. TakuMm oOpa3oM, OHTOJOTUS OTBEYAET Ha
BOIPOC: B YEM CYLITHOCTh MUPO3IaHUS U MUpOoIToHUMaHus. Cneuudpuyeckas
(purnocodckast mocTaHOBKA BOMPOCa, KOTOPYIO MBI BCTpeyaeM y ApeBHErpe-
yeckux puiaocodoB Paneca, AHaKcMMaHApa U AHAaKCMMEHa, COCTOUT B
MOMNBITKE YCTAHOBUTH MEPBONPUYNHY, TIEPBOOCHOBY, KOTOPHIE MOIJIN OBl
0O0BSICHUTDH BCE OECKOHEYHOE MHOIro00pa3ue MpPUPOIHBIX SIBJICHUMNA.

dajiec cunTaa TakuM IIepBOHAYaJioM Boay, AHaKCUMeH — Bo3ayXx, lepa-
KJIUT — oroHb, KceHodaHn u IlapmMeHus — 3emiio, T.e., B 00I1LIEM, T€ XKe, Ka-
3aBIIMECS B IPEBHOCTHU Jajie€ HEPA3JIOXKMUMbIMU CTUXUU, KOTOPbIE Mbl HAXO-
JUM U B APEBHEVHIUMCKON, U B ApeBHEKUTANCKOM HaTypduriocopuu. JIniib
AHaKCHUMaHAp BBIABUHYJI, B KAUeCTBE TAKOI0O MepBOHAaYaia, HEKYIO HEOMpe-
JNEJIEHHYIO MEePBOCTUXMIO, KOTOPYID OH O0O3HAYMJI CJIOBOM <«aleMpOH».
JleiOHMII HavyajoM CUYMTal MOHAAY, T.€., MPOCTYIO0 CYOCTAaHLIUIO, KOTOpPas He
BO3HMKAET U HE UCUE3aET, He UMEET YacTeil 1 MOXKET ObITh ITOJIy4YeHa TOJIbLKO
myTeéM TBopeHus. Kaxmasg MoHaga 10JKHA ObITh OTJIMYHOM OT APYToii, U, Kak
JIt000e TBOpPEHUE, MOHA1a MOJBEpXKEeHA OeCIIPEepbIBHOMY U3MEHEeHM10. M3Me-
HEHMS MOHAJIbl UICXOIST U3 BHYTPEHHETO HayaJjla, T.K. BHCIIHSS MIPUYMHA HE
MOXKET MMETb BJIUSHUS BHYTPU MOHAIbL. DNUKYpP, JIeBkunm, JeMOKpUT u
KaHT moyiaranu, 4Tto nepBOHAYajJbHBIM COCTOSIHMEM MPUPOIbI OBLIO BCE-
o0l11ee paccesiHUE NEPBUYHOTO BEIIECTBA BCEX HEOECHBIX Te1 — aTOMOB. JIeB-
KU 1 JIeMOKpUT Tojarajim, 4To 06CKOHEYHO He TOJIbKO YMCJI0 aTOMOB BO
BCEJICHHOI, HO Y YUCJIO BOBMOXKHBIX IJISI HUX (popM, T.€. uX PpUryp, ouepra-
HuM. Yuciao 3Tux pasnnyHbeix GopM — OECKOHEYHO. JloKa3aTeabCTBO
OECKOHEYHOro uuciaa GopM aTOMOB, KOHEYHO, HE MOTJIO ObITh SMIUPUYE-
CKMM, BCJIEACTBUE HEBUIMMOCTU U HEOCSI3a€MOCTH 3TUX (pOopM, a TOJbKO
JIOTUYECKMM. DTO YYEHUE CTAJI0 HOBBIM U BITOJIHE OPUTMHAJIbHBIM CITOCOOOM
pelIeHNsI €CTECTBEHHOHAYYHOU U (pu1ocoPCKOM MpoOIeMbl, KOTOpas Oblia
MOCTaBJICHA Iepe IPEUECKOM MBICIIbIO 3JIeHlIaMU C UX YYEHUEM, COTJIACHO
KOTOPOMY UCTUHHO CYyIliee ObITME HE MOXET HA BO3HUKHYTh, HA IOTMOHYTh.

JleBkunn u JIeMOKpPUT, TaK Xe, KaK DMIEeI0KI 1 AHAKcarop, CorjacHbI
C 3TUM TE€3UCOM, HO, BMECTE C TeM, OOPOJIMChH IIPOTHUB BO33PEHUI 3JICHLIEB,
OTPULIABLIMX MBICJIMMOCTb MHOXECTBA Y MBICJIMMOCTD IBUKEHUS. DMITETOKIT
MOBITAJICS PELINTH 3Ty 3a74a4y, pa3pad0TaB TMIIOTE3Y O YETHIPEX «KOPHSIX BCEX
BEILIECTB» U O IBYX CUJIaX, KOTOPbIMU OHU MPUBOASATCS B ABMKECHUE. AHAKCa-
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rop Ty Xe 3a1a4y IbITAJCS PEIINTh, BBIABUHYB TMIIOTE3Y O CYLLIECTBOBAHUM OT-
JIeJIBHOTO OT BCETO «yMa» — MEXaHMYECKOM ABVKYILEN CUJIbI, KOTOpasl Ipu-
BOJIMT 3TH YaCTULbI B IBM>KeHUEe. Ho HU OMnenoki1, HU AHaKcarop He mpej-
ToJiaraju, 4YTo 3JIEMEHTAPHbIC YACTUILIbI BEIIECTBA SBJISIIOTCS a0COTIOTHO He-
aenuMbIMUA. IMEHHO 3Ta MBICIb CTAHOBUTCS OCHOBOI MaTepUATUCTUIECKOM
dunocodpun n pusuku Jlepkurma u Jlemokputa. Teoprss 0 HEBUIMMBIX HAMU
aToOMax BbIT€KAeT U3 HAOIIOACHUM HaJ MPOLIECCAMU U SIBJICHUSIMU, ITPOUCXO-
JSIIMMU B YyBCTBEHHO BOCIPUHMMAaeMOM rpupoae. Teopust aToMr3mMa BO3HU-
kia y Jleekunmna u Jlemokpruta Ha OCHOBAaHUU HAOJIOACHUI Y HEKOTOPBIX
aHanoruii. 1o pazbsicHenno Cumnunus, Jleskuri u JleMOKpUT NOCTyJIM-
poOBaJiM CYILIECTBOBAHNE OECKOHEYHOIO0 MHOXECTBA aTOMOB IMOTOMY, YTO
OECKOHEYHOCTh He00X0aArMa 111 OOBSICHEHMSI BCEX SIBJCHUI, HAOJI101aeMBbIX
B (prznueckom mupe. ToJIbKO TeM, KTO CUMTAeT aTOMbI 0€CKOHEYHO MHOTUMU
110 YMCJY, YAAETCS AaTh BCEMY pa3yMHOE 00bsICHEHUE. DTO 0OOCHOBAaHUE —
KJIACCUYECKUI TIPUMEP BO3HUKHOBEHHUSI HAYYHOI TUITIOTE3HI.

AToMHUCTHYECKOE YUeHHE JleMOKpHUTa pa3BUBAIIOCH B HEPA3PbIBHOM CBI3U
C TIOHSITUEM O BEYHOCTU BPEMEHU. APUCTOTEb ITMCAJl, YTO BEYHOCTb BPEMEHU
ObL1a 101 JleMOKpHUTa CpeaCTBOM J0Ka3aTe/IbCTBA TOTO, YTO CYILIECTBYET HE
BO3HUKIIIee ObITHE. 3a uckiaodeHueM IlnaTona, Bce punocodnl, Kak yKa3bl-
BaJI ApMCTOTENb, CYUMTAJIM BpEMSI HEPOXXIEHHBIM. YueHue JleBkummna u JleMo-
KpUTaA O Ka4eCTBax TeJI ObLIO COBEPIIEHHO HOBOM TOUKOM 3PEHNSI, BIIEPBBIE
BBEAEHHOM B ApeBHETpeYecKyto praocoduro 1 HayKy. OHO OCTaBUJIO ITy00-
KW cjiell B pa3BUTUU UBUKU, XUMUU U PUIIOCOGCKOT0 MOHUMAHUS IIPUPO-
Ibl. BO33peHMs 3TU pe3KO paCXOAUIUCH C TOCIIOACTBOBABIIMMU B S B. 10 H.3.
npeacraBieHUuIMU. MpIcan 0 6ecKkoHeUHOCTU BceneHHo u 06 ogHOBpe-
MEHHOM CYIIIECTBOBAHWY B HEW O€CUMCIIEHHOTO MHOXECTBA MUPOB C TPYIOM
MPOKJIAIbIBAI CE0E MYyTU B CO3HAHUE JIIOJICHA.

KaHT nprHMMaI aToMUCTUYECKYIO TEOpUI0 DNuKypa, JleBkurma, JleMo-
kpuTta. Tak, DnuKyp npeamnoaarai, YTo CylIeCTBYET TSXKECTb, 3aCTaBIISIOIAS
rajaaTh IMEPBUYHBIC YACTULIBI MaTepUr. ETo TeOprss HEMHOTMM OTJIMYAETCS,
npusHaBaa KaHT, or nppHuMaeMoro uM HeloToHoBa nputsikeHusi. HakoHell,
BUXPHU, BOZHUKIIINME U3 OECIIOPSA0YHOrO IBUKEHUS aTOMOB, COCTABUJIM OJIUH
13 TJIaBHBIX IIYHKTOB B cucteMe JIeBkuppa u JleMoKpuTa, 1 3TU BUXPU
BCTpEYaroTCd B KOcCMOroHndeckou reopun Kanra. B To xe Bpems, KaHT ro-
BOPUT, YTO BBILLIEHA3BAHHbBIE CTOPOHHUKM YYEHHUS O MEXaHUCTUYECKOM MPO-
HUCXOXIEHUU MUPO3IaHUsI BBIBOJUJIN BCIKUI HAOI01aeMbIii B HEM ITOPSIIOK
13 CJIETIOTO CJIy4yasi, KOTOPbIM CTOJIb YIA4YHO OOBEAMHUIT aTOMbI, YTO OHU CO-
CTaBWJIM OJTHO CTPOMHOE 1IeJ0€. DMUKypa, HallpuMep, OH KPUTUKOBAI 3a
YTBEpPXKIEHUE, YTO aTOMBbI, Ja0Obl OblJIa UX BO3MOXHAasl BCTpeda, 0e3 BCIKOM
MIPUYMHBI OTKJIOHSIOTCS OT CBOETO IMPSIMOJIMHENHOTO IBUKECHUS.
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Bce atn punocodsl, roBOpMII OH, TIPUNKUCHIBAJIN MTPOUCXOKICHUE XUBbIX
CYLLIECTB CJICIOMY CJIy4alo U IOMCTUHE BRIBOAWIN pa3yM u3 HepazyMus. KaHT
BUJIEJI POJb BBICIIErO padymMa B IIpolieccax, NPUCYILIMX 3aKOHAM MaTepuM,
KOTJa U3 €€ COCTOSIHUSI MOJTHEMIILIETO pa3/I0KEHUSI U paCCesTHUS €CTECTBEHHO
pa3BUBAETCS HEKOE IIPEKPACHOE CTpoiHOE 1ie0e. OH OTMeda, YTO MaTepusl,
COCTABJISIIONIAS TIEPBUYHOE CYIIECTBO BCEX BEIIECH M MOAUYMHEHHAS U3BECT-
HBIM 3aKOHaM, JOJKHA 1aTh IpeKpacHbIC COUYeTaHUsS. DTOU MPUUMHOM 10JI-
>KeH ObITh bor, moToMy 4To npupoaa, 1axe B COCTOSIHUM Xaoca, MOXET ACH-
CTBOBATh TOJILKO MPABUJILHO U CJIaXXEHHO. B OTHOILLIEHUM CTpOEHUSI U IBU-
>KeHUsI HeOeCcHBbIX Tes1, KaHT roBopuii, 4To, pa3 gjaHa MaTepusi, KOTopas, 110
MIPUPOAE CBOEI, OfapeHa CUJION IIPUTSKEHUSI, HETPYIHO ONPEASIUTD T€ TP -
YUHBI, KOTOPbIE MOIJIM COASMCTBOBATh YCTPOSHUIO CUCTEMbI MUpa, paccMa-
TpruBaeMoi B 1iejgoM. HeoOxoamumo, 4ToObI TEJIO IIPUOOPEIIO IIapOOOpa3HYIO
(opmy 1, 4TOOBI CBOOOIHO TapsIIMe Teja COBEPIIAIM KPYTOBOE IBUXKEHUE
BOKPYT LIEHTPAa, K KOTOPOMY OHM TATOTEIOT. B3auMHOE pacnoioxXeHue OpouT,
COBMAACHUE HAIIPABJICHUS, SKCLIECHTPUCUTET — BCE 3TO MOXKET OBITh OOBSICHE-
HO MPOCTEUIIMMU MeXaHUYEeCKUMU MpuyrnHaMu. B 1o xxe Bpemsi, KaHT npu-
3HAET, YTO JIerye NOHSTh IPOMCXOXKACHNE BCErO YCTPOMCTBA MUPO3AAHMSI, YEM
TOUYHO BBISICHUTh, HA OCHOBAaHWM MEXaHUKW, BOSHUKHOBEHME OJHOM TOJIbKO
MBIJIMHKY UJIU TYCEHULIBI.

Heob6xonuMo oTMeTuTb, 4TO caM KaHT OOBSICHS BEJIMKUU IMOPSI0K
MPUPOABI TOJIBKO CUJION MIPUTSKEHUS U CUJIOM OTTAIKMBAHUS, KOTOPBIE O~
HaKOBO MNEepBUYHBI U BceoOmu. O0e oHU 3aMMCTBOBaHbI U3 puaocopumn
HpbroToHa, KOTOPHII CYEST BOBMOXHBIM OTKA3aThCsl OT €CTECTBEHHOMN KOCMO-
roHuu. KaHT 3aMeHMJI aHTOJIOTUIO TPaHCLEHAEHTaIbHOI (puocodueii, T.e.,
CUCTEMOI MOHATUI U IPUHLIMIIOB, KOTOPbIE MPEIIIECTBYIOT OIBITY alIPUOPH,
HO JAaHBbI YE€JIOBEKY UYBCTBEHHO 1M MO3TOMY MOTYT OBITh IMOATBEPKICHBI
onbiToM. KaHT olleHMBaeT CBOIO T'MIIOTE3Y, KAK HOBbIII BUTOK B pa3BUTUU
TEOpUU MUPO3AaHUsI, OCHOBAHHOI Ha BCEOOIIMX 3aKOHAX NpuUpoabl. B coBep-
IIEHCTBOBAHWHM TUIIOTE3 MUPO3AAHUS, a TAKXKE, PEIICHUU MOJOOHBIX ITPO-
Os1eM, He0OXOaMMO 00palIaThCs TOJIBKO K ecTeCTBeHHOU punocopuu. Pusu-
yecKas Xe 4acTbh Hayku 0 BcesrleHHOM MOXeT ObITh B OyylleM J0BeIeHa 10 Ta-
KOTO XK€ COBEPIICHCTBA, 10 KaKoro HbI0TOH D0BEN €€ MaTeMaTUYECKYIO YacCTh,
oTMmeval KaHr.

HMcxonHoe nonoxeHue ¢puyiocodpun lerenss — TOXAECTBO ObITUS U MbI-
LIIJIEHWS, T.€., TOHUMaHUE peabHOTO M1pa, KaK MPOsIBJICHUS U1, TOHSITHUS,
JIyxa. DTO TOXIECTBO paCCMATPUBAIOCH, KAK UICTOPUYIECKHU pa3BUBAIOLLIMICS
OpoIeCC cCaMONO3HaHUs a0COJIOTHOM uiaeeil caMoil cedsi. B ocHOBe Bcex
SIBJICHUIA TIPUPOBI Y OOLLECTBA JIEXKUT a0COJIOT, JYXOBHOE U pa3yMHOE HavyaIo
— «a0bcoTI0THAs Uaesl», «MUPOBOIM pazyM» WIN «MUPOBOU TyX». DTO HAYaIO
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— aKTUBHO U JESTEAbHO, MPUYEM, NEITEIbHOCTb €r0 COCTOUT B MBILICHUH,
a ToyHee, B camonnoHumaHuu. Ilo Ieremto, oHTONOTMS — 3TO ydeHUE 00 ad-
CTPAKTHBIX OIpeaeaeHUs X cyluHOCTU. OH oTMeydaJsl, 4To Aj1s 00jiee paHHUX
ornpeaeseHUA OHTOJIOTUM B UX OAHOOOpa3uy U KOHEYHOM 3HAYMMOCTHU HE Cy-
ILIECTBOBAJIO IIPUHILIMIIA U OJIMKaMIIee Coaep>KaHUE MOTJIO ObITh OCHOBAHO Ha
MpeaCTaBJIEHN, HAa 3aBEPEHUN, A UHOTA, Takke, Ha aTuMoiornu. Cucrema
Ierens mpenBocxuTuiaa UACK €IMHCTBA OHTOJOTWMU, JOTUKU U TEOPUU
MO3HAHUS, U 3TUM yKa3ajia BbIXOJ K TO3UTUBHOMY MO3HAHUIO MUpA.

PazButne HayuyHo#i Mbicau B 20 BeKe, Kak 1 B Mpeablayle Beka, Tpedo-
BaJI0 HOBOTO OOOCHOBAHMS OHTOJIOTMYECKOM runore3bl. M oHa mosBuiach
cliyuyaiiHo. JIopeHI moJlydn ouepeIHble MaTeMaTUYeCKKUE ITpeoOpa3oBaHus,
a OWHIITENH NOABEN MO HUX JBa MOCTYJIaTa:

1. ITpocTpaHCTBO MPUHMMAETCS U30TPOITHBIM, KOIJ1a CBOMCTBA €ro HE 3a-
BHUCSIT OT HAIIPaBJICHUS U PACCTOSIHUSI.

2. CKOpOCTh CBeTa MPUHMUMAETCS, KAK KOHCTaHTa 1, KaK MaKCUMaJlbHasl
CKOPOCTb IBUKEHMSI MaTepUaAIbHBIX 00BEKTOB. JIpyrumu cioBaMu, CKOPOCTh
CBeTa He 3aBUCHUT OT IIPOCTPAHCTRBA.

Dta Teopus cTana pyHIaMEHTOM NPeACTaBICHUIN O MPUPOJIE MPOCTPaAH-
CTBa.

Bwmecte ¢ TeM, HEKOTOpPbIE OTKPBITHS MOCAeIHE YETBEPTU ABAALIATOTO
BE€Ka 1 HayaJia ABaALATh IEPBOr0 HE HAXOIAT OOBbSICHEHUM B CYILIECTBYIOIIMX
nocryJjaTtax. Pe3yabraTel aHann3a 0a3bl JaHHBIX, TTOJYYEHHBIX 3a IpeaeaaMu
3eMHOI aTMOC(depbl TOCPEICTBOM paaUOTEIeCKONa, OMyoJIMKOBaHHbIE B 1997
rogay aMepruKaHCKMMHU acTpodusukamu boprom Poaimanrom m JIxkonom Paii-
CTOHOM, CBUJIETEJIBbCTBYIOT O TOM, YTO BCEJIECHHAs — HEOJHOPOIHA.

DKCIepUMEHTHI NPOBeAEHHbIE JOKTOpPOM JItomknHOM BaHT B MpUHCTOH-
CKOM HayYHO-MCCIeI0BaTEIbCKOM UHCTUTYTE 1aIU OLUISTIOMJISIIOLLE PE3YIb-
TaTbl — MYYKU CBETA IIEpeMeIaINCh B 0CO00I ra3oBoii cpeae CO CKOPOCTHIO
B 300 pa3 ObicTpee, YeM TEOPETUYECKU AOITyCTUMasi ckopocTb. B Utanum,
JIpyras rpynmna (pM3uKOB IMoJIydria JaHHbIE O pACIPOCTPaHEHUU MUKPOBOJIH
CO CKOPOCTBIO Ha 25 MPOLIEHTOB BbIIIE€ TEOPETUYECKU JOITYCTUMOIA.

He n36exana nogoOHOM ydyacTy U saepHas ¢pusuka. Tak, OCHOBHOM 3a-
KOH COBPEMEHHOU (DU3MKM, 3aKOH COXPAHECHUS MAaTEpUH, TJITACUT, UTO MaTe-
pusl HUOTKYyJa He TOSIBJISIETCS M HUKyda He ucye3aeT. [IpuMeHuTeIbHO K
CHHTE3Y YaCTULI B XOAE SIACPHBIX peaKlWii, 3TOT 3aKOH MOXHO 3aM1caTh B CJIe-
IYIOLLEM BUJE:

m; + m; > m; (1)

Jpyrumu cjioBaMy Macca, BOZHUKIIAS B pe3yJibTaTe CUHTE3a YaCTULIBI,
JIOJKHA OBbITh MEHbILIE WX PABHOM COBOKYITHOM MacCe YaCTULL €€ CO30aBIIIMX.
OnmHako, B HEKOTOPBIX AKCIEPUMEHTAX Macca BO3HUKAIOILIECH YaCTUIIHI,
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MOPOI, HA HECKOJIBKO MOPSAKOB IIPEBBIIIATIA COBOKYITHYIO MACCY YaCTHLI, €€
CO3/IaBIIMX:

m; + m; << ms3 (2)

OTU U MHOTHE IPYTHUE IKCIIEPUMEHTAIbHBIE JAaHHbIE TOBOPST 00 0Yepe/I-
HOM KPH3HUCE B HAyKe, T.€. BOZHUKJIA HEOOXOAMMOCTbH B HOBBIX OAXOAAX, T1-
MoTe3ax, IMO3BOISIOLINX 1aTh O0bSICHEHUS TTIOJYY€HHBIM OTKPBITUSAM. Briep-
BbI€ B HAyKE IPEII0XKEHA KOHLETILMSI MAaKpO- U MUKPOKOCMOCA, Ha OCHOBE
UIEU HEOJHOPOAHOCTU IIPOCTPAHCTBA. DTa UAes MO3BOJMIa 000CHOBATh U
OOBSICHUTH MMPAKTUYECKU BCE SIBJICHUS XKMBOU M HEXXMBOM ITprupoabl. Hempe-
PBIBHOE M3MEHEHHWE MEPHOCTU IPOCTPAHCTBA B pa3HbIX HANPaBICHUSIX
(TpagreHTBHI MEPHOCTH) CO3IAET YPOBHMU, B IpeAcIaX KOTOPhIX MaTepUsi UMEET
OoInpelleI€HHbIE CBOMCTBA M KauecTBa. [Ipu mepexone M3 OMHOro ypoOBHS B
JIPYTOi, MPOMUCXOIUT KAYECTBEHHBIM CKAYOK CBOMCTB 1 IPOSIBJICHUIA MaTEpUU.
Ha ocHOBaHMM 3TOT0, 000CHOBBIBAETCS CYILLIECTBOBAHUE IPYTUX BCEJICHHBIX.

OCHOBOM UaEM MAaKPOKOCMOCA SIBJISIETCSI CUCTEMA B3aMMOIECTBYIOILINX
MEXY COOOM BCEJIEHHBIX, KAY€CTBEHHO OTJIMYAIOIIMXC ApyT OT apyra. [1o-
JOOHAas MO3MLIMS BIEPBBIE JAET BO3MOXHOCTb OOBSICHUTD TAKUE SIBJICHUSI, KaK
«4Y€pHBbIE IbIPBI» U CYLLIECTBOBAaHNME, TaK Ha3bIBAEMOM, «dark matter», KOTOpbIe
ObLIM OOHaApPyXEHbI, B pe3yjbTaTe aCTPOHOMMUYECKUX MCCIECNOBAHUN U
pacyeToB.

Ha ypoBHE MMKpOKOCMOCA CO3MaHHAS KOHLIEIILMS MTO3BOJISIET OOBSICHUTD
SIBJICHUE PAAMOAKTUBHOCTU, IPUYMHBI KOTOPOTO HUKEM HE OOBICHSINUCH. B
TO K€ CaMO€ BpeMsI, 3Ta TEOPUS MO3BOJISIET OOBSICHUTD U 3araiaky xXu3Hu. Ha
npuMepe aHanausa noseneHust MoJjiekyasl PHK Bupyca B BogHOI cpene, Kak
IPOCTEMUIIETO XXMBOIO OpraHn3Ma, BHE BOJHOM Cpelibl — KaK OPraHU4eCcKOm
MOJIEKYJIbI, OOBSICHSIIOTCS KAUYE€CTBEHHBIE MPOLIECCHI, TPOUCXOAIIINE TPU
BTOM, U JAETCS NOHUMAHUE KAYeCMBEeHHOU MPAaHCHOpMayuU HeICUBOU Mamepuu
8 JCUBYIO.

Ha ocHoBe naen KBaHTOBaHUSI MEPHOCTUA HEIIPEPHIBHO MEHSIOILIETOCS
MMPOCTPAHCTBA, 000CHOBAHA MHOTOMEPHOCTH XKM3HU. BIiepBbIe BEIBOASTCS U
00OCHOBBIBAIOTCSI HEOOXOAUMBIE U JOCTATOYHbBIE YCIOBUS BOZHMKHOBEHUS
XKU3HU BO BcesleHHON. A Takke, OOBSICHSIOTCSI Ka4YeCTBEHHBIE MPOLIECCHI
nmpeodpa3oBaHUsI MaTepUU, MPOUCXOISAIINE HA KIETOYHOM YPOBHE.

[TonydyeHHBbIEe pe3yJIbTaThl ITO3BOJISIIOT TI0-HOBOMY B3IJISHYTh Ha CYIIIE-
CTBYIOILIME 3aKOHbI (PU3UKU, XUMUU, ACTPOHOMUM, MEAULIMHBI U IPYTUX HAYK,
YTO, B CBOIO OYEPE/Ib, JAET BO3BMOXHOCTh pa3BMBAaTh HOBbIE HAIIPABJICHUS BO
MHOTHX 00JIACTSIX HAYKM.
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IaBa 1. AnamuTHyeckuii 0030p

1.1. 3HaunMoCTb OHTOJIOTHM (PU3HIECKHX TPOLECCOB S
(¢pua0codcKoii 1 HAYYHO!M MbICJIH YeJI0BeYeCTBa

ITpocTpancTBo?! Uto 3TO Takoe? UenoBek ¢ ApeBHUX BPpEMEH CMOTpeEJI Ha
3BE3IHOE HEOO M CO31aBaJl CBOE MpeacTaByicHue o BeceneHHoi. Homo sapiens
— YeJIOBEK pa3yMHbIII — B CAMOHA3BaHUU Y€JIOBEK BBIACINI PA3yMHOCTh, KaK
OCHOBHYIO OTJIMYMTEIbHYIO YEPTY, BhIACISIONLYIO €r0 U3 BCEU OKPYKAIOILIEi
npupoabl. M Kak 11060My MBICISIIEMY CYLLIECTBY, 110 CBOEMY OIIPEEICHUIO,
YeJIOBEKY IMPUCYIIE CTPEMJICHME MO3HATh OKpyKaroi Myup, Becenennyto. U,
€CTECTBEHHO, B pe3yJbTaTe 3TOr0 Mpollecca MO3HAHMSI, BBIPMCOBBIBAECTCS
KapTuHa Mupo3aaHus. McTtopus poxigana M yHUYTOXajla LMBUIM3ALMU, a
BMECTE C HUMU MOSIBJISJIMCh WX UCYE3AJIN PEIUTUN, PUI0COPCKUE CUCTEMBI,
noHsaTHus o BeceneHHoi. /laneko He BCE€ coxpaHuIa UCTOPUSI, OCOOEHHO HEBOC-
MOJHUMBIN yIIepO HAHECI0 UCTOPUM LIMBUJIM3ALMU Aa U PAa3BUTUIO LIBUJIN -
3alliM B LI€JIOM, XpPUCTUAHCTBO, OCOOEHHO KATOJULIM3M.

daHaTUKaMU, BIOXHOBJISIEMbIMU CBSIIIEHHUKAMU, ObUIM YHUYTOXEHBI
COKPOBMILHULIBI 3HAHUN yIIEeAIIMX HABUIN3ALWI, ApeBHUE OMOIUOTEKU —
XpaHWINIIA LIEHHEWIINX KHUT:. MpoTollyMepcKasd B BaBuiioHe, AjleKcaH-
npuiickas B Erunre, pa3pyueH apxunenar CaHTOpUH, KJaJ0Bble MalluPyCcOB
B ®uBax u Memduce, Itpycckas oOndamoreka B Pume, coxXrim Xxpam-Kanuiie
B AdrHaxX, YHUUYTOXMUIU TpoMaaHy10 01biaroTeky B Llapbrpane, HeM3BeCTHO
Kyzaa ucue3nu ouoauoreku ApociaBa Myanporo u MBana Ipo3Horo, MmaHy-
ckpunthl nuBuAn3auuii Maiiss, UukoB u AurekoB. M B pe3yabrate 3TOro,
MHOTHE 3HAHUS OPEBHUX UMBUIN3ALUMA 3eMIN ObUIM YHUYTOXEHBI. MHO-
rue... HO, K cYacThblo, He Bce. M To, 4TO OBLIO CrTaceHO OT KOCTPOB UHKBU3M -
LIMM1, 3TU CIaCEHHbIE MOPOU LIEHOM MHOTUX XXU3HEN ApeBHUE (DOJTUAHTHI IO~
paXaroT IIyOMHOI M TOYHOCThIO ONMcaHuil BceneHHol, K TOHUMaHUIO He-
KOTOPBIX aCIIEKTOB KOTOPHIX COBPEMEHHAs1 HayKa TOJbKO NPUOJIU3UIACH.

HaubGosee nHTEpeCHBIMA B 3TOM OTHOLIEHWU U HAMOOJIee NPEBHUMU
apistoTcs CinaBsgHo-Apuiickue Benpbl. B «Knure CeTta», Bo3pacT KOTOpO —
COPOK ThICSIY JIET, U3JIaracTCsl KaApTUHA MUPO3JaHMsI, KOTOpas IIPOCTO MOTPSI-
CaeT CBOEU TOYHOCTBIO U MOJHOTOM. HeBeposiTHO, HO (paKT, KOTOPHIN BEIHY-
KJIEH OyJIeT MPU3HATh KaXAblil, KTO OTKPOET 3TY KHUTY.

...B ucruaaom M3Havanbe, BepHee, TOraa,
korna B besakoneuHoit HoBoii Beunoctu
paznuiach BeJIukyuM MOIIHBIM IOTOKOM
Ku3Hp Hecyas cusiomasg Marnus,
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I1epBo3nanHbIii 2ZKr3Hb nopoxaaromuii CBer,
B HoBoii JlelicTBUTEILHOCTU POKIEHBI ObLIN
pa3zHooOpa3Hbie IIpocTpaHcTBa 1 PeanbHoCTH
Muwupos ABu, Hasu u I1pasu.

M yem Omxe K

M3navansHomMy McTounuky CBeTa
pacnonarainuch 3tu IIpocTpaHcTBa

1 PeanbHOCTM B pa3inyHbIX cusitoliux Mupax,
TeM OOJBIIMMU MEPHOCTSIMU

ot Benumuaitime IlpoctpaHcTBa

1 PeanbHOCTM OBIIIM HATIOJTHEHHL. .. !

CopoK ThICSY JIET Ha3aJ 3HaJIU O TOM, UTO CYIIIECTBYET MHOXeCTBO Bcee-
JIEHHBIX, UMEIOLIUX Pa3HYI0 MEPHOCTh U 00pa3ylolIuX BCE BMECTE €AUHYIO
MPOCTPAHCTBEHHYIO CUCTEMY, KOTOPYIO OyIeM YCJIOBHO Ha3bIBaTh MATPUYHBIM
MIPOCTPAHCTBOM.

Kak BeTBM [IpeBa coenHmI
I1epBo3ganHbIl ZKruBoTBOpsiiuii CBeT
JIuctouku-PeanbHOCTH

Hautero MupoBoro [IpeBa

C MOTYYMM CHSIIOILIMM CTBOJIOM.

M xaxnpiii JIncrouek-PeabHOCTD
cusi1 6e3MEpHO,

nepeauBasich Spkum CBeTOM
pa3anyHbix CoJIHIIL,

a cTBoJI Muposoro /IpeBa yxonun
MHOT'OYMCJIEHHBIMU KOPHSIMU CBOUMU
B be3koHeunyo HoByro BedHOCTb,
nopoxaéHHyio B HoBoii leiicTBUTETbHOCTH.

KpacuBbiM, 00pa3HbIM I3bIKOM, JOCTYITHBIM IJIsI IOHUMAaHUS JTI000MY
YeJIOBEKY, BHE 3aBUCUMOCTH OT TOT'O, XKWJI JIU OH COPOK ThICSIY JIET Ha3a WIn
>KMBET ceiyac, Oblia repeaaHa HallMMUY peaKkaMy HHPopMalys 00 yCTpori-
ctBe Beenennoit. [TopaxaroT TOUHOCTh M MaclITaObI IepeIaHHOM nHPOpMa-
uuu. Hamma neiictBUTeIbHOCTh, BeceneHHast, KoTopast TOJIbKO YaCTUYHO U3-
BECTHA COBPEMEHHBIM YUYE€HBIM, ITOKA3bIBACTCS, KaK MaJeHbKas 4acTh, KaK
MecyMHKa Ha Oepery 6e30pexxHoro okeaHa. OHa — TOJIbKO OJMH JUCTOYEK-

! CnaBsiHo-Apwiickue Benpl, «Knura Cera», Xapatbs 2, c. 36.
2 CnaBaHo-Apuiickue Benpl, «Knnra Csera», Xaparbs 2, c. 38.



20 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

peaibHOCTh Hamero Muposoro JlpeBa. M KaXapblii TAKOU JIMCTOYEK-peallb-
HOCTb UMEIOT CBOIO MEPHOCTh U CTPOTO OIPEICIEHHOE MOJ0KEHUE Ha CTBOJIE
Muwuposoro peBa. JItobonbITHO, He TpaBaa Jau?!

M3naraercs npuHUMNO KBAHTOBAHUS MPOCTPAHCTBA MO OIPEASIEHHOMY

MIPU3HAKY, KOTOPbI COBPEMEHHOM (DU3UKE NU3BECTEH IS IIPOLIECCOB, IIPOUC-
XOISIIIMX HAa YPOBHE MMKPOMMpPA, — KBAHTOBAHHUE 3JEKTPOHHBIX OPOUT y
aToMOB. MUKpOMMP TOBOJILHO IITyOOKO U3YYEH SAePHOM U KBAHTOBOM (pU3K-
KO, B TO BpeMsl, KaK U3yYE€HHE U TIPEACTABICHMS O YCTPOKCcTBE MakpomMupa
HaXOAUTCS Ha HaYaJIbHOM ctaauu. [IpoctoTa m 00pa3HOCTh 13biKa Beg — He
ciyuariHa. Te, kTo 3anucan uHdopmauuio B « KHure CBeta» mpeKpacHO Mo-
HUMaJIN, 4TO JIIOOOM CrieIaIbHbIN SI3bIK U3JIOXKEHUS MHPOPMALIMU HE MOXKET
OBITb TIPUEMJIEM, TaK KaK CO3daBIIME CIIELIAAIbHBINA SI3bIK MOTYT BCE I10-
T'MOHYTb OT TEX WJIX MHBIX IIPUYMH U HE CMOTYT MepeaaTh IOTOMKAM CMBbICIT
TEPMUHOB UMM yIIOTpeOsieMbIX. M, Kak cieICTBME, HUKTO HE CMOXKET Ipa-
BUJIbHO TTOHATh MH(MOPMALIUIO.

DTO CTaHEeT NPEAELTBbHO ICHO €CJIM OOPATUTHCS K IIPUMEPY COBPEMEHHOM
HayKW. YUYEHBIMU MPUIYMAHO 1 BBEICHO CTOJBKO HAyYHBIX TEPMUHOB, YTO
0oJ1e€ IEeBSIHOCTA MPOLIEHTOB HbIHE XXMBYILIUX JIOAEH HE B COCTOSIHUM TTIOHSITh
3HAYE€HME OHbIX TEPMUHOB. MTHOIIa 1OX0aAUT A0 abcypaa, KOraa HEKOTOpPhIe
Hay4YHbI€ PaOOThI B COCTOSIHUM MTOHSTh TOJbKO HECKOJIBKO YEJIOBEK Ha Iljia-
Hete. M ecm nmpoaHaM3upoBaTh pa3BUTHUE HAYKW, TO CTAHET SICHO, YTO CO-
BPEMEHHBI HayYHBIN SI3bIK MOXKET OBITh YK€ B CJICIYIOIIEM CTOJIETUM CTAHET
a0CypIHBIM Y HETTOHATHBIM 11 OyAYILIMX IIOKOJEHUI, KaK, HallpuMep, S3bIK
AJIXMMHKOB CPEeIHEBEKOBbS KAXKETCS HECYPAa3HbIM M AHTMHAYYHBIM COBPEMEH-
HBbIM YUYE€HBIM, XOTs1, B CPEAHNE BEKa aJIXUMMUSI ObLJIa IPU3HAHA BCEMU U SIBJISI-
JIaCh aKaJleMMYECKOM HayKOl, M3y4aeMOu CTyJicHTaMM B yHUBepcuTeTax. U,
€CJIX ObI HE OBUIO A IXMMUWU, HUKOTLIA HE TTOSIBUJIACH Obl HEOPraHUYECKAS 1 OpP-
raHn4yeckKas XMMHUU, KOTOPbIE HUYEro OOIIETO YK€ HE MMEIOT CO CBOEH
«MaTtepblo». I1oaTOMy eclin ecTb HEOOXOAMMOCTh IepeaaTb MH(MOpMaLIMIO
JAJIEKMM MOTOMKAaM, €AMHCTBEHHBIM CIIOCOOOM JI0CTUYb XKEJIaeMOTO SIBJISIECTCS
rnepegadya MHGOpMaMKY MaKCUMAJILHO JOCTYITHBIM SI3bIKOM. TOJILKO B 3TOM
cJIydae €CTh IIAaHC, YTO JIMHTBUCTHI U UICTOPUKM OYIYIIErO CMOTYT IPOYECTh
1 MTOHSITh 3Ty MH(POopMaLuio. [1o3ToMy, ¢ 3TO TOYKM 3peHUS, JOCTYIIHBIA 1
00pa3HbIl 1JI51 TOHMMAHUS IPAKTUYECKHU 0000 YeJIOBEKA SI3bIK U3I0KEHUS
SIBJISIETCSI AJOCTaTOYHBIM FapaHTOM, UTO IepeaaBacMyo MH(POPMAaLIMIO MOUMYT
npaBuibHO. Bo BpemMeHa HanucaHus «KHuru CBeTa» cyllecTBOBaIu HeE
TOJIBKO CHELATbHbIE TEPMUHBI, HO Y pa3HbIe aJi(paBUTHI IS JTIOAECH pa3HOM
MOJITOTOBKM M YPOBHS MOCBSAILIECHUS. 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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OpyXue, KOTOpO€ HE AOJKHO MOIAcTh B PYKM AYXOBHO HE3peJIbIX JIOMICH,
KOTOpPbIE MOTJIM Obl MCITOJIb30BaTh 3Ty MH(POPMALINIO B KOPHICTHBIX LEJSIX WU
HEBEXXECTBEHHO, YTO, B CBOIO OUepe/ib, MOXKET IPUBECTH K 00JIee I MEHee
rJ100aJIbHBIM KaTacTpodaM.

...OnHako cpenn Kperosn

BTOPOM KacThl ObL1a TpyIina

elé 0oJ1ee BHICOKO MOCBSIIIEHHBIX,
MaJio KoMy u3 Kpenosn

HU3IINX KacT U3BECTHAas,

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

Inacuiio ato JlyxoBHoe YueHue,

YTO Halll OKpyxKaromuit ABHbIiT Mup,

Mup xeéntbix 3Be30 1 ConmHeyHbIx CucTeM,
TOJIBKO MEeCYMHKA B be3koHeuHol BcelleHHO.
Yro cymectBy1oT 3BE31b1 1 CoTHIIA O€eble,
roJ1yobie, JUIOBbIE, PO30BBIE, 3€JIEHbIC,
3Bé3abl u CosiHIIA 1IBETOB,

HaMM HEBUIAHHBIX,

HallMMU 9YYBCTBAMU HE TTOCTUTAEMBIX.

M GeckoHeUYHO BEJIMKO UX YUCJIO,
Oe3rpaHUYHO UX pa3HOOOpasue,

06e3koHeuyHbI [IpocTpaHcTBa MX pa3aessonime.
M Bce aTn pazHooOpa3Hbie Mupbl —

HUYTO Neped MHeIMU Mupamu,

BHe Halleil BceneHHo Jiexxammmu,

1 CHOBA 0€3rpaHUYHO BEJIMKO MX YMCJIO

1 HEU3MEPUMO BEJIMKO X pa3HOOOpa3ue.
beskoHneuyHocTn be3dkoHeUHOCTEN pa3nesioT
BCE 3TU pa3HO- U MHOrooopasHbie Mupsi...*>

Kitaccudpukanys 3B€311 10 U31y4aeMOMY CIIEKTPY ITOJTHOCTBIO C(DOPMU-
poBaach TOJbKO BO BTOPOI ITOJOBUHE IBAALIATOrO BEKA, U HEKOTOPbIEC TUIIbI
3BE31 ObLIM OOHAPYKEHBI TOJBKO C MOMOIIBIO paAUOTEIECKOIIOB U, €CTe-
CTBEHHO, Y€JIOBEUECKMMM OpraHaMM 4yBCTB He BocnpuHUMaIuch. [lomodHoe
HE MOXET ObITh ITIPOCTHIM COBHAJCHMUEM, a €CJIM 3TO TaK, TO CYILICCTBYET

¥ CnaBsaHo-Apuiickue Bennl, «KHnura Csera», Xaparbs 4, c. 84-85.
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OoJbLIast BEPOSITHOCTD TOTO, UTO M MHOTO€ OCTaJIbHOE, IepegaHHoe B Begax,
OM3KO K UCTUHE.

Kak ke cJiydnsioch, YTO CTOJIb LIECHHbIE 3HAHUSI ObLIN «3a0bIThI» HA CTOJIb
JIOJITOE€ BpeMsl 1 ToYeMy TOJIbKO ceiiyac MH(OopMalys 0 HUX cTaja JOCTyITHA
MHOruM?! HecKoabKo MpUYKMH IIPUBEIN K 3TOMY, M OJHA — OCHOBHA$ U3 HUX
— 3aKJII0YAETCS B UBMEHEHMSIX KJIMMATa, BEI3BAHHBIX PE3KUM ITOXOJIOTAHUEM
TPUHAJLATh ThICSY JIET HAa3a/ U, KakK CJIeACTBUE, IIepeceieHue Hapo10B B 00-
Jiee TEMJble Kpasi, IpU KOTOPOM IepeceeHIIbl OTOPBAJIMCH OT CBOUX MEPBO-
OCHOB U MOTEPSIJIM MHOTUE 3HAHUSI, KOTOPBIMM BJIaAeau ux npeaku. OdeHb
Majio Beicokux [ToCBSIIIEHHBIX YIIJIM C TIEpeCeIEHIIaMU, YTO U MTOCTYKUJIO
OOHOU M3 OCHOBHBIX NPUYMH 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 OCKOJIKH
X COXpaHWIACh B HAPOJHBIX ITpegaHusIX. «OCKOJKW» 3TUX IPEBHUX 3HAHUN
ObLJIN «OOJIBIIUMU» WU «MEHBIIMMMW» U, KaK CJIEICTBUE 3TOr0, B OOJIbIIEH
I MEHBIIEH CTEIIEHU MPOSIBUINCH B (PUITOCOPCKUX CUCTEMAX U PEJTUTHSIX
pa3HbIx HapoaoB. C nepecenecHIaMy OTIIPABIISUIMCH B TaJAbHUE Kpasl U XPaHU-
TE€JIU 3HAHUI, HO B OOJILIIMHCTBE CBOEM OHM HE OBIJIM BHICOKOT'O MOCBSIILIE-
Hus. KpoMe Toro, oM OTHpaBUBIIMMCS B HOBBIE 36MJIM, YACTO 3a ThICSYU
KMJIOMETPOB OT cBOei PoauHBI, BO BpeMsl TIEpeX010B NPUXOAUIOCH CTAJIKM -
BaTbCSI CO MHOTUMHU TPYAHOCTSIMU: TOJIOJIOM, IPUPOIHBIMU CTUXUSIMU, OTpa-
KEHMEM HaIlaAeHUM APYTUX IUIEMEH, COBEPILIATh HAAAeHUS CAMUM.

Jlaxke B Te BpeMeHa MHOTME YIOOHbBIE JJIS1 XKU3HU 3€MJIU ObIIIM 3aHSTHI U
HalTH CBOOOIHBIE 3¢MJIM OBLJIO HE MPOCTO. B OOJBIIMHCTBE ClIydaeB MUPHBIM
IMYTEM WU B pe3yJibTaTe BOMH BHOBb ITPUILIEAIINE OCESIJIUCh BMECTE ¢ a00-
puUreHaMu, HaxXoIsICh C MOCJIEAHUMHU B COCTOSIHUM CMMOMO3a, TIOCTEIIEHHO
CMEIIMBASCH ¢ HUMMU. [105TOMY Ha 3TOT NeprOa OCHOBHBIM SIBJISJIOCH BBIKM -
BaHUE, 3HaHUsI HE BOCTpeOOBaINCh BO BpeMs IepecejaeHuid. Toabko Korga
TIEMeHa MepecesieHLeB HaXOIUIU HOBbIE MECTa, MOTPEOHOCTD B 3HAHUSIX I10-
SIBJISIACh BHOBb, B OOJIbIIEH CTEIEHU — B IMPUKJIAAHBIX 3HAHUSX, TO3BOJIS -
IOLLIMX MepeceeHaM 00pabaThIBaTh 36 MJIIO, CO3aBaTh HEOOXOAUMBIE MTPE/I-
METhI 00MX0/1a ¥ pa3Hble UHCTPYMEHTHI JIJISI BO3POXACHUS peMECe, TaK KaK
BO BpeMs TI€pECEICHUI IO Opaii U COXPAHSIM TOJIBKO CaMOe€ HEOOXO0I1-
Moe. THorna mpoxXoauiiu rofibl, AeCATUIETUS, TTOKa MepecesieHIaM YAaBaloCh
HaiTu Xxejaaemoe. [loaToMy 0oOydeHHE HOBBIX HOCUTENEH 3HAHWUSI, HOBBIX
>KPELOB HE MOTJIO ObITh MOJHOLIEHHBIM. B pe3ynbrate 3Toro, u3aHavyajabHbIE
3HAHUS YACTUYHO TEPSJIMCh, YACTUYHO BUAOU3MEHSIMCH U, KaK CJIEACTBUE,
B OOJIBILIMHCTBE CJIy4aeB IMOCTENEHHO TPaHC(pOPMUPOBAIMCH B PMIOCOPCKO-
MU@OJIOTUYECKIE YYeHUSI. AHAJIOTUUHBIE SIBJIEHUSI IPOUCXOIUIN U B PE3YJIb-
TaT€ BOSCHHBIX MMOXx0J0B. Beieacteue x’Apuiickoro noxoga B JpaBuanio
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(ApeBussg Muansa) B 2691 roay 1o p.x. u3 benoBoabs, XKMBYIIMM IJIEMeHaM
— IpaBUAaM U HaraM — ¢ ITOKOPEeHKWEM ObUTY TPUHECEHBI Y 3HAHUSI, KOTOPbIE,
B BUJIOM3MEHEHHOU popMe, cTanu pyHAaMEeHTOM puaocoduu u MUPOIOrumn
Numnu:

...JApyrue xe Poabl Packl Bennkoit
pacceasaTcs o BceMy JUKy Muarapa-3eMin
U TIEperayT 3a XMMaBaT-TOPHI...

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

J1aOGbl mpeKpaTUIN OHU IIPUHOCUTD
>KEPTBHI CTpAllIHbIE, KPOBABbIE,

cBoeli bornHe — Ye€pHoit Matepu

u 3mesam-/pakonam n3 Mupa Hasu,

a o0penn HOBY10 boxecTBeHHY10 MynpocThb
u Bepy...*

BriocnenctBuu, yacTh MyapbIx U3pedyeHui u3 Myapoctu Mupa CussHui
BOILIUIM B COOpPHUK Io4 Ha3BaHueM Pur-Benga, KOTOpbIii cCOXpaHUJICS Ha Tep-
putopuun Muanun. B npeBHeMHAMIICKOM 00111eCTBE C(DOpMUPOBAJIACH CUCTEMA
BapHh, a mo3nHee KacT — 3aMKHYTBIX COLIMAIbHBIX 00pa30BaHU, OObEIUHSIB-
IIMX JIIOJEW CTPOro OIPEACIEHHBIX NPpOodeCcCuil, NCKIIOYABIINX IIEPEXO U3
OIHOM KAaCThI B IPYTYIO M 3allpeIlaBIINX MeXKAaCcTOBbIe Opaku. [TepBoe mecTo
B COLIMAJIbHOM ME€papXuM MPUHAJIEXKAI0 OpaxMaHaM, T.€. XXpelamM, OObIYHO
COYETaBIIUM B JIPEBHOCTU (PYHKLMU CBSIILIEHHOCTYXXUTEIEH ¢ PYHKLUECH
YUEHBIX; 3aT€M, 1IUIA KILATPUU — BOCHHO-aAMWHUCTPATUBHAS 3HATh; BAallIb1
— CBOOOJHBIC YWICHBI OOLIMHBI, 3aHUMABIIMECS 3eMJICACIMEM, PEMECTIOM U
TOProBJjei, KaK B TOpoax, TaK U B IEPEBHSIX. ITU TpU BapHbl BOBHUKIIU B
npouecce (popMUpOBaHUS KJIACCOB Yy apUMCKUX MJIEMEH (X’ ApuiilieB U
Jna’ApuiilieB), B TO BpeMsl, Kak UeTBEpTasi BApHa — BapHa IIyIp, Kyaa BXOIUIN
HEMOJIHOIIPaBHbIE OOIIMHHUKM, HA TOJII0 KOTOPBIX JOCTABAJIMCh CaMbI€ HE-
MNPUSTHBIC BUIBI Tpyda, 00pa3oBajach, IIIaBHBIM 00pa30M M3 MECTHBIX ILJIe-
MEH, IPaBUAOB M HArOB, MIOKOPEHHBIX APUSIMU, B XOJ€ BOCHHBIX ICCTBUA.

JpeBHecnaBsgHCcKUE Beabl moaoXuan Hadyauno (puiaocodcKoi Tpaauuu
B peBHeit Muaguu. B mHauiickoM BapuaHTe Beabl COCTOST U3 YETHIPEX
COOPHUKOB TMMHOB (CaMXHT), IIECHONEHUM, MAarn4eCKMX 3aKJIMHAHUI, MO-
JuTB U T.1.: Pur-Bensl, CamaBenbl, AnxypBennl 1 AtxapBaBeabl (1id ATxa-

4 CnaBsiHo-Apuiickue Benbl, « KHura myapoctu [epyna», Kpyr I[Mepsbiii, Canbrus 5, c. 39.
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pBaHrupachl). Kaxabiii 3 3Tux COOPHUKOB CO BpeMeHEM oOpacTaj pa3iny-
HbIMUA KOMMEHTApUSIMU U TOIOJHEHUSIMU PUTYAJIbHOTO, MAarM4ecKoro, pu-
Jjocopckoro nopsinka — bpaxmanamu, ApaHbsikaMu, Ynanuinagamu. Co0-
CTBEHHO, punocodckure Bo33peHus JpeBHeil MHauu Hanbosiee mojiHoe oTpa-
JKEHME TIOJYYMJIM B YNaHullIagax, HO MepBble MpooJiecKu PpriocoPcKoro
MoAX0Ja K JeCTBUTEIbHOCTHU MPOCIEXKUBAIOTCS YK€ B COOpHUKAX BeIuye-
CKMX TMMHOB, OCOOCHHO B ipeBHEiIIeM U3 HuX — Pur-Bene®:

7. |[KocMOTOHMYECKUIA TUMH |

Torma He OBIJTO HY CYILIEr0, HA HECYLIETO;

He 6bU10 HM BO3AyLIIHOTO NPOCTPAHCTBA,

HU Heba HaJ HUM.

Yro B iBuzkeHnu 66107 [1og ybuM MOKpOBOM?

YeMm ObLIM BOAbBI, HENPOHUIIAEMbl€e, IITyOOKMe?
Torga He OBLJIO HU CMEPTU, HU OecCMepPTUSI, HE OBLIO
Paznuuusg mexny HOUbIO U THEM.

be3 nyHoBeHus1 camo coboit abimaio EnnHoe,

M Huuero, kpoMe Hero, He ObLIO.

Bnauase TbMa ObL1a COKpBITa THMOIO,

Bcé 10 [0bL10] HEpa3mMuIuMoO, TEKYYE.

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

M navanocs[Toraal ¢ XxejaHus, — OHO

bbL10 mepBBIM CEMEHEM MBICJIN.

CBsI3Ky CyLLIETro U HECYLIETO

OTbICcKaJI, BOCOPUEMIISI B CEPALIE, IIPO30PJIMBbIE MYIPELIHI.
Bepsb nx npocrépra nomnepek. bouio am

BHu3y [uTO], ObL10 111 BBEPXY?

Hocurenu cemeHu 6b11, cyibl ObIM. Boxxnenenue —
Buugy, ycunus — BBEpXYy.

KTo nouctuHe 3Haet, KTo Ternepb Obl MOBEIA,
OTKya BOBHUKIIO 3TO MUPO3JaHbe?

boru [mossBuuch| mmocjie COTBOPEHUS €T0.

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

M3 yero BO3HUKIIO 3TO MUPO3AaHbE, CO3IaI JIU

| KTo ero| niu Het?

KTo0 BHaen 3T0 Ha BhICIIEM Hebe,

ToT moncTuHe 3HaeT. [A] eciu He 3HaeT?

5 «[IpeBHenHaniickas puiaocodus. HavanbHbiii mepuon». [epes. canckput. M., 1963 .
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Eme Gonee MHTEpECHO MpPOCIeAuTh 3a oTpaxeHueM B ClaaBsSHO-
Apmiickux Benax ucropuu Annantuasl u Erunta. M, ongarb-Taku, 00 3TOM ro-
BopuTcd B Benax:

...Benukoe [loxonogaHue mpruHECET BETEP

na’ ApMCKMA Ha 3eMJTI0 c110 1 MapeHa Ha TpeTh
JleTa ykpbiBaTh Oynet e€ cBouM benbiM I1marom.
He Oynet nuiiy J110a5M U JKMBOTHBIM BO BpeMsl
cue 1 HauyHETc Benukoe Ilepecenenue
notoMkoB Poga HebGecHoro 3a ropsl Pumneiickue,
KOM 3alIMILAI0T Ha 3alaJHbIX pyoexKax

Casaryio Paccenuro...

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

u nnepeHeceT ux Cuna HebecHas,

Ha 3emJito be3dopoabix aroaei,

¢ Koxel nBera rmiaMeHu CBaieHHOro OrHs.
Benuxknii Boxxab moCTpOUT B 3eMJjie TOMU
Kanue Tpesyoua bora Mopeii.

M 6yner Huit — bor Mopeii

MOChLIAaTh UM O€3CUETHBIC Japhbl CBOU,

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

Ho Benukuii noctatok

OTYMaHMT I'OJIOBbI BOXAEH U XPELOB.

Benukas JIeHb 1 xKenaHue 4y:KOro 3aXBaTUT Pa3yM HX.

M HayHyT oHM JiraTh boram u nroa5Mm,

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

M GynyT ncrnonb3oBaTh

Cuny Ctuxuit Muarapn-3emin

IJIs1 NOCTUXKEHUSI CBOMX LIEJIEH. ..

M pasrHeBaroT OHM IETHUSIMU CBOUMU

Husa — Benukoro bora Mopeii...

N yanutoxut Huit u Ctruxuuy 3emM1io Ty,

1 CKpOETCsI OHa B IiyouHax Benukux Bon,

TaKO X€ KaK CKpbuiach B JIpeBHUE BpeMeHa

B ITyOMHax ceBepHbIX Boa — CBsiueHHas Hdaapusl...
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boru Pacel cnacyT aroaei rmpaBe HbIX

n Cuna HebecHas iepeHeCET X Ha BOCTOK,

B 3€MJIM JIIOJIEN C KOXEM 11BeTa Mpaka...

a be3dbopoabIx J101€eM,

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

JIronu ¢ koxer nuBeta Mpaka OyayT IIOYUTATh
noroMkoB Poga HebdecHoro 3a boros...

1 OyIyT YYUTHCS Y HUX MHOTMM HayKaM.
JIronu n3 Bennkoii Pacel

nocTposT HoBbIe Ipanbl 1 Kanuiia,

1 HayyarT JIOJIEH ¢ Koxen 1iBeta Mpaka
BhIpAIIMBATh 3JIaKU 1 OBOIIM. ..

Yet1oipe Poga Pacel Benukoit cMeHsist apyr apyra,
oynyT ooyuats JlpeBHeid Mynpoct HOBbIX 2KpeLoB...
1 CTpouTh TpupaHbI-IpoOHULIHI,

B BUie [Oop pyKOTBOPHBIX, YETBIPEXTPAHHBIX..."

HuBunuzauuss Mududeckoin ATJIaHTUABI, KaK €€ Ha3bIBaJuM JIPEBHUE
I'PEKU, COIVIACHO JaHHOMY MpelaH1I0, BOZHUKJIA B pe3yJibTaTe NepecesieHus
m1eMEH AHTOB U3 besloBoabs Ha 00Jb1I0N OCTpOB B 3anmagHoM OKeaHe-MO-
pe — ATJIaHTUUYECKOM OKEaHe — UM CO3IaHUsI TaM ell¢ OJHOTO oJara LIUBUJIN -
3aluu. B panbpHeileM mepeceaeHIbl CTaalu Ha3blBaTh CBOIO HOBYIO PoaunHy
AHTJIaHb, T.€. 3eMJIEN AHTOB. DTO Ha3BaHME, Ojarogapsl JpeBHUM IpeKaMm,
npeoOpasyeTcs: B ATJIaHTUAY U TTOJ 9 TUM UMEHEM COXpaHUTCS B UCTopuu. B
cBouX Tpynax, IlnaToH ynomuHaeT 00 ATIaHTUAE U U3JIaraeT MHEHHUE O TOM,
YTO C TM0eIbl0 ATJIaHTUABI TOTUOIM IpeBHUe 3HAHUS. ATIaHTHIA ONYCTH-
Jlach Ha OK€aHCKOE THO B pe3yJibTaTe MpUPOIHbIX KaTakKian3MoB. Pacronara-
Jlach ATiaHTuaa K 3anany oT ceBepa Adppuku. IloaTBepxxaeHueM nmpaBujib-
HOCTHU 3TOT'O CJIY>KUT 3arajgka 1 (pakT CylIecTBOBaHUSI TAMHCTBEHHOI'O HapoJa
IyaHuu, oGHapy>keHHOro MopTyrajbliaMU, KOTJa OHU, B OUepeHOMI pa3, OT-
KpblIM KaHapckue ocTpoBa, Ha KOTOPBIX, K CBOEMY YAMBJICHUIO, OOHAPYKUIN
0eJI0KOXXMX a0OPUT€HOB, KOTOPHIE IO CPABHEHUIO C HUBKOPOCIBIMU MTOPTY-
rajblLaMM BBITJISIAE]IM TUTAHTAMU CO CBOMM JBYXMETPOBBIM POCTOM. DTH T'O-
Jlyboria3ble U CBETJI0BOJIOCHIE TUTaHThl 0OuTaNIM Ha KaHapckux octoBax, HO

¢ CnaBsiHo-Apuiickue Benbl, « Knura myapoctu [lepyna», Kpyr Iepseiii, Canbrus 5, ¢. 38.
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HUKOIZa HEe JOCTUTaIU aPpUKAHCKOIO KOHTUHEHTA, Pa3InYUMOTO B XOPO-
IIYIO TIOTOAY C 3TUX OCTPOBOB. MMHTepeceH M TOT (pakT, YTO MOPTYrajblibl
OOHAapYyXXWJIN Ha 3TUX OCTPOBAX U OAMYABIINX JOMAILIHMX XUBOTHbIX. CKJia-
JbIBAETCS BIIEYATIEHUE, YTO T'yaHYM ObLIM ITOTOMKAMM JIFOAEH, BBIOPOIIEHHbBIX
BMECTE C CO CBOMM JOMAIIIHUM CKOTOM Ha HEOOUTaeMbIii OCTPOB, TJ1€ OHU CO
BpeMEHEM OJIMYaIN UJIU, IO KpaliHEN Mepe, yTpaTUJIv OOJIbIIMHCTBO 3HAHUM,
KOTOPBIMM 001again. VX 136K ObIJT COBEPILIEHHO HE M3BECTEH MOPTYTraJIbLiaM.

K coxaneHuro, arpecCMBHas MOJMTHUKA MOPTYTajblieB IPUBEIA K TOMY,
YTO CBOOOIOIOOMBEIC TYaHUM ObLIM YHUUYTOXEHBI coijaTaMy WJIX MTOTUOJIN
oT 00J1e3HE, 3aBE3EHHBIX HA OCTPOBA, M KOTOPHLIX OHU He 3HaJIM. UTHTEepeCcHO
1 TO, UTO HApaBHE C My>KUMHAMM CPAXKAIUCh U XKEHILWHbBI, KOTOPbIE IPEIIO-
YJIM CMEPTh paOCTBY. B pe3ynbrare Bcero aToro, oiMyaBuIne IIOTOMKM ATJIaH-
TOB MOJHOCTBIO MCYE3JIU U YHECJIU C COOOM €1l OJHY TaliHy UICTOPUMU.

Te xe, KTO BCE-TaKM JOCTUT appUKaAHCKOIO KOHTMHEHTA, JOCTUTHYB
Hu3oBui Huna, co3nanu HOBYIO LIMBUIM3ALMIO — LMBUIM3aLMIO IpeBHEro
Erunta. M3 gpeBHeerMneTCKuX MpeaaHnuii U3BECTHO, YTO 3Ta CTpaHa ObLIa
OCHOBaHa JAeBIThIO beabimu boramu, npuinenimmmu ¢ Ceepa. i1t Herpoun -
HOro HaceyieHus apeBHero Erurnra, 0e10KoXMe MpUILeIbLbl, ITOCBSIIIEHHbIC
B JIpeBHUE 3HaHUsI, HECOMHEHHO, ObLIN, Kak boru. [Tpulenblibl HE TOJIbKO
MOAYMHWIN ceOe HeTpouaHkbIe IieMeHa dpeBHero Erunra, Ho 1 HayYuIv Ux
MHOI'OMY: YMEHMIO CTPOUTD XXKUJILE U XpaMbl, BIaAeTh TEXHUKOM 3eMJIeIeINs,
>KMBOTHOBOJICTBY, OPOIIEHUIO, PEMECTIaM, CYAOBOXICHUID, BOEHHOMY MC-
KYCCTBY, MY3bIKE€, aCTPOHOMMMU, TI0331UU, MEIULIMHE, CEKpeTaM 0aib3aMUpPO-
BaHMsI, UCITOJIb30BAHUIO MOJIE3HBIX UCKOMAeMBbIX, TallHBIM HayKaM. Co3nanu
KAaCTOBYIO CUCTEMY, MHCTUTYT XpedyecTBa U MHCTUTYT (papaoHa.

JI1060MIBITHO U TO, YTO BCE, ITIEPEUMCICHHOE BhILIE, TOSIBUIOCH Cpa3y, Ol -
HOBpPEMEHHO, a He ObLJIO pa3BUTO MOCTENEHHO, KaK JOJKHO ObLIO OblI ObITH,
B CJIyyae MOCTENEHHOIO Pa3BUTHS LIMBUJIM3ALIMU. A 3TO TOJILKO ITOATBEPKIACT
MMPUBHECEHHOCTb 3THUX 3HaHUI. KpoMe Toro, B HacTosiee BpeMs 10Ka3aHo,
YyTO TIepBbIe yeThipe nuHacTuu PapaoHon ApeBHero Erunrta Ob1u 0eabIMU
moasmu. MccnengoBaHue HaAeHHBIX MYMUMI TI€PBBIX IUHACTUI MOATBEP-
KIIAeT 3TO HECOMHEHHO. TakuM 00pa3oM, IpeBHME MUPHI TT0JIYy4al0T HAyYHOE
MOATBEPXKICHME CBOEH pealbHOCTH, YTO 1A€T OCHOBAHME CYUTATh, UTO U JIPY-
rue Mudbl, BIOJHE BO3MOXHO, MMEIOT I10J CcO00Ii peajibHble (aKThI.
HNHutepeceH u apyroii ¢pakT ApeBHEETUIIETCKON IMBUIN3AaLMU — 32 MHOTHE
TBICSIYM JIET CYyLLIECTBOBAHMUSI, 3Ta LIMBUJIM3AlIMs HE cO3/1ajla HUYEro HOBOTIO.
HpeBHne 3HaHus benbix boroB mpeBpaTUIMCH OJISI IOTOMKOB B CBSITBIHM,
OXpaHsIEMbI€ KAaCTOW XpPELOB — 3HAHWS MPEBPATWINCH B HOIMbI. 2Kpelbl
TOJIBKO MepeaaBajd HOBBIM MOKOJICHUSIM 3HAHMS, KOTOPbIE CAMU B CBOIO
ouepenb, IMOJYYUIN OT CBOMX YUUTeeH. JI100ast moIbITKa YTO-HUOYAb N3ME-
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HUTb BOCIIPUHMMAJIACh, KAK KOILIYHCTBO; 3BOJIIOLIMOHHOE Pa3BUTHUE ETUIET-
CKOI IMBUJIN3ALIMU ObLIO «3aMOPOKEHO» KpellaMU Ha MHOTHE ThICSYEJIETHSI.
M 310T IpucKOopOHBINA aKT CTajl OCHOBHOM MPUYMHOMN YHUUTOXEHMWS €TUIIEeT-
cKoy nuBuan3anuu. Ho nepen TemM, Kak mormOHyTh, OHA OpocuJia CBOU CeMe-
Ha 3HAHUI B 0J1aroJaTHYIO IMTOYBY CBOMX COCEACH.

Tatinbie 3HaHUA U3 ErunTa monanu B JIpeBHio10 [pennio, HaydHbIE TPYAbI
dustocodoB 1 yUEHBIX KOTOPBIX coxpaHuia Mctopus. K coxaneHnio, orpomM-
HOE YMCJIO IPEBHEETUNIETCKMX MAaHYCKPUIITOB, ITIEPraMEeHTOB, KOTOPbIE Haval
cobupars euie Ainekcanap MakenoHCKUI U ero CIoABMXXHUKHU T1OCJIE TTOKO-
peHus Erunra, norn6u Bo BpeMs noxapa AJIEKCaHAPUINCKOM OMOINOTEKH,
YCTPOEHHOM (paHATUYHBIMU XpUCTUAHAMU. EMIMHCTBEHHOE, YTO COXPAHUJIOCH
JI0 HAallIeTO BpeMEeHM, TaK 3TO MOTWJILHUKU (papaoHOB 1 3HaTu Erunra, na u
TO, TOJIbKO MIOTOMY, YTO OHM ObLIM TIIATEIbHO CIIPSTaHbI, a TOTOM U 3acChIIa-
Hbl neckamu. MMeHHOo moatomy uctopus Erumnra nsydanach TOJbKO 110 (ppe-
CKaM M HAAIIMCSIM B MUpaMUAax U MOTWIbHUKAaX. IMEHHO MO3TOMY MaJIo UYTO
MU3BECTHO O X13HMU XUBBIX JIpeBHero Erumnra, 06 nx pujiocodpCKrx 1 HaydHbIX
MPEeACTABJICHUSIX.

Becbma mrob6ombiTeH U TOT pakT, yto CinaBsiHo-Apuiickue PyHbl u Eru-
nerckue Meporandsl UMEOT MHOTO OOIIET0, @ HEKOTOPhIE U3 HUX — IIPOCTO
TOXIECTBEHHBI... TakuM 00pa3oM, MpakKTUYECKU HE OCTAJI0Ch CBUIETEILCTB
0 punocoduu 1 HaydyHOU MbIcau ApeBHero Erunra, ToJIbKO TaliHbIE XpaHU-
JIMIIA MAHYCKPUIITOB, CO3JAaHHBIX XPAaHUTEIISIMUA TaliH, M30€Xaau y4acTU
OBITh COXXKEHHBIMU, HO M A0 CUX IIOP OHU HE U3BECTHBI IIIMPOKUM MacCCaM.
DTU MaHYCKPUIITHI CTaJIM OCHOBOM CO3JaHMSI MTPAKTUYECKU BCeX TaliHbIX 00-
LLIECTB — PO3EHKPENULIEPOB, UIJIMMIOHAPUEB, MACOHOB U T.1. TeM He MeHee,
3HaHMd ApeBHero Ernnra He ucuesnu 6ecclieHO, a HALIUIA CBOE MPOI0JIKe-
HUE U pa3BUTUE B ApeBHETrpeYecKon punocopuu.

JIpeBHerpedeckas (puiaocodusi BOZHUKIIA HE COOCTBEHHO B Ipeniiu, He Ha
bankaHckoM moiyocTpoBe, a Ha BOCTOUHOI OKparHE rpeuyecKoro Mupa — B
MOHMICKMX ropojax 3aragHoro mooepexnsss Manoit A3un, OCHOBaAaHHBIX
rpeKaMy U pa3BUBIINX PaHbIIIE, YeM 3TO IPOU3OILIO B caMoii Iperiu, pado-
BJIAIEIBYECKYIO IIPOMBIIIJIEHHOCTbh, TOPTOBJIIO X BRIPOCIITYIO HA MX OCHOBE Y-
XOBHYIO KYJIBTYpY. DTa KyJIbTypa co3JaBajach IO BIMSIHUEM 0oJiee IPEBHUX
BOCTOYHBIX IMBMAn3anuit BaBunona, ®unukun, Erunra. I1epBoie MaTepu-
AIMCTUYECKNE YIeHUSI BOSHMKIIM B MusieTe, KpyITHeliieM B 6 B. 10 H.3. U3 Ma-
JI0a3MaTCKUX IPeYECKUX TOPOJIOB, Ha I'paHu 7-6 BB. 10 H.3. B HEM X1 1 co-
3[1aJIM CBOM ILIKOJIbI TOCJIeI0BaTE/IbHO TPU MblcauTeist: Danec, AHaKCUMaHJIp
1 AHAaKCMMEH. 3a1aBIIMCh BOIPOCOM O TOM, OTKY/1a BCE BO3HUKAET U BO YTO
BCE IMpeBpallaeTCs, OHM UCKaIM HayaJlo IPOUCXOKACHUS U U3MEHEHMUSI BCEX
Bewueli. [Ipu 3ToM, OHM TTOHMMAJIM NEPBOBEIIECTBO, HE KaK MEPTBYIO U KO-
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CHYIO MaTepulio, a, KaK BEIIEeCTBO, )KMBOE B 1I€JIOM U B YaCTSIX, HaJIeJIEHHOE
nyiioi u nerkeHneM. Pajtec (KoHer 7-ro — mepnas MOJIOBMHA 6-T0 B. 1O H.3.)
ObLT IesATeeM, COEAMHUBIINM MHTEPEC K 3aIIpOcaM MPaKTUUECKOM KU3HU C
IJIyOOKMM MHTEPECOM K BOIIPOCaM O CTpOeHUU MUpo3aaHus. OH ObLUI THIPO-
WHXEHEPOM, pa3HOCTOPOHHUM YUYEHBIM U MBICJIUTEJIEM, N300peTaTeIeM ac-
TPOHOMMUYECKHUX ITprbopoB’. Kak y4€HbIil, OH IMpPOKO IpociaBmics B [pe-
LIMM, CAEJIAB yIa4yHOE MpeAcKa3aH1e COJTHEUHOrO 3aTMEHMSI, HaOJII0JaBILIErO-
ca B Ipennu B 585 1. 1o H.3. JI1g 3Toro npeackazanuss Danec UCoab30Ball
MoYeprnHyThie UM B Erunrte acTpoHOMUYECKME CBEICHMS, BOCXOASIIME K Ha-
OrOACHUSIM U 0000IIEHUSIM BaBUJIOHCKOIM HAyKHU, YTO SIBJISIETCS KOCBEHHBIM
noaTBepxkaeHueM Hannuus B JIpeBHeM Erunre HayyHbIx 3HaHUI. CBOM reo-
rpapuyeckue, acTpoHoMUYeCKHe U pusndeckue nodHaHus Majec cBs3al B
cTpoitHoe duocodckoe MpeacTaBieHUe 0 MUpe, MaTepUaTMCTUIECKOE B
OCHOBE, HECMOTPSI Ha SICHBIE ciieabl MU(OJIOTUUeCKUX MpeacTaBiieHuii. Manec
ToJiaraj, 4To CylIeCTBYIOIIEe BO3HUKIIO M3 HEKOETO BJIaXKHOTO IEPBOBEILIE-
CTBa, WU «BOAbI». BCE MOCTOSIHHO pOoXIaeTcsl U3 3TOTO €AUHOIO UCTOYHMKA.
Cama 3emus JepXKUTCSI Ha BOJIE U OKPYXKEHa CO BCeX CTOPOH okeaHoM. OHa
MpeObIBAET HA BOJAE, KaK IMCK WJIM JOCKa, TJIaBalollas Ha ITOBEPXHOCTU BO-
noéma. B To e Bpemsi, BellIeCTBEeHHOE IEPBOHAYAJI0 «BOJbI» U BCSI ITPOUCIIEI -
11asi U3 HeE€ IIPUPOJa HE MEPTBBI, HE JIMIIEHBI OaylIeBIEeHHOCTU. Bo BeeneH-
HOIT — BCE HAITOJITHEHO 00KEeCTBEHHOM CYIIIHOCTBIO, BCE onylieBiaeHo. Panecy
MPUHAAJIECXKUT MONbITKA Pa300paThbCsd B CTPOCHUU OKpYyXKallleh 3eMITio
BcenenHoit, onpeaeanTb, B KAKOM ITOPSIIKE PACIIONOXKEHbI, 10 OTHOILLIEHUIO
K 3emMJie, HebecHble cBeTuia: JIyHa, CosiHlie, 3B€31bl. B 3TOM Borpoce Dajiec
oInupascs Ha pe3yabTaThl BABUJIOHCKOI Hayku. Ho oH nipeacTaBiisiii nopsiiok
CBETUJI OOpaTHBIM TOMY, KOTOPBII CYILLIECTBYET Ha CaMOM JieJie: OH I1oJiaral,
4yTO OJIMXKE BCEro K 3emJjie HaxoasITCsl, TaK Ha3bIBaeMoe, HeOO HETTOABUKHBIX
3BE31, a gajiblie Bcero — CoJsiHie. DTa olMbKa ObljIa MCcIpaBjieHa ero Npo-
JOJIKATEISIMU.

Ero coBpemeHHUK, AHaKCcUMaHAp®, TpU3HAJ ¢AMHBIM U TTOCTOSTHHBIM C-
TOYHUKOM POXJIEHMS BCceX Belllel yke He «BOJy» 1 BOOOIIe, He KaKoe-J1100
OT/IeJIbHOE BEIECTBO, a IEPBOBEILECTBO, U3 KOTOPOTO 000COOJISIIOTCS IMTPOTU -
BOITOJIOXKHOCTHY TEMJIOr0 M XOJOJHOIro, Jalollye HAadyajao BCEM BEILIECTBAM.
DTO mepBOHAYAIO, OTJIMYHOE OT OCTAJIbHBIX BELIECTB (M, B 3TOM CMBICIIE,
HEONpeaeJEHHOE), HE UMEET TPaHMI] U IIOTOMY e€CThb «OectipeneabHoe». [1o
000Cc00JIeHUM U3 HErO TEMJIOTO U XOJIOIHOr0, BO3HMKJIA OTHEHHAasi 000J104Ka,

"B.®D. Acmyc. «AHTMYHasT puitocodust». YaeOHoe nocodue, ¢. 24. U3n. 2-e, nomn. M., «Beicias
mKosa», 1976 .
8 Tam xe, c. 25.
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o0OJiexIasg Bo3ayx Hapm 3emyei. [lputekarommii Bo3ayx IpopBajl OTHEHHYIO
000104Ky M 00pa30oBaJl TPU KOJIbLIa, BHYTPU KOTOPBIX OKA3aJ10Ch 3aKJTIOUYEH -
HBIM HEKOTOPOE KOJIMYECTBO MPOPBABIIETOCS HAPYKY OrHs. Tak mpou3oluimn
Tpu Kpyra: Kpyr 3B€31, CosHua 1 JIyHbl. 3eMiis, mo (popme 1ogo0OHas1 cpesy
KOJIOHHBI, 3aHUMMAET CepeAUHY MUpa U HEIOABMXHA;, XKMBOTHbIC U JIIOAU
00pa30BaAIMCh U3 OTJIOXKEHUI BHICOXIIIETO MOPCKOIO THA Y U3MEHUJIU (DOPMBI,
pHu 1repexone Ha cyury. Bcé odocobuBIeecst oT 6ecnpeaeibHOTro J0JKHO, 3a
CBOIO «BUHY», BEpHYTbCS B Hero. [loaToMy, MuUp — He BeUeH, HO, TI0 pa3py-
LLIEHUIO €T, U3 OecnpeeIbHOIO BhIJSJISIETCS HOBBII MU, U 9TOI CMEHE MU -
POB HET KOHIIA.

[Tocnennnii B psaay MuneTcKux puimocod@oB — AHAKCUMEH?, TOCTUTLLIN
3peJIOCTU, KO BpeMeHHU 3aBoeBaHusI MuJjieta nmepcaMu, — pa3BUJI HOBBIE
npeacraBiaeHust o myupe. [IpuHSIB, B KaueCTBE MEPBOBEILIECTBA, BO3AYX, OH
BBEJI HOBYIO 1 BaXKHYI0 UJICIO O MMPOLIECCe pa3peXeHUsI U CTYILIEHUS, TTOCPEe/I-
CTBOM KOTOPOTIO0, 13 BO3JyXa 00pa3yoTcs BCE BEILIECTBA: BOJIA, 36MJIsI, KAMHU
1 OroHb. «Bo3ayx» 1J1s1 HeTro — AbIxaHWe, OOHUMAIOIIEee BECh MUP, TIOJOOHO
TOMY, KaK Hallla ayiia, Oyaydu AbIxaHueM, 1epXXuT Hac. I1o npupone cBoeii,
«BO30yX» — POJ Mapa WJIM TEMHOIO 00JaKa U CPOOHM IIYCTOTE. 3EMIIST —
IUIOCKMI IYCK, MOAIEePXXMBAEMbI BO3IYXOM, TaK XK€, KaK Mapsiuue B HEM
TUIOCKME, COCTOSIINE U3 OTHSI, TUCKU CBETUJI. AHAKCUMEH UCIIPaBUJI YYEHUE
AHaKcUMMaHpa O MOpsIIKE pacloIOXKEHWSI B MUPOBOM ITpocTpaHCTBe JIYHBI,
ConHua u 38€31. COBpeMEHHUKU U TOCJIeAyIolIne rpedyeckue puiaocodnl
npuaaBaaui AHaAaKCMMEHY 3HadeHUe 0oJIbliee, YeM IPYTruM MUJIETCKUM (PUITO-
codam.

AHanu3upys IpeacTaBiieHUs 3TUX Gujioco@oB 0 Npupoae, HEBOJIbHO
OpocaeTcs B I1a3a TOT (PaKT, YTO KaXKAbI M3 HUX MOJYy4YMJI 3HAHUS HE LIeJTb-
HbIe, a OTPbIBOYHBIE. M, MCITONIB3YsI KaxKAbli1 «CBOI» OCKOJIOK, IBITAJIMUCH 10~
CTPOUTbH CBOIO KapTUHY Mupo3aaHusi. HeroysiHoTa, He3aBepLIEHHOCTD M3HA-
yaJibHOro hyHAaMeHTa, Ha KOTOPBI OHU ONIMPAIMCh, IPUBOIMIIA K OTHO0O-
KOCTH, CUJIBHOMY MCKaXXEHUIO0 KAPTUH MUPO3JAHUS, UMU CO31aBaeMbIX.

Becbma MHTEpECHBI KOCMOJIOTUYECKUE MTPEACTaABICHUS DMIIEA0KIIA,
JeITeJIbHOCTh KOTOPOro MpoTeKaja B AKparaHte (ArpureHre) Ha 6epery Cu-
oI B 5 B. 10 H.3. CorlacHO KOCMOJIOTUMA DMIIEA0KIa, BOKPYT 3eMJIU
CYLLIECTBYIOT JIBa Bpalllaioluxcs noaywapusi. OQHO U3 HUX COCTOUT LICTUKOM
13 OTHS, APYTO€, CMELIAHHOE, COCTOUT U3 BO31yXa U U3 IIPUMECHU HEOOJIBILIOTO
KOJIMYECTBA OTHSI. DTO BTOPOE MOJIyIIapue MPOU3BOIUT CBOMM BpallleHUEM
sgBjeHne Houu. Havano aBrzkeHus IIpoM3011JI0 OT HapylleHUsI paBHOBECHS,
BCJIeACTBUE npucoeauHeHus1 orHs. CoriacHO aCTpOHOMMYECKOI TUIT0oTe3e

 Tam xe, c. 26.
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Omnenokia, CojiHle, MO CBOEH MpUpoAe, HE OTHEHHOE. JIHEBHOE CBETUIIO,
BUIMMOE HAaMM KaXIblii JeHb HAa HEOECHOM CBOJIE, €CTh, 110 DMIEIO0KIY,
TOJIbKO OTpaXk€HUE OTHsI, MOJ00HOE TeM, KOTOpble ObIBalOT Ha Boae. JIyHa
o0pa3oBayiach U3 BO3[yXa, YBJIEYEHHOIO OTHEM. DTOT BO3yX CIYCTUJICS Ha-
Bepxy, Harogooue rpaga. Ceetut JlyHa He COOCTBEHHBIM CBETOM, a UCXO/SI-
M oT ConHua. PopMa MUPO3JaHUS — HE IIapPOBUAHA, B TOUHOM CMBbICJIE.
Mup npubnmxaercsi, o CBoeit popme, K Sy, JeKalieMy B TOpU30HTaIbHOM
nojtoxkeHnu Y. OH TIpeacTaBIIsI, YTO 3BE3IbI IPUKPEIUIEHBI K TBEPIOMY KPH-
CTAJUZIOBUTHOMY HEOECHOMY CBO/LY, IIJIAHETHI XK€, ABMXKYTCS CBOOOTHO. DMIIe-
JIOKJI YK€ SICHO OTJIMYaJ IJIaHEThl, UMEIOIINE BUAUMOE IBUKEHUE 1O OTHO-
LLIEHMIO K OKPYXKAIOLIMM MX 3B€31aM, OT BUAMMO HEIIOJBVXKHBIX, I10 OTHOILLIE-
HUIO IPYT K ApyrY, 3B€31. B3rnsga Ha JIyHy, Kak Ha Te0, 00pa3oBaBlIeeC ITy-
TEM CTYIIEHMSI BO3[yXa U, CTajJl0 ObITh, HE CAMOCBETSIIEECs, MoACKa3al OM-
MEA0KIY OOBSICHEHUE COJIHEYHBIX 3aTMEHUM. [IpuunHy X OH BUIET B TOM,
nHoraa TémHas Jlyna 3acionset coooit ConHue. [eHnanbHOI, 111 TOTO Bpe-
MEHHU, ObLJIa J0TaaKa DMIIEA0KIIA O TOM, YTO CBETY TPEOYETCS U3BECTHOE Bpe-
Ms1 U1 paCIpOCTPaHEeHMSI B IIPOCTPAHCTBE. DTa A0rajaka noJHOCTHIO IIPOTH-
BOpEYMIa BCEM TOTAALHUM MIPEACTABICHUSIM O IIPUPOAE CBETA.

Bo BTOpOIt TTOIOBMHE 5 B. A0 H.3., Ha ceBepe Ipeuun, Bo Ppakuu,
MOSIBUJICSI HOBBIM LIEHTP pa3BUTUsI HAyKU U puyiocopun — ropon Adnepsl. B
HEM IIpOTeKaJia AeATeIbHOCTh JIEBKUIINA B €T0 3pEJIyIO MOPY, a TAKXKE, AesI-
TeJIbHOCTh JleMOKpuTa, CO31aBIIMX HOBOE yUeHME — aTOMUCTUYECKUI MaTe-
puanu3M. Ha3BaHue yueHUsI MOKa3bIBAET, YTO OCHOBHOE (pu3nyeckoe (1 pu-
Jloco(pckoe) Bo33peHue JleBkurma u JleMoKkpuTa COCTOUT B TMIIOTE3E O CYILE-
CTBOBAHUU HEJIEJIMMBIX YaCTUII BEIIECTBA. [peyecKkoe CJI0BO «aTOMOC» O3Ha-
YaeT: «<HEeIEeIUMBbIN», «Hepa3pe3aeMblili Ha yacTu». [1o coobmenuno Cummin-
us, Jleskunn u JleMOKpUT rOBOPUJIN, YTO Havasa ((pu3ndecKue 3J1€MEHTHI)
— OECKOHEYHBI MO YMCIY, U UX OHU HA3bIBAJIM «aTOMAaMW» W CUMTAIMU UX
HEASIMMbBIMUA U HETIPOHUIIAEMBIMU, BCIEACTBUE TOTO, YTO OHU aOCOJIOTHO
TUIOTHBI U HE 3aK/II0YaloT B cede mycToThl. OHU TOBOPWIIN, YTO pa3aejicHUE
MPOUCXOIUT, Oarogaps MyCTOTE, 3aK/I0YaAIONIECS HE BHYTPU aTOMOB, a B
TeJlaX, aTOMBI XK€, OTIEJIEHBI IPYT OT ApYyra B 06CKOHEUYHOI IMyCTOTE U pa3jiu-
YalTCcsd BHEITHUMHU (hOpMaMM, pa3MepaMu, MOJOXEHUEM U TTOpsiaKoM !,

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

10B.®D. Acmyc. «AHTHYHAas duriocodus». YaebHoe mocobdue, c. 68-69. U3a. 2-e, nomn. M.,
«BpIcmias mkoja», 1976 .
' Tam xe, c. 138-139.
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POB, TIOJIOXXEHUI 1 mopsiAkoB. OOpa3oBaBIIUECS COSAUHEHMS JepXKATCSI BME-
CTe U, TAKUM 00pa3oM, IMPOU3BOASIT BOBHUKHOBEHME CJIOXKHBIX TeJ. JIeBKMITIT
1 JleMOKpUT 1ojarajiv, 4YTo 0€CKOHEUYHO HE TOJIbKO YMCJIO aTOMOB BO BceesieH-
HOM, HO X YMCJIO BOBMOXKHBIX JJISI pa3JIMYHBIX aTOMOB OPM, T.€. UX (pUTYP,
oueptaHuii. CylIeCTBYIOT aTOMbI CAMOU pa3IMYHOM (pOpPMBI: IIAPOBUIHEIE,
MApaMUIAIbHbIE, HEOPAaBUJILHOU (DOPMBI, KPIOUKOBATHIC U T.I1. YMCII0O 5THX
pas3IMYHbBIX POpM — OECKOHEUYHO. JloKa3aTeJabCTBO OECKOHEYHOIro 4YMuciaa
(bopM aTOMOB, KOHEYHO, HE MOTJIO OBITh SMIIMPUYECKUM, BCIICACTBUE HEBU -
JTUMOCTU 1 HEOCSI3a€MOCTU ATUX POPM, a TOJIBKO JOTUYECKUM.

ATOMHCTBI HE CTaBST BOIIPOC O MPpUYMHE ABUXEHUS aToMOB. OHU He
CTaBST €TI0, HE BCIEACTBUE «OECKOHEYHOCTHU» , KaK TyMaJl O HUX APUCTOTE b,
a TIOTOMY, YTO JIBMK€HME aTOMOB IPEACTABISIETCSI UM M3HAYaJIbHBIM CBOJ-
CTBOM aToMOB. IMeHHO, Kak M3HadyaJIbHOE, OHO He TpeOyeT OOBbSICHEHMUS
npuurHbl. Ho ydeHure o IBUKEHUM aTOMOB HE €CTh U TIPOM3BOJIbHOE YTBEP-
XJaeHue puiiocoda o TOM, UTO MIPOUCXOIUT B 00JIACTU YYBCTBEHHO HEBUA -
MOTO 1 HEBOCIIpMHUMaeMoro. Teopusi 0 HeBUIMMBIX HAMU JBUKEHUSIX BECbMa
MaJjibIX aTOMOB BHYIIAETCS HallleMy YMY HaOJI0ASHUSIMM HaJl MPOLeCCaMU 1
SIBJICHUSIMU, TIPOUCXOASIIIMMU B YYBCTBEHHO BOCIIPMHUMAEMOM MPUPOJIE.
Teopus aromu3ma Bo3HMKIIA y JIeBkumnma u JleMokpuTa, Ha OCHOBaHWM Ha-
OMroneHUI 1 HEKOTOphIX aHajloTuid. [TpeameToM aTHX HaOIIOAEHUIA ObLIIN Ta-
KHe 001IEeN3BECTHBIE (DAKThI, KAK CITOCOOHOCTb HEKOTOPBIX TBEPABIX TE€J CXKM-
MaTbCs. Eciin Tena MoryT cokpaiaTbCs B CBOEM 00bEME, 3HAUUT, OHU COCTOSIT
13 YaCTULL, MEXKIY KOTOPBIMU MMEETCS ITYyCTOe MPOCTPAHCTBO, MHAUYe, KaK MO-
IJIM OBl OHM YMEHBIIUTHLCS B 00bEMe? B cooTBeTCTBUU € 3TUM, JIeMOKPUT I10-
SICHSJI, YTO OOJIbllIAsl WM MEHbIIAsl CTENeHb TBEPAOCTU U MSITKOCTU «CO-
OTBETCTBYIOT OOJIbIIEH WIM MEHbIIEH CTEIIEHU IJIOTHOCTU U Pa3psIKEH-
HOCTW». Bce Bellu u Teia BUAMMOTO, OLIYIIAeMOTO MUpPa, COIJIACHO UX y4e-
HU10, BO3HUKAIOT B pe3yJIbTaTe BPEMEHHOTO COeIUHEHUSI HEBUAMMBbIX U HEO-
CS1I3a€MbIX BEILIECTBEHHbBIX YACTULl. DTU YaCTULIbI YK€ He 00/1a1a10T, Bpa3pes
¢ AHaKcaropom, NOTeHIIMAIbHOMU AEIUMOCTBIO 10 OECKOHEUHOCTU. DTO — Ya-
CTHU1IbI, a0COJIIOTHO HeJIEJIMMbI€ U TOTOMY Ha3bIBa€MbIE «aTOMaMU». ATOMBI,
110 X MPEeACTaBJIEHUSIM, HACTOJIBKO MaJjible YaCTUILIbI BEILIECTBA, YTO HEMO-
CpPeICTBEHHO, ITPU MOMOILM YyBCTB, UX CYLLIECTBOBAaHUE HE MOXKET OBbITh 00-
Hapy>XeHO: 0 HEM MbI TOJIbKO 3aKJII0YaeM, HAa OCHOBAaHUY 10KA3aTEIbCTB WU
JI0BOAOB yMa. KocMo10rust aTOMUCTOB Y X KOCMOTOHUSI, B CBOUX PAa3IMYHbBIX
YacTsX, COOTBETCTBYIOT pa3HbIM YPOBHSIM Pa3BUTHUSI aHTUYHOM HAyKU U
IMOTOMY, B OTJI€JIbHBIX CBOMX YUCHUSIX, JAJIEKO HE PABHOLICHHHI.

B HEKOTOPBIX KOCMOJIOTMYECKUX UAECSIX aTOMUCTBI HATOJITO ONEPEeaUIN
CBOE BpeMsl, B IPYIrUX, OCTAIUCh, IPUMEPHO, HA TOM YPOBHE, KOTOPOTO J10-
CTUIJIa MWJIETCKas ILIKOJa, B JIMIE CBOEr0 MOCJAECIHEr0 MPeICTaBUTENsI —



[D1aBa 1. AHaIUTUYECKUI 0030D 33

AHakcuMeHa. HoBbIMU JOCTUXXKEHUSIMU aTOMUCTOB ObLIM X YYEHUS O Oec-
KOHEYHOCTU BcesrleHHOM 1 0 6eCUMCIEHHOCTU MUPOB, OTHOBPEMEHHO CYIIEe-
CTBYIOIIMX B OECKOHEYHOM MMPOBOM IIPOCTPAHCTBE. YUeHue JIeBKurma u
JlemokpuTa 0 6eCKOHEYHOCTU BceaeHHOI psIMO BBITEKAET M3 MX MpeacTa-
BJICHUSI O OECKOHEUYHOCTHU ITyCTOrO IIPOCTPAHCTBA U U3 MPEACTABJIEHUS O OeC-
KOHEYHOM YMCJIE aTOMOB, ABMXYIIUXCS B ImyctoTe. IIpouecc oGpazoBaHus
OECKOHEYHOI0 YKC/ia MUPOB B 0ECKOHEYHOM IMTPOCTPAHCTBE ATOMUCTHI TTPE/I-
CTaBJISIM CJIEAYIOLIMM 00pa30M: «BbIIEISSICh U3 OECIIPEACIbHOT0», HECETCS
MHOXECTBO pa3HOOOpa3HBIX MO (popMaM TeJl «B BEJIMKYIO MYCTOTY» U BOT
OHM, COOpaBIIMChH, TPOU3BOASIT €IUHbINA BUXPb, B KOTOPOM, HATAJIKUBAsICh
JIPYT Ha Ipyra U BCAYECKU KPYKACh, OHU PA3IEISIIOTCS, IPUUEM, ITOJOOHBIE
OTXOIMIT K NOAOOHBIM. MIMero1ue xxe OAMHAKOBBIN BEC, BCJICACTBUE OOJILILIOTO
CKOIUICHUS, YK€ HE B COCTOSTHUU 00Jiee KPYXKUTHCA... TaKuM 00pa3oM, TOHKHE
TeJIbla OTCTYNAIOT B HAPY>KHbIE YACTU MyCTOTHI, CJIOBHO, KaK ObI, OTJIETasI K
nepudepun. Ilpoune xe, «OCTaIOTCS BMECTE» U, CILJIETasICh MeXAy COOOM,
JBUKYTCSI BMECTE M O0Pa3yIOT, MPEXIE BCEr0, HEKOTOPOE IapooOpa3HOE CO-
¢IMHEHME. DTO IIapOo0Opa3HOE COCAMHEHME OTIESIET OT ce0s1, KakK Obl, 000-
JIOUKY, 00BeMITIOLILYIO B ce0e pa3HoOOpa3Hbie Teaa. Ha nepudepnn Buxps, n3
MOCTOSIHHO CTEKABIIMXCS CIUIOLIHBIX Macc, 00pa3oBajach TOHKas 000J10YKa.
[TpuuuHoOIi €€ 06pa3zoBaHUs ObLIO BpallleHUE TeJ U COIPOTUBJICHME LIEHTpA.
Takum crmtocoO0M BO3HMKIIA 3eMJIsI: CHECEHHBIE K LIEHTPY MACChI CTaJIu ASp-
XaTbcsd BMecTe. Ha aToM nmponecc He ocraHoBwiIcss. OOpa3oBaBIasics Ha 1e-
pudepurn 000104Ka NPoA0KaJIa YBEJIMUUBATBLCS, YBJIEKaeMasi BUXPEM, IepU-
(bepus mpucoeauHsIa BCE, 4ero Obl OHA HU Kacaiach. B pe3yabrare, HEKOTO-
pble KOH(pUTypauu Tea o00pa3oBajivu coeauHeHus. Korna 3Ty Tea, nepBoHa-
YaJIbHO BJIaXKHbIE, BBICOXJIU, OHU CTaJIu KPYXKUThCSI BMECTE€ C MUPOBBLIM BU-
xpeM. BriocneacTtsum, BOCIIaMEHUBIIMCH, OHU CTaJli HEOECHBIMU CBETHU-
Jlamu. bixe Bcero K 3emie — Kpyr JIyHbI, caMblii yaaa€HHbIA — Kpyr CoJIH-
a. Mexny aTUMM KpallHUMU KpyraMmu pacIioJOXUINCh KPYT BCEX MPOYMX
CBETUI.

Caenyet y4yecTb, 4YTO Koraa JIeBKUIIIT rOBOPUT O IIAPOBUAHOCTU COCOU -
HEHMS YaCTULL UJIU TeJI, BOBHUKILIETO B LICHTPE, U O BbIICIUBIIECICS U3 3TOTO
COeIMHEHMST 000JI04YKE, OH OMMCHIBAET MPOLIECC 00pa30BaHUSI TOJIBKO OJHOTO
13 OECUKCIEHHBIX MUPOB — TOT'0, B KOTOPOM BO3HMKJIA Hama 3emiist, ConHie
1 IBMKYLIMECS, MexXay 3eMIei u nepudepueid Haliero myupa, csetuiaa. Ho
MHP, TAKUM 00pa30M, BOZHUKILN, 110 JIEBKUIINY, €111€ HE NCYEPITLIBAET CO-
6011 BcesmeHHOM. DTO — TOJIBKO OAWH U3 OECKOHEYHOTO Y1 CIa 00pa3yIOLXCS
1 noruoarix MupoB. PazButure npeBHerpedyeckoii pumocopun 1o Cokpara
ObL10, B LIEJIOM, UICTOPUEI BOSBHUKHOBEHMSI U Pa3BUTUSI MaTepruaain3mMa — OT
®daneca no Jlemokpura. B yuenue lemoxkpura (KoHel 5 — Hayano 4 B. 10 H.3.)
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JIPEBHETPEYECCKUIA MAaTEPUAJIM3M JOCTUT CBOEH BBICILIEN (DOPMBI, CTaJl aTOMU-
CTUYECKMM MaTepUaIu3MOM B (pr10copr U OTHOBPEMEHHO B HayKe.

ITonoxeHue nen MeHsieTcs ¢ HayajaoM 4 B. 10 H.3. [11aToH, ¢ peAkum B
WCTOPUU MBICJIM TaJJAHTOM, CO3JaET yYeHUe OObeKTUBHOIO uaeaansma. Or-
HBIHE B Ipevyeckoit punocodpuun «IMHUU JleMOKpUTa» pe3Ko U HEIMPUMUPUMO
poTUBOCTOUT «JIMHUS [1maTona». [1lon «maTepuein» [1maTon moHnmaet 6ec-
Mpeaec;ibHOe HAavyaJlo U YCJIOBME MPOCTPAHCTBEHHOrO0 000COOJIEHUS, IIPO-
CTPAHCTBEHHON pa3aeI€ HHOCTU MHOXECTBEHHBIX BEILEH, CYIIECTBYIOIIUX B
yyBCTBEHHOM Mupe. B obpazax muda I11atoH xapakTtepusyeT MaTepulo, Kak
BCEOOIIYIO «KOPMWJINILY» U «BOCIIPUEMHUILLY» BCSIKOTO POXIACHUS U BO3HU-
KHOBeHUS. OOHAKO, «<MIeU» U «MaTePUsI», THAU€ — O0JIACTU «ObITUSI» U «HE-
OBITUSI», TPOTUBOCTOAT y I l1aTOHA HE B Ka4eCTBE HayaJl pAaBHOIPABHbBIX U pa-
BHOCWJIBbHBIX. MUpy, Wi 001acTu, «uaei», 1o IlmaTony, mprHaIIexXuT HEO-
cnopumMoe 1 6€3ycIOBHOE NEPBEHCTBO.

Yuenwe [11aToHa He ocTaBajgoCh OOHUM U TEM K€, HO, B TEUEHUE JOJITOM
xku3Hu [1natoHa, pa3BUBaIOCh U U3MEHSIIOCh. BaXXHBIM 3TarmoM B pa3BUTUN
[1maToHa oka3zanocsk ero conmkeHue ¢ nudaropernamMu. MareMaTudecKue u
KOCMOJIOTHUEeCKHE YUyeHUsT nmudaropeiilieB, Takux, Kak Apxut u ®uionaii,
HECOMHEHHO, CTaJiu U3BeCTHHI [11aTOHY M HOKHBI ObLIM NPUBJIEYb €ro
BHUMaHue. B no3agHeMm quaiore I1naroHa «Tumeii», MOCBIIIEHHOM BOIIpOCaM
KocMojoruu, [11aToH mpsiMo BKJ1aabIBaeT U3J1araéMoe UM KOCMOJIOTMYECKOE
y4yeHue B ycTa nudaroperiieB. CorjiacCHO 3TOMY YYEHUIO, MUP €CTb KMBOE
CYLLECTBO, nMemwIIee Gopmy mapa. Kak xXnBoe CylecTBo, MUP UMEET MYIILY.
Jlylia — He B MUPE, KaK €ro «4acTh», a OKPYKAaeT BECb MUP U COCTOUT U3 TPEX
HayaJl: «TOXe-CTBEHHOT0», «<MHOTO» U «CYLIIHOCTU». Havaa 3T — BbICIINE
OCHOBAHMS <«IIPEACTBHOTIO» U «OECHpelebHOrO» OBITUS, T. €. OBITUS WIE-
aJIbHOTO 1 MatepuaibHOro. OHM pacripeaesieHbl, COTJIAaCHO 3aKOHAM MY3bI-
KaJIbHOI OKTaBbl — B KPYrax, YBJICKaOIINX HEOECHbBIE CBETUJIA B X ABUXKE-
HUsX. OKPYKEHHOE CO BCEX CTOPOH MUPOBOI AYIIOM, T€JIO MUPA COCTOUT U3
BJIEMEHTOB 36MJIM, BOAbI, OTHS 1 BO3yXa. DJI€MEHTbI 3T 00pa3yroT IIPOIIOP-
LIMOHAJIbHBIE COEAUHEHUSI — I10 3aKOHaM uucesl. Kpyr «ToxaecTBeHHOro»
o0pa3yeT Kpyr HENOJABUKHBIX 3BE3/1, KPYT «MHOr0» — KpyT I1aHeT. Y 3BE31bl,
1 IJIAHETHI — CYLLIECTBA 00XECTBEHHbIC, MUPOBAs Ayllla OAYIIEBISCT UX, TAK
K€, KaK M OCTaJIbHOM MUp. Tak KaK 3JIEeMEHTbI 36MJI, BOAbI, OTHS 1 BO3AyXa
— TEJIECHBI, TO OHU, KaK TEOMETPUYECKME TEJIa, OrPAHUYECHBI TUIOCKOCTSIMMU.
dopma 3eMi — Ky0, BOJIbI — MKOCA3AP, OTHSI — MMMpaMuia, BO31yxa — OK-
Tasap. Hebo ykpanieHo mo odOpa3sy noaekasapa. 2K3Hb0 MUPOBOI AylLIU
MPaBST YU CIOBBIE OTHOLLIEHUS M TapMOHMs. MUpOBas ayliia He TOJIbKO JKMBET,
HO ¥ TTO3HAET. B ¢cBOEM KpyroBoM BO3BPAaTHOM JBMKEHUM OHA, MPU BCIKOM
COIIPUKOCHOBEHUM C TEM, UTO MMEET CYIIHOCTb, CBUIETEIbCTBYET CBOUM
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CJIOBOM O TOM, YTO C YeM TOXKJIECTBEHHO, YTO OT Yero OTJIMYaeTCsI, a TakKXKe,
re, Korjma U KakumM o0pa3oM BCEMY OBIBAIOIIEMY JOBOAMUTCS OBITH — I1O
OTHOIIEHMIO K BEUHO HEM3MEHHOMY U I10 OTHOLLIEHMIO K IPYTroMy ObIBaroIIe-
My. CJI0OBO 3TOTrO CBUAETEIbCTBYET ONMHAKOBO MICTUHHO — KakK I10 OTHOIIIE-
HUIO K «<MHOMY», TaK U IT0 OTHOLLIEHUIO K «TOXIECTBEHHOMY». Korma oHO OT-
HOCUTCSI K YYBCTBEHHOMY, BOBHMKAIOT TBEPIble ICTUHHBIE MHEHUS U BEPO-
BaHus1. Korga ke oHO OTHOCUTCS K pa3yMHOMY, TOrJa MbICJAb U 3HaHUE
HEOOXOIMMO JOCTUTAIOT COBepIeHCTBA %,

Bennuaiiimmm 13 HermocpeACTBEHHBIX Y4eHUKOB [1i1aToHa 6611 ApucTo-
TeJib. XapakTep PuiIocoPCKOro yyeHust ApUcToTesisi 0 ObITUM OTpa3WICd U Ha
ero (M3MYeCcKOM YYeHMHU, a TAKKe, Ha €T0 KOCMOJIOTMU. APUCTOTEJIb, B CBOEM
YyY€HUU O ABUKEHUU, NPpMHMUMAET BO BHUMaHUE BCE, JOOBITOE MO 3TOMY
BOITPOCY €ro MpeAleCTBEHHUKaAM1 — JIOAbMU ITOBCEIHEBHOIO OIIbITA U (DU -
Jocopuu. M Te, n apyrue ykasajau, 4YTO BO3MOXXHBI TOJbKO YeThIpe BuUIA
JIBUKEHUS: YBEJIMUEHUE M YMEHbIIEHUE; KAUYeCTBEHHOE U3MEHEHUE, WU
MpeBpalleH1e; BOSBHUKHOBEHUE U YHUUTOXEHME; IBMXKEHUE, KaK ITepeMellie-
HUE B IIPOCTpaHCTBe .

[Togo6HO TOMY, KaK, MPU UCCAECAOBAHUY BUAOB IPUYKH, OBLT ITOCTABJIEH
BOIIPOC O MPUUYMHAX B3aUMHO CBOAMMBIX 1 HECBOAMMBIX, TaK U, IIPU MCCJIe-
JOBAaHUU TIPOOJIEMbI ABMXEHUS, APUCTOTEJIb 3aJaETCS BOIPOCOM, KaKOU 13
YeThIPEX BUJIOB AIBMXKEHUS — TJIaBHBIM, HECBOAUMBIN K OCTaJIbHBIM. TaKoBO,
110 ApUCTOTEJII0, ABUKEHME B IIPOCTPAHCTBE: UMEHHO OHO — YCJIOBHE BCEX OC-
TaJIbHBIX BUJIOB ABVUXKECHMS. YUeHUe APUCTOTENS O IBUKEHUU B IIPOCTPaH-
CTBE, KaK 00 OCHOBHOM M3 YEThIPEX BUAOB JIBUKEHMUSI, HE TTPUBEJIO APUCTO-
TS K COJMXEHUIO C aTOMUCTUYECKUMU MaTepuaaucTamu. JleBKunm u
JleMOKpUT moJjaraiu, YTo B OCHOBE BCE€X BOCIIPMHMMAEeMbIX HALLIMMU YyBCTBa-
MU Ka4yecTB, JiexKaT MPOCTPAaHCTBEHHbIE (POPMBI U IPOCTPAHCTBEHHbIE KOH-
purypanuu IBUKYLIMXCS B ITyCTOTE aTOMOB. Teopus aTa MCKJIroyaaa BO3MO-
>KHOCTb KaU€CTBEHHOIO MpeBpallieHUsI OJHUX CBOUCTB B Apyrue. OHa mpo-
BO3IJ1allajia 3TU MPeBpaALleHUsI pe3yJIbTaTOM HEJOCTATOYHOU MPOHULIAEMOCTU
HaIllMX OLIYIIEHUI 1 YYBCTB, HE «TOXOISIIINX» 10 CO3EePLIAHUSI aTOMOB C UX
€IMHCTBEHHO OOBEKTHMBHBLIMU Ppa3IUYUSIMU MO (pUrype, no IoJ0XKEHUIO B
MMPOCTPAHCTBE U MO MOPSAKY APYT OTHOCUTEIBbHO ApyTa. 111 ApUCTOTENS 3TO
BO33peHue O0bL10 HenmpuemeMo. HecMoTpst Ha BCIo poJjib, KOTOPYIO B KOCMO-
JIOTUM ApUCTOTESI UTPAET IMPOCTPAHCTBEHHOE NBUXKEHUE, (pu3nKa ApUCTO-
TeJISI OCTAE€TCS B CBOE OCHOBE HE KOJIMYECTBEHHOM, a KAYECTBEHHOM. Apu-

2B.®. AcMyc. «AHTUYHas drtocodus». YuedHoe rmocodue, ¢. 223-224. U3n. 2-e, gom. M.,
«BrIciIas mkona», 1976 .
13 Tam xe, c. 289-294.
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CTOTEJIb YTBEPKIAET pealbHOCTh KAUECTBEHHbIX PA3JIMUMi U peabHOCTh Ka-
YeCTBEHHOTO TIpeBpalleHUs OJHUX (PU3NUYECKUX DJIEMEHTOB B ipyrue. Pusn-
YEeCKMM TEOpUSIM aTOMMCTOB M 3JIeaTOB APUCTOTENIb MPOTUBOIIOCTABISIECT
CBO10, (pM3MUYECKME OCHOBBI KOTOPOM, OMMPAIOTCI Ha ero puiaocodckoe
y4eHME O BO3MOXHOCTU U JIEUCTBUTEIBLHOCTU. 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
BHEIIHETO Teja WKW MX 4YacTUll B NpocTpaHcTBe. /s B3aumMoaeiicTBUS
MpeaIMETOB APYT C APYTOM JOCTATOYHO TOTO, UTOOBI, BXOMSI B ONWH U TOT XKE
O0IIMIA AJIT HUX POJ, MPEeAMEThl 3TU OTJMUYAJIUCh APYr OT ApyTra JIMIIb
BUJOBBIMU IIPU3HAKAMU.

CorytacHO ApUCTOTEJTIO, TPOCTPAHCTBO — HU YTO MHOE, KaK 3aHUMaeMOoe
TeJioM MecTo. Ho MecTo ecTh rpaHuiia Apyroro Tejaa, OOHMMAIOLIETO JaHHOE
teJio. [loaToMy, eciiu 3a ipenenaMy Mrupa He CyLIeCTBYET HUKAKMX TEJ, TO 3TO
3HAYMT, YTO TaM HE CYILECTBYET HA MECTa, HU IIPOCTpaHCTBA. Mup o0beMIIeT
B ce0€ HE TOJILKO MECTO, HO M BCE BpeMsi. CaMo 1o cede, BpeMst — Mepa IBH1-
>keHus. Tak Kak IBUXXKEHUE He pacIIpOCTpaHsIeTCs Ha 00J1aCTh, 3allpeaeIbHYIO
MHUPY, TO HE pacHpoCTpaHseTcs Ha He€ M BpeMs. 3eMJisl HENOIBUXHO
peObIBaET B LIeHTpe Mupa. M B 3TOM yTBepXKIE€HUNU KOCMOJIOTHUSI ApUCTOTES
— 1Iar Hazal, B cpaBHeHUM ¢ Kocmosiorue [lmarona n nudgaropeitues. U
[ImaToH, 1 nudaropeiibl pa3BUBaIu yueHNE O ABMXKeHUM 3emun. [Iudaro-
peHIIbl YIMIIM O €€ IBVKEHUU BOKPYT «IIEHTpaJIbHOTrO OrHs». I[1maTon Hame-
T, JAJIEKO, BIPOYEM, HE SICHO, MBICJIb O IBUKEHUM 3€MJIM BOKPYT OCH.

Bce ke, He 110 BceM BoOIpocaM KOCMOJIOTMM APUCTOTEb CTOSIT MO3aa1
CBOETrO BeKa. BblmarommmMcs DOCTMKEHUEM €T0 KOCMOJIOTUY ObLIO CTPOroe
JI0KA3aTeJabCTBO IIapOBUAHONU (popMbl 3emiin. I1IapoBMaAHOCTD 5Ty OH TOKa-
3bIBAE€T M3 HAOIIOIEHUI, CAeTaHHBIX BO BpeMsl 3aTMeHUM JIyHbI. DTH HaOI10-
JIeHUS MMOKA3bIBAIOT, YTO Te€Hb 3€MJIM, HAIBUTAIOLLIASICS HA BUIMMYIO MTOBEP-
XHOCTb JIyHBI, BO BpeMsl JIyHHOTO 3aTMEHMsI UMeEET Kpyriayw ¢opmy. [1o
O00BSICHEHUIO ApUCTOTEJISI, TOJIbKO IAPOBUIHOE TEJI0, KOTOPHIM B 3TOM CJIy-
yae SBIISIETCS 3eMJIsI, MOXET OTOpachiBaTb B MUPOBOE IIPOCTPAHCTBO — B
CTOPOHY, TPOTHUBONOJIOXHYIO COIHIY, — TeHb, KOTOpPasi B IIPOEKIMY Ha 111a-
POBYI0 MOBEPXHOCTh JIYHBI IPEACTAaBUTCS TEMHBIM KPYTOM, HaJBUTAIOLLIVM -
CS1 Ha AUCK TTOJTHOM JIYHBI.

KonoccanbHbIM 0Ka3a10Ch BAUSHUE IPYTUX KOCMOJIOTUYECKUX YYEHUIA
Apucrotens. [Ipexne Bcero, 3To0 — ydeHue o JeJICHUM MUpa Ha IBE 00J1aCTH,
10 CBOeMY (PM3MYECKOMY €CTECTBY M MO COBEPIICHCTBY, BIIOJIHE OTJIMYHLIC
JIPyT OT Apyra: 00J1acTb 3eMJIM C €€ YEeThIPbMSI DJIEMEHTaMU — 3€MJIU, BOJbI,
BO3J1yxa, OTHsI — 1 00J1aCTh HeOa U MITOoro 3jaeMeHTa — agupa. M3 apupa co-
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CTOSIT HEOECHBIE TeJIa U caMO He00. DTO — 00JIaCTh BCETO BEYHOTO U COBEP-
nieHHoro. B o6i1actu apupa nmpedbiBaloT HENMOABMUXKHBIE 3BE3IbI, CAMbIE CO-
BEPILUEHHbIE U3 BCEX HEOECHBIX Te1. X BEIIeCTBO — YUCThIM 3pUpP, OHU — Ha-
CTOJILKO YIAJIEHBI OT 3€MJIM, YTO HEAOCTYITHBI HUKAKOMY BO3JI€MICTBUIO YEThI-
p€x 3eMHBIX 2J1eMeHTOB. [ 1naneTbl, CojiHie 1 JIyHa TakKe coCToIT U3 3dupa,
HO, B OTJIMYMHU OT HEMOABMXXKHBIX 3BE3], YK€ IMOABEPXKEHBI HEKOTOPOMY
BJIMSIHUIO 3eMHBIX 2JiIeMeHTOB. [IpenmeTsl, Haxonsuecs: Ha 3emie, COCTOST
13 2JIEMEHTOB 3€MJIM, BOAbI, BO3yxa U OrHs. MecTo mpeObIBaHUS UX —
3eMJis1, 001aCTh MOCTOSIHHBIX U3MEHEHM M, MpeBpallieHUA, POXIEHUS U TU-
oenu. Kak Hanboiee TSXKENbINA U3 BCEX DJIEMEHTOB, 3eMJIsI HAXOIUTCS B LICH-
Tpe Mupa. OHa — 1mapooOpa3Ha, 1 3TO JOKa3bIBACT Kpyrias popMa 3eMHOM
TE€HM, HaJABUTaloLLIelicsd Ha 1UCK JIYHBI, BO BpeMsl IYHHbBIX 3aTMEHUI. 3eMHOI
11ap OKpYyK€H BOAOM, HaJ 000J0UYKON BOAbI HAXOAUTCS 000JI0YKa BO3AyXa.
HawuGoJiee 1€rkuii 3JIleMEHT — OTOHb — MOMEIIAETCS B IIPOCTPAHCTBE MEXTY
3eMuieit u JIyHOI U conpuKacaeTcsl ¢ rpaHuLEel MSATOro 3JieMeHTa — 3¢upa.
He Tonbko (puznyeckoe Tejio Myupa IeIUTCS Ha IBE, COBEPIIEHHO Pa3/IMUHbIC
00J1aCTU — Ha ABAa COBEPLIEHHO Pa3/IMYHbIX BUIA AEISITCS TAKKE U IBVXKCHUS,
npoucxoasiye Bo BeceseHHOM. DT0 — ABUKEHUSI COBEPILIEHHbIE, U PAaBHO-
MEpPHBIE IO KPYTY, U IBUXKEHWSI HECOBEPIUEHHBIE, WX MPSIMOJIMHEHbIe. Y-
CTBIM 00pa31l0M COBEPIICHHOIO JBUKEHUS SIBJISIETCS CYTOYHOE OOpallieHUe
cepbl HEMOABUKHBIX 3BE3/1 BOKPYT 3eMiin. He cTosb yncThIiii oOpasel; coBep-
IIIEHHOTO ABWXXE€HUS — CJIOXKHBIEC IBUKEHUS TIAHET, HEpAaBHOMEPHBIC U Ya-
CTUYHO HakKJOHHBIe. CJIIOXXHOCTb U 3allyTAaHHOCTbD MJIaHEeTapHbIX ABVXKCHUM
00YCJIOBJIEHBI BJIMSIHUEM, KOTOPbIe HA HUX OKa3bIBAaIOT 3€MHbIE SJIEMEHTHI.
HecoBepiieHHast popma aABMXXeHUS — ABUXKEHME CBEPXY BHU3, UJIU, YTO TO
K€, K HEHTPY 3eMid. BHU3 yCTpeMIISIIOTCS BCE TeJla, U TOJIbKO HACUJILCTBEH-
Hasg ImoMexa MOXET BPEMEHHO MPUOCTAHOBUTH 3TO UX ABMxKeHue. Orcrona
ApucTOTe]Ib BBIBOJUT, UTO 3eMJIsI HE TOJIbKO 3aHUMAeET LIeHTp BcesleHHoI, Ho,
KpOMeE TOr0, YTO OHa IPEObIBAET B HEM HENMOABVXKHO. Eciy Obl 1axke BO3HUKIIO
IBVXKEHUE 3eMJIM, OHO MOIJIO Obl IIPOMCXOIUTh JIMIIb BPEMEHHO, a 3aTeM,
BHOBb MPEKPATUIIOCH OBI.

®dutocodckoe Hacaeare IPeBHUX I'PEKOB CTaJIo (PYHAAMEHTOM Pa3BUTHUS
¢dunocodpuu B /IpesHeMm Pume, a 3atem u B EBpornie. B Te njin nHbie nCTOpU-
YeCKMe TIepUOAbl BIABUTAINUCH TO OMHU, TO APYTUE MTOJOXEHUS, COOPMYIIU-
POBaHHbIE TEMU WA UHBIMU IPEBHETPEUYECKUMU PUTOCODCKUMU LIKOJIAMU.
Hwuyero mpuHuUMIIMaIbHO HOBOTO HE ObLIO CO3JaHO B 3TU MCTOpPUYECKHUE
a1noxu. ToabKo ¢ npuxogoM Dnoxu Bo3poxkaeHuss MpoOUCXOIUT oYepeIHOe
OXHMBJIeHME PUI0COPCKON 1 HAYyYHOM MBICIIHM, XKECTKO, K COXKaJICHUIO, PETy-
JIMPYEMOM XpUCTUAHCKOM 1IepKoBbio. OTHUM U3 BeJaudaniinmx gpuaocodoB U
Y4E€HBIX 3TOM a11oxu 061 JIeoHapno na Bununu (1452-1519), B 6oabiieit cre-
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TIEHU U3BECTHBIN, KaK BeINYalIInii XyaoxXHUK. Ero HaydHOe Hacienue, Ha
MHOTO CTOJICTUI OIlepeArBIIIEe BpeMsl, He3aCay>KeHHO 3a0b1T0. COXpaHUJIUCH
JIAJIEKO HEe BCE ero HayyHble paboThl. BoT, yTo OH nucan o 3emie u BeceneHHOIM:

«...3eMJIsI — HE B LIGHTPE COJTHEYHOI'O Kpyra M He B LIEHTpe MUpa, a B LICH-
Tpe CBOMX CTUXUI, €1 OJIM3KMX U C Heli COeIMHEHHBIX; M KTO cTaj Obl Ha JIyHe,
Korga oHa, BMecte ¢ CoJIHIIeM, IO HaMU, TOMY 3Ta 3EMJIsI, CO CTUXUEN BO-
IIbl, TIOKa3aJIach Obl UTPAIOLLECH U IECTBUTEIbHO UIPajia Obl TY XK€ POJib, YTO
JlyHa, 1o oTHOLIeHMIO K HaM. Bcs pedb TBOsI JOKHA MPUBECTU K 3aKII0YE-
HUIO, YTO 3eMJIsI — CBETWJIO, TOYTH IMogooHoe JlyHe...» '

BriepBbie BEICKA3bIBAE€TCS MBICJIb O TOM, YTO 3eMJISI HE SIBJISICTCSI LIEHTPOM
MUPO3JaHMsl, a TOJbKO OJHOM 13 IIJIAHET B COJIHEUHOI cucTteme. CaMo 10 ce-
0¢, TOJIbKO ATO — I'paHAMO3HOE NPOABMXKEHNE BIEPE B IMPEACTABICHUSIX 00
YCTPOMCTBE MUPO3AaHMS. DTU MBICJIU NPOJOJIKUIN CBOE Pa3BUTHE B paboTax
MOJILCKOTro acTpoHoMa 1 MbicauTenst Hukonas Konepauka (1473-1543). [1bi-
TasICh MOHSATH YCTPOMCTBO BceneHHO, OH BBIABUHYJ PSIJI MOJTOXEHUIA:

I1epBoe mosaoxkenne. He cymecTByeT 00111€TO LIEHTpA I1J1s1 BCEX KPYIOB, T.€.
HeOecHBIX 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 MUpPa.

Yetreéproe nojoxkenne. OTHoleHue pacctossHus CojiHIA oT 3eMin K
yIaJ€HHOCTHU HeOOCBOJA MEHbIIIE, YEM OTHOILIEHME paauyca 3eMJIM K pac-
crossHu10 oT CoJIHIIA, TaK YTO OTHOIIEHME 3TO, B 0€31HE HEOEC, OKA3hIBACTCS
HUYTOXXHBIM.

IIaroe nmojoxkenne. Bc€, yTO Mbl BUAMM ABMXKYILIMMCSI Ha HEOOCBOJE,
OOBSICHSIETCSI BOBCE HE €r0 COOCTBEHHBIM JIBUXKEHUEM, a BbI3BAHO IBUKEHUEM
caMoii 3eMyIi. DTO OHA, BMECTE C OJIMDKAUIIMMU €€ 3JIEeMEHTaMM, COBEPILIAET,
B TEUYCHME CYTOK, BpalllaTeJIbHOE IBVUKEHUE BOKPYT CBOMX HEM3MEHHBIX ITO-
JIFOCOB U T10 OTHOLLIEHMIO K IIPOYHO HEIMOABUKHOMY HEOY.

IIIecToe nonoxenue. JIroooe Kaxyuieecs apuxeHue CoJiHIIa HE ITPOMC-
XOOUT OT €Tr0 COOCTBEHHOTO IBUKEHUS; 9TO — WJITIO3USI, BRI3BAHHASI IBUIKE -
HUEM 3EeMJIM U €€ OPOUTHI, ITO KOTOPOU MbI 0Opainaemcs Bokpyr ConHLa Win
>K€ BOKPYT KaKOM-TO APYroW 3BE3/bl, YTO O3HAYAET, UTO 3€MJISI COBEPIIAET
OOHOBPEMEHHO HECKOJIbKO JIBUKEHUIA.

Cenpmoe noaoxenue. Habmomaemoe y miaHeT NONSITHOE IBUXKEHUE U
IBMXKEHUE TTOCTYIATEIbHOE HE SIBJISIIOTCS MX COOCTBEHHBIM JBUXXEHUEM; 3TO

4 «AHTOJIOTMST MUPOBOI (huocodpum», Akanemuss Hayk CCCP, 1. 2, ¢. 88. M3gaTenbcTBO
«MpbIcab», Mocksa, 1970 .
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— TOX€ WIIO3Us, BbI3BAaHHASI MOABUXXHOCTBIO caMoi 3emin. Takum oOpa-
30M, YK€ CaMOro €€ IBMXKEHMS JOCTAaTOYHO, YTOObI OOBSICHUTD CTOJIBKO MHM-
MBIX pa3JIMumnii Ha HeOe' .

KonepHuk npenmnonarain, yto BeesleHHas nMeeT mapooopa3Hyo (popMy
B CHJIy TOTO, YTO ILlIap UMEET COBEPLICHHYIO (DOPMY:

«...BceneHHas — mapoo6pa3Ha, Kak IIOTOMY, YTO IIap MMEET CaMyIO CO-
BEPILIECHHYIO (POPMY U SIBJISIETCS 3aMKHYTOM COBOKYITHOCTBIO, HE HYXKIAIOIICI -
CSl HA B KaKMX CKpenax, Tak ¥ IOTOMY, 4TO 13 BceX (puryp, ata — camasl BMe-
CTUTEIbHASI, HanboJiee MOAXO0AsA1Ias A1l BKIIIOYEHUSI U COXPAHEHUST BCEro
MUPO3AAaHUS; WU 1€ TTIOTOMY, YTO BCE CAMOCTOSTEbHBIE YacT BeeneHHOM
— g umelo B Buny Connie, JIyHy u 3B€311bI — MBI HaOII01aeM B TaKoli (popme;
WJIY TIOTOMY, UTO BC€ TeJia JOOMBAIOTCSI OTPaHUYEHMUS B 3TOM (popMe, KaK 3TO
BU/IHO MO KaILJISIM BOABI ¥ OCTAJIbHBIM XUAKUM Te€JlaM, KOTda OHU CTPEMSITCS
K caMo3aMbIKaHUI0. [103TOMy, HUKTO HE YCOMHMTCS, YTO TakoBa (popMma
npucyia HebecHbIM TejiaM... Hebo, 1o cpaBHEHUIO ¢ 3eMJIEN, — HEOOBITHO,
U ... OHO SIBJISIET BUAUMOCTb BEJIMYMHBI OECKOHEUHOI, a 3eMJIsl, IO OLIEHKE
HaIllMMM YYyBCTBAMM, OTHOCUTCS K HEOY, KaK TOUYKa K TeJIy UJIM KOHEUHOE 110
BEJIMYMHE K OeCKOHeYHOMY. Ho HMUero apyroro sTuM He 1O0Ka3aHO; U HUOT-
KyJa He CJIeAyeT, YTO 3eMJIsl 1OJIKHA MTOKOUTHCS B LIEHTpe Mupa. ...Bce cka-
3aHHOE BBIILIE CBOAUTCS TOJBKO K TOKA3aTeJIbCTBY HEOOBITHOCTU Heba, MO
CpaBHEHMIO ¢ BeJuuuHoO 3emi. Ho mokyna mpocTtupaeTcss 3Ta HEOOBST-
HOCTb, O TOM HE BeIacM».

Mnen KonepHuka rmpoaosrKal pa3BuBaTh B cBoMX padorax Tanuieo Ia-
et (1564-1642). B cBoém nocinannu K @Ppandecko Mnrosm, [annneii Boi-
cKa3aJl MbICJIb, YTO YeJIOBeUYeCKasd HayKa HUKOTJA HE CMOXET PEIInTh, KO-
HeuHa 1 Beenennas nim 6eckoneuna. M manee!s:

«...VI3 TOCTOMHBIX M3yUYE€HUS €CTECTBEHHBIX BEILIECI, HA MEPBOE MECTO, IO
MOEMY MHEHUIO, JOJKHO OBITh IOCTABJICHO yCTpocTBO BceneHHoi. Ilo-
CKOJIbKY BcesieHHas BCE€ COIEpKUT B ceOe M MPEBOCXOAUT BCE MO BEJIUYUHE,
OHa OIpeJesieT BCE OCTAJIbHOE U TJIaBEeHCTBYET Hajd BceM. Ecian komy-1160
13 JIIOJIEN YAAJIOCh IOAHSITHCS, B yMCTBEHHOM OTHOILLIEHUM, BBICOKO HaJl 00-
IIAM YPOBHEM Y€JIOBEUECTBA, TO 3TO ObLIM, KOHEUHO, [ITonemeit u Konep-
HUK...»

Pa3zButne npencraBieHud o BcesleHHOM CONMPOBOXIAJIOCH, KaK IeHU-
aJIbHbIMM JJOTaJKaMM O CYTH SIBJICHUI, TaK U HACJTIOEHUEM PEJIMTUO3HbIX U (D1 -
JIOCOPCKUX MPEeACTaBICHUI, TOCIOACTBYIOLINX B KOHKPETHBIN UCTOPUIECKUIA
nepuo. [1oaToMy, 3010Thie 3¢ pHA UCTUHHBIX 3HAHUIA MOXXHO OOHAPYXWUTh,

15 Tam xe, c. 118-122.
16 Tam xe, c. 227.
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KakK cpeay CTOPOHHUKOB MaTeprainiMa, Tak u uaeanusma. Hanpumep, M-
MaHyua KaHt (1724-1804), oCHOBOIIOJIOXKHUMK, TaK Ha3bIBAEMOI'0, KpUTUYE-
CKOI'0 WX «TPaHCLIEHAEHTAIbHOIO» UIea3Ma B CBOU «TOKPUTUUECKUI» T1€-
puon (mo 1770 1.) coznan «HeOyISIpHYI0O KOCMOTOHUYECKYIO TUIIOTE3Y, B KOTO-
pPOi1 BOBHMKHOBEHHUE U DBOJIIOLIMS TIJTAHETAapPHOI CUCTEMBbI BHIBOASITCS U3 IEP-
BOHa4YaabHOro aud@y3Horo odnaka yactull. B To xxe Bpemst, KaHT BbhICKa3am
TUIIOTE3Y O CYLIeCTBOBaHUM boJibioi BceneHHOM rajakTik BHe Halllel rajaa-
KTUKHW, pa3BUJI YYCHHUE O 3aMEIJIEHUU — B Pe3yJIbTaTe NPUIMBHOIO TPEHUS —
CYTOYHOTIO BpallleH!sT 3eMJIU U KOHLETILNIO OTHOCUTEILHOCTHY ABVXKEHUS 1
nokosi. McciaengoBanus 3T, 00beAMHEHHBIE MAaTEpUATMCTUIYECKON HIeeid
€CTeCTBEHHOTO pa3BuTHs BeceneHHOM 1 3eMn, ChIrpaid BaxKHYIO pOJib B UC-
TOPUM TUATIEKTUKA .

«...51 monarato, 4To TIepBOHAYAJILHBIM COCTOSIHMEM MPUPOABI OBLIIO BCE-
o0l11Iee paccesiHe TIEPBUYHOIO BellleCTBa BCeX HEOECHBIX TeJl WM, KaK OHU
(mpeBHerpedeckue (puaocoPbl-MaTepUAIMCTHI) UX HA3bIBAIOT, aTOMOB. DIU-
Kyp IMPEAIOaIaraji, YTo CyIIeCTBYET TSDKECTh, 3aCTABJISIONIAS MA1aTh 3TU MEep-
BUYHBbIE YaCTULIBI MaTepPUU; OHA, O-BUIMMOMY, HEMHOTUM OTJIMYAETCS OT
MpUHUMaeMoro MHO HbloTOHOBa PpUTSKEHUST» .

KaHT BUAUT B HEOIPeae MO CKIIOHHOCTU KaxA0Io BIIOJIHE CHOpMU-
POBaBLIETOCS MUPO3JaHMSI K TTOCTEIEHHOI TMOe I CBOE OJMH U3 JOBOIOB
B JI0KA3aTeJIbCTBO TOT'O, YTO, B TPOTMBOBEC 3TOMY, B Apyrux Mectax BeeneHHast
OyIeT co3maBaTb HOBbIE MUPbI, YTOOBI BOCIIOJHUTD yIIEPO, HAHECEHHBINA ei
B KaKOM-J1100 MecTe. [TporcxoauT mocTossHHOE OOHOBJIEHUE ITPUPOIBI, OeC-
KOHEYHOCTh TBOPEHUS IOCTATOYHO BEJIMKA, YTOOBI, I10 CPABHEHUIO C HE, Ka-
KOM-TO MUP WJIM KaKOH-HUOYIb MJICUHBIN ITyTh MUPOB paccMaTpHUBaETCs UM
TaK K€, KaK 1IBETOK MJIM HACEKOMOE, T10 CpaBHEHMIO ¢ 3eMJieil. B TO Bpems,
Kak Mprpoja yKpalraeT BEYHOCTh pa3HOOOpa3ueM SIBJIECHUI, OOT, B HEYCTaH-
HOM TBOpeHMM, o KaHTy, co3qa€T MaTepural 111 00Opa3oBaHUS 1€ OOJIBIINX
MUPOB.

«...Korna yepe3 Bclo 66CKOHEYHOCTh BpeMEH U IPOCTPAHCTB MbI CASAUM
3a 3TUM (PEHUKCOM MPUPOIbI, KOTOPbII JUIIb 3aTEM CXKUTaeT ceOsl, YTOObI
BHOBb BO3POAUTHLCS U3 CBOETO IeIia, KOorga Mbl BUAUM, KaK IPpUpPOJa Jaxke
TaMm, IJIe OHa pacnagaeTcs U ApsIXJIeeT, HerucuepriacMa B HOBBIX ITPOSIBJICHUSIX,
a Ha IPYroii rpaHu1Ie TBOPEHMS B IPOCTPAHCTBE HEC(hOPMUPOBABILEICS TTep-
BUYHOI MaTE€pUX OHA HEMpPEeCTaHHO paciuupsieT chepy 00XKeCTBEHHOIO OT-
KPOBEHUSI, 1a0bl U BEYHOCTh, U BCE MPOCTPAHCTBA HAMOJHUTh €r0 yyaeca-
MH...»8

7 Tam xe, c. 92-93.
18 Tam xe, c. 97.
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Onwmpasgch Ha HBIOTOHOBCKYIO MEXaHUKY, KaHT IbITaeTcs JoKa3aTh HECO-
CTOSITEJILHOCTD MOMBITOK O0BbSICHEHUSI 00pa30BaHUs INIAHETAPHBIX CUCTEM, B
YaCTHOCTHU, COJTHEYHOM CUCTEMBI, IMTOCPEICTBOM 3aKOHOB MEXaHMKM, KOTO-
pbl€, 10 €r0 MHEHUIO, HE B COCTOSTHUM OOBSICHUTh 3aKOHOMEPHOCTH ITOBEE-
HUS TUIAHET:

«...Ecam mpeamosioxXuTsh (a 3TOr0 HEJb3s1 HE MPU3HATh), YTO IPUBEICH-
HbI€ BbIlIE€ aHAJIOTMU C BeJIMYaIleil JOCTOBEPHOCTHIO YCTAHABIMBAIOT, YTO
COTJIACHBIE M 3aKOHOMEPHO CBSI3aHHbBIC APYT C IPYTrOM JIBUKEHUS U OPOUTHI
HEeOECHBIX TeJ1 YKa3bIBalOT HA €CTECTBEHHYIO MPUYMHY, KaK Ha CBOI UICTOYHUK,
TO ATOU NMPUUYMHOM HUKAK HE MOXKET ObITh Ta cCaMasl MaTepusl, KOTOpasi HbIHE
HaAMoJHSIET HeOeCcHOoe MpocTpaHCTBO. CTajio ObITh, Ta MAaTEPUS, KOTOpAsI Ha-
MOJIHSIJIA 3TO NPOCTPAHCTBO MPEXKIE 1 ABMKEHUE KOTOPOM MOCIIY>KMJIO OCHO-
BOIi CYILIECTBYIOLIMX Teepb 00pallleHMi1 HeOECHBIX TeJI, [IOCJIe TOr0, KaK OHa
CKOITMJIACh B 3TUX TeJIaX U TAKUM 00pa30M OYKMCTUJIA IIPOCTPAHCTBO, OKAa3aB-
1IeeCsl HbIHE MyCThIM, WJIM (U4TO HEMOCPEICTBEHHO BBITEKAET U3 CKa3aHHOIO)
Ta MaTepusi, U3 KOTOPOI COCTOSAT MJIAHEThI, KOMETHhI 1a U camo CoJiH1Ie, ep-
BOHAYaJIbHO JOJIKHA ObLIa OBITH paccesHa IO BCEMY MNPOCTPAHCTBY ILIa-
HETApHOM CUCTEMBbI 1, B 3TOM COCTOSIHMM, TOJXKHA ObllIa ObITh IIPMBEICHA B
JIBIKEHME, KOTOPOE OHA COXPaHWJIa U MIOCJIE TOro, KaK COeAMHUIACH B OTIEI-
bHBIE CTYCTKI 1 00pa3oBajia HEOECHBIE Teja, COAepKallKe B ce0e Ipex e pac-
CeSTHHOE BEIlIeCTBO MUPOBOI1 MaTepuH...» "

Takum obpazom, KaHT BUIuT, B (pakTe CaMOTo CYILIECTBOBAHMS MJIaHE-
TapHbIX CUCTEM, TIEPCT O0XKUI, KOTOPHI, B KOHEYHOM UTOIE, IPUBOAUT II€P-
BUYHYIO MaTEpUIO B ABMXKEHUE U 0€3 KOTOporo BceaeHHas He MOXET Cylle-
CTBOBaTb, TaK KaK, caMma 1o cede, MaTepus HE B COCTOSIHUM HECTU B ce0e opra-
Hu3ylollee Hauaio. bypHoe pa3dBuTHe eCTeCTBEHHbBIX HayK B IEBITHAALIATOM
1 IBAILATBIX BEKAX MPEAOCTABUIO OTPOMHOE KOJMYECTBO (DAKTOB O IIPUPOLE,
KaK MaKpOKOCMOca, TaK U MUKpoKocMmoca. boiiee coBepiieHHbIE TPUOOPHI
MO3BOJISIJIM €CTECTBOMCITIBITATEIISIM TOpa310 IJIyokKe IIPOHUKHYTh B IIPOCTOPDI
Bcenennoii. Ilpoucxoauna Bcé OGosibliasi U Ooblas crieuann3alms Ha-
YUHBIX uccaeaoBaHuii. [1osBastIMCh HOBBIE TeOpMK 0Opa3oBaHus1 BeereHHOIM,
Takue, Kak Teopus bonbioro B3peiBa, corjiacHo KoTopoii, Haia BeeneHHas
BO3HMKJIA B pE3YJIbTATE CYIIEPB3PhIBA CBEPXILIOTHOTO siapa BceneHHoM, ma-
TepUsI KOTOPOTO MOCIYKWIa CTPOUTEIbHBIM MaTEPUAJIOM ST (POPMUPOBAHUS
MeTarajaTuk, rajakTuk. OCHOBHBIM J0Ka3aTeJIbCTBOM 3TOTrO ITOJIOXKEHUS
CITY>KUJT (PAKT «pa30erarolyxcsl raJakKTuK» , KOTOPbIi, caM Mo ceOe, HUUEro He
roBoput. DakThl O IPOMCXOISIIEM B OKPYXKalOIeM HAaC KOCMUYECKOM ITPO-
CTPaHCTBE TPeOOBaIM KAKOW-TO (pyHAAMEHTAJIbHOM TE€OPUM MUPO3AAHUS,

17 Tam ke, c. 99.
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KOTOpasi ¥ Obl1a MpelIoXeHa DUHIITEMHOM. B cBoelt TeoOpuM OTHOCUTEIBHO-
CTU OH BBIABMHYJI ABAa OCHOBOIOJIATAI0IIMX ITIOCTYJIaTa — IIOCTYJIAT O TOM, YTO
BceneHHass — oqHOpOIHA O CBOMM Kauye€CTBAM BO BCEX HANIPABJICHUSX, IPY-
I'MMM CJIOBaMM, CBOMCTBA IMMPOCTPAHCTBA — TOXKJIECTBEHHBI IO BCEM Hallpa-
BJICHUSIM U, YTO CKOPOCTb CBETA SIBJISIETCSI KOHCTAHTOM YU MAaKCUMAJILHO J0-
IMYCTUMOI CKOPOCTBIO IBMXKEHUS MAaTEPUU.

B npuHLIMnie, TeOpus OTHOCUTEIBHOCTY DIHINTEIHA, SIBUIACh 3aBepllia-
IOILMM 3B€HOM aKKYMYVJISILIMU IMIPEACTaBIeHUI O BceneHHOM, OCHOBAaHHBIX Ha
aTOMMCTUUYECKOM Teopuu. [ IprHLIMITMaTBbHOE OTJIUYKE OT NMPEALIAYIINX ITPE/I-
CcTaBJIeHUM 0 mpupoae BceneHHO 3aKI04aeTCsl B paCCMOTPEHUM BPEMEHMU,
KaK OTHOCUTEJIbHOI BEJIMYMHBI, 3aBUCSILEN OT CKOPOCTU ABUKEHUSI MATEPUM.
B nipuHLIMIIE, 5TO MOJIOXEHME CTAJIO TPETHbUM IMOCTYJIaTOM T€OPUU OTHOCU-
TEJIbHOCTHU, B KOTOPOI BPEMS BBICTYNIAET YETBEPTHIM U3MEPEHUEM IPOCTPAH-
CTBA, B OTJIMYUM OT NPEAbIAYIINX TEOPUI NPOCTPAHCTBA, T1€ BpeMS IIPUHU-
MaJIoCh A0COJIOTHBIM B TPEXMEPHOM IMPOCTPAHCTBE.

Ha ocHoBaHuu cBoeli TeOprMM OTHOCUTEAbHOCTU, DMHINTESHH NbITAJICS
cozagatb O01y1o Teoputo 1051, ¢ TOMOIIBIO KOTOPO MOXHO OBbLIO ObI OObSI-
CHMTb BCE TIPUPOIHBIE SIBJICHUS, UCXOAS U3 €IUHOTO IMIPUHLNIIA OOBbSICHEHMUSI.
Ero nonkiTKa He yBeHUaJIach ycriexoM. KpoMe Toro, co3gaHHbie IpruOOpbI MO-
MOIJIA HE TOJILKO MOATBEPAUTH CYILLIECTBOBAHUE aTOMOB, O CYLIIECTBOBAHUU
KOTOPBIX roBopwin JIeBKumm u JIeMOKpUT, HO ¥ TTO3BOJIWIN 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 HaNpaBJICHUIM — ITO3HAHUE MAaKpPOKOCMOCa
1 MO3HaHWEe MUKpPOKocMoca. MMeHHO 3TOT daKT cTajl OCHOBHOI OLIMOKOM
MMpakTUYECKU BCcex Teopuil muposnanus. [Ipupoga — eaqrHa Ha BCeX CBOUX
YPOBHSIX, KaK Ha YPOBHE MUKPOKOCMOCA, TaK 1 Ha YPOBHE MaKpOKOCMOCA.
TonbKo paccmaTpuBasi UX BMECTE, B €AMHOM COBOKYITHOCTH, BO3MOXHO
MOJIYyYUTh MPABUJILHOE TIPEACTABICHUE O IIPUPOLAE MUPO3TAHUS.

1.2. Pesiome

Takum 00pa3oM, aHaJIM3 UICTOPUHU TIPEICTABICHMI YEJIOBEUYECTBA O TP -
pone BcesieHHO moka3zal, 4To:

1. ITpencraBneHus yeaoBeka o mpupoae BeceneHHOM, Ha MPOTSDKEHUM 13-
BECTHOI UCTOPUU, UBMEHSUINCH HE MOCJIEN0BATEIbHO. B npeBHOCTY ObLIN LI~
BUJIM3ALMU U KYJBTYPbI, IPEACTaBACHUSI O MPUPOAE MUPO3TAHUS KOTOPHIX
OBLIM, IO HEKOTOPBHIM BOIPOCAM, 3HAYUTEJILHO IIUPE COBpeMEHHbBIX. OYEHb
MHOI'0 3HAaHUM JPEBHUX LIMBUIM3ALMK ObLIM YHUUYTOXEHBI UM BO BpeMs
BOWMH, WK (paHAaTUKAaMU HOBBIX PEJIUTUIA.
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2. B ucrtopum yenoBeyecTBa Ha0JI0AAJI0OCh HECKOJIbKO ITIEPUOAO0B B3/IETA
Hay4dHbIX IpeacTaBJIeHU 0 BceaeHHol, Ha cMeHY KOTOPbIM MPUXOAWIN 11e-
JIbIC MIOXM HEBEXECTBA U BapBapcTBa. BOKpyT COXpaHMBIIMXCS OCKOJIKOB MC-
TUHHOTO 3HaHMSI HAUMHAaIU CO3J1aBaTh «HOBbIE» TEOPUU MUPO3JAaHUS, KOTO-
pbI€, TOJBKO K COBPEMEHHOCTH, JOCTUTJIM HEKOU 3aBEPILIEHHOCTH.

3. IlpencraBiaeHust o npupoae BceaeHHON oTpaxkaroT M ONpencssiioT
YPOBEHb Pa3BUTHUSI HAYYHOW MBICIM M TEXHUKHU, a TAKXKE, OINPEHACNISIOT
Oynylee pa3BUTHS LIMBUIN3ALMU B LIeJoM. HermpaBuibHbIC TpeACTaBICHUS
o nmpupojae BcesleHHOM He TOJIBKO OMpPeaeasioT SBOTIOLMOHHBIN MOTEHIIAAT
LIMBUJIM3AlIMM, HO U CTEIIEHb U KAYECTBO B3aUMOJCUCTBUS €€ C IIPUPOLOM.
[Ipy HenmoJHBIX MM OIMOOYHBIX MPEACTABICHUSIX YeJ0BEKa O MPUpPOIe
BceneHHoit, ero aesaTeIbHOCTh NPUBOAUT K Pa3pyLICHUIO 2KOJOTMYECKOMN
CUCTEMBI, YTO, B KOHEYHOM UTOI€, MOXET IMIPUBECTU K YHUUTOXKEHUIO CaMOI
>KM3HU Ha IJIAHETE.

4. HayuyHble OTKPBITUS OCJIEAHEN YeTBEPTH ABAALIATOrO BeKa MoKa3aau
HECOCTOSTEIBHOCTD CYIIECTBYIOIINX MPEICTABICHUI O Iprpoie BeemeHHoM,
1 BO3HUKJIA HEOOXOIMMOCTb CO3MaHMS HOBBIX ITPEACTABIECHUM O Tipupoe. bes
HOBOM TEOPETUYECKOM CUCTEMBI MPEACTABIEHUIA HE MOXKET ObITh JaJIbHEHIIIe-
IO KAY€CTBEHHOI'O Pa3BUTHUS HAYKU U LIMBUIU3ALMU B LICJIOM.

InaBa 2. HeomHopoaHocTh MPOCTPAHCTBA

2.1. ITocranoBka Bompoca

[Tpexae, yeM pUCTyNaTh K CO3AaHNI0 KaKOW-TMOO0 TEOPUX MUPO3IaHMS,
HEeo0XOOMMO OIPEAETUTHCS C MOHATUSIMU, KOTOPbIE CO3al0T PYHAAMEHT
9TOU Teopun. be3 4ETKOTO onpeneeHns HadaJabHbIX U TPAHUYHBIX YCIOBUM,
He MOXeET OBITh coO3JaHa IIOJIHOlLieHHasd Teopus. JlaBaiiTe cHayalia
OMpeIeInuMCs, 4YTO TaKoe BpeMsl. Jloiroe BpeMsi, BpeMs IPU3HaBaJIOCh a0CO-
JIIOTHBIM U TOJIKO B JBaALlaTOM BEKe, MPY CO3IaHUU CBOEH Teopuu, DIH-
LITEWH TPeIJIOXKIII e 00 OTHOCUTEILHOM IPUPOE BPeMEHU U BBE BpeMs],
KakK 4eTBepToe n3mMepeHue. Ho mpexne, yem ornpeaeisiTb a0COTIOTHYIO WU
OTHOCHUTEJIbHYIO TIPUPOAY BPEMEHU, HEOOXOMUMO OIIPEACIUTCSI — 4YTO XKe
takoe BpeMs?! [ToueMy-To Bce 3a0bLIM, UTO BpeMsl SIBISIETCSI YCJIOBHOM
BEJIMYMHOM, BBEICHHOM CAMUM YE€JIOBEKOM 1 B IIPUPO/JIE HE CYLLIECTBYIOIICH.
B npupone cyimecTBylOoT NepruogudeCcKre nNpoLecchbl, KOTOPbIE YEJIOBEK UC-
MOJIb3YET, KaK 3TAJIOH JIJISI COIJIACOBAHUS CBOUX JEMCTBUM C OKPYKAIOIIIUMU.
B nnpupoze cyliecTByIOT MpOLECCHI ITIEpexoaa MaTepruur U3 OJHOTO COCTOSTHUS
win (popMblI B APYroe. ITU MPOLIECCHl MPOTEKAIOT OBICTPEE WIM MeIJIEHHEE U
5TO OHU — PeajibHbl 1 MAaTEPUAJIbHBI.
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Bo BceneHHoIi HenmpepbIBHO MPOUCXOAST MPOLIECCHI Mepexo1a MaTepuu
13 OJHOI'O COCTOSIHUSI B APYroe, U3 OJHOro KayecTBa B APYroe U OHU MOTYT
OBITbL OOpaTMMBIMU 1 HeOOpaTUMbIMU. OOpaTHMBbIE TIPOLIECCHI HE 3aTparuBa-
0T KQUY€CTBEHHOI'O COCTOSIHUSI MaTepuu. Eciin XXe mponcxoauT KayeCTBEHHOE
M3MEHEeHMEe MaTepun — HaOII0aa0TCs HeoOpaTumMble npolecchl. [1pn mogo06-
HBIX IPOLIECCAaX, SBOIIOLMSI MATEPUM UAET B OMHOM HAaIPaBJICHUU — OT OJTHO-
ro KauyecTBa K IPYroMy U MO3TOMY BO3MOXKHO KOJIMYECTBEHHO OLIEHUTb 3TU
sBJIEHUs. TakuMm 00pa3oM, B IIPUPOJIC HAOTIOIAOTCS MPOLECCHl U3MEHEHMS
MaTepuu, IpoTeKarlre B OJHOM HamnpaBjieHUU. Bo3HuKaeT cBoeoOpa3Has
«peKa» MaTepuu, UMEIOIIAasi CBOM UCTOKU 1 YyCThe. MaTepus, B3sTasi U3 3TOU
«peKUr», UMEET IIPOLLIOe, HacTosiee 1 oOyayiiee. [IponuibiM BIsieTCS TO Ka-
YEeCTBEHHOE COCTOSTHME MaTepUM, KOTOPOE OHA MMeJIa paHbIIIe, HACTOSIIEe —
KauyeCTBEHHOE COCTOSIHUE B JAHHBII MOMEHT, a Oyay1lee — KaueCTBEHHOE CO-
CTOSIHHE, KOTOPOE 3Ta MaTEpHsI IIPUMET, TTOCJIE pa3pyLIEHUS CYILIECTBYIOIIETO
KA4eCTBEHHOI'0 COCTOSIHUSI.

HeobGpaTtumelii mpoiiecc Ka4eCTBEHHOIO Mpeo0pa3oBaHUS MaTEpUM U3
OIHOI'0 COCTOSIHUSI B IPYroe MpoTeKaeT ¢ ONpeaeIEHHOM CKOPOCThIO. B pa-
3HBIX TOYKaX MIPOCTPAHCTBA OJHU U T€ Xe IMPOLIECChl MOTYT IPOTEKATh C pa-
3HOI CKOPOCTBIO, MPUUYEM, B HEKOTOPBIX CTy4Yasix, OHA BAPbUPYETCS B JOBOJIb-
HO LIMPOKOM Auana3oHe. J1jis1 n3MepeHus1 3Toi CKOPOCTU, YETOBEK MPULYMaJl
YCJIOBHYIO €AWHUILY, KOTOPYIO Ha3BaJu CeKyHI0l. CeKyHIbl CIUBAJIUCH B
MUHYTBI, MUHYTBI — B YacChl, YaCbl — B CYTKU 1 T.1. ENMHMIIEN N3MepEHUS T10-
CJTY>XKWJIM MTepUOJNYECKIE MPOLIECCHI MPUPOABI, TaKKe, KaK CYTOUYHOE Bpallle-
HHUE IJIAHEThl BOKPYT CBOEM OCHU M IepUOJ OOpallleHUs MJIaHETbl BOKPYT
Connua. [IprumHa mogoOHOTo BeIOOpa — MpocTa: ya00CTBO MMPUMEHEHUS B
MMOBCEIHEBHOM XXN3HU. DTy €ANHUILY U3MEPEHMS HAa3BaJIU €IUHULICH BpeMEHU
1 CTaJIM MOBCEMECTHO yIIOTpeOsATh. MHTEpeCceH TOT (pakT, YTO MHOTHE HAPO-
Jibl, M3HAYaJTbHO M30JIMPOBAHHBIC APYT OT ApYyra, co3[aliu O4YeHb OIM3KHEe
KaJleHAapu, KOTOPbIE MOIJIU OTJIMYATLCS YUCIOM JHEH B Heaes e, Ha4ajaoM HO-
BOTO I'0Jla, HO MPOJAOJDKMTEIbHOCTD rofa y HUX ObL1a OY€Hb OJIM3KOM APYT K
npyry. UMeHHO BBeAeHME YCIOBHOM €IMHULBI BDeMEHU TT03BOJIAIO YEJIOBE-
YeCTBY OpPraHM30BaTh CBOIO JIESITEIbHOCTh U YIIPOCTUTDL B3aUMOIEICTBUE ME-
KOy JIOObMMU.

EnviHuna BpeMeHM — OJHO M3 BEJIMYAUIINUIA M300pEeTeHUI YeoBeKa,
HO HEOOXOIMMO BCerga MOMHUTh U3HAYaIbHbIN (paKT: OHA — UCKYCCTBEHHO
CO3laHHas BeJIMUYMHA, OMMCHIBAIOIIAs CKOPOCTh KAYECTBEHHOTO Mepexoaa
MaTepUU U3 OOJHOIO COCTOSIHUS B Apyroe. B ripupoae cyliecTByoT nepruoamn-
YECKHME IIPOLECCHI, KOTOPHIC IMOCIYXKMIN OCHOBOM IS CO3HAHUS DTOM
YCJIOBHOI €IMHULIBL. DTU TTIEpUOANYECKIE MTPOLECChl — OOBEKTUBHBI U peaib-
HbI, 4 CO3JJaHHbIC YEJIOBEKOM €AMHUILBI BDEMEHU — YCJIOBHBI U HEPEATbHBI.
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[ToaToMy, 11000€ NCMTOIB30BAaHUE BPEMEHM, KAK PEAIbHOTO U3MEPEHUS IIPO-
CTPAHCTBA, HE UMEET I10J COO0M HUKAKOTO OCHOBaHMS. YeTBEPTOTO N3Mepe-
HUSI — U3MEPEHUSI BpEMEHU — MPOCTO HE CyLIeCcTBYeT B mpupoae. MMeHHOo
MMOBCEAHEBHOCTh 1 TTIOBCEMECTHOCTb IIPUMEHEHMUSI €IUHULL BPEMEHM, KOTOPhIE
COMPOBOXIAIOT YEJIOBEKA C MEPBOr0 MOMEHTA €ro >XXMU3HU A0 MOCIETHETO,
OYEHb YACTO CO31AI0T WUITIO3UIO PEAILHOCTU BpeMEHU. PealibHO He Bpems, a
MPOLIECCHI, TPOUCXOASIINE B MATEPUU, EAUHULIEH U3MEPEHUST KOTOPbIX, CITy-
KUT eArHULIa BpeMeHu. [IpoucxoauT nmoaco3HaTe/ibHas MOAMEHA OJIHOTIO
JPYTUM U, KaK HeU30€KHbIN pe3yabTaT NOJ00HOM MOJAMEHbI peaibHOTO IPO-
1iecca €eAMHULIEN €ro UBMEPEHUS — CIMSHUS B YEJIOBEUYECKOM CO3HAHUM OJI-
HOTI'O C IpYyTMM — chirpajio ¢ Homo sapiens 31y10 myTKy. Ctajaym co31aBaThCs
TEOPUU MUPO3NAHUS, B KOTOPBIX BpeMsl MPUHUMAJIOCh, KAK OOBbEKTUBHAS
peanbHOCTh. OOBEKTUBHOM peabHOCTBIO SIBJISIFOTCS IIPOLIECCHI, TTPOTEKAal0-
1IMe B MAaTEpUH, a HE YCJIOBHASI €IMHULIA IJIS UBMEPEHUSI CKOPOCTH ITPOTEKA-
HUS 3TUX ITPOLIECCOB. JIpyruMu c1oBaMu, B Ha4aJIbHbIE Y TPAHUYHbBIC YCIIOBUS
CO3IaHUSI TEOPUI MUPO3JaHNS, OLIMOOYHO BBOAUIACH CYObEKTUBHAS BEJIM-
yuHa. M 3Ta cyObeKTUBHAY BeJIMYMHA, IPU PA3BUTUM 3TUX TEOPUN MUPO3aa-
HUSI, CTajla OMHUM U3 «IIOJABOAHBIX KAMHEN», 0 KOTOPBIE «pa30OMINCh» 3TU T€O-
pUU MUPO3TAHUSI.

JlaBaiiTe monbITaeMCsl BBISIBUTh U JPYTH€ «II0OABOJHbBIC KAMHW» O01IEeN3-
BECTHBIX Teopuii MuposaaHus. [Ipexae Bcero, 1aBaiTe onpeneanMcs ¢ IIOHSI-
tueM Matepuu. [loxg MaTepueit noHUMaeTCst 0b6seKmusHas pearbHOCMb, OAHHAS
Ham 6 owywenusax. OmyumeHuss — nHPopMaLys, NOCTyNampllasi B MO3r 00
OKPY>KAIOIEM Hac MUpe Yepe3 opraHbl 4yBCTB. HazHaueHneM opraHoB 4yBCTB
yeJIOBeKa SBJISIETCS 00ecneuyeHrne ONTUMAIbHOTO CYyIIECTBOBAHMS YEJIOBEKa,
KaK >XXMBOTO OpraHus3ma, B oKpyxatouei cpene. OpraHbl 4yBCTB YeI0OBEKa
c(OPMUPOBAIMCH B PE3YJIBTATE aIAlITALIMM YETIOBEKA K YCIIOBHUSIM CYIIIECTBO-
BaHMS B 3aHUMaeMOM 3KOoJI0rn4yeckoi Huie. [loatomy, pazButue opraHoB
YYBCTB 1IJIO MO ITYTU ONITUMAJILHOTO IIPUCIIOCOOJeHUS OpraHn3Ma 4ejaoBeKa
K 9KOJIOTMYECKOM cucteme. Takum oOpa3oM, opraHbl YyBCTB Pa3BWIMCh U
c(OpMUPOBAINCH B pe3yJibTaTe aJanTalluu K YCJIOBUSIM CYILECTBOBAaHUS B
HKOJIOTMYECKOM HUIIE U CIIYKAT 11 TeX (OpM MaTepuu, KOTOpbie ChopMu-
POBAJIY KOJOTUYECKYIO CUCTEMY B LIEJIOM, M KOJIOTMUYECKYIO HUIILY, 3aHMMA-
emyto Homo sapiens, Kak BUIOM. DTO — IpeIHa3HAYEHE€ OPraHOB YYBCTB Ue-
JIOBEKa, ¥ MTO3TOMY OLLIYILIEHMS, ITOJIydeHHbIE Uepe3 3T OpraHbl YyBCTB, OY-
JIyT COOTBETCTBOBATh KAYECTBEHHOM CTPYKTYpE MaTEpUU, 00pa3yIolleii 5KO-
JIOTMYECKYIO CUCTEMY.

[TosiBIeHME pasyma y 4eJloBEKa HE M3MEHWJIO MPUPOIY €ro OPraHoB
YYBCTB, IO3TOMY HalllM OPTaHbl YyBCTB MOT'YT JaTh HAaM MPEACTABICHUE TOJIb-
KO O TOM MaTepuu, KOTopast OpMUPYET SKOJIOTMUECKYIO Cpeay OOUTaHUS Ue-
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JoBeka. Co3gaHHbIE YEJIOBEKOM MPUOOPHI TOJABKO TTO3BOJIMIN PACIIUPUTH
JIMana3oH BOCIIPUSTUS HAILIMX OPraHOB YYBCTB, @ HE IIPOHMKHYTh B HOBbIE Ka-
yecTBa MaTepuu. Halim opratHbl 4yBCTB OrpaHMYEHbI, U TO3TOMY HEM30€KHO
OyneT orpaHMYEHHBIM Hallle IpeCTaBJICHUE O MPUPOAES MaTEpUU. AganTauust
K YCJIOBUSIM CYILIECTBOBAHMSI B 9KOJIOTMYECKOI CUCTEME 1 TTO3HAHUE TTPUPOIbI
MaTepuu — JBe aOCOJIOTHO pa3HbIe Belll, KOTOPHIE XKeJaTeJIbHO HE ITyTaTh.
AOcCoI0TH3a1Ms HalllMX OPraHOB YYBCTB SIBJISIETCS €11E OAHUM ITOABOAHBIM
KaMHEM CYLIeCTBYIOLIMX Teopuii. Haiiu opraHbl 4yBCTB JalOT HaM IpeacTa-
BJICHUE O YETBHIPEX arperaTHbIX COCTOSIHUSIX (PU3UYECKU IJIOTHOM MaTepum —
TBEPIAOM, >KMJIKOM, ra3000pa3HOM U ITJIa3MEHHOM, a TaKKe, 00 ONTUYECKOM
JYana3oHe MpPOJ0JbHO-ITONEPEYHBIX BOJH U 00 aKyCTUYECKOM JMana3oHe
MPOJOJIbHBIX BOJIH. BC€ ocTasibHOE HE BOCIIPMHMMAETCS HAllIMMU OpraHaMu
YYBCTB M HE MOXET ObITh «00OBbEKTMBHON peaibHOCThIO», JAaHHOW HaM B
oimymeHusax. O3HavaeT Jii 3TO, YTO OOJIbIIIE HUYETO HE CYILIECTBYET, Ja U MO-
yeMy Hallu OLIYILIEHUSI JOJKHBI ObITh A0COTIOTHBIM KPUTEPUEM CYILIECTBO-
BaHUS MaTepun?

BrionHe ecTeCTBEHHO, YTO MpeAcTaBIEHUE 00 OKPYXKAKOIIEM HAC MUPE
MBI TTOJIy4aeM 4yepe3 Halllu OpraHbl YyBCTB M TOJILKO Yepe3 HUX, HO 3TO He
O3HavyaeT aOCOJIIOTHOCTU HallMX olyleHui. CiaeayeT BCNOMHUTD, YTO YeJlo-
BEK CYIIECTBYET B «CPEIMHHOM» MUPE — MEXIY MaKPOKOCMOCOM U MUKPO-
KOCMOCOM, U TTO3TOMY BC€ HalllM MpeICTaBICHUS CJIOXUIIMCh B pe3yJibTaTe
HaOIIOJeHUS 32 3TUM ITPOMEKYTOUYHBIM MUPOM NpUpoabl. B To Bpemsi, Kak
3aKOHBI IIPUPOJIbI BEpIIATCS MMEHHO Ha YPOBHE MaKpOKOCMOCA U MUKPOKO-
CMOCa, M YeJIOBEK UMEET JIeJI0 TOJIbKO C MPOSIBJIEHUSIMU TUX 3aKOHOB B IIPO-
MEXYTOUHOM MUPE CYLLIECTBOBAaHUS YeJIOBEKA.

Hao6monas 3a mposiBaeHUSIMUA 3aKOHOB MUKPO- U MaKpOKOCMOCa B IPO-
MEXXYTOYHOM MUPE, YEJIOBEK CO37aJ KapTUHY TOr0 ITPOMEKYTOYHOIO MUpa,
KOTOpasi JOBOJIbHO TOUHO OTpaxkaeT COCTOSIHME 3TOr0 MUpa CyILleCTBOBaHUSI
yeyjioBeka. Ho aTa KapTuHa He oTpaxaeT pUpoay MaKpo- 1 MUKPOKOCMOCa
MOJIHOCTBIO ¥ TIO3TOMY HE MOXKET IPETEeHA0BAaTh Ha MOJIHOTY nepegadyn Kap-
TUHBI MUPO37aHU B 1LIeJ0M. TakiuM 00pa3oM, COBpeMEeHHbIE TIPeICTaBIACHMS
O MPUPOAE TOJbKO YACTUIHO OTPaAXKAIOT AeiICTBUTEILHOCTD 1 YHUBEPCAJIbHbIE
3aKOHBI, KOTOPhIE CO3aJ1 YeJIOBEK, ITOPOii MPEenoJHOCST HeOXTaHHbIE CIOp-
MpU3bI, IPU TMOMNBITKAX YeJ0oBeKa MPOHUKHYTh, KaK B INTyOMHBI MaKpPOKO-
cMoOca, TaK 1 MUKPOKOCMOCA.

OIHUM U3 TaKUX YHUBEPCATbHbBIX, PYHIAMEHTAJILHBIX 3aKOHOB B €CTE-
CTBEHHBIX HayKax sSIBJISIeTCS 3aKOH coxpaHeHUsI MaTepru. OTKPBITHS OCIEI -
Hell YeTBEePTH ABaJLIaTOTO BeKa B 00J1aCTU IAepHON PU3UKU pa3pyLIMINA 3TY
(yHIaMEeHTaJIbHYIO TOYKY OIOPbI COBpeMeHHOM (Ppu3nku. OCHOBHOM 3aKOH
(pu3MKM — 3aKOH COXpaHEHUsI MaTepUM — ObLT YHUUYTOXEH pe3yabTaTaMu K-
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CIEePUMEHTOB (PU3UKOB-aepIIMKOB. CyTh 3TOTO MOCTYyJIaTa — B TOM, YTO
mamepusi HUOMKY0a He nosiéasemcs u Hukyoa He ucyezaem. I[IpyMeHUTEIBHO K
CUHTE3y YaCTHUILl B XOAE SIACPHBIX peaKlivii, 3TOT 3aKOH MOXHO 3aMucarb B
cJIeIyIOoIEeM BUJIE:

m; + mz > m3 (2.1.1)

Jpyrumu cioBaMM, Macca BO3HUKILIEH, B pe3yJabTaTe CUHTE3a, YaCTULIbI
JOJKHA OBITh MEHBIIE UM PaBHOM COBOKYITHOM MacCe YaCTULL €€ CO3IaBIIHX.
Pe3ynbraThl 3KCriepMMeHTOB BBEJIU (DM3UKOB-SIIEPIIMKOB B COCTOSTHUME 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 MOPSIKOB MPEBbILIAIa COBOKYITHYIO MAaCCy YACTHUILI, €€ CO3IaB-
1100706

m; + m; << m3 (2.1.2)

PeanbHbIe 5KCIEpUMEHTHI, peajibHbIC TIPUOOPHI, a pe3yJabTaThl — a0Co-
JIIOTHO paHTacTHUecKue. BelnecTBo nmosaBmioch u3 HUOTKyaa. Ilpuuém, ot-
KJIOHEHME pe3yJIbTaTOB OT 3aKOHA JIEXKUT He B MpeaesiaX MOrpeliHOCTU P -
60poB. [TprbOpPHI ¢ TOTPEIHOCTHIO 00JIE€ MATH MMPOLIEHTOB MPAKTUYECKU HE
HCIOJIL3YIOTCS [IJIs1 HaydHBIX UccaeaoBaHuii. [1oaTomy, B ciiyyae, Koraa pe-
3yJIbTaThl HA HECKOJILKO MOPSIAKOB OTJIMYAIOTCS OT OXKMIAEMbIX, IIOIPELTHOCTD
MMpUOOPOB HUKAKOIO 3HAYEHUS HE UMEET. [1€10 B TOM, UYTO Yy YYEHBIX HET U HE
MOKET ObITh HUKAKOTO OObSICHEHUS. Te IBICHMS, KOTOPbIE OHU HAOJIIOIAI0T
MOCPEICTBOM MPUOOPOB WK BU3YAIbHO, €CTh IIPOSIBJIEHUS peabHbIX 3aKO-
HOB Npupobl. PeajibHble 3aKOHBI IPUPOALI (POPMUPYIOTCS HA YPOBHSIX Ma-
KpPOKOCMOCa U MUKpoKocMoca. Bce, ¢ ueM 4estoBeK COIpruKacaeTcs B CBOei
KW3HU, HAXOAUTCS MEXOAYy MaKpOKOCMOCOM M MMKpPOKOCMOcOM. MIMeHHO
IMO3TOMY, KOTIa YeJIOBEK, C IIOMOILbBIO MPUOOPOB, CMOT 3aIJISHYTh B MUKPO-
MUP, OH BIIEPBbIE CTOJIKHYJICSI C 3aKOHAMM IIPUPOJbI, 4 HE C UX MPOSIBJIICHU -
saMu. MaTtepus He TTOSIBISIeTCS M3 HUOTKy1a. BCE ropasno mpoiie u cioxHee
OOHOBPEMEHHO: TO, YTO YEJIOBEK 3HAET O MaTepPUU 1 IyMaeT, KaK O 3aBepIIEH-
HOM, a0COJIIOTHOM TIOHSITUM, HA CAMOM JgEJIE, SIBJISIETCS JIUIIb MaJIECHbKOM Ya-
CTBIO 3TOTO MOHATUS. Matepus IeiCTBUTEILHO HUKYIA HE UCUE3aeT U HUOT-
KyJla He MOSIBJISIETCS ; ASUCTBUTEIBbHO CylecTBYyeT 3akoH CoxpaHeHust Marte-
pUU, TOJILKO OH — HE TaKOW, KAKMM €ro MpeAcTaBisioT Joau. Pusndyecku
IUIOTHOE BEUIECTBO — TOJILKO OAHA M3 (POpM MaTepuii, BOCOpUHUMaeMasl
YeJIOBEKOM Y€pe3 €ro OpraHbl YyBCTB.

A Tenepsb, JaBaliTe NpoaHAIU3UPYEM MIPEACTABIEHUS O CAMOM IIPOCTPAH-
CTBE, Ha KOTOPbIX 0a3UPYIOTCSI COBPEMEHHbIE HayuHbIe MpeacTaBiieHus . [1po-
CTPAHCTBO IMPUHUMAETCI TPEXMEPHBIM M OTHOPOAHBIM. XOTEJIOCh ObI yTO-
YHUThb, YTO OKpYKalollee HAC IMIPOCTPAHCTBO BOCIIPMHMMAETCSI HALLIMMU IJ1a-
3aMU, KakK TpeéxmepHoe. [IpeqHazHadyeHMe HAIIMX [71a3 — ONTUYECKUX JaT4u-
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KOB, CO3JaHHBIX IIPUPOIOI — 00eCIieYeHNE aJleKBaTHOM peaklii Ha OKPY-
>Kalollyto Hac ipupoay. Haiy riiaza mo3BosisiioT HallleMy MO3TY CO31aTh TOY-
HYIO KapTUHY OKpYXalollei Mpupoabl, 0€3 KOTOPOIi YeJIOBEK IPOCTO HE MO-
KET CYIECTBOBATh, KaK XXMBOE CyIecTBO. [1py aTOM, IJ1a3a 4eaoBeKa aganTH -
POBaHbI K (PYHKIIMOHMPOBAHMIO B TA30BOM Cpelie, KOTOPYIO MPEACTABIISIET CO-
00i1 atMocdepa naHeThl. «KapTUHKyY» KOTOPYIO Mbl BUJUM, IPMHUMAEM 3a
TpEXMEPHOE MPOCTpaHCTBO. Ho, eciiu MbI ITorpy>kaeMcsl B BOOHYIO Cpefy, KO-
TOpasi, IO HAIIMM IOHSITUSIM, TOXE TPEXMEPHasi, TO B 3TOM Cpejie HallIM I1a3a
OyayT maBaTh MCKaXEHHYIO KapTUHY 3TOI Cpeabl, YTO HE I03BOJISIET HaM
MMpaBUJIBHO OPUEHTUPOBATHLCS B HEW. B TO BpeMsI, Kak rj1a3a MOPCKUX XKMBOT-
HBbIX, O3BOJISIOT UM OPUEHTUPOBATHLCS B BOOHOM Cpele, 0€3 BCIKUX TPOOJIEM.
OpueHTalus UX B BO3AYIIHOM cpele OydeT Tak XXe HapylleHa, Kak U Hallla B
BOAHON. B Boje BUaMMas HaMu «KapTUHKa» OyAeT OTJIMYaThCs OT TPEXMEP-
HOT'O M300pakeHusl, K KOTOPOMY MBI TaK IPUBBIKJIN. [1omydaeTcs, 4To BogHas
cpella YeM-TO Ka4YeCTBEHHO OTJIMYAEeTCs OT BO3AyIIHOU. M 5TO oTiiMume He
TOJIbKO B OTJIMYMU IJIOTHOCTU PACIIOJIOXEHUS MOJIEKYJI IPYT OTHOCUTEILHO
Jpyra U KauyeCTBEHHBI COCTaB 3TUX MOJeKyJ1. be3ycioBHO, 3Tu (pakTophl
MMeEIOT 3HaueHue. Borpoc ToJIbKO B TOM — TOJIBKO JI OHU?! B 3T0ii TOUKe MbI
MOAOILLIN K BOITPOCY: OJJHOPOJIHO JIM MPOCTPAHCTBO?!

2.2, KayecTBeHHas CTPYKTYpa NPOCTPAHCTBA

Bce cymiecTByloliye Teopuy NpoCcTpaHCTBA pacCMaTpUBaId MPOCTPaAH-
CTBO, KaK OJHOPOAHYIO cyocTaHIMI0. OGHOPOTHOCTh IPOCTPAHCTBA ITOApa-
3yMEBAET, UTO CBOMCTBA MPOCTPAHCTBA — OAWHAKOBBI BO BCEX HAIIPABJICHUSIX.
A BTO 03HAYAET, YTO MATEPUSI JOJKHA IIPOSIBISITh CE0S B TI0O0M TOUKE OTHO-
POIHOIO MPOCTPAHCTBA TOXKAECTBEHHO. Tak i 310? /laBaiiTe mpoaHaJIU3UPY-
€M 3Ty CUTyaln10. ACTpOHOMaM M acTpou3uKaM M3BECTEH (PaKT, YTO BO
BpEMsI ITOJTHOTO COJTHEUHOT'O 3aTMEHMS MOXXHO HA0JII0JaTh OOBbEKTHI, KOTOPhIE
Hamre CoJiHie 3aKpbhIBaeT coboit. Mcxonst u3 mo3uumii OAHOPOAHOIO MpPO-
CTPaHCTBA, 3TO MNPOCTO HEBO3MOXHO. Ho TeM He MeHee, 3TO HayYHbII (PaKT.
HeB0o3MOXKHOCTB 3TOTO OIPEACSIeTCS TEM, YTO 3JI€KTPOMarHUTHLIE BOJIHBI B
OIHOPOJTHOM MPOCTPAHCTBE AOJIKHBI pACIIPOCTPAHSITHCS MPSIMOJIUHENHO.
Ho eciu 3T0 Tak, TO aOGCOJIOTHO HEBO3MOXHO HAaOJI0JaTh OOBEKTHI,
3aKpbIBa€MbI€ IPYTUM, PACIIOJIOXKEHHBIM OJIMKE K HaM.

OO0bsicHeHME 3TOMY (PEHOMEHY OBLIO JaHO CJIEAYIOIIUM OOpa3oM:
MAaCCHUBHBIII KOCMUYECKUI O0BEKT, KOTOPbIM sBJsieTcss CoJIHLe BIUSIET Ha
MPSIMOJIMHEMHOE pacpOCTPaHEHUE CBETOBBIX BOJIH, UICKPUBJISISI UX TPAEKTO-
pUI0, B pe3yjabTaTe Yero, Mbl B COCTOSIHMM HAOII04aTh TO, UYTO HAXOJMUTCS 3a
HUM. OO0BbSICHEHUE, 0€3YCIOBHO MPAaBUJILHOE, TOJBKO CYILIECTBYET OJHO Ma-
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JIeHbKO€e HO. Ecjin cunTaTh MpOCTPaHCTBO OAHOPOIHBIM, TO 3TO CTAHOBUTCSI
HEBO3MOXHBIM. Bo3HMKaeT BOIIpocC: a OGTHOPOAHO 1 OHO? Y e IMHCTBEHHO
BO3MOXHBIM O0BSICHEHMEM 3TOTO (paKTa MOXET ObITh ITPU3HAHUE TTPOCTPAH-
CTBa HEOJJHOPOIHBIM.

HaBaiiTe mpoaHaau3upyeM u apyrue dakrtbel. Hanpumep, siBieHue
MpeJIOMJICHMSI pa3HBIMU CPeAaMU MPSIMOJIMHEHOTO pacIpOCTPpaHEHHUS CBE-
TOBBIX BOJIH. DTHU SIBJICHUSI HOCSIT Ha3BaHUE ONTUYECKUX SIBJIEHU MPUPOIbI.
CyThb MX B TOM, UTO pa3Hbl€ Cpelbl MMEIOT MJIOTHOCTb, OTJIMYHYIO OT
IUIOTHOCTU BaKyyMa, KoOTopas MNpuHUMaeTcs HyjeBoil. CKOpOCTh
pacIpocTpaHeHUs CBETOBBIX BOJIH B BakyyMe C IpuHUMaeTcs 3a KOHCTAHTY
1 paBHoit 300 000 km/c. Cpena oka3bIBaeT CONPOTUBIEHUE PACIIPOCTPAHEHUIO
CBETOBBIX BOJIH, B p€3YJIbTaTe YeT0 CKOPOCTb PACIIPOCTPAHEHMS UX B JTAHHOM
cpelle CTaHOBHUTCSI MEHbIIIE CKOPOCTH PaCPOCTPaHEHUS 3TUX BOJIH B BAKYyMe
1 cTaHOBUTCS paBHOM V. TakuM oOpa3om, JaHHas cpejia BIMsIeT Ha CKOPOCTh
pacrnpocTpaHeHus1 cBeTa ¢ KO3 dULIMEeHTOM N, KOTOPhI Ha3Baiu Koaddu-
LIMEHTOM MpPEeJIOMJIEHUS CPEIbI:

n=c/v (2.2.1)

re:

n — KO3(P@ULIMEHT NpeIOMJICHNS;

¢ — CKOpOCTb cBeTa (POTOHA);

vV — CKOpPOCTb cBeTa ((POTOHA) B Cpelie.

C noMoubio 3TOoro KoadduiuureHTa npeaoMaeHUs MOXHO pacCuuTaTh
TOYKY BBIXOJIAa CBETA U3 3TOM Cpelbl HA TpaHULIE C APYroi cpenoi. I1pakTu-
YeCKM KazKIbli IIKOJIBbHUK IMTPOM3BOIANI MOAO0OHbBIE PACUETHI M SKCIIEPUMEHTHI
10 MPOITYyCKAHWIO CBETOBOTO TydKa yepe3 Ipu3my. Bcé Bpoae Obl IpocTo U
sicHO. Ho omsiTh cyliecTByeT 0qHO MajgeHbKoe HO. OHO IMOSBUTCS, €CIU
COIOCTaBUTh 3TY UH(POPMALIMIO C ITpaBUIaMU KBAHTOBOI (DU3UKU, KOTOPasI
OIMMChIBAET IMPUPOAY BOJIH, B TOM YHCJIE U ONTUUYECKOro auana3doHa. CorjaiacHo
MMOHATUSIM KBAaHTOBOI (DU3UKM, CBETOBBIE BOJIHBI M3JIyYalOTCS U TTOTJIOIIAI0T-
cs oNpeeIeHHBIMY MOPLUMSIMU, 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, Kaxablii POTOH UMEET CTPOTO OMPEAEIEHHYIO SHEPTHUIO,
1 3Ta SHEPIruUs OoNpeaessieT CKOPOCTh nepemellieHus ero B cpene. [Toatomy, Mbl
MOXEM COCTaBUTbh TOXIIECTBO:

mc?/2 = hf (2.2.3)

ITpu npoxoxxaeHNM yepe3 cpeay, CKOPOCTb BOJTHbI YMEHBILIAETCS ITPOIIOP-
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LIMOHAJbHO KO3(POULMEHTY MpeJoMJICHUSI JaHHOW cpelbl (¢ = nv) W,
cJIeIoBaTeIbHO, SHEPIUs (POTOHA YMEHbIIACTCS:
Ecop = mv?/2 = hf (2.2.4)
EctecTtBeHHO, 4TO 3Heprust (POTOHA B Cpelie MOJy4aeTCsl MEHbIIE ero
SHEPIUU B BaKyyMe:

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

AHanu3upysl 3TO COOTHOLIEHUE, HEM30EeKHO MPUAEM K 3aKJIIOUEHUIO,
4YTO, IIPU U3MEHEHUY SHEPruu (PpOTOHA, JOKHA U3BMEHUTHCS 4acToTa, a, CJie-
JIOBaTEJIbHO, UIMHA BOJHBI A. JIpyrumMu cioBamu, BXOAUT B Cpedy OIUH
(potoH, a BeixoauT apyroi. [loaydaeTcs SBHOE IIPOTUBOPEUME C PEATbHOCTHIO.
BoiBoabl IMHEMHON ONTUKY IIPOTUBOPEYAT KBAHTOBOM MexaHUKe. KaxabIit
(bOTOH MMeEeT CTPOTO OIPENCAEHHYIO SHEPTUIO, OH U3TyYaeTCs IIPU MEPEXOIe
BJIEKTPOHA ¢ OoJiblIel pa3pellIEHHOM OpOUTHI HA MEHbIIYIO; ITPU MOTJIOIIE-
HUM aTOMOM (POTOHA, SJIEKTPOH aTOMa IEPEXOJUT C HUKHEN pa3pell€HHOMN
opOUTHI Ha OOJIBIIYIO, TaK OIpeaessieT KBaHToBas ¢pusuka. Ho ¢dotoH, npu
MMPOXOXIEHUU CPEAbl, HE MEHSIETCS, B TO BpeMs, KaK €ro CKOPOCTb YMEHb-
maetrcs. Kak xe ObITh ¢ 3TUM?

Ecny cuurath 4TO MPOCTPAHCTBO — OJHOPOIHO, T.€., €r0 CBOMCTBA U
KauyeCcTBa HEM3MEHHBI, TToJydaeTcs adbcypa. AOCypa Mcue3aeT eCiv MPU3HAaTh,
YTO NPOCTPAHCTBO — HEOAHOPOIHO, UTO €0 CBOMCTBA U KAY€CTBA UBMEHSIIOTCS
B Pa3HbIX HAIIPABJICHUSIX, U, YTO MaTepHUs, 3aIOJHSIIOLIAs IIPOCTPAHCTBO,
BJIMSIET HA CBOMCTBA M KayeCTBa MPOCTPAHCTBA, KOTOPOE OHA 3aIlOJIHSET, a
MIPOCTPAHCTBO BUsIeT Ha MaTeputo. [IposBisieTcs, Tak Ha3biBaeMasl, oopar-
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, MPOUCXOAUT €r0 PacIiall, B pe3yJabTaTe KOTOPOTO BbI-
JIEJISIETCS DHEPIUsl, 1 00pa3yeTcs 6ojiee yCTOMYMBBINA aTOM Wir atToMbl. Heyc-
TOMYMBOCTh BO3HUKAET MPU MOIJIOLICHUU JaHHBIM aToMoM (poToHa. [Ipu
MOIJIOIEHUU (DOTOHA, TIPOMCXOIUT IEPEXO0 AJIEKTPOHA C OJHOM pa3pelIe€H-
HOM opObuTkl Ha Apyryo. Ho mouyemy nipu noryomeHnn GoTOHA, OJAMH aTOM
CTAaHOBUTCSI HEYCTOMUYMBBIM U PaCIiafaeTcsl, B TO BpeMs, KaK IPYroi OCTa€Tcs
CcTaOMIbHBIM? PaanoakTUBHBIMU IIPU3HAIOTCS TPAHCYPAHOBBIE 2JIEMEHTHI,
aTOMHBII BEC KOTOPBIX ITPEBBILIACT IBECTU TPUALIATh BOCEMb a.€. U UMEIOIINE
CJIOXKHYIO CTPYKTYPY 3JIEKTPOHHBIX OpOUT. Pacrian mogoOHbIX aTOMOB MOXHO
ObLJIO Obl OOBSICHUTbL MX CJIIOXXHOI CTPYKTYpOIi, KOTOpasi HapyllaeTcsl mpu
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MOIJIOEHUU (DOTOHA U U3 YCTOMUMBOIO COCTOSIHUSI MTEPEXOJIUT B HEYCTOM -
YMBOE, B pe3yJIbTaTe Yero aToM M pacriagaercs. Bee, Kazanoch Obl, IpeKpacHo,
ecJiv OblI OIsATH He BMelnaioch 0bl MajieHbKoe HO. PagrioakTBHBI HE TOJILKO
TPAaHCYPAHOBbIE B2JEMEHTbI, HO MW M30TOIIbI BCEX APYTUX DJIEMEHTOB.
JIt000mBITEH TOT (PAKT, YTO, K IPUMEPY, pAAXOaKTUBHBI MU30TONBI BOIOPOIa —
JEUTepUn U TPUTUIM, C aTOMHOM MAaCCOM JIBE U TPU a.€., B TO BPEM#, KaK aTOM
30JI0Ta — MaKCHUMAaJIbHO YCTOMYMBBINM, MPU aTOMHOM BeC€ ITOYTU CTO
JIEBSIHOCTO CEMb a.€. B 3TOM 1 aHaJTOrMYHBIX CJTy4asix HEBO3MOXHO OObSICHUTD
YCTOMYMBOCTb U HEYCTOMUYMBOCTD CJIOXHOCTBIO CTPYKTYPbl OpraHu3aluu
aToMOB. BHOBB MOSBIIIETCS MapagoKC M, Ka3aJloCh Obl, HEPaA3pEeIIMMOE
npotrBopeune. Bee 6b110 OBl TakK, €CIIM UCXOAUTD U3 MPEAOJIOKEHUS OTHO-
poaHOCTH ITpocTpaHcTBa. Ho eciin mpeanooXXuTh, 4TO MPpOCTPAaHCTBO HEO/ -
HOPOJHO — MPOTUBOPEYME U adCyp MCUYE3alO0T.

[Tpupony paanoaKTUBHOCTU MbI pACCMOTPUM HMKe. B aHHBIA MOMEHT
Hac MHTepecyeT Npupoaa npoctpaHcTBa. Kak BUIHO M3 IPUBEAEHHBIX BBILIIE
MPUMEPOB, KaK Ha YpOBHE MaKpOKOCMOCa, TaK U Ha yPOBHE MUKPOKOCMOCA,
MPOCTPAHCTBO — HEOOAHOPOAHO. [TOHSITHE O TOM, YTO MPOCTPAHCTBO SIBJISIETCS
OOHOPOJHBIM BO BCEX HAIIPaBJIEHUSIX 0€3 «CEBEPa» U «10Ta», «Bepxa» U «<HU3a»
SIBJISIETCSI OCHOBOI COBPEMEHHOI KOCMOJIOTMM, OCHOBAHHOM Ha T€OpUU
OTHOCUTEJIbHOCTU DiHINTeHA. McciieqoBaHus, IIPOBEAEHHBIEC HA paglOTe-
JIECKOIIE, BBIHECEHHOM 3a MpeJIeJibl 36MHOI aTMocdephl, Jaju ITOATBEPXKIe-
HME 0 HEOTHOPOIHOCTHU ITpocTpaHCcTBa. [1poaHan3upoBaB pagroBoIHBI 160-
TU OTJAJIEHHbBIX raJlakTuK, pu3nuku u3 Pouectepckoro n Kansacckoro YHu-
BepcuteToB CIIA caenanu mopa3uTeabHOE OTKPLITUE O TOM, UYTO U3JTyYEeHUS
BpaIllalOTCS MO MEPE TOr0, KaK OHU ABMXYTCS CKBO3b IPOCTPAHCTBO, B BUE
€lBa 3aMETHOTO PUCYHKa, HAIIOMMHAIOLIETO IITOINOP, HEMOXO0XEro HU Ha
yTO, Habmonasiieecd paHee. [1oaHBIA MOBOPOT «IITONOpPa» HAOIIOAAECTCS
yepes KaxIblii MUJIJIMAP MUJIb, KOTOPBIN IIPOXOIIT paarvOBOJHbI. DTHU 3(-
(beKThI SIBJISIIOTCS JOMOJHEHUEM K TOMY, YTO U3BECTHO, KaK 3dpdexT Dapajes,
MOJISIpU3alMs CBETa, BbI3BAHHAS MEXTaJaKTUY€CKMMU MArHUTHBI-MU MOJISI-
mu. [leprnognyHOCTh 3THX, BHOBb HAOJII0IA€MbIX BpallleHUI, 3aBUCUT OT yT-
Jia, IO KOTOPOMY JIBMKYTCSI PaJMOBOJIHBI OTHOCUTEIBHO OCHU OpPUEHTALIUMH,
MPOXOIsIIEii 4yepe3 IMpocTpaHCTBO. YeM mapajiesbHeld HampaBJeHUE
JIBUXKE€HMSI BOJIHBI C OChIO, TeéM 00JIbllIe paguyc BpalieHus. JlaHHast ocb opu-
EHTALIMU HE SIBISIETCS (PU3NYECKOM BEIMUYMHOM, a CKOpEe OIpeAcsieT Harpa-
BJICHME, TI0 KOTOPOMY CBET nepemeniaercs Bo Beenennoit. [1o HabarogeHUIO
¢ 3eMJi1, KaK YTBEPKIAoT UCCAEA0BATE N, OCh IPOXOIUT B OAHOM HallpaBJie-
HUM, B CTOPOHY CO3Be31Us Sextants, U B ApyroM HaIlpaBJIEHUU, B CTOPOHY CO-
3Be3nUs Aquila. Kakoe u3 HampaBiIeHUIA OyIET «BEPXOM» UJIU «HU30M», BEPO-
SITHO, OyIET NPOU3BOJILHBIM BEIOOPOM, CYUUTAIOT OHU.
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DTO OTKPBITHE OBLIO clieaaHo JoKTopoM xopmkem Homnana u nokTo-
pom [IxxoHoM PasictoHoM. OTYET 0 KOTOPOM OHU OITyOIMKOBaIu B «Pusnue-
ckoM O0630pe»?’ B 1997 . TakuM oOpa3oM, KauyeCTBEHHAas CTPYKTypa IMpo-
CTPaHCTBA JOJIKHA OBITh HEOTHOPOAHOM. JlaBaliTe mpoaHaIU3UPYyEM SIBJICHUE
HEOIHOPOIHOCTU MPOCTpaHCTBA. HEOMHOPOOAHOCTh IIPOCTPAHCTBA O3HAYAET,
YTO €ro CBOMCTBA M KAUye€CTBA — Pa3HbIC B pa3HBIX 00JIACTIX IIPOCTPAHCTBA.
JIOrMYHO NIPEeATION0KUTh ABA BO3MOXKHbBIX COCTOSIHUS IIPOCTPAHCTBA — HEBO-
3MYILLIEHHOE MPOCTPAHCTBO, B KOTOPOM €r0 CBOMCTBA U3MEHSIIOTCSI HEITPePhIB-
HO Y MJIaBHO, B 3aIJaHHBIX HAIPABJICHUSIX, 1 BO3MYILIEHHOE ITPOCTPAHCTBO, B
KOTOPOM HAOII0AAETCS pe3KOE N3MEHEHUE CBOMCTB U KAYECTB.

I1penmnoaoxum, 4T0 HEBO3MYILIEHHBIM MPOCTPAHCTBO ObLJIO B Hayaje
(opMHupoBaHUsI TPOCTPAHCTBEHHBIX CTPYKTYP, U, IO Mepe (OPMUPOBAHUS
OHBIX, BOBHMKAIOT 30HbI BO3MYIIIEHHOI'O IMTPOCTPAHCTBA. 30HBI BO3MYIIEHUS
BO3HUMKAIOT TOJ BJIMSIHMEM BHEIIHUX (PAKTOPOB, KOTOPHLIMU MOTYT OBITh
JIPYTHAEe Ka4eCTBEHHBIEC MMPOCTPAHCTBA UMEIOIINE C JAaHHBIM IIPOCTPAHCTBOM
KaKKMe-TO O0IIMEe CBOMCTBA M KadyecTBa. ECTECTBEHHO 5T MPOCTPAHCTBA HE
MOTYT OBbITh ITOJTHOCTBIO 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. Ecim mpocTpaHCTBO NPAKTHYECKH ¥ TEOPETHYECKH HE OTPAHMYEHO U €r0
CBOICTBA M KAYeCTBa MEHAIOTCA HEMPEPLIBHO, TO MaTepusi — KoHeuyHa. Koneu-
HOCTb MaTEepUH 00YCJIOBJIEHA T€M, YTO OHA MMeeT KOHKPETHbIE Ka4eCTBA U CBOJi-
CTBA, KOTOpble HMEIOT CBOHM Mpeaesibl M, BCIEACTBHE 3TOr0, KOHe4YHbl. I1po-
CTPAHCTBO U MaTe€pPHs B3aUMOJICUCTBYIOT APYT C APYTOM, IIPUUYEM, B3AUMOICH-
cTBUe — oborogHoe. [ToaTomy, Korjna 0eCKoHeYHAast BeJIMYMHA C HeNMPePbIBHO U3-
MEHSIONMMKCS CBOMCTBAMM M KAY€CTBAMH, — MPOCTPAHCTBO, — B3aUMO/IEHCTBY-
€T ¢ KOHEYHOH BEJIMYMHON C ONpeneJéHHbIMM CBOMCTBAMM M Ka4eCTBAMM, —
Marepueii — uxX B3anMo/IeiCTBHE MIPOUCXOIUT B TOM TOJIHLKO 00JIaCTH IPOCTPAH-
CTBA, IJle CBOMCTBA U KAYeCTBA NMPOCTPAHCTBA M MATEPUM TOXKIAECTBEHHbI APYT
apyry. M eciy mpeanojIoXnUTh, 4TO CYIIECTBYET MHOXKECTBO TUIIOB WU (OPM
MaTepUU, Kaxkaast U3 KOTOPbIX OTJIMYACTCS OT APYTrOii CBOMMM CBOMCTBAMU U
KauyeCcTBaMM YaCTUYHO WJIM TTOJTHOCTBIO, U 3TU (pOpMbI MaTepUM «HAKJIaabIBa-
IOTCSI» Ha IMPOCTPAHCTBO C HENPEPHIBHO M3MEHSIOIIMMUCS CBOMCTBAMU U
KadyeCcTBaMM, TO BOBHMKHET pacipeiesieHle 3THX CBO0OIHbIX (hopM MaTepumii 1o
MPOCTPAHCTBY, MO NPHUHIMILY TOXKIECTBA MEKIY 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 pa3AeIeHUsT CMECH XK -
KOCTeli, UMEeIOIIMX Pa3Hylo MJI0THOCTL. Co BpeMeHeM Bce XXKUIKOCTU CMECU
pacriojioXxarcsl CJI0sIMM OJHa HaJ Apyrou, 0osiee MJIOTHbIE XKUIAKOCTU (U,
cJieIoBaTebHO, 00Jiee TSKEJIbIe), MMepPeMEeCTSATCS BHU3 COCyla, a MEHee
IUIOTHBIC (1, CIEA0BATEIbLHO, 00Jiee JIETKME) PACOJIOXKATCs OJIMXKe K BEpXY.
Ecau mpoiii€T 10cTaTOYHO BpEMEHM, TO BOBHUKHYT CJIOU >XMUJIKOCTEN C pa-
3HOM MJIOTHOCTBIO B OAHOM cocyne. M ecinm okpacuTh XUAKOCTU pa3HOM
IJIOTHOCTU B KAKOWM-JTMOO 1IBET, HAIIpUMEpP, CaMyIO IJIOTHYIO OKPaCUTh B
KpPaCHBIN LIBET, U, TI0 Mepe YObIBAHUS IVIOTHOCTU XUAKOCTEH, OKPACUTh UX
COOTBETCTBEHHO, B OPAHKEBBINU, XXEJITHIN, 3€JIE€HbIN, rOJIyOOli, CUHUI U PU-
OJICTOBBIN LIBETA, TO B PE3YJbTaTe, IMOCJIE TOT0, KAK CMECh U3 3TUX XKUAKOCTEN
C pa3HO MJIOTHOCTBIO YCIIOKOUTCS, B COCYAE MOSIBATCS pa3HOLIBETHBIE CJIOU
KUIKOCTEN B MOPSIAKE YObIBAHUS MX MJIOTHOCTU — KPACHBIN, OPaHXEBbIN,
KENTBIN, 3€JIEHBIN, TOJIyOOli, CMUHUI 1 (DUOJIETOBBIA.

KuakocTu ¢ pa3HOM IJIOTHOCTBIO — 3TO TOXE MaTepusl, UMEIOLLast pa3-
JIMYMS TOJBKO IO OJHOMY CBOEMY Ka4eCTBY — IJIOTHOCTU. B naHHOM ciy4ae,
MMPOUCXOIUT CBOEOOpa3HOe KBAHTOBAaHUE (pa3deeHWe) OOJHOM U TOU XKe
MaTepuu IO OOHOMY CBOMCTBY MJIM KadyecTBy. [1oaTOMY, €Ciiv MpeAOJIOKUTD
HaJIMuue MHOXecTBa (popM MaTepuii, OTIMYAIOLIMXCS APYT OT Apyra CBOMMU
KauyeCTBAMM M CBOMCTBAMU B IPOCTPAHCTBE C HENPEPHIBHO U3MEHSIOIIMMUCS
CBOMCTBAMU 1 Ka4eCTBaMU, TO IIPOMU30MAET KBAHTOBAHUE 3TOI0 MPOCTPAHCTBA
no 3tuM popmam Matepuii. M ecnm ipuaate pa3HbIM pOpMaM MaTepUU pa3-
HbI€ 1IBETA, NPOCTPAHCTBO MPEBPATUTCS B LIBETHOMN CIOEHBIN «mmupor». 1
€CJIM, B CJIy4ae CMECH KMIKOCTEH, KpUTEepUeM pa3aeaeHUs XKUIKOCTEN B
cocyjie SIBJISLJIach IJIOTHOCTh 3TUX XKUAKOCTEM, TO, B CJIydae ¢ pa3HbIMU (pop-
MaMM MaTepUii, BO3bMEM 3a MOAOOHBIN KpUTEPUIA MEPHOCTh MPOCTPAHCTBA.
[IpocTpaHCTBO ¢ HEMPEPBHIBHO U3MEHSIOIECUCS MEPHOCTBIO HAa30BEM Ma-
TPUYHBIM ITPOCTPAHCTBOM. TakKM 00pa3oM, B 3TOM MaTPUYHOM ITPOCTPaH-
CTBE, ITPU B3aMMOJIEMCTBUMU €ro ¢ popMaMu MaTEpUU, BOSHUKHYT CJIOU C TO-
KIECTBEHHOM MEPHOCTBIO. KaxXablii CJIOM TOXAECTBEHHOM MEPHOCTU 3TOTO
MaTPUYHOIO IMIPOCTPAHCTBA HA30BEM ITPOCTPAHCTBOM-BCEIEHHOM C JTaHHBIM
YPOBHEM MEPHOCTH. | pyrumMu cioBamMu, U3MEHEHUE MEPHOCTU MATPUUHOTO
MPOCTPAHCTBA HA HEKOTOPYIO BeIWYMHY, AL MpMBOAUT K KayeCTBEHHOMY
M3MEHEHUIO MAaTPUYHOTO MPOCTPAHCTBA U OOPA30BAaHMIO B HEM IIPOCTPAH-
CTBa-BCEJIEHHOI HOBOIO KaUYeCTBEHHOTO COCTaBa.

HaBepHo, MHOTME B AETCTBE MUIpajiu, CKJIaabiBasl M3 KyOMKOB pa3HbIe
KapTUHKM. Tak BOT, UI3BMEHEHME MEPHOCTU IPOCTPAHCTBA Ha BeJnunHy AL
PaBHOCUJILHO MOSIBJIEHWIO HOBOIO KyOMKa M BO3MOXHOCTU CJIOXUTh C €T0
MMOMOILbIO, TTEPECTaBUB BCE KYOUKM, HOBYIO «KapPTUHKY»-BCEJIEHHYIO. DTO
CTAaHOBUTCS BO3MOXHBIM, TOJBKO TOrJda, KOTIa BCE «KYOMKHW — OOHOIO
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pa3Mepar». Eciim Mbl cMelaeM KyOMKK pa3HbIX pa3MepoB U MONbITAEMCS CJIO-
>KUTb U3 HUX KaKYI0-JIM00 KapTUHKY, TO, IPU BCEM XKEJIAaHWM, Y HAC HUYETO HE
MOJYYUTCS, JaXe, €CJIM Y HaC JOCTaTOYHO «KyOMKOB» Ha HECKOJILKO «KapTH-
HOK». CHauyaja Hy>KHO pacCOPTUPOBATh 3TU «KyOUKM» T10 pa3MepaM, a 3aTeM
CKJIAZbIBAaTh U3 HUX «KapTUHKW». [locnenoBaTrebHOE UBMEHEHUE MEPHOCTH
Ha OJHY M Ty Xe BeaInYnHy AL gBJsIeTcsI KBAHTOBAHMEM MATPUYHOTO MPO-
CTPAHCTBA U BbIpaXaeTcst KO3(hGHUIIMEHTOM KBAHTOBAHUS i, KOTOPBIA U €CTh
TOT 3TAJIOH, TI0 KOTOPOMY OTOUPAIOTCS «KYOUKW», TSI CO3IaHUS HOBOM «Kap-
TUHKW».

Takum 006pa3oM, Kak 1 M3 Pa3HOTO KOJIUYECTBA OAMHAKOBOIO pa3mepa
KyOMKOB MOXKHO CJIOXXHUTb pa3Hble KAPTUHKU, TaK U U3 OJHOTUIHBIX (hOpM
MaTepuii B MATPUYHOM TIIPOCTPAHCTBE 00Pa3yroTCsl MPOCTPAHCTBA-BCEICHHLIE.
ODTU NPOCTPAHCTBA-BCEJIEHHbBIE 00Pa3yIOT B MATPUYHOM IIPOCTPAHCTBE €U -
HYIO CUCTEMY, KaK CJIOEHBIN ITUPOT, KaXKIbIA CJI0M KOTOPOTO KAYECTBEHHO OT-
JiImdaeTcs oT Apyroro. IIpm 3ToM, KaXIOblii COCEAHUN CJIOM 3TOTO MUpOTa
MMeEET, B CBOE «MO3auKe», Ha OJMH «KyOUK» OoJjibllie Uau MeHblle (Puc.
2.2.1). Bce 311 cjiou HaXoOSITCS B ITOCTOSIHHOM JABUXKEHUY 1 B3aUMOJIEICTBUM
MeEXXIy cO00M. Pe3ynbTaToM TaKOTO B3aMMOIECTBUS MEXIY COCEIHUMM ITPO-
CTPaHCTBAMM-BCEJICHHBIMU SIBJISIETCS MOSBJIEHUE, B 30HAX COMPUKOCHOBEHUS,
3BE3M U «4E€PHBIX OAbIp» (Puc. 2.2.2). [Ipu a3TOM, TaM, T IpOCTPAaHCTBO-BCE-
JIEHHas1 CONPUKACAETCS C IPYTUM, KOTOPOE UMEET B CBOEM COCTABE HA ONUH
«KyOuK» 00JIbIlIE, BO3BHMKAET 3B€3/1a, a TJI¢ HAa OUH «KyOUK» MEHbILIE — «4€-
pHas1 IbIpar.

2.3. CucremMa MaTPpUYHBIX IPOCTPAHCTB

Takum obGpa3zoM, dopMUpyeTCsT CUCTeMa MPOCTPAHCTB, 0OpPa30BaHHBIX
CHHTE30M MaTepuii omHoro tuia. KoadduieHT yi MoxkeT NpruHUMATh CaMble
pa3Hble 3HauYeHusl. [laxke u3MeHeHue ero Ha HUYTOXHYIO BEJIMUYMHY IPUBOJUT
K TOMY, YTO MaTepUsl HAlllEro TUIIA HE MOXET CJIUThCS B BELIECTBE (BBIPO-
nuthes). [1pu npyroM 3HaY€HWHM Yi BOSBHUKAIOT YCJIOBUS U151 CIMSIHUS BOETWHO
MaTepUid IPyroro TMNa, OTJIMYHOIO OT JaHHOT0. DTO MPUBOAUT K 00pa30oBa-
HUIO Ka4YE€CTBEHHO JPYroi CUCTEMBI IPOCTPAHCTB — 00pa3yeTcs Ipyroe
MaTpUYHOE MPOCTPAHCTBO. B pe3ynbraTe 3TOro, Mbl UMEEM LIEJIYIO CUCTEMY
MaTPUYHBIX ITPOCTPAHCTB, KOTOPbIE OTIMYAIOTCS APYT OT ApyTra Koadduiim-
€HTOM KBaHTOBaHUSI MEPHOCTHU MMPOCTPAHCTBA 1 TUIIOM MaTepuii, ux oopasy-
IOLIMX. DTO MPOSIBISIETCS B KAUYECTBEHHOM OTJIMYMY BEIIECTB, BO3HUKAIOILINX
NP CJAUSIHUM Pa3HbIX TUIIOB MaTepUii M pa3HOro KoJaM4decTBa (popM MaTepUid,
00pa3ylolmux KaxIblii U3 3TUX TUNOB BellecTB. Kaxgoe mMaTrpuyHoOe Mpo-
CTPAaHCTBO — HEOAHOPOJIHO ITI0 MEPHOCTHU. DT KOJIeOaHWSI MEPHOCTU MaTpPy -
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YHOrO NPOCTPAHCTBA IPUBOIAT K TOMY, YTO B HEKOTOPBIX €ro 00JacTsIX
MIPOUCXOIUT CMBIKAHUE C IPYTMMU MAaTPUYHBIMU IIPOCTPAHCTBAMHU, UMEIOLLI -
MU B 3THX 00JIACTSIX TaAKYyIO K€ MEPHOCTh. BOZHMKAIOT 30HbI NEpETEKAHUS U3
MaTPUYHOTO MPOCTPAHCTBA C OMHUM KOAPOUIIMEHTOM MEPHOCTHU Y B MATPU -
YHOE MPOCTPAHCTBO ¢ ApyruM. M ecnu B cityyae 00pa3oBaHMs 3BE3/ U «UEPHBIX
JIBIP» BCE ONPENESIOCh JUIb KOJIUYECTBOM MaTepuii, 0Opa3yrolnX Mpo-
CTPaHCTBa-BCEJICHHBIEC B 30HE 3aMbIKAHUS U, TIPYU 3TOM, MAaTePUM ObLIIU OJI-
HOTI'O TUIIA, T.€. KBAHTOBAIUCH KOA(PPUILIMEHTOM MEPHOCTH , TO, IIPU CMbIKA-
HUU MATPUYHBIX ITPOCTPAHCTB BO3HUKAIOT 30HBI M€PETEKAHUS MaTepuil
MMEIOIIMX Pa3JIMYHbIA KOODOUIIMEHT Y1, MAaTEPUI pa3HbIX TUIIOB, KOTOPbIC
HE MOTYT ObITh COBMECTUMBIMU HU IIPU KAKUX YCIOBUSIX.

YTo0 3Xe MpOUCXOIUT B ATUX 30HAX CMbIKAHMSI MAaTPUYHBIX ITPOCTPAHCTB?
Tak BOT, B 3THX 30HaX CMbIKAHUS IIPOUCXOAMUT pacliaj BelleCcTBA KaK OJHOTIO,
TaK U IPyroro TMIa, u 00pa3yroTcs «CBOOOAHbIE» MAaTepPUU, KaK OJHOTO, TaK
u apyroro TunoB. Ho, 4to ke npoucxoaut nanwiue?! Ha mpouecchl Mpoucxo-
JISAIIME B 3TUX 30HAX BIUSIOT TPU YCIIOBUSL:

1) KosmuecTBo (popm MaTepuii JaHHOIO THUIIA, 00Pa3yIOIINX KaxK10€ Ma-
TPUYHOE IIPOCTPAHCTBO B 30HE MX CMbIKaHMs. Hallie Bcero, KOJIM4eCcTBO (hopM
MaTepuii, 00pa3yolIUX KaxXa0e U3 MAaTPUUYHBIX IIPOCTPAHCTB, Pa3JIUYHOE.
DT0, B CBOIO 0YE€peb, CO3AAET Pa3HbIi ITOTOK BELIECTBA, IO COBOKYITHOMY
COCTaBy, MEPETEKAIOIIEr0 U3 OAHOIO MAaTPUYHOIO MPOCTPAHCTBA B IPYroe 1
o0OpaTtHO. Bo3HMKAIOT 1Ba BCTPEYHBIX MOTOKA, YTO IMIPUBOIUT K 0OPa30BaAHUIO
MOIIHBIX BUXPEBBIX ITOTOKOB (pOpM MaTepuii IBYX TUIIOB B 30HE MX II€pece-
yeHus. [Ipm aToM, 0oJiee MOILIHBIN NOTOK pa3BEPHET CJIA0bIN BCISATHh M BO3HU -
KHET MOILIIHBIA BUXpeBOii (POHTAH MaTepuil ABYX TUIIOB.

2) Ha MOLIIHOCTB TOTOKOB MaTepurii N3 MaTPUUHbBIX IIPOCTPAHCTB OKa3bl-
BaeT BIUSHUE MEPHOCTb 30HbI CMBIKAHUS JBYX MATPUUYHbBIX IIPOCTPAHCTB.
EcTecTBeHHO, 5Ta MEPHOCTb HE MOXKET ObITh TAPMOHUYHOM C TUIIOM MEPHO-
CTU KaXXKI0ro U3 MaTPUUYHBIX IPOCTPAHCTB, HO OHA MOXET ObITh Oos1ee OIK-
3KOM K TUITY MEPHOCTU OJJHOT'O WJIX Apyroro Turma. Jpyrumu cioBaMu, BO3HU-
KaeT nepenajg MEPHOCTU B MATPUYHBIX IIPOCTPAHCTBAX B 30HE CMBIKAHUS, pa3-
JIMYHBINA U151 KaXXI0I0 M3 MAaTPUYHBIX IIPOCTPAHCTB.

|IL’1 - Lig| < |L’2 - Ly (2.3.1)

A Takke, MMeeT 3HaueHMe 3HaK 3TOro mneperaga — IOJIOXUTEIbHbBIN
WJIM OTpULAaTeabHbIN. OTpULIaTeIbHBIN TTepernaa o3HavaeT 0oJiee Oaronpu-
SITHBIC YCJIOBUSI JJISI BRITEKAHUS MaTepUii U3 JaHHOTO MAaTPUYHOTO IMPOCTPaH-
CTBa.

3) K kakoMy TUITy KBAaHTOBAaHMS MEPHOCTH MAaTPUYHBIX IIPOCTPAHCTB
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OKAa3bIBAECTCS OJIMXKE MEPHOCTb 30HBI CMBIKAHWSI 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 OBITh OJTVKE K TUITY MepHOCTH L1 mum
L’2. IIpu aTOM, ecinu pa3inuuure B MEPHOCTH, YCJIOBHO AL’12, a KO3dPULIMEHT
KBAaHTOBAHUS Y1 U HPOUCXOIUT pacnaa MaTepuii ThIia MepHocTu Ls.

|L’z-ay4|—=>0
Ecinu:
|L’iz-by =20

[Mpoucxomut pacman Marepuit Tuiia MmepHoctu L’1. Ecimu: (AL’12 - b y¢2)
< 0, mpoucxoauT CUHTE3 MaTepuii Thiia MepHoCcTH L’2. 1 COOTBETCTBEHHO,
HaoOopor, ecnn: (AL’12 - a y*1) < 0, MPOUCXOAUT CUHTE3 MaTepuii TUMa
MepHocTH L’1.

Ine: a mb — oGo3HavaeT, Kakoe KOJIUYECTBO pa3 KOIMPUIIMEHT Yi «I10-
MeIaeTcsl» B 30He JeopMaliii MEPHOCTH MPOCTPAHCTBA.

Jpyrumu cjioBaMu, B 30HE CMbIKaHMSI MOXET BOSHUKHYTb CUHTE3 (hOpM
MaTepuil KaKoro-HuOyIb M3 IBYX TUIIOB MEPHOCTEW MaTPUYHBIX IPO-
CTPaHCTB, 3a CUET paclleIIeHUsT MaTepuil apyroro tuma. [1pu aToM cuHTe3e
MOXKET MOIJIOIIAThCI MaTepus IMTPOMEXKYTOYHOTO TUIIA MEPHOCTH Y BbIJIEIIS -
eTCS MaTepyst MPOMEXKYTOUHOTO TUIIA, YTO, B CBOIO OUEPE/ib, BHI3BIBACT HEY-
CTOMYMBOCTDb B MATPUYHOM IIPOCTPAHCTBE C TUTIOM KBAaHTOBAHMSI MEPHOCTH
Y1 WIM Y2, B 3aBUCMMOCTH OT HallpaBJIeHUs epeTeKaHust MmaTepuii. He npaBna
JI, OYEeHb HAITTOMUHAET, 110 CBOEH MTPUPOJE, IK30TePMUUECKIE U DHIOTEPMU-
YyecKHe peakiMy Ha YypOBHE MUKPOKOCMOCA, ITPY KOTOPBIX WJIX TTOTJIOIIAJIOCH,
WJIM BBIJIEJISIIIOCH TETUIO M3 OKPYKAIOIIEH CPEIbI.

BepHéMcd K mpolieccaM, IIPOUCXOASIIMM B 30HE CMBIKAHMSI IBYX MaTpU-
YHBIX IPOCTPAHCTB. B 3aBUCHMMOCTH OT TOTO, KaK B3aMMOACIHCTBYIOT ITIEpPEeYm -
CJICHHBIEC BBILIE TPU YCJIOBUS, B 30HE CMBIKAHUS JIBYX MaTPUYHBIX ITPO-
CTPAHCTB MOXET BO3HMKHYTh 30Ha CMHTE3a MaTEepUii TaHHOTO THUIIA, WJIU
30Ha pacrajga 3Tux Marepuii. B omHOM ciyyae BO3HMKAET LIEHTp 00pa3oBaHUs
IIPOCTPAHCTB-BCEJIEHHBIX C JaHHBIM TUIIOM KBAaHTOBAaHUSI MEPHOCTU IIPO-
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CTpaHCTBa, cynepaHajor 3Be3anl (Puc. 2.3.1). B apyrom ciydae, BO3HUMKAET
LIEHTP paclaja MpOCTPAHCTB-BCEJECHHBIX C JAHHBIM TUIIOM KBaHTOBaHUSI
MEPHOCTHU MPOCTPAHCTBA (CyIIEp aHAJIOT «4EPHOM AbIPhI»). [1pu 3TOM, CMHTE-
3MpOBaHHbIE (POPMBI MATEPUIL JAHHOTO THUIIA KBAHTOBAHMSI MEPHOCTU HA4YM -
HaIOT CKAIUIMBAThCS B 30HE CMbIKAHUSI MATPUYHBIX MPOCTPAHCTB, U €CJIU
Macca BhITEKAIOIIMX U3 30Hbl CMBIKAHWSI MAaTepUiA MEHbIIIE MACChl CUHTE3M-
pyeMbIX MaTepuii, B 3TOM 30HE BO3HMUKAET N30bITOYHASI KOHLIEHTPALIMS MaTe-
PUU B 30HE CMBIKaHUMSI MATPUYHBIX ITPOCTpaHCTB. Co BpeMeHeM, U30bITOUHAs
KOHLIGHTpALMsI CTAHOBUTCS KPUTUYECKOU M HAUYMHAET MelIaTh BTEKAHUIO
MaTepUIii B 3Ty 30HY, UTO MPUBOAUT K BOBHUKHOBEHUIO HEYCTOMUYMBOCTHU MEp-
HOCTHM 3TOM 30HHBI. [Tporcxoaut cynepB3phIB, IIPU KOTOPOM, U30bITOK CUHTE-
3UpyeMbIX (POpPM MaTepurii BHIOPAChIBAETCS U3 30HBI CMBIKAHUS, U, TIPU 3TOM,
BO3HUKAIOT KOJIeOaHMsI MEPHOCTHU BHYTPU KaxKJIOI'0 U3 MAaTPUUYHBIX MPO-
crpaHcTB (Puc. 2.3.2). B aTuX 30Hax BHYTpeHHEro KojiebaHusi MEpHOCTHU
MaTPUYHOIO MPOCTPAHCTBA HAYMHAETCS IIPOLECC 00pa30BaHUS ITPOCTPAHCTB-
BCEJICHHbIX, 13 KOTOPBIX (POPMUPYIOTCS CUCTEMbBI IIPOCTPAHCTB-BCEJIEHHBIX
(MeTaBceJIeHHbIE) B 30HaX BHYTPEHHETro KoJjiebaHMsI MEPHOCTU IMPOCTPAHCTBA
(Puc. 2.3.3). EctecTBeHHO, aMIIMTYAa BHYTPEHHEro Kojae0aHUsI MEPHOCTH
MaTPUYHOTIO IMMPOCTPAHCTBA YBEIUUYMBAETCS C yIAJIEHUEM OT 30HbI CMBIKAHUS
MaTPUYHBIX ITPOCTPAHCTB. A 3TO MPUBOAUT K TOMY, YTO B 3TUX 30HAX MOTYT
CJINThCS BOEAMHO pa3HOE KOJIMUYeCcTBO (POpM MaTepuit JaHHOro Turma. I1pu-
yéM, YeM Jajiblle OT LEHTPA 30HbI CMbIKAHUSI MATPUUHBIX ITIPOCTPAHCTB, TEM
OosbIIEE KOJIUYECTBO (hOPM MaTEPUIL MOTYT CIIUTHCS M 00Pa30BaTh BEIIECTBO
(Puc. 2.3.4).

ChnuBliuecs: BoeauHO aBe (GopMbl MaTepuii, B IIEPBOM 30HE OT LICHTpA,
00pa3yloT METAaBCEJICHHYIO 13 OJJHOTO MPOCTPAHCTBA-BCEICHHOM. Tpu cnuB-
muecs popMbl MaTepuit GOPMUPYIOT B CAEAYIONIEH 30HE METABCEJICHHYIO U3
TPEX MPOCTPAHCTB-BCeNAeHHBIX. [Ipy canmssHUM deThIpEX (POpM MaTepuid,
oOpa3yeTcsl MeTaBCeJIEHHAas1 U3 CEMU MPOCTPaHCTB-BCceJIeHHBbIX. CausHue
51T, COOTBETCTBEHHO, JAET ABaALIATh MMSATh. CAUsSTHUE 1IECTU — IIECThACCT
miectb. Ilpu caussHUM ceMu — CTO AeBATHAALATh, BOCBMU — JIBECTU COPOK
LIECTh, JIEBSITU — YEThIpeCTa MSATHAECST AEeBITh MPOCTPAHCTB-BCEICHHBIX,
(opMUpPYIOLIMX METAaBCEJIEHHYIO, B COOTBETCTBYIOILICH 30HE BHYTPEHHETO
KOJIeOaHMSI MEPHOCTU JAHHOTO MaTPUYHOTO ITpOCcTpaHCcTBa. KoamuecTBo BO-
3MOXHBIX ITPOCTPAHCTB-BCEIEHHBIX, BXOASIINX B METABCEJIEHHYIO, OMpe/e-
JisieTcs: o popMyJie KoJMdecTBa KOMOMHALIMI U3 MaTepuii, KOTopbie odpa -
3YIOT BEILIECTBO MPOCTPAaHCTB-BcesieHHbIX (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 KBAHTOBAHUS Yi, KOTOPbIE 00pa3yIoT Mpo-
CTpaHCTBa-BCeJICHHbIE B JAaHHOI 30He BHYTPEHHET0 Kojie0aHMsI MEPHOCTHU Ma-
TPUYHOTO IPOCTpaHCcTBa. Yallle Bcero KoamuecTBO MPOCTPAHCTB-BCEIEHHbIX,
00pa3ylolrX JaHHYI METaBCEJIEHHYIO, MEHbIlIe MakcumajabHoro. M, yem
Jayibliie OT LEHTPa 30HbI CMbIKAHUSI MAaTPUUYHBIX IPOCTPAHCTB, TeM OOJIbILIE
OTJIMUME MEXIYy BO3MOXHBIM U peaJlbHBIM KOJMYECTBOM HPOCTPAHCTB-
BCEJICHHBIX, 00pa3yollIMX JaHHYIO MeTaBceJIeHHY10. YeM aanbliie OT LIeHTpa,
TeM 0oJibllle «CBOOOAHBIX MecT». JleJio B TOM, YTO YCJIOBUSI KBAHTOBaHUSI
MEPHOCTH JJaHHOI 30HbI KOJIEOAHUSI MEPHOCTU SIBJISIFOTCS JIUILb HEOOXOA -
MbIMM YCJIOBUSIMU 1J1s1 00pa30BaHUSI IIPOCTPAHCTB-BCEIEHHBIX. [loCTaTOYHBIM
9TO YCJIOBME CTAHOBUTCS TOJBKO TOIJA, KOrJa B 3Ty 30HY BHYTPEHHETO
KOJie0aHUsI MEPHOCTU MAaTPUUYHOTO MPOCTPAHCTBA IOIAagaeT HeoOxoaumas
Macca MaTepuil JJIs CUHTEe3a 3TUX MPOCTPAHCTB-BCEJIEHHBIX. XOTS Macca
MaTepUii, «BLIOPOILIEHHBIX» M3 30HbI CMBIKAHWSI MATPUYHBIX TPOCTPAHCTB BO
BpeMsI CBEpXB3pbIBa, OIPOMHAs, HO BCEIa KOHEYHas BeJIMYMHA. DTOI MacChl
XBaTaeT 151 00pa30BaHMsI KOHEYHOIO YKMcJia MPOCTpaHCTB-BeesieHHBIX. [Tociie
CyInepB3pbiBa 30Ha CMBIKAHUSI MAaTPUYHBIX ITPOCTPAHCTB YMEHbBILIAETCS, YTO
MPUBOJAUT K YMEHbIICHUIO Macchl npuxoasdieir Matepun. Co BpeMeHeM,
3TOT MPOLIECC MPUXOAUT K HEKOTOPOMY, OMNpeac€HHOMY, O0alaHCHOMY
ypOBHIO. B pe3ynbrate cBepXxB3pbiBa, 00pa3yeTcsl CUCTEMA METAaBCEJICHHBIX,
KOTOPYIO YCJIOBHO Ha30BEM CYIIEPIPOCTPAHCTBO MEPBOTO MOpsiiKa, KOTOPOe
oOpasyeTcs climsiHueM neBsaTu ¢popM marepuii (Puc. 2.3.6).

Crnenyer OTMETUTDh, YTO BO3HUKIIIKME B 30HAX BHYTPEHHETO KojieOaHUs
MEPHOCTHU MaTPUYHOTO MPOCTPAHCTBA METABCEJIEHHBIE CaMU OKa3bIBalOT
BJAMSIHME HAa MEPHOCTb OKpPYXKAIIIEero MX MaTPUYHOTO MPOCTPAHCTBA.
MckpuBieHue, BO3HUKAIOIIEE ITPY CMBIKAHWM JBYX MAaTPUYHBIX IIPOCTPAHCTB,
HEOJMHAKOBO B pa3HbIX HaMlpaBJIeHUsIX. A 3TO 03HaYaeT HEKOTOPOE OTJINYKE,
KakK (QOpMbI, TaK M1 KQUYECTBEHHOI'O COCTaBa BO3ZHUKAIOIIMX B 3TUX 30HAX Me-
TaBCeJICHHbIX. TakKuM 00pa3oM, BO3HMKAET HEPaBHOMEPHOE pacHpeaeIeHUe
MaTepuil B pa3HbIX HAIIPABJIEHUSIX. DTO, B CBOIO OUepe/lb, IPUBOIUT K pa3Ivy-
HOI CTENeHN BTOPUYHOTO BAMUSIHUSI HA MEPHOCTh MAaTPUYHOTIO ITPOCTPaHCTBA
BO3HMKAIIIMMU MeTaBCEJIEHHBIMHU B COOTBETCTBYIOIIMX 30Hax. MckpuBIe -
HH€E, BO3HUKAlIoIllee B MOMEHT CBEPXB3pbIBa MMEET U pa3HbIil 3HAK IO OCH,
MPOXOJsIIIEi Yepe3 30Hy CMBIKAHUSI MATPUUHBIX TPOCTpaHCTB. [ToaTOMY, BO -
3HUKAIOIIYE B 3TUX BHYTPEHHMX 30HAX MUCKPUBJICHUSI MAaTPUYHOTO MPO-
CTPaHCTBA METABCEJIEHHbIC, BbI3bIBAIOT BTOPUUYHOE UCKPUBJICHUE MEPHOCTHU
BO BCTPEUYHBIX HAIlpaBJICHUSIX, MapasljIeIbHO BCE TOM Ke OCU, IMPOXOISIIEeH ue-
pe3 30HY CMBIKAHHMSI MAaTPUUYHBIX TPOCTPAHCTB. DTO BCTPEUHOE NpOorudaHume
C IBYX CTOPOH, IO Mepe 00pa30BaHUsI METaBCEJIEHHBIX, TPUBOAUT K CMbIKA -
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HUIO BTOPUYHOTO MCKPUBJICHUS MAaTPUUYHOTO TIPOCTPAHCTBA B 30HE OajaH-
CHOI MEpHOCTH MaTPUYHOTO IIPOCTPAHCTBA, KOTOpas ObIjIa JO CBEPXB3PhIBA.

TakuMm 00pa3oM, B pe3ysIbTaTe SBOJIIOLIMU ONTMCAHHbBIX BBIIIIE ITPOIIECCOB,
BO3HUKAET 3aMKHYTasI CICTEMa METaBCEJIEHHBIX — CYIIEPIIPOCTPAHCTBO MEP-
BOTO TTopsiaka. B HalmeM MaTpMYHOM MPOCTPAHCTBE BCTPEUHOE CMBIKaHME,
BO3HUKIIIEE BCJICACTBME BIUSTHUS METaBCEJICHHBIX HA MEPHOCTh MAaTPUYHOTO
MIPOCTPAHCTBA, BOBHUKAET B METaBCEJICHHBIX 00pa30BaHHBIX AEBATHIO (DOpMa-
MM MaTepuii. CynepIpoCcTpaHCTBO IPU 3TOM CMBIKAETCS, KaK CTBOPKHU PaKo-
BUHBI MoJuTiocka. [lepeTekaroniye yepe3 30Hy CMBIKAHUS MaTPUYHBIX ITPO-
CTpaHCTB (POPMBI MaTEpUU, HE UMEIOT OYePEIHOM 30HBI UICKPUBJICHUS MEP-
HOCTU MaTPHUYHOTO ITPOCTPAHCTBA, B KOTOPOI OHU MOTJIM ObI CIUThCS. Takue
30HbI BO3HUKAIOT JIMIIIb B CjIyyae, KOraa JABe 30HbI CMBIKAHUS MaTPUYHBIX
MIPOCTPAHCTB OJHOTO 3HAaKa BO3HUKAIOT OTHOCUTEILHO «HEIAJIeKO» IPYT OT
npyra. [Tpy aTom, 00pa3yroTcst BCTpeYHbIE BOJIHBI BHYTPEHHETO UCKPUBJICHUS
MEPHOCTH MaTPUYHOTO IPOCTPAHCTBA, ITPU Pe30HAHCE KOTOPHIX, BOSHUKAIOT
JTOTIOTHUTEIbHBIE 30HbI BHYTPEHHETO UCKPUBJICHUS MEPHOCTH MaTPUIHOTO
MpoCTpaHCcTBa. B 3THX 30Hax o0pa3yloTcs MeTaBceIeHHbIE, BO3HUKIINE TTPU
CIUSTHUM JecaTh (popM MaTepuii, KOTOPBIE, B CBOIO OUYepeb, BHOBb BHI3bIBAIOT
BCTPEUYHOE CMBbIKAHME 3TUX METaBCEJICHHBIX, KaK CJEACTBUE BIUSHUS DTUX
MEeTaBCEeJICHHBIX Ha MEPHOCTb MAaTPUYHOI'O IIPOCTPAHCTBA B KOTOPOM OHU
HaxonaTcs. O0pa3yeTcsl CynepIrpoCTpaHCTBO BTOPOTO MOPSIAKA U3 JECITU
dopm matepuii (Puc. 2.3.7).

[Tpu 3TOM, CMBIKaHHME METaBCEJICHHBIX CYTIEPIIPOCTPAHCTBA BTOPOTO I10-
psiiKa TIPOUCXOIUT Ha APYroM OajJaHCHOM YPOBHE MEPHOCTU MaTPUYHOTO
MIPOCTPAHCTBA, HEXEJIM YPOBEHb CMBIKAHUS CYNEpPIPOCTPAHCTBA MEPBOTO
ropsiiKka. DTO CBSI3aHO C Pa3IMYHON CTENEHbIO BIAMSIHUSI METaBCEJICHHBIX,
00pa30BaHHBIX JECATHIO M JIEBATHIO (popMaMM MaTepuii Ha MEPHOCTh Ma-
TPUYHOTO ITPOCTpaHCTBA. 711 BO3MOXHOCTH 00pa30BaHMSI METaBCEJICHHBIX U3
oIVMHHAAIATA (popM MaTepuii, HEOOXOIMMO, YTOOBI TPU CYIIePITPOCTPaHCTBA
BTOPOTO MOPsIIKA HAXOAWIMCH APYT OT Apyra Ha pacCTOSIHUM, He OoJiee CO0-
cTBeHHOTO pa3mepa. [1pu 3ToM, BO3HMKAIOT TpY BCTPEUHbIE BOJHBI BHYTPEH-
HETO MCKPUBJIEHUS MAaTPUYHOTO MPOCTPAHCTBA, KOTOPHIE, IIPU PE30HAHCE,
CO3/1aI0T JIOTIOJTHUTEIbHBIE 30HBI UCKpUBJICHUS. B 3THX 30HaX TpoOMCXOaUT
CHHTE3 METaBCEJICHHBIX M3 ONMHHAALATh opM MaTepuii. BHOBb BO3HMKAET
BCTPEUYHOE CMBIKaHME METaBCEJICHHBIX, HO YK€ Ha IpyroM OaJlaHCHOM YPOBHE
MaTpUIHOTro TpocTpaHcTBa. OOpas3yeTcsd 3aMKHYTast MPOCTPaHCTBEHHAs
cUCTEMA — CYIIEPIIPOCTPAHCTBO TpeThero nopsiaka (Puc. 2.3.8).

AHaJOTMYHO — JJIST BO3MOXKHOCTHU CIAMSHUS IBeHAIIaTh (pOpM MaTepuid,
HEO0O0XOJMMO, YTOOBI OBLIO YEThIPE BCTPEUHbIE BOJHBI BHYTPEHHETO UCKPH -
BJICHUSI MAaTPUYHOTO MIPOCTPAHCTBA, KOTOPHIE, B P€30HAHCHBIX 30HaX, CO3/1a-
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10T YCJIOBUS JJ1s1 0Opa30BaHUsI METaBCEJICHHbBIX U3 ABEHAALaTU (DOPM MaTe-
puii. [1pu 3TOM, BHOBb BOBHMKAET BCTPEYHOE CMbIKAHME Ha APYroM OayiaH-
CHOM YPOBHE MEPHOCTH MaTPUYHOTO IMPOCTPAHCTBA U 0Opa3yeTcsl HOBasl,
OYEHb YCTOMYMBAsI, CUCTEMA METABCEJIEHHBIX — CYNEPIIPOCTPAHCTBO YETBEP-
toro nopsiaka (Puc. 2.3.9).

[T cynepnpoCTpaHCTB Y€TBEPTOTO MOPSIIKA, OJHO U3 KOTOPbIX HAXO-
JUTCS HA OTJIMYHOM OT IPYTUX IMIPOCTPAHCTBEHHOM YPOBHE, CO3JaI0T YCIOBUS
JIJ1s1 0Opa30BaHMS METaBCEJICHHBIX U3 TpUHaALUATU popM MaTtepuii. BosHukaeT
BCTPEYHOE CMBIKAHUE, IPU KOTOPOM O0pa3yeTCs CUCTEMAa METABCEICHHBIX,
KOTOpasl CTOJIb CUJIBHO BJIMSIET HAa MEPHOCTb MATPUYHOTO IMTPOCTPAHCTBA, YTO
BO3HMKAET ouepeaHas CUCTEMa METaBCEJIEHHBIX, IO CBOEI CTPYKTYPE TOXIE-
CTBEHHAas CyIepIpPOCTPAHCTBY YETBEPTOIrO MOPsIAKA, HO yxKe oOpa3oBaHHas
JBeHaALaTbio popMaMu MaTepuid. JIBe 3TU CUCTEMBI CO3JaI0T YCIOBUS IJIsI
00pa30BaHMU CJIECAYIOIIE CUCTEMBI METABCEJIEHHBIX BAOJb OOIIEH OCU, HO
yXe U3 OJMHHAALUATU (POpM MaTepuii. YMEHbIIEHUE KoJarudecTBa POopM Ma-
Tepuii, 00pa3yOIIMX KaXA0€e NOCIeayIollee MPOCTPAaHCTBEHHOE 00pa30BaHue
CBSI3aHO C TEM, YTO YPOBEHb CMbIKAHMSI METABCEJIEHHBIX MEHSIET CBOM 3HAK.
Jpyrumu cjioBaMu, UICKPUBJIEHUE MEPHOCTU MAaTPUYHOIO MPOCTPAHCTBA HE
yBeJnuuBaeTcs, a yMeHbiaercs (Puc. 2.3.10).

DBOJTIOLIMS 3TOrO MpoLecca MPUBOAUT K OCJIeN0BAaTEIbHOMY 00pa30Ba-
HUIO BAOJIb OOILIEN OCH CUCTEM MeTaBceeHHbIX. KomnyecTBo MaTepuii, oOpa-
3YIOLIUX MX, IIPA 3TOM, TIOCTEIIEHHO BbIpOXKaaeTcs 10 AByX. Ha KoH11ax aToro
«J1y4a» o0pa3yroTcsl 30HBI TIe YK€ HU OJJHA MaTepusl JaHHOTO TUIIa HE MOXKET
CJIMTBCS C APYTOM WJIN APYTMMM, 00pa30BaTh METaBCEJICHHBbIE. B 5THX 30HaxX
BO3HUMKAET «IIPOJIaBJIMBaHUE» HALLIErO MATPUYHOIO IPOCTPAHCTBA U BO3HU -
KalOT 30HBI CMBIKAHUSI C IPYTUM MaTPUYHBIM IpocTpaHcTBOM. [Ipu aTOM, BO-
3MOXKHO BHOBb JIBa BapyMaHTa CMbIKaHUSI MAaTPUYHBIX ITPOCTPAHCTB. B nmepBom
cJiyyae, CMbIKaHUE IMTPOUCXOAUT ¢ MATPUYHBIM MPOCTPAHCTBOM C OOJIBIINM
K023(pHULMEHTOM KBAaHTOBAHUSI MEPHOCTU IIPOCTPAHCTBA U, Yepe3 JaHHYIO
30HY CMBIKAHWSI, MOTYT IIPUTEKATh U PACIICIUISIThCSI MAaTEPUU JIPYroro mMa-
TPUYHOIO MPOCTPAHCTBA U BO3HUKHET CMHTE3 MaTepuil Hauiero tuna. Bo
BTOPOM CJiydyae, CMbIKaHWE IIPOUCXOAUT C MAaTPUYHBIM IPOCTPAHCTBOM C
MEHBIIMM KO3(PPULIMEHTOM KBAaHTOBAaHMSI MEPHOCTHU IMMPOCTPAHCTBA — Yepes
JAaHHYIO 30HY CMbBIKaHMSI, MaTepUM Halllero MaTPUYHOIO MPOCTPAaHCTBA Ha -
YHYT IepeTeKaTh U paclleIIAThCS B APYTOM MaTpUYHOM ITPpOCTpaHCTBeE. B of1-
HOM cJTydyae BO3HUKAET aHAJIOT 3Be3/bl CylIepMacIlITaboB, B APYTOM — aHAJIOT
«4EPHOU ABIPbl» AHAJOTUYHBIX TA0APUTOB. DTO OTJIMYME BAPUAHTOB CMbIKA -
HUSI MATPUYHBIX ITPOCTPAHCTB OUYEHb BaxKHO /11 TOHMMaHWSI BOBHUKHOBEHUS
JIByX TUIIOB CYIEPIPOCTPAHCTB LIECTOIO NOPsIAKA — LIECTUIyYeBMUKA U aHTU -
mecTuiaydyeBuka. [ IpyHIMaabHOE OTANMYME KOTOPBIX 3aKJIF0UAETCS JIMIID B
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HaIlpaBJeHUU NepeTeKaHusl MaTepuii. B oqHOM cilyyae, MaTepuu U3 Apyroro
MaTPUYHOTIO IPOCTPAHCTBA ITPUTEKAIOT UYepe3 LICHTPAIbHYIO 30HY CMbIKAHUS
MaTPUYHBIX MPOCTPAHCTB 1 BHITEKAIOT U3 HAILIETO MAaTPUYHOTIO IIPOCTPAHCTBA
yepe3 30HbI Ha KOHLIAX «JTydeli». B aHTuIlIecTUIydYeBUKEe MaTepUM TTepeTeKaloT
B NPOTUBOIIOJOXHOM HampaBjaeHUU. MaTepuu M3 Hallero MaTPUUYHOIO
MIPOCTPAHCTBA BBITEKAIOT Yepe3 LIEHTPAJIbHYIO 30HY, a MAaTEPUM U3 IPYTrOro
MaTPUYHOIO NPOCTPAHCTBA BTEKAIOT Uepe3 «JIydyeBble» 30HbI CMbIKaHUS. YTO
K€ KacaeTcs LeCTUIy4eBrKa, TO OH 00pa3yeTcsl CMbIKAHUEM ILIECTU aHaJIO0-
T'MUYHBIX «JIy4eil» B OQHON LIeHTpaabHOM 30He. [Tpu 3TOM, BOKPYT LIeHTpa BO-
3HUKAIOT 30HbI UCKPUBJIEHUSI MEPHOCTU MaTPUUYHOIO IPOCTPAHCTBA, B
KOTOPBIX 00pa3yloTcsl MeTaBCeJIeHHbIE M3 YEeThIpHaALIATU (POPM MaTEpuid,
KOTOpPhIE, B CBOIO OYe€peb, CMBIKAIOTCSI U 00pa3yloT 3aMKHYTYIO CUCTEMY
METaBCEJIEHHBIX, KOTOpasi OObeAUHSET LIECTh JIyYeil B OMHY OOLIYIO CUCTEMY
— mectuiaydeBuk (Puc. 2.3.11).

[Ipny€m, KOIMYECTBO «Iydyel» OIIPEHENsIeTCS TeM, YTO B HalleM
MaTPUYHOM MPOCTPAHCTBE MOTYT CJIUTHCS, IPU 00pa30BaHMUM, MAKCUMAJIbHO,
yeTbIpHaALaTh (GopM MaTepuil gaHHoro Ttumna. [Ipy 3ToM, MEpHOCTH
BO3HUKIIEro o0beAMHEHUsI MeTaBCceJeHHbIX paBHA © (w = 3,14...). Ora
COBOKYITHasi MEpHOCTb 0Jin3Ka K TpéM. UMEHHO MOATOMY BO3HUKAET LIECTh
«JIydeil», UMEHHO MMO3TOMY TOBOPST O TPEX UBMEPEHUSIX U T.1...

TakuMm o0Opa3zom, B pe3yJibTaTe MOCIEeA0BATEIBHOTO0 (hOPMUPOBAHUSI
MPOCTPAHCTBEHHBIX  CTPYKTYp, oOOpa3yeTrcd OajaHcHasg  cucTeMa
pacripeeeHuss MaTepuidi MeXay HallMM MaTpUYHBIM MNPOCTPAHCTBOM U
npyrumu. [1ocne 3aBepuieHust popmupoBanus llectunydyeBuka, ycToiumBoe
COCTOSTHME KOTOPOTO BO3MOXKHO TOJIBKO JIUIIB ITPU TOXIECTBE MEXITY MAaCCOM
MPUTEKAIOIIMX U BHITEKAIOIIUX U3 HETO MaTepUii:

| Ndami =6 || nOdmdi (2.3.4)

rie:

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

N — «Iy4eBBIe» 30HBI CMBIKAHUS C IPYTUM MATPUUYHBIM IPOCTPaH-
CTBOM, U€pe3 KOTOPOE MaTepUM BBITEKAIOT M3 HaIlero MaTpUYHOIO MpPO-
CTPAHCTBA;

i — yncio popM maTepuii, 00pa3yoLINX IECTUIYYEBUK;

mi — Macca MaTepuil.

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

Kaxk BugHO 13 3T0i (hopMYyJIbl, 3aKOHBI COXpaHEHUSI MaTepUM HEe Hapy-
IIAIOTCS HA JIIOOOM YPOBHE IIPOCTPAHCTBEHHBIX 00pa3oBaHUil. OT MUKPOKO-
CcMoOca JI0 MAKpPOKOCMOCa OHU — o01111e. ETMHCTBO 3aKOHOB KOTOPbIX CJIEIYET,
XOT$1 Obl yXX€ M3 TOro, YTO MUKPOKOCMOC SIBJISIETCSI CTPYKTYPHOI 0a3oid
MaKpOKOCMOCA. Y aHTUILLIECTUIYYEBUKA LMPKYJISLIS MAaTEpUU UAET B 00paT-
HOM HallpaBJIEHMU, OT I'PaHULI 3TOTO CYNepHpOCTPaHCTBA K ero LHeHTpy. [Tpu-
4yéM, UCKPHMBJICHNE MAaTPUUYHOIO IPOCTPAHCTBAa — MAKCUMAJIbHO B TPAHUYHbBIX
00JIaCTSIX 1 MUHAMAJIBHO B LIEHTPE 3TOTO NPOCTPAHCTBEHHOIO 00Opa30BaHUSI
(Puc. 2.3.12). YcinoBueM YCTOMUMBOIO COCTOSIHMSI aHTUIIECTUIIyUeBUKA
SIBJISIETCSI TApMOHUSI MEXKy BBITEKAIOLIMMU MaTepUSIMU Uyepe3 LIEHTPAJIbHYIO
30HY CMbIKAHUSI MATPUYHBIX IPOCTPAHCTB M CUHTE3UPYEMbBIMU B IPAHUYHBIX
30HAX CMbIKaHUsl (BHEIIHMX) MaTepUsSIMU JAHHOI'O TUIlIa KBAaHTOBaHMUS
MEPHOCTHU. DTOT OajlaHC MOXHO OITMCaTh TOXASCTBOM BUIA:

| NCamai=6 || n®dmidi (2.3.6)

rae:

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

N — KpaeBble 30HBI CMBIKAHUS MAaTPUYHOTO ITPOCTPAHCTBA, Yepe3 KO -
TOpbIE MAaTEPUU IIPUTEKAIOT B HAllle MATPUYHOE ITPOCTPAHCTBO;

m; — Macca MaTepUU JaHHOTO BUJA.

ToxnecTBo (2.3.6) MOXXHO nepenucaTh B 6osiee yI0OHOM JIsT TIOHUMAaHMUS
BUJIE:

I Noamai- 6 ] nPdmidi = 0 (2.3.7)

EctrecTBeHHO, TaKMX CYIIEpPIPOCTPAHCTB B HAILLIEM MaTPUYHOM IPOCTPaH-
ctBe MHOTO. OHUM CO37al0T, KaK ObI, Y3JIbl B MATPUYHOM IIPOCTPAHCTBE U
SIBJISIIOTCS «aTOMaMM1» B HEM. M1 BHOBB CTPYKTYpa MaKpOKOCMOCA aHAJIOTUYHA
CTPYKTYp€ MUKPOKOCMOCA. DTO — €llI€ OAHO MOATBEPKIACHUE UX €ANHCTBA.
YcioBueM GalaHCHOM YCTOMYMBOCTM HaIllero MaTPUYHOTO MPOCTPAHCTBA
SIBJISIETCS OaJlaHC MeXIy CUHTE3UpPYyeMOii B MAaTPUYHOM IIPOCTPAHCTBE MaTe-
puel U MaTepueil BBITEKAIOIIEl 4Yepe3 30Hbl CMbIKAHUWS MaTpPUYHBIX
IIPOCTPAHCTB. DTO YCIOBUE MOXHO 3aIIMCaTh 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 aHTUILIECTUITYYEBUKOB;

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 HAIIEro MaTPUYHOIO IIPOCTPAHCTBA;

N — JIy4eBble 30HBI CMBIKAHUS ¢ APYTUMU MAaTPUUYHBIMU IIPOCTPAHCTBA-
MU, Yepe3 KOTOPbIE MaTepUM BBITEKAIOT M3 HAILIETO MAaTPUYHOTO MPOCTPaAH-
CTBa;

N — morpaHWYHBIC 30HBI CMBIKAHUS C APYTUMU MAaTPUYHBIMU IIPO-
CTpaHCTBAMM 4Yepe3 KOTOPbIE MAaTEPUM IIPUTEKAIOT B HAIIIE MAaTPUYHOE TTPO-
CTPaHCTBO;

i — uncio popMm maTepuii;

m — Macca MaTepuid.

AHanmn3upys Toxaectsa (2.2.4, 2.3.6, 2.3.8), 1erko NpuiTH K BEIBOAY O
TOM, UTO OHU MOTYT OBbITh BBIIIOJTHUMBI TOJIBKO TP YCJIOBUSIX:

[”N(+)dmidi -6 Hn(')dmidi] =0

[”N(‘)dmidi -6 Hn(+)dmidi] =0 (2.3.9)

DTO TOXIECTBO OTPaXaeT 3aKOH COXPAHEHUsS MATEPUU U ONpPENesseT
BO3MOXHOCTb YCTOMYMBOIO COCTOSAHUSA BceenenHoil. M Oyner BbINOJTHUMO
TOJIBKO IIPU YCJIOBUM OajiaHCa MEXIYy NMPUTEKAIOLIENA U BBITEKAIOLIENH U3

Hallero MaTpUMYHOIO IIPOCTPAHCTBA MaTEpUU, 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, €CIIN:

ﬂN‘“dmdi - ]N(‘)dmidi =0



78 Huxodmnaii JIesamoB. «HeomHopoaHas BecenenHas»

Hn<‘>dmidi - Hn”)dmidi =0 (2.3.11)

WIN:
H [N®dmidi - NOdmidi] = 0

[ [n©dmidi - n'dmidi] = 0 (2.3.12)

NJIn:

H [NO-NOJdmidi= 0
[ tno- nodmai= 0 (23.13)

BrinmonHeHue aTux TOXKACCTB BO3MO2KHO TOJIBKO ITPU YCJIOBUAX, KOTAaA:

N(P =NO
n° = n® (2.3.14)

MaTtpHUYHBIX IPOCTPAHCTB MOKET ObITh HEOTPAHUYEHHOE YMCJI0, HO IJIS
OIpeneEHHOTO KO3 durIIMeHTa KBAHTOBAHUS IIPOCTPAHCTBA, Yi BO3MOXHO
TOJIBKO OJJTHO MaTpU4YHOE MPOCTPAHCTBO. M KayeCcTBeHHAasi CTPYKTypa 3TOrO
MaTPUYHOIO NPOCTPAHCTBA OMPEACISICTCS TUIIOM (POPM MaTEepUii U CTENIEHbIO
X 00paTHOro (BTOPMYHOIO) BJIMSIHKS Ha ITpocTpaHcTBa. IIpocTpancTBo Bim-
seT Ha MaTepuio, HO U MaTepHus BJMSAET HA MPOCTPAHCTBO. I3MEHEHME Kade-
CTBEHHOI'O COCTOSIHUS ITPOCTPAHCTBA, ITPOSIBISETCI B UBMEHEHUU KAYE€CTBEH-
HOTO COCTOSTHUS MaTepuru.

3MeHeHre KauyeCTBEHHOI0 COCTOSIHASL MATEPUM BJIMAET HA KA4YeCTBEHHOE
COCTOSIHME MPOCTPAHCTBA C 0OpAaTHBIM 3HAKOM. B pe3yiibraTre HAIMUMA MEXKITY
MPOCTPAHCTBOM U MaTepHeii 00paTHOI CBSI3M, NPOABIAIONIEICS B UX B3aMMHOM
BJMAHMU JPYr HA JAPYra, BOSHUKAET KOMIICHCAIIMOHHOE PAaBHOBECHE MEKIY
NMPOCTPAHCTBOM M MATEPHeil, HAXOAAIIENHCA B 9TOM IIPOCTPAHCTBE.

B pesysbrarte mposiBieHMS 3TOro KOMIEHCALMOHHOTO PABHOBECHS MEXITY
IIPOCTPAHCTBOM U MaTepHUEM, KAXKI0€ KOHKPETHOE MATPUYHOE MPOCTPAHCTBO C
32IaHHBIM KO3(D(PUIIIEHTOM KBAHTOBAHUSA MPOCTPAHCTBA i, SIBJISACTCS KOHEYHbIM,
KaK 10 pa3MepaM, TaK H 1o popmMam.
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2.4. IIpupona 38631 1 «4EPHBIX ABIP»

KBaHTOBaHMe MIPOCTPAaHCTB MO (popMaM MaTepuii ux odpasyolInx, co-
3MaE€T CUCTEMY ITPOCTPAHCTB, KaXKI0€ M3 KOTOPBHIX KAYECTBEHHO OTJIMYAETCS
oT apyrux. Kaxaelii c10ii-npocTpaHCTBO C MEPHOCTHIO Li B 3TOI cuctemMe
KayeCTBEHHO OTJIMYAETCS OT COCEAHMX Ha OAHY NEPBUUYHYIO (hOPMY MaTePUU.

CylecTByeT CJION-TIPOCTPAHCTBO € YpoBHEeM MepHOCTHU Li+1 = Li + yi u
MMEIOIIMI B CBOEM KaueCTBEHHOM COCTaBe Ha OAHY MEPBUYHYIO MaTEPUIO
OoJIbIIIE, U CYIIECTBYET CIOM-TIPOCTPAHCTBO ¢ YpOoBHEM MepHOCTH Li.i = Li -
Yi UMEIOIIUI B CBOEM KaueCTBEHHOM COCTaBe Ha OJHY IEPBUUHYIO MAaTePUIO
MEHBbIIIEe. DTO — TaK Ha3bIBaeMble, ITapajuieabHbie BceneHHBIE, KOTOphIE
MMEIOT pa3JIMYHYIO KAUeCTBEHHYIO CTPYKTYPY M ITO3TOMY HE MMEIOT IIPSIMOTO
KOHTaKTa Mexay coooii. Ho oHu, mpu BcéM 3TOM, UMEIOT, B CBOEH KaueCTBEH-
HOI CTPYKTYype, OOII1e KayecTBa — TO MJIM MHOE KOJIMYECTBO MEePBUYHBIX
MaTepuii, BXOISIINX B KAUECTBEHHBIN COCTaB KaXXmoi M3 3TuX BcelleHHBIX.
KauecTBeHHBII cOCTaB COCETHUX MPOCTPAHCTB-BCEICHHBIX OTINYACTCS
TOJIbKO Ha OAHY IMEePBUYHYIO MaTEepHI0 B MX KaYeCTBEHHOM COCTaBe U UX
MEPHOCTh — Ha BEJIMUYMHY KO3 PuIiIeHTa KBAHTOBAaHM S JaHHBIX IEPBUYHBIX
MaTepuil — i, U MeXX1y HUMU BO3HMKAET nepenag MEPHOCTH.

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

DTOT mepemnaj HalpaBJIEH OT IIPOCTPAHCTBA-BCEJIEHHOM ¢ OOJIbIIEH
MEPHOCTBIO K MPOCTPAHCTBY-BCEJIEHHOM ¢ MeHbliIeli. HampaBieHHOCTh 3TOTo
rneperana MMeeT IMPUHLUITMATBHYIO POJib, TaK KaK OMNpeaesieT IIPUPOIY PO -
KJIEHUS, DBOJIIOLMU Y TMOEIM 3BE3/1 B KaXKI0OM KOHKPETHOM IIPOCTPAHCTBE-
BCeJIeHHOI. IMEHHO 3TOT mepernan MepHOCTU 3a(pUKCUPOBaIU (PU3UKU U3
Pouectepckoro u Kansacckoro Yuusepcutetos CIIA?!, nokrop Jxxopmx
Honnana n nokrop JI>xoH PasictoH. Y «Hameit» BcelleHHOM AeiiCTBUTEILHO
€CTb «BepX» 1 «<HU3», TaK Xe, KaK U «BOCTOK» U «3amnaj». [IpocTtpaHCcTBO-BCe-
JIEHHas MOXeT ObITh 00pa30BaHO, KAK MUHMMYM, ABYMSI IEPBUYHBIMU MaTe-
pUsSIMU U, IPA 3TOM, OyJIeT UMETh MUHUMAJIbHYIO MEPHOCTh B JAHHOM Ma -
TPUYHOM IPOCTPaHCTBe. 3HAUEHWE MUHUMAJILHOW MEPHOCTH MaTPUYHOIO
MPOCTPaHCTBa oIpenessieTcss Ko3P@GUIMEeHTOM KBAaHTOBAaHUS MEPHOCTHU
MpOCTpaHCTBa JJ1s1 popM MaTepuii ero oopasyroumx. Kpome Toro, popmbl Ma-
TepUil, KBAHTYIOLMECS JaHHBIM KO3(PGULIMEHTOM KBAHTOBAHMSI IIPOCTPAH -
CTBa Yi, B CBOIO O4E€pEb, 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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npoiecce GopMUPOBAHUS MATPUUIHOTO IMTPOCTPAHCTBA, KOJUIYECTBO OJHO-
TUITHBIX TIEPBUYHBIX (DOPM MaTepril MOXKET ObITh OOJbIIIE, YeM MX YMCJIIO,
oOpasymliiee JaHHOe MaTpUYHOE MPOCTPaHCTBO. BropnyHoe BBIpOXKACHNE
IIPOCTPAHCTBA, BBI3BAHHOE BO3ACICTBMEM MaTEpUii HA IIPOCTPAHCTBO, B KO-
TOPOM OHU HAXOHSTCS, IBISIETCS OTPAaHUYNTEIEM BEpXHEN rpaHULIbI YMCiIa
(dopMm MaTepuii, «y4acTBYIOIIMX» B POPMUPOBAHMY MATPUUHOTO TIPOCTPaH-
cTBa. Takum 00pa3om, KaxK10e MATPHYHOE MPOCTPAHCTBO OTPAHMYEHO IO YHCITY
(¢bopm MarTepuii ero o0pa3yonmyx, KaK ¢ HA3Yy, TaK M cBepxy. UMeHHO B3anuMHOe
BJIMSTHUE MTPOCTPAHCTBA HA MAaTePHUIO U MaTEPUM Ha TIPOCTPAHCTBO, MPUBOIUT
K TOMY, UYTO KaXXKJ10€ KOHKPETHOE MTPOCTPaHCTBEHHOE 00pa30oBaHNe OrpaHuYe-
HO.

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

A Teniepb, gaBaiiTe pazdepEMcs, YTO MPOUCXOAUT Ha YPOBHE HaIlEro
IIPOCTPaHCTBa-BceJIeHHOM. Hallle mpocTpaHCTBO-BCeI€HHASI UMEET MEPHOCTh
paBHy1o L; = 3,00017. DTa MEpHOCTb MO3BOJISIET CIUTHLCS B €AUHOE LIEJI0E
ceMH (hpopMaM MaTEpUiA, KOTOpbIE U 00pa3yIOT BCE BELIECTBO Hallleid BeeteH-
HOIA. {J1s1 TOro, 4ToObl BO3HUKJIM YCJIOBUS IJIsI CIMSTHUSI OYepeTHOU (pOpMbI
MaTep1M HaILIeTo TUMa, HEOOXOAMMO U3MEHEHE MEPHOCTH, TaK Ha3bIBA€MO-
ro, MaTPMYHOTO MpocTpaHCTBa Ha BeanduHy y = 0,020203236. [Tporcxoaut
KBAaHTOBaHME MEPHOCTU MAaTPUUHOIO MIPOCTPAHCTBA, KaK B aTOMe — KBaHTO-
BaHUE 2JICKTPOHHBIX YPOBHEMN. [103TOMY, B IMCKPETHBIX 30HAX MAaTPUUYHOTO
MIPOCTPAHCTBA MPOUCXOAUT CUHTE3 BEILIECTBA U3 PA3HOTO KOJIMYECTBA MATE -
puii. MepHOCTb KaxJ10ro NpoCTpaHCTBa-BCEIEHHOW — HEOAHOPOAHA, UYTO U
MIPUBOIMUT K CMBIKAHUIO B 9TUX 30HAX HEOAHOPOIHOCTEM, ABYX IPOCTPAHCTB-
BCEJICHHbBIX C pa3HOI MEPHOCThIO. PaccMoTpuM Tpu OGvkaiiiinme mpocTpaH-
CTBa-BCEJICHHbBIE C MEPHOCTSIMU:

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

B 30Hax HEOTHOPOAHOCTU MEPHOCTH IIPOCTPAHCTBA ITPOMCXOIUT
CMBIKAHNE COCETHUX MPOCTPAHCTB-BCEJICHHBIX MeXK Iy coooii. [Tpu cMbIKaHnM
pocTpaHCcTB-BceJieHHbIX Ls 1 L7, Mexxny Humm oopasyercst kaHai. [1o atomy
KaHaJy MaTepuu U3 MPOCTPaHCTBAa-BCceJeHHON Ls HauMHAIOT nepeTekarTh B
MPOCTPaHCTBO-BceaeHHYI0 L. [Tpu aTOM, CylliecTByeT KaueCTBEHHOE OT/IMUME
BewiecTBa BecenenHoit ¢ 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 o0pa3yrolmnx MpoMCcXOIUT CUHTE3 BellleCTBa
MpoCTpaHCcTBa-BeesieHHOI ¢ Ly. JIpyrmMu ciioBaMu, BEIIeCTBO, 00pa30BaHHOE
BOCBbMbIO (DOpMaMu MaTepuii, pacragaeTcsl U CUHTE3UPYETCsI BEIIECTBO U3 Ce-
MU (hopM MaTepuii. 30Ha CMbIKaHUS 3TUX TPOCTPAHCTB UMEET MEPHOCTb, Jie-
Kalyio B MHTEpBaJe:

3,00017 < Lep. < 3,020373236

ITosTomy, ocBoOOXKIaroIIasicsl BocbMast hopMa MaTepuu TPOAOJIKAET
HaXOJIMThCS B 3TOM 30HE, OCTaBasiCb CBOOOIHOM, HeBOoCcTpeOBaHHOI. Co Bpe-
MEHEM, OHAa HAaKaIlJIMBAeTCs B 30HE CMBIKAHUSI U HAUMHAET BJIMSTh, B HEKO-
TOPBIX MpeaeiaX, HA MEPHOCTb 3TOM 30HbI. UTO MPUBOIUT K YBEJIMYECHUIO Ka-
HaJla MEeX]Iy IpOCTPaHCTBAMM-BCEIEHHBIMU U BBI3BIBACT €I1I¢ OOJIBIINI OTTOK
BEILIECTBA C MEPHOCTHIO Lig. DTO MPpUBOAUT K BOBHUKHOBEHUIO YCJIOBUIA, TIPU
KOTOPBIX YaCTh BEIIECTBA ¢ MEPHOCThIO L7 CTAaHOBUTCS HEYCTOWUYUBON U
HauyMHAaeT pacliafaThCsl Ha COCTABJISIIOIINE YacTH, BOBHUKAET, TaK Ha3bIBae-
Masl, TepMosiaepHas peakuus. Tak «3axurarorcs» 3B€31b1 (Puc. 2.4.1). I1pu
5TOM, 30HbI HEOJHOPOTHOCTEN MOTYT ObITh Kak ¢ AL > 0, Tak 1 AL < 0, oTHO -
cuTeJibHO Halleil BeeneHHoili. B ciydae, korna HEOJHOPOIHOCTU MEPHOCTHU
npocTpaHcTBa MeHbIIe Hyas AL < 0, MpoucXoauT CMbIKaHUE TTIPOCTPAaHCTB-
BCEJICHHBIX C MepHOCTSIMU L7 11 Le. I1py 5TOM, BHOBb BOZHMKAIOT YCJIOBUS JIJIST
repeTeKaHusl MaTepuii, TOJIbLKO, Ha 3TOT pa3, BEIIECTBO ¢ MEPHOCTHIO Ly me -
peTeKaeT B MIPOCTPAHCTBO ¢ MEPHOCTHIO Ls. TakuuM 06pa3oM, MpOCTPaHCTBO-
BceJieHHas1 ¢ MepHOCThIO L7 (Hama BceneHHas) Tepsier cBo€ Beliectso. M
MMEHHO TaK BO3HUKAIOT 3arafouHble «d€pHbIe IpIpbl» (Puc. 2.4.2). Bot Takum
00pa3oM, B 30HaX HEOJHOPOJHOCTEN MEPHOCTU IMPOCTPAHCTB-BCEIEHHBIX,
00pa3yroTcs 3BE31BI U «UEPHBIE IBIPHI». [1pn 3TOM, BO3HUKAET NepeTeKaHue
BellleCTBA, MaTEpUl MeXXAYy pa3HbIMU ITPOCTPAHCTBAMU-BCEJIEHHBIMMU.

Cyl1ecTBYIOT TaKxKe MPOCTPpaHCTBAa-BCEJIEHHbIE, UMEIOIIEe MepHOCTH L,
HO MMEIOIIME IPYTroii cocTaB BelllecTBa. [1pu cTHIKOBKE, B 30HaX HEOJHOPO -
JTHOCTEM MPOCTPAHCTB-BCEJICHHBIX C OMHAKOBOI MEPHOCTbhIO, HO pa3HbIM Ka-
YeCTBEHHBIM COCTaBOM 00Pa3yIONIEro UX BellleCTBa, BOSHUKAET KaHaJl MEXy
STUMU NpocTpaHcTBaMu. [Ipu 3TOM MponcxXoauT rnepeTeKaHue BelecTB, Kak
B OJIHO, TaK W B JIPyroe MpOCTPAaHCTBO-BCEJIECHHYIO. DTO — HE 3Be3[a U He
«4€pHas AbIpa», a 30Ha MepexoJa U3 OJHOro MPOCTPAHCTBA B IPyroe. 30HbI
HEOAHOPOAHOCTU MEPHOCTHU IPOCTPAHCTBA, B KOTOPHIX MPOUCXOIST OIU-
CaHHbIE BBILLIE MPOLIECChl, 0003HAUYMM, KaK Holb-niepexoabl. [Ipuuém, B 3a -
BUCHUMOCTHU OT 3Haka AL, MOXXHO TOBOPUTb O CJIEAYIOLIMX TUIIaX 3TUX Mepe-
XOJIOB:
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1) ITonoxuTrenbHbIE HOJb-MEPEXOAbl (3BE3/IbI), YePE3 KOTOPHIE BEILIECTBO
repeTekaeT B JaHHOE IPOCTPAHCTBO-BCEJIEHHYIO M3 APYroro, ¢ OoJibliei
MepHocThiO (AL > 0)n™.

2) OTpuuartejibHble HOJIb-TIEPEXOAbl, YEPE3 KOTOPbIE BEIIECTBO U3
JTAHHOTO ITPOCTPAHCTBA-BCEJIEHHOW MEpPEeTeKaeT B APYroe, ¢ MEHbIIEU
MepHoCThIO (ALK Q) .

3) HeitTpanbHble HOJIb-IIEPEXO/Ibl, KOTAa IMTOTOKU MaTepUii IBUKYTCS B
000MX HAIIPaBJIEHUSIX U TOXIECTBEHHBI IPYT APYTY, 2 MEPHOCTH ITPOCTPAHCTB-
BCEJIEHHBIX B 30HE CMBIKAHMS PAKTUYECKN HE OTJIMYaloTCs: n’,

Ecnu nponokuTh nanee aHaJIu3 NPOUCXOASILEro, TO YBUAUM, YTO KaXK-
JI0€ MPOCTPAHCTBO-BCEJIEHHAs!, Yepe3 3BE3AbI, MoJydaeT MaTepulo, a yepe3
«4€pHBIE OBIPEI» — €€ TepsieT. 111 BO3MOXHOCTH YCTOMUMBOIO CYILIECTBOBA-
HUS 3TOTO NPOCTPAHCTBA, HEOOXOAUM OaTaHC MEXIAy NPUXOASILCH U yXOIsI-
LLIeii MaTepUeld B JaHHOE IIPOCTPAHCTBO-BCEJICHHYIO. J{0I>KEeH BBITTOJIHSITHCS
3aKOH COXpaHEHMsl BEIIECTBA, IPU YCJIOBUM YCTOMUYMBOCTU IPOCTPAHCTBA.
DTO MOXHO OTOOPa3UTh B BUIE (POPMYJIBLI:

ﬂ n* ik mek dkdi + ” n’gjx mejk dkd(ij) = H n G« mgk dkdj (2.4.3)

rae:

n" )k — MOJIOKUTEJIbHbII HOJIb-TIEpeXo/1 (3Be3/1a),

n’(ijk — HEUTPATbHBIA HOJIb-IIEPEXO/I,

N Gk — OTPULIATEJIbHBIA HOJIb-TIEPEXO/,

M(x — COBOKYMNHas Macca (opM MaTtepuii, IIpoTeKarolas 4epe3 3Be31Y,

M)k — COBOKYITHAsI Macca (opM MaTepUii, MPOTEKAIOIIMX Yepe3 JTaHHYIO
«YEPHYIO OBIPY» B IPYrO€ IMIPOCTPAHCTBO-BCEJIICHHYIO,

M(jx — COBOKYIMHAas mMacca (popM MaTepuii, IIPOTEKaOIIMX Yepe3 Heli-
TPaJIbHBI HOJIb-TIEPEXO/I.

TakuM o06pa3zom, MeXAy NPOCTpaHCTBAaMU-BCEJICHHBIMU C pa3HOI Mep -
HOCTbIO, Yepe3 30Hbl HEOAHOPOJHOCTU, MPOUCXOAUT LIUPKYJISILUS MaTepUn
MeXIy IPOCTpaHCTBaMM, 00pa3ylolIMMu JaHHYIo cucteMy (Puc. 2.4.3). Uepes
30HbI HEOJJHOPOJIHOCTU MEPHOCTHU (HOJIb-TIEPEXOIbl) BO3MOXEH Iepexo/ 13
OIHOI'0 MPOCTpPaHCTBa-BCeJeHHOI B apyroe. [Ipu 3TOM, MpOUCXOAUT TpaH -
chopMalysl BellecTBa Halllero IMpoCTPaHCTBa-BCEJIEHHOM B BEIIECTBO TOTO
MPOCTPAaHCTBA-BCEJICHHOM, Kyda OCYIIECTBsIETCS nepedpoc MaTtepun. Tak
YTO, HEU3MEHEHHOM «Hallla» MaTepusi IOMNacTh B Ipyrue MpocTpaHCTBa-BCe -
JIEHHbIE HE MOXET. 30HaMU, Yepe3 KOTOPbIe BO3MOXKEH TaKO Iepexo/1, sIBJIsI-
I0TCSI U «4EPHBIE JbIPhI», B KOTOPHIX IPOUCXOAUT ITOJIHBIM pacraj BellecTBa
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JAaHHOTO TUIIA, U HEUTpaJIbHbIC HOJIb-MIEPEXObI, Yepe3 KOTOPbIE MPOUCXOIUT
OajaHCHBI 0OMeH MaTtepueit. HelTpaibHble HOJIb-TIEPEXOAbl MOTYT OBITh
YCTOMYMBBIMUA UM BPEMEHHBIMU, MOSBISIOIIMMUCS MEPUOAUYECCKU WU
cnioHTaHHO. Ha 3emuie ecThb LieJiblii psij 00J1acTe! Tae NepruoagudeCKU BO3ZHM -
KalOT HEUTpaJIbHbIE HOJb-TIIepexoabl. M eciiu B X mipeaesibl moragarT Kopa-
0J11, CaMOJIETHI, JIOAKM, JJIIOAU, TO OHU OeccaeIHO rcue3atoT. TakuMu 30HaMU
Ha 3emJie BJIsitoTcs: bepMynackuii TpeyrojibHUK, paitloHbl B [iManasx, [Tepm-
ckas 30Ha u apyrue. [IpakTuyeckn HEBO3MOXHO, B CJIy4yae IoIaaaHus B 30-
HY JEMCTBUS HOJIb-TIEpEeX0a, MpeacKa3aTh, B KaKyl0 TOUKY U B KaKO€ MpPO-
CTPaHCTBO IepeMecTUTcs matepus. He roBops yke 0 TOM, UTO BEpOSITHOCTb
BO3BpALLCHMS B UCXOIHYIO TOUKY NPAKTAUYECKU paBHA HYJII0. OTCIOA CIIEMYET,
YTO HEUTpaJibHbIe HOJb-IEPEXO0bl HEeJIb3s1 MUCIOJb30BaTh IJIs LieJeHarpa -
BJIEHHOTI'O MTepEMEILCHNS B IIPOCTPAHCTBE.

He MeHee nHTEpecHa 1o cBOE IPUPO/IE IBOTIOLMS XU3HU 3BE€3/1. Kax-
Jasl 3Be31a «KMBET» MUJUIMAP/bI JIET MTOCJIE YEro OHA «<yMupaeT». B TeueHue
ATUX MUJIJIMAPAOB JIET BEILECTBO M3 MPOCTPAHCTBA-BCEICHHON C OOJIbIIEH
MEPHOCTHIO Lg, yepe3 30Hy CMbIKaHMSI ITOMAAEeT B IIPOCTPAHCTBO-BCEIEHHYIO
C MeHbIue MepHOCTHIO L7. [1pr 5TOM, 3TO BEIIECTBO CTAHOBUTCS HEYCTOM-
YMBBIM 1 pacrnagaceTcs Ha MepBUYHbIC MaTepuu ero oopasyrwiiue. CeMb nep-
BUYHBIX MaTE€pUil CIMBAIOTCS BHOBb, 00pa3ys (PU3NYECKU TJIOTHOE BEIEe-
CTBO IMPOCTpaHCTBa-BceJIeHHOM L. [1py 5TOM, B 30HE CMBIKAHUS TAKOU YpO-
BEHb MEPHOCTH, YTO NPOMCXOAUT CUHTE3 aTOMOB T€X 3JIEMEHTOB, COOCTBEH-
HBIII YpPOBEHb MEPHOCTU KOTOPBIX ITO3BOJISIET UM COXPAHUTbH CBOIO YCTOI-
YUBOCThb. B BepxHel 30HE YCTOMYMBOCTU (PU3MUYECKU TUIOTHOTO BEIIECTBA
«HAXOOSTCSI» TOJBKO, TAaK Ha3bIBAEMbIE, JIETKUE 3JIEMEHTbI TaKK€e, KaK BOIOPO/I
(H) v renmii (He). IToaTOMY, B 30HE CMBIKAHUSI IPOUCXOIUT CUHTE3 3TUX BJIe-
MEHTOB. M He ciydaiiHo OoJibllasi 4acTh BelllecTBa Halleir BceleHHOM — Bo-
nopoa. B 30He cMBIKaHMS TIPOMCXOANUT aKTUBHBINA MIPOLIECC CUHTE3a BOAOPOA,
MAacCChl KOTOPOTO 1 COCTABJISIIOT OCHOBY 3BE3M. TaK poXAaroTCs 3BE€31IbI — TaK
Ha3bIBaeMble, rojyonie ruradtel (Puc. 2.4.1).

M3HavanbHas1 TNIOTHOCTh «HOBOPOXKJIEHHBIX» — O4e€Hb Majia, HO B CHUTY
TOTO, YTO 30HAa CMBIKAHUSI HEOJHOPOIHA 10 MEPHOCTH, BO3HUKAET Mepena/l
(rpagyieHT) MEPHOCTU B HAIlpaBJIEHUM K LIEHTPY. B pe3ynbsrate 3TOr0 Mose -
KYJIbl BOOOPOIa HAUMHAIOT IBUTaThCs K LICHTPY 30HbI CMbIKaHUsl. HaunHaeTcs
MPOLIECC CXKATUS 3BE3bI, B XO€ KOTOPOTO IVIOTHOCTb 3BE€3IHOTO BEIIECTBA
HAauYMHAET CTPEMUTEIbHO pacTu. [1o Mepe pocTa MIOTHOCTU 3BE3AHOTO BElle-
CTBA YMEHBIIACTCI O0OBEM 3aHUMAEMBbIN 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-
3Ibl HAUMHAET YMEHbILIATLCS, 4 BHYTPU CaMOM 3B€3/1bl HAUMHAIOTCSI ITPOLIECCHI
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CUHTE3a HOBBIX 00JIee TSKEJIbIX 2JIEMEHTOB. BO3HMKaeT, Tak Ha3bIBacMasl,
TepMOsIIepHas peaklius 1 3Be3/1a HaUMHACT M3JTydaTh LeJIblii CIIEKTP BOJIH,
KaK NOO0YHBIN 3 PeKT cuHTe3a 371eMeHTOB. ClieyeT OTMETUTh, UTO UMEHHO,
Onarogapsi 3TOMYy «I1000OYHOMY 3(P(PeKTy», BOZBHUKAIOT YCIOBUS IJIsI 3apO-
KJIEHUS XXU3HU. B 30He cMbIKaHMS apajjieIbHO IIPOUCXOIMT ABa Mpoliecca:
CUHTE3 BOJOPOJA PU pacHaje BelleCcTBa MPOCTPAHCTBA-BCEJICHHOM ¢ OoJiee
BBICOKMM YPOBHEM COOCTBEHHOII MEpPHOCTU (BEILLIECTBO, OOpa30BaHHOE
CUHTE30M BOCbMHU (DOPM MEPBUYHBIX MaTepUii) U CUHTE3 U3 BoJopoaa boice
TSDKEJIBIX 2JIEMEHTOB B XOA€ TePMOSIACPHBIX peakuuii. B pe3ynbrate 3THX
MMPOLIECCOB 3B€3/1a YMEHbIIIAET CBOM 00BEM UM, KaK CJIEICTBUE YBEJIUUYCHUS B
Macce n0Ju 0oJiee TSXKEIbIX YEM BOAOPOJ 3JIEMEHTOB, YMEHBIIAECTCI U
YpPOBEHb COOCTBEHHOM MEPHOCTHU 3Be31bl. YTO B CBOIO 04Yepeab YMEHbIIAET
30HY CMbIKaHUS. JIpyruMu cJIOBaMU, «pOKIEHHAST» IPYTUM ITIPOCTPAHCTBOM-
BCEJICHHO 3Be3/1a JJIs1 HAllleTO MPOCTPaHCTa-BCEIEHHOM MOCTENEHHO OT/E-
JIIETCS OT CBOEU «MaTEpU».

He npaBna n1u, mmoyyyaeTcs 11000NbITHAS aHAJIOTUS C PAa3BUTUEM SMOpU-
OHA BHYTPU MaTKU, KOTJA «COTKAHHbIM» U3 KPOBU U TNIOTU MAaTEPU TLUIOM MO-
KMAAeT JIOHO MaTepU M HAaYMHAET CAMOCTOSITEIbHYIO XXM3Hb, TaK W 3BE31a,
«pOXXIEHHAsI» MPOCTPAHCTBOM-BCEJIEHHOM, MOKUAAET «JIOHO MaTEepU», KOraa
€€ YpOBE€Hb COOCTBEHHOIM MEPHOCTH YMEHBIIAETCSI, KaK CJIEACTBUE YBEINYE-
HUS CTENEHU BIMSIHUSI HA OKpYXKarllee NpocTpaHCTBO. OTOEeINBIINCH OT
«MaTEepPUHCKOr0» MPOCTPAHCTBA-BCEJICHHOM, 3B€34a HAYMHAET CBOIO COO-
CTBEHHYIO XXM3Hb — XXKM3Hb, KOTOPas MMPOAOIKAETCSI MUJIJIMAP/IbI JIET, 1O UC-
T€UEHUU KOTOPBIX, OHA «yMupaeT». [IpaBma 3BE€31bl, B CBOIO OYepeb, yCIIe-
BalOT «POJUTH» TJIAaHETAPHbIE CUCTEMbI, HA KOTOPBIX UMEET IIAHC MOSIBUTHCS
>KW3Hb.

PaccMoTpuM MexaHu3M poXAeHMS TUIaHEeTapHOM cucTeMbl. B mpouecce
CXXaTWsI 3BE3/Ibl, HApYIIaeTCs OaIaHC MEXIY U3JIydyalolleil MOBEPXHOCThIO U
n3ay4daroumunuM oobeEMoM. B pesyiibrate yero, mepBUYHbLIC MaTePUU CKaIJIM-
BalOTCS BHYTpHU 3Be31bl. C TeUeHUEM BPEMEHU, B PE3YJIbTaTe TEPMOSIACPHBIX
peakimii, 3B€31HOE BEIIECTBO TEPSIET MPOCTEMIIIME aTOMBbI, TAKME, KaK BOJO-
pon, TEJUIA U AP. ¥ BCE OOJBIIMIA MTPOLICHT B HEM HAYMHAIOT COCTABJISITh aTO-
MBI TSDKEJIBIX 2JIEMEHTOB. Pa3zMep 3Be31bl yMEHBILAETCSI, OHA CTAHOBUTHCS BCE
0oJiee 1 0oJiee IJIOTHOM, TSKETOM U CTETIEHb BIUSHUS HA MEPHOCTD OKPY2Ka-
IOLLIErO MPOCTPAHCTBA CTAHOBUTCS BCE OoJiee 1 6oJiee cuiibHOM. Eciny B Hauane
CBOEH 3BOJIIOLIMU 3Be3[1a MMeJIa MEPHOCTh OKPYXKalOIIEeTro e€ IMpOoCTpaHCTBa
paBHy10 3,00017 < L, < 3,02037, To, IIpu CBOEM CKaTUU OHA BBI3BIBAET BTO -
PUYHOE BBIPOXKJIEHNE MPOCTPAHCTBA HA HEKOTOPYIO BEJIMYUHY. A 3TO IPUBO-
JUT K TOMY, YTO MEPHOCTb OKPY>KAIOILIEr0 €€ MPOCTPAHCTBA 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 MoxeT Koie0aThbCsl Ha IepBOM 3Tarle XXM3HU 3BE31bI B Ipeaesiax
0 <AL<0,020203236.

[TocTeneHHO BTOPUYHOE BBIPOXAECHUE MEPHOCTU MPOCTPAHCTBA, BbI-
3BaHHOE TSKECThIO 3B€3/bl, CTAHOBUTCS BCE O0siee U 0osiee BhipakeHHbIM. 1
MEPHOCTb OKPYXKaAIOIIETO 3BE3y NPOCTPAHCTBA HAYMHAET NPUOJIMKATHCS K
MepHocTH L. I1o Mepe pa3BuTHs 3TOrO npoiecca, KaHaa MeXay IIpoCTpaH-
CTBAMU-BCEJIEHHBIMU ¢ MepHOCTAMU Ls 1 L7 ymeHb11aercs. Bcé meHbiee u
MEHbIIIEE KOJIMYECTBO BEIIECTBA MEPETEKAET U3 IIPOCTPAHCTBA C MEPHOCTHIO
Ls B mpocTpaHCTBO ¢ MEpHOCTHIO L7. [Ipu 3TOM, aKTUBHOCTD U3Ty4YeHUI Ta-
KOI1 3B€3bl CTAHOBUTCSI BCE MEHbIIIE U MEHbIIIE, TIOKA HE MPEeKpallaeTCcs CO-
BceM. Hactymaer cmepth 3Be3nbl. 3Be3na «TyxHeT». Eciiv B Havajie cBoei
SBOJIIOLIMM 3Be3[1a UMeJjia OOJbIIYI0 MAacCy, HO MEHbIIIE AECITU COJTHEUHbIX
Macc, TO K KOHIIY CBO€Ii KM3HU OHA BBI3bIBA€T BTOPUYHOE BHIPOXIEHUE MEP-
HOCTH, KOIJIa MEPHOCTb OKPYXKAIOILEro €€ MpOCTPaHCTBA CTAHOBUTCSI MEHb-
e MepHocTH L. OHa mpou3BOAUT ITporuod B Ipyryro CTOpoHY. Bo3dHMKaeT, Tak
Ha3blBaeMasl, HeiTpoHHas 3Be31a (Puc. 2.4.4).

Ls < La < Li;
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 CMBIKAHKUE MTPOCTPAHCTB-BCEIEHHbBIX C MepHOCTIMU L7 1 L.
[Tpu aTOM, MaTEpUs U3 MPOCTPAHCTBA C MEPHOCTHIO L7 HAUMHAET mepeTeKaTh
B IIPOCTPAHCTBO C MepHOCTHIO Ls. OOpasyetcst «u€pHas avipa» (Puc. 2.4.5).
TakuM 00pa3oM, «d€pHbI€ AbIPbI» BO3HUKAIOT B X0OJI€ SBOIIOLMY 3BE3]1, TOUHEE
«OKOHYAHME XW3HW» 3BE3bI B HAILIEM MPOCTPAHCTBE-BCEJICHHON MPUBOIUT
K POKIEHUIO 3BE€3/1bl B HIXKEJIEXKAIleM IMTPOCTPAHCTBE-BCEJIEHHOA.

2.5. Ilpupoaa oOpa3oBaHus MJIAHETAPHBIX CHCTEM

A Tenepb pacCMOTPUM TakxKe M TPUpOoAYy oOpa3oBaHUs IJIaHETAPHBIX
cucteM. B Havase cBoeii XXKM3HM 3Be3[a UMeeT OajlaHC MEXAY €€ pa3MepoM,
KaHAJIOM MEXIYy MPOCTpaHCTBAMU ¢ MepHOCTIMU L7 1 Ls 1 KoaudecTBOM
BElLIECTBA, MEPETEKAIOIIET0 Yepe3 3Ty 3Be3/ly U3 MPOCTPAHCTBA C MEPHOCTHIO
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Ls B IpOoCTpaHCTBO-BCEJIEHHYIO ¢ MepHOCThIO L7 (Puc. 2.5.1). B pe3synbrate
TePMOSIIEPHBIX peaKlii, MPU MOTepe MPOCThIX aTOMOB, pa3Mephbl 3BE3/IbI
YMEHBIIAIOTCS, U OHA HE B COCTOSIHUM TIPOITYCTUTh Yepe3 ceOsl BCIO Maccy Ma-
TepUIA, TEKYILMX U3 IIPOCTPAHCTBA C MEPHOCTHIO Ls B MPOCTPAHCTBO C Mep-
HOCTBIO L7. DTOT nucbasaHCc co BpeMeHEM YBEJIMUMBAETCS U IOCTUTAET B KO-
HEYHOM HMTOTe KPUTHUUYECKOTo YpoBHs. IIponcxoauT KoaoccabHbI B3PHIB,
YacTh BEIECTBA 3B€3/Ibl BEIOPACHIBAETCSI B OKpYXKalolliee €€ MpOCTPaHCTBO.
[Tpu 3TOM yMeHbILIAETCS MEPHOCTh 3TOTO OKPYXKAKOIIEro 3BE3Ay MPOCTPaH-
cTBa U (popMUpyeTCs KaHaJl, IO KOTOPOMY MepeTeKaeT TaKoe KOJIUYECTBO
MaTepUuu, KOTOPOE 3Be3/1a B COCTOSTHMM yepe3 ceds1 mpornycTuth (Puc. 2.5.2).
Takoii B3pbIB HA3bIBAIOT B3PHIBOM CBEPXHOBOM. BHIOpOIIEHHBIE B3PHIBOM
CBEPXHOBOU MOBEPXHOCTHHIE CJIOM 3BE3[bl, KOTOPbIE€, KCTAaTU, COCTOSIT U3
HanOoJIee JETKUX JIEMEHTOB, MMOMNaAaloT B UCKPUBJIEHUS IPOCTPAHCTBA, CO-
3IaHHbIE TTPOAOJAbHBIMU KOJAEOAHUSIMU MEPHOCTU, BOSHUKIIUMU TIPU 3TOM
B3phbIBe. B 3THX 30HAaX MCKPUBJIEHUSI TPOCTPAHCTBA U3 NEPBUYHBIX MaTepUii
MPOUCXOAUT aKTUBHBIN CUHTE3 BEILECTBA, MPUUYEM, CUHTE3UPYETCS LEJIbIN
CIIEKTpP pa3JIMYHBIX 3JIEMEHTOB, BKJIIOYAS TSIKEIbIE M CBEPXTSLKEIbIE. Uem
OosbllIe Tepenan MexXay YPOBHEM COOCTBEHHOM MEPHOCTM 3BE3Abl U YpPO -
BHSIMU COOCTBEHHOM MEPHOCTHU 30H UCKPUBJIEHMSI TIPOCTPAHCTBA, TeM OoJiee
TSIKEJIbIE DJIEMEHTBI B COCTOSIHUM «POJIUTHCS» BHYTPU 3THUX 30H U TeM 0oJiee
YCTOMUYMBBI 3TU TSDKEBIC 3JIEMEHTHI. B 3aBUCHMMOCTH OT M3HAYaIbHBIX pa3Me-
pOB, B TEUECHUE XU3HU 3BE3[Ibl MOXET ObITh OAVH WJIM HECKOJIbKO B3PHIBOB
cBepxHOBOI. [Ipu KaxxnoM TakoM B3pbIBE COOCTBEHHBIN YPOBEHb MEPHOCTHU
3B€3/lbl YMEHBILIAETCSI, YTO MPUBOAUT K YMEHBIICHUIO CUHTE3a JIETKUX 3JIe-
MEHTOB 1 YBEJIMYEHUIO CUHTEe3a TSKENbIX. B pe3ynbraTe 3TOro, INOTHOCTD,
a CJIeIoBaTeJIbHO, CTeIIeHb BJIMSIHUS 3BE3Abl HA OKPYXKalollee MPOCTPAHCTBO
yBeamuuBaeTcs. [1pu B3pbIBe CBepXHOBOI, BO3HUMKAIOT KOJIEOAHWSI MEPHOCTU
MPOCTPAHCTBA aHAJIOTMYHBIE BOJIHAM, KOTOPbIE MOSIBJISIIOTCS] HA TIOBEPXHOCTHU
BOJIBI ITOCJIE OpOCcKa KaMHs. Macchl MaTepru, BBIOPOILIEHHBIE ITPX B3PHIBE, 3a-
MOJTHSIIOT 3T HEOAHOPOAHOCTU MEPHOCTU MPOCTPaHCTBA BOKPYT 3Be3/bl1. 13
9TUX MacC MaTepuu HauMHaIOT 00pa30BbIBaThCs naaHeThl (Puc. 2.5.3 u Puc.
2.5.4).

JlaBaiiTe monbITaeMcsl pa300paThCs, IIOYEMY M KaK 3TO IporcxoauT. Ha-
ma Beenennas umeet MmepHoctb L7=3.00017, 4TO 1M0O3BOJISIET MUPHO COCYIILIE-
CTBOBAThb ceMU (popMaM MaTepuU Hallero Tuna. YTookl jJerye OblI0 MOHSTh,
B UEM CYTb pa3jMuusl MeXAy MaTepUsIMU Pa3HOTO TUIIA, JaBaiiTe BCIOMHUM
HalM «Kyoukun». Hy>KHyI0 «KapTHUHKY» MOXHO COOpaTh TOJIBKO U3 «KyOMKOB»
ogHoro pa3smepa. [1pyu HaTMunn «<KyOMKOB» pa3HOTO pa3Mepa, coOpaTh «Kap-
TUHKY» ITPOCTO HEBO3MOXKHO; IIPEXK/Ie BCEro, HE0OXOAMMO OTOOPATh «KYOUKM»
OAMHAKOBOU (pOpMBI U pa3Mepa U3 rpyabl Apyrux. ToJabKo ITOTOM BO3MOXKHO
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coOpaTh HYXXHYIO «KapTUHKY». Tak BOT, TAKUM KpUTEpUEM ONpeacIeHUsI
(bopMBbI 1 pazMepa 1151 MaTepUid IBAsIETCS KOA(MP@PULIMEHT KBAHTOBAHUS Mep-
HOCTM IpoCTpaHCTBa yi. [1py 3TOM, He HY>XXKHO 3a0BIBaTh, UTO «KYOUKW» IPYTUX
pa3MepoB He ucye3arT. OHU MPOJOJIKAKT CYylIeCTBOBATh, TOJbKO M3 HUX
HEJIb3$1 CJIOXKUTh Hallly «<KapTUHKY». Ho, eciiu nx paccoptupoBarthb o popme
1 pa3Mepy, TOrna, U3 NoA0OHBIX «KYOMKOB» MOXHO CJIOXKUTb IPYTUE «KAPTUH -
KW», HO 3TO OyIyT «KapTUHKMW» JIPYTroro KaueCTBEHHOI0 COCTaBa, M OHU HUKAaK
He OyIyT BIMSATh U U3MEHSTh Hallly «<KapTUHKY». AHAJJOTUYHO, KPOME TIPO -
CTPAHCTB-BCEJCHHBIX HAIIETO TUIA, CYLIECTBYIOT IPOCTPAHCTBA-BCEICHHBIE
C IpyTUMU 3HAaYCHUSIMU KO3 PUILIMEeHTa KBAHTOBAaHUS ITpOoCcTpaHCcTBa vi. Ho,
OHHU HE OKAa3bIBAIOT MPAKTUYECKM HMKAKOTO BIMUSHUS Ha IMIPOCTPAHCTBA HA -
1IIETO TUIIA Y TIO3TOMY IIPU M3YYEHUM BOIlpoca 00 oOpa3oBaHMM Hallel Bee-
JIEHHOIi, MOXXHO He TIPMHUMAaTh X BO BHUMaHue. B mpocTpaHcTBe ¢ Henpe-
PBIBHO U3MEHSIIOLLIEICSI MEPHOCTbIO, pa3pelléHHbIe (hOpMbl MaTEpUi (T.€. TO
KOJIMYECTBO MaTepuil, KOTOpoe 00pa3yeT Hallle ITPOCTPAHCTBO-BCEICHHYIO C
MepHOoCThI0 L7) npyr ¢ apyrom He B3auMoneicTByIOT. IIpu B3pbIBe CBEpX -
HOBOM, OT LIEHTpa PaclpoOCTPaHSIOTCS KOHLIEHTPUYECKUE BOJHBI BO3MY-
LLIEHMSI MEPHOCTU MPOCTPAHCTBA, KOTOPbIE CO31aI0T 30HbI HEOAHOPOJHOCTHU
MPOCTPAHCTBA, MPOUCXOIUT AedopMalisi MEPHOCTHU UJIUM UCKPUBJICHUE TIPO-
crpancTtBa. B bonbmom KocMoce cyuiectByeT 6€CKOHEUHOE YUCIO POpM
MaTepUii, KOTOpble B3aMMOJIECTBYIOT APYT C IPYTrOM B OOJIbILIEH MU MEHb-
LLIEM CTeTIEHU WJIM He B3aMMOIEUCTBYIOT MEXIy CO00I BOOOIIIE.

Ecnu nBe popMbl MaTepuM He B3aMMOAECICTBYIOT MEXy COOOM, TO, naxke
MpY MPOHU3BIBAHUY APYT Ipyra, HUYTO B HUX HE MEHSIETCSI, OHU HUKAK JPYT
Ha JIpyra He BJAUSIIOT U HUYTO HOBOE MPU 3TOM He Bo3HMKaeT. OHU KaK Obl He
CYLIECTBYIOT ApyT 1Jist Apyra. CTerneHb BAUSIHUS OJHOW (hOpMbI MaTepUU Ha
JIPYIYIO OMpeaesinM, Kak KO3M@UIIMEHT B3aUMOICICTBUS ¢, TOI1a MOXHO
cKaszaTb, 4YTO KO3M(PULIMEHT B3aUMOJECHCTBUS IJIs1 3TUX ABYX GOPM MaTepuu
paBeH HYJII0. DTO O3HAYaEeT, YTO HET TAKUX ABYX «KUPITUYUKOB», KOTOPbIE BXO-
WY OBl B COCTaB, KaK OIHOM, TaK W Apyroi (popmbl MaTtepuu. ¥ HUX HET
Oo0IMX Ka4ecTB U CBOMCTB. KoapULIMEeHT B3auMOIeCTBUS HEOJUHAKOB
Jaxke 1J1s1 ABYX (pOpM MaTepuu B pa3HbIX TOUKaAX IMIPOCTPAHCTBA TOTOMY, YTO
caMO MPOCTPAHCTBO — HEOAHOPOAHO. O B3aUMOACUCTBUU MaTepPUU MEXKIY
co00¥i MOXXHO FTOBOPUTH TOJBKO TOTJA, KOTJa B3aUMOJIEICTBHUE paccMaTpH -
BaeTCsI B KOHKPETHOM O00BEME 3TOro mpoctpaHcTBa. CylleCcTBYIOT OOBEMBI
MPOCTPAHCTBA, I/l B3aMMOJEHCTBME MaTEPUIl MAKCUMAJILHO U OOBEMBI, T
5TO B3aMMOAEHCTBME HEBO3MOXHO B MPUHLUIE UM MaTepUU B3aUMO-
JEeMCTBYIOT MeXAYy COO0I YaCTUYHO MO TOMY WJIM IPYroMy OOLLIeMY KauyeCTBY
(Puc. 2.5.5). Ilpu MmakcuMaabHOM B3aMMOJIEICTBUU IBYX MaTepuii (0003Ha -
YUM OJHY U3 HUX OYKBOI A, Ipyryio — B), MponcXoauT MojiHOe CIMSIHUE JaH-
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HBIX MaTEpUIA APYT ¢ APyroM M BO3HUKAET HOBasl, TuopuaHas dopma — AB.
CnusiHre BO3MOXKHO TOJIBKO B Ipeaeaax o0béMa, Iie CTaHOBSITCS OAMHAKO-
BBIMM BCe MapaMeTphbl 3TUX MaTepurii. HeomHOpoaHOCTh IMMPOCTpaHCTBA BIMSIET
Mo-pa3HoMy Ha (POPMbI MaTepuii, KOTOpble MPOHU3BIBAIOT 3Ty HEOJHOPOI-
HocTb. Ha omHy opmy MaTepuii BIusieT U3MEHSIS €€ 00JIbllIe, Ha IPYTYIO —
MeHbIe. HeomHOpogHOCTh M3MEHSIET KaUeCTBEHHYIO CTPYKTYpy MaTepuid,
YTO U CO3HAET YCIAOBUS JJISI UX CIUSHUS U 00pa30BaHMSI HOBOTO KAayecTBa.
Takum oOpa3om, BHYTpU HEOZHOPOJHOCTHU B Ipeieiax 00bEMa, IJie BO3HUKA-
10T YCJIOBUS JIJISI CIMSTHUS ABYX MaTepUii, BO3HMKAeT MaTEpUsl HOBOI'O Kaye-
crBa — rubpuaHas ¢popma AB (Puc. 2.5.6). Iu6pugnasa ¢opma AB Toxe
BJIMSIET HA HEOJJHOPOJHOCTh MPOCTPAHCTBA, B KOTOPOIt oHa Bo3HuKa. [1po -
WCXOAUT 3aIloJIJHEHMEe HEOAHOPOJHOCTHM BO3HUKIIEH THOpUIHON HopMoOit
AB, u e€ BoipoxaeHre. HeomHOpOAHOCTb MpeacTaBseT COO0 UCKPUBIEHUE
MPOCTPAHCTBA, UTO IMIPUBOAUT K UBMEHEHWIO MEPHOCTH B IIpeIeaax 3TON HEO-
JTHOPOIHOCTHU IO CPABHEHMIO C COCEAHMMU ydacTKaMU MPOoCTpaHCTBa. Takum
00pa3oM, UBMEHEHME MEPHOCTHU IPOCTPAHCTBA 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 BOBHMKJIA BO3MOXKHOCTb CIMSIHUS TPEX (POpM MaTepuid,
HEO0O0XOIMMO, YTOOBI MEPHOCTH ITIPOCTPAHCTBA CHOBA M3MEHMIACh HA BEJIMUYM -
HY AL, 4TO IpUBOAUT K TIOJTHOMY CJIMUSIHUIO TPEX MaTepuii. MaTepus He MO -
JKeT CJIUTHCSI KaKO-TO CBOEH 4yacThio. BO3MOXHO TOJIBKO TMOJIHOE CIUSTHUE
MaTepuii. Tak e, Kak He MOXET ObITh JiBa C IMMOJOBMHOI YejloBeKa, a TOJIbKO
JBa UK TpU (€CIU, KOHEYHO, TOBOPUTCS O JKUBBIX JIIOASIX), TAKXKE HE MOTYT
CJIMTHCSI ABE C MOJOBUHOIM MaTepru, a TOJbKO ABe WK Tpru. OO03HAYUM Tpe-
Thl0 MaTepuio 0ykBoil C. B pe3ynbrate caussHus Tpeéx popM MaTepuii, B Ipe-
JeJIax HEKOTOPOTro 00bEMa MpOoCTpaHCTBA (IJIsT yIOoOCTBa OyaeM CUUTATh €T0
cdepoit) Bo3HUKaEeT KauecTBeHHO HoBasi TmopuaHas popma ABC (Puc. 2.5.7),
KOTOpasi 3aHUMaeT 00bEM, MEHbIINMI, YeM rudpuaHasa dpopma AB. [Tpuuem,
9TU cepbl UMEIOT YETKUE IPaHULIbI, B IIpeAeaX KOTOPhIX MEPHOCTh ITPO-
cTpaHcTBa — ogHopoaHa. I[Ipu oyepegHOM M3MEHEHUM MEPHOCTHU ITPO-
CTPAaHCTBA BHYTPU HEOJHOPOAHOCTU Ha BEJIMUYMHY paBHYIO0 AL, BO3HUKAIOT
YCJIOBUS U151 CJIUSTHUS €11€ OHOM (hopMbl MaTepr. BO3HMKAeT KaueCTBEHHO
HoBasl ruopugHas ¢popma ABCD (Puc. 2.5.8). OHa OyneT 3aHuMaTh cepy
00bEéMa MeHblIero, yeM ruopuaHast popma ABC. Ilpu cienyrolieM u3amMeHe-
HUU MEPHOCTU MPOCTPAHCTBA BHYTPU HEOAHOPOAHOCTU Ha AL BO3HUKAIOT
YCIOBUS IJIs CAUIHUSA ele ogHoil (popmbl Matepun E. Bo3Hukaer kaue -
ctBeHHO HoBas1 TuopuaHas popma ABCDE (Puc. 2.5.9). I1pu cienyroniem u3 -
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MEHEHUU MEPHOCTHU IPOCTPAHCTBA BHYTPY HEOJHOPOAHOCTU Ha BeIMUMHY AL
BO3HMKAIOT YCJIOBUS IJISI CAUSTHUS cieaytoiieil GopMbl Mmatepun. BozHukaer
KauyecTBeHHO HoBasl TtmopuaHas ¢opma ABCDEF (Puc. 2.5.10). OuepenHoe
M3MEHEeHMEe MEPHOCTU ITPOCTPAHCTBA BHYTPU HEOJHOPOTHOCTU Ha BEJIMUYUHY
AL oI Th XKe, CO31a€T YCIAOBUS LIS CIMSTHUSA ciienytoiieid @opmbl Matepuu G.
Bo3nukaeT kauectBeHHO HOBasi ruopuaHast opma ABCDEFG (Puc. 2.5.11).
Takum oO6pa3oM, Npu HENPEPbIBHOM U3MEHEHUU MEPHOCTY BHYTPU HEO-
JTHOPOAHOCTHU MPOCTPAHCTBA, BHYTPU 3TOM HEOJHOPOIHOCTH ITOCJIEeI0BA-
TeJILHO CJIMBAIOTCSI ceMb (popM MaTepuii, oopasyrouiux Hamy BeeneHHyio u
CO3/al0T LIECTh MaTepUaIbHBIX C(pep pa3HOIO KaUyeCTBEHHOI'O COCTaBa 1 pa-
3Mepa. BHyTpeHHSs cdepa, oOpazoBaHHA CEMbIO (hpOpMaMU MaTEPUIA, €CThb
duznyecku niaotHas cepa — nepnas IiaHeTapHas (MaTepuaabHas) cepa
Halllel MIaHeThl 3eMJISl, BELLIECTBO KOTOPOI UMEET YEThIPE arperaTHbIX COCTO-
SIHUSI — TBEPJOE, XKUIKOE, ra3000pa3Hoe U Iu1a3MeHHoe. Pa3Hble arperaTHbie
COCTOSIHUSI BO3HUKAIOT, KaK pe3yJibTaT KojeOaHWsI MEPHOCTH MEHbIIIE, YeM
AL. Y eciim uaTy oT LIeHTpa HEOTHOPOAHOCTH, ciaeayrouas cgepa, oopa3o-
BaHHas IIpU CIUSIHUU 1IecT GOopM MaTepuii — BTopasi IlaHeTapHas (Mate -
puajbHasi) chepa; IIpu CIMSIHUM TISITU GOPM MaTepUil — TPEThs IIJIaHEeTapHAasI
(MaTepuajibHasi) cpepa; Npu CAUSIHUU YeThIpEX (pOpM MaTepUuil — yeTBEpPTas
IUIaHeTapHad (MaTepuaabHas) cdepa; IIpu CIMSIHUY TPEX — MsTasl IIaHeTap-
Hag (MaTepuanbHas) cpepa; mpu CIUSTHUM ABYX (POpM MaTepuil — 1iectast
iaHetapHas (MatepuaiabHasi) cpepa (Puc. 2.5.12). Bce atu cheprsl — mare-
pUaIbHBI U OTJIUYAIOTCS KAY€CTBEHHBIM 1 KOJIMYECTBEHHBIM CBOMM COCTABOM.
B npuHummne njiaHeTa g1oKHA pacCCMaTPUBAThHCS TOJIBKO, KAK COBOKYITHOCTh
aTuX 1ectu cdep. ToTbKO B 3TOM Cilydyae BO3MOXKHO IMOJIYYUTh MTOJTHOLIEHHOE
MpeACTaBICHUE O MIPOUCXOISIIMX ITPOoLIeccax 1 MOJIyYUTh IPaBUIbHBIC TIPE/I-
CTaBJICHUS O IPUPOJE B LieJoM. MIT031s MOJTHOTHI MPeICTaBICHUMN O TIpHU-
pole, Noay4YeHHas TOCPEACTBOM HallIMX OPraHOB YYBCTB, TOUHEE, A0OCOJIIOTU -
3allMsl HAIllMX OPraHOB UyBCTB, IIPUBOIUT O3HAHUE B TYIIMK, U3 KOTOPOI'O HE-
BO3MOXKHO BBINTU 0€3 KapAUHAJIbHOIO U3MEHEHMS MOHSITUI O MPUPOJIE U IO -
HUMaHUS TOI POJIM, KOTOPYIO UTPAIOT OpraHbl YyBCTB B 3KU3HU YEJIOBEKA.
XoueTcsl HAalIOMHUTb, YTO BCE OpraHbl YyBCTB, KOTOPBIMU pacHoJjiaraet
YeJIOBEK, UMEIOT TOJIbKO OJTHO MpeJHa3HaYeHe — MaKCUMaJIbHasl afarnTalus
OpraHM3Ma 4eJIOBeKa K 3KOJIOTMYECKOM HUIIIE, KOTOPYIO OH 3aHUMAET B 3KO-
JIOTUYECKON cUCTeMe IJIaHeThl, KaK OAWH M3 BUAOB >KMBbIX OPraHU3MOB.
IIpenHa3zHayeHUe OpraHOB YYBCTB — ONTUMaJibHasl aJarTalus K yCIOBUSIM
CYLLIECTBOBAHUS, a HE IS YEero-HUOyab apyroro. I1oatomy, opueHTHPYSICh
TOJIbKO Ha OpraHbl YyBCTB, Mbl HE B COCTOSIHUM CO3[1aTh MMOJIHOLIEHHYIO Kap-
TUHY MUPO3JaHMs, KaK Obl CUJIBHO MBI 3TOr0 He xXejaaiu 0bl. MUMeHHO Hero-
HMMaHMe 3TOro MPHBEJIO K TOMY, UTO COBpeMEHHas HayKa oKa3ajlach B TYITMKE.
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A Tenepb BepHEMCS K KAYeCTBEHHOM CTPYKTYpe TUIaHeThl. Eciiv 3a TOUKy
OTCYETa B3ITh PU3NYECKU TUIOTHYIO cpepy, TO O0JIbIIIE BCEro 00X KAUeCTB
OHa MMeEET CO BTOPOI MaTepualbHOU cepoii, a MEHbIIIE BCErO0 — C 1IEeCTOM
cdepoii. O01ME KauecTBa pa3HbIX c(Pep CO3AAI0T YCIOBUS IJISI MX B3aUMOJIEH -
CTBUS ApYT ¢ ApyroM. CTeneHb 3TOro B3aMMOICUCTBUS Pa3IndyHa, U 3aBUCUT
OT TOT'0, CKOJIBKO OOIIMX KAa4eCTB UMEIOT 3TU cephl. CTerneHb B3aUMOAEH -
CTBUSI 3TUX c(pep MexX Iy COO00I MOXKHO BbIPa3UTh KOA(PPULIMEHTAMU B3aUMO-
OEeUCTBUSI — o1; 02; 03; 04; o5 (Puc. 2.5.13). [TIpuuém:

o> 02> 03> 042> Us (2.5.1)

rae:

01— KO3 PUIMEHT B3aUMOACUCTBUS MEXY (PU3NUECKU MJIOTHOM (TIep-
BOI MaTepuaabHOI) U BTOPO MaTepUaIbHOU chpepamu;

02 — KO3(pPUIUMEHT B3aUMOACUCTBUS MeXAY (PU3NYECKU TUIOTHON U
TpeTbeil MaTepraabHON chepamMu;

03 — KO3(OUILMEHT B3aUMOAECUCTBUS MEXIY (PU3NUECKU MIJIOTHOMU U Ue-
TBEPTOU MaTepUabHOU chpepaMu;

04 — KO3(UIMEHT B3aUMOAECUCTBUSI MEXAY (PU3NYECKU TIIIOTHON U
MSATON MaTepUuaJibHOMN cepamu;

05 — KOO(PULUMEHT B3aUMOACHCTBUS MEXIYy (PU3NYECKU ITLUIOTHOM U
LIECTOM MaTepruabHOU chepaMu.

Korma MbI ToBOpUM 0 I1aHeTe 3eMJIsl, Mbl JOJDKHBI IOHUMATh MOA 3TUM
1IeCTh cpep, BIOKEHHBIX OJHA B APYIYIO, KAK MATPEILIKU U MTPEACTABIISIOIINX
eIMHOE 11eJI0e. DTO MOHATUE — OYEHb BaXKHO JIJISI TIOHMMAaHUS MHOTUX SIBJIE-
HUI 1 3arajioK XUBOW U HEXMBOI MaTepMU, IBOJIFOLIMU XKM3HU Ha HaIlIE I1J1a-
Hete. [1pu 3aBepiieHMM GOPMUPOBAHUS KAYECTBEHHBIX CTPYKTYP 3€MJIN HE-
OOHOPOIHOCTH B IMpocTpaHCcTBe HelTpanuzyercs (Puc. 2.5.14). Bo3Hukiue
MpY CAUSTHUU (POPM MaTepuil TMOpUIHbIE MaTepUaabHble CPEPbl 3aITOTHSIIOT
3TY HEOJHOPOIHOCTb. [TponcxoauT «BeIpaBHUBaHUE IIPOCTpaHCTBa». Heo-
JTHOPOJHOCTb MPOCTPAHCTBA MOXKXHO CPaBHUTh C yXabaMu Ha TPyHTOBOH J0-
pore. Iloka sMbI He 3anTOJTHATCS 3eMJIEN, yxaobl octaroTcs. I1ocie 3aBepiie -
HUS (pOpMUPOBAHUS IUIAHEThI, CO3AaBIINE €€ (POPMbI MATEPUU ITPOAOIKAIOT
CBOE JIBMXKEHME, YK€ HEe CIMBAsICh APYTr ¢ APYroM (Kak Boja, 3allOJHUB 10
Kpa€B BOJOEM, HAUMHAET MepeTeKaTh yepe3 Kpail u Te4eT nanblie). AKTUB -
HOCTb ABMKEHUST (POPM MaTepuu He BCerga OJIMHAKOBA, YTO MPOSIBISICTCS B
JBUXXKEHUU 36MHOI KOPHBI, 3eMJIETPSICEHUSIX U U3BEPKEeHUSIX ByJIKaHOB (Puc.
2.5.15). IIpouecc obpazoBaHus TJIAHETHI 3aBEPIIMIICS 1IECTh MUJUIUAPAOB JIET
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Ha3aa. DTO — MNEPBbIM LUK 3BOJIOLUUA (POPM MATEpUil, KOTOPbIMA CBSI3aH C
ABOJIIOLIMEN HEXMBOM MaTepuu. BTopoii aTtanm — 3TO 3BOJIOLMS XUBOU
Mmatepuu. [Ipexnae, yeM nepeiTi K pase 3BOMIOLIMN KUBOU MaTEepUM, XOTe-
JIOCh Obl HAIIOMHUTb, UTO Hallla Tu1aHeTa 3emJisd, Haiia BceleHHast, oopa3o-
BaHbI CIMsIHUEM ceMU ¢popM MaTepuid. [Tpuuém, 4ncio «ceMb» HEe UMeeT HU-
KaKoTro MUCTHYEeCKOro 3HaueHus1. M To, yto Haina BeeneHHass oopa3oBaHa u3
ceMu hOpM MaTepUil He SIBJISIETCSI YEM-TO YHUKAJIbHBIM UJIM HEIIOBTOPUMBIM,
00XXeCTBEHHBIM. DTO IMPOCTO KaUeCTBEHHAs CTpYKTypa Haleit BcenenHoii. 1
HE CJIydaliHO, O€JIbIiA CBET, NpU NPEJIOMJIEHMM, PAcliagaeTcs Ha CEMb LIBETOB,
OKTaBa COJAEPKUT CeMb HOT. BriosiHe BepOsSITHO, MOXET BOBHUKHYThH BOIIPOC
— MoYeMy CBOOOJHBIE IIEPBUUYHbIE MATePUU B 30HE UICKPUBJICHUS TIPOCTPAH-
CTBa HAUMHAIOT B3aMMOACUCTBOBATL MEXy COOOI U cO3aaBaTh TMOPUIHBIE
coelMHeHus?! DTo, MPOUCXOAUT MOTOMY, UTO, KOI/Ia B 30HbI HEOAHOPOAHOCTU
MEPHOCTHY MOMNaaalT CBOOOAHBIE (DOPMBI MaTepuii HAIIETO MPOCTPAHCTBA,
OHU OKAa3bIBAIOTCS B KAYECTBEHHO HOBBIX YCJIOBUSIX. M, Kak pe3yJibTaT 3TOro,
OHU TIPOSIBJSIOT ce0s mo-apyromy. M3 Tex ke ceMu «KyOMKOB» B 30HAX HEO-
JTHOPOJHOCTE MEPHOCTM HAaUMHAIOT 00pPa30BbIBATHCSI HOBbIE «KAPTUHKM-
MO3auKu». B COOTBETCTBMM C IpaeHTOM (IeperaaoM) MEPHOCTU POCTPAH-
CTBa, B 30HE HEOJHOPOJHOCTHU B APYTUX KAUYECTBEHHbBIX YCIOBUSIX CBOOOIHBIE
(opMBbI MaTEpUU HAUYMHAIOT CJAMBATLCSI 1 0OPa30BbIBATh HOBBIE TMOPUIHBIC
COEAUHEHMS, KOTOPbIE B IIPUHLIMIIE HEBO3MOXHEI 3a IMpeaeiaMyd 30H HEO-
JTHOPOTHOCTH MEPHOCTHU MPOCTpaHCTBA. Kaxmoe HOBOe U3MEHEHUE MEPHOCTU
MPOCTPAHCTBA HA i BHYTPU HEOJJHOPOIHOCTHU, CO3AAET YCIOBUS JIs1 CAUSIHUS
ouyepeaHOM (POopMbI MaTepuu. DTOT Mpoliecc OyaeT MPOoAOJKAThCS J0 TeX
TOp, MMOKa BCSI 30HA HEOTHOPOJHOCTU He 3alTOJIHUTCSI TMOPUIHBIMU (hopMaMu
Matepuu. [1pu aToMm, Kaxkaast U3 3TUX TMOPUAHBIX POPM MaTEPUd YACTUUHO
KOMIICHCUPYET HEOOAHOPOJIHOCTh MEPHOCTU MPOCTpaHCTBaA. B pesyibraTe
rpoliecca CIUSIHUSI MaTepuii B 30He HEOOHOPOJHOCTU BOCCTaHABIMBACTCS
MEPHOCTb, KOTOpas Oblj1a 40 B3pbIBa CYNIEPHOBOM 3Be31bl. M He ciydyaitHO,
pacy€Thl KOIUYECTBA MaTepun Bo BeelleHHOIM — Ha MOpsa0K OOJIbIIE KOJIH -
YeCTBa CyLIECTBYIOLIEN (PU3MUECKU TUIOTHOU MAaTEPUN.

I'me e 1 yTo ke 13 ceds nmpeacTaBasoT 3TM 90% Mmatepun BeenenHoit?

CoBpeMeHHasl HayKa pellnia BOIpoc O4eHb NpocTo — «dark matter». Ma-
Tepust BcesaeHHOM, KOTOPYIO Mbl He BUIMM, HE CJIBIILIUM, He ocsizaeM. MMeH-
HO 3Ta «TéMHas MaTepus» 1 3akimodaeT B cede 90% maTepun BeeneHHoix.

He npaBna nu, «kpacuBbiii» otBeT?! M1 04eHb 3HAKOMBI BCEM, KTO XOTSI
Obl HEMHOT'O [IOMHUT KPU3UC B SIACpHON (pr3MKe Havasia Beka. TobKo Toraa
npobjemMa 3aKjaydajach B MICUE3HOBEHMM YaCTU MaTepuu, OOHApY>KEHHOM
IIPY HEKOTOPHIX SIIEPHBIX ITpolieccax. Ha crienmaibHO CO3BaHHOI MEXIyHa-
poaHoIi KoH(pepeHIMN (pU3MKOB B [eHye, mocjie N0JrMX U MPOAOIKUTEIbHBIX
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CIIOPOB, MPOOIEMY PEIIMIN MPOCTO — MCUYE3A0IIYI0 MATEPUIO HECET B ceOe
YacTUlla HEUTPUHO, KOTOPYIO MBI HE BUIMM, HE CJIBIIIMM, He 4yBCcTBYeM. Ho,
€CJIM B SIAEPHBIX peaKlMsIX «Mcue3ajla» 4YacTh U3BECTHOI HayKe MaTepUu, TO,
B ciayuae «dark matter», ncue3aet 90% marepun Bcenennoii! Tak Bot, «dark
matter» mpeacTaBisieT COO0M HECBSA3aHHbIE (HE B3aUMOJICHCTBYIOIIIME MEXITY
co00I1) mepBUYHbIE MaTepuu Halel BeeneHnHoit. B To Bpems, Kak (pu3ndecku
IUIOTHAsI MaTepusl BO3HUKAET, B pe3yJbTaTe CIUSHUS ITUX MEePBUYHBIX
MaTepuii B 30HaX HEOJHOPOIHOCTU MEPHOCTU BceeHHOI.

2.6. Pe3iome

IIpocTpaHCTBO — HEOJHOPOIHO, a 3TO O3HAYAET, YTO €0 CBOMCTBA U Ka-
yecTBa — pa3HbIe B pa3HbIX TOYKaX. HeomHOpOAHOCTH MPOCTPAaHCTBA BbIpa-
>KAeTCsl YPOBHEM €ro MEpHOCTU B JaHHOM Touke. HeogHOpomHOCTH Ipo-
CTpaHCTBA U3MEHSIETCSI HENPEPbIBHO, APYTMMMU CJIOBAMM, CBOMCTBA M KAYeCTBa
MMPOCTPAHCTBA MPEACTABIISIOT COO0I HENMpephIBHBIE BEIUYNHbI. BO3MOXHEI
JIBa BApMaHTAa U3MEHEHUS CBOMCTB U KAYECTB MIPOCTPAHCTBA — IIJIABHOE U3 -
MEHEeHMe U pe3koe. Pe3koe n3MeHeHue CBOMCTB U Ka4yeCTB IPOCTPAHCTBA
BO3HMKAET, KaK pe3yJbTaT KaKOT0-JIM00 BHYTPEHHETO I BHELLIHETO BO3MY-
LLIEHUSI TpocTpaHCTBa. MaTepusl UMeeT KOHKPETHBIE CBOMCTBA U KayeCTBa,
MMOATOMY MaTepusi — KOHeYHa, KOHEYHas BeauduHa. [Ipu B3anMoneincTeum
MaTepuU U IPOCTPAHCTBA, IPOUCXOAUT pacIipeaceHrue MaTepUU ¢ KOHKPET-
HBIMM CBOMCTBAMM M Ka4€CTBAMU 10 MPOCTPAHCTBY. MaTtepus pacrnoaraercs
TOJIBKO B TOM 00BbEME MPOCTPAHCTBA, T €€ CBOMCTBA Y KAUECTBA TOXIECTBEH-
HbI CO CBOMICTBAMM 1 KadyeCTBaMU MpocTpaHcTBa. [logoOHOe pacripeneaeHue
MaTepyuy MO CBOMCTBAM M KAayeCTBAM ITPOUCXOMUT MOTOMY, YTO B APYTHUX
00J1aCTSIX MPOCTPAHCTBA MaTepUsl C JaHHBIMU CBOMCTBAMM U KaueCTBaMU He
MOXET OBbITh YcTOMYMBA. Korma HermpepbIBHO U3MEHSIOLIAsICI OCCKOHEUHAas
BeJIMUMHA (MPOCTPAHCTBO) B3aMMOJEUCTBYET C KOHEYHbIMM BeJIMYMHAMMU
(MaTepusIMHU), UMEIOIIMMU 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 MPOLECC KBAHTOBAHMEM MPOCTPAHCTBA MO MEPHOCTHU.
Tak Kak repBUYHbIE MATEPUM — HENIEIMMBI, 4 NX CBOMCTBA U Ka4eCTBA — KOH-
KPETHBI, 4 3HAYUT, KOHEYHBI, TO 3TO O3HAYAET, UYTO, IJII TOTO, YTOObI OUepe/I -
Hasl MaTepusl MOTIJia IIPOSIBUTHCSI B MPOCTPAHCTBE, €r0 CBOMCTBA M KA4eCTBa
JOJDKHBI UBMEHUTBCS Ha ONPEASIEHHYIO BEJIMYMHY, Ha3bIBAeMYI0 K0P PULIN-
€HTOM KBAaHTOBaHWS MEPHOCTHU IpocTpaHcTBa yi. Kaxnpiii koadduiumeHT
KBAaHTOBAHUS MPOCTPAHCTBA Yi ONpeaesieT HEKOTOPOE YKMCI0 MEePBUYHbBIX
MaTepuii, KOTOpbIE KAYECTBEHHO M KOJIMYECTBEHHO COOTBETCTBYIOT KOHKPET-
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HOMY 3HAY€HUIO 3TOro KoadduuueHrta. pyrumu cioBaMu, IIPOUCXOOUT Me-
perpynimMpoBKa MaTepuii B HEIIPEPbIBHO U3MEHSIOLLIEMCS ITIPOCTPAHCTBE, I10
OIpeIeJIEHHBIM KaueCTBaM 1 CBOCTBaM. B pe3ysibrare 3Toro, B ipoOCTpaHCTBE
(opMuUpyIOTCS, TaK Ha3bIBaEMbI€, MATPUYHBIE IPOCTPAHCTBA, IPEICTABJISIIO-
111e co00i CUCTeMbI MPOCTPAHCTB, COOPMUPOBAHHBIX TIEPBUYHBIMU MaTePU-
SIMA KOHKPETHOTO KO3(PPUILIMEHTA KBAHTOBAHMSI TPOCTPAHCTBA. MaTpu4yHbIE
MPOCTPAHCTBA CMBIKAIOTCS MEXKAY COOOI, UTO MPUBOIMT K MepepacIpeacsie-
HUIO MaTepuu MeXIy HUMU. B pe3yibrate 3TOro NpoMcXoauT CBEPXB3PHIB,
BBI3bIBAOIIMKI IedopMaliiio MpocTpaHcTBa. Bo3HuMKaloe mpoaoibHbIe
BOJIHBI KOJIEOaHMSI MEPHOCTU CO31aI0T HOBbIE KAUEeCTBEHHbIE YCIIOBUS, IPU
KOTOPBIX CBOOOHBIC ITIEPBUYHBIE MAaTEPUU HAYMHAIOT CJIMBATHCS APYT C APY-
roM, co3aaBasi rudpuaHbie Mmarepun. [IMOpuaHBIE MaTepUU, B CBOIO OUYEpEb,
BJIMSIIOT Ha IIPOCTPAHCTBO, B KOTOpoM oHU popmupyrorcs. [Ipoiiecc cuHTe3a
rMOPUIHBIX MAaTEPUM TIPOAOJKAETCS A0 TEX MOP, ITOKA CUHTE3UPYEeMbIE TH-
OpuIHbIE MAaTEPUU HE KOMIIEHCUPYIOT MOJHOCTBIO Ae(popMalii0o MEPHOCTU
MPOCTPAHCTBA B KOTOPOM Hayajicsl X cuHTe3. [Ipu 3ToM, IpOCTpaHCTBO B
ATOI 30HE BO3BpAIIAETCS K PABHOBECHOMY COCTOSIHUIO. [MOpuaHbIe MaTepuun
B 3TOM CUTyallMU UTPAIOT KOMIIEHCALIMOHHYIO pOJib. B pe3yibrate aTux npo-
1IECCOB BO3HUKAET CUCTEMA IMTPOCTPAHCTB, KOTOPasi UMEET KOHKpPETHBIE (pop-
MBI U pa3Mmepbl. B MaTpyHOM IPOCTPAaHCTBE BO3HUKAIOT 3aMKHYThIE IIPO-
CTPAHCTBEHHBIE CUCTEMBI, T.H., IIECTUIYYeBUKU, OCHOBHBIM YCJIOBUEM YCTOM-
YKXBOTO COCTOSTHUSI KOTOPBIX SIBJISIETCS OajaHC MPUTEKAOIINUX U YTEKAIOLIUX
Macc MaTepuu. DTO — 3aKOH COXpPaHeHNUs MaTepuy Ha Ka4YeCTBEHHO IPyroM
YPOBHE.

3BE3bI I «<4EPHBIC IbIPHI» SIBJISIIOTCS PE3YJIBTaTOM CMbIKaHUSI KOHKPET-
HOTO IIPOCTPAaHCTBA-BCEIEHHOM, KOHKPETHOTO CJ1051 B MATPUYHOM MPOCTPAH-
CTBE C COOCTBEHHBIM YPOBHEM MEPHOCTU, C COCEIHUMMU MPOCTPAHCTBAMMU -
BCEJIEHHBIMU, UMEIOLLIMMU COOTBETCTBEHHO, COOCTBEHHBIE YPOBHU MEPHOCTH,
KOTOpPbIE€ OOJIbIIIE WX MEHbIIE COOCTBEHHOM MEPHOCTHU PacCMaTPMUBAEMOTO
CJIOSl HA OJTHY U Ty X€ BeJIMYMHY Yi. CMbIKaHUE C IPOCTPAHCTBOM-BCEJICHHOM,
MMEIOIIMM OOJBIINI YPOBEHb COOCTBEHHOW MEPHOCTHU, IIPUBOIUT K POXKIE -
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 U BBITEKAIOIIE MaTepuu B
«HUXHee». [Tpu B3pbIBe CBEpXHOBOI, BOBHMKAIOT BOJHBI BO3MYILICHUS MEp -
HOCTHU MPOCTPAHCTBA U BBIOPOILIEHHBIE, TIPU B3PbIBE, TEPBUYHBIC MAaTEPUH,
MOMAaBIIME B BOSHUKIIINME 30HbI UICKPUBJIEHUSI MEPHOCTU, OKA3bIBAIOTCS B Ka-
YEeCTBEHHO JPYTUX YCIOBUSIX, B PE3yJbTaTe Y€TO, OHU HAYMHAIOT CJIMBAThCS,
KBAHTY$Ch 110 MEPHOCTH, U 00pPa30BbIBATb TMOPUIHBIE (DOPMBI MATEPUU. DTU
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rudpuaHbie popMbl MaTepUU (OPMUPYIOT IJIaHETapHBIE ChepPhl pa3HOIO Ka-
YEeCTBEHHOI'O Y KOJIMYECTBEHHOIO cocTaBa. [1pu 3aBepiieHun hopMUpPOBaAHUS
ATUX TUIAHETAPHBIX cpep B 30HE HEOJHOPOAHOCTH MEPHOCTHU IPOCTPAHCTBA
YPOBEHb MEPHOCTU IIPOCTPAHCTBA BO3BPAILIAETCH K U3HAYAJIbHOMY YPOBHIO,
KOTOPBI ObLT A0 B3pbiBa CBepXHOBOU. IiOpuaHbie (hopMbl MAaTEpPUH CBOMM
BJIMSHMEM HA YPOBHE MUKPOKOCMOCA KOMIEHCHPYIOT aedopManui0 MEPHOCTH,
BO3HUKIIIYI0 IPU B3pbiBe CBepxHOBOM. Ilocie BoccraHoBIeHUS OanaHca
MEPHOCTEN MPEKPAIACTCS aKTUBHBIA MPOLIECC CUHTE3a TMOPUIHBIX MATEPUIA.
Takum obpa3om popMUPYIOTCS IJIaHETapHbIE CUCTEMbI BO BeesieHHOIA.
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InaBa 3. HeonHopoanocTb NPOCTPAHCTBA U
Ka4eCTBEHHASCTPYKTYpa (PpH3HYECKH IJIOTHOTO BEleCTBA

3.1. IlocranoBka Bompoca

HeonHopoaHOCTh MpOCTpaHCTBA HA YPOBHE MAaKPOKOCMOCA ITPUBOAUT K
(bopMupoBaHMIO MAaTpUUYHBIX MpocTpaHCTB. [Ipouecchl, mpoucxoasme Ha
MaKpOypOBHE, BbI3bIBAIOT KAYECTBEHHOE M3MEHEHME COCTOSIHUSI U CaMOro
MIPOCTPAHCTBA YU MAaTepUid €ro 3arojHsomux. B pe3yabrare 3TOoro B mpo-
CTPAHCTBE BO3HUKAIOT, TAK Ha3bIBAEMbIC, TMOPUIHBIE (POPMbI MATEPUU, KOTO-
pbl€, B CBOIO OYE€pe/ib, BIMUSIOT Ha KAYECTBEHHOE COCTOSIHME ITPOCTPAHCTBA,
B KOTOPOM IIPOM30LLIO 0Opa3oBaHue 3TUX MaTepuil. CUMHTe3UpyeMble T'-
OpuaHble (POPMbI MATEPUI HEUTPATU3YIOT 30HBI HEOAHOPOTHOCTEM, B KOTO-
PBIX MPOUCXOAUT UX cuHTe3. [1pu 3aBepiIeHMM npoLecca CUHTE3a TMOPUIHBIX
MaTepuii 30Ha HEOOHOPOJIHOCTH, B KOTOPOM MPOUCXOINII CUHTE3 ITIEPBUYHbBIX
MaTepuii, IIOJTHOCTBIO HEUTpau3yeTcs. TakuM 00pa3oM, THOPUIHbBIE (DOPMBI
MaTepuil BIUSIOT HA MEPHOCTb IPOCTPAHCTBA C 0OPAaTHBIM 3HAKOM I10 OTHO-
LIEHUIO K TOX HEOJHOPOJHOCTU MEPHOCTU MPOCTPAHCTBA, B KOTOPOI ITPOUC-
XOAWJ MPOLECC CUHTE3a 3TUX THOpUIHBIX (popM. CUHTE3 TMOPUIHBIX (pOpM
MaTepUuil IIPOUCXOAUT Ha YPOBHE MUKPOIIPOCTPAHCTBA, TAKMM 00pa3oM, Ka-
YeCTBEHHas1 CTPYKTypa MUKPOIIPOCTPAHCTBA BBICTYMNAET, KaK MPOTUBOBEC Ka-
YEeCTBEHHOM CTPYKType MaKpOIpoCTpaHCTBa. [1pu 1oCTUXXKEeHNN KauyeCTBEH -
HOT'O 1 KOJIMYECTBEHHOTO OajaHca MEXX Ay HUMU, IPOCTPAHCTBO MPHUOOpETaET
YCTOMUYMBOE PAaBHOBECHOE COCTOsIHME. MaKpOoIpoCTpaHCTBO M MUKPOIIPO-
CTPAHCTBO HEUTPAIM3YIOT APYT ApyTra, KaK IUI0C HeUTpanu3yeT MuHyc. Y, co-
OTBETCTBEHHO, BCE 3TO MIPUBOAUT K TOMY, YTO JIFOOOE CKOJIbKO-HUOYIb 3HA-
YUTEJIbHOE U3MEHEHME Ha YPOBHE MAKPOKOCMOCA MTPUBOAUT K COOTBETCTBY -
IOLIMM U3MEHEHMSIM Ha YPOBHE MUKPOKOCMOca 1 Ha000opoT. KaxeTrcs HeBe-
POSITHBIM, UTO JIIOOOI aTOM BJIMSIET HAa MaKpONPOCTPAHCTBO, HO, TEM HE Me-
Hee, 9T0 — (pakT. ECTeCTBEeHHO, BIUSHNUE OJHOTO aTOMa — MMKPOCKONMNYE-
CKO€, HO X CYMMAapHOE BJIUSIHUE 1 €CTh TOT OaJIaHC, KOTOPbIM YpaBHOBEILIM -
BaeT MaKpOIIPOCTPAHCTBO.

3.2. KavecTBeHHas CTPYKTypa MUKPONPOCTPAHCTBA

I1pu B3pbIBE CBEPXHOBOM MPOUCXOAUT MCKPUBJICHNE MPOCTPAHCTBA
BOKPYT 3Be34bI M BEIOpOoC MaTepru. Ho cHavasa maBaiite pa3doepemMcs ¢ caMm-
MU 3BE31aMu. Kak n3BeCTHO, 3B€3/Ibl COCTOSIT U3 (PU3NYECKU TIJIOTHOM MaTe-
pun. Bo3dHMKaeT 3aKOHOMEPHBI BOIIPOC: KaK MIPOUCXOAUT CUHTE3 (PU3NYECKU
TIOTHOTO BetlecTBa? KoahGuirmeHT KBaHTOBAHUS TIPOCTPAHCTBA Yi OIpe-
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JIeseT KAYeCTBEHHYIO CTPYKTYPY JaHHOI BceneHHol, ApyruMu cJioBaMu —
KaKWe MEePBUYHBIC MAaTEPUM BCTYIIAIOT BO B3AMMOJIEMCTBUE APYT C IPYTOM U
00pa3yloT HOBOE KadecTBO. Kaxkmasa mepBruHas MaTepuss UMEET CBOUM KOH-
KpETHBIE KA4eCTBA U CBOMCTBA U ITO3TOMY TOJILKO B TOM YaCTH IIPOCTPAHCTBA,
IJI€ BBIITOJIHSIIOTCS YCIOBUS TOXAESCTBEHHOCTH CBOMCTB X KA4€CTB MPOCTpPaH-
CTBAa ¥ JAHHOM MaTepUHU, 3Ta MATEPUS MPOSIBIISIET CEOSI U B COCTOSIHUM OBITh
yCTOMYMBOM. TakuM 00pa3zomM, U3BMEHEHNE KAaY€CTBEHHOTO COCTOSIHUS TIPO-
CTPAHCTBA Ha HEKOTOPYIO BEJIMUYMHY AL IIPUBOAUT K «BBINAAEHUIO» B 3TOU
30HE MPOCTPAHCTBA MAaTEPUU, CBOMCTBA XU KAYECTBA KOTOPOI, TOXAECTBEHHBI
CO CBOMCTBAMM M KayecTBaMM caMoro mnpocrtpaHcTtBa. Ilpu odepemHom
M3MEHEHUM CBOMCTB 1 KaUueCTB MPOCTPAHCTBA HA BEIUYUHY AL, BOBHUKAIOT
YCIOBUS OISl «BbIITAACHUS» YCTOMYMBOIO COCTOSIHMS B 3TOM 00JIaCTH IPO-
CTpaHCTBa OYepeaHONM NepBUYHOM MaTepuun. Eciy 06a n3aMeHeHUsI CBOMCTB
1 KA4EeCTB IPOCTpaHCTBA AL TOXAECTBEHHBI APYT APYTY, MOXHO TOBOPUTH O
SIBJICHMM KBAaHTOBAHUS IIPOCTPAHCTBA IO MAaTEPUSIM, TOYHEE, IO COBMECTHU -
MBbIM II0 TEM WMJIM WHBIM CBOMCTBAM M KadyeCTBaM IT€PBUYHBIM MATEPUSIM.
ITpocTtas orrka rmoackasblBaeT, YTO, €CJIM IBE TIEPBUYHBIC MATEPUHN TTPOSIBIIS -
10T ce0s1 MPU TOXIECTBEHHOM M3MEHEHW M CBOMCTB M KAYECTB IPOCTPAHCTBA,
OHU JOJDXKHBI 00J1afaTh KAKUMHU-JIMOO OOLLMMU CBOMCTBAMMU M KayecTBamMu. B
3TOM ciiydae, AL mpeBpaiaercs B yi — KOI(P@UIMEHT KBAHTOBAaHUS MPO-
CTpPaHCTBA. A €CJIM 3TO TaK, TO B TOM 00JIACTU MPOCTPAHCTBA, IJI€ BHIINOJIHSI-
IOTCS YCIAOBUS IJIS1 yCTOMYMBOTO COCTOSTHUSL 00EUX MAaTEpUil, OHM HAYMHAIOT
B3aMMOJENCTBOBATh IPYr C APYrOM IO OOIIMM CBOMCTBAM M KA4yeCTBaM U
00pa30BbIBATh HOBOE KAYECTBEHHOE COCTOSIHME — TMOPpUAHYIO (pOopMy MaTe-
pun.

[Ipennosoxum, 4TO CYLIECTBYeT MHOXECTBO IEPBUYHBIX MAaTepUd, U
OHHU UMEIOT Pa3HbI€ CBOMCTBA U KayecTBa. B 3TOM ciydae MOXHO paccopTHr-
pOBaTh UX O COBMECTUMOCTU. KputepueM rnmpu 3ToM OyAeT SIBISIThCS KO-
(puMeHT KBaHTOBaHWS MpocTpaHcTBa Yi. [ngd Kaxmoro 3HayeHuUs yi
CYILLIECTBYET CBOS IpyIIIia NEPBUYHBIX MAaTEPUIL, COBMECTUMBIX MEXKIY COOOM.
Jlaxe, mpy HE3HAYUTEJIbHOM M3MEHEHUH 3TOTO KO3(PPUILIMEHTa, BO3HUKAIOT
Ka4eCTBEHHO HOBBIE YCIIOBMS JJIS1 B3AMMOACUCTBUS IPYTUX TIEPBUYHBIX Ma-
Tepuid. Ipyrumu cjioBamMu, KaxKaoMy 3Ha4eHUIO KO3 PULIMeHTa KBAHTOBAHUS
IIPOCTPAHCTBA Yi COOTBETCTBYET Apyras BceneHHasd co CBOMMM 3aKOHaMU
MIPUPOIbI, CBOMCTBAMM U KauecTBaMu. [IpencraBuM mepBUYHBIE MaTEpUU
OIOHOIO TUIIA, KAK «KYOMKM» OJHOTO pa3Mepa U paCCMOTPUM, KaK MaTEpUU
B3aMMOJENCTBYIOT APYT C APYTOM B 30HE HEOTHOPOAHOCTU MPOCTPAHCTBA.
Ecnu nedpopmanus mpocrpanHcTBa AL conamepurma c yi, TOJIbKO OHA MEPBUY-
Hasl MaTepUs, CBOMCTBA M Ka4eCTBA KOTOPOM TOXIECTBEHHBI CO CBOMCTBAMMU
1 KayeCcTBaMU JAaHHOI 30HbI Ae(OpMallMi NPOCTPAHCTBA MOKET HAXOAUTHCS
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B YCTOMYMBOM COCTOSIHUM M HAKATUIMBATbCS B HEM. AHAJIOTMYHO HOXIIEBas
BOJAa 3aIOJIHSET JI00bIE BIIAAWHBI IIOBEPXHOCTHU U IIPY MOJIHOM 3aII0JIHEHUU
MMOBEPXHOCTh JIYXKM, 03€pa CPABHSIETCSI C YPOBHEM TBEPIAOI IMOBEPXHOCTH.
Ho, Hukakux KkauyeCTBEeHHbIX U3BMEHEHUI C BOAOM, 3alIOJIHMBIIEH BIAIWHBI
MMOBEPXHOCTU HE MPOUCXOIUT, BOAA — OCTAETCs Bogou. Tak u mpu HaCHIIIE-
HUU 30HBI Ae(POPMALIMU IIPOCTPAHCTBA OJHOU MEPBUYHOM MaTepUeii IIPOUC-
XOIUT NPOCTOE 0€3 KaUeCTBEHHbIX U3MeHeHU 3anoiHeHue (Puc. 3.2.1).
[Tpexne, yem MpoaOIKUTh aHAINU3 3TOTO IPoliecca, XOTEI0Ch Obl 00pa-
TUTb BHUMaHME Ha TO, YTO, TaK Ha3bIBaeMbI€, IIEPBUYHbBIC MATEPUU TAHHOTO
TUIIA UMEIOT OOIIME CBOMCTBA M KAYeCTBA, HO UMEIOT U CBOM OCOOCHHOCTH,
MIPOSIBJISIOLIMECS B TOM, KAK OHM B3aUMOAEUCTBYIOT MEXKIY COOOM M KaK OHU
B3aMMOJEUCTBYIOT C MPOCTPAHCTBOM. BCIIOMHUMM, YTO COJIHEUYHBIN CBET
pacnagaeTcss Ha CEMb OCHOBHBIX 1IBETOB, UTO, IPYU aHHUTUJISILIMU BEILIECTBA,
ONSITh-TaK!, IPOUCXOAUT MOIIIHAS CBETOBas BCIbIlKa. Kaxaas mopuus ori-
TUYECKOTO U3TydeHUS — (POTOH — UMEET CBOM OIPEACIEHHbBIEC CBOMCTBA U Ka-
yecTtBa. MMEHHO IMOATOMY HAllIM I1a3a pa3jnyaroT 3TU CEMb OCHOBHBIX 11BE-
TOB, C TIOMOILBIO TPUOOPOB UZMEPSETCS X AJTMHA BOJHBI UM YacToTa. Kax-
bl (DOTOH MpPEACTaBAsIET COO0M MUKPOCKOIIMUYECKOE UCKPUBJIEHME MPO-
CTPaHCTBA, HACBILLIECHHOE KAaKOU-I1100 OMHOM NepBUYHOM MaTepueii. CrieKTp
MOSIBJISICTCS, KaK CJIEACTBUE TOrO, YTO MOCTOSIHHO BO3HMKAE€T MHOXECTBO
MUKPOCKOITMYECKNX BO3ZMYILEHUI IIPOCTPAHCTBA, MapaMeTpbl KOTOPbIX —
pa3nuuHbl. BeaeacrBue 3TOoro, CBOMCTBA M KadyeCTBa KaXKJIOW TaKOM 30HBI
nedopMany MPOCTPAaHCTBA, XOTh HE3HAYUTEIBHO, HO OTJIMYAIOTCS APYT OT
npyra. [ToaTomy, Kaxkaasi U3 TaKux 30H JedopMaliii NpOCTPAaHCTBA HabIlIA-
€TCs1 pa3HbIMU ITIEPBUUHBIMU MaTepusiMU. POTOHBI ONITUUYECKOTO AMara3oHa
— OCOOEHHO MHTEPECHBI, TAK KaK OHM SIBJISIOTCS HAa YPOBHE MUKPOIIPO-
CTpaHCTBa OCHOBOM Hamieil BceneHHoli. UMeHHO OHM MIpalOT OCHOBHYIO
poJib B mpoueccax (popMUpPOBaHUS U 3BOJTIOLIMU 3BE3], KMBOM M HEXXWUBOU
MaTepuin. CyliecTBYeT MHOXKECTBO IEPBUYHbBIX MaTepHii, HO BEILIECTBO HALIEH
BcenenHoit 00pa3oBaHO CIMSIHUEM CEMU MEPBUYHBIX MATEPUIA JAHHOIO TUIIA.
[IepBruHbBIC MAaTEpUM JAHHOIO TUIIA IIPEACTABISIOT COOOM MTEePBUYHbBIC MATE-
puM, UMeloIIKMe O0IIMEe CBOMCTBA U KAYE€CTBA, KPUTEPUEM YETO SIBIISIETCS KO-
3 GULMEHT KBAHTOBAHUS MPOCTPAHCTBA Yi. ECTECTBEHHO B MPOCTPAHCTBE
MOCTOSIHHO BO3HUKAIOT MUKPOCKOMUYECKME AeopMaly ¢ IPYTUMU Iapa-
METPAMM, YTO CO3MAET YCIOBUS 111 HACBILLICHWS X TEPBUYHBIMU MATEPUSIMU
¢ IpyrumMu KoapduiimeHTaMm KBaHTOBaHUS IPOCTpaHCTBA yi. B pesynbrare,
MMPOCTPAHCTBO OYKBaJIbHO HACBILIEHO (pOTOHAMM HE TOJILKO ONTUYECKOIrO
auarazoHa. CnekTp 3JeKTpOMarHUTHBIX BOJIH U IIPEACTABIISIET COOOM CIIEKTP
MIEPBUYHBIX MaTePUi, COOTBETCTBYIOILIMX CIIEKTPY 3HAYECHUI KO PULIMeHTa
KBAaHTOBAHUS IIPOCTPAHCTBA Yi. 3HAYEHUS 3TUX KOI(PPULIMEHTOB — OJIM3KU
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JIPYT IPYTY, HO, TEM HE MEHEE, KaxKJIbli U3 HUX 00pa3yeT «CBOIO» IPYIITy COB-
MECTUMBIX MEXy CO00M MepBUYHBIX MaTepuit. Ho MexXay co0oii IepBUYHbIE
MaTepUU pa3HbIX TPYIII, COOTBETCTBYIOLIME pa3HbIM KO3 PUIIeHTaM KBaH-
TOBaHUS MPOCTPAHCTBA Yi, HE B3aUMOJIECTBYIOT, IO KpallHEW Mepe, HaTIps-
Myro. Kak, HanpuMep, pagroBOIHBI HE B3aMMOJIEMCTBYIOT C (pOTOHAMMU OII-
TUYECKOIo Arana3oHa M1 Ha00opoT. B To BpeMs Kak MexKay co00i B3ZauMOIe¥i-
CTBYIOT, 00pa3ys HOBbIE CYyIepno3ULIY (TMOpUIHbIC KOMOMHALIMM ), KaK pa-
JIMOBOJIHBI, TaK U (POTOHBI ONITUYECKOTO AUana3oHa.

MmenHo 6aronapst HaJIOXKEHUIO APYT Ha ipyra GOTOHOB CEMU OCHOBHBIX
LIBETOB, B IPUPOJIE CYLLIECTBYET TaKOe OOraTcTBo Kpacok. Ho BasxkHbIM MOMEH-
TOM SIBJISIETCSI TO, YTO, IIPX 3TOM, HE BO3HUKAIOT TMOpUAHBIE COEAVMHEHMS TTep-
BUYHbIX MaTepuid. [IpencrtaBum cebe BbIITaaeHUE LIBETHBIX T1OXACH. JloXab —
KpaCHBII, OpaHKEBBIN, XEATHIM, 3€JIEHBIN, TOJY00I, CUHUI 1 (DUOJIETOBBINA.
M xaxnaplii 3 3TUX JOXKAeH MmagaeT ¢ Hebec B pa3HOe BpeMsI, B pa3HbIX MECTax
1 B pa3HbIX Koau4decTBax. Kak ciaeacTBue 3TOro, Ha MOBEPXHOCTH TJIaHEThI
MOSIBUJIMCH Obl pA3HOLIBETHBIE JIY>KM BCEX LIBETOB PaAyry, TaK KaK pa3HOLIBET-
Has BOJA B KaXXI0W KOHKPETHOM JIy>KE UJIU 03€pe CMEIIMBAIACh ObI B pa3HbIX
KOJIM4YeCTBaxX 1M pa3Horo Habopa uBetoB. Ho, B TO ke camoe BpeMsl, BHE 3aBH-
CUMOCTH OT LIB€Ta, BoJa ocTaHeTcsl BOAOM. Tak Kak He IIPOUCXOIUT HUKAKUX
Ka4eCTBEHHBbIX M3MeHEeHM . Tak ¥ mepBUYHbIE MaTepPUU MOTYT BTEKATh B OJI-
HY 1 TyXe Je(popMaliio MPpOCTPaHCTBA U CMELLIMBATHLCS C APYTMMU 0e3 co31a-
HUSI TMOPUIHBIX MaTepUii HOBOTO KadyecTBa. [MOpraHbIE MATEPUN BOZHUKAIOT
MIPU CIUSTHUY NEPBUYHBIX MAaTEPUIA TOJIBKO TOIIa, KOT1a BOZHUKAIOT CIIEeLI-
duueckue yciaoBusa. Kakue xe takue cnelduuecKue yCJIOBUS JOIKHBI
BO3HUKHYTb, YTOOBI, BCE-TaK1, BOSHMK CUHTE3 TMOPUIHBIX MaTEpUM, BOZHU-
KJIO HOBOe KauecTBo?! JlaBaiiTe mocTtapaeMcs IMOHSITb 3TO YIMBUTEIbHOE
sIBJIeHUE TpUpobl. 151 TOro, 4ToObl BOBHUKIIU YCJIOBUS IJIs1 CIMSIHUS Mep-
BUYHBIX MaTepUii M 00pa3oBaiach TMOpUAHASI MAaTEPHUS, HEOOXOAMMO HATUUME
TaKOTO UCKPUBJICHUSI MPOCTPAHCTBA, MPU KOTOPOM B 3TOM UCKPUBJICHUU
CMOTYT HaXOAUTHCS B YCTOMUYMBOM COCTOSIHUU JBE UJIU OoJiee TIepBUYHbIE Ma-
Tepuu gaHHoro tumna. Eciu BennynHa gedpopMalii MpoCTpaHCTBA JIEKUT B
Jrara3oHe:

2vi<AL< 3y (3.2.1)

JIBe repBUYHbIE MATEPHUU B COCTOSTHUM HAXOIUTHCS B YCTOMYMBOM COCTO-
SIHAW BHYTPU DTOM 30HbI UCKPUBJIEHUS IIPOCTPAHCTBA, YTO CO3AAET 1OCTATO-
YHbIE U HEOOXOAMMBIE YCIOBUS IJIsI X B3aUMOJEHCTBUS IO OOLIMM CBOI-
CTBaM M Ka4yeCcTBaM, M CUHTEe3a TMOpUIHOM MaTtepun. M aHaornyHo Jj1s BO-
3MOXHOCTH CJIMSIHUS B 30HE HEOTHOPOIHOCTHU TPEX, YETBIPEX, TITH, ILIECTU
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1 CeMU NEePBUYHBIX MaTepUii JAHHOTO TUIIA, HEOOXOAMMO, YTOOBI BeJIMUMHA
JedopMalMy MPOCTPAHCTBA JiexKajla COOTBETCTBEHHO B CJIEAYIOLIMX IMarna3o-
Hax:

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

B pe3ynbrate mociaenoBaTeIbHOTO CIUSIHUS TIEPBUYHBIX MAaTEPUIA B 3TUX
30Hax AeopMalv IPOCTPAHCTBA BOZHUKAIOT TMOPpUIHBIE (DOPMBI U3 IBYX,
TPEX, YETBIPEX, TISITU, IIIECTA U CEMU ITIEPBUYHBIX MaTepuii. [Ipuueém, ecim Be-
JIMurHa aedopMaly MPOCTPaHCTBA JIEXKUT B AuarasoHe (3.2.1), npoucxoaut
CUHTE3 TMOpPUIHOM MaTEpUU TOJBKO M3 IBYX NepBUYHBIX. Eciy BelmuunHa
nedopMaliiy MPOCTPAHCTBA JEXKUT B Auara3oHe (3.2.2) — MpoucxXoguT CUH-
Te3 TMOPUIHBIX MaTepUii KaK U3 IBYX, TaK U U3 TPEX ITEpBUUYHBIX MaTepuil. U,
AHAJIOTUYHO, MPU KaXXIOM U3MEHEHUHN BEJIMYMHBI Ae(POpMaLIU IIPOCTPaAH-
CTBa Ha Y1, YUCJIO TMOPUIHBIX (DOPM MATEPUIA YBEIMIMBAECTCI HA OAHY. M, KO-
rJa BeJInurHa nedopMaliiy poCcTpaHCTBa JIEXKUT B auamnas3oHe (3.2.6), mpo-
WCXOAUT CUHTE3 LLIECTU TMOPUIHBIX (POPM MaTepun U3 ceMU (POPM MEPBUYHBIX
Matepuil. [nOpuaHyo opMy MaTeprn, BO3HUKIIYIO B PE3yJIbTaTe CAUSHUS
CeMU NEePBUYHBIX MaTEpUil, HA30BEM (PU3NUECKM MJIOTHBIM BEILIECTBOM (CM.
Puc. 3.2.2 —3.2.7). IIpexne, yeM repeiTi K aHaJIu3y BO3MOXHBIX COCTOSIHUM
(pn3MUeCKM MJIOTHOIO BELIECTBA, XOTEJI0Ch Obl 00pAaTUTh 0CO00E BHUMaHME Ha
rnorpaHu4HbIe coctostHud. [Iprpona omHOM Takoit MaTepUabHOM CyOCTaH-
LIMU — DJIEKTPOHA — SIBJISIETCS KJIIOUE€BOM B MOHUMAaHUM NPUPOALI PU3NIECKU
IUIOTHOM MaTepuu Haueli BeeseHHoli. Bee cyliecTByrole Moaean atToma —
MWHUMAJIbHOM YCTOMYMBOM MaTe€pUAIbHOM CyOCTAaHLIMMA — OIIMCHIBAIOT Ha-
JIMYME y 3JIEKTPOHA (4TO TaKOE JIEKTPOH HUKTO TaK U HE MOMBITAICS O0bSI-
CHUTb, KpOME TOTO, YTO €My CTABUJIA B COOTBETCTBME OTPULIATEILHBIN 3apsi,
B TO BpeMsl, KaK IPOTOHY CTaBUJICSI B COOTBETCTBUE MOJTOXUTEJILHBIN 3apsif,
0€3 BCSIKOTO O0OBSICHEHMS, YTO XK€ TAKOE €CTh HAa CAMOM JIeJIe MOJI0KUTEILHbII
I OTPULIATEIILHBIN 3apsiabl) IBOMCTBEHHBIX CBOMCTB — KaK YaCTUIIbI, TaK
1 BOJIHBI. DKCIEPUMEHTBI MOATBEPKAAIN HaJIMYKMEe AYaJIbHBIX (JIBOMCTBEH-
HBbIX) CBOMCTB 3JIEKTPOHA, HO HUKAKOTO OOBSICHEHUS, IOYEMY OH IPOSIBIISIET
ce0s1 HEOJHO3HAYHO, TaK U HUKTO U He Jai. JlaBaiiTe momnbITaeMcsl MOHSTh
MPUPOY JIEKTpoHA. PacCMOTprM Takoe KaueCTBEHHOE COCTOSIHAE TPOCTPAH-
CTBa, MPU KOTOPOM BEJIMYMHA Ae(POpMaLlMM MUKPOIIPOCTPAHCTBA JICKUT B
cJieylolleM Jruana3oHe:
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6vi<AL<6,9vy; (3.2.6)

IIpu TakoM KaueCTBEHHOM COCTOSIHMM IIPOCTPAHCTBA BBIMOJIHSIIOTCS
HEOOXOAMMBbIE U JOCTATOUYHbIE YCIOBUS IJISI CAUSTHUS IIE€CTU ITEPBUYHBIX Ma-
TepUIA, a IJIs1 CAUSIHUSI CEMU MEPBUYHBIX MaTEpUii, HE XBaTaeT CaMOii MaJlo-
ctu (Puc. 3.2.8). IIpocTpaHCTBO HUKOIAA HE HAXOAUTCS B CTATUYHOM COCTO-
SIHUM. B HEM MOCTOSTHHO MPOMCXOAUT CUHTE3 1 pacraj MaTepUuu, aTOMOB €€
COCTaBJISIOIIMX, YEPe3 KaXKAYI TOYKY MPOCTPAHCTBA IMTOCTOSIHHO ITPOXOIST
BOJIHBI, HECYII[I€ HE3HAUUTEbHbIE BO3MYILEHUS MEPHOCTU, aCTPODU3UKU
Ha3bIBAIOT €r0 PEeJIMKTOBBIM U3JlydeHrueM BcelleHHO, KOTOpoe B OCHOBHOM
COCTaBJISIIOT TaMMa-U3JaydeHus1. [aMMa-u3IydeHus MpeacTaBIsIOT cOO0i
MPOSIBJICHUE NMEPBUYHBIX MaTepUil C IPYrMMU, MEHbIIMMU 3HAYCHUSIMU
KOo3(ppulrieHTa KBAHTOBAaHUS IPOCTPAHCTBA, YeM MMeeT Hala BeeneHHas u
HEIOCPEACTBEHHO B CUHTE3¢ (PU3MUECKH IIJIOTHOM MaTepUU yJacTUs He TIpU-
HuMaloT. Ho, TeM He MeHee, KX POJIb SIBJISIETCS KII0UEBOM B IPUPOJE DJIEKTPO-
Ha. [TocTOSTHHO TTPOHU3BIBAs MMPOCTPAHCTBO, 3TU BOJHBI BbI3bIBAIOT HE3HAUM -
TeJIbHbIC, C IIEPBOIO B3IJISAa, BO3MYILLEHUSI MEPHOCTHU ITpocTpaHcTBa. He3Ha-
YUTEJbHbIE IJIS1 YEr0-TO, 3TU BO3MYILEHUSI CTAHOBSITCS ONpeaeasOlIuMU B
npupoje 3jiekTpoHa. HaknanpiBasich Ha gedopMannio MUKPOIIPOCTPAHCTBA
(3.2.6), raMmMa-u3ay4eHUs KPAaTKOBPEMEHHO CO3Jal0T JOIMOJHUTEIbHOE
HMCKPUBJIEHUE MUKPOIIPOCTPAHCTBA, MPY KOTOPOM BO3HUKAIOT YCIOBUS IS
CJIMSTHUSI CEMU MEPBUYHBIX MaTepuii Hauero tuna (Puc. 3.2.9).

6vi <AL+h (3.2.7)

Ha xopoTkoe BpeMsi BOBHUKAIOT YCJIOBUSI, IPU KOTOPHIX BCE CEMb Mep-
BUYHBIX MaTepUii B COCTOSIHMM CJIMTHCS M 00pa3oBaTh TMOpHIHYIO hopmy. Ha-
YUHAETCs TPOLECC CUMHTE3a, MOSBISIETCSI MaTepraibHOe 00JIaKo, KOTOPOE
HAYMHAaeT YIUIOTHSITHCS, HO MTPOLECC YIUIOTHEHUS HE YCIIeBAaeT 3aBEPILIUTHCS.
BosHOBOIT poHT, Mpoxoast yepe3 001acTh AeopMallid MUKPOIIPOCTPAH-
CTBa, TIOCTOSTHHO MEHSIETCSI U B pe3yJIbTaTe, COBOKYITHbII YPOBEHb MEPHOCTU
9TOI 00JIaCTHM COOTBETCTBEHHO IUIABHO MEHSIETCS, B TIpeaesiaxX aMIUIUTYIbI
MpoxXoasIIeii BOJIHBI. BojiHa mpuHOCUT ¢ cO00i1 M3BMEHEHUE YPOBHSI MEPHOCTH
30HBI JeopMallMi MUKPOIPOCTPAHCTBA, 0€3 KOTOPOIOo HE BO3ZHUKAIOT HE-
00X0OAMMBbIE U JOCTATOUHBIC YCIIOBUSI IJIS CIMSIHUSI CEMU IIEPBUYHBIX MATEPUIA.
ITogoOHOE KaueCTBEHHOE COCTOSTHME COXPaHsIETCsl 04eHb KOPOTKUIA ITpoMe-
>KYTOK BPEMEHU, B T€YEHUE KOTOPOTO MPOXOasiiiasi BOJHA CO30aéT HEOOXO-
JTUMYIO JOMIOJHUTEIbHYIO JedopMaliiio MUKporpocTpaHcTsa. [Ipuuém, cie-
JIyeT y4eCTh, UTO BOJIHA HECET B ceOe NOIMOJTHUTEIbHYIO JeopMaliio 0001xX
3HAKOB, KaK IMOJOXUTEIbHYIO, TAK U OTpULIaTeIbHYI0. BecaeacTtBue aToro
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nedopMaliisi MUKPOIIPOCTPAHCTBA HAYMHAET YMEHbIIAThCS, U HACTYMNaeT
MOMEHT, KOIJla BHOBb MCU€3al0T KAYECTBEHHbIE YCIOBHUS IJISI BO3MOXHOTO
CIMSIHUS ceMu nepBUYHbIX MaTepuii (Puc. 3.2.10). MarepuanbHoe 00J1aKoO,
KOTOpPOE TOJIbLKO Havyajio YILUIOTHSITCS, BHOBb paccenBaeTcs. Bc€ aTo mpouc-
XOJIMT BO BpEMsI IPOXOKASCHUS Yepe3 30HY JepopMallii MUKPOIIPOCTPAHCTBA
TOJIbKO OJHOTO (pOoTOHA ramma-u3aydyeHus. B cuiay Toro, 4ro g100y10 TOUKY
MUKPOIIPOCTPAHCTBA HEIIPEPHIBHO MPOHU3BIBAET OTPOMHOE YMCJIO BOJH,
MPOLIECC YIIJIOTHEHUS U pa3yIUIOTHEHUSI MaTePUU MPOUCXOAUT HEMPEPbIBHO.
JlaHHOE COCTOSTHUE SIBJISIETCSI TPAHUYHBIM COCTOSTHUEM (PU3UYECKU IJIOTHOMN
MaTepuu. UMEHHO MMO3TOMY 3JIEKTPOH, KOTOPBI COOTBETCTBYET 3TOMY I'pa-
HUYHOMY COCTOSIHUIO, 00J1aJaeT IBOMCTBEHHBIMM CBOMCTBAMU, KaK YaCTHUILIbI,
TakK 1 BOJHbI. UMEHHO mM03TOMY roBOpUTCS 00 3JIEKTPOHHOM 00J1aKe, KakK O
HEKOTOPOM CT'YCTKE MaTEepUU, KOTOPBIN IBUKETCS BOKPYT siipa aToMa. AHa-
JIOTUEH 3JIEKTPOHHOMY 00J1aKy MOXET CIYXKUTh TyMaH. BonsiHble maphl B BO-
3Iyxe IpU TeMIlepaType, TaK Ha3bIBaéMOI, TOUKU POCHI, HAUMHAIOT KOHIEH-
CUPOBAThCS B MeJIbUalIIMe KaneJbK/ BOAbl, MAJIECHbKME HACTOJIbKO, UTO OHU
HE BBIIIAAAIOT B BUJE JOXs, a MPOAOJIKAIOT «IIapUTh» B BO3IyXE, MOTJIOIAS
1 pacceuBas cBeT. Tak U B nedopMalusgx MUKPOIIPOCTPAHCTBA BOKPYT siapa
aToMa IOSIBJISIETCS M MCUYe3aeT JEKTPOHHBIN «TyMaH» — HEYCTOMYMBOE Irpa-
HUYHOE COCTOsSIHME (DU3MUECKU TUIOTHOM MaTEpUU.

Teriepb XxoTeI0Ch ObI OOPAaTUTh BHUMAHUE HA MMOHSITUE ABUXECHUS DJIe-
KTPOHA. DJIEKTPOH, SJIEKTPOHHOE 00J1aKO, BOOOILIE HE ABVKETCS B (PU3NUYECKU
IUIOTHOM cpene. B mepByro odyepenb MOTOMY, YTO JEKTPOH HE SBISIETCS B
MOJTHOM CMBbIcjie (PM3UYECKU IUIOTHOM MaTepueid, a €CTb, HU YTO MHOE, KaK
KpaliHe HeyCTOMYMBOE rpaHUYHOE cocTosiHUE 3Toii Matepuu (Puc. 3.2.11).
DTO KpaliHe HEYCTOMYMBOE TPAHUYHOE COCTOSIHUE MPOSIBISIETCSI B MEPBYIO
oyepeab B MOCTOSIHHOM Mepexojie MaTepruu U3 OAHOTO KaYeCTBEHHOTO COCTO-
sIHUS B Apyroe. [1py 5ToOM 3TH KauyeCTBEHHbIE COCTOSIHUS CBSI3aHHBI C ITOCTO-
SIHHBIM MOTIJIOIIEHUEM U U3JTy4YeHUeM (POTOHOB raMMa-U3JIy4eHUsI IIpu Tepe-
X0/ MaTepUU U3 OJHOr0 KauyeCTBEHHOI'O COCTOSIHMS B IPyroe M oOpaTHO
(Puc. 3.2.12 u Puc. 3.2.13). I1pu 5TOM, MaTepusi MOXET BEPHYTbHCS K ITPEObI-
IyIIEeMYy Ka4eCTBEHHOMY COCTOSIHUIO HE 00s13aTeJIbHO B TOM XK€ CAMOM MECTe
(Puc. 3.2.14).

[Tpy HaIMYKMK TOPU3OHTAJIBHOTO TI€penaaa MEPHOCTH, BBICBOOOIVBIIIM -
ecsl pU pacriaje 3JeKTpoHa NepBUYHbBIC MaTepUU, TTOTJIOTUB (POTOH Apyroi
JJIMHBI BOJIHBI, MOTYT MaTepUaiM30BaThCsl B KAKOM-JIMOO COCeAHEN 30HE Ae-
(hopMaLIMy MUKPOIIPOCTPAHCTBA, CYLLECTBYIOLIEH BOKPYT siapa atoMa. [1po-
WICXOJMT, TAK Ha3bIBA€MbI1, KBAHTOBBIM MEPEXO 3JEKTPOHA C OOHON OPOUTHI
Ha apyryto. [Ipn momoOHbIX nepexoaax 3JI€KTPOHbBI MOTJIOIIAT U U3JIy4aroT
(bOTOHBI C pa3IMUYHBIMU JJIMHAMM BOJH. DTO CBSI3aHO C TEM, UYTO KaxKaasl 30-
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Ha OTJIMYAETCS OT COCEAHEN YUCACHHOU BEIMYMHON aeopMaliii MUKPOIIPO-
ctpaHcTBa. [loaTOMY M3-3a 3TOTrO pa3auyusl «IJIyOMHBI» 30H AedopMaluu
MUKPOITPOCTPAHCTBA /151 BO3MOXHOCTU MaTepUaIM3allMU 3JIEKTPOHA HE00-
XOIMMBI pa3HbIe JOTIOJHUTEIbHbIE UCKPUBIIEHUS MUKPOIIPOCTPAHCTBA, YTO
1 OCYILLIECTBJISIETCS IMTOCPENCTBOM MOIJIOIIEHUS (POTOHOB, UMEIOLLIMX PA3HbIE
JUIMHBI BOJTH ¥ aMIJIMTYAbL. Tak Kak ()OTOHBI pa3HbIX IJIVH BOJIH IIPUHOCHT C
CcO0O0M pa3HbIC MO BEJIMYMHE KOJeOAHUS MEPHOCTU MUKPOIIPOCTPAHCTBA, TO
OHU B COCTOSIHUU KAUYE€CTBEHHO BJIUSITh HA IIPOLIECCHI B 30HAX HEOJTHOPOIHO-
CTEM, €CJIM UX JJIMHA BOJHBI COU3MEpPUMa C pa3MepaMM 3TUX 30H HEOAHOPO/I-
HOCTU MUKpOHNpocTpaHCcTBa. UMeHHO MO3TOMY, IIPY U3JIYYEHUU IJIEKTPOHOM
(boTOHA, OH «ITepeCKAKMBAET» HA MEHBIIIYI0 OPOUTY, a MPU IOTJIOLLEHUN, CO-
OTBETCTBEHHO, Ha OOJIbIIIYIO OpOUTY. [IeJ10 B TOM, UTO, C U3IyYEHUEM, C ITO-
Tepeli 3J1IeKTPOHOM (POTOHA, «ITyOMHAa» 30HbI Ae(opMallii MUKPOIIPOCTPaH-
CTBa, B KOTOPOM HAXOAUTCH 3JEKTPOH, U3MEHSETCS HA BEIUYMHY aMILIUTYIbI
n3iayyaeMoro ¢goToHa. B pe3ynbsrare 3Toro 371eKTpoH CTAaHOBUTCSI HEYCTOMY M-
BBIM UM pacIiagaeTcs Ha IIEpBUYHbBIE MAaTEpUHU €T0 00pa3ylolIne U MaTepuain-
3yeTcs B 30HE aedopMalnn, pacIioJOXEHHOM OJIVKE K Sapy aToMa. AHaJO-
TMYHO, IIPY NOIVIOLIEHUY 3JeKTPOHOM (POTOHA, €ero COOCTBEHHAs MEPHOCTD
YBEJIMUMBAETCS, U OH «II€PECKAKMBACT» Ha OOJIbIIYIO OPOUTY.

YpoBeHb MEPHOCTU MUKPOMNPOCTPAHCTBA, MPU KOTOPOM BO3HUKAIOT
YCJIOBUS JJIS1 BOBHUKHOBEHMS JIEKTPOHA, HA30BEM COOCTBEHHBIM YPOBHEM
aJIEKTpOHA. BOKpyr sg1pa aTOMa KOHILIEHTPUYECKH pACIIOJIOral0TCsI 30HBI ¢~
(dopMaL MEPHOCTU MUKPOMPOCTPAHCTBA, BOZHUKIIIME TP CUHTE3E Sapa.
[’1yOuHa aTHX 30H AedopMaluy pa3indHa, IIO3TOMY JJISI TOIO YTOObI BO3HU -
KJIU YCJIOBUSL IJIS1 CJIUSTHUSI CEMM MePBUYHBIX MaTepUii 1 BOBHUKJIO 2JIEKTPOH-
HOe 001aK0, HEOOXOAMMbI KOHKPETHBIE JJIST KaXKI0M U3 3TUX 30H JOMOJHM-
TeJIbHbIE UCKPUBJICHNSI MEPHOCTU MUKPOIIPOCTPAHCTBA. DTUM YCIOBUSIM CO-
OTBETCTBYIOT (POTOHBI PA3HBIX JJIMH BOJH, KaK YK€ OTMEUYAJIOCH BbILIE, JJTUHBI
BOJIH KOTOPBIX COM3MEPUMBEI C pa3zMepaMu 30H aedopmanuu. B sape cocpe-
JTOTOYEHO MPaKTUIECKM BCE BEIIECTBO aTOMa, TaK Ha3biBaeMasl, (PU3NIECKU
11oTHas Matepusi. CaMbIM IPOCTBIM aTOMOM SIBJISIETCSI aTOM BOJIOPOJa, CJI0-
KHBIMU — TPAHCYPaHOBBIE 3JIEMEHTHI. ATOMBI BOZOPOAA — CaMbI€ YCTOMYN -
BbI€ 2JIEMEHTHI BO BceneHHOM, TpaHCYpaHOBBIE — COBCEM HEYCTOMYMBBIC U
MMPAaKTUYECKU BCE U3 HUX CYLLIECTBYIOT TOJIbKO B UICKYCCTBEHHBIX YCIIOBUSIX U
«KUBYT», TIOPOA, MUJJIMAPAHBIE TOJU CEKYH/IbI, 3 TO U MEHBIIIE.

HeycToiunBOCTD TSKENBIX 2JIEMEHTOB MONAIAeT B «[TPOKPYCTOBO JIOXKE»
JIOTUKU, — SIAPO 00pa3yeTcs U3 MIPOTOHOB M HYKJIOHOB, YeM OOJIbIIE MTOCJIECI -
HIX, TEM MEHEE YCTOMYMBYIO CUCTEMY OHM 00pa3yroT. YeMm GoJiee cinokHas Cr-
cTema, TeM CJIOXKHEN 1S He€ HAXOAUThCS B YCTOMYMBOM COCTOSIHAM. DTO IIpa-
BWJIO JEWCTBYEeT B OTHOILLUEHUM, MPAKTUYECKH, JIIOOOM CI0XKHOU CHUCTEMBI.
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TeM He MeHee, OCTAETCS OTKPBITHIM BOIIPOC O MTPUYMHAX BO3HUKAIOILIEH HEe-
YCTOMYUBOCTU, TIOTOMY UTO IJIS1 pa3HBIX CJIOXHBIX CUCTEM MPUYMHAMU HEY-
CTOMYMBOCTU CTAHOBSTCS pa3Hble NPUPOAHBIE SIBJICHUS. TaK BOT, B COBPEMEH-
HOM siiepHOM (pU3UKE HE CYLLIECTBYET OOBSICHEHUSI CaMOT0 SIBJICHUST Paguo-
aKTUBHOTIO pacraia, a TOJbKO KOHCTAaTUPYETCS peabHOCTb IocaeaHero. U,
€CJIM C HEYCTOMYMBOCTBIO TPAHCYPAHOBBIX 3JIEMEHTOB XOTSI Obl JIOTMKA COTJIa-
CYETCS, TO C HEYCTOMYMBOCTBIO M30TOMOB 00JI€€ «IPOCTHIX» IJIEMEHTOB,
BKJII0Yas BOJOPO/I, 3TA JJOTUKA, MSITKO TOBOPS, pab0OTaTh OTKa3bIBaeTCs. Aapo
aToMa BOJOPOAAa COAECPKUT TOJIBKO OJMH HYKJIOH — IPOTOH — M aTOMHBIN BEC
ero NpuHMUMAETCs 3a eAUHULY. TSKENbI Bogopod — JAeATEpUd MU TPUTUI
— B SIIp€ UMEET, COOTBETCTBEHHO, HA OJIMH WJIY JIBA HYKJIOHA 00JibIle. ToMbKO
5TU HYKJIOHBI, B OTJIMYME OT IIPOTOHA, SJEKTPUIYECKU HEUTPAIbHBI, UMEIOT
MPaKTUUYECKU TAKOM XKe BEC U pa3Mep U HA3bIBAKOTCI HEUTpOHAMU. B oTiimune
OT «IIPOCTOTO» BOAOPOa, OHU HEYCTOMYMBBI, IPYTMMHU CJIOBAMU, PATUOAKTUB-
Hbl. B TO Bpems, Kak apyrue 3JeMeHThbl, UMEIOLLE aTOMHBIN BEC B IECATKU
ATOMHBIX €IMHULI, ITPOJOJIKAIOT ObITh YCTOMYMBBIMU. A 30J10TO, aTOMHBIN BEC
KOTOPOTO JOCTUTAET MOYTH CTA JAE€BSIHOCTO CEMM aTOMHBIX €IMHUII, BOOOILE
SIBJISIETCS MAKCUMAJIbHO XUMUYECKH YCTOMYMBBIM 2JIEMEHTOM. [1osBieHne B
SIIpe JII000ro YCTOMYMBOIO aTOMa, «JIMIIHEro» HEMTpOHa, IpeBpalliaeT ero B
HEYCTOMYMBBIN n30ToI. K rmpumepy, To ke 3010T0 Au UMEET B SIAPE CEMbAECST
JIeBITh IPOTOHOB M CTO CEMHALIaTh HEUTPOHOB, U ycTouuBo! [1pu nosiBie-
HUU €1IE€ OAHOrO HEUTPOHA B SAPE aTOMa 30JI0Ta JOTMOJHUTEIBHOIO K yXe
MMEIOIIMMCS CTa CEMHAJILIATU JeJIaeT €r0 HEYCTOMUYMBBLIM. B TO BpeMs, Kak
CJIEAYIOIIMIA 3JIEMEHT, UMEIOIIMIA HAa OAUH IPOTOH OoJiblie, pTyTh HE B saape
COIEPKUT CTO AEBATHAALIATh HEUTPOHOB, YCTOMYMB.

BosHukaetr nmpotuBopedre CO 3ApaBbIM CMBICIOM, €CIM IOAXOIUTh K
PACCMOTPEHMIO 3TOTO SIBJIEHUS C KJTACCUYECKOU TOUKM 3peHus1. OMHO U TOXE
YMCJIO HEHTPOHOB B Pa3HBIX aTOMax IPOSIBISIET ceOs MOo-pa3HOMY. 3HAUUT
IIPUPOLY SBJICHUS PAAXMOAKTUBHOCTU OMPEACIISIET HE YMCIIO HEMTPOHOB B $I/1-
pe. Eciin 3T0 Tak, 4To XXe BCE-TaKU ACIACT aTOMbl HEYCTOMUYMBBIMU, PAIUO-
akTuBHbIMU?! JlaBaiiTe pazdepEMcsl ¢ 3TUM JIOOONBITHEHIIUM SIBJICHUEM
IPUPOJIBI.

3.3. Baudnue maTepuaabHbIX 00bEKTOB
MHKPOKOCMOCA HA OKPYXKalolue UX NpOCTPAHCTBO

B 30He nedpopmaniim MUKpOMPOCTPAHCTBA, K KOTOPOM BBIMOJIHSIOTCS
HEOOXOIMMBIE YCJIOBUS [IJIS TTIOJJTHOTO CIMSHUS CEMU ITEPBUYHBIX MaTEpUH,
MIPOMCXOIUT CUHTE3 TMOpUAHBIX (popM MmaTepuii. [Ipuuyém, rudpugHbIe
(popMbI MaTepuM caMu HAYMHAIOT BIUSTHL HA CBOE MUKPOIIPOCTPAHCTBO C
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oOpaTHbIM 3HakoM. Kaxmag ruOpuaHas (opma MaTepuu yBEIMUYMBACT
MEPHOCTb OKPYXKaIOIIEero MpocTpaHCTBA HAa HEKOTOPYIo BeauunHy. [Ipouecc
CMHTE3a 3TUX MEPBUUYHBIX MaTEpUid OyAET MPOJOIKATHCS 10 T€X IOp, IOKa
gedopmaliss MEPHOCTA MUKPONPOCTPAHCTBA He OyneT HeWTpaau30BaHa.
[1OpuaHbIE POPMBI MATEPUHU 3AMOJIHAIOT CO00I 3T 1e(popMaLIMM MEPHOCTH.
IIpencTtaBuM cebGe rpyHTOBYIO JOpOry ¢ siMaMu. Eciiv B3sTh 1 3aChIIIaTh 3TU
SIMbI IOJTHOCTbIO KAMHSIMM, TIOBEPXHOCTh JOPOI'M BHOBb CTAHET POBHOM, XOTS
B PEAJIbHOCTU SIMbI HUKYJA He ucuesnu. [1pocTo nx 3anoHUIN Ka4yeCTBEHHO
JPYTUMU TBEPABIMU MaTepuaiaMu. Tak u TMOpUIHBIE MAaTEPUM, BOSHUKILIME
B 30Hax AedopMaliyi MUKPONPOCTPAHCTBA, KAYECTBEHHO OTJMYaAsICh OT
MEPBUYHBIX MAaTEPUI UX CO3IABILIMX, 3aIIOJHSIOT 30HbI HEOAHOPOAHOCTU U
co00Ji KOMIIEHCUPYIOT UCKPUBJIEHUE ITPOCTpaHCTBA. B maHHOM ciiydae, Hac
MHTepecyeT rudpuaHas (popMa MaTepun, BOSHUKILAS, KAK pe3yJIbTaT CAUSHUS
cemu (popM IIepBUYHBIX MaTepuid. JInana3oH 3HaYeHWIA MEpHOCTH, B IpeAeaax
KOTOPOro (pU3nYeCKHU MJIOTHOE BEIIECTBO CTAOUIBHO, T.€. HE pacIiagaeTcs Ha
TIEpBUYHbIE MATEPUU €TI0 00Opa3ylolIMe, JEXKUT B Ipeaeax:

2.87890 < ALgns. < 2.89915 (3.3.1)

Camblii MaJIEHbKHI aTOM — aTOM BOAOPOJIa — B CBOEM SIIPE UMEET TOJIb-
KO OJIMH HYKJIOH — IIPOTOH, AaTOMHBIN BEC KOTOPOT'O paBEH OJJHOM YCIOBHOM
aTOMHOW eauHuIEe. ECTeCTBEHHO MPEANOJIOXUTh, YTO U BIAUSIHUE HA CBOU
OKPYKaIILIii MUKPOKOCMOC aTOM BOJOpPOAA OyAeT OKa3blBaTb MUHUMAJIb-
Hoe. B cuity aToro, Bogopo/ OyaeT yCTOMYMB BO BCEM AMaIia30He 3HAYCHUM
(pmznueckm moTHoOro BemecTna (3.3.1). UMeHHO moaTOMY, BOIOPOA, — CaMBblid
pacnpOoCTpaHEHHbIN 371eMeHT BO BcesreHHoI. [laBaiiTe monbITaeMCs IOHSTD,
IMoyeMy BOJOPOJ — cCaMblil pacIpoCTpaHEHHBIN 371eMeHT BO BceneHHO?
[Tpu cuHTE3€ aTOMOB, B YaCTHOCTU BOAOPO1a, TPOUCXOAUT UBMEHEHME Kaye-
CTBEHHOTO COCTOSIHMSI MUKPOIIPOCTPAHCTBA BOKPYT spa 3TUX aTOMOB.
[Ipuu€ém, Bo3HUKILIEE JONOJHUTEIBHOE UCKPUBJIEHUE MPOCTPAHCTBA UMEET
JIPYTroM 3HAK I10 OTHOILLIEHUIO K 30HE Ae(POPMALIMU IIPOCTPAHCTBA, B KOTOPOI
MMPOMU3OIIEN CUHTE3 3TUX aTOMOB. ECiM cunTath OTpULATEIbHON BEJIUYUHY
nedopMalyi IpoOCTPaHCTBA, B KOTOPOW MPOMU3OIIET CUHTE3 aTOMOB, TOIr/Ia
JIOTIOJIHUTEJIbHOE UICKPUBJICHUE TTPOCTPAHCTBA, BEI3BAHHOE KaXKIbIM aTOMOM,
OyIeT MOJOXUTEILHON BeInuynHOM. Takum o0pa3om, Ha IEPBUYHOE UCKPU-
BJICHME TIPOCTPAHCTBA HAKJIAABIBACTCS BTOPUYHOE UICKPUBJICHUE C TPOTUBO-
MOJIOKHBIM 3HAaKOM. B pe3ynbrare 4yero, nepBUYHOE UICKPUBJIEHUE MTPOCTPAH-
CTBA YACTMYHO KOMIIEHCUPYETCSI. ATOM BOAOPOAA, UMEIOILIUIA B CBOEM SIIPE
TOJIBKO OJJMH HYKJIOH — IIPOTOH — CO3Ja€T TaKUM 00pa3oM MUHUMAaJbHOE
BTOPUYHOE UCKPUBJIEHUE MMPOCTPAHCTBA U MMO3TOMY CTAOMJIEH IMTPAaKTUYECKU
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BO BCEM amana3oHe. OMacHOCTh HEYCTOMYMBOCTU BO3HUKAET TOJBKO MPU
HaXO0XJIEHWU aTOMOB BOJIOPOAA y TPaHUILL AMaIla30Ha CTAOMIbHOCTHU (prU3nUe-
CKM IJIOTHOTO BellecTBa. [1oaToMy, BOIOPOA UMEET CIIEKTP YCTOMUMBBIX CO-
CTOSTHUMIA, MPaKTUYECKM PaBHBIN JMana30Hy YCTOMYMBOCTU (PU3UYECKU ITJIOT-
Horo BeuecTBa (Puc. 3.3.1).

KaxxmoMy ycTOMYMBOMY COCTOSIHUIO aTOMA COOTBETCTBYET YPOBEHb COO-
CTBEHHOI MepHOCTH aToMa. Eciin aToM nmeeT ypoBeHb COOCTBEHHOI MEPHO-
CTU OJIM3KMIA K BEpXHEU rpaHULIE IMana3oHa yCTOMYMBOCTU (PU3UYECKHU TIOT-
HOTO BEIIECTBA, TO, IIPU IOTJIOIIEHUM aTOMOM (DOTOHA C IJIMHHOM BOJIHBI,
COM3MEPUMOM C pazMepaMu aToMa (IIpU IOIJIOLIEHMUA aTOMOM (pOTOHA,
AJIEKTPOH aToMa «IePeXOIUT» C OJVKHEN K Iapy opOUTHI Ha OoJiee yoaJleH-
HYI0), yPOBEHb COOCTBEHHOU MEPHOCTHY aTOMa U3MEHSIETCS Ha BEJIMYMHY aM-
TUIMTYAbI HOMIOIIEHHOKM aTOMOM BOJIHBI. TakuMm 00pa3oM, B pe3yJIbTaTe I10-
[JIOLIEHUS aTOMOM (pOTOHA, yPOBEHb COOCTBEHHOM MEPHOCTU aTOMa YBEJIM-
yuBaercsd. U, ecim n3HavaabHO aTOM HaXOIUJICS OJIM3KO K BEpXHEI IpaHULIE
JIMAIa30Ha yCTOMYMBOCTU (DU3NUECKH TUIOTHOTO BEIIECTBA, IT0JJ00HOE N3Me-
HEHME MEPHOCTU MPUBOIUT K HEYCTOMYMBOMY COCTOSIHMIO aTOMA, U OH pac-
nagaercss. MoxeT BO3HMKHYTh BOIIPOC, KAKMM 00pa30oM aTOM BOJIOPOAA B Ua-
CTHOCTHU WJIM JIIOOO¥ APYroil aToM, YCTOMUYMBBINA B CBOEM OOBIYHOM COCTO-
SITHUM, CTAHOBUTCS HEYCTOMYMBBIMU U pacnagaetcsa? BepHeEMcs K o0pa3y M
Ha JOPOre, 3al0JHIEMbIX BOJIOM BO BpeMs JoxXasd. Kak pa3mepsl, Tak U I1y-
OMHa 3TUX SIM BCera OyIeT pa3InyHON U ITOTPEOyeTCs pa3HOE KOJIMYECTBO BO-
JbI UJIA YETO-HUOYIb APYTrOro, YTOOKI 3alIOJTHUTH 3TU SIMbI 10 KpaéB. I1oaTomy,
€CJAM BO3HMKAET HE3HAUMTEJIbHOE HMCKPUBJIIEHUE MMKPOIIPOCTPAHCTBA,
BO3HUKAET CHUHTE3 TOJbKO TAKUX ATOMOB, COOCTBEHHOE BJIMSIHHE KOTOPbIX HA CBOE
MHKPONPOCTPAHCTBO COM3MEPUMO C BEJMIMHOM AedopManuym MUKPONPOCTPAH-
CTBA B 00J1aCTH CHTe3a JaHHbIX aToMoB. Ha nedopmanuio MakponpocTpaHcTBa
HaKJ1aabIBaeTcs Ae)opManus MUKPONPOCTPAHCTBA, TOJIbKO ¢ 00PATHBIM 3HAKOM,
¥ OHU B3aUMHO YPABHOBELIUBAIOT APYT Apyra. MMHMMAaIbHOE UCKPUBJICHUE Ma-
KPOMPOCTPAHCTBA, ITPU KOTOPOM BO3HMKAET CUHTE3 (PU3UYECKHU IMJIOTHOTO
BEILIECTBA, COOTBETCBYET YCIOBUSAM CHHTE3a Bomopoaa. AtoMm Bogopoaa H
OKAa3bIBACT MUHMMAJIbHOE BIMSHUAE HA CBOE MUKPONPOCTPAHCTBO U UMEHHO
MO3TOMY SIBJISIETCS mepBeiileid popMoii (pU3MUYECKU TVIOTHOTO BelleCTBA BO
Bcenennoii (Puc. 3.3.2).

ATOM BOIOpPOAA — 3TO MEPBOKMPNMYMK MaTepuu Hamrei BceleHHON u
MMEHHO OH MOCJIY>KWJI CTPOUTEIbHBIM MaTEPUAJIOM, KaK IS 3BE3]1, TaK U BCEX
JPYTMX U3BECTHBIX aTOMOB, KOTOPbIE BO3HUKAIX B HEJApaX 3BE3/1 B pe3yJIbTaTe
TePMOSIACPHBIX PEAKLIN, MOSBIISIOIINXCS B Pe3YJIbTaTe CXKATHUS BOAOPOIHBIX
3BE31 — royobIx riraHToB. CxXaTre BOOOPOIHBIX TOJIyObIX TMUTAHTOB ITPOUC-
XOOUT BCJIEICTBUE TOTO, YTO BHYTPU TOJIYOOIro TMraHTa CYyILLECTBYET Mepena/l



140 Huxkomaii Jlesamos. «HeonHoponnas Beenennasi»




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

|

L

2.87890




142 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»

MEPHOCTHU, HaIlpaBJIEeHHbIH K LIeHTpY 3Be31bl (Puc. 3.3.3). B pesyabsrare aToro
CXKaTUsl, aTOMbI BOAOPOJa HAUMHAIOT ABUTATLCS K LIEHTPY 30HBI 1epopMaLiin
MaKpOITPOCTPAHCTBA U, CTAJIKABASICH IPYT C APYTOM, U3JIydatoT BOJHBI. [1pun
BTOM 3JIEKTPOH KaXXAO0I0 U3JTy4arolero aToMa BOJIOpO/a IePEXOINUT ¢ OPOUTHI
¢ OOJIbLIIEN SHEPTUEN HA OpOUTY C MeHbIIeH. M Tak mpoaozKaeTcs 10 TEX T1op,
MOKa 3JIEKTPOH He MPUOJIU3ZUTCS K SAPY-IIPOTOHY HACTOJBKO OJIM3KO, YTO
MIPOUCXOAUT Ka4eCTBEHHOE Ipeo0pa3oBaHUE aTOMa BOJAOPOJA B HEUTPOH.
CyliecTByeT KpUTUUYECKas MUHUMaJIbHAs opOMUTa IJjIsl DJIEKTpOHaA aToMa
Boaopoaa. M ecim 371eKTpoH, HAaXOISCh HA 3TOM OpOUTE, U3TYy4aeT BOJHY U
MEePEXOJUT Ha OpOUTY HUXKE KPUTUUECKOM, MPOUCXOASIT HEeoOpaTUMbIe
MpPOLIECChl M BOJOPOJ IEPEXOAUT B HOBOE KAUYECTBEHHOE COCTOSIHUE —
HEUTpOoH. B HelTpoHe paccTossHME MeXIy IMPOTOHOM U BJIEKTPOHOM
HACTOJIbLKO MaJlbl, YTO MOXHO CKa3aTb UTO 3JEKTPOH IMPaKTUYECKU yMaJl Ha
npotoH. [Ipu copoce anekTpoHa HA OPOUTY HUXKE KPUTUYECKOI, BOBHUKAET
CUTyallMs, KOraa IMIPaKTUIE€CKU HE CYILIECTBYET BO3MOXXHOCTU BBIBECTH €T0 Ha
0oJiee BbICOKYIO opouty. HeliTpoH, He MMEIOIIMI 3JeKTPUIECKOTo 3apsaa,
CTAaHOBUTCS CTPOUTEILHBIM MaTEepUaJIOM IJIs IPYTUX aTOMOB.

Yckopssich, B pe3ybTaTe CTOJKHOBEHMS C aTOMaMU U APYTMMU HEUTPO-
HaMM, HEUTPOHBI JOCTUTAIOT TAKUX SHEPIUii, KOIIa OHU B COCTOSIHUM MPO-
HUKHYTH B SIIPO BOJOPOJA U CO3aTh ACUTEPUIA, TAK Ha3bIBA€MBbII, TSKEIBIN
BogopoA. TakuM 06pa3oM BO3HUKAIOT YCIOBUS IS TEPMOSIACPHBIX PeaKIIi,
B pe3yJibTaTe KOTOPBIX CUHTE3UPYETCS Irejinii. AHAJTOTMYHBIM 00pa3oM Ipo-
HMCXOIUT CUHTE3 U aTOMOB BCEX OCTAJIbHBIX 3J1EMEHTOB. B pe3yiibraTe cxxaTus
3BE€3[Ibl HACTYIIaeT MOMEHT, KOIr/la IMMPOUCXOJUT B3PbIB, TAK HAa3bIBAEMOM,
CBEPXHOBOI, 1 BEILIECTBO BEPXHUX CJIOEB 3BE3/IbI, COCTOSIIIEE U3 aTOMOB pa-
3HBIX 2JIEMEHTOB, BbIOpAChIBAaeTCS B OKpyxKarollee npocTpaHCTBO. Kpome
3TOTrO, CJIEAYeT BCIIOMHUTD, YTO, B IpeAesiax Auana3oHa YCTOMUMBOCTU (PU-
3MYECKU MJIOTHOIO BEIIECTBA MEPHOCTb MUKPOIIPOCTPAHCTBA MEHSIETCS HE-
MIPEPLIBHO B TO BpeMsl, KaK BTOPUYHOE BIMUSHUE KaxXXI0ro aToMa Ha 3TO Xe
MPOCTPAHCTBO MMEET KOHKPETHYIO, KOHEUHYIO BEJIMYMHY. DTa BEJIMYMHA
BJIMSTHUS COOCTBEHHO aTOMa MOXET ObITh OY€Hb MAJIEHBKOI, KaK Y BOJOPOa,
WJIM COM3MEPHMON C IMANa30HOM YCTOMYMBOCTU — KaK y ypaHa U CASAYIOLIMNX
3a HUM 3JieMeHTOB (Puc. 3.3.4). BausHue Bcex OCTaIbHBIX 3JIEMEHTOB JIEKUT
MEXIY STUMU KpaHOCTIMHU. Bonopo Mbl Ha3bIBa€M CaAMBIM «JIETKUM» 3JI€-
MEHTOM, a TPAHCYPaHOBbIe — CaMbIMU «TsLKEIbIMI» (Puc. 3.3.5). Ho, Bpsiaiu
KTO-HUOYIb 3aAyMBIBAJICSI, YTO CTOUT 3a STUMMU CTOJIb OYEBUIHBIMU MOHSTH -
sIMUA. MBI NPUBBLIKJIM IPUHMUMATh, KaK JTOJKHOE, MHOTME TIPUPOIHbIE SIBJIE-
HUSsI, XOTSI OHM HECYT B ceOe Iopoil yIMBUTEJIbHYIO MH(POPMaLMIO, 001agaH1ie
KOTOPOI MOXKET IMTOMOYb pa3ragaTb MHOIMeE 3aragku npupoasl. IIpeacraBum,
YTO B BOJYy OpOIIE€HO MHOIO IIapMKOB Pa3HOTO pa3Mmepa, HO OJUHAKOBOM
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IUIOTHOCTU U CaMbIi MAJIECHbKUI U3 HUX — LIEJI0€ YMCIIO pa3 IMOMEIIAETCS B
JI1060M apyrom. BeaencrBsue 3Toro, Bec Kaxkaoro 0yaet 00JbllIe Beca CaMoro
MaJIEHbKOI'O BO CTOJIbKO pa3, CKOJIBKO pa3 OH IMOMEIAETCS B JAHHOM IIIapUKE.
ITocse Toro, Kak Bce 3TU LIapUKU YITAJIU B BOIY, OHY IPUILLIA B XaOTUYECKOE,
110 OTHOLLIEHUIO APYT K APYTY, ABMXeHue. Ho mocreneHHO, Mo Mepe moTepu
VMU U3HAYAJIbHOTO UMITYJIbCA, OHU PACIIPEACIISTCS B BOJIE B ONIPEACIEHHOM
nopsiake. Camblil TErKuid apuk OyIeT IUIaBaTh Ha MMOBEPXHOCTU BOIbI WU
0JIM3KO K Heil, TaM, Te €ro Bec OyAeT HEMTpaJIu30BaH JdaBjeHUeM Boabl. Bce
OCTaJIbHbIC LLIAPUKU, B 3aBUCUMOCTHU OT MX pa3Mepa, a CIeI0BaTeIbHO U Beca,
OKaxKyTCsl MOTPYy>KEHHBIMU Ha pa3HbIe ITyOMHBLI. JIt000€e nBMXXeHue BOAbI OY-
JIET IPUBOJUTD B IBUKECHUE BCE 3TU 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 u, moHSITHAs U 3HAKOMAasl KaXXI0My U3 HAC KapTyUHa. Tak BOT, ca-
MBIM «JIETKUM IIapPUKOM» SIBJISIETCS BOAOPO/, a BCE OCTaJIbHbIC IIAPUKU —
aTOMaMU JIPYTUX DJIEMEHTOB, aTOMHBbIMA BEC KOTOPbIX — KPATHBI aTOMHOMY
BeCy aToMa Bomopoaa. KpaTHblid mOTOMY, YTO J1H000€ SIAPO COCTOUT U3 HYKJTIO-
HOB — IPOTOHOB U HEMTPOHOB, BEC KOTOPBIX — IMPAKTUYECKU OOAUHAKOBBINA.

Tak BOT, TaK XK€, KaK ¥ BOJHbIE MACChI IPUXOASIT B ABMKEHUE T10]1 BO3ICH -
CTBMEM BeTpa WUJIM Yero-HUOYAb IPYroro, B MIpOCTPAHCTBE MOCTOSTHHO IPOUC-
XOIAT pa3IMYHbIC TIPOLIECCHI (HAIPUMEDP, MPOXOXKACHUE Yepe3 MPOCTPAHCTBO
pa3HBIX BOJIH), B Pe3YJIbTaTe UETO BCE «IIABAIOIIKE» B IIPOCTPAHCTBE ATOMBI
M MOJIEKYJIbl IOUTHU MOCTOSIHHO HAXOASTCS B IBMXKEHMM. [lociie Kaxmoro
0UYEPEIHOr0 BO3MYILIEHUS MEPHOCTU ITPOCTPAHCTBA ATOMbBI BO3BPAILIAIOTCS K
CBOMM <«PAaBHOBECHBIM» COCTOSIHMSAM. BciencTBue 3TOoro atombl BOAOpPOAa
CKaIJIMBAIOTCS Y BEpXHEW I'paHULIbI AUaIia30Ha YCTOMYMBOCTU (PU3NYECKU
0THOro BewecTBa. [loHMMaHue 3TOro, NMpuobIMXKAET K OCMBICIEHUIO
pPaarOaKTUBHOCTU U30TOMOB «JIETKUX» U «CPEIHEN TSKECTU» DJIEMEHTOB. K
MIpUMepYy, IIpyu O00MOApIAMPOBKE BOJOPOAA HEMTPOHAMM, HEKOTOPHIE aTOMBI
BOIOPO/Ia 3aXBaTbIBAIOT OJIUH WJIY IBa HEUTPOHA, B PE3YJIBTATE YETO aTOMHBII
BEC 3TUX aTOMOB YBEJIMYMBAECTCS HA OJHY WU ABE aTOMHbIE € IMHUIIBI 1 00pa-
3yeTcs AeTepruii MU TPUTHUI, UMEIolIMe OOIbIINI, Y4eM BOJOPO, aTOMHBII
BEC MPU TAKUX XK€ IIECKTPOXMMMNUYECKUX CBOMCTBaAX. JlelTepuit 1 TpUTUMA,
UMe TaKOW HE3HAUUTEIbHBI aTOMHBII BEC, SBJISIOTCS PAAUOAKTUBHBIMU
n3oTtonamu Bogopoaa. HeoobsacHMMOE ¢ KJIacCUYECKOM TOUKM 3pEHUS SIBJIE-
HUE CTAHOBUTCS €CTECTBEHHBIM JIJIS1 IOHMMAaHMUS, €CJIA YYECTh BbIILIECKA3aH-
Hoe. B npuHLmMne, Bogopo1 yCTOMYMB B Ipeaeiax MIpakKTUIeCKU BCEro auana-
30Ha YCTOMYMBOCTU (PU3NYECKHU IIJIOTHOTO BelnecTtBa. Ho, mpu aToM, ypoBeHb
COOCTBEHHOM MEPHOCTH BOAOPO/IA PACIIONAraeTcs 0JIM3KO0 K BEpXHEH IpaHuULIEe
JMana3oHa yCTOMYMBOCTU. [1j11 TOro, 4ToObI MOHSITh, YTO TAKOE YPOBEHb COO-
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CTBEHHOI MEPHOCTH, CJICAYEeT BCNOMHMTb, YTO KaXKIbIA aTOM BIIUSIET HA CBOE
MUMKPOIPOCTPAHCTBO. DTO BIMSIHME O0YCIOBJIEHO TEM, UYTO aTOM 3aHMMAET CO-
00i1 YyacTh MaKpOIPOCTPAHCTBA.

BiuvsiHue kaxxmoro aromMa Ha CBOE MUKPOIIPOCTPAHCTBO M MaKpOIIPO-
CTPAHCTBO — IMOCTOSSHHO M MPOINOPLIMOHAJILHO aTOMHOMY BECY, APYTUMU
CJIOBAaMU, KOJIMYECTBY MIPOTOHOB U HEUTPOHOB, 00OPa3YyIOIINX aTOMHOE SIIPO:
yeM 00JibllIee YKUCI0 HYKJIOHOB (IIPOTOHOB U HEMTPOHOB) BXOAST B COCTaB
sipa aToMa, TeM OOJiblle BIAMWSHME aTOMa Ha OKpPYyXKarollee MPOCTPaHCTBO.
Jedopmaiiyss MaKpoIpoOCTPaAaHCTBA MOXET ObITh pa3IUYHOM. ATOMBI, BO3HU-
Kalolue BCJIeICTBME CUHTE3a WM ITOMABIIME B 3Ty Je(OpMaLnIO, 3aII0JIHSIIOT
e€ coboit. [ToaToMy, MpMu 3amOJIHEHUN OJHON U TOM XK€ HEOIHOPOJIHOCTU
pa3HbIMM aTOMaMM, MOCAeAHNE (ATOMbI) OKAXXYTCSI B pa3HbIX KAU€CTBEHHBIX
YCIOBUSX. ATOM BOAOPOAA, MPU CBOEM MUHUMAJILHOM BIIMSIHUM HAa OKpYy>Ka-
I011Ie€ MPOCTPAHCTBO, OYIET YCTOMYMB I10 BCE 30HE HEOTHOPOTHOCTU B CUITY
TOTO, YTO CTEMNEHb BJIMSHUS aTOMa BOAOPOIa HA OKPYXKAIOILLEe MPOCTPAHCTBO
3HAYUTEJIbHO MEHbIIIE BEJIUYMHBI caMoOi gedopmanuu. B To Bpemsd, Kak
CTEINEHb BJIMSHUS Ha OKPYXKalolllee IIPOCTPaHCTBO aTOMOM ypaHa U cousme-
PUMO C MAaKCHMMaJIbHOM BEJIMYMHOM JeopMalliy TIPOCTPAHCTBA, NP KOTO-
PO MOXET CYILLIECTBOBATh (PU3NYECKU IJIOTHOE BellecTBO. [1oaTomy, ycinoBus
JUISI CUHTE3a U YCTOMUYMBOTO COCTOSIHMS aTOMA ypaHa BO3MOXHBI TOJILKO TIPU
BEJIMUMHE JeopMallii, COU3MEPUMOM CO CTETIEHbIO BIUSIHUS aToOMa ypaHa
Ha OKpYyKarollee IMPOCTPAHCTBO. A 3Ta BeIMYMHA, KaK y>Ke TOBOPUJIOCH, CO-
M3MeprMa C BEJIMYMHOM Irarna3oHa yCTOMUMBOCTU (DU3NYECKU TNIOTHOTO Be-
uniectna. I1oaTomy, ypoBeHb COOCTBEHHOII MEPHOCTU aTOMa ypaHa OyJeT Jie-
KaTb BOJIM3M HUKHEU TPaHUIIBI AMAIIa30HA YCTOMUYMBOCTH.

AtoMm Bomopoaa H oka3piBaeT MUHMMAIbHOE BIMSIHME HA OKPYKAIOILIEEe
IIPOCTPAHCTBO U ITO3TOMY OH OYJIET YCTOMUYMB IPAKTUYECKU B ITPEIeIaxX BCEro
JIrara3oHa yCTOMYMBOCTU (PU3MUECKH IUIOTHOTO BellecTBa. pyrumu ciioBa-
MU, BOJIOPOJ UMEET COEKTP 3HAYCHUI COOCTBEHHOM MEPHOCTU, COU3MEPH-
MBI C IXANAa30HOM YCTOMYMBOCTU (PU3NYECKU IIJIOTHOIO BEIIECTBA. Takum
00pa3oM, ypoBeHb COOCTBEHHOH MEPHOCTH NPEACTABJISET c000ii 3HaYeHHE(s)
MEPHOCTH MMPOCTPAHCTBA BHYTPH IMANA30HA YCTOMYMBOCTH (pU3UIECKH IITIOTHO-
ro BemecTBa, MPU KOTOPLIX MPOUCXOAUT CUHTE3 JAHHOTO0 aATOMA M IIPH KOTOPOH
OH coxpaHseT ycrToiiunBoe coctosaHue. CIIEKTp 3HAUEHUI ypOBHEM COO-
CTBEHHOM MEPHOCTU BOAOPOAA O3HAYAIOT, YTO CUHTE3 aTOMOB BOA0OpO1a Oy-
JIET IPOUCXOIUTh, KaK MpU JepopMalsaX IMIPOCTPAHCTBA, COU3MEPUMBIX CO
CTEMNEHbIO BJAMSIHMS aTOMa BOJOPOJA HA OKPYXKAIOIIEe IMPOCTPAHCTBO, YTO
0JIM3KO0 K BepXHel IrpaHUlIe AMalia30Ha YCTOMUYMBOCTH, TaK U IpH Iedopma-
LIASX IPOCTPAHCTBA, COUZMEPUMBIX C BEJIMUMHOM Trana3oHa YCTOMYUBOCTU
(puznuecku 110THOrO BeulecTBa. CiaeayeT OTMETUTD, YTO KaXKAbIii aTOM BJIM-
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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 MJIM MOJTHO-
CTbIO 3aIOJIHSIET OO0 JeopMalivio MPOCTPAHCTBA, YMEHbIIIasi TEM CaMbIM
BeJIMUMHY 3TOM JepopMaliiu. [1oaTOMY, COBOKYITHOE BIMSIHUE HA IIPOCTPAH-
CTBO JABYXCOT TPUALIATU BOCbMM aTOMOB BOAOpOJa NMPUOJU3UTEIHLHO OyIeT
PaBHO CTENEHU BIUSHUS OQHOrO aToma ypaHa. [Ipnuém, 3amonHss codoi u
KOMIIEHCUPYS AedopMalivio IpoCcTpaHCTBa, KaXXIbIii aTOM Bogopoaa OyaeT
YMEHbIIATh «JIYOUHY» 3TOM Ae(opMaliiy U ABECTU TPUALIATH BOCbMOI aTOM
BOJIOPO/JA OKaXKeTCs B TAKMX K€ KaueCTBEHHBIX YCIOBUSIX, KaK U OJUH aTOM
ypaHa — CTaHET HeYCTOMYMBBLIM, paguOaKTUBHbIM. OTIUMe OyIeT TOJLKO B
TOM, UTO BCE 3TU aTOMbI BOJOpPOAA OYAyT HAXOAUThLCS B MOCTOSIHHOM JIBU-
JKEHMU IPYT OTHOCUTEIBLHO ApYra U MepruoanUeCKr KaxKabIi N3 HUX OKAXKETCsI
B MOJIOKEHUU HEYCTOMUYMBOCTU U, €CJIM B 3TO BpPeMsI uepe3 JaHHYI TOUKY
MPOCTPaHCTBA MPONIAET KaKOe-HUOYAb MUKPOCKOIIMUYECKOE BO3MYIIEHNE
MEPHOCTH MPOCTPAHCTBA, JaHHbIM aTOM BOJOPOIA CTAHET PAJUOAKTUBHbBIM.
B 10 BpeMs1, KaK Kaxblif aTOM ypaHa IMMOCTOSIHHO HAaXOJUTCSI B HEYCTOMYMBOM
COCTOSTHUU M TIPY MUKPOCKOTTUYECKUX BO3MYILIECHUSIX MEPHOCTH TTPOCTPaH-
CTBa HAUMHAET pacrnagaThCs Ha 0oJiee yCTOMUMBEIE aTOMBI.

TakuM 00pa3oM, BHE 3aBUCUMOCTH OT TOr0, KAKOi 3TO aTOM, OH CTAHOBHT-
Csl paIMOAKTHUBHbBIM, €CJIM OH, 110 TeM MJIH MHBIM NPUYMHAM, OKAXKeTCs 0JIM3KO K
BepPXHeii rpaHuIle IMana3oHa yCTOMINBOCTH (hH3HYeCKH IVIOTHOTO BemecTna. B
CHJIY TOTO, YTO B IIPOCTPAHCTBE IMMOCTOSTHHO MPHUCYTCTBYIOT Pa3JIMYHbIE MUKPO-
CKOMUYECKMe KojeOaHUsI MEPHOCTU, aTOMbI BOJIOPO1a IIOCTOSIHHO HAXOISITCS
B JIBUKEHUM, TIPU KOTOPOM OHM OTKJIOHSIIOTCSI OT ONTUMAJIbHOIO JIJISI HUX
ypoBHsSI MepHOCcTH. Ho, Kak ¥ momiaBoK YIIEAIIW MOA BOAY BCILILIBACT
MOCJIe TOTO, KaK pbl0a OTITYCTUT HAaXKMBKY, TaK M aTOMbI BOJIOpO/ia (BIIPOUYEM,
KaK 1 J100ble Apyrue aToMbl) BO3BpalllaloTCsl K ONTUMalbHOMY YPOBHIO
cooctBeHHOU MepHocTU (Puc. 3.3.6). Eciu Bo BpeMs1 ABUXKEHUSI aTOMOB
BOJIOpPOJIA TI0J BO3IEHCTBMEM BO3MYILIEHUII MEPHOCTH MUKPOIIPOCTPAHCTBA
SIPO KAKOTO-11M00 M3 aTOMOB BOJIOPOJIa «3aXBaTUT» OJVH VI JIBA «JIMIITHUX»
HEUTpPOHA, TO, IMPU BO3BpAIEHUU TaKMX U3MEHEHHBIX aTOMOB K ONTUMaJlb-
HOMY JJIsl BOAOPOJa YPOBHIO MEPHOCTU OHU «BBINMaAal0T» U3 JUara3oHa yc-
TOUYMBOCTU (PM3MYECKU IJI0THOrO BellecTBa (Puc. 3.3.7). B pe3ynbrarte yero,
CTaHOBSTCS HeycToMuuBbIMU U pacnanatorcs (Puc. 3.3.8). U Bcé cpasy cra-
HOBUTCSI Ha CBOM MeCTa, MCYe3al0T MPOTUBOPEUMSsI, BMECTO adCypaa OTKPHI-
BaeTCsl BEJIMKOJIEITHAsl KapTMHA MUKPOMMpPA B CBOEH MEepBO3JIaHHOM KpacoTe.
OcTaJioCch BBIICHUTH TOJBKO MaJIEHBbKOE «HO»: IMOYEMY TSKEJIbIA BOAOPO/L,
BO3BpalllaeTCsl K TOMY XK€ ONTUMaJlbHOMY YPOBHIO COOCTBEHHOI MEPHOCTH,
YTO U «IIPOCTOM» BOJOPO, B pe3yJIbTaTe Yero CTAHOBUTCSI HEYCTOMYMBBLIM U
pacrniagaetcs?!
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JlaBayiTe 4yTb Iy0Ke «3arjasiHeEM» B IIpO aToMa Bogopoaa. Aapo «mpo-
CTO» BOJIOPOAA UMEET OJJMH HYKJIOH — MPOTOH — ITOJIOXUTEIbHO 3aPSI>KeH-
HYIO YaCTHILY, 3apsil KOTOPO HEMTPaAIU3yeTCsl OTPULIATEIbHBIM 3apsIAoM dJie-
KTPOHA, YTO 00eCceuynBaeT yCTOMUYMBOCTh aToMa. BcrmoMHMM, 4TO 11po coaep-
>KUT MPAKTUUECKU BCIO MAacCy aToMa, B HEM COIEPKUTCS PUNIECKU MIIOTHOE
BEILECTBO, MPEACTABILIONICEe COO0M THOPUIHYIO GOPMY MAaTEpUU, BO3ZHUK-
LIIYIO B pe3yJIbTaTe CIMSHUS CeMU MEpBUYHBIX MaTepuii. [InGpuaHbie (popMbI
BJIMSIIOT HA MEPHOCTh MUKPOIIPOCTPAHCTBA C OOpaTHBIM 3HaKOM. Beitencteue
yero, M3HavajbHas aedopmalysi MUKPOIIPOCTPAHCTBA HEeUTpaausyeTcs, 1
BOCCTaHABJIMBAETCS OalaHC — YCTOMYMBOE COCTOSTHME MPOCTpaHCTBA. Anpo
aToMa BOAOPOJa, IIPU CBOEM POXKIECHUM, CO3IAET CBOIO MUKPOCKOITMYECKYIO
JedopMaliio MEPHOCTU OKPYXKAKOILEro MUKPOIIPOCTPAHCTBA TAKOM K€ TIpU-
poIbl, YTO M M3HavajdbHas. M, ecan m3HavanbHylo geopMalMio CUYUTATh
OTPULIATEIbHOM, TO (PU3NUECKU IIOTHOE BEILIECTBO CO3IAET MOJI0XKUTEIbHYIO
nedopMalLio MUKPONIPOCTpaHCTBA. B 3aBUCMMOCTH OT TOro, Ha KAaKOM pac-
CTOSSHUHU OT siipa BO3HMKAaeT BbI3BAHHAS IMMPOTOHOM JedOopMalus MUKPO-
MMPOCTPAHCTBA, MOSBISIETCS WIA aTOM BOOOPOAA, WM HEUTPOH. Jle10 B TOM,
YTO HEMTPOH — BJIEKTPUYECKU HEUTpaibHAsI YaCTULIA, KaYeCTBEHHO 00pa3o0-
BaHa IPOTOHOM U 3JIEKTPOHOM, PACCTOSIHUE MEXTY KOTOPBIMUA — Ha ITOPSA0K
MEHBbIIIE pa3Mepa aToMa Bogopoaa. [1oaTomy, cToab 6JIM3KO pacIioioOXXEHHbIE
MOJIOXKUTEIbHAS U OTpULIATEIbHAsI 30HBI Ae(POpMaLlM MUKPOIIPOCTPAHCTBA
MOJHOCTBI0 KOMIIEHCUPYIOT APYT APYyra, 1 BOSHUKAET HEUTpaIbHAS 30HA MU -
KpPOMpPOCTPAHCTBA, KOTOpasl He BCTyMNaeT BO B3aMMOJEHCTBME HU C KAKUMU
JPYTMMU, U30JIUPOBAHHAS OT BCETO U BCHI.

Y atoma Bogopoa «3JIeKTpOHHas» 30Ha AeopMallMi MUKPOITPOCTPaH-
CTBAa HECKOJBKO OTHAJIEHAa OT MPOTOHA, B PE3yJIbTaTe YEro €€ BIAWSHUE Ha
MIPOTOH S7Ipa BOJIOPO/Ia 3HAYUTEIbLHO MEHBIIIE, B CUJTY YETO CHJIa B3AUMOJICH -
CTBUSI MEXAY HUMU — 3HAYUTEJIbHO MEHBIIE YeM BHYTPY HEMTPOHA, B PE3YJIb-
TaTe 4ero, MOsIBJISIFOTCSI CBOMCTBA, XapaKTepHbIE 711 aTOMOB. TakuMm o0pa3oMm,
YETKO BEIPUCOBAJIMCH OTJIMYMS MEXTY aTOMOM BOJIOPOIA U HEMTPOHOM U 3TO
pa3inyre — TOJAbKO B PACCTOSIHUU MEXKIY ABYMsI 30HaMU JedpopMallii M-
KPOITPOCTPAHCTBA Pa3HbIX 3HAKOB. MMEHHO paccTossHME MeXAy HUMU TaK
3HAYMTEIbHO BJIMSET HAa UX CBOMCTBA, YTO Mbl TOBOPHUM, B OITHOM CJydae, 00
aToMe BOAOPOAA, a B APYroM — O HEMTpoHe. M onsiTh, IpOCTPAaHCTBEHHbIE Xa-
PaKTEepUCTUKHU MPUBOIAT K KAUECTBEHHOMY CKauKy MPOSIBJICHUSI MAaTEpUU. A
Ternepb, BCIIOMHUM, UTO «3JIEKTpOHHasl» 30Ha AedopMaliMi HeJoCTaTOuHa 151
MOJIHOTO CJUSIHUS CeMU (POPM MATEPUU U, YTO YCJIOBUS )15 CIMSTHUS BOZHU -
KAalOT TOJIbKO BPEMEHHO, BO BPEMSI IPOXOXKIEHUS (PpOHTA BOJIHBI YEPE3 «3JIC-
KTPOHHYIO» 30HY AedopMallii MUKPOIIPOCTpaHCTBA. B pesyakrare 3Toro,
(pr3MUeCcKHU IIOTHASI MaTEepUsI «pPOXKIACTCSI», YTOOBI B CACAYIOILIEE MTHOBEHUE
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yMepeTh, 1 TaK MOBTOPSIETCSI 06CKOHEYHOE YK CI0 pa3. Bo Bpemsi cBoeit «kpat-
KOBPEMEHHOI XXM3HW» 3JEKTPOH IPOSIBJISIET CBOMCTBA BelleCTBa, APYTUMU
CJI0BaMM, BJIMSIET HA IPOCTPAHCTBO TOYHO TaK XK€, KaK U SIpO aToMa BOIOpoaa
— IpoTOoH. B MOMEHT ero pacrnaga — «cMepTH» — MOA00HOE BIMSIHUE UCYe-
3aeT. M, Kak ciaencrtsue, aToOM BOJOPOAA MOCTOSIHHO COBEPIIAET MUKPO-
CKOMMYECKNE KOJIEOAaHNWSI MEPHOCTH OKPYXKAIOIIETO MUKPONPOCTPAHCTBA,
OTHOCHUTEJIbHO YPOBHSI YCTOMUYMBOIO COCTOSIHUSI paBHOBecUsl. B pe3yiibraTe
MEPUOANYECKONM MaTepuaan3aliy 3JIEKTPOHA, «3JIEKTPOHHAs» MUHYCOBas
30Ha JeopMalii MUKPOIIPOCTPAHCTBA TO UCYE3HET, TO BHOBD IOSIBUTCS. Ta-
KUM 00pa3oM, pa3audue MexXay aTOMOM BOJOPOAA U HEUTPOHOM OIIpe-
JIEJSIOTCS TOJbKO MX IPOCTPAHCTBEHHON CTPYKTYpOI, KOTOpasi OKa3bIBA€T
BJIMSIHUE TOJILKO HA X XUMHUUYECKME CBOCTBA, B TO BpeMsl, KaK IPpUPOIa UX
BJIMSIHWSI HA MUKPOIIPOCTPAHCTBO — MPAaKTUYECKU TOXASCTBeHHA. [1oaTOMY,
KOrJa aTOM BOJOPOJAA «3axXBaTbIBa€T» HEUTPOH, aTOM TSIKEIOTO BOIOPOAA
CTPEMUTCS K TOMY K€ ONTUMAJIbHOMY YPOBHIO COOCTBEHHOI MEPHOCTH, UYTO
U «IIPOCTOM» BOJAOPO/I, B TO BpeMsl, KAK COBOKYITHOE BIIUSHUE S1Apa HA OKPY-
Kalollee MUKPOIIPOCTPAHCTBO Y TSKEJIOTO BOJOPOAA B ABa UJIM TpU pasa (B
clydae aeuTepust Wid TPUTHUS, COOTBETCTBEHHO) OOJIbIIIE, YEM Y IIPOCTOIO BO-
nopona. M, kak ciieicTBUe, TSOKENbIA BOAOPO/I BBINAAAET 3a MPeIesibl YCTOMN-
YUBOCTU (PU3MYECKU MJIOTHOro BellecTBa. Ero simpa oka3bIBalOTCSI B 30HE
MUKPOITPOCTPAHCTBA, TJI€ HE MOXET CYIIECTBOBAThL MaTepHusl, BO3HUKIIIAS
MIPU CIMSIHUM CEMU MEPBUYHBIX MaTepUii, MPOUCXOAUT pacHaj sapa Ha Ma-
Tepuu, ero odpazyroiire. YTo U COOTBETCTBYET paJIMOAKTUBHOMY pacIiamy.

MozkeT BO3HUKHYTh BOIIPOC: IIOYEMY aTOM BOJOPO1a, KaK U BCE OCTaJIb-
HbIe aTOMBbI, JOJDKEH CTPEMUTHCS K ONTUMAJIbHOMY YPOBHIO COOCTBEHHOM
MepHocTu?! Y BooO111e, UTO CTOUT 3a 3TUM ITOoHATHEM? OuepeaHasi KOMOMHA-
LM CJIOB, HE UMelolast GrU3M4eCKOro CMbICIa U YETKOro oobsicHeHus?! Jla-
BaiiTe pa30epeEMCS C 3TUM OHITUEM.

Kak yxe otMeuanoch, riOpuiHbIe GOpMbI MaTEpUIA CBOSH Maccoil 3amoJI-
HSIIOT Ae(OpMalIMIO ITIPOCTPAHCTBA, B KOTOPOM IMPOUCXOAUT UX cuHTEe3. [1po-
1IECC CUHTEe3a MPOA0JIKAeTCS A0 TeX IMop, MoKa 30Ha AeopMallMu He 3a10JI-
HUTCS MOJTHOCTBIO, TAK K€, KaK P 3aChIITAHUN KAMHSIMU SIMbI, TIOBEPXHOCTb
ITPYHTOBOI IOPOIrM CTAHOBUTCS pOBHOM. [MOpUIHbIE MATEpUU HEUTPATUIYIOT
co00i1 30HY e opMalLIiy NPOCTPAHCTBA. A 3TO MOXKET 03HA4YaTh TOJIBKO OJTHO
— OHM CaMU BJIMSIIOT HA MEPHOCTb IPOCTPAHCTBA CO 3HAKOM, OOpaTHBIM 3HA-
Ky aedopMaliid OpoCTpaHCTBA, B KOTOPOM MPOUCXOAUT CUHTE3 ITUX T'M-
OpUAHBIX MaTepuii. ATOMBI CO30aI0T BTOPUYHOE MCKPUBJIEHUE MUKPOIIPO-
cTpaHcTBa. TaknuM 00pa3oM, KaxKIblid aTOM U3MEHSIET MEPHOCTh CBOETO MM-
KPOMPOCTPAHCTBA, B TO BpeMsl, KaK BCE OCTaJIbHOE OKPYKalOIlee ero MUKpPO-
MPOCTPAHCTBO COXPAHSIET MEPHOCTb, KOTOpasi ObLIa 10 CUHTE3a JAaHHOTO aTO-
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Ma. B pe3yabraTe 3TOoro, BO3HMKAaeT HEKOTOPBIN IIeperiag MEPHOCTH, HAIIpa-
BJIEHHBII OT YPOBHSI C MEHbIIei MEPHOCTBIO, K YPOBHIO € 00JIbIIIEH. DTOT He-
O0JIBILION TTepenag MEPHOCTH 3aCTaBISIET aTOM IBUTaThCs K BEpXHEN IPaHULIE
Juraria3oHa yCTOMUYMBOCTU (PU3MYECKHU IIJIOTHOTO BellecTBa. BcmoMHUM, 4TO
rnepBUYHas aedopMalys MpOCTPAaHCTBA, B KOTOPOI MPOUCXOIUT CUHTE3 T~
OpuaHBIX (hopM, CO3MAET Ieperiag MEPHOCTH, HAalIPABJICHHBIMA OT YPOBHS C
0O0JIbIIEN MEPHOCTHIO K YPOBHIO C MEHBIIEH, YTO U 3aCTaBJISIET CBOOOIHbBIE
TIEPBUYHBIE MATEPUM ABUTAThCSI BHYTPb 3TUX 30H, IJIE OHU OKAa3bIBAIOTCS B
JPYTUX Ka4eCTBEHHBIX YCJIOBUSIX, TIPA KOTOPBIX MPOUCXOAUT CUHTE3 TMOpUI -
HBIX MaTepuii. Takum oO6pa3oM, rpagueHT (Iepenan) MEpHOCTU, B 30HE Ae-
(bopmany MpOCTpaHCTBA, UMEET OAMH 3HAK, B TO BpeMsl, KaK CO3JaHHbIN ITpU
CUHTE3€ aToMa Ileperag UMeeT IIPOTUBONOJIOXHBIN 3HaK. BcmoMHUM U 1py-
roii (pakT: iMa Ha JOpOTe HE MCUE3aeT, a TOJbKO 3aI0JHsIeTCS KaMHsIMU. [1o-
BTOMY AaxKe IMOCJIe 3aBePIIEHUSI CUHTE3a TMOPUIHBIX MAaTepUii, Iepenal Mep-
HOCTHU OCTAE€TCsl, U 3TO NPUBOAUT K TOMY, YTO IEPBUUYHBIE MAaTEPUU ITPOIOJI-
KaIOT «BT€KAaTh» B 30HY JepopMalli MPOCTPAaHCTBA. AHAJIOTUYHO, KaK BOJIa
PEKU UJIN PYYbsl, 3aIIOJIHUB A0 KPa€B 03€p0, IMIPOAOJIKACT BIAAaTh B HETO, CO-
30a€T TeyeHus B HEM. [1pu 3TOM, YacTh BOJIbI 03epa BHITECHSIETCS M POAOJI-
>KaeT Teub Aajibliie. Tak Xe U NepBUYHbIC MAaTEPUU MOCJIE 3aBEPIICHUS ITPO-
liecca CMHTe3a TMOpPUAHBIX MaTEpUil TIPOAOJKAIOT IMPOHU3BIBATh 30HY J€-
(bopmaniuu, B KOTOPON 3TOT CUHTE3 MPOUCXOAUI. 30HA JTePopMallMU MPO-
CTPAHCTBA HE MCUYE3aET, a TOJbKO 3aMOJHAECTCS THOPUIHBIMUA (POPMaMU Ma-
tepuii. [10aTOMY, M3HAYANBHBINM TIEpeTIag MEPHOCTU, XOTb U KOMIIEHCUPYETCS
rMOPUIHBIMU MATEPUSIMU, IIPOJOJIKAET CYILIECTBOBATD [IJISI CBOOOIHBIX IEP-
BUYHBIX MaTEpPUid, TaK XKe, KaK 03epo MPOA0JIKAET CYLLIECTBOBATD JJIS1 BOALI B
HETro BTEKAIOIIEN 1 MOCJIE TTIOJTHOTO 3aII0JTHEHUS.

Ilepenmag MepHOCTM (TpaAXEHT) BCEraa HApaBJIEH OT IPAHULL K LICHTPY
30HBI Ae(OpPMaLIMU IPOCTPAHCTBA, IO3TOMY IEPBUYHbIEC MATEPUU, IBUTASIChH
BIIOJIb 9TOI'0 I'paAl€HTa, CO3a0T COO0I HAIlpaBJIEHHbIM ITOTOK. DTOT Hampa-
BJICHHBII ITOTOK MEPBUYHBIX MATEPUIA, B 30HE TI€peNnaga MEPHOCTU U CO3IAET,
TaK Ha3bIBa€MOE, IPaBUTAIIMOHHOE NoJie. [paBUTalIMOHHOE MOJIe BCeTaa Mpu-
HUMAaJIOCh, KaK caMO CO00M pa3yMelolleecs, OUeBUAHOE 1 0€310Ka3aTEIbHOE.
Boo0O111e, moHsgTHE JTF000Tr0 MO0JIsI BBOAWJIOCH B BUJIE ITOCTYJ1aTa, 0€3 KAaKMX-J11-
00 10Ka3aTeJabCTB U OOBSICHEHUI, YTO B MIPUHLIMIIE YPEBATO CEPbEZHBIMU
MOCJICICTBUSIMU JJISI pa3BUTHUS HAyKU B 1IeJIoM. be3 moHnMaHus, Ka3aJ1oCh Obl
OYE€BUIHOTO, HEBO3MOXHO IBVKECHME HAyKU BOepea. Tak BOT, mepenaa Mep-
HOCTHU IIPOCTPAHCTBA B 30HAX HEONHOPOJHOCTH, BOZHUKILNX IPU B3PhIBAX
CBEPXHOBBIX, CO3HAET TPaBUTALIMOHHOE T10JI€, TpaBUTALIMI0. KaXablii aToM,
BO3HUKAIOIIMI B PE3yJbTaTe CUHTE3a CEMU MEPBUYHBIX MAaTePUiA, CO3MAET
BTOPUYHOE UCKPUBJIEHUE IIPOCTPAHCTBA HA MUKPOYpOBHe. Bo3HMKaeT nepe-
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rmajg MEpHOCTH, CO3JaBaeMblii aTOMOM, HaIlpaBJeHHBIM NPOTUB IIEPBOHA-
YaJILHOTO, IPYTMMM CJIOBAMM, KaXIbIi aTOM CO31aET aHTUTPABUTALIMOHHOE
noJie. B pe3yabrare 3TOro, aToM HAUMHAET IBUTaThCsl K BEpXHEW IpaHULIE A1~
arna3oHa yCTOMYMBOCTHU 1 OCTAaHABJIMBAETCS Ha OaJIJaHCHOM YPOBHE MEPHOCTH.

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

BcrioMHMM, 4TO KaxKablil aTOM HE TOJIBKO CO31a€T BTOPUUHOE UCKPUBJIE-
HUE IIPOCTPAHCTBA, HO U MIPEACTABIISIET COOOM (PU3NYECKU MJIOTHOE BELLIECTBO,
ruopuaHy0 ¢GopMy M3 CEMU MEPBUYHBIX MaTepUil, KOTOPOE KauyeCTBEHHO
OT/IMYAeTCs OT IepBUYHBIX MaTepuid. [ltaHeTapHBIN nepenan MepHOCTU POp-
MUpPYET HaIlpaBJIeHHbIE MOTOKW MNEPBUYHBIX MAaTepUii K LICHTPY MJaHEThl U
KaXJbIii aTOM IToNajaeT Moj ux «Hamop». Bo3Hukaet «3ddexT nmapyca» —
MEPBUYHbIC MATEPUM «AaBAT» HAa aTOM, 3aCTaBJISISI €r0 IBUTAaThCSl B TOM XKe
HamnpaBJeHUM, YTO 1 OHU caMU. [10TOK ITepBUUYHBIX MaTepuii KakK Obl «3aCTa-
BJISIET» aTOM JIBUTAThCs B 3aJJaHHOM HampaBJIeHUU — K LICHTPY 30HBI 1edop-
Mmanuu. [lepemag MEpHOCTH, CO31aBaeMblii aTOMOM, HallpaBJICH OT LIEHTpPa
30HBI Ae(POPMALIMHU K €€ TPaHULIAM, YTO CO3AET BCTPEUHbIA MMITYJILC aTOMA.
B pesyabrate, naBieHUe NEpBUYHBIX MATEPUIA Ha «ITOBEPXHOCTb» aTOMa 4a-
CTUYHO HEUTPAJIM3YETCI aHTUTPABUTALIUEHN, TOPOXKIEHHON CAMUM aTOMOM.
M B onipenei€HHOM TOYKE 3T IBE CUJIbl YypaBHOBEIIMBAIOT APYT ApyTa, 4YTO U
COOTBETCTBYET OaJJTaHCHOMY YPOBHIO MEPHOCTH J1s1 JaHHOTO atoMa. Kaxkabrit
aTOM MIMEET «CBOI» pa3Mep, aTOMHBbII BEC 1 CTEIIEHb BJIMSIHUSI HA OKPYKal0-
11Ie€ MUKPOIIPOCTPAHCTBO, TO3TOMY U151 KaXKIOT0 aTOMa CYILIECTBYET CBOI Oa-
JIJAHCHBI YPOBEHb, XapaKTEPHBIN TOJIbKO 1JIs1 Hero. MUMEHHO 1T03TOMY, JIETKKE
BJIEMEHTBI UMEIOT OaJIaHCHBIM — COOCTBEHHBIN — YPOBEHb MEPHOCTH, OJIN3-
KU K BepXHEW rpaHulie Ararna3oHa yCTOMYMBOCTU (PU3UIECKU TIJIOTHOTO Be-
1LIECTBA, B TO BpeMsl, KaK TSKEJIbIe 3JIEMEHThl — COOCTBEHHBIE YPOBHU MEp-
HOCTHU, OJIM3KKE K HUXKHEHW rpaHulle auana3oHa ycroiunsoctu (3.3.1). U, B
cJlydae aToMa TSIXKEJIOTO BOAOPOJa, €ro COOCTBEHHBIM YPOBEHb MEPHOCTH
0JIM30K K BEpXHEW I'paHULIE ATOTO AMalia30Ha U JaxKe P HE3HAYUTEIbHBIX
BO3MYILIEHUSIX MEPHOCTHU, CO3JaBa€MbIX BOJTHAMU MTPOHM3bIBAIOIIMMU MUKPO-
MPOCTPAHCTBO, OH (TSIKEJIBI BOAOPOJ) CTAHOBUTCS PaIMOAKTUBHBIM, TaK
Kak, IpU MOIJIOILLEHUY BOJIH, COOCTBEHHAs MEPHOCTb aTOMAa TSI>KEJIOTO BOJIO-
poJia CTaHOBUTCS CBEPXKPUTHUUECKOM, 1 aToM pacriagaercs (Lp > 2.89915).
Hao6opoT, ypoBeHb COOCTBEHHOII MEPHOCTU TPAHCYPAHOBBLIX 3JIEMEHTOB
0JIM30K K HUXKHEM IpaHUlIe A1Maria30Ha yCTOMYMBOCTU B TO BpeMsl, KaK BJIM-
SIHUE SIAEP TPAHCYPAHOBBIX 2JIEMEHTOB Ha CBOII MUKPOKOCMOC OJIM3KO K KpU-
TUYECKOMY 3HaueHU10. M1 1ocTaTOUHO HE3HAYUTEIbHBIX KOJIeOaHMII MEpHOCTH
MUKPOKOCMOCA, BO3HMKAIOIIMX B aTOMaX, MPU MOIJIOIIEHUY UMHU BOJIH, UTO-
Obl OHU CTaJIM HECTAOMJIbHBI M1 HAYaJIX paciagaThCsl.
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M3oTonbl Bogopoaa U TpaHCYpaHOBBIE 3JIEMEHThI OKa3bIBalOTCS B AHAJIO-
TMUYHBIX YCIOBUSIX M, BCJIEACTBHUE 3TOr0, MPpUPOJA UX IOBEACHUSI — TOXIE-
cTBeHHa. M30TOIIbI BCeX 3JIEMEHTOB, pacloJararolnxcs MeXay BOJOPOIOM
1 YpPaHOM, PaIMOAKTUBHAI 110 TEM 3Ke Mpu4yrHaMm. Kaxxaplil U3 3TUX 3JIEMEHTOB
MMEET COOCTBEHHbIN YPOBEHb MEPHOCTH, COOTBETCTBYIOLIMI ONTUMAaJIbHOM
YCTOMUMBOCTU aTOMa Kaxaoro 3jieMeHTa. [lepBruyHOe MCKpUBJICHUE MPO-
CTPAHCTBA, B KOTOPOM MPOUCXOJUT CUHTE3 MAaTEpUX 1 BTOPUUHOE UCKPUBJIE-
HY€, BOZHUKIIIEE IO BO3ICHCTBUEM SAEpP aTOMOB, MUMEIOIIMX Pa3Hble 3HAKU
(pa3Hble 3HAKM O3HAYAIOT HaJIMYMe TMepernagoB MEPHOCTH, HAITpaBJIEHHbIX Ha-
BCTpeYy JAPYr APYry), CO3Jal0T YCJIOBHUSI, B KaKoil opMe mMaTepus MOXKeET
OBITh YCTOIYMBA B JAHHOI TOUYKE MPOCTPAHCTBA, COOTBETCTBYIOLIEH JTaHHOMY
YPOBHIO MEpHOCTHU. B pe3yiibraTe mogoOHOM «COPTUPOBKW», B 30HE HEOAHO-
POIHOCTHU IMPOCTPAHCTBA MPOUCXOAUT paclpeaeieHue MaTepun Mo Kaue-
CTBEHHOMY cocTaBy. MMeHHO MO3TOMY IJIaHETa UMEET SIAPO U3 TSIKEJIBIX
3JIEMEHTOB, KOJIMUYECTBO KOTOPBIX YMEHbIIAETCS OT LIEHTpa K IMTOBEPXHOCTH.
CpenHeil TSKECTH 3JIeMEHThI WJIM KOMOMHALIMS U3 HUX U JIETKUX DJIEMEHTOB,
00pa3yloT KOpy IUIaHEThI, TPaHM1LIAa KOTOPO HAXOAUTCS Ha pa3HOM PaCCTOSI-
HUM OT LIEHTpa siapa IuiaHeThl. M eciiv B3SITb ypOBEHb MOPSI 32 TOUKY OTCUETA,
TO BCE€ BIAJAMHBI 3aMIOJTHEHBI BOJIOM, KOTOpas MPEICTaBJIsSIET COOOI CUHTE3 JIET-
KMX JIEMEHTOB: KMCJI0poa U Bogopoa. danee nuaet atmocdepa, oopazoBaH-
Hasl ra3aMU 13 JIETKUX 3JIeMEHTOB, Tepexoasiiast B uoHocpepy (Puc. 3.3.9).

HMoHbl IBISIIOTCS TpaHUYHON (OpMOIi (pU3UYECKHU TVIOTHOIO BEILECTBA
Halieid BceneHHOM, pacnang KOTOPbIX COMPOBOXKIAAETCS Pa3HBIMU U3TyYEHU -
sIMM, KOTOpPbI€ BEIIECTBOM, B IMOJHOM CMBICJIE 3TOrO CJI0OBAa, YK€ Ha3BaTh
HeJib3s. TakuM 00pa30M, BOBHMKAET paBHOBECHE, TAPMOHMS MEXIAYy HEIpe-
PBIBHO U3MEHSIIOLIMMCS ITPOCTPAHCTBOM U MaTepureit, UMeIolLell KOHKPETHbIE
CBOICTBA M KayecTBa. beCKOHEYHOEe CIAMBAETCSI, CTAHOBUTCS TOXIECTBEHHO
KOHEYHOMY B KAKOM-TO OTPaHUYEHHOM 00BbEME ATOro beckoHeuHoro. Oue-
peIHOI MapagoKe, KOTOPBIi, B IpUHILIKIIE, UM He saBiasercs. W, eciiu ¢ mpu-
pPOIION BJIEKTPOHA BCE OOoJIee-MeHEee TTOHSTHO, TO IMMOHSITUE DJIEKTPUIYECKOTO
TOKa OCTAETCH €IIE HE OCBOCHHOM TeppuTopreii. Tak gaBaiiTe MOIBITAEMCS
MOHSITh MPUPOAY JIEKTPUUECKOTO TOKA.

B xnaccuueckoil puzuke nod 371eKTPUIECKMM TOKOM IMOHUMAETCs Ha-
MpaBJIeHHOE IBUKEHNE 3JIEKTPOHOB OT III0CAa K MUHYCY. Bpoae Ob1, Bc€ nmpe-
JIEJTbHO MPOCTO, HO, K COXAJIECHUIO, 3TO — WLIIO3Us. UTO Takoe 2JEeKTPOH,
KJ1accuyeckas (pr3rKa He OOBSICHSET, 32 UCKIIOYEHUEM TOrO, YTO JIEKTPOH
O00BSIBIISIETCSI OTPULIATEILHO 3apsikeHHOoM yactulieil. Ho, yTo Takoe orpuia-
TeJIbHO 3apsDKeHHAas YaCTUIA, HUKTO He YAOCYXKUJICS 0ObsICHUTD. B TO Xe Bpe-
MsI, OTMEUYa0Ch, YTO 3JEKTPOH 00JIadaeT AyaJbHbIMU (ABOMCTBEHHBIMM )
CBOMCTBAMM, KaK YaCTHULIbI, TaK U BOJIHBI. Jlaxke B 3TOM onpeneeHUU CKPBIT
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oTBeT. Eclin Kakoi-TO MarepuaibHbIiA OOBEKT 00JIagacT CBOMCTBAMHU, KaK
BOJIHbBI, TaK M YaCTULIBI, TO 3TO MOXET O3HAYaTh TOJIbKO OJJHO — OH HE SIBJISI-
€Tcsl HU TeM, HU apyruMm. I1o cBoeli mpupoje, yacTulia u BOJHA, B MIPUHIIMIIE,
HE COBMECTHMMbI 1 HE HY>KHO COBMelIaTh HecoBMecTMMOe. UTo Takoe 3je-
KTPOH MBI J€TAJIbHO pa300paucCh BhILIE, MO3TOMY MNEPEUAEM K CIeYIOLIeH
JacTu OOBSICHEHUS 3JIEKTPUUECKOro Toka. HampasiieHHOe IBMXKEHUE, 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, 110 KpailHEel Mepe, TO, YTO IIOHUMAIOT MO JICKTPOHOM.
A ecJiu pearnoJIoXnUTb, YTO OHU JBUTAIOTCS, TO JOJKHA OBITh CKOPOCTh MX
NepeaBUKEHUS B IPOBOTHUKE.

JlaBaliTe BCHOMHUM OOBSICHEHUE IPUPObLI IMTOCTOSHHOTO TOKA. DJe-
KTPOHBI B MPOBOJHUKE pacOpenceHbl HEPABHOMEPHO B paavaJibHOM Ha-
MpaBJICHUH, B pe3yJIbTaTe YeTr0 BOZHMKAET paJuaIbHbII I'paaueHT (Iiepenan)
aJIeKTprUuecKoro noJjs. Ilepenan 31eKTpru4YeCcKoro moJisi UHAYLUPYET MarHUT-
HOE I10JI€ B MEePIEeHIUKYISIPHOM HaIlpaBJI€HUU, KOTOPOE, B CBOIO OYEpEb,
WHIYLAPYET MePIeHANKYJISIPHOE 31eKTpruuecKoe moJjie U T.0. Ho, onsth Taku,
MOHSTHUS JIEKTPUIYECKOIO U MAaTHUTHOTO T10JIEM BBOISTCS B BUJE TTIOCTYJIATOB,
T.€., IPUHUMAIOTCS 0€3 KaKnUX-I11n00 00bsicHeHUM. [1oaydyaeTcss uHTEpecHas
CUTyalllsl, HOBbIE TTOHSITUSI OOBSICHSIIOTCS IPYTMMU, KOTOPbIE CaMU ObLIU
MIPUHATHI 6€3 00bICHEHU Y TOATOMY, MOJ0OHbIE OOBSICHEHNS HE BBIACPXKI -
BalOT KpUTHUKK. CTOUT TOJIBLKO BIYMaThCs B 3HAUEHME CJIOB M KpacuBas ppasa
npeBpaiaeTcsd B 6eccmbicauny. Ho, TeM He MeHee, eCliM 3aKpbhITh HA 3TO
IJ1a3a U IPOBECTU PACCUET CKOPOCTHU PACITPOCTPAHEHUS TOBEPXHOCTHOTO 3a-
psia MO COOTBETCTBYIOIIMM (POpMYJiaM, TOJIYYEHHBIN pe3yJibTaT OKOHYA-
TeJIbHO OCTAaBUT BCe TOYKM Ha «i». CKOpOCTh MOIYyYaeTCsI HECKOJIBKO MU -
JIMMETPOB B CEKYH]LY.

Ka3zasoch 061, Bc€ Bpoae Obl MpeKpacHO, HO 3TO TOJABKO KaxkeTcs. Tak Kak,
MOCJI€ 3aMbIKAHMS LIETIN, 3JIEKTPUIYECKUI TOK B HEW TTOSIBJISIETCSI MTHOBEHHO,
BHE 3aBUCUMOCTH OT TOT'0, KaK JaJIEKO HAaXOJUTCSI ICTOYHUK ITOCTOSIHHOI'O TO-
Ka, U pe3yJIbTaThl pACUETOB CTAHOBSTCS JIMIIEHHBIMU KaKOTro-a1uoo gpusnye-
ckoro cmbiciia. DakThl U3 pealbHOM XKM3HU MTOJTHOCTHIO OITPOBEPraloT TeOpe-
TUYeCKMe 00bsICHEHUsI. Y, HAaKOHELL, UTO TaKoe «ILII0C» U «MUHYC»?! CHOBa
HUKaKNX OOBSICHEHMU. B pe3ysbraTe mpoCTOro aHajau3a, Mbl IIPUILIN K
BBIBOAY, UTO OOILLEYIIOTpeOIsIEMOE B (pU3UKE MTOHATUE DJIIEKTPUIECKOTO TOKA
HE MMeET MoJI COO0 HUKAKOTro 000CHOBAHUS, IPYTMMU CJIOBAMM, C CYILIECTBY-
IOLIMX HA JAHHBIA MOMEHT ITO3ULIMIA COBpEMEHHas U3KMKa HE MOXKET O0bsI-
CHUTb IpUPOIY AJeKTpuuyeckoro Toka. [Ipu Bcém npu Tom, 4TO 3TO — peasib-
Hoe (PU3MNUECKOE SIBJICHUE.

B 4yém ke neiio, KakoBa Xe, BCE-TaKM, IIPUPOIa 3TOTO SIBJICHUS?!
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JlaBaliTe monbITaeMCs MOJOWTH K MOHMMAHMIO 3TOTrO SIBJICHUS C HE-
CKOJIBKO JAPYTUX NO3uLMii. BCmoMHMM, 4TO SApo J1000T0 aToMa BIUSET Ha
CBOM MUKPOKOCMOC. TOJIBKO CTENEHb 3TOT0 BIMSIHUSA Y SIAEP Pa3HBIX 9JI€MEH-
TOB, BeCbMa pa3inyHa. B ciaydyae oOpa3oBaHUsI U3 aTOMOB OJTHOTO 3JIEMEHTA
I MOJIEKYJI, COCTOSIIIMX U3 aTOMOB PA3HbIX 2JIEMEHTOB, KPUCTAJINYECKUX
PELIETOK, BO3HUKAET OAHOPOAHAS Cpeda, B KOTOPOU BCE aTOMbI UMEIOT O -
HAKOBBI ypOBeHb MepHOCTHU. s 0ojiee rny0OKOro mMoHMMAaHUS 3TOrO
SIBJICHUSI, pACCMOTPUM MEXaHU3Mbl 00pa30BaHUSI MOJIEKYJ U3 OTIAEJIbHbIX
atoMoB. [Ipu 3TOM, BCHOMHMM, UTO BOCCTAHOBJIEHHUE MCXOAHOTO YPOBHS
MEPHOCTU MaKpOKOCMOCA MPOUCXOIUT MO caeayomum npuuynHam. Lllects
cep 13 rMOpuaHbIX (pOPM MATEPUil, BOSHUKILIME BHYTPU HEOAHOPOTHOCTH,
KOMIEHCUPYIOT AedOopMaLMI0 NPOCTPAHCTBA, BO3HUKILYIO B Pe3yabTaTe
B3pbIBa cBepxHOBOM. [1pu 3TOM, rubpuaHbIe (POPMBI MATEPUIA YBETUUYMBAIOT
YPOBEHb MEPHOCTU MAKPOITPOCTPAHCTBA B IIpeaeiax 00bEéMa, KOTOPbIA OHU
3aHumaloT. I[1pu mepHoctu npoctpancTtBa L=3,00017 Bce (popmbl MaTepuit
Hauieid BceneHHOM yXXe HUKaK APYTr ¢ APYyroM He B3auMOAeHCTBYIOT. ITpu-
MEYaTEIbHO, YTO BCE U3IYUYECHUS, U3BECTHBIC COBPEMEHHOM HAYKE, SIBJISIOTCS
MPOJOJILHO-MIOTNIEPEUHBIMUA BOJJHAMM, KOTOPbhIe BO3HUKAIOT, KaK pe3yJibTaT
MUKPOCKOIIMYECKMX KOJIEOAaHUIA MEPHOCTH MPOCTPAHCTBA.

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

CKOpOCTh pacnpoCTpaHEHUsI 3TUX BOJH MEHSIETCs, B 3aBUCUMOCTU OT
YPOBHSI COOCTBEHHOI MEPHOCTHU Cpebl pacrpocTpaHeHus. Kornga uznydyeHus
CoJH1a ¥ 3BE31 IPOHUKAIOT B Mpeieabl aTMOC(ephl IUNIaHEThbl, CKOPOCTb UX
pacIpoCcTpaHeHMsI B 3TOM cpelie yMeHbIaeTcsl. Tak KaK COOCTBEHHBIN ypo-
BEHb MEPHOCTU aTMOC(Eephbl MEHbIIIE COOCTBEHHOI'O YPOBHSI MEPHOCTHU OTKPHI-
TOrO MPOCTPAHCTBA.

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

Jlpyrumu cjioBaMu, CKOPOCTb pacIipoOCTpaHEHUSs IMTPOJ0JIbHO-ITOIIepey-
HBIX BOJIH 3aBUCHUT OT COOCTBEHHOTO YPOBHS MEPHOCTHU CPEAbI pacIIpoCTpa-
HeHUSA. UTO 0OBIYHO BBIpAXAETCS KOIPPUIMEHTOM IIPETOMIICHUS CPEAbI
(nep). [IpomoabHO-TIONEPEYHBIE BOJHBI IPU CBOEM PACHPOCTPAHEHUHU B IIPO-
CTPAHCTBE MEPEHOCST 3TO MUKPOCKOIMUYECKOE BO3MYILLeHEe MepHOCTH ALscp.
[Tpy mpoHM3bIBAaHUY UMM Pa3HBIX MaTepUAIbHbIX CYOCTAHLIUI, TPOUCXOIUT
HakjagbiBaHue ALycp. Ha ypOBEHb MEPHOCTU 3TUX BEIIECTB WU cpeld. BHy-
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TpeHHee KoJebaHne MepHOCTH, BO3HUKIIIEE, KaK pe3yabTaT TaKo nHTepde-
peHIUM (CI0XKEHMUS), SABIASIETCS KaTaau3aTOPOM OOJBIIMHCTBA TIPOILECCOB,
MPOUCXOASAIIMX B GPU3NYECKH TIJIOTHOU MaTepuu. B cuiy Toro, 4to aTomMbl pas-
HBIX 2JIEMEHTOB UMEIOT pa3HbIe MTOAYPOBHU MEPHOCTH, OHM HE MOTYT o0pa-
30BbIBaTh HOBbIEe coearHeHus (Puc. 3.3.10).

ITpu pacnpocTpaHeHUU MPOI0JIbHO-MONEPEYHBIX BOJIH B Cpeae, MUKPO-
CKOMUYECKOE BO3MYIIIEHE MEPHOCTH MMU BbI3bIBa€MOE, HEUTpaAIU3yeT pa-
3IMYNS 3HAYEHUI YPOBHEN COOCTBEHHOM MEPHOCTH pa3HbIX aToMoB. Ilpn
3TOM, 2JEKTPOHHbIE 000JIOUKM 3TUX aTOMOB CJIMBAIOTCS B OJIHY, 00pa3ys HO-
BO€ XMMUYECKOE COCANHEHNE, HOBYIO MOJIEKYJTY. ATOMBI MOXKHO CPAaBHUTD C
MOTIJIaBKaMM Ha TTOBEepXHOCTU BoAbl. [1pogoibHO-MonepeyHbie BOJTHbBI MO/ -
HUMaAIOT U OITyCKaIOT Ha CBOUX IPEOHSIX «ITOIIJIABKM»-aTOMBI, TEM CaMbIM, 13-
MEHSISI YPOBEHb MX COOCTBEHHOI MEPHOCTH M CO3/1aBast BO3MOKHOCTh HOBBIX
coequHeHn. [TpMHIMITMATBHO BaxKHBI TS peaiM3aliii CUHTE3a CASAYIONINe
rmapaMeTpbl MPOAOJIBLHO-TIONIEPEYHBIX BOJIH: aMIUIMTYAA M JyIMHA BOJHHEI ().
Eciu paccrosiHue Mexkay aToMaMy COM3MEPUMO C JIJTMHOM BOJIHBI, TIPOMCXO-
JUT B3aMMOJICICTBME MEXIY COOCTBEHHOI MEPHOCTBIO 3TUX aTOMOB U Mep-
HOCTBIO BOJIHBI. BiinsiHMe OqHO¥ 1 TOM K€ BOJIHBI HA YPOBHU MEPHOCTH pa3-
HBbIX aTOMOB — HEOAMHAKOBO. MepHOCTh OAHMX aTOMOB YBEJIUUYMBAETCS, a
JIPYTUX — YMEHBIIAETCSI MJIN OCTAETCs TOM 3ke. UMeHHO 3TO M TpUBOAWT K HE-
00X0IMMOMY JJIsI CJIMSIHUST aTOMOB OaiaHcy MepHocrteii (Puc. 3.3.11).

Ecnu xe niauHa BOJHBI 3HAUUTEIbHO IPEBBIIIAET PACCTOSIHUE MEXIY
aTOMaMU, TO TIPY 3TOM, pa3Indue YPOBHE MEPHOCTE aTOMOB COXpaHSIETCs
WJIN N3MEHSIETCST He3HaunTeJIbHO. [TponcXonuT CMHXpOHHOE U3MEHEHUE YPO-
BHEI COOCTBEHHOI MEPHOCTU BCEX aTOMOB, M MU3HAYAJIbHOE KAUYECTBEHHOE pa-
3IMYME YPOBHEN MEPHOCTE aTOMOB COXpaHseTCs. AMIUIMTYa BOJIH OIp-
elesieT BeIMYMHY MU3MEHEHUSI MEpHOCTHU ITPOCTPAHCTBA, BBI3bIBAEMYIO STUMU
BOJIHAMM TIpU MX paclpoCTpaHEHUU B JaHHOU cpene. Paznuuue ypoBHeEM
MEPHOCTEN MEXIY pa3HBIMUA aTOMaMU TPEOYET pa3IMYHOTO YPOBHS BIAUSHUS
Ha HuX. UMeHHO aMIUIMTyIa ¥ BBIIOIHSET 3Ty (PYHKIIUIO TIPU pacIpocTpa-
HEHUM BOJIH B cpene. BeanynHa paccToOSITHUST MEXIy aTOMaMU B XXUJIKUX U
TBEPABIX CpPeax JISKUT B Auara3zoHe 3HadeHuit ot 10-1° 1o 108 metpa. IMeHHO
IIO3TOMY CIIEKTP BOJIH OT yJALTPa(MOJETOBBIX A0 MH(pPAKPACHBIX MOIJIO-
1IaeTCS M U3JIydaeTcCsl IPU XMMUYECKUX peaKlUsIX B XKUAKUX cpefax. Apyrumu
CJIOBaMU, IPU COEIMHEHUM aTOMOB B HOBOM MOPSIAKE, TPOMCXOAUT BhIAee-
HME WIN TTOMIOLIEHKE TeTlIa WJIM BUAMMOTO cBeTa (3K30TepMUYECKIE 1 SHI0-
TepMUYECKHME PEaKIIMN), TaK KaK TOJIBKO 3TH BOJHBI OTBEYAIOT TpeOyeMbIM
ycsoBusIM. MTak, MpomoabHO-TIONIEpeYHbIe BOJHBI, OT MH(PPAKPACHBIX 0
raMmma, SIBJISIIOTCS MUKPOCKOITMYECKUMU KOJIeOaHUSIMU MEPHOCTH, BO3HUK-
IIMMU TIPU TEPMOSIIEPHBIX U SIAEPHBIX peakLusIx. AMIJIMTYJa BOJIH, yda-



[naBa 3. HeogHOpPOAHOCTh MPOCTPAHCTBA M KAY€CTBEHHAsI CTPYKTYpa BEILIECTBA 161




162

Huxodmnaii JIesamoB. «HeomHopoaHas BecenenHas»

£ micro

<2.900

™~
il

2.89915 2

«2.895

«2.890




[naBa 3. HeogHOpPOAHOCTh MPOCTPAHCTBA M KAY€CTBEHHAsI CTPYKTYpa BEllleCTBa 163

CTBYIOIIMX B XMMUYECKUX PEaKLUIX, ONPEeaeasieTCs] BEAMYUHON pa3HULIbI
MEXKIYy YPOBHSIMM MEPHOCTEI aTOMOB 0 Hayaja peakliyd U aTOMOB, BO-
3HUKIIMX B pe3yJibTaTe 3TOM peakuuu. M He ciydaiiHO, M31ydeHHUe IIPOMUCX0-
JUT TTIOpLUUSIMU (KBaHTaMM ). KaxKIblii KBAaHT U3IyUYeHUS SIBJISIETCS pe3yibTa-
TOM €IMHUYHOTIO IIpoliecca mpeodpazoBaHus aTroma. [1oaTomy, mpu 3aBepiiie-
HUM 5TOr0 Mpolecca, IpeKpallaeTcs U reHepalus BoJIH. BeIOpoc n3nyyeHunin
MPOUCXOAUT B MUJJIMAPAHbBIE 101 CeKYHAbl. COOTBETCTBEHHO, U3TyYEHUSI
MOMIOIIAOTCS TaKKe KBaHTaMU (TTOPLIUSIMUA ).

A Tenepb, pacCMOTPUM KpUcTa/Indyeckue peleTku. Kpucramimyeckue
PELIETKY 00Ppa3yIOTCS U3 aTOMOB OAHOTO 1 TOTO e 2JIEMEHTA WJIM U3 OJUHA-
KOBBIX MOJIEKYJI. [1o3TOMY BCe aToMbl, 00pa3yioline KpUCTAUINYECKYIO pe-
LIETKY, UMEIOT OJJMHAKOBBIN YPOBEHb COOCTBEHHOM MEepHOCTU. [Ipnyem, ns
KaXXKJ10M KPUCTAJNIMYECKOM PELIETKA YPOBEHb COOCTBEHHOM MEPHOCTU OYyIET
cBoii. Bo3pbMéM J1Ba MeTajl1a, UMEIOIIME pa3IMUHbIe YPOBHU MepHOCTHU (Puc.
3.3.12). OHu npeacTaBisiioT coOO0i IBe KaYeCTBEHHO pa3HbIe CPeibl, IT0-pa3-
HOMY BJIMSIOIIME HAa OKPYKarollee NpoCTpaHCTBO. Ec/iM OHM HUKaAK ApYT C
JPYroM He B3aMMOJIeHiICTBYIOT, HUKAKMX HEOOBIUYHBIX SIBJIEHUI He HaOJt01a-
ercsl. Ho, CTOUT UM TOJIBKO BCTYNUTH B HEITOCPEACTBEHHOE B3aMMOJEICTBUE,
KaK MOSIBJISIIOTCS] KAY€CTBEHHO HOBbIE SIBJIEHUSI. B 30HEe COCThIKOBAHMSI KpPH-
CTA/UIMYECKUX PELIETOK C Pa3HBIMU YPOBHSIMU COOCTBEHHOI MEPHOCTH, BO-
3HMKAET rOPM30HTAIbHbIN Mepena (rpaIiueHT) MEpHOCTH, HAITPaBJIEHHbIN OT
KPUCTAINYECKON peIIETKU C OO0JILLIMM YPOBHEM COOCTBEHHOI MEPHOCTHU K
KPUCTAIMYECKON pelIéTKe C MEHbIIMM YPOBHEM COOCTBEHHOI MEPHOCTHU.
Tenepb, noMeCTUM MEXKIY IIACTUHAMM M3 3TUX MaTePUaJIOB XUJIKYIO CPEy,
HACBILLIEHHYIO MOJOXUTEJIbHBIMU U OTpULIATEIbHBIMUA MOHaMU. B xxuakoii
cpelie MOJIEKYJIbI U MOHBI HE UMEIOT XXECTKOTO IOJIOXEHUSI U HAXOISITCS B I10-
CTOSIHHOM XaOTUYHOM JIBMXKEHUM, TaK Ha3bIBaeMOM, OpOoyHOBCKOM. IToaTomy
1101, BO3JeCTBMEM rOPU30HTAJILHOIO TIepenajga MepHOCTU MOHbI HAYMHAIOT
JIBUTrathbcst ynopsinoudeHo. IonoxkuTeabHO 3apsizkeHHbIE MOHbI HAUMHAKOT JBU -
raThCs K IUIACTUHE C OOJIBIIMM YPOBHEM COOCTBEHHOI MEPHOCTHU, B TO BpeMsl,
KaK OTPULIATEJIbHO 3apsKEHHbBIE MOHbI — K IJIACTUHE ¢ MEHBIIUM YPOBHEM
cobcTBeHHOU MepHOCcTH (Puc. 3.3.13).

[1pu 3TOM, IPOUCXOAUT MEpEpaCpeacIEeHAE NOHOB B XUAKON Cpejie, B
pe3yJbTraTe yero, Ha MjaacTMHaX IPOUCXOIUT HaKaIUIMBAaHUE MOJ0KUTEIbHbBIX
1 OTpULIATEIbHBIX MOHOB. [10JI0KMTEIbHBIE MOHBI, TPU CBOMX CTOJIKHOBEHM -
SIX C TUTAaCTUHOM, 3aXBaThIBalOT U3 aTOMOB KPUCTAJJIMYECKON pelIeéTKHU Tlia-
CTUHBI JIEKTPOHbI, CTAHOBSICh, IPX 3TOM, HEUTpaJIbHBIMU aTOMaMU, KOTOPbIE
HAuYMHAIOT OCeAaTh HA CAaMOM IJIACTUHE, B TO BpeMsI, KaK B CAMOM IJIaCTUHE
BO3HUKAET HEAOCTATOK AJIEKTPOHOB. IIpnuyem, «0oMOapaArpOBKE» ITOT0XKM-
TeJIbHBIMM MOHAMU IUIACTMHA OyAEeT IOABEPraThCs IMOCTOSIHHO U MO BCEM
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MOBEpXHOCTU. Tak Kak, Mpu BCEM IIpU 3TOM, Iepernag MEPHOCTU MEXAY JABYMsI
TUIACTUHAMM IIPOJOJIKAET COXPAHSITHCS U MOHBI U3 KMAKOM Cpeibl, ITOJI BO3-
JeMCTBUEM 3TOrO Mepenaaa, mproOpeTaloT HallpaBJIeHHOE ABVXKEHKE. Xa0TH-
YeCKMI MpOoLeCcC CTOJJKHOBEHUI MOJIEKYJT 1 MOHOB XKMAKOM Cpeibl MEXY CO-
0011, IprOOpeTaeT KAYeCTBEHHO HOBBIM XapakTep. IBU>KeHe MOHOB 1 MOJIE-
KyJI CTAaHOBUTCS HampaBJIeHHbIM. [1pu 3ToM, TTOBeAeHME TTOJIOKUTEIbHBIX U
OTpULIATEJIbHBIX MOHOB OyIET pa3JMYHbIM I10J BO3AECHCTBUEM CYILECTBYIO-
IIIETO Mmepernaga MEPHOCTA MEXIY IUIaCTUHAMM. [OpU30HTaIbHBIN Mepena
MEPHOCTU CO3AAET YCIOBUS, IIPU KOTOPHIX, MOJOXUTEIbHbIE MOHBI JOJXKHBI
JIBUTAThCSI IPOTUB MEperiana, B TO BpeMsl, KaK OTPULIATEIbHbIE MOHbI — BIOJIb
ATOro nepenaga MepHOCTHU. [1010XKUTEeNbHBIE MOHBI BEIHYXKAECHBI ABUTAThCS
«IIPOTUB TEUYEHMUSsI», B TO BpeMsl KaK OTpUIIATeIbHbIE «I10 TeUYeHUI0». B pe-
3yJIbTaT€ 3TOr0 CKOPOCTh JABMXKEHUS, a CIEJ0BATEIAbHO SHEPIUS MOJIOXKMU-
TeJIbHbIX MOHOB YMEHBILIAETCS, 4 OTPULIATEIbHBIX MIOHOB — YBEJIMYMBACTCS.
YckopeHHBbIe TT0100HBIM 00pa30M OTPULIATEIbHbIE MOHBI, ITPU CTOJIKHOBEHUU
C KPUCTAJUTUYECKOU PELIETKOM, TePSIOT N30BITOYHBIC 3JIEKTPOHbI, CTAHOBSICh
HeUTpaabHbIMU aTOMaMU. KpucTamnnyeckas peierka, mpu 3ToM, IIpruoope-
TaeT JOIOJHUTEIbHBIC 3JIEKTPOHLI. W, eciiu Terepb, COEAMHUTL MEXAY COOO0M
9TU JIB€ IUIACTUHbI C Pa3HBIMU YPOBHSIMU COOCTBEHHOM MEPHOCTHU MOCPE/I-
CTBOM ITPOBOJA U3 COBMECTUMOI'O C HUMU MaTepuasa, To B mocaeaHeM (Ipo-
BOJE€) BO3HMKHET, TaK HA3bIBAEMbIli, IIOCTOSSHHBIN 3JIEKTPUYECCKUM TOK —
HamnpaBJICHHOE ABMXXEHME DJIEKTPOHOB OT ILII0CA K MUHYCY, TI¢ TUII0C — IJ1a-
CTMHA, UMEIoIasl OOJIbIINIA YPOBEHb COOCTBEHHOI MEPHOCTHU, a MUHYC —
IUIAaCTMHA MMEIOIAsl MEHbIIWI ypOBEeHb COOCTBEHHON MepHOcTU. U eciu
MPOAOJKMTH JaHHBIN aHaIU3, TO Tiepena MOTeHUMAJIOB MEX1y MJIaCTUHAMU
€CTh HM UTO MHOE, KaK Mepenaj ypoBHel COOCTBEHHOI MEPHOCTU KPUCTAJI-
JIMYECKUX PELIETOK 3TUX IUIACTUH. B pe3ybrare aHaim3a 3TOro ImpoLecca, Mbl
MPUILIA K TTOHMMAaHUIO MPUPO/Ibl IOCTOSIHHOTO TOKA.

J1J1s1 TOHMMAaHMS TIPUPOILI ABMXKEHUS JIEKTPOHOB B MIPOBOAHUKE, HEO0-
XOAUMO YETKO OIPEAETUTHCS C IIPUPOAOI MAarHUTHOTO B 1 31eKTprnuYeCcKoro
E noneii. [Tpupoaa rpaBUTallMOHHOTO MOJIST JTI000r0 MaTepUaibHOro 00ObeKTa
onpenesieTcsl ImepenagoM MEPHOCTH B 30HE HEOJHOPOAHOCTU, B KOTOPOM
MMPOM30IIENT IIPOoLEeCC 00pa3oBaHUS JAaHHOTO MaTepuaabHOro oobekra. M1 B
cJiyyae oOpa3oBaHMs IJIAHEThI, M3HAYAJIbHOU MPUYMHON BO3HUKHOBEHMUS
MMOJ0OHOI0 MCKPUBJIEHUSI IPOCTPAHCTBA MOCIY>XKMUJI B3PbIB CBEPXHOBOM 3BE-
3abl. [lepenan MepHOCTU HampaBjieH OT KpaéB 30HbI HEOJHOPOJHOCTU MPO-
CTPaHCTBA K €€ LIEHTPY, YeM U OOBSICHSIECTCSI HallpaBJI€HHOCTb I'PaBUTALIMOH-
HOTIO MOJISI K LEHTPY IUIAHEThI UJIK JIIOOOT0 APYrOro MaTepruajibHOIo OObEKTA.
B cuny Toro, uto gedopMalivsi IpoCTpaHCTBA ITO-Pa3HOMY IIPOSIBIISIETCSI BHY -
TPU 30HBI HEOTHOPOAHOCTHU, IPOUCXOAUT CUHTE3 aTOMOB Pa3HbIX 2JIEMEHTOB
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1, KOTJa JaHHBIN MPOLECC MPOMCXOIUT B MaciuTabe BCeil MIaHeThbl, IPOUC-
XOJIUT pacnpeaeieHue BellecTBa 10 MPUHLUITY YPOBHSI COOCTBEHHOI MEPHO-
ctu. UTo 03HavaeT pacrpeeeHre BEIeCTBa IUIAHEThI IO 30HaM, I7ie JaHHOE
BELLIECTBO MAaKCUMAJILHO CTAOMJIBHO. DTO HE 03HAYAET, YTO aTOMBI C OTJIMY-
HBIMU OT OITMMAaJIbHOIO 3HaY€HUSIMU COOCTBEHHOI MEPHOCTU HE MOTYT CUH-
TE€3MPOBATHLCS B Ipeeaax JaHHOTO 00bEMa C KOHKPETHBIM 3HAYEHUEM MEp-
HOCTHM IIPOCTPAHCTBA. DTO O3HAYaeT TOJbKO OJHO, YTO aTOMbI, UMEIOLIUE
YPOBEHb COOCTBEHHOI MEPHOCTH BbILIE YPOBHSI MEPHOCTH 00bEMA ITPOCTPaH-
CTBa B KOTOPOM IPOU3OLIET 3TOT CUHTE3, CTAHOBSITCS HEYCTOMYMBBIMU U
BHOBb pacIrajgaloTcsl Ha IepBUYHBIE MAaTePUU, U3 KOTOPhIX OHU C(POPMUPOBA-
Jich. Y yem GoJibllIe pa3HULIa MeXAy YPOBHEM COOCTBEHHOM MEPHOCTH 00pa-
30BaBIIETOCSI aTOMa M YPOBHEM MEPHOCTU IMPOCTPAHCTBA, B KOTOPOM 3TOT
CUHTE3 MPOU3O0ILEIT, TEM OBICTpEl MPOU30MIET pacnaa 3Toro aroma. MMeHHO
MMO3TOMY IIPOUCXOAUT €CTECTBEHHOE MepepacIpeaccHE aTOMOB, a CJIEI0Ba-
TeJIbHO U BellleCTBA BHYTPU 30HbI HEOJHOPOAHOCTHU IJIaHEeThl. UMEHHO 1103-
TOMY IPOUCXOAUT (POPMHUPOBAHME MOBEPXHOCTH TIAHEThI B TOM BUJE, K KO-
TOPOMY MbI IPUBBIKJIU C CAMOTO POXKASHUS U BOCIPUHUMAEM, KaK JOIKHOE.
Heo0xonmMo nMeTh B BULY, UTO JIIOOOI aTOM UMEET HEKOTOPBIN JMana3oH, B
npeaeax KOTOporo OH COXpaHseT CBOI YCTOMUMBOCTD, 4 3TO O3HAYAET, YTO
BEILIECTBO, 00pa30BaHHOE M3 3TUX aTOMOB, TOXE OyIET YCTOMYMBO B Ipeaeiax
ATOro Auara3oHa. TBEpaast TOBEPXHOCTb MJIAHETHI IPOCTO MTOBTOPSIET (hopMy
30HBI HEOTHOPOJHOCTHU IIPOCTPAHCTBA, B IIPEAeIax KOTOPOIi, TBEPAOE BEIlEC-
CTBO YCTOMYMBO, OKE€aHbI, MOPSI 3aIIOJHSIIOT BIAAWHBI, 1 aTMOC(Pepa OKpyKaeT
BCE 2T0. Takum 00pa3oM aTMocdepa pacriojaraeTcsl B BEpXHei rpaHuLe A1-
arna3oHa yCTOMYMBOCTH (pU3MUECKU MJIOTHOTO BEILIECTBA, B TO BpeMsl, KaK cO0-
CTBEHHO IJIaHeTa, HAXOAUTCS B CpeIHE Y HUXKHEH 4aCcTy 3TOro AUana3oHa. ..

A Teriepb, 1aBaiiTe BEpHEMCSI HA yPOBEHb MUKPOMMPA 1 TTONBITAEMCSI 10~
HSTb NIPUPOAY MAarHUTHOIO M 3JIEKTPUUYECKOIo moJjieii. PaccMoTpuM Kpu-
CTAJIJTIMYECKYIO PEIIETKY, 00pa30BaHHYIO aTOMaMM OJHOTO 1 TOT'O XK€ JIEMEHTa
WJIM aTOMaMM HeCKOJIbKMX 3JieMeHTOB (Puc. 3.3.14). B TBEpaoM BelliecTBe CO-
CeIHUE aTOMBbI CMBIKAIOTCSI CBOMMM 3JIEKTPOHHBIMU 000JIOUKAMU U O0Pa3YyIOT
KECTKYIO CUCTEMY, a 3TO O3HAYaeT, YTO UCKPUBJIEHUSI MUKPOIIPOCTPAHCTRBA,
BbI3BaHHBIE SIAPOM OJHOT'O aTOMa, CMBIKAIOTCSI C UCKPUBJIEHUSIMUA MUKPOIIPO-
CTpPaHCTBa COCEAHEro M T.JI. U 00pa3yloT MEXIY COOOM eIMHYI0 CUCTEMY UC-
KPUBJIEHUSI MUKPOIIPOCTPAHCTBA JIJIsI BCEX aTOMOB, COMKHYBILIMXCSI MEX]TY CO-
001 1 0Opa3ylolIrX, TaK Ha3bIBaeMble, JOMEHbI. «CBsI3aHHbBIE» MTOAOOHBIM
00pa3oM, aTOMbI CO3JAI0T €AUHYI0 CUCTEMY, COCTOSIIYIO U3 COTEH ThICSY
MUWJJIMOHOB aTOMOB. Bce aToMbl, BXOISIIME B 3TY CUCTEMY, UMEIOT OJMHAKO-
BbIli YPOBEHb COOCTBEHHOI MEPHOCTHU, KOTOPBIA, B OOJBIIMHCTBE CIy4aeB,
OTJINYAETCSI OT YPOBHSI MEPHOCTU MUKPOIIPOCTPAHCTBA, B KOTOPOM HAXOJIUTCSI
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9Ta CUCTEMa aTOMOB. B pe3yJibrare, BO3HUKAET Iepernan MEpHOCTH, HaIIpa-
BJICHHBII MPOTUB TIepernaga MEpHOCTU MakKpoIrpocTpaHcTBa. DopmupyeTcs
30HAa B3aUMOJECUCTBUS MEXIY MUKPOIMPOCTPAHCTBOM M MaKpOIIPOCTPaAH-
cTBOM. BeTpeuHblii nepernag MepHOCTH MMOAOOHBIX CUCTEM aTOMOB IPUBOJIUT
K KOMIIEHcauuu AeopMalii MEPHOCTU MaKpONpOCTPAHCTBA, B KOTOPOM
MIPOUCXOAUT CUHTE3 (PU3NYECKU TUIOTHOIO BelecTna. [1pu 3aBepiiieHnu mpo-
1iecca CUHTe3a BellecTBa, B 30He AeopMallii MEPHOCTHA MaKpPOIIPOCTPAHCTBA
MPOUCXOAUT B3aUMHasl HeHTpaau3auuss — aedopmannss MEPHOCTU MaKpO-
MMPOCTPAaHCTBA HEUTpPaJIM3YyeTCsl BCTPEUHBIMU JedopMalusiMi MUKPOITPO-
crpaHcTBa. [Ipuuém, nepopmMaiiyiss MEpHOCTH MaKpPOIIPOCTPAHCTBA B (DU3HKE
MOJIYYMJIO Ha3BaHME TPAaBUTALIMOHHOTIO MOJISI, B TO BpEMsl, KaK BCTpeUHasl J¢-
(dopMaLss MUKpPOIIPOCTPAHCTBA, CO3MAHHAS CUCTEMOM M3 aTOMOB IOMEHOB
CO3MIA€T, TAK HA3bIBAEMOE, MATHUTHOE MOJIE JOMEHA, HA YPOBHE OAHOIO J10-
MEHA U MarHUTHOE T10J1€ IJIAHEThI, HA YPOBHE IJIAHETHI.

MarsHuTHoOe 1oJie TIaHEeThl BOBHUKAET, KaK COBOKYITHOCTh MATrHUTHBIX
MOJIE BCEX TOMEHOB, CYILIECTBYIOIINX B (PU3MUECKHM TUIOTHOM BEILIECTBE IJ1a-
HEThI B LIeJIOM. COBOKYITHOE MATHUTHOE MOJIE MJIaHEThl — HA NOPSAKNA MEHb-
11I€ TPABUTALIMOHHOTO I10JISI IJIAHETHI TOJbKO I10 OJHOM IIPOCTOM NPUYNHE —
MUpPHUAIbl MUKPOCKOIIMYECKMX MAarHUTHBIX IO JOMEHOB BCEW IJIaHEThI
OPUEHTHUPOBAHHBI XaOTUYHO JIPYT OTHOCUTEJILHO Ipyra U TOJAbKO HE3HA4M-
TeJIbHAs1 UX YaCTh COPUEHTUPOBAHBI MapalJIEJIbHO OTHOCUTEIBHO APYT Apyra
1 COXPAHSIOT CBOXO HAMAarHMYEHHOCTh, CO3aBasi MAaTrHUTHOE T10JIC TNIAHETHI.
ITIpryém, noMmeHbl 0Opa30BaHHbBIE Pa3HBIMM aTOMaMM, 00JIaJalOT U Pa3HOM
CTENEHbIO HAMATrHUYHUYEHHOCTU. HaMarHM4eHHOCTDb OIPEeaeasieTcs CIo-
COOHOCTBIO JAHHOI'O JOMEHA COXPaHSITh ONpPEIEcIEHHYIO HAIIPaBICHHOCTD
MarHUTHOTO TI0JIsI JOMEHA U B (pU3KMKe ONpeaeaseTCs MI0IAabo NeTIN T1-
crepe3nca. MakcuMalibHO CBOMCTBA HAMAarHMUMBAHMSI IPOSIBIISIIOTCS Y XKeJle-
34, COHACTPOEHHOCTh JOMEHOB KOTOPOTO B MacIITa0€ TIAHEThI U POPMUPYET
B OCHOBHOM MAarHMTHOE€ MoJie IjIaHeTbl. MMEHHO 10 3TOi NpUYMHE aHO-
MaJIbHbIE 3AJIEXKM XKEJIE30COACPKALIMX PY/I CO30AaI0T MArHUTHBIE AaHOMAINU —
JIOKQJIbHbIE BO3MYILIEHUSI MArHUTHOIO TT0JISI IJIAHEThI B Mpeaesax JaHHbIX
aHOMaJIUH.

Tenepb, gaBaiiTe pa3zdepEMCs, KaKoe BJIMSIHUE MArHUTHOE MOJIE —
BCTPEYHBIN ITepenan MEpPHOCTU IIPOCTPAHCTBA — OKAa3bIBAET HA CAMU aTOMBI,
ero nopoxaaroiiue. I1py HaJIMuMu MAarHUTHOTO I10JIs1, JIEKTPOHBI aTOMOB
CTaHOBSTCS 00Jie€ HEYCTOMYMBBIMU, YTO B 3HAUMTEIbHOM CTENIEHU YBEJINYM -
BaeT BO3MOXKHOCTb MX IIepeXoAa He TOJIbKO Ha BEICIIKE OPOUTHI OAHOTO U TOTO
K€ aTOMa, HO ¥ BO3MOXHOCTB IOJIHOTO pacana 3J€KTPOHa y OTHOTO aToMa
1 CUHTE3 €T0 Y IPYroro. AHaJOTMYHbBIE ITPOLECCHI IIPOUCXOIAIT, IIPU MOIJIONIE-
HUM aTOMOM BOJIH; OTJIMYME 3aKII0YACTCS JIMIIb B TOM, YTO ITOTJIOLLIEHUE
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BOJIH (DOTOHOB MPOMCXOAUT KaxKAbIM aTOMOM B OTIEJIbHOCTU, B TO BpeMsl, KakK,
0] BO3J€ICTBUEM MAarHUTHOTO MOJISI B BO30YXKIEHHOM COCTOSIHUM OJTHOBpE-
MEHHO OKa3bIBAalOTCS MUJUIAAPAbI aTOMOB OJTHOBPEMEHHO, 0€3 KaKOT0-JIM00
CYLLIECTBEHHOTI'O U3MEHEHMS ux arperatHoro cocrosinus (Puc. 3.3.15).

I[Ipy Hanauuuu NOpPOJOJBLHOTO Ieperaga MEPHOCTH, Ha3bIBAEMOIO
MOCTOSTHHBIM 3JIEKTPUUYECKUM MOJIEM, BHELLIHKE SJIEKTPOHBI aTOMOB, CTABILIME
HEYCTOMYMBBIMU I10J BO3JAEHCTBMEM MOMEPEYHOro INnepenanga MEpHOCTH,
Ha3bIBAEMOTO MOCTOSIHHBIM MarHUTHBIM MOJIeM, HAUMHAIOT pacliagaThcs Ha
MaTepuU UX oOpasylollye W, MoJ BO3ACHCTBMEM MPOAOJbHOIO Iepernana
MEPHOCTM, HAaUMHAIOT JABUTaThCs BAOJb KPUCTAJUIMYECKON PEIIETKU OT
O0JIbIIEr0 YPOBHSI MEPHOCTU, HA3bIBAEMOTO IIJIIOCOM, K MEHbILIEMY YPOBHIO
MepHOCTU, Ha3biBaeMoro MuHycoM (Puc. 3.3.16). IIpononabHbIi MOTOK
MePBUYHbBIX MaTEpUIi, BRICBOOOIUBILIUXCS IPU pacnaae BHELIHUX 3JIEKTPOHOB
OJHMX aTOMOB, ITOIajaas B pacIOJOXEeHUE IPYrMX aTOMOB C MEHbIIUM
YPOBHEM COOCTBEHHOM MEPHOCTH, BBI3BIBAET Y 3TUX aTOMOB CUHTE3 3JIEKTPO-
HOB. JIpyriMu cJIoBaMU, 3JIEKTPOHBI «MCUYE€3al0T» Y OMHUX aTOMOB U «ITOSIBJISI-
10TCs» y apyrux. [Ipuyém, 310 MpOMCXOIUT OTHOBPEMEHHO C MUIMOHAMU
aTOMOB OJJHOBPEMEHHO U B OIpeIeJIEHHOM HarpabjieHUU. B Tak Ha3biBaeMoOM,
MPOBOJHMKE BO3HMKAET ITOCTOSIHHBIN 3JIEKTPUUECKUI TOK — HaIlpaBJIEHHOE
JIBUXKEHUE 3JIEKTPOHOB OT IJI0ca K MUHYCY. TOJIbKO, B IIPEeAI0KEHHOM Bapu-
aHTe OOBSICHEHUSI, CTAHOBUTCS MPEAE/IbHO SICHO, YTO TaKOE HAIlpaBJICHHOE
JIBIKEHHUE, UYTO TAKOE «IIJTIOC» U «<MUHYC» U, HAKOHELI, YTO TAKOE «3JIEKTPOH».
Bce aTu noHsATHSI HUKOTIA HEe O0BSICHSUIMCh U MPUHUMAINUCh, KaK JOJIXKHOE.
Tonbko, 4TOOBI OBITH MPENCIbHO TOYHBIM, CIEIYEeT TOBOPUTH HE O «HaIlpa-
BJICHHOM JBVMXKEHUM JIEKTPOHOB OT ILJII0CA K MUHYCY», a O HAalIPaBJICHHOM I1e-
pepacIipeieIeHUN 3JI€KTPOHOB BIOJIb IIPOBOJIHUKA.

Kak cTtano sicHO u3 BbIIIEU3JIOXKEHHOTO OOBSICHEHUS, 3JEKTPOHBI HE
JIBUXKYTCS BIOJIb IPOBOAHMKA, OHU MCYE3al0T B OJJHOM MECTe, IIe YPOBEHb
CcOOCTBEHHOU MEPHOCTU aTOMOB CTAHOBUTHCSI KPUTUYECKUM IJI5I CYILIECTBO-
BaHUSI BHELIHUX 3JIEKTPOHOB M 00Pa3yloTCsl y aTOMOB, Y KOTOPBIX BBIITOIHSI-
I0TCSI He0OXOoaMMBbIe [JIs1 3TOro yciaoBud. [IpourcxoauTt neMatepuan3anus
BJIEKTPOHOB B OJHOM MECTE€ M MaTtepuaiu3auus ux B Apyrom. [logoOHbI
MPOLECC MPOUCXOIUT B IIPUPOAE MOCTOSIHHO, XAOTUYHO Y ITO3TOMY CTAHOBUT-
cs1l Ha0JII0JaeMbIM TOJIBKO B CJTydae yIIpaBjIeHUsI 3TUM ITPOLIECCOM, YTO 1 OCY-
LLIECTBJISIETCS] IPU UCKYCCTBEHHOM CO3JaHUM HAIIPaBJIEHHOTO Iepenanga Mep-
HOCTH BIOJIb ITIPOBOJIHMKA. XOTEIOCh Obl OTMETUTh, YTO MPUUYMHAMMU ITPOSIBIIE-
HUS, KAK MAarHUTHOIO MOJsI, TaK M 3J€KTPUYECKOIO, SIBJSIOTCS Iepenaabl
MEPHOCTHU (TpaueHThl MEPHOCTU ) ITPOCTPAHCTBA, KOTOPhIE MPUHLIMIIUAIBHO
HE OTJIMYaloTCcs Apyr oT Apyra. Kak B oqiHOM ciiyyae, TaKk U B APYTOM 3TO I1e-
pernaa MEpHOCTU MeXIy IBYMsI TOUKaMU IPOCTPAHCTBA, UMEIOLLIMMU, 110 TOU
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WIM UHOM MPUYMHE, pa3Hble YPOBHU COOCTBEHHOI MepHOCTU. Paznunyue B
MPOSIBJIEHUM 3TUX IMEepernanoB 00yCIOBICHO TOJbKO MX NPOCTPAaHCTBEHHOM
OPUEHTHUPOBKON IO OTHOLIEHUIO K KPUCTAIMYECKOM pelieTke. Bzanmomnep-
MEHAUKYJISIPHOCTD ABYX MeperagoB MEPHOCTU OTHOCUTEJILHO, TaK Ha3bIBae-
MOIJi, ONITUYECKON OCU KpUCTajjaa, MPUBOAUT K KAUECTBEHHOMY OTIMYMIO
peaklMy KaXka0ro aToMa Ha 3TU nepernaabl MEPHOCTH TIPY MOJTHOM TOXIE-
CTBEHHOCTHU MPUPOALI CaMUX MepernagoB. AHU30TPOMHOCTb KaUYeCTBEHHOM
CTPYKTYpPbI, KAK MAaKpOIIPOCTPAHCTBA, TAK U MUKPOIIPOCTPAHCTBA IPUBOIUT
K KaUe€CTBEHHO APYTUM peaKLUsIM MaTepUU, 3arOJHSIONIECH 3TU MTPOCTPaH-
CTBa, KaK Ha YpOBHE MaKpOIIPOCTPAHCTBA, TaK U Ha YPOBHE MUKPOITPOCTPAH-
CTBa.

IToHumMaHue NpupoOabl NOCTOSITHHOTO MAarHUTHOTO U 3JIEKTPUYECKOTO
MoJieil U NMPUPOAbl MX BAMSHUS HAa KaYECTBEHHOE COCTOSIHME (DU3UUYECKU
TUIOTHOM MaTe€pUU MO3BOJISIET HOHATh U IIPUPOLY IIEPEMEHHOTO 3JIEKTPOMA-
THUTHOTO 1oJis. [lepeMeHHOe MarHUTHOE T10JI1€ BJIUSIET HAa OJUH U TOT K€ aTOM
I0-pa3HOMY, B pa3HbIX (Da3ax CBOEro Ka4eCTBEHHOTO COCTOsIHMSA. [1pu Hye-
BOI1 HAPSKEHHOCTU MEPEMEHHOTO MarHUTHOTO I10JIsI, ECTECTBEHHO, BIIMSIHUE
Ha KauYeCTBEHHOE COCTOSIHME aTOMOB KPUCTAJIMYECKOM PELIETKU PAaBHO HY-
0. ITpy mpoxoXAeHUM Yepe3 KPUCTALINYECKYIO PELIETKY YCTOBHO MOJIOXM -
TeJIbHOW (pa3bl HANPSKEHHOCTU TEPEMEHHOTO MAarHUTHOIO TT0JISI, KaXKIbIi
aTOM HAaUMHAaeT TePsITh CBOU BHEIIHME 3JIEKTPOHBI BCJIEACTBUE TOTO, YTO J10-
MOJTHUTEIbHOE BHEIIIHEE BO3IEMCTBYE TTIepernaga MEpHOCTU BIUSIET HA Kaye-
CTBEHHOE COCTOSIHUE 3JIEKTPOHHBIX 000JIOUEK aTOMOB, HE BJIUSISI CYLLIECTBEH-
HO Ha KAaYeCTBEHHOE COCTOSIHME aTOMHBIX s1iep. B pe3ynbraTe 3T0r0, HEKOTO-
pble BHEIIIHME 3JEKTPOHBI CTAHOBITCSI HEYCTOMYMBBLIMUM U pacragaloTcs Ha
MaTepuu, ux oopasywiiue. [Ipy nMpoxoxXaeHUM YCJIOBHO OTPULIATEIbHOM
(pazbl HANPSLKEHHOCTU TTIEPEMEHHOTO MAarHUTHOTO MOJIsI HA000POT CO31at0TCsI
YCJIOBUSL JIJIsI CUHTE3a DJIEKTPOHOB B 30HaX Je(opMallii MUKPOIIPOCTPAHCTBA,
CO3JaHHbIX O] BO3JeiCTBMEM aTOMHBIX sigep. [1oaTomy, mpu MpoxoXxaeHUn
BOJIHBI TIEPEMEHHOI0 MAarHMTHOTO MOJIS Yepe3 KPUCTAUIMYECKYIO PELIETKY
BO3HMKaeET JIIOOOIbITHAS KapTuHa. Ecau y JaHHOro aToMa Uju aTOMOB 101
BO3JIeICTBMEM MAarHUTHOTO I10JIs1 BHEIIHUE 3JIEKTPOHbI CTAJIM HEYCTOMYNBbI-
MU 1 pacnajiuCh Ha MaTepUu UX 00pa3ylollue, TO Y BIIEPEAU JexKalluX 10 OIl-
TUYECKOM OCH aTOMa Wi aTOMOB, Ta >K€ camasl BOJTHA CO3IAET 0J1aronpusiTHbIE
yca0BUS 111 cuHTe3a 2eKTpoHoB (Puc. 3.3.17). 310 co3maét nepenaa mep-
HOCTH (3JIEKTpUYECKOE T10JIe), CMELLEHHBIN Mo ¢a3e Ha 7/2 y pacIiOIOKEHHBIX
BIIEpEAU IO ONITUYECKOM OCU aTOMOB, IEPIEHAUKYISIPHO NEPEMEHHOMY Ma-
THUTHOMY IIOJIIO0, BCJIEICTBHE YEro, y 3TUX aTOMOB IIPOUCXOJUT CUHTE3 J10-
MOJTHUTEIbHBIX 3JIEKTPpOHOB (Puc. 3.3.18). JlonoiHUTEIbHO CUHTE3UPOBAH-
HbIE 2JICKTPOHBI, B CBOIO O4YEpe/b, CO3JAI0T MEePINEeHAUKYISIPHO SJIEKTpUYEC-
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CKOMY ITOJIIO CMELLEHHBIN 1o da3e Ha 7t/2 nepenai MEpHOCTH (MarHUTHOE T10-
Je). Y, Kak cieacTBre BCErO 3TOT0, 110 IIPOBOAHUKY IIPOMCXOAUT PacpocTpa-
HEHUE TIEPEeMEHHOTIO 3JIEKTPUUECKOro TOKa BAOJIb OoNTHYeckoil ocu (Puc.
3.3.19). I1o aHanornyHOMY MPUHLIUITY B IIPOCTPAHCTBE PACIIPOCTPAHSIIOTCS
BJIEKTPOMArHUTHBIC BOJIHBI.

Takum 06pa3omM, NepeMEHHOE MAarHUTHOE MOJIE IMTOPOXKIAET B IPOBOTHM -
K€ MIEPEMEHHBIN BJIEKTPUIYECKUI TOK, KOTOPBI, B CBOIO OYEPE/b, TOPOXKIAACT
IIEpEMEHHOE MAarHMTHOE T10JI€ B TOM K€ MpoBOoAHUKE. [Ipn Hannunm BOJIM3U
OIHOTrO MPOBOJHMKA C IIEPEMEHHBIM MAarHUTHBIM MOJIEM APYrOro, B IMOCJE/I-
HEM BO3HHMKAET TaK Ha3bIBAEMbIA WHAYILIMPOBAHHBINA 3JIEKTPUYECKUM TOK.
M, xak ciaeacTBue, MOSIBUIACh BO3MOXXHOCTh CO3[IaTh T€HEPATOP SJIEKTPUYIEC-
KOTr'0 TOKa, B KOTOPOM BpalllaTeJIbHOE IBUXXEHUE TYPOUHEBI IIpeoOpa3yeTcs B
MEpeMEHHBIN 371eKTpudeckuii ToK. HajmoxeHrne Ha KOHKPEeTHOE MUKPOIPO-
CTPAHCTBO, C KOHKPETHBIMU CBOMCTBAMM M Ka4€CTBAMM BHEIIHEIO BO3-
JIeicTBUS, B BUe INepenana (rpagreHTa) MEPHOCTU MPUBOAUT K TOMY, YTO
CBOMCTBA 1 Ka4e€CTBA MUKPOITPOCTPAHCTBA B 30HE HAJIOXKECHUS U3MEHSIOTCS.
B cuny Toro, 4To nmpocTpaHCTBO, KaK HA MAKPOYPOBHE, TAK U MUKPOYPOBHE
— aHU30TPOITHO, T.€., CBOMCTBA 1 Ka4eCTBAa NPOCTPAHCTBA HE OAMHAKOBEI B
pa3HbIX HAIIPABJICHUSIX, JOMOJHUTEIbHbBIC BHEIIHUE TIEperaabl MEPHOCTH, B
3aBUCUMOCTHU OT TOTO, B KAKOM M3 HAIIPABJICHUI ITPOCTPAHCTBA OHU MIPOSIBIISI-
I0TCsI, OYAYT BbI3bIBAaTh pa3jIMuHbIe peaKUMU (PU3NIECKHU TNIOTHOTO BEILECTBA,
3aMOJIHSIONIETO 3TO IMPOCTPAHCTBO. [1py ogHON 1 TOM XXe ITpupoAe Iepernana
MEPHOCTU, UMEHHO aHU30TPOITHOCTb ITPOCTPAHCTBA IMIPUBOAUT K TOMY, YTO pe-
akuysl PU3NIECKU IJIOTHOM MAaTepUU 3aBUCUT OT TOIO, B KAKOM M3 MpPO-
CTPAHCTBEHHBIX HATPABJICHUM MPOSBISIETCS ATOT nepernan. IMeHHO moaToMy
MpUPOAA MATHUTHOIO U 3JIEKTPUYECKOTO MOJIel — TOXIECTBEHHA, KAK HU Ma-
pagoKCaIbHO 3TO 3BYUYMT. Paznnume Mx CBOMCTB M KA4e€CTB ONPEACIISECTCS
MMEHHO MX IIPOCTPAHCTBEHHBIMU XapaKTepUCTUKaAMU. IMEHHO TOXIECTBEH-
HOCTb MPUPOJbl MATHUTHOIO U 3JIEKTPUUECKOIO IOJe U CO31aET BO3MO-
>KHOCTb X B3aMMOJICICTBUS Y B3aUMOWHAYLIMPOBAHUS.

3.4. Pe3iome

MaxkponpoCTpaHCTBO U MUKPOIIPOCTPAHCTBO CYILIECTBYIOT B HEITPEPHIB-
HOM B3auMMOAEUCTBUHU ApYT ¢ A1pyroM. Ho mpupoma naHHOTo B3aMMOIEACTBUS
0OCTaBaJIaCh Ha MPOTSKEHMM BCEro BpEMEHU CYIECTBOBAHUSI HAyKU 3araKoM.
3aragkoii, Ha KOTOpYIO NOYEeMY-TO HUKTO He oOpaliail BHMMaHus1. Ho, nMeH-
HO TOHMMAaHMEe B3aUMOJEMCTBUS MEXIY MaKpo- U MUKPOINPOCTPAHCTBOM
Ja€T noHnMaHue xxun3Hu BeenenHoi. CuHTe3 (pU3nyecKy IIOTHOTO BE1eCTBa
MMPOUCXOIUT B 30HAX BO3MYILIEHUSI MEPHOCTHU IPOCTPAHCTBA, KOTOPbIE BO3HU-
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KalOT BO BPEMsI B3pbIBa CBEpXHOBOM 3Be3/1bl. BOTHBI BO3MYIIIEHUS MEPHOCTU
MaKpOMNpPOCTPAHCTBA U3MEHSIOT CBOMCTBA M KA4€CTBA IPOCTPAHCTBA, Yepe3
KOTOPOE OHU MPOXOAAT. BeiieacTBUe 3TOr0, U3BMEHSIETCS MPUPO1a MOBEACHUS
MaTepUuu, KOTopasi, 110 TEM WM MHBIM IIPpUYMHAM, OKA3bIBA€TCS B JaHHbBIX
00JIaCTSIX BO3MYILEHUS MEPHOCTU IIPOCTPAHCTBA. B pe3yabraTe 3TOro B 3TUX
30Hax AeopMaly MPOCTPAHCTBA HOSBISIOTCS KAYECTBEHHO HOBBIE (DOPMBI
MaTepuii. DT Ka4eCTBEHHO JApyrue (popMbl MaTepuii, 3aI0JIHSISI COOOI 30HbI
HEOJIHOPOJHOCTU MPOCTPAHCTBA, HEUTPAIU3YIOT UCKPUBJICHNUE MAKPOIIPO-
CTPaHCTBA, Y BOJIHbI BO3MYILLUEHMS MEPHOCTU IPOCTPAHCTBA «3aMOPAKUBAIOT-
Cs1», BOBHMKAIOT CBO€OOPA3HBIE CTOSIINE BOJHBI BO3MYIIEHUS MEPHOCTH Ma-
KpOIIpocTpaHCTBa. [Ipoieccrl, nporucxoasinre Ha ypOBHE MUKPOIIPOCTPaH-
CTBa B 30HAX BO3MYIIEHUSI MEPHOCTA MaKpPOIIPOCTPAHCTBA, B KOHEYHOM UTO-
re, IPpUBOASIT K MOJHOM KOMIIEHCALIMKA BO3MYILIEHUS MEPHOCTH MaKpOIpPO-
CTPAHCTBA 3a CYET TOTO, YTO CUHTE3UpPyEeMble THOpUAHBIE (DOPMBI MATEPUU Ha
YPOBHE MUKPOIIPOCTPAHCTBA BIMSIOT Ha OKPYXKaIOIIee MUKPOIIPOCTPAHCTBO
CO 3HAKOM, OOpaTHBLIM 3HAKYy M3HAYaJIbHOI'O BO3MYILIEHMS MAKPOIIPOCTPaH-
CTBa, B KOTOPOM MPOUCXOIUT NJAHHBIN CMHTE3. MUKPOCKOMUYECKHUE, IO Cpa-
BHEHMIO C BOBMYILLEHUSIMUA MaKpOIIPOCTPAHCTBA, BIUSIHUS THOPUIHBIX (DOPM
MaTepUi1 Ha OKPYXKAIOILee MUKPOIIPOCTPAHCTBO CYMMUPYSCh, KOMIIEHCUPYIOT
BO3MYILEHUE MEPHOCTU MAaKpPOITPOCTpaHCTBA. KOMITIEHCUPYIOT, HO, HE AaHHY-
JIMpYIOT. B pe3ynbrare, 30HbI BO3MYILLIEHUSI MEPHOCTU MaKpONpOCTPaHCTBA
OCTAlOTCSI HE MCYE3aI0T, 3alOJHEHHbIC TUOPUAHBIMUA (pOpMaAMU MaTEpPUM,
CUHTE3 KOTOPHBIX, B CBOIO OUEPEIb, TPOUCXOAUT TOJbKO B 3TUX 30HAX BO3MY-
LIEHMSI MEPHOCTU MaKpoOHOpocTpaHCTBa. Takum o0pa3oM, MaKpOIIpOCTPaH-
CTBO 1 MUKPOITPOCTPAHCTBO HAXOIATCS B TECHOM B3aMMOCBSI3U APYT C IPYIOM,
HE MOTYT CTaOMJIbHO CYIIECTBOBATh IPYr O€3 Ipyra, U COCTOSIHUE OajlaHca
MEXY HUMU 00€CeYrnBAET YCTOMYMBOE COCTOSTHUE IMIPOCTPAHCTBA B LIEJIOM.
JI100b1e M3MEHEHMSI, BOBMYILEHUS B KQUECTBEHHOM COCTOSSHUM MaKpOIIPO-
CTPAHCTBA MPOSBJISIOTCI B UBMEHEHUM KAUYE€CTBEHHOTO COCTOSIHUSI MUKPO-
npoctpaHcTBa. M1 HA000pOT, J1I00ObIE U3MEHEHMSI KAUECTBEHHOI'O COCTOSTHUS
MUKPOIMPOCTPAHCTBA MPOSIBJILIOTCS HA KAYECTBEHHOM COCTOSIHUU MaKpO-
MIPOCTPAHCTBA. YCTOMYMBOCTb COCTOSIHUS BeeneHHo obecneunBaeTcs OanaH-
COM MEXIY MaKpOIPOCTPAHCTBOM M MUKPONPOCTPAHCTBOM. Bo3HuKaromume
B IIPOLIECCE ATOrO 0aJIaHCa MEXXIY MaKpPOIPOCTPAHCTBOM U MUKPOIIPOCTPAH-
CTBOM CTOSIIIME BOJHbI BO3MYILIEHUS MEPHOCTU MAKPOITPOCTPAHCTBA UMEIOT
MOCTOSIHHBIN Mnepenaj (Irpall€HT) MEPHOCTU, HAIIPaBJICHHBIM OT BHEIIIHEMN
rpaHULbl 30HbI HEOMHOPOIHOCTHU K €€ LIEHTpY. B pe3ynbsrare 3Toro, naxe mo-
cJie 3aBepIICHMUSI CUHTe3a TMOPUIHBIX (POpM MaTepUii, oA BO3ACHCTBUEM
ATOTO Iepenaga MePHOCTU MEPBUYHbBIE MATEPUU MTPOJOJIKAIOT CBOE IBUXKECHUE
OT TPaHMIL 30HbI HEOJHOPOIHOCTA MEPHOCTU K €€ LEHTPY TaK Xe, KaK U
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ruopuaHeie Gopmbl Matepuit. Kaxnas ruOpumHag popMma mMaTtepuu Kade-
CTBEHHO U CTPYKTYPHO OTJIMYAETCS OT APYTUX U YACTUYHO CBOUM BTOPUYHBIM
BBIPOXKIEHUEM ITIPOCTPAHCTBA HEUTPATIU3YET BOZMYILEHUE MEPHOCTU MaKpPO-
MpocTpaHCcTBa. BeieacTBue 3Toro ajis KaxXaou OTAeIbHO B3SITOM TMOPpUAHOMN
(popMbI MaTEepuM nepenas MEPHOCTU BHYTPU 30HbI HEOTHOPOJIHOCTU MaKpPO-
IIPOCTPAHCTBA POIAOJIKAET CYIIECTBOBATH HECMOTPS HA TO, YTO JAHHAS TH-
OpuaHas MaTepuss YaCTUUHO HEUTPAIM3YyeT TOT Ieperag MepHOCTU. ToabKo
BC€ BMECTe, TMOpUIHbIe (OPMBI MaTepUid HEMTPAIM3YIOT U3HAYAIbHbBIN MU
MIEPBUYHBIN Mepenans MEPHOCTU B 30HE UCKPUBJIEHUSI MEPHOCTU MAaKPOIIPO-
cTpaHCTBA. B TO BpeMs1, Kak 1J1s1 OTAEJILHO B3SITOM TMOPUAHOM MaTepuu repe-
raj MEpPHOCTH IIPOAOJIKAET CYyLIEeCTBOBAaTh. KpoMe 3Toro, 3TOT nepemnan Mep-
HOCTH CTAHOBUTCH ITOCTOSTHHBIM BCJIEACTBUE BOSHUMKHOBEHUS CTOSYEI BOJHBI
MEPHOCTH. JlaHHOE SBJIEHME CYIIECTBYET TOJBKO IMOTOMY, YTO TMOPUIHBIE
(bopMBI MaTEpUii, XOTh U OOPA30BAHBI ITOCPEACTBOM OJTHUX U TEX K€ IIEPBUAY-
HbIX MAaTEPUIl, KAUECTBEHHO U CTPYKTYPHO OTJIMYAXOTCS APYT OT Apyra, UMesd
TOJIBKO YAaCTUYHOE B3aMMOJICUCTBUE MEXAY COOO0M MO OOILIMM CBOMCTBaAM U1
KadyectBaM. [1oaToMy, (pr3MUECKM TUIOTHOE BELLIECTBO, KOTOPOE SBJISIETCS OJI-
HOM 13 GOpM TMOPUAHBIX MATEPUI1, MOCTOSTHHO HAXOAMUTCH IO JEUCTBUEM
BTOrO MOCTOSIHHOTO Teperanaa MEPHOCTHU, BCIEICTBUE YEro Bee, (pU3NIecKu
TUIOTHbIE OOBEKTHI BEIHYXKAEHHO ABUTAIOTCS OT Kpasi 30HbI HEOJHOPOJHOCTU
MaKpOMNpOCTPAHCTBA K €€ LIEHTPY. B coBpeMeHHOl (pU3UKe 3TOT IPOLIECC
HOCUT Ha3BaHMSI T'PaBUTALIIM, TPABUTALIMOHHOIO MOJIS IUIAHEThI WX JTI000TO
JIIPYTrOro MaTe€puaJbHOTO MAaKpOOOBEKTA.

IpaBuTaLIMSI €CTHh HM UTO MHOE, KaK BO3ACICTBME HA (DU3UYECKU IIJIOTHOE
BEILLECTBO IMOCTOSHHOTO PaaraIbHOIO IIepenaga MEpHOCTA MAKPOIIPOCTPAH -
CTBa, BO3HUKILIETO B 30HE HEOJTHOPOIHOCTHA MAKPOIIPOCTPAHCTBA, KAK PE3YIb-
TaT B3aMMOJIEMCTBUS MIPOCTPAHCTBA U CBOOOJIHBIX MAaTePUIA, 3aIOJTHSIIOIINX
JAHHOE MPOCTPAHCTBO. Ha ypoBHE MUKPOIIPOCTPAHCTBA KAXIbIA aTOM BIIUSIET
Ha OKpYXKalollee IMPOCTPAHCTBO. DTO — TaK Ha3bIBAEMOE, BTOPUYHOE BIIMSIHUE
Ha IPOCTPAHCTBO, KOTOPOE MPUBOIUT K YACTUYHOM HEUTpAIU3aLIM1 HA YPO-
BHE MUKPOIIPOCTPAHCTBA Neperiaga MEPHOCTH MaKpONpOCTpaHCTBA. Jpyrumu
CJIOBAaMU, KaXIbIA aTOM CO3IA€T BCTPEUHBIN Mepenaa MepHOCTU IIPOCTPaH-
CTBa Ha YPOBHE MUKPOIIPOCTPAHCTBA, YACTUYHO HEUTPAJIUBYIOLLIUIA TIEPBUY -
HBI Meperas MEPHOCTU MAaKpPOIIPOCTPAHCTBA HA YPOBHE MUKPOITPOCTPAH-
cTBa. BimsiHre KaXkaoro aromMma He3aBUCUMO OT BJIMSIHUSA JIIOOOTO APYroro aro-
Mma. IIpu coeniHeHM aTOMOB B MOJIEKYJIbI 1 KPUCTAIUIMYECKUE PELIETKU UX
WHAVBUAYaJIbHbBIEC BIMSHUS Ha OKPYXalollee MPOCTPAHCTBO OOBEINHSIOTCS
B 00111y10 crcTeMy. Kaxkmass MoeKyia Wiu KpUCTaJIndecKasl peleTka orpa-
HUYEHA B IIPOCTPAHCTBE B CUJIY TEX UJIM MHBIX CBOMCTB M KAYECTB MAKpPOIIPO-
cTtpaHcTBa. [loaToMy, co3maBaeMblii MOJIEKYJIOM WM KPUCTATJIMYECKOMN
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pEeLIETKON BCTPEUHBbIN Iepenan MEPHOCTU IMPOSIBISIETCSI HA MUKPOYPOBHE
npoctpaHcTBa. Kaxmass MoJsieKysia Wi KPUCTAJIJI CO3Aal0T CBOEOOpa3HbIit
JTOMeH, GOpMUPYIOLIMI BOKPYT ceds mepenaj BCTPEYHOM MEPHOCTU IPO-
CTPAHCTBAa, KOTOPhI Ha3bIBaIOT MATHUTHBIM ITOJIeM JaHHOTo foMeHa. Cyriep-
MO3ULIMS BCEX MarHUTHBIX TOMEHOB CO31aET MarHMTHOE I10JIe MaTepHUaIbHOTO
00BbEKTa, B ClIy4yae MIaHEThl — MAarHUTHOE MoJie T1aHeTbl. COBOKYITHOE Ma-
THUTHOE T10JIe TIJIAaHEThI MO-Pa3HOMY BO3JIE€HCTBYeT Ha aTOMbI U MOJIEKYJIbI,
o0pa3ylolIKe BELEeCTBO IJIaHEThl, BCIEACTBUE UX KAUECTBEHHBIX U CTPYKTYP-
HBIX OTJIMYUNI, B pe3y/abTaTe 4ero aToMbl, MOJIEKYJIbl, KPMCTAJJIbI IIPOSIBJISIIOT
pa3HbIe CBOMCTBA M KayecTBa. HeoJHOPOAHOCTH MPOCTpaHCTBA B pa3HBIX
HamnpapJIEHUSIX NPUBOAUT K TOMY, YTO OJMH M TOT Xe Iepernag MEpHOCTHU
MIPOCTPAHCTBA BJIMSIET HA KAUYECTBEHHOE COCTOSIHUE (DU3MYECKU MJIOTHOM
MaTepUHU TMO-pPa3HOMY, B 3aBUCUMOCTH TOrO, B KAKOM MPOCTPAHCTBEHHOM
HaIpaBJIECHMU BOZHUKAET JaHHBIN Mepenag MEPHOCTU. DTO CBSI3aHO TakKXKe U
C TeM, YTO CUHTE3 TMOPUAHBIX MaTepuii, BKJItouyass U (PU3MUECKU TIJIOTHYIO,
OPUEHTUPOBAH B COOTBETCTBUU C aHM3O0TPOITHOCTHIO CAMOI0 MaKpOIpPO-
CTPAHCTBa, B KOTOPOM MPOUCXOAUT CUHTE3. AHU30TPOITHOCTD ITPOCTPAHCTBA
npenonpeaessieT IpoCTPaHCTBEHHOE OPUEHTUPOBAHUE MaTepPUU, KaK HECBSI -
3aHHBIX TEPBUYHBIX MaTepUii, TaK U TMOPUAHBIX. AHU30TPOITHOCTh IPO-
CTpaHCTBa NpegonpeaesisieT CTPYKTYPHYIO U KaUeCTBEHHYI0 aHU30TPOITHOCTD
MaTepur. AHU3OTPOITHBIM MaKpPOKOCMOC MOPOXKIAAET aHU3O0TPOIHbIA MU-
KPOKOCMOC, 0aJlaHC KOTOPBIX 1 00ecleynBaeT yCToMurBoe coctosiHie Bee-
JIeHHOM. BeoeacTBre aHM30TPOMHOCTH, KAK MaKPOIIPOCTPAHCTBA, TaK M MU -
KPOIIPOCTPAHCTBA BJIMSIHME JTOKAJbHON HEOJHOPOAHOCTU MPOCTPAHCTBA Ha
MaTepHrIo U Ha caMO MPOCTPAHCTBO CTAHOBUTCS 3aBUCUMBIM OT ITPOCTPAH-
CTBEHHOI1 OPUEHTHUPOBKM IrpajlieHTa Ieperiaga MEpHOCTU MPOCTPAHCTBA, KaK
110 OTHOLLIEHUIO K CAMOMY IIPOCTPAHCTBY, TaK 1 MO OTHOIIEHUIO K MAaTePUMU.
MMeHHO, KaK CIeACTBUE 3TOTr0, IPaIueHT MEPHOCTHU IIPOCTPAHCTBA MTPOSIBJISIET
cebs1, KaK, TaK Ha3bIBaeMOE, TpaBUTALIMOHHOE T10JIe TPU OAHOM IIPOCTpaH-
CTBEHHOM HaIlpaBJIeHMM, KaK MarHUTHOE MoJie — MpU APYroM M, Kak 3Je-
KTpUYECKOE T10Jie B TpeTheM. TobKo OJlarogapsi 3ToMy, BO3MOXXHO pacipo-
CTpaHEHUeE, KaK 3JIEKTPOMAarHUTHBIX BOJIH B ITPOCTPAHCTBE, TaK 1 Apyrux. Ma-
THUTHOE T10JI€ TIEPEXOAUT B JIEKTPUUECKOE, KAK U HA00OPOT — BJIEKTpUYE-
CKO€ B MarHuTHoe. B ToM unciie 3To npaBujio padboTaeT 1 Mo OTHOLICHUIO K
rpaBUTAllMOHHBIM BoiHaM. Bce oHM — B3aumo3sameniawiimue. 9To NpaBUIo
HE pacIIpoCTpaHsIETCsl Ha CTOsTYME BOJIHBI MepHOCTU. [ToHMMaHMue eqrHCTBa
MPUPOALI MOJIeH Aa€T KJIIOY K CO3JaHMI0 aHTUTPaBUTALIMU M BO3MOXHOCTH
MTHOBEHHOTO MepeMelleHUsI B MPOCTPAHCTBE, OTKPhIBAET MPAKTUYECKU
HEOoTpaHUYEHHBbIE BO3MOXHOCTHM Pa3BUTUSI TEXHUKH, OCBOCHUE HOBBIX
MCTOYHUKOB SHEPTUU.



181

Imasa 4. HeoOxoaumble 1 10CTATOYHBIE YCIOBHS
BO3HUKHOBEHHS XU3HHU BO BeeenHoi

4.1. ITocranoBKa Bompoca

Bormpoc 0 BOBHMKHOBEHMHU >KM3HU Ha Halllel TJIaHETe BCeraa ObLT «KaM-
HEeM NpeTKHOBeHMUsI». C IpeBHUX BpeMEH (pua0codbl, yd€Hble NbITATNUCH PA3-
ragaTh TailHy Xu3Hu. Co31aBajCh pa3Hble TEOPUU, TUTIOTE3bI O MPUPOAEL K-
BoIi MaTepuu. Bce oHM 0a3upyloTcs Ha mocTynaTax (MOHSTUSIX, TIPUHUMAEMbIX
0e3 mokazarejbCTB). UTOOBI COXpAaHUTH 3TU TEOPUU XKMU3HECHOCOOHBIMMU,
MO3IHeE BBOAMJIUCH HOBbIE M HOBbIE MOCTYAaThl. B HacTosI11Iee BpeMsl Bce Cy-
LIECTBYIOIIME HAYYHbIE TECOPUU UMEIOT B CBOEM (PyHIAMEHTE NECATKU, a T10-
poii U COTHM TocTyaToB. K X 4yuciay OTHOCUTCSI U COBpeMeHHas1 (pu3urKa.
Mubpopmainust, KOTOpYIO 4YeJIOBEYECTBO HAKOIMMJIO K KOHILY ABaALIaTOTO BEKA,
MMOJTHOCTBIO JI€JIAET 3T TEOPUU HECOCTOSITENbHBIMU. S BIIEHNS, KOTOPBIE YUY€~
HbI€ HAOJII0AAI0T, IIOCPEICTBOM ITPUOOPOB MJIU BU3YAJIbHO, €CTh IIPOSIBJICHUS
pealIbHbIX 3aKOHOB ITpupoabl. Ho, peajibHble 3aKOHBI TPUPOALI (DOPMUPYIOTCS
Ha YPOBHSIX MaKpOKOCMOCAa U MUKpOKocMoca. Bce, ¢ yem uenoBek conpuka-
CaeTCsl B CBOEM XXM3HU, HAXOAUTCS MEXAYy MaKPOKOCMOCOM YU MUKPOKOCMO-
coMm. MMEHHO MoATOMY, KOI/Ia YeJIOBEK C TOMOIIBIO TPUOOPOB CMOT 3aIISTHYTh
B MUKPOMUP, OH BIIEPBBIE CTOJIKHYJICSI C 3aKOHAMM IIPUPOJIbI, a HE C UX MTPO-
SBJIeHUSAMU. MaTepus He mosiBUJIach U3 HeOTKyAa. Bce ropasmo mpoiie 1 ¢Jio-
>)KHEE OJHOBPEMEHHO: TO, UTO YE€JIOBEK 3HAET O MAaTEPUU U AyMAET, KaK O 3a-
BEPLLIEHHOM, a0COIIOTHOM ITOHSITUM, HA CAMOM JIeJIe, SIBJISICTCS JIUIb MaJleHb-
KO 4aCThIO 3TOTO MOHATUSI. MaTepus 1eiICTBUTEIbHO HUKYAA HE UCUE3AET U
HUOTKYJA He MOSIBJISIETCS; IEUCTBUTENBHO CyllecTBYeT 3aKoH CoxpaHeHU s
Marepuu, TOJbKO OH HE TaKOi, KAKMM €T0 MpeAcTaBIsaioT Joau. Takum
00pa3oM, CYIIECTBYIOIIME HAyYHbIe TEOPUM, OCHOBAHHbIE Ha ITOCTYJIaTax,
0Ka3aJIuCh MEPTBOPOXKAEHHBIMU. OHU HE CMOTJIM AAaTh KAKOT0-JIMOO CTPOTi-
HOT'O 1 JIOTUYECKOTO 00bsICHeHMSI. HEBO3MOXXHOCTD CylIECTBYIOLIMX TEOPUIA
OOBSICHUTD YCJIOBUSI U IPUYMHBI 3apOXKACHUS KU3HU HE U3BUHSIIOT 3TO HE-
3HaHMe. 2KM3Hb HA HALLIEH TJIaHEeTE MOSBUIACH 00J1€€ YEThIPEX MUJIMAPIOB
JIET Ha3a4 U €€ pa3BUTHE TIPUBEJIO K MOSIBJIEHUIO PA3yMHOCTH, HO CYyLLIECTBY-
I011As] UMBUJIA3ALIMS A0 CUX ITIOP, HE MOXET OTBETUTh Ha POCTOM BOIIPOC: UTO
TaKoe X13Hb, KAK OHA BO3HUKJIA U3 TaK Ha3bIBaeMOM HexXX1BOM MaTepun? Ka-
KMM 00pa30oM U IIOYEMY, HeXXMBasi MaTepus, BAPYT, IpeoOpa3yeTcs B XUBYIO?
be3 nmoHnMaHuUs 3TOro BOIIpOCa, 4eJI0BEYECTBO HE MOXKET Ha3bIBaTh ce0s1 pa-
3YMHOI pacoii, a TOJIbKO Hepa3yMHbIM MaJIbILIOM, 11 KOTOPOTO ITpUILLIA 10~
pa HabuMpaThbCsd yMa-pasyma.
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HMrak, Kakue ycia0BUs JOJKHBI ObLIM BOBHUKHYThH Ha MJaHeTe, IPU KO-
TOPBIX BO3MOXHO 3apOKIECHUE XKU3HU?

4.2. YcaoBud 3apoxKaeHus XKHU3HH HA MJIaHeTax

[Ipexne, yeM OOBSICHUTH NMIPUPOAY 3aPOXKIACHUS KU3HU, B TIEPBYIO OYE-
penb HEOOXOAUMO OIIPEALINTD, KAKKUE YCIIOBUS TOJKHBI CYILLIECTBOBATh, UTO-
OBl Ha IJIAHETE MOIJIa 3apPOAUTHCS, IO KpailHel Mepe, OeJIKOBas >KU3Hb. Jle-
BATH IJIAHET COJTHEYHOM CUCTEMbI — HaIJISIAHBIN ITpUMep 3Tomy. B naHHbII
MOMEHT, TOJIbKO Ha IUIaHEeTe 3eMJISI CYLIECTBYIOT HEOOXOAMMBbIE U JOCTATO-
YHBbIC YCJAOBUSA IS XXU3HU WU, [0 KpaHEN Mepe, CIIOKHOOPTaHU30BAHHOM
XnBoi Mmatepun. M mepBoodepenHOMN 3aga4eii IBaAsIeTCsl ONpeaeieHUe 3TUX
ycnoBuii. MMcxoast 13 MOHMMAaHMS BBILLIEYIIOMSHYTBIX IIPOLIECCOB, MPOUCXO-
JISAIIMX Ha MAaKpO- U MUKPOYPOBHSX ITPOCTPAHCTBA, MOXHO BBIIECIUTD CJIE-
JIYIOLIME YCIOBUSI, HEOOXOIUMBIE JJIs1 3aPOXKICHUS KU3HU:

1. Haimune nocTOSHHOTO nepenaaa MepHocTH ¢. BelmyrHa NOCTOSTHHOTO
repernaga MepHOCTU U KO3 (GUILIMEHT KBAHTOBAHUS TPOCTPAHCTBA Vi (OIpe-
JIEJISTIOLIMIA KOJIMYECTBO (DOPM MaTepuii JaHHOTO TUIIA, KOTOPbIE MOTYT CJIUTh-
csl B MpeAesiax 3TOro Ieperana) onpeaesisiioT 9BOJIOLUOHHbBINA MOTeHLIUA
BO3MOXHOI >KM3HU. KpaTHOCTh 3TUX BEJIMYUH — KPUTEPU, TAIOLLIMIA TTpeI-
CTaBJICHUE O KOJIMYECTBE KAYECTBEHHBIX OapbepOB (YPOBHEN ), BO3ZHUKAIOIINX
BHYTpHM 3TOro mepernana MepHocTu. KoanyecTBo 0aphepoB XapaKTepU3yeT
KauyeCTBEHHOE MHOroo0pasue BO3MOXHOI XM3HU. B Tom uducie, Bo3Mo-
>KHOCTb ITOSIBJICHUS pa3yMa U ero pa3BuTusi. MepHOCTh MaKpOIPOCTPaHCTBA,
rocJjie 3aBepiieHuss GOpMUPOBAHMS TUIAHEThI, BO3BPAIIAETCSl K UICXOJHOMY
YPOBHIO, KOTOPHI ObLT 10 B3pbIBa CBEPXHOBOM 3Be31bl. [1ocie 3aBepiieHus
poliecca o0pa3oBaHMs BOZHUKAET MOCTOSIHHBIN TTeperiag MEpHOCTU MEXKIY
YPOBHEM MEPHOCTH (PU3UYECKHU TLUIOTHOIO BeulecTBa (2.89915) u ypoBHeM
MEPHOCTU OKpyxKaruiero Makpokocmoca (3.00017). Takum obGpa3zoM, I0-
CTOSIHHBIN TIepenag MEPHOCTU SIBISIETCSI HEOOXOAMMBIM YCJIOBUEM BO3HM-
KHOBEHUS XU3HU. BaxkHoe 3HaueHUe MMeeT BeJMYMHA 3TOro Mepernajia.
MMeHHO BeMuurHa nepenaga onpeaeasieT 3BOMIOLUOHHbIN MOTEHILIMA XXUBOM
MaTepuu, XKM3HU. MUHUMaIbHBIN niepernai MEpHOCTH, ITPU KOTOPOM BO3MO-
JKHO 3apOKIeHME XU3HU, JOKEH OBITh paBeH:

s =1vi(AD) 4.2.1)

ITosgBneHue 371eMEHTOB pa3dyMa 1 3apoKJIeHUE MaMsITH, 63 KOTOPOIi He-
BO3MOXHO Pa3BUTHUS padyMa, BO3MOXHO TP Mepernaae MEpHOCTU, PABHOM:
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s =2vi(AD) (4.2.2)

HeobxonyMbIim YCJIOBUEM AJIAA BOBHUKHOBCHUA pa3dyMa U €Io 5BOJIOLNN
ABJIACTCA 1Ieperiaa MEpHOCTHU:

s =37 (AD) (4.2.3)

TakuM 00pa3oM, UCITIOJIB3YS Meperag MEPHOCTU, KaK KPUTEPUIA, MOXKHO
TOBOPHUTH O TPEOOBAHUM K KAY€CTBEHHOU CTPYKTYPE IMTPOCTPAHCTBA-BCEJICH-
HOM (171 Halero mpoctpaHcTBa-BeesieHHOM (Yi(AL) = 0.020203236...). Toib-
KO TIPOCTPAHCTBA-BCEJI€HHbIC, 0Opa30BaHHbBIE TPEMS U OOJBIIMM KOJIUYE-
CcTBOM (pOpM MaTepHUil UMEIOT HEOOXOAUMBIE YCIIOBUSI U151 3aPOKACHUS XKU3HU
1 pazyma

2. Hanmume Boawl. Boma gBiisieTcs OCHOBOI OpraHMYecKoOi XXW3HU Ha
Hanieii raHere. KoHeuHo ke, CylecTBYIOT (DOPMBI XKM3HU He TOJIBLKO Ha OeJI-
KOBoI1 ocHoBe. Ho 1151 Havasa, HEOOXOAUMO MPOCIEIUTh 3aKOHOMEPHOCTHU
BO3HUKHOBEHM 0eJIKOBOI1 kn3H1. HeoO0XonmMmMo moHATh, YTO IPOUCXOINT B
HallleM COOCTBEHHOM JIOMe TIepe] TeM, KaK 3arIsiIbIBaTh B UYKHE.

3. Hanmume atmocepsl. ATMocdepa sIBIsieTcss HanboJjiee TMHAMUYHOM,
aKTUBHOM 4acThlo miIaHeThl. OHa OBICTPO U PE3KO pearupyeT Ha U3MEHEHUS
COCTOSTHMSI BHEIIHEH Cpeibl, YTO OUEHb BAXKHO /)11 BOSHUMKHOBEHMUSI KU3HU.
Hannyue B atMmocdepe Kucaopoaa v yIIeKUCIOTO Ta30B — 3HAK HAJIMYMS Ha
IUIaHeTe OEJIKOBOM XMU3HU. ATMOC(Epa HE OODKHA ObITh OYEHb MJIOTHOM U
ype3MepHO pa3pexx€HHOM. [Tpr oueHb MI0THOM aTMocepe U3TydeHUS 3BE-
3/1bl HE JOCTUTAIOT IMIOBEPXHOCTH TVIAHETHI M He HarpeBatoT e€. [1pu aToM Hu-
JKHUE CJIOU aTMOC(ephl HE MOIIOLIA0T U3JIYYEeHUS 3BE3/Ibl U TEIJIOBBIC U3JTy-
YeHMsI MOBEPXHOCTHBIX CJIOEB IUIAaHETHL. B pe3yibrare, repenag MEpHOCTU Me-
Ky OCBEILIEHHON M HOYHOI YaCTSIMM NOBEPXHOCTU IJIAHETHI HE BOZHUKAET.
M, Kax ciiencTBue, He BO3HUKAET ABUKEHME aTMOC(EpPHbIX MACC B HUKHUX
ciiosix atMocgepsl. [1pu oTcyTcTBUM rpagueHTa (meperana) MEpHOCTU BAOJIb
MMOBEPXHOCTU MJIAHEThI, HE BO3HMKAIOT aTMOC(EpHbBIE BJIEKTPUUYECKUE pa-
3psiabl. B upe3amepHO pa3peXeHHOM aTMoc(depe HUXKHUE CIIOU MMEIOT BO-
3MOXHOCTb MOTIJIOIIATh U3JIYYEHUS 3B€3/Ibl Y TETLJIOBBIC N3TyY€HMS TOBEPXHO-
ctu. Ho, ripu 3TOM, HE BO3HMKAET ABMXKEHKE aTMOC(EPHBIX MACC, KaK Pe3yJib-
TaT €€ Ype3MEepPHOM pa3zpek€HHOCTU. KaK M3BECTHO, BEJIMUMHA U TVIOTHOCTD
aTMocdepbl OIpeaeaseTcss pa3MepoM U Maccol TiaHeThl. [1oaToMy, TOJIbKO
IUIAHETHI, COU3MEPUMBIE ITO pa3MepaM M Macce ¢ Halllel maaHeTou 3eMiein
MMEIOT MAaKCUMAaJIbHO OJIarOMpUATHBIE YCJIOBUS 1)1 BOBHUKHOBEHHUS O€JIKO-
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BOI >KM3HU. ATMOCdepa He J0JDKHA ObITh HA YPE3MEPHO «TSKEJIOM», HA UYpe-
3MEPHO «JIETKOM».

4. Hanuune nepuoandeckoii cMenbl JHa ¥ HouM. IlmaHeTapHbIe CYTKM He
JOJIKHBI OBITh OU€Hb KOPOTKUMM WJIM OY€Hb IMHHBIMU. [1aHeThl ¢ mpo-
JIOJDKUTEIBbHOCTBIO IJIAaHETAPHBIX CYTOK B Mpeesiax auana3oHa 18-48 3eMHbIX
4acoB UMEIOT MaKCUMAaJbHO OJaronpusTHbHIEC YCIOBUS 11 BOBHUKHOBEHUS
>ku3HU. [Ipu MaccoBoM ToOrJoNEeHUN (POTOHOB CBETa aTOMaMM MOBEPXHO-
CTHOTO CJIOS1 0OJIbIIMX IUIOLIAACH, TPOUCXOAUT YBEJINUYEHME YPOBHSI MEPHO-
CTH 3TOTO CJIOS Ha HEKOTOPYIO BeqnunHy AL. DTa Bea1n4rHa COOTBETCTBYET
aMIUTUTYAE BOJIH, KOTOPbIE MOIJIOLIAIOTCS MOBEPXHOCTHBIM CJIOEM ILIAHEThI
(uH(ppakpacHoe, onTUYECcKoe, yiabrpaduoieToBoe n3nydyeHuss ConHua). B
pe3yJibTaTe 3TOro, Mepernan MeXay YPOBHSIMU MEPHOCTU aTMOCMEpPHI U OBEP-
XHOCTHU IJIAHEThI B 30HE MOIJIOLICHUSI YMEHbIIAETCS Ha BeInunuHy AL, B TO
BpeMsI, KaK HEOCBEIIEHHAsd WJM HOYHAs 4acThb MOBEPXHOCTU COXPaHSIET
MpeXKHU Teperaa ypoBHE MEPHOCTU MEX Iy aTMOC(HEPOii U ITOBEPXHOCTHIO.
TakuM oOpa3oM, BO3HUKAET neperag MepHOCTU MEXKIY OCBELLIEHHOM U HEO-
CBEIIEHHOM 30HaMU ITOBEPXHOCTHU IJIaHeThl. Bo3HUKAaeT mapaijieIbHbINI T10-
BEPXHOCTH IUIAHETHI Ilepenas (rpaarueHT) MepHocTU. Onipeaesoniee 3Haue-
HME MMeeT BeJIMYMHA 3TOro nepermnana. J1ejao B ToM, UTO MOJIEKYJIbl aTMOC(EpbI
Haxo[sITCS MOJ BO3eliCTBMEM I'PaBUTALIMOHHOTIO MOJIS MJIaHEThI, CYILLIECTBY-
IOIIETO IOCTOSIHHO, KaK cJieACTBHE (OPMUPOBAHUS B 30HE HEOJHOPOJHOCTHU
MaKpOIIPOCTPAHCTBA ITOCTOSIHHOIO Tepenajaa MepHOCTU, HallpaBJIEHHOTO OT
BHELIHMX I'PAHUILL K LIEHTPY 30HbI HEOMHOPOAHOCTU. [paBUTALIMOHHOE MOJIe
TIAHEThl KOMIIEHCUPYETCS TEM, YTO KaXKAbIiA aTOM WJIM MOJIeKYJla aTMOC(epbl
MMEIOT YPOBHU COOCTBEHHOM MEPHOCTH, OUYE€Hb OJIM3KKME K BEPXHEUN rpaHULIEC
JMana3oHa yCTOMYMBOCTU (pU3UYECKH TJIOTHOTO BelllecTBa. Berymaer B cuny,
TaK Ha3bIBAEMbIi, «3(P(EKT MoIIaBKa», KOTraa Kaxaass MOJIeKyJia WM aTOM
CTPEMSITCSI K MOJOXKEHNIO0 MAKCUMAaJbHO YCTOMYMBOIO COCTOSIHUSI paBHOBE -
cusi. UMeHHo, 61arogapsi 5TOMY, MOJIEKYJIbI 1 aTOMbI aTMOCQEpPhI He MagaroT
Ha ITOBEPXHOCTH TUIAHEThI, KAK MOJIEKYJIbl U aTOMbI 00JI€€ TSIXKEIbIX 2JI€MEH-
ToB. Ilepenan (rpagueHT) MEPHOCTU MEXKIY JHEBHOM M HOYHOM 30HAMU Ha-
MpaBJIeH BIOJIb TOBEPXHOCTHU IIJIAHETHI, YTO NMPUBOJUT B IBUKEHUE CBOOOI-
HbIe MaTEepUU Mapajjie/iIbHO €€ MOBEPXHOCTU OT 30HbI C OOJIBIIUM YPOBHEM
MEPHOCTH (OCBELIEHHAsI MOBEPXHOCTh) K 30HE C MEHBIIIMM YPOBHEM MEPHO-
CTU (HEOCBEeIEHHAasi IOBEPXHOCTh). B pe3yJibrate MosiBjeHNsI BTOPOTO Hallpa-
BJICHMSI IBUKEHUSI CBOOOTHBIX MaTEpUIi MapayieIbHO TTOBEPXHOCTH, BO3HM -
KaeT rnepenaj atMmocgepHoro gasiaeHus (Puc. 4.2.1) 1 ymeHbI1aeTCs cujia TsI-
»KecTu. Tak Kak MoJieKyJibl aTMOoCdephbl HEe CBSI3aHbI MEXK1Y COO0I B XKECTKME
(TBEpIOE COCTOSIHME BE1IECTBA) UJIU TMOJTYKECTKUE CUCTEMBI (3KMJKOE COCTO-
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sSIHWE BelleCTBa), TO Iepenaa MepHOCTU MPOCTPAHCTBA BAOJb OBEPXHOCTU
MIPUBOJIUT K TOMY, UYTO ITOTOK CBOOOIHBIX MaTepuii yBJIeKaeT 3a COOO0I MoJIe-
KyJibl, 0Opa3ymwliye atMocdepy. Bo3myliHbeie MacChl MPUXOAST B ABVXKEHUE,
BO3HUKaeT BeTep. [Ipu 3ToM, «pa3orpeTbie» MOJEKYJIbl (MOJIEKYJIbI, TOIIOTUB-
IIIM€ COJITHEYHbIC U3JTyYEeHMS) NepeMeIIaloTCsl HA HEOCBELIEHHYIO TEPPUTO-
pUIO, TJIe IPOUCXOIUT CIIOHTAHHOE (CaMONpPOU3BOJbHOE) U3JTyYECHUE UMU
BOJIH. JIpyruMu cjioBaMU, BCIAEACTBUE TOTO, UTO COOCTBEHHBI YPOBEHb MEp-
HOCTH 3THX MOJIEKYJI BbIIIE COOCTBEHHOTO YPOBHS aTMOC(EPhl HEOCBEIIEH-
HOI MOBEPXHOCTHU, TOT Iepenajl, MeXXI1y MEPHOCTBIO CpeJibl U COOCTBEHHOM
MEPHOCTBIO Pa30IPEThIX MOJIEKYJI, BbI3bIBAET HEYCTOMYMBOE COCTOSIHUE T10-
CJIEAHUX U ITPOBOLIMPYET CIIOHTAHHOE U3JTyYeHUE MOJIEKYJIaAMU BOJIH. « X001 -
HbI€» MOJIEKYJIbI, B CBOIO OUepedb, UMEIOT YPOBEHb COOCTBEHHBIII MEPHOCTU
HIXXE COOCTBEHHOI'O YPOBHSI MEPHOCTHU OCBEILLIEHHOIM TEPPUTOPUU, UTO TTPO-
BOLIMPYET MAaCCOBOE MOIIOIIEeHNE n3TydeHui CoJTHIIA U TETUIOBBIX U3TyYeHU
OCBelLEHHOM nmoBepxHOCTU. [TocTerneHHO MPOUCXOIUT BEIPAaBHMBAHUE MEXTY
COOCTBEHHBIM YPOBHEM MEPHOCTU OCBELLIEHHOI MMOBEPXHOCTU U COOCTBEH-
HBIM YPOBHEM MepHOCTU MoJjieKyJl. [Ipu aToM, eciim cOOCTBEHHBI YPOBEHbD
MEPHOCTH «XOJIOAHBIX» MOJIEKYJI 3HAYUTEJILHO OTJIMYAETCSI OT COOCTBEHHOTO
YPOBHSI MEPHOCTU OCBEIIEHHOW TEPPUTOPUM, TTPOUCXOAUT CHUKEHUE I10-
caenHero. Korga coOCTBEeHHBIN YpOBEHb MEPHOCTHY OCBEILIEHHON TEPPUTOPUM
OIYCKAETCS 10 YPOBHSI, TAK HA3bIBAEMOI, TOYKM «POCHI», MOJIEKYJIbl BOAbI U3
ra3o00pa3HOIro COCTOSIHUS MepexXondT B xkujakoe. Boinmagaer poca. Ecim aTo
MPOMCXOAUT Ha YPOBHE 00JIAYHOCTH, IIPOLIECC KarjieoOpa3oBaHUS ITpUOOpe-
TaeT LIETTHOM XapaKTep, U BbIMAgaeT J0Xb. [ Ipy 3TOM, COCTOSTHME KaUeCTBEH-
HOro 0apbepa MeXAy BTOPbIM M (PU3MUECKUMM YPOBHSIMM BO3BpalllaeTcs K
HopMme. B cityyae, Korma 3ToT poLecc NpoOruCcXOaUT OBICTPO U PE3KO, CKOIIB-
LIMECS Ha YPOBHE Ka4YE€CTBEHHOIro Oapbepa CBOOOJHbBIE MATEPUM CTEKAIOT Jla-
BMHOOOpa3Ho. U, Kak ciaeacTBre, BOSHUKAIOT aTMOC(EPHBIEC SJEKTPUIECKUE
pas3psiibl — MOJTHUM. AHAJIOTMEN 3TOMY IPOLIECCY MOXKET MOCIYXKUTh INIOTUHA
Ha peKe, Y KOTOPOI OTKPbUIY BCE LIJIIO3bI, M BCS BOAA, HAKOIUICHHAS TIOTH -
HOM, OCBOOOXIAETCSI OMHOBPEMEHHO.

Ilepuoguueckasi cMeHa JHSI 1 HOYU Jiej1aeT 3aKOHOMEPHBIM 1 €CTeCTBEH -
HBIMU OITMCAHHOE Bbllle. ONTUMAaTbHBIMU 1JIS1 BOBHUKHOBEHMUS KU3HMU SIBJISI-
IOTCS TIJIAHETHI C MPOAOJKUTEIbHOCTBIO MJIaHETApHBIX CYTOK B MHTEpBaJje
3HaueHui 18-48 3eMHbIX yacoB. [Ipy MeHblIel MPOJOJKUTETILHOCTH TJIaHe -
TapHBIX CYTOK, ONUCAHHbIEC BbIIIE ITPOLIECCHI HE JOCTUTAIOT YPOBHS, ITPU KO-
TOPOM MPOUCXOAUT aKTUBHOE JIBUKEHME aTMOC(EPHBIX Macc 1 pa3psiibl aT-
MOC(EepHOTO AJEKTpUUYECTBA, 0€3 4ero, BOBHUKHOBEHME OpPraHMYEeCKOM
>KM3HU HEBO3MOXKHO. boJiee 1yimTenbHbIe TIaHEeTapHbIE CYTKU (OO0JIbLIIE, YEM
48 3eMHbBIX YaCOB) IIPUBOAAT K ITOCTOSIHHOMY IITOPMOBOMY COCTOSIHUIO aTMO-
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cepbl IIAHETHI, YTO CO3MAET TSKENbIE YCIOBUS 1)1 BOSBHUKHOBEHUS U pa-
3BUTHUS XKU3HU. Ha Takmx miaHeTax XU3Hb MOXET BO3HUKHYTh TOJIbKO, KOTa
MHTEHCUBHOCTb U3JIYY€HUM 3B€3/bl, JOCTUTAIOIIMX MOBEPXHOCTU IJIAHETHI,
YMEHBIIUTCS 10 ONpeAeIEHHOro YypoBHs. ToAbKO IpU YPOBHE M3JIYyYEHUN
3B€3/Ibl, KOI/Ia OCBEIIEHHAS TIOBEPXHOCTH IJIAHETHI HE IEPETPEeBACTCS, BO3HU-
KaloT YCJIOBUS IS 3apOKIeHUS XK3HU. OOBIYHO TaKK€ YCIOBUS MOSIBIISTIOTCS
Ha IOCJeIHe cTaauu 3BOJIOLUY 3BE3A U JaXkKe, €CJIM Ha HUX U BO3ZHUKAET
>KM3Hb, TO OHA HE YCIIEBAET Pa3BUThCS JO CIOXHBIX (pOpM Mepeld TeM, KakK
3Be3aa rnorudaet. Kpome aToro, eciy npoao/KUTEIbHOCTD TJIaHETaPHbIX CY-
TOK HeOoJIbIIas, TIepenaa MEPHOCTU HE JOCTUTAET YPOBHS, IIPA KOTOPOM BO-
3HUKAIOT KaK1e-I1100 CylLIeCTBEHHbIE IBUXXEHMS MAacC HUXXKHUX CJIOEB aTMO-
chepnl maHeTbl. Eciiy ke mpoaoKUTEeIbHOCTh IJIAHETAPHBIX CYTOK 00JIb-
11asi, nmepernag MEPHOCTA CTAHOBUTCSI HACTOJIBKO CYILIECTBEHHBIM, UTO MPHU-
BOJIUT K MOILHBIM Y IPOJAOJDKUTEIbHBIM aTMOC(EepHBIM OypsIM U IITOPMaM,
B pe3yJibTaTe KOTOPbIX, YHUUYTOXAETCS BEpXHUI CJION MJIaHETapHOIO I'PYHTA,
YTO CO3JAET HEBO3MOXXHOCTD Pa3BUTHUS (PJIOPHI IJIAHETHI, 0€3 KOTOPOI pa3BU-
THUE 3KOJIOTMYECKOI CUCTEeMbI IIPOCTO HEBO3MOXKHO. IIITOopMOBOE cocTOsSTHIE
aTMocdepbl BBI3bIBAET TAKXKE MOILIHOE IBUXKEHNE [TOBEPXHOCTHBIX CJIOEB OKE-
AQHOB IUIAHETHI, YTO, B CBOIO OUEPE/Ib, I€JIACT HEBO3MOXKHBIM 3aPOXKICHUE XK1 -
3HU B BOJE.

5. Hainmume pa3psaaoB atMocgepHoro saekrpudectsa. Bo BpeMs pa3psaoB
aTMOC(EpPHOTO 3JEKTPUUYECTBA, B MPCKOI BOAE MPOUCXOIUT CUHTE3 OpTaHM -
YeCcKUX MoJieKy. B 30He pa3psiga co3aaéTcst AOMOJIHUTEIbHOE UICKPUBIIEHUE
MPOCTPAHCTBA (M3MEHEHME YPOBHSI MEPHOCTH ), TPU KOTOPOM MOJIEKYJIbI HE-
OpraHM4YeCKMX COeAMHEHUI, paCTBOPEHHBIX B BOAE, COSAMHSIIOTCS MEXIY
c0o00i1 B KaUeCTBEHHO HOBOM MOPSIIKE, 00pa3yst OpraHnYecKue COeIMHEHNUSI,
KOTOpbI€ TIPEICTaBISIIOT CO00M LIEMOYKM OAHOTUITHBIX aTOMOB. ToJIbKO MO-
LIHBIE pa3psiibl aTMOC(HEPHOTO JIEKTPUYECTBA CIIOCOOHMBI CO3/1aTh HEOOXOIM -
MBbI€ YCIOBMSI, IPU KOTOPBIX YPOBEHb MEPHOCTU JOCTUTAET KPUTHUUECKON Be-
JIMYKHLI. JIBe CBOOOIHBIE 2JIEKTPOHHBIE CBSI3U KaXKA0I'0 U3 3TUX aTOMOB B CO-
CTOSIHUM ITPUCOCINHUTD K ce0e, KaK CBOOOIHBIC MOHBI, TaK U JIPyTHUE 1IeN0Y-
KU-MOJIEKYJIbl. ATMOC(epHBbIe 3JIEKTpUUECKHE pa3psiabl BO3ZHUKAIOT, KakK
CJIeICTBHME Teperaaa TOIIMHBI KaueCTBEHHOro 0apbepa MexX 1y (PU3n4ecKuM
1 BTOPBIM YPOBHSIMU TIJIaHEThI. Korna Houb CBOMM MOKPOBOM OOHUMMaAET 3€-
MJIIO, TIOBEPXHOCTHBIN CJIONM TUIaHEeThl HAUMHAET OXJaXIaThCs U U3J1ydaTh
TEeIIOBbIe BOJIHBI. M, Kak Mpu BCSIKOM M3JIy4eHUU, YPOBEHb MEPHOCTU
M3JTydaloliero aToMa Uil MoJieKyJbl yMeHblaeTcss. Korga 3To mpoucxoauT
OJHOBPEMEHHO C TPUJUIMOHAMU TPUJIMOHOB aTOMOB M MOJIEKYJI Ha OTPaHM -
YyeHHOI TeppuTopuM (TJIOLIAIb, OCBEIIEHHAs] 3Be310M B JTHEBHOE BpeMmsl),
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YpPOBEHb MEPHOCTH YMEHbIIAeTCs Ha Bceil 3Toii Tepputopun. Eciiv 3a neHsb aT-
Mocdepa 1 TTOBEpXHOCTD IUTAaHETHI CUJIBHO Pa30TpesINCch, a HOUBIO IIPOU30IILIO
pe3Koe oxJIaxKAeHUe, BOSHUKAET CKa4OK YPOBHS MepHOCTH. IIpu 3TOM, cKO-
MUBILIKECS] Ha yPOBHE KaueCTBEHHOI'O Oapbhepa CBOOOIHbIE MAaTePUU JJABUHOM
oOpymuBaloTcs BHU3. [TpoucXoauT aJIeKTpUYECKUI pa3psia MeKIYy aTMO-
cepoil 1 TOBEpPXHOCTHIO ITJIAHETHI.

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

HAJIM4Me MOCTOSIHHOTO Mepenaaa MEPHOCTH,
HAJIM4YME BObI,

HaJnmyue armocdepsl,

HAJIM4Me NepruoaudecKoii CMeHbI JHS M HOYH,
HaJIM4Ke Pa3psaaoB aTMOC(EpPHOro 3JIeKTPUYECTBA.

* & o o o

ZKu3Hb 3apoxIaeTcsl aBTOMaTUYECKM Ha BCeX IUIaHEeTax, e CYLLECTBYIOT
repeurcieHHbIe Bhllle ycJioBUsl. M Takux nmiaaHeT Bo BeceaeHHOM — MUIM-
apapl. Haia mianera 3emiist He SIB/ISIETCS YHUKAJIbHBIM TBOPEHUEM MPUPOIbI.

4.3. KayecTBeHHbIe 0COOCHHOCTH OPraHUYeCKUX
MOJIEKY.I U UX POJIb NP 3aPOKACHUM KU3HU

A ceilyac pacCMOTpUM, KaK IIpU II€PEUMCICHHBIX 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 COeTMHEHUSI U3 HUX. Bo BpeMs pa3psaoB aT-
MOC(HEpPHOTO JIEKTPUIECTBA MPOUCXOIUT AeopMals IIpocTpaHcTBa. B Bo-
Jie, IPOHU3bIBAEMON 3TUMM pa3psigaMu (MOJHUSIMU), BOBHUKAET YPOBEHb
MEPHOCTH, IIPU KOTOPOM YEThIPEXBAJIEHTHbBIE 2JIEMEHTHI (YIJIEPOd, KPEMHMUIA,
docdop) HAUMHAIOT COEAUHSITHLCS B LIeMOYKU. [Ipr 3TOM, BOZHUKIIIME MOJIE-
KYJIbl UMEIOT HE TOJIbKO CTPYKTYPHBbIE€ OTJIMYNS, HO TIPUOOPETAIOT U HOBBIE Ka-
yectBa. Kakue xXe HOBbIe KauyeCTBa BO3HMKAIOT, IIPU COCAMHEHUU TEX XK€
CcaMbIX aTOMOB B JIPYTOM CTPYKTYypHOM Topsiake? YTo 3acTaBisieT HaC pasje-
JISITh aTOMBbI, 00pa3yoLIne OJWH CTPYKTYPHBIN MOPSIIOK, OT TE€X XK€ CaMbIX aTO-
MOB, CO3JaI0IIMX IPYrOoi CTPYKTYPHbIN MopsaaoK? Ilouemy, B oqHOM ciydae
— HeOpraHM4YecKue COeIMHEHNUs, a B APYTOM — OpraHudeckue?

B cuny Toro, 4To 0CHOBOM OEJIKOBOM >XKU3HU SBJISIETCS YIJIEPOM, 1OCTA-
TOYHO MPOAHAIU3UPOBATh KAUYECTBEHHOE OTJIMYME IIPOCTPAHCTBEHHBIX Xapa-
KTePUCTUK MOJIEKYJI, KOTOPbIE CO3AAET JaHHbIMA 2JIEMEHT, YTOObI pa3raaaTh
TaliHy 3apOoXAeHUS KU3HU. JlaBaiiTe monbITaeMCs MOHATh, K YeMY IPUBOISIT
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pa3anyusl CTPYKTYPHOI OpraHMU3aluMu MoJieKya. PaccMoTpuM HeopraHu-
YeCcKue CTPYKTYpPHbIE 00pa30oBaHUsSI — KpUCTAJLIbl. KpucTailibl IpeacTaBisiioT
co0oii Takue MPOCTPAaHCTBEHHbBIE COCAMHEHMSI, TI€ aTOMblI PACIOJOXEHBI
JPYT OTHOCUTEJILHO IPYyra Ha MpakKTUYECKM OJMHAKOBBIX PACCTOSTHUSIX. DTU
PaCCTOSIHUSI COU3MEPUMEI ¢ pa3Mepamu camux atomoB (10-14...10-12 meTpa).
[Tpuuém, oHM (paccTOsTHUSI) TIPAKTUUECKM OJMHAKOBEI IO BCEM ITPOCTPaH-
CTBEHHBIM HaIIpaBJICHUSM (ajaMa3) UM TOXIECTBEHHBI B KaXXIOW U3 IPO-
CTPAHCTBEHHBIX IJIOCKOCTEM (TpaduT). DTU KpUCTaLIbl 0Opa30BaHbl aTOMAMU
yriepoaa (C), Ho OHM He SIBJISIFOTCSI OCHOBOM HE TOJIBKO XXMBBIX OPTaHU3MOB,
HO 1 opranndeckux moiekyna (Puc. 4.3.1, Puc. 4.3.2). B yém nipuuuHbI TOTO,
YTO TaKUE XKE aTOMBbI YIVIEPOJa, COEIMHUBIINCH B IPYrOM ITPOCTPAHCTBEHHOM
MOpsIAKE, CTAIX (pyHIAMEHTOM XXMBOW NPpUPOIbI? A OHY (IPUYUHBI) — CJIE]I-
CTBUSI KaUYeCTBEHHbIX OCOOEHHOCTE opraHudeckux mosekyn (Puc. 4.3.3,
Puc. 4.3.4). KauecTBeHHbIe OCOO€HHOCTH OPraHMYECKUX MOJIEKYJI CIeIyIO-
1ue:

1. ITpocTpaHCTBEHHAS CTPYKTYpa OpraHMYECKUX MOJIEKYJI HEOJIHOPOIHA
B pa3HbBIX IPOCTPAHCTBEHHbBIX HAITPABJICHUSIX.

2. MoJieKyJISIpHBII BeC OpraHU4eCKUX MOJIEKYJI KOJIe0JIeTCSI OT HECKOJIb-
KUX JECSITKOB J10 HECKOJIbKMX MUUIMOHOB aTOMHbBIX €IMHUII,.

3. HepaBHOMEpHOCTB pacIipeaeaeHus MOJIEKYISIPHOIO BEca OpraHuye-
CKMX MOJIEKYJI ITI0 pa3HbIM IIPOCTPAaHCTBEHHBIM HaIlPaBJICHUSIM.

N, xax ciiencTBure nepeumrciieHHbIX KAYeCTBEHHBIX OCOOEHHOCTENM, Opra-
HUYECKME MOJIEKYJIBI BIMSIOT HEOJTMHAKOBO HA OKPYXKAIOIIEE NX MUKPOIIPO-
CTPAHCTBO B pa3HbIX MPOCTPAHCTBEHHBIX HampablieHUsIX. OCOOEHHO SIPKO
o710 siBJeHue BoipaxxeHo y mojiekyal PHK u JIHK (Puc. 4.3.5, Puc. 4.3.6). Ato-
MbI, 00pa3yIoIIre 3T MOJIEKYJIbI, CO3AAIOT JJIMHHBIC LIETIOYKHU, 3aKPYYEHHBIE
B cnupayiib. UMeHHO cnupaibHas mpocTpaHcTBeHHas ¢popma moJiekya PHK
u JIHK co3naér HeoOxonMble KayecTBa JJIs1 BOBHUKHOBEHUS KMBOI MaTe-
pum. Kakue Xxe 3T0 HEOOXOAMMbIE Ka4eCTBAa CO3UIAIOT 4yI0 KU3HU? YTO
MO3BOJISIET TOBOPUTH O KAYECTBEHHO HOBOM 3Talle 3BOJIIOLNY MaTEPUU — 3BO-
JIIOLIAY XU BOW MaTepUU, IBOTIOLMHU KU3HU? [1orbITaeMcs MOHSATD 4y10, KO-
TOPOE POXIAET XKU3Hb...

Buyrpennuii o0beM crimpaneit moaekya PHK vin JIHK obpasyet cBo-
eo0pa3HbIii TyHHE b, CrimpalibHas MOJIEKYJ1a OKa3bIBa€T CUJIbHOE BIUSIHUE Ha
YPOBEHb MEPHOCTHA MUKPOIIPOCTPAHCTBA 3TOT0 TyHHEs. [Ipuuém, 310 Ban-
sSITHUE Ha BHYTPEHHMU OOBEM TYHHEJISI HE ONMHAKOBO B pa3HbIX MPOCTPaAH-
CTBeHHBIX HarpaBiaeHusx (Puc. 4.3.7). BcmnoMHMM, 4YTO KaXXIblii aTOM OKa3bl-
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BaeT BJMSIHUE HA MEPHOCTb MUKPOIIPOCTPAHCTBA BOKPYT cebs1. CoenruHeHNE
13 aTOMOB CO3JaET KOMOMHALIMIO BIMSIHUIA BCEX aTOMOB, 00pa3yIOLLIMX 3TO CO-
€IUHEHNE, HA MEPHOCTh MUKPONPOCTPAHCTBA MOJIEKYJbI. [Ipu 3TOM, Ba-
J)KHOE 3HAYEHME MMEET MPOCTPAHCTBEHHAs! OPUEHTALIMST BJIMSIHUS KaxKI0TO
aToMa, BXOJsIlIEero B coearuHeHue. CrimpanbHas cTpykrypa Moiekysl PHK
nnn JIHK co3na€r ycnoBusi, mpyu KOTOPBIX BAUSIHUS HA MEPHOCTb OOJIbIIMH-
CTBa 00pa3ylolIMX UX aTOMOB COCPEIOTAYMBAETCSI BO BHYTPEHHEM OOBEME
cMpaie 3TUX MOJeKyJl. MEpHOCTh BHELIHETO 00bEMA CIIMpaIet MOJIEKYJT
PHK wnu IHK npeteprneBaet Julllb He3HAYUTEIbHbIEC U3MeHeHUs . CaeayeT
OTMETUTh, UYTO U3MEHEHUSI MEPHOCTU BHYTPEHHEI0 00bEMA ITUX CIIMpaiei
HEOJMHAKOBHI B pa3HBIX MPOCTPAHCTBEHHBIX HAIIpaBICHUSIX. BOoab ocu BUT-
KM CITAPAJIM CO30AI0T NEPUOINIECKHY MTOBTOPSAIOIIMECS Mepenaabl MEPHOCTH.
DTH nepenanbl BO BHYyTPEHHEM 00bEME CO3JaI0T CTOSTUYIO BOJIHY MEPHOCTU
(BOJIHA MEPHOCTH, MapaMEeTPbl KOTOPO HE M3MEHSIIOTCS BO BPEMEHU U B
npocTpaHcTBe). B pagnanbHbIX HanpaBiaeHUIX crimpanb MoaeKyabl PHK vnu
JHK co3ma€r miaBHBIM nepernan MepHOCTH. MMIMeHHO cTosidyass BOJIHA
MEPHOCTH, co3/IaBacMas CrimpajabHou cTpykTypoit mojiekyJibl PHK v 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 3apOnJIach MepBasi XXU3Hb, CO-
JIEePXKUAT OTPOMHOE KOJIMYECTBO MOJIEKYJT, MOHOB, KAK HEOPTAHUYECKOTO, TaK
1 OPTraHUYECKOTO MPOUCXOXACHMS. BCe 3T MOJIeKYJIbl U MOHBI HAXOISTCS B
MMOCTOSTHHOM XaOTUYECKOM ABMXKEHUHU. B pe3yibraTe 3Toro IBUXKEeHU, MOJIe-
KyJbl 1 MOHBI MEPUOJNYECKN MOMAaAalT BO BHYTPEHHUIN OOBEM CIMpaiu
PHK vnmu IHK. U poxnaercs yyno Xu3Hu!..

Pasrangka storo yyna — o4eHb mpocTas. Jlejio B TOM, UYTO BHYTPEHHUI 00-
beM crimpaiv MosieKyabl PHK v JTHK siBiisieTcst JIOBYLLIKOM JJ11 BCEX TTOIaB-
IIIMX B HETO MOJIEKYI. PaguanbHbIN nepenan MEPHOCTU YIEP>KMBAET MOMAB-
II1€e B 3Ty JOBYIIKY MOJeKyJibl BHyTpu ciupanu PHK vnu JIHK. I1pu aTom,
panvanabHBINA epenag MEPHOCTHU 3aCTaBJISIET CBOOOJHbBIE MATEPUM IBUTATHCS
BIIOJIb 3TOrO0 nepenana. M, Kkak ciaeacTteue, BO3HUKAIOT I'PaBUTALIMOHHbBIE CH-
Jibl, HarpaBiaeHHbIe K ocH cripanv PHK v IHK. I[ToaToMy, Bce MOIEKYIIHI,
TOIIaBIIKE BO BHYTPEHHUIA 00BEM CITMpPANIY, B pe3yJibTaTe OpOYHOBCKOTO (Xa-
OTUYHOTIO) ABVXKEHUSI, HAUMHAIOT IBUTATLCS BAOJIbL OCU ciupasiu. Tak xe, Kak
1 TEYCHUE PEKU YBJIEKAET 32 COOOM BCE, UTO B HEE MONAJAET, pAIUAJIbHBIN T1€-
peraj yBJIEKaeT «IIJICHEHHBIE» MOJIEKYJIbI. TOJbKO OYEHb OBICTPBIE MOJIEKYJIbI
MOTYT BBIPBATbCS U3 3TOTO IIeHA. [Ipr 5TOM, OHUM TEPSIOT YaCTh CBOETO MO-
TeHlrala. Bce ocTtajibHble MOJIEKYJIBI HAUYMHAIOT BBIHYKJIECHHO JIBUTAThCH
BIIOJIb OCH criipaiv. Boosib ocu, crimpaib moJiekyibl PHK v IHK co3na€r,
KakK BblI IOMHMTE, CTOSUYIO BOJIHY Ieperiaga MepHOCTU. [Ipu CBOEM BBI-
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HY>XJIEHHOM JIBUKEHUU BIOJIb OCU «IIJICHEHHBIC» MOJICKYJIbI ITOMAalo0T B 30-
HbI C pa3HbBIMU MepHOCTSIMU. Kaxknast U3 aTUX MOJIeKYJI UMEET COOCTBEHHbIM
YPOBEHb MEPHOCTHU, IIPY KOTOPOM OHA MAKCUMAaJILHO CTaOWJIbHA, a TAKXKe M-
amna3oH 3HAaY€HUI MEPHOCTH, B Mpeieaax KOTOPOTO MOJEKYJIa MOXET CyIIe-
CTBOBAaThb HE pacnanasch. M, Kak TOJIbKO «IIJIEHEHHBIE» MOJIEKYJIbI, TP CBOEM
BBIHYXXIEHHOM JIBW>KECHUHU BAOJIb OCH, ITIOIIAAAI0OT B 30HY C 3allpeacIbHOM IS
HYX MEPHOCTbIO, OHU CTAHOBSITCSI HEYCTOMYMBBIMU Y HAUMHAIOT pacIiaaaThCs
(Puc. 4.3.8).

B pesynbraTte pacnama MoJIEKyJI, BBICBOOOXIAIOTCS BCE CEMb ITEPBUYHBIX
MaTepuii, KOTopble 00pa3oBaiu GU3NIECKH INIOTHOE BelnecTBO. [1pu aTOM,
YacTb BEICBOOOIMBIINXCSI MAaTePUiA BHOBb CO3IAET HOBbIE aTOMBI M MOJIEKYJIbI,
MMeIOIIKe COOCTBEHHBI YPOBEHb MEPHOCTH, TOXKIECTBEHHbBI MEPHOCTH 30-
HbI pacnaga. OObIYHO BHOBb BO3HUKIIIME MOJIEKYJIbI, IPU CBOEM BBIHYXKIEH-
HOM JBWXXEHUHU BAOJb OCU, HE pacnagaroTcs. Boiiias n3 BHyTpeHHEro oobeMa
criupain Mojiekyiasl PHK winu JIHK, oHu okasbiBaroTcss B BOOIHOM Cpene
(Puc. 4.3.9). 9T MoJIEKyJIbI YACTO XUMUYECKM aKTUBHBI U, KaK CJIEICTBUE,
arpeccuBHbI, Kak 10 oTHoweHMIO K moyiekyiaaM PHK wim JTHK, Ttak u x
JPYTMM BHYTPUKJIETOUYHBIM O00pa30BaHUSAM. 3aberas Boepen, OTMETUM, YTO
9TU MOJIEKYJIbI, KOTOpPbIE B AaJibHEWIIeM OyaeM Ha3bIBaTb TOKCUMHAMU WJIU
IIJTaKaMM, BEIBOASITCS 3a peIe/bl KJIIETKU 1 1ajlee 3a Mpenesibl opraHu3Ma (B
cJlydae€ MHOTIOKJIETOUHOI'O opraHu3Mma). BepHéMcs K aHanu3y IPOLIECCOB,
npoucxoadiyx Bo BHyTpeHHeM oobeme cnupanv PHK v IHK... Yactb BbI-
CBOOOIMBIIMXCS CBOOOIHBIX MaTepuii, KaK BbISICHWIOChH, 00pa3yoT yCTOMY M-
BbI€ aTOMBI M MOJIEKYJIbI. A pyras 4actb? UTo IIPOUCXOIUT C HEW?!

MMeHHO B 3TOI TOYKE aHaM3a Mbl MOJOULJIM K MOHUMAHUIO TallHbI
>KU3HU.

HecBs3aHHbie MaTepum, yepe3 KaHal MexXay (pru3ndeckum (mepnasi Ma-
TepuajbHas cepa) U BTOPbIM (BTOpasi MaTepuaibHas cepa) ypoOBHSIMU
IJIAaHEThI, KOTOPBII BOBHUKAET BO BHYyTpeHHEM 00beMe criipaiu PHK vnn
JAHK, HaunHa10T nepeTekarb Ha Apyryue ypoBHU. BCITIOMHMM, 4TO KaxXkast MO-
Jiekyna, ocooeHHo Takue orpoMHbie, Kak PHK u JIHK, nedpopmupytor mu-
KPOIIPOCTPAHCTBO BOKPYT ce0s1. M mipu 3TOM nedopMupyeTcsi BTOpOil MaTe-
pUaJIbHBIN ypoBeHb I1aHeThl. [Ipuuém, dpopma nedpopmaiiium moJIHOCTbIO KO-
nipyeT popmy mosiekyabsl PHK wnu JIHK, kak BripoueM 1 BCeX OCTaIbHbBIX
Moekya. Korna Ha 1opore BO3HUKAIOT SIMBI (iepopMalivin), BO BpeMs 10K
OHU 3aITOJIHSIOTCS 10 KpaéB Boaok. Eciin 1oxXab — Npoa0JKUTENbHBIN, 10-
>KJIeBasl BOAa, 3al10JHUB SIMbl, HQUMHAET CTeKaTh B HU3MHBI. TakKe 1 HEeCBSI -
3aHHbIC MAaTEPUM, IEPETEeKas 10 KaHAJIy Ha BTOPO MaTepUaIbHbINA YPOBEHD,
MOJTHOCTBIO 3aIOJIHAIOT GopMy AedpopMaumnn. M30bITOK X BO3BpallIaeT cede
CBOOOJY OT IJICHA MJ1aHeThl. BO3HMKAET TOJbKO OJMH BOIIPOC — KaKUe Bbl-
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CBOOOAMBIIMECS MATEPUU U MOYEMY 3aMOJHAIOT 3Ty GOopMy AecdopMaluu
BTOPOTO MaTepuaabHOIO YPOBHS (cdephl)?

J1J1s1 TOro, 4T00bI OTBETUTH HA 3TOT BOIPOC, BCIIOMHUM, YTO BTOPOIi Ma-
TepUaIbHBII YpOBEHb (cepa) oOpazoBajcsd B pe3ybraTe CIAUSHUS 1IECTU
CBOOOIHBIX popM MaTepun. [1oaTomy, nepopmaliyiio BTOpOro MaTrepuaaibHOTO
YPOBHSI 3aIIOJIHSET TOJbKO Matepust G, KOTopas SIBJISIETCS CeAbMOM MaTepureit
1 HE BXOJMUT B COCTAB TMOPUIHON MaTepuM BTOPOIM MaTepuaabHOI CEpPHI.
ITocne monHoro 3anojiHeHUs aedopmanu Matepueit G, Ha BTOpOM MaTepu-
aJlIbHOM ypoBHe (cepe) oOpasdyeTcst TouHass Konust Mojaekysbsl PHK mnu
JIHK. Bo3HuKkaeT, Tak Ha3bIBAEMOE, BTOPOE MaTEpUATbHOE TEJI0 MOJIEKYJIbI
PHK v IHK (Puc. 4.3.10). [Tpu noiHOLIEHHOM BTOPOM MaTepUaIbHOM Te-
Jie, MEXXy HUM — BTOPOI MaTepuaibHOM cpepoil U (prU3MUeCKM TNIOTHOM Te-
JIoM (mepBasi MaTeprajibHasg cepa) Mcye3aeT KayeCTBEHHBIN Oapbep, Tak
KaK CCTeMa BTOPOE MaTEpUAJILHOE TEJIO, IUIIOC BTOpasi MaTepualibHas cdepa
CTPYKTYPHO M KAY€CTBEHHO COOTBETCTBYET (DM3NUECKHU IUIOTHOM MaTepum>2.
Mexny ¢u3ndecku IUIOTHOM (ITepBOE MaTEepUaTbHOE TEJIO) MOJIEKYJIOU U
BTOpPBLIM MaTepuaibHBIM TejioM MoJieKy/ibl PHK vnu JIHK, o6pa3yercst mocto-
SIHHBIM KaHaJ, II0 KOTOPOMY BbICBOOOAMBIIMECS MAaTEPUU ITPOIOJIKAIOT TIe-
peTeKaTh Ha BTOPOH 1 Ipyrue MaTepuajibHbIC YPOBHM IJIaHEThI. ECu mpoliecc
pacnaaa «IIeHEHHBIX» MOJIEKYJ BO BHYTPEHHEM O0BEME CITUPAIU MOJIEKYJIbI
PHK vnm JIHK nipekpatuTcs, TO BTOpPO€ MaTepUATbHOE TEJIO MOJIEKYJIbl UJIU
HMCYE3HET COBCEM, WM YTPATUT ONITUMAJILHYIO INIOTHOCTh. Kak M JIyka Ha 10-
pore: ecji He OyAeT HOBOTO IOX/s1, BCS BOJA U3 HEE UCMIAPUTCS, U HA IOPOTe
OCTaHETCS TOJIBKO SIMa...

TakuM 00pa3oM, TIOCTOSIHHBIN pacriaj «[JIeHEHHBIX» MOJIEKYJI BO BHY-
TpeHHeM 00beéMe criipain MoaeKyabl PHK vnn ITHK gasiseTrcsa Heobxomu-
MBbIM YCJIOBUEM JUISI OAACPKAHUS XKU3HU. BO3HUKHOBEHUE BTOPOIO MaTepu-
aJILHOTO TeJia SIBJISIETCSI KAUeCTBEHHO HOBOI CTYNEHBKOI B 3BOJIIOLIMU MaTe-
pun. [1neH€HHas Marepusl Hallla CIoco0 CBOEr0 OCBOOOXIECHMS U3 CBOEH
TIOpbMBL. Y1 5TO 0CBOOOXKIEHNE — KMBAsI MATEPUSL.

[TosgBneHre BTOPOro MaTepUaJIbHOTO TEJa — HAYAJIO IBOIIOIMY KUBOM Ma -
TEPUH.

I1epBbIMM XMBBIMUA OpPraHU3MaMM CTaIX BUPYChl. Bupyc npeacrasisier
coboit moniekyiny PHK, okpyX€HHY10 0€1KOBOI 000104HOI. bejikoBast 000-
JJouka co3nact Bokpyr moJiekyJisl PHK ycToituuBylo cpeny, co3maeTcst CBoe-
00pa3HbIili MUKpOKJIMMAT BOKpYT MmoJiekyabl PHK BciieacTBue Toro, 4to 6ei-
KOBasl 000JIOYKA 3aMeUISIET IBUKEHUE MOJIEKYJI, KaK BHYTPb Ce0s, TaK 1 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, MOIEKYJIbI MOMABIIME BHYTPb OCJIKOBOM 000JIOUYKHU, CTATIKM-
BasICh C HEli TIpU CBOEM JABMKEHUM, MOTYT MHOT'O pa3 CPUKOLIETUTD OT HEE,
rnepes TeM, Kak IOKMHYTh BHYTPEHHUI 00bEM 0eikoBoi 000104ku. [ToBTOp-
Hble MHOTOKpPAaTHBIE IBUKEHUSI TTOMABIINX BHYTPb 0€JIKOBOI 00010YK1 MO-
JIEKYJI YBEJIMYMBAIOT BEPOSITHOCTD TOTO, UTO OHU MONAAYT B «C(pepy BIUSIHUS»
mosaekyabl PHK u, Kak ciienctsue, OyayT BTSIHYThI BO BHYTPEHHUI 00BbEM MO-
Jiekyasl PHK 1 HAaUHYT CBO€ BBIHYXKIEHHOE ABMXKEHME BIOJIb ONITUYECKOM OCU
ATOW MOJIEKYJbI, TTONaaas Mo JIeMCTBHUE CTOSIYel BOJIHBI MEpHOCTU. UTO, B
KOHEUYHOM UTOTre, ¥ NMPUBOJMUT K UX pacliaay Ha MaTepuu, UX oOpa3ylolue.
Buyrpennuii o6beM mosiekynbl PHK, Kak nbiecoc, 3acacbiBaeT B ce0sl Bce
MOJIEKYJIbI, TIOTIABIIME 10 BO3IEMCTBUE paguaIbHOIO Mepenaaa MEpHOCTH,
co3naBaeMoro crnupalibio Moiekyibl PHK. Tak xe, kak n monekyianl PHK,
«YEpHBIE AbIPbI» MAKPOKOCMOCA CO3/1aI0T BOKPYT ce0s cpepy BIMSIHUS, T10-
rnagasl B peesbl KOTOPO JIto0ast MaTepusl, B TOM YMCJIE U DJIEKTPOMATrHUT-
HbI€ BOJIHBI, HE B COCTOSIHUU BbIpBaThcsl. YEpHas ablpa MaKpOKOCMOCa CO31a-
€T BOKPYT ce0s1 MOLIIHOE paauaibHOE TpaBUTALIMOHHOE M0Jie (paauaabHbIi T1e-
penaa MEepHOCTH), BbI3bIBAIOIEE pacIiiaj Jo0oi MaTepuu. AHAJIOTMYHO
BHYTpeHHUI 00beM ciupanu moJjiekyabl PHK unu JIHK, co3naétr mogoOHbIe
YCIOBUS, MPUBOASIIME K pacany INIECHEHHBIX MOJIEKYJI O IECTBUEM CTO-
siyeit BOJIHBI MepHOCTU. CripaJjib 3TUX MOJIEKYJI BEAET ce0s1 MACHTUYHO «4EP-
HOM JbIpe» MaKpOKOCMOcCa, 4To 1mo3BoJisieT Ha3BaTh MoJiekyay PHK viu JIHK
«YEPHO JBIpO¥i» MUKPOKOCMOCA.

Takum 00pa3oM, MOSBIICHUE OE€JIKOBOW O00JOYKKU BOKPYT MOJIEKYJIbI
PHK saBuiochk ciieayronieil CTyIeHbIo 3BOJIIOLMU MAaTePUU OT HEXKUBOM POop-
MBI K >KMBOM. IMEHHO € MOSIBJIEHMEM 3TOM 000JI0UYKM, MOXXHO FTOBOPUTh O Ka-
YECTBEHHO HOBOM 3Tall€ 3BOJIIOLMU MATepUU — BTaIlle SBOJTIOLUU XXMUBOM
Matepuu. CTosiuasi BOJIHAa MEPHOCTH, BOZHUKAIOIIAsl BO BHYTPEHHEM O00bEME
mosekyJsisl PHK nnn THK, sSBasisicb HEOOXOAWMMBIM YCIIOBUEM 111 BO3HUKHO-
BEHUS XK1U3HU, HE SIBJISIETCS JOCTATOYHBIM B CUJTY TOTO, UYTO, B IIEPBUYHOM OKE-
aHe KOHLIEHTpalMs OpraHM4eCKMX MOJIEKYJI ObLJIa O4eHb MaJieHbKOM. M 1105-
TOMY, 0€3 TOMOJHUTEILHOTO HakKoTuieHUs BOn3u Mmoyiekysibl PHK opranm-
YeCKHMX MOJIEKYJI He MOTJIO OBbITh M P€4l O MOCTOSIHHOM 3aXBaTe UX 3TOU MO-
JIEKYJION C ITOCJIEAYIOIIMM pacIiafoM Ha MaTepuu, X oopasyroiiue. BozHu-
KaeT BOIIPOC, KaKnuM oopa3om y MosieKyJibl PHK moria nmosBUThbCs 6e1KoBast
obostouka? Kakoe 4yao J0KHO ObLIO MTPOM30MTH, YTOOBI 3TO CAY4YMUJIOCH?
OTBeT Ha 3TU BONPOCHI, KAK HU CTPAaHHO, OYEHb IPOCTOl. benku, Kak Bce op-
raHWYECKME MOJIEKYJIbl, BOSHUKIM B HACBIILIECHHOM PAacTBOPE IEPBUYHOTIO
OKeaHa, KaK CJIeICTBUEe aTMOC(EPHBIX IJEKTPUUECKUX pa3pssaoB. Camu 1mo
cebe OCIKM SBJISIOTCS OOJIBIIMMM MOJIEKYJIAMU, COCTOSILLIMUMU TIOPOM U3
JIECSITKOB ThICSIY aTOMOB U IPU CBOEM CBOOOTHOM (OPOYHOBCKOM ) ABMKEHUM
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B BOJIaX MEPBUYHOTO OKe€aHa, moraaas B «1oJie TIroreHust» Mmoaekyasl PHK,
HE MOTYT OBbITb BTSIHYThI BO BHYTPEHHU I O0BEM 3TOM MOJIEKYJIbI B CUJTY TOTO,
4yTO O€JIKM, cCaMM IO cede, IPEACTABISIIOT OTPOMHbBIE MOJIEKYJIBI U ITPOCTO HE
MOTYT IOMECTUTBLCS BO BHYTpeHHeM 00beMe MoJieKyibl PHK. Ho 310 He 03-
HauaeT, yto MoJjiekyaa PHK He BausieT Ha MoJieKyibl 0enkoB. Co3gaBaeMblii
cnupanbio moJiekyabl PHK panuanbHbIi niepenag MEPHOCTHU, TEM HE MEHEE,
3aXBaTbIBAET CBOMM «TSITOTEHUEM» MePBUYHbIE CTPYKTYPbI MOJIEKYJT OEJIKOB 1
JieJIaeT UX CBOMMMU TOCTOSIHHBIMU «CITYyTHUKAMM», KaK 3TO MPOUCXOAUT IIpU
3axBaTe OOJBIINM MaTepUaIbHBIM TEJIOM (HAIlpUMep, TNIAHETO) MEHbIIETO
(Puc. 4.3.11). 1 onath HabaogaeTcs yauBUTENbHAS Mapaiieidb MeXIy
MaKpoOMUpPOM U MUKpomupoMm. Mtak, 3axsat u yaepxanue moJjiekyiaoir PHK
MEPBUYHBIX CTPYKTYP MOJIEKYJI O€JIKOB U CTAJIO TEM YCJIOBUEM, IIPUBEIILINM
K GOPMUPOBAHMIO BOKPYT 3TOI MOJIEKY/IbI 0€71KOBOI 000710uKu. Co Bpeme-
HeM, 4yucio 6eakoB-cnyTHUKOB MoyieKybl PHK Bo3pacrano, ux «opOuThi»
ObLIM COM3MEPUMBI, B CHMJTY OJIM3KUX 3HAYECHUI YPOBHEN COOCTBEHHOM MEp-
HocTu. B pe3ynbrate yero, coceaHue 0€IKN-CIYTHUKN OKA3bIBAIUCH APYT OT
Jipyra Ha TaKOM pacCTOSIHMM, YTO BOZHUKAJIN YCJIOBUSI )11 BOSHMKHOBEHMUS,
TaK Ha3bIBa€MbIX, XMMUUYECKUX peakiuii Mmexxay Humu (Puc. 4.3.12). Xumu-
YyeCKMe peaKLMU MEXOy NepBUYHBIMM CTPYKTypamMu O€JIKOB-CITYTHUKOB
MIPUBOAWIN K TTOSIBJICHUIO YCTOMUMBBIX 3JIEKTPOHHBIX CBI3€1 MEXK1Y HUMU U
OHU CpacTajuch B OHO Letoe. [TocteneHHo, BOKpYTr MmoJjiekysibl PHK Bo3Hu-
KJIa CIUIOLIHAs O€JIKOBasl 000704Ka. beJlKu-CryTHUKM, B pe3yabTraTe 3TOro,
3aKJIIOYMIN B CBOIO COOCTBEHHYIO «TIOPbMY» CBOEI0 3aXBaTUYMKa — MOJICKYTY
PHK (Puc. 4.3.13). Takuum 00pa3oM, BOZHUKJIA YCTOMUMBAsSI CUCTEMA MOJIEKYJT
— mouiekyia PHK u e€ GesnkoBasi 06ojiouka. Bo3HUK nepBbIii JKMBOM opra-
HU3M — BUpycC. Tenepsb, mpulilia mopa pacCMOTPETh €1IE OAHO KAYECTBO XK1 -
BOIi MaTepun — pa3MHOoKeHne. Ha ypoBHE BUPYCOB MOXXHO TOBOPUTD O TyOJI1-
POBaHUU UMM CaMUX Ce0s1, B pe3yJIbTaTe YET0 MOSIBJIEHNUE OAHOIO XKMBOTO OpP-
raHM3Ma CTaJI0 €CTECTBEHHBIM Pe3yJIbTaTOM KU3HENESITeJIbHOCTU APYTOTO.
JlaBariTe 0osiee TOApOOHO pa3depeMCS ¢ MPUPOI0I 3TOro sABiaeHus1. Bo-
3HuKIIasg BOKpyr MmoseKkysibl PHK eaqnHas 6enkoBasg 000Ji0uKka, HE SIBIASIETCS
CILJIOIIHOM, TI0 CBOEM CYTH, a MPEACTBABIISIET COOOM CETKY BOKPYT MOJIEKYJIbI
PHK. f4yeiiku 3TOl «CeTKN» — HE OJJMHAKOBBI, YTO ITO3BOJISIET MOJIEKYJIaM pa-
3HBIX pa3MepOB I10NaaaTh BHYTPb O€JIKOBOIM 00010ukKu. HebGobimme mo pa-
3MepaM MOJIEKYJIbI, 0OJBIIMHCTBO KOTOPBIX HEOPraHMYECKHUE, TOBOJIbHO CBO-
00QHO MOTYT NOKMHYTh BHYTPEHHU I 00BEM OEJIKOBOM 000JI0YKM, TPU CBOEM
XaOTUYHOM JABVKEHUM, TaK KaK OOJIbIIMHCTBO STY€EK O€JIKOBOI 000JI0YKU BU-
pyca IpeBbIIIAIOT UX pa3Mepbl. B To BpeMs, Kak OOJbIINE U CPETHUE Op-
raHU4YeCKre MOJIEKYJIbI 3aAeP>KMBAIOTCS 3TUM «HEBOJOM» BHYTPU 0EJIKOBOI
000JI0UKM, TaK KaK BEPOSITHOCTb TOI'O, UTO JaHHAs MOJIEKYJIa MOMNAAET, IIpHU
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CBOEM XaOTUYHOM JABMKEHUMU B TY XK€ CaMYIO STYEIKY, 4epe3 KOTOPYIO OHa I10-
rajia BHyTpb, OYEHb MaJia. B pe3ysibrate 3T0oro, BHyTpHU 0€JIKOBOM 000JI0UYKU
BUpYyCa NPOUCXOAUT HAKOIUICHWE OpTaHUYECKUX MOJIeKy1. [Tporcxoaut cBo-
eobpa3Has (puabTpalys BOIbl IEPBUYHOIO OKE€aHa Yepe3 BHYTPEHHUM O0BEM
0eJIKOBOI 000JI04KM BUpyca. JlaHHBIM Mpo1ecc MOXKHO paccMaTpuBaTh, Kak
MEPBUYHOE MUTAHUE TIEPBOTO XUBOTO OpraHn3Ma. YacTh INIEHEHHBIX, TT000-
HBIM 00pa30M, OpraHMYeCKUX MOJIEKYJI, IoIagaeT B Mpeaeibl AeMCTBUS pa-
JIIMaJIbHOTO Mepernaga MepHocTy cnupaiau MmoJiekyibl PHK Bupyca, Brsarusa-
€TCSI BO BHYTPEHHUI O0BEM CIIMpAIU U paclagaeTcs TaM Ha MaTepuM, UX
oOpaszymwiue. Eciv Boga nepBUYHOrO OKeaHa B JOCTATOYHOM CTEIIEHU HAChI-
IIeHa OpraHMYeCKMMHU MOJIEKYJIaMU, IOCTEIIEHHO MPOUCXOAUT YBEJIMYECHUE
KOHILIECHTPALMM OPraHMYECKUX MOJIEKYJ BHYTPU O€JIKOBOI 00004Kku. [Tpu
pOCTe KOHLIEHTPAL OPTraHUYECKUX MOJIEKYJI BHYTPU OEJIKOBOM 00OJIOUKH,
YBEJIMYMBAECTCS U YUCIIO MOJIEKYJI, KOTOPHIE MOIMAAAl0T B «30HY MPUTSKEHUS»
«YE€PHOU IBIPbI» MUKPOKOCMOCA — BHYTPEHHUI 00BEM CITMPATIN MOJIEKYJIbI
PHK.

CrnenyeT OTMETUTD, YTO BHYTPU OEJIKOBOI 000I0YKM HAKAIJIMBAIOTCS pa-
3HOOOpa3HbIC OPraHUYECKUE MOJIEKYJIbI, B TOM YHUCJIE U HYKJICOTUIbI — CTP-
outenbHbl MaTepuan mis moyiekya PHK u JIHK. ITocteneHHO KOHLIEHTpa-
LI1s1 OpraHMYeCKMX MOJIEKYJT BHYTPU O€JIKOBOI 000JOUYKHU TOCTUTAET TAKOTO
YPOBHSI TNIOTHOCTU, IPU KOTOPOM ITPOUCXOAUT ITOCTOSTHHBIN pacriaf IoIaB-
IIMX BO BHYTPEHHUI 00BEM OpraHMYeCcKrX MoJieKyld. BeaeacTBue yero, Bo-
3pacTaeT NOTOK BbICBOOOXKIAIOIIMXCS MPU pacliafe MepBUYHBIX MaTePUil ¢
(pn3MUECKM TJIOTHOTO YPOBHSI HA BTOPOM MaTepuaabHbI YpOBeHb. UTO Mpu-
BOJIUT K N30BITOYHOMY HACHIIIEHWIO BTOPOTO MAaTEPHUATBbHOIO T€JIa MOJIEKYJIbI
PHK. N306bITOYHOE HACBILLIEHWE BTOPOr0 MaTe€pUAJIbLHOIO Tejla, IPUBOAUT K
MOSIBJIEHMIO OOpaTHOIO ITOTOKA NepBUYHOU MaTepun G cO BTOPOTrO MaTepu-
aJIbHOT'O YPOBHSI Ha NepBbIii. B pe3yabraTte 3Toro Ha (pU3M4eCcKOM YPOBHE ITO-
SIBJISIETCS MPOEKIIMS BTOPOTrO MaTepuajbHOro tena. Cpeay opraHn4eCKMx
MOJIEKYJI, HACHIIIAIOIINX BHYTPEHHUI 00BEM OE€JIKOBOIM 000JIOYKK BUpYCA,
MPUCYTCTBYIOT U HYKJICOTUABI, KOTOPHIE SIBJISIFOTCSI CTPOUTEILHBIM MaTepu-
asioM 11 moJiekysl PHK u JIHK. ITosToMy, mpy nmosiBA€eHUY MTPOESKIIUU BTO-
pOro MaTepuaabHOrO TeJia, Ha GU3NIYECKOM YPOBHE BOZHUKAIOT HEOOXOAMMBbIE
YCIOBUS JISI COCAMHEHUS OTIOEJbHBIX HYKJICOTUIOB B CIIMPab MOJIEKYJIbI
PHK Bupyca.

[Ipoexiinst BTOporo MaTepuaabHOTO Tejda Ha (pU3M4eCKOM YPOBHE COOT-
BETCTBYET TOYHOMY MOPSIKY CIeIOBaHUS HYKIeOoTUAOB B MoJjiekyne PHK,
MMO3TOMY OHA CO31A€ET Ha (PU3NUECKOM YPOBHE JOMOJHUTEILHBIC UCKPUBIIE-
HUSI MEPHOCTU MUKPONPOCTPAHCTBA, B COOTBETCTBUM C KAY€CTBEHHBIMU Xa-
PAKTePUCTUKAMU COOTBETCTBYIOIIMX HYKJIEOTUAOB, 00pa3yOIInX N3HAYaAIb-
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HYIO, TaK Ha3bIBacMylo, MaTepruHCKY10 Moiekysry PHK. Psgom ¢ MmaTepuHCcKO
Mousiekynoii PHK Bo3HuKaeT TouHas e€ MaTpulia. CBOOOIHbIE HYKJIEOTUIbI,
rnomnajgas B 3Ty MaTpully, HA4MHAIOT COEAUHSITBLCS APYT C IPYTOM B TOM XK€ Ca-
MOM TIOpsaKe, Kak u y MatepuHckoi Mojiekyabl PHK. HaBenennas marpuia
BBIHYX1A€T CBOOOIHBIEC HYKJIEOTUABI COeIUHSITHLCS B 3aaHHOM TTopsiake. Tak
KaK, IIPOEKIIMS BTOPOTO MAaTEPUAILHOTO Tej1a Ha (PU3NYECKOM YPOBHE CO3IAET
TaKO€ U3MEHEHUE MEPHOCTA MUKPOIIPOCTPAHCTBA, ITPU KOTOPOM CBOOOIHEBIE
MOJIEKYJIbl HYKJI€OTUI0B HE MOTYT COCAMHUTBCS B IPYroM Iopsiake. B pesysib-
TaTE 3TOr0 BBIHYXKAECHHOTO COCIMHEHUS CBOOOIHBIX MOJIEKYJI HYKJI€OTUIOB,
Ha (pu3n4YeCKOM YpoBHe nosiBisieTcs HoBasa mosekyia PHK, koTopas siBisier-
CS TOYHOM KOIIMEM MAaTEPUHCKOM.

Ho nouemy HyKJIeOTHIbI HE MOTYT COEIMHUTHCS B APYroM nopsiake? Ot-
BET Ha 3TOT BOIIPOC — OUYEHb IMpocToit. Kaxkabiii HyKJIeOTUI MUMeeT COOCTBEH-
HBII YPOBEHb MEPHOCTH, OTJIMYHBIN OT APYroro, IO3TOMY, IJII TOTO, YTOOBI
JIBa HYKJIEOTUIA COEIUHWINCH APYT C IPYTOM, HEOOXOIUMO CO31aTh JOMOJI-
HUTEJIbHOE U3MEHEHUE MEPHOCTU MUKPOIPOCTpAaHCTBA. [Tprdem, It pa3HbIX
rap HyKJI€OTUIO0B, BEJIMUMHA 3TOTO JOMOJIHUTEILHOIO U3MEHEHUSI MEPHOCTU
MUKPOIIPOCTpaHCTBa OyaeT apyroit. [loaToMy, Korna Ha GU3NIECKOM YPOBHE
BO3HMKAET AJOCTATOYHO IIOTHAsl MPOEKLMs BTOPOro MaTepUaIbHOTO TeJa
mosaekyiabl PHK Bupyca, n3dHadyanbHbIN YpOBEHb MEPHOCTU MUKPOIPOCTPAH-
CTBA B 30HE MMPOEKILIY U3MEHSIETCSI B TOUHOM COOTBETCTBUHU C KOJIOM JaHHOM
moJiekybl PHK nanHoro Buga. YTo u mpuBOIUT K TOMY, YTO TOJBKO TOT HY-
KJIEOTU, TTapaMeTPbl KOTOPOTO TOXKIECTBEHHBI JAHHOM 00JIACTU MUKPOIPO-
CTPAHCTBA TOJIbKO Y MOXET «3aHSITh» JAHHOE MeCTO. KaxKblii HyK1eoTu 1 0y-
KBaJIbHO «CaIUTCS» B CIIELIMAIIBHO TTOATOTOBJIEHHOE JIJISI HETO «THE310». B pe-
3yJIBTATE 3TOrO MPOLECCca, MOSBIISIOTCS ABE TOXAeCTBEHHbIE MOJieKyJibl PHK
JTAHHOT'O BUpPYca. A MTOCJIE 3TOTO HACTYMNAET 3TAIl CO3AaHUsI HOBO MOJIEKYJIOM
PHK 06en1koBoIt 000JI04KH, ITO TOMY K€ IPUHLIMITY, YTO Y MATEPUHCKOIM MO-
Jnekynbl PHK Bupyca n3 6€1K0B, HAKOIUIEHHBIX B O€JIKOBOI 000JIOUKE MaTe-
puHcKoro Bupyca. [1onoOHbIN mpolecc OyaeT BO3HUKATh KaXKAbIi pa3, Koraa
BHYTPU 0€JIKOBOI 000I0YKH BUPYCA HAKOITUTCS JOCTATOYHOE KOJIUYECTBO Op-
raHMYECKMX MOJIEKYJ — «CTPOMTEJIbHBbIN MaTepUal» HY>XKHOI'O KadyecTBa.
[Tpoucxomut npouecc nyompoBaHus (I0-ApyroMy — pa3MHOXEHUE) BUPYCA.
B pesysbrare aToro npoiecca, opraHndecKas MaTepusi, BO3HUKILAS B IIEPBUY-
HOM OK€aH€ M3 HEOPraHMYEeCKOM, MO BO3AECUCTBUEM aTMOC(HEPHBIX 3JIe-
KTPUYECKUX Pa3PsI0B PEOPraHMU3yeTCs B MPOCTEMIIYIO CAMOOPTaHU3YIOIILY -
10CS XKMBYIO MaTeputo. Takum o0pa3om, TOSIBUIMCH IE€pPBbIe IPUMUTUBHET -
1II1€ >KMBbIE OPTaHU3Mbl — BUPYCHI, 3BOJIIOLMS KOTOPBIX U MTPUBEJIa K MHOTO-
00pa3unio paCTUTEILHBIX M XKUBOTHBIX (pOPM XXKM3HU CHA4YaJIa B MUPOBOM OKE-
aHe, a MOTOM M Ha CyllIe.
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Craenymolleil 3BOJTIOLMOHHOM CTYNEHbKOM Pa3BUTUS XXKU3HU CTAIU, TaK
Ha3bIBacMble, OakTeprodaru, MpoMeKyTOYHOE 3BEHO MEXIy BUpycaMU U
OaKTepUsIMU — MPOCTEHIIUMU OJJTHOKJIETOYHBIMU OpraHnu3MaMu. MoxeT BOo-
3HUKHYTH BOITPOC: KAKMM 00pa30M NPOU301LJIa JaJbHEHIIass BOTIOLIMS K1 -
3HU OT BUpyca — K 6akTepuodary, ot bakrepuodara — K 0JJHOKJIETOYHOMY
opranusmy? M omnsrb HET MeCTa HUKAKOMY 4y, BCE — OYEHb IPOCTO U B TOXE
BpeMs MpeKpacHO. Pa3zMHOXMBIIKECS BUPYChI 3aIIOJHUIN BEPXHUM CIOU
MepBOOBLITHOTO OKeaHa Ha INIyOMHY He Oosiee cTta MeTpoB. /JlaHHas riayouHa
(cTO METPOB) MPOHUKHOBEHMSI BUPYCOB B MUPOBOI OKeaH 00YyCJIOBJIEHA TEM,
YTO CUHTE3 OPraHUYeCKMUX MOJIEKYJ ITPOUCXOIUT BO BpeMsI aTMOC(HEpPHBIX
pa3psa0B AIEKTPUUECTBA, KOTOPBIE 3aTparuBajid TOJBKO ITOBEPXHOCTHBIN
CJIOM MEPBUYHOTIO OKEaHa.

DT0, BO-IIEPBLIX, 4, BO-BTOPbIX, UMEHHO BEPXHUI CJI0M OKeaHa HAXOIMJI-
C4 B IIOCTOSIHHOM IBUXXE€HUM, IO BO3JICHACTBUEM BETPOB U MPUJIMBOB, U Ha
ATy IIIyOMHY NPOHUKAET COJTHEUHBINM CBET. TaK BOT, BUPYCHI «IlJIaBalOIINE» B
MOBEPXHOCTHOM CJIO€ TIEPBUYHOI0 OKE€aHa MEePUOAUYECKM OKA3BIBAJIMChH B
30HE JEMCTBUS aTMOC(MEPHBIX Pa3psaa0B JeKTpuiecTBa. ATMOC(EpHBIE pa-
3psiAbl BBI3bIBAIOT U3MEHEHUE MEPHOCTHY POCTPAHCTBA B 30HAX CBOETO MPO-
XOXIEHUS, CO3/1aBasi, TEM CaMbIM, YCJIOBUS JIJII CUHTE3a OPraHUYECKUX COe-
nauHeHuii. Ho, 4To mpou30iaeT, eciu B 30HE 3JIEKTPUUECKOTrO pa3psijga oKa-
xeTcs Bupyc? KoHeuHo, eciiv BUpyC NOMAaAET MOoA IPSIMOE BO3ACHCTBUE DJIe-
KTPHUYECKOTO pa3psiaa, IIPOU30UAET MOJHOE €ro paspyiieHue. YTo xe npou-
30MIET ecsii BUPYC MOMNaAET B nepudepuiiHbie 30HbI BO3IEHCTBUS aTMO-
cepHoro paspsiga? IlpousoiayT au, Ipu 3TOM, KaKule-I1u00 UM3MeHEeHUs ?
[Tpu n3MeHeHU MEPHOCTU IMMPOCTPAHCTBA BOKPYT U BHYTPU BUpYca, BO3MO-
>KHO TIPOTE€KaHME HECKOJbKMX MPOLIECCOB:

1. I3MeHeHure mopsiaKa COeAMHEHNS HYKJIEOTUIO0B B CYIIECTBYIOLIEH
moJiekyiie PHK Bupyca.

2. YBean4eHure WU yMEHBIIEHNE YK Clla HYKJIEOTHUIOB B CYIIECTBYIOLIEH
moaekysie PHK Bupyca.

3. IlosiBeHME XMMUUYECKMX CBSI3E MEXIy CYLIEeCTBYIOLIEN MOJIEKYI0M1
PHK Bupyca u gpyrumu monekyiamu PHK, KoTopbie Haxoguanch B MOMEHT
BJIEKTPUYECKOTO pa3psiia BHyTpY 0€JIKOBOU 000104KM BUPYCa UJIU TTOSIBUJIUCH
B HEll B pe3yJibTaTe BO3IECHCTBUS JEKTPUIECKOTO pa3psiaa.

[Tpu n3ameHeHUn NopsiAKa CoOeAMHEHUSI HyKIeoTUa0B B MoJiekyjie PHK
BUpYCa, MOSIBJISIETCS HOBBI BUPYC, KaK pe3yJIbTaT, TAaK Ha3bIBAEMbIX, MyTALIMIA.
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[1pu yMeHblIeHMM YK clia HYKJIEOTUIO0B, 00pasyromx mojekyny PHK Bupyca,
MOCJIEAHUIA MOXKET YyTPaTUTh KaueCTBa XXMBOM MaTepuu, Tak Kak, AJIsl IPOsi-
BJICHMSI CBOMCTB X1BOI MaTepuu, moJiekyiaa PHK gomkHa jocTuyb KpuTH-
YeCKOT0 MOJIEKYJISIPHOTO Beca. BUpychl SIBASIOTCS ITOTpaHUYHOU (hOpMOIi
OpraHMU3alMKu MAaTEPUU MEXKIY XXKMBOU U HEXXMUBO. /1151 MpOsIBJIEHMSI CBOMCTB
>XuBoM Marepum, Mosiekysa PHK Bupyca nosmkHa 10CTUYb OIpeieIEHHOM MO-
JIEKYJISIPHOM MaccChl, IpU KOTOPOI BOZHUKAET 3(P(HEKT OTKPHITUSI KAUECTBEH -
HOro Oapbepa MeXay IMepBoil U BTOpoM MaTepuanabHbiMU chepamu. Ilpu
MEHbIIIE MOJIEKYJISIPHOM Macce, KaYeCTBEHHBbII Oapbep HE OTKPHIBACTCH.
MMeHHO mo3ToMYy, €ClIv BUPYC YIAIUTh U3 BOAbI, OH MEPEXOIUT B KPUCTAJI-
JIMYECKOE COCTOSTHME, TaK KaK BHE Boabl MosieKy1a PHK Bupyca tepsiet rpymn-
el H 1 OH co cBoMX BHEITHUX 3JEKTPOHHBIX CBSI3€M, YTO JOBOJIBHO CUJIBHO
CKa3bIBACTCSI Ha €€ MOJIEKYJISIPHOM BeCe U, KaK CJIEJCTBUE, KAYECTBEHHBIN
Oapbep BOCCTAHABIIMBAECTCS U UCUE3AI0T CBOMCTBA >KMBOM Matepuun. [1omanas
B Boay, MoJiekyja PHK Bupyca BocctaHaBinBaeT CBOM XUMHUYECKME CBSI3U, B
pesynbrare yero, rpynnbsl H 1 OH nipucoeanHSIOTCS K Hell, 1 MOJIEKYJISIpPHbIM
BeC BHOBb Bo3pacTaeT. [1pu 1ocTiXXeHn KpUTUYECKOTO MOJIEKYJISIPHOTO Be-
ca MPOMUCXOJUT OTKPBHITHE KAYECTBEHHOr0 Oapbepa MeXAy NepBOil U BTOPOI
MaTepuaJIbHbIMU cpepaMy, U BHOBb MOSIBJISIFOTCSI CBOMCTBA M Ka4eCTBa XXUBOM
Matepuu. TakumM o0pa3om, BeCbMa Ba>XHBIM (DAKTOPOM, OTIPEACIISIIOIINM BO-
3MOXKHOCTb 3apOXIACHUS KU3HU, SIBJISIETCS MOJICKYJISIDHBINA BEC, TOYHEE, CYy-
IIECTBYET Ka4eCTBEHHAas rpaHulia MoJieKyaspHoro Beca MmoJjiekyal PHK niu
JTHK, Tak Ha3bIBaeMbIii, KpUTUYECKUI MOJIEKYISIPHBINA BeC, MPU KOTOPOM
BBOJIIOLIMSI MaTePUU BbIXOAUT HA KAYECTBEHHO HOBYIO CTYII€Hb 9BOJIIOLIUU —
3BOJIIOLHIO JKMBOM MATEPHUH.

Ecnu xe nmoa Bo3neicTBUEM aTMOC(EPHBIX Pa3psaoB 2JIEKTpUUIECTBA
YBEJIMYMBACTCS YMUCII0 HYKJIeoTU 0B B MoJiekyne PHK Bupyca, HabarogaeTcs
HECKOJIbKO JIIOOOIBITHBIX MOMEHTOB. Bo-NepBbIX, MOSIBJIEHUE «JIUITHUX» HY-
KJIEOTUJI0B MPUBOAUT K POXACHMIO HOBOTO BHUpyca, HOBOI MyTaluu. Bo-
BTOPBIX, YBEJIMUECHME YUCJIA HYKJICOTUIOB IIPUBOJUT K POCTY MOJIEKYJISIPHOTO
Beca MmosieKyJibl PHK, BCiencTBre 4yero yBe1MumMBaeTCs CTEIIEHD €€ BIIMSTHUS
Ha OKpyxKarollee MUKPOIIPOCTPAHCTBO, YTO IMTPUBOJIUT B CBOIO OUYEpEIb K YBE-
JIMYEHUIO pa3Mepa OeJIKOBOUM 000J0YKM. YBEJIMUYEHUE pa3MepOB OCITIKOBOM
000JIOUYKHM CBSI3aHO C TeEM, 4To Oosee Tskenas mosekyna PHK Bupyca B 6071b-
IIEeM CTENEHU BIMSIET Ha OKpYXalollee MUKPOIPOCTpaHCTBO. Beieacreue
4yero 0eJIKM-CITyTHUKM, 00pa3ylolre 000J0UKY BUPYCa, 3aXBaTbIBAIOTCS «I10-
JieM TaroteHus» moJieKyJsibl PHK Ha GoJiblieM ynaaeHUM OoT HEE€ caMOi, YTO
MIPUBOAUT K TOMY, UTO y O0oJiee Tskenoit monekyiabl PHK nosBiasercst 601b-
1Iero pa3mepa 0eakoBast 000104Ka. bojblnero paamepa 60eakoBast 000J109Ka
MO3BOJISIET HAKAILJIMBATh BHYTPHU C€0s1 00IbIIIE OPraHNYECKMX MOJIEKYJI U TTO-
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3BOJISIET CO3aTh 00JIee YCTOMYMBBIN BHYTPEHHUI MUKpOKJIMMAT. Ecin ke, BO
BpeMs1 aTMOC(EPHBIX Pa3psa0B JIEKTPUUECTBA, BOSHUKAIOT YCTOMYMBBIE X1 -
MUYECKHre CBA3M Mexay aByms mosiekyjiamu PHK, nosBaseTcsa Mosekyna,
MpeACTaBIIA0IIAsl COO0M IMIPOCTPAHCTBEHHO-XUMUYECKOE COEIMHEHUE IBYX
cCUpayiel — NOSBISIETCS, TaK Ha3bIBaeMasi, ABycnupanbHasa mojiekyia PHK,
IIpY onpeaesIEHHbIX yeaoBusx nossisgercd mojiekyiia JIHK. ITosgsnenue THK
OTKPBIBAET HOBYIO 3Py Pa3BUTHS XUBOI MaTepUMN — OT OJHOKJIETOUHBIX XKH1-
BbIX OPTaHMU3MOB 10 MHOTOKJIETOUHBIX U T.A. IO TTOSIBJIEHUE pa3yMHOM KUBOM
Mmatepuu. JABoitHas crimpaib Mojekyabl JIHK co3na€r 6osiee BeipaxkeHHYIO Jie-
(bopMaLro MUKPOIIPOCTPAHCTBA OKOJIO CE0sI, YTO YCKOPSIET IPOLIECC paciana
«IUVICHEHHBIX» MOJIEKYJI Ha MaTepuM KX oOpa3ylolue, B CUIYy TOTO, YTO IIpU
CBOEM BbIHYXXIEHHOM JBUKEHUU BO BHYTPEHHEM 00BEME CITUPAJIEN MOJIEKY-
Jibl JIHK «mjieHEHHBIE» MOJIEKYJIbI TTOTaAatoT MO yaaphbl ABYX CTOSTYMX BOJIH
MEPHOCTH, B TO BpeMs, Kak y MoJiekyJl PHK nmeercs TojibKo ogHa cTostyast
BOJIHA MepHOCTU. JIBoiiHas cTostuast BojaHa MepHOCTU MoJieKyibl JIHK, Takum
00pa3oM, YCKOPSIET MPOLIECC pacliafa «IIEHEHHBIX» MOJEKYJ, YBeIU4YnBasi
TeM caMbIM 3((PEKTUBHOCTD BCeli CUCTEMBI B LieJJoM. KpoMe 3Toro, nBoiiHas
criupanb MoJsiekyJibl JIHK co3ma€tr takoe BausiHME Ha CBOE MUKPOIPO-
CTPaHCTBO, 4YTO OEJIKOBasA 000J10YKa BOZHUKAET HA 3HAYMTEIBbHO OOJIbIIEM
PACCTOSIHMM OT CaMOI MOJIEKYJIbI, UTO MO3BOJISIET HAKOIIUMTh BHYTPU TaKOM
000JIOUKM 3HAYUTEIBLHO OOJIBIIE 3aXBAYEHHBIX B «ILJIEH» OPTaHUYECKUX MO-
JIEKYJI.

D10 — BaxKHemmii (hakTop AJ1sd MoAAePKAHUSA KU3HHU.

bonbmmx pazmepoB 0eKoBasi 000JI0YKa «ITPOLEKMBAET» OOIbIIEE KO-
YeCTBO MOPCKOM BOJIBI C «IJIaBAIOIIUMM» B HEM OPraHMYECKMMU MOJIEKYJIaMMU,
BO3HMKAIOIIMUMU TIPU aTMOCGEPHBIX pa3psgax 3JIeKTpUuecTBa. DTO €CTe-
CTBEHHO: OOJIbILIMM HEBOJOM MOXHO MOMMAaTh 00JIbllIe PhIObI. TOJILKO HEBO-
JIOM, B JaHHOM cJiydyae, sBJsieTcs OeJikoBas 000Jyiouka, a peldoii — op-
raHU4eCKre MOJIEKYJIbI, «IIJlaBalolIe» B IIEpBUUYHOM oKeaHe. Kpome aToro,
JnBo¥iHasg criupanb MoJieKyJbl JIHK co3maer yciaoBus 1151 NOsIBJICHUSI MHOTO-
cJIOiHOI1 000/JI0YKHM, TaK Ha3bIBaeMoil, MeMOpaHbl. MeMOpaHa, B Iipolecce
ABOTIOLIN, COOPMUPOBAIACH U3 TPEX CIOEB: IBYX OCJIKOBBIX M OTHOTO XXKUPO-
Boro. IIpudyém, >XXpoBOW CIOHN pacriojaraeTcss MeXay IByMsI OCJIKOBBIMU.
Cnupanu mosaexyJibl JIHK rmpocTpaHCTBEHHO cMellleHbl O1HAa OTHOCUTEIbHO
npyroii. [Toaromy, Kaxaas U3 3TUX COUPAJIEN CO3AET «CBOU» OEIKOBbIE 000-
JIOUKH, KOTOPBIE OKA3bIBAIOTCS TOXE CMEILLIEHHBIMU IPYT OTHOCUTEIBHO JIpyra
1, KpOMe 3TOTO, OJIHA BHYTpU JIpyroii. @PopMuUpyIoTcs 1Be OEJIKOBBIE «Kpe-
MMOCTHBIE» CTeHbI BOKpYT MoJieKyJibl JIHK. B pe3yabrate yero, opraHudeckue
1 HEOPraHUYECKME MOJIEKYJIbl BBIHYKAECHBI MPOCAYMBATHCS Yepe3 MPerpabl,
YTOOBI ITOMACTh BO BHYTPEHHUI 00BbEM 000104KHU. [1pK ITpoxoXaeHU yepes
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JBOMHYIO IIperpamy, 3T MOJIEKYJIbI TEPSIIOT CBOIO KUHETUUYECKYIO S3Hepruio. U,
KakK CJICACTBUE, MPAKTUUYECKHM HE B COCTOSIHUM IIPOPBAThCS Ha3ad yepe3 000-
JIouku. Takum oOpazoM, MpoOUCXOAUT (PUIIBTPALIMS BOABI TIEPBUYHOIO OKeaHa
1 HAKOIUIEHUE OpraHu4YeCcKrX MOJIEKYJ BHYTPU 000JI04eK. MexXay BJIOXKEH-
HBIMU, OAHA B IPYIy10, OIKOBBIMU 000JI0UKaMU oOpasyeTtcs 3a30p. U mobdast
MOJIEKYJIA, TTOC/IE TIPOXOXKICHMS Yepe3 BHEIIHIOK OCJIKOBYIO 000JI0YKY, 1O~
rajgaeT B IIPOCTPAHCTBO MEXIy BHellIHEN U BHYTpeHHel. CoOOCTBEHHBIN ypo-
BEHb MEPHOCTHU OEJIKOBBIX 000JIOUEK 3HAUUTEIHLHO BhIILIE COOCTBEHHOI'O YPO-
BHS$I BoAbl okeaHa. [1oaToMy, BOBHMKAET IBOMHON HE3HAUMTEIbHBIN Mepena
MEPHOCTHU C 30HOM YCTOMUMBOrO paBHOBeCcUs MexXay HUMU. [1pu cBoéM nBu-
KEHMHU, BCE MOJIEKYJIbI JOJKHBI IPEOAOJIETh 3TU TIe€peIiagbl MEPHOCTHU U I10-
MagaloT B «<HEUTPATbHYIO» 30HY C YPOBHEM MEPHOCTU MEHBILINM, YEM YPOBEHbD
COOCTBEHHOM MEPHOCTU OEJIKOBBIX 000JI04eK. UMEHHO MO3TOMY XXHUPOBbLIE
MOJIEKYJIbI, ITONaAasl B 3a30p MEXIy OCJIKOBbIMU 000JI0YKAMMU, TTONAAAI0T B 30-
HY C YPOBHEM MEPHOCTU BeChbMa OJIM3KUM K YPOBHIO COOCTBEHHOM MEPHOCTH
KAPOBBIX MOJIEKYJI. 2KMpOBbI€ MOJIEKYJIbI HAUMHAIOT, KaK ObI, OCEAAaTh B IIPO-
CTPAHCTBE MEXIY OE€JIKOBBIMM O00O0JOYKAMM, TTIOCTEIIEHHO 3aIlOJHSIS COOO0M
3TOT 3a30p. [Ipu 3TOM, MOJIEKYJIBI 2KMpPa COEIUHSISICH APYT C APYTOM, CO3aI0T
>KMPOBYIO ITPOCJIONKY MeX Iy 0eJIKOBbIMU 000104KamMu. Co BpeMEHEM, BOZHM -
KalOT XMMWUYECKHE CBSI3U MEXIY KUPOBOI MPOCIONKON U OEJIKOBLIMUA 000-
Jloukamu. M Kak pe3yabrat, BO3HUKAET TPEXCIOHAsl 000J10UuKa — MeMOpaHa.

I1py nosiBJIEeHUM TPEXCIONHOM O00JTOUKU, MOXKHO TOBOPUTD O CJIEAYIO-
1€ CTYIIEH! Pa3BUTHUS XXMBOW MaTepryd — BO3HUKHOBEHHM OJIHOKJIETOYHBIX
oprann3moB. VX mperMyIlecTBO Iepel BUpyCaMu B TOM, UTO MHOTOCJIOMHAS
KJIETOYHAass MeMOpaHa CO31a€T BHYTPU KJIETKM YCTOMYMBYIO XUMHUUYECKYIO
cpeny. Kpome aToro, KiaetouHasi MeMOpaHa SIBJISIeTCS 3allMTON OT arpecCuB-
HOCTHU BHEIIHEM CpeAbl, UYTO CO3HAET OJIarONPUSITHBIC YCIOBUS J1s1 JAJIbHE -
L€ SBOJIIOLUMHA >KU3HU. [1apodoOHbIE (BOJOOTTATKMBAIOIINE) CBOMCTBA XK1 -
pOBOro cja0si MeMOpaHbI co3AaBaii OJIarONpPUsITHBIE YCIOBUS A1 MPOHU-
KHOBEHMUSI BHYTPb 000JI0YKM OPraHMYeCKUX MOJIEKYJI, CO3AaBasl CJIOXKHOCTHU
JUJTSI TIPOHUKHOBEHMSI BHYTPb 000JI0YKM MOJIEKYJI BOAbI. JleJ10 B TOM, YTO BHY-
TPEHHUI 00BEM 000JIOUKM — OrpaHUYEH U ITOATOMY, €CJIM B HETO MOMNagacT
MOJIEKYJIa BOAbI, KOTOpAasi 3aHUMAET MyCTh HEOOJIbIIIONM, HO TEM HE MEHEE, pe-
aJIbHBIA 00BEM MPOCTPAHCTBA, HE OCTAETCS MECTa JIJISI OpraHUYECKUX MOJIe-
KYJI, KOTOPbIE TOpa3a0 0OJbIlIe 1, B CUJTy 3TOTO, ABUTalOTCSI 3HAYUTEIbHO Me-
JJIEHHEee MOJIeKyJ BoAbl. TakuMm oO0pa3oM, MOsIBJIEHUE XKUPOBOTO CJIOsT 000-
JIOYKM MPAKTUYECKM BbIPABHSIJIO IIAHCHI OPraHMYECKMX MOJIEKYJ U HEopra-
Huyeckux. ITogoOHast 00ojiouKa KakK Obl «IIpUIEPKMBACT» YAaCTh MOJIEKYJ
BOJIbI, CO3aBasl 0J1aronpUsITHBIE YCJIOBUS 1JIs1 HPOHUKHOBEHMSI OPTaHUYECKUX
MOJIEKYJ1. DTO — OrpOMHeIliIIee MPUOOpPETEHNE, HO, KaK U 3a BCSIKOE MPUOOpe-
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TEHHE, 32 HETO OJHOKJIETOUYHBIE OPraHU3Mbl ObLJIM BBIHYKICHBI IJIATUTH
00sb11Y10 LIEHY. ECJIM BUPpYCHI MOTYT CYILIECTBOBATh MUJIJIMOHBI 1 MUAJLIMAPAbI
JIET, IEPUOJINYECKU HAXOASICh B XKUBOM MJIM KPUCTAJUIMYECKOM COCTOSIHUU, TO
OJHOKJIETOYHBIE OpPraHM3Mbl, KaK IIOTOM M MHOTIOKJIE€TOYHBIE, CTaJIu
«CMEPTHBIMU». Y «MOJIOJIOTO» OAHOKJIETOYHOIO OpraHu3Ma TOJIIMHA U TIO-
THOCTb XHWPOBOTO CJIOSI MEMOPAHbI OTHOCUTEIBHO HEBEJIMKA, YTO TTO3BOJISIET
MOJIEKYJIaM BOJbl IONagaTh BHYTPb 000J0uku. Co BpeMeHEM, IIPOUCXOIUT
OKMCJIEHME XHUPOBBIX 000JI0UEK, B pe3yJIbTaTe yero ruipodoOHbIe CBOMCTBA
MeMOpaHbl YCUJIMBAIOTCS, KPOME TOT0O, CO BDEMEHEM KU POBOJ CJI0i 000JI04Y-
KM KaK ObI «TOJICTEET», KaK PE3yJIbTaT IMPOJOJIKEHMUS 3aXBaTa OEJIKOBBIMU
000JI0UKaM1 HOBBIX XXMPOBBIX MOJIEKYJ M3 OKpyxXarlier cpenbl. M, kak
CJIEICTBUE, MOCTEIIEHHO 3aMEIUISIETCS, a TIOTOM U ITIOJIHOCTBIO IIPEKPAILACTCS
LA PKYJISILMS BELIECTB yepe3 MeMOpaHy. [1pu morepe BHYyTpEeHHUM OOBEMOM
KJIETKM OIIPEACIIEHHOIO KOJMYECTBA BOAbI, IIPEKPAIIAETCS XU3HEACITEIb-
HOCTb JJAaHHOW KJIETKM, KJeTKa Morudaet. TakuM oOpa3om, OJHOKJIETOYHbIE
OpPraHu3Mbl CTAJIY CMEPTHBIMH, T.€. MOTYT CYILLIECTBOBATh TOJIBKO OTPAHUYECHHOE
BpEMSI.

[TosiBieHHME TPEXCIOMHON MEMOpPAHBI JAJI0 KOJOCCAJIbHBIA TOJIYOK pa-
3BUTUIO XWU3HU U, B TOXXE BPEMSsI, BOSHUKJIA BPEMEHHbBIC OTPAHUYEHUS IPO-
JOJIKUTEIbHOCTU XXKU3HEAEATEIbHOCTA OAHOKJIETOYHBIX OpraHu3MOB. [1pu
MOoTepe BOAbI, OHY, B OTJIMUME OT BUPYCOB, norudanu. [loaromy nepsbie oj1-
HOKJIETOYHbIE OPTaHU3MbI MOIJIM CYILIECTBOBATH TOJILKO B BOJAX IEPBUYHOTO
OKeaHa. [IBM>keHre BepXHUX CJIOEB IIEPBUYHOTO OKEaHa IMPUBOAUIO K TOMY,
YTO OJJHOTUIIHBIE OMHOKJIETOYHBIE OPTaHW3MBI ITOTIAIAJIM B Pa3HbIE BHEIITHUE
ycia0BUS. BausgHue pa3HbIX BHELIHUX YCJIOBUM HAa OOHOTUITHBIE OJHOKJIETO-
YHBIE OPTAaHMU3MBbI CO31aBAJIO TAKUE YCIIOBUS, IIPU KOTOPBIX OHU WJIU ITOTrnda-
JI, WA UBMEHSUIUCH. [10IBUIMCh pacTUTEIbHBIE Y XKUBOTHBIE OJTHOKJIETOY -
HbIE OpraHn3Mbl. MHOroo0pa3re BHEITHUX YCJIOBUI ITOPOXKIAIO0 MHOTOOOpa-
31e (POPM PACTUTEBHBIX U XXUBOTHBIX OpraHn3MoB. Crana popMUpOBaATHCS
TepBUYHAas 3Kojorndeckas: cucreMa. CriocCoOOHOCTb OJJHOKJIETOYHBIX KMBOT-
HBIX OPTaHU3MOB CAMOCTOSITEJIbHO TIEPEMEIATHCH, Jajia HOBBIA TOJIYOK 3BO-
JIIOLUU XXU3HU. 2KMBOTHBIE OAHOKJIETOYHbBIE OPTaHU3MbI IIPUOOPETIU C 3TUM
HEKOTOPYIO0 HE3aBUCUMOCTb OT KaIlpu30B BHELIHE cpeabl. [1epBOOBITHBIN
OK€aH coJepxXaJll ell€ OYeHb MaJI0O OPraHMYECKHMX BEIIECTB 1 MEPBbIM OJTHO-
KJIETOYHBIM OpTaHM3MaM ObLIIO BECbMa CJIOXHO «BBIJIOBUTb» B OKPYKAIOIIEH
BOJIE OPraHMYECKHUE BEILIECTBA, KOTOPbIE HEOOXOAMMBI IJI MMOAAECPXKAHUS UX
KU3HEACITEIbHOCTU. BCIIOMHMM, TIPY KaKMX YCIOBUSIX U3 HEOPTAHUYECKUX
MOJIEKYJ yIjIepoaa, KUCJI0poaa, a30Ta, BOAOPOAa U APYTUX BOZHUKAIOT Opra-
HUYECKHME COEAUHEHUS... [IpOoMCXOIUT 3TO, KOTaa HACHIIIEHHYIO HEOPTaHU-
YECKMMHA MOJIEKYJIaMU M aTOMaMU BOJLy, TPOHM3BIBAIOT SJIEKTPUYECKUE pa3psi-
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JIbI, BO3HUKAIOIINE, KaK Pe3yJIbTaT Mepenaga CTaTUIeCKOro 3JeKTpUIYeCTBa
MEXIy aTMOC(HEPOii U MOBEPXHOCTHIO. DIEKTPUUYSCKUE pa3psiabl UICKPUBIISIOT
MUKPOKOCMOC, UTO 1 CO3Ja€ET YCAOBUS IJIs1 COeAMHEHNSI aTOMOB YIjiepoja B
LIETIOYKU — OpraHUYeCKUe MOJIEKYJIbl. TaknuM 00pa3oM, YTOObI BOSHUK CUHTE3
OpraHUYeCcKUX MOJIEKYJI, HEOOXOAUMO U3MEHEHUE MEPHOCTU MUKPOKOCMOCA
Ha HEKOTOPYIO BEJIUYUHY:

AL=0,020203236... (4.3.1)

 4T00bI NEpBbie OHOKJIETOYHbIE OPraHU3Mbl MOLII BOCCTAHABIMBATH U CO-
XPaHATh CBOIO CTPYKTYPY, HEOOXOAUM CHHTE3 MPOCTEHIIMX OPraHiYecKnX coe-
JVMHEHMIA BHYTPH CAMHMX OJTHOKJIETOYHBIX OPraHn3MoB. Bo3HUKHOBeHNEe CHHTE3a
NPOCTEHIUX OPraHMYeCKUX MOJIEKY] U3 HEOPraHUYECKUX BO3MOXKHO MPH U3Me-
HEHUU MEPHOCTH MHUKPOKOCMOCA HA BeJuuuHy AL/2.

Hukakoii npocrteiimuii (M 1axe CI0XHBINI!) )KMBOI OpraHu3M CO31aTh
BJIEKTPUYECKUIA pa3psid MMOJ0OHBI aTMOC(EepHOMY HE B COCTOSTHUM. B xoae
DBOJIIOLUMU Y MOPOCTEHIIUX OJHOKJIETOYHBIX OPraHU3MOB BO3HUMK
MMPOMEXYTOUYHBLIM BapuaHT, OalolIUil HeoOXoauMylo BeduuyuHy AL.
BcnoMHuM, 4TO Kaxpgass MoJieKyJa, aTOM BJIMSIET, UCKPUBJISIET CBOU
MUKPOKOCMOC Ha Ty MM MHYIO BeJUMUYMHY. MakcuMaJibHOE BIMSIHUE Ha
MUKPOKOCMOC  OKa3bIBalOT OpraHuYyeckue MOJIeKyabl. boJjbiine
oprannveckue MoJekyJibl, Takue Kak JIHK 1 PHK oka3biBaroT Takoe BIMsSIHUE
Ha MUKPOKOCMOC, NP1 KOTOPOM MPOUCXOAUT HE CUHTE3, a pacraj MPOCThIX
OpraHM4YeCKUX MOJIEKYJ, MO BO3AECTBUEM MeperagoB MEPHOCTU, CO31aBa-
E€MBIX CTOSIYeli BOJJTHOM MEPHOCTU BHYTPEHHETO 00bEMa CIIMpPAINd MOJIEKYII
PHK vnn IHK. BcmoMHMM, 4TO CMHTE3 OpraHUYEeCKUX MOJIEKYJI U3 HEOpTra-
HUYECKUX U3HAYaJIbHO MTPOUCXOIUJ IIPU aTMOC(HEPHBIX pa3psiaax dJIeKTprUue-
CTBa, KOTOpbIE CO3JaBajli YPOBEHb MEPHOCTU, HEOOXOAMMBII [IJISI BO3MO-
>)KHOCTU atoMaM yrjiepoaa C coefuHUTCS B Lienodyku. [ToaToMy j1s1 BO3HU -
KHOBEHMSI CUHTE3a OPraHUYECKMX MOJIEKYJI BHYTPU KJIETKM JOJIKHBI TPOUC-
XOJUTH MpOLECChl aHAJIOTUYHBIE TIepeuncieHHbIM. KiieTka He B COCTOSIHUU
CcO3J1aTh 2JEKTPUYECKUI pa3psid, aHaJIOTUYHBIN pa3psgaM aTMOC(HEPHOTO
3JIEKTPUUYECTBA, HO TEM HE MEHEE, B HEli ITPOLIeCC CUHTE3a OPraHUYECKUX MO-
Jiekya npoucxoauT. Kakum xe o6pa3oM npupoaa peimuia 3Ty npoodiemy!? U
OISITh, BCE AJIEMEHTAPHO MPOCTO.

JI71s1 cuHTe3a opraHn4YeCcKrUX MOJIEKYJ M3 HEOpraHMYEeCKUX HEOOX0IMMO
co3aaTh IepruoJnudeckue KouaebaHusi MepHOCTM MUKpPOKOCcMoca B mpeaesax ()
< ALK 0,020203236, koTopoe OyaeT HaKJIaabIBaThCS HA YK€ CYLLECTBYIOLLIEE
HWCKPUBJIEHUE IPOCTPAHCTBA, CO3JaBaeMOE KJIETOUHBbIMU BKIIOUeHUIMU. [1pu
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3TOM, IMIPOMCXOAUT HaKJIaAblBaHNE Ha MOCTOSIHHBIN YPOBEHb MEPHOCTU MEPU-
OAMYECKM MEHSIIOIIECS BeTMUYMHBI. Ml Ha HEKOTOpOe KOPOTKOE BPEMSI B MU -
KPOCKOITMYECKOM 00bEME IMPOCTPAHCTBA BOBHUKAIOT YCIOBMS TaK HEOOXOA M -
MBbI€ 11 CHHTE3a OPTaHUYECKHX MOJIEKYJI. ATMOC(EPHBIE JIEKTPUIECKUE pa-
3psiAbI IPOMCXOISAT HA MAKPOYPOBHE, 4 CUHTE3 OPTaHMYECKUX MOJICKYJI KJIeT-
KaMM — Ha MUKPOYpPOBHE. B mepBoM ciiydae CUHTE3 SIBASIETCS TOOOYHBIM (-
(¢eKTOM, BO BTOPOM — MIPSIMBIM. [IJ1s1 TOTO, YTOOBI 3TO MPOU30LIJIO, HEOOXO-
JUMO HaJIMUMe Y KJIIETKM MOJIEKYJI, COOCTBEHHBI YPOBEHb MEPHOCTHU KOTO-
PBIX, TUTIOC TIEPUOANYECKOE KOJIeOaHE MEPHOCTHU, MPUXOISIIECE U3BHE KIIET-
KM, CO31aBaid Obl BMECTE€ HEOOXOAMMBIE YCJIOBUS IJISI CUHTE3a. TaKkoe BIIMSI-
HIE HAa MUKPOKOCMOC OKa3bIBAIOT CPETHEN BEIUYMHBI OPTaHUYECKUE MOJIC-
Kyabl. Kazanochk Obl, BCE OYE€Hb IIPOCTO... B OQHOKJIETOYHBIX OpraHu3Max
JIOJI>KHBI OBITh MOJIEKYJIBI, IPUMEPHO, Ha MOpsiaoK MeHblIe MoJieky JITHK n
PHK, n npo6aema yxe peuieHa... Ho, He Bc€ Tak mpocTto. Kaxnaas Mmoaexkyia
U3MEHSIET MUKPOKOCMOC BOKPYT €051, HO 3TO U3MEHEHME MPOAOJIKACT ObITh
HEW3MEHHBIM JI0 TEX ITOP, ITOKA COXPAHSETCS LETOCTHOCTh CAMOI MOJIEKYJIbI.
J1J151 TOro, YT0Obl BOBHUK CUHTE3 OPraHMYECKMX MOJIEKYJT JOJDKHO BOBHUKHYTh
KOJIeOaHE MEPHOCTU MUKPOKOCMOCA C aMILIMTYAOM:

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

KonebaHuss MepHOCTH MUKPOKOCMOCA JOJKHBI ObITh, IO KpaliHEN Mepe
MEPUOANYECKMMMU, YTOOBbI BO3HUKIN HOPMAJIbHBIE YCIIOBUS [IJISI CUHTE3a Op-
raHUYEeCKMX MOJIEKYI. sl 3TOr0o, HOKHBI ObITh MOJIEKYJIbI, KOTOPbIE ObI
U3MEHSJIUCH ITPY HE3HAYUTEIbHBIX UI3MEHEHUSIX BHEIITHEW CPEAbl M BbI3bIBAJIN
BHYTPU OJHOKJIETOYHBIX OPraHM3MOB HY>XKHbIE€ KOJIEOaQHMSI MEPHOCTU MUKPO-
KOCMOCa. DTU BO3ACUCTBUSI BHELLIHEN cpelibl (M31y4YeHMs) He JOJDKHBI B TO XKe
caMoe BpeMsl pa3pyllaTh caMWd OJHOKJIETOYHbIE OPTaHMU3MbI, HO JOJIKHBI
CBOOOIHO I0IagaTh BHYTPb UX MeMOpaH. OTBeYarolIMMU BCEM 3TUM TPeOo-
BaHMSIM BHELTHMMMU (PAKTOPAMU SIBJISIIOTCS CJ1a0ble TETJIOBBIE Y ONITUYECKUE
n3nydyeHus CoJiHLa, B TO BpeMs, KaK Ipyrasi 4acTb COJTHEUHOM pagyalnuy JJ1st
OpPraHMYECKUX COEAMHEHMIA 1 OPraHM3MOB (PEHTT€HOBCKOE U raMMa-u13J1yde-
HUs) sIBsIieTcs pa3pyluarolieii. 1 BHOBbL cnaceHue — B Boje... Boga okeaHa
MOMIOIIAeT PEHTTeHOBCKOE M raMMa-u3JIydeHHUsI U TIPOMYCKaeT TEIJI0BOE U
ontryeckoe maydyeHusa CosHlla, KOTOpbIe TaKXXe CBOOOTHO MOTYT ITPOHM-
KHYTb B OJHOKJICTOYHbIE OpraHu3Mbl. TakuM 00pa3oM, A1l TOro, YTOObI BO-
3HUK BHYTPUMKJIETOYHBIM CUHTE3 OPraHMYeCKUX COCIUHEHU, HEOOXOAMBbI
cJIeIyIOILIe YCIOBUSIL:

a) HaJIM4Ke BHYTPU OJHOKJIETOYHBIX OPraHU3MOB OPTaHMYECKUX MOJIE-
KYyJ1, KOTOPBIE JIETKO U3MEHSIOT CBOIO CTPYKTYPY B HEKOTOPBIX Mpeaeaax, Ipu
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M3MEHEHUM BHELIHUX (PAKTOPOB, UTO MPUBOIMUT K KOJEOAHNUIO MEPHOCTU
MUKpokocMoca B nuamna3oHe 0 < AL < 0,010101618...

0) HaJTM4Me BHEITHUX (paKTOPOB, KOTOPbIE MOTYT BBI3bIBATh HYXKHbBIE 13-
MEHEHUS CTPYKTYPhl 3TUX MOJIEKYJI, HE pa3pyllasi MOJIEKYJIbl, KaK U CAMU OJI-
HOKJIETOYHbIE OpPraHu3Mbl (cJIa0ble TEMJOBBIE U ONTUYECKUE U3TyYEeHUS
ConHua).

B xo1e aBoJitonny, BO3HUKJIIA HY>KHas 1J1s1 TOro MOJieKyJjia — MOJIeKyJja
xjaopodmia. Mosiekyibl xiaopoduuia, HOrJIolast 4acTh ONITUYECKOIo U Te-
TIOBOTO U3JIYYEHMUSsI, UBMEHSIIOT CBOIO CTPYKTYPY, CO37aBasi HOBbIE COEIMHE-
HUS, B CBOIO 0Uepeb OUEHb HEYCTOMYMBBIC, IPUYEM, TTOTJIOLLEHNE ITPOUCXO-
JUT NOPLUSIMU, TaK Ha3bIBa€MbIMU, (DOTOHAMU. DTU COEAMHEHMS paciiaga-
I0TCS, KaK TOJIbKO IIPEKpPAIIAECTCS IeMCTBME TEIIJIOBOTO U OTITUYECKOTO U3JTY-
YeHHUsI, 1 UMEHHO 3TO BBbI3bIBACT HYXXHbIE KOjeO0aHUsI MEPHOCTU MUKPO-
KOCMOCa, KOTOPhIE TaK HEOOXOAUMBI JJ1s1 BOBHMKHOBEHMS MpoLiecca CUHTE3a
BHYTPH OJJHOKJIETOUHbIX OpraHu3MoB. ITorsoiast GoTOHbI COJTHEYHOIO U3JTY-
YeHMsI, MOJIeKyJia XJ1opoduilia BEI3bIBAET KOJ€OAHUSI MEPHOCTA MUKPOKO-
cMoca. DTo CBI3aHO C TEM, YTO, IPU MOTJIOIIEHU (DOTOHOB aTOMaMU MOJIe-
KybI XJJ0poduiIa, 3J1eKTPOHBI MepeXoadT Ha Apyrue opoutsl. [1pu aToM, Ha
BO3HUKIIKE 3JIEKTPOHHbIE CBSI3U, MOJIEKYJa XJopoduiljia NprucoeauHsSIET
rpynnsl OH u H, yto npuBoauT K KoJiebaHUIO MOJIEKYJISIpHOTO Beca. M, Kak
CJIeICTBUE, KOJIEOAHMIO MEPHOCTU MUKPOKOCMOCA, UTO U CO3JAET HEOOXOA -
MbI€ YCJIOBUS JJ1s1 BOBHUKHOBEHMSI CUHTE3a OpraHMYecKuX coeanHeHui. Ha-
KOIIJICHHBI MOTeHLIMAJI MOJIeKYJIa XJopoduiia TepsieT BO BpeMsl CUHTe3a U
BO3BpalllaeTCsl B UCXOIHOE, 00Jiee YCTOMUYMBOE COCTOSIHUE, TOTOBAasi K HOBOMY
MorJIomeHn0 GoToHOB. CMHTE3 MMPOUCXOIUT C MOTJIOIIEHUEM U3 OKPYKal0-
el cpensbl yriekuciaoro raza (COz) 1, Kak ToOOYHBIN IPOAYKT, BbIIEISICTCS
kucjiopon (0z). [Tpoucxoaut, Tak Ha3bIBaeMblii, GoTocuHTE3. Clie10BaTe/Ib-
HO, IPOCTEMIINEe OIHOKJIETOUYHbIE OPTaHU3MBbI B XO/I€ BOIIOLIMOHHOTO pa3BU-
THs (6arogapst MoJieKyJiaM XJopoduiiia) IpuoOpear COCOOHOCTD, MOIIO-
111as1 COJTHEYHBIN CBET, CHHTE3MPOBAaTh OPraHUYECKME COeTMHEHMS, KOTOPhIE
HEOOXOAMMBI JJIsI BOCCTAHOBJICHUSI UX CTPYKTYPbI U KU3HMU.

CoennHeHNe OTHOKJIETOUHBIX OPraHU3MOB OTPOCTKAMU KJIETOYHBIX MEM-
OpaH B OAWH KOHIJIOMepaT (HampuMep, BOJIBBOKC) CTaJl0 NPUYMHOI o4yepe-
JTHOTO 3BOJIIOLIMOHHOTO CKauKa >XXu3Hu. CpacTaHue OJHOKJIETOYHBIX OpraHu-
3MOB, MOCPEACTBOM OTPOCTKOB KJIETOYHBIX MEMOpaH, SIBUJIOCh NPUIMHOM
0YEepEeTHOTO B3pbiBa PA3BUTHUS XU3HU. BpeMeHHbIe coeTMHEeHUS TPpeBpaTh-
JIUCh B TIOCTOSIHHBII CUMOMO03 OTHOKJIETOUHBIX OpraHu3MoB. C 3TOro MOMeH-
Ta DBOJIIOLMU XU3HU, MOKHO TOBOPUTb O MHOTOKJIETOYHBIX OpraHU3Max.
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Hapy>xHbIe KJ1€TKM MHOTOKJIETOYHOTO KOHIJIOMEpAaTa IMOIBEPTAIMCh BO3/ICH -
CTBUMIO BHEIIIHEN Cpelbl, YaCTO arpeCCUBHOM, B TO BpeMs, KaK BHYTPEHHUE
KJIETKY MHOTOKJIETOYHOTO OpraHru3Ma CBOEM BHEIIIHEN CPEAOM UMETU OKPY-
>KEHME U3 IPYTuX KIeToK. B pe3ynabrare 3TOoro, Co BpeMeHEM KJI€TKA MHOIO-
KJIETOYHBIX OPraHW3MOB CTaJIM BBIMOJHSITh Pa3Hble (DYHKIIMU U TPpUOOpEIn
pa3HbI BHEIITHUIA BU. B X0/1€ 3BOJIIOLIMM BOZHUKAIA HOBBIE BUJIbI MHOTOKJIE-
TOYHBIX OPTaHU3MOB, UCYE3aIU CTapble. boJiee COBEPIIEHHbIE S5KOJIOTMYECKUE
CUCTEMBI IPUXOAMIN Ha CMEHY IpoCcThIM. Co BpeMeHEM, XX13Hb BbIOpasach
13 CBOEM KOJIbIOEIM — OKeaHa ¥ 0cBomJia cylry. Ho Bc€ aTo mpoucxoaniio Ha
(bn3nyecky MI0THOM YpoBHE. Kak xke 3TH 3BOJTIOLIMOHHBIE ITPOLIECCHI OTpa-
>KaJIMCh HA IPYTUX YPOBHSX IJIAHETHI? ..

BcnomuaumMm, uyto mosnexkyia PHK wimn JIHK Ha BropoM MaTepraibHOM
YPOBHE CO3IAET CBOIO TOUHYIO KOITUIO U3 OAHOM MaTepuu. OHa (KOMus) sSIBJIsI-
€TC$1, TAK Ha3bIBAEMbIM, BTOPBIM MaT€pHUAIbHBIM TEJIOM 3TOM MOJIEKYJIbI. OJ1-
HOKJIETOUHBIM OpraHusm (kjietka), kpome mojekys JIHK, o6pasyrommx xpo-
MOCOMBI SJpa KJIETKM, BKJIIOYAET B C€0s1 LBl Psil OPraHUIECKUX BKIIIO-
yeHuii (anmapat [oabmku, MUTOXOHAPUA, IEHTPUOIN, SHIOIIIa3MaTU4YeCcKas
CeTb U T.1I.), @ TAKXKE, OPraHNYECKME U HEOPTaHWYECKME MOJIEKYJIBI. [locien-
HYE IPUHUMAIOT YYaCTUE BO BHYTPUKIIETOUHBIX OMOXUMUYECKUX PEAKIIUSIX.
Tak BOT, Bce KJIETOYHBIE€ BKJIIOUEHMSI TOXKE OKa3bIBAIOT BIUSIHUE (T.€. 1edop-
MUPYIOT, UCKPUBIISIIOT) Ha OKPYKalollee MUKPOIIPOCTPAaHCTBO. OTInune nx
BJMsTHUS OT BiusiHUs Mosiekysl PHK n JIHK cocTtout B TOM, 4TO GOJIBIIMHCTBO
13 HUX (3a uckmouyeHrneM PHK MUTOXOHIpWit) HE OTKPBIBAIOT KAY€CTBEHHOTO
Oapbepa Mexay (pU3NIECKUM U BTOPBIM MaTepUaIbHbIM YPOBHAMU. [103TOMY
Ha BTOPOM MaTepuajibHOM YPOBHE BCE 3TU Ae(OpMalMu, BMECTE B3SThIE,
CO3Ja10T TOYHYIO KOMUIo (prznuecku mioTHol kietku (Puc. 4.3.14). Tak xe,
KaK ¥ CJIeIbl Ha BJIAXKHOM 3eMJIe MOBTOPSIOT (pOpMY HOT, TaK MU BTOPOE MaTe-
pHUATIbHOE TEJIO KJIETKU SIBJISIETCS MMOJTHOM Komuel (pU3n4ecKu TNIOTHOM KJIET-
Ku. OTIM4Me TOJBKO B TOM, YTO BTOPOE MaTepraabHOE TEJIO KJIETKM 00pa3y-
€TCS U3 OJHOU MEPBUYHOU MATepuu, B TO BpeMs, KaK (DM3NYECKU TIJIOTHAS
KJIETKA — CJIMSTHMEM CEMU MEPBUYHBIX MaTepuii. Takum odpa3zomM, oopa3yeTcs
cucteMa (PU3NYECKHU IMIOTHAS KJIEeTKa — BTOPOE MaTepUaIbHOE TEJIO KIETKMU.
B ¢usnyeckoit KiaeTke MOCTOSHHO MPOUCXOAST MPOLIECChl PACIICIICHUS
(pnznyecku MIoTHOrO BemlecTBa. [lepBuuHble MaTepry BBICBOOOXKIAIOTCS 1
HAaYMHAIOT HUPKYJIMPOBATb MEXIY YPOBHIMU 1O CO3IABAEMOMY SIIPOM KJIET-
KM KaHany, GopMupys 3allIUTHYIO 000J0YKY KIECTKH.

Kak xxe Bo3HMKaeT U3 BEIOpaChIBAEMbIX 110 KAHATY ITIEPBUYHBIX MaTepUi
3alMTHas 000104YKa KiaeTku? Kakue npupoaHbie Wi 00XXECTBEHHbBIE CUJIbI
«I103a00TUJIUCh» O TAKOM 3allIMTE XXUBBIX CO3AaHUIi? 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, 0Opa3yolue Sapo KJIETKU, 1e(POpPMUPYIOT MUKPOITPO-
CTPAHCTBO BOKPYT ceds. IIpu 3ToMm, B 30He AepopMallMv yBEIUYMBAETCS
MEPHOCTb MUKPOIIPOCTpaHCTBA. BEICBOOOIMBILIMECS ITPU paCIIEIJICHUN ep-
BMYHbIE MAaTepPUU HAYMHAIOT JIBUTAThCS I10 CO3JaBAEMOMY SIAPOM KJIECTKU
KaHaJly ¢ PU3UIECKOro YPOBHS Ha BTOPOI, TPETUM MaTeprabHbIe YPOBHU U
T.J. DTOT NOTOK NMEPBUYHBIX MAaTEPUIA HAaIpaBJIeH IMIPOTHUB OCHOBHOTI'O ITOTOKA
MEPBUYHBIX MaTepUil MaKpoIpocTpaHCcTBa. [1oaTOMY BhIOpachiBaeMble Yepes
KaHaJl KJIETOYHOTO si/ipa NEepBUYHbIE MAaTepPUX pa3BOPAYMBAIOTCSI BO BCTPEU-
HBIX IMTOTOKAaX MNEePBUYHBIX MaTepuii, GOPMUPYIOIIUX Chephl MIaHEThl. AHA-
JIOTHEI 3TOMY MOXET CIyKUT poHTaH. CTpys BOIbI, BbIOpackIBaeMasl Mo, 1a-
BJICHMEM, TIOJHUMAECTCS OO0 ONpeNeJI€eHHOM BhICOTHI. M3pacxonoBaB Havyalb-
HBII MTOTEHLIMAJ, OHA CNAJAaeT BHU3, CO3/aBasi CBOCOOPA3HbIN BOASIHOM KYIOJI.
Taxk 1 nepBUYHbBIE MAaTEPUM, BEIOpAaChIBa€MbIE Yepe3 KaHal KJIETOYHOTO sIpa,
Pa3BOPAUYMBAIOTCS BCTPEUHBIMM ITOTOKAMU. M IBUTAIOTCS BAOJIb 30HBI UCKPH-
BJICHUSI MUKPOIIPOCTPAHCTBA. JJOCTUTHYB (DM3MUECKOTI0 YPOBHS OHU, TOBTO-
psst GOPMY UCKPUBJICHUS MUKPOIIPOCTPAHCTBA, 3aBOPAYMBAIOTCS K KJIETOY-
HoOMY s1py. B pe3yabraTe BOKpyr (pM3M4YeCKu MJIOTHOIO ¥ BTOPOr0 MaTepuasib-
HOTI'O TeJI KJIETKM ITIePBUYHbIE MAaTEpPUU CO3IaI0T U30JIUPOBAHHYIO 30HY (Puc.
4.3.15). Ilocne 3aBepiueHUsT GOPMUPOBAHMS 3aALLUTHON 000JI0YKM, OOIIUIA
MOTOK MEePBUYHBIX MATEPUM IIPOCTO OrubaeT 3Ty 30HY. BHyTpu naHHOI 3a-
IIMTHOI 000JI0YKM BO3HMKAET CBOEOOpa3HbIii MUKPOKINMAT, 0a3UC, IIe BTO-
poe MaTepuabHOE TEJIO KJIETKM MaKCUMAaJIbHO M30JIMPYETCs, KaK OT Xaoca
OKPYKAIOIIEl Cpeabl, TAK Y OT BIMSHUS IPYTUX KJIECTOK WX OPTaHU3MOB. 3a-
LIMTHAas U30JUpyIolast 000J04Ka OyIeT CyleCTBOBATh A0 Te€X MOp, IOKa 0y-
JeT IIPOUCXOIUTh PaclleIJIEHME BELIEeCTB BHYTPU KIIE€TKU U (DYHKIIMOHUPO-
BaTh KaHAJI MEX/Y YPOBHSIMU KJIETKU. Apyrumu ciioBamMu, 10 TeX IOpP MoKa
KJIETKA OCTA€TCS XKMBOM. B MHOTOKJIETOUHBIX OpraHn3Max, KJIeTKA UMEIOT pa-
31MYHbIe PYHKIIMU U, KaK CICICTBUAEC, MPUOOPETAIOT pa3Hble BHELIHUE (DOp-
MbI. JIF00011 MHOTOKJIETOYHBIM OPraHu3M IIPEACTABISICT COO0M KECTKYIO KO-
JIOHUIO, B KOTOPOU BHEIIHIOKO Cpey OOJBIIMHCTBA KJIIETOK 00pa3yloT ApyTrue
KJIETKH! TOrO XK€ opranusma. [Ipudém, 3To (puKkcrupoBaHHOE MOJOXEHME KJTE-
TOK COXPaHSIETCS Ha MPOTSIKEHUM BCEU X KU3HU (MCKJIIOUEHUE COCTABISIIOT
KJIETKHA KPOBH).

BcrioMHmMM, 4TO Kaxmas KuBasi KJIeTKa CO3Ia€T BTOPOE MaTEpUaAIbHOE Te-
JIO, KOTOPOE IIPEACTABISIET CO00I €€ CTPYKTYPHYIO KOTIHMIO. B XXKE€CTKOM KOJI0-
HUM MOJIOXEHME KIETOK 3a(DPMKCUPOBAHO, ITO3TOMY UX BTOPbIE MaTepUaIbHbIE
TeJia TAaKXKe MMEIOT PUKCUPOBAaHHOE MoJioxXeHue. [1oaTomy Ha BTOpoM MaTe-
pUAJILHOM YPOBHE BTOPhIE MaTe€pUaIbHbIC T€JIa KJIETOK 00pa3yloT aHAJIOT Y-
HYIO XECTKYIO CUCTEMY — BTOPOE MAaTEPUATIbHOE T€JIO MHOTOKJIETOYHOI'O Op-
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raHu3Mma. B xoae 3BOIIOLIMY MHOTOKJIETOYHBIX OPTAaHM3MOB CIIeLIMaIU3aLI1s
KJIETOK IpHBeJIa HE TOJIBKO K TOMY, YTO OHM CTaJIU BBIIISIAETh 110 APYTOMY, HO
1 CTEIEHb UX BIAMSHUS Ha CBOM MUKPOKOCMOC IpeTepIiesia CylleCTBEHHbIE
KayecTBeHHbIe M3MeHeHUsl. Jledopmaliysi MUKpOTPOCTPAaHCTBA, Co31aBaeMast
HECKOJIbKMMU TUITAMU KJIETOK MHOTOKJIETOYHOT'O OpraHu3Ma IpuBeia K TOMY,
YTO MPOUCXOAUT OTKPHITUE KAYECTBEHHOI0 0apbhepa MeXIy BTOPbIM U Tpe-
ThbUMM MaTepUaJIbHBIMU YPOBHSIMM TIAHETHI. [1pu 3TOM, Ha TpeTheM MaTepU -
aJIbHOM ypOBHE (DOPMUPYIOTCS, IO aHAJIOTMU CO BTOPHIM MaTepUaIbHBIM
YPOBHEM, TOYHBIE KOMUHY (PU3MUECKU TJIOTHBIX KJIETOK CO BCEMU UX OCOOEH-
HocTsaMU. Ha30BEéM 3TH KoUK TpeTbUMU MaTepraabHbIMU TeJIaMU (PU3nYe-
CKM TJIOTHBIX KJETOK. OTIM4Me MX OT BTOPbIX MaTepUabHBIX TeJ KJIETOK
OIpeJeIsIETCS HE TOJBKO PACIOJI0XEHMEM Ha CJeIYIOIIeM KaueCTBEHHOM
YPOBHE IIAHEThI, HO M KAYECTBEHHBIM COCTaBOM. [1oHbIE TPEThbU MaTepUaIb-
HbIE TeJla 00pa3yloTCs B pe3yJIibTaTe CUHTE3a U3 IBYX NEPBUYHBIX MaTepuit
(Puc. 4.3.16). TpeTbu MaTepraibHbIC TeJIa KJIETOK MHOTOKJIETOYHOI'O OpraHu-
3Ma Takxke 00pa3yroT XKECTKYIO CUCTEMY — TpeThe MaTepraJibHOEe TeJI0 MHOIO-
KJIETOYHOT'O OpTaHM3Ma.

[TosiBaeHMe TpeTbUX MaTepUaIbHBIX TEJ Y XKMBbIX OPraHU3MOB SIBUJIOCH
KOJIOCCAJIbHBIM Ka4€CTBEHHBIM CKAYKOM B pa3BUTUM XHBo# npupoabl. Ha-
JIM4KME Y KJIETOK TPEX B3aMMOJEMCTBYIOIIMX MEXAy COO0OI YpOBHEN CO31aJ10
HEOOXOIUMBIE 1 IOCTAaTOYHbIE YCIOBUS 11 BOSBHUKHOBEHMSI NAMATH, SMOIMIA
1 HHTEJJIEKTA, YTO U SIBJISIETCSI OCHOBOM BHICOKOOPraHW30BaHHOM XXBOI Ma-
Tepun. HekoTopble TUIIBI KI€TOK MHOTOKJIETOYHBIX OPraHU3MOB, IPU CBOEM
aJanTalyuy K BIIOJHSIEMbIM UMY (OYHKIIUSIM, U3MEHUWJINUCH 10 TaKOU cTere-
HU, 4TO BbI3bIBaeMasi MU aedopMalsi MUKPOIIPOCTPAHCTBA JOCTUIJIA Ue-
TBEPTOr0 MaTEPUAIbHOIO YPOBHSI IJIAHEThI. DTO — KJIETKM T'OJIOBHOTO, CITMH-
HOT'0 M KOCTHOI'O MO3ra. AHaJJOTUMYHO, Ha 3TOM YPOBHE 00pa3yeTCs 4eTBEPTOe
MaTepuabHOE TeJI0 MHOTOKJIETOUHOIO OpraHu3Ma 13 MaTepUaibHbIX TeJT KJie-
TOK 3T0oro opraHusma (Puc. 4.3.17). Takum o0pa3om, B CO31aHMU BTOPOIO Ma-
TepUaJIbHOT'O TeJIa YYaBCTBYIOT BCe KJIETKU (PU3MUYECKU IJIOTHOIO OpraHu3ma.
B co3maHum TpeTbhero MarepuaabHOro Tejia — OOJILIIMHCTBO KJIETOK. Ye-
TBEPThIE MaTepUaIbHbIC T€JIa MOTYT BOBHUKHYTH JIMIIb Y HEKOTOPBIX BUIOB
>KMBBIX OPraHM3MOB M TO Ha ONIpeAeIEHHOM YPOBHE MX pa3BuTHUs. B coznpanumu
IISITOr0 MaTEpUAJILHOIO TeJIa MPUHUMAET y4acTUE TOJIbKO YaCTh KJIETOK MHO-
rokjeToyHoro opranusma. [loatomy, yueTBEpTOE U NsITOE MaTepuaibHbIE Teja
Ka4yeCTBEHHO (BHEIIIHE — TOXE) OTJIMYAIOTCS, KaK OT TPEThero, Tak U OT BTO-
pOro MaTrepuaibHbIX T€JI MHOTOKJIETOUHOr0 opraHn3zmMa. @u3nyecku rioTHOe
WIX MEepBOE MaTepuaabHOE TEJIO KJIETKM, BMECTE CO BTOPBLIM, TPETbUM, Ye-
TBEPTHIM U T.[. MaTepUAJIbHBIMU T€JIaMU, IPEACTABIISIOT COO0I OTHY CUCTEMY
— XXMBOI opraHu3M, XXHUBYI0 MaTtepulo. TobKO Bce BMECTE OHM CO3Jal0T Uy-
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JI0 IPUPOJIbl — XXKMBYIO MATEPUIO, XU3Hb, 3BOJIOLMS KOTOPO 3aKOHOMEPHO
MIPUBOAUT K 3apOXIACHUIO padymMa — CaMOCO3HaHUS XUBOW Matepuu. Ilpu
HapylLIeHUU B3aMMOAEUCTBUS (DU3NUECKU IIJIOTHOTO TeJjla KJIETKU (ITepPBOTO
MaTepUaJILHOIO TeJia) ¢ OCTaJIbHBIMU MaTepUaJlbHBIMU TeJIaMU, IIPOUCXOAUT
HapylieHUe QYHKIMOHMPOBAHUS U CaMOM KJIeTKU. [ IpekpaliieHne HupKyJisi-
LI TIEPBUYHBIX MATEPUI MEXKIY YPOBHSIMU KJIETKY ITPUBOAUT K CMEPTH ITO-
cienHeil. ZKuBast kjeTka He MOXeT (YHKIIMOHMUPOBAThL 03 00paTHOM CBSI3U
CO CBOMMU APYTUMU MaTepUaIbHbIMU TEJIaMU. TaK XXe, KaK U Apyrue MaTepu-
aJIbHbIE TeJla KJIETKU He B COCTOSIHMM (PYHKLIMOHUPOBATh, 0€3 MOCTOSIHHOTO
Mpolecca pacraaa MoJIEKYJI B (pM3NIeCKHU TUIOTHOU KieTke. [1ociie octaHoBKA
>KM3HEHHBIX MIPOLIECCOB, (PM3NYECKU TIOTHAS KJIETKA pacnanaeTcs Ha opra-
HUYECKME U HEOPraHUYECKUE MOJIEKYJIbl. DTOT (PaKT HEe TPeOyeT IMOSICHEHUIA.
Ho, 4yTo nmpoucxoaut, mpu 3TOM, C OCTaJAbHBIMU MAaTE€pUAIbHBIMU TE€JIaMU
KJIETKU? Pa3pyiaroTcs 1 OHU HAIogo0ve (pU3MIECKHY ITOTHOTO Teja KJIETKHU
I HAOJII0JAaI0TCSl MHBIE TIPOLIECChI M, €CJIY Ja, TO Kakue?

J1efiCTBUTEJILHO, BTOPOE U T.JI., MAaTepUAJIbHBIE T€J1a BOZHUKAIOT B PE3YJIb-
TaTe AePOopMallMu MUKPOIIPOCTPAHCTBA, CO3AaBAEMON (PpU3NYECKU IIIIOTHOM
KJieTKoM. [1oaTOMYy, IIEpBOE YTO MOXKET MPUIUTU HA YM, TaK 3TO TO, YTO U BCE
OCTaJIbHbIE MaTepUaJIbHbIE TeJIa KJIETKU MCUYEe3al0T, IIpU pacnaae pusndecku
iotHoro. Ho, Tak i1 3T0, BOT, B Y€M BOITpOC?

JlaBaiiTe BCIIOMHMM, YTO BTOPOE U T.NI., MATEpUAIbHbIC TeJIa KIETKU MO-
SIBJISIIOTCSI, KaK pe3yabTaT HaCchIIeHUS AeopMalium, Co31aBaeMOi KIETKOM
Ha TOM WJIM UHOM YPOBHE NNEPBUYHBIMU MATEPUSIMU, KOTOPBIE HE BXOAAT B CO-
CTaB KaxXO0ro U3 3TUX YPOBHEN. BTopoe MaTepuasibHOE TEJIO — MNEPBUYHOMN
matepueit G, tpetbe — G u F, yetBéproe — G, Fu E u T.1. [Ipu Takom pac-
KJ1aJe, OpocaeTcs B IJIa3a KAYeCTBEHHOE OTJIMYME IEPBOTO OT BCEX OCTAJIbHbBIX
MaTepUAJIbHBIX TeJl KIEeTKU. [lepBoe MaTepruaibHOE TEJI0 00Pa30BaAHO U3 2U-
OpuoHoil MaTepyuy, BO3HUKILUEH TPU CIAUSIHUUA CEMU TEPBUYHBIX MATEPUI.
Bce octanbHbIe MaTepraibHbIE T€J1a KJI€TKU BO3HUKIIM, KaK pe3yJabTaT HaChl-
LLICHUSI nepeutHbIMU MaTepUsIMu 1edpopMallMi MUKPOIIPOCTPAHCTBA, CO31a-
BaeMOI (pM3MYECKU TUIOTHBIM TEJIOM KJIeTKM. Kak citen Ha MSITKOM IMo4YBe 3a-
MOJIHIETCS JOXAEBOM BOOOM, TaK U AedopMalisi MUKPOIPOCTPAHCTBA, BbI-
3pIBaeMasl GpU3NIYECKU MIOTHOM KIETKOM, HACKIIIAETCS COOTBETCTBYIOIIMMU
MepBMYHBIMU MaTepusiMU. W, Kak He Bceraa ucue3aet cjell, OCTaBIeHHbI HO-
roii B MSITKOM TTOYBE, TaK M HE BCETIa MCUE3al0T BTOPOE U IPYTHUe MaTepraib-
HbIE TeJ1a, MOCJIE pa3pylIeHUs (PU3NIECKHU MJIOTHOIO TeJIa KICTKH.

JlaBaiiTe BBISICHMM, YTO X€ C HUMU Mpoucxoaut? [1pn Hamumnmy y KJIeTKu
TOJIbKO BTOPOI'O MaTe€pUaJbHOIO TeJia U3 IIepBUUHON MaTepun G, BOBHUKAET
CUTyalLMs B KOTOPOI BO3MOXHO HECKOJILKO BAPMAHTOB PA3BUTHS ITpOLIECCa.
Btopoe maTepuanbHOE TEJIO CO BPEMEHEM TEPSET IJIOTHOCTb HACHILLICHUS
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nepBrUYHOI MaTepueit G; mpyu Haan4uu (pU3MIECKU IJIOTHOTO TeJjla, BOCIIOJ-
HEHMEe MOTEPb NPOUCXOIUT 3a CUET HACHILLEHUS TIEPBUYHBIMU MAaTEPUSIMU,
BBICBOOOXIAEMBIMHU TIPU pacIiafic MOJIEKYJ BHYTPU KJIE€TKHA, HO M OOJIbIIAs
YacThb ITIOTEPb BTOPIM MaTepUaIbHbIM TEJIOM IEpBUUHOMI MaTtepuu G, B TO XKe
camMoe BpeMsl, BbI3BAHO BO3BPATHBIM IIOTOKOM 3TOM NEPBUYHOIM MaTepuu Ha
(bn3rMYECKM TIOTHBIMA YPOBEHb. DTOT OOPATHBIM ITOTOK U SIBJISIETCS HEOOXO-
JUMBIM YCJIOBUEM HOPMAaJbHOIO (PDYHKILIMOHUPOBAHUS XUBOU KJIETKU. [1pn
pa3pyiieHuH (PU3NIECKM TNIOTHOM KJIETKM, IIPEeKpaIlaeTcss U 00paTHBINA MOTOK
nepBUYHO Matepuu G OT BTOPOTro MaTepMaJibHOIo Teja K rnepsomMy (Puc.
4.3.18).

Bropoe MmaTepuanibHOE TeJ10 MPOA0IKAET TEPSTh HEKOTOPYIO YaCThb Mep-
BUYHOI MaTepuu G, U3 KOTOPOIl U 00pa3yeTcsi COOCTBEHHO BTOPOE MaTepu-
aJIbHOE TeJIO KJIEeTKMU. B pe3yiibraTe 4ero, mI0THOCTb BTOPOTO MaTEPUATIBHOTO
TeJa YMEHbIIAETCs, OHO, KaK Obl «TaeT». M ecim ObI mpoLecc «TastHbsI» IPO-
JoJoKaacs Obl, 0e3yCcIOBHO, BTOPOE MaTEpUAJIbHOE TEJIO0 KJIETKU, YePe3 HEKO-
TOpOE BpeMsI Iocjie TMoen (U3NIECKH IIOTHOTO, ucuesiio Obl. Ho, aToro He
npoucxoaut. M Bot, mouemy. BcritoMHUM, 4TO 1OCIe 3aBepIIeHNsT (OPMUPO-
BaHMSI TJIAHETHI, TIEPBUYHBIE MAaTePUU MPOAOJKAIOT IPOHU3bIBATH 30HY HE-
OIHOPOIHOCTU MPOCTPAHCTBA, B KOTOPOU MPOU3OIIEI CUHTES IIJIAHETHI. A 3TO
03HAYaeT, YTO ITOTOKHU MEPBUYHBIX MaTePHil IPOHU3BIBAIOT U BCE MaTEpUaAJIb-
HbIE TeJ1a KJIEeTKHY, BKJIIoYas U (puzndecku iotTHoe. M ecim HackleHne pu-
3UYECKHU TJIOTHOTIO Tejia CBOOOAHBIMU TEPBUYHBIMU MaTEpPUSIMU HE UTPAET
NPUHLUITMAILHON PO B QYHKIIMOHUPOBAHUU (PU3UUECKU MJIOTHOM KIIETKH,
TO, MIPY IIPOHU3BIBAHNUM ITOTOKAMU MEPBUYHBIX MAaTEPUIL BTOPOTO U IPYTUX
MaTepUaAJIbHBIX T KJIETKW, KApTUHA KapIMHAJIbHO MeHseTcsa. Bropoe mate-
puajabHOE TeJIO MpeacTaBaseT cO00i CrycToK nepBuyHoi Marepuu G, 3a-
MOJHMBIIEN AeopMalMi0 MUKPONPOCTPAHCTBA, CO3JaHHYIO (PU3NUYECKU
TUIOTHBIM TE€JIOM Ha BTOPOU MaTepuaibHOM cepe. [1oaToMy, mpu IpOHU3bI-
BaHUM TI€PBUYHBIMU MaTEPUSIMU TIAHETAPHOI'O MPOCTPAHCTBA, IIepBUYHAs
MaTepus G HachILIAeT ¥ BTOPOE MaTepraIbHOE TeJI0. AHAJIOTUYHO TOMY, KaK
TIOTEPS BOABI JTY>KEH U BOJOEMOM B XKapKHE THU BO3MEIIAETCS TOCPEICTBOM
noxaei. [JTaBHoe — 4TOoOBI «10XKIW» IIJIU peryJisipHo. M ecau B ciayydae ¢ ny-
>KaMU 3TO CJIy4aeTcs 1aJeKO He BCeraa, TO B CIydae HaChILLEHWST BTOPOIO Ma-
TepuabHOIOo Teja nepBUYHOM MaTepueid G, mogooOHas mpobdema mpakTuye-
CKM HMKOTJa He BO3HUKAET. TakuM 00pa3oM, KaUECTBEHHOE OTJINYME ITPUPO-
bl 00pa3zoBaHus (PU3UYECKHU TIOTHOTO TeJia KJIETKU OT IIPUpPOabl 00Opa3oBa-
HUS IPYTUX MaTepUaJIbHbIX TeJI KJIETKH, CO3Jal0T YHUKAIbHYIO CUTYyalMIo, 0e3
KOTOPOI 3BOIIOLIMS KMBOI MaTepuu ObLa ObI IIPOCTO HEBO3MOXXHOIA.

ITocne paspymenus (pu3n4ecKu IVIOTHOM KJIE€TKH, IPyrie MaTepuaJibHbIe Te-
JIa KJIETKH He MCYe3al0T, He Pa3pylaloTCs, a COXPAHSIOTCA 32 CYET MOANUTKH 1O~
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TOKAMM NEPBUYHbIX MATEPHIi, MPOHU3BIBAIOIIUX IIAHETAPHOE MPOCTPAHCTRBO.

[TpaBna, cymiecTByeT BeCcbMa CYyIIECTBEHHOE OTJIMYME MEXKY STUMU J1BY-
MS$I COCTOSTHUSIMU. be3 (pr3nuecKu MIOTHOTO TeJla KJIETKU, B KOTOPOM IIPOUC-
XOAUT aKTUBHBIN TPOLIECC pacliaga MOJIEKYJ Ha MEepBUYHbIE MaTEepUU UX
o0pa3ylolre U MOLIHOIO HACKILLIEHMSI UMW BTOPOI'O U APYTMX MaTepUaIbHbIX
TeJI KJIETKU, BTOPUYHOE HACHIILIEHYE IEPBUYHBIMU MAaTEPUSIMU 3TUX TEJ IPO-
HMCXOOUT OYEHb MEVIEHHO. B pe3ynbraTe 3Toro Bce mpouecchl, IpOUCXOISIIne
Ha YpOBHE BTOPOI'O U APYTUX, MaTEpUAJIbHBIX TeJl KJIETKU 3aMeJJIsIIOTCS B
COTHM, a TIOPOM, U B THICSIYM pa3. 3aMEIJISIOTCS, HO HE TIPEKPAIIAIOTCI. DTO
— BeCbMa BaXKHbBII1 MOMEHT, UMEIOLLIMI MPUHLIUITMAILHOE 3HAYEHUE JIJIST T10-
HYMAaHMsI, KaK CaMOM XX1U3HU, TaK U BO3MOXXHOCTH 3BOJIIOLIMHU KMBOM ITPUPO-
nbl. JlaBaiiTe moapoOHO, CTYNIEHbKa 3a CTYIIEHbKOM, 11ar 3a 11aromM, mpoaHa-
JIM3UPYEM MPOUCXOMSIIME NPOLECCHl B XMBOM CUCTEME MOCJIE pa3pyLLIeHUs
(bn3MYECKM MIIOTHOTO TEJIa KJIIETKH.

[1pu HanVYMM y KIETKM TOJIBKO BTOPOTO MaTepUaIbHOTO TeJIa, ITOCe pa-
3pylleHMs (PU3NYECKH TJIOTHOTO TeJla KJIETKH, BTOpOe MaTepUaabHOE TEJI0 He
HcYe3aeT, HE pacCEUBAETCs, KaK YTPeHHUI TyMaH, nofd Jydamu CosHua. Ko-
HEYHO, IVIOTHOCTb BTOPOTO MaTEepUAJILHOIO TeJia 0e3 (pu3nuecKu MJI0OTHOTO
3HAYUTEJbHO NAJacT, HO TMTOAMMTKA 32 CUET MEPBUYHBIX MaTePUiA, IIPOHMU3bI-
BalOIIMX MJIAHETApHbIE YPOBHU HE IO3BOJISIET MOJHOCTbIO «BBICOXHYTh»
BTOpPOMY MaTtepuajibHOMy Teny. IToyemy 3T0 mpuHUMNOKUAIBHO BaxXHO? YTo
CJIyYMJIOCh ObI, €CJI Obl BTOPOE MAaTEPUAIBLHOE TEJIO KJIETKU «BBICHIXAJIO»
rnocJie paspyiieHus: Gu3ndeckKu mioTHoro Tena? Hudero «ocoOEHHOTO»,
TOJIBKO TO, YTO 3BOJIIOLIMU XXKMBOU MaTEpUU, TIOSIBJICHUS pa3yMa «I[IpOCTO» He
Mpor301L10 Obl. BloTHE BO3MOXHBI CUTYallMM, KOT/1a BTOPOE MaTepUaIbHOE
T€JIO MOXKET ObITh MOJTHOCTBIO Pa3pyLLIEHO B CUJTY TEX UJIM MHBIX IIPUYNH, KaK,
HaIpuMep, BO3JI€HICTBME€ MOLIIHBIX BUXPEBBIX IIOTOKOB IEPBUYHBIX MaTEPUIA,
MPOTEeKAaIOIIMX Yepe3 IIaHeTapHble ypoBHU. Ho, Takue sIBJIeHUs CITyd4aloTcs
HE TaK 4acTO M HE CO31al0T III00aIbHBIX MTP0o0JIeM, HE YTPOXKAIOT KMBOI Ma-
TepuM U €€ 3BoJoluu B 1esioM. Ho, Borpoc, moyemy «HEBbIChIXaHUE» BTO-
pOTO U APYTMX MaTEpUATbHBIX T€JI KJIETKHU, TTOCJIe pa3pylieHUs (pU3n4ecKoro
TeJia KJIETKHU, SIBJISIETCSI KJII0UYE€BbIM MOMEHTOM JIJISI BO3MOXXHOCTHU 3BOIIOLIAN
KMBOM MaTepUU U 3apOXICHUS pa3yMa, OTJIOXMM Ha HEKOTOPOE BpeMs U
BEPHEMCS K KaUeCTBEHHBIM MpoleccaM, MPOUCXOASIIIUM C KJIETKAMU, Me-
IOIIMMHU Pa3HYIO KAYECTBEHHYIO CTPYKTYPY.

Ecnu xxuBas KjieTka uMeeT, Kak BTOpoe, TaK U TPEThe MaTepUuaJibHOE Te-
JIO, TO, IIPU pa3pylIeHUU (PU3MIECKHU IUIOTHOTO Tejia, 0€3 MOANUTKY ITIepBUY-
HBIMM MaT€pUSIMM, YEpPE3 paCIICIICHUE MOJEKYaA B (PU3NYECKU MJIOTHOM
KJIETKE, OKa3bIBAIOTCS yKe JBa MaTepUAJIbHBIX TeJIa — BTOPOE M TPeThe MaTe-
puaJibHble Teja. M, ectecTBeHHO, MOCJIe MPEKpaIleHUS «I101a41 HaBepX» (pu-
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3MYECKU MJIOTHOM KJIETKOM MEPBUYHBIX MAaTePUIi «XyJIeeT», KaK BTOpPOe, TaK
TpeTbe MaTepuajbHbIC Tejla KJIeTKU. Ho, onsaTh-Taku, He MPOUCXOAUT UCUe-
3HOBEHME 3TUX MaTEpUAJIbHBIX TEJI ITOC/Ie pa3pylleHUS (PU3NIECKU TIOTHOM
KJIETKM 3a CYET BCE TOTO XK€ HACBILLIEHUS MTOCIESIHUX TEPBUYHBIMU MaTEPUsI-
MU, ITOCTOSTHHO ITPOHU3BIBAIOIIUMU TJIaHEeTapHbIe YPOBHU. OTIMYME 3aKJTIO-
YaeTCs B TOM, UTO TPETbE€ MAaTEPUAILHOE TEJIO KJIETKU MOAMUTHIBACTCS YK€
nByMs iepBUUHbIMU MaTepusiMu G 1 F. [Tpryé€M, CKOpOCTb HaChILLIEHUS Iep-
BUYHBIMM MaTepUSIMHU TPEThEro MaTepuaJbHOrO Teja KJIETKW OOJbliie
CKOPOCTHM HACHIIIEHNSI BTOPOr0 MaTepUaIbHOTO Tejia, MO OOHOM IIPOCTON
npuuurHe. [loToku nepBUYHBIX MaTEepUid, monaaasl B IVIaHETAPHYIO 30HY Je-
dopmanmu, IIpy CBOEM IBMXKEHUM Yepe3 HEE, BBIHYXKIEHBI «[TPOCAYNBATHCSI»
yepes KauyeCTBEHHbIE Oapbephl LIECTU IJIaHETAPHBIX MaTepUalbHbIX cdep. B
pe3yJIbTaTe 3TOr0 CKOPOCTh UX ABVKEHUS 3aMEIJISIETCSI. U CKOPOCTb JBVKEHUS
MEPBUYHBIX MaTepPUii, JOCTUTLIMX BTOPOI TJIAaHETAPHOU MaTepUaJIbHOM cpe-
pbl, CTAHOBUTCS MUHUMAJIbHOM, IO OTHOIICHUIO K CKOPOCTSIM Ha BCEX APYTUX
TUIAaHETapHBIX YPOBHSIX.

Kpowme aToro, miaHeTapHble KaUeCTBEHHbIE Oapbepbl BIIMSIIOT HA Pa3HbIC
MEpBUYHBIE MATEPUU HEOAMHAKOBO, B pe3yJbTaTe 4ero, NpoOMCXOIUT U3MEHE-
HIE COOTHOLIECHUS MEPBUYHBIX MaTepUii B 00IIEM MOTOKE, U CKOPOCTU UX
JIBVXKEHUS APYT OTHOCUTEIBLHO ApyTa BCE OOJIbIIE U OOJIbIIE HAYMHAIOT Pa3Jin-
4yaThCsl MOCJIE TIPOXOXKACHUS KaxKI0ro KaueCTBEHHOro 0apbepa IiaHeThl. UTo,
B CBOIO OYepedb, B 3HAUUTEIbHOM CTEIEHU CKa3bIBAETCS HA COOTHOLLIEHUU
MEXAY MEePBUYHBIMMA MaTEepPUSIMMU Ha KaXIOM IJIaHETAPHOM YPOBHE W,
COOTBETCTBEHHO, HA UHTEHCUBHOCTHU MPOLIECCOB, MIPOTEKAIOIINX HA KAaXKI0OM
13 IJIAaHETApHBIX YpOBHEN. [103TOMY, MpU HATMYKMHK Y KJIETKHA BTOPOTO U Tpe-
ThEro MaTepUaIbHbIX TeJI, HACBIIEHUEe TepBUYHbIMU MaTepusiMu G u F tpe-
ThEro MaTepUAJILHOIO TeJjia KJIETKM OyaeT MPOUCXOAUTH ObICTpEee, YEM IIPOUC-
XOJsl11Iee B TOXE 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 MPOUCXOOUT, IIPUMEPHO, OAUHAKOBO, TO, B PE3yJIbTaTe pa3ind-
HOM MJIOTHOCTU Y CKOPOCTHU ABUXKEHUS IIEPBUYHBIX MATEPUIA Uepe3 BTOPOU U
TPETUI IJIaHETAPHBIE YPOBHU, CKOPOCTb HACBIILIEHUS IIEPBUYHBIMU MATEPH -
SIMU 3TUX TeJ1 OyAeT paznnuHasi. BeaeacTBue yero, HachblleHME TIEPBUYHBIMU
MAaTEPUSIMU TPETHETO MATEPUAILHOTO TeJIa OyIeT MPOUCXOAUTh OTHOCUTEIBHO
ObICTpee, UeEM HaChILLIEHUE BTOPOTO.

KoHeuyHo, To HAChIIIEHUE HE UAET HU B KAKOE CpaBHEHME C HACHIILICHU -
€M MEePBUYHBbIMY MATEPUSIMU STUX TeJ, IPU HATUINUU (PU3NIECKU TNIOTHOTO
TeJia KJIETKU, HO, TeM HE ME€HEE, B pe3yJIbTaTe 3TOr0 HAChIIEHMS, BOBHUKAET
HEKMI M30BITOK, OTHOCUTEILHO BTOPOTO MaTePUAIbHOIO Tejla, MEPBUYHBIX
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MaTepuil B TPETheM MaTEpUAILHOM TeJjie KJIETKU. OTHOCUTEIbHBIN N30BITOK
KOHILIEHTpALIMM MePBUYHBIX MaTepUii HA YPOBHE TPEThEro MaTepUaIbHOTO
TeJ1a, O OTHOIUEHUIO K BTOPOMY MaTepUaibHOMY TeJTy, IPUBOAUT K TOMY, UTO
MEXKIY TPETbUM 1 BTOPBLIM MaTepUaaIbHBIMU TeJIaAMU KJIETOK BOBHUKAET OYEHb
cjiabast uupkyasauust nepsudyHoit matepuu G (Puc. 4.3.19). Hupkynsauus
TEPBUYHBIX MAaTEPUIl MEX Ty BTOPHIM M TPETbUM MaTepUaIbHbIMU TEJIaMU I10-
cJie TIOJIHOTO pa3pylleHus (PU3NYECKU TUIOTHOMU KJIE€TKU, €CTh HU YTO MHOE,
KaK IPOsIBJICHUE KU3HEIESITeIbHOCTU. JIpyrumMu c1oBaMu, €CJiv (pu3n4ecKu
TUIOTHAS KJIeTKa Iepel TEM, KaK pa3pyLIUThCs, UMea B CBOE KaueCTBEHHOMN
CTPYKTYpe, KaK BTOPO€, TaK U TPEThe MaTepuaJibHbIE Teja, TO, IOCJIE pa3py-
1IeHUS (PU3NUYECKU IJIOTHOTO TeJa, IMPOLIECCHI KU3HEAEATEIbHOCTU KIETKHU
Ha 3TUX YPOBHSIX HE OCTAaHABJIMBAIOTCS, a TOJILKO BO MHOTO pa3 3aMEIJISIFOTCS.

AHaJIOTMYHbIE MTPOLIECCH MPOUCXOISIT M Ha YPOBHE (PU3MUECKM TNIOTHBIX
TeJ1 Y 36 MHOBOJHBIX 1 MPECMBIKAIOIIMXCS, KOTIa IIPU OXJIAXKIEHUU Tejla aK-
TUBHOCTb X XXM3HEHHBIX IPOLIECCOB 3aMEJISIETCS B IECATKHU pa3 0€3 KaKOTo-
J0O0 Bpeda AJIsl 3TUX XXMBOTHBIX. bojiee Toro, HEKOTopble 36 MHOBOHbIC
TaKue, KaK JISITYIIKKW, MOTYT IOJHOCTbhIO 3aMEP3HYTh, IIPEBPATUBILIMCH B JIE-
JSTHbIE CTaTyM, a TIOTOM, HarpeBasiCh MOJi BO3IEMCTBMEM COJIHEYHBIX JIy4Yei,
MOCTENEHHO BO3BPALLIAIOTCS K HOPMAJIbLHOMY YPOBHIO aKTUBHOCTHU. B Takom
3aMOPOKEHHOM COCTOSIHUM OHU MOTYT HAaXOJAMUTbLCS COTHU JIET, TOJbKO Ha TE
K€ COTHU JIET OCTaHABJIMBACTCS U pa3BUTHUE UX OpraHu3Ma, 3Boonus. B Ta-
KOM 3aMOPOXXEHHOM COCTOSIHUM XXKM3HEHHbIE TPOLIECCHI (PU3NYECKU MIOTHBIX
KJIETOK OpTraHu3Ma JISITYLIeK 3aMeJISIIOTCS B IECSITKM ThICSY pa3, HO HE OCTa-
HaBJIMBAIOTCS MOJHOCTHIO. [I03TOMY B 3aMOpPOXKEHHOM COCTOSIHUU JISITYLLIKA
MPOJIOJIKAET UCITOJIb30BaTh 3aI1aChl OPraHMYECKUX MOJIEKYJI, HAKOTIJIEHHBIE 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 3aMOPOKEHHOM COCTOSTHUM JISITYIIKHT
HE B COCTOSIHUU MUTAThCsA. MoliKapy, KOTopasl SIBJASIeTCSI OCHOBHOM MUILEH
9TUX 36MHOBOJHBIX OHM MOKA €IIIE B COCTOSIHUM JIOBUTH TOJIBKO B AKTUBHOM
coctosiHuM. Oco00ii OMacCHOCTU YMEPEThb OT UCTOLLIEHMS B 3aMOPOXKXEHHOM CO-
CTOSTHUM Y JISITYLIEK MPaKTUYECKM HUKOTIA HE BOZHUKAET, TaK KaK 3aMOpa-
>KMBAIOTCSI OHU TOJIbKO Ha 3UMHUI TIEpUOJ, KOTJa TeMIreparypa Cpeabl Ux
obuTaHus oIryckaeTrcs Huxe HyJd 1o Llenbcuio. Tak BOT, 6e3 pusnyecku
IUIOTHOTO TeJ1a KJIETKX BO BTOPOM M TPEThEM MaTepUaIbHBIX T€IaX XKU3HEH-
HbIE TIPOLIECCHI HE OCTAHABIMBAIOTCS, a 3aMEJISIIOTCS B ThiCcsIuu pa3. Ho, Tem
HE MEHEe, 3TO BCE paBHO HE MOJIHAsI CMEPTh, KOTOPasl IOApa3yMeBaeT MOJIHYIO
OCTAHOBKY XXMW3HEHHBIX MPOLIECCOB HA BCEX YPOBHSX, TaK HAa3bIBAEMYIO,
a0COJIIOTHYIO CMEPTh.
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Tak BOT, [J1s1 JKMBBIX OPTaHU3MOB, 8 00AbUUHCMEE CAyHaes, abCONOMHAS
cMepmb He Hacmynaem HUKo020a.

ITocne pa3pyieHuss pu3nUecKH MIOTHOTO Tejla KJIETKU HACTYMAeT OTHO-
cUTeJIbHasl CMEPTh XKMBOTI'0 OpraHn3Ma, Koraa IpoTeKalolIne IMpoLecChl XK1 -
3HEAESITEIbHOCTH Ha YPOBHE BTOPOTO U TPETHEI0 MaTEpUaIbHBIX TeJI IPOTE-
KalOT B COTHM ThICSIU pa3 MeIJIeHHee, YeM, IIPYU HAJIMYUU MJIOTHOTO pU3U-
yeckoro Teja. [Tpu aToMm, >K1Boit opraHu3M TepsieT GU3NIYECKU MIIOTHOE TeJIO,
B JAaHHOM cJIydae OJIHOM KJIETKM, HO «BEPXHUE 3TAXKN» — BTOPOE U TPETHE
MaTepuaabHbIe Teja — MPOJOJIKAIOT CBOIO KU3HEIESATEIbHOCTD, XOTSI 1 3aMe-
JJIEHHYIO B COTHU ThIcs4 pa3. [IpaBaa, mpu 3ToM, MPOMCXOAUT 3BOJIIOLIMOHHOE
«3aMopaxuBaHUue» 3TuX Tesl. K cyacThio, B TAKOM COCTOSIHUMM 9TU TeJla HE Ha-
XOISITCS Be4HO. J1s1 OMHOKJIETOUHBIX OPraHU3MOB IIOJTHOE pa3pylueHue pu-
3MYECKU IJIOTHOTO TeJia MIPOUCXOIUT, Ipu npouecce aeaeHus (Puc. 4.3.20).
B pesynbraTe neneHus MosiBJISIIOTCS ABE TOXIECTBEHHbIE HOBbIE KJIETKH, B TO
BpeMsl, KaK «CTapasi» KJeTKa McYe3aeT MOJHOCThIO pa3pylliasicb BO BpeMsl
npouecca aeaeHus. [ToaToMy, «cTapasi» KieTKka yMUupaeT, B TOM IOHMMaHUH,
YTO OHA MEPECTAET CylLIECTBOBATh.

IToHnMaHMe MeXaHM3MOB AeJIeHUSI KJIETOK MO3BOJIUT B ITOJTHOM SICHOCTU
MpEeACTaBUTh SIBJIEHUST IMTPOUCXOASIIME PU pa3pylIeHUU, THOEIU XKMBOTO
opranusma. Yro xxe Takoe AeJieHHUE KJIeTKU, KaK OHO ITporcxoaut?! JlaBaiite
MOITbITaeMCsI pa300paThCsl, MOHSTh ATOT MEXaHU3M, KOTOPbIH SIBJISIETCSI OCHO-
BOIi Bcero xXnMBoro. Korma KoHLEHTpalMs OpraHMYeCKUX BeIeCTB, BOZHUK-
IIMX B KJIETKE B pe3yJibTaTte (pOTOCUHTE3a WX TTOTJIOLIEHHBIX KJIETKOM U3 BHE-
LIIHEH cpelibl CTAHOBUTCS KPUTUYECKOM, OHA TEPSIET CBOIO YCTOMYMBOCTD 1 Ha-
yprHaeTcs npouecc aejaeHus. [ToyemMy, mpu HaChILIEHUN KJIETKA OpraHU4YeCKM -
MU BelIeCTBaMU, OHa CTAHOBUTCSI HEYCTOMUYMBOI, M 3aITyCKAETCS MPOLeCce €€
neneHus?! [loueMy, MMEHHO KOHLIEHTpaLMsI OpTaHMYE€CKUX BELLIECTB CIYKUT
TOJTYUKOM IS pacraja CTapoil KIETKU 1 POXIEHUS IBYX HOBbIX, UMEHHO PO-
KIEHUSI, TaK Kak, MOsIBJIEHNE HOBBIX KJIETOK, BMECTO CTApOM U €CTh POXKICHIE
kjeTtok? IlouyeMy M, KakuM oOpa3oM 3amyckaeTcs 3T1oT rnpouecc? ITouemy
MMEHHO KpUTHYECKAasl KOHLEHTpalusl OpraHUYECKUX BEIIECTB B KJIETKE
MPUBOJASAT K €€ COOCTBEHHOI r'MOeIM U POXKJIEHUIO T1BYX HOBBIX KJIETOK?

BcrmoMHuM, 4TO K1eTouHass MeMOpaHa CIy>XKUT JIOBYLLIKOWM JIJIsSI OpraHu-
YEeCKMX U HEOPraHMYeCKMX MOJIEKYJI, OKa3aBIIMXCS B HEIOCPEACTBEHHOM
01130CTH OT KJIETKU. [Ipr COOCTBEHHOM CUHTE3€ OPraHUYECKUX COETUHEHUIA,
KJIETOYHasl MeMOpaHa sIBJISIETCSI IIPaKTUUYECKU HETPEOAOIUMbBIM MPEMSITCTBU -
€M 11 CUHTE3UPOBAHHBIX MOJIEKYJI, B pe3yJbTaTe 4ero, OHU Ha4YMHAIOT Ha-
KaIuiMBaTbCsl BHYTPU CUHTE3UPYIOLIEH KJIeTKU. Tak, mouemMy, HeHaChILLeHHasl,
«TOJIOAHAs» KJIETKA HE B COCTOSIHUM JACIUTHCS, a TOJIbKO HACBIIIEHHAS, «ChI-
Tash» KJIeTKa CTAHOBUTCSI TOTOBOI K TOMY, YTOObI TOrMOHYTh CAMOIA 1 «POIUTH»
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JBe HOBBIE KJIeTKM? Kakue CcylliecTBYIOT KaUeCTBEHHbIE OTJIMYMS MEXIY He-
HACBILLIEHHOM, «TOJIOAHOI» M HACBILIEHHOU — «ChITOM» KieTKamu?! Co0-
CTBEHHO, KJIETKa BIMSIET HA OKPYXKaoIlee MUKPOIIPOCTPAHCTBO, ONPEae/IEH-
HBIM 00pa3oM e OopMUpPYs €T0, B pe3yJbTaTe Yero, Ha BTOpOM MaTepruaaibHOM
YPOBHE BO3HUKAET TOXKJIECTBEHHBIN OTIIEYAaTOK, KOTOPBIN 3aIIOJTHSIETCS Mep-
BUYHOI Matepueil G, popmupys BTopoe MaTepuanibHoe Tejo. M3 dero cie-
JIYET, YTO YPOBEHb MEPHOCTU BHYTPHU KJIETKH OTJIUYAETCS OT YPOBHSI MEPHOCTU
OKpPYXaloIero €€ MUKpOIpOCTPAHCTBA.

Monexkynbsl ITHK 1 PHK xi1eTku, Kak yXXe 0TMEYaJIoCh BhILIE, CO30aBas
CTOSIUYIO BOJITHY MEPHOCTH, 1€(POPMUPYIOT CBOE BHYTPEHHEE IMTPOCTPAHCTBO
HACTOJIBKO, YTO IMPOUCXOAUT OTKPHITUE KAaYE€CTBEHHOTO Oapbepa MexXIy
MepBOI U BTOPOI MaTepuaibHbIMU c(pepamu. BeiieacrBue yero, BOSHUKAIOT
yCJI0BUS 111 POPMUPOBAHUSI BTOPOIO MaTepUaJIbHOIO Tejaa. MMEeHHO TOJIBKO
BO BHYTPEHHEM MPOCTPAHCTBE 3TUX MOJIEKYJ, IPOUCXOAUT OTKPHITHE Kaye-
CTBEHHOro 0apbepa, B TO BpeMs, KaK BCE OCTaJbHOE COAEPKMMOE KJIETKU
TOJIBKO J1Ie(POPMUPYET CBOE OKPYKAIOIIEE MUKPOIIPOCTPAHCTBO, HE BbI3bIBAS
OTKPBITUS KauyecTBeHHOro dapbepa. Ho, TeM He MeHee, BhI3bIBacMasl BCeil
KJIETKOU AepopMaLyisi BHyTPUKIETOYHOTO MUKPOIIPOCTPAHCTBA OKA3bIBACTCS
BECbMa CYILIECTBEHHOM. Takum 00pa3oM, COOCTBEHHBIN YPOBEHb MEPHOCTH
caMOI KJIETKM OKa3bIBA€TCS BeCbMa OJIM3KMUM K KPpUTUYECKOMY YPOBHIO, IIPU
KOTOPOM (PU3MUECKM MJIOTHASI MAaTEpUsi CTAHOBUTCSI HEYCTOMUYMBOI 1 pacrma-
JlaeTCsl Ha MIepBUYHbIE MaTepuu, e€ obpasyrouire. Ho, B HOpMaabHOM COCTO-
SIHUM, KJIETKA HAXOAMUTCS B YCTOMYMBOM COCTOSIHMM. Tak BOT, IIpU HAChI-
IICHUHU KJICTKA OPTAaHUYECKUMU BEIIECTBAMM, KJIETKA HAUMHACT «TSKEIETh»
U CUJIbHEH BJIMSATH Ha CBOU BHYTPEHHEE M BHEILIHEE MUKPOIIPOCTPAHCTBO.
MN3meHseTcss COOCTBEHHBIN YPOBEHb MEPHOCTU KJIETKM M, KaK CJIEICTBUE,
KJIETKa CTAaHOBUTCSI MeHee YCTOluMBa B LieJoM. [Ipu KpuTnueckoM Hachlle-
HUU KJIETKM OpPraHMYeCKMMM BelIeCTBAMM 3Ta HEYCTOMYMBOCTb JOCTUTAET
MaKCUMaJIbHOro ypoBHs. Kpome 3TOro, mpu OOJIbIIONM KOHLIEHTpaLUU
OpraHUYE€CKUX MOJIEKYJI BHYTPU KJIE€TKHU, 3HAUYUTEIbHO YBEIUYMBACTCS YUCIIO
MOJIEKYJI, 3aXBaTbIBA€MbIX BHYTPEHHUM 00bEMOM criipajieid Mmosiekys JIHK u
PHK. B pe3ynibraTe 3TOro, yBeJIMUMBaeTCs IMMOTOK MEPBUYHBIX MaTepUii ¢ (pu-
3MYECKU MJIOTHOTO Ha BCE OCTaJIbHbIE YPOBHU KJIETKU. UTO MPUBOIMUT K J10-
MOJTHUTEIbHOMY HACHIIIEHUIO BTOPOTO U APYTUX MaTePUATbHBIX T€JI KIETKHU
MEPBUYHBIMU MaTEPUSIMU.

Btopoe u npyrue matepuanabHbIe TeIa KJIETKU TOXKE BIUSIOT HA CBOE MU -
KpPOIIPOCTPAHCTBO, BCJIEACTBME YEro, IMPH MOSIBJICHUU JOMOJIHUTEIbHOTO Ha-
CBILIIEHMSI BTOPOIO MaTepUaIbHOIO TeJla IEpBUYHOM MaTtepueii G, BO3HUKAET
JTOTIOJTHUTEJIbHAS AePopMals MUKPOIIPOCTPAHCTBA KJIETKU U CO CTOPOHBI
BTOPOr0 MaTEePUAIbHOTO TeJia KJIETKM. BO3HUKAIOT ABE BCTPEUHBIE JOITOJIHM -
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TeJIbHbIE Ae(OopMaLI MUKPOIIPOCTPAHCTBA KJIETKM, KaK CO CTOPOHbI (PU3H-
YECKH IUIOTHOM KJIETKM, TaK U CO CTOPOHBI €€ BTOPOrO MaTEpUATbHOTO Tea.
B pesynbrare aTOro, HachlleHHas KJIETKA MPUOIMXKAETCS K KPUTUIECKOMY
COCTOSIHUIO CBOE ycToitunBoCcTU. [IpubamkaeTcsi, Ho, TeM HE MEHee, €ILE He
JOCTUTAET KpUTUUYECKOTro cocTosiHus. «[locmeaHeii Karieit» B 3ToOM mpoliecce
CJTY>KUT Havajio (popMHUPOBaHUSI BTOPOrO KJIETOYHOTIO SIApa.

Kak ke aTo npoucxoaut?!

LleHTproau pacxoasTcs Mo MPOTUBOIIOI0KHBIM ITOJIOCAaM KJIETKU U CTa-
HOBSITCSI IGHTPAMU, BOKPYT KOTOPBIX M TPOUCXOIUT MpoLIece aejieHus, pop-
MUpOBaHUsI HOBbIX KJIeTOK (Puc. 4.3.21). beakoBble HUTU HNOATSATUBAIOT K
LIEHTPHUOJISIM XPOMOCOMBI M3 CTAPOTO s/ipa KJIIETKU, U 3TO SIBJISIETCS Ha4alOM
(bopmurpoBaHMA IBYX HOBBIX KJIETOK. BHavase HOBbIE siipa copepxkKar Mmojo-
BUHHBII HA0OP HEOOXOAUMBIX XpPOMOCOM, TIO3TOMY JBa KaHajla UMU CO3/a-
BacMbIX, MPAKTUUECKH SKBUBAJECHTHBI KaHAIy siipa 0 Hayaja JeJIeHUs, U
KJIETKA €IIE COXpaHSIET CBOIO YCTOMYMBOCTD. [1pr aTOM, MEPHOCTH MUKPOKO-
CMOCa KJIETKU ITOYTHU HE U3MEHSIETCS Y COXpaHsIeTCs OalaHC IMTOTOKOB MEXITy
(pri3MyeCKrM 1 BTOPBIM YPOBHSAMM KieTKH. Kaxmass xpomocoMa B TaKUX S -
pax U3 HAKOILJIECHHBIX B KJIETKE OPraHUYECKMX BEILECTB HAUMHAeT BOCCO3/a-
BaTbh CBOET0 3¢ PKAJIbHOTO JBOMHUKA, YTO SIBJISIETCSI €CTECTBEHHBIM CTpEMJIC-
HUEM JI000M CUCTEMBI K COCTOSIHUIO MAaKCUMAJIbHOU ycTouyuBOoCTU (PHC.
4.3.22). I1pu 3aBepliieHUM 3TOTO IIPOLIecca, BHYTPU OJHOM KJIETKU 00pa3yroT-
csl ABa s1/1pa, KaX10€ U3 KOTOPBhIX UMEET KaHaJl, II0 KOTOPOMY IEpBUYHbBIC Ma-
TepUHU NEPEeTEKaT Ha BTOPOI MaTepruaabHbI YpoBeHb. JIBa siapa B JIOKaIb-
HOM 00BbEME KIIETKH CO3/IaI0T TAKOE UCKPUBJIIEHME MUKPOKOCMOCA, ITPU KO-
TOOM Cama KJIeTKa CTAaHOBUTCS HEYCTOMYMBOW M 00pasyloliye e€ opraHuye-
CKMe BellleCTBa cCaMM HAUYMHAIOT pachafaThCsl, U MEPBUUYHbIE MAaTEpUU, UX
oOpasyrllie, HAaUMHAIOT MepeTeKaTh Ha BTOPOIl MaTepUalbHbBIA YPOBEHDb B
CUJIY TOTO, YTO «JIUIIHEE» SIAPO B KJIETKE CO3AAET AOMOJTHUTEIbHOE UCKPUBJIE-
HYE MUKPONPOCTPAHCTBA KJIETKU, I COOCTBEHHbIN YPOBEHb MEPHOCTH KJIETKU
CTaHOBUTCI KpuTuyecKuM. [Ipn 3TOM, KOJIMYECTBO MEPBUYHBIX MAaTEpPUH,
repeTexkarlux ¢ (pU3nIeCcKOro ypoBHsI Ha BTOPOIi MaTepUabHbI 3HAYM -
TeJIbHO OO0JIblIe KOJIUYECTBA MaTepUHU TEePETEeKaIOIIero CoO BTOPOro MaTepu-
aJIbHOTO ypoBHsI Ha pusnueckuii (Puc. 4.3.23).

dusnuecKku MI0THas KJieTKa (CTapasi KjieTKa) HadMHaeT paciaaaThes Ha
MOJIEKYJIbI €€ 00pa3yollye B CUIY TOTO, YTO KaxKaasi OTIEJIbHO B3sITast MOJIe-
KyJia, UMeeT MEHbIINI YPOBEHb COOCTBEHHON MEPHOCTH, YEM CUCTEMbI U3
HUX, U TTO9TOMY OHM HE pacnajarTcs Ha YacTu caMu. Bo3HUKAaeT CBepXKpU -
TUYECKOE COCTOSTHUE U151 (PU3UUECKU TUIOTHOM KJIETKH, KaK €IMHON CUCTEMBI,
a He JIJ1 OTAEJIbHBIX OpraHNYeCKUX MOJIeKyJ1. COOCTBEHHbBIN YPOBEHb MEPHO-
CTU KJIETKU 3HAYUTEIbHO 00JIbllIe COOCTBEHHOIO YPOBHSI MEPHOCTU OTACIBHO
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B3STOM Opranndyeckoi Mmoyekymabl. [1o Mepe pacnaga ¢pu3ndeckom KJIETKHU, Ha
BTOPOM MaTepHaIbHOM YPOBHE CO3[al0TCs ABa BTOPHIX MaTEpUAJIbHBIX Teja
KJIETKM MOTOMY, UTO KaXXJI0€ SIAPO CO3MAET TOXKIECTBEHHOE UCKPUBJICHUE
MHKPOKOCMOCA Ha BTOPOM MaTepuaJibHOM ypoBHe. [Ipu 3TOM, KOJIUYECTBO
rnepBUYHOI Matepuu G B YaCTHOCTHU TepeTeKaolleii Ha BTOPOii MaTepuasib-
HbI YPOBEHb, CTAHOBUTCS M30bITOYHBIM Ha 3TOM ypoBHe (Puc. 4.3.24).

Korna 3aBepiuaercst pacnan crapoii (pU3n4ecKoi KJIIETKHA, BMECTO Hee
OCTAIOTCS COCTABJISIOIINE €€ OPTAHUYECKME MOJIEKYJIBI, T.€., OPTaHUYECKOE
BEILIECTBO — CTPOUTEIbHBINA MaTepUasl AjIs1 CO3JaHMsI HOBBIX KJIETOK. A, KaK
TOJIbKO MpeKpallaeTcsl MHTEHCUBHOE IepeTeKaHWe MEePBUYHBIX MAaTEPUl C
(pu3nyeckoro ypoBHS Ha BTOPON MaTepuabHbI, U30LITOK MEPBUYHON
MaTepuu G 13 IByX c(pOpMUPOBABIIMXCS BTOPBIX MaTepUAIbHBIX TeJI KJIeTKU
10 TEM K€ KaHajlaM HauYMHAET NepeTeKaTh CO BTOPOro MaTEpUaIbHOIO YPOBHSI
Ha (PU3NUYECKUU U CO3AAET MPOEKIIMU YXKE IBYX BTOPbIX MaTepUAIbHBIX Tl
KJIETKM Ha pu3ndeckom ypoBHe (Puc. 4.3.25). [1pu aTOoM, B 30HaX MpOeKLIMiA
BTOPbIX MaTE€pUaIbHBIX T€JI Ha (PU3NUECKOM YPOBHE, CO30AETCS TOMOIHUTEIIb-
HOE UCKPUBJIEHUE MUKPOKOCMOCA, T.€. CO31aI0TCSI HEOOXOAMMBIE YCIOBUSI 151
CUHTE3a MOJIEKYJ M3 MacChl OPraHMYECKOro BEIIECTBa, HAKOIIEHHOTO B
KJIETKE Mmepel AeJIeHUEM M BOZHUKIIIEro IPpU pacrajae CTapoil KIETKU 1 pac-
MOJIOKEHUS €ro B IOpsIIKe, 3aJaHHOM BTOPLIMM MaTepUaJbHBIMU TeJIaMU
kjeTok (Puc. 4.3.26). AHajiorom 3ToMy IpoLeccy, K TOMY Xe OUYeHb OJIU3KUM,
SIBJISIETCSl HAMarHM4YMBaHMEe U pacIipeaeeHue 10 CUIOBBIM JIUHUSIM MarHUT-
HOTO I10JIS1 MeTaJuindeckoil nbliu. [1py 3aBepiueHun CUMHTe3a, 00pa3yloTCs
JIB€ COBEPILEHHO HOBBIE KJIETKU 10 00pa3y 1 MoJo010 BTOPbIX MaTepraib-
HBIX TeJI KJIETKU, C OaJIJaHCHBIM MepeTeKaHWEM MEPBUYHBIX MAaTEPUIA MEXKIY
(pn3nYeCcKMM 1 BTOPHIM MaTepUaIbHBIM YPOBHSIMU KiaeTK1. HoBbIe KiIeTKH,
BO3HUMKIIME B PE3YyJIbTATE ACICHUS CTapOi KJIETKU, HE SIBISIIOTCS a0COJIIOT-
HBIMU KOIMUSIMU CTapOM KJIETKU, XOTS M oueHb 0Jiu3KU K Heit (Puc. 4.3.27 u
Puc. 4.3.28). UMeHHO, Garomapsi 3TOMY SIBJIEHUIO, IPOUCXOASILIEMY TIpU
NeJICHUU KJIeTKH, BO3MOXHa 3BOJTIOIMS JKHU3HH.

CrnenyeT OTMETUTD, YTO MPU J€JICHUN KJIETKM HACTyIIaeT MOMEHT KOria
cTapas KJIeTKa MCU€e3aeT, pa3pyllaeTcs MOJIHOCTbHIO, a HOBbIE KJIETKU €1E He
HayaJd coOMpaThCs. DTO SIBJICHME HAOII01aeTCsl O4eHb KOPOTKOE BpeMmsl, HO,
TeM He MeHee, 3To — (pakT. Bo BpeMs1 AesieHus cTapasl KJieTKa yMUpPAeT U He-
KOTOPOE BpeMsI HET HU CTapOM KJIETKM, HU HOBBIX. M XOTSI BpeMeHHOI MHTep-
BaJI MEXXy UICYE3HOBEHUEM CTApOM KJIETKU U MOSIBJIEHMEM HOBBIX HUUTOXHO
MaJl, 9TO He MeHsIeT cyTu. Mexy «(da30ii ctapoil KJI1eTKU» U dpa30il «HOBBIX
KJIETOK» CYILIECTBYET KaUeCTBEHHOE COCTOSIHME, KOrJa HET HU OQHOM, HU
npyrux. YTo, B CBO1O o4yepe/ib, TOJTHOCThIO MOATBEPKIAET ONUCAHHbBIN BhILIE
MEXaHU3M JieJIeHUs] KJIeTOK. Kpome 3Toro, TojabKo OIMCaHHbIE BHILIE MTPO-
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LIECCHI JEJICHUS KJIETKH TTO3BOJISIIOT OOBSICHUTD U CaMy SBOJIIOLIMIO XXKMBOU Ma-
TepUU, NOSIBJIEHUE HOBBIX BUAOB, HAKOIJIEHKE, 1 BO3MOXHOCTD ITepeaadu 0y-
JYIIUM MOKOJIEHMSIM OIbITA U MOJOXUTEJIbHBIX MyTalWid. [{J1s1 TOro, 4To0bI
9TO HE CTaJIO IOJIOCJTOBHBIM 3asIBJIECHUEM, JaBaliTe IOINbITAEMCsI IPOBECTHU
Ka4yeCTBEHHBII aHAJIM3 JAHHOTO SBJIEHUS ITpupoabl. [loHnMaHue 3Toro sBje-
HUS JA€T KJIIOY K pasrajke NpUPOIbl IMMaMsITH, CO3HAHUS U MHOTUX JPYTHAX
SIBJIECHUM XMBOW MPUPOABI, KOTOPbIE MO CEU I€Hb OCTAIOTCS «O€JIbIMU IST-
HaMU Ha KapTe MUPOITOHUMaHMUsI». PaccMoTpuM, KakuM 00pa3oM HOBOITPH -
o0peTeHMs, MOJOXUTEJIbHbIE MyTallM1 MepeJaroTcsl OT OAHOIO MOKOJIESHUS
APYromy.

ZK13Hb He MorJ1a 3apOaUTHCSI B TOM MHOTOO0Opa3uM XXUBBIX (pOpM, KOTO-
pbl€ CYILLECTBYIOT B HacTos11ee BpeMsi. [IepBble 0HOKJIETOYHbBIE OpraHU3Mbl
CTaJIi OCHOBOM JIJISI BCEX >XKMBBIX OpraHM3MOB Ha 1iaHeTe. Kakum ke oopa3zom
MIPOM30IILIa 3Ta YAMBUTEIbHAsA TpaHCPOpMaLUs IMEPBbIX OAHOKJIECTOUYHBIX
OpTraHU3MOB BO BCE 3TO MHOTOOOpa3ue (popM KuBoi ripupoabl? I1epBoie oj-
HOKJIETOYHBIE OPTAaHU3MBbI, KaK YK€ OTMEUaI0Ch, BOSHUK/INU B BEPXHEM CJIOE
TIEPBUYHOrO OKeaHa. [Ipu neaeHnn ogHOKJIETOYHOTO OPraHM3Ma TMOSIBJISIIOTCS
JIBa TOXJIECTBEHHBIX OJJHOKJIECTOUYHBIX OpraHn3Ma 1, Ka3aJioCh Obl, HA 3TOM
JOJDKHA OblIa 3aKOHYMTBLCS 3BOIIOLMS XU3HU. [10BEpXHOCTHBIN CI0M Mep-
BMYHOI'O OKeaHa JOJIKEeH ObLI Obl 3aIOJTHUTHCS OAHOTUITHBIMU OAHOKJIETO-
YHBIMU OpraHM3MaMM, U Ha 3TOM BCE JOJKHO ObLIO ObI U 3aBepluuThes. Ho
9TOro HE IMPOU30LLUI0. B 4€M mprUYMHA TaKOrO0 «HEJIOTMYHOrO» ITOBEACHUS
MPUPOILI, CO3AaBlIel i MHOrooOpasue XXu3Hu? OTBET Ha 3TOT BOIIPOC JIEXKUT
MPSIMO Ha MTOBEPXHCTU, TOYHEE — B IIOBEPXHOCTHOM CJI0€ IEPBUYHOIO OKE-
aHa. Bo3ayniHble Macchl MPUBOAWIIM B IBUKEHNE MTOBEPXHOCTHBIN CJI0M nep-
BMYHOI'O OK€aHa, B pe3yJIbTaTe Yero, OMHOTUITHBIE OJTHOKJIETOUYHbIC OpraHu-
3Mbl, 4 03K€ 1 MHOTOKJIETOYHBIE, PA3HOCUJIMCH OKEAHCKMMU UJIM MOPCKUMMU
TEYCHUSIMU Ha OOJIbIINE PACCTOSIHUS APpYyT OT apyra. Kazamock ObI BCE TaK, HO
MpY Y€M 311eCh MOsIBJIEHE MHOToo0pa3ust popM KUBBIX opraHu3MoB?! Bceé —
ouyeHb Ipocto! TeyeHUsT pa3HOCUIM OAHOTUITHBIE OPTaHU3MBbI Ha JECSITKHU,
COTHH, a TIOPOM U THICAYU KMJIIOMETPOB APYT OT Apyra. B pesynsrare 3Toro,
OHM OKAa3bIBAJIMCh B pa3HbIX BHEITHUX YCIOBUSIX. TeMIiepaTypa BOAbl, XUMU-
YEeCKMIA COCTaB, HACBIIIEHUE ra3aMU B OTHOM MECTE ITIePBUYHOI0 OKe€aHa OT-
JIMYaJImch oT Apyroro. Oco6eHHO 00JIbIIME OTJINYNS BO3HUKAIU HA MEJIKO-
BOJIbSIX, B paliOHAX U3BEPKEHMSI HA3eMHBIX U ITOJABOIHBIX BYJIKaHOB. [lomanmas
B IPYIYI0 XUMHUYECKYIO Cpeay, OMHOTUITHbIE OpTaHU3Mbl OKa3bIBAJIMCh BO
BHEILIHUX YCJIOBUSIX, TOBOJBHO 3HAYUTEIbHO OTIMYAIOLIUXCS APYT OT ApyTa.
B xoHEYHOM MTOrE 3TO MPUBOAMIIO K UBMEHEHUIO 1 BHYTPUKJIETOUHOM CPEIBL.
N, xaK ciaeacTBre MU3BMEHEHUsI XMMUYECKOI0 COCTaBa BHYTPU CaMMX OJTHOKJIE-
TOYHBIX OPTAHU3MOB, IIPOMCXOAUIN Ka4eCTBEHHbIE U3MEHEHNS I B CAMUX O/ -
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HOKJIETOYHBIX OPraHU3Max — MYTaLU.

[lon BIMsIHMEM U3MEHEHUS MOHHOIO OaJlaHCa BHYTPU OJHOKJIETOYHBIX
OPraHM3MOB B P€3YJIbTaTe U3MEHEHUS XUMUYECKOIO COCTAaBa BHEIIIHE CPEIb,
MIPOUCXOIMIM U3MEHEHUS MOJIEKYJISIPHOIO Beca, KaYeCTBEHHOTO COCTaBa 1
MIPOCTPAHCTBEHHBIX CTPYKTYP OPTaHUYECKUX MOJIEKYJI, U3 KOTOPBIX 00pa3y-
IOTCSI OMHOKJIETOYHBIC OPraHU3MbI. 1€ OMHOKJIETOYHBIE OPTaHU3MbI, KOTOPHIE
HEe MOoTu0au Nocjae MOJOOHbBIX «PEKOHCTPYKLIMI», B TOM UJIM MHOM CTETIEHU
OTJIMYAJIMCH OT U3HAYAJIbHBIX OpTraHU3MOB. [10CTeTIeHHO 3TU U3MEHEHNMS Ha-
KaIJIMBaJIMCh, M HACTYIaJl MOMEHT, KOTJ1a MOXKHO YK€ TOBOPUTb O MOSIBJIEHUU
HOBBIX BHJIOB OQHOKJIETOUYHBIX OPraHU3MOB. [1py KpUTHYECKOM HACHIILIEHUU
M3MEHEHHBIX OJHOKJIETOYHBIX OPraHM3MOB OPTaHUYECKUMHU BEIIECTBAMMU,
3aMyCKaJICS IMMPOLECC ACJICHUS, B PE3YJbTAaTe YETr0O MOJOXUTEIbHBIE MyTalluN
3aKPEIUISUIMCh. YMCIIEHHOCTh U3BMEHEHHBIX OJJHOKJIETOUYHBIX OPraHU3MOB BO-
3pacTtajia B reOMETpUUYECKOM nmporpeccuu. Mi3aMeHuBIIMEeCS OpraHu3Mbl Tak
K€, KaK U X «pPOJUTEIbCKME» , IEPBOHAYAIbHBIEC OTHOKJIETOUHbIE OPraHU3MbI
MEPEHOCUIUCH TEYCHUSIMU B APYTUE MECTa, C APYTUM XUMHUUIECKUM COCTaBOM
1 BCE MOBTOPSIJIOCHh BHOBb. JIs1 MOHMMaHWS MEXaHM3Ma PacOpOCTPAHEHUS
MYyTall1i, HEOOXOIMMO BCIIOMHUTD, YTO, ITPU KAY€CTBEHHOM U3MEHEHUU Op-
FaHUYECKUX MOJIEKYJI T10J1 BO3ICICTBUEM BHEILIHE CPEJIbl, U3MEHSIIOTCS CTPY-
KTYPHO 1 KAQYECTBEHHO HE TOJIbKO (PpM3UYECKU TIJIOTHBIE MOJIEKYJIbI HO U UX
BTOpbIC MaTepUaJIbHbIE TEIA.

[losiBIeHWE OOMOJHUTEIBHBIX LIETIOYEK aTOMOB WJIM MOTEPS YKE UME-
IOIMXCS OPTaHMYECKMMMU MOJIEKYJIaMU, O0Pa3yIOIIMMU OJJHOKJIETOYHBIE Op-
TaHU3MBbI, IPUBOIUT K TOMY, UTO U3MEHsIETCS AedopMalvss MUKPOIIPOCTPAH-
CTBa, BbI3BAHHAsl OJHOKJIETOYHBIM OpTaHM3MOM B LiejioM. M, Kak ciencrBue
BTOTO IPOoLIecca, UBMEHSIETCS M BTOPOE MaTePUAILHOE TEJIO OJHOKJIETOYHOTO
opranusma. Ipyrumu cioBamMu, Ka4eCTBEHHbIC U3MEHEHUS IIPOUCXOIIT Ha
BCEX YPOBHSIX, CYLIECTBYIOIIMX U JAHHOIO OAHOKJIETOYHOI'O MJIA MHOTOKJIE-
TouHoro opranusma (Puc. 4.3.29, Puc. 4.3.30 u Puc. 4.3.31). Bo3Huxiiue
JIOTIOJTHUTEJIbHBIE CTPYKTYPHBIE U3BMEHEHUSI OPraHUYECKUX MOJIEKYJ OJHO-
KJIETOYHBIX OPTaHM3MOB BbI3bIBAIOT AHAJIOTUYHLIC 1e(POPMALIMU MUKPOIIPO-
CTPAHCTBA KJIETKM HA BTOPOM MaTepuaibHOM ypoBHe. OCBOOOXKIaeMbIE TTep-
BMYHBIE MAaTE€pUM, IIPU pacliaie OPraHUYeCKUX MOJIEKYJ BO BHYTPEHHEM
oobeme cnupaieit Mmojekya JIHK n PHK, HachIlaroT 3T 1ONOJHUTEIbHbBIE
nedopMalii Ha BTOPOM MaTE€pUaIbHOM YPOBHE, B PE3yJbTaTe Y€ro Mpouc-
XOOUT 3aKPEIJICHME U Ha BTOPOM MaTepuaabHOM ypoBHe. M, Korna HaumMHa-
€TCS IPOLIECC NCTCHUS TAKOM N3MEHEHHOM KJIETKU, BTOPOE MaTEpUATIbHOE TE-
JIO TAKOT'O OJTHOKJIETOYHOTO OpraHn3Ma HECET B ce0€ BCE UBMEHEHMSI, TPOU30-
HIeAIINME C JAHHBIM XXMBbIM OPTaHM3MOM B T€UEHME BCell ero Xu3Hu. Bropoe
MaTEePUAIIbHOE TEJIO OMHOKJIETOYHOTO OpraHn3Ma UrpaeT KIIYeBYIO POJIb B
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rpoliecce AeJIeHUs, TaK KaK BO BpeMs 3TOro Mpolecca NpoucXoauT MOJIHOe
pas3pylieHne GrU3nIecKy IIOTHOM «CTapoii» KJeTKU. [1pu aToM, pa3pyliaroT-
Csl U UBMEHEHHBIE MOJIEKYJIbI, BCE MPHUOOPETEHHbBIE N3MEHEHMSI, TIPOU30ILIE/ -
LK€ B KJIETKE MOJIHOCTHIO KCYE3aI0T BMECTE CO CTapoii KiieTkoi. BooOliie 3ToT
MPOLIECC NCJIEHUS KJIETKMA ObL1 ObI HEBO3MOXHEH 0€3 HAJIM4YMS Y KJIETOK
BTOPOIO U APYTUX MaTepUaTbHBIX TeJ, MPEACTABISIOIINX COO0I KOIIUU JaH-
HOI KJIETKM Ha COOTBETCTBYIOIINX YPOBHSIX CO BCEMM €€ OCOOCHHOCTSIMU.
ITpu moIHOM MCYE3HOBEHMM CTapOil KJIETKU B TIpoLiecce IeJIeHUsI, TOJIbKO Ha-
JIMYME y MOCJIeJHEN BTOPOro U IPYTUX MaTepUaIbHBIX TeJI TI03BOJISICT ITOHSITh
1 OCMBICIUTH peaibHbIN (U3NYECKU TTpoliece AeaeHUs KJIETOK. ToabKo Ha-
JIMYME Y OJHOKJIETOYHBIX 1 MHOTOKJIETOUHBIX OPraHM3MOB BTOPOTO 1 IPYTUX
MaTepUaTbHBIX TeJ Ja€T BO3MOXKHOCTb TOBOPUTH O MOSIBJIEHUU U PAa3BUTUU
>KMBOI MaTepuu. Hu nejaeHue KiIeTok, HU MOsIBJIEHME HOBBIX BUJOB U, B KO-
HEYHOM MUTOre, (POPMUPOBAHUE DKOJOTMUYECKOM CUCTEMBbI IUIAHEThI, HU M0-
SIBJICHME pa3yMa, IPOCTO HEBO3MOXKHO MOHSTh M OCMBICJIUTD, 0€3 TOSIBJICHUS
Y >KMBBIX OPTaHM3MOB BTOPOI'O U APYTUX MaTepuaabHbIX TeJl. UMeHHO moaTo-
MY BC€ MOMBITKY O0bSICHEHUSI IPUPOAbI XKUBOI MATEPUU C TOYKU 3PEHUS CY-
IIECTBYIOIIE HayK! TepIIeJiv TT0JIHOE (UACKO.

4.4. Pe3iome

3apoxkaeHue XU3H1 Ha IJ1aHeTe 3eMJIsl B YaCTHOCTU U BO BceneHHoi oc-
TaBaJIOCh «O€JILIM ITSITHOM» B CUCTEME ITPeICTBAaBICHUIA, CO3aBaeMbIX UeJI0-
BEYECTBOM B 0003pUMBIX UCTOpHUEN npeaenax. PakT CyliecTBOBAaHMS KU3HU
BOCIIPMHUMMAJICS WJIM KaK JOJKHOE, WJIM B YMax JIoJel mpruoopeTaa 6oxe-
CTBEHHYIO IIPUPOLY, VTN TIPOCTO «OOXOIMIICSI» CTOPOHOM B CO371aBaeMBbIX Kap-
TUHAX MUPO3JaHUS MOCJie 0e3yCIEIIHbIX MOMBITOK JaTh CTPOMHOE U lie-
JIOCTHOE 00BbsICHEHUEe (PeHOMEHY KMBOU TPpUpPOIbl. MeToI0JI0rMuecKy mpa-
BUJIbHBIA MOAX0/ K MTOHMMAHUIO TIPUPOILI XKMBOM MaTEpUU JOJIKEH Ha4YM-
HATbCS C OIpeaeIeHUSI HEOOXOIUMBIX U JOCTAaTOUHbBIX YCJIOBUI 151 3aPOXKIE-
HUS XKM3HU U3 HEXXKMBOU MaTEPUU:

1. Hanu4ne noCcTOSIHHOrO nepenajaa MEPHOCTH G.

2. Hasmuue BOpbI.

3. Hammuue atmocdepsbil.

4. Hannuue nepuoanvecKoil CMeHbI THS ¥ HOYM.

5. Hanmume pa3psaaoB aTMOC(EPHOro 3J1eKTPUIECTBA.

BTOpI)IM KJIIOYEBBIM MOMEHTOM SIBJISIETCSI HEOOXOAUMOCTDb ITOHUMAaHUS
KAUYE€CTBEHHOTO OTJIMYUS XXKUBOW MaTcpun oT HEeXNBOM. be3 moHnMaHus Tor (O
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KaK KaXXJIbIif aTOM, MOJIeKYyJa BJAUSIIOT Ha CBOM MUKPOKOCMOC, KaK IPOCTPaH-
CTBEHHAasl OpraHu3alus BJIMSIET Ha CBOMCTBA MPOCTPAHCTBA, HEBO3MOXKHO
MPOHUKHYTh B IPUPOAY KMBOM MaTepuu. Mcrionb3oBaHWe TTPUHIIAIIA HEO-
JTHOPOAHOCTU MPOCTPAHCTBA HAa YPOBHE MUKPOIIPOCTPAHCTBA, JAET BO3MO-
>)KHOCTb CO3J1aTh MOJHOLEHHYIO KAPTUHY IMPOLIECCOB, IIPOUCXOASIINX HA MO-
JIEKYJISIPHOM YpOBHE. B pesysibrare, MOXKHO BbIIEJIMTb Ka4eCTBEHHbIE OCOOCH-
HOCTU OPraHMYECKUX MOJIEKYJI, KOTOpPbI€ CO3AAIOT YCIOBUS, IPY KOTOPHIX Ma-
Tepus MPOSIBIISIET ce0s1 B HOBOM KaueCTBE — Ka4eCTBE XKMBOUW MaTEPUM:

1. ITpocTpaHCTBEHHAsI CTPYKTYpa OpraHM4YeCKMUX MOJIEKYJI HEOJHOPOIHA
B Pa3HbIX IPOCTPAHCTBEHHbIX HAITPABICHMUSIX.

2. MO.TIeKy.T[HpHHﬁ BCC OPraHN4YCCKMX MOJICKYJI KO0JIEOIETCSI OT HECKOJIb-
KX JECATKOB 1O HECKOJIbKNX MUJIJDIMOHOB aTOMHBIX CIMHUAILI.

3. HepaBHOMEpHOCTD pacripee/ieHUsT MOJIEKYJISIPHOTO Beca opraHuye-
CKMX MOJIEKYJI IO pa3HbIM ITPOCTPAHCTBEHHBIM HaIIPaBJICHUSIM.

CnupaneBsugHas ¢popma mosekya PHK u JTHK, co3maét yHuKajibHOE
SIBJICHME — CTOSIYYIO BOJIHY MEPHOCTH B CBOEM BHYTPEHHEM 00bEMe. BTsiru-
BaeMble BO BHYTpeHHUI 00beM crimpaieii moaekya JJTHK n PHK oprannue-
CKMe€ MOJIEKYJIbl HAUMHAIOT BBIHY>KI€HHO JBUTAThCS BAOJb ONTUYECKUX OCEM
BTUX MOJIEKYJ, TIEPUOANUECKM Monaaas Mo yaaphl IepenagoB MEPHOCTH,
KOTOPBIE JJ11 OOJIBIIMHCTBA MOJIEKYJI CO3AAI0T 3aKPUTUYECKUE YCIIOBUS, U OHU
HauYMHAIOT pacnaaaThCs Ha IEpBUYHBIE MaTepUU UX oOpasymolre. BbicBoOO-
JUBILIMECS TPU 3TOM MEPBUYHBIE MATEPUU HACKILLAIOT AePOopMaLnIo, CO3a-
BaeMyl0 STMMU MOJIEKyJIaMU Ha BTOPOM MaTepUaIbHOM YPOBHE U (POPMUPYIOT
BTOpOE MaTtepuaabHoe Tej1o. [1osBiaeHre BTOporo MmarepruaabHOIO TeJia SIBJIsI-
€TCSI KaUeCTBEHHBIM CKAYKOM OpraHu3aliiyd MaTepuu U CIYXUT HayaJaoM
SpbI XKUBOM MaTepun. BOSHMKHOBEHNE BUPYCOB, BOBHUKHOBEHME Y HUX O€JI-
KOBBIX 000JI0YEK, MOJIYYAET LIEJTOCTHOE OOBSICHEHME Ha OCHOBE MMPUHIIMIIA
B3aMMOJEICTBUSI MUKPOIIPOCTPAHCTBA C HEMPEPHIBHO MEHSIIOLLIUMMUCS CBOJ-
CTBAMM M KayeCTBaMU U MaTepUM, UMEIOLLIEH onpeae€HHbIe CBOMCTBA 1 Ka-
yectBa. [Ipu aToM, mposiBAsIeTCS KapTUHA IIPUPOILI, B KOTOPOU KaXKAbIi 3J1e-
MEHT MMEET OOBSICHEHUE U CBOE MecTo. [loHsATHEe O HEOAHOPOAHOCTH MPO-
CTPAHCTBA MO3BOJISIET BCKPBHITh MEXaHU3Mbl 3BOJIIOLIMYN KU3HU, MOSBJICHUS
MHOTroo0pa3usi POpM XKMBbIX OPraHU3MOB, YTO JIAET BO3BMOKHOCTh OOOCHO-
BaTh ITO3ULIMU 3BOJIIOLMOHHOM Teopuu. OripenencHue yCIOBUA 1 MEXaHU3MOB
U3MEHEHUI, NPUBOASIIIMX K MOSIBJICHUIO HOBBIX BUJIOB BUPYCOB U APYTUX
>KMBBIX OPTaHM3MOB, ITO3BOJISIET YBUAETH LIEJIOCTHYIO KAPTUHY SKOJIOTUYECKOM
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CUCTCMBI ITJIAHCTDI:

1. U3meHeHMe mopsaka cOeAMHEHUST HYKJICOTUIOB B CYIIECTBYIOIIEH
moJiekyie PHK Bupyca.

2. YBeJuuyeHue WiIn YMEHbIIIeHHUE Yrcia HYKJISOTUI0B B CYLLIECTBYIOLICH
moJiekyie PHK Bupyca.

3. IlosBlIeHME XMMUYECKUX CBI3€1 MEXIY CYIIECTBYIOIIEH MOJIEKYJIOM
Bupyca PHK n npyrumu monexyinamu PHK, KkoTopble Haxoguanch B MOMEHT
BJIEKTPUYECKOTO pa3psiia BHYyTpU O€JIKOBOU 000I0YKY BUPYCaA WU TTOSIBUJIMCH
B HEW B pe3yJIbTaTe BO3IECHCTBUS SJEKTPUIECKOTO pa3psiaa.

[ToHsiTME HEOTHOPOIHOCTH MPOCTPAHCTBA TMO3BOJISCT JATh MMOIAPOOHOE
00BsICHeHE MeXaHn3Ma (POPMUPOBAHMS KJIETKH, KAK OCHOBBI BCET0 JKMBOTO
1 BCKPBITh POJIb MOSIBJIEHUSI OEJIKOBBIX 000JI0YEK Y BUPYCOB, a ITO3IHEE — KJIe-
TOYHBIX MeMOpaH. KiieTtouHasg MemMOpaHa — 3TO Ka4eCTBEHHBIM CKAa4OK B
OpraHM3allMy KUBOW MaTepUM. DTOT IIPUHIINII, TO3BOJISIET BCKPHITh MEXaHM -
3MBI BOBHMKHOBEHMS M CMHTE3a OPTaHWYECKNX BEIIECTB CAMUMMU KMBBIMU
OpraHM3MaMH1 1 He0OXO0IMMbIe YCJIOBHS IJISI TOTO:

a) HaIM4KMe BHYTPU OJHOKJIETOYHBIX OPraHN3MOB OPTaHUYECKIX MOJIE-
KYJI, KOTOPBIE JIETKO U3MEHSIOT CBOIO CTPYKTYPY B HEKOTOPBIX IMpeieiax Mpu
M3MEHEHUM BHEUIHUX (PAKTOPOB, UYTO MPUBOIUT K KOJEOAHNIO MEPHOCTHU
MUKpokocMoca B nuarmna3oHe 0 < AL < 0,010101618...

0) HaJIMuKe BHEIIHUX (DAKTOPOB, KOTOPbIE MOTYT BbI3bIBATh HY>KHbIE 13-
MEHEHMS CTPYKTYPhI 3TUX MOJIEKYJI, HEe pa3pylliasi MOJIEKYJbl, KaK U CaMU O/1 -
HOKJICTOYHBbIE OpraHu3Mbl (cja0ble TEMJIOBbIE U ONTUUYECKUE U3TYyYEeHUS
ComHua).

IIpy BO3BHMKHOBEHUU CUHTE3a XXMBBIMU OpTaHM3MaMU OPTaHUUYECKUX
COEIMHEHMI, 3BOJIOLMS XUBOW MaTepuy BCTYNAeT B KAYECTBEHHO HOBYIO
craauio. CaMOCTOSTENbHBI CUHTE3 XXMBBIMU OpTaHM3MaMM, Ha3bIBAEMbIX
PACTUTEIIbHBIMM, OpTaHUYECKUX BEIECTB CO31aJl YCJIOBUS 1151 HE3aBUCUMOI
9BOJIIOLIUY KU3HU, HE 3aBUCSILEN OT aTMocdepHoro aexkTpudectna. [TpuH-
LI HEOJHOPOJIHOCTHU IIPOCTPAHCTBA MO3BOJISIET O0OBSICHUTD IIPUPOIY MeXa-
HU3MOB MOSIBJICHUSI BTOPBIX MaTEpUAJIbHBIX TEJ Ha OMNpeAcaeHHON cTaguu
BBOJIIOLIUY OPraHUYECKOM MAaTEpUU U UX POJIb B Pa3BUTUU XUBOW MaTEpPUMU.
C y4€TOM ITOJIHOM KApPTUHBI TOTO, YTO TAKOE KMBOI OpraHu3M (BTOPbIE U APY-
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rve MaTepuajbHble Te€jla), BOSHMKAET BO3MOXHOCTb JaTh ITOJHOLIEHHOE U
HcUeprbIBalolee 00bSICHEHME MTPOLICCCOB ASICHMSI KJIETKU U SIBJICHUIA, TIPO-
HUCXOOSAIIMX MTpU 3ToM. HeoJHOPOIHOCTh NMIPOCTPAHCTBA U B3aUMOAEUCTBUE
€ro ¢ MaTepueil, UMEIONIEH ONpeaeIEHHbIE CBOMCTBA M KAY€CTBA, MO3BOJISIET
CO311aTh LIE€JIbHOE MpPEACTaBICHUE U O0BbSICHEHUE TOTO, YTO IIPOUCXOIUT MPU
pa3pylIeHNY TaK Ha3bIBaeMOT0 (PU3UYECKU TVIOTHOTO TeJIa XKUBOTO OPTaHU-
3Ma — PU3NYECKH TUIOTHOM KJIETKU. [Ipn 3TOM YETKO ONpenessitoTcs Kadye-
CTBEHHBbIE 1 (PYHKIIMOHAJIbHBIC OTJIMYMS MEXKIY (PU3NUECKU MJIOTHBIM U IPY-
I'MMU MaTepuaJbHbIMU TeJIaMU XXMBOI'0O OopraHn3Ma. BriepBbie J0Ka3bIBAETCS,
YTO XKM3Hb HE MPEKPAIIAETCS C THOENbIO (PM3NIECKHU IUIOTHOTO TeJIa, a TOJBKO
MEPEXOIUT HA KAYECTBEHHO JPYroll ypoBeHb (PyHKIMOHUPOBAHUS. O0bs-
CHSETCS MpUpoAa KpyroooopoTa >K1M3HM Ha IiaHeTe. Ha ocHoBe MHOroypo-
BHEBOI CTPYKTYpPhI XXKMBOI MaTepuM BIIEPBbIC MTOKAa3aHbl MEXaHU3MbI MY-
Talyii, HAKOIUICHUS UX 1 TIepeiaya HOBbIM ITOKOJIEHUSIM XMBBIX OPraHU3MOB,
YTO, B CBOIO OUEpeib, SIBIIETCI QYHAAMEHTOM JJISI TIOHUMAaHWS 9BOJTIOLIOH-
HOTO Mpolecca XKUBOU MMPUPOIbI.
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Puc. 2.2.1. IlocnenoBaTesibHOE UBMEHEHME MEP-
HOCTU Ha OAHY U Ty ke BeJTMUUHY AL sIBJIsIeTCS KBaH-
TOBaHWEM MAaTPUYHOTO IIPOCTPAHCTBA 1 BhIPaxKaeTcsl
K02 DUIIMEHTOM KBAHTOBAHMUS Yi, KOTOPBINA 1 €CTh
TOT 3TAJIOH, T10 KOTOPOMY OTOMPAIOTCS «KyOUKU» 1JIST
CO3IaHUSI HOBOU «KapTUHKW». TaKMM 00pa3oM, Kak
1 U3 Pa3HOro KoJM4yecTBa OAMHAKOBOIO pa3Mepa
KYOMKOB MOXHO CJIOKMTb pa3Hble KAPTUHKMU, TaK U
13 OMHOTUITHBIX (OPM MaTEPUil B MATPUYHOM IIPO-
CTPaHCTBE 00pa3yloTCsl MPOCTPAHCTBA-BCEIEHHBIE.
DTU NpOCTpPaHCTBA-BCEJIEHHbIE 00pPa3yloT B MaTpU-
YHOM IIPOCTPAHCTBE €AMHYIO CUCTEMY, KaK CJIOEHBII
MUPOT, KaXIBII CJIOM KOTOPOro KaueCTBEHHO OTJIM4YaeTcsl oT apyroro. I1pu
3TOM, KaXIIbIii COCEIHMIA CJIOM 3TOro MMUpora MMeeT B CBOE «Mo3auKe» Ha
OIVH «KyOUK» 00JIbllIe MJIM MeHbIIe. Bce 3TH ¢JIon HaXOaTCs B TIOCTOSIHHOM
JIBUKEHUU U B3aUMOJIEMICTBUM MEXY COOOIA.

Puc. 2.2.2. B pe3yabrate UCKpPUBICHUS MPO-
CTPaHCTBA, BI3BAHHOI'O TEMU MJIM UHBIMU TIpUYMHA-
MU, BO3HUKAIOT 30HbI CMBIKAHUSI MEXIY COCETHUMU
MpoCTpaHCTBaMU-BCceJIeHHbIMU. Eciu, Hanpumep,
CMBIKAETCSI MPOCTPAHCTBO-BCEJIEHHAsI ¢ MEHbIIEH
coOCTBEHHOM MepHOCThIO Li ¢ mpocTpaHCTBOM-BCe-
JIEHHO¥ ¢ 6osb1ueit Li+1, To, B pe3yJbTaTe 3TOro, B 30-
HE CMBbIKaHUS poxnaaercs 3Be3aa La aj1st mpocTtpaH-
CTBa-BCEJIEHHOI ¢ MEHBILIMM YPOBHEM COOCTBEHHOI
MepHOCTH Li. AHAJIOTMYHO, CMBIKAHME C IPOCTPaH-
CTBOM-BCEJICHHOI C MEHbIIMM YPOBHEM COOCTBEH-
HOM MEPHOCTHU Li-1 IPUBOIUT K MOSIBJICHUIO «4€EPHOI
IbIpb» — Lt B TpOCTpaHCTBE-BCEJIEHHOM ¢ OOJIbIIMM YPOBHEM COOCTBEHHOM
MmepHocTu Li. Uepes, Tak Ha3zbIBaeMble, MOJOXUTEIbHBIE 30HbI CMbIKAHUS
(3B€311bI) B IIPOCTPAHCTBO-BCEJCHHYIO MONagaeT MaTepusl U3 IMIPOCTPAHCTBA-
BCEJIEHHOI ¢ 00jiee BELICOKUM YPOBHEM MEPHOCTH, a Yepe3 OTpULlaTeIbHbIE
30HbI CMBIKAHUS («4€pPHbBIE ABIPbI») MaTepUsl U3 MPOCTPAHCTBA-BCEJIEHHOM
MonaaaeT B IMPOCTPAHCTBO-BCEJEHHYIO C MEHBIIUM YPOBHEM MEPHOCTH.
Kaxnoe mpocTpaHCTBO COXpaHSIETCSI B YCTOMYMBOM COCTOSIHUM MTPU HAJTMYU U
OajlaHCca MEXIy 00bEMaMU «BTEKAIOIIE» U «BBITEKAIOLICI» MaTEPUM.
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Puc. 2.3.1. CMbIKaHUE ABYX MaTPUYHBIX IPOCTPAHCTB, UMEIOIUX pa3HbIe
KO3(PULIMEeHThl KBAHTOBAaHUS MEPHOCTU. B 30He
CMBIKaHUSI MATPUYHBIX IPOCTPAHCTB C pa3HBIMU KO-
a(ppuLMeHTaM1 KBAaHTOBAHUS MPOCTPAHCTBA MPO-
HUCXOIUT paciiag MaTepuil 000MX TUIIOB HA MEepBUY-
HbIe MaTepuu ABYX TUIIOB. [1epBrUUHBIE MaTepuM 000-
X TUIOB BO3BpalllalOTCS B CBOOOJHOE (HECBSI3aH-
Hoe) cocTosiHre. OTKphITHE Ka4YeCTBEHHOTro Oapbepa
MEXIY COCEIHUMM MATPUYHBIMUA MPOCTPAHCTBAMU
MIPUBOAUT K TOMY, UTO B 30HY CMBIKAHUS YCTPEMJISI -
I0TCSI IEPBUYHBIE MAaTEePUX BCEX TUIIOB M HAYMHAIOT
HaKaIrIMBaTbCsd B HE.

L’1 — MepHOCTh IEepBOro MaTpUYHOTO MPO-

CTpaHCTBA.

L’>» — MepHOCTb BTOPOTr0 MaTPpUUYHOTO ITPOCTPAHCTRA.

L’12 — MepHOCTb 30HbI CMbIKaHUSI MAaTPUYHBIX IIPOCTPAHCTB.

L — nuama3oH KoJjiebaHMSI MEPHOCTH TIEPBOTO MAaTPUIHOTO ITPOCTPAH-
CTBa.

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

Puc. 2.3.2. BriOpoc maTepuii yepe3 30HY CMbIKaHUSI MAaTPUYHBIX ITPO-
CTPaHCTB MpPU CYNEPB3PbIBE, KOrAa 30Ha CMbIKaHUSI
HE MOXKET IIPOITYCTUTh yepe3 ceOsl BCeil Macchl IBU-
Xyuiericss Mmatepun. HakorieHue nepBUUHbIX MaTe-
puyii IPOUCXOINT, KaK CJAEACTBME pacnaga TrMOpUIHBIX
MaTepuii pas3HbIX MaTPUYHBIX IIPOCTPAHCTB Ha
MaTepuu ux odpasyromue. BoicBOOOXKIEHHEIEC TEep-
BUUYHbIE MaTePUM HAYMHAIOT ABUTAThCS OT SMULICH-
Tpa B3pbIBa BO BCEX MPOCTPAHCTBEHHbIX HaIlpaBJe-
HusX. [1pu aToM, ciienyeT MOMHUTD, YTO IMIPOCTPaH-
CTBO — HEOJHOPOAHO B pa3HbIX HallpaBJICHUSIX, T.€.,
UMeeT pa3Hble cBolicTBa M KadecTBa. [loaTomy,
MaTepHusl pacIipeesieTcsl B IPOCTPAaHCTBE HEOIHO-
poaHo. OG03HaYeHUS — TeE XKe.
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Puc. 2.3.3. I[Ipu B3pbIBe, IPOMCXOIUT BO3MYILLIE-
HYE€ MEPHOCTU OKPYXKaIOILIEro 30Hy CMbIKaHUS TIPO-
CTpaHCTBa, 00Pa3ylTCsI 30HbI HEOAHOPOIHOCTU MEp-
HOCTH, B KOTOPbIX HAUMHAET ocelaTh MaTepusl, BbI-
OpolleHHAas 3TUM B3pbIBOM. [1porcXomsT mpoLeccHl,
aAHAJIOTMYHbIE B3PbIBY CBEPXHOBOW 3BE3/Ibl, TOJIHKO
Ha JIpyroM KauyeCTBEHHOM ypoBHe. Pa3zHuIa — TOJIb-
KO B MaciuTabax. B oqHOM citydae poxaaroTcsl IiaHe-
TapHbIE CUCTEMBbI, a B IPYrOM — BceJIeHHbIe. B mo-
cliefHeM ciy4dae, nedopMalms Mpu B3PhIBE CJIOEB
TOXJIECTBEHHON MEPHOCTU IIPUBOAUT K CMbIKAHUIO
X MEXKy COOO0M 1 poxXIeHUI0 rajlakTuk. O6o3Have-
HUST — T€ XKe.

Puc. 2.3.4. O6pa3oBaHue MeTaBCEJICHHBIX B 30-
HaxX HEOAHOPOAHOCTU MEPHOCTH MPOCTPAHCTBA, BO-
3HUKIIUX IIPU CYIIePB3pbIBE.

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

2. 30Ha, rae MOTYT CIUTbLCS ABe OPMbI MaTe-
pUI.

3. 30Ha, rie MOTYT CIUThCS TpU (OPMBI MaTe-
pUi.

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

5. 30Ha, rIe MOTyT CJIUTHCS NITh (POPM MaTEPUIA.

6. 30Ha, rIe MOTYT CJIUTHCS LIECTh (pOPM MaTe-
puyid.

7. 30Ha, 1€ MOTYT CJIUTHCS CEMb (POPM MaTEPUIA.

8. 30Ha, rie MOryT CJIMThCSI BOCeMb (hOPM MATEPUIA.
9. 30Ha, rae MOTYT CJIUThCS AEBATH (POPM MaTepuii.

10. 30Ha cMBIKaHUST MATPUYHBIX IIPOCTPAHCTB.
11. MeTaBceJieHHBIE.
12. 30H5bI nepopMaLlu MEPHOCTHU.
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Puc. 2.3.5. BHyTpu Kaxaoii 30HbI HEOZHOPOJHOCTU MEPHOCTh MPO-
CTpaHCTBAa MEHSETCSI HENPEPBIBHO OT IIEHTPA 30HBI
HEOJIHOPOJHOCTU K €€ KpasiMm. B pesynbrare yero,
MaTepus pacrpeaelisieTcsl HepaBHOMEPHO, Co3/1aBast
TUCKPETHBIE CJION, OTJIMYAIONINECs KaYeCTBEHHBIM 1
KOJIMYECTBEHHBIM COCTaBOM ITePBUYHBIX MAaTEPUl X
oOpazyroiux. [Iporcxoaut, Tak Ha3bIBaeMOe, KBaH-
TOBaHME TTEPBUYHBIX MaTEPUi1 IO TTpocTpaHcTBy. [1pu
KOTOPOM TIepBUYHBIC MaTEpUM, Kaxkaask N3 KOTOPBIX
MMEET CBOM CBOMCTBA Y KAUYE€CTBA, B3AUMOJIEMCTBYIOT
C MPOCTPAHCTBOM TOJILKO TaM, TJ¢ CBOIMCTBa MpO-
pr——— CTPAHCTBAa TOXIECTBEHHBI CO CBOMCTBAMM U Kaye-
CTBaMM TIepBUYHBIX MaTepuii. KBaHTOBaHME MpoO-
CTPAHCTBA IO MIEPBUYHBIM MaTEPHSIM ITPUBOIUT K ITOSIBJICHUIO CUCTEMBI ITPO-
CTPaHCTB-BCEJIEHHBIX, KOTOPhIE KAYECTBEHHO HEOTHOPOIHBI BHYTPU 30HBI He-
OJHOPOJHOCTH B CUJTy TOTO, YTO 30Ha HEOJHOPOAHOCTH, B KOTOPOIi OHU BO-
3HUKJIM, HEOAHOPOAHA B Pa3HBIX MMPOCTPAHCTBEHHBIX HAITPaBICHUSIX.

1. 30Ha HEOJHOPOJHOCTU MPOCTPAHCTBA.

2. I1pocTpaHcTBa-BCceIeHHBIE, KOTOPhIE 00pa3yioTCsl BHYTPY €IMHUYHOMN
30HbI HEOJJHOPOIHOCTH ITPOCTPAHCTBA.

Puc. 2.3.6. CyneprnpocTpaHCTBO mepBoro rnopsiaka. B cuiy Toro, 4ro
IIPU CYNEpPB3pbIBE MPOUCXOAUT AeopMalus IIpo-
CTpPaHCTBAa, BO BCEX MPOCTPAHCTBEHHbBIX HAITpaBJICHU -
SIX BO3HUKAIOT CUCTEMBI ITPOCTPAHCTB-BCEJIECHHBIX,
KOTOPBIC OTIMYAIOTCA APYTr OT ApyTra YHUCJIOM IIEP-
BUYHBIX MaTepuit ux oopasyromux. [Ipuyem, mepemna-
Ibl MEPHOCTU IIPOCTPAHCTBA B pPa3HbIX MPOCTPaAH-
CTBEHHBIX HAIIPABJICHUSIX BHYTPU 30HbI HEOTHOPO/ -
HOCTHU CTOJIb CYLLIECTBEHHbI, YTO BO3HUKAET KBAHTO-
BaHME IMPOCTPAHCTBA MO HECKOJbKMM MPOCTPaH-
CTBEHHBIM HaIlpaBJIeHUSIM OfHOBpeMeHHO. [1pu no-
JOOHOM MHOTOMEPHOM KBAaHTOBAaHWY ITPOCTPAHCTBA
BO3HUMKAIOT CUCTEMBbI IIPOCTPAHCTB-BCEJIEHHBIX (M€-
TaBCeJIEHHbIE), KOTOPbIE UMEIOT KECTKOE HEM3MEHHOE MO OTHOLIEHUIO K
IPYT APYTYy MPOCTPAHCTBEHHOE MOJIOXKEHNE, KAK UMEIOT CBOU XKECTKME pa3pe-
IIEHHBIE OPOUTHI DJIEKTPOHBI BOKPYT Sgapa. B pe3ynabrate yero, MeTaBCeIeH-
HbIE CO3J1aI0T €AMHYIO YCTOMUYKMBYIO CUCTEMY.

1. 30Ha cMBIKaHUS MaTPUYHBIX TPOCTPAHCTB.

2. MeTtaBceJIeHHBbIE.
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Puc. 2.3.7. CynepnpocTpaHCTBO BTOPOro II0-
psiaka. Bo Bpems cyrepB3pbiBa, BO3HMKAIOT BOJTHO-
oOpa3Hbie aedopMaliii MPOCTPAHCTBA, KPyraMu,
pacxosiiecs: OT LieHTpa cyrepB3pbiBa. CynepB3pbiB
BBI3BIBAET HACTOJLKO MOIIHBIE KOJbleOOpa3HbIC
BOJIHBI IepopMaliiy MaKpOIIPOCTPaHCTBA, YTO OHU
pacnpoCTpaHsIIOTCS Ha OrpOMHBIe paccTossHus. [Tpu-
y€M, YeM CUJIbHEE B3PbIB, TEM OOJbIIYIO JedopMa-
LIMI0 MAaKPONPOCTPAHCTBA BbI3BIBAIOT BOJIHBI, UM CO-
3gaBaeMblie. Co BpeMEHEM IMPOCTPAHCTBO B 30HE
CyNnepB3pbIBa BO3BpaIllaeTCsl K pPaBHOBECHOMY COCTO-
SIHAI0. DTOT TPOLECC COMPOBOXKAAETCS MOCTEIICH-
HBIM YMEHbIIEHUEM aMIUIUTY/I BOJIH IepopMallMM MPOCTPAHCTBA OT LIEHTpa.
[ToaTOoMYy, yem Jasiblile OT AMULEHTPA CYIIepB3phiBa, TEM INTyOMHA 30H AedOp-
MalMU IPOCTPAHCTBA OyaeT OOJIbIIIe. A 3TO 03HAYAET, YTO YEM JAJIBIIIE OT SITH-
LIEHTPa CYNepB3pbIBa, TEM OO0JIbIIIEE YKUCIIO TIEPBUYHBIX MAaTEPUIi CIMBAIOTCS
JIPYT ¢ IPYroM, oopasysi CUCTEMbI METaBCEJICHHBIX.

1. MeTtaBcesieHHbIE, 00pa30BaHHbIE CAUSIHUEM AeCATU (pOopM MaTEpUIA.

2. CynepnpocTpaHCTBa epPBOTO MNOPsIAKA.

Puc. 2.3.8. CyneprnpocTpaHCTBO TPeThero I10-
psiaka. OGBIYHO, B MAKPOIIPOCTPAHCTBE MPOUCXOIUT
MHOXECTBO CYII€PB3PbIBOB, TIO3TOMY BOJIHBI Ae(Op-
Malliy MaKpOIpOCTPAHCTBA OJHUX HAKJIadblBalOTCSI
Ha aHaJIOTMYHbIE BOJHBI BO3MYILIEHUS MaKpOIIpoO-
cTpaHCTBa Apyrux. B pe3yabrare, BOBHUKAET CyIlep-
MO3ULIMS BOJH AedopMalliid MaKpOIpOCTPaHCTBa,
KOTOpbIE 00pa3yroT KOMOMHMWPOBAHHbBIE POCTPAH-
CTBEHHBbIE cUCTeMbI. KauecTBEeHHas! CTPYKTypa 3TUX
MMPOCTPAHCTBEHHBIX CUCTEM 3aBUCUT OT TOI'0, CKOJIb-
KO CYIIEpPB3pbIBOB ITIPOU301IJI0 B JaHHOM 001aCTh Ma-
KPOIIPOCTPAHCTBA U HAa KAKOM PACCTOSIHUU APYT OT
Jpyra HaxoIsTCs UX SMULIEHTPHI.

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

2. CynepripocTpaHCTBa BTOPOTo MOPSIAKA.
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Puc.2.3.9. CynepnpocTpaHCTBO YeTBEPTOTO nopsiaka. BoamyleHue mep-
HOCTU MaKpOITPOCTPAHCTBA, BEI3BAHHOE KaXKIbIM CYy-
MEPB3PbIBOM, PACIIPOCTPAHSETCS KPyraMu OT M-
LieHTpa. Yem gajplie OT SNULEHTPA, TeEM 00J1ee CUIIb-
HYIO Je(popMaLi0 MAKPOIIPOCTPAHCTBA CO3IAET BOJI-
Ha BO3MYIEHUS MEPHOCTU, cO3aaBacmMasl cymnep-
B3pPbIBOM. A 3TO O3HAYaET, YTO YEM JAJIbIIE OT SMU-
LICHTpa — TeM OOJIbllIee YUCJIO IEPBUYHBIX MaTEPUIA
MOTYT CJIMBaTbCS IPYT C IPYTOM B 30HAX HEOTHOPO/ -
HocTel. Yem 0oJibliie NEpBUYHBIX MATEPUIA CIMBAIOT-
cs1 BMecTe, 00pa3ysl TMHOpUAHYIO MaTepuIO, TeEM DoJjiee
WHEPLUMOHHOI, TeM 00jiee YCTOMYMBOM K BHELLTHUM
BO3JEHCTBUSIM OHa cTaHOBUTCS. KpoMe Toro, yuem
Jaiblle OT AMULIEHTPA CYepB3pbiBa, TEM 00JIbIIEE YMCIIO BO3MYILIEHUMN Mep-
HOCTH MaKpOIPOCTPAHCTBA OT APYTUX CYNEPB3PbIBOB, HAKJIAAbIBAIOTCS HA BO-
3MYILLIEHHE CO3JaHHOE JaHHBIM CYyIePB3PbIBOM.

1. MeTaBceneHHbIe, 00Opa3oBaHHbIE CIMSIHMEM ABEHAALaTU (POPM MaTe-
pUii.

Puc. 2.3.10. CyneprnpocCTpaHCTBO MSITOro Iopsiaka. B cuiy Toro, 4ro
MaTpUYHOE MPOCTPAHCTBO HEOJHOPOIHO U3HAYAJIb-
HO, BO3MYILIEHUE MEPHOCTHU, BBI3bIBAEMOE KaXKIbIM
CYIIEPB3PbIBOM, PACIpOCTPAHSIETCSI HEPABHOMEPHO
o 10 pa3HbIM IIPOCTPAHCTBEHHBLIM HAaMpPaBJICHUSIM
10 MakKpoIpocTpaHCcTBa. 1103TOMY CMHTE3 TMOpUIHBIX
. MaTepuii MPOUCXOIUT TOJIBKO BIOJIb HEKOTOPHIX ITPO-
. CTPAHCTBEHHBIX HampaBJ€eHUI MaTPUYHOIO MpPO-
:

s

CTpaHCTBA.

1. LlenTpanbHasg 30Ha CMbIKAHUSI MaTPUYHBIX
3 MPOCTPAHCTB.
' 2. MeTaBcesieHHbIe, 00pa30BaHHbIE CIMSIHUEM
TpUHaALaTu GOpM MaTepUid.

3. MeTaBceneHHbIe, 0Opa30BaHHbIE CIMSIHUEM ABEHAALIATU (DOPM MaTe-
pUiA.

4. MetaBcelieHHbIe, 00pa30BaHHbIE CIMSIHAEM OAMHHAALATA (hOpM MaTe-

pUid.
5. MertaBceneHHbIe, 0Opa30BaHHBIC CIMSHUEM AECITU (POPM MaATEPUIA.
6. MeTtaBceeHHbIE, 00pa30BaHHbBIE CIMSIHUEM AEBITU (DOPM MaTepuii.
7. MeTaBcesieHHbIe, 00pa30BaHHbIEC CAUSHUEM BOCbMU (DOPM MATEPUIA.
8. MeTaBceneHHbIe, 00pa30BaHHbIC CIMSIHMEM ceMU (pOpM MaTepuid.
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9. MertaBceJieHHbIe, 0Opa30BaHHbIE CIMSIHUEM LLIECTU (POPM MaTEPUid.
10. MeTtaBceneHHbIEe, 00pa30BaHHbIE CAUSHUEM NSITU (POPM MaTEpUIA.
11. MeTtaBceneHHbIe, 00pa30BaHHbIE CAUSTHUEM YEThIPEX (POPM MaTepUid.
12. MetaBcesieHHbIe, 00pa3oBaHHbIE CAUSHUEM TPEX (OpM MaTepuUid.
13. MeTtaBcesieHHbIe, 00pa30BaHHbIE CAUSTHMEM ABYX (DOPM MaTEPUIA.

14. KOH]_[eBaH 30Ha CMbIKaHUA MaTPUYHBIX IIPOCTPAHCTB.

Puc. 2.3.11. llectunyuyeBuk. CienyeT UMeTh B
BU]1Y, YTO TMOpUIHBIE MAaTepPUM, BOZHUKAIOLIE B pe-
3yJbTaTe CUHTE3a U3 MEPBUYHBIX MAaTEPUl, BIUSIOT
Ha MaTPUYHOE IIPOCTPAHCTBO, B KOTOPOM OHU HAXO-
JSATCS, M HACTYMAET MOMEHT, KOIla BTOPUYHOE BJIM-
STHME TMOPUIHBIX MaTEpUii JOCTUTAET KPUTUUECKOMN
BEJIMUMHBI, B PE3YJIbTATE YEr0 IPOUCXOAUT «IIPOaa-
BJIMBAHUE» OJTHOIO MATPUYHOIO IIPOCTPAHCTBA B APY-
roe. B pe3yabrate 3TOro B OMHOM MaTpUYHOM IIPO-
CTPAHCTBE BO3HUKAET CYIMEePAHAJIOT «4€EPHOU ABIPbI»,
a B IpyroM — cymnepaHaJIor 3Be31bl. TakuM o6pa3om,
B JaHHOM MAaTPUYHOM IPOCTPAHCTBE CUCTEMBI IIPO-

CTPaHCTB MMEIOT BIIOJIHE KOHEYHBIe pa3Mepbl. KoaddulimeHT KBaHTOBaHUS
JAaHHOTO MaTPUYHOTO NPOCTPAHCTBA OINpPeAesIsieT TUIl IEPBUYHBIX MaTepUii,
13 KOTOPBIX, B 3TOM MaTPUUYHOM IIPOCTPAHCTBE, MPOMCXOAUT (DOPMUPOBAHUE
MPOCTPAHCTBEHHBIX cUcTeM. [MOpUIHbBIE MaTepUM, KOTOPbIE BOZHUKAIOT B 30-
Hax Jedopmanuy BCASACTBUE CYNEPB3PHIBOB, JJIsSI KaXXA0r0 KOHKPETHOIO
MaTPUYHOTO IPOCTPAHCTBA UMEIOT KOHEYHOE MaKCHUMaJbHOE YMCJIO Mep-
BUYHBIX MaTepuii ux oopasyomux. BropuuHoe BEIpoXKaAeHUE MEPHOCTHU ITPO-
CTPAHCTBA UMU CO3[aBaeMOE€, ITIOJIHOCThIO HEHTpaInU3yeT NEPBUUHYIO AedOp-

MallIo MaKpOIIpOCTPaHCTBA.

Puc. 2.3.12. AHTUinecTuiaydeBuK. Bo Bpems cy-
MEPB3PHIBOB BOZHUKAIOT KOJIbLIEBbIE BOJIHBI AehOp-
MallM1 MaKpoOIIpOCTpaHCTBA. DTU MPOAOJIbHEIE BOJI-
HbI 16(DOPMUPYIOT IIPOCTPAHCTBO, KaK «BBEPX», TaK U
«BHU3». DTO SIBJICHUE BOZHUKAET B CHUJTy TOTO, YTO Ma-
TPUYHOE MPOCTPAHCTBO CaMO IO ce0e HEOZHOPOIHO.
CyuecTByloT nepenanbl (TpagueHTbl) MEPHOCTU
«CBEpXy» «BHM3» 1 Ha «BOCTOK» M Ha «3amaj». [Tosto-
My, KOT/1a Ha HEOJITHOPOIHOE MPOCTPAHCTBO HAKJIA bl -
BaeTCsl HEOJHOpoAHas1 aedopmMalsg MaTPUYHOTO
MMPOCTPaHCTBA, BO3HUKAalOIIas MpU CynepB3phiBE,
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MPOUCXOAUT (POPMUPOBAHME IBYX TUIIOB 30H Je(POpMaLIMK MAaTPUYHOTIO IIPO-
crpaHcTBa. OgHa 30HA CMHTE3a TMOPUAHBIX MaTepUid MpeacTaBIIsIET COOOM
«sIMy», Ipyrasg — «oyrop». BHyTpu «sim» (popMuUpYyIOTCS LIECTUIYYEBUKHU, a
BHYTPU «OYIpoB» — aHTUILIECTUIYy4eBUKU. OTIMUME TTEPBLIX OT BTOPHIX 3a-
KJII0YAEeTCs B TOM, UTO B ITOCJIEIHUX BO3HUKAIOT CYTIepIIPOCTPAHCTBA C MAKCHU -
MaJIbHbIM YKMCJIOM II€PBUYHBIX MaTepUii BO BHEIIHUX 00bEMaX, a C MUHU-
MaJIbHbIM — BO BHYTPE€HHEM. YCJIOBHO MOXHO CKa3aTh, YTO B OJHOM CJIydyae
MIPOCTPAHCTBA UMEIOT MOJIOXUTEIbHbIN, a B IPYTOM — OTpULIATeIbHBIN
CIIUHBI.

Puc.2.4.1. Bo3HUKHOBEHME 3B€3/bl, IPU CMbIKAHUU IMIPOCTPAHCTBA-
BCEJICHHOW HAIlleil MEPHOCTHU C IIPOCTPAHCTBOM-
BCEJICHHOI OoJbllIeii MepHOCTU. Bo3myleHus
MPOCTPAHCTBA IIPUBOIAT K TOMY, 4YTO CJIOU
TOXIECTBEHHOW MEPHOCTU IPOCTPAHCTBA B
HEKOTOPBIX 30HAX CMBIKAIOTCS ApYyr ¢ apyrom. Ilpm
CMBIKAHUM CJIOS IIPOCTPAHCTBA-BCEICHHON OOHOM
TOXIECTBEHHOM MEPHOCTU CO CJIoeM OOoJablIeid
TOXIECTBEHHONW MEPHOCTU, B 30HE CMBIKAHUSI
(opmupyercs 3Be3na. [1pu aToM, MaTepM HAYMHAIOT
TepeTeKaTh U3 IIPOCTPAHCTBA-BCEJICHHOM C OOJIbIICHA
MEPHOCTBIO B IPOCTPAHCTBO-BCEIEHHYIO C MEHBIIIEN.
I[IprnunHa neperekaHus B JAaHHOM HaIlpaBJICHUU
3aKJII0YaEeTCId B TOM, YTO JABA COCEIHUX CJIOS TOXIECTBEHHOW 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 NpPOCTPAHCTB-BCEJIECHHBIX, 00pa30BaHHBIX
CJIMSIHUEM IIECTU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — MepHOCTb 3BE3/IblI.
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Puc. 2.4.2. BO3BHUKHOBEHUE «YEPHOI ABIPHI»,
MpU CMBIKAHUM MPOCTPAHCTBA-BCEJICHHOM Halleu
MEPHOCTHU, C IIPOCTPAHCTBOM-BCEJIICHHOMW MEHBILIECH
MepHOCTHU. [1pr CMBbIKAHUHM CJI0S IPOCTPAHCTBA-BCE-
JIEHHOM OJTHOM TOXIAECTBEHHOM MEPHOCTHU CO CJIOEM
MEHbIIEN TOXIECTBEHHOM MEPHOCTH, B 30HE CMbIKa-
HUS popmupyeTcs «4€pHad apipa». [Ipu aToM, mare-
pUM HAYMHAIOT IMEPEeTeKaTb U3 MPOCTPAHCTBA-BCE-
JICHHOM C OOJiblleli MEPHOCThIO B MPOCTPAHCTBO-
BCEJICHHYIO ¢ MeHble. [IprurHa nepeTekaHus: B
JAHHOM HAaITpaBJIEHUU 3aKJIIOYAETCS B TOM, UTO ABa
COCEIHUX CJI04 C TOXIECTBEHHON MEPHOCTBIO OTJIN -
YalTCd APYr OT Jpyra Ha OJHY IEepPBUYHYIO MaTepuio. B 30He cMbIKaHUA
MIPOUCXOIUT pacIiag MaTepUU YPOBHS OOJIbILIEN MEPHOCTU ¥ CUHTE3 MaTepUu
MeHBbIIel MepHOCTHU. «YE€pHas abIpa» NpaKTUIYECKU MPEACTABIISIET COOOM OK-
HO B ITapaJUICJIbHYIO BCEJICHHYIO.

Ls, L7, Ls — MepHOCTM MPOCTPAHCTB-BCEJIEHHBIX, 00pPa30BaAHHBIX CIIMSI-
HUEM LIIECTH, CEMU U BOCbMU (POPM MaTEpUii.

L — MEpHOCTb «4EPHOIL ABIPHI».

Puc. 2.4.3. B kax10e NpoCTpaHCTBO-BCEJIEHHYIO
MaTepus MMPUTEKAET Yepe3 3BE3/IbI U BHITEKAET Uepes
«4€pHBIE ObIpbI». TaknM 00pa3zoM, OCYILIECTBIISIETCS
OaJlaHC MaTepuHU B IIPOCTPAHCTBE. Yepe3 30HbI CMbI-
KaHUSI MEXIY CJIOSIMU IIPOCTPAHCTBA MPOUCXOMAUT
repepacripeieieHre MaTepyuu U UMEHHO OJiarogapsi
5TOMY BO3HUMKAIOT YCJIOBUS JIJISI 3aPOKICHMSI XKU3HU.
BewiecTBo 1051 ¢ GOJIBIINM YPOBHEM TOXKIECTBEH-
HOI MEpPHOCTH pacrnagaeTcs Ha IIepBUYHbIE MAaTEPUU,
1 MIPOUCXOAUT CUHTE3 BELIEeCTBA CJI0sI C MEHBIIUM
YPOBHEM MEPHOCTHU. «JIUIIIHSISI» TIepBUYHAsI MaTepusl,
IIpU 3TOM, BbICBOOOXKIaeTCs U3 IieHa. BHOBBL 0Opa-
30BaBlIeeCs BEIIECTBO, ITPU MONAJaHUU B «4EPHBIE AbIPbI» pacliagaeTcs Ha
MaTepuu ero oopasyrolire U IpOUCXOAUT CUHTE3 BEILIECTBA CJI0SI C MEHBIIUM
YPOBHEM MEPHOCTHU U T.I.

Ls, L7, Ls — MepHOCTM MPpOCTPAHCTB-BCEJIEHHBIX, 00Pa30BAHHBIX CIIMUSI-
HUEM LIEeCTHU, CEMU U BOCbMU (DOPM MaTEPUIA.

L., Lr — 3Be31a 1 «4€pHast IbIpar»
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Puc.2.4.4. HeiitpoHHas 3Be31a. B mpoiiecce ctapeHUs 3Be3/1bI J0JIs1 JIET-

£‘ ........ g

KMX 2JIEMEHTOB YMEHbIIAETCS TPU POCTE TOTU TIKE -
JIbIX. B uTore, creneHb BIMSHUS 3BE3/1bl HA CBOI Ma-
KPOKOCMOC YBEJIMYMBACTCS, U TIPOUCXOIUT Aedopma-
LIMS CJIOSI TOXKASCTBEHHOM MEPHOCTHU B cpepe BIIUsI-
HUs 3Be31bl. ECy n3HavaabHbIN pa3mep 3Be3/1bl ObLIT
MEHBbIIIE JOECSATU COJHEYHBIX paauyCcoOB, TO IIPU
rudem 3Be3abl 00pa3yeTcsl, TaK Ha3biBaeMasl, HEeWi-
TpOHHad 3Be3aa. M, XxoTsa HEUTpoHHAas 3Be31a U HE
«OTKPBIBAECT» IBEPH B IPYIrOM CIOM TOXKICCTBEHHOM
MEPHOCTHU, HO, TEM HE MEHEE, OKa3bIBAeT 3HAUMTEJIb-
HOE BJIMSIHWE HA KAYeCTBEHHOE COCTOSIHUE «CBOETO»
CJIOSI TOXKJIECTBEHHOM MEPHOCTH.

L¢, L7, Ls — MEpHOCTH ITPOCTPAHCTB-BCEIEHHBIX, 0OpPa30BaHHBIX CIUSI-
HUEM IIECTU, CEMU U BOCbMHU (DOPM MATEPUIA.
L. — HelATpOHHAa4 3Be3/a.

Puc. 2.4.5. «YépHasa apipa». Eciiu u3HavaabHBIA paguyc 3Be3[bl ObLI

OoJbIIIe NECITU COJTHEUHBIX, TO, IIPU TMOEIN TaKOM
3Be3Ibl, 0Opa3yeTcst Y€pHas ablpa. Macca HEMTPOH-
HOTO BellleCTBa HACTOJILKO BeJIMKA, YTO NPOIaBJIvBa-
€T MaTpUYHOE IPOCTPAHCTBO JI0 CAEAYIOLIET0, HIXe-
JIeXXallero NpoCcTpaHCTBa-BCeIeHHOM. B HUXHeM
cJioe-BCceJIeHHOI 3aropaeTcst HoBasl 3Be3nga. Yepes
3Ty CBO€OOpPA3HYIO ABEPb, MAaTepUsl U3 OTHOTIO IIPO-
CTpaHCTBa-BCEJICHHON HauMHaeT IepeTeKaTh B HU-
KeJiekalee, IMoJJHOCThIO pacnajgasiCh Ha EPpBUYHbBIC
MaTepum e€ obpasyrouime. YMupas, MaTepusi OJHOIO
TUIA TOPOKIAET MAaTEPUIO APYTrOro TUIIA.

Ls, L7, Ls — MepHOCTH TIpOCTPaHCTB-BCEJICHHBIX,

00pa30BaHHBIX CAMSHUEM IIECTU, CEMU U BOCBbMU (DOPM MaTEepUid.
Lt — «a€pHas apipar.
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Puc. 2.5.1. Kaxpgas 3Be31a «KUBET» MUJLIMAPIbI
JIET, OCJIE Yero OHa «<yMHupaeT». B TeueHure aTMX MUJI-
JIMAPJIOB JIET, BEIIECTBO 13 IIPOCTPAHCTBA-BCEJICHHOMN
¢ OoJibleit MEpHOCTBHIO Lg, yepe3 30Hy CMbIKAHUS
MoIagaeT B MPOCTPAHCTBO-BCEIEHHYIO C MEHbIIEH
MEpHOCTBIO L7. [Tpu 3TOM, 3TO BEILIECTBO CTAHOBUTCSI
HEYCTOMYMBBIM 1 PACHagaeTCs Ha MePBUYHBIC MaTe-
puu, ero odpazywinue. CeMb IIEPBUYHBIX MaTEePUil
CJIMBAIOTCSI BHOBb, 00pa3ysi (PU3U4YECKHU IJIOTHOE BE-
ILIECTBO MpPOCTpaHCTBa-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 YCTOMUYMBOCTU (PU3NYECKU TJIOTHOTO BELLECTBA «HAXOASITCSI»
TOJIbKO, TaK Ha3bIBAEMbIE, JIETKUE JIEMEHTHI Takue, Kak Bogopo (H) u reanii
(He). IToaTOMY B 30HE CMBIKAHUS TIPOUCXOAUT CUHTE3 3TUX JIEMEHTOB. 1 He
cJiyyaliHo OoJibllasi 4acTh BelllecTBa Haluelr BeceaeHHoli — Bogopon. B 30He
CMBIKaHMSI IPOUCXOIUT AKTUBHBIN MTPOLIECC CUHTE3a BOAOPOA, MACCHI KOTO-
pOTO 1 COCTABJISIIOT OCHOBY 3B€3/1. TaK pOoXXIatOTCS 3BE€3bI, TAK HA3bIBAEMBbIE,
roayonie ruranTbl. U3HavyaibHas1 MJIOTHOCTh «HOBOPOXKIEHHBIX» OYEHb MaJia,
HO, B CWJIy TOT'O, YTO 30HAa CMbIKAHMSI HEOJHOPOAHA IT0 MEPHOCTH, BO3HUKAET
nepenaj (rpagi€HT) MEPHOCTU B HAIIpaBJIEHUU K LIEHTPY. B pe3ynbsrare aToro,
MOJIEKYJIbI BOJOPOAA HAYMHAIOT IBUTATHCS K LIEHTPY 30HbI CMbIKaHus. Haun-
HAETCS IMPOLECC CXKATUS 3B€311bI, B XOAE KOTOPOTrO, MJIOTHOCTb 3BE3IHOIO BE-
1IIECTBA HAUMHAET CTPEMUTEILHO PACTU.

ITo mepe pocTa TNIOTHOCTH 3BE3IHOIO BEILIECTBA, YMEHbBIIIACTCS OOBEM 3a-
HUMAaeMbIii 3B€3/101 U YBEJIMUYMBACTCSI CTEIIEHb BJIMSIHUSI MacChl 3B€3/Ibl, KaK
Ha YPOBEHb MEPHOCTU 30HBI CMBIKAHUSI, TaK M1 HA aTOMHOM ypOBHe. Takum
o0pa3oM, COOCTBEHHBII YpPOBEHb MEPHOCTHU 3B€31bl HAUMHAET YMEHbILIATHCS,
a BHYTPM caMOIi 3Be3bl HAUMHAIOTCS MPOLIECChl CUHTE3a HOBBIX, 00JIEE TSKE -
JIBIX 3JIeMeHTOB. Bo3HUKaeT, Tak Ha3blBaeMasl, TepMOsIIEpHasl peakKuus 1
3Be3/la HAUMHAET M3J1ydaTh LIEJIbId CIEeKTP BOJH, KakK MOOOYHBIA 3ddeKT
CUHTEe3a 2y1eMeHTOB. Cle1yeT OTMETUTh, YTO UMEHHO 0J1aroaapst 5TOMY «I10-
004yHOMY 3(PPEKTY» BO3ZHUKAIOT YCIIOBUS IJISI 3apOXKICHUS KU3HU. B 30HE
CMBIKaHUS MapauieJbHO MPOUCXOAST ABa Mpolecca: CUHTE3 BOAOpOaa Ipu
pacnaje BellecTBa MPOCTPAaHCTBA-BCEJICHHOM ¢ 00Jice BLICOKUM YPOBHEM
COOCTBEHHOM MEPHOCTH (BEIIECTBO, 00Opa30BaHHOE CUHTE30M BOCHMU (pOpM
MEPBUYHBIX MAaTEPUI1) 1 CUHTE3 B XO/I€ TEPMOSIACPHBIX peaKLMii U3 BOJOpOAa
0o0J1e€e TSKENIBIX DJIEMEHTOB. B pe3ysibraTe 3TUX IMpOLIECCOB 3B€30a YMEHbIIACT
CBOI1 00BEM U, KaK CJIEICTBHE YBESJIMUYECHMS B MACCe JOJIM 00JIee TIKENbIX, YEM
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BOJIOPOJ, 3JIEMEHTOB, YMEHbIIAETCSI U YPOBEHb COOCTBEHHOI MEPHOCTHU 3BE-
3161, YTO, B CBOIO O4Yepelb, YMEHBIIIAET 30HY CMbIKaHUsI. [{pyruMu cioBaMu,
«pOXXAEHHAasI» IPYTUM ITPOCTPaHCTBOM-BCEJIEHHOM 3Be3/1a, I1JIsl HAalllero mpo-
CTpaHCTBa-BCEJICHHOM, MOCTEIIEHHO OT/IEJISIETCS OT CBoelt «Matepu». He mpa-
BJla JIU, MOJTydaeTcs JIIOOOIbITHASI aHAJIOTUSI C pa3BUTHEM SMOpHOHA BHYTPU
MaTKM, KOIJ1a, «COTKaAaHHbIN» U3 KPOBU U TUIOTU MaTEPU IO, MOKMIAET JIO-
HO MaTepu U HAUMHAET CaMOCTOSITEJIbHYIO 3KU3Hb, TaK U 3Be371a, «POXKIEHHAasI»
IIPOCTPAHCTBOM-BCEJIECHHOM MOKMIAET «JIOHO MaTepu», Korga €€ ypoBeHb
cOOCTBEHHOI MEPHOCTH YMEHbIIIAETCsI, KaK CASACTBUE YBEJIUYEHUS CTETIEHU
BJIMSTHUSI HA OKpYKalollee MpocTpaHCTBO. OTAEIUBIINCH OT «MaTePUHCKOTO»
MPOCTPAHCTBA-BCEJICHHOM, 3Be31a HAUMHAET CBOIO COOCTBEHHYIO XXKU3Hb —
>KU3Hb, KOTOpasi IPOA0LKACTCS MUJUIMAPBI JIET, 10 UICTEYEHU M KOTOPBIX, OHA
«ymupaet». [1paBaa, 3B€311bI, B CBOIO OUYePEIb, YCIIEBAIOT «pOAUTh» IIaHETap-
HbIE CUCTEeMBbI, Ha KOTOPbIX UMEET LIaHC MOSIBUTHCS KU3Hb.

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

L. — 3Be3na.

Puc. 2.5.2. B npoliecce cxkaTus 3Be3/1bl, HapylIaeTcs OajlaHC MEeXIY 13-
JIydarouen MoBEepXHOCThIO U U3JTyJaroIIUM OOBEMOM.
B pesyibrate yero mepBUYHbIE MaTepUM CKAILIMBa-
I0TCS1 BHYTpHM 3Be31bl. HakorieHre nepBUYHBIX Ma-
Tepuii, B KOHEYHOM MTOTE, IPUBOAUT K TaK Ha3bIBa-
€MOMY B3pbIBY CBEpXHOBOM. B3phIB CBEpXHOBOI I10-
poXaaeT NpoaoJbHbIE KOJeOaHUsI MEPHOCTHU ITPO-
CTPAHCTBA BOKPYT 3Be34bl. BbIOpOI1IEHHBIE B3PhIBOM
CBEPXHOBOI ITOBEPXHOCTHBIE CJIOM 3BE3/bl, KOTOPHIE,
KCTaTu, COCTOIT U3 Hambosee JETKUX 3JIEMEHTOB,
MONagalT B UCKPUBJIEHUSI MPOCTPAHCTBA, CO3IaH-
HbI€ MPOJOJbHBIMU KOJIEOAHMUSIMU MEPHOCTU, BO3-
HUKIIMMU IIPU 3TOM B3pbIBe. B 3THX 30HaX UCKpU-
BJIEHUS ITPOCTPAHCTBA, U3 MIEPBUYHBIX MATEPUIl MPOUCXOAUT AKTUBHbINA CHUH-
Te3 BELIeCTBA, MIPUYEM, CUHTE3UPYETCS LIEbIM CIIEKTP pa3IMYHBIX 2JIEMEHTOB,
BKJIIOYAS TSKEJIbIE M CBEPXTSIKEIbIe. UeM 0oJibliie nepenaa MexXay YpOBHEM
COOCTBEHHOI MEPHOCTH 3B€3/Ibl 1 YPOBHSIMHU COOCTBEHHOM MEPHOCTHU 30H UC-
KPUBJIEHUSI TIPOCTPAHCTBA, TeM 00JIee TSKEIbIE SJIEMEHTHI B COCTOSIHUU «PO-
JUTbCSI» BHYTPU TUX 30H U TEM 00J1€€ YCTOMYMBEI 3TU TSKEIBIE 3JIEMEHTHI.
B 3aBrcuMOCTH OT M3HAYAJIBHBIX pa3MEPOB, B TEUEHME KU3HU 3BE3/Ibl MOXKET
ObITh OAWH WJIX HECKOJILKO B3pBIBOB CBepXHOBOI. IIpn Kaxkmom Takom
B3pPbIBE, COOCTBEHHBI YPOBEHb MEPHOCTH 3B€3/1bl YMEHBIIIAETCS, YTO IIPUBO-
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JIUT K YMEHBIICHUIO CUHTE3a JIETKUX 3JIEMEHTOB U YBEJIMUEHUIO CUHTE3a TS -
XKENbIX. B pe3ynbrare 3Toro, miI0THOCTb, a CJIeI0BATEIbHO, CTEIIEHb BIAUSHUS
3B€3/1bl HA OKPYXKAIOIEe MPO-CTPAHCTBO YBEINUYMBAETCS. EC/IM M3HAYaIbHBIN
BeC 3Be3bl ObLI MEHBIIIE IECITU COJITHEUHbBIX, OHA, K MOMEHTY CBOCH «CMEPTU»
(TMOTyXaHUI0) MPEBPATUTCS B TaK HA3bIBAEMYI HEUTPOHHYIO 3Be3ny. Ecian
K€, U3HAYAJIbHBIN BEC 3BE3/1bI IPEBHILLIAT AESCATh COJIHEUYHBIX, TO, B KOHIIE CBO-
€ro XXN3HEHHOTO IIyTH, 3B€3a IIPEBPAIIACTCS B «4EPHYIO AbIpY». HEUTpOH-
HBII OCTaTOK 3Be3/1bl (HEMTPOHHOE BEIIECTBO IPEJACTaBIISIET COOOI TaKyro
KA4eCTBEHHYIO CTPYKTYpy (PM3MUYECKU TJIOTHOTO BELIEeCTBa, MPU KOTOPOH
TOJIbKO HEUTPOHBI, HE UMEIOLINE IEKTPUIECKUX 3apsSII0B, 00pa3yloT Maccy
STOrO0 BEIIEeCTBA U, B CUJIY 3TOTO, HET «ITyCTOTO» IMIPOCTPAHCTBA MEXIY HUMMU,
KaK MeXIy siapaMyd COCEAHUX aTOMOB) HACTOJbKO CUJIBbHO Je(hOopMUpPYET
OKPY2Kalollee IMPOCTPAHCTBO, YTO IIPOUCXOAUT MOSBICHUE HOBOM 30HbI CMbI-
KaHMsl, TOJIBKO yXXe C IPOCTPaHCTBOM-BCEJIEHHOM C MEHBIIIMM YPOBHEM CO0-
CTBEHHOU MepHOCTH Le.

Ls, L7, Ls — MepHOCTH MPpOCTPAaHCTB-BCEJIEHHBIX, 00pa30BaHHBIX CJIMSI-
HUEM IIECTHU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — 3Be3na.

Puc.2.5.3. BriOpolieHHbIe BO BpeMsl B3pbiBa
CBEPXHOBOI MepBUYHbIE MaTEPUU — YaCTh MAaCChI
caMoli 3Be3/1bl, BLIOPOILIEHHOI ITPX 3TOM, MTOMNAaal0T
B 30HbI ICKPUBJICHUSI MEPHOCTU IPOCTPAHCTBA, BhI-
3BaHHbIE B3pbIBOM. B 30Hax gepopmaniyii HaYMHaeT-
Csl aKTUBHBIH TIPOLIECC CUHTE3a TMOPUIHBIX MaTepUi,
1 3TOT Mpollecc MPOAOIKAETCS 10 TeX Mop, MoKa T'-
OpuIHbIe MAaTEepUU COOOI HE KOMITEHCUPYIOT MOJIHO-
CThIO ehopMaLIMIO IPOCTPAHCTBA, B KOTOPOM IIPO-
HUCXOAUT UX CUHTE3. DTO IMPOUCXOIUT [IOTOMY, UTO TU-
OpUIHbIE MAaTEPUX CaAMM BJIMSIIOT HAa IMIPOCTPAHCTBO,
B KOTOPOM OHM Haxongtcs. [1puuéM, eciau nameHe-
HHE MEPHOCTU B 30HEe AedopMallMyu MPOCTPAHCTBA, BHI3BAHHOE B3PhIBOM
CBEPXHOBOM CUMTATh OTPULIATEIBLHBIM, TO THOPUAHBIC MATEPUU OYIYT BJIUSIThH
Ha MEPHOCTb MPOCTPAHCTBA MOJOXUTEIbHO, YBEJIUYUBAsSI MEPHOCTb IPO-
CTpaHCTBa B 30He AedOopMaluu.

Ls, L7, Ls — MepHOCTH MPpOCTPAHCTB-BCEJIEHHBIX, 00Pa30BAHHBIX CJIMSI-
HUEM LIEeCTHU, CEMU U BOCbMU (DOPM MaTEPUIA.

L. — 3Be3na.
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Puc. 2.5.4. IlocTteneHHO, BELLIECTBO B 30HAX UCKPUBJICHUS YIUIOTHSIETCS
1 POXKIAIOTCS TUIAHEThI. YIJIOTHEHUE BellleCTBa Ipo-
WCXOOUT B CUJTy HAJIMYMSI BHYTPU 30H UCKPUBJIICHUS
nepemnana (rpaarMeHTa) MEPHOCTH, HATPABJIEHHOTO K
LICHTPY HEOOHOPOAHOCTU. YeM OJmKe 30Ha UCKPHU-
BJICHUS K 3B€3/Ie, TeM Ieperaa 00Jjiee IpKO BhIpaXKeH.
[TosTOoMy GaMXKHKE K 3BE3/1€ MIaHEThl OYAyT MEHb-
1LIETO pa3Mepa U coaepKaTh OOJIbIIYIO T10JIIO TSKETBIX
ayieMeHTOB. KoTopkle, K ToMy Xe 1 00j1ee YCTOMYH -
Bbl, TaK KaK COOCTBEHHBII YPOBEHb 30HbI HEOIHO-
POIHOCTH IJIAHETHI TEM HIUKE, YeM OJIVIKE IIaHeTa K
3Be3ae. Takum 00pa3oM, YCTOMUMBBIX TSKEBIX 3JI€-
MEHTOB 00Jibllle Bcero Ha MepKypuu U, COOTBET-
CTBEHHO, 10 Mepe YObIBaHUS NOJIU TSIXKEJIBIX 2JIEMEHTOB UAYT — BeHepa, 3e-
mist, Mapc, FOnurep, CarypH, YpaH, [11yToH.

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

L. — 3Be3na.

Puc. 2.5.5. ickpuBieHue NPOCTPaHCTBA, B KOTOPOM BO3HUKAIOT YCJIOBUSI
IJIS1 CIUsIHUSL (POPM MaTepuil B BellecTBo. IlepBuy-
HbIC MAaTepPMU UMEIOT CBOM KayecTBa U cBoKcTBa. Ka-
4eCcTBa U CBOMICTBA IIEPBUYHBIX MATEPUIA UMEIOT CBOU
orpannyeHue. Kaxxnass KOHKpeTHas BeJIMUMHA — KO-
HEYHAa, TaK Xe, KaK KOHEYHAasl BEJIMYMHA UMEET CBOIO
dopmy. IloaToMy mJisi TOro, 4ToObI MPOU3OIIIO
B3aMMOJECTBUE KOHEYHOM BEJIMYNHBI (ITEPBUYHOMI
MaTepUHN) C KOHKPETHBIMU CBOMCTBAMU U Ka4yeCTBa-
MM U 0ECKOHEYHOI BEJIMYMHBI (ITPOCTPAHCTBO) C HE-
MIPEPHIBHO U3MEHSIOIIMMUCS CBOMCTBAMU U Kaye-
CTBaMM, HEOOXOAMMO, UTOOBI JaHHAsI MaTepus ToIa-
JIa B 30HY 3TOTO IIPOCTPAHCTBA, UMEIOLIYIO aIcKBaT-
HbIE€ CBOMCTBA U Ka4eCTBA. A 3TO MOXET IMPOU30UTHU TOJIHKO B OTPAHUYECHHOM
00bEMe 3TOro mpoctpaHcTBa. IloaTomy, Koroma mpu B3pbIBE CYNIEPHOBOM,
MPOUCXOIUT AedopMaLysl MPOCTPAHCTBA, IPOUCXOIUT U U3MEHEHME B 30HAX
nedopManry Ka4yeCTB M CBOMCTB 3TOI0 IMPOCTPaHCTBA. B pe3yiibraTe, B 3TUX
30HaX MEepBUYHBbICE MATEPUU IIPOSIBISIOT Ce0s1 MO-HOBOMY U MPOUCXOAUT
CUHTE3 TUOPUIHBIX MAaTEPUIA.
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Puc.2.5.6. CnusiHue ¢popm matepuii A u B B 30He
HWCKPUBJIEHUS TIPOCTPAHCTBA, 1 00pa3oBaHMeE Bellle-
ctBa TUIa AB. DT0 BelecTBO — Ka4eCTBEHHO OTJIN-
yaeTcs oT (POpM MaTepuil ero oopa3yrolmux, BO3HU-
KaeT HOBOE KayeCTBO M3 CTapbiXx KauecTB. [Ipuuem,
CIIMSIHUE MaTepuii MPOUCXOAUT B OrpaHUUYEHHOM
o0bEMe, e nmapameTpbl Gopm Matepuit A u B —
TOXXJIECTBEHHbI. TOXIEeCTBEHHOCTb ITapaMEeTPOB Mep-
BUYHBIX MaTEpUIA OOYCIIOBIEHBI TE€M, UTO OHM I10IIA-
Jal0T B 30HY JedopMaliy IMIPOCTPAHCTBA, BO3HUK-
LIIYIO TP B3pbIBE CyNepHOBOI. B 3TOM 00acTu ripo-
CTPaHCTBA U3MEHSIIOTCSI CBOICTBA U KayeCTBa, B pe-
3yJIbTaTe Yero NepBUYHbIE MAaTEpUM, UMEIOIIME CBOU KayeCTBa U CBOMCTBA,
HayMHAaIOT B3aMMOACUCTBOBATh MEXKy COOOM TaM Iie MX CBOMCTBA M KAUYeCTBa
TOXJIECTBEHHBI ApyT Apyry. UMeHHo, Oarogaps TOXKIeCTBEHHOCTHU CBOCTB
1 KayecTB 00JIaCTU MPOCTPAHCTBA U TIEPBUUYHBIX MAaTEpU1 BOSHUKAIOT HEO0-
XOJMMBbI€ YCJIOBUS IJIS1 CJIMSIHUSI CBOOOIHBIX ITEPBUYHBIX MaTepuii 1 00pa3o-
BaHMe TMOPUAHOU (POPMBI C HOBBIMU CBOMCTBAMU U KayecTBamMu. [Ipuuém,
BO3HMKIIIAsI B pe3yjbTaTe CUHTe3a rTMOpuaHasi (popMa cama BIMSET Ha IIpo-
CTPAHCTBO, B KOTOPOM HaXOJUTCHI.

Puc.2.5.7. Ciiussaue popm matepuii A, B, C B 30-
HE MUCKPUBJICHUS POCTPAHCTBA, U 0Opa3oBaHUE Be-
miectBa Tuna ABC. 91o Bemectso ABC KauecTBeHHO
OTJIMYAETCS, KaK OT (DOPM €T0 00pa3yIoInX, TAK U OT
BellecTBa Tuna AB. CnusiHue IIpOoUCXOAUT B MEHb-
1IeM 00BbEME, YEM ITPU CIAUSHUM IBYX (POpM MaTepuid
Au B, Tak KaK CBOMCTBa U Ka4eCTBa TPEX ITEPBUYHBIX
(opM MaTepuil TOXIECTBEHHbI, COOTBETCTBEHHO, B
MEHbIIIeM 00bEME BHYTPU 30HbBI UICKPUBJICHUS ITPO-
cTpaHcTBa. B 30He nedopmaiiyy mpocTpaHCcTBa CBOM-
CTBa U KayecTBa MEHSIOTCS HernpepbiBHO. [lepBruy-
HbIe MAaT€pUU, KAYECTBEHHO COIIaCOBbIBASICh B KOH-
KPETHOM 00BbEME MPOCTPAHCTBA CO3aI0T TMOPUIHbIE (POPMBI MATEPUHU, KO-
TOpbIE BAUSIIOT Ha MPOCTPAHCTBO, U3MEHSISI €r0 CBOMCTBA U KAYeCTBa, YTO Jie-
JJaeT BO3MOXKXHBIM HOBOE€ CJIMSIHME TIePBUYHBIX MaTepuii B IPYyroi KoMoOu-
Hauuu. Bo3HuKaer, Tak Ha3bIBaeMasl, oOpaTHasi CBsI3b, KOria HOBOE KauyeCTBO
BJIMSIET HA KAYECTBO €ro MOpOAMBIIIEe, U3MEHSISI €T0 U CO3/1aBasl YCIOBUS 1JIs1
3apOKIEHMS HOBOIO KayeCTBa.
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A, B, C, D, E, F, G — ceMb IIepBUYHBIX MaTepuii, 00pa3ylolux Hallle
MPOCTPAHCTBO-BCEJIEHHYIO.

Puc. 2.5.8. Ciusinue ¢popm matepuit A, B, C, D B 30He UCKpUBJIEHUS
MpoCcTpaHCTBa U obpa3oBaHue BeliecTBa TUa ABCD.
DTO BEILIECTBO 3aHUMAET 00BEM, MEHBIINH, YeM Be-
mectBo Tuna ABC moromy, 4To CBOICTBA U KaueCcTBa
yeThIpEX GOpM MaTepuil TOKIECTBEHHBI B MEHBIIIEM
00BbEME BHYTPU 30HbI UCKPUBJIEHUS TIPOCTPAHCTBA,
yeM IpU CIUSIHUM TpeX popM Mmartepuid. [mOpumHas
dopma ABCD npocTpaHCTBEHHO pacIiojaraercs
BHYyTpU TuopuaHoi ¢opmbel ABC. B cBoro ouepenp,
HOBasi TMOpUAHAsI MaTepusl BJIMSIET Ha OKpYyKalollee
MPOCTPAHCTBO, CO3/1aBasl KAYECTBEHHBIE YCIOBUSI 151
BO3MOXXHOCTH CMHTE3a HOBOW TMOPUIHONM MaTepuH,
“MelolIeil B CBOEM KaueCTBEHHOM COCTaBe Ha OJHY
MepBUYHYIO MaTepuio oosbliie. [1pu aToM, Kaxk1ast HoBasi THOpUaHAsI MaTEepUsI
YAaCTUYHO HeUTpaau3yeT 30HYy MCKpUBJIEHUS mpocTtpaHcTBa. [Ipoucxoaut
MOCTEIIEHHOE 3al0JIHEHNUE «SIMbl» THOPUIHBIMU MaTePUSIMU.

A, B, C, D, E, F, G — ceMb nIepBUYHBIX MaTepuii, 00pa3yrolux Hallle
MMPOCTPAHCTBO-BCEJICHHYIO.

Puc. 2.5.9. Chiusanue popm matepuii A, B, C, D, E B 30He UICKPUBJICHUS
MPOCTpPAHCTBA U 00pa3oBaHue BellecTBa, Tuna ABC-
DE. DTo BeliecTBO 3aHUMAET 00bEM MEHBILIN, YeM
BewiectBo TIIa ABCD mmotomMy, 4TO CBOMCTBA U Kaye-
CTBa ISATU (DOPM MaTepUid TOXKACCTBEHHbI B MEHbBILIEM
00BbEME BHYTPHY 30HBI UCKPUBJICHUS MPOCTPAHCTBA,
yeM IpU CIAUSHUU 4YeTbIpéX ¢OpM MaTEpuid.
In6pugnas dpopma ABCDE npocTpaHCTBEHHO pac-
noJjiaraeTcs BHyTpu rudbpuaHoii ¢opmsl ABCD. B
CBOIO ouepeab, HoBasl ruopuaHas matepust ABCDE
BJIMSIET HA OKpyXKalollee MPOCTPaHCTBO, CO3AaBasl
KA4YeCTBEHHBIEC YCJIOBUS JIJISI BOBMOXHOCTU CUHTE3a
HOBOM T'MOpUIHON MaTepuu, UMEIOLLIE B CBOEM Ka-
YeCTBEHHOM COCTaBe Ha OJHY MePBUYHYIO MaTeputo 0oibure. [1pu aToM, Ka-
>KJ1as1 HOBasi TMOpUIHASI MaTepUsl YaCTUYHO HEUTpaIU3yeT 30HY UCKPUBJICHUS
npoctpaHcTBa. [Iporcxoaut nmocreneHHoOe 3al0JIHEHUE «SIMbl» THOPUAHBIMU
MaTepUSIMU.
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A, B, C, D, E, F, G — ceMb IIepBUYHBIX MaTepuii, 00pa3ylolux Hallle
MPOCTPAHCTBO-BCEJIIEHHYIO

Puc. 2.5.10. Cnusinue dopMm matepuii A, B, C, D,
E, F B 30He UCKpUBJIEHUS MPOCTPaHCTBA U 00pa3oBa-
Hue BeuectBa Turna ABCDEF. OT1o BemecTBo 3aHM-
MaeT 00bEM, MEHbIIINI, YeM BelecTBo Thiia ABCDE
IMOTOMY, UTO CBOMCTBA M KayecTBa LIecTu (OpM Ma-
TEpUIN TOXIECTBEHHBI B MEHbIIEM O0OBEME BHYTPU
30HbBI UCKPUBJIEHUSI TIPOCTPAHCTBA, YEM IIPU CJIMUSI-
Huu natu dopm Maepuii. [nopugHas popma ABC-
DEF npocTpaHCTBEHHO pacIiojiaraeTcsi BHyTPpU TH-
opuagHoit popmbl ABCDE. B cBoro ouepenb, HOBasi
rubpuaHas matepusi ABCDEF BinusieT Ha oKpyxKato-
11Ie€ IIPOCTPAHCTBO, CO3/1aBasl KAYECTBEHHBIC YCIIOBHUS
JJ1s1 BOBMOXXHOCTHM CMHTE3a HOBOI TMOpUIHON MaTepuu, UMeIolIel B CBOEM
Ka4eCTBEHHOM COCTaBe, Ha OAHY IIEPBUYHYIO MaTepulo O0osblie. [1pu aToMm,
Kaxkasi HoBasi TMOpYIHAs MaTEpUsI YACTUYHO HEUTpaIU3yeT 30HY UCKPUBJIE-
HUS MpocTpaHcTBa. [TporcXoauT NocTerneHHOe 3a0IHEHUE «SIMbl» TUOPU -
HBIMU MaTEPUSIMMU.

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

Puc. 2.5.11. Crusinue cemu popm marepuii A, B,
C, D, E, F, G B 30He MCKpUBJIEHMS IIPOCTPAHCTBA 1
oOpazoBaHue BenlecTBa Tuna ABCDEFG. Oto Bele-
CTBO 3aHMMaeT 00bEM, MEHBIINIA, YeM BEIIECTBO TH-
na ABCDEF noromy, 4To CBOICTBa 1 KauyeCTBa CEMU
¢dopm Matepuii MOryT OBITh TOXIECTBEHHBI B MEHb-
11eM 00bEME BHYTPU 30HbI MICKPUBJICHUSI ITPOCTPaAH -
CTBa, YeM MpPU CIAUSHUM 11ecTu popm matepuii. [u-
opunHas popma ABCDEFG nipocTpaHCTBEHHO pac-
nosaraetcs BHyTpu rudbpuaHoit opmer ABCDFE. B
CBOIO ouepeab, HoBast ruopuaHast matepuss ABCDE-
FG Biuger Ha okpyxarollee mpoCTpaHCTBO, CO31aBast
KauyeCTBEHHBIE YCJIOBUS 411 BOBMOXHOCTHU CUHTE3a HOBOM rMOpUIHOMN MaTe-
pUHU, UMEIOLLIE B CBOEM Ka4eCTBEHHOM COCTaBe Ha OAHY NEPBUYHYIO MaTe-
puto ooJible. [1pu aTOM, Kaxkaast HoBasi THOpUIHAs MaTeprsl YACTUYIHO HEM -
Tpaau3yeT 30HY UCKPUBJIEHUS TpocTpaHcTBa. [IporcxoauT mocteneHHOE 3a-
MOJHEHUE «SIMbl» THOPUIHBIMU MAaTEPUSIMU.
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A, B, C, D, E, F, G — ceMb IIepBUYHBIX MaTepuii, 00pa3ylolux Hallle
MPOCTPAHCTBO-BCEJIEHHYIO.

Puc. 2.5.12. IInaHeta 3emJsl, BO3HUKIIIAs B 30HE MUCKPUBJIECHUS IIPO-

CTPpaHCTBA B pe3yJbTaTe MOCJIeI0BATEIbHOIO CIMSI-
HUS ceMU hopM MaTepUii U MPEACTaBIISIOLIAs COOOM
1IECTh MaTepUaJbHbIX cpep Pa3HOTO KOJUYECTBEH-
HOTI'O M KQUeCTBEHHOI'O COCTaBa, OJHA BHYTPU JIPYTOM.
DU chepbl BMECTE MPEACTABIISIIOT OIHY CUCTEMY —
TUIaHEeTy 3eMJIsd M HE MOTYT CYILECTBOBATh APYr 0e3
npyra. [Toatomy, Koraa paccMaTprBarOTCS IPOLIECCHI,
Mpoucxoasiye Ha pu3nIecKoM YpoBHE, HEOOXOI M -
MO ITOMHUTB, UTO 3TO — TOJIbKO BUAMMAsI BepXyllIKa
aiicoepra, KOTOPbIM SIBJISIETCS I1aHeTa. BHyTpeHHSIs
cepa, obpaszoBaHHasl ceMblo (popMaMUu MaTepuil
€CTb (pM3MYECKM IIOTHAS IIaHeTa 3eMJId.

1. ®usnuecky mIoTHas (nepBast MaTepuajbHasi) cdepa.
2. Bropag matepuanabHas cdepa.

3. Tpetbs MaTepuanbHas cepa.

4. YetBépTtass MaTepuaibHas cepa.

5. I1arag matepuajibHas cdepa.

6. Illecras maTepuaibHas cdepa.

Puc. 2.5.13. CtpyKTypHBIi1 U KayecTBeHHBIN cocTaB cdep 3emun. Ha

ol )

| A _Nrl-N.)

3TOM CXeMe HarjsigHO BUAHO, YTO €CTh 00I1ee U YeM
OTJIMYAIOTCA APYT OT Ipyra MarepuaibHble chepsl
3emiin. OO1IME 3JIEeMEHTHI CO31A0T YCI0BUS 1J1s1 B3a-
UMOJIeHICTBUS MexX Iy cpepaMu 3eMJIU, CTeNIeHb 3TO-
IO B3aMOAEUCTBUS OTPaXarT KOA(PPUILIMECHTHI :

1. ®usnuecku m0THa (MIepBast MaTepraibHas)
chepa.

2. Bropas matepuanbHas cdepa.

3. TpeTbs1 MaTepuaabHas cpepa.

4. YeTBEpTasg MaTepuajibHas cepa.

5. IIgaras marepuanbHas cdepa.

6. lllectas maTepuanbHas cdepa.

7. CJ10ii HEUCKPHUBJIEHHOIO MPOCTPAHCTBA.

o — KO3(M@UIUEHT B3aUMOAEUCTBUS MeXAYy (PU3NYECKU TIOTHON U
BTOPOM MaTepuaIbHBIMU CepaMu.

o2 — KOA(M@UIKUEHT B3aUMOACUCTBUS MeXAYy (PU3NYECKU TJIOTHOM U
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TpeTbeil MaTepuabHBIMU ChEepaMU.

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

o4 — KO3(PPULIMEHT B3aUMOJACHUCTBUS MEXIY (PU3NUECKU MIOTHOM U T151-
TOI MaTepuaJlbHbIMU C(pepaMu.

o5 — KOA(M@UIKUEHT B3aUMOACUCTBUS MeXAY (PU3NYECKU TIOTHON U
LIECTON MaTepUaTbHBIMU ChHEPaAMU.

o6 — KO3 (OUILMEHT B3aMMOIECTBUS MeXAY (PU3NUECKU MJIOTHOM Ce-
poOii ¥ C10€M HEMCKPUBJIEHHOTO (Heae(OpMUPOBAHHOIO) MPOCTPAHCTBA.

h — xayecTBeHHBII Oapbep MexX Iy PU3NYECKHU TUIOTHOI U BTOPOII MaTe-
pUaJIbHBIMU c(pepaMu.

i — KayecTBeHHBII Oapbep MexXAy (pU3NYECKU IIJIOTHOU U TpeThei MaTe-
puanbHBIMU ChepaMMU.

j — KayecTBEHHbIN Oapbep Mexay (PU3UUYEeCKU IJIOTHOM U YeTBEPTOM
MaTepuaJlbHbIMU chepaMu.

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

I — KayecTBEeHHBIN Oapbep MeXKIy PU3NUECKHU IIJIOTHOM U 1I€CTON MaTe-
pUaIbHBIMU C(hepamu.

m — Ka4eCTBEHHbII 0apbep MexXay (PHU3NYECKU IIOTHOM cepoii U ci1oeM
HEMCKPUBJIEHHOTO ITPOCTPaHCTRA.

Puc. 2.5.14. I1pu ciiusiH1Y B 30HE UCKPUBJICHUS
MPOCTPAHCTBA, CEMb (POPM IEPBUYHBIX MaTepUid
00pa3yloT LLIECTh BUJOB BEIIECTBA, KOTOPhIC OT/IMYa-
I0OTCSI APYT OT ApYyra Ka4eCTBEHHBLIM U KOJIMYECTBEH-
HBIM COCTABOM. DTU BEIECTBA CO3[al0T IIECTh MaTe-
puaJibHBIX cep, OAHA BHYTPU APYToii, KOTOPbIE BbI-
3bIBAIOT BTOPMYHOE BBIPOXKIEHME ITPOCTPaHCTBA (1C-
KPUBJIEHUE) U HEUTPaAJIU3YIOT IEPBUUYHOE UCKPUBJIE-
HHE IMPOCTPAHCTBA, B KOTOPOM ITPOUCXOAMJIO CIIUSI-
HUE 3TUX ceMUu popM Matepuid. [1ociie 3aBepiieHus
00pa30BaHMs IJIaHEThI, IPOUCXOIUT pacIiial HEKOTO-
poO¥i 4acTH BEIIeCTBa, YTO BHOBb CO3IAET YCIOBUSI
IJIsl CMHTE3a BellleCTBa U3 CBOOOIHBIX (DOPM MaTepuii, BOSHMKAET KPyroodo-
pOT BelllecTBa.

1. ®usnyecky noTHas (MepBasi MaTepualbHasi) chepa.

2. Bropas matepuajibHas cdepa.

3. Tpetbs MaTepualibHas cdepa.

4. YeTBEpTas MaTepualibHas1 cepa.
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5. Ilarasg matepuanbHas cdepa.
6. Illecrag maTepuanbHasg cdepa.

Puc. 2.5.15. Ilocne 3aBeplueHus1 npoiecca popMUpOBaHUS MJIaHETHI,
MEPBUYHBIC MAaTEPUU TTPOJOJIKAIOT «BTEKATh» U «BbI-
TeKaTb» 13 30HbI HEOJHOPOAHOCTHU. InOpuaHbIie Pop-
Mbl MaTE€pUU, BOZHUKIIINWE B pe3yJbTaTe CUHTE3a U3
MEPBUYHBIX, KOMIICHCUPYIOT Ilepenaa MEpHOCTU B
30HE HEOAHOPOJIHOCTH, HO He «youparoT» ero. I1os-
TOMY, KaK MPOTOYHAasl BOJa MPOJO/KAeT BTEKATh U
BBIT€KATh B BOJOEM, MOAAEPKUBAS €r0 YPOBEHD, TaK
1 IEPBUYHbBIC MATEPUU, TTOCJIE 3aBEePILICHUS POPMU-
POBaHUS TIJITAHEThI, MPOAOIXKAIOT BTEKATh U BHITEKATh
13 30Hbl HEOMHOPOAHOCTU. B cujty TOro, 4ro njaiaHera
YACTUYHO TepsIET CBOE BEILIECTBO B OCHOBHOM B BUJIE
ra3oBOro 1uieiga u pagoakTUBHOIO pacliaga 3Jjie-
MEHTOB, ITIPOUCXOAUT HE3HAUYUTEJIbHBIN JOMOJIHUTEIbHBIN CUHTE3 (PU3UIECKU
TUIOTHOTO BEILIECTBA U OajlaHC, TAKMM 00pa3oM, BOCCTaHaBIMBaeTCs. BHyTpu
TIAHETApHOM 30HbI HEOAHOPOAHOCTHU CYLLIECTBYET MHOXKECTBO MEJIKMX HEOI-
HOPOJAHOCTEM, KOTOPHIE BIAUSIOT HAa «IIPOTEKAOIIME» Y€pe3 HUX IEPBUYHBIC
MaTepUU, B pe3yJIbTaTe Yero, KaxKablii y4aCTOK MOBEPXHOCTU NPOHMU3BIBAIOT
MMOTOKM IIEPBUYHBIX MATEPUIA B ONIPEIeIEHHOM NPOMOPLMOHAIIBHOM COOTHO-
mieHuu. B pe3ynabsraTe 3TOro, B 3aBUCMMOCTH OT KOHKPETHOTI'O pacipeae/ieHusl,
MPOMCXOIUT CUHTE3 T€X UJIM MHBIX 3JIEMEHTOB, IIpU (DOPMUPOBAHUH TIJIAHETHI.
MMeHHO 3TO sBIsIETCS IPUUMHOM 00pa3oBaHMsI 3aJIeKel TeX I MHBIX 3J1e-
MEHTOB B Pa3HbIX YJ4acTKaxX KOPbI M Ha pa3jIMuHoOl rimyouHe. U, koroa atu 3a-
JIEXXM BbIPA0ATHIBAIOTCSI, HA 3TOM MECTE BO3HUKAET HEOAHOPOIHOCTh MEPHO-
CTH, 4TO IIPOBOLIMPYET CUHTE3 TEX K€ AeMeHTOB. [10 3aBepieHnIo cCuHTE3A,
OataHC MepHOCTH BoccTaHaBauBaeTcs. [1paBaa, BoccTaHaBIMBaIOLIMi OajTaHC
CHHTE3 MOXET IMPOI0JIKATHCS COTHU, a IOPOM U THICSYM JIET, U PE3YJIBTaThl €r0
MOTYT YBUAETH TOJBKO IMOCJIeaYIOLIMe MTOKoJeHUs1. TakuM o6pa3oM, KaxKablit
Y4aCTOK MOBEPXHOCTU ILJIAHETHI MPOHU3BIBAETCS B TOM WJIW MHOM Hampa-
BJICHUM OIIPEACAEHHON Cynepno3uLment (IpornopuuoHaIbHBIM COOTHOLLIEHN -
€M) MIEpBUYHBIX MaTepuii. Bocxoasiiye MOTOKM IepBUYHBIX MaTePUid, IIPO-
HU3bIBAIOILME MOBEPXHOCTb, CO3IAI0T, TaK Ha3bIBaEMbIC, MOJIOXUTEIbHBIC
r€OMarHUTHBIE 30HbI, B TO BpeMsI KaK HUCXOSIIINE — OTPULIATEeIbHBIE.

1. S npo riaHeTHl.

2. ITosic Marmsi.

3. Kopa.

4. ATMOCdepHI.
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5. Bropasa matepuanbHasg cdepa.

6. Llupkynsiuus riepBUYHBIX MaTepUil Yepe3 MOBEPXHOCTh IMJIaHETHI.

7. OTpunaTelibHbIe TEOMAarHUTHBIC 30HbI (HUCXOASIINE ITOTOKU TEep-
BUYHBIX MaTepuii).

8. IlonoxurenbHble TeOMarHUTHBIE 30HBI (BOCXOISIIIME MOTOKU ITIEP-
BUYHBIX MaTepuit).

Puc. 3.2.1. Ecau npenctaBuTh NEPBUYHBIC MaTe-
pUM OJHOTrO TUMA B BUAE Pa3HOLIBETHBIX KyOMKOB
OJHOIO0 pa3Mepa, TO, B 3TOM cJIydae, B3auMOJIEICTBIE
MIPOCTPAHCTBA Y MEPBUYHBIX MaTepUiA MOXKHO TIpe/-
CTaBUTH B ciieaytoleM Buae. Kaxaas nepBuyHasi ma-
TEepHUsI UMEET CBOU KOHKPETHBIE CBOMCTBA U KAYeCTBa,
IMO3TOMY, JJISI TOTO, YTOOBI OHA B3aMMOJIECTBOBAJIA C
MPOCTPAHCTBOM, HEOOXOAUMO M3MEHEHUE CBOMCTB
1 Ka4yecTB IPOCTPAHCTBA OO TeX IOp, MOKA OHU HE
CTaHYT TOXACCTBEHHBI CBOMCTBAM 1 KauyeCTBaM JaH-
HOI epBUYHOU MaTepuu. J1Jis1 TOro, 4ToOBI MPOU30-
IIJTM U3MEHEHMSI CBOMCTB M Ka4eCTB IPOCTPAHCTBA,
HEOOXOAMMO BO3MYILEHHME 3TOro IpocTpaHcTBa. [1omoOHOE BO3MylLIEHUE
MPOUCXOIUT MPU B3pbIBE CBEpXHOBOI. [1pomoibHbIE KOIbLIEBbIE BOJHBI BO-
3MYILEHNSI MEPHOCTU MPOCTPAHCTBA PACIIPOCTPAHSIONINECS OT SMULIEHTpa
B3pbIBa CBEPXHOBOI U CO31aI0T HEOOXOAUMBbIE YCIOBUSI AJ1s1 MOSIBJIEHUSI HO-
BOTO KauyecTBa — TMOPUIHBIX MaTepuil. BoiHbI BO3MYILIEHUSI MOTYT UMETh
pa3Hylo aMIInTyay. Eciy aMminTyaa Bo3MyleHUss MEPHOCTH IIPOCTPAHCTBA
couszMepuMa ¢ Koa(ppuIMeHTOM KBaHTOBaHUS AL = yi, TO, TOJIbKO OfHA
TIepBUYHAas MaTepUst A «pe30HUPYET» C MPOCTPAHCTBOM, M1 HOBOTO KauyecTBa
He obOpa3yeTcsl.

Puc.3.2.2. Eciu amminTyaa BO3MYILLIEHUS Mep-
HOCTHM NOPOCTPAHCTBA, BO3HUKIIAS INpPU B3PHIBE
CBEPXHOBOM, MpOoNOpLMOHaAbHA KO3(P(PUILIUECHTY
KBAaHTOBaHMS, Kak BeJanunHa AL = 2 yi, To, TOr1a 1Be
nepBUYHBbIe MaTepud A 1 B «pe3oHUpyoT» ¢ MIpo-
CTPAaHCTBOM, YU BO3HMKAET HOBOE Ka4eCTBO — THU-
opuaHas matepust AB. [1pu aToM, ru6puaHast popma
caMa BJIMSIET Ha IIPOCTPAHCTBO U HEUTpaIM3yeT MOoJ-
HOCTBIO 30HY AedopMallii NPOCTPAHCTBA, B KOTO-
poMm oHa Bo3HMKJIAa. CMHTE3 THOPUIHOUN (POPMBI Ma-
Tepuu AB B 30HEe HEOTHOPOJTHOCTU MPOCTPAHCTBA
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IIPY 3TOM KakK Obl «3aMOpaXXMBaeT» 3Ty 30HY HEOJHOPOIHOCTH, CO3aaBas
CTOSIYYIO BOJTHY MEPHOCTHU B IpocTpaHcTBe. [Ipu 3ToM, cucteMa Bo3Bpallia-
€TCSl K YCTOMYMBOMY COCTOSIHMIO, KOTOPOE OBbLJIO A0 MPpUX0Ja MPOAOJIbHOM
BOJIHBI BO3MYIIIEHUSI MEPHOCTU IMMPOCTpaHCTBa. BoccTaHOBIeHUE paBHOBECHS
CTAaHOBUTCSI BO3MOKHBIM TOJIBKO ITPU BOZHUMKHOBEHUM CTOSIYMX BOJIH Mep-
HOCTH, 3a CYET I'MOpUIHON MaTepuM U HOBOE YCTOMUMBOE COCTOSIHUE IIPO-
CTpaHCTBa KAYECTBEHHO OTJIMYAETCSI OT ITIePBOHAYAILHOTO, MOSIBJIEHUEM TH -
OpuaHoOIt MmaTepuu. JIpyrumu cioBaMu IIPOCTPAHCTBO, A0 B3pbIBa CBEPXHOBOM
1 MOCJIE B3pbIBa, KAYECTBEHHO OTJIMYAIOTCS APYT OT ApYyra.

Puc. 3.2.3. Eciu amniauTyaa BO3MYILIEHUST MEPHOCTU MPOCTPAHCTBA,
BO3HMKIIIASI IPU B3pbIBE CBEPXHOBOM, MPONOPLIUO-
HajibHa KO3 GULIMEHTY KBAHTOBAaHUSI, KaK BeJIMUYMHA
AL = 3 yi, TO, TOr1a Tpy NepBUYHbIe MaTepuu A, B u
C «pe30HUPYIOT» C IIPOCTPAHCTBOM, M BO3HUMKAET HO-
Boe KauecTBO — rudbpuaHas matepusi ABC. Ilpu
3TOM, TMOpUaHAas popMa caMa BIUSIET HA ITPOCTPaH-
CTBO M HEHTpaIU3yeT MOJTHOCTHIO 30HY e opMalnu
MIPOCTPAHCTBa, B KOTOPOM OHa BO3HMKIA. CUHTE3
ruopugHoit matepuu ABC B 30He HEOJHOPOAHOCTU
MIPOCTPaHCTBA, HEUTpaJIU3yeT 3Ty HEOAHOPOIHOCTD,
co3JaBasi, KakK 3TO YK€ OTMEUYaJIOCh, CTOSTUYIO BOJIHY
MepHocTu. [TpocTpaHCTBO BO3BpalIaeTcsl K COCTOSI -
HUIO0 paBHOBecusi. Ho, mpu 3TOM, 3TO COCTOSIHME paBHOBECHUSI OydeT OTJIM-
4yaThCs OT J0OOro APYyroro, Tak Kak aMIUIMTYda CTOSIYEM BOJIHBI MEPHOCTHU
OyIeT OTJIMYATHCS OT aMIUIMTYA APYTUX CTOSTYMX BOJIH B 3TOM IIPOCTPAHCTRBE.
Tak Kak, ecji 3achIlaTh BCce SIMbI Ha JOPOre, TO 3TO He OyJIeT 0O3Ha4yaTh, YTO
SIMBI MCYE3JI1 WJIA YTO OHU COBEPIIEHHO OAUHAKOBBIE, XOTSI ObI TOTOMY, UTO,
YTOOBI MOJIHOCTBHIO 3achlNaTh sIMblI Pa3HOM TJIyOMHBI MOTPEeOyeTCsl pa3Hoe
KOJIMYECTBO 1IE€OHS WJIM YEro-HUOYyIb APYroro.
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Puc.3.2.4. Eciu amruiutyna Bo3MyILLIEHUST MEp-
HOCTU TIPOCTPaHCTBA, BO3HUKILNASI IPU B3PHIBE
CBEPXHOBOIi, IMpPOIOpLUMOHaAJIbHA KO3(hPULIMEHTY
KBaHTOBaHMs, KaK BeJiuunHa AL =4 v;, To, Torna ye-
Thipe nepBuuHbie Mmatepuu A, B, C u D «pe3oHupy-
I0T» C ITIPOCTPAHCTBOM, Y BO3HUKAET HOBOE KaUeCTBO
— rubpuaHas matepusi ABCD. I1pu atom, rubpua-
Hasi popMa caMa BJIMSIET Ha IPOCTPAHCTBO U HEUTpa-
JIN3yeT MOJHOCThIO 30HY JAedopMaluy NpoCTpaH-
CTBa, B KOTOPOM OHa Bo3HMKJa. CMHTE3 TMOPUIHOMN
Mmatepun ABCD B 30He HEOJHOPOAHOCTU NPOCTPAH-
CTBa HEUTpaAIU3YeT 3TY HEOAHOPOJHOCTb, CO31aBasl,
KaK 3TO yXXe 0TMeUaJioCh, CTOSIUYIO BOJIHY MepHOCTHU. [TpocTpaHCcTBO BO3Bpa-
1IaeTcsl K COCTOSIHUIO paBHOBecusi. Ho, mpu 3ToM, 3TO COCTOSIHME paBHOBECUSI
OyIeT OTJIMYaThCs OT JIIDOOTO APYroro, Tak Kak aMIUIMTYAa CTOSTYEil BOJIHBI
MEPHOCTU OYAET OTJIMYATHCSI OT AMILJIUTYJ IPYTUX CTOSTYMX BOJIH B 3TOM ITPO-
CTPaHCTBE.

Puc.3.2.5. Eciu amminTyaa BO3MyILLIEHUS Mep-
HOCTM MOPOCTPAHCTBA, BO3HUKIIAS NpPU B3PbIBE
CBEPXHOBOM, MpONOpLMOHAaAbHA KO3(P(PUILIUECHTY
KBaHTOBaHMs, Kak BeanunHa AL = 5vyi, To, Torma
nsaTh nepBuYHbIX MaTepuil A, B, C, D u E «pe3oHu-
PYIOT» C TIPOCTPAHCTBOM, U BO3HUKAET HOBOE Kaye-
ctBO — rubpuaHasg matepusit ABCDE. [1pu aToMm, ru-
OpuaHasa opMa cama BIMSIET Ha IMMPOCTPAHCTBO U
HEUTpaJin3yeT MOJIHOCThIO 30HY Je(opMaluu IIpo-
CTpaHCTBa, B KOTOPOM OHa BO3HMKJIA. CUHTE3 Iu-
opunHoit MaTepui ABCDE B 30He HEOTHOPOTHOCTHU
MIPOCTPAHCTBA HEUTPAIU3YET 3TY HEOOAHOPOIHOCTD,
co31aBasi, Kak 3TO yXXe 0TMedaaoCh, CTOSUYIO0 BOJIHY MepHOCTHU. [IpocTpaH-
CTBO BO3BpAIllaeTCs K COCTOSIHMIO paBHOBecusl. Ho, mpu 3ToM, 3TO cOCTOsSTHUE
paBHOBECHS OYJIET OTJIMYATHCS OT JIIOOOTO APYroro, Tak Kak aMIuInuTyaa CTo-
sT9e¥i BOJTHBI MEPHOCTH OYIET OTJIMYATHCS OT AMILJIMTYI APYTUX CTOSINX BOJIH
B 3TOM IIPOCTPAHCTBE.
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Puc.3.2.6. Eciau amMmninTyna BO3MYILEHKSI MEPHOCTU IPOCTPAHCTBA, BO-
3HMKIAsI [IPU B3PbIBE CBEPXHOBOI, MPONOPLUOHAb-
Ha KO3(P(PUILIMEHTY KBAaHTOBaHMSI, KaK BeJImdnHa AL
= 6 v;, TO, TOTJa IIECTb EpBUYHBIX MaTepuii A, B, C,
D, E u F «pe30HUpYyIOT» C IPOCTPAHCTBOM, Y BOZHU-
KaeT HOBOE KauecTBO — rudpuaHas Matepust ABCD-
EF. I1pu sTtom, rubpumHasa ¢popmMa caMma BIIMSIET HA
MIPOCTPAHCTBO M HEUTpaAIU3YyeT ITOJTHOCThIO 30HY JIe-
(phopmaLu MpoCTpaHCTBA, B KOTOPOM OHA BO3HMKJIA.
Cunrte3 rudbpuaHoi matepuni ABCDEF B 30He Heoi-
HOPOJHOCTH ITPOCTPAHCTBA HEUTPAIUIYET ITY HEOI-
HOPOJHOCTb, CO3[aBasi, KakK 3TO yXKE& OTMEUYaaocCh,
CTOSIUYIO BOJIHY MepHOCTU. [IpocTpaHCTBO BO3Bpa-
1IaeTCsl K COCTOSIHUIO paBHOBecusi. Ho, mpu 3ToM, 3TO COCTOSIHME paBHOBECUS
OyZzeT OTJIMYaThCA OT JIDOOTO APYroro, Tak Kak aMIUIMTYda CTOSYENA BOJTHBI
MEPHOCTHU OYAET OTJUYATHCS OT aMILIMTYI APYTUX CTOSTYMX BOJIH B 3TOM MPO-
CTPaHCTBE.

Puc.3.2.7. Ecau ammuinTyna BO3MYILLEHUS MEPHOCTU POCTPAHCTBA, BO-
3HUMKIIAS IIPU B3PBIBE CBEPXHOBOM, MPONOPLIMOHAIb-
Ha KO3(pGULIMEHTY KBAHTOBaHUSI, KaK BeJnynHa AL
=7 vi, TO, TOIZ1a CeMb IIepBUYHBIX MaTepuii A, B, C,
D, E, Fu G «pe30oHupyOT» C NPOCTPAHCTBOM, U BO-
3HMKAET HOBOE Ka4eCTBO — IrmOpuaHas MaTtepust AB-
CDEFG. I1pu aToM, rubpuaHas dopma caMma BJIUSIET
Ha MPOCTPAHCTBO U HEUTPAJIM3YET NOJHOCTBIO 30HY
nedopMaly MPOCTPAHCTBA, B KOTOPOM OHA BO3HM-
kia. CuHte3 ruopuaHoit matepui ABCDEFG B 30He
HEOJHOPOJHOCTHU IIPOCTPAHCTBA HEUTPAIU3YET ITY
HEOJHOPOJTHOCTb, CO3[aBasi, KakK 3TO ye OTMeva-
JIOCh, CTOSIYYIO BOJIHY MEpHOCTU. [IpocTpaHCTBO BO-
3BpAalllaeTCsl K COCTOSIHUIO paBHOBecus. Ho, mpu 3ToM, 3T0 COCTOSIHUE paB-
HOBECHs OYAET OTJIMYAThCS OT 0000 APYroro, Tak Kak aMIUIATYa CTOSTYEH
BOJIHbI MEPHOCTM OYAET OTJIMYATHCS OT aMIUIATY. APYTUX CTOSYMX BOJIH B
3TOM IPOCTPAHCTBE.
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Puc.3.2.8. Eciu amminuTyaa BO3MYLLIEHUST Mep-
HOCTU TIPOCTPaHCTBA, BO3HUKILNASI IPU B3PHIBE
CBEPXHOBOIi, IMpPOIOpLUMOHaAJIbHA KO3(hPULIMEHTY
KBAaHTOBaHUS, Kak BeanuuHa 6 vi < AL < 6,9 vi , To
torga cemb nepBuuyHbIX Matepuii A, B, C, D, E, Fu G
HE MOTYT «PE€30HMPOBaTb» C MPOCTPAHCTBOM, U HE
BO3HMKAET HOBOE KAa4eCTBO — IMOpUIHAsI MaTepus
ABCDEFG. IIpu n1aHHBIX YCJIOBUSIX, TOJbKO ILIECTh
MEPBUYHBIX MAaTEPUIA MOTYT CIUTBLCS U 00pa3oBaTh
rubpuaHyto marepuio ABCDEF. Kaxnas nepBuuHas
MaTepusi UMeeT CBOM KOHKPETHBIE CBOMCTBA U Kaye-
CTBa U HE MOXET B3aMMOJeiCTBOBATh C IPYTMMMU Ya-
CTUYHO KaKOM-JIMOO CBOEI YacThlO, a TOJbKO LieJIMKOM. Kak He MOXXeT OBbITh
T10J1 Y€JI0BEKa I YETBEPTh YeJIOBEKa, TaK KaK, YeJI0BEK MPEeACTaBIsIeT COO0M
eIVHBIN XKMBOU OpraHU3M, BCe KJIETKM KOTOPOIo padoTaroT BMecTe, odecre-
YKMBasl YCJIOBUS XKM3HEIESITEIbHOCTU OpraHn3Ma B 11eJIoM. Tak U repBUYHbIE
MaTepUM HE MOTYT B3aMOAEHCTBOBATh TOJIBKO YaCThIO CBOET0 KAKOTO-HUOYIb
CBOICTBA UJIM KauyeCTBa, a TOJbKO «LIEJbIM» CBOMCTBOM MJIM KauyeCTBOM. Ta-
KUM 0o0pa3oM, HaOJ0HaeTcsl KBAHTOBAaHME MPOCTPAHCTBA MO MEePBUYHBIM
MaTepusIM.

Puc. 3.2.9. B npocTpaHCTBE NOCTOSIHHO ITPUCYT-
CTBYIOT He3HAYUTEJIbHbIE KOJeOaH1sI MEPHOCTH TIPO-
CTpaHCTBa, MpeACTaBJsIOIIMEe COO0 PETUKTOBBIE
U3JIy4eHUsI KOCMOCa, KOTOPhIe MPeACTaBIISIIOT COO0iM
OTTOJIOCKM B3PBIBOB CBEPXHOBBIX, KOTOPbIE MPO-
WU301IIA MWUIMAPALl 1 MUUIMAPIBI JIET Ha3ad WJIn
U3JIy4eHUS yKe yMUparoumx 38€34. Bece atn usiyde-
HUSI CO3Jal0T CBOEOOpa3HbIl MPOCTPAHCTBEHHBIM
«(pon». 1 mosToMy npu cutyalmm, Korjga 30Ha Je-
(popmalim MepHOCTH IMPOCTPAHCTBA JICKUT B AUaria-
30He 6 7 < AL < 6,9 yi, peIMKTOBbBIE U3TyYEHUS TPO-
CTpaHCTBa, HeCylllMe He3HauMTeJIbHbIE KOJeOaHusI
MEPHOCTH ITPOCTPAHCTBA, BBICTYIIAIOT B POJIN «I1aJI0YKU-BhIpyJaiouku». Ha-
JIOXXeHME (CyIepHo3UuLIns) aMIUIUTY KOJIeOaHUsI MEPHOCTU, KOTOPOE OHU
MIPUHOCAT ¢ CO00Ii, HAa MEPHOCTb MIPOCTPAHCTBA B JAHHOI TOUKE IPOCTpaH-
CTBa, BpEMEHHO Ha KaKoe-TO BpeMsl OyIyT co3aBaTh YCJIOBUS JJIsI CAUSTHUS
CeMU MEePBUYHBIX MaTEPUIA.
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Puc. 3.2.10. ITocne npoxona ¢ppoHTa BOJIHBI Yepe3 JaHHYIO TOUKY IPO-
CTPAHCTBa, MEPHOCTb IMMPOCTPAHCTBA BO3BPALLIACTCS K
YPOBHIO, KOTOPbII ObLUT 0 Mprxoaa (poHTa BOJHBI U
HEOOXOAMMBIE YCIIOBUS JJIsI CUHTE3a CEMU MEPBUY-
HBIX MaTepuii Ucye3aroT, U ruopuaHas marepust ABC-
DEFG pacnagaercs Ha nepBuuHble MaTepun. HoBbii
(bpOHT BOJIHBI BOCCTAHABJIMBAET HEOOXOAMMBIE IS
CMHTE3a YCJIOBUSI, U BCE IMMOBTOPsIETCS BHOBL. [MOpuI-
Has Matepusi ABCDEFG — ¢pu3nyecku nmjioTHoe Be-
IIIECTBO — HAXOAMUTCS B COCTOSTHUY MEPLIAHUS, KOTO-
poe SBJSIETCS TTIOTPAHUYHBIM COCTOSTHUEM (pu3nde-
CKM IJIOTHOM MaTepuM U €CTb HUA UYTO MHOE, KaK TaK
Has3bIBa€Mblii, 3JIEKTpoH. MMeHHO mo3ToMy 3J1€eK-
TPOH 00J1aJaeT AyaJlbHbIMU (ABOMCTBEHHBIMU) CBOMCTBAMMU, KaK BOJIHBI, TaK
1 4aCTULIbl. B IpurHILIMIIE 3JIEKTPOH HE SIBASETCS HU OOHUM, HU APYIUMM, a
SIBJISICTCSI MOTpaHUYHOMN (popMOil MaTepuu.

Puc.3.2.11. IIpu ob6pa3zoBaHud siipa aToMa, BO3HMKAIOT BO3MYILLIEHUS
MEPHOCTU MPOCTPAHCTBA, aHAJTOTMYHbIE BOZHUKAIO-
LIMM IIpU B3PbIBE CBEPXHOBOM, TOJBKO BCE IPOKC-
XOJIUT Ha yPOBHE MUKponpocTpaHcTBa. KoJjiblieBbie
BOJIHBI BO3MYILLIEHWSI MEPHOCTU MUKPOIIPOCTPAHCTBA,
CO37aBaeMbI€ SIPOM aToMa, I0BOJILHO OBICTPO 3aTy-
Xal0T YU YeM MEHBbIIIE SIAPO aToMa, TeM ObICTpee IPo-
UCXOOUT 3TO 3aTyxaHue. Ho, TeM He MeHee, BO3HUKa-
10T OJIHA WX HECKOJIbKO 30H AedopMaLlii MUKPO-
MIPOCTPAHCTBA JJISI CIMSIHUSL CEMU TIEPBUYHBIX MaTe-
puii ABCDEFG. CnusiHue ceMy mepBUYHBIX MaTe-
P MPOUCXOIUT B BUAE TTIOTPaHUIHOM POpMbI PU3U-
yecku IUIoTHOM matepum. Ilpu a3TOM BOKpYr sapa
00pa3yloTCcs CTOSTYME BOJIHBI MEPHOCTU MUKpPOMNpPOCTpaHCTBA. B cuy Toro,
YTO Ha YPOBHE MUKPOIIPOCTPAHCTBA MOCTOSIHHO MPUCYTCTBYIOT MUKPOCKOIIN -
yecKkue KoJjieOaHUsI MEpHOCTU MUKPOIIPOCTPAHCTBA, MMPOUCXOIST MepUogAYe-
CKME€ U3MEHEHUS YPOBHI MEPHOCTU B TOM WM MHOM 30HE CTOSYEM BOJIHBI
MEPHOCTH aToMa.

1. IlepBas pa3peli€HHas opoUTa 3JEKTPOHA.

2. Bropas pa3peli€HHasi opouTa 3JIEKTPOHA.

3. DJIEKTPOH.
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Puc.3.2.12. B cuiy TOro, 4To BCE U3BECTHbIE U3-
JIy4€HMSI CYLLIECTBYIOT B BUJe NOPLUUIM — (POTOHOB —
MocJIEAHUE, IIPU CBOEM IBMKEHUU B IIPOCTPAHCTBE,
BJIMSIIOT TOJIBKO Ha Ty WJIM MHYIO YaCTb MUKPOIIPO-
CTPaHCTBA, B 3aBUCUMOCTHU OT JIJIMHBI BOJIHBI JAHHOTO
(potoHa. Bo3myllieHrEe MEPHOCTU MIPUBOJUT K TOMY,
YTO MOrpaHu4yHas (popMa MaTepund — BJIEKTPOH —
CTAaHOBUTCSI HEYCTOMUMBBIM U pacnagaeTcs Ha nep-
BUYHbIe MaTepuu. [Ipu 3TOM, MPOUCXOIUT MUKPO-
CKOMUYECKUIA B3PbIB, BCS SHEPTUSI KOTOPOIO YXOIUT
Ha co3JaHue ogHOro (PoToHa. DJIEKTPOH UCUE3aeT C
JTAHHOM 3JIECKTPOHHOU OpOUTHI U HE TOJBKO C Op-
OuThl. JlaHHBII 371eKTPOH MPOCTO MNEPECTAET CYILIECTBOBATh, «<ymupaeT». [1po-
JTOJDKUTEIbHOCTD XXM3HU 3JIEKTPOHA COCTABJISIET TPUJUIMOHHBIE TOJIN CEKYH-
nbl. [Tociie «cmepTn» 371€KTpOHA, HA €Tr0 MECTE TTOSIBIISIETCS «BaKaHCHU». J1eno
B TOM, YTO HaJIMUMe BJIEKTPOHA CO3IAET 30HY CTOsSIYeil BOJHBI Ha JaHHOM
DJIEKTPOHHOI opouTte atoMa. Ilociie «cMepTHU» 3JIEKTpOHA, 3Ta 30HA CTAHO-
BUTCSI HEYCTOMUMBOI aKTUBHOM, TaK KaK YPOBEHb COOCTBEHHO MEPHOCTH
STOI 30HbI CTAHOBUTCS BBIIIE YPOBHSI COOCTBEHHOM MEPHOCTH aTOMa B LIEJIOM.
BosHuxkimii Takum 00pa3zomM MUKPOCKOIMMYECKUI TTepe MEPHOCTU CO30AET
«JIOBYLIKY IJ1s1 ()OTOHOB».

Puc. 3.2.13. BakaHTHas 371eKTpoHHasl 30Ha He
OCTaeTcs1 CBOOOTHOI «10Jiroe» Bpems. Bce mpocTpaH-
CTBO OYKBaJIbHO HACHIIIEHO MUKPOCKOMNYECKUMU
KOJIEOAHUSIMU MEPHOCTH, KOTOPbIE, B OOJbIIMHCTBE
CBOEM, MPEICTABISIIOT COOOI Xa0TUYECKUE U3JTyde-
HUS 2JEKTPOHOB Bceil BecenenHoii. [Tpoucxoaut no-
[JIOLIEHME OMHOIO M3 3TUX (POTOHOB U POXKIAACTCS
HOBBII 3JIEKTPOH B TOM Xe caMOli 30He nedopMalnunu
— 31eKTpoHHOI opouTe. [Ipouecc cMepT u poxe-
HUS 3JIEKTPOHA MPOUCXOIUT TaK OBICTPO, UTO CO3/1a-
€TCs1 WJUTIO3USI MePLIAHMSI OMHOI'O U TOTO X€E 3JEKTPO-
Ha. B cuny Toro, 4to BO BpeMs (pra3bl BAKAHTHOTO
BJIEKTPOHA, TIPUCYTCTBYET U PaIuabHbINA Mepenaa MEPHOCTU BHYTPU 30HBI
HEOJHOPOJHOCTHU, POXIEHNE HOBOTO 3JEKTPOHA MPOUCXOAUT HE B TOM XKe
caMOM MecCTe, TIe Mcue3 Npeablaylinii 2j1eKTpoH. [1loaToMy Kaxkngoe HOBoe
pPOXAEHME JIEKTPOHA ITPOUCXOIUT B HOBOM MecTe. B pe3ynbrare, BO3BHUKAET
Meplallllee ABMXKXEeHME JIEKTPOHA M0 OpOUTE BOKPYT Spa.

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

Puc.3.2.14. «CMepThb» 3JIEKTpOHA MOXET IPOU30UTHU HA OJHOI OpOUTE,
a HOBOE «pOXKIeHUEe» — Ha 0oJjiee OJIM3KOM K SIIpY,
1K 0oJiee JajabHEel, opoduTax. DTO — U3BECTHBIN B
aToMHO# ¢pusuke dakrt. [Ipuuyém, cKauyok MOXET
MMPOU30UTHU TOJBKO Ha OJHY OPOUTY BHU3 WIU OJHY
opouty BBepx. B pe3synbrare yero, MeHsIeTCSl «IIpO-
MM1MCKa» BHOBb POXKIEHHOIO 3JIEKTPOHA, IOCJIe paca-
na npeabiayiiero?! Yem «He mMOHpaBUIIOCH» €11IE HE
«POXIAEHHOMY 3JIEKTPOHY «CTapOe» MECTO MPOIIUC-
ku?! Jla, HuueM. Jleso B TOM, YTO «IIPOMUCKa» IJEKT-
poHa U3MEHSIETCSl TOJbKO, €CJIM Ha CTPYKTYpPY CTO-
STYMX BOJIH aTOMa HaKJ1aJblBaeTCs BO3MYILIEHNE Mep-
HOCTH, JUTMHA BOJIHbBI KOTOPOI COU3MEpUMA C paccTo-
SIHUEM MEXXJy COCeIHMMM 30HaMU JedopMaliid MEPHOCTU BOKPYT sipa,
JIPYTMMU CJIOBaMM COM3MEPUMa C paCcCTOSTHHUEM MEXKY COCEAHUMU OpOUTaMU
WIW TIPUCYTCTBYET BHEIIHMM nepenaa MmepHocTu AL. B 3Tux ciyyasix mecto
«POXIEHUS» BIEKTPOHA CHOCUTCS I'paBUTALIMOHHBIM BETPOM B OJHY WU B
JIPYTYIO CTOPOHY, B 3aBUCUMOCTHU OT CUTYall U HAITPaBJIEHHOCTU MPOMCXO-
JSIIMX TIPOLIECCOB.

Puc. 3.3.1. CoG¢cTBeHHBI ypoBeHb MepHOCTH Bogopoaa H (crerneHb
BJIMSIHUSI aTOMa WJIM JPYyTrOro MaTepruaaibHOro 00beK-
Ta Ha OKPYXalolllee MPpOCTPaHCTBO) — CTOJIb HE3HA-
YUTEJIbHBIN, UTO AEJIAET €ro YCTOMYMBBIM B Ipeaesiax
BCEro Arana3oHa MePHOCTUA MEXAY (PU3NIECKHU IIOT-
HOW U BTOpOM MaTepuaabHbIMU cpepamu. Bomopon
MOXET OBITh YCTOMYMBBIM, KaK U BHYTPHY pacKa€H-
HOM 3Be3bl, TAK ¥ B MEX3BE3HOM IIPOCTPAaHCTRBE. B
CUJTYy 3TOTO, BOJOPO/, SIBJISIETCSI CAMBIM pacpocTpa-
HEHHBIM 3JIeMeHTOM Bo Bcenmennoii. I[IpakTnyeckn
BCE IIPOLIECChI MpouCXoasa1umre BO BceneHHOM He 00-
xoasTcs 0e3 ero ydactusi. Bomopoag — ocHoBa He
TOJIbKO TEPMOSIIEPHBIX peaKIIUuii 3BE€3]1, HO U UTPAET
Ba>KHEMIIYI0 pojb B 00€CeUEeHUU BO3MOXKHOCTU CYIIECTBOBAHUS XMBOU
MaTEepUU.

1. HuxxHuit ypoBeHb MEPHOCTU (PUBUYECKU MJIOTHOM CPEpPHI.

2. BepxHuii ypoBeHb MEPHOCTH (PU3UYECKU TJIOTHOM CPephl.
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Puc. 3.3.2. Atom Bogoponaa H sBisgercs cambiM
YCTOMYMBBLIM U CAMBIM PacIIpOCTPAaHEHHBIM JIEMEH -
TOM B Hallleir BcesieHHOM B crly TOro, 4To OH (BOHO-
poOJ) OKa3bIBAET MMHMMAJIbHOE BJIUSIHAE HA OKpPY-
Karolllee NpoCcTpaHCcTBO. B cuiy Toro, 4To IJist CUH-
T€3a BOJOPOAAa U3 MEPBUYHBIX MAaTEPUIA TOCTATOYHO
HE3HAYUTEJIbHBIX U3MEHEHUI MEPHOCTHU ITPOCTPaH-
ctBa. UMEHHO MO3TOMY, BOAOPO/, SIBJISIETCSI CAMbIM
pacIpoCTpaHEHHBIM 3JieMeHTOM BO BceneHHoii. B
TO X€ CaMO€ BpeMs CJIeAyeT IIOMHUTh, YTO Ka>KIbIA
aToOM, B TOM 4YMCJIe U aTOM BOJOpPOJa, BIMSIOT Ha
MEPHOCTh NPOCTPAHCTBA, 3aIOJHSS AepopMalLnIo
MpocTpaHCcTBa cBoel Maccoii. [ToaTomy, mociie CMHTe3a KaxX10ro aToMa, 30Ha
nedopMaliy IIpOCTPAHCTBA YMEHbIIAETCS HA HEKOTOPYIO BEJIMYMHY, ITPOIIOP-
LIMOHAJILHO aTOMHOMY Becy JaHHoro aroma. [loatomy, mo mepe cuHTe3a pu-
3MYECKU IIJIOTHOI MaTEpUU C KaxXXKIbIM CUHTE3UPYEeMbIM aTOMOM, BEJIMUYMHA
nedopMald MPpOCTPAaHCTBA YMEHBILAETCS, U 3TOT Mpolecc OyaeT MpoaoJ-
>KaThCS 10 TEX MOp, TT0Ka 30Ha AeopMaliii MOJTHOCThIO He HEHTpaJIn3yeTcsI
3a CYET BOZHUKIIIMX B pe3yJbraTe CUHTe3a aTOMOB. [1pu aToM, mpekpaliaercs
1 CaM CUHTE3.

Puc.3.3.3. Bo BceneHHOI TOCTOSIHHO TPOUCXO-
JUT CUHTE3 aTOMOB, B OCHOBHOM BOAOPOAA; B CUJTY
3TOr0, CUHTE3 BO3HMKAET B 30HAX CMbIKAHUST MEXY
JTaHHBIM IIPOCTPAHCTBOM-BCEJIEHHON 1 BbILIEJIEXKa-
muM. IToaTomMy 30HBI aedopmaliiy IIPOCTPAHCTBA
yallle BCEro BO3HMKAIOT OJIVKE K BEpXHEU IpaHULIe
YCTOMYMBOCTU (PU3MUYECKM TUIOTHOIO BellecTBa. U,
KaK CJIeJICTBHUE 3TOI0, BO3HUKAIOT ONTUMaJbHbIC
YCJIOBUS [J1s1 CUHTE3a UMEHHO BOJOPO/1a, B CUITY €ro
MUWHUMAaJILHOTO BTOPMYHOTO BIMSIHUSI HA OKPYKato-
1Iee MpoCcTpaHCTBO. Tak KaK 30HbI HEOJHOPOJHOCTU
MMEIOT OTPOMHBIE IPOCTPAHCTBEHHbBIE pPa3MepHhl,
CUHTE3UPOBAHHbIE aTOMbI HAUMHAIOT HAKaIUIMBAaThCSl B 3TUX 30HAX, MOCTE-
MEHHO 3aM0JIHSS X CO00M. B crity TOro, 4T0 30HBI HEOTHOPOTHOCTH CAMM HE-
OQHOPOJHBI B pa3HbIX MIPOCTPAHCTBEHHBIX HAIIPABJICHUSIX, BO3HUKAIOT BHY-
TpeHHUeE Meperaabl (TpagueHThl) MEPHOCTU, HallpaBJE€HHbBIE K LIEHTPY 30HbI
HEOJHOPOAHOCTHU. B pe3ynbraTe yero, mjieHEHHbIE B 30HE HEOJHOPOAHOCTU
aTOMBI BOJOPO/a ITOMNAaaaloT oI BO3AEHCTBIE TOTOKOB NEPBUYHBIX MAaTEPUiA,
HaIpaBJEeHHBIX K LIEHTPY 30HbI HEOJHOPOJHOCTHU. M, KaK ciaeacTBue, BO3HU-
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KaeT CXXaTue BOJIOPOIHOIO BEIIECTBA, YTO IIPUBOAUT K pa3orpeBy U Havally
TEPMOSIAEPHBIX PEaAKIIUIA.

Puc. 3.3.4. /Ins cunre3a atoma ypaHa U 30Ha gedopmaniiy poCcTpaHCTBA
NOJDKHA ObITh MAKCUMAaJIbHO JTOIYCTUMOM MJISI BO-
3MOXHBIX COCTOSSHUI (PU3UYECKU TJIOTHOTO Bellle-
ctBa. [ledopMauus mpocTpaHCTBA, co3aaBacmas
SIIPOM aTOMa ypaHa HacTOJbKO 3HAauyMTeJbHa, YTO
€AMHUYHBINM aTOM ypaHa NPaKTUYE€CKU TMOJHOCTHIO
HEUTpaIM3yeT MAaKCUMAaJIbHO BO3MOXHBIN 111 PU3U-
YeCKM IJIOTHOI MaTepuu nepemnan MepHocTu. [1oato-
MY YpaH 1 BCE€ TPaHCYPAHOBBIE 3JIEMEHThI CTAHOBSITCS
HEYCTOMYMBBIMY 1 HAUMHAIOT pacraaaThCsl Ha MaTe-
puM 1X 00pa3yrolire B OObIYHBIX YCJIOBUSX. Tak Kak
Jaxke MOMIOLIEeHMS U3TydeHU I IryMmoBoro ¢goHa Bcee-
JICHHOI JOCTaTOYHO, YTOOBI COCTOSIHME aTOMa, MO-
[JIOTUBILIETO (POTOH 3TOro (POHA, CTAJIO CBEPXKPUTUUECKUM U OH pacnajcs. B
Mpoliecce pacnaga U3 OCBOOOAMBIIMXCS MEPBUYHBIX MATEPUMA TIPOUCXOIUT
CUHTE3 YCTOMUYMBBLIX B JAHHBIX YCJIOBHUSIX aTOMOB U MPOUCXOAUT MOUIHBII
BbIOpOC u3nyyeHuii. [locnie yero cucrteMa BO3BpallaeTcs K yCTOMYMBOMY CO-
crosiHMIO. [Ipoliecchl U MPUYMHBI, MPUBOIMIIIME K B3PbIBY CBEPXHOBOU U
MPOLIECCHI M IPUYMHbBI, IPUBOISIINE K pAAMOaKTUBHOMY pacIiaay, UMEIOT TO-
>KJI€CTBEHHYIO IIPUPOLIY, UMEsI 0OCOOEHHOCTH, BEI3BAHHbBIEC PA3IUIYMSIMUA MEXTY
MaKpO- 1 MUKPOMUPOM.

Puc.3.3.5. ComnocraBiieHUe CTENEHU BIUSHUS Ha OKPYKAIOIIUI MUKPO-
KOCMOC (MUKPOIPOCTPAHCTBO) aToMa Bogopoja H u
aroMma ypaHa U. CoOCTBEHHBI YpOBEHb MEPHOCTU
ypaHa U 1mo3BoJisieT eMy ObITb YCTOMYMBBIM B IIpE/Ic-
JlaX He3HAUYMTEJIbHOI0 Arana3oHa MepHocTu. MMeH-
HO II03TOMY ypaH U BCE TPAaHCYPAHOBbIE 3JIEMEHTHI
paauvoaKkTUBHBI, T.€., HEYCTOMYMBbI, IMIPAKTUUECKU,
MpHY JIOOBIX YCIOBUSIX. B TO BpeMs, Kak BOOOpOI U
IpyTrue JIETKMe 3JIEMEHTbI, CTAHOBITCSI HEYCTONUM-
BbIMM TOJILKO B OIIpeIeIEHHBIX YCI0BUIX. UeM jierue
3JIEMEHT, TeM OH 00Jiee YCTOMUMB, a 3TO 03HAYAET, YTO
Heo0XoanMo 00J1bllIee BHEIIHEE BO3AeiCTBUE, YTOOBI
BbI3BATh €r0 HEYCTOMYMBOCTb.

1. HuxxHuit ypoBeHb MepHOCTH (pUBUYECKU MJIOTHOMN chepHl.

2. BepxHuii ypoBeHb MEPHOCTU (PU3UYECKU IIIIOTHOM ChEPHI.
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Puc. 3.3.6. CuHTe3 aTOMOB BOJOPOJa MOXKET
MPOMCXOAUTD B Mpeaeaax MpakTUUYeCKU BCero auara-
30Ha YCTOMYMBOCTU (PM3NYECKHU IJIOTHOTO BEIIECTBA.
YpoBeHb COOCTBEHHOIT MEPHOCTH BOIOPOJA, TEM HE
MeHee, OJIM30K K BEpXHEHW IpaHUlIE YCTOMYMBOCTU.
Bcrynaet B cuiy apdekT nonaska. OnTuManbHbIN
YPOBEHb MEPHOCTM BOAOPOJA HAXOAUTCS OJM3KO K
BEepXHEM IpaHUlie AMAIIa30HA YCTOMYMBOCTU. DTO
CBSI3aHO C T€M, YTO BOAOPO/ — JIETYaUIIMWil U3 aTO-
MOB 1 €r0 COOCTBEHHOE BJIIMSHUE HAa OKPYXKaIOIIne
MIPOCTPAHCTBO MUHUMaJIbHO. M 1T03TOMY ITOTOKM
MEPBUYHBIX MaTEePUil, KOTOPbIE MOCJE 3aBEPILICHUS
nmpolecca CMHTe3a IPOoJoJKAalT LUMPKYJUPOBaTh B 30HE Aedopmanuu
MIPOCTPAHCTBA, «BBIHOCST» aTOMbI BOJIOPO/Ia HAa TOT YPOBEHb MEPHOCTH, TIPU
KOTOPOM MX COOCTBEHHOE BJIMSIHME HA OKPYXKaIOIIee MPOCTPAHCTBO YPaBHO-
BELLIMBAET BO3AEHCTBHUE MOTOKOB MEPBUYHBIX MaTepuil. AHAJTOTOM MOXET
CJIyXXWUTh YpPaBHOBEILIMBAHUE MJIaBy4ECTU O0BEKTA, MOTPY>KEHHOIO 101 BOAY
€ro BECOM, B pe3yJibTaTe Yero, MaTepraabHbINA MpeaAMET OCTAHOBUTCS Ha TOU
IyOuHe, IIe 00e 3TU CUJIbI ypaBHOBEIIMBAIOT ApyT Apyra. [Ipu 3ToM 00beKT
Kak Obl 3aBMCAeT Ha ompeaeaeHHOM riryorHe. Tak u Jito0oit aToM OyIeT cTpe-
MUTBCS K CBOEMY ONTUMAIbHOMY YPOBHIO.

Puc.3.3.7. IIpakTnyecku Bce aTOMbI UMEIOT pa-
JUOAKTUBHbIC M30TOMNbI. PainoakTUBHBIE M30TONbI
BOAOpPOJA — JACUTEPUIN U TPUTUI — UMEIOT B CBOUX
sgpax Ha OAMH WJIM JBa HEUTpOHA OOJbIIE, YEM Y
coOCTBEHHO Bojgopoaa. Mx aToOMHBIN BeC HA OOHY
WU IBE ATOMHBIE €AMHULIBI OTJINYAETCS OT aTOMHOI'O
BeCa BOJIOPOaA U, TEM HE MEHEE, OHU SBJISIOTCS pa-
JUOAKTUBHBLIMU. B TO BpeMs1, KaK aTOMBI IPYTUX 2JI€-
MEHTOB, UMEIOIINX TOYHO TaKOU M Aaxke OOJbIIUIA
aTOMHBIM BEC, HE MPOSBJISIOT NPU3HAKOB paauoaKk-
TUBHOCTU U TOJBKO MUX U30TOIIbI, UMEIOLIIUE «IUIII-
HUIi» HEMTPOH, OPOSIBIISIOT ce0s1, KaK pagriOaKTUB-
HBIE DJIEMEHTBI. ATOMBI OY€Hb MHOTMX 3JIEMEHTOB B CBOMX YCTOMYMBBIX CO-
CTOSIHUSIX UMEIOT B CBOUX S1Ipax HEUTPOHBI, TOPOM AECITKU, U, TEM HE MEHEE,
HE CTAaHOBSTCS paaMOaKTUBHBIMU. [1oueMy MosIBIIEHUE €11E OAHOTO HEUTPO-
Ha, B IONOJIHEHME K YK€ IPUCYTCTBYIOIIMM, AeJIaeT MOJ00OHBIM aTOM paauo-
akTUBHBIM? BCE e10 B TOM, YTO JIMITHUIA HEUTPOH HE MEHSIET ONTUMAJIbHOTO
YPOBHS MEPHOCTHU aTOMA B 1IEJIOM, @ UBMEHSET CTCIICHb BIUSHUS SIApa 3TOTO
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aToma, B mpeaeaax camoro sapa. [loaToMy aToM ¢ «TMITHUM» HEHTPOHOM
MPOJOJIKAET BECTH ce0sl, KaK M aTOM 0€3 OHOTO U, B pe3yabTaTe, CTAHOBUThHCS
PaInOaKTUBHBIM.

Puc. 3.3.8. PagnroaktuBHbBIN n30TON Bogopoaa — Aelitepuii D — BHe 3a-
BUCUMOCTHU OT TOTO, I'/Ie IIPOU30LIET €r0 CUHTE3,
YCTPEMIISIETCSI K ONITUMAJILHOMY YPOBHIO COOCTBEH-
HOI MepHOCTH 00bIYHOTrO Bogopoaa H u B pe3yabrare
3TOr0, OKa3bIBAae€TCS B OJIM3KUX K KPUTUUECKUM IJIsI
(pu3uuecku TIOTHOro BellecTBa ycjaoBusax. Ilpo-
CTPAHCTBO MOCTOSIHHO HACBILLIEHO MUKPOCKOIIHYE-
CKMMM KoJeOaHUSIMMU MEPHOCTU IPOCTPAaHCTBA Ha
Pa3HbIX YPOBHSIX COOCTBEHHOI MEPHOCTH, B TOM UM-
cJie ¥ Ha ypPOBHE ONTUMAaJIbHOI MEPHOCTU BOAOPOA.
B ocHOBHOM, 3TN MUKPOCKOMUYECKME KOJEeOaHUSI
MepHOCTU ((POTOHBI) BO3HUKAIOT IIPU Mepexojgax
BJIEKTPOHOB € 0oJice yAaJ€HHBIX OT siApa OpOUT Ha
Oosiee OJM3KME K SIAPY Y TeX XKe caMbIX aTOMOB BOJIOPO/a, UTO «IJIaBalOT» Ha
YPOBHE CBOEI onTUMaJibHOI MepHOCTU. [1pu norjionmeHun (HaJIOXXeHUU Ha
aToM) 3TUX (POTOHOB aToMaMu aelitepusi D, ypoBeHb COOCTBEHHOI MEPHOCTHU
YBEJIMUMBAETCS U B pe3yJbTaTe, TaKOi aTOM OKa3bIBAeTCs 3a MpeaeaaMu JU-
arna3zoHa YCTOMYMBOCTU (PU3NUYECKHU MJIOTHOIO BEILIECTBA.
1. Huxxauit ypoBeHb MepHOCTH (pu3ndecku muoTHo chepsl (D.I1.C).
2. Bepxnuii ypoBeHb MepHocTH D.I1.C.

Puc. 3.3.9. Kaxxnast MmoseKkyia Wid aTOM UMEIOT CBOM IMara3oH MEpPHO-
CTH, B IIpeiesiax KOTOPOro, OHM COXpaHSIOT CBOIO yC-
TOMYMBOCTD. [103TOMY DM3MYECKHU TIOTHASI MATEPUST
IJIAHETHI paCpeaeIsIeTCs 110 AMara3oHaM yCTOMY -
BOCTHU. IpaHMLIBI 3TUX OIUAIIA30HOB SIBIISIIOTCS YpPO-
BHSIMU pa3fiesieHUsI MeXIy aTMOC(epoil, OKeaHaMU U
TBEPIOU MOBEPXHOCTHIO TIaHETHI. [paHu1ia ycToium-
BOCTU KPUCTAJIMYECKOM CTPYKTYPhI IIAHETHI IMO-
BTOpSIET (POPMY HEOTHOPOIHOCTH, IO3TOMY MOBEP-
XHOCTb TBEPAOI KOPbI UMEET BIIAAWHBI Y BBICTYIIbI.
BrianyHbl BIOCI€ACTBUM 3aMOJHWIUCH BOOOW U
oOpa3oBayii OKeaHbl, MOpsi, 03€pa. Bona, npeacra-
BJISIONLASI COOOM KUMKW KpUCTAJI U UMEIOIIasl He-
3HAYUTEJIbHBIA YPOBEHb COOCTBEHHOI MEPHOCTHU, YCTOMUYMBA B BEPXHEM
y4yacTKe Juana3oHa, MMEHHO 3TO IMO3BOJISIET €1 CKAIJIMBAThCS BO BIIAJIMHAX
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KOopbl. ATMOC(pepa, MIaBHO Iepexoasiiasi B moHocdepy (I1a3MeHHOe rpa-
HUYHOE COCTOsSIHWE (PU3MYECKHU IIOTHOrO BEIIECTBA), 3aHMMaeT BEpXHUM
MOrPAaHUYHBINA y4aCTOK JMaria3oHa MEPHOCTU (pU3UYECKHU IIOTHOTO Belle-
ctBa. [locne cuHTe3a pusnyecku MIOTHOTO BEIIECTBA, aTOMbI TPUOOPETAIOT
HEKOTOPYIO YCTOMUYMBOCTD K BHEILLIHAM TI€peragaM MEPHOCTU MaKPOKOCMOCA.
[ToaTOMY TOJILKO KOrAa aMIUIMTYJA BHEIUIHETO Ileperana MEPHOCTU CTaHET
COM3MEPUMOM C MMOJOBMHOI 11ara3oHa MepHOCTU (PU3UYECKU MJIOTHOM ce-
pbl, aTOMbI CTAHOBSITCS HEYCTOMUYMBBIMU 1 pacragaroTcsd. JItoooe nsMeHeHue
MEPHOCTU MAaKpPOIIPOCTPAHCTBA BBI3BAHHOE, B TOM YMCJIE U BCIBILIKAMU COJI-
HEYHOUW aKTUBHOCTU, U3MEHEHHNE OOIIEero YpOBHSI MEPHOCTU MaKpOIIPO-
CTPAHCTBA, B CUJIYy TOIO, YTO COJIHEYHAsd CUCTEMAa ABUXKETCS OTHOCUTEJIbHO
sJipa HallleW TaJIAKTUKU, 1, KaK CJICACTBUE 3TOr0, MOoIaaaeT B 00J1aCTH C ApY-
T'MMM YPOBHSIMU COOCTBEHHOM MEPHOCTHU, B CUJIY HEOAHOPOAHOCTHA CAMOTO
IIPOCTPAHCTBA, IPUBOJUT K HANPSDKEHUSIM B 36MHOM Kope. HanpsokeHus B
KOpe MPUBOJAT K €€ pacKojaM, OITYCKaHMWIO WJIX NOJHSITHUIO €€ B pa3HbIX Me-
CTaX, U3BEPKEHUIO BYJIKAHOB U MOSBICHUIO HOBBIX, KaK PE3YyJIbTaT U3MEHEHMUS
YCJI0BUM ABVXKEHUS Marmbl U T.4. [Ipoucxonut nepepacrnpeneiieHue puznde-
CKY IUIOTHOTO BEIIECTBA BHYTPU 30HBI HEOAHOPOJIHOCTU ILIAHETHI, B COOTBET-
CTBUU C MOJIOXKEHUEM YPOBHEN ONTUMAIBHOM MEPHOCTH 1 pa3HbIX arperar-
HBIX COCTOSIHUM (pU3NYECKM MJIOTHOM MaTepuu: TBEPAOro, XUAKOTO, ra3o-
00pa3HOro U IJIa3MEHHOTO.

1. YpoBeHb MEPHOCTU aTMOC(]EpPHI.

2. YpoBeHb MEPHOCTHU OKEAHOB.

3. YpoBeHb MEPHOCTU 36 MHOU KOPBHI.

4. YpoBeHb MEPHOCTU MarMbl.

Puc. 3.3.10. Kaxaplifi aToM MMeeT CBOI C00-
CTBEHHBI YPOBEHb MEPHOCTU U €CJIU 3TOT YPOBEHb
COBITaJIaeT C YPOBHEM MEPHOCTU MaKpOINPOCTPAH- |Leawmis 2 .,
CTBa, TAE ATOT aTOM HAXOIUTCS, TO OH OyIeT Haxo-
JIUTHCS B YCTOMYMBOM COCTOSIHUU. B MpOTUBHOM Ci1y-
yae, aTOM CTAaHET HEYCTOMYMBBIM U IPOU30MIET €ro
pacnan. JIBa aroma pa3HbIX 2JIEMEHTOB A 1 Ao UMEIOT
pa3HbIe YPOBHU COOCTBEHHOI MEPHOCTH B CUJTY TOTO,
YTO OHU UMEIOT pa3HbIiA aTOMHBIN BEC U, BCJICACTBUE
3TOTO0, IO Pa3HOMY BJIMSIIOT HA CBOE MUKPOIIPOCTPaH-
cTBO. [103TOMY YpOBHM COOCTBEHHOM MEPHOCTHU ABYX
aTOMOB PAa3HbIX 3JIEMEHTOB OTJIMYAIOTCI APYr OT
JIpyra Ha HEKOTOPYIO BEINYMHY AL ¥ TO3TOMY HE MOTYT B OOBIYHBIX YCIIOBUSIX
00pa30BaTb OJHY CUCTEMY.
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A1 — s1po IepBOro aToMma.

Ao — A1po BTOPOTo aToMa.

La1 — ypoBeHb COOCTBEHHOM MEPHOCTH TIEPBOTO aTOMa.

LA> — ypoBeHb COOCTBEHHOI MEPHOCTH BTOPOI'O aTOMa.

AL — mepenaa Mexay YpOBHSIMU COOCTBEHHOM MEPHOCTH JIBYX Pa3HbIX
aTOMOB.

Puc.3.3.11. Bo3MOXHOCTb [1JIs1 aTOMOB, UMEIOLIUX pa3Hble YPOBHU CO0-

CTBEHHOI MEPHOCTHU, 00pa30BbIBATH MOJIEKYJIbI ITOSI -
BJISIETCSI TIPU TIOTJIOIUEHUU WU U3JIYYEHUU OJHUM
13 HUX BJIEKTPOMATHUTHBIX BOJIH, JJIMHA BOJIHBI KO-
TOPBIX COM3MEpPHMA C PACCTOSHUEM MEXIY 3TUMU
aroMaMu. JlaHHBIM TpeOOBAaHUSM OTBEYAIOT BOJIHBI
13 Irara3oHa oT MH(MpaKpacHbIX 10 YAETpaduroJIeTO-
BbIX, BKJIIOYUTEIbHO. [Ipu morioueHn oqgHUM U3
aTOMOB BOJIHbI, €I'0 YPOBEHb COOCTBEHHOI MEPHOCTU
YBEJMUMBAETCS HAa BEJMUYMHY aMILJIMTYIbl BOJIHHI.
[1pu n3mydyeHnn BOJHBI yPOBEHb COOCTBEHHOU MEp-
HOCTHU COOTBETCTBEHHO YMEHbIIIAETCSI Ha BEIUUYMHY
aMILUIMTYIbI M31ydaeMoil BOIHbI. B pe3ynbsraTe, cob-

CTBEHHBIE YPOBHM pa3HbIX aTOMOB A U A2 BBIpaBHUBAKOTCSI, U OHU B COCTOSI -
HUM 00pa3oBaTh HOBYIO MOJIEKY1y. BeCch cneKTp XMMMUYECKMX COeIUHEHUIA,
CYLIECTBYIOILIMX B IIPUPOJIE, BKIIIOUASI 1 OpraHUYECKKeE, CYLIECTBYET, OJ1aro-
Japst HEOOJIbIIIOMY YYaCTKY — JMa30HY TaK Ha3bIBa€MbIX 3JIEKTPOMarHUTHBIX
BoJIH. CJie1oBaTeIbHO, TTOSIBJIEHUE XXMBOI MaTepUU HEBO3MOXKHO 0€3 3TUX He-
3HAYUTEJIbHBIX KOJeO0aHUIT MEPHOCTU MUKPONPOCTPAHCTBA — 3JIEKTPOMA-
THUTHBIX BOJIH OT MH(PPAKPACHBIX 10 YJIbTPadUOJIETOBBIX.
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Puc.3.3.12. AToMBI OZHOI'O U TOIO XK€ 3JIeMeHTa
MMEIOT OJMHAKOBbIE ONTUMaJlbHbIE YPOBHU COO-
CTBeHHOI MepHOocTH. [ToaTOMy eciiu cpena, riae OHU
HaXOJSITCSl HE HACHIILIEHA Ype3MEPHO MH(MpaKpaCHBI-
MU (TEIUIOBBIMU) U3JYYECHUSIMU, Yepe3 HEKOTOPOE
BpeMsl, 3TU aTOMbI COOEPYTCSI Ha YPOBHE ONITUMAJIb-
HOIf MEPHOCTHU, UTO CO3JaE€T KAaUeCTBEHHBIE YCIOBUSI
JUJTSL COEIMHEHMS X DJIEKTPOHHBIX 000JI0UEK MEXKIY
00011 1 00pa30BaHUS KPUCTAINIMYECKOUN CTPYKTYPHhI.
[Tpu 5TOM rOBOPSIT O TEMIIEpAType CPeibl, ITPU KOTO-
PO IPOMCXOAUT KprcTajau3auus. JIas aToMoB pa-
3HBIX 2JIEMEHTOB 3Ta TeMITepaTypa CBOsI, TaK XKe, Kak
1 TI0CJIE 3aBepIIeHMS Mpoliecca KpUCTa/UIM3alMU KpUCTAJLIbl pa3HbIX 3JIEMEH-
TOB OYJIyT UMETb pa3Hble YPOBHU COOCTBEHHOU MEPHOCTU, Y MEXIY HUMMU OYy-
JIeT CYILLIECTBOBATh Mepernaa MepHocTu L.

A — siipa aTOMOB II€PBOTO 3JIEMEHTA.

Ao — siipa aTOMOB BTOPOTI'O 3JIEeMEHTA.

L — ypoBeHb MEPHOCTH KpHUCTaJIjla IePBOro 2JIEMEHTA.

L> — ypoBeHb MEPHOCTH KpHCTaJlJla BTOPOTO 3JIeMEHTA.

AL — mepenan MexXay YPOBHSIMU COOCTBEHHOIT MEPHOCTH ABYX Pa3HBIX
3JIEMEHTOB.

Puc.3.3.13. Kpucraummuyeckue CTpyKTyphl pa3-
HBIX 3JIEMEHTOB UMEIOT Pa3HbI€ YPOBHU COOCTBEHHOM
MEpPHOCTU. M eCcli TOMECTUTD 3T KPUCTATUINYECKIE
CTPYKTYpPhI Ha PaCCTOSIHUM, COU3MEPUMOM C pa3Me-
paMM caMKX KPUCTAJJIOB, B IIPOMEXYTOYHOM IMpPO-
CTPAHCTBE BO3HUKHET Ieperag MEPHOCTU (TPAaEHT)
OT YPOBHSI KPUCTANIMYECKON CTPYKTYpPhI OOJIbIIEH
COOCTBEHHOM MEPHOCTH K YPOBHIO C MEHBIIIEN. DTOT
repernaja He CTOJIb 3HAaUMTENIbHbII, YTOObI BHI3BAaTh
HEYCTOMYMBOCTh aTOMOB, O0pa3yIOIIUX 3TU KPUCTA-
JIMYECKME CTPYKTYpPbI, HO, €CJIM MEXIY HUMU ITOME-
CTUTb KUIKYIO CPENy, HACBHIIIEHHYIO ITOJOXUTE/b-
HbIMU M OTPULIATEJIbHBIMY MOHAMM, MEpenag MeXAy KpUCTAIUIMYECKUMU
CTPYKTYpaMU 3aCTaBUT ABUTATHCSI CBOOOIHBIEC MOHBI B Pa3HbIX HAIIPABICHUSIX.
I1py 5TOM MOTOXKUTENBHBIE MOHBI, UMEIOLIME 00JIe€ BBICOKUIA YPOBEHD CO0-
CTBEHHOM MEPHOCTH, MO/ BO3ACHACTBUEM 3TOIO Ieperaaa HAYHyT CKaIlJIMBaTh-
CSl Ha MOBEPXHOCTU KPUCTAJUIMYECKOMN CTPYKTYPHI C OOJIBIINUM YPOBHEM CO0-
CTBEHHOW MEPHOCTM, B TO BpPEMsl, KaK OTPUIIATEJIbHbIE NOHbBI C MEHBIINM
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YPOBHEM COOCTBEHHOI MEPHOCTH — Ha MOBEPXHOCTU C MEHBIIMUM YPOBHEM
COOCTBEHHOM MepHOCTHU. MI30BITOK MOJIOXUTEIbHBIX MOHOB Ha OTHOM ITOBEPX-
HOCTH MO3BOJISIET TOBOPUTH O TTOJIOXUTEIBHOM 3apsiie, B TO BpeMsl, KaK 13-
OBITOK OTPHULIATEILHBIX MOHOB — 00 OTPULIATEILHOM 3apsifie TIOBEPXHOCTEIA.
Hanuuue nepenana ypoBHe COOCTBEHHON MEPHOCTU MEXXAY Pa3HbIMU KPH-
CTAJZIMYECKUMHU MTOBEPXHOCTSIMHU BBI3BIBACT MEepepacHpeicIeHue NOHOB, Ha-
CHIIIAIOLIMX TPOMEXKYTOUHYIO CPEAY M IMIPUBOAUT K MOSIBJICHUIO, TAK HA3bIBa-
€MOTro0, IIOCTOSIHHOTO 3JICKTPUUYECKOTO TOKA MEXIY TUMU MOBEPXHOCTSIMU,
€CJIM COEAUHUTD UX MEXIYy cO00I MOCPEACTBOM ITPOBOJTHUKA.

1. Kpucrannuyeckasi IOBepXHOCTb C MEHbIIUMM YPOBHEM COOCTBEHHOM
MEPHOCTHU.

2. Kpucranauuyeckasi IOBEpXHOCTb C OOJIBIIUM YPOBHEM COOCTBEHHOM
MEPHOCTH.

3. [IpomMexyTouHas XuaKasi cpelia HachblleHHAsI MIOHAMU.

4. ITojioXXUTEIbHbBIE NOHBI.

5. OTpuuaTebHbIC UOHHI.

L — ypoBeHb MEPHOCTHY KpHUCTaJIJIa IEPBOro 2JIEMEHTA.

L> — ypoBeHb MEpPHOCTH KPUCTAJIJIa BTOPOIO JIEMEHTA.

AL — mepenaa Mexay YPOBHSIMUA COOCTBEHHOIM MEPHOCTU ABYX Pa3HbIX
BJIEMEHTOB.

Puc.3.3.14. Kpucrannuyeckas pele€Tka Ji000ro TBEpAOro BellecTBa He-
OJHOPOJIHA B pa3HBIX IIPOCTPAHCTBEHHBIX HAITpaBJie-
HUSIX. DTO SBJISIETCS] pe3yJIbTaTOM TOI0, UTO CUHTE3
Lun | aTOMOB MPOUCXOAUT B HEOTHOPOJIHOM MPOCTPAHCTRE.

=2.900

L = 28915
HeomHopoaHOe MpOCTpaHCTBO, B3aMMOAEMCTBYS C

HEOJHOPOJHOI CTPYKTYPOIi aTOMOB, BEIHYXKIAET UX
OPMEHTUPOBATHCS U PACHOJIATAThCS IO OTHOLIEHUIO
Ipyr K Opyry B ompenes€HHoOM nopsake. [1oatomy,
MPaKTUYECKU, BCE KPUCTAJLIbI aHU30TPONHBI, T.C.,
X CBOIMCTBA M KayeCcTBa pa3JIMYHbI B Pa3HBIX IPO-
CTpPaHCTBEHHBIX HalpaBJIEHUsIX. B crny Tex Xxe npu-
YMH MX peaKklrs Ha OJHO M TOXE BHEIIHEE BO3ACH-
CTBUE OyIeT 3aBUCETh OT TOTO, B KAKOM IIPOCTpPaH-
CTBEHHOM HaIpaBJeHUHU 3TO Bo3aeicTBue npoucxoaut. [Toatomy, nepemnan
MEPHOCTHU BIOJIb ONITUYECKOM OCH KPUCTaJIa MOJyYrJT Ha3BaHUE 3JIEKTpUUe-
ckoro moysa E, Tak Kak 3acTaBiisIET 3JIEKTPOHBI IE€PEIPhITMBaTh C OPOUTHI
OIHOro aToMa Ha opouTty apyroro. B To Bpems, Kak nepenaa MEpHOCTH Mep-
MEHIUKYJISIPHBIA ONTUYECKOU OCH KpUCTaJIIa MOJTYyYI Ha3BaHUE MAarHUTHOTO
nosas B, Tak Kak, 3acTaBjsieT aTOMbl WU TPYHIIbl aTOMOB MEPEOPUEHTUPO-




OnrcaHne puCyHKOB 291

BaThCs B IIPOCTPaHCTBE. XOTS, B 000MX ClIydasix IpMCYTCTBYET neperan Mep-
HOCTM npocTpaHcTBa AL.

Puc.3.3.15. IloctosgsHHOe MarHUTHOE moje B
MpeacTaBIIsIET COOOM nepenas MEpHOCTH MPOCTPaH-
CTBa, KOTOPbI HAKJIAIbIBAETCS HA KPUCTAJUIMYECKYIO
CUCTEMY B HAIIPABJIICHUM, NEPIICHANKYISIPHOM ONTU-
YeCKOM ocu Kpuctaia. M ecam yCI0BHO MPUHSTh
BEPXHIOIO TPAHMILY YCTOMYMBOCTH (PU3NYECKHU IIJIOT-
HOTIO BEILIECTBA 34 «CEBEP», @ HUXKHIOI — 3a «IOI», TO
rnepenag MEpHOCTH C 0ra Ha CeBep BBICTYIIAET, KakK
CEBEPHBIM MAarHUTHBIN ITOJIIOC, a IIeperiag MEPHOCTU
C Ce€Bepa Ha 10T BBICTYIAET, KaK I0>KHbBI MAarHUTHBIN
MOJIIOC. DTU OTJINYUS OTIPEALIISIIOTCS HEOAHOPOIHO-
CTbIO KPUCTAJIJIOB B YKa3aHHBIX HaITpaBJIECHUSIX (BEpX-
HK13). HeogHOpOAHOCTh CBOMCTB KPUCTAJUIMYECKUX PEIIETOK CBSI3aHa C
MPOCTPAHCTBEHHOM OpMEHTALMEN 3JIEKTPOHHBIX opouT. IlosTOoMy mepenan
MEPHOCTH C «}0ra Ha ceBep» 00JIeryaeT «epexoabl» 3JIEKTPOHOB ¢ OpOUTHI Ha
OpOMTY, KaK BHYTPU OTAEIBHOIO aTOMa, TaK YU MEXIY COCeIHUMHU aTOMaMU
KPUCTAJUIMYECKOM pelI€TKU. B To Bpemsi, Kak nepenaa MepHOCTHU C «CeBepa
Ha I0r» — B 3HAYUTEJIbHOM CTEIIEHU, 3aTPYIHSET YKa3aHHbIC MTePEXOIbL.

A1, A> — s11pa aTOMOB KPUCTA/UTUYECKOI CTPYKTYPHI.

1. ITocTOosIHHOE MAarHUTHOE MOJIe.

B — nepenag MEpHOCTH BIOJIb ONITUYECKOM OCU KpUCTalIa.

Puc.3.3.16. [locrosiHHOE 31ekTpryeckoe nojie E
MpeacTaBJIsieT COOOI Teperiag MepHOCTU BIOJIb ONTH-
YeCcKOM ocv KpUcTalIndecKux pemetok. Hampasie-
HUE 2JIEKTPUUECKOTO MOJISI MOXET ObITh, KaK C «3ama-
Jla Ha BOCTOK», TaK M C «BOCTOKa Ha 3amafn». [lpu
5TOM CBOMCTBaA 3JIEKTPUYECKOTO T10JIsT OYAYT TOXIIE-
CTBEHHBI B CWJTY TOTO, YTO KPUCTAJUIMYECKUE PELLIET-
KU B JAHHBIX HAMTPaBJICHUSIX TOXKACCTBEHHKI. [Ipupo-
J1a DJIEKTPUYECKOTO 1oJIsI ITpocTa. OHO CO3IaET «rpa-
BUTALIMOHHBIN BeTep». Ilepenan MepHOCTH BIOIb OM-
TUYECKON OCH CHOCHUT BJIEKTPOHBI C BJIECKTPOHHOI
OpPOUTHI OJHOI'O aTOMa Ha OPOUTHI APYTrOro BO BpeEMsI
(pazbl MexX Iy MaTepuaIM3alisIMU JIEKTPOHA. ATOMBI paCOJ0KEHHBIE BIOJIb
OINTUYECKOI OCH KPHUCTaJIjia MOIaAaloT Mo pa3InyHOE M0 CUJIe BIUSHUE T1e-
periaza MEpHOCTH, B pe3yJIbTaTe Yero MpouCXOIuT IepepacIiipeie/ieHIE dJIeK-
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TPOHOB Y aTOMOB BIOJIb OIITUYECKOM OCH, UTO U CO3IAET, TAK HA3bIBAEMBIM,
BJIEKTPUYECKUI TOK — HAIIPABJICHHOE JBMKEHUE 3JIEKTPOHOB OT ILIIOCA K MU -
HYCY.

A1, A> — sa1pa aTOMOB KPUCTAIMYECKOM CTPYKTYPHI.

2. [locTosiHHOE 2JIEKTPUYECKOE MOJIE.

E — Ilepenan MepHOCTH BAOJIb ONITUYECKON OCH KpUCTaJLIA.

Puc.3.3.17. IlepemeHHOe MarHuTHOE noJjie B ripencrapisieT codoii epu-
oanYecKoe (BOJJHOOOpa3HOE) M3MEHEHUE MEPHOCTU
MPOCTPAHCTBA B HAIIpaBJICHUH, ITePIIEHIUKYISIPHOM
Lun | ONTWYECKON OCU KpUCTasa. [Ipy 3TOM OAMH U TOT

| +2.900

L =285
K€ aTOM KPUCTAIIMYECKOM PELIETKU IIEPUOANIECKA

rnoragaeT Mofd meperaabl MEPHOCTU, KaK B Halpa-
BJIEHHUM C «IOTa Ha ceBep», TaK U B HAIlpaBJICHUU C
«CceBepa Ha 1or». B cuity yero neprmoanueckKu Kaxkabli
aTOM OKa3bIBAE€TCS B pa3HbIX KAY€CTBEHHBIX YCJIOBU -
sax. B pe3yabrate 3Toro KaxKablii aToM OyJIeT mepuo-
IUYECKU OKa3bIBaThCS B YCJIOBMSIX, KOTJA €ro 2JIEK-
TPOHBI TO «IIPUKpPEIJIEHBbI» K CBOEMY aToOMy OoJiee
KECTKO, TO HA00OPOT NPAKTUYECKU «CBOOOIHBI», B
3aBUCUMOCTHU OT TOT'O, B KAKOM HaIlpaBJIeHUU JeHCTBYET Iepenaa MEpHOCTU
Ha JaHHOM OTpe3Ke ONTUYECKOI ocu Kpuctaia. EctecTBeHHO, pa3Hble KpU-
CTaJIbI, COCTOSIIIME U3 aTOMOB pa3HbIX JEMEHTOB, OyAyT pearupoBaTh Ha
MOJ0OHKIE Meperaabl MEPHOCTHU MO-Pa3HOMY B CHJIY TOIO, YTO OHU MMEIOT
pa3HbIE SIApa U pa3HOE YUCJIO JIECKTPOHOB C Pa3HbIMU BJIEKTPOHHBIMU 000-
JJoukamu. Hambosee ci1abo 3JIEKTPOHBI «CBSI3aHBI» CO CBOMMM aTOMaMHU y
METAJIJIOB, KOTOPbIE HOCSIT Ha3BaHUE IMMPOBOJHMKOB 3JIEKTPHUUECTBA.

Puc.3.3.18. IlepemenHoe anexkTpudeckoe nojie E npeacraBiaser coboi
rnepuoandeckoe (BOIHOOOpa3HOE) UBMEHEHUE Mep-
HOCTU MPOCTPAHCTBA BAOJb ONTUYECKOU OCU KpU-
£ = 2815 o craina. I1pyu 5TOM OJMH U TOT XK€ aTOM KPUCTaIN-
| YECKOM pelIeéTKy IepruoaniecKy nomnagaeT Mo rnepe-
ragabl MEPHOCTH, KaK B HallpaBJICHUU C «3araja Ha
BOCTOK», TaK 1 B HaIIpaBJIECHUM C «BOCTOKA Ha 3aIiaiy.
B pesynbrate yero npoucxoauT Nepruoandeckoe 1e-
pepacnpeneieHue 3JeKTPOHOB BIOJb ONTUYECKON
OCH, KaK B OJHOM, TaK U B APYTOM HaIIpaBJICHUM.
Bo3Hukaet nepeMeHHBIN 2/1eKTpudyecKuii Tok. OauH
U TOT XX€ aTOM IToNajacT I10J IIPOTHUBOIOJIOXKHBIC
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repenajabl MEPHOCTU BIOJIb ONTUYECKON OCU KPUCTAIUYECKON PEIIETKU.
[Tpu 3TOM KaxXablii aTOM TO TePSIET JEKTPOHBI, TO MOJIYYAET UX OT COCEAHUX
atoMoB. [Ipu aTOM peryimpoBaHreM aMILIATYAbI K YACTOThl MOXKHO ITOJTyYUTh
HOBBIE KaYeCTBEHHBIE COCTOSIHUS (DM3MUYECKON MaTepUHU 3a CUET KpaTKOBpE-
MEHHOI'0 Mepexoaa aToMa WJIM IpyIinbl aTOMOB Ha YPOBHU MEPHOCTH BbIIIE
WIN HYXKE ONTUMAJIbHOTO JJISI JAHHOTO 3jieMeHTa. Takue mepexoabl IpoBo-
LIMPYIOT U3JIyYeHME WK TTOTJIOLEHE 3TUMU aTOMaMU (DOTOHOB, HAa KOTOPhIE
JaHHbIC aTOMBI HE PearupyroT B CBOEM OOBIYHOM COCTOSTHUM.

Puc.3.3.19. Eciu BCIOMHUTD, YTO MTEPEMEHHOE
MarHutHoe moJjie B npeacrasiseT coboi nmepenan
MEPHOCTU NEPIIEHAUKYJISIPHO ONTUYECKON OCU B HA- | £ . 25005
IPABJICHUSIX «C CEBEPa Ha IOI» U C «fora Ha CEBEp», TO
pe3yJIbTAaTOM TAKOTrO MEPUOINIECKOIO BO3AECHCTBUS
Ha IPOCTPAHCTBEHHO HEOJHOPOIHYIO CTPYKTYPY (U -
3UYECKU IJIOTHOTO BEILIECTBA SIBJISETCS MOTEPS WU
MpUOOpETeHNE JOMOJHUTEIbHBIX 3JEKTPOHOB aToO-
MOM MJIM TPYIIION aTOMOB BAOJb ONTUYECKOU OCU
KpUCTAUIMYEeCKOU peieTku. [lepnoanueckas norepst
WIA NpUOOPETEHUE aTOMaMM 3JIEKTPOHOB €CTbh HU
YTO MHOE, KaK IEPEMEHHBIN 3JIEKTpUIECKUI TOK. Ta-
KUM 00pa3oM NepeMEHHOE MAarHUTHOE MOJI€ MOPOXAAET MePEMEHHOE 3JIEK-
TpUUYECKOe MoJjie 1 HA000poT. IIpn 3TOM «poXaeHUEe» PIEKTPUIECKOTO MOJIS
IIPOMUCXOIUT C HEKOTOPOU 3aAepXKKOI, C TAK HA3bIBAEMOM, CABUKKOM MO (pa-
3€, UTO CO3IAET YCIOBUS 11 BO3MOXKXHOCTU PACHPOCTPAHEHUS DJIEKTPOMA-
THUATHBIX BOJIH B MPOCTPpAaHCTBE. MAarHUTHOE M 3JIEKTPUYECKOE TT0JISI, KaK
IOCTOSIHHBIE, TaK U IIEPEMEHHBIC, SBJISIOTCS PE3YJIBTaTOM BO3ICMCTBUS Ha
MIPOCTPAHCTBEHHO HEOJTHOPOAHOE (PUNYECKHU IJIOTHOE BELIECTBO OAHOIO U
TOTO K€ 10 CBOEI MpUpOIe TIeperiaga MEPHOCTH B Pa3HbIX HAIIPABICHUSIX.

L i

=2.900
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Puc.4.2.1. IIpu noriaoieHun aToMaMy BOJIH, UX YPOBEHb MEPHOCTU
yBeanuuBaeTcs. CoJHEUHBbIN CBET MOTJIOLIAeTCs MO-
BEPXHOCTBIO IJIaHeThl. Kaxkablii aToM, mocJie morjio-
1eHus1 GOoTOHa CBeTa, HEKOTOPOE BpeMsl HAaXOIUTCS
B BO30YXIEHHOM COCTOSIHAM (€r0 YPOBEHb COOCTBEH-
HOM MEPHOCTH CTAHOBUTCS BHILIE YPOBHEN MEPHOCTH
COCEIHNX aTOMOB, 00pa3yIOIIMX KPUCTAIUIMYECKYIO
PELIETKY), MOCe Yero, u3jaydaeT BOJHY. ATOM MO-
[JIOIIAET OJHY BOJIHY, a U3JIy4aeT APYTryl0. DTO IPo-
HUCXOIUT MOTOMY, UYTO YaCTh SHEPIrUM MOIJIOLIEHHON
BOJIHBI TepsieTcsl. B pe3yabraTe 3TOro «pasorperas
MMOBEPXHOCTh» B TEUEHME COJTHEYHOIO JHSI HAUMHAET
caMa M3JIydaTb BOJIHbI, B OCHOBHOM, TEIIJIOBLIC.
M3ayyéHHbIe pa30orpeToii TOBEPXHOCTHIO TEIJIOBLIE BOJIHBI HAUMHAIOT MOIJIO-
1IaThcsl MoJieKyJiaMu atMocdepsl. [1pu 3ToM ypoBeHb COOCTBEHHOI MEPHO-
CTU aTOMOB aTMoc(ephl Ha pa3orpeToii MOBEPXHOCThIO YBeanduBaeTcs. U,
B UTOTIe, OO YpOBEHb COOCTBEHHOM MEPHOCTU aTMOC(ephl Haj, pa3orpeToit
MMOBEPXHOCTBIO YBEJIMYMBAETCSI, B TO BpeMsI, KaK COOCTBEHHBI YPOBEHb Mep-
HOCTU aTMocdephl HaJ HEOCBELIEHHOW IMOBEPXHOCTHIO, YMEHBIIACTCS.
YMeHblIeHrne COOCTBEHHOM MEpPHOCTH aTMOC(Ephbl HAJl HEOCBEIIEHHOM (HO-
YHOI) MOBEPXHOCTHIO IJIAHETHI UM YACTUYHO OCBEIIEHHON MPOUCXOIUT B
CHUJTy TOTO, YTO aTOMbI aTMOC(EPHI TOXKE U3IY4atoT BOJIHbI ¥ 3TO MPUBOAUT K
YMEHBIIEHUIO COOCTBEHHOI MEPHOCTU M3IyJalolnx MoJieKya. B pesynbrate,
MEKIY OCBEIIEHHON M HEOCBEIIEHHOM IMTOBEPXHOCTSIMMU ITJIaHEThl BO3HMKAET
TOPU30HTaJIbHbBIN nepenay (rpagueHT) MepHOCTU. [1oaToOMy HeCcBsI3aHHBIE B
KECTKYIO CUCTEMY MOJIEKYJIbl aTMOC(epbl HAUMHAIOT ABUTaThCS BAOJIb 3TOTO
TOPU30HTAJIBHOIO Mepenaaa MepHOCTH, YTO U SIBJISIETCS IPUUMHOM TBUKEHUS
CJIOEB aTMOCdepbl — BeTpa.

1. [ToBepXHOCTHBIN CJIOM TJIAHETHI ¢ aTMOC(HEPOIi.

2. KauecTBeHHBIN 0apbep MexXay (pU3MUeCcKU MJIOTHON U BTOPOI MaTe-
puaNbHON cpepamu.

3. KauecTBeHHbII Oapbep MEXIy BTOPOU M TpPeTheil MaTepUalbHBIMU
chepamu.

4. BepTukaibHbIN TIepenaa MEPHOCTA BHYTPU HEOJTHOPOTHOCTH.

5. IIpomosibHBIM (TOPU30HTAJILHBIN ) TIEpeTia MEPHOCTH, BO3HUKAIOIIUIA
MEXKIY OCBEILIEHHOM M HEOCBEIIEHHON MMOBEPXHOCTSIMU MJIAHETHI.

6. YBennueHue KauyeCTBEHHOIo Oapbepa Haja OCBELIEHHOM MOBEPXHO-
CThIO.

7. CKoIuleHMe MepPBUYHBIX MaTepuii Ha TpaHUILE MEXAy (pu3dndecku
TUIOTHOI 1 BTOPOI MaTepUaIbHOM c(pepaMM HaJl OCBEILLIEHHON ITOBEPXHOCTHIO.
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Puc.4.3.1. IIpocTpaHcTBeHHasl CTPYKTypa ajiMa-
3a, B KpUCTaJJIe KOTOpOoro atoMkl yriepoaa C pacro-
JIaraloTCs Ha OMMHAKOBOM JIPYT OT APYra pacCTOSHUM.
PaccrosiHue Mexay aToMmaMu yriaepojaa B KpUcTajlie
aJiMa3a COU3MEepHMMO C pa3MepaMMu CaMMX aTOMOB
yraepoja. Ilo3ToMy HUKakKue Apyrue aToMbl U
MOJIEKYJIbI HE TOJIbKO OOJIbILIEr0 YeM aTOM yTjiepoja
pa3Mepa, HO M MEHBIIIETO HE B COCTOSIHUN ABUTATHCS
Mexay HUMU. Bo3aMoxHa TOIBKO JIMIIb 3aMEeHa He-
KOTOPBIX aTOMOB YyIJIepoJa Ha IpyTrue, 4TO IIPUBOAUT
K TOMY, YTO IPO3pavyHbIii KpUCTAJUI aJiMa3a mpuoope-
TaeT oKpacky. I1o 3Toii mpuumHe 4eJI0BeK NMEET BO-
3MOKHOCTb JIIOOOBATBHCSI KPACOTOM XKEJTBIX, TOJYObIX, KPACHBIX U YEPHBIX
aJiIMa30B, KOTOpbIe, 00padOTaHHbIE PYKOIi UeloBeKa, MMPEeBPalllaloTCs B U3Y-
MUTEJIbHBIE TI0 CBOEH KpacoTe KaMHU... Kpome 3Toro, mogooHass KpucTaain-
yecKasl peleTka JejaeT aaMa3 caMbIM IIPOYHBIM COEIMHEHMEM aTOMOB B
MPUPOJE, U 3TO JIeJAET €ro He3aMEHUMBIM B TEXHUKE.

a. Paccrosnue mexny atomamu yriepoga C B KpucTajiie ajiMasa.

Puc.4.3.2. IIpoctpaHcTBeHHas1 CTPYKTypa Irpa-
(puta, B KpucTajie KOTOPOro aTOMBbI yIjiepoja, B ro-
PU30HTAJIbHOM TJIOCKOCTHU PACIIOJIOXEHbI Ha OJMHAa-
KOBOM pPacCTOSTHUH, B TO BpeMsl, KaK pacCTOSIHUE Me-
Ky CJTIOSIMU B BEpTUKAJILHOM TIJIOCKOCTU 3HAYUTE I b-
HO OOJIbIIIE PACCTOSIHUSI MEX]ly aTOMaMU yIJIepoja B
ropu3oHTajbHOM. Takoe, Ka3anoch Obl, HE3HAYUTEIb-
HO€ OTJMYKE B MPOCTPAHCTBEHHOM PaACIIOJIOXEHUN
aTOMOB yIJiepoja JeJiaeT 3T KPUCTaJIJIbl OUeHb MSIT-
KUMM. DTa IMIPOCTPAHCTBEHHAsI OpraHu3alvsi aTOMOB
yIjiepojia HOCUT Ha3BaHUsI rpaduTa U O4eHb IIIUPOKO
KCIOJIb3YETCSI B IPOMBILIIECHHOCTHU U B OBITY (CTEP-
JKHM KapaHjauiei, B 3JIEKTPOHUMKE U T.I1.). Te 2Ke caMble aTOMBI yIjiepoaa, 4To
CO3al0T caMoe MTPOYHOE COeIMHEHE B IIPUPOE — ajiMa3, CO3al0T U CaMblii
MSITKUI M3 TPUPOIHBIX KPUCTAIIMYECKUX coeAnHeHUIT — rpaduT. Kazanoch
Obl He3HAUYMTEIbHOE U3MEHEHMS B IPOCTPAHCTBEHHOM CTPYKTYpE COEIMHE-
HHUSI aTOMOB yrjepoja MpeBpailaeT caMoe IMPoYHoe COeJUHEHUEe aTOMOB B
npupone, B camoe Msrkoe. IIpryrHa TaKoro oTjinuus B CBOMCTBAX 3TUX CO-
earHeHui yriaepoaa C 3aka04aroTcsl B pa3IUYHbIX BHELIHUX YCIOBUSIX, IIPU
KOTOPBIX OHU 00pa3yroTCs.
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Puc.4.3.3. IIpocTpaHcTBeHHAs CTPYKTYypa yriiepoaHoii uenodyku. Coeau-

HSISICh B LIETIOYKM, aToMBbI yriepoga C MoryT co3aa-
BaTh MOJIEKYJIbI B COTHM ThICSIY, MAJUIMOHBI aTOMHBIX
eauHul. [Ipy aTOM, Takue MOJIEKYabl BIMSIOT Ha
OKpYXKaloluii MUKPOKOCMOC HEPABHOMEPHO, CO3/1-
aBasi BOKPYT ce0s1 aHU30TPONHYIO CTPYKTYPY MUKPO-
KocMoca. Bo3MOXHOCTh co31aBaTh aTOMaMM yIJie-
poIa IMOIOOHBIE COCTMHEHUS ONPEEIISIETCS TEM, YTO
OH — YeTbIpE€XBaJIeHTHbINi. UMEHHO 3TO CBOWCTBO
BJIEKTPOHHBIX 000JI0YE€K aTOMOB Yyrjepoaa CO3daeT
CIIEKTp Ka4decTB, Ojarogapsi KOTOPbIM, CTaJlO BO-
3MOXHBIM MOSIBJIEHUE XKW3HU. TaK Ha3bIBaeMbIE,
BHEIIIHUE 2JICKTPOHBLI aTOMOB YTJIEPOJa CIOCOOHBI

co3aBaTh COEAVMHEHMSI C BHEIIHUMM JIEKTPOHAMU APYTMX aTOMOB B IT€PIIEH-
JUKYJISIPHBIX OTHOCUTEJILHO APYT Apyra HarpaieHus1X. UMeHHO 3TO CBOii-
CTBO MO3BOJISIET aToMaM yrieponaa C co3gaBaTh pa3andHbIe MPOCTPAHCTBEH-

HbIC COCAMHCHUNAA.

C — aTowmpbl yriaepoja.
H — atombl Booposa.

Puc. 4.3.4. [IpocTpaHCcTBEeHHAs1 CTPYKTYypa LIMTO3MHA, OJHOTO U3 YETBIPEX

HYKJIEOTUIOB, CTPYKTYPHO OOpa3yloIInX MOJIEKYJIbI
JHK v PHK. CoeanHssch MexX1y COO0M, HYKJICOTU -
bl 00pasytoT crimpanu moJiekya JJHK u PHK, koTo-
pbI€ ABISIIOTCS (PYHOAAMEHTOM KU3HU. Yyno XM3HU
poXaaeTcs, KaK CJIEJCTBUE Ka4YeCTBEHHO APYroro
MIPOCTPAHCTBEHHOIO COENMHEHMUS aTOMOB YIJIepoaa
Mexay coooit. [TogoGHast mpocTpaHCTBEHHAS CTPYK-
Typa COEIMHEHMUSI aTOMOB yIjiepoaa o0pa3yeTcs B
BOIHOM Cpelie BO BpeMsI aTMOC(EPHBIX Pa3psioB
aJIeKTpUYecTBa. Tpu BUIa COENMHEHMSI aTOMOB YIJIe-
poja Mexay co00¥ MOpoKIA0T TPU BH1a IPOCTPaH-
CTBEHHOI OpraHu3alyyd MaTepuM — M30TPOMNHYIO

CTPYKTYpPY aJiMa3a, U30TPOITHYIO I10 ABYM ITPOCTPAHCTBEHHBIM HAIIPABJICHUSIM
1 aHU30TPOITHYIO 10 OTHOMY, CTPYKTYpY I'paduTa 1, HAKOHEL, aHU30TPOITHYIO
10 BCEM MPOCTPAHCTBEHHBIM HAIpaBJIeHUSM, CTpyKTypy MmoJjiekya JIHK u
PHK. Takum 06pa3oM, aHU30TPOIMHOCTb MaTepuHu SIBJIsieTCs GYHAAMEHTOM

KHU3HU.

C — aTompbl yraepona.
H — atombl Bonopoza.
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O — aTtoMbI KUCJIOpOJa.
N — aroMmbl a3orTa.

Puc.4.3.5. IIpocTtpaHCcTBeHHasl CTPYKTypa ce-
rMeHTa Mojekyabl PHK, nipeacraBasiomas coooii
MOCJIEAOBATEIbHOE COCAMHEHME B LIEMOYKY HYKJI€O-
TUAOB — T'yaHWHa, aJcHWHA, TAMUHA U LIUTO3UHA.
MoJieKyJISIpHBIA BEC 3TOM MOJICKYJIbl COCTABJISIET COT-
HU ThICSY, MUJIJIMOHBI AaTOMHBIX €IMHUILIL U pacIpee-
JIEH HENPpONOPLXOHAIBHO B Pa3HbIX MPOCTPAHCTBEH-
HBIX HAMPABJICHUSX, YTO U SIBJISIETCS YHUKAJIbHBIM
CBOMCTBOM 3TOI MoJeKyabl. IIpocTpaHCTBEHHAs
aHuzorporHoctb MoJiekya JHK u PHK gasnsercs
HEOOXOAUMBIM YCIOBUEM 3apOXICHUS XKU3HMU.
MMeHHO npOoCTpaHCTBEHHAsI HEOJHOPOAHOCTh Ha
YPOBHE MUKPOKOCMOCA CO3IAET HEOOXOAMMBIE 1 JOCTATOYHbIE YCIOBUS IS
MOSBJICHUS XUBOW MaTepuu. /1181 HEXXMBOW MaTeprM XapaKTepHO HaJIUYUE
U30TPOITHOM, CUMMETPUYHOM MPOCTPAHCTBEHHOM OpraHM3alvyd MaTepUU.
[IpocTpaHcTBEHHAS Y KAYECTBEHHASI aCUMMETPUSI — HEOOXOAMMBbIE YCITOBUS
IJIs1 XrBo Matepuu. He mpaBaa v, JIIOOOMBITHBIM MapagoKC NPUPOIbI?
AcuMmmeTtpust — xuBas matepus. [IpoctpaHcTBeHHAst HEOTHOPOIHOCTD SIBJISI-
€TCS HE TOJIbKO NPUYMHOMN POXACHUS 3BE3M U «4EPHBIX JIbIP» BO BCEJICHHOM,
HO U IIPUYMHOM 4yda NPpUPOIbl — KU3HU.

Puc.4.3.6. IIpocTpaHCTBeHHBII B, C TOPLIA MO-
Jnexkya PHK v JIHK. Cniupany aTUX MOJIEKyJ CO31al0T
B MUKPOIIPOCTPAHCTBE KaK ObI TYHHEIb, BHYTPEHHMIA
00BEM KOTOPOI0 MMEET paauaJbHbIN TIepernaa Mep-
Hoctu. BryTpu criupaineit monexkya PHK u JIHK co-
3MAETCS AaHU30TPOITHASL CTPYKTYPa MUKPOIIPOCTPaH-
ctBa. BodHuKaeT cBoeoOpa3Has 3acacpiBarolias BO-
POHKA JIJISI BCEX MOJIEKYJI, KOTOPBIE IIPU CBOEM JIBU-
>KEHUU BHYTPU KJIETKU MOMNAIAIOT B «OMACHYIO» OJIU-
3octh oT Mosieky1 JIHK n PHK. He nipaBna i, mo-
OOIIbITHASI AaHAJIOTHUS C «4YEPHOM ABIPOM», KOTOpas
3acachbiBaeT B ce04 JIIOOYIO MaTepHIO, TTONABIIYIO HA
€€ «TeppUTOPUIO» — 00J1aCTh ITPOCTPAHCTBA, B MpeaeiaXx KOTOPOIro AEMCTBYET
n3oeiTouHoe nputskeHue. Kak B ciydae mosekysi JIHK u PHK, Tak u B ciy-
4yae «4E€PHBIX AbIP» 3aCaChIBAHME MATEPUU IIPOUCXOIUT B PE3YJIbTaTE HATUYMS
HEKOTOPOIO MOCTOSIHHOTO TIeperana MEePHOCTHA B 30HE PACIIONOXKEHUS 3TUX
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MaTepualbHbIX 00BEKTOB. Pazanuuve TOJBKO B BEJIMUYMHE 3TOTO Mepemnana
MEPHOCTHU 1 B TOM, 4TO B ciaydae mosiekya JJHK n PHK nMmeror Mmecto npoiiec-
Chl, TIPOUCXOIMIINE HAa YPOBHE MMKPOIPOCTPAHCTBA, a B CJIy4ae «4EPHbIX
IBIP» — MaKpOIPOCTPAHCTBA.

Puc.4.3.7. CnupaneBuaHas mpocTpaHcTBeHHas: (popma Mosiekya PHK u
JITHK obGecrieunBaeT co3maHue BO BHYTPEHHEM O00bE-
M€ 3TUX MOJIEKYJI aHU30TPOIHOIr0 MUKPOIIPOCTPaH-
crBa. PaguanbHbIi U IIPOAOJIBbHBINA Nepenaabl MEPHO-
CTUM, HaKJIaAbIBasICh APYT Ha JApyra BO BHYTPEHHEM
oobeMe crimpaneit mosiekyn PHK mn JIHK, co3gator
MPOAOJbHYIO CTOSIUYIO BOJIHY Ilepernajaa MEpPHOCTH.
[Tomo6GHas mpocTpaHCTBEHHAsI CTPYKTypa CO3MAET
JIOBYLLIKY JIJIsI BCEX IPYTUX MOJIEKYJT, KAK OpraHuvec-
KOTO, TaK M HEOPraHUYECKOTO MPpOUCXOoXaeHUs. B
pe3yabTate OpOyHOBCKOIO ABUXKEHUSI MOJIEKYJT BHY-
TPU KJIETKM, OHU OKa3bIBAIOTCSI BOJIM3U MOJIEKYJIbI
PHK vnm JIHK. PaguanbsHbli niepenan ypoBHS Mep-
HOCTU BHYTPMU CIIMpajieil 3TUX MOJIEKYJI 3aCTaBJISIET, MOIABIINE BO BHYTPEH-
HUI 00BEM CHUPAIIEN MOJIEKYJIbI ABUTATHCS BAOJb, TAK HA3bIBAEMOM, OIITH-
yeckoit ocu mosiekys JIHK n PHK. IIpu cBoEM nBMXXEeHMM BO BHYTPEHHEM
oobeme criupaneit mosiekya JIHK i PHK, «riieHEHHBIE» MOJIEKYJIBI ITOITa-
JIAIOT IO AEUCTBUE TMEPETIAfOB YPOBHEN MEPHOCTH.

1. AHuzoTponHbIit BHyTpeHHU 00beM ciupanyu PHK vwinu JTHK.

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

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

4. Ctostyasi BoJIHA Ilepernaga MEpHOCTU MUKPOIIPOCTPAHCTBA BHYTPEHHE -
ro ooreéma criupaiieidi mosiekya PHK u JIHK Boons ocu X, coBnagaroliei ¢
OCBIO 3TUX MOJIEKYI.

5. I1lneneéHHas BHeLIHAS MoyeKya D.
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Puc.4.3.8. IlonaBiiue BO BHYTPEHHUI 00BEM
criupaiein PHK u JIHK Mosexyiibl, moa BO3AeCTBU -
€M pagMaJIbHOTO IMepernaga MEPHOCTU BEIHYXXIAEHHO
HAYMHAIOT IBUTaThCs BAOJIb OcU crimpaiu. [1pu cBo-
€M JIBMKEHMU BIIOJIb OCH, TUIEHEHHAs MOJIEKYJIa T10-
rnajgaeT MmoJ NpoJoJbHbIC Nepernaabl MEPHOCTU MU-
KPONpPOCTPAHCTBA, CO3JaBaeMble CTOSIYE BOJHOM
MEpPHOCTH. /119 OOJILIIMHCTBA IJIEHEHHBIX MOJIEKYJT
ATOT Mepenaj 3anpencjabHblii U NPUBOIUT K TOMY,
YTO 3TU MOJIEKYJIbl HAUMHAIOT pacnagaThbCs Ha Mep-
BUYHbIC MAaTEpUU UX 0Opa3ylolue.

1. AHU30TPONHBIN BHYTPEHHU OOBEM CITMPATIU
PHK vnu JTHK.

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

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

4. CTostuasi BoJIHA eperiaga MepHOCTU MUKPOIIPOCTPAHCTBA BHYTPEHHE-
ro oobsema cnupaneit mosiekys PHK u IHK Boosbs ocu X, coBmagarolieit ¢
OCBIO 3TUX MOJIEKYI.

5. IlneHéHHas BHeLIHAA MoyieKyaa D.

Puc.4.3.9. [1on Bo3aeiicTBUEM ITPOAOIbHBIX M€~
penamoB MEPHOCTU BIAOJIb OCU CIIMPAIM MOJIEKYJa
OKa3bIBAETCSI B HEYCTOMYMBOM COCTOSIHUU M, KOTJIa
pacKkayka JOCTUTHET KPUTUUYECKOU BEJIMYUHBI, TPO-
WCXOOUT pacma 3Toi MoJjeKyJsibl D Ha mepBUYHEBIE
Marepuu, €€ oopasyromue. [Ipu aTom, mpoucxonur
CUHTE3 MoJieKyJ D’ ¢ TakuM YpOBHEM COOCTBEHHOM
MEPHOCTH, TIPYA KOTOPOM 3TU MOJIEKYJIbI COXPAHSIIOT
CBOIO YCTOMYMBOCTH MO, BO3ACUCTBUEM MPOIOJIbHBIX
repenagoB MEPHOCTU CTOSTYEN BOJIHBI CIUPAIU MO-
Jgekynabl PHK viu JIHK. ODTH, yctoitunBbie K MOg00-
HBIM IlepenajgaM BHOBb CMHTE3MPOBAHHbBIE U3 TEepP-
BUUYHbBIX MaTEpUil MOJIEKYJbI SIBISIIOTCS TOKCMHAMM, LIJIAKAMU U JOJIKHBI
OBITH BBIBEAEHBI U3 opraHm3Ma. TakuM oOpa3oM, BO BHYTPEHHEM OO0BbEME
crimpaiet mosiekyJ1 JIHK u PHK npoucxondar simepHbie peakMu pacraua u
cuHTe3a. Ho 510 — sgaepHbIe peakiiy Apyroro TUiia, KOraa pacnany noaBep-
raloTCsl BHEIIHUE MOJIEKYJIbl, MOMNABIINE B «JIOBYIIKY» COUpalieii MOJIEKYJI
PHK vnu JIHK. Ho, Tem He MeHee, pakT ocTaércst pakToM, B XKMBOU MaTepruu
MIPOUCXOIAIT SIACPHBIE peaKIMX pacIlIeIUICHUs U CUHTe3a MoJIeKyJl. Y Huka-
KOro MPOTUBOPEUMSI B 3TOM HET; B XXMBOI MaTepuu siiepHbIe peaKLUuu IIpo-
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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. AHu3oTponHbIi 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 TIepernaga MEPHOCTU MUKPOIIPOCTPAHCTBA BHYTPEHHE -
ro oobseéma cnupaned moaekya PHK v IHK Bmons ocu X, coBmanaroiiei ¢
OCbhIO 3TUX MOJIEKYI.

5. I1neHéHHas BHeLIHSI MojieKysa D.

Puc.4.3.10. ®opmupoBaHue Ha BTOPOM MaTepUaJIbLHOM YPOBHE KOMUU
Moaekyabsl PHK vin JIHK Tak Ha3eiBaeMOro, BTOpO-
ro MaTepUAJILHOIO TeJIa. DTO TEJI0 CO3AAETCS U3 TIEP-
BYHOU MaTepuu G. KauecTBeHHOE OT/IMYME MEXKITY
(u3nyecku MJIOTHOM MW BTOPOM MaTepuaTbHON
chepaMu, COCTOUT B OTCYTCTBMM HA BTOPOM MaTEpU-
aJIbHOM YpPOBHE ITepBUYHOMN MaTepuu G 1, KOraa B 30-
He BausgHusa cnupaieid moaekyil PHK vam JIHK wc-
ye3aeT KaueCTBEHHBIN Oapbep MeXIy (pU3NUECKU
IUIOTHOM M BTOPOI MaTepuaibHOM cdepaMu, IIpouc-
XOOUT BOCCTAHOBJIEHME KAUYeCTBEHHOIO OajaHca I1o
MIEpBUYHBIM MaTtepusiM. BTopoe MaTepuranbHOE TEJIO
(popmupyeTcs 3 NEpBUYHON MAaTEPUU, KOTOPAsI BbI-
CBOOOXIAETCS MPU pacClIEeIUIEHMM MOJIEKYJ Ha MaTepru X 00pa3ylollire BO
BHyTpeHHeM 00beéMe crimpanieid mosiekys JIHK u PHK. Mukpockonuueckue
>KHBBIE «4EPHBIC ABIPbI» B KJIETKAX 00€CIIEYMBAIOT HEMTPEKPALLIAOLIUIACS T10-
TOK BBICBOOOIMBILMXCS TEPBUYHBIX MATEPUIL HA BTOPOU MaTepHaIbHBIA ypO-
BEHb, UYTO 00ECIIEUMBAET IIOCTOSIHHOE MOAITUTHIBAHUE BTOPBIX MaTePUAIbHBIX
Tea nnepBuYHO Matepueid G, uX CTaOMJILHOCTb.
1. ®usnuecku miotHas mojekyna PHK.
2. Bropoe marepuanbHoe Tea0 Mosiekyiabl PHK.
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Puc. 4.3.11. Monekynsl PHK niu JIHK co3gator
HE TOJIbKO CTOSTUYYIO BOJTHY MEPHOCTH BO BHYTPEHHEM
00BbEMeE, HO 1 CO3aI0T BOKPYT cebs1 mepernaa MEpHO-
CTU MUKpOIpOCTpaHcTBa. B pe3ynbrare 3TOro, Bo-
KpYr cnoMpajeil 3TUX MOJIeKYyJ o0pa3yloTcsl CIou,
MMeEIOIIME TOXASCTBEHHbIE YPOBHU MEPHOCTU. Bin-
SSHUE CIUpajeil 3TUX MOJIEKYJ Ha BHEIIHEE IIPo-
CTPAHCTBO 3HAYUTEJILHO MEHbIIIE BJIUSHUS HA Mep-
HOCTb MUKPOIIPOCTPAHCTBA BHYTPEHHETO 00OBEMA
crnupaneit monekysl PHK wiu JIHK. Tem He meHee,
Ha YPOBHE MUKPOITPOCTPAHCTBA CIIMPAJIM 3TUX MOJIE-
KyJ1 BBICTYNAIOT, KaK LEHTPbI AePopMaliii MUKPO-
npoctpanctBa. Mosexkynsl JIHK 1 PHK Ha ypoBHE MUKpPOKOCMOCA UMEIOT
JIBOMCTBEHHbIE CBOMCTBA. DTU MOJIEKYJIbl OTHOBPEMEHHO SIBJISIFOTCS M aHAJIO-
raMu «4€pHBIX JbIp» W 3BE3JHBIX CUCTEM HAa YPOBHE MUKPOIIPOCTAHCTBA.
Buyrpennuii 06éM Mmosekya PHK n JIHK nposBaser cBolicTBa, aHa-
JIOTUYHBIE «4EPHOM AbIpE» MAaKpPOIIPOCTPAHCTBA, B TO BpeMsl, KAK BHELIHUIA
00BEM 3THUX MOJIEKYJI IPOSIBIISIET CBOMCTBA, aHAJIOTMYHBIE 3Be31¢. Bee npyrue
MOJIEKYJIbI, MOMaaasl B MoJjie MPUTSKEHUSI 3TUX «3BE30» — <«YEPHBIX IbIP»
MUKPOITPOCTPAHCTBA MWW BTSITUBAIOTCS BO BHYTPEHHUI OOBEM cCHUpaiei
moJiekysal PHK wiu THK, roe pacmagaroTcsd Ha NepBUYHBICE MAaTePUU KX
oOpasylolliye, WJIn OCeJal0T Ha YPOBHSIX TOXKIECTBEHHOM MEPHOCTU, KOTOPHIE
BO3HUKAIOT BOKPYT 3THUX MOJIeKYJ1. [IepBUUHBIE CTPYKTYpPhI MOJIEKYJIBI O€/IKa,
nomnaznas B nose nputskeHus crimpaieit moaekya PHK vnu JIHK, HaunHaoT
ocelaTh Ha YPOBHE TOXIAECTBEHHOM MEPHOCTU Lep:.

1. ®usnuecku motHas mojekyiaa JHK uiu PHK.

2. benkosas 060104Ka.

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

4. IlepBuuyHbI€ CTPYKTYPhI MOJIEKYJI OeKa.

P — aMMHOKMCIIOTHI O€IKOB.

R> — ¢cBOOOIHBIE pagrKaibl aMUHOKUCIIOT OEJIKOB.

Lp: — ypOBEHBb TOXIECTBEHHOU MEPHOCTHU IIEPBUYHOU CTPYKTYPhI MOJIE-
KyJibl O€JIKa.
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Puc. 4.3.12. Co BpeMeHeM, IIepBUYHBIX CTPYKTYP MOJIEKYJI OejiKa, 3aXxBa-
yeHHbIX noJjieM nputskeHus Mosekys PHK u JTHK,
CTAaHOBUTCS BCE 00JIblIIE U 00JIblIE. PacmioloOXXKeHHBIE
OJIM3KO APYT K IPYTY, IEPBUYHbBIE CTPYKTYPhI MOJIEKY-
JIbl O€eJIKa, MOCPEACTBOM BOJOPOJHBIX CBSI3EH U pa-
3HOOOpAa3HBIX CBI3ei MeXy paguKalaMyu aMUHOKHU -
CJIOT, 00pa3yIolIuX IepBUYHBIE CTPYKTYPbl OE€JIKOB,
HAYMHAIOT CO3JaBaTh BTOPUYHYIO CTPYKTYpy Oenka.

B otanume oT cBOOOAHOroO cuHTE3a OelKa u3
TIEPBUYHBIX CTYKTYp O€JIKa, COeNMHEHME MOCIeTHUX
MMPOUCXOJUT HE MPOU3BOJILHO. YIepKUBaeMble I10-
JIEeM TIpUTsSXeHus crupanu mojiekyabl PHK mnmn
JHK, nepBUYHbIC CTPYKTYpbl O€jIKa BBIHYXXICHHO
COEOUHSIIOTCS BAOJIb YPOBHSI TOXIECTBEHHOM MEpHOCTH. B pesyiibrate 3Toro
Ha YPOBHE TOXIECTBEHHOM MepHOCTU Lp: HaUMHaeT popMUpPOBaATHCS OEIKO-
Bast o0osiouka Bokpyr cnupanu moJiekyiabl JITHK nin PHK. YposeHnb Toxne-
CcTBeHHOU MepHOCTU BOKpyT cniupanieit Mosekys PHK u JIHK BoicTynaer, kak
OpPraHu3YyIoILIEee MOoJIe, 3aCTaBISIOLICe IEPBUYHbBIE CTPYKTYPhI O€JIKa, 3aXBa-
YEHHBIE «I10JIEM TATOTECHUS» CIIMPAIIN, COCAUHSATHCS B ONPEACTIEHHOM ITOPSII-
Ke, KaK, HalipuMep, CUJIOBbIE TMHUW MAaTHUTHOTO MOJISI BEIHYKIAI0T KPYITULIbI
METaJlJIa pacrojaraTbCs 1o KOHTYpaM 3TUX CUJIOBBIX JIMHUM, KOTOPHIE, IO Cy-
TU CBOEMH, SIBJISIOTCSI YPOBHSIMU TOXIECTBEHHOU MEPHOCTHU, CO3JaBA€MbIMU
MarHuTOM BOKPYT ceOsl.

1. ®usnuecku miotHasg mojekyna JIHK nin PHK.

2. benkoBas 00oJ10UKa.

3. I[lepenan MepHOCTU MUKPOITPOCTPAHCTBA CO31aBa€Mblii BHyTPEHHUM
oobeMoM MosekyJibl JIHK v PHK.

4. IlepBuuHbIE CTPYKTYPhI MOJIEKYJI O€JIKa.

P — aMMHOKMCIIOTHI O€IKOB.

R> — ¢cBOOOIHBIE pagrKaibl aAMAHOKMCIIOT OEJIKOB.

Lp: — ypOBEHBb TOXIECTBEHHOM MEPHOCTH IIEPBUYHOMU CTPYKTYPbI MOJIE-
KyJbI O€eJKa.
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Puc. 4.3.13. IlocTtenneHHO BcE OoJblee U 00JIb-
11I€€ YMCJIO MTePBUYHBIX CTPYKTYp O€JIKOB 3aXBaThIBa-
€TCS «II0JIEM TATOTEHUS» crimpann MoJieKyabsl J1HK
iy PHK v BEIHYXIEHHO COETUHSIOTCS MEXIY CO-
001 Ha YpOBHE TOXIECTBEHHON MepHOCTU. Pa3zmep
O€JIKOBOro cJiosd BOKpyr crmpaiu MonaekyJbsl JJHK
nny PHK nocTerieHHO pacTET, 1 HACTYIaeT MOMEHT,
Korga 0eJIKOBOE T10JI€ MOJHOCTBIO OKPYXaeT CIUPaJIb
mosekysbl PHK wim JIHK. Tak nosgBisercs 6eaKo-
Bas1 000;104Ka y BUpycoB. [1osgBneHune 6e1KoBoi 000-
JIOYKM BUpPYCa MOCIY>KUJIO HA4aJI0M HOBOI 3PbI 3BO-
JIIOLIMU MaTepUM — 3apOKIECHUIO XU3HU. bellkoBas
000J104Ka co31aj1a B CBOEM BHYTPEHHEM 00BEME YCIOBUS 3HAYUTEIBHO OTJIM -
yaroluMecs OT YCI0BUI BHe €€ nmpeaenoB. OHa cnocoOCTBOBaJIA YAEpXKaHUIO
BHYTPU ce0s1 OpraHUYECKUX 1 HEOPraHUYECKUX MOJIEKYJI, TPOHUKILIMX Yepe3
9Ty 0eJIKOBYIO ceTKY. besikoBast 000Ji04Ka BUpyca Kak Obl poliexXKBajia BOIY
IIEpBUYHOIO OKeaHa, cooMpasi BCBOEM BHYTPEHHEM 00BbEME paCTBOPEHHBIE B
ATOM BOJI€ OPTaHUYECKUE U HEOPTAaHMYECKUE MOJIeKYJIbl. [1omoOoHasa ¢puisrpa-
LIS MOPCKOM BOABI ITO3BOJIsIIa HAKAILJIMBATh OPraHUYECKME MOJIEKYJIbI B HE-
nocpeacTBeHHOM 61m3o0cTr oT cnupanu Moaekyiabl JITHK nin PHK. U, xorna
KOHILIEHTpALMSI OPraHUYeCKMX MOJIEKYJ JOCTUTaIa KPUTUYECKOTO YPOBHS,
BO3HUMKaIU ycsioBus a1 nyonrpoBaHus Mosiaekya JIHK v PHK u 6enkoBoit
o0oJiouku. B pesyiibraTe 3TOro npoiecca, Bo3HUKajaa ToYHas KOIusl BUpyca.
C 5TOro MOMeHTa MOXHO FTOBOPUTD O 3apOXKIACHUM KU3HU.

1. ®usnuecku mnotHasg mosekyna JJHK unn PHK.

2. benkoBast 000104Ka.

3. Ilepenag MepHOCTU MUKPOIIPOCTPAHCTBA CO3IaBAEMblii BHYTPEHHUM
o6beémom Monekyabl JIHK i PHK.

4. IlepBuuHbIE CTPYKTYPhI MOJIEKYJI O€IKa.

P — aMuMHOKMCIOTHI OEIKOB.

R> — cBOOOIHBIE pagrKaibl aMUHOKHUCIOT OEJIKOB.

Lp: — ypoOBeHb TOXIECTBEHHOW MEPHOCTU IIEPBUYHOU CTPYKTYPbI
MOJIEKYJIbI O€JIKa.
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Puc. 4.3.14. Kiietka u e€ Bropoe MaTepuanabHoe Tea0. Kaxnas mojexyia

CIIpAJIEI.

WCKPUBJISIET MUKPOIPOCTPAHCTBO BOKPYT ce0s1, clie-
JOBaTEJILHO X1Basl KJIETKa, 00pa3oBaHHAasl U3 opra-
HUYECKUX U HEOPTAHUYECKUX MOJIEKYJI, CO3IAET Ha
BTOPOM MaTepralbHOM ypOBHE AchopMalio, MOoI-
HOCTBIO ITOBTOPSIOLIYIO BHEILIHUIM BUJ CAMOM KJIET-
k1. Ho, ata nedpopmanus ocrtaBagach Obl He3aIod-
HEHHOM, ecau Obl HE HAJIMYKWE B KJIETKE MOJIEKYJ]
JHK 1 PHK, KoTOpbIe HE TOJILKO OTKPBIBAIOT Kaye-
CTBEHHBI Oapbep MexXay (pu3n4ecKMM U BTOPBIM
MaTepuaJbHbIM YPOBHSIMM, HO U CO3JAIOT YCJIOBUS
IUJISL pACIUEIUICHUS MOJIEKYJI Ha IIEPBUYHbBIC MATEPUU
nx o0pa3ylollue BO BHYTPEHHEM OOBEME CBOMX

1. ®us3nyecku NJIOTHAS KJIETKA.
2. BTOpOC MaTepruaJibHOC TCJIO KIICTKU.

3. Anpo xkneTku.
4. lleHTpunoiu.

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

7. MUTOXOHIPUU.

8. DHIorazMaTnyeckad CeTh.

Puc. 4.3.15. B siape Ki1eTKM MMpOUCXOIUT IIPOLIeCC pacIlIeIUICHUST MOJICKYJT

Ha MepBUYHbIE MaTepuu, Ux oopasyriiue. OcBobo-
JTUBIIMECS TIPY 3TOM ITIepBUYHBbIE MaTEpUU HAUMHAIOT
LUAPKYJIUPOBATh IO KaHAJY, CYLLIECTBYIOLLIEMY MEXKTY
(pu3MUYECKU TUIOTHBIM U BTOPLIM MaTepUaabHbIM TE-
Jamu. I1pu cBoéM IBMXKEHUU OT PU3NYECKM TUIOTHO-
ro K BTOpOMY MaTepuajibHOMY YPOBHIO, BOCXOISIIIE
MMOTOKM TIEPBUYHBIX MaTepuii pa3BopayMuBaroTCsl U
HauyMHAaIOT JIBUTAThCSl MO HAIlpaBJICHUIO Mepernanga
MepHOCTU. Bokpyr (pu3nyecku NmjaoTHOM KJIETKUA U
€€ BTOPOro MaTepUaJIbHOIO Tejia LMPKYJIUPYIOIIMe
NepBUYHBIE MATEPUU CO3IAI0T U30JUPYIOLIYIO0 000-
JIOUKY.

1. ®u3uyecky MIOTHOE TEIO0 KIETKU.
2. Bropoe marepuaibHOE TEI0 KJIETKU.
3. KieTouyHoe s11po.
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4. Llentpuonu.

5. DHepreTnyeckuii KaHa MexXay (PU3NIYECKU MJIOTHOMN KJIETKOM U BTO-
pPBIM MaTepUaIbHbIM TEJIOM.

6. Antnapat [oabaxu.

7. MUTOXOHIPUU.

8. M3oaupyronie-3aiuTHas 000J104Ka.

Puc. 4.3.16. ®usnuecku MI0THAs KJIETKA CO BTO-
PBIM U TPETHUM TeaMu. BTopoe MaTepuaibHOE TEI0
KJIETKM OTJIMYAETCS OT TPEThEro KaueCTBEHHOM CTpy-
KTypoii. TpeThe MaTepuaibHOE TeJIO 00pa3yeTcs CJIU-
sIHUeM ABYyX nepBUYHbIX Matepuil G u F, a BTopoe —
oaHoIi nepBruuHoit MaTepueit G. OHM BMecTe 00pa3y-
10T AUHYIO CUCTEMY — CJICAYIOLIYIO CTYIIeHb 3BOJIIO-
LIMY KMBOU MaTepun. [1osgBiieHE Y KIIETOK TPETHETO
MaTepHaJIbHOIO TeJja IMIPUBEJIO K 3HAUYUTEIIBHO 00JIb-
1Iei CTabMJILHOCTHU, JKU3HECTOMKOCTU U 00JIee BhICO-
KO CTereH! IIPUCIOCO0IIEMOCTH K U3MEHSIIOIIUM--
Cs1 BHEIIIHUM YCJIOBUSIM CpEIb.

1. ®u3nyecKy MIOTHOE TENO KIETKU.

2. Bropoe marepuaabHOE TEJI0 KICTKU.

3. KierouHoe siapo.

5. DHepreTnyeckuii KaHaa MexXay (PU3UYECKU TMJIOTHOM KJIETKOM, BTO-
PBIM U TPETHMM MaTepHaTbHBIMU TEJIaAMU.

6. Attmapat [oabaxu.

7. MUTOXOHIPUU.

8. DHpor1a3MaTuyeckasi CeTh.

9. lleHTpnoiu.

10. KietouHoe s1apo.
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Puc. 4.3.17. ®u3nyecku TUIOTHAsI KJIETKA CO BTOPBIM, TPEThMM M Ye-

TBEPTHIM MaTepUAIbHBIMU TeJ1aMU. HeTBEPTOE MaTe-
pUAJILHOE TEJIO 00pa3yeTCs CIMSIHUEM TPEX MTePBUY-
HbIX MaTepuii G, F u E, TpeThbe MaTepuaabHOE TEJIO
oOpasyeTcs CJIMSIHUEM JABYX IEpBUUYHbIX MaTtepuii G 1
F, a BTopoe MaTepuaabHOE TEJI0 — OJHON NEPBUYHOM
matepueit G. Hannuue yeTBEpTOro MaTepuaabHOIO
TeJIa — 3TO CIAEAYIOIIMI KaYeCTBEHHBIN CKAYOK B pa-
3BUTHUU XUBOI MaTe€pU, BO3MOXHOCTD JIJISI PA3BUTUSI
CO3HAHMS HA KAYECTBEHHO APYTOM 3BOJIIOLIMOHHOM
YPOBHE.

1. ®u3nyecky MIOTHOE TEIO KIETKU.

2. Bropoe marepuaabHOE TEJI0 KJIETKU.

3. Tpetbe MaTepuaabHOE KIECTKMU.

4. YeTBépTOC MaTepraIbHOE TEJIO KIETKMU.

5. DHepreTnyeckuii KaHaa MexXay (PU3UMYECKU TJIOTHOM KJIETKOM, BTO-
pPbIM, TPETbUM U YETBEPTHIM TEJIAMMU.

6. Attmapat [oabaxu.

7. MUTOXOHIPUU.

8. DHnoruiazMaTnueckasd CETh.

9. IleHTpHOIN.

10. KnetouHoe s1ipo.

Puc. 4.3.18. Ecin

KJIeTKa UMeeT (PU3UYECKU MJIOTHOE TEJIO U BTOPOE
MaTepuajibHOe Teao (M3HavajabHas KJieTKa), TO, I0-
cJie pa3pylieHUs] WU Tuoean (pu3ndecKu MmI0THOIO
TeJla, BTOpoe MaTepuaabHOe Tejao He ucyesaer. [1o-
TOKM NepBUYHOM MaTepuu G, MPOHU3BIBAIOIIME BCE
MPOCTPAHCTBO IJIaHEThl, HACHIIIAIOT CO00I BTOpOE
MaTepuaibHOe Tej10. B pe3yiibrare a3Toro, Bropoe Ma-
TepUaAJIbHOE TEJI0 COXPAHSIET CBOIO LIEJIOCTHOCTh U
rocJje norepu (PU3NIEeCKM IJIOTHOTO Tejla, KOTOPOe
cosnaiio ero. EcrecTBeHHO, HAaChIIIEHE BTOPOTO Ma-
TepUaJIbHOTO Tejla 3HAUYUTEJIbHO OTJIMYAETCs OT Ha-
CBILLEHUS Yyepe3 (pU3nIeCcKu MIOTHOE TeJI0, HO TEM He
MEHee, 0Ka3bIBAETCS JOCTATOYHBIM JIJIsI COXPaHEHMUS

LICJTOCTHOCTH BTOPOIro MarepuajibHoro teaa. [1pu aTomM, Bropoe MarepuajibHOe
TeJIO OKa3bIBAaeTCsl KaK Obl «3aMOPOXKEHHBIM» 1 3TO COCTOSTHME OYIeT coxXpa-
HSITbCS 10 TeX IOpP, IMTOKa He BOCCTAHOBUTCSI (PU3UYECKU TJIOTHOE TEJO.

2. Bropoe MmatepuajibHOE TEJIO KJIETKU.
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5. TomuHa BTOPOro MaTe€puaibHOTO Tejla KJIETKMU.
G — IlepBuyHasg MaTepusl MPOHU3BIBAIOILIAS TIPOCTPAHCTBO U HAChIIIA-
I011asl BTOPOE MaTeprUaabHOE TEJO.

Puc. 4.3.19. Ecau kineTtka nmeeT (pU3NIECKU
IUIOTHOE TEJI0, BTOPOE U TPEThE MaTEpUAIbHBIE TEJA,
TO TOCJIE pa3pyLIeHWsT WU THoear PU3N4eCKU TUIOT-
HOTIO TeJia, BTOPOE U TPEThe MaTepUaJIbHbIE Tea HE
ncyes3aloT. [Toroku nepBuuyHbix MaTepuu G u F, ripo-
HU3BIBAIOIIE BCE MPOCTPAHCTBO IJIAHETHI, HACHI-
1IAI0T cO00I, KaK BTOpPOE, TaK U TPEThe MaTepUalib-
Hble Tejla. B pesyibrate 3TOoro, Kak BTOpoe, Tak U
TPeThe MaTepUaIbHbIE T€JIa COXPAHSIOT CBOIO 11€J10C-
THOCTb 1 MOCJIe TTOTepu (PU3NUECKHU TJIOTHOIO Tea,
KOTOpO€ co3gano ux. ECTeCTBEHHO, HACHIIIEHUE
BTOPOTO U TPETHETO MATEPUAIbHBIX TEJT 3HAYUTEIBHO
OTJIMYAETCs OT HACBILLIEHUS UX Yyepe3 (PU3NUYECKU IIOTHOE TeJI0, HO TEM He
MEHEE, OKa3bIBAETCS JOCTATOYHBIM JJISI COXPAHEHUS UX LIEJJOCTHOCTH.

2. Bropoe MmatepuajbHOE TEJIO KJIETKU.

3. TpeTtbe MaTepraIbHOE KJIETKM.

5. ToygmuHa BTOPOro MaTe€puaJibHOTO Teja KJIETKMU.

G u F — nepBrUuYHbIe MaTepUHU, MIPOHU3BIBAIOIIKE TPOCTPAHCTBO U HACHI-
HIAOLIME BTOPOE U TPEThe MaTepUaIbHbIC TeJIa.

Puc. 4.3.20. Eciu kineTtka umeeT (pU3NIECKU
IUIOTHOE TE€JIO, BTOPOE, TPEThE U YETBEPTOE MATEPU-
aJIbHbIE TE€JIA, TO TTOCJIE Pa3pyLICHUS WX TUOeIu (pu-
3MYECKHM IMJIOTHOTO TeJIa, BTOPOE, TPEThE U YETBEPTOE
MaTepUaAIbHBIEC TEA HEe ucue3aroT. [1oToku nepBuy-
Hbix matepuii G, F u E , npoHM3bIBaole BCE MPO-
CTPAHCTBO IJIAHEThI, HACHIIIAIOT COO0M BTOPOE, TpE-
Th€ M YETBEPTOE MaTepuajbHbIe Teaa. B pesynbrarte
3TOr0 BTOPOE, TPETHE M YETBEPTOE MATEPUAJIbHBIC
TeJIa COXPAHSIIOT CBOIO LIEJIOCTHOCTD U ITOCJIe ITIOTEPU
(pusznuecku riotHoro tena. [lpu aToM HackileHUE
ATUX TeJ ATUMU MEPBUYHBIMU MaTepusIMU OyaeT
OTJIMYATBCS OT HACBILIEHUS UX Yepe3 (PU3NYECKU TIOTHOE TEJIO.

2. Bropoe marepuaabHOE TEJI0 KJIETKU.

3. TpeTbe MaTepraIbHOE KJIETKM.

4. YeTBEpPTOE MaTepUAIbLHOE TEJIO KJIETKU.
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5. TonumHa BTOpOro MaTepuaabHOIO Teja KJICTKU.
G, F u E — nepBuuyHble MaTepuu, MIPOHU3bIBAIOLINE IIPOCTPAHCTBO 1 Ha-
CBILLIAIOIIME BTOPOE, TPEThE U YETBEPTOE MaTepUaIbHbIE TEJIa.

Puc. 4.3.21. IlepBag aza neneHus kjietku. Korna KoHleHTpalms opra-

HUYECKMX BEIIECTB, BOBHUKIINX B KJIETKE B PE3YJIb-
TaTe POTOCUHTE3a WU TOTJIOLIEHBIX KJIETKON M3
BHEIIHEMN Cpelibl CTAHOBUTCS KPUTUIECKOM, OHA TE-
pPSET CBOIO YCTOMUYMBOCTb, U HAUMHAETCS ITPOLIECC
neyieHus1. LleHTproan KJIETKM pacXoAsITCs 110 MPOTU-
BOITOJIOXKHBIM MOJIIOCAM KJIE€TKM U CTAHOBSITCS LI€H-
TpaMu, BOKPYT KOTOPBIX ¥ MPOUCXOIUT IIPOLIECC JIe-
JICHUS.

1. ®u3uyecky MiIOTHasI KJIeTKa.

2. Bropoe marepuaabHOE TEJI0 KJIETKU.

3. KietoyHoe spo.

4. KjiieTouHble HEHTPUOJIN.

5. KaHa, mo KOTopoMy LIMPKYJIUPYIOT MAaTEPUMU.
6. Artmapat I[oabmxu.

7. MUTOXOHIPUU.

8. DHpomnazMaTUyeckas CeTb.
9. XpOoMOCOMBI s11pa.

Puc. 4.3.22. beakoBble HUTU NOATSTUBAIOT K LIEHTPUOJISIM XPOMOCOMBI U3

CTapOro sApa KJIIETKU, 1 3TO SIBJISIETCSI HayajloM (pop-
MUPOBaHUSI IBYX HOBBIX KJIETOK. B Hayajie HOBbIE
SJpa COIEpKaT MOJIOBUHHBIA HA0OP HEOOXOIMMBIX
XpOMOCOM, MO3TOMY J1Ba KaHaja UMM CO3daBaeMbIX
MPaKTUYECKU S3KBMBAJICHTHBI KaHAJy s1Ipa A0 Hayajia
JneyeHus. MepHOCTb MUKPOKOCMOCA KJIETKU ITOYTHU
HE U3MEHSIETCS U COXpaHsieTcsl OajlaHC TIOTOKOB Me-
XK1Y (PU3MYECKUM U BTOPHIM MaTepuaabHBIM ypO-
BHSIMU KJIETKMU.

1. ®u3uyecky MIOTHas KJIETKa.

2. Bropoe marepuaabHOE TEJIO KJICTKU.

3. KnerouHoe siapo.

4. KnetoyHble LIEHTPUOJIN.
5. Kanan, mo KOTopoMy LIMPKYJIUPYIOT MATEPUMU.
6. Attmapat [oapmxu.

7. MUTOXOHIPUMN.
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8. DHnoriazMarnyeckad CETh.
9. XpoMOCOMBI s1Ipa.

Puc. 4.3.23. Kaxnas xpomocoMa B TaKUX siApax
13 HAKOIUIEHHBIX B KJIETKE OpraHMYecKuX BelleCTB
HauyMHaeT BOCCO3JaBaTh CBOETO 3€pKaJIbHOTO JIBOM-
HUKAa, 4YTO SIBJISIETCSI €CTECTBEHHBIM CTPEMJICHUEM
JITOOOM CHUCTEMBI K COCTOSTHUIO MaKCUMaJIbHOM yc-
ToliunBOCTU. IIpu 3aBepiieHUM 3TOro mpolecca,
BHYTPH OJTHOM KJIETKM 00pa3yloTcs IBa Sapa, Kax10e
13 KOTOPBIX UMEET KaHaJl, IO KOTOPbIM MaTepusl Iie-
pETEKAET HAa BTOPOM MaTepraibHbI YPOBEHb.

1. ®u3nyecku TIOTHAS KJIeTKa.

2. Bropoe MatepuagbHOE TEJIO KJIETKU.

3. KnerouHoe sapo.

4. KJjieToyHbI€ LIEHTPUOJIN.

5. KaHani, mo KOTopoMy LHIUPKYJIUPYIOT MATEPUMU.

6. Artmmapat [onpmxu.

7. MUTOXOHIPUMN.

8. OHpor1a3MaTuuecKas CeTh.

9. XpoMOCOMBI s11pa.

Puc. 4.3.24. I1pu pacnage pusznuecku rioTHOMU
KJIeTKU (popMUpPYeTCsl BTOPOE MaTepUabHOE TEI0
kieTku. [Tpuuém, koHueHTpalus matepuun G Bo BTO-
pPbIX MaTepUAJIbHBIX TeJIaX KJIETKM B HECKOJIbKO pa3
MpeBbIIaeT OaJJaHCHOE COOTHOIIEHME JJIsI BTOPOTO
MaTepUajJbHOrO ypoBHsS. M30bITOUHOE HaChIIIEHUE
BO3HMKAET BCJIEACTBUE TOTO, YTO BO BpeMsl pacraja
CTapoil KJIETKM T10 sSiAepHBIM KaHajaM Ha YpOBEHb
BTOPBIX MaTepUaIbHBIX TEJI ITIEPETEKAET BO MHOT'O pa3
Oosblie mepBudHO Matepuu G, yeM Mpu HOpMaib-
HBIX YCJIOBUSIX, B TO BpeMsl, KaK MOTepPs] BTOPLIMU
MaTepuaIbHbIMUY TeJlaMU epBUYHOI MaTepuu G oc-
Taétcs npexHeit. M, Kak cieacTBUe, BO3HMKAET M30BITOUHOE HAChIIIEHUE.

1. ®u3uyecky MiIOTHasI KJIETKa.

2. Bropoe marepuaabHOE TEJI0 KIETKU.

3. Anpa xneTkn.

5. KaHans! ssaep KJIETKU.

10. «TomirHa» BTOPOro MaTepruajlbHOIO TeJia.
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Puc. 4.3.25. I1ocne 3aBepliueHus1 pacraga cTapoi (pu3ndecku IJIOTHOM
KJIETKM, Ha BTOPOM MaTepuaibHOM YPOBHE OCTAIOTCSI
JBa BTOPbIX MaTepHabHbIX TeJIa, KOTOPbIE MEPEChI-
1IeHbI nepBUYHOU MaTepueil G. M130bITOUHOE HAChI-
LIIEHWE 3HAYMTEJILHO MPEBBIIACT onTUManibHoe. [1o-
9TOMY, KOrja nmpeKpaliaeTcs OTOK MepBUYHBIX Ma-
Tepuii ¢ GU3NUECKU IJIOTHOTO YPOBHS, U30BITOK ITep-
BUYHOI Matepuu G HaYMHaET MepeTeKaTb yKe CO
2 | BTOPOTO MaT€pUaJIbHOTO YPOBHS Ha (PU3NUYECKUI.
[Tpuuem, neperekanue Ha GU3NYECKU TJIOTHBINA YPO-
BEHb IIPOMCXOIUT IO TeM Xe CaMbIM KaHajaM, I10
KOTOPBIM OHA IIE€pETEKAIa HA BTOPOM MaTepUaIbHBIN
ypoBeHb. CieayeT OTMETUTh, YTO MEXIY MOMEHTOM
MOJTHOI'O pa3pylleHUs CTapoii (PU3NUECKU MIOTHOM KJIETKU U BOBHUKHOBE-
HHEM OOpaTHOTO IOTOKA IepBUYHON Matepuu G, CylIecTBYeT HEKOTOPbIi
MMPOMEXYTOK BPEMEHHU.

1. ®u3uyecky MiIOTHAsI KJIeTKa.

2. Bropoe marepuaabHOE TEJI0 KJIETKU.

3. Anpa kieTku.

5. KaHans! ssaep KJIETKU.

10. «TonmuHa» BTOpOro MaTepuaabHOTO Tea.

Puc. 4.3.26. O6paTHbIii TIOTOK NepBUYHOI Matepun G co BTOPOro MaTe-
PUAILHOTO YPOBHS HAa (PU3UYECKHU IJIOTHBIN CO30aET
Ha (GpU3NYECKU IUIOTHOM YPOBHE ITPOEKLIMU ABYX BTO-
PBIX MaTepUAILHBIX T€J1. DTU MIPOSKIUU MPOI0JIKA-
IOT HAChIIIAThCS TIepBUYHOM MaTepueii G 1o Tex nop,
MMOKa IMJOTHOCTb 3TUX INMPOEKUUN Ha (PU3NUECKU
TUIOTHOM YPOBHE HE CTaHET COM3MepUMa C TUIOTHO-
CThIO CaMUX BTOPBIX MaTepUajibHbIX TeJl HA BTOPOM
MaTepualbHOM YpoBHe. MOXHO cKa3aTb, UTO B pe-
3yJIbTaTe 3TOr0 mpoliecca Ha pU3NUYECKU MJIOTHOM
ypOBHE (POPMUPYIOTCS ABa BTOPbIX MaTepUaibHbIX
TeJia.

1. ®usznyecku NJaOTHas KJIETKA.

2. Bropoe MatepuajbHOE TeJI0 KJIETKU.

2’. IIpoekiiyst BTOporo MaTepuajbHOTIO Tejia KISTKU Ha (PU3NUECKHU TJTO0T-
HOM YpPOBHE.

3. Anpa xkneTkn.

5. KaHans! saep KJIETKU.
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9. XpOoMOCOMBI s1Ipa.
10. «TonmmHa» BTOPOro MarepruaJbHOIO TeJia.

Puc. 4.3.27. I1o n1ByM MaTpuLiaM BTOpPbIX MaTe-
pUaAJIbHBIX TeJ1 Ha PU3NYECKU TUIOTHOM YPOBHE CUH-
Te3UPYyeTCs 1B HOBbIE (PU3UYECKU IIJIOTHBIE KJIETKH,
KOTOPbIE SIBIASIOTCS TOYHBIMU KOITUSIMU KJIETKU 10
neneHust. MaTtpuubl (MpOeKLMKU) BTOPBIX MaTepu-
aJIbHBIX TeJl BbIHYKIAIOT, CO3[aBasi COOTBETCTBYIO-
1I1e nepernagbl MEPHOCTH Ha (PU3MUYECKU TUIOTHOM
YPOBHE, COeIMHSITCSI MOJIEKYJIbI HAa (PU3NYECKU TIJIOT-
HOM YPOBHE B TOM €& CaMOM MOPSIIKE, KaK OHU ObLIN
COeOUWHEHBI B CTapou KjeTKe. BHOBb cOOpaHHBIE
MOJIEKYJIbI, TTO TEM e MpUYMHaM, oOpa3yloT KJie-
TOYHbIE€ BKJIIOYEHUSI, MEMOpaHy 1, B KOHEYHOM UTO-
re, Ha MECTe CTapoil KJIETKU MOSIBISIOTCS 1Be HOBbIE, KOTOPBIE HE SIBJISIIOTCS
a0COJIIOTHOM KONUEN CTapOoi KJIIETKU, XOTS XU OYEHb OJIM3KU K HEM.

1. ®dusuyecky MmIoTHas KJIETKa.

2. Bropoe MmatepuajbHOE TEJI0 KJIETKU.

3. Anpa KieTKu.

5. KaHaubl gaep KJIETKU.

10. «ToamuHa» BTOpOro MaTepuajbHOTIO Tea.

Puc. 4.3.28. I1ociie 3aBepiiieHus rIpoliecca op-
MUPOBAHUS ABYX HOBBIX (PU3NUECKU IJIOTHBIX KJIETOK
1Mo oOpa3y U MoJo0MI0 CTapoii, MeMOpaHbl HOBBIX
KJIETOK CO3/al0T Nepernaa MepHOCTH, HarpaBJIeHHbIN
BHYTPb HOBBIX KJIETOK. DTOT Iepernaj BO3HUKAET B
pe3yibraTe pa3jinuyusl B KOHLIEHTpAallMU OpraHuye-
CKMX M HEOpraHM4YeCcKMX MOJIEKYJI BHYTPHY 3TUX KJIe-
TOK 1 BHe. Pasnuuus B KOHLIEHTpallMM BO3HUKAIOT
BCJIEJCTBME TOTO, YTO KJIETOYHbIE MEMOpPAaHbI UMEIOT
n30MpaTeIbHYI0 MNPOHULAEMOCTb OJISI MOJEKYJI.
BcneacTBue 3TOro v BO3HMKAET pa3jainuune B KOHLICH-
Tpauuu moJjiekya. Ilepenan MmepHocTH, HapaBJIEH-
HBI BHYTPb KJIETOK BBIHYK/IA€T BCE MOJIEKYJIbI, ITOTIaBIIME B MIPeAesIbl 3TOT0O
rnepenanga, ABUraThbCsl BHYTPb KJIETOK, TJIe OHU, B CBOIO OYepeb, pacIleIlIsi-
I0TCSl Ha MIEpBUYHBIE MAaTEPUU UX 00pa3ylolye MpU MonajgaHuu BHYTPb CITH-
paneii monekya JIHK n PHK. IlepBuunblie MaTeprn, BEICBOOOXKIEHHbBIC B
pe3yJibTaTe 3TOro mpoliecca, Ha4YMHaKT HachlllaTh BTOPhIe MaTepuajibHbIe
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TeJla Ha BTOpOM MaTepUaibHOM ypoBHe. HOBOpOXIEHHBIE KIETKHU «OXKBa-
10T». CMEepTh CTApOIl KJIIETKM CIYXKUT MPUIMHOMN POKIAESHMSI IBYX HOBBIX KJI€-
TOK, U XXM3Hb NPOJOJIKAETCS, MPUIEM, YMCIIO XXMBBIX KJIETOK yIBaWBACTCS.

Puc. 4.3.29. Cnupanu mosexya JIHK u PHK Ha BTopoM MaTepuaibHOM
YPOBHE CO3[al0T CBOIO TOUHYIO KOITMIO U3 TIEPBUYHOMI
Matepuu G. DTO CBSI3aHO C TEM, UTO 3TU MOJIEKYJIHI,
UMes OrPOMHBIMA MOJICKYISIPHBIA BEC, UMEIOT CITU-
pasnbHy10 popmy. CriupanbHas ¢popMa Co31a€ET YCI10-
BUS, KOTa BIMSIHME KaXKIOro aToMa, BXOMSIIETo B
COCTaB 3TUX MOJIEKYJI, HA MUKPOIPOCTPAHCTBO CO-
31a€T BO BHYTPEHHEM O00BEME ATUX CIUPAJICH TaKOM
YPOBE€Hb MEPHOCTH, IPU KOTOPOM OTKPBIBACTCS Ka-
YEeCTBECHHbIN Oapbep MexXay (pU3NYEeCKU MJIOTHBIM U
BTOPbIM MaTe€pHUaJIbHBIM YpOBHSIMU. [Ipu 3TOM He
MIPOMCXOAUT pacriaja 3TUX MoJieKya. Pacnagatorcs
TOJIBKO MOJIEKYJIbI, KOTOPBIE ITOIagaT BHYTPb CITU-

paJieid.

1. Cnupanb monekyabl JIHK v PHK Ha ¢pu3ndecku IIOTHOM YPOBHE.

2. Bropoe marepuanbsHoe Teso moJiekyasl JTHK, PHK.

3. KauecTBeHHBII Oapbep MexXAy (PM3UUYECKUM U BTOPbIM MaTepUaTbHBIM
YPOBHSIMM TUIAHETHI.

4. YBeJIMUeHHBIN y4aCTOK CIMpav Ha PU3MIECKOM YPOBHE.

5. YBe1n4eHHbIM COOTBETCTBYIOLINI Y4aCTOK CIUPAJIM HA BTOPOM MaTe-
pUaJIbHOM YPOBHE.

Puc. 4.3.30. BHewHuit curHaa B BUA€ MOHHOIO KoAa JTOCTUraeT Tejia
coOCTBeHHO HelipoHa. JlpyrumMu cjioBaMu, HECKOJIb-
KO JOMOJIHUTEJIbHBIX MOHOB OKAa3bIBAIOTCSI BHYTPU
HeipoHa. [1py 3ToM, MOHHBIN O0alaHC BHYTPU HEMPO-
Ha U3MEHSIETCS. DTU «JIMIITHUE» NOHBI TPOBOLIUPYIOT
JTOTIOJTHUTEIbHBIE XMMUYECKHUE PEAKIIU, B pE3yJIbTa-
T€ KOTOPbIX MOSBJISIOTCS HOBbIC WKW Pa3pyLIAOTCS
CTapble 3JEKTPOHHBIC CBSI3U, U U3MEHSIETCSI MOJIe-
KYJISIPHBIN BEC 1 KAYECTBEHHAsI CTPYKTypa MOJIEKYJIbI
Ha (pU3MYeCKH IJIOTHOM YPOBHE.

1. Criupans mosiexyibl JIHK v PHK Ha gpuzu-
YeCKM IJIOTHOM YPOBHE.

2. Bropoe marepuanbHoe Teio MojieKy/bl JJHK,

PHK.



OnucaHue pUuCyHKOB 313

3. KauecTBeHHBII Oapbep MexXay (PU3NISCKUM U BTOPBIM MaTepUaaibHbIM
YPOBHSIMU TLJIAHETHI.

4. YBeJIMUEHHBIN y4aCTOK CIUpaIv Ha PU3NIECKOM YPOBHE.

5. YBeIn4eHHBbIM COOTBETCTBYIOIINI y4aCTOK CIUPAJIM HA BTOPOM MaTe-
pUAJILHOM YPOBHE.

6. JomosHUTENbHbBIE aTOMbI, NIPUCOSIMHUBIINECS K BbIACJICHHOMY
yyacTtky cnupanu moyekyiabl JIHK nin PHK Ha ¢pusnyeckoM ypoBHe.

Puc. 4.3.31. JlonnoJHUTEIbHOE UCKPUBJIICHUE
MUKPONPOCTPAHCTBA, BI3BAHHOE NPUCOEAUHMBIII -
MUCS «JIMITHUMW» aTOMaMU, U3MEHSET CTPYKTYpPYy
BTOpPOTO MaTepuanbHoOro tejaa mouekyabl JHK nin
PHK. OtneyaTok BTOporo MaTepuajbHOIro Tejaa Ha-
CBILIIAETCS TOTOKOM MepBUUHOM MaTepuun G, U TAKUM
00pa30oM BOCCTAaHABJIMBAETCS TOXIECTBO CTPYKTYP
cnupaneit MmoiekyJisl JIHK i PHK Ha pusznuecku
IUIOTHOM M Ha BTOPOM MaTe€pUaIbHbIX YPOBHSIX.

1. Cnupanb monekynbl JIHK uiu PHK Ha pusu-
YeCKU MJIOTHOM YPOBHE.

2. Bropoe matepuanbHoe Te1o Mmoaekyibl JTHK,
PHK.

3. KauecTBeHHBII Oapbep MexXAy (PM3NYECKUM U BTOPHIM MaTepUAIbHBIM
YPOBHSIMU TLIAHETHI.

4. YBeJIMYEeHHBI y4aCTOK CIMpav Ha PU3NIECKOM YPOBHE.

5. YBeJIM4eHHbI COOTBETCTBYIOLIMIA y4aCTOK CIIMPAJIM Ha BTOPOM MaTe-
pUaJIbHOM YPOBHE.

6. JomosHuUTeAbHBIE aTOMBbI, IIPUCOECIMHUBIINECS K BbIACJICHHOMY
yyacTtky cnupanu mosekyiabl JIHK nin PHK Ha dusnyeckoM ypoBHe.

7. OTneyaToK BHEIIHErO CUTHAJIa HA BTOPOM MaTepraaibHOM YPOBHE.

Huxkoaaii Jlesawos, uroav 2005 2oda.

www.levashov.org
www.levashov.info
www.levashov.name



314 Huxomnaii Jlesamos. «HeonHoponHasa BeenenHas»




315

JIpyrue KHUrM aBTopa

Ilociennee oOpamieHre K 4eJI0BE4ECTBY

B cBoeil mepBoOil KHUIe aBTOP MpeaiaraeT YMTATEaI0 HOBYIO CUCTEMY
3HAHUM M OpeNCcTaBJICHUN O 3aKOHAX MPUPOAbI, KOTOPble HEOOXOOMMbBI HE
TOJILKO J1JI1 TOTO, YTOOBI HE pa3pylluaTh HAIll JOM-IUIAHETY, HO U A1l TOHUMa-
HUS KaXIbIM IyMAIOIIUM YEJIOBEKOM, KaXIbIM, KTO
XOYET MOHATh U OCO3HATh IIPOUCXOAMIIEE C HUM CAMUM,
C JIIOJIbMU, OKPYXaIOIIUMHU €ro JoMa WiId Ha padoTe.
DTa KHUTA 151 TeX, KTO CTPEMUTCS IPOHMKHYTh B TATHBI
IPUPOIBI, IOHATh U OCO3HATH YYy10 3aPOXKACHUS JKU3HMU,
[MOHSTh, YTO TAKOE IYILA Y YTO ITPOUCXOIUT C YEJIOBEKOM
B MOMEHT M MOCJIE€ CMEPTU. Takne NOHATHUS, KaK Aylla,
CYIIIHOCTb, pEMHKapHaLU, U3 TIOHITUMA MUCTUUYECKUX
«4yJIeCHbIM» O0pa30M MpEeBpPaIATCSI B MOHITUS pe-
aJibHbI€, OOYCJIOBJIEHHbIE 3aKOHAMU 3BOJIIOLIMU XXMUBOM
Martepuu. BriepBbie B 3TOM KHUIE NAETCS OOBSICHEHUE MPAKTUYECKU BCEX
SIBJICHUM >XKMBOUW Y HEXKMBOM ITPUPOIBI, MOKA3aHO €AMHCTBO 3aKOHOB MaKpO-
1 MUKPOKOCMOCA. ABTOPY yIaJI0Ch CO3AaTh €ANHYIO TEOPUIO T10JIs1, OObEI-
HUTb B OTHO LIEJIOE MPEACTABIEHUS O TIPUPO/IE.

 CIOGTETHEE OSPATIEHHES

Cymnoctb 1 Pazym. Tom 1

B 31011 KHUTE aBTOP MPOJOJIKAET, UCITOJIb3YsI CBOXO TEOPUIO HEOAHOPO-
JHOCTU IIPOCTPAHCTBA, CPbIBATh 3aBECY TallHbI C OUYEPEIHBIX «ITapaJOKCOB»
npupoabl. Ha 3ToT pa3 B poKyce 00beKTHUBA IMTO3HAHUS — XXMBAs IIPUPOAA U
caM 4enoBeK. ABTOp (popMyIMpyeT HEOOXOAUMBIE U JOCTATOYHBIE YCIIOBUS
JUUISI BOSBHMKHOBEHMS >KM3HM Ha TuiaHeTax. [Ipocrora u
KpacoTa IMOHATHUI Ja€T BO3MOXHOCTb YATATEIIO, BITOJ-
HE BO3MOXHO, BIIEPBbI€ B KM3HM MCHBITATh MPOCBE-
TJICHWE 3HAaHWEM, KOI/la BOBHMKAET YyBCTBO, YTO 3Ha-
HUS CTAHOBSITCS HEOTHEMJIEMOM YacThIO Te0s1 caMoro. B
IIEPBOM TOME 3TOM KHUTU aBTOP OOHAXAET IIPUPOIY U
MexaHu3Mbl SMoLUid. [Toka3biBaeT poib SMOLIMI B 3BO-
JIIOLIMM XXW3HU B LIEJIOM U YeJIOBeKa, B YacTHOCTHU. Briep-
Bble JA€TCs OOBbSICHEHNUE YYBCTBA JIIOOBU U OT 3TOTO
OOBSICHEHMS JTI000Bb HE TEPSIET CBOCH KPacOThI, a HAO-
OOpOT, ITO3BOJISET YEJIOBEKY IOHUMATh IIPOUCXOASIIEE C HUM CaMUM U U30e-
>KaTh HEHY>KHBIX pa3oyapoBaHuii... KpomMe 3Toro, aBTop npoJjMBacT CBET HA

o eVIHOCEES




316 Huxkomnait JIepamon

MIPUPOIY MaMSTU, ONSITh-TaKX BIIEPBbIC ITOKA3BIBAET MEXaHMU3Mbl (POPMUPO-
BaHM$ KaK KPaTKOBPEMEHHOM, TaK M JTOJATOBpeMeHHOM nmamdatu. M Ha sToit
OCHOBE PacCKpPbIBAET MEXAHU3MBbI 3aPOXKIECHUSI COZHAHUS.

Cymnocts 1 Pazym. Tom 2

Bo BTOpOM TOME KHUTH aBTOP SICHO M YETKO MOKA3bIBAET HEOOXOIUMBbIC
1 JOCTAaTOYHBbIEC YCJIOBUSI MOSIBJIEHMUSI CO3HAHUSI Ha OIPeAeIEHHOM YPOBHE
pa3BUTHS KU3HU. [ToHMMaHue MexaHM3MOB (DOPMUPOBAHMS ITAMSITU U CO3HA-
HUS Ha YPOBHE MaTE€pUAJIbHBIX T€J CYLLIHOCTH ITO3BOJIS -
€T aBTOPY OOBSICHUTH SIBJIEHUE >XKM3HU ITOCJIEe CMEPTH,
MPOUCXOSNIEE C JIIOIbMU B COCTOSTHUM KJIMHUYECKOM
cmeptu. biarogaps atomy, 3T (pakThl M3 KaTerOpuu
HEOOBSICHUMBIX (PEHOMEHOB MEPEXOSAT B KATETOPUIO
€CTECTBEHHBIX SBJICHUU XMBOW Mpupoabl. ABiIeHUE
peMHKapHalMU — U3 KaTeTOPUU PEJIUTUO3HbIX U MU-
CTUYECKMX MMOHSITUIA, OITSIThb-TaKU, TIEPEXOAUT B KATETO-
pUIO peajbHbIX NPUPOAHBIX SBJIeHUM. Tak Ke, Kak u
MOHSTUSI KAPMBI, IpeXa MepecTaloT ObITh UHCTPYMEHTOM
MaHUITYJIMPOBAHUSI CO3HAHUEM MacC B pyKaX roCcy1apCTBEHHbBIX U PEJIUTHO-
3HBIX JAesTeNIEH U MPEeBpAIalOTCS B IIPOSIBJICHUS BCE TE€X XK€ 3aKOHOB IIPUPO-
Ibl. [ToHMMaHMe BCero 3TOro JiejaaeT yea0oBeKa MICTUHHO CBOOOIHBIM U TBOP-
1IOM cBoeM cobcTBeHHOM cyab0bl. Hu bor, Hu Llaps 1 He Iepoii, a cam yenoBek
oInpeaesisieT CBOM MOCTYIIKA M HECET MOJIHYI OTBETCTBEHHOCTb (HE TOJILKO
MOpPaJIbHYIO) 3a HUX.

w,

e CYIHOCTE

Poccus B KpuBBIX 3epKajiax

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

Han »sToii kHuroit aBTop Havas padotats B 2003 roay, XoTs Ujesl Harumca-
HUS ITOJOOHOM KHUTUM CO3peBaia He OWH rof. JleTckoe yBie4eHre U MHTEPEC
K IpouUIJIOMY Kak ¢cBoeid PoguHBI, Tak 1 BCeU 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 UTOre, IIPUBEIN aBTOPaA K MBICJIM O HAITMCAHUU
KHUTU O peaJibHOW uctopumn Poccuu, a He Toi «Bep-
CUM», KOTOPYIO HaBsI3aJI1 CJIaBSIHAM-pycHu4yaM «I100po-
KeJIaTean» ¢ IPUXOAOM K BJIaCTU AMHACTUMU PomaHo-
BBIX, OCHOBATEJIM KOTOPOM COITACUIUCH MPEIATH CBOM

Poceng

B KDIBBIX
3€DKA.
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HapoJ U BeJIMKOE MPOIJIOe CBOUX MPEIKOB B 0OMeH Ha TpoH. B cBoeit kHure
aBTOp ToKa3biBaeT «13TOPu0» B MpuHIIMIINAJIBbHO HOBOM CBETE, KaK 3TO He
JieJiaja HUKTO Apyroii 1o Hero. CBOM BBIBOJBI OH MOATBEPKIAET peaJlbHbIMU
MCTOPUYECKUMU JOKYMEHTAMU U KapTaMU, C KOTOPBIMU YUTATEIb [TIO3HAKO-
MUTCS OIHUM M3 nepBbiX. IIlar 3a 1maromM aBTop BOCCTaHABJIMBAET pealbHOE
MpolljIoe Halllel riaHeTbl U Poccui, MHOTHME THICSIUM JIET UTPAIOIIEN KITI0-
YeBYIO POJIb B pPa3BUTUU 36MHOU LIMBWIN3AlIMM, KOTOpas M3HaYaJIbHO ObLIa
KOJIOHUEN, CO3aHHOI Ha MJIaHeTe 3eMJIsl 00IbIINM O0beTMHEHUEM TYMaHO-
UIHBbIX NuBMIM3anuii. KoHeuHo, Torna oHa He Ha3bIBajlach Poccueit, Ho ne-
JIO He B Ha3BaHMM, a B CYTU TOTr'0, YTO 3a HUM CTOUT. A cTouT 3a Poccueit you-
BUTEJILHOE MPOIIJIOE Hapoaa, €€ HaceJIsIIolIero, 0e3 KOToporo He ObL10o ObI HEe
TOJILKO MHOTUX KYJIBTYp, HallMil 1 HAPOJAOB, HO U COBPEMEHHOI 1IMBUJIN3a-
LIUH.

3epkaJjo mMoeii aymu

Tom 1. Xopomio B cTpaHe COBETCKOM JKHTb...

[TpuuurHBI TOrO, YTO S B34JICS 32 CBOE XMU3HEOIIMCAHUE, BECbMa TPUBU -
aJbHble. Ha mpoTsskeHnn OOBOJIBHO JOJTOro BpeMeHU MHE MPUXOAUIOCH
TOBOPUTH O HEKOTOPBIX COOBITUSIX CBOEH XXKM3HU U OYEHb YACTO MOM PACCKa3bl
BO3BpalAJIMCh KO MHE B TaKOU pOpME, UTO S IAXKE HE
MIPEAIOoJIaraj BO3MOXHOCTH ITOSIBJIEHUS TAKOTO «(DOJIb-
KJ10pa». Mou pacckasbl 00pacTaiv TaKUMU «(pakTaMiu»,
YTO JaXXKe MHE CTAHOBMJIOCh MHTEPECHO MX MOCIYIIATh.
Btopoit npyuunHOIi, TOATOJKHYBIIECH MEHSI K TAKOMY
«TIOIBUTY», ObLT (DAKT TOTO, YTO NEPUOANIECKU MOSIBIISI-
JIUCh JIIOIW, KOTOPBIEC IIpeajiaraJyu MHE HaIlMcaTrb 000
MHE KHUTY 1 BCSIKUI pa3 MEHS YTO-TO OCTAHABJIMBAJIO.
OnuH pas g gaxe corjaacuics Ha TO, YTOObI OJJHA aMe-
pUKaHCKas MucaTe/IbHULIA 3aKcajga MOU BOCIIOMUHA-
HUS Ha KACCEThI U 1 MOTPATIII HECKOJIBKO JHEM, HaroBapuBasl €ii CBOM BOCIIO-
MUHaHUS 1 pa3MblluieHud. Ho Bckope mepeaymall U OTKa3ajacs OT 3TOro
npeanoxeHus. Bo-mepBbix, MHE MPUXOAUIOCH TPATUTH TOBOJILHO MHOTO Bpe-
MEHM Ha U3JIOKEHUE U MOSICHEHUE CIIYUYMBILIETOCS CO MHOM. BO-BTOpPHIX, na-
Ke, MMesI Ha pyKax ayAuOKaCcCeThbl C MOMMM BOCIIOMUHAHUSIMU, TIMCATEIU U
XXKYPHAIUCTBI YMYIPSUIMCh TaK BCE MCKA3UTb, YTO S MPOCTO IWBY JABAJICH.
[Ipuuem, nckaxxeHne HabJII0IAI0Ch, KaK B CTOPOHY ITPEYBEJINYECHUS, TaK U B
CTOPOHY M3BpalleHUs (PaKTOB ¥ OTKPOBEHHOM JIKMU...
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Ceemnana ne Poran-JleBamoBa

OTKpoBeHne

Yacts 1. lercTBo. Tom 1.

Caetniana o3HavaeT Hecymast CeeT. OueHb peliKo ObIBalOT COBITaAEHMS,
Korja InpeaHa3HadyeHue Yea0BeKa, ero Aejaa U MMs COBNAaaloT NPaKTUIECKU
MOJIHOCTBI0, KaK y CBeTiiaHbl Ae Poran-JleBamoBoii. Bes e€ XXu3Hb, ¢ caMoro
paHHETO JEeTCTBA, ObLIa MPOHM3aHA CTPEMJIECHUEM K
Caety, K 3HaHMIO, K JYXOBHOMY pa3Butuio. Cka3arh,
YTO €€ cyabba HeoObIYHA, 3TO 3HAYUT HUYErO HE CKa-
3aTh. C MNEpBBIX JIET XXMU3HU € MPUIIIIOCH TPUCIIOCA0IN-
BaThCsI K TOMY, YTO OHA HE TakKasl, KaKk BC€, K TOMY, 4YTO
OHa MOXET AeJ1aTb MHOIOE TAKOE, YTO ObLIIO HEMOHSITHO
1 HEIOCTYIHO OKpyXaBlIuM e¢ monsaM. CoBceM elie
MajeHbKOM CBeTJaHe MPUILIOCh CaAMOM M3ydaTh U
OCBaMBaTh CBOM BO3MOXXHOCTHU, YUUTHCSI KOHTPOJIUPO-
BaTh UX U MPaBUJILHO UC0b30BaTh. OHA paHO MoO3Hala
ropedyb HEMMOHUMaHUS U HeJIOBEPUsI, 3aBUCTU U XKECTOKOCTHU, OIMHOYECTBA U
HEHaBUCTU. YyaecHbIE CITIOCOOHOCTH, KOTOPBIMU OHA Bjajieja C JIETCTBa,
OKAa3aJIMCh HETIOHSATHIMUA U HEBOCTPEOOBAHHBIMU OKPYXABIIMMMU €€ JIIOJIbMU;
€l NpUIJIOCh CAMOIl BBIXKMBATh U XXUTh B TOM MUPE — BeCbMa OMAaCHOM U
KOBAapHOM MHpPE, OCOOCHHO JIJII OAMHOKOI MaJIeHbKOM N€BOYKHM. ..
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Kuuru, Hag KoTopbsiMH aBTOp padoTaer

3epkajio Moeii xymm

Tom 2. Xopomio B cTpaHe aMePUKAHCKOM JKHTb...

DTa KHUTa paccKaxeT 00 aMepuKaHCKOM IepUO/Ie KU3HU aBTOPA, COCTa-
BUMBIIIEM TTOUTH MATHAALATH JIeT, ¢ 1992 o koHel 2006 roga. DTo BpeMst ObI-
JIO HaChILLIEHO OTPOMHBIM KOJIMUYECTBOM Pa3HOOOPA3HbIX BCTPEY, COOBLITUI,
CBepIIeHUI, OOpbOBI, OTCTYIIJIEHUI 1 1100en. MHorue
13 HUX OKAa3a/iv BJIMSIHME Ha XXW3Hb aBTOPA 1 €0 >KEeHbI
— CBeT/1aHbl, HEKOTOPbIC UMEJIU MJIaHETApHOE 3HaUe-
HUE, a KOe-4TO IOBJMSJIO U Ha Hamy BceneHHylo.
KusHbp B AMepuKke okKa3zajlach COBCEM HE TaKoOi, Kak :
MOKa3bIBAIM IO TE€JIEBU30PY WJIM IUCATU B KPACUBBIX 0 VI
XypHajax. 2Kru3Hb BOOOIIIe HUKOTIA HE OBIBACT TAKOM,
KaKou e€ pucyloT B pekyiame. M neno 31ech coBceM He
B TOM, YTO KaKOM-TO HApOd CUMTAECTCS TJIYIbIM, a Ka-
KOM-TO YMHBIM, KAaKOM-TO XXKaJIHbIM, a KaKOW-TO 1L~
JIpbIM. YMHBIE U IJIyNble JIOAM €CTh Be3ae. Jesio 31ech B TOM, UTO Ha 3eMiie
CO3J1aH OIPOMHBIN MU@, COCTOSILLIMI U3 MHOXECTBA APYrux MUGOB, TaKUX,
Kak Mu@ o cBobdone, MU 0 feMOKpaTuu, MU@ 0 OOre U AbSIBOJIE, O PABEHCTBE
1 OpaTtcTBe, MU@ O TOM, UYTO HayKa YTO-TO TOYHO 3HAET, MU} 00 OTHOILLIEHUSIX
MEXAY JIIOJbMU U MHOKECTBO Apyrux. M Hac — mroaeit — 3aCTaBIIsIIOT IyMaTh
1 JKUTh B COOTBETCTBUM C 3TUMU MU(PaMU, a HE C peaJibHOI KapTUHON MUPO-
3IaHUs M 3aKoHaMU npupoabl. 1 B AMepuKe 3TO MPOsIBIISIETCS B O4€Hb 00J1b-
1LIOM CTEINeHU, YTO OHAYajly BbI3bIBAJIO Y FepOeB KHUTHU TOJIHEHIIee HEIOYME-
HUE U 1aXKe HEKOTOPYIO pacTepstHHOCTh. I1o3ke, pa3o0paBLInCh, OTKy1a Be-
Tep AyeT, OHU HaYaJlM CBOE MHOTroJieTHeE MpoTUBOoCcTOsIHUE ¢ CrcTtemoit. BoT
00 3TOM 1 paccKa3bIBaeT 3Ta KHUTA...

Poccus B KpuBBIX 3epKajiax

Tom 2. Pycs pacngaras

Bo BTOpoM TOM€e KHUTM aBTOP M3J1araeT CBOE BUAEHME Ipoluioro Poccum.
[Ipu 3TOM aBTOpP HE TOJIBLKO IMTOJHMMAET BOIPOC O MpeTHAMEPEHHOM MCKaXe-
HUM COOBITHM MPOIIIOrO, HO Y BIIEPBbLIE BCKPBIBAET IIPUUMHBI 3TOTO UCKAXKe-
HUS, TIOKA3bIBAET, KTO U IOYEMY CTOMT 3a 3TUM, Y KAKMM 00pa30M BCE 3TO CTa-
JIO BO3MOXXHBIM. ABTOP MpeIjIaraeT B3IJISTHYTb Ha COOBITUS JAJIEKOTO TTPOILIO-
IO XU HE OYE€Hb, COBEPILIEHHO IO IPYTMM YIJIOM, TOUHEE MOJ HECKOJbKUMU
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yIjlaM1 OJHOBPEMEHHO. ABTOp paccMaTpMBaeT LIeJIbIA
CHEKTP SIBJICHUI 13 XU3HU COLIMYMa, KaK OJJHO 1IeJI0€
Y TTI0KA3bIBAET, YTO MPAKTUIYECKU JIF0O0E COOBITHE TTPO-
I —— 1IJIOTO JItOOOM CTpaHbI MPU TAKOM PACCMOTPEHUU HE
L CHEVGEE  \OKET ObITh UCTOJIKOBAHO JBOSIKO, KAK 3TO BBITOIHO
S BJIACTb JepKalIUM. A TTOJy4aeT BIOJHE ONpeaeIEHHOE
00BbsSICHEHME, KOTOPOE HE 3aBUCUT OT XeJJaHUI WU
aMOU1I1Ii OOBICHSIOIIETO, a TOJIbKO OT 00ObEKTUBHBIX
MPOLIECCOB, MPOUCXOASIINX BHYTPU YEJIOBEUECKOTIO
coobmiectBa. Emy ypmaércsa, Onaromapsi Takomy
MOJAXOAY, <«OYUCTUTb» MYTHBIC BOJbl BPEMEHHOW «pPEKM» MPOIILIOro
HUuBUIAM3auMu Muarapa-3emMid U B OCOOEHHOCTHU TOro, 4TO KacaeTcs
npounioro Poccuu, XoTs 3a BpeMsI CYLIECTBOBAHMSI 3TOM CJIaBSIHO-apUIICKOMN
UMIIEpUU Y He€ ObLJIO MHOTIO pa3HbIX UMEH. O TOM, KaK eMy 3TO YIAETCs,
YyUTaTEeJIb MOXKET IIPOYUTATH B 3TOM KHUTE...

Cymnoctb 1 pa3ym. Tom 3

B 3TOM TOME aBTOp MPOJOJIKAET 1IAr 3a I1aroM OTKPhIBATb YUTATEIIO Tali-
HbI IpUpOoabl. B LIeHTpe ero BHMMaHUsI — NPUPOIA TICUXUYECKUX SIBJICHU Ue-
JioBeka. Jlajee aBTop JAET LieJIbIi IIACT MMOHEPCKUX MPEACTABICHUN O SIBJIe-
HUSIX ICUXUKU YE€JI0BEKA U COLIMYMOB, KOTOPbIE HUKTO
JIpyroii HUKoraa a0 Hero He 3aTparvuBaji. OH BBOAUT HO-

\ CYIHOCTE BbI€ MMOHSATHS, TaKME KaK IeOIICUXO0JI0rUs yeJoBeKa U
) LA T BOJIIOLIMOHHAS T€OIICUXOJIOTHUS COLIMYMOB. DTH TIO-
_ /@\ B  HTUSI TO3BOJISIIOT COBEPIIEHHO MO-APYrOMY B3IJISIHYTh

Ha pa3BUTHUE 3eMHOI LUBUJIN3ALUU U UCTOPUYECKHE
COOBITUSI TIPOIIJIOro, HACTOSIIEro U Aaxe Oymyllero.
DTU 3HAHUS TTO3BOJISIIOT YBUAETH BMECTO «Xa0Ca» COObI-
TUIA U «TPOU3BOJIa» TUYHOCTEM, O KOTOPBIX TaK JIOOSIT
TOBOPUTH UCTOPUKM, 3aKOHOMEPHOCTD ITPOUCXOISIIIC-
ro, oIpeaessieMylo peajJbHbIMU 3aKOHAMU TIPUPO/IbI, ACHCTBYIOLIMMU B Ye€JI0-
BEUECKOM coob1ecTBe. M, Kak cyieICTB1E 3TOT0, BIEPBbIe MOSIBISIETCSI BO3MO-
>KHOCTb IMMOHSITh IIPUYMHBI, CTOSIILIME 32 TEMU WU UHBIMU COLIMAJIbHBIMU CO-
OBITUSIMU U SIBJICHUSIMU U YBUAETh KYKJI0BOJOB, KOTOPbIE TaK JOJT0 HAXOA -
JINCh B TEHU; ¥ €CJIM KTO-TO 1 AOTaAbIBajICS 00 UX MPUCYTCTBUU, TO, O€3 T10-
HUMaHUS 3aKOHOB IIPUPOABI, YCUIMSIMU 3TUX KYKJIOBOJIOB OHU CTAHOBUJIMCH
WJIM CyMaclleaInMu, uin ¢anbeudukaropaMu. Jlaaee aBTop BBOIAUT MOHSI -
THE KOCMOIICUXO0JIOTMU YeJI0BeKa U OOBSICHSIET BIAUSIHME KOCMUUYECKUX SIBJIE-
HUI Ha pa3BUTHUE LMBUIU3ALIAN.

-
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3aKOHBI IIEJIUTEILCTBA

CoBpeMeHHasl MeIMIIMHA «3a0J1ya1Iachk» B CO3JaHHOM €10 caMoli J1abu-
PUHTE U, MOTEPSIB «<HUTh ApHagHbI», HE B COCTOSIHUM U3 HEeTo BhIOpaThbcs. B
cepeauHe ABaALATOr0 BeKa MEIUKM TOBOPUINU O TOM, UTO, KOIrJa OHU OyayT
pacroJiaraTb TOYHBIMUY ITPUOOPAMU JJISI AUATHOCTUKU U
HEOOXOAUMbIMU JIeKapCTBaMM, OHU IIPUBEAYT YeJIOBEYE-
CTBO K 30JI0TOM 3pe BCEOOIIEro 310poBbs... OHU BCE 3TO
nonyuunu... Ho, Tem He MmeHee, atoau 60J1€10T OTHIOAb
HE MEHbIIIE, YeM paHblle, a 0oJiblie. JleTr poxXaaloTcs ¢
yKe 0cJabJIeHHO MMMYHHOM CUCTEMOM; MIPUXOAs B
OOJBHUILY WU KJIMHUKY OTHOCUTEIBHO 3J0POBbIM, Ye-
JIOBEK BECbMa CUJIbHO PUCKYET MOKMHYTh UX B KOMITAHUU
1IeJ10r0 psiaa 3a00JeBaHUM, JOBOJBHO YacTO MPUBOIS-
LIMX K CMEpPTeJIbHOMY ucxoay. M BC€ MOXET Mpou30MTu
TOJBKO OTTOTO, UTO YEJOBEK IMPOCTO IMOABIIINAT BO3AYXOM 3THUX «XpaMOB
300pOBbSI». B 5TOM KHMre aBTOp OOBICHSET MPUUYMHBI 3TOTO U JAET
npeacTaBjleHUe 0 MeaulHe Oyayuero. M 3HaHUS 3TOM MEIULIMHBI yXe
JEeMCTBYIOT U peajibHble pe3yJbTaThbl IMOATBEPXKAAIT NPaBUIbHOCTh HOBOTO
nyTu. B 3T0i1 KHUTE aBTOP OOBSICHSIET, KaK pad0OTaeT )KMBOM OpraHu3M, Kak 1
MOYEeMY BO3HHUKAIOT OOJIE3HM U IATOJOTMU, MEXaHU3Mbl CKAHUPOBAHUS
OpraHm3Ma, METOAUKHU ONpeaeJICHUS TIEPBOIPUINH 3a0071€BaHUIA, CTPATETUIO
1 TaKTUKY JIeYeHUsT 00JIe3HEel 1 BOCCTAaHOBJIEHUSI OpraHu3Ma 10 310pOBOTO
COCTOSIHUSI, BILIOTh 0 T€HETUYECKOM KOPPEKLIMU OpraHu3Ma.

www.levashov.org
www.levashov.info
www.levashov.name
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Pycckoe Oo0mecTreenHoe /IBnxeHune
Bo3poxaenue. 3o10Tou Bek

Pycckoe O61iectBeHHOoe /IBrxkeHue «Bo3poxneHue. 3o1o0toil Bek» co-
3IaHO O MHULIMATHUBE PYCCKOI0 YYEHOIO, aKaIEeMUKA HECKOJIbKIX aKaIeMUIA,
Hukonas JleBamona. DTo NMpoeKkT M0 KayeCTBEHHOMY peoO0pa30BaHUIO CO-
BPEMEHHOTIO YeJI0BEKa, MOJABEPraBIIErOCs MOCTOSHHOMY 30MOMPOBAHUIO Ha
MPOTSKEHUH MOCIEIHUX HECKOJIbKUX ThICSY JIET, B HacTosero Yemopeka Pa-
3YMHOTO. DTOT IPOEKT CTAaBUT CBOEH 3agadyeil mpoOyXaeHue reHeTu4eCcKoi
MaMsTH PYCCKOrO HApoa U IPYTUX KOPEHHbIX HAPO-
noB Poccrn, BOCCTAaHOBJIEHME UCTUHBI O CJIABHOM
MPOILIJIOM 3TUX HApOAOB, 00 MX POJIM B CO3JaHUU
BBICOKOPA3BUTOM 36MHOW LIUBWJIM3ALIU, MPOLIBE-
TaBlIEl HA Hallel IIaHeTe MHOTHWE COTHU ThICSY
JIET. DTOT MPOEKT CTABUT CBOEU 3agadyeil moKas3aTb
JIIOISIM ITYTh 3HAHUSI — €IMHCTBEHHbIN NyTh, BEIYy-
LU T10 IYTH 3BOJIIOLIAN, €AUHCTBEHHBIN, KOTOPBI
MO3BOJIMT Hallle HUBUJIM3ALUU IEPEXUTH Tparnde-
CKU TYIIMKOBBIM 3TAll, B KOTOPBII HAC 3aBEJIM CO-
LHaJIbHbIC MAPa3uThl — OAHIUTHI C OOJIBIION KOCMUYECKON JOPOTH.

ITpoexT «Bo3poxaeHue. 3010101 Bek» — 3T0 cyacTjiMBasi BO3MOXHOCTb
JUTSL JTIFOJAEW MpOOYIUTBCS OT TYOUTEIBHOTO SBOJIOLIMOHHOTO «CHA», B KOTOPBIA
HaM [IOMOIJIY MOrPY3UTHCS Mapa3UTUUECKUE CUJIbI, U U3 KOTOPOIO HAaM HE J1a-
10T BBIATHU YK€ I0JITO€ BpeMs, T.K. «CIISILAMMW» MacCaMU JIerde yOpasJsTh U
Jierye 3a0Mpath Y HUX MX SHEPIUIO, MX XXU3HEHHYIO CUITY, OCTaBJIsIsI B3aMEH 00-
JIE3HU, HEecUacThsl U cMepTh. «Bo3poxneHue. 3o10toii Bek» — 3T0 1yTh 3BO-
JIIOLIMOHHOTO Pa3BUTHS YEJIOBEUYECTBA, KOTOPbIM, B KOHEYHOM UTOTE, II03BO-
JIUT €My BBIXKUTb, TOCTUYb BHICOKOTO YPOBHS Pa3BUTUS, 3aHSATh JOCTOMHOE
MECTO B CEMbE pa3yMHbIX LIMBWIM3alLMi Halleil BceleHHOM M cYaCTIMBO
>KWUTb MHOTHE MUJJIMOHBI JIET.

Pycckoe O6iiectBeHHOe JIBukeHue «Bo3poxkaeHue. 3om0toil Bek» —
9TO Ha CETOAHSIIIHUMI IeHb €AMHCTBEHHAS PeaIbHASI BO3MOXXHOCTb IT0-HACTO-
S11eMy TIOYYBCTBOBATh ce0s1 YenoBekoM PazyMHBIM, HauaTh MBICJIUTh pa3y-
MHO, TIOCTYIIaTh Pa3yMHO M OOpPECTU MPOCBETIIEHUE 3HAHUEM. DTO €IUH-
CTBEHHAa$ peaJibHas1 BO3BMOXHOCTb IOHSITh OTBETCTBEHHOCTb, KOTOPYIO Ka-
KIIbIMA YEJTOBEK HECET U 3a ce041, M 32 BCIO IUBUJIN3ALIAIO B LIEJIOM; € IMHCTBEH-
Hasl BO3BMOXKHOCTb CITACTU OT HEMUHYEMOM TMOeIN ce0s1, CBOIO LIMBUIN3ALIMIO,
CBOIO IJIAHETY. [ BM>KeHME MPEACTABIISIET COO0M OOIIECTBEHHOE OOBEINHEHUE
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JIIOJIEN, BHE 3aBUCUMOCTH OT UX IMTOJIUTUYECKUX YOCXKICHUMN, Y KOTOPBIX €CTh
WCTUHHOE XXeJIaHUE U3MEHUTD CYILECTBYIOIIEE MOJIOXKECHHUE K JIyUIIeMY; JIIO-
Jeii, TOTOBBIX AEMCTBOBATh HE paay KOPBICTU U CBOUX JIMYHBIX UHTEPECOB, a
BO UM$ CBOei Benkoil Haluy 1 c4acTJIMBOTO M MUPHOTO OYyAYILEro CTPaHbI,
3a COXpaHEHUE MJIaHEeThl U €€ 9KoJornuu. Kaxxabiii 4eCTHbIM YeI0BEK, Y KOTO-
poro 60JUT aylia 3a Oyayllee CTpaHbl ¥ Oyayllee HalllMX JeTei, JOKEH I10-
HUMAaTh CBOIO JUYHYIO OTBETCTBEHHOCTb 3a BCE MPOUCXOIIIEE, a HE XIATh
KOrAa KTO-TO OPUAET U CAEIAET BCE 3a HETO.

Celiuac yXXe HEeT BpeMEHHU CIIOPUTh O HUYTOXHBIX Mejaodyax, MPUILIO
BpeMsI OTOPOCUTH B CTOPOHY BCE JIMUHbIE aMOMILIMM — Ha KOHY Cyib0a HallUU,
e€ Oymyllee U gaxe caMo e€ cyuiectBoBaHue. Yyxxue boru u «uaeanbl» yxe
npuBean Poccuto Ha rpaHb KatacTpodsbl. [IpuBenn K Tomy, 4TO €IMHBINA CO-
LIMAJbHBIN OPraHW3M HALIMU PYCOB MPEBPATUIICS BO MHOXKECTBO MEIbYaNIIINX
«OCKOJIKOB», MHOTHME 13 KOTOPBIX HE OOJIbIIIE OMHOM CEMbH, a TIOPOI U OAHOTO
YyeJ0BeKa, KOTOPbI TOJBKO caM 3a ceds1. MMeHHO 3Toro u 1oOMBaiIMCh HAIlIA
Bparu. IloaTomy, Bce Te, KTO pe30HUPYET ¢ MH(pOpMaLMeid, N3JI0KEHHOM B
KHuUre «Poccust B KpuBBIX 3epKajlaX» M KTO FTOTOB A€ CTBOBATh Ha 0J1aro CBO-
€ro Hapoja, a He TOJIbKO Paau CBOEW JIMYHOM BBITOJbl, OTKJIMKHYTCS HA 3TOT
npu3biB. [1puiia mopa, 4ToObl KaXKIblii pYCCKUI YEJTOBEK M KaXXAbIH TTpeI-
CTaBUTENb JIPYIrUX KOPEHHBIX HapogoB Poccuu, mepecrtan ObITH paboM M
paboTatb Ha 6J1aro 4yxKe3eMLEB, SIBHBIX U CKPBITBIX BparoB-pa3pyluuTesiei,
a CTaJl CBOOOJHBIM Y€JIOBEKOM, CO3UAAI0LINM, HecylIUM OJ1aro cBoemy PO/ly,
ceoeMy HaPO]ly; cratb 61aroPO/IHBIM.

NHuTepHeT-cTpanuiy JIBUzKeHUS MOXHO HAWTH 110 CJIEAYIOLINM aApecaMm:

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