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B xHHre aBTOp M3JIAraeT CBOIO TEOPUIO MUPO3JAHMS. JTa TEOPHS MO3BOJSET OOBSICHUTH
IIPAKTUYECKH BCE SBJICHUS )KMBOM U HEKUBOM NpUpOoAbL. PaccMmaTpuBas B3anMOICHCTBUE HETIPE-
PBIBHO U3MEHSIOIIETOCA HEOAHOPOAHOTO IPOCTAHCTBA C MAaTEPUEH, KOTOPask UMEET KOHKPETHBIE
COBOMCTBA M Ka4€CTBA, aBTOP BBOJAUT MOHATHE «KBAHTOBAHUE MPOCTPAHCTBA 110 MaTepusim». [1o-
TOOHBII MOJXO0/] MO3BOJISIET CBECTU BCE MPUPOJIHBIE SIBJICHUS B OJHY TAPMOHUYHYIO, HETIPOTUBO-
peunByto cucremy. U, Kak ciencTBue, BIepBble BOZHUKAET BO3MOKHOCTh OOBSCHUTH IPUPOAY
IPABUTALIMOHHOTO, MATHUTHOTO U JJIEKTPUYECKOTO TMOJEN, KaK PE3YIbTAT B3AMMOACHCTBHS HE-
OJIHOPOAHOT'O IIPOCTPAHCTBA C HEOJHOPOJHO PACIPENEIEHHON B 3TOM IIPOCTPAHCTBE MATEPUEH.
Hcnonb3yss NpUHIUI HEOIHOPOAHOCTH, aBTOP IOKA3bIBAET €IMHCTBO 3aKOHOB IIPUPOJBLI HA
YpOBHE Makpo- U MUKpoKocMmoca. Briepseie chopmynrpoBaHbl HEOOXOIUMBIE U TOCTATOUHBIE
YCJI0BUS I BOSHUKHOBEHUS KU3HU HE TOJIBKO HA HAIlIeH TUIAHETE, HO U Ha MUJUIMApAAX APYTIUX
IUTAHET C MOMEHTA UX BO3HUKHOBeHMsI. KHura npezcrasiser nuTepec s yu€HbIX U punocodos,
CHELMAIMCTOB, MpenojaBaTesied U MIMPOKOro Kpyra 4yuTareiei, KoMy HeOe3pas3iInyHbl Mpo-
0JieMbl MTO3HAHUS )KU3HU HA 3eMJI€ U JIOCTHXKEHUS BBICIIETO YPOBHS CO3HAHUSI pa3yMHOM Mate-
puu.
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OT13bIB Ha MOHorpaduio akagemuka H. JleBawosa
«HeoaHopopaHasa BceneHHas»

CoBpeMeHHas Hay4Hasi kapTuHa Mupa wim Beenennoit (rped. pan. nart. universum — Bcé
TO, YTO CYIIECTBYET) co3aaéTcs, Oiarogaps LiejeHanpaBIeHHbIM (DyHIaMEHTaIbHBIM HUCCIIE0-
BaHUSM, SKCIIEPUMEHTAIIBHBIM HAOJIOJICHUSAM YUYEHBIX U (PUIOCO(CKOMY OCMBICICHUIO TOJTY-
YeHHOM MMHU HMH(OpMAalMU, Ha KOTOPOH OCHOBBIBAIOTCS HAYYHBIE TEOPUH, OOBSCHSIOLINE HeE-
OObIUHBIE (PAKTHI U YIIIyOJSAIOLIME TOHUMaHUE IPUpoAbl BeeneHHo.

[TonsaTne «Hay4yHass KapTUHA MUPa» aKTUBHO HCIIOJB3YETCS B €CTECTBO3HAHUU U (PUIIOCO-
¢unm ¢ xonna XIX Beka. OgHAKO, CIICIMAIBHBIA aHAJIM3 €r0 COJIEPKAHUS CTaJl MPOBOIUTHCS 00-
Jiee WIM MEHEE CUCTEMaTUYeCKH TOJBKO C CepeIMHBI X X BEKa, HO JI0 CUX MOP OJHO3HAYHOIO €ro
MMOHUMAHUS HE JJOCTUTHYTO.

BeposiTHO, 3TO CBsI3aHO ¢ OOBEKTUBHOM Pa3MBITOCTHIO U HEOMIPEACIEHHOCTHIO CaMOTO T10-
HATUS BeeneHHas, 3aHUMAIOIIETo CBA3YIONIEE MOJI0KEHUE MEXAY COOCTBEHHO (GUITOCOPCKUM U
€CTECTBEHHOHAYYHBIM YPOBHSIMH 0000IICHHS ¥ MUPOBO33PEHUYECKOTO OCO3HAHUS PE3yJIbTATOB,
METOJIOB ¥ TE€HJICHIIMM Hay4yHOTo nmo3HaHus Mupa (Bcenennoit).

[IpoOnema no3Hanust BeceneHHoOM HCTOPUYECKH OYEHB JABHO BOJIHYET U (PHIIOCO(OB, U yUE-
HbIX. ECTh HECOMHEHHBIE yCIIeXu B 00BSICHEHUH TailH Mupa, HO U €CTh CepbE3HBIE MPOOJIEMBI B
TOJIKOBAHWU HOBBIX OTKPBITUH (PU3UKOB, XMMUKOB, OMOJIOTOB U IPYTHX YUEHBIX.

MMEHHO B 3TOM KOHTEKCTE IOSIBJICHUE peueH3preMoﬁ MOHOTpa(I)I/II/I — OTYETIINBOE CBU-
ACTCIIBCTBO FJIY6I/IHHBIX CABHUI'OB B COBPCMCHHOM (1)I/IJIOCO(1)CKOM BOCIIpUATHHA caMou HpO6JI€Ma-
THKHU q)GHOMGHa BCGHGHHOﬁ, HCOIAHO3HAYHOI'O IOHUMAaHUS IIPUPOIABI ¢€ ObITHS B Hay‘lHOﬁ cpeac.

Axanemuk Hukosmaii JIeBanoB mpeanpuHsiiI HEMPOCTYIO 3a/1auy M0 Hay4HO-(QuirocoPpcromy
MEPEOCMBICIICHUIO CaMUX UCTOKOB OHMMaHUs (heHoMmeHa Beenennoit B ucropuu usiocopuu u
COBPEMCHHOM HayKe, Jesias aKIIeHT Ha OHTOJIOTHYECKHE OCHOBAHUS B OCMBICICHUN ()eHOMEHa
CaMOpa3BUTHS HEOJHOPOIHOU BceeneHHoM.

TpanuuroHHO BCE MHOTO0OOpa3ne M3BECTHBIX YEIOBEYECTBY OOBEKTOB M CBOMCTB BO Bcee-
JICHHOM JEJAT Ha MaKpOo- U MUKPOMHUPHI. YK€ BO BBEJICHUU CBOCH KHHUTH, aBTOP BIIOJIHE TPaBO-
MEPHO YTBEP:KAAET, YTO «3Ta MpodiieMa OyJeT CyIecTBOBAaTh 10 T€X MOp, MOKa He OYyJEeT Co-
3/1aHa KapTWHAa MUPO3JaHUs, HA OCHOBAaHUU MOHMMAaHUS 3aKOHOB MAaKpOKOCMOCa U MHUKPOKOC-
Moca» (25 ctp.). U ata punocodckast Mpicib pedpeHoM Mpolivia yepe3 Bcro MoHorpaduio H.
JleBamosa.

A monorpadus H. JleBamosa, 6eccriopHo, sSIBICHHE, U, KaK J000€ SBICHUE, OHA 3aCITyKH-
BAET CaMOT'0 CKPYITYJE3HOT0 aHAJTUTUYECKOT0 PacCCMOTpEeHUs. JJoOMUHHpYIOIIast UAesk KHUTH CO-
CTOUT B TOM, YTO UCTOPUYECKOE CTAHOBJIECHUE U COBPEMEHHOE Pa3BUTHE KYJIbTYpPhl HAYYHOTO
no3Hanus BcenenHoi mpoucxoaut, 6aarogapsi KOJIOCCATbHONW MBICIUTEILHOW paboTe JIydImx
MBICTTUTENIEN BCEX BPEMEH U HAPOJIOB.

Cama mocraHoBKa NIpoOsieMbl 0 HEOJAHOPOIHON BcenenHolt B ucropuu ¢uiaocodckoi
MBICITH TIPEJICTABIISICT HECOMHEHHBIM HHTEPEC M B TEOPETHUECKOM, M TIPAKTHUECKOM TUTaHe, T0-
CKOJIbKY CBSI3aHa C BBISICHEHHEM YCJIOBUM TOSBIICHUS JKU3HHU U YeIOBeKa — CyOBEKTa OCMBIC-
JICHHOM >KU3HEACATETFHOCTH U PA3BUTHS JyXOBHOW U MaTepUaIbHON KYJIbTYPHI.

ABTOp yMeJIO BOBJIEKAeT yuTatels B mpoliece GuiiocoCKoro nepeocMbICICHUS] BEUHBIX
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mpo0JeM o3HAHUS OBITHSI M pa3BUTHS BeeneHHol u pa3nuanbix €€ cTpykTyp. M 5To — BecbMa
HEIpocTasi 3a7a49a 1 JJIs aBTOpa KHUTH, U JIJIs1 JTEFOOOTO YMTaTeNs U, TeM 00Jiee, peIieH3eHTA.

[ToaTOMY 51 OOpallly BHUMaHUE YUTATENIEH KHUTH TOJIBKO Ha OJIMH M3 Hau0oJIee aKTyaJIbHBIX,
Ha MOH B3IJISII, BOIIPOCOB, KOTOPBIN MOJHIUMAETCS aBTOPOM B €10 MOHOTpaduu, U, 0T COOTBET-
CTBYIOILIMM YTJIOM 3pEHUS, 1aM OOIIyIo OIIeHKY 3Toi pabote H. JleBamona.

Peun nmoitnér o6 ananmse Gpuiocopckoro OCHOBaHUSI HOBOTO acleKTa B TEOPUH MO3HAHUS
— HeonHopoaHOCTH Beenennoil. Oco0o0 BbIAEIIO JIUIL HEKOTOPbIE — KIIIOUEBBIE Y3IIbI MPO-
OsieMbl TO3HAHUS CyTH BeenenHoit, nznosxxennsie y H. JIeBamoBa B ero KHHTe.

Mo¢& BHUMaHUE MPUBJIEKIO METOI0JIOrMYECKOE U3MEPEHUE aBTOPOM POJIU U 3HaUeHUs (pu-
noco(ckoro pakTopa B MCTOPUUECKOM CTAaHOBJICHUHM HAYYHOU KAPTUHBI MUpPA, IO MEPE CKIIA]IbI-
BAaHUS PAIMOHAJIBHO-TEOPETUYECKOr0 BUACHUS BceneHHOW. AHanu3y 3TOM BaKHEHIEW mpo-
0JieMbl Mo3HaHUs Mupa crielialibHO MOCBSIIeHA NIepBasi TJ1aBa KHUTU « AHATMTUYECKUNA 0030P».

B Hell U37105KeHbl U KPUTUUECKU MEPEOCMBICIICHBI IPEBHENIINE MU(PUUECKUE U AaHTHYHbIE
¢unocodckue npeacTaBiaeHus, U B3TJIAIbl BBIAAIOUIMXCS MBICIUTENEH HA MUD, U IPEBHHUE BO3-
3peHUs MPOCTHIX JIIOJIe Ha ObITME YeNOBEKa B MUpPE NpuUpojbl. «B HcTOpuM dYernoBedecTBa
HaOJII0AAJIOCh HECKOJIBKO MEPUOAOB B3JIETa HAYUHBIX MpecTaBiIeHui o Beenennol, — noauép-
KMBAa€ET aBTOP, — HA CMEHY KOTOPBIM IPUXOJMIIH LIENIBIE SITIOXU HEBEKECTBA U BAPBAPCTBA.

Bokpyr coxpaHUBIIMXCS OCKOJKOB MCTHHHOTO 3HAHHS HAYMHAIN CO3JAaBATHCS «HOBBICY
TEOPUH MHUPO3JIaHHsI, KOTOPBIC, TOJIBKO K COBPEMEHHOCTH, JOCTUTIIN HEKOW 3aBepIIEHHOCTHY. 1
nanee — «IIpencrasieHus o mpupojie BeemeHHON 0TpaXkaroT U OIPEIC/IAIOT YPOBCHD Pa3BUTHUS
HAyYHOW MBICJIM M TCXHHMKH, a TaK)Ke, ONPEICIIIOT OyAyIee pa3BUTHE [TUBUIN3AIUN B IICTIOM»
(67 cTp.).

[IpuBnekaeT BHUMaHKE U KOHIENITyaJIbHBIN XapakTep MoHorpaduu. Bee e€ Teopernueckue
MIOJIOKEHUS ¥ PAKTHUUECKUE HAOIOIEHUSI OPraHMYECKH B3aUMOYBsi3aHbl. OHU CKIIAJBIBAIOTCS B
CTPOMHYIO U CTPOTYIO HAy4YHO-(PUIOCO(PCKYIO CUCTEMY OCO3HAaHHS U OOBsICHEHUs] BceleHHOM,
OyIyur MPOHU3aHHBIMH CKBO3HBIMH OOBEIMHSAIOIMIMMU y3aMU (UITO0CO(DCKOTO aHATMTUYECKOTO
OCMBICJIEHUSI BCETO HOBOTO.

ABTOp M31araeT OHTOJIOrMYECKHE IPoOIeMbl BeeneHHON HEOTAETUMO OT IIPOOJIEM THOCEO-
noruu. [IpobnemaTrka no3HaHusi HEOJHOPOJHOCTH BeeneHHol paccMaTpuBaeTcs uepes3 npusmy
HOBOT'O MIOHUMaHHUS HEOJHOPOAHOCTH MPOCTPAHCTBA. AHAIM3Y ITOU KIHOUYEBOU TPOOIEMBI aBTOP
MOCBATUI (PAaKTHUECKH JIBE IJ1aBbl: BTOPYIO U TPETHIO.

B HuX OH CKpynyJi€3HO MEPEOCMBICIUI COBPEMEHHOE OTHOIICHUE K TaKUM (HUII0COPCKUM
Y HAyYHBIM TIOHATHSIM KaK «MaTEPHs», «IPOCTPAHCTBOY, «BpeMs» u ap. K aTomy cienyeT nobda-
BHTb, 4TO akagaemMuk H. JlepammoB, mpu TpauIiMOHHOM OHMMaHuu MaTtepu (71 cTp.), Kak 00b-
EKTUBHOU PEaNTbHOCTH, MPUHIIMITHAIBHO WHAYE CYJTUT O MHOTOOOpa3nu CBs3eil opM U BUIOB
MaTEepHUH C MPOCTPAHCTBOM.

W, ecnu mpeanoioxkuTh, YTO CYIIECTBYET MHOKECTBO THUIIOB WU (JOPM MaTepuu, Kaxkaas
13 KOTOPBIX OTINYAETCSA OT APYrOd CBOMMH CBOMCTBAMM M Kay€CTBAMHU YaCTUYHO WJIM IIOJIHO-
CTBIO, ¥ 3TH (DOPMBI MATEPUU «HAKIIAJBIBAIOTCS» HA MMPOCTPAHCTBO C HENPEPHIBHO U3MEHSIOIIN-
MUCS CBOMCTBAMHU U KauecTBaMu, — (PUI0CO(PCKHU pa3MBILUISET aBTOP, — TO BOZHUKAET pacipe-
JIeJIeHHE 3TUX CBOOOJHBIX (POPM MaTepuu MO MPOCTPAHCTBY MO MPHUHIIMITY TOXIECTBA MEXIY
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CBOMCTBaMH MpocTpaHcTBa u hopm matepun (83 cTp.).

ABTOp paccMaTpuBaeT CUCTEMY MATPUYHBIX TPOCTPAHCTB, 00Pa30BaHHBIX CUHTE30M MaTe-
puii onHoro tuna. B ximaccuueckoit puocodun mpocTpaHCTBO, KaKk COOCTBEHHO BpEMs U JBH-
KEHUE, MPEACTABISAIOT B BUAE HEOThEMIIEMBIX CBOMCTB (aTpuOyTOB) MaTepuu. HoBoe BuieHHE
OBITHSI MaTEPUU U TIPOCTPAHCTBA MOPOJAUT HETPOCTHIE THOCEOIOTUYECKUE TTPOOIIEMBI, KOTOPHIE
HE CYILIECTBOBAJIM PaHEE B HAYYHON TEOPUU NO3HAHUS.

B 3T0ii KHUTE TpeIoKEHO HEMAJIO MPUHIIMITHAIBHO HOBBIX MOJIX0/I0B K OCMBICIICHHIO MPO-
0sieM BceneHHOH, BIiepBble Ha3BaHbI OCTPBIE BOMPOCHI, 0 KOTOPBIX (GUIOCO(HI €lI€ He MUcau.

ABTOp CTPEMUTCA HIPCHIIOKUTD PAL IIPUHIHUIIHAJIbHBIX HpO6JI€M, HUCXOO U3 KPUTUICCKOI'O
(I)I/IJIOCO(bCKOFO OCO3HAaHUA XapaKTCpa M3MEHECHHUIN B KaUE€CTBEHHOM COCTOSIHMU IMPOCTPaHCTBA,
KOTOPBIC IIPOABJIAIOTCA, ITPCIKAC BCCTO, B UIBMCHCHUU KAYCCTBCHHOT'O COCTOAHUA MATCPHUH.

OTy, 110 CYTH, PEBOJIOLMOHHYIO MbICIb, akageMuk H. JleBamoB nmoaTrBepxaaer cienyro-
MU cioBaMu: «3MeHeHne KaueCTBEHHOI'O COCTOSIHUSI MAaTEPUH BIIMAET Ha KAU€CTBEHHOE CO-
CTOSIHME MPOCTPAHCTBA C OOPATHBIM 3HAKOM.

B pe3ynbTate HaNM4Yus MEXAY MPOCTPAHCTBOM U MaTepHUeil 0OpaTHOM CBA3M, MPOSBISAIO-
HIeMCcsd B MX B3aMMHOM BJIMSHHUM JPYT Ha JIPYra, BO3HUKAET KOMIIEHCAIHOHHOE PAaBHOBECHE
MEXIy MPOCTPAHCTBOM M MaTepHel, HaxoAsIIencs B 3ToM poctpaHcTBe» (114 cp.).

CtpykTypa MOHOTpaduH MMOCTPOCHA BOKPYT OCO3HAHKS HEOTHOPOTHOCTH MMPOCTPAHCTBA BO
Bcenennoii, kak riaBHOM Hay4yHO-(UIOCOPCKOM MPOoOIeMbl MBICIAIIETO YeloBeuecTBa. Mex 1y
po0JIeMaTUKON HAYYHOTO JIOKA3aTelbCTBA OBITHS HEoqHOpOAHOM Bceenennoi u e€ dpumocod-
CKHUM OCO3HaHHEM CYIIIECTBYET IIyOOKasi cojiepKaTesbHasi B3aUMOCBSI3b.

Nmenno uitocodust criocobHa B3auMOyBs3aTh IPUPOY HAYYHOTO UCCIEAOBAHUS MTOABUXK-
HOCTHU HEOJTHOPOJHOTO MPOCTPAHCTBA U €r0 BPEMEHHYIO Pa3MEPHOCTh. Tak, paccyxaas O «BHYT-
PEHHEM JIOTUKE» YCTOMYMBOCTH U HEYCTOMUYMBOCTH COCTOSIHUSA CIIOXKHBIX CUCTEM, aBTOP MPABO-
MEpHO 3asBIsIeT: «CaMbIM MPOCTHIM aTOMOM SIBJISIETCSI aTOM BOJOPOA, CI0KHBIMU — TPaHCypa-
HOBBIE AJICMEHTHI.

ATOMBI BOJIOPOJIa — CaMbI€ YCTOMYMBBIE AJIEMEHTHI BO BeelleHHOM, TpaHCypaHOBbIE — CO-
BCEM HE YCTOWYMBBIE U MPAKTHYECKH BCE M3 HUX CYIIECTBYIOT TOJILKO B UCKYCCTBEHHBIX YCIIO-
BUSIX U “KUBYT MOPOW MUJITMAPIHBIE O CEKYH/IbI, @ TO U MeHb1e» (179 ctp.).

Emé coBceM HEmaBHO CUMTAIOCh, YTO CYLIECTBYIOT TOJBKO YETHIPE DIIEMEHTAPHBIX 4a-
CTUIbl — MPOTOH, HEUTPOH, ANEKTPOH U (POTOH. CeroHsi OTKPHITHl HOBBIE JIEMEHTApHbIE Ya-
CTULBI 1 MHOTOYHCIIEHHBIE TIPOLIECCHI MX B3aHUMHBIX MPEBPALIECHUN. DTH SIBJIEHUS XOPOIIO OINHU-
CaHbl aBTOPOM M KPaCOYHO IPEICTABICHBI UM B PUCYHKAX.

On yOenuTenpHO MOKa3all, Kak CYIIECTBOBAHKME OJHOM YaCTHIIhI, TAK UM MHAYE, CBSI3AHO C
HaJUYHEM JIPYToH, Mpy OOBSICHEHUH €IMHCTBA MPUPOJIBI MAKPOKOCMOCA U MHUKpPOKocMoca. Tak,
COTJIaCHO aBTOPY, «‘‘d€pHas JpIpa’ MaKpOKOCMOCa CO3aéT BOKPYT ce0s MOIITHOE paJHaibHOE
IPaBUTAIIMOHHOE TIOJI€ (paguaibHBIA Mepernaj; MEpHOCTH) BhI3bIBAIOIEE pachaj JIF00oi maTe-
puHu.

AHanornyHo, BHyTpeHHUI 006EM cipanu mosiekyiasl PHK nnn IHK, co3zgaét nogoOHbie
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YCJOBUS, IPUBOIALIME K pacnady IJIEHEHHBIX MOJIEKYJI, IO JEUCTBUEM CTOSTYEN BOJIHBI MEPHO-
CTH.

Cnupalib 3TUX MOJIEKYJI BEJET ce0s1 HACHTUYHO “dEPHOM JbIpe”” MAKPOKOCMOCA, UTO MO3BO-
nset Ha3BaTh MoJieKyny PHK nnu IHK “aéproii qpipoir” MukpokocMocay (ctp. 260-261). Ilpo-
OJieMa IPOUCXOXKICHUS KU3HU — OJHA U3 HanOoJIee CIOKHBIX, HO U CAaMBIX HHTEPECHBIX B TI0-
3HaHUM (peHoMeHa BeeneHHoi.

Ecau HNCTOPUA pa3BUTUSA JKU3HU HA 3emiie 3a IHOCICOAHUC 4 MJIpA. JICT HC BBI3BIBACT ITPUHITH-
IMMaJIbHBIX pamornacnﬁ cpeaun y‘IéHLIX 151 (I)I/IJIOCO(bOB, TO BOIIPOCHI ITPOUCXOKACHUS K 3BOJIIOINH
JKU3HHU BBI3BIBAIOT HCIIPCKPAIIAOIIHUCCS CIIOPHI. 48! IIaHHOﬁ pa60Te ABTOP pasMbIINLIIACT 00 3BO-
JIIOIIUH ) KUBOT'O MHpPA, KaK paBBGTBHéHHOM, MHOT'OIIIAHOBOM IIPpOTECCCC.

N3BecTHO, 4TO B cOCTaBe COBPEMEHHOM (hayHbI U (hJIOPHI COCYIIECTBYIOT BUJIbI, IIPE/ICTAB-
nsiro1e coOol mocaeAHNE 3BEHbS CAMbIX Pa3IUYHbBIX PSIOB Pa3BUTHUS )KMBOTO BEIIECTBA U CTO-
A€ HA KaYECTBEHHO PAa3HBbIX YPOBHAX ero opranusanuu. Axagemuk H. JleBamos, B cBsi3H ¢
ATUM SIBJICHHUEM, PACCMOTPEI SBJICHUS HEOPraHMYECKOTO M OPraHUYECKOTO B3aUMOJIECUCTBUS
AJIEMEHTAPHBIX YaCTUL, aTOMOB, MOJIEKYJI U T.JI.

3aBepliuasi Hay4Hyl padoTy, OH CIIPABEIJIMBO 3aKJIOYAET, UTO B HEW: «HA OCHOBE MHOTO-
YPOBHEBOM >KMBOM MaTepuu BIIEPBbIC MOKa3aHbl MEXAHU3MbI MYyTallMi, HAKOIJICHUS UX U Tepe-
Jla4a HOBBIM MOKOJICHHUSIM >KMBBIX OPTaHU3MOB, YTO, B CBOIO OUEPE/lb, SABIACTCSI PyHIAMEHTOM
JUTsl TOHUMAaHMSI YBOJIFOIIMOHHOTO MpoIecca >KUBOU mpupoasl» (299 ctp.).

Penensupyemast monorpadus H. JleBamoBa «Heomnoponnas Bcenennas» mpeacraBiser
HECOMHEHHBIN UHTEPEC JJI1 YUEHBIX-ECTECTBEHHUKOB U TYMAHUTAPHUEB, CIIEIUAIIMCTOB U IIPEIIO-
JaBaTeNiel, 1a U ITMPOKOTO Kpyra ynuTareiieid, n0o MoaHsAThIe B Hel HETPaIUIIMOHHBIC BOIIPOCHI
0 HEOJHOPOJIHOCTH BO BceneHHon u camoit BeceneHHOM — BechbMa akTyalibHBI, JOBOJBHO IMPO-
OJIeMaTUYHBI M TPEOYIOT CAaMOCTOSITEIILHOTO TBOPYECKOTO MPOYTEHUS U OCMBICIICHHUS.

A 9TO 3HAUUT, YTO TBOPUYECKHM MOWCK HAYYHO-(PHIOCOPCKUX OTBETOB HAa «BEUHBIE» BO-
MPOCHI O 3araJloYHOM CaMOPa3BUTHHN BceneHHOM, M03BOJISET MOHSIThH BCIO «3bIOKOCThY MPUBHIY-
HBIX UCTUH WJIH CJIOKUBILIKNXCS MpeacTaBieHnil 0 Mupe. B utore, MOXHO €€ pa3 cka3arh, 4YTO
MoHorpadus H. JlepaimoBa OyaeT uMeTh 00JIbIIOE 3HAYEHUE JJIs YUEHBIX U (UII0cOPOB, IPEMNO-
JaBaTesieil U BceX TeX, KTO MpodecCHOHANbHO 3aHMMAETCs pobiieMamMu o3HaHusl BeeneHHoil.

Axanemuk Hukonaii JIeBaioB BriepBbi€, OKaTYH, B TPAKTUKE HAYYHO-(PUIOCOPCKOTO UC-
cienoBanus peHomeHa BceneHHOW M cTaHOBJIEHHS €€ OBITHS, CKPYIYJIE3HO OCMBICIMBAET U
camu (puI0co(PCcKO-METON0IOTHUECKIE OCHOBaHUA MO3HaHUsI. OH yMEJNO MOJIb3yeTCsl TUaeKTH-
YECKUM METOJIOM dMIIMPUYECKOTO U PALIMOHAIBHO-TEOPETUUECKOTO PACCMOTPEHUsI HEOAHOPO-
Hocth Bceenennon. KimroueBas njiest aBTopa 0 HEOAHOPOAHOCTH BeenmeHHOM momydnia Xopolee
HayyHOE O0OCHOBaHHE M KpUTHUECKOE (PUIOCOPCKOE OCMBICICHUE MPHU aHAIU3€ UM KapTUHBI
Mupo3snanusi.

[ToapoOHbIN U TIIyOOKHI aHATK3 aBTOP OCYIIECTBIII B 3aKIIFOUUTEILHON YETBEPTOM TIIaBe
MoHorpadun «HeoOxoaumMbie U TOCTaTOYHBIE YCIOBUS BOSHUKHOBEHUS KU3HU BO BeeneHHoi,
KOTOpAasi HOCUT JIOCTATOYHO PAJAUKAIBHBIN XapakTep. B Hel M3710KE€HbI OCHOBHBIE TTAPAMETPHI
MOSIBJICHUS KU3HHM, a TJIABHOE — KAYECTBEHHBIE 0COOCHHOCTH (hYHKIITMOHUPOBAHUS OpPTaHUYe-
CKHMX MOJIEKYJ. ABTOp pacCMaTpUBAET UX, KaK, CBOET0O pPoJia, He0OX0IUMMbIe 00bEKTUBHBIE YCII0-
BUSI BOBHUKHOBEHUS )KU3HU HA 3eMJIe€ 1 MIIJIMApIaX APYyTUX MIaHET BO BceeneHHoi.
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Monorpadus H. JleBamoBa 3aciaykuBaeT caMoil BHICOKOW oueHKH. OHa — IMOKa3aTelb
¢dbyHIaMeHTanbHOCTH BKIaa akajgemuka H. JleBamosa B ctaHoBnenue gpunocodun BeeneHHOM.
Momnorpadus npeacTaBisieT co00i 3aMEeTHOE MPOIBIKEHHE Ha (PUI0CO(CKOM MOTIPHIIE pa3pa-
00TKH COBpeMeHHO Teopun no3nanus Kocmoca.

OT0 — MOJUIMHHO MPOPBIBHON HAY4YHO-(DUIOCO(PCKUIN TPy, KOTOPBIMA OyJIeT UMETh (4epe3
OCBOEHHUE €ro, MPEKe BCEro, yu€HbIMU U pritocoamu ) OrpOMHOE 3HAUCHUE TTPU U3yUYEHUH CTY-
JEHTaMU U aCTIUPAHTAMM PA3JIMYHBIX KOHLIETIINNA COBPEMEHHOI'O €CTECTBO3HAHMS, 3aUHTEPECO-
BAHHOT'O U HEIPENB3SATOr0 MPOUYTEHUS HETPAJAULIMOHHBIX MOAX0A0B YUEHBIX U (uinocodos, pas-
pabaThIBaIOLINX aKTyaJlbHbIE IPOOIEMbI IO3HAHUS BceneHHOM.

Momnorpadus akagemuka H. Jleramona «Heognopoanas Beenennasy, HanMcaHa CTPOTUM,
OecnpUCTPaCTHBIM aKaJEeMUYECKUM SI3bIKOM Hayku. C yd€ToM xapakrepa TeMbl MOHOTpaduu, B
HEH OTCYTCTBYET CYOBEKTHBHO-JIMYHOCTHOE OTHOIIEHUE K KaKUM-THOO TEOPETHUYECKUM MpPHU-
CTPacTHUSM U OOBIICHHBIM CYKJICHUSIM O cocTostHuM Mupa. U 3T0 — npaBuiibHO, ©O0, peIieH3H-
pyemasi HayyHas MoHorpadus — CTporasi HcclieJoBaTeNbCcKas padbora.

BwmecTte ¢ TeM, mOXBaJIbHO, YTO ABTOP, B LIEJAX JOCTUKEHUS JIyUILIErO YSICHEHHS CIOXKHBIX
CIO’KETOB MCCIJIEJOBAaHUs, MPUOETraeT K APKUM OOpa3HbIM CPABHEHHSIM U3 OOBIIEHHOW KU3HHU.
Tak, OH BOSHUKHOBEHHE KOJIEOaHUI MEPHOCTH MTPOCTPAHCTBA, ITPU B3PHIBE CBEPXHOBOM 3BE3IbI,
CPaBHUBAET C BOJIHAMH, KOTOPBIE OSIBISAIOTCA HA TOBEPXHOCTHU BOJIbI TOcIie Opocka kamHs. Wi,
uutupyro: «lIpeacrtaBuM nepBUYHbIE MAaTEpPUU OJTHOTO THUIA, KAK «KYOHMKH» OJIHOTO pa3Mmepa u
paccMOTPUM, KaK MaTEPUU B3aUMOIECHCTBYIOT IPYT C IPYIOM B 30HE HEOJHOPOIHOIO IIPOCTPaH-
CTBa».

Wnu, s oObsICHEHHUs TpoIiecca Iepexo/ia aToMa U3 YCTOHYHNBOIO COCTOSIHUS B HEYCTOM-
YHBOE, aBTOP CPABHHMBAET 3TO SBJICHUE C 00pa30M sIM Ha JOPOrax, 3al0JHIEMbIX BOAOH BO BpeMs
noxas (crp. 142, 172, 201, 198-200).

3akanuuBas aHanu3 MoHorpaduu H. JleBamosa, xorenoch Obl €€ pa3 3aMETUTh, YTO 3Ty
CaMOOBITHYIO KHUTY MOHO PEKOMEH/I0BATh HE TOJBKO YUEHBIM U (puitocodam, mpernoaaBaTeasim
u meaukaMm. OHa OyJlieT mojie3Ha U BCEM TeM, KOMY HeOe3pasinuHbl poOJieMbl MO3HAHUS BO-
o011e, KTO, TaK WM MHAYe, MHTepecyeTcsa puiaocodckuM no3HanueM Mupa u 03a004eH MOMCKOM
MyTe U CPEJCTB MO3HAHUS U TIOHUMAHUS CTAHOBJICHUS )KM3HU Ha 3eMiie U €€ ABOJIIOLUU 10 J0-
CTH>KEHHS BBICILIETO YPOBHS — pa3yMHOM MaTtepuu (4eoBeKa).

PazpabatreiBaemas H. JIeBaioBeIM KOHIIEMIINSI HEOAHOPOAHOM BeenenHol, mo3BoiuT, B Oy-
IyIIeM, TPEABUIETh U MIPEACKa3bIBaTh OO BbEKTUBHBIC MPOLIECCHl B MAKPO- U MUKpomupe. B Mo-
HoTpaduu HaMe4YeHbI HOBBIE TIEPCIIEKTUBHBIE HAMIPABIIEHUS NalbHENIIEH (PyHIaMEeHTaIbHOM HC-
CJIeIOBATEILCKON PabOThI B 3TOM 001acTH HayKH U (prtocoduu.

Wrak, monorpadus H. JleBamoBa — 3T0 3amMeTHOE COOBITHE B MHUPOBOM (uinocoduu mo-
3HaHus Beenennoit. OHa MPOHUKHYTA TIIYOOKUMU Pa3MBIIIUICHUSIMHU O POJIM U 3HAYCHUU (PUII0-
co(CKOTo HACTIEAMS ¥ COBPEMEHHOTO MTOMCKA B 00JIACTH TEOPUH TTO3HAHHS BOOOIIIE.

Xpycmanée IOpuii Muxaiinosuu,
0okmop gunocoghckux nHayx, npogheccop.

K ornasnexHuto 10




Huxonaii JIeBamos «Heonunopoanas Beenennas»

IIpeoceoamens Ilpobremrozo yuebHo-mMemoouuecko2o
Cosema no eymanumapHomy oopazosanuro 6 yzax Munucmep-
cmea 30pasooxpanenusi Poccuu. Ynen Hayuno-memoouueckoeo
Cosema no punocopuu Munucmepcmea oopazosanus Poccuu.
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OT aBTOpa

3aKoHBI NPUPOBI (POPMUPYIOTCS Ha YPOBHE MAKPOKOCMOCAa U MUKpOKOCMoca. YenoBek,
KAaK >KMBOE€ CYILECTBO, CYIIECTBYET, B TaK HA3bIBAEMOM, MPOMEXKYTOUHOM MHUPE — MEXKIY
MakKpo- ¥ MUKpOMHUPOM. M B 3TOM IPOMEKYTOUHOM MHUPE YEIOBEKY MPUXOJUTCS CTAIIKUBATHCS
TOJIBKO C ITPOSIBJICHUEM 3aKOHOB IIPUPO/IbI, @ HE C HUMH HENOCPEACTBEHHO. Kak cineacTBue 3Toro,
BO3HHUKAET Mpo0dieMa ¢ CO3/1aHueM TOJTHOLIEHHOW KapTUHBI MUPO3/1aHU.

Ota nipobiiema OyeT CylIeCTBOBAThH JI0 TEX MOp, TOKa He OyJeT co3aaHa KapTUHA MUPO3/1a-
HUs, HA OCHOBaHUH MIOHUMAaHUS 3aKOHOB MaKpOKOCMOCa U MUKpokocMoca. Kak ObI 10J1T0 MBI ObI
HE CMOTpEJH Ha BEpXYIIKY aiicOepra, 10 TeX MOop, ToKa KTO-TO HE COOOPa3UT HBIPHYTH MO BOTY
U HE YBUAUT aiicOepT IeIMKOM, BCE TOMBITKH OMKMCAHUS €r0 OYIyT, B JIyYIlIeM clydae, HermoJ-
HBIMH.

AHanoruyHo 00CTOUT JIETI0 U ¢ «aiicoeprom» muposaanus. [loka KTo-HUOY b HE «HBIPHET
B BO/JIbI HEBEJIOMOT'0, BCE MOMBITKU CO3/]aTh KAPTUHY MUPO3/IaHUs, KAKUMU Obl OHU HE Ka3aJUCh
KPACUBBIMHU, OKKYTCS HECOCTOSTENbHBIMU. VICTOPUS MTO3HAHUS YEJIOBEKOM MPHUPOIBI CIIYHKHUT
MTOJIHBIM MOJTBEPKICHUEM ITOTO.

OpHa U3 OCHOBHBIX IPUYMH MOAOOHOTO 3aKJIFOYAETCS B TOM, YTO OPTraHbl YyBCTB, KOTOPBIE
YEJIO0BEK UCIOJIB3YET IIPU CBOEM MO3HAHUM IIPUPOJBI, HE JAIOT €EMY TAKOM BO3MOXKHOCTH IO OJI-
HoOU mpocToii npuuunHe: [Ipupoaa co3nana opraHbl UyBCTB U€JIOBEKA HE JJIsl TOTO, YUTOOBI OH (4e-
JIOBEK) CMOT MO3HATh MPUPOTY.

Opransl 4yBCTB YEJIOBEKA, BIIPOYEM, KaK U OPTaHbl YyBCTB KUBOTHBIX U PAaCTEHUMU, BO3-
HUKJIA U Pa3BUBAIKNCh, KAK MEXAHU3M QJIallTAllM U MPUCTIOCOOTIEHUS KaK0r0 BUA )KUBBIX CY-
LIECTB K DKOJIOTMYECKUM HHUIIIAM, KOTOPHIE OHU 3aHUMAIOT.

YenoBek cTasl UCIOJIb30BaTh CBOM OPTaHbl YyBCTB M JIJIsl HAKOTUICHUS, COXPAHECHHUS U TIepe-
naun uHpopmaruu cede mogooHpM. Ho 370 — uHbOpMaIms 0 MPpOMEXyTOYHOM MHUPE, a HE O
MakpoMupe uiu Mukpomupe. Ha 4to, k coxanenuto, He oOpariaercst BHUMaHue. A, 3ps. [loromy
YTO, pacroiarasi TOJIbKO MAThIO0 OpraHaMU YyBCTB, J1aXKe PACITUPEHHBIMU C TTOMOIIBIO TPHUOOPOB,
MIPOCTO HEBO3MOXHO OIMHUCAThH U CO37aTh MOJHOIICHHYIO KAPTUHY MUPO3/IaHUA.

J1J1st TOTO 4TOOBI CO3/1aTh MOJHOIEHHYIO KAPTUHY, HEOOXO0IUMO UMETH BO3MOKHOCTh OJTHO-
BPEMEHHOTO HAOJIOICHUS, KaK HAJABOJAHOM, TaK M TTOJABOJHON YacTel «aicOepray Mupo3aaHus,
YTO BO3MOXKHO TOJIBKO TMPH MOSIBJICHUHU JOMOJHUTEIBHBIX OPTaHOB YYBCTB K MSITU CYIIECTBYIO-
TITUM.

[TpakTHUeCKH KaKabIi KENAIOIINI UMEET BO3MOKHOCTD MOJYYUTh ONBITHBIM MTyTEM J10Ka-
3aTeIbCTBA OTPAHUUCHHOCTH HAIIUX OPraHOB YyBCTB. W 17151 3TOro HE HY>KHO KaKUX-JTHOO CIIOXK-
HBIX SKCIIEPUMEHTOB, a TOJIbKO, HBIPHYB IO BOAY 0€3 MacKH, OTKPHITH ria3za. KapTuna noaBo-
HOTO MHUpa MPEJICTAaHET TIePeT HAIIMM B30pPOM B UCKXXKEHHOM BHJIE: (POPMBI, pACCTOSTHUS HE OY-
IyT COOTBETCTBOBATh PEANIbHBIM. 1 HET B 3TOM HMKAKOI0 mapajokca.

['ma3za demoBeka aanTUPOBAHBI K BO3IYIITHOW Cpefie, a TJia3a pbl0 M JAPYTUX IMOJABOJIHBIX
KUTENe — K BoAHOU. M mosToMy moaBoHAs KapTHHA OyJeT MCKaKEHHOW ISl YeIOBEKa, a
HazeMHasi — i pei0. UTO ke TOBOPUTH O KAYECTBEHHO JPYTHX SBJICHUSX MPHUPOIBI, C KOTO-
PBIMH YEJIOBEK HHUKOIJA HE CTaJKUBAJICS U HE MOXKET CTOJKHYTBHCS MOCPEICTBOM CBOUX IISITH
OpPraHOB YyBCTB?
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Camoe nHTEpECHOE — HUKTO 00 3TOM He 3aayMbIBaercs. U, kak ciencTBue, Hayka, pa3Hble
e€ oTpaciu, NPEBPATHIINCh B CIEMNbIX U3 CTAPOM MHIYCCKOM MPUTYE O CIOHE, KOTJ1a TPOUX Clie-
MBIX MOMPOCUJIN ONKCATh CIOHA. KaKIblil U3 HUX, HATKHYBILIKCH HA KaKyIO-TO 4acTh CJIOHA CIIe-
LIWJI ONKCATh, YEPE3 CBOU OLIYIIEHHUs, BCErO CIOHA. YTO U3 3TOro MOJIy4HJIOCh U3BECTHO KaxX-
JIOMY, €CJIM HET — TO HE CJIOKHO IIPEACTABUTD.

K coxanennto, BCsi HICTOpHSI TEOPETUUECKON HAYKH, KOTOPAs IbITAIACHh CO34aTh KAPTHUHY
MUPO3/J1aHHs], OYEHb CUJIBHO HAIIOMUHAET IIPUTYY O TPEX cilenbIX. M, 4To MHTEpecHO, mpaKkThye-
CKU BCE BEJIMKHUE OTKPBITUS YEJIOBEUECTBA ObUIM ClI€JaHbl YYEHBIMU B MOMEHTBHI, TaK Ha3bIBae-
MBIX, IIPO3PEHUM, 03apEHUM, KOTOPBIE BCEr/a «JISKAIW» 3a IIPEeAeIaMu IISITH OpPraHOB YyBCTB
Yes0BeKa.

Ho u 310 HE 3acTaBuiio yenoBeKa 3ayMaTbCs Hal BOIPOCOM — YTO MOXKHO IIOJIYYUTH C
IIOMOILIBIO IISITH OPraHOB YyBCTB U UTO HY>KHO JUJIs IIOJHOLIEHHOI'O IT03HaHUs NpUpoasl. B 1o xe
caMoO€ BpEMS HENb3s U BUHUTH 3a 3TO, KaK HEJIb351 BUHUTH CJIENOTO OT POXKACHUSA 3a TO, UTO OH
HE B COCTOSIHMM IOHSATH M MPOYYBCTBOBATh KPACOTY M KPACKH OKPYXKAIOIIEH NpUpoabl. Ennn-
CTBEHHAsI BO3MO>KHOCTb JJOCTUTHYTb 3TOTO JUISl CIENOT0 — MPO3PETh.

MHe xoTesnoch Obl BEpUTh, YTO 3TO Y MEHS MOJYYHIIOCh U, B PE3YJIbTATE MOJJOOHOTO «IIPO-
3pEeHU», YAAIOCH CO3/1aTh NpeyiaracMyro Bamemy BHUMaHHIO TEOPHIO, U3JI0KEHHYIO B TAHHOM
KHUTE.

Axaoemux H. Jlesawios
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NMpeaucnoBsue
AKTyanbHOCTb Npo6nembl

[TosiBneHUE yenoBeKa U 3apOXKACHUC Y HCTO CO3HAHUA HCPA3PBIBHO CBA3aHO C ITOIIBITKAMU
IMTO3HAHUA UM OKPYKAIOIICTO MHUpaA. Bech MHUD B CBOCH 6GCKOH€‘-IHOCTI/I, 663I‘paHI/I‘-IHOCTI/I u Oec-
MpCaACJIbHOCTU HE IaH YCJIOBCKY B €T'0 HCIIOCPCACTBCHHOCTH. OHTOJIOTUYECKHUI IIoaxo1a I[aéT BO3-
MOXKHOCTb OXBAaTUTHb MHP, KaK ICJI0C, KaK CUCTCMY. Takum 06pa30M, OHTOJIOTHA OTBCHACT HaA
BOIIPOC: B q9EM CYIIHOCTb MUPO3JaHNA 1 MUPOITIOHNMAHUS.

Crnemundudeckas pumocodckas mocTaHOBKA BOIPOCA, KOTOPYIO MBI BCTPEUaeM y JIPEBHE-
rpedeckux punocodos Daneca, AHAKCUMaHIpa U AHAKCUMEHA, COCTOUT B IMOMBITKE YCTAHOBUTH
MEPBOIPUYKHY, IEPBOOCHOBY, KOTOPbIE MOTJIA ObI OOBSICHUTH BCE OECKOHEUHOE MHOT000pasue
IIPUPOJIHBIX SBJICHUM.

@anec cynuTall TAKUM MEPBOHAYAIOM BOAY, AHAKCUMEH — BO31yX, | €pakiIuT — OroHb,
Kcenogan u [Tapmenus — 3emito, T.€., B 00111EM, T€ K€, Ka3aBILUECS B IPEBHOCTH Jlajiee HEpa3-
JI0KUMBIMU CTUXHUH, KOTOPBIE Mbl HAXOIUM U B IPEBHEUHAUNCKON, U B APEBHEKUTANCKOU HATYP-
¢unocodpun. Jlnmp AHakCUMaHIp BBIIBUHYJ, B KAUECTBE TAKOTO MIEPBOHAYANA, HEKYIO HEOIpe-
JEJIEHHYIO IEPBOCTUXHUIO, KOTOPYIO OH 0003HAUUJI CIOBOM «alerpoH».

Heﬁ6HHH Ha4vaJIOM CUHUTaJl MOHaay, T.C., IIPOCTYIO CY6CTaHI_[I/IIO, KOTOpasa HC BO3HHUKACT U
HC NC4Uc3acTt, HC NMCCT yacTel U MOKET OBITh IIOJIy4CHA TOJBKO HYTéM TBOPCHUAI. Kamﬂaa MO-
HaJda A0JIZKHa OBITH OTJIUYHOM OT prrDﬁ, H, KaK T1000€ TBOPCHHC, MOHAa ITOABCPIKCHA 6€CHp€-
PBIBHOMY H3MCHCHHUIO. HN3meHneHus MOHaAbl UCXOAAT M3 BHYTPCHHCTO Ha4dalla, T.K. BHCUIHSA
IMpUirHa HC MOXKXET UMCTb BJIIMAHUA BHYTPHU MOHA/IbI.

Onukyp, Jleskunm, Jlemokput n KanT nonaranu, 4To nepBOHAYAIBHBIM COCTOSIHUEM IIPH-
pojbl OBLIO BCeOOIIee paccestHue MEPBUYHOTO BEIIECTBA BCEX HEOECHBIX Tell — aToMOB. JIeB-
Kunn ¥ JIeMOKpUT monaraiu, 4To OECKOHEYHO HE TOJbKO YHMCIIO aTOMOB BO BCEJIEHHOW, HO U
YHMCIJIO BOBMOXHBIX U1 HUX (HOpM, T.€. X pUryp, ouepTaHui.

Yucio aTux pa3nuuHbix GopM — O0eckoHeuHo. J[oka3aTenbCcTBO OECKOHEYHOT0 unciia hopm
aTOMOB, KOHEYHO, HE MOTJIO ObITh IMIUPUUECKUM, BCICACTBUE HEBUTUMOCTH U HEOCSI3aEMOCTH
ATUX (GOPM, a TOJIHKO JIOTHIECKUM. DTO YUCHHE CTAJIO HOBBIM U BIIOJIHE OPUTHHAIBHBIM CIIOCO-
OOM pelIeHHs €CTeCTBEHHOHAYYHOU 1 (utocodckoit mpoOaeMbl, KOTOpas Obliia OCTaBJICHA T1e-
pea TpeuecKor MBICIBIO AJIEHIIaMU ¢ UX YUYEHHEM, COTJIaCHO KOTOPOMY MCTHUHHO CyIlee ObITHE
HE MOXXET HU BOSHUKHYTh, HU IOTHOHYTh.

JleBkumni u JIeMOKpHT, Tak ke, Kak IMIEIOKI U AHAKCarop, COriacHbl ¢ 3TUM T€3UCOM, HO,
BMECTE C T€M, OOpOJIHCH MPOTUB BO33PEHUI AJEHIIeB, OTPULIABIINX MBICIUMOCTh MHOXKECTBA U
MBICIIMMOCTb ABHKEHUS. DMIEAOKI IBITAJICS PELIUTh 3TY 3a7a4y, pa3padoTaB rUoTe3y O YEThI-
PEX KKOPHSIX BCEX BEIIECTB» U O JIBYX CUJIaX, KOTOPHIMU OHU MPUBOJIATCS B ABIKCHHUE. AHaKCa-
rop Ty K€ 3aJ1auy MbITAJICS PEeUINUTh, BEIIBUHYB TMIIOTE3Y O CYIIIECTBOBAHUU OTAEIBLHOTO OT BCETO
«YMay — MEXaHUYECKOU JIBUKYILEH CHIIbI, KOTOpask PUBOIUT ITH YACTHUIIbI B JBUKCHHE.

Ho Hu OMrte1oki, HU AHaKcarop He Ipe/Inoiaraii, 9To dJIeMEHTapHbIC YaCTHIIBI BEIIECTBA
SIBJISIOTCS a0COTIOTHO HEACTMMBIMU. FIMEHHO 3Ta MBIC/Ib CTAHOBUTCS OCHOBOM MaTEpHAIIUCTH-
yeckoi dunocodpun u ¢uzuku Jlekunmna u Jlemokpura. Teopuss 0 HEBHAMMBIX HAMH aTOMax
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BBITEKAET U3 HAOIIOACHHI HaJ MPOIIECCAMU U SIBJICHUSIMH, IPOUCXOSIIMMH B YyBCTBEHHO BOC-
IIpUHUMaeMon npupoae. Teopus aroMu3Ma BO3HUKIIA y JIeBkunmna u JleMokprTa Ha OCHOBaHUU
HaOJIIOACHUI 1 HEKOTOPBIX aHAJIOTUH.

[To pazpsicHennto Cummumanus, JIeBkunm U J[eMOKpUT MOCTYJIMpOBAIM CYLIECTBOBAaHUE
0ECKOHEYHOT0 MHOKECTBA aTOMOB MOTOMY, YTO 0€CKOHEYHOCTh HE0OX0AnMa JJisi 0ObSICHEHUS
BCEX SIBJICHHM, HaOMI0MaeMbIX B (U3MUECKOM MUpPE. TOJIBKO TeM, KTO CUMTAET aTOMBbI OECKO-
HEYHO MHOTMMH I10 YUCIY, YAAETCsS JaTh BCEMY pasyMHOE O0O0bACHEHHE. ITO 00OCHOBAHUE —
KJIACCUYECKUN ITPUMEDP BO3HUKHOBEHHSI HAYYHOU TMIIOTE3BI.

ATtomuctuyeckoe yuyeHue J[eMokpuTa pa3BUBaNIOCh B HEPA3PBHIBHOW CBSI3U C MOHSTHEM O
BEYHOCTH BpPEMEHHU. APHUCTOTEINIb MHUCaJ, YTO BEUHOCTh BpeMeHM ObuIa 1isi JleMokputa cpen-
CTBOM JI0OKa3aTeJIbCTBa TOTO, YTO CYIIECTBYET HE BO3HUKIIIEE ObITHE. 3a ucKitoueHueM [lnaTona,
Bce (hustocodml, Kak yKazbiBall ApUCTOTENb, CUATAIU BPeMsT HEPOKIAEHHBIM.

VYuenue JleBkunma u JlemokpuTa 0 KauecTBax Tesl ObLJIO COBEPIIEHHO HOBOM TOYKOM 3pe-
HUs, BIEPBbIE BBEIEHHOM B JpEeBHErpeUYeCcKyto puiocoduro nu HayKy. OHO OCTaBWIIO ITyOOKUI
cliell B pa3BUTUHU (PU3UKHU, XUMUU U (PUITOCOPCKOTO MTOHUMAHUS TPUPOIBI.

Bo33penus 3Th pe3Ko pacXoqWINCh C TOCMOACTBOBABIIMMU B 5 B. J0 H.3. MPEACTABICHHU-
saMu. Meiciu 0 6eckoHeuHOCTH BcesieHHOM 1 00 0JIHOBPEMEHHOM CYIIIECTBOBAHUM B HEMl Oec-
YUCJIEHHOTO MHOXECTBAa MUPOB C TPYIOM MPOKJIA/IbIBAIN CEO€ IMyTH B CO3HAHUE JIOACH.

KaHT nprHMMan aTOMHCTUYECKYIO TEOPUIO DNHKYpa, JIeBkunma, Jlemokpura. Tak, Onukyp
MIpEeAIoIaraj, YTo CyIEeCTBYET TSKECTh, 3aCTaBIIAIOIIA [1a1aTh IEPBUYHbBIC YACTULIBI MATEPUH.
Ero Teopust HeMHOTUM oTJInyaeTcs, nprusHaBai KaHT, oT npuHnMaemoro uM HeroToHOBA NpUTSI-
xkeHust. HakoHel, BUXpH, BO3HUKIINE U3 OECIOPSA0YHOIO IBUKEHUS aTOMOB, COCTaBUIIU OJIUH
13 IJIaBHBIX IIYHKTOB B cucteme JIeBkuppa u JIeMoKpuTa, v 3TU BUXPHU BCTPEUYAIOTCS B KOCMOTO-
HHu4eckou teopun Kanra.

B 10 ke Bpemst, KaHT roBOpHT, YTO BBIIIIEHA3BAHHBIE CTOPOHHUKH YUEHHS] O MEXaHUCTHYE-
CKOM IPOUCXOKJIEHUN MUPO3AaHUs BBIBOJIMUIIN BCAKHUI HAOII0OJae€MbIil B HEM MOPSAOK U3 Clie-
MOTO CiIy4asi, KOTOPBIM CTOJIb YAAQYHO OOBEIUHUI aTOMBbI, YTO OHU COCTaBUJIM OJHO CTPOIHOE
1esoe. JNUKypa, HallpuMep, OH KPUTUKOBAJ 32 YTBEPKICHHUE, UTO aTOMBbI, Aa0bl Oblla UX BO3-
MO>KHasi BCTpeua, 0€3 BCAKON NPUYMHBI OTKIIOHSIOTCSI OT CBOETO MPSIMOJIMHEWHOTO JBUKEHUS.

Bce atu punocodsl, roBOpUI OH, MPUMTHCHIBATIU IPOUCX0KICHHUE )KUBBIX CYIIECTB CICIIOMY
CJIy4aro Y MOUCTUHE BBIBOAWIM pa3yM U3 HepazyMus. KaHT BUIEI pOJIb BBICIIETO pa3yMa B MPO-
reccax, MpUCyMX 3aKOHAaM MaTEPUH, KOrAa U3 €€ COCTOSTHUSA MOJHEUILIET0 Pa3IoKEHUs U pac-
CEsHUsI €CTECTBEHHO PAa3BUBAETCSl HEKOE MPEKPACHOE CTPOHOE 1esoe. OH oTMeval, 4To MaTe-
pysi, COCTABIIAIONIAS NIEPBUYHOE CYLIECTBO BCEX BEIIEW M NMOAYMHEHHAsS M3BECTHBIM 3aKOHAM,
J0JDKHA 1aTh MPEKpacHble COUeTaHusl. DTOM MPUUMHON J0KEH ObITh bor, moToMy 4TO npupoaa,
JIaXKe B COCTOSTHUM Xa0Ca, MOXKET IEMCTBOBATH TOJIBKO MPABUIIBLHO U CIAXKEHHO.

B oTHOMmeHn cTpoeHus U ABUKEHUS HeOECHBIX Tel, KaHT roBopui1, 4To, pas 1aHa MaTepus,
KOTOpasi, 0 TIPUPOJIE CBOEH, OJlapeHa CUIION MPUTSHKEHUS, HETPYIHO ONPEACIIUTD T MPUINHBI,
KOTOPBIE MOTJIU COJICHCTBOBATh YCTPOSHHUIO CUCTEMBI MUPA, paccMaTpuBaeMoii B iesiom. Heoo-
XOJIUMO, YTOOBI TEJI0 MPHOOpeENo mapoodpazHyo GopMy U, YTOOBI CBOOOIHO TapsIue Teaa Co-
BEpIIIaIA KPYrOBOE JBMIYKEHHE BOKPYT IIEHTPa, K KOTOPOMY OHU TATOTECIOT.
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B3auMHoOe pacronoxeHue opOUT, COBIAJECHUE HANIPABJICHMS, SKCLIEHTPUCUTET — BCE 3TO
MOJKET OBITh OOBSICHEHO MPOCTEHIIINMH MEXaHUYECKUMH TpuunHamu. B 1o xe Bpems, Kant npu-
3HAET, YTO JIErde NOHATh MPOUCXO0KIACHUE BCEr0 yCTPOUCTBA MUPO3/1aHUs, YEM TOYHO BBISICHUTD,
Ha OCHOBAHMM MEXaHUKH, BOSHUKHOBEHHUE OJTHOM TOJIBKO NIBUIMHKHA WJIV I'yCEHULIBI.

Heo0xoaumo oTMeTuTh, 4TO caM KaHT 0OBSICHSI BEMKUI MOPSIOK TPUPOABI TOJIBKO CH-
JIOM MPUTSKEHUS U CUJIOW OTTAJIKUBAHHUS, KOTOPbIE OJTMHAKOBO IMEPBUYHBI U BceoOmu. O6e oHn
3aMMCTBOBaHbI U3 (punocopun HeroToHA, KOTOPBIN CUENT BO3MOKHBIM OTKA3aThCsl OT ECTECTBEH-
HOW KOcMOroHuM. KaHT 3aMeHMI aHTOJIOTHIO TpaHCUEHACHTaIbHOU (unocoduei, 1.e., cucre-
MOM IOHATHUN U NPUHLIMUIIOB, KOTOPBIE MPEAIICCTBYIOT OIBITY allPUOPH, HO JaHbI YEJIOBEKY UYyB-
CTBEHHO U TIO3TOMY MOTYT OBITh IOJITBEPKIEHBI OIIBITOM.

KaHT oleHMBaeT CBOKO rUIIOTE3Y, KaK HOBBIM BUTOK B PA3BUTHUH TEOPUU MUPO3JAaHUs, OCHO-
BaHHOM Ha BCEOOIIMX 3aKOHAX PUPOAbL. B coBepIIEeHCTBOBAHNY TMIIOTE3 MUPO3/IaHHUS, a TAKKE,
pelIeHuy moA00HBIX TPo0IeM, HE0OOXOAUMO 00paIaThCs TOJIBKO K €CTECTBEHHOU (rtocodun.
dusnyeckas ke 4acThb HayKu 0 BceneHHol MoxkeT ObITh B OyaylieM JIOBE/ICHA 0 TaKOTO ke
COBEPUIEHCTBA, 10 Kakoro Hbr0TOH AOBEN €€ MaTeMAaTHYECKYIO 4acTh, OTMedall KaHT.

Ucxoanoe nonoxenue punocodun I'erenst — TOKIESCTBO OBITUS U MBIIIUICHUS, T.€., IOHU-
MaHHUE PEaIbHOTO MHUpa, KaK MPOSBICHUS UICH, TIOHATHSA, TyXa. DTO TOXKIECTBO paccMaTpHBa-
JIOCh, KaK MCTOPUUYECKHU PA3BUBAIOIIMIICS MPOIIECC caMONO3HaHMs aOCOTIOTHOM ujeei camoit
ce0s1. B ocHOBe Bcex SIBIEHUIN MPUPOJBI U OOIIECTBA JIEKUT a0CONIOT, TyXOBHOE U Pa3yMHOE
HavaJio — «a0COJIIOTHAS UL, KMUPOBOH pasyM» WK «MUPOBOM AyX». DTO Ha4aj0 — aKTUBHO
U IEATEIbHO, IPUUYEM, IEATENBHOCTh €r0 COCTOUT B MBILUIEHUH, @ TOYHEE, B CAMOIIOHUMAHUH.

[To I'erento, OHTONOTUS — 3TO yueHHE 00 aOCTPAKTHBIX ONpeAeNICHUsIX CymHocTu. OH OT-
Meyas, 4yTo Jijisi 6oJiee paHHUX ONpPENIeIEHU OHTOJIOTUH B MX OJHOOOpa3Uu U KOHEYHOW 3HAUU-
MOCTH HE CYIIIECTBOBAJIO MPUHIIAIA U OJIMKaNIIIEe CoAepKaHne MOTIIO OBITh OCHOBAHO HA MIPEI-
CTaBJICHHH, HA 3aBEPEHUH, a UHOT/Ia, TaKXe, Ha ATuMosiorun. CuctemMa ['erenst mpeiBocxuTuiia
WJICI0 €IMHCTBA OHTOJIOTUH, JJIOTUKH U TEOPUHU TTO3HAHUS, U ’TUM YKa3aJla BBIXOJ K TO3UTUBHOMY
ITO3HAHUIO MUPA.

PazButue HayuHoi Mbiciiu B 20 BeKke, KaK U B MPEIbIAYIINE BeKa, TpeOOBaJIO HOBOTO 000C-
HOBaHUs OHTOJOTMYECKOM runote3sl. 1 oHa nosBuiiack ciydaiiHo. JIOpeHI| mony4ust ouepeaHbie
MaTeMaTh4YecKue npeoOpa3oBaHusl, a DUHIITEWH MOABEN MO HUX JBa MOCTYJaTa:

1. IIpocTpaHCcTBO MPUHUMAETCS] U30TPOMHBIM, KOTJIa CBOMCTBA €r0 HE 3aBUCAT OT HaIlpaB-
JIEHUS U PACCTOSIHUSL.

2. CKOpOCTB CBCTAa IIPHUHHUMACTCA, KaK KOHCTAHTAa W, KAK MaKCUMaJIbHAas CKOPOCTb ABHIKC-
HWA MaTCPUAJIbHBIX 00BEKTOB. I[pyrI/IMI/I CJIoBaMH, CKOPOCTBb CBCTA HC 3aBUCHUT OT IIPOCTPAHCTBA.

Orta Teopust crana GyHIaMEHTOM IMPEACTaBICHUI 0 Mpupoe npocTpaHcTBa. Bmecte ¢ Tem,
HEKOTOPbIE OTKPBITHS MOCIEAHEN YETBEPTH JBAALATOIO BEKa M Hayasa JIBaJLATh IIEPBOIO HE
HAXOAAT OOBSICHEHUH B CYHIECTBYIOIIUX MMOCTYJIaTax.

Pe3ynbrarel ananuza 0a3bl JaHHBIX, MOTYYEHHBIX 3a MpeAeaMu 3eMHOM aTMOc(epbl Mo-
CPEIICTBOM paJMOTEIECKONa, OnyoIuKoBaHHble B 1997 rony amepukaHCKUMH acTpodu3uKaMu
boprom Poxgmanrom u /[>koHOM PajsicToHOM, CBUIETEIBCTBYOT O TOM, YTO BCEJIEHHAs — HEOJ-
HOPOJIHA.
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DKCHEepUMEHTBI, MPOBEAEHHBIE JOKTOpOM JIroxuHOM BaHr B NpUHCTOHCKOM Hay4YHO-HC-
CJIEI0BATEILCKOM MHCTUTYTE, AU OLISTOMIISIIONIME PE3yJbTaThl — IIyYKH CBETa Nepemeria-
JUCh B 0c000i1 Ta30Bo# cpene co ckopocThio B 300 pa3 ObicTpee, 4eM TEOPETUUYECKHU Oy CTUMAs
ckopocTb. B Utanuu, apyras rpynna (pu3MKOB MOIy4YWIa JaHHBIE O PaCIpPOCTPAaHEHUU MHKPO-
BOJIH CO CKOPOCTBIO Ha 25 IIPOLIEHTOB BBIIIE TEOPETUUECKU JOITY CTUMOM.

He uzbexana momobHo# ydactu u saepHas ¢usuka. Tak, OCHOBHOW 3aKOH COBPEMEHHOU
(bU3HUKH, 3aKOH COXpPaHEHUS] MaTEepPUH, TJIACUT, YTO MAaTEPUsi HUOTKY/1a HE MOSBIISIETCS M HUKYa
He ucyesaer. [[puMeHUTENH HO K CUHTE3Y YaCTHUIl B XOJIE AJIEPHBIX PEaKIUi, 3TOT 3aKOH MOKHO
3anucarh B CJICIYIOIIEM BUJIE:

M1 + M2>ms (1)

Jpyrumu cioBaMu, Macca, BO3HHUKIIAs B pe3yJbTaTe€ CUHTE3a YACTHUIIbI, JOJDKHA OBITH
MEHbIIIE UJIM paBHOU COBOKYIHOM Macce yacTull e€ co3aaBiuX. OHAKO, B HEKOTOPBIX IKCIIEPHU-
MEHTaX Macca BO3HUKAIOUIEH YaCTHUIIbI, TIOPOM, HA HECKOJBKO MOPSAKOB MPEBbIIIAIa COBOKYTI-
HYI0 MacCy 4acTull, €€ CO3JaBLInX:

M1 + Mz << ms (2)

OTH U MHOTHE APYIruc SKCIICPUMCHTAJIBHBIC JAaHHBIC T'OBOPAT 00 O4YCpCIHOM KpPHU3HCC B
HayKE, T.C. BOBHHKIJIA HCO6XOI[I/IMOCTB B HOBBIX IIOAXOOaX, T'MIIOTE3aX, ITO3BOJIIIOIIUX AaTh 00B-
SICHCHUS IMOJIYUYCHHBIM OTKPBLITHUSM. BHCpBBIe B HAYKC MMPCAJIOKCHA KOHICIIHA MAKPO- 1 MUK-
POKOCMOCA, Ha OCHOBC NACH HCOAHOPOAHOCTH IMTPOCTPAHCTBA.

Ota ujes no3poJimiaa 000CHOBATh M OOBSICHUTH MPAKTHUYECKH BCE SBJIICHUS KUBOU U HEXKU-
BOW mpupozbl. HenpepblBHOE M3MEHEHHE MEPHOCTH IPOCTPAHCTBA B PA3HBIX HANPABICHUAX
(rpaaueHThl MEPHOCTH) CO3AAET YPOBHHU, B MpeiesiaX KOTOPBIX MAaTepUsi UMEET OINpeeIEHHbIC
CBOWCTBA M KauecTBa. [Ipu nepexone u3 0qHOrO ypoBHS B IPYroM, MPOUCXOIUT KAa4ECTBEHHBIN
CKauOK CBOWMCTB U MpOsiBIICHUN maTepun. Ha ocHOBaHMHU 3TOr0, 000CHOBBIBAETCS CYIIECTBOBA-
HUE IPYTUX BCEJICHHBIX.

OCHOBOI HJIeM MaKpOKOCMOCa SIBJISIETCS CUCTEMA B3aMMO/ICHCTBYIOIINX MEXKy 000t BCe-
JICHHBIX, KAYECTBEHHO OTIMYAIOIIMXCS APYT OT npyra. [logoOHas mo3umus BHepBbie AT BO3-
MOKHOCTH OOBSICHUTD TaKWE SIBJICHUS, KaK «4E€PHBIC IBIPBD» U CYIIECTBOBAHNE, TAK HA3bIBAEMOM,
«dark mattery, xoTopble ObUTM OOHAPYKEHBI, B PE3yJIbTaTE aCTPOHOMUYECKUX UCCIEIOBAHUN 1
pacyETOoB.

Ha ypoBHE MUKpoKOCMOCa CO3[JaHHAsl KOHUEMUHUS MO3BOISET OOBSICHUTH SIBJICHUE PAAHO-
AKTUBHOCTHU, MPUYUHBI KOTOPOTO HUKEM HE OOBACHSUIMCH. B TO ke camoe Bpems, 3Ta Teopus
M03BOJIAET OOBACHUTH U 3arajiky »ku3Hu. Ha nmpumepe ananusa nosenenus mojiekynsl PHK Bu-
pyca B BOJIHOM Cpele, KaK MPOCTEUIIIETO KUBOTO OPraHU3Ma, BHE BOJHOM CPEAbl — KaK OpraHu-
YEeCKOM MOJIEKYJIbI, 00BSCHSAIOTCS KaueCTBEHHBIE MPOIIECCHI, TPOUCXOSAIINE IPU ITOM, U AaETCA
HOHUMAHUE KauecmeeHHOU Mpanc@OopmMayuu HexcusoUu Mamepuu 8 HCUgyio.

Ha ocHoBe njien KBaHTOBaHUSI MEPHOCTH HEMTPEPHIBHO MEHSIOIIETOCS MTPOCTPAHCTBA, 000C-
HOBaHa MHOTOMEPHOCTH KU3HU. BriepBbie BBIBOJSATCS U 000CHOBb186AIOMCS HEOOX00UMbLE U OO-
CMamoyHvle YC108Usl BO3HUKHOBEHUSL HCUZHU 80 8CeleHHOU. A Takke, OOBICHAIOTCS KaueCTBEH-
HBIE TIPOIIECCHI MPEeOOpPa30BaHUs MAaTEPUU, TPOUCXOSIINE HA KJIIETOYHOM YPOBHE.

HOJ’Iy‘IeHHBIC PE3YJIbTAThI IMO3BOJISAIOT IIO-HOBOMY BIIIIHYTh Ha CYIICCTBYIOIIHME 3aKOHDLI
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Cl)I/ISI/IKI/I, XUMHH, ACTPOHOMHHU, MCANUTTUHBI U JPYTHUX HAYK, 4TO, B CBOIO O4YCPCIb, ,HaéT BO3MOXK-
HOCTD pa3BUBATh HOBBIC HAIIPABJICHUA BO MHOT'HUX 001acTaxX HayKH.
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FnaBa 1. AHanuTuYecknm o63op

1.1. 3HaAYMMOCTb OHTONIOrMUN (PU3NUYECKUX MNPOLLEeCCOB
ana dunocodckomm N Hay4yHOM MbIC/IN YeNloBe4YecTBa

ITpocTtpancTBo?! Uto 3TO Takoe? YenoBek ¢ IPEBHUX BPEMEH CMOTpPEN Ha 3BE3JHOE HEOO U
coszaBai cBo€ mpejcTaBiicHre o BeenenHnoit. HOMO sapiens — yenoBek pa3yMHbIi — B caMoO-
Ha3BaHUU YEJIOBEK BBIJCIINI Pa3yMHOCTh, KAK OCHOBHYIO OTJIUYUTEIHHYIO YEPTY, BHIICISIONIYIO
€ro U3 BCEH OKpYyKaromiei mpuposl. M kak J11000My MBICIAIIEMY CYIIECTBY, IO CBOEMY OIIpe-
JICJICHUIO, YeJIOBEKY TMPHCYIIEe CTPEMIICHUE MMO3HATh OKpYyKaromuid mMup, Beenennyto. U, ecre-
CTBEHHO, B pe3yJIbTaTe ATOTO Mpoliecca MO3HAHMS, BRIPUCOBBIBACTCS KapTHHA MUPO3TaHHSL.

HcTopus poxaalia 1 yHUUTOXKajla UBUIM3ALMH, & BMECTE C HUMH HOSIBJISIIUCH WM HCUe-
3anu penuruy, punocodckue cucTeMbl, MoHATHs 0 Beenennoi. J{anexo He BCE coxpaHmiia UCTO-
pusi, 0COOEHHO HEBOCIIOJHUMBIN yIiepO HAaHECIO UCTOPUH [IUBHIIM3ALINH, Aa U PA3BUTHUIO [TUBU-
JU3aLUH B 1IEJIOM, XPUCTUAHCTBO, OCOOEHHO KAaTOJIUIU3M.

daHaTUKaMH, BJOXHOBJISIEMBIMH CBSIILIECHHUKAMU, ObLIA YHUUYTOKEHBI COKPOBUILITHUIIBI 3HA-
HUH yIIeAIIUX TUBUIIN3ALNM, TpeBHUE ONOIMOTEKH — XPaHWINILA LIEHHEUIIINX KHUT: IPOTOLTY-
Mepckas B BaBuiione, Anekcanapuiickas B Erunre, pazpyiuien apxumnenar CaHTOpHH, KJIa10BbIE
nanupycos B @uBax u Mempuce, Itpycckast oubanoreka B Pume, coxxrim xpam-kanuiie B Apu-
HaX, YHUUTOXKUJIM rpoMagHyto O0ubinoteky B Llapprpane, HeM3BecTHO Kynaa vcue3nu Oubnuo-
teku fpocnaBa Mynporo u Bana ['po3Horo, MaHycKkpuntsl nuBuian3anuii Maiis, IakoB u An-
TEKOB.

W, B pe3ynbTare 3TOro, MHOTHE 3HAHUS IPEBHUX HUBUIN3ALUI 3eMIH ObLIIM YHUUTOKEHBI.
MHorue..., HO, K c4acTbto, He Bce. U To, 4TO OBLIO CAaceHO OT KOCTPOB MHKBU3ULIMHU, ITH CHa-
CEHHBIC TIOPO 1IEHON MHOTHX >KU3HEH apeBHUE (DOTMAHTHI MOPAXKAIOT ITyOUHON U TOYHOCTHIO
onucaHni BcCeleHHOW, K MOHMMaHWIO HEKOTOPBIX ACHEKTOB KOTOPBIX COBPEMEHHAs HayKa
TOJIbKO MPUOIN3NIIACE.

Haunboniee uHTEpECHBIMUA B 3TOM OTHOLIEHUHU U Hauboisiee ApeBHUMU sIBIst0TCS ClaBsiHO-
Apuniickue Benpl. B «Kunure CeTtay, BO3pacT KOTOPOM — COPOK THICSY JIET, U3JIaracTCsl KApTUHA
MHUPO3JIaHUSs, KOTOPasi MPOCTO MOTPSCAET CBOEH TOUHOCTHIO M MOJHOTON. HeBeposiTHO, HO akT,
KOTOPBIN BBIHYKJEH OyJET NpU3HATh KaXIblid, KTO OTKPOET ATy KHUTY.

«.B ucmunnom Hznauanve, eepnee, mozoa,
Koz20a 6 be3koneunoii Hoeoii Beunocmu
paznunace Beaukum mowiHvim nomoKkom
Kuzno necywaa cuarwwana Unenus,
Ilepso3zoannwtit /Kuznwv nopoxcoarouuit Ceem,
¢ Hoeoit /leiicmeumensvnocmu poxcoenst ovliu
paznooopasnwie IIpocmpancmea u Peanvnocmu
Mupoe Aeu, Haeu u Ilpasu.

U uem dnudice K
H3nauanvnomy Ucmounuxy Ceema
pacnoaazanuce smu IIpocmpancmea
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u Peanvnocmu ¢ paznuunsix cusaouwyux Mupax,
mem 001bUWIUMU MEPHOCMAMU

amu Benuuainmue Ilpocmpancmea

u Peanvsnocmu 6viiu nanonmnenst...*

Copok ThICSY JIET Ha3aJl 3HAJIM O TOM, YTO CYIIECTBYET MHOXECTBO BceneHHbIX, UMEIOIIUX
pa3HyI0 MEPHOCTh U 00pa3yIOIINX BCE BMECTE €AMHYIO MPOCTPAHCTBEHHYIO CUCTEMY, KOTOPYIO
OyJZieM yCIIOBHO Ha3bIBaTh MAaTPUYHBIM IIPOCTPAHCTBOM.

Kaxk eéemeu /[pesa coeounun
Ilepeo3oannwiii Kueomeopawuit Ceem
Jlucmouku-Peanvnocmu

Hawiezo Mupoeozo /[pesa

C MO2YYUM CUAIOUWLUM CHIBOJIOM.

U kaosrcowvtii JTucmouek-Peanvnocmo

cusn 6emepuo,

nepenugasice apkum Ceemom

paznuunvix Conuy,

a cmeon Muposozo /Ipesa yxooun
MHO204UCTIEHHBIMU KOPHAMU CEOUMU

¢ beskoneunyrw Hoeyio Beunocme,
nopoxcoénnyio ¢ Hoeoii /leiicmeumensnocmu?®,

KpacupbiM, 00pa3HBIM SI36IKOM, JOCTYITHBIM JIJIs TOHUMAaHUS JIIOOOMY 4eJIOBEKY, BHE 3aBH-
CHUMOCTH OT TOTO, KWJI JIU OH COPOK THICSY JIET Ha3a/1 WJIH KUBET ceifuac, Obliia nepejaHa HalltuMu
npeakamu uHdopmaims o0 ycrpoiictBe Beenennoit. [lopaxaroT TOUHOCTh U MacIITaObl Tepe-
naHHoM uH(popManuu. Hama neicTBuTeNnbHOCTh, BeenenHas, KoTopas TOJbKO YaCTHYHO W3-
BECTHA COBPEMEHHBIM YUYEHBIM, MTOKA3bIBAETCS, KAK MaJICHbKasl 4acTh, KaK MIECUMHKA Ha Oepery
0e30peKHOTO OKeaHa.

OHa — TOJBKO OAMH JINCTOYEK-PEATBHOCTh Hamero Muposoro Jlpesa. 1 kax b1l Takon
JIMCTOYEK-PEATIbHOCTh UMEIOT CBOK0 MEPHOCTH U CTPOrO ONPENEIEHHOE MOJI0KEHUE Ha CTBOJIE
Muposoro [IpeBa. JItoOomnbITHO, HE TTpaBAa Jin?!

N3naraercs npuHOMI KBAHTOBaHUS MPOCTPAHCTBA MO OMPEACTEHHOMY NPU3HAKY, KOTOPBIU
COBPEMEHHOM (PU3MKE WM3BECTEH MJI MPOIECCOB, MPOUCXOMASIINX HA YPOBHE MHUKpPOMHUpPA, —
KBAHTOBAHUE ICKTPOHHBIX OPOUT Y aTOMOB. MUKPOMUP JOBOJIBHO ITyOOKO U3YUEH SIACPHOU U
KBaHTOBOM (PU3MKOM, B TO BpeMsl, KaK U3y4YCHHE U MPEACTaBICHUS O yCTporcTBe Makpomupa
HAaXOJWTCS HA HAYAJIIbHOM CTAJINH.

[IpoctoTa u obpa3HOCTh si3bika Beny — He ciywaitna. Te, kTo 3amucan uHpopmaiuio B
«Kuure CBeTtay npekpacHO MOHUMAJH, YTO JHO00U CHeIUaTbHBINA S3bIK U3I0KEHUS HHPOpMa-
MY HE MOKET OBITh IPUEMIIEM, TaK KaK CO3/JIABIIHE CIEIIUATBHBIN SI3bIK MOTYT BCE MOTHOHYThH

! CnaBsino-Apuiickue Beasbl, «Kuura Ceray, Xapatpi 2, c. 36.
2 Caapsino-Apmiickue Benbl, «Kuura Cseray, Xaparbs 2, c. 38.
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OT TC€X WJIM UHBIX IIPUIMH XU HC CMOTI'YT IICPCAaThb IOTOMKAM CMBLICJI TCPMUHOB UMH yr[OTpe6JI$IC-
MBIX. I/I, KakK CJICICTBUC, HUKTO HC CMOKCT IIPABHUJIbHO ITIOHATH I/IH(I)OpMaHI/IIO.

OTO0 CTaHEeT MPEEIbHO SICHO €CITU O0PATUTHCS K PUMEPY COBPEMEHHOM HAyKU. Y YEHBIMU
MPUIYMaHO U BBEJCHO CTOJIKO HAYYHBIX TEPMUHOB, YTO 00JIee IEBIHOCTA MPOIICHTOB HBIHE KH-
BYIIMX JIFOJCH HE B COCTOSIHUM MOHATh 3HAYEHHUE OHBIX TEPMUHOB. IHOTAa 10X0AUT 10 abcypaa,
KOI'JIa HEKOTOPbIE Hay4HbIE Pa0OTHI B COCTOSIHUU MOHSATH TOJIBKO HECKOJIBKO YEJIOBEK Ha IUIa-
HETE.

A ecimn MMPOAHAIIM3UPOBATH PA3BUTUC HAYKHU, TO CTAHCT ACHO, YTO COBpGMGHHLIfI Hay‘IHBIﬁ
SI3BIK MOJKET OBITh YK€ B CJICAYIOICM CTOJICTUHN CTAHCT a6cypI[HI>IM N HCIIOHATHBIM AJIA 6y,[ly-
X HOKOHGHHﬁ, KaK, HAIIpUMCD, A3BIK AJIXUMHUKOB CPCAHCBCKOBbLA KAXKCTCA HECCYPA3HbIM U aH-
THHAY4YHBIM COBPCMCHHBIM y‘-IéHBIM, XO0T4d, B CPpCOAHUC BCKA AJIXUMUA OnL1a IIpU3HaHa BCCMU H
ABJIAJIACH aKaﬂeMquCKOﬁ HaYKOﬁ, HsyqaeMoﬁ CTYACHTAMH B YHUBCPCHUTCTAX. I/I, eciii OBl HE
OBILIO AJIXUMHUH, HUKOT'Ia HE ITOABHUJIACH OBl HCOPraHMN4CCKasd U OpraHnv4cCKasd XuMHUHU, KOTOPBIC
HHUYECTO 06mero YK€ HC UMCIOT CO cBoOCH «MAaTCPbIO».

[ToaTOMy ecnu ecTh HEOOXOAUMOCTh IMepeAaTb MHPOPMALMIO JAIEKUM MOTOMKaM, €I1H-
CTBEHHBIM CIIOCOOOM JIOCTUYb JKEJTAEMOr0 SIBJISIETCS Mepeadya nHGOpMauu MAKCUMAJIbHO J0-
CTYIHBIM SI3bIKOM. TOJIBKO B 3TOM CIy4ae €CTh IIaHC, YTO JIMHIBUCTBI U UCTOPUKU OYyIyIIEro
CMOTYT MPOYECTh U MOHATH 3Ty MH(popmaruio. [loaToMy, ¢ 3TOI TOUKM 3peHUs], TOCTYNHBIA U
oOpa3HbIi JJI1 TOHUMAaHUSI TPAKTUYECKU JIFOOOTO YEIOBEKA A3BIK M3JI0KEHUS SBIIAETCS JOCTa-
TOYHBIM FapaHTOM, YTO ME€pelaBaeMyt0 HH(POPMAIUIO TOUMYT MPABUIIBHO.

Bo Bpemena nanucanus «Kuauru CBeTay CyIecTBOBaIU HE TOJIBKO CIICIIMAIbHBIC TEPMUHBI,
HO ¥ pa3Hbie ajahaBUTHI JJIs JIOJIeH pa3HOM MOATOTOBKH M YPOBHS MOCBSIIEHUS. ITO CO3/1aBajio
CUCTEMY, KOTOPasl MO3BOJIsIIa 00ECIIEYUTh MOJTHBIA KOHTPOJIb 3a JOCTYNIOM K HH(popManuu. B e
JaBHUE BPEMEHA MPEKPACHO MOHUMAJTH, YTO UHPOPMAIIUSI — OYEHb MOIIHOE OPYKHEe, KOTOPOe
HE JIOJDKHO TIOTACTh B PYKHU TyXOBHO HE3PEIIbIX JIFOACH, KOTOPhIE MOTJIA ObI UCIIOIh30BATh ATY
MH(OPMAITHIO B KOPBICTHBIX IEJSX UM HEBEKECTBEHHO, UTO, B CBOIO OYEPElh, MOXKET MPUBECTH
K OoJiee uiu MeHee ri1o0alibHbIM KaTacTpodam.

«..0O0naxko cpeou Kpeyoe

6MopoiIl Kacmul Ovlla 2pynna

euwé Doee 6bICOKO NOCBAULEHHDBIX,

mano komy uz Kpevyoe

HU3WUX KACm U36eCmHas,

u umena ona opyzoe /[yxoenoe Yuenue,
CUJIbHO OMJIUYABUIUECS Ol NPEObLOYUAUX.

I'nacuno smo /[yxoenoe Yuenue,

umo nawi okpyycarouwguii Aenviii Mup,

Mup sncénmoix 36¢30 u Coaneunvix Cucmem,
moabko necuunka ¢ bezxoneunou Bcenennoii.

UYmo cywecmeyrom 36é30v61 u Connua oenvie,
201yovle, 1u108ble, PO308bIE, 3€11EHbIE,
36é30b61 u Connuya ueemoe,

HAMU HEGUOAHHBIX,
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Hauwiumu uyecmeamu He nocmuzaemaolx.

U beckoneuno eenuxo ux wucno,
0e3zpanuuno ux pasnooopasue,
oe3xoneunvt Ilpocmpancmea ux pazoenaroujue.

U eéce ymu paznooopaznvie Mupor —
Huumo nepeod unvimu Mupamu,

6He Hauwell Bcenennoi nexcawgumu,

U CHO6A 0e32PAHUYHO 6E/IUKO UX YUCTIO
U HeUu3IMepuMmMo 6eJUKo ux pazHooopasue.

be3koneunocmu besxkoneunocmeii pazoensaiom
6ce IMmu pazHo- U MHO2000pa3HblLe Mupbz3...

Knaccudukanus 3BE311 10 U3ITy4aeMOMY CIEKTPY MOTHOCTHIO C(HOPMHUPOBATIACH TOIBKO BO
BTOPOM IMOJIOBUHE JIBAJIIATOTO BEKA, U HEKOTOPHIE TUIIBI 3BE3]1 ObLITM OOHAPYKEHBI TOJIBKO C TO-
MOUIBIO PAJAUOTEIIECKONIOB U, ECTECTBEHHO, YEJIOBEYECKUMHU OPraHaMU YyBCTB HE BOCIIPUHUMA-
muck. [Tono6HOE HE MOXKET OBITH MPOCTHIM COBIIAJIEHUEM, & €CIIH 3TO TaK, TO CYLIECTBYET OO0JIb-
1asi BEpOSITHOCTh TOTO, UYTO M MHOTO€ OCTallbHOE, IepeaHHoe B Benax, OJIM3K0 K UCTUHE.

Kak ke ciy4nsiocs, 4To CTOJIb [IEHHbIE 3HAHUA ObUIH «3a0bIThD» HA CTOJb JOJITOE€ BPEMS U
MIOYEMY TOJIBKO ceifuac nH(popMaIs 0 HUX CTana JTOCTYITHA MHOTUM?!

Heckomnbko IIPUYHH IIPUBCIIU K 3TOMY, U OJHAa — OCHOBHAA M3 HUX — 3aKJIIOYA4CTCA B U3-
MCHCHUAX KJIIHMMATa, BBI3BAHHBIX PC3KUM ITOXOJOAAHUCM TPHUHAAUATH TBICAY JICT HA3ad U, KadK
CICACTBHUC, IICPCCCICHUC HAPOJOB B Oonee TEMIBIC Kpasd, IIpu KOTOPOM IICPCCCIICHIBI OTOPBA-
JIUCh OT CBOUX IICPBOOCHOB U IMOTCPAIIM MHOI'MC 3HAHNUA, KOTOPBIMHU BJIAACIIN UX IIPCAKHU.

Ouenpb Mano Beicokux [ToCBAIEHHBIX YIIIIU C MEPECENICHIIaMHU, YTO U MOCIYKHUJIO OJHOU
13 OCHOBHBIX IPUYUMH UX «oandanus». CypoBasi Ipupo/ia 3acTaBuia ux 60poThes 3a GU3HUECKOoe
BBDKHMBaHUE U ObUIO UM HE JI0 3BE3/. A KOTJla ONAaCHOCTh MUHOBAJIA, MaJIO YTO OCTAJIOCh OT OBbI-
JIBIX 3HAHUUW, TOJBKO OCKOJIKM UX COXPAHUJIACh B HAPOJHBIX PEAAHUSIX.

«OCKOJNKN» 3TUX JPEBHUX 3HAHUU ObLTN «OOJIBIIMMUY UM «MEHBIIUMI U, KaK CIIEJICTBUE
ATOro, B OOJIbILIEH WJIM MEHbIIEH CTENEHU MPOSBUINCH B (PUIOCO(DCKUX CUCTEMAX M PEIUTHIX
pa3HbIX HapoaoB. C mepeceneHnaMu OTIPAaBISUINCh B TAJbHUE Kpas U XPAHUTENN 3HAHUM, HO B
OOJILIIIMHCTBE CBOEM OHM HE OBLIM BBICOKOTO TIOCBSIIICHUS.

KpOMe TOro, JIOAsAM, OTIIPABUBIIMMCS B HOBBIC 3€MJIM, YaCTO 3ad THICAYN KHJIIOMETPOB OT
cBOcH POI[I/IHBI, BO BpCM: IICPCXOA0B IMPUXOAUIIOCH CTAJIKUBATLCA CO MHOTHUMH TPYIAHOCTAMMU:
rojJIogoM, IMpupoOAHbIMA CTUXUAMU, OTPAKCHUCM HaHaI[eHI/Iﬁ APYyrux HJ'IeMéH, COBCpIIATh Halla-
ACHUA CaMHUM.

Jlaxxe B Te BpeMeHa MHOTHE YAOOHbBIE JJIs1 KU3HU 3eMJIM ObLITN 3aHATHI U HAMTHU CBOOOIHbBIE
3eMJIU ObLIIO HE MPOCTO. B OONBIIMHCTBE CilydaeB MUPHBIM IyTEM UJIH B PE3yJIbTaTe BOMH BHOBb

% Cnaso-Apwuiickue Benpl, «Kuura Ceera», Xapatbs 4, c. 84-85.
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MIPUIIEIIITNE TTOCETSIINCH BMECTE ¢ aOOPUTEHAME, HAXOIACh C TIOCTEIHUMHU B COCTOSTHUU CUMOU-
03a, MOCTEMEHHO CMEIINBAsACh C HUMU. [103TOMY Ha 3TOT NEPUOI OCHOBHBIM SIBJISIIIOCH BEIXKMBA-
HUE, 3HAHHs HE BOCTPeOOBAIMCH BO BpeMs MEepeceNeHHil.

Tonbko Korja mieMeHa nepecejeHleB HaXOAUIN HOBbIE MECTa, MOTPEOHOCTh B 3HAHUSAX
MOSIBJISIIACH BHOBB, B OOJIbIIEH CTETIEHN — B MPHUKJIAJAHBIX 3HAHUAX, MIO3BOJISIONINX MIEpEeCeIeH-
naM o0padaThIBaTh 3€MIIIO, CO3/1aBaTh HEOOXOAUMBIE MPEAMETHI OOMXO0AA U PA3HBIE MHCTPY-
MEHTHI JJIs1 BO3POXKACHUS peMEce, TaK KaK BO BpeMsl IiepecesieHuil oA Opaiy U COXpaHsIHn
TOJIBKO CaMO€ HEOOXOAUMOE.

WNHora mpoxXoauiiy Tojbl, AECATUIIETHS], T0KA MepECENICHIIaM YaBajloCh HAUTH KeTaeMoe.
[ToaTOMy 0OyueHHEe HOBBIX HOCUTEJICH 3HAHMSI, HOBBIX JKPEIOB HE MOTJIO ObITh MOJHOLICHHBIM.
B pesynbrare 3TOro0, n3HauagbHbIE 3HAHUS YaCTUYHO TEPSUIMCh, YACTUYHO BUIAOU3MEHSIIUCH U,
KaK CIIE/ICTBUE, B OOJIBIIMHCTBE CITy4aeB MOCTENEHHO TpaHCc(hopMupoBaiuch B Gpuiocohceko-mMu-
(donoruueckue yuyeHusi. AHAJOTUYHBIE SIBIICHUS MPOUCXOAWIN U B PE3YyJbTaTe BOCHHBIX MOXO-
TIOB.

Bcenencteue x'Apuiickoro noxoaa B dpasuauto (dpesusiss Uuaus) B 2691 roay a0 p.x. u3
benoBoabs, KUBYIIUM IJIEMEHAM — APAaBUAAM U HaraM — C MOKOPEHUEM ObLINA MPUHECEHBI U
3HAHMS, KOTOpPbIE, B BUAOU3IMEHEHHOM (hopme, cTtanu pyHAamMeHToM ¢unocodpun u Mudoaoruu
Nupnu:

<JZpyzaue sce Poowvt Pacel Benukoii
paccenamces no ecemy auky Muozapo-3emnu
u nepeiidym 3a Xumaeam-zopbt...

u Hayuam Jj1o0eil ¢ Koxceii yeema Mpaka
Myopocmu Mupa Cuanui...

abvl npekpamunu oHu npunocums
JHcepmenl cmpauinvle, Kposaewle,

ceoeil bocune — Yépnoii Mamepu

u 3meam-/[paxonam uz Mupa Haeu,

a oopenu nogyrw boicecmeennyro Myopocmow
u Bepy...

BnocneacTBuu, 4acte MyApbIx u3pedenuii u3 Myapoctu Mupa CusiHui BOLLIITM B COOPHUK
oA Ha3BaHueM Pur-Bena, KoTopelil coxpanwics Ha teppurtopun Muaauu. B apeBHEenHIniickoM
oO1iecTBe chopMupoBaiach cucteMa BapH, a mo3iHee KacT — 3aMKHYTBIX COITMAIbHBIX 00pa-
30BaHMM, 00BEUHSBIINX JIFOJIEH CTPOTO OMPEACIEHHBIX TPO(ECCHil, UCKITIOUABIINX MEPEX0]T U3
OJTHOM KacThl B IPYTYIO U 3alpeliaBIInX MEKKacTOBbIE OpaKu.

[lepBoe MecTo B cOlMaIbHOM MepapXuu MpUHAJUIekKANI0 OpaxmaHam, T.€. )Kperam, 0ObIYHO
COYETABIIMM B JAPEBHOCTH (DYHKLIMU CBALICHHOCTYXUTeNeH ¢ pyHKIMeH y4EHBIX; 3aTeM, LN
KIIATPUU — BOCHHO-aIMUHUCTPATUBHAS 3HATh; BalIIbH — CBOOOJHbIE WIECHBI OOIIMHBI, 3aHU-
MaBIINECS 3EMIIEACIIMEM, PEMECIIOM U TOPIOBJIEH, KaK B TOPOJAX, TAK U B ICPEBHIX.

Otu Tpu BapHbl BO3HMKIM B mpouecce (GOpMHPOBAHUS KIIACCOB Yy APHUMCKUX TIEMEH

4 CrnassiHO-Apwmiickue Benbl, « Knura myapoctu Ilepynay, Kpyr Ilepssiii, Canbtus 5, c. 39.
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(x'ApwuiineB u na'ApwuiilieB), B TO BpeMs, KaK 4eTBEpTas BapHa — BapHa IIyp, Ky/Ja BXOJWIN
HEIOJIHOIIPABHbIE OOIIMHHUKH, Ha JOJIIO KOTOPBIX JOCTABAINCH CAMbIE HEMPHUSATHBIE BUIBI
TpyZaa, 00pa3oBajach, IIaBHBIM 00pa30M U3 MECTHBIX IJIEMEH, IPABHUIOB U HATOB, TOKOPEHHBIX
apusMU, B XOJ€ BOCHHBIX JICCTBUM.

JlpeBHecnaBsiHckue Benpl monoxuim Havyano guiocodcekoit Tpanuuuu B peuenn Unaum.
B unnuiickom BapuaHte Beabl cOCTOST U3 4eTHIPEX COOPHUKOB TMMHOB (CaMXUT), IECHOIIEHUM,
Maru4ecKux 3akJIMHaHUM, MOJIUTB U T.1.: Pur-Bensl, Camasensl, AmxypBensl n ATxapBaBesl
(mu ATXapBaHTHPACHI).

Kaxnprit u3 3TX cCOOPHUKOB CO BpeMEHEM 00pacTal pa3IMYHbIMU KOMMEHTApUSIMHU U J10-
MOJIHEHUSIMH PUTYaJIbHOTO, Marudeckoro, ¢puiaocodckoro nopsaka — bpaxmanamu, ApaHbs-
KaMH, Y TaHUIIAJaMu.

CoOctBenno, ¢punocodckue Bo33penus [pesueit Muanu Hanbosee MoaHoe OTpaKEHUE Mo-
JYy4WIA B YNaHUIIagaxX, HO epBbie MpoOaecku GUIocoPCKOro moaxoaa K AeMCTBUTEIbHOCTH
MPOCJICKUBAIOTCS YK€ B COOPHUKAX BEAMYECKUX TMMHOB, OCOOCHHO B JPEBHEUINIEM U3 HUX —
Pur-Bene®:

7. [Kocmozonuueckuit cumnf

Tozoa He 0bL10 HU cyuiezo, HU Hecyuie2o;
He 6b1110 HU 8030yuiH020 npocmpancmaea,
HU HeOa HAO HUM.

UYmo 6 osuscenuu ovino? Ioo uoum nokpogom?
Yem Ovi1u 60061, Henponuyaemwvle, 2iydoxue?

Tozo0a ne ovi10 HU cmepmu, HU deccmepmus, He ObLIO
Paznuuus mexncoy Houvto u Oném.

be3 oynosenusa camo coooii ovuumano Eounoe,
U nuuezo, kpome nezo, He owlno.

Buauane moma ovi1a cokpeima momoio,
Bcé amo [6vL10] Hepaznuuumo, mekyue.

Om eenukozo 3anaca 3apoounoce Eounoe,
IHokpeimoe nycmomoii.

U nauanocv[mozoaj c ycenanus, — oHo
buino nepevim cemenem muicau.

Ceasky cywiezo u necyuyezo
Omuickanu, eocnpuemns 6 cepoye, npo3op.iusvie
Myopeubl.

Bepev ux npocmépma nonepék. boino u
Buu3y [umo], 6v110 1u 6éepxy?

Hocumenu cemenu ovinu, cunwl ovtau. Boscoenenue —

® «JlpesHennaniickas Gpunocopus. Havansneiii nepuoay. [epeBon ¢ canckpura. M,. 1963 r.
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Buus3y, ycunua — eeepxy.

Kmo noucmune 3naem, kmo menepo 0vl nogeoal,
OmKyoa 603HUK10 3mM0 Mupo3oanve?

bozu [nosasunuce] nocne comeopenus ezo.
[Ho] kmo sce 3naem, u3 ue2o oHo 603HUKN0?

U3 yezo 603HUKI0 IMO MUPO30aHnbe, CO30a1 iU
[Kmo ezo] unu nem?

Kmo eéuoen smo na evicuuem neoe,
Tom noucmumne 3naem. [A] ecnu ne 3naem?

Emé Gonee nHTEpecHO MpOCIeaUTh 3a oTpaxeHueM B CrnaBsiHo-Apuiickux Begax ucropun
Aunnantuast u Erunrta. U, onste-Taku, 00 3ToM roBoputcs B Begax:

...Benuxkoe Iloxonodanue npunecém eemep
oa'Apuiickuil na 3emnro curo u Mapena na mpema
Jlema ykpwvieamu o0yoem eé ceoum benvim Ilnauwiom.

He 0yoem nuwu 1100am u 3#cu0OMHbIM 80 8PEMA
cue u naunémcsa Benukoe Ilepecenenue
nomomkoe Pooa Hebecnozo 3a zopwvt Puneiickue,
Kou 3auuuiaiom Ha 3anaoHslx pyoestcax
Ceamyio Paccenuio...

H o01idym onu 0o Benuxux Boo,
Oxkeana-mopsa 3anaonozo,

u nepenecém ux Cuna Hebecnas,

Ha 3emato bezoopoodwvix nwoeii,

¢ Koxceit yeema naamenu Ceauennoz2o Ozus.

Beauxuiit Boicob nocmpoum 6 3emne moii
Kanuwe Tpe3youa boza Mopeii.

U o6yoem Huit — boz Mopeii
nocwliame um de3cuémnule 0apuvl C6ou,
u cmanem 3awjuuwiams 3emau ux om Cmuxuii 31a...

Ho eeauxuii oocmamok
omymanum 20J106bl 6odicoell u HCpeuoe.
Benukas Jlenv u scenanue uyHcozco saxeamum pasym ux.

U naunym onu nzamo bozam u n10oam,

U CIAHym JCUmMb NO C6OUM 3AKOHAM,
napywasn 3aeemut Myopuix Ilepeonpeokos
u 3axonwvl boza-Teopya Eounoco.

H oyoym ucnonvzoeamb

Cuny Cmuxuiit Muozapo-3emau

07151 0OCMUIICEHUA CEOUX Ueell...

U pasenesaiom onu 0eaHuAMU C6OUMU
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Husa — Benuxozo boza Mopei...

U ynuumoosrcum Huit u Cmuxuu 3emiro my,

u ckpoemcs oHa 6 2nyounax Beauxkux Boo,

mako ce Kak ckpuliace 6 /[pesnue epemena

6 21younax cegepuvix 600 — Ceawennan /laapus...

bozu Pacwvt cnacym nooeii npageonvlx
u Cuna Hebecnan nepenecém ux na 60cmox,
6 3emnu arooeii ¢ koxceil yeema Mpaka...

a be3oopoowix niooeit,

¢ koxcent yeema naamenu Ceauennozo Ozus,
nepenecém Cuna Benukas 6 6e3xpaiinue 3emnu
Ha 3axo00e Apuna-Coanya nexcawjue...

JT100u ¢ koxceii ygema Mpaka 6yoym nouumamsop
nomomkoe Pooa Hebecnozo 3a bozoe...
u 0yoym yuumocsa y HUX MHO2UM HAYKAM.

JT100u u3 Benukoit Pacwo

nocmposam Hoevle I padvt u Kanuwa,

u Hayyam niodeil ¢ Koxceii yeema Mpaka
8bIPAUUEAM b 3/1AKU U 080WU...

Yemuwipe Pooa Pacvl Beaukoii cmenasn opyz opyza,
0yoym ooyuams /[peeneit Myopocmu noewvix Kpeuoe...
u cmpoums Tpupanwvi-I pooHuuysl,

6 suoe I'op pyxomeopnuix, uemuolpéxzpannvix®...

[uBunuzarus Muguaeckol ATIaHTHIIBI, Kak € Ha3bIBAJIM IPEBHUE IPEKHU, COTIACHO JaH-
HOMY TIPEJIaHNI0, BO3HUKIIA B pe3yjIbTaTe nepecerneHus mieMén AHTOB 3 benoBoabs Ha 001b-
oM ocTpoB B 3anagHoMm OkeaHne-Mope — ATIAHTUYECKOM OK€aHE — U CO3JaHUs TaM €Ul Of1-
HOT'0 oYara IMBUJIA3AIUH.

B nanpHeimeM nepecesneHibl CTalau Ha3blBaTh CBOKO HOBYIO PoninHy AHTNaHb, T.€. 3eMIEN
AHTOB. DTO Ha3BaHHe, Ojarojaps JAPEBHUM Ipekam, nMpeoopasyercs B ATIAHTUAY U MO dTUM
MMEHEM COXpaHUTCs B uctopuu. B cBoux Tpyaax, [lnaron ynomunaer 06 ATIaHTHAE U U31araet
MHEHHE O TOM, YTO C THOeNbI0 ATIaHTH bl TOTUOIM JlpeBHue 3HaHus. ATIAHTH]Ia OMYCTUIIACh
Ha OKEAaHCKOE JHO B pE3yJIbTaTe MPUPOJIHBIX KAaTAaKJIN3MOB. Pacnonaranace ATiIaHTHAA K 3anay
oT ceBepa Adpuku.

[ToaTBepkaeHNEM MPABUILHOCTH JTOTO CIYKHUT 3arajka ¥ (akT CyIeCTBOBAHHS TaWH-
CTBEHHOTO Hapoja ['yanuu, 0OHapyKEeHHOTO MOPTyTraiabllaMH, KOT/Ia OHU, B OYEPETHOM pa3, OT-
kpbutn Kanapckue ocTpoBa, Ha KOTOPBIX, K CBOEMY YAMBICHHUIO, OOHAPYKUIH OETOKOXKHX a00-
PUTEHOB, KOTOPHIEC TI0 CPABHEHUIO C HU3KOPOCIBIMH MOPTYTATbIIAMH BBITJISICIN TUTAHTAMH CO
CBOUM JIByXMETPOBBIM POCTOM.

® Cnapsno-Apuiickue Benpl, «Knura myapoctu [epyna», Kpyr [epsoiii, CanbTus 5, c. 38.
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Otu roay0oria3sie U CBETIOBOJIOCHIE TUTAaHThl 0OuTanu Ha KaHapckux ocToBax, HO HUKO-
r7ia He JIOCTUrajin aQpuKaHCKOTO KOHTUHEHTA, PA3IMYUMOTO B XOPOIIYIO IOTO/IY C 3TUX OCTPO-
BOB. IHTepeceH U TOT (akT, YTO MOPTYTalblbl OOHAPYKUIU HA ITHUX OCTPOBAX M OJMYABIINX
JOMAIIIHUX >KMBOTHBIX. CKIIabIBAETCS BIICYATIICHUE, YTO I'yaHYU ObLIM IOTOMKAaMH JIFOJEH, BbI-
OpOILIEHHBIX BMECTE C CO CBOMM JOMAIIHUM CKOTOM Ha HEOOWTaeMBbIi OCTPOB, I'Jie OHU CO Bpe-
MEHEM OJIYali UJTH, 10 KpaliHel Mepe, yTpaTuiau OOJIbIIMHCTBO 3HAaHUH, KOTOPBIMH 00JIajallu.
WX s13pIK ObUI COBEPIIIEHHO HE U3BECTEH MOPTYTajbliaMm.

K coxanenuro, arpeccuBHasi MOJIUTHUKA MOPTYTAJbIEB MPUBENIA K TOMY, YTO CBOOOI0JIF00H-
BbIE I'yaH4U ObLIIM YHUYTOKEHBI COJIIATAMU MJIU MOTUOIM OT O0Jie3HEel, 3aBe3EHHBIX Ha OCTPOBA,
Y KOTOPBIX OHU HE 3HAIH. HTEpEeCHO U TO, YTO HapaBHE C MYXYMHAMU CPAXKAIUCh U )KEHIIUHBI,
KOTOpBIE MPEOWIN CMEPTh pabCTBY. B pe3ynbTaTe BCero 3Toro, ou4yaBIiIne NOTOMKH ATIIaH-
TOB TMOJIHOCTBIO HUCUE3JIU U YHECIIU ¢ cO00H emié oaHy TallHy UCTOPUH.

Te ke, KTO BCE-Taku AOCTUT a)pUKAHCKOTO KOHTUHEHTA, JOCTUTHYB HU30BUM Huna, co-
3/1aJTM HOBYIO IMBIJIM3ALINIO0 — [MUBMWIM3AIMIO JpeBHero Erunta. M3 npeBHEeernneTcKkux npeaa-
HUM U3BECTHO, YTO ATa CTpaHa Oblja OCHOBaHA AeBATHIO benbimu boramu, npummeammumu ¢ Ce-
Bepa. [y HerpouiHoro HaceneHus apeBHero Erumnra, 6€10KoKHUe MPUIIEbIIbI, TOCBSIIEHHBIC
B /[peBHME 3HaHMs, HECOMHEHHO, ObLIH, Kak boru.

Hpnmenbum HE TOJIBKO INIOAYHMHUIIN cebe HCTPOUAHBIC IIJICMCHA I[peBHero EFI/IHTa, HO U
Hay4YUJIM UX MHOT'OMY: YMCHHIO CTPOUTD JKUIBE U XpaMbl, BJIAJICTb TEXHUKOM 3EMIICACIINA, KH-
BOTHOBOACTBY, OPOIICHHUIO, peMécnaM, CYAOBOXACHHUIO, BOCHHOMY HCKYCCTBY, MY3bIKC, aCTPO-
HOMMHU, IIO33UHU, MCIUIHNHC, CCKPCTaM 6aJ'II>3aMI/IpOBaHI/I$I, HCIIOJBb30BAaHHIO ITOJIC3HBIX HMCKOIIAC-
MBIX, TalHBIM HayKaM. COSI[&HI/I KaCTOBYIO CUCTCMY, HHCTUTYT KPCUCCTBA U HHCTUTYT (bapaOHa.

JIx00O0MBITHO M TO, YTO BCE, MEPEUUCICHHOE BBIIIIE, MTOSIBUJIOCH CPa3y, OJTHOBPEMEHHO, a HE
OBLIIO Pa3BUTO MOCTEIIEHHO, KaK JIOJDKHO ObLIO ObI OBITh, B CIydae IMOCTEIIEHHOT'O Pa3BUTHS 111~
BWJIM3AIlMU. A 3TO TOJIBKO MOATBEPIKIAET MPUBHECEHHOCTD 3TUX 3HaHUU. Kpome Toro, B HacTo-
d1ee BpeMs JOKa3aHo, 4To mnepBble yeThipe nuHactun Papaonos JIpesHero Erunra Obuin Oe-
JTBIMHU JIFOAbMU. MccriefoBaHNe HAIEHHBIX MyMUM NIEPBBIX JUHACTUNA NOATBEPKIAET 3TO HECO-
MHEHHO.

Takum oOpazoM, peBHHUE MU(DBI MOTYYAIOT HAYYHOE MOATBEPKACHUE CBOEH pEeaTbHOCTH,
4TO AA€T OCHOBAHUE CUUTATh, UTO U APYyrve MUQBI, BIIOJHE BO3MOXHO, UMEIOT MO COOOM pe-
anbHbIE (PAKTHI.

WNuTtepecen u apyroit pakT ApeBHEETUIIETCKONM HUBUIIM3ALMH — 332 MHOTHE ThICSUH JIET CY-
LIECTBOBAHUS, 3Ta LIMBWIM3aLMs HE co3Jana Hu4Yero Hoeoro. /[pesHue 3Hanus benbix boros
IIPEBPATUIINCH IS IOTOMKOB B CBSITBIHM, OXPAHEMBbIE KACTOU KPELOB — 3HAHMS IIPEBPATUIINCH
B 10rMbl. JKperpl TOJIBKO NEpeaaBagyd HOBBIM IIOKOJIEHUSM 3HAHUs, KOTOPBIE CAMH B CBOIO O4e-
penp, NOIYYUIIN OT CBOMX YUUTEIIEH.

JIro6as momnbITKa 4TO-HUOYIh U3MEHUTH BOCIIPUHUMAJIACh, KAK KOIIYHCTBO; YBOTIOIIMOHHOE
pPa3BUTHE ETUTIETCKON IIMBUIIM3AIIMN ObLIO «3aMOPOKEHO» KpEIlaMu Ha MHOTHE ThicsiueneTust. 1
ATOT MPUCKOPOHBIN (PaKT cTal OCHOBHON MPUYMHON YHUUTOXKEHUS €TUIETCKON ITUBUIIM3ALIUU.
Ho nepen Tem, kak moruOHyTh, OHA OpOCHIIa CBOM CEMEHA 3HAHUN B OJIAar0IaTHYIO MTOYBY CBOMX
coceiel.

Tatinble 3Hanus u3 Erunrta nonanu B peBHioro ['pernuto, Hayunbie Tpyasl Gunocodos u
K ornasnexHuto 27




Huxonaii JIeBamos «Heonunopoanas Beenennas»

yu€HBIX KOTOpBIX coxpanuna Uctopus. K coxanenuto, orpoMHOE YHCIIO JPEBHEETUIIETCKUX Ma-
HYCKPHUIITOB, IEPraMEHTOB, KOTOPbIE Hayall coOnpath emé Anekcanap MakeaOHCKUN U €ro CIio-
JIBMKHHUKY 11ocsie okopeHus: Erunra, morubau Bo BpeMs mokapa AJeKcaHApUNHCKON Onbimo-
TEKH, yCTPOCHHOM (paHATUYHBIMU XPUCTHAHAMH.

EnamHCcTBEHHOE, YTO COXPAHMIOCH /10 HAIIErOo BPEMEHH, TaK ATO MOTUILHUKH (DapaoHOB U
3Hatu Erunra, 1a v T0, TOJBKO HOTOMY, YTO OHU OBLIX TIIATEJIBHO COPSITAHBI, @ TOTOM U 3aChl-
naHel neckamu. IMeHHo noatomy uctopusi Erunra uzydanack ToJbKO Mo (ppeckam U HAAMHUCIM
B TUpaMKIax U MOTHWIbHUKAX. IMEHHO MO3TOMY MaJio UTO U3BECTHO O *KU3HU KUBBIX JIpeBHETO
Erunta, 06 ux ¢punocopckux u HayqHbIX MPEICTABICHUSIX.

Becbma nmo0onbiTeH U TOT PakT, uto CnaBsiHo-Apuiickue Pynsl u Erunerckue Uepornuds
MUMEIOT MHOTO OOIIETO, @ HEKOTOPbhIE U3 HUX — MPOCTO TOXKAECTBEHHBI... TakuM o0Opa3om, npak-
TUYECKU HE OCTAJIOCh CBUIETENHCTB O (hrstocopuu U HayuyHOU Mbiciau JIpeBHero Erunta, ToibKo
TalHbIC XPAHWINIIA MAHYCKPUITOB, CO3/IaHHBIX XPAHUTEIAMU TaliH, N30€Kalli y4acTu ObITh CO-
AOKEHHBIMU, HO U JI0 CHUX MOP OHU HE U3BECTHBI IIUPOKUM MaCCaM.

DT MaHyCKPUNTHI CTAIX OCHOBOM CO3JaHUsI MPAKTUYECKU BCEX TaWHBIX OOIECTB — poO-
3€HKPEULIEPOB, MIUTMMIOHAPUEB, MACOHOB U T.J. Tem He MeHee, 3HaHus ApeBHero Erumnra He nc-
4e3/1M OecclIeIHO, a HALUIM CBOE MPOJIOJIKEHUE U pa3BUTHE B APEBHErpedecKon punocodpun.

JlpeBHerpedeckas ¢punocodus BO3HUKIIA HE COOCTBEHHO B ['peniun, He Ha bankaHckoM mo-
JyOCTPOBE, & HA BOCTOYHOM OKpaWHE TPEYECKOro MUpa — B MOHUHCKUX FOpojax 3amnaiHoro mo-
Oepexbs Manoit A3un, OCHOBaHHBIX TPEKaMU U Pa3BUBIIKUX PaHbIIIE, YEM HTO MPOU3OIILIO B ca-
Mot ['pernu, paboBIafeNbueCKyl0 MPOMBIILIEHHOCTh, TOPTOBIIIO U BBIPOCIIYIO Ha UX OCHOBE

IyXOBHYIO KYJIBTYDPY.

Ota KyJIbTypa co3/1aBajiach MO/l BIUSIHUEM 00Jiee IPEBHUX BOCTOYHBIX IIUBHIIH3AIM BaBu-
noHa, @uHukum, Erunra. [lepBeie MmaTepranucTuyeckue yueHust BOZHUKIN B Muere, KpyIlHen-
meM B 6 B. 10 H.3. U3 MAJI0A3UATCKUX IPEYECKUX TOPOAOB, HA TpaHu 7-6 BB. 0 H.3. B HEM xun
Y CO3/1aJIA CBOU IIKOJIBI ITOCTIEI0OBATENBHO TpH MbIciuTes: Danec, AHAKCUMaHAp U AHAKCUMEH.

3agaBIIMCh BOIIPOCOM O TOM, OTKYZAa BCE BOBHUKAET M BO UTO BCE MPEBPAILAETCS, OHU UC-
KaJIM Ha4yaJo MPOUCXOKICHHS U U3MEHEHHUS BCeX Belen. [Ipu 3ToM, OHM MOHUMaH IepBOBEILIe-
CTBO, HE KaKk MEPTBYIO U KOCHYIO MaTEpHIO, a, KAK BEIIECTBO, )KUBOE B LIEJIOM U B YACTSX, HAJIE-
JEHHOE OYIIOW U JBUKEHUEM.

®danec (koHel| 7-ro — mepBasi MOJIOBUHA 6-TO B. A0 H.J.) ObUT AesiTeNeM, COSIUHUBIITUM
HMHTEpEC K 3ampocaM NPaKTUIECKOM )KU3HU C IITyOOKUM HHTEPECOM K BOIIPOCAM O CTPOSHUU MHU-
po3aanusi. OH ObUT THAPOUHKEHEPOM, Pa3HOCTOPOHHUM YYEHBIM U MBICIUTEIEM, U300peTaTe-
JIeM acTPOHOMHUYECKHX nprOopos’. Kak ydéHbIM, OH MMPOKO IpociaBuics B I'pemun, cuenas
yIadHOe TIPeICKa3aHrue COJTHEUHOTO 3aTMEHMsI, HaOmoaaBierocs B ['peruu B 585 1. 10 H.O.

s sToro npenckazanus Panec UCNONb30Bal NOYEPHHYThIE UM B Erunre actpoHoMuue-
CKHE€ CBEJICHHUS, BOCXOJAIINE K HAOIIOIEHUAM U 0000IIEHUSIM BaBUIIOHCKOW HAayKH, YTO SBJISI-
€TCs KOCBEHHBIM MOATBepxkAecHueM Hannuus B J[peBHeM Erunte HayuHbix 3HaHui. CBOM reo-

"B.®. Acmyc. «AnTHuHas Gunocodussy». YaeObnoe nocodue, ¢. 24. Usn. 2-e, non. M., «Beicmas mkoma», 1976 T.
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rpaduyeckue, acTpoHOMUYECKHe U (puznueckue no3Hanus dasec cBs3an B CTpoitHoe (punocod-
CKO€ IPe/ICTaBJICHUE O MUPE, MATEPUATUCTUIECKOE B OCHOBE, HECMOTPS Ha SICHBIE ClIeIbl MU(O-
JIOTUYECKUX NPEICTABICHUN.

®danec roJaraj, 4To CymceCTBYIOICC BO3ZHHUKIIO U3 HCKOCTO BJIAKHOI'O IICPBOBCIICCTBA, I
«BOJBI». Bc€ mocTosiHHO poOKaAaACTCA U3 3TOIr0 CANHOIO MCTOYHHKA. Cama 3emis ACPKUTCA Ha
BOJZIC U OKPY’KCHaA CO BCCX CTOPOH OKCAHOM. Omna Hpe6BIBaCT Ha BOJAC, KaK JUCK WJIX JOCKa, IlJ1a-
Baromiasda Ha ITOBCPXHOCTH BOJOEMA.

B 10 ke Bpems1, BEIIECTBEHHOE MTIEPBOHAYAIIO «BOJIbDY U BCS MPOUCIHIEIIAs U3 HEE MPUPOa
HE MEPTBBI, HE JIMIICHBI OylIeBIEHHOCTH. Bo BeenenHoit — BcE HamoigHeHO 00KeCTBEHHOMU
CYIIHOCTBIO, BCE oaymieBiieHo. Dajecy MPUHAJICKUT MOMBITKA pa300paThCsi B CTPOSHUH OKPY-
xarouie 3emiiio BeeneHHol, onpeaennTh, B KAKOM MOPSAJIKE pacIiooXeHb], 0 OTHOIIEHHUIO K
3emie, HebecHbIe cBeTuna: Jlyna, Comnile, 3BE3IBI.

B stom Bonpoce danec onupaics Ha pe3yabTaThl BABUIOHCKOW Hayku. Ho oH nipencraBisin
MOPSIIOK CBETUJI 0OPAaTHBIM TOMY, KOTOPBIH CYIIECTBYET HAa CAMOM JIEJIE: OH MOoJlarall, 4To OJIKe
BCEro K 3eMJie€ HaxoJATCs, TaK Ha3blBaeMOE, HEOO HEMOJBHMKHBIX 3BE3[, a JaJbIIE€ BCErO —
Connie. Ota ommbka Oblia UCIIPaBIICHA €r0 MPOI0IKATEISIMU.

Ero coBpeMeHHHK, AHAKCUMAH/IP®, IPU3HAJ €IMHBIM U MOCTOSHHBIM UCTOUHHKOM POKJIE-
HUSI BCEX BElIEH y)Ke HE «BOAY» M BOOOIIIE, HE KaKoe-TM0O0 OTJIEILHOE BEIIECTBO, a IEPBOBEIIIE-
CTBO, U3 KOTOPOTO 000COOJISAIOTCSA MTPOTUBOMOIOKHOCTH TEMIOTO U XOJIOJHOTO, JAI0IIUE HAYaIo
BCEM BelIeCTBaM. DTO MEPBOHAYAIIO, OTIUYHOE OT OCTAIBHBIX BEUIECTB (1, B 9TOM CMBICIIE, HE-
onpenenéHHoe), He UMEET TpaHull U MOTOMY eCTh «OectpeaenbHoey. [1lo 06ocobneHnn u3 Hero
TEIMJIOTO U XOJIOJHOTO, BO3HUKJIIA OTHEHHAs 000JI04Ka, O0JIEeKIIas BO3yX HaJl 3eMJIIEH.

[IpuTekaromuii BO3yX MPOpBaJl OTHEHHYIO 000J0UKY U 00pa3oBaj TpH KOJbIla, BHYTPU
KOTOPBIX OKA3aJI0Ch 3aKIIOYEHHBIM HEKOTOPOE KOJMYECTBO MPOPBABIIETOCS HAPYKY Orud. Tak
MPOU3OIILIN TpH Kpyra: kpyr 3BE€31, Connna u Jlynsl. 3emus, mo gopme mogoOHas cpe3y Ko-
JIOHHBI, 3aHUMAET CEPEIMHY MUPA U HETIOJBUKHA; )KUBOTHBIE U JIFOJU 00Pa30BAIUCH U3 OTIIOXKE-
HUM BBICOXIIIETO MOPCKOTO JAHA U U3MEHUIN (OPMBI, IIPU MEPEX0/ie Ha CYIIY.

Bcé 0b6ocobuBIIeecs oT OecrpeebHOro JOMKHO, 32 CBOIO «BUHY», BEpHYThCA B Hero. [1o-
TOMY, MUP — HE BEUEH, HO, 110 Pa3pyLICHHUIO €T0, U3 OECTIPEETHFHOTO BBIICISETCS HOBBIM MHUD,
Y 3TOM CMEHE MUPOB HET KOHIIA.

[Mocnequuii B pamy MUIETCKHX (GuinocooB — AHaKCUMEH’, TOCTUTINHI 3PEIOCTH, KO Bpe-
MEHHM 3aBOeBaHus1 MuieTa rnepcaMu, — pa3BUJl HOBBIE IpeAcTaBieHus o mupe. [IpunsaB, B kaue-
CTBE IIEPBOBEILECTBA, BO3/1YX, OH BBEJ HOBYIO U BaXKHYIO UJCIO O IPOLIECCE PA3PEKEHUA U CTY-
HIEHUSI, TIOCPEICTBOM KOTOPOTO, U3 BO3yXa 00pa3yroTCs BCE BEIlECTBA: BOJA, 3€MJIsl, KAMHU U
Or'OHb.

«Bo3ayx» nist Hero — ApIXxaHue, OOHMMAroIee BeCh MUP, MOJ00OHO TOMY, KaK Halla JTyIia,
Oyayuu nbIxanuem, nepkuT Hac. [1o mpupose cBoei, «Bo3ayx» — poJ1 mapa Wi TEMHOTO o01aka
Y CPOJIHU MyCTOTE. 3eMIIsl — IUIOCKUI IUCK, MOJAEPKUBAEMbIN BO3/IyXOM, TaK ke, KaK Mapsiiue

8 B.®. Acmyc. «AnTuuHas punocodusy. YuebHoe nocobue, c. 25. Usa. 2-e, non. M., «Bbicias mkonay», 1976 r.
9 Tam e, c. 26.
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B HEM IIIIOCKHUE, COCTOAINME N3 OI'HsA, JMCKHU CBCTUII.

AHaKCHMEH HCIPaBWII yueHHEe AHAKCUMaHApa O MOPSIAKE PACHOIOKEHHSI B MUPOBOM IPO-
ctpanctBe Jlynsl, Comnnia u 38€31. COBpEMEHHHUKH U MOCIEeAYIOIIHe Tpedeckue Gpumocodsl mpu-
JaBanu AHAKCUMEHY 3HauYeHue OoJbllee, 4eM APYTUM MUJIETCKUM (ritocodam.

AHanu3upys npeacTaBieHus 3TuX GuiocodoB o MpUpoIe, HEBOJIBHO OpOcaeTcs B Ii1a3a TOT
(bakT, 4TO KAkl U3 HUX MOYyYNJI 3HAHMSI HE IIeJIbHBIC, a OTPBIBOUHBIE. W, NCTIONB3YsI KasK bl
«CBOI1» OCKOJIOK, MBITAIUCH TOCTPOUTH CBOIO KapTUHY MHUpo3aaHus. HemonHnoTta, He3aBepéH-
HOCTh M3HAYaJIbHOTO (yHAMEHTA, Ha KOTOPBIA OHM OMHPAIHUCH, IPUBOANIA K OJHOOOKOCTH,
CHJIbHOMY UCKQ)KCHHIO KapTUH MUPO3JaHUs, MU CO3/1aBaEMBIX.

Becbma MHTEpecHbI KOCMOJIOTHYECKUE MPECTABICHUS DMIIEIOKIA, AeATEeIbHOCTh KOTO-
poro npotekana B Akparante (Arpurente) Ha Oepery Cunpiinu B 5 B. 710 H.3. CorjlacHO KOCMO-
JIOTUX DMIIEJIOKIIa, BOKPYT 3eMJIM CYIIECTBYIOT JBa Bpalarommxcs noxymapus. OQHO U3 HUX
COCTOUT LIEJIMKOM U3 OTHS, IPYTrO€, CMEIIAaHHOE, COCTOUT U3 BO3AYyXa U U3 IPUMECH HEOOJIBILIOTO
KOJINYECTBA OTHSI.

DTO BTOPOE MOyIIapue TPOU3BOIUT CBOMM BpallleHUEM sBjieHue Houu. Hauano nBrxkeHus
MPOU30ILIO OT HAPYILICHUS paBHOBECHS, BCIEACTBUE NMpUcoeauHEeHUs OrHs. COoriacHO acTpOHO-
MHYECKOU Tumnore3e IMneaokia, ConHie, 1o CBOEH MpUpPOaE, HE OTHEHHOE. JIHEBHOE CBETHUIIO,
BUIMMOE HAMM KaXJbli J€Hb HA HEOECHOM CBOJI€, €CTh, MO0 DMIMEAOKIY, TOJBKO OTpaKECHUE
OTHSI, MOJIOOHOE TEM, KOTOpbI€ OBIBAIOT HA BOJE.

Jlyna oGpa3oBajnachk U3 BO3[yXa, YBICUEHHOTO OTHEM. DTOT BO3AYX CTYCTHJICS HaBEpXY,
Harnoao6ue rpajga. Ceetut JlyHa He coOCTBEeHHBIM cBeTOM, a ucxonasimum ot Comana. ®opma
MHUpPO3JaHUsl — HE IIAPOBUHA, B TOYHOM CMbIciie. Mup mpubiuxaercs, mo cBoeil opme, K

Iy, JIEKAMEMY B TOPU30HTAILHOM HOJIOKEHUH ™,

OH npeacTaBiisy, YTO 3BE3/bI MPUKPEIUIEHBI K TBEPAOMY KPUCTAINIOBUAHOMY HEOECHOMY
CBOJy, IJIAHETHI )K€, ABMXKYTCSI CBOOOJIHO. DMIEIOKI YK€ SICHO OTJIMYal IJaHEeThl, UMEIOINe
BUJIMMOE JIBU>)KEHHUE M0 OTHOLIEHUIO K OKPYKAIOIIUM HX 3BE311aM, OT BUIMMO HETIOJBHKHBIX, T10
OTHOLIEHHUIO IPYT K APYTY, 3BE3.

B3ruan Ha JlyHy, kak Ha Teno, oOpa3oBaBileecs MyTEM CTYIIEHHS BO3/lyXa U, CTAJIO ObITh,
HE CaMOCBETHAIIEEeCs, MOoJIcKazal DMIIEIOKITY OObSICHEHNE COJTHEYHBIX 3aTMeHUM. [Ipuunny nx
OH BHJIEN B TOM, uHoraa TémHas Jlyna 3acionsier coobort CosHue. [ eHnanbHOM, 1Sl TOro Bpe-
MEHH, ObLJIa Iorajka OMIEA0KIa O TOM, UTO CBETY TPeOYyeTCsl U3BECTHOE BpeMsI ISl paclipocTpa-
HEHUS B MPOCTPAHCTBE. DTa JOTA/IKa MOJHOCThIO MPOTHBOPEUUIIA BCEM TOTJIAIHUM IPEJCTaB-
JICHUSIM O MPUPOJIE CBETA.

Bo BTOpO# nosoBuHE S B. 10 H.3., HAa ceBepe [ peunn, Bo Opakuun, MOSIBUIICS HOBBIM LEHTP
pa3BuTHs Hayku U ¢unocodun — ropoa Adaepsl. B HéM npoTekana aestenbHOCT JIeBkumnmna B
€ro 3peiylo Mopy, a Takke, AeATEIHHOCTh JleMOoKpuTa, CO31aBIIMX HOBOE YICHHE — aTOMUCTH-
YECKUU MaTEPUAIIU3M.

Ha3Banue y4yeHus MOKa3bIBaeT, YTO OCHOBHOE (uzmueckoe (1 duiocodckoe) Bo33peHHe

0B.®. Acmyc. «Antrunas punocodus». YuedHoe nocobue, c. 68-69. Usn. 2-¢, non. M., «Beiciuas mkona», 1976
T.
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JleBkumnma u I[CMOKpI/ITa COCTOHUT B T'HMIIOTE3C O CYICCTBOBAHWM HCACIIMMBIX YaCTUIl BCIICCTBA.
FpequKoe CJIOBO «aTOMOC» O3HA4acT. ((H@I[CJ'IHMBIﬁ)), «Hepa3pe3aeMI>n71 Ha 9aCTHu».

[To coobmenuto Cumruims, JIeBkunn u J[eMOKpUT TOBOPHIIM, YTO Hadamna (puznyeckue
AJIEMEHTHI) — OECKOHEYHBI 10 YUCITY, U UX OHM HA3bIBAIM «aTOMaMi» U CUYUTAIIM UX HeIeJH-
MBIMU U HENPOHULAEMBIMH, BCIEACTBUE TOTO, YTO OHU A0COIIOTHO IUIOTHBI M HE 3aKIIIOYAIOT B
ceOe mycToThl. OHU TOBOPHIIM, YTO pa3elIeHUue MPOUCXOIUT, Oarofaps MycToTe, 3aKI0yaro-
1ielicsd He BHYTPU aTOMOB, a B TeJlaX, aTOMBI JK€, OT/EJIEHBI IpYT OT Jpyra B OECKOHEUHOU My-
CTOTE U Pa3IM4aroTCs BHENIHUMU (POPMaMH, Pa3MEPAMH, TIOJIOKEHUEM U MOPSAIKOM ™,

ATOMBI HOCATCS B IIyCTOTE, HACTUTasl APYT Apyra, OHU CTAJIKUBAIOTCS, MPUYEM, I/I€ CIIy-
YUTCSI, OJHU OTCKAKUBAIOT IPYT OT JIpyra, Ipyrue CUEIISIOTCS WK CINIETAIOTCS MEXy COOOM,
BCJIEJICTBUE COOTBETCTBUS (POPM, Pa3MEPOB, MOJIOKEHUH U nopsiakoB. OOpa3oBaBIIMECS COEIU-
HEHUSI JIep>KaTcs BMECTE M, TAKUM 00pa3oM, MPOU3BOAST BOZHUKHOBEHUE CIOXKHBIX Teld. JIes-
KU 1 J{eMOKpuT nosiaranu, 4To OECKOHEYHO HE TOJIBKO YMCIO aTOMOB BO BcelleHHOH, HO U
YKMCJIO BOBMOXHBIX IS Pa3IMYHBIX aTOMOB (POpM, T.€. UX QUTYpP, OUEPTAHUM.

CymiecTByIOT aToMbl CaMOM pa3MyHOM (OpMBI: IIAPOBUAHBIC, MUPAMUIAIbHbIE, HENpa-
BUJILHOM (DOPMBI, KPIOYKOBATHIE U T.I. YKCIIO 3TUX paznuyHbIX popM — OeckoHeuHo. [Jokasa-
TEJIBCTBO OECKOHEYHOI0 Yhcia (pOpM aTOMOB, KOHEUHO, HE MOTJIO OBITh AMIIMPUYECKUM, BCIIE-
CTBUE€ HEBHJIUMOCTHU M HEOCA3AEMOCTH 3TUX (POPM, a TOJIBKO JJOTUYECKHUM.

ATOMHCTBI HE CTaBST BOITPOC O NPUYIUHEC JIBHKXCHHA aTOMOB. Onu HE CcTaBAT €ro, He BCJICA-
CTBHC «6€CKOH€‘IHOCTI/I», KaK IyMaJl O HUX ApI/ICTOTGJ'IB, a II0TOMY, YTO ABHIKCHHUC aTOMOB IIPCI-
CTaBJISICTCS UM M3HAYAJILHBIM CBOMCTBOM aTOMOB. HMGHHO, KaK M3Ha4YaJbHOC, OHO HC Tp€6y€T
00BIACHECHUS IMPUYKNHBI. Ho YUYCHUC O ABMIKCHHUH aTOMOB HC CCTb U IIPOU3BOJIBHOC YTBCPIKIACHHUC
(bI/IJIOCO(l)a O TOM, YTO IIPOHUCXOIHUT B obnacTu YYBCTBCHHO HCBUAHNMOI'O 1 HCBOCIIPHMHHUMACMOTI'O.

Teopust 0 HEBUIMMBIX HAMHU ABUKEHUSAX BECbMa MAJIbIX ATOMOB BHYLIAETCS HAIIEMY YMY
HaAOJIIOJICHUSIMU HaJl TPOLIECCAaMU U SIBICHUSMH, IPOUCXOASIIMMHU B YyBCTBEHHO BOCIIPUHUMAE-
Mot npupoe. Teopust atomusma Bo3Hukia y Jleskunna u JleMokpuTa, Ha OCHOBaHMH HaOIOe-
HUWA M HEKOTOPbIX aHanmoruil. IlpenmeroM sTuX HaOMOAEHHMI OBUTM Takue OOIIEHM3BECTHHIE
(aKTbl, KaKk CHIOCOOHOCTh HEKOTOPBIX TBEPABIX TEJI CKUMATHCA.

Ecnu Tena MOTyT coKpamaTtbes B CBOEM 00bEME, 3HAYUT, OHU COCTOSIT U3 YACTHUL, MEXKITY
KOTOPBIMU UMEETCA IyCTOE MPOCTPAHCTBO, MHAYE, KaK MOTJIM Obl OHM YMEHBIIUTHCS B 00BEME?
B cooTBeTcTBUU € 3TUM, JIeMOKPUT MOSICHS, YTO OO0JbIIAs UM MEHbIIAsE CTENEHb TBEPAOCTU U
MATKOCTU «COOTBETCTBYIOT OOJIbIIEH MM MEHBIIEH CTENIEHU IIJIOTHOCTU U Pa3psKEHHOCTI.

Bce Bemwm u Tena BUIUMOrO0, OIIYIIAEMOr0 MUpPA, COTJIaCHO UX YYEHUIO, BOSHUKAIOT B pe-
3yJbTaTe€ BPEMEHHOTO COCIMHEHUSI HEBUIUMBIX U HEOCS3aEMbIX BEILIECTBEHHBIX YaCTHUII. JTH Ya-
CTHIIBI YK€ HE 00J1a/1at0T, Bpa3pe3 ¢ AHaAKCaropom, MOTEHIIMAILHOMN JAEITUMOCTBIO 10 OECKOHEY-
HOCTH. DTO — YaCTHIIbI, a0COIFOTHO HEJEIUMbIC U TTIOTOMY Ha3bIBa€MbIE «aTOMaMM.

ATOMLI, 10 UX IPCACTABICHUAM, HACTOJBbKO MAJbIC YaCTHIbI BCIICCTBA, YTO HCIIOCPCIA-
CTBCHHO, IIpHW IMOMOIINX YYBCTB, UX CYIICCTBOBAHHNC HC MOKCT OBITH O6H&py>KeHO: 0 HEM MBI

1B.®. Acmyc. «Autnunas punocodus». YuebHoe nocobue, ¢. 138-139. Uss. 2-¢, non. M., «Beiciias mkonay, 1976
T.
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TOJIBKO 3aKJII0O9Y4€M, Ha OCHOBAHHUHU JOKAa3aTCJIbCTB UJIN JIOBOJOB yMa. KocMonorust aToMHUCTOB U
HNX KOCMOTI'OHUS, B CBOUX PA3JIMYHBIX YaCTAX, COOTBCTCTBYIOT PAa3HbIM YPOBHSM PA3BUTHUA aHTHY-
HOU HAayKHU U IIOTOMY, B OTACJIbHBIX CBOHUX YUYCHUAX, JAJICKO HC PaBHOICHHELI.

B HCKOTOPBIX KOCMOJIOTHYCCKUX NACAX aTOMUCTBI HAZOJT'O OIICPCANIN CBOC BpEMs, B APY-
I'nx, OCTaJIuCh, IPUMCPHO, HA TOM YPOBHC, KOTOPOI0 JOCTUIJIa MUJICTCKAA IIKOJIA, B JIMIIC CBOCTO
IMOCJICAHCTO IPCACTABUTCIIA — Anakcumena. HoBeiMu JOCTHXKCHHUAMH aTOMHCTOB OBLIH X yuce-
HHS 0 OeCKOHEUHOCTH BeeneHHOM 1 0 0€CUMCIIEHHOCTH MHUPOB, OTHOBPCMCHHO CYHICCTBYIOIINX
B OECKOHECUHOM MHUPOBOM IIPOCTPAHCTBC.

VYuenue JleBkunima u JleMokpura o 6eckoHeUYHOCTH BceneHHOM MpsMo BBITEKAeT U3 HUX
npeACTaBIeHUs] 0 OECKOHEYHOCTH ITyCTOrO MPOCTPAHCTBA U U3 MPEICTABICHUS O OECKOHEYHOM
YHUCJIe aTOMOB, JIBIKYIIUXCS B mycToTe. [Iporecc o6pa3zoBanust 0€CKOHEYHOTO YKCiia MUPOB B
OCCKOHEUYHOM IPOCTPAHCTBE ATOMMCTHI MPEACTABIISIIN CICAYIOIMMM 00pa3oM: «BBIICISACH U3
OecnpeeIbHOT0», HECETCS MHOKECTBO PA3HOOOPA3HbBIX MO (hOpMaM TeJl «B BEIUKYIO ITyCTOTY»
1 BOT OHH, COOPABIINCH, MPOU3BOAAT €IUHBIA BUXPh, B KOTOPOM, HATAJIKMUBAsICh IPYT HA JIpyra
1 BCSIYECKU KPY’KACh, OHU PA3ACISIIOTCS, MPUUEM, TIOJIOOHBIE OTXOIST K MOJOOHBIM.

Hmeromue ke OJMHAKOBBIA BEC, BCICACTBHE OOJIBIIIOTO CKOILICHUS, YK€ HE B COCTOSTHUU
0oJsiee KPYKUThCA... TakuM 00pa3oM, TOHKHE TeJIblla OTCTYIAIOT B HApY)KHBIC YACTH ITyCTOTBI,
CJIOBHO, KaK Obl, oTyIeTas K repudepun. [Ipoune ke, «0CTalOTCS BMECTE» M, CIUICTAsICh MEKIY
CO0OM, IBIKYTCSI BMECTE B 00pa3yroT, IMPeXke BCEro, HEKOTOPOE MIapoo0pa3HOe COCTUHCHHE.
D10 mapooOpa3HOe COCIUHEHUE OTACIISIET OT cebsl, KaKk Obl, 000J0UKYy, 00BEMITIONIYIO B ceOe
pa3Ho0Opa3HbIe Tena.

Ha nepudepun BUxpsi, U3 TOCTOSHHO CTEKABIIUXCS CIUIONIHBIX MAcc, 00pa3oBaiach TOHKas
obonouka. [Ipuunnoit e€ o6pazoBaHus ObLJIO BpallleHUE TeJl U CONMPOTHUBIICHHUE LIEHTpa. Takum
crioco0OM BO3HMKIIA 3eMJis: CHECEHHBIE K IIEHTPY MAacChl CTalu JepkaTbcst BMecte. Ha atom
npoiiecc He octaHoBwica. OOpa3zoBaBiiasics Ha nepudepun 000J0UKa MPOOIDKATIA YBEIUYUU-
BaThCsl, YBICKaeMasi BUXpeM, repudepust mpucoeauHsIa Bc€, 4yero Obl OHA HM Kacaiach. B pe-
3yJbTaTe, HEKOTOPhIE KOHPUTYpaLlUU Tell 00pa30Baid COCTUHEHUSI.

Korga stm Tena, nepBOHAYaIbHO BIIAKHBIE, BBICOXJIN, OHU CTaJIU KPYKUTHCSI BMECTE C MHU-
POBBIM BUXpeM. BriociencTBum, BOCINIAMEHUBIINUCH, OHU CTaJIM HEOECHBIMU CBeTUIaMU. birke
BCero K 3emie — Kpyr JIyHsl, cambiii ynan€Huslii — kpyr ComHua. Mexay 3TUMH KpauHUMH
KpyraMu pacrojOKWIACh KPYTH BCEX MPOYUX CBETHIL

Crnenyet y4yecTb, 4To Korjaa JIEBKUII TOBOPUT O MIAPOBUAHOCTH COSAUHEHUS YaCTHUIl WU
TEJI, BO3HUKIIIETO B IIEHTPE, ¥ O BBIJCIHUBIICICS U3 ATOTO COSTUHEHHUST 000JI0UKE, OH OMKUCHIBACT
npoiiecc 00pa3oBaHUs TOJIBKO OJTHOTO M3 O€CUMCICHHBIX MUPOB — TOT'0, B KOTOPOM BO3HHKJIA
Hamma 3emsisi, ColHIE W IBIDKYIIHECS, MEXIy 3eMiéi u nepudepueii Halero Mupa, CBeTHIIA.
Ho mup, Takum oOpa3zom, Bo3HUKIINH, 110 JIeBkumTy, enié He ucuepnbsiBacT coboit BeeneHHo.
DTO — TOJILKO OAWH U3 OECKOHEYHOT'O YUCIIa 00PA3YIOMINXCS U TOTHOAFOIITINX MUPOB.

PaszButne apeuerpedeckoit punocodpuu no Cokpara Ob1I0, B 1IETOM, UCTOPUEH BOSHUKHO-
BEHUS U pa3BuTHUs MarepuaindMa — ot Daneca 1o Jlemokpura. B yuenue J{lemokpura (koHery 5
— Hayano 4 B. JI0 H.3.) APEBHETPEUYECKUN MaTepUaIN3M JOCTUT CBOEH BbICHIEH (OPMBI, CTal
ATOMHCTHYECKUM MaTepHaIU3MOM B GUI0CO(UN U OTHOBPEMEHHO B HayKe.

[Tonoxenne gen MeHsiercss ¢ HadayioM 4 B. 10 H.3. [lnaToH, ¢ peakuM B UCTOPUM MBICTH
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TaJaHTOM, CO37aET yueHUue 0ObEKTUBHOTO Haeaan3Ma. OTHBIHE B rpeuecKkor (uiocodun «Ju-
HUAU J[[eMOKpUTa» pe3Ko U HENMPUMHUPHUMO NMPOTUBOCTOMUT «wiHMA IlnmaTtonay. Ilox «marepuen»
[Tnaton noHnmaetr GecrnpeseabHOE HA4ajao U YCIOBUE NPOCTPAHCTBEHHOTO0 000co0IeHus, Mpo-
CTPAHCTBEHHOM pa3AeIEHHOCTH MHOKECTBEHHBIX BEUIEH, CYyIIECTBYIOLIMX B UYyBCTBEHHOM MUPE.
B oOpa3zax muca Ilnaton xapakrepusyeTr MaTepuio, Kak BCEOOIIYI0 «KOPMUIIIUILY» U «BOCIIPH-
€MHHUILY» BCSIKOTO POXKIEHUS U BOZHUKHOBEHUS.

OI[HaKO, «MACu» U «MATCPHUA», HHAYUC — 001aCTH «OBITHSY U «HG6I>ITI/I$I», IIPOTUBOCTOAT Y
[InaToHa He B KaueCTBE Haydaj PAaBHOIIPABHBIX U PABHOCHUJIBHBIX. MI/Ipy, NI O6J'IaCTI/I, «H,ZIGI\/’I»,
I10 HJIaTOHy, IMPUHAAJICKHUT HCOCIIOPUMOC U 663YCJIOBHO€ IICPBCHCTBO. Yuenue Ilnatona He
O0CTaBaJIOCh OAHUM H TCM KC, HO, B TCUCHHC I[OJ'IFOfI KHN3HHU HJ'IaTOHa, Pa3BHUBAJIOCh U U3MCHS-
JI0OCh. BakHBIM 3Tamom B Pa3BUTHHU IImaToHa oka3ajioch ero COJMMKCHHE C nuqbazopeth;ajwu.

MaremaTudeckre 1 KOCMOJIOTHYECKUe yUeHUs TudaropeiiieB, Takux, kKak ApxutT u dujo-
nail, HECOMHEHHO, CTaJIM U3BECTHBI [11aTOHY 1 AOJIKHBI OBLIIM MPUBJIEYH €70 BHUMaHKE. B mo3a-
Hem nuanore [lnmarona « Tumen», NOCBSIMEHHOM BompocaM Kocmousiorud, [imaton npsitmo Bkia-
JILIBAET M3JIaraéMoe UM KOCMOJIOTUUECKOE YUEHHUE B ycTa nmudaropeuiies.

CoracHO 3TOMy YYEHUI0, MUP €CTh )KMBOE CYILECTBO, UMeroliee popmy mapa. Kak xuBoe
CyILLIECTBO, MUP MMeEET nymry. [[yma — He B Mupe, KaK €ro «4acTb», a OKPYXKaeT BECh MUpP U
COCTOMT U3 TPEX HAYAI: «TOXKAEC-CTBEHHOT0», KMHOTO» U «CYIIHOCTW». Havana a3t — BeICcIINE
OCHOBAHMSI «IIPEAEIBHOI0» U «OeCpeaeIbHOI0» ObITHUS, T. €. OBITHS HI€AJIBHOTO U MaTepUalb-
Horo. OHM pacIpeaeieHbl, COINIACHO 3aKOHAM MY3bIKAJIBHON OKTaBbl — B KPYyTax, YBJIECKAIOLIUX
HeOECHbIE CBETHJIA B UX JBUKCHUSIX.

OKpyX’EHHOE CO BCEX CTOPOH MUPOBOM AYIIOW, TEIO MUPA COCTOUT U3 SIIEMEHTOB 3EMJIH,
BOJIbI, OTHSI ¥ BO3/yXa. DJIEMEHTHI 3TH 00pa3yroT MPONOPIMOHAIbHBIE COSAMHEHHS — I10 3aKO-
HaM uucen. Kpyr «roxaecTBeHHOT0» 00pa3yeT Kpyr HEMOABMKHBIX 3BE3J, KPYT «HMHOT0» —
Kpyr 1utanet. W 3BE31bl, U MIIaHEeThl — CyIlIecTBa 00KECTBEHHBIC, MUPOBAs AYIIa OYIIEBISET
UX, TaK e, KaKk U OCTaJIbHON MHUP.

Taxk xak 371eMEHTBI 3eMJTH, BOJIbI, OTHS ¥ BO3/yXa — TEJICCHBI, TO OHH, KaK TCOMETPUUICCKUC
TeJa, OrPaHUYEHBI TNTOCKOCTAMU. DopMa 3eMiTn — Ky0, BOJIBI — MKOCAdAp, OTHSI — MUpaMuza,
BO3Ayxa — okTadIp. Hebo ykpaiieHo no o6pasy goaekasapa. XKu3Hb0 MUPOBOM AYIIN MPABST
YHUCJIOBBIC OTHOIIECHUS U TAPMOHHUS.

MupoBas Ay1ia He TOJIBKO )KUBET, HO U MO3HAET. B CBOEM KpyroBOM BO3BPAaTHOM JIBUKEHUU
OHa, IIPU BCAKOM CONPUKOCHOBEHUU C TEM, YTO UMEET CYLIHOCTh, CBUIETENBCTBYET CBOUM CJIO-
BOM O TOM, YTO C Y€M TOXAECCTBEHHO, YTO OT YEro OTIMYAECTCS, a TAKXKeE, e, KOraa U KaKuM
o0pa3oM BceMy ObIBAIOIIEMY JOBOAUTCS ObITH — MO OTHOILIEHUIO K BEYHO HEM3MEHHOMY U T10
OTHOIIICHHUIO K IPYTrOMY OBbIBAIOLIEMY.

C110BO 3TOr0 CBUIETENIBCTBYET OJJMHAKOBO HCTUHHO — KaK MO0 OTHOIICHUIO K «<MHOMY», TaK
U 10 OTHOIICHUIO K «TOXKJIEeCTBEHHOMY». Korjla oHO OTHOCHUTCSI K UyBCTBEHHOMY, BO3HUKAIOT
TBEPIbIC UICTUHHBIC MHEHHUS U BepoBaHUsl. Korma ke OHO OTHOCUTCSI K pa3yMHOMY, TOTJJa MBICJIb
¥ 3HaHHE HEOOXOAUMO JOCTUTAIOT COBEPILEHCTRA .

12B.®. Acmyc. «Antrunas punocodusy. YuebHoe nmocodue, ¢. 223-224. Usn. 2-¢, non. M., «Beicmas mxonay», 1976
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Benuuaiimmm 13 HemocpeaCcTBeHHbIX yueHUKOB [lnatona Obu1 Apuctorens. Xapakrep (u-
70c0(CKOTro yueHUst ApUCTOTENs O OBITUH OTPA3UJICS U HA €ro (PU3MUecKOM YUEHHH, a TaKXKe,
Ha €ro KOCMOJIOTHUHA. APHUCTOTENb, B CBOEM YUYEHHH O JIBUKEHUHU, IPUHUMAET BO BHUMAaHUE BCE,
T0OBITOE 110 3TOMY BOIIPOCY €T0 MPEAIIECTBEHHUKAMU — JIIOJIbMU IMOBCEHEBHOTO OMbITA U (U-
nocoduu. U e, u qpyrue ykazanau, 4TO BOZMOXHBI TOJIBKO YEThIPE BUAA ABMKCHUS: YBEINUCHHUE
Y YMEHBLIEHNE; KAYECTBEHHOE U3MEHEHHE, WII MPEBPALLEHUE; BOSHUKHOBEHUE U YHUUTOXKEHUE;
JIBIDKEHHUE, KaK MEpEMELIEHNE B POCcTpaHcTBe ™,

HOI[O6HO TOMY, KaK, IIPpHU UCCICA0OBAHNHN BUIOB IIPUYNH, OBLI TTOCTaBJICH BOIIPOC O IIpHUYIH-
HaX B3daMMHO CBOAUMBIX U HCCBOANUMBIX, TdK U, IIPHU UCCIICAOBAHUU HpO6J'I€MBI JABUXKCHMUAA, ApI/I-
CTOTCJIb Ba,ﬂaéTCH BOIIPOCOM, KaKoOM U3 LIGTI:oIpéX BHUAOB ABUXXCHUSA — I“JI&BHI)IfI, HCCBOI[PIMI)Iﬁ K
OCTaJIbHBIM. TaKOBO, 110 ApI/ICTOTeJ'IIO, ABHIKCHHUC B IIPOCTPAHCTBC: HMMCHHO OHO — YCJIOBHC BCCX
OCTAaJIbHBIX BUAOB ABHKCHUI. Yuenue ApI/ICTOTeJ'IH O IBMKCHHH B ITPOCTPAHCTBEC, KaK 00 OCHOB-
HOM H3 ‘-ICTBIpéX BHIOB IBUKCHUA, HC IIPUBCIIO ApI/ICTOTeJ'Iﬂ K COMMIKEHUIO C aTOMUCTUYECKUMH
MaTCpruaInCTaMU.

JleBkunm u JIeMOKPUT MoJiarajivd, 4T0 B OCHOBE BCEX BOCIIPUHUMAEMBIX HAIIMMU YyBCTBAMU
Ka4eCTB, JISKAT MPOCTPAHCTBEHHBIE POPMBI U TPOCTPAHCTBEHHBIE KOHPUTYPALIMH JIBHXKYIIIUXCS
B IIyCTOTE aTOMOB. Teopus 3Ta UCKITF0Yaia BO3MOKHOCTh KAY€CTBEHHOTO MPEBPAILICHUS OTHUX
CBOKCTB B Apyrue. OHa mpoBo3Miamiaia 3T MPEBPALLEHHS Pe3yJIbTATOM HENOCTATOYHOM IPO-
HUI[AEMOCTH HAIIUX OLIYIIEHUN U YyBCTB, HE «IOXOMISIIUX» A0 CO3EPLAHUS aTOMOB C UX €JIMH-
CTBEHHO OObEKTUBHBIMU PA3IMYUSIMU 110 PUTYPE, IO MOJI0KEHHUIO B IPOCTPAHCTBE U MO OPSIKY
JIpYT OTHOCUTEIBHO JIpYTa.

Jlis ApucToTenst 3To Bo33peHue Obuio Henpuemiemo. HecMoTpst Ha BCIO poJib, KOTOPYIO B
KOCMOJIOTUU APHUCTOTEINS UTPAET MPOCTPAHCTBEHHOE ABMXKEHUE, (Pr3HKa APUCTOTENS OCTAETCs
B CBOEH OCHOBE HE KOJIMYECTBEHHOM, a KAUeCTBEHHON. APUCTOTENb YTBEPKAAET PeaJIbHOCTh Ka-
YECTBEHHBIX Pa3IMUMi U peaJIbHOCTh KAaU€CTBEHHOTO IPEBPALICHUS OJHUX (PU3NUECKUX DJIEMEH-
TOB B apyrue. OU3nueckuM TeOpHusM aTOMHUCTOB H 3JIeaTOB APHUCTOTENTh MPOTHUBOIOCTABISIET
CBOI0, (DU3MYECKME OCHOBBI KOTOPOM, OMUPAIOTCS Ha ero Guiaocodckoe ydeHHE O BO3MOKHOCTH
U IENCTBUTEIILHOCTH.

Tak kak, Mo ApPUCTOTEII0, «MAaTEPUS» — BO3MOMKHOCTH «(POPMBD», TO UCTUHHO U TO, YTO
«matepus» ecthb «popmay. B camoil npupoae «Marepun» KOPEHUTCS BO3MOXKHOCTH MPUHSITH
dhopmy, crath hopMoii, UBMEHUTHCA B opmy. I3MeHeHUEe — HE pe3yJIbTaT BHEITHErO TeJla Un
WX YaCTHIl B MpocTpaHcTBe. JJIsi B3auMOACMCTBUS IPEAMETOB APYT C APYTrOM JOCTATOUHO TOTO,
9TOOBI, BXO/S1 B OJIMH M TOT K€ OOITUI JIJIT HUX POJ, MPEIMETHI 3TH OTINYAIUCH IPYT OT Apyra
JIMIIb BUJIOBBIMU MTPHU3HAKAMM.

CoryacHo ApHUCTOTENIO0, MPOCTPAHCTBO — HU YTO MHOE, KaK 3aHUMaeMoe TesioM mecTo. Ho
MECTO €CTh TPaHMIIA IPYTOTO Tela, OOHUMAIONIETo AaHHOe Telo. [loaTomy, ecnu 3a npeaenamu
MHpa HE CYIIECTBYET HUKAKUX TEJ, TO 3TO 3HAYUT, YTO TaM HE CYIIECTBYEeT HU MECTa, HH TIPO-
cTpancTBa. Mup ob6beMiieT B cebe He TOJIBKO MecTo, HO U BcE€ BpeMs. Camo 1o cede, BpeMs —
Mepa JIBIKEeHHs. Tak Kak IBM)KCHHE HE PAcIPOCTPaHIETCs Ha 00J1aCTh, 3aNpeIeTIbHYIO0 MUPY, TO

13 Tam xe, c. 289-294.
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HE PacIpOCTPaHIETCS Ha HEE U BPEMH.

3emuIsl HETTOJBHKHO MPEOBIBAET B LIEHTPE Mupa. VI B 3TOM yTBEPKII€HUH KOCMOJIOTUS ApH-
CTOTEJsI — IIar Ha3aj, B cpaBHEHUHU ¢ Kocmoioruei [lnatona u nudaropeiines. U [lnaron, u
nugaropeiipl pa3BuBaiy yueHue o aBmwkeHuu 3emiu. [ludaropeitsl yuunu o e€ IBHKECHUH
BOKPYT «LEHTPAIBHOTO OTHs». [I1aTOH HamMeTuI1, 1ajaeko, BIIPOYEM, HE ICHO, MBICIIb O IBU’KEHUN
3eMIIH BOKpPYT OCH.

Bcé xe, He o Bcem BOIIpocaM KOCMOJIOTUU APHUCTOTENb CTOSUT 103314 CBOETO Beka. Boiga-
IOLUMCS TJOCTH’KEHUEM €ro KOCMOJIOTUU OBLJIO CTPOTOE 10KA3aTENbCTBO MAPOBUAHON (HOPMBI
3emuu. lllapoBUgHOCTH 3Ty OH JOKa3bIBaeT M3 HAOJIOJICHUMN, CETaHHBIX BO BpeMs 3aTMEHUMN
JIyHbl. OTH HAOMIOACHUS TTOKA3bIBAIOT, YTO TEHb 3€MJTH, HAJIBUTAIONIASICS HA BUTUMYIO TOBEPX-
HOCTbH JIyHBI, BO BpeMsi JIyHHOTO 3aTMEHHSI UMEET KPYIIIyto (opMmy.

[To 0ObsAcHEHNIO APUCTOTENS, TOIBKO IAPOBUIHOE TEJIO, KOTOPHIM B ATOM Cilydae SIBJIS-
eTcs 3eMJisl, MOKET OTOpachiBaTh B MUPOBOE MPOCTPAHCTBO — B CTOPOHY, POTHUBOIIOIOKHYIO
ConHiy, — T€Hb, KOTOpas B NPOEKIMHU Ha IAPOBYIO TOBEPXHOCTH JIyHBI MPEICTaBUTCS TEMHBIM
KpYIrOM, HaJIBUTAIOIIHAMCS Ha JUCK MOJHOM JIyHBI.

KomoccanmbHBIM 0Ka3anoch BIMSHUE IPYTHX KOCMOJIOTHUECKHX YYCHUH ApPHCTOTEIS.
[Ipexne Bcero, 3T0 — y4eHHUE O JSIICHUN MHUpa Ha ABE 00JIaCTH, 110 CBOEMY (DH3NIECKOMY eCTe-
CTBY U TIO COBEPIICHCTBY, BIIOJIHE OTJIMYHBIC PYT OT JIpyra: 00JacTh 3eMIIH C €€ YETHIPHMS DJIe-
MEHTaMU — 3€MJIU, BOJbI, BO3yXa, OTHS — U 00JIaCTh HeOa U MATOro dJeMeHTa — 3dupa.

N3 s¢upa cocToar HebecHbIe Tena U caMo HE00. DTO — 00JacTh BCErO BEUHOT'O U COBEP-
meHHoro. B o0nactu adupa npedrIBalOT HEMOABUKHBIE 3BE3]IbI, CAMbIE COBEPIIICHHBIE U3 BCEX
HeOecHBIX Tell. VX BelecTBO — YHUCTBINA 3(pUp, OHU — HACTOJIBKO YJaJIeHbl OT 3eMJIH, YTO He-
JIOCTYTIHbI HUKAKOMY BO3JIEUCTBUIO YETHIPEX 3eMHBIX 3yieMeHTOB. [Limanetsl, Connue u JlyHa
TaK)Xe COCTOSAT U3 A(rpa, HO, B OTIIMYUU OT HETIOJBUIKHBIX 3BE3/1, YKE MOABEPKEHBI HEKOTOPOMY
BJIMSTHUIO 3€MHBIX 3JIEMEHTOB.

[IpenmerTsl, HaxoasIKECS HA 3EMJIE, COCTOST U3 AJIEMEHTOB 3€MJIM, BOJbI, BO3yXa U OTHS.
Mecto npeObiBaHusA UX — 3eMJisl, 00JIaCTh MOCTOSIHHBIX U3MEHEHUH, IPEBPAILECHUN, POKICHUS
u rubenu. Kak Hanbosee TSHKENBIN U3 BCEX DJIEMEHTOB, 3eMJIsi HAXOIUTCS B IeHTpe mupa. OHa
— mapooOpa3Ha, U 3TO JAOKa3bIBaeT Kpyrias (opMa 3€eMHON TEHU, HAJBUTAIOLIEHCS Ha JTUCK
JIyHbI, BO BpeMS JIyHHBIX 3aTMEHUM.

3eMHOI map OKpyXEH BOJ0M, HaJ 00070YKOM BOJIbI HAXOIUTCS 000JI04Ka Bo3ayxa. Hanbo-
Jiee JETKUM AJIEMEHT — OTOHb — MOMEIIAETCS B MPOCTPAHCTBE MEXAY 3eMii€il u JIyHol u co-
IpUKacaeTcs ¢ rpaHulEel mAToro sneMenta — 3¢upa. He Toiabko gusnyeckoe Teno mupa Jae-
JIUTCSI Ha JIBE, COBEPILLEHHO pa3jMyHble 00JaCTH — Ha JBa COBEPIICHHO Pa3JIMYHbIX BHUJA Jie-
JATCS TAK)KE U JBUKEHUS, IPOUCXOIAIIME BO BeeneHHoi.

OT0 — O8udiceHus cogepuientole, UM PABHOMEPHBIE TIO KPYTY, U O8UNCEHUS HECOBEPULEH-
Hble, WU TpsIMOJIMHEHHbIE. YUCTBIM 00pa3IioM COBEPIIIEHHOTO JABUKEHUS SBIISICTCS CYTOUYHOE
oOparenue chepbl HEOBMKHBIX 3BE31] BOKPYT 3eMii. He cTonb uncThiit 06paser coBepiieH-
HOTO JIBIDKCHHUS — CIJIOKHBIC JBW)KCHHS IIJIAaHET, HEPABHOMEPHBIC M YaCTHYHO HAKIJIOHHBIC.
Cno’KHOCTD | 3aITyTAHHOCTH TUIAHETAPHBIX JBIKCHUN 00YCIIOBICHBI BIMSIHUEM, KOTOPBIC HAa HUX
OKa3bIBAIOT 3€MHBIEC DJICMCHTHI.
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Hecogepiiennast oopma IBHKEHUSI — ABIXKEHHUE CBEPXY BHH3, WJIH, YTO TO )K€, K LIEHTPY
3emun. BHU3 ycTpeMIISIIOTCS BCE Tella, U TOJIBKO HACHJIBCTBEHHAS [TOMEXa MOKET BPEMEHHO ITPU-
OCTAHOBHTH 3TO UX JABWKEeHUE. OTCI01a ApUCTOTENb BEIBOJUT, YTO 3€MJI HE TOJIBKO 3aHUMAET
1eHTp Beenennoi, HO, KpoMe TOTo, UTO OHA MPEObIBAaET B HEM HEMOABMXHO. Eciu Ob1 1axke BO3-
HUKJIO JIBHKCHHUE 3€MJTH, OHO MOTJIO OB IPOUCXOAUTD JIMILIb BPEMEHHO, a 3aT€M, BHOBb IIPEKpa-
THJIOCH OBI.

®dunocodckoe Hacienue APEBHUX TPEKOB CTaio (GyHAAMEHTOM pa3BUTHS Quiiocoduu B
HpeHem Pume, a 3arem u B EBporie. B Te unu nHble ncTOpUYECKre NEPUOIbI BBIIBUTAIUCH TO
OJIHU, TO APYTHE MOJ0KEHU, CHOPMYITUPOBAHHBIE TEMU WIIM UHBIMU JIPEBHETPEUECKUMU (UII0-
copckumHu mKojgamMu. Huuero nmpuHIuNuaisHO HOBOTO HE ObUIO CO3JaHO B ATH UCTOPUYECKHUE
snoxu. TolbKo ¢ mpuxoA0M Dnoxu Bo3pokieHus MPOUCXOAUT OYEPeTHOE OXKUBJIECHUE (PUII0-
co(pCKOM U HAYYHOU MBICITH, )KECTKO, K COXKAICHUIO, PETYIUPYEMOUN XPUCTHAHCKOMN IIEPKOBBIO.

OnHUM U3 Benruanmmx GriocodoB v YIEHbBIX 3TOM dnoxu Obu1 JIeonapao na Buaun (1452-
1519), B GoJiblIICi CTEMEHN U3BECTHBIN, KaK BeIMUalInii Xy10)kHUK. Ero HaygyHOe Haclienue, Ha
MHOT'O CTOJIETUH ONEepeaUBLIEE BPEMsl, HE3aCIyKEHHO 3a0b1T0. COXpaHWIHNCH JAJIEKO HE BCE €r0
Hay4dHble paboThl. BoT, 4TO OH mucain o 3emie u BeeneHHoii:

«...3€MJIsl — HE B LICHTPE COJIHEYHOTO KPyra 1 HE B LICHTPE MUPA, & B IEHTPE CBOUX CTUXUH,
el OIM3KUX U C Hell COeNMHEHHBIX; U KTO cTajk Obl Ha JIyHe, koraa oHa, BMecte ¢ CoJiHIIeM, IO
HaMH, TOMY 3Ta 3eMJIsl, CO CTUXUEN BOJIbI, ITIOKa3ajach Obl UTPAIOIIEH U JEHCTBUTEIBHO UTpalia
OBI Ty K€ poJib, 4TO JIyHa, IO OTHOIICHHIO K HaM. Bcst pedb TBOS 1OJIKHA MIPUBECTH K 3aKJIIOUe-
HHMIO, 9TO 3eMJIs — CBETHJIO, MouTH nogoonoe Jlyne...»

BrniepBbie BBICKA3bIBAE€TCS MBICIB O TOM, YTO 3€MJISI HE SIBJSIETCS LIECHTPOM MHUPO3JaHHUs, a
TOJIbKO OJTHOM W3 IUIaHET B COJHEYHOU cucteme. Camo mo cebe, TOJNBKO 3TO — TPaHIUO3HOE
MIPOJIBIKEHUE BIEPE B IPEACTABICHUSIX 00 YCTPOWCTBE MUPO3IaHUA.

OTU MBICIH NMPOJOJDKWINA CBOE pa3BUTHE B pabOTax MOJbCKOTO ACTPOHOMA U MBICIUTENS
Huxonas Konepuuka (1473-1543). [IbrTasich HOHATH YCTPOWCTBO BCeeleHHOM, OH BBIIBUHYI PSi/I
IIOJIOKCHUM:

IlepBoe moJsio:xkenue. He cymiecTByeT oOmiero meHTpa sl BCEX KPYros, T.€. HEOECHBIX
cep.

Bropoe nmosoxkenue. LlenTp 3eMiu He SBIISETCS UEHTPOM MHPA, & TOJIBKO LEHTPOM TsIKE-
CTH Y LICHTPOM IIyTH JIyHBL.

Tperbe nmoso:xxkenue. Bee nmyTu miaHeT okpyxaroT co Bcex cTopoH CouHile, BOJIM3H KOTO-
POTO HaXOAUTCS LIEHTP MHUPA.

YerBépToe moso:xkenue. OtHomenne pacctosars CoiHIa oT 3eMId K y1an€HHOCTH He0o-
CBOJIa MEHBIIIE, YeM OTHOIICHHE pajryca 3eMiIH K paccTosiHnio oT CoJHIIa, TaK YTO OTHOIIICHUE
9TO, B Oe31He HeOeC, OKA3bIBAETCS HUYTOKHBIM.

IIaToe nono:xkenune. BcE, 4To MBI BUIUM JABIXKYIIMMCS Ha HEOOCBOJE, 0OBICHIETCS BOBCE

4 «Anronorus MupoBoit punocodun», Akagemus Hayk CCCP, 1. 2, ¢. 88. UsnarensctBo «Mpbicib», Mocksa, 1970
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HE ero COOCTBEHHBIM JBMIKCHHEM, a BEI3BAHO JBIDKCHHUEM caMOi 3eMiti. DTO OHA, BMECTE ¢ OJIH-
KaWIUMA €€ BJIEMEHTaMH, COBEPIIAET, B TEUYCHUE CYTOK, BPAIIATEIbHOE JIBUKEHUE BOKPYT
CBOMX HEM3MEHHBIX MOJIFOCOB M 10 OTHOIIEHHUIO K TIPOYHO HEMOABMKHOMY HEOY.

IlecToe moJsioxenue. Jlrodoe kaxymeecs asuxeHne CoiHIa HE TPOUCXOTUT OT €ro coo-
CTBEHHOTO JIBUYKEHUS; TO — WILIIO3USI, BBI3BaHHAS ABMKEHUEM 3eMId U €€ OpOUTHI, IO KOTOPOU
MBI oOpataeMcsi Bokpyr CoJHIIa WK K€ BOKPYT KaKOW-TO APYTo# 3BE3/Ibl, UTO O3HAYAET, YTO
3emMJ1sl COBEpIIAET OJTHOBPEMEHHO HECKOJIBKO JBH)KEHUH.

CGHI)MOC MOJIOKCHHE. Ha6moz[aeMoe Y INIaHCT HOIATHOC ABHIKCHUC U ABUIKCHUC IIOCTY-
IIaTCILHOE HE SBJISIOTCS MX COOCTBEHHBIM ABHKCHHUCM, OTO — TOXKC HMJIJIIO3UA, BBI3BaHHAA I10-
ABHUKXHOCTBIO camoii 3emiu. Takum 06p3.30M, YK€ CaMOro eé ABMOXKCHHUSA JOCTATOYHO, 4TOOBI 00b-
SICHHUTDb CTOJIBKO MHHUMBIX paSJII/I‘II/Iﬁ Ha HC6615.

Konepuuk npennosnaran, uro BeenenHas nMeer mapooOpasHyo ¢opMy B CHIIy TOTO, YTO
11ap UMEET COBEPIICHHYIO (POpMY:

«...Bcenennas — mapooOpa3Ha, Kak IOTOMY, YTO [Iap UMEET CaMYIO COBEPILEHHYIO (hOpMYy
U SIBJIIETCA 3aMKHYTOM COBOKYITHOCTBIO, HE HYKJIAIOIIEICS HU B KAKUX CKpenax, Tak U MOTOMY,
4TO U3 BCeX (uryp, sta — camasi BMECTUTENIbHAs, HAMOOJIee MOAXOAAIas Il BKIIOUEHUS U
COXPaHEHMS BCETO MUPO3JAAHUS; WIH €€ IOTOMY, YTO BCE CAMOCTOSITEIIbHBIE YaCTH BeeneHHon
— g uMmero B Buny Comuue, JIyHy 1 3B€3/161 — MbI HAa0JI01a€M B TaKOM (pOpMeE; WU ITOTOMY, UTO
BCE TeJla I0OMBAOTCS OTPAaHUYEHHUS B 3TOM (popMe, Kak 3TO BUHO MO KAILISIM BOJIBI M OCTaJIbHBIM
KUJKAM TeJIaM, KOT'/Ia OHU CTPEMSATCS K caMO3aMbIKaHUIO. [103TOMy, HUKTO HE YCOMHUTCS, YTO
TakoBa (hopMa MpHUCYIIa HEOECHBIM TellaM...

...Hebo, mo cpaBHeHUIO ¢ 3eMiEll, — HEOOBITHO, U ... OHO SABJISICT BUJIUMOCTD BEIUUMHBI
OCCKOHEUHOM, a 3emIs, IO OIleHKE HAIIMMH YyBCTBAMH, OTHOCHUTCS K HEOy, KaK TOYKa K TEIy
WM KOHEYHOE 110 BEJIMUYMHE K OecKkoHeuHOMYy. Ho HMUYero apyroro 3TuM He JOKa3aHO; U HUOT-
KyJla HE CJIEAYET, 4TO 3eMJid JODKHA TTOKOUTHCS B IIEHTpe MUpa. ...Bc€ ckazaHHOe BhIIIE CBO-
JUTCS TOJIBKO K JOKa3aTeIbCTBY HEOOBSITHOCTH HEOa, 1O CpaBHEHHUIO ¢ BelnunHou 3emiau. Ho
JIOKyJa IPOCTUPAETCS 3Ta HEOOBSITHOCTh, O TOM HE BEIacM.

Nneun KorepHrika mpoaospKai pa3BuBaTh B cBoux padotax [Mammneo INammteri (1564-1642).
B cBoém nocnannu k @panyecko MHronm, I'annien BpICKa3an MbICHb, UTO YEIOBEYECKAS HAYKa
HHKOT/Ia HE CMOKET PEIINTh, KOHeUHa M Beenennas nmm 6eckoneuna. U nanee'®:

«...I3 1OCTONHBIX M3yUYEHUsI €CTECTBEHHBIX BEILIEH, Ha MIEPBOE MECTO, IO MOEMY MHEHHUIO,
JOJIKHO OBITh MOCTaBIEHO ycTpoilcTBO Beenennoil. [Tockonbky Beenennas Bc€ cogepKuTt B cede
Y IIPEBOCXOJUT BCE IO BEIMYMHE, OHA ONPEIEAET BCE OCTANIBHOE U IVIABEHCTBYET HaJ BCEM.
Ecnu komy-1n6o U3 j1roen yaaioch HOHATHCS, B YMCTBEHHOM OTHOILIEHUH, BBICOKO HaJ OOIINM
YPOBHEM UeJIOBEYECTBAa, TO 3TO OBLIH, KOHEUHO, [ITonemeli u Konepauk...»

Pa3Butune npeacrapienuii 0 BcenmeHHON CONMPOBOXKIAIOCH, KAK TeHUAIBHBIMU JOTaAKaAMH O

1% «Auronorus muposoit punocodumy», Akagemus Hayk CCCP, 1. 2, ¢. 118-122. U3natenscTBo «MbICib», MOCKBa,
1970 r.
16 «Auronorus MmupoBoit punocopun», Akanemus Hayk CCCP, 1. 2, ¢. 227. UsnatensctBo «Mbicib», Mocksa, 1970
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CYTH SIBIICHUH, TaK U HACIIOEHHEM PEIUTHO3HBIX U GUIOCOPCKUX MPEACTABICHUMN, TOCTIOACTBY-
IOIMX B KOHKPETHBIA HCTOPUYECKUI TIEPUO.

[ToaTOMYy, 30J710TBIC 3¢pHA HCTHHHBIX 3HAHUH MOKHO OOHAPYKHUTh, KAK CPEH CTOPOHHUKOB
MaTepHuaan3Ma, Tak u uiaeanusma. Hanpumep, Mmmanywn Kant (1724-1804), 0CHOBOIIOJIOKHHK,
TaK Ha3bIBA€MOT0, KPUTUYECKOTO WIIH «TPAHCIICHICHTATHHOTO) HAcAIN3Ma B CBON «JIOKPUTHYIEC-
ckuit» niepuof (10 1770 r.) cozman «HeOyISIpHYI0O KOCMOTOHHYECKYIO THIIOTE3Y, B KOTOPOH BO3-
HUKHOBEHHE U HBOJIIOIMS TUIAHETAPHOM CUCTEMBbI BEIBOASTCS U3 TIEPBOHAUATIBLHOTO NP HY3HOTO
o0J1aKa 4acTHil.

B 10 xe Bpems, KaHT BrICKa3as runoTe3y O CyliecTBOBaHUU bonbiioi BeenenHon ranak-
THK BHE HAIlIEH TaJaKTUKH, Pa3BUJI YYCHUE O 3aMEIJICHUU — B PE3yJIbTATE MPUIMBHOTO TPEHUS
— CYTOYHOTO Bpalle€HUs 3€MJIM U KOHIIEIINIO OTHOCUTEILHOCTH JIBUKEHUS U TTOKos. Mccneno-
BaHMS ITH, O0BETMHEHHBIC MAaTEPHATUCTUICCKON HIeel eCTECTBEHHOT0 pa3BUTUs BeeneHHow u

3eMIIH, CHITPaIM BaXKHYIO POJIb B UCTOPMU AUATEKTUKH '

«...51 monararo, 4TO MepBOHAYAIILHBIM COCTOSIHUEM MPUPOABI OBLJIO BCEOOIee paccessHue
MIEPBUYHOIO BEIIECTBA BCEX HEOCCHBIX TEJ UJIU, KaK OHU (JIpeBHErpeueckue puiaocodni-maTepu-
QJIMCTHI) X HA3bIBAIOT, aTOMOB. DMUKYP NPEANoarai, 4To CyIIEeCTBYET TSHKECTh, 3aCTaBIISIONIAs
MajiaTh 3TH MEPBUYHBIC YACTUIIBI MATEPUU; OHA, MO-BUAUMOMY, HEMHOTUM OTJINYAETCA OT MPHU-
HUMaeMOro MHOW HbIOTOHOBA MPUTSKEHUSD).

KanT BUAUT B HEonpeeTuMoi CKIIOHHOCTH KaXKJI0TO BIOJIHE C(hOPMHUPOBABILIETOCS MUPO-
3/1aHUsI K TIOCTETIEHHOW TMOey CBOeH OJMH U3 JOBOJIOB B JIOKa3aTEIbCTBO TOTO, YTO, B MIPOTH-
BOBEC ITOMY, B Ipyrux mMectax Bceenennas OyaeT co3/aBaTh HOBbIE MUPBI, YTOOBI BOCTIOJHUTH
yiep0, HAHECEHHBIN el B KAKOM-JIM0O MECTE.

[IpourcxoauT MOCTOSIHHOE OOHOBIIEHUE TPUPOJIbI, OECKOHEUHOCTh TBOPEHHUS JOCTATOYHO
BEJIMKa, YTOOBI, [0 CPABHEHUIO C HEH, KAaKON-TO MHUP WJIM KaKOH-HUOY/Ib MIICYHBIN MyTh MUPOB
paccMaTpHUBaETCA UM TakK K€, KaK [[BETOK WM HACEKOMOE, IO CpaBHEHUIO ¢ 3eMJEN. B To Bpems,
Kak MPUpPOJIa YKpalllaeT BEUHOCTh pa3HOOOpa3ueM SIBIICHHM, OOT, B HEYCTAaHHOM TBOPEHHH, MO
KanTty, co3gaét matepuan ajis oo6pazoBaHus enié 00JbIINX MUPOB.

«...Korna yepe3 BCro 06CKOHEUHOCTh BPEMEH U IPOCTPAHCTB MBI CIIEINUM 32 ’TUM (PEHUKCOM
MPUPOBI, KOTOPBIMA JIMIIL 3aT€M COKHUraeT ceOs, 4TOObl BHOBb BO3POJUTHCA M3 CBOErO MEIa,
KOI/Ia Mbl BUAMM, KaK IpUpoAa Jaxe Tam, TJIe OHa pacnagaceTcs U IpsxJieeT, HerncuepnaeMa B
HOBBIX MPOSIBICHUSX, @ HA JIPYroil rpaHUIE TBOPEHHUS B MPOCTPAHCTBE Hec(HOpMUpOBaBLIECICS
MEPBUYHOM MAaTepUU OHA HEMPECTAHHO paciupsieT chepy 00)KECTBEHHOTO OTKPOBEHHSI, 1a0bl U

BEYHOCTb, U BCE IIPOCTPAHCTBA HATIOIHUTE €r0 9yJeCaMu ®...»

OHHpaHCB Ha HBIOTOHOBCKYIO MCXAaHUKY, KanT neitaercs JOKa3aTb HCCOCTOATCIIBHOCTD I10-
IBITOK OOBICHEHUS O6paBOBaHI/I$I IUIAHCTAPHBIX CUCTEM, B YaCTHOCTH, COJIHEYHOM CHUCTCMBEI, I10-
CPCACTBOM 3aKOHOB MCXAaHHUKH, KOTOPLIC, I10 IO MHCHHIO, HC B COCTOSHHUHA O00BSCHUTH 3aKOHO-
MCPHOCTH IMOBCACHUA IIJIAHCT!

«...Ecnu mpeanosioxuTk (a 3TOro Hesb3sl HE MPU3HATH), YTO MPUBEAEHHBIC BBIIIE AaHAJIOTUU

" Tam xe, c. 92-93.
'8 «Antonorus MupoBoii punocopum», Akagemus Hayk CCCP, 1. 2, ¢. 97. UsnatensctBo «Mbiciby», Mocksa, 1970
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C BEJIMYANILIEN JOCTOBEPHOCTBHIO YCTAHABIMBAIOT, YTO COIVIACHBIE M 3aKOHOMEPHO CBS3aHHBIC
APYT C APYTOM IBUKEHUS U OpOUTHI HEOECHBIX TEN YKa3bIBAIOT HA €CTECTBEHHYIO MPUYUHY, KaK
Ha CBOM UCTOYHUK, TO 3TOM MPUYMHON HUKAK HE MOXKET OBITh Ta caMmasi MaTepusl, KOTOpasi HbIHE
HATOJHAET HeOECHOE MPOCTPAHCTRO.

Craiio ObITh, Ta MaTepusi, KOTOPAsi HAMOJHSJIA 3TO TPOCTPAHCTBO MPEXKIE U ABUKEHHUE KO-
TOPOM MOCTY>KUIIO OCHOBOM CYIIECTBYIOIIUX TEMEPb OOpalieHui HEOECHBIX TeJ, OCIIE TOT0, KakK
OHAa CKOMMWJIACh B ATUX TeJIaX U TaKUM 00pa3oM OYMCTHIIA MPOCTPAHCTBO, OKA3aBIIEECS HBIHE
MyCTHIM, WJIM (4TO HEMTOCPEICTBEHHO BHITEKAET U3 CKA3aHHOI0) Ta MaTePHsl, U3 KOTOPOU COCTOST
IUTAHEThl, KOMEThI J1a U camo CoJHIle, TepBOHAYAIBHO JTOJKHA ObLIa OBITH paccesHa Mo BCEMY
IPOCTPAHCTBY IJIAHETAPHOW CUCTEMBI U, B 3TOM COCTOSIHUM, JOJKHA ObUIa OBITH MPUBECHA B
JIBMKEHUE, KOTOPOE OHA COXPAaHWJIA U TOCJE TOro, KaK COEAMHWIACH B OTNIEIbHBIE CTYCTKU U
oOpazoBaiia HeOeCHBIE Tella, CoeprKalue B ce0e MPEek/Ie pacCesHHOE BEIIECTBO MUPOBOM MaTe-
pun®®...»

Takum o6pa3zom, Kant BuauT, B (hakTe caMOro CyIieCTBOBaHUS IUIAHETAPHBIX CHUCTEM,
nepcT 00U, KOTOPBIA, B KOHEYHOM MTOT€, IPUBOAUT MEPBUYHYIO MATEPHUIO B IBHIKEHHE U 0€3
KOTOporo BceeneHHas He MOKET CyLIECTBOBATh, TaK KaK, caMma o cede, MaTepusi He B COCTOSTHUU
HECTH B ce0€ OpPraHn3yIoLIEe HAYalo.

BypHoe pa3BuTHE €CTECTBEHHBIX HAYK B IEBSITHAALIATOM M IBAALIATHIX BEKaX MPEI0CTABUIIO
OTrPOMHO€E KOJIMYECTBO (PaKTOB O MPUPOJE, KAK MAaKPOKOCMOCaA, TaK U MUKpOKocMoca. bonee co-
BEpILIECHHbIE TPUOOPHI MO3BOJISIIM €CTECTBOUCIIBITATENSIM TOPa3/10 IIy0Ke MPOHUKHYTh B MPO-
ctopsl Beenennoii. [Ipoucxoauna Bc€ Oosblias U 60bIas crieluain3ais HayqYHbIX UCCIIE0-
BaHUM.

[losiBnsimuch, HOBBIE TEOpUM OOpasoBaHusi BceneHHoi, Takue, kak Teopus bombiioro
B3psiBa, cornacHo koTopoH, Halia BeeneHHast BO3HUKIIA B PE3YJIbTaTEe CYNEPB3pPhIBA CBEPXILIOT-
HOTO siipa Beenennoit, MaTepusi KOTOPOTO MOCTY>KUJIA CTPOUTEIBHBIM MaTEPHAIIOM J1Jist OpMHU-
pOBaHUs MeTarajgaTuk, rajJakTHK.

OCHOBHBIM J10Ka3aTEIbCTBOM 3TOT0 MOJIOKEHUS CIY KW (DAKT «pazOeraroiuxcsi rajak-
THUK», KOTOPBIH, cam 1o cede, HU4ero He roBOpUT. MaKThl 0 MPOUCXOAIIEM B OKPYKAIOIIEM HaC
KOCMHYECKOM MPOCTPAHCTBE TPEOOBAIM Kakoi-TO (GyHIAMEHTAIbHOW TEOPUU MUPO3AaHUs, KO-
TOpasi U OblIa MpeyIoKeHa DUHIIITCHHOM.

B cBoeil Teoprn OTHOCUTENBHOCTH OH BBIJBUHYJI JIBA OCHOBOIIOJIATAIOIIMX MOCTyJaTa —
MOCTYJIaT O TOM, YTO BceneHHass — OJHOpOAHA MO0 CBOMM KayeCTBaM BO BCEX HAMPABJICHUSX,
OPYTHUMU CIIOBAMU, CBOWCTBA MPOCTPAHCTBA — TOXKIECTBEHHBI 110 BCEM HAIIPABJICHUIM U, YTO
CKOpPOCTb CBETA SIBJIIETCA KOHCTAHTOW U MAKCUMAJIBHO JOIYCTUMOW CKOPOCTBIO ABUKEHUS Ma-
TEpHH.

B npuHnune, Teopusi OTHOCUTEIIBHOCTH DWHIITENHA, SIBUJIACh 3aBEPIIAIONIMM 3BEHOM akK-
KYMYJISILIAW TIPEICTABIEHUN O BCeneHHOM, OCHOBAHHBIX HA aTOMUCTUYECKOU Teopuu. [IpuHIm-
MHATBHOE OTJIMYME OT MPEIBIAYIIUX NPEACTABICHUN O pUpoie BeenenHou 3akirouaercs B pac-

¥ Twm xe, c. 99.
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CMOTPEHUHU BPEMEHM, KAK OTHOCUTEIIBHON BEJIMYMHBI, 3aBUCSAILEN OT CKOPOCTH JIBU)KEHUS MaTe-
pun.

B npuHImMne, 3To NojaoKeHue CTano TPETBUM MTOCTYJIATOM TEOPUHA OTHOCUTEIBHOCTH, B KO-
TOPOM BPEMS BBICTYIIAET YETBEPTHIM U3MEPEHUEM ITPOCTPAHCTBA, B OTIWYUHU OT IPEABIIYIINX
TEOpHUH MPOCTPAHCTBA, T€ BpeMs IPUHUMAIOCHh a0COIIOTHBIM B TPEXMEPHOM MPOCTPAHCTRE.

Ha ocHOoBaHuM CBOEH TEOpPHUH OTHOCHUTEIBHOCTH, DWHINTEHH MNbITajlcad co3aarh OOryro
Teoputo Ilons, ¢ mOMOLIBI0 KOTOPOI MOKHO ObLIO OBl OOBSICHUTH BCE IPUPOJIHBIE SIBICHUS, UC-
X0/l U3 €IMHOTO MpUHIMNA 00bsiICHEHUsI. Ero nomneiTka He yBeH4asack ycnexoM. Kpome toro,
CO3/1aHHBIE TPUOOPHI TOMOTJIN HE TOJIBKO MOATBEPIUTH CYIIECTBOBAHUE ATOMOB, O CYIIIECTBOBA-
HUM KOTOPBIX ToBOpuiK JleBkur u JIeMOKpUT, HO ¥ TO3BOJIWIIM IPOHUKHYTh B CaM aTOM U, TEM
caMbIM, HEJIETTUMbIE «KUPITUYUKN» MUPO3/1aHbs CaMU OKa3aJIMCh CJIOKHBIMU CUCTEMAaMH.

Taxum 00pa3oM, pa3BUTHE O3HAHUS MUPO3AAHUS COBEPLIAIOCH 10 JIBYM HAIpaBJICHUIM
— MO3HAHHE MAaKpOKOCMOCA U MO3HAaHUE MHUKpPOKOocMoca. FIMEHHO 3TOT (hakT cTaJ OCHOBHOM
OIIMOKOM MPAaKTUYECKH BCeX Teopuil Mupo3aanus. [Ipupoga — enrHa Ha BCeX CBOMX YPOBHSIX,
KAaK Ha YPOBHE MUKPOKOCMOCA, TaK U HA YPOBHE MAKPOKOCMOCA.

ToJsibKO paccMaTpuBasi UX BMECTE, B €IMHON COBOKYITHOCTH, BO3MOKHO MOJIYYUTh MPABUIIb-
HOE MPEJICTABIIEHUE O MPUPOJIE MUPO3TAHUS.

1.2. Pe3omMe

Takum 0Opa3oM, aHaIN3 HCTOPHH IIPEICTaBIICHUH YeJI0BEUYECTBA O IpHpo e BeenenHoi mo-
Kas3al, 4To:

1. IIpencraBnenus yenoBeka o mpupoje BeeneHHoil, Ha NPOTSKEHUU U3BECTHOM UCTOPUH,
M3MEHSUIMCh HE TIOCIE0BATENbHO. B IpeBHOCTH OBLIM MUBUIIM3ALMHI U KYJIBTYPBI, IPEACTaBIIE-
HUS O IPUPOJE MUPO3AAHUS KOTOPBIX ObUIH, 0 HEKOTOPBIM BOIIPOCAM, 3HAYUTENIBHO LIUPE CO-
BpeMeHHbIX. OUueHb MHOTO 3HAHUI JAPEBHUX LMBWIN3ALUNA ObLIM YHUUYTOXKEHBI UM BO BpeMs
BOWH, WK (paHATUKAMU HOBBIX PEJIUTHUN.

2. B ucropuu uenoBedecTBa HAOJIIOAAIOCH HECKOJIBKO MEPUOIOB B3JIETA HAYUHBIX TPEI-
cTaBjieHAN 0 BcesleHHOM, Ha CMEHY KOTOPBIM MPUXOMIIN LEJIbIE 3MI0OXH HEBEKECTBA U BapBap-
cTBa. BOKpyr COXpaHUBIIMXCS OCKOJIKOB UCTUHHOTO 3HAHUSI HAUMHAJIA CO3/1aBATh «HOBBIE)» TEO-
PUKM MUPO3/1aHUS, KOTOPBIE, TOJIBKO K COBPEMEHHOCTH, TOCTUTIIM HEKOW 3aBEPILIEHHOCTH.

3. IlpencraBnenust o npupojie BeceneHHON OTpakalOT U ONMPEAENSIIOT YPOBEHb Pa3BUTHUS
HAay4YHOW MBICIU U TEXHUKH, a TAKKe, ONPEAEISIIOT Oyayliee pa3BUTHs LUBUIN3AIMN B LEIOM.
HenpasunbHble npencraBieHus o npupoae BeelleHHOM He TOMBKO ONPENEIISIIOT SBOJIOLIMOHHBIN
MOTEHLMUAJ [UBUJIM3ALIMU, HO U CTENIEHb U KAYECTBO B3aUMOJEHCTBUS €€ ¢ npupoaout. [Ipu He-
MOJIHBIX WJIM OIIUOOYHBIX MPEJCTABICHUSIX YeJIOBEKa 0 Mpupoie BeeneHHol, ero AesTebHOCThb
MIPUBOJUT K Pa3pyLIEHUIO SKOJIOTMYECKON CUCTEMBI, UTO, B KOHEYHOM UTOT€, MOXKET IPUBECTH K
YHUUYTOKEHUIO CaMOM KM3HU Ha TUIAHETE.

4. HayuyHble OTKPBITHSI TIOCJIEIHEN YETBEPTH JBAALIATOTO BEKa MOKAa3aJld HECOCTOSITEIb-
HOCTh CYIIECTBYIOIIUX MPEACTaBICHUI 0 ipupoae BeeneHHo, 1 BO3HUKIIA HEOOXOIMMOCTh CO-
31aHUsI HOBBIX MPEACTABICHUN O ITPUPOAE. be3 HOBOM TEOPETUUECKON CHCTEMBI MPEICTABICHUI
HE MOXXET OBITh TaJTbHEHIIIETO KaYeCTBEHHOTO Pa3BUTHS HAYKH M [IMBUJIN3AIIMHN B 1IEJIOM.
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NnaBsa 2. HeogHOPOAHOCTb NMPOCTpPAHCTBA
2.1. NocTtaHoBKa BOMNpoca

[Ipexxne, yeM mpuCTynaTh K CO3JaHUIO KAaKOW-THOO TECOPUU MHUPO3JAHUS, HEOOXOAMMO
OTIPEEIUTHCS C MOHATUSAMH, KOTOPBIE CO3/1al0T PyHIAMEHT 3ToM Teopuu. be3 uérkoro onpene-
JIEHUs] HAYaJIbHBIX U TPAHUYHBIX YCIOBUM, HE MOKET OBITh CO3/1aHa IIOJHOLIEHHAS TEOPHSL.

JlaBaiiTe CHaydaja ONPENEIUMCs, YTO Takoe BpeMs. [losroe Bpems, BpeMs NMPHU3HABAJIOCh
aOCOIIOTHBIM U TOJIBKO B IBA/ILIATOM BEKE, MPU CO3JJaHUH CBOCH TEOPUH, DUHIITEHH TPETOKIIT
UJE0 00 OTHOCUTENIBHON NPUPOJE BPEMEHH U BBEN BPEMsl, KAK YETBEPTOE U3MEPEHHE.

Ho npexze, ueM ornpenensiTb abCONIOTHYIO UM OTHOCUTEIBHYIO IPUPOY BPEMEHH, He0O-
XOJIMMO OIpeAeNnTcs — 4To ke Takoe Bpems?! IloueMy-To Bce 3a0buIH, YTO BpeMs SIBIIAETCS
YCJIIOBHOM BEJIMYMHOM, BBEAEHHON CAMHUM YEJIOBEKOM U B IPUPOJIE HE CYIIECTBYIOLIEH.

B mpupone cyiiecTByIOT NEpUOANYECKUE MPOIIECCHI, KOTOPhIE YEIOBEK MCIOJIb3YET, KaK
ATaJIOH ISl COIJIACOBAHUS CBOUX JIEMCTBUU C OKpYXarolMMU. B mpupozae cymecTByrT mpo-
IIECChI Mepexo/ia MaTepUU U3 OJTHOTO COCTOSIHUSA WM (POPMBI B Apyroe. ITU MPOIECCHI MPOTE-
KaroT ObICTpee WIIU MEJIJICHHEE U 3TO OHU — pPeajIbHbl U MaT€pUAJIbHBI.

Bo Bcenennoi HCIIPCPBIBHO IIPOUCXOIAT ITPOLCCCHI IICPCXOJa MATCPUU U3 OAHOI'O COCTOA-
HUA B APYIoC, U3 OJHOI'O Ka4CCTBa B IPYIoC 1 OHU MOT'YT OBITH O6paTHMI)IMI/I )51 H€O6paTI/IMI>IMI/I.
O6paTHMBIe IMPOLCCChI HC 3aTPAaruBarOT KAYCCTBCHHOI'O COCTOAHUA MATCPHH. Ecau xe IIPONUCXO-
JAUT KQUCCTBCHHOC N3MCHCHUC MATCPUHU — Ha6HIOI[aI-OTC5I H€O6paTI/IMBIC IIPOLCCCHI. HpH l'IOI[O6-
HBIX IIponeccax, 3BOJIONHA MAaTCPUU UAET B OJJTHOM HalpaBJICHUHA — OT OAHOI'0 Ka4CCTBA K JIPpYy-
romMy u 1mooToMy BO3MOXKXHO KOJIMYCCTBCHHO OLCHUTD OTHU SBJICHUS.

Takum 00pa3om, B IprpoJie HAOIIOAAIOTCS MPOLIECCHl U3MEHEHUSI MATEPUH, POTEKAIOIINE
B OJIHOM HarpaBlieHUU. Bo3HUKaeT cBoeoOpa3Has «pekay MaTepuu, UMEIoIas CBOM UCTOKU U
ycThe. Marepus, B3siTask U3 3TON «PEKW», UMEET NPOLLUIOe, HACTOSIIEE U Oy TyIlee.

[TponuibiM ABJISIETCA TO Ka4€CTBEHHOE COCTOSIHUE MaTE€pUH, KOTOPOE OHA MMEJa paHblIIe,
HACTOSIIIee — KauyeCTBEHHOE COCTOSHUE B JAHHBIN MOMEHT, a Oy/Iy1iiee — Ka4yeCTBEHHOE COCTO-
SHUE, KOTOPOE 3Ta MaTepus MPUMET, MOCIE Pa3pYyLUICHUS CYIIECTBYIOLIEr0 KAYECTBEHHOTO CO-
CTOSTHUSI.

HeoOpatumebiit mpoliecc KaueCTBEHHOTO MPeo0pa30BaHUs MATEPUU U3 OJJHOTO COCTOSHUS B
IPYroe MpoTEKAET C ONPENEIEHHON CKOPOCThI0. B pa3HbIX TOYKAX MPOCTPAHCTBA OJHU U TE K€
MPOIECCHI MOTYT MPOTEKATH C PA3HOM CKOPOCTHIO, MPUUYEM, B HEKOTOPBIX Cy4asX, OHA BapbH-
pyeTCs B IOBOJIBHO IIMPOKOM JHANa30HeE.

JI1s1 u3MepeHunst ’TOM CKOPOCTH, YETIOBEK MTPUAYyMall YCIOBHYIO €IMHUILY, KOTOPYIO Ha3Balln
cexkyH0i. CeKyH/Ibl CIMBAJIUCH B MUHYThI, MUHYThI — B 4achl, YaChl — B CYTKH U T.1. Enununuen
M3MEPEHUS MOCITYKWIN NEPUOIUYECKUE MMPOLECCH TPUPOJIBI, TAKUE, KAK CYTOYHOE BpalIECHUE
IJIaHEThl BOKPYT CBOEH ocu U mepuoj oopaienus miaHeTsl BOKpyr Connua. [Tpuunna nono6-
HOTO BBIOOpA — MPOCTa: yI0OCTBO MPUMEHEHUS B IOBCEIHEBHOM )KU3HU. DTy €AUHUILYy U3MeEpe-
HUS Ha3BaJIM €IMHULIEH BPEMEHH U CTaJIU MOBCEMECTHO YIOTPEOIISITh.

WNuTtepecen ToT (akT, 9TO MHOTHE HAPOJbI, U3HAYATIHLHO M30JIMPOBAHHBIC IPYT OT JApYyra,
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CO37aJIi OYeHb OJIM3KME KAJICHIapH, KOTOPBIE MOTJIA OTJIMYAThCS YMCIIOM JTHEH B HeNesie, Hada-
JIOM HOBOTO TOfla, HO MPOJODKUTEIBHOCTh Tofla Y HUX OblIa OY€Hb ONMM3KOW APYT K JPYTY.
HNmeHHO BBEIEHME YCIIOBHOM €UHHUIIBI BPEMEHU MMO3BOJIUIIO YEJIOBEYECTBY OPTaHU30BaTh CBOO
JNEATENBHOCTh U YIIPOCTUTH B3AUMOJEHUCTBAE MEXKY JIFOJIbMU.

Eannuna BpeMeHn — OJHO U3 BEIU4alinidi n300peTeHni YeIoBeKa, HO He0OX0IMMO BCe-
I'/1a TIOMHUTh U3HAYAJIbHBIN (PAKT: OHA — MCKYCCTBEHHO CO3/IaHHAs BEJIMYMHA, ONUCHIBAOILIAS
CKOPOCTh Ka4eCTBEHHOTO I1€PEX0/1a MaTEPUHU U3 OJHOIO COCTOSIHUSA B APYTOE.

B MpUpoaAC CYICCTBYIOT IICPHUOJUICCKUC IIPOUCCChI, KOTOPHBIC ITOCITYKUIIN OCHOBOH JJIs1 CO-
3JaHuA ATOM YCHOBHOﬁ CANHUIIBI. OTH MMCPUOINICCKHUC IIPOUCCChI — OOBEKTUBHBI U PCaJIbHBI, a
CO3AaHHBIC YCJTTIOBCKOM CANMHHIIBI BDCMCHU — YCJIIOBHBI U HCPCAJIbHEI.

HOBTOMy, JIF000€ MCIOJIb30BaHHUE BPCMCHH, KaK pCaJIbHOI'O U3MCPCHUA IIPOCTPAHCTBA, HC
HNMCCT 1101 c000# HUKAKOr0 OCHOBAaHUS. quBépTOFO HU3MCPCHUA — U3MCPCHUA BPCMCHU — IIPO-
CTO HC CYHICCTBYCT B IIPHUPOJIC. HNmenno MOBCCAHCBHOCTh M ITOBCEMCECTHOCTDb IIPUMCHCHHA CAN-
HHII BpEMCHHU, KOTOPBLIC COIIPOBOXKAAIOT YCJIOBCKA C IICPBOIO MOMCHTA €TI0 JKU3HH 0 ITIOCIICI-
HETO, OUYCHDb YaCTO CO3AAI0T MJIFO3HUIO pCaJIbHOCTH BPECMCHU.

PeanbHO HE Bpewmsi, a mpoUEeCChl, MPOUCXOIAIINE B MATEPUH, EAUHUIIEH U3MEPEHUS KOTO-
PBIX, CIIY>KUT €IMHULIA BpeMeHHU. [ [poncxoaut noaco3HarenbHas noAMEHa OJJHOTO APYTUM U, KaK
HEU30EKHBIN pe3ysbTaT MOJOOHOM MOMEHBI PeaIbHOTO Mpoliecca €AMHUIEH €ro U3MEpPEHUs —
CIIUSTHUS B YEJIOBEYECKOM CO3HAHUU OJTHOTO C IPYTHMM — chIrpaio ¢ Homo Sapiens 3iyro mryTky.

Cramu CO3aaBaTbCA TCOPUU MHUPO3OaHHA, B KOTOPBIX BPCMA IIPUHUMAJIOCH, KAK 00BEKTHB-
Hasd pCaJIbHOCTD. OOBEKTUBHOM PCAIBbHOCTBIO ABJIAIOTCA IIPOLCCCHI, ITPOTCKAOIINC B MATCPHUH, a
HC YCJIO0BHAaA CAMHUIA AJIS U3MCPCHUA CKOPOCTH ITPOTCKAHUA 3THUX IIPOLUCCCOB.

Jpyrumu cinoBaMM, B Ha4aJbHbIC U IPAHUYHBIC YCIIOBUS CO3JIaHUS TEOPUN MUPO3IAHUS,
omrOOYHO BBOJMIACH CyOBeKTUBHAS BenuurHa. M 9Ta cyObeKTUBHAS BEIMYMHA, TIPU PA3BUTHU
ATUX TEOPUM MUPO3JaHUS, CTaJIa OJTHUM U3 «IOJBOJIHBIX KAMHEI», 0 KOTOPBIC «Pa3OUIINCh» 3TU
TEOPUH MUPO3IAHUA.

JlaBaiiTe momnbpITaeMcsl BBIIBUTh U JIPYTU€ «IOJBOJHBIE KAMHM» OOIIEM3BECTHBIX TEOPUM
Muposnanus. Ipexnae Bcero, naBante onpeaenumcs ¢ NoHsTueM Marepud. [log maTepuen no-
HUMAETCS 00beKMUBHAs PeanrbHOCHb, OAHHAS HAM 8 OWYWEHUSX.

Omryuienuss — uHpopmalus, NOCTyNaMasi B MO3I 00 OKPYXaloILEeM Hac MUPE Yepes3 op-
raibl 4yBCTB. HazHaueHneM opraHoB 4yBCTB Y€JIOBEKA SBISETCS 00€CleyeHne ONTUMAIbHOIO
CYILIECTBOBAHMS YEJIOBEKA, KAaK )KMBOI0 OpraHu3Ma, B OKpyxatolei cpeae. OpraHbl 4yBCTB Ue-
JoBeKa C(OPMHUPOBATIUCH B Pe3yJIbTaTe aJanTalllK YelIoBeKa K YCIOBHSIM CYIIECTBOBAHUS B 3a-
HUMaeMOoM 3Kosiorndeckoit Hume. [ToaTomy, pa3BuTHE OPraHoB YyBCTB IUIO 110 IYTH ONTUMAJIb-
HOTO NMPHUCTIOCOOJIECHUS OPTaHM3Ma YEJIOBEKa K dKOJIOTMUECKON CHCTEME.

Taxum 06pa3oM, opransl 4yBCTB pa3BUIIMCH U C(HOPMHUPOBAINCH B pE3yNIbTATE alallTallu K
YCIIOBUSIM CYILIECTBOBAHUS B HKOJIOIMUYECKOM HUILIE U CIYKaT JUIsl TeX (OpM MaTepHH, KOTOpPbIE
c(hOpMHUPOBAIIN FIKOJIOTHUECKYIO CHCTEMY B II€JIOM, ¥ SKOJIOTMUYECKYIO HUIITY 3aHUMaeMyo Homo
Sapiens, kak BUI0M. DTO — NpeHa3HAYCHUE OPTaHOB YYBCTB Y€JI0BEKA, ¥ TIOATOMY OLIYIICHHUS,
MOJIyYeHHBIE Yepe3 3TH OpraHbl YyBCTB, OyJIyT COOTBETCTBOBATh KAUECTBEHHOW CTPYKTYpe Ma-
Tepuu, 00pa3yrouIell IKOJIOTMUYECKYIO CUCTEMY.
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IlosiBnenue pasyma y 4esioBeKa He H3MEHWIIO IPUPOAY €r0 OPraHOB YyBCTB, IOATOMY HaIllN
OpraHbl 4yBCTB MOTYT JaTh HaM MpPEJICTaBICHUE TOJIBKO O TOW Marepuu, KoTopas GopMupyeT
HKOJIOTMUYECKYIO cpeay oOutanusi yenoBeka. Co3/MaHHbBIE YETOBEKOM MPUOOPHI TOJIBKO MO3BO-
JIMJIU PACIIMPUTH AWANa30H BOCIIPUATHS HAIMX OPTaHOB YyBCTB, 4 HE IPOHUKHYTH B HOBBIE Ka-
yecTBa Matepuu. Hamm opransl 49yBCTB OrpaHUYEHBI, U TO3TOMY HEM30€XHO OyAeT OrpaHHuCH-
HBIM Hallle ITPEACTABICHHUE O IIPUPOJIE MATEPUH.

AI[&HT&HI/IH K YCJIOBHUAM CYHICCTBOBAHUA B AKOJIOTHYECKOM CUCTEME M MO3HAHUE IMpUPOAbL
MaTCpun — ABC a0COJIFOTHO Pa3HbIC BCUIU, KOTOPBLIC JKCIIATCIIbHO HC IIYTAThb. A6COHIOTI/I33HI/I}I
HallluX OPraHOB 9YYBCTB ABJIICTCA GHIé OJHHUM ITOABOJHBIM KaMHCM CYIICCTBYROIIHUX TCOpHﬁ.

Hamm opranbl 4yBCTB JalOT HaM MPEACTaBICHHUE O YETHIPEX arperaTHhIX COCTOSHUIX (H-
3UYECKU IUIOTHON MaTepuu — TBEPIOM, KHUIKOM, ra3000pa3HOM U IUIA3MEHHOM, a Takxke, 00
ONTHYECKOM JIMara30He MPOI0JIbHO-TIONEPEYHBIX BOJIH U 00 aKyCTHUECKOM JIMaIa3zoHe MPo10J1b-
HBIX BOJIH. BC€ ocTanbHOE HE BOCHPUHUMAETCSl HAIIMMHU OpraHaMH YyBCTB U HE MOXKET OBbITh
«OOBEKTUBHOU PEaTbHOCTHIOY, TAHHOW HaM B OIIYIICHUSIX.

O3Hauvaer 1M 3TO, 4TO OOJbIIE HUYETrO HE CYIIECTBYET, /1a M MOYEMY HAllW OUIYLIECHUS
JOJIKHBI OBITh A0COTIOTHBIM KPUTEPUEM CYIIECTBOBAHUS MaTepUU?

BrnonHe ecTtecTBEHHO, UTO MPEICTABIEHNE 00 OKPYXKAIOIEM HAC MUPE MBI [TOJIy4aeM yepes
Hallld OpTraHbl YyBCTB U TOJBKO Y€pe3 HUX, HO ATO HE 03HAYaeT aOCOJIIOTHOCTH HAIIMX OLIYIIIe-
Huii. CrieryeT BCHOMHUTD, YTO YEJIOBEK CYILIECTBYET B «CPEAMHHOMY» MUPE — MEKY MaKPOKOC-
MOCOM M MHUKPOKOCMOCOM, W IO3TOMY BCE HAIllM MPEJCTABICHUS CIIOXKUIUCH B PE3YJIbTaTe
HaOIIOACHUS 32 3TUM MPOMEKYTOYHBIM MHPOM MPHUPOJBL. B TO Bpemsi, Kak 3aKOHBI MPUPO/IBI
BEpIIATCS UMEHHO HAa YPOBHE MaKPOKOCMOCA 1 MUKPOKOCMOCA, U YEJIOBEK UMEET JIENI0 TOJBKO C
MIPOSIBJICHUSIMU 3TUX 3aKOHOB B IMTPOMEKYTOUYHOM MHUPE CYIIECTBOBAHUS YEIOBEKA.

Hab6nronas 3a mposBICHUSIMU 3aKOHOB MUKPO- U MaKpPOKOCMOCa B TIPOMEKYTOUYHOM MUPE,
YeJI0BEK CO3/1all KAPTUHY 3TOr0 MPOMEKYTOUYHOTO MUPA, KOTOPasi AOBOJIBHO TOYHO OTPAXKaeT CO-
CTOSIHME 3TOr0 MHUpa CYIIECTBOBaHUs yenoBeka. Ho 3Ta kapTuHa HE OTpa)kaeT NMpUpoy Makpo-
1 MHUKPOKOCMOCA MOJIHOCTBIO M MO3TOMY HE MOXKET MPETEHI0BaTh Ha MOJHOTY Mepeaadu Kap-
TUHBI MUPO3/IAHUS B LIEJIOM.

Takum 00pa3oM, COBpEMEHHBIE MPEACTABICHUS O MPUPOJE TOJBKO YACTUYHO OTPAXKAIOT
JNEHUCTBUTEIBLHOCTh U YHUBEPCAIbHBIE 3aKOHBI, KOTOPHIE CO3/1aJl YEJIOBEK, MOPOW MPENOJIHOCAT
HEOXKHJIAHHBIE CIOPIIPU3bI, MIPU MONBITKAX YeJIOBEKa MPOHUKHYTh, KaK B IITyOMHBI MaKpOKOC-
MoOca, TaK 1 MUKPOKOCMOCA.

OpaHMM U3 TaKUX YHUBEPCAJIbHBIX, QyH/IaMEHTAIbHBIX 3aKOHOB B €CTECTBEHHBIX HAayKaX SIB-
JISIeTCs 3aKOH coxXpaHeHust MaTepuu. OTKPBITUS MTOCJIEHEN YeTBEPTH ABAALIATOrO BeKa B 00ja-
CTH SIIEPHON (PU3UKHU pa3pyLIIU 3Ty (PyHIaMEHTAIBbHYIO TOYKY OIOPbI COBPEMEHHOU (PU3UKU.
OCHOBHOM 3aKOH (PU3UKH — 3aKOH COXPAHEHUS MaTEPUN — ObUT YHUUTOXKEH pe3yIbTaTaMH dKC-
NEPUMEHTOB (PU3HUKOB-SIEPIIUKOB.

CyTb 3TOTO TIOCTYJIaTa — B TOM, YTO Mamepusi HUOMKYOd He NOABIAeMCs U HUKYOd He UC-
yezaem. I [pUMEHUTENLHO K CUHTE3Y YaCTHUII B XOJI€ SIACPHBIX PEAKIINMA, STOT 3aKOH MOYKHO 3aIlH-
caThb B CJICIYIOIIEM BHU/IE:

mi+ M2> M3 (2.1.1)

K ornasnexHuto 43




Huxonaii JIeBamos «Heonunopoanas Beenennas»

JlpyruMu cioBamH, Macca BO3HHKIIEH, B pe3yJbTaTe CHHTE3a, YACTHUIIbl JTOJDKHA OBITh
MEHBIIIE MM PABHOW COBOKYITHOM MaccCe€ 4acTwI] €€ CO3JaBIIMX. Pe3ynapTaTbl SKCIIEPUMEHTOB
BBENU (DU3UKOB-SICPIIUKOB B COCTOSIHUE 1I0KA, U3 KOTOPOT'O OHU HE B COCTOSTHUH BBINTH U TIO
cell 1eHb. BCE€ neno «Toapko» B TOM, 4TO B HEKOTOPBIX DKCIIEPUMEHTAX MAacca BOZHUKIIEH Ya-
CTHLIBI TOPOX HA HECKOJIBKO MTOPSAKOB IPEBBIIIANIA COBOKYITHYIO MAaCCy 4acTHLL, €€ CO3/1aBIINX:

mi + Mz << ms (2.1.2)

PeanbHble SKCTIEPUMEHTBI, peasibHble TPUOOPHI, a Pe3yJIbTaThl — a0COMIOTHO (haHTacTUYe-
ckue. BenecTBo nmosBHIIOCH U3 HUOTKYA. [Ipnuém, OTKIIOHEHUE PE3yNIbTATOB OT 3aKOHA JIEKUT
HE B Mpejiesax MOrpeiHocTy npuoopoB. [Ipubopsl ¢ MOrpenHOCThIO 0oJiee MATH MPOLEHTOB
NPAKTUYECKU HE UCTIOJIb3YIOTCS JJISI HAYYHBIX UCCIIEI0BAHUM.

IToaTomy, B ciaydae, Korja pe3yJsbTaTbl Ha HECKOJIBKO MOPAAKOB OTIIMYAIOTCS OT OXKUae-
MBIX, IOTPEIIHOCTh IPUOOPOB HUKAKOTO 3HAYEHUs HE UMeeT. Jles10 B TOM, YTO Y YUEHBIX HET U
HE MOXET OBITh HUKAKOTO OOBACHEHHUs. Te ABIECHMS, KOTOPhIE OHU HAaOIIOAAOT MOCPEACTBOM
MpUOOPOB WIIM BU3YaAJIbHO, €CTh MPOSBICHUS PEANbHBIX 3aKOHOB MPUPOJBL. PeanbHble 3aKOHBI
MPUPOBI (POPMUPYIOTCS HA YPOBHSIX MAaKPOKOCMOCA U MUKPOKOCMOCA.

Bcé, ¢ ueM yenoBeK COMPHUKACAETCs B CBOEH KM3HU, HAXOJUTCS MEX]y MAKPOKOCMOCOM H
MUKPOKOCMOCOM. IMEHHO MTO3TOMY, KOI'/Ia YEJIOBEK, C TOMOUIBIO0 MPUOOPOB, CMOT 3aryIsIHYTh B
MUKpPOMHUD, OH BIEPBbIE CTOJIKHYJICS C 3aKOHAMU NIPUPOBL, @ HE C UX MPOSBIEHUsIMU. MaTtepus
HE MOSIBJISIETCS U3 HUOTKYAA.

Bcé ropazno mpoiie u cinoxHee OJHOBPEMEHHO: TO, YTO YEJIOBEK 3HAET O MAaTEPUU U 1y-
MaeT, Kak O 3aBepIIEHHOM, aOCOJIIOTHOM IMOHSATUHU, HA CAaMOM JIeJie, SIBIISICTCS JTUIIb MAeHbKOlL
yacmvio 3mo2o noHamus. Marepus NEUCTBUTENBHO HUKY/IA HE UCUE3aE€T U HUOTKYAA HE MOSB-
nsieTCsl; AEUCTBUTENBHO CcyllecTBYeT 3akoH CoxpaHeHuss MaTepuu, TOJIBKO OH — HE TaKOM, Ka-
KHM €ro MPEeJICTABISIOT JIIoAU. OU3NYeCKH TUIOTHOE BEIECTBO — TOJILKO OJiHA u3 opM mate-
pHii, BOCIIpUHUMAaeMasi Y€JIOBEKOM Y€pPE3 €ro OpraHbl UyBCTB.

A Ternepp, AaBaiTe MPOAHAIM3UPYEM MPEACTABICHHS O CAMOM MPOCTPAHCTBE, HA KOTOPBIX
0a3upylOTCsl COBPEMEHHbIE HayuyHbIE MpeacTaBieHus. IIpocTpaHCTBO MpUHUMAETCS TPEXMEpP-
HBIM ¥ OJTHOPOJHBIM. XOTEI0Ch Obl YTOUHHTb, YTO OKPYKAIOLIEe HAC MPOCTPAHCTBO BOCIPUHHU-
MaeTcs HallMMU TJIa3aMu, Kak TpEXMEpPHOE.

[IpeaHa3zHayeHue HAIIKMX I1a3 — ONTUYECKHUX JATYMKOB, CO3JaHHBIX MPUPOION — obecre-
YeHHUE aJIeKBaTHOW peaklMy Ha OKPYKAIOIIYI0 Hac mpupoay. Hamu riaza mo3BossioT Halemy
MO3TY CO3/1aTh TOYHYIO KapTHHY OKPY’KaloIIel Npupoibl, 0€3 KOTOPOW YEJI0BEK MPOCTO HE MO-
’KET CyILLECTBOBATh, KaK *KHUBOE CylecTBo. [Ipu 3ToM, I11a3a yenoBeka aianTUpOBaHbl K QyHKIH-
OHHUPOBAHMIO B TA30BOHM cpele, KOTOPYIO MpeAcTaBisieT coboi arMocdepa miuaHeTsl. «Kap-
THHKY» KOTOPYIO MbI BUJUM, IPUHUMAEM 32 TPEXMEPHOE MPOCTPAHCTBO.

Ho, eciin MBI morpyskaemcsi B BOAHYIO Cpelly, KOTOpasi, 110 HAIUM ITOHSATUSM, TOXKE TPEX-
MEpHasi, TO B 3TOM cpejie Halllu IJ1a3a OyAyT AaBaTh UCKAXKEHHYIO KapTUHY 3TOM CpeJbl, YTO HE
II03BOJIIET HAM IIPABUIJIBHO OPUEHTUPOBATHCS B HEU.

B 10 Bpems, Kak ria3a MOPCKUX >KMBOTHBIX, MTO3BOJISIIOT UM OPUEHTUPOBATHCS B BOAHOU
cpene, 0e3 Besikux npobiem. OpueHTanus X B BO3AYIIHOM cpezie OyleT Tak e HapylleHa, Kak
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Y Hallla B BOJHOW. B Bosie BuaNMasi HaMu «KapTUHKa» OyJIeT OTIIMYATHCS OT TPEXMEPHOTO U300-
pPaXXeHHUs1, K KOTOPOMY MBI TaK IPUBBIKJIU.

[Tomyuaercsi, 4To BOJIHASA Cpeia YEM-TO KAUECTBEHHO OTJIMYAETCS OT BO3AyIIHOM. 1 3TO 0T-
JUYHE HE TOJIHKO B OTJIMYUU TUIOTHOCTH PACTIONOKEHHS MOJICKYJI APYT OTHOCUTEILHO JApyra U
Ka4eCTBCHHBI COCTaB ITHX MOJIEKYJ. be3ycimoBHO, 3Tu (pakTOphl MMEIOT 3HaUeHue. Bompoc
TOJIBKO B TOM — TOJIbKO JI1 OHU?! B 3TOM TOYKE MBI MMOAONUIH K BOIPOCY: OJHOPOIHO JIH TPO-
cTpaHcTBO?!

2.2. KayecTtBeHHasi CTPYKTypa npocTtpaHcTBa

Bce cymectBytoiue Teoprun MpOCTPaHCTBA PAaCCMaTPUBAIN MPOCTPAHCTBO, KaK OJTHOPOJI-
Hy10 cyOcTanuio. OJHOPOIHOCTh MPOCTPAHCTBA MOAPA3YMEBAET, YTO CBOMCTBA MPOCTPAHCTBA
— OJIMHAKOBBI BO BCEX HAIPaBJICHUSIX. A 3TO 03HAYAET, YTO MAaTEPUsl JOHKHA MPOSBIATH ceOs B
0001 TOUKE OJJHOPOJHOTO MPOCTPAHCTBA TOXKECTBEHHO. Tak nu 310? JlaBaiiTe npoaHaiusu-
PYEM 3Ty CUTYaIIHIO.

AcTpoHOMaM M acTpo(Pu3MKaM M3BECTEH (DAKT, YTO BO BPEMS IMOJHOTO COJTHEYHOTO 3aTMe-
HUSI MOYKHO HAOTI01aTh 00BEKTHI, KOTOpbIe Hatre CojtHIle 3aKkpbIBaeT co00M. Mcxoms u3 mo3unuii
OJTHOPOJHOTO IIPOCTPAHCTBA, ITO MPOCTO HEBO3MOXKHO. HO TeM He MeHee, 3TO HayuHbIN (PaKT.

HeB03MOKHOCTB 3TOr0 ONpeaesieTcss TEM, YTO 3JIEKTPOMAarHUTHBIE BOJHBI B OJHOPOJIHOM
IIPOCTPAHCTBE AOJDKHBI paCIPOCTPAHATHCS NpAMOIMHENHHO. Ho eciau 3T0 Tak, To aOCONIOTHO He-
BO3MOYKHO Ha0Jt0/1aTh 0OBEKTHI, 3aKPbIBAEMBIE JPYTHM, PACIIOIOKEHHBIM OJIMKE K HAM.

OO0BsicHeHne 3TOMY (DEHOMEHY OBLIO JAHO CIEAYIOIMM OOpa3oM: MAaCCHUBHBIM KOCMUYeE-
CKHI 00BEKT, KOTOPHIM siBIIsieTcs COJIHIIE BIMUSCT HAa MPSIMOJIUHEHHOE pacIIPOCTPAHCHUE CBETO-
BBIX BOJIH, UCKPHUBIISSA UX TPACKTOPHIO, B pE3YyJIbTATE YE€TO, MBI B COCTOSTHUU HAOJIFOIATh TO, YTO
HaxoauTcs 3a HUM. O0bscHeHne, 6€3yCI0BHO MPABUIIBHOE, TOJIBKO CYIIECTBYET OJTHO MAJIEHBKOE
HO. Ecni cunTaTth MpoCTpaHCTBO OJHOPOJAHBIM, TO 3TO CTAHOBUTCS HEBO3MOXHBIM. Bo3HHKaeT
BOIIPOC — a OJHOPOJIHO Ji 0HO? Wl € TMHCTBEHHO BO3MOKHBIM O0BSICHEHHEM TOTO (haKTa MOXKET
OBITH MMPU3HAHKE MMPOCTPAHCTBA HEOTHOPOIHBIM.

JlaBaiite npoaHanu3upyeM u aApyrue dhaxktel. Hanpumep, siBieHue MpeoMIIeHUST pa3HBIMU
CpelaMH NPSIMOJIMHENHOTO PACIIPOCTPAHEHUS CBETOBBIX BOJIH. DTH SIBJIEHUS HOCSAT Ha3BaHUE OII-
TUYECKHX SIBJIEHUN MPUPOAbL. CyTh UX B TOM, UTO Pa3HbIE€ CPEABI UMEIOT TUIOTHOCTh, OTJIMYHYIO
OT IUIOTHOCTH BaKyyMa, KOTOpasi IpuHUMAaeTCs HyJ1eBOoi. CKOPOCTh paclpoCTPaHEHHUs CBETOBBIX
BOJIH B BakyyMe C mpuHumMaetcs 3a KoHcTaHTy U paBHoM 300 000 km/c. Cpena oka3bIBaeT Co-
IIPOTUBJICHUE PACIIPOCTPAHEHUIO CBETOBBIX BOJIH, B PE3YJIBTATE YETO CKOPOCTh PACIPOCTPaHE-
HUA UX B JAHHOU Cpejie CTAHOBUTCSI MEHBIIIE CKOPOCTH PACIPOCTPAHEHHS ITUX BOJIH B BaKyyMe
U cTaHOBUTCS paBHOM V. Takum 00pa3om, JaHHas Cpeia BIUSET Ha CKOPOCTh PAaCIpOCTPaHEHUs
cBeTa ¢ KoahGUIIMEHTOM N, KOTOPbIN Ha3BaId KOADPHUIIMEHTOM MPETOMIICHUS CPEIBI:

n=clv (2.2.1)
rJe:

N — kK03 HUIMEHT PETOMIICHUS;
C — cKopocTh cBeTa ((hoToHA);

V — CcKOpocTh cBeTa ((hoTOHA) B Cpejie.
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C nmomotipio 3Toro ko3 duimeHTa npeIoMICHUS MOKHO PACCUUTATh TOUKY BBIXOZa CBETa
W3 3TOW CpeAbl HA TPaHUIE C APYrou cpenou. [IpakTnyecku KaKIplid MIKOJIbHUK MNPOU3BOINII
no/I00HbIE PAacdYEThl M AKCIEPUMEHT IO MPOMYCKAaHHIO CBETOBOTO Ty4Ka uepes mpusmy. Bcé
BpoJie OBl pocTo U sicHo. Ho onATh cymiecTByeT ojHO MalieHbkoe HO. OHO MOSIBUTCSI, €CTTH CO-
MOCTAaBUTh 3Ty UHPOPMAIIMIO C TIPaBUJIAMU KBAaHTOBOW (DM3HMKHU, KOTOpPas OMHUCHIBAET MPUPOIY
BOJIH, B TOM YHUCJI€ U ONITUYECKOTO auarnazoHa. CorimacHO MOHATUSAM KBAaHTOBOM (PM3UKU, CBETO-
BbIE€ BOJIHBI M3JIy4alOTCS U MOTJIOLIAIOTCS ONpeAeIEHHBIMU TOPLUSAMHU, KOTOpPBIE Ha3BaJIU (HOTO-
Hamu. Kaxxplii OTOH UMEET 3HEPTHUI0, PaBHYO:

E = hf (2.2.2)

re:

h = 6,62 10?" Erg/sek — nocrosnnas I1nanka;
f — gacTora (oToHA.

Takum 00pazom, KaxAbld (POTOH UMEET CTPOro ONPEACIIEHHYIO SHEPIHUI0, U 3Ta SHEPrUsd
ONIPENEIIAET CKOPOCTh MEpEMENIEHUS €T0 B cpeze. [103ToMy, MBI MOKEM COCTABUTH TOKIECTBO:

mc?/2 = hf (2.2.3)

[Ipu npoxokaeHuu yepes cpeay, CKOPOCTb BOIHBI YMEHBIIAETCS MPOMOPLIMOHATIBHO KO3(]-
(ULKEHTY NPEeTOMIICHHS TaHHOM cpelibl (€ = Nv) U, CIEA0BATEIbHO, SHEPTHs (POTOHA YMEHbIIIA-
eTCsl:

Ecp = Mv?/2 = hf (2.2.4)
ECTGCTBGHHO, 4TO SHCPIUA ¢)0TOHa B CpCAC MOJIYy4aCTCsA MCHBIIC CI'O DHCPIUU B BAKYYMC!
Ep<E

HO,Z[CT&BJ'I?IH nx ypaBHeHI/Iﬂ, HOJ'Iy‘-II/IM:
mv?/2 = hf <mc?/2 = hf (2.2.5)

AHanu3upys 3TO COOTHOILLIEHUE, HEU30€KHO MPUAEM K 3aKIIOYEHHIO, UTO, TP U3MEHEHUH
SHepruM (PoToHa, JOHKHA M3MEHUTHCS 4acToTa, a, CJIEA0BAaTEIbHO, AJIMHA BOJHBI A. pyrumu
CJIOBAMH, BXOAUT B Cpey OAUH (POTOH, a BBIXOAUT Apyroi. [lomydaeTcs siBHOE NpOTUBOpEUHE C
peanbHOCThIO. BBIBOIBI IMHEWHON ONTUKY MPOTUBOPEYAT KBAHTOBOM MexaHuke. Kaxxapiii poToH
MUMEET CTPOr0 ONPENEIEHHYIO SHEPIUI0, OH M3JIy4aeTcs NP MEePEXOe JIEKTPOHA ¢ OOJbIIeH
pa3penIéHHOM OpOUTHI HA MEHBUIYIO; TIPH MOTJIOIEHUH aTOMOM (DOTOHA, 3JIEKTPOH aroMa nepe-
XOJIUT C HUKHEHN pa3peli€éHHON opOUTHI Ha OOJBIIYIO, TaK omnpeaeiseT kBaHToBas ¢pusnka. Ho
(OTOH, TP MPOXOKICHUU CPENIbl, HE MEHSAETCS, B TO BpEeMs, KaK €ro CKOPOCTh YMEHbIIIAETCS.
Kax e ObITh ¢ 3THM?

Ecnu cuutath 4TO IpOCTPAHCTBO — OJIHOPOJIHO, T.€., €T0 CBOMCTBA U KAU€CTBA HEU3MEHHBI,
nosrydaeTcst abcypa. AOcypl ucuesaeT eciau Mpu3HaTh, 9YTO MPOCTPAHCTBO — HEOTHOPOIHO,
YTO €ro CBOICTBA M KaU€CTBA U3MEHSIIOTCS B PA3HBIX HAIPABICHUAX, U, YTO MaTEpUs, 3aMOJIHS-
I0I11asi MPOCTPAHCTBO, BJIMSAET HA CBOMCTBA M KaU€CTBA MPOCTPAHCTBA, KOTOPOE OHA 3aMOJIHAET, a
MPOCTPAHCTBO BIUSET HA MaTeputo. [IposBisieTcs, Tak Ha3pIBaeMasi, 0OpaTHasi CBsi3b. B pe3yiib-
Tare, yCTAaHABIIMBAETCSI PABHOBECHOE COCTOSTHUE MEXKIY MaTepuei, 3aloyHSIONIEH MpOoCTpaH-
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CTBO U IIPOCTPAHCTBOM, B KOTOPOM JaHHas MaTepus HaxoauTtcs. 1Ipu Takom paBHOBecun, Marte-
pus ycTonuuBa. B TaHHON TOYKE MBI OJIONUIM K TOHUMAHHIO APYrOro NPUPOIHOIO SBICHUS —
PaIMOAKTUBHOCTH.

PannoakTuBHOCTh — SIBJIEHUE, IPU KOTOPOM, aTOM CTAaHOBUTCSI HEYCTOMYUBBIM, POUCXO-
IUT €ro pacrna, B pe3yibTaTe KOTOPOTO BBIACISACTCS SHEPTHUs, U 00paszyeTcs 0oiee yCTOMUNBBIM
aTOM WM aTOMbl. HeyCTONYMBOCTh BO3HUKAET MPU MOTJIOIICHUH TaHHBIM aToMOM (oTtoHa. [Ipu
NOTJIONIEHUU (POTOHA, MPOUCXOIUT MEPEXO0]I FIEKTPOHA C OJHOM pa3pelIEHHON OpOUTHI HA JIPY-
ryto. Ho nouemy mnipu norsomennu ¢GoTOHA OJJUH aTOM CTAaHOBUTCS HEYCTOMYMBBIM M pacraia-
€TCsl, B TO BpeMsl, KaK JIpyroi ocTtaércst ctabuibHbIM? PainoakTMBHBIMY MIPU3HAIOTCS TPAHCYPa-
HOBBIE 3JIEMEHTBI, aTOMHBII BEC KOTOPBIX MPEBBIIIAET ABECTH TPUALATH BOCEMb a.€. U UMEIOIINE
CJIOXKHYIO CTPYKTYPY AJIEKTPOHHBIX OpOUT. Pacnaj mogoOHBIX aTOMOB MOKHO ObLIO ObI 00BsIC-
HUTh UX CIIOKHOW CTPYKTYpPOH, KOTOpasi HApyLIAeTCs MPH MOMIONIEHUH (POTOHA U U3 YCTOWYH-
BOI'O COCTOSIHUSI IEPEXOAUT B HEYCTOMUYMBOE, B PE3YJIbTATE YEr0, aTOM U pacnagaercs. Beé, ka-
3aJI0Ch ObI, MPEKPAcCHO, €cJik Obl OmsATh HEe BMemmanoch Obl MajieHbkoe HO. PaanoakTuBHBI HE
TOJBKO TPAHCYPAHOBBIC JIEMEHTHI, HO U M30TOMBI BCEX JAPYTHX JIEMEHTOB. J[I0OOMBITEH TOT
(dakT, 4T0, K IpUMEPY, PaAUOaAKTUBHBI U30TOMBI BOJOPOJA — JECUTEpUN U TPUTHH, C aTOMHOM
MaccCoi JIB€ U TPH a.€., B TO BpeMsl, KaK aTOM 30JI0Ta — MaKCUMAaJIbHO YCTOWYUBBIN, PU aTOM-
HOM BECE€ MOYTH CTO JIEBIHOCTO CEMb a.€¢. B 3TOM M aHAJOTUYHBIX CITy4asiX HEBO3MOXKHO OOBSC-
HUTh YCTOMYMBOCTh U HEYCTOMUUBOCTH CIIOKHOCTHIO CTPYKTYPhl OPTaHU3alMU aTOMOB. BHOBB
MOSIBIISIETCS MAapaJIoKC U, Ka3aJloch Obl, Hepa3pelmnmMoe npotuBopeune. Beé Obuio Obl Tak, eciu
HCXOAUTH U3 MPEIOIONKEHHS OJJHOPOIHOCTH MPOCTpaHCTBA. HO eciu npeanoaoxuTs, 4To mpo-
CTPAHCTBO HEOJHOPOHO — MPOTUBOPEUHE U a0Cyp/l NCUE3AIOT.

IIpupony paIHOAKTUBHOCTH MBI PAaCCMOTPUM HWXKE. B JaHHBIM MOMEHT HAaC MUHTEPECYET
npupoaa npocrpancrsa. Kak BUIHO U3 NMPUBEAEHHBIX BBILIEC IPUMEPOB, KAK HA YPOBHE MAKpPO-
KOCMOCa, TaK ¥ Ha YPOBHE MUKPOKOCMOCA, IIPOCTPAHCTBO — HEOAHOPOAHO. [IoHATHE O TOM, YTO
MIPOCTPAHCTBO SIBJSIETCS OJJHOPOAHBIM BO BCEX HAIIPABIEHUSAX 0€3 «CEBEpa» U «1oray, «Bepxay» u
«HU3a» SBIIAETCS OCHOBOW COBPEMEHHOM KOCMOJIOTMHM, OCHOBAHHOM HA TEOPUU OTHOCHUTEIIBHO-
ctu DuHIITeHA. MccnenoBanus, NpoBeAEHHBIC HA PAAUOTEIECKOIE, BEBIHECEHHOM 3a MPEACIIbI
3eMHOU aTMoc(epbl, Jalnu MOATBEPKACHUE O HEOAHOPOIHOCTH MpocTpaHcTBa. [Ipoananuzupo-
BaB paIMOBOJIHBI 160-TH OTHANEHHBIX rajJakTUK, pusnku u3 Pouectepckoro u Kanzacckoro YHu-
BepcuteToB CIIIA cnenanm mopasuTeNnbHOE OTKPBITHE O TOM, YTO M3JIyYEHHUs BPALIAIOTCS IO
Mepe TOT0, KaK OHH JBHKYTCS CKBO3b IPOCTPAHCTBO, B BUJIE €/1BA 3aMETHOI'O0 PUCYHKA, HATIOMU-
HAIOLIETO IITOMNOpP, HEMOX0KETr0 HU Ha 4To, HabmoaaBieecs panee. [1omHbIA MOBOPOT «IITO-
nopa» HabJro1aeTCs Yepe3 Kaxk bl MUJUIMAP MIJIb, KOTOPBIM MPOXOAST PAIHOBOIHBL. DTH (-
(beKThl SBISIOTCS JTOTIOJHEHHWEM K TOMY, YTO U3BECTHO, Kak 3ddext Dapanes, moaspusaius
CBETA, BbI3BAHHASI MEKTaJaKTUYECKUMHU MArHUTHBIMU MOIsMU. [leproguyHOCTh 3THX, BHOBb
HaOIIOAaeMbIX BpAIlEHUH, 3aBUCUT OT yrja, 0 KOTOPOMY JBIDKYTCS PaIUOBOJIHBI OTHOCH-
TEJIbHO OCH OPUEHTALIMU, IPOXOAIIECH Yepe3 NpOCTPAHCTBO. Uem mapajuieibHed HalpaBJICHUE
JIBUYKEHUS BOJIHBI C OChIO, TEM OOJIbIIIE paanyc BpallieHus. JlaHHas OCb OpUEHTAIIUU HE SIBISIETCS
(bu3MUeCcKOi BEIMYMHOM, a CKOpee ONpeIesieT HapaBlieHue, IO KOTOPOMY CBET IepeMeNIaeTCs
Bo Bcenennoii. [lo HabmoaeHuto ¢ 3eMiin, KaKk yTBEPKIAAIOT UCCIIEIOBATENIN, OCh MTPOXOIUT B
OJIHOM HaIpaBJIEHWH, B CTOPOHY co3Be3aus Sextants, u B IpyromM HampaBiieHUH, B CTOPOHY CO-
3Be3nus Aquila. Kakoe u3 HamnpaBiieHUi OylIeT «BEpXOM» WM «HU30M», BEPOSATHO, OYIET Mpo-
M3BOJIbHBIM BEIOOPOM, CUUTAIOT OHHU.
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OT0 OTKphITHE OBUIO caenaHo AokTopoM Jlxopmxem Hommana u moxtopom [[koHoMm
Pancrorom. OTY4ET 0 KOTOpOM OHH onyonukoBany B «Puszuueckom O630pe» B 1997 1?°. Takum
00pa3oM, KaueCTBEHHas CTPYKTypa NPOCTPAHCTBA JOJKHA OBbITh HEOAHOPOAHOU. JlaBaiiTe mpo-
AHAJM3UPYEM SIBJICHHE HEOAHOPOAHOCTH MPOCTpaHCTBA. HEOMHOPOAHOCTH MPOCTPAHCTBA O3HA-
YaeT, YTO €ro CBOMCTBA M KadecTBa — pa3HbIe B Pa3HBIX O0JACTAX MPOCTpaHCTBA. JIOTMYHO
IIPEANOJIOKUTD JBA BO3MOKHBIX COCTOSIHUS ITPOCTPAHCTBA — HEBO3MYILIEHHOE IPOCTPAHCTBO, B
KOTOPOM €r0 CBOMCTBA U3MEHSIOTCSI HEMPEPBIBHO U IJIABHO, B 3aJJaHHBIX HAIIPABJICHUSX, U BO3-
MYIIIEHHOE TPOCTPAHCTBO, B KOTOPOM HaOJI0/IaeTCs PE3KOE U3MEHEHUE CBOMCTB U KayeCTB.

[Ipeanonoxum, 4TO HEBO3ZMYIIEHHBIM IPOCTPAHCTBO OBLJIO B Hayasie (pOPMUPOBAHUS MIPO-
CTPAHCTBEHHBIX CTPYKTYp, U, IO Mepe (POPMUPOBAHUS OHBIX, BOSHUKAIOT 30HBI BO3MYIIEHHOTO
IPOCTPAHCTBA. 30HBI BO3MYIIEHHUSI BOZHUKAIOT MO/ BIUSHUEM BHEIIHUX (PaKTOPOB, KOTOPHIMU
MOTYT OBITh JIpyTM€ KaueCTBEHHbIE MPOCTPAHCTBA UMEIOIIKE C IAHHBIM MIPOCTPAHCTBOM KaKue-
TO OOIIMe CBOMCTBA M KayecTBa. ECTECTBEHHO 3TH MPOCTPAHCTBA HE MOTYT OBITh MOJHOCTHIO
TO/I€CTBEHHBIMH, & TOJIbKO YaCTUYHO. TakuMm 00pa3oM, IPOCTPAHCTBO MOKET ObITH B BO3MY-
HIEHHOM M HEBO3MYIIEHHOM COCTOSIHUH, YTO SIBJIAETCS BAXKHBIM MOMEHTOM JJIs IOHUMAHUS IIPU-
OBl 3BE3]1, K KOTOPOU MBI BEpHEMCS HIKE. A B JaHHBI MOMEHT, JlaBaiiTe pazoepémcs ¢ mate-
puen. Eciid npocTpaHCTBO NPAKTHYECKU U TEOPETHYECKH He OIPAaHUYEHO U ero CBOicTBA
U Ka4eCTBa MEHSAIOTCH HelpepbIBHO, TO MaTepus — KOHeyHa. KoHeyHoCcTh MaTepuu 00y-
CJIOBJICHA T€M, YTO OHA HMeeT KOHKpPeTHbIe Ka4yeCTBAa U CBOHCTBA, KOTOPbIe HMMEIOT CBOU
npenaessbl M, BCJIEACTBHE 3TOI0, KOHeYHbI. [IpocTpaHcTBO U MaTepus B3aUMOAEHCTBYIOT APYT
C IpyroM, npu4ém, B3auMoaenicTeue — oboroiHoe. [loaromy, korja 6eckoHeUHasi BeJIHYMHA C
HelpepbIBHO U3MEHAIOIIMMHUCH CBOHCTBAMHU M KaYeCTBAMU, — IIPOCTPAHCTBO, — B3aNMO-
AEeNCTBYET ¢ KOHEYHOUM BeJIMYMHOM C ONPeAeéHHBIMY CBOMCTBAMH M KaYyecTBaMU, — Ma-
Tepueil — WX B3aMMO/eiicTBHE MPOMCXOAUT B TOH TOJbKO 00JIaCTH NMPOCTPAHCTBA, IIe
CBOJMCTBA M Ka4eCcTBa NPOCTPAHCTBA M MATEPUH TOKIeCTBEHHBI APyr Apyry. U eciu npen-
MOJIOKUTh, YTO CYIIECTBYET MHOKECTBO THUIIOB WJIM (JOPM MATEPUU, KaXK]as U3 KOTOPBIX OTJIH-
YaeTcs OT IPYroil CRBOMMHU CBOMCTBAMHU U KQU€CTBAMU YaCTHYHO WJIM MOJHOCTBIO, U 3TH (POPMBI
MAaTEpUH «HAKJIAJIBIBAIOTCSD HA MPOCTPAHCTBO C HEMPEPBHIBHO U3MEHSAIOIIMMHUCS CBOWCTBAMH U
Ka4ueCTBaMHM, TO BOSHUKHET pacipeejeHre 3TUX CBOOOAHBIX (opM MaTepuii 110 NPOCTPaH-
CTBY, 110 IPUHILMILY TOKIECTBA MEKAY CBOMCTBAMHU IPOCTPAHCTBA U (pOPM MaTepHii.

[Ipoucxoaut nporiecc, aHaTOTUYHBIN MTPOLIECCY PA3ACICHUS CMECH KUJIKOCTEU, UMEIOIIUX
pa3Hyro WIOTHOCTh. CO BPEMEHEM, BCE KUAKOCTA CMECH PACIIOI0KATCS CIOSIMUA OJIHA HAJl IPY-
roui, 6ojee MIOTHBIC KUAKOCTH (M, CIEI0BAaTEIIbHO, Ooyiee TSKEBIC), MIEPEMECTSATCS BHU3 CO-
Cylla, a MeHee IUTOTHBIE (U, CTIe0BATENbHO, OoJiee JETKUE) pacnooxarcs onuxe K Bepxy. Ecinu
MPOUIET TOCTATOYHO BPEMEHU, TO BOZHUKHYT CJIOU KUIAKOCTEN C Pa3HOU IUIOTHOCTHIO B OJTHOM
cocyne. M eciin okpacuThb KUIKOCTH Pa3HOM TUIOTHOCTH B KaKOW-TMOO IBET, HAIIPUMED, CAMYTO
IJIOTHYIO OKPACUTh B KPACHBIH 1IBET, U, 110 MEpe YOBIBAHUS TUIOTHOCTH KHUIAKOCTEH, OKPACUTh UX
COOTBETCTBEHHO, B OPAHXKEBBIN, KENTHIN, 3eNEHBIN, TOTY00H, CHHIM 1 (PHOJIETOBBIN 1IBETA, TO B
pe3yJibTaTe, Mocie TOro, Kak CMECh U3 3TUX KHAKOCTEW C pa3HOW IUIOTHOCTBIO YCIIOKOUTCS, B
COCY/JI€ MOSBSITCS PA3HOLIBETHBIE CIIOU KUJIKOCTEH B OPSIAKE YOBIBAaHUS UX TIJIOTHOCTH — Kpac-
HBIN, OPAHXKEBBIH, KENTHIN, 3€JIEHBIN, TOYOOU, CHHUHN U (DUOJETOBBIN.

20 «This Side Up' May Apply To the Universe, After All», by John Noble Wilford, The New York Times, 1997.
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JKunkocTy ¢ pa3HOM IJIOTHOCTBIO — 3TO TOXKE MATEPHsl, UMEIOIIAsl Pa3IN4Msl TOJBKO IO
OJTHOMY CBOEMY KaueCTBY — IUIOTHOCTH. B 1aHHOM ciydae, MpOMCXOAUT CBOEOOpa3HOE KBaH-
TOBaHue (pa3AesIeHuEe) OJTHOM U TOH )K€ MaTepUu 10 OJHOMY CBOMCTBY WM KauecTBy. [loaTomy,
€CJIM MPEANOI0KUTh HATUYNE MHOKECTBA (POpM MaTepuid, OTIUYAIOIIUXCS APYT OT Apyra CBO-
MMM Ka4eCTBAMH M CBOMCTBAMU B IPOCTPAHCTBE C HEMPEPHIBHO U3MEHSAIOIIMMUCS CBOWCTBAMU
¥ KaueCTBaMH, TO IPOM30UIET KBAHTOBAHKE 3TOTO MTPOCTPAHCTBA IO ATUM opmam marepuid. U
€CJIM MPUJATh pa3HbIM GopMaM MaTEepUU pa3HbIC 1[BETA, TPOCTPAHCTBO MPEBPATUTCS B IIBETHOM
CHOEHBIN «upor». U ecnu, B ciiydae CMECH KUAKOCTEH, KPUTEPUEM PA3IAECIECHUS KUAKOCTEN B
COCY/IE SIBJISIIACH INIOTHOCTh ATHUX JKUJKOCTEH, TO, B CIIy4dae ¢ pasHbIMU (hOpMaMU MaTEPHii, BO3b-
MEM 32 MOJA0OHBIN KpUTEPUN MEPHOCTH MPOCTpaHCTBA. [IpoCcTpaHCTBO C HEMPEPHIBHO U3MEHSIO-
Ie¥csi MEpHOCTHIO Ha30BEM MATPUYHBIM MPOCTPAHCTBOM. TakuM 00pa3zom, B 3TOM MaTPUYHOM
IPOCTPaHCTBE, IPHU B3aUMOJECHCTBUU €ro ¢ (hopMaMu MaTEPHUH, BOSHUKHYT CJIOU C TOXKJECTBEH-
HOW MEPHOCTBI0. KaXXAblil CIIOM TOXKIECTBEHHOM MEPHOCTH 3TOTO MATPUYHOIO MPOCTPAHCTBA
Ha30BEM IIPOCTPAHCTBOM-BCEJICHHOW C JAaHHBIM YPOBHEM MEPHOCTH. JlpyrumMu CloBaMu, U3Me-
HEHHE MEPHOCTH MAaTPUYHOIO IMPOCTPAHCTBA HA HEKOTOPYIO BelnunHy, AL mpuBOIUT K Kaye-
CTBEHHOMY HM3MEHEHUI0 MAaTPUYHOIO MPOCTPAHCTBA U 00OPa30BaHUIO B HEM MPOCTPAHCTBa-BCeE-
JIEHHOW HOBOT'O KQYECTBEHHOI'O COCTABA.

HaBepHo, MHOTHE B JE€TCTBE UTPaM, CKIAJbIBasi U3 KyOUKOB pa3Hble KApTUHKU. Tak BOT,
M3MEHEHUE MEPHOCTH MTPOCTPAHCTBA Ha BeIMYMHY AL paBHOCHIIBHO NOSIBJIEHUIO HOBOTO KyOUKa
Y BO3MOKHOCTH CJIOKUTBH C €T0 IOMOIIBIO, IEPECTABUB BCE KYOMKHU, HOBYIO «KapTHHKY»-BCe-
JICHHY0. DTO CTAHOBUTCSI BO3MOXHBIM, TOJIBKO TOT/[a, KOT'/1a BCE «KYOUKH — OJTHOTO pa3Mepay.
Ecnu Mbl cMemaeM KyOUKH pa3HbIX pa3MepPOB U MOMBITAEMCSI CJIOKUTh U3 HUX KaKyro-1u0o Kap-
THUHKY, TO, IIPX BCEM XKEJIAHUH, Y HAC HUYETO HE MOIYYUTCS, JaXKE, €CIIU Y HAC JOCTATOYHO «KY-
OMKOB» Ha HECKOJIBKO «KapTUHOK». CHavanga Hy>KHO pacCOPTUPOBATH 3TU «KyOUKW» IO pa3me-
paM, a 3aTeM CKJIaAblBaTh M3 HUX «KapTUHKW». [locienoBarenpHOE M3MEHEHWE MEPHOCTH Ha
OJIHY U Ty K€ BeJInuuHy AL gBJIsIeTCS] KBAHTOBAHMEM MAaTPUYHOTO MPOCTPAHCTBA U BhIpAXKAETCs
KO3(PUIIMEHTOM KBAHTOBAHMS Y1, KOTOPBIM M €CTh TOT 3TAJIOH, 10 KOTOPOMY OTOUPAIOTCS «KY-
OMKW», 1151 CO3JaHUsI HOBOM «KAPTUHKH.

Takum 0Opa3oM, Kak U U3 pa3HOro KOJIMYECTBA OJJMHAKOBOIO pazMepa KyOMKOB MOYKHO CJI0-
KUTb pa3HbIe KAPTUHKH, TaK U U3 OJHOTUIHBIX (DOPM MaTepUil B MATPUUHOM IIPOCTPAHCTBE 00-
pa3yroTcs MPOCTPAHCTBA-BCEJIEHHBIE. DTH MPOCTPAHCTBA-BCEJIICHHBIE 00Pa3ylOT B MATPUUYHOM
MPOCTPAHCTBE €IMHYIO CUCTEMY, KaK CIIOEHBIA MUPOT, KAXKABIN CION KOTOPOTO KAaYECTBEHHO OT-
J4aeTcs ot Apyroro. Ilpu 3ToM, KaKIblid COCEAHUN CIIOW 3TOT0 ITUPOra UMEET, B CBOEU «MO3a-
UKE», Ha OJIMH «KYOHK» 00Jbiie wiu MeHblie (Puc. 2.2.1).
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Lin

Ckauamo ece pucyuxu - 8 mb

Bce 3T ciion HaXxoaATCsl B TOCTOSIHHOM JIBUJKCHUU U B3aUMOJCHCTBUM MEXKITy co0oii. Pe-
3yJBTaTOM TaKOT'0 B3aMMOACHCTBHSI MEKTy COCETHUMHU MPOCTPAHCTBAMU-BCEIICHHBIMU SIBJISIETCS
MOSIBJICHHE, B 30HaX CONMPUKOCHOBEHHS, 3BE3/ M «4EPHBIX IbIp» (PHC. 2.2.2).
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[Ipu 5TOM, TaM, TI€ MPOCTPAHCTBO-BCENEHHAS COITPUKACAETCS C APYTUM, KOTOPOE UMEET B
CBOEM COCTaBE Ha OAMH «KyOMK» OoJibllle, BOSHUKAET 3BE3/1a, a IJI€ Ha OJIUH «KyOHUK» MEHbIIIE
— «4YE€pHas IbIpa».

2.3. CucreMma MaTpMUYHbIX NMPOCTPAHCTB

Takum o6pazoM, GopMUPYETCs CUCTEMA MPOCTPAHCTB, 00Pa30BAHHBIX CUHTE30M MaTepuit
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onHoro tuna. Koo puimenr yi MoxxeT mpuHUMaTh CaMble pa3Hble 3HaueHus. Jlake u3MEeHeHHe
€ro Ha HUYTOKHYIO BEJIMYMHY IPUBOAUT K TOMY, YTO MaTEPHUs HALIETO THUIIA HE MOXKET CIUTHCA
B BeLIECTBE (BBIpOAUTHC ). [Ipy qpyroM 3HaU€HNH Yi BOZHUKAIOT YCJIOBHS JIJISl CIIMSIHUASL BOEAUHO
MaTepuil Apyroro TUIa, OTIMYHOrO OT JAHHOTO. DTO MPUBOAUT K 0OPAa30BAHHMIO KaYECTBEHHO
JAPYroi CUCTEMBI TPOCTPAHCTB — 00pa3yeTcs Apyroe MaTpUYHOE NPOCTPAHCTBO. B pe3ynbrare
ATOTO, MBIl UMEEM LENyI0 CUCTEMY MATPUUYHBIX IPOCTPAHCTB, KOTOPBIE OTIWYAIOTCA APYT OT
apyra k03¢ (UIHEHTOM KBaHTOBaHUSI MEPHOCTHU MTPOCTPAHCTBA U TUIIOM MaTEpHid, UX 00pa3yro-
IUX. JTO MPOSBIIAETCS B KAUECTBEHHOM OTJIMYMH BEIIECTB, BO3HUKAIOIINX [P CIUSIHUU PAa3HbIX
TUIIOB MaTE€pUi U pa3HOro KoJMuecTBa GopM MaTepuii, 00pa3yromuX KaKIbli U3 ATUX THUIIOB
BenecTB. Kaxkioe MaTpuiHOe MPOCTPAHCTBO — HEOJHOPOJHO MO MEPHOCTU. DTHU KoJieOaHUs
MEPHOCTHU MAaTPUYHOTO IPOCTPAHCTBA MPUBOJIAT K TOMY, UTO B HEKOTOPBIX €TI0 001aCTsIX IPOUC-
XOJIUT CMBIKaHUE C IPYTUMU MaTPUYHBIMU NMPOCTPAHCTBAMH, UMEIOIIUMHU B 3TUX 00JIACTSIX Ta-
KYIO K€ MEPHOCTb. BO3HUKAIOT 30HBI EPETEKAHUS U3 MATPUYHOTO MPOCTPAHCTBA C OJTHUM KO-
3 PUIIMEHTOM MEPHOCTH Y B MAaTPUYHOE MPOCTPAHCTBO C ApyruM. M ecnu B cinyuae oOpazoBaHus
3BE3/1 U «UEPHBIX JIBIP» BCE OMPEACISUIOCH JIUIIL KOJIMYECTBOM MaTepui, 00pa3yromux IMpo-
CTPAHCTBA-BCEJICHHBIE B 30HE 3aMbIKAHUA U, IPU 3TOM, MaT€pUH ObLIM OJAHOIO THUIA, T.€. KBaH-
TOBaJUCh KOA(DPUIMEHTOM MEPHOCTH 7Y, TO, IPU CMBIKAHUM MAaTPUYHBIX IPOCTPAHCTB BO3HU-
KAIOT 30HbI IEPETEKAHUS MATEPUN UMEIOIIUX Pa3IUYHbIA KOI(P(GULIHUEHT Yi, MAaTEPUNA Pa3HBIX TH-
OB, KOTOPBIE HE MOTYT OBITh COBMECTUMBIMU HU MPHU KAKUX YCIOBHUSIX.

Yro xe IMPOUCXOOUT B 3THUX 30HAX CMBIKAHUSA MATPUYHBIX HpOCTpaHCTB? Tak BOT, B OTHUX
30HaX CMBIKAHHUA ITPOUCXOOUT pacCiiald BCIICCTBA KaK OJHOI'0, TAK U APYT'Or'o THUIIA, U 06pa3y10Tc;1
«CBO6OIIHI>I€>) MaTCpuu, KaKk OJHOI0, TaK U APYroro THUIIOB. HO, 4TO KC IIPOUCXOIUT I[&J'IBIHG?!
Ha IMPOLCCCHI IIPOUCXOIAIINC B 3TUX 30HAX BJIMAIOT TPHU YCIIOBHA:

1) KonmmuectBo (hopm MaTepuii JaHHOTO THIIA, 00Pa3yIOMIMX KaXk10€ MATPUYHOE IIPOCTPAH-
CTBO B 30HE MX cMbIKaHUA. Yaile Bcero, konuuecTBo (GopM mMaTepuii, 00pa3yrommx KaxJI0e u3
MAaTPUYHBIX IPOCTPAHCTB, PA3JIUYHOE. ITO, B CBOKO OYEPE/b, CO3AAET PA3HBIN ITOTOK BEIIECTBA,
II0 COBOKYITHOMY COCTaBY, IIEPETEKAIOMIEr0 U3 OJHOIO0 MAaTPUYHOIO NPOCTPAHCTBA B APYroe U
o0paTHO. BO3HMKAIOT 1Ba BCTPEUYHBIX MOTOKA, YTO MPUBOAUT K 0OPA30BAHUIO MOUIHBIX BUXpeE-
BBIX ITOTOKOB (JOpPM MaTEpHil IBYX TUIIOB B 30HE MX mepeceueHusd. [Ipu sTom, Gosiee MOILIHBIN
MOTOK Pa3BEPHET caadbli BCISATh U BOSHUKHET MOILHBII BUXPEBOU (POHTaH MaTEPHil ABYX THUIIOB.

2) Ha MOIITHOCTh TOTOKOB MaTepHUil M3 MATPUYHBIX IPOCTPAHCTB OKA3BIBACT BIUSHHE MEP-
HOCTb 30HBI CMBIKaHHUs JBYX MAaTPUYHBIX POCTPAHCTB. ECTECTBEHHO, 3Ta MEPHOCTh HE MOYKET
OBITh TAPMOHUYHOM C THUIIOM MEPHOCTU KaXKIOTO W3 MATPUYHBIX MPOCTPAHCTB, HO OHA MOKET
ObITH OoJiee OJIM3KOM K TUILy MEPHOCTH OJHOIO WJIM APYroro Tuma. J[pyrumu cioBaMu, BO3HHU-
KaeT Iepenaj MEPHOCTH B MATPUYHBIX ITPOCTPAHCTBAX B 30HE CMBIKAHUs, pa3-JIUYHbIN JJIs KaX-
JIOTO U3 MAaTPUYHBIX ITPOCTPAHCTB.

L't - L'o| <|L'2- L1 (2.3.1)

A Takxe, UMEeT 3HaUYEHUE 3HAK ITOrO Mepenaja — MOJO0KUTENIbHBIN WIH OTPULIATEIbHBIN.
OTpuiaTenbHbIN epenaj] 03HavaeT 0osiee 0JIaronpuaTHBIE YCIOBUS JJIsl BBITEKaHUS MAaTepUi U3
JAHHOTO MaTPUYHOTO IPOCTPAHCTBA.

3) K xakoMy TUIy KBaHTOBaHHS MEPHOCTH MaTPUYHBIX MPOCTPAHCTB OKA3bIBACTCS OJIMKE
MEPHOCTb 30HBI CMBIKaHUS MaTPUYHBIX IPOCTPaHCTB. [Iporcxoant:
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IL'1-L'2|/L"'<0
IL'1-L'2|/L2>0
WIIH (2.3.2)
IL't-L'2|/L"'>0
IL'1-L'2|/L"2<0

MepHOCTh 30HBI CMBIKAHUSI MOXKET OBITH Orke K Thiy MepHocTu L'y nmm L'2. Tlpu sTom,
€CJIM pa3ianyue B MEpHOCTH, yciaoBHO AL'12, a KO3 (UIMEHT KBAaHTOBAHUS Y'1 U IPOUCXOAUT
pacriajl Matepuii Tina MmepHocTu L.

|AL'12 - ay'1] —0
Ecmn:
|AL'12 - by'2| —0

[Mpoucxonut pacnan marepuid tumma Mmepaoctd L'1. Ecim: (AL'12 - b y'2) < 0, mpoucxomur
cUHTe3 Matepuii Tuna mepHoctu L'>. Y coorBeTcTBeHHO, HaoOopoT, ecnu: (AL'w2 - a y'1) <0,
MIPOUCXOMUT CUHTE3 MaTepuid Tumna MmepHoctu L';.

['ne: a m b — o6o3Hauaer, kakoe KOMMYECTBO pa3 KOIDDUIIUESHT Y; «IIOMEIIACTCS» B 30HE
aedopMaIii MEpHOCTH MTPOCTPAHCTBA.

Jpyrumu cioBaMu, B 30HE CMBIKaHUSI MOXKET BO3HUKHYTh CHHTE3 (DOPM MaTepuil Kakoro-
HUOYIIb U3 JABYX THUIIOB MEPHOCTEW MATPUUYHBIX MPOCTPAHCTB, 32 CYET PACILEIJICHUS MaTepuil
apyroro tuma. IIpu 3ToM CHHTE3€ MOKET MOIJIOATHCS MaTEPUS MPOMEKYTOYHOTO TUIIA MEPHO-
CTU U BBIAEIAETCA MaTepus IPOMEKYTOYHOT'O THIIA, YTO, B CBOK OYEPEb, BHI3BIBAET HEYCTOM-
YUBOCTb B MATPUYHOM IIPOCTPAHCTBE C TUIIOM KBAHTOBAHUS MEPHOCTH Y1 UJIU Y2, B 3aBUCHUMOCTH
OT HaIpPAaBJICHUA IEPETEKAHNUS MAaTEPU.

He npaBpaa 11, oueHb HAMOMUHAET, 110 CBOEU MPUPOJIE, FKZOTEPMUUYECKHUE U IHAOTEpPMHYE-
CKHE PEaKIMu Ha YPOBHE MUKPOKOCMOCA, IPU KOTOPBIX WM MOTJIOMATIO0Ch, UIU BBIIEISIOCH
TEIUIO U3 OKPYXKAIOIIEH Cpebl.

Bepuémcs k porieccam, IpOUCXOASIINM B 30HE CMBIKAHHUS IBYX MATPUYHBIX TIPOCTPAHCTB.
B 3aBHCHMOCTH OT TOro, Kak B3aMMOJICHCTBYIOT NIEPECUUCIICHHBIC BBIIIE TPH YCJIOBHS, B 30HE
CMBIKaHHMSI BYX MaTPHUYHBIX MPOCTPAHCTB MOYKET BOZHUKHYThH 30HA CHHTE3a MaTepPUil JaHHOTO
THUIIA, WK 30HA paciaja 3THX MaTepHuil. B oJlHOM ciyyae BO3HUKAET IICHTP 00pa30BaHUs IpO-
CTPaHCTB-BCEJICHHBIX C JIAHHBIM THUIIOM KBaHTOBAaHUS MEPHOCTH IMPOCTPAHCTBA, CylepaHaJIor
3pe3anl (Puc. 2.3.1).
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B npyrom ciydae, BO3HUKAET LIEHTP paclajia MPOCTPAHCTB-BCEJICHHBIX C IAHHBIM THUIIOM
KBaHTOBAHUSI MEPHOCTHU MTPOCTPAHCTBA (CyTmep aHaIor «4E€pHOM AbIpbl»). [Ipu 3TOM, CHTE3UPO-
BaHHbIE POPMBI MATEPHIl JAHHOTO THUIIA KBAHTOBAHUSI MEPHOCTH HAUMHAIOT CKAIlJIMBATHCS B 30HE
CMBIKaHUSI MATPUYHBIX MPOCTPAHCTB, M €CJIM MACcCa BBITEKAIOIINX U3 30HbI CMBIKaHUSI MaTEPUI
MEHBIIIE MacChl CHHTE3UPYEMBIX MAaTepUid, B 3TOM 30HE BOHUKAET MU30BITOYHAS] KOHIICHTPAIUS
MaTepUH B 30HE CMbIKAHUSI MATPUYHBIX IPOCTPAHCTB.
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Co BpemeHeM, U30bITOYHAS! KOHIEHTPALMSI CTAHOBUTCSI KPUTHYECKON M HAYMHAET MEIIaTh
BTEKAaHHWIO MAaTE€pUU B 3Ty 30HY, YTO IIPUBOJAUT K BO3ZHHUKHOBEHHIO HEYCTOMYMBOCTH MEPHOCTH
3TOM 30HBI. [IporcXOaNUT CynepB3phIB, IPU KOTOPOM, U3OBITOK CUHTE3UPYEMBIX (OpPM MaTepuit
BBIOpAchIBa€TCA M3 30HBI CMBIKAHUS, U, MPU STOM, BO3HUKAIOT KOJICOAHHUSI MEPHOCTU BHYTPH

Ka)KJ0T0 U3 MaTPUYHBIX pocTpaHcTs (Puc. 2.3.2).
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B 3Tux 30HaX BHYTpEHHETO KOJeOaHUS MEPHOCTH MATPUYHOIO MPOCTPAHCTBA HAYMHACTCSI
nporiecc 00pa3oBaHMs MPOCTPAHCTB-BCEICHHBIX, U3 KOTOPHIX (DOPMUPYIOTCS CHCTEMBI IMPO-
CTPaHCTB-BCEJICHHBIX (METaBCEIICHHBIC) B 30HAX BHYTPEHHETO KOJICOaHNs MEPHOCTH MTPOCTPaH-
ctBa (Puc. 2.3.3).
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EctecTBeHHO, aMIIUTYya BHYTPEHHETO KOJe0aHUsI MEPHOCTH MAaTPUYHOTO MPOCTPAHCTBA
YBEJIMYUBACTCS C YAAJIEHUEM OT 30HBI CMBIKAHUSI MAaTPUYHBIX MIPOCTPAHCTB. A 3TO MPUBOIUT K
TOMY, YTO B 3TUX 30HAaX MOTYT CIUTHCS BOCAMHO Pa3HOE KOJUYECTBO (GOpPM MaTEepUil JaHHOTO
tuna. [Ipuuém, ueM nasbiie OT [EeHTpa 30HbI CMBIKAHUSI MATPUYHBIX POCTPAHCTB, TEM OOJIbIIICE
KOJIMYECTBO (POPM MaTepUil MOTYT CIIMTHCS M 00pa3zoBarth BemiecTtBo (Puc. 2.3.4).
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CrnuBmmecs BoeauHO nBe GOpMBI MaTEpPHUi, B IEPBOM 30HE OT IIEHTPa, 00OPa3yrOT METaBCe-
JICHHYIO U3 OJTHOTO MPOCTPAHCTBa-BceneHHOM. Tpu cnuBumecs GpopMbl MmaTepuil GOpMUPYIOT B
CJIEIyIOLIEH 30HE METaBCEJIEHHYIO M3 TPEX MPOCTPAHCTB-BCENCHHBIX. [Ipy cnusiHUM 4eThIpEx
dbopM Matepuii, 00pa3yeTcsi METaBCEICHHAsI U3 CEMHU MPOCTPAHCTB-BCENIEHHBIX. CITUSHUE TS TH,
COOTBETCTBEHHO, JAET NBAALATH MATh. CIHUSIHUE IIECTH — MIECThIECAT LIECTb.

[Ipu cnusiHUU ceMu — CTO JIEBSITHA/IATh, BOCBMU — JIBECTH COPOK IIECTh, JEBITH — 4e-
TBIpPECTa MATHAECST AEBATH MPOCTPAHCTB-BCEIECHHBIX, (DOPMUPYIOIIUX METABCEIIEHHYIO, B COOT-
BETCTBYIOIIEH 30HE BHYTPEHHEro KOJieOaHUs MEPHOCTH JAHHOTO MAaTPUYHOIO MPOCTPAHCTBA.
KonuyecTBO BO3MOMKHBIX MPOCTPAHCTB-BCENEHHBIX, BXOJAIIMX B METABCEIICHHYIO, OMpEees-
eTcs o (popmylie KOJIMYECTBa KOMOMHAIMI W3 MaTepHil, KOTOpble 00pa3yloT BEIIECTBO MPO-
CTpaHCTB-BceseHHbIX (Puc. 2.3.5).
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Huxonaii JIeBamos «Heonunopoanas Beenennas»

BHYTPEHHETO KO0JIEOAHUs MEPHOCTH MAaTPUYHOI'O MPOCTpaHCTBA. Yallle BCero KOJIM4ecTBO Mpo-
CTPAHCTB-BCEJIEHHBIX, 00Pa3yIOIIHX JAHHYIO METABCEJIEHHYI0, MEHbIIIE MaKCUMaIbHOTO0. U, uem
JaJbIIe OT IIEHTPA 30HbI CMBIKAHUS MATPUYHBIX IPOCTPAHCTB, TEM OOJIbIIIE OTIMYNE MEKIY BO3-
MO>KHBIM M pE€aJbHBIM KOJUYECTBOM MPOCTPAHCTB-BCEICHHBIX, 00Pa3yIOIUX TaHHYIO METaBce-
JICHHYIO.

Yem fanbliie OT LEHTPA, TEM OOJIbIIEe «CBOOOAHBIX MecT». [leo B TOM, YTO yCIOBUS KBaH-
TOBaHUS MEPHOCTH JaHHOU 30HBI KOJICOAHUSI MEPHOCTH SIBJISIIOTCS JIUITb HEOOXOAUMBIMH YCJIO-
BUAMH JUIsl 00pa3oBaHUsl MPOCTPAHCTB-BCEICHHBIX. J[OCTATOYHBIM 3TO YCIOBHE CTAaHOBUTCS
TOJIBKO TOT/Ia, KOT/a B 3Ty 30HY BHYTPEHHET0 KOJIeOaHUsI MEPHOCTH MAaTPUYHOTO MPOCTPAHCTBA
nomnajaaer HeoOXoaMMas macca MaTepui JJid CHHTE3a STUX MPOCTPAHCTB-BCEICHHBIX. XOTS
Macca MaTepuid, «BBIOPOIIEHHBIX» M3 30HBI CMBIKAHHUS MATPUYHBIX MPOCTPAHCTB BO BpEMs
CBEPXB3phIBa, OTPOMHAsI, HO BCETJ]a KOHEUHAs BEJIMYMHA. DTON MacChl XBAaTaET Jisi 00pa3oBaHus
KOHEYHOT'0 YHCJIa IPOCTPAHCTB-BCENIEHHBIX. [locie cynepB3pbiBa 30Ha CMBIKAHHMS MaTPHYHBIX
MPOCTPAHCTB YMEHBIIAETCS, YTO MPUBOJUT K YMEHBIICHHIO Macchl puxosauieii marepun. Co
BPEMEHEM, ATOT MPOLIECC MPUXOJUT K HEKOTOPOMY, ONpPEACIEHHOMY, OallaHCHOMY YpOBHIO. B
pe3ynbTaTe CBEPXB3pbIBa, 00pa3yeTCsl CUCTEMA METABCEIEHHBIX, KOTOPYIO YCIOBHO HA30BEM CY-
MEPIPOCTPAHCTBO MEPBOrO MOPSIKA, KOTOPOE 00pa3yeTcsl CIUSHUEM JAEBATH (GOpM MaTepuid

(Puc. 2.3.6).
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CrnenyeT OTMETUTh, YTO BO3HUKIINE B 30HaX BHYTPEHHEIO KOJIeOaHUsI MEPHOCTH MaTpHUy-
HOTO IPOCTPAHCTBA METABCEJIEHHBIE CAMHU OKa3bIBAIOT BIMSIHUE HA MEPHOCTH OKPYKAFOILIET0 UX
MaTpUYHOrO0 NpOocTpaHCTBA. VICKpHBIIEHHE, BO3HUKAIOLIEE MPU CMBIKAHUM JBYX MaTPHYHBIX
IIPOCTPAHCTB, HEOJAMHAKOBO B PAa3HBIX HAIIPABJICHUAX. A 3TO 03HA4AET HEKOTOPOE OTIIMYNE, KAK

K ornaBneHuto
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(bOopMBbI, TaKk M KAU€CTBEHHOTO COCTaBa BOSHUKAIOIINX B 3TUX 30HAX METaBCEJICHHBIX. Takum 00-
pa3oM, BO3HHMKAET HEPABHOMEPHOE pacHpe/iesIEHUe MaTepuil B pa3HbIX HANpPaBJIEHUSAX. JTO, B
CBOIO OYEPE/Ib, IPUBOJUT K PA3JIMYHON CTENEHU BTOPUYHOIO BIAMSHUSA HA MEPHOCTh MATPHUYHOTO
MPOCTPAHCTBAa BO3HUKAIOIIMMU METABCEJIEHHBIMU B COOTBETCTBYIOIIMX 30HaX. VcKpuBieHHE,
BO3HMKAIOIIIEE B MOMEHT CBEPXB3PbIBA UMEET U Pa3HbIM 3HAK IO OCH, MPOXOSALIEH YEPE3 30HY
CMBIKaHUSI MATPUUYHBIX MPOCTPaHCTB. [103TOMY, BOZHUKAIONINE B 3TUX BHYTPEHHUX 30HAX HC-
KPUBJICHUSI MAaTPUYHOTO MPOCTPAHCTBA METABCEJICHHBIC, BBI3BIBAIOT BTOPUYHOE HCKPUBJIICHUE
MEPHOCTHU BO BCTPEUHBIX HANPABICHUSX, TAPAILIEIBHO BCE TOM K€ OCH, MPOXOSIIECH Yyepe3 30Hy
CMBIKaHUS MaTPUYHBIX MPOCTPAHCTB. DTO BCTPEUHOE MPOrudOaHue ¢ JBYX CTOPOH, IO Mepe 00-
pa30BaHUsI METABCEJICHHBIX, IPUBOJIUT K CMBIKAHUIO BTOPUYHOTO HCKPUBJIICHUS MATPUYHOIO
IPOCTpaHCTBAa B 30HE OallaHCHONM MEPHOCTHM MATPUYHOIO MPOCTPAHCTBA, KOTOpas Oblia /10
CBEPXB3pHIBA.

Takum 00pazoM, B pe3yibTaTe BOJIONHMH OMHMCAHHBIX BBINIC MPOIECCOB, BO3HUKACT 3a-
MKHYTasi CHCTEMa METABCEJICHHBIX — CYIIEPIIPOCTPAHCTBO MEPBOTO Mopsika. B Hamem maTpuy-
HOM MPOCTPAHCTBE BCTPEUYHOE CMBbIKAHUE, BOSHUKIIIEE BCIICACTBUE BIMSHUS METABCEIICHHBIX HA
MEpPHOCTb MAaTPUYHOT'O MPOCTPAHCTBA, BOBHUKAET B METABCEJICHHBIX OOpa30BaHHBIX JEBATHIO
dbopmamu matepuit. CyneprnpoCcTpaHCTBO MPU I3TOM CMBIKAETCSI, Kak CTBOPKH PaKOBUHBI MOJI-
mocka. [leperekaroniyie yepe3 30Hy CMBIKAHUSI MAaTPUUYHBIX NMPOCTPAHCTB (POPMBI MAaTEpUH, HE
MMEIOT OYEPEIHOM 30HBI UCKPUBJICHUSI MEPHOCTH MAaTPUYHOTO MPOCTPAHCTBA, B KOTOPOUM OHU
MOTJIA OBl CIUTHCS. Takue 30HbI BOZHUKAIOT JIMIIb B CIy4yae, KOT/la ABE 30Hbl CMBIKAHUS MaT-
PUYHBIX ITPOCTPAHCTB OJTHOTO 3HAKA BO3HUKAIOT OTHOCUTEIBHO «HENAIEKO» APYT OT Apyra. [Ipu
ATOM, 00pa3yroTCsi BCTPEYHBIE BOJHBI BHYTPEHHETO UCKPHUBJICHUS MEPHOCTH MAaTPUYHOTO IMPO-
CTPAHCTBA, IPU PE30HAHCE KOTOPHIX, BOBHUKAIOT JOMOJHUTEIbHBIE 30HbI BHYyTPEHHETO UCKPUB-
JICHUSI MEPHOCTU MaTPUYHOTO MPOCTPaHCTBA. B 3THX 30HaX 00pa3yroTcsi METaBCEIICHHbIE, BO3-
HUKIIUE TIPU CIUSHUU JiecaTh (OopM MaTepuid, KOTOpbIe, B CBOIO OYepEe/ib, BHOBb BBI3BIBAIOT
BCTPEUHOE CMBIKAHUE ITUX METABCEICHHBIX, KaK CJICJACTBUE BIUSHUS dTHUX METABCEJICHHBIX Ha
MEpPHOCTh MAaTPUYHOTO MTPOCTPAHCTBA B KOTOPOM OHU HaxoxasaTcsa. OOpa3yeTcst cyneprnpocTpaH-
CTBO BTOPOTO Topsiaka u3 aecsatu Gopm marepuii (Puc. 2.3.7).
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[Ipu »TOM, CMBIKaHHE METABCEJIECHHBIX CYNEPIPOCTPAHCTBA BTOPOTO MOPSIIKA TPOUCXOIUT
Ha JpyroM OajaHCHOM YPOBHE MEPHOCTH MaTPUUYHOTO MPOCTPAHCTBA, HEXKEIH YPOBEHb CMbIKa-
HUS CYNEPIPOCTPAHCTBA NEPBOTO MOPSAKA. ITO CBSI3aHO C PA3NIMUYHON CTETICHbIO BIMSHUS Me-
TaBCEJIEHHBIX, 00Pa30BaHHBIX JECIATHIO U AEBATHIO (hOpMaMu MaTepuil Ha MEPHOCTh MATPUYHOTO
npocTpaHcTBa. [[j1s1 BO3MOXXKHOCTH 00pa30BaHUsI METABCEJICHHBIX U3 OJUHHAALUATH (popM MmaTe-
puii, He0OX0AMMO, YTOOBI TPU CYNEPIPOCTPAHCTBA BTOPOTO MOPAIKA HAXOAUIUCH APYT OT Ipyra
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Ha PacCTOSHUU, HE 6os1ee cOOCTBEHHOTO pa3Mepa. [Ipu 3ToM, BO3HUKAIOT TPU BCTPEUYHBIE BOJHBI
BHYTPEHHETO UCKPUBIICHUS MATPUIHOTO TIPOCTPAHCTBA, KOTOPHIE, MPU PE30HAHCE, CO3AAI0T J0-
MTOJTHATEIILHBIE 30HBI UCKPUBJICHHSI. B 3THX 30HaX MPOUCXOAUT CHHTE3 METABCEICHHBIX U3 ONH-
Haaata GopM MaTepuii. BHOBb BO3HUKAET BCTPEYHOE CMBIKAHWE METAaBCEIIEHHBIX, HO YK€ Ha
ApyroM OaJaHCHOM YPOBHE MaTpUYHOTO MpocTpaHcTBa. OOpaszyeTcs: 3aMKHyTasl MPOCTpaH-
CTBEHHAs CHCTeMa — CYIIEPIPOCTPAHCTBO TpeThero mopsiaka (Puc. 2.3.8).
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AHaOTUYHO — JJI1 BO3MOXXHOCTH CIUSHUS JBEHAIIATH (GOpM MaTtepuid, HEOOXOIUMO,
9TOOBI OBLIO YETHIPE BCTPEYHBIC BOJIHBI BHYTPEHHETO UCKPUBJICHHUSI MATPUYHOTO MMPOCTPAHCTBA,
KOTOpBIE, B PE30HAHCHBIX 30HAX, CO3/Ial0T YCIOBHS JUIsi 00pa30BaHUs METABCEICHHBIX U3 ABEHA-
natu popm Matepuii. [Ipu 5ToM, BHOBb BO3HUKAET BCTPEYHOE CMBIKAHKE HA IPYTOM OaTaHCHOM
YPOBHE MEPHOCTH MaTPUIHOTO MPOCTPAHCTBA U 0Opa3yeTcsl HOBasi, 0YEHb YCTOMYHMBAs, CHCTEMA
METaBCEJICHHBIX — CYIIePIPOCTPAaHCTBO YeTBEPTOTO Mopsiaka (Puc. 2.3.9).
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[1aTh cynepnpocTpaHCTB YETBEPTOIO MOPSIAKA, OJJTHO U3 KOTOPBIX HAXOAUTCS HA OTIINYHOM
OT JPYTUX MPOCTPAHCTBEHHOM YPOBHE, CO3JAIOT YCIOBHS 7151 0Opa30BaHMsI METABCEJICHHBIX U3
TpuHaaUuaTu ¢opM Matepuil. Bo3HHKaeT BCTpeyHOE CMBIKAHUE, PU KOTOPOM OOpasyeTcs CH-
CTEMa METABCEJIEHHBIX, KOTOPAsl CTOJIb CUJIBHO BIUSET HA MEPHOCTh MATPUYHOIO IPOCTPAHCTBA,
YTO BO3HHMKAET OUYEpEIHAsI CHCTEMa METABCEJIICHHBIX, 10 CBOEH CTPYKTYpE TOXKIECTBEHHAs Cy-
NEPIPOCTPAHCTBY YETBEPTOTO MOPSAKA, HO YK€ oOpa3oBaHHas BEHAIaThio (opMaMu MaTe-
puii. JIBe 3TU cUCTEMBI CO3al0T YCIOBUS AJi1 00pa30BaHus CIAEAYIOIIEH CUCTEMbI METaBCEICH-
HBIX BIOJIb OOIEH OCH, HO YXK€ M3 OJUHHAIIATH QopM MaTepuil. Y MEHBIIECHUE KOJIWYECTBA
dbopm maTepuii, 00pa3yIMX Kak10€ MOClIeayIolee TPOCTPAaHCTBEHHOE 00pa30BaHUE CBSI3aHO
C T€M, YTO YPOBEHb CMbIKaHUS METABCEJICHHBIX MEHSET CBOM 3HAaK. J[pyruMu cioBamMu, UCKPUB-
JICHHE MEPHOCTH MaTPHYHOTO MPOCTPAHCTBA HE YBEIMYMBACTCs, a yMeHbInaercs (Puc. 2.3.10).
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DBOJIIOLMS ATOTO MpolEecca MPUBOAUT K MOCIEA0BATEIbHOMY 00pa30BaHMIO BJIOJIb OOIIEH
OCH CHCTEM MeTaBceleHHbIX. KonnuecTBo MaTepuii, 00pa3yronmx Ux, Ipu 3TOM, MOCTEIEHHO
BBIpOXKIaeTcs 10 AByX. Ha koHIax 3Toro «iy4ya» oOpa3yroTcst 30HbI T1I€ YKE HU OJHA MaTepus
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JAHHOTO TUIA HE MOXKET CIUTHCS C APYTroil WK IpyrUMH, 00pa3oBaTh MeTaBCeJIeHHbIE. B aTux
30HaX BO3HUKAET «IPOJABIMBAHUE)» HAILIET0 MATPUYHOIO MPOCTPAHCTBA U BO3HHUKAIOT 30HBI
CMBIKaHHSI C APYTUM MATPUUIHBIM MPOCTpaHCTBOM. [Ipu 3TOM, BO3MOKHO BHOBbH J[Ba BapHaHTa
CMBIKaHHsI MATPUYHBIX IPOCTPAHCTB. B mepBoM ciryuae, CMbIKaHUE TPOUCXOAUT C MATPUUHBIM
MIPOCTPAHCTBOM C OOJIBIIUM KO3(PPUIIMEHTOM KBAHTOBAaHUS MEPHOCTH MPOCTPAHCTBA U, Yepe3
JaHHYIO 30HY CMBIKaHUS, MOTYT MPUTEKATh U PACIIEIUIATHCS MATEPUU APYTrOro MaTPUYHOTO MPO-
CTpaHCTBA M BOZHUKHET CUHTE3 MaTepuil Haiero Tumna. Bo BTopom cirydae, cMbIKaHHE IIPOUCXO-
IUT C MATPUYHBIM MPOCTPAHCTBOM C MEHBIIUM KO3 (PHUIIMEHTOM KBAaHTOBAaHHSI MEPHOCTHU IPO-
CTpaHCTBa — dYepe3 JAHHYIO 30HY CMBIKaHHs, MaTEepUU HAIET0 MATPUYHOIO MPOCTPAHCTBA
HAYHYT MEepPEeTeKaTh U PacIICIUIATHCA B APYTrOM MAaTPUYHOM IIpoCcTpaHcTBe. B oiHOM cityyae BO3-
HHUKaeT aHaJioT 3Be3/bl cynepMaciiTaboB, B IPYrOM — aHAJIOT «YEPHOU ABIPHD aHAJOTHYHBIX
rabapuToB.

DTO OTJIMYKE BAPUAHTOB CMBIKAHUS MATPUUYHBIX MIPOCTPAHCTB OUYE€Hb BAKHO JJIsl IOHUMa-
HHSI BOBHUKHOBEHHS IByX THUIIOB CYTIEPIIPOCTPAHCTB IIECTOTO MOPSIKA — IIECTUITYYEBUKA U aH-
TUIIECTUITYYEBHKA. [ [pUHIIMITHAIBHOE OTINYME KOTOPBIX 3aKITFOYAETCS JIUIIb B HATTPABIICHUY T1€-
peTekanusi MmaTepuid. B 0THOM ciydae, MaTepuu U3 Ipyroro MaTpUYHOIO MPOCTPAHCTBA MPUTE-
KaloT Yepe3 LUEHTPAIbHYIO 30HY CMBIKAHUS MATPUYHBIX NMPOCTPAHCTB M BBITEKAIOT U3 HAILIETO
MAaTPUYHOTO MPOCTPAHCTBA YEPE3 30HBI HA KOHIIAX «JIy4ei». B aHTHIlIECTUIIyYeBUKE MaTEpUU
MEPETEKAIOT B MIPOTHUBOMOJIOKHOM HAaIpaBlIeHUU. MaTtepuu u3 Hallero MaTPUYHOIO MPOCTPAH-
CTBa BBITEKAIOT Y€pe3 LEHTPAIbHYIO 30HY, & MaT€pUHU U3 APYroro MaTpU4HOro MPOCTPAHCTBA
BTEKAIOT Yepe3 «JIy4eBbIe» 30HBI CMBbIKaHUsA. UTO ke KacaeTcsl MIeCTUIIyYeBUKa, TO OH 00pasy-
€TCsl CMBIKAaHUEM IIECTH AHAJIOTUYHBIX «JIy4e» B OJHOM LEHTPAIbHOM 30HE. [Ipu 3TOM, BOKpYT
[IEHTpa BO3HUKAIOT 30HBI UCKPUBIICHUS MEPHOCTH MAaTPUYHOTO MPOCTPAHCTBA, B KOTOPHIX 00pa-
3YIOTCSI METAaBCEJICHHbIE U3 YEThIpHAAIATH (OpM MaTepuil, KOTOpbIE, B CBOIO OY€peilb, CMbIKa-
I0TCSI 1 00pa3yIOT 3aMKHYTYIO CHCTEMY METaBCEJIEHHBIX, KOTOpas 00beaUHSET MIECTh Jy4ueh B
OJIHYy 00IIyI0 ccTeMy — mecTrinyueBuk (Puc. 2.3.11).
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[Tpruém, KOTUYECTBO «IIyUY€i» ONPEAEIISIETCS TEM, YTO B HAILIEM MATPUYHOM ITPOCTPAHCTBE
MOTYT CIMTHCS, IPU 00pPa30BaHUM, MAaKCUMAJIbHO, YEThIPHAALIATH (POPM MATEPHUl JaHHOTO THIA.
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[Ipu 3TOM, MEpHOCTH BO3HMKIIIETO OObETUHEHHSI METaBCEICHHBIX paBHa 7 (1 = 3,14...). DT1a co-
BOKYIHAasi MEPHOCTH Onn3ka K TpéM. IMEHHO MOATOMY BO3HUKAET IIECTh «Iy4eiD», UMEHHO IO-
ATOMY TOBOPST O TPEX U3MEPEHUSIX U T.1... TakuM 00pa3oMm, B pe3yJbTaTe MOCIeI0BaTEILHOTO
(hopMHUpOBaHUS MPOCTPAHCTBEHHBIX CTPYKTYP, oOpaszyercs OajaHCHAs CHCTEMa pacipeaeeHus
MaTepUil MEXy HAIIMM MaTPUYHBIM MPOCTPAHCTBOM U npyrumi. [locne 3aBepuienust Gpopmu-
poBanus lllecTunydyeBnka, yCTOWNYUBOE COCTOSHUE KOTOPOTO BO3MOKHO TOJIBKO JIUIIB TMPU TOXK-
JIECTBE MEXKIY MACCOM MPUTEKAIOIINX U BBITEKAIOIINX M3 HETO MaTePHIA:

[IN®dmidi = 6 Jn(-)dmidi (2.3.4)
rae:

N® — nenrpanpHas 061acTh CMBIKAHHS MAaTPUYHBIX HPOCTPAHCTB, Yepe3 KOTOPYIO MaTe-
pUU IPUTEKAIOT B HAIlle MATPUYHOE IPOCTPAHCTBO;

'I](_) — «JIYYCBBIC)» 30HbI CMBIKAHHA C APYTUM MAaTPUYIHBIM IIPOCTPAHCTBOM, YCPC3 KOTOPOC
MAaTCPHU BBITCKAIOT U3 HAIICTO MATPUYIHOI'O ITPOCTPAHCTBA,

| — gucio popm Matepuii, 00pa3yIoNIuX MECTHIYYEBHUK;
Mj — macca MaTepuil.

ToxnectBo (2.3.4) 11t BCEro HaIIero MaTpUYHOTO MPOCTPAHCTBA MOKHO 3aUcaTh B OoJiee
yA00OHOM BHJE:

[IN®dmidi - 6 [[lnYdmidi= 0 (2.3.5)

Kax BugHO U3 3TOM (HhOPMYJIIBI, 3aKOHBI COXPAaHEHUS MAaTEPUU HE HAPYIIAIOTCS Ha JIIOOOM
YPOBHE MPOCTPAHCTBEHHBIX 00pazoBaHuii. OT MUKPOKOCMOCA 10 MAaKPOKOCMOCa OHU — OOIITHeE.
EAnHCTBO 3aKOHOB KOTOPBIX CIIEYET, XOTS OBl YK€ U3 TOTO, YTO MUKPOKOCMOC SIBJISIETCS CTPYK-
TypHOU 0a30ii MaKpoKocMoca. Y aHTHUIIECTIIIyYeBUKA [UPKYJISINS MAaTEPUH UAET B OOpaTHOM
HANpaBJICHUH, OT TPAHULL 3TOr0 CyNEPIIPOCTPAHCTBA K €ro UeHTpy. [Ipuuém, uckpusiieHue Mat-
PUYHOTO TPOCTPAHCTBA — MAKCUMAJILHO B TPAHUYHBIX 00JIACTAX U MUHUMAJIBLHO B IICHTPE 3TOTO
MPOCTPAHCTBEHHOTO 00pa3oBanus (Puc. 2.3.12).
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VYciI0BHEM YyCTOMYMBOTO COCTOSIHUSL AHTUILIECTUITYUYEBUKA SIBIISIETCA TAPMOHUS MEXK/Y BbI-
TEKAIOIIUMHU MATEPUSIMH YEPE3 NEHTPAIbHYIO 30HY CMBIKAHUSI MATPUYHBIX TPOCTPAHCTB U CHH-
TE3UPYEMBbIMHU B TPAHUYHBIX 30HAX CMBIKAHUS (BHELIHUX) MAaTepUSIMHU JAHHOTO THIA KBAHTOBA-
HUSI MEPHOCTH. ITOT OAJIaHC MOKHO OIMHUCATh TOXKIECTBOM BHUJIA!
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[INOdmidi = 6 [[ln™dmidi (2.3.6)
rac.
NO — LCHTpaJlbHAasd 30Ha CMBbIKaHW MAaTPUYHBIX IIPOCTPAHCTB, YEPE3 KOTOPYIO MATCPUU

BBITEKAIOT U3 HAILIETO MATPUYHOTO IPOCTPAHCTBA (CymnepaHanor — «4YEpHas JbIpay);

N — kpaeBble 30HBI CMBIKAHHSI MATPHIHOTO IIPOCTPAHCTBA, Yepe3 KOTOPhIE MATEPUH HPH-
TEKalOT B HAllle MAaTPUYHOE IIPOCTPAHCTBO;

Mj; — Macca MaTCpun JaHHOI'O BHUA.
ToxnecTBo (2.3.6) MOKHO IIepenucarh B Ooiee y,Z[06HOM JJI1 IOHUMAaHUA BUIE:
[INOdmidi - 6 [ln®dmidi =0 (2.3.7)

EcTecTBEHHO, TaKMX CYNEPIPOCTPAHCTB B HAIIEM MAaTPUYHOM IIPOCTPAaHCTBE MHOTO. OHU
CO3/1a10T, KaK Obl, y3JIbl B MATPUYHOM MPOCTPAHCTBE U SABIIAIOTCA «aTroMaMu» B HEM. 11 BHOBb
CTPYKTypa MaKpOKOCMOCAa aHAJIOTMYHA CTPYKTYPE MUKPOKOCMOCA. DTO — €II€ OJHO MOATBEP-
KJCHUE UX €MHCTBA. Y CIOBUEM OAJIaHCHON YCTOMYMBOCTH HALIErO0 MAaTPUYHOIO IPOCTPAHCTBA
ABJISIETCS] OAJIaHC MEXJy CMHTE3UPYEMOIl B MATPUYHOM IPOCTPAHCTBE MATEpUEH U MaTepuen
BBITEKAIOIIEW YEPE3 30HbI CMBIKAHUS MAaTPUYHBIX MPOCTPAHCTB. JTO YCIOBHUE MOXKHO 3aIIMCaTh
B BUJIE:

n1[JIN®dmidi - 6 [[nOdmidi] = n2 [JINOdmidi - 6 [[n®dmidi] (2.3.8)
rac.

N1 — KOJIMYECTBO MECTUIIYYCBHUKOB,

N2 — KOJINYECTBO AHTUIICCTHUIIYYCBUKOB,

N® — nenTtpansHas 061acTh CMBIKAHUS MATPHYHBIX IPOCTPAHCTB, Yepe3 KOTOPYIO Mare-
pUU IPUTEKAIOT B HAIlle MATPUYHOE TPOCTPAHCTBO (IIECTUITYUYEBHUK);

N© — nenTpanbHas 061acTh CMBIKAHHS MATPUYHBIX IPOCTPAHCTB, Yepe3 KOTOPYIO Mare-
PHH BBITEKAIOT U3 HAIIET0 MAaTPUUYHOT'O IIPOCTPAHCTBA;

N — nydeBble 30HBI CMBIKAHHUS C IPYTHMH MATPUYHBIMK IPOCTPAHCTBAMH, YEPE3 KOTOPBIE
MAaTEpPUH BBITEKAIOT U3 HAILIETO MaTPUYHOTO IPOCTPAHCTBA;

N — norpaHUYHbIE 30HBI CMBIKAHMS C JPYTHMU MATPUYHBIMH IPOCTPAHCTBAMHU Yepes3 KO-
TOPBIE MAaTEPUU IPUTEKAIOT B HAILIE MATPUYHOE ITPOCTPAHCTBO;

| — uncio popm MaTepui;
M — Macca MaTepuu.

Ananuzupys Toxnaectna (2.2.4,2.3.6, 2.3.8), IeTKo NPUNATHU K BBIBOY O TOM, YTO OHU MOT'YT
OBITH BBIIOJIHUMBI TOJIBKO MPH YCIOBUSX:

IIN®dmidi - 6 [[ln®dmidi] = 0
[IINOdmidi - 6 [n®dmidi] =0 (2.3.9)
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DTO TOXKAECTBO OTPAKAET 3aKOH COXPAHEHUS MAaTEPUU U ONIPENEIAET BOZMOXKHOCTh YCTOM-
qiBOro cocTosiHUS Beenennoit. 1 GyneT BHIMOIHUMO TOJIBKO MPHU YCIOBHU OalaHCa MEXAY MpH-
TEKAIOIEW U BBITEKAIOIIEN U3 HAILIETO MATPUYHOIO IIPOCTPAHCTBA MAaTEPUH, YCIOBHUE BBIIIOJIHE-
HUsI KOTOPOI'O0 MOKHO 3aIIMCaTh B BUJE:

[IN®dmidi - [[NOdmidi = 6/lnOdmidi - 6/ln®dmidi =0 (2.3.10)
3TO0 TOXJIECTBO OyJIET BHIMOJIHUMO, €CITH:

[IN®Ydmidi - [[INOdmidi = 0

ImOdmidi - [n®@dmidi=0  (2.3.11)

NJIN:

J[IN®dmidi - NOdmidi] = 0

IMmOdmidi - n®dmidij=0  (2.3.12)

WUJIn.
[IIN® - NOJdmidi = 0
IM - n®]dmidi=0 (2.3.13)
BBIHOJ'IHGHI/IC OTUX TOXKIACCTB BO3MOXHO TOJBKO HpI/I YCJ'IOBI/ISIX, Koraga:
N® = NO
nO=q® (2.3.14)

MaTpu4HBIX TTPOCTPAHCTB MOXKET OBITh HEOTPAHWMYCHHOE YHCIIO, HO I ONPEACIEHHOTO
Kod(uUIIMeHTa KBAHTOBAHUS MPOCTPAHCTBA, Yi BO3MOKHO TOJIBKO OJJTHO MaTPUYHOE MPOCTPaH-
cTBO. M KaduecTBeHHAs! CTPYKTypa TOT0 MATPUYHOTO MIPOCTPAHCTBA OMPEIETSETCS TUTIOM (OopM
MaTepuil M CTENEeHbI0 WX O0paTHOro (BTOPUYHOIO) BIUSHHUSA Ha MpocTpaHcTBa. [IpocTpancTBo
BJIMSIET HA MATEPUIO, HO U MaTEpUsi BIUSAET HA TPOCTPAHCTBO. I3MeHeHne KaueCTBEHHOTO COCTO-
SIHUSI TIPOCTPAHCTBA, TIPOSBIISIETCS] B U3MEHEHUU KaYECTBEHHOTO COCTOSTHUSI MaTepuu. M3mene-
HUE Ka4eCTBEHHOTO COCTOSIHUS MaTEPHUH BJIMSCT Ha KaYSECTBEHHOE COCTOSHHE IMPOCTPAHCTBA C
oOpaTHBIM 3HaKOM. B pe3ynbraTe Hanuuus MEXIy POCTPAHCTBOM U MaTepHei 0OpaTHOM CBSI3H,
MIPOSIBJISTFOIICICS B UX B3aMMHOM BJTUSIHUM JAPYT Ha IpyTa, BO3HUKAET KOMIICHCAIITMOHHOE PaBHO-
BECHE MEX]y MMPOCTPAHCTBOM M MaTepHUEH, HaXOIAIISHCS B 9TOM MPOCTpaHCTBE. B pe3ynbrare
MIPOSIBJICHHS TOTO KOMIICHCAITMOHHOTO PAaBHOBECHS MEXIY MPOCTPAHCTBOM M MaTepHUeH, Kax-
70€ KOHKPETHOE MAaTPUYHOE MPOCTPAHCTBO C 3aJlaHHBIM KO3(PPHUIIMEHTOM KBAHTOBAHUS IPO-
CTPAHCTBA Yi ABJSETCS KOHEYHBIM, KaK IO pa3Mepam, Tak u 1mo hopmam.

2.4. Npupoaa 3BE3Q U «YEPHbIX AbIp>»

KBanToBanue npoctpancTB o ¢hopMaM MaTepuil UX 00pa3yromux, co3aaéT CUCTEMY MPO-
CTPAHCTB, KXKJI0€ U3 KOTOPBIX KAaY€CTBEHHO OTJIMYaeTCs OT Apyrux. Kax el cioit-mpocTpan-
CTBO C MEPHOCTBIO L B 3TOM cHCTEME KaueCTBEHHO OTIMYAETCS OT COCEHUX Ha OAHY MEepBHY-
Hyt0 (popmy marepuun. CyliecTByeT CION-TIPOCTPAHCTBO C YpoBHEM MepHocTU Li+1 = L+ yi u
MMEIONIMNA B CBOEM KAauye€CTBEHHOM COCTAaBE Ha OJHY NMEPBUYHYIO MaTepUi0 OOJIbIIE, U CYIIE-
CTBYET CJIIOW-MIPOCTPAHCTBO C YPOBHEM MepHOCTH L1 = L - yj ©Meromuii B CBOEM KaueCTBEHHOM
COCTaB€ Ha OJIHY MEPBUYHYIO0 MATEPHUIO MEHbIIE. DTO — TaK Ha3bIBa€MbIE, NapajuiesibHbie Bee-
JIEHHbIE, KOTOPbIE UMEIOT PA3JIMYHYIO0 KAUECTBEHHYIO CTPYKTYPY ¥ O3TOMY HE UMEIOT IIPSIMOTO
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KOHTaKTa Mexay coboi. Ho oHm, mpu BcEM 3TOM, UMEIOT, B CBOEHM KaueCTBEHHOU CTPYKTYpE,
oO1Ire KauecTBa — TO WJIM MHOE KOJMUYECTBO MEPBUYHBIX MAaTEPU, BXOASIINX B KAUECTBEHHBIN
COCTaB KaXJI01 U3 dTUX BceneHHbIX. KauecTBEHHBIN COCTAB COCEHUX MPOCTPAHCTB-BCEICHHBIX
OTJINYAETCS TOJILKO HA OJIHY IIEPBUYHYIO MAaTEPUIO B X KAYECTBEHHOM COCTAaBE U X MEPHOCTH
— Ha BENUYMHY KOo3((dUIlMeHTa KBAaHTOBAHUS JAHHBIX MEPBUYHBIX MATEPUU — Vi, © MEXKIY
HAMM BO3HHKAET IE€PEIal MEPHOCTH.

Lia=Li-vyi<Li<Lix=Li+yi(24.1)

DTOT Mmepernaja HampaBjeH OT MPOCTPAHCTBA-BCEJICHHON ¢ OOJBIIEH MEPHOCTBIO K IIPO-
CTPAHCTBY-BCEJICHHOM C MEHbIIeH. HanmpaBaeHHOCTh 3TOr0 nepenajga MMeeT MPUHIUMITHAIBHYIO
POJIb, TAK KaK OMPEACIISICT IPUPOTY POKICHHS, SBOJTIONMH U THOETH 3BE3/1 B KAXKJIOM KOHKPET-
HOM IPOCTpaHCTBE-BceJeHHON. VIMEHHO ATOT mepernaa MepHOCTH 3aUKCUPOBAIN (PUBHKU U3
Pouectepckoro n Kanzacckoro YHUBEPCUTETOB CHIA%, nokrop xopmx Hommana u qoktop
Jlxon Pancron. ¥V «Hame» BceneHHONW NEMCTBUTENBHO €CTh «BEPX» U «HHU3Y», TaK Ke, KaK U
«BOCTOK» U «3amnany. [[pocTpancTBO-BCeICHHAS MOXKET ObITh 00pa30BaHO, KAK MUHUMYM, IBYMSI
MEPBUYHBIMU MAaTEPUSIMU U, IIPU 3TOM, OyJIeT UMETh MUHUMAJIbHYIO MEPHOCTh B JTAHHOM MaT-
PUYHOM MPOCTPAHCTBE. 3HAYCHUE MUHUMAIIBHON MEPHOCTH MATPUYHOTO IMTPOCTPAHCTBA OMIPEE-
nsieTcst K03 (GUITMEHTOM KBaHTOBAHUSI MEPHOCTH MTPOCTPAHCTBA AJisl PopM MaTepuii ero oopasy-
romux. Kpome toro, Gopmbl MaTepuid, KBAaHTYIOIIUECA JaHHBIM KO3(P(GUIIMEHTOM KBAaHTOBAHUS
MPOCTPAHCTBA Yi, B CBOKO OYEPE/b, BIUSAIOT HA MEPHOCTh MpOCcTpaHcTBa. [loaTomy, B mponecce
hopMUpPOBaHUS MATPUUHOTO MPOCTPAHCTBA, KOJIUISCTBO OJHOTHUITHBIX EPBUYHBIX (hOPM MaTe-
pHUi MOXET OBITH OOJIBIIE, YEM MX YUCJI0, 00pa3yrolee JaHHOEe MaTpUYHOE IIPOCTPaHCTBO. BTo-
PHUYHOE BBIPOKICHUE MPOCTPAHCTBA, BBI3BAHHOE BO3/ICMCTBUEM MATEpPUK Ha MPOCTPAHCTBO, B
KOTOPOM OHHM HaxXOJSTCS, SBJISICTCS OTpAaHUYHUTENIEM BepXHEW IpaHUIlbl yuciaa GopM MaTepui,
«Yy4acCTBYIOIIUX» B ((OPMHUPOBAHUHM MAaTPUYHOTO ITPOCTpaHCcTBA. TakuM o0pa3om, Kaxa0oe MaT-
PUYHOE MPOCTPAHCTBO OTPAHMYEHO N0 YHUCJYy (hopM MaTepuii ero 06pa3yronmnx, Kak ¢ Hu3Yy,
TaK U cBepxy. FMIMEeHHO B3aMMHOE BIIMSIHHAE ITPOCTPAHCTBA HA MATEPUIO U MATEPUU HA MPOCTPAH-
CTBO, IPUBOJAUT K TOMY, UTO KaXKJI0€ KOHKPETHOE TPOCTPAHCTBEHHOE 00pa30BaHKE OTPAHUUCHO.

Li=Latyi(i-2) (2.4.2)

A Tenepsp, AaBaiTe pazdepEéMcs, UTO MPOUCXOJUT HA YPOBHE HAIIEro MPOCTPaHCTBAa-BCe-
neHHoi. Hamre mpocTpaHCTBO-BCENEHHAs UMEET MEPHOCTH paBHYto L7 = 3,00017. Ota MepHOCTH
MO3BOJISIET CIUTHCS B €MHOE LIEI0€ ceMH (popMaMm MaTepuil, KOTOpbIEe U 00Pa3yIoT BCE BEIIECTBO
Hameil Becenennoi. i Toro, 4ToObl BO3HUKIIM YCIOBUS IJIsl CIUSIHUS OYEPEIHON (POPMBI MaTe-
pUU HAIIETO TUIIa, HEOOXOJIMMO M3MEHEHHE MEPHOCTH, TaK HA3bIBAEMOr0, MATPUYHOTO IPO-
ctpanctBa Ha BenuuuHy Yy = 0,020203236. [IpoucxoauT KBaHTOBAaHWE MEPHOCTH MATPUYHOTO
MIPOCTPAHCTBA, KAK B aTOME — KBAHTOBAHUE AJIEKTPOHHBIX ypoBHEH. [l03TOMY, B TUCKPETHBIX
30Hax MaTPUYHOI'O NMPOCTPAHCTBA MPOUCXOJUT CUHTE3 BEIIECTBA U3 PA3HOIO KOJIWYECTBA MATE-
puii. MEpHOCTB KaKI0T0 IPOCTPAHCTBA-BCEJIEHHOW — HEOJIHOPO/IHA, YTO U MMPUBOAUT K CMbIKa-
HHUIO B 3TUX 30HaX HEOJJHOPOJHOCTEU, IBYX TPOCTPAHCTB-BCEJIIEHHBIX C Pa3HOU MEPHOCTHIO. Pac-
CMOTpPUM TpH OJIMkKaKNIINE MPOCTPAHCTBA-BCEICHHBIE C MEPHOCTSIMMU:

Le =2,979966/64

2L «This Side Up' May Apply To the Universe, After All», by John Noble Wilford, The New York Times, 1997.
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L7=3,00017 (nama BcesienHas)
Ls = 3,020373236

B 30Hax HEOAHOPOIHOCTH MEPHOCTH MPOCTPAHCTBA MPOUCXOJIUT CMBIKAHUE COCEAHUX MPO-
CTPaHCTB-BCEJICHHBIX MEXTy co00il. IIpu cMblkaHUM MPOCTPAHCTB-BCENECHHBIX Lg u L7, MexIy
HUMHU oOpasyeTcs kaHai. [lo aToMy kaHay MaTepuu U3 MPOCTPAHCTBA-BCEIIEHHOM Lg HAUMHAIOT
MEePETEKATh B IPOCTPAHCTBO-BCEIEHHYIO L7. [Ipu 3TOM, CylIeCTByeT KaueCTBEHHOE OTIMYHUE BeE-
mectBa Beenennout ¢ Lg u BemectBa Beenennout ¢ L7, [1oaTomy, B 30HE CMBIKaHUS 3TUX MPO-
CTPaHCTB MTPOUCXOJIUT pacIa] BelecTBa MpoCcTpaHCTBa-BCeIeHHOM ¢ Lg M U3 MaTepuii ero oopa-
3YIOLIUX MPOUCXOJIUT CUHTE3 BEILIECTBA MPOCTPAHCTBA-BCEIEHHOM ¢ L7. JIpyrumu cioBamu, Be-
IIECTBO, 00pPa30BaHHOE BOCBMbIO (hOpMaMHU MaTEpHil, pacnagaeTcs U CUHTE3UPYETCsl BEIIECTBO
u3 ceMu GhopM MaTtepuil. 30Ha CMBIKaHHS 3THUX MPOCTPAHCTB UMEET MEPHOCTh, JICKAIIYIO B UH-
TepBaJe:

3,00017 < Lcp. < 3,020373236.

[ToaTOoMy, O0cBOOOX1aroIIasicsi BocbMasi (hopMa MaTepuu MPOJOJKAET HAXOJUTHCSA B ATOU
30H€, OCTaBasICh CBOOOHOM, HeBOoCTpeOBaHHOM. Co BpeMeHeM, OHA HAKATUIMBAETCS B 30HE CMbI-
KaHWUS U HAUMHAET BIUATh, B HEKOTOPBIX Mpeeax, Ha MEPHOCTb 3TOM 30HbI. UTO MPHUBOIUT K
YBEJIMYECHUIO KaHaJla MEXKy MPOCTPAaHCTBAMHU-BCEIIEHHBIMU U BBI3BIBAET €€ OOJIBIIUN OTTOK
BEILIECTBA C MEPHOCTHIO Lg. DTO MPUBOAUT K BOSHUKHOBEHUIO YCIOBUM, ITPHU KOTOPBIX YaCTh Be-
LIECTBA C MEPHOCTHIO L7 CTAHOBUTCS HEYCTOMYNBON M HAUMHAET PACaaThCsl HA COCTABIISAIOIINE
4acTH, BOSHUKAET, TAK Ha3bIBacMasi, TepMosiicpHas peakuus. Tak «3axuratorcs» 38€31b1 (Puc.

2.4.1).
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[Ipu 3TOM, 30HBI HEOTHOPOAHOCTEHN MOTYT OBITh Kak ¢ AL > 0, Tak 1 AL <0, oTHOCUTENTHHO
Hamer Beenennoul. B ciydae, kora HEOAHOPOAHOCTH MEPHOCTH IPOCTPAHCTBA MEHBIIE HYJIA
AL < 0, mpouCXOOUT CMBIKaHUE MPOCTPAHCTB-BCENIEHHBIX ¢ MepHOCTAMHU L7 u Le. [Ipu sTOM,
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BHOBb BO3HMKAIOT YCJIOBUSA U1 IEPETEKAHNS MAaTEPUH, TOJIBKO, HA 3TOT pa3, BEECTBO C MEPHO-
cTbio L7 meperexaer B IpocTpaHCTBO ¢ MEpHOCTHIO Lg. TakuM 00pa3oM, NpocTpaHCTBO-BCETIEH-
Hasi ¢ MepHOCTHIO L7 (Hama Beenennas) Tepsier cBo€ BemecTBo. M MMEHHO Tak BO3HUKAIOT 3ara-
JOYHbIE «4EpHBIE TBIpbDy (Puc. 2.4.2).
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Bort Takum 006pa3oM, B 30HaX HEOJTHOPOAHOCTEN MEPHOCTH MPOCTPAHCTB-BCEICHHBIX, 00-
pasyrorcs 3BE31bI U «4€pHBIE AbIpb». [Ipu 3TOM, BO3HMKAET NEpeTeKaHue BEUIECTBA, MATEpUi
MEXy Pa3HbIMU IPOCTPAHCTBAMHU-BCEIICHHBIMHU.

Cy1iecTBYIOT TaKK€ IPOCTPAHCTBA-BCEIEHHBIE, MMEIOLIUE MEPHOCTH L7, HO IMEIOIIKE IPY-
roii cocras BemiecTBa. IIpu CTBIKOBKE, B 30HAX HEOJHOPOJHOCTEW MPOCTPAHCTB-BCEIEHHBIX C
OJINHAaKOBOW MEPHOCTBIO, HO Pa3HBbIM KAYECTBEHHBIM COCTAaBOM 00pa3yIOILEro X BEIIECTBA, BO3-
HUKAET KaHall MeX]ly STUMHU NpocTpaHcTBamMu. [Ipu 3TOM, MPOUCXOIUT MEepeTeKaHne BEUIECTB,
KakK B OJJHO, TaK U B Pyroe MpOCTPAHCTBO-BCEICHHYIO. ITO — HE 3B€3/la U HE «UEpHAs AbIpay,
a 30Ha Iepexojia U3 OJIHOTO MPOCTPAHCTBA B JAPYroe. 30Hbl HEOJHOPOAHOCTH MEPHOCTH IPO-
CTPAHCTBA, B KOTOPBIX MPOUCXOJIAT OMKHCAHHBIE BBIIIE MPOIECChl, 0003HAYUM, KaK HOJb-TIepe-
xogibl. [Ipuuém, B 3aBUCHUMOCTH OT 3HaKa AL, MOKHO TOBOPUTH O CIEYIONIUX TUIAX ITUX Nepe-
XOJIOB:

1) IMonmoxuTebHBIE HOJIB-TIEPEX 0TI (3BE3/IBI), YePE3 KOTOPHIE BEIIICCTBO IMEPETEKACT B JaH-
HOE MTPOCTPAHCTBO-BCEIICHHYIO U3 JAPYToro, ¢ 0oJbIei MepHocThio (AL > 0) n*.

2) OTpunaTebHbIe HOJIb-TIEPEXO/IbI, Yepe3 KOTOPBIC BEIIESCTBO U3 JIAHHOTO MPOCTPAHCTBA-
BCEJICHHOM MEpEeTEeKaeT B APyroe, ¢ MeHbIeH MepHOCThIO (AL< 0) n'.

3) HeiiTpanbHble HONB-TIEPEXOIbI, KOT/Ia TTOTOKU MAaTEPHid JABIKYTCS B OOOHMX HAIpaBlie-
HUSIX U TOKJIECTBEHHBI IPYT APYry, & MEPHOCTH IPOCTPAHCTB-BCEJICHHBIX B 30HE CMBIKAHHUS
IPAKTUYECKH HE OTIMYAIOTCs: n°,

Ecnu npoomkuTh fanee aHaaus OpOUCXOJSIIEr0, TO YBUAUM, YTO KaK10€ IPOCTPAHCTBO-
BCEJICHHAs, YEPE3 3BE3/IBI, ITOIYyYAET MATEPUIO, A UEPE3 «UEPHBIE AbIPbD» — €€ TepsieT. s Bo3-
MOKHOCTH YCTOMUYMBOTO CYIIECTBOBAHUS ATOI'O MPOCTPAHCTBA, HEOOXOAUM OajaHC MEXKITY TIPH-
XOASALIEH U yXOISIIEH MaTePUEnd B JaHHOE IMPOCTPAHCTBO-BCEIEHHYIO. JIOJKEH BBIMOJIHATHCS
3aKOH COXpaHEHUSs BEIEeCTBA, MPU YCIOBUH YCTOWYMBOCTH MIPOCTPAHCTBA. DTO MOXKHO OTOOpa-
3UTh B BUJE (POPMYJIBIL:

[In* ok Mk dkdi + [Injx Mgk dkd(ij) = JIn gk mg dkdj (2.4.3)
rac:

N (ij)k — TOJIOKUTEIBHBIN HOJIb-TIEpEX0/] (3BE3/1a),

NCij)k — HEUTPaILHBII HONb-TIEPEX O,

N"(jjk — OTPHUIATEIbHBIA HOJIb-TIEPEXO/I,

M)k — COBOKyIHAs Macca (popM MaTepuii, IPOTEKAIOIAs Yepes 3BE3 LY,

M(j)k — COBOKYIIHAs Macca GopM MaTepuil, IPOTEKAIOIINX YEPE3 JaHHYIO «UEPHYIO IBIPY»
B JIPyTO€ MPOCTPAHCTBO-BCEICHHYIO,

M(ij)k — COBOKYyITHasi Macca (hopmM MaTepuil, MPOTEKAIOMINX Yepe3 HEUTPATbHBIA HOJb-TIC-
pexon.

Takum 00pa3oM, MEXIy IPOCTPAHCTBAMHU-BCEIICHHBIMU C Pa3HON MEPHOCTHIO, Yepe3 30HBI
HEOMHOPOIHOCTH, TIPOUCXOAUT MUPKYISIHS MATEPUH MEXKIY POCTPAHCTBAMH, 00Pa3yrOIIMMH
nanuyto cucremy (Puc. 2.4.3).
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UYepes 30HBI HEOTHOPOIHOCTU MEPHOCTH (HOJIb-TIEPEXO0bI) BO3MOKEH MEPEX0]1 U3 OJTHOTO
MIPOCTPAHCTBA-BCEIICHHOM B ipyroe. [Ipu aToM, mporcxoauT TpaHcopMaliys BEIIeCcTBa HaIIeTo
MPOCTPAHCTBA-BCEJICHHON B BEILIECTBO TOTO MPOCTPAHCTBA-BCEIECHHOM, Kyaa OCYILIECTBISAETCS
nepedpoc Marepuu. Tak 4To, HEU3MEHEHHOMN «HAIlIa) MaTepHs MONACTh B APYTrUe MPOCTPaHCTBA-
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BCEJICHHBIE HE MOXKET. 30HAMH, YEPE3 KOTOPHIE BO3MOKEH TAKOM MEPEXO/I, SIBIISIOTCS U «UEPHBIE
JBIPBI», B KOTOPBIX MPOUCXOIUT MOJIHBINA paciaj BeIIeCTBA IAHHOTO TUIIA, U HEUTPaJIbHbIE HOJIb-
Mepexo/ibl, Yepe3 KOTOPhIC MPOUCXOAUT OaTaHCHBIM OOMEH MaTepueil.

HeiitpanbHbie HOJIb-MIEPEXOBI MOTYT OBITh YCTOMYUBBIMU WJIM BPEMEHHBIMU, MOSIBIISIOIIH-
MHUCS IEPUOJUYECKU WK crioHTaHHO. Ha 3emiie ecThb 1enblil psj ob0nacTelt rje nepuoandecku
BO3HHMKAIOT HEUTpaJIbHBIE HOJIb-TIEpexobl. 1 ecau B uX mpenensl MonajgarT Kopadiu, camo-
NETHI, JTOJKH, JTIOJU, TO OHU OeccienHo ucue3aroT. TakuMu 30HaMu Ha 3emJie sBIsitoTes: bep-
MYJICKUH TpeyrojbHUuK, pailonsl B ['umanasx, [lepmckas 3oHa u npyrue. [Ipaktuyecku HEeBO3-
MO>KHO, B CJIy4ae TMOIMaJaHus B 30HY JEHCTBUS HOJIb-TIEPEX0/Ia, IPEACKA3aTh, B KAKYIO TOUKY U
B KaKo€ MPOCTPAHCTBO nepeMecTutcs Marepusi. He roBopst yxe o ToM, 4TO BEpOSITHOCTh BO3Bpa-
HIEHUS B UCXOJHYIO TOUKY IPAKTUYECKU paBHa HyIt0. OTCI0/1a CIeAyEeT, YTO HEUTPAJIbHBIEC HOJIb-
nepexoabl HeMb3s UCIIOIb30BaTh IS 1IeJIEHANPABIECHHOTO TIEPEMEIICHUS B POCTPAHCTBE.

He meHee nHTEepecHa 1o CBOEU MPUPOAE IBOTIONMS KU3HU 3BE31. Kaxkias 3Be31a «GKUBETH
MUJUTHAP/IBI JIET MOCJE Yero OHa «yMHpaeT». B TeueHue 3TUX MUJUIMApJOB JET BEUIECTBO U3
MIPOCTPAHCTBA-BCEJIEHHOM C O0JbIle MEpHOCTBIO Lg, yepe3 30Hy CMbIKaHUs MOMAAAET B MPO-
CTPAHCTBO-BCEJIEHHYIO ¢ MEHbIIEH MEPHOCTBIO L7. [Ipu 3TOM, 3TO BEMIECTBO CTAHOBUTCS HE-
YCTOWYMBBIM U paclaJacTcsi Ha IEPBUYHBIE MaTEpUu ero oOpasytoiue. CeMb IEpBUYHBIX MaTe-
puil CIMBAKOTCSI BHOBB, 00pa3ysl (pU3MYECKU IMJIOTHOE BEIIECTBO MPOCTPAHCTBA-BCEIEHHOU L7,
[Ipu 5TOM, B 30HE CMBIKaHUS TAKOW ypOBEHb MEPHOCTHU, YTO MPOUCXOIUT CUHTE3 aTOMOB TEX
AJIEMEHTOB, COOCTBEHHBIH YPOBEHb MEPHOCTH KOTOPBIX MO3BOJIIET UM COXPAHUTh CBOIO YCTOM-
YUBOCTh. B BepxHeil 30He yCTOMYMBOCTH (PU3NYECKU MIJIOTHOTO BEIIECTBA «HAXOJATCS TOJBKO,
TaK Ha3bIBae€MbIe, JIETKUE AJIEMEHTHI Takue, Kak BogopoAd (H) u remuit (He). Iloatomy, B 30HE
CMBIKaHHUS MPOUCXOAUT CHUHTE3 ATUX 3JIeMEHTOB. M He ciyuyaiiHO OoJbIas 4acTh BELIECTBA
Haule BeeneHHon — Bogopo. B 30He cMbIKaHUS MTPOUCXOAUT AKTUBHBIN IPOLIECC CUHTE3A BO-
JI0pOJia, MacChl KOTOPOTO U COCTaBIISIIOT OCHOBY 3BE3/1. Tak poKIaroTcs 3BE3bl — TaK Ha3bIBa-
emble, rosryoble rurantsl (Puc. 2.4.1). 3HavanbHas MIOTHOCTh «HOBOPOXKAEHHBIX» — OYEHb
Maja, HO B CHJIy TOT'0, 4YTO 30Ha CMBIKaHUS HEOJHOPOAHA IO MEPHOCTH, BO3HUKAET nepena/ (rpa-
JUEHT) MEPHOCTHU B HAIIPaBJIEHUH K IEHTPY. B pe3ynbrare 3T0ro MoJieKyiabl BOJIOPOJa HAUNHAIOT
JIBUTAThCS K IIEHTPY 30HBI CMbIKaHUs. HaunHaeTcst mpoliecc c:katus 3Be€3/Ibl, B X0€ KOTOPOTO
IJIOTHOCTh 3BE3AHOrO BEIIECTBA HAYMHAET CTpPEeMUTENbHO pacTu. [lo Mepe pocra MIOTHOCTH
3BE3/IHOTO BEIIECTBA YMEHbBIIIAETC 00bEM 3aHUMAEeMblIii 3BE3/I0M U YBEJTUUUBACTCS CTEIICHD BJIU-
SITHUSI MacChl 3B€3/Ibl, KAK HA YPOBEHb MEPHOCTHU 30HBI CMBIKAHUS, TAK U HA aTOMHOM YPOBHE.
Takum 00pa3om, COOCTBEHHBIN YPOBEHb MEPHOCTH 3BE3/IbI HAYMHAET YMEHBIIIATHCS, & BHYTPHU
caMoil 3Be3/Ibl HAUMHAIOTCS MPOIIECCHl CHHTE3a HOBBIX 00Jiee TsHKENbIX 2JIeMeHTOB. Bo3HuKaer,
TaK Ha3blBaeMas, TEPMOSIICPHAsI PEAKIIMs U 3B€3/1a HAUMHAET U3JIy4aTh LEbI CIIEKTP BOJIH, KaK
no0ouHbIN 3p ekt cuHTesa 3eMeHToB. CiaenyeT OTMETUTh, YTO UMEHHO, OJ1arofaps 3TOMy «I10-
6ouHoMy 3D PeKxTy», BOSHUKAIOT YCIOBHUS VIS 3apOKIICHUS KU3HU. B 30HE CMBIKaHUS Tapai-
JIEIBHO MPOUCXOST JBa Mpoliecca: CHHTE3 BOJOPO/1a ITPU paciiajie BEUEeCTBa MPOCTPAHCTBA-BCE-
JIEHHOM C¢ 00Jiee BHICOKUM YPOBHEM COOCTBEHHON MEPHOCTH (BEIIECTBO, 00OpPa30BaHHOE CHUHTE-
30M BOCBMHU (DOpPM MEPBUYHBIX MATEpPUi) U CUHTE3 U3 BOAOPOAA Oojee TSKEIBIX HIEMEHTOB B
X0/JIe TEPMOSIIEPHBIX peakiuii. B pe3ynbTaTe 3TUX MPOIECCOB 3B€3/1a YMEHbBIIIAET CBOM O0BEM H,
KaK CJIEJCTBUE YBEJIMUYEHHUS B Macce JI0JIM Oosiee TSHKENBIX YeM BOJOPO/ AJIEMEHTOB, YMEHbIIIA-
€TCsl U YPOBEHb COOCTBEHHOW MEPHOCTH 3B€3/bl. UTO B CBOIO OYEpElb YMEHBIIIAET 30HY CMbIKA-
Hud. pyrumu cioBamu, «poKIEHHAS» APYTUM MPOCTPAHCTBOM-BCEIICHHOM 3BE3/1a AJIs HAILErO
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HpOCTpaHCTa'BceJIeHHOﬁ IIOCTCIICHHO OTACIIACTCA OT cBoeH «MaTcpu».

He npana iy, momyyaeTcst T00OMbITHAS aHAJIOTUS C pa3BUTHEM SYMOpPHOHA BHYTPU MaTKH,
KOTJ]a «COTKAaHHBIM» U3 KPOBU U IUIOTH MATEPH IO NOKUIAAET JIOHO MAaTEPU U HAYMHAET CaMO-
CTOSITEIIBHYIO KU3Hb, TaK U 3B€3/1a, «POKIEHHAN» MPOCTPAHCTBOM-BCEIICHHON, TOKUIAET «JIOHO
MaTtepu», Korja e€ ypoBeHb COOCTBEHHOW MEPHOCTH YMEHBIIIAETCA, KaK CIEICTBUE YBEINYEHUS
CTENIEHU BIMSHUA HA OKpYyXKarolee MpocTpaHCTBO. OTAENMBIINCH OT «MATEPUHCKOT0» IpO-
CTpaHCTBa-BCEJICHHOM, 3B€3/1a HAUMHAET CBOIO COOCTBEHHYIO JKU3Hb — >KM3Hb, KOTOPAsi MPOJ10J1-
YKaeTCsl MAJUIAAP/IBI JIET, 110 UCTEUEHUU KOTOPBIX, OHA «ymupae™». [IpaBna 3BE3/b1, B CBOKO OYe-
pellb, YCIIEBAIOT «POAUTHY IJIAHETAPHBIE CUCTEMBI, HA KOTOPBIX UMEET LIAHC MOSABUTHCS KU3Hb.

PaccmoTprmM MeXaHU3M POKIICHHMS IUIAHETAPHOW CUCTEMBI. B mporecce cxatus 3BE3/bl,
HapyuiaeTcsi 0anaHc MeXAy U3Tydarouied MOBEPXHOCTHIO U U3ITydaloluM o0bEMOM. B pe3yiib-
TaTe 4Yero, NEPBUYHBIEC MATEPUH CKAIUIMBAIOTCS BHYTPH 3B€3/1bl. C TEUEHUEM BPEMEHH, B PE3YJIb-
TaTe TEPMOSJCPHBIX PEAKIMHI, 3BE3THOE BEIIECTBO TEPAET MPOCTEHIINE aTOMBI, TAKUE, KaK BO-
JOPOJI, TeJIUI U Ap. U BCE OONBIITNI MPOLICHT B HEM HAYMHAIOT COCTABJISATh ATOMBI TSIKENBIX dJie-
MEHTOB. Pazmep 3Be3/1bl yMEHBIIAETCS, OHA CTAHOBUTHLCA BCE OoJiee U 0osiee MIIOTHOU, THKEION
U CTENEHb BIUSHUS HA MEPHOCTh OKPY>KAIOIIEro MPOCTPAHCTBA CTAHOBUTCS BCE OoJiee u Ooliee
cuiibHOM. Eciii B Havasie CBOEH 3BOJIIOLIMY 3BE€3/1a UMEJIAa MEPHOCTh OKPYXKAKOIIETO €€ MPOCTPaH-
ctBa paBHyto 3,00017 < L,;<3,02037, TO, Ipx CBOEM CKATHUX OHA BHI3BIBAET BTOPUYHOE BHIPOXK-
JICHHUE MPOCTPAHCTBA HA HEKOTOPYIO BEJIMYMHY. A 3TO MIPUBOJUT K TOMY, YTO MEPHOCTh OKPYKa-
FOLIETO €€ MPOCTPAHCTBA CTAHOBUTCS PABHOM:

3,00017 < (La-AL) < 3,02037
3,00017 < L < 3,02037
Lo=La—AL (2.4.4)

rae: AL mMoxkeT konebaThCsi Ha MEPBOM IdTare >KU3HHM 3Be3nbl B mpenenax 0 < AL <
0,020203236.

[locTeneHHO BTOPUYHOE BBIPOKIAECHUE MEPHOCTU MPOCTPAHCTBA, BBI3BAHHOE TSAKECTHIO
3BE3/Ibl, CTAHOBUTCS BCE OoJjiee U Oosiee BhIpaXeHHBIM. M1 MEPHOCTH OKPYKAIOIIEro 3BE3/1y IPO-
CTpaHCTBAa HAUMHAET NMpUOIMKaThCsl K MepHOCTH L7. [1o Mepe pa3BuTus 3TOr0 mpouecca, KaHal
MEXIy MPOCTPAHCTBAMU-BCEIEHHBIMH C MepHOCTAMH Lg u L7 ymenbmaerca. Bcé Menblee u
MEHBIIEE KOJTMYECTBO BEIIECTBA IEPETEKAECT U3 IMTPOCTPAHCTBA C MEPHOCTHIO Lg B TPOCTPAaHCTBO
¢ MepHOCTBIO L7. [Ipn 3TOM, aKTUBHOCTH M3TyYEHHI TAKOM 3BE37bl CTAHOBUTCS BCE MEHBIIIE U
MEHbIIIE, OKA HE MpeKpamaercs coBceM. Hactymaer cMepTh 3Be3/1bl. 3B€3/1a «TyXHET». Eciu B
Hayajie CBOEH 3BOJIIOIMY 3Be3/a UMela OOJIBIIYI0 MacCy, HO MEHBIIE IECATH COJIHEUHbIX Macc,
TO K KOHILy CBOEH U3HHM OHA BBI3BIBAET BTOPUYHOE BBIPOKIECHUE MEPHOCTH, KOTJ1a MEPHOCTH
OKpY>KaroIero e€ mpoCcTpaHCTBAa CTAHOBUTCSI MEHbIIE MEPHOCTH L7. OHa nmpon3BoaAUT mporud B
APYyryto cTopoHy. Bo3HukaeT, Tak Ha3biBaeMasi, HeHWTpoHHas 3Be3na (Puc. 2.4.4).

K ornasnexHuto 81



http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.2.4.4.jpg

Huxonaii JIeBamos «Heonunopoanas Beenennas»

Le<Lg<Ls Lg=La-AL
AL = 0.0102018... (2.4.5)

Ecnu, B Hauasne cBoei 3BOJIIOLINH, 3B€3/1a UMENa Maccy OOJIbIIYIO, YEM JIECATh COTHEUHBIX,
BTOPUYHOE BBIPOKIECHUE CTAHOBUTCS CTOJb 3HAYUTENIbHBIM, YTO BBI3BIBAET CMBIKAHUE IPO-
CTPAHCTB-BCEJIEHHBIX C MEpHOCTSIMU L7 1 L. [Ipu 3TOM, MaTepusi U3 npoCTpaHCTBA C MEPHOCTHIO
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L; HaunHaeT mepeTeKaTh B MPOCTPAHCTBO ¢ MepHOCThIO Lg. OOpaszyercs «u€pHas npipa» (Puc.
2.4.5).

Takum oOpa3zoM, «4EPHBIE TBIPHD BO3HUKAIOT B XOJI€ IBOJIOINH 3BE3]], TOUHEE «OKOHYA-
HUE KMU3HW» 3BE3]IbI B HAIIEM MPOCTPAHCTBE-BCEICHHOM MPUBOIUT K POXKICHHUIO 3BE3/bl B HH-
JKeJIe)KaIleM [IPOCTPAHCTBE-BCETICHHOM.
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2.5. Npupoaa obpa3zoBaHMA NJlaHeTapHbIX CUCTEM

A Tenepb pacCMOTPHUM TakKe U MPUPOy 00pa30BaHMs TUIAHETAPHBIX cucTeM. B Hauane
CBOEH >KM3HU 3Be3/la UMEET OallaHC MEXIy €€ pa3MepoM, KaHaJIOM MEX]y MPOCTPAHCTBAMU C
MepHOCTSIMH L7 1 Lg 1 KOJIMYECTBOM BELIECTBA, IEPETEKAIOIIETO YEPE3 ITY 3BE€3AY U3 IIPOCTPaH-
CTBa C MEPHOCTHIO Lg B MPOCTPaHCTBO-BCEICHHYIO ¢ MepHOCTRIO L7 (Puc. 2.5.1).

B pe3ynbrare TepMOsSIEpHBIX peaKUUid, MPU MOTEPE MPOCThIX aTOMOB, pa3Mepbl 3BE3/IbI
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YMEHBIAIOTCA, M OHA HE B COCTOSIHUY MPOIMYCTUTH Yepe3 ce0s BCIO MacCy MaTepHid, TEKYIIHNX U3
MPOCTPAHCTBA C MEPHOCTHIO Lg B MPOCTPAHCTBO ¢ MEPHOCTHIO L7. DTOT AcOananc co BpeMeHeM
YBEJIMYUBAETCS M JOCTUTAET B KOHEYHOM UTOTE KPUTHUECKOTO ypOBHS. [IponcxomuT Kosoccaib-
HBI B3pBIB, YaCTh BEIIECTBA 3BE3/IbI BHIOPACHIBACTCS B OKpysKaroiiee €€ mpocTpancTBo. [Ipu
TOM YMEHBIIAETCSI MEPHOCTh 3TOTO OKPY>KAIOIIETro 3BE3/ly MPOCTpaHCTBa U (POPMUpPYETCS Ka-
HaJI, IO KOTOPOMY TepeTeKaeT Takoe KOJIMYECTBO MaTEPUU, KOTOPOE 3B€3/1a B COCTOSTHUU Yepe3
ce0s nponyctuth (Puc. 2.5.2). Takoii B3pbIB HA3bIBAIOT B3PHIBOM CBEPXHOBOM.
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BriOpoiieHHbIe B3pbIBOM CBEPXHOBOI MOBEPXHOCTHBIE CIIOH 3BE3/Ibl, KOTOPHIE, KCTaTH, CO-
CTOAT U3 Haubosiee JETKUX 3JEMEHTOB, MOMAal0T B UCKPHUBIICHUS MPOCTPAHCTBA, CO3/IaHHBIC
MPOJIOJIbHBIMU KOJIEOAHUSIMU MEPHOCTH, BO3HUKILIMMHU IIPU 3TOM B3phIBE. B 3THX 30HaX UCKPUB-
JIEHUSI MPOCTPAHCTBA U3 NEPBUYHBIX MATEPUIl MPOUCXOJNUT AKTHUBHBIM CHHTE3 BELIECTBA, MIPH-
4EM, CHHTE3UPYETCS UEbIN CIIEKTP PA3IMYHBIX JIEMEHTOB, BKIIOUAS TSKEBIE U CBEPXTSKENBIE.
Yem Oouibliie mepenaj Mex 1y YPOBHEM COOCTBEHHON MEPHOCTH 3B€3/1bl M YPOBHIMHU COOCTBEH-
HOW MEPHOCTH 30H MCKPHBIICHUS MIPOCTPAHCTBA, TEM 0O0JI€€ TKENBIE DIEMEHTHl B COCTOSIHUU
«POJUTHCSA» BHYTPH ATHX 30H U TEM 00Jiee YCTOMUUBBI 3TU TSHKENBIE 2JIEMEHTHI. B 3aBucumMoctu
OT U3HAYaJIbHBIX Pa3MEPOB, B TEUEHUE KU3HU 3BE3/bl MOXKET ObITh OJJUH WJIM HECKOJIBKO B3pbI-
BOB CBEpXHOBOM. [IpH KakJ1oM TakoM B3pbIBE COOCTBEHHBIM YPOBEHb MEPHOCTHU 3BE3/1bl YMEHbB-
IIa€TCs, YTO IPUBOJUT K YMEHBIIECHUIO CUHTE3a JIETKUX 3JIEMEHTOB U YBEIMUEHUIO CUHTE3a TS~
KENbIX. B pe3ynbTare 3T0r0, IIIOTHOCTD, a CIEI0BATENbHO, CTENEHD BIMSHUS 3BE3/1bI HA OKPY-
KaroIiee MpoCTPaHCTBO yBenuuuBaeTcs. [Ipu B3pbIBe CBEpXHOBOI, BOSHUKAIOT KOJIeOaHHs Mep-
HOCTH MIPOCTPAHCTBA aHAJIOTMYHbIE BOJIHAM, KOTOPBIE MOSBIISIOTCS HA TOBEPXHOCTH BOJIbI ITOCIIE
Opocka kamHsi. Maccel MaTepu, BBIOPOIIEHHBIE TTPU B3PbIBE, 3AMOJHSAIOT 3TH HEOJHOPOIHOCTH
MEpPHOCTH IPOCTPAHCTBA BOKPYT 3Be37bl. M3 3TUX Macc MaTepuu HaYMHAIOT 00Pa30BBIBATHCS
wianers! (Puc. 2.5.3 u Puc. 2.5.4).
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JlaBaiiTe mombiTaeMcsi pa3zoOpaThbCsi, MOYeMy M Kak 3To mpoucxonut. Hama Bceenennas
umeeT MepHocTh L7=3.00017, 9yTO MO3BOJISIET MUPHO COCYIIECTBOBATH CEMHU (pOpMaM MaTepuu
Hamiero tumna. YtoOsl Jierde ObLIO MOHATh, B UEM CYTh Pa3Inyus MEXIy MAaTepUSIMU Pa3HOTO
TUIIA, 1aBaiiTe BCIIOMHUM Hallu «KyOukm». HyXHYyI0 «KapTHHKY» MOXHO coOpaTh TOJIBKO U3
«KyOHUKOBY» OJHOTO pa3Mepa.
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[Tpn HamU4YMM «KyOMKOB» pPa3HOTO pa3Mepa, coOpaTh «KapTHHKY» MPOCTO HEBO3MOXKHO;
MpeXJIe BCEro, HEOOX0AUMO 0TOOpATh «KYOUKU» OJMHAKOBOM (hOPMBI U pa3zMepa U3 rpyabl Apy-
ruX. TOJIbKO TOTOM BO3MOKHO COOpaTh HY)KHYIO «KapTHHKY». Tak BOT, TAKUM KPUTEPHEM OTIpe-
neneHus (GOpMbI M pazMepa JIJisl MaTepuil SABIsETCs K03(PPHUIMEHT KBAaHTOBAHUS MEPHOCTH TPO-
cTpancTBa vi. [Ipu 5TOM, HE HYXKHO 3a0BIBaTh, YTO «KYOHUKH» JAPYTHX pa3MepOB HE MCUE3AIOT.
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OHU IpOJOJDKAIOT CYIIECTBOBATh, TOJIBKO U3 HUX HEJIb3s CIIOKUTH HAlly «KapTUHKY». Ho, ecin
UX paccopTUPOBATH 1O (hOPME U pa3Mepy, TOT1a, U3 MOJOOHBIX «KyOUKOB)» MOXKHO CJIOXKUTH APY-
e «KapTUHKW», HO 3TO OYIyT «KapTUHKW» JPYroro KaueCTBEHHOIO0 COCTaBa, U OHU HUKAK HE
OyAyT BAMSTH U U3MEHSATH HAITY «KaPTHUHKY.

AHAJIOTUYHO, KPOME MPOCTPAHCTB-BCEJICHHBIX HALIEr0 THIIA, CYHIECTBYIOT MPOCTPAHCTBA-
BCEJICHHBIE C APYTUMHU 3HAUYCHUSAMHU KO3 (UllMeHTa KBaHTOBaHUS MpocTpancTBa ¥i. Ho, oHu He
OKa3bIBAIOT MPAKTHYECKH HUKAKOTO BJIMSHUS HAa MPOCTPAHCTBA HAILETO TUIIA U MOATOMY IPHU
U3y4eHHUH Bolipoca 00 oOpa3zoBaHuu Hallel BeenenHoi, MOKHO HE TPUHUMATh UX BO BHUMAaHUE.
B npocrtpaHCcTBe ¢ HEMpPEepHIBHO U3MEHSIONICICS MEPHOCTBIO, pa3peniéHHble (GOpMbl MaTepuit
(T.€. TO KOTMYECTBO MaTepuii, KOTOpoe 0OpasyeT Hallle TPOCTPAHCTBO-BCEIEHHYIO C MEPHOCTHIO
L7) apyr ¢ apyrom He B3auMoJieicTBYIOT. [Ipu B3pbhIBE CBEpXHOBOM, OT IIEHTPA pacpOCTPaHs-
I0TCSI KOHLIEHTPUYECKUE BOJIHBI BO3MYILEHHUSI MEPHOCTH TPOCTPAHCTBA, KOTOPBIE CO3AA0T 30HBI
HEOJTHOPOJHOCTH MPOCTPAHCTBA, MPOUCXOTUT AedopMalvs MEPHOCTH WIIM UCKPUBIICHHUE MPO-
ctpanctBa. B bonbimom KocMmoce cyiiecTByeT 6eckoHeuHOE unciio (hopM MaTepuil, KOTOpbIE B3a-
UMOJCHCTBYIOT APYT C IPYyroM B OOJIbIIEH MM MEHBIIEH CTENEeHW WJIA HE B3aUMOJACHCTBYIOT
MEXK]1y cOO0M BOOOIIIE.

Ecnu nBe popmbl MaTepun HE B3aMMOJIEHCTBYIOT MEXKIY COOOM, TO, Jaxke MpU MPOHU3bIBA-
HUHU JPYT IPYyTa, HAYTO B HUX HE MEHAETCS, OHA HUKAK APYT Ha IPyra HE BIUSAIOT U HUYTO HOBOE
IIPY 3TOM He BO3HUKaeT. OHU Kak Obl HE CYIIECTBYIOT APYT Il Apyra. CTeneHb BIUSHUAS OAHOU
(dbopMbI MaTepUX Ha APYTYIO ONPEIEIUM, KaK KOAPPUIUEHT B3aUMOAECHCTBUSI @, TOI/1a MOYKHO
CKa3aThb, 4TO KOA(P(UUIUEHT B3aUMOJCHCTBUS ISl 3TUX ABYX (hOpM MaTepuu paBeH HyIH0. DTO
O3HAuYaeT, YTO HET TAKUX JIBYX «KHUPIUYUKOB)», KOTOPbIE BXOJUIHN ObI B COCTAB, KaK OJHOM, TaK
U JIpyroi ¢popMbl MaTepuu. Y HUX HET OOIIMX KauecTB U cBOMcTB. KoaddunueHT B3anmoseii-
CTBUS HEOJMHAKOB JIaXe ISl IByX (hOpM MaTepHUH B Pa3HbIX TOUKAX MPOCTPAHCTBA TOTOMY, UTO
camo IPOCTPAHCTBO — HEOAHOPOAHO. O B3aUMOJICHCTBUU MaTEPUH MEXKAY COO0I MOKHO rOBO-
PUTH TOJBKO TOT'/IA, KOTJIa B3aUMOJICHCTBHUE pACCMATPUBAETCSI B KOHKPETHOM 00BEME 3TOTO MPO-
ctpancTBa. CyniecTBYIOT 00BEMBI TPOCTPAHCTBA, 1€ B3aUMOCHCTBUE MaTepUil MaKCUMaJIbHO
1 00BEMBI, TJI€ 3TO B3aMMO/JIEHCTBHE HEBO3MOKHO B IPUHIIMIIE WM MATEPUH B3aUMOJECHCTBYIOT
MEXTy COOOM YaCTHYHO IO TOMY WJIM JpyroMy ooiieMy kadecTBy (Puc. 2.5.5).
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[Tpu MakcUMalIbHOM B3aMMOJIEUCTBUU ABYX MaTepuid (0003HAUMM OJHY U3 HUX OYKBOH A,
apyryto — B), IpoMCXOAUT MOJHOE CAUSHUE TaHHBIX MaTepuil APYT C APYTOM U BO3ZHUKAET HO-
Bas, rubpuaHas popma — AB. CnusiHue BO3MOXKHO TOJBKO B IIpeienax 00bEMa, rJe CTaHOBSITCS
OJIMHAKOBBIMH BCE MapaMeTphl 3TUX MaTepuil. HeoHOpOoAHOCTh MPOCTpaHCTBA BIUSAET MO-pa3-
HOMY Ha (hOpPMBI MaTEpHii, KOTOPbIE MPOHU3BIBAIOT 3Ty HEOJHOPOAHOCTh. Ha oany Gopmy maTte-
puil BiusieT u3MeHsis e€ 0obliie, Ha Ipyryio — MeHblne. HeomHOpoAHOCTh H3MEHSIET KaueCTBEH-
HYIO CTPYKTYPY MaTepHii, 4TO U cO30aET yCIOBUSA ISl UX CIUSHUSA U 00pa30BaHMs HOBOTO Kaue-
ctBa. Takum 00pazoM, BHYTpU HEOJHOPOJIHOCTH B Mpesenax 00béMa, TJie BO3HUKAIOT yCIOBUS
JUISL CIIMSIHUSL IBYX MaTepui, BOSHMKAET MaTepHs HOBOro KauecTBa — rudpuanas ¢popma AB

(Puc. 2.5.6).
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['mbpunnas dopma AB Toxe BIUsEeT HA HEOHOPOJHOCTh MPOCTPAHCTBA, B KOTOPOM OHA
BOo3HHKIA. [[porcxoauT 3amosHeHne HEOTHOPOTHOCTH BO3HUKINEH THOpuaHOU dhopmoii AB, u
e€ BeIpoxAeHNE. HeomHopogHOCTh MpeacTaBisieT co00H NCKPUBIIEHHUE MMPOCTPAHCTBA, YTO MPHU-
BOJIUT K U3MEHEHHUIO MEPHOCTH B Mpeeiax 3TOM HEOAHOPOIHOCTH IO CPABHEHUIO C COCETHUMHU
y4acTKaMu IpOCTpaHCcTBa. Takum 00pa3oM, U3MEHEHUE MEPHOCTHU MPOCTPAHCTBA HA HEKOTOPYIO
BEJIMYMHY MTPUBOJUT K BOBHUKHOBEHUIO YCJIIOBUH JJIsI CIIUSIHUS ABYX MaTepuit. JJist Toro, 4ToObI
MOTJIM CIIUTHCA ABE (POpMBI MAaTEpPUH, HEOOXOIUMO U3MEHEHHNE MEPHOCTH MTPOCTPAHCTBA HA BE-
mnuuny, AL = 0,020203236...

Jlist Toro, 4To0Bl BO3HUKJIA BO3MOXHOCTh CIUSHUS TPEX (PopM MaTepuii, HEOOXOIUMO,
YTOOBI MEPHOCTH IPOCTPAHCTBA CHOBA M3MEHMWJIACh HA BeTWYUHY AL, 4TO MPUBOAUT K MOJTHOMY
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CIMSHHIO TPEX Marepuid. Marepuss HE MOXKET CIUTHCS KAKOM-TO CBOEW 4YacThlO0. B0O3MOXKHO
TOJIBKO TIOJTHOE CIIUSIHME MaTepuil. Tak ke, Kak He MOXKET OBITh JIBa C TIOJIOBUHOM YEIOBEKa, a
TOJIBKO J[Ba UJIU TPH (€CIIH, KOHEYHO, TOBOPUTCS O JKUBBIX JIIOJISX ), TAKXKE HE MOTYT CIUTHCS JIBE
C TIOJIOBHHOW MaTepuH, a TOJIBKO aBe Wi Tpu. O003HaunM TpeThio Mateputo OykBoit C. B pe-
3yJbTaTe CAUSHUSA TPEX (HOpM MaTepuii, B Mpejenax HEKOTOporo o0bEMa mpocTpancTBa (s
yno0cTBa OyaeM cUuTaTh ero cepoii) BOSHUKAST KaueCTBEHHO HoBas rudpuaHas ¢popma ABC
(Puc. 2.5.7), kotopasi 3aHUMaeT 00BHEM, MEHBIINH, yeM rudpuaHas dopma AB. Ilpuuém, sTn
chepbl UMEIOT YETKUE TPAHUIIBI, B MPEJIEIaX KOTOPbIX MEPHOCTh MPOCTPAHCTBA — OJHOPOJIHA.
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IIpn odyepeHOM M3MEHEHHH MEPHOCTH IPOCTPAHCTBA BHYTPU HEOJHOPOJHOCTH HA BEJU-
YUHY paBHYIO0 AL, BO3HHKAIOT YCJIOBUS AJIS CIUSAHUSA el ogHoN Gopmbl MmaTepuu. Bo3Hukaer
KadecTBeHHO HoBas ruOpuaHas popma ABCD (Puc. 2.5.8).

Omna Oynet 3aHuMath chepy 00bpéMa Menbirero, yem rudpuaaas popma ABC. Ilpu cneny-
IOIIEM U3MEHEHUH MEPHOCTH MIPOCTPAHCTBA BHYTPH HEOAHOPOIHOCTH HAa AL BO3HHKAIOT yCJI0-
BUS TS cIUsiHUS emé ogHol ¢opmbl matepun E. Bo3HHKaeT kauecTBEHHO HOBasi THOpHIHAS
dbopma ABCDE (Puc. 2.5.9).
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[Ipu cnenyromemM M3MEHEHUMU MEPHOCTH IPOCTPAHCTBA BHYTPU HEOJHOPOIHOCTH HA BEJIN-
yiHy AL BO3HHUKAaIOT YCJIOBMS Ui CIMSHUS Cleayromeld ¢popmbl maTepuu. Bo3Hukaer kaue-
cTBeHHO HoBas rubpuaHas popma ABCDEF (Puc. 2.5.10).
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OuepenHOE U3MEHEHHE MEPHOCTH MPOCTPAHCTBA BHYTPH HEOJHOPOJHOCTH HA BEIUYHMHY
AL omsTh ke, co3aa€T yCIOBHsI ITIsl CHUSIHUS ciieaytorieit ¢popmbl matepun G. Bo3HukaeT kade-
cTBeHHO HoBas rubpuaHas popma ABCDEFG (Puc. 2.5.11).
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Takum 00pa3om, IpH HEMPEPHIBHOM U3MEHEHHH MEPHOCTH BHYTPH HEOTHOPOIHOCTH IIPO-
CTPAaHCTBA, BHYTPH TON HEOJHOPOIHOCTH MOCIEAOBATEILHO CIMBAIOTCS CeMb (DOPM MaTepuid,
oOpa3yromux Hairy BeeneHHyto u co31ai0T EeCTh MaTepUANIbHBIX c(hpep pa3HOro KaueCTBEHHOTO
coctaBa 1 pa3mepa. Buyrpennsist chepa, oOpa3oBaHHas ceMbio (hopMaMu MaTtepuil, ecTb (Hu3u-
YEeCKHU TUIOTHAs cepa — mepBas MiaHeTapHas (MaTepralibHasi) cdepa Hallel MIaHeThl 3eMIId,
BEIIIECTBO KOTOPOM UMEET YETHIPE arperaTHhIX COCTOSIHUS — TBEPIOE, )KUIKOE, Ta3000pa3HOe U
m1a3MeHHoe. Pa3Hbie arperaTHbie COCTOSIHUSI BOSHUKAIOT, KaK Pe3yJbTaT KOJIeOaHus MEPHOCTH
MeHbIe, ueM AL. W ecnii uaTu OT 1ieHTpa HEOHOPOIHOCTH, ciaeayromias cepa, oOpazoBaHHas
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IIpU CIAUSTHUM ECTH (POopM MaTepuil — BTOpas miiaHeTapHas (MaTepuanbHas) chepa; npu Ciaus-
HUU ITH (hOpM MaTepuil — TpeThs IJIaHeTapHas (MaTepuanbHas) cepa; MpHu CIUSTHUN YETHIPEX
dbopM maTepuit — deTBEPTas MIaHeTapHas (MaTepralibHas) cepa; Ipu CIUSTHUM TPEX — MsITast
TIaHeTapHas (MatepuanbHas) chepa; mpH CIUSHUU IBYX (POpM MaTepuii — Inecrtas riaHeTap-
Has (MatepuaiibHas) cdepa (Puc. 2.5.12).

Bce st C(l)epBI — MATCpHUAJIbHbI U OTIIMYAIOTCA KAYCCTBCHHBIM U KOJIMYCCTBCHHBIM CBOUM
coctaBoM. B IMPHUHIUIIC TNIAHCTA JJOJKHA paCCMATPUBATBLCA TOJIBKO, KaK COBOKYITHOCTD 3THX HIC-
CTH C(bep. Tonbko B 3 TOM CJIydac€ BO3MOJKHO ITOJIYIUTD IMOJIHOLICHHOC ITPCACTABJICHUC O ITPOUC-
XOOAIHUX IMpoHuecCax U MOJIYUUTh IMPaBUJIIBHBIC TPCACTABIICHUA O IPUPOAC B ILICJIOM. HNnnro3us
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ITOJTHOTHI IPEACTABIECHUN O MPUPOAE, NMOJyUYeHHAs OCPEACTBOM HAIIMX OPraHOB YyBCTB, TOY-
Hee, a0COMIOTU3AlMS HAIlIUX OPTraHOB YYBCTB, MPUBOAUT O3HAHKE B TYIUK, U3 KOTOPOT'O HEBO3-
MO>KHO BBIUTH 0€3 KapAMHAJIHOIO U3MEHEHMSI IOHATHIA O MPUPOJIE U MIOHUMAHMSI TOM POJIH, KO-
TOPYIO UTPAIOT OPraHbl YyBCTB B )KU3HU YEJIOBEKA. X0UYETCS HAIOMHUTD, UTO BCE OPTraHbl YyBCTB,
KOTOPBIMH PaCIIONaraeT 4eJI0BEK, UMEIOT TOJIBKO OJTHO MPETHA3HAYEHNE — MaKCUMaJsbHas ajan-
Talusl OpraHru3Ma 4eJIOBEKa K 3KOJIOTMYECKOW HHUIIE, KOTOPYIO OH 3aHUMAET B DKOJIOTMYECKOU
CUCTEME IUIAHETHI, KaK OJWH U3 BUJOB JKUBBIX OpraHu3MoB. IIpeqHasHayeHue opraHoB 4yBCTB
— OINTUMAaJIbHAS aalTalys K YCIOBHUSIM CYLIECTBOBAHMS, a HE I 4ero-HuOyap apyroro. Ilo-
9TOMY, OPUEHTHUPYACH TOJIBKO HAa OPTaHbl YyBCTB, Mbl HE B COCTOSHUM CO3JaTh ITOJIHOLICHHYIO
KapTHUHY MHUPO3JaHMsl, KaK Obl CUJIBHO MBI 3TOrO He XkeJaiau Obl. IMEHHO HEMOHMMaHUE 3TOTO
IIPUBEJIO K TOMY, UTO COBPEMEHHAs HayKa OKa3aJlach B TYIHKE.

A Temepb BepHEMCS K KaueCTBEHHOW CTPYKType IUIaHeThl. Ecim 3a TOUKy OTCUéTa B3SThH
(bU3UYeCcKU WIOTHYIO cepy, To O0bIIe BCero 0OMMUX Ka4yeCTB OHA UMEET CO BTOPOH MaTepH-
anpHOM cdepoil, a MeHbIIIe Bcero — c mectoit cepoit. O01me kauecTBa pa3HbIX cep co3aaroT
YCIIOBHSI JIJISI UX B3aUMOJICHCTBUS JIPYT ¢ ApyroM. CTEeHb 3TOr0 B3aUMOJICHCTBUS pa3IndHa, U
3aBUCHUT OT TOTO, CKOJIbKO OOIINX Ka4eCTB UMEIOT 3TU cepbl. CTENIeHb B3aUMOICHCTBUS ITHX
chep Mexy coO0M MOXKHO BBIpa3uTh KOA(PhUIIMEHTAMU B3aUMOJECHUCTBUS — 0Ol1; O2; Oi3; Ol4; Ols

(Puc. 2.5.13).
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B Oom S

[Tprnuém:
0L> 02> 03> 04> 0s (2.5.1)
rac.

01— KOd(pGULIMEHT B3aUMOICUCTBUS MKy (PU3HUECKU TIIOTHOM (TIEPBOM MaTEepHaIbHOM)
Y BTOPOI MaTepuaabHOi chepamu;

02 — KO3 (HUIIMEHT B3aUMOJICUCTBUS MEXTY (DU3NUECKU TUIOTHON U TPEThel MaTepHuaib-
HOM chepamu;

03 — KO3((PULIHEHT B3aUMOACUCTBUS MEXAY (PU3NYECKU TUIOTHON M 4eTBEPTOM MaTepu-
aJbHOM cepamu;
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0.4 — KO3(h(HULIMEHT B3aUMOIECHUCTBUS MEX Ty (PU3NUYECKH IIIOTHOM U MATON MaTepHalbHOM
chepamu;

05 — KO3(PPHUIMEHT B3aUMOACUCTBUS MEXTy (DPU3HUECKH TUIOTHOU M IIECTON MaTepHualb-
HOM cpepamu.

Korma mb1 roBOpUM 0 TUTaHETE 3€MJIsL, MBI IOJDKHBI IOHUMATh IO/ 3TUM MIECTh cdep, BIIO-
JKEHHBIX OJHA B JIPYTyI0, KaK MATPEIMIKH U MPEACTABIISAIONIUX €IUHOE TIeJI0e. ITO MOHATHE —
OUYEHb BaXXHO JJIsl TOHMMAHMS MHOTHUX SIBICHUHN U 3araJloK »KUBOW U HEKUBOM MaTEpHUH, SBOJIO-
MU KU3HM Ha Hamel ruianere. [lpu 3aBepiieHun (opMUpOBaHUS KAYECTBEHHBIX CTPYKTYP
3eMIIi HEOJJTHOPOJAHOCTh B MIPOCTpaHCTBE HelTpanuzyercs (Puc. 2.5.14).

> mOOEmED
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Boznukmme npu cnusiauu GopM Matepuil THOPUAHBIE MaTepHalibHbIe c(hephl 3aMOTHSIIOT
3Ty HEOJHOPOAHOCTh. IIpOMCXOAHUT «BBIpaBHUBaHUE MPOCTPAaHCTBa». HeoaHOPOIHOCTH mMpo-
CTpaHCTBa MO>KHO CPaBHHUTH C yXxabaMu Ha TpyHTOBO topore. [Toka sMbI He 3amomHITCs 3eMIEH,
yxabsl octatores. [locne 3aBepiieHust popMUpPOBaHUS MIIAHETHI, cO3/1aBIIne €€ (OpMbI MaTEpPUH
MIPOJIOJKAIOT CBOE BUYKEHUE, YKE HE CIMBASCh JIPYT C APYroM (Kak BOJA, 3allOJIHUB JO KPaEB
BOJI0EM, HAUMHAET MEPETEKaTh uepe3 Kpail u TeuéT aanpliie). AKTUBHOCTh ABIKEHUA (popM Mma-
TEPUU HE BCETJA OJMHAKOBA, YTO NPOSBIIAECTCS B JIBWKEHUN 36MHOW KODPBI, 3€MJICTPSICEHUAX U
u3Bep)keHusX BynkaHoB (Puc. 2.5.15).

L*
1 1=2.920
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[Tpouecc oOpa3oBaHus TUIAHETHI 3aBEPIIMIICS IIECTh MUJIMAP/IOB JIET Ha3al. DTO — Iep-
BBIil IUKJI HBOJTIOLIMU (JOPM MaTEpHii, KOTOPBIH CBS3aH C IBOJIOIMEH HEKMBOM MaTepun. BTopoii
3TaIl — 3TO JBOJIOLMS )KUBOM MATEPUH.

[Ipexne, yem mepeiTu K (aze SBONIOIUH KUBOM MaTEPUHU, XOTEJIOCh Obl HAIIOMHUTb, YTO
HaIa riaHera 3emiis, Hama Beenennast, o0pa3zoBaHbl ciusiHiueM ceMu ¢popMm matepuid. [Ipuuém,
YHUCIIO «CEMb» HE NMEET HUKAKOr0 MUCTHYECKOro 3HaueHud. M to, yto Hama Bceenennas oOpa-
30BaHa U3 ceMu (HopM MaTEpHil He SBISETCS YEM-TO YHUKAIbHBIM HIIM HEMOBTOPUMBIM, 00XKe-
CTBEHHBIM. JTO MIPOCTO KayeCTBEHHAasi CTPYKTypa Hameir Bceenennoit. I He ciydaitno, Oenbrit
CBET, MPU NPEJIOMIICHHH, PACTIAJAETC HAa CEMb LIBETOB, OKTaBa COAEPKUT CEMb HOT. BroiHe
BEPOSITHO, MOKET BO3HUKHYTH BOMPOC — MOYEMY CBOOOIHBIE IEPBUYHBIE MATEPUH B 30HE HC-
KPUBJIEHUS MTPOCTPAHCTBA HAYMHAIOT B3aUMOJICHCTBOBATh MEXKIY COOOW U CO3/1aBaTh TMOPHI-
HbIE COEIUHEHUA?! DTO, MPOUCXOIUT OTOMY, YTO, KOTJa B 30HBI HEOAHOPOJHOCTH MEPHOCTH
MomaaloT cBOOOAHBIE (HOPMBI MAaTEpHil HAIIEro MPOCTPAHCTBA, OHU OKA3bIBAIOTCS B Kadye-
CTBEHHO HOBBIX YCIOBUsX. W, Kak pe3yapTaT 3TOTr0, OHU MPOSIBISIOT ce0s no-apyromy. 13 tex
&KE CEMHU «KYOMKOB» B 30HaX HEOJHOPOAHOCTEW MEPHOCTH HaYMHAIOT 0OpPa30BBIBATHCS HOBBIE
«KapTUHKU-MO3auKn». B COOTBETCTBUHU € IpaIueHTOM (TepernagoM) MEPHOCTH MPOCTPAHCTBA, B
30H€ HEOJHOPOJHOCTH B JPYTMX KaU€CTBEHHBIX YCIOBHUAX CBOOOAHBIE (DOPMBI MaTEPUU HAYUHU-
HAIOT CIIMBATHCS U 00Pa30BbIBATH HOBbIE THOPUAHBIE COETMHEHHS], KOTOPBIE B IPUHIUIIE HEBO3-
MOXHBI 3a MpeJeIaMy 30H HEOJHOPOAHOCTH MEPHOCTH NpocTpaHcTBa. Kaxnoe HoBoe n3MeHe-
HUE MEPHOCTH IIPOCTPAHCTBA HA Yi BHYTPU HEOJHOPOIHOCTH, CO31AET YCIOBUS ISl CIUSHUSA OYe-
penHoi popMbl MaTepuu. ITOT Ipouecc OyneT NpoA0IKAThCS A0 TEX MOp, OKA BCS 30HA HEO-
HOPOJIHOCTH HE 3alOJHUTCS TMOpUAHBIMU Gopmamu Matepuu. [lpu 3ToM, Kaxkaas U3 3TUX T'H-
OpuaHbIX (HOpM MaTepuil YaCTUUHO KOMIIEHCUPYET HEOIHOPOJAHOCTh MEPHOCTH MPOCTPAHCTBA.
B pesynpraTe mpouecca CIHUSHHUS MaTEpHUil B 30HE HEOAHOPOJHOCTH BOCCTAaHABIMBAETCS MEP-
HOCTh, KOTOpasi ObLIa 710 B3pbIBA CYNIEPHOBOM 3Be3/1bl. U HE ciTydaifHO, pacu€Thl KOJUYECTBA Ma-
Tepuu BO BceneHHoi — Ha nopsiioK 00Jible KOJIMYEeCTBa CYHUIECTBYIONIEH (PM3MUECKH TUIOTHOM
MaTEpHUH.

I'ne xe u uro xe u3 ceds npeacTaisatoT 3tu 90% marepun Beenennoit?

CoBpemeHHas HayKa pelniia BOrpoc oueHb npocto — «dark matter». Marepust Beenen-
HOW, KOTOPYIO MBI HE BUIUM, HE CIIBIIINM, HE OcsizaeM. FMIMEHHO 3Ta «TEMHas MaTtepus» U 3a-
kirovaeT B cede 90% marepun BeeneHnHoi.

He npaBnaa nu, «kpacusslii» orBeT?! M oueHb 3HaKOMBIN BCEM, KTO XOTSI ObI HEMHOT'O ITOM-
HUT KpU3HC B sifIepHON (pr3nke Hadana Beka. ToJabKO TOTIa MpodsiemMa 3aKiIrovaiach B HICUE3HO-
BEHHMH YaCTU MaTepHH, OOHApY>KEHHOM IMPU HEKOTOPBIX SJIEPHBIX Mpoleccax. Ha crnenuanbHo
CO3BaHHOW MEXIyHApOAHOU KOoH(epeHmu Gu3nkoB B ['eHye, mociae J0ATUX U MPOI0KUTEIb-
HBIX CIIOPOB, MPOOJIEMY PEIIIM MPOCTO — HCUE3AIONIYI0 MaTEepHI0 HEeCET B cebe dacTHila
HEUTPUHO, KOTOPYIO Mbl HE BUIUM, HE CJIBILINUM, HE YyBCTBYEM.

Ho, ecnu B simepHBIX peaklusax «Hcye3ana» 4acTh U3BECTHON HayKe MaTepHH, TO, B CIydae
«dark matter», ucuezaer 90% matepuu Beenennoit! Tak Bot, «dark mattery» npeacrasiusier coooi
HECBsI3aHHbIE (HE B3aUMOICHCTBYIONINE MEXAY CO00I) MepBUYHbIE MaTepUU Halllel BeeneHHOM.
B To Bpems, kak GU3NYECKHU TUIOTHAS MaTepusi BO3HUKAET, B Pe3yIbTaTe CIHMSIHUS dTUX TEPBUY-
HBIX MAaTEPUM B 30HaX HEOJHOPOAHOCTH MEPHOCTU BeesleHHom.
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2.6. Pe3srome

IIpocTpaHCcTBO — HEOJHOPOJAHO, a ITO O3HAYAET, YTO €T0 CBOKCTBA U KA4ECTBA — Pa3HbIE
B pa3HbIX TOYKax. HEOqHOPOAHOCTE MPOCTpAaHCTBA BBIPAKAETCS YPOBHEM €0 MEPHOCTH B JIaH-
HOM TouKe. HeoqHOpOIHOCTE MpOCTpaHCTBA N3MEHSETCS HENPEPBIBHO, IPYTUMU CIIOBAMH, CBOM-
CTBa M KaYECTBA IPOCTPAHCTBA MPEICTABIIIIOT COOOW HEMPEPHIBHBIE BEIMYHUHBI. BO3MOXHBI Ba
BAPHUAHTA WU3MEHEHMS CBOWCTB U Ka4eCTB IIPOCTPAHCTBA — IUIABHOE U3MEHEHHUE U pe3Koe. Pes-
KOE€ U3MEHEHHE CBOMCTB 1 Ka4eCTB MPOCTPAHCTBA BO3HUKAET, KaK PE3yJbTaT KaKoro-11udo BHYT-
PEHHETO WJIM BHEIIHETO BO3MYLIEHHUS ITPOCTPAHCTBA. MaTepusi UMeeT KOHKPETHBIE CBOWCTBA U
Ka4eCTBa, IO3TOMY MaTepus — KOHe4YHa, KOHEeUHas BeJndnHAa. [ [pu B3aumonencTsnn Matepun
U MPOCTPAHCTBA, IPOUCXOAUT PACIIPEIEICHUE MAaTEPUU C KOHKPETHBIMM CBOWCTBAMH M Kaue-
CTBaMH I10 POCTPAHCTBY. Marepus pacnosiaraercs ToJbKO B TOM 00bEME IPOCTPAHCTBA, Ie €€
CBOMCTBA M KayecTBa TOXKJECTBEHHBI CO CBOMCTBAMHU M KauecTBaMu mnpocTpaHcTBa. [logoOHoe
pacnpeziesieHue MaTepru 10 CBOMCTBAM M KayecTBaM MPOUCXOAUT ITOTOMY, YTO B JIpyrux o0Ja-
CTSIX IPOCTPAHCTBA MATE€PUs C JAHHBIMU CBOMCTBAMU U KaUYECTBAMH HE MOXKET OBITh YCTONUNMBA.
Korna HenpeppIBHO H3MEHAOMasACA O€CKOHEUHas BeTMUrHA (IIPOCTPAHCTBO) B3aUMOIEHCTBYET
C KOHEYHBIMU BETMYMHAMU (MaTEPUSIMH ), UMEIOIIUMHU KOHKPETHbIE CBOMCTBA U KA4€CTBA, U MPO-
HCXOAUT PACHPENEIICHHE MAaTEPUM IO ITOMY MPOCTPAHCTBY; MOKHO TOBOPHUTH O KBAHTOBAHUU
IIPOCTPAHCTBA 10 €r0 CBOMCTBAM M KadecTBaM; Ul yAOOCTBa OyZeM Ha3bplBaTh 3TOT MPOLECC
KBAaHTOBAHUEM IIPOCTPAHCTBA MO MEPHOCTHU. TaK Kak MEpBUYHBIE MATEPUU — HEACIHUMBI, & UX
CBOMCTBA M Kaue€CTBa — KOHKPETHBI, & 3HAYUT, KOHEYHBI, TO 3TO O3HAYAET, YTO, JIJIsl TOI'0, YTOOBI
odepeIHass MaTepusl MOTJa IPOSIBUTHCSA B IPOCTPAHCTBE, €r0 CBOMCTBA M KA4ECTBA JTOJKHBI M 3-
MEHHUTBHCS Ha ONPEACIEHHYIO BETMYMHY, HA3bIBAEMYIO KO3(DPUIIMEHTOM KBAHTOBAaHUSI MEPHOCTHU
npoctpaHcTBa Yi. Kaxaplii ko3 PUIMeHT KBaHTOBaHUS IPOCTPAHCTBA i ONPEEISIET HEKOTOPOE
YU CJI0 NIEPBUYHBIX MAaTEPU, KOTOPbIE KAYECTBEHHO U KOJIMYECTBEHHO COOTBETCTBYIOT KOHKPET-
HOMY 3HAY€HUIO 3TOro koddduuuenra. J[pyrumu cioBaMu, IpOUCXOAUT MEPETPYyNIUPOBKA Ma-
TEpUN B HEIPEPBIBHO M3MEHSIOIIEMCS IPOCTPAHCTBE, 10 ONpPEAEIEHHBIM KauyeCTBaM U CBOW-
CTBaM.

B pesynbraTe 3T0rO0, B MNpoCTpaHcTBe (POPMHUPYIOTCS, TaK Ha3bIBa€Mble, MaTPUUYHBIE TIPO-
CTPaHCTBA, MPEACTABISAIONIUME COOON CHCTEMBI MPOCTPAHCTB, CPOPMUPOBAHHBIX MEPBUUYHBIMU
MaTepusiMU KOHKPETHOTO KO3((UIIMEHTa KBAHTOBAHMS MPOCTPAaHCTBA. MaTpUUHbIE MPOCTPAH-
CTBa CMBIKAIOTCS MEXAy COOOM, YTO MPUBOAMT K MEPEPACTIPEICICHUIO MATEPUN MEXAY HUMU. B
pe3ysbTaTe 3TOro MPOUCXOIUT CBEPXB3PHhIB, BBI3bIBAIOILINN 1eopMalnio NpocTpaHcTBa. Bo3Hu-
KAloIIUe MPOJI0JbHbIE BOJHBI KOJIEOAHUS MEPHOCTU CO3/1AaI0T HOBBIE KAUECTBEHHBIE YCIIOBUS,
MIPU KOTOPBIX CBOOOHBIE MEPBUYHBIE MATEPUU HAYMHAIOT CIIUBATHCS APYT C APYrOM, CO3/1aBast
rudpuHbie matepun. ' uOpuiHbIE MaTepUn, B CBOIO OUYEPE/lb, BIUSIIOT HA IPOCTPAHCTBO, B KO-
TOpoM OHU popmupytotcs. [Iponecc cuHTe3a ruOPUIHBIX MaTEPUdl TPOJOJIKAETCS 10 TEX TOP,
MOKa CUHTE3UpYyeMble THOPUAHbIE MaTEPUHU HE KOMIIEHCUPYIOT MOJIHOCTHIO Aedopmannio Mep-
HOCTH IIPOCTPAHCTBA B KOTOPOM Hayajcs UX CUHTE3. [Ipu 3TOM, IpOCTpaHCTBO B 3TOM 30HE BO3-
BpalllaeTcsi K paBHOBECHOMY COCTOSIHUIO. [ MOpuaHbIE MaTepUu B 3TOW CUTYyallUd UTPAIOT KOM-
IIEHCALMOHHYIO pOJb. B pe3ynbTaTe 3TUX IMPOLECCOB BOZHUKAET CUCTEMA IPOCTPAHCTB, KOTOpas
UMeeT KOHKpEeTHbIE (JOpMBI U pa3Mepbl. B MaTpuyHOM MpOCTpaHCTBE BO3HUKAIOT 3aMKHYTHIE
IIPOCTPAHCTBEHHBIE CUCTEMBI, T.H., IIECTWIYYEBUKHA, OCHOBHBIM YCJIOBUEM YCTOWUYHUBOIO COCTO-
SIHUSI KOTOPBIX SIBJISIETCS OaJlaHC MPUTEKAIOIUX U YTEKAIOIIHUX Macc MaTepun. ITO — 3aKO0H CO-
XpaHeHHus MATePHU Ha KAYECTBEHHO IPYTOM YPOBHE.
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3BE3/1bI U KYEPHBIE ABIPBD» SBIIAIOTCS PE3YJIbTATOM CMbIKaHHSI KOHKPETHOTO POCTPAaHCTBA-
BCEJIEHHOI, KOHKPETHOTO CJI0Sl B MATPUYHOM IIPOCTPAHCTBE C COOCTBEHHBIM YPOBHEM MEPHOCTH,
C COCETHUMH MPOCTPAHCTBAMHU-BCEICHHBIMU, HMEIONIMMH COOTBETCTBEHHO, COOCTBEHHBIC
YPOBHU MEPHOCTH, KOTOpBIE OOJIbIlIEe WM MEHbIIE COOCTBEHHON MEPHOCTH PacCMaTpUBaEMOTO
CJIOSl HA OJTHY U Ty K€ BeNU4MHY Yi. CMBIKaHUE C IPOCTPaHCTBOM-BCEIIEHHOM, UMEIOLIUM 0O0JIb-
M ypOBEHb COOCTBEHHOW MEPHOCTH, PUBOAUT K POKAEHHUIO 3Be31bl. [Ipu cMbIkaHuu ¢ mpo-
CTPaHCTBOM-BCEJICHHOW C MEHBLIMM YpPOBHEM COOCTBEHHOM MEpPHOCTH, MOSBISETCS «4YE€pHast
AbIpa». YCTONYMBOCTh JAHHOTO MPOCTPAHCTBA-BCEIEHHON BO3MOXKHO TOJIBKO, IIpHU OajaHce
IPUTEKAIOIIEH MAaTEpUU U3 «BEPXHEr0» IMPOCTPAHCTBA U BBITEKAKOUIEH MAaTEPUM B «HUKHEE).
[Ipu B3pbIBE CBEPXHOBOM, BOSHUKAIOT BOJIHBI BO3MYILEHUSI MEPHOCTH IIPOCTPAHCTBA U BBIOPO-
IIICHHBIE, IIPX B3PbIBE, IEPBUYHBIE MATEPUH, MONIABIINE B BOSHUKIINE 30HBI UCKPUBIICHUS MEp-
HOCTH, OKa3bIBaIOTCS B KAYECTBEHHO IPYIUX YCIOBUSX, B pE3yJIbTaTe YE€r0, OHU HAUMHAIOT CJIH-
BaThCs, KBAHTYSCh I10 MEPHOCTH, M 00pa30BBIBATH THOpUHBIC (POPMBI MaTepUH. DTH THOPUTHBIC
(dbopmbl MaTepun GOPMUPYIOT IJIAHETAPHBIE CPEPHI PA3HOTO KAYECTBEHHOT'O U KOJIMYECTBEHHOTO
cocraBa. [Ipu 3aBepiiennn GopMUpPOBaHUS ITUX IUIAHETAPHBIX c(ep B 30HE HEOJAHOPOIHOCTH
MEpPHOCTH TIPOCTPAHCTBA YPOBEHb MEPHOCTH ITPOCTPAHCTBA BO3BPAIIAECTCA K N3HAYAIBHOMY
YPOBHIO, KOTOPBIN ObUT 10 B3pbIBa CBEPXHOBOU. [ MOpuaHBIE (POPMBI MaTEpUX CBOMM BIIMSIHUEM
Ha YPOBHE MHUKPOKOCMOCA KOMIEHCUPYIOT Je(OpMalMI0 MEPHOCTH, BO3HUKIIYIO IIPU B3pPHIBE
cBepxHOBOM. [locie BoccTaHOBIEHUST OalaHCa MEPHOCTEM MpeKpallaeTcsi akTUBHBIN Mpolece
CHUHTE3a r'MOpUAHBIX MaTepuil. TakuM 0O6pa3oM (popMUpPYIOTCS IIaHETapHbIE CUCTEMBI BO Bce-
JIEHHOM.

NnaBsa 3. HeoagHOPOAHOCTb NPOCTPAHCTBA U KayecTBeHHas
CTPYKTYpa (PM3mnuyecKM NnJIOTHOro Belecrsea

3.1. NocTtaHOBKa BoOnpoca

HeoaHopoaHOCTh MPOCTpaHCTBA HA YPOBHE MAKPOKOCMOCA MPHUBOAUT K (POPMUPOBAHUIO
MaTpPUYHBIX TPOCTPaHCTB. [Iporiecchl, mMpoucxosire Ha MaKpOypPOBHE, BBI3bIBAIOT KAUECTBEH-
HOE U3MEHEHUE COCTOSHUS M CaMOTO MPOCTPAHCTBA M MATEPUH €T0 3aNOJIHIOMUX. B pe3ynprare
ATOTO B MPOCTPAHCTBE BO3HUKAIOT, TaK Ha3bIBaeMble, THOPUIHBIE (POPMBI MAaTEPUH, KOTOPHIE, B
CBOIO OY€pe/ib, BIUSIIOT Ha KAU€CTBEHHOE COCTOSIHHE MPOCTPAHCTBA, B KOTOPOM MPOU3OILIO 00-
pa3zoBaHue TUX Marepuil. CuHTe3upyembie THOPUAHBIE (HOPMBI MATEPUN HEUTPATHU3YIOT 30HBI
HEOJHOPOHOCTEN, B KOTOPBIX MPOUCXOJNUT UX CUHTE3. [Ipu 3aBepieHnu mpoiecca CUHTE3a I'-
OpUIHBIX MaTEpUii 30Ha HEOJHOPOIHOCTH, B KOTOPOU TPOUCXOIUIT CUHTE3 TIEPBUYHBIX MATEPUH,
MOJIHOCTHIO HelTpanuzyetrcs. Takum oOpazoM, rubpuiHbie GOpPMBbI MAaTepUdl BIMSIIOT HA MeEp-
HOCTh MIPOCTPAHCTBA C OOpPaTHBIM 3HAKOM MO OTHOIICHHUIO K TOW HEOJHOPOJHOCTH MEPHOCTU
MIPOCTPAHCTBA, B KOTOPOW MPOUCXOAUII MPOIECC CUHTE3a ATUX THOPUAHBIX (popM. CUHTE3 THU-
OpuaHbIX HOpM MaTEpUN MPOUCXOIUT HA YPOBHE MUKPOMPOCTPAHCTBA, TAKUM 00pa3oM, Kaue-
CTBEHHAsl CTPYKTypa MHUKPOINPOCTPAHCTBA BBICTYIAET, KaK MPOTUBOBEC KauE€CTBEHHON CTPYK-
Type MakpomnpocTpaHcTBa. [Ipu JOCTHKEHUMM KAa4EeCTBEHHOTO M KOJWYECTBEHHOro OajaHca
MEX]Jly HUMH, MPOCTPAHCTBO MPUOOPETACT YCTONYMBOE PaBHOBECHOE COCTOsIHHME. Makporipo-
CTPAHCTBO M MUKPOIPOCTPAHCTBO HEUTPAIU3YIOT APYT Apyra, Kak MIFOC HEUTpaIu3yeT MUHYC.
U, cooTBETCTBEHHO, BCE 3TO MPUBOAUT K TOMY, YTO JIFOOOE CKOJIBKO-HUOY/Ih 3HAUUTEILHOE U3-
MEHEHUE Ha YPOBHE MAKpOKOCMOCa MPUBOJUT K COOTBETCTBYIOLIMM M3MEHEHHSIM Ha YPOBHE
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MHUKpPOKOCMOca U Hao0opoT. KaxkeTcs HeBEpOSITHBIM, UTO JIIOOOH aTOM BIIMSET HA MaKpOIpO-
CTPaHCTBO, HO, TEM HE MeHee, 3TO — (pakT. EctecTBeHHO, BIUSHUE OAHOTO aTOMa — MHUKPOCKO-
MAYECKOE, HO UX CYMMapHOE BIUSHUE U €CTh TOT OalaHC, KOTOPBII ypaBHOBEIIMBAET MaKPOIPO-
CTPaHCTBO.

3.2. KauecTBeHHasi CTPYKTypa MUKpPOMNPOCTPaHCTBA

[Ipu B3pBIBE CBEPXHOBOM MPOUCXOIUT UCKPUBJIEHUE IPOCTPAHCTBA BOKPYT 3BE3/bl U BbI-
opoc matepun. Ho cHauana maBaiite pazdoepémcs ¢ camumu 3BE3mamu. Kak m3BecTHO, 3BE31BI
COCTOSIT U3 (PU3UYECKH IJIOTHOM MaTepuu. Bo3HHMKaeT 3aKOHOMEPHBII BOMPOC: KaK MPOUCXOIUT
cUHTE3 Ppu3ndecKu MIOTHOTO BeulecTBa? KoaduireHntT kBaHTOBaHMS IPOCTPAHCTBA Yi OMpee-
J€T KaYECTBEHHYIO CTPYKTYPY AaHHOM BceneHHoM, ApyruMu CIIOBAMH — KAKHE IEPBUYHBIC
MaTepUH BCTYIMAIOT BO B3aMMOJIEUCTBHE APYT C APYroM M 00pa3yloT HOBoe KauecTBO. Kaxas
NEpPBUYHASI MAaTEPUsI UMEET CBOU KOHKPETHBIE KAUECTBA U CBOMCTBA M MO3TOMY TOJBKO B TOM
YacCTU MPOCTPAHCTBA, /1€ BBIIOJIHAIOTCS YCIOBUA TOXKIAESCTBEHHOCTH CBOWCTB U KayeCTB IIPO-
CTPaHCTBAa U JAaHHON MaTepHH, 3Ta MaTepus MPOSIBIAET ce0s1 U B COCTOSHUU OBITh YCTOWYMBOM.
Taxum 00pazoM, U3MEHEHNE KaU€CTBEHHOTO COCTOSIHUS IPOCTPAHCTBA HA HEKOTOPYIO BEIMYUHY
AL npuBOJINT K «BBINAJCHUIO» B 3TOM 30HE POCTPAHCTBA MATEPUH, CBOMCTBA U KAYECTBA KOTO-
POH, TOXKJIECTBEHHBI CO CBOMCTBAMM M Ka4€CTBAMHU CaMOro IpocTpaHcTBa. [Ipu ouepennom us-
MEHEHUU CBOMCTB M KA4YECTB IPOCTPAHCTBA HA BENUUYUHY AL, BO3HHUKAIOT yCIIOBUS ISl «BBIIA-
JICHUS» YCTOWYMBOIO COCTOSIHUSI B 3TOM 00JIaCTH MPOCTPAHCTBA OUYEPETHON MEPBUYHON MaTe-
puu. Eciin 00a u3MEeHEHHsI CBOMCTB M KayecTB MpOCTpaHCcTBa AL TOXIAECTBEHHBI APYT APYTY,
MOYKHO TOBOPHUTBH O SIBJICHMM KBAaHTOBAHUS MPOCTPAHCTBA I10 MAaTEPUSIM, TOUHEE, [0 COBMECTHU-
MBIM 110 TEM WJIM MHBIM CBOKWCTBAaM M KaueCTBaM IEPBUYHBIM MarepusaM. [Ipocras oruka noa-
CKa3bIBAET, UTO, €CJIM JBE MEPBUYHBIE MATEPHUH MPOSBIIAIOT CE€0s MIPU TOXKIECTBEHHOM H3MEHE-
HUU CBOMCTB M KAauecTB MPOCTPAHCTBA, OHU JOJDKHBI 00J1aaTh KaKUMU-THOO OOLIMMU CBOM-
CTBaMH U KadecTBamu. B 3ToM ciyuae, AL npepaiiaercs B Yi — K03((ULIHUEHT KBAHTOBAHUS
MPOCTPAHCTBA. A €CJIU 3TO TakK, TO B TOM 00JaCTH MPOCTPAHCTBA, /1€ BHITOJIHAIOTCS YCIOBUS AJIs
YCTOMYMBOTO COCTOSTHUSI 00€UX MAaTEepHil, OHM HAUWHAIOT B3aUMOIEHCTBOBATH JIPYT € IPYTrOM IO
oOIIIMM CBOMCTBAM M KayecTBaM M 0Opa30BBIBAThH HOBOE KaYECTBEHHOE COCTOSIHUE — THOPU-
Hy10 (hOpMy MaTepuHu.

[Ipennosioxkum, 4TO CyIIECTBYET MHOKECTBO MEPBUYHBIX MATEPHil, © OHU UMEIOT Pa3HbIC
CBOKMCTBA M KayecTBa. B 3TOM cilydae MOKHO paccoOpTUPOBATh UX IO COBMECTUMOCTH. Kpure-
pHUEM P 3TOM OYJIET ABIATHCSA KOI(PPUIMEHT KBaHTOBAHUS POCTPAHCTBA Yi. J[7151 Kak10T0 3HA-
YEHUS Yi CYIIECTBYET CBOS Ipymia MEePBUYHBIX MaTEepUil, COBMECTUMBIX MEXay coOoil. Jlaxe,
MPU HE3HAYUTEILHOM U3MEHEHHUH 3TOro K03 PUIMeHTa, BO3HUKAIOT KAYECTBEHHO HOBBIE YCJIO-
BUSL ISl B3aUMOJACHCTBUA APYTUX NEPBUYHBIX MAaTepUil. J[pyruMu c1oBamMu, KaKJIoMy 3HAUEHUIO
ko3 dulreHTa KBAaHTOBAHUSI POCTPAHCTBA Yj COOTBETCTBYET Apyrasi BeceneHHas co cBoumu 3a-
KOHAaMHM IIPUPOJIbI, CBOMCTBAMH U KauecTBamu. [IpeacrtaBuM nepBUYHbIE MATEPUH OJTHOTO THIIA,
KaK «KyOWKW» OJTHOTO pa3Mepa U pacCMOTPUM, KaK MaTepUU B3aUMOJICHCTBYIOT APYT C APYTOM
B 30HE HEOJHOPOAHOCTH TIpocTpancTBa. Ecim nedopmarus mpoctpanctsa AL cousmepuma ¢ vi,
TOJIBKO OJTHA IIEPBUYHAs MATEPUSI, CBOMCTBA U KAYECTBA KOTOPOM TOXKJIECTBEHHBI CO CBOMCTBAMU
¥ KaueCTBaMH JTAHHOW 30HBI JIe(popMaIiy MPOCTPAHCTBA MOXKET HAXOJAUTHCSI B yCTOWYUBOM CO-
CTOSIHUM ¥ HAKATUIMBATHCS B HEW. AHAJIOTUYHO JIOKJIEBAs BOJIA 3aMOHSET JIFOObIE BITAIUHBI 1T0O-
BEPXHOCTH U MPU MOJTHOM 3aIMIOJTHEHUU ITOBEPXHOCTH Iy KU, 03€pa CPABHSETCS C YPOBHEM TBEP-
IO TOBEPXHOCTH. HO, HUKAKMX Ka4YEeCTBEHHBIX U3MEHEHUMN C BOJIOW, 3aIIOJIHUBIICH BIAAHbI
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MOBEPXHOCTHU HE MPOUCXOUT, BOAA — OCTAETCs BOOM. Tak U Mpu HACHIIIEHUU 30HbBI 1eopma-
[[UU IPOCTPAHCTBA OJHOM NMEPBUYHON MaTepuell MPOUCXOUT MPOCTOe 0e3 KaueCTBEHHBIX U3Me-
Henuit 3anonHenue (Puc. 3.2.1).

[Ipexne, yeM IpOAOKUTH aHATU3 3TOTO MPOLIECCca, XOTEI0Ch Obl 0OpaTUTh BHUMAHHUE Ha
TO, YTO, TaK Ha3bIBa€Mble, IEPBUYHBIE MATEPUHU JAHHOTO TUIAa UMEIOT OOIIME CBOMCTBA U Kaye-
CTBa, HO UMEIOT U CBOM OCOOEHHOCTH, MPOSBISIOIIMECS B TOM, KaK OHU B3aHMMOJCHCTBYIOT
MeX1y cOOO0M 1 KaK OHM B3aUMOJICHCTBYIOT C MPOCTPAHCTBOM. BCIOMHUM, UTO COJTHEUHBIHN CBET
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pacraaercsi Ha CEMb OCHOBHBIX IIBETOB, YTO, [P AHHUTWJISILIMK BELIECTBA, ONSATH-TaKH, IIPOMUC-
XOJUT MOIIHAsE CBETOBas BCmbllKa. Ka)kias mopuus ONTHUYECKOrO U3My4YeHUs — (POTOH —
MMEET CBOM OIIPEACIEHHBIE CBOMCTBA U KauecTBa. IMEHHO MOATOMY HAIlIM I1a3a Pa3anyaroT 3TU
CEMb OCHOBHBIX I[BETOB, C [IOMOIIbIO MPUOOPOB U3MEPSETCS UX JITTMHA BOJIHBI MUIM YacToTa. Kax-
Ib1i (pOTOH MpeAcTaBisieT cO00H MUKPOCKOIINYECKOE HCKPUBIIEHUE ITPOCTPAHCTBA, HACHIIIICHHOE
KaKOW-Tn00 OHON IepBUYHOM MaTepueil. CIIEKTp MOSBIISIETCS, KaK CJICCTBUE TOTO, YTO MTOCTO-
SHHO BO3HHUKAET MHOXKECTBO MHUKPOCKOIIMYECKUX BO3MYILEHHUNA ITPOCTPAHCTBA, IAPAMETPBI KO-
TOPBIX — pa3JIn4yHbl. BeneacTBre 3Toro, CBOMCTBA M KauecTBa KaXK 01 TaKOM 30HbI e opMauu
IPOCTPAHCTBA, XOTh HE3HAYNUTEIILHO, HO OTINYAOTCA APYT OT apyra. [loaTomy, Kaxkaast U3 Takux
30H Je(popMani IpOCTPAHCTBA HACBIIAETCS Pa3HbIMU MIEPBUUHBIMU MaTepusiMu. POTOHBI OMI-
TUYECKOT0 JAMANa30Ha — OCOOEHHO MHTEPECHBI, TaK KaK OHU SBJIIOTCS Ha YPOBHE MHUKpPOIPO-
CTpaHCTBa OCHOBOM Hauleil BeenenHol. IMEHHO OHU UTparoT OCHOBHYIO POJIb B Ipolieccax (hop-
MUPOBAHUS U 3BOJIOLNHU 3BE3]L, )KUBOW U HE)KMBOU MaTtepun. CylnIeCTBYET MHOKECTBO MEPBHUY-
HBIX MaTepuii, HO BEUIECTBO Halleill BeceneHHoil 00pa3oBaHO CIUSIHUEM CEMU MEPBUYHBIX MaTe-
puil 1aHHoro tuna. [lepBuyHble MaTepUM JAHHOTO THUIIA IPEICTABIIAIOT COOOW MEPBUYHbBIE Ma-
TE€pUH, UMEIOLIME 00IMEe CBOWCTBA M KAYECTBA, KPUTEPUEM YETO SBISAETCA KOA(PPUIMEHT KBaH-
TOBAHMS IIPOCTPAHCTBA i.

EcTecTBEHHO B MPOCTPAHCTBE MOCTOSTHHO BO3HUKAIOT MUKPOCKOIUYECKHE Ae(OpMALIIH C
APYTUMU MapaMeTpaMu, 4TO CO3AAET YCIOBUS ISl HACBILIEHUS! MX MEPBUYHBIMH MATEPUSMHU C
APYTUMHU KO3(PPUIIMEHTaMHU KBAHTOBAaHUS MPOCTPAHCTBa Yi. B pe3yibTare, NpocTpaHCTBO OyK-
BaJIbHO HACBIILIEHO ()OTOHAMM HE TOJIBKO ONTHYECKOIo quana3zoHa. CHeKkTp 31eKTPOMarHUTHBIX
BOJIH U NPEACTaBIsIET COOON CHEKTP MEPBUYHBIX MATEPHIl, COOTBETCTBYIOIIUX CIIEKTPY 3Haye-
HUM KO3 PUIeHTa KBAaHTOBAHUS MPOCTPAHCTBA Yi. 3HAYEHUS ATUX KOIPPUITUEHTOB — OJIU3KU
ApyT APYTY, HO, TEM HE MEHEE, KaX/IbIil U3 HUX 00pa3yeT «CBOIO» IPYIITY COBMECTUMBIX MEKIY
co0oit mepBuYHBIX MaTepuil. Ho Mexay co0oil mepBUYHbIE MAaTEPUU PA3HBIX TPYIII, COOTBET-
CTBYIOLIUE pa3HbIM KO3 (PUIIMEHTaM KBaHTOBaHUS MPOCTPAHCTBA Yi, HE B3AMMOJECHUCTBYIOT, MO
Kpalinell mepe, Hanpsimyto. Kak, Hanpumep, paluoBOJIHBI HE B3aMMOJIEUCTBYIOT C POTOHAMU OTI-
TUYECKOTO JMarna3oHa u Hao0opoT. B To Bpems kak Mexy co00l B3aMMOJIEUCTBYIOT, 00pasys
HOBBIE CYTIEpPIIO3ULINU (THOPUIHBIE KOMOMHAIIMN), KaK PaJHOBOIHBI, TaK U (DOTOHBI ONTUYECKOTO
nuanasoHa. MimeHHo Onarogapsi HaJloKEHHIO IPYT Ha Apyra (POTOHOB CEMH OCHOBHBIX 1IBETOB, B
MPUPOJE CYIIECTBYET Takoe 00rarcTBo Kpacok. Ho BaKHBIM MOMEHTOM SBJISIETCS TO, YTO, MPHU
ATOM, HE BO3HMKAIOT THOPUJIHBIE COETUHEHUS TEPBUYHBIX MAaTEPHIA.

[IpeacraBum cebe BhIMaJeHUE MBETHBIX JA0XKACH. Jl0KIb — KpacHBIN, OpaHXeBBIM, KEI-
TBHIN, 3eNEHBIN, Toy00H, cMHUI 1 (GroeTOBBIN. M Kaxaplii U3 ATUX NOXKICH magaeT ¢ Hebec B
pa3Hoe BpeMsl, B pa3HbIX MECTAX M B Pa3HbIX KojmuecTBax. Kak cieacTsrue 3Toro, Ha NOBEPXHO-
CTH TUIAaHETHI TTOSBUIUCH ObI PA3HOIIBETHHIE JTY’)KU BCEX IIBETOB PAAYTH, TaK KaK pa3HOIBETHAS
BOJIa B K0 KOHKPETHOM JIyKe UM 03€PE CMEITUBAIACh ObI B pa3HBIX KOJUYECTBAX U PA3HOTO
Habopa 1BeToB. Ho, B TO ke camoe BpeMsi, BHE 3aBUCUMOCTH OT IIBETA, BOJA OCTAHETCS BOJOM.
Tak Kak HE TPOUCXOAUT HUKAKUX KAY€CTBEHHBIX U3MEHEHUM. TaK 1 MepBUYHBIE MATEPUU MOTYT
BTEKATh B OJIHY U TY k€ AehopMaIliio MPOCTPAHCTBA U CMEIIUBATLCA C APYTUMHU O0€3 Co3aaHus
TUOPUIHBIX MaTEpUH HOBOTO KauecTBa. [ MOpUIHBIE MATEPUU BO3ZHUKAIOT MPU CIUSHUY TTIEPBUY-
HBIX MaTepui TOJBKO TOT/Ia, KOT/Ia BO3HUKAIOT cnienuduueckue ycnoBus. Kakue ke Takue cre-
nuduyeckre yciaoBus JOJKHBI BOSHUKHYTh, YTOOBI, BCE-TaKU, BO3HUK CUHTE3 THOPUIHBIX MaTe-
puii, BO3HHUKJIO HOBOE€ KauecTBO?! JlaBaliTe mocTapaeMcs MOHSATH 3TO yAMBUTEIBHOE SIBIICHHUE
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npupoabl. Jjst TOro, YT00bI BOHUKIIN YCIOBUS AJIs CIAUSHUS MEPBUYHBIX MaTepuil u oOpa3oBa-
Jach THOpUAHAs MaTepusi, HEOOXOIMMO HaJIMYKEe TaKOro UCKPHUBICHUS MPOCTPAHCTBA, IPU KO-
TOPOM B 3TOM MUCKPHUBJIEHUU CMOTYT HAXOJUTHCSA B YCTOMYMBOM COCTOSIHUM JIBE MJIM OoJiee nep-
BUYHBIC MaTepuu JaHHoro tumna. Eciu BennunHa nedopmanny mpoCcTpaHCTBA JIGKUT B AUara-
30HE:

2yi<AL <37y (3.2.1)

I[BC IMCPBHUYHBIC MATCPHUH B COCTOSSHHUH HAXOIUTHCA B YCTOﬁqHBOM COCTOAHUU BHYTPH ATOM
30HBI UCKPUBJICHUA ITPOCTPAHCTBA, UTO COBI[aéT JOCTAaTOYHBIC U H€O6XOI[I/IMI)I€ YCJIOBHA OJIA UX
BBaHMOIIefICTBPI}I I10 O6HII/IM CBOMCTBaAM U KadCCTBaM, 1 CHHTC3a FH6pH,Z[HOI>'I MaTCpUuHn. N anaro-
T'MYHO 11 BO3BMOYKHOCTU CIIMAHUSA B 30HC HCOAHOPOAHOCTH TpéX, LIGTI:'I]:’)éX, 1T, MCCTHU 1 CCMH
IICPBHUYHBIX MaTepI/Iﬁ JaHHOTI'O THIIA, HGO6XOIII/IMO, YTOOBI BeJIMYMHA ,ZIG(i)OpMaHI/II/I IMPpOCTPAaHCTBA
JICKajla COOTBCTCTBCHHO B CICAYIOIINX AWAIIA30HAX:

3vi<AL <4y (3.2.2)
4vyi<AL <5y (3.2.3)
5vi<AL <67 (3.2.4)
6 vi<AL <7y (3.2.5)
7vi<AL <87 (3.2.6)

B pe3ynbrare nocineqoBaTeNbHOTO CIHUSIHUS IEPBUYHBIX MaTepUid B 3TUX 30Hax aedopma-
U TTPOCTPAHCTBA BOZHUKAIOT TMOPUAHBIE (DOPMBI U3 IBYX, TPEX, UETHIPEX, MATH, IIIECTH U CEMU
nepBUYHBIX MaTepuil. [Ipuuém, ecnu BenuunHa aedopMalvi MPOCTPAHCTBA JICKUT B TUATIa30HE
(3.2.1), mpoucxoauT CUHTE3 THOPUTHON MaTEPUU TOJIBKO U3 IBYX MepBUYHBIX. Ecnu BennunHa
nedopMalii MPOCTPAHCTBA JIKUT B Auana3oHe (3.2.2) — MpOoUCXOAUT CUHTE3 THOPHUIHBIX Ma-
TEpUM KaK U3 ABYX, TAK U U3 TPEX MEPBUYHBIX MaTepuid. 1, aHaIOrM4HO, IPU KaXKA0M U3MEHCHUN
BEITMYUHBI JiehopMaIii MPOCTPAHCTBA HA i, YUCIIO TUOPUIHBIX (POPM MaTepHil yBeTUIUBaCTCSA
Ha onHy. W, korja BenuunHa nedopmaiiuu npocTpaHCTBa JISKUT B auamnasone (3.2.6), mpoucxo-
JIUT CUHTE3 HIECTH TMOPUIHBIX (OPM MaTepUH U3 ceMu (GOopM NEPBUUHBIX MaTepuil. [ mOpuaHyt0
(dhopMy MaTepuu, BOSHUKIIIYIO B PEe3yJIbTaTe CIUSHUS CEMU NEPBUYHBIX MAaTepUil, Ha30BEM (u-
3UYECKHU TIOTHBIM BerecTBoM (cMm. Puc. 3.2.2, Puc. 3.2.3, Puc. 3.2.4, Puc. 3.2.5, Puc. 3.2.6,
Puc. 3.2.7).
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y .

[Ipexne, yem mepei Ty K aHaIu3y BO3MOXKHBIX COCTOSTHUHN (PM3MUYECKH IUTIOTHOTO BEIIECTBA,
XOTEN0Ch OBl 00PATUTHh 0CO00E€ BHUMAHUE Ha MOTpaHUYHbIe cocTosHus. [Ipupona ogHoil Takoi
MaTepualbHOW CyOCTaHIIMU — BJIEKTPOHA — SABJISIETCS KJIIFOUEBOW B MOHUMAaHUU NPUPOIbI (u-
3UYECKH IJIOTHOM MaTepuu Hauen BceenenHoi. Bee cymecTtByromume Moaenu aroma — MHWHU-
MaJbHON yCTOMYMBON MaTepuaIbHOW CyOCTAaHIIMM — OMMCHIBAIOT HAJIMYHUE Yy 3JIEKTPOHA (UTO
TaKO€ AJIEKTPOH HUKTO TaK U HE MOMNBITAJICS O0BSCHUTH, KPOME TOTO, YTO €My CTaBWJIM B COOT-
BETCTBHE OTPULIATENILHBIN 3apsiji, B TO BPEMs, KaK IIPOTOHY CTABWJICS B COOTBETCTBUE IOJIOKHU-
TEJbHBIN 3aps], 0€3 BCAKOTO OOBSICHEHHUS, YTO )K€ TAKOE €CTh Ha CAMOM JI€JI€ MOJIO0KUTEIbHBIH
WJIM OTPULIATENbHBIN 3aps/Ibl) JBOMCTBEHHBIX CBOWCTB — KaK YaCTHUIbI, TAK U BOJIHBL. DKCIIEPU-
MEHTBI IOATBEPKJAIHN HAIMYUE TyalIbHBIX (IBOMCTBEHHBIX) CBOMCTB 3JIEKTPOHA, HO HUKAKOTO
OOBSICHEHMS], TIOYEMY OH MPOSIBISIET c€0s1 HEOAHO3HAYHO, TAK M HUKTO U He Aail. /{aBaiiTe nmomnsl-
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TaeMcsl MOHATh NPHUPOAY 3JIEKTPOHA. PacCMOTpUM Takoe KauyeCTBEHHOE COCTOSIHHE MPOCTpaH-
CTBa, IIPU KOTOPOM BeJIHUYMHA e(hOpMAaLUd MUKPOIIPOCTPAHCTBA JISKUT B CIEIYIOIIEM AHarna-
30HE:

67 <AL < 6,9 7i (3.2.6)

[Ipu TakoM KaueCTBEHHOM COCTOSIHMM MPOCTPAHCTBA BBHITIOJHSIIOTCS HEOOXOIUMBIE U J0-
CTATOYHBIC YCIOBUS JJIsI CIIUSIHUS IIIECTH MEPBUYHBIX MATEPUA, a IJIs CIIUSHUS CEMU EPBUYHBIX
MaTepuil, He xBaTaeT camoi manoctu (Puc. 3.2.8).

.

[IpocTpaHCTBO HUKOTIa HE HAXOAUTCS B CTATUYHOM COCTOSTHUU. B HEM MOCTOSIHHO npouc-
XOJIUT CUHTE3 U paclajl MaTepUH, aTOMOB €€ COCTAaBJISIONINX, Yepe3 KKyl TOUKY MPOCTPaH-
CTBa MOCTOSIHHO MPOXOJSAT BOJHBI, HECYIIIME HE3HAYUTEIbHBIE BO3MYIIEHUS MEPHOCTH, aCTPO-
(Y3UKY HA3bIBAIOT €r0 PETMKTOBBIM H3TyueHneM BceeneHHoil, KoTopoe B OCHOBHOM COCTaBJISIIOT
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raMMma-usiydeHus. ['amMmma-u3nydeHus npeacTaBisiioT cOO00M MPOsIBICHNE MEPBUYHBIX MaTEpU
C APYTMMH, MEHBIIUMH 3HAYEHUSMHU KOd(P(UIIMEHTa KBAHTOBAHUS MPOCTPAHCTBA, YEM HMEET
Hamra BeeneHHast 1 HemOCpeICTBEHHO B CUHTE3€ (PU3MUECKH TUIOTHOW MaTepUH y4acTus He MpH-
HUMalT. Ho, TeM He MeHee, UX pOJib SBISETCSA KIOUYEBOM B MPUPOAE ANEKTpOoHA. [IocTOAHHO
IIPOHU3BIBAsI IPOCTPAHCTBO, OTH BOJIHBI BBI3BIBAKOT HE3HAYUTENBHBIE, C IIEPBOTO B3IJIAAA, BO3-
MYLIEHUsT MEPHOCTH NPOCTpaHCTBAa. He3HaunTenbHble I 4Ero-TO, 3TH BO3MYILIECHHS CTaHO-
BATCS ONPENEIAIOIIMMU B MpUpoae ekTpoHa. HakianpiBasch Ha JedopManuio MUKPOIPO-
cTpaHcTBa (3.2.6), raMMa-u3Iy4eHHs] KPaATKOBPEMEHHO CO3JAI0T IOIOJHUTEIbHOE UCKPUBIICHHE
MHUKPOIIPOCTPAHCTBA, IIPU KOTOPOM BO3HUKAIOT YCIIOBUSA I CIUSHUSA CEMU IIEPBUYHBIX Mate-
puii Hamrero Tumna (Puc. 3.2.9).

6 vi<AL+h (3.2.7)
Ha kopoTkoe BpeMsi BO3HHUKAIOT YCJIOBUS, IPU KOTOPBIX BCE CEMb IIEPBUYHBIX MAaTEPUN B
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COCTOSIHMM CIMTHCA M 00pa3oBaTh THOpuaHyto popmy. HaunmHaercs mporecc cuHTes3a, MosiBis-
eTcsl MaTepralibHOE 00JIaK0, KOTOPOE HAYWHAET YIUIOTHATHCS, HO TIPOLIECC YIUIOTHEHHS HE YCIIe-
BaeT 3aBepIIUThCA. BOHOBOI QpoHT, Mpoxos yepe3 001acTh nedopMalud MUKPOIIPOCTPaH-
CTBa, MMIOCTOSTHHO MEHSETCS U B Pe3yJIbTaTe, COBOKYITHBIH YPOBEHb MEPHOCTH ITOM 00JIACTH CO-
OTBETCTBEHHO TNIABHO MEHSETCS, B TIPeIesiaX aMIUIUTY bl IIPOXO/ISIICH BOIHEI. BoJHA MPUHOCHUT
¢ co0Ol M3MEHEHNE YPOBHS MEPHOCTHU 30HBI Je(OpMaIi MUKPOIIPOCTPAHCTBA, 0€3 KOTOPOTo
HE BO3HUKAIOT HEOOXOIMMBIE U IOCTATOYHBIC YCIOBUS JUJIs CIUSHUS CEMU MIEPBUYHBIX MATEPHIA.
[Too0HOE KaueCTBEHHOE COCTOSIHUE COXPAHSIETCsl OYeHb KOPOTKUIN MMPOMEKYTOK BPEMEHH, B Te-
YEeHHE KOTOPOTO MPOXOJINasi BOJIHA cO3AaéT HEOOXOAMMYIO TOMOIHUTENBHYIO Je(hopMaIlHio
MUKpornpocTpaHcTBa. [Ipuuém, crneayeT ydecTb, 4TO BOJIHA HECET B ceOe JOMOIHUTENBHYIO Jie-
dopmanmio 060MX 3HAKOB, KaK MOJOXKHUTEIbHYIO, TaK U OTPHUIIATENbHYI0. BeneacTBue aToro ne-
dbopmanys MEKpOIPOCTPAHCTBA HAUMHAET YMEHBIIIATHCS, U HACTYIaeT MOMEHT, KOT'/1a BHOBB HC-
4e3ar0T Ka4eCTBEHHBIC YCIIOBUS JUISI BO3MOXHOTO CIIMSIHHS CEMH TEpPBUYHBIX Marepuid (Puc.
3.2.10). MatepuanpHOEe 001aK0, KOTOPOE TOJIBKO HAYaJIO YIUIOTHSTCS, BHOBb PAaCCEUBAETCA.
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Bcé 310 mpoucxoaut Bo BpeMsi IPOXOXKACHUS Yepe3 30Hy AepopMaii MUKPOIPOCTPaH-
CTBa TOJBKO OJHOTO (hOTOHA ramMma-u3inydeHus. B cuimy Toro, 4yto mo0yr TOYKY MUKPOMPO-
CTPAHCTBA HEMPEPHIBHO MPOHU3BIBAET OTPOMHOE YUCIIO BOJIH, POLECC YIUIOTHEHUS U Pa3yIIOT-
HEHUs MaTEpHUH NPOUCXOJUT HENMPEPHIBHO. /JJaHHOE COCTOSIHME SIBJIETCS TPAHWUYHBIM COCTOS-
HUEM (PU3MYECKH TUIOTHOW MaTepuu. VIMEHHO MO3TOMY 3JIEKTPOH, KOTOPBI COOTBETCTBYET
ATOMY IPAaHUYHOMY COCTOSIHHIO, 00Ja/aeT JTBOMCTBEHHBIMU CBOWCTBAMM, KaK YaCTULBI, TaK U
BOJIHBI. IMEHHO MO3TOMY rOBOPUTCS 00 AJIEKTPOHHOM 00JIaKe, Kak 0 HEKOTOPOM CT'YCTKE MaTe-
pHUM, KOTOPBII IBUXKETCS BOKPYT siipa aroMa. AHaJIOTHEN AJIEKTPOHHOMY 00JIaKy MOJKET CIly-
KUTb TyMaH. BozsiHbIE ITapel B BO3/yX€ IIPU TEMIIEPATYPE, TAK Ha3bIBAEMOU, TOUKHU POCHI, HAUH-
HAIOT KOHJICHCHPOBATHCS B MEJIbYAWINNE KANeJIbKH BOABI, MAJEHBKUE HACTOJBKO, YTO OHU HE
BBINIAJAOT B BUJIE IOXKIs1, @ IPOJIOJDKAIOT «IIAPUTH» B BO3]1yX€, MOIVIONIAs U paccensas cBeT. Tak
U B AeQopMaiisX MUKPOIIPOCTPAHCTBA BOKPYT SJpa aTOMa MOSBISETCS U UCUE3aET IIEKTPOH-
HBI «TyMaH» — HEYCTOWYMBOE TPAaHUYHOE COCTOSIHUE (PU3MUECKH TIIOTHOW MaTepuu. Tenepb
XOTEN0Ch Obl OOPAaTUTh BHUMAHUE Ha MOHATHE JABW)KEHUS 3JIEKTPOHA. DIIEKTPOH, 3JIEKTPOHHOE
o0Jako, BOOOIIe HE JBUKETCSA B (DU3MUECKHU IUIOTHOM cpene. B mepByro ouepenb MOTOMY, 4TO
AJIEKTPOH HE SIBJSIETCS B MOJIHOM CMBbICIE (PU3HUECKH IJIOTHOM MaTepuei, a eCTh, HU YTO UHOE,
KaK KpaiHe HEYyCTONYMBOE TPAaHUYHOE COCTOSTHHUE 3Tor MaTepuu (Puc. 3.2.11).
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DTO KpallHE HEYCTOMUYMBOE TPAHUYHOE COCTOSTHUE MPOSBISETCS B MEPBYIO OYEPEb B TO-
CTOSIHHOM TEepeXO0J€ MaTepUu U3 OJHOTO Ka4eCTBEHHOrO COCTOsIHUA B Apyroe. [Ipu 3tom 3tn
KaueCTBCHHBIC COCTOSIHUSI CBSI3aHHBI C MOCTOSTHHBIM TIOTJIONIEHWEM WM HM3TydyeHHeM (OTOHOB
raMmMma-u3aydeHus NP Mepexo/ie MaTepUH U3 OJTHOTO Ka4E€CTBEHHOTO COCTOSIHUS B IPYTroe U 00-
patso (Puc. 3.2.12 u Puc. 3.2.13).
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[Tpu »TOM, MaTepusi MOKET BEPHYTHCS K MPEIBIIYIIEMYy KaueCTBEHHOMY COCTOSIHUIO HE
00s3aTenpHO B TOM ke camoM MecTe (Puc. 3.2.14).
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[Ipy HanM4MKM TOPU3OHTAIBHOTO TEperaga MEPHOCTH, BHICBOOOAMBIIHMECS MPH pacmaje
AJIEKTPOHA MEPBUYHBIC MATEPHH, TIOTJIOTUB (POTOH APYTrON ITMHBI BOJHBI, MOTYT MaTE€PUATH30-
BaThCsl B KAKOW-TMOO coceqHel 30He nedopmalniui MHUKPOIPOCTPAHCTBA, CYIIECTBYIOMIEH BO-
KpYT sapa aroMa. [IpoucxoauT, Tak Ha3bIBA€MbI, KBAHTOBBIN MEPEXO/I JIEKTPOHA C OJHOM Op-
OouTsl Ha Opyryro. [Ipu mogoOHBIX Mepexoax 3JIEKTPOHBI MOTJIOMIAIOT U U3ITy4aloT (POTOHBI C
Pa3IMYHBIMK JJIMHAMU BOJIH. DTO CBSI3aHO C TEM, YTO KaXK/Jasl 30Ha OTJIMYAETCS OT COCEIHEU
YUCJIEHHON BeNWYMHON AedopMalud MHUKpONpocTpaHcTBa. [loaToMy HM3-3a ATOro pasziuyus
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«TITyOMHBD) 30H JehopMalid MUKPOIPOCTPAHCTBA AJII BOBMOKHOCTH MaTepUaIn3allu dJIeK-
TpOHA HEOOXOJUMBI pa3Hble OMOJHUTEIbHBIE UCKPUBICHUS MHKPOIPOCTPAHCTBA, YTO U OCY-
HIECTBIISIETCS MTOCPEACTBOM IMOTIIOMIEHUSI (D)OTOHOB, UMEIOIIMX Pa3HbIC JJIMHBI BOJH U aMILIH-
Tynbl. Tak kak (OTOHBI pa3HBIX JIMH BOJH MPUHOCST C COOOHM pa3HbIE MO BEIUYMHE KOJICOAHUS
MEPHOCTH MUKPOIIPOCTPAHCTBA, TO OHU B COCTOSIHMM KaY€CTBEHHO BIIUATH Ha MPOLIECCHI B 30HAX
HEOJHOPOIHOCTEH, €CIIU UX JJIMHA BOJIHBI COU3MEPHMA C Pa3MepaMu 3THX 30H HEOJHOPOAHOCTH
MUKpONpocTpaHCTBa. IMEHHO MOATOMY, ITPU U3TYyUYEHUU SJIEKTPOHOM (POTOHA, OH «IIePEeCKaKU-
BaeT» Ha MEHBIIIYI0 OPOUTY, a MPHU MOTIIOIMIEHUH, COOTBETCTBEHHO, Ha OOJIBIITYIO OpOUTY.

Jleno B TOM, 4TO, C U3IYyYEHUEM, C IOTEPEN IIIEKTPOHOM (HOTOHA, «TITyOrMHa» 30HBI 1edop-
MalHly MUKPOIIPOCTPAHCTBA, B KOTOPOM HAXOJUTCS SJIEKTPOH, U3MEHSETCS HA BEJIMYUHY aMILIN-
Tybl U31y4aeMoro ¢poTtoHa. B pe3yibTaTe 3TOr0 3J1€eKTPOH CTAHOBUTCSI HEYCTOMYMBBIM U pacma-
JIaeTCs Ha MEPBUYHBIE MAaTepUU €ro o0pasyIollue U MaTepuain3yeTcs B 30He AepopMaliiu, pac-
MOJIOKEHHOW OJMKe K AApy aroma. AHAJIOIMYHO, IPH MOTJIOMIEHUH 3JIEKTPOHOM (POTOHA, €ro
COOCTBEHHAsI MEPHOCTh YBEIIUYUBACTCS, U OH «IIEPECKAKMUBAECTY Ha OOJIBIIYI0 OpOUTY. Y POBEHB
MEPHOCTH MHKPOIIPOCTPAHCTBA, TP KOTOPOM BO3HUKAIOT YCIOBUS JJIsI BOSHUKHOBEHHSI DJIEK-
TPOHA, HA30BEM COOCTBEHHBIM YPOBHEM 3JIEKTpOoHA. BOKpyT sipa aTOMa KOHIEHTPUYECKH pac-
MOJIOTAOTCS 30HBI Je(hOpMallii MEPHOCTH MUKPOIIPOCTPAHCTBA, BOZHUKIIIUE IPU CUHTE3E sAapa.
['mybuna 3THX 30H AedopMalK pa3inyHa, TO3TOMY AJis TOTO YTOOBI BO3HUKIIM YCIIOBUS IS
CIIMSIHUSL CEMH NEPBUYHBIX MAaTepUid U BO3HUKJIIO 3JIEKTPOHHOE 00JIaK0, HEOOXOJUMBI KOHKPET-
HBIE JUISl KQXKJI0OM U3 3TUX 30H JOIOJHUTEIBHBIE HCKPUBJICHUSI MEPHOCTH MUKPOIIPOCTPAHCTBA.
OTUM YCIIOBUSIM COOTBETCTBYIOT (DOTOHBI Pa3HBIX JUIMH BOJH, KaK Y€ OTMEYaJOCh BBIIIE,
JUIMHBI BOJIH KOTOPBIX COM3MEPHUMBI C pazMepaMmu 30H aedopMmanuu. B sape cocpenoToueHo
MPAKTUYECKH BCE BEIIECTBO aTOMa, TaK Ha3bIBaeMasi, GU3NUYECKH II0THAs MaTtepust. CaMbIM Mpo-
CTBIM aTOMOM SIBJIIETCSI aTOM BOJIOPOJIA, CIIOKHBIMU — TPAHCYPAHOBBIE MJIEMEHTHI. ATOMBI BO-
I0pOJia — caMble YCTOMYMBBIE 3JIEMEHTHI BO BCENEeHHON, TpaHCYpaHOBBIE — COBCEM HEYCTOM-
YUBbIE U TPAKTUYECKU BCE U3 HUX CYIIECTBYIOT TOJBKO B UICKYCCTBEHHBIX YCIOBUSIX U «KUBYT,
MOpPOM, MUJIMAPAHBIE JOJIU CEKYH/bI, & TO U MEHBbIIIE.

HeycToiunBOCTh TSKENBIX 3JIEMEHTOB MOMANAET B KIIPOKPYCTOBO JIOKE» JIOTUKHU, — SAPO
oOpa3yeTcsi U3 MPOTOHOB M HYKJIOHOB, YeM OOJIbIIE MOCIEIHUX, TEM MEHEE YCTOMYMBYIO CH-
cTeMy oHM 00pa3yroT. YeM Oosee cioKHas CUCTEMA, TEM CIIOKHEH sl He€ HAXOAUTHCS B YCTOM-
YUBOM COCTOSIHUM. DTO MPABUIIO ACHCTBYET B OTHOIIEHUH, TPAKTUUYECKHU, JTFOO0H CI0KHON CH-
cTeMbl. TeM He MeHee, OCTAETCsl OTKPBITHIM BOIPOC O NMPUYMHAX BO3HHUKAIOIIEH HEYCTOWYUBO-
CTH, IIOTOMY 4TO IS Pa3HBIX CJIIOXKHBIX CUCTEM NPUYUHAMU HEYCTOWYHUBOCTH CTAHOBATCS pa3-
HbIE IPUPOHBIC sIBJICHUS. Tak BOT, B COBPEMEHHOM sIIEpHOM (M3HKE HE CYIIECTBYET 00BsACHE-
HUsI CaMOTO SABJIEHUS PAAUOAKTUBHOTO PACIaa, a TOJIbKO KOHCTATUPYETCS PEAIBHOCTD IOCIIE -
Hero. U, ecnu ¢ HEYCTOMUMBOCTBIO TPAHCYPAHOBBIX JJIIEMEHTOB XOTS ObI JIOTUKA COTJIACYETCsl, TO
C HEYCTOMYMBOCTBIO U30TOIMOB 0O0JIEe «IIPOCTHIX» JIEMEHTOB, BKIIIOUas BOAOPO/, 3Ta JIOTHKA,
MSTKO TOBOpSI, pad0TaTh OTKA3bIBAETCA.

Snpo aroma BOAopoa CONEPKUT TOIBKO OJIMH HYKJIIOH — IIPOTOH — U aTOMHBIA BEC €T0
NPUHUAMAETCS 38 €AUHULLY. TsKEIbId BOOOPOA — JAEUTEPUMN U TPUTUU — B SIAPE UMEET, COOT-
BETCTBEHHO, Ha OJIMH WX JIBa HYKJIOHA OoJibIie. TOJbKO AT HYKJIOHBI, B OTJIMYHE OT IPOTOHA,
AJIEKTPUYECKU HEUTPAIbHBI, UMEIOT IPAKTUYECKU TAKOU K€ BEC U pa3MeEP U Ha3bIBAXOTCSA HEUTPO-
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HaMM. B oTiuume OoT «IIpocToro» BOAOPOAA, OHU HEYCTOWYMBBI, IPYTUMHU CIOBAMH, PAJAUOAK-
THUBHBI. B TO BpeMs, Kak Apyrue 3J€MEHTHI, UMEIOIINE ATOMHBIN BEC B IECATKM aTOMHBIX €IMHHLI,
MPOJOIKAIOT OBITh YCTOMUMBBIMH. A 30JI0TO, aTOMHBIM BEC KOTOPOTO JJOCTUTAET MOYTH CTa Jie-
BSHOCTO CEMH aTOMHBIX €IMHUII, BOOOIIE ABIISETCS MAKCUMAIBHO XUMHUYECKH YCTONYHUBBIM 3JIe-
MeHTOM. [losiBieHme B sype JIF000T0 YCTOWYMBOTO aTOMa, «JIHMIITHET0» HEHTPOHA, PEeBpaIacT
ero B HeycToluuBbii u3zoron. K npumepy, To ke 30J0T0 AU UMEET B SIAPE CEMBIECAT AECBATH
IIPOTOHOB M CTO CEMHAILIATh HEUTPOHOB, N yCTOWUNBO! ITpy nosBiIeHNN €1mE OAHOrO HEUTPOHA
B sJIp€ aToMa 30J0Ta JOIOJHUTEIBHOTO K YK€ MMEIOIIMMCS CTa CEMHAALATH JIEJAcT €ro He-
yCTONYMBBIM. B TO BpeMmsl, Kak CleIyIOInii 3JIEMEHT, UMEIOIIUI Ha OJIUH NPOTOH OOJIbIIIE, PTYTh
HQ B siApe comepKUT CTO IEBATHAALATH HEUTPOHOB, YCTOWYNB.

Bo3HuKaeT npoTHBOpPEYHE CO 3APABBIM CMBICIIOM, €CJIH TOAXOAUTH K PACCMOTPEHHIO 3TOIO
SIBJICHMSI C KJIACCHYECKOM TOYKH 3peHMsI. OJTHO U TOXKE YNCIIO HEUTPOHOB B Pa3HBIX aTOMax Ipo-
ABJISIET ce0sl MO-pa3HOMY. 3HAYUT NPUPOAY ABJICHHS PAJIHOAKTUBHOCTH ONPEAEIISIET HE YUCIIO
HEUTPOHOB B sAnpe. Ecnm 3TO Tak, 4TO K€ BCE-TAKM JI€JIA€T aTOMBI HEYCTOMYHMBBIMU, PAJTHOAK-
TuBHBIMU?! JlaBaiiTe paz0oepEéMcst ¢ 3TUM JHOOONBITHEUIIUM SIBIIEHUEM MIPUPO/IBI.

3.3. BamsHMe MmartepuasibHbiX 06 bEKTOB MUKPOKOCMOCa
Ha OKpYy>amuime ux NnpocTpaHCcTBO

B 30He nedopmariii MUKpOIpOCTPAaHCTBA, K KOTOPOIl BBIOJHAIOTCS HEOOXOAUMBIE YCII0-
BUSA JJI TIOJHOTO CIMSTHUSL CEMU NEPBUUYHBIX MaTepUi, MPOUCXOIUT CUHTE3 THOPUIHBIX (HopM
matepuid. [Tpuuém, rubpuaneie GopMbl MaTEpUU caMU HAUYMHAIOT BIMATH Ha CBOE MUKPOIPO-
CTPAHCTBO ¢ 00paTHBIM 3HaKoM. Kaxknas rubpuaHas (popma MaTepuu yBEJIUYMBAET MEPHOCTh
OKPYAaIOILEro MPOCTPAHCTBA HA HEKOTOPYIO BennuuHy. [Iponecc cuHTe3a 3TUX NepBUYHBIX Ma-
Tepuil OyneT NpoAoLKAThCS 10 TEX MOp, MOKa AePOopMalisi MEPHOCTH MUKPOIIPOCTPAHCTBA HE
Oynet HeilTpanu3oBaHa. [ MOpuaHbIe HOpPMBI MaTEpUU 3aMONHSIIOT CO00M 3TH AedopMalii Mep-
HocTH. [IpeacTaBum cebe rpyHTOBYIO JOPOTY C siMaMu. Eciiv B3sTh U 3aChINaTh 3TU MBI IIOJIHO-
CTBIO KAMHSIMH, IOBEPXHOCTh JJOPOTH BHOBb CTAHET POBHOM, XOTSI B PEAIbHOCTH SIMbI HUKY1a HE
ucyesnu. [IpocTo ux 3anoJHuIN Ka4eCTBEHHO IPYTUMU TBEPABIMU MaTepranaMu. Tak u rudpu-
HbI€ MaTE€pHUH, BOHUKILIKE B 30HaX JepopMalii MUKPOIPOCTPAHCTBA, KAYECTBEHHO OTINYASICh
OT IEPBUYHBIX MaTepUil UX CO3/IaBIINX, 3aMOJHAIOT 30HbI HEOJHOPOIHOCTH U COOON KOMIIEHCH-
PYIOT UCKpHUBJICHHE MTPOCTPAHCTBA. B 1aHHOM cilydae, Hac HHTEpecyeT rudopuaHas popma mMare-
UM, BO3HUKIIAS, KaK Pe3yJbTaT CIUSHUSA ceMU (OPM NEPBUUHBIX MaTepHil. J{nanazoH 3HaueHU
MEpPHOCTH, B IIpeieiax KOTOPoro (pu3nuecku MIOTHOE BELIECTBO CTA0MIIBHO, T.€. HE pacnajaaeTcs
Ha MIepBUYHBIE MAaTEPUHU €ro 00pa3yIoIne, JICKHUT B Mpeaeax:

2.87890 < AL¢.1.B. < 2.89915 (3.3.1)

Camplil MaJlEeHbKUI aTOM — aTOM BOAOPOAA — B CBOEM SIIPE UMEET TOJIBKO OJMH HYKJIOH
— INPOTOH, aTOMHBIA BEC KOTOPOI'O PaBEH OJHOM YCIOBHOW aTOMHOW eauHuIe. EcTecTBEHHO
MPEANOJIOXKUTh, YTO U BIMSHHUE HA CBOM OKPYKAIOIINII MUKPOKOCMOC aTOM BOJIOpoAa OyIeT OKa-
3bIBaTh MUHUMaJIbHOE. B cuity aToro, Bogopos OyJeT yCTOWUYMB BO BCEM JMana3oHe 3HaYCHUM
¢usndecku motHoro Beuiectna (3.3.1). imeHHO mMosTOMY, BOAOPOI — CaMblii pacpOCTpaHEH-
HBIM 271EMEHT BO Bcenennou. /[aBaiTe momnbeiTaeMcs MOHATh, IOYEMY BOAOPOA — CaMbIX pac-
MPOCTpaHEHHBIN 351eMeHT BO Beenennoii? [Ipu cuHTE3€ aTOMOB, B HaCTHOCTH BOJIOPO/1a, TPOMC-
XOJUT U3MEHEHUE KaYE€CTBEHHOI'O COCTOSIHUSI MUKPOIIPOCTPAHCTBA BOKPYT sApa 3TUX aTOMOB.
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[Tpruém, BO3HUKILIEE TOMOTHUTEIIBHOE HCKPUBJICHUE MMPOCTPAHCTBA UMEET IPYTrOM 3HAK IO OT-
HOILIEHUIO K 30HE JiehopMaIii IPOCTPAHCTBA, B KOTOPOH MPOU30LIEN CUHTE3 ATHX aToMOB. Eciu
CUHTATh OTPUIIATEIHFHON BEIHMYHUHY JAehOopMaIii IPOCTPAHCTBA, B KOTOPOU MPOU3OIIENT CHHTE3
aTOMOB, TOT/Ia JOTIOJHUTEIHPHOE UCKPUBIICHUE MTPOCTPAHCTBA, BEI3BAHHOE KAXKIBIM aTOMOM, 0Y-
JIET TOJOKUTEIBLHOW BeMnunHOM. Takum 00pa3oM, Ha IEPBUYHOE UCKPUBIICHNE TIPOCTPAHCTBA
HAKJIQJbIBAETCA BTOPUYHOE HCKPHUBIICHHE C MPOTUBOIIOJOXKHBIM 3HAKOM. B pesynbTrare yero,
MIEPBUYHOE MCKPUBJICHUE MPOCTPAHCTBA YACTUYHO KOMIIEHCHUPYETCS. ATOM BOJOPOJa, UMEIO-
U B CBOEM fJIp€ TOJIBKO OJIMH HYKJIOH — MPOTOH — CO3JaET TaKUM 00pa30M MUHUMAIbHOE
BTOPUYHOE UCKPUBJICHUE MPOCTPAHCTBA U ITOITOMY CTAOUJIEH MPAKTUUYECKU BO BCEM JTMaIa30He.
OnacHOCTh HEYCTOMYMBOCTH BO3HUKAET TOJBKO MPU HAXO0KJICHUHU aTOMOB BOJIOPOJIa y TPaHUIL
Juana3oHa CTa0WIBbHOCTH (PU3UYECKH TUIOTHOTO BemlecTBa. [loaToMy, BOJOpOA MMEET CIEKTP
YCTOMUYHMBBIX COCTOSTHUH, MPAKTUYECKH PaBHBIN JUana3oHy YCTOMUUBOCTH (PU3HUECKH IIJIOTHOTO
BemecTBa (Puc. 3.3.1).
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Kaxxmomy yCcTOWYMBOMY COCTOSTHUIO aTOMa COOTBETCTBYET YPOBEHb COOCTBEHHON MEpPHO-
cti atoMa. Eciin atom umeeT ypoBeHb COOCTBEHHOW MEpPHOCTU ONM3KUN K BEpXHEH IpaHulle
JMana3oHa YCTOWYMBOCTH (PM3WUYECKH IIOTHOTO BEIIECTBA, TO, MPHU MOTJIOMEHUHA aTOMOM (Po-
TOHA C JUTMHHOM BOJIHBI, COU3MEPUMOM ¢ pa3zMepaMu aToma (TpH MOTIIOMIEHUH aToMOM (OTOHA,
AIEKTPOH aToOMa «IEPEXOIUT» C OIMKHEHN K AIpy opOUTHI Ha OoJee yaaaEHHY0), YPOBEHB CO0-
CTBEHHOM MEPHOCTHU aTOMa U3MEHSIETCSA Ha BEIMUUHY aMIUTUTY/ bl MOTJIOMEHHOW aTOMOM BOJIHBI.
Takum oOpa3om, B pe3ysbTaTe MOTJIOMICHHUSI aTOMOM (POTOHA, YPOBEHb COOCTBEHHOW MEPHOCTH
aToma yBenuuuBaeTcs. U, eciiu u3HayaibHO aTOM HaXOJuics OJM3KO K BEpXHEW IpaHUIle ra-
Na3oHa YCTOMYMBOCTU (PM3UYECKH IJIOTHOTO BEIIECTBA, MOJOOHOE H3MEHEHUE MEPHOCTH MPUBO-
JIUT K HEYCTOMYMBOMY COCTOSTHUIO aTOMa, U OH pacragaetcsi. MokeT BOSHUKHYTh BOIIPOC, KAKUM
o0pa3oM aToM BOJIOPO/ia B YACTHOCTHU WM JIFO00 Ipyroit aToM, yCTOMUUBBINA B CBOEM OOBIYHOM
COCTOSIHUM, CTAaHOBUTCS HEYCTOMYMBBIMHU M pacnanaercs? Bépuémcs k oOpasy siM Ha mopore,
3aMmoJHSAEMBIX BOJIOW BO BpeMs J0Ks. Kak pa3mepsl, Tak v rIyOnHa 3THX M Beeraa OyaeT pas-
JUYHOM M OTpeOyeTcs pa3HOE KOJIMYECTBO BOABI UM YErO-HUOYb APYroro, YTOObI 3aMOJIHUTh
3TH sIMBI 70 KpaéB. [1oaTOMy, €clii BOZHMKAET HE3HAUUTEIIbHOE UCKPUBJIICHUE MUKPOTIPOCTPAH-
CTBa, BO3HUKAET CUHTE3 TOJBKO TaKUX aTOMOB, COOCTBEHHOE BIIUSIHUE KOTOPBIX HA CBOE MUKPO-
MIPOCTPAHCTBO COM3MEPUMO C BEJIMUUHOU JehopMaliii MUKPOIPOCTPAHCTBA B 00JIaCTU CUHTE3a
JTaHHBIX aToMoB. Ha nedopmanuio makponpocTpaHCTBa HakJajabIBaeTcs AedopMaius MUKPO-
MPOCTPAHCTBA, TOJILKO C 0OpaTHBIM 3HAKOM, U OHU B3aUMHO YPaBHOBEUIMBAIOT APYT Apyra. Mu-
HUMAaJIbHOE WCKPUBIIEHHE MaKpOMPOCTPAHCTBA, IIPU KOTOPOM BO3HHKAET CHUHTE3 (DU3UYECKU
IJIOTHOTO BEILIECTBA, COOTBETCBYET YCIOBUAM CUHTE3a BoJiopoia. AToM Bofgopona H okasbiBaeT
MHUHHUMAJIbHOE BIUSIHUE HA CBOE MUKPOIIPOCTPAHCTBO U UMEHHO TIO3TOMY SBJISIETCA MEPBEUIIEH
dbopMoit Gpu3nUecKH MIOTHOIO BeliecTBa Bo Beenennoii (Puc. 3.3.2).
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ATOM BOJIOpPOJIa — 3TO MEPBOKUPIIMYMK MAaTEpPUU Halled BceleHHo 1 IMEHHO OH MOCITy-
KUJI CTPOUTEIBHBIM MaTepUaIoM, KaK JJis 3BE3]1, TaK U BCEX JPYTMX U3BECTHBIX aTOMOB, KOTO-
pbie BOBHUKAJIM B HeJpax 3BE3] B pe3yibTaTe TEPMOSICPHBIX PEAKIUMN, MOSBISIOMIUXCS B pe-
3yJbTaTe CHKATHS BOJOPOIHBIX 3BE3]T — roJIyObIX TMraHTOB. CxkaTue BOAOPOIHBIX IONYOBIX TH-
TaHTOB MTPOMCXOJUT BCIEACTBUE TOTO, UTO BHYTPH IOJIyOOTO TUTAHTA CYIIECTBYET NEepena Mep-
HOCTH, HalpaBJCHHBIN K eHTpy 3Be31b! (Puc. 3.3.3).
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B pesynbTaTte 3TOrO C*)ATHUS, ATOMBI BOJOPOJa HAUMHAIOT JABUTATHCS K IIEHTPY 30HBI Je-
(dbopmalii MakKpompoOCTPAHCTBA U, CTAIKUBAACH APYr C IPYrom, U3ay4yaroT BOJHBI. [Ipu stom
AJIIEKTPOH KaXJO0T0 M3ITyYalollero aroMa BoJOpoAa NePeXoqUT ¢ OpOUTHI ¢ OObIIeH IHEpruen
Ha opOUTy ¢ MeHblel. M Tak mpojoikaercs 10 TeX Mop, MOKa 3JIEKTPOH HE MPUOIU3UTCA K
AIPY-TIPOTOHY HACTOJBKO OJIM3KO, YTO MPOUCXOAUT KauyeCTBEHHOE MpeoOpa3zoBaHUe aTOMa BO-
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nopojia B HeUTpoH. CyliecTByeT KpUTHUECKass MUHUMaJbHasi OpOUTa JIJIsl SJIEKTPOHA aToMa BO-
nopoja. 1 ecnu 3neKTpoH, HaXOICh HA ATON OPOUTE, U3ITydaeT BOJIHY U MEPEXOIUT Ha OpOUTY
HIKE KPUTHYECKOM, TPOUCXOAAT HEOOPATUMBIE IPOLIECCHI K BOJOPOJ IEPEXOIUT B HOBOE Kaue-
CTBEHHOE COCTOSIHHE — HEUTPOH. B HEUTpOHE pacCTOsIHUE MEXAY IMPOTOHOM M 3JIEKTPOHOM
HACTOJIBKO MaJIbl, YTO MOKHO CKa3aTh YTO 3JIEKTPOH MNPAaKTUYECKH yIaa Ha mpoToH. [Ipu copoce
AJIEKTPOHA HA OPOUTY HUKE KPUTHUECKOM, BOSHUKAET CUTYyallHs, KOTJ1a IPAKTUYECKH HE CYIIIEe-
CTBYET BO3MOKHOCTH BBIBECTH €ro Ha 0oJiee BBICOKYIO opOuTy. HeliTpoH, HE uMeromuil 3ek-
TPUYECKOTO 3apsid, CTAHOBUTCS CTPOUTENIBHBIM MAaTEPUAIIOM IS IPYTUX ATOMOB. Y CKOPSSICh, B
pe3ynbTare CTOJKHOBEHHUS C aTOMAMM M IPYTMMU HEUTPOHAMH, HEUTPOHBI JOCTUIAOT TAKUX
DHEPIUi, KOT1a OHU B COCTOSIHUM IIPOHUKHYTH B SIpO BOJOPOAA U CO3AaTh IEUTEPHUH, TaK HA3bI-
BaeMbI, TSLKEBIA BOOpo. TakuM 00pa3oM BO3HUKAIOT YCIOBUS ISl TEPMOSIEPHBIX PEAKIIHA,
B PE3yJbTaTe KOTOPBIX CUHTE3UPYETCS Ielduil. AHAJOTUYHBIM 00pa3oM MPOUCXOAUT CUHTE3 U
aTOMOB BCEX OCTaJbHBIX JIEMEHTOB. B pe3ynprare c)KaTus 3Be3[bl HACTYIIaeT MOMEHT, KOrJa
ITPOMCXOJUT B3PbIB, TAK HA3bIBAEMOM, CBEPXHOBOW, U BEIIECTBO BEPXHUX CIOEB 3BE3/IBI, COCTO-
AIIEE U3 aTOMOB PA3HBIX JIEMEHTOB, BbIOpPAchIBAECTCS B OKpYJXKaroliee mpocTpaHcTBo. Kpome
ATOrO0, CIIEyEeT BCIOMHUTH, YTO, B MpeAeiax Auana3oHa YCTOMYUBOCTH (PU3HYECKH IUIOTHOTO
BEILIECTBA MEPHOCTh MUKPOIIPOCTPAHCTBA MEHSETCS HENPEPHIBHO B TO BPEMs, KAK BTOPUYHOE
BIIMSTHUE KAKJIOIO aTOMa HAa 3TO K€ MPOCTPAHCTBO UMEET KOHKPETHYIO, KOHEUHYIO BEJIMYHHY.
Ota BeIMYMHA BIUSHUSA COOCTBEHHO aTOMa MOYKET ObITh OU€Hb MAJIEHbKOM, KaK Yy BOJIOPO/Ia, WU
COM3MEPHUMON C JUAIla30HOM YCTOMYMBOCTU — KaK y ypaHa U CIEAYIOLIUX 32 HUM DJIEMEHTOB

(Puc. 3.3.4).
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L =2287890

Bnustaue Bcex oCTalnbHBIX 3JICMEHTOB JIC)KUT MCIKIAY 9TUMHU KpaﬁHOCTHMH.

Bo1opo/1 MBI Ha3bIBaEM CaMBIM «JIETKAMY» DJIEMEHTOM, a TPAHCYPAHOBBIE — CAMBIMH «TsI-
xémpiMn» (Puc. 3.3.5).
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Ho, Bpsimii KTO-HUOYH 3ayMBIBAJICS, YTO CTOUT 32 STUMH CTOJIb OYEBUIHBIMU TIOHSATH-
ssMHA. MBI TIPUBBIKITN IPUHUMATh, KaK JIOJDKHOE, MHOTHE IIPUPOHBIC SIBJICHHUS, XOTS OHU HECYT B
cebe mopoi yAMBUTEIBHYIO HH(MOPMAITHIO, 00JagaHue KOTOPOM MOYKET TOMOYb pa3rajarh MHO-
rHe 3araJku npupoabl. [IpencrtaBuM, 4To B BOAYy OpOIIEHO MHOTO IIIAPUKOB PAa3HOTO pa3Mepa, HO
OJIMHAKOBOM TIJIOTHOCTHU M CAMbIN MAJICHBKUH M3 HUX — I1€JI0€ YMCJIO pa3 MOMEIIAETCs B JIF0OOM
apyrom. BeneactBue 3Toro, Bec Kaxaoro Oyner 0oJiblie Beca caMOro MajJ€HbKOTO BO CTOJIBKO
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pa3, CKOJIBKO pa3 OH MOMEIIAeTcsl B JaHHOM Iapuke. [locae Toro, Kak Bce 3TH HIApUKH YIIalU B
BOJY, OHU IPUIUIA B XaOTHYECKOE, [0 OTHOLLEHUIO APYT K ApYry, ABMxkeHue. Ho mocreneHHo,
0 MEpe NMOTepU UMM M3HAYaJIbHOTO UMITYJIbCA, OHU PACIPEAEIATCA B BOJAE B ONPEACIEHHOM
nopsiike. CaMblil TErKUil apuK OyAeT MiIaBaTh HA HOBEPXHOCTH BOJBI WM OJIM3KO K HEM, TaM,
r7ie ero Bec OyJeT HeWTpalIn30BaH J1aBJIICHUEM BOJbl. Bece ocTanbHble MIapUKH, B 3aBUCUMOCTH
OT HX pa3Mepa, a CJIeIOBaTeNIbHO U BeCa, OKaXYTCs MOrpyKEHHBIMH Ha pa3Hble r1yOuHsI. JItoboe
JBYKEHUE BOJIbI OyAEeT MPUBOAUTH B JIBJKEHHUE BCE AT IIAPUKU, HO KAXKIbIM pa3, moclie mpe-
KpalllEHHs] IBUKEHUSI BOJHBIX MAacC, BCE 3TH IIAPUKU BHOBB 3aiIMyT «CBOM» MECTA — BEPHYTCS
Ha Ty TJIyOHMHY, IJIe UX BeC HeUTpaau3yeTcs JaBjieHueM BoJibl. He mpaBna inu, moHsATHAs U 3Ha-
KOMasi KaKJOMy M3 Hac KapTUHA. Tak BOT, CAMBIM «JIEFKUM IIAPUKOMY SIBJISIETCA BOJIOPO/I, a BCE
OCTaJIbHBIE IIAPUKU — aTOMaMH JIPYTUX 3JIEMEHTOB, ATOMHBIN BEC KOTOPBIX — KPATHBIN aTOM-
HOMY Becy aroma Bojopoa. KpatHblit moToMy, 4To J1000€ SIIPO COCTOUT U3 HYKIIOHOB — IPO-
TOHOB U HEUTPOHOB, BEC KOTOPHIX — MPAKTUYECKHU OJJUHAKOBBII.

Tak BOT, Tak k€, Kak ¥ BOJHbIC MACChI IIPUXOAT B ABMKEHUE IO BO3/ICHICTBUEM BETPA WU
4ero-HuOyb IPyroro, B MPOCTPAHCTBE MOCTOSIHHO MPOUCXOAAT pa3IMuHbIe MPOLECChl (HampH-
Mep, TPOXOXKACHUE Yepe3 MPOCTPAHCTBO Pa3HbIX BOJIH), B PE3YJIbTATE YETO BCE «ILJIABAIOIIKE) B
MPOCTPAHCTBE ATOMBI M MOJIEKYJIbI IIOYTH MOCTOSHHO HAXOIATCS B IBMKEeHUU. [locne kaxoro
OYEPEAHOTO BO3MYIIIEHUSI MEPHOCTH MPOCTPAHCTBA ATOMBI BO3BPAIIAIOTCS K CBOUM «PABHOBEC-
HBIM» COCTOAHUSM. BcrnencTBrue 3TOro atomel BOAOPOJA CKAIIMBAIOTCA Y BEPXHEU TPAHUILIBI
Jyaria3oHa YCTOMYMBOCTH (PM3MYECKHU IIJIOTHOTO BellecTBa. [loHMMaHue 3Toro, mpuoImKaeT K
OCMBICJICHUIO PAIMOAKTUBHOCTH U30TOMOB <JIETKUX» U «CPEAHEH TSKECTH» 3JIeMeHTOB. K npu-
Mepy, Ipu boMOapIUPOBKE BOJOPOJIa HEUTPOHAMH, HEKOTOPBIC aTOMBI BOJIOPO/1a 3aXBaThIBAIOT
OJIMH WJIM JBA HEUTPOHA, B PE€3YJIbTaTE YETO aTOMHBIN BEC 3TUX aTOMOB YBEJIMUYMBAETCS HA OJTHY
WJIW JIBE aTOMHBIC SIMHUIIBI U 00pa3yeTcs ICUTepUi UIu TPUTHI, UMEIOIIUE OOJIbIINM, YeM BO-
JIOPOJI, ATOMHBIN BEC IPU TAKUX K€ FJIEKTPOXUMUUECKUX CBOUCTBAX. [[eUTEpUI U TPUTHI, UMES
TaKOW HE3HAYUTEIIbHBIN aTOMHBIN BEC, SIBIIAIOTCS PaJIMOAKTUBHBIMU W30TONaMu Bojopoaa. He-
00BSICHUMOE C KJIACCUYECKOM TOYKU 3PEHHUS SIBIICHUE CTAHOBUTCS €CTECTBEHHBIM JJIs IOHUMA-
HUS, €CJIM YUYECTh BbIIIECKa3aHHOE. B mpuHIUne, BOIOPO YCTOMYMB B MpeAeiaax NPaKTUYECKU
BCETO JMana3oHa YCTOMYMBOCTH (DU3NUYECKH IIOTHOTO BelecTBa. Ho, mpu 3TOoM, ypoBEHb CO0-
CTBEHHOM MEPHOCTH BOJOPO/Ia pacrojiaraeTcs OJU3K0 K BEpXHEW rpaHulle Iuana3oHa yCTONYH-
BOCTHU. JIJ1s1 TOTO, UTOOBI MOHATH, YTO TAKOE YPOBEHH COOCTBEHHOW MEPHOCTH, CJIEAYET BCIIOM-
HUTb, YTO KK/ aTOM BJIMSIET Ha CBOE MUKPOIIPOCTPAHCTBO. ITO BIUSIHUE O0YCIIOBIEHO TEM,
YTO aTOM 3aHUMaeT coO0M YacTh MaKpOIPOCTPAHCTRA.

BimmsiHue kaxzoro aroma Ha CBO€ MUKPOIIPOCTPAHCTBO U MaKpOIIPOCTPAHCTBO — IIOCTO-
SHHO Y NPONIOPLIMOHAIBHO aTOMHOMY BECY, IPYTHUMHU CIIOBAMH, KOJIMYECTBY IIPOTOHOB U HEUTPO-
HOB, 00pa3yIoIIMX aTOMHOE SIAPO: YeM OOJIbIIIee YUCIIO HYKJIOHOB (IPOTOHOB U HEUTPOHOB) BXO-
IST B COCTaB si/ipa aToMa, TeM OOJIbIIIe BIMSHUE aTOMa Ha OKpY»Katrolee npocTpaHcTso. edop-
MaIusi MaKpOIPOCTPAHCTBA MOXKET OBITh Pa3IMYHON. ATOMBI, BO3HUKAIOLINE BCIEACTBUE CHH-
T€3a WJIH MOMAaBIINE B ATy JepopMalrio, 3a0JHIOT €€ coooi. [ToaToMy, pH 3amoIHEHUH O/1-
HOI M TOW K€ HEOAHOPOJHOCTH Pa3HbIMU aTOMaMH, MOCJIEIHUE (ATOMbI) OKaXYTCSd B Pa3HBIX
KaueCTBEHHBIX YCIOBUAX. ATOM BOJOPO/A, P CBOEM MUHUMAJIBHOM BIIMSIHUU HA OKPYKAKOIIEe
MPOCTPAHCTBO, OYJET YCTOMYUB 0 BCEW 30HE HEOJHOPOAHOCTH B CHILY TOTO, YTO CTEINEHb BJIH-
SHUS aTOMa BOAOPOJA Ha OKPYKAKOLIEE MTPOCTPAHCTBO 3HAYUTEIILHO MEHBIIIE BEIMUYMHBI CAMOM
nedopmarnu. B To Bpems, Kak CTeNeHb BAUSHUS Ha OKpY>Karollee MPOCTPAaHCTBO aTOMOM ypaHa
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U comzmepuMo ¢ MakKCUMAaJIbHOM BETMUMHON JlehopMaliuy MPOCTPAHCTBA, IPU KOTOPOUH MOXKET
CYLIECTBOBATh (PM3NYECKHU IUIOTHOE BemecTBO. [10aTOMy, yCnoBus 7151 CHHTE3a U yCTOHYMBOTO
COCTOSIHHSI aTOMa ypaHa BO3MO3KHBI TOJIBKO MPHU BEIHUUHE AePOopMaIiu, COM3MEPUMOM CO CTe-
IICHBIO BIMSAHUS aTOMa ypaHa Ha OKPY’Karollee MPOCTPAaHCTBO. A 3Ta BEJIMYMHA, KAaK yKe TOBO-
PHIIOCH, COU3MEPHMA C BEIMYMHON JMana3oHa YCTOWYMBOCTU (PU3UYECKH MJIOTHOTO BEIIECTBA.
[ToaToMy, ypoBEeHb COOCTBEHHOM MEPHOCTH aTOMa ypaHa OyJeT JiexaTh BOJMWU3M HUKHEH rpa-
HUIbI IAAIIa30Ha YCTOMYNBOCTH.

AtoM Bozmopona H oka3plBaeT MUHHMAaJIbHOE BIMSHUE HA OKPYKAIOIIEE MPOCTPAHCTBO U
O03TOMY OH OYyJIeT YCTONYMB MPAKTUYECKH B MpeJeax BCEro Auana3zoHa yCTOMUUBOCTU (PU3H-
YEeCKHU IJIOTHOTO BellecTBa. [[pyrumu cioBamu, BOJIOPOJ UMEET CIEKTP 3HaYECHUN COOCTBEHHOM
MEPHOCTHU, COU3MEPUMBIN C TUATIA30HOM YCTOMUHUBOCTH (PU3UUECKH IJIOTHOTO BelecTBa. Takum
o0pa3oM, ypoBeHb COOCTBEHHOW MEPHOCTH MPEACTABISIET cCOO0N 3HauYeHHUE(s) MEPHOCTHU IPO-
CTpPaHCTBAa BHYTPH JIMaNa30Ha YCTOMYMBOCTU (PU3MYECKHU TUIOTHOTO BEIIECTBA, MPU KOTOPBIX
MPOUCXOAUT CUHTE3 JIAHHOTO aTOMa M MPU KOTOPOM OH COXPAHSET YCTOMYMBOE COCTOSHHE.
CnexTp 3HaYeHUN ypoBHEH COOCTBEHHOM MEPHOCTH BOJOPOJia O3HAYAIOT, YTO CUHTE3 aTOMOB
BOJIOpOJia OyAET MPOUCXOUTh, KaK IpH AedhopMalusiX NpOCTPaHCTBA, COU3MEPUMBIX CO CTETIe-
HBIO BJIUSHUS aTOMa BOJOPO/Aa Ha OKPYXKaroIlee MPOCTPAHCTBO, YTO OJIM3KO K BEpXHEU rpaHulle
Jaria3oHa yCTOMYMBOCTH, TaK U MpHU AedopMalusix NPOCTPAHCTBA, COUBMEPUMBIX C BETMUNHON
Jara3oHa yCTOMUMBOCTH (PU3UYECKH TJIOTHOTO BEIIECTBA.

CretyeT OTMETUTBD, YTO KaX bl aTOM BIUSET HA OKPYKAIOIIEE MPOCTPAHCTBO B 3aBUCUMO-
CTH OT €r0 aTOMHOTI0 Beca. Ho, BHE 3aBUCUMOCTH OT TOTO, KaK CUJIBHO OH BJIMSET, OH YaCTUYHO
WJIM TIOJTHOCTBIO 3amlOJIHAET co0oi edopmaliuio MpoCcTpaHCTBA, YMEHbINAsT TEM CaMbIM BEJIH-
yuHy 310 nedopmaruu. [103ToOMy, COBOKYITHOE BIMSHUE HA MPOCTPAHCTBO JIBYXCOT TPUIIIATH
BOCBMH aTOMOB BOJIOpOJa MPUOJMU3UTENIBHO OYJET paBHO CTENEHH BIUSHHS OJHOTO aTroma
ypana. [Ipuuém, 3anonHsist co6oil U KOMIEHCUpYs JAePOpMaIIUI0 MPOCTPAHCTBA, KaXbIi aTOM
BOJIOpOJia OyJIeT YMEHbBIIATh «TIyOUHY» 3ToU AedopMalvi U IBECTH TPULIATh BOCBMOM aToM
BOJIOPOJA OKAXKETCA B TAKMX K€ KAUECTBEHHBIX YCIIOBUSIX, KaK U OJIUH aTOM ypaHa — CTAHET
HEYCTONYUBBIM, pauoaKTUBHBIM. OTinune OyAET TOJHKO B TOM, UTO BCE ATU aTOMBI BOJIOPO/Ia
OyIlyT HaXOJIUTHCS B MOCTOSTHHOM JBWKEHHUH JAPYT OTHOCUTEIBHO JpYyra U MEPUOANYECKU KaxkK-
IbIN U3 HUX OKAXETCS B TTOJI0KEHUH HEYCTOMYMBOCTH M, €CJIM B 3TO BPEMS Y€pE3 NTAHHYIO TOUKY
MPOCTPAHCTBA MPOUIET KaKoe-HUOYIbh MUKPOCKOMTMYECKOE BO3MYIIIEHUE MEPHOCTH MPOCTpPaH-
CTBa, JAHHBIA aTOM BOJOPOJIa CTAHET PAJUOAKTUBHBIM. B TO BpeMs, Kak KaXIblil aTOM ypaHa
MOCTOSIHHO HAXOJUTCSI B HEYCTOMYMBOM COCTOSIHUM U IIPU MUKPOCKOITMYECKUX BO3MYILIEHUAX
MEPHOCTH MPOCTPAHCTBA HAYMHACT PacafaThCs Ha 00JIee YCTOMUNBBIC ATOMBI.

Taxum 00pa3zoM, BHE 3aBUCUMOCTH OT TOTO, KaKOW 3TO aTOM, OH CTAHOBUTCS PaJInOAKTUB-
HBIM, €CJIM OH, I10 TEM WJIM UHBIM IIPUYMHAM, OKaXKETCs OJM3KO K BEPXHEH I'paHUIIEC AHana3oHa
YCTOMYMBOCTH (PU3MYECKH IJIOTHOTO BellecTBa. B cuily TOro, 4to B MPOCTPAHCTBE MOCTOSTHHO
MPUCYTCTBYIOT Pa3IMYHbIE MUKPOCKONIUYECKUE KOJIeOaHUsI MEPHOCTH, aTOMBI BOAOPO/]Ia IOCTO-
SHHO HaXOJSTCS B JBU)KEHUHU, MPU KOTOPOM OHHU OTKJIOHSIIOTCS OT ONTHUMAJIBHOTO JJI HHUX
ypoBHsI MepHOCTH. HO, Kak ¥ NMOMJIaBOK yIIEAIINI MO BOY BCIUIBIBAET MOCJE TOTO, KaK pbida
OTITYCTUT HaXXUBKY, TaK XU aTOMbI BOJOpPO/a (BIIPOYEM, KaK U JIFOObIE Jpyrye aTOMbI) BO3Bpalia-
IOTCSl K ONITUMAJILHOMY YPOBHIO cOOcTBeHHOU MepHocTH (Puc. 3.3.6).
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Ecnu BO Bpemsi ABM>KEHHUSI aTOMOB BOJIOPO/ia MO/ BO3AECUCTBUEM BO3MYIIEHUIT MEPHOCTU
MUKPOMPOCTPAHCTBA PO KAKOTO-TUOO0 U3 aTOMOB BOAOPOA «3aXBATUT» OJIUH WM JIBA «JIHIII-
HUX» HEUTPOHA, TO, TIPU BO3BPAIICHUN TaKUX U3MEHEHHBIX aTOMOB K ONTUMAJILHOMY JJIsl BOJIO-
po/ia YPOBHIO MEPHOCTU OHU «BBIMAJAIOT» U3 AUAINa30Ha YCTOWYUBOCTU (PU3NYECKHU TIJIOTHOTO

K ornaenenumio 134




Huxonaii JIeBamos «Heonunopoanas Beenennas»

seriectsa (Puc. 3.3.7).

B pesynbrare yero, cTaHOBATCS HEYCTOWUMBBIMU U pacniafatotcs (Puc. 3.3.8). U Bcé cpazy
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CTAaHOBUTCSI HAa CBOM MECTa, MCYE3aI0T MPOTUBOPEUHsI, BMECTO abCyp/aa OTKPHIBAETCS BEIHKO-
JIENTHAsI KApTUHA MUKPOMUpPA B CBOEW MEPBO3JaHHOM KPACOTE.

OcTaioch BBISICHUTH TOJIBKO MAJICHBKOE «HO: ImoucmMy TSDKEIIBIN BOIOPOJ BO3BpPAIIACTCA K
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TOMY K€ ONTUMATBHOMY YPOBHIO COOCTBEHHONH MEPHOCTH, UYTO U «IIPOCTOW» BOAOPO/I, B PE3Yib-
TaTe 4Yero CTAHOBUTCSI HEYCTOMYMBBIM U pacrajgaercs?!

JlaBaiiTe uyTh TIIyOXe «3aryistHeM» B SIAPO aToMa BoJOpojia. SAnpo «mpocTo» BOIOpOJa
MMEET OJIMH HYKJIOH — MPOTOH — TMOJIOKUTEIBHO 3apsDKEHHYH0 YacTHUIly, 3apsi]l KOTOPOi
HEUTpaM3yeTCs OTPUIIATESIILHBIM 3apsA0M JJIEKTPOHA, YTO 00€CIIeUnBaET YCTOMYNBOCTh aTOMA.
BcnomuanM, 9TO PO COAEPIKUT MPAKTUIECKHA BCIO MAacCy aToMa, B HEM COJIEPKHUTCS (PU3NIeCKU
IUIOTHOE BEUIECTBO, MpeJCTaBJsiolniee coooi rudpuanyo GopMy MaTepuu, BO3HUKIIIYIO B pe-
3yJbTaTe CIAUSHUSA CEMU MEPBUUYHBIX MaTepuil. [ MOpuaHble GOpMBI BIUSIOT HA MEPHOCTb MUK-
POMPOCTPAHCTBA C 0OpAaTHBIM 3HAKOM. BeneacTBue uero, n3HavanbHas AedopMaliusi MUKPOIpPO-
CTpAaHCTBAa HEUTPAIU3YETCsl, U BOCCTAHABIMBAETCS 0aJaHC — YCTOMYMBOE COCTOSTHUE MPOCTPAH-
cTBa. SlIpo aroma BOOPO/Ia, IPU CBOEM POKIECHUH, CO3AAET CBOK0 MUKPOCKOTTMYECKYIO Ae(op-
MaIMI0 MEPHOCTH OKPY>KaIOIIEro MUKPOIIPOCTPAHCTBA TAKOH K€ MPUPO/IbI, YTO U U3HAYATBHAS.
U, ecu n3HavaneHyo neOopMaIiio CUUTaTh OTPUIATEIIBHON, TO (PU3UYECKH IIJIOTHOE BEIIECTBO
CO31aET NOJIOKUTENBHYIO Ie(pOopMalli0O MUKPOIIPOCTPAHCTBA. B 3aBUCUMOCTH OT TOT0, Ha KAKOM
PACCTOSIHUM OT Si/ipa BO3HUKAET BbI3BaHHAs MPOTOHOM JieopMaiivsi MUKPOIIPOCTPAHCTBA, MOSIB-
JISI€TCSI WJIM aTOM BOJIOPO/ia, UJIM HEUTPOH.

Jleno B TOM, YTO HEUTPOH — BJIEKTPUUYECKHU HEUTpaJibHAs YacTHIla, KAYECTBEHHO 00pa3o-
BAaHA IPOTOHOM U 3JIEKTPOHOM, PACCTOSTHUE MEKTy KOTOPBIMU — HA MOPSAIOK MEHBIIE pa3Mepa
aToMa Bozxopoaa. Iloatomy, cTosib OJIU3KO PACIIOIOKEHHBIE MTOJIOKUTEIbHAS U OTPULIATENIbHAS
30HBI AepopMalii MUKPOIIPOCTPAHCTBA MOJIHOCTbIO KOMIIEHCUPYIOT JIPYT ApYra, U BO3ZHUKAET
HEWUTpaJIbHAs 30Ha MUKPOIIPOCTPAHCTBA, KOTOPAsi HE BCTYNAECT BO B3aUMOICUCTBUE HU C KAKUMU
APYTUMHU, U30JUPOBAHHAs OT BCETO U BCA. Y aTOMa BOJOPO/1a «IJIEKTPOHHASH 30Ha AePopMaliu
MHUKPOIPOCTPAHCTBA HECKOJIBKO OTAAJIIEHA OT IIPOTOHA, B PE3YJIbTATE YEro €€ BIMSAHUE Ha IPOTOH
A/1pa BOJOPO/Ia 3HAYUTEIbHO MEHBIIIE, B CUIIY YETO CHJIa B3aUMOJICHUCTBUS MEK1y HUMU — 3Ha-
YUTEJIBbHO MEHBIIE YEM BHYTPU HEUTPOHA, B PE3YJIbTATE YETO, NOSABIIAIOTCA CBOWCTBA, XapaKTep-
HbIE JJIs1 aTOMOB. TakuMm 00pa3om, YETKO BBIPUCOBAIUCH OTIMYMS MEXIY aTOMOM BOAOPOJA U
HEUTPOHOM U 3TO PA3NUUYUE — TOJBKO B PACCTOSHUU MEX]Y ABYMsI 30HaMU JeopMaliii MUK-
PONPOCTPAHCTBA PA3HBIX 3HAKOB. VIMEHHO pacCTOSHUE MEXIAYy HUMHU TaK 3HAYUTEIBHO BIIUSAET
Ha MX CBOWCTBA, YTO Mbl TOBOPHM, B OJHOM Cily4ae, 00 aromMe BOAOpOJa, a B IPYrOM — O
HEeUTpoHe. Y onsATh, IPOCTPAHCTBEHHBIE XapaKTEPUCTUKU MPUBOJAT K KAYECTBEHHOMY CKayKy
IIPOSIBJICHUSI MAaTEPUH.

A Temnepb, BCHOMHHM, YTO «3JIEKTPOHHAs» 30HA Je(popMaluy HETOCTATOYHA JJIs MIOJTHOTO
CIHUSIHUSL CeMU (POPM MATEPHUH U, YTO YCIOBHS JJIsl CIMSIHUS BO3HUKAIOT TOJIBKO BPEMEHHO, BO
BpeMs MPOXOKACHUS (PPOHTA BOJHBI YEPE3 «IIIEKTPOHHYIO» 30HY Je(POopMaliiid MUKPOTIPOCTPAH-
ctBa. B pesynbrare sT0or0, PU3MYECKU IITOTHAS MaTEpHUsi «POXKIAACTCSI», YTOOBI B CIEIYIOIIEE
MTHOBEHUE YMEPETh, M TaK MOBTOPSETCS OECKOHEUHOE YHCIIO pa3. Bo BpeMs cBoel «KpaTKoBpe-
MEHHOM KU3HW» AJIEKTPOH MPOSIBIIIET CBOMCTBA BEIIECTBA, IPYTUMU CIIOBAMH, BIIUSIET HA MPO-
CTPaHCTBO TOYHO TaK K€, KaKk U AJIpO aTOMa BOJOpOJa — MPOTOH. B MOMEHT ero pacnaga —
«cMepTu» — noJo0Hoe BIMsHUE Hcue3aeT. U, kak cieAcTBUe, aToM BOAOPOJia TTOCTOSIHHO CO-
BEpIIAET MUKPOCKOITMYECKUE KOJIEOaHUsI MEPHOCTH OKPY>KAIOIIEr0 MUKPOIIPOCTPAHCTBA, OTHO-
CUTEJILHO YPOBHS YCTOMUYMBOTO COCTOSIHUSI paBHOBeCHs. B pe3ynbTaTe nepuoanyecKoi MaTepu-
aNnu3aluy dJIEKTPOHA, «3JIEKTPOHHAs» MHUHYCOBas 30Ha JAepopMalvyd MUKPOIPOCTPAHCTBA TO
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HCYE3HET, TO BHOBB MOSIBUTCS. Takum 00pa3oM, paszanure Mexay aTOMOM BOAOPOJa U HENTPO-
HOM ONPEIENSAI0TCS TOJIBKO UX MPOCTPAHCTBEHHOM CTPYKTYPOM, KOTOpash OKA3bIBAET BIUSHUE
TOJIBKO Ha UX XUMUYECKHUE CBOKCTBA, B TO BPEMS, KaK MPUPOJIa UX BIUSHUAS HA MUKPOIIPOCTPaH-
CTBO — IIPaKTUYECKH TOKECTBEHHA. [[03TOMY, KOTr/1a aTOM BOJOpOAA «3aXBaThIBAET) HEUTPOH,
aTOM TSDKENOTO BOAOPOJA CTPEMHUTCS K TOMY K€ ONTUMAIBHOMY YPOBHIO COOCTBEHHOW MEPHO-
CTH, YTO U IPOCTOI» BOAOPOJ, B TO BPEMs, KAK COBOKYITHOE BIMSHUE SAPa HA OKpYXkKarolee
MUKPOIPOCTPAHCTBO y TSKEIOr0 BOAOPO/IA B IBa WJIM TPH pa3a (B ciIyyae IeUTepust Win TPUTHUS,
COOTBETCTBEHHO) O0JIbIIIE, YEM Y IPOCTOro Bogopoaa. M, kak ciencraue, TSKENbIN BOJIOPOJ] BbI-
najaeT 3a Mpeaesbl YCTOMYMBOCTH (DU3MYECKU TUIOTHOTO BellecTBa. Ero siapa okas3biBalOTCS B
30HE MHUKPONPOCTPAHCTBA, I'JI€ HE MOXKET CYIIECTBOBATh MATEPHs, BO3HUKIIAS MPHU CIHUSHUU
CEMU MEPBUYHBIX MATEPU, MPOUCXOIUT paciaj siapa Ha MaTepuu, ero oopasyromue. YTo u co-
OTBETCTBYET PaIUOAKTUBHOMY PacIamy.

MoxeT BOZHHKHYTB BOIIPOC: TOYEMY aTOM BOJIOPO/1A, KaK U BCE OCTAJIBHBIE ATOMBI, JOJKEH
CTPEMUTHCS K ONITUMAJIBHOMY YPOBHIO COOCTBEHHOU MepHOCTH?! 1 BOOOIIIE, YTO CTOUT 32 ITUM
noHsitueM? OuepeaHasi KOMOMHAIMSA CJIOB, HE UMeEroIIas (PU3UUECKOTO CMbICIA U YETKOTO 00b-
sacHenus?! JlaBaiite paz0epémcs ¢ ITUM MOHATHEM.

Kak yxe oTrmedanocs, ruOpuanbie (OpMbl MAaTEPHUl CBOEH MacCOM 3aloNHSIOT Aedopma-
LU0 IPOCTPAHCTBA, B KOTOPOM NPOUCXOAUT UX cUHTE3. [Iponecc cuHTE3a MpoomkaeTes 10 TexX
1op, NOKa 30Ha AepopMalliy He 3allOJHUTCS MOJTHOCTHIO, TAK )K€, KAK MPH 3aChIIIAHUKM KaMHSIMHU
SIMBI, TIOBEPXHOCTh T'PYHTOBOW JOPOTH CTAHOBUTCA POBHOWU. I'mMOpuaHBIE MaTepuu HEHUTpasu-
3yI0T cOOOM 30HY Ae(opMalui IPOCTPAHCTBA. A 3TO MOKET 03HAYaTh TOJIBKO OJHO — OHH CaMH
BJIMSIIOT HA MEPHOCTh IPOCTPAHCTBA CO 3HAKOM, OOpaTHBIM 3HaKy JedopMalluu MPOCTPAHCTBA,
B KOTOPOM IIPOUCXOIUII CUHTE3 ATUX THOPUIHBIX MaTEpUil. ATOMBI CO31al0T BTOPUYHOE UCKPUB-
JICHHE€ MUKPOIIPOCTPaHCTBA. TakuM 00pa3oM, KaxIblil aTOM U3MEHSIET MEPHOCTh CBOET0 MUKPO-
IIPOCTPAHCTBA, B TO BPEMsl, KAK BCE OCTAIILHOE OKPYXKAIOLIEE €r0 MUKPOIPOCTPAHCTBO COXpa-
HSIET MEPHOCTh, KOTOpas Oblila 0 CUHTE3a JaHHOTO atoma. B pe3ynbrare 3Toro, BO3HMKAET He-
KOTOPBIN Mepenag MEPHOCTH, HAPABIEHHBIN OT YPOBHS C MEHBIIEH MEPHOCTBIO, K YPOBHIO C
OoJibleid. DTOT HEOOJIBIIION Mepernal MEPHOCTH 3aCTaBISIET aTOM JIBUTAThCS K BEpXHEU rpaHulle
JMana3oHa yCTOMYMBOCTH (PM3HUECKH MIIOTHOTO BEUIECTBA.

BcnomuanMm, uto nepBuyHas aedopmanusi MpocTPaHCTBA, B KOTOPOH MPOUCXOAUT CHUHTE3
ruOpuIHBIX (GOpM, CO3TAET Mepernaj; MEPHOCTH, HAMIPABJIEHHBIN OT YPOBHS C OOJbLIEH MEPHO-
CTBIO K YPOBHIO C MEHBILIEW, YTO U 3aCTABJISIET CBOOOJHBIE MEPBUYHBIE MATEPHUHU JIBUTaThCA
BHYTPb 3THX 30H, TJI€ OHU OKa3bIBAIOTCS B IPYTUX KAYECTBEHHBIX YCIOBUSX, [P KOTOPBIX MPO-
UCXOJIUT CUHTE3 THOPUAHBIX MaTepuil. Takum o6pa3om, rpagueHT (mepernas) MepHOCTH, B 30HE
aepopMaIi NpoCTPaHCTBA, UMEET OJIMH 3HAK, B TO BPeMsl, Kak CO3JJaHHBIN IIPU CUHTE3€ aTOMa
nepenaj uMeeT MPOTHUBOMOJIOKHBIN 3HAaK. BcmoMHMM U ipyroit (akT: sima Ha gopore He ucye-
3aeT, a TOJIbKO 3amojHseTcst KaMHsAMU. [loaToMy naxke mociie 3aBepIeHus] CHHTE3a THOPUAHBIX
MaTepui, Ieperna MEPHOCTH OCTAaETCA, U 3TO MPUBOJUT K TOMY, UTO IIEPBUYHBIE MATEPHUH IIPO-
JOJIKAIOT «BTEKATh» B 30HY JeQOopMalvy MPOCTPAHCTBA. AHAJIOTUYHO, KaK BOJIA PEKU UJIH PY-
Ybsl, 3aII0JIHUB J10 Kpa€B 03€po, IPOI0JDKAET BIIAAATh B HETO, CO3MAET TeueHus B HEM. [Ipu aToMm,
4acTh BOJABI 03€pa BBITECHSETCS U MPOJOJKAET Teub Jajiblie. Tak e W MepBUYHBbIE MaTepUuu
MOCJIe 3aBEpUICHUS Mpoliecca CUHTE3a TMOPUIHBIX MaTepuil MPOAOKAIOT MPOHU3BIBATH 30HY
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nepopmaIim, B KOTOPOI 3TOT CHHTE3 MPOUCXOIWI. 30HA AepopMaliii MPOCTPAHCTBA HE HCYe-
3aeT, a TOJBKO 3aMoaHsIeTCs THOpUAHBIMU (popmamu MaTepuid. [losToMy, M3HAYANBHBIN TIepenaj
MEPHOCTH, XOTh U KOMIIEHCUPYETCSI TMOPHUIHBIMU MAaTEPUSMHU, MIPOIOHKAET CYLIECTBOBATD IS
CBOOO/IHBIX MEPBUYHBIX MATEPHil, TaK e, KaKk 03epO MPOJOHKAET CYIIECTBOBAThH JAJIS BOJABI B
HEro BTEKAIOLIEH U I10CIIE IIOJIHOTO 3aII0IHECHUS.

[lepenaa MepHOCTH (TpaJMEHT) BCErJa HAIPaBJIEH OT I'PAHUL K LIEHTPY 30HbI Ae(POpMALIUH
IPOCTPAHCTBA, IOATOMY IEPBUYHBIE MATEPHUH, ABUTAACh BJOJb 3TOTO IPpaJueHTa, CO3/1aI0T CO-
OO0l HanpaBJIEHHBIA MOTOK. DTOT HAIIPABJICHHBIN MOTOK IEPBUYHBIX MAaTEpUil, B 30HE Nepenaia
MEPHOCTH U CO3/1a€T, TAK HA3bIBAEMOE, I'PABUTALIMOHHOE 10Jie. [ paBUTallnOHHOE T10JIE BCET/1a
IPUHHAMAJIOCh, KaK caMO cO0OM pa3zyMmerolieecs, 0UeBUIHOE U Oe3/10Ka3aTenpHoe. Booobe, no-
HATHE JIF000T0 1M0JI BBOJMJIOCH B BUJE MOCTYJIaTa, 0€3 KaKMX-TM00 JOKa3aTeNbCTB U OOBSICHE-
HUI1, YTO B IPUHIUIIE YPEBATO CEPHEZHBIMU MOCIEICTBUSMU JUUISl pa3BUTHS HAYKH B 1iesioM. bes
MOHMMAaHHUS, Ka3aJ0Cch Obl OYEBUIHOTO, HEBO3MOXKHO ABI)KEHUE HayKu BHepén. Tak BOT, mepe-
1ajJy MEPHOCTHU MPOCTPAHCTBA B 30HAX HEOJHOPOIHOCTH, BOSHUKILIUX IPU B3PhIBAX CBEPXHOBBIX,
CO3Ja€T rPaBUTALIMOHHOE MOJIE, TpaBUTAlNI0. KakIplii aTOM, BO3HUKAIOIINN B PE3yIbTAaTE CHH-
T€3a CEMU NEPBUYHBIX MATEPUH, CO3JAET BTOPUYHOE MCKPUBIIECHUE MPOCTPAHCTBA HA MHUKPO-
ypoBHE. Bo3HHKaeT nepenaj MEpHOCTH, CO3/1aBa€Mblii aTOMOM, HANPABJIEHHBII TPOTUB NIEPBO-
HA4aJIbHOT'0, IPYTMMHM CIOBaMM, K&XKJBIA aTOM CO3IAET anmuepasumayuontoe noie. B pe3yib-
TaTe 3TOr0, aTOM HAYMHAET JIBUTaThCA K BEPXHEUN rpaHMIIEe JUaNa30Ha YCTOMYMBOCTH U OCTAHAB-
JMBaETCs Ha OaJlaHCHOM YPOBHE MEPHOCTH.

JlaBaiiTe pa3bepéMm, modyemMy aTOM OCTaHABIMBACTCS Ha, TaK Ha3bIBAEMOM, OajaHCHOM
ypOBHE MepHOCTHU?!

BcrioMHNM, 4TO KaKIbId aTOM HE TOJIBKO CO31aET BTOPUYHOE UCKPUBIIEHUE IIPOCTPAHCTBA,
HO M MPEJCTABISAET CO00M (PU3NUECKH IIIOTHOE BEIIECTBO, THOPUAHYIO0 (POPMY M3 CEMU TIEPBUY-
HBIX MAaT€PUH, KOTOPOE KAaYECTBEHHO OTIMYAETCS OT NEPBUUHBIX MaTepuid. [ilanerapHbii nepe-
naJi MepHOCTU (POpMUpYET HAMpPaBJICHHBIC MOTOKU MEPBUYHBIX MAaTEpUH K IEHTPY IUJIAHETHI U
Ka)XJIbI aTOM TOMA/IaeT MO UX «Harnopy». Bo3HuukaeT «dpdekT napyca» — nepBUYHbIC MATEPUU
«J1aBST» HA aTOM, 3aCTaBJISISl €r0 JBUTAThCA B TOM K€ HAMPABICHWM, YTO U OHU caMu. [loTok
MEPBUYHBIX MaTEPUI KakK Obl «3aCTaBJIICT) aTOM JBUTAThCS B 3aJJaHHOM HaIpaBJIEeHUH — K IICH-
Tpy 30HbBI nedopmanuu. [lepenan MepHOCTH, CO3/1aBa€MbIil aTOMOM, HAIPABJICH OT IIEHTPa 30HBI
nedopManuu K e€ rpaHuiiaM, 4To co3aéT BCTPEUHBIM UMITYJIbC aToMa. B pe3ynbTaTe, 1aBiaeHue
MEPBUYHBIX MATEPUN HA «OBEPXHOCTH)» aTOMA YACTUYHO HEUTPAIU3YETCS aHTUTPABUTALIMEH,
MOPOXKAEHHOW caMUM aTOMOM. U B onpeienI€HHON TOYKE 3TU JIBE CUJIBI YPABHOBEIIMBAIOT APYT
JpyTa, YTO U COOTBETCTBYET OaTaHCHOMY YPOBHIO MEPHOCTH ISl JAHHOTO atroMa. Kaxapiii aTom
HMMEET «CBOW» pa3Mep, ATOMHBIN BEC U CTEIEHD BIMSHUS HA OKPYKAKOIIEE MUKPOIIPOCTPAHCTBO,
MOATOMY JIJISI K&KJIOTO aTOMa CYIIECTBYET CBOM OaJaHCHBIM YPOBEHB, XapaKTEPHBIA TOJHKO JIJIS
Hero. MiMeHHO mo3TOMy, JETKUE SJIEMEHTHI UMEIOT OaIaHCHBI — COOCTBEHHBIN — YpOBEHb
MEPHOCTH, OJTM3KHI K BEPXHEH rpaHUIle TUaa30Ha YCTOMYUBOCTU (PU3NIECKH TIOTHOTO BEIIIe-
CTBa, B TO BpPeMs, KaK TSKEIbIE 3JIEMEHTBI — COOCTBEHHBIE YPOBHU MEPHOCTH, OJIM3KHUE K HHUXK-
Hel rpanuIle quana3ona ycronuuBoctu (3.3.1). U, B cimyuae aToma Tsx€510ro Boopoa, ero coo-
CTBEHHBIN YPOBEHb MEPHOCTHU OJIM30K K BEPXHEH I'paHMIIE ATOTO JUaria3oHa U Jake NpHu He3Ha-
YUTEJIbHBIX BO3MYILIEHUAX MEPHOCTH, CO3/I1aBA€MbIX BOJIHAMHU MPOHU3BIBAIOIIMMU MHKPOIPO-
CTPaHCTBO, OH (TSKEIBIM BOJIOPOJI) CTAHOBUTCS PAIMOAKTUBHBIM, TaK KakK, MPU MOTJIONICHUU
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BOJIH, COOCTBEHHAsi MEPHOCTh aTOMa TSDKEIOTO BOJOPOJA CTAHOBUTCS CBEPXKPUTHUECKOW, U
atoM pacnaaaercs (Lp > 2.89915). Hao6opoT, ypoBeHb COOCTBEHHON MEPHOCTH TPAHCYPAHOBBIX
DIIEMEHTOB OJIM30K K HW)KHEH TPaHUIIE TUara30Ha YCTOMYMBOCTH B TO BpEMS, KaK BIIUSHHE SIIEP
TPAHCYpPaHOBBIX 3JIEMEHTOB Ha CBOW MUKPOKOCMOC OJIN3KO K KpUTHUECKOMY 3HaueHuo. 1 no-
CTaTOYHO HE3HAYUTEIHHBIX KOJICOAHUH MEPHOCTH MHUKPOKOCMOCA, BOSHUKAIOIIUX B aTOMaX, IPH
MOTJIOIIEHUH UMU BOJIH, YTOOBI OHH CTaJIM HECTAOWIILHBI M HAYaJll PacIiaaThCs.

M30T0onel BOXOPOJA U TPAHCYPAHOBBIE AIIEMEHTHI OKA3BIBAIOTCSA B aHAJOTUYHBIX YCIOBHSX
H, BCJIEJICTBUE 3TOT0, IPUPOJIa UX IIOBEACHUS — TOKIECTBEHHA. 1I30TONBI BCEX IIIEMEHTOB, pac-
[IOJIAraroIMXCsl MEXKy BOJOPOJAOM M YPAaHOM, PaIMOAaKTUBHBI IO TeM e NpuurHam. Kaxnbii
U3 3TUX 3JIEMEHTOB UMEET COOCTBEHHBII YPOBEHb MEPHOCTH, COOTBETCTBYIOLINI ONTUMAIbHON
YCTOWYMBOCTH aTOMa Ka)A0ro djeMeHTa. [lepBuyHOe MCKpUBIIEHNE IIPOCTPAHCTBA, B KOTOPOM
IPOUCXOINUT CUHTE3 MATEPUN U BTOPUYHOE MCKPUBJICHHE, BO3HUKILIEE IO BO3ACHCTBUEM sIIEP
aTOMOB, MMEIOIIMX Pa3HbI€ 3HAKHU (pa3HbIE 3HAKM O3HAYAIOT HAJIMYHUE MEPENajoB MEPHOCTH,
HaIlpaBJIEHHBIX HABCTPEUY APYT IAPYTY), CO3AAIOT YCIOBHUS, B KaKoil (hopme MaTepusi MOXKET OBbITh
YCTOMYMBA B JAHHOM TOYKE MPOCTPAHCTBA, COOTBETCTBYIOLIEN JAHHOMY YPOBHIO MEPHOCTH. B
pe3ynbTare Nogo0OHON «COPTUPOBKHY, B 30HE HEOJHOPOAHOCTH MTPOCTPAHCTBA IPOUCXOIUT pac-
IIpEAEIEHNE MATEPUH IO KAaYECTBEHHOMY COCTaBy. VIMEHHO MOATOMY IIJIaHETA UMEET AP0 U3
TSKEIBIX AJIEMEHTOB, KOJIMYECTBO KOTOPBIX YMEHBIIAETCSA OT LIEHTPa K NOBEpXHOCTH. CpenHen
TSKECTU AJIEMEHTBI WM KOMOMHAIUS U3 HUX U JIETKUX 3JIEMEHTOB, 00pa3yloT KOPY IJIAHETHI,
IPaHUIa KOTOPOW HAXOAUTCA HA Pa3sHOM PACCTOSIHUM OT LIEHTpPA sApa IUIaHeTsl. M ecinu B3ATH
YPOBEHBb MOps 3a TOYKY OTCYETA, TO BCE BIIAIMHBI 3aII0JIHEHBI BOAOW, KOTOPAsk IIPEACTABISAET
co0o0if cuHTe3 NErKUX IEMEHTOB: KHCIOpoaa U Bogopoa. Jlanee unér atmocdepa, oo6pa3oBan-
Hasl ra3aMu U3 JETKUX AIIEMEHTOB, iepexosimas B uonochepy (Puc. 3.3.9).
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Nowns! apmsttorcs rpanudHoi opmoit pusnyuecku MmiI0THOTO BellecTBa Halel BeenenHo,
pacnaji KOTOPBIX COMPOBOXKAAETCS Pa3sHbIMU M3ITYYEHHUSIMU, KOTOPHIE BEIIECTBOM, B MOJIHOM
CMBICJIE€ 3TOTO CJIOBA, YK€ Ha3BaTh HENb3s. TakuM 00pa3oM, BO3HUKAET paBHOBECHE, TAPMOHUS
MEXJy HENPEPhIBHO HU3MEHSIOMIUMCS MPOCTPAHCTBOM M MaTepHei, UMEIOIIe KOHKPETHBIE
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CBONMCTBA M Ka4yeCTBa. beCKOHEUHOE CIIMBAETCS, CTAHOBUTCS TOKAESCTBEHHO KOHEUHOMY B KAKOM-
TO OTPaHUYEHHOM 00BEME 3TOro OeckoHeyHoro. OuepeHON MapagoKe, KOTOPHIA, B MPUHIUIIE,
uM He sBisiercs. U, ecnu ¢ npupozoit anekTpoHa Beé 6osee-MeHee MOHITHO, TO OHATHE 3JIeK-
TPUYECKOTO TOKA OCTAETCs €€ HE OCBOCHHOU TEppUTOpHUEN. Tak 1aBalTe MONbITAEMCS TOHATH
IIPUPOLY DINEKTPUUECKOTO TOKA.

B knmaccuueckoit (pu3MKe Mo MEKTPUYECKUM TOKOM MOHMMAETCSl HAlpaBJICHHOE JIBHKe-
HUE JIEKTPOHOB OT IUII0Ca K MUHYCY. Bpoje Obl, BCE npeiebHO MPOCTO, HO, K COXKAICHHIO, 3TO
— wuto3us. UTo Takoe 3JIeKTpoH, Kiaccuueckas Gu3nka He OObICHSET, 32 UCKIIOUYEHUEM TOTO,
YTO JIEKTPOH OOBABISETCS OTPULIATEIBHO 3apsiKeHHOM yacTulieil. Ho, 4To Takoe oTpuiiaTeibHO
3apsKEHHAs YacTHIlA, HUKTO HE YJIOCYKUJICS OOBSCHUTD. B TO ke Bpemsi, 0TMEHasioCh, YTO JIEK-
TPOH 00JIaJJaeT NyalbHBIMU (ABOMCTBEHHBIMH ) CBOMCTBAMM, KaK YaCTHUIIbI, TaK U BOJHBIL. J[axke B
ATOM OIPENIEeNIEHUU CKPBIT OTBET. Eciiu Kakoif-To MaTepuanbHbIil 00bEKT 00aaeT CBOMCTBAMH,
KaK BOJIHBI, TAK X YaCTHULIBI, TO 3TO MOKET 03HAYaTh TOJILKO OJTHO — OH HE SABJISIETCA HU TEM, HU
npyruM. 1o cBoer mpupojie, yacTuiia U BOJIHA, B IPUHIUIIE, HE COBMECTUMBI U HE HYKHO COB-
MelaTh HECOBMECTHUMOE. YUTO Takoe 3JEKTPOH MBI JETANIbHO pa300palkcCh BIIIE, TO3TOMY II€-
peRAEM K CeyIOIEel YaCTH O0BSICHEHUS AIEKTPUUECKOro Toka. HanpasieHHoe 1BHKEeHHE, Ka-
3aJ10Ch OBbI, YTO MOXKET OBITH MPOILIE — JIBH)KEHHE B 33JJaHHOM HarpaBlieHud. Bcé 310 Tak, HO
CYLIECTBYET MAJICHBKOE «HO». JJIEKTPOHbI BOOOLIE HE IBUIAKOTCH B IPOBOJHUKE, 10 Kpaii-
HEW Mepe, TO, YTO IMIOHUMAIOT MO JJIEKTPOHOM. A €CJIM MPEAIIOI0KUTh, YTO OHU ABUTAIOTCS, TO
JOJKHA OBITh CKOPOCTh UX NEPEBUKEHHS B IPOBOTHUKE.

JlaBaiiTe BCHOMHUM OOBSICHEHHUE NPUPOABI TOCTOSHHOTO TOKA. DJIEKTPOHBI B IPOBOJAHUKE
pacrnpeziesieHbl HEpaBHOMEPHO B pa/iiajibHOM HalpaBICHUM, B pPE3yJIbTaTe€ Y€ro BO3HUKAET pa-
JIUAJIbHBIN IpaueHT (nepenan) jieKTpuueckoro nos. [lepenan 3eKTpuueckoro nosist MHAYIH-
pPYET MarHUTHOE MOJI€ B MEPIICHINKYJISIPHOM HAIPABIEHUH, KOTOPOE, B CBOKO OUYEPEb, NHIYIIH-
pYyeT NepneHAUKYISIPHOE IEKTpUUYEcKoe noJie U T.1. Ho, onsTh Taky, NOHATHUS AJIEKTPUIECKOTO
Y MarHUTHOTO TOJIEH BBOJATCA B BUJE NOCTYNATOB, T.€., IPUHUMAIOTCA 0€3 KaKUX-TU00 00bsIC-
HeHui. [lomydaeTcss MHTepecHas cUTyalusi, HOBbIE MOHATHUS OOBICHSIOTCS IPYTMMHU, KOTOPbIE
caMu ObUIM NPUHATHI 0€3 OOBACHEHHI M MO3TOMY, OJ00HBIE OOBSCHEHUS HE BBIACPKUBAIOT
KpuTUKHU. CTOUT TOJBKO BIyMaThCsl B 3HAUEHHUE CIIOB M KpacuBas (pa3a mpeBpaiaercs B Oec-
cmblcauiy. Ho, TeM He MeHee, eCiM 3aKpbITh Ha JTO IJ1a3a U MPOBECTH PACCYET CKOPOCTH pac-
MPOCTPAHEHHUsI MMOBEPXHOCTHOTO 3aps/ia MO COOTBETCTBYIOIIUM (OpMysaM, MOTYyYEHHBIH pe-
3yJIBTaT OKOHYATEIBHO TIOCTaBUT BCE TOUYKH HaJ «i». CKOPOCTH MOIydaeTcsi HECKOJIBKO MUJLTH-
MeTpoB B cekyHay. Kazanock Obl, Bc€ Bpoze Obl MpEeKpacHO, HO 3TO TOJBKO KaxkeTcs. Tak Kak,
MOCJIe 3aMbIKaHMSI LIENH, AJIEKTPUUECKUI TOK B HEH MOSBISETCS MTHOBEHHO, BHE 3aBUCUMOCTHU
OT TOT0, KaK JaJeKO HaXOJHUTCS WUCTOYHHMK MOCTOSHHOIO TOKA, U PE3YJIbTAThl PACUETOB CTaHO-
BATCA JIMIIEHHBIMU KaKOT0-IH00 (hr3nueckoro cMpicia. GakThl U3 peaibHOM KU3HU MOJTHOCTHIO
OTIPOBEPraroT TeopeTudecKkue 00bsicCHeHus. M, HakoHell, 4To Takoe «IUIIocy U «MuHyc»?! CHoBa
HUKaKUX 00bsACHEeHUl. B pe3ynpTaTe mMpocTOro aHaan3a, Mbl MPUIILIN K BHIBOAY, YTO OOIICYIIO-
TpeOasieMoe B PU3MKE NOHATHE JJIEKTPUUECKOI0 TOKA HE UMEET M0J] COO0N HUKaKOT0 000CHOBa-
HUS, IPYTUMHU CJIOBaMU, C CYUIECTBYIOUIUX HA JAHHBI MOMEHT MO3UIIMHA COBpeMeHHas (hu3uka
HE MOXXET O0BSICHUTH IPUPOAY AJIEKTPUUECKOro Toka. [Ipy BCEM mpu TOM, 4TO 3TO — peajgbHOe
(busnuecKoe sIBICHHE.

B uém ke nmeno, kakoBa ke, BCE-TaKu, TPUPOAa STOTO ABJICHUS?!
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JlaBaliTe monsITaeMcs MOJJOWTH K MOHUMAHUIO 3TOTO SIBIICHUSI C HECKOJIBKO JAPYrUX MO3HU-
1. BcmomamM, 9TO Si71p0 1I000T0 aTOMa BIMSET Ha CBOM MUKPOKOCMOC. TOJIBKO CTEMEeHb 3TOTO
BIIUSTHUS Y SIEp Pa3HbIX 3JIEMEHTOB, BEChbMa pazNuyHa. B ciyuae oOpa3oBaHUs U3 aTOMOB Of-
HOTI'O DJIEMEHTA WJIM MOJIEKYJI, COCTOSIIIUX U3 aTOMOB Pa3HBIX AJIEMEHTOB, KPUCTAJUIMYECKUX Pe-
ETOK, BOSHUKAET OAHOPOHAS CPEAA, B KOTOPOM BCE aTOMBI UMEIOT OJIMHAKOBBIN YPOBEHb MEP-
HoCTU. {7151 Gosee riryOOKOro MOHMMAHUS 3TOTO SBJICHUS, PACCMOTPUM MEXaHU3MBbI 00pa30Ba-
HUS MOJIEKYJI U3 OTACJIBbHBIX aTroMOB. [Ipu 3TOM, BCIIOMHHUM, YTO BOCCTAHOBJIIEHUE MCXOJHOTO
YPOBHSI MEPHOCTH MAaKpPOKOCMOCA MPOUCXOIUT MO cienytomuM npuunHam. Lllects cdep u3 ru-
OpuHBIX POpM MaTepuid, BOSHUKIINE BHYTPH HEOJHOPOJIHOCTH, KOMIIEHCUPYIOT AehOpMAaLIHIO
IPOCTPAHCTBA, BO3HUKIIIYIO B pe3yJibTaTe B3pbIBa CBEpXHOBOU. [Ipu 3TOM, rubpuanbie hopmbl
MaTepHUil yBEIMYUBAIOT YPOBEHb MEPHOCTH MaKpOIPOCTPAHCTBA B Mpejesax 00bémMa, KOTOPhIT
onu 3aHuMaroT. [Ipu mepHocTu npoctpanctBa L=3,00017 Bce popmbl MaTepuii Hatieit Beenen-
HOM y’K€ HUKAK APYT C APYIOM HE B3aUMOAECHCTBYIOT. [[pumeyaTenbHo, 4TO BCe U3ITydECHUS, U3-
BECTHBIC COBPEMEHHOM HAYKE, SIBJISIIOTCS MPOJIOJIBbHO-TIONIEPEYHBIMUA BOJIHAMH, KOTOPBIE BO3HU-
KAIOT, KaK pe3ylbTaT MUKPOCKOITMYECKUX KOJIEOAaHUH MEPHOCTH MTPOCTPAHCTBA.

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

CKOpOCTh pacrpoCTpaHEHUs STUX BOJIH MEHSIETCS, B 3aBUCUMOCTH OT YPOBHS COOCTBEHHOU
MEpHOCTH cpefibl pactipoctpanenud. Korga nznyuennst ConHia v 3B€3/1 MPOHUKAIOT B MPEIEIIbI
aTMoc(epsl IUTAHEThI, CKOPOCTh UX PAaCIPOCTPAHEHUS B 3TOH cpeie yMeHblaeTcs. Tak Kak coo-
CTBEHHBIN YPOBEHb MEPHOCTH aTMOC(EPhI MEHBIIIE COOCTBEHHOTO YPOBHSI MEPHOCTU OTKPBITOTO
IIPOCTPAHCTBA.

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

Hpyrumu ciioBaMy, CKOPOCTb PACIPOCTPAHEHUS POJA0IBHO-TIONIEPEYHBIX BOJIH 3aBUCUT OT
COOCTBEHHOT'0 YPOBHSI MEPHOCTH Cpe/ibl pacipocTpaHeHusi. UTo 0ObIMHO BbIpakaeTcs K03 hu-
LMEHTOM npenomiieHus cpeasl (Nep). IIpogonbHO-TIONEpEeYHbIE BOMHBI IPU CBOEM paclpocTpa-
HEHHMH B ITPOCTPAHCTBE MEPEHOCAT 3TO MUKPOCKONIMYECKOE BO3MyLIeHnEe MepHOCTH AL, cp. [lpn
MIPOHU3BIBAHUU UMHU Pa3HbIX MaTepUaJIbHBIX CYOCTaHIMI, MPOUCXOIUT HakjaaasiBaHue AL,cp.
Ha YPOBEHb MEPHOCTH 3TUX BEIIECTB WK cpell. BHyTpeHHee kojiebaHue MEPHOCTH, BO3HUKILIEE,
KaK pe3ysibTaT Takod HHTepdepeHUUU (CIOXKEHUS), SBISETCS KaTaJIUu3aTOpOM OOJIBIIIMHCTBA
MPOLIECCOB, MPOUCXOIAIIMUX B (PM3UUECKH MJIOTHOM MaTepuu. B cuily TOro, 4TO aTOMBbI pa3HbIX

3JIEMEHTOB MMEIOT Pa3HbIe MOAYPOBHH MEPHOCTH, OHH HE MOTYT 0OpPa30BbIBATH HOBBIC COEIHMHE-
uus (Puc. 3.3.10).
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L =28915  p——

«2.895

[Ipu pacnpocTpaHeHHH TPOAOIBHO-TIONIEPEYHBIX BOJIH B CPEAE, MUKPOCKOITMYECKOE BO3MY-
IIEHUE MEPHOCTH MMM BBI3BIBAEMOE, HEUTPATU3YET pa3Iudus 3HAUCHUNU YPOBHEW COOCTBEHHOM
MEPHOCTH pa3HbIX aTOMOB. [Ipu 3TOM, 371€KTpOHHBIE 000I0YKH ITUX ATOMOB CIMBAIOTCS B OJHY,
o0pa3yst HOBO€ XUMHUYECKOE COETUHEHUE, HOBYIO MOJIEKYTY. ATOMBI MOXHO CPAaBHUTh C MOILJIAB-
KaMU Ha TOBEPXHOCTU BOABL lIpomonpHO-mONEpEeYHbIE BOJMHBI MOAHUMAIOT U OMYCKAKOT Ha
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CBOUX TPEOHSX «IOTIABKH»-aTOMBI, TEM CaAMbIM, H3MEHSISI YPOBEHb UX COOCTBEHHOM MEPHOCTH
U cO3/1aBasi BOBMOKHOCTh HOBBIX COeIMHEHUH. [[puHIMNHANIBHO BaXKHBI JJIsl peaiu3allud CUH-
Te3a CJICIYIONIUE MapaMeTPhl MPOIOTHHO-TIONEPEYHBIX BOJIH: aMIUIATY/AAa W JUTMHA BOJHBI (A).
Ecnu paccrosiHre Mex1y aTOMaM COM3MEPUMO C NIMHOW BOJIHBI, TPOUCXOAUT B3aUMOICUCTBUE
MEXy COOCTBEHHON MEPHOCTHIO ATUX aTOMOB U MEPHOCTBIO BOJHBI. BiustHUE OTHOM U TOM ke
BOJIHBI HA YPOBHU MEPHOCTH Pa3HBIX aTOMOB — HEOJAMHAKOBO. MEpPHOCTh OJTHUX aTOMOB YBEJIH-
YUBAETCS, a IPYTUX — YMEHbIIIAETCS UM 0CTa€TCs TOH xke. IMEHHO 3TO ¥ MPUBOIUT K HEOOXO-
JUMOMY JUIsl CIIUSIHUSL aTOMOB Oanancy mepHocteit (Puc. 3.3.11).

-Cmism
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Ecnun ke nymvHa BOJHBI 3HAYMTEIBHO IPEBBIIAET PACCTOSHUE MEXIAY aTOMaMH, TO IIPU
ATOM, PAa3JU4Yue YPOBHEM MEPHOCTEM aTOMOB COXPAHSIETCS WM WU3MEHSAETCS HE3HAYMTEIIBHO.
[IporcxoAUT CHHXPOHHOE U3MEHEHHE YPOBHEN COOCTBEHHON MEPHOCTH BCEX aTOMOB, U M3HA-
YJaJIbHOE KAYECTBEHHOE Pa3jiuiKhe YPOBHEH MEPHOCTEN aTOMOB COXpaHAETCA. AMIUIUTY1a BOJIH
ONpENEIIAET BEIMYMHY N3MEHEHUS MEPHOCTH ITPOCTPAHCTBA, BBI3BIBAEMYIO 3TUMHU BOJIHAMH IIPU
UX PacIpOCTPAHEHUH B JAHHOU cpene. Pasnnune ypoBHEN MEPHOCTEN MEXIY PA3HBIMUA aTOMaMU
TpeOyeT pa3aMuHOIO YPOBHSI BIMSAHUA HA HUX. IMEHHO aMIIMTy/1a 1 BBINOIHSET 3Ty (PyHKLINIO
IIPY PacIpOCTPaHEHUH BOJIH B cpelie. BennunHa pacCTOSHMS MEKy aTOMaMU B JKHUJIKUX U TBEP-
JIBIX CPEJIAax JIEKHUT B Auanasone 3Hauenuii ot 1070 1o 10® merpa. IMeHHO m03TOMY CIIEKTp BOJIH
OT ylbTPa(UOIETOBBIX O MHPPAKPACHBIX MOIJIOMAETCS U U3JIy4aeTCs IPU XUMUYECKUX peak-
USIX B )KUJKHUX cpenax. J[pyrumu cioBamu, Py COEAMHEHNN aTOMOB B HOBOM IIOPSIJIKE, IIPOUC-
XOJUT BBIJCIECHNUE WM MOTJIOIIEHUE TEIIa WM BUIUMOTIO CBETa (3K30TEPMUUECKUE U SHI0TEP-
MUYECKHE PEaKIUH), TaK KaK TOJBKO 3TH BOJIHBI OTBEUaAIOT TpeOyeMbIM ycinoBusiM. Utak, mpo-
J0JIbHO-TIOTIEPEYHBIEC BOJIHBI, OT HH(PPAKPACHBIX JO raMMa, SIBJIIIOTCSI MUKPOCKOIUYECKUMHU KO-
ne0aHusIMU MEPHOCTH, BO3HUKIIMMU TIPHU TEPMOSIACPHBIX U SAEPHBIX pEaKIUAX. AMIUIATYAA
BOJIH, YYaCTBYIOIIUX B XUMUYECKUX PEAKLIMX, OTIPEIEIIACTCS BEIMYNHON Pa3HULIBI MEKY YPOB-
HAMHM MEPHOCTEN aTOMOB JI0 Hayaja PEaKkIuy U aTOMOB, BOSHUKILIHX B PE3YJIbTATE 3TOU PEAKLIAH.
N He cny4daitHo, U3IydeHUE TPOUCXOAUT NOPHUIMHU (KBaHTaMM ). Kaxaplil KBAaHT U3Ty4EHUS SIB-
JsieTCs pe3yabTaTOM €AMHUYHOTO Mpoliecca npeodpa3zoBanus aroMa. [losTomy, mpu 3aBepiiieHun
3TOrO IMpoliecca, MPEKpaLaeTcsl U TeHepalus BoJH. BeIOpoc u3ydeHuit NpoucXoauT B MUJLIH-
apJHble 101M ceKyH/bl. COOTBETCTBEHHO, U3TyUYEHHUs MOIJIOMIAIOTCS TaKKe KBaHTaMH (TIOpIH-
SIMH).

A Temnepp, pacCCMOTPUM KpUCTalIMueckue pemérku. Kpucrammueckue peméTku oopasy-
IOTCS U3 @aTOMOB OJTHOT'O U TOT'0 YK€ DJIEMEHTA WU U3 OIMHAKOBBIX MOJIEKYJI. [loaTOMy BCe aTOMBI,
oOpa3ymollye KpUCTAUNINYECKYIO PEIIETKY, UMEIOT OJMHAKOBBIA YPOBEHb COOCTBEHHOW MEpPHO-
ctu. [Ipuuém, nis kaxa0i KpUCTALTMYECKON pEeIIETKH YPOBEHb COOCTBEHHON MEpHOCTU OyIeT
cBoii. Bo3pMéEM JBa MeTaiIa, UMEIOIINE pa3IudHbie ypoBHU MepHOCTH (Puc. 3.3.12).
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OHu npeAcTaBiIsIOT cOOOM JBe KAUECTBEHHO pa3HbIE€ CPE/ibl, O-Pa3sHOMY BIUSIOIIME HA
OKpY’Karollee TpoCTPpaHCTBO. Eciii OHM HUKAK JPYyT ¢ APYrOM HE B3aWUMOJECUCTBYIOT, HUKAKHUX
HEOOBIYHBIX SIBJICHUN He HaOmogaeTcss. Ho, CTOMT UM TOJIBKO BCTYNUTH B HEMOCPEICTBEHHOE
B3aMMO/JICHCTBHUE, KAK MOSBIIAIOTCA KAYECTBEHHO HOBBIE SIBJIEHUA. B 30HE CTBIKOBaHUS KPUCTaJ-
JTUYECKUX PEMIETOK C Pa3HBIMHU YPOBHIMU COOCTBEHHON MEPHOCTH, BO3HUKAET TOPU30HTATHHBIN
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nepenaj (rpaJleHT) MEPHOCTH, HANpaBICHHBIA OT KPUCTAUIMYECKOW PEIETKH C OOJbLINM
YpOBHEM COOCTBEHHON MEPHOCTH K KPUCTAJUIMYECKOH PEIIETKE C MEHBIITUM YPOBHEM COOCTBEH-
HOI MepHOCTU. Tenepb, NOMECTHM MEXIY IUIACTUHAMHU U3 3TUX MAaTEpPHANIOB KUIKYIO CPELy,
HACBIIICHHYIO MOJOKUTEIbHBIMU U OTPULATEIBHBIMA HOHAMH. B KUAKON cpene MOJIEKYJIbl U
MOHBI HE UMEIOT KECTKOIO MOJIOKEHU U HAXOAATCS B MOCTOSSHHOM XaO0TUYHOM JIBMOKEHHUH, TaK
Ha3bIBaeMOM, OpoyHOBCKOM. [1o3ToMy Mo BO3/ielCTBHEM TOPU30HTANIBHOTO MEepenaaa MepHo-
CTH MOHBI HAYMHAIOT JIBUTaTbCs yHnopsnodeHo. [1010KUTenbHO 3apsiKeHHbIE HOHBI HAUMHAKOT
JBUTAThCA K IJIACTHHE C OONBIIMM YPOBHEM COOCTBEHHOM MEPHOCTH, B TO BpeMsl, KaK OTpHIa-

TEJILHO 3apsKEHHbIE MOHBI — K IJIACTUHE C MEHBIINM YpOBHEM cOOCTBeHHOU MepHOcTH (Puc.
3.3.13).
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[Ipu »TOM, MPOUCXOAUT MEpEpACHPEICICHHE HOHOB B KUJIKOUW cpejie, B Pe3yiabTaTe Yero,
Ha MJIACTUHAX MPOUCXOAUT HAKAMIMBAHUE TTOJIOKUTEIbHBIX U OTPULIATENbHBIX HOHOB. [1on0xH1-
TEJIbHbIC UOHBI, IPU CBOUX CTOJIKHOBEHUSIX C MJIACTUHOM, 3aXBaThIBAIOT U3 aTOMOB KPUCTAJIIH-
YECKOM PEIIETKHU IJIACTUHBI SJIEKTPOHBI, CTAHOBSCh, IPU 3TOM, HEUTPAIIBHBIMU aTOMaMH, KOTO-
pble HAUMHAIOT OCEaTh HA CAMOM TIACTUHE, B TO BpPEMsl, KaK B CaMOH IJIACTUHE BO3HUKAET HE-
JOCTATOK 3JIEKTPOHOB. [Ipruém, «0omMOapaupoBKe» MOIOKUTENBLHBIMU HOHAMU TUIACTUHA Oy1E€T
MOJIBEPraThCs MOCTOSTHHO U MO BCEW MOBEPXHOCTH. Tak Kak, MpH BCEM IIPU ITOM, MEpENa Mep-
HOCTU MEXKIY JIByMs IJIACTUHAMH MPOJOJKAET COXPAHATHCS U MOHBI M3 KUJKOW Cpelibl, MO
BO3JICKCTBHEM ATOTO Ieperaia, IpruoOpeTaloT HAalIPaBJICHHOE ABMKEHHUE. Xa0THUECKHM ITPOIIece
CTOJIKHOBEHHI MOJICKYJI M1 HMOHOB YHJKOU Cpelibl MEX Iy cO00M, mpruoOpeTaeT KayeCTBEHHO HO-
BBIN XapakTep. [BukeHre HOHOB ¥ MOJIEKYJI CTAHOBUTCSA HarpaBieHHBIM. [Ipu 3TOM, TOBEICHUE
MOJIOKUTENIBHBIX M OTPHUIIATEIbHBIX HOHOB Oy/ET Pa3IMUHBIM IO/ BO3JEHCTBUEM CYIIIECTBYIO-
IIEro IMepernajga MEPHOCTH MEXY IIacTUHAMU. ['OpH30HTaIbHBIN Meperna] MEPHOCTH CO3/1aET
YCJIOBUS, NPU KOTOPBIX, MOJOKUTEIbHBIE MOHBI JOJLKHBI JIBUTAThCSl MPOTUB IEpernajaa, B TO
BpeMsi, KaK OTpUIlaTeIbHbIE HOHBI — BJIOJIb ATOTO Tepenaga MepHOCTU. [10710KUTENbHBIE HOHBI
BBIHYKJICHBI IBUTAThCSl «IIPOTUB TEUEHUS», B TO BPEMS KaK OTPHUIIATEIbHbBIC 110 TEUEHUIO». B
pe3yabTare 3TOr0 CKOPOCTh JABUKEHHUSI, a CJIEIOBATEIIbHO SHEPTrUs IMOJOXKHUTEIbHBIX HOHOB
YMEHBIIIACTCS, @ OTPULIATEIIbHBIX HOHOB — YBEIMYMBACTCS. Y CKOPEHHBIE MOI00HBIM 00pa3oM
OTpHUIIATEIbHBIE UOHBI, IPU CTOJIKHOBEHHUH C KPUCTAITUYECKOU PEIIETKOM, TEPSIIOT N30BITOUHbBIC
AJIEKTPOHBI, CTAHOBSICH HEUTpaIbHBIMU atoMaMu. Kpucramnuueckas pemeTka, mpu 3TOM, IpU-
obpeTaeT NOMOIHUTEIbHBIE ACKTPOHBI. Y eciu Terepb, COSMHUTh MEXIy COOOH ITH JIBE IIa-
CTHHBI C Pa3HBIMH YPOBHSIMHU COOCTBEHHON MEPHOCTH MOCPEIACTBOM MPOBOJIA U3 COBMECTHUMOTO
C HUMH MaTepuasa, TO B OCIeAHEM (ITPOBOJIC) BOSHUKHET, TaK Ha3bIBAEMBbIN, TOCTOSHHBIN AJICK-
TPUUYECKHUI TOK — HAIMPABJICHHOE JBMKEHUE DJICKTPOHOB OT ILUIKOCA K MUHYCY, TJI€ TIII0C — I1J1a-
CTHHA, UMeIoIIas OONbIINI YPOBEHb COOCTBEHHON MEPHOCTH, & MUHYC — IIJIACTUHA UMEIOITas
MEHBIIINI YpOBEHb COOCTBEHHOU MepHOCTHU. W ecnu npo0JKUTh JaHHBIA aHau3, TO Mepernal
MOTEHIIMAJIOB MEXY TUIACTUHAMU €CTh HM YTO MHOE, KaK Iepernaji ypoBHEH COOCTBEHHON Mep-
HOCTH KPUCTAUIMYECKUX PEIIETOK ATHX IUIACTUH. B pe3ynbTaTe aHanmsa 3TOro mnpouecca, Mbl
MPUIUIN K IOHUMAHUIO PUPO/IbI OCTOSTHHOTO TOKA.

J1J1st HOHUMaHUS IPUPOIbI ABUKEHUS 3JIEKTPOHOB B MPOBOIHUKE, HEOOXOAUMO YETKO OIpe-
JENUTHCS C PUPOJIO MarHuTHOTO B 1 3nextpuyeckoro E moneit. [Tpupoaa rpaBuTaiimoHHOrO
10JIs1 JTIOOOT0 MaTeEpUaIBbHOIO OOBEKTA ONPENEIAETCS NEPENAOM MEPHOCTH B 30HE HEOAHOPO/-
HOCTHU, B KOTOPOM MPOM30LIEN ITpoliecc 00pa3oBaHus JaHHOIO MaTepHaibHOro o0bekTa. U B ciry-
yae oOpa30BaHMsl TUIaHEThl, U3HAYAJIbHOW MPUYMHON BOZHUKHOBEHUS NIOJIOOHOTO MCKPUBJICHHUS
IIPOCTPAHCTBA IOCIIYXKUJI B3pbIB CBEPXHOBOM 3Be37bl. Ilepenan MepHOCTH HampasiieH OT Kpacs
30HBI HEOJTHOPOJHOCTH MTPOCTPAHCTBA K €€ LIEHTPY, YeM U 00BACHSETCS HAPaBJICHHOCTh IPaBu-
TAIMOHHOTO TOJISl K LIEHTPY IUIaHEThI WM JII0OOT0 APYyroro MaTepuaibHOro oobekTa. B cuiy
TOT0, 4TO Je(opMaIisl MPOCTPAHCTBA MO-PA3HOMY ITPOSBIIETCS BHYTPH 30HBI HEOJHOPOIHOCTH,
MIPOUCXOJIUT CUHTE3 aTOMOB PA3HBIX JIEMEHTOB U, KOTAa JaHHBIN MPOLECC TPOUCXOAUT B MaC-
mTade Bcel MIIaHeThl, MPOMCXOIUT pacipeiesieHue BEIIeCTBa M0 MPUHIUIY YPOBHS COOCTBEH-
HOM MEpHOCTU. UTO 03HAa4YaeT pacupeecHUe BEIECTBA IIJIAHETHI 110 30HaM, I€ JAHHOE Bellle-
CTBO MAaKCUMaJIbHO CTaOMJIbHO. DTO HE 03HAYAET, YTO aTOMbI C OTJIMYHBIMH OT ONTHUMAJIBLHOTO
3HAYEHUSMH COOCTBEHHON MEPHOCTH HE MOTYT CHHTE3UPOBAThCS B MPEJENax JAaHHOTO 00bEMa C
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KOHKPETHBIM 3HAUEHHUEM MEPHOCTH IPOCTPAHCTBA. DTO 03HAYAET TOJIBKO OJHO, UTO ATOMBI, HME-
IOLI[E YPOBEHb COOCTBEHHOM MEPHOCTH BBIIIE YPOBHS MEPHOCTH 00BEMA MPOCTPAHCTBA B KOTO-
POM IPOU30IIEN ATOT CUHTE3, CTAHOBSITCS HEYCTOMYHUBBIMH U BHOBb PacIaJJaloTCs Ha IEPBUYHBIC
MaTepuu, U3 KOTOPBIX OHHU chopMuUpoBainch. 1 yem Oonblie pa3HUIla MEXAY YPOBHEM COO-
CTBEHHON MEpPHOCTH 00pa30BaBIIErOCs aTOMa U YPOBHEM MEPHOCTH MPOCTPAHCTBA, B KOTOPOM
ATOT CUHTE3 MPOU30IIEI, TEM ObICTpEN MPOU30UAET pacmaj 3Toro aroMa. IMeHHO mo3TOMy Ipo-
UCXOJUT €CTECTBEHHOE IepepacipeieIeHue aTOMOB, a CJIEJ0BATENIbHO U BEUIECTBA BHYTPHU 30HbI
HEOJIHOPOJHOCTH TUIaHeThl. UMEHHO m03TOMY MPOUCXOIUT (GOPMHUPOBAHKE TOBEPXHOCTH IIa-
HETHI B TOM BHJI€, K KOTOPOMY MbI MPUBBIKIIA C CAMOT'O POKIEHUS U BOCIIPUHUMAEM, KaK JIOJK-
Hoe. HeoOxoauMo uMeTh B BUAY, YTO JIFOOOM aTOM MMEET HEKOTOPBIN Juamna3oH, B Mpeaeiiax
KOTOPOTO OH COXPaHSIET CBOIO YCTOMYMBOCTbD, a4 3TO 03HAYAET, YTO BEIIECTBO, 00Opa30BaHHOE U3
ATUX aTOMOB, TOXe OyZeT YCTOMUMBO B Mpeieiax 3Toro Auana3zoHa. TBEpas MOBEPXHOCTH MJia-
HETBI MPOCTO MOBTOPSIET (POPMY 30HBI HEOJHOPOAHOCTH MPOCTPAHCTBA, B Mpeaeiax KOTOPOH,
TBEP/I0€ BEILIECTBO YCTOMYHMBO, OKEAHBI, MOPS 3aIOIHSIOT BIIAJUHBI, U aTMOC(hepa OKpyKaeT BCE
sT0. Takum oOpa3zom arMoc(epa pacnosiaraeTcsi B BEpXHEH rpaHuIle JUana3oHa yCTOMYUBOCTU
(M3MYECKH TUIOTHOTO BELIECTBA, B TO BPEMsl, KaKk COOCTBEHHO IJIAHETa, HAXOJUTCS B CpEIHEN U
HIKHENW YacTH DTOTO JUarna3oHa...

A Teniepp, 1aBanTe BEPHEMCS HA yPOBEHb MUKPOMHPA U MOIBITAEMCS IIOHATH IPUPOLY Mar-
HUTHOTO U 3JIEKTPUYECKOro MoJieid. PaccMOTpUM KpHUCTAIUIMYECKYIO PEMIETKY, 00pa30BaHHYIO
aTOMaMH OJIHOTO U TOTO € DJIEMEHTA WJIM aTOMaMHU HECKOJIbKUX dneMeHToB (Puc. 3.3.14).
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B tBEpIOM BelecTBe coceTHIUE aTOMBI CMBIKAIOTCS CBOUMU 3JIEKTPOHHBIMUA 000JI0YKaMU
1 00pa3yloT KECTKYIO CUCTEMY, @ 3TO 03HAYAET, YTO UCKPUBIICHUSI MUKPOIIPOCTPAHCTBA, BBI3BAH-
HBIE AIPOM OJIHOI'O aTOMa, CMBIKAIOTCSI ¢ ICKPUBJIEHUSIMU MUKPOIIPOCTPAHCTBA COCEAHETO U T. .
U 00pa3yloT MeXIy coOOM eANHYIO0 CUCTEMY MCKPUBIECHUS MUKPOIPOCTPAHCTBA JIJIsl BCEX aTo-
MOB, COMKHYBIIIHMXCSI MEXIY c000i 1 00pa3yolux, TaKk Ha3bIBaeMble, JOMEHBI. «CBS3aHHbIE)
10I00HBIM 00pa30M, aTOMBI CO3JIAI0OT EIMHYIO0 CHCTEMY, COCTOSIIIYIO U3 COTEH ThICAY MUJJIMOHOB
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aToMOB. Bce aToMbl, BXOAIIIHE B 3Ty CUCTEMY, UMEIOT OJIMHAKOBBIN ypOBEHb COOCTBEHHOI Mep-
HOCTHU, KOTOPBIil, B OOJIBIIMHCTBE CIy4YaeB, OTINYAECTCA OT YPOBHS MEPHOCTH MUKPOIPOCTPaH-
CTBa, B KOTOPOM HaXOJUTCS 3Ta CUCTEMA aTOMOB. B pe3yiibrare, BOSHUKAET IEPEIal MEPHOCTH,
HAIIPaBJICHHBIM IIPOTUB II€penasa MEpHOCTH MakponpocTpancTBa. GopmMupyercs 30Ha B3anMO-
JNEUCTBUSA MEXKAY MUKPOIIPOCTPAHCTBOM M MAaKpOIIPOCTPAHCTBOM. BCTpeuHBIN nepernan MepHO-
CTH MOJOOHBIX CHCTEM aTOMOB IPHUBOJIUT K KOMIIEHCALIMH JIe(popMauu MEPHOCTA MaKpOIpPO-
CTPaHCTBa, B KOTOPOM IIPOMCXOAMUT CUHTE3 (pU3MUECKH IIIOTHOTO BeuecTBa. [Ipu 3aBepiienun
Ipolecca CUHTE3a BEIIECTBA, B 30HE AeQOopMaIiii MEPHOCTH MaKpOIIPOCTPAHCTBA IPOUCXOAUT
B3aMMHas HeWTpanuzauus — JedopManusi MEPHOCTH MAaKpOIPOCTPAaHCTBA HEUTpaiu3yercs
BCTPEYHBIMU JieopMalusiMU MHUKporipocTpaHcTBa. [IpuuéMm, nedopmanmss MepHOCTH Makpo-
IPOCTPAHCTBA B (PU3UKE MOIYUHIIO HA3BAHUE TPABUTALIMOHHOIO IOJIsI, B TO BPEMsI, KaK BCTpe-
Has JedopMaiusi MUKpOIPOCTPAHCTBA, CO3aHHAsl CUCTEMOM U3 aTOMOB JOMEHOB CO3JIAET, TaK
Ha3bIBAEMOE, MAarHUTHOE T0JIE JOMEHA, HA YPOBHE OJHOTO JOMEHA U MAarHUTHOE IOJIE TUIAHETHI,
Ha YPOBHE IIJIaHETHI.

MarHuTHOE NOJ€E TUIAHETHI BO3HUKAET, KAK COBOKYITHOCTh MATHUTHBIX ITOJIEM BCEX JTOME-
HOB, CYLIECTBYIOIIMX B (PU3UYECKH INIOTHOM BEILIECTBE IUIAHETHI B 11€JI0M. COBOKYITHOE MarHUT-
HOE T0JIE€ TJIAHETHl — Ha MOPSAAKH MEHBIIIE TPABUTAMOHHOTO IOJIS IUIAHETHI TOJIBKO MO OJHOU
IIPOCTON MPUYHHE — MHUPHUAJIBI MUKPOCKOITMYECKUX MATHUTHBIX ITOJIEN JOMEHOB BCEU TUIAHETHI
OPUEHTUPOBAHHBI XA0THUYHO APYr OTHOCUTEIBHO JApPyra M TOJIBKO HE3HAUMTENbHAS UX YacTh
COPUEHTUPOBAHBI MapAJLICIBHO OTHOCUTENIBHO IPYr ApPYyra U COXPAaHSIOT CBOK HaMarHW4eH-
HOCTb, CO3/1aBasi MarHUTHOE MoJie miaHeTsl. [Ipuuém, noMeHbl 00pa3oBaHHBIE Pa3HBIMHU aToO-
MaMu, 00JIaJal0T U Pa3HOW CTENEHbI0 HaMarHUYHMYEHHOCTH. HaMarunueHHoCTh onpesensercs
CIIOCOOHOCTBIO JAHHOTO JIOMEHA COXPaHSATh ONPEACIEHHYIO HAallPaBIE€HHOCTh MATHUTHOTO MOJIS
JOMEHa U B (PU3UKE ONpEeNesaeTcs IUIONIA/bl0 METIN TUcTepe3nca. MakcumanbHO CBOWMCTBA
HaMarHWYUBaHUS TPOSIBIAIOTCS y KeJie3a, COHACTPOCHHOCTh JOMEHOB KOTOPOTO B MaciiTade
IJIaHEeThl U (POPMUPYET B OCHOBHOM MAarHMTHOE MOJIE IU1aHeThl. IMEHHO 1Mo 3TOW NpUYMHE aHO-
MAaJIbHBIC 3aJICKU KEJIE30COACPKALIUX Py CO3AA0T MAarHUTHBIE AHOMAJIMU — JIOKAJIBHBIE BO3-
MYLIEHUS. MAarHUTHOTO TIOJISI TUTAHETHI B IIPEAENIAX JaHHBIX aHOMAJIUM.

Teneps, naBaiiTe pazdoepéMcs, Kakoe BIUSHUEC MAarHUTHOE TOJIE — BCTPEYHBIA TEpernas
MEPHOCTH ITPOCTPAHCTBA — OKAa3bIBACT HA CAMU aTOMBI, ero rmopoxaarontue. [Ipu Hanmuun mar-
HUTHOTO TTOJISL, 3JIEKTPOHBI aTOMOB CTAHOBATCS 00JIee HEYCTOMYMBBIMH, YTO B 3HAUUTEITHHOM CTE-
MIEHU YBEJIMYMNBAET BO3MOXXHOCTH UX MEPEX0/Ia HE TOJBKO Ha BHICIIINE OPOUTHI OJTHOTO M TOTO JKE
aToMa, HO ¥ BO3MOXXHOCTh ITOJTHOTO pacIiajia AJIeKTPOHa Y OJTHOTO aTOMa U CHHTE3 €ro y APYroro.
AHaJIOTUYHBIC TIPOIIECCCHI MMPOUCXOIAT, IIPH MOTJIOIEHUH aTOMOM BOJIH; OTJIMYHE 3aKITFOYASTCS
JUIIH B TOM, YTO IOTJIOIICHNE BOJTH (DOTOHOB IIPOMCXOIUT KaXKJIbIM aTOMOM B OTJCIIBHOCTH, B
TO BpeMsl, KaK, MOJ BO3/IEHCTBUEM MarHUTHOTO TOJISI B BO30YKIEHHOM COCTOSTHUU OJTHOBpE-
MEHHO OKa3bIBAIOTCSI MIJIJTUAP,IbI aTOMOB OJTHOBPEMEHHO, 0€3 KaKOT0-T100 CYIIIECTBEHHOTO U3~
MeHEeHHs ux arperataoro cocrostaus (Puc. 3.3.15).
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[Ipu HamMuuu NpPOAOIBLHOTO Mepernaga MEPHOCTH, HA3bIBAEMOT'O MMOCTOSTHHBIM 3JIEKTpUYe-
CKHM I10JIEM, BHEILIHUE 3JIEKTPOHBI aTOMOB, CTaBILIME HEYCTOMYMBBIMU 10| BO3ACHCTBUEM MOTIE-
PEYHOro Nepernaia MepHOCTH, Ha3bIBAEMOT0 MOCTOSIHHBIM MATHUTHBIM 110J1€M, HAUMHAIOT pac-
najaTbcs Ha MaTEPUU UX 00pa3yrolue U, Mo BO3EHCTBIEM MTPOJOIBHOTO TIepernaga MEpHOCTH,
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HAYMHAIOT JBUTATHCA BJIOJb KPUCTAIUIMUECKOM PEIIETKH OT OOJIBIIETO YPOBHS MEPHOCTH, Ha3bI-
BaeMOT0 ITFOCOM, K MEHBIIIEMY YPOBHIO MEPHOCTH, Ha3biBaeMoro munycom (Puc. 3.3.16).
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[IpononbHBIA NOTOK NEPBUYHBIX MATEpUi, BHICBOOOJMBIIMXCS MPU PACMajie BHEITHUX
AJIIEKTPOHOB OJJTHUX aTOMOB, IOMAJ1asi B pACIOJI0KEHUE IPYTUX ATOMOB C MEHBILIUM YPOBHEM COO-
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CTBEHHOW MEPHOCTH, BBI3BIBAET y 3THX aTOMOB CHHTE3 AJIEKTPOHOB. JpyrUMH CIOBaMH, dJIEK-
TPOHBI «MCYE3AI0T» Y OJJHUX aTOMOB M «IOABIAIOTCA» y Apyrux. [Ipuuém, 3To nponcxoaur on-
HOBPEMEHHO C MUJUIMOHAMU aTOMOB OJIHOBPEMEHHO M B ONPENEIEHHOM HalpaBlieHHH. B Tak
Ha3bIBAEMOM, IIPOBOJHUKE BO3HUKAET ITOCTOSTHHBIN JIEKTPUYECKANA TOK — HAIPABJICHHOE JIBU-
KEHUE IEKTPOHOB OT ILUII0CA K MUHYCY. TOJIBKO, B IPEAJIOKEHHOM BapUaHTE OOBSICHEHUS, CTa-
HOBHUTCS NPEIEIBHO SICHO, YTO TAKOE HAIIPABICHHOE JBMKEHHE, YTO TAKOE «IUTIOC» U «MHUHYC»
1, HAKOHEI, YTO TaKOE€ «3JIEKTPOH». Bce 3TH MOHATHS HUKOT1a HE OOBSCHSUIUCH U IPUHUMAJINCh,
KaK J0JbKHOE. ToJIbKO, YTOOBI ObITh IPENEIbHO TOYHBIM, CIEIYET TOBOPUTH HE O «HAIIPABJICH-
HOM JIBUKEHUU JJIEKTPOHOB OT IUIFOCA K MUHYCY», & O HAIIPAaBJIICHHOM IIEpEPacpeIeICHUH IIEK-
TPOHOB BJI0JIb IPOBOJAHMKA.

Kak crasno sicHO U3 BBIIIEU3I0KEHHOTO OOBSICHEHUS, SJIEKTPOHBI HE JBUKYTCS BJOJIb MPO-
BOJHHMKA, OHU MCYE3al0T B OJHOM MECTE, TJIe YPOBEHb COOCTBEHHOW MEPHOCTH aTOMOB CTaHO-
BUTHCSI KDUTHYECKHUM JIJIS1 CYILIECTBOBAHMSI BHEIIHUX 3JIEKTPOHOB M 00pa3yrOTCsl y aTOMOB, Y KO-
TOPBIX BBIMOJHAIOTCS HEOOXOAUMBIE JUIsl ATOro yciaoBus. [IpoucxoauT nemarepunuzanus 3JeK-
TPOHOB B OJHOM MECTE€ M Marepuanu3auus ux B ApyroM. [logoOHBI mpolecc NpoucXoauT B
MPUPOE MOCTOSHHO, XAOTUYHO U MO3TOMY CTAHOBUTCSA HAOIIOJAEMBIM TOJIBKO B CIIy4ae YIpaB-
JIEHUSI 3TUM IPOLIECCOM, YTO U OCYLIECTBIIIETCS IIPU UCKYCCTBEHHOM CO3/IaHUM HAIIPABICHHOTO
nepenaaa MEPHOCTH BAOJb IPOBOJHUKA. XOTEIOCh Obl OTMETUTH, YTO IPUUNHAMU IPOSBIICHHUS,
KaK MarHUTHOTO TIOJISA, TaK U 3JIEKTPUUYECKOTO, SIBISIOTCA Nepenaabl MEPHOCTH (TPaUEeHTHI Mep-
HOCTH) MPOCTPAHCTBA, KOTOPBIE MPUHLMINAIBHO HE OTJIMYAIOTCS APYT OT Apyra. Kak B onHOM
Cly4dae, TaK ¥ B IPYrOM 3TO Iepenas MEPHOCTA MEXAY ABYMsI TOUKAMU IPOCTPAHCTBA, UMEIO-
IIUMHU, 110 TOW UM UHOU MTPUYMHE, Pa3HbIe YPOBHU COOCTBEHHON MEpHOCTHU. Paznuyne B mposiB-
JICHUH 3THUX IE€penaioB 00YCIOBIEHO TOIBKO UX MPOCTPAHCTBEHHOW OPUEHTUPOBKOM 10 OTHO-
LIEHUIO K KPUCTAJUIMYECKOMN pelI€TKe. B3anMoneprneHiuKyIsipHOCTh ABYX IIEPENa 0B MEPHOCTH
OTHOCHUTEJIBHO, TaK Ha3bIBAEMOW, OIITUYECKON OCU KPUCTAJLIA, IPUBOAUT K KAUECTBEHHOMY OT-
JUYUIO PEAKIMM KaKJIOr0 aTOMa Ha dTH Nepenaabl MEPHOCTH IIPHU IMTOJTHOM TOXKIECTBEHHOCTHU
MIPUPOJIBI CAMHX IEPENAanOB. AHU30TPONTHOCTh KAUECTBEHHON CTPYKTYPBI, KAK MAaKpOIIPOCTPAH-
CTBAa, TAK U MUKPOIIPOCTPAHCTBA MIPUBOJAUT K KQUECTBEHHO JIPYTHM PEAKIUAM MaTEpPUU, 3aI0JI-
HAIOLIEH 3TH NMPOCTPAHCTBA, KaK HA YPOBHE MAKPONPOCTPAHCTBA, TAK U HA YPOBHE MUKPOIIPO-
CTpPaHCTBA.

[Tonumanue npupoabl NIOCTOSIHHOTO MATHUTHOTO U JIEKTPUUECKOTO MOJIeH U TPUPOJIBI UX
BJIMSIHUSI HA KaU€CTBEHHOE COCTOSIHUE (PM3UYECKH TJIOTHOW MATEPUU MO3BOJISIET MOHATH U MPH-
pOAy MEPEMEHHOTO 3JIEKTPOMArHuTHOTO noJist. [lepemMeHHOe MarHuTHOE T0JIE€ BIMSIET HA OJIMH U
TOT € aTOM TO-pa3HOMY, B pa3HBIX (pa3zax CBOEro KayeCTBEHHOTO cocTosiHus. [Ipu HyneBoi
HanpsHKEHHOCTH MEPEMEHHOTO MAarHUTHOTO MOJIs, ECTECTBEHHO, BIIMSHUE HA KAUECTBEHHOE CO-
CTOSIHUE aTOMOB KPUCTAJUIMYECKON PEIIETKU paBHO HYIIO. [Ipu NpoxokaeHun 4yepe3 KpucTa-
JUYECKYIO PEHIETKY YCIOBHO MOJIOKUTEIHHOM (Da3bl HAPSHKEHHOCTH MIEPEMEHHOTO MAarHUTHOTO
MOJIs1, KOKJIBIA aTOM HAYMHAET TEPSATHh CBOM BHEIIHUE AJIEKTPOHBI BCIAEIACTBUE TOTO, YTO JIOMOJI-
HUTEJIbHOE BHEITHEE BO3JEHCTBHE Tepernajga MEPHOCTH BIIMSET Ha KaueCTBEHHOE COCTOSTHUE
AJIEKTPOHHBIX 000JI0YEK aTOMOB, HE BJIMSIS CYIIECTBEHHO HA KAU€CTBEHHOE COCTOSTHUE ATOMHBIX
snaep. B pe3ynbTaTe 3T0ro, HEKOTOPhIE BHEITHUE JIEKTPOHBI CTAHOBSITCS HEYCTOMUHMBBIMU U Pac-
MaJlaloTCcs Ha MaTepuu, ux obOpasyrwomue. [Ipu nNpoxokaeHuu yCJIOBHO OTPUIATEILHON (hasbl
HaMpsSHKEHHOCTH TIEPEMEHHOTO MAarHUTHOTO TOJIE HA00OPOT CO3/JAr0TCSl YCJIOBHS JUIsl CUHTE3a
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AIIEKTPOHOB B 30HAX Je(OopMalid MUKPOIIPOCTPAHCTBA, CO3JaHHBIX TOJT BO3/ICHCTBHEM aTOM-
HBIX siiep. [loaToMy, Tpu MPOXOKACHUH BOJTHBI IEPEMEHHOTO MarHUTHOTO TIOJIS Ye€Pe3 KPUCTAII-
JUYECKYIO PEMIETKY BO3HUKACT JIFOOOMBITHAS KapTUHA. Eciii y JaHHOTO aToMa WJIH aTOMOB TIO]T
BO3JICHCTBHEM MAarHUTHOTO TIOJISI BHEITHUE AJICKTPOHBI CTAIM HEYCTOWYMBBIMHU U PaCHaINCh Ha
MaTepuu UX 00pa3yroIIKe, TO y BIEPEIH JISKAIIUX 1O ONTUYECKON OCH aTOMa WIJIM aTOMOB, Ta
e caMasi BOJTHA cO37aéT OJIaronpusTHBIC YCIOBHS JIUIS CHHTE3a 1eKTpoHoB (Puc. 3.3.17).
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DT0 co31aéT mepernajg MEpHOCTH (JIEKTPUUIECKOE MMOJIe), CMEMEHHBIN 10 (a3e Ha 7/2 y pac-
MOJIOKEHHBIX BIEPEIN TI0 ONTHYECKOW OCH aTOMOB, TIEPIICHIUKYIISIPHO TIEPEMEHHOMY MarHUT-
HOMY IIOJIIO, BCIJIEACTBHE YETO, Y 3TUX aTOMOB MIPOUCXOIUT CUHTE3 TOTIOTHUTEIBHBIX AJIEKTPO-
HOB (Puc. 3.3.18).
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JIONOJHUTENBHO CUHTE3UPOBAHHBIE 3JIEKTPOHBI, B CBOIO OYEPEb, CO3/IAI0T MEPIEHIUKY-
JSIPHO DJICKTPUUIECKOMY IO CMENIEHHBIA 1Mo (a3e Ha 7/2 mepemnan MEpHOCTH (MarHUTHOE
nosie). M, kak ciieicTBUe BCEro 3TOro, 1o NPOBOJAHKUKY MPOUCXOAUT PACIPOCTPAHEHNE IEPEMEH-
HOTO 3JIEKTPUYECKOIr0 TOKa BJI0JIb onTudeckoil ocu (Puc. 3.3.19). Ilo ananornyHoMy npuHIUITY
B [IPOCTPAHCTBE PACIPOCTPAHSIOTCS 3JIEKTPOMArHUTHBIE BOJIHBI.
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Takum 00pa3oM, nmepeMeHHOE MArHUTHOE IMOJ€ MOPOKIAET B MPOBOJHUKE MEPEMEHHBIH
ANEKTPUYECKUH TOK, KOTOPBIM, B CBOIO 04YEPEIb, TOPOKAAET IEPEMEHHOE MArHUTHOE I10JIE B TOM
e npoBogHuke. [Ipy Hannuny BOJIM3HU OAHOTO MPOBOJIHMKA C IEPEMEHHBIM MATHUTHBIM MOJIEM
IPYroro, B MOCJIETHEM BO3HUKAET TaK HA3bIBAEMbIN MHAYLIUPOBAHHBIN JIEKTPUUECKUN TOK. U,
KAK CJIEACTBUE, IIOSBUIACH BO3MOXKHOCTb CO3JaTh T€HEPATOP JIEKTPUUECKOrO TOKA, B KOTOPOM
BpallaTebHOE JIBH)KEHHE TYpOMHBI IPe0Opa3yeTcsl B IEPEMEHHBIN 3JIeKTpuyeckuid Tok. Hano-
KEHUE HA KOHKPETHOE MUKPOIIPOCTPAHCTBO, C KOHKPETHBIMU CBOMCTBAMHU U Ka4€CTBAMU BHEII-
HETo BO3/EICTBYS, B BUE Nepenaaa (rpaiueHTa) MEPHOCTH MIPUBOJIUT K TOMY, YTO CBOMCTBA U
Ka4yeCTBAa MUKPOIIPOCTPAHCTBA B 30HE HAJIOKEHUS U3MEHAIOTCS. B crily TOTO, 4TO MPOCTPAHCTBO,
KaK Ha MAKpOYpPOBHE, TAK U MUKPOYPOBHE — aHU30TPOIIHO, T.€., CBOMCTBA U KAYECTBA IPOCTPAH-
CTBa HE OJIMHAKOBBI B PA3HBIX HAIIPaBJICHUAX, JONIOJHUTEIbHBIE BHEIIHNE IIEpena bl MEPHOCTH,
B 3aBUCHUMOCTH OT TOTO, B KAKOM M3 HalpaBJIECHUI IPOCTPAHCTBA OHU MPOSBIIAIOTCS, OyIyT BbI-
3bIBaTh Pa3jIMYHbIe peakluu (U3NYECKH IUIOTHOTO BEIIECTBA, 3aIOJIHSIOIIEr0 3TO MPOCTPaH-
cTBO. [Ipn OTHOM M TOM Ke MpUpPoIe nepenaga MEpHOCTH, IMEHHO aHU30TPOITHOCTh NPOCTPaH-
CTBa MPUBOJUT K TOMY, YTO peaklus (PU3NUECKU TUIOTHON MAaT€pUU 3aBUCHUT OT TOT'0, B KAKOM H3
ITPOCTPAHCTBEHHBIX HAIIPABJICHUH NIPOSIBISACTCS ATOT nepenal. FiIMeHHO moaToMy pupoia mar-
HHATHOTO Y 3JIEKTPUYECKOTO MOJIEM — TOKAECTBEHHA, KAK HYU MapaJOKCAIBHO 3TO 3By4YHT. Pa3-
JMYUE UX CBOMCTB M KA4ECTB ONPEAEISIETCS UMEHHO MX MPOCTPAHCTBEHHBIMHU XapaKTEPUCTH-
KamMU. MIMEHHO TOXIECTBEHHOCTH MPUPOABI MArHUTHOTO M AJIEKTPUYECKOTO MOJIEH U CO31AET
BO3MOKHOCTb UX B3aUMOJCUCTBHS U B3aUMOUHYLIUPOBAHUSA.

3.4. Pe3rome

MakponpocTpaHCTBO U MUKPOIPOCTPAHCTBO CYIIECTBYIOT B HEIMPEPHIBHOM B3aUMOJCH-
CTBUU JPYT ¢ Apyrom. Ho npupoa 1aHHOTO B3aUMOIEHCTBUS OCTaBANACh HA MPOTAKEHUHU BCETO
BPEMEHM CYILIECTBOBAHMS HAayKH 3arajJkoi. 3arajakoil, Ha KOTOpYyIO [MOYEMY-TO HUKTO HEe 0Opa-
a1 BHUMaHusA. Ho, IMEHHO MOHMMaHUE B3aMMOJIEHCTBHS MEXIY MAaKpO- U MUKPOIPOCTPAH-
CTBOM Ja€T nMoHUMaHue xu3Hu Becenennoi. CuHTe3 (pr3MUecKy MIIOTHOTO BEIIECTBA MPOUCXO-
JUT B 30HaX BO3MYLIEHUS MEPHOCTH IPOCTPAHCTBA, KOTOPHIE BO3HUKAKOT BO BPEMS B3pbIBA
CBEPXHOBOM 3B€3/1bl. BOJIHBI BO3MYIIIEHNS] MEPHOCTH MaKpOIPOCTPAHCTBA U3MEHSIOT CBOMCTBA
Y KadyecTBa IPOCTPAHCTBA, YEPE3 KOTOPOE OHU NPOXOAAT. Benencreue 3Toro, U3MeHsI€TCs MpHU-
poJia MOBEICHUSI MAaTEPUH, KOTOPasl, IO TEM WJIM MHBIM MPUYMHAM, OKa3bIBACTCS B JAHHBIX 00-
JACTAX BO3MYLIEHUSI MEPHOCTH MPOCTPAHCTBA. B pe3ynbTaTe 3TOr0 B 3TUX 30HaX AepopManuu
MPOCTPAHCTBA MOSBISIOTCS KAYECTBEHHO HOBBIE (POPMBI MATEpHil. DTH KA4ECTBEHHO JPYrue
(dbopmbl MaTepuid, 3aN0JIHSST cOOON 30HBI HEOJHOPOJHOCTH MPOCTPAHCTBA, HEUTPAIU3YIOT HC-
KPHBJIEHUE MAaKPOIIPOCTPAHCTBA, U BOJIHBI BO3MYILIEHUS MEPHOCTH MMPOCTPAHCTBA «3aMOPaXKMBa-
I0TCS», BO3HUKAIOT CBOEOOPA3HbIE CTOSAILIME BOJIHBI BO3MYIIECHHS MEPHOCTH MaKpONPOCTPAH-
CTBA.

IIpoueccel, mporucxoadire Ha ypOBHE MUKPOIIPOCTPAHCTBA B 30HAX BO3MYILEHUSI MEPHO-
CTU MakKpOIPOCTPAHCTBA, B KOHEUHOM MTOT€, MPUBOIAT K MOJHOM KOMIICHCALUH BO3MYILICHUS
MEPHOCTU MAKPONPOCTPAHCTBA 3@ CYET TOTO, YTO CUHTE3UPYEMBIE ruOpHUIHBIC (POPMBI MAaTEPHUH
Ha ypOBHE MHKPOIPOCTPAHCTBA BIMUIIOT HA OKPYKAKOIICEC MUKPOIPOCTPAHCTBO CO 3HAKOM, 00-
PaTHBIM 3HAKy HU3HAYaJIbHOI'O0 BO3MYIICHHSA MAKpPOIIPOCTPAHCTBA, B KOTOPOM IIPOMCXOJMUT J1aH-
HBIA CUHTE3. MUKPOCKOIIMYECKHE, 110 CPABHEHUIO C BO3MYIIEHUSIMUA MaKpPOIIPOCTPAHCTBA, BJIU-
SIHUSI THOPUAHBIX (JOPM MaTepuil Ha OKPY’Karollee MUKPOIIPOCTPAHCTBO CYMMHUPYSICh, KOMITCH-
CHUPYIOT BO3MYILIEHUE MEPHOCTH MaKpOIPOCTPaHCTBA. KOMIIEHCUPYIOT, HO, HE aHHYJIHUPYIOT. B
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pe3yabpTare, 30Hbl BO3MYIIEHUS MEPHOCTH MAaKpOIIPOCTPAHCTBA OCTAKOTCA HE MCUYE3AI0T, 3aI0JI-
HEHHbIe THOPUIHBIMU (OpMaMU MAaTEpPHl, CHHTE3 KOTOPBIX, B CBOI OYEpeib, MPOUCXOIUT
TOJIBKO B 3THX 30HaX BO3MYIIEHUS MEPHOCTA MAKPOIIPOCTPAHCTBA.

Takum 00pazoM, MaKpOPOCTPAHCTBO U MUKPOIIPOCTPAHCTBO HAXOJATCS B TECHOM B3aHMO-
CBSI3H APYT C APYTrOM, HE MOTYT CTAaOMIIBHO CYIIIECTBOBATH APYT O€3 Ipyra, U COCTOsSTHUE OanaHca
MEXIy HUIMHU 00€CIIeUYnBAET YCTOMYMBOE COCTOSIHUE POCTPAHCTBA B 11eJIOM. JIt00bIe N3MEHEHMS,
BO3MYLICHHUS B KAYECTBEHHOM COCTOSIHUM MaKpOIPOCTPAHCTBA MPOSBIAIOTCS B U3MEHEHHUH Ka-
YECTBEHHOI'O COCTOSIHUSI MUKpOIIpocTpaHcTBa. 11 Ha000poT, J1100bIe N3MEHEHUS! KaUECTBEHHOTO
COCTOSIHHSI MUKPOIIPOCTPAHCTBA MPOSIBIAIOTCS HAa KAYECTBEHHOM COCTOSIHUHM MaKpOIPOCTPAH-
CTBa. Y CTOMYMBOCTb COCTOsIHUS Beenennoit obecnieunBaercs 0anaHcoM MeX 1y MaKpoIpoCTpaH-
CTBOM M MHMKpPOIIPOCTPaHCTBOM. Bo3HuKarolue B mpoiecce 3Toro d6agaHca MeXAy MakpoIpo-
CTPAHCTBOM M MUKPOITPOCTPAHCTBOM CTOSIIIIME BOJIHBI BO3MYILIEHNs] MEPHOCTH MaKkpOIIPOCTPaH-
CTBa UMEIOT MTOCTOSHHBIN Niepenas (TpagueHT) MEPHOCTH, HallPaBJICHHBIM OT BHEIIHEW IPAHUILIBI
30HBbI HEOJJHOPOJHOCTH K €€ LIEHTPY.

B pesynbpTaTe 3TOro0, Aa)ke mocje 3aBeplIeHUs CHHTE3a TMOpUIHBIX (pOopM MaTepuil, moj
BO3JIEWICTBHEM 3TOTO MEpPEIaga MEPHOCTHU MEPBUYHBIE MATEPUN TPOJOJIKAIOT CBOE IBUIKEHHE OT
I'PaHUIL] 30HbI HEOAHOPOJIHOCTU MEPHOCTHU K €€ LEHTPY TaK K€, Kak U TuOpHIHbIe (POPMBI MaTe-
puii. Kaxxnas rubpuanas popMa MaTepuu KaueCTBEHHO U CTPYKTYPHO OTJIMYAETCS OT APYTHX U
YaCTUYHO CBOMM BTOPUYHBIM BBIPOKJIEHUEM MTPOCTPAHCTBA HEUTPAIHU3YET BO3MYILIEHUE MEPHO-
CTH MakpoIpoCTpaHCTBA. BeiieacTBUE 3TOTrO ISl KaX/10M OTIENbHO B3I TOW TMOpUIHON (POPMBI
MaTepuu Iepena; MEpHOCTH BHYTPH 30HBI HEOAHOPOJIHOCTH MAKPOIIPOCTPAHCTBA IIPOIOJIKAET
CYILIECTBOBATh HECMOTPS Ha TO, UTO JaHHAs THOpUJIHAS MATEPUsI YACTUYHO HEUTPATU3YET ATOT
nepemnaj MepHocTU. ToJIbKO BCe BMeCTe, THOpUAHbIE POPMBI MaTEpUil HEUTPATU3YIOT U3HAYATb-
HbIM WJIM IEPBUYHBIN Mepenaj MEPHOCTH B 30HE UCKPUBIICHHSI MEPHOCTH MaKpOIPOCTPAHCTBA.
B TO Bpemsi, kKak sl OTAEIBHO B3STOM TMOPHIHONW MaTepuu TMepernaa MEPHOCTH MPOJI0JDKAST
cyliecTBoBatb. Kpome 3TOro, 3ToT mepernaj MEPHOCTH CTAHOBHUTCS MOCTOSIHHBIM BCIIEACTBUE
BO3HMKHOBEHUS CTOSYEH BOJIHBI MEPHOCTH. J[aHHOE SIBJIEHUE CYIIECTBYET TOJIBKO MOTOMY, YTO
ruOpuHbIe (OPMBI MaTEPHil, XOTh U 00pa30BaHbl MOCPEACTBOM OJHUX M TE€X K€ MEPBUYHBIX
MaTepuil, KAYECTBEHHO U CTPYKTYPHO OTIMYAIOTCS APYT OT JIpyra, UMesl TOJbKO YaCTUYHOE B3a-
UMOJICHCTBUE MEXIY OO0 1Mo 001IUM CBOMCTBaM U KadecTBaM. [loaTomy, hrznuecku mioTHOE
BEILIECTBO, KOTOPOE SIBJISAETCS OAHOM U3 POPM TMOPUIHBIX MAaTepUil, HOCTOSHHO HAXOAUTCS O]
JEHUCTBUEM 3TOrO MOCTOSHHOIO TIEpEernaia MEPHOCTH, BCIIEICTBHE YETO BCE, (DU3NUECKH IIIOTHBIE
OOBEKTHI BBIHYKJIEHHO ABUTAIOTCS OT Kpasi 30Hbl HEOAHOPOJHOCTH MAaKPONPOCTPAHCTBA K €&
HeHTpy. B coBpeMeHHO# (u3nKe 3TOT MPOIECC HOCUT Ha3BaHMsI IPaBUTALIMU, TPABUTALIMOHHOTO
M0JIS TUTAHETHI UJTH JIF00OTO APYroro MaTepraibHOTO MakpoOOBEKTA.

['paBuTanus ecTh HM YTO UHOE, KAK BO3/ICUCTBUE HA (PU3NYECKU TIIIOTHOE BEIIECTBO MOCTO-
STHHOT'O paAUaJIbHOTO IIEpena a MEPHOCTU MAKPOIIPOCTPAHCTBA, BOSHUKIIETO B 30HE HEOJTHOPO/I-
HOCTH MaKpOTPOCTPAHCTBA, KaK PE3yJIbTAT B3aUMOJICHCTBUSI MPOCTPAHCTBA U CBOOOHBIX MaTe-
pH, 3aNOJHAIOIIMX JAHHOE MIPOCTPAHCTBO. Ha ypoBHE MUKPOTIPOCTPAHCTBA KAXK I ATOM BJIU-
€T Ha OKPY’KAIOLIEE MPOCTPAHCTBO. DTO — TAK HA3bIBAEMOE, BTOPUYHOE BIIMSIHUE HA IPOCTPaH-
CTBO, KOTOPO€E MPUBOJUT K YACTUYHOW HEWUTpPaAIM3alMM HA YPOBHE MHUKPOIIPOCTPAHCTBA TEpe-
rnaja MEpHOCTA MaKpOIPOCTPAHCTBA. J[pyruMu CiioBamu, KaXIblii aTOM CO3HAET BCTPEUHBIM T1€-
penaz MEPHOCTH MPOCTPAHCTBA HA YPOBHE MUKPOMPOCTPAHCTBA, YACTUYHO HEUTPATU3YIOLIUN
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IIEPBUYHBIN IIEPETA] MEPHOCTH MAKPOIIPOCTPAHCTBA HA YPOBHE MUKPOIIPOCTPAHCTBA. BiusHue
Ka)KI0r0 aTOMa HE3aBUCUMO OT BIHUSHUS JIFOOOTO APYroro aroma.

[Ipu coennHEHNH aTOMOB B MOJIEKYJIbl U KPUCTAJUIMYECKUE PEIIETKU UX UHINBHIyaIbHbIC
BJIMSIHUS Ha OKpY’Karolllee MPOCTPAHCTBO 00BEINHSAIOTCS B 0011yI0 cucteMy. Kaxas monekyna
WM KpUCTAJUIMYECKAsl pEeIETKAa OTpaHUYEeHa B IPOCTPAHCTBE B CHIIY TE€X WJIM MHBIX CBOWMCTB U
Ka4eCcTB MakpomnpocTpaHncTBa. [1oaTomy, co3naBaeMplii MOJIEKYION MM KPUCTALNIMYECKOU pe-
MIETKON BCTPEUHBIN MEperna; MEPHOCTH MPOSBIIAETCA HA MUKPOYpPOBHE IpocTpaHcTBa. Kaxnas
MOJIEKYJIa WM KPUCTAJLJI CO3/1al0T CBOEOOPA3HBIN JOMEH, (POPMUPYIOLINI BOKpPYT cedsl epenas
BCTPEYHOM MEPHOCTU IIPOCTPAHCTBA, KOTOPBIM Ha3bIBAIOT MATHUTHBIM I10JIEM JAHHOT'O JJOMEHA.
Cyneprio3unust BCeX MarHUTHBIX JJOMEHOB CO3/Ia€T MArHUTHOE T10JI€ MAaTEPHAJIBHOTO 00BEKTA, B
cllydae IUIaHEThl — MarHuTHOE 1oJie MiaHeThl. COBOKYITHOE MAarHUTHOE I0JIE TUIAHETHI 0-pas3-
HOMY BO3JIEHCTBYET Ha aTOMBbI M MOJIEKYJIbI, OOpa3yIOIUE BEIIECTBO IJIAHETHI, BCIEICTBUE UX
KAUECTBEHHBIX U CTPYKTYPHBIX OTJIMYUH, B PE3YJIbTATE YETO ATOMBI, MOJIEKYJIbI, KPUCTAJLIBI ITPO-
ABJISIFOT pa3HbIE CBOMCTBA M KAYECTBA.

HeoaHopoaHOCTh IPOCTpaHCTBA B Pa3HbIX HAIIPABJIEHUSAX MPUBOJUT K TOMY, YTO OJHH U
TOT € Mepernaj MEpHOCTH MPOCTPAHCTBA BIMSAET HA KAUECTBEHHOE COCTOSHHE (PU3UUECKH IIIOT-
HOI MaTepuu NO-pa3HoOMYy, B 3aBUCUMOCTH TOT'0, B KAKOM IIPOCTPAHCTBEHHOM HAIIPABJICHUH BO3-
HUKAEeT JIaHHbIN Nepena MEPHOCTH. JTO CBSA3aHO TAKXKE U C TEM, YTO CUHTE3 TMOPHUIHBIX MaTe-
puii, BKJItOYast U (PU3HYECKH IJIOTHYIO, ODHEHTHPOBAH B COOTBETCTBUH C aHU30TPOITHOCTBIO Ca-
MOTO MaKpOIIPOCTPAHCTBA, B KOTOPOM HPOUCXOIUT CHUHTE3. AHU3O0TPOIHOCTH IPOCTPAHCTBA
IIPEAOIIPEAEIIAET NPOCTPAHCTBEHHOE OPUEHTUPOBAHUE MATEPUH, KaK HECBSA3aHHBIX ITEPBUYHBIX
MaTepUid, Tak U THOPUIHBIX. AHU30TPOIIHOCTh IPOCTPAHCTBA MPENONPELIAET CTPYKTYPHYIO U
KAYECTBEHHYIO AHU30TPOITHOCTh MaTepuu. AHU30TPOIIHBI MAaKpOKOCMOC MOPOXKJIAeT aHU30-
TPOIHBIM MUKPOKOCMOC, OallaHC KOTOPBIX M 00ecleunBaeT yCTOMUMBOE cocTosiHuE BeeneHHo.
BcrienctBre aHM30TPONTHOCTH, KAK MAKPOIPOCTPAHCTBA, TAK U MUKPOIIPOCTPAHCTBA BIUSHUE JIO-
KaJIbHOM HEOJIHOPOJHOCTH MPOCTPAHCTBA HA MATEPHUIO U HA CaMO MPOCTPAHCTBO CTAHOBUTCS 3a-
BUCHMBIM OT MPOCTPAHCTBEHHOW OPUEHTUPOBKY I'PaJUEHTa Mepernaa MEpHOCTH MPOCTPAHCTRA,
KaK MO0 OTHOUIEHUIO K CAMOMY MPOCTPAHCTBY, TaK U MO OTHOIIEHUIO K Matepuu. IMEHHO, Kak
CJIEICTBHE ATOT0, TPAJUEHT MEPHOCTH MPOCTPAHCTBA MPOSBIIAET CeOsl, KaK, TaK HA3bIBAEMOE,
I'PaBUTAIIMOHHOE TI0JI€ IPU OJAHOM MPOCTPAHCTBEHHOM HAaINpPABJICHUH, KAK MarHUTHOE IOJIe —
IIPU APYTOM M, KaK JJIEKTPUUYECKOE TMOJI€ B TpEeTheM. ToNbKO Oaronaps 3ToMy, BO3MOXKHO pac-
MPOCTPAaHEHHUE, KAK ANEKTPOMATHUTHBIX BOJH B MPOCTPAHCTBE, TAK U APYruX. MarHuTHOE 1moJie
NEPEXOJIUT B ANEKTPUUYECKOE, KaK U HA000POT — 3JIEKTPUUECKOE B MarHUTHOE. B ToM vmciie 31o
MpaBUJIO pabOTAET U MO OTHOIICHUIO K FPaBUTALIMOHHBIM BOJIHaM. Bce oHn — B3anmmo3amerna-
folye. JTO MPaBUIIO HE PACIIPOCTPAHSAETCS Ha CTOSTYME BOJIHBI MEpHOCTH. [[oHMMaHue equHCTBa
MPUPOABI MOJEN JAET KIIFOUY K CO3JaHUIO0 AaHTUTPABUTALMN U BO3MOXHOCTH MTHOBEHHOI'O Mepe-
MELIEHUS B POCTPAHCTBE, OTKPHIBAET MPAKTHYECKH HEOTPAHUYEHHBIE BO3MOXXHOCTH Pa3BUTUS
TEXHUKH, OCBOEHUE HOBBIX UICTOYHUKOB SHEPIHH.
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NnaBa 4. Heo6xoanMblie U AOCTaTO4YHbIE YC/I0BUS
BO3SHUKHOBEHMS >XU3HUN BO BceneHHOM

4.1. NocTtaHOBKa BoMnpoca

Bomnpoc 0 BO3HUKHOBEHUH KM3HU Ha HaIlIEH MJIAHETE BCET1a ObUT «(KAMHEM MTPETKHOBEHUSD.
C npeBHHX BpeMEH (pustocodbl, ydEHBIE TBITAIUCH pa3rajaTh TaHy ku3Hu. Co3aaBaiuch pas-
HbIE TEOPUH, TUTIOTE3bI O MPUPO/IE KUBOU MaTepun. Bece oHn 6a3upyroTcst Ha noctynarax (Imo-
HSTUSX, IPUHUMAEMBIX 0€3 J0Ka3aTeNnbCTB). UTOOBI COXpaHUTh 3TH TEOPHUH KU3HECTIOCOOHBIMU,
NO3/IHEE BBOJIWJIMCHh HOBBIE M HOBBIE IIOCTYJIAThl. B HacTosIIee BpeMs BCE CYILIECTBYIOIIME HAY4-
HBbIC TEOPUH UMEIOT B CBOEM (DyHIAMEHTE JMECATKH, a IIOPOU M COTHH MOCTyhaToB. K ux uuciy
OTHOCHUTCS M cOBpeMeHHas ¢u3uka. Mabopmanus, KOTOpYIO 4eI0BEYECTBO HAKOMHIIO K KOHITY
JIBAALATOrO BEKA, MOJHOCTHIO JAEIAET 3TH TEOPUU HECOCTOSTEIIbHBIMU. SIBIICHUS, KOTOPBIC yUé-
HbIE HAOIIOAI0T, ITOCPEACTBOM ITPHUOOPOB WU BU3YAIBHO, €CTh MIPOSIBJICHUS pPeabHBIX 3aKOHOB
npupoabl. Ho, peanbHbie 3aKOHBI TPUPOABI (HOPMUPYIOTCSI HA YPOBHAX MAKPOKOCMOCA U MUKPO-
KocMmoca. Be€, ¢ 4eM 4enoBeK CONPUKACAETCS B CBOEH JKM3HH, HAXOAUTCA MEXIY MAaKpOKOCMO-
COM U MUKPOKOCMOCOM. IMEHHO MO3TOMY, KOI'/Ia YEJIOBEK C MOMOIIbIO MPUOOPOB CMOT 3aris-
HYTb B MUKPOMHP, OH BIIEPBBIE CTOJIKHYJICS C 3aKOHAMU IPUPOJIBI, & HE C UX IPOSIBICHUSMM.
Marepus He nosBUIIach U3 HEOTKyAa. BC€ ropasio mpolie U CII0KHEE OJHOBPEMEHHO: TO, YTO
YEJIOBEK 3HACT O MATEPUU U TyMAET, KaK 0 3aBEpIIEHHOM, a0COIIOTHOM MOHSATHH, HA CAMOM JIeJie,
SIBJISICTCS JIUIIb MAJICHBKOM YaCThIO 3TOTO MOHATUS. MaTtepus AeHCTBUTEIIBHO HUKY1A HE UCYe-
3a€T U HUOTKYJa HE MOSBISAETCS; NEUCTBUTENBHO cyliecTByeT 3akoH CoxpaHeHus Marepun,
TOJIbKO OH HE TaKOM, KaKUM €ro MPEe/ICTaBIIOT oAU, TakuM o0pa3oM, CyIIeCTBYIOIINE HAYY-
HbIE€ TEOPUH, OCHOBAHHBIE HA MOCTYJIATaX, OKA3aJIuCh MEPTBOPOKAEHHBIMU. OHU HE CMOTJIU 1aTh
KaKoro-m0o CTpOMHOIO U JIOTHYECKOTO 00bsicHeHUsI. HEBO3ZMOKHOCTD CYIIECTBYIOIIUX TEOPUIA
OOBSICHUTH YCIIOBUSI U MIPUYMHBI 3apOXKACHUS KU3HU HE U3BUHSIOT 9TO He3HaHue. JKu3Hb Ha
Hallell TUIaHeTe MosBHIIach 00Jiee YEThIPEX MUJUIMAPAOB JIET Ha3al U €€ pa3BUTUE MPHUBEIO K
MOSABJICHUIO Pa3yMHOCTH, HO CYIIECTBYIOIIAS IMBUJIA3ALNS O CUX MOP, HE MOXKET OTBETUTH Ha
MPOCTOM BOIMPOC: YTO TAKOE KU3Hb, KAK OHA BO3HUKJIA U3 TAK HA3bIBAEMOW HEKMBOW MaTECpUU?
Kakum oOpazom u mouemy, HexXKUBas MaTepusi, BAPYT, TpeoOpasyeTcs B xKUBYI0? be3 moHnManus
ATOTO BOIIPOCA, YEJIOBEUECTBO HE MOKET Ha3bIBATh C€0s1 pa3yMHOM pacoii, a TOJIbKO HEPa3yMHbBIM
MAJIBIIIOM, JUIsl KOTOPOT'O MpHUIILIa Topa HabupaThes yma-pasyma. Mtak, Kakue ycIoBUS JOIKHBI
OB BO3HUKHYTH Ha TJIAHETE, MPU KOTOPHIX BO3MOXKHO 3aPOKJICHUE KU3HU?

4.2. YCNoBU A 3apoXKAeHUSA >XU3HU Ha rNnJlaHeTax

[Ipexne, yeM OOBSICHUTH MPUPOY 3aPOKACHUS KU3HU, B MEPBYIO O4YEepeb HEOOXOIUMO
OTIPEIENTh, KAKHE YCIOBUS JOJDKHBI CYIIECTBOBATH, YTOOBI HA TJIAHETE MOTJIa 3aPOJIUTHCS, 110
KpaitHel Mepe, OelkoBas Ku3Hb. JIeBATh TUTAHET COJIHEUHOW CHCTEMbl — HATJISIHBIN MpUMED
sToMy. B maHHBIN MOMEHT, TOJIHKO Ha TIJIaHETe 3eMJIS CYIIECTBYIOT HEOOXOAMMBIC B IOCTATOY-
HbIC YCJIOBUS IS KU3HU WJIM, IO KPaWHEN Mepe, CI0KHOOPTraHN30BaHHOMW KUBOU maTepun. U
[IEPBOOYEPEIHOM 3a/1aUei SIBIIACTCS ONPEACICHUE ITUX YCIOBUU. MICX01 U3 TOHUMaHHUS BbILIE-
YIIOMSIHYTBIX MPOIIECCOB, MPOUCXOIAIINX HA MAaKpO- U MUKPOYPOBHSIX MPOCTPAHCTBA, MOMXKHO
BBIJICTTUTH CJEAYIOIIUE YCIOBUS, HEOOXOIUMBbIC JIJISl 3apOKACHUS KUZHU:

1. Hajiu4ume nocTOSIHHOT O Ilepenajia MepHocTH ¢. BennunHa nocTostHHOro nepenajia Mep-
HOCTH Y KO3((ULMEHT KBAaHTOBAHUS MPOCTPAHCTBA Yi (ONMpEeNsItoNil KOJMYecTBO (Hopm Ma-
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TE€pUH TaHHOTO THUIIA, KOTOPbIE MOTYT CIUTBCS B Mpeaenax 3TOro nepenaaa) onpeaeistor 3Bo-
JIOLMOHHBIN ITOTEHIUAJI BO3MOYKHOM KM3HUA. KpaTHOCTh 3THX BEIWYUH — KPUTEPUH, JAFOIIUI
MIPEAICTABICHHUE O KOJIMYECTBE KAUECTBEHHBIX 0apbepOB (YPOBHEN ), BOSHUKAIOUIUX BHYTPU 3TOTO
nepenaga mepHocTu. KonmdecTBo 6apbepoB XxapaKTepu3yeT KaueCTBEHHOE MHOT000pasue BO3-
MOYHOH KH3HU. B TOM umcIie, BO3MOKHOCTh ITOSIBJIICHHS pa3syMa M €ro pasBuTHs. MepHOCTb
MaKpOIPOCTPAHCTBA, OCIIE 3aBepIICHUS (POPMHUPOBAHUS IIAHETHI, BO3BPAIIACTCS K UCXOTHOMY
YPOBHIO, KOTOPBII ObLT A0 B3pbIBa CBEPXHOBOM 3Be3/bl. [locie 3aBepiienus npouecca oOpaszo-
BaHUS BO3HUKAET [TOCTOSIHHBIN IIEpernaj MEPHOCTH MEX/1Y YPOBHEM MEPHOCTH (PM3UYECKHU IIIOT-
Horo BemecTBa (2.89915) u ypoBHEM MEPHOCTH OKpYy»karoiiero Mmakpokocmoca (3.00017). Ta-
KUM 00pa3oM, MOCTOSIHHBIN Iepena MEPHOCTH SIBISETCS HEOOXOIMMBIM YCIOBUEM BO3HHUKHO-
BEHUs )KM3HU. BakHOE 3HaUeHNE MMEET BEIMYMHA ATOro nepenana. IMeHHo BelnM4nHa nepernajga
OIPEAENSAET IBOIOLMOHHBIA TOTEHIIMAJI )KUBOW MAaTEPHUH, )KM3HU. MUHUMAIIBHBIN IIepenax Mep-
HOCTH, IIPU KOTOPOM BO3MOXKHO 3apOXKJACHHUE KU3HH, TIOJKEH OBITh PABEH:

c=1vi(AL) (4.2.1)

[TosiBneHuUE 3JIEMEHTOB pa3yMa U 3apoKAeHUE MaMsATh, 0€3 KOTOPO HEBO3MOXKHO Pa3BUTHS
pa3zyma, BO3MOXHO TP NIEpenaie MEPHOCTH, PABHOM:

c=2vi(AL) (4.2.2)

Heo0xoaumbIM yCIOBHEM /1711 BOSHUKHOBEHUS pa3yMa U €ro 3BOJIIOIUH SIBISETCS Nepenas
MEpPHOCTH:

¢=37i(AL) (4.2.3)

Takum 00pa3om, UCTIONB3Ysl MIEpernal MEPHOCTH, KaK KPUTEPHA, MOKHO TOBOPUTH O TPeOO-
BaHMM K KaYECTBEHHOUN CTPYKTYpe MPOCTPAHCTBA-BCEICHHOW (s HAIIEr0 MPOCTPaHCTBA-BCE-
nennoit (yi (AL) = 0.020203236...). Tonpko npocTpaHcTBa-BCEICHHBIE, 00PAa30BaAHHBIC TPEMS U
OOJBIITM KOJIMYECTBOM (hOpM MaTEpUil UMEIOT HEOOXOAUMbIE YCIIOBUS JUISI 3apOKIACHUS KU3HU
U pazyma

2. Hanmume Boabl. Bosa siBnsieTcss OCHOBOM OpraHMYECKOM dU3HM Ha Hamiel rmaHete. Ko-
HEYHO K€, CYIIECTBYIOT (DOPMBI )KM3HU HE TOJIBKO Ha OeakoBoi ocHoBe. Ho miis Havana, HeoO-
XOJIMMO MPOCHEAUTh 3aKOHOMEPHOCTH BO3ZHUKHOBEHUS OEJIKOBOW *U3HU. HeoOXoaMMo MOHSATS,
YTO MPOUCXOAMT B HAILIEM COOCTBEHHOM JIOME MEpe] TeM, KaK 3aryisiiblBaTh B Uy>KHeE.

3. Hammume atmocdepsl. ATMocdepa gBisieTcst HanboJiee TMHAMUYHOM, aKTUBHOM YacThIO
miaHeThl. OHa OBICTPO U PE3KO pearupyeT Ha U3MEHEHHs COCTOSIHHS BHEILIHEN CPEJIbl, YTO OYEHB
BA)KHO JJIs1 BO3HUKHOBEHMS kM3HU. Hanuune B aTMocdepe Kuciiopoja u yrieKuciaoro ra3oB —
3HAK HaJW4Ms Ha TJIaHeTe OENKOBOM KM3HH. ATMOcdepa He JOJKHA OBITh OYEHBb IMJIOTHOW U
ype3MepHo paszpexénHoil. [lpu oueHb muoTHON aTMochepe M3IIydeHHs 3Be3/bl HE JOCTUTAIOT
MOBEPXHOCTH IJIAaHETHI U HE HarpeBatoT e€. [Ipu aToM HMXKHHE c10u aTMOC(Ephl He MOTJIOMIAIOT
M3JIy4YEHHMS 3BE€3/Ibl U TEIUIOBbIE U3yYEHHUs IOBEPXHOCTHBIX CJIIOEB IIAaHETHI. B pe3yinbrare, re-
penaj MEPHOCTH MEXIY OCBEIIEHHOW U HOYHOW YacTsIMU OBEPXHOCTH IUIAHETHI HE BO3HUKAET.
W, kak cienctBue, HE BO3HUKAET JBMKEHHE aTMOC(EPHBIX MACC B HIDKHUX CIIOSIX aTMOC(EpBHI.
[Ipu oTcyTcTBUM rpasnenTa (nepernaaa) MEpHOCTH BIOJIb MOBEPXHOCTH TUIAHETHI, HE BO3HUKAIOT
aTMoc(epHbIe dJIEKTpUUYeCKHe pa3psaabl. B upe3smepHo paspexeHHoil atMochepe HIKHUE CIoU
MMEIOT BO3MOKHOCTb MOTJIONIATh U3JTy4YEeHHMs 3B€3/1bl U TEIIOBbIE U3TyUYeHus moBepxHoctu. Ho,
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IIPU 3TOM, HE BO3HUKAET JIBH)KEHHE aTMOC(EPHBIX Macc, KaKk pe3ynbTar e€ upe3MepHOr paspe-
#EHHOCTU. Kak U3BeCTHO, BEMMYMHA U INIOTHOCTH aTMOC(hEphI OMpeesieTcss pa3MepoM U Mac-
cou ra”eTsl. [103ToOMy, TONBKO IIJIAaHETHI, CON3MEPUMBIE IO pa3MepaM U Macce C HallleH IJIaHe-
To 3eMiéil MMEIOT MAKCUMAJIbHO OJarompusiTHbIE YCJIOBUS JJS BOSHMKHOBEHHS OEITKOBOM
KHU3HU. ATMOC(epa He JODKHA OBITh HU UPE3MEPHO «TSHKENOI, HU UPE3MEPHO <JIETKOI».

4. Hasimume nmepuoimyeckoil cMeHbl JHs1 U HO4H. [[maneTapHbie CyTKU HE TOJKHBI OBITH
OYECHb KOPOTKUMU WM OY€Hb ATUHHBIMH. [[1aHeThI ¢ MPOAOIKUTETFHOCTHIO TUIAHETAPHBIX CY-
TOK B Mpezenax nquana3ona 18-48 3eMHbIX 4aCOB UMEIOT MaKCUMAaJIbHO OJIaronpHUsTHBIEC YCIOBUS
111 BOSHUKHOBEHHS >ku3HU. [Ipr MaccoBoM morioneHny OTOHOB CBETa aTOMaMH ITOBEPXHOCT-
HOTO CJI0S1 OOJIBIINX TUIOIIAACH, MPOUCXOIUT YBEIHMUEHHE YPOBHS MEPHOCTH 3TOTO CJIOS Ha He-
KOTOPYIO BeInuuHy AL. DTa BeIMuMHA COOTBETCTBYET aMIUIUTYE BOJIH, KOTOPBIE IOTJIOMAI0TCS
TIOBEPXHOCTHBIM CJIOEM IUIaHEeThl (MH(ppPaKpacHOE, ONTHUECKOE, YIbTPaPHOIETOBOE N3TYyUCHUS
Comnnua). B pesynbrare 3T0r0, Niepenan MeKay YpOBHIMH MEPHOCTH aTMOC(EPHI U TOBEPXHOCTU
IUTAHETHI B 30HE TOTJIOMICHNUS] yMEHbIIIAETCsl Ha BeMWYnHYy AL, B TO Bpemsi, KaKk HEOCBEIIEHHAs
WJIM HOYHAS YaCTh MMOBEPXHOCTU COXPaHIET MPEKHUN Tepenaj ypoBHEH MEPHOCTH MEXKIY aTMO-
cdepoil 1 MOBEepXHOCTHIO. TakuM 00pa3oM, BO3HUKAET Mepernaj] MEPHOCTH MEXKIY OCBELIEHHOM
¥ HEOCBEIIEHHON 30HaMU TIOBEPXHOCTH TIJIaHETHl. BO3HMKaeT mapaienbHbli TOBEPXHOCTH I1J1a-
HETHI nepenaj (rpaaueHT) MmepHocTH. Onpeaensioniee 3HaueHue UMEeT BeJIMYMHA 3TOro nepe-
naza. Jleno B TOM, 4TO MOJEKYJBI aTMOC(EPhI HAXOAATCS MO BO3/ICHCTBUEM TPAaBUTAIIHOHHOTO
0JIS1 TJIAHETHI, CYIIECTBYIOLIETO MOCTOSIHHO, KaK CJIE/ICTBUE (POPMUPOBAHUS B 30HE HEOJAHOPO/-
HOCTH MAaKpOIPOCTPAaHCTBA TOCTOSIHHOTO TIepenaga MEPHOCTH, HAIIPaBJIEHHOTO OT BHEILIHUX T'pa-
HUI] K LIEHTPY 30HbI HEOJAHOPOIHOCTH.

['paBuUTaIIIOHHOE TOJIE TUIAHETH KOMIIEHCUPYETCS TEM, YTO KaXKJIbI aTOM WJIM MOJIEKYJIa
aTMoc(depbl UMEIOT YPOBHU COOCTBEHHOM MEPHOCTH, OUYCHB OJIM3KHUE K BEPXHEH rpaHulIe Juaria-
30Ha YCTOMYMBOCTU (PU3UYECKH TUIOTHOTO BellecTBa. BeTymaer B cuity, Tak Ha3bIBaeMbIH, «A(-
(deKT moriaBkay, Korja Kaxaas MOJIeKyJla WM aTOM CTPEMSATCS K TIOJIOKCHHIO MaKCHMAaJIbHO
YCTOWYMBOTO COCTOSIHUS paBHOBecHs. MiMeHHO, Omaromapsi 3ToMy, MOJICKYJIBI U aTOMBI aTMO-
chepsl He MAaf0T Ha TOBEPXHOCTH TIJIAHETHI, KAaK MOJICKYJIBI M aTOMBI 00Jiee TSDKENBIX dJIeMEH-
ToB. [lepeman (rpaareHT) MEPHOCTH MEXTY THEBHOW W HOYHOM 30HAMHU HAMpPAaBJICH BIOJb I10-
BEPXHOCTH IIJIAHETHI, YTO MMPUBOAUT B IBMKCHHE CBOOOIHBIC MaTEPUH TAPAIIICITBHO €€ TTOBEPX-
HOCTH OT 30HBI C OOJIBIITIM YPOBHEM MEPHOCTH (OCBEIIEHHAS IIOBEPXHOCTH) K 30HE C MEHBIITUM
YPOBHEM MEPHOCTH (HEOCBEIIEHHAS TTOBEPXHOCTH). B pe3yibTaTe MosBICHUSI BTOPOTO HarpaB-
JICHUSI ABUKEHUSI CBOOOHBIX MaTEPHil MapajuieIbHO MOBEPXHOCTH, BOSHUKAET TEPEernajl aTMO-
chepnoro nasinenus (Puc. 4.2.1) u yMeHbIIaeTCs CUila TSHKECTH.
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Tak xkak MoJIeKyJIbl aTMOC(hEphl HE CBS3aHbI MEXAY CO00H B )KECTKUE (TBEPAOE COCTOSIHUE
BEIIECTBA) WM TOMYKECTKHUE CUCTEMbI ()KHJIKOE COCTOSIHHE BEIIECTBA), TO MEperna; MEpHOCTH
MIPOCTPAHCTBA BIOJb MIOBEPXHOCTH MPUBOIUT K TOMY, UTO MOTOK CBOOOTHBIX MaTEPHid yBIIEKAET
3a c000¥ MOJIEKYJTBI, 0Opa3yromue atMochepy. Bo3mymiabie Macchl MPUXOIAT B ABUKCHHUE, BO3-
HukaeT Betep. [Ipu 3TOM, «pa3orpeTsiey MOJEKYIbl (MOJIEKYJIbI, TIOTJIOTUBIINE COTHEYHBIC U3-
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JyYEHHUs ) IEPEMEILAIOTCS HA HEOCBEILIEHHYIO TEPPUTOPUIO, TJI€ MPOUCXOJUT CIIOHTAHHOE (camo-
MIPOM3BOJIBLHOE) U3ITyUYE€HUE UMHU BOJH. J{pyrumMu cioBaMu, BCIEACTBHE TOTO, YTO COOCTBEHHBIM
YpOBEHb MEPHOCTH 3TUX MOJIEKYJI BBIIIIE COOCTBEHHOTO YPOBHS aTMOC(ephl HEOCBEIIEHHOM MO~
BEPXHOCTH, TOT Mepenaj, MeXaAy MEPHOCTBIO CPEeIbl U COOCTBEHHON MEPHOCTBHIO Pa30TPEThIX
MOJIEKYJI, BBI3bIBAET HEYCTOMYMBOE COCTOSIHUE MOCIEAHUX U IPOBOLUPYET CIOHTAHHOE U3ITy4e-
HUE MOJIEKYJIaMH BOJIH. «XOJIOAHBIE)» MOJIEKYJIbI, B CBOIO O4Y€pe/b, UMEIOT YPOBEHb COOCTBEH-
HBI MEPHOCTH HUYKE COOCTBEHHOT'O YPOBHS MEPHOCTH OCBEUIEHHOM TEPPUTOPHH, YTO TPOBOLIU-
pyeT MaccoBoe moriomenne u3nydeHuit ConHIla U TeIIOBbIX U3TyYeHUN OCBEIIEHHOM MOBEPX-
HocTH. [locTeneHHO MPOUCXOIUT BBIPABHUBAHUE MEXAY COOCTBEHHBIM YPOBHEM MEPHOCTH
OCBEIICHHOW MOBEPXHOCTU U COOCTBEHHBIM YPOBHEM MEPHOCTU MOJeKy. [Ipu aTom, eciu co0-
CTBEHHBIN YPOBEHb MEPHOCTHU «XOJIOIHBIX)» MOJIEKYJI 3HAYUTEIBHO OTINYAETCS OT COOCTBEHHOIO
YPOBHSI MEPHOCTH OCBELIEHHON TEPPUTOPUH, MPOUCXOAUT CHUXKEHUE TocieaHero. Korna co0-
CTBEHHBII YPOBEHb MEPHOCTH OCBEIIEHHON TEPPUTOPUH OITyCKAETCSA A0 YPOBHS, TaK Ha3bIBae-
MOM, TOUKH «POCBDY, MOJIEKYJIbI BOJBI U3 ra3000pa3HOr0 COCTOSIHUS NEPEXOAST B )KUIKOE. BbI-
najgaeT poca. Eciii 3T0 MpouCcXoauT Ha YPOBHE 00JAYHOCTH, MPOLECC KarieoOpa3oBaHuUs MpHU-
oOpeTaeT LeMHOM XapakTep, U BHINAJAET 10Xk 1b. [Ipy 3TOM, COCTOSIHME KaUeCTBEHHOT0 Oapbepa
MEXIy BTOPbIM U (PU3NYECKUM YPOBHSAMHM BO3BpalllaeTca K HopMe. B citydae, koraa 3ToT mpo-
L[EeCC MPOUCXOIUT OBICTPO M PE3KO, CKOMMBILIMECA HA YPOBHE KaueCTBEHHOro Oaphepa cBOOOI-
HbIE MaTEPHUH CTEKAIOT JJABUHOOOpa3Ho. U, Kak cieAcTBUE, BOBHUKAIOT aTMOC(EPHBIE 3JIEKTPHU-
YECKHE pa3psaibl — MOJIHUHU. AHAJIOTHEN 3TOMY IPOLECCY MOXKET MOCIYKUThH INIOTHHA HA PEKE,
y KOTOpPO# OTKPBLIM BCE LUIIO3bI, U BCSI BOJA, HAKOIUICHHAs TUIOTUHOW, OCBOOOXKAAETCA OJIHO-
BpeMeHHO. [lepuonnueckas cMEHa JHS U HOYU JI€JIaeT 3aKOHOMEPHBIM M €CTECTBEHHBIMHU OITH-
CaHHOE BBIIIIE.

OntumanbHBIMU JIJ11 BO3HUKHOBEHHS! KU3HU SBJISIOTCS IUIAHETHI C MIPOIOKUTEIBHOCTHIO
MJIAHETAPHBIX CYTOK B MHTEpBaje 3HaueHUM 18-48 3emHbIX yacoB. [Ipu MeHblIeH NpoaoIHKu-
TEJIbHOCTHU IJIAHETAPHBIX CYTOK, OMKMCAHHBIE BBIIIE MPOIECCHl HE JOCTUTAIOT YPOBHS, IIPU KOTO-
POM MPOUCXOJIUT AKTUBHOE JABMKEHUE aTMOC(HEPHBIX Macc U pa3psiabl aTMOCHEPHOTO EKTPU-
4yecTBa, 0€3 4ero, BOSHUKHOBEHUE OPraHUYECKON )KU3HU HEBO3MOXKHO. bosee qiuTenbHbIe mia-
HeTapHbIe CYTKH (OoJibiiie, ueM 48 3eMHBIX YacOB) MPUBOASAT K TOCTOSTHHOMY IIITOPMOBOMY CO-
CTOSTHUIO aTMOC(EephI TUIAHETHI, YTO CO3AAET TSHKENBIC YCIOBUS JJIsl BOSHUKHOBEHUS U Pa3BUTHUS
*u3HU. Ha Takux miaHeTax >KU3Hb MOXXET BOSHUKHYTh TOJBKO, KOT/Ia MHTEHCUBHOCTD U3JTy4e-
HUM 3BE3/Ibl, JOCTUTAIOIIUX MOBEPXHOCTH TUIAHETHI, YMEHBIIUTCS 0 ONPEAEIEHHOTO YPOBHS.
TonbKkO IpH YPOBHE U3IIYyYEHUN 3B€3/1bl, KOTJa OCBEUIEHHAS IOBEPXHOCTD IIJIAHETHI HE TIEPErpe-
Ba€TCsl, BO3HUKAIOT YCJIOBHS JUIsl 3apokaeHust xKu3HU. OOBIYHO TaKue YCJIOBUS MOSBIAIOTCS Ha
MOCJEAHEN CTaJIMU 3BOJIFOIMU 3BE3] U JaXKe, €CIIM HAa HUX U BO3HUKAET KU3Hb, TO OHA HE yCIIe-
BaeT Pa3BUTHCS J0 CIOXKHBIX (GOpM TIepen TeM, Kak 3Be3aa morudaer. Kpome storo, eciau mpo-
JOJDKUTENHHOCTh TUIAHETAPHBIX CYTOK HEOOJIbINAsA, Mepernaj; MEpHOCTH HE JOCTUTaeT YPOBHS,
P KOTOPOM BO3HHUKAIOT KaKWe-TUOO CYIIECTBEHHBIC ABUKEHHUS MACC HIDKHHUX CIIOEB aTMO-
chepsl iaHeTsl. Eciu ske mpo 0/ KUTENIBHOCTD IJIAHETAPHBIX CYTOK OOJIbINas, mepena MEpHO-
CTH CTAaHOBUTCS HACTOJIBKO CYIIECTBEHHBIM, YTO MPUBOJUT K MOIIHBIM M TPOJIOTKUTEIbHBIM
aTMoc(epHBIM OYpSIM U IITOPMAaM, B pe3yJIbTaTe KOTOPBIX, YHUUTOXKAETCS BEPXHUN CIIOM IJ1aHe-
TapHOI'0 TPYHTA, YTO CO3/IaéT HEBO3MOXKHOCTD Pa3BUTHS (PIIOPHI IIJIaHETHI, 0€3 KOTOPOU pa3BUTHE
AKOJIOTMYECKON CUCTEMBI MPOCTO HEBO3MOXKHO. IIITopMOBOE cocTosiHue aTMOC(hephbl BhI3bIBACT
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TAKKC MOIIHOC JIBHUKCHUC ITOBCPXHOCTHBIX CJIOEB OK€AHOB IJIaHCTBI, 4TO, B CBOIO O4YCPCb, JIC-
JIAaCT HCBO3MOKHBIM 3apOKIACHUC ) KU3HU B BOAC.

5. Hanuume pa3psiioB armochepHoro djiekTpuyectBa. Bo Bpems paspsiigoB atmochep-
HOTI'O JIEKTPUYECTBA, B MPCKOW BOJAE IPOUCXOIUT CUHTE3 OPraHUIECKUX MOJIEKYH. B 30He pas-
psna co3aaéTcs AONOIHUTEILHOE UCKPUBIICHUE MTPOCTPAHCTBA (M3MEHEHUE YPOBHS MEPHOCTH),
MIPA KOTOPOM MOJIEKYJIbl HEOPTaHUYECKUX COCIUHEHHM, PACTBOPEHHBIX B BOAE, COCIUHSIOTCA
MEXAy cO00M B KaueCTBEHHO HOBOM MOpPSIKE, 00pa3ysl OpraHu4YecKue COEIMHEHHUS, KOTOphIE
IPEICTABIIAIOT COOOM LIETIOYKH OTHOTUITHBIX aTOMOB. TOJIBKO MOIIHBIE pa3ps/ibl aTMOC(HEPHOTO
AJNIEKTPUYECTBA CIIOCOOHBI CO3AaTh HEOOXOAUMbIE YCIOBHS, MIPU KOTOPHIX YPOBEHb MEPHOCTH
JOCTUTAET KPUTUUECKOM BeIMUMHBI. [[Be CBOOOIHBIE SJIEKTPOHHBIE CBSI3U KaXKJ0T0 U3 3TUX aTo-
MOB B COCTOSIHUM MPHUCOETUHUTH K ceOe, Kak CBOOOJHBIC MOHBI, TaK U JAPYTHUE LEMOYKU-MOJIe-
KyJibl. ATMOC(EpHBIE SJIEKTPUUYECKUE pa3psJibl BOZHUKAIOT, KaK CJIEJACTBUE NEepenaia TOMIIUHbI
KaueCTBEHHOTO Oaphepa Mex Ty GU3HIECKUM U BTOPHIM YPOBHSMH TIaHEThI. Korma Houb CBOMM
MMOKPOBOM OOHHMAET 3E€MJII0, TOBEPXHOCTHBINA CJION IMJIAHEThl HAYMHAET OXJIKAAThCS U U3ITY-
YaTh TEIUIOBBIE BOJIHBL. W, KaK IpH BCSIKOM U31y4Y€HUH, YPOBEHb MEPHOCTH U3IIYHYAIOUIEr0 aTOMa
WJIA MOJIEKYJIbI yMeHbIIaeTcs. Korma 3To mpoucxoauT OJHOBPEMEHHO C TPUJUIMOHAMH TPUJLIH-
OHOB aTOMOB M MOJIEKYJI Ha OTPaHUYEHHON TepPUTOPUH (TIJIO0IIA]1b, OCBEIIEHHAS 3BE3/101 B THEB-
HOE BpeMs), YPOBEHb MEPHOCTHU YMEHBIIIAETCS Ha BCel 3Tol Tepputopuu. Eciu 3a 1eHb aTMo-
cdepa 1 TOBEPXHOCTH IJIAHETHI CUIIBHO Pa30TPEIUCh, @ HOUBIO MTPOU3OIILIIO PE3KOE OXJIAXKICHUE,
BO3HHMKAET CKA4OK YpOBHS MepHOCTH. [Ipu 3TOM, CKONMMBIIMECS Ha YPOBHE Ka4YECTBEHHOTO 0a-
phepa CBOOOIHbIE MATEPUH JIABUHOM OOPYIIUBAIOTCS BHU3. [[pOMCXOIUT SIEKTPUUECKUIN pa3psl
MeXIy aTMoc(hepoil ¥ MOBEPXHOCTHIO TUIAHETHI.

Ntak, HeOOXOAMMBIMH YCIOBHUSIMU ISl BOSHUKHOBEHMUS )KU3HU Ha MJIAHETaxX SIBIISIOTCS:
HaJIMYMe MOCTOSTHHOIO Mepenajga MepHOCTH,

HaJIu4YMe BO/bI,

HaJIu4YMe arMocgepsbl,

HAJIMYMe NEePUOANYECKON CMEHbI IHA U HOYH,

HAJINYHe pa3psiioB aTMOCGEPHOro 3JIeKTPUYeCcTBA.

CO0D0

JKu3Hb 3ap0ok1aeTCsa aBTOMATUYECKU HA BCEX IJIAHETAX, 1€ CYIIECTBYIOT NIEPEUNCICHHBIE
BbIlIE yciioBus. M Takux manet Bo Beenennoin — muumnapasl. Hama rimanera 3emiis He siBJis-
€TCSl YHUKAJIbHBIM TBOPEHUEM MPUPO/IBI.

4.3. KayecTBeHHble 0CO6EHHOCTUN OpraHU4YecKunx
MOJIEKYJZ1 U UX POJIb NPU 3aPOXKAEHUUN XKU3HMU

A ceityac pacCMOTpPUM, KaK MPH MEPEUUCICHHBIX BBIIIIE HEOOXOIUMBIX YCIOBUSX, 3apOK-
JaeTcs M pa3BUBAETCs KU3Hb. MopcKas Boja, Kak BCEM U3BECTHO, CTalla KOJIBIOEIbIO )KU3HU. B
HEW cojiepKaTcs MPAKTUYECKU BCE XMMHUUYECKHUE AJIEMEHTHl U MHOTHE COeAMHEHUs U3 HuX. Bo
BpeMs Pa3psiioB aTMOC(PEPHOTO 3IIEKTPUUYECTBA MPOUCXOIUT Aedopmaliusi npocTpaHcTsa. B
BOJI€, MPOHU3BIBAEMOMN TUMH pa3psiaMu (MOJTHUSMHU), BOZHUKAET YPOBEHb MEPHOCTH, TIPU KO-
TOPOM YEThIPEXBAJICHTHBIE 3JIEMEHTHI (yriaepo, KpeMHui, pochop) HAYNHAIOT COCTUHITLCS B
nenoyku. [Tpu 3ToM, BOZHUKIIIUE MOJICKYJIbI UMEIOT HE TOJIBKO CTPYKTYPHBIC OTJIMYHS, HO MPHU-
oOpeTaroT 1 HOBBIC KadecTBa. Kakue jke HOBbIE KaueCTBA BOSHHUKAIOT, MPU COCTUHEHUHN TEX KE
CaMbIX aTOMOB B JIpDYTOM CTPYKTYpHOM Topsiike? UTo 3acTaBisieT HaC pa3ensiTh aTOMbI, 00pa-
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3YIOIINE OJIMH CTPYKTYPHBINA MOPSIOK, OT TE€X K€ CAMBIX aTOMOB, CO3IAIOIINX APYTON CTPYKTYP-
HBI opsaok? [loueMy, B 0THOM cliydae — HEOPTaHUYECKHE COSAMHEHUS, a B IPyrOM — Opra-
HUYECKHUE?

B cuiy Toro, 4to ocHOBOI OEITKOBON KU3HU SIBISETCS YIIIEPO, JOCTaTOYHO MPOaHAIN3U-
pPOBaTh KAUECTBEHHOE OTJIMYME MPOCTPAHCTBEHHBIX XAPAKTEPUCTUK MOJIEKYJ, KOTOPBIE CO3AET
TaHHBIN 3JIEMEHT, YTOOBI pa3raaTh TalHy 3apOXkKACHUA )KU3HH. JlaBaiiTe monbITaeMcsl MOHSTh, K
4eMy IPUBOAT Pa3ivdMsl CTPYKTYPHOM OpraHu3anuu MosieKyJl. PaccMoTpuM HeopraHudeckue
CTPYKTYpHBIE 00pa30BaHUs — KpUCTAILIbl. KpucTaisl NpeacTaBisioT co00H Takue MpoCTpaH-
CTBEHHBIE COCJIMHEHNUs, I/I€ aTOMbI PACIIOJIOKEHBI IPYI OTHOCUTEIBHO IpYyra Ha MPAaKTUYECKU
OJIMHAKOBBIX PACCTOSHUSAX. DTH PACCTOSHUS COM3MEpPHMBI C pazMepaMu caMux atoMoB (10°
14...10"2 Metpa). [Tpuuém, oHM (PaccTOSHHUS) IPAKTHIECKH OJAUHAKOBBI 110 BCEM IIPOCTPAHCTBEH-
HBIM HaIlpaBJICHUAM (aJMa3) WIK TOXKJIECTBEHHBI B KaX/10i U3 MPOCTPAHCTBEHHBIX MJIOCKOCTEN
(rpaduT). OTH KpUCTALIBI 00pa3oBanbl aToMamu yrieposa (C), Ho OHM He SBISIOTCS OCHOBOU
HE TOJIBKO JKUBBIX OPTaHU3MOB, HO U opraHudeckux mosiekys (Puc. 4.3.1, Puc. 4.3.2).

K ornaenenuto 168



http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.4.3.1.jpg
http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.4.3.2.jpg

Huxonaii JIeBamos «Heonunopoanas Beenennas»

K ornaBneHuto

169

\ {
NI
-

.

LON O\ OF

EAYREA"
N\

A




Huxonaii JIeBamos «Heonunopoanas Beenennas»

B 4€m npudmHbBI TOTO, YTO TaKKE K€ aTOMBI YTJIEPO/1a, COSTUHUBIINCH B IPYTOM IIPOCTPaH-
CTBEHHOM TOPSIZIKE, CTAIM (PyHIAMEHTOM >KUBOW MPUPOILI? A OHM (IPUYUHBI) — CIEIACTBUS
Ka4eCTBEHHBIX OCOOCHHOCTEH opranudeckux Mosiekys (Puc. 4.3.3, Puc. 4.3.4).
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KauecTBeHHbIE 0COOEHHOCTH OPraHMYECKUX MOJIEKYJI CIAEAYIOIIHE:

1. IlpocTpaHCTBEHHAsi CTPYKTypa OPraHMYECKUX MOJIEKYJ HEOJHOPOJHA B pa3HBIX MPO-
CTPaHCTBEHHBIX HAIIPABIICHUSX.

2. MonekyJapHbIil BEC OpraHUYeCKUX MOJIEKYJ KOJIEOJETCs OT HECKOJIbKUX JIECATKOB J10
HECKOJIbKMX MUJUIMOHOB ATOMHBIX €IHHMII.
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3. HepaBHOMEPHOCTH pacHpeneseHUus] MOJIEKYJISPHOTO Beca OPTraHWYEeCKUX MOJIEKYN IO
Pa3HBIM MPOCTPAHCTBEHHBIM HAITPABIICHHSIM.

U, xak cnencTBue MEpEYUCICHHBIX KauyeCTBEHHBIX OCOOCHHOCTEH, OpraHWYECKHUE MOJIe-
KYJIBI BJIUSIFOT HEOJJMHAKOBO HA OKPYKAKOIIEE NX MUKPOIIPOCTPAHCTBO B PA3HBIX MPOCTPAHCTBEH-
HBIX HanpaBlieHUusX. OcoOOCHHO spKO 3TO siBjIeHHUE BhIpakeHO y Mosiekyl PHK u JIHK (Puc.
4.3.5, Puc. 4.3.0).
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ATOMBI, 00pa3yIoIINe 3TH MOJIEKYJIbI, CO3JAI0T JUIMHHbIEC LIEMIOYKH, 3aKPYyUYECHHbIE B CITHU-
panb. Umenno criupanbHas npoctpanctBeHHas Gopma monexyn PHK u IHK co3naér neobxo-
JTUMBbIE KauecTBa JIsl BOSHUKHOBEHUS KUBOM Martepuu. Kakue e 3T0 He0OXOuMbIe KauecTBa
CO3UJIAIOT Uy0 KU3HU? UTO MO3BOJISET TOBOPUTH O KAYECTBEHHO HOBOM JTAIl€ IBOJIIOLIUHA MaTe-
pUH — 3BOJIIOLIUM KUBOW MaTepuu, 3BONIOLUUU KU3HU? [lombiTaemMcsi MOHATH 4y[0, KOTOPOE
POKIAET KU3Hb...
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Brytpennuii 006¢m crimpaneit mosiexyn PHK nmn [IHK o6pa3yet cBoeoOpasHbIii TYHHE.
CrnrpasibHasi MOJIEKyJIa OKa3bIBaeT CUJIBHOE BIHMSHHUE HA YPOBEHb MEPHOCTH MHUKPOIPOCTPaH-
cTBa 3TOro TyHHens. [Ipuuém, 3T0 BiHMsHHE HA BHYTPEHHUN OOBEM TyHHENS HE OJMHAKOBO B
pa3HbIX MPOCTPAHCTBEHHBIX HampasieHUsX (Puc. 4.3.7).

BcnoMHMM, 9TO KaXKIIbIii aTOM OKa3bIBAaeT BIMSIHUE HA MEPHOCTh MUKPOITPOCTPAHCTBA BO-
Kpyr ce0s1. CoelMHEHNE U3 aTOMOB CO3AaET KOMOUHAIIUIO BIMSTHUM BCEX aTOMOB, 00pa3yIOIIUX
ATO COEIWHEHNEe, HAa MEPHOCTh MUKPOIPOCTPAHCTBA MOJICKYJbI. [Ipu 3TOM, BaskHOE 3HAUEHUE
MMEeT MPOCTPAHCTBEHHAS OPUCHTAIIMS BIUSHUS KaKIOTO aTOMa, BXOMSIIETO B COCIUHEHHUE.
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Cnupanbnas ctpykrypa moisiekysl PHK win JTHK co3aa€t ycinoBus, Ipu KOTOPBIX BIUSHUS Ha
MEPHOCTH OOJIBIIMHCTBA 00Pa3yIOIIMX UX aTOMOB COCPEAOTAYMBAETCS BO BHYTPEHHEM 00BbEME
crupaliel 3TUX MoJeKysl. MepHocTh BHenHero oobéma crimpaneit mosiekyn PHK win IHK nipe-
TEpHEBaET JUIIb HE3HAYUTENIbHbIE U3MEHEHUA. ClielyeT OTMETUTh, YTO U3MEHEHUS] MEPHOCTU
BHYTPEHHET0 00bEMa 3THX CIHpajell HEOJAMHAKOBHI B Pa3HBIX MPOCTPAHCTBEHHBIX HaIlpaBlie-
HUsIX. BIOap ocu BUTKH crivpany CO34AI0T MEPUOJNYECKH ITOBTOPSIOIIMECS ITEPEINaIbl MEPHO-
CTH. DTH Tepenajibl BO BHYTpEHHEM 00BEME CO3JJAI0T CTOSTUYIO BOJIHY MEPHOCTH (BOJIHA MEPHO-
CTH, TIapaMeTpbl KOTOpPOM HE M3MEHSAIOTCS BO BPEMEHHM M B MPOCTpaHCTBE). B pamuanbHbIX
HanpaBiaeHusx cnupaib MoJiekynsl PHK unu JIHK co3maér miaBHbIA nepenaj; MEpHOCTH.
NMeHHO cTosiuasi BOJIHA MEPHOCTH, CO3/1aBaeMasi CnupanbHOi cTpyKTypoi Monekynsl PHK wim
JHK, siBiisieTcsi 1OCTaTOYHBIM YCIIOBUEM BO3HUKHOBEHHMS kH3HU. [locTapaeMcs BBIACHUTH IO-
yeMy 310 uMeHHO Tak. Monekynsl PHK u JIHK nHaxoasTcs B BoJHOU cpene. Mopckas Boaa, B
KOTOPOM M 3apOauiach NEPBas KU3Hb, COAECPKUT OTPOMHOE KOJIMYECTBO MOJIEKYJI, HOHOB, KaK
HEOPTaHUYECKOr0, TaK U OPTaHUYECKOTO MPOUCXOXKACHUSA. Bce 3TH MOJIEKYNIBI U MOHBI HaXoO-
IATCS B IIOCTOSSHHOM XAOTHYECKOM JBMIKEHHH. B pe3ynpTare 3TOro ABMKEHHUS, MOJEKYIbl U
MOHBI IIEPUOINYECKH NTonaaatoT Bo BHyTpeHHUi 00béM ciinpanu PHK wim JIHK. U poxnaercs
qyJ10 KU3HU!..

Pasranka storo uyga — o4yeHb npocrtas. J[eno B ToM, 4TO BHYTPEHHUN O0BEM CrIUpalId MO-
nekyabl PHK nnn JIHK saBnsieTcs nOBYIIKOM 7151 BCEX MOIABIIMX B HEr0 MOJIEKY. PannanbHelil
repenaj MEpPHOCTH YJIEPKUBAET MOMABIIME B 3TY JIOBYLIKY MOJIEKYJbl BHYyTpu crimpanmn PHK
wi JIHK. IIpu sToM, paguanbHblil nepenax MEpHOCTH 3aCTaBiIIeT CBOOOHBIE MaTepUn JBU-
raThbCsl BJIOJIb TOrO nepenaaa. M, kak cieacTsue, BOSHUKAIOT TPABUTALIMOHHBIE CUJIbI, HAIIPAB-
nensble K ocu cnivpanu PHK wnu JTHK. ITosTomy, Bce MOJEKyYJbI, TONABIINE BO BHYTPEHHUI
00BEM crnHpaiy, B pe3yibTare OPOYHOBCKOTO (XaOTUYHOTO) JBUKECHHS, HAUMHAIOT JBUTATHCA
BJI0JIb OCH cripaiu. Tak ke, Kak U TEeYeHHE PEeKH YBJIEKaeT 3a cOO0M BCE, YTO B HEE MOMajaeT,
paavalbHbIA TIepena yBICKAET «IJICHEHHBIE» MOJEKYNbl. TOJBKO OY€Hb OBICTPBIE MOJIEKYIIbI
MOTYT BBIPBaTbCS M3 3TOro IuieHa. [Ipm 3TOM, OHM TEpAIOT 4acTh CBOETO MOTeHIMana. Bce
OCTaJIbHBIE MOJIEKYJIbl HAUMHAIOT BBIHYKIEHHO IBUTaThCA BOJIb OCH crimpaiu. Brons ocu, cnu-
pane mosiekysibl PHK nnu JIHK co3naér, kak Bel moMHUTE, CTOSIUYIO BOJIHY IEpenana MEepHO-
ctu. [Ipu cBOEM BBIHYKIAEHHOM JBUKEHUU BIOJIb OCU «IUICHEHHBIE» MOJEKYJbI NONAJAI0T B
30HBI C pa3HbIMH MEepHOCTAMU. Kaxk/ias U3 3TUX MOJIEKYJT UMEET COOCTBEHHBIN YPOBEHb MEPHO-
CTH, [P KOTOPOM OHA MAKCUMAJIbHO CTa0MJIbHA, & TAKXKE IMANa30H 3HAUEHU MEPHOCTH, B Mpe-
Jierax KOTOpOro MOJIEKyJjla MOKET CYIIECTBOBATh HE pacnanasich. M, Kak TOJIBKO «IUUICHEHHBIE)
MOJIEKYJIBL, IIPA CBOEM BBIHYKICHHOM JIBM)KEHUU BIIOJIb OCH, IIOIIAIAI0T B 30HY C 3aIlpEIEIbHON
T HUX MEPHOCTBIO, OHM CTAHOBSATCS HEYCTOHYMBBIMM M HAYUMHAIOT pacnafatbes (Puc. 4.3.8).
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B pesynbrare pacmana MoJieKys, BRICBOOOXKIAIOTCSI BCE CEMb MEPBUYHBIX MaTEepHil, KOTO-
pble oOpa3zoBaiu GU3MYECKU IUIOTHOE BelecTBo. [Ipu 3TOM, 4acTh BEICBOOOAMBIINXCS MATEPUIA
BHOBb CO3/Ia€T HOBbIE aTOMBI M MOJIEKYJIbI, UMEIOLIUE COOCTBEHHBIN YPOBEHb MEPHOCTH, TOXKIE-
CTBEHHBII MEPHOCTH 30HBI pacniaga. OObIYHO BHOBb BO3HUKIIINE MOJIEKYJIbI, IPU CBOEM BBIHYK-
JIEHHOM JBWXEHUU BJIOJIb OCH, HE pacmnaaaroTcs. Boliias U3 BHyTpeHHEro 00bEMa ciupalii Mo-
nexynsl PHK wnu JIHK, onn okaspiBatoTcs B BogHoM cpene (Puc. 4.3.9).
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DTHU MOJIEKYJIbl YaCTO XMMUYECKU aKTUBHBI U, KaK CJIEJICTBUE, arPECCUBHBI, KaK MO OTHO-
menuto K MojekynaM PHK unun IHK, Tak u k ApyruM BHYTPUKJIETOYHBIM 00pa3oBaHUsIM. 3a-
Oeras BIepéa, OTMETUM, YTO 3THU MOJIEKYJIbI, KOTOPhIE B JaJbHEWIIIEM Oy/ieM Ha3bIBaTh TOKCH-
HAMM WIH HIJIAKAMM, BBIBOJISATCS 32 IPEEIbl KIIETKH U JaJiee 3a peielibl Opranusma (B ciyyae
MHOT'OKJIETOYHOI'O0 opraHu3ma). BepHéMcs Kk aHanu3y MpoleccoB, MPOUCXOIAIINX BO BHYTPEH-
HeMm o0béme criupanu PHK wim JJTHK... YacTh BhICBOOOAMBIINXCS CBOOOJTHBIX MaTEpui, Kak
BBISICHUJIOCH, O0OpPa3ylOT YCTOMYMBBIE aTOMBbI M MOJIEKYJIBL. A Apyras 4acTh? UTO MPOUCXOIUT C
Hein?!
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MeHHO B 3TOW TOYKE aHAJIN3a MBI ITOJOIUIH K HOHUMAHHUIO TalHbBI )KU3HA.

Hecss3annbie matepun, 4yepe3 KaHaia MeXAy pu3nueckuM (mepBasi MmaTepuaibHas chepa) u
BTOpBIM (BTOpas MaTepuaibHas cepa) ypoOBHSIMU IUIAHETHI, KOTOPHI BOSHUKAET BO BHYTPEH-
HeM o0béMe cnupaiu PHK nimm JIHK, HaunHatoT neperekaTs Ha Apyrue ypoBHHU. BecmoMHuM,
9TO KaK7as MoJieKyia, ocooeHHo Takue orpomusie, kak PHK u JIHK, nedopmupyror mukpo-
MPOCTPAHCTBO BOKPYT cebs1. U mpu 3ToM neopMupyercsi BTOpoil MaTepralibHbIN YPOBEHb Ija-
HeThl. [Ipuuém, popma nedopmariuu nosHocTeio kKomupyet ¢popmy mosiekynsl PHK unu JTHK,
KaK BIIPOYEM U BCEX OCTaIbHBIX MoJIeKyJl. Korna Ha mopore BO3HUKAIOT sIMBI (edopmaliiuu), Bo
BpeMsI JOK/Isl OHU 3AIIOJTHSIOTCS 10 Kpa€B BOAOW. ECin 10K b — MPOIOIKUTENBHBIN, JOXKIEBas
BOJIa, 3aII0JIHUB SIMbI, HAUMHAET CTEKaTh B HU3UHBI. TaKKe€ U HECBSI3AaHHBIE MAaTEPUU, IIEpETEKast
[0 KaHajy Ha BTOPON MaTepualbHBIH YPOBEHB, MOJHOCTHIO 3aMONHSIIOT (popmy aedopManuu.
N30b1TOK X BO3BpalaeT cede cBOOOy OT IUIeHA IUIaHeThl. BO3HUKaeT TOIbKO OJIMH BOMIPOC —
KaKue BHICBOOOMBIIIMECS MAaTEPUU U TIOYEMY 3aIIOJHAIOT 3Ty Gopmy aedopmaryu BTOpOro Ma-
TE€pUAITBHOTO YPOBHS (cepbl)?

Jlnst Toro, 4ToOBl OTBETUTH HA ATOT BOMPOC, BCIIOMHUM, YTO BTOPOM MAaTepUAIbHBIA ypO-
BeHb (cdepa) oOpazoBayics B pe3yiabTaTe CIUSHUS MIECTH CBOOOAHBIX (hopMm Matepuu. [losTomy,
nehopMaIyio BTOPOTo MaTEPHAITBHOTO YPOBHS 3aIOJTHSACT TOIBKO MaTepusi G, KoTopas sSBIICTCS
ceabMOI MaTepueil U He BXOAUT B COCTaB TMOPUIHON MaTepuu BTOPOl MaTepuanbHOU CeEphL.
[Tocne momHoro 3amonHeHus nedopmarnuu marepueid G, Ha BTOPOM MaTepuaIbHOM ypPOBHE
(cdhepe) oopasyercs Tounas korus monekynsl PHK unun JIHK. Bo3saukaer, Tak Ha3zbiBaemoe,
BTOpoe MaTepuaibHoe Teso Mosiekyssl PHK win JHK (Puc. 4.3.10).
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[Ipy NOMHOIIEHHOM BTOPOM MaTE€pUAIIBHOM TeJe, MEXAYy HUM — BTOPOM MaTepUaIbHOU
cdepoil 1 pu3NUECKH MIIOTHOM TeJIoM (TiepBas MaTepHalibHas cepa) ucue3aeT KaueCTBEHHBIN
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0apbep, Tak Kak CUCTEMa BTOPOE MaTepHaIbHOE TEJO, IUTI0C BTOpas MaTepuaibHas cdepa CTpyK-
TYPHO U Ka4€CTBEHHO COOTBETCTBYET (PU3MIECKH IIOTHON MaTepuu~>. Mex 1y pU3MIeCcKH IIOT-
HOI1 (IepBO€ MaTepUAIBHOE TEJIO) MOJIEKYJION U BTOPBIM MaTepHUalibHbIM TesloM MosieKyJibl PHK
wi JIHK, o6pasyeTcst mOCTOSIHHBIN KaHal, IO KOTOPOMY BBICBOOOAMBILIMECS MAaTEPUX TIPOIOI-
JKAIOT IIEpETEeKaTh Ha BTOPOU U APyrUe MaTepUalbHble YPOBHU Iu1aHeThl. Ecim nponece pacnana
«IUIEHEHHBIX» MOJIEKYJl BO BHyTpeHHeM 00béMe criupanu mojiekynsl PHK win JIHK npexpa-
TUTCS, TO BTOPOE MATEPUAIILHOE TEJI0 MOJIEKYJIbI MJIM HCYE3HET COBCEM, HIIM YTPATUT ONTUMAJIb-
HYI0 TUIOTHOCTh. Kak u my»a Ha jopore: eciau He OyJeT HOBOTO IO/, BCA BoJa U3 He€ ucna-
PUTCS, U HA IOPOre OCTAHETCS TOJIBKO SIMA...

Taxum 006pazom, TOCTOSHHBIN pacmaj «IJICHEHHBIX» MOJIEKYJI BO BHYTPEHHEM 00bEME CITH-
panu mosexyiasl PHK win IHK siBisiercss HEOOX0AMMBIM yCIIOBHEM ISl TIO/IEPKaHUS JKU3HU.
Bo3HuKHOBEHHE BTOPOT0 MaTepHaIBLHOTO TEJa SIBJISIETCS KaYeCTBEHHO HOBOM CTYNEHBKOM B 3BO-
maronu Matepuu. [IneHéHHas MaTepus Hallula criocod CBOEro 0CBOOOXKIEHUS U3 CBOEH TIOPHMBI.
N 510 0CBOOOXKIEHUE — KUBask MaTEPUSL.

ITossBnenue BTOPOI'o MarcpruaJIbHOTO TCJIa — Ha41aJ10 3BOJJIIOIUMA JKNBOH MaTEepUuu.

[lepBbIMU KMBBIMU OpraHU3MAaMH CTaJIM BUpPYChl. Bupyc npezacrasiseT co00il MOJIEKYITy
PHK, okpyxEéHnyto 6enkoBoii 00004HOM. benkoBas 000104uka co3aaét Bokpyr Mosiekyibl PHK
YCTOMUYMBYIO Cpely, CO3JaETCsl CBO€OOpa3Hblii MUKpoKauMaT BOKpyr moiiekyiasl PHK Bcnen-
CTBHUE TOT'0, 4TO OeJIKOBasi 000JI0YKa 3aMEeJIAET JBUKEHUE MOJIEKYJI, KaK BHYTPb Ce0sl, TaK U U3
cebs. [loaromy, MOIEKyJ bl MOMABIINE BHYTPh OEIKOBOM 00O0JIOUKH, CTAJIKUBAsICh C HEH NpHU
CBOEM JIBUYKEHUHU, MOT'YT MHOI'O pa3 CPUKOILIETUTH OT HEE, ITepe]] TEM, KaK IOKHHYTh BHYTPEHHUI
00BEM OenkoBol 0005104kH. [I0BTOpHBIE MHOTOKpAaTHBIE JBUKEHUS MOMABIIMX BHYTPh OEIKO-
BOI 000JI0YKH MOJIEKYJI YBETMUUBAIOT BEPOSITHOCTh TOT'O, YTO OHU MOMATYT B «C(epy BIAUSHUSI
mosiekynel PHK u, xak crnenctBue, OyayT BTSHYTH BO BHYTpeHHUN 00bEM Mosiekynsl PHK u
HAa4YyHYT CBOE BBIHYXXIECHHOE IBWKECHHUE BJOJIb ONITUYECKOM OCH HTOM MOJIEKYJIBI, I1ONAaasi MOJ
NENCTBUE CTOSYEN BOJHBI MEPHOCTH. UTO, B KOHEYHOM UTOTE, U IPUBOJUT K UX pacmnaay Ha Ma-
Tepuu, ux oodpazyroume. Buyrpennunii 00séM Monekynsl PHK, kak nbuiecoc, 3acacbiBaet B ceos
BCE MOJIEKYJIbI, ITOIMABIINE MO BO3IECUCTBUE PANHAIBHOIO MEpenaaa MEPHOCTH, CO3/1aBa€MOr0
crupansto moisiekyssl PHK. Tak ke, kak u monexkynsl PHK, «u€pHbie npIpe» MakpokocMoca
CO37al0T BOKPYT ce0si cepy BIMSAHMSA, NTONaAasi B Mpeaeiabl KOTOPOil arobast Matepus, B TOM
YUCJIE U DJIEKTPOMArHUTHBIE BOJIHBI, HE B COCTOSIHUM BBIPBaThCs. UEpHas IbIpa MakKpoOKOCMOCa
CO31aET BOKPYT ce0s1 MOUTHOE PaJMalibHOE IPaBUTALMOHHOE T0JIe (paguaibHbINA Mepenal Mep-
HOCTH), BbI3bIBalOLIee pacmaj 00l Matepuu. AHAJIOTUYHO BHYTPEHHUNH 00BbEM CIMpaId MO-
nexynsl PHK nmn IHK, co3naér mogoOHbIie ycnoBusi, MPUBOASIINE K paciany TUICHEHHBIX MO-
JIeKyJl MO/ JAEUCTBUEM CTOSYeH BOJHBI MepHOCTU. CrMpanb 3TUX MOJIEKYN BeAET celsi MjeH-
TUYHO «YEPHOM ABIPE» MAKPOKOCMOCA, 4TO 103BoJsieT Ha3BaTh MosieKysry PHK wm JHK «uép-
HOM JIBIPOI» MUKPOKOCMOCA.

Taxum oOpazom, nosiieHue 6enkoBoit 06omouku Bokpyr moJiekyssl PHK sBunocs cnemy-
IOIIIEH CTYTIEHBIO ABOJIIOIIMHU MAaTePUU OT HEXXUBOM (POPMBI K KUBOU. IMEHHO ¢ MOSIBJICHUEM 2TOU

2 «The DNA PHANTOM EFFECT: Direct Measurement of A New Field in the Vacuum Substructure», by Dr.
Vladimir Poponin, 1996.
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000JI0YKH, MO’KHO TOBOPUTH O KAU€CTBEHHO HOBOM 3Tarle BOJIOLUN MaTepUU — JTare dBOJIO-
UM xKUBoM Matepuu. CTosiuas BOJTHA MEPHOCTH, BO3HUKAIOIIASl BO BHYTPEHHEM 00bEME MoJIe-
kynbl PHK unu JIHK, sBasisick He0OX0MMBIM YCIIOBUEM JJI1 BOSHUKHOBEHUS KU3HU, HE SIBJIS-
€TCsl JOCTaTOYHBIM B CHILY TOT'O, YTO, B IEPBUYHOM OKEAaHE KOHLIEHTPALUs OPraHUYECKUX MOJIe-
KyJ ObLJ1a O4eHb MasieHbKOU. Y mo3aToMy, 6€3 JOMOIHUTEIBHOTO HAKOIIJICHHSI BOJIM3U MOJIEKYJIbI
PHK oprannyeckux MOJIEKYJ HE MOTJIO OBITh M PEYX O IOCTOSTHHOM 3aXBaTe UX 3TOM MOJIEKYJION
C TOCIIEAYIOLIUM paclaJ oM Ha MaTepuu, UX oopasyrouiie. Bo3Hukaer Bonpoc, KakuMm 00pa3oM
y monekyiasl PHK morna nosiButecsi 6enkoBast obonouka? Kakoe dyno AomkHO ObUIO Mpo-
U301 TH, 4TOOBI 3TO cayumsnock? OTBET Ha 3TU BOIIPOCHI, KAK HU CTPAHHO, OY€Hb IPOCTOU. benku,
KaK BCE OPTraHUYECKHE MOJIEKYJIbI, BOSHUKIIM B HACBIILIEHHOM pacTBOPE IIEPBUYHOTO OKeaHa, KakK
CJIEICTBUE aTMOC(EPHBIX AEKTpUUYECKUX pa3psnoB. Camu no cede OeNKU ABIAIOTCA OOIbIINMHU
MOJIEKYJIaMH, COCTOSLIMUMH IOPOH U3 AECIATKOB THICSY aTOMOB U IPU CBOEM CBOOOIHOM (Opo-
YHOBCKOM) JBMKEHUHU B BOJAX MEPBUYHOIO OKEAHA, MMONAaAasi B «I0JI€ TATOTEHUS» MOJEKYIbI
PHK, He MOTYT OBITh BTSIHYTBI BO BHYTPEHHHUI 00BEM 3TOI MOJIEKYJIBI B CUITY TOTO, YTO OEJNKH,
camu 1o ce0e, MPEACTABISIIOT OIPOMHBIE MOJIEKYJIBI M TPOCTO HE MOTYT IIOMECTUTBCS BO BHYT-
penHeM o0béMe Monekyibl PHK. Ho 310 He o3HavaeT, yto monekyna PHK He BausieT Ha more-
Kynbl OenkoB. Co3znaBaemblil crinpanbio Moiekyinsl PHK pannansHblil nepenan MEPHOCTH, TEM
HE MEHEE, 3aXBaThIBAET CBOMM «TATOTEHUEM) NMePBUYHbIEC CTPYKTYPHI MOJIEeKYJI 0eJIKOB U Je-
JAET UX CBOMMM IOCTOSIHHBIMU «CILYTHHKAMM», KaK 3TO IMPOUCXOJUT IPHU 3aXBaTe OONBIINM
MaTepHaIbHBIM TEJIOM (HarpuMmep, mianetoil) mensiuero (Puc. 4.3.11).
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W onsaTe HabmomaeTcsl yAUBUTENbHAS Mapajljiesib MEXIYy MaKpOMHUPOM M MHUKPOMHUPOM.
Urak, 3axBaT u yaepxxanue mosiekynoi PHK nepBUYHBIX CTPYKTYp MOJEKya OETKOB U CTajo
TE€M YCJIOBHEM, MPUBEILUINM K (POPMUPOBAHUIO BOKPYT 3TOM MOJIEKYJIbl 0€J1KOBOI 000JI0UKH.
Co BpemenewM, uncio 6enkoB-cyTHHKOB MosieKyisl PHK Bo3pacTaino, ux «opouts» Oblin co-
U3MEPHUMBI, B CUJTy OJIM3KUX 3HAUEHUU ypOBHEH COOCTBEHHOW MepHOCTU. B pesynbraTe uero,
coceHue OENKU-CIYTHUKHM OKa3bIBAJIMCH APYT OT Apyra Ha TAKOM PACCTOSIHUU, YTO BO3HHUKAIU
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YCIIOBUsS AJIA BO3HHUKHOBCHUA, TdK HA3bIBACMbIX, XHMHYCCKHUX peaKHI/Iﬁ MCXKIY HHUMHU (PI/IC.

4.3.12).

XUMHYECKUE PEAKIIUU MEXAY NMePBUYHBLIMU CTPYKTYpamMu OEIKOB-CITyTHUKOB NPHBO-
JIUJIA K TOSIBJICHUIO YCTOMUYMBBIX 3JIEKTPOHHBIX CBA3EH MEXKAY HUMU M OHU CPACTAINCH B OJHO
niesnoe. [Toctenenno, Bokpyr monekynsl PHK Bo3Hukia crutomHas 6enkoBas odonouka. benku-
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CIIyTHHKH, B PE3YJIbTATE 3TOT0, 3aKJIFOYMIN B CBOIO COOCTBEHHYIO «TFOPEMY» CBOET0 3aXBaTYHKa
— mouekyny PHK (Puc. 4.3.13).

Takum 00pa3om, BO3HHKJIA ycToWUMBas cuctema Mojekyin — moJiekysia PHK u e€ 6enko-
Bas 00o0siouka. Bo3HUK MEpBBIi )KUBOM OpraHu3M — BUpPYC. Ternepb, IpUIllIa opa pacCMOTPETh
emni€ OJHO KaueCTBO )KMBOUM MaTepun — pa3mMHOs;keHue. Ha ypoBHE BUPYCOB MOKHO TOBOPUTH O
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ILY6J'II/IpOBaHI/II/I MU CaMHX 0665{, B PC3yJIbTAaTC 4CTO IMOABJIICHHUC OAHOI'O0 JKMBOI'O OpraHmn3iMa
CTAJIO €CCTCCTBCHHBIM PC3YJIbTATOM JKHU3HCACATCIbHOCTHU APYIOro.

JlaBaiiTe Oosiee moapoOHO pa3zdepEéMCs C MPUPOION ITOTO SIBICHUA. BO3HUKIIIAast BOKPYT MO-
nexynbl PHK enuras 6enkoBast 0007109Ka, HE SIBISIETCS CILIONIHOM, TTO CBOSH CYTH, a MMPEICTBAB-
asieT co0oit ceTky Bokpyr moiiekyinbsl PHK. Slueiiku 3T0il «ceTkm» — He OJMHAKOBBI, YTO M03-
BOJISIET MOJIEKYJIaM pa3HBIX pa3MepoB MOMaAaTh BHYTPb OeiakoBoi 06oiouku. Hebomnbuime mo
pa3MepaM MOJIEKYJIbI, OONBIIMHCTBO KOTOPBIX HEOPTAHUYECKUE, TOBOJIBHO CBOOOJHO MOTYT IO-
KWHYTh BHYTPEHHUI 00BEM OEIKOBOI 000JIOUKH, MPU CBOEM XAOTMYHOM JABW)KEHUH, TaK Kak
OOJIBIIMHCTBO siY€EK OEIKOBOM 000JOYKM BHpYCa MPEBBIIAIOT UX pa3Mepbl. B To Bpems, kak
0O0JIbIIINE U CPEHUE OPTaHUYECKUE MOJIEKYJIbl 3aJI€PKUBAIOTCA 3TUM «HEBOJOM» BHYTPH O€il-
KOBOM 000JIOUKH, TaK KaK BEPOATHOCTH TOI'O, UTO JaHHAsl MOJIEKYJa OMAAET, IPU CBOEM Xao-
TUYHOM JIBHDKCHHMH B Ty K€ CaMYIO SYEHKY, Yepe3 KOTOPYIO OHa IToNajla BHYTpb, OU€Hb Majia. B
pe3ysbTaTe 3TOro, BHYTPH OEIKOBON 000JI0YKH BUPYCa MIPOUCXOTUT HAKOIUIEHUE OPTaHUYECKUX
Mouiekyil. [Ipoucxoaut ceoeoOpa3Hast GpuiabTparys BOAbI IEPBUYHOTO OKEAHA Yepe3 BHYTPEHHUN
00BbEM OeNKOBOM 000JI04KM BUpyca. JJaHHBIN MPOLECC MOXKHO paccMaTpHUBaTh, KaK MEPBUYHOE
MUTaHUE TIEPBOTO KMBOI'O opraHu3Ma. YacTb MmiIeHEHHBIX, TOJOOHBIM 00pa3oM, OPraHUYECKHUX
MOJIEKYJI, MONAJAET B IPEAEIIbI IEUCTBUS paAHaIbHOTO NIEpenaia MEPHOCTU CIIUPAITA MOJIEKYIIbI
PHK Bupyca, BTSruBaercsi BO BHyTPEHHHI 00BEM CIUPAIIA U paclafacTcsl TaM Ha MaTEpPUH, UX
oOpa3zyromue. Ecau Boga nepBUYHOrO0 OK€aHa B JOCTAaTOYHOM CTENEHHM HAcChIILEHA OpraHuye-
CKMMH MOJIEKYJIAMH, ITOCTENIEHHO MTPOUCXOANUT YBEIMYECHHE KOHIIEHTPALUU OPraHUYECKUX MO-
JIeKyJ1 BHYTpHU OeskoBoi 000s10uku. [Ipu pocTe KOHIIEHTpaIi OPraHu4eCKIX MOJIEKY] BHYTPH
0eJIKOBOI 000JI0UKH, YBEIUYUBAETCS U YUCIIO MOJIEKYJI, KOTOPbIE NOMAJAI0T B «30HY MPUTSHKE-
HUSD» «4EPHON JBIPBI» MUKPOKOCMOCA — BHYTPEHHUN 00BEM crinpanu Monekyisl PHK.

Crnenyer OTMETUTD, YTO BHYTPHU OEJIKOBOM 000JI0YKHM HAKAILJIMBAIOTCS Pa3HOOOpa3HbIE Op-
TaHUYECKUE MOJIEKYJIbI, B TOM YHCJIE U HYKJIEOTUIbI — CTPOUTENBHBIN MaTepyall Jisi MOJIEKYJI
PHK u IHK. [TocTeneHHO KOHUEHTpALM OPraHUYECKUX MOJIEKYJI BHYTpU OE€ITKOBOM 000JI0UKHU
JOCTUTAET TAKOTO YPOBHS IJIOTHOCTH, ITPH KOTOPOM IPOUCXOJUT IOCTOSHHBIA pacriajl momnas-
IIMX BO BHYTPEHHUI 00bEM OpraHM4YecKux MoJiekyl. BeiencTBue yero, Bo3pactaer NOTOK BbI-
CBOOOKIAIOLIUXCS TP pacnae NEPBUYHBIX MATEpUi ¢ (PU3UUECKH IIJIOTHOTO YPOBHS Ha BTOPOU
MaTepHuaibHbIA YpOBEHb. UTO MPUBOAUT K N30BITOYHOMY HACBHIIIEHUIO BTOPOTO0 MaTEpUaIbHOTO
tena moJiekyisl PHK. M30bITOYHOE HACKIILIEHHE BTOPOTO MATEPUAIBLHOTO TeJla, IPUBOIUT K IO-
SBIIEHUIO OOPAaTHOTO MOTOKA MepBUYHOM MaTepuu G cO BTOPOTO MaTepHalbHOTO yPOBHS Ha Mep-
BbIil. B pe3ynbpraTe 3TOr0 Ha (PU3NYECKOM YpOBHE MOSBISETCS MPOEKIHUS BTOPOro MaTepuab-
Horo Tena. Cper OpraHuYeCKUX MOJIEKYJ, HACHIIIAIOIINX BHYTPEHHUN 00bEM OEIKOBOM 000-
JIOYKHU BUPYCA, IPUCYTCTBYIOT U HYKJIEOTH/IbI, KOTOPBIE SBJISIIOTCS CTPOUTEIBHBIM MATEPUATIOM
st Mosiekys PHK u THK. TloaTomy, npu nosiBiieHUM NpoeKUU BTOPOIO0 MAaTEPUAIIBHOTO TENA,
Ha (U3UYECKOM YPOBHE BO3HUKAIOT HEOOXOIUMBIEC YCIOBHS ISl COEIMHEHUS OTACIbHBIX HYK-
neotu1oB B cimpanb mosekyiisl PHK Bupyca.

[Ipoekiust BTOPOro MaTepHaIbHOTO TeJla Ha (PU3NYECKOM YPOBHE COOTBETCTBYET TOUHOMY
MOPSIIKY cieoBaHusl HykiaeoTunoB B moJiekyine PHK, noatomy oHa co3naér Ha guanueckoMm
YPOBHE JIOIOJHUTENbHBIE UCKPUBIICHUS MEPHOCTH MUKPOIPOCTPAHCTBA, B COOTBETCTBUHU C Ka-
YECTBEHHBIMU XapPAKTEPUCTUKAMHU COOTBETCTBYIOIIMX HYKJICOTHUIOB, OOpa3yroUIMX H3HAYAIIb-
HYI0, TaK Ha3bIBaeMyto, MaTepuHCcKyto Moiiekyiny PHK. Psaom ¢ maTtepunckoit monekynoit PHK
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BO3HHKAET TouHas e€ marpuiia. CBOOOIHbIE HYKJICOTHIBI, TIOMAIast B ATy MaTPHILy, HAUHHAIOT
COEAUHATHCS APYT C APYTOM B TOM K€ CaMOM MOPAAKE, Kak U y MaTepuHCcKour moutekyssl PHK.
HaBenénnas maTpuiia BRIHYXIaeT CBOOOIHBIC HYKJICOTHIBI COSAMHATLCS B 3aJJaHHOM TIOPSIIKE.
Tak kak, TpOEKIUs BTOPOTO0 MaTEPUATLHOTO Tela Ha (PU3HMUECKOM YPOBHE CO3AET TAKOE M3MeE-
HEHHE MEPHOCTH MHUKPOIPOCTPAHCTBA, MPU KOTOPOM CBOOOJHBIE MOJEKYJIbI HYKJICOTUIOB HE
MOTYT COCAMHUTBCS B APYTroM MOpsiAKe. B pe3ynpTare 3TOro BRIHYKAEHHOTO COCIMHEHHUS CBO-
OOJIHBIX MOJICKYJI HYKJICOTH/IOB, HAa (PU3UYECKOM YpPOBHE MosBisieTcss HoBasi Mosiekyaa PHK,
KOTOpasi SIBJISIETCSI TOYHOW KOIIMEW MAaTEPUHCKOM.

Ho nouemy HyKI€OTHABI HE MOTYT COEIMHUTHCA B ApYroM nopsake? OTBET Ha 3TOT BOIIPOC
— oueHb npoctoit. Kaxaplii HyKiIeoTH1 uMeeT COOCTBEHHBIN YPOBEHb MEPHOCTH, OTIMYHBIN OT
JIPYroro, o3TOMY, JJis TOTO, YTOOBI JBa HYKJICOTHAA COSAMHWIUCH APYT C IPYroM, HEOOX0IUMO
CO3/1aTh JAOTOJHUTEIbHOE U3MEHEHNE MEPHOCTH MUKponpocTpancTBa. [Ipuuém, 1ist pa3HbIX map
HYKJICOTUJIOB, BEJIMYMHA 3TOTIO JOIOJHUTEIBHOIO U3MEHEHHUSI MEPHOCTH MUKPOIIPOCTPAHCTBA
oynet npyroii. [loaTomy, Korjga Ha GU3NIECKOM YPOBHE BOZHUKAET JOCTATOUYHO IJIOTHAS MPOEK-
uust BToporo marepuanbHoro tena moJsiekyisl PHK Bupyca, n3HauanbHbli YpOBEHb MEPHOCTH
MHKPONPOCTPAHCTBA B 30HE IMPOECKIHUH U3MEHSAETCA B TOYHOM COOTBETCTBHM C KOJOM JAHHOM
Mosekyasl PHK nannoro Buaa. Yto u mpUBOJXT K TOMY, YTO TOJIBKO TOT HYKJIEOTH/I, TAPAMETPBI
KOTOPOT'O TOKJIECTBEHHBI TAHHOW 00JaCTH MUKPOIIPOCTPAHCTBA TOJIBKO U MOKET «3aHATh» JAaH-
Hoe MecTo. Kaxk bl HyKkiaeoTHn 1 OyKBaJIbHO «CaIUTCS» B CIEUATBHO MOATOTOBIEHHOE ISl HETO
«THEe3/10». B pesynprare 3TOro mpouecca, NOsBISIOTCS JBe TOXAecTBEHHbIE MoJieKyJsl PHK
JAHHOTO BHpyca. A TOCIIe 3TOr0 HACTYMaeT 3Tan co3nanus HoBoil Monekynon PHK GenkoBoii
000JI0UKH, TI0O TOMY K€ MPHUHLHNIY, 4To y MaTtepuHckoi moiekyiasl PHK Bupyca u3 0enkos,
HAKOIUIEHHBIX B 0€JIKOBOM 000JI04KE MaTepuHCKOT0 Bupyca. [1oo0HsIi npouecc OyaeT BO3HU-
KaTbh KaXJbIH pa3, Korja BHYTpH O€IKOBOW 000JI0UYKM BUPYyCa HAKOMUTCS 1OCTATOYHOE KOJIUYe-
CTBO OPraHUYECKUX MOJIEKYJ — «CTPOUTENIbHBIM MaTepHal» HY)KHOro Kadectsa. IIpoucxonur
nporiecc Ay0aupoBanus (Io-ApyroMmy — pa3sMHOKeHHE) BUpyca. B pe3ynbraTe 3TOr0 nporecca,
OpraHhYecKas MaTepusi, BO3HUKIIASA B NEPBUYHOM OKEAHE M3 HEOPTaHUYECKOM, IMOJ BO3JEH-
CTBHUEM aTMOC(EPHBIX EKTPUUECKUX Pa3ps/IOB PEOPTraHU3yeTCs B MPOCTEHUIYIO CAMOOPTaHU-
3YIOIYIOCS JKUBYIO MaTeputo. TakuM 00pa3oM, MOSBUIMCH NEPBblE MPUMHUTHUBHEHIINE JKUBBIC
OpraHUu3Mbl — BUPYCHI, IBOJIIOIUS KOTOPHIX U MPUBEIa K MHOTOOOPa3UI0 paCTUTEIbHBIX U JKU-
BOTHBIX (DOPM >KM3HU CHavyaJla B MUPOBOM OKEaHe, a IOTOM M Ha CYIIIE.

Crnenyroliieil SBOJIOIMOHHON CTYTIEHbKOW Pa3BUTHS )KU3HU CTallM, TaK Ha3bIBaeMble, OaK-
Tepuodaru, MPOMEKyTOUHOE 3BEHO MEXKIY BUPyCaMU U OAKTEPUSMU — MPOCTEHIITMMHU OJTHO-
KJIETOYHBIMU OpraHu3MaMu. MOXeT BOSHUKHYTh BOIIPOC: KaKUM 00pa3oM MPOU30IIlIa JaIbHEH-
11ast HBOJTIOIHS KU3HH OT BHpyca — K OakTepuodary, ot 6akrepruodara — K OJTHOKIECTOUHOMY
opranuzmy? W omsTh HET MeCTa HUKAKOMY YyJy, BCE — OUYEHb MPOCTO U B TOXKE BPEMsI Mpe-
KpacHO. Pa3MHOXUBIIIMECS BUPYCHI 3allOJTHIIIA BEPXHUMN CJIOW MEPBOOBITHOTO OKeaHa Ha TITy-
ouny He Oosee cta meTpoB. JlaHHas ri1yOrHa (CTO METPOB) MPOHUKHOBEHHSI BAPYCOB B MHPOBOI
OKeaH 00YCJIOBJICHA T€M, YTO CHHTE3 OPTaHUYECKIX MOJIEKYJ MMPOUCXOTUT BO BpeMs aTMochep-
HBIX Pa3psIOB JIEKTPUUICCTBA, KOTOPHIE 3aTParuBajv TOJIBKO MTOBEPXHOCTHBIA CII0U TIEPBUYIHOTO
OKeaHa. JTO, BO-TIEPBHIX, 4, BO-BTOPHIX, UMEHHO BEPXHHUH CIIOM OKeaHa HaXOIWJICS B TTOCTOSH-
HOM JBWKCHUH, TI0]T BO3JICCTBUEM BETPOB M IIPWJIMBOB, M HA 3Ty TJIYOMHY IMPOHUKAET COTHEY-
HBIM cBeT. Tak BOT, BUPYCHI «IUTABAIOIINE» B TIOBEPXHOCTHOM CJIO€ TIEPBUYHOTO OKEaHa Iepro-
JTUYECKH OKA3bIBAKCH B 30HE JICHCTBUS aTMOC(HEPHBIX Pa3psI0B AIEKTpUIecTBa. ATMOCHEPHBIC
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pa3psiabl BbI3BIBAIOT U3MEHEHHE MEPHOCTH IPOCTPAHCTBA B 30HAX CBOETO MPOXO0XKIEHHUs, CO3/a-
Basl, TEM aMbIM, YCJIOBUS JUIsl CUHTE3a OpraHu4ecKux coequHennid. Ho, yto nmpon3oia€r, eciu B
30HE IEKTPUYECKOro paspsaa okaxkercs Bupyc? KonewHo, ecim BUpyc nonai€r mox mpsimoe
BO3JEHCTBHE IIEKTPUUECKOTO pa3psaaa, MPOU30UAET MOJTHOE €r0 paspyleHue. Yto ke npon3oun-
AET ecau BUpPYC MOMaAET B nepudepuiiHble 30HbI BO3ACHCTBUA aTMocdepHoro paspsaa? Ilpo-
U30MAYT JIH, IPU 3TOM, Kakue-nu6o usmeHeHus? [lpu usmeHeHnr MEpHOCTH MPOCTPAHCTBA BO-
KPYT ¥ BHYTPH BUPYCa, BO3MOKHO IIPOTEKAHUE HECKOJIBKUX MPOLIECCOB:

1. U3meHeHue mopsiaKa COeAMHEHNS HYKJICOTUIOB B cymiecTBytomiei Monekyie PHK Bu-
pyca.

2. YBeNMYeHHE WM YMEHBIICHUE YUCia HYKICOTHI0B B cylecTBytomied monekyine PHK
BUpYCA.

3. IlosiBIeHHEe XMMUYECKUX CBSI3eH Mexy cyliecTByromiei mosiekynoir PHK Bupyca u npy-
rumu mosiekysamu PHK, koTopbie HaX0IMIMCh B MOMEHT JIEKTPUYECKOTO pa3psijia BHyTpH Oel-
KOBOM 000JIOUKH BUpPYCa UJIU MOSIBUIKCH B HEM B pe3yJibTaTe BO3CUCTBUS IIEKTPUUECKOTO pa3-

pana.

[Ipn n3mMeHennn nopsika coeanHeHns Hykieotn10B B mosiekyie PHK Bupyca, nossisiercs
HOBBII BUPYC, KaK pPe3yJbTaT, TaK HAa3bIBa€MbIX, MyTauui. [Ipn yMeHbIIEHNN YKCIIa HYKJIEOTH-
noB, oopasyromux mojekyny PHK Bupyca, mocnennuii MOXeT yTpaTUTh KaueCcTBa KUBOUM MaTe-
pHH, TaK Kak, U1l IPOSIBICHUS CBOUCTB )KUBOM MaTepuu, Mosekyina PHK nomxna noctnus kpu-
TUYECKOT0 MOJIEKYJISIPHOTO Beca. BUpychl SIBISIFOTCS MOrpaHUYHOM (pOpMOI OpraHU3aIii MaTe-
PUH MEXIY ’KUBOU U HE)KUBOU. [[7151 IposABIEHUS CBOUCTB )XUBOM Matepuu, mosiekyina PHK Bu-
pyca JI0JKHA JOCTUYb ONPEAeIEHHON MOJIEKYJIIPHOM MaccChl, IPU KOTOPOW BO3HUKAET 3P (EKT
OTKPBITUSI KAYECTBEHHOTO Oaphepa MEXy MEepBOMl U BTOpoW MarepuainbHbiMU chepamu. [Ipu
MEHbIIIEH MOJIEKYJISIPHOM Macce, Ka4yeCTBEHHBIM Oaphep HE OTKphIBaeTcs. MMeHHO mosToMy,
€CJIM BUPYC YIAJINUTH U3 BOJBI, OH IIEPEXOAUT B KPUCTAJUIMYECKOE COCTOSIHUE, TaK KaK BHE BOJbI
monekyna PHK Bupyca tepset rpynnst H m OH co cBonx BHENTHUX 3JIEKTPOHHBIX CBSI3EH, YTO
JIOBOJILHO CHJIBHO CKa3bIBa€TCs Ha €€ MOJIEKYJIIPHOM BECE M, KaK CJIE/ICTBHE, KAUeCTBEHHbIN Oa-
pPbEp BOCCTAHABIMBACTCS M MCUE3AIOT CBOMCTBA XUBOM Marepuu. llomagas B BoAy, MoOJIeKyJia
PHK Bupyca BoccTaHaBIMBAeT CBOM XMMHUYECKUE CBSI3U, B pe3ysbTaTe 4ero, rpynmnsl H u OH
MIPUCOEAUHAIOTCSA K HEW, U MOJIEKYJIIPHBIA BEC BHOBB Bo3pacTaeT. [Ipu nocTmxeHnn Kputude-
CKOTI'0 MOJIEKYJIIPHOTO Beca MPOUCXOAUT OTKPBITHE KaYECTBEHHOI'O Oapbepa MEXIy MepBOM U
BTOPOW MaTepualbHBIMU c(hepaMu, 1 BHOBb MOSIBIISIIOTCS CBOMCTBA U KAU€CTBA KUBOM MaTEPHH.
Takum o00pa3oM, BecbMa BaKHBIM (DaKTOPOM, OIPENEISAIONIMM BO3MOXXHOCTH 3apOXKICHUS
YKWA3HU, SIBIIIETCS MOJICKYJISIPHBIN BEC, TOYHEE, CYIIECTBYET KAU€CTBEHHAsl IPAHUIA MOJICKYJISIP-
Horo Beca Mosekysl PHK nimn IHK, Tak Ha3pIBaeMblii, KpUTHYECKU MOJIEKYJISIDHBIN BEC, ITPU
KOTOPOM 3BOJIIOLUSA MATEPUM BBIXOJUT HA KAYECTBEHHO HOBYIO CTYIEHB DBOJIIOLUU — IBOJIIO-
LUIO )KUBOI MATEPHH.

Ecnu e noa Bo3zaeiicTBreM aTMOC(HEPHBIX pa3psAI0B JIEKTPUUECTBA YBEIMUNBACTCS YUCIIO
Hykieotu10B B MoJiekyine PHK Bupyca, HaOmo1aeTcs HECKOIBKO JIFOOONBITHBIX MOMEHTOB. Bo-
MIEPBBIX, MOSBICHUE WIMIIHHUX» HYKJICOTHUIOB MPUBOAMUT K POKIECHUIO HOBOTO BUpPYCa, HOBOM
MyTalu. Bo-BTOpbIX, yBEIMUEHHE YK CIIa HYKJICOTHAOB IPUBOIUT K POCTY MOJIEKYJISIPHOTO Beca
mouiekysibl PHK, BciiencTBre yero yBeMurMBaeTcsl CTENEHb €€ BIMSHUS Ha OKPY Karolllee MUK-
POIIPOCTPAHCTBO, YTO IPUBOJUT B CBOK OUEPEb K YBEIMUEHUIO pa3Mepa OEIKOBO 000JIOUKH.
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VYBenuueHune pa3mMepoB OEIKOBOI 000JI0OUKH CBSA3aHO C TeM, uTo Oosiee Tsokénas moJiekyna PHK
BUpyca B OOJIbIIEH CTETEHU BIUSAET HA OKpPYKarolllee MUKPOMPOCTpaHCTBO. BenencTeue vero
OeNKU-CITyTHUKH, 00pa3yromre 000JI0UYKy BUPYCa, 3aXBaTHIBAIOTCS «IIOJIEM TSITOTEHUSD MOJe-
kynel PHK Ha Gonbirem ynaneHun oT HEE caMoid, YTO IPUBOIUT K TOMY, 4TO y Oojee TKEIon
moniekysibl PHK mosiBrisiercst 6ombitiero pasmepa 6enkoBasi 06o10uka. bonbiiero pasmepa 6e-
KOBasi 000J10YKa TI03BOJISIET HAKAIIUBATh BHYTPH CeOs1 OOJIbIIIE OPTaHUYECKUX MOJIEKYIT U T103-
BOJISIET CO3/1aTh 0oJiee YCTOMUMBBIM BHYTpEHHUN MUKpokiuMat.Eciu sxe, Bo BpeMs atMocdep-
HBIX Pa3psAI0B JIEKTPUUYECTBA, BOSHUKAIOT YCTOMYMBBIE XUMUYECKHUE CBSI3U MEXKTY IByMs MOJIE-
kynamu PHK, nosiBnsiercs Mosiekysa, IpeacTaBisiionias coooi mpoCcTpaHCTBEHHO-XUMHUYECKOE
COEIMHEHNE JIBYX CIIUpAJICH — MOSBIISIETCS, TaK Ha3blBacMas, ABycnupanbHas Mmojekyina PHK,
npu onpenenéHubix yeiaoBusax nossisiercs moiiekyna JJHK. ITossnenune JIHK oTkpbiBaeT HOBYIO
3Py Pa3BUTHUS )KUBOM MaT€PUU — OT OJHOKJIIETOUYHBIX XKUBBIX OPTaHU3MOB JJO MHOTOKJIETOYHBIX
U T.J. 0 NOABJICHUE Pa3yMHOW XKMBOM Marepud. /[BorHas crimpans Monekynsl JAHK co3maér
0oJ1ee BBIpAXXEHHYIO Ae(OPMALIMIO0 MUKPOIIPOCTPAHCTBA OKOJIO CE0s1, UTO YCKOPSIET MPOLIECC pacC-
naja «IIeHEHHBIX» MOJIEKYJI Ha MaTepyuu UX 00pasyrollre, B CUILy TOTO, UTO IPU CBOEM BBIHY K-
J€HHOM JBUKEHUU BO BHYTpeHHEM 00bEMe criupaiierd Mosekybl JIHK «mnenénnbie» MoaeKybl
ITONAJA0T MO/ yIaphl ABYX CTOSYMX BOJIH MEPHOCTH, B TO BpeMs, Kak y mosiekyn PHK umeercs
TOJBKO OJTHA CTOsA4Yas BOJHA MEpPHOCTHU. /[BOWHAas crosiyas BosiHa MepHOCTH MoJekyasl JHK,
TaKuM 00pa3oM, YCKOPSET MPOLECC pacnaia «IUICHEHHBIX» MOJIEKYJI, YBEIMYMBAsl TEM CAMbIM
3¢ (eKTUBHOCTB Becel cucTeMsbl B 11esioM. Kpome 3toro, aBoitHas cnupais Mosekynsl JTHK co-
3/1a€T TaKOE BIMSHUE HA CBOE MUKPOIIPOCTPAHCTBO, YTO OEJIKOBasi 000JI04UKa BO3ZHUKAET Ha 3HAa-
YUTEIBHO OOJBIIEM PACCTOSHUU OT CaMOW MOJIEKYJIbI, UTO MO3BOJIIET HAKOIUTh BHYTPU TaKOU
000JI0UKH 3HAUUTEIBHO OO0JIbILIE 3aXBAYEHHBIX B «IJIEH» OPraHUYECKUX MOJIEKYIL.

IT0 — BakHeHIUil GakTOp AJIs MOJAAEPKAHMS JKU3HU.

Bonbuinx pazmepoB OenkoBasi 000J0UKa «IIPOIEKHUBAECT» OOJIbIIEe KOJIUYECTBO MOPCKON
BOJIbl C «IUJIABAIOIIMMMW» B HEM OpraHUYECKMMHU MOJIEKYJIaMHU, BO3HUKAIOUIMMU MPU aTMocdep-
HBIX pa3ps/iax 3JIEKTPUYECTBA. ITO €CTECTBEHHO: OOJBIINM HEBOJAOM MOKHO MONMAaTh OOJIbIlIe
pbIObL. TOIBKO HEBOJIOM, B IAHHOM Clly4ae, sBjsieTcs OelkoBasi 000J104Ka, a ppl00il — OpraHu-
YECKHE MOJIEKYJIbI, «IIJIaBAOIIKE» B IEPBUYHOM OKeaHe. Kpome 3Toro, ABOiHas criupaib MoJie-
kyabl JIHK co3qaét ycnoBust 1i1st HOSIBIEHUSI MHOTOCJIOMHOM 000JI0UKH, TaK Ha3bIBAEMOW, MEM-
Opanbl. MemOpaHa, B mpoliecce IBOTIONUU, CPOPMUPOBATACH U3 TPEX CIOEB: IBYX OETKOBBIX U
OJIHOTO KUpOBOro. [Tpruém, ;kMpoBOil Ci10M pacronaraeTcs Mexay AByMs OeakoBbIMU. Cipanu
MoJiekybl JIHK mpocTpaHCTBEHHO CMENIEHBI OJTHA OTHOCUTENBHO Apyroi. [loatomy, kaxnas u3
TUX CIUpael CO3MaET «CBOU» OENKOBBIE 000JIOUKH, KOTOPhIE OKA3bIBAIOTCS TOXKE CMEUIEH-
HBIMU JAPYT OTHOCUTEIBHO APYyTra U, KpPOME 3TOr0, OAHa BHYTpH pyroi. Dopmupyrotcs nse Oe-
KOBBIE «KPENOCTHBIE» CTeHbI BOKpYT MoseKyisl JITHK. B pesynbrare uero, opranndeckue U He-
OpraHUYECKHE MOJIEKYJbl BBIHYKJEHBI MPOCAYMBATHCSA 4YEpe3 Mperpajibl, 4ToObl MOMAacTh BO
BHYTpeHHHUI 00BEM 000m0uku. [Ipu mpoxoxaeHUN depe3 NBOWHYIO MPErpaay, STU MOJCKYJIbI
TEPSIOT CBOIO KMHETUYECKYIO IHEpruto. U, kak ciencTBue, MpakTUYECKU HE B COCTOSIHUM IPO-
pBaTbcs Hazana yepe3 00070uku. Takum 00pa3oM, MPOUCXOIUT PUIbTPaLKs BOABI IEPBUUHOIO
OKE€aHa M HaKOIIEHHE OPraHUYECKUX MOJIEKYJI BHYTpH 000J104eK. MeX 1y BIOKEHHBIMU, OJTHA B
IpYTyto, O€IKOBBIMHU 000I0UKaMu 00pa3yeTcs 3a30p. 1 nrobas Mosiekyia, mocjae mpoxXokKACHUs
Yyepe3 BHEIIHIOW OEJIKOBYIO 000JI0UKY, MOMAJAET B MPOCTPAHCTBO MEK/Y BHEIIHEN 1 BHYTPEH-
Hel. COOCTBEHHBIN YPOBEHb MEPHOCTH OEJIKOBBIX 000J0YEK 3HAYUTENBHO BbIIIE COOCTBEHHOIO
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YPOBHS BOJbI OKeaHa. [103ToMy, BO3HHMKAET IBOMHOW HE3HAYMTEIBHBIN NIEpENa MEPHOCTH C 30-
HOI yCTOWYMBOI'O paBHOBECHsI MEXAy HUMH. [Ipu CBOEM NBMKEHUH, BCE MOJIEKYJbI JTOJKHbI
IIPEOA0JIETh ATH IEPENaabl MEPHOCTH U NTONAJAIOT B «HEUTPAIBHYIO» 30HY C YDPOBHEM MEPHOCTH
MEHBIIINM, YeM YPOBEHb COOCTBEHHON MEPHOCTH OENKOBBIX 00010ueK. IMEHHO M03TOMY KHpO-
BbI€ MOJIEKYJIbI, I10MI/1as1 B 3a30p MEX/y OEIKOBBIMU 000JI0YKaMHU, IONIAAAI0T B 30HY C YPOBHEM
MEPHOCTH BeChMa OJM3KHM K YPOBHIO COOCTBEHHOW MEPHOCTH KMPOBBIX MOJEKYI. XKupoBbie
MOJIEKYJIbl HAUMHAIOT, KaK Obl, OCEaTh B IMPOCTPAHCTBE MEXIY OEIKOBBIMU 000JOYKaMH, MO-
CTENEHHO 3aI0JIHsAsA c000i 3TOT 3a30p. [Ipu 3TOM, MOJIEKYJIBI KHUPA COENUHSAACH APYT C APYTOM,
CO3/1aI0T KUPOBYIO MPOCIONKY MEXKIY OeIKOBbIMU 000J0ukaMu. Co BpeMEHEM, BO3HUKAIOT XU-
MHUYECKHE CBSI3U MEX]y KUPOBOM MPOCIONKON U GenkoBbIMU oOosioukamu. W kak pesynbrar,
BO3HUKAET TPEXCIIOitHAs 00070UKa — MeMOpaHa.

[Ipu nosiBeHUU TPEXCIOWHON 000JI0YKH, MOYKHO TOBOPUTH O CIEAYIONIEH CTYIICHH pa3BU-
THSI )KMBOM MaT€pul — BO3ZHMKHOBEHUH OJTHOKJIETOYHBLIX OPraHu3sMoB. Mx npeumyiiecTBo
nepes; BUPycaMu B TOM, YTO MHOTOCIIONHAs KJIeTOYHas MeMOpaHa CO3Ja€T BHYTPH KIIETKU
YCTOMYMBYI0O XUMUYECKYIO cpeny. KpoMe 3Toro, kierouHas mMeMOpaHa SIBISICTCS 3alllUTOW OT
arpeCCUBHOCTU BHEIIHEH CPEbl, UTO CO3/aET OJIAronpusTHbIEC YCIOBUS IS NaJIbHEHIIIEH 3BO-
monuu ku3HU. ['uapodoOHbIe (BOJOOTTATKUBAIOIINE) CBONCTBA JKUPOBOTO CJI0St MEMOpaHbI CO-
3/1aBajIu OJIArONPUSATHBIC YCIOBUS JIJIsl MPOHUKHOBEHUS BHYTPh O00JIOUYKH OPTaHUYECKUX MOJIe-
KyJI, CO3/1aBasi CJIOKHOCTH JIJIsi MPOHUKHOBEHUS BHYTPb 000JI0UKH MOJIEKYJ BOJIbL. Jleno B ToM,
YTO BHYTPEHHUN 00BEM 000JIOUKH — OTpaHUYEH U MMOATOMY, €CJIU B HETO IMOMaJaeT MOJICKYJIa
BOJIbI, KOTOpasi 3aHUMAET IMyCTh HEOOJIBIIONW, HO TEM HE MEHEE, pealbHbI 00bEM MTPOCTPAHCTBA,
HE 0CTaéTcs MECTa JJIsl OpPraHWYECKUX MOJIEKYJI, KOTOpPbIE ropasio 0O0JIbIe U, B CUITY 3TOTO, JIBH-
raroTCsl 3HAYUTEIBLHO MEJIJICHHEE MOJIEKYN BOJbl. Takum 00pa3om, MOSBICHUE KHUPOBOTO CJIOS
000JI0YKH MPAaKTUUYECKU BHIPABHSJIO IIIAHCHI OPTAaHUYECKUX MOJIEKYJ U Heopranuueckux. [10/100-
Has 000JI0YKa KaK OBl «IIPUACPKUBACT) YaCTh MOJIEKYJI BOJIbI, CO3/1aBasi O1aronpusiTHbIEC YCII0-
BUS JIJ1s1 IPOHUKHOBEHUSI OPraHUYECKUX MOJIEKYJI. DTO — OTpOMHeIIee TpuoOpeTeHre, HO, KakK
1 3a BCSKOE MPUOOpETEHHE, 32 HETO OJHOKJIECTOUHbIC OPTaHU3Mbl ObLITM BBIHYXKICHBI TJIaTUTh
Ooiblyto 11eHy. Eciu BUpyChI MOTYT CyIIECTBOBATh MUJUTMOHBI U MUJIJTUAPBI JIET, IEPUOANYEC-
CKH HaXOJIICh B )KMBOM WJIM KPUCTALTNYECKOM COCTOSIHUH, TO OJHOKJIETOYHBIE OPraHU3MbI, KaK
IIOTOM Y MHOTOKJIETOYHBIE, CTAJIA «CMEPTHBIMIU». Y «MOJIOJIOTO» OJHOKJIETOYHOTIO OpTraHU3Ma
TOJIIMHA U TUIOTHOCTh dKHUPOBOTO CJI0SI MEMOpaHbl OTHOCUTENILHO HEBEJIMKA, YTO MO3BOJISIET MO-
JIeKyJiaM BOJIbI TlonagaTh BHYTph 00070uku. Co BpeMeHEM, MPOUCXOAUT OKUCIEHUE KUPOBBIX
000J104€eK, B pe3yibTaTe 4ero ruapodoOHbIe CBONCTBA MEMOPAHBI YCUIIMBAIOTCS, KPOME TOTO, CO
BPEMEHEM >KUPOBOM CIION 000JOUKH KaK Obl «TOJICTEET», KaK pe3yJbTaT MPOIOJDKEHUS 3aXBaTa
0eJIKOBBIMH 000JI0YKaMH HOBBIX dKUPOBBIX MOJIEKYJI U3 OKpY>Karoleu cpenbl. M, kak ciencraue,
MOCTENEHHO 3aMEJIJISIETCSI, @ TOTOM M MOJIHOCTBIO MPEKpaIlaeTcsl HUPKYJIIAIUS BEIIECTB Yepes
MeMOpany. [Ipu nmotepe BHyTpeHHUM 00BEMOM KIIETKH OMPEACIEHHOTO KOJIMYECTBA BOJIBI, TIPE-
KpaIaeTcs )KU3HEAESITeIbHOCTh TAHHOM KIIETKH, KJIeTKa morudaet. Takum oOpa3oMm, 0HOKIIe-
TOYHbIE OPraHM3Mbl CTAJM CMEPTHBIMU, T.€. MOTYT CYIIECTBOBATh TOJIBKO OTPAaHHUYCHHOE
BpeMs.

[TosiBnenue TpEXCIONHON MEMOpaHbI a0 KOJIOCCAIBHBIM TOTYOK Pa3BUTHIO KU3HU U, B
TOK€ BpeMsi, BOBHUKJIA BPEMEHHbBIE OTPAHUYEHUSI TPOJOJKUTETBHOCTH JKU3HEACATEIIBHOCTH O/~
HOKJIETOYHBIX Opranu3MoB. [Ipu morepe BoAbl, OHH, B OTJIMYKE OT BUPYCOB, Torubdanu. [Toatomy
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NepBbIe OJHOKIETOYHBIE OPTraHU3Mbl MOTJIA CYIIECTBOBATH TOJIBKO B BOJIaX MEPBHUYHOTO OKe-
aHa./[BrxeHNe BEpXHHUX CIIOEB MEPBUYHOTO OKEaHa MPUBOAUIIO K TOMY, YTO OJHOTHITHBIE OTHO-
KJIETOYHBIC OPTaHU3MBbl MOMNAJald B pa3Hble BHEUIHHE YCIOBUA. BIusHuE pa3HBIX BHEUIHUX
YCIIOBUY Ha OAHOTHUITHBIE OJJHOKJIETOUYHBIE OPTaHU3MBI CO3/1aBaji0 TAKUE YCIOBHS, IPH KOTOPHIX
OHU WUJIU TIOTUOAH, WK U3MEHSUTUCH. [1osIBUINCH pacTUTENbHBIE U )KUBOTHBIE OJHOKJICTOYHBIE
opranu3mMbl. MHOTooOpas3ue BHEIIHUX YCIOBUH MOPOK1aJI0 MHOrooOpasue popM pacTUTENbHBIX
1 JKUBOTHBIX OpraHn3MoB. Ctana GopMUpOBaTHCS EpBUYHAs SKOJIOrHUYecKas cucreMa. Crocoo-
HOCTh OJTHOKJICTOYHBIX KUBOTHBIX OPTaHU3MOB CAMOCTOSITENIFHO MEpeMeNIaThes, Aaja HOBBIM
TOJYOK HBOJIOIUH KU3HU. JKUBOTHBIE OJHOKJIETOUYHBIE OPTraHU3MbI IPUOOPENN C 3TUM HEKOTO-
PYIO HE3aBUCUMOCTh OT Kalpu30B BHEIIHEH cpeibl. [IepBOOBITHBIN OKeaH coaepikai ene oueHb
MaJl0 OPraHMYECKUX BEUIECTB U MEPBBIM OJHOKJIETOYHBIM OpraHu3MaM ObLJIO BeChbMa CIIOKHO
«BBUIOBUTHY B OKPYXKAIOIeH BOJIC OpraHUYECKHE BEIIECTBA, KOTOPhIe HEOOXOAMMBI 1JIs ITOIep-
KaHMS UX )KU3HEIEATeIbHOCTH. BCIOMHUM, MpY KaKUX yCIOBHUSIX U3 HEOPTraHMUECKUX MOJIEKYII
yriepojia, KUCIOpo/ia, a30Ta, BOJAOPOAA U IPYTUX BO3HUKAIOT OPraHU4eCcKre coequHeHu ... [Ipo-
HCXOIHT 9TO, KOT/Ia HACKHIIIEHHYIO HEOPTaHWYECKUMHU MOJIEKYJIaMU U aTOMaMHU BOAY, TIPOHU3bI-
BAIOT JIEKTPUUECKUE Pa3psi/ibl, BOSHUKAIOIIME, KaK pe3yIbTaT Iepenajia CTaTHYeCKOro 3JeKTpu-
yecTBa MEX Ty aTMOCc(hepoii U MTOBEPXHOCTHIO. DJICKTPHUECKUE Pa3psabl UCKPUBISIOT MUKPOKOC-
MOC, 4TO U CO3JAET yCIOBUA Ul COCAMHEHUS aTOMOB YyIJepoja B LENOYKH — OpraHuYecKue
MoJieKynbl. Takum 00pa3om, YTOOBI BO3HUK CHHTE3 OPTaHMYECKHX MOJIEKYJI, HEOOXOAUMO H3Me-
HEHUE MEPHOCTH MUKPOKOCMOCA Ha HEKOTOPYIO BEJINYUHY:

AL = 0,020203236... (4.3.1)

W 9T00BI epBbIE OTHOKIIETOUYHBIE OPTaHU3MbI MOTJIM BOCCTAHABIMBATH U COXPAHSTH CBOIO
CTPYKTYpPY, HEOOXOJIUM CHUHTE3 MPOCTEUIIINX OPTaHUYECKUX COCIMHEHUN BHYTPU CaMUX OJHO-
KJIETOYHBIX OPraHU3MOB. BO3HMKHOBEHHE CUHTE3a MPOCTEUIINX OPTaHUYECKUX MOJIEKYJ U3 He-
OpPraHUYEeCKUX BO3MOKHO MPU U3MEHEHHH MEPHOCTH MUKpOKOcMoca Ha Bennuuny AL/2. Huka-
KOM mpocTerui (U JaKe CIOXKHBIN!) )KUBOM OpraHu3M co3AaTh JICKTPUUECKUMN pa3psij Mo100-
HBII1 aTMOC(EPHOMY HE B COCTOSIHUU. B X0/1€ 3BONIOIMYU y TIPOCTEUIINX OJJHOKJIETOYHBIX Opra-
HU3MOB BO3HUK IPOMEKYTOUYHBIN BapHaHT, 1AM Heo0XoauMyto Bennunny AL. BecmoMuuM,
YTO Ka)KJas MOJIEKYJIa, aTOM BIIASIET, UICKPUBIISIET CBOM MUKPOKOCMOC Ha Ty WJIM UHYIO BEJIH-
yuHy. MakcHUManbHOE BIMSIHUE HA MUKPOKOCMOC OKA3bIBaIOT OPraHUYECKHE MOJIEKYJIbI. boiib-
mue opranndyeckue Mosiekyssl, Takue kak JJHK n PHK oka3bIBatoT Takoe BIMsSHUE HA MUKPO-
KOCMOC, IPH KOTOPOM NPOUCXOAUT HE CUHTE3, & PACIAJl POCTBIX OPraHWY €CKUX MOJIEKYJ, IO
BO3JCHUCTBUEM NIEPEINATOB MEPHOCTH, CO31ABAEMBIX CTOSYEN BOJHOW MEPHOCTHM BHYTPEHHEIO
o6béma criupanu mosiekyn PHK niu JIHK. BemomauM, 94T0 CMHTE3 OpraHUYeCcKUX MOJICKYIT U3
HEOPraHMYECKUX M3HAYaJIbHO MPOUCXOMII MPU aTMOC(EPHBIX paspsaax 3JIEKTPUUECTBa, KOTO-
pbI€ CO3/1aBajl ypOBEHb MEPHOCTH, HEOOXOIUMBIN JJIsi BO3MOXKHOCTU atomam yriepoaa C co-
€IUHUTCA B LEeNnoYKh. [109TOMY /UIs1 BOSHUKHOBEHUSI CUHTE3a OPTaHUYECKUX MOJIEKYJ BHYTPHU
KJIETKU JTOJKHBI IIPOMCXOANUTDH IIPOLIECCHI aHAJIOTUYHBIE IIEpEeUYnCIIeHHBbIM. KileTka He B COCTOs-
HUU CO3JIaTh BJIEKTPUUYECKUN pa3psill, aHATOTHYHBIA pa3psaaM aTMOC(HEpPHOro AJIEKTPUYECTBA,
HO TE€M HE MEHee, B Hel MPOIECC CUHTE3a OPraHMYECKUX MOJIEKYJ mpoucxoaut. Kakum ke 00-
pa3zoM mpupoja pemuia 3ty npoodsiemy!? U onsth, BCE 371€MEHTApHO MPOCTO.

JI71s1 cuHTE3a OPraHUYECKUX MOJICKYJI U3 HEOPTraHWYECKUX HE0OXOAUMO CO3/1aTh IEPUOIH-
YyecKue KoJieOaHusi MEpHOCTH MUKpokocMoca B nipenenax 0 < AL <0,020203236, kotopoe OyaeT
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HAKJIAJIbIBaThCS Ha YXKE CYIIECTBYIOIIEEe MCKPUBIIEHUE MPOCTPAHCTBA, CO3/aBaEMOE KJIETOY-
HBIMH BKJTFOUCHHUSAMU. [Ipr 3TOM, MPOUCXOIUT HAKIIAIbIBAHNE HA MMOCTOSHHBIA YPOBEHb MEPHO-
CTH TIEPUOINYECKHA MECHSIOMIEHCS BETMUMHBI. 11 Ha HEKOTOPOE KOPOTKOE BpeMs B MUKPOCKOIIH-
4ECKOM 00BhEME MPOCTPAHCTBA BO3HUKAIOT YCIOBHS TaK HEOOXOAMMBIC JIJII CHHTE3a OpraHnYe-
CKHX MOJIeKYJ. ATMOC(EpHBIE IIEKTPUUECKHIE Pa3PsIbl MPOUCXOASIT HA MAKPOYPOBHE, & CHHTE3
OpraHUYECKUX MOJIEKYJ KJIETKaMi — Ha MUKPOYPOBHE. B TIepBOM citydae CHHTE3 SBIISIECTCS TI0O-
004HBIM 3((HEKTOM, BO BTOPOM — MOPSIMBIM. {7151 TOro, 4TOOBI 3TO MPOU30IILIO, HEOOXOIUMO
HaJIMYHME Y KIETKA MOJIEKYJ, COOCTBEHHBIN YPOBEHb MEPHOCTH KOTOPBIX, ILTIOC MTEPHUOTUICCKOEC
KoJieOaHNEe MEPHOCTH, TIPUXOIAIICe U3BHE KICTKH, CO3/IaBaId ObI BMECTE HEOOXOIUMBIC YCIIO-
BUS NI CHHTE3a. Takoe BIMSHUE Ha MEKPOKOCMOC OKa3bIBAIOT CpPEeIHEH BEIIMYMHBI OpraHuve-
ckrue MoJiekysbl. Kazamock Obl, BC€ O4€Hb MPOCTO... B OTHOKIETOYHBIX OpTaHU3Max JOJIKHBI
OBITH MOJICKYJIBI, IPUMEPHO, Ha Topsaok meHbine Mosekyl JHK u PHK, un npobiema yxe pe-
mena... Ho, He Bcé tak npocto. Kaxkaas Monekysa u3MeHseT MUKPOKOCMOC BOKPYT ce0s1, HO 3TO
M3MEHEHHE MPOA0HKACT ObITh HEM3MEHHBIM JIO TEX IO, TTOKA COXPAHSAETCS IIEIIOCTHOCTh CaMOU
MOJIEKYJIBI. JIJ1st TOTO, 4TOOBI BO3HUK CHHTE3 OPTaHUYCCKUX MOJICKYJ JOJIKHO BOSHHKHYTH KO-
nebaHre MEPHOCTH MUKPOKOCMOCA C aMILTUTY/ IOM:

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

Konebanust MepHOCTH MUKPOKOCMOCA JAOJIKHBI ObITh, 110 KpailHEN Mepe MepruoIuIECKUMU,
yTOOBl BO3HUKJIM HOPMAaJIbHBIE YCIOBHS JJIsl CUHTE3a OpraHMYecKux Mojekyn. s storo,
JOJIKHBI OBITH MOJIEKYJIbI, KOTOPHIE Obl U3MEHSUINCH MPU HE3HAYUTEIIbHBIX U3MEHEHUSX BHEIII-
HEl cpefibl U BBI3BIBAIM BHYTPU OJTHOKJIECTOUHBIX OPTaHU3MOB HY)KHBIE KOJIEOAHUS MEPHOCTH
MHUKpPOKOCMOCA. DTH BO3JCHCTBUSI BHEUIHEH Cpefbl (M3IIy4eHHs) HE JOJKHBI B TO KE camoe
BpeMs pa3pyliaTh caMu OJHOKJIETOYHBIE OPTaHU3MbI, HO JOJKHBI CBOOOHO MOMNAAaTh BHYTPh
ux MemOpaH. OTBeHaIONMMU BCEM ITUM TpeOOBaHUSAM BHEIIHUMH (DaKTOpaMu SBIISIFOTCS Clia-
Oble TeryioBbie M onThueckue usnydenus ConHila, B TO BpeMs, KaK Jpyras 4acTb COJTHEYHOU
pagualuu i OpraHMueCKUX COCAMHEHUN U OPTaHU3MOB (PEHTTEHOBCKOE U TaMMa-U3TyueHHUs)
ABJsIETCS pazpymaronied. M BHOBb cnaceHne — B BoJE... Boga okeaHa moriomaer peHTreHOB-
CKO€ M TaMMa-U3JIyueHHs U MPOIYCKAET TEIJIOBOE U onThuueckoe n3inydeHust CoJiHila, KOTOpbIe
TaKXe CBOOOJHO MOTYT IPOHUKHYTh B OJTHOKJICTOUHBIE OpraHu3Mbl. Takum 00pa3om, Jis TOro,
yTOOBl BO3HUK BHYTPUKJIECTOUHBIA CUHTE3 OPraHUUYECKUX COCIUHEHHM, HEOOXOIUMBI CIIEIyIO-
IIUE YCIOBUSL:

a) HaJMYKUE BHYTPH OJTHOKIICTOYHBIX OPTAHMU3MOB OPTaHUYECKUX MOJICKYJI, KOTOPHIE JIETKO
U3MEHSIOT CBOIO CTPYKTYPY B HEKOTOPBIX Tpejeiax, NPy U3MEHEHUU BHEIIHUX (PAKTOPOB, YTO
MPUBOJUT K KOJIEOAHHIO MEPHOCTH MUKpoKocMmoca B nuamnazone (0 < AL <0,010101618...

0) HaMuMe BHEMIHUX (PAKTOPOB, KOTOPHIE MOTYT BBI3BIBATh HY>KHBIE M3MEHEHHUS CTPYK-
TYPBI 3THX MOJIEKYJI, HE pa3pyliasi MOJIEKYJIbl, Kak U CaMU OJTHOKJICTOYHBIC OPTaHU3MBI (CIIa0bIe
TEIUIOBBIE U ONTUYECKUE n3iydeHus: CoJHIa).

B xoze sBosonny, BO3HUKIIA HY>KHAs 1711 3TOT0 MOJIEKYJa — MoJIeKyJia Xjaopoduia. Mo-
JIEKYJbl XJI0POPHUILIA, MOTJIONIAS YaCTh ONTUYECKOTO U TEIUIOBOTO M3JIyUYEHHUSI, U3MEHSIOT CBOIO
CTPYKTYpY, CO37aBasi HOBbIE COCIMHEHUS, B CBOK OYEPEAb OUEHb HEYCTOMUMBBIE, TPUUEM, T10-
TJIOIIEHUE MPOUCXOIUT MOPUHUSIMHU, TaK Ha3bIBaeMbIMH, (DOTOHAMU. DTH COEMHEHUs pacnajaa-
FOTCS1, KaK TOJIBKO MPEKPAIIAETCS IEUCTBUE TEMIOBOTO U ONITHYECKOTO U3ITyYEHUS, © UMEHHO 3TO
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BBI3bIBACT HY)KHbIE KOJ€OaHUsI MEPHOCTH MUKPOKOCMOCA, KOTOpPbIE TaK HEOOXOANMBI JIJIsl BO3-
HUKHOBEHUS MPOLlecca CUHTE3a BHYTPU OJHOKJIETOYHBIX oprann3MoB. [lornomas ¢poToHsI co-
HEYHOTO U3TY4YEHUS, MOJEKYJa XJIOpOopuiia BeI3bIBAECT KOJIEOAHUS MEPHOCTH MHKPOKOCMOCA.
OTO CBSI3aHO C TE€M, YTO, NMPHU MOMJIOMICHUH (DOTOHOB aTOMaMU MOJIEKYJbI XJIOpOuUILIa, K-
TPOHBI IEPEXOAAT Ha Apyrue opOuThl. [Ipu 3TOM, Ha BOSHUKIIME 3JIEKTPOHHBIE CBSI3U, MOJIEKYJIa
xnopodumia npucoenuusier rpynnsl OH u H, 4yTo nmpuBOAUT K KOJIEOAHUIO MOJEKYJISPHOTO
Beca. U, kak cienctBue, K0JieOaHUIO MEPHOCTH MUKPOKOCMOCA, YTO U CO3JaET HEOOXO0IUMbIE
YCJIOBUS JJI1 BOSHUKHOBEHHUSI CUHTE3a OPraHUYECKUX COEOUHEHMI. HakOIIeHHbI MOTEeHINANT
MoOJIeKyJia XJIopo(duiiIa TepseT BO BpeMsi CHHTE3a U BO3BPAILAETCSl B UCXOJIHOE, O0Jjiee yCTOMYU-
BOE COCTOSIHME, TOTOBasi K HOBOMY MOTJIOMIEHHIO POTOHOB. CHHTE3 MPOUCXOAUT C MOTIJIONICHUEM
U3 OKpy:katouiei cpeabl yriekucnoro raza (CQOz) u, kak moOOYHBIN MPOIYKT, BHIACISETCS KHC-
nopona (O2). [Ipoucxoaut, Tak Ha3bIBaeMbIi, hoTocunTe3. CrneqoBaTeNbHO, MPOCTEUININE OTHO-
KJIETOYHBIE OPTaHU3MBI B XOJI€ SBOIIOIIMOHHOTO Pa3BUTHS (OJ1arogaps MoJIeKyIaM XJI0popuiia)
pUOOpPENH CIIOCOOHOCTD, MOTJIONIAs COJTHEYHBINA CBET, CHHTE3UPOBATH OPTraHUYECKUE COETHHE-
HUsA, KOTOPbIE HEOOXOIUMBI /I BOCCTAHOBJIEHUS UX CTPYKTYPBI U KU3HHU.

CoenuHeHue 0THOKIJIETOYHBIX OPraHU3MOB OTPOCTKAMH KJIETOUYHBIX MEMOpPaH B OJIMH KOH-
riioMepat (HarpuMep, BOJIBBOKC) CTaJI0 NPUYMHON OUYE€PEAHOTO SBOTOLUOHHOTO CKaYKa HKU3HH.
Cpacranue OJJHOKJIETOYHBIX OPTraHU3MOB, TOCPEICTBOM OTPOCTKOB KJIETOYHBIX MEMOpaH, SIBU-
JIOCh IPUYMHON OYEPETHOTO B3PbIBA PAa3BUTHS KU3HU. BpeMeHHbIe COeTMHEHHS TPEBPATHIINCH
B IOCTOSIHHBIA CUMOMO03 OJHOKJIETOYHBIX OpraHu3mMoB. C 3TOro MOMEHTa 3BOJIOLUU JKU3HH,
MO>KHO TOBOPHUTH O MHOTOKJIETOYHBIX Oprann3max. Hapy»Hple KJI€TKM MHOTOKJIETOYHOTO KOH-
riioMepara IoJABEprajiich BO3IEUCTBUIO BHEIIHENW CpEbl, YaCTO arpeCCUBHOM, B TO BpPEMs, KaK
BHYTPEHHHUE KJIETKM MHOT'OKJIETOYHOI'O OPraHU3Ma CBOEW BHEIIHEH CPEONl MMENIN OKPYKEHUE
U3 JIPYTHX KIETOK. B pe3ynbrare 3T0ro, co BpeMEHEM KJIETKM MHOTOKJIETOYHBIX OPraHU3MOB
CTaJIM BBIMIOJIHATH pa3Hble GYHKIMHU U TPUOOPEN pa3Hblid BHEIIHUHN BUJI. B X0/1€ 3BOIOIIMHU BO3-
HUKaJId HOBBIE BUIbl MHOTOKJIETOUHBIX OPraHU3MOB, McuUe3aid cTapble. boiee coBeplleHHbIE
HKOJIOTUYECKUE CUCTEMbI MPUXOJUIIM Ha CMEHY pocThiM. CO BpeMeHEeM, JKU3Hb BhIOpasiach U3
CBOEH KOJIbIOENIN — OKeaHa U ocBoma cyury. Ho Bc€ aTo nmpoucxoauniio Ha pU3NYecKy MIIOTHOM
ypoBHe. Kak e 3T 3BOIIOLUOHHBIE MPOIIECCHI OTPAKAIUCH HA APYTUX YPOBHAX IUIAHETHI?..

BcnomunMm, yto monekyna PHK nimn IHK Ha BTOpOM MarepuanbHOM ypOBHE CO3JAET
CBOIO TOYHYIO KONUIO M3 OJHOW Marepuu. OHa (Komus) sIBJISIETCs, TaK HAa3bIBAEMBIM, BTOPHIM
MaTepUAIIbHBIM TEJIOM ATON MOJIEKYJbl. OJTHOKJIETOYHBIN OpraHu3M (KJeTKa), KpOME MOJICKYJI
JAHK, oOpa3yronmx XpoMOCOMBI siipa KJIETKH, BKJIIOYACT B CeOS IENBIA Psii OPraHUYeCKUX
BKJIIOUEHUH (anmapaT ['onbKH, MUTOXOHAPUHN, HEHTPUOIIH, SHAOIIa3MaTHYECKast CETh U T.1.),
a Tak)Ke, OpraHM4YEeCKUEe M HEopraHu4eckue MoJieKyibl. [locneaHue NMpUHUMAOT ydacThue BO
BHYTPUKJIETOUYHBIX OMOXMMHYECKHUX PeakusaX. Tak BOT, BCE KJIIETOUHbIE BKIIOYCHHSI TOXKE OKa-
3BIBAIOT BIUSIHUE (T.€. 1eHOPMHUPYIOT, HCKPUBIISIOT) HA OKPYKAIOIEEe MUKPOIIPOCTPaHCTBO. OT-
anuare ux Biaustaus ot BaustHUs Mosiekydl PHK u IHK coctout B TOM, 4TO OOJIBIIMHCTBO U3 HUX
(3a uckmouenueM PHK MUTOXOHIpHIT) HE OTKPBIBAIOT KAU€CTBEHHOTO Oapbepa Mexay pusnue-
CKHUM U BTOPBIM MaTepUalibHbIM YpOBHSAMU. [103TOMY Ha BTOpOM MaTepHUabHOM YPOBHE BCE 3TU

nedopManum, BMECTE B3AThbIC, CO3JAIOT TOYHYIO KOMHUIO (hu3nuecku IIoTHON kieTku (Puc.
4.3.14).
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Tax ke, KaKk ¥ cje/ibl Ha BIaKHOU 3eMJie MOBTOPSIOT (JOPMY HOT, TaK U BTOPOE MaTepHallb-
HOE TEJIO KJIETKH SBJISICTCS MOJHOM KOMHeH (PU3NYeCcKH IMIIOTHOU KiIeTKH. OTInYHe TOIbKO B TOM,
YTO BTOPOE MaTEpUaIbHOE TEJIO KIETKH 00pa3zyeTcst U3 OAHON MepBUYHON MaTEpUH, B TO BPEM,
KaK (PU3MYECKH TJIOTHAs KJIETKa — CIMSHUEM CeMHU MEepPBUYHBIX MaTepuil. Takum obpazom, 00-
pasyercs cucreMa (PM3MYECKHU IIOTHAs KJIETKa — BTOPOE MaTepUaIbHOE TeJo KiIeTku. B ¢pusu-
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YEeCKOM KJIETKE MOCTOSIHHO MPOUCXOMAT MPOLECCHl pacIleryieHus] PU3NYECKH MIOTHOTO Belle-
ctBa. [lepBuuHble MaTepun BHICBOOOXKIAIOTCS U HAUYMHAIOT IIUPKYIUPOBATH MEXIY YPOBHSIMU
M0 CO3/]aBAaEMOMY SIAPOM KJIETKH KaHay, (GOpMHpPYsI 3aIIUTHYIO 000JIOUKY KIETKH.

Kak »xe BO3HHMKaeT n3 BhIOpAChIBAEMBIX MO KaHATY MEPBUYHBIX MATEPUU 3alIUTHAS 000-
nouka kietkn? Kakue mpupoaHbie win 00KECTBEHHBIE CHITBI «T103a00THIIUCH) O TaKOW 3aIUTe
JKUBBIX CO3IaHUIT?

M BHOBB, K COXKaJIEHUIO MHOTHX, HUKAKOro 00’KECTBEHHOT'O Havajla B 9TOM HeT. Bcé, kak u
BCErJla, U OYCHb MPOCTO, U OJTHOBPEMEHHO OYEHb CIIOKHO. XPOMOCOMBI, 00pa3yroIue sapo
KJICTKH, 1ehOPMUPYIOT MUKPOTIPOCTPAHCTBO BOKPYT cebsi. IIpu aToMm, B 30HE nedopmariuu yBe-
JUYUBACTCS MEPHOCTh MUKPOIIPOCTPAHCTBA. BhICBOOOAMBIITECS TIPH PACIIECTUICHUH IEPBUYHBIC
MaTepyUU HAYMHAIOT JBUTATHCS MO CO3/1aBAEMOMY SIIPOM KJIETKH KaHally ¢ (PU3HMYECKOr0 YPOBHS
Ha BTOPOM, TPETUM MaTepuajibHbIe YPOBHU U T.J. DTOT MOTOK MEPBUYHBIX MAaTepU HaIlpaBJICH
MPOTUB OCHOBHOT'O MOTOKA MEPBUYHBIX MaTepuil MmakponpocTpancTBa. [loaTomy BeiOpachiBae-
MbI€ Uepe3 KaHajl KJIETOYHOTIO si/ipa MePBUYHBIC MATEPUU PA3BOPAYMBAIOTCA BO BCTPEUHBIX MO-
TOKaX MEPBUYHBIX MaTepuid, GOpMUPYIOMINX CHEPHI INITAHEThl. AHATIOTHUENH ITOMY MOXKET CITYKHUT
¢ontan. Ctpys BOJbI, BEIOpackiBaeMasi MO JaBJICHUEM, MOJHUMAETCS 10 ONpPEACIEHHON BbI-
coThl. I3pacxo10BaB Ha4YaJIbHBIN MTOTEHIIMAJI, OHA CHIAJAeT BHU3, CO3/1aBas CBOCOOpa3HbINA BOIs-
HOM KynoJi. Tak U mepBUYHbBIC MAaTEPUU, BEIOpAChIBAEMBIC YePE3 KaHAJ KJIETOYHOTO SApa, pa3Bo-
paYuBaIOTCA BCTPEUHBIMU MOTOKaMU. 1 ABUTAIOTCS BJI0JIb 30HBI UCKPUBIICHUSI MUKPOIIPOCTPAH-
ctBa. JlocTUTHYB (hU3MUECKOTO YpOBHS OHH, TMOBTOPSISA (HOPMY HUCKPHUBICHUS MHKPOIPOCTPAH-
CTBa, 3aBOPAYMBAIOTCA K KJIECTOUHOMY sApy. B pesynbTaTre BOKpYr (U3HMYECKH IJIOTHOTO U BTO-

poro MaTCpruaJIbHOIO TCJI KICTKH IICPBUYHBIC MATCPHUH CO3OAI0T H30JIMPOBAHHYIO 30HY (PI/IC.
4.3.15).
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[Tocne 3aBepuienust GOpMUPOBAHKS 3aIMUTHON 00OJIOYKH, OOIIHI MTOTOK MEPBUYHBIX Ma-
TepHil IPOCTO OrudaeT 3Ty 30Hy. BHYTpH NaHHOM 3alIUTHON 000J0YKM BO3HHKAET CBOEOOpas-
HBII MUKPOKJIMMAT, 0A3HC, TJIe BTOPOE MaTepUATHLHOE TEJIO KJIECTKA MaKCUMAIbHO U30JUPYETCH,
KaK OT Xa0ca OKPY)KArOIIeH CPeMIbl, TaK M OT BIUSHUS APYTUX KJICTOK WM OPTaHU3MOB. 3aIUT-
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Hasl U30JIMpYloIIas 000I04YKa OyAeT CyllecTBOBATh 10 TeX MOp, oKa Oy1eT NPOMCXOIUTh pac-
HICTJIEHUE BEIIECTB BHYTPH KJIETKU U (PYHKIIMOHUPOBATH KaHAII MEX]Ty YPOBHSAMU KiIeTKu. py-
TMMU CJIOBaMH, J0 T€X IMOpP IMOKAa KJIETKa OCTaETcs XUBOM. B MHOTOKJIETOYHBIX OpraHu3Max
KJIETKU UMEIOT pa3iuyHble (PYHKIINUU U, KaK CIEACTBHE, MPUOOPETAIOT pa3Hbie BHEUTHHE (DOPMBI.
JIr060# MHOTOKJIETOYHBIN OPTaHU3M MPEJICTABISIET CO00M KECTKYIO KOJIOHHUIO, B KOTOPOU BHEII-
HIOIO cpelly OOJIBIIMHCTBA KJIETOK 00pa3yroT Apyrue KIETKHU TOTo ke opranusma. [Ipuuém, 3to
(uKCHpPOBaHHOE MOJIOKEHNE KIIETOK COXPAHAETCS HAa IPOTSHKEHUU BCEH MX KU3HU (MCKITIOUEHHE
COCTABJISIFOT KJIETKU KPOBH).

BcnomHuM, 4TO Kaxk1as AKuBasi KJIETKA CO3JaET BTOPOE MAaTEpUAIIbLHOE TEN0, KOTOPOE MpPe-
CTaBJIAET COOOM €€ CTPYKTYPHYIO KOIIHIO. B )KECTKON KOJIOHUH TMOJI0KEHUE KIIETOK 3a(pUKCUPO-
BaHO, IOTOMY UX BTOpbIE MaTepUalibHbIC TeJla TaK)Ke UMEIOT (puKcupoBaHHOE nosoxeHue. [1o-
ATOMY Ha BTOPOM MaTepHAIbHOM YPOBHE BTOPbIE MaTEepHAJIbHbBIE Tella KJIIETOK 00pa3yloT aHajo-
TUYHYIO JKECTKYK) CHCTEMY — BTOPOE MAaT€pHaIbHOE TEJIO0 MHOTOKJIETOYHOrO OpraHusma. B
XOJI€ ABOJIFOIIMM MHOTOKJIETOYHBIX OPraHU3MOB CIIEHUAIA3ALMS KJIETOK MPUBEIA HE TOJIBKO K
TOMY, YTO OHHU CTaJM BBITJISJIECTh IO APYTOMY, HO U CTENICHb UX BIIUSIHUSI HA CBOM MUKPOKOCMOC
nperepIesa CylneCTBEHHbIE KaueCTBEHHbIE n3MeHeHus. Jledopmaliusi MUKpOIIPOCTPaHCTBA, CO-
371aBacMas HECKOJIbKMMH TUIIAMHU KJIETOK MHOTOKJIETOYHOTO OpraHM3Ma IpUBENIA K TOMY, YTO
MPOUCXOJIUT OTKPBHITUE KAUYECTBEHHOIO Oaphepa MEXAY BTOPHIM M TPETHbUM MaTepUaIbHBIMU
ypOBHSIMHU T1aHETHI. [Ipu 3TOM, Ha TpeTheM MaTEepUaTbLHOM YPOBHE (POPMUPYIOTCS, MO aHAJIOTUH
CO BTOPBIM MaTe€pHAIbHBIM YPOBHEM, TOUHBIE KOTIMH (PU3UUECKH IJIOTHBIX KJIETOK CO BCEMU UX
ocobeHHOCTsIMU. Ha30BEM 3TH KOMUU TPETHUMHU MaTEPUAIbHBIMU TeIaMU (PU3UYECKU TTOTHBIX
KJIETOK. OTInMYmMe UX OT BTOPBIX MaTEPUAIBbHBIX TEJ KJIETOK ONPEAEsAEeTCS HE TOIbKO PacIoo-
YKCHUEM Ha CJICIYIOIIEM KaY€CTBEHHOM YPOBHE IUIAHETHI, HO U KAY€CTBEHHBIM cOocTaBoM. [loJi-
HbIE TPEThHU MaTepUATIbHBIE TeJIa 00Pa3yOTCs B pe3yJIbTaTe CUHTE3a U3 JIBYX MEPBUYHBIX MaTe-
puii (Puc. 4.3.16).
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TpeTbu MaTepuaibHbIe TEA KIETOK MHOTOKJIETOYHOTO OpraHu3Ma TaKkke 00pas3yroT KECT-
KYIO CUCTEMY — TPeThe MaTepuajibHOe TeJ0 MHOTOKJIETOYHOIO OpraHu3Ma.

[TosiBneHue TpeTbUX MaTepUaIbHBIX TN Y dKUBBIX OPTaHU3MOB SBHJIOCH KOJIOCCATbHBIM Ka-
YECTBEHHBIM CKaYKOM B Pa3BUTHUH KUBOW pUpoAbl. Hanuune y KjaeTok Tpéx B3auMOIeHCTBYIO-

K ornaenenumio 198



Huxonaii JIeBamos «Heonunopoanas Beenennas»

X MEXTYy COO0M YPOBHEH CO34aJI0 HEOOXOMMMBIC U IOCTATOYHBIC YCIOBUS N7 BOSHUKHOBE-
HUS MAMSATH, SMOLUUI U HHTEJUIEKTA, YTO U ABJISECTCS OCHOBOM BBICOKOOPTAaHU30BAHHOW KUBOM
Marepun. HeKoTopsie TUIBI KJIETOK MHOTOKJIETOYHBIX OPraHU3MOB, IIPU CBOEH aJalTal[uy K BbI-
MOJTHSIEMBIM UMHU (PYHKITUSIM, H3MEHUJIUCH JI0 TAKOW CTETICHH, YTO BBI3bIBacMasi UMHU JedopMa-
AT MUKPOMPOCTPAHCTBA JOCTHUIJIA YETBEPTOTO MATEPUATBLHOTO YPOBHS ILJIAHETHI. DTO —
KJIETKH TOJIOBHOTO, CHUHHOTO ¥ KOCTHOTO MO3ra. AHAJIOTUYHO, Ha 3TOM YPOBHE 00pa3zyeTcs YeT-
BEpPTOE MaTepHaJIbLHOE T€JI0 MHOTOKJIETOYHOTO OPTaHU3Ma U3 MaTEPUATBHBIX TEJI KJIETOK 3TOr0
opranusMma (Puc. 4.3.17).
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Taxum o6pa3om, B CO31aHUU BTOPOTO MAaTEPUAIBHOTO Tella yYaBCTBYIOT BCE KIETKU (U3H-
YeCKH IUIOTHOTO OpraHusmMa. B cozmanuu Tpersero MaTepuagbHOro Tejaa — OOJBIIMHCTBO Kile-
TOK. UeTBEPThIE MaTepUaIbHbIE TE€JIa MOT'YT BO3HUKHYTh JIUIIb Y HEKOTOPBIX BUAOB KHBBIX Op-
raHU3MOB M TO Ha ONPEIEIEHHOM YPOBHE UX pa3BUTHUs. B co31aHnu mSTOro MaTepHaIbHOTO Tela
MIPUHUMAET YYACTHE TOJBKO YaCTh KJIETOK MHOTOKJIETOYHOro opranusma. [loatomy, yetBépToe
U MSITOE€ MaTEpUAIIbHBIE TeJIa KAYECTBEHHO (BHEIIHE — TOXKE) OTJIMYAIOTCS, KaK OT TPEThETO, TaK
Y OT BTOPOT'0 MaTEPUAIBHBIX T€JI MHOTOKJIETOYHOIO OpraHu3Ma.

PU3NYECKH TUIOTHOE WM IIEPBOE MATEPUAIIBHOE TEJIO KJIIETKH, BMECTE CO BTOPBIM, TPETHHM,
4eTBEPTHIM U T.J. MATEPUAIBHBIMH TEJIaMU, IPEJCTABISAIOT COOON OIHY CUCTEMY — JKHUBOH Op-
raHU3M, )KUBYIO MaTEpHIO. TOJIBKO BCE BMECTE OHM CO3/AAI0T Yy10 IPUPOABI — KUBYIO MATEPHIO,
’KU3Hb, DBOJIFOLIMS KOTOPON 3aKOHOMEPHO IIPUBOJUT K 3apOXKICHHUIO pa3yMa — CaMOCO3HAHHUS
*KUBOU Marepui. [Ipy HapyeHUN B3auMOAEUCTBHSL (PU3NYECKH IUIOTHOTO TeJla KJIETKU (IEPBOTO
MaTEpUaTBLHOTO TeJa) C OCTAIIbHBIMU MaTepUATbHBIMU TeJlaMU, IPOUCXOAUT HapyILIeHUE (yHK-
LIMOHUPOBAHMS U caMoil KJeTKU. [ [pekpalienre qupKy ISy EPBUYHBIX MaTEPUd MEXITY YPOB-
HSIMH KJIETKU MIPUBOJMT K CMEPTH nociieqHel. JKuBas KieTka He MOXKET (yHKIHMOHUPOBATh 0€3
00paTHOM CBSA3M CO CBOMMH JIPYTUMHU MaT€pUaIbHbIMU Tenamu. Tak ke, Kak U Apyrue MaTepu-
aJNbHBIC TEJIa KJIETKH HE B COCTOSTHUM (PYHKIIMOHUPOBATH, O€3 MOCTOSHHOIO Mpoliecca pacnaia
MOJIEKYJI B (PU3HYECKH TUIOTHOM KieTKe. [Tociie ocTaHOBKH KU3HEHHBIX MTPOLIECCOB, (PU3NYECKU
IJIOTHAS KJIETKA pacnagaeTcsl Ha OpraHu4YeCKue U HEOPraHUYECKHE MOJIEKYJbl. DTOT (akT He
TpeOyet nosicienuid. Ho, 94T0 mpoucxonuT, Mpu 3TOM, C OCTaIbHBIMU MaTepUaIbHBIMU TEJIAMU
kieTku? Paspyimarores gy oHM Hamojnooue (pU3M4ecKH IIOTHOTO Tela KJIETKU Wiu Habroja-
FOTCSI MHBIE ITPOLIECCHI U, €CIIN Ja, TO KaKue?

JleficTBUTEIHHO, BTOPOE U T.JI., MATepUaIbHBIE TEJIa BO3HUKAIOT B pe3yJibTare AeGopMaliuu
MHUKPOITPOCTPAHCTBA, CO3aBaeMOM (Pr3nuecku MI0THOM KieTKoi. [ToaTomMy, mepBoe 4TO MOXKET
IIPUWTH HA YM, TaK 3TO TO, YTO U BCE OCTAJIbHBIE MAaTEpHUAJIbHBIC TEJIA KIIETKA UCUE3AI0T, MPU
pacnazae ¢puznuecku mwiotHoro. Ho, Tak au 310, BOT, B 4éM Bompoc?

JlaBaiiTe BCHOMHUM, YTO BTOPOE U T.J., MaT€pUaJIbHbIE TeJla KJIETKU MOSBISIOTCS, KaK pe-
3yJbTaT HACBIIMICHUS Je(opMaiinu, co3/laBaeMoil KJIETKOM Ha TOM WJIM MHOM ypOBHE IMEpPBHUY-
HBIMU MaTEpHUSIMH, KOTOPHIE HE BXOJIAT B COCTaB KaXkJ0T0 U3 3TUX ypoBHEH. BTopoe Mmarepualib-
HOE TeJl0 — mepBuIHON MaTepueit G, Tpethe — G u F, yeTBéproe — G, F u E u T.1. I1pu Takom
packJiiazie, Opocaercs B rjia3a KaueCTBEHHOE OTJIMYME MEPBOTO OT BCEX OCTAIBHBIX MaTepHalb-
HBIX Ted KJIeTKu. [lepBoe MaTepuanbHOe TeJI0 00pa30BaHO U3 cuOPUOHOU MAaTEPUU, BOSHUKIIICH
MIpU CIMSHUU CEMH IEPBUYHBIX MaTepuil. Bce ocTanbHble MaTepUalIbHBIE TEJA KIIETKUA BO3HUKIIH,
KaK Pe3yJIbTaT HACHIIICHUS nep8uUUHbIMU MATEPUIMHU JIehopMaIlid MUKPOTIPOCTPAHCTBA, CO3/1a-
BaeMoM (pM3UUECKH TUIOTHBIM TEJIOM KJIeTKU. Kak ciies1 Ha MSTKOM IOYBe 3aMmOTHSAETCS T0KIeBOU
BOJION, Tak M Jedopmaliisi MUKPOTIPOCTPAHCTBA, BbI3bIBaeMasi (DU3NYECKU TUIOTHOM KIIETKOM,
HACBHIIIAETCA COOTBETCTBYIOIIMMHU MEPBUYHBIMU MaTepusiMu. M, kak He Bcerza ucue3aeT Clel,
OCTaBJICHHBIM HOTOW B MSTKOM IMOYBE, TaK U HE BCETJa UCUYE3AI0T BTOPOE U APYTHE MaTEpUAIIb-
HbIE TeJla, Tociie pa3pylieHus: GU3NYECKU MIIOTHOTO Tena KIETKH.

JlaBaiiTe BBIICHUM, YTO K€ C HUMU NMPOUCXoauT? [Ipy HamMumm y KJIETKH TOJIBKO BTOPOTO
MaTepuaibHOrO Teja U3 NepBUYHOU Matepuu (G, BOSHUKAET CUTYallHsl B KOTOPO BO3MOKHO He-
CKOJIbKO BAPUAHTOB pa3BUTHA IIpoliecca. Bropoe MarepranbHOE TENO CO BPEMEHEM TEPSIET IIJI0T-
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HOCTb HACBIIIEHUS IEpBUYHOM MaTtepueit G; mpu Hanuuuu (PU3NYECKH IMIIOTHOTO Tela, BOCTOJ-
HEHHUE TIOTEePh MPOUCXOANT 3a CUET HACBHIIEHUS IEPBUUYHBIMU MaTEPUSMHU, BEICBOOOKIAEMbIMU
IIPU pacmajie MOJIEKYJI BHYTPHU KJIETKH, HO U OOJIbIlas YacTh MOTEPh BTOPHIM MaTEpUaIbHBIM Te-
JoM niepBuuHOM Matepuu G, B TO ke camoe BpeMs, BbI3BAHO BO3BPATHBIM MOTOKOM ITOM TMep-
BUYHOU MaTepuu Ha (PU3HUYECKU TUIOTHBIA yPOBEHBb. ITOT 0OpaTHBIN MOTOK U SBJSIETCS HEOOXO-
JUMBIM YCIIOBHEM HOPMAJIBHOTO (PYHKIIMOHUPOBAHUS KMBOM KieTku. [lpu paspymenuun pusu-
YECKU MJIOTHOM KIIETKU, MPEKpaIaeTcs U oOpaTHBIM MOTOK NepBUYHOU MaTepur G OT BTOPOro
MaTepualibHOTO Tena K nepsomy (Puc. 4.3.18).
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BTtopoe MaTepuanpHOE TE€TI0 MPOA0IIKAET TEPSITh HEKOTOPYIO YaCTh MEPBUUHOM MaTepuu G,
U3 KOTOpO# U o0pa3yeTcs COOCTBEHHO BTOpOE MaTepualbHOE TENO KIETKU. B pe3ynbraTe uero,
IJIOTHOCTh BTOPOTO MaTEPUAIBLHOTO TeJla YMEHBIIAeTCsl, OHO, Kak Obl «Taet». M eciu Ob1 mpo-
LECC «TASIHBS» MPOAOILKAIICA Obl, 0€3YCIOBHO, BTOPOE MAaTEPHAIBHOE TEJIO KIETKH, YEPE3 HEKO-
TOpoe BpeMs Toclie Tuoenn (Gpu3nuecku MmioTHoro, ucyesno Ovl. Ho, atoro e mpoucxomut. U
BOT, oueMy. BcromHmM, 4T0 mocnie 3aBepiieHus (GOpMUPOBAHUSI TUIAHETHI, IEPBUYHBIE MaTe-
pUU IPOJOJKAIOT IPOHU3BIBATH 30HY HEOJHOPOJHOCTH IIPOCTPAHCTBA, B KOTOPOH MPOU30LIEN
CHUHTE3 IUIAHEThI. A 3TO 03HAYAET, YTO MOTOKU NEPBUYHBIX MATEPUM IPOHU3BIBAIOT U BCE MaTe-
pHaJIbHBIE TeJa KJIETKH, BKIItoYas U GU3NYecKu MIoTHOE. M ecau HackleHne Gu3nYecKu IUIoT-
HOTO TeJla CBOOOAHBIMU MEPBUYHBIMU MATEPUSMHU HE UTPAET NPUHLIUIUAIBHON POJId B PYHKIIH-
OHHUPOBAHMU (PU3UUECKU IUIOTHOU KIIETKHU, TO, IPU MPOHU3bIBAHUM TOTOKAMU NIEPBUYHBIX MaTe-
pUl BTOPOrO U IPYIMX MaTEpUAIBHBIX TEJ KJIETKH, KapTHHA KapJIWHAJIbHO MeHseTcsa. Bropoe
MaTepUaIbHOE TEJO MPEACTaBIseT co00M CrycTok mepBUyHOW Marepuu G, 3amOTHHUBIICH Jie-
(dbopmalo MUKPOIIPOCTPAHCTBA, CO3/IAHHYIO0 (DU3NYECKH IJIOTHBIM TEJIOM Ha BTOPOM MaTepu-
anbHOU cepe. IloaToMy, npu NPOHU3BIBAHUM MEPBUYHBIMUA MATEPUSAMHU IUIAHETAPHOTO IPO-
CTpaHCTBa, epBuYHas MaTepust G HACKIIAeT U BTOPOE MaTePHALHOE TEJI0. AHAJIOTUYHO TOMY,
KaK MOTEps] BOABI JIy>)KEH WM BOAOEMOM B JKapKUE€ JTHU BO3MEIIAETCS MOCPEICTBOM JTOXKACH.
['maBHOE — 4TOOBI «JI0XKIW» LILJTK peryisipHo. 1 eciu B citydae ¢ JTy’KaMH 3TO CITy4aeTcs AaJIEKO
HE BCET/Ia, TO B ClIydae HACBIIEHUS BTOPOTO MaTEpPHAILHOTO Tejia mepBUuYHON MaTepuen G, mo-
no0Has npobsiemMa NpakTUUEeCKU HUKOTJa He BO3HHMKAeT. Takum 0O0pa3oM, KaueCTBEHHOE OTJIH-
qre IpUpojipl 00pa3oBaHus (U3UYECKHU IJIOTHOTO TeNa KIETKU OT MPUPOJbl 00pa30BaHUs IPY-
I'MX MaTE€pUAJIbHBIX TeJl KJIETKH, CO3al0T YHUKAJIbHYIO CUTYal1I0, 6€3 KOTOPOM 3BOIOLUS KH-
BOI MaTepuu Obl1a ObI IPOCTO HEBO3MOKHOIA.

[Tocne paspyiienus GU3NYECKH TUIOTHOM KJIETKHU, APYyTUe MaTepUalibHbIC Tesia KIETKH HE
MCUE3aI0T, HE pa3pyILIAtOTCs, @ COXPAHIIOTCSA 34 CUET MOANUTKH MOTOKAMHU IIEPBUYHBIX MAaTEPUH,
MPOHU3BIBAIOIIUX [NIAHETAPHOE MTPOCTPAHCTRBO.

[IpaBaa, cyiecTByeT BeChMa CYIIECTBEHHOE OTJIMYME MEXKITY ITUMHU JABYMSI COCTOSIHUSIMU.
be3 ¢uznyecku mioTHOTO Tea KJIETKH, B KOTOPOM MPOUCXOAUT aKTUBHBIN MPOIIECC paciajia Mo-
JIEKYJI Ha TIEPBUYHBIEC MAaTEPUU UX 00PA3YIOIINE U MOITHOTO HACKIIIEHUS UMU BTOPOTO U IPYTHUX
MaTepUAIIbHBIX TEJ KJIETKU, BTOPUYHOE HACHIIICHUE TEPBUUYHBIMUA MATEPUSIMHU ITUX TEJ POUC-
XOJIUT OYEHb MEJIEHHO. B pe3ynbpTaTe 3Toro Bce mpoiecchl, MNPOUCXOSIINE Ha YPOBHE BTOPOIO
U IpyTUX, MaTEPUATBHBIX TN KJIETKU 3aMEISIOTCS B COTHH, a IMOPOM, U B THICSYM pa3. 3aMe/-
JSFOTCS, HO HE MPEKPALIAIOTCS. ITO — BEChbMa BaKHBIII MOMEHT, UMEIOLIUN MTPUHIUITHAIBHOE
3HA4YEHUE ISl TOHUMAaHHUSI, KaK CaMOM KU3HH, TaK U BO3MOKHOCTH 3BOJIFOLIUU KUBOUW MPUPOIBI.

JlaBaiiTe moipoOHO, CTyNEHbKA 3a CTYNEHBKOM, II1ar 3a MIaroM, mpoaHaIn3upyeM MPOUCXo-
JISITITAE TIPOIIECCHI B )KUBOM CUCTEME TOCTIE pa3pylIeHHs (PU3NYECKU TUIOTHOTO Tela KiIeTKu. [Ipu
HAJIMYHMH Y KIJIETKHA TOJIHKO BTOPOTO MaTepPUAIBLHOTO Telia, TTOCe pa3pymieHus PU3NIECKH III0T-
HOT'O Teja KIJIETKH, BTOPOE MATEPUAIIBHOE TEJIO HEe MCYe3aeT, HE PACCEUBACTCs, KAK YTPEHHHUI
TymaH, noj iyaamu Cosnia. KoneuHo, mioTHOCTh BTOPOTro MaTepuagbHOro Tena 6e3 pusnyecku
IJIOTHOTO 3HAYMTEIBHO MAJaeT, HO MOJINUTKA 32 CUET MEPBUYHBIX MATEPHl, MPOHU3BIBAIOIINX
TJIAHETAPHBIE YPOBHU HE MO3BOJISIET MOJHOCTHIO «BBICOXHYTH» BTOPOMY MAaTE€pPUAIIBHOMY TENy.
[ToueMy 3TO TPUHIUIIUAIBHO BaXHO? UTO CIydnsiock Obl, €CIM ObI BTOPOE MaTEPUAIBHOE TEJIO
KJIETKH «BBICHIXQJIO» MOCIE pa3pylleHus pu3nuecku mioTHoro tena? Huuero «ocoOeHHOTOY,
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TOJIBKO TO, YTO IBOJIOLMHU KMBOW MATEPUU, MOSBICHUS pa3yMa «IIPOCTO» HE MPOU3OILIO ObI.
BrionHe BO3MOXHBI CUTYaIlMH, KOTJ]a BTOPOE MaTEPUAILHOE TEJI0 MOKET OBITh MOJHOCTHIO Pa3-
PYILLIEHO B CUIIy T€X WM UHBIX IPUYMH, KaK, HAIIPUMEP, BO3ACHCTBHE MOIIHBIX BUXPEBBIX MOTO-
KOB IIEPBUYHBIX MAaTEpUi, IPOTEKAIOUIMX YEPE3 IIaHeTapHble YpoBHU. Ho, Takue siBIeHus ciy-
YaloTCsA HE TaK YacTO M HE CO3/Ial0T TII00ATBHBIX NPO0JIEM, HE YTPOKAIOT )KMBOM MaTEpUH U €€
sBosoLMM B 1enom. Ho, Bonmpoc, moyemy «HEBBICBIXaHUE» BTOPOTO U APYTHMX MaTepHATbHBIX
TeJ KIJIETKH, [10CJIE pa3pylIeHus: PU3NYECKOTO Tela KIETKH, SIBISETCS KIIFOUEBBIM MOMEHTOM JUJIsI
BO3MOYXHOCTH 3BOJIFOLIMM KUBOM MAaTEPUH U 3apOXKACHUS pa3yMa, OTJIOKUM Ha HEKOTOPOE BPEMS
1 BEPHEMCS K KaUE€CTBEHHBIM IIPOLIECCAM, TPOUCXOASIINM C KJIIETKaMU, UMEIOLUMU Pa3HYIO Ka-
YECTBEHHYIO CTPYKTYpY.

Ecnu xuBas kinerka umeer, Kak BTOPOE, TaK U TPEThE MAaTEPUAIIBHOE TEJIO, TO, IIPU pa3py-
MIeHUH (PU3NYECKU TUIOTHOTO Tefa, 0e3 MOAMUTKY MEPBUYHBIMU MAaTePUSIMH, Yepe3 paclierie-
HUE MOJIEKYJ B (U3NYECKH TIIOTHOM KJIETKE, OKa3bIBAIOTCS YK€ JIBa MaTepUaIbHBIX TeJia — BTO-
poe U TpeTbe MaTepuajbHble Tesa. M, ecTecTBEHHO, MMOCIe TPEKPALIEHUS «ITOAAYH HABEPX)»
(Y3MYECKH MJIOTHOM KIIETKOW MEPBUYHBIX MaTEPUl «XyJI€€T», KaK BTOPOE, TaK TPEThE MaTepu-
anbHBIE TeNla KIeTKU. Ho, onATh-Taku, HE MPOUCXOAUT NCUYE3HOBEHHUE ITUX MATEPHUAIBHBIX TEI
nocJie pas3pyuieHus (pU3nYecky MIOTHON KJIETKU 3a CYET BCE TOrO YK€ HACBIIIEHUS MOCIEIHUX
IIEPBUYHBIMA MAaTEPHUSAMH, ITOCTOSHHO MTPOHU3BIBAIOIIMMHY IUIAHETApHbIE YPOBHU. OTianuue 3a-
KJIFOYAE€TCSA B TOM, YTO TPEThE MATEPUATIBHOE TEIO KIECTKU NOANMUTHIBACTCS YK€ IBYMs IIEPBHUY-
HeiMu MatepusiMu G u F. TIpuuém, cKOpoCTh HachIIEHHS IEPBUYHBIMU MATEPUSMU TPETHETO
MaTEpUAJILHOTO TeJla KJIETKH OOJIbIIe CKOPOCTH HACBILIEHUSI BTOPOI0 MaTepUaIbHOTO Teja, 1o
oJIHOM npocToil npuunHe. [ToTokK nepBUYHBIX MaTEpUid, TIoNajas B INIaHETApPHYIO 30HY Jedop-
Malliy, IIPU CBOEM JIBHKEHUU 4Yepe3 He€, BBIHYKACHBI «IIPOCAYMBATHCS» Yepe3 KaueCTBEHHbIE
Oapbepbl HIECTH IJTAHETAPHBIX MaTEpHANIbHBIX cep. B pe3ynpraTe 3TOro CKopocTh UX ABHKEHUS
3aMeUISIeTCA. U CKOPOCTh JABMKCHMS IEPBUYHBIX MATEPUM, JOCTUIIIMX BTOPOU IJIAHETAPHOU
MaTepuanibHOU chepbl, CTAHOBUTCS MUHUMAJILHOM, IO OTHOUIEHUIO K CKOPOCTSIM Ha BCEX APYTHUX
IJJAHETAPHBIX YPOBHSIX.

Kpome 3Toro, ninanerapHble KaueCTBEHHbIE Oapbephl BIMSIOT HA pa3Hble IEPBUYHBIE MaTe-
pUM HEOAMHAKOBO, B PE3YJIBTATE YETO, POUCXOJAUT U3MEHEHUE COOTHOIIECHUS IEPBUYHBIX Ma-
Tepuil B OOIIEM MOTOKE, U CKOPOCTU UX ABUKEHUS IPYr OTHOCHUTEIBHO ApPyra Bc€ OoJiblle U
0OJIbIIIE HAYMHAIOT Pa3JIMYaThCA MOCE MPOXOXKIACHHS KaKIOT0 KaueCTBEHHOro Oapbepa Iia-
HEThl. YTO, B CBOKO O4YEpE/lb, B 3HAYNUTEIBHON CTEIIEHU CKA3bIBAETCS HA COOTHOLUIEHUH MEXKIY
IIEPBUYHBIMU MATEPUAMHU HA KAKJIOM IUIAHETAPHOM YPOBHE U, COOTBETCTBEHHO, HA UHTCHCHUB-
HOCTH IIPOLIECCOB, IPOTEKAOIINX HA KAKI0M U3 IUIAHETAPHBIX ypoBHEN. [loaTOMy, ipu Hanmnyuum
y KJIETKH BTOPOTO U TPETHETO MAaTEPHAIIbHBIX TEJI, HACBILIEHHE TepBUYHBIMU MaTepusiMu G u F
TPETHETO MaTEPUAIBHOTO Tea KJIETKH OYIeT IPOUCXOAUTH ObICTpEE, YeM IMPOUCXOISIIEE B TOXKE
BpEMs HaCHIIICHUE TIEPBUYHON MaTepueit G BToporo matepuaibHOTO Tena. U, eciu mpuHsSTh BO
BHUMAaHHUE, YTO «TassHUE» WIIU APYTUMHU CJIOBAMHU ITOTEPS BTOPBIM U TPETBUM MaTEPUAIbHBIM Te-
JJaMH KJIETKU MEPBUYHBIX MAaTEPUI MPOUCXOAUT, IPUMEPHO, OJUHAKOBO, TO, B PE3YJIbTATE Pa3-
JINYHOW IUIOTHOCTHU Y CKOPOCTH JABUKECHUS IIEPBUYHBIX MATEPUIN YEPE3 BTOPOU U TPETUH ILJIaHE-
TapHbl€ YPOBHHU, CKOPOCTh HACHILEHUS NMEPBUYHBIMU MATEPUSIMU 3TUX TeA OyAET pa3iudHasl.
BcnenctBue vero, HachlllleHHE IEPBUYHBIMA MAaTEPUSIMU TPETHETO MATEPUATIBLHOTO Tena Oyaer
MPOUCXOIUTH OTHOCUTENILHO OBICTPEE, UEM HACHIIIEHHE BTOPOTO.
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KoHeuHO, 3T0 HachlllleHHE HE UJET HU B KAKOE CPAaBHEHHE C HACBHIICHUEM NEPBUYHBIMU
MaTEpUSIMU 3TUX TeJl, MPU HAJIUUUK (PU3MUECKH IUIOTHOTO Tela KJIETKH, HO, TEM HE MEHEe, B
pe3yNbTaTe 3TOr0 HACHIIICHUS, BOSHUKAET HEKUI1 H30BITOK, OTHOCUTEIHHO BTOPOTO MaTeprab-
HOTO TeJa, IEPBUYHBIX MATEPUil B TPETHEM MAaTEPUATHLHOM Telle KIeTKH. OTHOCUTENbHBIN N30bI-
TOK KOHLEHTpAIMHU IEPBUYHBIX MAaTEPUIl HA YPOBHE TPETHET0 MATEPUATILHOT'O TEJIA, 10 OTHOIIIE-
HUIO K BTOPOMY MaTE€pUAIbHOMY TEIly, IPUBOJIUT K TOMY, YTO MEXIY TPETbUM U BTOPBIM MaTe-
pHAaJIbHBIMU TEJIaMH KJIETOK BO3HUKAET OUCHb cllabast MupKyIsius nepuaHoi Matepru G (Puc.
4.3.19).
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[upKyIanus nepBUYHBIX MaTEPUN MEXY BTOPBIM U TPETBUM MaTE€pUaIbHBIMU TEIAMU I10-
CJI€ TIOJHOTO pa3pyleHus PU3NIeCKH IUIOTHON KIETKH, €CTh HU UTO MHOE, KaK MPOSIBICHUE JKU3-
HeAesITeNnbHOCTU. [[pyrumu cioBaMu, eciu (U3MUECKU TUIOTHAS KIJIETKa Mepes TeM, Kak pas3py-
LIUTHCSI, UMEJIa B CBOEH KAaYECTBEHHOM CTPYKTYpPE, KaK BTOPOE, TaK U TPETbe MATEPHUAIIbHBIC
Tena, TO, MOCJIe pa3pyleHus: PU3NIECKH IIOTHOTO Tella, MPOLIECCHl KU3HEACITETbHOCTH KIETKH
Ha 3THX YPOBHSX HE OCTAHABIMBAIOTCA, a TOJIBKO BO MHOTO Pa3 3aMEIISIIOTCS.

AHanoruyHele NPOLECCHl MPOUCXOAAT U Ha YPOBHE (PU3NYECKU TUIOTHBIX TEN Yy 3€MHOBO/I-
HBIX U MPECMBIKAIOIINXCS, KOTJa ITPU OXJIAXKIECHUHU TeJa aKTUBHOCTD UX )KU3HEHHBIX ITPOLIECCOB
3aMeIIsaeTcs B IECATKH pa3 0e3 Kakoro-i1ubdo Bpeaa Juisl ’TUX )KUBOTHBIX. bosee Toro, HekoTo-
pbIE 36MHOBOJHBIE TaKUE, KaK JIATYIIKH, MOTYT MOJIHOCTBbIO 3aMEP3HYTh, IPEBPATUBILKCEH B Jie-
ISIHBIE CTaTyH, a IOTOM, HarpeBasCh MO BO3AEHCTBUEM COJIHEUHBIX JTy4€id, TOCTENEHHO BO3Bpa-
IAI0TCSI K HOPMAJIBHOMY YPOBHIO aKTHBHOCTU. B TaKOM 3aMOpPOKEHHOM COCTOSIHUM OHH MOTYT
HaXOJUTHCS COTHU JIET, TOJIBKO HA TE K€ COTHHU JIET OCTAHABIMBAETCS U PA3BUTHE UX OPTAaHU3MA,
ABOMIONMA. B TakoM 3aMOpOKEHHOM COCTOSIHUM JKU3HEHHBIE MPOLECCH (PU3NYECKU MIIOTHBIX
KJIETOK OpPTraHM3Ma JIATYLIEK 3aMEISIIOTCS B IECSITKH THICSY pa3, HO HE OCTaHABIIMBAKOTCS IOJI-
HOCTBIO. [10ATOMY B 3aMOpOKEHHOM COCTOSIHMM JISATYILIKA MPOAOJIKAET UCIIOIb30BATh 3aIacChl
OpraHUYECKUX MOJIEKYJI, HAKOIUJIEHHBIE B €€ KJIETKax J0 TOro, Kak oHa 3aMmépsina. [loaromy, B
3aMOPOKEHHOM COCTOSIHWH, JIATYIIKA OY€Hb MEJIEHHO XYJEET, IOCTENEHHO HAYMHAETCS TOJI0-
JaHUE U, €CIIU BOBPEMS HE pa3MOPO3UTh TaKYIO JISTYIIKY, OHAa IPOCTO MOTUOHET OT UCTOIIECHHUS.
Tak kak, K CO’)KaJIeHUIO0, B 3aMOPOKEHHOM COCTOSIHUH JIATYIIKU HE B COCTOSIHUU MUTATHCS. Mo1il-
Kapy, KOTOpas SBISAETCS OCHOBHOM IMUIIEN 3TUX 36MHOBOJHBIX OHU IIOKA €IIE B COCTOSIHUM JIO-
BUTb TOJIBKO B aKTUBHOM COCTOSIHUU. OCcOOO0M OMaCHOCTH YMEPETh OT UCTOILLEHUS B 3aMOPOKEH-
HOM COCTOSIHUM Y JISITYLIEK IPAKTUYECKH HUKOT 1A HE BOZHUKAET, TaK KaK 3aMOPaKUBAIOTCS OHU
TOJIBKO Ha 3UMHUH NMEPUOJI, KOTJa TeMIIepaTypa cpeabl UX OOUTaHUs OIyCKAETCsl HIKE HYJIS IO
enbcuto. Tak BoT, 0€3 (pr3HUECKU TNIOTHOTO TeJa KIETKH BO BTOPOM U TPEThEM MaTepUalbHbBIX
TeJIax KM3HEHHBIE ITPOLIECCHI HE OCTAHABIIMBAIOTCS, a 3AMEUISIIOTCS B ThicAun pa3. Ho, Tem He
MEHEE, 3TO BCE paBHO HE MOJIHASI CMEPTh, KOTOPAsi MOAPA3yMEBAET MOJHYIO OCTAHOBKY KM3HEH-
HBIX MPOLIECCOB HA BCEX YPOBHSX, TAK HA3bIBAEMYIO, a0COIIOTHYIO CMEPTb.

Tak BOT, OJIs1 )KUBBIX OPraHU3MOB, B bonvuuncmee cuyuaes, abconomuas cmepms He
Hacmynaem HUKO020d.

[Tocne pa3pymieHust pu3nYecKky MIOTHOTO Tejla KIETKM HaCTyNaeT OTHOCUTEIbHAs CMEPTh
’KUBOTO OpraHu3Ma, Korja MpoTeKarouue IpoLecChl )KU3HEAEATENLHOCTH Ha YPOBHE BTOPOTO U
TPETHEr0 MATEPHABHBIX TEJ MPOTEKAIOT B COTHU THICAY pa3 MEUICHHEE, YeM, IIPU HaJIU4YUU
IJIOTHOTO (pu3nyeckoro Tena. [Ipu 3Tom, )KUBON opraHu3M TepsieT PU3NYECKH IUIOTHOE TEJO, B
JAHHOM CJIy4ae OJIHOM KJIETKH, HO «BEPXHUE 3TAXKW» — BTOPOE U TPEThE MaTepHaAJIbHBIC TEJA
— OPOJOJDKAOT CBOKO )KU3HEIEATEIbHOCTh, XOTS U 3aMEJIEHHYIO B COTHH ThICsY pa3. [IpaBna,
IIPH 3TOM, IPOUCXOIUT 3BOJIIOLIMOHHOE «3aMOpPaXUBaHUE» ITUX Tell. K cuacTpro, B TAKOM COCTO-
SIHUU 3TU TeJla He HaXOAATCs BeUHO. /17151 OTHOKIIETOYHBIX OPTraHU3MOB IOJIHOE pa3pylieHue Gpu-
3MYECKH IJIOTHOTO TeJla IPOUCXONT, TIpH mporecce nenenus (Puc. 4.3.20).
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1

B pe3ynbrare neneHus NoOSIBISIIOTCS JIBE TOKJIECTBEHHbBIE HOBBIE KJIETKH, B TO BpEMsl, KaKk
«cTapas» KJEeTKa Mcye3aeT MOJIHOCThIO pa3pylliasch BO BpeMs mpoiiecca aeneHus. [loaromy,
«cTapas» KJIeTKa YMUPAET, B TOM TOHUMAaHUU, YTO OHA MEPECTAET CYUIECTBOBATD.

[ToHnMaHue MEXaHU3MOB JIEJIEHUS] KJIIETOK IO3BOJIMUT B IOJHOM SICHOCTH MPEICTABUTD SIBJIC-
HUS MPOUCXOJSIINE TPU pa3pyLIEHUHU, THOENN XKMBOrO opraHuzma. UYTo ke Takoe AelieHHe
KJIETKH, KaK OHO Tipoucxoaut?! JlaBaiTe monbeiTaeMcs pa3o0paThes, MOHATh 3TOT MEXaHU3M, KO-
TOPBIH SBJISIETCS OCHOBOM BCET0 )KUBOTO. KOorja KOHIIEHTpanus OpraHn4YeCKuX BEIECTB, BOZHUK-
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IIMX B KJIETKE B pe3yJbTaTe (JOTOCHHTE3A WM MOTIOUIEHHBIX KIETKOM U3 BHEIIHEH cpebl cTa-
HOBUTCSI KDUTUYECKOM, OHA TEPSIET CBOK YCTOMYMBOCTh M HauMHAeTcA mporecc neineHus. 1lo-
4YeMy, P HACBIIIEHUH KJIETKH OPraHnYeCKUMHU BEIIECTBAMH, OHA CTAHOBUTCS HEYCTOMYUBOM, U
3amyckaetcs npouecc e€ nenenusa?! [louemy, IMEHHO KOHIIEHTPALWs OPraHUYECKUX BELECTB
CILY’KUT TOJYKOM JUIsl pacnaja CTapoi KJIIETKH U POXKIACHHS IBYX HOBBIX, IMEHHO POKJIEHUS, TAK
KaK, MOSIBJIEHUE HOBBIX KJIETOK, BMECTO CTApOM U €CTh pokJaeHue Kietok? IloueMy u, Kakum
oOpa3oM 3amyckaercs 3ToT npoiecc? [louemy UMEHHO KpUTHYECKasi KOHLIEHTpAI[Usl OpraHuye-
CKHX BEIIECTB B KJIETKE MPUBOJAT K €€ COOCTBEHHOW rMOENI U POKACHUIO ABYX HOBBIX KJIETOK?

BcenomuuM, uTO KieTouHas MeMOpaHa CIyKUT JIOBYIIKOM JJI1 OpraHMYeCKUX U HEOpPraHu-
YECKUX MOJIEKYJI, OKa3aBLINXCA B HEMOCPEICTBEHHOM 0JIM30CTH OT KieTKU. [Ipu coGcTBEHHOM
CHUHTE3€ OPraHUYECKUX COEIMHEHUH, KJIETOUHas MeMOpaHa SIBJISIETCS MPaKTUYECKH HENPEOI0-
JIUMBIM TPEISITCTBUEM JUIsI CUHTE3UPOBAHHBIX MOJIEKYJI, B PE3yJbTATE YEro, OHW HAYMHAIOT
HAaKaIlJIMBATbCS BHYTPU CUHTE3UPYIOWIEH KIETKH. Tak, ImodeMy, HEHACBIICHHAsA, «TOJIOJHAsD)
KJIETKA HE B COCTOSTHUU JIETIUTHCS, & TOJIBKO HACBIIIEHHAsA, «CHITas» KJIETKA CTAHOBUTCS TOTOBOM
K TOMY, 4TOOBI MOTMOHYTh CaMOM U «POJAHUTH» JBE HOBbIE KieTku? Kakue cyniecTByIOT Kaue-
CTBEHHBIE OTJIMYMUS MEKIY HEHACBIIIEHHOW, «TOJOJHOW» M HACBIIEHHOW — «CBHITOW» KIIET-
kamu?! CoOCTBEHHO, KJIETKA BIUSET HA OKPYKalOLIEe MUKPOIIPOCTPAHCTBO, ONPEIEAEHHBIM 00-
pazoM aedopMHpYs €ro, B PE3yJIbTaTe YEro, Ha BTOPOM MaTepUalbHOM YPOBHE BO3HUKAET TOXK-
JICCTBEHHBIN OTIEYaTOK, KOTOPBIH 3amonHsIeTcsa nepBuaHoi Mmatepueit G, hopMupys BTopoe Ma-
TepUalibHOE Teno. M3 Yero cienyer, 4To ypOBEHb MEPHOCTH BHYTPU KIIETKH OTIMYAECTCA OT
YPOBHS MEPHOCTH OKPYKAIOIIEro €€ MUKPOIIPOCTPAHCTBA.

Mounekynbl JHK 1 PHK kiieTku, Kak y>Xe OTMEYaJioCh BBIIIE, CO3/1aBast CTOSYYIO BOJIHY
MEPHOCTH, AeOPMHUPYIOT CBOE BHYTPEHHEE MPOCTPAHCTBO HACTOJIBKO, YTO MIPOUCXOJAUT OTKPHI-
THE KauyeCTBEHHOTO Oapbepa MEXy MepBO U BTOpOW MaTepualibHbIMU cepamu. Benencteue
Yero, BOSHUKAIOT yCIOBUA i1 (OPMHUPOBAHUS BTOPOTO MaTepUanbHOTO Tena. IMEHHO TOJIbKO
BO BHYTPEHHEM MPOCTPAHCTBE ITUX MOJIEKYJI, IPOUCXOAUT OTKPBITHE KAYECTBEHHOTO Oaphepa,
B TO BpeMsl, KaKk BCE OCTaIbHOE COJIEP)KMUMOE KJIIETKU TOJBKO J1e(pOpMUpPYET CBOE OKpYXkKarollee
MUKPOMNPOCTPAHCTBO, HE BBI3bIBASI OTKPHITUSI KAUECTBEHHOTO Oapbepa. Ho, TeM He MeHee, BhI3bI-
BaeMas BCeW KIETKOM nedopmanus BHYTPUKIETOUYHOIO MHMKPOIPOCTPAHCTBA OKa3bIBAETCS
BecbMa cyliecTBeHHOU. TakuM oOpa3zom, cOOCTBEHHBI YPOBEHb MEPHOCTH CaMOM KJIETKH OKa-
3BIBAETCS BEChbMa OJIM3KUM K KPUTHUYECKOMY YPOBHIO, ITPU KOTOPOM (PU3UYECKU TUIOTHAS MaTe-
pHs CTAHOBUTCS HEYCTOMUYMBOM M pacnafacTcsl Ha MEpBUYHBIC MaTepuu, e€ oopazytomue. Ho, B
HOPMAJIBHOM COCTOSIHUH, KJIETKA HAXOAUTCS B YCTOMYMBOM COCTOSIHMU. Tak BOT, IPU HACHILIIE-
HHUU KJIIETKH OPTaHUYECKMMU BEIIECTBAMHU, KJIETKA HAUMHACT «TSKEJIEThY» U CUJIbHEU BIUATH HA
CBOM BHYTPEHHEE U BHEIIIHEE MUKPOIIPOCTPAHCTBO. MI3MeHseTcst COOCTBEHHBIN YPOBEHb MEPHO-
CTHU KJIETKH U, KaK CJIIEJCTBUE, KIIETKA CTAHOBUTCS MEHEE YCTOWUYMBA B LIEJI0M. [Ipu kputnueckom
HACBILIECHUHN KJIETKA OPraHUYECKUMHU BEIIECTBAMU 3Ta HEYCTOMYHUBOCTH JOCTUTAET MAKCUMAJIb-
HOTO ypoBHS. Kpome sToro, mpu OONbIIONH KOHIICHTPAIIUA OPTaHHUYECKUX MOJIEKYJ BHYTPH
KJICTKH, 3HAUYUTEJIbHO YBEIMYMBACTCS YHUCIIO MOJICKYJI, 3aXBaThIBAEMbIX BHYTPEHHUM O00BEMOM
cniupanei mosiekyn JIHK u PHK. B pesynbraTe 31010, yBEIMYMBAETCSA NOTOK NEPBUYHBIX MaTe-
puii ¢ pU3MYECKU MIOTHOTO Ha BCE OCTAJbHBIE YPOBHU KJIETKU. UTO MPUBOJUT K JOTIOJHUTEb-
HOMY HACBIIIEHUIO BTOPOTO U APYTUX MATEPUATIbHBIX TEJ KJICTKH EPBUYHBIMU MaTEPUIMU.

Btopoe u apyrue MarepranbHbIe Tea KJIETKU TOKE BIUSAIOT HA CBOE MUKPOIIPOCTPAHCTBO,
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BCJIEJICTBUE YETO, ITPU MOSBJIIEHUH JTOMIOJHUTEIBHOTO HACBIIIEHUS BTOPOTO MaTEPUATIBHOIO TEJIA
nepBUYHOM MaTepueit G, BO3HUKAET NOMOJHATENbHAS 1e(popMaIvs MEKPOTIPOCTPAHCTBA KIIETKH
Y CO CTOPOHBI BTOPOTO MATEPUATILHOTO TENA KJIETKA. BO3ZHUKAIOT IBE BCTPEUHBIE JIONOJHUATEb-
HbIE ehopMaIiu MUKPOTIPOCTPAHCTBA KJIETKH, KaK CO CTOPOHBI (PM3MUECKH TIOTHOU KIIETKH,
TaK ¥ CO CTOPOHBI €€ BTOPOr0 MaTEPUAIIBHOTO Tena. B pe3ynpTare 3Toro, HaChIIEHHAS KIIETKA
npuOIIKaeTCsl K KpUTHUECKOMY COCTOSIHHIO CBOEH ycroitunBocTH. [Ipubnmkaercs, HO, TeM He
MEHEE, €€ HE JOCTUTaeT KPUTUUECKOTO COCTOssHUs. «Ilocnennen kamien» B 3TOM Mpolecce
CIIY)KUT Hadasio (GOPMUPOBAHUS BTOPOTO KIECTOUYHOTO S/ApaA.

Kak xe aTto mpoucxoaut?!

LenTproau pacxonsaTcs Mo NPOTUBOIOI0KHBIM ITOJFOCaM KJIETKH U CTAHOBSITCS [IEHTPaMHU,
BOKPYT KOTOPBIX M ITPOUCXOIUT MPOIIECC AeTIeHHs, (OPpMUPOBaHUs HOBBIX KiieTok (Puc. 4.3.21).
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benkoBble HUTH MOATATUBAIOT K LIEHTPUOJISAM XPOMOCOMBI U3 CTAPOTO sipa KIETKH, U 3TO
SIBJISICTCS HaYaioM (OPMHUPOBAHUS ABYX HOBBIX KJIETOK. BHavae HOBBIE siipa comepikaT moJio-
BUHHBIN HA0OP HEOOXOUMBIX XPOMOCOM, IIO3TOMY /IBa KaHajIa HIMH CO3/1aBa€MBbIX, IPAKTHYCCKH
9KBUBAJCHTHBI KaHAITY spa 0 Hayaya JeJICHHs, ¥ KIETKa e COXPaHsIeT CBOIO YyCTOWYHUBOCTb.
[Tpu 5TOM, MEPHOCTH MHKPOKOCMOCA KJICTKH MOYTH HE M3MEHSETCS U COXPaHsIeTCs OalaHC I0-
TOKOB MEXy (DU3MUECKUM M BTOPHIM YPOBHIMH KICTKH. Kaxkaas XpoMocoMa B TaKHX siipax U3
HAKOIUICHHBIX B KJIETKE OPTaHUYECKUX BEIISCCTB HAYMHAET BOCCO3/aBaTh CBOETO 3€PKAJIBHOTO
JIBOWHUKA, YTO SIBJIICTCS €CTECTBCHHBIM CTPEMJICHHEM JIFOOOM CHCTEMBI K COCTOSIHUIO MaKCH-
MaJIbHOM ycToiunBocty (Puc. 4.3.22).

ITpn 3aBepIeHNHU HTOTO MPOLECCA, BHYTPU OJHOM KIETKHA 00pas3yroTcs JBa sAApa, KaKA0e
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U3 KOTOPBIX UMEET KaHaJj, 0 KOTOPOMY I€PBUYHbIE MAaTEPUU NEPETEKAIOT HA BTOPOM MaTepu-
aJbHBIN ypoBeHb. [[Ba Aapa B TOKaIbHOM 00bEME KIIETKU CO3JAI0T TaKO€ UCKPUBIEHUE MUKPO-
KOCMOCa, TP KOTOPOM cama KJIeTKa CTAHOBHUTCS HEYCTOMUYMBON M 0Opasyromue e€ opraHude-
CKHE BEIIeCTBAa CaMHM HAUYMHAIOT PaclafaThbCs, U MEPBUYHbIC MATEPUU, UX 00pa3yIolue, HauH-
HAIOT IEPETEKATh HA BTOPOW MaTEpHUAIIbHBIN YPOBEHb B CUITY TOTO, UTO JIHMILHEE» SIIPO B KIIETKE
CO3/1aéT JOTOIHUTEIHHOE UCKPUBIICHUE MUKPOIIPOCTPAHCTBA KIETKH, 1 COOCTBEHHBIN YPOBEHb
MEPHOCTH KJIETKH CTAHOBUTCS KPUTHYECKUM. 1IpH 3TOM, KOJIMYECTBO EPBUYHBIX MaTEpUH, I1e-
peTeKaoNMX ¢ (PU3NIECKOrO YPOBHS Ha BTOPON MaTe€pUANIbHBIM 3HAUUTEIBHO OOJIbIIE KOJINYE-

CTBa MaTEpUU TEPETEKAIONIEr0 CO BTOPOTO MaTepUATbHOTO ypoBHS Ha Qusuueckuii (Puc.
4.3.23).
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®duzuvecku IIOTHAsS KIeTKa (cTapas KJIeTKa) HAauMHAeT paclagaThCsl Ha MOJIEKYJIbI €€ 00-
pasylolye B CHIIy TOTO, 9TO KaXaasi OTACIIBHO B3STasi MOJIEKYJIa, MMEET MEHBIINI YPOBEHB COO-
CTBEHHOW MEPHOCTH, YEM CHCTEMBI U3 HUX, U IMIO3TOMY OHU HE PACIIaJIalOTCS HA YaCTHU CaMHU.
Bo3HukaeTr CBEpXKpHUTHUECKOE COCTOSHUEC M (U3MYECKU TUIOTHOW KIIETKH, KaK €IUHON CH-
CTEMBI, a HE JIUIS OTACTBHBIX OpraHnYecKux MoJieKyl. CoOCTBEHHBIN yPOBEHh MEPHOCTH KJICTKH
3HAYUTETHHO OOJIBIIIE COOCTBEHHOTO YPOBHSI MEPHOCTH OTJICIHHO B3STOM OPTraHUYECKOW MOJIC-
Kyibl. [1o Mepe pacniaga puznueckoi KJIeTKU, Ha BTOPOM MaTepUaIbHOM YPOBHE CO3/IAI0TCS J1BA
BTOPBIX MaTEPUAJIbHBIX TeJla KIIETKHU IIOTOMY, YTO KaXI0€ AP0 CO3AAET TOKIECTBEHHOE NCKPUB-
JICHUE MUKPOKOCMOCA Ha BTOPOM MaTepHalbHOM YpoBHE. [Ipu 3TOM, KOJIMYECTBO NEPBUUYHOU
Marepuu G B YaCTHOCTHU NEpeTeKarollel Ha BTOPOl MaTepuaIbHbIM YpOBEHb, CTAHOBUTCS U30bI-
TOYHBIM Ha 3ToM ypoBHe (Puc. 4.3.24).
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Korna 3aBepiiaetcs pacnaja crapoi pu3nueckon KJIETKHU, BMECTO HE€ OCTAIOTCSl COCTaBIIs-
IollKEe €€ OPraHMYEeCKUE MOJIEKYJIbI, T.€., OPTaHUYECKOE BEIIECTBO — CTPOMUTENIbHBINA MaTepual
JUTSL CO3JIaHUsI HOBBIX KJIETOK. A, KaK TOJIBKO MPEKPALIAETCSI HHTEHCUBHOE MTEPETEKaHNE IEPBUY-
HBIX MaTepuil C PU3NIECKOTO YPOBHS Ha BTOPOU MaTepUaIbHBINA, H30BITOK IEPBUYHON MaTEepUU
G u3 AByxX c(hOpMHPOBABIIMXCS BTOPBIX MAaTEPUAIBHBIX TEJ KJIETKU M0 TEM e KaHallaM HadH-
HAET MepeTeKaTh CO BTOPOTO0 MATEPHAILHOTO YPOBHS Ha GU3NYECKUIN M CO3/1aET MPOEKIIUU YKe
JIBYX BTOPBIX MaTEPHUAJIbHBIX TeJ KJIETKU Ha pusudyeckom ypoBHe (Puc. 4.3.25).
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[Ipu 3TOM, B 30HaX MPOEKIUI BTOPHIX MaTepUANbHBIX TE1 Ha (PU3MUECKOM YPOBHE, CO3/a-
€Tcs IOTOJIHUTENIbHOE UCKPUBIIEHNE MUKPOKOCMOCA, T.€. CO3/Jal0TCsl HEOOXOIMMBIE YCIOBUSI IS
CHHTE3a MOJIEKYJI U3 MacChl OPIraHUYECKOI0 BEIIECTBA, HAKOIJIEHHOT'O B KJIETKE Mepe]l IeJIEHUEM
¥ BO3HHUKIIIETO MPH paciajie CTapoi KJIETKU U PACIONI0KEHUS €ro B OPSAIKE, 3aJaHHOM BTOPBIMU
MaTepUaIbHBIMU Tenamu KieTok (Puc. 4.3.26).

Ananorom 9TOMY IIPOLECCY, K TOMY KC OYCHb 6J'II/13KI/IM, SABJIACTCA HAMAIrHUYMBAHUC U pac-
MpCACIICHUC 110 CUJIOBBIM JIMHUAM MAI'HUTHOI'O ITOJIA METaJJIMYECKOM IIbLIH. HpI/I 3aBCPIICHUHA
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CHHTE3a, 00pa3yloTCsl JIB€ COBEPLIEHHO HOBbIE KJIETKH MO 00pa3y W MOJ00HI0 BTOPBIX MaTepu-
QJIbHBIX TeJl KJIETKH, C OaTaHCHBIM MEpPEeTeKaHHEeM NMEPBUYHBIX MaTepUil MEXKAY (PU3NUECKUM U
BTOPBIM MaTepUaIbHBIM YPOBHSIMH KJICTKU. HOBBIC KJI€TKH, BOSHUKIIINE B PE3yJIbTaTEe JICICHUS
CTapoil KJIETKH, HE ABISAIOTCS aOCONMIOTHBIMU KOIHUSMU CTApOW KJIETKH, XOTSI U OUY€Hb OJM3KU K
Heit (Puc. 4.3.27 u Puc. 4.3.28). limenno, 6narogapst 3ToMy SBJICHUIO, IPOUCXOSAIIEMY TIPH
JIeJIEHUU KJIETKH, BO3MOXHA IBOJIOIUS KU3HH.
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Crnenyer OTMETUTB, YTO IIPU JI€JIEHUU KIETKH HACTYIIA€T MOMEHT KOTI'/la cTapasi KJIeTKa Uc-
4e3aeT, pa3pyliaeTcs MOJHOCThIO, @ HOBbIE KJIETKH €UI€ HEe Havyalld coOMpaTbcsa. JTO SIBICHUE
Ha0JII0/1aeTCsl OU€Hb KOPOTKOE BPEMsI, HO, TEM HE MeHee, 3T0 — (akT. Bo BpeMs neneHus crapas
KJIETKA YMUPAET U HEKOTOPOE BPEMSI HET HU CTAPOU KIIETKH, HU HOBBIX. I XOTS BpEMEHHOU HH-
TEpBAJI MEXAY UCUE3HOBEHUEM CTAPOM KJIETKHM W IOSBJICHUEM HOBBIX HMUYTOXXHO MAaJl, 3TO HE
MeHsieT cyTH. Mexay «(}a3oii cTapoil kiIeTku» U (Ppa3oil «HOBBIX KJIETOK» CYIIECTBYET Kade-
CTBEHHOE COCTOSIHME, KOTJ]a HET HU OJHOMU, HU Apyrux. YTo, B CBOIO 04Yepe/b, ITOJIHOCTHIO MOI-
TBEPKAACT OMMCAHHBIM BBIIIE MEXaHU3M JCJICHHs KIETOK. Kpome 3TOro, TOJBKO ONKMCAaHHBIE
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BBIIIIE MPOIIECCHI JACICHHSI KIETKU TO3BOJITIOT OOBSICHUTh M CaMy IBOJIIOIUIO KUBOW MaTepHH,
MOSIBJICHUE HOBBIX BUIOB, HAKOIUJICHUE, M BOBMOXKHOCTH TIepeIadn Oy MyIIiuM MOKOJICHHSIM OTIbITa
Y MOJIOKUTEIBHBIX MyTalui. /{7151 TOro, 4TOOBI 3TO HE CTaJIO0 rOJI0CIOBHBIM 3asIBJICHUEM, 1aBANTE
MOMNBITAEMCSl MPOBECTH KAUYE€CTBEHHBIN aHAIW3 JIAHHOTO SIBJICHUs] Npupoibl. [loHMMaHue 3Toro
SBJICHUS a€T KJII0Y K pa3rajke NpUpObl MaMsTH, CO3HAHUS U MHOTHX JIPYTUX SBJICHUMN KUBOU
MIPUPOJIbI, KOTOPBIE IO CEH JIEHb OCTAIOTCS «OEJIbIMU MATHAMU HAa KapTe MUpPONIOHUMaHus». Pac-
CMOTpPHUM, KaKUM 00pa3oM HOBOIIPHOOPETEHUS, TTOJIOKUTEIbHBIC MyTallUK MEPEIAtOTCs OT OJI-
HOTO TOKOJICHUSI IPYTOMY.

Ku3Hb He Moria 3apoAUTHCS B TOM MHOI000Opa3uu KUBBIX (POPM, KOTOPBIE CYIIECTBYIOT B
HacTosiuiee BpeMs. [IepBbie 0/THOKIETOUHbBIE OPTaHU3MbI CTAJIM OCHOBOM ISl BCEX KUBBIX Opra-
HU3MOB Ha Iu1aHere. Kakum sxe 00pa3oM pousonuia 3Ta yIuBUTEIbHAs TpaHC(HOpMalys EPBIX
OJTHOKJIETOYHBIX OpPraHU3MOB BO BCE 3TO MHOTOOOpa3ue Gpopm xuBoi npuposl? [lepsrie onHo-
KJIETOYHBIE OPTAHU3MBI, KaK YK€ OTMEYAJIOCh, BO3HUKIIM B BEPXHEM CJIOE€ IIEPBUYHOTO OKEAHA.
[Ipu neneHun OJHOKJIETOYHOIO OpraHU3Ma MOSBISIOTCS J1BA TOXKJIECTBEHHBIX OJHOKJIETOYHBIX
OpraHu3Ma M, Ka3ajuoch Obl, Ha 3TOM J0JIKHA ObliIa 3aKOHYUTHCS 3BOTIOLHUS k13HU. [loBepXHOCT-
HBII CJIOM MEPBUYHOTO OKEaHa JOJKEH ObUT Obl 3aITOJIHUTHCS OJTHOTUITHBIMH OJTHOKJIETOUHBIMU
OpraHu3MaMH, U Ha 3TOM BCE JOJDKHO ObLIO ObI M 3aBepinThCs. Ho 3TOr0 He npouszonuio. B yém
MPUYHHA TAKOTO «HEJIOTHYHOIr0» MOBEJEHUS MPUPO/IbI, CO3aBLIEH MHOrooOpasue xu3Hu? OT-
BET Ha 3TOT BOIPOC JIEKUT NPAMO Ha MOBEPXHCTU, TOYHEE — B MMOBEPXHOCTHOM CJIO€ NIEPBUY-
HOTO OKeaHa. Bo3aymiHble MacChl IPUBOAWIN B JBHKEHUE NTOBEPXHOCTHBIA CIIOW IEPBUYHOTO
OK€aHa, B pe3yJbTaTe Yero, OJHOTUIIHBIE OJTHOKIJIETOYHbIE OPIaHU3MBI, a IT03’KE€ U MHOTOKJIETOY-
HbIE, PA3HOCUJIUCh OKEAHCKUMH WJIM MOPCKUMH TEUEHHUSIMHU Ha OOJIbIIUE PACCTOSIHUS APYT OT
apyra. Kazanoce 0b1 Bc€ Tak, HO pu 4€M 37€Ch NOSIBIEHHE MHOT000pa3ust (popM >KUBBIX Opra-
Hu3MOB?! Bc€ — odenn npocto! TedeHns pa3HOCWIM OAHOTHIIHBIE OPTAaHM3MBI Ha JECATKH,
COTHH, a ITIOPOM U THICSYX KWJIOMETPOB JIPYT OT Jpyra. B pe3ynbTaTe 3T0r0, OHM OKa3bIBaJIUCh B
pa3HbIX BHEUIHUX YycCHoBUsX. Temmneparypa BOAbl, XUMUYECKUN COCTaB, HACBHIIICHUE ra3aMu B
OJTHOM MECTE MEPBUYHOIO OKEAaHA OTIMYAINCH OT APYroro. OcoOeHHO OOJbIINE OTIUYUS BO3-
HUKaJI1 Ha MEJIKOBOJIbSIX, B pailOHaxX U3BEPKEHUSI Ha3€MHBIX U MOJABOJHBIX ByJKaHOB. [lonagas
B JIPYTYI0O XUMHUYECKYIO CPENly, OJTHOTUITHBIE OPTraHMU3Mbl OKa3bIBAJUCh BO BHEIIHUX YCIOBHSIX,
JOBOJIbHO 3HAYUTENBHO OTIMYAIOIIUXCSA APYT OT Apyra. B KOHeYHOM HTOre 3TO MPUBOAMIIO K
M3MEHEHUIO U BHYTPHUKJIETOUHOH cpenbl. W, Kak ciencTBie U3MEHEHHUS XMMUYECKOI0 COCTaBa
BHYTPHM CaMHX OJIHOKJIETOYHBIX OPraHW3MOB, MPOUCXOAWIN KaueCTBEHHbIC U3BMEHEHUS U B Ca-
MUX OJHOKJIETOYHBIX OpraHu3Max — MYyTalHH.

[Tox BiusiHHEM W3MEHEHWs MOHHOTO OajaHca BHYTPU OJIHOKIJIETOYHBIX OPraHU3MOB B pe-
3yJIbTaTE U3MEHEHUSI XUMUYECKOTO COCTaBAa BHELIHEW CPElbl, TPOUCXOAUIN U3MEHEHUS MOJIE-
KYJIIPHOTO B€Ca, KAUECTBEHHOTO COCTaBa U MPOCTPAHCTBEHHBIX CTPYKTYP OPraHUYECKUX MOJIE-
KYJ1, U3 KOTOPBIX 00pa3yrOTCs OJHOKJIETOYHBIC OpTraHU3MbI. 1€ 0THOKIIETOYHBIE OPTaHU3MBI, KO-
TOpBIE HE TTOTUOANTH MOCTIE MOJOOHBIX «PEKOHCTPYKIIHI, B TOM WJIM MHOM CTETICHU OTINYAIINChH
OT U3HAYAIBHBIX OPTaHU3MOB. [[O0CTENEHHO 3T M3MEHEHMS] HAKAIUIMBAIMCH, U HACTyIAJ MO-
MEHT, KOI'Jla MOKHO y>K€ TOBOPUTH O TMOSIBJICHUM HOBBIX BHJIOB OJHOKJIETOUYHBIX OPTraHU3MOB.
[Ipu KpUTHYECKOM HACHIIIEHUN U3MEHEHHBIX OJJHOKJIETOYHBIX OPTaHU3MOB OPraHUYECKUMU Be-
LIECTBAMMU, 3AITyCKAJICS MMPOLECC ACIICHHUS, B PE3YIIBTATE YETO MOJOKUTEIBHBIE MYTALIMHU 3aKPETI-
JIUCh. YHUCIEHHOCTh U3MEHEHHBIX OJHOKJIETOUYHBIX OPTaHU3MOB BO3pacTalia B r€OMETpUYE-
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CKOU mporpeccuu. Mi3mMeHuBInecs: OpraHu3Mbl TaK K€, KaK U UX «POIAUTENBCKHUE, IEPBOHAYAIb-
HBIE OJTHOKJIETOYHBIE OPTaHU3MbI IIEPEHOCUIIUCH TEYEHUSAMU B IPYTUe MECTA, C IPYTUM XUMHUYE-
CKMM COCTAaBOM U BCE NOBTOPSIOCH BHOBbB. /[ MOHMMaHNs MEXaHU3Ma PACIIPOCTPAHEHUS MY-
Talui, He0OXOIMMO BCIIOMHUTH, YTO, IPU KaYECTBEHHOM M3MEHEHUU OPTaHUYECKUX MOJIEKYI
M0J1 BO3/ICHICTBIEM BHEIIHEH CPE/Ibl, U3BMEHSIOTCS CTPYKTYPHO U KaUeCTBEHHO HE TOJIBKO (pu3u-
YECKU IUIOTHBIE MOJIEKYJIBI HO U UX BTOPBIE MAaTEPUAJIbHBIE TENA.

[TosiBnEeHHE JOMOTHUTENIBHBIX IIEIIOYEK aTOMOB WJIA MOTEPS YK€ MMEIOLIMXCS OpraHuye-
CKMMH MOJIEKYJIaMHt, 00pa3yIOIUMH OJTHOKJIETOUYHBIE OPTaHU3Mbl, IPUBOJAUT K TOMY, YTO U3MeE-
HseTcs aedopmaliis MUKPOIPOCTPAHCTBA, BhI3BaHHAS OJHOKJIECTOYHBIM OPTaHU3MOM B IICJIOM.
U, xak crnencTBrUe 3TOTO MPOIIECCa, U3MEHSAETCS U BTOPOE MAaTEPUAIIBHOE TEJI0 OJJHOKIETOYHOTO
opra"nusma. J[pyrumu ciioBaMu, Ka4UeCTBEHHbBIC U3MEHEHUS ITPOUCXOAAT HA BCEX YPOBHSX, CYIIIE-
CTBYIOIIMX U JJAHHOTO OJTHOKJIETOYHOTO MJIM MHOTOKJIeTo4yHOro opranusma (Puc. 4.3.29, Puc.
4.3.30 u Puc. 4.3.31).
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Bo3Hukime NONONHUTENBHBIE CTPYKTYPHBIE U3MEHEHHUS! OPTaHMYECKUX MOJIEKYJI OJIHO-
KJIETOYHBIX OPTaHU3MOB BBI3BIBAIOT aHAJIOTMYHbIE Je(OPMALIIU MUKPOIIPOCTPAHCTBA KIETKH Ha
BTOPOM MaTepHaJIbHOM ypoBHE. OCBOOOKIaeMble TIEPBUYHBIE MAaTEPUH, NPU paclaie OpraHu-
YeCKUX MOJIEKYJ BO BHyTpeHHeM 00béMe ciupaneit mosiekyn JHK u PHK, naceimator 3t no-
MOJIHUTENbHBIE JieOpMaIli Ha BTOPOM MaT€pUAIbHOM YPOBHE, B PE3YyJIbTaTe YETO IPOUCXOAUT
3aKpeIICHNE U Ha BTOPOM MAaTEpUAIbHOM ypoBHE. M Korja HaunHaeTcs npouecce AeNeHus TaKou
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M3MEHEHHOU KIIETKH, BTOPOE€ MATEPUAIIBHOE TEJIO TaKOTO OJHOKJIETOYHOI'O OPraHU3Ma HECET B
ceOe BCce U3MEHEHHU S, MPOUCILEIIINE C JAHHBIM KUBBIM OPraHU3MOM B T€UEHUE BCEH €T0 KU3HU.
Bropoe MarepuanbHOE TEI0 OAHOKIETOYHOIO OpraHM3Ma UIpacT KIHYEBYIO POib B IPOLECCE
JeJIeHus, TaK KaK BO BPEMsI TOTO IPOIEcca MPOUCXOIUT MOJHOE pa3pylIeHHe (PU3UUECKU TUIOT-
HOM «cTapoi» kieTku. [Ipu 3ToM, pazpymatorcss 1 ”3MEHEHHBIE MOJIEKYJIbI, BCE TPHOOPETEHHBIE
M3MEHEHUS, TPOU3OILIEIINE B KIIETKE OJHOCTHIO HCUE3a0T BMECTE CO CTapOil KileTKoi. Boobie
3TOT IPOLECC AETEHUSI KIETKH Obl1 Obl HEBO3MOKHEH 0€3 HAJIMYMS Y KJIETOK BTOPOTO U IPYTUX
MaTepUaIbHbIX TEJI, MPEACTABISAIOIMX COOOW KOMMU JIaHHOM KJIETKHM Ha COOTBETCTBYIOIIMX
YPOBHSIX CO BceMHU €€ ocoOeHHOCTAMU. [Ipy MoMHOM MCUE3HOBEHUH CTApOi KIIETKU B MpoOIiecce
JICJICHNS], TOJIBKO HAJIMYKUE Y MOCIEIHEN BTOPOTO U APYIMX MAaTEpUAIbHBIX TEJI IO3BOJISET IIO-
HSTh U OCMBICIIUTD peajbHbI (PU3NUECKUI MTpoLIecC AIEHUS KIETOK. TOJIBKO HAaJIU4ue y OJHO-
KJIETOYHBIX ¥ MHOT'OKJIETOYHBIX OPraHU3MOB BTOPOTO U APYTHX MAaTE€pPUAIbHBIX TEJ JAET BO3-
MO>KHOCTb TOBOPHUTbH O MOSIBJICHUH U Pa3BUTHH >KMBOW MaTepuu. Hu ferneHne KiIeTok, HU MOsB-
JIEHUE HOBBIX BUJIOB U, B KOHEYHOM UTOre, (POPMUPOBAHUE IKOIOTUUECKON CUCTEMBI IIJIAHETHI,
HU TOSIBJIEHUE pa3yMa, IPOCTO HEBO3MOKHO MOHATh U OCMBICIIUTD, O€3 TOSIBJICHUS Y KUBBIX Op-
raHU3MOB BTOPOTO U JPYTrUX MarepuaibHbIX Tell. IMEHHO O3TOMY BCE MOMNBITKH OOBSICHEHUS
MPUPOBI ’KUBOM MATEPUU C TOUKU 3PEHHUS CYIIECTBYIOIIEH HAYKH TEpIIEIU MOJHOE PUACKO.

4.4. Pe3sroMme

3apok/IeHNe )KU3HU Ha I1aHeTe 3emulsi B YaCTHOCTH U BO BceeneHHoit ocTaBanoch «OesbiM
MATHOM» B CHCTEME IPEACTBABICHUHN, CO3/JaBaCMbBIX YEIIOBEUECTBOM B 00O3PHUMBIX HCTOpHEH
npeaenax. @akT CynecTBOBAHUS KU3HU BOCTIPUHUMAJICS WJIH KaK JTOJDKHOE, HITA B yMax JItoIed
npuoopeTasl 60KECTBEHHYIO TPUPOTY, UITH POCTO «OOXOIUIICS» CTOPOHOM B CO3/1aBa€MbIX Kap-
THHAX MUPO3/IaHUs TIOCIIe 0€3yCIENHBIX TTOTBITOK aTh CTPOWHOE H IIEJI0CTHOE 00BsICHEHUE (e-
HOMEHY KUBOU MPUPOIbl. METO10710TrHYEeCKH MPAaBUIIbHBIHN MOXO0] K TOHUMAHUIO IPUPOIBI JKH-
BOM MaTepuu JOJDKEH HAYMHATHCA C ONpPEACIICHUs] HEOOXOIUMBIX U JOCTATOYHBIX YCIOBUN JIJIS
3apOKICHUS )KU3HU U3 HEXKUBON MaTepUU:

1. Haqimume MOCTOSIHHOTO Nepenajaa MepHOCTH C.

2. Hanu4umne BOaBI.

3. Hanuuue aTmocgepsl.

4. Hanu4ue nepuogu4ecKOil CMEHbI IHS M HOYH.

5. Hannume pa3psigoB aTMocGepHOro 3j1eKTpU4ecTBa.

BTOpbIM KJ110UE€BBIM MOMEHTOM SIBJISIETCS HEOOXOUMOCTh MOHUMAaHUS KaueCTBEHHOTO OT-
JIAYUSA )KUBOM MAaTEPUU OT HEKMBOM. be3 MOHUMaHUs TOT0, KaK Ka)IbIi aTOM, MOJIEKYJIA BIUSIOT
Ha CBOM MUKPOKOCMOC, KaK IPOCTPAHCTBEHHAs! OPraHu3allks BIUAET HA CBOMCTBA IIPOCTPAHCTBA,
HEBO3MOKHO IMPOHUKHYTh B IPUPOY )KUBOU MaTepuu. Mcrionp30BaHne MPUHLIMIIA HEOIHOPO/I-
HOCTH NPOCTPAHCTBA HA YPOBHE MHUKPONPOCTPAHCTBA, JAET BO3MOKHOCTh CO31aTh IOJHOLIEH-
HYIO KapTHHY ITPOLECCOB, MPOUCXOISIINX HAa MOJIEKYJISIPHOM YpOBHE. B pe3ynbrare, MOXKHO BbI-
JICTATHh Ka4eCTBEHHBIE OCOOCHHOCTH OPTaHUYECKUX MOJIEKYJI, KOTOPBhIE CO3JAI0T YCIOBUS, MPU
KOTOPBIX MaTepHsl POSBIISAET ce0sl B HOBOM KauyeCTBE — KA4eCTBE KUBOW MATCPHH:

1. IIpocTpaHCTBEHHAs] CTPYKTypa OpPraHMYECKUX MOJIEKYJ HEOJHOPOJIHA B Pa3HBIX MpPO-
CTPAHCTBEHHBIX HAIIPABICHUSIX.
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2. MonexkynapHbIii BeC OPraHMYECKUX MOJIEKYJ KOJeOJeTCsl OT HECKOIBKUX JECATKOB JI0
HECKOJIBKHX MUJIJIMOHOB ATOMHBIX €IMHUL.

3. HepaBHOMepHOCTb pacupeaciiCHuA MOJICKYJIIPHOI'O BECa OPraHMYCCKUX MOJICKYJ 110
Pa3sHbIM IIPOCTPAHCTBCHHLBIM HAIIPAaBJICHUSM.

CrupaneBugnas popma mosiekyn PHK u JIHK, co3qaét yHuKkaibHOE SIBIEHUE — CTOSIUYIO
BOJIHY MEPHOCTH B CBOEM BHYTpeHHEM 00bEéMe. BTsarnBaembie BO BHYTpEeHHUHN 00BEM criupaien
mosekys JJHK u PHK opranndeckue MOJIeKyJibl HAUMHAIOT BBIHYKJIEHHO JBUTAaThCA BAOJIb OII-
THUYECKUX OCEH ITUX MOJIEKYJI, IEPUOIMUECKH TONaas Mo/1 yAaphl IEeperagoB MEPHOCTH, KOTO-
pbie 711 OOJBITMHCTBA MOJICKYJ CO3Jal0T 3aKPUTUYECKHE YCIOBUS, U OHM HAaYHWHAIOT pacria-
JaThCSl Ha MIEPBUYHBIC MAaTEPHUH UX 00pa3ytoiiue. BrICBOOOIMBIIMECS TTPU ATOM ITEPBUYHBIC Ma-
TEpUU HACHIIAIOT AehOopMalIliIo, CO3/1aBaeMyI0 STUMH MOJIEKYJIaMH Ha BTOPOM MaTepUAIbHOM
ypoBHE U (GOPMUPYIOT BTOpPOE MaTepuaibHOe Teno. [losBieHrne BTOPOro MaTepuaabHOTO Teja
SBJISIETCSI KAYECTBEHHBIM CKAQYKOM OPTaHU3alMU MATEPUU U CIYKUAT HAYaJIOM 3Pbl )KUBOW MaTe-
puu. Bo3HHUKHOBEHHE BUPYCOB, BOSHUKHOBEHHUE Y HUX OEJIKOBBIX 000JI0UYEK, MOTy4YaeT 1eI0CT-
HOE 00BSICHEHUE Ha OCHOBE MPUHITUIIA B3aUMOACHCTBHSI MUKPOIIPOCTPAHCTBA C HEMIPEPHIBHO ME-
HSIOIIMMUCS CBOMCTBAMH U KaQ4€CTBAMHU U MAaTE€PUM, UMEIOIIEH ONpeIeTEHHBIE CBOMCTBA U Ka-
yecTBa. [Ipu 3TOM, NposBIsSETCA KapTUHA NPUPOJIbI, B KOTOPOU KaXIIM 2JIEMEHT UMEET O0BSC-
HEHUE U CBOE MecTO. [IoHATHE O HEOJHOPOAHOCTH MPOCTPAHCTBA MO3BOJISET BCKPBITh MEXa-
HU3MBI BOJIIOLINH KU3HU, MOSBJICHUS MHOTO00pa3usi GOopM KUBBIX OPTaHU3MOB, YTO aET BO3-
MOYXHOCTb 000CHOBATH ITO3UITMH IBOJIIOIMOHHOM Teopuun. OnpeesieHre yCIOBUH 1 MEXaHU3MOB
W3MEHECHU, IPUBOJIAIINX K MOSABICHUIO HOBBIX BUJIOB BUPYCOB U JAPYTUX KUBBIX OPTaHU3MOB,
MO3BOJISIET YBUJIETh LIEJIOCTHYIO KAPTUHY SKOJOTHYECKON CUCTEMBI TNIAHETHI:

1. '3MeHeHue NopsiKa COeAMHEHU HYKJICOTHI0B B cymiecTBytoiieit mosekyiae PHK Bu-
pyca.

2. YBeNMYEeHHUE WM YMEHBIIICHUE YuCia HyKJICOTUIOB B cymiecTByrolieil mosnekyne PHK
BHUpYyCa.

3. IlosiBIeHHE XMMUYECKUX CBSI3eH MeX Iy CyllecTByomel moiekynoi Bupyca PHK u npy-
rumu mosiekysiamu PHK, koTopbie HaX0IMJIMCh B MOMEHT JIEKTPUYECKOTO0 pa3psijia BHyTpH Oel-
KOBOM 000JIOUKH BUPYCa UJIU MOSIBUIIMCH B HEM B pe3yJIbTaTe BO3JACHCTBUS DJIEKTPUIECKOTO Pa3-

pana.

[ToHsiITHE HEOTHOPOJHOCTH MPOCTPAHCTBA MO3BOJISAET J1aTh NOAPOOHOE OOBSICHEHNE MeXa-
HU3Ma GOPMUPOBAHUS KIETKH, KaK OCHOBBI BCETO JKUBOTO M BCKPBITh POJIb MOSIBJICHUS OCIIKOBBIX
000JI04YeK y BUPYCOB, a MO37HEE — KJIETOYHBIX MeMOpaH. KineTtounas MmemOpaHa — 9TO Kade-
CTBEHHBIM CKa4OK B OpraHU3alluy >KMBOM MaTE€pUU. ITOT MPUHIIUI, MO3BOJISET BCKPHITh MEXa-
HU3MbI BO3HUKHOBEHHUS U CHUHTE€3a OPraHWYECKUX BEILECTB CAMHMU >KUBBIMU OpraHU3MaMu U
He00X0AMMbIe YCJIO0BHUSA I 3TOTO:

a) HaJM4Khe BHYTPU OJHOKIIETOYHBIX OPIraHU3MOB OPraHUYECKHUX MOJIEKYJI, KOTOPBIE JIETKO
U3MEHSIOT CBOIO CTPYKTYPY B HEKOTOPBIX IMpezesiaX MpH M3MEHEHUH BHEIIHUX (PaKTOpPOB, YTO
MPUBOJMT K KOJIEOAHHIO MEPHOCTH MUKpoKocMoca B nuana3one 0 < AL <0,010101618...

0) HanuuKMe BHEIIHMX (DAKTOPOB, KOTOPHIE MOTYT BBI3bIBATH HY)KHBIE MU3MEHEHUS CTPYK-
TYpBI 3TUX MOJIEKYJI, HE Pa3pyllasi MOJIEKYJbI, KAK U CAMH OJJHOKJIETOYHBIE OPTraHU3MBI (C1a0ble
TEIUIOBBIE U ONTHYECKHE n3nydeHus CosHua).
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[Ipy BOBHMKHOBEHUM CHHTE3A KUBBIMU OPTraHU3MAMU OPTAHUYECKUX COCTUHEHU, 3BOJIIO-
1UsI )KUBOM MAaTepUM BCTYIMAET B KAUYECTBEHHO HOBYIO CTa/iui0. CaMOCTOATENbHBIA CUHTE3 JKH-
BbIMU OPTraHU3MaMH, HA3bIBAEMBIX PACTUTEIBHBIMU, OPTaHUYECKUX BEHIECTB CO3Ja]l yCIOBUSA
JUTs1 HE3aBUCUMOM SBOJTIOLINY KU3HU, HE 3aBUCSIIEH OT aTMOC(EpHOTO 3eKkTpuuecTBa. [[punumn
HEOJHOPOIHOCTH TPOCTPAHCTBA MO3BOJIIET OOBSICHUTH MPUPOTY MEXAHU3MOB TIOSIBIICHHS BTO-
PBIX MaTEPUAIIBHBIX TEJ HA ONPEICIIEHHON CTaAUN IBOJTIOIUNA OPTraHUYECKON MAaTEPUU U UX POJIb
B pa3BUTHUU KUBOU MaTtepuu. C yd€TOM MOJTHOM KapTUHBI TOTO, YTO TAKOE KUBOI OpraHu3Mm (BTO-
pBI€ U IpyTHE MaTepUaIbHbIE TeNa), BOZHUKAET BO3MOKHOCTD J1aTh MOJIHOLIEHHOE U UCYEPIIbIBA-
folee 00bICHEHHE MPOIIECCOB JIENIEHUS KIIETKH U SIBJICHUH, Mpoucxoaaimux npu s3toM. HeoaHo-
POAHOCTH MPOCTPAHCTBA U B3aUMOJIEHCTBUE €r0 C MaTEPUEN, UMEIOLIEH ONpPEACIEHHBIE CBOM-
CTBa M KaueCTBa, MO3BOJISIET CO3/aTh LIETbHOE MPEACTABICHUE U O0BSICHEHUE TOTO, YTO MIPOUC-
XOJIUT TMPHU pa3pylIeHUH TaK HA3bIBAEMOI0 (PM3MYECKH TUIOTHOTO Teja >KMBOTO OpraHu3Ma —
(bU3UYECKH IUIOTHOU KIeTKH. [Ipr 3TOM 4ETKO OmpenensitoTcs KaueCTBEHHbBIC W (D YHKITMOHATb-
HbIE OTJINYUS MEXY (PU3UUECKHU IUIOTHBIM U JPYTUMHU MATEPUAIBHBIMU TEJIAMH KUBOT'O Opra-
Hu3Ma. BriepBbie JOKa3bIBaeTCs, YTO KU3Hb HE MPEKPAIIAETCs ¢ THOEIbI0 (PU3UYECKH MIOTHOTO
TeJa, a TOJIbKO MEPEXOAUT Ha Ka4eCTBEHHO IPYTroi ypoBeHb (QYHKIIMOHUpOBaHUsI. OObICHAETCS
MpUpoIa Kpyroo0opoTa KU3HH Ha 11aHeTe. Ha ocHoBe MHOTOYpOBHEBOM CTPYKTYpPHI )KUBOU Ma-
TEpUM BIIEPBBIE MTOKA3aHbl MEXAHU3Mbl MYyTalliii, HAKOIUICHUSI UX U Mepeaada HOBBIM IOKOJIe-
HUSIM KUBBIX OPTaHU3MOB, UTO, B CBOIO OYEPE/ib, SIBIsICTCS (YHIAMEHTOM JIJi1 TOHUMAaHUs 3BO-
JIFOLMOHHOIO ITpolecca »KUBOU IPUPOIBL.

CnuUcok nutepaTypbl

1. «CnaBsano-Apniickue Benpl. Knura Bropas. Kaura Csera. CnoBo Myapoctu Bonxsa
Bemumypa». — Owmck: Uznanue [peBHepycckon Murimuctuueckor nepkBu lIpaBocmaBHBIX
CraposepoB-nrnunros; M3narensctBo « APKOP», 1999.

2. «/IpeBuennauiickas punocodus. Hauanpusiii nepuoay. [lepeson ¢ canckputa. M,. 1963.

3. B. ®. Acmyc. «AHTHYHAs ¢unocodus». YaedbHoe mocodbue. Uza. 2-e, mon. M., «Bricimas
mKoJja», 1976.

4. «Anrtonorus mupoBoi dumocopumy, Axagemuss Hayk CCCP, 1. 2, U3gartenbcTBo
«MpgIcnby, Mocksa, 1970.

5. «AnTtonorusi mupoBoit ¢unocopun», Axagemuss Hayk CCCP, 1. 4, U3narenbcTBo
«MBeoicab», Mocksa, 1970.

6. «This Side Up' May Apply To the Universe, After All», by John Noble Wilford, the New
York Times, 1997.

7. «The DNA PHANTOM EFFECT: Direct Measurement of A New Field in the Vacuum
Substructurey», by Dr. Vladimir Poponin, 1996.

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

www.wakeupnow.info

K ornaenenuto 292


http://www.levashov.ws/
http://www.levashov.org/
http://www.levashov.info/
http://www.levashov.name/

Huxonaii JIeBamos «Heonunopoanas Beenennas»

OnucaHue pUCyHKOB

Puc. 2.2.1. [TocnenoBarenbHOE U3MEHEHUE MEP-
HOCTH Ha OJHY U Ty k€ Beln4nHy AL siBisieTcs KBaH-
TOBaHWEM MATPUYHOI'O MPOCTPAHCTBA U BBIPAXKAETCS
KO3((UIIMEHTOM KBAHTOBAHUS Yi, KOTOPBIA U €CTh
TOT 3TAJIOH, IO KOTOPOMY OTOUPAIOTCS «KYOUKI» IS
CO3/IaHUS HOBOW «KapTHHKH». Takum 00pa3om, Kak
U3 Pa3HOT0 KOJIMYECTBA OJIMHAKOBOTO pa3Mmepa KyOu-
KOB MOJKHO CJIOKUTb pa3Hble KapTUHKH, TaK U U3 OJ1-
HOTUIIHBIX (JOPM Marepuil B MaTPUYHOM IMPOCTpaH-
CTBE 00pa3yloTcs MPOCTPAHCTBA-BCEJICHHBIE. OTH
IIPOCTPAHCTBA-BCEJICHHbIE 00pa3yl0T B MAaTPUYHOM
IIPOCTPAHCTBE €MHYIO CUCTEMY, KAK CIIOEHBIN ITUPOT,
KQXJIbIl CJIOW KOTOPOTO Ka4€CTBEHHO OTINYAETCS OT
npyroro. IIpu 3ToM, KaXIaplil COCEIHUNM CIOM ITOrO
MUpOra UMEET B CBOCH «MO3aMKe» Ha OJUH «KYOHK)»
0oJbIle WM MEeHbIEe. Bee 3T ciion HaxoaaTcs B 1MO-
CTOSIHHOM JIBJKEHHH U B3aUMOJICHCTBUU MEXKIY CO-
6oil.

Puc. 2.2.2. B pe3yinbraTe UCKPUBJIEHUSA MPO-
CTpPaHCTBA, BBI3BAHHOTO TEMU WM WHBIMU TNPUYH-
HaMM, BO3HHMKAIOT 30HBI CMBIKAHUS MEXIY COCE]-
HUMH TPOCTPAHCTBAMU-BCEJICHHBIMU. Eciu, Hanpu-
Mep, CMBIKAETCSI MPOCTPAHCTBO-BCEJICHHAS C MEHb-
el COOCTBEHHON MEPHOCTHIO Li ¢ mpocTpaHCTBOM-
BCEJICHHOM ¢ OouibIieit Lis1, TO, B pe3yibTare 3Toro, B
30HE CMBIKaHMS poOXKJaeTcs 3Be3na L, A1t mpocTpaH-
CTBa-BCEJIEHHOW C MEHBIIUM YPOBHEM COOCTBEHHOM
MepHOcTH Lj. AHajIOoru4Ho, CMbIKaHHE C MPOCTPAH-
CTBOM-BCEJICHHOM C MEHBIITUM YPOBHEM COOCTBEHHOU
MEPHOCTH Lij.1 MPUBOJUT K TMOSIBICHUID «YEPHOU
IBIPED — L B TPOCTPaHCTBE-BCEIIEHHOM C OOJIBIIINM
YpOBHEM COOCTBEHHOU MepHOCTH L;.

Yepes, Tak Ha3bIBaEMbIC, MTOJIOKUTETHHBIC 30HBI
CMBIKaHUs (3BE3/1b1) B IPOCTPAHCTBO-BCEIICHHYIO TI0-
najaeT MaTepusi U3 MPOCTPAHCTBA-BCENEHHOU ¢ 00-
Jiee BBICOKMM yYpOBHEM MEPHOCTH, a Yepe3 OTpHIla-

TEJIbHbIE 30Hbl CMBIKaHUS («UEPHBIE IBIPHD)) MATepUs U3 IPOCTPAHCTBA-BCEJIEHHOM MOMAIaeT B
MIPOCTPAHCTBO-BCEJICHHYIO C MEHBUIMM YPOBHEM MepHOCTH. Kaxk0e mpocTpaHCTBO COXpaHs-
€TCSl B YCTOMYMBOM COCTOSIHUM TPU HAJTUYHUH OallaHca MKy 00hEMaMU «BTEKAIOIIEH» U «BBI-

TEKAIOLIE» MaTEPUH.
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Puc. 2.3.1. CMbIKaHue ABYX MaTPUYHBIX MPOCTPAHCTB, UMEIOIIUX Pa3HbIe KOIPPUIIMEHTHI

AL; — nuama3zoH KojeOaHUsS MEpPHOCTH
BTOPOr0 MAaTPUYHOTO ITPOCTPAHCTRA.

Puc. 2.3.2. BriOpoc Marepuii uepes 30Hy
CMBIKaHUSI MATPUYHBIX MPOCTPAHCTB MPHU CY-
MEepPB3PhIBE, KOT/Ia 30HA CMBIKAHUSI HE MOXKET
MPOMYCTUTh uepe3 ceOsi BCel MacChl JABUXKY-
mieiicst Matepun. HakorieHre nepBUYHbBIX Ma-
TepUil TPOUCXOJUT, KaK CJIEACTBUE pacmaaa
TUOPUIHBIX MAaTEPUN Pa3HBIX MATPUUHBIX MIPO-
CTPaHCTB Ha MaTepuu WX oOpa3yromiue. BbI-
CBOOOKIEHHBIC TEPBUYHBIC MaTEPUHM HAYM-
HAIOT IBUTAThCA OT SMUIEHTPA B3pbIBAa BO BCEX
MIPOCTPAHCTBEHHBIX HarpaBieHusX. [Ipu atom,
CJeAyeT IOMHHTh, YTO IPOCTPAHCTBO — HEOJI-
HOPOJIHO B pa3HbIX HANpaBJICHUSX, T.€., UMEET
pasHble cBoMcTBa U KayecTBa. [loaTomy, Mare-
pusl pacrpenensiercss B IPOCTPaHCTBE HEOJAHO-
POJIHO.

O0o03HaYEeHUS — T€E XKE.

K ornaBneHuto

KBaHTOBaHUs MEPHOCTH. B 30He cMbIKaHHS
MaTPUYHBIX POCTPAHCTB C pa3HBIMU KO3 hu-
[IMEHTaMH KBaHTOBAHMSI MPOCTPAHCTBA MPOMC-
XOJUT pacnaja Marepuii 000uX TUIOB HA TeEp-
BUYHBIC MaTepuu IByX TUNOB. [lepBruHbIie Ma-
TEpUU OOOUX TUIIOB BO3BPAIAIOTCS B CBOOOI-
HOe (HecBsizaHHOE) cocTosiHuE. OTKpBITHE Ka-
YECTBEHHOI'0 Oapbepa MeXy COCETHUMHU MaT-
PUYHBIMHU IPOCTPAHCTBAMHU MPUBOAUT K TOMY,
YTO B 30HY CMBIKaHUs YCTPEMIIAIOTCS IIEpPBUY-
HbI€ MaTE€PUU BCEX TUIIOB U HAUMHAIOT HAKaIl-
JIMBAThCS B HEM.

L'y — MepHOCTh MEepBOro MaTPUYHOIO
IIPOCTPAHCTBA.

L', — MepHOCTh BTOPOro MaTPUYHOIO
IIPOCTPAHCTBA.

L'12 — MepHOCTh 30HBI CMBIKAHUSI MaT-
PUYHBIX IPOCTPAHCTB.

AL; — numamna3oH KojeOaHUusS MEpPHOCTH
MEPBOTO MAaTPUYHOTO MPOCTPAHCTBA.
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Puc. 2.3.3. IIpu B3pbIBE, NPOUCXOAUT
BO3MYIIIEHUE MEPHOCTU  OKPYKAIOIIEro
30HY CMBIKaHHS POCTPAHCTBA, 00pPa3yIOTCS
30HBl HEOJHOPOJAHOCTH MEPHOCTHU, B KOTO-
pPBIX HAauyWHAET OcCeAaTh MaTepus, BBIOPO-
IIeHHast 3TUM B3pbIBOM. [IpoucxoasT mpo-
1IECChI, aHAJIOTUYHBIE B3PBIBY CBEPXHOBOM
3B€3/Ibl, TOJILKO Ha JPYrOM KadeCTBEHHOM
ypoBHe. PazHuiia — Tonapko B MaciiTabax.
B onHOM cityuae poxaaroTcs IJIaHETApHBIC
CHUCTEMBI, a B PYrOM — BCEJICHHBIC. B 10-
cleHeM ciydae, nedopMaius Ipu B3phIBE
CJI0€B TOKJIECTBEHHON MEPHOCTH IPUBOJUT
K CMBIKAHUIO UX MEXK]Ty COOOM U POKICHUIO
rajaktuk. O003HaUEHUS — T€ XKeE.

Puc. 2.3.4. O6pa3oBaHue MeTaBCEJICH-
HBIX B 30HAX HEOJHOPOJHOCTH MEPHOCTH
MPOCTPAHCTBA,  BO3HUKIIMX TPU  Cy-

MIepPB3phIBE.

1. 3oHa, rIe HET YyCIOBUI ISl CITUSIHUS Ma-
TEepUil.

2. 30Ha, T MOTYT CIUTHCS JBE (POPMBI
MAaTEPUH.

3. 30Ha, T/Ie MOTYT CIHUTHCA TPU (HOPMBI
MaTEpUH.

4. 30Ha, A€ MOTYT CIHTBCSA YETBIPE
(dopMbI MaTepHii.

5. 30Ha, T/1e MOTYT CIUTHCS MATH (HOpM Ma-
TEPUH.

6. 30Ha, rie MOTYT CIUTHCA LIECTh (popm
MAaTEPUH.

7. 30Ha, T MOTYT CIUTHCS CeMb (opM
MAaTEPUH.

8. 30Ha, T7ie MOTYT CJIIMUTHCI BOCEMb (POPM
MAaTEPUH.

9. 30Ha, T7Ie MOTYT CIUTHCS IEBITH (HOpM
MaTEepUH.
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10. 30Ha cMbIKaHU MaTPUUHBIX IPOCTPAHCTB.
11. MeTtaBceneHHBbIE.

12. 3onbI AepopMaIii MEPHOCTH.

IMPOCTPAHCTBCHHBIX HAIIPABJIICHUAX.

1. 30Ha HEOAHOPOTHOCTH TPOCTPAHCTBA.

2. IlpocTpaHcTBa-BCceIeHHbIE, KOTOPbIE 00pa-

Puc. 2.3.5. BHyTpu Ka)X1011 30HBI HEOJTHO-
POAHOCTH MEPHOCTH MPOCTPAHCTBA MEHSETCS
HETIPEPBIBHO OT LIEHTPA 30HbI HEOAHOPOJHOCTH
K €€ KpasiM. B pesynbrare 4yero, Marepus pac-
IpenesieTcss HEPABHOMEPHO, CO31aBasl OMC-
KPETHBIE CJIOH, OTINYAKOLIUECS KAY€CTBECHHBIM
Y KOJINYECTBEHHBIM COCTaBOM IIEPBUYHBIX Ma-
Tepuid ux ooOpasyroumx. I[Ipoucxomut, Tak
Ha3bIBAEMOE, KBAaHTOBAaHUE IIEPBUUYHBIX MaTe-
puii 1o npoctpancTBy. [Ipu KOTOpOM NIEpBHUU-
HBIE MAaTE€pUHU, KaXKAasi U3 KOTOPBIX UMEET CBOU
CBOMCTBA M KayeCTBa, B3aUMOJCHCTBYIOT C
MIPOCTPAHCTBOM TOJBKO TaM, TJ€ CBOWCTBA
IIPOCTPAHCTBA TOXJAECTBEHHBI CO CBOMCTBAMH
Y Ka4eCTBAMMU ITIEpPBUYHBIX Marepuii. KBaHTOBA-
HHAE NPOCTPAHCTBA IO NEPBUYHBIM MATEPHUIM
IPUBOJUT K TIOSABICHHUIO CHUCTEMBI IPO-
CTPaHCTB-BCEJICHHBIX, KOTOPBIE KAa4uE€CTBEHHO
HEOAHOPOJHBI BHYTPU 30HBI HEOAHOPOIHOCTH
B CHJIy TOT'0, YTO 30HAa HEOJAHOPOAHOCTH, B KO-
TOPOW OHU BO3HUKJIA, HEOAHOPOJHA B Pa3HbBIX

3YIOTCSI BHYTPU €IUHUYHON 30HBI HEOAHOPOIHO-
CTH MPOCTPAHCTBA.

Puc. 2.3.6. CyneprnpocTpaHnCTBO NMEPBOTO MO-
psanka. B cuiny Toro, 4To npu CyrnepB3phIBE IPOUC-
XOUT nedopmaliis mpoCcTpaHCTBA, BO BCEX MPO-
CTPAHCTBEHHBIX HANpPaBJICHUAX BO3HUKAIOT CH-
CTEMBl ITPOCTPAHCTB-BCEJICHHBIX, KOTOPHIE OTJIH-
4aloTCs APYr OT ApYyra YUCJIOM MEPBUYHBIX MaTe-
puit ux obpazyrommux. [Ipuuém, nepenaasl MepHO-
CTH MPOCTPAHCTBA B Pa3HBIX MPOCTPAHCTBEHHBIX
HaIpaBJICHUSX BHYTPU 30HBI HEOJHOPOIHOCTU
CTOJIb CYIIIECTBEHHBI, YTO BOZHUKAET KBAHTOBAHHUE
MPOCTPAHCTBA MO HECKOJBKUM IPOCTPAHCTBEH-
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HBIM HampaBJIeHUSIM OJHOBpeMeHHO. [Ipy mog106HOM MHOTOMEPHOM KBaHTOBAHUU MTPOCTPAHCTBA
BO3HHMKAIOT CHCTEMBI MPOCTPAHCTB-BCEIEHHBIX (METABCEICHHBIE), KOTOPHIE MMEIOT KECTKOE
HEU3MEHHOE IO OTHOLICHUIO K APYr APYTry IPOCTPAHCTBEHHOE IOJIOKEHHE, KAK UMEIOT CBOU
KECTKHE pa3pelIEHHbIE OPOUTHI JIEKTPOHBI BOKPYT siapa. B pe3ynbrare 4ero, MeTaBceleHHbIE

)
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CO3/1aI0T €UHYIO0 YCTONYUBYIO CHCTEMY.
1. 30Ha cMBIKaHMSI MATPUYHBIX TPOCTPAHCTB.
2. MeTaBCeleHHBIE.

Puc. 2.3.7. CyneprnpocTpaHCTBO BTOPOTO IO-
psanka. Bo Bpems cynepB3pbiBa, BOSHUKAIOT BOJIHO-
oOpasHbie nedopmaluu MpPOCTPAHCTBA, KPyraMu,
pacxojsuecss OT IeHTpa cynepB3pbiBa. Cy-
NIEPB3PHIB BBHI3BIBAET HACTOJIBKO MOIIHBIE KOJIbIIE-
oOpa3Hble BOJHBI JAeQOopMalud MaKpONpPOCTPaH-
CTBa, YTO OHHM PACHPOCTPAHSAIOTCA HA OTPOMHBIC
paccrosinus. [lpuuém, yem cuibHEe B3pBIB, TEM
OonpIIyI0 JeopManui0 MaKpOINpPOCTPAHCTBA BbI-
3BIBAIOT BOJIHBI, UM co3faBaeMbie. Co BpeMeHeM
MIPOCTPAHCTBO B 30HE CYIEPB3phIBA BO3BPAIIACTCS
K PaBHOBECHOMY COCTOSIHHIO. DTOT MPOLIECC COMPO-
BOXKJIA€TCSl MOCTENIEHHBIM YMEHBUICHHUEM aMILUIU-
TyJl BOJIH JedopMalui MPOCTPAHCTBA OT IIEHTpA.
[ToaTomy, uem Janbliie OT SNUIEHTPA CyNepB3phIBa,
TeM ri1yOnHa 30H JiepopMmaiuu npocTpaHcTBa OyaeT
OoJblle. A 3TO 03HAYAET, YTO YEM Jajblle OT AMH-

IIEHTpa CyNepB3phIBa, TEM OOJIbIIIEE YUCIO TIEPBUY-
HBIX MaTE€pUil CIMBAIOTCS APYT C IPyroM, oOpasys
CHUCTEMBI METAaBCEIICHHBIX.

1. MertaBceneHHble, 00pa30BaHHBIE CIUSHUEM

necsity (opM MaTepui.

2. CynepnpoCTpaHCTBa MEPBOTO MOPSIKA.

Puc. 2.3.8. CynepnpocTpaHCTBO TPETHETO IO-

psaaka. OOBIYHO, B MAKPOTIPOCTPAHCTBE MPOUCKOTUT
MHOECTBO CYIIEPB3PHIBOB, IO3TOMY BOJIHBI 1eop-
Mallid MaKpOMPOCTPAHCTBA OJHUX HAKJIAJIBIBAIOTCS
Ha aHAJOTUYHBIC BOJHBI BO3MYIICHUS MaKpOIPO-
CTpaHCTBa Jpyrux. B pe3ynbrare, BOZHUKAET cymnep-
MO3UIIUS BOJIH JeopManiud MaKpONpPOCTPAHCTBA,
KOTOpbIe 00pa3ytoT KOMOMHHPOBAHHBIE MPOCTPaH-
CTBEHHBIE cucTeMbl. KauecTBeHHasI CTPYKTypa 3THX
MPOCTPAHCTBEHHBIX CHCTEM 3aBUCHUT OT TOTO,
CKOJIBKO CYTIEpPB3PHIBOB ITPOM3OIILIO B JAHHOH 00J1a-
CTH MaKpOIIPOCTPAHCTBA M Ha KaKOM PACCTOSHUU
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IPYT OT APyTa HAXOIATCS UX DIHULIEHTPBI.

1. MeTaBcenenHslie, 00pa30BaHHbIC CIMSAHUEM OJMHHAALATUA (HOPM MATEPUIA.

2. CyneprnpocTpaHCTBa BTOPOTO NOPSIKA.

nBeHaaANaTH GopM MaTepHUi.

Puc.2.3.9. CynepnpocCTpaHCTBO YETBEPTOrO
nopsika. Bo3aMyiienne MEpHOCTH MaKpOIpOCTpaH-
CTBa, BBI3BAHHOE KaXKJIbIM CYIIEPB3pPHIBOM, PacMpo-
CTpaHsIeTCsl KpyraMH OT 3MUIeHTpa. Yem nanbiie ot
AIUIEHTPA, TEM 00Jiee CUIIbHYIO 1eOopMalliI0 MaK-
POMPOCTPAHCTBA CO3/IaET BOJIHA BO3MYIIICHHS MeEp-
HOCTH, CO3/laBaemasi CyNnepB3pbhIBOM. A 3TO O3Ha-
YaeT, 4TO YeM JIaJibllle OT AMUIEHTPA — TeM OO0JIb-
1Iee YMCJIO0 MEePBUYHBIX MATEPHUl MOTYT CIMBATHCA
Ipyr ¢ APYroM B 30Hax HEOJHOPOAHOCTEH. Uem
OoJbIlle TIEPBUYHBIX MATEPHUil CIMBAIOTCS BMECTE,
o0Opasysi THOpUIHYIO MaTepuIo, TeM 0oJiee NHEPIIU-
OHHOM, TeM 00Jiee YCTONYMBOM K BHEIIIHUM BO3/IEH-
CTBHUSIM OHa CTaHOBUTCS. Kpome Toro, 4em manbiie
OT JMHIIEHTPa CyMNepB3pHIBA, TeM OOJbIIEE YHUCIIO
BO3MYIIIEHUH MEPHOCTH MAaKpOIpPOCTPAHCTBA OT
JIPYTUX CYNEpPB3pPhIBOB, HAKJIAIbIBAIOTCS HA BO3MY-
IICHUE CO3JaHHOE JIaHHBIM CYIIEPB3PbIBOM.

1. MeTaBCGJIGHHBIG, O6pa30BaHHBI€ CJIIMAIHUCM

Puc. 2.3.10. CynepnpocTpaHCTBO MSTOTO
nopsinka. B cuimy Toro, 4ro marpuyHOE Mpo-
CTPaHCTBO HEOAHOPOIHO W3HAYATIHHO, BO3MYIIIE-

HHUC MCPHOCTH, BBI3BIBACMOC KaXIbIM CYy-

14
MEPB3PHIBOM, PACIPOCTPAHSIETC HEPABHOMEPHO 13
II0 Pa3sHBIM MPOCTPAHCTBEHHBLIM HAIIPABIICHUSIM 12
MakponpoctpancTBa. [loaTomy cunHTe3 rudpua- ::
HBIX MaTepUil MPOUCXOJUT TOJIBKO BIOJIb HEKO- 9
TOPBIX MPOCTPAHCTBEHHBIX HAIpPaBJICHUN MaT- 8
PUYHOTO MPOCTPAHCTBA. "
1. LeHTpasbHass 30Ha CMBIKAaHHUSI MaTpU4- P
HBIX [TPOCTPAHCTB. 5
2. MeraBceneHHble, 00pa30BaHHBIC CIIUS- 4
HUEM TpUHAAUATU (HOPM MaTEPU. 2
3. MertaBcenennbie, 00pa3oBaHHBIC CIIUS-
HUEM JBeHaauaTu (opM MaTepui. 3
4. MeraBcelieHHbIE, 00pa30BaHHBIE CIUS- 1

HUEM OJIMHHAAIATH (OPM MaTEpHUH.
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5. MetaBceneHHble, 00pa30BaHHbBIE CIUSHUEM AECATH (HOPM MaTEPHIA.

6. MeTtaBcenenHbie, 00pa30BaHHbIE CIMSIHUEM ACBITH (POPM MaTEPHil.

7. MeTtaBcenenHblie, 00pa3oBaHHbIE CIIUSHUEM BOCKMHU (OpPM MaTEepuil.

8. MeTtaBceneHHbIe, 00pa30BaHHbIE CIUSHUEM ceMU (HOPM MaTEpHIA.

9. MetaBcenennbie, 00pa3oBaHHbBIE CIMSHUEM IIeCTH (OPM MaTepHUid.
10. MetaBceneHHble, 00pa30BaHHbIE CAUSHUEM MATH (HOPM MaTEPHIA.

11. MeraBceneHHble, 00pa30BaHHBIE CIUSHUEM YETHIPEX (POpM MaTepHil.
12. MertaBceneHHble, 00pa30BaHHBIE CIUSHUEM TPEX (POopM MaTepHil.

13. MeraBceneHHble, 00pa30BaHHbIE CIUSHUEM JIBYX (hOpM MaTepHil.

14. KoHueBast 30Ha CMbIKaHHsI MATPUYHBIX IPOCTPAHCTB.

Puc. 2.3.11. [llecTuny4eBuK.
Cnenyer mMers B BUAY, YTO TH-
OpuJIHbIE MaTepUH, BOZHUKAIOIINE
B pe3yJbTaTe CHHTE3a U3 NEpBUY-
HBIX MaTe€pui, BIUSAIOT Ha MaTpUy-
HO€ MPOCTPAHCTBO, B KOTOPOM OHU
HAXOJATCSA, U HACTyIaeT MOMEHT,
KOI/Ia BTOPUYHOE BIIMSAHHE TIH-
OpUIIHBIX MAaTE€pUH JOCTUTAET KPH-
TUYECKOM BEIIMYNHBI, B PE3YJIbTATE
YEero IMPOUCXOAMT «IIPOJABIIHMBA-
HUE» OJHOI0 MaTPUYHOTO Ipo-
CTpaHCTBa B Apyroe. B pe3ynbrare
3TOr0 B OJHOM MAaTpPUYHOM IIpO-
CTPAHCTBE BO3HHUKAET CYIIEPAHAIIOT
«4EPHOU IBIPBD», & B IPYTOM — CY-
nepa”ajior 3se3Abl. Takum oOpa-
30M, B JAHHOM MAaTPUYHOM IIpO-
CTPAHCTBE CHCTEMBI MPOCTPAHCTB
UMEIOT BIIOJIHE KOHEYHbIE pa3-
mepbl. Koad¢uuueHt kBaHTOBa-
HUS JIaHHOTO MAaTPUYHOTO TMpo-
CTpPAHCTBA OIpEAENSIET THUIl Tep-
BUYHBIX MAaTE€pui, U3 KOTOPHIX, B
3TOM MAaTPUYHOM IPOCTPAHCTBE,
POUCXOIUT (OPMUPOBAHUE TPO-
CTPaHCTBEHHBIX cucteM. ['nbGpun-
HbIE MaTe€pHUH, KOTOPHIE BOZHUKAIOT B 30HAX Je(pOpMaliK BCIEACTBUE CYNEPB3PHIBOB, JIJIS KaX-
JI0OTO KOHKPETHOTO MAaTPUYHOTO MPOCTPAHCTBA UMEIOT KOHEYHOE MAaKCUMAaJIbHOE YHCIIO MepBUY-
HBIX MaTepuil uX oopazyromux. BropuuHoe BbIpokKaeHHE MEPHOCTH NPOCTPAHCTBA UMHU CO3/1a-
BAa€MOE€, OJIHOCTBIO HEUTPAIHU3YET MEPBUYHYIO AeOpMALII0 MAaKPOIPOCTPAHCTBA.
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Puc. 2.3.12. AatumectuiydeBuk. Bo Bpems cy-
MEPB3PHIBOB BO3HUKAIOT KOJBIIEBBIE BOJHBI J1ehop-
Malid  MaKpOMPOCTPAHCTBA. OTH MPOAOJIbHBIC
BOJIHBI J1e()OPMHUPYIOT MPOCTPAHCTBO, KaK «BBEPX),
TaK U «BHU3». DTO ABJICHUE BO3HUKAET B CUITy TOTO,
YTO MAaTPUYHOE MPOCTPAHCTBO CaMO MO ce0e HEOTHO-
ponHo. CylecTBYIOT nepenajsl (TpagueHThl) MEPHO-
CTH «CBEPXY» «BHU3» U Ha «BOCTOK» M Ha «3araj.
[loaToMy, KOrjga Ha HEOJHOPOJHOE IMPOCTPAHCTBO
HaKJIQJbIBAaCTCsl HEOJHOpOAHas naedopmaius Mart-
PUYHOTO TIPOCTPAHCTBA, BO3HMKAIOWIAs TMpPU CY-
NEPB3PBIBE, MPOUCXOAUT POPMUPOBAHUE JIBYX TUIIOB
30H nehopmaruu MaTpuaHOTo mpocTpancTBa. OxgHa
30HA CHHTE3a THOPUIHBIX MATEPHI IPEICTABISIET CO-
0ol «smMy», npyras — «Oyrop». BHyTpr «sim» dop-
MUPYIOTCS MIECTHIIYIECBUKH, @ BHYTPU «OYyrpoB» —
AHTUIICCTIITYIeBUKHA. OTIMYHE MEPBBIX OT BTOPHIX
3aKJIFOYAeTCs B TOM, YTO B TIOCJICTHUX BO3HUKAIOT CY-
MEPIPOCTPAHCTBA C MAKCUMAIIBHBIM YHCIIOM MTEPBUY-
HBIX MaTepuil BO BHEIIHUX 00BbEMAX, a C MUHUMAIbHBIM — BO BHYTPEHHEM. Y CIIOBHO MOKHO
CKa3aTh, YTO B OJHOM CJIy4yae MPOCTPAHCTBA UMEIOT MOJIOKUTEIbHBIN, a B IPYTOM — OTpHIIa-
TEJbHBIN CIIUHBI.

Puc.2.4.1. BO3HHUKHOBEHHE 3BE€3/bl, IpPHU
CMBIKAHWH ITPOCTPAHCTBA-BCEIICHHOW HaIlIEW Mep-
HOCTH C TIPOCTPAHCTBOM-BCEIICHHOM OOJIbIIeH
MepHOCTH. Bo3mylieHus npocTpaHcTBa MPUBOIST
K TOMY, YTO CJIOM TOXKJAECTBEHHOW MEPHOCTH IMPO-
CTPAHCTBA B HEKOTOPBIX 30HAX CMBIKAKOTCA JIPYT C
npyroMm. [Ipu cMbIKaHUM CJIOSI TPOCTPAHCTBA-BCE-
JICHHOM OJHOM TOXAECTBEHHOW MEPHOCTU CO
cioeM OoJbled TOXJIECTBEHHOM MEPHOCTH, B
30HE CMBIKaHUs hopMupyeTcs 3Be3aa. [Ipu aTom,
MaTepuy HAYMHAIOT MePEeTEKAaTh U3 MIPOCTPAHCTBA-
BCEJIEHHOM C OOJIBbIIEH MEPHOCTHIO B MPOCTPAH-
CTBO-BCEJICHHYIO ¢ MeHblIen. [IpuunHa nepereka-
HHS B JAHHOM HAIPaBJICHUU 3aKIFOYAETCS B TOM,
YTO JIBA COCEIHUX CJIOS TOXKJIECTBEHHOM MEPHO-
CTBIO OTJIMYAIOTCS APYT OT APYra Ha OJHY IEpBUY-
HYIO Marepuio. B 30HE CMBIKaHUS TPOUCXOAUT
pacriaji MaTepud YpOBHSI OOJIbIIIEH MEPHOCTH U
CHUHTE3 MaTE€PUU MEHBIIIEH MEPHOCTH.

Ls, L7, Ls — MepHOCTH MpOCTpaHCTB-BCEICHHBIX, 00PAa30BaHHBIX CIUSHHUEM IIECTH, CEMU
1 BOCbMU (hOpPM MaTepuil.
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L, — MepHOCTb 3BE31bl.

BOCHEMHU (DOpM MaTEpUid.

L — MEpHOCTb «4EPHOU BIPHI».

Puc. 2.4.2. BO3HUKHOBEHUE «YEPHOU ABIPBDY,
IIPU CMBIKAHUM TIPOCTPAHCTBA-BCEJIICHHOW HallleH
MEPHOCTH, C TPOCTPAHCTBOM-BCEJICHHON MEHBIIEH
MepHOCTU. [Ipy CMBIKaHMM CII0S NPOCTpPaHCTBA-
BCEJIEHHOW OJHOM TOXJIECTBEHHOM MEPHOCTH CO
CJIOEM MEHBIIECH TOXKIECTBEHHOM MEPHOCTH, B
30H€ CMBbIKaHUs (HOpPMHUpPYETCS «4YEpHas IbIpay.
IIpu 3TOM, MaTEPUU HAUMHAIOT EPETEKATH U3 IIPO-
CTpaHCTBa-BCEJICHHOW C OOJBIIEH MEPHOCTHIO B
IIPOCTPAHCTBO-BCEJIICHHYIO ¢ MeHblIen. [IpuunHa
IIEpETEKaHUsl B JAHHOM HAIIPaBJICHUU 3aKJIH04a-
€TCSI B TOM, YTO JIBa COCETHUX CJIOSI C TOXKIECTBEH-
HOM MEPHOCTBIO OTIMYAKOTCS IPYr OT JApyra Ha
OJIHy IIEPBUYHYK) MaTepuio. B 30HE CMBIKaHUSA
MPOUCXOANT pachaj MaTepu YpPOBHs OoJbIieit
MEpPHOCTHU U CHHTE3 MATEPUU MEHBIIEH MEPHOCTH.
«YépHas npIpa» MPAKTUYECKH NPEACTABISET CO-
00l OKHO B ApaJIJIEIbHYIO BCEJICHHYIO.

Ls, L7, Ls — MepHOCTH NIPOCTPaHCTB-BCEIICH-
HBbIX, 0Opa30BaHHBIX CJIUSHHEM IIECTH, CEMU H

Puc. 2.4.3. B xaxaoe npocCTpaHCTBO-BCEJICH-

HYIO MaTepusi NpUTEKaeT yepe3 3BE3/bl U BHITEKAET
gyepe3 «4€pHBIC IBIPbD». TakuM 00pa3oM, OCyIIeCTB-
nseTcst OajaHc MaTepu B TMpocTpaHcTBe. Yepes
30HBI CMBIKaHUSI MEX/IY CJIOSIMU MTPOCTPAHCTBA MPO-
UCXOANT TepepacrpeneieHue MaTepud U UMEHHO
Omarozapsi ’TOMy BO3HUKAIOT YCIIOBHSI JJIs 3aPOXKIC-
HUS KU3HU. BeriecTBo ciost ¢ GONBIINM YpOBHEM
TOXKJIECTBEHHOW MEPHOCTHU pacrlajaeTcs Ha MepBruY-
HbIE MaTE€PUU, U IPOUCXOAUT CUHTE3 BEIIECTBA CIIOS
C MEHBIINM YPOBHEM MEPHOCTH. «JIMIIHAS» epBUY-
Hasi MaTepusi, IPU ITOM, BBICBOOOXKIAETCs U3 IJICHA.
BHoBb 00Opa3zoBaBIieecs BEUIECTBO, NMPU MMONAAaHUN
B «4€pHbBIE JBIPBI» pacnagaeTcs Ha MaTEepUn ero 00-
pa3yroliye U MPOUCXOIUT CHUHTE3 BEIIECTBA CIIOS C
MEHBIIIUM YPOBHEM MEPHOCTH U T.1.

Ls, L7, Ls — MepHOCTH HpOCTpaHCTB-BCEIICH-

HBIX, 00Pa30BAHHBIX CIUSIHHUEM ILIECTH, CEMU U BOCbMU (HOPM MATEpPHUH.

L., L — 3Be3na u «u€pHas apIpar
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Puc. 2.4.5. «Yépuasa neipa». Ecou usz-
HavyaJIbHBIA paJyc 3B€3/1bl ObLI OOJIbLIE J1e-
CSTH COJHEYHBIX, TO, MpPH TUOeNn TaKol
3Be3/bl, oOpa3yeTcss u€pHas apipa. Macca
HEUTPOHHOT'O BEIIECTBA HACTOJIBKO BEJUKA,

YTO MPOJABIMBAET MATPUYHOE MPOCTPaH-
CTBO JI0 CIEAYIOIIET0, HUKEJIEXKAILETO MPO-
CTpaHCTBa-BCEJIEHHON. B HmkHem cnoe-
BCEJICHHOMW 3aropaeTcs HoBas 3Be3aa. Uepes
3Ty CBO€OOpa3HyI0 ABEPb, MaTepHs U3 OJI-
HOTO TPOCTPAHCTBA-BCEJICHHOW HA4YMHAET
IIEPETEKATh B HIKEJIEKALIEE, MOJHOCTBIO
pacnazasch Ha epBUYHbIE MaTepuu e€ 00-
pasyromue. YMupasi, MaTepHsi OTHOTO THIIA
MOPOXKAAET MATEPUIO IPYroro THUIMA.

Le, L7, Lg — mMepHOCTH TpOCTpaHCTB-
BCEJICHHBIX, 00Pa30BaHHBIX CIUSHUEM IIIe-
CTH, CEMH ¥ BOCBMH ()OpM MaTepHii.

L+ — «uaépHas apipay.

K ornaBneHuto

Puc.2.4.4. Helitponnas 3Be3na. B mpo-
LIECCE CTApEHUA 3BE3/bI AOJISI JETKUX IJIEMEH-
TOB YMEHBIIAETCA MPHU POCTE JOJU TIKEIBIX.
B wutore, creneHp BIMSHMS 3BE3/bl HA CBOM
MAaKpPOKOCMOC YBEIIMUYUBAETCS, U MMPOUCXOIUT
nedopmariis ciosi TOXKIACCTBEHHON MEPHOCTH
B cepe BIUAHUSA 3Be3/1bl. Eciu n3HavaabHbIN
pa3Mep 3Be3/Ibl ObLJT MEHBIIIE JIECSITH COJIHEU-
HBIX PaJINyCcOB, TO IIPH THOEIN 3Be3/bI 00pa-
3yeTCsl, TaK Ha3bIBAEMasi, HEUTPOHHAS 3BE3/A.
U, x0T HEUTpOHHAS 3BE31a U HE KOTKPBHIBACT»
JBEPH B IPYrOM CIJIOM TOXKJIECTBEHHON MEPHO-
CTH, HO, TEM HE MEHEE, OKA3bIBACT 3HAYUTEIIb-
HO€ BJIMSHHE Ha KA4E€CTBEHHOE COCTOSHHUE
«CBOETO» CJI0SI TOXKAECTBEHHOW MEPHOCTH.

Le, L7, Ls — MepHOCTH HpPOCTPaHCTB-
BCEJICHHBIX, 00pa30BaHHBIX CIMSHUEM IIECTH,
CeMH U BOCbMU (OpM MaTepuil.

L. — HeliTpoHHAas 3Be37a.
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Puc. 2.5.1. Kaxmas 3Be3na «KUBET»
MUJLTUAPABI JIET, TTOCJIE YETO OHA «YMHPAET).
B TeueHue 3TUX MUJUIMAPIOB JIET, BEIIECTBO
U3 POCTPAHCTBA-BCEJICHHOM ¢ O0bIIeH Mep-
HOCTBIO Lg, 4epe3 30Hy CMBIKaHUS MONAJAET
B IIPOCTPAHCTBO-BCEJICHHYIO C MEHBIIIEH Mep-
HOoCTbIO L7. [Ipu 3TOM, 3TO BEmecTBo craHo-
BUTCS] HEYCTOMYMBBIM U PacnagacTcs Ha Iep-
BUYHBIC MaTtepun ero oOpasymoiiue. Cemb
MEPBUYHBIX MaTE€pUil CIMBAIOTCS BHOBb, 00-
pasys (pu3MYECKH IJIOTHOE BEIECTBO MPO-
CTpaHCTBa-BCeJICHHOU L7. B 30HE cMmbikaHus
TaKol YpOBEHb MEPHOCTH, UYTO MPOUCXOJIUT
CHUHTE3 aTOMOB T€X 2JIEMEHTOB, COOCTBEHHBIH
YPOBEHb MEPHOCTH KOTOPBIX IMO3BOJISIET UM
COXPaHUTh CBOIO YCTONYUBOCTb.

B BepxHel 30He yCTOMYMBOCTH (pU3Hye-
CKM TIIJIOTHOTO BEIIECTBA  «HAXOJISITCS»
TOJILKO, TaK Ha3bIBaEMbIC, JIETKHE DJICMEHTBI
takue, kak Bogopona (H) u rexmit (He). Ilo-
ATOMY B 30HE CMBIKAHUS IPOUCXOJIUT CUHTE3
ATUX dJeMeHTOB. M He ciydaitHo OosbImas
4yacTh BEIIECTBA Halen BeeneHHo — BoopoI. B 30HE CMBIKaHUS IIPOUCXOAUT AKTUBHBIN IPO-
LIECC CUHTE3a BOJIOPO/Ia, MACChl KOTOPOTO U COCTABJISIFOT OCHOBY 3BE3/. Tak poKIaroTCs 3BE3/BI,
TaK Ha3bIBa€MbIE, rOJTyOble TUTaHThI. MI3HauanbHas MIOTHOCTh «HOBOPOXKIEHHBIX» OYCHb MaJia,
HO, B CUJTy TOTO, UTO 30Ha CMBIKAHUSI HEOJHOPOIHA TI0 MEPHOCTH, BO3HUKAET nepenas (rpaau-
€HT) MEPHOCTH B HAIpaBJICHUM K LIEHTPY. B pe3ynbTaTe 3TOr0, MOJIEKyIbl BOAOPOAa HAUUHAIOT
JIBUTATHCS K LIEHTPY 30HBI CMbIKaHUsA. HaunHaeTcs npouecc cxxaTus 3B€3/bl, B X0J1€ KOTOPOTO,
TJIOTHOCTH 3BE3THOTO BEIIECTBA HAYMHAET CTPEMUTEIBHO PACTH.

[To mepe pocTa MIOTHOCTH 3BE3IHOTO BEIIECTBA, YMEHbIIACTCS 00bEM 3aHUMAEMbIi 3BE3-
JIOW ¥ yBEJIMYUBACTCS CTENIEHB BIMSHUS MAcChl 3B€3/1bl, KaK Ha YPOBEHb MEPHOCTH 30HBI CMBIKA-
HUS1, TaK ¥ Ha aTOMHOM ypoBHe. TakuM 06pazom, COOCTBEHHBIN YPOBEHb MEPHOCTH 3BE3/Ibl HAUH-
HAeT YMEHbUIAThCsl, @ BHYTPHU CaMOM 3B€3/1bl HAUMHAIOTCA MPOLIECCHl CUHTE3a HOBBIX, OoJee Ts-
KENBIX 2JIeMEHTOB. Bo3HuKaeT, Tak Ha3bIBaeMasi, TEpMOsJIepHas peaklys U 3Be3/1a HAUMHAET U3-
Jy4aTh LEJbI CTIEKTp BOJIH, Kak MOOOYHBINA 3((eKT cuHTe3a 31eMeHTOB. CienyeT OTMETHUTD,
YTO UMEHHO OJarogapsi 3ToMy «1moO6o4yHOMY 3(PGEeKTy» BO3HHKAIOT YCIOBUS UIS 3apOKICHUS
KHU3HU.

B 30He cMbIKaHus mapaienbHO MPOUCXOAAT JABa MPoLiecca: CHHTE3 BOJAOPOa IPH paciajie
BEIIIECTBA IPOCTPAHCTBA-BCEIICHHOM ¢ 00JIee BLICOKUM YPOBHEM COOCTBEHHON MEPHOCTH (BeIlle-
CTBO, 00pa30BaHHOE CUHTE30M BOCHKMHU (hOPM MEPBUYHBIX MATEPHIl) U CUHTE3 B X0OJI€ TEPMOsIACP-
HBIX peaklui M3 BoJopoaa Oosee TSKENBIX JIEMEHTOB. B pe3ynbpTaTe 3THX MpOIECCOB 3BE3/a
YMEHBINIAeT CBOM 00BEM U, KaK CJIECJICTBHE YBEIUYEHHUS B Macce JI0JIM 0oJiee TSXKENBIX, YEM BO-
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JIOPOJI DJIEMEHTOB, YMEHBITIAETCS U YPOBEHb COOCTBEHHON MEPHOCTH 3Be37bl. UTO, B CBOIO OUe-
pellb, YMEHBIIIAET 30HY CMbIKaHUs. JpyrumMu clioBaMu, «pOKJIEHHAS» APYTUM NPOCTPAHCTBOM-
BCEJIEHHOW 3BE€3/a, JUIS HAIIErO MPOCTPAHCTBA-BCEICHHOM, MOCTENEHHO OTAECIAECTCS OT CBOEH
«MaTepm».

He npaBna nu, momyyaeTcst T00O0MbITHAS aHATIOTUS C pa3BUTHEM dYMOpPHOHA BHYTPU MaTKH,
KOI'/1a, «COTKaHHBIM» U3 KPOBH U ILUIOTH MaTepH ILIOA, NOKUJAET JJOHO MAaTEpPU U HAYMHAET ca-
MOCTOSITEJIBHYIO KU3Hb, TaK M 3BE3/1d, «POXKAEHHASH ITPOCTPAHCTBOM-BCEIICHHOM MOKUAACT
«JIOHO MaTepw», Korjaa e€ ypoBeHb COOCTBEHHON MEPHOCTU YMEHBIIAETCS, KaK CIEICTBUE yBe-
JIMYECHUS CTETICHU BIMSIHUSA Ha OKPYKAroLIEe MPOCTPAHCTBO. OTIEIUBIIUCE OT «MAaTEPUHCKOTO»
IIPOCTPAHCTBA-BCEJICHHOM, 3B€3/]a HAUMHAET CBOIO COOCTBEHHYO )KM3Hb — JKU3Hb, KOTOpast Po-
JOJDKAETCS MAJUITMAPABI JIET, IO UICTEYEHUH KOTOPBIX, OHA «ymupae™». IIpaBna, 3B€31bl, B CBOIO
ouepesb, YCIEBAKT «POAUTHY IUIAHETAPHBIE CHCTEMBI, HA KOTOPBIX MMEET LIaHC IOSIBUTHCS
KU3Hb.

Le, L7, Ls — MEpHOCTH MPOCTPAHCTB-BCEICHHBIX, 00PA30BAHHBIX CIUSHUEM IIECTH, CEMHU
¥ BOCbMH (DOpM MaTepHid.

L. — 3Be3na.

Puc. 2.5.2. B npouecce cxkatusi 3Be31bl,
Hapymaercs OajaHC MEXIy U3Iydarollen Mo-
BEPXHOCTBIO U M3JIy4aroumuM oobéMoM. B pe-
3yJIbTaTE Yero NEePBUYHBIE MATEPUN CKaIlJIMBA-
I0TCSl BHYTpH 3Be311bl. Hakomnenue nepBuyHbIX
MaTepUil, B KOHEYHOM UTOT€, IIPUBOJIUT K TaK
Ha3bIBAEMOMY B3pbIBY CBEPXHOBOW. B3pbIB
CBEPXHOBOW MOPOXKJAET MPOJ0JIbHbBIE KoJieha-
HUsI MEPHOCTH INPOCTPAHCTBA BOKPYT 3BE3/bI.
BrIOpoleHHbIE B3pHIBOM CBEPXHOBOM MOBEPX-
HOCTHBIE CJIOM 3BE€37bl, KOTOPBIE, KCTATH, CO-
CTOSIT U3 Haubosee JNErKUX 3JIEMEHTOB, IMOIMa-
JNAIOT B UCKPUBJIEHUS MPOCTPAHCTBA, CO3/IAH-
HbIE MPOJOIBHBIMU KOJICOAHUSMU MEPHOCTH,
BO3HUKIIKMMHU IIPHA 3TOM B3pbIBE. B 3THX 30HaX
WCKPUBJIEHHS NPOCTPAHCTBA, W3 NEPBUYHBIX
MaTEepUN POUCXOAUT AKTUBHBIN CUHTE3 BEllle-
CTBA, MPUYEM, CUHTE3UPYETCS LEIBbIM CIEKTP
Pa3IMYHBIX 3JIEMEHTOB, BKIIIOYAs TSKENBIE U
CBEPXTSKEIBIE.

Yem Oousbliie mepemnajg MeEXIy YPOBHEM

COOCTBEHHOW MEpPHOCTH 3BE3/IbI U yPOBHSIMHU

COOCTBEHHOI MEPHOCTH 30H MCKPHBIICHHS TPOCTPAHCTBA, TEM 0oJiee TSKEIbIE JIEMEHTHI B CO-
CTOSIHUU «POIMTHCS BHYTPHU ATHUX 30H M TeM OoJiee YCTONUMBBI ATH TSHKENBIE dJIeMEHTHI. B 3a-
BUCHMOCTH OT M3HaYaJbHBIX Pa3MEpPOB, B TCUCHHE KU3HU 3BE3/IbI MOKET OBITh OJMH HJIHM He-
CKOJIBKO B3PBIBOB CBEPXHOBOU. [Ipn Ka)kI0M TakoM B3pbIBE, COOCTBEHHBIH YPOBEHb MEPHOCTH
3B€3/Ibl YMEHBIIIAETCSI, YTO IPUBOAMT K YMEHBIICHUIO CHHTE3a JIETKUX DJIEMEHTOB U YBEITMUEHHIO
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CUHTE3A TAKEIBIX.

B pe3ynbTare 31010, IOTHOCTD, a CJIEI0BAaTEIbHO, CTEIIEHb BIMSHUS 3B€3/1bl HA OKPYKaro-
Iee MPOo-CTPAHCTBO YBEIMUMBAETCs. ECiin n3HaYaIbHBIN BEC 3BE3/IbI OB MEHBIIIE JECSATH COJI-
HEUYHBIX, OHA, K MOMEHTY CBO€W «cMepTw» (MOTYXaHWIO) MPEBPATUTCA B TaK HA3bIBAEMYIO
HEUTPOHHYIO 3Be31ly. Ecnu jke, n3HayanbHbIN BEC 3BE3/IbI MPEBbIIIAN JIECSITh COJHEUHBIX, TO, B
KOHIIE CBOET0 »KM3HEHHOTO MyTH, 3B€3/1a MPEBPAIIACTCS B «4EPHYIO AbIpYy». HenTpoHHbIN OcTa-
TOK 3B€3/1bl (HEUTPOHHOE BEIIECTBO MPEACTABISAET COO0M TaKyl0 KaueCTBEHHYIO CTPYKTYpY (hu-
3UYECKHU IJIOTHOTO BEUIECTBA, ITPU KOTOPOM TOJIBKO HEUTPOHBI, HE UMEIOIINE FIEKTPUUECKUX 3a-
PAI0B, 00pa3yrOT MacCy 3TOTO BEIIECTBA U, B CHITY 3TOT0, HET «IIyCTOTO» IIPOCTPAHCTBA MEXKIY
HUMH, KaK MEXIY SApPaMH COCEIHUX aTOMOB) HACTOJIBKO CHIIBHO Je(OPMHUPYET OKpyKarolee
MIPOCTPAHCTBO, YTO MPOUCXOIUT IOSIBIICHHNE HOBOUW 30HBI CMBIKAHHUS, TOJIBKO YK€ C IMPOCTPAH-
CTBOM-BCEJICHHOM ¢ MEHBIIIUM YPOBHEM COOCTBEHHOM MepHOCTH L.

Le, L7, Ls — MEpHOCTH MPOCTPAHCTB-BCEICHHBIX, 00PA30BAHHBIX CIUSHUEM IIECTH, CEMHU
¥ BOCbMH (DOpPM MaTepHii.

L. — 3Be3na.

Puc.2.5.3. BriOpomennsie  BO
BpEMs B3pbIBAa CBEPXHOBOU TMEPBUYHBIC
MaTEPUU — YaCTh MaCChl CAMOU 3BE3IBI,
BBIOPOIIIEHHOW TIPH STOM, TMOMAIaloT B
30Hbl HCKPUBJIIEHUSI MEPHOCTH IIPO-
CTPaHCTBA, BbI3BaHHbIE B3pbIBOM. B 30-
Hax AeopMalui HAYMHAETCS aKTUB-
HBII NPOLIECC CUHTE3a THOPUIHBIX MaTe-
pHii, ¥ 3TOT MPOLECC MPOJIOJIKAETCS 0
TeX MOp, MMOKa TMOpUHBIE MaTepUH CO-
00l HE KOMITEHCHUPYIOT TIOJHOCTBIO Jie-
dbopmanuio MPOCTPAaHCTBA, B KOTOPOM
MIPOUCXOJNUT UX CHUHTE3. DTO IMPOUCXO-
JUT TIOTOMY, YTO THOPUIHBIC MaTCpUU
Cam¥ BIIMSIOT HA TIPOCTPAHCTBO, B KOTO-
poM oHU Haxogadarcs. [Ipuuém, ecnu usz-
MEHEHHE MEPHOCTH B 30HE ehopManuu
IPOCTPAHCTBA, BBI3BAHHOE B3PHIBOM
CBEpXHOBOW CYHMTATh OTPHIIATEIBHBIM,
TO THOpUAHBIE MaTepuu OyayT BIIUATH
Ha MEPHOCTh NPOCTPAHCTBA IMOJIOXKHU-
TEJIbHO, YBEJIMYMBAas MEPHOCTh MpO-
CTpaHCTBa B 30HE Je(opMaruu.

Le, L7, Ls — wmepHoCTH TIpO-
CTPAaHCTB-BCEJICHHBIX, 00pa30BaHHBIX
CIMSTHUEM IIIECTH, CEMH U BOCbMH (DOPM MaTEpHIA.

L. — 3Be3na.
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L. — 3Be3na.

Puc. 2.5.4. IlocTenenHo, BEmIECTBO B 30HAX
WCKPUBIICHUS YIUIOTHSAETCS W POXKIAIOTCS TIjia-
HETHI. YTUIOTHEHUE BEIECTBA MPOUCXOIUT B CHITY
HaJIM4Msl BHYTPH 30H HCKPHBIICHHS Iepenana
(rpagueHTa) MEpHOCTH, HAMPABJICHHOTO K LICHTPY
HEOJHOPOIHOCTH. YeM Orrke 30Ha HCKPUBIICHUS
K 3Be3]Ie, TeM Iepenaj 0oee spko BeipaxeH. [1o-
TOMY OJIMPKHUE K 3BE€3JI€ IJIAaHEThl OyIyT MEHb-
HIET0 pa3Mepa U coJiepKaTh OOJIBIIYIO OO TS-
XENBIX 21IeMeHTOB. KoTopehle, kK Tomy e u 6ojee
YCTOWYUBBI, TAK KaK COOCTBEHHBIN YPOBEHb 30HbI
HEOJHOPOJIHOCTH IJIAHETHI TEM HIKE, UeM OJIKe
TJIaHeTa K 3Be3nie. TakuM o0pa3oM, YCTOMUHBBIX
TSOKETBIX DJIEMEHTOB OOJIbIlIe BCeTo Ha MepKy-
pHUH U, COOTBETCTBEHHO, IT0 Mepe YOBIBAHUS JOJIN
TSOKETBIX DJIEMEHTOB MAyT — Benepa, 3emurs,
Mapc, FOnutep, Caryps, Ypan, [LnyToH.

Le, L7, Ls — MepHOCTH HpOCTpaHCTB-BCE-
JICHHBIX, 0OPa30BaHHBIX CIUSHUEM IIIECTH, CEMU
¥ BOCbMU (hOpPM MaTepuUil.

Puc. 2.5.5. VckpuBieHue NpOCTPAHCTBA, B
KOTOPOM BO3HUKAIOT YCJIOBHUS JJIsl CIIUSHUSA POPM
Marepuii B BeuiectBo. IlepBuunble Marepun
MMEIOT CBOM KauecTBa M cBoiicTBa. KauecTtBa u
CBOWCTBAa NEPBUYHBIX MaTEPUN HMMEIOT CBOHU
orpannueHue. Kaxxiass KOHKpeTHass BEIMYMHA —
KOHEYHA, TAK K€, KAK KOHEYHAas BEJINYNHA UMEET
cBoto Gopmy. [TosTomy 117151 TOTO, YTOOBI TPOU30-
IO B3aUMOJIEHCTBUE KOHEYHOM BEJIMUMHBI (TIEp-
BUYHOI MaTepun) C KOHKPETHBIMH CBOMCTBAMU U
KayecTBaMM W OECKOHEYHON BEJIMYMHBI (TIPO-
CTPAHCTBO) C HENPEPBHIBHO H3MEHSIIOUIMMUCS
CBOMCTBAMM U KauecTBaMH, HEOOXOUMO, YTOOBI
JAHHAsi MaTepus I0I1ajga B 30Hy 3TOr0 MpOCTPaH-
CTBA, UMEIOLIYI0 aJIcKBaTHbIE CBOMCTBA U Kaye-
CTBa. A 3TO MOKET MPOU30MTH TOJBKO B OrPAHU-
YeHHOM 00BEME 3TOro mpocTpaHcTBa. [losTomy,
KOTJa IPU B3pPBIBE CYNIEPHOBOM, MPOUCXOIUT JIE-
(dbopmartis mpoCcTpaHCTBA, MPOUCXOAUT U U3MEHE-
HUE B 30Hax JAepopMalvMyd KadyecTB U CBOWCTB
ATOTO NPOCTpPaHCTBA. B pe3ynbraTe, B 3THX 30HAX

MEPBUYHBIE MATEPUU MIPOSABIISIOT CEOSI MO-HOBOMY M MIPOUCXOAUT CUHTE3 TMOPUIHBIX MATEPUH.
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Puc.2.5.6. Cnusinue ¢popm matepuii A u B B
30HE UCKPUBJICHUS MPOCTPAHCTBA, U 00pa30BaHUE
Bemectsa tuna AB. DTo BemectBo — Kaue-
CTBEHHO OTIMYAeTCs OT (hOpM MaTepuii ero odpa-
3YIOIIMX, BOBHUKAET HOBOE KAa4y€CTBO M3 CTaphIX
kauecTB. [Ipuuém, cnusaHne MaTepuil NPOUCXOAUT
B OIPaHUYEHHOM 00BEME, rae napameTpsl (popm
Martepuii A u B — ToxzaecTBeHHbI. TOX/1€CTBEH-
HOCTh IapaMEeTpPOB NEPBUYHBIX MaTepuil 00y-
CJIOBJICHBI TEM, YTO OHU MOMAAI0T B 30HY Ae(op-
MalMM MPOCTPAHCTBA, BO3HUKIIYIO NPU B3PHIBE
cynepHoBoi. B 3Toif obOnacTu mpocTpaHCTBa U3-
MEHSIFOTCS CBOMCTBAa M KAayeCTBa, B PE3YyJIbTATE
Yero MepBUYHBIC MATEPUH, UMEIOIINE CBOU Kaye-
CTBa M CBOMCTBA, HAUMHAIOT B3aUMOJICVICTBOBATh
MeXIy coOOM TaM IJie UX CBOWMCTBA M KayecTBa
TOXACCTBEHHBI Ipyr Apyry. MImenHo, Omarogaps
TOXJIECTBEHHOCTH CBOMCTB U KadeCTB 00JIaCTH
MPOCTPAHCTBA U MEPBUYHBIX MATEPUIl BOZHUKAIOT
HEO0OXOUMBIE YCIOBUS JIJISl CIUSIHUAS CBOOOTHBIX
MEPBUYHBIX MaTepuil U 00pa3oBaHUe TUOPUTHOMN
(GbopMBI C HOBBIMU CBOMCTBaMU M KadecTBamu. [Ipuyém, BO3HUKINAS B pe3yJbTaTe CUHTE3a TH-
Opunnas opma cama BIMSIET Ha MPOCTPAHCTBO, B KOTOPOM HAXOIUTCSI.

Puc.2.5.7. Cnusuaue popm matepuii A, B, C B 30He
MCKPUBJICHUS NIPOCTPAHCTBA, U 00pa30BaHKE BEIIECTBA
tuna ABC. 910 BemectBo ABC kaueCcTBEHHO OTiMya-
eTcs, Kak oT (hopM ero 00pa3yrolInx, Tak U OT BEIIECTBA
tuna AB. CiusiHMe TpPOUCXOIUT B MEHbLIEM 00BEME,
4YeM MpH CIHUSIHUM ABYX (popMm Matepuii A u B, Tak kak
CBOMCTBAa M KauecTBa TPEX MEPBUYHBIX (HOPM MaTepuit
TOK/I€CTBEHHBI, COOTBETCTBEHHO, B MEHbIIIEM 00BEME
BHYTPH 30HBI HCKPUBIICHHS NIPOCTPaHCTBA. B 30HE ne-
(dbopMaluu IpOCTpaHCTBA CBOMCTBA M KaueCTBA MEHS-
I0TCsl HENPEPBIBHO. I lepBUYHbIE MaTEPUH, KAYECTBEHHO
COTJIACOBBIBAsICh B KOHKPETHOM 00BbEME MPOCTPAHCTBA
CO37al0T TUOpHUAHBIE (POPMBI MaTepUH, KOTOPHIE BIIH-
AT HA IPOCTPAHCTBO, U3MEHsS €r0 CBOMCTBA U Kade-
CTBA, YTO J€JAeT BO3MOXHBIM HOBOE CIIMSHUE ITEPBUY-
HBIX MaTepuil B Ipyroil komOouHauu. Bo3Hukaer, Tak
Ha3blBaemasi, oOpaTHasi CBs3b, KOIJJa HOBOE KaueCTBO
BJIMSIET HA KAYECTBO €0 MOPOAMBLIEE, U3MEHSS €T0 U
CO3/1aBasi yCJIOBUS JJIsI 3apOKICHUS HOBOI'O KAYECTBA.

A, B, C, D, E, F, G— cemb mepBHYHBIX MaTepHrii, 00pa3yIONIUX HAIIe TPOCTPAHCTBO-BCE-
JICHHYIO.
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Puc. 2.5.8. Coussaue hopm matepuii A, B, C,
D B 30HE UCKpPUBJICHUS TPOCTPAHCTBA U 0Opa30Ba-
Hue BenlectBa Tuna ABCD. D10 BeniecTBo 3aHu-
MaeT 00bEéM, MEHBIINH, YeM BemiecTBo Thima ABC
MMOTOMY, YTO CBOMCTBA M Ka4yecTBa YETHIPEX (popm
MaTepuil TOXJECTBEHHbl B MEHBIIEM OOBEME
BHYTPU 30HBI HMCKPHUBIICHHUS NPOCTPAHCTBA, YEM
npu ciausHuM TpEX dopm Marepuil. ['mOpuaHas
dbopma ABCD mpocTpaHCTBEHHO pacmojaraercs
BHYyTpu THOpuaHON (hopmbl ABC. B cBoro oue-
penb, HOBasi TMOpUIHAS MaTEPHs BIUSAET HA OKPY-
KAIOIIEe MPOCTPAHCTBO, CO3[aBasi KaYE€CTBEHHBIE
YCJIOBHSI JUISI BO3MOKHOCTHM CHHTE3a HOBOW TH-
OpuIHON MaTepuu, UMEIOIIEH B CBOEM Ka4eCTBEH-
HOM COCTaB€ Ha OJHY IIEPBUYHYIO MATEPUIO
ooubiie. [Ipu 3TOM, KaXKaass HoBasi TMOpUAHAS Ma-
TE€pHUsI YAaCTUYHO HEUTPAIU3YET 30HY UCKPUBIICHUSA
npoctpancTBa. [IpoucxoauT nmocreneHHoe 3amnodi-
HEHHE «SIMbD) THOPUIHBIMU MATEPUSIMH.

A, B, C, D, E, F, G— cemb nepBHYHBIX Ma-

Tepuid, 00pa3yroIKX HaIlle TPOCTPAHCTBO-BCEIICH-
HYIO.

Puc. 2.5.9. Cnusinue popm martepuii A, B, C,
D, E B 30He uckpuBIieHUS TPOCTPAHCTBA 1 00pa30-
BaHue BemecTBa, Tuiia ABCDE. OTo BelecTBo 3a-
HUMaeT 00bEM MEHBIIHMM, YeM BEIECTBO THUIA
ABCD mnoromy, 4TO CBOWCTBAa M KadecTBa ISTH
(dhopm MaTepuil TOKACCTBEHHBI B MEHBIIIEM 00BEME
BHYTPU 30HBl HMCKPHUBJIEHHUS MPOCTPAHCTBA, YEM
MIPU CIUSHUU YeThIPEX popm MaTepuil. [ uObpuaHas
¢bopma ABCDE npocTpaHCTBEHHO pacnojiaraeTcs
BHYyTpH TuOpuaHoi Gopmer ABCD. B cBoto oue-
penb, HoBas TuOpuaHas marepus ABCDE Bnusier
Ha OKpYXKarollee MpOCTPAHCTBO, CO3JaBas Kaue-
CTBEHHBIE YCJIOBUS ISl BO3SMOKHOCTU CUHTE3A HO-
BOM TMOPHUIHON MaTEepUH, UMEIOIIECH B CBOEM Kaue-
CTBEHHOM COCTaBE Ha OJIHY NEPBUYHYIO MATEPUIO
ooubmre. [Ipu aTOM, KaXkaass HoBasi THOpUAHAS Ma-
TEpUsl YaCTUYHO HEUTPAJIU3YyeT 30HY UCKPUBIIECHUS
npocTpaHcTBa. [IpoucxonuT nmocreneHHoe 3amoli-
HEHUE «SIMbD» TUOPUIHBIMU MATEPUIMH.

A, B, C, D, E, F, G— cemb nepBUYHBIX MaTepHii, 00pa3yIOIIMX HaIlle MPOCTPAaHCTBO-BCE-

JICHHYIO.
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Puc. 2.5.10. Cniussaue hopm matepuii A, B, C,
D, E, F B 30He uckpuBIeHHs MPOCTPAHCTBA U 00-
pazoBanue BemiectBa Tuma ABCDEF. Dto Beme-
CTBO 3aHMMaeT 00BEM, MEHBIINN, YeM BEUIECTBO
tunia ABCDE noromy, 4To CBOMCTBa M KayecTBa
mectu GopM MaTepHUil TOKIECTBEHHBI B MEHBIIIEM
00bEME BHYTPH 30HBI UCKPUBIICHUS ITPOCTPAHCTBA,
YeM IpH CIUSIHUM TTH hopm Maepuid. [ ubpuaHas
dopma ABCDEF npocTpaHcTBEeHHO pacrosara-
etrcst BHyTpH rudpuanoi popmet ABCDE. B cBoro
ouepenb, HoBas TuOpuaHas Marepuss ABCDEF
BIIMSAECT Ha OKPYXKAIOIllee MPOCTPAHCTBO, CO3/1aBast
Ka4eCTBEHHBIE YCIIOBHS JUJI1 BO3MOKHOCTH CUHTE3a
HOBOI TMOpUIHON MaTepUH, UMEIOILIEH B CBOEM Ka-
YECTBEHHOM COCTaBE, Ha OJHY NEPBUYHYIO MaTe-
puto Oosnbiie. [Ipu 3ToM, Kaxk1as HOBasi TMOpUIHAS
MaTepHsi YaCTUYHO HEUTPAIU3YET 30HY HUCKPHUBIIC-
HUs pocTpaHcTBa. [IponcxoauT nmocreneHHoe 3a-
MOJTHEHUE «SIMbD» THOPUTHBIMUA MATEPUSIMU.

A, B, C, D, E, F, G— cemb nepBUYHBIX Ma-

Tepui, 00pa3yroIIuX Hallle TPOCTPAHCTBO-BCEICHHYIO.

Puc. 2.5.11. Cnustaue cemu ¢hopm Matepuit A,
B, C, D, E, F, G B 30H¢ UCKpUBIICHUS TIPOCTPaH-
cTtBa M oOpazoBanue BemecTtBa tiua ABCDEFG.
DTO BEIIECTBO 3aHUMAET 00HEM, MEHBIIINI, UEM Be-
mectso Tuna ABCDEF notomy, 4ro cBOMCTBA U
KauecTBa ceMH (pOopM MaTepHil MOTYT OBITh TOXKJIE-
CTBEHHbI B MEHbLIEM OOBEME BHYTPH 30HBI HC-
KpUBJICHUS MPOCTPAHCTBA, YEM IPU CIUSHHUM IIIE-
ctu  ¢opm  matepuil. [mbpugnas  dopma
ABCDEFG 1npocCTpaHCTBEHHO pacloiaraercs
BHyTpu THOpuaHO Gopmsl ABCDFE. B cBoro
ouepenb, HoBasg rudpuaHas matepusi ABCDEFG
BIIMSIET HA OKPY’KAIOLIEE NPOCTPAHCTBO, CO3/1aBast
KAueCTBEHHBIE YCIOBUS JIJI1 BOSMOXKHOCTU CHHTE3a
HOBOU TMOPUTHON MaTepUH, UMEIOIIIEH B CBOEM Ka-
YECTBEHHOM COCTAaBE€ Ha OJHY IEPBUYHYIO Mare-
puto Oosbie. [Ipu 3TOM, Kaxnas HoBasi THOpUIHAS
MaTepusi YaCTUYHO HEUTpaIU3yeT 30Hy UCKpPUBIIE-
HUA TpocTpaHcTBa. [Ipoucxonut nocreneHHoe 3a-
MTOJIHEHHUE «SIMbD» THOPUITHBIMU MaTEPUSIMHU.

A, B, C, D, E, F, G— cemb nepBUYHBIX MaTepHii, 00pa3yIOIIMX HaIlle MPOCTPAaHCTBO-BCE-

JIEHHYIO.
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Puc. 2.5.12. [Tnanera 3emMJsi, BO3HUKILASA B 30HE UCKPUBIICHUS [TPOCTPAHCTBA B PE3YNIbTATE
MOCIIEA0OBATEIHLHOTO CIHUSIHUS ceMU (OpM MaTepuil U MPECTaBISIONIasi COO0H MIeCTh MaTepH-
abHBIX cpep pPa3HOTO KOJIMUYECTBEHHOTO M KaYECTBEHHOTO COCTaBa, OJJHA BHYTPU APYTrod. ITu
cdepbl BMECTE MPEICTABISAIOT OJHY CUCTEMY — IUTIAHETY 3eMJIsl K HE MOTYT CYIIECTBOBAThH JAPYT
6e3 nmpyra. [loaToMy, KOra paccMaTpUBAIOTCS MPOIECCH, MPOUCXOASIINE Ha (PU3UIecKOM
ypOBHE, HEOOXOAMMO TIOMHHUTB, UTO 3TO — TOJBKO BUIMMAs BEPXYIKa alicOepra, KOTOPHIM SIB-
asieTcs naaHeTa. BHyTpenHsis cdepa, oOpa3oBaHHas ceMblo (hopMaMu MaTepUil €CTh (PU3UUECKU
IUIOTHAS IUIAHETa 3eMIISL.

1. ®usnuecku IoTHas (TIepBasi MaTepuaibHas) chepa.
2. Bropast matepuanbHas cdepa.

3. Tpetbsa MaTepuanbHas cdepa.

4. YetépTas matepuanbHas cepa.

5. [Isaras matepuanbHas cdepa.

6. lllecras matepuanbHas chepa.
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Puc. 2.5.13. CTpyKTYypHBIil U KaUe€CTBEH-
HBII cocTaB cep 3emmn. Ha stoii cxeme
HaTJISTHO BUJIHO, YTO €CTh OOIIee U YeM
OTIMYAIOTCS JIPYT OT Jpyra MaTepualib-
Hele chepsl 3emmm. OOmmMe AIeMEHTHI
CO3/1al0T YCIIOBHS ISl B3aUMOJICHCTBUS
Mexay chepamu 3eMiu, CTENEHb 3TOrO
B3aMMOJICHCTBUS OTPAXKatOT KOIPPUIH-
CHTBHI O

1. ®usuvecku miaoTHas (epBas Ma-
TepuajbHas) cdepa.

2. Bropas marepuanbHas cdepa.

3. TpeTbs MmaTepuaiibHas cepa.

4. YerBépras maTepuanbHas cepa.
5. IlsTas matepuanbHas cdepa.
6. lllectas matepuanbHas chepa.

7. Cnoll HEUCKPUBIEHHOTO MIPO-
CTpaHCTBA.

o1 — KkodhduIueHT B3auMojeH-
CTBUA MeXAy (GU3MUECKH IUIOTHOU U
BTOPOW MaTepualbHbIMU CPEepamu.

02 — K03 OUIIMEHT B3aMMOICHCTBUS MEXAY (PU3MUECKH TJIOTHON U TPEThel MaTepHualib-
HBIMU cepamu.

03 — K03 UIIMEHT B3aUMOACUCTBUS MeXAY (HU3UUYECKU TJIOTHOM M 4eTBEPTOM MaTepu-
aNbHBIMU c(hepamu.

04 — KOA(h(OUIMEHT B3aUMOJEHUCTBUS MEXAY (PU3MUECKH IJIOTHOM U MATOM MaTepHallb-
HBbIMU cepamu.

05 — KO PUIIMEHT B3aUMOACHCTBUS MEXAY (PU3NUECKH MJIOTHOM M MIECTOW MaTepuaib-
HBbIMU cepamu.

06 — KO3(PPUIMEHT B3aUMOACHCTBUS MEXKIY (PU3HUECKH TUIOTHOM chepoil U cioeM HeHc-
KPUBIIEHHOTO (HeAe(pOPMUPOBAHHOTO) MPOCTPAHCTBA.

h — kauecTBeHHBII Oapbep Mexay (HU3MYECKH TUIOTHON U BTOPOM MaTepHalIbHBIMU c(he-
pamu.

| — KayeCTBEHHBIN Oapbep MEXIy (PU3UUECKU IUIOTHOW M TPETheil MaTepHalbHBIMU c(he-
pamu.

] — KadeCTBEHHBIN Oapbep MeX 1y (GU3NUECCKH IIIOTHOW M 4eTBEPTON MaTepUaIbHBIMU Che-
pamu.
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k — xadecTBeHHBIN Oapbep Mex1y (DU3MYECKU TUIOTHOW U MATOW MaTepuanibHbIMU cde-

pamu.

| — xauecTBeHHBI Oapbep MEXKAY (PU3MUECKU IUIOTHOW ¥ MIECTOW MaTepHaIbHBIMU Cce-

pammu.

M — Ka4eCTBEHHBIN Oapbep Mexay (PU3NUECKH MIOTHOU chepoit U ClIoeM HEUCKPHUBIEH-

HOTO ITPOCTPAHCTBA.

> BOCOEED

2. Bropas marepuanbHas cdepa.

3. Tpetbs MaTepuanbHas cdepa.

4. YerBépTas maTepuaibHas cdepa.

5. [Isaras matepuanbHas cdepa.

6. lllecras matepuanbHas chepa.

K ornaBneHuto
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Puc. 2.5.14. Ilpu cinus-
HUU B 30HE HCKPHUBIICHUS
IPOCTPAHCTBA, CeMb (HOpM
NEePBUYHBIX MaTepuil oOpa-
3yIOT IIE€CTb BHUJOB Bellle-
CTBa, KOTOpbIE OTINYAIOTCA
Ipyr OT Jpyra KadeCTBEH-
HBIM B KOJTMYECTBEHHBIM CO-
CTaBOM. OJTH BEIIlECTBA CO-
30T IIECTh MaTepuajb-
HBIX cdep, OmHA BHYTPH
JPYTOM, KOTOPBIC BEI3BIBAIOT
BTOPUYHOE  BBIPOXKICHHE
IpoCTpaHCTBa  (MCKpUBIIE-
HUE) U HEUTpaIU3yIOT Iep-
BUYHOE MCKPHUBJICHHE IIPO-
CTPaHCTBa, B KOTOPOM IIPO-
UCXOJUJIO CJIUSHUE JTHX
cemu ¢opm matepuii. [Tocie
3aBepUICHUs]  00pa30BaHUS
TJIAHETHI, MPOUCXOIUT pac-
MaJi HEKOTOPOM 4acTH Bellle-
CTBa, 4YTO BHOBb CO3HAET
YCJIOBUS JJIsl CHHTE3a Bellle-
cTBa M3 CBOOOAHBIX (hopm
MaTepui, BOZHUKAET KPYro-
000pOT BelecTBa.

1. ®usnyecku MmIOTHas
(nepBas MaTepuabHast)

chepa.
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Puc. 2.5.15. Tlocne 3aBepmieHus nporiecca Ghop-
MUPOBAHUS IUIAHETHI, [IEPBUYHBIE MATEPUH MTPOJIOJI-
[.. ~KalOT «BTEKAaTh» U «BBITEKATH» U3 30HbI HEOJHOPOI-
am  HOCTH. ['mOpuaHbie GopmMbl MaTepuu, BOSHHUKIIHE B
pe3ysbTaTe CUHTE3a U3 NEPBUYHBIX, KOMIIEHCUPYIOT
nepenaj MEPHOCTU B 30HE HEOAHOPOJHOCTH, HO HE
«ybupator» ero. [losTomy, Kak mpoTOYHAast BOja MPo-
JI0JKAET BTEKATh U BBITEKaTh B BOJOEM, IOJJIEPKH-
Bas €ro YpOBEHb, TaK U NEPBUYHBIC MAaTEPUH, I1OCIIE
3aBeplUIeHHs] (POPMUPOBAHUS [IJIAHETHI, IPOJOJIKAIOT
< BTEKAaThb M BBITEKAaTh U3 30HBI HEOAHOPOAHOCTU. B
CHILy TOT'O, YTO IIJIAHETA YACTUYHO TEPSET CBOE BEllle-
CTBO B OCHOBHOM B BH/I€ Ta30BOT0 IUIeH(pa U paguo-
aKTUBHOTO pacnaja 3JE€MEHTOB, IPOUCXOAUT HE3Ha-
YUTENbHBIA JIONOJHUTEIBHBIN CHUHTE3 (PU3NYECKU
IJIOTHOTO BEMIECTBA M OajaHC, TAKUM 00pa3oMm, BOC-
CTaHABJIMBACTCA. BHYTpHU IUTaHETApHOW 30HBI HEOX-
HOPOJHOCTH CYILIECTBYET MHOKECTBO MEIKHX HEOJI-
HOPOJHOCTEW, KOTOPBIE BIUAIOT HA «IIPOTEKAIOIINE)
4yepe3 HUX IEpBUYHBIE MAaTEPUU, B PE3YJIbTATE YEro, KaXKIAblid Y4aCTOK MOBEPXHOCTH IIPOHU3BI-
BAIOT MIOTOKU ITEPBUYHBIX MAaTEPUI B ONPEACIEHHOM ITPOIIOPIIMOHAIBHOM COOTHOIIICHHH.

B pesynbTate 31010, B 3aBUCMMOCTH OT KOHKPETHOI'O PacHpeIeiIeHus], IPOUCXOUT CUHTES
T€X WJIN UHBIX 3JIEMEHTOB, pU (POPMUPOBAHUH IIJIAaHETHI. IMEHHO 3TO ABIIAETCA MPUUMHON 00-
pa30BaHUs 3aJIekKEN TEX WK MHBIX JIEMEHTOB B Pa3HBIX yYacCTKax KOPbI M HA Pa3IMYHOM IIIy-
oune. U, koraa aTH 3anexu BbIpabaThIBAIOTCS, Ha ’TOM MECTE BO3ZHUKAET HEOJHOPOIHOCTh MEp-
HOCTH, YTO NIPOBOLIUPYET CUHTE3 TeX k€ 27eMeHTOB. [10o 3aBepiieHnIo cuHTE3a, 0aJaHc MEPHO-
CTH BoccTaHaBiuBaercs. [IpaBna, BoccTaHaBIMBAIOIIMKA OalaHC CUHTE3 MOYKET IPOAOIKATHCS
COTHH, a IOPOM U THICAYH JIET, U PE3YNBTATHI €I0 MOTYT YBUAETh TOIBKO MOCIEAYIOIINE TOKOJIE-
Hud. TakuM 00pa3zoM, Kbl y4aCTOK MOBEPXHOCTH MIJIAHEThI IPOHU3BIBAETCS B TOM UM HHOM
HaIpaBJICHUU ONpPENEIEHHON Cyneprno3uieil (MpornopuroHaIbHBIM COOTHOIIEHUEM) NEPBUY-
HbIX MaTepuidl. Bocxoasiiye NoTOKA NEPBUYHBIX MaTEPHid, MPOHU3BIBAIOIINE TOBEPXHOCTb, CO-
3/1a10T, TaK Ha3bIBAEMbIE, MOJIOKUTEIIbHBIE T€OMAarHUTHBIE 30HbI, B TO BPEMS KaK HUCXOJSIINE
— OTpHULATENbHBIE.

1. Snpo naHeTsl.

2. ITosic Marmel.

3. Kopa.

4. Atmocdepsr.

5. Bropas matepuanbHas cdepa.

6. Llupkynsius MepBUYHBIX MaTEPHUI Yepe3 MOBEPXHOCTD TIJIaHETHI.

7. OTpunatenbHbIe T€OMAarHUTHBIC 30HBI (HUCXOISAIITNE TTOTOKH ITEPBUYHBIX MAaTEPHil).

8. [TonoxxuTenbHbIE TEOMArHUTHBIC 30HBI (BOCXOASIINE TOTOKY MEPBUYHBIX MATEPUH ).
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Puc. 3.2.1. Eciiu npeacTaBUTh NEPBUYHBIE Ma-
TEPUU OJJHOTO THIA B BHUJE PA3HOIBETHBIX KYOHMKOB
OJHOTO pas3Mepa, TO, B 3TOM Cilydae, B3anMMOJEH-
CTBHE ITPOCTPAHCTBA U NIEPBUYHBIX MATEPUN MOXKHO
IIPEACTAaBUTh B cieayroneM Bujae. Kaxnas nepsuy-
Has MaTepHsi UMEET CBOM KOHKPETHBIE CBOWCTBA U
KayecTBa, 03TOMY, JUIsl TOTO, 4YTOObI OHa B3aMMO-
JeicTBOBaJIa C IPOCTPAHCTBOM, HEOOXOJUMO U3MeE-
HEHHE CBOWCTB U Ka4eCTB IIPOCTPAHCTBA 10 TEX 110D,
II0KAa OHU HE CTaHYT TOXKJIECTBEHHBI CBOMCTBAM U Ka-
yecTBaM JIAHHOM IepBUYHOM Marepuu. [nsg Ttoro,
YTOOBI MPOU3OILIN U3MEHEHHS CBOMCTB U KAayecTB
MPOCTPAHCTBA, HEOOXOAUMO BO3MYIIECHHE 3TOTO
npoctpancTBa. [logo6HOE BO3MYyIIIEHNE POUCXOIUT
IIPX B3pBIBE CBEPXHOBOM. [IpononbHBIE KOJIBLIEBBIE
BOJIHBI BO3MYILEHHSI MEPHOCTH IIPOCTPAHCTBA pac-
MIPOCTPAHSIOIIMECS OT SIULIEHTPA B3pbIBA CBEPXHO-
BOH U CO3/1al0T HEOOXOIMMBIE yCIIOBUSA JIJIsl MTOSIBIIE-
_ HUS HOBOTO KayecTBa — TUOPUIIHBIX MaTepuil.
BoJsiHbI BO3MyLIEHNS MOTYT UMETh Pa3sHyl0 aMIIUTyay. Eciin amIuTyaa BO3MyILEHUS MEPHO-
CTH MPOCTPAHCTBA coM3MepuMa ¢ ko3 duurentom kBanToBanus AL = yi, TO, TOJIBKO O/1HA IEp-
BHYHas MaTepusi A «pe30HHUPYET» C MPOCTPAHCTBOM,
¥ HOBOT'O KayecTBa He 00pa3yeTcs.

Puc.3.2.2. Ecniu ammnTyaa BO3MYIIECHUSI MEP-
HOCTH MPOCTPAHCTBA, BOZHUKILIAS TPU B3PHIBE CBEPX-
HOBOM, MpOMNOpIMOHaTbHA KOAD(UITMEHTY KBAaHTO-
BaHUs, Kak BenuumHa AL = 2vyi, To, TOra NBE mep-
BUYHBIE MaTepuu A U B «pe30HUpYIOT» C MPOCTpaH-
CTBOM, U BO3HUKAET HOBOE Kaue€CTBO — TUOpUAHAs
marepusi AB. Ilpu stom, rubpumnas dopma cama
BJIMSIET HA MPOCTPAHCTBO W HEUTpaIU3yeT IOJIHO-
CTBIO 30HY JAcehOpMaIK MPOCTPAHCTBA, B KOTOPOM
oHa Bo3HMKJA. CHHTE3 THOpUIHON (OPMBI MaTepUn
AB B 30H€ HEOJJTHOPOTHOCTH IPOCTPAHCTBA MIPU 3TOM
Kak Obl «3aMOpaXUBAET» ITY 30HY HEOTHOPOTHOCTH,
CO3/1aBasi CTOSAYYIO BOJIHY MEPHOCTH B TPOCTPAHCTRBE.
[Tpu 3TOM, cHcTemMa BO3BpAIIACTCS K YCTOWYHUBOMY
COCTOSIHUIO, KOTOPOE OBLIO IO MPUX0/1a TPOI0IBHON
BOJIHBI BO3MYILEHUS MEPHOCTH MpPOCTpaHcTBa. Boc-
CTaHOBJICHHE PABHOBECHUS CTAHOBUTCS BO3MOKHBIM ;
TOJIbKO MPU BO3HMKHOBEHUHU CTOSYMX BOJIH MEPHOCTH, 32 CUET TMOPUAHON MAaTEpUU U HOBOE
YCTOMYMBOE COCTOSTHUE MPOCTPAHCTBA KAUECTBEHHO OTIMYAETCS OT MEPBOHAYAIBHOTO, TIOSIBIIE-
HUEM TUOpUIHON MaTtepu. J[pyrumMu cjioBaMu, MPOCTPAHCTBO, IO B3phIBA CBEPXHOBOU U TOCIIE
B3pbIBA, KAUECTBEHHO OTJIMYAIOTCS IPYT OT Jpyra.
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Puc. 3.2.3. Eciiu aMIintyia BO3MYILECHHS
MEPHOCTH MPOCTPAHCTBA, BO3HUKILAS [TPU B3PbIBE
CBEPXHOBOMW, MPOMOPIMOHATbHA KO3()PHUIIMEHTY
KBaHTOBaHMS, Kak BennunHa AL = 3y, To, Torna
TpH nepBUYHbIe MaTepuu A, B u C «pe30HUpYyIOT»
C MPOCTPAHCTBOM, U BO3HHKAET HOBOE Kadye€CTBO
— rubpuanas matepust ABC. [Ipu stom, rubpu-
Has (Qopma cama BAMSET Ha HIPOCTPAHCTBO U
HEUTpaau3yeT TOJHOCTBIO 30HY JAedopManuu
IIPOCTPAHCTBA, B KOTOPOM OHa BO3HUKJIA. CHUHTE3
rudpugHoit marepun ABC B 30He HEOTHOPOHO-
CTH IIPOCTPAHCTBA, HEUTPAINU3YET 3TY HEOJHOPO-
HOCTb, CO3/1aBasl, KAK 3TO Y€ OTMEYaJoCh, CTOS-
4Yy10 BOJIHY MepHocTU. [IpocTpancTBO BO3Bpamia-
€TCsl K COCTOSIHUIO paBHOBecus. Ho, mpu 3ToM, 3TO
COCTOSIHUE paBHOBECHsSI OYJE€T OTJIMYATHCA OT JIIO-
O0ro Apyroro, Tak Kak aMIuIATy1a CTOSTYEH BOITHBI
MEpPHOCTH OYJET OTJIMYATHCS OT aMIUTUTY IPYTUX
CTOSIMMX BOJIH B 3TOM MpPOCTpaHCTBE. Tak Kak,
! €CJIM 3achlllaTh BCE MBI Ha JOpOre, TO 3TO He Oy-
J€T 03Ha4yaTh, YTO SMbI MCUE3JIH WJIM YTO OHU COBEPUICHHO OJIMHAKOBBIE, XOTs OBl IOTOMY, YTO,
YTOOBI TOJIHOCTBIO 3aChINATh SIMbI pa3HOU ITTyOMHBI TOTPEOyeTCs pa3HOE KOJIMYECTBO EOHS WIH
4ero-HuOyIb APYroro.

Puc.3.2.4. Ecnu amminTyaa BO3MYIICHUS
MEpPHOCTH IPOCTPAHCTBA, BO3HHUKIIAS IpU
B3pbIBE CBEPXHOBOM, MPOMNOPLUMOHAIBbHA KOA(-
bunueHTy KBaHTOBaHUs, Kak BennunHa AL = 4y,
TO, TOTJA YEThIPE MEPBUYHBIE MaTepuu A, B, C
u D «pe3oHupyroT» ¢ mpocTpaHCTBOM, U BO3HU-
KaeT HOBOE KayeCTBO — THOpPUAHAS MaTepHs
ABCD. Ipu sTom, rubpuanas ¢popma cama BII-
€T Ha MPOCTPAHCTBO M HEUTPAIU3YET IMOJIHO-
CTBIO 30HY Je(popMalu MPOCTPAHCTBA, B KOTO-
poM oHa Bo3HUKJA. CUHTE3 THOPUIHON MaTepuu
ABCD B 30H€ HEOJHOPOAHOCTH NPOCTPAHCTBA
HEUTpaJIN3yeT 3Ty HEOIHOPOAHOCTh, CO3/1aBas,
KaK 3TO YK€ OTMEYaJoCh, CTOSYYIO BOJHY Mep-
HocTH. [IpocTpaHCTBO BO3BpamaeTcss K COCTOS-
Huo paBHoBecus. Ho, mpu aTom, 310 cocTosiHME
paBHOBECHs OyJIET OTIMYATLCA OT JIFOOOTO JIpy-
roro, Tak Kak aMIUIMTy/la CTOSIMEH BOJHBI MEp-
HOCTH OyZeT OTJIMYAThCS OT aMIUIUTYJ IPYIHX
CTOSYMX BOJIH B TOM IIPOCTPAHCTBE.
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Puc.3.2.6. Eciiu ammuTyga BO3MYIICHUS
MEpPHOCTH NPOCTPAHCTBA, BO3HUKIIAS MpPHU
B3pPBIBE CBEPXHOBOM, MPOMOPIIMOHATIBEHA KOA(-
(UIMEeHTyY KBAaHTOBaHUS, Kak BenuunHa AL =
6vyi, TO, TOT1a IIIECTh IEPBUYHBIX MaTepuil A, B,
C, D, E u F «pe3onupyro» ¢ NpoCcTpaHCTBOM,
M BO3HMKAET HOBOE KAue€CTBO — TUOpHUIHAS
marepuss ABCDEF. Ilpu stom, rubpuanas
dopmMa cama BIMSET HA MPOCTPAHCTBO U
HEUTpaIM3yeT MOJIHOCTHIO 30HY AehopMaruu
MPOCTPAHCTBA, B KOTOPOM OHA BO3HUKJIA. CHH-
te3 TubpuaHoit matepun ABCDEF B 30He He-
OJHOPOJAHOCTH MPOCTPAHCTBA HEUTPAIU3YET
3Ty HEOJHOPOJHOCTh, CO3/1aBasi, KaK 3TO YyXe
OTMEYaJIOCh, CTOSYYIO BOJIHY MepHOCTHU. IIpo-
CTPAHCTBO BO3BPAILAETCS K COCTOSIHUIO PaBHO-
Becus. Ho, mpu 3TOM, 3TO COCTOSIHHE paBHOBE-
cus OyJIeT OTJIMYaThCsI OT JIF0OO0r0 IPYroro, TaK
KaK aMIUIUTYZAa CTOSYEe BOJIHBI MEPHOCTHU OY-
JET OTJIMYATHCS OT aMIUIUTYJ IPYTUX CTOSYUX
BOJIH B 3TOM ITPOCTPAHCTBE.

K ornasneHuto

Puc.3.2.5. Ecnu ammuuryga BO3MYILECHHS
MEpPHOCTH IPOCTPAHCTBA, BO3HUKILIAA IPHU
B3pbIBE CBEPXHOBOM, MPOMOPLIHUOHAIBHA KO-
buIMeHTy KBaHTOBaHUs, Kak BenwmumHa AL =
9Yi, TO, TOrAa MATh NEPBUYHBIX MaTepuil A, B,
C, D u E «pe30oHHpyIOT» C MPOCTPAHCTBOM, U
BO3HUKAET HOBOE KaueCTBO — I'MOpHUAHAs MaTe-
pus ABCDE. Ilpu stom, rubGpuanas dopma
caMa BJIMSIET Ha MPOCTPAHCTBO U HEUTPAIU3yET
IOJIHOCTBIO 30HY Jie(hopMaluy IPOCTPAHCTBA, B
KOTOPOM OHa BO3HUKJA. CHHTE3 TMOPUIHON Ma-
Tepur ABCDE B 30He HEOJHOPOAHOCTH IPO-
CTPAHCTBA HEUTPAIU3YET ATy HEOJHOPOIHOCTD,
co3JaBas, Kak 3TO YK€ OTMEYaloCh, CTOSUYIO
BOJIHY MepHOCTH. [IpocTpaHcTBO BO3BpaniaeTcs
K COCTOSIHMIO paBHoBecus. Ho, mpu 3ToMm, 31O
COCTOSIHHE paBHOBECHSI OYIET OTIMYAThCS OT
T000T0 IpYyroro, Tak Kak aMIUIUTYJa CTOS4YEel
BOJIHBI MEPHOCTH OyZeT OTIMYATHCS OT aMILIH-
Tyl JPYTHX CTOSYUX BOJIH B 3TOM IIPOCTpPaH-
CTBE.
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Puc.3.2.7. Ecaum ammmryaa BO3MYILUEHHUS
MEpPHOCTH MPOCTPAHCTBA, BO3HUKIINASI TIPU B3PbIBE
CBEPXHOBOMW, MPOMOPLUUOHATBbHA KO3(P(UIIUEHTY
KBAaHTOBaHMS, Kak BenuuuHa AL = 7yi, To, Torna
cemb nepBuuHbIX Matepuii A, B, C, D, E, F u G
«PE30HUPYIOT» C MPOCTPAHCTBOM, U BOBHUKAET HO-
Boe kauecTBo — rudpuanas marepus ABCDEFG.
[Ipu sToM, rubpuaHas ¢hopma cama BIHSIET HA MPO-
CTPAaHCTBO M HEUTpPAIU3yEeT MOJHOCTHIO 30HY Jie-
dbopmal  TpPOCTpPaHCTBA, B KOTOPOM OHAa BO3-
Hukia. Cunre3 rudpuaHoit matepun ABCDEFG B
30HE€ HEOJHOPOJHOCTH MPOCTPAHCTBA HEUTpaIH-
3yeT 3Ty HEOJHOPOJHOCTh, CO3/1aBasl, KaK 3TO YK€
OTMEYaJIOCh, CTOSYYIO BOJHY MepHOCTH. I[Ipo-
CTPAHCTBO BO3BPAIIAETCS K COCTOSIHUIO PaBHOBE-
cusi. Ho, mpu 3TOM, 3TO COCTOsIHUE paBHOBECUS OY-
JI€T OTJINYAThCA OT JO0Oro Jpyroro, Tak Kak am-
IJTUTYAa CTOSYEH BOJIHBI MEPHOCTH OyJeT OTIIHU-
4aThCsl OT aMIUIUTYJ] IPYTUX CTOSYUX BOJIH B 3TOM

MIPOCTPAHCTBE.

Puc.3.2.8. Eciu ammutyna BO3MYIIEHUS
MEpPHOCTA MPOCTPAHCTBA, BO3HHKIIAA IIPHU
B3PBIBE CBEPXHOBOM, MPOMOpIMOHATIBHA KO3(-
(GUIMEeHTY KBaHTOBaHUS, Kak BennunHa 6y < AL
< 6,9yi, To TOTA CEMb MEPBUYHBIX MaTEPHH A,
B, C, D, E, F u G HE MOTYT «pe30HHPOBATHY C
MPOCTPAHCTBOM, M HE BO3HUKAET HOBOE Kaue-
ctBo — rudpuanas marepuss ABCDEFG. Ilpu
JAHHBIX YCJIOBHUAX, TOJBKO IIECTh MEPBUYHBIX
MaTepuil MOTYT CIUThCS U 00pa3oBaTh TMOPHI-
Hyto matepuro ABCDEF. Kaxnasa nepBuuHas
Martepusi UMEET CBOM KOHKPETHBIE CBOMCTBAa U
KauecTBa M HE MOXET B3aUMOJEICTBOBATH C
JIPYTUMHU YaCTHYHO KaKOW-TMOO CBOEW YacCThIO,
a TOJIbKO 1eTuKkoM. Kak He MOKeT OBITh MOJT ue-
JIOBEKAa WJIM YETBEPTh YEJIOBEKA, TaK Kak, YeJo-
BEK IPEJCTaBIIsICT cCOO0N €IMHBIN KUBOW Opra-
HU3M, BCE KJIIETKH KOTOPOro pabOTar0T BMECTE,
obecrieunBas yCJIOBUs KU3HEACATEILHOCTH Op-
raHvsma B 11ejioM. Tak v mepBUYHBIC MATEPUU HE
MOTYT B3aMMOJICHCTBOBATh TOJBKO YAaCThIO CBOETO KaKOro-HMOYJIb CBOMCTBa WJIM KadyecTBa, a
TOJIBKO «II€JIBIM» CBOMCTBOM WJIM KadeCcTBOM. Takum oOpa3om, HaOJI10/1aeTCsl KBAHTOBAHHUE TIPO-
CTpPaHCTBA MO MEPBUYHBIM MaTEPHUSIM.
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Puc. 3.2.9. B npocTpaHCTBE NOCTOSHHO
NPUCYTCTBYIOT HE3HAYUTENbHbIE KOJeOaHus
MEPHOCTH MPOCTPAHCTBA, MPEACTABISIONIUE CO-
00l peNMKTOBBIE U3ITyYEHUsI KOCMOCa, KOTOphIE
MPEJCTaBISIIOT COOOW  OTTOJIOCKM  B3PBIBOB
CBEPXHOBBIX, KOTOPbIE MTPOU3OIIIN MIJITHAPIBI
¥ MUJUIAAPIBI JIeT HazaJ] WM H3Iy4EHUs yxe
ymupamomux 3BE3a. Bce 3T um3mydenus co-
3MAI0T  CBOEOOpasHBbIi  MPOCTPAHCTBEHHBIN
«hon». 1 mosTOMy NpH CUTyalluu, KOT/Ia 30Ha
aegopMaluu MEpHOCTH IMPOCTPAHCTBA JICKHUT B
nuariazone 6yi < AL < 6,9yi, pelUMKTOBBIE U3TTY-
YeHHs] MPOCTPAHCTBA, HECYIIWE HE3HAUYUTEIb-
HBbIE KOJICOaHMsI MEPHOCTH MPOCTPAHCTBA, BbI-
CTYMAlOT B POJH «IAJOYKH-BBIPYYATOUYKI.
Hanosxenue (cCynepro3unys) aMIuIMTy ] KoyieOa-
HUSI MEPHOCTH, KOTOPOE OHU MPUHOCST ¢ co00id,
HAa MEPHOCTh MPOCTPAHCTBA B JAaHHOM TOYKE
MPOCTPAHCTBA, BPEMEHHO Ha KaKOe-TO BpPEMs
OyayT co3laBaTh YCJIOBUS AJIS CIUSHUS CEMU
NEPBUYHBIX MaTEpUil.

Puc. 3.2.10. Ilocne mpoxoma ¢poHTa
BOJIHBI Y€pEe3 JaHHYI0 TOYKY IPOCTPAHCTBA,
MEpPHOCTh NPOCTPAHCTBA BO3Bpallaerci K
YPOBHIO, KOTOpPBIA ObLT 10 mpuxoaa (¢GpoHTa
BOJIHBI U HEOOXOJMMBbIE YCIOBHS JJIsl CHHTE3a
CEMHU MEpPBHYHBIX MaTEpPUil HCYE3al0T, U TH-
opunnas matepusi ABCDEFG pacnanaercs Ha
nepBuyHble Matepuud. HoBbI (QpPOHT BOIHBI
BOCCTaHABIIMBAET HEOOXOJIUMBIE JJII CHHTE3a
YCIIOBHSI, U BCE MOBTOPSIETCS BHOBB. [ MOpuHas
marepusi ABCDEFG — ¢usudecku mioTHoe
BEILIECTBO — HAXOAUTCS B COCTOSIHUM Meplia-
HUsA, KOTOPOE SIBJIAETCS MOTPAHUYHBIM COCTOS-
HUEM (U3NYECKHU IUIOTHOM MAaTepuu U €CTh HU
YTO HHOE, KaK TaK Ha3bIBAEMbIHA, 3JIEKTPOH.
MMeHHO TO3TOMY 3JEKTpOH 00JajaeT Tyaib-
HbIMU  (JBOMCTBEHHBIMH) CBOWCTBaMH, Kak
BOJIHBI, TAK U YacTHIIbl. B mpuHLKIIEe 3]IEKTPOH
HE SABJISIETCSI HU OJTHUM, HU JIPYTUM, a SIBJISIETCS
MOTpaHuYHOM (popMoOil MaTepuu.
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oL

BOJIHBI MCPHOCTH aTOMaA.

Puc.3.2.11. [Ipu obpa3zoBanus siapa aroma, BO3-
HUKAIOT BO3MYILIEHUS MEPHOCTU MPOCTPAHCTBA, aHa-
JIOTUYHBIE BO3HUKAIOIIMM IIPU B3pPHIBE CBEPXHOBOW,
TOJIBKO BCE MPOUCXOAUT Ha YPOBHE MUKPOIIPOCTPAH-
ctBa. KosnplieBbIe BOJTHBI BO3MYILIEHUS MEPHOCTH MHUK-
pPONPOCTPAHCTBA, CO3JAaBAEMbIE SIAPOM aToOMa, JI0-
BOJIBHO OBICTPO 3aTyXalo0T U YEM MEHBILIE AP0 aTOMa,
TEM OBICTpEE MPOUCXOIUT 3TO 3aTyxaHue. Ho, Tem He
MEHee, BO3HMKAIOT OJJHA WJIM HECKOJIBKO 30H Aedop-
Malld MHUKPOIIPOCTPAHCTBA JJI CIWSHHS CEMU IIEp-
BuuHbIXx Marepuii ABCDEFG. Cnusaue cemu nep-
BUYHBIX MAaTEpPUA IPOUCXOAUT B BHUJE NOTPAaHUYHOMN
dbopmbl pusznyecku motTHoi Matepuu. [Ipu 3TOM Bo-
Kpyr siapa oOpa3yroTcsl CTOSYME BOJIHBI MEPHOCTHU
MUKpPOIIPOCTpaHCTBA. B cuily Toro, 4ro Ha ypoBHE
MUKPOIIPOCTPAHCTBA MOCTOSHHO MPUCYTCTBYIOT MUK-
POCKONIMYECKHE KOJEOAHHsI MEPHOCTU MHUKPOMPO-
CTPAHCTBA, NPOUCXOJIAT MEPUOAUUYECKUE U3MEHEHUS
YPOBHSI MEPHOCTH B TOW WJIM WHOM 30HE CTOSYEH

1. [TepBas pa3peménnas opouTa 3JIEKTpOHA.
2. Bropas pa3pemiéanas opouTa 3JeKTpoHa.
3. DNEeKTpOH.

Puc.3.2.12. B ciity TOro, 4TO BCE€ U3BECTHBIE U3-
Jy4YEHUS CYIIECTBYIOT B BUE MOPLUUNA — (POTOHOB —
MOCJEIHNE, IPU CBOEM JBUKEHHUU B MPOCTPAHCTBE,
BIIUSIOT TOJIBKO HA Ty WM MHYIO YacTh MHUKPOIPO-
CTPAHCTBA, B 3aBUCUMOCTHU OT JIJTUHBI BOJHBI JAHHOTO
dotona. Bosmylienrne MepHOCTH MPUBOAUT K TOMY,
4TO TorpaHuyHas ¢opMa MaTepuu — IIJIEKTPOH —
CTAHOBUTCS HEYCTOWYMBBIM M paclajaercs Ha mep-
BUYHbIE MaTepuu. [Tpu 3TOM, MPOUCXOTUT MUKPOCKO-
IIMYECKUN B3pBIB, BCSI DHEPTUs KOTOPOrO YXOAUT Ha
CO3/1aHHE OJTHOTO (POTOHA. DIEKTPOH UCUE3aET C AaH-
HOM DJICKTPOHHON OpOWTHI M HE TOJBKO C OPOHUTHI.
JIaHHBIN 3JIEKTPOH IIPOCTO MEPECTAET CYILECTBOBATD,
«ymupaer». ITpoaonKuTeIbHOCTh KU3HUA 3JIEKTPOHA
COCTABJISIET TPWUIMOHHBIE J0M CceKyHIbl. [locne
«CMEPTH» DJIEKTPOHA, HAa €r0 MECTE MOSIBIISIETCS «Ba-
KaHcus». [leno B TOM, 4TO HajguyMe IEKTPOHA CO-
31a€T 30HY CTOSIYEH BOJHBI HA JAHHOW SJIEKTPOHHOMU
opbure aroma. [locie «cmepTu» 3IEKTPOHA, 3Ta 30HA
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CTAaHOBUTCSI HEYCTOMUMBOI aKTUBHOM, TaK KaK yPOBEHb COOCTBEHHON MEPHOCTHU ATOM 30HBI CTa-
HOBHTCSI BBILLIE YPOBHS COOCTBEHHOW MEPHOCTH aTOMa B IejioM. Bo3HHKIIMIT TakuM 00pa3oM
MUKPOCKOTIMYECKUH TIepe]] MEPHOCTU CO3AAET «JIOBYILIKY 7151 (POTOHOBY.

snpa.

Puc. 3.2.13. BakaHTHasi 3JIeKTPOHHAs 30HA HE OCTAETCs
cBO0OOMHON «monroey» Bpems. Bcé mpocTpancTBo Oyk-
BaJbHO HACHIIIEHO MHUKPOCKOIMMYECKUMHU KOJIeOaHH-
SIMA MEPHOCTH, KOTOPBIE, B OOJIBIIMHCTBE CBOEM, ITPEJI-
CTaBJIAIOT COOON XaOTUYECKUE U3ITYUECHUSI DJIEKTPOHOB
Bcer Beenennon. [Iporcxoaut norioueHue 0JHOro u3
3TUX (POTOHOB U POKIAETCS HOBBIH JIEKTPOH B TOH ke
camMoi 30He AepopMali — 3JIEKTPOHHON OpOwuTe.
[Ipouecc cMeEPTH U POKACHUS FIEKTPOHA IPOUCXOIUT
Tak OBICTPO, YTO CO3MAETCSA WIUIIO3USI MEPLAHUS OJI-
HOTO U TOTO K€ 3JEKTPOoHa. B cuity Toro, 4To Bo Bpemst
(a3l BAKAHTHOI'O JJIEKTPOHA, NMPUCYTCTBYET U paju-
aJbHBIN Meperaj; MEPHOCTH BHYTPH 30HBI HEOJITHOPO/I-
HOCTH, POKJIEHUE HOBOT'O 3JIEKTPOHA MPOUCXOIUT HE B
TOM € CaMOM MecCTe, IJIe UCYE3 MPEAbIAYIIUN dJIeK-
TpoH. [103TOMy Kaxa0€ HOBOE POKIEHUE JIJIEKTPOHA
IIPOUCXOJIUT B HOBOM MecTe. B pe3ynbrare, BO3HUKAET
MepLallee ABMKEHUE AJIEKTPOHA 110 OpOUTE BOKPYT

1. [TepBas pa3peménnas opOuTa 3JIEKTPOHA.

2. Bropas pa3peménnas opouTa 3JIeKTpOHA.

3. DNEeKTpOH.

Puc.3.2.14. «CMepTh» 3JIEKTPOHA MOXKET PO-
M30MTH Ha OTHOM OpOUTE, a HOBOE «POXKICHUE» —
Ha OoJiee OJM3KOM K sApy, Wik O0Jiee JanbHEH, op-
ourtax. DTO — U3BECTHBINA B aTOMHOU (pr3HKe PakT.
[Ipruém, CkauOK MOXKET MPOU30UTH TOJIBKO Ha OHY
opOHTY BHU3 WK OJHY opOuTy BBEpX. B pesynbprate
Yero, MEHSIETCSl «IPOINUCKa» BHOBb POXKAEHHOTO
ANIEKTPOHA, Mocie pacnaaa npeasiaymero?! Yem
«HE TIOHPABHJIOCHY €IIE HE «POXKIEHHOMY DJIEK-
TPOHY «cTapoe» Mecto nponucku?! Jla, HAUYEM.
Jleno B TOM, YTO «IPOMHUCKa» 3JEKTPOHA MU3MEHS-
€TCSl TOJIBKO, €CJIM Ha CTPYKTYpPY CTOSYUX BOJH
aToMa HaKJIaJbIBA€TCS BO3MYIIECHHUE MEPHOCTH,
JUIMHA BOJIHBI KOTOPOI COM3MEpPUMA C PaCCTOSTHUEM
MEX/1y COCEIHUMU 30HaMHU 1e(hopMaluid MEPHOCTH
BOKPYT sJipa, APYTUMHU CIIOBAMHU COM3MEpHUMa C pac-

CTOSIHUEM MEXKIY COCEIHUMU OpOUTaAMHU WM MpPH-
CYTCTBYET BHEIIHUM niepenaa MepHocTy AL. B atux
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CIIydasiX MECTO «POXKAEHUS» 3JIEKTPOHA CHOCUTCS TPaBUTALMOHHBIM BETPOM B OJIHY WJIH B JIPY-
I'YIO CTOPOHY, B 3aBUCMMOCTH OT CUTYallM{ U HAIIPABJIEHHOCTH MPOUCXOASIINX MTPOLIECCOB.

IJIOTHOM Cephl.

«2.895

«2.890

«2.885

«2.880

«2.875

«2.870

Puc. 3.3.1. CoO6CcTBeHHBIN ypPOBEHb MEPHOCTH
BoJI0poJia H (crenens BIUSHUS aTOMa UK IPYTrOro
MaTepuagbHOro OOBEKTa Ha OKpYXalollee IMpo-
CTPAHCTBO) — CTOJIb HE3HAYUTEIbHBIN, UTO JEIaeT
€ro yCTOMYMBBIM B IPEJIeNIax BCEro quara3oHa Mep-
HOCTH MeXAy (PU3NYECKH TUIOTHOM M BTOPOM maTe-
puanbHeiMu  chepamu. Bogopoa Moxker ObITh
YCTOWYUBBIM, KaK U BHYTPU PACKaJIEHHOMN 3BE3/bI,
TaK ¥ B MEXK3BE3HOM IIPOCTpaHCTBE. B cuity aToro,
BOJIOPO/I SIBJISIETCSL CAMBIM PACIIPOCTPAHEHHBIM dJIe-
MeHTOM BO Bcenennon. Ilpaktuyecku Bce mpo-
1eCcChl Mpoucxosire Bo BeeneHHo He 00XoasaTest
0e3 ero yuactus. Bogoponx — OCHOBa HE TOJIBKO
TEPMOSJIEPHBIX pPeaKIui 3BE3]l, HO U UTPACT BaXK-
HEHUINIYIO POJIb B 00ECTIEUeHUH BO3MOKHOCTH CYIIIe-
CTBOBaHUS KUBOU MaTEpUH.

1. HuwxHuii ypoBeHb MeEpHOCTH (HU3HUECKU
IJIOTHOM Cephl.

2. BepxHuii ypoBeHb MEPHOCTH (PU3HUECKHU

Puc. 3.3.2. Atom Bogopona H siBisiercs ca-
MBIM YCTOWYHMBBIM U CaMBIM PaclpOCTPaHEHHBIM
AJIEMEHTOM B Halllel BceeHHoM B Cuily TOro, 4To
OH (BOJOPOJ) OKa3bIBAET MUHUMAIbHOE BIIMSHUE
Ha OKpY’Karolllee MpoCTPaHCTBO. B cuity Toro, 4ro
JUIsL CUHTE3a BOJOpPOJia U3 MEPBUYHBIX MaTepuit
JIOCTATOYHO HE3HAUUTEIIbHBIX U3MEHEHUN MEPHO-
CTU MpocTpaHCTBAa. MIMEHHO MO3TOMY, BOJOPOL
SIBJISIETCS CAMBIM PACTIPOCTPAHEHHBIM DJIEMEHTOM
BOo Bcenennoii. B 1o xe camoe Bpemsi cieayer
MIOMHHUTb, YTO KaXbI1 aTOM, B TOM YHCJIE U aTOM
BOJIOPO/Ia, BIUSIIOT HAa MEPHOCTb IMPOCTPAHCTBA,
3anoHss AepOopMaIiIoO MPOCTPAHCTBA CBOSH Mac-
cou. Iloatomy, mociie cuHTE3a Ka)XJa0ro aroma,
30Ha Jie(hopmaruu MpoCTPaHCTBA YMEHBIAETCS Ha
HEKOTOPYIO BEJIIMYUHY, MPONOPLHOHAIBHO aTOM-
HOMYy Becy naHHoro aroma. [loatomy, mo mepe
CUHTE3a (PU3MYECKH TJIOTHOM MaTepuu ¢ KaXIbIM

CUHTE3UPYEMbIM aTOMOM, BeJIMYMHA JIe(popMalliy IPOCTPAHCTBA YMEHbILIAETCA, U 3TOT MPOLECC
OyZeT mpoaoJKaThCs A0 TEX MOp, MOKa 30Ha JedopMaluu MOJHOCTHIO HE HEUTpallu3yeTcs 3a

L =2.87890

C4€T BOBHUKILUX B pe3yJibTaTe CUHTE3a aTOMOB. [Ipu 3TOM, npekpalaercs u caM CUHTES.
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Puc.3.3.3. Bo Bcenennoit nocTOSHHO MPOUCXOIUT CHUH-
T€3 aTOMOB, B OCHOBHOM BOJOpPOJd; B CHUJIy 3TOr0, CUHTE3
BO3HHMKAET B 30HaX CMBIKAHUS MEXAY JAHHBIM IPOCTpaH-
CTBOM-BCEJICHHOM U BhImIenexamum. [ToaTomy 30HbI edop-
MaIU¥ MPOCTPAHCTBA Yallle BCETO BOZHUKAIOT OJIMKE K BepX-
HEH rpaHuIle yCTOMYUBOCTH (PU3MUYECKH MJIOTHOTO BEIIECTBA.
W, xak ciencTBHe 3TOr0, BOZHUKAIOT ONTUMAJIbHBIE YCIOBHS
JUIsI CHHTE3a UIMEHHO BOJOPOJA, B CHIIy €T0 MUHUMAJIbHOIO
BTOPUYHOI'O BJIMSIHUS Ha OKpYKAaroLlee MPOCTPAaHCTBO. Tak
KAaK 30Hbl HEOJHOPOAHOCTH HMMEIOT OTPOMHBIE IIPOCTpaH-
CTBEHHBIE pPa3Mephl, CUHTE3UPOBAHHBIE ATOMBI HAYMHAIOT
HAaKaIUIUBAaThCs B ATUX 30HAX, IOCTEIIEHHO 3aI0JIHAS UX CO-
60i. B cumy TOr0, 4TO 30HBI HEOAHOPOAHOCTH CaAMU HEOTHO-
POJIHBI B pa3HBIX MPOCTPAHCTBEHHBIX HAIIPABJIEHUSAX, BO3HU-
KAalOT BHYTPEHHUE Tiepenanbl (TpaJUeHTbl) MEPHOCTH,
HaIlpaBJIEHHbIE K LIEHTPY 30HbI HEOJJTHOPOJHOCTH. B pe3yinb-
TaTe 4ero, MICHEHHbIE B 30HE HEOJHOPOAHOCTH aTOMbI BOJIOPO/a MOMAJAI0T MO BO3IEHCTBUE
MTOTOKOB MEPBUYHBIX MAaTEPUid, HAIIPABJICHHBIX K LEHTPY 30HBI HEOAHOPOIHOCTH. U, Kak cien-
CTBHUE, BO3HUKAET C’KaTHE BOJAOPOIHOTO BEUIECTBA, YTO MPUBOJIUT K pa30rpeEBY U Hayaly TEPMO-
AJIEPHBIX PEAKLINN.

Puc. 3.3.4. JIns cunre3a aroma ypana U
30Ha JAedopmanuy MpocTpaHCcTBa JOJKHA ObITh
MaKCUMAaJIbHO JIOITyCTUMOM JJIs BO3MOKHBIX CO-
CTOSIHUM (PU3WYECKH IJIOTHOTO BemiecTBa. le-
dopManusi IpOCTPAaHCTBA, CO3JaBaeMasi SiAPOM
aToMa ypaHa HacCTOJIbKO 3HAYUTEJIbHA, YTO €/IU-
HUYHBIA aTOM ypaHa MPaKTHUYECKH MOJHOCTHIO
HEUTpaIU3yeT MAaKCHUMalIbHO BO3MOYKHBIW JJIS
(bu3MYeCcKU MIOTHOW MaTepHUH Nepenaja MepHO-
ctu. [loaTomy ypaH u Bce TpaHCYypaHOBBIE 3Jie-
MEHTBhI CTAHOBSITCS HEYCTOMUYMBBIMU M HAudu-
HAIOT pacmagaThCs Ha MaTepUU UX 00pasyromne
B OOBIUHBIX YCIOBMsIX. Tak Kak Jaxe morsoiie-
HUS U3JIy4eHUi 1rymoBoro ¢oHa Beenennoii no-
CTaTOYHO, YTOOBI COCTOSIHUE aTOMa, MOTJIOTHB-
miero (potoH 3Toro ¢oHa, CTANO CBEPXKPUTHYE-
CKMM M OH pacmnaics. B mpouecce pacnaga u3s
OCBOOOJUBILINXCS MEPBUYHBIX MaTepuil MpPOUC-
XOJIUT CUHTE3 YCTOMYUBBIX B JAHHBIX YCIOBUSIX
aTOMOB U MPOMCXOIUT MOIIIHBII BEIOPOC U3ITyde-
Huil. Ilocme dero cucrema BO3BpalaeTcs K
YCTOMUYHMBOMY COCTOSIHUIO. IIponecchl U npu4nHbI, NPUBOIAIIME K B3PIBY CBEPXHOBOM M IIPO-
LIECChl U NPUYMHBI, IPUBOAAIINE K PaJUOAKTUBHOMY pacnaiy, UMEIT TOXICCTBEHHYIO ITPU-
pozy, UMesi OCOOEHHOCTH, BBI3BAHHBIE PA3IUUYMAMH MEXAY MaKpO- U MUKPOMHUPOM.

L = 28789
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Puc.3.3.5. ComnocraBieHue CTENEeHH
BIIMSHUSL HA OKPYKAIOUIMH MHUKPOKOCMOC
(MUKpOIPOCTPAHCTBO) aTroMa Bojopoaa H u
atoma ypana U. CoOCTBEHHBII YPOBEHb Mep-
HocTH ypaHa U mo3BossieT eMy ObITh yCTOi-
YUBBIM B [IPEAEIIaX HE3HAYUTEIBHOTO AUana-
30Ha MEPHOCTU. FIMEHHO I03TOMY ypaH U BCe
TPAHCYPAHOBBIE 3JIEMEHTHl PaJUOAKTUBHBI,
T.€., HEYCTOMUYUBBI, MPAKTUUYECKH, IPU JIIO-
ObIX ycioBusX. B To Bpems, kak Bogopon u
Ipyrue JETKUE DIIEMEHTBI, CTAHOBSTCS He-
YCTOMYMUBBIMUA TOJBKO B  OIPEICIEHHBIX
ycIoBUsX. UeM Jierde JIeMeHT, TeM OH OoJiee
YCTOWYHB, a 3TO O3HAYAET, YTO HEOOXOTUMO
OoJpIliee BHEITHEE BO3/ICHCTBHE, YTOOBI BBI-
3BaTh €r0 HEYCTOWYHUBOCT.

1. HuwxHuil ypoBeHb MEpHOCTH (hr3Huye-
CKH TUTOTHOU C(epsbl.

2. BepxHuii ypoBeHb MEPHOCTH (pHr3UUE-
CKHU IUTOTHOU c(ephl.

Puc. 3.3.6. CuHTe3 aTOMOB BOJOPOJA MOKET
IIPOUCXOJIUTH B MPEJENIaX MPAKTUYECKH BCETO AUa-
11a30Ha YCTOMYMBOCTH (PU3UYECKHU IIIOTHOTO BEIllE-
CTBa. YpOBEHb COOCTBEHHOM MEpPHOCTH BOIOPOJA,
TEM He MeHee, OJIM30K K BEpXHEH rpaHulle ycToun-
BocTH. Berymaer B cuny a¢dext normnaska. Ontu-
MaJbHBIM YpOBEHb MEPHOCTH BOJIOPOJA HAXOIUTCA
OJIM3KO K BEpXHEH IpaHMIIC TUAMMa30HA YCTONIHBO-
CTH.

DTO CBSI3aHO C TE€M, YTO BOJOPOJ — JIETYail-
IIUA U3 aTOMOB U €ro COOCTBEHHOE BJIMSIHHE Ha
OKpY’Karolye MPOCTPAaHCTBO MUHMMAaIbHO. WM mo-
ATOMY MOTOKHU MEPBUYHBIX MaTEpHil, KOTOPbIE MO-
CJI€ 3aBEpUIECHUs MPOIeccCa CHHTE3a MPOJOJHKAOT
[UPKYJIMPOBaTh B 30HE nedopmaiuu TpocTpaH-
CTBa, «BBIHOCSITY» aTOMbI BOJOPOJIa HA TOT YPOBEHb
MEPHOCTH, TIPH KOTOPOM UX COOCTBEHHOE BIIMSHHE
Ha OKpY’Karollee MPOCTPAHCTBO YPAaBHOBEIINBAET
BO3JICHCTBUE MOTOKOB MEPBUYHBIX MaTepuil. AHa-

JIOTOM MOKET CIYXHUTh YpaBHOBEIIMBAHHUE TUIABYYECTH O0BEKTA, OTPYKEHHOTO MO BOAY €T0
BECOM, B pe3yJbTaTe 4ero, MaTepHaIbHbIN MPEeIMET OCTAaHOBUTCS Ha TOW TIIyOHWHE, TAe 00€ ITH
CHJIBI YPaBHOBEIIUBAIOT APYT Apyra. [Ipu 3ToM 00BEKT Kak ObI 3aBHCAET HA OMPEACIEHHON TITy-
oune. Tak u 11000M aTOM OyAET CTPEMUTHCS K CBOEMY ONTHMAJIBHOMY YPOBHIO.
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Puc.3.3.7. Ilpaktuyecku Bce aTOMbI UMEIOT pa-
JIMOAKTUBHBIE M30TONbI. PagnoakTUBHBIE M30TOIIBI BO-
JI0poja — JEUTEPUN U TPUTHI — UMEIOT B CBOUX SiJ-
pax Ha OJWH WU JBa HEHUTpoHa OoJblle, 4YeM Yy c00-
CTBEHHO Bojopoja. X aToMHBIN BeC HA OJJHY WJIH JBE
aTOMHBIC €IMHHUIILI OTJIMYAETCSI OT aTOMHOT'O Beca BO-
JI0poJia U, TEM HE MEHEE, OHU SBIIAIOTCA PATUOAKTHUB-
HbIMU. B TO BpeMs, Kak aTtoMbl APYTUX 3JIEMEHTOB,
MMEIONINX TOYHO TAKOM M JakKe OOJIBIIUM aTOMHBIN
BEC, HE MPOSBILSIIOT MPU3HAKOB PATUOAKTUBHOCTH H
TOJIBKO WX W30TOIbI, UMEIOIINE JIMIIHUN» HEUTPOH,
MPOSIBIIAIOT Ce0sl, KaK pPaJUOAKTUBHBIC DSJIEMEHTBI.
ATOMBI O4EHb MHOTHX 3JIEMEHTOB B CBOMX YCTONYHMBBIX
COCTOSIHUSIX MMEIOT B CBOMX SIpaX HEUTPOHBI, IIOPOMI
JIECSITKH, U, TEM HE MEHEE, HE CTAHOBSITCS PAIUOAKTHB-
HbIMH. [louemy mosiBiieHHE €meE OJHOrO0 HEMTPOHA, B
JIOTIOJIHEHUE K YK€ MPUCYTCTBYIOLIUM, AEIaeT Moa00-
HBII aTOM paguoakTUBHBIM? BC€ €10 B TOM, UTO JIMIII-

HUAW HEUTPOH HE MEHAET ONTUMAIBHOTO YPOBHSI MEPHOCTH aTOMa B LIEJIOM, & U3MEHSET CTENIEHb
BIIMSHUA sJ1pa 3TOr0 aToMa, B Mpeleiax caMoro sapa. Iloatomy atom ¢ «IMITHUMY» HEHTPOHOM
IPOJOJKAET BECTH ce0s1, KaK U aTOM 0€3 OHOT'O U, B pe3yJIbTaTe, CTAHOBUTHCS PaJUOAKTUBHBIM.

Puc. 3.3.8. PannoakTuBHBIN U30TOI BOJOpOAa — JedTepuit D — BHE 3aBUCHMOCTH OT TOTO,

Ir7ie MPOU30ILIEN €ro CUHTE3, YCTPEMIIIETCS K OITH-
MaJbHOMY YPOBHIO COOCTBEHHOI MEPHOCTH OOBIY-
HOTro BoJiopoJia H u B pe3yibTare 3TOro, OKasbIBa-
eTcsl B OJM3KUX K KPUTHUECKUM JUIS (PU3HUecKH
IUIOTHOTO BemiecTBa ycioBusix. [IpocTpaHcTBO MO-
CTOSIHHO HACBIIIEHO MHKPOCKOMUYECKUMH Kojeba-
HUSIMU MEPHOCTH IIPOCTPAHCTBA HA Pa3HBIX YPOBHSX
COOCTBEHHOI MEPHOCTH, B TOM YHCJIC 1 HA YPOBHE
ONTUMAaJIFHOW MEPHOCTH BOAOPOJa. B OCHOBHOM,
3TH MUKPOCKOIWYEeCKue Kojebanus mepHocTH ((ho-
TOHBI) BOHUKAIOT IIPU NIEPEX0/1aX JIEKTPOHOB C 0O-
Jiee ynan€HHbIX OT siipa opOUT Ha Oosiee OIU3KUE K
APy y T€X K€ CaMbIX aTOMOB BOJIOpPO/JIa, UTO «IlJIa-
BAIOT» Ha YPOBHE CBOEW ONTUMAJIBHOW MEPHOCTH.
[Ipu normnomenny (HATOKEHUU HA aTOM) TUX (o-
TOHOB aToMamu Aeirepusi D, ypoBeHb cOOCTBEHHOM
MEPHOCTH YBEJIMYMBAECTCS U B pe3yJbTaTe, TaKOu
aTOM OKa3bIBaeTCs 3a MpejeaMu Ihara3oHa yCTOu-
YUBOCTH (PU3MUYECKH IJIOTHOTO BEIIECTBA.

1. HuwxHult ypoBeHb MepHOCTH (puznuecku mioTHou cdepsl (D.I1.C).

2. Bepxuuit ypoBens mepHoct O.I1.C.
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A\ L Puc. 3.3.9. Kaxxnas monexkyna win atom
e MMEIOT CBOM AUAIa30H MEPHOCTH, B MPEIeEIax
KOTOPOr0, OHU COXPAHSIIOT CBOK YCTOWYH-

BOCTh. [loaTOMY (pm3nuecku mIoTHAsT MaTEPHsI

.2900  TUIAHETBl DPACHPEAEIAETCA IO JHMalasOHaM
YCTOMYMBOCTU. ['paHMIBl ATHUX [IHANA30HOB

1 SBJISIFOTCSL YPOBHSIMHM PA3JEICHUA MEXAY aT-
Mocdepol, okeaHaMH W TBEPION IMOBEPXHO-

“2895  Crpio muraneTsl. ['paHMIA YCTOWYHBOCTH KpPH-
CTAJUIMYECKON CTPYKTYphl IUJIAHETHI MOBTO-
pseT GopMy HEOAHOPOIHOCTH, MOITOMY IIO-

.2890  BEPXHOCTb TBEPIOH KOPBI MMECT BIAJMHBI H

BBICTYINBI. BriauHpl BIIOCIENCTBUM 3aIlOJHU-
JUCh BOJOM W 00pa3oBaJid OKeaHbl, MOpS,
o3épa. Boaa, npeacrasisitonias co00i KuIKU
<2885  kpucTa/1 M UMEIONIAs HE3HAYUTEIBHBIN ypo-
BEHb COOCTBEHHOW MEPHOCTH, YCTONYMBA B
BEPXHEM yYaCTKE JUana3oHa, IMEHHO 3TO M03-
BOJISIET €11 CKaIIMBAThCS BO BIAJIMHAX KOPBI.

< 2.880

ATMocdepa, MmIaBHO mepexoasias B
noHocdepy (IIa3MEHHOE T'PAaHUYHOE COCTOS-
HUE (DU3MYECKU IUIOTHOTO BEIIECTBA), 3aHU-
MaeT BEpXHHUU MOTPAaHUYHBIN y4aCTOK JlMaria3oHa MEPHOCTU (PU3UYECKU IUIOTHOTO BEIIECTBA.
[Tocne cuHTe3a (pU3MUECKH IUIOTHOTO BELIECTBA, aTOMbI NMPUOOPETAIOT HEKOTOPYIO yCTONYM-
BOCTh K BHEIIHHMM IIE€pernajaM MEpPHOCTH MakpokocMmoca. [103ToMy TOJIBKO KOraa aMIUIMTYJa
BHEILIHETO Nepenaja MEPHOCTU CTaHET COM3MEPUMON € TIOJIOBUHOM IMAa3oHa MEPHOCTH (PU3H-
YECKHU MJIOTHOM c(ephl, aTOMbI CTAHOBATCSI HEYCTOMYMBBIMHA U PaclafatoTCs.

JIro00e u3mMeHeHrne MEpHOCTH MAaKpOIIPOCTPAHCTBA BEI3BAHHOE, B TOM YHMCJIE U BCIIBIILIKAMU
COJIHEYHOM aKTUBHOCTH, WU3MEHEHUE OOUIEro YPOBHS MEPHOCTH MAKpONPOCTPAHCTBA, B CHILY
TOTO, YTO COJIHEYHAsl CUCTEMa JBUKETCS OTHOCUTEIBHO siIpa Hallel TalakKTHKH, U, KaK Clel-
CTBHUE ATOT0, NONAAAeT B 00JACTH C APYTUMHU YPOBHSIMH COOCTBEHHOM MEPHOCTH, B CHITy HEOJI-
HOPOJIHOCTU CaMOTO MPOCTPAHCTBA, MPUBOJAUT K HAIMPSHKEHUSM B 3eMHOM Kope. HampsikeHus B
KOp€ IMPUBOAAT K €€ pacKoJiaM, OIMYyCKaHUIO WK MOJHATHUIO €€ B pa3HbIX MECTaX, U3BEPIKEHUIO
BYJIKAHOB U TOSIBJICHUIO HOBBIX, KaK pe3yJbTaT U3MEHEHUS YCIOBUM ABUKEHHS MarMbl U T.1.
[Ipoucxoaut nepepacmnpeneiacHue pu3NUecku MIOTHOTO BEIIeCTBAa BHYTPU 30HBI HEOJHOPOIHO-
CTHU IUIAHETHI, B COOTBETCTBUU C MOJIOKEHUEM YPOBHEH ONTUMAILHOW MEPHOCTH ISl Pa3HBIX
arperaTHbIX COCTOSIHUM (DPU3MUECKU TIOTHOM MaTepuu: TBEPAOTO, KMJKOIO, ra3000pa3HOro U
IJIa3MEHHOT 0.

1. YpoBeHs MepHOCTH aTMOCHEPHI.
2. YpoBE€Hb MEPHOCTH OKEAHOB.
3. YpoBEeHb MEPHOCTH 3€MHOM KOPBHI.

4. YpoBeHb MEPHOCTH MarMsl.

K ornasneHuto 255
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aTomMa.

Puc. 3.3.10 Kaxxap1ii aToM nMeeT CBOW COOCTBEH-
HBI YPOBEHb MEPHOCTH U €CJIU 3TOT YPOBEHb COBIIA-
JaeT C YPOBHEM MEPHOCTH MaKpONPOCTPAHCTBA, IIE
ATOT aTOM HAaXOAWUTCSA, TO OH OyJIeT HaXOJUThCS B
YCTOMYMBOM COCTOSIHMM. B IIpOTMBHOM cilydae, aToM
CTaHET HEYCTOMYMBBIM U IPOU30UIET ero pacnal. /(Ba
aToMa pas3HbIX JJIEMEHTOB A; M Ay UMEIOT pa3HbIE
YPOBHU COOCTBEHHOM MEPHOCTH B CHIIy TOTO, YTO OHHU
MMEIOT Pa3Hbli ATOMHBIN BEC U, BCIEICTBHUE 3TOIO, 110
Pa3HOMY BIMSIOT Ha CBOE MHUKpOIIpocTpaHCTBO. llo-
TOMY YPOBHU COOCTBEHHOW MEPHOCTH JBYX aTOMOB
Pa3HBIX IEMEHTOB OTIMYAIOTCA APYT OT Jpyra Ha He-
KOTOpYIO BenuunHy AL U mo3ToMy HE MOTYT B 0ObIU-
HBIX YCIIOBUSX 00pa30BaTh OJHY CUCTEMY.

A1 — s1po IepBOro aroma.
Ay — s1po BTOpOTro aToma.

LA — ypoBeHb COOCTBEHHON MEPHOCTU MEPBOTO

LA2 — ypoBeHb COOCTBEHHOI MEPHOCTH BTOPOIO aToMa.

AL — nepenaa Mexy ypOBHSIMU COOCTBEHHOM MEPHOCTH JIBYX Pa3HBbIX aTOMOB.

L us

L =289915 2

Puc.3.3.11. Bo3MOXXHOCTE JIJII aTOMOB, HMEIO-
IIIUX pa3HbIe YPOBHU COOCTBEHHON MEPHOCTH, 00Opa-
30BBIBATh MOJICKYJIbI MOSIBJISCTCS MPHU MOTJIOIICHUN
WA U3JIYYEHUHU OJIHUM M3 HUX DJICKTPOMArHUTHBIX
BOJIH, JIJTMHA BOJHBI KOTOPBIX COM3MEPUMA C PacCTO-
SHUEM MEXJy ATUMM aTomamu. JlaHHBIM TpeOoBa-
HUSIM OTBEUYAIOT BOJIHBI U3 IMana3oHa OT HH(pakpac-
HBIX JI0 YJbTPa(uOJICTOBBIX, BKIHOYUTEILHO. [Ipu
MOTJIONIEHUU OJTHUM M3 aTOMOB BOJIHBI, €T0 YPOBEHb
COOCTBEHHOW MEpPHOCTH YBEJIMYUBACTCS Ha BEJU-
YUHY aMIUTUTYAbl BOJHBI. [Ipu W3IydeHUH BOJHBI
YpPOBEHb COOCTBEHHOM MEPHOCTH COOTBETCTBEHHO
YMEHBIIIAETCS HA BEJIMUUHY aMIUTUTYAbl U3Ty4aeMOn
BOJIHBL. B pe3ynbTaTe, COOCTBEHHBIE YPOBHU Pa3HBIX
aToOMOB A1 U A BRIPAaBHUBAIOTCS, U OHU B COCTOSTHUM
o0Opa3oBaTh HOBYIO MOJIEKyTy. Beck ciekTp xumuue-
CKMX COEIMHEHHH, CYIIECTBYIOUIUX B MPUPOJE,
BKJIFOYAsl U OPraHUYECKHUe, CYIIeCTBYeT, Oiaromaps
HEOOJIBIIIOMY YYaCTKy — JHMA30HY TaK Ha3bIBA€MbIX

OJICKTPOMArdHMTHBIX BOJIH. CJIGJIOB&T@JIBHO, MOSIBJICHUE JKUBOM MaTC€pruKu HEBO3MOXKHO 0e3 PTHX
HE3HAYUTENILHBIX KOJICOaHUH MCPHOCTH MHUKPOIIPOCTPAHCTBA — DBJICKTPOMAIrHUTHBIX BOJIH OT

MH(}paKpaCHBIX 10 YIAbTPAPHOIETOBBIX.

K ornasneHuto
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Puc.3.3.12. ATOMBI OTHOTO U TOTO K€

dIIEMEHTAa MMEIOT OAWHAKOBBIE OIITUMAJb-

HbIC YPOBHU COOCTBeHHOUW MepHOcTH. [lo-

£mism ATOMY €CIId Cpejia, TJIe OHU HaXOJATCS HE

L =289915 L =289915 HACBHIIICHa 4Ype3MEpPHO HHQPAKPaACHBIMH
e — e 2900 (rennoBBIMM) M3NTYYEHUAMH, Yepe3 HEKOTO-
1 2 poe BpeMsl, 3TU aTOMBbI COOEPYTCsI HAa YpOBHE

ONTUMAJILHOM MEPHOCTH, YTO CO3JAET Kaye-
«2.895 CTBCHHBIC YCJIOBHUS [JII COCAUHEHUS HX
AJEKTPOHHBIX 0007104YEK MEX Ty cO00it 1 00-
pa30BaHUsA KPUCTAUIMYECKOU CTPYKTYPHI.
IIpu 5TOM roOBOPAT O TEMIIEpAType CPEbl,
IIPY KOTOPOU TPOUCXOAUT KPUCTAILIN3ALIUSL.
JI7 aTOMOB pa3HBIX AJIEMEHTOB 3Ta TEMIIE-
partypa cBOsl, TaK e, KaK U MOCJIe 3aBepIle-
<2885 Hus mporecca KpUCTAIUTH3AIMNA KPUCTAIUTBI

pa3HBIX AJIEMEHTOB OYIyT HMETh pa3HbIC

YPOBHH COOCTBEHHOW MEPHOCTH, B MEXKITY

HUMH OYJIET CYIIIECTBOBATH MEPeIial MEpPHO-
“2.880 oy AL.

A]_ — AApa aTOMOB IICPBOI'o 3JICMCHTA.

«2.890

A2 — AApa aTOMOB BTOPOT'O 3JICMCHTA.

L]_ — YPOBCHBb MCPHOCTHU KPHUCTAJLJIAa IICPBOI'O 3JICMCHTA.

L2 — YPOBCHb MCPHOCTH KPHUCTAJLJIa BTOPOT'O 3JICMCHTA.

AL — nepemnaa Mexay YpoBHAMHA COOCTBEHHOM MCPHOCTH ABYX PA3HBIX 3JICMCHTOB.

L uin

K ornasneHuto

Puc.3.3.13. Kpucrammiecknue CTpyKTypbl pa3HBIX
AJIEMEHTOB MUMEIOT pa3Hble YPOBHU COOCTBEHHOU Mep-
HOCTH. 1 ecim mOMeCTUTh 3TH KPUCTATNINYECKHUE CTPYK-
Typbl Ha PacCTOSIHUHU, COU3MEPUMOM C pa3MepaMmu ca-
MHUX KPHUCTAJIOB, B MPOMEXKYTOUYHOM MPOCTPAHCTBE
BO3HHMKHET Mepenaa MEpHOCTH (IpaJueHT) OT YpPOBHS
KPUCTAITTMYECKON CTPYKTYpPBI OOJBbINEeH COOCTBEHHOU
MEPHOCTH K YPOBHIO C MEHBIIEH. DTOT Iepernaj He
CTOJIb 3HAUUTEJIBHBIN, YTOOBI BHI3BATH HEYCTONYUBOCTh
aTOMOB, 00pa3yloIIUX 3TH KPUCTAJUIMYECKHE CTPYK-
Typbl, HO, €CIM MEXIYy HHMH IOMECTUTH >XHUIKYIO
Cpelny, HaChIIIEHHYIO MOJIOKUTEIBHBIMU U OTPULIATENb-
HbIMU HOHAaMH, MEpenajg MeXAy KpUCTAUIMYECKUMU
CTPYKTypaMH 3aCTaBUT JABUIaTbCs CBOOOJHBIE HOHBI B
Pa3HBIX HANPABIICHUSAX.

[Ipu 3TOM MOJOKUTENBHBIE HOHBI, UMEIOUTUE 0O0-
Jiee BBICOKUH ypOBEHb COOCTBEHHOW MEPHOCTH, O]
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BO3/ICIICTBUEM ATOTO Mepenaaa HAYHYT CKAIUIMBAThCS Ha MOBEPXHOCTU KPUCTAIIMYECKON CTPYK-
TYpbI C OOJBIIMM YPOBHEM COOCTBEHHOW MEPHOCTH, B TO BpPEMSsl, KaK OTPHUIATEIHHBIC NOHBI C
MEHBIIIM YPOBHEM COOCTBEHHOW MEPHOCTH — Ha MIOBEPXHOCTH C MEHBIITUM YPOBHEM COOCTBEH-
HOM MepHOCTH. M30BITOK MOJIOKUTEIHLHBIX HOHOB HAa OJTHOM TMTOBEPXHOCTH MO3BOJISIET TOBOPUTH
0 TIOJIOKUTEITHHOM 3apsizie, B TO BpeMsl, KaKk U30bITOK OTPUIIATEIHbHBIX HOHOB — 00 OTPHUIATE b~
HOM 3apsijie oBepxHocTe. Hamnuue nepemana ypoBHEH COOCTBEHHON MEPHOCTH MEXIY pa3-
HBIMHU KPUCTAJUIMYECKUMU MOBEPXHOCTSMHU BBI3BIBAET INepepacnpe/ieieHUe MOHOB, HACHIIIA0-
IIUX MPOMEXKYTOUHYIO CPEly U MPUBOIUT K MOSBICHUIO, TaK HA3bIBAEMOT'0, TOCTOSTHHOTO JJIEK-
TPUYECKOTO TOKA MEXKIY dTHUMH MOBEPXHOCTSIMHU, €CIIU COCAUHUTH UX MEXIy cOOOM mocpea-

CTBOM IIPOBOAHHUKA.

1. KpI/ICTaJIJIH‘lCCKaH IMOBCPXHOCTh C MCHBIIIMM YPOBHCM COOCTBEHHOM MCPHOCTH.

2. Kpucramnuueckas mOBEPXHOCTh € OOJIBIINM YPOBHEM COOCTBEHHOM MEPHOCTH.

3. IIpomexyTouHas )KkuAKask Cpelia HACBIIICHHAS] HOHAMM.

4. ITonoXuTenpbHbIE HOHEI.

5. OTpunatenbHbIE NOHBI.

L1 — ypoBeHb MEPHOCTH KpHCTAJIJIa IEPBOrO AJIEMEHTA.

L, — ypoBeHb MEPHOCTH KpHCTAJIJIa BTOPOTO AJIEMEHTA.

AL — nepenaa Mexy ypOBHSIMU COOCTBEHHOW MEPHOCTH JIBYX Pa3HbIX 3JIEMEHTOB.

L uin

«2.900

«2.895

«2.890

«2.885

«2.880

Puc.3.3.14. Kpucrasmmyeckass peméerka Jio-
00ro TBEpJOro BEIIECTBA HEOJHOPOJHA B Pa3HbIX
IPOCTPAHCTBEHHBIX HAIIPaBICHUAX. JTO SBISAETCS
PE3yNbTATOM TOTO, YTO CHHTE3 aTOMOB ITPOUCXOJIUT
B HEOJHOPOJHOM mpocTtpaHcTse. Heomnopoanoe
IIPOCTPAHCTBO, B3aMMOJEUCTBYS C HEOAHOPOIHOMN
CTPYKTYPO aTOMOB, BBIHYKJIA€T MUX OPUEHTUPO-
BAaTbCS M PACIIONararbCsi MO OTHOIIEHUIO APYTr K
Ipyry B omnpenesn€éHHoM nopsake. [loaromy, npak-
TUYECKH, BCE KPHUCTAJUIBl AHU3OTPOIIHBI, T.€., HX
CBOMCTBAa M KauyecTBa pa3JIMYHbl B Pa3HBIX MPO-
CTPAHCTBEHHBIX HampaBlIeHUsX. B cuiy Tex xe
MPUYMH UX PEaKUus Ha OJHO U TOKE BHEIIIHEE BO3-
JeicTBUe OyJeT 3aBUCETh OT TOr0, B KAKOM IpO-
CTPAaHCTBEHHOM HAIIPABJIEHUU J3TO BO3IACHCTBUE
npoucxonur. Iloatomy, nepenag MEpHOCTH BIOJIb
ONTHYECKOW OCH KpHUCTAJIAa IOJYyYHWJI HA3BAHUE
anexkTpudeckoro nois E, Tak kak 3acraBiser diek-
TPOHBI NEPENPHITUBATH C OPOUTHI OJTHOTO aTOMa Ha
opbury apyroro. B To Bpems, kak nepemnaj MepHO-

CTU NEPNEHIUKYJISIPHBIA ONTUYECKOW OCH KPUCTAJlIa MOJy4YHJI Ha3BAHUE MAarHUTHOTO 1oy B,
TaK Kak, 3aCTaBJIIET aTOMbI WJIM TPYNIIBI aTOMOB ITEPEOPUEHTUPOBATHCS B MPOCTPAHCTBE. XOTH,
B 000X Cily4asiX MPUCYTCTBYET Mepenaj MEpHOCTH pocTpaHcTBa AL.

K ornasneHuto
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Puc.3.3.15. IlocrossHHOe MarHuTHoe mnosie B
npeJcTaBIsieT co0Oi mepernaj MEPHOCTH MPOCTPaH-
CTBa, KOTOPBI HAKIIaJbIBAETCA HAa KPUCTAIUIMYECKYIO
CUCTEMY B HAIPABJICHUH, IEPIEHANKYIISIPHOM ONTHYE-
CKOM OcH Kpuctaya. 1 ecnu yCcioBHO IPUHATH BEPX-
HIOIO TPAHUILY YCTOMYUBOCTH (PU3UUYECKHU IJIOTHOTO BE-
LIECTBA 3 CEBEPY», A HUIKHIOK — 34 «IOI», TO IIEPEna
MEPHOCTH C I0Ta Ha CEBEP BBICTYIAET, KaK CEBEPHBIN
MarHUTHBIN TIOJIFOC, a Iepenaj] MEPHOCTH C CeBepa Ha
IOT BBICTYIIAET, KaK FOXKHBIM MarHUTHBIA IOJIIOC. DTH
OTIIMYMS ONPEIEISAIOTCS HEOAHOPOJHOCTBIO KPUCTAJI-
JIOB B YKa3aHHBIX HampaBlieHUsAx (Bepx-Hu3). Heoano-
POJIHOCTB CBOMCTB KPUCTAJUIMYECKUX PEIIETOK CBSA3aHA
C MPOCTPAaHCTBEHHON OPUEHTALUEN AIEKTPOHHBIX Op-
ourt. [loaToMy mepenaa MEpHOCTH C «OTa Ha CEBEP» 00-
JIETYaeT «IepeXoAbl» FIEKTPOHOB C OPOUTHI HA OPOUTY,
KaK BHYTPU OTIEIBHOIO aToMa, TaK MU MEXIY COCEl-
HAMHM aTOMaMM KpPHUCTAUIMYECKOW pemerku. B 1o

BpeMs, KaK IIeperaj; MEPHOCTHU C «CEBEpa Ha I0r» — B 3HAYUTENIBHOM CTEIIEHU, 3aTPyIHAET yKa-

3aHHBIC IICPCXOLI.

A1, A; — s1pa aTOMOB KPUCTAITMYECKON CTPYKTYPHI.

1. ITocTosTHHOE MarHUTHOE II0JIC.

B— nepceraa MCPHOCTHU BAOJIb ONTUYECKON OCHU KpucTaiia.

L uin

«2.900

L =289915

HYCY.

K ornasneHuto

Puc.3.3.16. [TocrossHHOE 3ekTprdeckoe noJie E
MPEJCTaBIIIET COOOM Teperia i MepHOCTH BAOJb ONTH-
YECKOM OCH KpUCTATMYECKUX peiéTok. Hampapienue
AJIEKTPUUYECKOTO MOJIsi MOXKET OBbITh, KaK C «3araja Ha
BOCTOK», TaK U C «BOCTOKA Ha 3amnajy». [Ipu 3Tom cBOM-
CTBa JJIEKTPUYECKOTO TOJISI OYAyT TOXKISCTBCHHBI B
CUJIy TOTO, YTO KPUCTAJUTMYECKUE PEIIETKA B JAHHBIX
HaIpaBJICHUSX TOXJECTBEHHBI. [Ipupona anexTpuye-
ckoro moJst npocta. OHO CO37aéT «TrpaBUTAITUOHHBIN
BeTep». Ilepenas MEpHOCTH BIIOJb ONTHYECKON OCH
CHOCHUT DJICKTPOHBI C D3JICKTPOHHOW OPOUTHI OJHOTO
aToMa Ha OpOUTHI APYTOro BO BpeMs (a3l MKy Ma-
TepUaTU3aIUsIMU JIEKTPOHA. ATOMBI PaCOJIOKEHHBIE
BJIOJIb ONITUYECKOM OCH KPUCTAJJIA MTONAaIat0T MO pa3-
JUYHOE TI0 CUJIE BIMSIHUE Tepenaja MEpHOCTH, B pe-
3yJIbTAaTE Yero MPOUCXOIUT NepepacipeciCHUE K-
TPOHOB Yy aTOMOB BJIOJIb ONTUYECKON OCH, UYTO U CO-
31a€T, TaK Ha3bIBAEMbIN, JJICKTPUYECKUN TOK —
HaIpaBJICHHOE JIBM)KEHUE DJICKTPOHOB OT ILIIOCA K MU-
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A1, A, — s1pa aTOMOB KPUCTAJUTMYECKON CTPYKTYPHI.

2. ITocTOSIHHOE AIEKTPHUUECKOE TIOJIE.

E — Ilepenan MmepHOCTH BJIOJIb ONITUYECKON OCH KpHCTAJLIA.

L e

«2.900

L =289915

«2.895

«2.890

«2.885

Puc.3.3.17. IlepemenHoe wmarHuTHoe Tmosnie B
MPEACTABISIET COO0W TepHoauvecKoe (BOTHOOOpA3-
HO€E) U3BMEHEHNE MEPHOCTH IPOCTPAHCTBA B HAIIpaBJe-
HUU, IEPIEHANKYISIPHOM ONTUYECKON OCU KpUCTaJLia.
[Ipu 5TOM OJIMH U TOT kK€ aTOM KPUCTALUIMYECKOU pe-
MIETKM NEPUOJNYECKU MTONAAAET MO/ IEpenanbl Mep-
HOCTH, KaK B HaIlPaBJICHUH C «IOra Ha CEBEp», TaK U B
HaIIpaBJICHUM C «CEBepa Ha 1oI». B cuiy dero nepuo-
JTUYECKU KKl aTOM OKa3bIBAE€TCS B pa3HBIX Kaye-
CTBEHHBIX YCJOBHUAX. B pe3ynprare 3TOro KaKabld
aToM OyJleT NepUOANYECKU OKAa3bIBAThCS B YCIOBUSX,
KOI/Ia €ro 3JEKTPOHBI TO «IPUKPEIJIEHBDY K CBOEMY
aTomy 0oJiee )KECTKO, TO HA0OOPOT MPAKTUYECKH «CBO-
OO0JHBI», B 3aBUCUMOCTH OT TOr0, B KAKOM HaIlpaBJie-
HUU JIEUCTBYET Nepenaj MEPHOCTH HA TAHHOM OTPE3Ke
ONTHYECKOW OCH KpucTamia. EcrecTBeHHO, pa3HbIe
KPUCTAJUIBI, COCTOSIIIME M3 aTOMOB Pa3HBIX AJIEMEH-
TOB, OYJyT pearupoBaTh Ha MOJOOHBIE TIEpenaabl Mep-
HOCTH IIO-Pa3HOMY B CHJIy TOT'O, YTO OHU MMEIOT pa3-

HBIC sAApa WU Pa3sHOC YHCIIO JJICKTPOHOB C PA3HBIMHU J3JICKTPOHHBIMHA obonoukamu. HanbGonee
ciabo QJICKTPOHBI «KCBA3aHbD» CO CBOMMH aATOMAaMH Y MCTAJIJIOB, KOTOPBIC HOCAT HA3BAHUC IIPO-

BOJHHUKOB 3JICKTPHUYCCTBA.

Puc.3.3.18. Ilepemennoe anexkrpruueckoe nojue E

MPEJCTaBIACT COOOM Mepuoaudeckoe (BOJIHOOOpas3-
HOE) U3MEHEHHUE MEPHOCTH MPOCTPAHCTBA BIOJb OII-
THYECKOW OocHu Kpuctamia. [Ipu 3ToMm oauH U TOT ke
aTOM KPUCTAJTMYECKOU PEIIETKH MEPUOIUYECKH T0-
najiaeT MmoJ| nepenajabl MEPHOCTH, KaK B HANPABJICHUN
C «3almajaa Ha BOCTOK», TaK U B HAIIPABIEHUU C «BO-
CTOKa Ha 3amaji». B pe3ynbrare 4ero mnpoucxoIuT Ie-
pHUOANYECKOE IIepepacpeeieHUue IEKTPOHOB BI0JIb
ONTHUYECKOW OCH, KaK B OJHOM, TaK U B JPYyrom
HaIlpaBJICHUU. BO3HUKAET NMEPEMEHHBIN JJIEKTpUYE-
ckuil ToK. OJIMH U TOT € aTOM IONaJaeT Mo MPOTH-
BOIIOJIOXKHBIE TIEPENAbl MEPHOCTH BJIOJb ONITUYECKOM
OCH KpPUCTAUIMYECKOW pemeTku. [Ipn 3TOM Kakablid
aTOM TO TEPSIET DIEKTPOHBI, TO MOJIYYAET UX OT COCE-
HUX aToOMOB. [Ipy 3TOM perynmpoBaHreEM aMILTATYbI
M 4YacTOTbl MOYKHO IOJYYHUTh HOBBIE KAaYECTBEHHBIC

K ornasnexnuto 260

L =289915

Ld‘w



http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.3.3.17.jpg
http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.3.3.18.jpg

Huxonaii JIeBamos «Heonunopoanas Beenennas»

COCTOSIHUS (PU3UUECKON MaTepuu 3a CUET KPAaTKOBPEMEHHOTO Mepexo/ia aTOMa WK TPYIIIbI aTo-
MOB Ha YPOBHU MEPHOCTH BBIIIE€ UM HMXKE ONTUMAIBLHOIO JIJISl JAHHOTO 3jeMeHTa. Takue nepe-
XOJIbl MPOBOLIUPYIOT U3TyUYCHUE WM MOTJIONICHHE 3TUMU aToMaM# (POTOHOB, HAa KOTOpBIE JAaH-
HBIE aTOMBI HE PEarupyroT B CBOEM OOBIYHOM COCTOSIHUU.

L uis

L =289915

Puc.3.3.19. Eciu BCIOMHHUTB, 4YTO TMepe-
MEHHOE MarHUTHOE nojie B mpencrasiser codoit
repernajg MEpHOCTH MEPHEHAUKYISIPHO OINTHYE-
CKOM OCH B HallpaBJIEHUAX «C CEBEPA HA I0T» U C
«rora Ha CEBEp», TO Pe3yJbTATOM TAKOIO IEPUO-
JAYECKOr0 BO3JCUCTBHS HA MPOCTPAHCTBEHHO
HEOJHOPOJIHYIO CTPYKTYpPY (HU3UYECKH IUIOT-
HOTO BEIIECTBA SIBJISETCS MOTEPsl WK IproOpe-
TEHUE JOTNOJHUTEIBHBIX JJIEKTPOHOB ATOMOM
WA TPYNIIOM aTOMOB BJIOJb ONTHYECKOW OCH
KpUCTAUINYECKON peméTku. I[lepunonnueckas
NoTepsl WKW MPUOOpPETEHHE aTOMaMHu SJIEKTPO-
HOB €CTh HU YTO MHOE, KaK MEPEMEHHBIN HJICK-
Tpuyeckuil Tok. Takum oOpa3oM NEepeMEHHOE
MAarHUTHOE TOJIE€ MOPOKIAET MEPEMEHHOE AJIEK-
TpUYecKoe moJie 1 HaobopoTt. [Ipu 3TOM «poxe-
HHUEY BJIEKTPUYECKOTO MO IPOUCXOJUT C HEKO-
TOPOU 3aJEPKKOM, C TAK HA3BIBAEMOW, CIBUXK-
KoM 1o (paze, 4To co3AaET YCIOBUS JIJIsi BO3ZMOXK-
HOCTH PaCIpOCTPAHEHUSI SIEKTPOMATHUTHBIX
BOJIH B IPOCTPAHCTBE. MarHuTHOE U 3JIEKTpHUYe-

CKOE TOJIs, KaK TIOCTOSHHBIC, TaK M TEepEMEHHBIE,
SIBJISTFOTCST PE3yJIbTATOM BO3/ICHCTBUS HA IPOCTPAH-
CTBEHHO HEOIHOPOJHOC (U3MUECKH IIJIOTHOE Be-
IIIECTBO OJHOTO M TOTO XK€ IO CBOCH MPUPO/IE TIepe-
1ajia MEPHOCTH B Pa3HBIX HAMPABIICHUSX.

Puc.4.2.1. IIpu noryionieHnn atomamMu BOJIH,
X YpOBEHb MEPHOCTH YyBennuuBaerca. ConHed-
HBIM CBET IIOIVIOIIAETCS MOBEPXHOCTHIO IIJIAHETHI.
Kaxnapiit atoMm, nocne nornomieHus (GoToHa CBETa,
HEKOTOPOE BpeMsi HaXOAUTCS B BO30YX AEHHOM CO-
CTOSIHUU (€r0 ypOBEHb COOCTBEHHOM MEPHOCTH CTa-
HOBUTCS BBILIE YPOBHEW MEPHOCTH COCEIHMX aToO-
MOB, O0pPa3yIOIIUX KPUCTAJUIMYECKYIO DPEIIETKY),
IIOCJIE YErO, W3JIy4YaeT BOJIHY. ATOM MOTJIOLIAET
OJIHY BOJIHY, @ U3JIy4aeT APYryr0. ITO MPOUCXOIUT
MOTOMY, YTO 4YaCTh YHEPTUM MOTJIOMIEHHON BOJIHBI
Tepsercsa. B pesynbpTare 3TOro «pasorperas Io-
BEPXHOCTH» B TEUYEHHUE COJIHEYHOI'O THSA HAYUHAET
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caMa U3JIy4aTh BOJIHBI, B OCHOBHOM, TEIUIOBbIE. M31y4€HHBIE pa30rpeTor NOBEPXHOCTHIO TEILIO-
BbI€ BOJIHBI HAUMHAIOT NOTJIONIAThCs MoJieKyiaMu atMocgepsl. [Ipu 3ToM ypoBeHb COOCTBEHHOM
MEPHOCTH aTOMOB aTMOc(epsl HaJ pa30rpeToil MOBEPXHOCTHIO yBennuuBaercs. U, B utore, 00-
M YPOBEHb COOCTBEHHON MEPHOCTH aTMOC(ephl HaJl pa30rpeTol MOBEPXHOCTHIO YBEINUHUBA-
eTCsl, B TO BpeMsi, Kak COOCTBEHHBIN YPOBEHb MEPHOCTH aTMOC(Eephl HaJl HEOCBEIIEHHOM MOBEPX-
HOCTBIO, YMEHBIIIAETCSA. Y MEHBIIICHHE COOCTBEHHON MEPHOCTH aTMOC(hephl Ha/l HEOCBEIIEHHOM
(HOYHOI) MOBEPXHOCTHIO TUIAHETHI WM YACTUYHO OCBEUIEHHOM MPOUCXOAMUT B CHILy TOTO, YTO
aTOMbI aTMOC(epbl TOKE U3ITYy4YalOT BOJHBI U 3TO IPUBOJUT K YMEHBILIEHUIO COOCTBEHHON Mep-
HOCTH M3JIy4arollX MOJIEKYJ. B pe3ynbrare, MEKly OCBEIIEHHON U HEOCBELIEHHON ITOBEPXHO-
CTSIMM IIJIAHETHl BO3HUKAET TOPU30HTANIBHBIN Nepenaj (rpagueHT) MepHocTH. [loaToMy HecBs-
3aHHBIE B )KECTKYIO CUCTEMY MOJIEKYJIBI aTMOC(EpPbl HAUMHAIOT IBUTAThCS BJI0JIb 3TOT'0 FTOPU30H-
TaJbHOIO IEpenaga MEPHOCTH, YTO U SBISAETCS NMPUUYMHOM IBMKEHHS CIIOEB aTMocheppl —
BETpA.

1. TToBepXHOCTHBIN CIOM TIJIaHETHI C aTMOCGhEPOil.

2. KauecTBeHHBII Oapbep MEKIY PU3NYECKH IUIOTHOW U BTOPOM MaTepualbHOU chepaMu.
3. KauecTtBeHHbII Oapbep MEKIy BTOPOM U TPEThEH MaTepHaIbHBIMU C(hepaMu.

4. BepTukanbHbIi niepenag MEPHOCTH BHYTPU HEOAHOPOJHOCTH.

5. IIpononbHbIi (TOPU3OHTANIBHBIN) MEepernaa MEPHOCTH, BOSHUKAIOIIUNA MEXKy OCBEIIEH-
HOM Y HEOCBEIIEHHOW MOBEPXHOCTSIMU IIJIAHETHI.

6. YBennueHue KaueCTBEHHOIO 6apLepa Halq OCBCHIéHHOﬁ ITOBCPXHOCTBIO.

7. CxoIuieHHe MepBUYHBIX MaTepUil Ha rpaHuIle MeX Ty GU3HMUECKHU TUIOTHOW U BTOPOi Ma-
TepUAIbHOU cdepamMu HaJ OCBEIIEHHON IIO-
BEPXHOCTBIO.

Puc.4.3.1. IIpocTpaHcTBEHHasi CTPYKTypa
anmMasa, B KpucTajie KOTOporo aToMsl yriiepoia
C pacnonararorcs Ha OJWHAKOBOM JpYr OT
Ipyra paccTossHWM. PaccrosHue Mexnay aro-
MaMH YIJIEpOJa B KPUCTAJUIE ajgMmasza COU3Me-
pUMO C pa3MepamMu CaMHX aTOMOB YIJepoja.
[ToaTOMYy HUKaKuE Ipyrue aToOMbl U MOJIEKYJIbI
HE TOJIbKO OOJIBIIEro 4eM aToM YIJIepoja pas-
Mepa, HO MU MEHBIIEr0 HE B COCTOSHUU JIBU-
raTbCsi MEeXAy HUMH. BO3MOXXHA TOJBKO JIMIIb
3aMe€Ha HEKOTOPBIX aTOMOB YTIJEpOoJa Ha JIpy-
IM€, 4TO MPUBOAMUT K TOMY, YTO MPO3PayHBINA
KpUCTaJT anmaza npuoOpetaer okpacky. Ilo
STOM NPUYHMHE YEJIIOBEK HMMEET BO3MOXHOCTb
JT000BaThCS KPACOTOM KENTHIX, TOIYOBIX, Kpac-
HBIX U Y€PHBIX aJIMa30B, KOTOpbIE, 00paboTaH-
HbI€ pYKOH YeJIOBEKa, IPEBPAILAIOTCS B U3YMHU-
TEJIbHBIE 10 CBOEW KpacoTe KamHHU... Kpome
ATOro, MOAOOHAs KpUCTAIIMYECKas peleTka
K ornasnexnuto 262
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ACJIAaCT ajiMa3 CaMbIM IIPOYHBIM COCIMHCHUCM aTOMOB B IIPUPOJC, XU 3TO JACJIACT €TI0 HC3aMCHHU-

MbIM B TCXHHUKEC.

a. PaccTostnue mexy aromamu yriiepoaa C B KpUCTaJlIe alnMasa.

pC

Puc.4.3.2. [IpoctpaHcTBeHHass CTpPyKTypa rpa-
¢uta, B KpuUCTaJIe KOTOPOTO aTOMBI YIJIepoJia, B Io-
PU30HTAIIBHOU IIJIOCKOCTH PACIIOIOKEHBI HA OJUHAKO-
BOM pPAacCTOSIHUH, B TO BPEMSI, KaK PACCTOSHUE MEXKIY
CIOSIMM B BEPTHUKAJIBHOW IIJIOCKOCTU 3HAYUTEIBHO
OOJIBIIIE PACCTOSHUS MEXKy aTOMaMH yriepojia B ro-
pu3oHTaIbHOM. Takoe, Ka3anock Obl, HE3HAYUTEIHLHOE
OTJINYME B IMPOCTPAHCTBEHHOM PACIIOJIOKEHUHU aTO-
MOB YTJIEPO/IA IEJIAET 3TU KPUCTAIUIBI OUEHb MSTKUMH.
DTa NpOCTPaHCTBEHHAs OpraHW3alus aTOMOB yTJIe-
poJla HOCUT Ha3BaHMs rpadura U O4YE€Hb IIUPOKO HC-
MOJIB3YETCS B MPOMBIIIICHHOCTH U B OBITY (CTEpPKHU
KapaHaaiie, B 3JEKTPOHUKE U T.I.). Te ke camble
aTOMBI yTJIIEPOa, YTO CO3JAI0T CAMOE IIPOYHOE COEIN-
HEHUE B IPUPOJIC — AJIMa3, CO3/IAI0T U CAMbIA MATKUN
13 MIPUPOJHBIX KPUCTATUINYECKUX COCTMHEHUN — rpa-
¢ut. Kazamoch Obl, HE3HAYUTEIBHOEC H3MEHEHUS B
IIPOCTPAHCTBEHHOU CTPYKTYpE COCAUHEHHUsS aTOMOB
yriepoa IpeBpaIlacT caMoe IMPOYHOE COCAUHEHUE

aTOMOB B IIPUPOJE, B camoe Msrkoe. [IpuurnHa Takoro oTiM4us B CBOMCTBAX ITUX COCIUHEHUN
yraeposia C 3aKIr04atoTcs B pa3IMYHbIX BHEITHUX YCIOBUSX, IPU KOTOPHIX OHU 00Pa3yrOTCS.

H
0
C
H

K ornasneHuto

Puc.4.3.3. [IpocTpaHcTBEHHAasi CTPYKTYypa yriie-
poaHou nenoyku. CoeauHssCh B IIEMIOYKH, aTOMBI
yriepoaa C MOTYT cO37aBaTh MOJIEKYJIbI B COTHH ThI-
Cs4, MUJUIMOHBI aTOMHBIX enuHull. [Ipu 3TOM, Takue
MOJIEKYJIbl BIUSIOT Ha OKPYXKAIOIUHA MUKPOKOCMOC
HEpPaBHOMEPHO, CO37aBasi BOKPYT ceOs aHHU30TPOI-
HYIO CTPYKTYPY MHUKPOKOCMOca. BO3MOXHOCTH CO-
3/1aBaTh aTOMaMHM yIJiepojia MOoJA0OHbIE COSUHEHUS
ONPEAEIAETCS TEM, UTO OH — YEThIPEXBAIICHTHBIM.
VIMEHHO 3TO CBOMCTBO JIEKTPOHHBIX 000JI0YEK aTo-
MOB yTJepoja CO31aéT CIEKTp KauecTB, Oyaromgaps
KOTOPBIM, CTaJl0 BO3MOHBIM IIOSIBJICHUE KU3HHU.
Tak Ha3pIBacMbl€, BHEITHUE JIEKTPOHBI aTOMOB yT-
Jepoaa CIOCOOHBI CO3/aBaTh COCAMHEHHUS C BHEI-
HHUMU 3JIEKTPOHAMHU JIPYTUX aTOMOB B MEPIECHANKY-
JSPHBIX OTHOCUTENBHO APYT ApYyra HaIpaBJICHUSX.
NmeHHOo 3TO CBOMCTBO MO3BOJISIET aTOMaM yIJIEPOaa
C co3pmaBath pa3nuM4Hble TPOCTPAHCTBEHHBIE COEIU-
HEHMUSL.
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C — aromsl yriiepona.
H — aromsl Bogopona.

Puc. 4.3.4. TlpocTtpaHCcTBeHHass CTPYKTypa IHUTO-
3WHA, OJTHOTO U3 YETHIPEX HYKICOTUIOB, CTPYKTYPHO 00-
pasyromux Mojekyasl JJHK u PHK. Coeaunsisacs Mexmy
co0oi, HyKJIeOTU IbI 00pa3yroT crupanu monekyn JHK
u PHK, xotopsie sBisitoTCs QyHIaMEHTOM >Xu3HU. Yy0
KU3HU POKIACTCS, KAK CIECICTBUE KAUECTBEHHO APYroro
MIPOCTPAHCTBEHHOTO COEAWHEHHS] aTOMOB YIJIEpOJa
Mexay coooil. [logoOGHas mpocTpaHCTBEHHAsI CTPYKTypa
COCJIMHEHUSI aTOMOB Yyriiepoaa 00pa3yercss B BOJHOM
cpelie BO BpeMsi aTMOC(EpHBIX pa3psaoB AJIEKTPUIECTBA.
Tpu Buga coeMHEHHsS] aTOMOB yriepoja Mexay coOoii
MTOPOKIAIOT TPU BUJA IPOCTPAHCTBEHHOW OPTaHU3ALNHU
MaTepuu — H30TPOIHYIO CTPYKTYpY ajJMasa, U30TpOI-
HYIO I10 IBYyM MPOCTPAHCTBEHHBIM HAIlPaBJICHUSIM U aHU-
30TPOIIHYIO 110 OJTHOMY, CTPYKTYpy rpadura u, HaKOHell,
AHU30TPOITHYIO 10 BCEM ITPOCTPAHCTBEHHBIM HAIpaBJe-
HusM, cTpykTypy modekyn JHK u PHK. Takum oOpa-
30M, aHU30TPOIHOCTh MAaTEPHUH SABJSIETCS HYHIAMEHTOM >KU3HH.

C — arowmsl yriaepoaa.
H — aromsl Bogopoaa.
O — aToMbl KUCTIOpOIa.
N — aToMsbI a30Ta.

Puc.4.3.5. IlpoctpaHcTBeHHass CTPYyKTypa Cer-
MenTta mosiekyinsl PHK, npencrapistoias codoii moce-
JIOBATEIbHOE COCAMHEHUE B IECMOYKY HYKJICOTHUIOB —
ryaHWHa, aJ€HWHA, THMUHA W LUUTO3WHA. MOJeKysp-
HBIW BEC 3TOM MOJIEKYJIBI COCTABIISIET COTHU THICSY, MUJI-
JIMOHBI AaTOMHBIX €IMHUIL U PACIIPEICIIEH HEMPOTIOPIINO-
HAJIbBHO B PAa3HbIX MPOCTPAHCTBEHHBIX HAIPABJICHUSIX,
YTO U SBJISIETCS YHUKAJIBHBIM CBOMCTBOM 3TOM MOJIE-
KyJibl. [IpocTpaHcTBEeHHass aHU30TPOMHOCTH MOJEKYJI
JHK u PHK sBisieTcst HeOOX0IUMBIM YCIIOBHEM 3aPOIK-
JIeHUs KU3HU. IMEHHO NMPOCTpaHCTBEHHAs: HEOIHOPOA-
HOCTh Ha ypOBHE MUKPOKOCMOCA CO3/1aéT HEOOXOIUMbIE
Y JIOCTaTOYHBIE YCIOBHUS IS MOSIBIICHUS KUBOW Mare-
pun. s HEXKMBOU MATEPUU XAPAKTEPHO HAIMYUE HU30-
TPOITHOW, CHMMETPUYHON IIPOCTPAHCTBEHHOW OpraHu3a-
uuu  Marepuu. IIpocTpaHCTBEHHass M Kadye€CTBEHHas
aCUMMETpPHST — HEO0OXOUMBbIE YCIIOBUS JIJIsl )KUBOM Ma-
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tepun. He mpaBaa nu, 1000ONBITHRIA TApagoOKC MPUPOAbI? ACUMMETpPUS — KUBas MaTepusl.
IIpocTpancTBEHHAsT HEOMHOPOAHOCTD SIBISAETCS HE TOJIBKO MPUYUHOU POKICHHUS 3BE3N U «UEP-
HBIX JIBIP» BO BCEJIEHHOM, HO U IPUYUHON Yy1a MPUPOJBI — KU3HHU.

Sugar Unit Puc.4.3.6. [IpocTpancTBEHHBIN BUJ C TOpLIA MOJIE-
kya1 PHK u JTHK. Criupanu 3Tux MOJEKyJ CO3Ja0T B
MUKpOTPOCTPAHCTBE KaK OBl TyHHENb, BHYTPEHHUU
00BEM KOTOPOTO MMEET paJuajIbHBINA Mepena MepHO-
ctu. Bayrpu cnimpaneir mosiekyn PHK u IHK cozna-
€TCs aHU30TPOIIHAsA CTPYKTypa MHUKPOIPOCTPAHCTBA.
Bo3Hukaet cBoeoOpa3Has 3acachIBarolasi BOPOHKA JJisi
BCEX MOJIEKYJI, KOTOPBIE NPU CBOEM ABUKCHUHU BHYTPU
KJIETKH MONa/aloT B «OMACHYI0» OJIM30CTh OT MOJIEKYJ
JAHK u PHK. He npaBna nu, 1000mbITHAS aHAJIOTHSA C
«4€pHOU IBIPOI», KOTOPAsl 3acachIBacT B ceOs 0010
MaTepuIo, NOMAaBUIYIO HA €€ «TEPPUTOPHUIO» — 00JIACTh
MIPOCTPAHCTBA, B MPe/esiax KOTOPOro JAEUCTBYET U30bI-
ToyHoe npuTskeHue. Kak B cioydae monexkyn JAHK u
PHK, Tak u B cityyae «4€pHBIX JIbIP» 3aCaChIBAHUE Ma-
TEPUU MPOUCXOINUT B PE3YNIbTATE HANUYUS HEKOTOPOTO
IOCTOSIHHOT'O IIepenaja MEPHOCTU B 30HE PacIIOyIOxKe-
HUS 9TUX MaTepuaIbHbIX 00BEKTOB. Paznuuue TobKo B
BEJIMYMHE 3TOTr0 Ilepenaga MEpHOCTH U B TOM, 4To B cirydae Mosekys IHK u PHK umeror mecto
IIPOLIECCHI, IPOUCXOIAIINE HA YPOBHE MUKPOIIPOCTPAHCTBA, a B CIIy4ae «YEPHBIX ABIP» — MaK-
POIPOCTPAHCTBA.

Puc.4.3.7. CnupaneBuaHasi HpOCTPAHCTBEHHAS
dbopma monekyn PHK u JIHK oGecneuuBaet coszna-
HUE BO BHYTPEHHEM OO0BEME 3TUX MOJEKYJ aHU30-
TPOIIHOTO MUKPOIPOCTPAHCTBA. PannanbHbld U TIPO-
JIOJIBHBIN TIepernajibl MEPHOCTU, HAaKJIAbIBAsSICh JIPYT
Ha JIpyra BO BHYTPEHHEM 00bEME cCriupasieid MOJIEKYJ
PHK u IHK, co3maroT npooJbHYIO CTOSTYYIO BOJIHY
nepenaaa MepHoctd. IlomoOHas mpocTpaHCcTBEeHHas
CTPYKTYypa CO3/1a€T JOBYIIKY JIJIsl BCEX APYIUX MOJe-
KYJI, KaK OpraHU4eCcKOro, Tak 1 HEOPraHU4ECKOT 0 Mpo-
UCXOXkIeHus. B pe3ynbraTte OpOyHOBCKOTO JIBUYKEHUS
MOJIEKYJI BHYTPU KJIETKH, OHM OKa3bIBalOTCS BOJIU3U
monekynsl PHK wm JHK. Paguansaeii nepemnan
YPOBHSI MEPHOCTH BHYTPH CIIHPAJICH 3TUX MOJIEKYJI 3a-
CTaBJISCT, OMABIIINE BO BHYTPEHHUN 00BEM crinpasieit
MOJIEKYJIbl IBUTAaThCS BIOJIb, TAK HA3BIBAEMOM, ONTH-
yeckoit ocu monekysn JIHK u PHK. IIpu cBoém nBu-
KE€HUU BO BHyTpeHHeM 00beMe criupaseit monekyn JHK unu PHK, «mieHEHHBIC» MOJEKYIIbI
MOMAIAI0T MO/ IEUCTBUE NIEPENATOB YPOBHENW MEPHOCTH.
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1. AnuzoTtponusiii BHyTpeHHUI 00béM criupanu PHK nmn JIHK.
2. Ilepenan (rpaueHT) MEPHOCTH MUKPOIIPOCTPAHCTBA BIOJIb OCH Y.
3. Ilepenan (rpaiueHT) MEPHOCTH MUKPOIIPOCTPAHCTBA BJIOJIb OCHU Z.

4. Crosiuast BoJIHA Tepernaia MEPHOCTH MUKPOIPOCTPAHCTBA BHYTPEHHETO 00BhEMa criupa-
ner Mmonexkyn PHK u IHK Brons ocu X, COBITaJAOMIEN C OChIO 3TUX MOJIEKYII.

5. [Inenénnas BHewHsA Mojekya D.

L vicn Louicn Puc.4.3.8. [lonaBiue Bo BHyTpeHHHU 00bEM CITHU-
2.90000 2! 4 o _
" L ks paneit PHK u JIHK Monekyiibl, 1101 BO3AEHCTBUEM pa

2.89990 JUAIBHOTO TEpernaja MEPHOCTH BBIHYKJICHHO HauH-

.

:m Y 20905 Z naor JIBUTAThCA BIOJIb OCU criupayid. [Ipu cBoEM nBuU-

—» KEHHUH BJOJIb OCH, INICHEHHAsE MOJIEKYJIa IOIa1aeT MO/

X npononpHbIE Tepenagsl MEpHOCTH MUKPOIPOCTPaH-

CTBa, CO3JaBAEMbIC CTOSYEH BOJHOM MepHOCTH. Jljist

OOJIBIIMHCTBA TUICHEHHBIX MOJIEKYJI 3TOT TNepenaj 3a-

MPEICIbHBIN U MPUBOJUAT K TOMY, YTO 3TH MOJIEKYJIbI

HAYMHAIOT paclaaThCsl HA MEPBUYHBIC MATEPUU UX 00-
pa3yloiue.

1. AHM3OTPOIHBIA BHYTPEHHHIA OOBEM CIMpau
PHK v JHK.

2. Ilepeman (rpaaveHT) MEPHOCTH MHUKPOIPO-
CTpPaHCTBA BAOJb OCH Y.

3. Ilepenag (rpaauMeHT) MEPHOCTH MHUKPOMPO-
CTpaHCTBA BAOJIb OCHU Z.

4. Crosiuast BoJIHA Iepernajia MEPHOCTH MUKPOIPOCTPAHCTBA BHYTPEHHETO 00bEMa criupa-
nen Monexkyn PHK u IHK Brons ocu X, COBITaJArOIIER C OCbIO 3TUX MOJIEKYJI.

L vicw L uicn
2.90000 2

2.89995
2.89990
2.89985

5. [Inenénnas BHewHsAa Mosekyna D.

’

aL, Puc.4.3.9. [lon Bo3AEHCTBUEM NPOJOIBHBIX TIE-
peMnaioB MEPHOCTH BAOJIb OCH CITUPAJIN MOJIEKYJIa OKa-
3BIBAETCSA B HEYCTOWYMBOM COCTOSIHUM M, KOTJa pac-
KauKa JOCTUTHET KPUTHUYECKOW BEIMYUHBI, TPOUCXO-
JUT pacnaj 3Tol MoJieKyasl D Ha mepBUYHBIE MaTe-
pun, e€ obpaszyromue. [Ipu 3ToOM, MPOUCXOIUT CUHTE3
Mosiekyn D' ¢ TakuM ypoBHEM COOCTBEHHOW MEpHO-
CTH, IIPU KOTOPOM 3TH MOJIEKYJIBI COXPAHSIOT CBOIO
YCTOWYHUBOCTD I10J BO3JAECHCTBUEM MPOJOJIBHBIX MEPE-
I1aJI0B MEPHOCTU CTOSTYEN BOJIHBI CIIMPAIIA MOJIEKYJIBI
PHK vwu JIHK. O1u, ycToluuBbIe K 0I00HBIM TIEepe-
najaM BHOBb CHUHTE3UPOBAHHBIE U3 IIEPBUYHBIX MaTe-
pUid MOJEKYJBl SBJISIOTCS TOKCHHAMM, LIJAKAMU M

7
-
X
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JOJHKHBI OBITH BBIBEJICHBI U3 OpraHu3Ma. Takum o0pa3oM, BO BHYTpEeHHEM 00bEME criupaneii Mo-
nekyn JHK u PHK npoucxondar simepHble peakuuu pacnajga u cuHre3a. Ho 3to — siaepHbie
peaKuuu Apyroro THma, Korja pacnaay nOABEPraroTCs BHEIIHUE MOJIEKYJIBI, IOMABIINE B «JIO-
Bymiky» crupaneii monexyn PHK vnu IHK. Ho, Tem He menee, pakT octaércs hakTom, B KUBOI
MAaTEpUH MPOUCXOAT ANEPHBIEC PEAKIIMU PACIIEIUICHNS U CHHTE3a MOJIEKY. 1 HUKakoro npotu-
BOpEYUS B 3TOM HET; B )KUBOW MaTEPUU SIICPHBIC PEAKIIUH TPOUCXOJIAT TOJIBKO BHYTPH CIIUpAJICH
mosekya JHK u PHK, B MukpockonmdeckoM 00bEMe, KaKUMHU Obl OOJIBITUMHU HE ObLITH OBl 3TH
MOJIEKYJBI. 1 TIpu 3TOM, HE BO3HHUKAET LIEMHOM peaklMK, KaK B CIy4ae KIACCUYECKUX SAEPHBIX
pEaKIuu.

1. Aauzotponnsiii BHyTpeHHUN 00bEM crinpanu PHK nnu JHK.
2. Ilepenan (rpaAleHT) MEPHOCTH MUKPOIIPOCTPAHCTBA BAOJIL OCH Y.
3. [lepenaz (rpaaueHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BJIOJIb OCHU Z.

4. Ctostyast BOJIHA Tiepernajia MEpHOCTH MUKPOIIPOCTPAHCTBA BHYTPEHHEro 00bEMa crivpa-
ner mosiekyn PHK u JIHK B1oJsib ocu X, cOBIaAaromien ¢ OCbIO 3TUX MOJICKYJI.

5. [Inenénnas BHewHsA Mojekyna D.

Puc.4.3.10. ®opmupoBaHue Ha BTOPOM Ma-
TepUAIBHOM ypoBHE Konuu MoJiekyinsl PHK wnu
JAHK Tak Ha3pIBa€MOro, BTOPOro MaT€pUaIbHOTO
Tea. ITO TEJIO CO3MAETCA U3 IEPBUYHON MaTEPUHU
G. KayecTBeHHOE OT/IMUME MEXKIY (PU3HUECKU
IUIOTHOM M BTOPOM MaTepHalbHOU cepamu, CO-
CTOUT B OTCYTCTBMM Ha BTOPOM MaTepUaJIbHOM
ypoBHe nepBuuHOi Matepun G U, Korma B 30HE
BisiHus cnupanerd Monekysl PHK wm JHK uc-
Yye3aeT KaueCTBEHHBIN Oaphep MeXIy (HU3ndecKu
IJIOTHOW M BTOPOM MaTepuaibHOl chepamu, mpo-
HCXOJIUT BOCCTAHOBJIEHHME KadyeCTBEHHOro Oa-
JIaHCA IO MIEPBUYHBIM MaTtepusiM. Bropoe Marepu-
anbHOE Teslo (popmMupyercs U3 MEepBUYHON Mate-
pUH, KOTOpas BBICBOOOXKIAETCS MpHU paculierie-
HUM MOJIEKYJl Ha MaTepuu UX O00pa3yrollue BO
BHyTpeHHeM 00béMe cnmpanieid mosekyn JHK u
PHK. Mukpockonuyeckue KHUBBIE «UEPHBIC
IBIPBI» B KJIETKaX 00eCHeunBarOT HEMpeKpala-
HIUICS MOTOK BHICBOOOAMBILKXCSI IEPBUYHBIX Ma-
TEpUM Ha BTOPOM MaTE€pPUAIBHBIA YPOBEHb, YTO
o0ecrneunBaeT MOCTOSTHHOE MOANUTHIBAaHUE BTOPBIX MaTEpUaIbHBIX TEJ MEpBUYHON MaTepueit G,
WX CTaOUITLHOCTD.

1. ®uznuecku motHas monekyna PHK.

2. Bropoe marepuanbHoe Teno moliekyinsl PHK.
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Puc. 4.3.11. Monekynst PHK
wm JJHK co3aarT He TOJIBKO CTOSI-
Yy BOJIHY MEPHOCTH BO BHYTPEH-
HEM 00BEME, HO M CO3JIAl0T BOKPYT
ce0s mepernai MepHOCTH MUKPOIIPO-
cTpaHcTBa. B pe3ynprare 3TOro, Bo-
KpYT CHHUpajeil 3TUX MOJIEKYJ 00pa-
3YIOTCS CIIOM, HUMEIOIIUE TOXKIe-
CTBEHHBIE YPOBHU MEPHOCTH. Bius-
HUE CHOUpalied 3TUX MOJIEKYJ Ha
BHEIIIHEE IIPOCTPAHCTBO  3HAYU-
TEJIbHO MEHBIIE BIUSHUA Ha Mep-
HOCTh MMKPOIPOCTPAHCTBA BHYT-
peHHero o0bEMa crimpaneit MOJIeKy
PHK wiu IHK. Tem He meHee, Ha
YPOBHE MMKPOIPOCTPAHCTBA CIIH-
pajy 3TUX MOJIEKYJI BBICTYIIAIOT, KaK
LHEHTpbl JlepopmManum  MHKpPOIPO-
crpanctea. Monekynsl IHK 1 PHK
Ha YpOBHE MHMKPOKOCMOCAa HMEIOT
JIBOMCTBEHHBIE CBOMCTBA. JTH MO-
JIEKYJIbl OZJTHOBPEMEHHO SABIISIOTCS U
aHaJoraMu «4€pHBIX ABIP» U 3BE3JI-
HBIX CHUCTEM Ha ypPOBHE MHKpPOIIPO-
cTaHcTBa. BHyTpeHHUN 00BEM Mo-
nekyn PHK u JIHK mnpossaser
CBONMCTBA, AHAJIOTUYHBIE «YEPHOMN

JBIPE» MAaKpOIPOCTPAHCTBA, B TO BPEMs, KaK BHELIHUN 00BEM 3TUX MOJIEKYJI MPOSBISET CBOM-
CTBa, AaHAJIOTMYHBIE 3Be31e. Bce qpyrue MoseKyJibl, nonajas B MOJI€ MPUTSHKEHUS dTUX «3BE3ID»
— «YEPHBIX JIBIP» MUKPOIPOCTPAHCTBA WJIA BTATMBAIOTCS BO BHYTPEHHUI 00BEM crimpanieil Mo-
nexkyn PHK wiu JHK, rae pacniagatoTcst Ha IEpBUYHBIE MATEPUU UX O0Pa3YIOIIUE, UTU OCEIal0T
Ha YPOBHSX TOXKJIECTBEHHON MEPHOCTH, KOTOPbIE BO3HUKAIOT BOKPYT ATUX MOJEKY. [lepBruuHbIe
CTPYKTYpPBI MOJIEKYJIbI O€JIKa, onajaas B nojie nputsbkenus cnupaneit monexyn PHK nin JHK,
HAaYMHAIOT OCENAaTh HA YPOBHE TOXKIECTBEHHON MEPHOCTH Lpy.

1. ®usnuecku otHas monekyna JHK wim PHK.

2. benkoBas 000J104Ka.

3. [lepenag MEpHOCTH MUKPOMPOCTPAHCTBA CO3AaBAEMbI BHYTPEHHUM OOBEMOM MOJIE-

kyasl JJHK nnu PHK.

4. TlepBUuHBIE CTPYKTYPHI MOJIEKYJT O€JiKa.

P — aMHUHOKHCIIOTHI OEJIKOB.

R2 — cBoOOHBIE pauKaIbl aMUHOKUCIIOT OCJIKOB.

Lpr — ypOBEHB TOKIECTBEHHOM MEPHOCTU MEPBUYHOMN CTPYKTYPhI MOJIEKYJIbI O€Ka.
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Puc. 4.3.12. Co BpemeHeM,
NEPBUYHBIX CTPYKTYp MOJIEKYII
Oenka, 3aXBau€HHBIX TOJEM MpH-
TsokeHuss mosekyn PHK n THK,
CTAHOBHTCS BCE OOibIIe W
6ompie. PacnionoskeHnpie OJIM3KO
JIPYT K JIPYTy, MIEPBUYHBIC CTPYK-
Typbl MOJICKYJIbI OeJka, IMOoCpe/-
CTBOM BOJIOPOJHBIX CBSI3CH M pa3-
HOOOpAa3HBIX CBSI3EH MEXKIYy paau-
KaJlJaMd aMHHOKHCJIOT, 00pa3yro-
X TICPBUYHBIC CTPYKTYPHI O€II-
KOB, HAUYMHAIOT CO3/1aBaTh BTOPHY-
HYIO CTPYKTYpY Oernka.

B omnmmume ot ¢BOOOAHOrO CHH-
Te3a 0eJIKa U3 IEPBUYHBIX CTYKTYP
OeJIka, COCAMHECHUE MOCIIECTHUX
MPOUCXOJIUT HE MPOU3BOJIBHO.
VY iepxuBaemble MOJIEM MPUTSKE-
Hus ciiupanu Mosekyinsl PHK wimn
JAHK, nepBuuHbBIE CTPYKTYpBI
OeJika BBIHYKJICHHO COCTUHSIOTCS
BJIOJb YPOBHSL TOXIECTBEHHOM
MepHOCTHU. B pe3ynbTaTe 3T0ro Ha
YPOBHE TOXIECTBEHHOW MEpHO-
ctu Lp; HaunHaeT popmMupoBaThCs
OenmkoBass 0007109Ka BOKPYT CITH-

pamu monekynsl JIHK nim PHK. YpoBeHb TOXIECTBEHHON MEPHOCTH BOKPYT CIIMpael MoJe-
kyl1 PHK n IHK BrIcTymaer, kak OpraHu3yromiee moJie, 3aCTaBIISIOIIEe IEPBUYHBIE CTPYKTYPBI
Oernka, 3aXBaueHHBIC «TIOJIEM TATOTEHUS CIIUPAIH, COEAUHATHCS B OTIPEACTIEHHOM MOPSIIKE, KaK,
HaIlpyuMep, CHJIOBBIE JUHUA MarHUTHOTO TOJISI BBIHYKJAKOT KPYITMIBI METaIa paclolaraTbCs
10 KOHTYpPaM 3TUX CUJIOBBIX JIMHUM, KOTOPBIE, 110 CYTH CBOEH, SIBJISIOTCS YPOBHSAMU TOXKAECTBEH-

HOM MEPHOCTH, CO3/1aBa€MbIMH MAarHUTOM BOKPYT C€Osl.
1. ®usnuecku otHas monekyna JHK wim PHK.

2. benkoBas 000J104Ka.

3. Ilepenang MepHOCTH MHUKPOIPOCTPAHCTBA CO3/1aBAEMbIii BHYTPEHHUM OOBEMOM MoJie-

kyasl JJHK nnu PHK.

4. I[lepBU4HbBIE CTPYKTYPBI MOJIEKYI OeJKa.

P — aMHUHOKHCIIOTHI OEJIKOB.

Rz — cBoOOHBIE paiuKaIbl aMUHOKUCIIOT OCJIKOB.

Lpr — ypOBEHB TOKIECTBEHHOM MEPHOCTU MEPBUYHOMN CTPYKTYPbI MOJIEKYJIbI O€Ka.
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Puc. 4.3.13. IlocrenenHo Bcé
Oobiee U OoNblIee YUCIO MEPBUY-
HBIX CTPYKTYp OEJIKOB 3axBaThIBa-
€TCSl «IOJIEM TATOTEHUS» CIHUPATH
Monekynsl JHK ninu PHK u BeiHY%-
JIEHHO COEIMHSIOTCS MEXKIy COOOMU
Ha YPOBHE TOXKJIECTBEHHOW MEpPHO-
ctu. Pazmep 6enkoBOro ¢iaos BOKpyr
cnupanu moJiekyiel JJTHK nin PHK
MOCTENIEHHO pacTéT, W HacTylaeT
MOMEHT, Korjia OeJIKOBOE IT10JIe IOJI-
HOCTBIO OKpY>KaeT CIUpaib MoJie-
kyael PHK win IHK. Tak nossmns-
eTcst OenmkoBasi 000JI09Ka Y BUPYCOB.
[TosiBnenue GenkoBoOi 000JIO0UKHU BU-
pyca MOCIYXWJIO HA4aJOM HOBOWU
9PbI HBOJIIOIIMA MAaTEPUU — 3aPOXK-
JIIEHUIO KU3HU. beikoBas 000s104uKka
co3fajia B CBOEM BHYTpPEHHEM OOB-
€Me yCIIOBHSI 3HAYUTEIHHO OTINYAL0-
HIMecs OT YCIIOBUM BHE €€ MPEeEsIoB.
Ona crocoOCTBOBaJla YAEpPHKaHUIO
BHYTpH ce0s1 OpraHMYeCcKuX U HEop-
TFaHUYECKUX MOJIEKYJ, MPOHUKIIHNX
yepe3 3Ty OeNKOBYIO CeTKy. benko-
Basi 000JI0YKa BUpYyca Kak ObI Ipoiie-
KUBaja BOJY MEPBUYHOTO OKEaHa,

coOupasi B CBOEM BHYTpPEHHEM O0BEME paCTBOPEHHBIE B 3TOM BOJE OPraHUYECKUE U HEOPTraHU-
gyeckue MoJieKynbl. [lomobnas ¢punbpTparms MOpCKOi BOJBI MTO3BOJISIA HAKATUIMBATh OpTaHude-
CKHE MOJIEKYJIbl B HEMOCcpeAcTBeHHOM 0m3octu oT criupanu Mosiekyiasl JHK unu PHK. U, ko-
I'/1a KOHLEHTpAUsl OpraHMYEeCKUX MOJIEKYJI JOCTUrajda KpUTHYECKOTO YPOBHSI, BOSHUKAIH YCIIO-
Bus 115 nyonupoBanus moiiekya JJHK wian PHK u GenkoBoit o6onouku. B pesynsTare 3T0T0
Ipoliecca, BO3HMKaa ToYHas konus Bupyca. C 3T0ro MOMEHTa MOKHO TOBOPHUTH O 3apOKICHUN

KHN3HHU.

1. ®usnuecku otHas monekyna JHK wim PHK.

2. BenkoBas 00oJ104UKa.

3. Ilepenang MepHOCTH MHUKPONPOCTPAHCTBA CO3/1aBa€MbIii BHYTPEHHUM O0BEMOM MoJie-

kyasl JJHK nnu PHK.

4. TlepBUuHBIE CTPYKTYPHI MOJIEKYJT O€JiKa.

P — aMHUHOKHCIIOTHI OEJIKOB.

R2 — cBoOOHBIE pauKaIbl aMUHOKUCIIOT OCJIKOB.

Lpr — ypOBEHB TOKIECTBEHHOM MEPHOCTU MEPBUYHOMN CTPYKTYPhI MOJIEKYJIbI O€Ka.

K ornasneHuto

270


http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.4.3.13.jpg

Huxonaii JIeBamos «Heonunopoanas Beenennas»

Puc. 4.3.14. Knetka u e€ BTOpoe MaTepu-
anpHOEe Teno. Kaxnas MoJyieKysna UCKPUBIISIET
MHUKPOIIPOCTPAHCTBO BOKPYT cebsi, clieqoBa-
TEJHHO KMBas KJIETKa, 0Opa3oBaHHAs W3 Opra-
HUYECKUX U HEOPTAHUYECKUX MOJICKYJI, CO3/IaéT
Ha BTOPOM MaTepHaJILHOM YypOBHE nedopma-
U0, TIOJIHOCTBIO MTOBTOPSIIOILYIO BHEITHUI BU
camoil kinerku. Ho, sta nedopmanus ocrasa-
J1ach OBl HE3aIlOJIHCHHOM, eclii OBl HE HaJIN4ne
B kietke moJiekyn JHK u PHK, xotopsie He
TOJIKO OTKPBIBAIOT KayeCTBEHHBIH Oapbep
Mexay GU3MUYECKUM U BTOPHIM MaTepUaIbHbIM
YPOBHSIMH, HO U CO3AI0T YCJIOBUS JIsl pacIlIen-
JICHUS MOJICKYJI Ha TICPBUYHBIE MaTEPUH UX 00-
pasyroIue BO BHYyTPEHHEM 00bEME CBOUX CIH-
paseil.

1. ®u3nyecKku IIOTHAS KJIETKA.

2. Bropoe maTepuanbHOE TENO KIETKU.
3. Snpo kieTku.

4. llenTpuonu.

5. 30Ha CMBIKaHUSA MEXKITY (PU3MUECKUM W BTOPBIM MaTepUAIbHBIM YPOBHSIMH, — JHEpre-
TUYECKUU KaHaJl.

6. Animapat ['oabKu.
7. MUTOXOHIPUMN.
8. DHIoIUIa3MaTHYeCKas CETh.

Puc. 4.3.15. B sape KeTKu TpOUCXOIUT
MPOLIECC PACILEIIIIEHUSI MOJIEKYJ Ha MEepBHUY-
HbIe MaTepuu, ux odbpaszyromiue. OcBoOOMB-
HIMecs IPH STOM TEPBUYHBIC MaTepUU HAUuH-
HAIOT IUPKYJIHPOBATH MO KaHATy, CYIIECTBY-
IOIIEMY MEXIy (U3MYECKH TUIOTHBIM U BTO-
pBIM MaTepuaIbHBIM TeJdamu. [Ipu cBoéM 1BH-
KEHUH OT (PU3MUECKU IJIOTHOTO K BTOPOMY
MaTepUaJbHOMY YPOBHIO, BOCXOJSIINE IIO-
TOKH TEPBUYHBIX MAaTEPUN pa3BOPAUHBAIOTCS
Y HaYMHAIOT JBUTAThCA M0 HANPABJICHUIO Ie-
penana MepHOCTH. Bokpyr ¢u3nuecku miot-
HOM KJIETKM U €€ BTOPOTO MaTepHaIbHOTO
Tejaa UUPKYJIUPYIONIUE NEPBUYHBIE MaTepuu
CO3AI0T U30JIUPYIOLLYI0 000JI0UKY.

1. ®uznuecku IWIOTHOE TEJIO KIIETKH.
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2. Bropoe maTepuanbHOE TENO KIETKH.
3. KnerouHoe spo.
4. llenTpuoinu.

5. DHepreTHUecKuii KaHall MEeXIy (PU3HUUECKU TUIOTHOW KIETKOM U BTOPHIM MaTepHaIbHBIM
TEJIOM.

6. Annapat ['onpmxu.
7. MUTOXOHApUM.
8. M3onupyroiie-3anuTHas 000J104Ka.

Puc. 4.3.16. ®u3uuecku ILIOT-
Hasl KJIETKA CO BTOPBIM U TPETHUM T€-
namu. BTopoe marepuanbHOE TEJIO
KJICTKHM OTJIMYAETCS OT TPETHETO Kaue-
CTBEHHOW CTPYKTypou. Tperbe mare-
pHUaIbHOE TEJIO 00pa3yeTCs CIUSTHUEM
nByX nepBu4HBIX Marepuit G u F, a
BTOPOE€ — OJHOW NEPBUYHOM Mare-
pueit G. OHu BMecTe 00pa3yroT eIu-
HYIO CUCTEMY — CIIEAYIOUIYIO0 CTy-
TICHb 3BOJIIOLINY )KkMBOW Matepuu. [1o-
SBJICHUE y KJIETOK TPEThEro MaTepu-
aJbHOTO TEJIa TIPUBEJIO K 3HAYH-
TEIbHO OOJBIIEH CTAaOMIBLHOCTH,
JKM3HECTOMKOCTH U 0OoJiee BBICOKOH
CTEIICHH TPUCTIOCOOIIEMOCTH K H3-
MEHSIIOIIUMCSl BHELIHUM YCJIOBUSIM
Cpenpl.

1. ®dusmyecku I1JIOTHOE TEIO
KJIETKH.

2. Bropoe marepuanbHOE TEJO
KJIETKHU.

3. KnerouHnoe saapo.

5. DHepreTMyecKkwii  KaHalu
MeXTy GU3HUECKH MIIIOTHON KIETKOM,
BTOPBIM U TPETHUM MATEPUAIbHBIMU TEIAMHU.

6. Annapat ['onpmxu.

7. MuTOXOHIpUH.

8. DHAoImIa3MaTuuecKas CeTh.
9. LlenTpuoinu.

10. Knerounoe sanapo.
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Puc. 4.3.17. ®u3nuecku Ma0THas KJIETKa CO BTO-
PBIM, TPETBUM U YETBEPTHIM MATEPUAIBHBIMU TEJIAMH.
YeTBEpPTOE MaTEpUATBHOE TEJI0 00pa3yeTcs CIUTHUEM
Tpéx nepBuuHbIX MaTepuit G, F u E, Tpetbe matepu-
aJIbHOE TEJIO 00pa3yeTcs CIAUSIHUEM JABYX MEPBHUYHBIX
matepuii G u F, a BTopoe MaTepuaabHOE TEJI0 — O/I-
HOU mepBuuHOM Martepueil G. Hamuuue verBEpTOro
MAaTEPUAJIBHOIO TEjla — 3TO CIEAYIOLINN Ka4eCTBEH-
HBI CKA4YOK B Pa3BUTHUM YXUBOM MaTE€pPUU, BO3MOXK-
HOCTb JUISl Pa3BUTHUS CO3HAHMUS HA KAYECTBEHHO ApPY-
I'OM 3BOJIIOLIMOHHOM YpOBHE.

1. ®U3nyeCKH TIIOTHOE TENO KIETKH.

2. Bropoe MaTepuainbHOE TENO KIETKHU.

3. TpeTbe MaTEpUATBbHOE KIETKHU.

4. YeTBEpTOE MaTEpUATBHOE TEIO KIETKHU.

5. DHepreTHuecKkuid KaHall MEXAY (QU3NYECKU
TUTOTHOW KJIETKOU, BTOPBIM, TPETHUM U YETBEPTHIM Te-

JIAMH.
6. Annapat ['onabmxu.
7. MuTOXOHApUM.
8. DHJI0IIa3MaTHYECKas CETh.
9. LlenTpuonu.
10. Knerounoe sapo.

Puc. 4.3.18. Ecou ximetka umeer Qpu3ndecku
IUIOTHOE TEJIO U BTOPOE MaTepuaibHOE Telo (M3Ha-
qanbHas KJIETKa), TO, TOCIe pa3pylIeHusl Uin TH-
Oenu QU3MYEeCKH MIOTHOTO Teja, BTOPOE MaTepu- 4
anbpHOE TENO He ucuesaeT. [loToku nepBruyHON Ma-
tepun G, MpOHW3BIBAIONINE BCE MPOCTPAHCTBO
TUTAHETHI, HACHIIIAIOT CO0O0W BTOpPOE MaTepHallb-
Hoe Telno. B pesynbTare 3TOr0, BTOpoe Marepualib- 3
HOE TEJIO COXPAHSAET CBOIO LIEJIOCTHOCTh U IOCIIE
noTepu (PU3MYECKH IUIOTHOTO Tejla, KOTOPOe CO-
3nano ero. EctecTBeHHO, HACHIIIEHHE BTOPOTO Ma-
TEPUAIILHOTO TeJla 3HAYUTENBHO OTINYAETCA OT 2
HACBILIEHUS Yyepe3 (PU3HUECKU TUIOTHOE TEJO0, HO
TEM He MEHee, OKa3bIBACTCS JOCTATOYHBIM JJISl CO-
XpaHEHUs IEJIOCTHOCTH BTOPOTO MaTEpUAIbHOTO
tena. [Ipu aToM, BTOpoe MaTepuanbHOE TENO OKa- 1
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3BIBAETCS KaK ObI «3aMOPOKCHHBIM» U 3TO COCTOSAHHUC 6YI[CT COXPaHATBCA 10 TCX IIOP, ITOKA HC
BOCCTAHOBHUTCA (bHSH‘—I@CKI/I IIJIOTHOE€ TCJIO.

2. Bropoe maTepuanbHOE TEJIO KIETKU.
5. TonmmuHa BTOPOTO MaTEpUAIIBHOTO TEJA KIETKH.

G — IlepBuyHas MaTepusi MPOHU3BIBAIOIIAS IPOCTPAHCTBO M HACHIIIAIOIIAs BTOPOE MaTe-
pHAJIBHOE TEJIO.

Puc. 4.3.19. Ecnu kietka uMeeT (PU3NYECKH TUIOTHOE
TEJ0, BTOPOE U TPEThE MaTepUalibHbIE TeJa, TO MOCIE pa3py-
HIEHUS] WIK TUOenu (pU3NYeCKH IIOTHOTO Tella, BTOPOE U
TpPEeThe MaTepualbHble Tena He ucuesaroT. [loToku nepBuy-
HeIX Matepuu G u F, mpoHu3bIBaronre BCE€ MPOCTPAHCTBO
IUTAHETBI, HACBIIIAIOT CO00H, KaK BTOPOE, TaK U TPEThE MaTe-
puanbHble Tena. B pe3ynpraTe 3T0r0, Kak BTOpoe, Tak U Tpe-
Th€ MaTE€pPUAIBHBIC TeJa COXPAHSIOT CBOIO LEJIOCTHOCTH U
mocJie moTepu (HPU3MUECKU IIIOTHOTO TeNa, KOTOPOE CO3/aJI0
ux. EcTecTBeHHO, HACBIIIIEHNE BTOPOTO U TPETHETO MaTEPH-
ANBHBIX TEJI 3HAYUTEITHLHO OTIMYACTCS OT HACHITIICHUS MX Ye-
pe3 (u3nUecKky MIOTHOE TElO0, HO TEM HE MEHee, OKa3bIBa-
€TCS1 JOCTATOYHBIM TSI COXPAHECHHSI MIX 1IEJIOCTHOCTH.

2. BTOpOG MAaTCpHUAJIbHOC TCJIO KIICTKH.

3. TpeTbe MaTCpUAJIBHOC KIICTKH.
5. TOJ'IIIII/IHa BTOPOI'O MAaTCPpUAJIBHOI'O TCJIa KIICTKH.

GuF— IICPBHUYHBIC MATCPHUH, IIPOHU3BIBAIOITHC IIPOCTPAHCTBO M HACBIIIAIOIIKUE BTOPOC U
TPCTHC MATCPHUAJIBHBIC TCJIA.

Puc. 4.3.20 Ecnu xinerka umeer GuU3NUECKH IUIOT-
HOE TEeJI0, BTOPOE, TPEThE M YETBEPTOE MaTEpHAIIbHbBIE
Tela, TO TOCJe pa3pylleHus Wi Tuodenu (puzndecku
IJIOTHOTO TeJa, BTOPOE, TPEThE U YETBEPTOE MaTEPHAIIb-
HBIC TeJa He ucue3aroT. [loToku nepBuvHBIX MaTtepuii G,
F u E , npoHussiBatoniye BCE€ MpOCTPAHCTBO IMJIAHETHI,
HACBIIIAIOT COO0N BTOPOE, TPEThE U YETBEPTOE MaTEPHU-
anbHbIE TeNa. B pe3ynbTaTe 3T0ro BTopoe, TpeThe U UeT-
BEPTOE MaTE€pUaAIbHBIE TENA COXPAHAIOT CBOKO LIEJIOCT-
HOCTb U TIOCJIe OTepH (U3UUYECKHU IIIOTHOTO Tena. [Ipu
ATOM HACBIIICHUE 3TUX TEJl STUMU MEPBUYHBIMU MATEPHU-
AMU OYJET OTJINYAThCsl OT HACBIILIEHUS X depe3 (hu3u-
YECKH IIJIOTHOE TEJNO.

2. Bropoe MaTepHaiIbHOE TENO KIETKU.

3. TpeTbe MaTepuanIbHOE KIETKHU.

4. YeTBEpPTOE MAaTEPUATIBHOE TEJO KIIETKHU.
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5. TonmuHa BTOPOT0 MaTEPUAIBLHOTO TEJA KIETKH.

G, F u E — nepBuyHbIle MaTepun, MPOHU3BIBAIONINE TPOCTPAHCTBO M HACHIIIAIONIHE BTO-
poe, TPEThE U YETBEPTOE MAaTEPUAIIBHBIE TENA.

Puc. 4.3.21 IlepBas daza nenenus kietku. Ko-
rja KOHIICHTpAIUs OPraHMYECKUX BEIECTB, BO3-
HUKIIIUX B KJIETKE B pe3ynbTare (OTOCUHTE3a WIH
TOTJIOIIEHBIX KIIETKOW M3 BHEIIHEW CPEAbl CTAHO-
BUTCA KPUTUYECKOW, OHA TEPSET CBOI YCTOWYU-
BOCTh, U HAUUHAETCS TIpoliecc aenenus. Llentpuonu
KJIETKH PacXOoAsATCS MO MPOTUBOIOJIOXKHBIM TOJIIO-
caM KJIETKHU U CTaHOBATCS LIEHTPAMH, BOKPYT KOTO-
PBIX ¥ IPOUCXOJUT MPOLIECC ACICHUS.

1. ®u3nyecku IOTHAS KIIETKa.
2. Bropoe maTepuanbHOE TENO KIETKU.

3. KnerouHoe sapo.

4. KnetoyHsle LIEHTPUOJIH.

5. Kanain, mo KOTOpoMy LUPKYJIHPYIOT MaTe-
pumn.

6. Annapat ['oiabmxu.

7. MUTOXOHIPUMU.

8. DHomIa3MaTu4ecKas CeTh.

9. XpoMocoMsl siapa.

Puc. 4.3.22. benkoBble HHUTH TOATATHBAIOT K
IIEHTPUOJISIM XPOMOCOMBI M3 CTApOTO Sapa KICTKH, U
ATO SBJISIETCS HadajaoM (OPMUPOBAHUS JABYX HOBBIX
KJIETOK. B Hauase HOBBIE si/ipa coJiepKaT MOJTOBUHHBIN
Ha0Op HEOOXOIUMBIX XPOMOCOM, TTIOATOMY JBa KaHaJIa
UMH CO3/aBaEMbIX MPAKTHYCCKH SKBHUBAJICHTHBHI Ka-
HaJly sijjpa J0 Hadasa JiejeHusi. MepHOCTh MUKPOKOC-
MOCa KJICTKH ITOYTH HE U3MEHSETCS M COXpaHseTcs Oa-
JIAHC TTOTOKOB MEXTYy (PM3NYECKUM U BTOPHIM MaTEpH-
aJIbHBIM YPOBHSIMU KJIETKHU.

1. ®usnuyecku 1I0THASA KJIETKA.

2. Bropoe maTepHuanbHOE TEJIO KIETKH.

3. Knerounoe spo.

4. KnetouyHsle LIEHTPUOJIN.

5. Kanain, no KOTOpoMy HUPKYJIUPYIOT MAaTEPUH.

6. Annapat ['onbmxu.
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7. MUTOXOHApUH.
8. DHIOMIIa3MaTUYECKas CETh.
9. XpomMocoMHI siapa.

Puc. 4.3.23. Kaxxias xpomocoma B TaKux iJi-
pax U3 HAKOIUICHHBIX B KJIETKE OPTaHUYECKUX Be-
IIECTB HAYMHAET BOCCO3/1aBaTh CBOETO 3€pKalb-
HOI'O JBOWHHUKA, YTO SBJIETCA €CTECTBEHHBIM
CTPEMJICHUEM JTI00O0M CUCTEMBI K COCTOSTHUIO MaK-
CUMaJbHOM ycToMuuMBOCTU. Ilpm 3aBepuieHuun
ATOr0 MpoIecca, BHYTPU OJIHOM KJIIETKH 00Opasy-
IOTCS JBA S]Ipa, KAKI0€ U3 KOTOPBIX UMEET KaHaI,
110 KOTOPBIM MaTepus IepeTeKaeT Ha BTOPOU Mate-
pUAIIbHBIN YPOBEHB.

1. ®usnuecku mWiIoTHAI KJIETKA.

2. Bropoe maTepuanbHOE TENO KIETKH.
3. KnerouHoe snapo.

4. KnetouyHble LIEHTPUOJIH.

5. Kanan, no KoTopoMy HUPKYJIUPYIOT MaTEPHH.

6. Anmapat ['onbaxu.

7. MuTOXOHApUM.

8. DHAoIIa3MaTuyecKas CeTh.

9. XpoMocoMsl siapa.

Puc. 4.3.24. [lpu pacnage pu3uyecku MIOTHOM
KJIETKH (OpMUpPYETCS BTOPOE MaTepUalbHOE TEJO
kieTku. [Ipuuém, konneHTpanus Matepun G BO BTOPBIX
MaTepHUalbHBIX TeJaX KJIETKA B HECKOJIBKO pa3 MPeBbI-
maeT 0alaHCHOE COOTHOIIEHHE AJIE BTOPOrO MaTepH-
aNbHOTO ypOBHs. M30BITOYHOE HACKIIIEHUE BO3HUKAET
BCJIEZICTBUE TOTO, YTO BO BPEMS pacCIiajia CTapoil KIIETKH
M0 SIICPHBIM KaHajaM Ha YPOBEHb BTOPBIX MaTepHalb-
HBIX T€Jl IEPeTeKaeT BO MHOTO pa3 0oJiblle MepBUYHOM
Marepuu G, yeM TpU HOPMaJbHBIX YCIOBHUAX, B TO
BpeMs, KaK MOTepsl BTOPbIMU MAaTEPHAIbHBIMU TEJIAMH
nepBuuHoil Matepun G octaéres mpexHeil. U, kak
CJIEJICTBUE, BOSHUKAET U30BITOYHOE HACKILICHHE.

1. ®usnyecku 1I0THASA KJIETKA.

2. Bropoe MaTepHaigbHOE TENO KIETKU.

3. SAnpa KiaeTKu.
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5. Kananel sinep KieTku.
10. «TonmmHa» BTOPOro MaTepuaIbHOro Tea.

Puc. 4.3.25. Ilocne 3aBepiiieHus pacmnajaa crapoi
¢bu3NYeCKH TIIOTHOM KIIETKH, Ha BTOPOM MaTepHallb-
HOM YpPOBHE OCTAlOTCSl JIBa BTOPBIX MATEPHUAIBHBIX
Teja, KOTOphIE MEePECHIICHBI TEPBUUHOI MaTepueit G.
N30bITOYHOE HACBIILIEHUE 3HAYUTEIBHO IPEBBIIIAET
ontuMainbsHoe. [IoaToMy, Korjga npexpamaercs moToK
HNEPBUYHBIX MaTepuil ¢ (PU3NUECKU IIIOTHOTO YPOBHH,
n30BITOK IepBUYHON MaTepuu G HaUMHAET NepeTeKaTh
y’K€ CO BTOPOr0 MaTEpUaIbHOIO YPOBHS Ha (pu3nue-
ckuil. [Tpuuém, neperexkanne Ha HU3NUECKU TIIOTHBIN
YPOBEHB ITPOUCXOJHUT II0 TEM KE CaMbIM KaHajiaMm, 1o

2 KOTOPBIM OHA IepeTeKana Ha BTOPOM MaTepUaJIbHbBIN

G ypoBeHb. ClenyeT OTMETHTb, YTO MEXKIY MOMEHTOM

MOJTHOTO Pa3pylICHHusT CTapod (U3UYECKU TIIIOTHOMN

KJIETKH ¥ BO3SHUKHOBEHHUEM OOPaTHOr0 MOTOKA MEPBUY-

HOIi MaTepun G, CylIecTByeT HEKOTOPBII MTPOMEKYTOK
BPEMEHH.

1. ®u3nyecku TIOTHAS KJIeTKa.
2. Bropoe maTepuanbHOE TEIO KIETKHU.
3. Snpa KieTKu.
5. Kanamsr siep KIETKH.
10. «TonmuHay BTOPOTO MaTepUAIBHOTO TEJIa.

Puc. 4.3.26. O6paTHbIil MOTOK NEPBUYHON MATEPUH
G co BTOpPOro MaTepUalbHOTO YpOBHS Ha (U3UYECKU
TUTOTHBINA CO3/1aéT Ha (U3NYECKHU TIOTHOM YPOBHE TPO-
€KMW JBYX BTOPBIX MAaTEPUANBHBIX TeJ. DTH MPOSKINU
MPOJOHKAIOT HACKIIIATHCS MEpBUUHON MaTepuend G 1o
TeX TMOp, MOKA TNIOTHOCTh 3TUX MPOEKIUI Ha (PU3NIECKH
IUIOTHOM YPOBHE HE CTaHET COM3MEpPHMa C TIOTHOCTHIO
caMHUX BTOPBIX MaTepUATBHBIX TNl HA BTOPOM MaTepH-
aJIbHOM ypOBHE. MOXHO cKa3aTh, YTO B pe3yjbTare
ATOrO Mpolecca Ha PU3NIECKH IIIIOTHOM YpOBHE (PopMHU-
PYIOTCS 1Ba BTOPBIX MaTepUaIbHBIX Tela.

1. ®usnyecku I0THASA KJIETKA.

2. Bropoe MaTepHaigbHOE TENO KIETKU.

2’. IIpoekiusi BTOpOro MaTeprualibHOrO TeJa KIETKH
Ha (PU3UYECKHU TUIOTHOM YPOBHE.

3. Snpa kneTku.
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5. Kananel sinep KieTku.
9. XpomocoMHI siipa.
10. «TonmmHa» BTOPOro MaTepuaIbHOro Tea.

Puc. 4.3.27. [lo 1ByM MarpuniaMm BTOPBIX MaTEpH-
aJIbHBIX TeJ Ha (PU3MUYECKH MJIOTHOM YPOBHE CHHTE3U-
pyercsi Be HOBbIE (DM3MUECKU TUIOTHBIE KIJIETKH, KOTO-
pBI€ SBISIOTCSI TOUHBIMU KOIUSAMM KIIETKU 10 JCJICHHUS.
Matpuribl (IpOEKLKU) BTOPHIX MaTEpUAIbHBIX TEJ BbI-
HYKJAI0T, CO3/1aBasi COOTBETCTBYIOLIUE IEPEIa bl MEP-
HOCTHU Ha (PU3UYECKU INIOTHOM YPOBHE, COETUHATCS MO-
JIEKyJibl Ha (PU3UYECKH IJIOTHOM YPOBHE B TOM K€ ca-
MOM TMOPSIIKE, KaK OHU OBLIM COEJUHEHBI B CTapoi
KJIeTKe. BHOBb cOOpaHHbIE MOJIEKYJIBL, 10 TEM K€ MPHU-
YruHaM, 00pa3yroT KJIETOUHbIE BKIIOUEHUS, MEMOpaHy H,
B KOHEYHOM HMTOr€, HA MECTE CTapO KIIETKHU IOSBIIS-
IOTCSI IB€ HOBBIE, KOTOPBIE HE SIBJIAIOTCS aOCONIOTHOM
KOTIHMEN CTapOM KIETKH, XOTS U OYCHBb OJIM3KHU K HEH.

1. dusnyecku IOTHAI KJIETKA.

2. Bropoe maTepuanbHOE TENO KIETKU.

3. Snpa kneTku.

5. Kanaus! siiep KJIETKH.

10. «TomnirHa» BTOPOTO MaTepUAIIBHOTO TEJIA.

Puc. 4.3.28. Ilocne 3aBepmieHus: npoiiecca GopMupo-
BaHMS JIByX HOBBIX (PM3UYCCKH IJIOTHBIX KJIETOK MO 00pasy
1 MOJI00MI0 CTapoi, MEMOpPaHbI HOBBIX KJIECTOK CO3AIOT ITe-
pernaji MEpHOCTH, HaIpPaBJICHHBIM BHYTPbh HOBBIX KJIETOK.
DTOT nepenaj; BO3HUKAET B pe3yJIbTaTe pa3jindus B KOHIICH-
Tpalud OPraHUYECKUX U HEOPTraHMYECKUX MOJIEKYJI BHYTPH
ATUX KJIETOK W BHE. Paznuuus B KOHLEHTPALIMK BO3HUKAIOT
BCJICJICTBUE TOTO, YTO KJIETOUHbIE MEMOpPaHbl UMEIOT U30U-
paTenbHyI0 TPOHUIIAEMOCTh I MOJIEKYJ. BcnenctBue
ATOTO Y BOZHUKAET pa3inyue B KOHIIEHTpaIuu MoJiekyJ. [le-
pernaji MEPHOCTH, HANpPaBJICHHbIA BHYTPb KJIETOK BBIHYX-
JIa€T BCE MOJIEKYJIbI, IONABIIKE B MPEJIEIbl 3TOr0 Nnepenana,
JIBUTaThCsl BHYTPh KIJIETOK, TJI€ OHU, B CBOIO OY€peib, pac-
MISTUISIIOTCS. Ha TIEPBUYHBIE MAaTePUU WX OOpasylolue Mmpu
nonaganuy BHyTpb cupaner monekyn JHK u PHK. Ilep-
BUYHBIE MAaTE€pPUH, BBICBOOOXKIEHHBIE B PE3yJlbTaTe ITOTO
mpoliecca, HAUMHAIOT HACKIIIATh BTOPhIE MaTepUaJIbHBIC TEJIa Ha BTOPOM MaTepHUabHOM YPOBHE.
HoBopoxxn€HHble KIETKN «0XKUBatOT». CMEPTh CTApOMl KIETKU CIYKUAT NMPUUUHON POXKIACHUS
JIBYX HOBBIX KJIETOK U KHU3Hb MPOJIOJIKACTCS, TPUUEM, YHCIIO KUBBIX KJIETOK YJIBAUBACTCS.
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Puc. 4.3.29. Crnupanu monekyn JHK u
PHK Ha BTOpOM MarepuasbHOM YpPOBHE CO-
31a0T CBOIO TOYHYIO KOITHIO U3 IIEPBUYHOM Ma-
tepun G. DTO CBSA3aHO C TEM, UYTO ATH MOJIe-
KyJIbl, AMES OTPOMHBINM MOJIEKYJISIPDHBIM BEC,
UMEIOT crnupaibHylo ¢opmy. CrnupanbHas
(dopMa co31aéT yCIoBHUsA, KOTJA BIUSIHUE KaX-
JIOTO aToMa, BXOJSILIEro B COCTaB 3TUX MOJIE-
KYyJI, HA MUKPOIIPOCTPAHCTBO CO3JAET BO BHYT-
peHHEM 00BEME ATUX CIIUpasieii TaKOH YpOBEHb
MEPHOCTH, IIPU KOTOPOM OTKPBIBAETCSA Kade-
CTBEHHBIN Oapbep MeX1y (PU3NUECKH IIJIOTHBIM
BTOPBIM MaTe€puajbHbBIM YPOBHAMHU. [Ipu 3TOM
MMPOMCXOIUT  pacraga  dTUX  MOJIEKYII.
Pacnagarorcst TOIBKO MOJEKYIBI, KOTOPBIE T1O-
MaIat0T BHYTPb CIIUPAJIEH.

HE

1. Crmpans monekynsl IHK win PHK nHa ¢u-
3UYECKH TUIOTHOM YPOBHE.

2. Bropoe MarepuambHOE TEJIO MOJEKYJIBI

JTHK, PHK.

3. KauectBeHHbIi 0apbep MKy (PU3NYECKUM W BTOPHIM MaTepUAbHBIM YPOBHSIMU IJ1a-
HETBHL.

4. YBeJIUUYEHHBIN YY4aCTOK CUPAIU Ha (PU3UIECKOM YPOBHE.
S. YBeNWUYeHHBIN COOTBETCTBYIOIIMN YYAaCTOK CIIMPAJIM HA BTOPOM MAaTEPUAIbHOM YPOBHE.

Puc. 4.3.30. BHemHuil curHan B BUJA€ HOHHOTO
KOJIa JIOCTUTAET Tena COOCTBEHHO HelpoHa. Jpyrumu
CJIOBaMH, HECKOJIBKO JTOITOJIHUTEIBHBIX HOHOB OKa3bl-
BaIOTCSl BHYTpHU HelipoHa. [Ipu 3ToM, HOHHBIN OanaHC
BHYTPU HEWPOHA U3MEHAETCH. DTH «JIUIIHUE» UOHBI
ITPOBOLMPYIOT JOMNOJHUTEIIbBHBIE XUMHUECKUE PEaK-
LIAH, B PE3YJbTATE KOTOPBIX MOSBISIOTCS HOBBIE MU
pa3pyLIalOTCs CTapble JIEKTPOHHBIE CBS3U, U U3MeE-
HSAETCSl MOJIEKYJISIDHBIM BEC M KA4E€CTBEHHAsl CTPYK-
Typa MOJIEKYJIbI Ha (PU3UYECKH IJIOTHOM YPOBHE.

1. Criupans monexyinbl JIHK nmu PHK na dusu-
YECKU TJIOTHOM YPOBHE.

2. Bropoe marepuanbHoe Teno mosekyisl JJHK,
PHK.

3. KauectBeHHbIl Oapbep MEXAy PU3HUECKUM U
BTOPBIM MaTe€pUaIbHBIM YPOBHIMU TUIAHETHI.

K ornasneHuto 279



http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.4.3.29.jpg
http://www.levashov.info/Books/Anisotropic%20Univerce/Drawings/Pic.4.3.30.jpg

Huxonaii JIeBamos «Heonunopoanas Beenennas»

4. YBeNMYEHHBIN y9acTOK CIUPAIN Ha (PU3HMUECKOM YPOBHE.
5. YBENMYEHHBIM COOTBETCTBYIOIINN YYaCTOK CIIMPAIM HA BTOPOM MATEPUAIIBHOM YPOBHE.

6. JIoTIOTHUTENIBHBIE ATOMBI, IPUCOEAMHUBIIHNECS K BBIICIEHHOMY YYaCTKY CIIUPAIA MOJIe-
kynbl JIHK win PHK nHa ¢usnueckom yposHe.

Puc. 4.3.31. JlonogHUTENIbHOE HUCKPUBIIEC-
HUE MHKPOIIPOCTPAHCTBA, BBI3BAHHOE IMPUCO-
€IUHUBIINMUCA <«JIMIIHUMHW» aTOMaMH, H3Me-
HSET CTPYKTYPY BTOPOTO MAaTE€pUaJIbHOIO Teja
monekynsl IHK nin PHK. Otniedatok BToporo
MaTepUaIbHOTO TEJa HACBIIAETCS MOTOKOM
nepBu4HON Matepun G, u TakuM 00pa3oM BoC-
CTaHABJIMBAETCS TOXKIECTBO CTPYKTYP CIIUpaJeh
mouekyiibl JIHK win PHK Ha ¢usnuecku miot-
HOM M Ha BTOPOM MaT€pHAIbHBIX YPOBHSIX.

1. Criupanb monekynsl JIHK nnu PHK Ha
(pU3HYECKH MIIOTHOM YPOBHE.

2. Bropoe MatepHalbHOE TENO MOJIEKYJIBI
JTHK, PHK.

3. KauectBeHHblll Oapbep Mexay (usnye-
CKHMM M BTOPBIM MaTEPHUAIIBHBIM YPOBHSMH ILJIa-
HETHI.

4. YBeNMYEHHBIN y4acTOK CIIUpaiu Ha (u-
3U4YECKOM YPOBHE.

S. YBEIMYEHHBIM COOTBETCTBYIOIIHUM y4a-
CTOK CIMPAJIM Ha BTOPOM MaTe€pUaibHOM YPOBHE.

6. JlononHUTENbHBIE ATOMBI, TPUCOCIUHUBIINUECS K BBIICJICHHOMY YYAaCTKY CIIMPaIn MOJIe-
kyabel JJHK win PHK nHa ¢usnyeckom ypoBHe.

7. OTne4aToK BHEIIHETO CUTHAIa HA BTOPOM MaTE€pPUaIbHOM YPOBHE.
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Apyrne KkHUrm asrtopa
NMocnepHee obpalleHne K YenoBe4yecTBy

B cBoeli nepBoi KHUTE aBTOP MPEAJIAracT YUTATEII0 HOBYIO CUCTEMY 3HAHUW U IPEICTaB-
JIEHUH O 3aKOHAax MPHUPOJIbI, KOTOPblE HEOOXOAMMBI HE TOJIBKO JUIsl TOTO, YTOOBI HE pPa3pyllaTh
Hall JOM-IUIAHETY, HO U I IOHUMAaHUS KaXKIbIM JyMArOIIUM YE€JIOBEKOM, KaXKIbIM, KTO XO4YET
HOHSATH U OCO3HATh IIPOUCXOASAIIEE C HUM CaMHM, C JIFOAbMU, OKPYKAFOIIMMH €ro IoMa WUJIU Ha
paboTte. DTa KHHra AJIs TeX, KTO CTPEMUTCS IPOHUKHYTH B TaifHBI IPUPO/IBI, TOHATH U OCO3HATH
YyJ10 3apOXKACHUS KU3HH, IOHATH, YTO TAKOE AYIIA U YTO MMPOUCXOIUT C YEIIOBEKOM B MOMEHT U
IIoCJe cMEPTH. Takue MOHATHSA, KaK Iylla, CYITHOCTh, PEMHKAPHALINS, U3 IIOHSITUH MUCTUYECKUX
«4yJIEeCHBIMY» 00pa30M IMPEBPAIIAIOTCS B MOHITHS pealibHbIe, 00yCIOBICHHBIE 3aKOHAMHU HBOJIIO-
IIUU KUBOUM Marepuu. BriepBbie B 3T0i KHUTe MAETCsl 0OBSICHEHNE MPAKTUYECKU BCEX SIBJICHUN
KUBOM M HEXHUBOM NPHUPOJBI, TOKA3aHO €IMHCTBO 3aKOHOB MAakpo- U MHKPOKOcMoca. ABTOPY
yJ1aJ0Ch CO34aTh €UHYIO0 TEOPHUIO MOJIsL, OOBEAUHUTD B OJTHO LIEJIO€ MPEACTABIECHUS O IPUPO/IE.

CyuwHocTb n Pasym. Tom 1

B 51Ol KHUTE aBTOp MPOAOIIKAET, UCIIONIB3YSI CBOIO TEOPUIO HEOJHOPOJHOCTH IPOCTPAaH-
CTBAa, CPBIBATh 3aBECY TAlHBI C OYEPEIHBIX «apaloKCcOB» Mpupoabl. Ha 3ToT pa3 B pokyce 00b-
€KTHBa NIO3HAHMsI — YKUBasi IPUPOJIa U caM YeslIoBeK. ABTOp GopMyIupyeT HEOOXOAUMBIE U J10-
CTaTOYHBIE YCIIOBHUS Ul BO3SHUKHOBEHHMs )KM3HU Ha IulaHerax. IIpocrora m Kpacora MOHATUI
JTAET BO3MOKHOCTh YMTATEIII0, BIIOJIHE BO3MOKHO, BIIEPBBIE B JKM3HU UCIIBITATH IIPOCBETIICHUE
3HaHHEM, KOTJja BO3HMKAET YyBCTBO, YTO 3HAHUS CTAHOBSTCS HEOTHEMJIEMON 4yacThio TeOs ca-
Moro. B mepBoM TOMe 3TOM KHUTY aBTOp OOHAXKAET MPUPOAY U MexaHU3Mbl 3Monuil. [lokaszbiBaeT
POJIb 3MOIMI B SBOJIIOLIMU KU3HU B LIEJIOM U U€JI0BEKa, B YaCTHOCTH. BriepBbie naércst 00bscHe-
HUE YyBCTBA JIIOOBU M OT 3TOr0 OOBSCHEHUS JII0OOBb HE TEPSET CBOECH KpacoThl, a HA00OPOT,
MO3BOJISIET YEJIOBEKY MOHUMATh MPOUCXOAIIEE C HUM CaMUM U U30€XKaTh HEHYKHBIX pa3ouapo-
BaHUU... KpoMe 3TOro, aBTOp nmpoJIMBaeT CBET HAa NPUPOAY NAMATH, OIATH-TAKH BIIEPBBIE ITOKa-
3bIBAET MEXaHU3MbI (POPMHUPOBAHUS KaK KPATKOBPEMEHHOM, TaK U TOJITOBpEeMEHHON namatu. U
Ha 3TOM OCHOBE PACKPBIBAET MEXAHU3MBI 3aPOKICHUSI CO3HAHUSI.

CywHocTb 1 Pazym. Tom 2

Bo BTOpOoM TOME KHUTH aBTOp SICHO U YETKO MOKA3bIBAET HEOOXOAUMBIC U JIOCTATOYHBIC
YCIIOBUSI TOSIBIICHUSI CO3HAHUS Ha OMpEAeNEHHOM ypOBHE pa3BUTHA ku3HH. [loHnMaHne mexa-
HU3MOB ()OPMHUPOBAHUS TTAMSATH U COZHAHUS HA YPOBHE MaTEPHAIBHBIX TEJ CYIITHOCTH MO3BOJISIET
aBTOPY OOBSACHUTH SIBJICHUE KU3HM MOCIIE CMEPTH, IPOUCXOSINEE C JTIOJABMH B COCTOSIHUN KITH-
HUYeCKON cMepTH. biiaromapst aTomy, 3TH (akThl U3 KaTETOPUH HEOOBICHUMBIX (DEHOMEHOB ITe-
PEXOJIAT B KATETOPHIO €CTECTBEHHBIX SIBJICHUI )KMBOU MPUPOJIBI. SIBIEHUE peMHKApHAIIUN — U3
KaTeTOPUH PEIIMTHO3HBIX K MUCTUYECKUX MMOHSATUMN, ONIATH-TAKH, IEPEXOUT B KATETOPUIO PEaTh-
HBIX MPUPOJIHBIX SIBICHUM. Tak ke, Kak ¥ MOHSTHsI KapMbI, TpeXa MepecTaroT ObITh HHCTPYMEH-
TOM MaHHIYJIUPOBAHUS COZHAHMEM MAcC B pyKax rOCyJapCTBEHHBIX M PEIUTUO3HBIX JesTeeH
Y TIPEBPAIAIOTCS B MPOSIBIICHUS BCE TEX YK€ 3aKOHOB MPUPO/Ibl. [loHMMaHue Bcero 3Toro aenaet
YeJIOBeKa UCTUHHO CBOOOHBIM M TBOPIIOM CBOeH cobcTBeHHOM cyarObl. Hu bor, Hu [{aps u He
['epoii, a caM ueI0BEK OMPeAEIIIeT CBOM MOCTYIKH M HECET MOJIHYIO OTBETCTBEHHOCTH (HE TOJIBKO
MOPAJIbHYIO) 32 HUX.
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Poccua B KpuBbIX 3epKaiax.
Tom 1. OT 3B€3QHbIX PYCOB K OCKBEPHEHHbLIM PYCCKUM

Hap stoit kHuroit aBrop Havan padotats B 2003 rofgy, XOTs ues HaMMCaHUs MOJA0OHON
KHUT'M CO3pEBaja HE OJIMH roj. /[eTckoe yBiIeueHHe U HHTEPEC K MPOLIJIOMY Kak cBoeu PoauHsl,
TaK ¥ BCEW IUIAHETHI CO BPEMEHEM HE MCUE3JIH, a CTAIM OJHUM M3 €ro NpU3BaHUN. AHAIUTHYE-
CKO€ MBIIIJICHHE, HEOOBIYHBIE BO3MOKHOCTH U MHOXKECTBO MPOUYMUTAHHBIX KHHUI, B KOHEYHOM
UTOTe, IIPUBEJIM aBTOPAa K MBICJIA O HANIMCAHUM KHUTH O peaJlbHOM ucropun Poccuu, a He Ton
«BEPCUN», KOTOPYIO HABSI3aJIM CIaBsSiHAM-pycHuaM «J100pOoKenaTean» ¢ MPUX0JOM K BIaCTH JU-
HacTUu POMaHOBBIX, OCHOBATEIHN KOTOPOU COIVIACWINCH NPENATh CBOM HAPOJ U BEJIMKOE IPOIII-
JI0€ CBOMX IPEIKOB B 0OMEH Ha TpoH. B cBoell kuure aBrop nokassiBaer «u3TOPuto» B npun-
UIIMAJIBHO HOBOM CBETE, KaK 3TO HE JEJIA]l HUKTO IpYrou 10 Hero. CBOM BBIBOJBI OH IOJITBEP-
KJAET PEATbHBIMUA HCTOPUYECKUMU TOKYMEHTAMHU U KapTaMH, C KOTOPbIMU YUTATENb TO3HAKO-
MUTCA OAHUM U3 nepBbiX. Lllar 3a marom aBTOp BOCCTaHABIMBAET PEATbHOE MPOILIOE HAIIEH
m1aHeTsl U Poccun, MHOTHE THICSYM JIET UTPAIOLIE KIIFOYEBYIO POJIb B Pa3BUTUU 3€MHOW LIUBH-
JU3aluu, KOTopasi U3HayajabHO Oblia KOJOHHMEH, CO3JaHHON Ha IiaHeTe 3eMJisi OOJbIIUM 00b-
€AMHEHUEM I'yMaHOUIHbIX IUBUIN3anuii. KoHeuHo, Toraa ona He Ha3biBasiach Poccueit, HO Jeno
HE B Ha3BaHMM, a B CYyTH TOTO, YTO 32 HUM CTOUT. A cTOUT 3a Poccueil yiuBUTEIbHOE MPOLLIOE
Hapoza, €€ HaceoLIero, 6e3 KOToporo He ObUIO OBl HE TOJIBKO MHOTUX KYJIBTYpP, HallUl U HApo-
JI0B, HO ¥ COBPEMEHHOW [IMBUJIN3ALUH.

3epkano Moeun aywiu.
Tom 1. XopoLio B cCTpaHe COBETCKOM XUTb...

[IprunHEI TOTO, UTO 5 B3SJICA 3a CBOE KU3HEOIKNCAHNE, BECbMa TpUBUAJIbHBIE. Ha npoTsixke-
HUU JIOBOJIHO JIOJITOTO BPEMEHU MHE MPUXOJUIIOCH TOBOPUTH O HEKOTOPBIX COOBITUSIX CBOEH
KU3HU U OY€Hb YACTO MOU PAaCcCKa3bl BO3BpAIIAIMCh KO MHE B TaKoi (hopMme, UTo s Jaxke He TIpe-
roJjiarajl BO3MOXHOCTH TOSIBJIEHUSI Takoro «¢oiabkiiopa». Mou pacckasbl oOpacTtaid TaKUMU
«pakTaMuy», 4TO J1a’)ke MHE CTAaHOBWJIOCh MHTEPECHO MX MociayiiaTe. BTopolt mpuuuHol, moi-
TOJKHYBIIIEH MEHS K TAKOMY «IIOJIBUTY», ObLIT (DAKT TOTO, YTO MEPUOTUUYECKH MOSBISUIUCH JIFOAHU,
KOTOpBIE MpeJiarajiu MHE HanmucaTh 000 MHE KHUTY M BCAKUN pa3 MEHS YTO-TO OCTAHABJIUBAJIO.
OnuH pa3 s 1axke COTJIaCHIICS Ha TO, YTOOBI OJIHA aMEPHUKAHCKas MUCATENIbHUIA 3anucaia MOU
BOCIIOMUHAHUS HA KACCETHI U 51 IOTPATUII HECKOJIBKO JIHEHM, HArOBapuBasi €1 CBOM BOCIOMUHAHUS
1 pasMbinuieHus. Ho Bckope nepenyMait u 0Tkazajicst OT 3TOro npeajioKeHus. Bo-nepBbix, MHE
MIPUXOAUIIOCH TPATUTH JJOBOJIBHO MHOT'O BPEMEHU Ha U3JIOKEHUE U MOSICHEHUE CIIYUYHUBIIETOCS CO
MHOU. Bo-BTOpPBIX, HaxXe, UMesl HA pyKaX ayJAUOKACCEThl C MOMMH BOCIIOMUHAHUSMU, ITUCATEIIN
Y )KYPHAJIUCTBI YMYIPSUIUCH TaK BCE UCKA3UTh, UTO 5 IPOCTO AUBY AaBaiics. [I[puuém, nckaxenue
Ha0JII0AAJIOCh, KaK B CTOPOHY IIPEYBEIIMYEHUSI, TAK U B CTOPOHY M3BpalieHus (hakToB U OTKPO-
BEHHOM JIKHMU...
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CBetnaHa pge PoraH-JleBawoBa

OTKpOoBeHMe.
Tom 1. leTrcTBO

Cgertnana o3HauyaeT Hecymas Cer. OueHb peiko ObIBAIOT COBIAACHHUS, KOT1a IIpeIHA3HA-
YEHHUE YEJIOBEKA, €ro JIeJa U UM COBINAJAIOT IPAKTUYECKHU MOJHOCThIO, Kak y CeTiiansl Ae Po-
ra”-JleBamoBoil. Bcs €€ n3Hb, C CaMOTr0 paHHEro JE€TCTBA, ObLIa MPOHU3aHA CTPEMIICHUEM K
Caery, kK 3HaHHUIO, K TyXOBHOMY pa3BuTuio. Cka3aTh, uTo €€ cynp0a HeoObIUHa, 3TO 3HAYUT HU-
4yero He cka3aTh. C NEepBBIX JIET )KU3HU €M MPUILIOCh IPUCIIOCA0INBATECS K TOMY, YTO OHA HE
Takas, Kak BCE€, K TOMY, YTO OHAa MOXKET J€JIaTb MHOTO€ TaKOe, YTO OBbLIO HEMOHSITHO U HENO-
CTYITHO OKpY>KaBIIMM €€ JiroasiM. CoBceM emé MajaeHpKkor CBETIIaHe NPUILIIOCh CAMON U3y4YaTh
1 OCBanBaTh CBOM BO3MOKHOCTH, YUUTHCSI KOHTPOJIMPOBATh UX U MPABWIBHO UCTI0JIb30BaTh. OHA
paHo M03HajIa ropedb HEMOHUMAaHUS U HEJIOBEPHUSL, 3aBUCTH U )KECTOKOCTHU, OJMHOYECTBA U HEHA-
BUCTHU. YynecHble CHOCOOHOCTH, KOTOPBIMU OHA BIIAJI€Ja C IETCTBA, OKA3AJIUCh HEMOHITHIMU U
HEBOCTPEOOBAHHBIMU OKPY>KaBIIMMHU €€ JIF0JIbMHU; €M MPUIILIOCH CAMOM BBIKMBATH U KUTh B ’TOM
MUpE — BECbMa OMMACHOM U KOBAPHOM MHUPE, OCOOEHHO JJI1 OIMHOKOW MaJIEHbKOW JI€BOYKH. . .

KHUru, Haa KOTOpbiMKU aBTOp paboTtaer

3epkasio Moein ayLun.
Tom 2. XopoLo B cTpaHe aMepUKaAHCKOMN XUTb...

DTa KHUTa paccKaxeT 00 aMepUKaHCKOM MEPUOE KU3HU aBTOPA, COCTABUBILIEM IIOYTH IISIT-
HaJuath JeT, ¢ 1992 no koner; 2006 roga. 310 Bpems ObLIIO HACKIILIEHO OTPOMHBIM KOJIMYECTBOM
Pa3HO00Opa3HBIX BCTPEY, COOBITUI, CBEPIICHHM, OOPHOBI, OTCTYIUICHUH 1 1T0Oen. MHorue u3 HuX
OKa3aJM BIUSHHE Ha KU3Hb aBTOPA U €ro KeHbl — CBETJIaHbl, HEKOTOPbIE UMEJIU TNIAHETAPHOE
3Ha4YE€HUE, a KOE-UYTO MOBJIMSIIO U HA Haily Beenennyro. XKu3Hb B AMepuKke okazaliach COBCEM HE
TaKOM, KaK MOKa3bIBAIH 10 TEJIEBU30PY WM MTUCAIH B KPACUBBIX KypHasiax. JKu3Hb BOOOIIE HU-
KOr/1a He ObIBAeT TaKoM, Kakol €€ pucyroT B pekiiame. M i1erno 31ech COBCEM HE B TOM, YTO KaKOM-
TO HAPOJ CYUTAETCSA IIYNBIM, 4 KAKOW-TO YMHBIM, KAKOW-TO KaJIHBbIM, @ KAKOM-TO IEAPBIM. Y M-
HbIE U TIyMbIC JIOJU €CTh Be3Je. Jleno 31eck B ToM, 4To Ha 3eMiie co37aH OrpOMHbIN Mud, co-
CTOSIIIIMIA U3 MHOXECTBA APYruX MU(DOB, TaKUX, KaKk MU} 0 cBOOOE, MU} O IEMOKpATUU, MU} O
Oore U AbsIBOJIE, O PABEHCTBE U OpaTcTBE, MU} O TOM, UTO HayKa 4TO-TO TOYHO 3HAET, MU 00
OTHOLIEHUSX MEXAY JIOJbMU U MHOXKECTBO Apyrux. M Hac — miojieil — 3acTaBislOT 1yMaTh U
UTh B COOTBETCTBUU C 3TUMHU MHU(]amMH, a HE C peaTbHON KapTUHOW MHUPO3JIaHUS U 3aKOHAMU
npupozsl. 1 B AMepuKke 3TO MPOSIBISETCS B OU€Hb OOJBIION CTENEHH, YTO TOHAYATy BBI3BIBAJIO
y FepOeB KHUTU TIOJIHENIIee HETOYMEHHE U J1a’Ke HEKOTOPYIO pacTepsiHHOCTb. [103xke, pazobpas-
IIKCh, OTKYJa BETEp AyEeT, OHU Ha4ualli CBOE MHOTOJIeTHee MpoTuBocTosiHue ¢ Cucremoit. Bot 06
ATOM U PacCKa3bIBAET 3Ta KHUTA...
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Poccua B KpuBbIX 3epKaiax.
Tom 2. Pycb pacnsitas

Bo BTOpOM TOME KHHTH aBTOp M3naraet cBo€ BuaeHue npouuioro Poccuu. Ilpu atom aBTOp
HE TOJIBKO MOJHUMAET BOIIPOC O MPEAHAMEPEHHOM MCKaKEHHH COOBITUI MPOIIOro, HO U BIIEP-
BbI€ BCKPBIBAET PUYMHBI 3TOT0 UCKAXKEHHUS, TOKA3bIBAET, KTO U IOYEMY CTOUT 3a 3TUM, U KAKUM
00pa3oM BCE 3TO CTano BO3MOXKHBIM. ABTOD IpeajiaraeT B3IJITHYTh Ha COOBITHS JalEKOTO MPOo-
[UIOTO U HE OYEHb, COBEPUIEHHO IO/ IPYTUM YIJIOM, TOYHEE MO HECKOJIBKUMU YIJaMU OJIHO-
BPEMEHHO. ABTOP pacCMaTPUBAET LENbINA CIEKTP SBICHUN U3 KU3HU COLIMYMa, KaK OJTHO LIEJI0E
U TIOKa3bIBAET, YTO MPAKTUYECKU JI000E COOBITHE MPOULIOTro JIF0O0H CTpaHbl MPU TAaKOM pac-
CMOTPEHUU HE MOXKET OBITh UCTOJIKOBAHO JBOSIKO, KaK 3TO BBITOJIHO BJIACTh JEpXKAIIUM. A 1O-
Jy4aeT BIOJIHE OIpeieNIEHHOE 00bSICHEHUE, KOTOPOE HE 3aBUCHUT OT JKEJIaHUH UM aMOUIIui 00b-
SICHSIIOIIIETO, @ TOJIBKO OT OOBEKTUBHBIX MPOLIECCOB, MPOUCXOASAIINX BHYTPH YEIIOBEUECKOTO CO-
obmectBa. Emy ynaércs, 6maromaps TakoMy MOJIXOy, «OUYHUCTUTH» MYTHBIE BOABI BPEMEHHOMN
«PEKW» TPOILIOro HMUBUIU3AMU Muarapa-3emMian U B OCOOCHHOCTH TOTO, YTO KacaeTcsl Impo-
uuioro Poccuu, X0oTs 3a BpeMsl CyIIIECTBOBaHUS ATOU CIIaBSIHO-apUICKOW UMIIEpUH Y HEE ObLIO
MHOTO pa3HbIX UMEH. O TOM, KaK €My 3TO YIA€TCs, YUTATEIIb MOKET MMPOYUTATH B 3TOM KHUTE...

CywHoOCTb 1 pa3yMm. Tom 3

B sTOM TOME aBTOp IMPOJOJIKAET 1IAr 3a IIaroM OTKPBIBATh YUTATEIIIO TalHbI IPUpPOALL. B
LIEHTPE €r0 BHUMAHUS — MPUPOJA IICUXUYECKUX SABJIICHUM yenoBeka. Jlasee aBTop JaéT Lenblid
IJIACT MMOHEPCKHUX MPEICTABICHUN O SIBJIEHUAX IICUXUKH YEIOBEKA U COLIMYMOB, KOTOPBIE HUKTO
IPYroy HUKOTJA 10 Hero He 3aTparuBaji. OH BBOJUT HOBBIE MOHITHUS, TAKHE KAK I'€OIICUXOJIOTUS
YeJIOBEKA M BOJIFOLIMOHHAS T€OINICUXOJIOTUs COLIMYMOB. DTH HOHSTHS MO3BOJIIIOT COBEPIIECHHO
[O-IPYrOMY B3IJISIHYTh Ha Pa3BUTHE 36MHOM HUBUIM3ALUHN U UICTOPUUECKHUE COOBITHS IIPOIILIOTO,
HACTOALLIET0 U Jaxke Oyayliero. OTU 3HaHUs MO3BOJISIIOT YBUIETh BMECTO «Xaoca» COOBITUH U
«TPOU3BOJIAY» JIMYHOCTEN, O KOTOPBIX TaK JIFOOSAT FOBOPUTH UCTOPUKH, 3aKOHOMEPHOCTh IIPOUC-
XOJISIIETO, ONPENEIAEMYI0 PEAIbHBIMU 3aKOHAMHU MPUPOBI, ACHCTBYIOIIMMHU B YEIOBEYECKOM
coobmectBe. U1, Kak cieAcTBUE 3TOT0, BIEPBBIE MOSBISAETCS BO3MOKHOCTD MOHSATH MPUYUHBL,
CTOSILHUE 32 TEMH UM UHBIMU COLIMAJIbHBIMU COOBITUSMH U SIBICHUSIMU U YBUJETh KYKJIOBOJIOB,
KOTOPbIE TaK JOJITO HAXOJAWIIMCh B TEHH; U €CJIM KTO-TO U JIOTaJbIBajCsI 00 UX MPUCYTCTBUU, TO,
0e3 MOHMMaHUs 3aKOHOB MPUPOJbl, YCHIIUAMH 3TUX KYKJIOBOJIOB OHM CTAHOBHWJIMCH MJIM CyMa-
cuienmuMu, win ¢gaiscupukaTopaMu. Jlanee aBTop BBOAUT MOHATUE KOCMOIICUXOJIOTMH YEJ0-
BEKa M OOBSCHSET BIUSHUE KOCMUYECKHX SIBJICHUN HA Pa3BUTHE LUBUIA3ALUU.

3aKOHbI LenutenbCcrBa

CoBpeMeHHass MeIUIMHA «3a0IyJUIach» B CO3/IaHHOM €10 CaMOM JIaOUPHUHTE U, MOTEPSIB
«HUTb ApHUaJHBD», HE B COCTOSSHUM W3 HEro BbIOpaThcs. B cepennHe ABaanaToro Beka MEAUKU
TOBOPHWJIM O TOM, UTO, KOT/Ia OHU OYJyT pacrosiaraTb TOYHBIMU MIPUOOpAMU JJIsl TUarHOCTUKHU U
HEOOXOUMBIMHU JIEKAPCTBAMH, OHU IIPUBEAYT YEJIOBEYECTBO K 30JI0TOM pe BCEOOLIEro 310po-
Bbd... OHU Bc€ 31O moiyuwin... Ho, TeM He MeHee, nroau OONEIOT OTHIOAb HE MEHBIIE, YeM
paHblle, a Oosbuie. JleTu poxaaroTcs ¢ yKe OCIa0JIeHHOH MMMYHHOM CHCTEMOM; MPUXOJs B
OOJIBLHUILY WJIM KIIMHUKY OTHOCUTENIBHO 3I0POBBIM, YEJIOBEK BEChbMa CHUIIBHO PUCKYET MOKUHYTh
UX B KOMIIAaHUHU LIEJIOTO psifa 3a00JIeBaHMii, JOBOJIBLHO YAaCTO MPUBOISALINX K CMEPTEIBHOMY HC-
xony. M Bc€ MOXKET MPOU30UTH TOJIBKO OTTOTO, YTO YEJIOBEK IPOCTO MOIBIIIUT BO3YyXOM 3THX
«XpaMoB 370pOBbs». B 3TOI KHUre aBTOp OOBACHSAET MPUUMHBI 3TOTO U JAET MpeICTaBICHUE O
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MeauiuHe Oyayiero. M 3HaHus 3Toi MEAUIIMHBI YK€ JEHCTBYIOT U peajbHbIe Pe3yabTaThl MOI-
TBEP>KJIaI0T MPaBUIBHOCTH HOBOTO MyTH. B 3TON KHHUre aBTOp 00BACHAET, KaK paboTaeT KUBOU
OpraHu3M, KaK M MOYeMY BO3HUKAIOT OOJIE3HU U MATOJIOTUU, MEXAHU3Mbl CKAHUPOBAHUS Opra-
HU3Ma, METOAMKH ONPEICICHUS IEPBOMIPUYNH 3a00I€BaHM, CTPATETUIO U TAKTHUKY JICUEHUS 00-
JIC3HEU U BOCCTAHOBIICHUS OPraHu3Ma J0 30POBOr0 COCTOSHHUSA, BIUIOTh JO T€HETUYECKON KOP-
PEKIIMU OpPTraHu3Ma.

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

www.wakeupnow.info

«ACCHCTEHT K Je4eOHBbIM ceaHcaM M KHUram akajaemuka H.B. JleBamoBa»

YBa:kaemble Apy3bs-cOpaTHUKH U yuTaTeau KHUr H.B. Jlesamosa!

K nmpencrosimemy nuro poxaenns Huxonas Buxroposuua Ilepas Mexaynaponnas I'pynma
Pycckoro OQ6mectBennoro Jpwxkennss BO3POXJIEHUE «30JIOTO BEK» pelmia caenaThb
IOAApOK BCEM, MHTEpECYroIMMCEs U n3ydarommm 3Hanus H.B. JIeBamoga - 3o nporpamma «Ac-
cucmenm K 1eueOHviM ceancam u knuzam akaoemuxa H.B. J/lesauio6a», KOTOPYO MOKHO CBO-
00JIHO cKavaTh Ha HaileM caiite B pazjeine ' O310poBuTebHbIe ceanchbl' u ""310poBbe'" wim
1o npsMoil cepuike. [Iporpamma moMoraer Kpome MPOCMOTPOB JICUEOHBIX CEAHCOB MOTYy4aTh
OBICTPBII MIPSIMO JTOCTYN KO BCeM KHMIaM, BuJieo MaTepuanam u caiitam H.B. JleBamiosa.
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