Huxonau JIesalioB

HeopmHOpOAHAA
BceneHHaA



YK 575.8
bbK 28.02

J134

J134

Jlesamos, Hukonaii Bukropouy.

Heonnoponnas Becenennast / Hukonaii JleamoB. — CaHKT-
IMetepOypr: «Murpakos», 2011. — 368 c. : mi.

ISBN 978-5-4264-0009-2

B kHure aBTOp M3/1araeT CBOO TEOPUIO MUPO3IaHUSL. DTa TEOPUST
M03BOJISIET OOBSICHUTD MPAKTUIECKU BCE SIBJICHUSI XKUBOI U HEXXUBOM
npupoabl. PaccmaTpuBasi B3auMoIeiiCTBIE HETTPEPHIBHO U3MEHSIIO-
LIErocs HEOTHOPOIHOIO IIPOCTAHCTBA C MaTepreil, KOTOpasi UMeeT
KOHKPETHBIEC COBIICTBA M KAUECTBa, aBTOP BBOIUT ITOHSITHE «KBAHTO-
BaHME MMPOCTPAHCTBA 110 MaTepusiM». [10100HBII MOAX01 MO3BOJISIET
CBECTH BCe MPUPOIHBIC SIBJIEHNS B OHY F'ApPMOHUYHYIO, HEITPOTUBO-
peuuBylo cuctemy. M, Kak clieacTBue, BIiepBble BOSHUKAET BO3MOX-
HOCTb OOBSICHUTD MPUPOY IPaBUTALIMOHHOTO, MATHUTHOTO U 3JIeK-
TPUYECKOTO I0JIei1, KaK pe3y/IbraT B3auMOACHCTBUSI HEOMHOPOIHOTO
MIPOCTPAHCTBA C HEOTHOPOIHO PacIpeieIEHHOM B 3TOM IPOCTPAHCTBE
Matepueil. Ucnosib3yst IpUHLIMIT HEOMHOPOIHOCTH, aBTOP MOKAa3bIBAeT
€IMHCTBO 3aKOHOB ITPOPO/Ibl HA YPOBHE MaKpPO- U MUKPOKOCMOCA.
BriepBrie chopMyIrpoBaHbl HEOOXOIUMBIE U TOCTATOYHbBIC YCIOBUS
JUTS BOSHUKHOBEHMS KM3HU HE TOJIbKO Ha Hallleil I1aHeTe, HO U Ha
MWITAapJaxX IpYrUX MIaHET ¢ MOMEHTa UX BO3HUKHOBeHUs. KHura
MpeACTaBIsIeT UHTEPEC I YUEHBIX U (prI0codOB, CIEeINaTNCTOB,
TIperoaaBaTesicii M IIMPOKOTo Kpyra YhTaTeieii, KoMy HeOe3pas3TuaHbI
Mpo0JIeMbl TO3HAHMST XKM3HU Ha 3eMJIe U TOCTUKEHMSI BBICILIETO YPO-
BHSI CO3HAHUSI pa3yMHOI MaTepuu.

VK 575.8
BbbK 28.02
www.levashov.org
www.levashov.info
www.levashov.name

ISBN 978-5-4264-0009-2 © H.B. JIepawmos, 2002



s
wn
-
=
=
g
z







Ornasienue

Ot3b1B Ha MoHOrpaduto H. JlepamoBa «HeogHopoaHast BcenenHast» .. 5

OT ABTOPA .« o ot e ettt e e e e et e e e 15
IIPEMUCHOBHIC . . . .. oottt e e e et e e 17
InaBa 1. AHATUTUUECKUIM O030D . . . ot oot e e e e e e 23
1.1. 3HaUMMOCTb OHTOJIOTMU (PU3NYECKUX TPOLIECCOB JIJIST
(purnocodcKoit 1 HAyYHOI MBICJIM YEJTOBEYECTBA . . o .o oo ve e evenn . 23
1.2, Pe3IOME . . . oot 50
InaBa 2. HeogHOPOTHOCTD MPOCTPAHCTBA .« o o v v v v et ee e e eene 51
2.1. ITOCTAHOBKA BOIIPOCA « .« « o v et eee et et et et et et e et eeeee e 51
2.2. KauecTBeHHAsI CTPYKTYPA IIPOCTPAHCTBA . .« o v e v v vvee e eeeennn 56
2.3. CucremMa MAaTPUYHBIX IPOCTPAHCTB . « . o vt v vt e eeeeieeeeeenn 63
2.4. ITprpona 3BE3M U «UEPHBIX JBIP» « . o v v v ve et ee e eeeee e 88
2.5. IIpupona oOpa3oBaHUS MIAHETAPHBIX CUCTEM . . . .o vv oo e e, 98
2.6. PE3IOME . . ..o 123
InaBa 3. HeomHOpOAHOCTH IMIPOCTPAHCTBA U KaUYeCTBEHHAasI

CTPYKTYpa (PU3UYECKM TVIOTHOTO BEILIECTBA . .« o v v v e e eeeeeen s 127
3.1. ITOCTAHOBKA BOIIPOCA . « .« o e e ee et ee e e e e e 127
3.2. KayecTBeHHast CTPYKTYpa MUKPOIIPOCTPAHCTBA . . . ..o v v .. 128
3.3. BaussHue MaTepuaibHbIX 00bEKTOB MUKPOKOCMOCA Ha
OKPYKAIOIIME UX IPOCTPAHCTBO & .« oot et e ee e eee e i e 151
3.4, PeBIOME . . oo 194
InaBa 4. HeoOxonumble U JOCTaTOUYHbIE YCIOBUSI BOSHUKHOBEHUS
KM3HM BO BCEIEHHOM . . .. ..o i 199
4.1. TTOCTAHOBKA BOITPOCA . « « v et e et et ettt et e e e e e 199
4.2. YcnoBus 3apOXKICHUS )KM3HU HA TUIAHETAX . . o oo oo eveeeeeen . 200
4.3. KauecTBeHHbIE 0COOEHHOCTH OPraHMYeCKUX MOJICKYJ U UX

POJIb TIPY 3APOXKICHUM KUBHM .« o ot ovveet et e et e ee e 207
44, PeBIOME . . . ot i et e e e 273
CITMCOK JIMTEPATYPBI .« .« o e voete ettt e et e ettt 276
ONUCAHUE PUCYHKOB . . .\ oo ettt e te et ettt e 277

JIPYTHE KHUTH QBTOPA .« + o v v evee e e ee e ee e ettt et e e 351






OT13bI1B HAa MOHOrpagh IO AKAIEeMHKA

H. JlesamoBa «Heoanopoanas Beceaennasn»

CoBpeMeHHast HayyHas KapTuHa Mupa wiau BeeneHHoili (rpey. pan.
JIaT. universum — BCE TO, YTO CYIIIECTBYET) CO3AETCH, Oaaroaaps LiejaeHa-
MpaBJIEHHBIM (PyHIaMEHTAJIbHBIM UCCJIEI0OBAHUSIM, 9KCIIEPUMEHTAIbHBIM
HaOJIIOIeHUSM YYEHBIX U (PHII0CO(PCKOMY OCMBICICHUIO MOJIyYeHHOU MU
“HGbOpPMaLMM, Ha KOTOPOI OCHOBBIBAIOTCSI HAYYHbIE TEOPUU, OOBSICHSII0-
11I1Me HEOOBIYHbIE (haKThI U YIIYOJIsSIIoIIe MOHMMaHWe Npupo bl BeeaeH-
Holi. [ToHsiTMe «HayyHasi KapTMHA MUpPa» aKTUBHO MCIIOJIb3YEeTCsI B €CTe-
cTBO3HaHUU U ¢unocopuu ¢ KoHua XIX Beka. OnHaKo, creLaIbHBIN
aHaJIu3 ero ColepKaHusl CTaJl IPOBOAUTHLCS Oosiee I MeHee CUCTeMaTH -
YeCKM TOJILKO C cepeArHbI XX BeKa, HO 10 CUX ITOP OJHO3HAYHOTO €ro I0-
HUMaHUS HE JOCTUTHYTO. BeposTHO, 3TO CBSI3aHO C 0OBEKTUBHOM pa3Mbl-
TOCTbIO Y HEOIPEIEJEHHOCThIO caMOro MoHsATUs BceneHnHasi, 3aHMMalo-
1LIETO CBSI3YIOllIee MOJOXKEHNE MeXIY COOCTBEHHO (DUIOCO(PCKUM U eCTe-
CTBEHHOHAYYHbIM YPOBHSIMU O000IIEHMSI 1 MUPOBO33PEHYECKOI0 OCO3HA-
HUSI pe3yJIbTaTOB, METOAOB U TeHAEHILIMI HaydyHoro rno3HaHus Mupa (Bce-
neHHoi). [Ipobaema no3HaHus BceaeHHON MCTOpUYECKM OYeHb JaBHO
BOJIHYET U (prsiocooB, 1 yU€HbIX. ECTh HECOMHEHHBIE YCIIEXU B OOBSICHE-
HUM TaliH Mupa, HO U €CTb CepbE3HbIe MPOOJIEMbI B TOJTKOBAHUM HOBBIX
OTKPBITUI (PU3UKOB, XMMUKOB, OMOJIOTOB U JAPYTUX YYE€HbIX. IMEHHO B
3TOM KOHTEKCTE MOSIBJIEHUE PELIEH3UPYeMOii MOHOTparu — OTYETIMBOE
CBUAETEIBCTBO IJTYOMHHBIX CIBUTOB B COBPEMEHHOM (hUI10CO(MCKOM BOC-
NpUSITAM caMoil mpobJiemaTnku (peHoMeHa BeesleHHOM, HEOTHO3HAYHOTO
TMOHUMAaHUS MPUPOIbI €€ OBITUSI B HAYyYHOU cpejie.

Axkanemuk Hukonait JIeBallioB npeanpuHsII HEPOCTYIO 3a1a4dy I10
Hay4YHO-(p110co(hCKOMY MEPEOCMbBICICHUIO CAaMUX UCTOKOB MMOHUMAaHUS
(beHomeHa BceneHHoit B uctropuu punocohun U COBpeMEHHOM HayKe, Jie-
Jlast aK1IEHT Ha OHTOJIOTMYECKE€ OCHOBAHMS B OCMBICTIEHUU (heHOMEHA ca-
MOpa3BUTUS HEOOHOPOAHOM BeceneHHol. TpaauroHHO BCE MHOTrOo0Opa-
31€ U3BECTHBIX YeJI0BEUECTBY 00ObEKTOB M CBOMCTB BO BceneHHoI nesrt Ha
MaKpo- U MUKPOMUPBHI. YK€ BO BBEJICHUU CBOCI KHUTU, aBTOP BIIOJIHE
MPaBOMEPHO YTBEPXKIAET, UTO «3Ta IpobJieMa OyAeT CylIeCTBOBATh 10 TEX
Mop, Moka He Oy/eT co3naHa KapThHa MUPO3IaHMs], HA OCHOBAHWUU MMOHU-
MaHMs 3aKOHOB MaKpOKOCMOca U MUKpOKocMocay . M ata ¢punocodcekas
MBICJIb pe(ppeHOM Ipoliia yepes Bcro MoHorpaduio H. Jleaioa. A Mo-
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Hukomnaii JlesamioB «HeogHnopongHast BecenenHas»

Horpadus H. Jlepammosa, 6eccriopHo, SIBICHUE U KaK JIIOOOE SIBJICHHE OHA
3aCJIy>KMBA€T CaMOIro CKPYMYJE3HOTO aHAJIUTUYECKOTO PaCCMOTPEHUSI.
JloMuHUpYyoLIas uaesi KHAUTA COCTOUT B TOM, YTO UCTOPUYECKOE CTAHO-
BJICHVE Y COBPEMEHHOE pa3BUTHUE KYJIBTYpPbl HAy4HOTO Mo3HaHMs1 BeeneH-
HOM MPOUCXOIUT, 61arogapsi KOJIOCCaaIbHON MBICIUTEILHOU paboTe Jayd-
LLIMX MBICJIUTEJIeH BceX BpeMEH 1 HapoaoB. CaMa MoCcTaHOBKA MPOOIeMbl
0 HeogHOpoaHOI BeceneHHoit B uctopuun (pryiocodcKoit MbICIM MpeacTa-
BJISIET HECOMHEHHBII MHTEPEC U B TEOPETUUECKOM, U TTPAKTUYECKOM IIa-
He, TTOCKOJIbKY CBSI3aHa C BbISICHEHUEM YCJIOBMIA TTOSIBJICHUS XKM3HU U Ye-
JIOBeKa — CyOBbEKTa OCMBICJIEHHOM XMU3HEAEeSATebHOCTU U Pa3BUTHUS AYy-
XOBHOMI U MaTepuabHOI KYJIBTYpPhl. ABTOpP YMEJIO BOBJIEKAeT YMUTATEJISI B
npoiecc GuI0coPCcKOro mepeocMbICISHUSI BEUHBIX TPOOJIEM IMO3HAHUSI
ObITHS 1 pa3BuTHs BeeaeHHOI 1 pa3nnyHbIX €€ CTpyKTyp. M 3T0 — Becbma
HempocTasl 3afada 1 JJ1sl aBTOpa KHUTHU, 1 JUIs1 TIOOOTro YuTaTesis U, TeM 00-
nee, perieH3eHTa. [ToaTOMYy s1 00Opallly BHUMaHUE YUTaTeAei i KHUTH TOJbKO
Ha OIMH U3 HauboJiee aKTyaJbHbIX, HA MOI B3IJISII, BOIIPOCOB, KOTOPBI
MOJHMUMAETCSl aBTOPOM B €ro MOHOrpaduu, W, Moja COOTBETCTBYIOLIUM
YIJIOM 3peHUs, JaM OOIIyI0 OLIEHKY 3Tol pabote H. JleBamiona.

Peun noiinér 06 aHanuze puiaocoCcKoro OCHOBaHMSI HOBOTO acIieKTa
B TEOPUM MO3HAHUSI — HeomHopoaHocTU BceneHHoit. Ocobo BhIAEITIO
JIUIIb HEKOTOPhIE — KJIIOUEBBIE Y3JIbI ITPOOJIeMbl TO3HAHMS CyTH BeeneH-
Hol, n3noxeHHele y H. JIeBamoBa B ero kHure. Mo€ BHUMaHUe TIpUBJIC-
KJI0 METOJIOJIOTMYeCKOe M3MEepPEeHUEe aBTOPOM pPOJIM M 3HAYeHUs (pUIIO0-
codckoro akTopa B UCTOPUUYECKOM CTAaHOBJIEHMM HAYYHON KapTUHBI
MUpa, 10 Mepe CKJIaablBaHUS pallOHAJbHO-TEOPETUUECKOTO BUACHUS
BcenenHoii. AHanu3y 3Toi BaKHeIel mpooaeMbl To3HaHUS Mupa crie-
LIMAJIbHO TIOCBSIIEHA TepBasl IiaBa KHUTU «AHaJIUTUYECKUi 0030p». B
Hel U3JT0KEHbl U KPUTUYECKH ITEPEOCMBICIICHBI IpeBHEM e MUpUUec-
KHe 1 aHTUYHbIE (PuIocodcKue NpeacTaBaeHus U B3TJIsIIbl BbIAAIOIIUXCS
MBICJIUTEJIC Ha MUpP, Y IPpEBHUE BO33PEHUS ITPOCTHIX JIIOICH Ha ObITUE Ye-
JIOBeKa B MUpe npupoabl. «B ucropum yenoBeyecTBa HaOJIIOAATOCH HEC-
KOJIBKO TePUO/IOB B3JIETa HAYYHBIX MpeacTaBIeHrt 0 BcenenHoi, — moa-
YEpKMBaeT aBTOP, — Ha CMEHY KOTOPBIM MPUXOIMIIN 1IEJIbIe STTOXU HEBeE-
>KeCTBa 1 BapBapcTBa. BOKpyr coXpaHUBIIMXCSI OCKOJKOB UCTUHHOTO 3Ha-
HUS HAUMHAJIWA CO3JaBaThCsl «HOBBIE» TCOPUM MUPO3JAHUSI, KOTOPhIE,
TOJIbKO K COBPEMEHHOCTH, JOCTUTJIN HEKOM 3aBeplI€eHHOCTU». U namee —



OT13BIB Ha MOHOTPahHIO

«[IpencraBnenus o npupoxae BceneHHOI 0TpaxaroT U ONpeAesiioT ypo-
BEHb PA3BUTUSI HAyYHON MBICIM U TEXHMKHU, a TaKxkKe, OMpeaeasiioT Oy-
Oyliee pa3BUTHE IMBUJIN3ALIMHA B LIeJIoM» (67 ¢Tp.).

[TpuBnekaeT BHUMaHUE U KOHLIENTYaIbHbIN XapakTep MOHOTpaduu.
Bce e€ TeopeTryeckme noaoXeHus U IMpakKTUIeCKre HaOMI0IeHUSI OpraHu-
YyecKu B3auMoyBsi3aHbl. OHM CKJIaJbIBAlOTCS B CTPOMHYIO U CTPOTYIO Ha-
YUYHO-(PUI0COPCKYIO CUCTEMY OCO3HAHUS U 00bsICHeHUs BeceneHHoi, Oy-
Jy4U TIPOHU3AHHBIMU CKBO3HBIMM O0BEAUHSIIOIIUMU y3aMU (prj10cohCKO-
r0 aHAIMTUYECKOTO OCMBICIEHMSI BCETO HOBOTO. ABTOP M3J1araeT OHTOJIO-
ruyeckue npoodiaembl BeesleHHOI HEOTAeaUMO OT TPoOJIEM THOCEOIOTU M.
[TpobaemaTrKa mo3HaHUs HEOMHOPOIHOCTU BeeeHHol paccmaTpuBaeTcst
yepes Mpru3My HOBOTO IIOHMMAaHMsI HEOJHOPOAHOCTH ITPOCTPaHCTBA. AHA-
JIU3Y 3TOM KJIIOU€BOI ITPOOIeMbI aBTOP MOCBITUI (DaKTUYECKH JIBE TJ1aBbI:
BTOPYIO U TpeThi0. B HUX OH CKPYMYJIE3HO MEPEOCMbBICINI COBPEMEHHOE
OTHOIIIEHUE K TaKUM (PUIOCO(PCKUM M HAyYHBIM TTOHATUSIM KaK «MaTe-
pusi», «IIPOCTPAHCTBO», «BpeMs» U Ap. K aToMy ciienyeT n100aBUTh, YTO
akagemuk H. JleBaiios, nipu TpaguLIMOHHOM NMOHMMaHuUu matepuu (71
CTp.), KaK O0BbEKTUBHOI pealbHOCTU, MPUHLMUIIMAJIBHO MHAYE CYAUT O
MHOTroo0pa3uu cBsi3eii popM 1 BUIOB MaTepUHU ¢ TIpocTpaHcTBOM. U, ec-
JIA TIPEAIIOI0XHUTh, YTO CYILIECTBYET MHOXKECTBO TUIOB WM (pOpM MaTe-
puu, Kaxaasi U3 KOTOPbIX OTJIMYAeTCsl OT APYroii CBOMMU CBOMCTBAMM U
KayecTBaMU YaCTUYHO WJIU MOJHOCThIO, U 3T (POPMbI MATEPUM «HAKJIA-
JIBIBAIOTCSI» Ha MPOCTPAHCTBO C HEIMPEPHIBHO U3MEHSIOIIMMUCS CBOM-
CTBaMU Y KauyecTBaMu, — (PrJI0cOGCKU pa3MbIIILISIET aBTOP, — TO BO3HU-
KaeT pacripeieJieH1e 3TUX CBOOOTHBIX (hOPM MaTepUU IO MPOCTPAHCTBY I10
MPUHILIMITY TOXAECTBA MEXKIY CBOMCTBAMM IPOCTPaHCTBA 1 (hOpM MaTepun
(83 cTp.). ABTOp paccMaTpUBaEeT CUCTEMY MAaTPUUYHBIX IPOCTPAHCTB, 00pa-
30BaHHbBIX CUHTE€30M MaTepuii ogHoro Tuma. B kiaccuueckoii punocopuun
MPOCTPAHCTBO, KAK COOCTBEHHO BPeMsI U IBMKEHUE, IPEICTABISIOT B BU-
JIe HEOThEeMJIEMbIX CBOMCTB (aTprOyTOB) MaTtepun. HoBoe BuaeHue ObITHS
MaTepUU U MPOCTPAHCTBA MOPOJUT HEIIPOCThIE THOCEOJIOTUYECKIE MTPO-
0JieMbl, KOTOPbIE HE CYIIIECTBOBAIM paHee B HAYYHOM TeOpUU MO3HAHUSI.

B 5T0i1 KHUTE NpeaI0XeHO HEMaJIO MPUHIMITMAIbHO HOBBIX ITOJIXO0-
JIOB K OCMBICJIEHMIO TTpo0JieM BceeneHHol, BepBble Ha3BaHbI OCTPhIE BO-
MPOCHI, O KOTOPBIX (prJI0COMbI €1IE HE MUCATN. ABTOP CTPEMUTCS MPEIJIO-
>KUTh PSII MPUHLIMITMATIBHBIX TTPOOJIEM, UCXOMIS U3 KPUTUYECKOTO (DUIo-

9



Hukomnaii JlesamioB «HeogHnopongHast BecenenHas»

co(pcKOro ocCo3HaHMsI XapakTepa U3BMEHEHU I B KAYECTBEHHOM COCTOSTHUM
MPOCTPAHCTBA, KOTOPBIC MPOSIBISIIOTCS, TIPEXKIe BCEro, B UBMEHEHNU Ka-
YEeCTBEHHOI'0 COCTO-SIHUSI MaTepuU. DTy, IO CYTU, PEBOJIOLIMOHHYIO
MbIC/Ib, akanemMuk H. JleBailloB moaTBepxXaaeT CAeayIOIIUMUA CIOBAMU:
«M3MeHeHre Ka4eCTBEHHOI'O COCTOSIHUSI MaTepU U BIMSIET Ha KaUeCTBEH-
HO€ COCTOSIHME TIPOCTPAHCTBA ¢ 0OpaTHBIM 3HaKOM. B pe3ynsraTe HaTuuust
MEX]y TIPOCTPAHCTBOM M MaTepueit 00paTHOI CBSI3M, MPOSIBIISIIONICICS B
MX B3aMMHOM BJIMSIHUU JPYT HaA Jpyra, BO3HMKAET KOMIIEHCALIMOHHOE
paBHOBeCHE MEXIYy IMPOCTPAHCTBOM U MaTepueil, HaXonasdIlencss B 3ToM
npoctpaHcTtBe» (114 cTp.). CTpyKkTypa MOHOrpaduu MOCTPOEHa BOKPYT
OCO3HAHUSI HEOAHOPOIHOCTH IMPOCTPAHCTBA BO BeelleHHOI, Kak I1aBHOM
HaydyHO-(puJI0coGCKOi MpobeMbl MBICISIIEro yejoBeuecTBa. Mexay
npo0JIeMaTUKOM HAyYHOI'O J0Ka3aTeJIbCTBA ObITHUSI HEOOHOPOMHOM Bcee-
JICHHOM 1 €€ GpUIT0CO(PCKMUM 0CO3HAHMEM CYIIECTBYET INIyOOKasl CoAepKa-
TeJbHas B3auMOCBsA3b. MMeHHO (pusiocodus crocodHa B3aMMOYBSI3aTh
MPUPOAY HAYYHOTO MCCJIeTOBaHUS MOIBMXXHOCTA HEOTHOPOIHOTO MPO-
CTpPaHCTBA U €r0 BPEMEHHYIO pa3MEPHOCTh. TaK, paccyxXaasi O «BHYTPEH-
Heli JIOTUKE» YCTOMYMBOCTU U HEYCTOMUMBOCTU COCTOSTHUS CIOXKHBIX CH-
CTeM, aBTOP MpaBOMePHO 3asiBiisieT: «CaMbIM ITPOCTBIM aTOMOM SIBJISIETCS
aTOM BOJ0OPO/Ia, CIOKHBIMU — TPAHCYPAHOBBIE 2JIEMEHTBI. ATOMBI BOJIO-
pona — camble yCTOMUYMBBIE 3J1eMEeHThI BO BecesieHHOM, TpaHCypaHOBbIE —
COBCEM HE YCTONYMBBIE, U MPAKTUUECKU BCE U3 HUX CYILIECTBYIOT TOJbKO
B MICKYCCTBEHHBIX YCJIOBMSIX U “XKUBYT” TTOPOM MUJLIMAPAHBIE 1O CEKYH-
IIbI, a TO U MeHbIIe» (179 c1p.).

E1ié coBceM HelaBHO CUMTANIOCh, YTO CYILIECTBYIOT TOJILKO YEThIPE
3JIEMEHTapPHbIX YaCTUIIBI — IMPOTOH, HEUTPOH, 3JIeKTPOH U (poToH. Ceroi-
HSI OTKPBIThI HOBBIE 3JIEMEHTapHbIE YACTULIBI 1 MHOTOUYMCJIEHHBIE ITPOLIeC-
ChI X B3aMMHBIX ITPEBPAILEHUI. DTU SIBJIEHUSI XOPOILIO OMMCAHbI aBTOPOM
U KPaCOYHO Mpe/ICcTaBIeHbl UM B pucyHKax. OH ydoeauTeIbHO moKazaj, Kak
CYILIECTBOBAaHME OJHOM YaCTUIIbl, TAK WJIM MHAYE, CBSI3aHO C HAIMYMEM
JIPYTOii, TpU OOBSICHEHUM €IMHCTBA MPUPOILI MAKPOKOCMOCAa U MUKPOKO-
cMoca. Tak, corjlacHO aBTopY, «“UépHasi Iblpa” MaKpOKOCMOCa CO3IaET BO-
KpYT ce0sl MOIITHOE pailaibHOE TPaBUTALIMOHHOE T10J1e (paaualbHbIH e-
penaa MEpHOCTH) BbI3bIBalolllee pacrnaj J00il MaTepuun. AHAJIOTMYHO,
BHYTpeHHUI 00beéM crimpanu Mmosekyisl PHK vnu JIHK, co3naér nogo6-
HbIE YCJIOBUSI, MPUBOASIIME K pacrany MIeHEHHBIX MOJEKYJI, TMOa Aeii-
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CTBMEM CTOsSIYEM BOJIHBI MepHOCTU. Cripasib 3TUX MOJIEKY] BEAET cebst
WICHTUYHO “YE€PHOM IbIpe” MAaKpOKOCMOCA, YTO ITO3BOJISIET Ha3BaTh MO-
nekyny PHK v JIHK “aépHoii npipoit” MuUKpokocmocar (cTp. 260-261).
[TpoGieMa mponcxXoxXaeHUs )KU3HU — OJHA U3 HauboJjiee CJIOXHBIX, HO U
caMbIX MHTEPECHBIX B No3HaHUU (peHoMeHa BceneHnHoil. Ecnu ucropus
pa3BUTHS KU3HU Ha 3eMJie 3a MocyeIHue 4 MIIP. JIET HE BbI3bIBAET MPUH-
LIANMAJIBHBIX PA3HOTJIACUIN Cpean YUYEHBIX U (PUI0CODOB, TO BOMPOCHI
MPOUCXOXIECHUSI U DBOJIOLUMU XNU3HU BbI3bIBAIOT HETpeKpallaronecs
criopbl. M1 B 1aHHOI paboTe aBTOP pa3MbIIILISIET 00 9BOJTIOLUY XXKMBOTO MU -
pa, KaK pa3BeTBJIEHHOM, MHOTOILUIAaHOBOM mpouecce. M3BecTHO, 4TO B
COCTaBe COBPEMEHHOI (hayHbl U (JIOPHI COCYIIECTBYIOT BUIbI, TIPEACTa-
BJISIIOLLIME COOON TMOCJIETHUE 3BEHbsI CAMbBIX PA3JIMYHBIX PSIIOB Pa3BUTUS
>KMBOTO BEILIECTBA U CTOSIIIIME HA KAYeCTBEHHO Pa3HbIX YPOBHSIX €0 opra-
Huzauuu. AkagemMuk H. JleBaiiioB, B CBSI31 C 9TUM SIBJIEHUEM, PACCMOTpEII
SIBJICHUSI HEOPraHMYECKOIO M OPraHUUYeCKOTO B3aMMOJIEMCTBUS 2JI€MEH -
TapHBIX YaCTULl, aTOMOB, MOJIEKYJ U T.[. 3aBepliiasi HaydHYl0 paboTy, OH
CIIPABEINBO 3aKJII0YAET, YTO B HEM: «<HA OCHOBE MHOTOYPOBHEBOM >KMUBOM
MaTepuu BIIEPBbIE MOKA3aHbl MEXaHU3MbI MyTallMii, HAKOTIJIEHUS UX U T€-
peaaya HOBBIM MOKOJIEHUSIM XKMBbIX OPraHM3MOB, YTO, B CBOIO OUYepe/b,
SBJISIETCS (DYHIAMEHTOM JIJISI TIOHMMaHKS 3BOJIIOLIMOHHOTO MPOLIecca Xu-
BOW pupoasl» (299 ctp.).

Peuensupyemas monorpadus H. JleBamosa «HeonHoponHas Bce-
JIEHHasI» TIPEICTaBJISIET HECOMHEHHBIN MHTEPEC 1JIs1 YYEHBIX-€CTeCTBEHHU -
KOB M TYMaHUTapUeEB, CIELIMAIMCTOB U MperojaaBaTtesieit, 1a ¥ IMPOKOTo
Kpyra yuraresieil, oo rMogHsIThie B HEl HETpaAULIMOHHBIE BOIIPOCHI O He-
OOHOPOAHOCTU BO BcenmeHHoM u camoit BeceneHHOIM — BecbMa aKTyallbHBbI,
JOBOJIbHO MPO0JIeMaTUUYHbI U TPEOYIOT CAMOCTOSITEIbHOIO TBOPYECKOIO
MPOYTEHUSI U OCMBICJICHMSI. A 3TO 3HAYUT, UTO TBOPUECKUIA MOMCK HAyYHO-
(mrocodcKnX OTBETOB Ha «BEYHBIE» BOIIPOCHI O 3ara04YHOM CaMOPa3BU-
Tn BeeneHHOI, MO3BOJISIET MOHSTh BCIO «3bI0KOCTH» TIPUBBIYHBIX UCTUH
WJIM CJIOXKVBIIMXCS TIpeAcTaBaeHuid 0 Mupe. B nutore, MoXHO e11i€ pa3 cka-
3aTh, 4TO MOHOrpadus H. JleBaioBa Oynet uMeThb OOJbIIOE 3HAUCHUE IS
YU€HBIX U (prsiocodoB, IpernoaaBaTesieil 1 Bcex TeX, KTo NpodeccruoHab-
HO 3aHUMaeTcs mpobaeMaMu 1o3HaHus BeenenHoii. Akagemuk Hukomaii
JleBalioB BniepBbie, MOXaTyi, B MPAKTUKE HAyYHO-DUITIOCODCKOTO UCCTIe-
JoBaHus (peHoMeHa BcesleHHOI M cTaHOBJIEHUS €€ OBITUSI, CKPYNYJIE3HO
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OCMBICJIMBAET U caMy (pUI0COPCKO-METOA0JOTNYECKIE OCHOBAHMS T10-
3HaHus1. OH yMeJIO MOoJb3yeTCs IMATeKTUIECKIUM METOI0M SMITUPUIECKO-
ro U palMoOHaJbHO-TEOPETUYECKOr0 PaCCMOTPEHUSI HEOAHOPOIHOCTHU
Bcenennoii. KimtoueBas uiest aBTopa 0 HEOTHOPOAHOCTU BeeseHHOI mo-
Jydusia Xopolliee HaydHoe 000CHOBaHME U KpUTUYEeCKoe (puiocodckoe
OCMBICJICHME TIpU aHajau3e MM KapTuHbl Muposnanus. [ToapoOHbIit u
MIyOOKMI aHAIU3 aBTOP OCYIECTBUJI B 3aKIIOUUTEIbHOM YeTBEPTO TJ1aBe
MoHorpadumn «HeoOxoaumbie U 1OCTaTOYHbIE YCIOBUSI BOSHMKHOBEHUS
>KM3HU BO BeesleHHOoM» , KOTopast HOCUT JOCTaTOYHO paJuKalbHbIN Xapak-
Tep. B Heil n3/105keHbl OCHOBHBIE MTapaMeTphl MTOSIBJIEHUS XKU3HU, a TJ1aB-
HOE€ — KauyeCTBEHHbIE 0COOEHHOCTU (PYHKIIMOHUPOBAHMS OPTaHUYECKUX
MOJIeKyJ1. ABTOp paccMaTpuBaeT MX, KakK, CBOEro poja, HeoOXoauMble
O0OBEKTUBHBIC YCJIOBUS BOSHUKHOBEHUS XKM3HU Ha 3eMJjie U1 MULIMapaax
apyrux niaaHeT Bo BecenenHoit. Monorpadus H. JleBamoBa 3aciy:kuBaet
camoli BbICOKOM olieHKH. OHa — ToKa3aresib (DyHIaMEeHTaIbHOCTU BKJIaaa
akagemuka H. JIeBaimiosa B craHoBieHue ¢pusiocopuu BeenenHoit. MoHo-
rpagus npeacTaBisieT co00i 3aMeTHOE MPOABUKEHNE Ha (PUIT0COPCKOM
MnoIpuile pa3padboTKU COBPEMEHHOM Teopun No3HaHusg Kocmoca. DTo
MNOAJVUHHO MPOPBIBHOU HaydHO-(PUIOCOGCKUMN TPYyd, KOTOPBIN OyaeT
UMeTh (4epe3 OCBOEHHUE ero, Mpexje Bcero, ydeHbIMU U usiocodamu)
OrpOMHOE 3HaYeHUE MPU U3YYEHUH CTYICHTaMU1 U aClIUpaHTaMU pa3iny-
HBIX KOHIIETILIUI COBPEMEHHOTIO €CTECTBO3HAHMS, 3AMHTEPECOBAHHOTO 1
HETpeAB3STOro MPOYTEHUST HETPAAUIIMOHHBIX TTOAXOI0B YUEHBIX U (PUIO0-
cooB, pa3pabaThIBaIOIIMX aKTyaIbHbIC MPOOJIEeMbI IT03HaHUS BeeneHHOA.

Momnorpacdus akagemuka H. JleBamosa «HeogHoponHast BeeneH-
Hasi», HalMcaHa CTPOTruM, OECIPUCTPACTHBIM aKaJEeMUUYECKUM SI3bIKOM
Hayku. C y4€ToM xapakTepa TeMbl MOHOTpaduu, B HE OTCYTCTBYET CYy-
OBbEKTUBHO-JIMYHOCTHOE OTHOIIIEHUE K KAKUM-JTMO0 TEOPETUYECKUM TTpH-
CTPACTUSIM U OOBIIEHHBIM CYXXKAECHUSIM O cocTossHUU Mupa. U 3to npa-
BUJIBHO, M00, pelicH3NpyeMasi HaydHasi MOHOTpagusi — CTporasi UCCaeao-
BaTebcKas pabota. Bmecre ¢ TeM, TOXBaJibHO, YTO aBTOP, B LIEISIX JOCTU -
>KEHUS JTYYIIero YSICHEHMS CJIOKHBIX CIOXKETOB UCCJIeI0BaHMS, TpUOeraeT
K SIPKMM OO0pa3HbIM CPaBHEHUSIM U3 OOBIICHHOM XX1U3HU. Tak, OH BO3HU-
KHOBEHME KOJIEOAaHUII MEPHOCTU MPOCTPAHCTBA, ITPU B3PbIBE CBEPXHOBOM
3B€3/1bl, CPABHUBAET C BOJTHAMU, KOTOPbIE MOSBJISIIOTCS Ha TIOBEPXHOCTHU
BOJIbI TTOCIe Opocka KaMHs1. Min, iiutupyto: «IIpencraBumM nepBuYHbIC Ma-
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TE€pUU OJHOTO THUIIA, KaK «KyOMKH» OJTHOTO pa3Mepa U pacCMOTPUM, KakK
MaTepUM B3aUMOACHCTBYIOT APYT C APYTOM B 30HE HEOJHOPOIHOIO MPO-
cTpaHCcTBa». Vnn, miist oObsiICHEHUS Mpoliecca nepexoaa aToMa U3 yCTo -
YUBOTO COCTOSIHMSI B HEYCTOMYMBOE, aBTOP CPABHUBAET 3TO SIBJICHUE C
00pa3oM M Ha JOporax, 3aloJHSIeMbIX BOJOU BO BpeMsI 1oxXas (cTp. 142,
172, 201, 198-200).

3akaHuuBas aHau3 MmoHorpaduu H. JIeBaiiosa, xoTesioch Obl €11IE pa3
3aMETUTD, YTO ITY CAMOOBITHYIO KHUTY MOXXKHO PEKOMEHI0BATh HE TOJIKO
y4€HBIM U punocodaM, mpernogaBaTesasiMm 1 Meaukam. OHa OyzeT rmoJjie3Ha
U BCEM TeM, KOMY HeOe3pa3IuuHbI ITpo0JIeMbl TT03HAHMSI BOOOIIE, KTO, TaK
WJIX MHaue, uHTepecyeTcs puiaocodCcKUM rmo3HaHueM Mupa 1 03a00ueH Io-
WCKOM MyTEN U CPEACTB MO3HAHUS U TOHUMAHUS CTAHOBJICHMSI KM3HU Ha
3eMJie U €€ 3BOJIIOLIMHU 10 TOCTHKEHMSI BBICIIIETO YPOBHSI — pa3yMHOI Ma-
TepuM (4enoBeka). PaspabdareiBaemast H. JIeBalioBbIM KOHLIETIINST HEOTHO-
ponHoit BceneHHoit, mo3BoJINT, B OyaylleM, IPeIBUAETh U MPeICKa3biBaTh
00BEKTHBHBIE MPOLIECCHl B MAKPO- U MUKpoMupe. B MoHorpadun Hameue-
HBI HOBBIE MTePCIIEKTUBHBIC HAITpaBJICHUS JajdbHelel (hyHIaMeHTaIbHOM
HCCIEA0BATEIbCKOM paboThI B 3TOM 001aCTU HAyKX U (prstocopuu.

Hrak, moHorpagus H. JleBanioBa — 310 3aMeTHOE COObITHE B MU-
poBoii pusocoduu nozHanust BeeneHHol. OHa IPOHUKHYTA TNTyOOKUMU
Pa3MBbIILICHUSIMU O POJIY M 3HaYeHUU (pMI10CO(CKOTO HACIEAMS Y COBPE-
MEHHOTO MOMCKa B 001aCTU TEOPUU IMTO3HAHUS BOOOIIIE.

Xpycmaaée FOpuii Muxaiiaosuyu — dokmop gunocogh-
ckux Hayk, npogeccop. Ilpedcedamenw Ilpobaemmnoeo
yuebHo-memoduueckozeo Cosema no 2ymaHumapHomy
obpazosanuro 6 8yzax Munucmepcmea 30pagooxpate-
Hus Poccuu. Ynen Hayuno-memoouueckoeo Cosema no
gunocogpuu Munucmepcmea obpazosanus Poccuu.
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Ot aBTOpa

3aKoHbI TPUPOALI (POPMUPYIOTCSI HA YPOBHE MaKpOKOCMOCA U MU -
KpokocMoca. YenoBek, Kak XK1MBOE CYIIECTBO, CYILIECTBYET, B TaK Ha3bIBa-
€MOM, MPOMEXYTOYHOM MMpE — MEXAYy MaKpo- U MUKpoMupoMm. U B
ATOM MTPOMEXKYTOYHOM MUPE YEJIOBEKY MPUXOAUTCS CTATKUBATHCS TOJBKO
C TIPOSIBJIEHNEM 3aKOHOB MPUPOJIbI, a HE C HUMM HemocpeAcTBeHHO. Kak
CJIEICTBME OTOr0, BO3HMKAET MpobdJieMa ¢ Co3IaHMeEM MTOJTHOLIEHHOM Kap-
TUHBI MUPO3aHusl. DTa IpobyeMa OyaeT CyllecTBOBaTh 10 TeX Mop, MOKa
He OyJeT co3laHa KapTMHA MAPO3AaHusl, HA OCHOBAaHUU MOHUMAaHMUs 3a-
KOHOB MaKpOKOCMOca U MUKpOKocMoca. Kak Obl 101ro Mbl Obl HE CMOTpE-
JIM Ha BEPXYIIKY aiicoepra, 10 TeX Mop MoKa KTO-TO HE COOOPa3UT HbIPHYTh
MO/ BOJY Y HE YBUAUT aiicOEpT LIEJIMKOM, BCE MOMBITKM OMKUCAHUS €ro 0y-
IyT, B JIy4YIIEM CTy4ae, HEMOJIHbIMU. AHAJIOTUYHO OOCTOUT JEJI0 U C «aiiC-
O6eprom» muposaanus. [Toka KTo-HUOYIb HE «<HBIPHET» B BO/IbI HEBEIOMO-
ro, BCE MOIBITKMU CO3aTh KAPTUHY MUPO3AaHUs, KAKUMU Obl OHU HE Ka-
3aJIMCh KPaCMBBIMU, OKAXXYTCs HECOCTOSITEIbHBIMU. McTOpUS TTO3HAHMS
YeJI0BEKOM MPUPObI CIIYXKUT MOJHBIM MTOATBEPKIEHUEM 3TOTO.

OnHa 13 OCHOBHBIX MPUYMH ITOA0OHOTI0 3aKJII0YAETCS B TOM, UTO Op-
raHbl YYBCTB, KOTOPBIE YEJIOBEK MCIOJIb3YET IMPU CBOEM IMTO3HAHUM IIPUPO-
IIbI, HE TAI0T €eMYy TaKOW BO3MOXXHOCTH MO OAHOM mpocToii mpudurHe. [1pu-
poja co3iajia OpraHbl YyBCTB Y€JIOBEKA HE JJ1s1 TOrO, YTOOBI OH (YET0BEK)
CMOT TTO3HaTh NMpupoay. OpraHbl UyBCTB YeJIOBEKa, BIIPOUYEM, KaK M OpraHbl
YYBCTB XXMBOTHBIX U paCTE€HMIA, BOSHUKJIU U Pa3BUBAINCh, KAK MEXaHNU3M
ajanTalyy U IPUCIIOCOOJIEHUS KaXXI0T0 BUIA XUBBIX CYILIECTB K 9KOJIO0-
TMYECKHUM HUILIaM, KOTOPbIE OHU 3aHUMAIOT. Ye10BeK cTasl MCMOJIb30BaTh
CBOM OpraHbl UyBCTB M JIJISI HAKOTUIEHUSI, COXpaHEeHUsI U Iiepenadyu nHMop-
Manuu cede mogooHsIM. Ho 3170 — nHpopMaLys o IpoMeXyTOUYHOM MU -
pe, a He 0 MaKkpoMmupe uiu Mukpomupe. Ha uro, K coxaneHuto, He oopa-
maercs BHUMaHue. A 3psi. [ToroMy, 4To pacrnionarasi TOJIbKO MSITbIO Opra-
HaMM YyBCTB, J1aXKe pacIIMPEHHBIMU C TOMOIIbIO IPUOOPOB, ITPOCTO HE-
BO3MOXKHO OMMCATh U CO3/1aTh MOJHOLIEHHYIO KapTUHY MUpo3aaHus. J1is
TOTO YTOOBI CO3AAaTh MOJHOLIEHHYIO KAPTUHY, HEOOXOAMMO UMETh BO3MO-
>KHOCTb OJJHOBPEMEHHOT'O HAOJTIOIEHMSI, KaK HaABOIHOM, TaK 1 TTOIBOIHOM
yacTeil «aiicoepra» MUPO3IaHMSI, YTO BO3MOXKHO TOJIBKO MPU MOSIBICHUU
JTOIOJTHUTEIbHBIX OPTAaHOB YYBCTB K IISITH cyliecTByoIUM. [TpakTruecku
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KaXXAbIN 3KeJIaloINi UMEET BO3MOXKHOCTD MOJYYUTh ONBITHBIM MYTEM
JIoKa3aTeIbCTBA OrPAaHUYEHHOCTH HAILIMX OPraHOB UyBCTB. U 17151 3TOrO He
HYXXHO KaKUX-JUOO CJIOXHBIX SKCIIEPUMEHTOB, a TOJILKO, HBIPHYB IT10]1
Boay 0€3 MacKU, OTKPHITh IJ1a3a. KapTuHa moaBogHOTo MUpa MpeaCcTaHeT
repe HallliM B30pOM B UCKaXKEHHOM BUJIE: (DOPMBI, pACCTOSTHUSI HE OyIyT
COOTBETCTBOBATh peajbHbIM. M1 HET B 3TOM HUKaAKoOro mapamokca. Itaza
yesJoBeKa aJalTUPOBaHbl K BO3IYIIHON cpene, a Iyia3a pblo U JIpPyrux
MOABOAHBIX KUTEJIe — K BogHOM. M mosaTomy nmoaBoaHast KapTuHa OyneT
MCKAXXEHHOU U1 YeJI0BeKa, a Ha3eMHasi — 1J1s1 pbI0. UTo ke roBOpUTH O
KA4ECTBEHHO APYTUX SIBJICHUSIX IPUPOABI, C KOTOPBIMU Y€JI0BEK HUKOTI1a
He CTaJIKMBAJICSI U HE MOXET CTOJKHYTHCS MOCPEACTBOM CBOMUX MSITHU
opraHoB 4yBcTB? CamMoe MHTEPECHOE — HUKTO 00 3TOM He 3ayMbIBaeTCsl.
N, xak ciencrBue, HayKa, pa3Hbie €€ OTpaciu, IIPeBPaTUINCh B CJIETIBIX U3
CTapoil MHAYCCKOM MPUTYE O CJIIOHE, KOTJA TPOUX CJIEIBIX MOMPOCUIN
onucathb ciaoHa. Kax bl 13 HUX, HAaTKHYBILIMCH Ha KaKyl0-TO YacTh CJIOHA
CHELINJI OMKcaTh, Yepe3 CBOU OLIYIIEeHMSsI, Bcero cioHa. YTo u3 3Toro
MOJIYYMJIOCH U3BECTHO KaXKIOMY, €CJIM HET — TO HE CJI0XHO MPEICTaBUTh.
K coxaneHuio, BcsI UICTOpUSI TEOPETUUYECKOM HAyKM, KOTOpasl MblTalach
CO37aTh KAPTUHY MUPO3JaHUSI, OUeHb CUJIbHO HAITOMUHAET MPUTUYY O TPEX
cienbix. M, 4To MHTEpEeCHO, MPAaKTUUYECKU BCE BEJIUKME OTKPBITHUS
YyeJIoBeYeCcTBa ObLIM CAEIaHbl YYEHBIMU B MOMEHTBI TaK Ha3bIBaeMbIX
MpPO3PEHUIA, 03apeHMIA, KOTOphIE BCETaa «JIexXaau» 3a IpeacaaMu MsITU
OpraHoB YYBCTB yeJioBeKa. Ho 1 3T0 He 3acTaBMIO YejoBeKa 3aayMaThes
HaJ BOIIPOCOM, YTO MOKHO MOJYYUTh C TIOMOILBIO MSITU OPTaHOB UyBCTB,
M YTO HYXKHO JJIs TIOJIHOLIEHHOTO TTO3HaHUs mpupoabl. B To ke camoe
BpeMsI HeJ1b351 U BUHUTD 3a 3TO, KaK HeJIb3s1 BAHUTH CJIEIOr0 OT POXICHUS
3a TO, YTO OH HE B COCTOSTHUU IMOHSITh 1 TIPOYYBCTBOBATh KPaCOTYy 1 KpacKu
OKpYyxKarollei nmpupoasl. EnMHcTBEeHHAsi BO3MOXHOCTb JOCTUTHYTbH 3TOTO
IJISI CJIETIOTO — TIPO3peTh. MHE X0TeI0Ch ObI BEpUTh, UTO 3TO Y MEHS T10-
JIYYMJIOCH U, B pe3yJbTaTe MOAOOHOTIO «IIPO3PEHMSI», YAATOCh CO31aTh Mpe-
JjaraeMyto BallieMy BHUMaHUIO TEOPUIO, U3JIOKEHHYIO B JAHHOW KHUTE.

Axademur H. Jlesamos
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IIpeaucnoBue. AKTYaJabHOCTb NPOOJIEMbI

[TosiBeHue yenoBeKa v 3apOoXIeHUE Y HEr0 CO3HAHUSI HEPa3pbIBHO
CBSI3aHO C TOIBITKAMM TIO3HAHUSI UM OKpyXKaroliero Mupa. Becb mup B
CBOEIt 0ECKOHEUHOCTH, 0€3rpaHUYHOCTU U OecpeeIbHOCTY He JaH Ye-
JIOBEKY B €r0 HEMocpeacTBeHHOCTU. OHTOJIOrMYECKU MOaAX0 AAET BO3MO-
JKHOCTb OXBaTUTh MUP, KaK 1ieJioe, KaK cucTtemy. Takum o0pa3oM, OHTO-
JIOTHSI OTBEYAET Ha BOMPOC: B YEM CYLIHOCTb MUPO3AaHUSI 1 MUPOTIOHM -
maHus. Crieuudpuueckas puaocodckasi ToCTaHOBKA BOIIPOca, KOTOPYIO
MBI BCTpedaeM y aApeBHerpedeckux puiaocodon Paneca, AHaKCMMaHIpa
1 AHaKCUMEHa, COCTOUT B MOMNBITKE YCTAHOBUTH MEPBONIPUYMHY, IEPBO-
OCHOBY, KOTOPbI€ MOTJIA ObI 0OBSICHUTH BCE 0ECKOHEYHOE MHOTOO0pa3ue
MPUPOIHBIX sIBeHnI. Dajiec cYMTaI TAKUM TTIepBOHAYAIOM BOIY, AHAKCH -
MeH — Bo3nyX, [epaknut — oronb, Kcenodgan u I[lapmeHu — 3emMiio, T.€.,
B 00I1IeM, T€ XK€, Ka3aBIlIKuecs B IPEBHOCTU Aajiee HEPa3TOXKUMbIMU CTU -
XU, KOTOPBIE Mbl HAXOAWM U B IPEBHEMHINNCKON, ¥ B APEBHEKUTANCKOM
Hatypduiocoduu. JInimb AHAKCMMaHIP BBIIBUMHYJ, B KQUECTBE TaKOTO
repBOHavalia, HeKyl0 HeoIpeaeIE HHYIO ITepBOCTUXUIO, KOTOPYIO OH 000-
3HAYMJI CJIOBOM «aneipoH». JISHOHUII HauajioM CUMTAaJl MOHAMY, T.€., IIPO-
CTYIO CYOCTaHIIMIO, KOTOpask HE BOBHUKAET 1 HE MCUe3aeT, He MMEET YacTeid
M MOXET OBITh ITOJIyYeHa TOJIbKO ITyTéM TBopeHUs. Kaxknast MoHaga J0J1-
>KHa OBITh OTJIMYHOI OT APYTOi1, U, KaK JII0O0Ee TBOPEHUE, MOHA/a MOABEP-
>KeHa OecrnpepblBHOMY M3MEHEHUI0. MI3MeHeHUsT MOHAAbl UCXOAIT U3
BHYTPEHHETO Hayaja, T.K. BHEIIHSS MPUYNHA HE MOXET UMETh BIIUSTHUS
BHYTPU MOHaAbl. DNMKYp, JleBkumni, JeMokput u KaHT mojaraau, 4To
MepBOHAYaIbHBIM COCTOSIHUEM MPUPOIbI ObLIO BCEOOIIee paccessHue nep-
BUYHOTO BEILECTBA BCeX HEOECHBIX TEJT — aTOMOB. JIeBKuIm u JleMokput
oJarajiv, 4To 06CKOHEYHO HE TOJIbKO YKUCJIO aTOMOB BO BCEJIEHHOI, HO U
YMCJIO BO3MOXKHBIX 11 HUX (DOPM, T.€. UX UTYyp, ouepTaHuil. Yucno aTux
pa3IUYHbIX (OpM — OEeCKOHEeUHO. JloKa3aTeJabCTBO 06CKOHEYHOTO Ynciia
(hopM aTOMOB, KOHEYHO, HE MOIJIO OBITH SMIUPUYECKUM, BCICICTBUE HE-
BUIMMOCTUA U HEOCSI3a€MOCTH 3TUX (OPM, a TOJBKO JJIOTUUYECKUM. DTO
yYYE€HMeE CTaJI0O HOBBIM U BITOJIHE OPUTMHAIBHBIM CITOCOOOM pELIeHMSI eCTe-
CTBEHHOHAY4YHOI U priocodckoii mpobieMbl, KOTopasi Oblia MocTaBJieHa
nepea rpeuyecKoi MBICbIO 3JIeiliaMu C X YYeHUEM, COIVIACHO KOTOPOMY
WCTUHHO Cylllee ObITHE He MOXET H BO3HUKHYTb, HU MOTMOHYTh. JIeB-
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KU 1 J{eMoKpUT, Tak Ke KaKk DMMEeN0KI U AHAKCarop, COriacHbI C 3TUM
TE€3WCOM, HO, BMECTE C TEM, OOPOJIMCh IIPOTUB BO33PEHUI 2JICHIIEB, OTPU-
LIABIIMX MBICIMMOCTh MHOXECTBA U MBICIMMOCTbD ABUKEHUSI. DMIIEAOKI
MBITAJICS PELIMTD 3Ty 3a4a4y, pa3padoTaB rMMOTE3Yy O YETHIPEX «KOPHSIX
BCEX BEILIECTB» U O IBYX CUJIaX, KOTOPbIMU OHU MPUBOISTCS B IBUXKEHUE.
AHakcarop Ty Xe 3agady MbITajacs pellnTh, BBIIBUHYB TMIIOTE3Y O CYIIE-
CTBOBAHUHU OTJIEJIBHOTO OT BCETO «yMa» — MEXaHWUYECKON IBVXKYILEH CH-
JIbl, KOTOpasi MPUBOJIUT 3TU YaCTULIbI B ABMXKeHUEe. Ho H1 DMnienoki, HU
AHakcarop He IpeanoJjaraiv, 4YTo dJIeMEHTapHble YacCTUIIbl BEIeCTBa
SIBJISTFOTCS a0COJIIOTHO HeICTMMbIMU. UMEHHO 3Ta MBICIb CTAHOBUTCS OC-
HOBOI MaTepuaiucTuieckom punocopuu u puzuku Jleskummna u Jlemo-
kputa. Teoprsi 0 HEBUAMMBIX HAMM aTOMax BBITEKAeT U3 HaOJI0neHUM
HaJ IpolieccaMu U SIBICHUSIMU, TIPOUCXOISIIIIMMU B YyBCTBEHHO BOCIIPH-
HuMaeMou npupoze. Teopust atomru3ma Bo3HUKIIA y JleBkumnmna u Jlemo-
KpHTa Ha OCHOBAaHMM HAOIIOACHUIA M HEKOTOPBIX aHajoruii. [1o pazbsicHe-
Huto CuMruimuus, JleBkunn v JIeMOKpUT NOCTYIMPOBAIN CYILIECTBOBAHUE
OECKOHEYHOT0 MHOXXECTBA aTOMOB ITOTOMY, YTO OECKOHEYHOCTh HE00XO-
IrMa 1151 OObSICHEHUS BCEX SIBJICHUI, HAOII0AaeMbIX B (DU3MYECKOM MUPE.
ToabKo T€M, KTO CUMTAET aTOMbI 0€CKOHEYHO MHOTUMU T10 YMCITY, YAAETCS
JaTh BCEMY pa3yMHOE O0bSICHEHUE. DTO 000CHOBAaHUE — KJIACCUYECKUM
MpUMep BOBHUKHOBEHMSI HAyYHOU TMIIOTE3HI.

ATomucTryeckoe yueHue JleMokpuTa pa3BMBagIoCh B HEpa3pbIBHOM
CB$I13U C IIOHSITUEM O BEUHOCTU BpEMEHU. APUCTOTEb ITUCAJT, YTO BEYHOCTh
BpeMeHu Obli1a 111 JleMoKpuTa CpeIcCTBOM J10Ka3aTe/IbCcTBA TOTO, YTO Cy-
LLIECTBYET He BO3HUKIIIEe ObITHE. 3a UCKIoUYeHueM [1maToHa, Bce ¢puio-
codbl, KaK yKa3bIBaJl APUCTOTEIb, CYUTAIN BpeMsI HEPOXKIEHHBIM. YUeHUE
JleBkurmna u JlemokpuTa 0 KauecTBax TeJ ObLJIO COBEPILIEHHO HOBOM TOY-
KO 3peHusl, BIIepBbIE BBEIEHHOM B ipeBHErpevecKyto Gpuaocoduio 1 Ha-
yKy. OHO OCTaBUJIO ITYOOKUiA ciiesl B pa3BUTUU (DU3UKU, XUMUM U DUIIO-
co(CKOro MOHMMaHUSI MPUPObl. Bo33peHUs 3TH pe3KO pacXOAUIUCh C
rOCMOJACTBOBABLIMMMU B 5 B. 10 H.3. MpeACTaBAeHUsIMU. MBICIIU O 6ECKO-
HeyHocTU BceneHHoM u 00 0IHOBpEMEHHOM CYIIIECTBOBAHUM B Hell Oec-
YKUCJIEHHOIO0 MHOXECTBA MUPOB C TPYIOM MPOKJIaAbIBAIM ceOe ITyTU B CO-
3HaHUe Joaci. KaHT mpuHUMan aTOMUCTUUYECKYIO TEOPpUI0 DIUKYpa,
JleBkunmna, JIemokpura. Tak, DnuKyp npearoJjarai, 4To CylIeCTBYET TS -
>K€CTb, 3aCTaBJISAIOIIAs aAaTh IEPBUYHbIC YacTULIbI MaTepuU. Ero Teopus
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HEMHOI'MM OTJIM4aeTcs, mpu3HaBai KaHT, or npuHumaemoro uM HeroTo-
HoBa npuTsckeHuss. HakoHell, BUXpu, BO3HUKIINWE U3 OECMOPSIOYHOTO
JBU>KEHWST aTOMOB, COCTaBUJIM OAVH U3 IJIABHBIX MYHKTOB B cucTeMe JIeB-
Kuppa u JleMoKpuTa, U 3T BUXPU BCTPEUYAIOTCS B KOCMOTOHUYECKOM Te-
opuu Kanra. B T0 ke Bpemsi, KaHT roBOpMT, UTO BbIlLIEHA3BAHHbBIE CTOPOH-
HUKY YYEHUS O MEXaHUCTUUYECKOM MPOUCXOXICHUN MAPO3IaHUS BBIBO-
JIAJIN BCSIKUI HAOMI0gaeMblii B HEM TOPSIAOK U3 CJIETIOrO CIyvasi, KOTOPbIi
CTOJIb yIAYHO OOBEIVMHUJ aTOMbI, YTO OHU COCTaBUJIM OJHO CTPOMHOE
1eJioe. DMMKypa, HalIlpUMep, OH KpPUTUKOBAJ 32 YTBEPXKIEHHUE, UTO aTOMBI,
na0bl ObLJTa MX BO3MOXXHAs BCTpeya, 0€3 BCIKOU MPUYMHbBI OTKJIOHSIOTCS
OT CBOETO MpsSIMOJIMHETHOTO ABM>KeHUs1. Bee 3t (prstocodbl, roBOPUII OH,
MPUITUCHIBAIM MPOUCXOXKIECHNE XXUBBIX CYILIECTB CJIEIIOMY CIy4yaro U Mo-
WCTHHE BBIBOAWIM pa3dyM U3 Hepasymus. KaHT Buaea poJib BBICIIETO pa-
3ymMa B Ipolieccax, MpUCYIIMX 3aKOHAM MaTepUM, KOTIa U3 €€ COCTOSTHUS
MOJTHEHIIIETO Pa3I0KEeHUS U PacCesIHUS €CTECTBEHHO pa3BUBAECTCSI HEKOE
MpeKpacHoe cTpoitHoe 1iejoe. OH oTMevas, YTO MaTepusi, COCTABISTIOIIAs
MEePBUYHOE CYILIECTBO BCeX Belllel ¥ MOAYMHEHHAsI U3BECTHBIM 3aKOHAaM,
JNOJDKHA 1aTh MPEKpacHbIE COYeTaHUs. DTOM MPUYMHOM JOJKEH ObITh
bor, moToMy uTo npupoaa, 1axe B COCTOSSHUU Xaoca, MOXKET J1eiCTBOBATh
TOJIbKO MPABUJIBHO U CJIaXX€HHO. B OTHOIIIEHUM CTpOEHMS U IBUXKEHUS He-
OecHbIX Tes1, KaHT roBopuii, 4To, pa3 n1aHa MaTepusi, KOTopas, 110 MpUpoje
CBOEI, OfapeHa CUJION MPUTSKEHUST, HETPYAHO OIPEICTUTD T€ TIPUIMHBI,
KOTOpbI€ MOTJIM COAECHCTBOBATh YCTPOSHUIO CUCTEMbI MUpPa, pacCMaTpu-
BaeMoii B 1ieioM. HeoO6xoaumMo, 4ToObI Te10 Ipruoopesio mapoodpa3Hylo
(opMy U1, 4TOOBI CBOOOIHO MapPSIIKE TeIa COBEPIIAIN KPYTOBOE IBVKEHUE
BOKPYT LIEHTpa, K KOTOPOMY OHHU TATOTEIOT. B3auMHOe pacnonoxeHue
OpOWUT, COBMAaJeHUE HAIpPaBJIEHUS, SKCLIEHTPUCUTET — BCE 3TO MOXKET
OBITb O0OBSICHEHO MPOCTEUIIMMU MEXaHUYECKUMU NpUYrMHaMu. B To ke
BpeMmsi, KaHT mpu3HAET, 4To Jierdye MOHSITh MIPOMCXOXKIEHUE BCErO YCTPOi-
CTBa MUPO3JaHUSI, YEM TOYHO BBISICHUTb, HA OCHOBAaHMM MEXaHUKHU, BO-
3HUMKHOBEHME OJHOI TOJBbKO MNbIIMHKHU WU TYCEHUIIbI.

Heob6xonnmMo otMeTuTh, 4To cam KaHT 00BbsICHSIT BeJIMKUI TTOPSIIOK
MPUPObI TOJBKO CUJIOM MPUTSKEHUS U CUJION OTTaJKMBaHUsI, KOTOPbIe
OAWHAKOBO MEePpBUYHBI U BceoOmy. O6e OHU 3aMMCTBOBAHbI U3 (DUIOCO-
(pvi HproTOHA, KOTOPBIN CU€]T BO3BMOXKHBIM OTKA3aThCsl OT €CTECTBEHHO
KOCMOTOHMM. KaHT 3aMeHUJI aHTOJIOTUIO TPAHCILIEHAEHTAIbHOM (hUI0CO-
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(dueit, T.e., cUCTEMOV MOHATUI U MPUHLIMUIIOB, KOTOPbIE MPEAIIECTBYIOT
OINBITY alIPUOPU, HO JAHBI YEJIOBEKY YYBCTBEHHO U IT03TOMY MOTYT OBITh
MOATBEPXKIECHBI ONMBITOM. KaHT olleHMBaeT CBOIO TUITOTE3Y, KaK HOBBIN
BUTOK B Pa3BUTUU TEOPUU MUPO3JaHNSI, OCHOBAHHOI Ha BCEOOIIUX 3aKO-
Hax Npupobl. B coBepllieHCTBOBAaHWM TMITIOTE3 MUPO3AaHMsI, a TAKXKE, Pe-
LIEHUHU MOAOOHBIX MPobJieM, HEOOXOAUMO 00pallaThCsl TOJBKO K €CTeC-
TBeHHOI puaocopun. dusnueckas ke 4acTh HayKu o0 BceaeHHOM MoxXeT
OBITh B OyIy1lIeM JOBeIeHA A0 TAKOT'O XK€ COBEPIIEHCTBA, 10 Kakoro Hulo-
TOH AOBEJ €€ MaTeMaTUYECKYIO 4YacTh, OTMedasl KaHT.

HMcxonnoe nmonoxeHnue gpunocoduu lereast — TOXIECTBO ObITUSI U
MBIIUICHMS, T.€., TIOHUMaHNe peaJbHOro0 MUpa, KaK MpPOSIBICHUST UIIEH,
MOHSATHS, TyXa. DTO TOXKAECTBO pacCMaTPUBAIOCh, KaK UCTOPUUYECKU pa3-
BUBAIOLIUICS MTPOLIECC CAMOMNO3HAHUS a0COJIIOTHOM uaeeit camoii ceos. B
OCHOBE BCeX SIBJICHUI IPUPO/IbI U OOILIECTBA JIEXKUT a0COJIIOT, AYXOBHOE U
pa3yMHOE HauaJlo — «aOCOMIOTHAS UaEs», «<MUPOBOI pa3zyM» U «MHUPO-
BOM 1yx». DTO HaYajI0 — aKTUBHO U ACSITENbHO, MPUYEM, ACSATETBbHOCTD ETO
COCTOMUT B MBIILILJIEHNM, a TOUHee, B camorioHnumaHuu. Ilo Ieresnto, oHTO-
JIOTHST — 3TO YYeHHe 00 aOCTpaKTHBIX OIpeaesIeHUsIX CyIIHOCTU. OH OT-
MeuaJ, 4To 151 0ojiee paHHMX OIpeIe/IeHUI OHTOJIOTUM B MX OTHOOOpa3uu
1 KOHEYHOI 3HAYMMOCTH HE CYIIIECTBOBAJIO MPUHIIKUIIA U OJIvKailiee co-
nepKaHre MOIJIO ObITh OCHOBAHO Ha MpPEACTaBI€HUM, Ha 3aBepEeHUU, a
MHOTIMa, Takke, Ha aTuMoJioruu. CucteMa Ieresist mpeaBoCcXuTuIa UACIO
€IMHCTBA OHTOJIOTUM, JIOTUKY U TEOPUU IMO3HAHUS, M 9TUM yKa3ajia BbIXO
K TMTO3UTUBHOMY MO3HAHUIO MUpA.

Pa3Butue HayuyHo#t MbiciiM B 20 BeKe, KaK M B MpeablAyIINE BEKa,
TpeOOBaJI0O HOBOTO 0OOCHOBAHMSI OHTOJIOTUYECKO# runoTe3nl. M oHa mo-
sIBWJIACh ciydaitHo. JIopeHII MoJydns1 ouepeHble MaTeMaTUUeCKue Mmpe-
0o0pa3oBaHus, a DUHILITEH MOABEN MOA HUX JBa MOCTYyJIaTa:

1. ITpocTpaHCTBO MPUHMMAETCS U30TPOITHBIM, KOTJa CBOMCTBA €0
HE 3aBUCST OT HApaBJAE€HUS U PACCTOSIHUSI.

2. CKopoCTb CBeTa MPMHUMAETCS, KaK KOHCTAHTa U, KaK MaKCHUMaJlb-
Hasi CKOPOCTb ABMXKEHUSI MaTepUaIbHbIX 00bEKTOB. JApyruiMu ciioBaMu,
CKOPOCTb CBETa HE 3aBUCUT OT IPOCTPAHCTBA.

Drta Teopus cTaja (QYHIAMEHTOM IIPEACTaBJICHUN O MPUPOJE
MpocTpaHCcTBa. BMecTe ¢ TeM, HEKOTOpbIE OTKPBITUS TTOCEAHEN YETBEPTHU
NBaIaTOrO BeKa M HayaJia ABalaTh IIEPBOT0 HE HAXOIAT OOBbSICHEHUI B
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CYILIECTBYIOIIMX TTOCTYyJIaTaX. Pe3ynbraThl aHain3a 60a3bl JaHHBIX, TTOJY-
YEeHHBIX 3a MpeieaaMu 36MHOM aTMOC(epbl TOCPEACTBOM PaAUOTEIECKO-
na, onyoaMKoBaHHbIe B 1997 romy aMepukaHCKMMM acTpoduznkamu bop-
roM Pomnanrom m JIxkoHOM PajicTOHOM, CBUAETENLCTBYIOT O TOM, UTO
BCeJeHHas — HEOJHOPOAHA. DKCIEPUMEHTHI MPOBEAEHHBIE JOKTOPOM
JromxrHoM BaHT B NpMHCTOHCKOM Hay4YHO-UCCJIEI0BATEIbCKOM MHCTU -
TyT€ JAJX OLICJTOMJISIOIINE PE3YIbTaThl — IMYYKH CBETA MEPEMELIATUCH B
0c000i1 ra3oBoii cpene co ckopocThio B 300 pa3 ObicTpee, UeM TeopeThyec-
KM JOITyCTUMAs CKOpocThb. B Mtanum, npyras rpyrmna u3nKoB MoJayduia
JAHHBIE O paCIPOCTPAHEHUH MUKPOBOJIH CO CKOPOCThIO Ha 25 MPOLIEHTOB
BbILLIE TEOPETUYECKHU AOMTYCTUMOM.

He u36exkana mogoOHoI yuacTu u siaepHas ¢pusuka. Tak, OCHOBHOI
3aKOH COBPEMEHHOM (PM3MKM, 3aKOH COXpPAaHEHUS MaTepPUM, TJIACUT, YTO
MaTepusi HUOTKy/la He MOSIBJISIETCS M HUKyIa He ucuesaeT. [IpumeHu-
TEJIbHO K CUHTE3Y YaCTUIL B XOJIE SIIEPHBIX PEAKIIMIA, 9TOT 3aKOH MOXHO 3a-
MucaTh B CJICIYIOLIEM BUIIE:

m; + mz > ms (1)

JpyrumMu cioBaMu Macca, BO3HUKIILIAs B pe3y/bTaTe CUHTE3a YacTh -
11bl, JOJXKHA OBITh MEHbIIIE UJIM PABHOM COBOKYITHOI MacCe YaCTUILI €€ CO3-
naBimx. OIHAKO, B HEKOTOPBIX 3KCIIEPMMEHTAaX Macca BO3HUKAIOIIEH
YaCTULIbI, OPOI, Ha HECKOJIBKO MOPSIIKOB MPEBHIIIaa COBOKYITHYIO Mac-
Cy YacTHIl, €€ CO3IaBIINX:

m; + mz << m3 (2)

DTU U MHOTHUE JPYrUe dKCIEPUMEHTAIbHbIE JaHHbIE TOBOPSIT 00
o4yepeaHOM KpM3HMCE B HayKe, T.. BOZHUKJIAa HEOOXOAMMOCTh B HOBBIX
MOJAX0JaX, TUIIOTe3aX, MO3BOJISIOIMX JaTh OObSICHEHMSI TTOJTYYEHHBIM OT-
KpbITUSIM. BriepBble B Hayke MpeaioxkeHa KOHLEMIKWS MaKpo- U MUKPO-
KOCMOCa, Ha OCHOBE M€ HEOJHOPOIHOCTH MPOCTPAHCTBA. DTa UIesl MO~
3BOJIMJIa OOOCHOBATH U OOBSICHUTH ITPAKTUUECKU BCE SIBJICHUSI XKMBOI U He-
>KMBOM TIpupoabl. HempepbiBHOE M3MEHEHUE MEPHOCTU MPOCTPAHCTBA B
pa3HbIX HaMpaBJeHUSIX (TPaIUEHThl MEPHOCTH) CO31AET YPOBHU, B IIPE/IE-
Jlax KOTOPBIX MaTepusl UMEEeT ONpeesIEHHbIE CBOCTBA 1 KayecTBa. [1pu
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MEPEXOJIe U3 OMHOTO YPOBHS B IPYTOM, IIPOUCXOIUT KAYECTBEHHBIN CKAYOK
CBOICTB M MPOSIBJICHU MaTepruu. Ha ocHOBaHUM 3TOro, 000CHOBBIBAECTCS
CYLIECTBOBAaHUE IPYTUX BCEICHHBIX.

OCHOBOI naEN MaKpOKOCMOcCa SIBJISIETCS] CUCTeMa B3aMMOJICHCTBY -
IOIIMX MEXIY COOOI BCEJIEHHBIX, KAYECTBEHHO OTJIMYAIOIIUXCS APYT OT
npyra. [TomoOHas mo3uius BepBbie JAET BO3MOXHOCTb OObSICHUTh TAKKE
SIBJIEHUSI, KaK «4E€PHBIE IBIPbI» U CYIIIECTBOBAHUE, TAK HA3bIBAEMOM, «dark
matter», KOTOpbI€ ObLJIM OOHAPYXEHBI, B PE3yJIbTaTE ACTPOHOMMUYECKUX
HUCCICA0BAaHUIA U PACUYETOB.

Ha ypoBHe MUKpOKOCMOCa Co3aaHHast KOHLEHIIMS ITO3BOJISIET O0bsI-
CHUTD SIBJICHUE PaAUOAKTUBHOCTHU, TPUYMHBI KOTOPOTO HUKEM HE O0bSI-
CHSUTMCh. B TO Xe camoe BpeMsi, 3Ta TEOpHUS MO3BOJISIET OOBSICHUTD U 3a-
ragky xxu3Hu. Ha npumepe ananu3za noseaeHust Mmoyekyasl PHK Bupyca
B BOJIHOM CpeJIe, KaK IMPOCTEMUIIETO XKMBOTO OpraH1M3Ma, BHE BOJIHOM Cpe-
Ibl, KaK OPraHUYEeCKON MOJIEKYJbI, OOBSICHSIOTCI Ka4eCTBEHHBIE MPO-
LIECCHI, TIPOUCXOSIIE MTPU ITOM, U JTa€TCS MMOHUMAaHUE KauyeCTBEHHOM
TpaHcopMalMK HEXKMBOI MaTEPUU B KMBYIO.

Ha ocHoBe niey KBaHTOBaHWSI MEPHOCTU HETIPEPBIBHO MEHSIOIIIE-
rocs IMMpoCTpaHCTBa, 000OCHOBaHAa MHOTOMEPHOCTb XU3HU. BriepBbie BbI-
BOJISITCSI U 0OOCHOBBIBAIOTCSI HEOOXOIMMBbIE Y JOCTATOYHBIE YCIOBHUS BO-
3HUKHOBEHUS XXU3HU BO BeesleHHOI. A Takke, OOBSICHSIIOTCSI KAUEeCTBEH -
HbIE MTPOLIECCHI MPEO0OPA30BAHUS MATEPUU, TIPOUCXOASIIME HA KIETOYHOM
ypoBHe. [lonydyeHHbIe pe3ybTaThl MMO3BOJSIOT ITO-HOBOMY B3IJISIHYTh Ha
CYLIECTBYIOILIIME 3aKOHbI (DPU3UKU, XUMUU, aCTPOHOMUU, MEIULIMHBI U
JPYTUX HAyK, 4YTO, B CBOIO OUYepe/ib, JaET BO3MOXHOCTb pa3BMBaTh HOBbIE
HarnpapJICHUS] BO MHOTUX 00JIaCTSIX HAyKH.
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1.1. 3HaYHMOCTb OHTOJIOTHH (DH3HYECKHX NMPOLECCOB
ana puaocod)ckoii 1 HAYYHOM MBICIH Y€JI0BEYECTBA

[TpoctpancTBo?! UTO 3TO Takoe? YenoBeK ¢ APEBHUX BPEMEH CMO-
TpeJl Ha 3BE€3HOe HeOO U co3aBall CBOE npeAcTanieHue o BecenenHoit. Ho-
mo sapiens — 4eJIOBEK Pa3yMHbIli — B CAMOHA3BaHUU YEJOBEK BbIIEIII
Pa3yMHOCTb, KaK OCHOBHYIO OTJIMYUTEJIbHYIO YEPTY, BBIACJSIONIYIO €ro
U3 Bcell okpyxaroleit mpupoabl. M kak 11000My MBICISIIIEMY CYILECTBY,
10 CBOEMY OITpEeIEIECHIIO, YeJIOBEKY MTPUCYILIE CTPEMJIEHUE MTO3HATh OKPY-
xaro1uii Mmup, BeeneHHyto. M, ectecTBeHHO, B pe3yJibTaTe 3TOro Ipoliecca
MO3HaHMsI, BEIPMCOBBIBAETCSI KapTMHA MUpo3aaHusi. Mctopus poxnaia u
YHMYTOXAJIa IMBUJIM3ALIMM, @ BMECTE C HUMM MOSIBISIUCH UJIN McUe3aln
penuruu, dunocodpckue cucteMbl, MoHATUSI 0 BeenenHoit. [aneko He
BCE COXpaHuJIa UCTOPUSI, 0COOEHHO HEBOCIIOJIHUMBIH yIlIepO HAaHECIIO UC-
TOPMM UMBWIM3ALIMU Ja ¥ Pa3BUTHIO IMBUJIM3ALIMHY B LIEJIOM, XpPUCTUAH-
CTBO, 0COOEHHO KaToJuLu3M. @aHaTUKaMU, BIOXHOBJISIEMBIMU CBSIILIECH-
HUKaMM, ObLTM YHUUTOXEHBI COKPOBUIITHUIIBI 3HAHU YILEIIINX LIMBUIH -
3aLMi, IpeBHUE OMOIMOTEKM — XpaHWIMIIA LIEHHEHIIIMX KHUT: TTPOTOIILY-
Mepckas B BaBunoHe, Anekcanapuiickas B Erunte, paspyllieH apxunesiar
CanTopuH, KiagoBble nanupycoB B @uBax nu Mempuce, DTpycckast 61-
onmoteka B PuMe, coxrim xpaM-kanuiie B ApuHax, YHUUTOXUIU IPO-
MaHy1o 61baroTteky B Llapbrpane, HEM3BECTHO Ky1a MCUYE3/IM OUOIMOTEKHN
ApocnaBa Mynporo u MBana [po3HOro, MaHyCKpUIITHl LMBUIX3ALMUIA
Maiis, MHkoB u AlitekoB. M B pe3yibTaTe 3TOro, MHOTHE 3HAHMS IPEBHUX
LIMBUINU3ALMI 3eMau ObLIM YHUUYTOXEHbI. MHOTHE... HO, K CYaCThiO, HE
Bce. M To, 4TO OBLIO CNACEHO OT KOCTPOB MHKBU3MULIMU, 3TU CACEHHBIE
MOPOI LIEHOM MHOTUX XXKU3HEN ApeBHUE (POTMAHTBI MOpaXKaloT ITyOMHOMU
1 TOYHOCTBIO onucaHuii BceeHHOM, K MTOHMMaHMIO HEKOTOPBIX ACIIEKTOB
KOTOPBIX COBpeMEHHasl HayKa TOJbKO MPUOJIU3UIACh.

HauGonee nHTepecHbIMYU B 9TOM OTHOIIIEHUU U HauboJiee APeBHUMU
ainsttorcst CnaBssHo-Apuiickue Beapl. B «Kaure CeTa», BO3pacT KOTOpoit
COPOK ThICSIY JIET, M3J1araeTcs KapTMHa MUPO3JaHUsl, KOTOpasi MPOCTO TO-
TpsICaeT CBOEM TOYHOCTHIO 1 MTOJTHOTOM. HeBeposTHO, HO (haKT, KOTOPBIi
BBIHYXJI€H OyIeT MPU3HATh KaXIblii, KTO OTKPOET 3Ty KHUTY.
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...B ucrunnom M3Havanbe, BepHee, TOraa,
koraa B besakoHeuHoit HoBoit BeuHoctu
pasnuiach BearkuM MOIIIHBIM ITOTOKOM
XKuznb Hecyas cusomas MHrus,
ITepBozpanHbIil ZKu3Hb mopoxaaromuii Ceer,
B HoBoii [1eiicTBUTEILHOCTY POXKACHBI ObLINU
pazHooOpa3Hbie [IpocTpaHcTBa 1 PeanbHoCTH
Mupos ABu, Hasu u I1paBu.

M yem Gnmxe K

N3nauansHomy McTtounuky Caeta
pacriojaranuch 3tu [TpocTtpaHcTBa

u PeajibHOCTU B pa3IMYHBIX CUSIIOLIMX Mupax,
TeM OOJIBIINMU MEPHOCTSIMU

ot Bennuariimue [IpocTpaHcTBa

n PeanbHOCTH GBUIM HATOJTHEHHEL. .|

Copok ThICSIY JIET Ha3all 3HAJIU O TOM, YTO CYIIIECTBYET MHOXKECTBO
BceneHHbIX, MMEIOIIMX Pa3HYI0 MEPHOCTh M 0Opa3ylolIMX BCE BMECTE
€IMHYIO TTIPOCTPAHCTBEHHYIO CUCTEMY, KOTOPYIO Oy/IeM YCJIOBHO Ha3bIBaTh
MaTPUYHBIM IIPOCTPAHCTBOM.

Kak BeTBu JIpeBa coequHUI
INepBosmannsbiii ZKnuBoTBopsimit CBet
JIuctouku-PeanbHOCTU

Haiero Muposoro JIpesa

C MOTYYMM CHSIIOLLIMM CTBOJIOM.

N xaxaplii JIuctouek-PeaabHOCTD
cusia 6e3MepHO,

nepeanBasich SpkuM CBeTOM
paznuuHbIx COJIHII,

a cTBoJI MupoBoro JlpeBa yxoau
MHOTOUYHCJIEHHBIMUA KOPHSIMU CBOUMU
B be3koHeuHyo HoByio BeyHOCTb,
nopoxaéHnyto B Hosoii JleiictBurebHOCTH .

KpacusbiM, 00pa3HbIM SI3bIKOM, AOCTYITHBIM J1JIsl IOHUMAaHUS J11000-
MY Y€JIOBEKY, BHE 3aBUCUMOCTHU OT TOTO, XKIJI JIU OH COPOK ThICSIY JIET Ha-
3aJ1 WM XKUBET ceifuac, Obula repeaaHa HalluMU TpeaKaMu MH(popManus

! CnassiHo-Apuiickue Benpl, «Knura Csera», Xapartbd 2, ¢. 36.
2 Tam xe, c. 38.
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00 yctporictBe BeeneHnHoit. [1opaxaroT TOUHOCTb M MacIITaObI IIepeJaH-
Holi nHgopMmanuu. Haima neiictBuTeIbHOCTh, BeeeHHast, KoTopasi TOJb-
KO YaCTMYHO M3BECTHA COBPEMEHHBIM YUEHBIM, TTOKA3bIBACTCsI, KaK Ma-
JIeHbKasl 4acTh, KakK IMecuyrHKa Ha Oepery 0e30pexHoro okeaHa. OHa —
TOJIBKO OMH JIMCTOYEK-peaIbHOCTh Hatero Muposoro pesa. M kaxabiii
TaKOM JINCTOYEK-PEATBHOCTb UMEIOT CBOIO MEPHOCTh M CTPOTO OIPENECIIEH-
Hoe MoJioXeHue Ha cTBojie MupoBoro [pesa. JItoGonbITHO, He MpaBaa
mu?! 3naraetcsl NpUHIIMI KBAHTOBAHUS IMPOCTPAHCTBA 11O OMpeeEHHO-
MY IpPU3HAKY, KOTOPbI COBpeMeHHOM (Pr31Ke U3BECTEH 151 MPOLIECCOB,
MPOUCXOISIINX HA YPOBHE MUKPOMMpPA, — KBAHTOBAHUE 3JIEKTPOHHBIX
opOUT y aTOMOB. MUKPOMMUP JOBOJBHO IITyOOKO U3YYEH SIIEPHOM U KBaH-
TOBOIi (DM3UKOI, B TO BpeMsl, KaK U3y4eHUE U MPEJICTaBICHUS O YCTPOM-
cTBe MakpoMupa HaXOOUTCS Ha HaYaJlbHOM ctanuu. [IpocToTa n o6pas-
HOCTb s13bIKa Ben — He ciyyaiina. Te, kto 3anucan nHdopmaruio B «KHu-
re CBeTa» MpeKpacHO MOHUMAJIU, UTO JII00O0M CrielMaIbHbIN SI3bIK U3J10-
KeHMUST MH(pOPMALIMM HE MOXET ObITh MpHUeMJIeM, TaK KaK CO3/aBIle
CIelMaIbHBIN SI3bIK MOTYT BCE IOTMOHYTh OT T€X WJIM MHBIX IPUYMH U HE
CMOTYT mepeaaTh MOTOMKAM CMbICJI TEPMUHOB UMU yIIOTpeoasieMbix. U,
KaK CJIe[ICTBUE, HUKTO HE CMOXET MPaBUJIBHO MOHITh MH(MOPMALIUIO.
DTO CTaHET MpPeNEebHO SICHO €CJIM 00paTUTHCS K MPUMEPY COBPEMEH -
HO HayKU. YUEHBIMY MPUAYMAHO U BBEIEHO CTOJIbKO HayYHbIX TEPMUHOB,
4yTO 00JIee AEBSTHOCTA MPOLIEHTOB HBIHE XKUBYIIUX JIIOJEH HE B COCTOSTHUM
MOHSITh 3HAYEHNE OHBbIX TepMUHOB. MHOrma goxoauT a0 adbcypaa, Korma
HEKOTOpbIE HayYHbIe padOTbl B COCTOSIHUM MOHSITh TOJbKO HECKOJIbKO
YyeJIoBeK Ha ruiaHeTe. M eciu mpoaHalM3upoBaTh pa3BUTUE HAYyKM, TO
CTaHET SICHO, YTO COBPEMEHHBII HayYHbII SI3bIK MOXET OBITh YXKE B Clie-
JYIOIIEM CTOJIETUM CTaHET a0CYPIHBIM U HETTIOHSATHBIM U151 OYAYILIMX T10-
KOJICHUIA, KaK, HallpUMep, S3bIK ATXMMUKOB CPETHEBEKOBBSI KAXKETCsI HE-
Cypa3HbIM U aHTMHAYYHBIM COBPEMEHHBIM YYEHBIM, XOTS, B CpEIHUE BeKa
aJxXuMusl OblIa MpUM3HAHA BCEMM M SIBJISLIACh aKaIeMUUYECKOW HayKoOM,
13yJyaeMoli CTyaeHTaMu B yHuBepcuTteTax. M, ecau Ob1 He ObLITO aJIXUMUM,
HUKOT/Ia HE TTosIBUIach Obl HEOpraHU4eckasi U opraHuyecKast XdiMum, Ko-
TOPBIE HUYETO OOIIIETO YK€ HE UMEIOT CO CBOEM «MaTepblo». [1oaTomy ec-
JIU €CTh HEOOXOAUMOCTb MepeaaTb UH(pOpMALIUIO TATEKUM ITOTOMKAM,
€AMHCTBEHHBIM CITOCOOOM AOCTUYb XKEJIaeMOro SIBJISIETCS Mepenadya UH-
(hopMalum MakCcUMaJbHO AOCTYMHBIM S3bIKOM. TOJBKO B 3TOM ciy4ae
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€CTb LIIAHC, YTO JIMHIBUCTBI 1 UICTOPUKHU OYAYILIETO CMOTYT IIPOYECTh U IT0-
HSTb 3Ty UH(PopManuio. [1oa3ToMy, C 3TOI TOYKM 3peHUsI, JOCTYIIHBIN U
00pa3HbIii 1JIs1 TOHUMAaHMUS IMTPaKTUYECKU JTI000T0 YyeJIOBeKa SI3bIK U3JTOXKEe-
HUS SIBJISIETCSI IOCTATOUHBIM FapaHTOM, UTO TepeaaBaeMyto MH(GOpMalnio
noiimMyT npaBuibHO. Bo BpemeHa Hanucanusi «Kuuru CBeTa» CyIiecTBO-
BaJIM HE TOJILKO CIIeLIMaJbHbIE TEPMUHbBI, HO U pa3Hbie al(aBUTHI IJIs
JIIoAel pa3Hoii ITOJATOTOBKM M YPOBHSI MOCBSILEHUSI. DTO CO31aBaJlo CUCTE-
My, KOTOpasi II03BOJIsLIa 00ECTIEYUTD MOJHbIA KOHTPOJIb 3a TIOCTYIIOM K MH-
¢dopmanuu. B Te aBHUE BpeMeHa IMpeKpacHO IMTOHUMAJIU, YTO MH(OopMa-
LI — OYEHb MOIIHOE OPYKHME, KOTOPOE HE AOJIKHO MOMACTh B PYKU AY-
XOBHO He3peJIbIX JTI0JIeit, KOTOpble MOTJIU ObI MCITOJIb30BaTh 3Ty MH(MOpPMa-
LIMIO B KOPBICTHBIX LIEJISIX MU HEBEXKECTBEHHO, YTO, B CBOIO O4Yepelb, MO-
JKeT MPUBECTHU K 0oJjiee NI MeHee II100aJbHbIM KaTacTpodam.

...OnHako cpeau ZKpelioB

BTOPOI KacThI ObLJIa TPyIIIIa

e11€ 0oJiee BICOKO ITOCBSIIEHHBIX,

Majio komy u3 Kperosn

HU3IIMX KacT U3BEeCTHas,

M uMea oHa apyroe lyxoBHoe YueHue,

CHJIBHO OTJIMYABIINECS OT MIPEIBIAYIINX.

Inacuno sto lyxoBHOE YueHue,

YTO Halll OKpyxatomuil ABHbI1 Mup,

Mup xéntbix 3BE3n u ConHeyHbIX CHUCTEM,

TOJIbKO MecurHKa B beskoHeuHoil BeceaeHHOM.

UYto cymiectBytoT 3B€31bI 1 CoHIIA OeTbIe,

roJiyOble, TUJIOBEIE, PO30BBIE, 3EJIEHEIE,

3BE3nbl 1 CoJHIIA LIBETOB,

HaMM HEBUIAHHBIX,

HaIlKMMU YYBCTBAaMU HE ITOCTUTAaeMbIX.

M 6eckoHeYHO BEJIMKO UX YUCTIO,

0e3rpaHMYHO MX pa3HooOpasue,

0e3koHeuHnbl [TpocTpaHcTBa X pasaesiolIye. ..

N Bce a1 pazHoobOpa3Hbie Mupbsl —

HUYTO Mepen MHBIMU Mupamu,

BHe Haueii BceseHHoOI Jiexkaliumu,

1 CHOBa O€3rpaHUYHO BEJIMKO UX YMCIIO

¥ HEM3MEPUMO BEJIMKO UX pa3HooOpasue.

beskoHneuHocTtu be3skoHeuHOCTel pa3aeisiioT

BCE 3T Pa3HO- ¥ MHOroo6pa3Hbie MupkbL...>

3 CnaBsHo-Apuiickue Benpr, «Kaura Csera», Xapates 4, c. 84-85.
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Knaccudukaliys 38€31 110 U31y4aeMOMY CIIEKTPY ITOJTHOCTBIO chop-
MMPOBaJach TOJIbKO BO BTOPOI MOJOBUHE ABAIIATOTO BEKa, 1 HEKOTOPbIE
TUIIBI 3BE3/1 OBLJIM OOHAPYXKEHBI TOJIBKO C TOMOIIBIO paIMOTEIECKOIIOB U,
€CTECTBEHHO, YeJI0BeYeCKMMM OpraHaMu YyBCTB HE BOCHPUHUMAJUChH.
I[TogoOHOE He MOXKET ObITh MPOCTHIM COBITAICHMUEM, A €CJIM 3TO TaK, TO CY-
ILIECTBYET OOJIbIIIAS BEPOSITHOCTD TOTO, YTO U MHOTO€ OCTAJIbHOE, TIepeIaH-
Hoe B Benmax, 6;113Ko K uctuHe. Kak Xe Caydyunoch, UTO CTOJIb LICHHbIE
3HAHUS ObLIN «3a0BITHI» HA CTOJIb JOJITOE BpeMsI U ITOYeMY TOJILKO ceiiuac
nHdOpMaLMs 0 HUX cTajla 1ocTynmHa MHOTUM?! HeckonbKo Tpu4uH npu-
BEJIM K 9TOMY, ¥ OJHA — OCHOBHAs M3 HUX — 3aKJII0YAETCSI B U3BMEHEHUSIX
KJIMMAaTa, BbI3BAHHBIX Pe3KUM ITOXO0JI0JaHMEeM TPUHAALATh ThICSY JIET Ha-
3aj U, KaK CJIEACTBUE, IepecesieHrne HapoIoB B OoJiee TEIUIbIE Kpasi, TpU
KOTOPOM TIepece/IeHIIbl OTOPBAJIMCH OT CBOMX IEPBOOCHOB U MOTEPSIIN
MHOTHE 3HaHWS, KOTOPBIMHU BJIaieaun ux npeaku. OueHb Majio Bercokux
[TocBAIIEHHBIX YIIUIM C IepeceIeHIIaMM, YTO U MOCIYXKIJIO OHOM U3 OC-
HOBHBIX IPUYMH UX «oaudaHusi». CypoBasi mprpoa 3acTaBujia uX 00poThb-
cs 3a (pU3MYECKOE BEIKMBAHME 1 ObIJIO MM HE JI0 3BE3/. A KOIJIa OITaCHOCTh
MUWHOBaJIa, MaJIO YTO OCTAJIOCH OT ObLIBIX 3HAHUI, TOJIbKO OCKOJIKM X CO-
XpaHUJIaCh B HAPOIHBIX MpeaaHusaX. «OCKOJKW» 3TUX JIPEBHUX 3HAHUM
OBLIU «OOJBIIMMU» WIN «MEHBITUMUW» U, KaK CJIEACTBHE 3TOr0, B OOJIbIICH
VIV MEHBIIIEH CTeTIeHU TIPOSIBUINUCH B (PUIOCOMCKUX CUCTEMaX U PEJINTH -
SIX pa3HbIX HapoaoB. C nepeceneHIIaMM OTIIPABIISUIMCH B TaJIbHUE Kpasi U
XpaHUTEJIM 3HAHWUI, HO B OOJIBIIMHCTBE CBOEM OHM HE ObUIM BBICOKOT'O MO~
cBseHus1. KpoMe Toro, J1oAsiM OTIIPaBUBIIUMCST B HOBBIE 36MJIM, YaCTO
3a TBHICSIUM KMJIOMETPOB OT CBoeii POoIMHEBI, BO BpeMsI Mepexoa0B MPUX0-
JAJIOCH CTAJIKMBATBCSI CO MHOTUMU TPYTHOCTSIMU: TOJIOIOM, TPUPOIHBIMU
CTUXUSIMU, OTPAXKEHUEM HaIlaIcHUI IpYyTUX MJIEMEH, COBEpLLIATh HaIaae-
HuUs caMuM. Jlaxke B Te BpeMeHa MHOTHE YIOOHbIE [J11 XKU3HU 3eMJIU ObLIN
3aHATHI U HAUTU CBOOOAHBIC 3¢MJIM OBLIO HE MpPOCTO. B GOIbIIMHCTBE
CJlydaeB MUPHBIM IMYTEM WJIM B pe3yJIbTaTe BOH BHOBb MPUILEAIINE 10~
CeJISIIUCh BMeCTe ¢ abopuUreHaMu, HaXoAsICh C TTOCJI€THUMU B COCTOSTHUU
cuMOuo3a, TTOCTeNeHHO cMellnBasich ¢ HUMU. [1oaToMy Ha 3TOT nepuon
OCHOBHBIM SIBJISITIOCHh BEIKMBAHME, 3HAHUSI HE BOCTPEOOBAICh BO BpEMsI
nepeceneHuid. ToJbKo KOrma rmieMeHa nepeceeHIIeB HAXOIWIN HOBBIE Me-
cTa, MOTPEOHOCTh B 3HAHUSIX MOSBJISIJIaCh BHOBb, B OOJIbIIICIH CTEIIEHU —
B MPUKJIAAHBIX 3HAHUSIX, TTO3BOJISIIOIIMX MepecesieHllaM o0pabaThiBaTh
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3eMJII0, CO3JaBaTh HEOOXOAMMBIE MpEeIMEThl 00MXoma U pa3Hble WH-
CTPYMEHTHI JJIsI BO3POXKICHMS peMEce]T, TaK KaK BO BpeMs TiepecesIieHU
JIIoAY Opayii M COXpaHsSUIM TOJBKO camoe Heobxonumoe. MHorna mpoxo-
JAJIA TOMIBI, NECATUIETHSI, TIOKA MepeceieHIIaM yaaBaJloch HAMTH XeJae-
Moe. [ToaTomy oOydeHre HOBBIX HOCUTEJIC 3HAHMSI, HOBBIX XKPEILIOB HE
MOTJIO OBITh TTIOJIHOLIEHHBIM. B pe3ynbrare 3Toro, n3HavajabHbIe 3HAHUS
YaCTUYHO TePSIMCh, YACTUUYHO BUAOU3MEHSIJINCH U, KaK CJIEICTBUE, B
OOJIBIIMHCTBE CJIy4aeB MOCTENIEHHO TpaHCHOPMUPOBAIUCH B puocodc-
KO-MHDOIOTHYEeCKIE YIeHUS. AHAJIOTUIHBIC STBJICHUS ITPOVICXOIVIIN U B
pe3yabTaTe BOEHHBIX TToX0n0B. Beaencrsue x’ Apuiickoro moxona B JIpa-
puauio (dpesusis Uunnst) B 2691 romy 1o p.Xx. u3 beaoBoabs, XKUBYIINM
IUIeMeHaM — JpaBuAaM M HaraM — C MOKOPEHWEM ObUIM MPUHECEHBI 1
3HAHMS, KOTOPhIe, B BUIOU3MEHEHHOM (popme, cTaau GyHIAMEHTOM pr-
Jocodun 1 Mmudoaornu Uugum:

...JIpyrue xe Poabl Packl Benukoii
pacceJisiTcs Mo BceMy JUKy Muarapa-3eMiau
M nepeiayT 3a XuMaBaT-rophl...

Y Hayyart JIIoJei ¢ Koxeit iBeta Mpaka
Mynpoctu Mupa CUSHUIA. ..

Ja06bl MpeKpaTUJii OHU IPUHOCUTD
JKePTBBI CTPallIHbIE, KPOBaBhIE,

cBoeli bornHe — YE€pHoit Matepu

u 3Mesam-/pakoHam u3z Mupa Hasu,

a 00pesin HOBYIO BoxecTBeHHYIO
Myapocts u Bepy...*

BrniocnencrBuu, yacth Myapbix u3dpedueHuit u3 Myapoctu Mupa Cu-
SIHUIA BOLLLJIM B COOPHMK 1101 Ha3BaHueM Pur-Bena, KoTopblii coxpaHWICs
Ha Tepputopuun Muauu. B npeBHeMHIMACKOM 00111eCTBe chOpMUPOBaAJIaCh
cucrema BapH, a mozaHee KacT — 3aMKHYTBIX COLIMAJIbHBIX OOpa30BaHUM,
00BbEIMHSBILMX JIIOACH CTPOro ONpeaeIEHHBIX Tpodeccuii, UCKIIFOYaBIIMX
Mepexo/l U3 OJHOM KacCThl B IPYTYIO U 3aIPEeIaBIINX MEXKACTOBbIE OpaKH.
[IepBoe MecTO B coLMaIbHOM UepapXuu IMpUHALIEKAI0 OpaxMaHaMm, T.€.
XpelaM, 0ObIYHO COYETABILMM B APEBHOCTU (DYHKIIMM CBIILIEHHOCTY X1~
TeJiell ¢ GyHKIMeNH yYEHBIX; 3aTeM, LA KITAaTPUM — BOCHHO-aIMUHMU-

4 «CnaBsiHo-Apuiickue Bemwl», «Kuura mympoctu Ilepyna», Kpyr IlepBbiit,
Canbrug 35, c. 39.
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CTpaTHUBHAs 3HATh; BalillIbU — CBOOOIHBIE YJIEHBI OOIIIMHBI, 3aHUMAaBIIIM -
ecs 3eMJIeIeIMEM, PEMECJIOM 1 TOPTOBJIEH, KaK B TOpOJax, TaK U B AEPEB-
HsX. OTU Tpu BapHbl BO3HUKIIU B Ipolecce GopMUpOBaHUS KJIACCOB Y
apuiicKkux rieMeH (x’ApuiileB v g1a’ ApuiilieB), B TO BpeMsl, KaK UeTBEPTast
BapHa — BapHa IIyap, KyAa BXOAWIU HEMOJHOIPaBHbIE OOIIMHHUKY, Ha
JOJTI0 KOTOPBIX JOCTABAJIMCh CaMble HETIPUSTHBIE BUIbI TPyJa, 00pa3oBa-
JIach, TJIaBHBIM 00pa30M M3 MECTHBIX TJIEMEH, IPaBUA0B U HAroB, MOKO-
PEHHBIX apUSIMU, B XO€ BOCHHBIX I CTBUIA.

HpeBHecnaBsiHcKue Beabl monoxxuan Hayaao ¢priocodcKoit Tpaau-
uuu B [IpesHeit Unauu. B nnauiickom BapuaHTe Beabl COCTOSIT U3 YEThI-
pé€x COOPHUMKOB TMMHOB (CaMXMT), MECHOMEHUI, MarM4ecKux 3aKJrHa-
Huit, MoauTB U T.I1.. Pur-Bennl, CamaBeabl, SmKypBenbl 1 ATXxapBaBeabl
(nmm AtxapBaHrupachl). Kaxablii 13 3TUX COOPHUKOB CO BpeMeHeM 00pa-
CTaJI pa3JIMYHBIMU KOMMEHTAPUSIMU U JOMOJHEHUSIMU PUTYAJIbHOTO, Ma-
ruyeckoro, (pustocodckoro nopsiaka — bpaxmanamu, ApaHbsikamu, Ya-
HumagaMu. CodcTBeHHO, punocodcekue Bo33peHust ApesHeit MHanuu Ha-
unboJjiee MOJHOE OTpaXkKeHUe MOAYYUIM B YIIaHUIIaAax, HO TepBbIe MPO-
01ecku prnococKoro noaxoaa K AeMCTBUTEIbLHOCTU MTPOCIEKUBAIOTCS
yXe B COOpHMKaX BeIMYECKMX TMMHOB, OCOOCHHO B IPEBHEMIIIEM U3 HUX,
Pur-Bene®:

7. [KocMOroHn4YeCKMii TMMH |

Torma He OBLIIO HU CYILIETO, HU HECYLIEro;

He 6b110 HY BO3AYIITHOTO MTPOCTPAHCTBA,

HU Heba Haja HUM.

Yro B aBMxKeHUU 0bL10? IToa UYbKM MOKpOBOM?
Yem ObIITM BOIBI, HETIPOHUIIAEMEBIE, TITyOOKME?
Torma He OBLIO HU CMepTH, HU OeccMepTus, He ObLITIO
Paznuuunst Mexxny HOYbIO U THEM.

bes nyHoBeHUs caMmo coboii apimano EnnHoe,
M Huyero, KpoMe Hero, He ObLIO.

Bnauaje TbmMa Obl1a COKpBITA TEMOIO,

Bcé a10 [ObLIO] HEpa3IUUUMO, TEKYUE.

Ot BeMKoOro 3araca 3apoauiock EnuHoe,
ITokpbITOE MYCTOTOIA.

N navanoce[Toraa) ¢ xenaHusi, — OHO

5 «IpeBHenHauiickas purocobus. HayanbHblii mepuon». Ilepes. caHckput. M.,
1963 .

29



Hukomnaii JlesamioB «HeogHnopongHast BecenenHas»

bru10 IIepBBIM CEMEHEM MBICIIH.

CBS3Ky CyIIEro 1 HeCyIlIero

OrtpIcKanu, BOCIIPUEMJIA B CEP/LE, IPO30OPJIMBbIE MyAPELIbI.
BepBb nx nmpoctépTa nonepek. beuio au

Bnu3zy [uTo], 661710 U BBEpXY?

Hocutenu cemenu ObLIK, CUIbI ObLIK. BoxaeneHnue —
Buusy, ycunust — BBepxy.

Kro mouctuHe 3HaeT, KTo Terepb ObI ITOBeaall,

OTKyna BO3HUKJIIO 3TO MUPO3JaHbe?

boru [mosiBuMCh| mocyie cOTBOpEHUs €ro.

[Ho] kTo Xe 3HaeT, U3 4ero OHO BO3HUKJIO?

M3 4yero BO3HUKIIO 3TO MUPO3AaHbe, CO3Aa JIU

[KTo ero] nnmm Het?

KTo Buzen aTo Ha BhIciIeM Hebe,

Tot nmouctuHe 3Haert. [A] ecnu He 3HaeT?

Ewi¢ 6osiee mHTEpeCHO MpOCAeAUTh 3a oTpaxXeHueM B ClaBsHO-
Apuiickux Begax uctopun Annantuasl U Erunra. M, ongars-Ttaku, o6
3TOM roBopuTcs B Bemax:

...Benukoe IToxonogaHue npuHECET BETEP

Ja’ Apuiickuii Ha 3eMJII0 cuio 1 MapeHa Ha TpeTh
Jlera ykpwiBath OyneT e€ cBouM benbiM Inamom.
He Oynet nuim 1roasiM 1 XKUBOTHBIM BO BpeMsI
cue u HauHETcs Benukoe IlepeceneHue
notomkoB Poga HebecHoro 3a ropsl Puneiickue,
KOH 3alllMIIAIOT Ha 3aIlaJHbIX pyOexkax

Caaryto Paccenuio...

N noitnyt onu no Benukux Bog,
OxkeaHa-Mops 3aIagHoro,

n niepeHecéT nx Crma HebecHas,

Ha 3emMJ110 be3boponbix moneit,

C KoxXei 1iBeTa miaMmeHu CBsieHHOro OrHsl.
Benukuiit Boxxap mOCTpOUT B 3eMiie TOM
Kamnumie Tpesyoua bora Mopeii.

M 6yner Huit — bor Mopeii

nochbLIaTh UM 0€3CUYETHBIE Japhbl CBOU,

Y CTaHET 3allMiIaTh 3eMiiu ux oT Ctuxuii 31a...

Ho Benukuii nocraTok

OTYMaHUT IrOJIOBbI BOXIEHU U XPELIOB.

Benukas JIeHb U KenaHue 4y>KOro 3aXBaTUT pa3yM UX.
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M nHauHyT oHM araTh boram u noasmM,

M CTaHYT XUTh 110 CBOUM 3aKOHaM,
Hapyias 3aBeTbl Mynpbix [lepBonpeakon
u 3akoHsl bora-Tsopua Enunoro.

M OyayT ncnoab3oBaTh

Cuny Ctuxuii Muarapa-3emin

IUIST HOCTUKEHMSI CBOMX LIETIeHA. ..

W pasrHeBaloT OHM JeSTHUSIMUA CBOMMMU

Hus — Benukoro bora Mopeti...

N yanuroxut Huit u Ctuxuu 3emitio Ty,

M CKpOeTcs OHa B ri1yorHax Benukux Bog,

TaKo Xe KaK CKpbuIach B [IpeBHME BpeMeHa

B ITyOMHaxX ceBepHBIX Boa — CasiieHHas Jdaapusl. ..

Boru Pacel ciacyT yrozneit mpaBeIHbIX

u Cuna HebecHast mepeHeCcET X Ha BOCTOK,

B 3eMJIN JIIOJCH ¢ KOXelt 1iBeTa Mpaka...

a be30opoabix Jroaei,

¢ Koxeli nBeta riamMeHu CasieHHoro Orxs,
nepeHecér Cuna Benukas B 6e3kpaiiHue 3eMiIn
Ha 3axoje Apuna-ConHua aexaiiue...

Jionu ¢ xoxeii iBeta Mpaka OynyT NOYMTaTh
notoMkoB Pona HebecHoro 3a boros...

U OyIYT YIUTHCS Y HUX MHOTMM HayKaM.
Jronu u3 Benukoit Pacet

rnoctposT HoBble Ipanbl n Kanuiia,

M Hayyart JIoJeil ¢ Koxei iBeta Mpaka
BbIpallMBaTh 3J1aK1 1 OBOIIIU...

Yeroipe Pona Packl Benukoit cmeHsist npyr apyra,
oynyT ooyuath JIpeBHeit MynpocTu HOBbIX ZKpeloB...
U CTpOUTh TpupaHbi-IpOOHUIIBI,

B Bue [Op pyKOTBOPHBIX, YETBIPEXTPAHHBIX...0

HuBunuzauus Mmuduueckoit ATIaHTUABI, KaK €€ Ha3bIBaJIU JpeBHIE
rpEKU, COIIAaCHO JaHHOMY MpeJaHUI0, BO3HUKIIA B pe3yJibTaTe rnepecee-
Hus IeMeéH AHTOB 13 bemoBoabks Ha OosbIIoi ocTpoB B 3anagHoM OKe-
aHe-Mope — ATJIAaHTUYECKOM OKeaHe — M CO3JaHMs TaM ellE OAHOIro

¢ CnaBsgHo-Apuiickue Benpl, «Knura myapoctu IlepyHa», Kpyr Iepsbrii, CaHbTHS
5,c.38.
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oyara HMBUIM3auuu. B nanpHeiiem nepecesieHIbl CTaJIM Ha3bIBaTh CBOIO
HOBYIO PoauHy AHTIIaHb, T.€. 3eMJIEK AHTOB. DTO Ha3BaHue, Oaarogaps
JPEBHUM IrpeKaM, Ipeodpa3yeTcsl B ATIIAHTUIY U TTOA 3TUM UMEHEM CcoXpa-
HUTCA B uctopuu. B cBoux Tpynax, [1iaToH ynmomuHaeT 06 ATiaHTUIE U
u3jaraeT MHEHME O TOM, YTO C TMOeIbio ATIIAaHTHUALI Toruoau ApeBHue
3HaHUs. ATJIaHTUAA OMYCTUJIACh HA OKEAHCKOE JHO B PEe3yJIbTaTe IMPUPO/I-
HBIX KaTakJIM3MoB. Pacronaranack ATiaHTH/1a K 3araay oT ceBepa Appu-
ku. [ToaTBepkaeHreM MpaBUILHOCTU 3TOTO CIYKUT 3arafaka v (pakT cyle-
CTBOBaHUS TAMHCTBEHHOTo Hapoja [yaHuu, 0OHapy>KeHHOTO ITOPTYTalb-
IaMM, KOTJa OHU, B O4epeIHOM pa3, oTKpbLIn KaHapckue ocTpoBa, Ha KO-
TOPBIX, K CBOEMY YAMBJIEHUIO, OOHAPYKMJIU 0€JIOKOXMX a0OPUTEHOB, KO-
TOpbIE TTO CPABHEHUIO C HU3KOPOCJIBIMU MOPTYTaIbliaMU BBITJISIACNA THU-
raHTaMH1 CO CBOMM JABYXMETPOBBLIM POCTOM. DTU ToJ1yOOTIa3ble U CBETIO0-
BOJIOChIE TMTaHThI 00UTaIM Ha KaHapCKMX OCTOBax, HO HUKOT/Ia HE IOCTU -
raay apuKaHCKOro KOHTMHEHTa, pa3IM4YMMOro B XOPOIIYIO MOroay C
3TUX OCTPOBOB. MHTEpeceH 1 TOT (PaKT, UTO MOPTYTra/iblibl OOHAPYKUIN Ha
3TUX OCTPOBAX M OJNYABIINX JOMAITHUX XKMBOTHBIX. CKIagbIBacTCS BIIC-
YyaTJICHUE, YTO T'yaHYM ObUIM MOTOMKAMMU JIIO/Iei, BBIOPOIIIEHHBIX BMECTE
C CO CBOMM JIOMAalllHUM CKOTOM Ha HeoOMTaeMbIii OCTPOB, II€ OHMU CO
BpeMeHEeM OuYaiv WK, 110 KpaiiHel Mmepe, yrpaTuin 00JIbIIMHCTBO 3HA-
HUIA, KOTOpbIMU 00agaiu. Mx 361K ObLI COBEPILIEHHO HE U3BECTEH MOpP-
Tyraiblam. K coxaneHnto, arpecCuBHasl MOJUTUKA MOPTYTablLIeB PUBEIa
K TOMY, YTO CBOOO0IIOOMBBIE TYaHUM ObLIIA YHUUTOXKEHBI COJITaTaMU WU
noruou ot 0oJie3Hel, 3aBe3¢HHBIX HAa OCTPOBA, 1 KOTOPBIX OHU HE 3HAJIU.
MHTepecHO 1 TO, YTO HapaBHE ¢ MY>KUYMHAMU CpakaJauCh U XEHIIUHBI, KO-
TOpbIE MPEAIIOYIN CMEPTh paOCTBY. B pe3ynbrare BCero aToro, oauyaBiine
MOTOMKHM ATJIAHTOB MOJHOCTBIO MCUYE3JIM U YHECIU C COOOM elIé OmaHy
TaitHy uctopum. Te e, KTo BCE-TaKu TOCTUT a)pUKAHCKOTO KOHTUHEHTa,
JOCTUTHYB HU30BUi Huita, co3many HOBYIO LIMBUIN3ALINIO — LIMBUJIM3a-
nuto JIpeBHero Erunra. U3 npeBHeernneTcKux nmpeaaHuii U3BECTHO, 4YTO
3Ta CTpaHa OblJla OCHOBaHA AEBATHIO benbiMu boramu, npulileammmMu ¢
Cesepa. [ys1 HerpouaHOTO HaceldeHMs ApeBHero Erurmra, Genokoxkue
MpUIIEbIBI, MOCBSIEHHBIE B IpeBHUE 3HaHUS, HECOMHEHHO, ObLIN,
Kak borwu. [1puinenblibl He TOJBKO MOAYMHWIN ce0e HETPOUIHbIC TIJIEMEHA
HpeBHero Erunra, HO M HAy4YUJIU KX MHOTOMY: YMEHUIO CTPOUTD XKUJIbE U
XpaMbl, BJIaJeTh TEXHUKOM 3eMJIeAe/INsI, )KUBOTHOBOJICTBY, OPOLIIEHUIO, pe-
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MEcaaM, CyTOBOXIEHNIO, BOGHHOMY MCKYCCTBY, MY3bIKE, aCTPOHOMUU,
03311, MEIULIMHE, CEKpeTaM Oalb3aMUPOBAHMSI, UCITOJIb30BAHUIO MOJIE3-
HBIX MCKOITaeMbIX, TaiiHBIM HayKaM. Co31ajiu KaCTOBYIO CUCTEMY, UHCTH -
TYT XpedyecTBa U UHCTUTYT (papaoHa. JI'oOOTBITHO U TO, YTO BCE, IEPEUU -
CJICHHOE BBbIIII€, TIOSIBUJIOCH CPa3y, OMHOBPEMEHHO, a He ObLJI0O Pa3BUTO I10-
CTENEHHO, KaK JOJIXKHO ObLIO ObI ObITh, B CTy4ae IMOCTEIIEHHOTO Pa3BUTHS
LIMBWJIM3ALUKU. A 3TO TOJbKO MOATBEPKIAET MIPUBHECEHHOCTh 3TUX 3HA-
Huii. KpoMe Toro, B HacTosiiiee BpeMsl 10Ka3aHo, YTO IePBbIC YEThIPE 1 -
Hactun MapaonoB [IpeBHero Erunra 66011 OenbimMu moapbmu. Mcciaeno-
BaHME HAWIEHHBIX MyMUI MEPBBIX IUHACTUN MOATBEPXKIAECT 3TO HECO-
MHeHHO. TakuM obpa3zoM, ApeBHHE MUQBI TTOJy4alOT HAydYHOE TTOATBEP-
XKJIEHUE CBOEI peasbHOCTH, YTO TAa€T OCHOBAHME CUMTATh, YTO U IPYyrre
MU®BbI, BITOJIHE BO3MOXKHO, UMEIOT T10J, co00i1 peasibHbIe (pakThl. MHTEpE-
CEH U Apyroi pakT ApeBHEETUNETCKOMN [IMBUIM3ALIMN — 32 MHOTHE ThICS -
YU JIET CYIIECTBOBAHMS, 3Ta LIUBWIM3ALMSI HE CO3[ajla HUYEro HOBOTO.
HpesHue 3HaHust benbix boros mpeBpaTUINCh 1J1s1 TOTOMKOB B CBSITHIHU,
OXpaHsieMble KaCTOM XKPe1i0B — 3HAHMSI IPEeBPaTUIIMCh B 1OTMbI. 2Kpe1ibl
TOJIBKO MepeaaBalv HOBBIM IMTOKOJIECHUSIM 3HAHWSI, KOTOPbIE CAMU B CBOIO
ouepeab, MOJYYMINM OT CBOMUX yuuTesieid. JIroGast momnbIiTKa 4TOo-HUOYAb
W3MEHUTh BOCIIPUHUMAJIACh, KaK KOIIYHCTBO; 3BOJIIOLIMOHHOE Pa3BUTHE
€rMneTCKON HUBUIM3ALIMU ObLIO «3aMOPOXKEHO» XXpellaMyu Ha MHOTUE
ThICSUENeTUsI. M1 3TOT MPUCKOPOHBINA (paKT cTal OCHOBHOW MPUYMHOM
YHUYTOXEHMSI eruneTckoil muBuan3zauuu. Ho nepen tTeM, Kak moruOHyTh,
OHa OpocuJjia CBOM ceMeHa 3HaHMI B 0J1arolaTHYIO0 MOYBY CBOMX COCEIEH.
Tavinbie 3HaHus 13 Erunra nonanu B JIpeBHiowo [peunto, HaydyHbIE
Tpyabl GUI0CcOPOB U YUEHBIX KOTOPBIX coxpaHmna Mcropus. K coxane-
HUIO, OTPOMHOE YK CJI0 APEBHEETUIIETCKUX MAaHYCKPUIITOB, ITEPraMeHTOB,
KOTOpbIe HauaJl coouparth elg AnekcaHap MakenoHCKMIA U er0 CITOABUXK -
HUKU TI0cje MokopeHus Erunta, moruGam Bo BpeMs Ioxapa AJeKCaH-
JIPUICKOI OMOIMOTEKH, YCTPOCHHOM (haHAaTUYHBIMU XpUCTUaHAMU. EnnH-
CTBEHHOE, YTO COXPAHMUJIOCH A0 HAILIErO BpeMEHM, TaK 3TO MOTMJIbHUKU
(bapaonos u 3Hatn Erurnra, na u T0, TOJIBKO MOTOMY, UYTO OHM ObLIX TIA-
TeJIbHO CIPSITaHBbI, 4 TOTOM U 3achIlaHbl neckamu. MUMeHHO Mo3ToOMy HC-
topust Erunra nsydanach TOJBKO MO (ppecKaM U HAAMKUCIM B TUpaMUIaxX
1 MOTWJIbHMKaX. UMEHHO MO3TOMY MaJIO UTO U3BECTHO O >KM3HM KUBBIX
HpesHero Erunra, 06 nx ¢puiiocopckux 1 HaydHbIX MPEACTaBICHUSIX.
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BecbMma mo6onbiTeH 1 TOT (hakT, uro CraBsiHO-Apuiickue PyHBI 1
Erunerckue Meporimgbl UMEIOT MHOTO OOIIEro, a HEKOTOPhIE U3 HUX —
MPOCTO TOXKIECTBEHHBI... TaKM 00pa3oM, MPaKTUUYEeCKU He OCTaJIOCh CBU-
JeTesIbcTB 0 puaocodun U HaydyHoit mbicau JApeBHero Erunra, TonbKO
TalHbIE XpaHWJIUIIA MAaHYCKPUNITOB, CO3aHHBIX XpaHUTEISIMU TaiitH, N30¢-
>KaJId y4acTHU ObITh COXCKEHHBIMU, HO U IO CUX MIOP OHU HE U3BECTHBI 111U -
POKMM MaccaM. DT MaHYCKPUIThI CTaJI OCHOBOI CO3AaHUSI MPAKTUIECKI
BCEX TalfHBIX OOIIIECTB — PO3EHKPEN1IepOB, MUIMMIOHAPUEB, MACOHOB U T.1.
Tem He MeHee, 3HaHMS ApeBHero Erunra He rcyesnu 6eccieqHo, a HalluIx
CBOE TIPOIOKEHME U Pa3BUTHE B IpeBHErpeueckoi puaocoduu.

JpeBHerpeueckast puiocodusi BO3HMKIIA HE COOCTBEHHO B Ipenun,
He Ha bajikaHCKOM IOJTyOCTpOBE, a HA BOCTOYHOM OKpanHe Ipe4ecKoro Mu-
pa — B MOHMICKMX TOPOAaX 3aragHoro rmobdepexbss Majoit A3un, OCHO-
BaHHBIX IPeKaMM M Pa3BUBIIMX paHbIle, YeM 3TO MPOM3OIIIO B caMOii
Iperu paboBIageIbYECKYIO MPOMBIILIEHHOCTD, TOPTOBJIIO 1 BHIPOCIIYIO
Ha MX OCHOBE JIYXOBHYIO KYJBTYpY. DTa KyJIbTypa co3aaBajach IO/ BJIM-
siHUeM OoJiee IPEBHUX BOCTOUHBIX LMBUAM3auuii BaBunona, @®uHuKNN,
Erunta. I1epBble MaTepuanucTUUYeCKKe yueHUs BOSHUKIU B Musiete, KpyTi-
HeieM B 6 B. 10 H.3. U3 MaJloa3uaTCKUX IPEYECKUX TOPOJIOB, Ha TpaHU 7-
6 BB. 10 H.3. B HEM X1JIM M co3MaJIM CBOM IIIKOJIBI MIOCJIEIOBATEIbHO TPH
meicautenst: Panec, AHakcuMaHIp 1 AHaKCUMEH. 3aJaBIINCh BOITPOCOM
0 TOM, OTKY/a BCE BOZHMKAET U BO UTO BCE MpeBpallacTCsl, OHU MCKAIU Ha-
4aJjio MPOUCXOXICHUST U MU3MEHeHUs Bcex Beleit. [1pu aToM, oHU MOHM-
MaJiv IIepBOBEIIECTBO, HE KaK MEPTBYIO M KOCHYIO MaTepUIO, a, KaK Bellle-
CTBO, XXMBOE B 1I€JIOM UM B 4acCTsIX, HaAeJAEHHOE Ay1Ioi 1 nBmxkeHuem. Ma-
nec (KOoHell 7-To — mepBast MOJIOBUHA 6-TO B. IO H.3.) OBLI AeSITEIEM, CO-
eIMHUBIIMM MHTEpEC K 3arpocaM MPaKTUIECKOM XKU3HU ¢ TTTYOOKMUM MH-
TEPECOM K BOITPOCaM O CTpOeHUM MUpo3aaHusi. OH ObLT THAPOUHXKEHEPOM,
Pa3HOCTOPOHHUM YYEHBIM M MBICIMTEIEM, U300peTaTeIeM aCTPOHOMMU-
yeckux npubopos’. Kak y4éHbIil, OH IMPOKO TpociaBuiicd B Ipernu,
cIesaB yIauyHoe TIpecKa3aHnue COJTHEYHOTO 3aTMEHUS, HaOJII0AaBIIETOCs
B Ipeunu B 585 1. 1o H.3. 1151 aTOTO Npeackazanust Pajec UCoab30Ba Mo-
YyepriHyThie UM B Erurnre actpoHoMu4eckue CBeACHMSI, BOCXOISIIINE K Ha-
OI0eHUSIM 1 0000IIEHUSIM BaBUJIOHCKOI HayKH, UTO SIBJISIETCSI KOCBEH-

7 B.®D. Acmyc. «<AHTUYHas punocodusi». YuebHoe nmocobue, ¢. 24. W3a. 2-e, gor.
M., «BplIcias mkoma», 1976 1.
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HBIM TIOATBepXKAeHueM Haauuus B JIpeBHeMm Erurre HaydHBIX 3HAHMIA.
CBou reorpapuueckue, aCTpOHOMUYECKHE U (pu3nmdeckue mo3Hanus Pa-
Jlec cBsi3al B CTpoiiHOe (puytocodckoe MpeacTaBjleHre O MUpe, MaTepu-
aJIUCTUUECKOE B OCHOBE, HECMOTPsI Ha SICHbIE CJielbl MU(POIOTMIECKUX
npeactapieHuii. Majec mojarai, 4ToO CYIIECTBYIOIIEE BO3HUKIIO U3 HEKO-
€ro BJIaXKHOTO MePBOBEILECTBA, WU «BOAbI». BCE MOCTOSTHHO poXXIaeTcs u3
3TOro eAMHOro ucTouHrKa. Cama 3eMJisl Iep>XKUTCS Ha BOJIE M OKPYKeHa CO
BCeX CTOPOH okeaHoM. OHa TpeObIBaeT Ha BOJEe, KaK JIMCK WU J0CKa,
MUlaBallas Ha MOBEPXHOCTU Bogoéma. B To ke BpeMsi, BEIIECTBEHHOE
MEepPBOHAYAJIO «BOJbI» M BCSI MTPOUCIIEAIIAs U3 HEE TTPUPOIa HE MEPTBbI, HE
JIMIIEHBI oylIeBIEHHOCTU. Bo BeeneHHolt — BcE€ HamoTHEHO 00XKECTBEH-
HOI CYIIHOCTBIO, BCE omyuieBieHo. Dajecy IpUHAIIEKUT TOIBITKA pa-
300paThcsl B CTPOSHUM OKpyxKaroliein 3emito BeeneHHOI, onpeaenTh, B
KaKOM TTOPSAKE PaCHOJI0XEHbBI, II0 OTHOLIEHUIO K 3emiie, HEOECHBIE CBe-
tiia: Jlyna, CosHile, 3B€31b1. B aTOoM Bormpoce Manec onmpascs Ha pe3yib-
TaThl BABUWJIOHCKOI Hayku. Ho OH mpencTaBiisiyi MopsiioK CBETUIT OOpaTHBIM
TOMY, KOTOPBI CYIIIECTBYET Ha CAMOM JIeJie: OH MoJiaraj, 4To OJIXKe BCEero
K 3eMJIe HaXoIITCs, TaK Ha3bIBAEMOEe, HE0O HEMOABUIKHBIX 3BE3/T, a TAJIbIIIE
Bcero — CoJHie. DTa olMOKa Obljla MCIpaBlieHa €ro Mpoa0JIKATEISIMU.

Ero coBpemeHHUK, AHaKCUMaHIp®, TpU3HaI €MUHBIM U ITOCTOSTH-
HbIM UCTOYHUKOM POXKIEHUS BCEX Belllel yXKe He «BOIy» U BOOOIE, He Ka-
KOe-JIM0O0 OTAEIbHOE BEIIECTBO, a MePBOBEIIECTBO, U3 KOTOPOIro 000Co-
ONSTIOTCSI MPOTUBOMOJIOXKHOCTH TEIJIOTO M XOJOAHOTO, Jalole Havyalo
BCEM BellECTBaM. DTO IEPBOHAYAJIO, OTJUYHOE OT OCTAJIbHBIX BEILIECTB (1,
B 3TOM CMBbICJI€, HEONPEACJIEHHOE), HE UMEeT I'paHULL U ITIOTOMY €CTh «0ecC-
npeaeibHoe». [1o 060co0/IeHMM U3 HEero TEIIOTro 1 XOJOAHOI0, BOZHUKJIA
OrHeHHasl 000JI04Ka, 00JIeK1ast BO3ayX Haja 3eMieid. [Tpurekaromuii Bo3-
JyX TIpOpBajl OTHEHHYI0 000J04YKY U 00pa3oBas TPU KOJiblla, BHYTPU KO-
TOPBIX 0KA3aJ10Ch 3aKJIFOYEHHBIM HEKOTOPOE KOJIMYECTBO MPOPBABIIETOCS
HapyxXy orHsi. Tak pou3ouIn Tpu Kpyra: Kpyr 38€31, CoaHua u JIyHbI.
3emtst, o (popMe momoOHast cpe3y KOJIOHHBI, 3aHUMAaeT CEpeAnHy MUpa 1
HEIOJBW>KHA; )KUBOTHBIE U JIFOIU 00Pa30BaINCh U3 OTJIOXKEHMIA BBICOXIIIE-
o MOPCKOTO JHA U U3MEHUJIU (pOPMBI, TIpU Nepexojie Ha cyiny. Bcé 00o-
coOuBIIIEeCs OT OECIIPEAETbHOTO I0JXKHO, 32 CBOIO «BUHY», BEPHYTHCS B

8 Tam ke, c. 25.
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Hero. [Toatomy, MUp — He BedyeH, HO, IO pa3pyLIEHUIO eTo, U3 becrnpe-
JeJIbHOTO BBIAESETCS HOBBIM MUP, M 9TOM CMEHE MUPOB HET KOHIIA.

[TocnenHuuii B psaay muieTckux ¢puiaocod@oB — AHaKCUMEH®, 10-
CTUTIIMI 3pesIocTH, KO BpeMEHU 3aBOeBaHus MujieTa nepcamu, — pa3Bul
HOBBbIE TIpefacTaBieHus1 o Mupe. [IpuHsB, B KauecTBe MEpBOBEIIECTBA,
BO3/yX, OH BBEJ HOBYIO M BaXKHYIO M0 O MPOLECCE Pa3PEeKEHUS U CTy-
LLIEHUSI, TIOCPEICTBOM KOTOPOIO, U3 BO3IyXa 00pa3yloTcsl BCe BEIleCTBA:
BOJa, 3eMJisd, KAMHU U OrOHb. «Bo3myx» sl Hero — apixaHue, OOHUMAa-
Io11Iee BeCh MUP, TOA0OHO TOMY, KaK Hallla Aylia, Oyayuyu AbIXaHUEeM, Aep-
xuT Hac. [To mpupoze cBoeit, «Bo3ayx» — poj Mapa Wiu TEMHOTo obJiaka
U CPOJHU MYCTOTE. 3eMJIsT — TUIOCKUIA IUCK, TMTOJIePKUBAEMbIi1 BO3IYXOM,
TaK ke, KaK MapsIiire B HEM IIJIOCKKE, COCTOSIIIIME U3 OTHS, TMCKW CBETHUI.
AHaKCMMEH UcIpaBW yueHue AHAKCUMaHApa O MOPSIIKE paCIOI0XKEHUS
B MUpOBOM ITpocTpaHcTBe JIyHbl, ConHia v 3B€31. COBpEMEHHUKU U MO~
caeaymolye rpeyeckue Guiaocodsl npuaaBaiu AHaKCUMEHY 3HaYeHUe
OosblIee, YeM IPYTMM MUJIETCKUM riocodaM. AHAIU3UPYs IPeIcTaBIe-
HUS 9TUX (prs10codoB 0 MPUPOAE, HEBOJILHO OpocaeTcsl B IJ1a3a TOT (PaKT,
YTO KaXKIbI U3 HUX MOJy4YUJ 3HAHUS He 1ieJIbHbIe, a OTpbIBOUHBbIE. U 1cC-
MOJIb3YsI KaXKIbIN «CBOI» OCKOJIOK, IMBITAIMCh TOCTPOUTH CBOIO KAPTUHY
Mmupo3aaHusd. HemonHota, He3aBepIIEHHOCTh M3HAYAIBHOTO (byH/IAMEHTA,
Ha KOTOPBIIi OHU OMUPAIUCh, IPUBOAMIIA K OTHOOOKOCTU, CUJIBHOMY HC-
KaXXeHUIO KapTUH MUPO3TAaHUsI, UMU CO31aBaeMBbIX.

Becbma MHTEpeCHBI KOCMOJIOTUYECKME MPEACTaBIeHNST DMIIEI0KIIA,
JesITeJIbHOCTb KOTOPOTO MpoTeKaia B AKparaHTe (ArpureHre) Ha oepery
Cununuu B 5 B. 10 H.9. CoriacHO KOCMOJIOTMY DMIIeI0KJIa, BOKPYT 3eMIn
CYILIECTBYIOT JBa Bpallamoluxcs mnojaymapus. OQHO U3 HUX COCTOUT 1ie-
JINKOM U3 OTHS, IPYyroe, CMeIIaHHOe, COCTOUT M3 BO3AyXa U U3 IPUMECU
HEOOJIbIIIOT0 KOJIMYECTBA OTHS. DTO BTOPOE MOJIyllIapye MPOU3BOAUT CBO-
UM BpallleHUeM siBJieHrne HouM. Havano ABMXKeHUsI MPOU30IILI0 OT Hapy-
LIEHUSI paBHOBECHSI, BCIEACTBME MpUcoeanHeHus: orHs. CorjaacHo ac-
TPOHOMUUYECKOI runotese Dmmenokia, ConHile, o CBoeii mpupoae, He
OrHeHHoe. [IHeBHOE CBETUJIO, BUIMMOE HAMU KaXXblii 1IeHb HAa HEOECHOM
CBOJIe, €CTh, 0 DMIMENO0KIY, TOJIbKO OTpaXK€HUEe OTHSI, MOJOOHOE TEM,
KOTOpbIe ObIBAIOT Ha Boje. JIyHa oOpa3oBaiachk U3 BO31yxa, YBJICUEHHOTO

 TaM XKe, c. 26.
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OTHEM. DTOT BO3IYX CTYCTUJICS HaBepXy, Harmomooue rpaga. Ceetur JlyHa
He COOCTBEHHBIM CBETOM, a ucxoasium oT ConHia. @opma Mupo3naHus
He IIapoBUIHA, B TOYUHOM cMbIcie. Mup npubamkaeTcs, 1o cBoeit (hopme,
K sIi1Ly, JIexkalieMy B TOPUM30OHTaJIbHOM TosoxkeHun'’. OH mpeacTaBisi,
YTO 3BE3MbI MPUKPEIUIEHBI K TBEPAOMY KPUCTAJIOBUAHOMY HEOECHOMY
CBOJY, TUTAHEThI XK€, ABUXKYTCS CBOOOJHO. DMMENOKII YK€ SICHO OTIrYall
IUIAHEThI, UMEIOLIKE BUIUMOE IBMKEHME IO OTHOILIEHUIO K OKPYXKAIOIIUM
X 3B€37aM, OT BUAMMO HEIOJABUXKHBIX, MO0 OTHOIIEHUIO APYT K APYTY,
3B€31. B3rnsa Ha JIyHy, Kak Ha Tejio, oOpa3oBaBlIeecs MyTEM CTyILIEHUS
BO3/yXa 1, CTaJI0 ObITh, HE CAMOCBETSI1LIeeCs, IToACKa3al DMIEAOKITY 00bsI -
CHEHME COJIHeUHBIX 3aTMeHUI. [IpruurHy MX OH BHJEI B TOM, UTO MHOTAA
téMHas JIyHa 3acioHseT co6oit ConHue. [eHuanbHOM 1S TOTO BpeMEeHU
ObL1a gorajaka OMIea0K/Ia O TOM, YTO CBETY TpeOyeTCsl U3BECTHOE BPEMSI
IS pacpOCTPaHEHUS B TPOCTPAHCTBE. DTa J0rajaika MoJHOCTbIO POTU-
BOpeuMia BCeM TOTIAIIHUM MPEICTaBASHUSIM O TIPUPOJIe CBETa.

Bo BTOpoOIi1 monoBuHe 5 B. 10 H.3., Ha ceBepe Ipennu, Bo Ppakun,
TOSIBUJICSI HOBBII LISHTP pa3BUTUSI HAyKU 1 hrtocoum — ropoa AGIepHl.
B HEéM mpoTekana nedarenbHOCTh JIEBKUIINA B €r0 3peiiylo Mopy, a TakXe,
nesTeIbHOCTh JIeMOKpHTa, CO3AaBIIMX HOBOE YUeHNe — aTOMUCTUYECKUI
Matepuanu3M. HazpaHue yueHus: MOKa3bIBaeT, YTO OCHOBHOE (pHU3UUECKOe
(1 punocodckoe) Bo33peHue JleBkumnria u JleMoKprTa COCTOUT B TUIIOTE3€
O CYIIIECTBOBAHMM HEAECIMMbBIX YAaCTUII BelliecTBa. [peyeckoe cioBo «ato-
MOC» O3HAUaeT: «<HeIeTUMbI», «Hepa3pe3aeMblii Ha yacTu». [1o cooOie-
Huto Cummivuus, JIeBkunn u JIeMOKpUT roBOpuin, 4To Havasa (pusu-
YeCcKHUe 3JIEMEHThI) — OECKOHEUHBI 110 YHUCITY, M UX OHU Ha3bIBaJIM «aTOMa-
MUW» U CYUTAIIM UX HEAECTUMbIMU U HETTPOHULIAEMbIMU, BCJEACTBUE TOTO,
YTO OHM a0COJIIOTHO IUIOTHBI U HE 3aKJII0YaloT B cede mycToThl. OHM roBO-
PUIIM, YTO pa3aeieHue IMIPOMCXOIUT, Ojarogaps MycTOTe, 3aK/II0YaIOLecs
He BHYTPHM aTOMOB, a B TeJlaX, aTOMBI Xe, OTAeJIeHbI APYT OT Ipyra B Oec-
KOHEUYHOM ITyCTOTe U pa3nyaloTcs BHEIHUMU (popMamMu, pa3Mepamu, Mo-
JIOXXKEHUEM U OPpsIAKOM'!. ATOMBI HOCSTCS B IIyCTOTE, HACTUTAs! APYT IAPY-
ra, OHU CTaJKMBAIOTCS, MPUYEM, TAE CAYUMUTCS, OJHU OTCKAKUBAIOT APYT
OT ApyTa, APYyTrUe CUEIUISIOTCS WK CILJIETAIOTCSI MEXXIy COOO0M BCJIeACTBUE

10 B.®. Acmyc. «<AHTHYHAs dutocodus». YueOHoe rmocodue, c. 68-69. Uz, 2-¢,
non. M., «Beiciag mkona», 1976 .
' Tam xe, c. 138-139.
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COOTBETCTBUS (POPM, pa3MepoB, TTOJOXKEHUIN U mopsiakKoB. OOpa3oBaB-
LIMeCcs] COeAUMHEHUS AepKaTcsl BMECTe M, TaKUM 00pa3oM, MPOU3BOMAST
BO3HMKHOBEHUE CJIOKHBIX TeJ1. JIeBkum u JIeMOKpUT mosiaraiu, 4To 0ec-
KOHEYHO He TOJIbKO YMCJIO aTOMOB BO BeesleHHOM, HO 1 YK CJIO BO3MOXKHBIX
111 pa3IMYHBIX aTOMOB (OpM, T.e. uxX puryp, ouepraHuit. CyliecTByloT
aTOMbI CaMOI pa3IMYHOM (hOPMBI: IIAPOBUAHBIEC, TMPaMUAATbHbIC, HE-
MPaBWILHOU (hOPMBI, KPIOUKOBATHIE U T.IT. YMCIIO 3TUX pa3InYHbIX (popM
OeckoHeuHo. JlokazaTebCcTBO 0€CKOHEYHOro yrciia (popM aTOMOB, KOHEY -
HO, HE MOTJIO ObITh O9MITMPUYECKUM, BCJIEICTBME HEBUIMMOCTHU 1 HEOCSI -
3aeMOCTH 3TUX (POPM, a TOJIBKO JJOTUUECKUM. ATOMUCTHI HE CTaBSIT BOIIPOC
0 TIpUYMHE IBMKEHUST aTOMOB. OHU He CTaBsIT €ro, He BCAeACTBHUE «Oec-
KOHEYHOCTU», KaK lyMaJl O HUX ApUCTOTEIb, a TOTOMY, UTO ABV>KEHUE aTo-
MOB IPEACTaBISIETCS UM M3HAYaIbHbIM CBOMCTBOM aTOMOB. IMeHHO, Kak
W3HaYaJIbHOE, OHO HE TpeOyeT 00bsICHEHUS TpUYrHbL. Ho yueHue o nBu-
>KEHUM aTOMOB He €CTh M IPOU3BOJIbHOE YyTBEpKIeHUEe puocoda o ToM,
4YTO MPOMCXOIUT B 00J1aCTU YYBCTBEHHO HEBUIMMOTO U HEBOCTIPMHUMA-
eMoro. Teopusi 0 HEBUAMMBIX HAMM JIBMKEHUSIX BECbMa MaJIbIX aTOMOB
BHYIIIAETCS HAIlIEMy YMY HaOJIIOIeHUSIMU HaJ MPOLIECCaMU U SIBICHUSIMMU,
MPOUCXOISIIUMU B YYBCTBEHHO BOCIIPMHUMAEMOM TIpUPOJIEL.

Teopust aromun3zmMa Bo3HukIIa y JIeBkurimna u Jlemokpurta, Ha OCHOBa-
HUM HAOJIIOACHWI M HEKOTOPBIX aHaloruid. [Ipenmerom aTux HabmoaeHU
OBLIM TaKKe 00IEU3BECTHBIC (DAKThI, KAK CIIOCOOHOCTh HEKOTOPBIX TBEP-
JbIX Ted cxXuUMaTbesl. Ecim Tema MoryT cokpaiaThCsl B CBOEM 00ObEME,
3HAYUT, OHU COCTOSIT U3 YACTUIL, MEXKITY KOTOPHIMU UMEETCS MYCTOE MPO-
CTPaHCTBO, MHAUe, KaK MOIJIM Obl OHU YMEHBIIUTHCSI B 00bEMe? B cooT-
BETCTBMU C 3TUM, JIeMOKPUT TOSICHSLI, UTO OOJIbIIAST UJIM MEHbIIIAsl CTe-
MeHb TBEPAOCTU U MSITKOCTU «COOTBETCTBYIOT OOJIbIICH MM MEHBIIEH
CTETeHM TUIOTHOCTU U pa3psiK€HHOCTW». Bce Bellu M Tejla BUAMMOTO,
OIIYIIIaeMOT0 MUpa, COIJIACHO MX YUYEHUIO, BO3HUKAIOT B Pe3yJibTaTe Bpe-
MEHHOI'O COCIMHEHMS HeBUAMMBIX M HEOCSI3a€MBbIX BEIIECTBEHHBIX Ya-
CTUII. DTU YaCTUIIBI YK€ He 00J1a1a10T, Bpa3pe3 ¢ AHaKCaropom, IMoTeHIIM -
aJIbHOM JETMMOCTBIO 10 0€CKOHEYHOCTH. DTO — YaCTULIbI, ADCOIIOTHO He-
JIeJUMBbIE W TIOTOMY Ha3bIBaeMble «aTOMaMW». ATOMBI, TT0 X IpeACTa-
BJICHUSIM, HACTOJILKO MaJjible YaCTULIbI BEIIECTBA, UYTO HETIOCPEACTBEHHO,
MPY ITOMOIIM YYBCTB, MX CYILIECTBOBAHUE HE MOXET ObITh OOHAPYKEHO: O
HEM MbI TOJIBKO 3aKJII0YaeM, Ha OCHOBAHUM J10Ka3aTeJIbCTB WU JOBOIOB
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yMa. KocMo10rusi aToMMCTOB M MX KOCMOTOHUSI B CBOMX Pa3JIMUYHbBIX
YacTsX COOTBETCTBYIOT pa3HbIM YPOBHSIM Pa3BUTHUsI aHTUUHOM HAyKU U T10-
TOMY, B OT/I€JIbHBIX CBOMX YUYCHUSIX JAJIEKO HE paBHOLICHHBI. B HEKOTOpBIX
KOCMOJIOTUYECKUX WUIESIX aTOMUCTBI HAAO0JITO OMEPEAUIN CBOE BpeMsl, B
JIPYTUX OCTAJIMCh MPUMEPHO Ha TOM YPOBHE, KOTOPOTO JOCTUIJIa MUJIET-
CKasl 1IKOJIa, B JIMLIE CBOETO MOCIEeIHEro NpeaCcTaBUTEII — AHaKCUMEHa.
HoBbIMUY TOCTMKEHUSIMU ATOMMCTOB ObLIM UX YYEHMST O OECKOHEYHOCTHU
BceneHHoii 1 0 6ecuncaIeHHOCTU MUPOB, OMHOBPEMEHHO CYILECTBYIOLINAX
B OECKOHEYHOM MHUPOBOM IPOCTpaHCTBe. YueHue JleBkurmna u Jlemokpura
0 OecKoHeYyHOCTU BcesieHHO# mpsiMO BBITEKAeT U3 UX MPEICTaBICHUS O
OECKOHEYHOCTH ITYyCTOr0 MPOCTPAHCTBA U U3 TPEACTaBICHUSI O OECKO-
HEYHOM 4YuCJie aTOMOB, ABMXYIIUXCs B mycToTe. [Iporiecc o6pazoBaHus
OCCKOHEYHOTro 4ucjia MUPOB B O€CKOHEYHOM MPOCTPAHCTBE aTOMMCTHI
MPEICTABIISUIN CIAEAYIONIMM 00pa3oM: «BbIASSSICh U3 OECIPeaeIbHOTO»,
HECETCSI MHOXECTBO pa3HOOOPA3HBIX MO (hOpMaM TeJl «B BEIMKYIO ITYCTO-
Ty» 1 BOT OHU, COOPABILIMUCH, IPOU3BOIST €IUHBII BUXPh, B KOTOPOM, Ha-
TaJKUBasICh APYT Ha ApyTa U BCIYECKU KPY>KACh, OHU Pa3AesIIOTCs, TIPU-
4€M, TTIOJOOHBIEC OTXOMAST K MOI0OHBIM. MIMetolre Xe OArnHaKOBbIN BeC,
BCJIEACTBHE OOJIBIIIOIO CKOIUJICHUS, Y2KE€ HE B COCTOSIHUM 00Jie€ KPYXKUTh-
cs... TakuM 06pa3oM, TOHKHME TeJblla OTCTYNAlOT B HAPYXKHbIEC YACTH ITy-
CTOTHBI, CJIOBHO, KaK Obl, oTjieTas K nepudepuu. IIpoune xe, «ocTarorcs
BMECTE» 1, CIUIETAsICh MEXy COOO0, IBMKYTCSI BMECTE U 00pa3yloT, Mpe-
KJIe BCEr0, HEKOTOPOE 11apoo0pa3Hoe CoeIMHEHNE. DTO 1Iapoodpa3Hoe
COeIMHEHME OTIeJIsIeT OT ce0s1, KaK Obl, 000J104KY, 00bEeMJIIONIYIO B ce0e
pa3HooOpa3Hbie Tesa. Ha nepudeprn BUXpsi, U3 MOCTOSTHHO CTEKABLIIMXCS
CILUIOLIHBIX Macc, oopa3oBaiach TOHKast obonouka. [TprnunHoii e€ o6pazo-
BaHUS OBLIO BpallleHWE TE U COMPOTUBIIEHUE LIeHTpa. TakuM crmocoooMm
BO3HUKJIa 3eMJIsI: CHECEHHBIE K LIEHTPY MacChl CTAJIU J€PKAThCSl BMECTE.
Ha stom mpouecc He octaHoBuUIIcsa. OOpa3oBaBiasicss Ha nepudepun
000J1049Ka TMpoJoJIKajia YBEIUYMBATBCS, YBIeKaemMas BUXpeM, Tepude-
pUs IpUCOEIMHSLIA BCE, yero Obl OHA HM Kacanach. B pe3ynbraTe, HEKO-
TOpbIe KOH(UTypalMu TeJl o0pa3oBaiu coenuHeHus. Korma atu tena, ne-
PBOHAYaJbHO BJIa>XKHBIE, BEICOXJIM, OHU CTAJIU KPYXKUTHCSI BMECTE C MUPO-
BBIM BUXpeM. BriocieacTBruu, BOCIJIAMEHUBILMCH, OHU CTaIu HEOECHBIMU
cBeTuiaMu. bavke Bcero Kk 3emiie — Kpyr JIyHbI, caMblil yIaJl€HHbIA —
kpyr ConHiua. Mexay aTMMU KpailHUMU KpyraMu pactiooXUIUCh KPYTU

39



Hukomnaii JlesamioB «HeogHnopongHast BecenenHas»

Bcex mpouux cBeTu1. Cienyer yuecTh, UTo Korna JIeBKUIIT TOBOPUT O 111a-
POBUIHOCTH COCTUHEHMS YACTULL WU TEJ, BOSHUKIIETO B LIEHTPE, 1 O BbI-
JEJUBIIEICS U3 3TOr0 COeAMHEHUsI 000J0YKe, OH OIMMChIBAET IPOLECC
00pa30BaHUs TOJIBKO OJHOTO U3 OECUMCIEHHBIX MUPOB — TOTO, B KOTOPOM
Bo3HMKJa Hama 3emis, ConHIIe U ABVXKYIIMECS, MeXIy 3eMJIEi U mepu-
(bepueit Halrero mupa, ceetuaa. Ho Mup, Takum o0pa3om, BO3HUKIINM,
no JleBkuriy, eme He ucueprbiBaeT codoii BeeneHHONM. DTO — TOJBKO
OIMH 13 0ECKOHEYHOTO Yucjia 00pa3yloluxcsl U MOrudaronmx MUpPOB.
PasButue npeBHerpedeckoit punocoduu 1o Cokpara ObLIIO, B LIEJIOM, HC-
TOpHeil BOBHUKHOBEHUSI U pa3BUTHS MaTepuanu3ma — oT Pajeca no e-
MokpuTa. B yueHue JlemokpuTta (KoHel 5 — Hayayio 4 B. 10 H.3.) IpeBHE-
rpeyecKuii MaTepuajn3M JOCTUT CBOEi BbICIIel (DOPMbI, CTaldl aTOMMU-
CTUYECKUM MaTepUaIM3MOM B (DUI0CODUU U OMTHOBPEMEHHO B HAayKe.
[TonoxeHue aen MmeHsieTcsl ¢ HaYaaoM 4 B. 10 H.2. [1naToH, ¢ penkum
B UICTOPUY MBICJIY TaJJaHTOM, CO3/1AET yYeHME OOBEKTUBHOIO UAcaaIn3Ma.
OTHBIHE B rpedyecKkoit punocoduu «1mHuM JeMoKpuTa» pe3Ko U Helpu-
MUPUMO ITPOTUBOCTOUT «JIMHU [ LimatoHax. [1on «matepueii» [1maton no-
HUMaeT GecnpenebHOE HayaIo M YCJIOBUE MPOCTPAHCTBEHHOIO 000C001e-
HUSI, TPOCTPAHCTBEHHOU pa3aeIEHHOCTA MHOXECTBEHHbBIX BEILLEH, Cy-
LLIECTBYIOIIMX B UyBCTBEeHHOM Mupe. B o0pa3zax mudga InaToH xapakrepu-
3yeT MaTepuIo, Kak BCEOOIIYI0 «<KOPMUJIMILY» U «BOCIIPUEMHMUILY» BCSIKOTO
POXIEeHUSI U BOBHUKHOBeHUS. OIHAKO, «MIeU» U «MaTepusi», UHAUe —
00J1aCTU «OBITUSI» U «HEOBITHS», TIPOTUBOCTOAT y [171aTOHA HEe B KauecTBe
Hayasl paBHOIIPABHBIX U PABHOCWJIbHBIX. MUPY, WJIW 00JaCTH, «UAE», TIO
[1naToHy, mpyuHAMJIEXUT HEOCOOPUMOE 1 O€3yCIOBHOE NEPBEHCTBO. YUe-
Hue [1maToHa He ocTaBasioCh OTHUM U TEM XK€, HO, B TEUEHUE TOJITOM KM -
3HM [1naToHa, pa3BrMBagIOCh U UBMEHSJIOCH. BacxkHBIM 3TalioM B pa3BUTUU
ITnaroHa okazanochk ero comkeHue ¢ nudaropeitiiamu. MareMarnuyeckue
1 KOCMOJIOTUYECKHUE YUeHUs nrdaropeilen, Takux, Kak Apxut u ®uio-
Jlaif, HECOMHEHHO, CTaJIu U3BeCTHHBI [ [J1aTOHY U TOJKHBI ObLIY TTPUBJICYb
ero BHuMMaHue. B mo3gHeM nuasore [1naTtoHa « Tumeii», mocBIILIEHHOM BO-
npocaM KocMoJjioruu, [1naToH mpsiMo BKJIaabIBaeT M3j1araeMoe UM Ko-
CMOJIOTMYecKoe yueHue B ycTa nudaropeiiieB. CoriacHO 3TOMY YYEHMUIO,
MUP €CTh XXMBOE CYILIECTBO, MMerolIee (hopMy 1apa. Kak )KnBoe CyIiecTBo,
MUp UMeeT ayury. Jlyima — He B MUpe, KaK ero «4acTh», a OKpYy>KaeT BeCh
MUP 1 COCTOMUT U3 TPEX HAYAJI: «TOXAE-CTBEHHOTO», «MHOTO» 1 «CYIIIHO-
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ctu». Havana 3T — BbICIIIE OCHOBAHUS «IIPEACIbHOTO» U «OeCIIpeacib-
HOTO» OBITUS, T. €. OBITHS UI€ATBLHOTO U MaTepraibHOro. OHU pacapee-
JIEHBI, COTJIACHO 3aKOHAM MY3bIKaJIbHOM OKTaBbl — B Kpyrax, YBJIEKarOIINX
HeOeCcHbIe CBETUIA B UX ABMXKEHUSIX. OKpYXKEHHOE CO BCEX CTOPOH MUPO-
BOI1 IyI1I0, TE€JI0O MUPA COCTOUT M3 JIEMEHTOB 3€MJIU, BOJIbI, OTHS 1 BO3-
ayxa. DJIEMEHThI 3T 00pa3yloT MPONOPILIMOHAIbHBIE COCTUHEHUST — 10
3aKkoHaM uyucelsl. Kpyr «ToxaecTBeHHOro» 00pa3yeT Kpyr HeIOJABUKHBIX
3BE3M, KPYI «MHOTO» — KpPyT mjaHeT. M 3B€31bl, U IUIaHEThl — CYILECTBA
00XXeCTBEHHbIEe, MUPOBasl Ayllla OAYILIEBISIET UX, TaK Xe, KaK M OCTaJIbHOM
mup. Tak Kak 371eMEeHTBI 36MJIY, BOJbI, OTHS M BO3yXa — TEJIECHbI, TO OHU,
KaK reoMeTpuuecKue Tejaa, orpaHuueHbI IIockocTsIMu. Dopma 3eMiIn —
Ky0, BOABI — MKOCa3Jp, OTHS — MUpaMuaa, Bo3ayxa — okTasap. Hedo
YKpalleHo 110 00pa3y goaekasapa. 2Ku3Hb0O MUPOBOM AyIIN MPaBSIT YM-
CJIOBBIE OTHOILLIEHMSI ¥ TaApMOHMSI. MUpoBasi aylia He TOJIbKO XKUBET, HO U
no3Ha€ET. B cBOéM KpyroBoM BO3BpaTHOM JABUXKEHUM OHa, TIPU BCSIKOM CO-
MPUKOCHOBEHUU C T€M, YTO MMEET CYIIHOCTb, CBUAECTEIbCTBYET CBOUM
CJIOBOM O TOM, UTO C Ye€M TOXKAECTBEHHO, YTO OT YEro OTJIMYAETCs, a TAKXKeE,
riae, Koraa M KakuM o0pa3oM BceMy ObIBalOIIEMY TOBOAUTCS ObITh — MO
OTHOIIIEHUIO K BEUHO HEM3MEHHOMY U T10 OTHOILLIEHMIO K IPYyroMy ObIBa-
forieMy. CJI0BO 3TOro CBUAETEIbCTBYET OAMHAKOBO MCTUHHO — Kak I10
OTHOIIIEHUIO K «MHOMY», TaK 1 10 OTHOIIEHUIO K «TOXIECTBEHHOMY>».
Korma oHO OTHOCUTCS K YYBCTBEHHOMY, BOZHUKAIOT TBEPAble UCTUHHBIC
MHEHMS 1 BepoBaHus. Korma ke OHO OTHOCUTCS K pa3yMHOMY, TOTIa
MBICJIb I 3HAHUE HEOOXOIMMO JOCTUTAIOT COBEpILIEHCTBA %,

Benunuaiimmm u3 HerocpeacTBeHHbIX ydeHUKOB [1aToHa 6bL1 Apu-
CTOTENb. XapakTep GrI0coCKOro yueHust ApUCTOTEIsI O OBITUM OTpa3uJI-
csl M Ha ero (hM3MYECKOM YUEHUU, a TAKXKE, Ha €0 KOCMOJIOTUU. ApUCTO-
TeJIb, B CBOEM YUYCHUU O IBVKEHUU, TIPUHUMAET BO BHUMaHUE BCE, TOOBI-
TOE T10 3TOMY BOIIPOCY €T0 MpealleCTBeHHUKAMU — JIFOAbMU ITOBCEIHEB-
Horo ornbiTa U (pusocodun. 1 te, u aipyrue ykasaau, 4TO BO3MOXHBI TOJIb-
KO YeThIpe BUAa ABVXKEHMS: YBEJIMUEHUE U YMEHbIIIEHNE; KaYeCTBEHHOE
U3MEHEHME, WIM MpeBpallieHue; BOSHUKHOBEHNE M YHUUTOXEHUE; IBUXKE-
HME, KaK MepeMelleHre B TpocTpaHcTBe .

12 B.®. Acmyc. «<AHTUYHas pustocodust». YueGHoe ocobue, ¢. 223-224. U3zn. 2-
e, no1m. M., «BeIciiag mkoja», 1976 .
13 Tam xe, c. 289-294.
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I[Tonpo6GHO TOMY, KaK, TIpU UCCIIEIOBAHUN BUAOB IIPUYKH, ObLIT ITOCTA-
BJICH BOIIPOC O NMPUYMHAX B3aUMHO CBOAVMMBIX 1 HECBOJMMBIX, TaK U, TIPU
KCClieTOBaHUM TIPpOo0JIeMbl IBUXEHUST, APUCTOTEb 3aAaETCSI BOIIPOCOM,
KAaKOM 13 YEeThIPEX BUIOB IBMXKEHUS — TJIABHBINA, HECBOJMMBIN K OCTAIb-
HbIM. TakoOBO, TT0 APHCTOTENIO, IBUXKEHNE B IPOCTPAHCTBE: UMEHHO OHO
YCJIOBUE BCEX OCTAJIbHBIX BUIOB IBVDKCHUS. YUeHUE APUCTOTEIIS O IBUKE-
HUM B IPOCTPAHCTBE, KaK 00 OCHOBHOM M3 YETHIPEX BUIOB IBVXKEHUS, HE
MpUBEJIO APUCTOTENS K CONMMKEHUIO C ATOMUCTUYECKMMU MaTepraaucTa-
mu. JleBkumm u JIeMOKpUT moJjiarajiu, 4TOo B OCHOBE BCEX BOCIIPUHUMAE-
MBbIX HalllMMM YyBCTBAMHU KayeCTB, JIeXKaT MPOCTPAHCTBEHHbIE (POPMBI U
MPOCTPAHCTBEHHbIE KOH(PUTYpALIMU ABMKYIIUXCS B ITyCTOTE aTOMOB. Te-
OpHS 3Ta UCKITI0YAJIAa BO3MOXHOCTb KAYECTBEHHOTO MPEBPALLICHUS OTHUX
cBoiicTB B Apyrue. OHa mpoBo3riialiiaia 3TU IpeBpalleHus pe3yabTaToM
HEAOCTAaTOYHOM MPOHUILIAEMOCTH HAIIIMX OIIYILIEHUI 1 YyBCTB, HE «/10X0-
JSIIIMX» 10 CO3€PLIAHMsI aTOMOB C UX €AMHCTBEHHO OOBbEKTUBHBIMM pa3-
JIMYMSIMU 110 (PUTYPE, T10 TTOJTO0XKEHUIO B MPOCTPAHCTBE 1 11O MOPSIAKY APYT
OTHOCUTENbHO apyra. /I1st ApUCTOTENsI 3TO BO33pEeHUE ObLIO HeITpUeMJie-
Mo. HecMoTpst Ha BCIO poJib, KOTOPYIO B KOCMOJIOTUH APUCTOTENSI UTPAET
MPOCTPAHCTBEHHOE ABMXKEHUE, (pU3MKa APUCTOTENISI OCTAETCSI B CBOEM
OCHOBE HE KOJIMYECTBEHHOI, a KAYECTBEHHOI. APUCTOTEb YTBEPKIAAET
PE€aTbHOCTh KAYE€CTBEHHBIX PA3JINUMIA Y PEATbHOCTh KA4€CTBEHHOTO Mpe-
BpallleHUs OMHUX (PU3NYECKUX SJIEMEHTOB B JPYTHE.

DU3NYECKUM TEOPUSIM aTOMUCTOB U 371€aTOB APUCTOTEb MPOTUBO-
MOCTaBJISIET CBOIO, (PM3UYECKME OCHOBBI KOTOPOIi, ONMPAIOTCS Ha €10 (hu-
JIOCOCKOE YYEHHE O BO3MOXHOCTU U AECUCTBUTEIBHOCTU. Tak Kak, IO
ApHCTOTENTI0, «MaTepHsi» — BO3MOXHOCTb «(DOPMbI», TO UCTUHHO U TO, YTO
«MaTepus» ecTb «popMa». B caMoit mpupone «MaTepum» KOPEHUTCST BO-
3MOXHOCTb IIPUHSITH (pOpMY, CTaTh (hOPMOIi, UBMEHUTHCS B hopmy. M3me-
HEHME — HE PE3YJIbTAT BHEIIHETO TeJIa WM X YaCTHIL B TPOCTpaHCTBe. [l
B3aMMOJICUCTBUS ITPEAMETOB APYT C APYTOM JOCTATOYHO TOTO, YTOOBI, BXO-
ISl B OIMH U TOT Xe OOLLMIA IJ11 HUX PO, MPEAMETHI 3TU OTJIUYAIUCH APYT
OT JIpyra JUIIb BUAOBBIMU NMpu3HaKaMu. CorjiacHo ApUCTOTENIO, Mpo-
CTPAHCTBO — HM YTO MHOE, KaK 3aHUMaeMoe TeJaoM MecTo. Ho MecTo ecThb
rpaHuilia APYroro Teja, oOHMMAalOIIEro faHHoe tejo. Iloatomy, ecnu 3a
npeaejaaMu MUpa He CYIIECTBYET HUKAKMX TeJ, TO 3TO 3HAYMT, YTO TaM He
CYLLECTBYET HU ME€CTa, HA MpOCTpaHCTBA. MUp 00BbeMIIET B c€O€ HE TOJIb-
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KO MecTo, HO 1 Bc€ Bpemsi. CaMo 1o cede, BpeMsl — Mepa ABUKeHuUs1. Tak
KaK JIBMKEHUE HE pacIIpOCTPaHSIETCs Ha 00J1aCTh, 3aPeIeIbHYIO MUPY, TO
He pacIpocTpaHsieTcss Ha Heé U BpeMsl. 3eMJIsl HeMOJABMXKHO MpeObIBacT B
LIeHTpe MUpa. M B 3TOM yTBEp>KIEHUM KOCMOJIOTUSI APUCTOTENST — Iar
Ha3aj, B cpaBHeHUU ¢ KocmoJiorueii [1narona u mudgaroperiues. M I1na-
TOH, ¥ MG aropeulibl pa3BUBAJIM ydeHUE O ABMKeHUU 3eMin. [Tudarope-
WIIBI Y9I O €€ IBMXKEHUM BOKPYT «IIeHTpaJabHOro orus». [1naToH Hame-
TWJI, JaJIEKO, BIPOYEM, HE SICHO, MBICJIb O IBVMXKEHUN 3€MJIM BOKPYT OCH.

Bce xe, He 110 BceM BopocaM KOCMOJIOTUU APUCTOTEJb CTOSIIT IO~
3aJ1 CBOEro BeKa. BeiaamommuMcs JOCTUKEHUEM €T0 KOCMOJIOTMM ObLIO
CTpOroe 10Ka3aTeJIbCTBO apoBUAHOMN ¢hopMbl 3eMiu. [IlapoBUaHOCTH 3TY
OH JI0Ka3bIBA€T U3 HAOIIOAEHU, CIeJJTaHHBIX BO BpeMsl 3aTMeHU A JIYHBI.
DT HaOII0eHMS TOKA3bIBAIOT, YTO TEHb 3€MJIM, HaJIBUTAIOIIAsICSl HA BU-
JUMYIO TIOBEPXHOCTH JIYHBI, BO BpeMSI JIYHHOTO 3aTMEHUS UMEET KPYTIIYIO
dopmy. ITo 0ObsICHEHNIO ApUCTOTENSI, TOJIBKO IIAPOBUIHOE TEJI0, KOTO-
PBIM B 9TOM cCiiyyae sBiiseTcsl 3eMJisl, MOXET OTOpachiBaTh B MUPOBOE
MPOCTPAHCTBO — B CTOPOHY, IPOTUBOIOJIOKHYIO COJIHILY, — TeHb, KOTO-
pasi B MpOEKIMY Ha IIapOBYIO MOBEPXHOCTh JIYHBI MPEICTABUTCS TEMHBIM
KpyroMm, HaJBUTAIOIIMMCSI Ha AUCK TTOJTHOU JIyHBI.

KonoccaapHbIM 0Ka3anoch BAUSHUE IPYTUX KOCMOJIOTUYECKUX yUe-
Huii Apuctorens. [Ipexne Bcero, 3To — ydyeHue o IeJICHUM MUpa Ha 1B
00;1aCTH, TI0 CBOEMY (PM3NUECKOMY €CTECTBY M IO COBEPIIIEHCTBY, BITIOJIHE
OTJIMYHBIE JPYT OT JIpyra: 00JiacTh 3eMJIU C €€ YeThIPbMS DJIEMEHTaMU —
3eMJIU, BOJIbI, BO3IyXa, OTHSI — M 00J1aCTh HeOa U TISITOTO 3JIeMeHTa — 3(U-
pa. U3 acpupa cocTosIT HEOECHBIE TeJla U caMo He00. DTO — 00J1aCTh BCEro
BEYHOTO 1 COBEpIIeHHOT0. B 061actu adpupa rpedbiBaloT HEMOABUXKHbBIE
3BE3/bI, CaMble COBEpIIEHHbIE M3 BCeX HeOEeCHBIX Tes. MX BeuecTBo —
YUCTBIN 2(UP, OHU — HACTOJIBKO yAAJIEHbI OT 3eMJIU, YTO HEAOCTYITHbI HU-
KaKoOMY BO3JIEMCTBUIO YEThIPEX 3eMHbIX 271eMeHTOB. [11aneTsl, CojiHIIe 1
JlyHa TakKe cocTodT U3 3¢upa, HO, B OTJIUYMU OT HEMOJABUXKHBIX 3BE3/I,
yXe MoJABEPKEHbI HEKOTOPOMY BJIMSTHUIO 36 MHBIX 2J1eMeHTOB. [IpeamMeTsi,
HaxozsImecs Ha 3eMJjie, COCTOSIT U3 JIEMEHTOB 3eMJIM, BOJIbI, BO3yXa U
orHs. MecTo rpeObIBaHMST X — 3eMJIsl, 00J1aCTh IMTOCTOSTHHBIX U3BMEHEHUI,
npeBpalleHuil, poxaeHus1 U rudenn. Kak HanOoJiee TSIKEIBIA U3 BCEX
BJIEMEHTOB, 3eMJIsI HAXOAUTCS B LIeHTpe Mupa. OHa — 1mapoodpasHa, U 3TO
NIOKa3bIBaeT KpyrJias (hopma 3eMHOM TeHU, HaJBUTaroleics Ha auck JIy-
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HBI, BO BpeMsI JIYHHBIX 3aTMEHMI. 3eMHOM 11ap OKPYKEH BOAOI, Haa 000-
JIOUKOM BOJIbI HAXOAUTCS 000J10uKa Bo3ayxa. Hanbonee nérkuii aneMeHT —
OrOHb — ITOMEIIIAeTCs B MPOCTPAHCTBe Mexkay 3emiéit u JIyHoii u conpu-
KacaeTcs ¢ TpaHulielt msiToro ajaeMeHTa — adupa. He Tonbko pusnueckoe
TEJI0 MUpa ACJIUTCS Ha IBE, COBEPILIEHHO pa3IMuHble 00J1aCTH — Ha JiBa CO-
BEPIIECHHO pa3JIMYHbIX BUIA ACJISITCS TaKKe U ABMXKEHUSI, IPOUCXOASIIIE
Bo BceneHHOI. DTO — ABUKEHUS COBEPIIEHHBIC, U paBHOMEPHBIE T10
KpYTY, U IBUKEHUSI HECOBEPIIEHHbIC, UM MPSIMOJMHEHbIe. YUCThIM
00pa31iOM COBEPIIEHHOTO ABMXXEHUS SIBISIETCS CYTOUHOE obOpallleHue
cdepbl HEMOABXKHBIX 3BE311 BOKpYT 3emuin. He cTonb yncThIil o6pasels co-
BEPILIEHHOIO IBUKEHUS — CJIOXKHbIC IBUKEHUSI IJIAHET, HEpaBHOMEPHBIE
1 YaCTUYHO HaKJIOHHbIE. CJI0XKHOCTb M 3aITyTAaHHOCTD IJIAHETAPHBIX ABU-
>KeHUI O0YCIOBJEHBI BIUSHNWEM, KOTOPble HA HUX OKa3bIBAlOT 3€MHbIC
aneMeHThl. HecoBepiieHHast hopma IBMKEHUST — IBUKEHUE CBEPXY BHU3,
WJIM, YTO TO K€, K LIEeHTpY 3eMu. BHU3 ycTpeMIIsIIoTCs BCe Tejia, ¥ TOJIbKO
HACWJILCTBEHHAs ITOMeXa MOXET BPEMEHHO MPUOCTAHOBUTD 3TO UX JIBU-
xxeHue. OTcrona ApucToTesib BBIBOJMUT, UYTO 3eMJIsl HE TOJbKO 3aHUMAaeT
eHTp BceneHHolt, HO, KpoMe TOTO, YTO OHA IPeObIBAET B HEM HEIO-
nBuxkHO. Eciii Ob1 1axke BO3HUKIIO ABMXKEHME 3eMJIM, OHO MOIJIO ObI TTPO-
WCXOAUTD JIMIIIb BPpEMEHHO, a 3aTeéM, BHOBb ITPEKPATUIIOCH Obl.
dunocodckoe Hacleare IPEBHUX T'PEKOB CTaJIo (DYHIAaMEHTOM pa3-
ButUs punocodpuu B [IpeBHem Pume, a 3atem u B EBpone. B Te unm nHbie
UCTOPUYECKME MEPUOIbI BBIABUTAINCH TO OJHU, TO APYTHe MOJOXKEHUS,
chopMyIMpoOBaHHbBIE TEMU WIW MHBIMU JApEeBHETpedecKuMu (puiocod-
CKMMM 1IKOJaMu. Huyero npyMHIMNMaIbHO HOBOTO He ObLIO CO31aHO B
9TU UCTOpUYeckHe 31oxu. Toabko ¢ mpuxoaoM Drioxu BospoxaeHus
MPOUCXOAUT OUYEepPEeTHOE OXMUBJICHUE (PUITOCOMDCKON 1 HAyYHOU MBICIIH,
KECTKO, K COXAJIEHUIO, PETYJIMPYEMOI XpUCTUAHCKOM 1IEpKOBbIO. OTHUM
13 Beanmuanimx guiaocodoB U yU4EHBIX 3TOH 3moxu ObL1 JleoHapmo ma
Bunuu (1452-1519), B Gosblieii cTeneHW U3BECTHBIN, KaK BeTUYaUIIi
XynoxXHUK. Ero HaydHoe Hacienaue, Ha MHOTO CTOJIETUI OmepeauBIIece
BpeMs1, He3acIykKeHHO 3a0bITo. COXpaHUJIMCh JAJIEKO HE BCE €r0 HayuHbIe
pab6oTel. BoT, uTo oH nucan o 3emiie u BeeneHHoI: «...3eMJ1s1 — He B LIeH-
Tpe COJIHEYHOTO KpyTa 1 He B LIEHTPe MUpa, a B LICHTPE CBOMX CTUXUIA, et
OJIM3KUX Y ¢ HEM COeAMHEHHBIX; M KTO cTa Obl Ha JIyHe, Korja oHa, BMe-
cre ¢ ConHieM, IO HaMU, TOMY 3Ta 3eMJIsl, CO CTUXHEH BOJIbl, IT0Ka3ajlach
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OBl UrpaIICii U NeCTBUTEIBHO Urpasa Obl Ty Xe poJib, 4To JIyHa, mo
OTHOILLIEHNIO K HaM. Bcsl peub TBOsI 10/KHA TIPUBECTHU K 3aKJIIOUEHUIO, UTO
3eMJIsT — CBETWIO, MOYTH ITogooHoe JIyHe...»'

BnepBble BhICKA3bIBA€TCSI MBIC]IL O TOM, YTO 3eMJIsl HE SIBISIETCS
LICHTPOM MHUPO3IaHUsI, a TOJbKO OJHOM 13 IIAaHET B COJTHEUHOI CHUCTEeME.
Camo 1o cebe, TOJIbKO 3TO — I'paHAMO3HOE MPOABUXKEHNE BIIEPE B ITPE/I-
CTaBJICHUSIX 00 YCTPOMCTBE MUPO3IaHUS. DTU MBICIY MPOJOIKUIN CBOE
pa3BUTHE B paboTax IMOJbCKOTO acTpoHoMa 1 MbicauTess Hukonas Ko-
nepHuka (1473-1543). I1biTasich MOHATH YCTPOMCTBO BeeleHHOM, OH BbI-
JNBUHYJ Psi/i MOJIOXKEHUIA:

I1epBoe nmoso:kenne. He cyiecTByeT o011Iero LieHTpa /1J1s1 BCeX KPYIoB,
T.€. HeOeCHBIX cep.

Brtopoe nosnoxenue. LlenTp 3eMin He SBISIETCS LIEHTPOM MUpa, a
TOJBKO LIEHTPOM TSKECTHU Y LIEHTPOM IyTH JIyHBI.

TpeTbe mosokenue. Bce myTu miaaHeT OKPYyXalOT CO BCEX CTOPOH
CouHlie, BOJIM3U KOTOPOrO HAXOAUTCS LIEHTP MHUpa.

Yereéproe nonoxkenne. OTHoLIeHUE paccTosiHUS CoJTHIIA OT 3eMiin
K yIaJI€HHOCTU HEOOCBOJAa MEHbIIIE, YeM OTHOILIEHUE paaryca 3eMJIM K
pacctosiHuio oT CoJHIIa, TaK YTO OTHOILIEHUE 3TO, B Oe31He Hebec, OKa-
3bIBACTCSI HUYTOXHBIM.

IIaToe nojoxenue. Bcé, 4To Mbl BUIMM IBVKYIIMMCSI HA HEOOCBOIE,
0OBSICHSIETCSI BOBCE HE €r0 COOCTBEHHBIM JABMXKEHUEM, a BBI3BAHO JIBVKE-
HUeM camoii 3eMiIi. DTO OHa, BMECTe C OMKANIITIIMU e€ 3JIeMeHTaMU1, CO-
BepIlIaeT, B TEUeHUE CYTOK, BpalllaTeIbHOE IBMKEHME BOKPYT CBOUX HEU3-
MEHHBIX ITOJIIOCOB U [0 OTHOIIIEHUIO K MPOYHO HEMOABUKHOMY HEOY.

IIecToe nonoxenne. JIro6oe Kaxyueecs nBrkeHre CojiHLIA He TIpOo-
HUCXOAUT OT €ro COOCTBEHHOIO JABMXKEHMS; 9TO — WJUTIO3USI, BbI3BaHHAs
NBUXEHUEM 3eMJIU U €€ OpOUTHI, TT0 KOTOPOU Mbl OOpaliaeMcsi BOKpYr
CosHIa WiIv ke BOKPYT KaKOM-TO IPYroi 3BE3/Ibl, YTO O3HAYAET, YTO 3e-
MJISI COBEpIIIaeT OMHOBPEMEHHO HECKOJIBKO ABUXKEHUIA.

CenpMoe nojoxkenne. HaGmogaemoe y 1j1aHeT MOINSITHOE IBKEHE
U IBMXKEHME MOCTYIATeIbHOE He SIBJISTIOTCS X COOCTBEHHBIM JBMXKEHUEM;
3TO — TOXKE WJUTIO3US1, BbI3BaHHAS TTOJABUKHOCTBIO camoii 3emin. Takum

4 «AHTOJI0TMSI MUPOBOI uocobun», Akagemuss Hayk CCCP, 1. 2, ¢. 88. U3zna-
TeJIbCTBO «MbIcib», MockBa, 1970 .
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00pa3oM, yXKe caMOro €€ ABUKEHUSI JOCTAaTOYHO, YTOObI OOBSICHUTD CTOJIb-
KO MHUMBIX pa3Inuuii Ha Hebe'.

KonepHuk mnipeamnonaran, 4yro BceneHHass uMmeeT m1apooOpas3Hyro
(opmy B cuily TOro, 4To IIap UMEET COBEPLICHHYIO (hopMy: «...BceneH-
Hasi — 1apooOpa3Ha, Kak OTOMY, UYTO 1Iap UMEET CaMyl0 COBEPIIEHHYIO
(bopMy U sABISIETCS 3aMKHYTOI COBOKYIMHOCTBIO, HE HY>KIAIOIIEUCs HU B
KaKMX cKpemnax, Tak ¥ IOTOMY, 4YTO U3 Bcex (pUryp, aTa — camasi BMECTU-
TeJIbHAs1, HanOoJIee MOAXOASIIAs 1S BKIFOYEHUSI U COXPAaHEHMST BCETO MU -
pO3IaHus; WK ellI€ MOTOMY, YTO BCE CaMOCTOsITeIbHbIe YyacTu BceneH-
Hoii — s umeto B Buay CosHie, JIYHY 1 3B€31bI — MbI HaOJIFOAaeM B TAaKOM
(bopMe; MM TOTOMY, UTO BCE TeJ1a TOOMBAIOTCS OTPAaHUYEHUS B 3TOM pop-
Me, KaK 3TO BUIHO IO KaIlJIsIM BOAbI U OCTAJIbHBIM XKUJIKUM TeJlaM, KOraa
OHM CTpeMSITCS K camo3aMblKaHU10. [103TOMy, HUKTO HE YCOMHMTCS, UTO
TakoBa (popMa rpucyiia HedbecHbIM TenaM... Hebo, 1o cpaBHeHUIO ¢ 3eM-
JIEN, — HEOOBSITHO, U... OHO SIBJISIET BUAMMOCTD BEJIMYUHBI O0€CKOHEYHOM,
a 3eMJ1s, MO OLIEHKE HAIllMMU YyBCTBaMU, OTHOCUTCS K HE0Y, KaK TouKa K
TeJly WJIM KOHEUHOE I0 BeJIMYMHEe K OeckoHeuHoMmy. Ho Huuero apyroro
STHUM HE JIOKa3aHO; U HUOTKY/a HE CJIEYET, UTO 3eMJIsl JOJIKHA ITOKOUTHCS
B LIeHTpe Mupa... Bc€ ckazaHHOE Bblllie CBOIUTCS TOJIBKO K T0KA3aTeIbCTBY
HEOOBITHOCTU Heba, Mo CpaBHEHUIO ¢ BeanuumHo 3emum. Ho mokyma
MPOCTUPAETCS 3Ta HEOOBSITHOCTh, O TOM HE BEaeM».

HMnen KonepHuka mpoaoskall pa3BUBaTh B CBOUX padoTax [anuiieo
Tamuneit (1564-1642). B cBoéM nocnanuu Kk @panvecko Muromm, lanmeit
BBICKA3aJl MbICJIb, UTO YEJIOBEUYECKasl HayKa HUKOTIa HE CMOXET PELIUTh,
KoHeyHa i BcenenHas mwim 6eckoHeuHa. M manee's: «...M3 1oCTOMHBIX
W3y4YEHUs €CTECTBEHHBIX BElllei, HAa IMEPBOE€ MECTO, IO MOEMY MHEHMUIO,
JIOJKHO OBITh IOCTaBJIeHO YCTpoiicTBO BeenenHoit. ITockonbky BeenenHas
BCE COIEPKUT B ce0€ 1 IMTPEBOCXOAUT BCE 10 BEJIMYMHE, OHA OIPEIeIISIeT BCE
OCTaJIbHOE U IJ1aBeHCTBYET Haj BceM. Eciu Komy-11060 13 et yaianoch
MOJHATHCS, B YMCTBEHHOM OTHOIIIEHMU, BBICOKO HaJl OOILIMM YPOBHEM
YeJI0BEYECTBa, TO 3TO ObUIU, KOHEeUHO, [ITonemeii n KonepHuk...»

PasButue nipeacrasiaeHuit o BeeleHHOM COMPOBOXKAAIOCH, KAK T€HU-
aJIbHBIMU JIOTaIKaMU O CYTH SIBJICHUI, TaK U HACJIOEHEM PEJIUTUO3HbBIX 1
(punocopckux npeAacTaBaeHU, TOCIIOACTBYIOLIMX B KOHKPETHBIN UCTOPH-

15 Tam xe, c. 118-122.
16 Tam xe, c. 227.
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yeckuii nepuod. [ToaTomMy, 30710ThIe 3¢pHA UICTUHHBIX 3HAHWIA MOXHO 00-
HapyXuTh, KaK CpeIX CTOPOHHUKOB MaTrepuaiM3Ma, TakK U Maeaiu3Mma.
Hanpumep, Ummanyun Kant (1724-1804), o0cHOBOMOJIOXHUK, TaK Ha3bl-
BaeMOro, KpUTUYECKOTO UJIU «TPAaHCLIEHIEHTAILHOTO» UIeai3Ma B CBOM
«JToKpuTHIecKuit» nepuon (10 1770 1.) co3nan «HeOyJISIpHYI0 KOCMOTOHU-
YECKYIO TUIOTE3Y, B KOTOPOK BOBHUKHOBEHWE W SBOJIIOLIMS TJTAHETAPHOMU
CUCTEeMBbI BBIBOASITCSI U3 TIepBOHAvYaJIbHOTO IMddy3HOro obdjaka yactuil. B
TO Xe BpeMs, KaHT BbICKa3aJl TMIoTe3y O CyllecTBOBaHUU bonbiioii Bee-
JIEHHO TaJlaKTUK BHE Hallleli raJJakKTUKM, Pa3BWI YYEeHUE O 3aMeIJIEHUN —
B pe3yJIbTaTe MPUWIMBHOTO TPEHUSI — CYTOYHOTO BpallleHUs 3eMJIU U KOH-
LICTILIMIO OTHOCUTEILHOCTU ABVXKEHMS M MOKOs1. MccaenoBaHus 3TH, 00be-
OTUHEHHBbIE MaTepUATMCTUYECKON UIeeld €CTECTBEHHOrO pa3BUTHUS
Bcenennoit u 3eMiin, ChIrpaiv BaXKHYIO POJIb B UICTOPUM AUATEKTUKMI ',

«...5l nmonararo, 4To NEpBOHAYATbHBIM COCTOSIHUEM TIPUPOJIbI OBLIO
BceoOl1Iee paccesiHMe MEPBUYHOIO BellleCTBa BCEX HEOECHBIX TeJ UK, KaK
OHU (IpeBHerpedyeckue (puaocodbi-MaTepUATUCTbI) UX HA3bIBAIOT, aTO-
MOB. DIUKYp NpeArioiarai, YTo CylIeCTBYET TSKEeCTh, 3aCTaBJIsIIoLLas a-
JaTh 9TU MEPBUYHBIE YACTUIIBI MAaTePUHN; OHA, TTIO-BUAMMOMY, HEMHOTMM
OTJIMYAETCS OT MPUHUMaeMOro MHO Hbl0TOHOBA MPUTSIKEHUST».

KaHT BUaUT B HEonpeaeaMMoi CKIOHHOCTH KaXK10ro BIOJIHE c(op-
MUPOBABIIErocsi MUPO3JaHUSI K MOCTENIEHHOI TMOe v CBOS OAVH U3 10-
BOJIOB B I0KA3aTeJbCTBO TOTO, YTO, B IPOTUBOBEC 3TOMY, B IPYTMX MECTaX
Bcenennas 6yneT co3naBaTh HOBbIE MUPBI, YTOOBI BOCITOJHUTH YIIEpO, Ha-
HECEHHBIN el B KakoM-1100 MecTe. [TporncxoguT mocTossHHOE OOHOBJIE-
HUE TIPUPOAbI, 0ECKOHEYHOCTh TBOPEHUSI JOCTATOYHO BeJIMKa, YTOOHI, 110
CPaBHEHMUIO C HEll, KAKOM-TO MUP UJIU KAKOU-HUOYAb MJIEUHbIN ITyTh MU~
POB paccMaTpMBAETCsI UM TaK Xe, KaK 1IBETOK WJIM HACEKOMOE, 10 CPaBHE-
Hu1o ¢ 3emi€it. B To BpeMs, Kak mpupoja yKpaliaeT BEeYHOCTb pa3HOOOpa-
31eM SIBJICHUIA, 00T, B HEYCTAHHOM TBOpeHMU, 110 KaHTy, co3naér marepuan
JJ1s1 00pa30BaHMsI e1E OOJIbIINX MUPOB.

«...Korma yepe3 BC0 6ECKOHEYHOCTb BPEMEH M MPOCTPAHCTB MbI
CJIeIUM 3a 9TUM (DEHUKCOM MTPUPOJIbI, KOTOPHIN JUIIb 3aTEM CKUTAET Ce-
0s1, 4TOOBI BHOBb BO3POJIMUTHCSI U3 CBOEro Meruia, Koraa Mbl BUAMM, KakK
MpUpPOJa Jaxe TaM, TJIe OHA pacliagaeTcs 1 ApsIXJeeT, HerucueprnaeMa B HO-

17 Tam xe, c. 99.
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BBIX MIPOSIBJICHUSIX, @ HA IPYTOil rpaHUIIe TBOPEHUST B ITPOCTPAHCTBE HE-
c(OpMHUPOBABIIEICS TIEPBUYHON MaTEPUU OHA HETIPECTAHHO PacCIlIUpPSIET
cdepy 60KeCTBEHHOIO OTKPOBEHMSI, JaObl U BEUHOCTh, U BCE ITPOCTPaH-
CTBa HAMOJIHUTH €T0 Yyaecamu... »'?

Onupasicb Ha HBIOTOHOBCKYI0 MeXaHUMKY, KaHT nbITaeTcs 10Ka3aTh
HECOCTOSITEIbHOCTh TOMBITOK OOBSICHEHUSI 00pa30BaHUs MIaHETapHbIX
CHUCTEM, B YaCTHOCTH, COJTHEYHOI CUCTEMBI, TOCPEICTBOM 3aKOHOB MeXa-
HUKU, KOTOPbIE, IO €r0 MHEHHUIO, HE B COCTOSIHUM OOBSICHUTh 3aKOHOMEP-
HOCTH TIOBEACHMS TUIaHET: «...Eciau nmpeamnonoXuTh (a 3TOro Hejb3s He
MPU3HATh), UTO NIPUBENEHHbIE BbIIIE aHAJIOTUHU C BeJIMYAIIEH JOCTOBEP-
HOCTBIO YCTAaHABJIMBAIOT, YTO COTJIAaCHBIC 1 3aKOHOMEPHO CBSI3aHHbBIE APYT
C IPYroM IBUXEHUS U OPOUTHI HEOECHBIX TEJ YKa3bIBAalOT HA €CTECTBEH-
HYIO IPUYMHY, KaK Ha CBOM MUICTOYHUK, TO STOM IMPUYNHON HUKAK HE MO-
JKET OBITh Ta caMasl MaTepusl, KOTOpasi HbIHE HaIOoJIHSIeT HEOECHOe TIpO-
ctpaHcTBO. CTasio ObITh, TA MaTepHsl, KOTOPAsl HAITOJIHSIIA TO IMPOCTPaH-
CTBO MPEXAE U ABUKEHNE KOTOPOU MOCTYKUI0 OCHOBOM CYIIECTBYIOLINX
Ternepb oOpallleHUit HeOECHBIX TeJ, IMOCJe TOro, Kak OHa CKOIUJIach B
3TUX TeJlaX U TAKMM 00pa3oM OUYMCTHJIA TIPOCTPAHCTBO, OKa3aBlleecs HbI-
He MyCTBIM, WJIX (YTO HETTIOCPEICTBEHHO BBITEKAET U3 CKa3aHHOTI0) Ta Ma-
TepUsi, U3 KOTOPOW COCTOST MJIAHEThI, KOMEThI 1a 1 camo CoJIHIIE, TTepBO-
HayvaJbHO JOJKHA ObLIa ObITh paccesiHa MO BCEMY IPOCTPAHCTBY IJIaHE-
TapHOM CUCTEMBI U, B TOM COCTOSIHUU, JOJI>KHA ObLia ObITh TTpUBEIeHA B
JIBMKEHUE, KOTOPOE OHA COXpaHMIa U TOCJIE TOr0, KaK COeAMHUIACH B OT-
JeJIbHbIE CTYCTKM 1 00pa3oBajia HeOeCHbIE Tejla, coaepKallre B cede mpe-
K7€ pacCessHHOE BEIeCTBO MUPOBOI MaTepuu...»"’

Takum o6pazom, KaHT BUIMT, B (pakTe caMOro CylIeCcTBOBaHUS I1J1a-
HETapHbIX CUCTEM, IMEPCT 00X, KOTOPbIi, B KOHEYHOM UTOTe, PUBOJUT
MEPBUYHYIO MaTepUIO B ABMKEHME 1 6e3 KoToporo BeelleHHast He MOXeT
CYIIECTBOBaTh, TaK KakK, caMa I1o ce0e, MaTepusl He B COCTOSTHUU HECTH B
cebe opraHusymoliee Hayasio. bypHoe pa3aBuTHe eCTEeCTBEHHBIX HAyK B Jie-
BSITHAJLIATOM M ABAALATBIX BEKaX MPEAOCTaBUIO OIPOMHOE KOJIUUYECTBO
(hakTOB O MpUpoae, KaK MaKpOKOCMOca, TaK 1 MUKpoKocMoca. boee
COBEpIICHHBIC TTPUOOPHI TTO3BOJISIM €CTECTBOMCITBITATEIISIM TOpa3Io IIyo-
K€ TIPOHUKHYTh B IpocTophl BeenenHoii. [Tporcxoanna Bcé Oobinas u

18 Tam xe, c. 92-93.
19 Tam xe, c. 97.
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OoJblIas CreyaIn3anys HaydHbIX uccaeaoBaHuid. [1osgBasinch HOBbIE
Teopuur odpazoBaHus BeceneHHol, Takue, Kak Teopus bonbioro B3peiBa,
COIJIaCHO KOTOPOI4, Hallla BcenieHHast BO3HUKIIA B pe3yJibTaTe CyIlepB3phiBa
CBEPXIJIOTHOTO si/ipa BeesleHHOM, MaTepursi KOTOPOTO MOCYKUJIa CTPOU-
TeJbHBIM MaTepuaaoM isl popMUPOBAHUS MeTarajJaTuk, rajakTuk. Oc-
HOBHBIM JIOKA3aTEJIbCTBOM 3TOTO ITOJIOXKEHMS CIIYXXKWJI (PaKkT «pa3deraro-
LIMXCS rajJakTUK», KOTOPBIA, caM I10 cebe, HUUero He TOBOPUT.

@DaKThl O IPOMCXOAIIEM B OKpYKaloIleM HaC KOCMUYECKOM MpPO-
CTpaHCTBE TPeOOBaIM KaKoi-TO (DyHIaMEHTaJIbHOM TEOPUU MUPO3TaHNS,
KOTOpasi 1 Oblj1a MpeaaoXxeHa DUHINTEHHOM. B cBoelt Teopru OTHOCUTEb-
HOCTH OH BBIJIBUHYJI IBa OCHOBOIOJATAIOIIMUX MMOCTyJIaTa — MOCTYJIaT O
TOM, 4TO BcesieHHass — ogHOpOIHA MO CBOMM Ka4yeCTBaM BO BCEX Hallpa-
BJIEHUSX, IPYTUMU CJIOBaMU, CBOMCTBA MPOCTPAHCTBA — TOXIECTBEHHBI
10 BCEM HAITPaBJICHUSIM U, YTO CKOPOCTb CBETA SIBJISIETCSI KOHCTAHTOM U
MaKCHUMaJIbHO JOIMYCTUMOI CKOPOCTBIO IBVKEHUST MaTepuu. B npuHume,
TE€OpHUsI OTHOCUTEILHOCTU DUHINTENHA, SIBUJIACh 3aBEPIIAIOIIMM 3BEHOM
AKKyMYJISILWUY TIpeaCTaBIeHn i 0 BceneHHOM, OCHOBaHHBIX HA aTOMUCTH -
yeckoi Teopuu. [IpyHIMNMAIbHOE OTIMYME OT IMPEAbIIYIINX MpeacTa-
BJIEHU o mpupoae BceneHHoit 3akoyaeTcs B paCCMOTPEHUM BPEMEHH,
KaK OTHOCUTEJIbHOMW BEJIMYMHBI, 3aBUCSIIIEH OT CKOPOCTH IBUXEHUS Ma-
Tepuu. B ripuHIIMIIE, 3TO MOJIOXKEHUE CTAIO TPETBUM MOCTYJIATOM TEOPUN
OTHOCHUTEIBHOCTH, B KOTOPOU BPEMSI BBICTYITAET YETBEPTHIM U3MEPEHUEM
MPOCTPAHCTBA, B OTVIMYMU OT IPEABIAYIIMX TEOPUN MPOCTPAHCTBA, TIE
BpPEMS IPUHUMAIOCH a0COJIIOTHBIM B TPEXMEPHOM MTPOCTPAHCTBE.

Ha ocHoBaHuu cBOEI TEOPUM OTHOCUTEJIBHOCTU, DUHILTEIH TIbITA-
cs1 co3nath 061y Teoputo [1oist, ¢ MTOMOIIBIO KOTOPO MOXKHO ObLIO ObI
OOBSICHUTDH BCE MPUPOJHBIC SIBJICHUS, UCXOAS1 U3 €AMHOr0 MPUHIIMIIA
o0bsicHeHus1. Ero momeiTKa He yBeHUYasach ycnexoM. Kpome Toro, co-
30aHHBIC TIPUOOPHI MMTOMOTJIM HE TOJBKO IMOATBEPAUTH CYILIECTBOBAHUE
aTOMOB, O CYIIIECTBOBAHWM KOTOPBIX roBopu/n JIeBKuMI 1 JIeMOKpUT, HO
U TTO3BOJIMJIM TPOHUKHYTh B CaM aTOM U, TEM CaMbIM, HEJIEJIMMbIE «KUP-
MAYUKU» MUPO3IAHbSI CAMU OKAa3aJIMCh CJIOXHBIMU CUCTEMaMU. Takum
00pa3oMm, pa3BUTHUE MO3HAHWS MAPO3IaHUS COBEPIIATIOCH IO IBYM Harpa-
BJICHUSIM — IIO3HAaHWE MAKpPOKOCMOCA Y IO3HAaHUE MUKPOKOCMOCA.
MMeHHO 3TOT hakT cTal OCHOBHOM OIIMOKOM MPaKTUYECKU BCEX TEOPUit
muposnanus. [Ipupona — earHa Ha BCEX CBOMX YPOBHSIX, KaK HA YPOBHE
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MMKPOKOCMOCa, TaK M Ha ypOBHE MaKpoKocMoca. ToIbKo paccMaTpuBast
HUX BMECTE, B €IMHOM COBOKYITHOCTH, BO3MOXKHO TOJIyYUTh ITPABUILHOE
MpeICTaBJIEHUE O IIPUPOIEC MUPO3TAHMSI.

1.2. Pe3iome

Takum oOpa3oM, aHaIM3 UCTOPUU TIPEACTaBICHUI YeJI0BeUeCTBa O
npupoje BeceneHHoM nmokasai, 4To:

1. IIpencraBiaeHus yejoBeKa o npupojae BeeneHHOI, Ha TIPOTsKe-
HUM U3BECTHOI MCTOPUHU, U3MEHSIMChH HE MOCjen0BaTeIbHO. B 1peBHOCTH
ObLIM LIMBWJIM3ALMM U KYJIBTYPbI, IPEICTABICHUS O TPUPOIE MUPO3IAHUS
KOTOPBIX ObLIM, IO HEKOTOPLIM BOIIPOCaM, 3HAUUTEIbHO LIKPE COBPEMEH-
HbIX. O4eHb MHOTO 3HAHMIA IPEBHUX UIMBWIM3ALMNA ObUIM YHUYTOXEHBI
WJIM BO BpeMsI BOIH, Wn (paHaTUKaMU HOBBIX PEJIUTUIA.

2. B ucropum yejioBeuyecTBa Ha0JI10JaJI0OCh HECKOJILKO MEPUOI0B
B3JIETA HAYYHBIX MMPeACTaBlICHUI 0 BceneHHOoM, Ha CMEeHY KOTOPbIM ITpU-
XOJIJIU 1IeJIble TTOXU HEBEXKECTBA M BapBapcTBa. BOKpyr coxpaHMBIINUXCS
OCKOJIKOB MCTMHHOTI'O 3HaHM$l HAYMHAJIU CO3/1aBaTh «HOBbIE» TEOPUU MU-
pO31aHusl, KOTOPbIE, TOJBKO K COBPEMEHHOCTH, TOCTUTIN HEKOM 3aBep-
IIEHHOCTHU.

3. IlpencraBnenust o npupoae BeenreHHOI oTpaxkaloT U ONPeaeIsiioT
YPOBEHb Pa3BUTHUsI HayYHOW MBICIU U TEXHUKHU, a TAKXKe, OMpPeaessiioT
Oyayliee pa3BUTUS LIMBUIM3ALMU B 1ieJioM. HenpaBuibHbIE MpeacTaBiie-
HUs 0 pupoje BceneHHol He TOJbKO OINpeaesiioT 3BOJIOLIMOHHBIN M0-
TEHLIMaJI UMBUJIU3ALMK, HO U CTEMEHb U KAYeCTBO B3aMMOAEUCTBUS €€ C
npupoaoii. [Tpyr HeMOJIHBIX WJIM OLIMOOYHBIX MPEACTAaBICHUIX YeJIOBEeKa
o npupoje BceneHHoI, ero AesiTeIbHOCTb MPUBOIUT K pa3pylIEHUIO KO-
JIOTMYECKOM CUCTEMBbI, YTO, B KOHEYHOM UTOTEe, MOXET MPUBECTU K YHU -
YTOXEHUIO CAMOM >KM3HU Ha TIJIaHETe.

4. HayuHble OTKPBITUSI MTOCJIEIHEN YeTBePTH IBAALIaTOrO BeKa MoKa-
3aJIM HECOCTOSITEJIbHOCTD CYIECTBYIOIIMX MPEACTABICHUII O MPUPOJIE
BcenenHoii, 1 BO3HMKIIA HEOOXOAUMOCTb CO3aHUS HOBBIX MpeACTaBe-
HUIi 0 mpupoae. be3 HoBoI TeopeTUUEeCKO CUCTEMBI MPEACTABICHUI HE
MOXET OBITh JaJIbHEH1Iero KaueCTBEHHOTO Pa3BUTHUSI HAyKH U LIMBUJIM3a-
LIMU B LIEJIOM.
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2.1. IlocTanoBKa BONpOCa

[Ipexne, yeM mpuCTynaTh K CO3JaHUIO KAaKOM-I11M00 TEOPUU MUPO-
30aHUsI, HEOOXOIMMO OMPEAEIUThCS C MOHSITUSIMU, KOTOPbIE CO3JAI0T
¢dyHIaMeHT 3Toil Teopuun. be3 4éTkoro onpenenaeHUss Ha4aJabHbBIX U Ipa-
HUYHBIX YCJIOBUI, HE MOXKET OBITh CO3/1aHa MOJHOLIEHHas Teopus. JlaBaiiTe
CHayvaJia OorpeaeanMcs, YTo Takoe BpeMs. [loyiroe Bpemsi, BpeMsI TIpu3Ha-
BaJI0Ch A0COIIOTHBIM U TOJIBKO B IBAALIATOM BEKE, IPU CO3JaHUM CBOEH Te-
opuM, DUHINTEIH MPeIOXKIII NS0 00 OTHOCUTEIBHOM MPUPOAE BpEMEHU
U BBEJ BpeMsl, Kak 4yeTBEpToe u3mepeHue. Ho npexue, yem onpenessTh ad-
COJIIOTHYIO WY OTHOCUTEIBLHYIO TIPUPOIY BpEMEHU, HEOOXOIMMO OTIpee-
JIMThCSI — 4UTO Xe Takoe BpeMsi?! [ToueMy-To Bce 3a0bLI1, UTO BpeMsI SIBJISI-
€TCs1 YCIIOBHOM BeJIMUMHOM, BBEIEHHOI cCaMUM YE€JI0BEKOM 1 B IIPUPOJIE HE
cyliecTByloleil. B mpupopae cyliecTBYIOT nepuoaudeckue MpoLecchl,
KOTOpBbIE YEJI0BEK UCITOJIL3YeT, KaK ATaJIOH JJISI COTJIACOBAHMSI CBOUX Jeii-
CTBUI1 C OKpyXalolnMu. B mpupoe cylecTByOT NPOLIECChI ITepexoaa Ma-
TepUU U3 OAHOI'O COCTOSIHUS MU (POPMBI B Apyroe. DTU MPOLECChl MPO-
TeKaloT ObICTPEE MU MEIJICHHEE 1 3TO OHU — peaJibHbl U MaTepUaJibHBbI.

Bo BceneHHoIT HenpepbIBHO MPOUCXOAST MPOLIECCHI Iepexoaa Ma-
TePUU U3 OJHOTO COCTOSIHUS B IPYroe, U3 OAHOI0 KauyeCTBa B IPYroe U OHU
MOTYT OBITh OOpaTUMBIMM M HeOOpaTUMbIMU. OOpaTUMBIE TTPOLIECCHI HE
3aTparnuBalOT KAYeCTBEHHOT'O COCTOSIHUS MaTtepuu. Eciiu ke mpoucxoaut
KauyeCTBEHHOE U3MEHEHME MaTepu — HaOII01aI0TCsl HEOOpaTUMBIE ITPO-
ecchl. [Ipy mogoOHBIX Mpolieccax, BOMIOLMS MATEpUX UIET B OMTHOM Ha-
MpaBJIeHUU — OT OJJHOTO Ka4yecTBa K APYroMy U MO3TOMY BO3MOXKHO KO-
JIMYECTBEHHO OLIEHUTD 3THU sIBJIEHUsI. TakuM 00pa3oM, B IpUpojie HabI0-
JAI0TCS TPOLECChl U3MEHEHUSI MaTepUM, MPOTEKAaIOI1e B OJHOM Harpa-
BireHuM. Bo3HuKaeT cBoeoOpa3Has «peKa» MaTepui, UMEIOIIast CBOU MC-
TOKM U ycThe. MaTepusi, B3sITast U3 DTOM «peKu», UMEET MPOIILIOE, HACTO-
siiee 1 oyayuee. [TpoluibiM SIB/ISIETCS TO KAY€CTBEHHOE COCTOSIHME Ma-
TepUU, KOTOPOE OHA MMeJia paHbllle, HACTOSIIee — Ka4yeCTBEHHOE COCTO-
SIHWE B JAaHHBIA MOMEHT, a Oyaylliee — KaueCTBEHHOE COCTOSTHUE, KOTOPOE
aTa MaTepusl IIPUMET, OCJIe pa3pyLICHUS CYIIECTBYIOIIETO KAYeCTBEHHOTO
cocTosiHUsI. HeoOpaTumblil mpoliecc KaueCTBEHHOIo mpeodpa3oBaHUsI
MaTepUM U3 OMHOTO COCTOSIHUS B IPYTO€ MPOTEKAET C OINPeaeIEHHOM CKO-
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pocThio. B pa3HBIX TOUKaX MPOCTPAHCTBA OJHU U TE XK€ MPOLIECCHl MOTYT
MPOTEKATh C Pa3HOI CKOPOCThIO, MPUYEM, B HEKOTOPBIX CTydasix, OHa Ba-
pPbUpPYETCS B JOBOJILHO IIIMPOKOM auana3oHe. s usMepeHus 3Toi CKo-
POCTH, YEJIOBEK MPUAYyMaJl YCIOBHYIO EAMHUILY, KOTOPYIO Ha3BAJIMU CEKYH-
noii. CeKyH/Ibl CIMBAIMCh B MUHYTbI, MUHYTBI — B Yachl, Y4aChl — B CYTKU
u T.1. EquHuieit nuamepeHus nocay>KWin NepruoaudecKre MpouecChl Ipu-
pOIbI, TAKME, KaK CyTOUHOE BpallleHUe TJIAaHEThl BOKPYT CBOE OCH U Te-
puon obdpaileHus raHeTsl BOKpyr ConHia. [IpruynHa momo6HOro Beidopa
MpocTa: yiooCcTBO MPUMEHEHUSI B HOBCEAHEBHOM XKU3HU. DTY eAMHUILY W3-
MEPEHMST Ha3BaJIU €AMHULICH BPEMEHU U CTAJIU TIOBCEMECTHO YIOTPEOISATh.
MHTepeceH TOT hakT, YTO MHOTME HapO/Ibl, U3HAYAJIbHO U30JIMPOBAHHBIE
JPYT OT Ipyra, CO3aJIM OY€Hb OJIM3K1E KaJleHAapyu, KOTOPbIE MOTJIU OTJIM -
YaTbCs YMCJIOM JHEM B HEAEE, HAYaJIOM HOBOTO rojia, HO MPOAOJIKUTEb-
HOCTb T'0JIa y HUX ObLJIa OY€Hb OJIM3KOM IpyT K Apyry. IMEeHHO BBeaeHNE
YCJIOBHOM €IMHUILIbI BPEMEHU MO3BOJIMJIO YEJI0BEYECTBY OPraHM30BaTh
CBOIO JIESITEJBHOCTDb M YIIPOCTUTH B3AUMOAEWCTBUE MEXLY JIIOJIbMU.
EnvHuia BpeMeHr — OIHO 13 BeIUYaIIMii M300peTeHUI YeI0BeKa,
HO HEOOXOIMMO BCeTaa MOMHUTh U3HAYAJIbHBIN (DAKT: OHA — UCKYCCTBEH-
HO CO3JlaHHasl BeJIMYMHA, OMKCHIBAIOIIAs CKOPOCTb KAY€CTBEHHOTIO Tepe-
X0J1a MaTEPUU U3 OJTHOTO COCTOSIHUS B Ipyroe. B ripupo/ie CyniecTByoT 1e-
pUOANYECKHUE TIPOLECCHI, KOTOPbIE MOCTY>XUIA OCHOBOM IS CO3MaHUs
STOU YCIOBHOM €MUHUILIBI. DTU TTEPUOINYECKHE MPOLECCHl — OOBEKTUBHbBI
U peajibHbI, a CO3IaHHBIC YEJI0OBEKOM eAMHUIIBI BDEMEHU — YCJIOBHBI U HE-
peanbHbl. [1o3TOMY, 11000€ NCMOIB30BAHUE BPEMEHM, KaK PEAIbHOTO 13-
MEpEeHMUsI IIPOCTPAHCTBA, HE UMEET I10J1 CO00M HUKAKOTro OCHOBaHUs. Ye-
TBEPTOTO U3MEPEHUST — U3MEPEHUS BPEMEHM — MPOCTO HE CYILECTBYET B
npuponae. MMeHHO NOBCeTHEBHOCTh M TOBCEMECTHOCTb MPUMEHEHUSI €11 -
HUILl BPDEMEHU, KOTOPbIE COIMPOBOXKIAIOT YEJIOBEKA C IEPBOIO MOMEHTA €TI0
>KM3HM 10 TIOCJIETHETO, OYEHb YACTO CO3AI0T UJUTIO3UIO PEAJIBHOCTU Bpe-
MeHU. PeaibHO He BpeMsi, a IPOLECChI, MPOUCXOASIINE B MATEPUU, €I~
HULIe!l U3MEPEHUsT KOTOPBIX, CIYKUT eAruHUIa BpeMeHU. [Ipoucxoaut
MOJICO3HATEJIbHAS MOIMEHA OTHOTO IPYTUM Y, KAK HEU30EXHBIN pe3yIbTaT
nog00HOM MOAMEHBI PEAIbHOTO IMpoLecca eAUHULIEH ero U3MepeHusT —
CJIMSTHUS B Y€JIOBEYECKOM CO3HAHWUM OJHOTO C APYTUM — Chirpajio ¢ Homo
sapiens 31y10 IyTKy. CTajqu co31aBaThCsl TCOPUM MUPO3IaHMSI, B KOTOPBIX
BpeMsl MPUHUMAJIOCh, KaK OOBEKTUBHAS peaibHOCTh. OOBbEKTUBHOM peaib-
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HOCTBIO SIBJISIIOTCS TIPOLIECCHI, TPOTEeKAloIle B MaTepuu, a He YCJIOBHas
€IVHMLIA 1711 U3BMEPEHMST CKOPOCTH ITPOTEKAHUS 3TUX MPOLIECCOB. I pyrumu
CJ0BaMM, B HaYaJIbHbIE ¥ TPAHUYHBIC YCIOBUS CO3MaHMSI TEOPUIA MUPO3/1a-
HUs1, OIIMOOYHO BBOAWIACK CYObeKTHBHAs BeJimurHa. M ata cyobeKTuBHAs
BeJIMYMHA, MPU Pa3BUTUU 3TUX TEOPUN MHUPO3AAHUS, CTajda OJHUM U3
«ITOABOJHBIX KAMHE», 0 KOTOPBIE «pa30MInCh» 3T TEOPUU MUPO3IaHUSI.

JlaBaiiTe MOIbITAEMCS BBISIBUTh U JPYTHE «ITOJABOJAHBIE KAMHU» 00-
1LIEU3BECTHBIX TeOpUuit Mupo3aaHus. [1pexne Bcero, naBaiiTe onpeaeammMmcs
¢ noHsiTueM Matepuu. [log mMaTepueil moHUMAETCs 06BeKMuUBHAs pedanb-
Hocmb, danHas Ham 6 owyujenusx. OlyleHus: — nHgopMalus, MocTyrna-
fo111ast B MO3T 00 OKpYXKaloIlleM HAC MUAPE Yepe3 OpraHbl 4yBcTB. HazHaue-
HUEM OpPraHOB UYBCTB YeJIOBEKa SIBJIsIETCS 00ecreueHre ONTUMAIbHOIO Cy-
1IECTBOBAHMSI YeJI0BeKa, KaK XKMBOIO OpraHM3Ma, B OKpyKarlleit cpene.
OpraHbl 4yBCTB 4e10BeKa COPMUPOBATIUCH B pe3yJIbTaTe aganTalliu ye-
JIOBEeKa K YCJIOBUSIM CYILIECTBOBAHMSI B 3aHMMAEMOM SKOJTOTMYECKOM HUIIIE.
[ToaTomy, pa3BuTHE OPraHOB YYBCTB 11O IO ITyTH ONITUMAJIbHOTO IPUCIIO-
co0JIEeHUST OpraHM3Ma YeJIOBeKa K 9KOJIOTMYeCKoM cucteme. Takum obpa-
30M, OpraHbl YYBCTB Pa3BWJIMCh U C(hOPMHUPOBATIKCH B pe3yJibTaTe agarnTa-
LIMK K YCJIOBUSIM CYILIECTBOBAaHMS B 9KOJIOTMYECKOM HUIIIE U CIyKaT IJIsT
Tex GopM MaTepruu, KOTOpble CHOPMUPOBAIN IKOJOTUUECKYIO CUCTEMY B
1I€JIOM, ¥ 9KOJIOTUYECKYIO HUIILY, 3aHUMaemyto Homo sapiens, Kak BUIOM.
DTO — TIpeaHa3HAYE€HNE OPTaHOB YyBCTB YEJIOBEKA, U TIO3TOMY OIIyIIe-
HUsI, TIOJIydeHHBIE Yepe3 3T OpTraHbl YyBCTB, OYIYT COOTBETCTBOBATh Ka-
YECTBEHHOI CTPYKTYype MaTepuu, 00pasylolieii 3KOJI0TUUYECKYIO CUCTEMY.

[TosiBAeHUe pazyma y yeaoBeka He U3MEHUJIO IMPUPO/1Y €ro OpPraHoB
YYBCTB, MIO3TOMY Hallli OpraHbl YyBCTB MOTYT JaTh HaM MpeacTaBIeHUe
TOJIBKO O TOM MaTepuu, KOTopask GOPMUPYET IKOJIOTUUECKYIO Cpey OOU-
TaHus yeaoBeka. Co3aaHHbIE Y€JIOBEKOM MPUOOPHI TOJIBKO MO3BOJIWIN
paciIMpuTh AMana3oH BOCIPUSITHSI HAIllMX OpPraHOB YYBCTB, a HE IPO-
HUKHYTb B HOBbI€ KauecTBa MaTepuu. Haiy opraHbl UyBCTB OrpaHUYEHBI,
1 MO3TOMY HeM30eXHO OyJeT orpaHMYEeHHBIM Hallle MpeACTaBJIEHUE O
Mpupoe MaTepun. Agantauus K YCJIOBUSIM CYILIECTBOBAHUS B 9KOJIOTH-
YeCKOI cUCTeMe 1 TO3HaHME TIPHPO/Ibl MATepUM — JIBE aOCOJIIOTHO Pa3HbIe
BEIIM, KOTOPHIE XKeJIaTEJIbHO HE MyTaTh. AOCOJIIOTU3ALIMS HAILIMX OPTaHOB
YYBCTB SIBJISIETCS €1IE OAHUM ITOABOAHBIM KAMHEM CYIIECTBYIOIIUX TEO-
puii. Haiim opraHbsl 4yBCTB 1alOT HAM MPEACTaBIEHUE O YEThIPEX arperar-
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HBIX COCTOSTHUSIX (DU3MUYECKU TIJIOTHOM MaTepuu — TBEPIOM, KUJIKOM, Ta-
3000pa3HOM U TIJIA3MEHHOM, a TaKXe, 00 ONTUYECKOM JAUANa3oHe Mpo-
JOJbHO-TTOIEPEYHBIX BOJH M 00 aKyCTUUECKOM JMana3oHe MPOoa0JIbHbIX
BOJIH. Bc€ ocTanbHOE He BOCIPUHMMAETCSI HAllIMMU OpraHaMu YyBCTB U HE
MOXET OBbITh «OOBEKTUBHOM PEaTbHOCTBIO», JAHHOK HAM B OIIYILIEHUSIX.

O3HayvaeT 1 3TO, YTO OOJIBIIIE HUYETO HE CYIIECTBYET, Aa U TTOYEMY
HalllM OLIYILIEHUS TOJKHBI ObITh A0COJIOTHBIM KPUTEPUEM CYIIIECTBOBA-
HuUsl MaTepumn? BrnoiaHe ecTecTBEHHO, UTO IpeacTaBieHne 00 OKpyXkato-
11IeM HaCc MUPE MbI TTOJTy4aeM 4epe3 Hallld OpTaHbl YyBCTB U TOJBKO Yepe3
HUX, HO 3TO HE O3Ha4yaeT abCOJIIOTHOCTU HaluX olnymeHui. Cuemyer
BCIIOMHMTb, YTO YEJIOBEK CYILIECTBYET B «CPEAMHHOM» MHUPE — MEXIY
MaKpOKOCMOCOM Y MMKPOKOCMOCOM, W TTO9TOMY BCE Halllu MpeaCTaBIie-
HUS CJIIOXWJIWCH B pe3yjbTaTe HaOIIOIEHUS 32 3TUM IIPOMEXYTOYHBIM
MUPOM MPUPOabI. B To Bpemsi, Kak 3aKOHBI MPUPOIbI BEPIIATCSI UMEHHO
Ha ypOBHE MaKpOKOCMOCa U MMKPOKOCMOCA, Y YEJIOBEK UMEET JIEJIO TOJIb-
KO C TIPOSIBJICHUSIMU 3TUX 3aKOHOB B TPOMEKYTOYHOM MMPE CYI1IECTBOBA-
Hug yenoBeka. Habmonas 3a mposiBIEHUSIMU 3aKOHOB MUKPO- M MaKpo-
KOCMOCa B MPOMEXYTOYHOM MUPE, YEJIOBEK CO3IAJI KAPTUHY 3TOTO MPO-
MEXYTOYHOTO MUPa, KOTOPAasi TOBOJIBbHO TOYHO OTPAXKaeT COCTOSIHUE 3TOTO
MUpa CyIlIecTBOBaHMU yenoBeka. Ho aTa KapTMHa He oTpaxaeT pUpoIy
MaKpoO- U MUKPOKOCMOCA IMOJHOCTBIO U T0O3TOMY HE MOXET IMPETeHA0BaTh
Ha MOJHOTY Mepeaayr KapTUHbI MUPO3AaHu B 1ieJoM. TakuM oOpa3om,
COBPEMEHHbIEC MPEACTAaBACHUSI O TIPUPOAE TOJbKO YAaCTUYHO OTPaKaloT
NEUCTBUTEILHOCTD U YHUBEPCAIbHBIE 3aKOHBI, KOTOPHIE CO3/aJ YEI0BEK,
MOPOM MPEeNoIHOCST HEOKUIaHHbIE CIOPIPU3bI, PU MOMbITKAX YeJI0BeKa
MPOHUKHYTh, KaK B TJTyOMHBI MAKPOKOCMOCA, TaK U MUKPOKOCMOCA.

OnHUM U3 TaKuX YHUBEpPCAJIbHBIX, (PyHIAMEHTaJbHbIX 3aKOHOB B
€CTECTBEHHBIX HayKax SIBJISIETCSI 3aKOH COXpaHeHUs Mmatepuu. OTKPBITHS
MOCJIeAHEH YeTBEPTU ABAALIATOrO BeKa B 001aCTH siIepHOI (DU3NKU pa3py-
LW 3Ty (QYHIAMEHTAIbHYIO TOUKY OIMOPBI COBpeMEeHHOU (pru3uku. Oc-
HOBHOI 3aKOH (DM3MKM — 3aKOH COXpPaHEHMSI MaTepuX — ObLT YHUUTOXEH
pe3yabTaTaMy SKCIEPUMEHTOB (PU3MKOB-SAepIIMKOB. CyTh 3TOTO MOCTY-
JlaTa B TOM, UYTO Mamepus HUOMKYOa He NOSA8ASAemCs U HUKYOa He ucyuesaen.
[TprMeHUTENBbHO K CUHTE3Y YAaCTUII B XOJI€ SII€PHBIX PEAaKLIUi, 3TOT 3aKOH
MOXHO 3aIliCaTh B CJAEAYIOIIEM BUJIE:

m; + m; > m3 (2.1.1)
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Hpyrumu cioBaMu, Macca BO3HMKIIIEH, B pe3yJibTaTe CUHTE3a, Ya-
CTUIIbI JOJKHA OBITh MEHbIIE WJIM PABHOM COBOKYITHOI MaccCe 4acTHUII €€
co3naBLIMX. Pe3yabTaThl 3KCIIEpUMEHTOB BBEJIM (PU3MKOB-SIEPIIMKOB B
COCTOSIHME I1110Ka, M3 KOTOPOTO OHU HE B COCTOSIHMM BBIUTU U 1O ceit
neHb. Bcé neio «TojibKo» B TOM, YTO B HEKOTOPBIX 9KCIIEPUMEHTAX Macca
BO3HMKIIEH YaCTULIbl MOPOM Ha HECKOJBKO IOPSAKOB MpeBhILIaTa
COBOKYITHYIO MacCy YacTHIl, €€ CO3JaBIINX:

m; + m; << m3 (2.1.2)

PeanbHbIe 5KCIIEpUMEHTHI, pealibHble TIPUOOPDI, a pe3yJIbTaThl A0CO-
JIIOTHO (paHTacTuyeckue. BeliecTBo nmosiBuioch U3 HUOTKyAa. [Ipuuém,
OTKJIOHEHHUE pe3yJIbTaTOB OT 3aKOHA JIEXKUT He B MpejiesaxX MOorpelHoCTU
nprbopos. [IpubGopkl ¢ MOrpeTHOCTHIO 00JIee MATH MPOLIEHTOB MPAKTU -
YECKM He UCIIOJIb3YIOTCS ISl HayYHbIX UccaenoBaHuid. [Toatomy, B ciyyae,
KOr/ia pe3y/IbTaTbl HA HECKOJIbKO MOPSIAKOB OTJIMYAIOTCS OT OXKUIAEMbIX,
MOTPELIHOCTh MPUOOPOB HUKAKOIO 3HaUEeHUSI He uMeeT. Jlea0 B TOM, UTO
Y YUEHBIX HET M HE MOXKET ObITb HUKAKOTO 00bsiCHEHUSI. Te siBlIeHus, KO-
TOpbl€ OHM HAOJI0JAIOT MOCPEACTBOM MPUOOPOB UM BU3YAIbHO, €CTh
MPOSIBJIEHUS] peaIbHbIX 3aKOHOB ITPUPOJIbl. PeaibHble 3aKOHBI TIPUPOIbI
(opMUpPYIOTCS HAa YPOBHSIX MAaKpPOKOCMOCA U MUKPOKOocMoca. Bee, ¢ uem
YeJIOBEK COMpPUKACAETCS B CBOEHM >KM3HU, HAXOAUTCS MEXIY MaKpPOKO-
CMOCOM 1 MUKPOKOCMOCOM. MIMEHHO MO3TOMY, KOTrjia 4eJI0BeK, C TOMO-
111bI0 MPUOOPOB, CMOT 3arJITHYTh B MUKPOMUP, OH BIIEPBBIE CTOJIKHYJICS
C 3aKOHAMU MIPUPOJIbI, a HE C UX MPOSIBIICHUSIMU. MaTepust He TTOsIBIISIeTCS
U3 HUOTKyAa. Bc€ ropasmo mpolle U ciloXHee OJHOBPEMEHHO: TO, YTO
YyeJIOBEK 3HaeT O MaTepuM U AyMaeT, KaK O 3aBepIIEHHOM, aOCOJIOTHOM
MOHSITHM, HA CAMOM JIeJIe, SIBJISIETCS JUIb MaJIeHbKOM YaCThIO 3TOTO MO-
HATUSA. MaTepus 1eiiCTBUTEILHO HUKYIA HE MCYE3aeT U HUOTKYIA He MO0~
SIBJSIETCS; NeMCTBUTENbHO cyllecTByeT 3akoH CoxpaHeHusi Marepuu,
TOJbKO OH — He TaKO#, KaKUM ero MpeacTaBisioT jioau. Pusnyecku
IUIOTHOE BELIECTBO — TOJIbKO OJHA U3 (hOPM MaTepuii, BOCIIpUHUMAaeEMasi
YeJJ0OBEKOM Yepe3 ero opraHbl UyBCTB. A TeIephb, JaBaiiTe MpoaHAIM3UPyeM
MpeACTaBICHUS O CAMOM MMPOCTPAHCTBE, HA KOTOPBIX 0a3MPYIOTCS COBpPE-
MEHHbIE HaydyHble mpeacTaBieHus1. [IpocTpaHCTBO MpUHUMAETCS TPEX-
MEPHBIM U OJHOPOJIHBIM. XOTeJIOCh Obl YTOUHUTh, YTO OKpY>Kalolillee Hac
MMPOCTPAHCTBO BOCIPUHUMAETCS HAIIMMM IJ1a3aMu, Kak TpEXMEPHOE.
[TpenHa3HayeHUe HALLIKMX IJ1a3 — ONTUYECKUX JaTYMKOB, CO3JaHHbBIX ITPH-
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ponoii — obecrieyeHre aaeKBaTHOM peaKMK Ha OKPYKAIOIIYI0 HAC MPU-
pony. Haim riaza mo3BossiioT HallleMy MO3TY CO3/1aTh TOYHYIO KapTUHY
OKpYKalolleil Mpupoabl, 0€3 KOTOPOU YeJTOBEK MPOCTO HE MOXKET CYIIIe-
CTBOBaTh, KaK XMBOE CyIIeCcTBO. [Ipu 3TOM, I1a3a yesoBeKa aanTupoBa-
HbI K (DYHKIIMOHUPOBAHMIO B Ta30BOM Cpeie, KOTOPYIO MPEACTABISET CO-
001t aTMocdepa TutaHeThl. « KapTMHKY» KOTOPYIO Mbl BUAUM, TPUHUMAEM
3a TpEXMepHoe MpocTpaHcTBO. Ho, eciiy MBI morpyzkaemcsi B BOIHYIO Cpe-
1y, KOTOpas, MO HaIlIMM TTIOHSITUSIM, TOXXE TPEXMEPHasi, TO B 3TOU cpejie Ha-
1111 I71a3a OyayT 1aBaTh UCKAXXKEHHYIO KAPTUHY 3TOM CPEbl, UYTO HE MMO3BO-
JISIET HaM TTpaBUJIbHO OPMEHTHUPOBAThLCS B Heil. B To Bpemsi, Kak ria3a Mop-
CKMX XXMBOTHBIX, MTO3BOJISIIOT UM OPUEHTUPOBATLCS B BOJHOM cpefe, 6e3
BCsIKUX MpobjieM. OpreHTalrs MX B BO3AYIITHOM cpesie OyneT Tak ke Ha-
pylIeHa, KaK 1 Hallla B BOAHON. B Boje BunMmast Hamu «KapTUHKa» OyaeT
OTJIMYATHCS OT TPEXMEPHOTO N300paXkeHUsI, K KOTOPOMY MbI TaK ITPUBbI-
k. [Tomyvaercs, 4To BogHas cpea YeM-TO KaYeCTBEHHO OTJIMYAETCS OT
BO3aylIHOM. M 5TO oTiiMuKe He TONIBKO B OTVIMYUU MJIOTHOCTU PACIIONO-
SKEHUS MOJIEKYJI APYT OTHOCUTEJILHO APYra U KAY€CTBEHHBIN COCTaB 3TUX
MoiekyJi. be3yciioBHO, 3T (pakTOpbl UMEIOT 3HaYeHue. Bompoc ToyibKo B
TOM — TOJIBKO JI OHU?! B 3TOI TOUKE MBI MOJOIUIN K BOIIPOCY: OJTHOPOI-
HO JIM TIPOCTPaHCTBO?!

2.2. KayecTBEeHHAA CTPYKTYPA NPOCTPAHCTBA

Bce cyiiecTBylole Teopuu MpoOCTpaHCTBA pacCMaTpUBaIU MPO-
CTPaHCTBO, KaK OJJHOPOAHYIO cyocTaHLIMI0. OMHOPOIHOCTh MTPOCTPAHCTBA
MoJipa3yMeBaeT, YTO CBOMCTBA MPOCTPAHCTBA — OJMHAKOBBI BO BCEX Ha-
MpaBJIeHUSIX. A 9TO O3HAYAET, YTO MaTepusl JOJKHA MPOSIBIISITL Ce0sI B JII0-
00Ji TOUKE OJTHOPOJHOIO MPOCTPAHCTBA TOXIECTBEHHO. Tak i a10? [a-
BaliTe MpoaHAJIM3UPYEM 3TY CUTYalL1I0. ACTpPOHOMAM U acTpopU3NKaM 13-
BECTEH (pakT, UTO BO BpeMsl IOJHOIO COJIHEYHOTO 3aTMEHMSI MOXKHO Ha-
Oo01aTh 00BEKTHI, KOTOpPbIe Hallle CoJTHIIE 3aKpbIBaeT cO00M. Micxons u3
MO3ULMI OTHOPOJHOTO MPOCTPAHCTBA, 3TO IMPOCTO HEBO3MOXHO. Ho Tem
HE MEHEee, 9TO HayuHbIi (pakT. HeBO3MOXHOCTb 3TOTO ONPEIESIETCS TEM,
YTO 3JIEKTPOMATHUTHBIE BOJHBI B OJHOPOJHOM MPOCTPAHCTBE JOJKHBI
pacrpocTpaHsThes NpsiMoanHeliHo. Ho eciiu 3To Tak, TO aOCOMIOTHO He-
BO3MOXKHO Ha01104aTh 00bEKTHI, 3aKphIBA€MbIE IPYTUM, PACIIOJ0XKEHHBIM
omxe Kk HaM. OObsICHEHUE 3TOMY (PEHOMEHY ObLIO JaHO CJEAYIOLIUM
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00pa3oM: MaCCUBHBIN KOCMUUYECKUI 00BEKT, KOTOPBIM siBisieTcs: CosHIe
BJIMSIET HA TIPSIMOJIMHEMHOE PAaCIIpOCTpaHEHUE CBETOBBIX BOJIH, UCKPUBJISS
UX TPACKTOPUIO, B pe3yjIbTaTe Yero, Mbl B COCTOSIHUM HA0JII0AaTh TO, UTO
HaxonuTcs 3a HUM. OObsicCHeHUe, 0e3yC/IOBHO, MPaBUJILHOE, TOJILKO CYy-
1LIECTBYET OTHO MajieHbKOe HO. Eciii cumTaTh MpOCTpaHCTBO OMHOPOIHBIM,
TO 3TO CTAHOBUTCSI HEBO3MOXHBIM. BO3HMKAET BOIMpPOC: a OAHOPOAHO JH1
0oHO? M eAMHCTBEHHO BO3MOXHBIM OOBSICHEHMEM 3TOro (pakTa MOXKET
OBbITb MpU3HAHUE MTPOCTPAHCTBA HEOTHOPOIHBIM.

HasaiiTe mpoaHanu3upyem u apyrue aktel. Hampumep, siBiieHune
MpeJOMJICHUsI pa3HbIMU CpelaMM MPSIMOJIMHEHHOIO paclpoCTpaHEeHUs
CBETOBBIX BOJIH. DTHU SIBJICHUSI HOCSAT Ha3BaHUE ONTUYCCKUX SIBJICHUM
npupoabl. CyTb UX B TOM, YTO pa3Hble CPeIbl UMEIOT MIOTHOCTb, OTJIMY-
HYIO OT IJIOTHOCTU BaKyyMa, KOTopasi IpruHUMaeTcs HysieBoii. CKOpOCTh
pacnpocTpaHeHMsI CBETOBBIX BOJIH B BakyyMe C mprMHUMAaeTCs 3a KOHCTaH-
Ty 1 paBHoi1 300 000 kM/c. Cpena oka3bIBaeT CONPOTUBJIEHUE PacIIpoCTpa-
HEHMUIO CBETOBBIX BOJIH, B PE3YJIbTaTe YEro CKOPOCTh PACIIPOCTPAHEHUS UX
B JIAHHOI cpelie CTAHOBUTCS MEHbIIIE CKOPOCTHU PACIPOCTPAHEHMST 3TUX
BOJIH B BAKyyMe U CTaHOBUTCS paBHOU V. TakuM oOpa3om, naHHas cpeaa
BJIMSIET HA CKOPOCTb PacCpoOCTpaHEeHUs cBeTa ¢ KO3 (GUILIMEHTOM N, KOTO-
phIii Ha3Balu KO3(MDOULIMEHTOM MPEeIOMICHUST CPEIbI:

n=c/v (2.2.1)

rae:

n — K03 GULIMEHT MPEeIOMIICHUSI;

¢ — CKOpoCThb cBeTa (poToHa);

vV — CKOpOCTb cBeTa ((poToHA) B cpenie.

C noMol1i1pto 3Toro ko3 uiimeHTa rMpeJoMIeHUS MOXHO pacCum-
TaTh TOYKY BbIXOAA CBETa M3 3TOM Cpelbl HAa TpaHULIE C APYroii cpeaoit.
[TpakTryecku Kaxablii IKOJIBHUK MPOU3BOAWII TTIOAOOHBIE PACUETHI U K-
CIIEpUMMEHTHI 10 MPOMYCKAaHUIO CBETOBOIO TyuKa uepe3 npusmy. Bcé Bpone
ObI MPOCTO U siICHO. Ho omsTh CyIIecTBYeT OJHO MajieHbKoe HO. OHO To-
SIBUTCSI, €CJIU COMOCTAaBUTh 3Ty MH(MOPMALIMIO ¢ MpaBUJIaMU KBaHTOBOM
(br3rKM, KOTOpas ONMChIBAET MPUPOAY BOJH, B TOM YHCJI€ U ONITUYECKOTO
nuamna3zoHa. CorlacHO MOHSITUSIM KBAaHTOBOI (DU3UKM, CBETOBbIE BOJIHbI
U3JTy4aroTCs U TOMIOIAIOTCS OIpeaeIEHHBIMY MOPLUSIMU, KOTOPbIE Ha-
3Baii poToHamMU. Kaxxablit GOTOH MMeeT IHEePTrUio, paBHYIO:

E =hf (2.2.2)
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rme:

h = 6,62 10?7 Erg/sek — noctostnHas [1naHka;

f — yacrora poToHa.

Takum o6pa3zoM, Kaxablii (OTOH UMEET CTPOT0 OMNpeacEHHYIO
SHEPIUIO, M 3Ta SHEPTUS OIPEALsSIET CKOPOCTh IIEPEMEIIICHMS €T0 B CpeJie.
[ToaTOMY, MBI MOXXEM COCTABUTH TOXKAECCTBO:

mc?/2 = hf (2.2.3)

[Tpu mpoxoxaeHUn yepe3 cpeay, CKOPOCTb BOJTHBI YMEHbIIAETCS
MPONOPLMOHATLHO KO3(hGULIMEHTY MPEJIOMIIEHUS JaHHOM cpelibl (C = nv)
U, clieoBaTeIbHO, SHeprus (hOTOHA YMEHbILIAeTCs:

Ec, = mv?/2 = hf (2.2.4)

EcrecTtBeHHO, 4TO 3HEprus (poTOHA B Cpejie MOTyIaeTCs MEHbIIIE ero
SHEPruu B BaKyyMe:

Ecp< E
[ToncraBiisist UX ypaBHEHUS, TTOJTYUYUM:
mv?/2 = hf < mc?/2 = hf (2.2.5)

AHaIM3Upysl 3TO COOTHOIIEHUE, HEeU30EKHO MPUIEM K 3aKIoue-
HUIO, YTO, IPU U3MEHEHUHU SHEPTUU (POTOHA, JOJKHA U3MEHUTHCS 4aCTO-
Ta, a, CJIeA0BATEJIbHO, JUIMHA BOJHBI A. JIpyrimMu cioBaMu, BXOAUT B CpelLy
oavH (POTOH, a BLIXOAUT Apyroii. [Tonyyaercs sBHOe IpOTUBOPEYHE C pe-
aJIbHOCTB10. BbIBOIBI IMHEHOM ONTUKMU MPOTUBOPEYAT KBAHTOBOI MeXa-
Huke. Kaxnaplit pOTOH MMeeT CTporo ornpeaesi€ HHY0 SHEPTUI0, OH U3JTYy-
yaeTcsl NpU IMepexoAe JIEKTpOHA ¢ OOJibllel pa3peliéHHO OpOUTHI HA
MEHBIIYIO; TIPU MOIJIOIIEHUH aTOMOM (DOTOHA, DJIEKTPOH aTOMa Mepexo-
JUT C HUXKHEH pa3peli€éHHOM OpOUThI Ha OOJIbIIYIO, TAK ONPEAesIsieT KBaH-
ToBas pu3uka. Ho ¢poToH, mpu NpoXoXKIeHUU CPeabl, HE MEHSIETCS, B TO
BpeMsI, KaK €ro CKOpoCTh yMeHbIaeTcs. Kak ke ObITh ¢ 3TUM?

Eciu cunTaTh 4TO MPOCTPAHCTBO — OAHOPOJIHO, T.€., €r0 CBOMCTBA
1 KayeCcTBa HEM3MEHHBI, IoJlydaeTcst abcypa. AOCypa Mcue3aeT eciiv Mpu-
3HaTh, YTO MPOCTPAHCTBO — HEOJHOPOIHO, UTO €r0 CBOMCTBA M KAYECTBA U3-
MEHSIIOTCS B Pa3HbIX HAIIPABJICHUSX, U, YTO MaTePUs, 3aOTHSIIOIIAs ITPO-
CTPAHCTBO, BJIMSIET HA CBOMCTBA U Ka4eCTBa IIPOCTPAHCTBA, KOTOPOE OHA
3aII0JIHSET, a IIPOCTPAHCTBO BIMSET Ha MaTeputo. [IposiBasgercs, Tak Ha-
3pIBaeMasi, oOpaTHas CBs3b. B pe3ysbTaTe ycTaHaBIMBAETCSI PABHOBECHOE
COCTOSIHME MEXIY MaTepueii, 3arOJIHSIOIIEH TPOCTPAHCTBO, U IIPOCTPAH-
CTBOM, B KOTOPOM JIaHHasi MaTepus HaxoauTcs. I1pu Takom paBHOBecUu
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MaTepus yCTOuMBa. B maHHOU TOYKEe MBI MOIOIUIM K TOHUMAHUIO IPYy-
TOro MPUPOTHOTO SIBJICHUS — PAAVOAKTUBHOCTH.

PannoakTuBHOCTH — sIBJIEHUE, TTPU KOTOPOM, aTOM CTAaHOBUTCS HeE-
YCTOMYMBBIM, TIPOUCXOIUT €T0 pacmail, B Pe3yjabraTte KOTOPOTO BbIIECIIS-
€TCsI DHEprusi, u oopasyercs 00J1ee yCTOMUYMBbBIM aTOM WM aToMbl. HeycTori-
YMBOCTh BO3HMKAET MPU MOMIOIIEHUN JaHHBIM aTOMOM ¢oToHa. [Ipu mo-
mIoleHun (hOTOHA, MPOUCXOAUT MEPEXO AJIECKTPOHA C OJHOI pa3perueH-
HOi1 opOUTHI Ha Apyryto. Ho moueMy npu norioieHuu (poToHa, OMUH aTOM
CTAaHOBMTCS HEYCTOMYMBBIM M PACITalaeTCs, B TO BpEMSI, KaK APYrou ocTa-
€Tcsl CTaOWJIbHBIM? PanroakTUBHBIMU MPU3HAIOTCS TPAHCYPAHOBbBIE 3J1€-
MEHTbI, aTOMHBII BeC KOTOPBIX ITPEBBILIAET ABECTU TPUILIATh BOCEMb a.€. U
HWMEIOIIIME CIOXHYIO CTPYKTYPY 2JEKTPOHHBIX OpOUT. Pacnan momoOHbIX
aTOMOB MOXKHO ObLIO ObI OOBSICHUTD X CJI0XHOM CTPYKTYPOd, KOTOpast Ha-
pylIaeTcs Mpu MOMIOIIEHUH (DOTOHA U U3 YCTOMYMBOTO COCTOSTHUS TIepe-
XOJUT B HEYCTOMUMBOE, B pe3yJIbTaTe Yero aToM U pacnaaaetcs. Bce, kaza-
JIOCh ObI, MPEeKpacHoO, ecJIv Obl OISITh He BMelliaioch Obl MajieHbkoe HO. Pa-
JHMOAKTUBHbI HE TOJIbKO TPAHCYPAHOBBIE 3JIEMEHTbI, HO U M30TOMNbI BCEX
JIPYTUX 37eMeHTOB. JII00OIbITEH TOT (PaKT, UTO, K IPUMEPY, PAIMOAKTUBHbI
M30TOMBI BOJIOPOAA — ACUTEPUI U TPUTHUI, C aTOMHOM MacCOU IBE U TPU
a.e., B TO BpeMsl, KaK aTOM 30J10Ta — MAaKCUMAaJIbHO YCTOMYMBBIIA, TIPU aTOM-
HOM BecCe IMOYTU CTO JEBSIHOCTO CEMb a.€. B 3TOM 1 aHAJIOrMYHBIX CJTydasix
HEBO3MOXHO OOBSICHUTb YCTOMYMBOCTb U HEYCTOMYMBOCTb CJIOKHOCTBIO
CTPYKTYPbI OpraHMU3aIM aTOMOB. BHOBb MOSIBJISIETCSI MApaloOKC U, Ka3aJI0Ch
Obl, Hepa3pelMoe npoTruBopeure. Bee€ ObL10 Obl TaK, €CJIM UCXOIUTh U3
MPEeaNoJIOXEeHNSI OMHOPOAHOCTH MpocTpaHcTBa. Ho eciav npeanonoxuTs,
YTO MPOCTPAHCTBO HEOJHOPOJHO — IPOTUBOPEUYME U a0CYp/l UCUE3AIOT.

[Tpupony panroaKTMBHOCTU MBI pACCMOTPUM HUKE. B maHHBIN MO-
MEHT HaC MHTEpEeCYeT Mpupoaa mpocTpaHcTBa. Kak BUIHO U3 MpUBEAEH-
HBIX BbIIIIE MPUMEPOB, KaK Ha YPOBHE MaKpOKOCMOCa, TaK U Ha YPOBHE
MUKPOKOCMOCA, MPOCTPAHCTBO — HEOAHOPOAHO. [loHsaTHE O TOM, 4TO
MPOCTPAHCTBO SIBISIETCS OMHOPOIHBIM BO BCEX HATPaBJIEHUSX O€3 «CeBe-
pa» U «1ora», «Bepxa» U «<HU3a» SBJISIETCSI OCHOBOW COBPEMEHHOM KOCMO-
JIOTMU, OCHOBAaHHOI Ha TEOPMM OTHOCUTEIbHOCTU DiiHIITeHa. ccneno-
BaHUsl, ITPOBEIEHHBIE HA PAIMOTEIECKOIIE, BBIHECEHHOM 3 IPE/IE/Ibl 36M-
HOI aTMOC(epBI, 1aav MOATBEPXKIECHWE O HEOTHOPOJHOCTU MPOCTPAHCTBA.
ITpoananu3upoBaB pagnoBOJHBI 160-TH OTHAJEHHBIX raJaKTUK, (QU3UKHA
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n3 Pouectepckoro n Kanzacckoro Yuusepcureron CILA cnenanu ropa-
3UTEJIbHOE OTKPBITHE O TOM, UTO U3TyUYeHHsI BpalllaloTCsl [0 Mepe TOro, Kak
OHU JIBMKYTCSI CKBO3b IIPOCTPAHCTBO, B BUJIE €1Ba 3aMETHOTO PUCYHKA, Ha-
TMOMMHAIOLIETO ITOIOP, HEMOXOXEro HA Ha YTO, HabJIIoIaBIIeecs paHee.
[ToHBIN MOBOPOT «IITOIMOpPa» HAOMIOMAECTCS Yepe3 KaXKIblii MUJLIAAPH
MUJIb, KOTOPBII TTPOXOAST PaaroOBOIHbBI. DTU 3(PPEKTHI SBISIOTCS 0-
MOJIHEHHEM K TOMY, YTO M3BECTHO, KakK 3¢ ekt Papanesi, moasipusaius
CBeTa, BbI3BAaHHASl MEXTAJIAKTUYECKMMU MarHUTHBIMU TToJ1siMu. [lepuro-
TUYHOCTh 3TUX, BHOBb HA0J1I0JaeMbIX BpallleHU, 3aBUCUT OT yIJjia, IO KO-
TOPOMY JABMXKYTCSI PaAMOBOJIHBI OTHOCUTEJILHO OCU OpUEHTALIMH, IIPOXO-
JSIIelt yepe3 pocTpaHCTBO. YeM mapasijieabHeit HarpaBlieHre IBUKCHMS
BOJIHBI C OCbhIO, TeM 00JIbllle paanyc BpalleHus. JlaHHas oCb OpUeHTALUU
He sIBJsIeTcs (pU3MYEeCKOl BEeTMUMHON, a cCKopee oIpeesieT HallpaBiie-
HUeE, IT0 KOTOPOMY CBET nepemeriaercs Bo BeenenHoii. [1o HaGmoneHuo
¢ 3eMJ11, KaK YTBEpKAalOT UCCIIeI0oBaTe M, OCh POXOAUT B OTHOM Harpa-
BJICHWU, B CTOPOHY CO3Be31Usl Sextants, U B APYrOM HaIlpaBJIE€HUM, B CTO-
poHy co3Be3nus Aquila. Kakoe M3 HampaBieHU OyAeT «BepXOM» WU
«HM30M», BEpOSITHO, OyJeT MPOM3BOJbHBIM BHIOOPOM, CUUTAIOT OHU. DTO
OTKpbITHE ObLTO cieslaHo fokTopoM JIxkopmkem HonmaHaoM u 1oKTopom
JIxxoHoMm PancTtoHoMm. OTYET 0 KOTOPOM OHM OTNyOJIMKOBaIU B «Pu3nye-
ckom O630pe»?’ B 1997 . Takum o6pa3oM, KaueCTBEHHAasI CTPYKTYpa Ipo-
CTpPaHCTBA JOJKHA ObITh HEOJHOPOIHOIA.

JaBaiiTe rpoaHaqu3upyeM SIBJI€HUE HEOTHOPOIHOCTU MPOCTPAHC-
TBa. HEeOMHOPOIHOCTD MPOCTPAHCTBA O3HAYAET, UTO €r0 CBOMCTBA U Kavec-
TBa — pa3HbIC B pa3HbIX 00JIACTSIX MPOCTpaHCTBA. JIOrMUHO MPEANONIOKUTh
JIBa BO3MOXHBIX COCTOSIHUSI TTIPOCTPAHCTBA — HEBO3MYILIEHHOE MPOCTPAH-
CTBO, B KOTOPOM €0 CBOMCTBA M3MEHSIIOTCSI HEIIPEPBIBHO U IIJIABHO, B 3a-
JAHHbBIX HAMIPaBJIEHUSIX, U BO3MYIIEHHOE IPOCTPAHCTBO, B KOTOPOM Ha-
OJiroiaeTcsl pe3koe U3MEeHeHUe CBOMCTB 1 KauecTB. [Ipeamnonoxum, 4o
HEBO3MYIIIEHHBIM MPOCTPAHCTBO ObLIO B Hayaje (hOpMUPOBAHUS MPO-
CTPaHCTBEHHBIX CTPYKTYP, U, 110 Mepe (hOPMUPOBAHMSI OHbIX, BOBHUKAIOT
30HBI BO3MYILLIEHHOTO MPOCTPAHCTBA. 30HBI BO3MYIIIEHUS BOZHUKAIOT MO/,
BJIMSTHUMEM BHEIITHUX (PAKTOPOB, KOTOPHIMU MOTYT OBITH ApPYrue Kaue-
CTBEHHbIE MPOCTPAHCTBA UMEIOIIIME C JAHHBIM MPOCTPAHCTBOM KaKHUE-TO

20 (This Side Up' May Apply To the Universe, After All», by John Noble Wilford,
The New York Times, 1997.
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o01IMe CBOMCTBA M KavyecTBa. ECTECTBEHHO 3TU MPOCTPAHCTBA HE MOTYT
OBITb MOJIHOCTBIO TOKAECTBEHHBIMM, a TOJIBKO YaCTUYHO. TakM o0pas3om,
MPOCTPAHCTBO MOXET ObITh B BO3MYILIEHHOM M HEBO3MYILLIEHHOM COCTOSI -
HUM, YTO SIBJISIETCS BAXXHBIM MOMEHTOM 151 TIOHUMAaHMS TIPUPOJIbI 3BE3/T,
K KOTOPOI MbI BEpHEMCS HMXKE. A B JaHHBIIA MOMEHT, TaBaliTe pa30oepeM-
cs ¢ MaTepueii. Eci mpocTpaHCTBO NPAKTHYECKH M TEOPETHYECKH He orpa-
HUYEHO, U €r0 CBOCTBA M KA4eCTBA MEHSIIOTCSI HENPEPbIBHO, TO MaTepUsi —
KoHeuyHa. KoHeyHocTh MaTepuu 00yC/I0B/IEHA T€M, YTO OHA MMEET KOHKpPET-
Hbl€ KA4eCTBA M CBOMCTBA, KOTOpPbIE MMEIOT CBOM Npeeibl U, BCJIeICTBUE 3TO-
ro, KOHeuHbl. [IpocTpaHCTBO U MaTepusi B3aMMOJIEUCTBYIOT IPYT C APYTOM,
NpuuéM, B3aumojeiicteue — oboroaHoe. [ToaroMy, Korna 6ecKoHeuHas Be-
JINYMHA C HeMpPePbIBHO U3MEHSIOIIMMUCS CBOWCTBAMU U KA4€CTBAMM — IPOC-
TPAHCTBO — B3aMMOJEHCTBYET ¢ KOHEYHOI BEJIMYMHOM C ompeae e HHbIMHA
CBOMCTBaAMHU M KAY€CTBAMU — MaTeprell — UX B3aUMOJeiCTBHE MPOUCXOAUT
B TO#1 TOJIBKO 00JIACTH MPOCTPAHCTBA, I7I€ CBOMCTBA M KA4e€CTBA MPOCTPAHCTBA
U MaTepuu TOXKAECTBEHHbI ApYT Apyry. M eciiv npearnoioXXuTh, 4YTO CYIIe-
CTBYET MHOXECTBO TUITOB WJIM (DOPM MaTepuH, Kaxkaast U3 KOTOPbIX OTJIM -
YyaeTcs OT APYroii CBOMMM CBOMCTBAMU 1 Ka4eCTBAMU YaCTUYHO WJIU T10JI-
HOCTBIO, U 3TU (POPMBI MAaTEPUU «HAKJIAIBIBAIOTCS» HA IPOCTPAHCTBO C HE-
MPEPBIBHO U3MEHSIOIIMMUCS CBOMCTBAMM M Ka4eCTBAaMU, TO BO3HUKHET
pacnpeaejieHre 3THX CBOOOIHBIX (hOpM MaTepHii O MPOCTPAHCTBY, IO MPUH-
LUy TOXKIAECTBA MEXKIY CBOMCTBAMM MPOCTPAHCTBA ¥ ()OPM MaTEPHIA.
[Tpoucxoaut nmpoliecc, aHATOTUYHbBINM TTPOLECCY pa3eJICHUs CMECHU
KMIKOCTEM, UMEIOIIKUX pa3HYIO MIOTHOCTh. Co BpeMeHeM BCe XKUIKOCTU
CMECH paclo0XKaTCs CIOSIMU OJHA HaJl IPYToii, 60J1ee TIOTHbIE KUIKO-
cTU (M, caeaoBaTeIbHO, 00JIee TSKENbIE), TIEPEMECTITCS BHU3 COCya, a
MEHee IUIOTHbBIE (U, ClieoBaTelIbHO, 00Jiee JIETKKUE) pacroyioxaTcs OJ1mKe
K Bepxy. Ecau mpoiin€r noctaToyHO BpEMEHU, TO BOZHUKHYT CJIOU XU/ -
KOCTEN C pa3HOM IVIOTHOCTBIO B OTHOM cocyae. M ecliu OKpacUThb XKMIAKO-
CTH pa3HOM IJIOTHOCTU B KaKOM-IMOO0 LIBET, HAIIPUMEP, CAMYIO IUIOTHYIO
OKPAaCUTh B KPACHBIM 1IBET, U, IO MEPE YOBIBAHUS IUIOTHOCTH XXUIAKOCTEH,
OKPACUTb X COOTBETCTBEHHO, B OPAHKEBBIM, XXENTHIN, 3€JIEHBIIA, TOTy00,
CUHUI 1 (pMOJIETOBBIN 1IBETA, TO B PE3yJIbTaTe, MOCJE TOTO, KaK CMECh U3
BTUX XXKMAKOCTEH ¢ pa3HOI MJIOTHOCTbIO YCIIOKOUTCSI, B COCY/I€ MOSIBSITCS
PA3HOLIBETHBIE CJIOU KUIKOCTEN B MOPSAKE YObIBAHUS UX MJIOTHOCTU —
KpaCHBI, OpaHKEBbIN, KEJITHIN, 3€JIEHBINA, TOJTYy00l, CHHUI U (PUOIETO-

61



Hukomnaii JlesamioB «HeogHnopongHast BecenenHas»

BbIA. 2KMIKOCTH C pa3HOM IJIOTHOCTBIO — 3TO TOXE MaTepusl, UMEIOIIasl
pa3Inyus TOJBKO MO OJTHOMY CBOEMY KauyeCTBY — IUIOTHOCTU. B maHHOM
cly4yae, MpoMCXOIUT CBOEOOpa3HOe KBAaHTOBaHUE (pa3esieHe) OOHON 1
TOW e MaTepPUHU 110 OTHOMY CBOMCTBY WJIM KauecTBy. [1oaToMmy, ecnu ripes-
MOJIOXKUTh HAJTMUME MHOXeCTBA (popM MaTepuii, OTIUYAIOLINXCS IPYT OT
Jpyra CBOMMM KauyeCTBaM1 ¥ CBOMCTBAMU B IIPOCTPAHCTBE C HETTPEPBHIBHO
W3MEHSIIOIIMMMCS CBOMCTBAMM M Ka4eCTBaMU, TO MPOU30MAET KBAHTOBA-
HUE 3TOro MPOCTPAHCTBA MO 3TUM (popmaM MaTepuit. M eciiv mpuaath pas-
HbIM (hopMaM MaTepuu pa3Hble 1IBETa, MPOCTPAHCTBO MPEBPATUTCS B LIBET-
HO CI0E€HBIN «ttupor». U eciu, B ciiyyae cMecu XUIKOCTEN, KpUTEpUEM
pas3aeeHus XKMAKOCTE B COCYE SIBsUIACh MIOTHOCTh 3TUX XKUAKOCTEH,
TO, B CJIy4yae ¢ pa3HbIMU (pOpMaMu MaTepuil, BO3bMEM 3a TTOJOOHBIN KpU-
TEpUIA MEPHOCTb MPOCTPaHCTBA. [IpOCTpaHCTBO C HEMPEPHIBHO U3MEHS -
FOLIECS MEPHOCTBIO HA30BEM MAaTPUUYHBIM ITPOCTPAHCTBOM. TakuMm oOpa-
30M, B 3TOM MaTpUYHOM MPOCTPAHCTBE, ITPU B3aUMOJEUCTBUMU ero ¢ pop-
MaMU MaTepur, BOSHUKHYT CJIOU C TOXIECTBEHHOM MEpHOCThIO. KaxKabIit
CJIOU TOXIECTBEHHOU MEPHOCTU 3TOTO MAaTPUYHOTO MPOCTPAHCTBA HA30-
BEM ITPOCTPAHCTBOM-BCEJICHHOM ¢ TAaHHBIM YPOBHEM MEPHOCTU. {pyrumu
CJIOBaMU, U3MEHEHNE MEPHOCTHM MAaTPUYHOTO MPOCTPAHCTBA HA HEKOTO-
py10 BEIUYUHY, AL TpUBOANUT K KAUYECTBEHHOMY U3MEHEHUIO MAaTPUYHOTO
MPOCTPAHCTBA U OOPA30BAHUIO B HEM MPOCTPAHCTBA-BCEJIEHHONW HOBOTO
Ka4yeCTBEHHOTI'0 COCTaBa.

HapepHo, MHOTME B AETCTBE UTPAJIU, CKJIaAbIBasl U3 KYOMKOB pa3HbIe
KapTUHKU. Tak BOT, UBMEHEHUE MEPHOCTH ITPOCTPAHCTBA Ha BeIMYUHY AL
PaBHOCUJIBHO TIOSIBJIEHWIO HOBOTO KyOMKa M BO3MOXHOCTH CJIOXMTbH C
€ro MOMOIIIbIO, TEPECTAaBUB BCE KYOMKM, HOBYIO «KapTUHKY»-BCEJICHHYIO.
DTO CTAaHOBUTCS BOBMOXHBIM, TOJIBKO TOTAA, KOT/Ia BCEe «KYOMKU — OHOTO
paszMepar». Eciiu Mbl cMeniaeM KyOMKM pa3HbIX pa3MEPOB U MOIbITAEMCS
CJIOXKWTb U3 HUX KaKyI0-JIMOO KAPTUHKY, TO, TIPU BCEM XKEJIAHUU, Y HAC HU-
Yero He MOJIyYUTCs, 1aXe, €CJIM Yy HAC JOCTAaTOYHO «KyOMKOB» Ha HECKOJIb-
KO «KapTUHOK». CHavajia Hy>KHO pacCOPTUPOBATh 3TU «KYOMKH» IO pa3-
MepaMm, a 3aTeM CKJIaJblBaTh U3 HUX «KapTUHKW». [TocnenoBaTenbHOE 13-
MEHEHME MEPHOCTH Ha OJTHY Y Ty K€ BeINMUYMHY AL SIBJISIeTCS KBAHTOBAHM -
€M MaTPUYHOTO MPOCTPAHCTBA U BbIpaxkaeTcss KO3 OUIIMEHTOM KBAaHTO-
BaHMS4 Yi, KOTOPBIA U €CTh TOT 3TAJIOH, IO KOTOPOMY OTOMPAIOTCS «KyOu-
KW», IJ1S1 CO3JaHUS HOBOM «KaPTUHKU».
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Takum 06pa3oM, Kak 1 M3 pa3HOTO KOJIMYECTBA OJMHAKOBOIO pa3Me-
pa KyOMKOB MOXXHO CJIOXWUTb pa3Hble KAPTUHKM, TaK U U3 OTHOTUITHBIX
(popMm MaTepuii B MATpUMYHOM IIPOCTPAHCTBE 0OPa3yIOTCs MPOCTPAHCTBA-
BCEJICHHbIE. DTU MPOCTPAHCTBA-BCEJIECHHBIE 00PA3yIOT B MATPUYHOM ITPO-
CTPAHCTBE €ANHYIO CUCTEMY, KaK CJIO€HbBIN IMTUPOT, KAXKIbI CI0M KOTOPOTO
Ka4yeCTBEHHO OTJIMYAeTCs OT Apyroro. [1pu aTom, Kaxaplii COCEAHUNA CTOM
3TOTO MUpPOra UMEET, B CBOEH «MO3auKe», Ha OJUH «KYOUK» OOJIbIIIE U1
MeHble (Puc. 2.2.1). Bce 3Tu cJion HaXoAsITCSI B TOCTOSIHHOM JBVXKEHUU
1 B3aMMOAEUCTBUM MexXIy co00ii. Pe3yasraToM TaKoro B3auMoIeiCTBUS
MEX]y COCEAHUMM MPOCTPAHCTBAMM -BCEJEHHBIMU SIBJISIETCS MOSIBICHUE,
B 30HaX COMPUKOCHOBEHMS, 3BE31 U «4€pHBIX AbIp» (Puc. 2.2.2). I1pn
9TOM, TaM, IJIe IPOCTPAHCTBO-BCEJIEHHAs COIPUKACAETCS C IPYTUM, KO-
TOpPOE UMEET B CBOEM COCTaBE Ha OJNH «KYOUK» OOJIbIlIe, BOSHMKAET 3BE-
3/1a, a IIe Ha OAUH «KyOUK» MEHbIIIE — «4€pHasi AbIpa».

2.3. CucreMa MATPHYHBIX NPOCTPAHCTB

Takum ob6pazoM, popMupyeTcst cucteMa IpoCTPaHCTB, 0Opa30BaH-
HBIX CUHTE30M MaTepuit ogHoro tumna. KoadduimeHt yi MoxeT npuHu-
MaTbh camble pa3Hble 3HaUYeHMUs. Jlake M3BMeHeHMe ero Ha HUYTOXHYIO Be-
JIMYMHY OPUBOAUT K TOMY, YTO MaTepusl HAILIETO TUIA HE MOXET CIIUThCS
B BelllecTBe (BbIpoaUThes ). [1pu 1pyroM 3HaYeHUH i BOSHUMKAIOT YCIOBUS
IUIS1 CJIMSIHUSL BOGAMHO MAaTepUil IPpyroro TvMma, OTJAMYHOIO OT JaHHOTIO.
DTO MpUBOAUT K 00pa30BaHMIO KAaU€CTBEHHO APYroil CUCTEMBI MPOC-
TPaHCTB — 00pa3yeTcsl APYroe MaTpuyHOE MPOCTPAaHCTBO. B pe3ynbraTte
3TOT0, Mbl UMEEM 1IEJIYIO CUCTEMY MATPUYHBIX IPOCTPAHCTB, KOTOPHIC
OTJIMYAIOTCS APYT OT Apyra Ko3¢p@GUIMEHTOM KBAaHTOBAaHMSI MEPHOCTHU
MPOCTPAHCTBA ¥ TUTIOM MaTEPUIA, NX 00pa3yIOLIMX. DTO MPOSIBJISIETCS B Ka-
YEeCTBEHHOM OTJIMYMU BEILIECTB, BOBHUKAIOIINX MPU CAUSHUMW pa3HbIX TH-
MOB MaTepuil U pa3HOro KoJnvecTBa (hopM MaTeEpUil, 00pa3yroImx Kax-
JBIA U3 3TUX TUITOB BelleCcTB. Kaxaoe MaTprUyHOE MPOCTPAHCTBO — HEO/I-
HOPOJIHO IO MEPHOCTU. DTU KOJIeOaHUSI MEPHOCTU MATPUUYHOTO IMPOC-
TPaHCTBA NPUBOISIT K TOMY, YTO B HEKOTOPBIX €r0 00JIACTIX MPOUCXOAUT
CMBIKaHKE C IPYTMMU MAaTPUYHBIMU ITPOCTPAHCTBAMU, UMEIOLIIMMU B 3TUX
00J1aCTSIX TAKy10 K€ MEPHOCTb. BO3HMKAIOT 30HBI IepeTeKaHUS U3 MaTpUY-
HOTO MPOCTPAHCTBA C OMHUM KO3 GOUIIMEHTOM MEPHOCTHU Y B MATPUUHOE
MOPOCTPAHCTBO ¢ ApPYruM. M eciu B ciiydae 00pa30BaHUsI 3BE3/1 U «UEPHBIX
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JBIP» BCE OMPEAESIIOCH JIUIIb KOJTMYECTBOM MaTEpHUil, 00pa3yIoIIvX Ipo-
CTpPaHCTBa-BCEJICHHbIEC B 30HE 3aMbIKaHUS U, TPY 9TOM, MaT€pUU ObLIU O/1-
HOTro TUMa, T.€. KBAHTOBAJIUCH KOAMPUIIMEHTOM MEPHOCTU , TO, MPU
CMbIKAHUY MAaTPUYHBIX IIPOCTPAHCTB BO3HUKAIOT 30HbI IIEPETEKAHUS Ma-
TEPUiA UMEIOLINX PA3IUYHbINA KOIDOUIIUEHT Yi, MATepUil pa3HbIX TUIIOB,
KOTOpBIE€ HE MOTYT ObITh COBMECTUMBIMM HU NP KAKUX YCIOBUSIX. UTO Xe
MPOUCXOIUT B 3TUX 30HAX CMbIKAHWSI MAaTPUYHBIX TPOCTPAHCTB?

Tak BOT, B 3TUX 30HAaX CMbIKaHUSI MPOUCXOIMUT pacraj BellecTBa
KaK OJIHOTO, TaK Y JPYroro TMma, u 00pasyroTcs «CBOOOIHbIE» MATEPUH,
Kak OJIHOTO, TaK U apyroro TunoB. Ho, 4to ke npoucxoaut nanbiie?! Ha
MPOLIECCHI, TPOUCXOSIINE B 3TUX 30HAX, BIUSIOT TPU YCIOBUSI:

1) KonuuecTBo hopm MaTepuii JaHHOTO TUIA, 00Pa3yIOIIMX KaX10e
MaTpPUYHOE MPOCTPAHCTBO B 30HE MX CMbIKaHUsI. Yallle BCero, KoJam4ecTBO
(bopM martepuii, 00paszyroLIMX KaXkI0€ U3 MAaTPUYHBIX ITIPOCTPAHCTB, Pa3ivuy-
Hoe. JTO, B CBOIO OYepeb, CO3MAET pa3Hblii MOTOK BEIIECTBA, MO COBO-
KyITHOMY COCTaBY, IT€PETEKAIOIIETO U3 OMTHOIO MAaTPUYHOTO MTPOCTPAHCTBA
B Apyroe u oopatHo. Bo3HMKaIOT 1Ba BCTPEYHBIX MOTOKA, YTO MPUBOIUT K
00pa30BaH1IO MOIIHBIX BUXPEBBIX IOTOKOB (h)OPM MaTepuii 1BYX TUIIOB B
30He UX repecedyeHus1. [1pu 3Tom, 6osiee MOLIHBIN ITOTOK Pa3BepHET C1a0bIi
BCITSITh ¥ BOBHMKHET MOIIHBINA BUXPEBOI (DOHTAH MaTepuii IBYX TUIIOB.

2) Ha MOIITHOCTh ITOTOKOB MaTepUii U3 MAaTPUUHBIX IMIPOCTPAHCTB OKa-
3bIBAET BJIMSIHUE MEPHOCTb 30HbI CMBIKAHMSI IBYX MATPUYHBIX IPOCTPAHCTB.
EcrectBeHHO, 3Ta MEPHOCTH HE MOXKET OBITh TAPMOHUYHOM C TUIIOM Mep-
HOCTU KaXX/IOTO M3 MaTPUYHBIX TPOCTPAHCTB, HO OHA MOXET ObITh 0oJiee
OJIM3KOM K TUITY MEPHOCTU OJTHOTO WJIY APYrOro Tuna. Jpyrumm cioBaMu,
BO3HHMKAET Iepernaa MEPHOCTU B MAaTPUYHBIX MPOCTPAHCTBAX B 30HE
CMbIKAHUsI, Pa3JIMYHBIN 11 KaXKA0T0 M3 MaTPUYHBIX TIPOCTPAHCTB.

L1 - L’z < L2 - L1y (2.3.1)

A TakKe, MMeeT 3HaUeHUE 3HaK TOro nepenanaa — MOoJ0XKUTEIbHbIN
WX OTpuLiaTeIbHbINA. OTpULIaTeIbHBIN MEpernan o3HavyaeT oosee OGiaro-
MPUATHBIC YCIOBUS I BBITEKAHUSI MaTEpUi M3 JAaHHOIO MaTPUYHOTO
MPOCTPAHCTBA.

3) K kakoMy Ty KBAaHTOBaHUSI MEPHOCTU MaTPUUYHBIX IPOCTPAHCTB
OKa3bIBaeTCs OJIM>Ke MEPHOCTb 30HbI CMBIKAHWST MATPUYHBIX IPOCTPAHCTB.
[Tpoucxoaut:

L1 -L’io| /L1 <0
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L1 - L’z /L2>0

W (2.3.2)

Lt - L’z /L4 >0

L1 -L’ia| /L72<0

MepHOCTh 30HbI CMBIKAHMSI MOXET ObITh OJIMZKE K TUITY MEPHOCTU
L’y wmu L’2. Tlpu 3TOM, ecinu pa3nmynre B MEPHOCTHU, ycJIoBHO AL’12, a
K03 GUIMEHT KBAaHTOBAHMS Y1 U MPOUCXOAUT pacraja MaTepuil Tuma
MepHocTu Ls.

|L’z-ay“ >0

Ecnu:

|L’12-by% >0

[Tpoucxonut pacnan marepuii Tuna MmepHoctu L’1. Eciu: (AL’12- b
v‘2) < 0, mpoucxoauT cUHTe3 MaTepuii Tuna mepHoctu L’2. I cooTBerT -
CTBEHHO, HA000poT, ecu: (AL’12 - ay*1) < 0, mpoUCXOOUT CUHTE3 MaTepuit
thna MmepHoctu L’;.

Ine: a u b — 0003HayaeT, Kakoe KOJUYECTBO pa3 KOIPHUIMeHT yi
«IIOMeIIaeTcs» B 30He AedopMaliii MEPHOCTH IIPOCTPAHCTRBA.

JpyruMu cjioBaMu, B 30HE CMBIKQHMSI MOXET BO3HUKHYTh CMHTE3
(opM maTepuii Kakoro-HMOyab U3 IBYX TUIIOB MEPHOCTEN MaTPUYHBIX
MMPOCTPAHCTB, 3a CUET paclleIUieHus matepuil gpyroro tvuna. [Ipu stom
CHUHTE3€ MOXKET IOIJIONIAThCSl MaTepHsl IPOMEKYTOUHOTO TUIIa MEPHOCTU 1
BBIACJISIETCSI MAaTepUsI TPOMEXKYTOUYHOTO TUIIA, UTO, B CBOIO OYEPE/lb, BbI3bI-
BaeT HEYCTOMYMBOCTb B MATPUYHOM MTPOCTPAHCTBE C TUIIOM KBAHTOBAHMUS
MEPHOCTH Y1 WJIH Y2, B 3aBUCUMOCTH OT HaIlpaBJIeHUsI NIEpeTeKaHUsI MaTe-
puii. He npaBna i, 04eHb HAOMUHAET, 110 CBOEl MPUPOJIE, IKZ0TEPMUUEC-
K1 U 3HAOTePMUYECKUE PeaKIMy Ha YPOBHE MUKPOKOCMOCA, ITPU KOTOPBIX
WJIN MOMIOLIAIOCH, WX BBIACISIOCH TEIIO U3 OKPYXKAIOLLEH Cpebl.

BepHémcs K mpolieccaM, TPOMCXOASIIUM B 30HE CMbIKAHMS IBYX Ma-
TPUUYHBIX IPOCTPAHCTB. B 3aBUCHMOCTM OT TOrO, KaK B3aMMOJIECTBYIOT
MepevyrcaeHHbIE BbIIIE TPU YCIOBUS, B 30HE CMbIKAHUS IBYX MAaTPUUYHbBIX
MPOCTPAHCTB MOXET BOBHUKHYTh 30HAa CUHTE3a MaTepuil JaHHOTO THUIIA,
WJIM 30Ha pacrajaa 3Tux Matepuil. B onlHOM ciyyae BO3HMKAeT LEHTP
00pa3oBaHus MPOCTPAHCTB-BCEJAEHHBIX C JAHHBIM TUIIOM KBAaHTOBAaHUS
MEPHOCTU MPOCTPAHCTBa, cynepaHaior 3Be3abl (Puc. 2.3.1). B npyrom
cjlydae, BOBHMKAET LIEHTP pacnaaa IpoCTPaHCTB-BCEJEHHbIX C JaHHBIM TH-
IMOM KBaHTOBaHMSI MEPHOCTU MPOCTPAHCTBA (CyIep aHAJIOT «4E€PHOI bl -
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pbl»). Ilpu 3TOM, CMHTE3MpOBaHHbIE (POPMBI MaTepuil JaHHOIrO TUIIA
KBaHTOBaHUSI MEPHOCTU HAUMHAIOT CKAILJIMBAThCSI B 30HE CMbIKAHMST Ma-
TPUUYHBIX MPOCTPAHCTB, M €CJIM Macca BHITEKAIOIINX U3 30HbI CMBIKAHUS
MaTepuil MEHBIIE MACChl CUHTE3UPYEMbIX MaTePUiA, B 3TOM 30HE BO3HU-
KaeT U30bITOYHASI KOHLIEHTpALIMsI MaTepUU B 30HE CMbIKAHUSI MATPUYHbBIX
npoctpaHcTB. Co BpeMeHeM, U30bITOYHAsI KOHIIEHTpalusl CTAaHOBUTCS
KPUTUYECKOM M HauMHAEeT MelllaTh BTEKAHUIO MaTepUil B 3Ty 30HY, UTO
MPUBOAUT K BO3HMKHOBEHUIO HEYCTOMYMBOCTU MEPHOCTU ITOM 30HBI.
[Tpoucxoaut cynepB3phiB, IPU KOTOPOM, U30BITOK CUHTE3UPYEMbIX (POpM
MaTepuil BHIOpachIBaeTCs U3 30HbI CMBIKAHMS, U, TP 9TOM, BOZHUKAIOT
KOJIe0aHUST MEPHOCTU BHYTPM KaKI0TO M3 MAaTPUUHBIX MpocTpaHCTB (Puc.
2.3.2). B aTux 30HaX BHYTPEHHEro KojiebaHUsI MEPHOCTU MAaTPUUYHOTO
MPOCTPAHCTBA HAYMHAETCS ITPoliecc 00pa30BaHMsI TPOCTPAHCTB-BCEIEH-
HBIX, U3 KOTOPBIX (POPMUPYIOTCSI CUCTEMbI ITPOCTPAHCTB-BCEJIEHHBIX (M-
TaBCEJICHHBIE) B 30HAX BHYTPEHHETO KOJIE0aHWSI MEPHOCTU ITPOCTPAHCTBA
(Puc. 2.3.3). EcTecTBeHHO, aMITIMTy1a BHYyTPEHHETO KOJeOaHUsI MEpHOCTH
MaTPUYHOIO MPOCTPAHCTBA YBEJIMYMBAETCS C yAAJIEHUEM OT 30HbI CMbIKA-
HUSI MAaTPUYHBIX IPOCTPAHCTB. A 3TO IPUBOAMUT K TOMY, YTO B 3TUX 30HAX
MOTYT CJIMTHCSI BOEIMHO Pa3HOE KOJUUECTBO (hOPM MaTepuii JaHHOTO THU-
na. [Tpuuém, yem gaspliie OT LeHTpa 30Hbl CMBIKAHUSI MATPUUYHBIX MPO-
CTPAHCTB, TeM 00Jblliee KOJIMYEeCTBO (hDOPM MaTEPUil MOTYT CIUTHCS U
oOpazoBaTh BeliecTBo (Puc. 2.3.4).

ChauBlmnecst BoeAMHO IBe GOpMbI MaTepUii, B IIEPBOM 30HE OT LICH-
Tpa, 00pa3yrT METABCEJEHHYIO M3 OJHOr0 MPOCTPaHCTBA-BCEIEHHOM.
Tpu cnuBLIMEecs ¢popmbl MaTeprilt GOPMUPYIOT B CIIEAYIONIEH 30HE MeTa-
BCEJICHHYIO U3 TPEX MPOCTPAHCTB-BCeJeHHBbIX. [Ipy CIMSIHUM YeThIPEX
(opMm maTepuii, oOpasyercs MeTaBCeJeHHasl U3 CEMU MPOCTPAHCTB-BCE -
JeHHbIX. CIusiHUE MSTU, COOTBETCTBEHHO, AT ABAALATH IITh. ClusiHUE
LIECTU — IIeCThAECHT 1IeCTh. [Ipu CIMIHUU cCeMU — CTO IeBSATHAILIATD,
BOCBMM — JIBECTU COPOK IIE€CTh, AEBATU — YEThIPECTa MSAThAECST ACBIThH
MPOCTPAHCTB-BCEJIEHHBIX, (POPMUPYIOLINX METABCEJEHHYIO, B COOTBET -
CTBYIOIIEI 30HE BHYTPEHHETO KOoJle0aHUsI MEPHOCTH TAaHHOTO MAaTPUYHOIO
npocTtpaHcTBa. KoanuecTBO BO3MOXKHBIX IPOCTPAHCTB-BCEIEHHBIX, BXO-
JSIIUX B METaBCEJCHHYIO, OMpenessieTcs 1o opmysie KoJuyecTBa KOM-
OMHaLIMi U3 MaTepuil, KOTOpble 00Pa3yIOT BELIECTBO MPOCTPAHCTB-BCE-
neHHbIX (Puc. 2.3.5).
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> C™ = n!/m!(n-m)! (2.3.3)

2<m<n

IJe: N — MaKCUMalbHOE KOJUYEeCTBO MaTepUil JaHHOTO TUIIa KBaH-
TOBaHUSI MEPHOCTH, ¢ KO3 (GUIIMEHTOM KBAHTOBaHMSI ¥i, KOTOpPbIe 00pa -
3YIOT ITPOCTPAHCTBA-BCEJIEHHBIE B JAHHOM 30HEe BHYTPEHHETO KOJIeOaHUS
MEPHOCTU MATPUUHOIrO MpocTpaHcTBa. Yallle BCEro KOJIMYECTBO IMPO-
CTPAHCTB-BCEJICHHBIX, 00pa3yIOIIMX JaHHYI0 METaBCEJIEHHYI0, MEHbIIIE
MaKCHMaJIbHOTO. M, YeM Jajbliie OT LIeHTpa 30HbI CMBIKAHUSI MATPUUHBIX
MMPOCTPAHCTB, TEM OOJIbIIE OTINYME MEXKITY BO3MOXKXHBIM U peaJIbHBIM KO-
JIMYECTBOM MPOCTPAHCTB-BCEJIEHHbIX, 00pa3yIOILINUX JaHHYIO METaBCEJIeH -
Hy10. UeM jajibllie OoT LeHTpa, TeM OOoJIbliIe «CBOOOIHBIX MeCT». Jle1o B TOM,
YTO YCJIOBUSI KBAHTOBAHUS MEPHOCTH JaHHOI 30HbI KOJIEOAHUSI MEPHOCTH
SIBJISTIOTCS JIUITb HEOOXOIMMBIMU YCIOBUSIMU JJISI 0Opa30BaHUS IPO-
CTPAHCTB-BCEJIEHHBIX. JIOCTaTOYHBIM 3TO YCJIOBUE CTAHOBUTCS TOJIBKO
TOIJa, KOIrJa B 3Ty 30HY BHYTPEHHEro KojaeOaHusl MEPHOCTU MAaTPUYHOTO
MPOCTPAHCTBA MOIaJaeT HeoOXoUuMasi Macca MaTepuii ISl CUHTe3a 3TUX
MPOCTPAHCTB-BCEJIEHHbIX. XOTSI Macca MaTepUid, «BbIOPOILIEHHBIX» U3 30-
HbI CMbIKaHM$I MATPUYHBIX TIPOCTPAHCTB BO BpeMsl CBEPXB3pPbIBa, OTPOM-
Hasl, HO BCerJa KOHeUHasl BeJIMYMHa. DTOI Macchl XBaTaeT AJisl o0pa3oBa-
HUSI KOHEYHOTO YMCJia ITPOCTpaHCTB-BeeneHHbIX. [locie cynepB3phiBa
30Ha CMBIKAHMST MATPUYHBIX IIPOCTPAHCTB YMEHBIIIAETCS, YTO TTPUBOIUT
K YMEHBIIIEHUIO MacChl Mpuxosiieii Matepun. Co BpeMeHeM, 3TOT Mpo -
LiecC MIPUXOAUT K HEKOTOPOMY, OIpeaeIEHHOMY, OalaHCHOMY YpOBHIO. B
pe3yabTaTe CBepXB3phIBa, 00pa3yeTcs CUCTEMAa METAaBCEJIEHHBIX, KOTOPYIO
YCJIOBHO HAa30BEM CYIIepIIPOCTPAHCTBO IIEPBOTO MOPSIIKA, KOTOPOe 00pa-
3yeTcs causiHueM neBaTu opm marepuii (Puc. 2.3.6).

CnenmyeT OTMETUTD, UTO BO3HUKIIIME B 30HaX BHYTPEHHETO KoJjieha-
HUSI MEPHOCTU MaTPUYHOI'O IPOCTPAHCTBA METaBCEJIEHHBIE CAMU OKa3bI-
BAIOT BJIMSIHYE HA MEPHOCTb OKPY>KAIOIIIETO UX MAaTPUYHOTI'O MPOCTPAHCTBA.
MckpuBneHue, Bo3HUKalOIIEe MPU CMBIKAHUM JIBYX MaTPUYHBIX ITPO-
CTPaHCTB, HEOIMHAKOBO B Pa3HBIX HAIIPaBJICHUSIX. A 3TO 0O3HAYaeT HEKO-
TOPOE OTJINYME, KaK (POPMbI, TaK U KQaUeCTBEHHOTO COCTaBa BOZHMKAIOIIIMX
B 3TUX 30HAX METaBCeJIeHHBIX. TaK1M 00pa3oM, BOZBHUKAET HEpaBHOMED -
HOe pacrpenesieHre MaTepuii B pa3HbIX HAIIPaBJIeHUIX. DTO, B CBOIO OYEe-
peab, IPUBOAUT K pa3IMYHOM CTENIEHW BTOPUYHOTO BIMSTHAS HA MEPHOCTh
MaTPUYHOTO MPOCTPAHCTBA BOZHUKAIOIIMMU METaBCEICHHBIMU B COOTBET-
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CTBYyIOIINX 30HaX. McKkpuBIieHNE, BO3HUKAIOIIIEe B MOMEHT CBEPXB3phIBa
MMeeT U pa3HbIi 3HAK IO OCH, TIPOXOISIIE Yepe3 30Hy CMbIKAHUST Ma-
TPUUYHBIX TPOCTPaHCTB. [103TOMY, BO3HMKAOIINE B 3TUX BHYTPEHHUX 30-
HaxX UCKPUBJICHUSI MAaTPUYHOTO IMPOCTPAHCTBA METaBCEJEHHbBIC, BHI3bIBAIOT
BTOPUYHOE UCKPUBJICHNE MEPHOCTH BO BCTPEUHBIX HAIIPaBJICHUSX, TTapai-
JIeJIbHO BCE TOM K€ OCH, MPOXOsIieit uepe3 30HY CMbIKAHUSI MATPUYHBIX
MPOCTPAHCTB. DTO BCTPEUHOE MPOrudaHMe ¢ IBYX CTOPOH, IO Mepe oOpa-
30BaHUsI METABCEJIEHHBIX, IPUBOAUT K CMBIKAHUIO BTOPUYHOTO UCKPUBJIC-
HUSI MAaTPUYHOTO MIPOCTPAHCTBA B 30HE OaJIaHCHOI MEPHOCTH MAaTPUYHOTO
MPOCTPAHCTBA, KOTopasi ObL1a 10 CBepXB3pbiBa. TakrM 00pa3oM, B pe3yJib-
TaTe BOJIOLIMU ONMCAHHBIX BHIIIE MTPOLIECCOB, BOZHUKACT 3aMKHYTasl CH-
cTeMa MeTaBCeJIEHHBIX — CYNepIIpOCTPaHCTBO MePBOTro Mopsiika. B Harem
MaTPUYHOM IPOCTPAHCTBE BCTPEUHOE CMBIKAHNUE, BO3HMKIIIEE BCIICACTBIE
BJIMSTHUSI METaBCEJIEHHBIX HA MEPHOCTh MAaTPUUYHOIO MTPOCTPAHCTBA, BO-
3HMKaeT B METaBCEJICHHBIX 00pa30BaHHBIX ACBITHIO (pOpMaMU MaTEPUii.
CyneprpocTpaHCTBO IPY 3TOM CMBIKAETCsI, KaK CTBOPKM PAKOBUHBI MOJI-
mocka. [eperekarorye yepe3 30Hy CMbIKAHMSI MAaTPUYHBIX IIPOCTPAHCTB
(opMBbI MaTepu, He UMEIOT OYEPEIHOM 30HbI UCKPUBICHUS MEPHOCTHU
MaTPUYHOTO ITPOCTPAHCTBA, B KOTOPOI OHU MOIJIM OBl CIUTHCS. Takue 30-
HbI BOBHUKAIOT JIMIIb B CIy4ae, KOTrJa ABe 30Hbl CMBIKAHUSI MAaTPUYHBIX
MMPOCTPAHCTB OJHOTO 3HaKa BOZHUKAIOT OTHOCUTEIBHO «HEAATIeKO» APYT
ot apyra. [1pu 3ToM, 00pa3yloTcsi BCTpeUHbIE BOJHBI BHYTPEHHETO UCKPH -
BJICHUSI MEPHOCTU MaTPUYHOTO IMPOCTPAHCTBA, TIPU PE30HAHCE KOTOPHIX,
BO3HUKAIOT JIOTIOJTHUTEIbHBIC 30HbI BHYTPEHHETO UCKPUBJICHUSI MEPHOCTHU
MaTpUYHOTO TPOCTpaHCTBa. B 3THX 30HaX 00pa3yloTcsl MeTaBCEICHHBIE,
BO3HUKIIIME TIPU CAUSIHUU AeCATU (DOPM MaTepuii, KOTOPhIE, B CBOIO OUE-
peb, BHOBb BBI3bIBAIOT BCTPEUHOE CMbIKAHUE 3TUX METaBCEJICHHBIX, KaK
CJIEICTBUE BIMSIHUSI 3TUX METaBCEJICHHBIX HA MEPHOCTb MATPUYHOTO TTPO-
CTpaHCTBa B KOTOPOM OHU HaxomsaTcs. O0pa3yeTcst CyIeprnpoCcTpaHCTBO
BTOpOTo nopsiaka u3s aecsatu opm marepuii (Puc. 2.3.7).

[Tpu 3TOM, CMBIKAHME METaBCEJICHHBIX CYTIEPIIPOCTPAHCTBA BTOPOTO
MopsiiKa MPOUCXOAUT Ha APYroM OalaHCHOM YPOBHE MEPHOCTU MaTpUY-
HOTO MPOCTPAHCTBA, HEXEJIU YPOBEHb CMBIKAHUSI CYNEPIIPOCTPAHCTBA
TePBOTO MOPSIIKA. DTO CBSI3aHO C pa3IMYHON CTETIEHBIO BJIUSIHUS METaBCe-
JIEHHBIX, 00pa30BaHHBIX JECATHIO U ACBATHIO (hOpMaMU MaTepUii Ha Mep-
HOCTb MAaTPUYHOTO MpOCTpaHCTBa. J1jIs BOBMOXHOCTU 00pa30BaHUS M€ -
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TaBCEJICHHBIX U3 OAMHHAALATA (DOPM MaTepuii, HEOOXOIUMO, UTOOLI TPU
CYHepIIPOCTPAHCTBA BTOPOIO MOPsIIKA HAXOAWIMCH APYT OT Apyra Ha pac-
CTOSTHUU, He 0oJiee cOOCTBEeHHOro pasMepa. [Ipu 3ToM, BOZHMKAIOT TpU
BCTPEYHbIE BOJHBI BHYTPEHHETO MCKPUBJICHUS MAaTPUYHOIO MPOCTPaH -
CTBa, KOTOpPHKIE, TPU PE30HAHCE, CO3[1al0T TOMOJTHUTEIbHbIE 30HbI UCKPU -
BJIeHUS1. B 3THX 30HaX MPOUCXOAUT CUHTE3 METaBCEJIEHHBIX U3 OAMHHA/I -
natu ¢opM Matepuii. BHOBb BO3HHMKAET BCTpEUHOE CMbIKaHUE METaBCe-
JIGHHBIX, HO yX€ Ha JpyroM 0ajJaHCHOM ypOBHE MAaTPUYHOTO MPOCTPaH -
ctBa. O6pasyeTcs 3aMKHYTasl MPOCTPAHCTBEHHAsSI CUCTeMa — CYMNepPIpo-
CTpaHCTBO TpeThero nopsiaka (Puc. 2.3.8). AHaOrnyHoO — 1S BO3MOXKHO-
CTU CIUSTHUS IBeHaauaT GopM MaTepuil, HEOOXOAMMO, YTOOBI ObLIO Ye-
ThIpE BCTPEUHBbIE BOJHBI BHYTPEHHETO MCKPUBICHMUSI MAaTPUUHOIO MPO-
CTpPaHCTBa, KOTOPHIE, B pe30HAHCHBIX 30HAX, CO3/1AI0OT YCJIOBUS 1151 00pa-
30BaHUS METaBCEJIECHHBIX M3 ABeHaauaru ¢hopm marepuid. [Ipu atom,
BHOBb BO3HMKAaEeT BCTPEUHOE CMbIKAaHME Ha IPYyroM OajaHCHOM YPOBHE
MEpPHOCTU MaTPUYHOIO ITPOCTPAHCTBA U 00pa3yeTcsl HOBasl, 0YeHb YCTON -
YyuBasi, CUCTEMa METaBCEJICHHBIX — CYINEePIPOCTPAHCTBO YETBEPTOIO MO~
psanka (Puc. 2.3.9). I1aTb cynepnpocTpaHCTB YETBEPTOTO MOPSIAKA, OTHO
13 KOTOPBIX HAXOAUTCS Ha OTJIUYHOM OT IPYTUX IIPOCTPAHCTBEHHOM YpO-
BHE, CO3/1AI0T YCJIOBUSI U151 00pa30BaHMsI METaBCEIEHHbIX U3 TPUHAALIATH
(opm maTepuii. Bo3HuKaeT BCTpedyHOe CMbIKaHKE, ITPY KOTOPOM 00pasy-
€TCsl CUCTeMa MeTaBCeJIEHHBIX, KOTOpasi CTOJIb CUJIBHO BJIMSIET Ha Mep -
HOCTb MaTPUYHOTO MPOCTPAHCTBA, YTO BO3HUKAET OUepenHas cucrtema
METaBCEJICHHBIX, TT0 CBOEH CTPYKTYpE TOXIAECTBEHHAs CYIIEPIIPOCTPAHCTBY
YeTBEPTOTO MOPSIAKA, HO YKe 00pa3oBaHHas ABEHaAaThio (hoOpMaMu Ma-
Tepuii. JIBe 3TU cucTeMbl CO3al0T YCIOBUS U151 0Opa3oBaHus Ceayloliei
CHUCTEMbI METAaBCEJIEHHBIX BAOJb OOLIEH OCHU, HO YK€ M3 ONMHHAIALIATH
(opm MaTepuii. YMeHbllIeHUE KOJIrdecTBa (hopM MaTepuii, 00pa3yroLmnx
KaxJ0€e Mocjenyloliee MpocTpaHCTBEHHOE 00pa3oBaHUE CBSI3aHO C TEM,
YTO YPOBEHb CMBIKAHWSI METAaBCEJICHHBIX MEHSET CBOM 3HaK. [Ipyrumu
CJI0BaMU, UCKPUBJIIEHUE MEPHOCTU MATPUUYHOTO MPOCTPAHCTBA HE yBe-
JuyuBaetcs, a yMeHblaetcs (Puc. 2.3.10). DBojrolLus 3Toro npoiecca
MPUBOAMT K MOCJIe0BAaTEIbHOMY 00pa30BaHUIO BIOJIb OOIIIEH OCU CUCTEM
MeTaBcesieHHbIX. KonnyecTBo MaTepuii, 00pa3yolux ux, pu 3ToM, Io-
CTEIeHHO BbhIpoxkaaeTcs A0 AByX. Ha koHI1ax 3Toro «1yya» odpasyrorcs 30-
HBbI [JIe Y>K€ HU OJlHA MaTepUsl JAHHOTO TUIIA HE MOXET CJIIMThCS C APYroi

78



Inasa 2. HeogHOpOIHOCTH IMMPOCTPAaHCTBA

Puc. 2.3.8

79



Hukomnaii JlesamioB «HeogHnopongHast BecenenHas»

Puc. 2.3.9
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WIW OPYTMMH, oOpa3oBaTh MeTaBCceJIeHHbIe. B 3Tux 30Hax BO3HUKaeET
«ITpOJIaBJIMBaHKE» HAILIETO MATPUYHOIO MPOCTPAHCTBA U BOSHUKAIOT 30HBI
CMBIKQHMS C APYTUM MaTPpUYHBIM ITpOCTpaHCTBOM. [1pu 3TOM, BO3MOXHO
BHOBb JIBa BapMaHTa CMbIKaHWSI MATPUYHBIX IMPOCTPAHCTB. B mepBoM city-
yae, CMbIKaHU€E MPOUCXOIUT ¢ MATPUUYHBIM IMPOCTPAHCTBOM C OOJIBIINM
K03((PHULIMEHTOM KBAaHTOBaHUS MEPHOCTU ITPOCTPAHCTBA U, Yepe3 JTaHHYIO
30HY CMBIKaHMSI, MOTYT TIPUTEKATh M PACIICIUISITHCS MaTEpUU IPYTroro
MaTPUYHOTO MPOCTPAHCTBA U BO3HMKHET CMHTE3 MaTepUil HallleTo TUIIA.
Bo BTOpOM citydae, cMbIKaHME TIPOUCXOAUT C MATPUYHBIM ITPOCTPAHCTBOM
C MEHBIIUM KO3(PHUIIMEeHTOM KBAHTOBAHMSI MEPHOCTU MPOCTPAHCTBA —
yepe3 JaHHYIO 30HY CMBIKaHMSI, MATepUH HaIlIero MaTpUYHOTO IMPOCTPaH-
CTBa HAYHYT MepeTeKaTb M paclLUeIUISITbCS B APYTOM MaTPUYHOM IIPO-
cTpaHcTBe. B omHOM ciiydyae BO3HMKAET aHaJIoT 3Be3/bI CYIIepMacilTaboB,
B IPYTOM — aHAJIOT «4€PHOI JBIPBI» aHAJTOTMYHBIX TA0ApUTOB. DTO OTIIN-
Yyye BApMaHTOB CMBIKAHMSI MAaTPUYHBIX IIPOCTPAHCTB OY€Hb BaXKHO 115 T10-
HUMaHMsI BOSHUKHOBEHUSI IBYX TUITOB CYIIEPIIPOCTPAHCTB ILIECTOrO MO-
psiIKa — IIeCTUJIydeBUKa U aHTUIIecTuiaydeBuKa. [IpuHIUnmuaibHoe
OTJIMYME KOTOPBIX 3aKJIF0YAETCsI JIMIIb B HAIIpaBJICHUHU MepeTeKaHMsI Ma-
Tepuil. B omHOM ciyyae, MaTepuu U3 Apyroro MaTpUYHOTO MPOCTPAHCTBA
MPUTEKAIOT Yyepe3 LIEHTPaJIbHYI0 30HY CMbIKAHUS MaTPUUYHBIX MPOC-
TPAHCTB U BBITEKAIOT M3 HAIlIeTO MAaTPUUYHOTO MPOCTPAHCTBA Yepe3 30HbI
Ha KOHILIaX «Iy4yeli». B aHTUIecTUIyYeBUKEe MaTepUU MepeTeKaloT B IIPO-
TUBOIIOJIOKHOM HallpaBieHUKU. MaTepuu 13 Halllero MaTpMYHOTO MPOocC -
TPaHCTBa BBITEKAIOT Yepe3 LIEHTPaJbHYIO 30HY, a MAaTepUU U3 IPYTOro mMa -
TPUYHOTO IMPOCTPAHCTBA BTEKAIOT Yepe3 «JTydeBbIe» 30HBI CMbIKaHMS. YTO
K€ KacaeTcs IIeCTUIyYeBUKa, TO OH 00pa3yeTcsl CMbIKaHWEM IIIECTU aHa-
JIOTUUHBIX «JIydeii» B OMHOM LIECHTpaibHOI 30He. [1py 3TOM, BOKpYT LIEeHTpa
BO3HMKAIOT 30HbI UCKPUBJIEHUSI MEPHOCTHU MaTPUUHOTO MTPOCTPAHCTBA, B
KOTOPBIX 00pa3yroTcs MeTaBceJIeHHBIC U3 YeThIpHAALIaTh (pOpM MaTepui,
KOTOpBIE, B CBOIO OUepe/ib, CMBIKAIOTCS U 00pa3yloT 3aMKHYTYIO CUCTEMY
MeTaBCeJICHHBIX, KOTOpasi 00beAMHSIET IISCTh JIyYeil B OAHY OOILIYIO CUCTE-
My — mectuinydeBuk (Puc. 2.3.11). [Tpuuém, KOJTMYECTBO «JTydeii» orpe-
JeJIeTCS TeM, UTO B HAllleM MaTPUYHOM IPOCTPAHCTBE MOTYT CJIIMTHCS,
npu o0pa3oBaHUM, MAKCUMAJIbHO, YEThIPHAALIATH (POPM MaTepuit JaHHOTO
tuna. [Ipu 3TOM, MEpHOCTb BOZHUKILIETO OOBbEIMHEHNST METaBCEJIEHHBIX
paBHa & (7 = 3,14...). DTa COBOKyIHas1 MEpHOCTb 0/in3Ka K TpéM. MMeHHO
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MMO3TOMY BO3HMKAET IIECTh «JIydeil», UMEHHO ITO3TOMY FOBOPST O TPEX 13-
MEPEHMUSIX U T.A... TaKuM 00pa3oMm, B pe3yJabTaTe Iocaea0BaTeIbHOro hop-
MUPOBaHUS TPOCTPAHCTBEHHBIX CTPYKTYP, 0Opa3yeTcst 0ajlaHCHasI CUCTE-
Ma pacripeiesieH1sl MaTepuid MeX 1y HalllMM MaTPUYHBIM IPOCTPAHCTBOM
u apyrumu. Ilocne 3aBepuienust popmupoBanus lllectunydeBuka, yc-
TOMUYMBOE COCTOSIHME KOTOPOTO BO3MOXKHO TOJIBKO JIMIILb IPU TOXIECTBE
MEX]Iy MacCoOi MPUTEKAIOIIMX 1 BBITEKAIOIIMX U3 HETO MaTepUIi;

,” N®dmidi = 6 ” nOdm;di (2.3.4)

rae:

N® — neHTpasibHast 00J1aCTh CMBIKAHUSI MATPUYHBIX IIPOCTPAHCTB,
yepe3 KOTOPYIO MaTepuu MPUTEKAIOT B Hallle MATPUYHOE MPOCTPAHCTBO;

N — «Iy4eBbIe» 30HbI CMBIKAHUS C IPYTUM MaTPUYHBIM ITPOCTPaH-
CTBOM, 4epe3 KOTOpOe MaTepMM BBITEKAIOT M3 HAIIErO MAaTPUYHOTO TPO-
CTPaHCTBA;

i — yncnao ¢popm Matepuii, 06pa3yrOIINX LIECTUTYYEBUK;

m; — Macca MaTepui.

ToxnectBo (2.3.4) mist Bcero Halero MaTpU4YHOTO MPOCTPaHCTBA
MOXKHO 3anucaTh B 0ojice y100HOM BUJIE:

” N®dmqdi - 6 ” nOdmidi= 0 (2.3.5)

Kaxk BugHO 13 31011 (hOpMYyJibl, 3aKOHBI COXpAHEHUSI MAaTePUU HE Ha-
pylIalTCs Ha JIIoOOM YpOBHE MPOCTPAaHCTBEHHBIX oOpa3oBaHuii. OT
MHUKPOKOCMOCA 10 MaKpOKOCMOCa OHM — o0mue. ETMHCTBO 3aKOHOB
KOTOpPBIX CJEAYET, XOTsI ObI YK€ U3 TOTO, YTO MUKPOKOCMOC SIBJISIETCS
CTPYKTYPHOI1 023011 MaKpOKOCMOcCa. Y aHTUILECTUIyYeBUKA HUPKYISLIMS
MaTepuu UAET B OOpaTHOM HaOpaBJI€HWUU, OT TpPaHUL] BTOTO
CyIepIpOCTPaHCTBA K ero ueHTpy. [Ipnuém, ncKpuBIeHNE MAaTPUIHOTO
MPOCTPAHCTBA — MAKCUMMAaJIbHO B TPaHMYHBIX 00J1aCTIX U MUHMMAJILHO B
LIEHTPE 3TOr0 MPOCTpaHCTBEHHOTro oOpa3oBaHus (Puc. 2.3.12). YcinosueMm
YCTOMYMBOTO COCTOSIHMSI aHTUILIECTUITYYEBUKA SIBJISIETCS] TAPMOHMUS MEXITY
BBITEKAIOIIMMU MaTepusiMU 4Yepe3 LEHTPaIbHYI 30HY CMbIKaHUS
MaTPUYHBIX TIPOCTPAHCTB U CUHTE3MPYEMbIMU B TPAHMYHBIX 30HAX CMBI -
KaHus (BHEIIHUX) MaTepUsMM JAaHHOTO TUIIA KBAHTOBAHMUS MEPHOCTH.
DTOT 6ajaHC MOXXHO OMKCATh TOXIAECTBOM BUJIA:
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” NOdmidi = 6 U N dmidi (2.3.6)
rae:
N© — neHTpalibHas 30Ha CMBIKAHUsI MAaTPUYHBIX IIPOCTPAHCTB,

yepe3 KOTOPYI0 MaTepUuy BBITEKAIOT U3 HAILIeTO MAaTPMYHOTO MPOCTPAHCTBA
(cymepaHaJior — «4é€pHasi IbIpa»);

N — KpaeBble 30HBI CMBIKAHUSI MATPUYIHOTO IPOCTPAHCTBA, Yepe3
KOTOpbIE MaTepUu IMIPUTEKAIOT B Hallle MATPUYHOE MPOCTPAHCTBO;

m; — Macca MaTepuu TaHHOrO BUJA.

ToxmectBo (2.3.6) MOXHO TIepenucaTh B 00Jiee yI0OHOM 1T TOHM -
MaHUS BUE:

” NOdmidi - 6 ” NPdmidi =0 (2.3.7)

EcrecTBeHHO, TaKMX CyNEepIPOCTPAHCTB B HAIlLIEM MAaTPUUYHOM TTPO-
cTpaHcTBe MHOro. OHUM CO311al0T, KaK Obl, Y3/Ibl B MATPUUYHOM MPOCTPAH -
CTBE U SIBJISIIOTCSI «aTOMaMi» B HEM. Ml BHOBb CTpYKTypa MaKpoKOcMoca
aHAJIOTMYHA CTPYKTYPe MUKPOKOCMOCA. DTO — €l11€ OHO MOATBEPXKIAECHUE
MUX €IMHCTBA. YCI0BUEM 0alaHCHOM YCTOMYMBOCTHU HAIIErO MAaTPUUYHOTO
MPOCTpPaHCTBa SBJsIETCS 0alaHC MEXIy CUHTE3UPYeMOil B MAaTPUYHOM
MPOCTPAHCTBE MaTepUeil U MaTepueil BEITEKAIONIEH Yepe3 30Hbl CMBIKAHUS
MaTPUYHBIX TPOCTPAHCTB. DTO YCJIOBME MOXHO 3aMucaTh B BUJIE:

m[”N“)dmidi -6 ”n(')dmidi] =m [”N(‘)dmidi -6 ”n(ﬂdmidi] (2.3.8)

rae:

N — KOJMYECTBO IIECTUIYYEBUKOB;

N2 — KOJIMYECTBO aHTUILIECTUIYYEBUKOB;

N® — nenTpanbHasg 00J1aCTh CMBIKAHUS MATPUYHBIX IIPOCTPAHCTB,
yepe3 KOTOPYIO MaTepyuM MPUTEKAIOT B Hallle MAaTPUYHOE ITPOCTPAHCTBO
(IIeCTUITYYEBUK);

N© — neHTpaibHast 06,1aCTh CMBIKAHHMSI MATPUYHBIX TIPOCTPAHCTB,
yepe3 KOTOPYIO MaTepuy BBITEKAIOT M3 Halllero MaTPpUYHOTO MPOCTpPaH-
CTBa;

N©) — JydeBbIe 30HBI CMBIKAHUS C IPYTUMU MaTPUIHBIMU ITPOCTPaH-
CTBaMM, Yepe3 KOTOPhIE MAaTepUM BBITEKAIOT U3 HAIIIETO MATPUYHOTO TTPO-
CTPaHCTBA;

N — morpaHWYHbIe 30HBI CMBIKAHUS C IPYTMMU MaTPUIHBIMU
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MPOCTPAaHCTBAMU Yepe3 KOTOPhIE MAaTEPUM MPUTEKAIOT B Hallle MAaTPUYHOE
MPOCTPAHCTBO;

i — uyucio popm marepuii;

m — Macca MaTepui.

AHaym3upyd Toxnectna (2.2.4, 2.3.6, 2.3.8), 1erKO IPUIATH K BBIBOILY
0 TOM, YTO OHU MOTYT OBITb BBIITOJTHUMBI TOJIBKO TIPU YCITOBUSX:

[”N“)dmidi - 6 ”n“dmidi] =0

[UN(‘)dmidi -6 J,[n(+)dmidi] =0 (2.3.9)

DTO TOXAECTBO OTPaKaeT 3aKOH COXPaHEHUST MaTepUU 1 OTIpeiessieT
BO3MOKHOCTb YCTOMUMBOTO cocTosiHus BeenenHoit. M 6ynet BBITOIHUMO
TOJIbKO MPU YCJIOBUM OajaHca MeXy NpUTEKalolIel 1 BbITeKalolen 13
Halllero MaTpMYHOro MPOCTPaHCTBAa MaTepUM, YCIOBUE BBITIOJHEHUS
KOTOPOTO MOXKHO 3aMucaTh B BUJIE:

JIN©Gdmidi - UN<'>dm,~di =6 ”n(‘)dmidi -6 ”n(“dmidi =0  (2.3.10)
D10 TOXKIOECTBO 6YI[CT BBIITOJIHUMO, €CJIN:

JIN¢ dmidi - UN<‘>dmidi =0

IO dmdi - ”11(+)dmidi =0 (2.3.11)
0)0%

)| IN®dmidi - NOdmidi] = 0

[NOdmidi - ndmidi] = 0 (2.3.12)
WU

[N-NO]dmidi = 0

J MP-nP]dmdi=0 (2.3.13)

BrinmonHeHune 3Tux TOXKACCTB BO3MO2KHO TOJILKO ITPpH YCJIOBUAX, KO -
raa:

N =NO

no = q® (2.3.14)

ManI/I‘IHBIX IIPOCTPAHCTB MOXKET OBITh HCOIpaHN4YCHHOC YM1CJIO, HO
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IUTS1 OTIPEIeSIEHHOTO KOAdh PUIIMEeHTa KBAHTOBAHUS TIPOCTPAHCTBA, Yi BO-
3MOHO TOJIBKO OJHO MaTPUYHOE MPOCTPaHCTBO. Y KauecTBeHHas CTpyK-
Typa 3TOr0 MaTPUYHOTO MPOCTPAHCTBA OMPENEIISIETCS TUTIOM (DOPM MaTe-
pUii U CTENEHbIO UX 0OPaTHOTO (BTOPUYHOTO) BIUSTHUSI HA TPOCTPAHCTBA.
IIpocTpaHCcTBO B/IMsieT HA MaTEPHIO0, HO U MaTePHs BJIMSET HA MPOCTPAHCTBO.
N3meHeHrne KaueCTBEHHOIO COCTOSIHUSI MPOCTPAHCTBA, MPOSIBISIETCS B
U3MEHEHUHU KaUeCTBEHHOTO COCTOSIHUSI MaTepuu. VI3meHeHne KayecTBeH-
HOT'0 COCTOSIHUSI MATEPUH BJIUsIET HA KAYeCTBEHHOE COCTOSIHME MPOCTPAHCTBA
¢ 00paTHbIM 3HAKOM. B pe3yibTaTe HaaM4umMs MeXK1y NPOCTPAHCTBOM M MaTe-
pueii 00paTHO¥ CBSA3U, MPOSIBJISIONIENCS B MX B3AMMHOM BJIMSTHUM JIPYT HA APY-
ra, BO3HUKAET KOMIIEHCALOHHOE PABHOBECHE MeXK/Iy MPOCTPAHCTBOM U Ma -
Tepueil, HaxoAsAWielics B 3TOM npocTpaHcTBe. B pesynbraTe nmposiBieHUs
ATOr0 KOMIEHCALIMOHHOTO PABHOBECHS MEXIY MPOCTPAHCTBOM U MaTepu-
€ii, KaX10€ KOHKPETHOE MATPUYHOE MPOCTPAHCTBO C 32JaAHHBIM KO3 dunm-
€HTOM KBAHTOBaHMS NPOCTPAHCTBA i, SABJISAETCA KOHEYHbIM, KaK 10 pa3me-
pam, Tak u no opmam.

2.4. lipupoaa 3B€31 B «YEPHBIX ABIP»

KBaHTOBaHME MpOCTpaHCTB MO (hopMaM MaTepuit UX 0Opa3yoLINX,
CO3JAaET CUCTEMY MPOCTPAHCTB, KAXA0€ U3 KOTOPHIX KAYECTBEHHO OTJIM-
yaeTcs oT Apyrux. Kaxablil clioii-IpoCTpaHCTBO ¢ MEPHOCTHIO Li B aTOM
CUCTEME KauyeCTBEHHO OTJINYAETCSI OT COCEIHUX Ha OHY TTIepBUYHYIO (hop-
My Matepuu. CylecTBYeT CJIOU-TTPOCTPAHCTBO C YPOBHEM MEPHOCTH Li+
= Li + vi 1 UMeI01IMIA B CBOEM KAYECTBEHHOM COCTABE HA OJTHY ITEPBUYHYIO
MaTepulo 0OJIbllIe, U CYLIECTBYET CA0M-IIPOCTPAHCTBO C YPOBHEM MEPHO -
ctu Li-1 = Li - yi UMeIo111iA B CBOEM KaYECTBEHHOM COCTABE HA OJIHY TIEp -
BUYHYIO MaTEepUIO MeHbIIe. DTO — TaK Ha3blBaeMble, IapajuiejbHbie Bee-
JICHHbIE, KOTOPbIE UMEIOT PA3JIMYHYIO KAUYECTBEHHYIO CTPYKTYPY U O3TO-
MY HE UMEIOT MPSIMOTO KOHTAaKTa Mexay coooii. Ho oHu, mpu BCEM 3TOM,
MMEIOT, B CBOEI Ka4eCTBEHHOI CTPYKType, OOllue KayecTBa — TO WIA
MHOE KOJIMYECTBO MEPBUYHBIX MaTepHUil, BXOASIIMX B KAUeCTBEHHBIN CO-
cTaB Kaxa0¥# 13 3Tux BeeneHHbix. KauecTBEeHHBIM COCTaB COCEAHUX MPO-
CTPAHCTB-BCEJIEHHBIX OTJIMYAETCS TOJbKO Ha OAHY MEPBUYHYIO MATEPUIO
B MX KQUYECTBEHHOM COCTaBE U UX MEPHOCTb — Ha BEJIUMYMHY KO3 PULI-
€HTAa KBAHTOBAHWS JAHHBIX IEPBUYHBIX MATEPUI — 7Yi, U MEXIY HUMHU BO-
3HUKAaeT nepernag MEpHOCTH.
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Lao=L-yvi<L<L+« =L+ (2.4.1)

DTOT nepenaj Harmpap/ieH OT MPOCTPAHCTBA-BCEJIEHHOM ¢ OOJIbIIIEH
MEPHOCTBIO K MPOCTPAHCTBY-BCEJIEHHOI ¢ MeHbIlel. HampaBieHHOCTD
3TOro Mnepenaga UMeeT MPUHLIMITUATBHYIO POJib, TAK KaK OIpenesseT Ipy-
POy POXIAEHMSI, 3BOJIOLIMHI Y TUOEJIN 3BE3/T B KaXKJI0M KOHKPETHOM TPO-
CTpaHCTBe-BceleHHOM. IMEeHHO 3TOT nepernaji MepHOCTHU 3a(puKCUpoBain
dusvku u3 Pouecrepckoro u Kansacckoro Yuusepcuteros CIIA?!, nok-
top Jxxopmx Homnana u nokrop JIxoH PajicTtoH. Y «Hameit» BeceneHHo
JNEUCTBUTEIBHO €CTh «BEPX» U «HM3», TaK Xe, KaK U «BOCTOK» U «3arai».
ITpocTpaHcTBO-BCeeHHAs MOXET ObITh 00pa30BaHO, KAK MUHUMYM, JABY-
Ms$ IEPBUYHBIMUA MaTEePUSIMU U, TIPU 3TOM, OyJIeT UMETh MUHUMAJIbHYIO
MEPHOCTb B JaAHHOM MaTPUYHOM MPOCTPAHCTBE. 3HAYEHUE MUHUMAJIbHOM
MEPHOCTU MaTPUUYHOIO MPOCTPAHCTBA oIpeaesseTcs Ko3(h UIMEeHTOM
KBaHTOBaHMSI MEPHOCTHU ITPOCTPAHCTBA 11 (popM MaTepuii ero oopasyro-
mux. Kpome toro, hopMbl MaTepuii, KBaHTYIOIIMECS JAaHHBIM KO3hdu -
LIMEHTOM KBAaHTOBAaHUS MPOCTPAHCTBA Yi, B CBOIO OY€peb, BIUSIOT Ha
MepHOCTb ITpocTpaHcTBa. [ToaToMy, B mpoliecce popMupoBaHUs MAaTPUI-
HOTO MPOCTPAHCTBA, KOJTUYECTBO OMHOTUITHBIX TIEPBUUHBIX (DOPM MaTepuii
MOXET ObITh OOJIbIlIE, YEM WX YMCJIO, oOpasyoliee JaHHOe MaTpUYHOe
MpOCTpaHCTBO. BropruHoe BbIpOXKAEHUE MPOCTPAHCTBA, BEI3BAHHOE BO3-
JNeMCTBUEM MaTepUil Ha MPOCTPAHCTBO, B KOTOPOM OHU HAXOJSITCS, SIBJISI-
€TCsI OrpaHUYMTENIEM BepXHEeil rpaHMLIbI urcaa (popM MaTepHil, «ydacTBY-
I0IIUX» B (OPMUPOBAHUM MATPUYHOTO MpocTpaHcTBa. Takum oGpa3om,
KaKJ10e MATPUYHOE MPOCTPAHCTBO OTPAHMYEHO MO YnCay (popM MaTepuii ero
00pa3yomux, Kak ¢ Hu3y, TaK U cBepxy. IMeHHO B3aUMHOE BJIUSIHUE TIPO -
CTpaHCTBa HA MaTEPUIO U MaTepUU Ha MPOCTPAHCTBO, MPUBOIUT K TOMY,
YTO KaX/10€ KOHKPETHOE MPOCTPAHCTBEHHOE 00pa30BaHKe OTPAaHUYEHO.

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

A Tenepb, JaBaiite pa3doepEMCcsl, YTO MPOUCXOAUT HA YPOBHE HAILIETO
MPOCTpaHCTBa-BceaeHHOI. Hallle mpocTpaHCTBO-BCeIEHHASI UMEET Mep -
HocTb paBHy10 L7 = 3,00017. DTa MEpHOCTD MO3BOJISIET CIMTHCS B €AUHOE
ejaoe ceMu (popMaM MaTepuii, KOTOpbIe M 00pa3yIoT BCE BEILIECTBO HallIei
Bcenennoii. J1y1s1 Toro, 4To0bl BOZHUKIIN YCAOBUSI IJIsI CUSTHUS OYePEeIHOM

21 «This Side Up' May Apply To the Universe, After All», by John Noble Wilford,
The New York Times, 1997.
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(bopMBbI MaTepuu HallleTo TUMA, HEOOXOAMMO U3MEHEHUE MEPHOCTH, TaK
Ha3bIBa€MOT0, MAaTPMYHOTO MPOCTpPaHCTBA Ha BeanurHy ¥ = 0,020203236.
[TpoucxoauT KBaHTOBaHKE MEPHOCTH MAaTPUUYHOTO MPOCTPAHCTBA, KaK B
aToOMe — KBaHTOBaHME 3JIEKTPOHHBIX ypoBHel. [1oaTOMY, B IMCKPETHBIX
30HaX MaTPUYHOTO MPOCTPAHCTBA IMTPOUCXOAUT CUHTE3 BEIlIECTBA U3 Pa3-
HOTo KoJInuecTBa MaTepuit. MepHOCTb KaX10ro MpOCTpaHCTBa-BCeEHHOM
HEOJHOPOJHA, YTO Y MPUBOJAUT K CMBIKAHUIO B 3TUX 30HAX HEOJTHOPOIHO-
CTeii, IBYX IMPOCTPAHCTB-BCEJEHHBIX C pa3HOil MEpHOCThI0. PaccMoTpum
TpHY OMKaile MPOCTPaHCTBA-BCEIEHHbBIE C MEPHOCTSIMU:

Ls =2,979966764

L, =3,00017 (mama Bcenennas)

Ls = 3,020373236

B 30Hax HEOOAHOPOMHOCTU MEPHOCTU MPOCTPAHCTBA MPOUCXOIUT
CMbIKaHME COCEAHUX MPOCTPAHCTB-BCEIECHHbBIX MeX 1y co00. [Tpu cMbI-
KaHUU MPOCTPAHCTB-BceeHHbIX Ls 1 L7, Mexxny HUMU oOpa3yeTcs KaHall.
ITo aTOoMy KaHaly MaTepUU U3 IIPOCTPAHCTBA-BCeIeHHOM Ls HAUMHAIOT T1e-
peTekarth B MPOCTpaHCTBO-BceJeHHY1o L. [Tpu aToM, cyliecTByeT Kauec-
TBEHHOE OTJInuue BeulecTBa BeenenHoit ¢ Ls 1 BeliecTBa Beenennoii ¢ L.
[ToaToMmy, B 30HEe CMBIKaHUS 3THUX ITPOCTPAHCTB MPOUCXOAUT pacriaj Bellle-
CTBa MPOCTPaHCTBa-BceJIeHHOH ¢ Ls 1 U3 Mmatepuii ero o0pasyoniyx rnpo -
HUCXOAUT CUHTE3 BEIeCTBa MPOCTpaHCTBa-BceaeHHOM ¢ L. JIpyrumu cio-
BaMM, BellIECTBO, 00pa30BaHHOE BOChMbIO (DopMaMu MaTepuii, pacrana -
€TCSI U CUHTE3UPYETCs BEIIECTBO U3 ceMU (hopM MaTepuii. 30Ha CMBIKAHUS
3TUX IIPOCTPAHCTB UMEET MEPHOCTbD, JIEXKAIIYI0O B MHTepBAJIE:

3,00017 < Lep. < 3,020373236

IToaToMy, ocBOOOXKIaro1IasICsI BOchbMasl (popMa MaTepyuu MPOJOJIKAET
HaxOIMTHCSI B 3TOM 30HE, OCTaBasiCh CBOOOMHOM, HeBOCcTpeOBaHHOI. Co
BpeMEHEM, OHA HaKaIlJIMBaeTCsI B 30HE CMbIKAHUSI U HAUYMHAET BJIUSITh, B
HEKOTOPBIX Mpeeiax, Ha MepHOCTb 3TOM 30HBI. YTO MPUBOIUT K yYBEJIM-
YEHUIO KaHajla MEeX1y MPOCTPAaHCTBAMMU-BCEJIEHHBIMU 1 BbI3bIBAET €IIE
OOJIBIINI OTTOK BEIIECTBA C MEPHOCTHIO Lg. DTO MpUBOAUT K BOBHUKHO-
BEHUIO YCJIOBUIA, TP KOTOPBIX YaCTh BELIECTBA C MEPHOCTHIO L7 CTaHOBUT-
Csl HEYCTOMYMBOM M HAUMHAET pacnafaThCs Ha COCTABIISIONINME YaCTH, BO-
3HMKAaeT, TaK Ha3blBaemasl, TEpMOsiicpHas peakius. Tak «3aXKuraroTcs»
3B&31blI (Puc. 2.4.1). I1pu 2TOM, 30HBI HEOTHOPOAHOCTE MOTYT OBITh KaK
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c AL> 0, tak u AL < 0, otHOocuTebHO Haleil Becenennoii. B cirydae, korma
HEOTHOPOIHOCTH MEPHOCTH ITPOCTpaHCTBa MeHbIIe HyJig AL < 0, pouc-
XOJIUT CMbIKAaHUE MPOCTPAHCTB-BCEJIEHHBIX ¢ MepHOCTsIMU L7 u Ls. [1pu
3TOM, BHOBb BO3HMKAIOT YCJIOBUS IS TIepeTeKaHUsI MaTepuil, TOJIbKO,
Ha 3TOT pa3, BEIIECTBO ¢ MEPHOCTLIO L7 IepeTeKaeT B MpOCTPAHCTBO C MEP-
HocThlo Ls. Takum 00pa3oM, TpoCTpaHCTBO-BCeJIeHHAsI ¢ MepHOCThIO Ly
(Hama BceneHnHast) TepsieT cBo€ BelliecTBO. Ml MIMEHHO TaK BO3HMKAIOT 3a-
rajouHble «4€pHble AbIpbl» (Puc. 2.4.2). BoT Takum o0pa3oM, B 30HaX
HEOIHOPOTHOCTEN MEPHOCTH IMPOCTPAHCTB-BCEICHHBIX, 00pa3yIOTCsI 3BE-
3161 U «9E€pHBIE ABIPHI». [1py 5TOM, BO3HUKAET NiepeTeKaHe BeIleCcTBa, Ma-
TepUil MEXIy pa3HbIMU MPOCTPAHCTBAMU -BCEJIEHHBIMU.

CylIecTBYIOT TakKKe MPOCTpPaHCTBa-BCEJIEHHbBIC, UMEIOIIUE Mep-
HocTb L7, HO uMerolue npyroi coctas Belectsa. [1pu CThIKOBKE, B 30HaX
HEOIHOPOJIHOCTEM MPOCTPAHCTB-BCEJIEHHBIX C OMHAKOBOI MEPHOCTHIO,
HO pa3HBIM KayeCTBEHHBIM COCTAaBOM OOpasylolllero Mx BellecTBa, BO-
3HMKAeT KaHaJl MeXIy 3TUMHM IIpocTpaHcTBaMu. [1py 3TOM ITpOMCXOauT
repeTeKaHue BeIIECTB, KaK B OJHO, TaK 1 B IPYroe MpoCTPaHCTBO-BCEJIEH-
Hyl0. DTO — He 3Be3[a U He «4€pHas JbIpa», a 30Ha Iepexoaa U3 OJHOTo
MPOCTPAHCTBA B Ipyroe. 30Hbl HEOAHOPOIHOCTA MEPHOCTH IIPOCTPAHCTRA,
B KOTOPBIX TIPOUCXOIAT OIMMCAaHHBIE BBIIIE IPOIECCHI, 0003HAYMM, KaK
HoJb-niepexonbl. [IpuyéM, B 3aBUCUMOCTH OT 3HaKa AL, MOXXHO TrOBOPUTD
0 CJIEAYIOLIMX TUITaX 3TUX MEPEXOI0B:

1) ITonoxuTebHbIE HOJIb-TEPEXObl (3BE3MbI), YePE3 KOTOPHIE BEIlIe-
CTBO MepeTeKaeT B JaHHOE MPOCTPAHCTBO-BCEJIEHHYIO U3 IPYTOro, ¢ 00JIb-
meit MepHocThio (AL > 0) n*.

2) OtpuiaTe/ibHbIe HOJIb-MIEPEXOabl, Yepe3 KOTOPhI€ BEILIECTBO U3
JAHHOTO TIPOCTPaHCTBa-BCEJICHHON MepeTeKaeT B APyroe, ¢ MEHbIIICH
MepHocThio (ALK 0) .

3) HeitTpanbHble HOJTb-MIEPEXO/Ibl, KOTa IIOTOKKM MaTepUil ABUKYTCS
B 000MX HAIPABJICHUSX U TOXIAECTBEHHBI APYT APYTY, @ MEPHOCTU TTPOC-
TPAHCTB-BCEJIEHHBIX B 30HE CMBIKAHUSI MPAKTUYECKH He OTInYaroTcs: n'.

Ecau npono/kuTh gajee aHaIu3 MPOUCXOASIIEro, TO YBUAUM, UTO
Kax10e MPOCTPaHCTBO-BCEICHHAsI, Yepe3 3BE3MbI, MOJyJaeT MaTepuIo, a
yepe3 «4€pHbIe IbIpbl» — €€ TepsieT. J11s BO3MOXHOCTU YCTOMUYMBOIO CY -
LLIECTBOBAHMSI 3TOrO IIPOCTPAHCTBA, HEOOXOAUM OalaHC MEXKAY MPUXOISI-
1Iei U yXOs1leit MaTepueil B JaHHOe MPOCTPaHCTBO-BCeIeHHY10. JloKkeH
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BBITMIOJIHATHCS 3aKOH COXpaHEHUS BEIeCTBA, IIPU YCIOBUM YCTOMYMBOCTHU
MPOCTPAHCTBA. ITO MOXHO OTOOPA3UTh B BUIE (POPMYJIBI:

” n* i meyk dkdi + ” n° i meijx dkd(ij) = ” n Gk mg dkdj (2.4.3)

rae: nt gk — MOJIOXKUTEJIbHBIN HOMb-TIEpeXxo/, (3Be3/1a),

N’k — HEATpaIbHBIN HOJb-TIEPEXO]I,

Nk — OTPULIATEJIbHBII HOJIb-TIEPEXO]I,

M)k — COBOKYIHAas Macca (popM MaTepuii, MpOTEKarolas Yepe3 3Be31y,

mgk — COBOKYMHas Macca (popM MaTepuii, MPOTEKaMIINX Yyepes
JaHHYIO «4EPHYIO JAbIPY» B IPYroe MpoCTPaHCTBO-BCEICHHYIO,

M)k — COBOKYMHas Macca (hopM MaTepuii, IMpOTEKaIOIIUX Yepe3
HEWTPAJIbHBIA HOJIb-IIEPEXO/I.

TakuM o0pa3oM, MexXIy MPOCTPAaHCTBAMU-BCEJICHHBIMU C pa3HOM
MEPHOCTBIO, Yepe3 30Hbl HEOTHOPOIHOCTH, TPOMCXOAUT LIMPKYJISIIMS Ma-
TEpUU MEXIYy MPOCTPAHCTBAMM, 00pa3ylolIMMu JaHHYI0 cuctemy (Puc.
2.4.3). Yepe3 30HbI HEOAHOPOAHOCTU MEPHOCTU (HOJb-TEPEXObl) BO -
3MOXEH IEePeXo]l U3 OJHOr0 MPOCTPAHCTBA-BCEIEHHON B apyroe. [lpu
9TOM, MPOUCXOAUT TpaHcGhOpMalMs BelllecTBa HAIIEro MpoCTPaHCTBA-
BCEJICHHOM B BEILIECTBO TOTO MPOCTPAHCTBA-BCEJICHHOM, KyIa OCYILE-
CTBJIsSIETCS Tepedpoc MaTepuu. Tak yTO, HEM3MEHEHHOM «Hallla» MaTepUst
MOMNacTh B APYIUE MPOCTPAHCTBA-BCEIEHHbIE HE MOXKET. 30HAMMU, Yepe3 KO-
TOpPbI€ BO3MOXXEH TaKOM MepeXo, SIBJISIOTCS U «4EPHbBIE IBIPbI», B KOTOPBIX
MPOUCXOJIUT TMOJIHBIM pacnaj BellecTBA JaHHOIO TUMAa, U HEWTpaJbHbIE
HOJIb-TIEPEX0/Ibl, Uepe3 KOTOPbIe MPOUCXOAUT OalaHCHbBIM OOMEH MaTepu-
eii. HeilTpanbHble HOJIb-MIEPEXOAbI MOTYT ObITh YCTOMUYMBBIMU UJIN Bpe-
MEHHBIMM, TTOSIBJISIIOIIIMMUCS TTIEPUOINYECKU WM cTToHTaHHO. Ha 3emie
€CTh LIeJIbIN psif 00JIacTel Tae MepuoaudYecK BOZHUKAIOT HEUTpabHbIe
HoJb-niepexoabl. M eciiu B UX Mpeaesbl MornaaaT Kopadau, CaMOJETHI,
JIOAKHM, JIIOIU, TO OHU OecciaeaHo rcue3aroT. TakuMu 30HaMM Ha 3emiie
SBJISIIOTCS: bepMynckuii TpeyroibHUK, pailoHbl B [Mmanasx, [lepmckas 30-
Ha u apyrue. [IpakTruuecky HeBO3MOXHO, B C/lydae MomnajaaHus B 30HY Ieii-
CTBMSI HOJIb-TIEpeX0/ia, NMpeacKa3aTh, B KAKyl0 TOUKY U B KAKO€ IPOCTPaH-
CTBO MepeMecTuTcs Matepusi. He roBopst y>ke 0 ToOM, 4YTO BEPOSITHOCTh BO3-
BpalllEHUsI B UCXOIHYIO TOUKY MPAKTUYECKU paBHA HyJ10. OTCIoAa CIeIyeT,
YTO HEWUTpPaJIbHbIE HOJIb-MEPEXObl HEb3sl UCIIOJb30BaTh MJIs lieJeHa-
MpaBJIEHHOTrO MepeMeIeHUs B IPOCTPAHCTBE.
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He meHnee nHTepecHa 1o CBOE MPUPOAE SBOJIOLIMS KM3HU 3BE3I.
Kaxnas 3Be3/1a «KUBET» MULTAAP/BI JIET TTOCJIE YETO OHA «yMUpaeT». B Te-
YeHUE BTUX MUJUIMAPIOB JIET BEIIECTBO M3 MPOCTPAHCTBA-BCEJIEHHON C
OoJibleii MEpHOCTHIO Ls, Yepe3 30Hy CMbIKaHMSI MOIMAIAET B MPOCTPAHCTBO-
BCEJIEHHYIO C MeHblei MepHocThio L7, [1pu aToM, 3TO BeliecTBo cra-
HOBMTCS HEYCTOMYMBBIM 1 pacriafgaeTcs Ha MepBUYHbIE MaTEpUU €ro oopa-
gytorue. CeMb MEPBUYHBIX MAaTEPUil CIIMBAIOTCSI BHOBb, 00pa3ysl (pusu-
YEeCKHU MJIOTHOE BEIIECTBO MPOCTpaHCTBA-BceaeHHo# Ly, [1pu aToM, B 30-
HE CMbIKaHMSI TAKOW YPOBEHb MEPHOCTHU, YTO MPOUCXOAUT CUHTE3 aTOMOB
T€X 2JIEMEHTOB, COOCTBEHHBIN YPOBEHb MEPHOCTU KOTOPBIX MTO3BOJISIET UM
COXpPaHUTb CBOIO YCTOMUMBOCTD. B BepxHeii 30He yCTOMYMBOCTU (pr3ryec-
KU TUIOTHOT'O BEILIeCTBA «HAXOASATCSI» TOJIBKO, TaK Ha3bIBaeMbIE, JIETKUE 3JIe-
MeHTbI Takue, Kak Bogopo (H) u renuii (He). [ToaToOMy, B 30HE CMBIKAHMS
MPOUCXOAUT CUHTE3 ITUX BJeMEHTOB. Ml He ciyyailHO Oosblasi 4acThb
BelllecTBa Hallleil BceneHHoii — Bogopoa. B 30He cMbIKaHUS IPOUCXOAUT
aKTHMBHBIM IIpoOlIeCC CMHTE3a BOIOPOAA, MACChl KOTOPOTO U COCTABJISIIOT
OCHOBY 3B€31. Tak poxnamTcs 3BE3[bl — TaK Ha3blBaeMbl€, roJyOble
ruranThl (Puc. 2.4.1). U3HauaabHast IJIOTHOCTh «HOBOPOXKIEHHbBIX» OUeHb
MaJjla, HO B CWJIy TOTO, YTO 30Ha CMbIKaHUSI HEOJHOPOIHA TT0 MEPHOCTH,
BO3HUKAET Iepernaj (rpalueHT) MEpHOCTU B HampaBJIeHUM K LIEHTpY. B
pe3yabTaTe 3TOro MOJIEKYJIbl BOAOPOJAa HAUYMHAIOT ABUIAThCS K LIEHTPY
30HBbI CMbIKaHUs. HaumHaeTcs npoliecc cxxaTus 3Be3/bl, B X0J1€ KOTOPOIO
TUTOTHOCTb 3BE3IHOTO BellleCTBA HAUMHAET CTpEeMUTENIbHO pacTu. [1o mepe
pocTa MJIOTHOCTH 3BE3THOTO BEIIECTBA YMEHBIIAETCSI 00bEM 3aHUMAEeMbIi
3BE3/10M 1 yBEJIMUMBAETCS CTEIEHb BIMSIHUSI MAcChl 3B€3/1bl, KaK Ha YpO-
BEHb MEPHOCTH 30HbI CMbIKaHUsI, TaK U HA aTOMHOM YpoBHe. Takum obpa -
30M, COOCTBEHHbBI YpOBEHb MEPHOCTHU 3BE3/Ibl HAUMHAET YMEHbBIIIAThCS, a
BHYTPH CaMO¥i 3B€3/1bl HAUMHAIOTCS MPOLIECChI CUHTE3a HOBBIX 00JIee TSIKE-
JIbIX 2JIEMEHTOB. BO3HUKAET, Tak Ha3biBaeMasl, TEpMOsIIepHasl peakius U
3Be3/1a HAUMHAET U3JIydyaTh LeJblii CIIEKTP BOJIH, KaK MOOOUYHbIN 3 heKT
CHUHTe3a 37eMeHTOB. ClieyeT OTMETUTh, YTO UMEHHO, OJarogapsi 3ToMy
«11000YHOMY 3(hPEKTy», BOSHUKAIOT YCIOBUS IS 3apOXKICHUS XKU3HU. B
30HE CMbIKaHMSI MapaJUIeIbHO MPOUCXOIST ABA MPOLIECca: CMHTE3 BOAOPO/Ia
MpuY paciiajie BelllecTBa MPOCTPAHCTBA-BCEIEHHOU ¢ 00Jiee BHICOKMM
YPOBHEM COOCTBEHHOI MEPHOCTH (BElleCTBO, 00pa30BaHHOE CUHTE30M
BOCbMU (hOpM MEPBUYHBIX MaTEPUii) U CUHTE3 U3 BOIOPOAa 00Jiee TSKENbIX

96



Inasa 2. HeogHOpOIHOCTH IMMPOCTPAaHCTBA

3JIEMEHTOB B X0J1€ TEPMOSIICPHBIX peakiiuii. B pe3ynbrate aTMX Mpol1ieccoB
3B€371a YMEHBIIIAET CBOM O0BEM M, KaK CJEACTBUE YBEJIMYCHUS B Macce
01 60Jiee TSLKEIbIX YeM BOAOPO/I 3JIEMEHTOB, YMEHBIIIAETCS U YPOBEHb
COOCTBEHHOU MEpHOCTH 3Be3lbl. UTO B CBOIO ouepelb YMEHbIIAET 30HY
CMBbIKaHUs. pyruMu clioBaMu, «pOXKAEHHAS» IPYTUM IIPOCTPAHCTBOM-
BCEJIEHHOM 3Be3/1a JUIS1 HAIlleTro MPOCTPaHCTa-BCEAEHHOM MOCTENEHHO OT-
JessieTcsl OT CBoeil «maTepu». He mpaBaa m, mojryyaercst JTI00OIbITHAS
aHaJIOrvs C pa3BUTUEM 9MOPUOHA BHYTPU MaTKU, KOTJIa «COTKaHHBIM» U3
KPOBU M IJIOTM MaTepM IJIOA IOKMIAET JIOHO MaTepu M HayMHaeT
CaMOCTOSITEJIbHYIO XKU3Hb, TaK W 3B€3/1a, «POXKIEHHAS» MIPOCTPAHCTBOM-
BCEJICHHOM, TTOKUAAET «JIOHO MaTeph», Koraa €€ ypoBeHb COOCTBEHHOM
MEPHOCTU YMEHBIIIAETCS, KaK CJIEICTBUE YBEJIUYECHWS CTENIEHU BIUSHUS Ha
OKpyxKalolillee MpocTpaHCTBO. OTAEIUBIIUCH OT «<MaTEPUHCKOIO» IPO-
CTpaHCTBa-BCEJIEHHOM, 3B€3/la HAUMHAET CBOIO COOCTBEHHYIO XXU3Hb —
>KM3Hb, KOTOpasi MPOJI0JIKACTCS MAJITAAPbI JIET, IO MCTEYSHUU KOTOPBIX,
oHa «ymupaeT». [IpaBoa 3BE€31bI, B CBOIO OYepedb, YCIIEBAIOT «POIUTH»
IUIaHETapHbIE CUCTEMbI, HA KOTOPBIX MUMEET 1IaHC TTOSIBUTHCS KM3Hb.

PaccMoTpuM MexaHU3M poKAeHMS MIaHeTapHOM cucTteMbl. B mpo-
LIeCCe CxKATUs 3Be3/bl, HapyllIaeTcs OalaHC MeX Iy U3JTydarolieii MoBepX-
HOCTBIO U U3JTydarolnuM oobéMoM. B pesynbrare yero, nepBUYHbIE MaTe-
pUM CKaIIMBalOTCsl BHYTpH 3Be3/bl. C TeueHHeM BpeMeHU, B Pe3yabrare
TEPMOSIIEPHBIX PeaKIInii, 3BE3IHOE BEILIECTBO TePSIET MPOCTEIMIIINE aTOMBI,
TaKue, KaK BOAOPOI, TeIUil U Ap. ¥ BCE OOMBIINI MPOLIEHT B HEM HaUMHA -
0T COCTaBJISITh ATOMBI TSDKEBIX 2JIEMEHTOB. PazMep 3Be3/1bl yMeHbIIIAeTCS,
OHa CTAaHOBUTbCS BCE 00J1ee 1 OoJiee TUIOTHOM, TSKEI0M U CTENEHb BIIUS -
HUSI HA MEPHOCTh OKPYXKAIOIIEro IMPOCTPAaHCTBA CTAHOBUTCS BCE OoJiee 1
Oosiee cunbHOM. Eciu B Havajie cBoeli 3BOJIIOLIMM 3BE3/1a MMeJia MEPHOCTh
OKpyxatouiero e¢ npocrpaHctsa paBHywo 3,00017 < L. < 3,02037, To,
TIPU CBOEM CXKaTHUU OHA BHI3bIBACT BTOPMYHOE BLIPOXKICHME IMPOCTPAHCTBA
Ha HEKOTOPYIO BEJIMUMHY. A 3TO IIPUBOAUT K TOMY, YTO MEPHOCTb OKPYKa-
IOIIEro €€ MPOCTPaHCTBA CTAHOBUTCSI PaBHOM:

3,00017 < (L.-AL) < 3,02037

3,00017 < L» < 3,02037

Ly = L. — AL (2.4.4)

rae: AL MoxeT KoyiebaThCsl Ha IepBOM 3Talle KU3HU 3Be3/bI B IIpe-
nenax 0 < AL < 0,020203236.
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[TocTenmeHHO BTOpUYHOE BBIPOXICHUE MEPHOCTU TIPOCTPAHCTBA,
BBI3BAHHOE TSIKECThIO 3BE3/bl, CTAHOBUTCS BCE OoJiee 1 00Jiee BhIPaKEH -
HbIM. 1 MepHOCTh OKpY:KaIOIIEro 3Be31y MpOCTpaHCTBA HAYMHACT TIPU-
onmkatbesl K MepHocTU L. I1o Mepe pa3BuTHsl 3TOro mpoiiecca, KaHal
MEXIy MPOCTPAaHCTBAMU-BCEIEHHBIMU ¢ MepHOCTIMHU Ls 1 L7 ymeHbI11a-
eTcsl. Bcé MeHblllee M MeHbIIee KOJIMUYECTBO BellleCTBa MepeTeKaeT U3
MPOCTPAHCTBA ¢ MepHOCThIO Lg B mpocTpaHcTBO ¢ MepHOCThIO L7. [lpu
3TOM, aKTMBHOCTb U3JIYYCHUI TaKOM 3BE3[Ibl CTAHOBUTCSI BCE MEHbIIIE 1
MEHbIIIe, TI0OKa He Mpekpaliaercs: coBceM. Hactymaetr cMepTh 3Be3/bl.
3Be3na «tyxHeT». Eciin B Hauasie cBoei 3BOMIOLMM 3Be3a MMeJia O0JIbIIIYIO
Maccy, HO MeHbIIIe JECATU COJTHEUHBIX MacC, TO K KOHILY CBOEI XKM3HU OHA
BBI3BIBAET BTOPMYHOE BBIPOKACHUE MEPHOCTH, KOTJIa MEPHOCTb OKpYXKa-
IOILIETO €€ MPOCTPAHCTBA CTAHOBUTCSI MeHbllIe MepHOCTU L7. OHa nipous-
BOJUT ITPOTrU0 B IPYTyI0 CTOPOHY. Bo3HMKaeT, Tak Ha3biBaeMasi, HEMTPOH-
Hag 3Be31a (Puc. 2.4.4).

Ls<La< L7;

Li=L.- AL

AL 0.0102018... (2.4.5)

Ecnu, B Hauasie cBO€i SBOJIIOLIMM, 3BE3[1a NUMeIa MAacCy OOJIBIIYIO,
YeM JeCSATh COJTHEUHBIX, BTOPMYHOE BHIPOXKIEHNE CTAHOBUTCS CTOJIb 3Ha-
YUTEJbHBIM, UTO BbI3bIBA€T CMBIKAHUE MPOCTPAHCTB-BCEACHHBIX C MEPHO-
ctsamu L7 u Le. [1pu aTOM, MaTepusi U3 IpOCTpaHCTBA ¢ MepHOCThIO L7 Ha -
YMHAaET MepeTeKaTh B IIPOCTPAHCTBO ¢ MepHOCThIO Ls. O0pa3zyercst «u€pHast
npipa» (Puc. 2.4.5). Takum o0pa3oM, «4€pHBIE IbIPbI» BO3HUKAIOT B XO/IE
SBOJIIOLIMM 3BE3]], TOUHEE «OKOHUYAHME XXU3HW» 3BE3bl B HAIIEM IPO-
CTPaHCTBE-BCEJICHHOM MPUBOAUT K POXIECHUIO 3B€3/1bl B HUKEJIeKalleM
MPOCTPAHCTBE-BCEJICHHOI.

2.5. lipupona oOpa3oBaHus INIAHETAPHBIX CHCTEM

A Teniepb paCCMOTPUM TaKKe ¥ TPUPOAY 00pa30BaHUS TIaHETAPHBIX
cucreM. B Havase cBoei >K13HM 3Be3/1a MMeeT OajaHC MEXIIy €€ pa3MepoM,
KaHaJIOM MEeXy MPOCTpaHCTBaMU ¢ MepHocTsiMU L7 1 Lg 1 KojimyecTBOM
BEIECTBA, MepPeTeKaloIIero yepe3 3Ty 3Be31y M3 IIPOCTPaHCTBA C MEPHO-
cTb10 Lg B MpocTpaHCTBO-BCEIEHHYIO ¢ MepHOCThIO L7 (Puc. 2.5.1). B pe-
3yJIBTaTe TEPMOSIACPHBIX peaKluii, IPpU ITOTEPe IMTPOCTBIX aTOMOB, pa3Mephbl
3Be3/Ibl YMEHbIIIAIOTCS, 1 OHA HE B COCTOSTHUM MPOITYCTUTh Yepe3 ceOsl BCIO
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Puc. 2.4.5
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Maccy MaTepuii, TEKYIIMX U3 MPOCTPAHCTBA C MEPHOCTHIO Lg B mpocTpaH -
CTBO C MEPHOCTHIO Li7. DTOT nrcbasiaHc co BpeMEHEM YBEIMYMBAETCS U J10-
CTUTaeT B KOHEYHOM MTOTe KPUTUUECKOTO ypoBHs. [Iporcxoaut Kojoc-
CaJIbHBII B3PbIB, YaCTh BEIIECTBA 3BE€3/Ibl BLIOPACHIBAETCS B OKPYKaloIIee
e€ MpocTpaHCcTBO. [1pr 5TOM YMEHBIIAETCsI MEPHOCTh 3TOT0 OKPYKAIOIIETO
3Be3/y MPOCTpaHCTBA U (POPMUPYETCS KaHajl, [0 KOTOPOMY IepeTeKaeT
TaKo€ KOJIMYECTBO MaTepuU, KOTOPOE 3BE3[1a B COCTOSIHUM uyepe3 cebs
nporyctuth (Puc. 2.5.2). Takoii B3pbIB Ha3bIBAIOT B3PbIBOM CBEPXHOBOIA.
BriOpo1iieHHbIe B3pbIBOM CBEPXHOBOUW MOBEPXHOCTHBIE CJIOW 3BE3[IbI,
KOTOpbIE, KCTaTU, COCTOSIT U3 HauboJiee JIETKMX 2JIEMEHTOB, MOIalaloT B
WCKPHUBJICHUSI TTPOCTPAHCTBA, CO3IaHHbIE TIPOAOJIbHBIMU KOJEeOaHUSIMU
MEPHOCTH, BO3HUKIIIMMU TIPU 3TOM B3pbIBe. B 3THX 30HaX MCKpUBIEHUS
MPOCTPAHCTBA U3 MEPBUYHBIX MATEPUl TPOUCXOAUT AKTUBHBIM CUHTE3
BellleCTBA, MPUYEM, CUHTE3UPYETCS LIeJIbliA CIIEKTP pa3IMYHbIX 2JIEMEHTOB,
BKJIIOUas TSIKEJbIE U CBEPXTsKEable. Uem Oousble nepenag MexXay
YPOBHEM COOCTBEHHOI MEPHOCTM 3BE3bl U YPOBHSIMU COOCTBEHHOI
MEPHOCTU 30H MCKPUBJIEHUS IMPOCTPAHCTBA, TeM OoJiee TIXEbIe
BJIEMEHTBHI B COCTOSIHUM «POJUTHCSI» BHYTPU BTUX 30H M TeM OoJiee
YCTOMYMBBI 3TU TSLKENIbIE JIEMEHThl. B 3aBUCMMOCTU OT M3HAyaJbHbIX
pa3MepoB, B T€UEHUE KU3HU 3BE3/1bl MOXKET ObITh OAWH WJIM HECKOJBKO
B3pbIBOB CBEPXHOBOM. [1p1 Kaxk10M TaKOM B3pbIBE COOCTBEHHbI YPOBEHD
MEPHOCTHU 3BE3/Ibl YMEHbBIIIAETCS, YTO MPUBOAUT K YMEHbIIIEHUIO CUHTE3a
JIETKUX 2JIEMEHTOB 1 YBEJIMUYEHUIO CUHTE3a TSDKEBIX. B pesyibraTe aToro,
IUIOTHOCTb, a CJIEA0BaTe/IbHO, CTETIeHb BIAMSHUS 3B€3bl Ha OKpYKalollee
MPOCTPAHCTBO yBeJauuuBaetcs. [Ipu B3pbiBe CBEPXHOBOI, BOZHUKAIOT
KoJie0aHUs MEPHOCTU MPOCTPAHCTBA aHAJIOTUYHbIE BOJIHAM, KOTOpPbIE
MOSIBJISIIOTCS HAa MOBEPXHOCTU BOJBI Mocje Opocka KamHs. Macchl
MaTepuM, BEIOPOIIIEHHBIE TTPU B3PbIBE, 3aIIOJHSIOT 9TU HEOAHOPOIHOCTHU
MEPHOCTU IPOCTPAaHCTBA BOKpPYr 3Be3abl. M3 3Tux Macc marepuu
HauyMHalT 00pa3oBbiBaThC MaaHeThl (Puc. 2.5.3 u Puc. 2.5.4).

JlaBaiiTe monbITaeMcs pa3oopaThesl, MOYEMY M KaK 3TO IPOUCXOINT.
Hama Bcenennas umeet mepHocTh L7=3.00017, yTo 10o3BOJIIET MUPHO
COCYIIEeCTBOBaTh ceMM (popMaM MaTepuu Hamero tura. YToObl jeruye
ObLIO MOHSTH, B YEM CYTh Pa3IMuMs MEXIY MaTepusMM pa3HOIro TUIIA,
JaBaiiTe BCIIOMHUM Hallld «KyOUKU». HYXHYIO «KapTUHKY» MOXHO
coOpaTh TOJILKO U3 «KyOMKOB» OJHOTO pa3Mepa. [Ipu Hamnuum «KyOrMKoB»
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Puc. 2.5.3
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pa3Horo pasMepa, coopaTh «KapTUHKY» IIPOCTO HEBO3MOXHO; MPEXIIE
BCEro, HEOOXOAUMO OTOOPATh «KYOMKM» OJMHAKOBOI (DOPMEI U pa3Mepa
U3 Ipyabl APYTUX. TOJBKO MMOTOM BO3MOXKHO COOpaTh HYXKHYIO «KapTUHKY».
Tak BOT, TaKMM KpUTEpUEM ONpeiesieHrs (hOPMbI M pa3Mepa Il MaTepuit
sBJsieTcsl KOAGMOUUMEHT KBAHTOBAHUSI MEPHOCTH MPOCTpaHcTBa ¥i. [Ipu
9TOM, HE HY>KHO 3a0bIBaTh, YTO «KyOMKIM» IPYTUX Pa3MEPOB HE MCUE3al0T.
OHU MPOoJ0IKAIOT CYIIECTBOBATH, TOJbKO U3 HUX HEIb3S CJOXKUTH HAIILy
«KapTuHKYy». Ho, eciii ux paccoptupoBaTh 1o (popme 1 pa3Mepy, Toraa, u3
NOAO0OHBIX «KyOMKOB» MOXKHO CJIOXXUTb APYTHUe «KAPTUHKU», HO 3TO OYIyT
«KapTUHKW» JIPYTOro KaueCTBEHHOIO0 COCTaBa, M OHM HMKaK He OyayT
BJIUSITH U UBMEHSITh HAIlly «<KapTUHKY». AHAJIOTUYHO, KPOME MPOCTPAaHCTB-
BCEJICHHBIX HAIIIeTO TUIIA, CYIIECTBYIOT IIPOCTPAHCTBA-BCEJEHHBIE C JIPY -
TMMU 3HAYeHUSIMU KoaddUIKMeHTa KBAHTOBaHUS npocTpaHcTsa yi. Ho,
OHM HE OKa3bIBalOT MPAKTUYECKU HUKAKOIO BIMSHUS Ha MPOCTPAHCTBA
Halllero TMNa v o3ToMy Npu U3y4eHUHU BoIpoca 00 00pa3oBaHUU Halllei
BcenenHoit, MOXXHO He MPpMHMUMATh UX BO BHUMaHue. B mpocTpaHcTBe
HETIPEPbIBHO U3MEHSIOLIEICSI MEPHOCTBIO, pa3peli€éHHbIe (hDOPMBbI MaTe-
puii (T.e. TO KOJIMYECTBO MaTepUii, KOTOpoe 0Opa3yeT Hallle IPOCTPAHCTBO-
BCEJICHHYIO ¢ MepHOCThIO L7) apyr ¢ apyrom He B3aumonaeicTBylot. [1pu
B3pbIBE CBEPXHOBOI, OT LIEHTPA PACIPOCTPAHSIOTCS KOHILIEHTPUUYECKUE
BOJIHBI BO3MYIIIEHUSI MEPHOCTU IIPOCTPAHCTBA, KOTOPhIE CO3AAI0T 30HbI
HEOTHOPOAHOCTU TIPOCTPAHCTBA, MPOUCXOAUT AeopMalis MEPHOCTHU
WJIM UICKPUBJIEHUE TTPOCTPAHCTRBA.

B Boabmom Kocmoce cymiecTByeT 6eCKOHEUHOE YKUCI0 (popM Ma -
Tepuil, KOTOPbIE B3aMMOJEHCTBYIOT IPYT C APYTOM B OOJIbIIEH WU MEHD -
LIEH CTENEeHU I He B3aMMOJEICTBYIOT MeX 1y co0oii BooO1e. Eciu nse
(bopMBI MaTepuu HE B3aUMOAECHCTBYIOT MEXIy COOOM, TO, axKe MPHU Tpo -
HU3bIBAHUU JIPYT Apyra, HUYTO B HUX HE MEHSETCS, OHM HUKAK JAPYT Ha
Jpyra He BJIMSIIOT M HUYTO HOBOE MPY 3TOM He Bo3HMKaeT. OHM KaK Obl He
CYILECTBYIOT ApyT mis apyra. CTeneHb BIUSIHUS OIHOM (hOpMbI MaTEPUU
Ha IPYTYIO OTNpPeaeanuM, KaK KOa(pUIIMeHT B3auMOAEeHCTBUS 0., TOTAa MO-
JKHO CKa3aTh, YTO KO3(MMUIUEHT B3aUMOACUCTBUS I 3TUX ABYX (OpM
MaTepUU paBeH HYJI10. DTO 03HAYAET, YTO HET TAKUX JIBYX «KUPITUUUKOB»,
KOTOpBIE BXOJAMJIM ObI B COCTaB, KaK OIHOM, TaK U APYroil (popMbl MaTEPUU.
Y HuX HeT 001LIMX KauyecTB U CBOMCTB. KoagdulimeHT B3auMoneicTBUS
HEOJIMHAKOB JaXe /I 1BYX (popM MaTepuu B pa3HbIX TOUKAX MPOCTPAH-
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CTBa ITOTOMY, UTO CaMO MPOCTPAHCTBO — HeOAHOPoaHO. O B3aumoeiic-
TBUU MaTEepUU MEXIy cOO0Il MOKHO TOBOPUTH TOJILKO TOT/AA, KOI/Ia B3a-
UMOJACHCTBUE pacCMaTPUBACTCSI B KOHKPETHOM 00BbEME 3TOTO IMPOCTPaAH-
ctBa. CylIecTBYIOT OOBEMBI TPOCTPAHCTBA, II€ B3aMMOICMCTBUE MaTepuit
MaKCHUMaJbHO U 00bEMBI, TI€ 3TO B3aMMO/IeICTBME HEBO3MOXHO B IPUH-
LIMIIe WJIM MaTepUM B3aMMOJEMCTBYIOT MEXIY COO0M YaCTUUHO IO TOMY
wiv apyroMmy oouiemy kadectBy (Puc. 2.5.5). [Ipu makcumaabHOM B3au -
MOJIEMCTBUHU ABYX MaTepuii (0003HAYMM OJHY U3 HUX OYKBOI A, APy —
B), mpoucxoauT nmojiHoe CAMSHUE JaHHBIX MAaTePU APYT C APYTOM, U BO-
3HUKAeT HoBasl, ruopuaHasi popma — AB. CinusiHre BO3MOXHO TOJIBKO B
npezaesax o0bEMa, Iie CTAHOBATCS OJMHAKOBBIMU BCE TTapaMeTpbl ITUX Ma-
Tepuii. HeomHOPOIHOCTbh MPOCTPaHCTBA BAMSIET MO-pa3HOMY Ha (pOpMbI
MaTepuii, KOTOpble MPOHU3BIBAIOT 3Ty HEOTHOPOAHOCTh. Ha ogHy popmy
MaTepuii BIMSIET UBMEHSIsI €€ OoJIbliie, Ha ApYrylo — MeHblne. HeogHopo-
HOCTb U3MEHSIET KaU€CTBEHHYIO CTPYKTYPY MaTEPHid, UTO M CO3MAET YCII0-
BUS UISI MX CJIUSIHUS M 00pa30BaHMs HOBOI'O KayecTBa. Takum o0pa3oM,
BHYTPU HEOJHOPOIHOCTHU B peaeiax 00béMa, Iie BO3HUKAIOT YCJIOBUS IS
CIVSIHMS IBYX MaTepuii, BOZHMKAET MaTepusi HOBOTO KayecTBa — TMOpUI-
Has ¢opma AB (Puc. 2.5.6). [16puaHas ¢popma AB Toxke BausieT Ha HEO -
HOPOJHOCTb MPOCTPAHCTBA, B KOTOPOI oHAa Bo3HMKIIA. [Iporcxoaut 3a-
MOJIHEHUE HEOJHOPOJHOCTU BO3HUKIIEH rubpumHoit popmoit AB, u eé
BbIpOoXkaeHUEe. HeogHOpOaHOCTh peACTaBsIeT COO0I UCKPUBIEHUE MTPO-
CTpPaHCTBA, YTO MPUBOAUT K UBMEHEHUIO MEPHOCTH B Mpeieiax 3TOi Heo-
JTHOPOJHOCTU IO CPAaBHEHMIO C COCEIHMMMU ydacTKaMM MPOCTpaHCTBA.
TakuM 00pa3zoM, U3BMEHEHUE MEPHOCTHU MPOCTPAHCTBA HA HEKOTOPYIO Be-
JIMYMHY TIPUBOAUT K BOBHMKHOBEHUIO YCIOBUI IS CIUSIHUS IBYX MaTe-
puii. /17151 TOro, YTOOBI MOTJIM CJIMTHCS IBE (DOPMBI MaTepPUM, HEOOXOIUMO
M3MEHEeHME MEPHOCTHU MPOCTpaHCTBa Ha BeanuuHy, AL = 0,020203236...

J71s Toro, 4ToObl BO3HUKJIA BO3MOXKHOCTb CIMSIHUS TPEX (hopM Ma-
Tepuit, HEOOXOIMMO, YTOOBI MEPHOCTb ITPOCTPAHCTBA CHOBA M3MEHMIACh
Ha BeIMYMHY AL, 4TO IPpUBOAUT K MOJIHOMY CIIMSIHUIO TPEX MaTtepuii. Ma-
TEpUsI HE MOXET CJIUThCI KAKOW-TO CBOEM 4yacThbio. BO3MOXHO TOJBKO
MOJIHOE CMsIHME MaTepuid. Tak ke, Kak He MOXET ObITh Ba C IOJJOBMHOM
YeJI0BeKa, a TOJAbKO 1Ba WU TPU (€CIU, KOHEUHO, TOBOPUTCS O XKUBbIX JIIO-
J51X), TAKXKE HEe MOTYT CJIMThCS IBE C MOJIOBMHOM MaTepUM, a TOJbKO JBE
uiu Tpu. O603HaYMM TpeThbio MaTeputo OykBoii C. B pe3yabrare CausiHUs
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Tp€X OopM MaTepuii, B Mpeaesiax HEKOTOPOTo 00bEéMa IMPOCTPpaHCTBA (1151
yn00cTBa OyaeM cUUTaTh ero cpepoit) BO3HMKAET KaYeCTBEHHO HOBAsI T -
opunHasg popma ABC (Puc. 2.5.7), koTopasi 3aHMMaeT 00bEM, MEHBIINH,
yeM ruopuaHast popma AB. IIpuuém, atu cpepbl UMEIOT YETKIME TPAHULIbI,
B IIpeieiax KOTOPbIX MEPHOCTh ITPOCTpaHCTBAa — ogHOopoaHa. [Tpu ouepen-
HOM M3MEHEHUU MEPHOCTHU ITPOCTPAHCTBA BHYTPU HEOAHOPOIHOCTU Ha Be-
JIMYMHY paBHYIO AL, BOSHUKAIOT YCJIOBUS VTSI CJIMSIHMS €11E€ OMHOMU (POpMBI
Matepuu. Bo3HukaeT KauecTBeHHO HOoBasi TuopuaHast popma ABCD (Puc.
2.5.8). OHa Oynet 3aHMMAaTh chepy 00bEMA MEHbBIIETO, YeM THOpUIHAs
(opma ABC. I1pu caeayrolieM U3MEHEHUM MEPHOCTU ITPOCTPAHCTBA BHY-
TPU HEOTHOPOAHOCTU Ha AL BOZHMKAIOT YCJIOBMS 151 CIMSIHUS €1IE OHOM
(dopmbl marepun E. Bo3HuKaeT KaueCTBEHHO HOBasi rubpuaHas opMa
ABCDE (Puc. 2.5.9). [1Ipu cienyoonieM M3MEHEHUM MEPHOCTU IPOCTPaH-
CTBa BHYTPU HEOAHOPOAHOCTHU Ha BeJIMUYMHY AL BO3HMKAIOT YCIOBUS IS
CIUSHUS chenyouein popmbl MaTepruu. Bo3HMKaeT KayeCTBEHHO HOBas
rubpuaHas ¢opma ABCDEF (Puc. 2.5.10). OuepenHoe usMeHeH1e Mep -
HOCTH ITPOCTPAHCTBA BHYTPU HEOJAHOPOIHOCTH Ha BeIMUMHY AL OnsTh Xe,
CO3Ma€T YCIOBUS ISl CIUsIHMS caenytolieit ¢opmbl Matepun G. Bo3Hu-
KaeT KauecTBeHHO HoBasi rudpuaHas dopma ABCDEFG (Puc. 2.5.11).
TakuMm o0pa3oM, Ipy HEMPEPLIBHOM M3MEHEHUM MEPHOCTHU BHYTPHU
HEOJIHOPOAHOCTU MPOCTPAHCTBA, BHYTPU 3TOM HEOAHOPOAHOCTH IOCIIE -
JOBaTeJIbHO CJIMBAIOTCS ceMb (hOpM MaTepuii, 00pa3ytolux Hairy BeeneH-
HYIO M CO3Jal0T 111eCTh MaTepUuabHbIX C(pep pa3HOro Ka4eCTBEHHOIO CO -
craBa u pa3mepa. BHyTpeHHs1s1 cpepa, oOpazoBaHHasi CEMbIO (hpopMaMu Ma -
Tepuii, ecTh PU3MUECKU IJIOTHAS cepa — MepBasi riaHeTapHas (MaTepu -
aJbHas1) cdepa Halllei rIaHeThl 3eMJIsl, BEIIeCTBO KOTOPOU NMEET UYeThIpe
arperaTHbIX COCTOSIHUSI — TBEPIOE, XKUIKOE, ra3000pa3HOe U IJIa3MEHHOE.
Pasnble arperaTHble COCTOSIHMSI BOZHMKAIOT, KaK pe3yJbTaT KojaeOaHus
MEpPHOCTU MeHble, yeM AL. W ecy uaTH OT LIeHTpa HEOAHOPOAHOCTH,
caenytomasi cepa, oopazoBaHHasI IIPU CAUSIHUM 1IECTH (DOPM MaTepuit —
BTOpasl IulaHeTapHas (MaTtepuanbHasl) cepa; Mpu CIUIHUU TISTU (hopM
MaTepuili — TpeThsl IIaHeTapHas (MaTepuanbHasi) cdepa; Mpu CIAUSHUU
yeTbIpeX (popM MaTepuii — 4eTBEPTas IJIaHeTapHasl (MaTepyuaibHasi) cde-
pa; TIpU CAUSTHUM TPEX — IIsiTasl IulaHeTapHas (MaTepuanbHasi) cepa; mpu
CIVSHUM ABYX (popM MaTepuil — IiecTas IjlaHeTapHas (MaTepuasibHasl)
cdepa (Puc. 2.5.12). Bce 3t cpepbl — MaTepuaabHBI M OTIMYAIOTCS Ka -
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YeCTBEHHBIM U KOJIMYECTBEHHBIM CBOMM COCTaBOM. B mpuHILIMIIe m1aHeTa
JTOJKHA PacCMaTPUBATBCS TOJBKO, KAK COBOKYITHOCTD ATUX IIECTU chep.
Toabko B 3TOM cityyae BO3MOXKHO ITOJTYYUTh ITOJTHOLIEHHOE TpeaCTaBIeHUE
O MPOMCXOMIIMX MTPOLIECCAX U MOJYYUTh MPAaBUJIbHbBIE TTPEICTABICHUS O
npupoe B 1iejoM. MILio3us oJHOTHI PeACTaBIeHUM 0 MPUPO/E, MOJIy-
YeHHas MOCPEACTBOM HAIlIMX OPraHOB YYBCTB, TOUHEE, aOCOJIOTU3ALIUS
HallIMX OPraHOB YYyBCTB, TPUBOAUT MTO3HAHUE B TYIIUK, U3 KOTOPOI'O HEBO-
3MOXHO BBIMTH 0€3 KapAMHAJIBHOTO M3MEHEHUS MOHSATUI O MPUPOIE 1 MO-
HUMaHUsI TOI POJIM, KOTOPYIO UTPalOT OpraHbl YyBCTB B XKM3HU YeJIOBEKA.

X04YeTCsI HAMOMHUTB, YTO BCE OpraHbl YyBCTB, KOTOPBIMM pacmoJiara-
€T YEJIOBEK, MMEIOT TOJIbKO OJTHO MpeAHa3HAaYeHUEe — MaKCHUMaJIbHasI aamn-
TalMs OpraHrM3Ma 4ejoBeKa K 9KOJI0rM4eckoi HUIlle, KOTOPYIO OH 3aHUMAET
B BKOJIOTUYECKOI CUCTEeME IJIAaHEThl, KaK OJMH U3 BUIOB XXUBbIX OpraHU3-
MoB. [IpenHa3zHayeHre OpraHoB YyBCTB — ONTHUMAaJIbHAS afanTalus K yCJIo -
BUSIM CYLLIECTBOBaHMsI, a HE JU1s1 yero-Huoyab apyroro. [loatoMy, oppeHTH-
PYSICh TOJILKO Ha OpraHbl YyBCTB, Mbl HE B COCTOSIHUM CO31aTh MOJHOLIEH-
HYIO KApTUHY MUPO3IaHUsI, KaK Obl CUJILHO MBI 3TOTO He Xetav Obl. UMeH-
HO HETTOHMMAaHKE 3TOrO MPUBEJIO K TOMY, YTO COBPEMEHHAsI HayKa OKa3ajlach
B TyNHMKe. A Teriepb BEPHEMCS K KAUeCTBEHHOM CTPYKTYpE IMJIaHEThI.

Ecnu 3a Touky oTcuéra B3sITh (PU3MYECKU TIJIOTHYIO cepy, TO OOJbliIe
BCETro OOIIMX KAavyeCTB OHA MMEET CO BTOPOM MaTepuaabHOU cdepoii, a
MEHBIIIE BCEro — ¢ 1ecToi cgepoit. O01Ime KayecTBa pa3HbIX cpep co3aa-
IOT YCJIOBUS U151 X B3aUMONIEUCTBUS ApYT ¢ Apyrom. CTereHb 3TOro B3a-
WMOJEUCTBUS pa3iMuHa, U 3aBUCUT OT TOTO, CKOJILKO OOIIMX KayecTB
nuMeloT 3Tu cepbl. CTeneHb B3aMMOIEHCTBUS 3TUX chep MeXIy co00it
MOXHO BbIPa3UTh KOA(MOUIIMEHTAMU B3AUMOACHCTBUS — OL1; 012; 013 0l4; OLs
(Puc. 2.5.13). [Tpuuém:

o> 02> 03> 04> 05 (2.5.1)

rae: o1— Ko3(p@UUMEHT B3aMMOACUCTBUS MeEXIY (PU3MYECKU
IUIOTHOM (IepBOI MaTepUaabHON ) U BTOPOI MaTeprUaibHOM chepamu;

02 — KO3 OULIMEHT B3aUMOAECHCTBUS MEXIY (PU3UUECKU TIJIOTHOMN
U TPEThel MaTepUuaibHOM cpepaMiul;

03 — KO3 ULIMEHT B3aUMOACHCTBUS MEXIy (PM3UYECKU TIJIOTHOM
U 4eTBEPTOI MaTepUuaibHOMI chepamu;

04 — KO3(ULIMEHT B3aUMOIECUCTBUS MEXTY (DU3UYECKU TNIOTHOMU
W MSTOM MaTepuabHOM chepaMu;
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05 — KO3 ULIMEHT B3aUMOACHCTBUS MEeXIy (PU3UUECKU TIJIOTHOM
U 11IeCTOl MaTepuaabHOM chpepamu.

Koraa mMbl roBOpUM 0 11aHeTe 3eMilsl, Mbl TOJDKHBI TTOHUMATh MO/
3TUM LIECTh Cep, BIIOKEHHBIX OHA B IPYTYIO, KaK MAaTPELLIKKU U MPeacTa-
BJISIIOIIMX €IMHOE 11€J10€. DTO MOHSATUE — OYEHb BaXKHO JU1s1 TOHUMaHUS
MHOTUX SBJICHUM U 3aTaJ0K XXUBOM Y HEXKMBOW MAaT€PUHU, SBOJIIOLIAN K-
3HM Ha Hauei ranere. [Tpu 3aBeplreHrn (OpMUPOBaAaHUS KAYE€CTBEHHBIX
CTPYKTYp 3eMJI1 HEOJTHOPOAHOCTbD B IMPOCTpPaHCTBe HelTpaiuzyetcs (Puc.
2.5.14). Bo3Huxiiuye npu ciIusHur (popM MaTepuii THOpUIHbIE MaTepy-
aJIbHbIE Cepbl 3aMOJTHSIIOT 3TY HEOTHOPOAHOCTh. [IporcXoauT «BbIpaBHU -
BaHME MPOCTpaHCTBa». HEOMHOPOTHOCTh MPOCTPAHCTBA MOKHO CPAaBHUTh
¢ yxabaMu Ha TpyHTOBO gopore. [Toka siMbl He 3alIOTHSITCS 3eMJIEH, yxa-
Ob1 octarotcs. [Tocie 3aBepiieHus: GopMUpPOBaAHUSI IJIAHEThI, CO3/1ABIIINE
€€ (popMbI MaTepUX MPOAOJIKAIOT CBOE NIBUXKEHHUE, YK€ HE CIIMBASICh IPYT
¢ Ipyrom (Kak Boja, 3ar0JHUB 10 KPa€B BOJIOEM, HAUMHAET MepeTeKaTh ye-
pe3 Kpaii ¥ TeU€T aanblie). AKTUBHOCTb ABUKEHUST (DOPM MaTepUU HE BCe-
I71a OIMHAKOBA, UTO MPOSIBJSIETCS B ABUXKEHUU 36MHOM KOPBI, 3eMJIETPSI -
CEeHUSIX U U3BepxeHusX ByaKaHoB (Puc. 2.5.15). [Ipouecc obpazoBaHust
IUIAHEThl 3aBEPIIMJICS 1IeCTh MUWJIMAPAOB JIET Ha3al. DTO — MEepBbIi
LUKJI BOTIOLMHU (POPpM MaTepuii, KOTOPBIN CBSI3aH C 9BOJIIOLIME HEXMUBOM
matepuu. Bropoii aTanm — 3T0 3BoMOLMS XXUBOM MaTepuu. [Ipexne, yem
nepeiTu K aze 2BOMIOLMU XKMBOU MaTEPUM, XOTEJIOCh Obl HATIOMHMUTD,
YTO Hallla I1aHeTa 3emisl, Halua BeesieHHast, 00pa3oBaHbl CAMSIHUEM CE -
mu popm matepuid. [Tpruém, 4nucio «cemb» He UMEET HUKAKOTO MUCTH -
yeckoro 3HadyeHus. M To, yto Hama BceneHHast obpa3zoBaHa U3 ceMU
(bopM MaTepuil He SBISIETCS YeM-TO YHUKAJIbHBIM UM HEIIOBTOPUMBIM,
00XKEeCTBEHHBIM. DTO IMPOCTO KaueCTBEHHAsI CTPYKTypa Haileii BceaeHHOI.
M He ciyvaiiHo, Oeyblii CBET, MPU MPEJOMICHUN, pacCHagaeTcsl Ha CEMb
LIBETOB, OKTaBa COJAEPXKUT CeMb HOT. BloiHe BEepOsITHO, MOXKET BO3HUK-
HYTb BOIIPOC — MOYEMY CBOOOIHBIE TTIEPBUYHBIE MATEPUU B 30HE UCKPU -
BJIEHMSI TIPOCTPAHCTBA HAYMHAIOT B3aMMOJIEHCTBOBATbL MEXIy CO0O0i U
co31aBaTh TMOPUIHBIE COEMUHEHHUS?! DTO, IIPOUCXOAUT IIOTOMY, YTO, KO-
Ir71a B 30Hbl HEOAHOPOAHOCTU MEPHOCTH TTOIAIat0T CBOOOHBIE (POPMBI Ma-
TEepUIl HaIlIero MPOCTPAHCTBA, OHU OKA3bIBAIOTCS B KAYECTBEHHO HOBBIX
ycinoBusX. M, Kak pe3yJibraT 3TOro, OHU MPOSIBIISIIOT ce0s mo-apyromy. M3
TEX K€ CEMU «KyOMKOB» B 30HaX HEOJHOPOTHOCTEM MEPHOCTU HAUMHAIOT
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00pa30BBIBATHCSI HOBbIE «KAPTUHKM-MO3auK1». B COOTBETCTBUM € Tpaau-
€HTOM (TepenaaoM) MEPHOCTH ITPOCTPAHCTBA, B 30HE HEOJTHOPOAHOCTHU B
JIPYTUX KaYECTBEHHBIX YCIOBUSIX CBOOOAHBIE (DOPMbI MATEPUU HAUMHAIOT
CJIMBATbCS U 0OPa30BbIBATh HOBbIE TMOPUIHBIE COEAUHEHHUS, KOTOPbIEC B
MPUHIIMIIE HEBO3MOXHBI 3a MpeesiaMyd 30H HEOTHOPOTHOCTU MEPHOCTH
npocTtpaHcTBa. Kaxkxaoe HOBoe U3MEHEHE MEPHOCTU MTPOCTPAHCTBA HA i
BHYTPU HEOAHOPOAHOCTHU, CO3AAET YCIAOBUS IJIsI CIUSIHUS OYepeaHOMN
(opmbI MaTepu. DTOT Mpolecc OyAeT MPOA0JIKATLCS 0 TeX Mop, MoKa
BCS1 30Ha HEOTHOPOJIHOCTH He 3aMOJHUTCS TMOPUAHBIMU (DOpMaMU MaTe-
puu. IIpu aTOM, Kaxmass U3 3TUX THOPUAHBIX (POPM MaTEepUii YACTUYHO
KOMIIEHCHUPYET HEOJHOPOAHOCTh MEPHOCTHU MPOCTpaHCTBa. B pe3ynbraTte
npoliecca CIUSHUS MaTepyil B 30HE HEOTHOPOAHOCTY BOCCTAHABIMBACTCS
MEPHOCTb, KOTOpasi ObLJ1a 10 B3pbIBa CYyNEpHOBOM 3Be31bl. M He ciiyyaitHo,
pacyYETHI KOJIMYECTBa MaTepuu Bo BeceleHHOM — Ha MopsimoK OoJIblIIe KO -
JIMYECTBA CYILECTBYIOLIECH (DU3UUECKY TIJIOTHOM MaTepuu. [11e Ke 1 4To Xe
u3 ceos1 peacTanistioT 31 90% matepuu BeeneHHoi?

CoBpeMeHHas HayKa pelimia BOIpoc 04eHb IPOCcTo — «dark matter». Ma -
Tepusi BeesleHHOM, KOTOPYIO Mbl HE BUIIMM, HE CJIBILIUM, He ocsizaeM. MiMeH-
HO 3Ta «TEMHasI MaTeprsi» 1 3aKiTiodaeT B cede 90% mareprm BeereHHOIM.

He npaBna nu, «kpacusblii» otBeT?! 1 04eHb 3HAKOMBII BCEM, KTO XO-
Ts1 ObI HEMHOTI'O TIOMHUT KPU3UC B siIepHOI (pr3MKe Havasia Beka. ToabKo TO -
raa mpo6sema 3akjiroJaiach B MCUE3HOBEHMM YaCTU MaTepUM, OOHApYKEH-
HOM IpU HEKOTOPBIX SIIEPHBIX TTpolieccax. Ha crielranbHO CO3BaHHOM Me -
>KIYHApOaHOM KOH(pepeHIIU (pr3UKOB B [€HYye, TTocsIe T0ATUX U MPOa0IKM -
TEJIbHBIX CITOPOB, MPOOJIEMY PEILMIN TPOCTO — UCYE3aI0LIYI0 MAaTEPUIO He-
CET B ceOe yacTuiia HEUTPUHO, KOTOPYIO Mbl HE BUAMM, HE CJIBILLIAM, HE YYB-
ctByeM. Ho eciii B simepHBIX peakLMsIX «Mcue3aia» YacTh M3BECTHOI HayKe
MaTtepuu, To, B ciiydae «dark matter», icue3aet 90% marepun Beenennoit! Tak
BOT, «dark matter» IpencTaBJsieT cO00I HECBSI3aHHbIE (HE B3aMMOACICTBY-
[o1IMe MeX Iy co00it) TiepBUYHbBIe MaTepuu Hallleit BceneHHoit. B To Bpemsi,
Kak (pu3uyecKu II0THAsI MaTepysi BOBHMKAET, B Pe3yJIbTaTe CAUSHUS 3TUX
MEPBUYHBIX MATEPUA B 30HaX HEOAHOPOAHOCTU MEPHOCTU BceneHHOIA.
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2.6. Pe3ziome

IIpocTpaHCTBO — HEOAHOPOAHO, a 9TO O3HAYAET, YTO €TI0 CBOMCTBA U
KayecTBa — pa3Hble B pa3HbIX ToukKax. HeogHOpogHOCTh MpOCTpaHCTBA
BBIPAXXAETCsI YDPOBHEM €TI0 MEPHOCTU B JaHHOM Touke. HeomHOpOIHOCTD
MPOCTPAHCTBA U3MEHSETCS HEMPEPBIBHO, IPYTMMU CJI0BAMU, CBOMCTBA U
KayecTBa MPOCTPAHCTBA MPEACTABIISIOT COO0I HEMPEPBIBHBIE BETUYUHBI.
Bo3MmoxHbI ABa BapyaHTa U3BMEHEHHUS CBOMCTB M Ka4eCTB IPOCTPaHCTBA —
IUIaBHOE U3MEHEHUe U pe3koe. Pe3koe M3MeHeHre CBOWCTB M KayecTB
MPOCTPAHCTBA BOZHUKAET, KaK pe3y/IbTaT KaKOro-J11u00o BHYTPEHHETO WIn
BHEIIHErO0 BO3MYILIEHUS MPOCTpaHCTBA. MaTepust UMeeT KOHKPETHbIE
CBOICTBA 1 KauecTBa, IO3TOMY MaTepusi — KOHeYHA, KOHEYHasl BeJIMYMHA.
[Tpu B3aumoneiicTBuM MaTepuu U MPOCTPAHCTBA, TPOMCXOIUT pacipee-
JIeHWEe MaTepuu ¢ KOHKPETHBIMM CBOMCTBAMM M KauyeCTBaAaMM MO MpPO-
CTpaHCTBY. MaTtepusi pacroJjiaraercs ToJIbKO B TOM 00bEME MPOCTPAHCTRA,
I1e e€ CBOICTBA 1 KaueCTBa TOXKAECTBEHHBI CO CBOMICTBAMU 1 KaueCTBaMU
npoctpaHcTBa. [logobHoe pacnpenesieHre MaTepUu 1O CBOMCTBAM U Ka-
yecTBaM MPOMCXOIUT MTOTOMY, YTO B IPYTUX 00JIACTSIX MPOCTPAHCTBA Ma-
TepUsi C JaHHBIMUM CBOMCTBAMU U Ka4Ye€CTBAMM HE MOXET ObITh YCTOMUYMBA.
Korna HenmpepbIBHO U3MEHSIIOIIAsICSl OeCKOHEYHas BeIMYMHa (ITPOCTPaH-
CTBO) B3aMMOACUCTBYET C KOHEYHBIMU BeJIUYMHAMU (MATEPUSIMU), UME-
IOIIIMMM KOHKPETHBIE CBOMCTBA 1 KAYeCTBa, M MPOUCXOIUT pacipeacsieHue
MaTepuii 10 3TOMY IPOCTPAHCTBY; MOXKHO TOBOPUTH O KBAHTOBAHUU MTPO-
CTpPaHCTBA M0 €r0 CBOMCTBAM 1 KauecTBaM; ISl yI00CTBa OyieM Ha3bIBaTh
ATOT IPOILIECC KBAHTOBAHUEM MPOCTPAHCTBA IO MEPHOCTU. Tak Kak mep-
BUYHbIE MaTEPUM — HEIEJIMMBbI, a UX CBOMCTBA 1 KaUyeCTBAa — KOHKPETHHI,
a 3HAYUT, KOHEYHbI, TO 3TO O3HAYAET, YTO, IJII TOTO, YTOOBI OUepeHasI Ma-
TEpHUsI MOTJIAa TIPOSIBUTHLCSI B IIPOCTPAHCTBE, €TI0 CBOMCTBA M KaYyeCcTBa J0JI-
>KHBI UI3MEHUTbHCS Ha OTPEACIEHHYIO BEJIMUMHY, Ha3bIBaeMylo Koo duiim-
€HTOM KBAHTOBAaHUS MEPHOCTHU ITPOCTpaHCTBa Yi. Kaxnbiili koahGuireHT
KBaHTOBAHMSI IPOCTPAHCTBA Yi ONIPENENIsSIeT HEKOTOPOE YMCIIO MEPBUYHBIX
MaTepuii, KOTOpbIe KAY€CTBEHHO 1 KOJIMYECTBEHHO COOTBETCTBYIOT KOH -
KpeTHOMY 3HaUE€HMIO 3TOro KoadduiueHra. JIpyrumMmu cioBamu, pouc -
XOJUT MEPErPyNNUPOBKA MATePUii B HEPEPBIBHO U3MEHSIOIIEMCS ITPO-
CTPaHCTBE, 110 OMpeAeIEHHBIM KauyecTBaM M CBoOlcTBaM. B pesyibraTte
3TOro, B MPOCTPAHCTBE (DOPMUPYIOTCS, TaK Ha3blBaeMble, MAaTPUUHbIE
MPOCTPAHCTBA, MPEACTABJISIONINE COO0I CUCTEMBI TPOCTPAHCTB, CHOPMU -
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POBaHHBIX ITIEPBUYHBIMU MAaTEPUSIMU KOHKPETHOTO KO3((puriMeHTa KBaH-
TOBaHUS MPOCTPAHCTBA. MaTpHUUHbIE MPOCTPAHCTBA CMBIKAIOTCS MEXITY
c000I4, 4YTO MPUBOIMT K MEepepacIpeacIeHUI0 MaTepun MexX 1y HUMu. B pe-
3yJIbTaTe 3TOTO MPOMCXOAUT CBEPXB3PbIB, BbI3bIBAIOIIMIA AedopMalinio
MpoCcTpaHCTBA. Bo3HUKaoIIMe MpoIoabHbIE BOJTHBI KOJIEOAHUS MEPHOCTHU
CO3[aI0T HOBbIE KAYECTBEHHBIE YCIOBHUSI, IPYU KOTOPBIX CBOOOIHBIE TEP-
BUYHBIE MAaTepUU HAUMHAIOT CJIMBATHCS APYT C IPYTOM, CO3/1aBasi THOpuI -
Hbple Matepun. [MOpuAHBIE MaTEpUX, B CBOIO OUYepelb, BIAMSIOT Ha MpPO-
CTPaAHCTBO, B KOTOPOM OHU (popMupyroTcs. [Iponecc cuHTe3a rMGpruaIHbIX
MaTepuii IPOA0JIKAETCS J0 TEX MOP, MOKA CUHTE3UPyeMble THOPUIHbBIE Ma-
TEPUU HE KOMITEHCUPYIOT MTOJTHOCTHIO 1e(hOpMalIi0 MEPHOCTH MPOCTPaH-
CTBa B KOTOPOU Havascsd ux cuHres. [1py 3ToM, MpoCTpaHCTBO B 3TOM 30HE
BO3BpPAILIAETCS K PABHOBECHOMY COCTOSIHUIO. [MOpUaHbBIE MaTepUX B 3TOMU
CUTYallM1 UTPAIOT KOMITIEHCALIMOHHYIO poJib. B pe3ynbrare aTux mpoiec-
COB BO3HMKAET CUCTEMA IPOCTPAHCTB, KOTOPasi UMEET KOHKPETHbIE (hop-
MbI ¥ pa3Mepbl. B MaTpUYHOM ITPOCTPAHCTBE BOZHUKAIOT 3aMKHYTBIE MTPO-
CTPAHCTBEHHbBIE CUCTEMBI, T.H., IIECTUIYYEBUKH, OCHOBHBIM YCJIIOBUEM
YCTOMYMBOIO COCTOSIHUSI KOTOPBIX SIBJISIETCS OajlaHC MPUTEKAIOIIMX U YTE -
KaIOIIMX MAacC MaTepUu. ITO — 3aKOH COXPAHEHNsI MATePUH HA KaYeCTBEH-
HO JAPYroM YpOBHE. 3BE31bl U «UEPHbIC JbIPbI» SIBJISIIOTCS PE3YJIbTaTOM
CMBbIKaHH1SI KOHKPETHOIO IPOCTPAHCTBA-BCEJIEHHOM, KOHKPETHOTO CJI0S B
MaTPUYHOM MPOCTPAHCTBE C COOCTBEHHBIM YPOBHEM MEPHOCTHU, C COCE-
HHMU ITPOCTPAHCTBAMU-BCEIEHHBIMU, UMEIOIIMMHU COOTBETCTBEHHO, CO0-
CTBEHHbIE YPOBHU MEPHOCTH, KOTOPbIE O0JIbIIIe NI MEHbIIE COOCTBEHHOM
MEPHOCTH PACCMaTPUBAEMOTO CJI0S HA OJIHY U TY K€ BEJIUUYUHY .
CMbIKaHHE C MPOCTPAHCTBOM-BCEJICHHOMN, UMEIOIIUM OOJIbIINIA
YPOBEHb COOCTBEHHOM MEPHOCTH, IIPUBOJIUT K POKIEHUIO 3Be3abl. [1pu
CMBIKaHUHU C TTPOCTPAHCTBOM-BCEJIECHHOM C MEHBIIIMM YPOBHEM COOCTBEH-
HOI MEPHOCTH, TTOSIBJISIETCSI «4€PHAS AbIPa». YCTOMYMBOCTb JAHHOTO ITPO -
CTpaHCTBa-BCEJIECHHOM BO3MOXKHO TOJIBKO, MpU OajaHce MpUTEKalolIei
MaTEPUU U3 «BEPXHETO» MPOCTPAHCTBA 1 BHITEKAIOIIECH MAaTEPUU B «HUXK-
Hee». [1pu B3pbIBe CBEpXHOBOM, BOZHUKAIOT BOJIHBI BO3MYILIEHUSI MEPHO-
CTU TIPOCTPAHCTBA M BbIOPOILIEHHBIE, TPU B3PbIBE, IEPBUYHBIC MAaTEPUH,
TOTIABIIME B BOSHUKIIWE 30HbI UCKPUBJIEHUSI MEPHOCTH, OKa3bIBAKOTCS B
KAQUECTBEHHO JIPYTUX YCIOBUSX, B PE3YJITATE YETO, OHM HAUYMHAIOT CJIV-
BaThCs, KBAHTYSICh 110 MEPHOCTH, 1 00pa30BbIBATh TMOPUIHBIE (DOPMBI Ma-
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Tepuun. DTU THOpUIHbBIC (POPMBI MaTepun (POPMUPYIOT IJIaHETaApHBIE CPe-
PBI PAa3HOTO KAYECTBEHHOTO M KOJIMYECTBEHHOTO cocTana. [1pu 3aBepiie-
HUM GOPMUPOBAHUS ATUX TLUIAHETAPHBIX chep B 30HE HEOJHOPOTHOCTU
MEPHOCTH MPOCTPAHCTBA YPOBEHb MEPHOCTU ITPOCTPAHCTBA BO3BPAILIAETCS
K M3Ha4aJbHOMY YPOBHIO, KOTOPBII ObLI 10 B3pbIBa CBEpXHOBOI. IOpua-
Hble (hopMBbI MATEPUH CBOMM BJIMSIHEM HA YPOBHE MUKPOKOCMOCA KOMIIEHCH -
pyIoT iehopManuio MePHOCTH, BO3HUKIIIYIO NIPU B3pbiBe CBepXHOBOii. [Tocse
BOCCTaHOBJICHMSI OajlaHCa MEPHOCTEN ITpeKpalllaeTCsl aKTUBHBIM ITpoliece
CHHTE3a TMOpUIHBIX MaTepuil. TakuM oO6pa3om (OpMUPYIOTCS ILIaHETAP-
HbIE CUCTeMBI BO BceleHHOT.
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Inasa 3. HeoaHOPOAHOCTh NPOCTPAHCTBA M
KA4YeCTBCHHAACTPYKTYPA (pu3nyeCKH MJIOTHOIO
BelIEeCTBA

3.1. IlocTanoBKa BONPOCA

HeonHopoaHOCTh mpocTpaHCTBa HA YPOBHE MaKpPOKOCMOCA IMPUBO-
JIUT K POPMUPOBAHUIO MATPUYHBIX ITpocTpaHCTB. [Iporiecchl, mpoucxonsi-
IIME Ha MAaKPOYPOBHE, BbI3bIBAIOT KAYECTBEHHOE U3MEHEHUE COCTOSTHUS
U CaMOro MPOCTPaHCTBA U MaTepUii ero 3aroHsoIMX. B pe3yiasrare 3To-
ro B MPOCTPAHCTBE BO3HMKAIOT, TaK Ha3bIBa€Mble, TMOpUIHBIE (DOPMbBI
MaTepuM, KOTOPhIE, B CBOIO OUYEPE/ib, BIMSIOT Ha KAUeCTBEHHOE COCTOSTHUE
MPOCTPAHCTBA, B KOTOPOM IMPOU30ILI0 00pa30BaHUE ITUX MATEPUIA.

CuHTte3upyeMble riOpuaHbIe (POPMBI MATEPUIA HEUTPATU3YIOT 30HBI
HEOOHOPOIHOCTEM, B KOTOPBIX TIPOUCXOIUT UX CUHTE3. [1pu 3aBepiueHumn
npoliecca CUHTe3a TMOpUAHBIX MaTepUii 30Ha HEOTHOPOIHOCTU, B KOTO-
pO¥i MPOUCXOANJ CUHTES TIEPBUYHBIX MATEPUIA, TIOJTHOCTHIO HEUTPAIU3Y-
eTcs. Takum oOpa3oM, ruOpuaHbie POPMBI MAaTEPUiA BIUSIOT HA MEPHOCTh
MPOCTPAHCTBA C OOPATHBIM 3HAKOM I10 OTHOIIEHHUIO K TOM HEOTHOPOIHO-
CTM MEPHOCTHU MPOCTPAHCTBA, B KOTOPOI IMTPOUCXOAUJ MPOLIECC CUHTE3a
3TUX TMOPUIHBIX (popM. CUHTE3 THOPUAHBIX (DOPM MaTePUl MPOUCXOIUT
Ha ypOBHE MUKPOIIPOCTPAHCTBA, TAKMM 00pa30M, KaueCTBEHHAsI CTPYKTY-
pa MUKPOIIPOCTPAHCTBA BBICTYITAET, KaK IIPOTUBOBEC KAYECTBEHHOM CTPY-
KType MakpoIpocTpaHCcTBa. [1pu 1ocTUKeHUM KaYeCTBEHHOTO U KOJIMYE-
CTBEHHOTIO OajiaHCca MeXAY HUMM, IIPOCTPAHCTBO MPUOOPETAET YCTONYM -
BO€ pPaBHOBECHOE COCTOsIHME. MaKpOIIpOCTPaHCTBO Y MUKPOIIPOCTPAHCT-
BO HEUTpAJIIM3YIOT APYT Apyra, Kak IUII0C HeWTpaau3yeT muHyc. M, coot-
BETCTBEHHO, BCE 3TO MPUBOJAUT K TOMY, UTO JI0OOOE CKOJIbKO-HUOYIb 3HA-
YUTEJbHOE U3MEHEHUE HAa YPOBHE MaKpPOKOCMOCA MPUBOJIUT K COOTBET-
CTBYIOLIIMM U3MEHEHUSIM Ha YpOBHE MUKPOKOCMOca 1 Ha00opoT. Kaxercst
HEBEPOSTHBIM, UTO JIFOOOI aTOM BJIMSIET HA MAKPOIIPOCTPAHCTBO, HO, TEM
He MeHee, 3To — ¢akT. EcTrecTBeHHO, BJIMUSIHUE OTHOTO aTOMa — MUKPO-
CKOIMTMYECKOE, HO UX CYMMapHOE BJIMSIHUE U €CTh TOT OajlaHC, KOTOPBIA
ypaBHOBEIIIMBAET MAaKPOIIPOCTPAHCTBO.
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3.2. KayecTBEeHHAA CTPYKTYPA MHKPONPOCTPAHCTBA

[Tpu B3pbIBE CBEPXHOBOM MPOMCXOAUT UCKPUBIIEHHE MMPOCTPAHCTBA
BOKPYT 3Be3/1bl ¥ BIOpoc matepuu. Ho cHavana naBaiite pazoepémcs ¢ ca-
MUMU 3B€31aMu. Kak n3BeCcTHO, 3BE€311bl COCTOST M3 (pU3MUECKU TIJIOTHOMN
MaTtepuu. Bo3HMKaeT 3aKOHOMEPHBI BOMPOC: KaK MPOMCXOAUT CUHTE3
(pmrznuecku miotHoro BemectBa? KoadduimeHT KBaHTOBaHUS ITPOCTPaH-
CTBA Yi ONIpEICIISIET KAYECTBEHHYIO CTPYKTYpY JaHHOW BeenenHoii, npyru-
MU CJIOBaMU — KaKWe IepBUYHbIC MAaTepUH BCTYNaIOT BO B3aUMOACICTBHE
JpYT ¢ IpYroM U 00pa3yloT HOBoe KauecTBo. Kaxaas nepBruuHas MaTepusi
MMEET CBOM KOHKPETHbIE Ka4eCTBa U CBOMCTBA U IT03TOMY TOJILKO B TOM Ya-
CTHU ITPOCTPAHCTBA, IJI€ BBITTOJHSIIOTCS YCIOBMS TOXKIECTBEHHOCTH CBOMCTB
M KQ4eCTB ITPOCTPAHCTBA U JAHHOM MaTeprM, 3Ta MaTepusl IIPOSIBJISIET ceOsI
U B COCTOSIHUU OBbITh YCTOMUMBOM. TakriM 00pa3omM, U3MEHEHHE KaueCTBEH-
HOT'O COCTOSIHMS IIPOCTPAHCTBA HA HEKOTOPYIO BeJUuuMHY AL mpuBoauT K
«BBIMAIEHNIO» B 9TOI 30HE MPOCTPAHCTBA MaTepUU, CBOMCTBA U KauyeCcTBa
KOTOpOI, TOXAECTBEHHBI CO CBOMCTBAMM M KadyeCTBaMM CaMOIO IPOC-
TpaHcTBa. [1py ouepeHOM U3MEHEHUM CBOMCTB M Ka4eCTB MPOCTPAaHCTBA
Ha BeJMYMHY AL, BOZHUKAIOT YCIOBUS JIsI «BbIMAJACHUSI» YCTONYMBOTO
COCTOSIHMSI B 3TOM 00JIaCTH MPOCTPAHCTBA OUYEPEIHONM TTEPBUYHOM MaTEpUU.
Eciu 06a namMeHeHus CBOMCTB 1 Ka4eCTB IMPOocTpaHCTBa AL TOXX1eCTBEHHBI
IpPYT IPYTY, MOKHO TOBOPUTH O SIBJICHUU KBAHTOBAHMSI ITPOCTPAHCTBA I10
MaTepusiM, TOUHEE, IO COBMECTUMBIM T10 TeM WUJIU MHBIM CBOMCTBAM U1 Ka-
YecTBaM MepBUYHBIM MaTepusiM. [TpocTas jorvka moackasbiBaeT, uyTo, ec-
JIA IBE MEPBUYHBIE MAaTePUU MPOSIBIISIIOT CE0S TTPU TOXKIECTBEHHOM U3Me-
HEHMU CBOMCTB M Ka4eCTB IPOCTPAHCTBA, OHU JOJIKHbBI 001a1aTh KAKMMMU-
JIN60 OOIIMMU CBOMCTBaMU M KayecTBaMu. B aTom cityuae, AL nipeBpaiia-
eTcs B Yi — KOA((PUIIMEHT KBAHTOBAHMS IPOCTPAHCTBA. A €CJIY 3TO TaK, TO
B TOI 00JIaCTU MPOCTPAHCTBA, T/ BBIMOJIHSIIOTCS YCIOBUS JISI yCTOMYMBOTO
COCTOSIHMSI 00enX MaTepuil, OHM HAYMHAIOT B3aMMOJIEMCTBOBATh APYT C
JIPYrOM I10 OOLIMM CBOMCTBAM 1 KauecTBaM M 00pa30BbIBaTh HOBOE Kayec-
TBEHHOE COCTOSIHUE — TMOpUIIHYIO (POPMY MaTEpUU.

[Tpenmnonaoxum, 4To CyIIeCTBYeT MHOXECTBO ITepBUYHBIX MaTepUit,
1 OHU MMEIOT pa3Hble CBOMCTBA M KauecTBa. B aToM ciiyyae MOXHO pac-
COPTUPOBATh UX MO COBMECTUMOCTU. KpuTepueM mpu 3ToM OyAeT sB-
JAThC KOO(MOUIIMEHT KBAHTOBAaHUS ITPOCTPAHCTBA Yi. {1 Kaxxaoro 3Ha-
YEHMS Yi CYLIECTBYET CBOSI TpyIIa MEPBUYHBIX MaTepUil, COBMECTUMBIX
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Mexay coboit. Jlaxke, mpy He3HAYUTEIbHOM M3MEHEHUU 3TOTO KO3 u-
LIMEeHTa, BO3HUKAIOT KaYeCTBEHHO HOBBIE YCIOBMS JIJII B3aUMOACHCTBUS
JOPYTUX TIEPBUYHBIX MaTepuil. [IpyrumMu ciaoBaMu, KaxKIOMY 3HAYEHMIO
Koa(p(pumeHTa KBaHTOBAHUSI MPOCTPAHCTBA Yi COOTBETCTBYET JApyras
BceneHHast co cBoMMHU 3aKOHaAMU MPUPOJbI, CBOMCTBAMU U KaueCTBaMMU.
[TpencraBuM nepBUYHBIE MaTEPUM OJTHOTO TUIIA, KaK «KyOMKN» OTHOTO
pasMepa 1 pacCCMOTPUM, KaK MaTepUU B3aUMOACHCTBYIOT APYT C IPYTOM B
30HE HEOJHOPOIHOCTH MpocTpaHcTBa. Eciu neopmanins nmpocrpaHcTBa
AL cousmepuma ¢ yi, TOJIbKO OJHA IIepBUYHAsI MaTepusi, CBOMCTBA 1 Ka-
YeCTBa KOTOPOM TOXKIECTBEHHBI CO CBOMCTBAMU M KaUeCTBAMU JAHHOM 30-
HBbI AeopMalLMK MMPOCTPAHCTBA MOXKET HAXOAUTHCS B YCTOMYMBOM COCTO-
SIHUU U HaKaruIMBaThCsl B Heil. AHAJOTMYHO JOXKAEBasl BoJa 3aIlOJIHSIET
JII0ObIe BITaAWHbBI TOBEPXHOCTU U IMPU TTOJTHOM 3aI10JTHEHU U TTOBEPXHOCTh
JIy>K1, 03€pa CpaBHSIETCSI C ypOBHEM TBEPIOI moBepXxHOCTU. Ho, HUKaKMX
KauyeCTBEHHBIX U3MEHEHM C BOIO, 3aMOTHUBILEH BIagUHBI TIOBEPXHO-
CTU HE MIPOMCXOIUT, BoAa — OCTa&Tcsl BoAoi. Tak u mpu HaCHILLIEHUU 30-
HbI 1epopMaLIMy ITPOCTPAHCTBA OHOM TTepBUYHOI MaTepreil MPOUCXOIUT
MpocToe 0e3 KaueCTBeHHbIX U3MeHeHMI 3anonHeHue (Puc. 3.2.1).
IIpexne, yeM NPoOAOIKUTL aHAJIU3 3TOTO Ipoliecca, XOTeJIOCh Obl
00paTuTh BHMMaHUE Ha TO, UTO, TaK Ha3bIBaeMbl€, IEPBUYHBIE MaTepPUU
JAHHOTO TUIIa UMEIOT OOIIMe CBOMCTBA 1 Ka4eCTBa, HO UMEIOT U CBOM OCO-
OCHHOCTH, IPOSIBJISIOLIMECS] B TOM, KaK OHU B3aMOJEHUCTBYIOT MEXIY CO-
00if U KaK OHU B3aMMOAEUCTBYIOT C MPOCTPAHCTBOM. BCIMOMHMM, 4UTO
COJITHEUHBII CBET pacragaeTcsl Ha CEMb OCHOBHBIX LIBETOB, UYTO, TP aHHU -
TUJISILIMUY BEIIECTBA, OMSIThb-TaKU, TPOUCXOAUT MOIIIHASI CBETOBAsI BCITBIIII -
ka. Kaxngast moplusi onTUYecKoro m3iaydeHuss — (pOTOH — MMeEeT CBOM
orpeneEHHbIe CBOMCTBA U KayecTBa. UMEHHO IMO3TOMY Hallly Ij1a3a pa3-
JINYAIOT 3TU CEMb OCHOBHBIX LIBETOB, C TIOMOILbIO IIPUOOPOB U3MEPSIETCSI
UX JJIMHA BOJTHBI WIM YacToTa. Kaxkabiii (hOTOH TIpencTaBisieT co00it MU-
KPOCKOMMNYECKOE NCKPUBJIEHUE TTPOCTPAHCTBA, HACKIIIIEHHOE KaKOi-T100
OJHOM TepBUYHOI MaTepueii. CeKTp MosiBiseTcs, Kak cJIe/ICTBHE TOrO,
YTO MOCTOSTHHO BO3HUKAET MHOXXECTBO MUKPOCKOITMYECKMX BO3MYILIEHUI
MPOCTPAHCTBA, MapaMeTPhl KOTOPBLIX — pa3iuuHbl. BenencTBue storo,
CBOICTBA M KayecTBa KaxXXI0W TaKoi 30HbI AehopMallii MPOCTPAHCTBA,
XOTh HE3HAUMUTEIBLHO, HO OTJIMYAIOTCS ApyT OT apyra. [ToaTomy, Kaxnast u3
TaKMX 30H AedopMalliy MPOCTPAHCTBA HabIIIACTCS Pa3HbIMU TePBUY-
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Puc. 3.2.1
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HbIMU MaTepusiMu. DOTOHBI ONITUYECKOIO Arara3oHa — 0COOEHHO MHTE-
PECHBI, TaK KaK OHU SIBJISIIOTCS HA YPOBHE MUKPOIIPOCTPAHCTBA OCHOBOM
Haieir BeceneHHoli. MMEHHO OHM UTparOT OCHOBHYIO pOJib B TIpoleccax
(opMHUpoBaHUS 1 IBOJIIOLIMY 3BE3/, )KUBOI U HEXMBOM MaTtepuu. Cylie-
CTBYET MHOXECTBO NEPBUYHBIX MAaTEpUIi, HO BELLIECTBO Halllel BeceneHHoit
00pa3oBaHO CIMSHUEM CEMM MEPBUYHBIX MaTepuii JaHHOro Tuma. Ilep-
BUYHBIC MAaTEPUM JAHHOTO TUIA MPEICTABISIOT COOOM MEPBUYHbBIE MaTe-
puu, UMerolIKe oOIIMe CBOMCTBA M KaYeCTBa, KPUTEPUEM UYETO SIBJISIETCS
K03(pDUIIMEHT KBaHTOBaHMS MPOCTpaHCTBa yi. EcTecTBEHHO B MpocTpaH-
CTBE MOCTOSIHHO BO3HUKAIOT MUKPOCKOIIMYECKHUE NehopMaliuy C APYTUMU
napaMeTpamu, YTO CO3Ia€T YCIOBUS JUIs1 HACBIILEHUS X EPBUYHBIMU Ma-
TEPUSIMU C IPYTUMU KO3 DUIIMeHTaMu KBAaHTOBaHMSI ITPOCTpaHCTBa yi. B
pe3ysbrate, MPOCTPAaHCTBO OYKBAJIBLHO HACBIIIEHO (DOTOHAMU HE TOJBKO
OITUYECKOro nuarna3oHa. CrekTp 3J1eKTPOMarHUTHBIX BOJH U IIpeacTa-
BJISIET COOOI CITEKTP MEPBUYHBIX MaTEPUil, COOTBETCTBYIOIIUX CIIEKTPY
3HaYeHU I KO3 OUILIMEHTAa KBAHTOBAHUS MPOCTPAHCTBA Yi. 3HAYEHUS ITUX
KO23(PULIMEHTOB — OJIM3KU APYT APYTY, HO, TEM HE MEHEE, KaXKIblii U3 HUX
00pa3yeT «CBOIO» IPYIIIY COBMECTUMBIX MEXYy COOOI NMepBUYHBIX MaTe-
puit. Ho Mexxay co0oii mepBUYHbIE MaTEPUU Pa3HbIX IPYIIIl, COOTBETCTBY-
O1IME Pa3HbIM KO3 dUIIMeHTaM KBAHTOBAHUS TPOCTPAHCTBA Yi, HE B3a-
MMOJICUCTBYIOT, IO KpaliHell Mepe, Hanpsimyto. Kak, Hanmpumep, paauo-
BOJIHBI HE B3aMMOAECUCTBYIOT ¢ (DOTOHAMM ONTUYECKOTro AUaria3oHa U Ha-
000poT. B To Bpems kak Mex 1y co00ii B3auMOIeCTBYIOT, 00pa3ysi HOBbIE
cyrneprno3uuuu (rudpuaHble KOMOMHALIMM ), KaK paJIuOBOIHbI, TaK U (o-
TOHBI OIITUYECKOTO AMAaIla30Ha.

NmenHo Giarogapst HaJ0XEHUIO APYT Ha Apyra ()OTOHOB CEMU OC-
HOBHBIX 1LIBETOB, B TIPUPOJI€ CYILIECTBYET Takoe OorarctBo kpacok. Ho
BaXKHBIM MOMEHTOM SIBJISIETCS TO, UTO, IIPU 3TOM, HE BOSHMKAIOT TMOPUI-
HbIE COEAMHEHUS MEPBUYHBIX MaTepuii. [IpencrtaBum cebGe BblmageHUE
LIBETHBIX J0XIei. JloXIb KpaCHBIN, OpaHXKEBBIN, XKENThINA, 3€JIEHBIN, TO-
JIy0oii, cuHMi 1 (proaeToBbIN. W Kaxablii U3 9TUX JOXKIEH magaeT ¢ Hebec
B pa3HOe BpeMsl, B pa3HbIX MECTax M B pa3HbIX KoauuecTBax. Kak cien-
CTBHE€ ATOTO, HA MOBEPXHOCTU TUIAHETHI MOSIBUJINUCH Obl Pa3HOLIBETHHIE
JIY>KM BCEX LIBETOB paayru, TaK KaK pa3HOLIBETHAsI BOAA B KaX/10i KOHKPET-
HOI JIyXXe WM 03epe CMEIMBaIach Obl B pa3HbIX KOJIMYECTBAX U Pa3HOTO
Habopa uBetoB. Ho, B TO ke camoe Bpemsl, BHE 3aBUCMMOCTHU OT LIBETa, BO-
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Ia ocTaHeTcs Bogoi. Tak Kak He TIPOUCXOIUT HUKAKNX KaUeCTBEHHBIX 13-
MeHeHui. Tak 1 mepBUYHBIE MaTepUX MOTYT BTeKaTb B OJHY U TyXe JIic-
(opMalMio NPOCTPAHCTBA U CMEIIMBAThCS C IPYTMMU 0€3 CO3AaHUsI T'r-
OpMIHBIX MaTepuii HOBOTO KayecTBa. [MOpHUIHBIE MaTepUM BO3HUKAIOT
MPY CIUSTHAM TIEPBUYHBIX MaTEPHIiA TOJIBKO TOTAA, KOTIa BO3HUKAIOT CITe-
nuduueckue yciaonust. Kakue xe Takue crielimduyeckie yeaoBUs J0JKHbI
BO3HUKHYTh, YTOOBI, BCE-TaKW, BOSHUK CUHTE3 TMOPUIHBIX MAaTEpUIi, BO-
3HMKJI0 HOBOe KauecTBo?! JlaBaiiTe mocTtapaeMcsl IOHSTh 3TO YIUBUTEIIb-
HOeE SIBJICHUE TIPUPOALIL. [1J1 TOTO, YTOOBI BOBHUKIIN YCJIOBUS JIJIST CITVSTHUAST
MEPBUYHBIX MaTepUii 1 00pa3oBajach TMOPUIHAS MaTepHsl, HEOOXOIMMO
HaJIM4Me TaKOro MCKPUBJICHUS TIPOCTPAHCTBA, ITPU KOTOPOM B 3TOM MC-
KPUBJICHUU CMOTYT HAaXOIUThCSI B YCTOMYMBOM COCTOSIHUM JIBE WU O0Jiee
MepBUYHBIC MaTepUH JaHHOTO TUNa. Ecim BenmumnHa nedopMalimy mpo-
CTpPaHCTBA JIEXKUT B Arara3oHe:

2vi <AL < 37y; (3.2.1)

JIBe mepBUYHBIC MAaTEPUX B COCTOSIHUM HAXOAUTHCS B YCTOMYMBOM
COCTOSTHUM BHYTPH 3TOM 30HBI UCKPUBJICHUS IIPOCTPAHCTBA, YTO CO3IAET
JOCTaTOYHbIE 1 HEOOXOAUMBIE YCJIOBUS JJIs1 X B3aUMOACHCTBUS MO 00-
LIIMM CBOMCTBaM M KayecTBaM, U CUHTe3a rTMOpuaHoi Mmatepun. M aHano-
TUYHO JIJIT BO3MOXKHOCTH CIIMSIHUS B 30HE HEOJTHOPOIHOCTU TPEX, YEThI-
PEX, TATH, LIECTU Y CEMM TIEPBUYHBIX MAaTEPUii JTaHHOTO THTIA, HEOOXOIM -
MO, UTOOBI BeIMYMHA JehopMaliiy MPOCTPAHCTBA Jiexkala COOTBETCTBEHHO
B CJICAYIOIINX JUATla30HaX:

37i<AL< 4y (3.2.2)
4vi <AL < 5vi (3.2.3)
5vi<AL< 67;j (3.2.4)
6vi<AL<T77j (3.2.5)
Tvi<AL< 87;i (3.2.6)

B pesynbrare nocienoBaTeIbHOTO CAMSHUS TTEPBUYHBIX MaTepUii B
3TUX 30HaX AeopMali MPOCTPAHCTBA BOZHUKAIOT TMOPUIHBIE (POPMBI
U3 IBYX, TPEX, YETBIPEX, MATU, IIECTU U CEMU TEPBUUHBIX MaTEePUl.
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[Tpuyém, ecnu BemumrHa aehopMaliu MpoCcTpaHCTBa JIEKUT B AUara3oHe
(3.2.1), MpOUCXOOUT CUHTE3 TMOPUIHON MaTEPUM TOJIBKO U3 IBYX ITIEpPBUY-
HbiX. Eciu BennumHa nedopMaliMy MpOCTPaHCTBA JIEXKUT B AMaNa3oHe
(3.2.2) — NporcXOAUT CUHTE3 TMOPUIHBIX MAaTEpUIi KaK 13 IBYX, TaK U U3
TPEX MepBUYHBIX MaTepuii. I, aHa10TMYHO, TIpU KaxKA0M U3MEHEHUU Be-
JIMYUHBI AeopMaliiv MPOCTPAHCTBA Ha Yi, YUCJIO0 TMOPUIHBIX (DOPM Ma-
TepUii yBeIMUMBaeTcs Ha onHy. M, Korna BeanuyrHa nedopMaluu mpoc-
TpPaHCTBA JIEXKUT B quana3oHe (3.2.6), MpoMCXOAUT CUHTE3 IIEeCTH THOPUI-
HbIX (pOopM MaTtepuu U3 ceMu (HopM MEepPBUYHBIX MaTepuit. [MOpuAHYIO
(bopmy MaTepuu, BOSHUKIIIYIO B pe3y/ibTaTe CAUSIHUSI CEMU IePBUYHBIX Ma-
TepUil, Ha30BEM (PU3UYECKU TIJIOTHBIM BelliecTBOM (cM. Puc. 3.2.2-3.2.7).
[Tpexne, yeM TepeiTH K aHaIM3y BO3MOXKHBIX COCTOSIHUIN (hU3MYECKU
TUIOTHOTO BEUIECTBA, XOTEJIOCh Obl 00PATUTh 0COO0E BHUMAHHUE HA ITOrpa-
HUYHbIEe cocTossHUS. [Ipupoaa onHOM Takoil MaTepualbHOU CyOCTaH-
LIMU — BJIEKTPOHA — SIBJISIETCS KJI0UE€BOM B MIOHMMaHUU MPUPOAbI (PU3U-
YyecKH IJIOTHOI MaTepuu Halueli BeceneHHoii. Bee cylecTByroniye Mmoaenu
aToMa — MUHUMAaJIbHOM YCTOMYMBOM MaTepUaIbHOM CyOCTaHIIUM — OIU -
CBIBAIOT HAJIMYME Y JIEKTPOHA (YTO TaKOE 3JEKTPOH HUKTO TaK U HE T0-
MBITAICS O0BSICHUTD, KPOME TOTO, YTO €MY CTaBUJIM B COOTBETCTBUE OTPU-
LIaTeJIbHBII 3apsii, B TO BpeMsl, KaK IPOTOHY CTaBUJICSI B COOTBETCTBUE MO-
JIOKMTEIbHBIN 3apsiy, 03 BCSIKOro 00bSICHEHMS, YTO K€ TAKOE €CTh Ha Cca-
MOM JieJI€ TTOJIOXKUTEIbHBIN WX OTPULIATEIbHBIN 3apsiibl) IBOMCTBEHHBIX
CBOMCTB — KakK YacCTHUIIbl, TaK X BOJHbI. DKCIIEPUMEHTbI MOATBEPKAAIU
Haju4yue AyajJbHbIX (IBOMCTBEHHBIX) CBOMCTB 2JIEKTPOHA, HO HUKAKOTO
00BSICHEHUSI, TOYEMY OH MPOSIBIISIET ce0s1 HEOAHO3HAYHO, TaK MU HUKTO U
He naj. JlaBaiite monbpiTaeMcs MOHITh IPUPOLY dJeKTpoHa. PaccMoTpum
TaKoe KaueCTBEHHOE COCTOSIHME MPOCTPAHCTBA, IIPU KOTOPOM BEIMUMHA
nedopMali MUKPOIIPOCTPAHCTBA JIEXKUT B CJICIYIOLIEM TMara3oHe:

6vi<AL<6,97i (3.2.6)

ITpy TaKOM Ka4yeCTBEHHOM COCTOSTHUM ITPOCTPAHCTBA BHITTOJIHSIOTCS
HEOOXOIMMbIE U JOCTATOYHbIE YCIIOBUS TSl CIIMSTHUAS LIECTH TTEPBUYHBIX
MaTepuii, a T CIUSTHUASI CEMU TIEPBUYHBIX MaTepUil, He XBaTaeT CaMO
manioctu (Puc. 3.2.8). [IpocTpaHCcTBO HUKOTIA HE HAXOAUTCS B CTATUMHOM
cocTosTHMU. B HEM MTOCTOSTHHO MPOMCXOIUT CUHTE3 M pacliaj MaTepuu,
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ATOMOB €€ COCTaBIISIONINX, Yepe3 KaKAyIO TOUYKY ITPOCTPAHCTBA ITOCTOSTH-
HO TIPOXOAST BOJIHBI, HECYIIIME HE3HAYNUTEIbHBIC BO3MYILICHUSI MEPHOCTH,
acTpoU3UKU HA3bIBAIOT €ro PeJMKTOBBIM M3JydeHUEeM BcelleHHOI!,
KOTOpPOE B OCHOBHOM COCTaBJISIIOT raMMa-u3aydeHus. [amMa-usiaydeHust
MPEICTaBIISTIOT COOO0I TTPOSIBIICHUE TIEPBUYHBIX MAaTEPUIA C IPYTUMHU, MEHb-
MMM 3HAYCHUSIMU KO3 duilmeHTa KBAHTOBAHUSI MPOCTPAHCTBA, YeM
nMeeT Halia BeeseHHas 1 HemocpeICTBEHHO B CUHTE3€ (DU3MUYESCKU TII0T-
HOII MaTepuu ydyacTus He mpuHuMaloT. Ho, TeM He MeHee, UX poJb
SIBJISIETCS KJTIOUEBOM B TIpupoae 3eKTpoHa. [ToCTOSTHHO TTpOHU3bIBas
MPOCTPAHCTBO, 3TU BOJHBI BHI3BIBAIOT HE3HAUUTEJIBHBIE, C TIEPBOTO B3IJIsI-
Ja, BO3MYIILCHMSI MEPHOCTH MpocTpaHCcTBa. He3HaunTeabHbIe TSI Yero-To,
9T BO3MYILEHUSI CTAHOBSITCS OINPECISIONIMMU B IIPUPOIE BJIEKTPOHA.
HaknagpiBasich Ha nedopmannio MUKporpocTpaHcTBa (3.2.6), raMma-
U3JIy4eHUsT KPaTKOBPEMEHHO CO3[al0T JAOIOJHUTEIbHOE MCKPUBICHUE
MUKpPOIIPOCTPAHCTBA, ITPU KOTOPOM BO3HUKAIOT YCAOBUS IJISI CAUSTHUS
CceMU TNepBUYHBIX MaTepuii Halero Tumna (Puc. 3.2.9).

67i <AL+h (3.2.7)

Ha xopoTtkoe BpeMsi BO3HMKAIOT YCJIOBUS, PU KOTOPBIX BCE CEMb Iep-
BUYHBIX MAaTEPUI B COCTOSTHUU CIIUTBCS U 00pa30BaTh TMOPUIHYIO (hOPMY.
HauunaeTcst mpouecc cuHTe3a, NMOsIBISIETCS MaTepuaibHOE 00JIaKo, KO-
TOPOE HAUMHAET YTUIOTHSTHCS, HO TTPOLIECC YIIJIOTHEHUS HE YCIIeBAET 3aBEP-
UThcs. BoaHOBOM poHT, poxos yepe3 0061acThb AeopMaliii MUKpPO-
MPOCTPAHCTBA, IIOCTOSIHHO MEHSIETCS U B pe3yJIbTaTe, COBOKYITHbBIN YPOBEHb
MEPHOCTH 3TOI 00JIACTU COOTBETCTBEHHO TJIABHO MEHSIETCH, B Mpeaeax
aMILIUTYIbl TPOXOsIeid BoJHbI. BojiHA MPUHOCUT ¢ cOOOI M3MEHEHNe
YPOBHSI MEPHOCTHU 30HBI Ie(hopMallMi MUKPOIIPOCTPAHCTBA, 0€3 KOTOPOTo
HE BOZHUKAIOT HEOOXOAMMBIE U TOCTATOYHBIE YCIIOBUS I CIIMSTHUSL CEMU
NnepBUYHBIX MaTepuii. [IomoOHOEe KaueCTBEHHOE COCTOSTHUE COXPaHSIETCS
OYE€Hb KOPOTKMIA TPOMEXKYTOK BPEMEHHU, B TEUEHHE KOTOPOTO MTPOXOASIIAs
BOJIHA CO3Ja€T HEOOXOAUMYIO JIOIMOJHUTEIbHYIO AedopMaluio
MUKpoIpocTpaHcTBa. [Ipuuém, ciemyer yuyecTb, 4YTO BOJIHA HECET B cebe
JOTIOJTHUTEJIBHYIO 1e(hOpMali0 000UX 3HAKOB, KaK MOJIOXUTETBHYIO, TAK
U oTpuliaTeabHyl0. BenencrBue atoro nedopmalivsi MUKpOIPOCTpaHCTBA
HauMHAeT YMEHbIIATbCS, MU HACTYIIaeT MOMEHT, KOTJla BHOBb MCUE3al0T Ka-
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YECTBEHHbIE YCIOBUS /151 BO3MOXKHOTO CJIMSIHUSI CEMM TTEPBUYHBIX MaTEePUid
(Puc. 3.2.10). MarepuaiibHOe 00J1aK0, KOTOPOE TOJIBKO HaYaJIo YIIJIOTHSITCSI,
BHOBb pacceuBaeTcs. Bc€ aTo mporcxoauT Bo BpeMsi MPOXOXKACHUS Yyepes
30HY JAehopMalii MUKPOIIPOCTPAHCTBA TOJBKO OJHOro (hOTOHA ramMMa-
u3aydyeHus1. B cuiy Toro, 4To r00yo TOYKY MUKPOIIPOCTPAHCTBA HEIpe-
PBIBHO MPOHM3bIBAET OTPOMHOE YMCJIO BOJIH, TPOLIECC YIUIOTHEHMS U pa3-
VIUIOTHEHUSI MaTepUU MPOMCXOAUT HeMpepbIBHO. JIJaHHOE COCTOSIHUE SIBJISI-
€TCsl TPAHUYHBIM COCTOSIHMEM (DU3MYECKU TIJIOTHOM Matepuu. MIMeHHO
MO3TOMY 3JIEKTPOH, KOTOPBIIi COOTBETCTBYET 3TOMY T'PAaHMYHOMY COCTO-
SIHUI0, 00JIafIaeT NIBOMCTBEHHBIMU CBOMCTBAMM, KaK YaCTULIbI, TAK U BOJIHBI.
HMMeHHO 1T03TOMY TOBOPUTCS 00 3J1EKTPOHHOM 00J1aKe, KaK 0 HEKOTOPOM
CTYCTKE MaTepuM, KOTOPBIN IBMXXETCSI BOKPYT siApa aToma. AHajoruei
3JIEKTPOHHOMY 00JIaKy MOXET CITY>KUTh TyMaH. BoasiHbIe Mmapbl B BO3AyXe
Mpu TeMIlepaType, Tak Ha3blBA€MOM, TOUKM POCHI, HAUMHAIOT KOHAECH-
CHUPOBAThCSl B MeJIbYaiIlIMe KamneJabKu BOJbl, MaJIeHbKIE€ HACTOJbKO, UYTO
OHU HE BbINAAAIOT B BUJE JOX/IS1, a MTPOAOIKAIOT «[TApUTh» B BO3/IyXE, MO-
rJo1Ias v paccenBasi cBeT. Tak 1 B jepopMaliisix MUKPOIIPOCTPAaHCTBA BO-
KPYT si/ipa aToMa MOSIBJISIETCSI U MCU€3a€eT DJEKTPOHHbBIN «TyMaH» — HEYC-
TOMYMBOE TPAHUYHOE COCTOSTHUE (PU3NYECKU TIOTHOM MaTepurM.

Tenepb xoTea0ch ObI OOPATUTh BHUMAHKWE HA MOHSTUE IBUKEHUS
BJIEKTPOHA. DJIEKTPOH, 3JIEKTPOHHOE 00J1aKo, BOOOIEe HE ABUXETCS B
(pmznyecku naoTHOM cpene. B mepBylo ouepeib TOTOMY, UTO JIEKTPOH HE
SIBJISIETCS B TIOJTHOM CMBbIC/IE (PU3MYECKHU TIJIOTHOM MaTepueid, a eCTb, HU
YTO MHOE, KaK KpailHe HeyCTOMYMBOE rpaHUYHOE COCTOSTHUE 3TOI MaTe-
puu (Puc. 3.2.11). D10 KpaiiHe HEYyCTOMYMBOE IPaHUYHOE COCTOSIHUE
MPOSIBJISIETCSI B MEPBYIO O4Yepedb B MOCTOSIHHOM IepexoAe MaTepuu U3
OJTHOTO KaYeCTBEHHOT'O COCTOsIHUS B Apyroe. [1py aToM 3TH KauecTBeHHbIE
COCTOSIHMS CBSI3aHHBI C OCTOSTHHBIM MOTJIOLIEHUEM U U3JIy4eHUEM (hO-
TOHOB raMMa-u3JIy4eHUs TIpU Mepexoae MaTepuu U3 OJHOIO KaueCTBEH-
HOro cocTosiHus B apyroe u oopatHo (Puc. 3.2.12 u Puc. 3.2.13). [1pu
3TOM, MaTepHUsl MOXET BEPHYTHCS K MPEIbIAYIIEMY KaUeCTBEHHOMY COCTO-
STHUIO He 00s13aTe/IbHO B TOM Xe camoM Mecte (Puc. 3.2.14). [1pu Hanuuuu
TOPU30HTAJILHOTO Tepernania MEPHOCTU, BBICBOOOAMBILIMECS TTPU pacriaie
3JIEKTPOHA MEPBUYHBIE MaTepUH, TTOTJIOTUB (POTOH APYTOii IJTUHBI BOJIHBI,
MOTYT MaTepuaM30BaTbCsl B KaKO-1100 coceaHeil 30He aedopMauuu
MUKpPOIIPOCTPAHCTBA, CYIIECTBYIOIIE BOKPYT siapa atoma. [Ipoucxoaur,
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TaK Ha3bIBa€MbIli, KBAHTOBbII MEpeXo[ JEKTPOHA ¢ OJHOM OpOUTHI HA
npyryto. [1pu mogoOGHBIX TTepexoaax 3JEKTPOHBI MTOTJIOMIAIOT U U3TY4YaloT
(bOTOHBI ¢ pa3IUYHBIMU JJTMHAMM BOJIH. DTO CBS3aHO C TEM, UTO Kaxaas
30Ha OTJIMYAETCS OT COCEIHE UMCIEHHOM BeIMUMHOM AehopMaLliy MU-
KporpocTpaHcTBa. [1oaTOMY M3-3a 3TOro pasanyusl «IJIyOUHbI» 30H Je-
(bopMaliMu MUKpPOIIPOCTPAHCTBA JJII BO3MOXHOCTHA MaTepUaaIu3alnuu
BJIEKTPOHA HEOOXOAMMBI pa3Hble AOMOJHUTEIbHbIE UCKPUBICHUS MU-
KPOIIPOCTPAHCTBA, YTO M OCYIIECTBISIETCS MOCPEACTBOM IOTJIOIIEHUS
(poTOHOB, MMEIOLIMX Pa3HbIE JUTMHBI BOJIH M aMIUTUTYAbI. Tak Kak (hOTOHBI
Pa3HBIX JUIMH BOJIH IPUHOCST C COOOU pa3HbIe MO BEIUNYMHE KOJIeOaHUs
MEPHOCTU MUKPOITPOCTPAHCTBA, TO OHU B COCTOSIHUM KaUY€CTBEHHO BJIMSITh
Ha IMPOLIECCHI B 30HAX HEOJHOPOJHOCTEM, €CJIN UX JNIMHA BOJIHBI COU3ME-
puMa ¢ pazMepaMu 3TUX 30H HEOAHOPOIHOCTH MUKPOIIPOCTPAHCTBA.
NMenHO mosToMy, Tpy U3IIy4eHUU SJIEKTPOHOM (DOTOHA, OH «TI€PECKAKK-
BaeT» Ha MEHBIIYI0 OpOUTY, a MPU MOTJIOLIEHUU, COOTBETCTBEHHO, Ha
OosbIIyI0 OpOUTY. JIe10 B TOM, UTO, C U3JIydeHUEM, C OTepeit 21eKTPOHOM
(poToHa, «rmyOrHa» 30HBI AePopMallii MUKPOIIPOCTPAHCTBA, B KOTOPOI
HaXOIUTCS 3JIEKTPOH, U3MEHSIETCS Ha BEJIMUMHY aMILIATYIbI U3 Iy4aeMOTO
(poToHa. B pe3syabraTe 3TOro 3J1eKTPOH CTAHOBUTCSI HEYCTOMYMBBIM U pac-
MajaaeTcsl Ha IepBUYHbIC MAaTEPUM €ro 00pa3yIolve U MaTepUaTU3YyeTCs B
30HE JeopMali, pacoa0XKEHHOM OIMKe K SIIpy aToMa. AHAJIOTUYHO,
MPY MOTJIOIIEHUHN 3JIEKTPOHOM (DOTOHA, €r0 COOCTBEHHAsI MEPHOCTD YBE-
JIMYUBAETCS, U OH «TI€PECKAKNBAET» Ha OOJIBIIIYIO OPOUTY.

YpoBeHb MEPHOCTU MUKPOIIPOCTPAHCTBA, P KOTOPOM BO3HUKAIOT
YCJIOBUS [UTSI BOSBHUKHOBEHMS 3JIEKTPOHA, HA30BEM COOCTBEHHBIM YPOB-
HEM 3JIEKTpoHa. BOKpyT si/1pa arToMa KOHLIEHTPUYECKU PACIIONIOTAIOTCS 30-
HBbI 1epopMallMi MEPHOCTU MUKPOIIPOCTPAHCTBA, BO3HUKIIIME TPU CUH-
Te3e sapa. [yoruHa aTux 30H aedhopMaliuy pa3jinyHa, o3ToOMy ISl TOrO
YTOOBI BO3HUKJIN YCIOBUS IS CIMSTHUS CEMU MIEPBUYHBIX MAaTEPUIA Y BO-
3HUKJIO JIEKTPOHHOE 00J1aKO, HEOOXOIMMBI KOHKPETHBIE JUIST KAXKIION U3
3TUX 30H JOINOJHUTEIbHBIC UCKPUBJICHUSI MEPHOCTU MUKPOITPOCTPAHCTBA.
DTUM YCJIOBUSIM COOTBETCTBYIOT (POTOHBI pa3HbBIX JJIMH BOJIH, KaK yXe OT-
MEYaJIOCh BBIIIIE, JUIMHBI BOJTH KOTOPBIX COU3MEPHUMBI C pa3MepaMu 30H Je-
(opmannu. B snpe cocpenoToueHo MpakTUIeCKU BCE BELIECTBO aTOMa, TaK
Ha3biBaeMasi, (U3n4eCKM IIoTHasE MaTepusi. CaMbIM ITPOCTBIM aTOMOM
SIBJISIETCSI aTOM BOJIOPO/Ia, CJIOXKHBIMU — TPAaHCYPAHOBbBIE 3JIEMEHTHI. ATO-
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MBI BOJIOpOAa — caMble YCTOMUMBBIE 2JIeMEHTHI BO BeeneHHoI, TpaHcypa-
HOBBIE — COBCEM HEYCTOMUYMBBIE U IPAKTUYECKU BCE U3 HUX CYILLIECTBYIOT
TOJIbKO B ICKYCCTBEHHBIX YCJIOBUSIX Y «KUBYT», ITIOPOI1, MUJUTUAPIHBIE 10~
JIM CeKYH]IbI, a TO U MeHblIe. HeycTOMUMBOCTD TSIKENBIX 3JIEMEHTOB T10-
nagaeT B «IIPOKPYCTOBO JIOXKE» JIOTUKHU, — SIIPO 00pa3yeTcsl U3 IIPOTOHOB
1 HEUTPOHOB, YeM OOJIbIIIE MOCIETHNX, TEM MEHEE YCTOMUMBYIO CUCTEMY
OHU 00pa3yloT. Yem OoJiee cliokHasi cMcTeMa, TeM CJIOXKHEH 11s1 He€ Ha-
XOIUTHCS B YCTOMUMBOM COCTOSTHUU. DTO MPaBUJIO ACUCTBYET B OTHOIIIE-
HUU, DPAKTUYECKU, JIOOO0M CIIOXKHOIM CUCTEMbI. TeM He MeHee, OCTAETCs
OTKPBITHIM BOIIPOC O MPUYMHAX BO3HUKAIOLIE HEYCTOMYMBOCTHU, [TIOTOMY
YTO JIJIs pa3HBIX CIOXKHBIX CUCTEM MPUUYMHAMU HEYCTOMYMBOCTU CTAHOBSIT-
csl pa3Hble MPUPOIHbIE sIBJAeHUS. Tak BOT, B COBpeMEHHOM siiepHOit pu-
3UKE He CYILLIECTBYET OOBSICHEHUSI CAMOTO SIBJICHUSI paJlOaKTUBHOTO pac-
najaa, a ToJbKO KOHCTaTUPYETCSI peabHOCTh ITocyeaHero. M, eciu ¢ Heyc-
TOMYMBOCTBIO TPAHCYPAHOBBIX 3JIEMEHTOB XOTsI ObI JIOTMKA COTJIacyeTCs,
TO C HEYCTOMYMBOCTBIO M30TOIOB 00JIee «ITPOCTHIX» 2JIEMEHTOB, BKJIIOUast
BOJIOPOI, 3Ta JIOTUKA, MSITKO TOBOpsI, paboTaTh OTKa3bIBaeTcs. Aapo atoMma
BOJIOPOJIa COAEPKUT TOJBKO OJWMH HYKJIOH — MPOTOH — W aTOMHBII BeC
€ro NpUHUMAaETCs 3a EAUHMUILY.

Tsxénbiii Bomopon — AEUTEpUt UM TPUTUIA — B SIAPE UMEET, COOT-
BETCTBEHHO, Ha OAWH WJIM JBa HYKJIOHA 00Jibllie. TOIbKO 3TU HYKJIOHBI, B
OTJIMYME OT MPOTOHA, SJEKTPUIYECKU HEUTPATbHBI, UMEIOT MPAKTUYECKHU
TaKol Xe BeC U pa3Mep U Ha3bIBalOTCS HEUTpoHaMu. B oTiinume oT «mpo-
CTOr0» BOJIOPOJa, OHM HEYCTOMUYUBDI, APYTMMU CJIOBAMM, PAIMOAKTUBHBI.
B 1O Bpems1, Kak apyrue 3JeMEHThI, UMEIOIIMEe aTOMHbBIN BeC B JECSATKU
aTOMHBIX €AUHMUIL, TIPOJOJIKAIOT ObITh YCTOMYKMBBIMU. A 30JI0TO, aTOMHBIN
BEC KOTOPOT'0 JOCTUTAeT MOYTH CTa JIEBSIHOCTO CEMU aTOMHBIX AMHULL, BO-
00111€e SIBJISIETCS MAKCUMAJIbHO XUMUYECKU YCTOMUUBBIM 2j1eMeHTOM. [1o-
SIBJICHUE B SIZIpE JII0OOT0 YCTOMUMBOTO aTOMa, «JIMIITHEr0» HEUTpOHa, mpe-
BpallaeT ero B HEYCTOMUYMBBIN N30TOI1. K mpruMepy, To ke 30710TO Au UMEET
B SIAPE CEMBIECST AEBSITh IPOTOHOB M CTO CEMHAALIATh HEUTPOHOB, U YC-
toiturBo! [1pu nosiBjieHWY €11€ OJHOro HEMTPOHA B SIAPE aTOMa 30J10Ta 10-
MOJIHUTEJILHOTO K YK€ UMEIOIIMMCS CTa CEMHAILATH AeIaeT ero HeyCTOM -
yuBbIM. B TO Bpemsl, Kak clienyroluil 3JIeMeHT, UMEIOIMI Ha OJUH MPO-
TOH OoJiblle, pTyTh HE B iIpe COAEPKUT CTO IEBATHAALIATh HEMTPOHOB, yC-
TOMYMB. Bo3HUKAET MPOTUBOpPEUYME CO 3IpaBbIM CMBICIOM, €CJIU MOAX0-
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JUTh K PACCMOTPEHUIO 3TOTO SIBJIEHUSI C KIIACCUYECKOM TOUKM 3peHust. Of-
HO 1 TOXE YMCJIO HEUTPOHOB B Pa3HBIX aTOMaX MPOSIBISET ce0sl MO-pa3HO-
My. 3HAUUT NPUPOIY SIBJICHUS PaAOAKTUBHOCTHU OIPEAeIsieT He YHUCIIO
HEUTpOHOB B siape. Ecaum aTo Tak, 4yTo e BCE-TaKu JAe/1aeT aTOMbl HEYCTOM -
YUBBIMM, pagnoakTUBHbIMU?! JlaBaiiTe pa3doepéMcsl ¢ 3TUM JIFOOOMBIT-
HEUIIWM SIBJICHUEM TIPUPOBI.

3.3. Biuanue MaTepuajibHbIX 00bEeKTOB

MHKPOKOCMOCA HA OKPYXAIOIIHE X MPOCTPAHCTBO

B 30He nedopmaniiy MUKpPOIIPOCTPAHCTBA, K KOTOPOI BBIMOJIHSIIOT-
cs1 HEOOXOAMMBbIE YCIOBMS /151 TIOJTHOTO CJAMSIHMS CEMU TTEPBUYHbBIX MaTe-
pUii, IPOUCXOIUT CUHTE3 TMOpUAHBIX (popM MaTepuii. [Ipuyem, rubpua-
HbIe (DOPMBI MATEPUM CAaMU HAYMHAIOT BIMSITh Ha CBOE MUKPOIIPOCTPaH-
CTBO ¢ 0OpaTHbIM 3HakoM. Kaxkias rubpuaHasi hopma MaTepuu yBeIUUM -
BaeT MEPHOCTb OKPYXKAIOIIEro MPOCTPAHCTBA HA HEKOTOPYIO BEJIMUYMHY.
[Tpouecc cuHTe3a 3TUX IEPBUYHBIX MaTepuii OyIeT MIPOAOJIKATHCS 10 TeX
op, Toka aedopmanusi MEpHOCTH MUKPOIIPOCTPAHCTBA He OyeT HelTpa-
Jm3oBaHa. [MoOpuaHbIe GOPMBI MaTepUU 3aMOJIHSIOT cO00¥ 3TU JedopMa-
uuu MepHoctu. IlpeacraBum cede rpyHTOBYIO gopory ¢ ssmamu. Ecnu
B3SITh U 3aChINAaTh 3TU SIMbl TTOJTHOCTbIO KAMHSIMU, TOBEPXHOCTh I0POTU
BHOBb CTAHET POBHOI1, XOTSI B peaJIbHOCTH SIMbI HUKYAa He ucuesnu. [Tpo-
CTO WX 3alOJHUWJIM KaYeCTBEHHO JPYTMMU TBEPABIMU MaTepuasiaMu. Tak
U TMOPUAHbIE MaTepUX, BO3HUKIIIME B 30HAX Ae(opMaliii MUKPOIIPOC-
TPaHCTBA, KAYECTBEHHO OTJIMYASICh OT MEePBUUYHBIX MaTepUii UX CO3daB-
KX, 3aMOJTHSIOT 30HbI HEOAHOPOIHOCTU U COO0M KOMITEHCUPYIOT UCKPU-
BJIECHWE MpPOCTpaHCTBa. B maHHOM ciyyae, HaC MHTepecyeT rMOpuaHas
(bopma maTepuu, BO3HUKIIIAS, KaK PE3YIbTaT CAUSIHUS ceMU (hOpM Tiep-
BUYHBIX MaTepuii. Jlnana3zoH 3Ha4eHUIA MEpHOCTH, B MpejiesiaXx KOTOPOro
(by3MYeCcKY MIOTHOE BEIIECTBO CTAOMJIBbHO, T.€. HE pacnagaeTcs Ha Iep-
BUYHbIE MAaTEPUU €ro 0Opa3yolIne, JEXKUT B Ipeaesiax:

2.87890 < AL¢.n.s. < 2.89915 (3.3.1)
CaMblit MaJleHbKHIT aTOM — aTOM BOAOPOJa — B CBOEM SIAPE UMEET

TOJIBKO OJMH HYKJIOH — ITPOTOH, ATOMHBIN BEC KOTOPOT'O paB€H OJIHOM yC-
JIOBHOI aTOMHOM eauHMLIe. ECTecTBEHHO OpeaAnoJa0XKunTb, YTO U BJIMAHUC
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Ha CBOM OKpyXaroluii MUKPOKOCMOC aTOM BOAOpoaa OydeT OKa3bIBaTh
MUHUMaJIbHOE. B cuity aToro, Bogopo OyaeT yCTOMYUB BO BCEM AMANa30-
He 3HaYeHU I (pr3ndecku IoTHOro BemlecTra (3.3.1). UMeHHOo osTomy,
BOAOPOI — CaMblii pacnpOCTpaHEHHBIN 271eMeHT BO BeceneHHoii. JlaBaiite
MONbITAEMCS MOHSTh, MOYEMY BOJOPOA — CaMblii pacpoCTpaHEHHBIN
aneMeHT BO BeeneHHoit? [1pu cuHTE3€ aTOMOB, B YACTHOCTUA BOJOPO/A,
MPOUCXOAUT U3MEHEHNE KAaUeCTBEHHOTO COCTOSIHASI MUKPOITPOCTPAHCTBA
BOKPYT siipa 9TUX aToMoB. [1pnyéM, Bo3HUKIIIEE JOTOJTHUTETbHOE NCKPU-
BJICHHME MPOCTPAHCTBA UMEET IPYroii 3HAK MO OTHOIIEHMUIO K 30HE Jie-
(bopManu mpocTpaHCTBA, B KOTOPOUW MPOU3OLIET CUHTE3 3TUX ATOMOB.
Ecnu cuutath oTpuiaTeIbHOM BETMYMHY Ae(opMalliu MPOCTPAHCTBA, B
KOTOPOIi TPOM30IIE]T CUHTE3 AaTOMOB, TOT/1Aa JOTIOJTHUTEIbHOE UCKPUBIIC-
HUeE IIPOCTPAHCTBA, BBI3BAHHOE KaXK/IbIM aTOMOM, OyIeT MOJI0XUTEIbHOMN
BeJIMUMHON. Takum 00pa3oM, Ha MEPBUYHOE UCKPUBJIEHUE TTPOCTPAHCTBA
HaKJ1aJIbIBAETCS BTOPUYHOE UCKPUBJIEHUE C TIPOTUBOIIOJOXHBIM 3HAKOM.
B pesyabrare yero, nepBMYHOE MCKPUBJICHUE MPOCTPAHCTBA YAaCTUYHO
KOMIIEHCHpYyeTcs. ATOM BOJOPO/Ia, UMEIOIINI B CBOEM SIIPE TOJBKO OJUH
HYKJIOH — MTPOTOH — CO3[AET TAKUM 00pa30oM MUHUMAIIbHOE BTOPUYHOE
WCKPUBJICHUE MTPOCTPAHCTBA U MO3TOMY CTA0OWJIEH MTPAKTUYECKN BO BCEM
nvana3zoHe. OnacHOCTh HEYCTOMYMBOCTY BO3HUKAET TOJIBKO ITPY HAXOXIe-
HUM aTOMOB BOJIOpOAA Y TpaHUIl AMalra30oHa CTaOMIbHOCTU (DU3UUECKHU
IUTOTHOTO BetlecTBa. [loaTomy, Bomopom uMeeT CeKTp yCTOMYMBBIX COCTO-
SIHUM, MpaKTUYECKU PaBHBIM AMana3oHy yCTOMYMBOCTU (DU3UYECKU TIIOT-
Horo Bewiectsa (Puc. 3.3.1).

KaxnoMy ycToiiuMBOMy COCTOSIHMIO aTOMa COOTBETCTBYET YPOBEHb
cOOCTBEHHOM MepHOCTU aToma. Eciin aToM nMeeT ypoBeHb COOCTBEHHOM
MEPHOCTH OJIM3KUI K BEpXHEI T'paHuIIe ArMana3oHa yCTOMUYUBOCTU (PU3U-
YECKU IJIOTHOTO BEIIIECTBA, TO, MPY MOMIOLIEHUY aTOMOM (DOTOHA C TN -
HOW BOJIHBI, COU3MEPUMOI1 C pa3MepaMu aToma (ITpy MOTJIOIIEHUU aTOMOM
(boToHa, BJIEKTPOH aTOMa «I1ePeXOAUT» C OJIMKHEN K SIApY OpOUTHI Ha 0O-
Jiee ynaJI€HHYI0), ypOBEHb COOCTBEHHOI MEPHOCTH aTOMa U3MEHSIETCSI Ha
BEJIMYMHY aMIUTUTY/bI MOTJIOMIEHHON aTOMOM BOJIHBI. TakuM 006pa3om, B
pe3yJsibrare NorjaoleHusI aTOMOM (DOTOHA, YPOBEHb COOCTBEHHOI MEPHO-
cTU aToMa yBeJauuuBaetcs. M, eciyv n3HayaibHO aTOM HaXOAWJICS OJIM3KO
K BepXHEW rpaHuUlle Auara3oHa YyCTOMUYMBOCTU (DU3UYECKHU TLJIOTHOTO
BELIECTBA, TOAO0OHOE U3MEHEHNE MEPHOCTHY NTPUBOAUT K HEYCTOMYMBOMY
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COCTOSIHUMIO aTOMa, M OH pacnanaercsi. MoxeT BOZHMKHYTh BOIIPOC, KAKUM
00pa3oM aTOM BOJOPOA B YACTHOCTHU WJIX JT1000M Ipyrou aToM, yCTOHIM -
BbIA B CBOEM OOBIYHOM COCTOSIHUM, CTAHOBUTCSI HEYCTOMUMBBIMU U pac-
nanaetcsi? BEpHEMCs K 00pa3y sSIM Ha Jopore, 3aroIHsIeMbIX BOIOI BO Bpe-
Ms goxas. Kak pa3Mepsl, Tak ¥ r7TyOMHA 3TUX SIM Bceraa OyeT pa3IMIHOM
U MOTPeOYeTCs pa3HOE KOJIMYECTBO BOABI WJIM Y€TO-HUOYIb APYTOTO, YTO-
OBl 3aITOJIHUTD 3TU SIMBI 10 KpaéB. [1oaTomy, ec/iM BO3HMKAET HE3HAYM -
TeJIbHOE MCKPUBJIEHNE MMKPOIIPOCTPAHCTBA, BO3HUKAET CHHTE3 TOJbKO
TAKHX ATOMOB, COOCTBEHHOE BJIMSIHME KOTOPBIX HA CBO& MUKPONIPOCTPAHCTBO
COM3MEPHMO C BeJIMYNHOI 1edopMaImi MUKPONIPOCTPAHCTBA B 00/1aCTH CHH-
Te3a JaHHbIX aToMOB. Ha nedopmanmio MaKponpocTpaHCTBAa HAKIAAbIBAETCS
nedopMaiys MUKPONIPOCTPAHCTBA, TOJBKO C 00PAaTHBIM 3HAKOM, M OHH B3a-
MMHO YPAaBHOBEIIMBAIOT APYT Apyra. MMHUMabHOE UCKPUBJIEHUE MaKpPO-
MPOCTPAHCTBA, IPU KOTOPOM BO3HMKAET CUHTE3 (PU3NUYECKHU IJIOTHOTO
BEILIECTBA, COOTBETCBYET YCIOBUSIM CUHTE3a Bofgopoaa. AToM Bogopoaa H
OKa3bIBA€T MMHUMAJIbHOE BJIMSIHUE HA CBOE MUKPOIPOCTPAHCTBO U UMEH-
HO IT03TOMY SIBJISIETCS nepBefiiieii popMoit pu3nuecKu MI0THOTO Belllec-
TBa Bo Bcenennoii (Puc. 3.3.2).

ATOM BOI0OP0O/JIa — 3TO NEPBOKUPNMYKK MaTepuu Halleil BceneHHol u
MMEHHO OH ITOCIYKWJI CTPOUTEbHBIM MaTepUaJioM, Kak IS 3BE3/1, TaK U
BCEX IPYTMX U3BECTHBIX aTOMOB, KOTOPbIE BO3HUKAJIM B HEAPAX 3BE3/ B Pe-
3yJIbTaTe TEPMOSIICPHBIX peaKIIMii, MOSIBISIIOLIMXCS B pe3yJibTaTe CXKaTus
BOJIOPOJIHBIX 3BE3]] — TrOyObIX TMTaHTOB. CXaTue BOJIOPOIHBIX TOTyObIX
TUTAaHTOB MPOMCXOIUT BCJIEACTBHE TOTO, YTO BHYTPHY I'OJyOOr0 TMraHTa Cy-
ILIECTBYET Tepenaa MEpHOCTH, HaIlpaBAEeHHBINA K LeHTPY 3Be3nbl (Puc.
3.3.3). B pe3yabraTe aTOrO0 CxKatusi, aTOMbl BOAOPOJa HAYMHAKOT ABUTAThCS
K LIEHTPY 30HbI Ae(opMaliii MaKpOIPOCTPAHCTBA U, CTAJIKUBASICh IPYT C
JIPYroM, U31y4yaloT BOJHbI. [1py 3TOM 21€KTPOH KaXI0To M3Ty4aloliero
aToMa BOJIOPOJa MEePEeXOIUT C OPOUTHI C OOJIbIIIEH SHEPrUell Ha OPOUTY ¢
MeHblel. M Tak mpomoyKaeTcst 10 TeX Mop, MOKa 3JIEKTPOH He MPUOJIM-
3UTCS K IAPY-TTPOTOHY HACTOJILKO OJIM3KO, YTO IMPOUCXOAUT KAaUeCTBEHHOE
rpeoOpa3zoBaHUE aTOMa BOAOPO1a B HEUTPOH. CyliecTBYeT KpUTHUYECKas
MUHMMaJIbHas opOuTa IJIl 3JIEKTPOHA aToMa Boaopoaa. M eciiv a31eKTpoH,
HaxoIIsICh HA 9TOM OpOMTE, U3JTYyYaeT BOJHY M MEPEXOAUT Ha OPOUTY HIKE
KPUTHUYECKOM, MPOUCXOASAT HEOOpAaTUMBbIE TTPOLIECCHI M BOAOPO, MEPEX0-
AT B HOBOE KAYeCTBEHHOE COCTOsSIHUE — HEWTPOH. B HeliTpoHe paccTo-
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Puc. 3.3.3
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STHME MEXIY IPOTOHOM U 3JIEKTPOHOM HACTOJIbKO MaJjibl, YTO MOXKHO CKa-
3aTh YTO JIEKTPOH MPaKTUYECKM yrnajia Ha mpoToH. [1pu copoce anekTpoHa
Ha OpOUTY HIXKE KPUTUUECKOM, BOBHMKAET CUTyallMsl, KOTra MpakKTU4eCKU
He CYLIECTBYeT BO3MOXHOCTHU BBIBECTU €ro Ha 0oJiee BHICOKYIO OpOUTY.
HelitpoH, HE MMEIOIIMI 3JIEKTPUUECKOIO 3apsiia, CTAHOBUTCS CTPOM-
TE€JIbHBIM MaTEepUaJIOM IJIsl IPYTUX aTOMOB. YCKOPSISICh, B pPE3yJIbTaTe
CTOJIKHOBEHMUSI C aTOMaMU U APYTMMU HEUTpOHAMU, HEUTPOHBI JOCTUTAIOT
TaKWX SHEPTUI, KOTAa OHU B COCTOSIHUM IIPOHUKHYTH B SIIPO BOJIOPOAA U
CO31aThb AEUTEepUid, TaK HA3bIBAEMBbII, TSKEBIN Bogopod. TakuMm o0pazom
BO3HMKAIOT YCJIOBUS IJISI TEPMOSIACPHBIX pEaKIIWiA, B pe3yJIbTaTe KOTOPBIX
CUHTE3UpYyeTCs reanii. AHaATOrMYHBIM 00pa3oM MPOUCXOIUT CUHTE3 U
aTOMOB BCEX OCTAJIbHBIX 2JIEMEHTOB. B pe3yiibraTe cxkaTus 3Be31bl HACTY-
naeT MOMEHT, KOTJa IMIPOUCXOIUT B3PhIB, TAK Ha3bIBAEMOI, CBEPXHOBOM,
W BELIECTBO BEPXHUX CIOEB 3BE3/IbI, COCTOSIIIEE U3 aTOMOB Pa3HbIX 3J€-
MEHTOB, BbIOpAaChIBaeTCsl B OKpyxXKalolee npoctpaHcTBo. Kpome atoro,
cJieayeT BCTIOMHUTD, UTO, B Ipeeiax Auarna3oHa yCTOMYMBOCTU (pr3nydec-
KM IIJIOTHOTO BEIIECTBA MEPHOCTh MUKPOIIPOCTPAHCTBA MEHSIETCS HEMpe-
PBIBHO B TO BpeM$l, KaK BTOPUYHOE BJIMSIHUE KaXXIOro aToOMa Ha 3TO Xe
MPOCTPAHCTBO UMEET KOHKPETHYIO, KOHEUHYIO BEJIUUYMHY. DTa BeJIMUYMHA
BJIMSIHUSI COOCTBEHHO aTOMa MOXET ObITh OY€Hb MaJICHbKOM, KaK y BOJO-
pona, Uju COU3MEPUMON C AUATa30HOM YCTOMUYMBOCTU — KaK y ypaHa 1
caeayomux 3a HUM sjaemeHToB (Puc. 3.3.4). BiusgHue Bcex ocTaabHBIX
BJIEMEHTOB JIEXKUT MEXAY STUMU KPAHHOCTSIMU.

Bonopon Mbl Ha3bIBaeM CaMbIM «JIETKMM» 3JIEMEHTOM, a TpaHCypa-
HOBBbI€ — CaMbIMU «TsLKENbIMU» (Puc. 3.3.5). Ho, Bpsiaiu KTo-HUOYIb 3a-
JyMBIBAJICSI, UYTO CTOMT 3a 3TUMM CTOJb OUYEBUIHBIMU MOHITUSIMU. MBI
MPUBBIKJIU IPUHUMATh, KaK JOJDKHOE, MHOTME TIPUPOAHBIE SIBJICHUS, XOTS
OHU HEeCYT B ce0e Mopoit yIuBUTEIbHYIO MH(pOpMaLIMIo, 00J1afaHue KOTO-
POl MOXET MOMOYb pa3ragaTh MHOTHE 3aragku npupoabl. [IpencraBum,
YTO B BOJLy OpOIIIEHO MHOTO IIAPMKOB Pa3HOI0 pa3Mepa, HO OTMHAKOBOM
IUIOTHOCTU Y CAMbIi MAJIEHbKUI U3 HUX — LIE€JIOE€ YMCJIO Pa3 IMOMEIIAeTCs
B 1000M apyroM. BenencTBue 3Toro, Bec Kaxkaoro OyaeT Oosibliie Beca ca-
MOTO MaJIEHBKOTO BO CTOJILKO Pa3, CKOJILKO pa3 OH MOMEIIAETCs B JAaHHOM
mapuke. Ilocie Toro, Kak Bce 3TU IIAPUKHU yITaJIv B BOAY, OHU MPUILLINA B
Xa0THUUYECKOE, MO OTHOLIEHUIO IPYT K ApyTy, ABMKeHue. Ho mocreneHHo,
o Mepe NOoTepu UMY M3HAYAJIbHOIO MMITYJbCAa, OHU PACIIPEACISITCS B
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Puc. 3.3.4
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BOJI€ B oIpeae e HHOM Topsiake. CaMblil IETKUI IIapuK OyJeT IJ1aBaTh Ha
MOBEPXHOCTU BOJIbI MJIM OJIM3KO K HEM, TaM, TJIe €ro Bec OyAeT HeUTpaau-
30BaH JaBJeHWEeM BoJbl. Bce ocTajibHbIE IAPUKU, B 3aBUCUMOCTHU OT UX
pasmepa, a CJIeI0BaTEIbHO U BECA, OKAXYTCS MOTPY>KEHHBIMU Ha pa3HbIe
r1youHsbl. JIro60€e ABMXKEHNE BOAbI OyIeT MPUBOAUTD B IBUKEHUE BCE 3TU
IIapUKK1, HO KaXIbI pa3, Mocje MpeKpalleHus JBUKEHWSI BOIHbBIX Macc,
BCE OTH IIapUKU BHOBb 3aIMYT «CBOM» MECTa — BEPHYTCS Ha Ty INIyOUHY,
I7Ie UX BEC HEUTpaAIM3yeTcs NaBjieHrueM Boabl. He mipaBaa jiv, moHsITHas 1
3HaAKOMasl KaKJI0MY M3 Hac KapTUHA. Tak BOT, CAMbIM «JIETKMM IIAPUKOM>»
SIBJISIETCSI BOJIOPO/I, @ BCE OCTAJIbHbIC IIAPUKU — aTOMaMM APYTUX JEMEH-
TOB, aTOMHBII BEC KOTOPbIX — KpaTHBIA aTOMHOMY BeCy aToMa BOAOPO/Ia.
KpatHslii moTomy, 4To J11000€ SIIPO COCTOUT U3 HYKJIOHOB — MTPOTOHOB U
HEWTPOHOB, BEC KOTOPHIX — MPAKTUYECKN OJJMHAKOBBINA.

Taxk BOT, TaK Xe, KaK ¥ BOIHbIE MACChI TPUXOSIT B IBM>KEHME TTO BO-
3[IeICTBMEM BeTpa WM Yero-HUOyab APYroro, B HpOCTPAHCTBE IMTOCTOSIHHO
MPOUCXOMIT Pa3IMYHbIE MPOLIECCHI (HAIIPUMED, IPOXOXKIAECHUE YEPE3 ITPO-
CTPAHCTBO Pa3HbIX BOJIH), B Pe3yJIbTaTe Yero BCE «IIaBalolIne» B IIPOC-
TPaHCTBE aTOMbI ¥ MOJIEKYJIBI ITOYTH MMOCTOSIHHO HAXOASTCS B AIBUKEHUU.
[Toce kaxxmoro ouepeTHOro BO3MYILIEHUsI MEPHOCTU MTPOCTPAHCTBA aTO-
Mbl BO3BpAIlalOTCSI K CBOMM «PaBHOBECHBIM» COCTOSIHUSIM. Bcienctue
5TOr0 aTOMbI BOAOPO/Ia CKAIUIMBAIOTCS Y BEpXHEUW rpaHUIIbI JUANa30Ha yc-
TOUYMBOCTU (PU3UYECKU TIJIOTHOTO BeliecTBa. [loHMMaHue 3Toro, mpu-
OJIVKaeT K OCMBICTIEHUIO PAIMOAKTUBHOCTU U30TOIOB «JIETKUX» U «CPE/l-
Hel TskecTu» aeMeHToB. K npumepy, nmpu 6oMOapaupoBKe Boaopoaa
HEUTpOHaAMM, HEKOTOPbIE aTOMbI BOAOPOAA 3aXBAaTbIBAIOT OJWH WX ABA
HEWTpOHa, B pe3y/IbTaTe Yero aTOMHBIN BEC 9TUX aTOMOB YBEJIMYMBAETCS
Ha OJHY WM JIB€ aTOMHbIE€ AMHULIBI M 00pa3yeTcs AeUTepuil Wi TpPUTUM,
UMerole 00JIbIINI, Y4EM BOJOPO/, AaTOMHBI BEC IMPU TAKUX XK€ JEKTPO-
XUMMWYECKUX CBOMCTBAX. JleidTepuii U TPUTUIA, UMeS TAKOM HE3HAYUTEITb-
HBIIA aTOMHBIN BEC, SIBJISIIOTCS PaAMOAKTUBHBIMU M30TONAMU BOJIOPO/A.

HeoObsicHuMOe ¢ Ki1accUueCcKOoi TOUKU 3peHUs SIBJIEHUE CTAaHOBUTCS
€CTECTBEHHBIM 11 TOHUMAHMS, €CJIM YYECTh BbIllIECKa3aHHOe. B ripuH-
L11e, BOOOPOA YCTOMYMB B MpeAeiax MPaKTUIECKX BCEro TMana3oHa yc-
TOUYMBOCTU (DU3UYECKM TUIOTHOTO BemiectBa. Ho, mpu aToM, ypoBeHb
COOCTBEHHOI MEPHOCTH BOJOPO/A paciiojaraeTcs 0JM3K0 K BEpXHE rpa-
HUIIE aMara3oHa YCTOMYMBOCTHU. sl TOro, 4toObl MOHSATH, YTO TaKOe
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YPOBEHb COOCTBEHHOI MEPHOCTHU, CJIEAYeT BCHOMHUTD, YTO KaXK/Iblii aTOM
BJIMSIET HA CBOE MUKPOITPOCTPAHCTBO. DTO BIAUSHUE O0YCIOBICHO TEM, UTO
aTOM 3aHMMaeT co0OM YacTh MaKpOIPOCTpaHCTBA. BausiHue kaxmoro
aToMa Ha CBOE MMKPOMPOCTPAHCTBO U MAKPOMPOCTPAHCTBO — MOCTOSIHHO
U TIPONOPILIMOHAIbHO aTOMHOMY BeCy, IPYTUMU CJIOBaAMM, KOJIUYECTBY
MMPOTOHOB 1 HEMTPOHOB, 00PA3YIOIIMX AaTOMHOE SIIPO: YeM OOJIbIIIee YUCIIO
HYKJIOHOB (IIPOTOHOB M HEMTPOHOB) BXOIST B COCTaB siipa aToMa, TeM
OoJbllie BIMSIHME aTOMa Ha OKpyxKalollee MpocTpaHcTBo. edopmanms
MaKpOIIPOCTPAHCTBA MOXET ObITh pa3IMYHON. ATOMBI, BO3HUKAIOIIIUE
BCJIEICTBME CUHTEe3a WM MOIaBlIKe B 3Ty Ae(opMalluiio, 3all0JHSIOT e
coboii. [ToaToMy, mpu 3aroJIHEHUU OJHOM U TOM XKe HEOTHOPOAHOCTH
pa3HbIMU ATOMaMU, TOCTEAHUE (ATOMBI) OKAXKYTCsI B pa3HbIX KAUE€CTBEH-
HBIX YCIOBUSIX. ATOM BOJAOPO/IA, TIPU CBOEM MUHMMAaJIbHOM BJIMSHUU Ha
OKpYyKalollee MpoCTPaHCTBO, Oy/IeT YCTOMUMB T10 BCeit 30He HEOTHOPO/I-
HOCTH B CUJIy TOTO, UTO CTEIIe€Hb BIIMSTHUSI aTOMa BOJIOPOAAa Ha OKPYKalo-
111€€ MPOCTPAHCTBO 3HAYMTEILHO MEHbIIIEC BETUYMHBI CAMOI Ie(hopMalivu.
B To Bpemsi, Kak cTeneHb BIMSIHUSI HAa OKpY»Karolllee MpOCTPaHCTBO aTo-
MoMm ypaHa U cousmepuMo ¢ MaKCUMabHOI BEIMYMHON AeopMaluu
MPOCTPAHCTBA, IPU KOTOPOI MOXET CYIIECTBOBATh (PU3NYECKHU MIOTHOE
BeuiecTBO. [ToaToMy, yclioBUS 11 CUHTE3a M YCTOMUYMBOIO COCTOSIHUS
aToMa ypaHa BO3MOXXHBI TOJILKO IPU BeJIMYMHE AedopMaliiy, COU3MEPH -
MOI1 CO CTETIeHbIO BJMSHUS aTOMa ypaHa Ha OKpYKalolilee pOoCTPaHCTBO.
A 9Ta BeJIMUMHa, KaK y>Ke TOBOPUJIOCh, COM3MepHUMa C BeJIMUMHON Arana-
30Ha YCTOMUYMBOCTU (DU3NUYECKU TIJIOTHOTO BelecTBa. [loaTomy, ypoBeHb
COOCTBEHHOI MEPHOCTH aTOMa ypaHa OyIeT JieXaThb BOJM3U HUKHEN Tpa-
HUIIbI 1Mara3oHa YCTOMYMBOCTH.

AtoM Bonmopoaa H oka3piBaeT MUHMMAJIbHOE BJIMSIHUE Ha OKpYXKa-
o111ee MPOCTPAHCTBO U MTO3TOMY OH OyJeT YCTOMYUB MPAKTUYECKU B Mpe-
Jeax BCero auana3oHa YCTOMYMBOCTU (PM3UUECKU MIOTHOTO BelllecTBa.
Jpyrumu cjioBaMu, BOAOPOJ UMEET CIIeKTp 3HAaUECHU I COOCTBEHHOI Mep-
HOCTU, COM3MEPUMBIN € TMANa30HOM YCTOMYMBOCTY (DU3UYECKU TJIOTHOTO
BenlecTBa. Takum 00pa3om, ypoBeHb COOCTBEHHOI MEPHOCTH NMPeCTABISAET
c000ii 3HAYeHKe (1) MEPHOCTH MPOCTPAHCTBA BHYTPH IMANIA30HA YCTONYMBOC-
TH (pM3NYECKH IJIOTHOTO BEIIeCTBA, MPH KOTOPHIX MPOUCXOIUT CHHTE3 AaH-
HOro aTOMa M NMPH KOTOPOii OH COXpaHseT yCToiunBoe cocTossHue. CIeKTp
3HAYECHUU ypOBHE COOCTBEHHOM MEPHOCTHU BOAOPOAA O3HAYAIOT, YTO
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CHHTE3 aTOMOB BOjoOpoja OyIeT MpOMCXOAUTh, KaK Mpu aehopMalusax
MPOCTPAHCTBA, COM3MEPUMBIX CO CTEIIEHbIO BIMSIHUSI aTOMa BOAOPO/1a Ha
OKpYy:Kalollee MPOCTPaHCTBO, YTO OJIM3KO K BEpXHEl TpaHulle AUara3oHa
YCTOMYMBOCTH, TaK U MIpH AeopMalivsiX TPpOCTPaHCTBA, COU3MEPUMBIX C
BEJIMYMHON AMana3oHa YCTOMYMBOCTU (PU3MUECKU TIJIOTHOTO BElleCTBa.
CremyeT OTMETUTD, YTO KaXKIbIi aTOM BIMSIET Ha OKpYXKalolllee TPOoCTpaH-
CTBO B 3aBUCUMOCTHU OT €r0 aTOMHOTO0 Beca. Ho, BHe 3aBUCUMOCTHU OT TO-
ro, KaKk CUJbHO OH BJIUSIET, OH YaCTUYHO WJIU IOJHOCTBIO 3aITOJIHSET
coboii nedpopMalvio MPOCTPAHCTBA, YMEHbIIAsl TEM CaMbIM BEJIUYUHY
atoit nepopmanimu. [1oaTOMY, COBOKYITHOE BIMSIHME Ha MPOCTPAHCTBO
JIBYXCOT TPUALIAT! BOCBMM aTOMOB BOIOpOAa MPUOJIU3UTEILHO OYIeT paB-
HO CTEIEeHU BIMSIHUS OJHOrOo atoma ypaHa. [Ipuuém, 3anosHsiss coboit u
KOMITEHCUPYs JeopMaliiio MPOCTPaHCTBA, KAXIbIiA aTOM BOIOpo/Ia OyaeT
YMEHBIIIATh «IIYOMHY» 3TOM AedopMalliy 1 ABECTU TPUILIATh BOCHMOM
aTOM BOAOPOJA OKAXETCS B TaKMX XKe KAaueCTBEHHBIX YCJIOBUSX, KaK U
OJIMH aTOM ypaHa — CTaHET HEYCTOMYMBBIM, PaIMOaKTUBHBIM. OTINUME
OyleT TOJIbKO B TOM, UTO BCE 3TU aTOMbI BOJOpoAa OyIyT HAXOAUTHCS B
MOCTOSTHHOM JBUXEHUU IPYr OTHOCUTEIbHO JApyra U MepuoaUYECKU
KaXIbIi U3 HUX OKAXKETCS B MOJOXEHUN HEYCTOMUYMBOCTH U, €CJIU B 3TO
BpeMsl 4yepe3 JaHHYI TOYKY MPOCTPaHCTBA MPOMUAET KaKoe-HUOYIb
MMKPOCKOIMMMYECKOE BO3MYILIEHME MEPHOCTU IMPOCTPAHCTBA, JaHHBII aTOM
BOJOpOA CTaHET palMOaKTUBHBIM. B TO BpeMsl, KakK KaXIblii aTOM ypaHa
MMOCTOSTHHO HAaXOAUTCSI B HEYCTOMYMBOM COCTOSIHUM WM TIPU MU-
KPOCKOIMMYECKHUX BO3MYIIEHMSIX MEPHOCTU MTPOCTPAHCTBA HAYMHAET pac-
rnajaThcs Ha 0oJiee YCTOMUYMBBIE aTOMBI.

Takum 06pa3zom, BHe 3aBUCUMOCTH OT TOT0, KAKOii 3TO aTOM, OH CTa-
HOBHTCS PaJIHOAKTHBHBIM, €CJIH OH, 10 TEM HJIM HHBIM NPUYMHAM, OKAKETCS
0JIM3KO0 K BepPXHe# rpaHuIie IHANA30HA YCTOMYMBOCTH (PM3HYECKH IIOTHOTO
BeniecTa. B cuty Toro, 4To B MpOCTPAHCTBE MOCTOSIHHO MPUCYTCTBYIOT
pa3IMyHbie MUKPOCKOIIMYECKHE KOIeOaHUsI MepHOCTH, aTOMbI BOAOPOIa
MOCTOSTHHO HaXOAsITCS B ABUXKEHUU, TIPU KOTOPOM OHU OTKJIOHSIIOTCSI OT
ONTHMMAJIBHOTO U1l HUX YPOBHSI MepHOCTU. Ho, Kak v MOIIaBoK yIueaimni
MOJ BOMAY BCILJIBIBAET I1OCJI€ TOTO, KaK pbl0a OTIYCTUT HaXKMUBKY, TaK U
aTOMBbI BOJOpoa (BIIpoYeM, KaK 1 JII0ObIe IpyTrie aTOMbI) BO3BpAILalOTCs
K ONITUMAaJbHOMY YPOBHIO cOOCTBeHHOI MepHOCTU (Puc. 3.3.6). Eciu Bo
BpeMsI IBVXKEHUSI aTOMOB BOIOPO/IA TTO1 BO3ACHCTBUEM BO3MYILIEHUIA MEP-
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HOCTH MUKPOIIPOCTPAHCTBA SIIPO KAKOT0-JIM00 U3 aTOMOB BOAOPO/IA «3a-
XBaTUT» OAVH WK IBA «IUIIHUX» HEUTPOHA, TO, TIPU BO3BpallleHUU TaKUX
U3MEHEHHBIX aTOMOB K ONITUMaJIbHOMY JIJIsI BOIOPOAA YPOBHIO MEPHOCTH
OHM «BBITIAJAI0T» U3 IMANTa30HA YCTOMYMBOCTH (DU3NUYECKU TUIOTHOTO Be-
mectBa (Puc. 3.3.7). B pesynbrare yero, CTaHOBSITCSI HEYCTOMYMBBIMU U
pacnanatorcs (Puc. 3.3.8). U Bc€ cpa3y cTaHOBUTCSI HA CBOM MECTa, UCUe-
3a10T IPOTMBOPEYMS, BMECTO a0Cypla OTKPBIBAETCS BEJIMKOJIEITHAS Kap-
THUHA MUKPOMUpPA B CBOEI MepBo3aaHHOM KpacoTe. OcTanoch BbIICHUTD
TOJIbKO MaJIEHbKOE «HO»: ITOUYeMY TSLKEJIbI BOJOPO BO3BpAIlaeTCs K TO-
MY e ONTUMaJIbHOMY YPOBHIO COOCTBEHHON MEPHOCTH, YTO U «ITPOCTOM»
BOJIOPO/I, B PE3YJIbTaTE YETO CTAHOBUTCSI HEYCTOMYMBBIM M pacragaercs?!
JlaBaiiTe 4yTh TJIyOXe «3arjIsHEM» B SIAPO aToMa Bojgoponaa. Amapo
«IIPOCTO» BOJOPO/IA UMEET OMH HYKJIOH — MPOTOH — MOJOXMUTEIbHO 3a-
PSDKEHHYIO YaCcTULLY, 3apsii KOTOPO HeMTpaIu3yeTcsl OTpULaTeIbHbIM 3a-
PSIIOM 3JIEKTPOHA, YTO 00ECNeYMBAET YCTOMUYMBOCTh aTOMa. BCIIOMHUM,
YTO SIAPO COAEPXKUT MPAKTUUECKHU BCIO MAacCy aTOMa, B HEM COAEPXKUTCS
(bu3myecky IMJIOTHOE BEIECTBO, IMpeacTaBisioliee co00ii TMOPUIHYIO
(bopmy MaTepuu, BOSHUKILIYIO B pe3y/bTaTe CAUSHUS CEMU IMePBUYHBIX Ma-
tepuil. [MOpuaHBIE GOPMBI BIMSIIOT HA MEPHOCTh MUKPOIIPOCTPAHCTBA C
oOpaTHBIM 3HakoM. BciencrTBue 4ero, M3HavyajlbHasl aedopmalius Mu-
KPOIPOCTPpAHCTBA HEHTPAIU3YeTCs, M BOCCTaHABIMBAETCS OajlaHC — yC-
TOMYMBOE COCTOSIHME MPOCTPAHCTBA. SIpo aToMa BoaOpoaa, Py CBOEM
POXIEHUU, CO3AAET CBOIO MUKPOCKOTTUYECKYIO 1e(hOopMalIMi0 MEPHOCTHU
OKpPY>Kalolllero MUKPOIPOCTPAHCTBA TAKOM XK€ MPUPOJbI, YTO U M3HA-
yanbHas. M, ecnu udHavaibHy0 nedopmaliiio CUMTaTh OTpULIATEIbHOM,
TO (PU3NYECKU TUIOTHOE BELIECTBO CO3/IAET MOJOXUTETbHYIO IeopMalinio
MMKPOITPOCTPAHCTBA. B 3aBUCMMOCTHM OT TOro, Ha KAKOM PacCTOSIHUU OT
siipa BO3HUKAET BbI3BaHHAsI IMIPOTOHOM JedopMaliyisi MUKPOIIPOCTPaHC-
TBa, MOSIBJSIETCS WM aTOM BOAOpPOJA, WJIM HEHTpOH. Jleao B TOM, UTO
HEWUTPOH — B3JIEKTPUUECKU HelTpabHas YacTUlla, KaueCTBEHHO 00pa3o-
BaHa MPOTOHOM U 3JIEKTPOHOM, PACCTOSIHUE MEXIY KOTOPbIMUA — Ha I0-
PsIIOK MeHbIIEe pa3Mepa aToma Bonopoaa. [loatomMy, cTosib 6J1M3KO0 pacmo-
JIOKEHHbIE TIOJIOXKUTEIbHAsI U OTpUllaTe/bHasl 30HbI 1eopMallui MU-
KPOIPOCTPAHCTBA MOJHOCThIO KOMIIEHCUPYIOT APYT APyra, U BO3HUKAET
HeUTpaJibHasi 30Ha MUKPOITPOCTPAHCTBA, KOTOpast He BCTYITAeT BO B3aUMO-
NEUCTBUE HU C KAKMMM IPYTUMU, U30JIMPOBaHHAs OT BCETO U BCH.
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Y aTtoma Bogopoaa «3JeKTpOHHAas» 30Ha Je(opMaluyi MUKPOIPO-
CTPAHCTBA HECKOJIBKO OTIAJIEHA OT MPOTOHA, B PE3YJIBTATE YETO €€ BIIUSI-
HHE Ha MPOTOH SApa BOAOPOAA 3HAUMTEILHO MEHbIIIE, B CUJTy YETro CUJia
B3aMMOAECHCTBUS MEXIYy HUMU — 3HAYUTEIbHO MEHbBIIIE YeM BHYTPHY HEMi-
TPOHA, B pe3yJibTaTe yero, MosIBJISIIOTCSI CBOMCTBA, XapaKTepHbIE 151 aTO-
MOB. Takum 00pa3oM, YETKO BBIPUCOBAIMCH OTJIUYMS MEXITY aTOMOM BO-
J0POJia U HEUTPOHOM U1 3TO pa3IMume — TOJIbKO B pACCTOSIHUM MEXITY IBY-
M1 30HaMu AeopMaliii MUKPOTPOCTPAHCTBA Pa3HbIX 3HAKOB. MIMEHHO
paccTosiHUe MeXIy HUMU TaK 3HAUMTEIbHO BIMSET Ha UX CBOMCTBA, YTO
MbI TOBOPUM, B OTHOM cJiydae, 00 aToMe BOIOPOAaA, a B IPYTOM — O HEW-
TpoHe. M onsITh, MPpOCTPAaHCTBEHHbBIE XapaKTEPUCTUKHU ITPUBOIST K Kadec-
TBEHHOMY CKAuKy MPOSIBJIECHMSI MATepUU. A TeNepb, BCNOMHUM, UTO «3JIEK-
TPOHHAas» 30Ha IehopMallii HEI0CTaTOUHA JIJIs TOJTHOTO CAUSIHUSI CEMU
(opMm MaTepuu M, YTO YCJIOBUS JUISI CAUSIHUSI BO3ZHUKAIOT TOJBKO Bpe-
MEHHO, BO BpeMsI MPOXOXKIEeHUS (DpOHTA BOJIHBI YEPE3 «3JIEKTPOHHYIO» 30-
Hy nedopMallMi MUKpPOIpOoCcTpaHCcTBa. B pedyabrate atoro, usnyecku
IUTOTHAsI MaTepUsl «POXKIAETCSI», YTOOBI B CIEAYIOIee MTHOBEHUE YMEPETh,
U TaK TOBTOPSIETCS OECKOHEYHOE YMCII0 pa3. Bo BpeMst cBoei «kpaTKOBpe-
MEHHOM XXU3HW» 3JIEKTPOH MPOSIBIISIET CBOMCTBA BELIECTBA, APYTUMHU CJ10-
BaMM, BJIIMSIET Ha IIPOCTPAHCTBO TOYHO TakK K€, KaK U AP0 aToMa BOJOPO-
Jla — OpOTOH. B MOMEHT ero pacnaga — «CMepTHU» — MOJ00HOE BIUSIHUE
ncuesaet. M, kak ciencrame, aToM BOAOPOIA MMOCTOSTHHO COBEPIIAET MU-
KPOCKOIMYECKHME KOJIEOAaHMSI MEPHOCTU OKPYXAIOIeT0 MUKPOITPOCTPaH-
CTBa, OTHOCUTEJIbHO YPOBHSI YCTOMUMBOIO COCTOSIHUSI paBHOBecus. B pe-
3yJbTaTe MEPUOANUECKON MaTepUain3aliuy JIEKTPOHA, «3JIEKTPOHHAs»
MUHYCOBasi 30Ha Jie(hopMallii MUKPOIPOCTPAHCTBA TO UCUYE3HET, TO BHOBb
nosBUTCS. Taknm 06pa3zoM, pazanure MeXIy aTOMOM BOAOPOAA U HEMTPO-
HOM OMpPEAEISIIOTCS TOJILKO UX IMPOCTPAHCTBEHHOM CTPYKTYpPOid, KOTOpast
OKa3bIBAET BJMSHME TOJbKO Ha X XMMUYECKHE CBOMCTBA, B TO BpeMsl, Kak
MNpUpOJIa UX BIUSHUS HAa MUKPOIPOCTPAHCTBO — MPAKTUUYECKHU TOXIIEC-
TBeHHA. [10aTOMY, KOTIa aTOM BOAOPO/IA «3aXBaThIBA€T» HEUTPOH, ATOM TSI-
>KEJIOro BOAOPO/a CTPEMUTCS K TOMY K€ ONTHMaIbHOMY YPOBHIO COO-
CTBEHHOIT MEPHOCTH, UTO U «IIPOCTOM» BOAOPO/I, B TO BpeMsl, KaK COBOKYTI-
HOE BJIWSTHUE S1IPA HA OKPYXXAIOIIEe MUKPOMPOCTPAHCTBO Yy TSIXKEIOTO BO-
J0poja B IBa WM TpU pasa (B cilydyae AeUTepust UIU TPUTHUSI, COOTBET-
CTBEHHO) 00JIbIIIe, YeM y ITpocToro Bogopoaa. M, kak cieacteue, TSOKETbIN
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BOJIOPO/I BBITIaaeT 3a MpeAebl yCTOMUMBOCTU (PU3NYECKH IJIOTHOTO BE-
mectBa. Ero ssgpa oka3piBaloTCs B 30HE MUKPOIPOCTPAHCTBA, TA€ HE MO-
JKeT CYILIeCTBOBATh MaTepUsl, BOZHUKIIIAS TIPU CAUSIHUU CEMU IIEPBUYHBIX
MaTepuid, MPOUCXOIUT pacliaj siipa Ha MaTepuu, ero obpasymoiiue. Yto u
COOTBETCTBYET paIMOAKTUBHOMY pacrany.

MoxeT BO3HUKHYTb BOIIPOC: MOYEMY aTOM BOJIOPOJa, KaK U BCE OC-
TaJIbHbIE aTOMBI, JOJKEH CTPEMUTHCS K ONTUMaJbHOMY YPOBHIO COO-
cTBeHHOU MepHOCcTU?! M1 BOOOILIE, YTO CTOUT 3a 3TUM MoHSITUEM? Ouepe-
Hasli KOMOMHALMS CJIOB, HE MMelomasl (PU3NIeCKOro CMbICIa U YETKOTO
o0bsicHeHus?! [laBaiiTe pa3doepEMcs ¢ TUM MOHSTHUEM.

Kak yxxe orMeuanoch, rubpuaHbie (pOpMbI MaTepUii CBOEI Maccoi
3aIOJHAIOT Ae(opMalliio MPOCTPAHCTBA, B KOTOPOI MTPOMCXOIUT UX CUH-
te3. [Ipoliecc cuHTe3a MpoaoKaeTcs A0 TeX Iop, MoKa 30Ha Aedopmalinu
He 3aIOJIHUTCS MTOJTHOCTBIO, TaK Xe, KaK IMPU 3aCbllIaHUU KAMHSIMU SIMBI,
MOBEPXHOCTh TPYHTOBOI JOPOI'M CTAHOBUTCSI pOBHOM. [MOpuaHbIe MaTe-
PYM HEUTPAIM3YIOT CO00M 30HY AeopMaliuy TPOCTPAHCTBA. A 3TO MOXET
03HayaTh TOJIbKO OJJHO — OHM CaMU BJIMSIOT HA MEPHOCTb IPOCTPAHCTBA
CO 3HAaKOM, OOpaTHBIM 3HaKy JAe(opmalnny MPOCTPAHCTBA, B KOTOPOM
MPOUCXOANJI CUHTE3 9TUX THOPUIHBIX MaTePUil. ATOMBI CO31aI0T BTOPUY-
HOE MCKPUBJIEHUE MUKPOIIPOCTPAaHCTBA. TakuM 00pa3oM, KaXIblii aToM
HU3MEHSIET MEPHOCTb CBOETO MUKPOITPOCTPAHCTBA, B TO BpEMsI, KaK BCE OC-
TaJIbHOE OKPYXaIoIllee er0o MUKPOMPOCTPAHCTBO COXPAHSIET MEPHOCTb,
KOTOpas ObLj1a 0 CUHTE3a IaHHOTO aToMa. B pe3yiibrate 3Toro, BO3HMKAET
HEKOTOPBIN mepenan MEPHOCTU, HAIIPABJIICHHBINA OT YPOBHS C MEHbIIEH
MEPHOCTBIO, K YPOBHIO C 00JIbIIIEi. DTOT HEOO IO TTepernaa MEPHOCTU
3acTaBJIsIeT aTOM JIBUraThCsl K BEpXHEU rpaHuIIe AMara3oHa yCTONYMBOCTH
(pv3nmyecKky MIOTHOTO BelllecTBa. BcmoMHUM, 4To TiepBUYHas aedopMma-
1IMsI TIPOCTPAHCTBA, B KOTOPOI MTPOUCXOAUT CUHTE3 TMOPUIHBIX (hOPM, CO-
3Ma€T nepernag MepHOCTU, HallpaBJIeHHBIN OT YPOBHS € 00JIblIeil MEPHO-
CTBIO K YPOBHIO C MEHBIIIEH, UTO U 3aCTaBJISIET CBOOOIHBIEC IEPBUYHBIC Ma-
TEpUU JBUTATHCS BHYTPh 3TUX 30H, IJIe OHU OKA3bIBAIOTCS B APYTUX Kaue-
CTBEHHBIX YCJIOBUSX, TPU KOTOPBIX IPOUCXOIUT CUHTE3 THOPUIHBIX MaTe-
puii. Takum oO6pa3oM, rpagueHT (Teperan) MepHOCTH, B 30He Aedopma-
LIMK TIPOCTPAHCTBA, UMEET OJMH 3HaK, B TO BpeMsl, KaK CO3JaHHBII Mpu
CMHTE3€ aToMa mnepernaj MMeeT MPOTUBOMNOJI0XKHBIN 3HaK. BcrioMHUM U
Ipyroi pakT: sMa Ha JOPOTe HE MCUE3aeT, a TOJIbKO 3aIlOJHSIETCS KAMHSI -
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mu. [ToaToMy mazke 1mocie 3aBeplleHMs] CUHTe3a TUOPUIHBIX MaTepui,
reperag MEpHOCTH OCTAaETCs, M 3TO TIPUBOJIUT K TOMY, UTO TIEPBUYHBIC Ma-
TEpUU MPOJOJIKAIOT «BTEKaTh» B 30HY JeopMallni MPOCTpaHCTBA. AHa-
JIOTUYHO, KaK BOJA PEKM UJIU py4dbsl, 3aIIOJTHUB 10 KpaéB 03epo, IMPOoI0JI-
JKaeT BIIAJaTh B HETO, CO3MAET TeUeHUs B HEM. [1pu 3ToM, 4acTh BOJBI 03epa
BBITECHSIETCS M TTPOIOJIKACT TeUb JaJibllie. Tak XXe 1 MepBUYHBIC MaTepUN
MocJIe 3aBepIICHNUS TTpoliecca CUHTE3a THOPUIHBIX MaTepUii TIPOIOIKAIOT
MPOHM3BIBATh 30HY AehopMali, B KOTOPOI 3TOT CUHTE3 MPOUCXOINII.
30Ha gedopMalMy MPOCTPAHCTBA HE MCYE3aeT, a TOJIbKO 3arOJHSICTCS
ruopuaHbeIiMu popMamu MaTepuii. [ToaTomy, M3HaYaNBHBIN NIepenang Mep-
HOCTH, XOTh U KOMIIECHCUPYETCI TMOPUAHBIMU MaTEPUSIMHU, TIPOJOJIKAET
CYILIECTBOBATH [IJIsI CBOOOAHBIX MEPBUUHBIX MaTEPUi, TaK Xe, KaK 03epo
MPOJOJIKAET CYIIECTBOBATH JUISI BOABI B HEIO BTEKAOILEH U TTOCJIE TTOJTHOTO
3anoysiHeHus. [1epenan MepHOCTH (TpaMeHT) BCeria HarpaBJieH OT TPaHMUIL
K LIEHTPY 30HBI iepopMaliiy IIPOCTPAHCTBA, TOTOMY IIEPBUYHBIC MaTe-
pUu, IBUTasCh BAOJb 3TOr0 rpagudeHTa, Co3Aal0T cO00I HarpaBJIeHHbIN
MOTOK. DTOT HaIlpaBJIeHHBIN MOTOK ITEPBUYHBIX MaTepUii, B 30HE TIepenana
MEPHOCTH M CO3Ja€T, TaK Ha3bIBAEMOE, IPABUTAIIMOHHOE 1oJe. [paBuTanm-
OHHOE I10JI€ BCeraa MpMHUMAIOCh, KaK caMO CO00Ii pa3yMeloleecs, oue-
BUJIHOE U Oe310Ka3aTeibHOoe. BooOliie, moHsTre 1100010 110151 BBOAUIOCH
B BUJIE TTOCTYyJIaTa, 0€3 KaKNX-I1100 JOKa3aTeabCTB U OOBSICHEHUI, YTO B
MPUHIIUAIIE YPEeBATO CEPbE3HBIMU MOCIEACTBUSIMU [IJIS1 pa3BUTUSI HAYKHU B
nesoM. be3 moHnMaHus, Ka3aaoch Obl OUeBUIHOTO, HEBO3MOXKHO JIBUKE-
HUe HayKu Briepéa. Tak BOT, Tiepenan MEPHOCTH MMPOCTPAHCTBA B 30HAX He-
OJHOPOJHOCTHU, BOSHUKILMX ITPU B3pbIBaX CBEPXHOBBIX, CO3AET I'paBUTA-
LIMOHHOE T0JIe, rpaBUTaLMi0. Kaxaplii aToM, BOZHUKAIOIIWIA B pe3y/bTaTe
CMHTE3a CEeMM TEPBUYHBIX MaTepuil, CO3IaET BTOPUUYHOE UCKPUBJICHNUE
MMPOCTPAHCTBA HA MUKPOYpOBHE. Bo3HMKaeT mepernan MepHOCTH, CO3/1a-
BacMbIii aTOMOM, HaIllpaBJIEHHBIII MPOTUB TTI€PBOHAYAIBLHOIO, IPYTUMU
CJI0BaMU, KaxX/IbIii aTOM CO3[aéT aHTUTpaBUTALIMOHHOE 1oJie. B pe3ysbrare
3TOT0, aTOM HAUYMHAET ABUTAThCS K BEpXHEl rpaHUlIe JMarna3oHa yCTOM -
YUBOCTU U OCTAHABIMBAETCSI HA 0aJJaHCHOM YPOBHE MEPHOCTH.

JlaBaiite pa30epEéM, moyemMy aTOM OCTaHABJIMBAETCS HA, TaK Ha3bIBa-
eMOM, OaJIaHCHOM ypoBHe MepHOCTU?! BCTTOMHMM, 4TO KaxKAbIii aTOM He
TOJIBKO CO3IaET BTOPMUYHOE UCKPUBJIEHME MTPOCTPAHCTBA, HO U TIpeaCcTa-
BJISIET COOOM (PU3NYECKU TJIOTHOE BEIIECTBO, TMOPUIHYIO (hOPMY U3 CEMU
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MEPBUYHBIX MAaTEPUl, KOTOPOE KaUeCTBEHHO OTJIMYAETCSI OT MEPBUYHBIX
matepuii. [maHeTapHbIi nepenaa MepHOCTU (pOpMUPYET HallpaBJICHHbIE
IMOTOKM MEPBUYHBIX MaTepUii K LICHTPY IJIaHEThI U KaXKIbIi aTOM MoMaaaeT
Mo ux «Harop». BodHukaer «3¢ddexT nmapyca» — rnepBUYHbIE MAaTEPUU
«J1aBsIT» Ha aTOM, 3aCTaBJIsISl €r0 ABUTAThCS B TOM K€ HalpaBJIeHUU, UTO U
oHUY caMu. [TOTOK MepBUYHBIX MaTepUii KaK Obl «3aCTaBISIET» ATOM JIBU-
raThbCs B 3aIaHHOM HamnpaBJIeHUM — K LIEHTPY 30HbI feopManimu. [1epe-
Maja MEPHOCTH, CO3/1aBaeMblii aTOMOM, HallpaBJIeH OT LIEHTpa 30HbI 1ehop-
Mall1M K €€ TpaHMLIaM, YTO CO3IaET BCTPEUHBIM MMITYJIbC aToOMa. B pe3yiib-
TaTte, JaBJeHNe IMePBUYHBIX MaTEPUIl HA «ITOBEPXHOCTh» aTOMa YaCTUYHO
HEeUTpanu3yeTcs aHTUTIpaBUTaLlMEl, MOPOXAEHHOM camuM aToMoM. U B
OIpeaeIEHHOM TOUKE 3TU IBE CHJIbl YPABHOBEIIMBAIOT IPYT Ipyra, YTo 1
COOTBETCTBYET 0aJJaHCHOMY YPOBHIO MEPHOCTH JIJIsI JTaHHOTO aTroMa. Kax-
IBIA aTOM MMEET «CBOW» pa3Mep, aTOMHBIN BEC W CTEMEHb BJIMSHUS Ha
OKpYyKalollee MUKPOIIPOCTPAHCTBO, MMO3TOMY JIJISI KaXKIOTr0 aToMa CyIlie-
CTBYET CBOIi OalaHCHBI YPOBEHb, XapaKTePHBIN TOJIBKO J1J1st Hero. MiMeH-
HO MO3TOMY, JIETKME 3JI€MEHTbI UMEIOT OaJaHCHBI — COOCTBEHHBIN —
YPOBEHb MEPHOCTH, OJIM3KUIA K BEpXHEU rpaHULIE TMana3oHa yCTOMYUBO-
CTU (PU3UYECKU TUIOTHOTO BEIIECTBA, B TO BPEMSI, KaK TSIKEJIbIE 3JIEMEH-
Thl — COOCTBEHHbIE YPOBHU MEPHOCTH, OJIM3KMUE K HUXKHEW rpaHuLIe T1-
arasoHa ycroiunBoctH (3.3.1). W, B cimydgae aTomMa TSKEIOT0 BOIOPO/Ia, €ro
COOCTBEHHBI YPOBEHb MEPHOCTH OJIM30K K BEPXHEU rpaHUIIE 3TOTO M-
arnasoHa U JaXke Mpy He3HAUYMTEIbHBIX BO3MYILIEHUSIX MEPHOCTH, CO3/1a-
BaeMbIX BOJJTHAMY TPOHU3bIBAIOIIIMMU MUKPOIIPOCTPAHCTBO, OH (TSDKEbIN
BOJIOPO/T) CTAHOBUTCS PaIMOAKTUBHBIM, TaK KaK, IPU MOIJIOIIEHUH BOJIH,
COOCTBEHHAs MEPHOCTh aTOMa TSDKEJIOTO BOAOPOAA CTAHOBMUTCS CBEpX-
KpUTHYECKOi, 1 aToM pacnagaetrcs (Lp > 2.89915).

Hao6opoTt, ypoBeHb COOCTBEHHOII MEPHOCTU TPAHCYPAHOBBIX BJIE-
MEHTOB OJIM30K K HMXKHEW I'paHMIIe IMana3oHa yCTOMYMBOCTHU B TO BpeMs,
Kak BJIMSHUE SIep TPAHCYpaHOBBIX 3JIEMEHTOB Ha CBOM MUKPOKOCMOC
OJIM3KO K KpUTUYECKOMY 3HaUeHM10. I 1ocTaTOuHO HE3HAYUTEIbHBIX KO-
JIe0aHUI MEPHOCTU MUKPOKOCMOCA, BOBHUKAIOIINX B aTOMaX, MPH MTOIJIO-
ILIEHWX UMM BOJIH, YTOOBI OHY CTaJIM HECTAaOWUJIbHBI M HAYaJIu pacnaaaThesl.
M3oTonkl Bomopoaa v TpaHCYpaHOBbBIE 2JIEMEHTBI OKa3bIBAIOTCS B aHAJIO-
TUYHBIX YCJIOBUSIX 1, BCJEACTBHE 3TOTO, MPUPO/IA MX MOBEACHMST — TOXIIE-
cTBeHHA. M30TONbI BCeX 2JIEMEHTOB, PACIIOIararoluxcs MEeXIy BOAOPO-
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JIOM U YypaHOM, paalOaKTUBHBI MO TeM e MpuuruHaM. Kaxxablii U3 aTux
3JIEMEHTOB UMEET COOCTBEHHBI YPOBEHb MEPHOCTH, COOTBETCTBYIOIINIA
OINTUMAJIbHOM YCTOMYMBOCTHU aTOMa Kaxa0ro ajieMeHTa. [lepBuuHoe uc-
KpUBJIEHUE TIPOCTPAHCTBA, B KOTOPOM MPOUCXOJUT CMHTE3 MaTepuu U
BTOPUUYHOE MCKPUBJICHNE, BOZHUKIIIEE MO BO3ACICTBUEM SIIEP aTOMOB,
MMEIOIINX pa3Hble 3HaKU (pa3Hble 3HAKM O3HAYal0T HAJUYKe Tepenagon
MEpPHOCTH, HalTpaBJICHHBIX HABCTpEUY APYT APYTY), CO3AAIOT YCIOBUSI, B Ka-
Kol (hopMe MaTepust MOXKET ObITh YCTOMYMBA B JAHHOI TOUYKE IPOCTpaH-
CTBa, COOTBETCTBYIOLIIEH JaHHOMY YPOBHIO MepHOCTHU. B pe3ynbraTe mo-
JTOOHOI «COPTUPOBKU», B 30HE HEOTHOPOAHOCTU ITPOCTPAHCTBA MPOUCXO-
JIUT pacrnpee/ieHue MaTepUuu 1o Ka4eCTBEHHOMY cocTaBy. IMeHHO 1mo3-
TOMY IIJTaHETa UMEET SIIPO U3 TSKEIBIX 2JIEMEHTOB, KOJTMUYECTBO KOTOPBIX
YMEHBIIIAEeTCS OT LIEHTpa K MOBepXHOCTU. CpeaHeN TSKECTU IJEMEHTHI
WJIM KOMOMHALIMS U3 HUX U JIETKUX 2JIEMEHTOB, 00pa3yloT KOpY IIJIaHETHI,
rpaHulia KOTOPO HAXOAUTCS Ha pa3HOM PACCTOSIHMM OT LIEHTpa siapa
miaHeThl. M eciiu B3Th ypoBeHb MOPSI 32 TOUKY OTCUYETA, TO BCE BIAJIUHBI
3aMoJHEHBI BOAOM, KOTOpasl MpeAcTaBiIsieT co00i CUHTE3 JIETKUX DJIe-
MEHTOB: K1cjopoaa u Bogopopa. Hdanee naet atmocdepa, oopazoBaHHaAs
razaMu 13 JIETKMX 3JIEeMEHTOB, nepexoasias B noHochepy (Puc. 3.3.9).

HMoHbI g9BASI0TCS TpaHUYHOM (hOpMOIi (PU3NUYECKHU TUIOTHOTO BEIlIE-
cTBa Haleil BceeHHOIM, pacnan KOTOPBIX COMTPOBOXKAACTCS Pa3HBIMU 13-
JIyUEHUSIMU, KOTOPbI€ BEILIECTBOM, B MOJTHOM CMbICJIE 3TOrO CJIOBA, yXKe
Ha3BaTh HeJb3s. TakuM 00pa3oM, BO3HMKAET paBHOBECHUE, TADMOHUS MEXK-
JIy HETPEPbIBHO U3MEHSIIOILIMMCS TPOCTPAHCTBOM U MaTepHreil, UMeoLIei
KOHKpETHBIE CBOMCTBA U KauecTBa. beckoHeuHoe ciMBaeTcsl, CTAaHOBUTCS
TOXJIECTBEHHO KOHEYHOMY B KaKOM-TO OrpaHMYE€HHOM OOBbEME 3TOro
O6eckoHeuHoro. QuepenHol MmapagoKc, KOTOPbI, B MPUHIIUIIE, UM HE
sBisieTcss. W, eciiv ¢ mpupoaoit a1eKTpoHa Bcé 0oJiee-MeHee IMTOHSITHO, TO
TTOHSITHE 2JIEKTPUYECKOTO TOKA OCTAETCS e1lI€ He OCBOSHHOI TepPUTOPUEIA.
Tak maBaiiTe MomnbITaeMCsl OHSATH IMIPUPOAY JIEKTPUUECKOTrO TOKA.

B xiaccnueckoit ¢pusnke noma 3JeKTPUIECKUM TOKOM MMOHMMAETCS
HarpaBJIeHHOE IBMKEHME 2JIEKTPOHOB OT ILIl0ca K MUHYCY. Bpose Obl, Bcé
MpeaebHO MPOCTO, HO, K COXKAJIEHUI0, 3TO — WUTIo3us. YTo Takoe 3J1eK-
TPOH, Kjaccuueckasi ¢pusrkKa He OObSICHSIET, 32 UCKJIIOYEHUEM TOTO, YTO
BJIEKTPOH OOBSIBIISIETCSI OTPULIATEIBHO 3apskeHHOoM yactuieid. Ho, uto Ta-
KO€ OTpHUIIaTeIbHO 3apsi>KeHHasl 4acTUlla, HUKTO HE YAOCYXKUJICS 00bsIC-
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HUTb. B TO 3Xe BpeMs 0OTMeYayloCh, YTO 3JIEKTPOH O0JIagaeT AyalbHbIMU
(IBOMICTBEHHBIMM ) CBOMCTBAMH, KaK YACTULIbI, TAaK U BOJIHBI. Jlaxke B aTOM
oIpeesIeHUU CKPbIT OTBeT. Eclin Kakoii-To MaTepuabHbIi 00BEKT 00J1a-
JaeT CBOMCTBaAMM, KaK BOJIHbBI, TAK U YACTUIIbI, TO 3TO MOXET O3HayaTh
TOJIbKO OJTHO — OH He SBJIsIeTCSl HU TeM, Hu npyruM. [1o cBoeii mpupoje,
YacTHIIAa ¥ BOJIHA, B IPUHIIAIIE, HE COBMECTUMBI M HE HY>KHO COBMEIIATh
HecoBMecTUMoOe. YTo Takoe 2JIEKTPOH MbI AETATBHO Pa300paiuCh BBIIIIE,
MO3TOMY MEePEUIEM K CAeIyIONIE YaCTh OObSICHEHNS 2JIEKTPUUYECKOTO TO-
Ka. HampaBieHHOe IBMXKEeHME, Ka3aJ0Ch Obl, YTO MOXET ObITb MPOILLE —
JNBVDKEHME B 3aJJaHHOM HampaBjieHUHM. BCE€ 3To Tak, HO CyllIeCcTByeT Ma-
JIEHbKOE «HO». DJIEKTPOHBI BOOOIIE He IBUrAI0TCS B POBOIHKUKE, 10 Kpaii-
HEl Mepe, TO, YTO MMOHUMAIOT T1OJI 3JIEKTPOHOM. A €CJIU TPEaNOJ0XKUTh,
YTO OHU JABMUTAIOTCS, TO IOJIKHA OBITH CKOPOCTb MX IepeIBUXEHMS B IPO-
BoJHUKe. [[aBaiiTe BCMOMHUM OOBSICHEHUE MPUPO/IbI TOCTOSIHHOTO TOKA.
DJIeKTPOHBI B IPOBOJIHUKE pacIpeie/ieHbl HEpaBHOMEPHO B paJiiaJbHOM
HaIlpaBJICHUH, B PE3yJIbTaTe YEro BO3HMUKAET paaualibHbIM IpaueHT (I1e-
pernan) anekrpuyeckoro nosis. [lepenan aneKTpuyeckoro noyst UHAy1-
pyeT MarHUTHOE T10Jie B MEPIEHAUKYISIPHOM HalpaBjeHUU, KOTOPOE, B
CBOI0O OYepeab, MHIYLUPYET NEePIeHAUKYISIPHOE DJIEKTPUIECKOE T0JIe U
T.A. Ho, onsiTh TaKu, MOHATHS 2JIEKTPUYECKOTO U MATHUTHOTO TOJIEN BBO-
JSITCSI B BUJIE TIOCTYJIaTOB, T.€., IPUHUMAIOTCS 0€3 KaKUX-1100 00bsICHE-
Huii. [Toayyaercst MHTepecHasi CUTyallusl, HOBbIE€ MOHSITUS OOBSICHSIIOTCS
JIPYTMMU, KOTOPbIE caMy ObLIM MPUHSTHI 03 O0BbSICHEHUIA U MO3TOMY,
Mo100HbIE OOBSICHEHUS HE BbIIEPXKUBAIOT KpUTUKU. CTOUT TOJIBKO BIY-
MaThCsd B 3HAYEHME CJIOB M KpacuBasi (hpa3a mpeBpallaeTcss B 0eCCMbI-
cauity. Ho, Tem He MeHee, eciiv 3aKpbITh Ha 3TO IJ1a3a ¥ IPOBECTU PACCUET
CKOPOCTHU pacipoCTpaHEeHUsI MOBEPXHOCTHOTO 3apsia MO COOTBETCTBYIO-
UM (popMysaM, MOJYYeHHBIN pe3ysibTaT OKOHYATEJbHO ITOCTABUT BCE
TOYKM HaJ «i». CKOPOCTh MOJIY4aeTCs] HECKOJIbKO MULTMMETPOB B CEKYHLY.

Kazanochk 0b1, BCE Bpoae Obl ITPeKPaCcHO, HO 3TO TOJIbKO KaxeTcs. Tak
KakK IocJIe 3aMbIKaHMSI LIETIN 2JIEKTPUUECKUI TOK B HE MOSIBISIETCSI MTHO-
BEHHO, BHE 3aBUCUMOCTHU OT TOTO, KaK JaJIeKO HAXOAUTCSI UICTOYHUK ITOC-
TOSTHHOT'O TOKA, W pe3yJIbTaThl paCYETOB CTAHOBSTCS JIMILIEHHBIMU KaKOTO-
6o dpuznmdyeckoro cMbicyia. MakThl U3 peaabHON KU3HU MOJTHOCTHIO
OIpPOBEpPrarT TeopeTuyeckue oobsicHeHus. M, HaKoHell, 4YTO Takoe
«ILTIOC» U «MUHYC»?! CHOBAa HUKaKMX 00bsICHEHUIA. B pe3ysbsrare mpocToro
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aHaJIM3a, Mbl IPUIIUIY K BBIBO/LY, UTO OOLIEYIIOTpedIsieMoe B (PU3UKE ITO-
HSTHE DJIEKTPUUECKOIO TOKA HE UMEET I0JI CO00M HMKAKOro 000CHOBA-
HUSI, IPYTUMU CJI0OBAMM, C CYILLIECTBYIOIIMX HA JAHHBIA MOMEHT ITO3ULIMIA
COBpeMeHHas (hU3MKa He MOXET OOBSICHUTh ITPUPOJY DJIEKTPUIECKOTO TO-
Ka. [Ipu BCEéM 11pu TOM, UTO 3TO — peabHOe (PU3NIECKOE SIBJICHUE.

B uém ke neio, KakoBa Xe BCE-TaKU IpUpojia 3TOro sSIBjIeHus?!

JaBaiiTe monbITaeMcsi HOAONTU K TOHUMAHMIO 3TOTO SIBJICHUS C HE-
CKOJIBKO IPYTMX NO3ULIMii. BCmoOMHUM, 4TO SIApO J1II0OOro aTomMa BJIMSIET Ha
CBOI1 MUKpOKOCMOC. TOJIbKO CTeTNIeHb 3TOTO BIAUSIHUS Y SIZIEP Pa3HbIX dJ1e-
MEHTOB, BeCbMa pa3inyHa. B ciaydyae oOpa3oBaHUs M3 aTOMOB OJHOTO
3JIEMEHTA WJIM MOJIEKYJI, COCTOSIIIIMX U3 aTOMOB Pa3HbIX 3JIEMEHTOB, KpU-
CTAJTMYECKUX PELIETOK, BOBHUKAET OJHOPOIHASI Cpella, B KOTOPOM Bce
aTOMbI UMEIOT OIMHAKOBBIN ypOBEHb MepHOCTH. [1J1s1 60J1ee r1ybOKOro Imo-
HYIMaHUS 3TOTO SIBJICHUST, PACCMOTPUM MEXaHU3Mbl 00pa30BaHUST MOJIEKYJT
U3 OTIEeJbHBIX aTOMOB. [1pu 3TOM, BCMHOMHMM, YTO BOCCTAHOBJIEHUE UC-
XOJTHOTO YPOBHSI MEPHOCTU MAaKpPOKOCMOCA MPOUCXOIUT MO CACAYIOLIUM
npuurHaMm. [lectb cep n3 rmOpuaHBIX GOPM MaTepuil, BOSHUKILIME BHY-
TPU HEOAHOPOTHOCTH, KOMIEHCUPYIOT Ae(hOopMalIMIO MPOCTPAHCTBA, BO-
3HMKILYIO B pe3yJibTaTe B3pbiBa CBepXHOBOM. [1pu aTOM, rubpuaHbie pop-
Mbl MaTepUil yBEIMYMBAIOT YPOBEHb MEPHOCTH MaKpOIIPOCTPAHCTBA B
npeaenax oobeMa, KOTOpblii OHM 3aHUMAIOT. [1py1 MepHOCTH ITpocTpaHCTBA
L=3,00017 Bce dhopmbl MaTepuii Hamieli BcelleHHOM yke HUKaK APYT C
JIPYroM He B3auMOeiCTBYIOT. [IpMeuaresibHO, UTO BCE UBJIYUYEHMSI, U3-
BECTHBIE COBPEMEHHOI HayKe, SIBJISIFOTCS MPOI0IbHO-IONEPEYHbIMU BOJI-
HaMU, KOTOPbIE€ BO3HUKAIOT, KaK pe3yJIbTaT MUKPOCKOITMYECKUX KoJieba-
HUI MEPHOCTU MPOCTPAHCTBA.

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

CKOpOCTb pacpoCTpaHEHUSI STUX BOJH MEHSIETCS, B 3aBUCUMOCTHU
OT YPOBHSI COOCTBEHHOI MEPHOCTH Cpe/ibl pacipocTpaHeHus. Korma usiy-
yeHust CoJIHLIA U 3BE3] MPOHUKAIOT B MpeAeabl aTMOC(ephbl IIaHETHI,
CKOPOCTb MX pacpoOCTpaHEHMSI B 3TOM cpelie yMeHblaeTcs. Tak Kak co0-
CTBEHHBI YPOBEHb MEPHOCTH aTMOC(HEPbl MEHBIIIE COOCTBEHHOTO YPOBHS
MEPHOCTU OTKPBITOIO MPOCTPAHCTBA.
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2.899075 < Lacp. < 2.89915
0 < ALxcp. <0.000075 (3.3.3)

Jpyrumu cjioBaMu, CKOPOCTb PaCpOCTPaHEHUS TPOAOJIbHO-TIONE-
PEYHBIX BOJIH 3aBUCUT OT COOCTBEHHOTO YPOBHSI MEPHOCTH CPEeIbl pacIipo-
crpaHeHus. YTo 0OBIYHO BbIpaxaeTcss KOA(QOUIMEHTOM IPEIOMIIECHUS

cpensbl (ncp). [IponosibHO-MoIepeYHbIe BOJIHBI IIPU CBOEM PaCIIpOCTpaHe-
HUM B IIPOCTPAHCTBE MEPEHOCSIT 3TO MUKPOCKOMMUYECKOE BO3MYIIICHNUE
MmepHocTu ALxep. I1py mpoHM3bIBAHUM UMM Pa3HBIX MaTepUaIbHBIX CYO-

CTaHLIMI, TIPOUCXOAUT HaKIaabiBaHue ALjycp. Ha ypOBeHb MEPHOCTU 3TUX
BeIEeCTB Wiu cped. BHyTpeHHee KojiebaHre MEPHOCTH, BO3HUKIIIEE, KaK
pe3yJabTaT Takoit MHTepGhepeHLIMH (CIOXEeHUS), SIBISIETCS KaTaJIu3aTOPOM
OOJIBIIMHCTBA TTPOLIECCOB, TPOUCXOASIIMX B (PM3NYECKHU TIJIOTHOM MaTe-
puu. B cuity TOro, 4To aTOMbI pa3HbIX 3JIEMEHTOB UMEIOT Pa3HbIE MTOAYPOB-
HU MEPHOCTH, OHU HE MOTYT 00pa3oBbIBaTh HOBblEe coenuHeHUs (Puc.
3.3.10). I1pu pacnpocTpaHeHUU TIPOIOJbHO-IONEPEYHBIX BOJIH B Cpee,
MMKPOCKOITMYECKOE BO3MYILIEHE MEPHOCTU UMM BbI3bIBAEMOE, HEHUTpa-
JIM3YeT pa3inuus 3HAaUYCHU YpOBHEH COOCTBEHHOW MEPHOCTH pa3HbBIX
aToMOB. [Ipu 3TOM, 2/1€KTPOHHBIE 000JI0UYKM ITUX aTOMOB CJIMBAIOTCS B
OJIHY, 00pa3ysi HOBO€ XUMUYECKOE COeIMHEHUE, HOBYIO MOJIEKYJTY. ATOMBbI
MO>KHO CPaBHMTb C TIOIJIaBKAMU Ha MOBEPXHOCTU BOAbI. [IpogosibHO-T10-
MepevyHble BOJTHbBI MOAHUMAIOT U OIYCKAIOT HA CBOUX I'PEOHSX «IOIIaB-
KW»-aTOMBI, TEM CaMbIM, U3MEHSISI YPOBEHb X COOCTBEHHOI MEPHOCTHU 1
co3/1aBasi BO3MOXXHOCTb HOBBIX COeAMHeHU. [IpMHIUIIMAIbHO BaXKHBI
IUIS1 peaiu3allii CUHTE3a CJIeAyIolIMe IapaMeTphbl TPOAOJIbHO-TIONEpey -
HBIX BOJIH: aMIUIMTYJa U JjIMHa BoHbI (A). Eciiu paccTosiHue Mexay aTo-
MaMU COM3MEPUMO C IJTMHOM BOJTHBI, IPOUCXOIUT B3aUMOICCTBUE MEX-
1y COOCTBEHHOI MEPHOCTbBIO 3TUX aTOMOB 1 MEPHOCTbBIO BOJIHBI. BiiusiHue
OJIHOM U TOM K€ BOJIHBI HA YPOBHU MEPHOCTHU pa3HbIX aTOMOB — HEOAM-
HaKOBO. MepHOCTb OTHMX aTOMOB YBEJIMUMBAETCS, a APYTUX — YMEHbIIIA-
€TCs1 WJIU OCTaéTcs To xke. IMEHHO 3TO ¥ MPUBOIUT K HEOOXOAUMOMY IS
CAusTHUS aToMOB OaaHcy MepHocTeit (Puc. 3.3.11). Eciu xe nvHa BOJIHbI
3HAUMUTEIbHO MPEBBIIIAET PACCTOSIHME MEXITY aTOMaMU, TO MIPU 3TOM, pa-
3JIMYME YPOBHE MEPHOCTEI aTOMOB COXPAHSIETCS UJIM M3MEHSIeTCsI He3HA-
yuTeabHo. [IporcxoauT CMHXpOHHOE U3MEHEHUE YPOBHEI COOCTBEHHOM
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L =289915

Puc. 3.3.11

L i

<2.900

| -2.880
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MEPHOCTH BCEX aTOMOB, M U3HAYAIbHOE KAYECTBEHHOE pa3JIMure YPOBHEMN
MEPHOCTEI aTOMOB COXpaHsIeTCsI. AMILIMTYAA BOJIH OMPEAeISeT BEIUUNHY
U3MEHEHUSI MEPHOCTH IPOCTPAHCTBA, BbI3bIBAEMYIO STUMU BOJTHAMU TP
UX PacIipoCcTpaHEHUU B JaHHOM cpene. Paznmumuue ypoBHE MepHOCTEM
MEXIY pa3HbIMU aTOMaMU TpeOyeT pa3IMYHOIO YPOBHS BIIMSIHUS HA HUX.
MMeHHO aMIIMTyIa ¥ BBITTOJHSET 3Ty (DYHKLIMIO IPU pacIpOoCTpaHEHUU
BOJIH B cpejie. BenunHa pacCcTOSHUS MeXI1y aTOMaMM B XXUJIKUX U TBEP-

JIBbIX Cpefax JIeXKUT B 1rMara3oHe 3Ha4eHU i OT 10" 10 10™ MmeTpa. UMeHHO
IMO3TOMY CIIEKTpP BOJIH OT YJIBTPadroJIeTOBBIX 10 MH(PpaKpaCHBIX MOIJI0-
1IAeTCsl U U3JIydaeTCsl MPU XUMUYECKUX PEAKIIMIX B KUIKUX Cpeax.
Hpyrvmu cioBaMM, TIpYU COeAMHEHNH aTOMOB B HOBOM TTOPSIAKE, TTPO-
HUCXOIUT BbIIAEJACHKUE WIM TOTJIOIIEHE TeTla WM BUAUMOTO CBeTa (3K30-
TEPMUUYECKME U DHAOTEPMMUUECKHUE PeaKlnm), TaK KaK TOJIbKO 3TH BOJIHBI
OTBEYaloT TpeOyeMbIM yca0BUSIM. MTak, MpoaoabHO-TONEPEYHbIE BOJIHBI,
OT MH(PPaKPACHBIX 10 TaMMa, SIBJITIOTCS MUKPOCKOIMMYECKMMMU Koyie0aH -
SIMM MEPHOCTH, BOZHUKILIMMU TTPY TEPMOSIICPHBIX U SIACPHBIX peaKIIUsIX.
AMIUIMTYIa BOJIH, YYACTBYIOIIMX B XMMUUECKUX PEaKIIUsIX, ONPEAeIISICTCS
BEJIMUMHOM pa3HULIbI MEXIY YPOBHIMU MEPHOCTEI aTOMOB JI0 HavaJia pe-
aK1IM1 U aTOMOB, BO3HMKIIIMX B pe3yJibTaTe 3Toi peakiuu. Y He ciyyaiiHo,
U3JTydeHHUE TTPOUCXOIUT MOPLUIMU (KBaHTaMM ). KaxKblii KBaHT U3TydeHMST
SIBJISICTCSI pe3yJITaTOM eIMHUYHOTO Mpoliecca mpeoopasoBaHusi aroma. [1o-
ATOMY, IIPU 3aBEPILICHUM 3TOTO Ipoliecca, MpeKpallaeTcss U reHepanus
BOJIH. BBIOpOC M3ITydeH1i TPOUCXOAUT B MUJUTUAPIHbIE 101 CeKyH bl Co-
OTBETCTBEHHO, U3JIyYE€HUS MOTJIOIIAIOTCS TAKXKE KBAHTAMU (TTOPLUASIMU).
A Terepb, pacCMOTPUM KpUCTAJIINYecKre peléTku. Kpucrammyec-
KHe pelIéTKu 00pa3yloTcsl U3 aTOMOB OTHOTO 1 TOTO XK€ 2JIEMEHTA WU U3
OJIMHAKOBBIX MOJIeKYJI. [ToaTOMy Bce aToMbl, 00pa3yloline KpucTaauiniec-
KYyI0 pelIETKY, UMEIOT OAMHAKOBBI YPOBEHb COOCTBEHHON MEPHOCTH.
[Tpuuém, 11 Kaxkaoi KpuCcTaNIMYECKOM pellI€éTKA YPOBEHb COOCTBEHHOM
MEPHOCTH OyneT cBOi. Bo3bMEM aBa MeTaslia, UMEIOLIME Pa3IndHbIEC YPO-
BHU MepHOCTH (Puc. 3.3.12). OHu npencTasisiioT co0o0i 1Be KaUueCTBEHHO
pas3Hble Cpe/ibl, TO-Pa3HOMY BIMSIOIIME Ha OKPYXKalolllee MPOCTPAHCTBO.
Ecnu oHu HUKAK APYT C IPYTOM HE B3aUMOACHCTBYIOT, HUKAKMX HEOObIY -
HBIX SIBJIEHUI He HaOmoaaeTcsa. Ho, cToUT UM TOJIbKO BCTYIIUTh B HEIO-
CpPeACTBEHHOE B3aMMOJEMCTBUE, KaK IMOSIBISIIOTCS KauyeCTBEHHO HOBBIE
siBJIeHUS1. B 30He COCTBIKOBAHMS KPUCTALIMYECKUX PEIIETOK C pa3HbIMU
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YPOBHSIMY COOCTBEHHOM MEPHOCTU, BO3HUKAET TOPU30HTAJIbHBIN TTepena
(rpamueHT) MEPHOCTU, HAIIPABJIEHHBINM OT KPUCTAIMYECKOMN PEIIETKH C
OOJILIIMM YPOBHEM COOCTBEHHOI MEPHOCTH K KPUCTAJUIMYECKOM PEIIETKE
C MEHBIIIMM YPOBHEM COOCTBEHHOI MEpHOCTU. Ternepb, MOMECTUM MEXIY
TUTAaCTUHAMU M3 3TUX MAaTEPUATIOB XHUIKYIO CPEly, HACBIIIEHHYIO MOJIOXM -
TEJbHBIMU W OTPULIATEIbHBIMUA MOHAMU. B XXUAKON cpeae MOJIEKYJIbl U
WOHBI HE UMEIOT KECTKOTO MOJOXEHUS U HAXOASTCSI B TOCTOSTHHOM Xa0-
TUYHOM JBUXKEHMH, TaK Ha3bIBAEMOM, OPOYHOBCKOM. [ToaTOMY 1101 BO3-
JNEeUCTBMEM TOPU3OHTAIILHOTO TIeperiaia MeEPHOCTA MOHBI HAUMHAKOT JBU -
raTbcs ynopsinoueHo. [TonoxurebHO 3apsi>KeHHbIE MIOHBI HAYWHAKOT JBU -
raThCs K IUIACTUHE C OOJIbIINM YPOBHEM COOCTBEHHOM MEPHOCTH, B TO Bpe-
Ms1, KaK OTPULIATEIbHO 3apSIKEHHBIE MOHBI — K IUIACTUHE C MEHBIIIMM ypO-
BHeM cobcTBeHHOI MepHOcTHU (Puc. 3.3.13).

[Tpu 5TOM, MPOUCXOAUT TIEpEpaCTIpeaeIEHUE UOHOB B XXUJIKOU Cpe-
1, B pe3yabTaTe 4ero, Ha IIacTUHAX IMPOMCXOAUT HaKaIUIMBAaHUE T10JIO-
SKMTEJIBbHBIX U OTPULIATEIbHBIX MOHOB. [10710K1UTEIbHBIE MOHBI, TPY CBOUX
CTOJIKHOBEHMSIX C TUIACTUHOM, 3aXBaThIBAIOT U3 aTOMOB KPUCTALIIMYECKOMN
PEIETKU MIACTUHBI 3JIEKTPOHBI, CTAHOBSICh, IIPX 3TOM, HEUTPAIbHBIMU
aTOMaMH, KOTOpbIe HAUMHAIOT OCEIaTh Ha CAMOM MJIaCTUHE, B TO BpEMH,
KaK B CaMOW MJIACTHUHE BO3HUKAET HEAOCTATOK 2JIEKTPOHOB. [Ipuuém,
«boMbapAMpPOBKE» TOJIOXKUTEIbHBIMU MOHAMM TIACTUHA OyJIeT MOoJaBEp-
raTbCs IMMOCTOSIHHO U I10 BCEM MOBEPXHOCTU. TakK Kak, Mpy BCEM ITPU 3TOM,
nepenag MEPHOCTHA MEXTY ABYMS IJIAaCTUHAMU TTPOIOJIKAET COXPAHATHCS
W UOHBI U3 KUIKOU Cpelibl, MO/ BO3IEHCTBUEM 3TOrO Iepenajaa, mpuoope-
TalT HaIpaBJIEHHOE ABMXKEHUE. XaOTUUYECKHUI MPpoLecC CTOJIKHOBEHUM
MOJIEKYJI U MOHOB XUIAKOW Cpeabl MeXIy co0oii, mpuodpeTaeT Kayec-
TBEHHO HOBBIU xapakTtep. JIBU>KEHHE MOHOB M MOJIEKYJI CTAHOBUTCS Ha-
npaByieHHbIM. [Ipu 3TOM, mOBeIeHUE TTOJOKUTEIbHBIX Y OTPULIATEIbHBIX
MIOHOB OyJeT pa3JIMYHbIM IO/ BO3/IEHCTBMEM CYIIIECTBYIOIIETO Tepenana
MEPHOCTU MEXIIy IIaCTUHaAMU. [OpU30HTaIbHBIN TTeperag MEpHOCTH CO-
3M1a€ET YCJIOBUS, MPU KOTOPBIX, MTOJOKUTETbHBIE MOHBI JOJKHBI IBUTATHCS
MPOTUB MEpeTIana, B TO BpeMsl, KaK OTPULIATEJIbHbIE MOHBI — BIOJIb 3TOTO
nepemnaaa mepHoctu. IlosoxuTesbHble MOHBI BBIHYXXAEHbI JBUTaThCS
«IIPOTUB T€YECHUS», B TO BpeMs KaK OTPUIIATEJbHBIEC «I10 T€YEHUI0». B
pe3yJIbTaTe 3TOT0 CKOPOCTh ABUXKEHMS, a CJIEI0BATEbHO SHEPTUS TTOJIO-
JKUTEJbHBIX MOHOB YMEHBILAETCS, & OTPULIATEJIbHBIX MOHOB — YBEJIMYHU-
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BaeTCs. YCKOPEHHbIE MOAOOHBIM 00pa30M OTPULATEIbHBIE MOHBI, TIPU
CTOJIKHOBEHUM C KPUCTAJUIMYECKONW PEIIETKOMN, TePSIOT U30BITOYHBIE
BJIEKTPOHbBI, CTAHOBSICh HEUTpaJbHBIMU aTOMaMu. KpucTtaninueckas pe-
LIETKA, IPU 3TOM, TPUOOPETAET NOMOJTHUTEIbHBIC 2J1EKTPOHBI. M, eciu Te-
Mepb, COEAMHUTb MEXIY COOOI 3TU IBE MJIACTUHbI C pa3HBIMU YPOBHSIMU
COOCTBEHHOI MEPHOCTH MTOCPEICTBOM IMPOBOAA U3 COBMECTUMOIO C HUMU
MaTtepualia, TO B MOCjJAeAHEM (MPOBOJE) BO3HUKHET, TaK Ha3bIBaeMbIii,
MOCTOSIHHBIN 3JIEKTPUUYECKUI TOK — HapaBJIeHHOE ABUXKEHUE JIEKTPO-
HOB OT IJIIOCa K MUHYCY, TAe IUIIOC — IJIacCTMHA, MMelolas OoJbIInui
YPOBEHb COOCTBEHHOU MEPHOCTH, a MUHYC — TJIACTMHA UMEIOIIasi MEHb-
LM ypOBEHb COOCTBEHHOI MepHOCTU. M ecnn mpoao/kuTh JaHHBIN
aHaIu3, TO Mepenaj NOTEHIIMATIOB MEXYy TJIaCTUHAMU €CTh HU YTO MHOE,
KakK Iepenaj ypoBHel COOCTBEHHON MEPHOCTU KPUCTAJNIMYECKUX PeIe-
TOK 3TUX IJIACTUH. B pe3ysbraTe aHajm3a 3Toro rmpoiecca, Mbl MPUIIUIY K
MOHMUMAaHUIO MPUPO/IbI NOCTOSIHHOTO TOKA.

J1si HOHMMaHWST TIPUPOABI ABUKEHUS DJIEKTPOHOB B IMPOBOAHUKE,
HE00XOAMMO YETKO OMPEACTUTHCS C IPUPOJON MAarHUTHOTO B 1 a1ekTpu-
yeckoro E nmoneii. [Ipupoaa rpaBUTaliIMOHHOTIO T0JIS JIIOOOr0 MaTepuaib-
HOro 00bEeKTa OMPEAEIsIeTCS IeperagoM MEPHOCTU B 30HE HEOAHOPOIHO-
CTH, B KOTOPOI MPOM3O0ILEN MpoLecC 00pa30BaHMsI JaHHOTO MaTeprallb-
Horo oobekTa. M B ciiyyae oOpa3zoBaHus TIAHEThI, U3HAYAILHOM MPUYU-
HOI BOBHUKHOBEHMSI TOJOOHOTO MCKPUBJIEHWSI TPOCTPAHCTBA MOCTYKIJ
B3pbIB CBEPXHOBOI 3Be3/bl. [Iepenan MepHOCTH HAITpaBJIeH OT KPA€B 30HbI
HEOAHOPOJHOCTH ITPOCTPAHCTBA K €€ LIEHTPY, YeM U OOBbSICHSIETCS HaIlpa-
BJIEHHOCTb 'PaBUTALIMOHHOTO MOJISI K HEHTPY MJIaHEThl UJIU JII0OOTO Ipy-
roro MaTepuajabHOro oobekTa. B cuiy Toro, uro geopmaliiysi mpocTpaH-
CTBa MO-Pa3HOMY ITPOSIBJISIETCS BHYTPU 30HbI HEOTHOPOIHOCTH, ITPOUCXO-
JUT CUHTE3 aTOMOB Pa3HbIX 3JIEMEHTOB U, KOTAa JaHHBII ITPOLIECC ITPOUC-
XOAUT B MaclITa0e BCEi MIaHEThl, MIPOUCXOAUT paclpeiesieHe BelllecTBa
MO MPUHIIKITY YPOBHS COOCTBEHHOU MepHOCTHU. YTO 03HauyaeT pacnpee-
JICHWE BEIECTBA MJIAHEThI MO 30HaM, TJIe TaHHOE BEIIECTBO MAKCUMAaIbHO
CTaOMJIbHO. DTO HE O3HAYAET, YTO ATOMBI C OTJIMYHBIMU OT ONITUMAJIBHOIO
3HAYEHUSIMUA COOCTBEHHOU MEPHOCTU HE MOTYT CUHTE3UPOBATHCS B MpE-
nejax JaHHOro 00bEMa ¢ KOHKPETHBIM 3HAYE€HUMEM MEPHOCTU MPOCTPaH-
CTBa. DTO O3HAYAET TOJbKO OJHO, YTO aTOMBbI, UMEIOIIE YPOBEHb COO-
CTBEHHOI MEPHOCTH BBIILIE YPOBHSI MEPHOCTU 00BEMA IMTPOCTPAHCTBA B KO-
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TOPOM MPOM3OIIET ATOT CUHTE3, CTAHOBSITCS HEYCTONYMBBLIMU M BHOBD
pacrnagamTcsd Ha MEPBUYHBIE MAaTEPUU, U3 KOTOPBIX OHU c(HOPMUPOBaA-
muck. Y yem GoJblile pa3HUlla MEXAY YPOBHEM COOCTBEHHOW MEPHOCTHU
00pa3oBaBIIErocsi aToMa U ypOBHEM MEPHOCTHY MTPOCTPAHCTBA, B KOTOPOM
ATOT CUHTE3 NPOU3OLIET, TeM OBICTPE MPOU30MAET paciiag 3TOro aToMa.
NMeHHO moATOMY MPOUCXOIUT €CTECTBEHHOE MEPEPACTIPENEIICHUE aATO-
MOB, a CJIEIOBATEIbHO 1 BEIIECTBA BHYTPU 30HbBI HEOAHOPOAHOCTH ILIa-
HeTbl. UMeHHO Mo3TOMY ITPOUCXOAUT (GPOPMUPOBAHKE TTOBEPXHOCTHU TJIa-
HEThI B TOM BUJE, K KOTOPOMY MbI IPUBBIKJIM C CAMOIO POXKIECHMS U BOC-
MPUHUMAEM, KaK JoJKHOe. HeobxonmMo nMeTh B BUY, UTO JIIOOOI aTOM
MMEET HEKOTOPBIM 1UaIa3oH, B Mpeaeaax KOTOPOrO OH COXPAHSIET CBOIO
YCTOMYMBOCTb, @ 3TO O3HAYaeT, YTO BEIIECTBO, OOPAa30BAaHHOE U3 ITUX
aTOMOB, TOXe OyIeT YCTOMUMBO B IIpeieiax 3TOro Auana3oHa. TBépaas mo-
BEPXHOCTD TIAHETHI MIPOCTO MOBTOPSET (POPMY 30HBI HEOTHOPOIHOCTHU
MPOCTPAHCTBA, B Mpe/iesiaX KOTOPOI, TBEPAOE BEIIECTBO YCTOMYNBO, OKE-
aHbl, MOPSI 3aMOJHSIOT BIIAJAUHBI, U aTMOcdepa OKpyKaeT Bce 3To. Takum
00pa3om aTMocdepa pacrioiaraercsi B BepxHeii rpaHulIe Auarna3oHa yCTom-
YUBOCTU (PU3UYECKHU TUIOTHOTO BEIIIECTBA, B TO BPEMSI, KAK COOCTBEHHO
TUIAaHETa, HAXOIUTCS B CPETHEN Y HUXKHEU YacTu 3TOro Auana3oHa...

A Terepb, 1aBaiiTe BEpHEMCSI Ha YpOBEHb MUKPOMUPA U TTOIBbITAEMCS
MOHSITh MPUPOIY MATHUTHOIO U 3JEKTpUUECKOro moJjeit. PaccmMorpum
KPUCTAJUIMYECKYIO PELIETKY, OOPa30BAHHYIO ATOMAaMU OJHOTO M TOTO XK€
BJIEMEHTA WM aTOMaMU HeCKOJIbKUX asieMeHTOB (Puc. 3.3.14). B TBEpaom
BEIIECTBE COCEHUE ATOMBI CMBIKAIOTCSI CBOUMU 3JIEKTPOHHBIMU 000J104-
KaMUu U 00pasyloT XECTKYIO CUCTEMY, a 3TO O3HAYAET, YTO UCKPUBJICHUS
MMKPOIPOCTPAHCTBA, BBI3BAHHbBIE SAPOM OTHOTO aTOMa, CMBIKAIOTCSI C UC-
KPUBJIECHUSIMU MUKPOTIPOCTPAHCTBA COCEHETO U T.JI. U 00Pa3yroT MEXIY
c000M1 EAMHYIO CUCTEMY UCKPUBJIEHUSI MUKPOTIPOCTPAHCTBA JIJISI BCEX aTO-
MOB, COMKHYBIIMXCS MEXJy CO00I M 00pa3yloliux, TaK Ha3blBaeMbIe,
noMeHbl. «CBsI3aHHbIE» MOJAOOHBIM 00pa30M, aTOMbl CO3/1AI0T €IMHYIO
CHUCTEMY, COCTOSIIIYIO U3 COTE€H ThICSY MUJJIMOHOB aTOMOB. Bce aToMbl,
BXOJSIIIIME B 3Ty CUCTEMY, UMEIOT OJMHAKOBBII YPOBEHb COOCTBEHHOM
MEPHOCTU, KOTOPBIi, B OOJILIIMHCTBE CJIy4yaeB, OTIMYAETCS OT YPOBHS
MEPHOCTU MUKPOIMPOCTPAHCTBA, B KOTOPOM HAaXOJAUTCS 3Ta CUCTEMA aTo-
MOB. B pe3ynbraTte, BO3HMKAET nepenaa MepHOCTH, HAllpaBJAEHHbBINA MTPO-
TUB Tepenanaa MEpHOCTU MakporipocTpaHcTBa. DopmupyeTcst 30Ha B3au-
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MOJAEUCTBUS MEXIY MUKPOIPOCTPAHCTBOM M MaKpOIIPOCTPAHCTBOM.
BcTpeuHsiii mepenan MEpHOCTH MTOJOOHBIX CUCTEM aTOMOB MPUBOAUT K
KOMIIeHCcaluu AegopMalii MEPHOCTU MaKpPOIIPOCTPAHCTBA, B KOTOPOM
MPOUCXOIUT CUHTE3 (PU3NUECKU IUIOTHOTO BelecTBa. [1pu 3aBepiieHnun
Mpollecca CMHTe3a BelllecTBa, B 30He AehopMaliii MEpHOCTHA MaKpOMpPo-
CTPaHCTBA MPOMCXOAUT B3aMMHAsl HEUTpaau3alus — aedopmMarus Mep-
HOCTHM MaKpOITPOCTPAHCTBA HEUTPAJIM3YeTCsl BCTPEUHBIMU AeopMaLiusIMU
MuKpornpocTpaHcTBa. [Ipnuém, necpopmalivisi MEPHOCTU MaKpPOIIPOCTPaH-
CTBa B (pH3MKeE MOJYYUI0 Ha3BaHKWE IPAaBUTALIMOHHOTIO I10JIsI, B TO BpeMs,
KakK BCTpeuyHas aehopmannss MUKpOPOCTPAHCTBA, CO3IaHHAsI CUCTEMOI
13 aTOMOB JJIOMEHOB CO3/1a€T TaK Ha3bIBAEMOE MAarHUTHOE MOJIE TOMEHA Ha
YPOBHE OJTHOTO TOME€HA ¥ MAarHUTHOE TT0JI€ TUIAaHEThl Ha YPOBHE IJIAHETHI.
MarnuTtHoe noJie miaHeThl BO3HMKAeT, KaK COBOKYITHOCTb MarHUT-
HBIX ITOJIE BCEX TIOMEHOB, CYIIECTBYIOIINX B (PU3NYECKU MJIOTHOM Bellle-
CTBE MuiaHeThl B 1eJoM. COBOKYITHOE€ MarHUTHOE I10JI€ TIAHEThl — Ha
MOPSIAKA MEHbIIIE TPAaBUTALIMOHHOTO T10JISI TUIAHEThl TOJBKO IO OJHOM
MPOCTON MPUUMHE — MUPHUAAbl MUKPOCKOMMNYECKMX MarHUTHBIX MOJei
JIOMEHOB BCe TJIaHEThl OPUEHTUPOBAHHBI XaOTUYHO APYT OTHOCUTEIBHO
Jpyra v TOJIbKO HE3HAUMTEIbHAsI X YaCTh COPMEHTUPOBAHbI MTapaljIeIbHO
OTHOCUTEJIbHO APYT Apyra U COXPaHSIIOT CBOIO HAMAarHMYEHHOCTb, CO3/1a-
Basi MarHUTHOE T10J1€ I1aHeThl. [Tprnyém, noMeHbl 0Opa3oBaHHBIEC Pa3HbI-
MU aTOMaMM, 00J1aJal0T U pa3HOM CTENEHbIO HAMarHUYHNYeHHOCTU. Ha-
MarHM4YeHHOCTb OIPEAESETCS CIOCOOHOCTBIO JAHHOTO JOMEHA COXpa-
HSITh ONIPeACIEHHYIO HAITPaBJI€HHOCTb MAarHUTHOTO TTOJIs1 IOMEHA U B (U -
3MKe OMpeIeisieTcs IUIOIIAAbIo MEeTJIM rucTepe3ruca. MakcuManabHO CBOM-
CTBa HAMarHUYMBAHUS TIPOSIBIISIOTCS Y XKeJie3a, COHACTPOCHHOCTh JIOME-
HOB KOTOPOTI'O B MacilTabe miaHeThl U popMUpyeT B OCHOBHOM MarHUMTHOE
oJie TIaHeThl. IMEHHO Mo 3TOM MpUYMHE aHOMAJIbHbIE 3aJIEXKM KEJI€30-
coaepxXallux pyja Co31al0T MarHUTHbIE aHOMaJIMU — JIOKAJIbHbIE BO3MY-
IIEHUSI MATHUTHOTO TT0JISI TUTAHETHI B TIpeiesiaX JTaHHbIX aHOMAJIUIA.
Tenepp, naBaiite pazdoepémMcs, Kakoe BIMSHUE MAarHUTHOE MOJe —
BCTPEUYHBIN Mepenang MEPHOCTY ITPOCTPAaHCTBA — OKa3bIBAe€T HA CaMu aTo-
MBI, ero opoxkaaroniye. [1pyu HaTMyruu MarHUTHOTO MOJIs, 3JIEKTPOHbI aTO-
MOB CTaHOBSTCS 00Jie€ HEYyCTOMYMBBIMM, YTO B 3HAUMTEJIbHON CTETIEHU
YBEJIMYMBAET BO3MOXHOCTb MX ITepexoa He TOJbKO Ha BBICILIME OPOUTHI O/~
HOTO M TOTO € aToOMa, HO ¥ BO3MOXHOCTb IMOJIHOTO pacraia 3JIeKTpoHa y
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OJIHOTO aTOMa M CUHTE3 €0 y APYroro. AHaJOrMYHbIE MPOLIECChl ITPOUCXO-
JAT MPU MOMIOIIEHUM aTOMOM BOJIH; OTVIMYME 3aK/II0YAeTCs JIUIIb B TOM,
YTO MOIJIOLLIEHKUE BOJIH (POTOHOB IMTPOUCXOIUT KaXKIbIM aTOMOM B OT/IEJIbHO-
CTH, B TO BpeMsl, KaK MOoJI BO3AEHCTBMEM MAarHUTHOTO MOJIsI B BO30YXKIEHHOM
COCTOSIHMM OJHOBPEMEHHO OKa3bIBaIOTCSI MUJLIUAPIbI aTOMOB 0€3 KaKOro-
JI0O CYIIECTBEHHOTO M3MEHEHUs UX arperaTHoro cocrosiHus (Puc. 3.3.15).

[Tpu HanMYMK NIPOAOJABHOTO Mepenaaa MEpHOCTU, Ha3bIBAEMOTO T10-
CTOSTHHBIM 3JIEKTPUYECKUM MOJIeM, BHEIIIHME 3JIEKTPOHbI aTOMOB, CTaB-
1€ HEYCTOMUYMBBIMU MOJI BO3ACHCTBHEM ITOINIEPEYHOrO Meperaga MEpHO-
CTU, HAa3bIBAEMOI'O TTIOCTOSIHHBIM MarHUTHBIM I10JIEM, HAUMHAIOT pacra-
JaThCsl HA MaTepUU MX 00pasylolye U, Mo BO3IeiCTBUEM MPOI0JbHOIO
rnepernaga MEpHOCTU, HAQUMHAIOT JBUTAaThCs BAOJb KPUCTAUIMYECKOM pe-
IIETKU OT OOJIBIIEro YPOBHSI MEPHOCTH, Ha3bIBAEMOTIO TUTIOCOM, K MEHb-
11IeMY YPOBHIO MEPHOCTHU, Ha3biBaeMoro MuHycom (Puc. 3.3.16). [Tpomoss-
HBbII ITOTOK MEPBUYHBIX MATEPUIA, BBICBOOOAMBILIMXCS IMPU paCIaie BHEIII-
HUX 2JIEKTPOHOB OJTHMX aTOMOB, T10M1a/1asi B pacoIoKeHUeE APYTUX aTOMOB
C MEHBIIIMM YPOBHEM COOCTBEHHOM MEPHOCTH, BbI3bIBAET Y 9TUX aTOMOB
CHUHTE3 3JIEKTPOHOB. JIpyruMu cJI0BaMU, SJIEKTPOHBI «MCU€3al0T» Y OTHUX
aTOMOB U «ITOSIBJIIIOTCSI» Yy ApyTrux. [Ipryém, 310 MpoucxoauT oqHOBpe-
MEHHO ¢ MUJUITMOHAMU aTOMOB OMHOBPEMEHHO U B OIPeAeAEHHOM Hampa-
BJIeHUU. B Tak Ha3pIBaeMOM, IPOBOIHMKE BO3HUKAET MOCTOSIHHBIN 2J1€K-
TPUUYECKUIA TOK — HaIlpaBJIEHHOE ABMXKEHUE 3JIEKTPOHOB OT ILII0CA K MU-
Hycy. ToJIbKO, B TPE1JIOKEHHOM BapuaHTe OObSICHEHUSI, CTAHOBUTCS TIpe-
NeJbHO SICHO, UTO TaKO€ HapaBJeHHOE NIBMKEHUE, YTO TAKOE «ILTIOC» U
«MHUHYC» M, HAKOHEII, YTO TaKOE «3JIEKTPOH». Bce 3TW MOHATUS HUKOTAA
He OOBSICHSUIMCh U NMPUHUMAINCh, KaK AOKHOE. ToJIbKO 4TOOBI OBITh
MpeaebHO TOUHBIM, CJIEAYET TOBOPUTH HE O «HAIMPABIEHHOM IBVKEHUU
3JIEKTPOHOB OT ILTI0CAa K MUHYCY», a O HallpaBJICHHOM IepepacipeneieHun
3JIEKTPOHOB BI0JIb MPOBOAHMKA.

Kak crajio sicHO 13 BbIILIEU3JI0KEHHOTO OOBSICHEHUS, 3JIEKTPOHBI HE
JIBVXKYTCS BIOJIb TPOBOIHMKA, OHU MCYE3AI0T B OTHOM MECTE, IlI€ YPOBEHb
COOCTBEHHOI MEPHOCTU aTOMOB CTAHOBUTBCS KPUTUUYECKUM IS Cylle-
CTBOBAHMSI BHEIITHUX 3JIEKTPOHOB M 00Pa3yIOTCsl Y aTOMOB, Y KOTOPBIX BbI-
MOJIHSIOTCSI HEOOXOAUMBIE 1JIs 3TOro yciaoBus. [Ipoucxoaut nematepua-
JIA3a1Msl 3JIEKTPOHOB B OJHOM MECTE U MaTepraan3alus ux B apyrom. [1o-
TOOHBII TTPOLIECC TPOMCXOIUT B MPUPO/IE TOCTOSIHHO, XaOTUYHO U MTO3TO-
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MY CTaHOBMTCS Ha0JII0aeMbIM TOJILKO B CJIyyae YIpaBiIeHUs 3TUM MPO-
LIECCOM, UTO M OCYIIECTBIISIETCS MTPU UCKYCCTBEHHOM CO3JaHWUU Harpa-
BJICHHOTO Tiepemnajaa MEPHOCTU BIOJb MTPOBOJHUKA. XOTEJIOCh Obl OTME-
TUTb, YTO MPUYMHAMU MPOSIBJIEHUS] KAK MATHUTHOTO MOJISI, TaK U 3JIEKTPU-
YeCKOro, SIBJISIIOTCS Tepernaabl MEPHOCTU (TpagueHThl MEPHOCTH) MPOC-
TPaHCTBA, KOTOPbIE MTPUHLIMUITMAIBLHO HE OTJIMYAIOTCS APYT OT Apyra. Kak
B OJTHOM CJIyyae, TaK 1 B APYTOM 3TO Meperag MEPHOCTU MEXTY IBYMS TOU-
KaMy MPOCTPAHCTBA, UMEIOIIMMHU IO TOM WJIM MHOU MpUYMHE pa3Hble
YPOBHUM COOCTBEHHOI MepHOCTHU. Paznnuue B MposiBICHUN 3TUX Tepena-
JIOB OOYCJIOBJIEHO TOJIbKO MX MPOCTPAHCTBEHHOU OPUEHTUPOBKOM I10 OT-
HOILIEHMIO K KPUCTAUIMYECKOU pelieTke. B3aumorneprieHauKyJIsipHOCThb
NBYX TlepenagoB MEPHOCTU OTHOCUTEJILHO TaK Ha3bIBAEMOM ONTUYECKOM
OCHU KpUCTaJljia, IPUBOAUT K KaUeCTBEHHOMY OTJIMYMIO PeaKIIMU KaxKI0To
aToMa Ha ATH Ieperiaabl MEPHOCTH TPU MOJHOMN TOXAECCTBEHHOCTH MTPU-
pOIbI caMMX TMepenaaoB. AHM30TPOITHOCTh KAY€CTBEHHOM CTPYKTYPhI KaK
MaKpOMpPOCTPAHCTBA, TAK 1 MUKPOIPOCTPAHCTBA MIPUBOAUT K KAU€CTBEH-
HO IpYTYM PeaklMsIM MaTepuu, 3a0JIHSIIOIEH 3T ITPOCTPAaHCTBA, KaK Ha
YPOBHE MaKpOMPOCTPAHCTBA, TaK 1 HA YPOBHE MUKPOIIPOCTPAHCTBA.
I[ToHuMaHMe MpUPOAbI TOCTOSTHHOIO MAarHUTHOTO U 3JIEKTPUYECKOTO
MOJIE 1 MIPUPOJIbI MX BIMSHUS Ha KAYECTBEHHOE COCTOSTHUE (DU3UYECKU
IUIOTHOI MaTepUu MO3BOJISIET ITOHSTh M TPUPOIY NEPEMEHHOTIO 3JIEKTPO-
MarHuTHoro noJjs. [lepemeHHOe MarHUTHOE T10JI€ BAMSET HA OAWH U TOT
K€ aTOM TM0-Pa3HOMY, B pa3HbIX (ha3ax CBOETO0 KAYECTBEHHOTO COCTOSIHUS.
[Tpu HyneBoi HANPSKEHHOCTY MEPEMEHHOIO MarHUTHOTO MOJISl, €CTeC-
TBEHHO, BJIMSIHME HAa KAUeCTBEHHOE COCTOSTHUE aTOMOB KPUCTA/UTMYECKOM
PEIETKMU paBHO HyJ10. [Ipy MpoXOoXIeHUN Yepe3 KPUCTAUIMIECKYIO pe-
LIETKY YCJIOBHO ITOJIOXKUTEJIbHOM (Da3bl HAMpPSKEHHOCTU MEePEeMEHHOTO
MarHWTHOTO IOJIsI, KaXIblii aTOM HAUMHAET TEPSTh CBOU BHEIIIHUE 2JICK-
TPOHBI BCJIEACTBUE TOTO, YTO JOIOJHUTEILHOE BHEIIIHEE BO3IEUCTBUE
nepenaga MEPHOCTU BJIMSET Ha KAYECTBEHHOE COCTOSIHUE DJIEKTPOHHBIX
000JI0YEK aTOMOB, HE BJIMSISI CYIIECTBEHHO Ha KAYECTBEHHOE COCTOSIHUE
aTOMHBIX siiep. B pe3ynabraTe 3TOro, HEKOTOPbIE BHEIIHUE DJIEKTPOHBI
CTAHOBSITCSI HEYCTOMYMBBIMU M pacnafaloTcsl Ha MaTepuu, UX o0pasylo-
mme. [Ipu mpoxoXneHnr yCIOBHO OTPULIATEIbHOM (ha3bl HAMPSLKEHHOCTHA
MEPEMEHHOTO MAarHUTHOTO MOJISI HA00OPOT CO3AAI0TCS YCIOBUS IS CUH-
Te3a 2JIEKTPOHOB B 30HaX AeopMaliii MUKPOIIPOCTPAHCTBA, CO3AaHHbBIX
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MOJI BO3JEMCTBUEM aTOMHBIX siiep. [1oaToMy, mpy MpOXOXKAEHUN BOJTHBI
MePEeMEHHOT0 MarHMTHOTO TT0JIs Yepe3 KPUCTAINUECKYIO PELIETKY BO-
3HMKAaET JII00OIbITHAs KapTuHa. Eciiu y JaHHOro aToma MU aTOMOB T10/,
BO3/1€IICTBMEM MAarHUTHOTO OJIsI BHELTHUE 3JIEKTPOHbBI CTAJIM HEYCTOMYM -
BBIMU U pacnajarch Ha MaTEpUU UX 0Opa3yIolIMe, TO y BIEPEAU JIeKaIUX
10 ONTUYECKOM OCH aToMa WM aTOMOB, Ta XKe caMasl BoJIHA CO31aéT OJia-
TOIPUSITHBIE YCJIOBUSI ISl CUHTE3a 2JIeKTpoHOB (Puc. 3.3.17). DT1o co3maér
rnepernag MepHOCTU (2IEKTPUUYECKOE IM0JIe), CMEIIEHHBIN Mo da3e Ha /2
Y PacoJIOKEHHBIX BIEPear M0 ONTUYECKOI OCU aTOMOB, MePHeHANKYJISIP-
HO MEPEMEHHOMY MarHUTHOMY I0JIIO, BCJIEACTBUE YEro, Y 3TUX aTOMOB
MPOUCXOIUT CUHTE3 JOIOJHUTEbHBIX 27eKTpoHOB (Puc. 3.3.18). Jlo-
MOJHUTEJbHO CUHTE3UPOBAHHbBIE 3JIEKTPOHBI, B CBOIO OYEPE/lb, CO3/1At0T
MEPIEHAUKYISIPHO 2JIEKTPUIYECKOMY MOJII0 CMELIEHHBIN 110 (a3e Ha 7t/2
nepemnag MepHOCTU (MarHUTHoOE 1oJjie). M, Kak clieacTBue BCEro 3Toro, o
MMPOBOJAHUKY MPOUCXOAUT PacIpOCTpaHEHUE TTEPEMEHHOTIO 3JIeKTpUUeC-
KOro TOKa B1oJib ontuueckoit ocu (Puc. 3.3.19). [1o aHanormyHoMy NpuH-
LIMITY B IPOCTPAHCTBE PaCIPOCTPAHSIIOTCS 3JIEKTPOMATHUTHBIE BOJTHBI.
TakuM oOpa3oM, mepeMeHHOe MarHMTHOE T10JIe ITOPOXKIAET B MPO-
BOJHUKE MEPEMEHHBIN 2JIEKTPUUYECCKUN TOK, KOTOPBIN, B CBOIO OYEPEb,
MOpOoXaaeT NepeMeHHOe MarHUTHOE T10JI€ B TOM Ke ITpoBoaHuKe. [1pu Ha-
JIUYUU BOJIM3U OJHOIO MPOBOJHUKA C IEPEMEHHBIM MarHUTHBIM T1OJIEM
JIPYroro, B MOCJEeIHEM BO3HMKAeT TaK Ha3bIBaeMblil MHIYLIMPOBAHHBIN
aJIeKTpUYeCcKuii ToK. M, Kak ciiecTBHE, MOSIBUIACh BO3MOXKHOCTb CO3/1aTh
reHepaTop 3JEKTPUUYECKOIo TOKa, B KOTOPOM BpalllaTeIbHOE ABMXKEHUE
TYpOMHBI TpeoOpasyeTcsl B IepeMeHHbII 371eKTpuueckuii Tok. HanoxeHue
Ha KOHKPETHOE MUKPOIIPOCTPAHCTBO, C KOHKPETHBIMM CBOMICTBAMU 1 Ka-
YecTBaMM BHEIIIHETO BO3/ICHCTBYS, B BUE Mepernaaa (rpaaMeHTa) MepHO-
CTY IPUBOIMUT K TOMY, UTO CBOMCTBA M KaueCTBA MUKPOIIPOCTPAHCTBA B 30-
HE HaJOXEeHMs M3MeHs0TCs. B cuiy Toro, 4ro mpocTpaHCTBO, KakK Ha
MaKpOYpOBHE, TaK U MUKPOYPOBHE — aHMU30TPOITHO, T.€., CBOICTBA U Ka-
YecTBa IMPOCTPAHCTBA HE OJMHAKOBbBI B pa3HbIX HATTPABJICHUSIX, JOTTOJTHU -
TeJIbHbIC BHEIITHME Nepenaabl MEPHOCTH, B 3aBUCUMOCTHU OT TOTO, B KAKOM
U3 HampaBJIeHU MPOCTPAHCTBA OHU MPOSIBIISIOTCS, OyIyT BHI3bIBATh Pa3-
JIMYHBIE peakuuu (GU3NYECKU IUIOTHOTO BEIIECTBA, 3aIOJHSIONIETO 3TO
npoctpaHcTBo. [1pun omHOM U TOM XKe Npupoe nepernaga MEpHOCTH, UMEH-
HO aHU30TPOITHOCTh MPOCTPAHCTBA MIPUBOAUT K TOMY, UTO peakiius pusu-
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YeCKH IIJIOTHOM MaTepuu 3aBUCUT OT TOTO, B KAKOM M3 ITPOCTPAHCTBEHHbBIX
HaIpaBJIeHUI MposIBsieTcsl ATOT nepenaa. MMeHHO mo3ToMy mpupoaa
MarHUTHOTI'O U 3JIEKTPUYECKOTO T0JIeil — TOXIEeCTBEeHHA, KaK HU IMapagoK-
CaJIbHO 2TO 3ByYMT. Pazinuue nx CBOMCTB 1 KQUeCTB ONPEaesIeTCs UMEH-
HO UX MPOCTPAHCTBEHHBIMU XapaKTepUCTUKaMU. IMEHHO TOXIECTBEH-
HOCTb MPUPOAbI MATHUTHOI'O 1 3JIEKTPUUYECKOTO MoJIeit U CO31aET BO3MO-
>KHOCTb MX B3aMMOJICICTBUS U B3aMOMHAYLIMPOBAHUSI.

3.4. Pe3iome

MaxkponpocTpaHCTBO M MUKPOIIPOCTPAHCTBO CYIIECTBYIOT B HETIpE-
PBIBHOM B3aMMOAEWCTBUU APYT ¢ ApyroM. Ho npupona naHHOro B3aumo-
JEVCTBUS OCTaBajach Ha MPOTSKEHUU BCEr0 BpeMEHM CYIIeCTBOBAHUS Ha-
VKU 3aragkoil. 3araakoil, Ha KOTOPYI MOYeMy-TO HUKTO He oOpallaj
BHMMaHUs. Ho, MMEHHO MOHMMaHKWe B3aUMOACHCTBUS MEXIy MaKpo- 1
MUKPOIPOCTPAHCTBOM JAET MOHMMaHue Xnu3Hu BeenenHoit. CunTe3 gpu-
3WYECKHU TJIOTHOTO BEIIECTBA IMMPOUCXOAUT B 30HAX BO3MYILIEHUSI MEPHOCTHU
MPOCTPAHCTBA, KOTOPbIE BOBHUKAIOT BO BpEeMsI B3pbIBa CBEPXHOBOM 3Be-
31bl. BoHBI BO3MYIIIEHUSI MEPHOCTU MaKpONpPOCTPAHCTBA U3MEHSIIOT
CBOICTBA U KauecTBa ITPOCTPAHCTBA, Uepe3 KOTOpOe OHM IpoxoasT. Been-
CTBUE 3TOr0, U3MEHSIETCS MpUpOAa MOBEACHUSI MaTEpUU, KOTopasi, IO
TEM WM UHBIM ITPUYMHAM, OKa3bIBA€TCS B JAHHBIX 00J1aCTSIX BO3MYILICHUS
MEPHOCTU MpOoCTpaHCTBa. B pe3ysibrare 3TOro B 3TUX 30HaX AeopMaluu
MPOCTPAHCTBA TOSIBJISIIOTCS KAY€CTBEHHO HOBBIE (DOPMBI MaTepuit. DTu
KauyeCTBEHHO Apyrue (hopMbl MaTepUii, 3aMOJIHSISI COOOM 30HbI HEOTHOPO-
JTHOCTU TIPOCTPAHCTBA, HEMTPAIU3YIOT UCKPUBJIEHUE MAaKpPOMPOCTPaH-
CTBa, ¥ BOJIHbI BO3MYILIEHMSI MEPHOCTU ITPOCTPAHCTBA «3aMOPAKUBAIOTCSI»,
BO3HHUKAIOT CBOEOOPA3HBIE CTOSIIIME BOJHbBI BO3MYIILIEHUS] MEPHOCTH Ma-
KpornpocTpaHcTBa. [Ipouecchl, mMpoucxoasiinyue Ha YPOBHE MUKPOIIPO-
CTPaHCTBA B 30HAaX BO3MYILIEHUSI MEPHOCTU MAaKpPOITPOCTPAHCTBA, B KOHEU-
HOM MTOre, MPUBOISIT K MOJHOU KOMIEHCALIMX BO3MYILEHNUSI MEPHOCTHU
MaKpOITPOCTPAHCTBA 3a CYET TOrO, UTO CUHTE3UPYEMble TMOPUAHbBIE (POP-
Mbl MaT€pMM HA YPOBHE MUKPOIIPOCTPAHCTBA BIMSIOT Ha OKpYyXKarollee
MMKPOIIPOCTPAHCTBO CO 3HAKOM, 0OpaTHbIM 3HAKy M3HAYAJIbHOTO BO3MY-
LIEHKWSI MAaKPOMPOCTPAHCTBA, B KOTOPOM MPOMCXOAUT AAHHBIM CUHTE3.
Mukpockonuueckue, 1o CpaBHEHUIO ¢ BO3MYILIEHUSIMU MaKPOIIPOCTPaH-
CTBa, BJAUSIHUSI TMOPUIHBIX (DOPM MaTEepUii HA OKpYyXKarollee MUKPOIPO-
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CTPAHCTBO CYMMMPYSCh, KOMIIEHCUPYIOT BO3MYILIEHE MEPHOCTHA MaKpO-
npocTpaHcTBa. KOMITIEHCUPYIOT, HO, HE aHHYJIMPYIOT. B pe3ybrare, 30HbI
BO3MYILIEHUSI MEPHOCTH MAaKpPOIIPOCTPAHCTBA OCTAIOTCS HE UCYE3Al0T, 3a-
MOJIHEHHbIE TMOPUAHBIMU (POpMaMU MaTEpUil, CHHTE3 KOTOPBIX, B CBOIO
oyepeab, MPOUCXOAUT TOJIbKO B 3TUX 30HAX BO3MYIIEHUS MEPHOCTU Ma-
KponpocTpaHcTBa. TakuM 00pa3zoM, MaKpOIIpPOCTPAHCTBO U MUKPOMPO-
CTPaHCTBO HAXOMSTCS B TECHOM B3aMMOCBSI3U APYT C APYTOM, HE MOTYT CTa-
OMJIBHO CYLLIECTBOBATh APYT O€3 Ipyra, U COCTOsIHME OalaHCca MeXIy HUMU
00ecIeuyrBaeT YCTOMUYMBOE COCTOSIHME MPOCTPAaHCTBA B LieJoM. JI1oObie
W3MEHEHMSI, BO3MYILIEHUS B KAYECTBEHHOM COCTOSIHUM MaKpOIIPOCTpaH-
CTBa IMPOSIBJISIIOTCSI B U3BMEHEHU M KaYeCTBEHHOTO COCTOSIHUSI MUKPOIIPO-
cTpaHcTBa. M1 HA00OPOT, J110OBIE U3MEHEHUS KAYeCTBEHHOTO COCTOSTHUS
MUKPOMPOCTPAHCTBA MPOSIBJISIIOTCS HA KAYECTBEHHOM COCTOSIHUM MaKpO-
MPOCTPAHCTBA. YCTONYMBOCTh COCTOSSHUS BceneHHoi obecrnieunBaeTcs
0ajJaHCOM MEXIy MaKpONpPOCTPAHCTBOM M MUKPOIIPOCTPAHCTBOM. Bo-
3HUMKAIOIIKME B MPOILIECCE TOro OajaHca MEeXIy MaKpOMpPOCTPAaHCTBOM U
MUKPOIIPOCTPAHCTBOM CTOSIIIME BOJHBI BO3MYILIEHMSI MEPHOCTU MAaKpO-
MPOCTPAHCTBA UMEIOT MOCTOSIHHBIN Teperna (rpaIiueHT) MEpHOCTH, Ha-
MpaBJICHHbII OT BHELIHEU rpaHU1Ibl 30HbI HEOJHOPOAHOCTHU K €€ LIEHTPY.

B pesynbraTe 3T0rO0, 1aXKe mocse 3aBeplleHust CUHTE3a TMOPUIHBIX
(bopM mMaTepuit, oA BO3IEUCTBUEM ATOTO TMepernana MEpHOCTH TTEPBUYHbIE
MaTepUM MPOAOJIKAIOT CBOE IBUXKEHUE OT TPAHMIL 30HBI HEOAHOPOIHOCTHU
MEPHOCTH K €€ LIEHTPY TaK Xe, KaK 1 TMOpUaIHbIe popMbl MaTepuii. Kax-
nasi ruopuaHas popma MaTepur Ka4eCTBEHHO U CTPYKTYPHO OTJIMYAETCS
OT APYIMX U YACTUYHO CBOMM BTOPUYHBIM BBIPOXAECHMUEM MPOCTPAHCTBA
HEWTpaan3yeT BO3MYIIIEHMEe MEPHOCTH MaKpOIIpOCTpaHCTBa. BeiencTere
3TOTO IJIsI KaXKI0M OTAEIbHO B3ITOM rMOpUIHON (hDOpMBI MaTepuu Tiepenan
MEPHOCTU BHYTPU 30HBI HEOJTHOPOJIHOCTU MAaKPOIIPOCTPAHCTBA MTPOIOJ-
>KaeT CYILIeCTBOBATh HECMOTPS HA TO, YTO TaHHAs TMOPUAHAS MaTEepHS Yyac-
TUYHO HEUTpaaM3yeT 3TOT IMepenaa MepHOCTU. TOJbKO BCe BMECTE, TH-
OpuaHbIe GOPMbI MATEPUL HEMTPAJIM3YIOT M3HAYATBHBIN WJIW TTIEPBUYHBIN
rnepenaa MEPHOCTU B 30HE UCKPUBJIEHUS MEPHOCTU MAKPOIIPOCTPAHCTBA.
B 1O Bpewmsi, Kak 11 OTAEJIBbHO B3SITOM TMOPUAHOM MaTepuu Tepena
MEPHOCTU MPOJIOJIKAET CYIIECTBOBAaTh. Kpome 3Toro, 3ToT nepenaa Mep-
HOCTU CTAaHOBMUTCSI MTOCTOSIHHBIM BCJI€JACTBME BO3HUKHOBEHUSI CTOSYEIA
BOJIHbI MEPHOCTHU. JlaHHOE SIBJIEHME CYILIECTBYET TOJIBKO ITOTOMY, YTO TU-
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OpuaHbIe (OPMbI MAaTEPUIi, XOTb U 00pa30BaHbI TOCPEACTBOM OJHUX U TEX
K€ TIEPBUYHBIX MAaTEPU I, KAUECTBEHHO U CTPYKTYPHO OTJIMYAIOTCS IPYT OT
Jpyra, uMesl TOJIbKO YaCTUYHOE B3aUMOACHCTBUE MEXTy COOO0I 110 OOLIIMM
cBoiicTBaM 1 KauecTtBaM. [ToaTomy, (pr3nuecKku II0THOE BELIECTBO, KOTO-
poe SIBJIIeTCsl OMHOM 13 (OpM rMOPUIHBIX MaTePUil, TOCTOSIHHO HAXOAUT-
C4 MO/, IEVICTBUEM 3TOTO ITOCTOSTHHOTO TIEpeTiaga MEPHOCTH, BCIEACTBUE
4yero Bce, (PU3NUYECKU MIOTHbIE 00bEKThI BHIHYKAECHHO IBUTAIOTCSI OT Kpast
30HbI HEOJTHOPOJTHOCTA MAaKPOIIPOCTPAHCTBA K €€ LIEHTPY. B coBpeMeHHO
(bm3MKe ATOT MPOLIECC HOCUT Ha3BaHMUS TPaBUTALIMU, TPABUTALIMOHHOIO
T10J151 TUTAHETHI WJIX JII0OOTO IPYroro MaTepuajlbHOrO MakpoOoObEKTa.

IpaBuTaLIMsl €CTh HM UTO MHOE, KaK BO3AEUCTBUE Ha (DU3MUYECKU
TUIOTHOE BEILIECTBO MOCTOSSHHOTO PaaraIbHOIO Ieperiaia MEpHOCTH Ma-
KpPOIIPOCTPAHCTBA, BOZHUKIIETO B 30HE HEOTHOPOAHOCTA MaKpOIIPO-
CTPAaHCTBA, KaK pe3yJbTaT B3aMMOJICHCTBUS IIPOCTPAHCTBA U CBOOOTHBIX
MaTepuii, 3aMOJHSIOIIMX JaHHOE TTpocTpaHcTBO. Ha ypoBHE MUKponpo-
CTpaHCTBA KaXbIii aTOM BJIMSIET HA OKPYXKalolllee MPOCTPAHCTBO. DTO —
TaK Ha3bIBAEMOE BTOPUYHOE BIIMSIHME HA MPOCTPAHCTBO, KOTOPOE MPUBO-
JIUT K YaCTUYHOU HEWTpaIU3alii Ha YypOBHE MUKPOITPOCTPAHCTBA Mepe-
naga MEpHOCTU MaKpOMpOCTpaHCTBA. JIpyrumu cioBaMu, KaxKablii aTOM
CO37a€T BCTPEUYHBIN Iepenas MEPHOCTU MPOCTPAHCTBA HA YPOBHE MU-
KPOIIPOCTPAHCTBA, YACTUYHO HEUTPAJIM3YIOIINIA MEPBUYHBIA IIEpEIal
MEPHOCTU MaKpOIIPOCTPAHCTBA Ha YPOBHE MUKPOIIPOCTpaHCTBA. BimsiHre
KaXJ10T0 aTOMa He3aBUCUMO OT BJIMSIHUS JTI000TO APYroro aroma.

[Tpu coenMHeHM AaTOMOB B MOJIEKYJIbI M KDUCTAJUIMYECKUE PEIIETKHA
WX MHAWBUIYAJIbHBIC BJIMSIHUS HA OKPY>KAIOIIEe ITPOCTPAHCTBO OOBEINHS -
F0TCS B 0011yI0 cucteMy. Kaxmast MoJieKyia iy KpUCTALTAYECKAs] PEIIET-
Ka OrpaHMY€Ha B MPOCTPAHCTBE B CUJTY T€X WJIM MHBIX CBOMCTB U KAY€CTB
MakponpoctpaHcTia. [ToaTomy, coznaBaeMblid MOJIEKYJION UM KPUCTa-
JIMYECKOM PEILIETKOM BCTPEUHBIN Meperiag MEPHOCTU MPOSIBIISIETCS HA MU-
KpOypoBHE mpocTpaHcTBa. Kaxmas Mosnekyna Wi KpUcTajul CO3Iar0T
CBOE0OOpa3HbIi JOMEH, (DOPMUPYIOLLIMIA BOKPYT ce0s1 Ieperaa BCTpEYHOM
MEPHOCTU MIPOCTPAHCTBA, KOTOPBIM HA3bIBAIOT MATHUTHBIM ITOJIEM IAHHO-
ro foMeHa. Cynepno3ulimsi BCeX MarHUTHBIX JOMEHOB CO31aET MarHUTHOE
M0JIE MAaTepUaJIbHOTO OOBEKTA, B Clydyae IJIAHETHI — MArHUTHOE ITI0Jie
ruiaHeTbl. COBOKYMTHOE MAarHUTHOE MOJI€ TUIAHETHI TTO-Pa3HOMY BO3/EN -
CTBYET Ha aTOMbI I MOJIEKYJIbl, 00pa3yollKe BElleCTBO IJIaHEThI, BCIIEI-
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CTBME MX KaYE€CTBEHHBIX M CTPYKTYPHBIX OTJIMYUI, B pe3yJIbTaTe Yero aTo-
MbI, MOJIEKYJIbI, KPUCTAJUIbI TIPOSIBJISIIOT pa3Hble CBOMCTBA M KauyecTBa.
HeomnHopomgHoOCTh NpocTpaHCTBa B pa3HbIX HAIPaBICHUSIX MPUBOIUT K
TOMY, UTO OJIMH U TOT XK€ Mepenag MEpHOCTU IMPOCTPAHCTBA BJMSIET Ha Ka-
YeCTBEHHOE COCTOSIHUE (PU3MYECKHU TIJIOTHOM MaTEep1M MO-pa3HOMY, B 3a-
BUCUMOCTH TOTO, B KAKOM IPOCTPAHCTBEHHOM HampaB/ieHUU BO3HUKAET
JAHHBIN Mepernag MepHOCTU. DTO CBI3aHO TaKXKe U C TEM, YTO CUHTE3 T -
OpMIHBIX MaTEePUid, BKII0Yast U (GU3NYECKHU TJIOTHYIO, ODMEHTHPOBAH B CO-
OTBETCTBUU C aHM30TPOITHOCTHIO CAMOTO MaKpPOIIPOCTPAHCTBA, B KOTOPOM
MPOUCXOAUT CUHTE3. AHU3OTPOITHOCTD MPOCTPAHCTBA MPEaOIpeaeasieT
MPOCTPAHCTBEHHOE OPUEHTUPOBAHME MAaTePUM, KaK HECBSI3aHHBIX Iep-
BUYHBIX MaTepuii, TaK U TUOPUIAHBIX. AHM30TPOITHOCTh MPOCTPAHCTBA
npenonpeneseT CTPyKTypHYIO M KaYeCTBEHHYIO0 aHM30TPOITHOCTb MaTe-
pyur. AHM30TPOMHbBII MaKpPOKOCMOC MOPOXKAAET aHU30TPOIHBINA MUKPO-
KOCMOC, OajlaHC KOTOPBIX M 00ecIieyrBaeT ycToitunBoe coctosinue Bee-
JIeHHOM. BciencTBre aHM30TPOIMHOCTH, KaK MaKpOIPOCTPAHCTBA, TaK U
MUKPOIIPOCTPAHCTBA BIMSIHUE JIOKAIbHOU HEOTHOPOAHOCTU MPOCTPaH-
CTBa Ha MaTepUIO M HA CaMO MPOCTPAHCTBO CTAHOBUTCSI 3aBUCUMBIM OT
MPOCTPAHCTBEHHOI OPUEHTUPOBKHU I'pallieHTA TIepernaga MEPHOCTH MPO-
CTpaHCTBAa, KaK MO OTHOIIEHHUIO K CAMOMY IPOCTPAHCTBY, TaK 1 110 OTHO-
1IeHuIo K Mmatepun. MMeHHO, Kak CIeACTBUE 3TOTrO, FPaaueHT MEPHOCTHU
MPOCTPAHCTBA MPOSIBIISIET Ce0s1, KaK TaK Ha3bIBaeMOE rPaBUTALIMOHHOE T10-
Jie TIPY OJTHOM ITPOCTPAaHCTBEHHOM HaIlpaBJIeHUM, KaK MATHUTHOE M10JIe —
MpU IPYyroM, U Kak 2JIEKTpUYecKoe IoJjie B TpeTheM. Tonbko Oaaromaps
3TOMY BO3MOXKHO pacIpOCTpaHEHKE KaK 3JIEKTPOMAarHUTHBIX BOJIH B IPO-
CTpPaHCTBE, TaK U ApYrux. MarHUTHOE MoJie TIePEeXOIUT B 3JIEKTPUUECKOE,
KaK ¥ Ha000pOT — 2JIEKTPUYECKOE B MATHUTHOE. B TOM unciie 3To mpaBu-
JIO paboTaeT U MO OTHOIIEHMIO K TPaBUTALlMOHHBIM BoJiHaM. Bce oHn —
B3aMMoO3aMellamle. DTo MPaBUIO HE PacpoCTpaHsIeTCs Ha CTOosYue
BOJIHBI MepHOCTU. [ToHMMaHKMe eAMHCTBA IPUPOIbI MOJIel JaéT KoY K CO-
3MaHUI0 AHTUTPABUTALIMU U BO3MOXKHOCTA MTHOBEHHOTI'O TIEPEMEIIICHUS B
MPOCTPAHCTBE, OTKPBIBAET IMPAKTUYECKU HEOTPAHUYEHHbIE BO3MOXXHOCTH
Pa3BUTHUS TEXHUKU, OCBOEHUE HOBBIX UCTOYHUKOB SHEPTUM.
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InaBa 4. Heo0xoaumbie H 10CTATOYHbIE YCIOBHSA
BO3HMKHOBEHMS XH3HH BO Bcenennon

4.1. IlocTaHoBKAa BONpPOCA

Bomnpoc 0 BOBHUKHOBEHUHU XM3HU Ha Halllel TJIaHeTe BCerma Obul
«KaMHeM TIpeTKHOBeHUs». C ApeBHUX BpeMEH (prIocOodbl, yUEHbBIE ITHITA-
JIUCh pasraaaTh TaitHy >ku3Hu. Co3naBaauch pa3Hble TEOPUU, TUTIOTE3bI O
Mpupoe X1Boit MaTepuu. Bce oHu 6a3upytoTcest Ha mocTynaTax (MOHSITHU-
SIX, TPUHUMAEMBIX 0€3 10Ka3aTeabCTB). YTOOBI COXpAaHUTh 3TY TEOPUU KU -
3HECITOCOOHBIMM, TT03IHEE BBOJWIMCH HOBbIE M HOBBIE ITOCTY1aThl. B Ha-
cToslIee BpeMsl BCe CYILIECTBYIOIIME HaydyHbIe TEOPUM MMEIOT B CBOEM
(byHmaMeHTe 1ecSITKH, a TOPOit U COTHU TTOCTynaToB. K Mx ynciy oTHOCUT-
cs 1 coBpeMeHHas1 pusuka. MHdpopmaiis, KOTopylo 4eJIOBeYeCTBO HaKO-
MUJI0 K KOHILY IBaIIaTOrO BEKa, IMOJHOCTBIO AEIAET 3TU TEOPUU HECOCTO-
SITeJIbHBIMU. SIBJIEHMSI, KOTOpbIE YU€HbIe HA0JI01aI0T, TOCPEACTBOM IPU-
OOpPOB WJIM BU3YaJbHO, €CTh MPOSIBJICHUS peaIbHbIX 3aKOHOB MTPUPOIHI.
Ho, peanbHbie 3aKOHBI TPUPOABI (POPMUPYIOTCS HA YPOBHSIX MAaKPOKOC-
Moca U MUKpoKocMmoca. BcE, ¢ ueM yenoBeK conmpukacaeTcsi B CBOEM XK1 -
3HM, HaXOIMUTCS MEXIYy MaKpOKOCMOCOM M MUKPOKOCMOcOM. MIMeHHO
M03TOMY, KOTJ1a YeJI0BEK C TOMOILbIO IPUOOPOB CMOT 3aIJISIHYTh B MUKPO-
MMP, OH BIIEPBbIE€ CTOJIKHYJICSI C 3aKOHAMU TIPUPOJIbI, & HE C UX ITPOsIBJIE-
HUAMU. Martepusi He osIBUIach U3 HEOTKy1a. B¢c€ ropasno mpoie u cio-
>)KHEee OTHOBPEMEHHO: TO, UTO YeJIOBEK 3HAEeT O MAaTePUU U IyMaeT, KakK O
3aBepIIEHHOM, a0COJIOTHOM MOHSITHUM, Ha CAMOM JieJie, SIBJISICTCS JIUIIb
MaJIEHbKOM 4aCThIO 3TOTO MOHATUSI. MaTepus 1eiCTBUTEILHO HUKYIA HE
KCcYe3aeT U HUOTKYAA HE MOSIBISIETCS ; ACMCTBUTEIBHO CYILIECTBYET 3aKOH
CoxpaHeHust MaTepuu, TOJbKO OH HE TaKOi, KAKM ero MpeacTaBisioT
Joau. TakuM o6pa3oM, CyLIECTBYIOLIME HAyYHbIE TEOPHMM, OCHOBAHHBIE HA
MOCTYJIaTax, 0Ka3aJIucCh MEPTBOPOXIEHHBIMU. OHU HE CMOTJIU JaTh KaKO-
ro-aubo CTPOMHOIO M JOTMYEeCKOro oobsicHeHUsl. HeBO3MOXHOCTD Cy-
LLIECTBYIOIINX TEOPUIL OOBICHUTD YCIAOBUSI U PUUMHBI 3aPOXKICHUS KU -
3HM HE U3BMHSIOT 3TO He3HaHUe. 2KM3Hb Ha Hallleil IIaHeTe MOsSIBUIach
0oJiee YEThIPEX MUJUTMAPIOB JIET Ha3ad U €€ pa3BUTHE MPUBEJIO K TTOsIBJIE-
HUIO Pa3yMHOCTH, HO CYILIECTBYIOIIASI IUBUIM3ALIMS O CUX TIOP, HE MOXET
OTBETUTb Ha IIPOCTOI BOMPOC: UTO TAKOE XKM3Hb, KAK OHA BO3HMKJIA 13 TaK
Ha3bIBaeMoIi HexXnBoi MaTtepun? Kakum o0pa3oM 1 rodyemy, HeXX1Basi Ma-
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Tepusi, BAPYT, TpeodpasyeTcs B kKKMBY0? be3 moHMMaHus 3TOro BoIpoca,
YeJI0BEUeCTBO HE MOXXET Ha3bIBaTh ce€0s1 pa3yMHOI pacoii, a TOJIbKO Hepa-
3YMHBIM MaJIBIIIIOM, JIJIS1 KOTOPOTO MPHUIILIA ITOpa HAOUpaThCs yMa-pa3yma.
HTtak, kakue ycinoBUs 10KHbBI ObLTM BO3HMKHYTh Ha MJIaHETE, TPU KOTO-
PBIX BO3MOXHO 3apOXIeH1e KU3HN?

4.2. YcaoBuA 3apOXKACHHAA XHA3HHA HA IJIAHETAX

ITpexnae, yeM OOBSICHUTDL TIPUPOIY 3aPOXIAECHUS KU3HU, B MEPBYIO
ouepelb HEOOXOAMMO OMpPENeUTh, KaKUe YCIOBUS JOJKHBI CYIIECTBO-
BaTh, YTOOBI Ha IJIaHETe MOIJIa 3aPOIUThCS, 110 KpaliHeil Mepe, OeJIKoBast
>KU3Hb. JIeBATH MIaHET COTHEYHOM CUCTEMbI — HaIJISIAHbBIN IIPUMED 3TOMY.
B naHHBIi MOMEHT, TOJILKO Ha IJIaHeTe 3eMJIsl CYLLeCTBYIOT HEOOXOAUMbIEe
U IOCTaTOYHbIE YCOBUS TSI )KM3HU WK, TIO KpaliHel Mepe, CJI0XKHOOopra-
HU30BaHHOM XuBOW Matepru. M mepBoouepenHoi 3agadeil IBisieTcs omnpe-
JeJieHue 3TUX ycnoBuil. Mcxonst 3 MoOHMMaHMS BBIILIEYTIOMSIHYTBIX ITPOLIEC-
COB, TIPOMCXOJSIIMX Ha MAKPO- U MUKPOYPOBHSX MPOCTPAHCTBA, MOXHO
BBIIEIUTD CJIEAYIONIME YCIOBUSI, HEOOXOAUMBIE ISl 3aPOXKIECHUS KU3HU:

1. Hasimume noCTOSIHHOrO nepenana MepHocTH . BemurHa nmocrosH-
HOTO Mnepenaaa MEpHOCTU U KOA(M@UILIMEHT KBAaHTOBaHUSI TPOCTPAHCTBA i
(ompenensionuii Koam4ecTBo (popM MaTepuil JaHHOTO TUIIa, KOTOPbIE
MOTYT CJIMThCS B IIpeAesIax 3TOro rmepenaaa) OnpeaeasiioT 3BOTIOIMOHHbBIN
MOTEeHIMAJI BO3MOXHOM KM3HU. KpaTHOCTb 3TUX BEIMYUH — KPUTEPUIA,
NAOIIUI MpeacTaBIeHue O KOJMYECTBE KaueCTBEHHBIX OapbepoB (Ypo-
BHEI1), BOBHUKAIOIIMX BHYTPU 3TOr0 mnepernana MmepHocTu. KojanuecTtBo
0apbepOB XapaKTepu3yeT KaueCTBEHHOE MHOT000pa3re BO3MOXHOM KM -
3HU. B TOM umciie, BO3MOXHOCTb MOSIBJIEHUSI pa3yMa U €ro pa3BUTHUSI.
MepHOoCTh MaKpOIIPOCTPAHCTBA, IOCJIE 3aBeplleH s (POPMUPOBAHUS TLIA-
HEThI, BO3BpAILlAeTCsl K MCXOAHOMY YPOBHIO, KOTOPBII ObLI 10 B3pbiBa
CcBepxHOBOI 3Be31bl. [1ocie 3aBepiieHUs mpolecca o0pa3oBaHUsI BOZHU -
KaeT MOCTOSIHHBIN Tepenag MEPHOCTU MEXIY YPOBHEM MEPHOCTHU (PU3U-
YeCKU IUIOTHOTO BeliecTna (2.89915) 1 ypoBHEM MEPHOCTU OKPYKAIOIIETO
makpokocMoca (3.00017). Takum 0O6pa3oM, MOCTOSIHHBINM Mepenaa MepHO-
CTU SIBJISIETCSI HEOOXOAMMBIM YCIOBUEM BOZHUKHOBEHUS >KM3HU. BaxkHoe
3HaUY€HME UMEET BeJIMUMHA 3TOro nepenaaa. IMeHHO BeJlMuMHa rnepernana
OIpeesIsieT 3BOIIOLIMOHHBIN MOTEHIIMAJT XKMBOM MaTepuu, XKM3HU. MUHU-
MaJIbHbI# Miepernan MEpHOCTH, MPU KOTOPOM BO3MOXKHO 3apOXKICHUE K1 -
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3HU, TOJDKEH OBITh PABEH:

¢ =1vi(AL) (4.2.1)

[TosgBneHue seMEeHTOB pa3yma 1 3apOoXICHUE TTaMITH, 0€3 KOTOPOK
HEBO3MOXHO Pa3BUTHUSI pa3yMa, BO3BMOXHO MpH Meperaae MEpHOCTH,
pPaBHOM:

¢ =27i(AL) (4.2.2)

Heob6xoamumbIM yciioBreM 1U1s BOSHUKHOBEHMSI pa3yMa U €ro 3BOJIIO-
LIMU SIBJISIETCS TIepenaa MEPHOCTH:

¢ =37i(AL) (4.2.3)

Takum o6paszom, UCMOIB3Ys Tepernag MEPHOCTU, KaK KPUTEPUH,
MOXHO TOBOPUTDH O TPeOOBAHMM K KaU€CTBEHHOI CTPYKTYpe MPOCTPaHC-
TBa-BCEJIEHHOW (i1 HalIero mpocTpaHcTBa-BcelieHHOU (Yi(AL) =
0,020203236...). Toabko MpocTpaHCTBa-BCeJEHHbIE, 00pa30BaHHbBIEC TPEMSI
1 O0JIBIIMM KOJIUYECTBOM (DOPM MaTEPUil UMEIOT HEOOXOIMMBbIE YCIOBHUS
IU1S1 3apOXKIEHMS KU3HU U padyma

2. Hammume Boabl. Bona siBisieTC OCHOBOM OpraHM4YecKou XKM3HU Ha
Haiueli raHete. KoHeuHo e, CylecTBYIOT (DOpMbI XKM3HM HE TOJbKO Ha
OenkoBoit ocHoBe. Ho mist Hauana, He0OXOAMMO MPOCIEIUTh 3aKOHOMEP-
HOCTU BO3HUKHOBEHMSI O€JIKOBOM k13HU. Heo6xonMMo NoHsITh, YTO Mpo-
WCXOAMT B HallleM COOCTBEHHOM JIOME TIepe]l TEM, KaK 3ar/IsAbIBaTh B UyKUeE.

3. Hammumne atmocepsl. ATMocdepa sBiIsieTcs: HanboJjiee AMHAMUY-
HOI, aKTUBHOM YacThIO T1aHeThl. OHa OBICTPO U PE3KO pearupyer Ha U3Me-
HEHMSI COCTOSIHUSI BHEILIHEH Cpe/ibl, YTO OU€Hb BaXKHO 711 BOSHUKHOBEHMSI
>kn3HU. Hamume B atMocdepe K1ciopoaa 1 yriieKUCI0ro ra3oB — 3HaK Ha-
JIMYMS Ha TJ1aHeTe 0eIKOBOM Xu3HU. ATMocdepa He ToJKHA ObITh OYeHb
IUIOTHOM U 4pe3MepHO pa3pexkéHHo#. [Ipu oueHb MIOTHOI aTMocdepe
WU3JTy4YE€HUS 3BE€3bl HE JOCTUTAIOT IMTOBEPXHOCTU TJIAHETHI U HE HAIPEBAIOT
e€. [1pu a3TOM HI>KHUME CIoM aTMOC(epbl HE MOTJIOIIAIOT U3JTy4YEeHUS 3BE3/Ibl
1 TEIUIOBbIE M3JIyY€HUS TOBEPXHOCTHBIX CJIOEB IJIaHEThl. B pesyinbrare,
nepenaa MepHOCTU MEXy OCBEIIEHHOW U HOYHOM YacTsSIMU ITOBEPXHOCTHU
IUIAaHEThI HE BO3HMKAET. M, KakK C/IeACTBUE, HE BO3HUKAET ABMXKEHUE aTMO-
cepHbIX MacC B HYKHUX cy1osix atMocgepsl. [1pu oTcyTcTBUM rpagreHTa
(mepernaaa) MEpHOCTH BIOJIb IOBEPXHOCTH IUIAHETHI, HE BO3HUKAIOT aTMO-
cepHble a71eKTpruUecKre pa3psbl. B upeamepHo paspekeéHHo aTMochepe
HVDKHUE CJI0M UMEIOT BO3MOXKHOCTD MOTIJIOIIATh U3TYyYEHUs 3BE€30bl U Te-
IUIOBBIE U3JTyYeHUs MoBepxXHOCTU. Ho, Mpu 3TOM, HEe BOBHUKAET IBMKEHUE
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aTMoc(epHBIX Macc, KaK pe3yJibTaT €€ Ype3MEpHOI pa3pek€éHHOCTU. Kak
WU3BECTHO, BEJIMUMHA U TUIOTHOCTh aTMOCMEPbI ONpeessieTCs pa3MepoM 1
Maccoii maHeTbl. [103ToMy, TOIBKO TIaHEThI, COU3MEPUMBIE IO pa3Mepam
M Macce ¢ Halllei ruiaHeTon 3eMJI€i UMeloT MaKCMMaJIbHO OJ1aronpusiTHbIE
YCJIOBUS JIJIsI BOBHMKHOBEHUST OEIKOBOM XU3HU. ATMOCc(depa He IToKHA
OBITh HU YPE3MEPHO «TSIKENOM», HU Ype3MEPHO «IETKOI».

4. Hanuuue nepuoamdeckoii cMeHbl 10 M Houn. [T1aHeTapHbIe CyTKM
HE JTOJIKHBI OBITh OYeHb KOPOTKMMU WJIM OYEHb JJIMHHBIMU. [11aHeThI ¢
MPOJOJKUTEIbHOCTBIO TIJTAHETAPHBIX CYTOK B Ipeaeaax auamna3oHa 18-48
3€MHbBIX YaCOB UMEIOT MAaKCUMaJIbHO OJIaroNnpUsITHbIE YCIOBUS /111 BO3HU-
KHOBeHUs >ku3Hu. [Tpu MmaccoBoM morjionieHnu (pOTOHOB CBeTa aTOMaMu
MOBEPXHOCTHOTO CJI0S1 OOJIbIIKX TUIOIIAASH, TPOUCXOAUT YBEIUUECHUE
YPOBHSI MEPHOCTH 3TOT'O CJIOSI HA HEKOTOPYIo BeJIMunHy AL. Dta BenuuuHa
COOTBETCTBYET aMIUIMTY/I€ BOJIH, KOTOPBIE MOIJIOIIAIOTCS TOBEPXHOCTHBIM
cJioeM miaHeThl (MH(ppaKpacHOe, ONTUYECKOE, YIBTPa(prOoIEeTOBOE U3JTY-
yeHnus1 CojHiia). B pesynbraTe 3T0r0, nepenai Mexxay YpoOBHSIMU MEPHOCTU
aTMocdepbl M MOBEPXHOCTH IJIAHETHI B 30HE MOIJIOLIEHUST YMEHbBIIACTCS
Ha BeJinunHy AL, B TO Bpemsl, KaKk HEOCBEILIEHHAsI WJIM HOYHAsl 4acCThb 10~
BEPXHOCTU COXpaHsSIET MPEXHUI nepenaa ypoBHE MEPHOCTU MEXIy aT-
Mochepoii M MOBepXHOCThIO. TakuM 00pa3oM, BO3HUKAET Ieperaa MEpHO-
CTU MEX]y OCBEIIEHHON 1 HEOCBEIIEHHOM 30HaMU MMOBEPXHOCTHU ILJIaHe-
Thl. Bo3HUKaeT napaiebHblii TOBEPXHOCTH IUIaHEThI Nepena (rpaau-
eHT) MepHocTU. Ornipenensollee 3HaYeHUE UMEET BeJIMYMHA 3TOTO Tepe-
nana. Jleao B ToM, 4To MOJIEKYJIbl aTMOC(EPBI HAXOSTCS MO/, BO31EHCTBU -
€M T'PaBUTALIMOHHOTO MOJIS TJIAHEThI, CYIIECTBYIOIIErO MOCTOSIHHO, KakK
ciencTere GopMUpPOBaHUS B 30HE HEOJHOPOIHOCTU MaKpPOIIPOCTPAHCTBA
MOCTOSIHHOTO Meperana MepHOCTU, HAPaBJ€HHOTO OT BHELIHUX IPAHUILL
K LIEHTPY 30Hbl HEOJHOPOAHOCTHU. [paBUTAILIMOHHOE MOJI€ MIaHEThl KOM-
MEHCUPYETCS TeM, YTO KaxKAbIii aTOM WJIM MOJIeKyJ1a aTMOC(hepbl UMEIOT
YPOBHU COOCTBEHHOI MEPHOCTU, OU€Hb OJIM3KKME K BEpXHEU rpaHULIe TU-
arasoHa yCTOMYMBOCTU (DPM3MYECKM TUIOTHOTO BelllecTBa. BeTymaer B cuiy,
TaK Ha3blBaeMblid, «3(peKkT momiaBKka», Koraa Kaxjaas MoJieKyaa Win
aTOM CTPEMSITCSI K MOJI0XKEHNI0 MAKCUMAaIbHO YCTOMUYMBOIO COCTOSIHUS pa-
BHOBecusl. UMeHHo, O1arogapsi 3TomMy, MOJIEKYJIbI M aTOMbI aTMOC(HEpPhI He
MaJaloT Ha MOBEPXHOCTD IUIAHEThI, KAaK MOJIEKYJIbI 1 aTOMbI 00JIee TSKE-
JIbIX JieMeHTOoB. [lepenan (rpaaiveHT) MEPHOCTU MEXIY THEBHOM U HOY-
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HOI1 30HaMM HampasJieH BIOJb MOBEPXHOCTU IJIAHEThI, YTO MPUBOJIUT B
JIBUKEHME CBOOOAHbBIC MaTePUU MapalJIeJIbHO €€ TIOBEPXHOCTHU OT 30HHBI C
OOJIBLLIMM YPOBHEM MEPHOCTH (OCBEILIEHHASI TOBEPXHOCTh) K 30HE C MEHb-
LLIMM YPOBHEM MEPHOCTU (HEOCBEILIEHHAs TOBEPXHOCTh). B pe3ynbraTe mo-
SIBJICHUSI BTOPOTO HaIlpaBJeHUs IBMXKEHMSI CBOOOTHBIX MaTepuil mapai-
JIEJIbHO MOBEPXHOCTH, BOZHUKAET Iepenan arMocdepHoro aapieHus (Puc.
4.2.1) u yMeHbIlIaeTCsl cuJjia TSLKeCTU. Tak Kak MOJIeKyJibl aTMOC(MEphI He
CBsI3aHBI MEX]1y COOOI B 3KECTKME (TBEPIOE COCTOSTHUE BEILIECTBA) WIM MO~
JY>KE€CTKME CUCTeMbl (3KMIKOE COCTOSIHME BElleCTBa), TO Iepenai MepHO-
CTU IIPOCTPAHCTBA BAOJb IOBEPXHOCTU IIPUBOAUT K TOMY, YTO IMOTOK CBO-
OOMIHBIX MaTepHil yBIEKaeT 3a COO0M MOJIEKYJIbI, 0Opa3yloline atMocdepy.
Boznyninbie Macchl NpUXoasT B ABUXKEHUE, BO3HUKAET BeTep. [1pu aToM,
«pa3orpeThbie» MOJIEKYIbI (MOJIEKYJIbI, TOTJIOTUBIIME COTHEUHBIE U3JTyUe-
HUS) MEPEMENIAIOTCS HA HEOCBEIIEHHYIO TEPPUTOPUIO, TIIE TTPOUCXOAUT
CIMIOHTAHHOE (CaMOMPOU3BOJbHOE) U3TYYEHUE MU BOJIH.

Jpyrumuy cjioBaMu, BCJIEACTBUE TOTO, YTO COOCTBEHHBIN YPOBEHb
MEPHOCTH 3TUX MOJIEKYJI Bblllle COOCTBEHHOTO YPOBHS aTMOC(Ephl HEO-
CBEIIEHHON MOBEPXHOCTHU, 3TOT Mepernaa, MeXIAy MEpPHOCTbIO Cpelbl 1
COOCTBEHHOU MEPHOCTBIO Pa30TPETHIX MOJIEKYJI, BBI3bIBAET HEYCTOMUYMBOE
COCTOSIHME TIOCJIEIHUX U TPOBOLIMPYET CIIOHTAHHOE U3JIyYeHUE MOJIEKY-
JJaMH1 BOJIH. «XOJIOAHBIE» MOJIEKYJIbI, B CBOIO Ouepelb, MMEIOT YPOBEHb
COOCTBEHHBIII MEPHOCTH HMXE COOCTBEHHOI'O YPOBHSI MEPHOCTH OCBe-
IIEHHOUW TEPPUTOPUHA, YTO MPOBOLIMPYET MACCOBOE MOTJIOLIEHUE U3JTyYe-
Huit CoJIHLIA U TeTUIOBBIX U3JTydeHMIA OCBEIIEHHOM IToBepXHOCTH. [TocTe-
MEHHO MPOUCXOAUT BbIpaBHUBAHME MEXITY COOCTBEHHBIM YPOBHEM Mep-
HOCTHU OCBELLIEHHOI MOBEPXHOCTU U COOCTBEHHBIM YPOBHEM MEPHOCTHU
MoJiekyJ. [1pu aToMm, eciin COOCTBEHHBIN YPOBEHb MEPHOCTU «XOJIOTHBIX»
MOJIEKYJI 3HAUUTEIBbHO OTJIMYAETCS OT COOCTBEHHOIO YPOBHSI MEPHOCTHU
OCBEIIEHHOM TEPPUTOPUM, MIPOMCXOIUT CHUKEeHUE TociaeaHero. Korna
COOCTBEHHBII YPOBEHb MEPHOCTHU OCBEIIEHHOUN TEPPUTOPUU OMYCKACTCS
10 YPOBHSI, TaK HA3bIBAEMOM, TOUKHU «POCKI», MOJIEKYJIbl BOJBI M3 Ta30-
00pa3HOTO COCTOSIHMS TIepexodsT B xXkuakoe. Beimamaet poca. Eciau aTo
MPOUCXOIUT Ha YPOBHE 00JIJAYHOCTH, MPOLIECC Karljleo0pa3oBaHMsI IIPUO-
OpeTaeT LIEMHOM XapakTep, W BbllMagaeT A0xXab. [Ipu 3TOM, cocTosiHue
Ka4eCTBEHHOI0 Oapbepa MeXa1y BTOPbIM U (PU3UYECKUM YPOBHSIMU BO3-
BpalaeTcs K Hopme. B ciayyae, korma aToT mpoliecc NporucXoauT ObICTPO
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Puc. 4.2.1

<2.9150

<2.9000

«2.8875
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U pe3KOo, CKOIUBIIIKECS Ha YpOBHE KaueCTBEHHOro O0apbepa CBOOOIHBIE
MaTEPUU CTEKAIOT JaBUHOOOpa3Ho. U, Kak cieacTBue, BO3HUKAIOT aTMO-
cepHbIE 2IEKTPUIECKUE Pa3PsIIbl — MOJIHUN. AHAIOTUEN 3TOMY ITpOLIeC-
Cy MOXET MOCIYXHUTb IIJIOTHHA HA PEKE, Y KOTOPOI OTKPBUIU BCE IILTIO3bI,
U BCS BOJla, HAKOIUIEHHAs TIJIOTUHOM, OCBOOOXIaeTCsI OMHOBPEMEHHO.

[Mepuoauueckas cMeHa AHS M HOYU JeaeT 3aKOHOMEPHBIM U ecTe-
CTBEHHBIMU OIMMCAHHOE BhIIIe. ONTUMATBbHBIMU JIJI1 BOSHUKHOBEHUSI XK1 -
3HM SBJISIIOTCS TIJIAHETHI ¢ TTPOAOJIKUTEIbHOCTBIO TIJITAHETAPHBIX CYTOK B
uHTepBayie 3HaueHU 18-48 3eMHBbIX yacoB. [Ipu MeHbIIEH TIPOIOIKM-
TeJIbHOCTH IJIaHETAPHBIX CYTOK, OMMCAHHBIE BhILIE MPOLIECChl HE JOCTU-
raloT YpOBHSI, TP KOTOPOM ITPOMCXOJUT aKTUBHOE ABMXKEHME aTMOCcdep-
HBIX MacC 1 pa3psiabl aTMOCGHEPHOTO JEKTPUIECTBA, 0€3 Yero, BO3SHUKHO-
BEHME OpraHMYeCKOM KM3HU HEBO3MOXHO. boJjiee mnTenbHble M1aHeTap-
HbIE CyTKM (00Jbliie, 4eM 48 3eMHBIX YaCOB) MPUBOISIT K MOCTOSTHHOMY
IITOPMOBOMY COCTOSIHMIO aTMOC(MEpHI TJIAHEThI, YTO CO3JAET TSKEJbIe
YCJIOBMSI JU1sS1 BOSHUKHOBEHMSI U Pa3BUTHUS KU3HU.

Ha Takux ryiaHeTax Xnu3Hb MOXET BO3HUKHYTb TOJILKO, KOTJa UH-
TEHCUBHOCTb U3JIYYEHUI 3B€3/bl, JOCTUTAIONINX TOBEPXHOCTH TIJIAHETHI,
YMEHBIIUTCS 10 ONPeIeIEHHOTO YpoBHS. TOJIbKO MPU YPOBHE U3TYUCHUI
3B€3/Ibl, KOTJa OCBEILIEHHAs MTOBEPXHOCTD IIJIAaHEThl HE TleperpeBaeTcs,
BO3HMKAIOT YCJIOBUS U1l 3apOoXaAeHUs KU3HU. OOBIYHO TaKHe YCIOBUS
MOSIBJIIIOTCS HA MOCJEAHEN CTaAUU 3BOJIOLNY 3BE31 U JaXe, €CIU Ha
HUX ¥ BO3HMKAET XM3Hb, TO OHA HE YCIIEBACT Pa3BUTHCS IO CIOXKHBIX
(dopm niepen Tem, Kak 3Be3aa rnmorudaet. Kpome a3toro, eciu npoaoku-
TeJIbHOCTb IJIaHETapPHBIX CYTOK HEOOIbllIas, epenag MepHOCTH He 10-
CTUTAET YPOBHS, IPU KOTOPOM BO3HUKAIOT KaKKUe-I1M00 CyIIeCTBEHHbIE
JIBUKEHUSI MacC HUXKHUX CJI0EB aTMocdepsl T1aHeThl. Eciiu xke poaos-
>KMTEJIbHOCTb IJIAHETAPHBIX CYTOK O0JIbIlIas, TIeperaa MepHOCTU CTaHO-
BUTCSI HACTOJIBKO CYILIECTBEHHBIM, YTO MPUBOAUT K MOIIHBIM U IMPO-
JTOJKUTEAbHBIM aTMOC(MEPHBIM OypsIM U IITOPMaM, B pe3yJibTaTe KOTO-
PBIX, YHUYTOXKAETCSI BEPXHUM CJIOM TJIaHETAapHOTO IPYHTA, YTO CO3MAET
HEBO3MOXXHOCTb Pa3BUTUSI (hJIOPHI IUIAHETHI, 0€3 KOTOPOIi pa3BUTUE KO-
JIOTUYECKOM CUCTEMBI ITPOCTO HEBO3MOXHO. LIITopMoBOe cocTosiHue aT-
Mocdepbl BbI3bIBAET TAKXKE MOIIIHOE JBMXKEHMUE TTOBEPXHOCTHBIX CJIOEB
OKEaHOB MJIAHETHhI, YTO, B CBOIO OYEPE/lb, IEJIAET HEBO3MOXHBIM 3apO-
KIEHUE XNU3HU B BOJIE.
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5. Haamuue paspsaaoB atMocgepHoro 3j1eKkTpuiecTBa. Bo Bpems paz-
PsIIOB aTMOC(EPHOTO JEKTPUYECTBA, B MPCKOM BOJIE MPOUCXOAUT CUHTE3
OpraHMYECKMX MOJIEKYJ. B 30He pa3psiia co3naércst NOMOIHUTEIbHOE UC-
KPMBJIEHUE MPOCTPAHCTBA (M3MEHEHME YPOBHSI MEPHOCTH ), TIPU KOTOPOM
MOJIEKYJIbl HEOPTaHUYECKUX COeIMHEHMI, pACTBOPEHHBIX B BOJAE, COSIU -
HSIIOTCSI MEXy CO00I B KQUeCTBEHHO HOBOM ITOpSIIKE, 00pa3ysl OpraHu-
YeCcKue COeIMHEHMsI, KOTOPbIE MPEICTABISIOT COOOH 11eMOYKU OTHOTHU-
HbIX aTOMOB. TOJBKO MOIIIHBIE pa3psiabl aTMOC(HEPHOro 3JIeKTPUUIECTBA
CIOCOOHBI CO3/1aTh HEOOXOAUMBbIE YCIOBUSI, ITPU KOTOPBIX YPOBEHb MEP-
HOCTM JOCTUTAeT KPUTUYECKOI BETMUYMHBI. JIBE CBOOOIHBIE 3JIEKTPOHHbIE
CBSI3U KaXKJI0I'0 U3 3TUX aTOMOB B COCTOSIHUU MPUCOESIUHUTD K cede, Kak
CBOOOJIHbIE MOHBI, TAK U APyrue LIEMOYKU-MOJEKYIbl. ATMOC(hEPHBIE
BJIEKTPUYECKHME pa3psiibl BOZHMKAIOT, KaK CJAEACTBHUE Meperiaaa TOJMIIUHbI
KayeCcTBEHHOro 6apbepa Mex 1y (GU3MYECKUM 1 BTOPbIM YPOBHSIMU TLJIaHE-
Thl. Korma HOUYb CBOMM ITOKPOBOM OOHMMAET 3€MJIIO, TTOBEPXHOCTHBIN
CJIO¥ TUTAHEThl HAYMHAET OXJIAXKIATHCS U U3JIydaTh TETJIOBbIE BOJTHBIL. U,
Kak Tpu BCSIKOM M3JIYyYEeHUHU, YPOBEHb MEPHOCTU M3JIydalollero aroMa
WJIM MOJIEKYJIbl YMeHbIlaeTcss. Koraa aTo mpoucxoauT OAHOBPEMEHHO C
TPUUIMOHAMHU TPUJLIMOHOB aTOMOB M MOJIEKYJI HA OTPAHUYE€HHOU TEppU-
Topuu (TUTOLLAb, OCBEIEHHAS 3B€3101 B THEBHOE BpeMsi), YDOBEHb MEP-
HOCTHU YMEHbIIIAeTCs Ha Bceit aToii Tepputopun. Eciu 3a neHb atMocdepa
U TTIOBEPXHOCTb IJIAHEThI CUJIBHO Pa30TPEIrCh, @ HOUbIO POU3OIILIO0 PE3-
KO€ OXJIAXJIEHUE, BO3HMKAET CKa4YOK YpOBHSI MepHOCTHU. [1pu aTOM, CKO-
MUBLIKECS HAa YPOBHE KAYECTBEHHOTO Oapbepa CBOOOAHbIC MATEPUHU JIABU -
HOI1 00py1LIMBaIOTCsI BHU3. [IporCcXOIUT 27eKTpUUIECKUi pa3psia MEXy aT-
Mochepoii 1 TOBEpXHOCTHIO TIaHeThl. MTak, HEOOXOAMMBIMU YCTOBUSIMU
TSI BOBHUKHOBEHUS )KM3HU Ha MJIAHETaX SBJSIOTCS:

¢ HaJIM4Me MOCTOSTHHOTO Mepenajaa MepHOCTH,

¢ HaJM4Me BOJbI,

¢ Hajanmume atMocdepsl,

¢ HaJIMYMe MePruOINYECKO CMEHbI JHA U HOUH,

¢ HaJaM4ue pa3psanos aTMOCGEpPHOro JeKTpUIeCTBa.

ZKvi3Hb 3apoxaaeTcss aBTOMaTUYECKM Ha BCEX TIJIaHETax, TAe Cylle-
CTBYIOT IIEpeUMCIIeHHbIE BhIllIe YcsIoBMS. M Takux miaHeT Bo BeeneHHoOM —
MuuMapabl. Haia mianera 3emiist He sIBJISIETCSI YHUKaJIbHBIM TBOPEHUEM
MPUPOIBI.
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4.3. KauecTBeHHbIE 0COOEHHOCTH OPraHHYeCcKHX

MOJIEKYJ M MX POJb NPH 3aPOXKACHNM XKH3HH

A ceifuac pacCMOTpUM, KakK MpU NePeYrCICHHBIX BblllIe HEOOXOIM -
MBIX YCJIOBUSIX, 3apPOXKIAeTCsl U pa3BMBaeTCs X13Hb. Mopckas Boaa, Kak
BCEM U3BECTHO, CTaJIa KOJIBIOEIbIO XKU3HU. B Heli comepkaTcs mpakTuyec-
KU BCE XUMUYECKHE 2JIEMEHThl U MHOTME COeIMHEHUsI U3 HUX. Bo Bpems
pa3psIoB aTMOC(EPHOTO JIEKTPUIECTBA IIPOUCXOAUT AeopMalKsl ITPo-
cTpaHCTBa. B Boje, MpoHM3bIBaeMOit TUMU pa3psiiamMu (MOJTHUSIMU), BO-
3HMKAET YPOBEHb MEPHOCTH, TIPU KOTOPOM YEThIPEXBAJIEHTHbIE 3JIEMEHTbI
(yrnepon, kpemHuit, pochop) HAUMHAIOT COEIUHSATHCS B LieTouku. [1pu
3TOM, BO3HUKIILIKE MOJIEKYJIbl UMEIOT HE TOJILKO CTPYKTYPHBIE OTJIMUMSI, HO
MpuoOpeTaloT U HOBbIEe KauecTBa. Kakue ke HoBble KaueCcTBa BO3HUKAIOT,
MPU COEAMHEHUHU TEX K€ CAMbIX aTOMOB B IPYTOM CTPYKTYPHOM MOPsiaAKe?
Yto 3acTaBisieT HaC pas3nesisiTb aTOMbl, 00pa3yolIe OAMH CTPYKTYPHBIA
MOPSIIOK, OT TeX K€ CaMbIX aTOMOB, CO3/IAI0IIUX APYTOii CTPYKTYPHBI MO-
psinok? Ilouemy, B OTHOM cilydyae — HEOpPraHMYeCKHWE COEAMHEHMS, a B
JpyroM — opraHumyeckue? B cuiy Toro, yto OCHOBOI O€JIKOBOI KU3HU
SIBJISIETCS YIJIEPO/, 1OCTAaTOYHO MPpOaHaIM3UPOBaTh KAYECTBEHHOE OTJIM -
Yyue MPOCTPAHCTBEHHBIX XapaKTEePUCTUK MOJIEKYJI, KOTOPbIE CO31aET JaH-
HBII 3JIEMEHT, YTOOBI pa3rajgarh TaliHy 3apoXKIeHUs XXK1U3HU. [laBaiiTe mo-
MbITAEMCS TOHSATh, K YEMY IIPUBOAST Pa3InuUsl CTPYKTYPHOM opraHu3a-
LIMM MOJIeKyJd. PaccMOTpuUM HeopraHuueckue CTPyKTYpHbIe 0Opa3oBa-
HUS — KpucTaibl. Kpuctaaabl mpeacTaBisioT co00i Takue mMpoCcTpaH-
CTBEHHBIE COEIMHEHMUsI, TAC aTOMbI PACMOJOXEHbI APYT OTHOCUTEIbHO
Jpyra Ha IPaKTUYEeCKNA OJMHAKOBBIX PACCTOSIHUSIX. DTU PACCTOSIHUS CO-
U3MEPUMBI C pa3MepaMy CaMUX aTOMOB (10'14...10'12 Metpa). [Ipuuém,
OHM (PacCTOSIHUS ) TPAKTUUYECKU OJMHAKOBBI 110 BCEM MPOCTPAHCTBEHHBIM
HarpaBJIeHUsIM (aJIMa3) WIM TOXIECTBEHHbI B KaXKI0i U3 MPOCTPAHCTBEH-
HBIX IUIOCKOCTeN (rpaduT). DT KpUCTAILIBI 00pa30BaHbl aTOMaMU YIJie-
pona (C), HO OHU He SIBJISIOTCSI OCHOBOM HE TOJBKO >KMBBIX OPraHU3MOB,
HO U opraHndecknx mosekyn (Puc. 4.3.1, Puc. 4.3.2). B yéM nmpuauHbI TO-
ro, 4TO TaKue XK€ aTOMbI YIjiepoja, COeAMHUBIINCH B IPYTOM MMPOCTPaH-
CTBEHHOM MOPSIAKE, CTAIU (PyHIAMEHTOM XKUBOU MPpUpoabl? A OHM (TTpU-
YUHBI) — CJAEACTBUS KAUYeCTBEHHBIX OCOOCHHOCTEI OpraHM4YeCKMX MOJIe-
kyJ (Puc. 4.3.3, Puc. 4.3.4). KauecTBeHHbIE 0COOEHHOCTH OPTaHUYECKUX
MOJIEKYJI CeAyIoIIe:
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Puc. 4.3.3
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1. [TpocTpaHCTBEHHAas1 CTPYKTypa OpraHM4YeCKMX MOJIEKYJT HEOHO-
pOaHa B pa3HbIX MPOCTPAHCTBEHHBIX HAMIPABICHMSIX.

2. MonexynsipHblii BeC OpraHM4eCKMX MOJIEKYJI Kojie0J1eTCsl OT Hec-
KOJIbKMX I€CSITKOB 0 HECKOJbKMX MUJUIMOHOB aTOMHBIX €IMHMUII.

3. HepaBHOMEPHOCTD pacnpeaeeHUSI MOJIEKYJISIPHOTO Beca OpraHu-
YeCKMX MOJIEKYJI 110 pa3HbIM IMPOCTPAHCTBEHHBIM HAIlPaBJICHUSIM.

M, xak cineacTBue nepeyrcieHHbIX KaueCTBEHHBIX OCOOEHHOCTE,
OpraHUYeCcKue MOJIEKYJIbl BIUSIOT HEOAMHAKOBO Ha OKPYKaloIlee X MH-
KPOIPOCTPAHCTBO B Pa3HbIX MPOCTPAHCTBEHHBIX HalpasiaeHusx. Oco-
OeHHO sIpKo 3TO siBJeHre BbipaxxeHo y MoJiekys PHK u JIHK (Puc. 4.3.5,
Puc. 4.3.6). Atombl, 00pasyloliye 3TU MOJIEKYJIbl, CO3Aal0T JJIUHHBIE 11ie-
IMOYKM, 3aKpyYeHHbIC B clIUpaib. UMEHHO cripaibHas IPOCTPAHCTBEH-
Has (popma monekyn PHK u JIHK co3znaér HeoOxonuMbie KauecTBa 1151 BO-
3HMKHOBEHUSI 3K1BOI1 Matepun. Kakue ke 370 HeoOXoaMMbIe KaueCcTBa CO-
3UAAI0T Yy10 XXU3HU? YTo 103BOJISIET TOBOPUTH O KAU€CTBEHHO HOBOM 3Ta-
T1€ 3BOJIIOLIMU MaTEPUU — 3BOJIIOLIMU XKUBOI MaTEPUU, BOJIOLIMU XXU3HU?
[TornbITaeMcs TOHSTH YyI0, KOTOPOE POKAAET XKU3Hb...

Buyrpennuii oobéM criupaneit Monekyn PHK viu JIHK obpasyer
CcBOe0Opa3HbIii TyHHE b, CriMpaibHasi MOJIEKYJIa OKa3bIBAE€T CUJIbHOE BJIM -
SIHUE€ Ha YPOBEHb MEPHOCTHM MUKPOIIPOCTPAHCTBA 3TOro TyHHes. [1pu-
YEM, 9TO BIMSIHME HA BHYTPEHHUIA O0BEM TYHHESI HE OMHAKOBO B pa3HbIX
MPOCTpaHCTBEHHbIX HanpaBieHUsIX (Puc. 4.3.7). BcmoMHMM, 4TO KaxXabli
aTOM OKa3bIBaeT BJIMSIHME HA MEPHOCTb MUKPOITPOCTPAHCTBA BOKPYT Ce04I.
CoenuHeHue U3 aTOMOB CO3[a€T KOMOMHALIMIO BJIMSIHUIA BCEX aTOMOB,
00pa3yrolluX 3TO COeIMHEHME, HA MEPHOCTh MUKPOIIPOCTPAHCTBA MOJIE-
KyJbl. [Ipu 3TOM, BaXKHOE 3HaY€HME NMEET MPOCTPAHCTBEHHAsI OpHUEHTa-
LMl BJAMSIHUS KaXJI0ro aToma, BXOAsIIEero B coearuHeHue. CnupaibHas
crpyktypa MoJiekya1 PHK wiu JIHK co3naér ycinoBus, npu KOTOPbIX BJIU-
SIHUSI HA MEPHOCTb OOJIbIIIMHCTBA 00Pa3yIOIIMX UX aTOMOB COCPEI0TAUM -
BAETCsI BO BHYTPEHHEM O0BEME CITMpaiell TUX MOJIEKYJl. MepHOCTb BHEII -
Hero oobeMa cniupaeid Mosiekyal PHK viu JIHK nperepneBaet b He-
3HaYUTEeIbHbIC U3MeHeHUs1. CieayeT OTMETUTh, YTO UBMEHEHUSI MEPHOCTHU
BHYTPEHHET0 00bEéMa 3TUX CIIMpaicil HEOAMHAKOBBI B pa3HBIX TPOCTPaH-
CTBEHHBIX HaMpaBaeHUsIX. B1oJb 0CY BUTKM CIMpPaIA CO3/1at0T MEPUOIM -
YeCKHU MOBTOPSIOIIMECS Mepenaabl MEPHOCTU. DTU Tepernaabl BO BHY-
TPEHHEM 00BbEME CO3AAIOT CTOSYYIO BOJTHY MEPHOCTHU (BOJIHA MEPHOCTH,
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rnmapaMeTpbl KOTOPOIi HE U3MEHSIIOTCS BO BpeMEHU U B IIPOCTPaHCTBE). B
panuagbHbIX HampaBiaeHUsIX criupaib Mosiekyibl PHK viu JIHK cozmaér
IUIaBHBIN niepemnan MepHocT. MMeHHO cTosiuast BoJiHa MEpHOCTH, CO3/1a-
BaeMasi crimpaibHoit cTpykTypoit Mosiekyabl PHK viu JIHK, sBnsiercs no-
CTaTOYHBIM YCJIOBMEM BO3ZHUKHOBEHMUs XU3HU. [TocTapaeMcs BBISICHUTD
noyeMy 3To UMeHHO TakK. Mosekynasl PHK u JIHK HaxomsaTcsa B BOTHOM
cpene. Mopckast Bojia, B KOTOPO# M 3apOanIach epBasi XKU3Hb, COAEPKUT
OrPOMHOE KOJMYECTBO MOJIEKYJ, MIOHOB, KaK HEOPraHMYECKOro, Tak U
OPraHUYECKOro MpoUucxXoxaeHus. Bce aTu MosieKyibl U MOHBI HAXOASTCS
B IOCTOSTHHOM XaOTMYE€CKOM ABMXEHUU. B pe3yibraTe 3TOro 1BUXKEHUs,
MOJIEKYJIbl 1 MOHBI TTIEPUOANYECKU MOIAIAI0T BO BHYTPEHHMIA OOBEM CITH -
pasu PHK vnu JIHK. U poxnaeTrcst 4yao xXu3Hu!..

Pasranka storo uyyna — odeHb npocras. Jleao B ToOM, YTO BHYTPEH-
Huit 00beM ciupanu MoJiekyabl PHK unu JIHK sBisieTcst 1oBYyIIKOM 17151
BCEX MOIMAaBIINX B HETO MOJIEKYJI. PamuanbHbIi Tieperiaa MEpHOCTH YAEP-
>KMBAET IOMNaBIIKMe B 3TY JIOBYIIKY MOJIeKYJIbl BHYTpU criupaiu PHK van
JTHK. ITpu aTOM, paguaabHblii IIepernaa MEPHOCTH 3aCTaBIsIET CBOOOIHBIE
MaTepuu JIBUTaThCsl BIOJIb 3TOro nepenana. M, kak cieacTsre, BOBHUKAIOT
rpaBUTAllMOHHbIE CUJIbI, HampaBieHHbIe K ocu criupanu PHK vnu JTHK.
[ToaTOoMy, Bce MOJIEKYJIbI, TONABIIME BO BHYTPEHHUI OOBEM CITUpAJIU, B
pe3yJbTaTe OpOYHOBCKOIO (XaOTMYHOTO) ABVXKEHUSI, HAUMHAIOT IBUTAThCS
BIIOJIb OCU criupaliv. Tak Xe, KaK U TeYeHUE peKH YBJIEKaeT 3a COOO0 BCE,
YTO B HE€ MOIanaeT, paauabHblii Iepenas yBjeKaeT «IJIEHEHHbIe» MOJIE-
KyJibl. TOTBKO OY€HBb OBICTPBIE MOJIEKYJIBI MOTYT BBIPBATHCS U3 ATOTO IJIE-
Ha. [Ipu 5TOM, OHU TEPSIIOT YaCTh CBOETO MOTeHIIMaa. Bce ocrajibHbIE MO-
JIEKyJIbl HQUMHAIOT BBIHYXX/IEHHO ABUIaThCs BIOJb OCU criupaiu. Baosb
ocu, crimpanb MoJsiekyabl PHK viu JIHK co3pa€t, kak Bel moMHUTE, CTO-
SIYYI0 BOJIHY Iepernaga MepHOCTU. [1pu CBOEM BbIHYXKI€HHOM JABUXEHUU
BIOJIb OCU «ILJIEHEHHbBIE» MOJIEKYJIbI ITOIAal0T B 30HbI C Pa3HBIMU MEPHO-
ctamu. Kaxmast 3 3TUX MOJIEKYJT MMEeT COOCTBEHHBIN YpOBEHb MEPHOCTH,
MpY KOTOPOM OHa MaKCUMaJIbHO CTaOWJIbHA, a TAKXKe AraIia30H 3HAaYeHU
MEPHOCTH, B Ipeiejiax KOTOPOTo MOJIEKYJIa MOXKET CYIIIECTBOBATh HE pac-
nagasich. M, Kak TOJIbLKO «IJIEHEHHbBIE» MOJICKYJIbI, TPU CBOEM BBIHYXKIIEH-
HOM JBWK€HMHU BIOJIb OCH, ITONANAIOT B 30HY C 3allpeae/IbHOM IS HUX
MEPHOCTbIO, OHU CTAHOBSITCSI HEYCTOMYMBBIMU U HAUMHAIOT paciaaaThCs
(Puc. 4.3.8).
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B pesynbrate pacnama MoJIeKy, BRICBOOOXKAAIOTCS BCE CEMb ITIEPBUY-
HBIX MaTepuii, KOTOpbIE 00pa3oBaIv (PU3NUECKU IIJIOTHOE BelecTBo. [1pn
3TOM, YaCThb BEICBOOOIMBILIMXCS MaTepUil BHOBb CO31a€T HOBBIE aTOMBI 1
MOJIEKYJIbI, UMEIOIIIME COOCTBEHHBI YPOBEHb MEPHOCTU, TOX/I€CTBEHHBIN
MEPHOCTU 30HbI pacmnaga. OObLIYHO BHOBb BO3HUKIIIME MOJIEKYJbI, MPU
CBOEM BBIHYXIEHHOM JIBVM>KEHUU BAOJIb OCU, HE pacraaaroTcs. Beiiiasa us
BHyTpeHHero oobeMa cniupanu mojiekyiasl PHK vnun JIHK, oHu oka3biBa-
10Tcs1 B BogHoI cpeae (Puc. 4.3.9). DTu MoJeKyJIbl YaCTO XMMUYECKU aK-
TUBHBI 1, KaK CJIEICTBUE, arPECCUBHBI, KaK 110 OTHOIIIEHUIO K MOJIeKyJ1aM
PHK wnu JIHK, Tak ¥ K ApYTMM BHYTPUKJIETOYHBIM O0Opa30BaHUSIM. 3a-
Oerasi Briepén, OTMETUM, YTO 3TU MOJIEKYJIbl, KOTOPBIE B JajibHE1IeM Oy-
JIeM Ha3bIBaTh TOKCMHAMU WJIU IIIJITaKaMU, BBIBOJSITCS 3a Mpeaesibl KJIEeTKU
1 1ajiee 3a mpejielibl opraHu3ma (B CJ1y4yae MHOTOKJIETOYHOTO OpraHu3Ma).
Bepnémcs K aHanmu3y npoleccoB, MPOMCXOASIIMX BO BHYTpEHHEM 00bEMeE
cnupaiu PHK wnu JTHK... YacTh BBICBOOOAMBIINXCS CBOOOAHBIX MaTe-
puii, KaK BBISICHWJIOCH, 00Opa3ylOT YyCTOMYMBBIE aTOMbI U MOJIEKYJbI. A
napyrast yacte? Yto npoucxoaut ¢ Heit?! UIMEHHO B 3TOM TOUKe aHaIM3a Mbl
MOJIOLJIM K TOHUMAHUIO TaliHbI XXU3HMU.

Hecssi3aHHbIE MaTepuu, yepe3 KaHal MexXay (puzndeckum (repnast
MaTepuaibHas cepa) U BTOpbIM (BTOpass MaTepuanbHas cdepa) ypo-
BHSIMM IJIAHEThI, KOTOPBIIi BOBHUKAET BO BHYTPEHHEM 00bEME CIIMpaIn
PHK v IHK, HaunHaIOT neperekaTh Ha Apyrue ypoBHU. BcriomHuM,
4YTO Kax1ast MoJieKyJia, ocooeHHo Takue orpomHble, Kak PHK u JIHK, ne-
(hopMUPYIOT MUKPOTIPOCTPAHCTBO BOKPYT cedsi. M ripu aTOM necopmupy-
€TCsl BTOPOil MaTepUaibHbIN ypoBeHb miaHeThl. [Ipuuém, popma nedop-
MaluKu MoJIHOCThIo KomnupyeT ¢hopMy mosekyiasl PHK unu JTHK, kak
BIIPOYEM U BCEX OCTAJIbHBIX MOJIeKY/1. Korna Ha nopore BO3HUKAIOT SIMbI
(nedpopmalim), Bo BpeMsi 1OXK/Is1 OHU 3aITOJIHSIIOTCS 10 KpaeB Bomoit. Ec-
JI AOXIb — MPOAOJIDKUTENbHbBIN, T0XIEBast BOJa, 3alIOJIHUB SIMbI, HAUM -
HaeT cTeKaTh B HU3MHBIL. Takke M HeCBSI3aHHbIE MaTEPUM, IepeTeKasl 1o
KaHaJly Ha BTOpOIi MaTepUabHBII YPOBEHb, MOJHOCTHIO 3aMOJIHSIIOT (hop-
My aedopmanimu. M30bITOK MX BO3BpallaeT cede cBOOOAY OT IIeHa Iia-
HeThbl. BO3HMKAET TOJIbKO OJMH BOIPOC — KaKKe BbICBOOOAMBIIINECS Ma-
TEPUU U MIOYEMY 3aMOJIHSIOT 3TY (hopMy AedopMaliiv BTOPOro MaTepuaib-
Horo ypoBHs (cdepbl)? i1 TOro, 4To0bI OTBETUTH Ha 3TOT BOITPOC, BCIIOM-
HMM, YTO BTOPOI MaTepualbHbIi ypoBeHb (cdepa) oOpa3oBalicsl B pe-
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3yJIbTaTe CIAMSHUS IIECTU CBOOOMHBIX (popM matepun. [1oaTomy, nedop-
MalMIO0 BTOPOTO MaTepUaIbHOTO YPOBHSI 3aIlOJIHSIET TOJbKO Matepusi G,
KOTOpas SIBJISIETCS CeIbMOI MaTepueil U He BXOIUT B COCTaB TMOPUIHOM
MaTepuu BTOpOI MaTepuaibHO cdepnl. [locie mMoJHOTro 3anoJIHEHUS
nedopmanuu mMarepueit G, Ha BTOpOM MaTepuaibHOM YpoBHE (cdepe)
obOpasyercst TouHast konust MoiekyJibl PHK vnu JIHK. Bo3HukaeT, Tak Ha-
3pIBa€Moe, BTopoe MarepruanibHoe Tejo mosekyabl PHK wiu THK (Puc.
4.3.10). ITpu mosIHOLIEHHOM BTOPOM MaTepUaIbHOM TeJie, MEX1y HUM —
BTOpOI MaTepuaabHOM cepoil v (pu3nIecKu IMI0THOM TeJIoM (TepBasi Ma-
TepuaibHas cepa) McuesaeT KaueCTBeHHBI 0apbep, TaK KaK cHUcTeMa
BTOPOE MaTepUaIbHOE TEJIO, IUIIOC BTOpasi MaTepualibHas1 cdepa CTpy-
KTYPHO M KaueCTBEHHO COOTBETCTBYET (PM3MUECKM IUIOTHOIN MaTepuun?’.
Mexny pu3ndecku MIoTHOM (IepBoe MaTepUaIbHOE TEI0) MOJIEKYJION 1
BTOpbIM MaTepuaibHbIM TeJloM MosieKy/ibl PHK nnu JIHK, o6pa3zyercst ro-
CTOSIHHBIN KaHaJl, TI0 KOTOPOMY BEICBOOOIMBIIMECS MAaTePUM MPOIOJIKA-
10T IIepeTeKaTh Ha BTOPOI U IpyTre MaTepuaibHble YpOBHU IJ1aHEThI. Ec-
JIM IPOLIECC pacIiaa «IICHEHHBIX» MOJIEKYJI BO BHYTPEHHEM 00bEME CITU-
pasiu mosiekyibl PHK wnn /IHK npekpaTuTtcsi, To BTOpoe MaTepruaibHOE
TEJI0 MOJIEKYJIbl MJIM UCYE3HET COBCEM, UJIM YTPATUT ONTUMAIbHYIO IJ10T-
HOCTb. Kak 1 jiy>ka Ha opore: ec/ii He OyIeT HOBOTO JOXKs, BCS BOJIA U3
HEE MCITapUTCs, M Ha IOPOTe OCTAHETCS TOJIbKO SIMa...

Takum oOpa3zom, MOCTOSTHHBIN pacHaj «IUIEHEHHBIX» MOJIEKYJ BO
BHyTpeHHeM 00beMe crimpanu MoJiekyJibl PHK vnu JIHK sBasiercs HeoO-
XOJAMMBIM YCJIOBUEM LIS MOJAEPXKAHUS XKU3HU. BOZHMKHOBEHHE BTOPOTO
MaTepUaIbHOIO TeJla SIBJISIETCSI KAYeCTBEHHO HOBOI CTYTIEHBKOM B 3BOJIIO-
vy Matepuu. [IneHéHHasg MaTepus HallL1a CIIOCO0 CBOErO OCBOOOXKICHMUS
13 cBoel TIopbMbl. M1 3T0 0CBOOOXIEHUE — XKMBask MaTEpUsl.

[TosiBIEHME BTOPOro MaTepraabHOTIO TeJla — HAYAJI0 IBOTIOLIN K-
BOI MaTepum.

[lepBbIMU XMBBIMW OpraHW3MaMM CTajaud BuUpychl. Bupyc npencra-
BJiIsieT coboii mosekyny PHK, okpyX€HHy10 0eJIKOBOI 000104HO. be-
KOBasi 000J10uKa co3aaeéT Bokpyr Mmojekyabl PHK ycToiiuuByto cpeny, co-
31a€TCsl CBOE0Opa3HbIi MUKPOKJIMMAT BOKPYT MoJieKysabl PHK Beiencteue

22 «The DNA PHANTOM EFFECT: Direct Measurement of A New Field in the
Vacuum Substructure», by Dr. Vladimir Poponin, 1996.
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TOTrO, 4TO OeJIKOBasi 000JI0UKa 3aMeIJISIeT IBUKEHUE MOJIEKYJT, KaK BHYTPb
cebd, Tak U u3 ceds1. I[1oaTomy, MOJIEKy/Ibl MOMaBIIKE BHYTPh OEJIKOBOWM
000JIOUKH, CTAIKMBASICh C HEeil PU CBOEM ABMXXEHUU, MOTYT MHOTO pa3
CPUKOIIIETUTD OT HEE, Mepe.l TeM, KaK MOKMHYTh BHYTPEHHUI 00BbEM Oel-
KoBOil 00o0Jyiouku. IToBTOpHBIE MHOTOKpPATHbIE ABUKEHUS MOMaBIIMX
BHYTPb OCJIKOBOI O0OJOYKM MOJIEKYJ YBEIUYMBAIOT BEPOSITHOCTh TOTO,
YTO OHU ToNanayT B «cepy BausHus» Mosiekyabl PHK 1, kak cienactsue,
OyayT BTSIHYThI BO BHYyTpeHHMI 00béM MosieKy/ibl PHK 1 HaUHYT CBOE BbI-
HYXJICHHOE IBUKE€HUE BI0JIb ONTUYECKOMN OCU 3TOI MOJIEKYJIbI, TTOaaas
MOJ, AEWCTBUE CTOSTYEI BOJTHBI MEPHOCTU. YTO, B KOHEYHOM UTOTE, U TIPU-
BOJIMT K UX pacliaay Ha MaTepuu, ux obpasyromue. BHyTpeHHUT 00bEM
mosekynabl PHK, kak nmbuiecoc, 3acacbiBaeT B ce0s1 BCE MOJIEKYJIbI, ITOIaB-
1K€ MO/ BO3AEUCTBUE paiMaIbHOIO Mepernaaa MepHOCTH, CO31aBAEMOT0
cnupaiibio Moaekyabl PHK. Taxk ke, kak 1 Mmonekynbl PHK, «<u€pHbie abI-
pbl» MAaKpOKOCMOCa CO3[al0T BOKPYT ce0s chepy BAUSHUS, TTonanaas B
npenesibl KOTOPOii J1to0asi MaTepusi, B TOM YMCJIe 1 JIEKTPOMarHUTHbIE
BOJIHBI, HE B COCTOSTHUHU BbIpBaThcs. YEpHas AbIpa MAaKpOKOCMOCa CO3/1a-
€T BOKPYT ce0s1 MOIITHOE paauaabHOE TpaBUTALIMOHHOE MoJIe (paauaabHbIi
reperag MEpHOCTH ), BbI3bIBarolllee pacnai 10001 MaTepun. AHAJIOTMYHO
BHYTpeHHUI 00beM crimpaiv Mosiekyabl PHK viu JIHK, co3maét momo06-
HbI€ YCJIOBUSI, TIPUBOISIIME K paciaay IJIEHEHHBIX MOJIEKYJI IO 1eMCTBU-
€M CTOsiueii BOJHBI MepHOCTU. CriMpasib 3TUX MOJIEKYJ BEIET ceOsl uaeH-
TUYHO «4EPHOM IbIPE» MAKPOKOCMOCA, YTO ITO3BOJISIET HA3BaTh MOJIEKYJTY
PHK vniu JIHK «4€pHoii AbIpoii» MUKPOKOCMOCA.

Takum o6pazoM, rosiBieHUE 0€JIKOBOIM 000JOYKK BOKPYT MOJIEKYJIbI
PHK sBuiioch cieayoieil CTyreHbio 3BOJIOLMN MaTepUM OT HEXMBOM
¢opMbl K XuBOil. UME@HHO ¢ MOsSIBJIEHUEM 3TOI 000JI0UKM, MOXHO TOBO-
PUTbH O KAYECTBEHHO HOBOM 3Talle 9BOJIIOLIMU MaTepUM — 3Tarle 3BOJTIOLMU
>kuBoil MmaTepru. Ctosiuasi BOJIHAa MEpHOCTH, BOBHUKAIOII[as BO BHYTPEH-
HeM o0beEMe MoJieKyJibl PHK vm JIHK, sBJ1s151Ch HEOOXOAMMBIM YCJIOBUEM
JUU1sS1 BOBHUKHOBEHMSI XKM3HU, HE SIBJISIETCS] TOCTaTOYHBIM B CUJTY TOTO, UTO,
B IEPBUYHOM OK€aHe KOHIIEHTpaIMsI OpraHMYeCKUX MOJIEKYJI ObliIa OUeHb
MajieHbKOM. Y moaTomy, 6€3 1OMOJIHUTEILHOIO HAKOIIEHUS BOJIM3U MO-
Jexyabl PHK opraHnnyeckux MoJjieKyJl He MOIJIO ObITh M P€YU O TTIOCTOSTH-
HOM 3aXBaTe X 3TOM MOJIEKYJIOM C MOCIEAYIOIIUM pacliailoM Ha MaTEepUH,
ux oopasywiiure. BozHukaeT Bonpoc, KakuM oopa3zom y MoJiekybl PHK
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MOTJIa TTOSIBUThCS 0e1KoBast 00o10uka? Kakoe 4yyno 103KHO ObLIO TTpOu -
30MTH, YTOOBI 3TO CAYYMI0CHh? OTBET HA 3TU BONIPOCHI, KAK HU CTPAHHO,
O4eHb IpocToii. beliku, Kak Bce OpraHM4eCcKrue MOJIEKYJIbl, BOSBHUKJIU B
HaCBIILIEHHOM pacTBOpPE MEPBUYHOrO OKeaHa, Kak CJIeACTBUE aTMOochep-
HBIX 2JIEKTpUUECKUX pa3psinoB. Camu 1o cede OeJIKM SIBIISIOTCS OOTBIINMU
MOJIEKYJIAMM, COCTOSIIIMUMM TOPOIM U3 JECITKOB THICSY aTOMOB U MpPU
CBOEM CBOOOIHOM (OPOYHOBCKOM) ABMKEHMHU B BOJAaX MEPBUYHOIO OKE-
aHa, monaaas B «I1oJie TaroreHus» MmojeKyabl PHK, He MOryT ObITh BTSI-
HYTbI BO BHYTPEHHUI 00BEM 3TOI MOJIEKYJIbI B CUITY TOTO, UTO O€JIKU, CaMu
1o cede, MPeCTaBISIOT OTPOMHbBIE MOJIEKYJIbI MU TPOCTO HE MOTYT [IOMEC-
TUTBHCS BO BHyTpeHHEeM 00beMe MoJieKynbl PHK. Ho 510 He o3Havaer, yto
mouiekyna PHK He BiusieT Ha MosiekyJibl 0e1koB. Co3naBaeMblil CITMpaibio
mousiekyabl PHK panuanbHbIil mepernan MEpHOCTH, TEM HE MEHee, 3aXBa-
THIBA€T CBOMM <«TSITOTEHUEM» NepPBUYHbIE CTPYKTYPbI MOJICKYJI OCJIKOB U Jie-
JIaeT UX CBOUMU MTOCTOSIHHBIMU «CITYTHUKAMM» , KaK 3TO IPOUCXOIUT IIPU
3axBare OOJIbIIIMM MaTepUaIbHBIM TeJIOM (HarpuMep, MIaHEeTOM ) MEHbIIIE-
ro (Puc. 4.3.11). U onsith HaG101aeTCS yIMBUTEIbHAS TTapaslieab MEXIy
MaKpOMHPOM U MUKpOMHUpOM. MTak, 3axBaT U yaep>KaHUE MOJIEKYIO0M
PHK niepBUUHBIX CTPYKTYP MOJIEKYJI O€JIKOB M CTAJIO TEM YCJIOBUEM, TIPU-
BeIILIUM K POPMUPOBAHUIO BOKPYT 3TOM MOJIEKYJIbI O€JIKOBOI 000JI0UKH.
Co BpeMeHeM, unciio 0eakoB-cryTHUKOB MoJjiekyibl PHK Bo3pacTano, nx
«OpOUTBI» OBUTM COM3MEPUMBI, B CUJTy OJIM3KMUX 3HAYEHUU YpOBHEN CO0-
CTBEHHOU MepHOCTU. B pesynbraTte yero, coceiHue 0eJIKM-CIyTHUKM OKa-
3bIBAJIMCH APYT OT Apyra Ha TAKOM PACCTOSTHUM, UTO BO3HUKAJIU YCIOBUS
JIIS1 BOBHUKHOBEHMSI, TAK Ha3bIBAEMbIX, XUMUUYECKUX PEaKIIMil MEXI1y HU-
MU (Puc. 4.3.12). Xumruyeckue peakiimy MeX/1y nepBuYHbIMUA CTPYKTYPaMuU
OEJIKOB-CIYTHUKOB IMTPUBOIWIIM K MTOSIBJICHUIO YCTOMUMBBIX 2JIEKTPOHHBIX
CBSI3€M MeXXy HUMM Y OHUM CpacTaJIMCh B 0JHO 1enoe. [locTerneHHo, Bo-
Kkpyr mouiekyabl PHK Bo3HMKIIA crutolnHas 6eakoBast obonouka. benku-
CIYTHUKH, B pE3YyJIbTaTe 3TOT0, 3aKJIIOUYWIN B CBOIO COOCTBEHHYIO «TIOPb-
My» cBoero 3axBaTuuka — mojekyay PHK (Puc. 4.3.13).

Takum 0O6pa3om, BO3HUKIIA YCTOMYMBAsI CUCTEMA MOJIEKYJl — MOJie-
kysa PHK u e€ 6enkoBast o6o0uka. Bo3HUK nepBbIii XUBOM OPraHU3M —
BuUpyc. Tenepsb, MpuiiLia Hopa pacCCMOTPETH €111€ OJHO KaYeCTBO KMBOM Ma-
Tepuu — pa3mMHokeHHe. Ha ypoBHe BUPYCOB MOXHO TOBOPUTH O AYOJIMPO-
BaHUM UMU CaMUX ce0s1, B pe3yJIbTaTe Yero nosiBieHue OJHOro KMBOTO Op-
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raHM3Ma CTaj0 €CTECTBEHHBIM PE3yJIbTaTOM XKU3HEAEATeIbHOCTU APYTOro.
HaBaiiTe 6osice TOAPOOHO pa3depeéMcs ¢ TIPUPOIOI 3TOTO siBJIeHUs. Bo-
3HuKIas Bokpyr mosiekysibl PHK enunast 6e1koBast 0060Jiouka, He sIBJIsI-
€TCs CIUIOIIHOM, IO CBOEI CYTH, a MTPEACTBABIISIET COOOI CETKY BOKPYT MO-
Jekynbsl PHK. flyeiiku 3Toi «ceTKru» — He OJMHAKOBbI, YTO MO3BOJISIET MO-
JIeKyJaM pa3HbIX pa3MepoB MOIMaaaTh BHYTPb O0eJKoBoil obosouku. He-
OoJiblIME TIO0 pa3MepaM MOJEKYJIbI, OOJBIIMHCTBO KOTOPBIX HEOPraHu-
YeCKHUe, 10BOJbHO CBOOOAHO MOT'YT MIOKMHYTh BHYTPEHHUI 00BEM OEJIKO-
BOI1 000JIOUKHM, IPU CBOEM XaOTUYHOM ABUXKEHUU, TaK KaK OOJIbIIIMHCTBO
s'yeeK OeIKOBOM 000JJOYKH BUpYca MPEBBIIIAIOT UX pa3Mephl. B To Bpems,
KakK OOJIbIIIME U CPEAHUE OPTaHUYECKHUE MOJIEKYJIbI 331€PKUBAIOTCS STUM
«HEBOJAOM» BHYTPHU O€JIKOBOI 000JI04YKM, TaK KaK BEPOSITHOCTb TOTO, YTO
JaHHasl MOJIeKyJla MOMAaaET, TPY CBOEM XaOTUUHOM JIBVKEHUU B TY XK€ ca-
MYIO SIU€HiKY, Yepe3 KOTOPYIO OHa IoTajia BHYyTpb, OY€Hb MaJia.

B pesynbrare aToro, BHyTpu 6€JIKOBOI 000JI04KH BUpYCa ITPOUCXO-
IUAT HAKOILJIEHWE OpraHu4eckux mosekys. IIpoucxonut cBoeoOpa3Has
(prbTpaLvs BOABI TEPBUYHOIO OKE€aHa Y€PE3 BHYTPEHHUI 00BEM OEIKO-
BOIi 000104KM Bupyca. JJaHHBII Mpolecc MOXHO paccMaTpMBaTh, KakK
MepBUYHOE MUTAHUE TEPBOTO XXMBOTO opraHu3ma. YacTb MIEeHEHHBIX,
MoJ0OHBIM 00pa30M, OPraHMYECKUX MOJIEKYJI, TTOMAAaeT B MPeae/Ibl 1eii-
CTBMS paJuajbHOIO nepenana MepHocTu criupain moaekyiasl PHK Bupy-
ca, BTSITMBAETCS BO BHYTPEHHUIT 00BbEM CIIMpaIM M paclagaeTcs Tam Ha
Marepuu, ux oopasymouire. Eciu Boga mepBUYHOro okeaHa B IOCTaTOUHOM
CTENEHU HaChIIlIEHA OPraHNYEeCKUMM MOJIEKYJIAMM, OCTEIIEHHO MPOKC-
XOJUT YBEJINYEHNE KOHILIEHTPALMU OPTaHWYECKUX MOJIEKYJI BHYTpU OeJi-
KOBOI 000JioukM. [Ipu pocTe KOHILIEHTpALlMU OPraHUYECKUX MOJIEKYJ
BHYTPU O€IKOBOI 000JI0UKM, YBEJIMYMBAECTCS 1 UMCII0 MOJIEKYJI, KOTOpPbIE
MOIaJal0T B «30HY MPUTSKEHUS» «4€EPHOM ABIPBI» MUKPOKOCMOCA — BHY-
TpeHHUI 00bEM criupaiu moJekyasl PHK.

CrenyeT OTMETUTD, YTO BHYTPU 0€JIKOBOI 000JI0UKM HAaKaIJIUBaKOT-
Csl pa3HOOOpa3HbIe OPTaHMYECKME MOJIEKYJIbI, B TOM YMCJI€ U HYKJIEOTH -
Ibl — cTpouTeabHbIN MaTtepual mis1 mojekyl PHK u JIHK. ITocrenneHHO
KOHIIEHTpALMs OPraHUYECKUX MOJIEKYJI BHYTPU OEITKOBOI 000JIOUKU 10-
CTUTaeT TAaKOT'O YPOBHSI IJIOTHOCTH, IIPU KOTOPOM ITPOUCXOAUT MOCTOSTH-
HBI pacnaj MomnaBIIMX BO BHYTPEHHU 00bEM OpraHMYeCKUX MOJIEKYJI.
BcnencTBue uero, Bo3pacraeT IMOTOK BbICBOOOXKIAIOIIMXCS MIPU pacnaie
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MEePBUYHBIX MaTepUil ¢ PU3MUECKU MUIOTHOTO YPOBHSI Ha BTOPOIi MaTepu-
aJIbHBIN ypOoBeHb. YTO MPUBOAUT K M30BITOYHOMY HACHIILIEHUIO BTOPOTO
maTtepuaiabHoro Tena Mosiekyabl PHK. M30b1TOUHOE HachIlIeHE€ BTOPOTO
MaTepHUaJbHOIO TeJa, TPUBOAUT K MOSIBJICHUIO OOpAaTHOIO MOTOKA IepBUY-
Holt MmaTepuu G cO BTOPOro MaTeprUaibHOTO YPOBHSI Ha MEPBbIi. B pe3yiib-
TaTe 3TOro Ha (PU3UYECKOM YPOBHE MOSIBJSIETCS MPOEKIIMS BTOPOro MaTe-
puasibHOrO Teaa. Cpean OpraHMYeCKMX MOJIEKYJ, HACBIIAIOIIMX BHY-
TPEHHUI 00BEM 0EJIKOBOM 000JIOUKHM BUPYCa, IPUCYTCTBYIOT U HYKJIEOTH -
IIbI, KOTOPBIE SIBJISIIOTCS CTPOMTEIbHBIM MaTepuaioM 1js1 Mmosekya PHK u
JHK. ITosTomy, mpu nosiBAEHUN OPOEKILIMU BTOPOrO MAaTEPUAILHOIO Te-
Jla, Ha (U3MYECKOM YPOBHE BOZHUKAIOT HEOOXOIMMBbIE YCIAOBMS 1JIS COE-
JUHEHWs] OTACIbHBIX HYKJIEOTUAOB B ciipasib MoJieKyJibl PHK Bupyca.

[Tpoekiiusi BTOporo MarepuaabHOTO Tejla Ha (PU3MYEeCKOM YPOBHE
COOTBETCTBYET TOUHOMY IOPSIIKY CA€I0BaHMS HYKJICOTUI0B B MOJIEKYJIe
PHK, nosTomy oHa co31a€T Ha (PU3NYECKOM YPOBHE JOMOJTHUTEIbHBIC UC-
KPUBJIEHUSI MEPHOCTU MUKPOMPOCTPAHCTBA, B COOTBETCTBUU C Kayec-
TBEHHBIMU XapaKTePUCTUKAMU COOTBETCTBYIOIINX HYKJIEOTUIOB, 00pa3y-
IOIIMX M3HAYaJbHYIO, TaK Ha3blBaeMylo, MaTepuHCcKyo Mosekyiay PHK.
Psanom ¢ marepunHckoii mosiekysioit PHK Bo3HuKaeT TouHas €€ MaTpulia.
CBoOOAHBIE HYKIEOTUIBI, MOIaAasi B 9Ty MaTpUIly, HAUMHAIOT COEA-
HSITBCS IPYT C IPYTOM B TOM XK€ CAMOM MOPSIAKE, KaK U Y MAaTEPUHCKOI MO-
nexkynsl PHK. HaBenéHHast Matpuiia BBIHYKIaeT CBOOOIHbBIE HYKJIEOTUIbI
COEIMHSTBLCS B 3aJJaHHOM TTopsake. Tak Kak, MPOeKI1s BTOPOro MaTepu-
aJIbHOTO TeJia Ha (DM3MYECKOM YPOBHE CO3IAET TaKOE U3MEHEHUE MEPHO-
CTY MUKPOITPOCTPAHCTBA, IIPU KOTOPOM CBOOOIHbBIE MOJIEKYJIbI HYKJIEOTH -
JIOB HE MOTYT COeIMHUTBCS B IPYroM Nopsiake. B pe3ysibrate 3TOro BoIHY-
>KIEHHOTO COeIMHEHMSI CBOOOIHBIX MOJIEKYJI HYKJIEOTUAOB, Ha (pru3nvec-
KOM ypoBHe nosiBisercsa Hopas mosiekyia PHK, koropas sBisieTcss TouHOM
KOMNuei MaTepUHCKO.

Ho noueMy HyKJ1IeOTUIbI HE MOTYT COETMHUTBLCS B IPYTOM MOPSIAKE?
OTBeT Ha 3TOT BOMPOC — OYEHb MPOCTOM. Kaxkablii HYKJIEOTHU MMEET
COOCTBEHHBI YPOBEHb MEPHOCTHU, OTJUYHBIN OT IPYrOro, Io3ToMY, s
TOT0, YTOOBI IBA HYKJIEOTHIa COCIUHUINUCH IPYT C APYTOM, HEOOXOAUMO
co3/1aTh JOIOJHUTEIbHOE U3MEHEHUE MEPHOCTU MUKPOIPOCTPAHCTRBA.
[Tpuuém, njst pa3HbIX TTap HYKJI€OTUAOB, BEJIMYMHA 3TOrO JOMOIHUTEb-
HOT0 UBMEHEHMSI MEPHOCTU MUKPOIIPOCTpaHCTBa OyeT npyroi. [Toatomy,
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Koraa Ha pU3MYeCKOM YPOBHE BO3HMKAET 10CTATOYHO IJIOTHASI TPOESKIIMS
BTOpOro mMartepuajibHoro teaa mojekyiasl PHK Bupyca, n3HayaibHbII
YPOBEHb MEPHOCTU MUKPOIIPOCTPAHCTBA B 30HE MPOEKIIMN U3MEHSIETCS B
TOYHOM COOTBETCTBUM C KOAOM AaHHOI mosekyasl PHK nanHoro Buaa.
YTO U IPUBOIUT K TOMY, UYTO TOJIBKO TOT HYKJIEOTU]I, TApaMeTPbl KOTOPOTO
TOXXIECTBEHHBI JAHHOI 00J1aCTM MUKPOIIPOCTPAHCTBA TOJIBKO U MOXET
«3aHSATb» JaHHOE MecTo. KaxXaplii HyKJIeoTua OyKBaJbHO «CaoUTCSI» B
CMelMaJbHO MOATOTOBIEHHOE IJIsl HEro «rHe3a0». B pesyiabraTe 3TOro
npoliecca, MOSBISIIOTCS IBE TOXIeCTBeHHbIe MosieKyJbl PHK manHoro
BHUpyca. A TI0CJie 3TOro HacTyIaeT 3Tarn co3gaHusi HoBoii MoJjiekynoit PHK
0eJIKOBOI 000JI0UYKH, IO TOMY K€ MPUHIIMITY, YTO Y MAaTEPUHCKOI MOJie-
Kyabl PHK Bupyca 13 6e1K0B, HAKOIJIEHHBIX B OEJIKOBOI 000JI0YKE Ma-
TepuHCKOro Bupyca. [1ogo6HbIi mpoliecc OyneT BO3HMKATh KaXblii pas,
KOrIJla BHYyTpHU 0€JIKOBOI 000JI0UKM BUpPYCca HAKOMIUTCSI TOCTATOYHOE KO-
JIMYECTBO OPraHUYECKUX MOJIEKYJT — «CTPOUTEbHBIN MaTepurai» Hy>KHOTO
kauectBa. [Iporcxonut nporiecc ny6avpoBaHus (ITO-ApyroMy — pa3MHO-
>XeHUe) Bupyca. B pe3yabraTe aTOro npoiiecca, opraHmdeckas MmaTepus,
BO3HMKIIIAsI B IEPBUYHOM OKEaHe U3 HEOPTraHMYECKOM, MO/ BO3ACHCTBUEM
aTMOC(EPHBIX DJIEKTPUUECKUX Pa3psiIOB PEOPraHU3YETCS B TPOCTEHUIIIYIO
CaMOOPTaHU3YIOIIYIOC KUBYIO MaTepuio. TakuM o0pa3oM, MOSIBUIUCH
MepBble MPUMUTUBHENIIINE XXMBbIE OPTAaHU3Mbl — BUPYChI, 9BOJIIOLIUST KO-
TOPBIX U MPUBEJIa K MHOI000Opa3nio paCTUTEIbHBIX U XKUBOTHBIX (DOPM KM -
3HU CHa4yaJla B MUPOBOM OK€aHe, a TOTOM 1 Ha CyIIE.

Crenymolieit 2BOJIOLIMOHHONM CTYIIEHbKOM pa3BUTHUS XKM3HU CTAJIH,
TaK Ha3bIBaeMble, bakTepruodaru, IpoMeXyTOUHOE 3B€HO MEXy BUpyca-
MU U OaKTepUsIMA — TIPOCTEUIIMMM OTHOKJIETOYHBIMU OpPraHU3MaMHM.
MoxeT BO3HUKHYTh BOIPOC: KAKUM 00pa3zoM Mpou30luIa TaJibHerast
BBOJIIOLIMS KM3HU OT BUpyca — K 6akTepuodary, ot 6bakrepuogara — K
OJTHOKJIETOYHOMY opraHusmy? M onsth HeT MecTa HUKaKOMY 4yAdy, BCE —
OYEHb ITPOCTO U B TOXKE BpeMsI IpeKpacHo. Pa3MHOXMBIIIMECS] BUPYCHI 3a-
TOJIHWJIV BEPXHUI CJIO¥ TTIEpBOOBITHOTO OKEAHA HA TIIyOUHY He OoJiee cTa
MeTpoB. JlaHHas riryouHa (CTO METPOB) TPOHUKHOBEHMSI BUPYCOB B MU -
POBOI1 OKeaH 00YyCIOBJIEHA TEM, YTO CUHTE3 OPraHUYECKMX MOJIEKYJT ITPO-
KUCXOAUT BO BpeMsI aTMOC(hEPHBIX pa3psiIoB 2JIEKTPUUYECTBA, KOTOPbIE 3a-
TparuBaJIM TOJBbKO MOBEPXHOCTHBIN CJI0I IMTEPBUYHOTO OKeaHa. DTO, BO-
MEPBBIX, 4, BO-BTOPbIX, UMEHHO BEPXHUI CJIOI OKeaHa HaXOJAUJICS B MO-
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CTOSTHHOM JIBM3K€HUM, MO/ BO3/I€ICTBMEM BETPOB U MPUJIKUBOB, U Ha 3Ty
MIyOWHY IMMPOHUKAET COJTHEUHBIN CBET. Tak BOT, BUPYCHI «IIaBalOIIKE» B
MOBEPXHOCTHOM CJIO€ ITEPBUYHOIO OKEaHa MePUOINIYECKU OKA3bIBAINCh B
30HE JeCTBUSI aTMOC(EPHBIX pa3psiioB JIeKTpUuUecTBa. ATMOC(hepHbIe
pa3psiibl BbI3BIBAIOT U3BMEHEHUE MEPHOCTHU MPOCTPAHCTBA B 30HAX CBOETO
MPOXOXIEHMS, CO3aBasi, TEM CaMbIM, YCJIIOBUS TSI CHHTE3a OpraHUYECKUX
coeaqrHeHui. Ho, 4TO Mpon30iMaET, €C/In B 30HE 2JIEKTPUUECKOIO pa3psiia
okaxercs BuUpyc? KoHeuHo, eciiu BUpYC MOMaAET Mo MpsIMOE BO3/EH-
CTBME BJIEKTPUUECKOTO paspsiaa, MPOU30OHAET MOJTHOE €ro pa3pylieHUeE.
YT0 Xe MPOU30MIET €CIN BUPYC MONAAET B MepruepuiitHbIe 30HbI BO3/IEH-
cTBUs atMocdepHoro pa3psiaa? [IpousoiayT au, mpyu 3ToOM, KakKue-a1bo
usMmeHeHus1? [1pyu usMeHeHM MEPHOCTU MPOCTPAHCTBA BOKPYT U BHYTPU
BUpYCa, BO3BMOXHO MPOTeKAHUE HECKOJIbKUX MPOIIECCOB:

1. I3MeHeHue nopsiika COeIMHEHUST HYKJIEOTHUIOB B CYILIECTBYIOLICH
monekyie PHK Bupyca.

2. YBeanMuYeHre WM YMEHbIIIEHUE YMCTIa HYKJIEOTUIOB B CYILLIECTBY-
rouei mosiekyjie PHK Bupyca.

3. IlosiBneHre XMMUYECKMX CBSI3ei MEXKy CYLLeCTBYIOIIEH MOJIEKY-
qmoii PHK Bupyca u npyrumu mosiekynamu PHK, koTopbie Haxoauaucey B
MOMEHT 3JIEKTPUUYECKOro pa3psiia BHyTpHY O€IKOBOM 000710UK1 BUpYca WU
MOSIBUJIMCH B HEM B pe3yJIbTaTe BO3IEUCTBUS JIEKTPUUYECKOTO pa3psiaa.

[Tpu u3MeHeHUM TOpsiiKa COeNMHEHUST HYKJIEOTUIOB B MOJIEKYJIE
PHK Bupyca, nosiBiasieTcsl HOBbI BUPYC, KaK Pe3yJIbTaT, TAK Ha3bIBA€MBbIX,
MyTaiuii. [Tpy yMeHbILIEHUN YnCiia HyKJIEOTUIO0B, 00pa3yIoIIMX MOJIEKYTY
PHK Bupyca, nocjieqHU1 MOXET yTpaTUTh KaueCTBa XKMBOM MaTEpUU, TaK
KaK, U1 MPOSIBJICHUS CBOMCTB X1UBOUW MaTepuu, mojekyia PHK nomkxna
JOCTUYb KPUTUUECKOTO MOJIEKYJISIPHOTO Beca. BUpychl SIBJISIIOTCSI TTorpa-
HUYHOU (pOpMOI1 opraHu3aluy MaTepun MeXIy XKMBOM U HEXXUBOM. 17151
OpOSIBJICHUSI CBOMCTB X1BOM MaTepuu, mojieKkyjaa PHK Bupyca nomkHa
JOCTAYb OIIPEACTEHHON MOJIEKYJISIPHOM MAaCChl, ITPU KOTOPOM BO3HUKAET
3¢ GEKT OTKPBITUS KaueCTBEHHOTO Oapbepa MeX Iy IepBOii U BTOPOIt Ma-
TepualbHbIMU chepaMu. [Ipy MeHbIIEH MOJIEKYJISIPHOM Macce, Kadec-
TBEHHBI Oapbep He OTKpbIBaeTCsl. UMEHHO ITOATOMY, €CJIM BUPYC YAAIUTh
U3 BOJIbI, OH MEPEXOAUT B KPUCTALIMYECKOE COCTOSIHUE, TaK KaK BHE BO-
nbl moniekyia PHK Bupyca tepsiet rpynnsl H 1 OH co cBoux BHEITHUX
BJIEKTPOHHBIX CBS3€M, YTO JOBOJIBHO CUJIBHO CKa3bIBA€TCS Ha €€ MOJIEKY-
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JISPHOM Bece U, KakK CJIe[ICTBUE, KaUeCTBEHHbII Oapbep BOCCTaHABIMBAETCS
M MCYe3aloT CBOMCTBA XuBoW matepun. [Tonagasa B Boay, mosnekysia PHK
BUpYyCa BOCCTaHABJIMBAET CBOM XMMUUYECKHUE CBSI3U, B pe3yJibTaTe uyero,
rpynnbsl H u OH nipucoeaHsIoTCs K Held, U MOJIEKYJISIPHBI BEC BHOBb BO-
3pactaeT. [Ipu 1oCTUKeHUM KpUTUYECKOTO MOJIEKYJISIPHOTO Beca IPOKC-
XOJIUT OTKPBITHE KAaYECTBEHHOTO Oapbepa MeXXIy IepBOM M BTOPOI MaTe-
pUaIbHBIMU chepaMu, U BHOBb MTOSIBJISIIOTCS CBOMCTBA U KQYECTBA XXKUBOK
MaTtepuu. Takum 00pa3oM, BeCbMa BaXKHbIM (haKTOPOM, OTNIPEACISIOIUM
BO3MOXKHOCTb 3apOXKIEHUsI )KU3HU, SIBJISIETCSI MOJIEKYJISIDHBIN BeC, TOUHEE,
CYILIECTBYET KaueCTBEHHAs rpaHuIIa MOJIEKYJIsIpHOTo Beca Mosiekys PHK
win JIHK, Tak Ha3bIBaeMblii, KpUTUYECKUI MOJIEKYJISIPHBII BeC, TPU KO-
TOPOM BBOJIIOLIMSI MAaTePUU BBIXOJUT HAa KAYECTBEHHO HOBYIO CTYIEHb
SBOJIIOLIMY — 3BOJIIOLHUIO XKUBOH MATEPHH.

Ecau xxe non Bo3aeiicTBMeM aTMOC(EPHBIX pa3psiioB 3J1EKTpUUECTBA
YBEJIMYMBAETCS YMCI0 HyKJIeoTua0B B Moiekyae PHK Bupyca, Habmona-
€TCsI HECKOJIbKO JIIOOOIBITHBIX MOMEHTOB. BO-niepBbIX, IOSBACHUE «JIHIII-
HUX» HYKJICOTHUIOB TPUBOJIUT K POXKAECHNIO HOBOTO BUpPYyca, HOBOI MyTa-
1. Bo-BTOpPBIX, yBEJMUEHUE YMCIA HYKJIEOTUIOB MPUBOAUT K POCTY
MoJieKyJsipHoro Beca MoJiekyabsl PHK, BciencTBue yero yBeamumBaeTcs
CTETEHb €€ BJIMSHUS HAa OKPYKAIOIIEE MUKPOITPOCTPAHCTBO, YTO TPUBOIAUT
B CBOIO OYEPEIb K YBEJIMYEHHUIO pa3Mepa OeJIKOBOM 000I04YKHY. YBEJIMYEHUE
pa3MepoB 0eIKOBOM 000JI0YKHM CBSI3aHO C TEM, YTO OoJiee TsKEnast MoJie-
kysna PHK Bupyca B 0oJiblIeil cTeNeHU BAMSIET HAa OKPYXKAIOIee MUKPO-
MpoCTpaHCTBO. BcaeacTBue yero OeJIKM-CIyTHUKM, 0Opa3yroliue 000-
JIOUKY BUpYCa, 3aXBaTbIBAIOTCS «I10JIeM TsAroTeHusi» moJiekyyibl PHK Ha
0oJIbllIEM YIAJEHUY OT HEE CAMOI, UTO IIPUBOIUT K TOMY, UTO Yy OoJIee TS-
xkeénoit monekynnsl PHK nosiBisieTcst 6osbliero pasMepa 0ejkoBasi 000J104-
Ka. bosblero pazmepa 6eyiKoBasi 00071049Ka MO3BOISIET HAKATUIMBATh BHY -
TpU cebs1 O0JIbllIe OPraHMYECKMX MOJIEKYJ M MO3BOJISIET co3aaTh Ooliee
YCTOMUYMBBIN BHYTPEHHUIA MUKpOKIMMaT. Eciiu ke, Bo Bpemst aTMocdep-
HBIX Pa3psiioB JIEKTPUUYECTBA, BOZHUMKAIOT YCTOMUMBBIE XUMUYECKIE CBSI-
3u Mexkay aByMs MoJiekynamu PHK, mosiBiasieTcst MosieKynia, mpeacTaBiIsi-
10111251 COOO0I MPOCTPAHCTBEHHO-XUMUYECKOE COeTMHEHME ABYX CIIMpaei,
MOSIBJISIETCS TaK Ha3biBaeMas ABycriupaibHas mojiekyina PHK, mpu onpe-
neseHHbIX yciaoBusx nossisierca Mosekyaa JIHK. [Togsnenue JIHK ot-
KPbIBa€T HOBYIO 3Py Pa3BUTHUS XKMBOW MAaTEPUU — OT OJHOKJIETOUHBIX
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>KMBBIX OPTraHU3MOB 10 MHOTOKJIETOUHBIX U T.J. 10 MOSIBJIEHNE Pa3yMHOM
>XuBoM marepuu. JIBoiiHas cnimpaib mosekybl JIHK co3naér 6osee BbI-
paxxeHHYI0 n1eopMaliio MUKPOIIPOCTPAHCTBA OKOJIO ce0sl, UTO YCKOPSIET
MpoLIeCC pacnaaa «IJIEHEHHBIX» MOJIEKYJT HA MAaTEpUU UX 00pasylollue, B
CUJIy TOTO, UTO TPU CBOEM BBIHYKIEHHOM JBMXXEHWM BO BHYTPEHHEM
o0beMe criupaieit MosiekyJibl JIHK «rieHEHHBIe» MOJIEKYJIbI MOIaaaloT
O yAapbl ABYX CTOSTYMX BOJIH MEPHOCTH, B TO BpeMsl, Kak y mosiekys1 PHK
MMEETCsI TOJIbKO OJIHA CTOSTYasi BOJTHA MepHOCTU. JIBoliHast cTosuast BOJIHA
MmepHocTu moJiekyJibl JIHK, TakuM o0pa3om, ycKopsieT mpoluecc pacrana
«ILJIEHEHHBIX» MOJIEKYJI, YBEJIMYMBAs TEM CaMbIM 3(P(PEKTUBHOCTH BCEH CH-
creMbl B LiesioM. Kpome atoro, nBoitHas crivpalib Mosiekyibl JIHK co3naér
TaKoe BJIMSHME Ha CBOE MUKPOITPOCTPAHCTBO, UTO OeJIKoBast 000JI0YKa BO-
3HMKAET Ha 3HAYMUTEIbHO OOJIbIIEM PACCTOSIHUM OT CaMOU MOJIEKYJIbI,
YTO MO3BOJISIET HAKOMUThH BHYTPU TaKOI 00010UKM 3HAYMUTEIbHO OOJIbIIIe
3aXBAYE€HHBIX B «IIJIEH» OPraHUYECKUX MOJIEKYII.

D10 — BaxkHeimii pakTop 1/ NoAAePKAHNSA KUZHHU.

boabimx pazmepoB 0esKoBasi 000JI0UKa «IIPOLIEXKMUBAET» OOJIbIIEE
KOJIMUYECTBO MOPCKOM BOJIbI C «IJIaBAIOIIUMU» B HEM OPraHMYECKUMU MO-
JIeKyJJaMU, BO3HUKAIOIIMMU ITPpU aTMOCGhEPHBIX pa3psiiax 2JeKTpUUYeCcTBa.
DTO €CTECTBEHHO: OOJILIINM HEBOAOM MOXKHO MOMMAaTh OOJIbIIE PHIOLI.
TonbKo HEBOIOM, B TAHHOM CJly4yae, SIBJsIeTCs 0eJIKoBasi 000JI0YKa, a phl-
00li — OopraHMYeCKMe MOJIEKYJIbl, «IlJlaBallle» B MIEPBUYHOM OKeaHe.
Kpowme 3toro, nBoitHas ciupaib mojekyibl JIHK coznaér ycnoBus s mo-
SIBJICHUSI MHOTOCJIOMHOM 000JIOUKM, TaK Ha3bIBAEMOU, MeMOpaHbl. MeM-
OpaHa, B Mpoliecce 3BOJIIOLUN, COOPMUPOBAJIACH U3 TPEX CIOEB: ABYX
OEJIKOBBIX U OJHOTO XkHpoBoro. [Tpuuém, K1poBoii CJIoi pacriojaraercs
Mexay aAByms 6eakoBbiMU. Crinpanu mosiekyJibl JIHK nmpoctpancTBeHHO
CMEIIEHBI OTHA OTHOCUTENBHO Apyroii. [loaTomy, kaxnast u3 aTux cnvpa-
JIell co3M1aET «CBOM» OEJIKOBbIE 000JI0YKH, KOTOPbIE OKa3bIBAIOTCS TOXE
CMEUIEHHBIMU JAPYT OTHOCUTEIBHO JApyra U, KpoMe 3TOro, OJHa BHYTPHU
npyroit. @opmMupylorcs n1Be 6eJIKOBbIE «KPEITOCTHBIE» CTEHBI BOKPYT MO-
nexkynbl JIHK. B pe3ynbraTe yero, opraHm4eckue 1 HEOpraHM4eCKue Mo-
JIEKYJIbl BBIHYXX/I€HbI IPOCAYMBAThCS Uepe3 Mperpabl, YTOObI OIACTb BO
BHYTPEHHUI 00bEM 000J10UKU. [1py mpoxoxkaeHUuM yepe3 JBOMHYIO Mpe-
rpaay, 3TU MOJIEKYJIbl TEPSIIOT CBOIO KMHETUYECKYylo sHepruio. M, kak
CJIEICTBUME, MPAKTUUYECKU HE B COCTOSIHUM MPOPBATHCS Ha3al yepe3 0060-
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Jouku. Takum oOpaszom, IPOUCXOAUT (UIbTpPaALsl BOAbI IEPBUUYHOIO
OK€aHa M HaKOIUJICHME OPTaHUYECKHUX MOJIEKYJI BHYTPpU 0001049eK. Mexmy
BJIOXXEHHBIMM, OJIHA B IPYTYI0, OCJIKOBBIMM 000JI09YKaMu oOpa3yeTcs 3a-
30p. M mobas Mosiekya, mocje MpoXoXXASHUS YePE3 BHEILIHIOW OEIKOBYIO
000JI0UKY, TTOMaAaeT B MPOCTPAHCTBO MEXIY BHEIIHEN M BHYTPEHHE.
CoOCTBEHHBI YPOBEHb MEPHOCTU OEIKOBBIX 000710U€K 3HAUYNTEIbHO Bbl-
11Ie COOCTBEHHOTO YPOBHSI BOAbI OKeaHa. [1o3ToMy, BO3HMKaET JBOHOI
HE3HAYUTEbHBIN Mepenags MEPHOCTU C 30HOM YCTOMYMBOIO PABHOBECHS
Mex 1y HUMU. [1py cBo€M ABUXKEHUM, BCE MOJIEKYJIbI JOJKHBI ITPEOA0JIETh
3TU Mepernaabl MEpHOCTU U MOMAAal0T B «<HEUTPaJIbHYIO» 30HY C YPOBHEM
MEPHOCTU MEHBIINUM, YeM YPOBEHb COOCTBEHHOM MEPHOCTU OCITKOBBIX
o06osiouek. UMeHHO 103TOMY XXMPOBBIE MOJIEKYJIbI, TTONaaas B 3a30p Me-
K1y O€JIKOBBIMU 000JI0UKAMU, TOMNAAal0T B 30HY C YPOBHEM MEPHOCTHU
BecbMa OJIM3KUM K YPOBHIO COOCTBEHHOM MEPHOCTH KUPOBBIX MOJIEKYJI.
ZKupoBbie MOJIEKYJIbl HAUMHAIOT, KaK Obl, OCEIaTh B IIPOCTPAHCTBE MEXIY
OEJIKOBBIMM 000JI0YKAMU, TOCTEIIEHHO 3aMoIHsIs cO00¥ 3TOT 3a30p. [1pu
3TOM, MOJIEKYJIbl XXMpa COEAMHSSICh APYT C APYIrOM, CO3MAI0T XKUPOBYIO
MPOCIOMKY MexXIy 0eJIKOBbIMU 00ooukamMu. Co BpeMeHeM, BOZHUKAIOT
XUMMYECKUE CBSI3U MEXKIY XKMPOBOM MPOCTOMKON 1 OETKOBBIMU 000104~
Kamu. M Kak pe3ynbraT, BO3HMKAET TPEXCIOiHasI 000J04Ka — MeMOpaHa.

[Tpu nosiBieHUM TPEXCIOMHON 000JIOUKU, MOKHO TOBOPUTH O CJie-
JYIOLIE CTYTIEHU pa3BUTHS XKMBOW MaTEpUN — BO3HUKHOBEHHH O/THOKJIE-
TOYHBIX OPraHu3MoB. VX penmyllecTBo mepel BUpycaMu B TOM, UTO MHO-
rocJIoliHas1 KJIeTouHast MeMOpaHa cO31a€T BHYTPU KJIETKU YCTONYMBYIO XM -
MUuecKylo cpeny. Kpome aToro, KjierouHas MeMOpaHa SBJsIeTCs 3alluTON
OT arpeCCUBHOCTH BHEILIHEN CPE/Ibl, UTO CO3/1AET OJ1arONpPUSITHBIE YCIOBHUS
IUI JaJIbHEHIIEW 3BOIIOIMMU XU3HU. [uapodoOHbIe (BOIOOTTaIKMBAIO-
11I1M€) CBOMCTBA XXMPOBOIO CJIOSI MEMOpaHbl CO3/aBalu OJaronpusTHbIE
YCJIOBUS 7151 TPOHUKHOBEHMSI BHYTPb 000JIOUKH OPraHUYECKUX MOJIEKYJT,
co3aaBasi CJIOXKHOCTH J1s1 HPOHMKHOBEHMSI BHYTPb 000JI0YKHM MOJIEKYJT BO-
Ibl. JIeso B TOM, YTO BHYTPEHHUI 00bEM 000JIOUKU — OrpaHUYEH U O3~
TOMY, €CJIA B HETO MOMNaaaeT MOJIEKYJla BO/Ibl, KOTOpasi 3aHMMAET ITyCThb He-
00JIBIIION, HO TEM HEe MeHee, peaibHbIN 00BEM MPOCTPAHCTBA, HE OCTAETCS
MecCTa ISl OpraHMYeCKMX MOJIEKYJ, KOTOPbIE Topa3ao OoJbIIE U, B CUITY
3TOr0, ABUTAIOTCS 3HAYMTEIbHO MeIJIEeHHEee MOJIeKYJl Bojabl. TakuMm obOpa-
30M, IMOSIBJIEHUE KUPOBOTO CJIOSI 000JOUYKM MPAKTUYECKU BBIPABHSIO
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LIAHChI OPraHUYECKUX MOJIEKYJI 1 HeopraHndeckux. [TomoOHas o60109ka
Kak ObI «ITPUAEPXKUBAET» YACTh MOJIEKYJI BOJIbI, CO3/1aBasi O1aronpusTHbIE
YCJIOBUSI JU151 TIPOHMKHOBEHMSI OPraHUYECKUX MOJIEKYJI. DTO — OrPOMHEN -
111ee MpuodpeTeHne, HO, KaK 1 3a BCSIKOE MPUOOPETEHNE, 32 HETO OJHOKIIE-
TOYHbIE OPTaHU3Mbl ObUIM BBIHYXIEHBI IUIATUTh OOJIbIIYIO 1ieHy. Eciu
BUPYChI MOTYT CYIIIECTBOBATbh MUJLIMOHBI U MUJUTUAP/IBI JIET, IEPUOIUYEC-
KW HaXOJISICh B XKMBOM WJIA KPUCTAUIMYECKOM COCTOSTHUM, TO OMHOKJIETOY -
HbI€ OPraHMU3Mbl, KaK TOTOM U MHOTOKJIETOYHbIE, CTAJIA «CMEPTHBIMU». Y
«MOJIOJIOTO» OTHOKJIETOYHOI'O OpraHKW3Ma TOJIIKWHA U TJIOTHOCTb XKUPOBO-
ro CJIOSI MeMOpaHbl OTHOCUTEIBHO HEBEJIMKA, UTO MO3BOJISIET MOJIEKyIaM
BOJIbI MTOIA1aTh BHYTPb 000/104KU. CO BpeMeHEM, MPOUCXOIUT OKMCIICHHUE
>KMPOBBIX 000JI0Y€EK, B pe3yJibrare yero ruipooOHbIe CBOMCTBA MeMOpa-
HBbI YCUJIMBAIOTCS, KPOME TOTO, CO BpEMEHEM KUPOBOM CJIOM 000J109KU KaK
OBbI «TOJICTEET», KaK Pe3yJabTaT MPOAOJIDKEHUS 3axXBaTa OEJIKOBbIMUA 000JI0U -
KaMM HOBBIX KMPOBBIX MOJIEKYJ M3 OKpyXamllei cpenbl. M, Kak ciem-
CTBME, OCTENEHHO 3aMeIJIIETCS, a TOTOM 1 MOJHOCTBIO MpeKpaliaeTcs
LUPKYJISILMS BELIECTB yepe3 MmeMOpaHy. [Ipu motepe BHYTpeHHUM 00BE-
MOM KJIETKY OTIPEAEIEHHOTO KOJIMYECTBA BOJIbI, IPEKpaIIaeTCs KU3HEIE-
SITeJILHOCTh JAaHHOM KJIeTKHU, KJIeTKa morudaer. TakumM oOpa3oM, 0aHO-
KJIETOYHbIE OPraHU3Mbl CTAJIM CMEPTHBIMM, T.€. MOTYT CYIIIECTBOBATh TOJILKO
OrpaHUYEHHOE BPEMSI.

[TosiBneHue TpEXCIOMHONM MeMOpaHbI J1aJI0 KOJIOCCATbHBINA TOJTYOK
Pa3BUTHIO XKU3HU U, B TOXKE BPEMSI, BOSHUKJIM BPEMEHHBIE OTPAHUYEHUS
MPOIOJKUTETLHOCTH KM3HENEITETbHOCTU OTHOKIETOUHBIX OPTAaHU3MOB.
[Tpu notepe Boabl, OHU, B OTJIMYKE OT BUPYCOB, morudanu. Iloaromy mnep-
BbIE€ OJTHOKJIETOYHbIE OPTaHU3Mbl MOIJIM CYILIECTBOBATh TOJBKO B BOJAX
MepBUYHOIO OKeaHa. JIBuxeHue BepXHUX CI0€B MEPBUYHOIO OKeaHa Mpu-
BOJIMJIO K TOMY, UYTO OTHOTUITHbIE OTHOKJIETOYHbIE OPTaHM3MbI ITOMaAaIN
B pa3Hble BHEIIHME YCJIOBHUS. BiusHUe pa3sHbIX BHEIIHUX YCJIOBUI Ha
OJTHOTUITHBIE OJHOKJIETOUHbIE OPTaHMU3MbI CO3/IaBaJI0 TAKUE YCIOBUS, TPU
KOTOPBIX OHU WJIM TTOTUOAN, WM U3MeHIIMCh. [logBunuch pacTuresb-
HbI€ 1 XKMBOTHBIE OTHOKJIETOUHbIE OpraHU3Mbl. MHOroo6pasue BHELTHUX
YCJIOBUIA TTOPOXKAaJI0 MHOroo0Opasue (hopM pacTUTEIbHBIX U XKUBOTHBIX OP-
raHn3moB. Crajia (popMUpOBaThCs MEPBUYHAS SKOJIOIrMUYECKas CUCTeMa.
CriocoOHOCTh OTHOKJIETOUHBIX JKUBOTHBIX OPTAaHU3MOB CAMOCTOSITEJIbHO
nepeMeniaThes, ajga HOBbII TOTYOK 3BOJIIOLNY KU3HU. 2KUBOTHBIE OTHO-
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KJIETOYHBIE OPraHU3MbI IPUOOPEIU C 3TUM HEKOTOPYIO HE3aBUCUMOCTD OT
Karnpu30B BHELIHEN cpenbl. [1epBOOBITHBIN OKeaH coaepkKal €II€ OYeHb
MaJI0O OPTaHWYECKMX BEIIECTB U MEPBBIM OJHOKJIETOYHBIM OpraHu3Mam
OBLIIO BeChbMa CJI0XKHO «BbIJIOBUTH» B OKPY>KalOIIIel BOJIE OpPraHM4YeCKUeE Be-
11IeCTBa, KOTOPbIe HEOOXOAMMBI JIJIs1 MOAAEPKAHUS UX XKU3HEIeSITeTbHO-
cTy. BcrmoMHMM, TIpU KaKUX YCJIOBUSIX N3 HEOPTAHUYECKUAX MOJIEKYJT YTJIE-
poja, KMCI0poa, a30Ta, BOAOPOJIA U APYTMX BOZHUKAIOT OpraHUYECKUe
coeauHeHus... [IpoucxoauT 3To, KOraa HaChIIIEHHYI0 HEOPraHUYEeCKUMU
MOJIEKyJIaMM U aTOMaMM BOJY, IIPOHU3BIBAIOT 2JEKTPUUECKUE Pa3psIb,
BO3HUKAIOIIIME, KAK PE3yJIbTaT Mepenaaa CTaTU4eCcKOro 3JeKTPUYECTBA
MEXIy aTMOC(hEpOil U TTOBEPXHOCTHIO. DJIEKTPUIECKNE PA3PsIIbl UCKPU-
BJISIIOT MUKPOKOCMOC, YTO M CO3MAET YCJIOBUS JISI COETMHEHUSI aTOMOB
yrjIepojia B LIENMOYKM — OpraHU4YeCKue MOJIEKYJIbl. TaKMM 00pa3oMm, 4YTOObI
BO3HUK CUHTE3 OPraHUYECKUX MOJIEKYJT, HEOOXOAUMO U3MEHEHNE MEPHO-
CTU MUKPOKOCMOCA Ha HEKOTOPYIO BEJTUUNHY:

AL~=0,020203236... (4.3.1)

M 4T00bI NEpBbIE OHOKIETOUYHbIE OPraHU3MbI MOLJIA BOCCTAHABJIUBATH
U COXPAHSTH CBOIO CTPYKTYPY, HE00XO0JMM CHHTE3 MPOCTEHIINX OPraHuYecKuX
CcoelMHEHMii BHYTPH CAMHUX OJHOKJIETOYHbIX OPraHu3MoB. Bo3HMKHOBeHue
CHHTE3a NMPOCTEHIIMX OPraHuIeCKMX MOJIEKYJI 3 HEOPraHWYeCKIX BO3MOXKHO
MpU U3MEHEHUH MEPHOCTH MUKPOKOCMOCA HA BeimunHy AL/2.

Huxkakoii npocteiimuit (1 gaxe CJIOXHBIN!) XXMUBOI OpraHuU3M CO-
3/1aTh JEKTPUUECKUIA pa3psia NOA00HbIM aTMOC(HEPHOMY HE B COCTOSIHUU.
B xone 3BosoiMM y MPOCTENIINX OMHOKJIETOYHBIX OPTAHU3MOB BO3ZHUK
MPOMEKYTOUHBIN BApUAHT, AIOIIMIA HeoOXoaumyto BennuuHy AL. BcrioM-
HUM, UYTO Kaxaasi MOJIEKyJia, aTOM BJIMSIET, UCKPUBJISIET CBO MUKPOKOC-
MOC Ha Ty WM UHYIO BeJIMUMHY. MakcuMalibHOE BIUSIHUE HA MUKPOKOC-
MOC OKAa3bIBalOT OPraHUYECKHE MOJIEKYJIbI. boJiblive opranHnvyeckue Mo-
nexynabl, Takue kak JIHK n PHK oka3biBaroT Takoe BIMsSIHAE HA MUKPO-
KOCMOC, TP KOTOPOM IMPOUCXOIUT HE CUHTES, a PACITIaJl IPOCThIX OPraHU-
YEeCKUX MOJIEKYJ, TIOA BO3AECWCTBUEM IE€penagoB MEPHOCTH, CO31aBac-
MBIX CTOSIYEH BOJTHOM MEPHOCTU BHYTPEHHETO 00bEMA CITMPaId MOJIEKYJT
PHK v THK. BcmnoMHMM, YTO CUHTE3 OPraHMYeCKUX MOJIEKYJI U3 HEOP-
raHUYECKUX U3HAYAJTbHO ITPOUCXOIWII TTPU aTMOCGhEPHBIX pa3psiaax 2J1eK-
TpUUYECTBA, KOTOPBIE CO3AaBaAJIM YPOBEHb MEPHOCTHU, HEOOXOIUMBIM 1151
BO3MOXHOCTU aToMaMm yriepona C coeqnuHuTcs B Henodku. [loatomy mis
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BO3HMKHOBEHUS CUHTE3a OpraHMYE€CKUX MOJIEKYJI BHYTPU KJIETKM TOJKHbI
MMPOMCXOAUTh MPOLIECChl aHAJIOTUYHbIEC TTepeuncieHHbIM. KieTka He B
COCTOSTHMU CO3AaTh 3JIEKTPUUECKUI pa3psill, aHAJIOTUYHBIN pa3psiiam
aTMOC(EpPHOTro 3JIEKTPUIYECTBA, HO TEM HE MEHEE, B HEll ITPOoLIecC CUHTEe3a
OpraHMYeCKUX MOJIEKYJI Imporcxoant. Kakum xe o0pazom npupoaa perm-
Jia 3Ty npobyiemy!? M onsiTh, BCE 2JIeMEHTApHO MPOCTO.

JI1g cuHTe3a OpraHMYeCcKMX MOJIEKYJT U3 HeOpraHM4eCKuX Heo0Xo-
IMMO CO3/1aTh MepUOINYECKHE KOoJIeOaHWsI MEPHOCTU MUKPOKOCMOCA B
npenenax 0 < AL < 0,020203236, kotopoe OyneT Hak/1aabIBaThCs Ha yKe
CYILIECTBYIOIII€E NCKPUBIIEHUE ITPOCTPAHCTBA, CO3aBAEMOE KJI€TOUHBIMU
BKJIIOUeHUSIMU. [Ipu 3TOM, MPOMCXOAUT HAKJIaAbIBAHUE HA MOCTOSIHHBIN
YPOBEHb MEPHOCTH MEPUOANYECKHN MEHSIOIICICST BeTnunHbl. M Ha HeKo-
TOpPOE KOPOTKOE BPEMS B MUKPOCKOMMYECKOM 00BbEME ITPOCTPAHCTBA BO-
3HMKAIOT YCJIOBUSI TAK HEOOXOAMMBbIE JIJIs1 CMHTE3a OPraHMYeCKMX MOJIEKYJI.
ATMochepHbIe JEKTpHUUSCKIe pa3psiibl IPOUCXOAST Ha MAKPOYPOBHE, a
CHUHTE3 OpraHUYeCKMX MOJIEKYJ KIeTKaMM — Ha MUKpPOYpOBHe. B riepsom
clyyae CUHTE3 SBJISIeTCS MOOOUYHBIM 3(PHEKTOM, BO BTOPOM — TIPSIMbIM.
J1J151 TOro, YTOOBI 3TO MPOU30LLIO, HEOOXOAUMO HAIMYME Y KIETKU MOJIE-
KyJI, COOCTBEHHBII1 YPOBEHb MEPHOCTU KOTOPBIX, IUIIOC TIEPUOANYECKOE
Koyie0aHMe MEPHOCTHU, MPUXOSIIIee U3BHE KJIIETKH, CO3/IaBaJIM ObI BMECTE
HeoOXoAuMbI€ YCIOBUS /11 CMHTe3a. Takoe BiIMsIHME Ha MUKPOKOCMOC
OKa3bIBalOT CpeHEl BeJIMUMHbBI OpraHnYeckue MoJieKysibl. Kazanoch Obl,
BCE OYEHb MPOCTO... B 0MHOK/IETOUHBIX OpraHM3Max JOJIKHbI ObITh MOJIE-
KYJIbl, MIPUMEPHO, Ha TTopsiiok MeHble MoJieKya JIHK u PHK, u npo6ie-
Ma yxe pemeHa... Ho, He Bc€ Tak npocto. Kaxmas MojieKyaa u3MeHsIeT
MMKPOKOCMOC BOKPYT c€0s1, HO 3TO U3BMEHEHME MPOI0IXKAET ObITh HEU3-
MEHHBIM JI0 T€X MOp, MOKa COXPaHSETCs LIETOCTHOCTb CAMO MOJIEKYJIbI.
g Toro, 4ToObl BOBHMK CUMHTE3 OpraHMYeCKUX MOJEKYJ JOJKHO BO-
3HMKHYTb KoJIeOaHKe MEPHOCTU MUKPOKOCMOCA C aMILJIUTYAOA:

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

Konebanus MepHOCTU MUKPOKOCMOCA JOJKHBI ObITh, O KpalHEM
Mepe NepUuoaMYeCKUMHU, YTOObI BOZHUKJIM HOPMaJIbHbIE YCIOBUS U151 CUH-
Te3a OpraHUYeCKUX MoJieKy.1. {71 3Toro, 10/KHbI ObITh MOJIEKYJIbI, KOTO-
pble Obl UBMEHSIJIUCH IPU HE3HAUMTEIbHBIX U3MEHEHUSIX BHEIIIHEI Cpe/ibl
1 BBI3bIBAJIM BHYTPU OJHOKJIETOUHBIX OPraHU3MOB HYXXHbI€ KOJIE€OaHUS
MEPHOCTU MUKPOKOCMOCA. DTU BO3JAEUCTBUSI BHELIHEN Ccpeabl (M3Jyde-
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HUS) He JOJDKHBI B TO XK€ caMOe BpeMsI pa3pyllaTh CaMU OTHOKJIETOYHBIC
OpPraHU3MbI, HO JOJKHBI CBOOOIHO MOMNAaaaTh BHYTpb MX MeMOpaH. OTBe-
YalIIUMU BCEM 3TUM TPEOOBAHUSIM BHEIIHUMU (haKTOpaMU SIBJISIIOTCS
ciabble TeIUIOBbIe U onTudeckre uanydeHust CoJiHIIa, B TO BpeMsl, KaK Japy-
rast 4acTh COJTHEYHOU paaralliy JUIsl OpraHMYECKUX COSAMHEHMI 1 Opra-
HU3MOB (PEHTTEHOBCKOE 1 FTaMMa-U3JIy4eHMUsI ) SIBJISIETCSI pa3pyllalolieit.
M BHOBB criaceHure — B Bojie... Boga okeaHa rorioliaeT peHTTeHOBCKOE
Y TaMMa-U3JIy4eHUsT U MPOMYCKAeT TEIJIOBOE M ONTUYECKOE U3TYyICHUS
ConHIIa, KOTOpBIE TAaKXKe CBOOOTHO MOTYT IIPOHUKHYTh B OMHOKJIETOUHBIC
opraHusMmbl. TakuM 00pa3oM, [JIsl TOr0, YTOObI BO3HUK BHYTPUKJIETOUHbII
CUHTE3 OPraHMYEeCKUX COCIUHEHMI, HEOOXOIUMBI CIEAYIONINE YCIOBUSI:

a) HaJIMuMe BHYTPU OJHOKJIETOUYHBIX OPraHM3MOB OpTraHUYECKUX
MOJIEKYJI, KOTOPBIE JIETKO U3MEHSIIOT CBOIO CTPYKTYPY B HEKOTOPHBIX TIpe-
nienax, Mpyu MU3MEHEHUU BHEIITHUX (DaKTOPOB, YTO IMTPUBOAUT K KOJIEOAHUIO
MEpPHOCTU MUKpoKocMoca B auana3oHe 0<AL<0,010101618...

0) HaJTMYMe BHEITHUX (paKTOPOB, KOTOPHIE MOTYT BEI3BIBATh HY>KHBIC
U3MEHEHMS CTPYKTYPBI 3TUX MOJIEKYJI, HE pa3pylliasi MOJIEKYJIbI, KaK 1 ca-
MM OJHOKJIETOYHbBIC OPTaHU3MHI (CJ1a0bIe TEIJIOBBIC M ONITUYECKUE U3ITY-
yeHust CosHLIa).

B xone s3Bos01IMM, BOZHUKJIA HY>XKHAasI IS 3TOT0 MOJIEKYJia — MoJie-
KyJia xjaopodusuia. Mosaekyibl xJiopoguiia, Moraoiiasi 4acTh ONTUYECKO-
IO ¥ TeIUIOBOTO U3JIy4eHUSI, U3MEHSIIOT CBOIO CTPYKTYPY, CO3/aBasi HOBBIE
COeAVHEHMsI, B CBOIO O4Yepelb OYeHb HEYCTOMYMBEIC, IPUYEM, MOTJIONIE-
HUE MTPOMCXOIUT MOPLIUSIMU, TaK Ha3bIBaéMbIMU, (DOTOHAMU. DTU COEIU-
HEHMSI pacranarTcs, Kak TOJbKO MpeKpallaeTcs IeicTBHIe TeIIOBOTO 1
ONTUYECKOIO U3JIy4YeHNsI, © UMEHHO 3TO BBI3BIBAET HYXXHBIE KOJIeOaHUS
MEPHOCTU MUKPOKOCMOCA, KOTOPbIe TAK HEOOXOAMMBI 151 BOSHUKHOBE-
HUSI TTpoliecca CUHTe3a BHYTPU OJHOKJIETOUHBIX OpraHu3MoB. [lororast
(bOTOHBI COTHEYHOTO M3ITyYEHMSI, MOJIEKYJIa XJIOpOoUILIa BEI3bIBAET KOJIE-
OaHMUSI MEPHOCTH MUKPOKOCMOCA. DTO CBSI3aHO C TeM, YTO, TIPU MOTJIOIIIe-
HUM (POTOHOB aTOMaMU MOJIEKYbI XJI0pOohUILIa, 3JIEKTPOHbI IIEPEXOAST Ha
npyrue opouTsl. [Tpu 3TOM, Ha BO3HUKILIME 3JIEKTPOHHBIE CBSI3U, MOJIEKY-
na xjaopoduiia npucoeaunsier rpynmnsl OH u H, uto npuBoauT K KoJje-
OaHMIO MOJIEKYJIsIpHOTO Beca. M, Kak ciieacTBue, KojiebaHU0 MEpHOCTU
MMKPOKOCMOCA, YTO U CO3IaET HEOOXOIMMBIE YCJIOBUS 711 BOSHUKHOBE-
HUSI CUHTEe3a OpraHu4YecKMX coeanHeHuii. HakomaeHHbI MoTeHIMal MO-
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JIeKyJ1a XJIOpo(urIa TepsIeT BO BpeMsI CMHTE3a M BO3BPAIIlaeTCsI B UCXO -
Hoe, 6oJiee yCTOMYMBOE COCTOSTHUE, TOTOBAsI K HOBOMY ITOTJIOIIEHUIO (DO-
TOHOB. CHHTE3 MPOUCXOIUT C TTOMIOIIEHUEM M3 OKPYKAIOIIei Cpebl
yrnekucioro raza (CO2) 1, Kak TOOOYHBII MPOIYKT, BBIAEISICTCS KUCTO-

pon (O2). [Ipoucxoaut, Tak Ha3bIBaeMblii, poTocuHTe3. ClaeaoBaTeIbHO,
MPOCTEMIIINEe OTHOKIECTOUHbIE OPTaHU3MBbI B XOJ1€ 9BOIIOLIMOHHOIO pa3BU-
THs (OJarogapsi MoJeKyaaM xJiopoduiia) Mpuoodpesn ClioCOOHOCTh, MO-
[JIo1Iasl COJTHEYHBIN CBET, CUHTE3MPOBaTh OpraHUYECKue COeIUHEHUS,
KOTOpbIe HEOOXOAMMHBI JIJIsI BOCCTAHOBJIEHUS MX CTPYKTYPHI U XKU3HU.

CoennHeHNe OTHOKJIETOUYHBIX OPraHU3MOB OTPOCTKAMU KJIETOYHBIX
MeMOpaH B OIMH KOHIJIoMepaT (HalpuMep, BOJbBOKC) CTaI0 MPUYMHOM
O4YepeIHOrO PBOJIFOLIMOHHOIO cKauka xun3Hu. CpacTaHre OTHOKJIETOUHBIX
OpraHM3MOB, MOCPEICTBOM OTPOCTKOB KJIETOUHBIX MeMOpaH, SIBUJIOCh
MPUYMHON OYepeaHOr0 B3phiBa pa3BUTHUS XKM3HU. BpeMeHHbIe coeTnHe-
HUSI TIPEBPATUIINCh B MIOCTOSTHHBIN CUMOMO3 OMHOKJIETOYHBIX OPTraHU3MOB.
C 5TOro MOMeHTa 3BOJIIOLMHU XNU3HU, MOXXHO TOBOPUTH O MHOTOKJIETOU-
HBIX opraHm3mMax. HapyXHble KJIE€TKM MHOTOKJIETOYHOTO KOHTJIOMepaTa
MOJBEPraJICh BO3EICTBUIO BHEIIIHEN Cpebl, YacTO arpeCCUBHOM, B TO
BpeMsl, KaK BHYTPEHHME KJIETKM MHOTOKJIETOYHOTO OpraHu3Ma cBoeit
BHEIIHEH! cpeaoil MMesin OKpY:KeHHue U3 Ipyrux KiaeTok. B pesynabrate
3TOT0, CO BpeMEHEM KJIETKM MHOTOKJIETOYHBIX OPraHM3MOB CTaJIU BBITTIOJ -
HSITh pa3Hble GYHKIMU U IPUOOPEIN pa3HbIii BHELIHUM BUA. B xo/1e 3Bo-
JIIOIIM BO3HUKAJIM HOBBIE BUJIbI MHOTOKJIETOYHBIX OPTaHU3MOB, MCUYe3aJIn
crapnie. bojiee coBeplIeHHbIE 9KOJIOTMYECKUE CUCTEMBbI TIPUXOIWIN Ha
cMeHy npocTbiM. Co BpeMeHeM, 3KU3Hb BEIOpajiach U3 CBOEH KOJIbIOEIN —
OKeaHa 1 ocBouJa cyiry. Ho Bc€ 3To mpoucxoanio Ha (pU3NIeCcKu IIOT-
HoM ypoBHe. Kak e 3TH 3BOJIIOLIMOHHBIE ITPOLIECCHI OTPaXKaauCh Ha APY-
TMX YPOBHSIX IUIAHETHI? ..

BcnmomuuwMm, yto monexkyna PHK v JIHK Ha BropoM MatepuaaibHOM
YPOBHE CO3Ja€T CBOIO TOYHYIO KOIMMUIO U3 ogHOI Matepun. OHa (KOTus)
SIBJISIETCSI, TaK Ha3bIBA€MbIM, BTOPBIM MaTepUATbHBIM TEJIOM 3TOH MO-
JeKyJibl. OMHOKJIETOYHBIM opraHusM (kjietka), kpome moiekya JITHK,
00pa3yroILINX XpPOMOCOMBI SIIpa KJIETKU, BKIIIOYACT B ce0sI LIS PsII Op-
raHMYeCKUX BKIIIOUeHMI (armapat [0abakKy, MUTOXOHIPUU, LIEHTPUOJIH,
BHAOIJIa3MaTUUYecKasl CeTh 1 T.J1.), a TAKXKE, OpraHM4YeCKue U HeopraHuye-
ckue MoJieKyabl. [TocienHue npruHUMAIOT y4acTUE BO BHYTPUKJIETOUHBIX
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OMOXMMMYECKUX peaklusX. Tak BOT, BC€ KJIETOYHBIC BKIIOUEHUS TOXKE
OKa3bIBaIOT BIMSHUE (T.€. 1e(OPMUPYIOT, UCKPUBIISIIOT) Ha OKpYyXKalollee
MUKPONPOCTPAHCTBO. OTIMYMe UX BIUSIHUS OT BausiHus Mmojiekys PHK n
JHK coctouTt B TOM, 4YTO GOJILIIMHCTBO U3 HUX (3a uckimouyeHneM PHK
MUTOXOHJPUII) HE OTKPHIBAIOT KAYECTBEHHOro Oapbepa Mexny (pusu-
YeCKUM U BTOPbIM MaTepuaJbHbIM ypoBHSIMU. [To3TOMY Ha BTOpOM MaTe-
pHaIbHOM YPOBHE BCe 3T AeopMaliMi, BMECTE B3SIThbIE, CO3/1AI0T TOYHYIO
Konuio ¢puznuecku mioTHoi kinetku (Puc. 4.3.14). Tak ke, Kak U cieabl
Ha BJIaXXKHOI 3eMJie MOBTOPSIIOT (h)OPMY HOT, TaK U BTOPOE MaTepuabHOe
TEJIO KJIETKU SIBJISIETCSI TOJTHOM Komueil (pu3nyecKu MIOTHOM KJIeTKU.
OTaryue TOJbKO B TOM, YTO BTOPOE MaTepraibHOE TeI0 KJIETKU 00pasy-
€TCsI U3 OIHOM MEPBUYHOI MaTepuu, B TO BpeMsl, Kak (pU3UUeCKHU IIJI0THAs
KJIETKAa — CJIMSIHMEM CeMM TNepBUYHbIX MaTepuil. Takum obpazom, odpa-
3yeTcs cucteMa (pU3n4ecKy IIOTHAsI KJIeTKa — BTOPOE MaTepuabHOE Te-
JI0 KJeTKU. B (pusnyeckoil KiaeTke MOCTOSIHHO MPOUCXOAST MPOLIECCHI
paciueruieHus pu3nYecKy IJI0THOro BellecTBa. [lepBuyHbIe MaTepUU BbI-
CBOOOXKIAIOTCS 1 HAUMHAIOT LIUPKYJIMPOBATH MEX]Y YPOBHSIMU T10 CO3/1a-
BaeMOMY SIIPOM KJIETKM KaHaJTy, QOPMUPYSI 3alIUTHYIO 000JIOUKY KIETKU.
Kaxk ke Bo3HMKaeT U3 BbIOpachlBaeMbIX 110 KaHAIy IEPBUYHbBIX Ma-
TepUii 3alIMTHasI 000104Ka KiIeTKU? Kakue npupoaHbie uin 00XXeCTBEH-
HbI€ CUJIBI «[103a00TUJIMCh» O TAaKOM 3allIUTe KUBBIX co3aaHuii? 1 BHOBbD,
K COXaJICHUI0 MHOTMX, HUKAKOro 0OXXEeCTBEHHOTO Hauyaja B 3TOM HET.
Bcé, kak u Bceraa, 1 04eHb IPOCTO, ¥ OTHOBPEMEHHO OYEHb CJIOXKHO.
XpoMocoMbI, o0pa3yloliue SIapo KJIETKU, 1e(OpMUPYIOT MUKPO-
MPOCTPaHCTBO BOKPYT cebs. [Ipu 3TOM, B 30He AedopmMaliiu yBeIUunBa-
€TCSI MEPHOCTh MUKPOIIPOCTpaHCTBA. BricBOOOAMBIIIMECS TIPpU pacliie-
IUICHUU TIepBUYHBIC MAaTepUM HAYMHAIOT ABUIAaThCS MO CO3JaBaeMOMY
SIIPOM KJIETKM KaHajy ¢ ¢U3MYECKOro YPOBHSI Ha BTOPOiA, TPETUIl MaTe-
pUajbHbIe YPOBHU U T.J. DTOT MOTOK MEPBUUHBIX MaTepuUil HampaBjeH
MPOTUB OCHOBHOIO MOTOKA MEPBUYHBIX MaTepUii MaKpOIIPOCTPAHCTBA.
[ToaTomy BbIOpachiBaeMblie Yepe3 KaHajl KJIETOYHOIO siapa MepBUYHBIC
MaTepuu pa3BOpPauMBaAIOTCS BO BCTPEUHBIX TOTOKAX ITEPBUYHbBIX MATEPUIA,
(popmupytoirx chepbl IJIaHEeTbl. AHAJIOTUEN 3TOMY MOXKET CIIYKUT (POH-
taH. CTpysl BoIbl, BhIOpachiBaeMasi MoJ JaBJIeHMEM, MOAHUMAETCSI 10
orpene€HHON BbICOThI. M3pacxoaoBaB HaualbHbIM ITOTEHIIMAJI, OHA CIla-
JaeT BHU3, CO3[aBasi CBOeOOpa3HbIi BOASHOM Kymnoi. Tak u mepBUYHbIE
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Puc. 4.3.14
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MaTepuu, BbIOpachiBaeMble yepe3 KaHaj KJIETOUHOTO sipa, pa3BopauyrBa-
FOTCSI BCTPEYHBIMU MOTOKaMu. M 1BUTAIOTCS BAOJIb 30HBI UCKPUBJICHUS
MUKPOIIPOCTpaHCTBA. JJOCTUTHYB (PM3MUECKOrO YPOBHSI OHU, TTOBTOPSISI
(bopmy UCKpUBIEHMST MUKPOITPOCTPAHCTBA, 3aBOPAYUBAIOTCS K KJIETOUHO-
My sapy. B pe3yabraTe BOKpYT (pU3MYE€CKU MIOTHOIO M BTOPOrO MaTepu-
aJIbHOTO TEJI KJIETKM MEPBUYHBIE MATEPUM CO3AI0T U30JIMPOBAHHYIO 30HY
(Puc. 4.3.15). ITocne 3aBepuieHus1 popMUPOBaHUS 3aIIUTHON 000JTOUKH,
OOIIMIA TTOTOK TMEePBUYHBIX MAaTEPUIA TTPOCTO OrMbaeT 3Ty 30HY. BHyTpu
JAHHOM 3alLIMTHOI 000JI0YKM BO3HUKAET CBOEOOPa3HbI MUKPOKIUMAT,
0a3uc, rae BTOpoe MaTepuaabHOE TEJIO0 KJIETKU MaKCUMaJbHO U30JUPYeT-
csl, KaK OT Xaoca OKpYKawllei cpe/ibl, TAaK U OT BIMSHUS IPYTUX KJIETOK
WJIY OpraHMW3MOB. 3alllUTHAsI U30JIMpYIolasi 000J104YKa OyIeT CYILIECTBO-
BaTh 0 TeX MOP, TTOKa OYAET MPOUCXOIUTh paclIeIIEeHUE BELIeCTB BHYTPU
KJIETKUA U (PYyHKIIMOHUPOBATh KaHaJI MEX1Y YPOBHSIMU KJIETKU. JIpyrumu
CJI0BaMU, J10 TeX MOp MOKa KJIeTKa OCTaETCs XK1MBOM. B MHOTOKJIETOUHBIX
OpraHM3Max, KJIETKM MMEIOT pa3JMuHble (PYHKIIMU U, KaK CJIEACTBUE,
MpuoOpeTarT pa3Hble BHELIHKUE (opMbI. JI'000I MHOTOKJIETOUHBI Opra-
HU3M MPEACTaBISIeT COO0M XECTKYIO KOJIOHUIO, B KOTOPOI BHELIHIOK
cpeny O0JIBIIMHCTBA KJIETOK 00pa3yloT Apyrue KJIETKU TOro e OpraHu3ma.
[TpruéM, 310 PUKCHUPOBAHHOE TMTOJOXEHUE KIETOK COXPaHSIETCS Ha MPO-
TSIKEHUU BCEU MX KM3HU (MUCKIIIOYEHME COCTABIISIIOT KJIETKU KPOBU).
BcrmoMHuM, 4TO Kaxaasi )kMBasi KJIETKA CO3IaET BTOPOE MaTEpUaAJIb-
HOE TeJIO, KOTOPOE MPEACTABIISIET COOOM €€ CTPYKTYPHYIO KOmnio. B xect-
KOI KOJJOHUM MOJ0XEHNE KIETOK 3a()MKCUPOBAHO, TTOTOMY MX BTOPbIE
MaTepuajbHbIE Tejla TaKXKe UMEIOT (pUKCHMpOBaHHOE TojioxkeHue. [Toatomy
Ha BTOPOM MaTepHaibHOM YPOBHE BTOpbIE MaTepuasibHbIE Tejla KJIETOK
00pa3yIoT aHAJIOTUYHYIO XKECTKYIO CUCTEMY — BTOPOE MaTepUuaabHOE TEJIO
MHOTOKJIETOYHOTO OpraHu3ma. B xoe 3BoJIIoLIMY MHOTOKJIETOYHBIX Opra-
HU3MOB CIleLIMan3alus KJIeTOK IpUBeJia He TOJbKO K TOMY, UTO OHM CTa-
JIA BBIJISIAETH MO APYTOMY, HO M CT€TIEHb MX BIMSIHUSI Ha CBOM MUKPOKOC-
MOC TpeTepIiesia CyIleCTBEHHbIE KaueCTBEHHbIE M3MeHeHusl. edopmarius
MUKPOIPOCTPAHCTBA, CO3/IaBaeMasi HECKOJIbKMMU TUIIAMU KJIETOK MHOTO-
KJIE€TOYHOI'0 OpraHu3Ma npuBelia K TOMY, YTO MPOUCXOAUT OTKPbITHE Ka-
YECTBEHHOI'0 Oapbepa MeXIy BTOPbIM U TPETbUM MaTepUabHbIMU YPO-
BHSIMM T1aHEThI. [1pu 3TOM, Ha TpeTheM MaTepuaJbHOM YPOBHE (POPMHU-
PYIOTCSI, 110 aHAJIOTMU CO BTOPBIM MaTepUaJbHbIM YPOBHEM, TOUHBIE KO-
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Ny (pU3NYECKU TUIOTHBIX KJIETOK CO BCEMU MX OCOOeHHOCTSIMU. HazoBEM
3TU KO TPETHUMH MaTepUaTbHBIMU TeJJaMH (PU3UIECKU TTIOTHBIX KJIe-
ToK. OT/INYMEe X OT BTOPBIX MaTepUaIbHBIX TEJI KJIETOK OMpPeAeIsieTCs] He
TOJIBKO PacCITOJIOKEHUEM Ha CJIeIYIOIIeM KaueCTBEHHOM YPOBHE IIJIaHETHI,
HO M Ka4eCTBEHHBIM cocTaBoM. I[loJIHBIE TpeThU MaTepHUabHBIC Teja
00pa3yloTcsl B pe3yibraTe CUHTe3a M3 JIBYX MepBUYHBIX Matepuii (Puc.
4.3.16). TpeTbu MaTepraibHbIC TeJIa KJIETOK MHOTOKJIETOUHOI'O OpraH1M3Ma
TakKe 00pa3yloT XECTKYIO CUCTEMY — TPEThe MaTe€PHAIbHOE TEJI0 MHOTO-
KJIETOYHOT'O OpraHu3Mma.

[TosiBIeHMe TPEThUX MaTEPUATIbHBIX TEJT Y XKMBBIX OPTaHU3MOB SIBU -
JIOCh KOJIOCCAJIbBHBIM Ka4eCTBEHHBIM CKAYKOM B Pa3BUTUU XXUBOU ITPUPO-
nbl. Hanmuuue y KJIeTOK TpEX B3aMMOIEMCTBYIOLINX MEXIY COO0I YpOBHEM
C0311aJ10 HEOOXOAUMBbIE U IOCTaTOYHbIE YCIOBUS ISl BOBHMKHOBEHMS Na-
MSATH, SMOIMIA 11 MHTEJJIEKTA, YTO U SIBJISIETCS] OCHOBOI BHICOKOOPIaHU30-
BaHHOI XMBOI MaTepun. HekoTopble TUITBI KJIETOK MHOTOKJICTOUHBIX
OpraHM3MOB, TIPY CBOEH aJanTallii K BBIMOJHSIEMbIM UMM (DYHKIIHSIM,
U3MEHWJINUCH J0 TaKO# CTeTIEHM, UTO BbI3bIBaeMasi UMM JAedopmMaiins M-
KPOIIPOCTPAHCTBA JOCTUTJIA YETBEPTOTO MAaTEPUAIBHOTO YPOBHSI IUIAHETHI.
DTO — KJIETKU r0JIOBHOTO, CHMHHOTO Y KOCTHOI'O MO3Ta. AHaJIOTUYHO, Ha
ATOM YPOBHE 00pa3yeTCs 4eTBEPTOE MATEPUAIBHOE TeJI0 MHOTOKJIETOYHOTO
opraHu3Ma U3 MaTepUaJIbHbIX TeJ KJIETOK 3Toro opranusma (Puc. 4.3.17).
Takum 06pa3oM, B CO3TaHUU BTOPOTO MaTEPUAIBLHOTO Tejla Y4aBCTBYIOT
BCE KJIETKM (pU3MYECKU IUIOTHOTO OpraHu3Ma. B cozgaHum TpeThero Ma-
TEpUAJILHOTO TeJIa — OOJIBIIMHCTBO KJIeTOK. YeTBEPThIe MaTepUaIbHbIE Te-
Jla MOTYT BO3HUKHYTb JIMILb Y HEKOTOPBIX BUIOB KUBBIX OPraHU3MOB U TO
Ha OIpeAeIEHHOM YPOBHE MX pa3BUTHSI. B co3gaHny maToro Matepualib-
HOTO TeJla IPUHUMAET Y4acTUe TOJIbKO YacTh KJIETOK MHOTOKJIETOYHOTO
opraHusMa. [ToaTomy, 4eTBEPTOE U MSATOE MaTepUaIbHbIE TeJIa KAYeCTBEH-
HO (BHEIIIHE — TOXe) OTJIMYAIOTCS, KaK OT TPEThero, TaK U OT BTOPOT'O Ma-
TepUAIbHBIX TeJI MHOTOKJIETOYHOTO OopraHn3Ma. GU3ndecKu INIOTHOE WU
IepBoe MaTepUalbHOE TEJIO KJIETKU, BMECTE CO BTOPHIM, TPETHUM, Ue-
TBEPTHIM U T.J. MAaTepUATbHBIMU TE€JIAMU, TIPEICTABIISIIOT COOOM OHY CH-
CTEMY — KMBOI OpraHu3M, XX1BYIO MaTepuio. ToJIbKO BCe BMECTE OHU CO-
3[AI0T YYIO IPUPOIBI — JKUBYIO MATEPHIO, KM3Hb, BOJIOLINAS KOTOPOI1 3a-
KOHOMEPHO MPUBOAUT K 3apOXKICHUIO pasyMa — CaMOCO3HAHMSI XKUBOM
Marepuu. [1pu HapylieHUM B3auMOIeCTBUS (PU3MUECKU TUIOTHOTO Teja
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KJIeTKU (IIepBOT0 MaTepUaJbHOIO TeJia) C OCTAIbHBIMU MaTeprabHbIMU
TeJaMu, MIPOUCXOAUT HapylIeHe (PYHKIIMOHUPOBAHMS U CAMOI KIETKU.
[TpekpalieHre UMPKYISILAN IEPBUYHBIX MAaTEPUIA MEXITY YPOBHSIMU KJIET-
KW PUBOAMT K CMEPTU nociaeaHei. ZKupasi KjaeTka He MOXeT (PYHKIIMO-
HUpOBaTh 6€3 00paTHOM CBSI3U CO CBOMMMU JIPYTUMU MaTepuaJbHbIMU TE-
Jamu. Tak xKe, Kak 1 Ipyrue MaTeprualbHbIE Tejla KJIETKA HE B COCTOSTHUM
(byHKIIMOHMPOBATh, 0€3 IMOCTOSTHHOTO Mpoliecca paciana MOJeKya B pu-
3MYeCKU MIO0THOM KieTke. [lociae ocTaHOBKU XXM3HEHHBIX IMPOLIECCOB,
(brznyecku MaoTHas KJIeTKa pacriagaeTcsl Ha OpraHM4eckue U HeopraHu-
YeCKHe MOJIEKYJIbL. DTOT (pakT He TpeOyeT nosicHeHuii. Ho, yto mpouncxo-
JAT, TIPY 9TOM, C OCTaJIbHBIMM MaTepUaIbHBIMU TeJlaMU KiIeTKu? Pa3py-
1IAI0TCS JIM OHU Haroao0ue (hM3MYeCcKM IJIOTHOTO Tejla KJIETKU WM Ha-
OJIr0Aal0TCSI UHBIE TIPOLIECCHI U, €CJIU /14, TO Kakue?

JleiicTBUTENBLHO, BTOPOE U T.1I., MaTepUaIbHbIC TeJIa BOZHUKAIOT B pe-
3yJbTare aedopmaluu MUKPOMPOCTPAHCTBA, CO3AaBaeMol (pU3nIecKu
IUIOTHOM KJIeTKOM. [1oaTOMY, MEpBOE YTO MOXKET MPUITH HA YM, TaK 3TO TO,
YTO U BCE OCTaJIbHbIE MaTepHalibHbIE TeJ1a KJIETKU MCUe3aloT, IIPU pacrajie
(pusnuecku miotHoro. Ho, Tak 1u 3710, BOT, B 4éM Borpoc? JlaBaiiTe BCIio-
MHMM, YTO BTOPOE U T.1I., MaTepUaJIbHbIE TeJ1a KJICTKU MOSIBIISIIOTCS, KaK pe-
3yJIbTaT HAChILIEHUS AedopMallii, CO31aBaeMoii KJIETKOM Ha TOM WU
WHOM YpPOBHE€ MEPBUYHBIMU MaTepUSIMM, KOTOPbIe HE BXOASIT B COCTaB
KaXXJI0Tro 13 3TUX YpOBHEN. Bropoe maTtepraibHOE TE10 — NEPBUYHOMN Ma-
tepueii G, Tpetbe — G u F, yetBéproe — G, F u E u 1.1. [1pu Takom pac-
KJ1aae, 6pocaercsl B rja3a KaueCTBEHHOE OTJIMYME TEPBOro OT BCEX OC-
TaJIbHbIX MaTepUaIbHBIX TeJ1 KJeTKU. [IepBoe MaTepuaibHOE TeJiIo 00pa3o-
BaHO U3 2UOPUOHOL MaTepUU, BO3HUKILEH MPU CAUSTHUU CEMU TTIEPBUYHBIX
Matepuii. Bce ocTanibHble MaTepUalibHbIE TeJla KIIE€TKM BOZHUKIIN, KaK pe-
3yJbTaT HACBILLECHUS NepeuYHbIMU MATEpUSIMU a1e(OopMallii MUKPOMPO-
CTpPaHCTBA, CO31aBaeMoil (PU3NUECKU IUIOTHBIM TeJIoM KJieTKu. Kak cien Ha
MSITKOI TTIOYBE 3aIT0JTHSIETCS TOXKAEBOM BOIOM, TaK 1 AehopMaLivst MUKPO-
MPOCTPAHCTBA, BbI3bIBaeMask (PU3MUYECKHU IJIOTHOM KJIETKOI, HAChIIIIAeTCS
COOTBETCTBYIOIIIMMY IEPBUYHBIMU MaTeprsIMU. M, Kak He BCeraa ucue3aet
cJie/1, OCTaBJIEHHbII HOrol B MSITKOI MOYBE, TaK U HE BCETAa UCUe3aloT BTO-
poe U Ipyrue MaTepuajabHble Teja, Mocie pa3pyleHus (U3NIECKH TLI0T-
HOTO TeJia KJIeTKu. JlaBaiiTe BBISICHUM, 4TO K& ¢ HUMU npoucxoaut? [1pu
HAJIMYUU Y KJIETKU TOJIBKO BTOPOTO MaTEPUAIbLHOTO TeJla U3 IEPBUYHOM Ma-
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Tepuu G, BOZHMKAET CUTYallMs B KOTOPOIl BO3MOXXHO HECKOJIbKO BapyaH-
TOB pa3BUTHS Mpoliecca. Bropoe maTepuaibHOE TEIO CO BpEMEHEM TepsieT
IUIOTHOCTb HACBIIIEHUsI TIepBMYHOI MaTepuein G; mpu Haauduu (pusu-
YECKU IUIOTHOTO TeJla, BOCIIOJIHEHME MOTePb MPOUCXOIUT 3a CUET HACHIIIIE-
HUsI TIEPBUYHBIMU MaTEPUSIMU, BEICBOOOXKIAEMBIMM TIPU pacIiaie MOJEKYJ
BHYTPU KJIETKU, HO U 0OJIbIIAs YaCTh MOTePh BTOPBIM MaTepUaIbHbIM Te-
JIoM TiepBUYHOM MaTepuu G, B TO XK€ caMOe BpeMsI, BbI3BAHO BO3BPATHBIM
MOTOKOM 3TOI MEepPBUYHON MaTepuu Ha (PU3MYECKU TIJIOTHBIA YPOBEHbD.
DTOT 00paTHBI MOTOK U SIBJISIETCS] HEOOXOAMMBIM YCIOBHEM HOPMaJbHOIO
(byHKLIMOHMpPOBaHMS XX1BOH KJIeTKU. [1pu paspyieHun pu3ndeckKu IioT-
HOM KJIETKM, MMpeKpalllaeTcsl U 00paTHbBIN MOTOK MepBUYHOM MaTtepuu G OT
BTOPOIO MaTepuaibHOro Teja K nepsomy (Puc. 4.3.18).

BTropoe MatepuanibHOE TeJI0 MPOAOIKAET TEPSITh HEKOTOPYIO YaCTh
nepBuyHOi MaTepuu G, U3 KOTOpOM U oOpasyeTcsi COOCTBEHHO BTOpOE
MaTepualibHOE TeJO KJIETKU. B pe3ysibraTe 4ero, mioTHOCTh BTOPOTo MaTe-
PpUAIBbHOIO TeJla YMEHbBIIIAETCS, OHO, KakK Obl «TaeT». M eciim 6b1 mporecc
«TastHbsI» TIPOAOJIKAJICS Obl, 0€3YCJIOBHO, BTOPOE MaTepUAIbHOE TEJIO KIIET-
KU, Yepe3 HEKOTOPOE BpeMs Iocjie ruden (pu3ndecKu IMI0THOTO, UCYE3JI0
ob1. Ho, aToro He npoucxoaut. M BoT, moyemy. BcrmomHuM, 4To nocJie 3a-
BeplleHUs1 GOpMUPOBAHUS TIJIAHEThI, IEPBUYHbBIE MATEPUH MPOIOJIKAIOT
MPOHU3BIBATh 30HY HEOTHOPOIHOCTH MPOCTPAHCTBA, B KOTOPOIi MPOU30-
IIE]T CUHTE3 TIJIaHEeThl. A 3TO 03HAYaeT, YTO MOTOKM MePBUUYHBIX MaTepuit
MPOHU3BIBAIOT U BCE MaTepuaibHbIC TeIa KJIETKU, BKJIOYast U GU3NIECKHU
ioTHoe. M ecau HachbllieHre (U3NYECKU TIJIOTHOTO Tejla CBOOOIHBIMU
MepBUYHBIMU MAaTEPUSIMU HE UTPAET MPUHLIMITMAIBLHOMN PO B QYHKIIMO-
HUPOBAHUM (PU3NYECKHU TNIOTHOM KJIETKU, TO, IPU IMTPOHU3BbIBAHUHU ITOTO-
KaMU MEPBUYHBIX MATEPU1 BTOPOIO U APYTMX MaTEpUAJIbHBIX TeJT KJIETKH,
KapThHa KapaAuHaJIbHO MeHsieTcs. Bropoe MaTtepuanibHOe TeJ10 IpeIicTaBIs-
€T co00i1 CryCTOK nepBUYHOM MaTepuu G, 3aMTOTHUBLIEN 1ehOpMaLIAIO MU-
KPOIPOCTPAHCTBA, CO3AAaHHYIO (PU3UUYECKU TUIOTHBIM TEJIOM Ha BTOPOI
MaTtepuaibHoli cepe. [ToaTomy, Ipu MPOHU3BIBAHUM MTEPBUYHBIMU MaTe-
pUSIMU TUTAHETAPHOTO MPOCTPAHCTBA, IepBUYHAasl MaTepus G HaChILLIAET U
BTOpPOE MaTepUaIbHOE TeJ10. AHAJOTMYHO TOMY, KaK MOTepsl BOABI JIyXei
WM BOJOEMOM B >KapKUe JTHY BO3MEIIAETCs TOCPEACTBOM IoXeN. [1aBHOe
YTOOBI «TOXIW» LIJIU peryisipHo. M eciau B ciiydae ¢ 1y>KaMu 3TO CIy4aeTcs
JaJIeKO He BCeraa, TO B Cilydyae HachIlLeHUsI BTOPOTO MaTepraibHOIO Tejla
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nepBuyHOI MaTepueii G, mogoOHas pobeMa IMpakTUIeCK HUKOTAa He
BO3HUMKaeT. TakiM 00pa3oM, KaueCTBEHHOE OTJIMUME ITPUPOIbl 00pa30oBa-
HUS (PU3UUECKHU TIJIOTHOTO TeJla KJIETKU OT MPUPOIbl 00pa30BaHUS APYTUX
MaTepUaIbHBIX TeJ KJIETKH, CO3AAI0T YHUKAIbHYIO CUTYaIMIo, 0e3 KOTOPOit
3BOJIIOLMS 3KMBOI MaTepuu ObLIa ObI MPOCTO HEBO3MOXHOI. [Toce paspy-
menus (pu3NIEeCKH IUIOTHO# KJIETKH, IPyrHue MaTepHaibHble TeJIa KJIETKH He
HCYE3AI0T, He Pa3pylaTCA, 2 COXPAHAIOTCA 32 CYET NOIIMUTKH MOTOKAMH
NEPBHYHBIX MATEPHIii, MPOHU3BIBAIOIINX MJIAHETAPHOE NPOCTPAHCTBO.
ITpaBna, cyiiecTByeT BecbMa CyIIeCTBEHHOE OTJIMYKE MEXIY STUMU
JIBYMsI COCTOSTHUSIMU. be3 (pr3nuecKku II0THOTO Tejia KJIETKH, B KOTOPOM
MPOUCXOOUT aKTUBHBIN MPOLIECC pacliaza MOJIEKYJI Ha IEpBUYHBIEC MaTe-
pUY UX 00pa3yolIre ¥ MOIIIHOTO HACBIIIIEHWUSI UMW BTOPOTO U APYTMX Ma-
TepUaAJIbHBIX TeJI KJIETKU, BTOPUYHOE HAChIIIIeHE NEPBUYHBIMUA MaTEPU -
SIMM 3TUX TeJI IPOMCXOIUT OUYEeHb MeJIEHHO. B pe3ybraTe 3TOr0 BCe Ipo-
LIECCHI, TIPOUCXOASIIME HAa YPOBHE BTOPOTO U APYTMX, MAaTePUATBLHBIX T
KJIETKM 3aMeUISTIOTCSI B COTHU, a TTOPOii, M B THICSIUM pa3. 3aMeISIoTC,
HO He MpeKpalaTcs. DTo — BeCbMa BaXKHbI MOMEHT, UMEIOLLIMIA IPUH-
LIMNUATBHOE 3HaYeHUE U1 IOHUMaHMs, KaK caMO XKM3HU, TaK U BO3MO-
>KHOCTH 3BOJIIOLIMM XKMBOM mpupoabl. JdaBaiite moapoOHO, CTyneHbKa 3a
CTYIIEHBKOM, 111ar 3a I1aroM, MpoaHaIu31upyeM ITPOUCXOIIIINE ITPOLIECChI
B XKMBOM CHCTeMe TTOCJIe pa3pylieHus (pU3NIeCKH TJI0OTHOTO TeJla KJIETKMU.
IMpu HaMUIMK y KJIETKH TOJILKO BTOPOTO MAaTEPUAILHOTO TeJjla, TTOCIIe
paspyuieHust (pu3nYecKu IJIOTHOTO Tejla KJIETKU, BTOPOe MaTepraibHOE
TEJIO He MCYe3aeT, He paccenBaeTcsl, KaK YTPEeHHUI TyMaH, T0J JTy4aMu
Connua. KoHeyHo, IMJIOTHOCTh BTOPOro MaTepraabHOrO Teaa 6e3 pusu-
YeCKH IJIOTHOTO 3HAYMTEIbHO MagaeT, HO MOAIIMTKA 3a CYET ITIEPBUYHBIX
MaTepuii, TPOHU3BIBAIOIINX IVIAHETAPHBIE YPOBHU HE MTO3BOJISIET ITOJTHO-
CTBIO «BBICOXHYTb» BTOPOMY MaTepuaabHOMYy Teiry. [TouyeMy 3To TpuHIIM-
nuajbHO BaxkHO? YTo ciryunsioch Obl, ecyiv ObI BTOpOE MaTepUaIbHOE TEI0
KJIETKM «BBICBIXaJIO» TTOCJIE pa3pylleHus1 pu3ndecKu ItoTHoro Tena? Hu-
4ero «0COOEHHOTO0», TOJIBKO TO, YTO 3BOJIIOLINY XKMBOM MaTepuu, TTOSIBJIC-
HUS pa3yma «IIpOCTO» He ITPOU301LI0 Obl. BroiHe BO3MOXKHBI CUTYaIINHN,
Korja BTOpoe MaTepHuajbHOE TEJI0 MOXET ObITh IMOJTHOCTBIO Pa3pyIlIeHO B
CHWJTY T€X WJIM MHBIX MPUYMH, KaK, HAaIIpUMepP, BO3IeICTBUE MOIIIHBIX BU-
XPEBBIX ITOTOKOB MEPBUYHBIX MaTepUii, MPOTEKAIOIIMX Yepe3 IJIaHeTaApHbIC
ypoBHH. Ho, Takne SBJIeHNS CIy4aroTCs He TaK YacTo U He CO3Jaf0T IJ10-
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OaJIbHBIX TIPOOJIEM, HE YTPOXKAIOT KMBOM MaTEpUM U €€ SBOJIIOLIUU B 1Ie-
JoM. Ho, Bompoc, mouemy «HeBbIChIXaHME» BTOPOTO U APYTUX MaTepuab-
HBIX TeJI KJIETKM, TTOC/Ie pa3pyllieHus] (PU3NIECKOro Teja KICTKHU, SIBJISICTCS
KJTI0Y€BBIM MOMEHTOM JIJISI BO3MOXHOCTH 9BOJIOLIMM KUBOW MaTepuu 1
3apOXIeHMS pazyMa, OTJI0XMM Ha HEKOTOPOE BpeMsl U BEpHEMCS K Kaue-
CTBEHHBIM IPOLIECCAM, TPOUCXOASIINM C KIIETKAMU, UMEIOIIUMU PA3HYIO
KauyeCTBEHHYIO CTPYKTYpY. Eciiu >XuBasi KjieTKa UMeeT, KaK BTOpOe, TaK 1
TPEThe MaTEPUAIbLHOE TEJI0, TO, TIPU pa3pyllieHUU (PU3NUECKU TLNIOTHOTO
Tesa, 6e3 MOANUTKY MePBUYHBIMU MaTepUSIMU, Yepe3 pacilieIyieHe MOo-
JIEKyJI B QU3NUYECKU TUIOTHOU KJIETKE, OKA3bIBAIOTCS YK€ IBA MATEpUAIb-
HBIX T€JIa — BTOPOE M TPEThe MaTepuajbHble Teaa. M, ectecTBeHHO, TToce
MpEeKpalleHUs «10Aa41 HaBepX» (PU3NYECKU TIOTHOM KJIETKOM IepBUY-
HbIX MaTE€PUil «XyIeeT», Kak BTOPOE, TaK TPEThe MaTepUaIbHBIE TeJIa KJIET-
ku. Ho, onsiTh-Taku, He IPOUCXOAUT UCYE3HOBEHME ITUX MaTePUATIbHBIX
TeJ1 MocJje pa3pylieHusT (PU3NIYEeCKU TJIOTHOM KJIETKM 3a CYET BCE TOTO Ke
HACBIILIEHUSI TTOCIEIHUX TTIEPBUYHBIMU MaTEPUSIMU, TIOCTOSIHHO TTPOHU3bI-
BaIOIMMU TIJIaHETaAPHbIE YPOBHM.

OTMume 3aKJII0YaeTCsl B TOM, UTO TPEThE MaTepUAIbHOE TEJIO KJIETKU
MOJIMUTHIBAETCS yXKe NBYMs nepBUUYHbIMU MatepussMu G u F. IIpuuém,
CKOPOCTb HACHILLIEHUS TIEPBUYHBIMU MAaTEPUSIMU TPETHETO MAaTEPUATBLHOTO
TeJia KJIETKU 00JIbllie CKOPOCTU HACHILLIEHUSI BTOPOrO MaTepuaaIbHOIO Te-
Jla, MO OAHO¥M MpocToit mpuurHe. [ToToKM MepBUYHBIX MaTepuid, Tonagast
B TIJIAaHETApHYIO 30HY AedopManuu, IMpU CBOEM IBMXKEHUU 4yepe3 HeeE,
BBIHY>KIEHBI «ITPOCAYMBAThCS» Yepe3 KAUYeCTBEHHbIE Oapbephl IIECTH I1a-
HEeTapHbIX MaTepuaJbHbIX chep. B pesysibrate 3TOro CKOpoCTh UX ABUXKE-
HUS 3aMEeISIETCS. U CKOPOCTh ABUXKEHUSI IEPBUYHBIX MAaTEPUIA, TOCTHUT -
XX BTOPOH MIaHETAapHOW MaTepuaabHOM cepbl, CTAHOBUTCSI MWUHU-
MaJIbHOM, IO OTHOIIIEHUIO K CKOPOCTSIM Ha BCEX IPYTUX IJIAHETAPHBIX YPO-
BHsIX. Kpome aTOro, miaHerapHble KaueCTBEHHbIE Oapbephbl BIAMSIOT Ha
pa3HbIe IEPBUYHBIC MATEPUU HEOJMHAKOBO, B PE3YJIbTaTe YEro, MpoOrucCXo-
JIUAT U3MEHEHUE COOTHOIIIEHUSI IEPBUYHBIX MATEPUI B OOIIEM MOTOKE, U
CKOPOCTH UX IBUXXEHMS IPYT OTHOCUTEIbHO APYyra BCE 00bIIE U O0IbIIIE
HauyMHAIOT pa3jinyaThbCsl MOC/e MPOXOXKIACHUS KaxKA0Tro KaueCTBEHHOTO
OGapbepa miaHeThl. YTo, B CBOIO 04Yepeb, B 3HAUMTEIbHOMN CTEIIEHU CKa-
3bIBA€TCSl HA COOTHOLLIEHUY MEXAY NEPBUYHBIMU MAaTEPUSIMU HA KaXKIOM
IUIAaHETAPHOM YPOBHE U, COOTBETCTBEHHO, HA MUHTEHCUBHOCTHU IPOLIECCOB,
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MPOTEKAIOIIMX Ha KaXI0M M3 TUTaHETapHBIX YpoBHei. [ToaTomy, mpu Ha-
JIUYNH Y KJIETKA BTOPOTO M TPEThEro MaTepUalIbHBIX TeJ, HACHIIIEHUE
nepBrUYHBIMU MatepusiMi G 1 F TpeTbero MaTepuaabHOIO TeJa KJISTKH OY-
JET IPOUCXOAUTh OBICTPEE, YeM ITPOMCXOISIIIEE B TOXKE BPeMsT HACKIIIICHIE
MepBUYHOI MaTepueil G BTOporo MarepuaibHoOro teja. M, ecinm npuHgTh
BO BHUMaHUE, YTO «TasTHUE» WU APYTUMU CJIOBAMU MIOTEPST BTOPBIM U Tpe-
ThUM MaTepHUaIbHBIM TeJaMU KJIETKU TIEPBUYHBIX MaTePUil IIPOUCXOIUT,
MIPUMEPHO, ONMHAKOBO, TO, B pe3yJIbTaTe PA3IMYHOM INIOTHOCTUA U CKOPO-
CTH ABVKCHUS TIEPBUYHBIX MaTepUii Uepe3 BTOPOIl U TPETHH IJTaHeTapHBIE
YPOBHU, CKOPOCTh HACBIILIEHUS IIEPBUYHBIMU MaTePUSIMU 3TUX TeJI OyIeT
pa3nnuHasi. BeiieacTBre yero, HachIeHUE TIEPBUYHBIMU MaTePUSIMU TPE-
ThEro MaTepUaIbHOTO Tejia OyAeT MPOUCXOIUTh OTHOCUTENIBHO ObICTpEE,
YeM HachIleHre BToporo. KoHeuHo, 3To HachIIIeHNEe He UIET HU B KaKOe
CpaBHEHME C HACBIILIEHNEM IIEPBUYHBIMU MaTepUSIMU 3TUX TeJI, IIPU Ha-
JIMYUU (PU3MYECKH TUIOTHOTO TeJIa KJIIETKHU, HO, TeM He MeHee, B pe3yJIbTaTe
9TOTO HACHIIIEHUSI, BO3HUKAET HEKUI1 N30BITOK, OTHOCUTEILHO BTOPOTO
MaTepUaIbHOTO Tejla, MEPBUYHBIX MATEPUIA B TPEThEM MaTepUaTbHOM Te-
J1e KJIeTKH. OTHOCUTEIbHbBIN M30BITOK KOHIICHTPALIMY TTIEPBUYHBIX MaTe-
puii Ha ypOBHE TPEThEro MaTePUAIBHOTO TeJIa, TI0 OTHOLIEHUIO K BTOPOMY
MaTepuaabHOMY TeJly, IPUBOAMUT K TOMY, UTO MEXIY TPEThUM M BTOPHIM
MaTepHaIbHBIMK TeJIaMU KJIETOK BO3HMKAET OUCHbB C1abast IUPKYJISIINAS
nepBuuHoii Mmatepuu G (Puc. 4.3.19).

LypKysiyst TepBUYHBIX MATEPUIA MEXKIY BTOPBIM Y TPETHUM Mate-
pPUAJIBHBIMU TeJIAMU TIOCJIE TTOJTHOTO pa3pylIeHus (U3NYeCKH TIJI0OTHOM
KJIETKH, €CTh HA YTO MHOE, KaK MPOSIBIIEHUE XXU3HEAeITeIbHOCTH. JIpyru-
MM CJI0BaMU, eCiu (PU3MYECKU TUIOTHAs KJIEeTKa Iepel TeM, KaK pas3py-
IIUThCSI, UMeJIa B CBOCH KaueCTBEHHOM CTPYKType, KaK BTOpoOe, TaK U
TpeThe MaTepUalibHbIE TeJIa, TO, ITOCJIE pa3pylIeHUsT (DU3UIECKU TNIOTHOTO
TeJia, MPOLECChI XKU3HEEATETbHOCTH KJIETKM Ha 9TUX YPOBHSIX HE OCTaHa-
BJIMBAIOTCS, @ TOJIbKO BO MHOTO pa3 3aMeIJISIIOTCSI. AHAJIOTMYHBIE TTPOLIEC-
CHI IPOMCXOMIT Y Ha YPOBHE (DM3MYECKU TIJIOTHBIX TeJT Y 36 MHOBOIHBIX 1
MPEeCMBIKAIOIINXCS, KOTJAA MPU OXJIaXKJICHUU TeJla aKTUBHOCTb MX KU-
3HEHHBIX ITPOIIECCOB 3aMeIIIeTCS B IECATKM pa3 06e3 KaKoro-imbo Bpeaa
JUTSL TUX XUBOTHBIX. bojiee Toro, HeKOTophble 3¢eMHOBOIHBIE TaKKE, KaK
JISTYIIKA, MOTYT ITOJTHOCTBIO 3aMEP3HYTh, IIPEBPATUBIINCH B JICISTHBIC
CTaTyH, a IOTOM, HarpeBasiCh IO/ BO3IEICTBMEM COTHEYHBIX JIy4eil, IMO-
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CTEMEeHHO BO3BpalllaloTCsl K HOpMaJIbHOMY YPOBHIO aKTUBHOCTU. B Takom
3aMOPOKEHHOM COCTOSTHUM OHU MOTYT HAaXOAUThCSI COTHMU JIET, TOJIbKO Ha
Te 3K€ COTHM JICT OCTaHABJIMBAETCSI M pa3BUTHE UX OPTaHU3Ma, SBOJIIOIIUS.
B TakoM 3aMOpPOKEHHOM COCTOSTHUM >KU3HEHHbIE MPOLECChl (PU3NIECKU
IUIOTHBIX KJIETOK OpraHu3Ma JISITYIIEK 3aMeJISIIOTCS B IeCSTKU ThICSY
pa3, HO He OCTaHABJIMBAIOTCSI MOJHOCTHIO. [To3TOMY B 3aMOpPOXKEHHOM
COCTOSIHUH JISATYIIKA MPOIOJIKAeT MCIOIb30BaTh 3arachl OpraHM4ecKmnx
MOJIEKYJ1, HAKOIJIEHHBIE B €€ KJIETKaX 10 TOro, Kak oHa 3amépaiia. [1oato-
MY, B 3aMOPOXXEHHOM COCTOSIHUU, JISITYIIIKA OY€Hb MEIJIEHHO XyJeeT, IM0-
CTETIIEHHO HAUMHAETCS TOJI0JaHME 1, €CJIM BOBpEMsI HE Pa3MOPO3UTh TAKYIO
JISITYIIKY, OHAa IIPOCTO TTOTMOHET OT UCTOIIeHMs. TaK Kak, K COXaJICHUIO,
B 3aMOPOXEHHOM COCTOSIHUM JISITYIIIKM HE B COCTOSIHUM MUTAThCsl. Mo-
LLIKapy, KOTOpas SBJISIETCSI OCHOBHOM MUIIEN 3TUX 3¢ MHOBOIHBIX OHU M0~
Ka elé¢ B COCTOSIHUU JIOBUTh TOJBKO B aKTUBHOM coCTOsIHUM. Oco0oit
OITACHOCTH YMEPETh OT UCTOIICHUSI B 3aMOPOKEHHOM COCTOSIHUM Y JISITY-
1IeK MTPaKTUYECKU HUKOIIa He BOBHUKAET, TaK KaK 3aMOpPaXMBaIOTCS OHU
TOJIbKO Ha 3MMHUI Mepro, KOria TeMIepaTypa cpeabl X OOMTaHUsI OITy-
ckaetcs Huke HyJis 1o Llenbcuto. Tak BOT, 6€3 ¢pu3n4ecKu IJIOTHOTO Teja
KJIETKM BO BTOPOM U TPETheM MaTepHaIbHbIX TeIaX KU3HEHHbBIE TTPOLIECChI
HE OCTaHaBJIMBAIOTCS, a 3aMeISIOTCS B Thicssuu pa3. Ho, Tem He MeHee,
9TO BCE paBHO HE MOJIHAsI CMEPTh, KOTOpas Mopa3yMeBaeT MOJIHYI0 OCTa-
HOBKY XXM3HEHHBIX ITPOLIECCOB Ha BCEX YPOBHSIX, TaK Ha3bIBaeMylo, a0CO-
JIIOTHYIO CMePTh. Tak BOT, JJ1s1 XKUBBIX OPTAHU3MOB, 8 O0AbUUHCIEE CAYYA -
€8, abcoNomHas cmepms He HACMynaem HUKo020d.

[Tocne paspyuieHust GpU3MYECKU TJIOTHOTO Tejla KJIETKA HACTyIaeT
OTHOCHUTEJIbHAsI CMEPTh XKMBOT'O OpraHu3Ma, KOorjaa npoTeKalolue mpolec-
CHI 3KM3HEJSSATSILHOCTU Ha YPOBHE BTOPOT'O M TPEThETro MaTepUaIbHbIX TeJl
MPOTEKAIOT B COTHM ThICSIY pa3 MeJICHHEE, YeM, TPU HAJIMYUHU TJIOTHOTO
(puzmueckoro tena. [Ipu 3ToM, XXK1UBOI OpraHu3M TepsieT GU3NIECKHU ILIOT-
HOE TeJIO, B JAaHHOM CJTy4yae OHOM KJIETKHU, HO «BEpPXHUE 3TaxK1» — BTOPOE
U TPEThe MaTepuabHbIC TeJa — MPOJOJIKAIOT CBOIO XKM3HEIESITEIbHOCTD,
XOTS U 3aMEUICHHYIO B COTHU Thics4 pa3. [IpaBna, mpu 3ToM, IpOUCXOIUT
9BOJIIOLIMOHHOE «3aMOpaxKiuBaHUe» 3TUX Tell. K cuacTblo, B TaKOM COCTO-
SIHUM 9TU Tejla He HaXomsTcsl Be4HO. 111 OMHOKJIETOYHBIX OPraHU3MOB
MOJIHOE pa3pylleHue PU3UIeCcK MIOTHOIO TeJia TPOUCXOAUT, IIPHU MPO-
unecce genenust (Puc. 4.3.20). B pe3ynbraTe aejeHus MOSIBISIOTCS ABE TO-
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>KII€CTBEHHbIC HOBBIEC KJIETKM, B TO BpeMsI, KaK «CTapasi» KJIeTKa Ucue3aeT
TOJTHOCTBIO pa3pyliasich BO BpeMs npoiiecca aeneHust. [1loatomy, «ctapasi»
KJIeTKa YMMpPaeT, B TOM MOHMMaHUHU, YTO OHA TepecTaéT CyIIeCTBOBATD.
[ToHuMaHWe MeXxaHU3MOB JAeJeHUs KJIETOK IMO3BOJIMT B TTOJHOM SICHOCTU
MPEICTaBUTD SIBJICHMS TIPOUCXOSIIME MIPU pa3pyllIeHUU, THOEIN K1BOTO
opraHusma. YTo ke Takoe aejieHre KJIeTKU, KaK OHO TTPOUCXOAUT?!

JlaBaiiTe mombITaeMcsl pa300paThesl, MOHSITh 3TOT MEXaHU3M, KOTO-
PpBbIii SIBJISIETCS] OCHOBOM BCero XuBoro. Koria KoHIIEHTpalys OpraHuyec-
KHX BEllIECTB, BOSHUKIIMX B KJIETKE B pe3yJibrate (OTOCMHTE3a WX TTOIJI0-
IIEHHBIX KJIETKOM 13 BHEIITHE! cpelibl CTAHOBUTCSI KpUTUUECKO, OHA Te-
PSIET CBOIO YCTOMUYMBOCTh M HAYMHAETCS Tpoliecc aeneHus. [Touemy, mpu
HaCBIILIEHUU KJIETKA OPraHMYECKUMM BEellleCTBAMU, OHA CTAHOBUTCS HE-
YCTOMYMBOM, 1 3aMMycKaeTcs mpoliecc e€ aeneHus?! [loueMmy, MMEHHO KOH-
LIEHTpaL1sI OPraHMYECKUX BEILIECTB CYKUT TOJTUYKOM IS pacraaa cTapoit
KJICTKM U POKACHUS IBYX HOBBIX, UMEHHO POXXICHMSI, TaK KaK, MOSIBJICHUE
HOBBIX KJIETOK, BMECTO CTapoil 1 ecTh poxaeHue kiaetok? [Touemy u, ka-
K1M 00pa3oM 3amycKaeTcs 9ToT npoiecc? [ToueMy MMEHHO KpUTUYecKast
KOHILIEHTPpAlIMsI OPraHUYECKUX BEIECTB B KJIETKE MPUBOMAAT K €€ c00-
CTBEHHOI I'MOeIN U POXKIACHUIO IBYX HOBBIX KJIETOK?

BcnomHuM, 4TO KileTouHasi MeMOpaHa Cy>KUT JIOBYIIKOM JJ1s1 opra-
HUYECKMX U HEOPraHMYECKMUX MOJIEKYJ, OKa3aBIIMXCS B HEITOCPEICTBEH-
HOW 0J1M30CTH OT KJIETKU. [Ipr COOCTBEHHOM CHHTE3€ OpPraHUYEeCKUX CO-
eAMHEHUIA, KJIeTOUHass MeMOpaHa SIBJISIeTCS] TIPaKTUYSCKU HEIPeo 0 M-
MbIM MPETSITCTBUEM IS CAHTE3UPOBAHHBIX MOJIEKYJI, B p€3YyJIbTAaTe Yero,
OHM HayMHAIOT HAKaIUIMBAaThCsS BHYTPU CUHTE3UpYIOlIei KJIeTKU. Tak,
rouyemy, HeHacChIIIEHHAasl, «TOJIOJHAsI» KJIeTKA He B COCTOSIHUM IEJIUThCS,
a TOJIbKO HACBIIIEHHAasl, «ChITasl» KJIEeTKa CTAHOBUTCS TOTOBOI K TOMY,
4TOOBI TTOTMOHYTh CaMOl M «pOAUTH» IBe HOBbIe KieTKn? Kakue cyiie-
CTBYIOT KaU€CTBEHHbIE OTJIMYMS MEXIYy HEHACHIILIEHHOM, «FOJIOAHON» 1
HACBIILIEHHOU — «ChITOM» KieTkKaMu?! CoOCTBEHHO, KJIETKa BIUSIET Ha
OKpY:Kalollee MUKPOITPOCTPAHCTBO, OIpeaeIEHHBIM 00pa3oM e opMu-
pysl €ro, B pe3yJibTaTe 4ero, Ha BTOpOM MaTepuaibHOM YPOBHE BO3HUKAET
TOXJICCTBEHHBIN OTIIEYATOK, KOTOPBIN 3aII0JIHAIETCS NEPBUYHOM MaTepurei
G, popmupyst BTopoe MaTepuajibHoe Te1o. M3 yero ciemyer, 4yTo ypoBeHb
MEPHOCTU BHYTPH KJIETKU OTJIMYAETCS OT YPOBHSI MEPHOCTU OKpYXKaro-
mero e€ MukpomnpocrpaHcrsa. Monekynbl JIHK n PHK kieTku, Kax yxe
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OTMEYaJioCh BhIIIE, CO3/1aBasl CTOSIYYIO BOJHY MEPHOCTH, 1e(DOPMUPYIOT
CBOE BHYTPEHHEE MPOCTPAHCTBO HACTOJIBKO, YTO IMTPOUCXOJAUT OTKPBITHE
KauyeCTBEHHOTI0 Oapbepa MeX/1y MepBOi U BTOPOIl MaTepuaIbHbIMU ce-
pamu. BeaenctBue 4ero, BO3HUKAIOT YCIOBUS 111 DOPMUPOBAHMST BTOPOTO
MaTepuajabHOro Tejaa. MMeHHO TOJIbKO BO BHYTPEHHEM MPOCTPAHCTBE
3TUX MOJIEKYJI, TPOUCXOAUT OTKPBITUE KAaYECTBEHHOTO 0apbepa, B TO Bpe-
MsI, KaK BCE OCTAJIbHOE COIEPKUMOE KJIETKM TOJIBLKO 1e(DOPMHUPYET CBOE
OKpY>Karollee MUKPOITPOCTPAHCTBO, HE BbI3bIBASl OTKPBITUSI KAU€CTBEHHO-
ro 6apeepa. Ho, TeM He MeHee, BhI3bIBacMasi BCceil KIETKOM nedopManms
BHYTPUKJIETOYHOTO MMKPOIIPOCTPAHCTBA OKa3bIBAETCSI BEChbMa CYIIEC-
TBeHHOM. TakuM 00pa3oM, COOCTBEHHBII YPOBEHb MEPHOCTU CaMOM KJIET-
K1 OKa3bIBAa€TCs BeCbMa OJIM3KUM K KPUTUUECKOMY YPOBHIO, IIPU KOTOPOM
(bmznYecKu MI0THASI MaTepUsl CTAHOBUTCSI HEYCTOMUYMBOI 1 pacriagaeTcs
Ha MepBUYHBIC MaTepuu, €€ oopasyroire. Ho, B HopMaaTbHOM COCTOSIHUM,
KJIeTKa HAaXOJAUTCS B YCTOMUYMBOM COCTOSTHUMU. Tak BOT, MpU HACHILLIEHUU
KJI€TKM OpPTaHUYECKMMU BEIleCTBaMU, KJIETKAa HAYMHAET «TSDKEJETh» U
CUJIbHEH BJIMSTh HA CBOM BHYTPEHHEE U BHEIIIHEE MUKPOIPOCTPAHCTBO.
M3MeHseTcst COOCTBEHHBIN YPOBEHb MEPHOCTHU KJIETKU U, KaK CJIEICTBUE,
KJIeTKa CTAaHOBUTCSI MeHee yCToiumMBa B LieJoM. [1pu KpuTrnueckom HachI-
IIEHUU KJIETKM OpPraHMYECKMMHU BEIlECTBAMU 3Ta HEYCTOMYMBOCTb J0-
CcTUraeT MakCMMaJIbHOTo YpoBHs1. KpoMe 3Toro, rpu 00JbII0i KOHIIEH-
Tpal¥y OPraHNYEeCKUX MOJIEKYJI BHYTPU KJIETKU, 3HAYUTEIbHO YBEJIUYM -
BaeTCsl YUCJI0 MOJIEKYJI, 3aXBaThIBAEMbIX BHYTPEHHUM 00BbEMOM CITUpasieit
mosekya JJTHK u PHK. B pe3ynbrate aT0r0, yBeIM4MBAECTCS MOTOK MEp-
BUYHBIX MaTepUii ¢ (GU3NYECKU IUIOTHOTO Ha BCE OCTaJIbHbIE YPOBHMU KJIET-
Kd. YTO MpUBOAMUT K JOTOJIHUTEIbHOMY HACBIIIIEHUIO BTOPOTO U APYIUX
MaTepUaIbHBIX T€JI KJIETKU MTEPBUYHBIMU MATEPUSIMU.

Bropoe u npyrue matepuajibHble Tela KJIETKH TOXE BIUSIIOT HAa CBOE
MUMKPOITPOCTPAHCTBO, BCJIEICTBHE YETO, IIPU MOSIBJICHUM JOIOJHUTETbHO-
IO HACBIIIIEHMST BTOPOTO MaTepUaIbHOTO TeJia EpBUYHOM Matepueii G, Bo-
3HMKAET IOTMOJHUTENbHAs AedopMallisi MUKPOTTPOCTPAHCTBA KJIETKH U CO
CTOPOHBI BTOPOI0 MaTepUaJbHOIO Teja KJIeTKU. BO3HMKaIOT ABe BCTpey-
HbI€ TOMOJHUTEIbHBIE AeopMallii MUKPOIIPOCTPAHCTBA KJIETKH, KaK CO
CTOPOHBI (PU3UYECKHU IUIOTHOM KIJIETKH, TaK ¥ CO CTOPOHBI €€ BTOPOro Ma-
TepUAIbHOTO Teja. B pe3ysibrate 3TOro, HachlleHHAas KJIeTKa MpruoIxKa-
€TCsI K KPUTUYECKOMY COCTOSIHUIO CBOoei ycroitunBocTU. [1pubamxkaercs,
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HO, TeM He MeHee, ellIé He IOCTUTAeT KPUTUIECKOTO cocTosHMS. «ITocen-
HeW KaIuieii» B 3TOM IIPOLIecCe CIYKUT Hadyaao GOpMUPOBAHUS BTOPOTO
KJIeTOUHOroO siapa. Kak ke 3To nmpoucxoaut?!

LleHTpuoau pacxomsiTcs 1o MTPOTUBOIMOJIOXKHBIM MOJIFOCAM KJIETKU U
CTAHOBSITCS LIEHTPAaMHM, BOKPYT KOTOPBIX Y IIPOUCXOINT ITPOLIECC IEJICHUS,
(opmupoBaHus HOBbIX KJIeTOK (Puc. 4.3.21). benKkoBble HUTU MOATSTH-
BAlOT K LIEHTPHUOJISIM XpPOMOCOMBI U3 CTAPOTO SIApa KJIETKU, 1 3TO SIBJISIETCS
HavajoM (OopMUPOBaHUS ABYX HOBBIX KJI€TOK. BHauaje HOBbIE siipa Co-
JepKaT MOJOBUHHBIN HA00p HEOOXOIMMBIX XpPOMOCOM, TTIO3TOMY JIBa Ka-
HaJla UMM CO3JIaBacMBbIX, ITPAaKTUUYECKM SKBUBAJICHTHBI KaHAJTY siIpa 10 Ha-
yajia IeJICHNsI, M KJIETKa eIIE COXpaHsIEeT CBOIO YCTOMYMBOCTEL. [1pu aTOM,
MEPHOCTh MUKPOKOCMOCA KJIETKM IMOUTU HE U3MEHSIETCS Y COXpaHsSIeTCs
OajlaHC TTOTOKOB MeKay (PU3NYECKUM U BTOPLIM YPOBHSIMMU KJIeTKU. Kax-
Jast XpOMOCOMa B TAKMX SIIPax U3 HAKOIIJICHHBIX B KJIETKE OPTaHUUECKUX
BEILIECTB HAUMHAET BOCCO3/IaBaTh CBOEr0 3€pKaJbHOIO JIBOMHMKA, YTO
SIBJISIETCSI €CTECTBEHHBIM CTPEMJICHUEM JIFOOOI CHUCTEMBI K COCTOSTHUIO
MakKcuMasbHOM yctoitunBocTu (Puc. 4.3.22).

[Tpu 3aBepiiieHUM 3TOTO MpoLecca, BHYTPY OAHOM KJIETKU 00pa3yIoT-
csl IBa AIpa, Kaxka0e U3 KOTOPhIX UMEET KaHaJl, T0 KOTOPOMY MEePBUYHBIE
MaTepuu IepeTeKaloT Ha BTOPOI MaTepuaJIbHBIN YpOBeHb. [IBa siapa B J10-
KaJIbHOM 00BbEME KJIETKM CO3[al0T TaKOe MCKPUBJIEHNE MUKPOKOCMOCA,
MPpU KOTOOM caMa KJIETKa CTAHOBUTCSI HEYCTOMUMBOI 1 0Opa3yolue eé op-
raHU4YecKue BellecTBa CaMy HAaUMHAIOT pacrnagaThesl, ¥ IepBUYHbBIC MaTe-
pyu, ux obpasylolye, HAYMHAIOT TTepeTeKaTh Ha BTOPOU MaTepUaIbHbIN
YPOBEHB B CHJTY TOTO, UTO «JIUIITHEE» SIAPO B KIIETKE CO3AAET TOTIOJTHUTEb-
HO€ MCKPUBJIEHNE MUKPOIIPOCTPAHCTBA KJIETKU, U COOCTBEHHbIN YPOBEHb
MEPHOCTHU KJIETKM CTAHOBUTCS KpUTUYeCKUM. [1pr 3TOM, KOJIMUECTBO Iep-
BUYHBIX MaTepUii, TIepeTeKaroINX ¢ (p3MIECKOro YPOBHS Ha BTOPOIA Ma-
TepUaIbHBIN 3HAYUTETHLHO OOJIbIIIE KOJIMYECTBA MAaTEPUHU TIEPETEKAIOIIETO
CO BTOPOTro MaTepuaabHOTo ypoBHs Ha pusudeckuii (Puc. 4.3.23).

du3nuecKku IJI0THasI KJIeTKa (cTapas KJIeTKa) HauMHaeT pacraaaThCsl
Ha MOJIEKYJIbI €€ 00pa3ylollre B CUIy TOr0, YTO KaX/ast OTAeJbHO B3sITast
MOJIEKYJ1a, UMeeT MEHbIIINI YPOBEHb COOCTBEHHOI MEPHOCTH, YEM CHCTe-
MBI M3 HAX, X TTIO3TOMY OHM He pacragaloTcst Ha yacTu caMu. Bo3Hukaer
CBEPXKPUTUYECKOE COCTOSTHUE I (PU3NYECKU TUIOTHOM KJIETKU, KaK
€AMHOI CHUCTeMBbI, a He ISl OTAEJAbHBIX OpraHmyeckux mosekya. Co0-
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CTBEHHBIN YPOBEHb MEPHOCTH KJIETKM 3HAYUTEILHO OOJIbIIIEe COOCTBEHHO-
IO YPOBHSI MEPHOCTH OTAE/IbHO B3SITOI OpraHn4YeckKoi MojeKybl. [1o Me-
pe pacnaga (pu3nIecKoii KJIETKM, Ha BTOPOM MaTepuajJIbHOM YPOBHE CO-
3/1a10TCSI IBA BTOPBIX MaTepUATbHBIX TeJ1a KIETKU ITOTOMY, UYTO KaXXK10¢e SI/I-
PO CO3IaET TOXKIECTBEHHOE UCKPUBJIEHNE MUKPOKOCMOCA Ha BTOPOM Ma-
TepuajgbHOM ypoBHe. [Ipu 3ToM, KonnuecTBo mepBuuHoOi Matepun G B
YAaCTHOCTHU TIepeTeKarllleil Ha BTOPOIi MaTepuaibHbINI YPOBEHb, CTAHO-
BUTCSI U30BITOYHBIM Ha 3TOM ypoBHe (Puc. 4.3.24).

Korma 3aBepiaercs pacrnan ctapoid (PU3NMYECKON KJIETKM, BMECTO
He€ 0CTalOTCS COCTABJISIONINE €€ OpraHMYeCKHe MOJIEKYJIbI, T.€., OpraHU-
YeCKOe BEILECTBO — CTPOUTEIbHBIM MaTepuall IJIsl CO3IaHUsI HOBBIX KJie-
TOK. A, KaK TOJIbKO MpeKpallaeTcsl MTHTEHCUBHOE TTepeTeKaHNe TTepBUYHbBIX
MaTepuii ¢ (PU3MYECKOTO YPOBHSI Ha BTOPOM MaTepUabHBIN, N30BITOK
nepBuyHOi Matepun G u3 ABYX c(POPMUPOBABIIMXCS BTOPBIX MaTepU-
aJIbHBIX TEJI KJIETKM 110 TeM K€ KaHajaM HauMHaeT IepeTeKaTh CO BTOPOTO
MaTepUaIbHOIO YPOBHS Ha (DUM3MYECKUI U CO3MAET MPOEKIIMU YXKE IBYX
BTOPbIX MaTEepUAIbHBIX TeJI KJIETKM Ha (pruznyeckoM ypoBHe (Puc. 4.3.25).
ITpu 3TOM, B 30HAX ITPOEKIINIT BTOPBHIX MaTepUAJIbHBIX TeJI Ha (PU3NUYECKOM
YPOBHE, CO31a€TCsl JOMOJTHUTEIbHOE UCKPUBJIIEHME MUKPOKOCMOCa, T.€.
CO37al0TCsl HEOOXOAMMBIE YCJIOBUS IJIsI CHHTE3a MOJIEKYJT M3 MacChl Opra-
HUYECKOIo BEIIECTBA, HAKOTUIEHHOTO B KJIETKe Mepe AeJIeHUEM U BO3HUK-
1IETO MPU pacriaje CTapoil KJIETKM U pacoJIOKEHMSI €To B MOPSIIKE, 3aJaH-
HOM BTOPBIMM MaTepuaJibHbIMU Tes1aMu KiieTok (Puc. 4.3.26). AHajnorom
3TOMY IIPOIIECCY, K TOMY K€ OYeHb OJIM3KNM, SIBJISIETCS HaMarHUYMBaHUe
U pacripeaeseHue Mo CUJIOBBIM JIMHUSIM MAarHUTHOTO TOJISI METaJUTMYECKOM
neutn. [1pu 3aBepiieHUM CMHTE3a, 00Pa3yloTCs IBE COBEPIIEHHO HOBbBIC
KJIETKU M0 00pa3y U MoJ00MI0 BTOPLIX MaTepUalbHbIX TeJ KIETKHU, C 0a-
JJAHCHBIM TIepeTeKaHueM IepPBUYHBIX MaTepuil MexXIy (pU3MIECKUM U
BTOPBLIM MaTepUaIbHbIM YPOBHSIMU KJIeTKU. HOBbIE KJIeTKM, BOZHUKILIME
B pe3yJIbTarte AeJICHUSI CTApO KJIETKU, HE SIBJISIIOTCSI a0OCOTIOTHBIMU KOTTH -
MU CTapo#l KJIETKU, XOTSI M odyeHb Onm3Kku K Heil (Puc. 4.3.27 u Puc.
4.3.28). UmeHHO, 6arogapsi TOMY SIBJIEHUIO, IPOUCXOSIIEMY TIPU Je-
JICHUU KJIETKM, BO3MOXKHA 3BOTIOIHS XKU3HH.

Crenyet OTMETUTb, YTO MPU JEJEHUM KJIETKU HACTYIaeT MOMEHT KO-
IJa cTapasl KJIeTKa Mcue3aeT, pa3pyllaeTcs MOJHOCThIO, a HOBbIE KJIETKU
ellE He Havyalu cooupaThbCs. DTO SIBJeHUE HAOII0AAeTCSI OUEHb KOPOTKOE
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BpeMsi, HO, TeM HE MeHee, 3T0 — (akT. Bo BpeMs neaeHus ctapasi KJIeTKa
YMMpPaAeT U HEKOTOPOE BpeMs HET HU CTapOil KJIETKU, HU HOBBIX. M XOTs
BPEMEHHOI MHTEPBaJ MEXIAY NCUE3HOBEHUEM CTAPO KJIIETKU U TTOSIBJIC-
HUEM HOBBIX HUYTOXHO MaJl, 3TO He MeHsIeT CyTU. Mexny «da3oii ctapoit
KJIETKW» U (pa30it «HOBBIX KJIETOK» CYIIIECTBYET KaueCTBEHHOE COCTOSIHUE,
Korja HeT HU OJHOM, HU ApyTrux. YTo, B CBOIO 0Uepe/ib, MOJHOCTHIO MOI-
TBEP>KAAET OMMCAHHBIN BbIILIE MEXaHU3M AeeHUs KieToK. Kpome atoro,
TOJIbKO OTIMCAHHbIE BBIIIE TTPOLIECCHI IeJIeHUS KIETKHU MO3BOJISIOT 00bsI-
CHUTb U caMy 3BOJIIOLIMIO XKMBOI MaTEpUM, MOSIBJICHME HOBBIX BUIOB, Ha-
KOIUIEHHE, U BO3MOXHOCTB ITepeaaur OyayIM MOKOJEHUSIM OITbITa U MO~
JIOKUTEIbHBIX MyTalMid. J1J1s1 TOro, YTOOBI 3TO HE CTaJIO rOJI0CIOBHBIM 3a-
SIBJIECHUEM, TaBalTEe MOMbITAEMCS IIPOBECTH KaueCTBEHHbIM aHAJIN3 TaHHO-
ro siBjaeHus npupoabl. [loHMMaHKe 3TOro ABaeHUs AAET K104 K pa3rajake
MPUPOALI TAMSITH, CO3HAHUS 1 MHOTUX JPYTYX SIBJICHUIA XKUBOW ITPUPOIBI,
KOTOpBIE T10 Ceil IeHb OCTaIOTCS «OeJIbIMU MITHAMU Ha KapTe MUPOITOHU -
MaHusl». PaccMoTpuM, KakKMM 00pa3oM HOBOIIPUOOPETEHUS, MOJI0KM-
TeJbHbIE MyTallUU NIepeaaloTCsl OT OJHOTO MOKOJEHUS IPYTOMY.

KM3Hb HEe Mor1a 3apoIUTHCS B TOM MHOT000pa3uu XUBBIX (hOpM,
KOTOpBbIE CYLIECTBYIOT B HacTos1ee BpeMsi. [IepBbie OMHOKJIETOUHBIE OpP-
TaHW3MBbI CTAJIM OCHOBOM JISI BCEX XKMBBIX OPraHM3MOB Ha I1aHeTe. Kakum
>Ke 00pa3oM MpoM30IilIa 3Ta YAMBUTEIbHAS TpaHCGhOPMAalIMSsI TTePBbIX O -
HOKJIETOYHBIX OPraHM3MOB BO BCE 3TO MHOrooopasue (popM >K1BOM TTpU-
ponbl? I[lepBble OMHOKIIETOUHBIE OPTAHU3MBI, KaK YK€ OTMEUaioCh, BO3HU -
KJIM B BEPXHEM CJI0€ IepBUYHOTO okeaHa. [1pu nejleHnu 0fHOKIETOUHOTO
OopraHu3Ma MosIBJISIIOTCS 1Ba TOXKIECTBEHHBIX OTHOKJIETOYHBIX OpraHU3Ma
M, Ka3aJI0Ch ObI, HA TOM JIOJKHA OblIa 3aKOHYMTBCS SBOJIOLMS XU3HU.
IToBepXHOCTHBII CJIOM MEPBUYHOIO OKeaHa I0JKEeH ObLT Obl 3aITOJTHUTHCS
OHOTUITHBIMU OJJHOKJIETOYHBIMM OpraHM3MaMM, ¥ Ha 9TOM BCE JOJKHO
ObL10 OBl U 3aBepIIUThCSA. Ho aTOr0 He mpousonuio. B yém npuynHa ta-
KOT0O «HEJIOTMYHOTO» TTOBEACHUS MPUPOJbI, CO3MaBIIeli MHOrooopasue
>ku3HU? OTBET HAa 3TOT BOIPOC JIEKUT MPSIMO HA TIOBEPXHCTU, TOUYHEE —
B IMIOBEPXHOCTHOM CJIO€ TTIEPBUYHOI0 OKeaHa. Bo3aylitHble MacChl MPUBO-
AU B IBUXKEHME TIOBEPXHOCTHBIN CI0M MEPBUYHOIO OKeaHa, B Pe3yib-
TaTe 4ero, OAHOTUITHBIE OAHOKJIETOYHbBIE OPraHMU3MBbI, a M03XKe U MHOTO-
KJIETOUHBIE, Pa3HOCUJINUCHh OKEAHCKMMHU WMJIM MOPCKMMM T€UYEHUSIMU Ha
OoJbllIMe pacCTOSIHUS APYT OT Apyra. Kazamoch Obl BCE TaK, HO IPU YEM
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3/1eCh MOSIBJIEHE MHOT000pa3nst (PopM KUBBIX opraHnu3mMoB?! Bc€ — oueHb
npocto! TeueHUs1 pa3HOCUIIM OMHOTUITHBIC OPraHM3MBbI Ha I€CSITKU, COTHH,
a MOpOoi1 1 THICSTYU KUJIOMETPOB IPYT OT Apyra. B pe3yabrate aToro, oHu
OKa3bIBaJIMCh B pa3HBIX BHEIITHUX YCJIOBUSIX. TeMIiepaTypa BoIbl, XUMUYE-
CKUIA COCTaB, HACKIIIICHKE Ta3aMU B OTHOM MeCTe IIEPBUYHOIO OKeaHa OT-
JIMYAJIUCH OT Apyroro. OCO6GeHHO OOJIbIINE OTIMYKSI BO3HUKAJIM HA MEJT-
KOBOIbSIX, B paililoHaX M3BEpP>KEHUSI HA3eMHBIX U MOABOMAHBIX BYJIKAHOB.
[Tonamast B Apyryo XUMUYECKYIO Cpey, OMHOTUITHBIE OPTaHU3MbI OKa3bl-
BaJINCh BO BHEIITHUX YCJIIOBUSIX, JOBOJIHHO 3HAYUTEBHO OTIMYAIOIINXCS
JIpPYT OT Apyra. B KoHeYHOM UTOre 3TO MPUBOAMIO K U3BMEHEHUIO 1 BHY-
TPUKJIETOUHOI cpeabl. M, Kak clieACTBUE M3MEHEHUSI XUMMUECKOTO COCTa-
Ba BHYTPU CAMMX OJHOKJIETOUHBIX OPTaHM3MOB, POV CXOIWIN KaueCTBEH-
HbIe U3MEHEHUS U B CAMUX OJHOKJIETOYHBIX OpraHM3MaX — MYTallUU.
[Ton BAMsSIHMEM M3MEHEHUSI MIOHHOTO OajlaHca BHYTPY OJHOKJIETOY -
HBIX OPTaHMU3MOB B Pe3yIbTaTe U3BMEHEHMS XMMUYECKOr0 COCTaBa BHEIII-
Hell cpeabl, TPOUCXOIWIN U3MEHEHHSI MOJIEKYJIIPHOTO Beca, KaueCTBEH-
HOTO COCTaBa U TPOCTPAHCTBEHHBIX CTPYKTYP OPraHUYECKUX MOJIEKYJI, U3
KOTOPBIX 00pa3yroTCsl OMHOKJIETOUHbIE OpraHu3Mbl. Te OTHOKJIETOUHbIe
OpraHu3Mbl, KOTOPbIE HE TTOrMOaIM MOC/Ie MOTOOHBIX «PEKOHCTPYKIIUIA»,
B TOM MJIM MHOM CTETNIEHU OTIMYAIUCh OT U3HAYaJIbHBIX OpraHu3mMoB. I[1o-
CTETIEHHO 3T M3MEHEHUs HaKaIUTMBaJIMCh, M HACTyHaJl MOMEHT, KOraa
MOXKHO YK€ TOBOPUTD O TOSIBJICHUU HOBBIX BUIOB OJHOKJIETOYHbBIX Opra-
HU3MOB. [Ipu KpUTUUECKOM HAChIILIEHUN U3MEHEHHBIX OJHOKICTOUHBIX
OpPraHM3MOB OPraHUYECKMUMHU BEIIECTBAMU, 3aITyCKAJICS TIPOLIECC NEICHUSI,
B pe3yJIbTaTe YeTo MOJIOXKUTETbHBIC MyTallUK 3aKPeTUIsUINCh. YUCIIEHHOCTD
U3MEHEHHBIX OTHOKJIETOYHBIX OPraHU3MOB BO3pacTajia B TeOMETPUIECKOM
nporpeccuu. M3MeHuBIIIMECs OpraHU3MBI TaK Ke, KaK U UX «pOAUTEIbC-
KHe», IepBOHAYaIbHbIE OTHOKJIETOYHBIE OpraHU3MBbI ITIEPEHOCUIIUCH TeUe-
HUSMU B IpyTHe MeCTa, ¢ APYTUM XUMHUYECKUM COCTABOM M BCE TTIOBTOPSI-
JIOCh BHOBb. /17151 MOHMMaHUsI MeXaHU3Ma paclpoCTpaHEHMSI MyTallUii, He-
00XOAMMO BCIIOMHMTbD, YTO, TIPU KAUeCTBEHHOM M3MEHEHUM OpraHnyec-
KHUX MOJIEKYJ IO/ BO3IEHCTBUEM BHEIIHEH Cpelbl, U3BMEHSIOTCS CTPY-
KTYPHO U Ka4Y€CTBEHHO HE TOJBKO (DM3MUYECKU IUIOTHBIC MOJIEKYJIbI HO U
UX BTOpbIe MaTepuaibHble Tesa. [TosiBieHre TOMOTHUTENbHBIX LIEMOoYeK
aTOMOB WJIM TIOTEPsI YK€ MMEIOIIMXCS OpraHUYEeCKUMM MOJIEKYIaMu,
00pa3yroIIMMU OTHOKJIETOYHbBIE OPTaHU3MBbI, TPUBOIUT K TOMY, YTO U3MeE-
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HsieTcs Aedopmaliysi MUKPOIIPOCTPAHCTBA, BbI3BaHHAsI OJHOKJIETOUHBIM
OpraHM3MOM B 1ieJ0M. M, Kak clieacTBUE 3TOro mpoliecca, U3BMEHSIETCS 1
BTOPOE MaTepUaATbHOE TEJI0 OJHOKJIETOUYHOIO opranusma. Jlpyrumu cio-
BaMM, KaUY€CTBEHHbIE M3MEHEHMUSI MPOUCXOIAT Ha BCEX YPOBHSIX, CYIIIE-
CTBYIOIIMX U JAHHOTO OJHOKJIETOYHOIO WJIM MHOTOKJIETOYHOI'O OpraH1u3ma
(Puc. 4.3.29, Puc. 4.3.30 u Puc. 4.3.31). Bo3Huxiie 10N0JHUTEIbHbIC
CTPYKTYPHBIE U3BMEHEHUST OPraHUYECKUX MOJIEKYJI OAHOKJIETOYHBIX Opra-
HM3MOB BBI3BIBAIOT aHAJOTUYHbIE AedOpMalluM MUKPOIPOCTPAHCTBA
KJIETKM Ha BTOPOM MaTepuaibHOM YpoBHe. OCBOOOX1aeMbIe MEPBUYHbIE
MaTepuM, MpHU pacriajie OpraHMYeCKMX MOJIEKYJI BO BHYTPEHHEM 00bEME
cnupaieit monekya JIHK n PHK, HacbhIaloT 3TU JONOTHUTEIbHbBIEC 1€
(bopMaiu Ha BTOpOM MaTepraibHOM YPOBHE, B pe3yJIbTaTe Yero mpouc-
XOIIUT 3aKPEeIJICHWE U Ha BTOPOM MaTepruaibHOM ypoBHe. M, Korna Hauu-
HaeTCs MPOLECC ACJEHUS TaKOW M3MEHEHHOM KJIETKU, BTOPOE MaTepUaib-
HOE TeJIO TAKOTO OJTHOKJIETOUHOI'O OpraHM3Ma HEeCET B ce0e BCe U3MEHe-
HUS, TPOM30LIEIIINE C TAHHBIM KMBbIM OPTaHM3MOM B TEUEHME BCEI €T0
>Xu3HU. Bropoe matepuajibHOE T€JIO0 OMHOKJIETOYHOTO OPTraHU3Ma UTPAET
KJTIOYEBYIO POJIb B IIPOLIECCE AEJIEHMSI, TaK KaK BO BpeMsI 3TOr0O Mmpoliecca
MIPOUCXOIUT IMTOJTHOE pa3pyllieHre (PU3NIECKH TIJIOTHOM «CTapOil» KIETKMU.
[Tpu 5TOM, pa3pylIalOTCs U U3BMEHEHHbBIE MOJIEKYJIbI, BCE TIPUOOPETEHHbIE
W3MEHEHMSI, TIPOU3OLIEIINE B KIETKE MOJHOCThIO NCYE3AI0T BMECTE CO
cTapoit kKiieTkoi. BooOliie aToT nmpoliecc neaeHus KJIeTKU ObLT Obl HEBO-
3MOXEH 0€3 HaJIM4YMs y KJIETOK BTOPOrO W APYTMX MaTepUaabHBIX TE,
MPEACTABISIONIMX COOOM KOMMUU JAaHHOW KJIETKM Ha COOTBETCTBYIOIIMX
YPOBHSIX CO BCEMM €€ 0COOEHHOCTSIMMU. [1pr MOJTHOM MCUE3HOBEHUM CTa-
PO KJIETKU B IIPOLIECCe NeJICHUS, TOJIbKO HaJW4ue Y MOCJIeIHEl BTOpOro
U APYTUX MAaTePUAIbHBIX TEJ MTO3BOJISIET ITIOHATh U OCMBICIIUTh PEATbHBIN
(bmznyeckuii mpouecc aeaeHus KieTok. Toabko Hauuue Y OMHOKJIETOY -
HBIX 1 MHOTOKJIETOYHBIX OPTaHU3MOB BTOPOTO U APYTMX MaTepUaTbHBIX
TeJI TaET BO3MOXHOCTb TOBOPUTD O MOSIBJIECHUY U Pa3BUTUU KMBOI MaTe-
pun. Hu neneHue KIeTOK, HU MOSIBJIEHWE HOBBIX BUIOB U, B KOHEYHOM
urore, GopMHUPOBAHUE IKOJOTUYECKON CUCTEMBI IJIAHEThI, HU MOSIBJIEHUE
pa3zyMa, IIpOCTO HEBO3MOXXHO MOHSATh U OCMBICINTh, 0€3 TOSIBJICHUS Y
>KMBBIX OPTaHW3MOB BTOPOTO 1 APYyTUX MaTepualbHbIX Tead. MMeHHO 1mo-
ATOMY BCE MOMNBITKHA OObSICHEHUS PUPO/IbI X)KMBOI MaTepUU C TOUKH 3pe-
HUS CYILIECTBYIOIIEH HayKU Tepresu MojJHoe (huacko.
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4.4. Pe3iome

3apoxkaeHue XKU3HU Ha TuiaHeTe 3eMJIs B YaCTHOCTU U BO BeeneHHoii
OCTaBaJIOCh «OEJIbIM MITHOM» B CUCTEME MPEACTBABICHMI, CO3JaBaeMBbIX
YeJIOBEYECTBOM B 0003pUMBIX McTOpUei nmpeneiax. MakT CyllecTBOBAHUS
SKM3HU BOCIIPUHMMAJICST WJIM KaK JOJDKHOE, WIM B yMaXx JIIOACH pruodpeTat
0O0XXECTBEHHYIO TPUPOLY, MJIM ITPOCTO «O0XOAMIICSI» CTOPOHOM B cO3/1aBa-
e€MBbIX KapTUHaX MUPO3IaHUs Mocjie Oe3yCIEeIIHBIX MTOIBITOK AaTh CTPO-
HOE U 1LIeJIOCTHOE 00bsiCHEHHE (PEHOMEHY XKMBOI Mpupoabl. MeToaoa0ru-
YeCKM MPaBWIbHBINA MOAXOA K MOHMMAHMIO TIPUPOIBI XKMBOW MaTepuu
JIOJIKEH HAYMHATBCS C OIpeieJIeHUsI HEOOXOAUMBIX 1 IOCTaTOYHbBIX YCJIO-
BUI1 IS 3apOKACHUS KU3HU M3 HEXMBOU MaTepUM:

1. Hannymne nocTOSIHHOTO Mepenasa MepHOCTH C.

2. Hanmume Bo/IbI.

3. Haamume atmMocdepbi.

4. Hannymne nepuoan4ecKoii CMEHbI JHS M HOYM.

5. Hanuume pa3psigioB aTMoc(epHOro 3JIeKTpUIeCTBa.

BTopbiM KiIIOUEBBIM MOMEHTOM SIBJISIETCSI HEOOXOAMMOCTD ITOHM-
MaHMsI KAYeCTBEHHOTO OTJIMYMS XXMBOM MaTepuu OT HeXKMBOM. be3 moHu-
MaHMs TOTO, KaK KaXX/Iblii aTOM, MOJIEKYJIa BJIMSIIOT Ha CBO MUKPOKOCMOC,
KakK IpOCTPAHCTBEHHAs1 OpraHMu3alius BIIMSIET Ha CBOMCTBA ITPOCTPAHCTBA,
HEBO3MOXHO MPOHUKHYTh B MPUPOIY KUBOU MaTepuu. Mcnonb3oBaHue
MPUHIIMIIA HEOJTHOPOIHOCTU MPOCTPAHCTBA HA YPOBHE MUKPOIPOCTPAH-
CTBa, JA€T BO3MOXHOCTb CO3[aTh IOJHOLEHHYIO KapTUHY IPOLIECCOB,
MPOUCXOASIINX HAa MOJIEKYJISIPHOM ypOBHE. B pe3ybrare, MOXHO BbIje-
JINTh KAYe€CTBEHHbIE 0COOEHHOCTU OpraHUYECKUX MOJIEKYJI, KOTOPbIE CO-
3/1a10T YCJIOBMSI, TIPU KOTOPBIX MaTEpHs MPOSBIISIET ce0sl B HOBOM Kauec-
TBE — Ka4yeCTBE XKMBOU MaTepUM:

1. ITpocTpaHCTBEHHAsI CTPYKTYypa OPraHUYECKMX MOJIEKYJT HEOTHO-
pOIHA B pa3HbIX MPOCTPAHCTBEHHBIX HAITPABJICHUSIX.

2. MosnekyJISIpHBIN BEC OPTaHUYECKUX MOJIEKYJ KOJIEOJIETCS OT He-
CKOJIBKHX JIECATKOB A0 HECKOJbKMX MAJJIMOHOB aTOMHBIX €AUHMII.

3. HepaBHOMEPHOCTD pacipeeeHUSI MOJIEKYJISIPHOTO BECA OPraHu-
YEeCKHUX MOJIEKYJ MO Pa3HbIM IMPOCTPAHCTBEHHBIM HAaIPaBJICHUSIM.

CrnmpanesunHas ¢popma mosekyal PHK u JIHK, coznaér yHukanbHOe
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SIBJICHWE — CTOSYYIO BOJIHY MEPHOCTHU B CBOEM BHYTpEHHEM 00bEMe. BTs-
rMBaeMble BO BHyTpeHHUI 00b¢M ciupaneid mosnekya JIHK u PHK opra-
HUYECKMEe MOJEKYJbl HAUMHAIOT BBIHYXXIEHHO ABUIATbCS BIOJb OMNTH-
YEeCKUX OCE ATUX MOJIEKYJI, IEPUOINYECKU TTonaaas Mo yaapsl nepena-
JIOB MEPHOCTHU, KOTOPbIE 151 OOJBIIMHCTBA MOJIEKYJI CO3/1aI0T 3aKPUTH -
YeCcKMe YCJIOBMS, U OHM HAUMHAIOT pacnaaaThCs Ha IepBUYHbIE MAaTEPUU
ux oopasyroimue. BbiIcBoOoAUBIIIMECS TTPU 3TOM IEPBUYHbBIE MATEPUU Ha-
CBHIIAIOT Ie(hOpMalINIO, CO3AAaBAEMYIO 3TUMU MOJIEKYJIAMU HA BTOPOM Ma-
TepuaJibHOM YpPOBHE U (POPMUPYIOT BTOpoe MaTepuajbHoe Teso. [Tos-
BJIEHWE BTOPOTO MAaTepUATbLHOTO TeJla SIBJSIETCS KaueCTBEHHBIM CKAaUYKOM
OpraHM3aliy MaTepUU U CIIY>KUT HayaJoM 3pbl KUBOM MaTepuu. Bo3Hu-
KHOBEHHE BUPYCOB, BOBHMKHOBEHHE Y HUX OCJIKOBBIX 000JI0YEK, OJIydaeT
1IEJIOCTHOE OOBbSICHEHWE Ha OCHOBE MPUHILIMIA B3aUMOJASUCTBUS MUKPO-
MPOCTPAHCTBA C HEMPEPHIBHO MEHSIIOIIMMMUCSI CBOMCTBAMU 1 KaueCTBaMU
U MaTepuu, UMEIOIIIeii onpenes€éHHbIe CBOMCTBA U KadyecTBa. [1pu aTom,
MPOSIBJISIETCSI KapTUHA MPUPOAbI, B KOTOPOW KaXIbIii 2JIEMEHT UMEET
00bsiIcCHeHHEe U cBO€ MecTo. [ToHsAITHE O HeOAHOPOJHOCTH MPOCTPAHCTBA
MO3BOJISIET BCKPBITh MEXaHU3MbI 3BOTIOLNY XXU3HU, MOSIBJICHUSI MHOTO-
00pa3us (HopM XKUBBIX OPraHM3MOB, YTO TAET BO3MOXHOCTh 0OOCHOBATh
MO3UILIMU 3BOTIOLMOHHOMN Teopun. OnpenesieHre YCIOBUM 1 MEXaHU3MOB
W3MEHEHUI, MPUBOISIINX K MOSIBJIEHNUIO HOBBIX BUIOB BUPYCOB U JIPYTUX
>KMBBIX OPTaHW3MOB, MO3BOJISIET YBUAETh 1LIEJIOCTHYIO KAPTUHY 9KOJIOIU-
YECKOM CUCTEMBI TIJIaHETHI:

1. I3aMeHeHue nopsiaiKa COeAMHEHMST HYKJIEOTUIOB B CYILIECTBYIOIIEI
mosekyine PHK Bupyca.

2. YBeJIMueHue U YMEHbIIEHNE YMCJia HYKJIEOTHUIOB B CYILIECTBY-
et mojiekysie PHK Bupyca.

3. ITosiBneHUE XUMUYECKHMX CB3Ei MEXKIY CYIIECTBYIOLIEH MOJIEKY-
noit Bupyca PHK u npyrumu monexyiamu PHK, koTopble Haxoauiuco B
MOMEHT 3JIEKTPUUYECKOTO pa3psiia BHYTPHU OEJIKOBOI 000JI0YKY BUpYCa WU
MOSIBUWIMCH B HEil B pe3ysibTaTte BO3AECUCTBUS JEKTPUUECKOro pa3psia.

[ToHsiTME HEOMHOPOAHOCTH ITPOCTPAHCTBA MO3BOJISIET AATh MTOAPOO-
Hoe 00BbsICHEHME MeXaHU3Ma (POPMUPOBAHUS KJIETKH, KAK OCHOBBI BCETO
>KMBOTO W BCKPBITh POJIb MOSIBJICHUST OEJIKOBBIX 000JI0YEK Y BUPYCOB, a
No3AHEe — KJIETOYHbIX MeMOpaH. KiietouHass memOpaHa — 3TO Kadec-
TBEHHBI CKAYOK B OpPraHU3allM1 XXMBOU MaTepUU. DTOT IMIPUHLIAII, TTO3BO-
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JISIET BCKPBITh MEXaHU3Mbl BOBHMKHOBEHMS I CUHTE3a OPraHMYECKMX Be-
1LIECTB CAMUMMU XKUBBIMU OpraHU3MaMU U He0OX0MMbI€e YCJIOBUS JIS1 9TOTO:
a) HaJlMuMe BHYTPU OJHOKJIETOUHBIX OPTaHM3MOB OpPraHMYeCKUX
MOJIEKYJI, KOTOPbIE JIETKO U3MEHSIIOT CBOIO CTPYKTYPY B HEKOTOPBIX Mpe-
nesax Ipyu U3MEHEeHU U BHEITHUX (DAaKTOPOB, YTO IMIPUBOAUT K KOJI€OAHUIO
MEpPHOCTH MUKpoKocMmoca B auana3oHe 0 < AL < 0,010101618...

0) HaJIMYKMe BHEIIHUX (paKTOPOB, KOTOPbIE MOTYT BbI3bIBATh HY>KHBIE
W3MEHEHUS CTPYKTYPbI 3TUX MOJIEKYJI, HE pa3pylllasi MOJIEKYJIbl, KaK 1 ca-
MU OJHOKJIETOYHbIE OpTaHU3MBbI (CJIa0bIe TEILJIOBBIE Y ONITUYECKUE U3ITY-
yeHust CojiHLIA).

[Tpy BOBHUKHOBEHUU CUHTE3a XMBBIMU OpraHM3MaMy OpraHuyec-
KHMX COEIMHEHMI, 3BOJIIOLIMS KMBOM MaTEpUM BCTyMaeT B KAY€CTBEHHO
HOBYIO cTaani0. CaMOCTOSITEIbHBIN CUHTE3 XKUBBIMU OpraHU3MaMu, Ha3bl-
Ba€MbIX PACTUTEJIbHBIMU, OPraHUYECKUX BEILECTB CO3[aJl YCJIOBUS IS
HEe3aBUCHUMOM 3BOTIOLMHU XU3HU, HE 3aBUCSILIEH OT aTMOC(hEPHOTO 2JIeK-
TpudecTBa. [IpMHIIMIT HEOTHOPOAHOCTHA MPOCTPAHCTBA MO3BOJISIET O0BSI -
CHUTb IIPUPOIY MEXaHU3MOB IOSIBJICHUSI BTOPBIX MaTepUaIbHbIX TeJ Ha
OIpeneNEHHOM CTaauK SBOJIIOLIMMA OPTaHUYECKO MaTepUU U UX POJIb B pa-
3BUTUM Xk1BOI Martepuu. C y4d€ToM MOJTHOM KapTUHBI TOrO, YTO TaKOe
>KMBOM OpraHu3M (BTOpbIE U APYrUe MaTepuabHbIe TeJ1a), BOZHUKAET BO-
3MOXHOCTb JaTh IMOJIHOLIEHHOE U MCYEPITbIBAIOLIEE OOBSICHEHUE MPOLIEC-
COB JIeJICHUSI KJIETKU U SIBJIEHU, MpoucXoadiuux npu atoM. HeonHopon-
HOCTb IIPOCTPAHCTBA 1 B3aUMOJICMCTBUE €TO C MAaTEpUEN, UMEIOILIEN OIpe-
NEJEHHBIE CBOVMCTBA U KAYECTBA, MO3BOJISIET CO3JaTh LIEJIBHOE MPECTABIIE-
HUE 1 00bSICHEHNE TOTO, YTO MPOUCXOIUT IPU pa3pyIllIeHUN TaK Ha3bIBa-
eMOoro (pU3MYeCKH MIOTHOIO TeJla XKMBOTO OpraHu3Ma — (PU3MYECKHU TLJIOT-
HoIt Ki1eTKu. [1pr 3ToOM YETKO onpenesioTcss KaueCTBeHHbIE U (DYHKIIM-
OHAJIbHbIC OTJIMYMS MEXY (PHU3UUECKU MJIOTHBIM U IPYTUMU MaTepuasib-
HBIMU TeJIaMU KUBOTO opraHu3Ma. BriepBbie 1oKa3bIBaeTCsl, YTO XKU3Hb HE
MpeKpaliaeTcs ¢ rudesblo GU3nIYecKu ITIOTHOTO Teja, a TOJAbKO NEPEXOINUT
Ha Ka4eCTBEHHO APYroil ypoBeHb (PyHKIIMOHMpPOBaHUS. OObICHSIETCS
MpUpOoa KPyroo0opoTa X13Hu Ha tuiaHeTe. Ha ocHoBe MHOTOypOBHEBOM
CTPYKTYpPHI 3KMBOI MaTep1U BIIEpBbIC MOKA3aHbI MEXaHM3MbI MyTalluii, Ha-
KOIUICHMSI UX U Mepenadya HOBbIM MMOKOJIEHUSIM XKMBBIX OPraHU3MOB, UTO,
B CBOIO ouepe/ib, SIBIsIeTCS (yHAAMEHTOM JIJ1s1 IOHMMAaHUsI 3BOJIIOLIMOH-
HOTIO MpOoLIecca XXMBOM MPUPOIBI.
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Puc. 2.2.1. [locnenoBarenbHOE U3-
MEHEHNE MEPHOCTHY Ha OJTHY U TY XK€ BeJI1 -
yuHy AL sIBisieTcsl KBAaHTOBAaHUEM Ma-
TPUYHOTO MPOCTPAHCTBA U BbIpaxkaeTcs
KO2(PUIIMEHTOM KBAHTOBAaHUS Yi, KOTO-
PBIIA U €CTh TOT ATAJIOH, IO KOTOPOMY OT-
OUparOTCs «KYOMKUW» JUIs1 CO3IaHUsTI HOBOI
«KapTUHKW». TakuM oOpa3oM, Kak U U3
pPa3HOTo KOJIMYECTBAa OJIMHAKOBOIO pa3-
Mepa KyOMKOB MOXHO CJIOXXMUTb pa3HbIe
KapTUHKM, TaK U 13 OJHOTUITHBIX (popM
MaTepuii B MaTPpUYHOM MPOCTPAHCTBE
00pa3yloTCsl MPOCTPAHCTBA-BCEICHHbIE.
DTU MPOCTPaHCTBA-BCEJEHHbIE 00PA3yIOT
B MaTpUYHOM MPOCTPAHCTBE €ANHYIO CU-
CTEMY, KaK CJIOEHBII MUPOT, KKIbIA CJI0M KOTOPOro KaUeCTBEHHO OT/InYa-
ercs ot apyroro. [1pu 3ToM, Kaxablii COCEIHUIA CJIOM 3TOr0 MUpPOra UMEeT
B CBOEM «MO3arKe» Ha OIUH «KyOMK» OOJIbIIE WX MEHbIIIE. Bee aTu ciion
HaXOIATCS B IIOCTOSTHHOM JIBMKEHUM W B3aUMOACHCTBUM MEXIY COOOIA.

Puc. 2.2.2. B pe3yabrare uCKpuBJie-
HUSI TIPOCTPAHCTBA, BBI3BAHHOTO TEMU
WJIM MHBIMU TIPUYMHAMU, BOSHUKAIOT 30-
HbI CMBIKAHMSI MEXAY COCEIHUMU MPO-
CTpaHCTBaMU-BceJlleHHbIMU. Eciu, Ha-
MpUMep, CMbIKAETCsI IIPOCTPAHCTBO-BCE-
JIeHHasl ¢ MeHbllleli COOCTBEHHOI Mep-
HOCTBIO Lj ¢ TpocTpaHCTBOM-BCEIEHHOM
¢ 6oabieit Li+1, To, B pe3ysbrare 3T0ro,

B 30HE CMBIKaHMS poxkaaetcst 3Be3na La
JUUIST TIPOCTPAHCTBA-BCEJICHHON ¢ MEHb-
IIMM YPOBHEM COOCTBEHHON MEpPHOCTHU

Li. AHaJIoTMYHO, CMBIKAHUE C TTPOCTPaH-
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CTBOM-BCEJIEHHOI C MEHBIIIMM YPOBHEM COOCTBEHHOU MepHOCTHU Li-1 mpu-

BOJIMUT K MOSIBJICHUIO «4E€PHOM AbIpbl» — Lf B MpOCTpaHCTBE-BCEJIEHHOM C
00JIBIIMM YpOBHEM cOOCTBeHHOI MepHocTH Li. Yepes, Tak Ha3bIBaeMbIe,
MOJIOXKUTEIbHBIE 30HbI CMBIKAHUS (3BE3/1bI) B IPOCTPAHCTBO-BCEJIEHHYIO
rnomnagaeT MaTepusi U3 MPOCTPAHCTBA-BCEJEHHOU C 0oJiee BbICOKUM
YPOBHEM MEPHOCTHU, a Yepe3 OTpULIATEIbHbIE 30Hbl CMbIKAHUS («4EPHbIE
JBIPbI») MaTepUsl U3 TIPOCTPAHCTBA-BCEJICHHOM MonanaeT B IPOCTPAHCTBO-
BCEJIEHHYIO ¢ MEHBIIIMM YPOBHEM MepHOCTU. Kaxmoe mpocTpaHCTBO CO-
XPpaHSETCs B yCTOMYMBOM COCTOSIHUM MPY HAJIMYMM OajlaHCca MEeXy 00bE-
MaMMU «BTEKAIOILEN» U «BBITEKAIOLIE» MaTEPUU.

Puc. 2.3.1. CmbIKaHMe ABYX Ma-
TPUYHBIX MPOCTPAHCTB, MUMEIOIIUX pa3-
Hble KO3(h(GULIMEHTHI KBAHTOBAHUS Mep-
HOCTU. B 30HE CMBIKaHWS MaTPUUYHBIX
MPOCTPAHCTB C pa3HLIMU KO3(PPULIMEH-
TaMU KBaHTOBaHUS MPOCTPAHCTBA MPO-
HUCXOAUT pacmaj MaTepuii 000MX TUIIOB
Ha TepBUYHbIE MATE€pPUM JIBYX TUIIOB.
[TepBuuHbIe MaTEpUKU OOOUX TUIIOB BO3-
BpalllaloTCsl B CBOOOAHOE (HECBSI3aHHOE)
cocTossHue. OTKpbITUE KaUyeCTBEHHOTO
Oapbepa MeXIy COCETHMMU MaTPUYHbI-
MU MPOCTPAHCTBAMU MPUBOIUT K TOMY,
YTO B 30HY CMBIKAHUSI YCTPEMJISIIOTCS
MepBUYHbIC MATEPUU BCEX TUTIOB U HAUU-
HAIOT HAKaIJIMBAaThCS B HEM.

L’1 — MepHOCTh ITepBOro MAaTPUYHOTO ITPOCTPAHCTBA.

L’2 — MepHOCTb BTOPOro MaTPUYHOTO MTPOCTPAHCTBA.
L’12 — MepHOCTb 30HBI CMBIKaHMSI MAaTPUUHBIX TIPOCTPAHCTB.

L1 — nuana3oH KoneGaHusi MEPHOCTU TIEPBOrO MaTPUYHOIO MpPO-
CTpaHCTBa.

L> — nnama3oH KojaebaHus MEPHOCTU BTOPOrO MaTPUYHOTO TPO-
CTpaHCTBa.
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Puc. 2.3.2. BeiOpoc maTepuii yepes
30HY CMBIKaHUSI MaTPUYHBIX MPOC-
TPaHCTB MPU CYIIEPB3PHIBE, KOIIa 30Ha
CMBIKaAHUSI HE MOXET IPOITYCTUTh Yepes
ce0s1 Bceil MacChl ABMXKYIIEICS MaTepUu.
HaxkomnneHue nniepBUYHBIX MaTepUil MPo-
WCXOJIMT, KaK CJIeACTBUE pacraaa TM-
OpUIHBIX MaTepUl pa3HBIX MAaTPUUHBIX
MPOCTPAHCTB Ha MaTepUU UX 0Opa3ylo-
mye. BeicBOOOXXAEHHBIE TIEPBUYHBIE Ma-
TepUU HAUMHAIOT IBUTATLCS OT MULICH-
Tpa B3pbIBa BO BCEX MPOCTPAHCTBEHHBIX
HanpasieHusx. [Tpu aToMm, cienyeT mom-
HUTb, YTO MPOCTPAHCTBO — HEOIHOPO/I-
HO B pa3HbIX HAaIIpaBJICHUSX, T.€., UMEET
pa3Hble cBolicTBa M KadyectBa. [loaToMy, MaTepust pacnpenensieTcsl B
MpOCTpaHCTBE HEOAHOPOAHO. O003HAUECHUS — Te Ke.

Puc. 2.3.3. I1pu B3pbIBE, IPOUCXO-
JUAT BO3MYILIEHUE MEPHOCTU OKpYXkalo-
1IEr0 30HY CMbIKaHUsI MPOCTPaHCTBA,
00pa3yroTCcs 30Hbl HEOMHOPOIHOCTU MEP-
HOCTH, B KOTOPBIX HAQUMHAET OCeAaTh Ma-
Tepus, BBIOPOIIEHHAs! 3TUM B3PbIBOM.
[Tpoucxonsat mpoiecchl, aHaJOTUYHbIE
B3pPbIBY CBEPXHOBOI 3B€3/bl, TOJHKO Ha
JIpYyroM KaueCcTBEHHOM ypoBHe. PazHuiia
TOJIbKO B MaciuTadax. B ogHoM ciyyae
pOXAaloTCs TJIaHETapHbIE CUCTEMBI, a B
JIpyroM — BceJIeHHbIe. B rmocieaqHem ciy-
yae, nepopManus Ipu B3pbIBE CJIOEB TO-
KIE€CTBEHHOM MEPHOCTHM MNPUBOAUT K
CMBIKAHUIO MX MEXAYy cOOOi U poxie-
HUIO raakTuk. OO003HAYEHUST — T€ XKe.
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Puc. 2.3.4. O6pa3oBaHue MeTaBce-
JICHHBIX B 30HaX HEOJTHOPOJHOCTU Mep-
HOCTHU TIPOCTPAHCTBA, BOZHUKIINX TIPU
CynepB3phIBE.

1. 30Ha, Tae HeT yCI0BUA AJ1s1 CU-
SHUS MaTEePU.

2. 30Ha, rae MOTYT CIUTbLCS JBE
(bopMbI MaTepuii.

3. 30Ha, e MOTYT CIUTHCS TPU
(bopMbI MaTepuii.

4. 30Ha, rae MOTyT CJIMTHCSI YEThIPE
(bopMBbI MaTepuii.

5. 30Ha, rae MOTYyT CIUTHLCS TISITh
(opm marepuii.

6. 30Ha, rae MOTyT CJIUTHLCS 1IECTh
¢dopM MaTepuii.

7. 30Ha, rie MOTYT CJIUTHCS ceMb (hOPM MaTepuii.

8. 30Ha, rae MoryT CIUThCsl BOCEMb (POPM MaTepuid.
9. 30Ha, rae MOTYT CJIUTHCS AEBATh (DOPM MaTEPUIA.
10. 30Ha cMbIKaHUSI MATPUYHBIX TIPOCTPAHCTB.

11. MetaBcesieHHbIE.
12. 3oHbI AeopMalLIMM MEPHOCTH.

Puc. 2.3.5. BHyTpu Kaxaoii 30HbI
HEOJHOPOJHOCTU MEPHOCTb MPOCTpaH-
CTBa MEHSIETCSI HEIIPEePBhIBHO OT LIEHTpa
30HbI HEOTHOPOIHOCTH K €€ KpasiM. B pe-
3yJIbTaTe Yero, MaTepusl pacrpeneasieTcs
HepaBHOMEPHO, cO3/1aBasi JMCKPETHbIE
CJIOU, OTINYAIOIIMECs KaUYeCTBEHHBIM U
KOJIMYECTBEHHBIM COCTAaBOM ITEPBUYHbBIX
marepuii ux oopasywoiuux. [Ipoucxonur,
TaK Ha3blBa€MOE€, KBAHTOBaHUE IEPBUY-
HBIX MaTepuii 1o mpocTpaHcTBy. [1pu Ko-
TOPOM MEPBUYHBIE MAaTEPUM, KaxXIasl U3
KOTOPbIX UMEET CBOU CBOMCTBA U Kayec-
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TBa, B3aUMOJEUCTBYIOT C IIPOCTPAHCTBOM TOJIBKO TaM, TJI¢ CBOMCTBA MPO-
CTpPaHCTBA TOXIECTBEHHbI CO CBOMCTBAMM U Ka4yeCTBAMM IMMEPBUYHBIX Ma-
Tepuii. KBaHTOBaHME MPOCTPaHCTBA 10 TTIEPBUYHBIM MATEPUSIM IIPUBOIUT
K IMOSIBJIEHUIO CUCTEMBI IIPOCTPAHCTB-BCEJIEHHBIX, KOTOPbIE KAUeCTBEHHO
HEOTHOPOIHBI BHYTPU 30HBI HEOTHOPOIHOCTH B CHIIY TOTO, UTO 30HA He-
OIHOPOJAHOCTU, B KOTOPOI OHU BO3ZHUKJIM, HEOIHOPOIHA B Pa3HbIX MPO-
CTPAHCTBEHHBIX HAITPABJICHUSIX.

1. 30Ha HEOTHOPOAHOCTU MPOCTPAHCTBA.

2. IIpocTpaHCcTBa-BCEAEHHbBIE, KOTOPbHIE 00Pa3yrTCsl BHYTPU €1M-
HUYHOI 30HbI HEOAHOPOIHOCTHU MPOCTPAHCTRBA.

Puc. 2.3.6. CynepnpocTpaHCTBO
nepBoro nopsiaka. B cuiy Toro, yto npu
CyNEepPB3pbIBE MPOUCXOIUT Aedopmaris
MPOCTPAHCTBA, BO BCEX MPOCTPAHCTBEH-
HBIX HAaIIpaBJIEHUSIX BO3HUKAIOT CUCTEMBbI
MPOCTPAHCTB-BCEJIEHHbBIX, KOTOPbIE OT-
JIMYAIOTCS APYT OT APYyra YMCIOM MepBUY-
HbIX MaTepuii ux oopasyomux. [Ipruém,
nepenaabl MEPHOCTH MPOCTPAHCTBA B
pa3HbIX MPOCTPAHCTBEHHBIX HaIpaBJie-
HUSIX BHYTPM 30HBI HEOAHOPOJIHOCTHU
CTOJIb CYIIECTBEHHBI, YTO BO3HUKAaET
KBaHTOBaHME MPOCTPAHCTBA IO HECKOJIb-
KWM MPOCTPAHCTBEHHBIM HAIIPaBJICHUSIM
onHOBpeMeHHo. [Ipu monoO6HOM MHOTO-
MEPHOM KBAaHTOBAHUH ITPOCTPAHCTBA BO3HUKAIOT CUCTEMBI ITIPOCTPAHCTB-
BCEJIEHHBIX (ME€TaBCEIEHHBIE), KOTOPbIE UMEIOT XKECTKOE HEM3MEHHOE 110
OTHOILIEHUIO K JAPYT APYry MPOCTPAHCTBEHHOE MOJIOXKEHUE, KaK UMEIOT
CBOM XECTKME pa3pellIEHHbIE OPOUTHI DJIEKTPOHBI BOKPYT siapa. B pesyinb-
TaTe 4Yero, METaBCEJICHHbIE CO3aI0T €ANHYIO YCTOMYMBYIO CUCTEMY.

1. 30Ha cMBIKaHUSI MAaTPUYHBIX IPOCTPAHCTB.

2. MeTaBcesleHHbIE.
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Puc. 2.3.7. CynepnpocTpaHCTBO
BTOpOro 1nopsiaka. Bo Bpems cynepB3pbi-
Ba, BOBHMKAIOT BOJIHOOOpa3Hbie aedop-
MallMM TIPOCTPAaHCTBA, KpyraMM, pacxo-
Jsiimecst oT HeHTpa cynepB3pbiBa. Cy-
MEePB3PbIB BbI3bIBAET HACTOJIBKO MOIIHbIE
KOJIblIeOOpa3Hble BOJIHBI Ae(opmanuu
MaKpOIPOCTPAHCTBA, YTO OHU PACIIPO-
CTPaHSIOTCS HA OTPOMHbBIE PACCTOSIHUSI.
[Tpuuém, yem cuiibHEE B3pbIB, TEM 00JIb-
11y10 1eopMalnio MaKpoInpoCTpaHCTBA
BBI3BIBAIOT BOJIHBI, UM co3naBaeMbie. Co
BPEMEHEM TPOCTPAHCTBO B 30HE CyIEep-
B3pbIBa BO3BpalllaeTCsl K PABHOBECHOMY
COCTOSIHHIO. DTOT MPOLIECC COMPOBOXKIA-

€TCSl TTOCTEIIEHHBIM YMEHBIIEHUEM aMILUIMTYI BOJH Je(opMaliuu Mpo-
CTpaHCTBa OT LeHTpa. [To3ToMy, 4yeM JaJibliie OT AMULICHTPA CyTNIepB3phIBa,
TeM IIyOMHa 30H JedopMalny IIpOCTpaHCTBA OyaeT 00Jiblle. A 3TO O3HaA-
YaeT, YTO YeM JaJIbIle OT SMULIEHTPA CYNEPB3pbIBa, TEM OOJbIIEE YUCITO
TEPBUYHBIX MATEPUIA CIMBAIOTCS APYT C IPYTOM, 00pa3ysl CUCTEMbI MeTa-

BCCJICHHDbIX.

1. MeraBceneHHble, 00pa3oBaHHbIE CIMSIHUEM ASCITU (DOPM MaTe-

o

pUiA.

2. CynepnpocTpaHCTBa NEPBOTo MopsiaKa.
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Puc. 2.3.8. CynepnpocTpaHCTBO
TpeThero mnopsaka. OObIYHO, B MAaKpoO-
MPOCTPAHCTBE MPOUCXOJAUT MHOXECTBO
CyNepB3pbIBOB, MO3TOMY BOJIHBI Aedop-
MalMy MaKpOIpOCTPAHCTBA OAHUX Ha-
KJ1aJbIBAlOTCSl HA aHAJIOTMYHBIE BOJIHbI
BO3MYILIEHUSI MAKPOMPOCTPAHCTBA JIpY-
rux. B pe3yabraTe, BO3HUKAET CyNepIio-
3ULIMS BOJIH AedopMaliii MaKpoIpo-
CTpPaHCTBA, KOTOpPble 00pa3yloT KOMOU-
HUPOBaHHBIE MPOCTPAHCTBEHHbIE CUCTE-
Mbl. KauecTBeHHast CTpyKTypa 3TUX IPO-
CTPAaHCTBEHHBIX CUCTEM 3aBUCUT OT TOTO,
CKOJIKO CYII€PB3PbIBOB IPOM30LILI0 B
JaHHOU 00JaCTU MaKpOIPOCTPaHCTBA U
Ha KaKOM PacCTOSIHUU APYT OT Apyra HAXOASTCS MX SIULEHTPHI.

1. MeTaBcesieHHbIe, 00pa30BaHHbIC CIMSIHMEM OJMHHAALATH (hOpM
MaTepuid.

2. CynepnpocTpaHCTBa BTOPOTO MOPSAKA.

Puc.2.3.9. CynepnpocTpaHCTBO ye-
TBEpTOro nopsiaka. BoamyiieHune MepHO-
CTM MaKpOMNpOCTPAHCTBA, BbI3BAHHOE
KaXXIbIM CyTI€pB3PbIBOM, PACIIPOCTPAHSI-
€TCsl KpyraMu OT 3MnulieHTpa. Yem naib-
1lIe OT 3MMILEHTpa, TeM 00Jiee CUIBHYIO
nedopMaluo MakpoIpoCcTpaHCTBA CO-
31a€T BOJIHA BO3MYILIIEHUS MEPHOCTH, CO-
3/aBaeMasl CyrepB3pbIBOM. A 3TO 03HaYa-
€T, UTO YeM JaJIblle OT SMULEHTPa — TeEM
0o0JIbIlIee YMCIO MEePBUYHBIX MaTepuit
MOTYT CJIMBAThCS IPYT C APYTOM B 30HAX
HeogHOpoaHOCTel. YeM 0oJiblie mepBruY-
HBIX MaTepuii CIMBAIOTCS BMeCTe, 00pa-
3ysl TUOPUAHYIO MaTepulo, TeM OoJjiee
MHEPLUOHHOI, TEM 00JIee YCTOMYMBOM K
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BHEIIIHMM BO3JEUCTBUSIM OHA CTaHOBUTCS. KpoMme Toro, yem ganblie OT
AIMLIEHTPA CYIepPB3pbiBa, TeM OOJIbIIEe YUCIO BO3MYIIEHUI MEPHOCTU
MaKpOIIPOCTPaHCTBA OT APYTMX CYIIePB3PbIBOB, HAKJIAAbIBAIOTCSI HA BO3MY-
ILEHKWE CO3JaHHOE TaHHBIM CYNEPB3PbIBOM.

1. MetaBceaeHHBIE, 0Opa30BaHHbBIC CIMSHUEM JABeHaALaTu (hopm
MaTepui.

Puc. 2.3.10. CynepnpocTpaHCTBO
MSITOro TMopsiaka. B cuty Toro, yrto Ma-
TPUYHOE ITPOCTPAHCTBO HEOTHOPOIHO

M3HaYyaJbHO, BO3MYIIEHUE MEPHOCTH, 1
BBI3LIBAEMOE KAaXIBIM CYIIEPB3PLIBOM, 12
pacIpocTpaHseTCs HEPABHOMEPHO I10 10
pa3HBIM IPOCTPAHCTBEHHBIM HaIIpaBJie- :
HUSAM MakpolnpocTpaHcTsa. ITosTomy 4
CUHTE3 TMOPUIHBIX MATEPUIA ITPOUCXOIUAT p
TOJIKO BJIOJIb HEKOTOPBIX IIPOCTPaH- s
CTBEHHBIX HAIIPaBJIEHUI MaTPpUYHOIO 4
[IPOCTPAHCTBA. .

1. LenTpasbHas 30Ha CMBIKaHUSA 2
MaTPUYHBIX IPOCTPAHCTB. ‘

2. MeTaBceseHHbIe, 00pa30BaHHBIE
CIYSIHYMEM TpUHaAUATh (OpM MaTEpUid.

3. MeraBceneHHble, 00pa3oBaHHbIE CIMSHUEM ABeHanuatu Gopm
MaTepui.

4. MeTaBceneHHbIe, 00pa30BaHHbIE CIMSIHMEM OJMHHAALaTA (hopm
MaTepui.

5. MeTaBcesieHHbIe, 00pa30BaHHbIEC CIMSIHUEM AECITU (POPM MaTe-

pUIii.

6. MeTaBceneHHBIC, 0Opa30BaHHBIC CIMSHUEM IeBITH (DOPM MaTe-
puii.

7. MeTaBceeHHbIe, 00pa30BaHHbIE CIIMSIHUEM BOCbMU (pOpM MaTe-
puii.

8. MeTaBceneHHbIe, 00pa3oBaHHbBIC CIMSHUEM ceMU (DOPM MaTepHid.

9. MeTaBcenieHHbIe, 00pa30BaHHbIE CAUSIHUEM 111eCTU (OPM MaTe-
puii.
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10. MetaBceeHHbIe, 00pa30BaHHbIE CAUSIHUEM MSATU (DOPM MaTe-
pui.

11. MeTaBceeHHbIe, 00pa30BaHHbIE CAMSHUEM YEThIPEX (hOPM Ma-
TEPUIA.

12. MetaBcesieHHbIe, 00pa30BaHHbIE CAMSHUEM TPEX (POpM MaTepuid.

13. MeTaBcelieHHbIe, 0Opa30BaHHbIC CIMSHUEM ABYX (DOpM MaTe-
puiA.

14. KoH1ieBast 30Ha CMBIKAHMSI MAaTPUYHBIX TIPOCTPAHCTB.

Puc. 2.3.11. [llectunyuyeBuk. Cre-
JyeT UMETb B BULY, YTO TMOPUIHBIC MaTe-
puu, BO3HUKAIOIIIME B pe3yJbTaTe CUH-
Te3a U3 MEPBUYHBIX MATEPUil, BIUSIOT Ha

MaTpUYHOE MPOCTPAHCTBO, B KOTOPOM i

OHM HAaxXOISITCSI, U HACTYIAeT MOMEHT,

KOTJIa BTOPUUHOE BJIMSHUE TMOPUIHBIX N- = il
MaTepuii TOCTUraeT KPUTUUECKOI BEJIU-

YUHbI, B PE3YJIBTATE YETO MPOUCXOIUT | gl o,

«IIPOJIaBJIMBAHUE» OJHOTO MAaTPUYHOTO
MpocTpaHCcTBa B Apyroe. B pesyibrare
A3TOrO0 B OJHOM MAaTPUYHOM IIPOCTpPaH-
CTBE BO3HUKAET CYNEpPAHAJIOT «4EPHOU
IbIPbI», a B IPYTOM — CyIlepaHaJior 3Be-
3ab1. TakuM 00pa3om, B JaHHOM MaTpU4-
HOM IPOCTPAHCTBE CUCTEMBI MIPOCTPAHCTB UMEIOT BIIOJIHE KOHEYHBIE pa-
3Mepbl. KoaddulimeHT KBaHTOBaHMSI JAHHOTO MaTPUYHOIO ITPOCTPAHCTBA
orpeaessieT TUM NMePBUYHbIX MAaTepUil, U3 KOTOPBIX, B 9TOM MaTPUUYHOM
MPOCTPAHCTBE, MPOUCXOAUT (DOPMUPOBAHUE IMTPOCTPAHCTBEHHBIX CUCTEM.
[uOGpuaHbIE MaTepUK, KOTOPHIE BOZHUKAIOT B 30HAX Ae(OpMalliy BCIIE -
CTBME CYNEpPB3PbIBOB, MJISI KaXA0T0 KOHKPETHOr0 MaTPUYHOIO MPO-
CTpaHCTBAa UMEIOT KOHEUHOE MaKCUMAaJIbHOE YMCJIO TIEPBUYHBIX MaTEPU
ux oopasyolux. BropuuHoe BbIpOXKI€HNE MEPHOCTU ITPOCTPAHCTBA MU
CO3[1aBaeMoe€, MOJHOCThIO HEUTPAIU3YET NEPBUYHYIO Ae(opMannio Ma-
KPOITPOCTPAHCTBA.
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Puc. 2.3.12. AutuinectuiaydeBuk. Bo
BpeMsI CYIIepB3pbIBOB BO3ZHUKAIOT KOJIb-
1IeBble BOJIHBI AedopMaliuyi MaKkpomnpo-
CTpPaHCTBA. DTU TIPOJIOJbHbBIE BOJHBI JIe-
(bopMUPYIOT TPOCTPAHCTBO, KAK «BBEPX»,
TaK U «BHU3». DTO SIBJIEHUE BO3HUKAET B
CUJTY TOTO, YTO MAaTPUYHOE IMPOCTPAHCTBO
caMo o cedbe HeogHOPOIHO. CylIEeCTBYIOT
nepenazabl (rpaIveHTbl) MEPHOCTU «CBEP-
Xy» «BHU3» U Ha «BOCTOK» U Ha «3araj».
IToaToMy, KOrIa Ha HEOAHOPOIHOE IPO-
CTPAHCTBO HAKJIaJIbIBAETCSl HEOTHOPOIHAS
Jedopmaiysi MaTpUYHOTO MPOCTPAHCTBA,
BO3HMKAIOIIas TIPY CyNepB3pbIBE, MPOUC-
XOAUT (QOPMUPOBAHME IBYX TUIIOB 30H JIe-
(popmaLi MaTpUUHOro MpocTpaHcTBa. OQHA 30HA CMHTE3a TMOPUIHBIX
MaTepuii peACTaBIsIeT CO00I «sIMy», Ipyras — «0oyrop». BHyTpu «am» dop-
MMPYIOTCS LIECTWITYYEBUKH, @ BHYTPU «OYTPOB» aHTUILIECTUITYIeBUKA. OTIIN-
Yuie MepBbIX OT BTOPHIX 3aKII0YAECTCS B TOM, UTO B ITOCJIEIHMX BO3HMKAIOT CY-
MepIIPOCTPAHCTBA C MAKCUMAaIbHBIM YUCJIOM TIEPBUYHBIX MaTepPHii BO BHEILI-
HUX 00bEMax, a ¢ MUHUMAJIbHBIM — BO BHYTPEHHEM. YCJIIOBHO MOXKHO CKa-
3aTh, YTO B OTHOM CJTy4yae MPOCTPAHCTBA MMEIOT MOJIOXKUTEIbHBIN, a B APYTOM
OTpULIATEJIbHBIN CIIMHBI.

Puc.2.4.1. Bo3HUKHOBEHME 3BE3/1bI,
PU CMBbIKAHUM TIPOCTPAHCTBA-BCEJICH-
HOM Hallleii MEPHOCTH C IPOCTPAHCTBOM -
BCeJIEHHOM 00JibllIeii MepHOCTU. Bo3my-
ILIEHUS MPOCTPAHCTBA MPUBOASAT K TOMY,
YTO CJIOU TOXIECTBEHHOW MEPHOCTU
IMIPOCTPAHCTBA B HEKOTOPBIX 30HAX CMBbI-
KaroTcs Apyr ¢ apyroM. [lpu cMbikaHUM
CJIOS MPOCTPAHCTBA-BCEJIEHHOW OOHOM
TOXIECTBEHHOU MEPHOCTU CO CJI0EM
0oJIblIE TOXIIECTBEHHON MEPHOCTHU, B
30HE CMbIKaHUsI GOopMUpYeTCs 3Be37a.
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[Tpu 5TOM, MaTepun HaAYMHAIOT IepeTeKaTh U3 MPOCTPAHCTBA-BCEIEHHOMN
¢ 00JIblIe MEPHOCTBIO B TPOCTPAHCTBO-BCEACHHYIO ¢ MeHbIIe. [Tpuun-
Ha repeTeKaHMsl B JaHHOM HaIlpaBJICHUM 3aKJII0YaeTCsl B TOM, UTO JBa CO-
CEHUX CJIOSI TOXIECTBEHHOW MEPHOCTBIO OTJIMYAIOTCS IPYT OT Apyra Ha
OJIHY IEPBUYHYIO MaTepu1o. B 30He CMbIKaHMS MPOMCXOAUT pacmaji MaTe-
puU YPOBHSI OOJIbIIIEH MEPHOCTU Y CUHTE3 MaTEPUM MEHbIIIEH MEPHOCTH.

Le, L7, Ls — MEpHOCTHU MPOCTPAHCTB-BCEIEHHBIX, 00pa30BaHHbBIX
CJVSIHMEM IIIECTU, CEMU U BOCbMU (hOPM MaTEepUid.

La — MepHOCTb 3Be3/1bI.

Puc. 2.4.2. Bo3HUKHOBEHUE «YEP-
HOW JIbIPbI», TPU CMBIKAHUU TIPOCTPAH-
CTBa-BCEJIEHHOM Hallle MEPHOCTHU, C
NPOCTPAHCTBOM-BCEJICHHOW MEHbIIEH
MepHOCTU. [Ipr CMBIKAHUM CJIOST TTPO-
CTPAHCTBA-BCEJIEHHOW OMHOW TOXIEC-
TBEHHOU MEPHOCTU CO CJIOEM MEHbIIEN
TOXJIECTBEHHOW MEPHOCTHU, B 30HE CMbI-
KaHUusg (QOpMUpPYETCST «UE€pHAsT AbIpar.
[Tpu aTOM, MaTEepUy HAUMHAIOT MEpeTe-
KaTb M3 MNPOCTPAHCTBA-BCEJICHHOU C
0oJIblIIEI MEPHOCTBHIO B MPOCTPAHCTBO-
BCEJIEHHYIO C MeHblel. [IpuunHa nepe-
T€KaHW B JAHHOM HalpaBJIEHUY 3aKJI0-
4YaeTcd B TOM, YTO JIBA COCEIHUX CJIOS C
TOXJIECTBEHHOM MEPHOCTBIO OTJIUYAIOTCS APYT OT APYra Ha OHY IePBUY-
HyI0 MaTeputo. B 30He CMbIKaHUST TPOUCXOIUT pacIial MaTepPUU YPOBHS
00JIbIIIE MEPHOCTU U CUHTE3 MaTepUM MEHbIIE MepHOCTU. «HEpHas
JbIpa» MPaKTUYECKU TPEACTaBIsIeT cO00i OKHO B MapalieJIbHYlO BCe-
JICHHYIO.

Ls, L7, L — MepHOCTH MPOCTPAHCTB-BCEIEHHBIX, 00pPa30BAHHBIX
CIIUSTHUEM IIIECTU, CEMU U BOCbMU (POPM MaTEPUIA.

Lf — MepHOCTb «4EPHO ABIPHI».
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Puc. 2.4.3. B xaxnoe npocTpaH-
CTBO-BCEJIEHHYIO MaTepus MPUTEKAET Yye-
pe3 3BE3AbI M BBITEKAET UYepe3 «UEPHbIC
IbIpbI». TakM 00pa3oM, OCYIIIECTBIISIET-
cs 6bajlaHC MaTepuu B pocTpaHCTBe. Ye-
pe3 30HbI CMbIKAHUSI MEXK1Y CI0SIMM TTPO-
CTpaHCTBA MPOMCXOIUT Iepepaciipene-
JIeHWe MaTepuud UM MMEHHO OJjaromaps
ATOMY BO3HUKAIOT YCJIOBUS LIS 3apOKe-
HUA XU3HU. BelrecTBo ¢j104 ¢ 00JbIINM
YPOBHEM TOXIECTBEHHOI MEPHOCTHU pac-
rnmajgaeTcsl Ha IEepBUYHbIE MaTepuu, U
MPOUCXOJUT CUHTE3 BEUIECTBA CJOS C
MEHBIIIMM YPOBHEM MEPHOCTU. «JIuIiI-
Hsisl» TIepBUYHAsl MaTepus, IPpU ITOM,
BBICBOOOXKAaeTCs U3 mieHa. BHOBb 0Opa3oBaBIiieecs BeleCTBO, P MO-
MaJaHuu B «4E€PHBIE IBIPbI» PACIIAIA€TCSI HA MAaTEPUU €0 00pasyloliue u
MPOUCXOAUT CUHTE3 BEILIECTBA CJIOSI C MEHBIIIMM YPOBHEM MEPHOCTH U T.1I.

L6, L7, L§ — MEpHOCTHU MPOCTPAHCTB-BCEJEHHbBIX, 00pa30BaHHbBIX
CIIUSTHUEM IIIECTU, CEMU U BOCbMU (hOPM MaTEPUIA.

La, Lf — 3Be3na u «a€pHast pIpa»

Puc.2.4.4. HetitponHas 3Be3na. B
MPOoIIeCce CTApEHUS 3BE3 bl TOJIS JIETKUX
3JIEMEHTOB YMEHBIIIAETCsI TTPU POCTE 10~
JIM TSEKENBIX. B nTore, creneHb BIUSHUS
3Be3/bl HAa CBOI MAaKPOKOCMOC YBEINYU-
BaeTcs, M MPOMCXOAUT nedopMaIs Cost
TOXIECTBEHHOI MEPHOCTH B chepe BI-
gHUS 3Be3abl. Ecin m3HavyanbHBIN pas-
Mep 3Be3/Ibl ObLJT MEHBIIIE JECSATU COTHEY -
HBIX paJnycoB, TO MPU TMOEIHN 3BE3bI
oOpa3yeTcsl, TaK Ha3bIBaeMasl, HEMTPOH-
Has 3Be3na. M, XoTs1 HeiTpoHHas 3Be3aa
U HE «OTKPHBIBaeT» ABEPh B IPYTOM CJIOM
TOXIECTBEHHON MEPHOCTH, HO, TEM HE
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MEHEC, OKAa3bIBACT 3HAYUTEJIbHOC BJIMAHNEC HA KAYECTBEHHOE COCTOAHUEC
«CBOETO» CJI05 TOXAECTBEHHOM MCPHOCTH.

Ls, L7, L — MepHOCTM MpPOCTPaHCTB-BCEIEHHBIX, 00pa30BaHHbBIX
CJIUSTHUEM IIECTU, CEMU Y BOCbMHU (DOPM MaTEPHUIA.
Lc — HeliTpoHHas 3Be3/a.

Puc. 2.4.5. «YépHasa avipa». Eciu
W3HaYaJIbHBIN pagnyc 3B€31bl ObLIT O0JIb-
1Ie IeCSITU COJIHEUHBIX, TO, MIPU TUOEIN
TaKOM 3Be3bl, 00pa3yeTcs YEpHas Ablpa.
Macca HeTPOHHOTO BEIeCTBa HACTOIb-
KO BeJIMKa, UTO MPOJABIMBAET MaTpUY-
HOE MPOCTPAHCTBO J0 CJIEAYIOIIEeTO, HU-
KeJiexKalllero MpoCTpaHCTBa-BCEICHHOM.
B HMKHeM ciioe-BceJleHHOM 3aropaeTcst
HoBas 3Be3na. Yepes 3Ty cBoeoOpa3Hyo
JBepb, MaTepusl U3 OJHOTO MPOCTPaHC-
TBa-BCEJEHHO HAUMHAET IepeTeKaTh B
HIDKeJexalllee, IMoJHOCThIO pacnanasich
Ha IepBUYHbIC MaTepUU €€ 0Opa3ylollye.
YMupasi, Matepusi OAHOTO THUIIa TTOPO-
>KIaeT MaTepuIo APYroro TUIIa.

Le, L7, L8 — MEpHOCTH IPOCTPAHCTB-BCEIEHHBIX, O0Pa30BaHHBIX
CJMSIHMEM IIECTU, CEMU M BOCbMU (hOPM MaTEpUid.

Lf — «yé€pHag gpipa».

Puc. 2.5.1. Kaxnas 3Be31a «KMBET» MUUIMAPIHI JIET, TTOCJIE YeTro OHa
«yMHupaeT». B TeueHre 3TUX MWIJIMAPIOB JIET, BELIECTBO 13 IIPOCTPAHCTBA-

BCEJIEHHOW C 00JIbIIE MEPHOCTHIO Lg, yepe3 30Hy CMBIKAHUS MTOIAIAET B
IMIPOCTPAHCTBO-BCEJICHHYIO C MeHbIIIe MepHOCThIO L7. Ilpn sTtoM, 31O

BEIIECTBO CTAHOBUTCSI HEYCTOMYMBBIM U pAcIiafaeTcs Ha IepBUYHbIE Ma-
Tepuu, ero oopasytoiire. CeMb NEPBUYHBIX MATEPUIl CAMBAIOTCSI BHOBb,

00pa3ys GpU3NYECKHU MJIOTHOE BEIIeCTBO MPOCTpaHCTBa-BCceeHHOM L. B

30H€ CMbIKaHUs TaKO ypOBEHb MEPHOCTH, YTO MPOUCXOIUT CUHTE3 aTO-
MOB T€X 3JIEMEHTOB, COOCTBEHHbII YPOBEHb MEPHOCTH KOTOPHIX MTO3BOJISIET
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UM COXPaHUTb CBOIO YCTOWYUBOCTbH. B
BEpXHEI 30HE YCTOMYMBOCTU (PU3UIECKU
IUIOTHOTO BEIIECTBA «HAXOISITCS» TOJIb-
KO, TaK Ha3blBaeMble, JIETKUE DJIEMEHThI
takue, Kak Bogopoa (H) u renuit (He).
[ToaTOMY B 30HE CMBIKAHUS TPOMCXOAUT
CUHTE3 3TUX 2JIeMeHTOB. U He ciiyyaiiHo
OosbllIasl YacTh BellecTBa Haueit Bee-
JIeHHO — Bomopo. B 30He cMbIKaHUs
MPOUCXOIUT aKTUBHBII MPOLIECC CUHTE3a
BOJIOPO/Ia, MACChl KOTOPOI'O U COCTaBJISI-
IOT OCHOBY 3B€31. Tak poxXaaroTcs 3BE3-
IIbl, TAK Ha3bIBa€MbI€, TOTyObIC TUTAHThI.
M3HavanbHasi NJI0THOCTb «<HOBOPOXKIEH-
HBIX» OY€Hb MaJjia, HO B CUJIy TOTrO, 4TO
30Ha CMbIKaHMsI HEOJHOPOAHA IT0 MEPHOCTH, BO3HUKAET INepena (rpaau-
€HT) MEPHOCTH B HAIIpaBJICHUU K LICHTPY. B pe3ybTaTe 3T0r0, MOJIeKyJ/Ibl
BOJIOpPO/ia HAUMHAIOT IBUTAThCS K LIEHTPY 30HbI cMblikaHus. HaunHaercs
MPOLIECC CXKATUsI 3B€3/1bl, B XOA€ KOTOPOT0, INIOTHOCTb 3BE3HOTIO Bellle-
CTBa HAYMHAET CTPEMUTEbHO PACTH.

ITo Mepe pocTa IJIOTHOCTM 3BE3MHOTO BEIIECTBA, YMEHBIIACTCS
00BbEM 3aHMMAEMBblid 3BE3/101 M YBEJIMUMBAETCSI CTENIEHb BIUSIHUS MacChl
3Be3/1bl, KaK Ha YPOBEHb MEPHOCTU 30HbI CMbIKaHMsI, TAK U HA aTOMHOM
ypoBHe. Takum 00pa3oM, COOCTBEHHBII YPOBEHb MEPHOCTH 3BE3/1bl HAUM -
HaeT YMEHBIIIAThCsI, @ BHYTPU CaMOI 3Be3Ibl HAUMHAIOTCS IPOLIECCHI CUH-
Te3a HOBbIX, 00Jiee TSKEIbIX 2JIeMEHTOB. Bo3HUKAeET, Tak Ha3blBaemas,
TEepMOsIIepHas peaklivs 1 3Be3/1a HAYMHAEeT U3/1ydaTh LEeJIbIi CIIEKTP BOJIH,
KaK MoOOYHBIN 3 deKT cuHTe3a 371eMeHTOB. CleayeT OTMETUTh, YTO
MMEHHO Osiarogapsi 3ToMy «I10004YHOMY 3((PEKTY» BOZHUKAIOT YCIOBUS
TUTS 3apOXKIeHMS XU3HU. B 30He cMbIKaHMS TTapajieIbHO ITPOMCXOIST 1Ba
npoliecca: CUHTe3 BOJOPO/Ia IpU pacliajie BellecTBa MPOCTPaHCTBA-BCe-
JIEHHOI1 ¢ 00Jiee BLICOKUM YPOBHEM COOCTBEHHOI MEpPHOCTH (BEIlEeCTBO,
00pa3oBaHHOE CUHTE30M BOCBMM (hOPM MEPBUYHBIX MaTepUii) U CUHTE3 B
XOJ€ TEPMOSIIEPHBIX peaKIMii M3 Bogopoaa 0oJiee TSKEIbIX 2JIEMEHTOB. B
pe3yJibTaTe 3TUX MPOLIECCOB 3Be3/1a YMEHbIIIAeT CBOI 00bEM 1, KaK Clle-
CTBME YBEJIMYEHUS B Macce A0JIM 0oJiee TSKEIbIX, YeM BOJAOPO SJIEMEH-
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TOB, YMEHBIIIAETCSI U YPOBEHb COOCTBEHHON MEPHOCTHU 3Be3abl. UTo, B
CBOIO OYepe/b, YMEHbIIAET 30HY CMbIKaHUA. JIpyrumMu cioBamu, «po-
XIEHHAST» IPYTUM MPOCTPAHCTBOM-BCEJIEHHOM 3Be3/1a, U1l HAIlleTo TPo-
CTpaHCTBa-BCEJIEHHOM, MOCTENEHHO OTIESIETCS OT CBOei «Martepu». He
npasfa Ju, IojaydaeTcs JIoO0OMbITHASI aHAJIOTHS ¢ pa3BUTUEM SMOpPHUOHA
BHYTPU MaTKM, KOT/1a, «COTKAHHbI» U3 KPOBU U IUIOTU MaTePU ILJIOA, MO~
KMIAET JJOHO MaTepy M HAUMHAET CAaMOCTOSITEJIbHYIO XK1U3Hb, TaK U 3B€3/1a,
«POXAEHHAS» TIPOCTPAHCTBOM-BCEJICHHOM IMMOKUIAET «JIOHO MaTepU», KO-
rma e€ ypoBeHb COOCTBEHHOI MEPHOCTU YMEHbIIIAeTCsl, KaK CJAeICTBUE
YBEJIMYECHUSI CTETIEHU BJIMSTHUS HA OKPYXKAIOLIEE MPOCTPAHCTBO. OTHEINB-
LIMCh OT «MaTEPUHCKOTO» MPOCTPAHCTBAa-BCEIEHHOM, 3B€3/1a HAYMHAET
CBOIO COOCTBEHHYIO XXU3Hb — XXM3Hb, KOTOPAsl MTPOI0KACTCS MUJUTUAPIBI
JIET, IO UCTEYEHUM KOTOPBIX, OHA «ymHpaeT». [IpaBaga, 3B€31blI, B CBOIO
ouepelib, YCIEBAIOT «POAUTH» TIJIAHETAPHBIE CUCTEMBI, HA KOTOPBIX UMEET
LIAHC TTOSIBUTHCSI XKU3Hb.

Ls, L7, L — MepHOCTM MpPOCTPaHCTB-BCEIEHHBIX, 00pa30BaHHbIX
CIUSTHUEM IIIECTU, CEMU U BOCbMU (OPM MaTEPUIA.

Lc — 3Be3na.

Puc. 2.5.2. B ipoluiecce cxkatus 3Be-
3/1bl, HapyIIaeTcs OajaHC MEXIy U3JTy-
Yaloueil MOBEPXHOCTHIO U U3JTyYalOlIUM
00bEMOM. B pesyiibrare 4ero nepBUYHbIC
MaTepUH CKAIlJIMBAIOTCS BHYTPU 3BE3/IbI.
HakoruieHre nepBUYHBIX MaTepUii, B KO-
HEYHOM MTOTe, MPUBOIMT K TaK Ha3bIBa-
€MOMY B3pPbIBY CBEpXHOBOIi. B3pbiB
CBEPXHOBO MOPOXKIAET MPOAOJIBbHBIE KO-
Jie0aHUSI MEPHOCTH MPOCTPAHCTBA BOKPYT
3Be3/1bl. BEIOpOIIIEHHBIE B3PBIBOM CBEPX-
HOBOI1 MOBEPXHOCTHBIE CJI0M 3BE3/1bl, KO-
TOpbIE, KCTAaTHU, COCTOIT U3 Hauboiee
JIETKUX 3JIEMEHTOB, MOMNafaaloT B UCKPU-
BJICHUSI MIPOCTPAHCTBA, CO3aHHbIE MPO-
TOJBHBIMU KOJIE0AaHMSIMU MEPHOCTU, BO3HUKILIMMMU TTPU 3TOM B3phiBe. B
STUX 30HAX UICKPUBJIEHUSI IPOCTPAHCTBA, U3 IEPBUYHBIX MAaTEPUIA TPOUC-
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XOOUT aKTUBHBIA CUHTE3 BEIIECTBA, MPUYEM, CUHTE3UPYETCS LEJIbIA
CMEKTP pa3IMYHbBIX JIEMEHTOB, BKJIIOYAs TSLKEIbIE U CBEPXTSKEbIE. YeM
0oJIbIIIE MIEPETTAl MEXITY YPOBHEM COOCTBEHHOI MEPHOCTH 3BE3/IbI U YPO-
BHSIMU COOCTBEHHOI MEPHOCTU 30H MCKPMBJIEHUSI MPOCTPAHCTBA, TEM
0oJ1ee TSKENbIE DJIEMEHTBI B COCTOSIHUM «POJIUTHCS» BHYTPU ITHUX 30H U
TeM 00Jiee yCTOMUYMBBI AT TSDKEIbIE 9JIEMEHTHI. B 3aBUCMMOCTHY OT M3HA-
YaJIbHBIX pa3MepoOB, B T€UCHHUE KM3HU 3BE31bl MOXET ObITh OAWH WU
HECKOJIbKO B3PbIBOB CBEPXHOBOM. [1p1 KaX10M TaKOM B3pbIBE, COOCTBEH-
HbIA YPOBEHb MEPHOCTH 3BE3/1bl YMEHBIIIAETCS, YTO IIPUBOAUT K YMEHBbIIIE-
HUIO CUHTE3a JIETKKUX 3JIEMEHTOB 1 YBEJIMUYECHUIO CUHTE3a TSLKENbIX. B pe-
3yJIBTaTe 3TOr0, IUIOTHOCTh, a CJAEA0BATEbHO, CTENEHD BIUSHUS 3BE3/IbI
Ha OKpyXaroliee Mpo-CTPaHCTBO yBEIUUMBaeTCs. ECiM n3HaYaIbHbIN BeC
3B€3/bl ObLT MEHBIIIE AECITHA COTHEYHBIX, OHa, K MOMEHTY CBOEI «CMEpPTH»
(TToTyXaHHW10) TPEeBPATUTCS B TaK Ha3bIBAEMYIO HEUTPOHHY1O 3Be31y. Eciin
K€, U3HAYAIbHBII BeC 3Be€3/Ibl MPEBBIIIAJ AECSATh COJTHEUHBIX, TO, B KOHLIE
CBOET0 XKM3HEHHOIO MYTH, 3B€3/1a IPEBPALLIACTCS B «<4EPHYIO AbIpY». Heli-
TPOHHBIM OCTAaTOK 3Be31bl (HEMTPOHHOE BELIECTBO MPEACTaBIsSIeT COO0M
TaKyI0 KQ4€CTBEHHYIO CTPYKTYPY (DU3UUECKU TJIOTHOTO BEIIECTBA, MPU KO-
TOPOI TOJILKO HEMTPOHBI, HE UMEIOIINE DJIEKTPUIECKMX 3apsiAoB, 00pasy-
FOT MACCy 3TOTO BEIIECTBA U, B CUJIY 3TOTO, HET «ITyCTOr0» MIPOCTPAHCTBA
MEXIy HUMHU, KaK MEeXIy SIApaMM COCEHMX aTOMOB) HACTOJIbKO CUJIBHO
neopMUPYET OKPYXKAIOIIEE MPOCTPAHCTBO, UTO IPOUCXOAUT MTOSIBJIEHUE
HOBOI 30HBI CMBIKAHHUS, TOJIBKO Y€ C IPOCTPAHCTBOM-BCEJIEHHOM C

MEHbILIUM YPOBHEM COOCTBEHHOI MepHOCTHU L.

Le, L7, L§ — MepHOCTU IPOCTPAHCTB-BCEIEHHbIX, 00pa30BaHHbIX
CJIIMSIHUEM IIEeCTU, CEMU U BOCbMHU (DOPM MaTepUil.

Lc — 3Be3na.
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Puc.2.5.3. BribpollieHHbIE BO Bpe-
MsI B3pbIBa CBEPXHOBOI NIEPBUYHBIC Ma-
TepUU — 4YacTh MacChl caMOil 3Be3/IHl,
BBIOPOIIIEHHOM TIPpY 3TOM, IOMNAaAaloT B
30HBl MCKPMBJICHUSI MEPHOCTU IIpO-
CTPaHCTBA, BbI3BAHHBIC B3pbIBOM. B 30-
Hax neopMaliiy HAYMHAETCS aKTUBHBIN
MPOLIECC CUHTE3a TMOPUIHBIX MATEPUA, 1
3TOT MPOLIECC MPOAOJIKAETCS 10 TEX TP,
Imoka ruOpHuIHbIE MaTepuu COOOI He
KOMITEHCUPYIOT MOJIHOCTBIO Iedhopma-
LIMIO TIPOCTPAHCTBA, B KOTOPOM ITPOMCXO-
JIAT UX CUHTE3. DTO IIPOUCXOAUT ITOTOMY,
YTO TMOPUAHBIC MAaTepPUU CaAMU BIIUSIOT
Ha IMPOCTPAHCTBO, B KOTOPOM OHU HAxXo0-
narcs. [puuém, ecinm u3MeHeHrue MEpHOCTH B 30He AedopMalum Ipoc-
TPaHCTBA, BbI3BAHHOE B3PHIBOM CBEPXHOBOI CUMTATh OTPHMIIATEIBHBIM,
TO TMOpUIHBIC MaTePUU OYIYT BJIUSATh HAa MEPHOCTb IIPOCTPAHCTBA MOJI0-
KUTEJIBHO, YBEJIMYMBAsi MEPHOCTh IIPOCTPAHCTBA B 30HE Ae(OpMaIliH.

Le, L7, L§ — MepHOCTU IPOCTPAHCTB-BCEIEHHbBIX, 00pa30BaHHbIX
CIUSTHUEM IIeCTU, CEMU U BOCbMU (DOPM MaTEPUIA.
L. — 3Be3na.

Puc. 2.5.4. [locreneHHO, BEIIECTBO
B 30HAX MCKPUBJICHUS YILIOTHSIETCS U PO-
>KIAIOTCS TIJIaHEThI. YIUIOTHEHME Belllec-
TBa MMPOUCXOAUT B CUJTY HAJTMUUSI BHYTPU
30H MCKPUBJIEHMS Tiepernaga (rpagreHTa)
MEPHOCTH, HalIpaBJ€HHOIO K LIEHTPY He-
OTHOPOAHOCTHU. YeM Osirzke 30Ha UCKPU -
BJICHUS K 3B€3]I€, TEM Ilepenay ooiee sap-
KO BbIpaxeH. [1oaToMy OnvxkHUE K 3Be-
3/1€ TIJIaHEThl OyAYT MEHbIIEro pasmepa
U coaepkaTh OOJIbIIYIO JOJIO TSIKETBIX
aneMeHTOB. KoTophle, K ToMy Xe 1 6ojiee
YCTOMUYMBBI, TaK KaK COOCTBEHHBIN ypo-
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BEHb 30HbI HEOTHOPOJIHOCTH TJIaHEThI TEM HIUKE, YeM OJIvKe IIaHeTa K
3Be3ae. TakuM 00pa3oM, YCTOMUMBBIX TSKEBIX 3JIEMEHTOB 00JIbIIIE BCETO
Ha MepKypuu M, COOTBETCTBEHHO, IO Mepe YObIBAaHUS JOJIU TSKETBIX
ayneMeHTOB uayT — BeHepa, 3emust, Mapc, IOnutep, CatypH, YpaH,
[1nyToH.

Le, L7, L§ — MepHOCTU IPOCTPAHCTB-BCEIEHHbIX, 00pa30BaHHbIX
CJIUSTHUEM IIeCTH, CEMU U BOCbMU (DOPM MaTEPUIA.
L. — 3Be3na.

Puc. 2.5.5. UckpusieHue mpoc-
TPAHCTBA, B KOTOPOM BO3HMKAIOT YCJIO-
BUS JUIs1 CAUMSIHUSL (DOpPM MaTepuii B Be-
mectBo. IlepBUuUHBIE MaTepuu UMEIOT
CBOM KayecTBa M cBoucTBa. KauectBa n
CBOMCTBA MEPBUYHBIX MATCPUIA UMEIOT
cBou orpaHmuyeHue. Kaxmas KoHKpeTHast
BeJIMUMHA — KOHEYHa, TaK Xe, KaK KO-
He4YHas BeJIMYMHA MUMEET CBOIO (hopMy.
[ToaToMy mist TOro, 4TOOBI TMTPOU3OIILIO
B3aWMOJIECTBUE KOHEYHOUW BEJIUYMHBI
(MepBUYHOI MaTepur) C KOHKPETHBIMU
CBOICTBaMHU U KauyecTBaMU U OECKOHeY-
HOI BeJIMUMHBI (ITPOCTPAHCTBO) C HEMpe-
PBIBHO U3MEHSIIOLIMMUCS CBOMCTBAMU U
KayecTBaMu, HEOOXOAMMO, YTOObI JaHHAsl MaTepus Tonaja B 30HY 3TOTrO
MPOCTPAHCTBA, UMEIOIILYIO aJICKBATHBIE CBOMCTBA U KAYECTBA. A 3TO MOXET
MPOU30MTH TOJBKO B OTPAHUYEHHOM 00BEME 3TOTO IpocTpaHcTBa. [1oaTo-
MY, KOTJ1a TIPU B3PbIBE CYIIEPHOBOI, MPOMUCXOAUT AedopMalivs MPOCTpaH-
CTBa, IMIPOUCXOIUT U UBMEHEHHE B 30HaX JiepopMallii Ka4YeCTB U CBOMCTB
3TOro MpPOCTpaHCTBa. B pesynbrare, B 3TUX 30HAX MEPBUYHBIE MaTepUU
MPOSIBJISIIOT CE0S TO-HOBOMY Y IIPOUCXOJUT CUHTE3 TMOPUIHBIX MATEPUIA.

Puc.2.5.6. Cnusnue ¢opm marepuit A 1 B B 30He UCKpUBJIEHUS
MPOCTPaHCTBa, U 0Opa3zoBaHue BelecTBa Tuna AB. B1o BelecTBo — Ka-
YECTBEHHO OTJIMYAETCsI OT (h)OPM MaTepuii ero oopasylolux, BO3HUKAET
HOBOE KayeCTBO U3 CTapbix KayecTB. [Ipuuém, civsiHue MaTepuil Ipouc-
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XOOUT B OTPAaHUYEHHOM O0BEME, IIe Ma-
pameTpsl popm MaTepuii A u B — Toxne-
cTBeHHBI. TOXIECTBEHHOCTb MapaMeTPOB
MEPBUYHBIX MaTEpUii OOYCIOBJIEHBI TEM,
YTO OHU T0MAJAal0T B 30HY AedopMalin
MPOCTPAHCTBA, BO3HUKIIIYIO TPU B3PbIBE
cynepHoBoO¥. B aToii obactu mpocTpaH-
CTBa U3MEHSIIOTCSI CBOMCTBA M KAYeCTBa, B
pe3yjbTaTe yero rnepBUYHbIE MaTepuH,
HMMEIOIME CBOM KayeCcTBa 1 CBOMCTBA, Ha-
YUHAIOT B3aMMOJIeCTBOBATh MEXIY CO-
0oJi TaM IIe UX CBOMCTBA U Ka4eCcTBa TO-
KIEeCTBEHHBI Apyr apyry. UMeHHo, OJa-
rojapsi TOXXJAECTBEHHOCTH CBOMCTB U Ka-
4ecTB 00J1aCTH MPOCTPAHCTBA U TTEPBUY-

HBIX MaTepUii BOZHUKAIOT HEOOXOAUMBIE YCJIOBUS AJIsI CIUSIHYSI CBOOOTHBIX
MEePBUUYHBIX MaTepuil 1 oOpa3oBaHME TMOPUIHON (OPMBI C HOBBIMU
cBoiicTBaMU U KadyecTBaMu. [Ipuuém, Bo3HMKIIAS B pe3y/bTaTe CUHTE3a
rubpuaHas hopMa cama BiUsIeT Ha MPOCTPAHCTBO, B KOTOPOM HAXOIUTCSI.

Puc.2.5.7. CnusgHue ¢popM matepuit
A, B, C B 30HE MICKPUBJIEHUSI TIPOCTPAHC-
TBa, 1 oOpazoBaHue BenlecTa Tua ABC.
D710 BeuectBo ABC kayecTBEHHO OT-
JIMJaeTcs, Kak oT (popM ero oopas3yoniux,
Tak u ot BeluectBa tTumna AB. Ciaugaaue
OPOUCXOAUT B MEHbIIEM O0BEME, UEM
MpY CIUMSTHUU ABYX (popM MaTepuii Au B,
TaK KakK CBOMCTBA M KauyecTBa TPEX Mep-
BUYHBIX (POPM MaTEpUii TOXKIECTBEHHBI,
COOTBETCTBEHHO, B MEHbIIEM O0bEME
BHYTPU 30HbI UCKPUBJICHUS TIPOCTPAH-
cTBa. B 30He nedopmaliiu mpocTpaHCcTBa
CBOICTBa M KauecTBa MEHSIIOTCS HeIpe-
pbiBHO. [lepBuuHbBIe MaTepuu, Kadec-

TBCHHO COIJIaCOBbIBAsAACh B KOHKPCTHOM 00BEME IIPOCTPAaHCTBA CO34aI0T I'i-
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OpuaHbIe (DOPMBI MAaTepUU, KOTOPbIE BIMSIOT Ha MPOCTPAHCTBO, U3MEHSISI
€ro CBOIMCTBa M Ka4eCTBa, YTO AeIaeT BO3MOXKHBIM HOBOE CIMSIHUE TTIePBUY-
HBIX MaTepuii B Ipyroil KomomHauu. Bo3Hukaer, Tak Ha3bIBaeMasl, o0pat-
Hasl CBsI3b, KOIJIa HOBOE KaueCTBO BJIMSIET Ha Ka4eCTBO €ro MOpoaAUuBIIIEe,
M3MEHSISI €0 M COo3/1aBasi YCIOBMS TSI 3apOKACHMS HOBOTO KauecTBa.

A, B,C, D, E, F, G — ceMb nepBUUHBIX MaTepUii, 00pa3yloIInxX Ha-
11I€ TIPOCTPAHCTBO-BCEJIEHHYIO.

Puc. 2.5.8. Cnusinue ¢popm Mate-
puii A, B, C, D B 30He MCKpUBJIEHUSI TPO-
CTpaHCTBa U 00pa3oBaHME BellleCTBA TUIIA
ABCD. D10 BellecTBO 3aHUMAET 00bEM,
MeHbIMi1, yeM BeliecTBo Tuna ABC mo-
TOMY, UTO CBOMCTBA U Ka4eCTBA UYETHIPEX
(opMm MaTepuii TOKAECCTBEHHBI B MEHb-
1eM o0b€Me BHYTPU 30HbI UICKPUBJICHUS
MPOCTPAHCTBA, YeM MPU CIUSHUU TPEX
¢dopm wmartepmii. I[ubpumgnass dopma
ABCD npocTpaHCTBEHHO pacIiojiaraeTcs
BHYTpu rubpuaHoii popmbl ABC. B cBoro
oyepenb, HOBas TUOpUIHAs MaTepus
BJIMSIET Ha OKpYyXKalolllee MpPOCTPAHCTBO,
co31aBasi KAUeCTBEHHbIE YCJIOBUS [IS1 BO-
3MOKHOCTH CUHTE3a HOBOM TMOpUIHOIM MaTepuu, UMEIOLIEN B CBOEM Ka-
YECTBEHHOM COCTaBe Ha OJHY IepBUYHYIO MaTepuio OoJibiie. [Tpu aToMm,
Kaxaasi HoBasi TMOpUIHasi MaTepus YaCTUUHO HEHTpaan3yeT 30Hy UCKPU-
BJIEHUSI TIpocTpaHcTBa. [IporcXoauT mocTeneHHOe 3aMOHEHUE «SIMbI»
TMOPUIHBIMU MAaTEPUSIMU.

A, B,C, D, E, F, G — ceMb rIepBUYHBIX MaTEPUIi...

Puc. 2.5.9. Ciusinue dpopm marepuii A, B, C, D, E B 30He nuckpubJie-
HUSI TIpOCTpaHCTBa U oopa3oBaHue BelecTBa, Tuna ABCDE. D10 Belec-
TBO 3aHMMaeT 00bEM MEeHbIIUI, yeM BellecTBO Tuna ABCD notomy, uto
CBOIICTBa M KauecTBa MSATU (POpM MaTepuil TOXIECTBEHHbI B MEHbILIEM
00bEME BHYTPU 30HBI MCKPUBJICHMST TIPOCTPAHCTBA, YeM IPU CAUSHUU
yeTbIp€x opm marepuii. [mopuaHas popma ABCDE npocTpaHCTBEHHO
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pacrioyiaraeTcsl BHyTpU TMOpUIHOM hop-
mbl ABCD. B cBoio ouepenb, HOBas TH-
opunHas matepuss ABCDE Bnuser Ha
OKpy:kalollee IMpoCcTpPaHCTBO, CO3aBast
KauyeCTBEHHbIEC YCJIOBUS JJISI BOBMOXKHO-
CTHU CMHTEe3a HOBOW T’MOpUIHON MaTepuu,
MMelolIei B CBOEM KaueCTBEHHOM COCTa-
BE Ha OAHY MEPBUUYHYIO MAaTEPUIO OOJIb-
wie. [1pu aToM, Kaxkmast HoBasi THOpuaHasK
MaTepusl YaCTUYHO HeWTpaausyeT 30HY
WCKPUBJIEHUS nmpocTpaHcTBa. [Ipoucxo-
JIUT TTOCTETIEHHOE 3aIl0JIHEHUE «SIMbI» TH-
OpUIHBIMU MaTEPUSIMMU.

A,B,C,D,E, F, G— cemb nepBuy-
HBIX MaTepuii, 00pa3yoIMX Hallle MPo-
CTPaHCTBO-BCEJIEHHYIO

Puc. 2.5.10. Cnusinue ¢hopm mate-
puii A, B, C, D, E, F B 30He UCKpUBJIEHUS
MPOCTPaHCTBA U 0Opa3oBaHKUE BEllleCTBA
tunia ABCDEF. DTo0 BeliecTBo 3aHUMaeT
00BbEM, MEHBIIIMI, YeM BELIECTBO THUIIA
ABCDE noTtoMy, 4To CBOICTBa 1 Kayec-
TBa 1IECTU (POPM MaTepUid TOXIECTBEH-
HbI B MEHbILIIEM 00bEME BHYTPU 30HBI UC-
KPUBJICHUS IPOCTPAHCTBA, YEM MPU CJIU-
SHUU O9TU hopM Maepuit. [ubpuaHas
¢opma ABCDEF npocTpaHCTBEeHHO pac-
roJiaraeTcsl BHyTpU TMOPUIAHOU (POPMBI
ABCDE. B cBowo ouepenb, HoBasl Tu-
opunHast Mmatepuss ABCDEF Bnusier Ha
OKpyXarolee MmpocTpaHCTBO, CO3/1aBas

KauyeCTBEHHbIEC YCJOBUS [JIsI BO3SMOXHOCTH CUHTE3a HOBOIW T'MOPUIHOM
MaTepuM, UMEIoIIe B CBOEM KaUeCTBEHHOM COCTaBe, Ha OIHY MEPBUYHYIO
Mateputo O6osbure. IIpu a3ToM, Kaxnass HoBasi TMOpUIHAS MaTepusl 4ya-
CTMYHO HEWTpaIM3yeT 30Hy MCKPUBJIECHMUS IpocTpaHcTBa. [Tporcxoaut
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IMOCTETIEHHOE 3aII0THEHUE «SIMbI» THOPUIHBIMU MAaTEPUSIMU.
A, B,C, D, E, F, G — cemb rIepBUYHBLIX MaTEPUIi...

Puc. 2.5.11. CnusgHue ceMu hopm
matepuii A, B, C, D, E, F, G B 30H¢ nc-
KPMBJIEHUSI TPOCTPAHCTBA U 0Opa3oBa-
Hue Beutectsa Tunna ABCDEFG. Dto Be-
11I€CTBO 3aHUMaeT OObEM, MEHBILNH, YeM
BewiectBo TMna ABCDEF nmotomy, uto
CBOIICTBa M KauecTBa ceMu (popM Mare-
puii MOTYT OBITh TOXJIECTBEHHBI B MEHb-
11eM 00bEMe BHYTPU 30HBI UCKPUBICHMUS
MPOCTPAHCTBA, YEM MPU CIUSHUU IIECTU
dopm wmartepmii. I[ubpugnast dopma
ABCDEFG nipocTpaHCTBEHHO pacIioJjia-
raeTcsl BHYTPU TUOPUAHON (HOPMbI
ABCDFE. B cBoro ouepenb, HOBas -
opunHasi Matepuss ABCDEFG BiusieT Ha
OKpYyKalolee poCTPaHCTBO, CO3AaBasi KAYECTBEHHbIE YCJIOBUS 17151 BO-
3MOXHOCTU CUHTEe3a HOBOI TMOpUIHOI MaTepu, UMEIOIIE B CBOEM Ka-
YeCTBEHHOM COCTaBe Ha OJHY MePBUYHYIO MaTepuio 6osblie. [1pu aToMm,
Kaxkaasi HoBasi TMOpUIHASI MaTepUsl YaCTUYHO HEUTpaIM3yeT 30HY UCKPH-
BJIEHMSI TIpoCcTpaHCTBa. [IpoMCXOAUT MOCTeNEHHOE 3aMOJTHEHUE «SIMbl»
TMOPUIHBIMU MaTEPUSIMU.

A, B, C, D, E, F, G — cemb NepBUYHBLIX MaTepuil, 00pa3yoLInX
Hallle IPOCTPAHCTBO-BCEJEHHYIO.

Puc. 2.5.12. I1inanera 3emisi, BOZHUKIIAS B 30HE UCKPUBJIEHUSI TIPO-
CTpaHCTBa B pe3yJIbTaTe MOoCcJIeI0BaTeIbHOTO CIUSHUS ceMU (DOPM MaTe-
puii U IpeacTaBisoniasi Co00 IeCTh MaTepualbHBIX chep pa3HOTo KO-
YeCTBEHHOTO M Ka4eCTBEHHOTO COCTaBa, OTHA BHYTPHU IPYroit. DTH cepol
BMECTE MPEACTABISIOT OAHY CUCTeMY — IIaHeTy 3eMJIsl U HE MOTYT CYIIIe-
cTBOBaTh Apyr 6e3 npyra. [ToaTomMy, Korma paccMaTpuBaloTCs IPOLECCHI,
Mpoucxoasie Ha GU3NIECKOM YPOBHE, HECOOXOIMMO IIOMHUTh, YTO 3TO
TOJIBKO BUIMMAas BEpXyIIKa aiicoepra, KOTOPBIM SIBJIsIeTCS T1aHeTa. BHy-
TpeHHsIs1 chepa, oOpa3oBaHHAsI ceMbio (pOpMaMU MaTepuil ecTb pU3U-
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YeCKHU IUIOTHAs TjIaHeTa 3eMJis.

1. ®usnyecku mjaoTHasa (repBas
MaTepuajibHasi) cepa.

2. Bropast maTepuanbHasi cdepa.
3. TpeTbst MaTepuaabHas chepa.

4. YetBépras maTepuanbHasi cepa.

5. IlsaTast MatepuanbHas cepa.

6. Lllecras MmatepuanbHas cepa.

Puc. 2.5.13. CTpyKTypHBbIil 1 Kaye-
CTBEHHBII cocTaB cep 3eman. Ha atoit
CXeMe HarJsiIHO BUAHO, YTO €CTh 00l1ee
U YeM OTJIMYAIOTCS APYT OT Apyra MaTepu-
anbHble cepnl 3eman. OOLLKe 27eMEHTbI 1

3 4 5 6 7
CO3IAIOT YCIOBUS U B3aumomeicTeus | S
Mexay chepamu 3eMiu, CTeNeHb 3TOro | £
B3aMMOJIEHCTBUS OTpaxKaroT KO3 huLm- ¢
CHTHI 0 N OO0 @@
1. dusnyecku 1mjaoTHas (mepsas S

MaTepuajibHasi) cepa.
2. Bropast maTepuaibHas cepa.
3. Tpetbst MaTepuaabHas cepa.
4. YeTsépras maTepuanbHasi cepa.
5. Ilsarasg maTepualibHas cdepa.
6. lllecras maTepnanbHas chepa.
7. Cnoii HEeMCKPUBIIEHHOTO MTPOCTPAHCTBA.

ol — Koo duiMeHT B3auMOAeCTBUSI MeX1y (DU3NYECKU TIJIOTHOMN
U BTOPOI MaTepuaJbHBIMU chepaMu.
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02 — Koa(puiMeHT B3auMOAEUCTBUSI MeXy (DU3UUYECKU TIJIOTHOMN
U TpeTbeil MaTepuaibHBIMU chepaMu.

03 — Koa(puiMeHT B3auMOAEUCTBUSI MeX1y (DU3UUYECKU TIJIOTHOMN
U YETBEPTOU MaTepuaTbHBIMU ChHEepaMu.

04 — KOoa(ppuiMeHT B3auMOAEUCTBUSI MeXY (DU3UUYECKU TIJIOTHOMN
U MSATOM MaTepuabHBIMU ChepamMu.

05 — Koa(duieHT B3auMOAEUCTBUS MeXy (DU3UUYECKU TIJIOTHOMN
U 11IeCTON MaTepuaaibHbIMU chepaMu.

06 — KOa(puiMeHT B3auMOAEUCTBUSI MeX 1y (DU3NYECKU TIJIOTHOMN
cdepoii 1 cjioeM HEMCKPUBIEHHOTO (Heae(OpMUPOBAHHOTIO) IIPOCTPaH-
CTBa.

h — KauecTBeHHBII Oapbep MexXAy (U3MYECKU TIOTHOM U BTOPOit
MaTepuaJbHbIMU c(pepaMul.

i — KauecTBeHHbIN Oapbep MexXay (U3NUYECKU IUIOTHOM U TpeTheit
MaTepuaJbHbIMU C(pepaMu.

j — Ka4yecTBEHHBIN Oapbep MexX 1y (PU3UUECKU TIJIOTHON U YETBEPTOM
MaTepuaJbHbIMU C(pepaMu.

k — KauecTBeHHBII Oapbep MexKay (pr3MUYECKH TUIOTHOM U TISITOM Ma-
TepUaTbHBIMU ChepaMu.

I — xauecTBeHHBII Oapbep MeXIy (PU3UUECKH TIJIOTHOM U LIeCTOM
MaTepuaJbHBIMU C(pepaMul.

m — Ka4eCTBEHHBII Oapbep MeXKIY
(pusuyecku MIOTHOU cdepoil U cioeM
HEUMCKPUBJIEHHOIO MPOCTPAHCTRBA.

Puc. 2.5.14. I1Ipu cavsiHUM B 30HE
HMCKPUBJIEHUS IPOCTPAHCTBA, CEMb (hOpM
MEePBUYHBIX MaTepHUil 00pa3yloT LIECTh
BUJIOB BEIECTBA, KOTOPBIE OTIIMYAIOTCS
JIPYT OT Ipyra KaueCTBEHHBIM 1 KOJINYe-
CTBEHHBIM COCTAaBOM. DTHU BEILIECTBA CO-
3[IaI0T IIECTh MaTepHUaIbHBIX cep, OMHa
BHYTPH JIPYTOii, KOTOPHIE BBI3BIBAIOT BTO-
PUYHOE BBIPOXICHUE ITPOCTPaHCTBA (1C-
KPMBJICHHE) U HEWTPAJIU3YIOT [IEPBUYHOE
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WCKPUBJIEHHE ITPOCTPAHCTBA, B KOTOPOM ITPOMCXOIMIIO CITUSTHUE DTUX CE-
mu ¢opM maTepuii. [Toce 3aBepiieHusI 00pa3oBaHUs TJIAHETHI, TPOMC-
XOIUT pacrajg HEKOTOPOIi YaCTH BEIIECTBA, YTO BHOBb CO3MAET YCIIOBUS JUIST
CHHTE3a BellleCcTBa U3 CBOOOIHBIX (pOpM MaTepuii, BO3HUKAET KPYroooo-
pOT BellleCcTBa.

1. ®usnuecku IoTHas (nepBast MaTepuaabHas) cdepa.

2. Bropast maTepuaiibHas cepa.

3. TpeTbst MaTepuaabHas chepa.

4. YerBépTasg MaTepuanbHas chepa.

5. Igaras matepuanbHas cdepa.

6. lllecras maTepunanbHasg chepa.

Puc. 2.5.15. Ilocne 3aBepiieHUs
npoiecca (GoOpMUPOBAHUS TJIAHETHI,
MepPBUYHBIE MAaTEPUU TIPOAOJIKAIOT «BTE-
KaTb» U «BbITEKaTh» U3 30HbI HEOJHOPO/I -
Hoctu. [MGpuIHbIe (hOpMBI MAaTEPUU, BO-
3HUMKILME B pe3yjbTaTe CUHTe3a U3 IMep-
BUYHBIX, KOMIIEHCUPYIOT Teperna Mep-
HOCTH B 30HE HEOAHOPOJHOCTU, HO HE
«youparT» ero. IloaToMy, Kak mpoTou-
Has BojAa IPOJOJKAeT BTeKaTh U BbITE-
KaTh B BOJOEM, TOAAEPXKUBAsI €r0 ypo-
BEHb, TaK U MIEPBUYHBIE MATEPUH, MTOCTIE
3aBeplIeHus GOPMUPOBAHUS TIJIAHETHI,
MPOJOJIKAIOT BTe€KAaTh M BHITEKATh U3 30-
HbI HeOAHOpPOAHOCTU. B cuity Toro, 4to
TJTAaHETa YaCTUYHO TePSIET CBOE BELIECTBO B OCHOBHOM B BUII€ Ta30BOTO
nieida n paamoakTMBHOIO pacnana 3JeMEHTOB, IPOUCXOAUT HE3HAUU -
TeJIbHbI TOMOJHUTENbHBIM CUHTE3 (DM3MUECKHU TIJIOTHOTO BEllecTBa U
OanaHC, TaKuM 00pa30oM, BOCCTaHaBJIMBaeTCs. BHYTpu miaHeTapHOM 30HbI
HEOJTHOPOJHOCTU CYIIECTBYET MHOXECTBO MEJKUX HEOIHOPOJHOCTEN,
KOTOPBIC BIMSIOT Ha «ITPOTEKaIOIIe» Yepe3 HUX IIepBUYHbBIC MaTepUH, B
pe3yJbTaTe 4ero, KaXKablii y4acTOK MOBEPXHOCTU MPOHU3BIBAIOT IMTOTOKU
MEePBUYHBIX MAaTEPHUil B OMpeeIEHHOM MPONOPLIMOHAIBHOM COOTHOIIIE-
Huu. B pe3ynabrate 3TOr0, B 3aBUCMMOCTU OT KOHKPETHOTO pacIpeesie-
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HUSI, TPOMCXOIUT CUHTE3 T€X UM MHBIX 3JIEMEHTOB, IpU (DOPMUPOBAHUN
IU1aHeThl. UMEHHO 3TO SIBJsIETCSI MPUYMHONM 00pa3oBaHUs 3ajexkeil Tex
WJIM UHBIX 3JIEMEHTOB B pa3HbIX yYacTKaX KOPhI ¥ Ha pa3IMYHOM TJIyOUHE.
N, xorna aTu 3aeu BbIpadaThIBAIOTCS, HA TOM MECTE BO3ZHMKAET HEO/I-
HOPOJIHOCTb MEPHOCTH, YTO MPOBOLIMPYET CUHTE3 TeX K€ 3JeMEeHTOB. [1o
3aBepllIeHUI0 CMHTE3a, OajJaHC MEpHOCTU BoccTaHaBiMBaeTcs. IlpaBaa,
BOCCTaHaBJIMBAIOIIN1 0aJJaHC CUHTE3 MOXKET IMPOJ0IXKATBCS COTHU, a M0~
PO¥i ¥ TBICSIUM JIET, ¥ pe3YJIbTaThl €r0 MOTYT YBUIETh TOJIBKO MOCIEIYIOIINE
noxkoJieHus1. Takum oOpa3oM, KaXIblil y4acTOK MOBEPXHOCTU IJIAHEThI
MMPOHU3BIBAETCS B TOM WJIM MHOM HaIlpaBJICHUU ONpeeIEHHOM CyTepro-
3ulMel (MPOMOPLUOHATIBLHBIM COOTHOIIIEHEM) TIEPBUYHBIX MaTEpUIA.
Bocxoasiiye moToku nepBUYHBIX MaTepuii, TPOHU3bIBAIOIIME TOBEPX-
HOCTb, CO3/1al0T, TaK Ha3bIBAEMbIE, TTOJI0XKUTEIbHbIE TEOMAarHUTHBIE 30HBI,
B TO BpeMsI KaK HUCXOJSIIEe — OTpULIaTeIbHbIE.

1. Slnpo naaHeTHl.

2. [Tosic Marmal.

3. Kopa.

4. ATmocdephl.

5. Bropast maTepuanbHasi cdepa.

6. Llupxynsius mepBUYHBIX MAaTEPHil Yepe3 TIOBEPXHOCTh IJIAHETHI.

7. OTpuLaTeIbHbIE FTEOMAarHUTHbBIE 30HbI (HUCXOISIINE TTOTOKU Iep-
BUYHbBIX MaTEpUil).

8. I[NonoxuTenbHbIe FTeOMarHUTHBIE
30HbI (BOCXOSIIINE MTOTOKU MePBUYHBIX
MaTepuii).

Puc. 3.2.1. Eciv npenctaButh nep-
BUYHBIC MaTepPUU OJHOIO TUIIA B BUIE
Pa3HOLIBETHBIX KYOMKOB OHOTO pa3Me-
pa, To, B 3TOM cJly4yae, B3aMMOAEeHCTBUE
MMPOCTPAHCTBA U MEPBUYHBIX MaTepuii
MOKHO MPEJACTaBUTD B CJICAYIOIIEM BUIE.
Kaxknas mepBruHast MaTepysi UMeeT CBOU
KOHKpPETHbIE CBOMCTBA U KayeCcTBa, 1103~
TOMY, JUISI TOTO, YTOOBI OHA B3aUMOJIEi -
CTBOBAJIa C ITPOCTPAHCTBOM, HEOOXOIMMO

302



OrnucaHue pUCyHKOB

M3MEHEHME CBOMCTB M KauyeCTB MPOCTPAHCTBA A0 TeX IMOp, ITOKA OHU He
CTaHYT TOXIECTBEHHBI CBOMCTBAM 1 KaueCTBaM JaHHOI MEPBUYHON Ma-
Tepuu. J1j1s1 TOro, YToObI MPOM3OIILTM U3MEHEHUSI CBOMCTB U KaYECTB ITPO-
CTpaHCTBa, HEOOXOMMO BO3MYIIIEHHME 3TOrOo IMpocTpaHcTBa. [1ono6Hoe Bo-
3MyIlleHUE TTPOUCXOAUT IPU B3pbIBE CBEpXHOBOI. [1poaosibHbIE KObLIE-
BbI€ BOJIHBI BO3MYILIEHUSI MEPHOCTHY ITPOCTPAHCTBA paCIPOCTPAHSIIOIIECS
OT BMUILEHTPA B3PbhIBA CBEPXHOBOM M CO3[JaIOT HEOOXOAMMBIE YCIOBUS
1151 TIOSIBJIEHUSI HOBOTO KaueCTBa — TMOPUIHBIX MaTepuil. BosiHbI BO3MYy-
LLIEHKST MOTYT MMETh pa3HyI0 aMIuinTyay. Eciin aMminTyna Bo3MyIeHUs
MEPHOCTH ITPOCTPAHCTBA coM3MepuMa ¢ Koa(pPUuImeHToM KBaHTOBaHUS

AL = i, TO, TOJJbKO OHAa MEePBUYHAsI MaTepusi A «pe30HUPYET» C TPO-
CTPaHCTBOM, U HOBOTO KayecTBa He 00pa3yeTcsl.

Puc.3.2.2. Eciu amMruintyaa Bo3my-
IIEHKUSI MEPHOCTH TTPOCTPAHCTBA, BO3HUK-
111as1 TIPY B3PbIBE CBEPXHOBOM, TPOMOPIIM-
OHaJIbHa KO3(P(PULIMEHTY KBAHTOBAaHUS,
Kak BesimunHa AL = 2 vi, To, Torna 1se nep-
BUYHBIC MaTepu A 1 B «pe3oHupyor» ¢
MPOCTPAHCTBOM, M BO3HMKAET HOBOE Kaye-
cTBO — TuOpuaHas marepuss AB. Ilpu
3TOM, TMOpUIHas (popma cama BIUSIET Ha
MPOCTPAHCTBO U HEUTpaau3yeT MOJHOC-
THIO 30HY AehopMalLiMi MPOCTPAHCTBA, B
KOTOpPOM OHa Bo3HUKJIa. CHHTe3 TMOpU/I-
Hoit (popmbl MmaTepun AB B 30He HEOTHO-
POIHOCTH MPOCTPAHCTBA MPU ITOM KaK Obl
«3aMOpaXk1MBaeT» 3Ty 30HY HEOTHOPOTHO-
CTH, CO3aBasl CTOSTYYIO BOJIHY MEPHOCTH B IIpocTpaHcTie. [1pu aTOM, cucrte-
Ma BO3BpAlLIaeTCsl K YCTOMYMBOMY COCTOSIHMIO, KOTOPOE ObLIO 0 MPUXOoaa
MPOAOJIBLHOI BOJHBI BO3MYILIEHUSI MEPHOCTHU TTpocTpaHcTBa. BoccTaHoBe-
HME PaBHOBECUSI CTAHOBUTCSI BO3MOXKHBIM TOJIBKO IPU BOBHUKHOBEHUHU CTO-
SIYMX BOJIH MEPHOCTH, 32 CUET TMOPHIHOI MaTep1U U HOBOE YCTOIMYMBOE CO-
CTOSTHME ITPOCTPAHCTBA KAYeCTBEHHO OTJIMYAETCS OT IIEPBOHAYAJILHOIO, I10-
SIBJICHUEM TMOpUIHOM MaTepuu. JIpyrimMu cjioBaMu POCTPAHCTBO, J10 B3PbI-
Ba CBEPXHOBOI 1 MOCJIE B3pbIBa, KAUECTBEHHO OTJIMYAIOTCS APYT OT Apyra.
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Puc. 3.2.3. Ecnu ammiuirtyna Bo3my-
IIEHUS MEPHOCTU TMPOCTPAHCTBA, BO3-
HUKIIIasl TIpU B3pbIBE CBEPXHOBOI, MPO-
MopIHUOHaIbHA KO DUILIMEHTY KBAHTO-
BaHus, Kak BeamurHa AL = 3 vi, To, Torna
Tpu nepBUUYHbIe MaTepun A, B 1 C «pe3o-
HUPYIOT» C IPOCTPAHCTBOM, M BOBHMKAET
HOBOE KayeCTBO — THOpMIHAsI MaTepusl
ABC. I1pu saToM, rubpuaHas ¢popma cama
BJIMSIET HA TIPOCTPAHCTBO U HEUTpaIU3yeT
MOJIHOCThIO 30HY Jedopmauuu Mmpoc-
TPaHCTBa, B KOTOPOM OHa BO3HHUKJA.
Cuntes rubpuaHoii mateprun ABC B 30He
HEOJHOPOJHOCTU MPOCTPAHCTBA, HEi-
Tpaau3yeT 3Ty HEOTHOPOJHOCTh, CO3/1a-
Basi, KaK 3TO YK€ OTMeYajIoCh, CTOSUYIO BOJTHY MepHOCTHU. [IpocTpaHCcTBO
BO3BpalIAeTCs K COCTOSIHMIO paBHOBecusi. Ho, mpu 3ToM, 3TO cocTOsIHUE
paBHOBecHsI OYAET OTJIMYATHCS OT J0OOro APYroro, Tak Kak aMILIATyAa
CTOSTYEIT BOJIHBI MEPHOCTHU OYJET OTJIMYATHCS OT aMILTUTYI APYTUX CTOSTIMX
BOJIH B 9TOM ITpOCTpaHCTBe. Tak Kak, eCJIM 3aChllaTh BCE SIMbI Ha 1I0POTe,
TO 9TO He OyneT 03HavyaTh, YTO SIMbI UCUE3JIU WU YTO OHU COBEPILIEHHO
OJIMHAKOBbIE, XOTsI ObI IOTOMY, UTO, YTO-
ObI MOJTHOCTBIO 3aChINaTh SIMbl pa3HON
MIYOMHBI TOTPeOyeTCs pa3HOE KOJUYEC-
TBO IIEOHS WX Yero-HuOyIb APyroro.

Puc.3.2.4. Ecau ammnuTyna BO3My-
IIEHUS MEPHOCTU TMPOCTPAHCTBA, BO3-
HUKIIIasl TIpU B3pbIBE CBEPXHOBOI, MPO-
MOpIHMOHAIbHA KO3 DUILIMEHTY KBAHTO-
BaHus, Kak BeamurnHa AL = 4 vi, To, Torna
yeTblpe nepBuYHbIe MaTepun A, B, Cu D
«PE30HUPYIOT» C MPOCTPAHCTBOM, U BO-
3HMKAeT HOBOE KaueCTBO — TMOpHUIHAS
matepust ABCD. I1pu stom, rubpuaHas
(opMma cama BaMsIET Ha IPOCTPAHCTBO U
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HEeUTpalImn3yeT MOJTHOCThIO 30HY AedopMaliny IIPOCTPaHCTBA, B KOTOPOM
oHa Bo3HMKJI1a. CuHTe3 ruopuaHoii Mateput ABCD B 30He HEOTHOPOIHO-
CTU MPOCTPAHCTBA HEUTpaIM3yeT 3Ty HEOTHOPOMTHOCTb, CO3MaBasi, Kak
3TO YK€ OTMEYAaJIOCh, CTOSTYYIO BOJIHY MepHOCTH. [IpocTpaHCTBO BO3Bpa-
IaeTCsI K COCTOSHUIO paBHOBecust. Ho, Tpu 3TOM, 3TO COCTOsSIHKE paBHO-
Becus OyJIeT OTJIMYATHCS OT JIFOOOTO APYTroro, Tak KaK aMILIMTyAa CTosTuei
BOJTHBI MEPHOCTHU OYJIET OTJIMYATHCS OT AMILUIUTY/ IPYTUX CTOSTIMX BOJIH B
3TOM ITPOCTPAHCTBE.

Puc.3.2.5. Eciu ammniutyna BO3My-
LIEHNUSI MEPHOCTU MPOCTPAHCTBA, BO3-
HUKIIAs TIPU B3PbIBE CBEPXHOBOI, MPO-
nopLUOHabHA KOA3(MOUILIMEHTY KBAHTO-
BaHus, Kak BeamunHa AL = 5 vi, To, Torna
nsaTh nepBuYHLIX MaTepuii A, B, C, Du E
«PE30HUPYIOT» C MPOCTPAHCTBOM, U BO-
3HUKAEeT HOBOE Ka4eCTBO — TUOpuIHAs
matepusi ABCDE. I1pu aToM, rubpuaHast
(¢opma cama BIMSIET HA IPOCTPAHCTBO U
HeUTpan3yeT MOJHOCThIO 30HY Aedop-
MalMU IPOCTPAHCTBA, B KOTOPOM OHA BO-
3HukJIa. CUHTE3 TUOPUIHON MaTepuu
ABCDE B 30He HEOJHOPOIHOCTHU TIPO-
CTpaHCTBa HEUTPATU3YET 3Ty HEOTHOPO/I -
HOCTb, CO3[aBasi, KaK 3TO YK€ OTMeYajoCh, CTOSIYYIO BOJHY MEPHOCTH.
ITpocTpaHcTBO BO3BpalllaeTcs K COCTOSIHMIO paBHOBecus. Ho, ripu aToMm,
3TO COCTOSIHME PaBHOBECUSI OYIeT OTJIMYAThCS OT JII0OOT0 IPYroro, Tak Kak
aMIUIMTYyJa CTOSTYE BOJHBI MEPHOCTU OYIAET OTJIMYATHCS OT aMIUIUTYI
JIPYTUX CTOSTYMX BOJIH B 9TOM IIPOCTPAHCTBE.
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Puc.3.2.6. Ecu ammiutyna Bo3my-
IEeHUsT MEPHOCTH IMPOCTPAHCTBA, BO-
3HMKIIIAsI IPU B3pHIBE CBEPXHOBOI, IPO-
MopIHUOHaIbHA KO DUILIMEHTY KBAHTO-
BaHUsl, Kak BesimunHa AL = 6 yi, To, Torna
1ecTh nepBUUHBIX MaTepuii A, B, C, D, E
u F «pe3oHupyoT» ¢ MpOCTPaHCTBOM, U
BO3HUKAET HOBOE KAYECTBO — TMOpUIHAS
matepust ABCDEF. I1pu atom, rubpui-
Hasl ¢hoopMa cama BIIMSIET Ha IPOCTpaH-
CTBO M HEWTpaau3yeT MOJHOCTbIO 30HY
JecdopMalMy TPOCTPAHCTBA, B KOTOPOM
oHa Bo3HUKJa. CuHTE3 TMOPUIHOI MaTe-
puu ABCDEF B 30He HEOTHOPOIHOCTHU
MPOCTPAHCTBA HEWUTpaAIU3yeT 3Ty HEOll-
HOPOIHOCTb, CO3[aBasi, KaK 3TO Y€ OTMEYaIOCh, CTOSUYIO BOJHY Mep-
HocTu. [1pocTpaHCTBO BO3BpalliaeTcsl K COCTOSIHMIO paBHOBecus. Ho, mpu
3TOM, 3TO COCTOSIHME paBHOBECHsI OYAET OTJIMYAThCS OT JIIOOOTO IPYTOro,
TaK KaK aMIUIUTYa CTOSTYEH BOJIHBI MEPHOCTU OYIET OTJIMYATHCS OT aM-
IUTUTY]I IPYTUX CTOSTYMX BOJIH B 3TOM IIPOCTPAHCTBE.

Puc.3.2.7. Eciiv amMniinTyna Bo3my-
LIEHUS MEPHOCTHU IIPOCTPAHCTBA, BO-
3HMKIIIas [IPU B3pBIBE CBEPXHOBOI, ITPO-
MopLMOHabHA KOA(MOUIIUEHTY KBAHTO-
BaHus, Kak BesimunHa AL =7 yi, To, TOrIa
cemb nepBuYHbIX MaTepuii A, B, C, D, E,
F u G «pe30oHUpyI0T» C IPOCTPAHCTBOM, U
BO3HMKAET HOBOE Ka4eCTBO — TMOpUIHas
matepusi ABCDEFG. I1pu aToM, rubpu-
Hag ¢opma cama BIMSET Ha MPOCTpaH-
CTBO M HEUTpaM3yeT MOJHOCTbIO 30HY
nedopMaly IIPOCTPAHCTBA, B KOTOPOM
oHa Bo3HUKJ1a. CMHTE3 TMOPUAHOI MaTe-
pur ABCDEFG B 30He HEOZHOPOIHOCTH
MPOCTPAHCTBA HEUTPAIU3YeT 3TY HEO-
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HOPOIHOCTb, CO3[1aBasi, KaK 3TO YK€ OTMEUaI0Ch, CTOSTYYIO BOJIHY MEPHO-
ctu. [IpocTpaHCTBO BO3BpaIaeTcsl K COCTOSIHMIO paBHOBecusi. Ho, mpu
9TOM, 3TO COCTOSTHAE PaBHOBECHS OYAET OTJIMYATHCS OT JII0OOT0 IPYroro,
TaK KaK aMIUIUTYJa CTOSTYEH BOJIHBI MEPHOCTU OYIET OTJIMYATHCS OT aM-
IUTATY]I IPYTUX CTOSTYMX BOJIH B 3TOM IIPOCTPAHCTBE.

Puc.3.2.8. Ecu ammniuTyna BO3My-
IIEHNUSI MEPHOCTU IPOCTPAHCTBA, BO-
3HMKILAS [IPY B3PbIBE CBEPXHOBOIA, MIPO-
MopLMOHaIbHA KO3 OUIIUEHTY KBAHTO-
BaHUs, Kak BesnunHa 6 yi < AL < 6,9 vi,
TO TOT/Ia CeMb ITepBUYHBIX MaTepuii A, B,
C, D, E, F u G He MOTYT «pe30HUPOBaTh»
C MPOCTPAHCTBOM, 1 HE BOZHMKAET HOBOE
KayecTBO — rudpuaHast matepust AB-
CDEFG. I1pu naHHBIX YCIOBUSIX, TOJIBKO
IIeCTh TIEPBUYHBIX MaTepUil MOTYT
CJIUTHCSI ¥ 00pa3oBaTh TMOPUIHYIO Ma-
tepuio ABCDEF. Kaxnas nepBuuHast
MaTepusi UMeeT CBOU KOHKPETHBIE CBOI-
CTBa M KayecTBa M HE MOXET B3au-MO-
JIeICTBOBATH C IPYTMMU YaCTUYHO KaKOM-IM0O CBOEH 4acThlO, a TOJIBKO
neaukoM. Kak He MoXeT ObITh 1101 YeJIOBEKa WJIM YETBEPTh UesIoBeKa, TaK
KaK, 4eJIOBEK IPeACTaBJIsSICT COOOM eAUHBII XXMBOI OPraHu3M, BCe KIETKHU
KOTOPOTro paboTarT BMECTe, 00ecneunBas yCJIOBUS KU3HEIESITETbHOCTU
opraHmsma B 11eJioM. TaKk ¥ mepBUYHBIE MAaTePUU HE MOTYT B3aUMOICH -
CTBOBATh TOJIBKO YaCThIO CBOET0 KaKOro-HUOYIb CBOMCTBA MU KaUeCTBa,
a TOJIbKO «1IeJIbIM» CBOMCTBOM MJIM KauyecTBOM. TakuM oOpa3oM, HabJI1o-
JlaeTCsl KBAHTOBAHME TIPOCTPAHCTBA T10 MEPBUYHBIM MaTEePUSIM.
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Puc. 3.2.9. B npoctpaHcTBe 1TOCTO-
SIHHO MPUCYTCTBYIOT HE3HAUYUTEIbHbIE
KoJieOaHMsI MEPHOCTU MPOCTpPaHCTBa,
MPENCTABISIONINE COOON pPETUKTOBBIE
M3y4YeHUs] KOCMOCa, KOTOphIE MpeacTa-
BJISIIOT COOOM OTTOJIOCKM B3PbIBOB CBEPX-
HOBBIX, KOTOPbI€ MPOM30LLINA MUJLIAAP-
JIbl U MUJUTUAP/BI JIET HA3a WA U3JTyYe-
HUS YX€ yMUpalolux 3BE3a. Bce atu
MU3YYEHMS CO31aI0T CBOEOOPA3HBI MPO-
CTpaHCTBEHHBIN «(poH». Y mosaToMy npu
CUTYyall1U, KOT/a 30Ha 1ehopMaliuy Mep-
HOCTHU MPOCTPAHCTBA JIEXKUT B AUANa30HE
6 vi< AL < 6,9 vi, peIMKTOBbIE U3JTyYeHUS
MPOCTPAHCTBA, HECYLIWE HE3HAUUTEb-
HbIE KOJIeOaHUsI MEPHOCTU MPOCTPAHCTBA, BHICTYNAIOT B POJIU «ITAJIOUKHU -
BbIpyuYasiouku». HajoxeHue (Cyrnepno3uiins) aMIuIMTy 1 KojieOaHust Mep-
HOCTH, KOTOPO€ OHM TPUHOCST C COOOI, HA MEPHOCTh MPOCTPAHCTBA B
JTAHHOW TOYKE MPOCTPAHCTBA, BPDEMEHHO Ha KaKOe-TO BpeMs OyIyT co3aa-
BaTh YCJIOBUS /ISl CIMSTHUSI CEMU MMEPBUYHBIX MATEPUIA.

Puc. 3.2.10. [Tocne npoxona ¢ppoH-
Ta BOJIHBI 4epe3 JaHHYI0 TOYKY MpocC-
TpaHCTBa, MEPHOCTh MPOCTPAHCTBA BO3-
BpalllaeTcs K YPOBHIO, KOTOPBIA ObLT 10
npuxoja (poHTa BOJHBI U HEOOXOAUMBIE
YCJIOBUSI ISl CUHTE3a CeMU MEPBUYHBIX
MaTepuil UcYe3aloT, U TMOpUIHASI MaTe-
puss ABCDEFG pacrniagaercst Ha nepBUY-
Hble MaTepuu. HoBbIII (PpOHT BOJHBI
BOCCTAHABJIIMBA€T HEOOXOAMMBIE ISl
CMHTEe3a YCJIOBUS, U BCE MOBTOPSIETCS
BHOBb. [nOpuaHasa matepusi ABCDEFG,
(pu3Myecky MJIOTHOE BEIIECTBO, HAXO-
JUTCSI B COCTOSIHUM MEPLIAHMSI, KOTOPOE
SIBJISIETCSI TIOTPAHUYHBIM COCTOSIHHEM
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(pr3MUecKM IIOTHOM MaTepUU U €CTh HU UYTO MHOE, KaK TaK Ha3bIBaEMblIiA,
BJIEKTPOH. IMEHHO MO3TOMY 3JIEKTPOH 00JamaeT AyaJbHbIMU (IBOW-
CTBEHHBIMM) CBOMCTBaMMU, KaK BOJIHBI, TaK 1 YaCTHUILIbI. B mpuHIIMIIE 3/1€K-
TPOH HE SIBJISIETCSI HU OTHUM, HU JIPYTUM, a SIBJISIETCSI MOTPaHUYHOM pop-
MO MaTCpUMN.

Puc.3.2.11. IIpu o6pazoBaHusd sapa
aToMa, BOZHMKAIOT BO3MYILIEHUSI MEPHO-
CTU ITPOCTPAHCTBA, AaHAJIOTUYHbIE BOZHU-
KalOIMM TIpY B3pbIBE CBEPXHOBOI, TOJIb-
KO BCE MPOMCXOIUT Ha YPOBHE MUKPO-
npoctpaHcTBa. KoblieBbie BOJTHBI BO-
3MYIIEHUS MEPHOCTU MUKPOIIPOCTPaH-
CTBa, cOo37aBaeMble SIIPOM aToma, J0-
BOJIbHO OBICTPO 3aTyXaloT 1 YeM MEHbIIIE
SIAPO aToMa, TeM ObICTpee MPOUCXOAUT
aTo 3aryxaHue. Ho, TeM He MeHee, BO-
3HMKAIOT OJIHA WJIM HECKOJIbKO 30H Jie- L
(opmanimy MUKPOIPOCTPAHCTBA JJISI
CIMSIHUSI CEeMU TIEPBUUHBIX MaTepuit
ABCDEFG. CnusiHue ceMu NEepBUYHBIX
MaTepuii MPOUCXOAUT B BUIE IMTOrpaHUYHOMN (hOpMbI (DU3NUYECKU TLIOTHOM
Marepuu. [1pu 3TOM BOKPYT siipa 00pa3yroTCsl CTOSTYME BOJIHBI MEPHOCTHU
MMKPOIIPOCTPAaHCTBA. B cuiy Toro, 4ro Ha ypoBHE MUKPOIIPOCTPAHCTBA
MOCTOSIHHO TIPUCYTCTBYIOT MUKPOCKOIIMYECKHE KOJIeOaHUsI MEPHOCTHU
MUKPOIIPOCTPAHCTBA, MPOUCXOISIT MePUOANIYECKUE U3MEHEHUST YPOBHS
MEPHOCTH B TOI WJIM MHOI 30HE CTOSIYeli BOJTHBI MEPHOCTH aTOMa.

1. IlepBas pa3peliéHHass opOuTa JIEKTPOHA.

2. Bropas pa3peni€HHass opouTa 3JIeKTpOHa.

3. DJIEeKTpoH.

Puc.3.2.12. B cuity Toro, 4To Bce M3BECTHBIE U3TYYEHUSI CYIIIECTBYIOT
B BUJIe MOPLIMI — (DOTOHOB — TIOCJIEAHNE, TPU CBOEM IBMXKEHUM B MPO-
CTPaHCTBE, BIUSIOT TOJBKO HA Ty MJIM MHYIO YaCTh MUKPOIIPOCTPAHCTBA,
B 3aBUCUMOCTH OT JIJIMHBI BOJTHBI JaHHOTO (hoToHa. Bo3MyIieHre MmepHO-
CTHU IPUBOIUT K TOMY, YTO TTIOTpaHUYHas (popMa MaTepPUU — DJIEKTPOH —
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CTAaHOBUTCSI HEYCTOMYMBBLIM U paclaaa-
€TCsl Ha TiepBUYHbIe MaTepuu. [Tpu aToMm,
MPOUCXOIUT MUKPOCKOITMYECKII B3PBIB,
BCSI DHEPIusi KOTOPOTO YXOAUT Ha co3/1a-
HUE OMHOro (poTOHA. DJIESKTPOH UCUYE3aeT
C JTAHHOM 2JEKTPOHHOI OpPOUTHI U HE
TOJIbKO C OpOuUTHI. JlaHHBII 2J1EKTPOH
MPOCTO MEPECTAET CYIIECTBOBATD, «YMHU-
paet». IIpomoaXKUTEIbHOCTh KU3HU
BJIEKTPOHA COCTABJISIET TPUJUTMOHHBIE J10-
u cekyHawl. [Tocne «cMepTu» 31eKTpo-
Ha, Ha €ro MecTe MOSIBISIETCS «BaKaH-
cus». Jleao B TOM, 4YTO HaJTMUME JIEKTPO-
Ha CO3[1a€T 30HY CTOsTYEii BOJIHBI Ha JaH-
HOI 2JIEKTpOHHOM opoute atoMa. ITocie
«CMEPTU» 3JIEKTPOHA, 3TA 30HA CTAHOBUTCS HEYCTOMUYMBOM aKTUBHOM, TaK
KaK YpOBEeHb COOCTBEHHOI MEPHOCTHU 3TOU 30HbI CTAHOBUTCS BBIIIIE YPO-
BHsI COOCTBEHHOI MEPHOCTH aToMa B LieJioM. Bo3HuKIIMi1 TakuM 00pa3zom
MUKPOCKOIUYECKU I TTepel MEPHOCTHU CO3MAET «JIOBYLIKY 11 (DOTOHOB».

Puc. 3.2.13. BakaHTHas 21€KTPOH-
Has 30Ha HE OCTAaETCd CBOOOIHOM «IOJI-
roe» BpeMsi. B¢c€ nmpocTpaHCTBO OyKBasb-
HO HaCBIILIEHO MUKPOCKOITMYECKUMMU KO-
JIe0aHUSIMUA MEPHOCTHU, KOTOPbIE, B 00J1b-
IIIMHCTBE CBOEM, TPEACTABISIIOT COOO
XaOTUYECKMEe M3JIy4YeHUsI DJIEKTPOHOB
Bceid BecenenHoii. IlpoucxoauT norjo-
1IEHUEe OJHOI0 M3 3TUX (POTOHOB U PO-
XKIAETCS HOBBIM 2JIEKTPOH B TOM Xe ca-
MOI1 30He nechopMaliud — JIEKTPOHHOM
opoute. Ilpouecc cMepT U poxKAEHUS
3JIEKTPOHA MPOMUCXOAUT TaK OBICTPO, YTO
CO3Ma€TCs UJUTIO3USI MEPLIAHUST OTHOTO U
TOTIO 3Ke 3JiIeKTpoHa. B cuity Toro, uro Bo
BpeMsI (pa3bl BAKAHTHOTO 2JIEKTPOHA, IIPUCYTCTBYET U paadaIbHBIN ITepe-

310



OrnucaHue pUCyHKOB

Maj MEPHOCTU BHYTPU 30HBI HEOTHOPOIHOCTH, POKIEHNE HOBOTO JI€K-
TPOHA MPOUCXOIUT HE B TOM XK€ CaMOM MECTe, Tl Mcue3 Mpeabl Iyt
a71eKTpoH. [ToaToMy Kaxk1oe HOBOE POXIEHUE IEKTPOHA MTPOUCXOAUT B
HOBOM MecTe. B pesyiibrare, BO3HHUKAET Meplaloliiee IBMXKEHUE 3JIeKTPOHA
o opOUTe BOKPYT siapa.

1. IlepBas pa3peiiéHHasi OpOMTA JIEKTPOHA.

2. Bropas pa3peliéHHas opouTa 2JIeKTpOHa.

3. DeKTpoH.

Puc.3.2.14. «CmepTb» 3JIEKTpOHA
MOXKET IPOMU30MTU HA OOHOW opOuTe, a
HOBOE «pOXJIeHHEe» — Ha 0oJjiee OIM3KOoi
K SApy, uiau 6oJiee 1aabHel, opouTax. ITo
M3BECTHBII B aTOMHOI (u3uke @akr.
[Tpryém, ckayoK MOXET MNPOU30UTU
TOJIbKO Ha OJHY OPOUTY BHU3 WJIM OIHY
opouTty BBepX. B pe3yabrare yero, MeHsI-
€TCsI «IIPOMNKUCKa» BHOBb POXKIEHHOTIO
BJIEKTPOHA, TTOCJIe paciana npeablaylie-
ro?! Yem «He MOHPaABUJIOCH» €11IE€ HE «PO-
KIEHHOMY 3JIEKTPOHY «CTapoe» MECTO
nponucku?! la, Huuem. Jlejso B ToM, 4TO
«[IPOMUCKa» DBJIEKTPOHA W3MEHSETCS
TOJIBKO, €CJIM Ha CTPYKTYPY CTOSTUMX BOJIH
aToMa HaKJIaJAbIBAaeTCsl BO3MYILIEHUE MEPHOCTH, JIJTMHA BOJIHBI KOTOPOIi CO-
U3MEpHMa C paCCTOSTHUEM MEXKAY COCeIHUMU 30HaMU AeopMaiiuu Mep-
HOCTU BOKPYT s1/ipa, IPYTMMU CJIOBAMU COU3MEpPUMa C PACCTOSTHUEM MEXKITY
COCEIHMMU OpOUTAMM WJIM TIPUCYTCTBYET BHEIIIHMIA TIepernag MEPHOCTHU
AL. B 3TuX cy4asx MECTO «pOXKIESHUS» 3JI€KTPOHA CHOCUTCS IpaBUTALIA-
OHHBIM BETPOM B OJIHY WJIM B IPYTYIO CTOPOHY, B 3aBUCUMOCTH OT CUTYya-
LIMX U HAaTPaBJEHHOCTH MPOUCXOISIIMX MTPOLECCOB.
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Puc. 3.3.1. CoGCTBEeHHBII ypOBEHD
MepHocTu Bomopojaa H (cTeneHb Bius-
HUS aTOMa WJIv ApYroro MaTepuajbHOIO L
00beKTa Ha OKpYXarolllee IPOCTPAHCTBO)
CTOJIb HE3HAUMTEIbHbIN, UTO JeaeT ero
YCTOMYMBBIM B Ipeesiax BCero Auamnas3o-
Ha MEPHOCTU MeXIy (PU3NYeCcKHu TUIOT-
HOI M BTOPOI MaTepuaJbHbIMU cdepa-
Mu. Bogopon MoOXeT ObITh YCTOMYMBBIM,
KaK ¥ BHYTPHY pacKaJ€HHOM 3Be3/bl, TaK
U B MEX3BE3IHOM MpocTpaHCcTBe. B cuny
3TOTO, BOAOPO/ SIBJISIETCS CaMbIM pac-
MPOCTPpaHEHHBIM 3JIeMEeHTOM Bo BcesieH-
Hoii. [TpakTUuecku Bce MPOLECChl MPo-
ucxonsdiue Bo BeceneHHoii He 06xoaaTcs
0e3 ero yuactus. Bonopoa — ocHOBa He TOJIbKO TEPMOSIIEPHBIX peaKIuit
3B€31, HO U UTpaeT BaXXHENIIYIO pojib B 00ecredYeHUM BO3MOKHOCTH Cy-
1LIECTBOBAHMSI KMBOU MaTEPUM.

1. HuxxHuit ypoBeHb MEPHOCTU (PU3UUECKHU IIIOTHOM ChephI.

2. BepxHuii ypoBeHb MEpHOCTU (PU3NYECKU IMIOTHOM Chephl.

1RE RN

.

5

5

Puc. 3.3.2. Atom Bonopona H siBns-
€TCSI CaMbIM YCTOMYMBBIM 1 CaMbIM pac-
MPOCTPAaHEHHBIM 2JIEMEHTOM B Hallleii
BceneHnHoit B cuy Toro, 4To oH (BOAO-
pom) OKa3bIBaeT MUHUMAJIbHOE BIIUSTHUE
Ha OKpYyXKarollee IpocTpaHcTBO. B cumy
TOTO, YTO IS CHHTE3a BOJIOPOIa U3 Iep-
BUYHBIX MaTepUii TOCTATOYHO HE3HAYU-
TEeJILHBIX U3MEHEHUI MEPHOCTHU IPOC-
TpaHcTBa. MMeHHO mo3TOMY, BOJOPO.
SIBJISETCSI CaMbIM PacIpOCTpaHEHHBIM
aJieMeHTOM BO BceneHnHoii. B To ke ca-
MO€ BpeMs CJIeIyeT IIOMHUTh, YTO KaX-
JIBII aTOM, B TOM YMCJIE U aTOM BOIOPOa,
BJIMSIIOT Ha MEPHOCTD ITPOCTPAHCTBA, 3a-
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MoJIHAST JehopMallnio TIPOCTPAHCTBA cBoeil Maccoit. IToaTtomy, mocie
CHHTe3a KaXXI0To aToMa, 30Ha AehopMaliiy TPOCTPAHCTBA YMEHBIIACTCS
Ha HEKOTOPYIO BEJIMUKMHY, IMPOMOPLIMOHAIBHO aTOMHOMY BeCy JaHHOTO
atoma. [Toatomy, 1o Mepe cuHTe3a (prU3MIECKU TJIOTHOM MaTEPUM € KaxK-
IBIM CUHTE3MPYEeMBIM aTOMOM, BeJIW4YMHA Ae(opMaluy IpOCTPaHCTBA
YMEHBIIIAETCsI, ¥ 3TOT MTPOILIeCC OYIET MPOIOIKAThCS 10 TeX IOp, TTOKa 30Ha
nedopMaliy MOJTHOCThIO HE HEMTpaIn3yeTcs 3a CYET BOSHUKIIIMX B pPe-
3yJbrate CuHTe3a aToMoB. [1pu 3ToM, pekpalaeTcst U caM CUHTE3.

Puc.3.3.3. Bo BcenenHoit mocro-
STHHO TTPOMCXOJIUT CUHTE3 aTOMOB, B OC-
HOBHOM BOJIOPO/JIa; B CUJTy TOTO, CUHTE3
BO3HMKAET B 30HAX CMBbIKAHUS MEXIY
JAHHBIM TIPOCTPAHCTBOM-BCEJICHHOM U
BoIIenexxamuM. [TostoMy 30HBI 1edop-
Mall¥ IIPOCTPaHCTBA Yallle BCEro BO3HU-
KaloT OJIMKE K BEPXHEN IpaHUIIE YCTOM-
YUBOCTU (PU3UYECKU TUIOTHOTO BeIec-
TBa. M, KaK cjieICTBUE 3TOr0, BO3HUKAIOT
ONTUMAaJIbHBIE YCJIIOBUS JJIsI CUHTE3a
MMEHHO BOIOpPOJA, B CUJYy €ro MUHU-
MaJIbHOTO BTOPMYHOIO BJIMSIHUS Ha
OKpYyzKarollee MPOCTPAHCTBO. Tak Kak 30-
HbI HEOJHOPOAHOCTH MMEIOT OTPOMHEBIE
[IPOCTPAaHCTBEHHbBIE pPa3MePhl, CHHTE3UPOBAHHbIE AaTOMbI HAUMHAIOT HaKa-
IUIMBAThCS B 3TUX 30HAX, MTOCTEIIEHHO 3aIl0JIHsISI UX coboit. B cuty Toro,
YTO 30HBI HEOTHOPOIHOCTH CaMW HEOJHOPOIHBI B Pa3HBIX MPOCTPAH-
CTBEHHBIX HaMPaBJICHUSIX, BOSHUKAIOT BHYTPEHHME TTepenaibl (rpaareH-
Thl) MEPHOCTH, HaIlpaBJIEeHHbIE K LIEHTPY 30HbI HEOAHOPOIHOCTU. B pe-
3yJIbTaTe 4ero, IIeHEHHBIE B 30HE HEOIHOPOIHOCTH aTOMBI BOIOPO/IA IO~
MagaloT Mo/ BO3/IeCTBIE TOTOKOB IIEPBUYHBIX MaTepUii, HATTPaBICHHBIX
K LIEHTPY 30HBI HEOMHOPOIHOCTH. M, KaK CiIeICTBHE, BOZHUKAET CKaThe
BOJOPOIHOIO BEIIIECTBA, YTO MPUBOIUT K pa30rpeBy U HaYaIy TEPMOSIIED-
HBIX PEAKIIUIA.
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Puc. 3.3.4. J1ns cuHTe3a aToma ypa-
Ha U 30Ha gedopmaiyu mpocTpaHCTBa
JOJDKHA OBITh MAKCUMAJIBHO JOITYCTUMOI
JUTSI BOBMOXKHBIX COCTOSTHUI (PU3NIECKU
ILUTOTHOTO BetnecTBa. Jdedopmarus mpo-
CTpaHCTBa, co3laBaeMasl SIIPOM aToMa
ypaHa HaCTOJIbKO 3HAYUTEJIbHA, YTO ¢TH-
HUYHBII aTOM ypaHa MPaKTUYeCKH MOJI-
HOCTBIO HEMTpaan3yeT MaKCUMaJIbHO
BO3MOXKHBIN 119 (PU3NYECKU TUIOTHOMN
MaTepuu rnepenan MepHocTU. [1oaTomy
ypaH U BCe TPAHCYPAHOBBIC 3JIEMEHTHI
CTAHOBSATCS HEYCTOMYMBLIMU U HAYMHA-
10T pacmanaThbcst Ha MaTepuM X 00pasy-
IOII1e B OOBIYHBIX YCIOBUSIX. Tak Kak aa-
3Ke TIOTJIOIIEHUST U3JTyd4eHuii myMoBoro oHa BceleHHOM TOCTaTOYHO,
YTOOBI COCTOSTHME aTOMa, IIOTJIOTUBILETO (POTOH 3TOTO (hOHA, CTAJIO CBEPX-
KPUTUYECKUM M OH pacnaics. B mpoliecce pacmnana n3 ocCBOOOIMBIINXCS
MEPBUYHBIX MaTePUil IPOMCXOAUT CUHTE3 YCTOMYMBBIX B JAHHBIX YCJIOBHSIX
ATOMOB U IIPOMCXOIUT MOLIHBII BEIOpOC nanydeHuii. [Tocie yero cucrema
BO3BpalllaeTcs K yCTOMIMBOMY COCTOSTHUIO. [1poliecchl 1 MpUIMHBI, TIPU-
BOJSIIIINE K B3pBIBY CBEPXHOBOI U ITPOLIECCHI ¥ IPUYKMHBI, TTPUBOISIINIE K
pamMOaKTUBHOMY pacray, UMEIOT TOXIECTBEHHYIO IIPUPOLY, UMEST OCO-
OEHHOCTH, BBI3BAaHHbBIC PA3TUYMSIMU MEXIY MaKPO- 1 MUKPOMUPOM.
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Puc.3.3.5. ComnocraBneHue cremne-
HU BJIMSHUSI HAa OKPYXAIOIIUA MUKPO-
KOCMOC (MMKPOMNPOCTPAHCTBO) aTOMa BO-
nopoaa H u aroma ypana U. CoOcTBeH-
HBIIA ypoBeHb MepHOCTH ypaHa U mo3Bo-
JIIeT €My OBITh YCTOMYMBBIM B Ipenesiax
HE3HAYUTEeJbHOIO J1ara3oHa MepHOCTH.
MMeHHO moaToMY ypaH M Bce TpaHCypa-
HOBBI€ 2JIEMEHTBI PaaUOAKTUBHBI, T.€.,
HEYCTONYMBBI, TIPAKTUUECKU, TIPU JIFOOBIX
ycioBusix. B To Bpemsi, Kak Bogopoa U
Jipyrue JIErK1ue 3JIEMEHThlI, CTAHOBSITCS
HEYCTOMYMBBIMU TOJILKO B OMpPEae/IEH-
HBIX YCJIOBUSIX. UeM Jierdye aJIeMeHT, TeM
OH 0o0Jiee YyCTOMUYMB, a 3TO O3HAYAET, UTO
Heo0XoauMo 0oJIblliee BHEIIIHEeEe BO3/IeiICTBIE, UTOOI BhI3BATh €TI0 HEYC-
TOMYUBOCTb.

1. HuxxHuit ypoBeHb MEPHOCTU (DU3UYECKM TMIIOTHOM chephl.

2. BepxHuii ypoBeHb MEpPHOCTH (pU3NUYECKU IUIOTHOM cephl.

1RE RN

.

5

5

Puc. 3.3.6. CuHre3 atoMOB BOIO-
polla MOXET MPOUCXOAUTh B Mpeaeaax
MpaKTUYECKM BCEro ArMara3oHa yCToMuu-
BOCTU (pM3MUYECKHU TIJIOTHOTO BEIIECTBA.
VYpoBeHb COOCTBEHHOIT MEPHOCTHU BOJIO-
pona, TeM He MeHee, OJIM30K K BepXHei
rpaHulie ycroiuuBocTu. Betynaer B cuty
a¢dexT nomiaska. ONTUMaIbHBIN ypO-
BEHb MEPHOCTHM BOAOpPOAA HaXOIUTCH
OJIM3KO K BEpXxHel rpaHulie auaria3oHa
YCTOMUYMBOCTU. DTO CBSI3aHO C TE€M, YTO
BOIOPOO — JIETYAUIINUIA U3 aTOMOB U €TO
COOCTBEHHOE BJIMSIHUE HA OKPYXKAloIlIue
MPOCTPAHCTBO MMHMMaJIbHO. Y moaToMy
MOTOKU TEePBUYHBIX MaTepUii, KOTOPbIE
MocJe 3aBepIlIeHUsT TIpoliecca CUHTE3a MPOJOJLKAIOT LUPKYIUPOBaTh B

1RE RN

.

5

5
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30He IedopMalli TTPOCTPAHCTBA, «BBIHOCSIT» aTOMBI BOJOPOJA Ha TOT
YPOBEHb MEPHOCTH, IIPX KOTOPOM UX COOCTBEHHOE BIMSIHME Ha OKpYyXKa-
Jo11Iee MPOCTPAHCTBO YPAaBHOBEIINBAET BO3ICICTBIE TOTOKOB ITEPBUYHbBIX
MaTepuil. AHaAJTOroM MOXET CJIYXWUTh YpaBHOBEIIMBAHWE IJIaBy4eCTHU
00beKTa, MOTrpyKEHHOTO IO BOAY €ro BECOM, B pe3yJIbTaTe 4ero, MaTepu-
aJIbHBII TIPpeAMET OCTAaHOBUTCS Ha TOM TIyOMHeE, Te 00€ 3TU CUJIbI YpaBHO-
BeIIMBAIOT ApyT Apyra. [1pu 3ToM 00beKT Kak Obl 3aBUCACT Ha ONpeaeIEH-
Holi rimyouHe. Tak v 110601 aToM OYAET CTPEMUTHCS K CBOEMY ONTUMAJIb-
HOMY YPOBHIO.

Puc.3.3.7. [IpakTiuecku Bce aTOMBbI
MMEIOT paIMOaKTUBHbBIE N30TONBI. Panu-

OAKTUBHBIE U30TOITbI BOAOPOAA — JICHTE- ¥ -
PUI U TPUTU — UMEIOT B CBOMX SIJIpax Ha 2905
OIVIH WJIY JIBA HEUTPOHA OOJIBbIIE, YEM Y | £ « 28915 3 ...

coOCTBEeHHO Bogopoaa. Mx aToMHBbIN BecC
Ha OJHY WU JBE aTOMHbIE€ €IWHMUIIbI
OTJIMYAETCS OT aTOMHOTO BECa BOAOPOIa
U, TEM HE MEHEE, OHU SBJISIIOTCS paiuo-
aKTUBHBIMU. B TO Bpemsi, Kak aTOMBI ApYy-
TMX 2JIEMEHTOB, UMEIOIIUX TOYHO TaKOM
U Jaxe OOJIbIINIA aTOMHBIN BeC, He MPo-
SIBJISIIOT TMPU3HAKOB PAIMOAKTUBHOCTU U
TOJIbKO UX M30TOMNbI, UMEIOIIMNE «JTUIII-
HUIi» HEHTPOH, MPOSIBIISIIOT ce0s1, KaK pa-
NHMOAKTUBHbBIE 2JIEMEHTbI. ATOMbI OY€Hb MHOTUX 3JIEMEHTOB B CBOUX YC-
TOMYMBBIX COCTOSHUSX UMEIOT B CBOUX SIIPAX HEUTPOHBI, IIOPOI IECATKH,
M, TEM HE MEHee, He CTAHOBSTCS paaroakTUBHBIMU. [Touemy nosiBaeHue
ellI€ OJHOTO HEUTPOHA, B TOMOJHEHME K YK€ ITPUCYTCTBYIOLIUM, JeaeT
MOJOOHBII aTOM paIoaKTUBHBIM? BC€ 1ej1o B TOM, YTO JTUIITHUIA HERTPOH
HE MEHSET ONITUMAJIbHOTO YPOBHSI MEPHOCTH aTOMa B 1I€JIOM, @ U3MEHSIET
CTeNEeHb BIMSHUS SApa 3TOT0 aToMa, B Ipenenax camoro sapa. [Toatomy
aTOM C «JIMIIIHUM» HEMTPOHOM MPOJ0JIKAET BECTU ce0s1, KaK 1 aToM 0e3
OHOTO U, B pe3yJIbTaTe, CTAHOBUTHCS PAAUOAKTUBHBIM.
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Puc. 3.3.8. PagnoakTuBHBIN M30-
TOITl Bogopoaa — aeirepuii D — BHe 3a-
BUCUMOCTHU OT TOTO, IJie TIPOMU30LIENT ero
CHHTE3, YCTPEeMJISIETCSI K ONTUMAIbLHOMY
YPOBHIO COOCTBEHHOI MEPHOCTU OOBIU-
Horo Bogopojaa H u B pe3yabraTte 31010,

i

OKa3bIBaeTCs B OJIM3KUX K KPUTUYECKUM
IS (pU3UYECKU TIJIOTHOTO BelllecTBa
ycioBusix. [TpocTpaHCTBO MOCTOSIHHO Ha-
CBILLIEHO MUKPOCKOMUYECKMMU KoJieba-
HUSIMU MEPHOCTH IPOCTPAHCTBA Ha pa3-
HBIX YPOBHSIX COOCTBEHHOM MEPHOCTH, B
TOM YHCJIE U HAa YPOBHE ONTUMAIbHOM
MEpPHOCTU Bojopoaa. B ocHOBHOM, 3Tu
MUKPOCKOMUYECKUE KOJeOaHUsI MEPHO-
cTU ((pOTOHBI) BOBHUKAIOT MPU MTepeX01ax JAEKTPOHOB C 0oJiee yaaaEHHbIX
OT s1ipa OpOUT Ha OoJiee OJIM3KUE K SIIPY Y TEX 3Ke cCaMbIX aTOMOB BOAOPO/Ia,
YTO «ILJIABAlOT» Ha YPOBHE CBOEH onTUMalIbHOI MepHOCTU. [Tpu normoiie-
HUU (HaJIOKEHUM Ha aTOM) 9TUX (DOTOHOB aToMaMu aeiitepusi D, ypoBeHb
COOCTBEHHOI MEPHOCTH YBEJIMUMBAETCS U B pe3yJibTaTe, TAKO aTOM OKa-
3bIBaeTCS 3a MpeaeaMu Jrara3oHa yCTOMUMBOCTU (PU3UYECKU TJIOTHOTO
BEILIECTBA.

1. Huxauii ypoBeHb MEpHOCTH (pu3udecku TuIoTHOM cepsnl (PIIC).

2. Bepxnuii ypoBeHb MepHOcTU DIIC.

0 L

BEERE

5

5

Puc. 3.3.9. Kaxpgass MosiekyJjia uJiu aTOM MMEIOT CBOM AMamna3oH
MEPHOCTHU, B Mpeaesiax KOTOPOro, OHU COXPAHSIIOT CBOIO YCTOMUMBOCTb.
[ToaTomy (puznUecKu IJIOTHAsI MaTEpUs TIJIaHEThI pacIpeaesisieTcs Mo au-
arna3oHaM YCTOMYMBOCTU. [paHUILIbI 3TUX AMATIa30HOB SIBJISIIOTCS] YPOBHSI -
MU pa3aeaeHns MexXay aTMocgepoii, oKeaHaMU U TBEPIAOI TTOBEPXHOCTHIO
riaHeThl. [paHM1a yCTOMUYMBOCTU KPUCTAIUIMYECKOU CTPYKTYPHI IIaHEThI
MOBTOpsIeT POPMY HEOTHOPOJHOCTU, TTOITOMY IMTOBEPXHOCTh TBEPAOI KO-
pbl MeeT BNaauHbI U BLICTYNBI. BmaguHbl BIOCAEACTBUM 3aTIOJHUINCH
BOJIOI ¥ 00pa30Baiv OKeaHbl, MOps, 03€pa. Boma, mpeacTapisiolias coooi
KUJIKWM KpUCTaJI U MMerollasi He3HauUUTeIbHbBII YpOBeHb COOCTBEHHOM
MEPHOCTH, YCTOMUYMBA B BEpXHEM YYacTKe AMara3oHa, MMEHHO 3TO M03BO-
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JISIET e CKaIIMBaThCsl BO BIIaJMHAX KO- Lo
pbl. ATMOcdepa, IIaBHO Mepexosiias B
noHocdepy (MmiasMeHHOe TPaHUYHOE CO-
CTOSIHUE (PU3UYECKHU TUIOTHOTO Belle-
CTBa), 3aHMMAaeT BEPXHUI MOrpaHUYHBI
y4acTOK JMara3oHa MEPHOCTU (pU3nIec-
KU TIOTHOTO BelecTBa. Ilocie cuHTe3a
(pri3nYeCcKY MIOTHOIO BEIIECTBA, aTOMBbI
MPUOOPETAIOT HEKOTOPYIO YCTOMUUBOCTD
K BHEIIHUM MepernagaM MEepHOCTU Ma-
Kpokocmoca. [ToaToMy TOJIbKO KOraa aM-
TUIMTYJA BHEIIIHETO nepenaaa MepHOCTH
CTaHET COM3MEPUMOM C MTOJIOBUHOM AUa-
Ma3oHa MEPHOCTU (PU3UUYECKU TIOTHOM
cdepbl, aTOMBI CTAHOBSITCS HEYCTONYM-
BBbIMU U pacnanarotcs. JIiodoe nusMeHeHrne MepHOCTU MaKpOIPOCTPAHCTBA
BbI3BAHHOE, B TOM YMCJI€ M BCIBIIIKAMU COJTHEYHON aKTUBHOCTU, U3ME-
HeHUe OOIIEro YPOBHS MEPHOCTH MaKpPOIIPOCTPAHCTBA, B CUIIY TOTO, UTO
COJTHEUHas CUCTeMa IBMKETCSI OTHOCUTEJIHHO siipa Halllel TaJlakTUKU, U,
Kak CJIeICTBME 3TOro, MomnagaeT B 00JIaCTU C APYTMMU YPOBHSIMU COO-
CTBEHHOM MEPHOCTHU, B CUJYy HEOAHOPOJAHOCTU CaMOIO MPOCTPAHCTBA,
MPUBOIUT K HAMPSDKEHUSIM B 3eMHOI Kope. HampstkeHus: B Kope IprBO-
JAT K €€ pacKoJjiaM, OIyCKaHUIO WM TTOAHSATUIO €€ B pa3HbIX MECTax, 13-
BEPXKEHMIO BYJKAHOB M TOSIBJICHUIO HOBBIX, KaK pe3yJbTaT U3MEHEHUS
YCJIOBU IBMXKEHUSI MarMbl U T.11. [Iporcxoaut nepepacnpeneieHue Gu-
3WYECKM IUIOTHOTO BEllleCTBAa BHYTPY 30HBI HEOJTHOPOIHOCTHU TIJIAHETHI, B
COOTBETCTBUH C MOJIOXKEHUEM YPOBHEI ONTUMAJIbHOM MEPHOCTH JIJIST pa3-
HBIX arperaTHbIX COCTOSIHMI (DU3MYECKM IUIOTHOM MaTepuu: TBEPAOTO,
>KMJIKOTO, Ta3000pa3HOro U IJ1a3MEeHHOTO.

1. YpoBeHb MEpHOCTH aTMOC(HEPHI.

2. YpoBeHb MEPHOCTU OKEAHOB.

3. YpoBeHb MEPHOCTU 36 MHOI KOPHI.

4. YpoBeHb MEPHOCTU Marmabi.

- 2.900

Puc. 3.3.10. Kaxnpblit aTOM MMeeT CBOIi COOCTBEHHBIM YpOBEHb MEP-
HOCTH U €CJIM 3TOT YPOBEHb COBMAAAET C YPOBHEM MEPHOCTU MaKpPOIIPO-
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CTPAHCTBA, TA€ ATOT aTOM HAXOAUTCS, TO
OH OyIeT HaXOAUTBHCS B YCTOMYMBOM CO-
cTossHUU. B IpoTUBHOM ciyyae, aToM
CTaHET HEYCTOMYMBBIM U IPOU3OMIET €T0
pacnan. /IBa aTomMa pa3HbIX 3JI€MEHTOB

A1 1 A2 UMEIOT pa3HbIe YPOBHU COOCTBEH-
HOI MEpHOCTU B CUJTy TOTO, UYTO OHU M€~
[OT pa3HbIli aTOMHBIN BEC U, BCIECICTBUE
3TOTO0, MO Pa3HOMY BJIMSIIOT Ha CBOE MU-
KpompocTpaHCTBO. [loaToMy ypoBHU
COOCTBEHHOM MEpPHOCTU ABYX aTOMOB
Pa3HBIX 2JIEMEHTOB OTJIMYAIOTCS APYT OT
Jpyra Ha HEKOTOpY1o BeJInunHy AL 1 11o-
ATOMY HE MOTYT B OOBIYHBIX YCIOBUSIX
00pa3oBaTh OJHY CUCTEMY.

A1 — g1po mepBOro aToma.
A2 — s1po BTOPOro aToMa.

LA1 — ypoBeHb COOCTBEHHOII MEPHOCTH MEPBOT0 aTOMa.

LA2 — ypoBeHb COOCTBEHHOI MEPHOCTH BTOPOIO aToMa.
AL — miepernaa MexX1y ypOBHSIMU COOCTBEHHOM MEPHOCTH JIBYX pa3-
HBIX aTOMOB.

Puc.3.3.11. Bo3sMoxHOCTb LIS aTO-
MOB, UMEKIINX pa3Hble YPOBHMU COO-
CTBEHHOI MEPHOCTH, 00Pa30BBIBATH MO-
JIEKYJIbl MOSBJSICTCS MPU MOMIOIIEHUN
WJIM U3JIy4eHUN OMHUM M3 HUX DJIEKTPO-
MarHUTHBIX BOJIH, JUIMHA BOJIHBI KOTO-
PBIX COM3MEPUMA C PACCTOSTHUEM MEXIY
3TUMM aToMaMMU. JIaHHBIM TpeOOBaAHUSIM
OTBEUAIOT BOJIHBI U3 AMAaIla30Ha OT MH-
(pakpacHbIX 10 YyJAbTpa(pUOJIETOBbIX,
BKJIIOUUTENbHO. [Ipu morjoiieHuu on-
HUM 13 aTOMOB BOJIHbI, €T0 YPOBEHb CO0-
CTBEHHOI MEPHOCTHU yBEJIMUYMBAETCSl Ha
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BEJIMUMHY aMILTATYIbI BOJIHBI. [1pK 131ydeHrM BOJIHBI YpOBEHb COOCTBEH-
HOIT MEPHOCTHM COOTBETCTBEHHO YMEHBIIIAETCS HAa BEJIMYMHY aMILIATY bl
U3ydyaeMoii BOHbI. B pe3yibraTe, cCOOCTBEeHHBIC YPOBHU pa3HbBIX aTOMOB

A1 1 A2 BBIpaBHUBAIOTCSI, U OHU B COCTOSIHUM 00pa30BaTh HOBYIO MOJIEKY-
Jy. Bech CrieKTp XMMUUYECKUX COSAMHEHMI, CYIIECTBYIOIIMX B TIPUPOIEL,
BKJIIOYAsl M OpraHMYecKye, CyIIeCTBYeT, Oarogapst HeOOJIbIIOMY Y4acTKY,
IMAa30HY TaK Ha3bIBa€MbIX 3JIEKTPOMArHUTHBIX BOJIH. CliemoBaTesbHO,
MOSIBJICHUE XKMBOU MaTepUU HEBO3MOXXHO 0€3 3TUX He3HAUMTEIbHbBIX KO-
Jie0aHU MEPHOCTU MUKPOIIPOCTPAHCTBA — BJIEKTPOMArHUTHBIX BOJIH OT
MHMpPaKpaCHBIX 10 YJIbTPa(PUOIETOBBIX.

Puc.3.3.12. AToMBI OJJHOTO U TOTO

K€ 2JIEMCHTA UMCIOT OJMHAKOBbLIC OIITU-

MaJIbHble YPOBHU COOCTBEHHOI MEpPHO- Luin
L =285 L =285
—00

ctu. [ToaTomy eciu cpena, rie OHU Haxo-
ISITCS He HacChIIIeHa Ype3MepHO MHppa-
KpacHBIMU (TETUIOBBIMM) U3IYYEHUSIMU,
yepe3 HEKOTOPOE BpeMsl, TU aTOMbI COOe-
pyTCsl Ha YPOBHE ONTHUMAaJIbHON MEpPHO-
CTH, YTO CO31a€T Ka4eCTBEHHBIE YCIIOBUSI
JUISL COEIMHEHUST UX 2JIEKTPOHHBIX 000-
JIOUEK MeX1y cO00¥ 1 00pa30BaHMSsI KpU-
CTaJUIMYECKOM CTPYKTYpHI. [1pu aTOM ro-
BOPSIT O TeMIlepaType Cpeibl, MPU KOTO-
po¥i MPOMCXOAUT KpUcTayim3auus. s
aTOMOB pa3HbIX 2JIEMEHTOB 3Ta TeMIIe-
paTypa CBOsI, TaK e, KakK 1 MocJjie 3aBeplIeHMS Ipoliecca KpUCTa/UTU3aLun
KPUCTAJLJIbI Pa3HBIX 2JIEMEHTOB OYIyT UMETh Pa3HbIe YPOBHU COOCTBEHHOI
MEPHOCTH, 1 MeXKIy HUMU OyIeT CyIlIeCTBOBATh Nepernaa MmepHocTy L.

Al — siIpa aTOMOB IIePBOTO 3JIEMEHTAa.
A2 — siIpa aTOMOB BTOPOTO 3JICMEHTA.

L1 — ypoBeHb MEpHOCTH KpUCTaJLJIa TIEPBOTO JIEMEHTA.

L2 — ypoBeHb MEPHOCTH KpUCTAJLJIa BTOPOIO 3JIEMEHTA.
AL — miepernaa MexX1y YpOBHSIMU COOCTBEHHOM MEPHOCTH JIBYX pa3-
HBIX 3JIEMEHTOB.
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Puc.3.3.13. Kpucrannuyeckue
CTPYKTYpPbI pa3HbIX 3JIEMEHTOB UMEIOT
pa3Hbie YPOBHU COOCTBEHHO MEPHOCTU.
M eciv TOMECTUTD 3TU KPUCTAIIMYECKIE
CTPYKTYpPbl Ha PACCTOSIHUM, COU3MEPU-
MOM C pa3MepaMM CaMUX KpUCTAJLJIOB, B
MPOMEXYTOUHOM MPOCTPAHCTBE BOZHUK-
HET mepernag MepHOCTU (FpaueHT) OT
YPOBHSI KPUCTAJUIMYECKON CTPYKTYpPhI
OosblIeit COOCTBEHHOI MEPHOCTH K YPO-
BHIO C MEHbIIIE. DTOT repenaj He CTOJIb
3HAYUTEJIbHBIN, YTOOBI BHI3BATh HEYCTOM-
YUBOCTb aTOMOB, 00pa3yIOIIUX 3TU KPU-
CTaJlZIMYeCcKue CTPYKTYphl, HO, €CJIM Me-
Ky HUMU TIOMECTUTD XKUJIKYIO Cpely, Ha-
CBIIIIEHHYIO TTOJIOXUTEAbHBIMU U OTPUILIATEIbHBIMA MOHAMU, Meperian
MEXy KpUCTAJUTMYECKMMU CTPYKTYpPaMU 3aCTaBUT ABUTAThCSI CBOOOTHbIE
HWOHBI B pa3HbIX HanpasiaeHusx. [1py1 3TOM mon0XuTeIbHbIE MOHBI, UME-
o1me 0oJiee BBICOKMIA YPOBEHb COOCTBEHHON MEPHOCTH, MOJ BO3IEH-
CTBMEM 3TOTO Ieperaga HAYHYT CKaIJIMBaThCs HAa MOBEPXHOCTU KPUCTA -
JIMYECKOM CTPYKTYPHI C OOJBIIMM YPOBHEM COOCTBEHHOI MEPHOCTU, B TO
BpeMsl, KaK OTpHULIATEIbHbIE UOHbI C MEHBIIIMM YPOBHEM COOCTBEHHOI
MEPHOCTH — Ha TTOBEPXHOCTH C MEHBIIIMM YPOBHEM COOCTBEHHOM MEPHO-
cTU. M30BITOK MOJIOXKUTEIbHBIX MIOHOB HA OJHOI MOBEPXHOCTU MO3BOJISIET
TOBOPUTH O MOJOXUTEIBHOM 3apsifie, B TO BpeMsl, KaK U30bITOK OTpUIIA-
TEJbHBIX MIOHOB — 00 OTpUILIATEILHOM 3apsijie moBepxHocTeil. Hanmnuue
rnepernaaa ypoBHeil COOCTBEHHOI MEPHOCTU MEXITYy pa3HbIMU KPUCTAILIH -
YEeCKUMM MMOBEPXHOCTSIMM BBI3bIBAET IepepacipeaeieHue MOHOB, HAChI-
LIAIOIIMX TTPOMEXYTOYHYIO CPeay U MPUBOAUT K MOSIBJIEHUIO, TaK HA3bI-
BAeMOT0, MOCTOSIHHOTO 3JIEKTPUYECKOTO TOKA MEXTY STUMU ITOBEPXHOCTSI-
MU, €CJIA COEIMHUTD UX MEXITY COOO0M IMMOCPEACTBOM MPOBOIHUKA.

1. Kpucrannuueckasi TOBEpXHOCTb C MEHBIIIMM YPOBHEM COOCTBEH-
HOUW MEPHOCTH.

2. Kpucrannuueckas TOBEPXHOCTD C OOJIBIINM YPOBHEM COOCTBEH-
HOUW MEPHOCTH.

3. [IpomexxyTouHas XKuaKasl cpeia HachllleHHAs HOHAMM.
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4. [TomoXxuTelbHbIE NOHBI.
5. OrpuliaTebHbIe MOHHBI.

L1 — ypoBeHb MEPHOCTH KpHCTaJlJIa TIEPBOTO JIEMEHTA.
L2 — ypoBeHb MEPHOCTHU KPUCTAJLJIa BTOPOTO 2JIEMEHTA.

AL — nepernana MexXay YpOBHSIMU COOCTBEHHOM MEPHOCTH IBYX pa3-
HBIX 3JIEMEHTOB.

Puc.3.3.14. Kpucraniuueckasi pe-
HIETKA JI000ro TBEPAOIro BelllecTBa He-
OJIHOPOJIHA B PA3HbIX ITPOCTPAHCTBEHHBIX
HampapJICHUSX. DTO SIBJISIETCS pe3yJibTa-
TOM TOTO, YTO CUHTE3 aTOMOB IPOKCXO-
T B HEOAHOPOIHOM npocTpaHcTBe. He-
OTHOPOIHOE MPOCTPAHCTBO, B3AMMOIEH -
CTBYSI C HEOTHOPOJIHOWM CTPYKTYpPOM aTo-
MOB, BBIHYXJIA€T UX OPUEHTUPOBATHCS U
pacnosaraTbCs Mo OTHOIIEHUIO APYT K
Ipyry B omnpeacaeHHoM mnopsake. [1oa-
TOMY, ITIPAKTUYECKHU, BCE KPUCTAJIbI aHU -
30TPOITHBI, T.€., X CBOMCTBA U KauyecTBa
PAa3JIMYHbI B Pa3HbIX TPOCTPAHCTBEHHbBIX
HarpasieHMsIX. B cuity Tex e Mpu4yuH nx
peakiivs Ha OJHO M TOXE BHEIIIHEE BO3IEHCTBUE OYAET 3aBUCETh OT TOTO,
B KaKOM IPOCTPAHCTBEHHOM HaNpaBJIeHUU 3TO BO3ACHCTBUE MPOUCXOIUT.
[ToaTomy, nepenaa MEpHOCTH BIOJIb ONITUYECKOM OCU KpUCTaslIa MOTyYrI
Ha3BaHUe 37eKTpudeckoro nos E, Tak Kak 3aCTaBsIeT 3JIEKTPOHBI Iepe-
MPBITUBATh C OPOUTHI OJHOTO aTOMa Ha OpOUTY Apyroro. B To BpeMsi, Kak
nepenag MEpHOCTH MEePIEHANKYISIPHBIA ONTUYECKOM OCY KpUCTaJLJIa IO~
JIy4uJ1 Ha3BaHUE MarHUTHOro moJjsg B, Tak Kak, 3acTaBiasgeT aTOMbI WU
TPYMITbl aTOMOB MEPEOPUEHTUPOBATHCI B MPOCTPAHCTBE. XOTS, B 000MX
cTydasix MpUCYTCTBYET Mepenaa MepHOCTH mpocTpaHcTBa AL.

Puc.3.3.15. IlocTossHHOe MarHuTHOE Tojie B nmpeacrasisier coboit
Treperia; MEpHOCTH IPOCTPAHCTBA, KOTOPBI HaKJIaJabIBaeTCsI HA KPUCTaJI -
JIMYECKYIO0 CUCTEMY B HaIlpaBJICHUM, TePIECHINKYISIPHOM ONTUYECKOMN
ocH Kpuctajia. Y ecim ycioBHO MPUHSTH BEPXHIOIO TPAHUILY YCTOMYMBO-
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CTU (pU3UYECKHU TIJIOTHOTO BEleCcTBa 3a
«CeBep», a HUXKHIOI — 3a «I0T», TO Tlepe-
I1aJl MEPHOCTH C [0Ta Ha CEBEP BHICTYTIAET, Louw
KaK CeBEpHBIII MAarHUTHBIH MOJIIOC, a TTe- LoaE s i
peram MepHOCTH ¢ ceBepa Ha FOT BBICTY-
MaeT, KaK I0XXHbIM MarHUTHBIN TIOJIIOC.
DTU OTIIMYUST OTIPENEISIIOTCS HEOTHO-
POIHOCTBIO KPUCTAJIJIOB B YKa3aHHBIX Ha-
npaBiaeHusx (Bepx-Hu3). HeoagHopon-
HOCTb CBOMCTB KPUCTALIMYECKUX PEeLIE-
TOK CBSI3aHa C TIPOCTPAHCTBEHHOU Opu-
EHTallMel 271eKTPOHHBIX OpOUT. [ToaToMy
repenag MEpHOCTU C «iora Ha CeBep»
00JieryaeT «Iepexobl» JIEKTPOHOB C Op-
OUTBI HA OPOUTY, KaK BHYTPU OTAEJIBHOTO
aToMa, TaK U MEXIy COCETHUMM aTOMaMM KPUCTA/UTMYECKOM peléTku. B
TO BpeMsl, KaK Ieperiag MEpHOCTH C «CceBepa Ha [or» — B 3HAUMTEJIbHOM
CTEIMEeHU, 3aTPYAHSIET YKa3aHHbIC MEPEXO/IbI.

A1, A2 — sg11pa aTOMOB KPUCTAJUTMUECKOM CTPYKTYPHI.
1. [TocTOIHHOE MATHUTHOE TIOJIE.
B — nepenang MepHOCTH BIOJb ONTUYECKOM OCU KpUCTaJlJIa.

Puc.3.3.16. ITocTtosiHHOE 271€KTpU-
yeckoe noje E nmpencrasisier coboii me-
peraag MepHOCTU BAOJb ONTUYECKOU OCU s Lo
KPUCTULIMYECKUX PELIETOK. Hampapie- | se————— 290
HHUE 3JEKTPUYECKOTO IMOJISI MOXET OBITh,
KaK C «3arajaa Ha BOCTOK», TaK U C «BO-
cToka Ha 3anan». IIpu 3ToM cBoiicTBa
BJICKTPUYECKOTO TIONS OyAyT TOXKIe-
CTBEHHbBI B CWJIY TOTO, YTO KPUCTAJIN-
YecKure pelIE€TKU B JaHHbIX HAIlpaBJIeHU-
sIX ToXJIecTBeHHBbI. [Ipupona anekTpu-
yecKoro nouist mpocta. OHO co31aéT «rpa-
BUTALIMOHHLIN BeTep». [lepenan MmepHO-
CTH BJI0OJIb ONITUYECKON OCU CHOCHUT DJIe-
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KTPOHBI C 3JIEKTPOHHOI OPOUTHI OTHOTO aTOMa Ha OpOMTHI APYTOro BO Bpe-
Ms (ha3bl MEXIY MaTepUaIM3aLSIMU 3JIEKTPOHA. ATOMbI pacIoNOKEeHHbIe
BIOJIb ONTUYECKON OCH KpHUCTa/lJIa MOIAanaioT Mo pa3IndyHoe IO CUJie
BJIMSIHUE Tepernaga MEpHOCTH, B pe3yJIbTaTe yero IMporCXOIuT repepac-
MpeaesieHre 3JIEKTPOHOB Y aTOMOB BIOJIb ONTUYECKOM OCH, UYTO M CO3IAET,
TaK Ha3bIBa€MbIil, 2JIECKTPUUECKUI TOK — HAMpPaBICHHOE ABKEHUE 3JICK-
TPOHOB OT ILJIIOCA K MUHYCY.

A1, A2 — siipa aTOMOB KPUCTA/UIMUECKOM CTPYKTYPHhI.

2. ITocTosIHHOE 3JEeKTpHUUECKOe TToJIe.
E — Ilepenan MepHOCTH BIOJIb ONITUYECKON OCHU KpUCTalIa.

Puc.3.3.17. IlepemenHOe MarHuT-
Hoe 110J1¢ B mipecTaBisier coboii mepuo-

audeckoe (BOJHOOOpa3HOE) U3MEHEHUE Diaas
L =28915

MEPHOCTHU MPOCTPAHCTBA B HaIMpaBJjie-
HUM, TIEPIICHANKYJISIPHOM OINTUYECKOM
ocu Kpuctaia. Ilpy aToM OaMH U TOT
K€ aTOM KPUCTAIMYECKOM pelETKY Me-
pUOAMYECKU MOMagaeT IMoJ Iepenabl
MEPHOCTH, KaK B HaIlpaBJIeHUU C «iora
Ha ceBep», TaK U B HaIIPaBJIEHUH C «CEBE-
pa Ha r». B cuily 4yero nepuoanyeckKu
KaKIbIil aTOM OKa3bIBAE€TCS B pa3HbIX Ka-
YeCTBEHHBIX yCI0BUsIX. B pe3ynbrare aTo-
ro KaXIblii aTOM OyJneT mepuoanyecKu
OKa3bIBaThbCsS B YCJIOBHUSIX, KOTJa €ro
BJIEKTPOHBI TO «IIPUKPEIJIEHBI» K CBOEMY aTOMY 00JIe€ XKECTKO, TO HA000-
POT MPaKTUUECKU «CBOOOJHBI», B 3aBUCMMOCTHU OT TOTO, B KAKOM Harpa-
BJICHUU JIEMCTBYET Iepenaj MEPHOCTU Ha TaHHOM OTPe3Ke ONTUYECKOM
ocu Kpuctasuia. EcrecTBeHHO, pa3Hble KpUCTaJIbl, COCTOSIIIIME U3 aTOMOB
pa3HBIX 3JIEMEHTOB, OyIyT pearupoBaTh Ha MOJOOHbBIE MEPeraabl MEpHO-
CTHU MO-pa3HOMY B CUJTy TOTO, YTO OHU UMEIOT pa3HbIe s1ipa U pa3HOEe YM-
CJI0 3JIEKTPOHOB C pa3HbIMU 3JIEKTPOHHBIMU 06010uKamu. Hauboutee cia-
00 2JIEKTPOHBI «CBSI3aHbI» CO CBOMMU aTOMaMU Y METAJLIOB, KOTOPbIE€ HO-
CSIT Ha3BaHME MTPOBOJHUKOB JIEKTPUYECTBA.
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Puc.3.3.18. IlepemeHHOe 251eKTpU-
yeckoe noJje E npencrapisier codoii nepu-
oIMYecKoe (BOJIHOOOpa3HOE) U3MEHEHHUE
MEPHOCTH MPOCTPAHCTBA BIOJIb ONTUYEC-
Koi1 ocu KpucTasuia. [1py 3ToM OIUH U TOT
K€ aTOM KPUCTAJUIMYECKOIN PelIETKU Te-
PUOIMYECKU TTOTA/IaeT MO Ieperaabl Mep-
HOCTH, KaK B HallpaBJICHUU C «3arlaja Ha
BOCTOK», TaK 1 B HAIIPAaBJICHUM C «<BOCTOKA
Ha 3amnaj». B pesyssrare yero nporMcxoaut
TEPUOINIECKOE Iepepacripeie/ieHIe J1eK-
TPOHOB BJIOJIb ONTUYECKOI OCH, KaK B OJI-
HOM, TaK U B JPYroM HarpaBjieHnu. Bo-
3HMKaeT TEepPEeMEHHBIN 3JIEKTpUYECKUN
ToK. OIMH M TOT e aTOM I10IaaaeT Mo

MPOTUBOMNOJIOXHBIE MEPENaabl MEPHOCTU BIOJb ONTUYECKON OCU KpU-
CTAJTMYEeCKOM peléTKu. [1pr 3ToM Kaxablii aTOM TO TepsieT 2JIEKTPOHBI, TO
MOJIyJaeT uX OT coceaHUxX aToMoB. [1pu 3TOM peryirpoBaHuEM aMILIUTYIbI
1 YaCTOThI MOXHO TTOJIYyYUTh HOBbIE KAYECTBEHHbIE COCTOSTHUS (PU3UYECKOM
MaTepUM 3a CYET KPaTKOBPEMEHHOIO NIEpexo/ia aToMa WJI1 IPYIIIIbl aTOMOB Ha
YPOBHM MEPHOCTH BbIIIE WA HIXKE ONTUMAJIbHOTIO ISl AAHHOTO 3JIEMEHTAa.
Takue nepexo/bl MPOBOLMPYIOT U3TyYEHUE WJTU TIOTJIOIEHUE STUMU aTOMaMu

(poTOHOB, Ha KOTOpBIE TaHHbBIE ATOMbI HE
pearupyroT B CBOEM OOBIYHOM COCTOSIHUU.

Puc.3.3.19. Eciu BCHOMHUTB, 4TO
IepeMeHHOe MarHuTHoe mnoJyie B mpen-
CTaBJIIeT CO0OI Mepernan MEPHOCTH TIep-
MMEHIUKYISIPHO ONTUYECKOM OCHU B Ha-
TpaBJICHUSIX «C CEBepa Ha I0r» 1 C «Iora Ha
ceBep», TO pe3yJIBTaTOM TaKOTo IepUO-
IUYECKOTO BO3IEMCTBUSI Ha MPOCTPaH-
CTBEHHO HEOTHOPOIHYIO CTPYKTYPY (Du-
3MYECKM IIJIOTHOTO BEIECTBA SBIISICTCS
IoTepsl Wi NpUoOpeTeHue JOTOTHU-
TEJIbHBIX 3JICKTPOHOB aTOMOM WJIM TPYII-
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MO aTOMOB BJIOJIb ONITUYECKOM OCU KpUCTAUINYECKOM petne€Tku. [lepu-
oauyecKas MoTeps Wi NpruoOpeTeHe aTOMaMU 3JIEKTPOHOB €CTh HY UTO
MHOE, KaK MepeMeHHBIN 3J1eKTpu4yecKuit Tok. Takum odpa3zoM nepemMeH-
HO€ MAarHUTHOE MOJI€ MOPOXIAET MEPEMEHHOE BJIEKTPUUECKOE T0JIE U
Hao00poT. [Ipu 3TOM «poKaeHME» NECKTPUUECKOTO TOJISI IPOUCXOOUT C
HEKOTOPOU 3aAepKKOM, C TaK Ha3bIBAEMOI, CABMKKOM Mo (asze, 4To co-
31AET YCIOBMS U151 BO3MOXKHOCTH PacIpOCTPaHEHUS 3JIeKTPOMAarHUTHBIX
BOJIH B TPOCTPAHCTBE. MAarHUTHOE 1 3JIEKTPUYECKOE TT10JIs1, KAK TTOCTOSTH-
HbIE, TaK U TIEPEMEHHBIE, SIBISIOTCS PE3yJIbTaTOM BO3AEUCTBUS HA MPO-
CTPAHCTBEHHO HEOIHOPOAHOE (DU3NYECKU TUIOTHOE BEIIECTBO OHOTO U
TOTO e MO CBOeU Mpupoe nepenaga MEPHOCTH B pa3HbIX HAIIPABJICHUSIX.

Puc.4.2.1. [1Ipu norjoiieHUn aTo-

MaMM BOJIH, UX YPOBEHb MEPHOCTH YBe- = {;;u
JuunBaeTcs. CoHEeYHbIN CBET MOorjolia-
€TCSl MOBEPXHOCTHIO TIaHEThl. Kaxkablii L
aToM, TTOCJI€ MOMIOoIIeHUsI (DOTOHA CBETA,
HEKOTOPOE BpeMsl HaXOIMUTCSI B BO3OYXK- "
JEHHOM COCTOSIHMU (€TO YPOBEHb CO0- "]
CTBEHHOI MEpPHOCTU CTAHOBMTCS BBIIIIE <2887
YPOBHEI MEPHOCTU COCEIHUX aTOMOB,

« 28850

00pa3yolnX KpUCTALTAYECKYIO PELIET-
KY), MOCJI€ YEero, U3Jy4aeT BOJHY. ATOM
TOTJIOUIAET OJIHY BOJIHY, a U3JTy4aeT Ipy-
r'y10. OTO MPOUCXOIUT IMOTOMY, YTO YaCTh
SHEPruu MOMIOIEHHOMN BOJHBI TEPSETCS.
B pesynbrare 3T0OT0 «pasorperasi oBepX-
HOCTb» B TECUEHME COJIHEYHOTO IHS HAUMHAET CaMa U3JIy4yaTh BOJHbI, B OC-
HOBHOM, TeTJIoBble. M3Tyd€HHBIE Pa30TPETOli MOBEPXHOCTHIO TETIOBbIE
BOJIHbI HQUMHAIOT MOMJIONIAThCs MoJieKyaaMu atMocdepsl. [Ipu s3Tom
YPOBEHb COOCTBEHHOW MEPHOCTM aTOMOB aTMOC(Epbl HaJ pa3orpeToi
TMOBEPXHOCTHIO YBennuuBaetcs. Y, B urore, 001111ii ypoBEHb COOCTBEHHOM
MEpPHOCTU aTMOCMEPHI HaJl Pa30TPETON TOBEPXHOCTHIO YBEJIMUMBAETCS, B
TO BpeMsI, KaK COOCTBEHHBI YpPOBEHb MEPHOCTU aTMOC(EPHI HAJl HEOCBE-
IIEHHOW IMMOBEPXHOCTHIO, YMEHBIIIACTCSA. YMEHbIIEHNE COOCTBEHHOMN Mep-
HOCTU aTMOC(EPBI HaJl HEOCBELIEHHOM (HOYHOI ) TOBEPXHOCTHIO TJIAHETHI
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WJIM YaCTUYHO OCBEIIEHHOM MPOUCXOAUT B CUJTY TOTO, YTO aTOMbI aTMO-
cepnl ToXKE U3JTy4aroT BOJIHBI M 3TO MPUBOAUT K YMEHBIIIEHUIO COOCTBEH-
HOI MEPHOCTH U3JIyYarolIuX MoJIeKyl. B pe3yiabrare, MexXay OCBEIIEHHOM
1 HEOCBEIIEHHON MOBEPXHOCTSIMU TIJIAHEThl BO3HUKAET TOPU30HTATbHBIN
nepernas (rpagueHT) MepHOCTU. [103TOMY HecBsI3aHHBIE B XKECTKYIO CUCTE-
MY MOJIEKYJIbI aTMOc(hepbl HAQUMHAIOT ABUIAaThCS BIOJb 3TOTO TOPU30H-
TaJIbHOTO TMepenaga MEPHOCTU, UTO U SIBJISIETCS TIPUYMHOMN ABUKEHUS
cJ10€B aTMOC(epbl — BeTpa.

1. [ToBepXHOCTHBII CJIOM MJIaHEThI ¢ aTMOCHEPOIA.

2. KauecTBeHHbI Oapbep Mexay (U3MUECKU IUIOTHON U BTOpOit
MaTepuaabHOM chepamu.

3. KauecTBeHHBII Oapbep MEXXIy BTOPOI U TPEThei MaTepuaaIbHBIMU
chepamu.

4. BepTukanbHblil Iepenaa MEPHOCTU BHYTPY HEOJTHOPOIHOCTH.

5. IIpoaoabHbIi (rOpM30HTAIbHBIN) Mepenas MEPHOCTH, BOZHUKA-
IOIIUI MEXKAY OCBEIIEHHOM 1 HEOCBEILIEHHOM MMOBEPXHOCTSMU IJIAHETHI.

6. YBennueHue KayeCTBEHHOro Obapbepa Hajl OCBEIIEHHOI ITOBEPXHO-
CThIO.

7. CKoIuleHHEe MePBUYHBIX MATEPUI HA TPaHUILIE MEXTY (DU3UUYECKU
TUIOTHOM 1 BTOPO MaTepuaibHOM chepaMu Haj OCBEIIEHHOM MOBEPXHO-
CThIO.

Puc.4.3.1. IIpocTpaHcTBeHHas
CTPYKTYypa ajiMa3a, B KpUCTaJLIe KOTOPOTO
aToMmbl yriepona C pacroyiarajoTcst Ha
OIIMHAKOBOM JIPYT OT Apyra pacCTOSTHUM.
PaccrostHue Mexay atomamu yriepojaa B
KPUCTAJUIE aJIMa3a COU3MEPUMO C pa3Me-
paMu caMUX aTOMOB yriepoaa. [Toatomy
HUKaKWe IPyrue aTOMbl M MOJIEKYJIbI HE
TOJILKO OOJIBIIIETO YeM aTOM yIJIepoja pa-
3Mepa, HO ¥ MEHBILIETO He B COCTOSIHUU
IBUTaTbCs MeXIy HUMHU. Bo3moxkHa
TOJIBKO JIMIITb 3aMeHa HEKOTOPHIX aTOMOB
yrjiepoa Ha Ipyrue, 4To MPUBOIUT K TO-
My, YTO IPO3pavyHbIii KPUCTAJLI ajiMa3a
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npuoodpetaeT okpacky. I1o 3Toil mpuunHe 4ea10BEeK NUMEET BO3MOXHOCTh
JII00OOBATHCSI KPACOTOM XKENTHIX, TOJMYObIX, KPACHBIX M YEPHBIX aJIMa30B,
KOTOpbIe, 00paboTaHHbIE PYKOI UyeJIoOBeKa, MPEBPaIalOTCs B UBYMUTEIIb-
HBI€ I10 CBOEM KpacoTe KaMHHU... KpoMme a3Toro, nogoO6Hast KpucTainye-
cKag peléTka aejaeT ajiMa3 caMbIM ITPOYHBIM COeAMHEHNEeM aTOMOB B
MPUPOJIE, U 3TO ACTAET €ro HE3aMEHUMBbIM B TEXHUKE.

a. PaccrosiHue mexay atomamu yriieponaa C B KpucTallie ajimasa.

Puc.4.3.2. IlpocTpaHCcTBEHHAsI CTPY-
KTypa rpadurta, B KpUcTaaie KOTOPOro
aTOMBI YIJIepoa, B TOpU30HTAIbHOM TU10-
CKOCTHM pacMoyIOXEHbl Ha OJMHAKOBOM
pPacCTOSIHMM, B TO BpeMsl, KaK pacCTOSTHUE
MEXIY CIOSIMU B BEPTUKAJIBHOM TIJIOCKO-
CTU 3HAYUTEBbHO OOJIbIIE PACCTOSIHUS
MEXX/1y aTOMaMM YIJIepo/ia B TOPU30OHTAb-
Hoii. Takoe, Ka3ajaoch Obl, HE3HAYUTEIb-
HO€ OTJIMYKME B IPOCTPAHCTBEHHOM pac-
MOJIOXKEHUU aTOMOB YIJIEpO/a IeJIaeT 9TH
KPUCTAJIbl OYeHb MITKUMU. DTa MPO-
CTpaHCTBEHHAsl OpraHM3alusi aTOMOB
yrjepoja HOCUT Ha3BaHUs Tpadura u
OYEHb LIUPOKO MCIMOJIb3YETCS B MPOMbI-
LIJIEHHOCTU U B OBITY (CTep>KHU KapaHalllel, B 2JIeKTpOHUKeE U T.1I1.). Te xe
caMble aTOMBI yIJIepoja, UTO CO3/1al0T caMoe MPOYHOE COeIMHEeHE B IIPH-
polie — ajiMas, CO3MA0T Y CAMBIN MATKWI U3 TIPUPOIHBIX KPUCTATITTAYECKUX
coenvHeHnit — rpadut. Kazanock Obl HE3HAUYUTETBHOE U3MEHEHMSI B PO-
CTPaHCTBEHHOM CTPYKTYpe COEIMHEHNS aTOMOB YIJIEpo/ia MpeBpallaeT ca-
MOE€ MPOYHOE COENMHEHNE aTOMOB B IPUPOJIE, B camoe Msirkoe. I1puurHa
TaKOro OTJIMYMS B CBOMCTBAX 3TUX coeAMHeHU yriaepoaa C 3aKodyaloTcs
B Pa3JIMUHBIX BHEILIHUX YCIOBUSIX, TP KOTOPHIX OHM 00pa3yloTcsl.

Puc.4.3.3. IIpocTpaHCTBEHHAsl CTPYKTypa YIJIePOAHON LIEMOYKH.
CoenuHssICh B LIEMOYKM, aTOMBI yriiepogaa C MOryT co3aaBaTh MOJIEKYJIbI
B COTHM ThICSY, MUJUTMOHBI aTOMHBIX efuHUIL. [1pn 3TOM, TaK1ie MONIEKYIbI
BJIMSIIOT Ha OKPYKAIOLINI MUKPOKOCMOC HEpaBHOMEPHO, CO31aBast BOKPYT
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ce0s1 aHU30TPOITHYIO CTPYKTYPY MUKPO-
KocMoca. Bo3MoOXXHOCTh co31aBaTh aTo-
MaMHM yrjaepoja Moao0HbIe COeAUHEHUS
OIpeAeasIeTCs TeM, YTO OH — YEThIpEXBa-
JIeHTHBINI. UMEHHO 3TO CBOICTBO 2J1€K-
TPOHHBIX 000JI0YEK aTOMOB YIJIEpOAa CO-
31a€T CIEKTp KadyecTB, Oarogapst KOTo-
PBIM, CTAJIO BO3MOKHBIM MOSIBJICHUE XK -
3HU. Tak Ha3bIBaeMble, BHEIIHMUE DJICK-
TPOHBI aTOMOB yIjepoaa CIOCOOHBI CO-
37aBaTh COEINHEHUS C BHEIITHUMU 3J1€K-
TPOHAMU APYTUX aTOMOB B IEPHEHIUKY -
JIIPHBIX OTHOCUTEJIBbHO APYr Apyra Ha-
npasieHusIx. UMeHHO 3T0 CBOMCTBO I10-
3BoJIsieT aTomaM yriaepoaa C co3maBaTh

Pas3JINYHbIC ITPOCTPAHCTBCHHBIC COCAMHCHUA.

C — arombl yrieposja.
H — atoMnl Bogopoa.

Puc. 4.3.4. IlpocTpaHCTBeHHas
CTPYKTypa LIMTO3MHA, OJHOTO U3 YeThIPEX
HYKJICOTHUIOB, CTPYKTYPHO 00pa3yIOLIMX
moJjiekyabsl JIHK u PHK. CoenuHssich
MeXay co0Ooil, HYKJIeOTHIbl 00pa3yioT
cnupanu mouekya JIHK n PHK, korto-
pbie SBASIOTCS (PyHIAMEHTOM XXKU3HU.
Yyno XXM3HU POXKIAETCS, KaK CIAEACTBUE
KauyeCTBEHHO JIPYroro MpoCTPaHCTBEH-
HOTrO COeIMHEHMsI aTOMOB YTJIepOia MEX-
ny coooii. [TogoOHast mpocTpaHCTBEHHAS
CTPYKTYpa COeAMHEHMSI aTOMOB yTIJIepoja
00pa3yeTcs B BOJHOM cpefie BO BpeMsl aT-
MocC(EepHBIX pa3psiioB 3JeKTPUUECTBA.
Tpu BUga coeaMHEHUST aTOMOB YIJIepoja

MeXy co00li MOpOXAAIOT TPU BMIA MPOCTPAHCTBEHHOW OpraHM3aluu
MaTepUM — U30TPOIHYIO CTPYKTYpPY ajiMa3a, MU30TPOMHYIO MO IBYM MPO-
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CTPaHCTBEHHBIM HAIIPaBJICHUSIM U aHU30TPOITHYIO TTO OJJHOMY, CTPYKTYPY
rpaguTa 1, HaKOHell, aHU30TPOITHYIO 10 BCEM MTPOCTPAHCTBEHHBIM HaIlpa-
BieHusiM, ctpykTypy Mosekys JIHK u PHK. Takum o6pazom, aHU30TpOII-
HOCTb MaTepuM sIBJIsIETCS (PYHIAMEHTOM KU3HMU.

C — arombl yrieposja.

H — atoMnl Bogopoa.

O — aTromBbI KHUCI0pOa.

N — aTombl a3ora.

Puc.4.3.5. IIpocTpaHcTBeHHas Sugar Unit
cTpyKTypa cerMeHTa MoJjieKyabl PHK, |- 1o%q ol E E
TMpeACTaBIIsIONIasl COO0M MOCIeI0BaATEb-
HO€ COeIMHEHME B LIEMTOYKY HYKJIEOTUIOB
ryaHuHa, alecHMHa, TAMWHA 1 IIUTO3MHA.
MosieKyJISIpHBIIA BEC 9TOM MOJIEKYJIbI CO-
CTaBJISIET COTHU THICSY, MAJIJTMOHBI aTOM-
HBIX €IMHUI] U pacipenesi€H HEMpornop-
LIMOHAJILHO B pa3HbIX MPOCTPAHCTBEH-
HBIX HAIPAaBJICHUSIX, UTO U SIBJISIETCS YHU-
KaJIbHBIM CBOMCTBOM 3TOW MOJIEKYJIBI.
ITpocTpaHcTBeHHasT aHU30TPOMHOCTD
mosiekys JIHK v PHK gBnsiercs Heo6xo- Y
JUMbIM YCJIOBUEM 3apOXIEHMST KU3HU. I A
MMeHHO npocTpaHCTBEHHAsI HEOTHOPO/I -
HOCTb Ha YPOBHE MUKPOKOCMOCA CO31AET HEOOXOAMMbIE U JOCTATOYHbIE
yCJIOBUS IS MOSIBIEHUSI XMBOM Matepuu. g HEXUBON MaTepuu xa-
PaKTEpPHO HATMYUE N30TPOIMHON, CUMMETPUYIHOM ITPOCTPAHCTBEHHOM Op-
raHuzauuu Marepuu. [IpocTpaHCTBEHHAs M KaUeCTBEHHAS! aCUMMETPUST —
HeoOXoIMMBIE YCJIOBUS IS >KUBOM MaTtepuu. He mpaBaa i, 1000MbITHBI
rnapaaokc npupoibi? AcumMMeTpust — xkuBast matepus. [IpocTpaHcTBeHHast
HEOJHOPOAHOCTb SIBJISIETCS] HE TOJILKO TPUUMHOM POXKIAEHUS 3BE3/ U «UEP-
HBIX AbIP» BO BCEJIEHHOM, HO U MPUYMHOM Yy1a NPUPOIbl — KU3HM.

25

I

s0000

Puc.4.3.6. IIpoctpancTBeHHbIi Buj ¢ Topua Mojiekysl PHK u JIHK.
Crniipaiu 3TUX MOJIEKYJI CO3Ial0T B MUKPOIIPOCTPAHCTBE KaK Obl TYHHEb,
BHYTPEHHUI 00BbEM KOTOPOro MMeeT paauaibHbIN reperan MepHoCTU. BHy-
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tpu cnupanei moiekya PHK u JIHK co-
3MAETCSl aHU30TPOITHAsI CTPYKTypa MUKPO-
npocTpaHCcTBa. Bo3HMKaeT cBoeoOpa3Hast
3acachbiBalollasi BOpPOHKa JJIsi  BCeX
MOJIEKYJ1, KOTOPBIE IMPU CBOEM JIBUKEHUU
BHYTPHY KJIE€TKM MOMNAAaloT B «OMaCHYIO»
ommzoctb oT MoJiekysa JJHK u PHK. He
npaBaa Jiv, JIIOOOMbITHAsI aHAJOTUS C
«4€pHOI ABIpOIi», KOTOpasl 3acachiBaeT B
cebs J1Io0yI0 MaTepuio, MOMNaBIIYIO Ha €€
«TepPPUTOPHIO» — 00JIACTh TPOCTPAHCTRA,
B Ipe/iesiax KOTOPOro IeMCTBYET U30bITOY-
Hoe npuTskeHue. Kak B ciryyae MoIeKyI1
JHK v PHK, Tak u B ciiyyae «4€pHBbIX
JIBIp» 3aCaCbIBAHUE MATEPUU MPOUCXOIUT

B pe3yJibTaTe HaJW4usi HEKOTOPOTro IMOCTOSIHHOIO Iepernaaa MEPHOCTU B
30HE PACMOJIOXKEHMSI ITUX MaTepUAIbHBIX 00beKTOB. Pazinuune ToIbKOo B Be-
JIMYMHE 3TOrO Mnepenaga MepHOCTU U B TOM, UTO B ciiydae mojekya JITHK n
PHK mnMeoT MecTo nmpouecchl, MpOUCXOIsaIIne Ha YPOBHE MUKPOMIPO-
CTPaHCTBA, a B CJTyyae «4EPHBIX AbIP» — MAKPOIPOCTPaHCTBA.

Puc.4.3.7. CnupaneBugHasi mpo-
crpaHcTBeHHast (popma monekyn PHK u
JIHK obecrieurBaeT co3naHne BO BHYTpEH-
HeM 00bEME ITHUX MOJIEKYJT aHU30TPOITHOIO
MUKpOIpocTpaHcTBa. PanuanbHbIi 1 1po-
JIOJILHBIN TIepernanbl MEPHOCTH, HaKJTadbl-
BasICh IPYT HA APYTa BO BHYTPEHHEM O0BE-
me crnmpaneit mosiekys PHK u JIHK, co-
3[1aI0T MPOAOJILHYIO CTOSUYIO BOJIHY TIepe-
naga MepHocTu. IlogoOHast mpocTpaH-
CTBEHHasl CTPYKTypa CO3IaET JIOBYILLKY JIJIsI
BCEX IPYTMX MOJIEKYJI, KaK OpraHU4YECKOro,
TaK M HEOPraHMYEeCKOro MPOUCXOKICHUSI.
B pesynbsraTe OpOyHOBCKOIO JIBUKEHUS
MOJIEKYJT BHYTPU KJI€TKM, OHU OKa3bl-
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Batotcs BOm3u MoJiekysibl PHK wiu JIHK. PaguanbHblil nepernan ypoBHS
MEPHOCTY BHYTPU CITUpPAJIE 3TUX MOJIEKYJT 3aCTaBJISIET, MOMNaBIINE BO BHY-
TPEHHUI OOBEM CITMPATIE MOJIEKYJIbI IBUTATHCS BIIOJIb, TAK HA3BIBAEMOI, OIT-
tryeckoit ocu moJiekyn JIHK v PHK. [1pu cBoéM nBr>KeHM BO BHYTPEHHEM
oobeme crimpaneit mojiekyn JIHK v PHK, «ruieHEHHBIE» MOJIEKYJTbI ITOMa-
JIAIOT I10J1 ACMCTBUE TIEPEIaioB YPOBHEN MEPHOCTH.

1. AHuzoTponHbiii BHyTpeHHU 00beéM crinpanu PHK wiu JIHK.

2. Ilepenan (rpaaueHT) MEPHOCTY MUKPOIIPOCTPAHCTBA BIOJb OCH Y.

3. Ilepenan (rpageHT) MEPHOCTU MUKPOITPOCTPAHCTBA BAOJIb OCH Z..

4. Crosiuas BOJIHA Tepernaga MepHOCTU MUKPOIIPOCTPAHCTBA BHY-
TpeHHero oobeMa crimpasneit mosekysl PHK u JIHK Booas ocu X, coBmna-
JTAIOIIEN C OCBIO ATUX MOJIEKY.

5. [IneHéHHas BHelLIHss MoJiekyna D.

Puc.4.3.8. [1lonaBuive BoO BHYTpeH-
Huit 006¢M cipasieit PHK u JIHK more-
KYJIbl, TIOJ BO3AEUCTBUEM DPaJUaIbHOIO
rnepermnaaa MEPHOCTU BBIHYKJIEHHO HAYM -
HalOT JBUTATbCS BAOJb OCU CHUpPAJIU.
[Ipu cBOEM NBUKEHUM BIOJIb OCH, IJIE-
HEHHasl MoJieKyja momnagaeT IMoj Mpo-
JIOJIbHBIE TIepenaabl MEPHOCTU MUKPO-
NpPOCTpaHCTBa, CO3JaBaeMble CTOSUYEH
BOJIHOM MepHOCTH. JJis1 GOJbIIMHCTBA
IUIEHEHHBIX MOJIEKYJ 3TOT Mepemnaj 3a-
MpeaeabHbIN U TIPUBOIUT K TOMY, YTO 3TU
MOJIeKYJIbl HAUMHAIOT pacriagaTbCs Ha
MEepPBUYHbIE MAaTEPUX UX OOpa3yIolIKe.

1. AHUM3OTPONHBIA BHYTPEHHUH
00beM criupanu PHK unu THK.

2. Ilepenan (rpagri€HT) MEPHOCTU MUKPOIIPOCTPAHCTBA BIOJIb OCcH Y.

3. I[lepenan (rpagyeHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BAOJIb OCH Z..

4. Ctosiuast BoJIHA Teperaga MepHOCTU MUKPOIIPOCTPAHCTBA BHY-
TpeHHero oobeéma cnupaneid mojekyn PHK u JIHK Brnosns ocu X, coBna-
JAIOIIEN C OCBIO 3TUX MOJIEKYJI.

5. [InenéHHasg BHeUIHsS MoJiekyna D.
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Puc.4.3.9. I1ox Bo3neiicTBreM mpo- L
JNOJIBHBIX TMepernagoB MEPHOCTU BIOJb
OCU CIMpajd MOJIeKyJia OKa3bIBaeTcsl B
HEYCTOMYMBOM COCTOSTHUHU U, KOTJa pac-
Kayka JOCTUTHET KPUTUYECKON BEJIUUYU-
HBbI, TIPOUCXOJIUT pacIiaji 3TOU MOJIEKYJIbI
D Ha nepBuYHBIE MaTEpUU, €€ 0Opa3yro-
mue. [1pu 3TOM, IPOUCXOAUT CUHTE3 MO-
Jekya D’ ¢ Takum ypoBHEM COOCTBEHHOI
MEPHOCTHU, IPU KOTOPOM 3TU MOJICKYJIbI
COXPAHSIOT CBOIO YCTOMYMBOCTD MOJI BO3-
JEUCTBUEM MPOIOJbHBIX MIEPEINaToB Mep-
HOCTU CTOSIYEIi BOJIHBI CIIUPAIN MOJIEKY-
gl PHK nnu THK. D11, ycToiiunBbie K
MoJ00HBIM MepenagaM BHOBb CUHTE3M-
pOBaHHbIE U3 MEPBUYHBIX MaTepUil MOJIEKYJIbI SBJISIIOTCS TOKCUHAMMU,
IIUTAaKaMU 1 JOJIKHBI ObITh BBIBEICHBI M3 OpraHu3ma. Takum obpa3om, BO
BHyTpeHHeM 00beMe cripaieit mosekyn JIHK u PHK npoucxonar siaep-
HbIE peaKIIMM pacraaa u cuHTe3a. Ho aTo — simepHble peakiyy Apyroro
TUIIA, KOT/IAa pacnaay MOJABEpPraroTCs BHEIIHME MOJIEKYJIbI, MOIAaBIlIne B
«1oBywiky» criupaieit mojiekya PHK v JIHK. Ho, Tem He MeHee, (pakT
ocTa€Tcs (pakToM, B XKMBOI MaTePUM MIPOUCXOMST sII€pPHbIE pPeaKIUU pac-
LIETJICHUS] M CMHTe3a MoJieKyJl. 1 HUKakoro mpoTUBOpEUYMsl B 3TOM HET;
B XXMBOI MaTepUM siiepHbIE peaKLIMK ITPOUCXOIST TOJIbKO BHYTPU CIIUpa-
seit monekyn JTHK u PHK, B MUKpOCKOIMMUYECKOM 00BbEME, KAKMUMU ObI
0OJbIIMMU HEe ObLIM OBbI 3TU MOJIEKYJIbI. M TIpu 3TOM, HE BO3HMKAET LIeTI-
HOW peakliMM, KaK B CJIydae KJIaCCUYECKMX SIEPHBIX peaKIUi.

1. AHuzoTponHbii BHyTpeHHU 00b¢M cniupanu PHK i JIHK.

2. [Nepenan (rpagueHT) MEPHOCTH MUKPOITPOCTPAHCTBA BIOJIb OCH Y.

3. Ilepenan (rpageHT) MEPHOCTU MUKPOIIPOCTPAHCTBA BAOJIb OCH Z.

4. Crosiyasl BoJIHA Teperajga MepHOCTU MUKPOMPOCTPAHCTBA BHY-
TpeHHero oobeéma crimpaneit monekyn PHK u JIHK Boosib ocu X, coBna-
JaloIlei ¢ OChIO 3TUX MOJIEKYII.

5. IlneHéHHasg BHeLIHS Mojekyaa D.

- 2.900
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Puc.4.3.10. dopmupoBaHue Ha
BTOPOM MaTepuaJibHOM YPOBHE KOMUU
mosekyJsibl PHK mim JIHK Tak Ha3biBae-
MOTO BTOPOI'O MaTepuajbHOIO Teaa. DTO
TeJI0 CO3AAETCS U3 TePBUUHOI MaTepuu
G. KayecTBeHHOE OT/IMUME MEXITy (Du-
3UYECKU IJIOTHOU U BTOPOI MaTepurab-
HOI cpepaMu, COCTOUT B OTCYTCTBUM Ha
BTOPOM MaTepuaibHOM YPOBHE MEPBUY-
Hoii Matepuu G 1, KOrjaa B 30HE BIUSIHUS
crmpaneii mojekya PHK wiu JIHK ncye-
3a€T KaueCTBEHHbIN Oapbep MeX Ty (hU3K-
YECKU TUIOTHOM M BTOPOU MaTepruaibHOM
chepaMu, TPOUCXOIUT BOCCTAHOBJICHNUE
KauyeCTBEHHOro OajiaHca 1o MepBUYHbBIM
MaTepusiM. Bropoe MaTepuanbHoe Te10 GopMUpyeTCcs U3 IEPBUYHOMN Ma-
TepUHU, KOTOpasl BEICBOOOXKIAETCS MPU PaCILCIUIEHUU MOJIEKYJI Ha MaTe-
puu 1x obpasyrolire BO BHyTpeHHeM 00beMe crimpasieit moJiekya JTHK n
PHK. Mukpockonuyeckue X1UBble «4€PHbBIC AbIPbI» B KJIETKaX 00eCIieumn-
BAIOT HEIMpPEKpPaIIAOIIUIACS TMTOTOK BBICBOOOIMBIINXCS MEPBUYHBIX Ma-
TEepUil Ha BTOPOI1 MaTepUaIbHbII YPOBEHb, UYTO 00ECIIeUYNBAET MOCTOSTHHOE
MOJIMUTBIBAHUE BTOPBIX MAaTEPUAIbHBIX TeJI MEPBUYHOM MaTtepueil G, nux
CTaOMJIBHOCTb.

1. ®usnuecku maoTHast MoJiekyna PHK.

2. Bropoe marepuanbHoe Teao Moaekyiasl PHK.

Puc. 4.3.11. Monexynsl PHK vin JIHK co3nator He TOJIBKO CTOSTUYIO
BOJIHY MEPHOCTHM BO BHYTPEHHEM O00BbEME, HO M CO3/1aI0T BOKPYT Ce0s Ie-
pernaa MepHOCTU MUKPOIIPOCTpaHCTBA. B pesynbrare a3Toro, BOKpyr crim-
pajieii 3TUX MOJIEKYJT 00pa3yIoTcs CJIOM, UMEIOIIME TOXKIECTBEHHbBIC YPOB-
HU MEpHOCTU. BiusiHue crivpaseit aTux MojieKy/l Ha BHEIIIHee ITPOCTpaH-
CTBO 3HAUYMTEJbHO MEHbIIIE BIMSIHUSI HA MEPHOCTbh MUKPOIIPOCTPAHCTBA
BHyTpeHHero oobeMa crimpajeit mojekyn PHK wiu JIHK. Tem He meHee,
Ha ypOBHE MUKPOIIPOCTPAHCTBA CIIMpPaIn 3TUX MOJIEKYJ BBICTYIAIOT, KaK
LeHTpHI nepopMaumru MmukporpoctpaHcTBa. Mojekyianl JIHK 1 PHK Ha
YPOBHE MUKPOKOCMOCA UMEIOT IBOMCTBEHHbIE CBOMCTBA. DTU MOJIEKYJIbI
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OTHOBPEMEHHO SIBJISIIOTCSI M aHAJIoOTaMu
«4EPHBIX IBIP» U 3BE3MHBIX CUCTEM Ha
ypOBHE MMKpOTpocTaHCTBa. BHyTpeH-
Huit 00eM Mosiekys1 PHK u JIHK niposi-
BJISIET CBOCTBA, aHAJIOTUYHbIE «4EPHOU
JbIpE» MAaKpPOIPOCTPAHCTBA, B TO BpEMS,
KaK BHEIITHUIA 00BEM STUX MOJIEKYJI TTPO-
SIBJISIET CBOMCTBA, aHAJIOTUUHBIE 3BE3/IE.
Bce npyrue monexynbl, mornanasi B mojie
MPUTSIKEHUST 3TUX «3BE3I» — «UEPHBIX
JbIP» MUKPOITPOCTPAHCTBA WK BTSTMBA-
IOTCS BO BHYTPEHHMIA 00BEM crivpaseit
monekyn PHK wiu JTHK, roe pacnana-
I0TCS Ha MIEpPBUYHbBIC MAaTEPUU UX 00pa3y-
I01lIM€, UJIM OCEal0T Ha YPOBHSIX TOXIIE-
CTBEHHOIA MEPHOCTH, KOTOPbIE BOBHUKAIOT BOKPYT 3TUX MoJjieKyd. [lep-
BUYHbIE CTPYKTYPbl MOJIEKYJIbI O€JIKa, MOIaaas B oJie PUTSKEHUS CTIH -
paneit monekyn PHK wiu JIHK, HaunHalOT ocenaTh Ha ypOBHE TOXIIEC-
TBEHHOI MepHOCTH Lpr.

1. ®usnuecku motHast Mojiekyna JHK nin PHK.

2. benkosas o60J10UKa.

3. INepenan MepHOCTU MUKPOIIPOCTPAHCTBA CO3aBacMBblii BHYTPEH-
HuM 00bEMoM MosiekyJibl JIHK nin PHK.

4. [lepBUUHbIE CTPYKTYPbl MOJIEKYJI OeIKa.

P — aMMHOKMCIOTHI OETKOB.

R2 — cBoGOHBIE pagrKaibl aMAHOKUCIIOT OETKOB.

Lpr — ypoBeHb TOXIECTBEHHOI MEPHOCTHU MEPBUYHON CTPYKTYPHI
MOJIEKYJIbI OesKa.

Puc. 4.3.12. Co BpeMeHeM, NEPBUYHBIX CTPYKTYP MOJIEKYJI OejIKa, 3a-
xBauyeHHBbIX TTojieM nputskeHus MoJieKya PHK u JIHK, craHoBuTtcs Bcé
Oosbllie 1 6osbie. PacroioxxeHHbIe OJM3KO APYT K APYTY, NEPBUYHBIE
CTPYKTYpPbI MOJIEKYJIbI O€JiKa, IMOCPEeICTBOM BOAOPOIHBIX CBsI3ei U pa-
3HOOOpA3HbBIX CBS3EH MeXay paavKalaMh aMUHOKHMCIIOT, 00pa3yrolmx
MEePBUYHBIE CTPYKTYPhI OEJIKOB, HAUMHAIOT CO3/IaBaTh BTOPUYHYIO CTPY-
KTypy OeJika. B oTamune oT cBOOOAHOTO CUHTE3a OeIKa U3 MEPBUYHBIX CTY-
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KTyp Oenka, coelMHEeHMEe ITOCIeIHUX
MPOUCXOAUT HE TTPOU3BOJBHO. YIEpPXKU-
BaeMblIe MOJIEM MPUTSIKEHUS CIIMpaun
mosekyiabsl PHK v JTHK, nepBuuHbie
CTPYKTYpPHI OejiKa BBIHYKIEHHO COEIU-
HSIIOTCSl BAOJIb YPOBHSI TOXIECTBEHHOM
MEPHOCTU. B pesynbrare 3Toro Ha ypoBHe

TOXIAECTBEHHON MepHOCTU Lpr HAUMHaeT
(opMupoBaThCs OeJIKOBast 00071049Ka BO-
kpyr ciiupanau mosiekyiasl JIHK v PHK.
YpoBeHb TOXAECTBEHHOI MEPHOCTHU BO-
kpyr criupaieit moiuekyn PHK u JTHK
BBICTYNAET, KAK OPTaHU3YIOLIEE MOJIe, 3a-
CTaBJISIIOIIIEE IEPBUYHBIE CTPYKTYpPhI O€JI-
Ka, 3aXBaYeHHBIEC <«ITOJIEM TATOTESHMSI»
CIMpaJiu, COEIUHSITLCS B ONPEIeIEHHOM MOPSIIKE, KaK, HAIPpUMED, CUJIO-
BbI€ IMHUM MAarHUTHOTO ITOJISI BBIHY>KIAIOT KPYITUIIBI METajlia pacmoia-
raTbCsl MO KOHTYpaM 3TUX CUJIOBBIX JMHUI, KOTOPHIE, MO CYyTU CBOEIA,
SIBJISIFOTCSI YPOBHSIMU TOXI€CTBEHHOU MEPHOCTU, CO3/ITaBAEMbIMU MarHu -
TOM BOKpYT ceO0sl.

1. ®usnuecku maotHas mojiekyna JIHK win PHK.

2. benkoBas o6oJi0uKa.

3. Ilepenan MEpHOCTA MUKPONPOCTPAHCTBA CO3/IaBaCMblii BHYTPEH -
HUM 00bEMoM MoJieKybl JIHK nnu PHK.

4. [lepBUUHBIE CTPYKTYPHI MOJIEKYJI OeIKa.

P — aMUHOKMCIOTHI OEIKOB.

R> — cBOOOIHBIE paguKaabl aMUHOKMCIIOT OEJIKOB.

Lpr — ypoBeHb TOXIECTBEHHOM MEPHOCTU MEPBUYHOM CTPYKTYPhI
MOJIEKYJIbI OeKa.

Puc. 4.3.13. IlocTerieHHO BCE OoJibliiee 1 00JIbllIee YMCIIO TTepBUY-
HBIX CTPYKTYp O€JIKOB 3aXBaThIBACTCSI «I10JIEM TSITOTEHUS» CITUPAIN MOJIe-
Kyiabl JIHK v PHK 1 BBIHYXXIE€HHO COETUHSIIOTCSI MEXIY COO0I Ha ypo-
BHE TOXIECTBEHHOI MepHOCTU. PazMep 0e1KOBOro CJ1051 BOKPYT CITUpaIn
mouiekyJibl JIHK i PHK nocreneHHoO pacTeT, 1 HaCTynmaeT MOMEHT, KO-
raa 0eJKOBO€ MoJjie MOJIHOCThIO OKpyxXaeT cnupasib MoJiekyabl PHK vnun
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JIHK. Tak niosiBisieTcst 6eJ1IKoBast 0007104~
Kay BupycoB. [1osiBieHue 6e1KoBoi 000-
JIOUKHM BUpYca MOCIYXUJI0 HayaJloM HO-
BOIi 3pbl 2BOJIIOLIMM MaTepUM — 3apo-
XKIESHMWIO KU3HU. beakoBag 000J109Ka co-
37aj1a B CBOEM BHYTPEHHEM O00bEME YCII0-
BUSI 3HAQUYMTEJIbHO OTJIMYAIOLIMECS OT
yca0BuUit BHe e€ npeaeaoB. OHa croco6-
CTBOBAJIa yIEp>KaHUIO BHYTPU ceOsT op-
TaHUYECKMX U HEOPraHUYECKUX MOJIEKYJI,
MPOHUKIINX Yepe3 3Ty OCITKOBYIO CETKY.
benkoBas 060J10uKa BUpYyca Kak Obl IPo-
1Ie>K1BaJia BOAY MEPBUYHOIO OKeaHa, Co-
Oupast B CBOEM BHYTPEHHEM O00BEME pac-
TBOPEHHBIE B 3TOI BOJE OPraHUYECKUE 1
HeopraHudeckue MosiekyJibl. [Tono6Has ¢puabTpalms MOpCKOM BOAbI MO-
3BOJIsIJIa HAKaIJUBaTh OPTaHUYECKME MOJIEKYJIbI B HEIOCPEICTBEHHOM
onm3octu ot cnupaiu Mojekyiabl JIHK i PHK. U, korna KoHueHTpauus
OPraHUYECKUX MOJIEKYJ JOCTUraga KpUTUUECKOTO YPOBHSI, BOZHUKAIU
ycaoBus wis ayoavposanus Mosekya JIHK nnu PHK u 6e5koBoii 060104-
Kku. B pesynsrare atoro rnpoiiecca, Bo3HMKaIa TouHas Konus Bupyca. C
3TOr0 MOMEHTa MOXHO FOBOPUTh O 3aPOXKIECHUU XKU3HMU.

1. ®usnuecku miaotHas Mojiekyna JIHK win PHK.

2. beikoBas 060J104Ka.

3. Ilepenan MEpHOCTA MUKPOIPOCTPAHCTBA CO3IaBaCMblii BHYTPEH -
HuM oobeEMoM MosiekyJibl JIHK v PHK.

4. [TepBUYHBIC CTPYKTYPhI MOJIEKYJI O€JIKa.

P — aMUHOKMCIOTHI OEIKOB.

R> — cBOOOIHBIE paguKaabl aMUHOKMCIIOT OEJIKOB.

Lpr — ypoBeHb TOXIECTBEHHOM MEPHOCTU MTEPBUYHOM CTPYKTYPhI
MOJIEKYJIbI OeKa.
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Puc. 4.3.14. Knerka u e€ BTOpOe
MaTepuajibHoe Teno. Kaxnmass mojekyna
HUCKPUBJISIET MUKPOIIPOCTPAHCTBO BOKPYT
cebs1, ciaenoBaTeIbHO KMBas KJIeTKa,
00pa3oBaHHas U3 OPraHUYECKUX U HEOP-
raHUYECKUX MOJIEKYJ, CO3AaéT Ha BTO-
pOM MaTepualbHOM YpOBHE aedopMma- 2
LIMI0, TTOJTHOCThIO TTOBTOPSIIOILYIO BHEIII-
HU BUJ caMoii kieTku. Ho, aTa nedop-
Mallysl ocTaBajiach Obl HEe3armOJHEHHOM,
ec/ii Obl HE HaJlMYMe B KJIE€TKE MOJIEKYJ
JHK n PHK, KoTopble HE TOJBKO OT-
KPBIBAaIOT Kauye€CTBEHHBIN Oapbep MeXIy
(pu3MYEeCKM U BTOPBIM MaTepUaTbHbIM
YPOBHSIMU, HO M CO3[AI0T YCJIOBUS IJIsI
paclenjaeHus MOJIeKyJ Ha IEPBUYHBIE MaTepUU UX 00pa3ylolie BO BHY-
TPeHHEM 00BbEME CBOMX CITUPATICH.

1. ®usnyecku MI0THAS KJIETKa.

2. Bropoe MmaTepuasibHOE TEJI0 KJIETKMU.

3. dnpo kneTku.

4. llenTpuronn.

5. 30Ha cMBIKaHUST MeXay (PU3NUYECKUM U BTOPBIM MaTepUaIbHbIM
YPOBHSIMU, — BHEPreTUYECKUIA KaHal.

6. Attmapat [oabmaxu.

7. MUTOXOHAPUMU.

8. DHpomnnazMaTuyeckasi CeTh.

Puc. 4.3.15. B siape KJ1eTKM MIPOUCXOIUT MTPOLIECC paCIIEIIEHUS] MO-
JIEKyJ1 Ha TIepBUYHbIE MaTepuu, UX oopasytoiire. OCBOOOAUBIIKMECS TTPU
5TOM MEPBUYHBIE MaTepUX HAUMHAIOT LIMPKYJIUPOBATh 10 KaHaIy, Cylle-
CTBYIOLIEMY MeKay (PpM3MUYECKHU TIJIOTHBIM M BTOPBIM MaTepUaIbHbIM TeJla-
Mu. [Tpu cBOEM ABMKEHUM OT (PU3UYECKU TJIOTHOTO K BTOPOMY MaTepuaib-
HOMY YPOBHIO, BOCXO/ISIIIIME TOTOKM IMePBUYHBIX MaTEpUii pa3BOpaurBaIOT-
Cs1 1 HAYMHAIOT IBUTaThCs IO HAaMpaBJIeHUIO Tiepenanaa MepHoCcTu. Bokpyr
(bm3MYeCKU TIJIOTHOM KJIETKHU U €€ BTOPOTo MaTepuaabHOIO TeJla LIUPKYJI-
pyolye NepBUYHbIE MATEPUU CO3/1AI0T U30JIUPYIOLILYIO 000I0UKY.
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1. ®u3uYecKH IIOTHOE TEJIO KIIET-
KU.

2. Bropoe MaTepuajibHOE TEJIO0
KJICTKH.

3. Knerounoe sapo.

4. llenTpuonu.

5. DHepreTMYecKMii KaHaJI MeXIy
(buznyecku MIOTHOM KJIETKON U BTOPHIM
MaTepUabHBIM TEJIOM.

6. Anmapar [onbmxu.

7. MUTOXOHIpUU.

8. MU3onupyroiie-3amuTHas 000-
JIOUKa.

Puc. 4.3.16. ®usnyecku 1JIO0THas
KJIETKA CO BTOPbIM U TPEThUM TEJIaMU.
Bropoe marepuanbHOe TeJIO KJIETKU OT-
JINYaeTcsl OT TPEThEero KadyeCTBEHHOM
CTpYKTypoii. TpeThe MaTepHraabHOE TEJIO
o0pasyeTcsl CIMSIHUEM IBYX MEePBUYHbBIX
matepuii G u F, a BTopoe — ogHoI nep-
BUYHOI Matepueii G. OHu BMecTe oOpa-
3YIOT €IMHYI0 CUCTEMY — CJIEAYIOLIYIO
CTYNEHb 3BOJIOLIMY XWBOW MaTepUU.
[TosiBieHUe y KIETOK TPEThero MaTepu-
aJIbHOTO TeJia TIPUBEJIO K 3HAYUTEIbHO
OoJblIIel CTAOUIBHOCTH, JKU3HECTOMKO-
CcTU 1 00Jiee BICOKOI CTENEHU MPUCITO-
COOJIIEMOCTU K U3MEHSIIOIIUMCST BHEIII-
HUM YCJIOBUSIM CPE/IbI.

1. dusnyecku IIOTHOE TEJIO KIIETKU.
2. Bropoe matepuaibHOE TEJIO KJIETKH.

3. KnerouHoe siapo.
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5. DHepreTuuecKMii KaHau MexXay (PU3nUecKu IUIOTHOM KJIETKOM,
BTOPBIM U TPETbUM MaTepUaJbHbIMU TEJIAMMU.

6. Anmapar [onpmxu.

7. MuToxXoHapuUM.

8. DHIonnazMaTuyeckasi CeTh.

9. Llentpuonu.

10. KieTounoe gapo.

Puc. 4.3.17. ®usnuecku njaoTHasg
KJIETKa CO BTOPBIM, TPETbMM M YETBEP-
THIM MaTepHaJbHBIMU TeaaMu. YeTBEp-
TO€ MaTepuajibHOE TeJI0 00pa3yeTcs CIu-
SIHUEM TpEX nepBUUHBIX MaTtepuii G, F u 4
E, TpeThe MaTepuaabHOE Te10 00pa3yeTcs
CIUSTHUEM JBYX MepBUYHBIX MaTtepuiit G u
F, a BTopoe MaTepuralibHOE T€JIO — OTHOU 3
nepBuyHoil matepueit G. Hanuuue ue-
TBEPTOrO0 MaTepuaJbHOro TejJa — 3BTO
CIIeAYIONINI KaueCTBEHHBIN CKAa4OK B pa- 2
3BUTUU XMBOI MaTepUu, BO3MOXHOCTb
JIJIs pa3BUTHSI CO3HAHMSI HA KAUECTBEHHO
JPYTOM 3BOJIIOLIMOHHOM YPOBHE.

1. ®usnyecky MIOTHOE TEJIO0 KIIETKU.

2. Bropoe matepuajibHOE TeJIO KJIETKU.

3. TpeTbe MaTepuaibHOE KJIETKU.

4. YerBépTOE MaTepraabHOE TE€JIO KICTKU.

5. DHepreTMuecKuii KaHal MeX1y (PU3NMYECKU TUIOTHOM KJIETKOM,
BTOPBIM, TPETHUM U YETBEPTHIM TEJIAMU.

6. Anmapar [onpmxu.

7. MUTOXOHIPUM.

8. DHnoruiazsMaTnyeckas ceThb.

9. LleHTpHoaM.

10. KnetouHoe siipo.

Puc. 4.3.18. Eciu kineTka nmeeT pU3NYECKU TJIOTHOE TEJIO M BTOPOe
MaTepuajibHOe TeJ10 (M3HavyajbHas KJIeTKa), TO, Ioc/e pa3pylieHUsT Win
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rubenu pru3nvecKu IJI0THOTO Tejla, BTO-
po€e MaTeprualIbHOE TeJo He ucye3aer. [1o-
TOKHU MepBUYHON MaTepuu G, MPOHU3BI-
BalOIIME BCE MPOCTPAHCTBO IUIAHETHI, HA-
CHIIIAIOT COO0I BTOPOE MaTepuaibHOE
teso. B pesynbrare aToro, Bropoe Mate-
pUaIbHOE TEJI0 COXPaHSIET CBOIO LIEIOCT-
HOCTb U TTOCJIE MOTEPU (PUBUYECKU TIJIOT-
HOTO Tesa, KoTopoe co3naino ero. Ecre-
CTBEHHO, HACBILLIEHWE BTOPOrO MaTepu-
aJbHOTO TeJla 3HAYMTEJbHO OTIMYAeTCs
OT HACBILIEHUS Yyepe3 PU3UUeCcKu MIoT-
HOE TeJIO, HO TEM HE MEHEE, OKA3bIBACTCSI
JIOCTaTOYHBIM JIJISI COXpPAHEHUS LIEJOCT-
HOCTM BTOpPOTO MaTepuUajbHOTO TeJa.
ITpu 3TOM, BTOpOE MaT€pUATBHOE TEJIO OKA3bIBAETCS KaK Obl «3aMOPOXKEH-
HBIM» U 3TO COCTOSTHUE OYAET COXPAHSIThCS 1O TEX MOp, TOKa HE BOCCTa-
HOBUTCSI (PU3UYECKHU TUIOTHOE TEJIO.

2. Bropoe maTepuasibHOE TEI0 KJIETKMU.

5. TonmmHa BTOPOro MaTepUaIbHOTO TEJIA KJIETKH.

G — IlepBruyHas MaTepus MPOHMU3bIBAIOIIAS TPOCTPAHCTBO U HACHI-
1IAI01Iasl BTOPOE MAaTepUaAIbHOE TEJIO.

Puc. 4.3.19. Ecau xi1eTka nMmeeT
(pr3nYeCcKM MIOTHOE TEJI0, BTOPOE U Tpe-
The MaTepHraJIbHbIC TeJa, TO MOCJIe pa3py-
LICHUS WY THOean (pU3NIEeCKU IJIOTHO- 4
ro Tejia, BTOpoe U TpeThe MaTepuaibHbIe
Tesa He ucuesatoT. [1oTokM rmepBUYHBIX
matepuu G u F, mpoHusbiBaoline Bcé 3
MPOCTPAHCTBO IJIAHETHI, HACKIIIAIOT CO-
00li, KaK BTOpOE, TaK U TPEThe MaTepU-
aJibHble Tena. B pesynabrate aTOro, Kak 2
BTOpOE, TaK U TPEThe MaTepUaibHbIC TeIa
COXPAaHSIIOT CBOIO LIEJIOCTHOCTb U TOCJIE
notepu (pU3NUECKU IUIOTHOTO Tea, KO-
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Topoe co3naio ux. EcrecTBeHHO, HACHIIIIEHNE BTOPOTO M TPETHErO MaTe-
pUaJbHBIX TEJI 3HAUUTEIBLHO OTIMYACTCS OT HACBIIIEHUS UX Yepe3 (pusu-
YeCKM IUIOTHOE TEeJI0, HO TeM He MeHee, OKa3bIBaeTCsI TOCTATOUHBIM IS
COXpaHEeHUS X LEJTOCTHOCTH.

2. Bropoe MaTepuaibHOE TEIO0 KJIETKMU.

3. TpeTbe MaTepuaibHOE KJIETKU.

5. TonmmHa BTOpOro MaTepruaibHOTO TeJla KJIeTKHU.

G u F — nepBuYHbIe MaTepuu, IPOHU3bIBAIOLIME TPOCTPAHCTBO U
HachIIIAIoII1e BTOPOE U TPEThe MaTepUaibHbIC TeJa.

Puc. 4.3.20. Ecau kxineTka uMmeeT
(prznmyecku MI0THOE TeJIo, BTOPOE, Tpe-
Th€ U YETBEPTOE MaTepUaIbHbIC TeJa, TO
nocJje pa3pylieHus Win rudenu pusu-
YeCKHU ITUIOTHOTO TeJia, BTOPOE, TPEThE U
YeTBEPTOE MaTepualibHbIEC Tejla HE UCUe-
3a10T. [ToToku nnepBuyHbIX MaTtepuii G, F
u E , npoHu3sbiBaollme BCE NMpOCTpaHC-
TBO IUIAHETHI, HACHIIIIAIOT COO0I BTOpOE,
TPEThE U YETBEPTOE MaTepUAIbHBIE TEJIA.
B pesynbrate 3TOro Bropoe, TpeThe U ye-
TBEPTOE MaTepuasbHbIE TeJIa COXPAHSIOT
CBOIO LIEJIOCTHOCTD U TOCJIe TOTepU (pu-
3MYECKM TIJIOTHOrO Tea. [Ipu aTom Ha-
CBHILLIEHUWE TUX TEJI STUMU NMEPBUYHBIMU
MaTepusiMu OyIeT OTJIMYAThCs OT HACHILLEHUS X Yepe3 (PU3NIECKU TII0T-
HOE TeJo.

2. Bropoe matepuaabHOE TeJIO KJIETKU.

3. TpeTbe MaTepUaabHOE KIETKU.

4. YeTBEpTOEC MaTepHUATBLHOE TEJIO KIIETKU.

5. TonmmmHa BTOPOro MaTeprUaIbHOTO TeJIa KJIETKH.

G, F u E — nepBuuHbIe MaTepuu, MMPOHU3BIBAIOIINE TPOCTPAHCTBO
1 HACBILIAIOLIME BTOPOE, TPETHE U YETBEPTOE MAaTepUaAIbHBIE TeJIa.

Puc. 4.3.21. TlepBas ¢daza genenus kiaeTku. Korma KoHLeHTpalLus
OpTaHMYECKUX BEIIESCTB, BOBHUKIIMX B KJIETKE B pe3yJibTaTe (POTOCUHTE3a
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WJTU TIOTJIOMIEHBIX KJIETKOM U3 BHEITHEN
cpeabl CTAHOBUTCS KPUTUYECKOI, OHA Te-
psIeT CBOIO YCTOMYMBOCTD, 1 HAUMHAETCS
npouecc aejneHusi. LleHTpuoan KieTku
pacxoasTcs IO TIPOTUBOIIOJIOXHBIM T10-
JIIocaM KJIETKM ¥ CTAHOBSITCS LIEHTPaMU,
BOKPYT KOTOPBIX M TIPOUCXOIUT IIPOIIECC
JeJICHUSI.

1. ®u3nyecku IIOTHAS KJIETKa.

2. Bropoe matepuaibHOE TEJTO KJIETKU.

3. KnerouHoe siapo.

4. KieTouHble LIECHTPUOJIN.

5. KaHnaj, mo KoTopoMy LIUPKYJIM-
PYIOT MaTepUU.

6. Anmapar [onsmxu.

7. MUTOXOHAPUM.

8. DHIonnazMaTuyeckasi CeTh.

9. XpOoMOCOMBI siIpa.

Puc. 4.3.22. beakoBble HUTU TI0[I-
TSATUBAIOT K LIEHTPUOJISIM XpPOMOCOMBI 13
CTaporo sIIpa KIETKH, M 3TO SIBJISIeTCS Ha-
yajioM (pOpMHUPOBAHUS TBYX HOBBIX KJIE-
TOK. B Hauasyie HOBBIE sIIpa copepKar 1mo-
JIJOBUHHBI HAaOOp HEOOXOIUMBIX XPOMO-
COM, TTO3TOMY JIBa KaHajla MU CcOo3/1aBa-
E€MBIX MPAKTUYECKN SKBUBAJICHTHBI Ka-
HaJty siipa 1o Havasa aejieHus1. MepHOCTb
MHUKPOKOCMOCA KJIETKH MOYTH HE U3Me-
HSIETCSI U cOXpaHsieTcsl OajlaHC TTOTOKOB
MeXIy GU3NIecKUM U BTOPBIM MaTeph-
aJIbHBIM YPOBHSIMU KJICTKMU.

1. ®usnyecku MIOTHAS KJIETKA.

2. Bropoe matepuanbHOE TEJTO KIIETKMU.

3. Knerounoe sapo.

4. KnetouHble LIECHTPUOJIN.
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5. Kanau, 11o KoToOpomMy LIMPKYJIMPYIOT MAaTEPUN.
6. Annapar [onbmxu.

7. MuToxoHapuu.

8. DHIonnazMaTuyeckasi CeTb.

9. XpoMOCOMBI s11Ipa.

Puc. 4.3.23. Kaxnast xpoMocoma B
TaKUX siApax U3 HAKOIUIEHHBIX B KJIETKE
OpraHMYEeCKMX BEIIEeCTB HAaYMHAET BOC-
€03/1aBaTh CBOETO 3¢ PKaJIbHOTO IBOMHU-
Ka, 4TO SIBJISIETCSI €CTECTBEHHBIM CTpe-
MJIEHHEM JTI000# CUCTEMBI K COCTOSTHUIO
MakKcuMajabHOU yctoitunBocTu. Ilpu 3a-
BEpIIIEHUU 3TOr0 Ipoliecca, BHYTPU OJI-
HOW KJIETKM 00pa3yloTcs ABa siapa, Kax-
J0€ 13 KOTOPBIX UMEET KaHaJl, IO KOTO-
PBIM MaTepusi TiepeTeKkaeT Ha BTOPOil Ma-
TepUATbHbII YPOBEHbD.

1. ®u3nyecku NJIOTHAS KJIETKa.

2. Bropoe MmatepuaibHOE TeJI0 KIIETKMU.

3. KnerouHoe siapo.

4. KiieTouHble LIEHTPUOJIHU.

5. KaHau, 1o KoTopomMy LHIMPKYJIMPYIOT MAaTEPUN.

6. Annapar [onbmxu.

7. MuToxXoHapuM.

8. DHIonnazMaTuyeckasi CeTb.

9. XpOoMOCOMBI Spa.

Puc. 4.3.24. I1pu pacnane ¢pu3nM4ecKu IJIOTHOMN KIAETKU (OPMUPY-
€TCSI BTOPOe MaTepraIbHOE TeJIo KIeTKU. [Ipnuém, KOHIIeHTpalus MaTe-
pun G BO BTOPBIX MaTepUaIbHbBIX TeJIaX KJICTKN B HECKOJIbKO pa3 MPeBbI-
aeT 6aJlaHCHOE COOTHOIIIEHUE TSI BTOPOTO MaTepUaIbHOTO YpoBHS. 13-
OBITOYHOE HACHIILIEHNE BOZHUKAET BCJIEICTBHE TOTO, YTO BO BpeMs pacraia
CTapoii KJIETKH 10 SIIEPHBIM KaHaJlaM Ha YPOBEHb BTOPBIX MaTepUaIbHbIX
TeJI MepeTeKaeT BO MHOTO pa3 0oJiblie MepBUYHOM MaTepun G, 4yeMm mpu
HOPMAaJIbHBIX YCIOBUSIX, B TO BpeMsl, KaK IMOTEPs] BTOPBIMU MaTepUalb-
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HBIMM TeJlaMU TIepBUYHOU MmaTepuu G
ocTta€tcd mpexHei. M, kak cieacrtsue,
BO3HMKAET U30BITOYHOE HACHILLIEHNE.

1. ®dusuyecky IIOTHAS KJIETKA.

2. Bropoe matepranbHOE TEJTO KIIETKU.

3. fdnpa KieTKu.

5. KaHaJbl saep KJIETKH.

10. «TomammHa» BTOPOrO MaTepu-
aJIbHOTO Tea.

Puc. 4.3.25. Tlocne 3aBepiueHus
pacnaga ctapoii (U3UYECKU TUIOTHOM
KJIETKW, Ha BTOPOM MaTepUaIbHOM ypO-
BHE OCTAIOTCS IBA BTOPbIX MaTepUaATbHbIX
Teja, KOTOPhIE MepeChIlleHbl TEPBUYHOM
Matepueit G. M30bITOYHOE HACHIIIEHNE
3HAYMTEJILHO MPEBBIIIAET ONTUMAJIBHOE.
[ToaTOoMy, KOTIA MpeKpalaeTcs MOoTOK
MEePBUYHbBIX MATEPUIA C PU3UYECKHU TITIOT-
HOTO YPOBHS, U30BITOK ITEPBUYHOM MaTe-
puun G HauMHAET MepeTeKaTh yKe CO BTO-
pOro MarepuajabHOIO YPOBHS Ha (pU3U-
yeckuii. [Ipnuém, neperekanue Ha pu3u-
YeCKU IJIOTHBIN YPOBEHb TPOUCXOAUT IO
TE€M XK€ CaMbIM KaHajlaM, MO KOTOPbIM

OHa MepeTekaga Ha BTOPOil MaTepuaibHbIii ypoBeHb. ClieayeT OTMETHUTD,
YTO MEXIY MOMEHTOM TOJIHOTO pa3pyllIeHUs CTapoii GU3NYECKH TIOTHOM
KJIETKUA ¥ BOBHMKHOBEHMEM OOpaTHOTO MOTOKa MepBUYHON MaTtepuu G,
CYILIECTBYET HEKOTOPbIi TPOMEXKYTOK BPEMEHHU.

345
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1. ®usuyecku IIOTHAS KJIETKa.

2. Bropoe MaTepuasbHOE TEI0 KJIETKMU.

3. Snpa kieTku.

5. KaHaJibl siiep KJIETKU.

10. «TonmmHa» BTOPOro MaTepuaJbHOTO Tea.

Puc. 4.3.26. O0paTHbIii MOTOK Iep-
BUYHOI Matepuu G cO BTOPOro MaTepu-
aJIbHOTO YPOBHS Ha (PpU3MYECKH TUIOTHBIN
C031a€T Ha (PU3UYECKU IUIOTHOM YPOBHE
MPOEKILMHU ABYX BTOPBIX MaTepuaJbHbIX
TeJ. DTU MPOEKIIMU MTPOJOJIKAIOT HACKI-
1IaThCsl MepBUYHOI MaTepueil G 1o Tex
T1Oop, MOKa MJIOTHOCTb 3TUX MPOEKILUI Ha
(brznyecKy MJIOTHOM YPOBHE HE CTaHET
CoM3MeprMa C MJIOTHOCTbIO CAMUX BTO-
PBIX MaTepUaIbHbIX TEJI HA BTOPOM MaTe-
pUaibHOM ypoBHE. MOXXHO cKa3aTh, 4TO
B pe3yJbTaTe 3TOro Ipoiiecca Ha pusu-
YeCKHU TJIOTHOM YpPOBHE (hOPMUPYIOTCS
JIBa BTOPBIX MaTepUaTbHbBIX TeJIa.

1. dusnyecku MIOTHAs KJIETKA.

2. Bropoe maTepuanibHOE TEJI0 KJIETKMU.

2’. I[Ipoekiiust BTOpOro MaTepraibHOIO Tejla KJIETKU Ha (DU3UYeCKU
IUIOTHOM YpPOBHE.

3. fnpa KieTKu.

5. KaHanw! ssaep KaeTKu.

9. XpoMOCOMBI sijIpa.

10. «TonimHa» BTOPOro MaTepuaabHOIO Tea.

Puc. 4.3.27. 1o n1ByM MaTpuliaM BTOPbIX MaTepUaIbHbIX TeJI Ha (PU-
3WYECKU IVIOTHOM YPOBHE CUHTE3UPYETCsl ABE HOBbIE (PM3MYECKU IIOTHBIE
KJIETKU, KOTOPBIE SIBJISIIOTCSI TOYHBIMM KOTTUSIMU KJIETKU /10 JeieHus. Ma-
TpULIbl (TPOEKIIMK) BTOPBIX MaTepualbHbIX TeJl BbIHYXIAIOT, CO3/1aBast
COOTBETCTBYIOLIIME Mepemnaabl MEPHOCTU Ha (PU3UUYECKU TIJIOTHOM YpO-
BHE, COEIMHSITCS MOJIEKY/Ibl Ha (DPM3MUYECKU TIJIOTHOM YPOBHE B TOM K€ ca-
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MOM MOPSIIKE, KaK OHU ObLIM COSIUHEHBI
B cTapoii KieTke. BHOBb coOOpaHHBIE MO-
JIEKYJIbI, 10 TeM 3Ke MPUYMHAM, 00pa3yioT
KJIETOUHBbIE BKJIIOUEHMSI, MeMOpaHy U, B
KOHEYHOM UTOTe, Ha MECTE CTapOii KJIeT-
KU MOSIBJISIIOTCS IBE€ HOBBIE, KOTOPBIE HE
SIBJISTIOTCSI aOCOJIIOTHOM KoIuel cTtapoid
KJIETKH, XOTSI U OU€Hb OJIM3KU K HEM.

1. ®u3nyecku IIOTHAS KJIETKa.

2. Bropoe matepuaibHOE TEJTO KJIETKU.

3. Snpa kieTku.

5. KaHausl siaep KJIeTKu.

10. «TonmuHa» BTOPOro mMarepu-
aJIbHOTO Tea.

Puc. 4.3.28. Ilocne 3aBepiieHUs
npoiiecca GopMUPOBAHUST IBYX HOBBIX
(pm3MYECKM MIOTHBIX KJIETOK I10 00pa3y u
MOAOOUI0 CcTapoil, MeMOpaHbl HOBBIX
KJIETOK CO3JIalOT Mepernaa MEpHOCTH, Ha-
MpaBJIEHHBIII BHYTPb HOBBIX KJIETOK.
DTOT nepernaa BO3HUKAET B pe3yjbTaTe
pa3auyusl B KOHILIEHTpALMU OpraHuye-
CKHMX ¥ HEOPraHUYECKHX MOJIEKYJT BHYTPHU
9TUX KJIETOK U BHe. Pa3nnuus B KOHIIEH-
TpalMu BO3HUKAIOT BCJIEACTBUE TOTO, UYTO
KJIETOYHbIE MeMOpaHbl UMEIOT U301pa-
TEJIbHYIO MPOHULIAEMOCTbD JUISI MOJIEKYT.
BcnencrBue aToro u Bo3HUKAET pa3inyuue
B KOHIEHTpaluu MoJekya. Ilepemnan

MEPHOCTH, HAIPaBJIEHHbII BHYTPb KJIETOK BBIHYXIIAET BCE MOJIEKYJIbI,
MomnaBlIlve B peesibl 3TOro repenana, ABUraTbCsl BHYTPb KJIETOK, TIE OHU,
B CBOIO OU€pe/ib, paclleruIsiloTCsl Ha MEPBUYHBIE MaTEPUM UX 0Opasylolue
npu nonagaHuu BHyTpb crimpasieit mosiekys JIHK u PHK. [lepsuunbie ma-
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TEpPUU, BBICBOOOXKAEHHBIE B pe3yJibTaTe 3TOro Mpoliecca, HAUMHAIOT HAChI-
1IaTh BTOPbIE MaTepUalbHBIE TeJla Ha BTOPOM MaTepUaTbHOM YPOBHE.
HoBopoxkaéHHbIe KJIETKM «0XHBaloT». CMepTh CTApOi KJIETKU CIIYKUT
MPUYMHOM POXIEHUS ABYX HOBBIX KJIETOK, Y XKM3Hb MTPOIOJIKAETCS, TIPU-
Y&M, YMCJIO XKUBBIX KJIETOK yJIBauBaeTCs.

Puc. 4.3.29. Cnupanu MoJjeKkyn
JJHK v PHK Ha BTOpOM MatepuajbHOM
YPOBHE CO3/1aI0T CBOIO TOYHYIO KOITUIO U3
nepBuyHOM Matepuu G. DTO CBsA3aHO C
TEM, YTO TU MOJIEKYJIbl, UMESI OTPOMHBIIA
MOJIEKYJISIPHBIN BeC, UMEIOT CITUPAJIbHYIO
¢dopmy. CnupanbHas ¢opMa co3maéT
YCJIOBUS, KOT/Ia BIMSIHME KaXK0T0 aToMa,
BXOJISIILIETO B COCTaB 3TUX MOJIEKYJ, Ha
MUKPOIPOCTPAHCTBO CO3IaET BO BHY-
TPeHHEM O0BEME 3TUX CITMpaeil TaKou
YPOBEHb MEPHOCTM, MPHU KOTOPOM OT-
KpbIBaeTCs KAYeCTBEHHBII Oapbep MeXIy
(pu3MYeCcKM MIOTHBIM U BTOPBIM MaTe-
pUabHBIM YpoBHsIMU. [1pr 3TOM He Tipo-
KWCXOAUT pacriajia 3TUX MojieKyJ. PacranaioTcs TOJIbKO MOJIEKYJIbI, KOTO-
pble MonafalT BHYTPb CIIUPAJICHA.

1. Cnupanpb mosexkyiasl JJHK naiu PHK Ha ¢usnyecku mioTHOM
YPOBHE.

2. Bropoe matepuanbHoe Tesao monekyisl JIHK, PHK.

3. KauecTBeHHBII Oapbep MeXIy (DU3NYECKUM U BTOPHIM MaTepu-
aJIbHBIM YPOBHSIMM TIJIAHETHI.

4. YBeIMUeHHBIN Y4acTOK CIMpaind Ha (pU3MYEeCKOM YPOBHE.

5. YBeIMYeHHbI COOTBETCTBYIOIIMI Y4aCTOK CIIMpaad Ha BTOPOM
MaTepuaibHOM YPOBHE.

Puc. 4.3.30. Buewrnuii curHas B BUJe MOHHOTO KOAA JOCTUTAET Tejla
CcOOCTBEHHO HelpoHa. JIpyruMu c1oBaMU, HECKOJbKO JOMOJIHUTEIbHBIX
MOHOB OKa3bIBAIOTCS BHYTpU HelipoHa. [1pu 3ToM, MOHHBIN 6ajaHC BHY-
TpU HelipOHa U3MEHSIETCS. DTU «JIMILIHKAE» MOHBI TPOBOLIMPYIOT AOIOJIHM-
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TeJIbHbIe XMMUUYECKUEe peaklluu, B pe-
3yJIbTaT€ KOTOPBIX TOSIBIISIIOTCS HOBBIE
WJIY pa3pylIaloTCs CTapble 3JIEKTPOHHbBIE
CBSI3U, U U3MEHSIETCSI MOJIEKYJISIPHBII BEC
U Ka4eCTBEHHAas CTPYKTypa MOJIEKYJIbl Ha
(pu3nYecKy NJIOTHOM YPOBHE.

1. Cnupanbs monekyabsl JTHK wnin
PHK Ha ¢pu3nuyecku IIOTHOM YPOBHE.

2. Bropoe matepuaibHOE T€J10 MO-
nexysnl JTHK, PHK.

3. KauecTBeHHBbII Oapbep MEXIy
(przmyecKrM 1 BTOPBHIM MaTepUaIbHBIM
YPOBHSIMU TLJIAHETHI.

4. YBeJIMUeHHBI Y4aCTOK CIIUPAIU
Ha (pU3NYECKOM YPOBHE.

5. YBeqn4yeHHbI COOTBETCTBYIOIIMM YYaCTOK CIMpPaId Ha BTOPOM
MaTepuaibHOM YPOBHE.

6. lonomHUTEIbHBIE AaTOMBI, IPUCOSAUHUBIIMECS K BbIACICHHOMY
yuacTtky criupaiu mojiekyabl JJHK niu PHK Ha ¢puznueckoM ypoBHe.

Puc. 4.3.31. JlonoaHUTEIbHOE UC-
KpPUBJIEHUE MMKPOIPOCTPAHCTBA, BhI-
3BaHHOE TMPUCOCINHUBIIUMUCS <«JTUIII-
HUMMW» aTOMaMM, U3MEHSET CTPYKTYpY
BTOPOTO MaTepUaJIbHOIO TeJIa MOJICKYJIbI
JHK vnu PHK. OTtnieyatok BTOpOro Ma-
TEPUAIBHOTO TeJIa HACHIILIAeTCS [TIOTOKOM
nepBuyHoOi mMatepuu G, U TaKUM oOpa-
30M BOCCTaHABJIMBAETCSI TOXKIECTBO CTPY-
KTyp crnupaneir monaexkyasl JHK win
PHK Ha ¢pusnyecku rjoTHOM M Ha BTO-
POM MaTepuabHbIX YPOBHSIX.

1. Cnupanb Monekyasl JTHK wiun
PHK Ha ¢pu3nyecku TIoTHOM YpOBHE.

2. Bropoe maTepuaibHOE TEJI0 MO-
nekynsl JIHK, PHK.
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3. KauecTBeHHBI Oapbep MexXTy (U3NYECKUM U BTOPbIM MaTepu-
aJIbHbIM YPOBHSIMM TIJTAHETHI.

4. YBeIMUeHHbIN Y4aCTOK CIMpain Ha (pM3MYECKOM YPOBHE.

5. YBeJM4YeHHBII COOTBETCTBYIOLIMIA YI4ACTOK CIIMPaJv Ha BTOPOM
MaTepuaJibHOM YPOBHE.

6. lonosmHUTENbHBIE ATOMBI, IPUCOESAUHUBILIMECS K BbIACJICHHOMY
yuactky cniupaiu mojiekyabl JIHK vin PHK Ha ¢pu3znyeckomM ypoBHe.

7. OTIeyaToK BHEIITHEro CUTHAJIa Ha BTOPOM MaTepUaibHOM YPOBHE.

Hukonaii Jlesawos, uroas 2005 eooa.
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U3panHbie KHUru H.B. JIeBallioBa

3epKano Moei AyIIH
Tom 1. Xopo1i10 B CTPaHe COBETCKOM 3KUTb...

ABTOp COBCEM HE 3psl HA3bIBAET CBOIO KHUTY «ABTOOMOTpapUIECKOM
XpOHUKOIi». OH 0OYeHb OTKPOBEHHO, 3aXBaThIBAIOIIIE U C JeTaau3aleil B
HY>XHBIX MECTaX paccKa3bIBaET O TOM, KaK OH CAMOCTOSITEIbHO MOCTUT Al
YMEHUE U TEXHUKY YIIpaBJICHUsI TEM, YeEM Halle I -
Ja ero ripupogaa u CymiHoctb. OH 10BOJIBHO paHO
3aMETUJI B ce0e HEKOTOPbIE HEOOBIYHbBIE CIIOCO0-
HOCTH, a B CTyJI€HUYECKME TOJIbl YK€ CEPbE3HO 3a-
MHTEPECOBAJICS T.H. «ITapaHOPMaJIbHbIMU» SIBJIE-
HusMu. OH MbITajacs MOHAThH TO, YTO BUAEH, U
HalTU 00BbSICHEHUS 9TOMY B KHMTax. OqHaKO, HU
KHMTU, HU HEKOTOPbIE 9KCTPACEHCHI, C KOTOPHIMU
€MY yJ1aJI0Ch BCTPETUTHCS U TTIOTOBOPUTD, HE CMO-
[JIM COOOIIUTH EMY HUYETO BHSTHOI'O WJIM Pa3yM-
Horo. B KoHIle KOHIIOB, eMy MPUIILUIOCH CaAMO-
CTOSITEJIbHO 3aHSATHCS U3YYEHUEM M aHAJIM30M
BCEro TOro, YTO C HUM MPOUCXOAUIIO, IIPUIILIOCH
caMOMY MCKaTh OTBEThbl Ha MHOTHE, OYEHb He-
MPOCThIEC U HEOXKUAAHHBIE Boripockl. EMy mpuii-
JIOCh 0YEHb OCTOPOXKHO, MOCTENIEHHO, HO YIIOPHO
OCBaMBaTh TO, YETO 0 HETO He yMeJI ieJlaTh HUKTO Ha 3eMyie. OH XOoTe Ha-
YUYUTBCSI HE ITPOCTO «MaxXaTh PyKaMU», KaK JIeJIal0OT MHOTHUE «LIEJIUTEIN», a
MOHSITH MPOLIECCHI, TPOUCXOISIIME ITPX ITOM, TTOHSTh, YTO UMEHHO 00ec-
MeYrBaeT TOT WM MHOM pe3yJibTaT Iocje ero Bo3aeicTBrs. EMy ouyeHb
MHOTIO€ yIaJ0Ch ClIeJIaTh YK€ B T€ Tolibl. YAAJI0Ch HE TOJbKO Y3HATh U MO-
HSITh TO, UTO OH XOTeJI, HO 1 00YyYUTb MHOTHUX JIOAEH MeToAaM M3JIeUeHMUS
MPaKTUYECKHU JIIOOBIX 3a00/IeBaHMI, HAyUUThCS IMCTAHIIMOHHO BO3IEI-
CTBOBAaTb Ha MPUPOJHbBIC SIBJICHUS, HA YPOXKAWHOCTb CEJIbXO3KYJIBTYP B
macimTabe CTpaHbl, M JaXe Ha COLMaIbHbIE TIPOLECChl. ABTOP MOAPOOHO
ONMCBIBAET TSDKEJICHLLNHI TPy, HEBOOOPA3UMBIE JLJIS1 HAC YCUIIMS, KOTOPBIE
eMy TIPUXOIUJIOCH MPUKIIAIbIBATh BO BpeMsI UCLIeJIEHUsI CBOUX MAIlMEHTOB.
[TpuBOAUT 1 HEKOTOPHIE TIPUMEPHI YEPHOI HEOIArOJapHOCTH. ..

© Hukonmnaii Jlesamos, 2007 .
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3epkKano Moei AyIIH
Tom 2. Xopo110 B CTPaHEe aMEePUKAHCKOMN XHTh...

Bo 2-M TOMe aBTOp HAaUMHAET paccka3 00 MHTepecHelIeM 15-1eTHeM
nepuoje cBoeit xu3Hu B CIIIA. OH yBiekaTeJbHO 1 ¢ 00JIbIINM IOMOPOM
nuiet o6 amepukaniax u 06 smurpanTax u3 CCCP, ¢ KoTopbiMu eMy Ipu-
IILJIOCh CTOJIKHYThCS B IIEPBbIE MECSLIbl CBOEH
>XKM3HM TaM. PacckasbiBaeT, KakuM o0pa3oM
Hyonail Nesamod OH CTaJl 3apadaThIBaTh ceOe Ha XKU3Hb, TTOYEMY

# cymes ObICTPO MPUOOPECTU OOIBILION aBTOPH-
TET, KaK HeIPeB30MAEHHbIM LIeJIUTEIb; KaK Cy-
MeJI OpPraHU30BaTh YHUKAJIbHBIN MPOLIECC UC-
LIeJICHUSI VTSI MHOXKECTBA CBOMX TALIMEHTOB...
Oco060€e MecTo B 3TOM TOME 3aHMMAET I0BOJIb-
HO MOAPOOHBIN paccka3 O MHOTOAHEBHOM
oOyuaroniemM ceMuHape, Kotopbiii Hukomnait
JleBaioB opraHu30Bas AJIs JIOJEH, MOXeIaB-
LIKXX U3YYUTh €ro TEOPHIO MUPO3IAHUSI, TIPOi-
TU TEPECTPOIKY MO3ra, 1 XOTsI Obl YACTUYHO
Hay4dMThCsl TOMY, YTO yMeJ caM aBTop. U, He-
CMOTpSI Ha TO, YTO OOJIBILIMHCTBO €T0 CTY/ICH-
TOB TaK M HE CMOTJIM CTaTh BOJIILIEOHUKAMU, B
cuiy 0aHaJAbHOrO HEMOHUMAHUS TOrO, YTO
MPOUCXOIUIIO C HUMU B peajIbHOCTH, 3TO BCEM
hit:y; (o) HeOI_[eHI/IMI)II/I >KM3HEHHBIH OIBIT U TOHUMAHWE MHOTMX aCTIEKTOB Ye-
JIOBEYECKOIro MeHTauTeTa... OueHb MHTEPECHO U3JI0KEHA aBTOPOM 3I10Iest
HaIMcaHus CBOMX MEPBbIX KHUT, TIepeBo/ia UX Ha aHTJIMIUCKUA SI3bIK, U U3-
JaHUS B JOMAILIHUX YCJIOBUSIX HA CIIELIMAJILHO MTPUOOPETEHHOM 000pyI0-
BaHUU (IoMalllHe# Tunorpagun)... M, KoHeuHO, aBTOp JOCTATOYHO MO/ -
pOOHO OIMMCHIBAET, KAK OH BBIpaXKaeTcs, «IJIaBHYI0» nX co CBeTJIaHOM pa-
00Ty — paboTy MO CNACEHMIO HAlllel U APYTUX TUIAHET U LIMBUJIM3ALUIA OT
OECKOHEUYHBIX BOIH, 9KOJIOTMYECKUX KaTacTpod, OT HECITPaBEeAJTUBOCTH; B
o011eM, paboTy MO OCBOOOXIEHWIO MUPO3IaHUSI OT BJIACTU O€3KATIOCTHBIX
1 0e3(C)cepaeyHbIX COLIMAIBHBIX Mapa3uToOB. DTa paboTa Obljia HE TOJILKO
0oJiee CI0XHOM, OTBETCTBEHHOI U OOLIMPHOI. DTOM paboTe BCKOpE CTa-
JIX aKTUBHO MeIIaTh HE TOJIbKO MPUILJIbIC Mapa3uTHI. ..

© Hukonmnaii Jlesamos, 2011 .
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Jpyrue KHUTH aBTOpa

CeeTnaHa JIleBalioBa
OTKpoBeHMe (B 2-X TOMaX)

DTO nepnasi U eIMHCTBEHHAsI KHUTA, KOTOPYIO yCIiejia HanucaTh Xe-
Ha Hukonas JleBamoBa — CsetiaHa JIeBamosa. OHa ornucaja BCero Julllb
HECKOJIbKO JIET CBOEH YAUBUTEIbHOM U COBEPIIEHHO 3aMevaTeIbHOM XK1 -
3HM, HO 3a 3TU MaJibl€ TO/Ibl OHA CTaJla y4acT-
HULEN TaKUX COOBITHIA, O KOTOPbIX MHOTHE
JIpYyTHYe JIIOAYU MOTYT TOJIbKO MEeUTaTh Ha MPOTSI-
JKEHUU THICSIY M THICSY CBOMX BOIUIOIICHMIA.
CBeTy1aHa JOBOJILHO MTOJAPOOHO OIKcaia CBOIO
>KM3Hb B TOT NEPUOJ — HEJIETKYI0 X1U3Hb Ofla-
PEHHOTO peOEHKA, KOTOPOro OKPYKAIOILIUE HE
MOHMMAIOT, 00STC, a TOaYAC JaKe HEHABUIST.
OHa nepBast 0O4eHb MHTEPECHO, TTOHSATHO U J10-
XOJUMBO OIMCaJIa IPYrue MaTeprualbHbIE ypO-
BHM Hallleil raHeThl: 3(UPHBINA, acTpaJIbHbIA
1 MEHTaJIbHBIM. B Hapoje 5To Ha3bIBAeTCS «TOT
cBeT». Pacckazana MHOTo MHTEpECHOIro 00
o0UTaTEISIX 3TUX YPOBHEM, O HEKOTOPBIX 0CO-
OCHHOCTSIX ¥ 3aKOHaX >KM3HU TaM... OqHaKko u
K CYACTbIO, U OMTHOBPEMEHHO K OTPOMHOMY CO-
>KaJIEeHUI0, OCHOBHOM 00bEM €€ KHUTY 3aHMMa-
eT MoTpsicarolast MH(GopMaLs O APYTrUx J0-
JsIX, € KOTOprMI/I el ToCYaCTIMBUJIOCH TIOBCTPEUAThCSI U MTOOOIIAThCS.
CBeTsIaHa B TOAPOOHOCTSIX ONKMcaia MOIJTUHHYIO UCTOPUIO UYIECHOTO Ye-
JIOBeKa — BeHeLIMaHCKOU BexyHbU M31a0phl, KOTOPYIO XJ1aJHOKPOBHO I10-
ryousn pumckuii [Tana IMasen IV (JIxxoBanHu I1beTpo Kapadda), craBiumii
noHTU(PUKOM B Mae 1555 rona. OHa onuchIBaeT 3aXBaThIBAIOLLYIO UCTOPUIO
>KM3HU U youlicTBa Pamomupa — BIOJIHE peaibHOTO 4eaoBeka, bemoro
HMepapxa, KOTOporo Mbl 0 CUX IOP 3HAJIM ToJ uMeHeM Mucyca Xpucra.
OnuchIBaeT UCTOPUIO XKU3HM ero HacTtosiiux poautesein — benoro BoJi-
XBa U BeayHbM Mapuu, pogHoro 6para PagaHa; ero xkeHol Mapuu Marna-
JIMHBI, UX IeTel U BHYKOB... CBeTJ1aHa He MO00s1ach HaNMCcaTh MpaBay O
CMeJIbIX, MYXXE€CTBEHHBIX M OJJarOPOAHBIX KaTapax, IMOTOJOBHO BbIpE-
3aHHBIX 3a 20 JIeT KpecToHOocIIaMu Bo PpaHIN...

© Csetnana JleBamona, 2010 .
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Huxkonait Buktoposuy Jlepaiiion

Cxa3 o AAcuom Coxone
l'lpoumoe M HACTOdAlLLlee

YreHUe HEMCKaXXEHHBIX TeKCTOB pycckux CKa30B OKa3bIBAeTCsl HE
TOJIbKO OYEHb MHTEPECHBIM, HO 1 OUeHb no3HaBaTe bHbIM! B «Ckase o fc-
HoM CoxoJie», ormyosimkoBaHHOM B «CriaBstHO-Apuiickux Begax», comep-
>KUTCSI CTOJIBKO JIIOOOMBITHBIX CBEICHUI, UTO
MOXKHO TOJIbKO BOCXUILIAThCSI YMEHMEM HaIlIuX
MYJPbIX MPEIKOB MepeaaBaTh MOTOMKAM WH-
(popmaiuio o cede B OOBIYHBIX, 0€3(C)XUTPOCT-
HbIX, KopoTkux Ckazax. /Ii1sg Hac B «Cka3ze o
AcHom CokoJjie» MHTEPECHO MOYTU KaxKI0e
CJI0BO, Kaxas ¢pas3a, T.K. BO MHOTMX U3 HUX
oOHapyxXuBaeTcs 00J1ee TITyOOKUI CMBICT, YeEM
MOXET IoKa3aThCsl ¢ nmepBoro B3risiaa. [lpu
BHMMATeJIbHOM M BAyMuYuBOM aHaiau3e Ckasza
MbI TTOJIy4a€M MHOXECTBO JIIOOOTBITHEMIIINX
CBEJICHUI O peaJIbHOM >KM3HU HAIIeTO Hapoaa
B HE TaKOM YX U JaJIEKOM MPOIILIOM, BCErO
MOJITOPBI-IBE THICSIYM JIeT Ha3amd. JIis1 Halmx
cJaBHBIX NpeakoB, CiaaBsHO-ApHeB, KOCMU-
YyeCcKue NepesieThl U 001eHue ¢ 6oraMu ObLIO
3HAKOMBIM, TPMBBIYHBIM U aXKe OObIICHHBIM
nenoM! A st pycudei, XKUBIIMX MHOTO T103]1-
HEE€ — TOJITOPhI-JBE THICSYU JIET Ha3ald — YyKe JajleKo He BCE ObLIO SICHO
U TIOHATHO, To3ToMy B CKa3e MHOroe MpUIIIOCh IepeaaBaTh MOCPEI-
CTBOM YHPOIIEHHBIX, CKA30YHbIX 00pa3oB. B mpuHuumne, Cka3z — 310 me-
penaBaeMble U3 YCT B yCTa, OT ITOKOJIEHMSI K TIOKOJICHUIO, peaIbHbIe COObI-
TUS1, KOTOPbIE MPOUCXOIUIU JaBHbIM-IaBHO. Co BpeMeHeM CKa3 Hamosi-
HsICsl 00pa3aMu, KOTOPbIE MO3BOJISLIM JIIOASIM Jierye MOHMMaTh MepeaaBa-
eMYI0 YCTHO MH(popMaluoo. sl CerogHsIIIHEro YuTaTessi, UIyero
MpaBAMBYIO MH(OPMALIMIO O HAIlleM HapojAe M ero CJIaBHOM IPOIIIOM,
aHanm3 «Cxka3za o flcHoMm Cokouie», M3J103KeHHBIN B 3TOM KHUTE aKaJeMUKa
H.B. JIeBaioBa, ociay>kuT iCTOYHUKOM OYE€Hb MHOTMX MHTEPECHBIX U Ja-
K€ YHUKAJIbHBIX CBEIEHUI, KOTOPbIE TIOMOI'YT BOCCTAHOBUTD MPABAUBYIO
JIETOIMMCh HelpeKpalawlieics 60pbsobl Mexxay CBetoMm u TbMoI. ..

© Hukonmnaii Jlesaos, 2009 .
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Jpyrue KHUTM aBTOpa

BoamokHocTH Pasyma I1I
COOpHMK cTaTeM

D10 yxKe Tpetuil Beiltyck COOpHUMKa cTtaTeil akageMuka Hukonas
JleBaiioBa, HEM3MEHHO MOJIb3YIOLIETOCs aXKMOTaXKHBIM CITPOCOM Y UMTa-
teneii. OObsICHEHME 3TOMY BeChbMa IPOCTOE: B CTAThsIX JA€TCSl YHUKaJIbHasI
nH(pOpMaLKs, KOTOPYIO ITPOCTO OOJIbIIE B3SITh
Herze! O0 3TOM He TOJILKO HUKTO He MUIIET, 00
3TOM HUKTO TOJIKOM HMYETro He 3HaeT. A 311eCh
WH(OopMaLMs HE TIPOCTO JAETCs, a TOAPOOHO
M CTapaTeIbHO Pa3bsICHIETCS, YTOObI YUTATEIb
MOT TTOHSITh U IMPAKTUYECKU MCIO0JIb30BATh M0~
HATYI0 MH(pOpMaLMo Ha 0Jiaro JoasaM u cede
J100uMomy. B HEKOTOPBIX CTaThsIX AETaIU3M-
pyeTtcst uHgopmanus u3 MoHorpaduit aBropa.
B npyrux — garorcst 3HaHUSI, TI0 pa3HbIM TTPU-
Yy{HAM He BKJIIOUYEHHbIE B ero KHUru. B oc-
TaJbHBIX ITYOJIMKALMSIX OMUCHIBAIOTCS COObI-
THSI Halllel peaIbHOCTU U COLIMAJIbHBIE TTPO-
LieCChl, poucxoasiire cerogHsi. PackpbiBa-
€TCd UX HACTOSIIWIA, HO CKPBITBII CMBICI U
peaJibHbIe LIeJIN; OObSICHSIFOTCS TIPUYMHBI MHO-
TMX COOBITUIA, TIPOUCXOMASIINX, BPOJE ObI CIIy-

- YaiiHO WJIY 1O HE COBCEM TMOHSITHBIM ITPUYM -
B pBbIe MyOJIMYHO JIeJIal0TCsl HEKOTOPHBIE 3asBJICHUSI, 000CHOBAaHHO
o0IMYalole orpeneaeéHHbIe KPYTU B IECTPYKTUBHON JIeSITeIbHOCTH Ha
HallIeH IIaHeTe; 0ObSICHSIETCSI ONTACHOCTD /TSI YEJIOBEUYECTBA TEX MJIU MHBIX
npoleccoB. BriepBble MyOJMYHO paccKa3bIBAETCSl O MPOTUBOAEHCTBUU
HEKOTOPBIM aKIMsIM, HallpaBJIEHHBIM Ha MAaCCOBOE YHUUYTOXKEHUE KUTE-
Jieii MockBbl, MHOTUX oOJiacTeii Poccuu M HEKOTOPBIX IPYrux cTpaH. B
CBOMX CTaThsIX aBTOP MPUOTKPHIBAET 3aBECY CEKPETHOCTU I10 MOBOJY HE-
KOTOPBIX aKIIMii, 0 KOTOPBIX 3¢MHbI€ COLIMAIbHBIE TTapa3UThl MPEATIOWIN
Obl HUKOTAa, HUKOMY He paccKa3biBaTh. 31eCh XKe BIIEPBbIE paccKa3biBa-
€TCsl TIpaBIa O MHOTOJIETHEM, pealbHOM MPOTUBOCTOSIHUM cujiaM 3j1a,
KOTOpPbIE MHOTHME ThICSUYEJIeTUSI BEAYT HEMPUMUPUMYIO BOTHY HE TOJIbKO
C LMBUJIM3aLMe 3eMIu, HO U ¢ MUWUIMOHAMU APYTUX IUMBUIU3ALIUA. ..
© Hukonmnaii Jlesamos, 2011 .
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Huxkonait Buktoposuy Jlepaiiion

Pycckoe 001iecTBeHHOE [IBM)KEeHHe
«Bo3poKaeHue. 30JI0TOM BEK»

Pycckoe ObmecrBeHHoe [ABuxkeHue «Bo3poxaeHue. 3omo0Toii Bek»
co3gaHo Hukomnaewm JleBalioBbIM [J1s1 TOTO, YTOOBI TTOKA3aTh BCEM MHTE-
pPecyIoIIMMCsI UICKOMbI€ MYTU BBIXOJAA U3 LIMBUIM3ALIMOHHOIO TYIUKA U
CIocoObl BEKMBAHUSI YeJIOBeUYeCTBA Ha Halllel raHeTe. O1o JIBrkeHue
MpeacTaBiIsieT CO00i 0011IeCTBEHHOE 00OBEN -
HEHUeE JII0JIei, BHE 3aBUCUMOCTH OT UX TTOJIN-
TUYECKUX YOEXKIEHUIi, Y KOTOPHIX €CTh MC-
TUHHOE XeJlaHue U3MEHUTD CYIIECTBYIOIIEE
MOJIOXKEHUE K JIy4ylleMy; JItoJeid, TOTOBbIX
JIeCTBOBATh HE paJy KOPBICTU U CBOUX JINY-

- HbBIX UHTEPECOB, a BO NMsI cBoeii Benukoit Ha-

o LIMM U CYACTIIMBOIO U MUPHOIO OyIyIIEero
. Awee Axxmenne CTpaHBbI, 32 COXpaHEHME TJIAHEThI U €€ DKOJIO0-
Pnannwr"!?”-‘-'”- 3omoTox Bex run. Kaxblii 4eCTHBIN YeJIOBEK, Y KOTOPOTO
o OouT myina 3a Oyaylee CTpaHbl U Oyayliee

spopmanns HaIIKUX JeTei, JOJIKeH IMTOHMMAaTh CBOIO JINY-
HYIO OTBETCTBEHHOCTb 3a BCE IPOMCXOAsIIIEE,
a He XJaTh KOTJa KTO-TO MPUIET U cAeaeT
Bc€ 3a Hero. Ceifyac yxke HeT BpEMEHM CIIOPUTh O HUYTOXHBIX Mejoyax,
MPUILLIO BpeMsl OTOPOCUTh B CTOPOHY BCE€ JIMYHbIC aMOULIMM — HA KOHY
cynb0a Haluu, e€ Oyayliee U gaxe camo e€ cyiecrBoBaHue. Yyxue boru
U «uaeaabl» yxe npuBelu Poccuio Ha rpaHb Katactpodnl. [IpuBenu k
TOMY, UYTO €AMHBII COLIMAbHBIN OPraHU3M HAllMU PYCOB MPEBPATUIICS BO
MHOXECTBO MEIbYANIINX «OCKOJKOB», MHOTME 13 KOTOPBIX HE OOJIbILIE O/~
HOI ceMbHU, a IOPOI U OJTHOTO YeJ0BeKa, KOTOPhI TOJIBKO caM 3a ceOsl.
MmeHHO 3T0ro u 1o0uBanuch Halu Bparu. I1loatomy, Bce Te, KTO pe30HU -
pyeT ¢ uHdopmalei, u310KeHHON B KHUTaX, JOJLKHbBI OTKJIMKHYTHCS 1
JeiCTBOBAaTh Ha OJ1aro CBOEro Hapoja, a He TOJbKO paayd CBOEH JTUYHOMN
BoIroabl. [Ipuiiia mopa, 4ToObl KaxXXIblii PYCCKUI UeJOBEK M KaXKIblii
MPeACTaBUTEb IPYTMX KOPEHHBIX HApoa0B Poccuu niepecran ObITh padom
1 paboTaTh Ha 0J1aro 4yKe3eMIIeB, SIBHBIX M CKPBITBIX BparoB-pa3pylinTe-
JIeit, a cTajl CBOOOIHBIM YeJIOBEKOM, CO3UIAI0IINUM, HECYILIIMM 0J1aro CBO-
emy PO/ly, ceoemy HaPO/ly; cran 61aroPOIHBIM...

a6met
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Jpyrue KHUTH aBTOpa

T'OTOBATCA K USOAHUIO

HeoaHoponHas BceneHHas

DTa yHMKajlbHasl KHUTa Obljla HalMcaHa 1 BriepBbie u3aaHa Hukoma-
eM JleBammosbiM B 2002 roay B Can-®paHiiucko. [J1aBHBIM OT/IMYMEM 3TOM
KHUTH OT IPYTYMX HAYYHbIX MOHOTpaduUii IBJIsIETCS TO, YTO B HEM U3I0XKEHA
HOBasl ISl HAC, HO HEMPOTUBOPEUYMBAsI TEOPUSI
MUpPO3JaHusl, JIETKO OObSICHSIOIIAs BCE, UTO
OCTaJIOCh 3a MmpeaejaMyu TMTOHUMAaHMS COBpe-
MEHHOM HayKu. ABTOP HE MCITOJIb3yeT HUKAKMX
MOCTYJIaTOB (YTBEPKACHU I, TIPUHSTHIX 0€3 10-
Ka3aTeIbCTB), BBEAEHHBIX «HAYKOI» ISl TOTO,
YTOOBI XOTh KaK-TO OObSICHUTH HabJI01aeMble
MPOLIECCHI U SIBJIEHUS, U OIpaBIaTh CBOM 3ap-
wratel. Hukonait JleBaimoB MCTIOIB30BAIT €IMH-
CTBEHHOE OIlpeJe/ieHe, MPUHSITOe B COBpE-
MEHHOI1 HayKe, onpeaeiaeHue Matepuu, KOTo-
poe r1acur, 4to «Matepust — 3T0 OObeKTUBHasI
peajibHOCTh, JaHHAsI HaM B OIyIlIeHU». bojib-
1116 HUKAKKUX MOCTYJIaTOB aBTOP HE UCIIOJIb30-
BaJl, BBUY MX OLLIMOOYHOCTH U BPEIHOCTH JIJIST
MPaBUJIbHOIO MOHUMAaHUS CyTU Bellei. Bech
OCTaJIbLHOM MaTepuasl, U3JI0KEHHBIA B KHUTE,
: ¥ SIBJISIETCSI OPUTMHAJIbHOI Teopueil Mupo3aa-

, KO paﬂ HETIPOTUBOPEUMBO U 0€3 KaKUX-JT100 JOMYILIEHUI I Ha-

TSDKEK O0BSICHSIET Bce (hu3MUecKre MPOLIECChl U SIBJICHUS, HaOJIIogaeMble
Ha 3emie u B KocMoce. 3HaueHMe 3TOi KHUTY TIepeOLIEeHUTh HEBO3MOXKHO!
B Heit BiepBble 0UeHb KPAaTKO, HO YETKO U TOXOAYMBO U3JI0XKEHA BCS KO-
CMOJIOTUYECKasl TeOpUsl, HauMHasl OT MPUPOAbl HEOJHOPOIHOCTU TIPO-
CTpaHCTBAa, MATPUYHBIX MPOCTPAHCTB, 3BE3/, «4EPHBIX AbIP» U IIaHETAp-
HBIX CUCTEM, 10 0ObSICHEHMSI KaUeCTBEHHOM CTPYKTYPhI (PU3UUECKHU TLJIOT-
HOTO BellleCTBa 1 MPOLIECCOB 3apOXKIESHNMS XXM3HU U pa3yMa Ha IJIaHeTax,
Ha KOTOPBIX OJHOBPEMEHHO HACTYIAIOT HEOOXOAUMBIE U JTOCTaTOUHBIE
1151 3TOrO ycjaoBus. Takke moapoOHO MOKa3aHo 1 T0Ka3aHO €IMHCTBO 3a-
KOHOB MaKpO- 1 MUKPOKOCMOCA...

© Huxonmnait JIeBamos, 2001 1.
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Huxkonait Buktoposuy Jlepaiiion

HcTouHMK KU3HU
COopHMK cTaTel (3 ToMa)

B cOopHUK BKJIIOUEHBI MaTepHralibl, paccKa3blBalollye o0 yIuBU-
TEJbHBIX PE3yJibTaTaX YHUKAJIbHOIO MHOTOJIETHETO SKCIIEPUMEHTA, MPO-
BoauMoro akanemukom Hukonaem JleBaiioBbiM ¢ XeHoil CBeTaHON B
cBoéM noMecthe Bo @panimu. B 2003 roay, Bo
BpeMs pa30MBKU caja 1 rapka, Hukomaii co-
311aJ1 crieliMaabHbIi [eHepaTop BHEIIHEro I0-
JIsl, KOTOPBIi TOJIKeH ObLT MOBBICUTH 3(PeK-
tuBHOCTH (KIII) mpoiuecca xu3HenesaTeab-
HOCTH pacTeHU, BEICAXKEHHBIX Ha 3TOM Tep-
purtopuu, 10 30%, npotus 10%, umerouxcs
y HUX OT MPUpPObl. 3a pe3yabraraMu padboThl
reHeparopa, Ha3BaHHOTro aBTOopoM «McTou-
HUKOoM 2Kr3Hun», yxe 0oJjiee 7-1 JieT HaOoaa-
10T CBeTjlaHa 1M U3BECTHBIN mpodeccop-00-
taHuk XKepap IllapTbe, THIATEIBHO BCE U3-
MEPSIIOIIMI U TIOCTOSIHHO JOKYMEHTUPYIO-
LU BCe MOSIBJISIIOLIMECS U3MeHeHuss. MHo-
rue pacTeHusl, BbICAXXEHHbIE B Caly U MapKe
MarHoJIMi, SIBJISTIOTCS PEIKUMUI WU YHUKAJTb-
HbIMU, U HAOJIIOIeHE 32 HUMU TIPEICTaBIISIET
0CcOoObIi HayyHbIN nHTepec. [Tocne co3ganust
IJI0IOBO-OBOIIIHOTO caia (oropoja), mosiBUJIach BO3MOXHOCTb Ha0OJ1101aTh
Bo3aencTBUE [eHepaTopa Ha OBOIIM, SITObl U (DPYKTOBBIE AepeBbs. Pe-
3yJIbTaThl OKA3aJIMCh OIIETOMISIIOLIMMU: TIOABI CTalu 00J1ee KPYITHBIMMU,
3I0POBBIMU U BKYCHbIMU. [ToTOM, TOC/Ie HECKOJIBKUX KOPPEKTUPOBOK
rporpaMmbl paboTsl [eHepaTopa, MoCTENneHHO MOSIBUJIUCH €111€ HEKOTOPbIe
0COOEHHOCTU: HEKOTOPBIE PACTEHUSI CTAJIM ILTIOJOHOCUTD KPYIJIbIi TO/l, HEe
oOpalasi BHUMaHUs Ha CHET U MOpO3bl 3uMoii! Bo Bpemst ieTHel 3acyxu
pacTeHus CTajayd caMU CMHTE3MpOBaTh Jis1 cebs Boay. M oHU He TIpocTo
OXWJIA, HO U «OMOJIOIWJIMCh», B TOM CMBICJIE, UTO CTaJIU €I11I€ 310pOBee,
yeM ObLIM paHbliie... [ToToM MomoHOIIIEHUE CTaJIo HEMPEPbIBHBIM 1 KPY-
m1oroauyHbIM. IToToOM cTanu mosiBASITHCS TPUOBI U IPYTHe pacTeHus, UC-
Ye3HYBIIIME M3 3TUX MECT COTHM JIET TOMY Ha3ajl...

© Hukonmnaii Jlesaios, 2010 1.
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Jpyrue KHUTH aBTOpa

3a rpaHbI0 BO3MOXXHOI'0
COOpHMK cTaTeM

B 5TOT cOOpHUK BKJIIOUYEHBI CTaThM, HAITMCAaHHBIE aBTOpOM B 2003-
2009 rogax o cBoei Hay4YHOI, UCCIEI0BATEILCKOM, TPOCBETUTEIBCKOU 1
LIEJIMTEJILCKOM AESATEIbHOCTU. DTU CTaTbU HUCKOJIBKO HE MOTePSUIN CBOEH
aKTyaJbHOCTM 3a Tpolueaiue roasl! Hao6o-
pPOT, TOJBKO ceilyac TMOSIBISIIOTCSI YMTATENH,
ik HauyMHAlOIIKME TOHMMAaTh, YTO B HUX HAITMCAHO
Ha caMOM JeJje, Kakie 3HaHUS aBTOp IIeApPO
npenoaHéc HaMm ¢ Bamu. OH MPOCTBIM U TO-
HSITHBIM SI3bIKOM paccKasajl HaM O HEKOTOPBIX
CBOMX JieJ1ax, NeMCTBUTEIbHO MTOKA YTO HAXO-
JSIIIMAXCS U1 HAC 3a TPaHblo BO3MOXHOTro. OH
O0OBSICHWJI, UTO TAKOE XXU3Hb (3KMBasi MaTepusl),
Kak, KOorja U rje oHa Bo3HMKaeT Bo BceneH-
HOI, 10 KaKMM 3aKOHaM XXMBET 1 pa3BUBAETCS;
JI0Ka3aJj, 4YTO XM3Hb BO3HUKAET MOCTOSIHHO U
HEen30eXXHO, IPU HACTYILIEHUU HEOOXOAUMbIX
U TOCTaTOYHBIX YCIOBUI. ABTOp MOJAPOOHO
pacckasaj, Kak M Koraa oblia KOJOHU3UPO-
BaHa Haillla rjiaHeTa Muarapa-3emiisi; KaKuMu
ObLIM B NEMCTBUTEIbHOCTU HAIlM BEJIMKUE
. npeaku CraaBsSHO-ApUM; KaK OH HayudyuJcs
YKPOIIATh yparaHbl 1 MPEKPALLaTh 3aCyXy, OUMILATh OT 3arPA3HEHNIA aT-
Mocdepy, MOUBY U BOJOEMbI; UCLIEJISITh HEU3JIEUUMbIE CETOAHS 3a00J1eBa-
HUSI; IOMOTaTh JIOJASIM JOCTUraTh 00J1e€ BbICOKOTO YPOBHSI 3BOJIFOLIMOH-
HOTO pa3BUTHUSI; CO3AaBaTh HOBbIE (DOPMBI KU3HU; YCIEITHO OOPOThCS C
couuanabHbiMU TapasutaMu (TémHbiMu CuiaMu) 1 O MHOTOM APYTOM.
Kpome pabot akagemuka H.B. JleBaioBa, B COOpPHUK BKJIIOYEHO U HEC-
KOJIbKO CTaTeii Ipyrux aBTOPOB, CYMEBIIIMX MOHSTh peaJbHOE 3HAUeHUE
caenaHHoro Hukonaem JIeBallloBbIM M COCTaBUTh KOPOTKUE U TIPaBIMBbIE
OT3bIBBI O €ro pabotax. JItoau, focTuriire onpeaeae HHOro ypoBHs 3HAHUS
U TIOHUMaHUS, COWIN HEOOXOAMMBbIM MOACTUTHCS CBOMM MBICISIMHU, BII€-
YaTJeHUSIMU 1 BbIBOJAAMM 110 TTIOBOY IPOUMTAHHOTO B KHUTAX U CTAThSIX
akanemuka H.B. JIeBamoBa. OHM TOHSUIM BCIO BaXKHOCTb 3TOTO. ..

© Hukonmnaii Jlesamos, 2010 .
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Huxkonait Buktoposuy Jlepaiiion

IlocnenHee oOpalieHue K YENIOBEYECTBY

D10 nepBas kuura Hukonas JlepamroBa. OH Havan nmucarhb €€, el
>KUBSI B MOCKBE B KOHILIE BOCbMUIECSITHIX TOJOB MPOIILUIOTO BeKa, a 3aKOH-
g u BriepBbie usnan yxe B CILA B 1994 rony. Kak Hanucain aBTop, 3Tta
KHUTA SBJIIeTCs aadaBUTOM M TpaMMaTUKOM
HOBBIX 3HAaHW, HACTOSIIIMX 3HAHUI O MpPU-
poze u e€ 3aKOHax, O KMBOU MaTepuu (KU3-
HU), O JIIOASX, LIeJIM U 3aKOHAX UX KM3HU. DTa
KHUTA, 0€3 BCSIKOTO TIPEeYBETNUCHUS, SIBIISICT-
Csl YHUKaJbHBIM MpousBeaeHueM. E€ yHU-
KaJIbHOCTb COCTOUT B TOM, UTO OHA COAEPXKUT
HacToslle, peajbHble 3HaHUs. He BhImyMKu
HEBEXI ¢ 00MJIMEM HAayKOOOpa3HBIX TePMMU-
HOB, TOHSITHBIX TOJILKO CAMUM aBTOpaM, a pe-
aJIbHbI€, KPaTKO 1 ITOHSITHO U3JI0KEHHBIE a3bl
HACTOSIIIMX 3HAHUI 000 BCEM, UTO HAC OKPY-
JKaeT ¥ OKa3bIBaeT Ha HAC BIMSTHUE. ABTOP KO-
POTKO OIMUCHIBAET Mpoliecc 00pa30BaHusI IJIa-
HEeT, 3BE3/ U «4EPHBIX AbIp». OOBSICHSIET TIIe,
Korja, KakuM 00pa3oM U MpU KaK1X YCIOBUSIX
Ha MUJITMapax MOAXOASIIMX TIJIaHET B HAIIe
BceneHHolt HeM30€XKHO 1 aBTOMaTUUYECKU 3a-
€TCs1 KI3HB; TIOKa3bIBAeT, KAK 1 TP KAKMX YCIOBUSIX 3apOKIAETCS
Pa3ym, Kakue 5BOJIIOLIMOHHbBIE CTAAUM OH HEU30eXXHO mpoxoauT. Kacasch
SBOTIOIIMOHHON UCTOPUHU 36MHOTO YeaoBeuecTBa, Hukomaii JleBamos ap-
TYMEHTHPOBAHO 3asIBJISIET O TOM, UTO MbI BCE SIBJISIEMCSI «ITPHUILIEIbLAMI»
Ha 3TOM IJIaHeTe, YTO U3HAYaJIbHO Mbl HE SIBJISIEMCS «IETbMU» UMEHHO
STOH MJaHeThI-3eMJIN... B riaBe, MOCBSIIEHHON OpraHM3My 4YejloBeKa,
aBTOP pacKphbIBaeT MPUUMHBI TTOSIBJICHUS U pa3BUTHUS 3a00J1eBaHUM, Ja€T
KpaTKylo Kjaccudukauuo 0oie3Heil U 00ObsICHSIET, KaK MOXHO M KaK
HEJIb3s1 JICUUTD Jt0JIeit, 0c000 MOAUYEPKUBaAs TOTAIbHYIO SII0BUTOCTh BCEX
JleKapcTB. ABTOp BechbMa IMOJPOOHO ¢ MACCOM MITIOCTpALIMiA OOBSICHSIET,
yT0 Takoe CyIIHOCTh YeJI0BeKa, KAKOBa CTeTIEHb €€ BIIMSTHUSI Ha OPTaHU3M
U MCUXUKY, Kak CyIIHOCTh BhIpalllUBaeT AJIsl ce0s1 (pU3ndYecKoe Teao Mpu
KaXkJIOM BOIUIOLIEHUN Ha (PU3NUECKOM YPOBHE...

© Hukomaii JleBatos, 1994 .
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Jpyrue KHUTH aBTOpa

CyuiHocTh ¥ Pasym
Tom 1

Orta kHura Hukomnas Jlepaiioa siBJsieTCs JOTMYECKUM TTPOJOJIKEHM -
eM «ITocnenHero oopaiieHust K YeaoBeuecTny...», TOXKe HallMcaHa U BIep-
Bbl€ U3aHa B fayiekoii Amepuke B 1999 rony. B nepBom Tome aBTop pop-

MYJIMpYeT HEOOXOAMMbIE U JOCTATOYHBIE YCI0-
BUSI 1JIsI BOBHUKHOBEHMUSI XKM3HU Ha TIJITAHETaXx.
ITpocToTa 1 Kpacota MOHSATUIA 1a€T BO3MOX-
HOCTb UMTATEJIIO, BIOJIHE BO3MOXHO, BIIEp-
BbI€ B XKM3HM, UCIIBITaTh MPOCBETIEHNE 3HA-
HHEM, KOIJla BOBHUKAET YyBCTBO, UTO 3HAHMUS
CTAHOBSITCS HEOTbEMJIEMOM YacTbhlo TeOs ca-
Moro. B aToM TOMe KHUIM aBTOp OOHaXKaeT
MPUPOAY U MEXaHU3MBbI SMOILIUI, MOKA3bIBAET
POJIb AMOLIMIA B 3BOJIOLIMM KMU3HU B LIEJIOM U
yeJoBeKa, B 4yacTHOCTU. BrepBble naércs
00BSICHEHUE YyBCTBA JIIOOBU, U OT 3TOTO OObSI-
CHEHMUS JII00OOBb HE TEPSIET CBOEI KPacoThI, a,
Hao0OpPOT, TMO3BOJISIET YeJOBEKY MOHUMATh
MPOUCXOSIIEE C HUM CAMUM U U30eXaTh He-
HY>XHBIX pa3zoyapoBaHuii... Kpome atoro, aB-
TOp NpPOJIMBAeT CBET Ha MPUPOAY MaMSTHU,
OISITb-TaKU, BIIEPBbIE MOKA3bIBAET MEXaHU3-
Mbl (POPMUPOBAHUS KaK KPaTKOBPEMEHHOM, TaK 1 JOJTOBPEMEHHOM Ta-
MATU. M Ha 2TOil OCHOBE pacKpbIBaeT MEXaHM3MbI 3aPOXIEHUS CO3HA-
Hug... [IpakTuyecku BCE, U3JI0XKEHHOE B 3TOM 3aMeyaTebHOI KHUTE,
BIIEPBbIE MCCJIEJOBAHO J0 TAKOTO YPOBHSI, 0CO3HAHO U onucaHo Hukona-
eM JleBamoBbiM. 1o Hero o Takoit nHOpMaLMK MIPaKTUIECK HUKTO He
3HaJl, a pe3yJbTaThl UCCAEA0BAHWI, MTPOBOAMBIIMXCS MHOTOUMCIEHHBIMU
YU4E€HBIMU, HE MOIJIM ObITh, ¥ HE ObLIM MMU MPaBUJIbHO TMOHSTHI M3-3a
OIIMOOYHOCTH OCHOBHOTO (hyHAAMEHTa 3HaHUI. ABTOpP BIIEpPBbIE JOXO/I-
YMBO O0BSICHWI (PU3UKY TaKMX ITPOLIECCOB, O KOTOPbIX COBPEMEHHAsT HayKa
ellg gaxe He nmomo3peBaeT. OH 0ObSICHSIET MPUPOLY U IPUHLIMITBI (PYHKIIM -
OHMPOBAHMS SMOIIMI YeJI0BeKa, MEXaHU3M UX BO3ACHCTBUS HA HAC, MO/~
yE€pKMBaEeT HEOOXOAMMOCTbD JePKaTh SMOLIMU MO/, TTOJTHBIM KOHTPOJIEM. ..
© Hukomnaii JIeBamos, 1999 .
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CyuiHocTh ¥ Pasym
Tom 2

Bo Bropom ToMme Hukonaii JIeBaiioB sicCHO M UETKO TTOKa3bIBAET He-
00XOIMMBbI€ 1 IOCTaTOYHbIE YCIOBMSI MOSIBJICHUSI CO3HAHUS Ha OMPeIeIeH-
HOM YpPOBHE pa3BUTHS XU3HU (kMBOM matepun). [loHnMaHue MmexaHu3-
MOB (DOPMUPOBAHUS MAMSITU U CO3HAHUS Ha
ypoBHE MaTepuaibHbIX TeJ CyLIHOCTU MO3BO-
JISIET aBTOPY OOBSICHUTD SIBJICHUE XKU3HU T10CJIe
CMEpPTU, KOTOPOE MHOTHUE JIIOAY 3aTIOMHUIN B
COCTOSIHUM «KJIWMHUYECKON cMmepTu». biaro-
Japst 9ToMy, 3TU (aKThl U3 KaTETOPUU «HeE-
00BSICHUMBIX (PEHOMEHOB» ITEPEXOAST B KaTe-
TOPUIO «€CTECTBEHHBIX SIBJICHUI» XKMBOM P -
ponbl. A OTCIOIa U SIBJICHUWE peMHKapHaLUU
(nmepuonuueckoe BorutomeHe CyLIHOCTU B
¢dusnueckue Tejia) U3 KaTeropuu pesiMruo3-
HBIX 1 MUCTUUYECKUX TTOHSTUI TOXKe Tepexo-
JIUT B KATETOPUIO peabHbIX IPUPOIHbIX SIBJIE-
Huii. Tak xXe, Kak U Takue MOHSATUSI, KaK Kap-
Ma, Ipex, pail, aa nepecraroT ObITb UHCTPY-
MEHTOM MaHUITYJIMPOBaHUSI CO3HAHUEM Macc
B PyKax TOCYJapCTBEHHbIX U PEJIUTUO3HbBIX JI€-
SaTejieid U MpeBpallaloTCcs B MPOSIBACHUS BCE
TeX € 3aKOHOB Ipupoabl. [loHMMaHKe BCEro 3Toro JejiacT yejloBeKa Uc-
TUHHO CBOOOJIHBIM, AEJIA€T €r0 TBOPLIOM CBOE COOCTBEHHOM CyIbOBI.
Hwu bor, Hu Llapp 1 He Iepoii, a cam desioBeK OonpeaeasieT CBOU MOCTYIIKU
M HECET 32 HUX MOJIHYIO OTBETCTBEHHOCTD (HE TOJIbKO MOPaJIbHY10). ABTOP
1€ pa3 MoJYE€PKMBAET, UYTO JIFOOOI UeJIOBEK POXKIAETCs TOJIbKO MOTEHIIM -
aJIbHO pa3yMHbBIM cyiecTBoM. DakTUeCcKN MBI BCe POKAaeMCs JKUBOTHbBI-
MU. Y TOIbKO HEOOXOAUMBIM 00BEM pa3zHOOOpPa3HOU MH(pOpMaLIMU, TTO-
JIYYEHHBII B IepBbI€ FOAbI XXU3HU, MTO3BOJISIET HaM TOJIHSTHCS 10 YPOBHS
«Pa3yMHOI0 XKMBOTHOTO», a IOTOM U COOCTBEHHO YeJoBeKa. DTO OUEeHb
BaxkHast ”THpoOpMalMsI, OT KOTOPOIi 3aBUCUT He TOJIbKO TeKYyIlasi, HO 1 BCe
Oynyiuye Hallly XXU3HU B HOBBIX (DU3UYECKUX Tesax. BriepBble 1OCTaTOYHO
NoApOOHO paccMaTpuUBaeTCsl GPU3MKA «KapMUIECKUX ITPOLIECCOBY...

© Hukonmnaii Jlesaios, 2003 .
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