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HaspeBaiouias B cOBpeME@HHOM €CTeCTBO3HAHHM HOBasi Hay4yHas pPeso-
JIOUHSA, no-BHAMMOMY, OyleT cBsi3aHa C yCTaHOBJeHHeM rJayboKoro Teo-
PEeTHYECKOro eiauHcTBa (u3ukum u OMOJOrHH, MOZOOHO TOMY, KaK PEBO-
JionHa B Hayke Hayaga XX Beka paspellHyach YCTAHOBJEHHEM KOHIEn-
TYaJbHOTO CHHTe3a (DM3MKH W XHMHH B BHJE KBAHTOBOH TeopHH. B kHure
HCCIEAYIOTCS BO3MOXKHOCTH GoJsiee TAyOOKOro M BMeCTe C TeéM €JHHOro
(kak aas $u3uKH, Tak U Aas OHOJOrHH) TeopeTHuecKoro oOOCHOBAHHS
NMOHATHA OPraHH3alHHd MaTepHaJIbHBIX OOBEKTOB, CTOJb XapaKTepHOro Kak
AJ8 MHpa 3JeMeHTapHbIX YaCTHI, TaK H JJd XKHBBIX cyuwects. [Ipeana-
raeTcs HCNoJib30BaTh B METOMOJOTHYECKOM TJIaHe NMOHATHS HOBeHLlel ma-

TEMATHKH.
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[MPEAWUCJ/IOBHUE

OaHy M3 Ba)KHbIX M aKTyaJbHbIX 3aJlay MapKCHCTCKOMH
¢unocodpuun B. H. Jlenun chopmyaupoBana caexyoumum 06-
pasoMm:

«BceoOwuii MpUHIKUN Pa3BUTHA HaNO COEJIWHUTb, CBS-
3aTb, COBMECTUTb € BCEOOUIUM TMPHUHUHIOM €0 UHCTE8Qa
MUpa, NPUPOALI, IBUKEHHST, MATEPHH...» *

Hacrosimas xuura npejacrapiasieT co60il TMOMBITKY MeTO-
JIOJIOTHYECKOro avanusa MNyTed pelleHuss 3TOH npobJeMbl B
CBeTe JaHHBIX HOBelllIero pa3BUTHS €CTECTBO3HAHHUS; MONBIT-
Ky BbiIBHTb OCHOBHble (pUJIOCO(CKHE HAeH TeX HanpabJe-
HUI COBPEMEHHOr0 eCTeCTBO3HAHHS, KOTOPble BOT Yy¥Ke B Te-
YyeHHe HECKOJbKUX NeCATHJETHH CTapaloTCs OTHICKATh HO-
Bble, OoJiee raybokue U o6LHe MOHSATHSA, KOTOPble, BO3MOXK-
HO, B HelaJeKoM YyiKe Tenepb OyAyLIEeM TO3BOJSAT
00BbeIHHUTb B €IHHOe Teopémqecxoe 118710¢, TaKHe Pas/iuy-
Hble HayuyHble JHCIUIJIHHH,-KaK. il 14 HOJIOTHSI, aHa-
JOTHYHO TOMY, KaK TOCAEHHHiI: -60.1] megkl r qmanqecxoi'i
HayKH Bnepen—xaamosaﬂ ‘Teopusl ycraHogusaa raybouyaii-
WHH TEOPeTHYeCKHH CHHTe3 (DHSHKH 'H XHYMH — HaydHbIX
JMCIMIVIMH, CYUHTABIIMXCS B TeueHHe MHOTME BEKOB BechbMa
H BeCbMa OTJHYHBIMH APYT OT ApYyra.

HNs3BecTHOe BbicKasbiBaHHe P. DHresbca o0 TOM, UTO «AEH-
CTBHTEJbHOE €JIHHCTBO MHpPa COCTOUT B €ro MaTepHaJbHO-
CTH, @ 3Ta NOCJe[HsIsi AOKa3biBaeTCH... NJIHHHBIM H TPYA-
HBIM pa3BHTHEM (PHIOCODHH H €CTeCTBO3HAHHS» >,— BOT yXKe
B TeyeHHe MOYTH LEeJOro Beka onpeaessier obulyio Hamnpas-
JEHHOCTb MAapKCHCTCKHX HCCJIEeOBaHHH B 3TOH o0O6JacT.
B nocaenHue roabl CUTyalusi 31leCb CTAaHOBUTCSH Bce OoJiee H
6osee OCTpOIi: Mbl HMe€eM B BHAY HEyJAauH MOMBbITOK HAHTH

' B. H. Jlenun. Tlonnoe cobpanue counHenuit, 1. 29, crp. 229.
2 K. Mapke n @, Inzeavc. Counnenns, 1. 20, cTp. 43.



(B paMKax TOJNIbKO (PH3HKH) COBpEMEHHYIO GOpMY aTOMH3Ma,
CMOCOOHYIO @IHHBIM H TEOPEeTHUECKH YOe UTebHbIM oﬁpasom
OOBSICHUTb TOMCTHHE «CNEKTPOCKONHYECKOe» MHOroofpasue
3JIEMEHTAaPHbIX YaCTHIL.

«...JIOrHYHO TNPEANONOXKHTE, YTO BCS MaTepHs ob6aajgaer
CBOHMCTBOM, 110 CYLIECTBY POACTBEHHBIM C OLLYILEHHEM, CBOIi-
¢TBOM oTpakeHus» ’,— nucaa B.H.Jlenun eute B 1908 r.—
Ha caMOM 3ape 3pbl PeBOJIIOLHOHHBIX Npeobpa3oBaHuii B Qu-
3uke. [lo Hamwemy MHeHHIO, M KBAaHTOBasi MeXaHHKa, H TeO-
pH$, OTHOCHTEJbHOCTH, H KBAHTOBAsl TEOPHS IOJISI — TOJNbBKO
nepBbie IIATH KOMIIIEKCAa eCTeCTBEHHBIX HayK B HarnpasJie-
HHH nepecMOTpa BCEH Halllell KapTHHBl MHUpa, ward, cBs3aH-
Hble C YCTaHOBJICHHEM IIpeXJe BCEro BHYTPEHHEro eJHHCT-
Ba caMoil (U3WYECKOH HAYKH U OTBHICKAHHST 3aTeM HOBBIX
riyOOKHX BO3MOXKHOCTEH ee CHHTe3a C APYrHMH eCTeCTBeH-
HOHAYYHBIMH AHCUHIJIHHAMH.

Kak naneko MoxeT 3aifiTH 3TOT peBOJIOLHOHHbLIH Tepe-
CMOTP COBPEMEHHOH eCTeCTBEHHOHAYYyHOH KapTHHBI MHUpA,
celyac TpPyAHO cKa3aTb. Peub MoXeT NoiTH Jaxe 0 3aMeHe
BCEil KJIaCCHUECKON MEeXaHHUCTHYECKOH KOHUENMUHH — Npex-
CTaBJIeHHH O MHpe B LeJOM KaK OOJbIIOM H CJA0XKHOM «ya-
COBOM MeXaHH3Me» — HEeKOTOPOH HOBOH mnapaaurMond — o6-
UMM NpeACTaBJeHHEM O MHpe KakK XHBOM opranusme. Bo
BCSKOM CJyyae, TAaKOH eCTeCTBOHUCHBITaTeNb Kak P. ®eiiH-
MaH M LeJbll psjJ €ero YYeHHKOB M ToOcCJaenoBaTeei
(1. ®unkenncraiin, M. JIyx u apyrue) yxKe caMbiM cepbes-
HBIM 06pa3oM HCCJENYIOT 3Ty BO3MOKHOCTb ‘. Ha nee name-
Kaet u @. JlaiicoH B cBoeH HHTepeCHOW craTbe «Dbynyuee
Gpu3nKH» *

Kak mokaszaau HoBefillHe HCC/AEAOBaHUS, Aaxe MOUXO]
«06001LIEHHOTO peAyKIHOHH3Ma» (KaK TMOMNBITKH «CBEIEHHS»
Bcero MHorooOpa3us fiIBJeHHH MHpa K 3aKoHaM HauboJjee
pa3dpaboTaHHOIl B HacTosiulee BpeMs (PHU3UYECKOH TEOpPHH)
SIBJASIETCS JHUIIb OJHOH M3 CTOPOH JHaJIeKTHUYECKH NPOTHBO-
peYHBOro npouecca pa3BuUTHsI HayyHoro 3HaHusi. Ewe [a-
JIUJEeH CBSI3bIBAJ €ro C «3KCTeHCHBHBIMH» acrnekraMu Tpo-
rpecca HayKH—C NONBITKAMH NPHMEHHTb TOJbLKO YTO OT-

3 B. H. Jlernun. IMoanoe cobpanue counHeHui, T. 18, crp. 91.

* Fundamental Interactions at High Energies (1969 Coral Gables Con-
ference). N.Y., 1971, p.” 325.

5 &b, Haiicomn. Bynymee busuKkH.—«Ycnexu ¢usnyeckux Hayk», 1971,
1. 103, cTp. 529.



KpbITble, HOBble HayyHble 3aKOHbl B BO3MOXKHO 6oJiee MIHPO-
KOil 06/1aCTH sIBJEHHH.

Ho Tl'anuneil e ykaspiBaa U Ha TO, 4YTO CYLIECTBYET
TaKXe M JApyras CTOpPOHa IMpolecca PpasBUTHS Hay4yHOro
3HAHUA —«HHTEHCHBHaA», CBA3aHHas C JABHXXEHHEM [OCJe]l-
Hero He «BIIUPb», a B IryOb u3yuaeMbix npeameron. Ha nep-
BbIi MJIaH Pa3BUTHA HAYKH OHA BbIABHraetrcss 0ObIYHO TOJIb-
KO B NnepHoJibl 60JbIIHX HAYYHBIX PEBOJIOLUHH, B TEPHOILI
YK€ «HOPMAaJIbHOrO»— 3KCTEHCHBHOrO Iporpecca Hay4HOro
3HaHHUS O HeH 0OblYHO 3a0biBalOT. «MHTEHCHBHBIA» aCMeKT
IIBHKEHHUA HAYKH BIiepel npexjae Bcero U OOYCAOBJHBAET
coboit ¢popMHpOBaHHE PpaAHKAJbHO HOBBIX, TOpaawUHX
pooOpaxkeHHe cBoeil OOLIHOCTbIO WM T1yOHMHON HAyuyHBIX MO-
HATHH, KOTOpble U CTAHOBSATCH, KaK NPaBUJIO, KOHUENTYaJb-
HOM 6a30H CUHTe3a HAayYHbIX [AHCLHUIJINH, CUHTABIIMXCA [0
MX CO3/1aHHS NOBOJIbHO YYXKABIMH APYT APYTY.

Benb HecMOTpsl HAa HEOOXOAUMYIO crellHaNau3anmio 1 JIud-
¢epeHunauuio a060ro pasjiena eCTeCTBEHHbIX HayK B HalIH
JHH, TaK Ha3blBaeMblii HHMOPMAIHOHHBIH «B3pbIB» B pPa3BH-
THH (PH3HYECKOTO H OHOJIOTHYECKOro 3HAHHS HOCHT MOKa UTO
B OCHOBHOM «3KCTE€HCHBHBII» Xapakrtep. PeaabHblil XKe npo-
rpecc B HCTOPUHU HayKH Bceraa 6bly 00yCJa0BJeH Npexae Bce-
ro npeBpauleHueM NnoJ00HOro «3KCTEHCHBHOIO» KOJHYeCTBa
ny6auKalui (1 copepxaiueiicss B HUX HHpopMaluu) B He-
KOTOpOe «HHTEeHCHBHOEe» yrsaybJeHHe BCEro Hallero MHPO-
NMOHHUMAaHHS, CBSI3aHHOE C YCTAHOBJEHHEM HEKOTOPbIX HOBBIX
YyepT eAHHCTBA SIBJEHHH, N0TOJe CYHTABUIMXCSH HHYero 006-
11ero MexX a1y co60# He HMEIOLHUMH.

Tak, Mmexannka HbloToHa cBfi3a/1a BOGJMHO YHHBEpPCaJb-
HB'MH 3aKOHAMH JBHKeHHsI najeHue s6J0Ka, nepeMelieHus
JIVHBI M NJIaHeT, MoJeThl CHapaA0B, NyJab ¥ T. n. KuHerunue-
CKasi TeOPHsI MaTepHH — TENJIOBble SIBJEHHSI U MHKPOCKOIH-
yecKkMe MeXaHHUYeCKHe [BMXKEHHSI MOJIeKYJ. JeKTPOAHHA-
Mrka MakcBenna wu a3nektponnasi Teopusi Jlopeuua, Boo6-
1le BNepBble TNpPHAABUIHE TMOYTH MNOJHOE eIHHCTBO BCEH
KJacCHYecKol u3KKe, YCTAHOBU/HU TaKXKe, KAK H3BECTHO, MO-
Tpscllee BCeX COBPEMEHHHKOB IMOJIHOE TOXKJAECTBO CBETOBBIX
BOTH H 3JIECKTPOMArHHTHBIX KoJieOaHHH BBICOKOIT 4YaCTOTHI.
Haxkonell, KBaHTOBast TEOPHsl HE TOJNLKO MO3BOJIHJIA Teope-
TI4ECKH OODBSICHHTH COBEpPIICHHO He0603PHMOe MHOMKEeCTBO
KCMEePUMEHTANbHBIX JIAHHBIX OTHOCHTENbHO CBOIICTB aTo-
MOB H HX CNEKTPOB, HO BCKpblJIa K TOMY Ke ellle TakHe Ho-
Bble ryyOokHe uepTel (yHAAMEHTAJbHOIO BHYTPEHHErO
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eMHCTBA (HU3HKH U XHMHH, 4TO cAesaJsach GakTHyecku 06:-
ILHM KOHLENTYaJbHbBIM 0a3ucOM 00eHX HayUHbIX JHCLHIJIHH..

HauGoabuminii uHTEpec AJsi Haweil TeMbl NpeacTaB/seT
sIBJICHHE «KOHQPOHTAUUH» ® GOoJbIIHX (OTHOCHTEJBHO 3aMK-
HYTBIX JI0TOJIe) MOHATHHHBIX CHCTeM, BbiiBHBIICeCS B Pa3BH-
THH (pusnyeckoil Haykn XX B.— B HCTOPUH (OPMUPOBAHUA
TEOPHH OTHOCHTEJbHOCTH H KBaHTOBOH MexaHuku. Ilocae
Toro Kak B ¢usnke XIX B. 6bL10 CO3MaHO yXKe HECKOJNbKO
60/bIIMX NMOHATHHHBIX cHcTeM (B JoOaBieHHe K chopMUPO-
BaBLelics paHee HbIOTOHOBOH MexaHHKe — TaKxKe ellle KH-
HeTHYeCKass TeOpuUs TemJaoTbl (Maloc TepMOAMHAMHKA) M
KJaccuyeckass 3JeKTpPOAMHAMHKa), 3Tanm peayKUHOHU3Ma,
T. €. MEePHOMA MOMBLITOK «CBEAEHHA» SBJEHHH HEKOTOPOH HO-
BOH 06J1aCTH JEefiCTBUTENBHOCTH K yxKe pa3paboTaHHOi (¢Hu-
3HYEeCKOH TeopHH, CTaHOBUTCSI B XX B. OrpaHHYEHHbIM H BO
BpPeMEeHH.

B HoByio 0621aCTh $iBNE€HMIT HAayHHAIOT Tenepb. OypHYIO
«PEeNAYKIUHOHHCTCKYIO 3KCMAHCHIO» yXKe cpasdy JBe HJIH He-
CKOJIbKO MOHATHHHBIX CHCTEM, KOTOpble paHO HJAH MO3IHO
NMPUAYT TaM — CpPeiH COBEPIUEHHO HOBBIX SIBJE€HHH — B CO-
CTOSIHHE TEOPeTHYEeCKOH KOH(POHTALUHMH APYr C APYromM —
KaK CTapble, HbIOTOHOBCKHE TNpeJCTaBJeHH MeXaHHKH O
NMPOCTPAHCTBE M BPEMEHH CKOPO MPHIIJIH B IMOJHOE MPOTH-
BOpeuHe ¢ rpynnoi npeobpasoBaHuil ypaBHeHHH Makcse-
Jla B TEOPHH 3JEKTPOMATHUTHBIX SIBJEHHH B OBLICTPOABMIKY-
IIUXCS Cpelax MJIM Te JKe caMble 3aKOHbl 3JIEKTPOJAHHAMH-
KH— C OCHOBHBIMH TNOJIOXKEHHSMH KHHETHYECKOH TeopHH
tTenaa (MM TEPMOAMHAMHKH) NPH aHAJU3e H3JNy4yeHUs ab-
COJIIOTHO YEePHOTO TeJa.

HMMeHnHo Bo BpeMs 3TOH HHTEHCHBHON M MHOTOCTOPOHHEI
KOH(GPOHTAUUH YKe CYLIeCTBYIOIINX TEOPETHYECKUX CHCTEM

-# (hopMHUPYIOTCS COBEepLIeHHO HOBbIe, GoJsiee TJAyO0KHEe H
YHHBepCaJbHble HayuHble NOHSTHS, CNOCOOHBIE OXBATHTH CO-
O6oH Kak BCe cTapble HJeH H pe3yJbTaThl, TaK H NPHHLIHUIHAJb-
HO HOBbIe, HHKAK He CBOJHUMBbIE HH K 4eMY JIpYyroMy siBJeHHS
TOJBKO elle H3yyaeMoH o6s1aCTH AeHCTBHUTENbHOCTH. Takos
Obl1 nyThb oOpa3oBanusi HauboJsee ray60KHX MOHATHH Teo-
PHH OTHOCHTEJBHOCTH M KBaHTOBOH MexaHWKH '. Takos, mo

¢ M. H. [Modzopeyxud, f. A. Cmopodunckui. O6 axcHOMaTHUYECKON

CTpyKTYype (¢u3uvyeckux rteopuit.—«Kareropus CTPYKTYpbl H pa3BHTHE
H3UKH 3MeMeHTapHbX yactuu». ybua, 1966, crp. 6.

T H. &@. Osuuntukos. Oco6eHHOCTH PA3BHTHS WU TEHAEHUHS K eIMHCTBY

6 :



HaluleMy MHeHHIo, 6yJIeT ¥ TNyTb [ajbHEHIIero mnporpecca
dbu3HyeCcKoil U OHOJIOTHYECKOH HAayK — HHTEHCHBHAA U MHO-
romjiaHoBasi KOHQPOHTALHs BCEX CYLIECTBYIOLIHX O6OJbUIKX
NOHATHHHBIX CHCTeM (PU3UKH B 006Js1aCTH OOLIMX HCCIeL0Ba-
HHH COBPEMEHHbIM €CTeCTBO3HAHHEM CaMblX pPas3JIHUHbIX
¢bopM OpraHu3alU¥ MaTepUH — KaK B BHIAE <«CIEKTPOCKO-
NHYECKOro» MHOroo6pasus 3/JeMeHTAapHbIX YaCTHL, TaK U B
BHJE BCerja HeNoBTOPHMBIX, BeCbMa CBOeOOpa3HbIX CTPYK-
TYP KH3HH.

OTH TMNONbITKH KOHKPeTH3UupoBaTh oOLiHe HAEH Ma-
TePHANHUCTHYECKON AMAJeKTHKH O NPOTHBOPEYHAX Kak OcC-
HOBHOHM [ABHXKYIIEH CHJIE BCAKOIO pa3BUTHA — B TOM UHCJIE H
Hay4YyHOTO — MO3BOJIAIOT CAeJaTh BbIBOJA, YTO KOHEYHbIM HTO-
roM AJUTEJbHOrO, CJOXKHOIO U TPYAHOro «MpoTHBOGOPCTBA»
pPa3JHYHbIX MOHATHHHBIX CHCTEM (H3HKH U OHOJIOTHH B 3M-
MUPUYECKOM MaTepHasie 3THX HAyK CTaHeT HX AHaJIeKTHue-
CKHH CHHTe3 — NPHHLUNHAJbHO HOBad cHcTeMa 6oJee raybo-
KMX HAay4HbIX NMOHSAATHH, KOTOpas SABUTCS OOLLIMM KOHILen-
TyaJbHbIM 0a3ucoM Kak (pH3H4YECKOH, TaK H OHOJIOTHYECKOH
HayK.

dunocopckue U METOAOJOTHYECKHe npobJeMbl, MOCTaB-
JIeHHble peBOJIIOLHeH B eCTeCTBO3HAHMHM HayaJsa Hallero Be-
Ka, KaK H3BeCTHO, OblJIH BCECTOPOHHE NPOAaHAJHU3HPOBAHBI
B. Y. Jlenunbim B «MaTeprHannamMe H SMINHPHOKPHUTHIIH3MED.,
M nam xaxercsi naneko He CaAyyaiHbIM TOT GaKT, YTO HaH-
Oosiee pyHaaMeHTaJbHble €CTeCTBEHHOHAayyHble HIEeH 3TOH
KHUIH — HJles] HeHCuepnaeMOCTH 3JIeKTpOoHa (Kak rnepBOi U3-
BECTHOH TOrjJa 3JleMeHTAapHOH yacTHLbl) U Hjaes o6 obJsana-
HHH BCEH MaTepHeH CBOHCTBOM OTpaxKeHHsl — NpeacTaBJis-
10T co00H cMeJsble (A8 TOrO — M JlaxKe JJIsl HalLIero — Bpe-
ME@HH) T'HIOTE3bl, HAYLIHE KaK pa3 B HalnpaBJeHHH YCTAHOB-
JIEHUsI HOBBIX, 6oJiee ray0OKHX CTOPOH eAMHCTBA (DU3HUKH H
GHOJIOTHH.

B. U. Jlenun onHHM M3 mepBLIX B MHPOBOH JHTEpaType
yKa3aJ Ha CYLIeCTBEHHO HOBYIO YyepTy B COBPeMEHHOH Tpak-
TOBKE MaTepHaJbHOr0 €IHHCTBA MHpa —<«eAHHCTBO MNPHPO-
nbl OOHApyXKHBAaeTCsi B «IOPAa3HTEJIbHOH aHAJOTHYHOCTH®
nudpdepeHuHaNbHBIX yYpaBHEHHH, OTHOCALIHXCA K pPasHbIM
ob6aactsim siBaenuit» ®. [losanee, B «®Pumocodpckux Tterpa-

HayuHoro 3HaHusi.—B ¢6.: «ITpo6aeMbl HCTOPHH H METOHOJIOTHH Hayd-
HOro nosxauus». M., 1974, crp. 74.
8 B. HU. Jlenun. Toanoe cob6panue counHexuu, 1. 18, crp. 306.



OSX» OH TMOJAYEPKHEeT, YTO «..NIOHSATHE 3aKOHA eCTb OJHA
M3 CTyneHell NMo3HAHHUS 4YeJOBEeKOM eJuHCT8a W 843U, B3aHU-
MO3aBHCHMOCTH M LEJbHOCTH MHPOBOro npoiecca» ’,

YT0 XKe KacaeTcss caMHX 3THX 3aKOHOB, OOLIMX KaK JJf
(GHU3UKH, TaK H AJd OHOJIONHH, TO HX YCTAHOBJICHHE — H 110
ced JIeHb OJHA M3 IVIaBHBIX 3aJlay TeOPeTHYEeCKOro eCcTecTBo-
3HAaHUA HaweHl 3noxu. B TOH HMAM HHOH CTeneHH OHH OKa-
XKYTCSl, NMO-BUAMUMOMY, KAaKUM-TO TJYOOKHM CHHTE30M HJeH
HEHCYEepnaeMOCTH 3JeMeHTapPHbIX YaCTHUIL ¥ HIaeH 00 YHHBep-
CaJbHOCTH CBOHCTB OTPa)KeHHUs VISl BCeH MaTepHH (BeposiT-
HO, 3SKCIJHIHPOBAHHBIX C IOMOILBIO TOMOJOrHYECKUX *°

CTPYKTYP).

9 B. H. Jlenun. Tlonnoe cobpanue couunenui, 1. 29, crp. 135.
10 UnrtepecHyio skcnunkauuio 3tux uaed paa . A. Panomopr (Mukpo-

reHetnka. M., 1966).



[naBa nepBa#f

HEOBXOJAUMOCTb MATEMATHYECKOH
U KOHUENTYAJbHOW MOJAEPHHU3AUHUH
®U3UKH HAWIHUX JHEH

§ 1. Cnekrpockonus cyOMHKpOMHpPA M JHAJEKTHKA

1.1. CoBpemennbiit 3Tan B pa3BuTHu Gusauku u puaocodus

JlnanekTuko-marepuasucTHyeckas ¢uaocopusa, Kak H3-
BECTHO, ye cnoco6cTBoBasa BolpaboTKe MJI0LOTBOPHEHILHX
¢usuyeckux HaeH (Takux, HanpuMmep, Kak CJO0XKHOCTb BHYT-
pPEeHHEH CTPYKTYphbl 3JeMEeHTapHbIX YaCTHIl, AHAJEKTHYECKH
NPOTHBOPEYUBOE €JAHHCTBO HX KOPNYCKYJsIPHO-BOJHOBOH
MPHUPOAbI, MPHHLHUNBI COOTBETCTBHS, COXpPAaHEHHs H NPHUHH-
HOCTH B Pa3BUTHH (PU3HYECKHX TEOPHH H T. I.).

Hbine, Bo BTopoii nosoBuHe XX CTOJIETHSI, Nepe/l YUeHH-
€M O CTPOEHHH MaTepHH CTOAT eule OoJiee Ba)kHble, ellle
6oJiee BeJHUECTBEHHble 3a7auH. BrnepBble ero L eHTpaJbHOMH
npoGyemMoil CTaHOBHUTCA npobJseMa MakKCHMAJLIOM crenend
obuHOCTH. Beab BCsikoe siBJAeHHEe, HCCaelyeMoe cefyac ecTe-
CTBO3HaAHHWEM, npejacTaer nepej HaMH Kak HEKOTOPBIH Tpo-
[lecc, NpoTeKalol il B onpe/leJIeHHO COBOKYIIHOCTH 3JIeMeH-
TapHbIX KOPNycKyJ. Bce n3BecTHble HaM HbIHE MaTepHaJ/bHble
0OBEKTBl COCTOAT U3 3TUX «KHPNHYEH MHPO3JAHHUSA» HAUIEro
BpeMeHr. OHu o6pasyioT Bce MHOroo6pasue AOCTYINHBIX HAM
Tesq BceseHHOH: OT MOBCeJAHEBHLIX IPEAMETOB OKpyKalo-
lIero MMUpa — A0 YA aJIeHHbIX OT HAaC Ha MHOTHE MHJJIHapAbl
CBETOBBLIX JIeT 3B€3[ M rajlakTHK, OT CJY4YaHHbIX CKOIJCHUH
OTJeJbHbIX YaCTHIL — A0 UX GoJiee WJIHM MeHee BBICOKO opra-
HH30BAHHBIX CTPYKTYP HJH arperatoB (TakHX, KaK 3Be3Jbl,
KPHUCTAJJIbl, XHMHYECKHe HJAH Aa)ke OHOJIOTHUYeCKHe CTPYK-
TYpPbl U T. I1.). _

ToJbKO HECKOJIbKO JIeT TOMY Ha3aj Ha CcaMOM <«Kpaio»
HCcCaefOBaHHOM HAaMH 4yacTH BcesleHHOH ObIJIH  OTKPbLITHI
00bEKTbl, KOTOPble MO NMPEeANOoJOKEHHAM HEKOTOPLIX YYEHBIX
MOTYT COCTOSITb HE M3 3JIeMEHTAapPHbIX YacCTHI, a SBJATbCH
COCTOSHHSIMH MAaTePHH «J03Be3JHOH», <«JI03JeMEeHTapHOII»
NPHPOAB. DTO — TAK Ha3biBaeMble KBa3apbl, OTCTOULHE OT
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Hac Ha 3—I12 MuUINHApAOB CBETOBBLIX JeT. Tak yTo, pasy-
MeeTcsl, He HaAO MOCMEeLIHO, HeJHAJeKTHYeCKH AYyMaTb, 4YTO
yCnemHoe pelieHne OCHOBHOH 3a/layd COBPEMEHHOTO YYeHHS
O CTPOEHHH MaTepHH — COo3laHue obuleil TEOPHH SJEeMeH-
TapHbIX KOPNYCKYJ — PElUIHT «BCe» 3aaauyu (HU3HYECKOIl
HayKH, MOJIOXKHT NpeJeJ ee aJbHelieMy pa3BUTHIO.

KoHneyHo, BecbMa GoJbliast mWHPOTa H O6LHOCTL nmpob.ic-
MBbl 3JIEMEHTapHbIX YacTHIl (B paMkax (pH3HYECKOi HayKH)
NO3BOJISIOT NMPEANOJOXKHTh, YTO CO3JlaHHE TAKOH TEOPHH, OB-
JaieHHe (PH3HYECKHMH 3aKOHAMH TNPHPOABLI OTPOMHOH CTe-
neHH OOIIHOCTH, MPHUHECET YeJOBEUECTBY NpPaKTHUYECKHE pe-
3y/JbTaTbl, B KOHEYHOM cueTe HeuWaMepuMo OGoJiee leHHbIE,
yeM Te, KOTOpble NaJi0 eMy OBJaleHHe CHJOH OrHd, mapa,
3JIEKTPHYECTBA M JlaXKe 3Heprueil aTOMHBIX sifiep.

Huuto XpoMe NIHANEKTHKH HEe MOMXKET IOMOYb HaM B
yray6JieHHH NMOHHMAaHHUS, HanpUMep, THAJEKTHYECKH NPOTH-
BOPEUYMBOro e/IHHCTBA H3ME@HUYUBOCTH U YCTOHYHBOCTH CBOMCTB
3JIeMeHTapHbIX yacTHLl. C OJHOH CTOPOHLI — BCe pacTylilee
KOJIMYECTBO HX BHMJOB M PAa3HOBHAHOCTEH W B3aUMHas Ipe-
BpallaeMOCTh KaK CaMblil ¢nocod HUX CYLIeCTBOBAHHS, HX Obl-
THsl, BceoOulas, 3aTparupaiolasi Bce 3JeMeHTapHble KOp-
MMyCKYJIbl CIOCOOHOCTh MOPOXKAATh B ONpeAeNeHHBIX YCJIOBH-
sIX BCEe BO3pacraiollee MHOXKECTBO JPYrHX, KauecTBEHHO
BecbMa cBoeobOpa3HbiX. C apyro¥ e CTOPOHBl — YAHBUTEJb-
HOe MOCTOSTHCTBO Macc, 3apsaJioB, CMIHHOB M JAPYTUX Xapakre-
PHCTHK H 3aKOHOMEDHOCTEeH ABHKEHHs Joboro H3 BHIOB
3JIeME@HTaPHBIX KOPMYCKYJ — COBEpPIIeHHO He3aBHCHUMO OT
TOro, CymecTBOBaJja JIM 3Ta yaCTHIla MUJJHApPABL JIeT 10
MOABJEHHS YesJoBeKa, 6bla JIM OHA TOJbKO 4TO 06pa3oBaHa
B MCKYCCTBEHHOM, CO3JlaHHOM TPYAOM MHOTHX JIIOAEH YCKO-
pHTeJie HJIH Ke BO3HHKJA B pe3yJbTaTe THTaHTCKOTO B3phl-
Ba B yaaJIeHHeHIlleH 3Be3/le UJIH rajJakTHKe. '

OTHOCHTENbHO PAa3JIMYHBIX CTOPOH 3TOr0 COBEPIIEHHO
HEMOBTOPHMOI'0 COYETaHHsl TMOCTOAHCTBA M H3MEHYHBOCTH
COBpPEMeHHasi HayKa CTaBHT Maccy TPYAHEHLIHX BONPOCOB:
NMoyeMy CyUIeCTBYIOT HMEHHO TaKHe KauyeCTBEeHHO cBoeobpa3s-
Hble YaCTHLbI, NOYEeMy HMEHHO TaKOBBl X MAacChl, CIHHBI,
3apsajbl U ApYyrue KOHCTAaHTH B3aumoxeictsuit u T. n.? [lo-
YeMy HMEIOTCA TPYNNbl POACTBEHHBIX KOPNYCKYJ € OJHHAKO-
BbIMH 3apsilaMH MM APYrHMH Xapakrepuctukamu? Haw,
MOXeT ObITb, CAMBIH TPYAHbIH, KOTOPbLIH HEKOTOPbIe PH3UKH
naxe 60siTCA 3a/laTb: a NMOYeMy onpeneseHHble XapaKTepH-
CTHKH YacCTHI BOOGLIe CTO/b CTPOrQ MOCTOSTHHBI? AHaJOrny-
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Hble BONMPOCHlI MOMKHO TOCTaBHTb H O NpeBpallaeMOCTH KOp-
MyCKyJl: MOYeMY omnpeejeHHble BHAbl YaCTHL CBSI3aHbl APYr
C JPYromM HemocpeACTBEHHBbIMH MpOLECCaMH IeHepalHH HJAF¥
pacnaja, a ApPyrue — npeBpauiaioTcs ApPYyr B Apyra TOJIbKO
onocpenoBaHHo, OGjarogapsi NpoMexKyTOUHbIM, TaK Ha3blBa-
€MbIM BUPTYaJbHbIM COCTOSIHHSIM ?

FIMeHHO B TaKHUX NyHKTax (pu3uyeckass Hayka CaMbiM He-
MOCpeACTBeHHBIM 00pa3oM HauyHHaeT «paboTaTb», TaK CKa-
3aTh, ¢ NOMOLbIO (PUIOCOPCKHX KAaTeropHi: nmepBbIMH C He-
H3BEeLaHHBIM, €Lle He HCCAeJOBAHHBIM CTaJKHBAIOTCA JaxKe
B (hH3HMKe HWMEHHO OHH— KakK HauboJsee obwas, ¢puiaocod-
CKas «MoJeJb» MHpa. B coBpeMeHHOH HayKe — Jla H B Hay-
Ke BCeX BpeMeH — Bcerjia OblBaJid HMEHHO TaKHe KpHTHYe-
CKHe MOMEHTBI ee pPa3BUTHS, KOTZa OHA, Mepexolsi OT OAHOro
YPOBHs HCCJICIOBAHH{ CBOHX 00beKTOB K Apyromy, OoJiee
riybokoMy, BoJIeH HMJAM HEBOJIeH J0JIKHA HenoCpeACTBEHHO
3aHATbCA (uaocodueii, ytobbl UMEeTb NYyCcTb caMoe obliee,
HO B JOCTATOYHOH Mepe aJeKBaTHOe NpejACTaBJieHHe O TOM,
C YeM OHa CTOJKHYJacb Ha HOBOM YpPOBHE MaTepHaJibHOH
AEHCTBHTEIbHOCTH.

M MeHHO TakoBa Obl1a CUTyauus B (pU3HKe B 3MOXY BHI-
xona B cBer KHuru B. WM. Jlennna «Martepuanusm U 3MIH-
PHOKPHTHLH3M», HMEHHO TaKOH CTAHOBHMTCSl OHa IOCTENEH-
HO B YYeHHH O CTPOEHHH MaTepuu H Tenepb. M TosbKo mare-
pHaJUCTHYECKAa AMaJieKTHKa, KaK H B HayaJe Haulero Beka,
OKa3bIBaeTCsi B COCTOSIHHU AaTb aJeKBaTHY1O 0OILYyI0 KapTH-
HY TOH JAEHCTBUTEJbHOCTH, K KOTOPOH uYeJIOBeK «NpOpbiBaeT-
CA» C MOMOLIbIO CBOHX TMFAHTCKHUX YCKOpHTeJeH, TeJecKo-
MOB H PajHOTEJeCKONOB, YTOHYEHHEHIlIEeH 3JeKTPOHHOH TeX-
HHKH. '

310 cTaHOBUTCA Bce 6GoJsee H OoJsiee OYEBHAHLIM MO Mepe
KaTacTpodHyecKH OBICTPO YCKOpPSAIOLLErocsi HaKoNJeHHs
9KCMEePHUMEHTAJbHBIX JaHHbIX B ()H3HKe BBICOKHX 3HEPTHH —
pasaesne HayKH, HCCAeAyIolleM NMOBeJeHHe BellecTBa NpH ca-
MblX GOJIBIIMX KOHUEHTPALHUAX 3HEPrdu Ha MaTepHaJbHBIX
ob6bekTax. B 3roMm cMmbicsie u3MKa 3J€MEHTapHbIX YacCTHIL
BLICOKHX 3HEPruH — JeMOHCTpalLHOHHAas NJIOLlaJKa AHaJek-
THKH B COBPEMEHHOM €CTeCTBO3HaHHH. _

Huxe Mbl yﬁeﬂHMCﬂ HaCKOJIbKO TJy6oKas IHaJeKTHY-
HOCTb OCHOBHBIX CBOMCTB H KayecTB xapaKTepHa nns a6co-
JIOTHO BCeX 0O bEKTOB COBPEMEHHOI'0 YY€HHsl O CTPOCHHH Ma-
TePUU — OT JIIOOBIX THUIOB KOPMYCKYJ A0 aOCONMIOTHOH IIy-
CTOTHI, U3UYECKOTr0 BaKyyMa, CYMTABLIEroCsl 10 HeJLaBHEro
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BpeMeHH MOYTH UHCTBIM «HHYTO»— YHCTOH TeoMeTpHYECKOii
MPOTSXKEHHOCTbIO, JIHWEeHHOIl Kakux-a1160 MaTepHaablbixX
CBOJCTB.

Hano ckaszartb, 4To peluieHne HayyHblX npobjeM Takoro
Macwitaba HEBO3MOXKHO HAa OCHOBAHHHM TOJbKO KAaKHX-TO
Y3KOYaCTHbIX METOJO0B M NpHEeMOB HccaeaoBaHusA. YesoBex
BBIXOAHT 3[eCb Ha CaMylOo rpaHb HCC/Aed0BaHloil UM chepul
ObITHA MaTepHH, H 3/leCb, KAK NPaBHJI0, MOYTH BCe OObIYHO
npUMeHsieMble UM CpeACTBa TeOPeTHYECKOro HCCJeL0BaHUS
nepecTtarT «paboTaTb»— NOHATHA OKAa3bIBAIOTCS BHYTPEHHE
NMPOTHBOPEYHBLIMH, B MaTeMaTHyeckKux Qopmyaax nosis-
J510TC 6eccMbic/ieHHble — 6eCKOHeYHO OoJbliHe BeJHYHHDbI,
3KCNEPUMEHT, NPaKTHKa 0OHAaPYXHBAIOT MHOXECTBO (PaKTOB,
KOTOpble HeJb3d NpeacKaszaTb HAa OCHOBAHHH KAaKOH-TO Teo-
PHH H KOTOpbI€ TIO3TOMY NPHXOAUTCS NOCTYJHPOBATb.

BoT B TaknHe KpHTHYUECKHE MOMEHTbI Pa3BHTHS HAY4YHOIl
MBIC/IH, KOrjla OHa NEepexXoAHT OT O0OBEKTOB OLHOTO YPOBHS
OpraHu3auuu matepuu K ob6bekram Gosee ray6oKo Jexalle-
ro YpoBHS, KapJAHHAJAbHOE 3HAYEHHE AJIsi JaJbHEeHILero mnpo-
rpecca Jawo6oit Hayku npuobperaer Haubosee obuiasi Teope-
THYecKasi Mojeab Mupa, BbipabGaTbiBaeMas ¢uaocodCcKoii
Haykoii. Kak pa3 nostomy B KpuTHyeckHe roibl (hopMHpOBa-
HUS HOBBIX (PyHAAMEHTaJbHbIX TOHSATHUH pe3Ko BO3pacTaer
HHTepeC IIHPOKHX KPYroB yuyeHbIX K ¢uaocopuu. [locraTou-
HO HAanmOMHHTb 3JeCb SPOCTHbIe (PHIOCOPCKHE Cnopbl KapTe-
3HAHLIEB H HbIOTOHHAHLEB B 3MO0XY CO34aHHSl KJaCCHYECKOIil
MeXaHHKH, onpeaeasioulee BausHue duaocodpuu llenaunra
Ha HanpasJieHHe HccaeaoBaHui Papanes no sjaekTpomar-
HeTH3MY, OIPOMHBIH HHTepec JDHHIUTEHHA Ha NPOTAKEHHH
BCeil ero H3HH K ¢pHaocopCcKuM mpobaeMaM CBOEH HayKH,
HaKOHel, «COKpPAaTHYECKHH» cnocob® oOCyKAeHHA Hay4HbIX
npo6sem Ha ceMHHape bopa B KonenrareHe, onucaHHblii
HblHE B MHOTOYHCJEHHbIX BOCIHOMHHAHHUAX M NONYJISAPHBIX
KHHrax ‘. )

U ceiiyac, koraa ¢u3uKa 3JeMeHTapHbIX YacTul Bce Obl-
cTpee U ObicTpee NMOTrpy»>KaeTcsi B HUKeM ellle He HCC/aelo-
BaHHble NMYUHHbl «CTPAHHOTO» MHpa CHJbHBIX, 3JEKTpoMar-
HUTHBIX U cJa0ObiX B3aHMOJAEHCTBHH, Nepel HaMH—Ta Xe
KaptuHa. OauH M3 co3jaTejiedl KBAHTOBOH MEXaHHKH I
KBAHTOBOH TEOPHH MOJISI, 4 TaKXKe HeJUHEHHOH CIHHOPHOH
TEOpHH 3JeMeHTapHbIX yacTul B. TeiisenGepr Bbinmyckaer

1 Cwm., nanpumep, P. IOne. Spue ThicAYH COJIHIL, M, 1961, ctp. 40.
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OJIHY 3a JIPYroi BOT YK€ TPH KHHUTH *, CneuHaJbHO IOCBS-
LeHHbIe (HIOCOPCKHM npobsemam cBoeit Hayku. Cosna-
Te/b COBPEMEHHOH CXeMbl KJacCCH(HKAUHH 3JeMEeHTapHbIX
YaCTHIl, TAK HA3bIBAEMOro «BOCHMEPHYHOIO MyTH» M. Tenn-
Man, He noxunaasice konua XII mexayHapoanoi KoHdepeH-
IMH no ¢u3uke BbiCOKMX 3neprui ([ybna, 1964 r.), emer B
Henan u Tanaana — ero 1aBHO 3aHHMaJia CBSI3b €ro TEOPHH
C BOCEMbIO NMYTSMH AOCTHXKeHHst AoOpoaeTesH, peKOMEeHJIo-
BaHHLIMM elie Bynnoii,  oH «Ha MecTe» X04eT MCCaAeaoBaThb
stoT Bonpoc. OCHOBOMOJIOKHHK paboT no kKJaaccudpuKauuu
9JeMEHTAPHBLIX KOPNYCKYJ, OAHH H3 PYKOBOJAHTEJEH SIMOH-
CKOH 1wKoJabl TeopetHueckoil ¢usuku, C. Cakara nyOnauky-
er ueablii psig $ua0copCKUX AHMAJOTOB OTHOCHTEJbHO TV-
Teil pajbHeiilero pasuTHsi (u3nuyeckoi Hayku®. Coas-
Aatesib  COBpeMeHHOH  (GoOpMbl  KBAaHTOBOW  TEOpPHH
P. ©. QeiinMan HayHHAeT YyTCHHE Kypca JeKLHil no obuei
(u3uKe, KOTOpble MOCBALIEHbl BO MHOroM (uaocopckomy
aHaJH3y OCHOBHBLIX MOHSITHII W MeTOAOB 3Toi HaykH “. I'op-
JUBLIKECS HEKOTOpoe BpeMsi Ha3aja cBoeil <«apuaocoduy-
HOCTbIO» (pu3nueckue xypHaabl «Pusukan Pesio», «Hyoso
Yumento», «PeBio op Monepn Pusukc» u Apyrue Bo300-
HOBJAIOT ny6aukauuio ¢punocodcekux crarteil. Haxkoneu, nsa
u3 nocaennux CosbBeeBCKHX KOHIPECCOB, KaK M BO BpeMe-
Ha JiiHwreina, bopa, Jlopeuua, Ilnanka, Jlanxesena 1
ApPYyrHux, 60JbLIYIO YaCTh CBOEro BPEeMeHH MOCBALLIAI0T PHIO0-
copckomy oO0cyxKAeHHI0 mpobJseM, IOCTaBJECHHBIX HOBEHN-
IUHM pa3BHTHEM (U3UUECKON HAYKH °

Ho Bce 3TH (paKTbl — TOJBKO <«IMOBEPXHOCTb», TOJBKO
BHEIUHsIST CTOPOHa mpouecca «huaocopusauuu» COBpeMeH-
Hoit ¢usuku. 'opaszno GoJsee HHTepeCHLI I1yOHHHBIE TpOLEC-
Cbl TNPOHHUKHOBEHHS HMJel [AHaJIeKTHKO-MaTepHaJucTuye-’
CKOi (pusocopuu B camMyio CyUHOCTb COBPEMEHHbIX TEOPHH
3JeMeHTapHbLIX 4YacTHl, pa3pabaTbiBaeMblX 3ayacTyio Yyde-

2 W. Heisenberg. Physik und Philosophie. Stuttgart, 1959; Der Teil und
das Ganze. Miinchen, 1969; Schritte {iber Grenzen. Munchen 1973.
3 C. Cakxara. Hosble mnpepacrasieruss 06 3JeMEHTapHbBIX YacTHUAX.—
«Bonpocel punocodpun», 1962, Ne 6, crp. 129; K Bonpocy 06 ucTOAKO-
BAHHH KBAHTOBOMEXaHHYECKOH TEOPHH.— «Bonpocm dunocopuu», 1962;
Ne 9, crp. 132.

£t P qbelﬁnuau u ap. PeiinmanoBckue JekuuH no ¢usuke, M. 1965,
Bbin. 1—10.

5 «La théorie quantique des champs (1961 Solvay Conference)».
Bruxelles, 1962; «Fundamental Problems in Elementary Particle
Physics (1967 Solvay Conference)». N. Y., 1968.
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HbIMH, HE TOJIbKO He 3HAKOMBIMH C 3TOH ¢uaocopuen, Ho
Nax<e 3asiBUBLIMMH O CBO€H MPHUHAANENKHOCTH K COBEpPLICHHO
HHOMY (pHI0CO(PCKOMY HANIPABJCHHIO.

1.2. Yeprbl «00BEKTHBHOH» AHANEKTHKH MHPA 9JIEMEHTAPHBIX 4acCTHL

[Topaxaer npexae Bcero MHoroo6pasue u raybokoe Ka-
yecTBeHHoe cBoeoGpasue TeX GOpM MaTepHaJbHOTO JBHKE-
HHS, KOTOPble HMEIOT MeCTO Ha YPOBHE MHKPOKOPRMYCKY.I.
B Hacrosiiiee BpeMs Hayke H3BeCTHO B OOLIEH CJA0XKHOCTH
OKOJIO COTHHM Pas3/IMYHBbIX 3JEMeHTApHbIX uYacCTHIl, mpeTreprne-
BAlOUIHX B TeX HJH HHBIX 00OcCTOsITeIbCTBAX O6o0Jiee ThHICAYH
pasHooOpa3HeHInX NPOLECCOB B3aMMHbIX NpeBpalleHuil H
TpaHchopmaLui.

HicTopHyecKH M JIOTHYECKH IOHSTHE 3JeMeHTapHbIX KOop-
NyCKYyJl BO3HHUKJIO B CBAI3H C Pa3BHTHEM HaIlIHX 3HAHWH O
cTpoeHHH aToma. «Hemenumblfi» aToM ApPeBHHX, TPOCTeii-
IIHA «KUPNMUY MHpo3AaHusi» Oosiee IMO3AHHUX MBICJAHTEEH
B CBeTe JaHHbIX HayKH XX CTOJIeTHS 0Ka3aJ/icsl, KaK H3BeCTHO,
NeJHMBIM, CJOXKHBIM, 00/1a1al0IIUM cBOe0oOpa3HOH BHYTpEH-
HeH cTpyKtypo#. IIpu 3TOM 0Kaszajaocb —H 3TO CHIrpa’o B
(GOPMHPOBAHHH MMOHATHA 3JEeMEHTApPHOH YaCTHUBI pellaio-
IIYI0 pPOJib,— YTO OCHOBHBIE COCTABJSAIOLLIHE 3JIEMEHTbl aTo-
MOB — 3JIEKTPOHBI, NMPOTOHBI H HEHTPOHBl — BeAYT cebs BO
BHYTPHATOMHBIX Ipolleccax B JAOBOJIbHO OGOJIbIIOM HHTEPBA-
Jie 3Heprui Kak rnpocredine 6ecCTPyKTYpPHble KOPNYCKY.bl,
obaranaouiye onpeieseHHbIMH, pa3 M HaBcerjga 3aJaHHbIMY
CBOMCTBAMH M KayecTBAMH (onpeesieHHOH MacCCOH, 3apsoM,
CIMHHOM H T. /1.). Bce NMonbITKH KaK-TO BBISIBHTb BHYTPEHHIOW
CTPYKTYPY 3JIeKTPOHOB, NPOTOHOB HJH HEHTPOHOB, KaK-TO
«B0O30YAUTb» HX BHYTPeHHHe cTeneHH cBOOOABI A0 CaMoro
nocJeJHero BpeMeHH HHKAKHX pe3yJbTaTOB He JaBaJiH.

DJeKTPOH Oblll TepBOH «3JeMeHTapHOH» KOPMYCKYJIOil,
CyLLEeCTBOBaHHE KOTOPOH OblJIO Cpasy e N0Ka3aHO MHOIH-
MH 3KCNepHMEHTAaMH H CBOWCTBA KOTOPOH OblIM H3YYeHB
caMbIM TUIATe/IbHBIM 06pasoM. Eme B 1881 r. KpynHeiiuuii
¢usuk Bropoi nosoBuHbl XIX B. 'epman I'esibMrosbu, aHa-
Ju3upys 3akoHel Papanes AJas 3JeKTPOJH3a, BbIABHHYJ TH-
NMOoTe3y O NMPepPbIBHOM, <«3EPHHCTOM» CTPOEHHH 3JEKTpHue-
ctBa. CaMo C€/10BO «3JeKTPOH» AJas1 0603HA4YeHHsT HaHMeHb-
LIero «aToMa» »3JeKTPHYeCTBa TNpPeAJIOXKHJI JecATHIeTHe
cnycrs aHrauiickuit dusuk k. CroHeil. Bckope 3/eKTpoHbl
OBIIM NOJIYYeHbl, TaAK CKa3aTbh, B «CBOOOAHOM COCTOSTHHH»—
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B BHIe KAaTOAHBIX Jyuel, BO3HHKAIOUIUX TNPH NMPOXOXKIAEHHU
3JIEKTPHUYECKOTO TOKA CKBO3b Pa3pe’KeHHble Tasbl B OTKayaH-
HBIX TpPyOKax («4eTBEpPTOE COCTOSIHHE BELIEeCTBAY ).

Boabmwast rpynna uccaenosateneit (Ix. Ix. Tomcon,
Y. Kpyke, @. JleHapa u apyrue) THIATeNbHO HCCJAeXOBaJga
CBOICTBa CBOOOAHBIX 3JE€KTPOHOB (3HAK 3apsjia, OTHOLIe-
HHe 3apsna K Macce, 3aKOH BO3pacTaHHsi MacChl ¢ YBeJH-
YeHHeM CKOPOCTH H T. A.). BblJI0 yCcTaHOBNEHO TakKxke, 4TO
9JIEKTPOHbI BXOASIT B COCTAB BCEX BElIECTB, HMEIOUIUXCS HA
3emse. Tak HasbiBaemMas 3JNeKTpoHHas TeopHs JlopeHua
Obl1a co3jaHa Ha OCHOBE 3THX 3IKCMEPHUMEHTAJbHBIX JaH-
HbIX M TNpejacTaBjsga coO0H MONBITKY NOHATb (U3HYECKHe
CBOMCTBA MaTepPUH MCXOIs H3 CBOHCTB OJHOH 3J1eMEeHTapPHOH
YACTHILBl — «aTOMa» 3JIeKTPUYECTBa, 3JekTpoHa. [Ipumep-
HO B TO e camoe Bpems, B 1905 r., A. DiiniuTeiiH, pa3Bu-
Bast uaen M. I'lnauka o npepbIBHOCTH, KBAHTOBAHHOCTH IIPO-
11IeCCOB  H3JYYEHHST H TMOIVIOIIEHHS 3JIEKTPOMAarHHTHOIO
M3JIYUEeHHS, TMOKa3aJ, uTO OOBSICHHTb 3aKOHOMEpPHOCTH ¢o-
T03¢peKTa (BbIPLIBAHHS CBETOM 3JIEKTPOHOB C TOBEPXHO-
CTH HEKOTOPBIX BELIeCTB) MOXKHO TOJbKO Ha OCHOBE Ipel-
CTaBJIEHHH O CBeTe KaK MOTOKe MeJbUaWIIUX YaCTHI[ — «KO-
MOYKOB CBETOBOT'O BelllecTBa» — (h)OTOHOB.

OTH JBa KPYNHEHIIUX OTKPLITHS COCTABMJIH 3MOXY B
pasBUTHH (u3HUecKoH HaykH. CBOHCTBa JABYX CaMbIX «CTa-
PBIX» KOPNYCKYJ/ OBLIM H3yyeHbl CaMbIM TLIaTeJbHBIM 00pa-
30M, H Tenepb Mbl B COCTOSIHHH NpeJicKa3aTh ¢ JOCTATOYHOMH
CTCNeHbI0 TOYHOCTH TOBeJeHHe 3JIEKTPOHOB H (DOTOHOB B
J1000i1 HHTepecylolled Hac KCNepUMEHTAaJbHON CHUTYaIllHH.
ITO ABHJOCH OCHOBOH COBPEMEHHOro paciiBeTa 3JeKTpOoTeXx-
HUKH, pajJHO U TeJeBUIAEHHS, paAHOJOKAlMH M NOJYNpo-
BOJLHHKOBOH TeXHHKH B MX NMPHMEHEHHH K 3HepreTHke, aBTO-
MaTHKe, TeJeMeXaHHKe, CBf3H, KHOepHeTHKe H T. N. Ypas-
HeHHss MakcBeasa (B 0ObIYHON HJIM KBAHTOBaHHOH ¢opme)
C HCuepnbiBalOLledl MOJHOTOH ONHCHLIBAIOT KauyeCTBEHHO
cBoeoOpa3Hble 3aKOHOMEPHOCTH 3JIEKTPOMArHUTHOTO MOJASA H
COMOCTAaBJIsSIEMbIX €My KBAHTOBBIX KOPNYCKYJ — (OTOHOB.
Knaccuyeckrie ypaBHeHust JlopeHua (Mau KBaHTOBOE YypaB-
HeHue Jlupaka) C HeMeHblIeH INOJHOTOH ONMHUCHIBAIOT BCe
0e3 HCKJIOYEeHHS AeTaJu NOBeJleHHs 3JIeKTPOHOB °.

[lockoobKy  CTPYKTypa 3JIEKTPOHHBIX 3HEPreTHYeCKHX
ypOBHeH B aToMax, MOJeKyJaxX, KpucrajJjax H T. M. ompe-

8 B. Tuppure. TIprHUANL! KBAHTOBOM 3JMeKTpOAMHAMHKH. M., 1964.
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nensieT MeXaHHYeCKHe, TelJoBble, JeKTPHUeCKHe, ONTHue-
CKHE M NpOYHe CBOHCTBA OKPYXKAKUUX HAC MAaKPOCKOMHYe-
CKHX TeJ, MOCTOJIbKY Halu obuine, Tak cKa3aTb, «OHTOJIO-
THYECKHe» TIpeACTaBJeHHsI O MHpe, O KauyecTBax Belueii,
O CBOIICTBAX MNPOCTPAHCTBA-BpeMEeHH OMpeHeNsiioTCsi CBOil-
CTBAMH 3JIGKTPOMATHHUTHBIX B3aUMOJAEHCTBHIl 3JEKTPOHOB H
3apsloB saaep ¢ POTOHAMH.

OTauyuTebHOI YepToll 3THUX B3aUMOJCHCTBHIl BJSETCS
HX OTHOCHTeJIbHas «csaaboctb». Ecam cuurath Mepoil CBS-
3H 3JIEKTPOHOB ¢ (OTOHAMH BeJHYHHY HX 3apsia, Bblpa-
XKEHHYI0 B Buae 6e3pa3MepHOil NMOCTOSIHHOI (Tak Ha3biBae-
Masi NMOCTOSIHHAs TOHKOH CTPYKTYpPbl), TO NOJYy4Yaercss INoy-
TH TOYHO JApobb '/i5;. Majsoctb 3Toil ApoOH H sBAsETCS
BbipaxKeHHeM c¢J1ab0ocTH CBA3H (OTOHOB C 3apsangamu, OJa-
roagapsi yemy (OTOHbI MOTYT PacnpoOCTPaHATLCS H B OTCYT-
CTBHE TIOCJEIHHX, TEeHepHUpys 3JEeKTPOHHO-NO3HTPOHHbIE
napsl TOJIbKO NMPH AOBOJbHO Goabwiux 3Heprusx. Ilostomy
B OOBIUHBIX, MAKPOCKONMUYCCKHX YCJOBUAX (OTCHBI MOXKHO
NOBOJbHO YEeTKO OTHAEJHTb OT 3JeKTPOHHO-MO3HTPOHHBIX
nap U T. I

I pyroe neno — tsixKeable, sAepHble YACTHILBI U UX B3au-
MoaeHCTBHA, 00YyCJOBJAUBAIOIIHE CBSI3b HYKJOHOB B siipax,
obpa3oBaHHe Me30HOB, THNEPOHOB, AHTHHYK/JIOHOB H MHOroO-
YHCJAEHHEeHIUX «Pe30HOHOB» B silepHbIX CTOJKHOBEHHSAX TNPH
GoablIHX 3Hepruax. Mcropuuecku mepBasi U3 TaKHX KOpmy-
CKYJ — NPOTOH — OblJ1a OTKPbITA, KaK H3BECTHO, KaK «CBO-
6o1HOe» s1,1po aToMa BOAOPOAA B KJaCCHUECKHX ombiTax Jp-
nHecra Pesepdopaa 1911—1913 rr. no paccesHuio 3apsikeH-
HBIX YaCTHIl, KOTOPble€ MO3BOJHJIU NOJAYYUTH NepBLIe BaxKHble
cBeleHUs o crpoeHun atomos. Ilozanee, B 1932 r. [xeiim-
coM YaasukoMm Oblyia OTKpPbITA TsxKeJsasi HeHTpaJabHas sIep-
Has yacTHlUa — HEHTPOH, U Cpa3y xKe I0CJae 3TOro Hayamaoch
WHTEHCHBHElIee HCCJAeJoBaHUe TeX CHJ U B3aUMOAEHCTBHUH,
KOTOpble OTBETCTBEHHBI 3a YyAep:KaHue NMPOTOHOB H HEHTpoO-
HOB B MaJbiXx oObeMax simep. DTH HCCJAEOBAHUS NMPUBEJH K
TEOPeTHYECKOMY NpeACKa3aHHIO 1eJI0r0 ceMeicTBa NPoOMexy-
TOYHBIX SJAEPHBIX YACTHIL — ME30HOB, KOTOPble HMEIOT KaKoe-
TO OTHOLIEHHe K fAAepPHBIM CHJaM.

[Tepenit me30n mnpeackasan eure B 1935 r. AnoHCKHI
dusnk Xungexku HOkaBa, HO TOABKO MOCJe BTOPOH MHPOBOH
BOMHBI (PHU3UKHU-3KCIIEPUMEHTATOPHI CMOIJIU pa3obpaThes, 4To
Ha CaMOM JeJie YacTHIl C MacCoH, NMPOMEXYTOUHOH MExXAy
MaccaMH 3JIEKTPOHA H HYKJIOHOB, CYLI€CTBYeT HECKOJIbKO TH-
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MoB, B TOM YHCJI€ MIO-Me30H (c Maccoit B 215 Macc 3JeKTpo-
Ha), KOTOPbIH HHKAKOro OTHOLIEHHs K SIA€PHBIM CHJIaM HE
HMeeT, H IH- U Ka-Me30Hbl (¢ maccamu B 275 u 969 3nek-
TPOHHBIX MacC COOTBETCTBEHHO), KOTOpble AEHCTBHTEJIBHO
CBSI3aHbI C CHJIBHBIMH, II€PHBIMU B3aUMOJLEHCTBHAMH. B moc-
JIEBOEHHbIE e ToAbl OblJI0 OTKPHITO TAKXKe 1eJIoe CEMEHCTBO
FHNEePOHOB — BO30YKAEHHBIX COCTOSIHHI MPOTOHOB H HEHTPO-
HOB C MacCcaMH HeCKOJIbKO OoJjblie Macchl MOCAEIHHX.

HauGosnee oTanuHuTeJ bHAsi yepTa MOYTH BCeX YACTHIL,
MMEIOUIHX OTHOLIEHHE K CHJbHBIM, filePHBIM B3aMMOIEHCT-
BHSIM,— UX HeCTaOMUJbHOCTb, OrpaHHYEeHHOE BpEeMsl KHU3HHU:
oT 14 MHHYT y cBOGOAHOrO, He CBSI3AHHOTO B SIApax HEHUTPO-
Ha 10 10~%* cek. y Tak Ha3biBaeMbIX pe30HOHOB. Takum obpa-
30M, BCe OHH, 32 HCKJIIOUeHHEeM NPOTOHA, 3a 3TO BpeMs ycre-
BAIOT pacnacTbCsd MM Ha APYrue HecTaOHJIbHBLIE HJIM Ha Ka-
KHe-To cTaGuJbHble, YCTOHYHBBIE KOPNYCKYJbl. Bece pekopabl
6bIOT B 3TOM OTHOUIEHHH OTKPBITbIE B CaMble MOCJEAHHE FOLbl
«pPe30HOHbBI» — CBEpXHeCTaOU/NbHbIE 4YaCTHLbLI CO BpeMeHeM
w®u3nu 10~*° cek., npeacraBasionue coboil «CJAHMIIHECH»
napbl, TPOHKH M T. JA. NEPEUYHCJIEHHbIX Bbillle YCTOHYHBBIX
MAH MeTacTaOUJIbHBIX KOPIYCKY.JI.

Ho eme Gosnee yIuBUTENbHbI CBOHCTBA SIAEPHO B3aHMO-
AelCTBYIOUINX YacTHL, oO0ycJjaoBjeHHble TeM (GaKTOM, YTO
5TH MNocJeJHHe B3aHMONEHCTBHA SIBJAsAIOTCS ropasfo Gousee
CHJbHBIMH, YeM B3aHMOJAEHCTBHUSl 3JeKTPOMAarHuTHBIE: COOT-
BeTcTByIOUlag Oe3paaMepHasi NMOCTOAHHAS CBA3H HYKJIOHOB
¢ Me3oHaMH paBHa mpumepHo 14. Dto obycuoBiauBaer, Ha-
npHMep, TO, YTO HYKJOH HeJb3si Jdaxe MNpeACcTaBHTb celbe
JHIIEHHbIM 00/1aKa Me30HOB BOKPYr Hero («Me30HHOH IIy-
Obl», KaK roBOopsiT (H3UKH-TEOPETHKH), a B JI06GOM mpolec-
ce C yuyacTHeM siIepHBIX 4YacTHL[ omnpeaendiollee 3HAUEHHE
npuo6peTaloT KaHaJbl peakilid ¢ ydyacTHeM BecbMa 00Jib-
IIOTG YHcJAa OCOOLIX TNPOMEXKYTOUHBIX («BHPTYaJbHBIX»)
KopnyckyJa. B pesyabrate 3toro Jio0Goi mpouecc CHJIbHBIX
B3aHMOJENCTBHIl TNPOTeKaeT KaK KOMIJEKCHOe MHOTOCTy-
neHyaTtoe sBJEHHEe C OYeHb OOJILLIUMM YHCJIOM BHPTYAJbHBIX
YACTHIL B TPOMEKYTOUHBIX COCTOSIHUAX. M Bce HALIM NOMNbIT-
KH pacueTa TakKHX INpOLEeccoB NMPHBOAAT yallle BCEro K ypas-
HEHHAM, B KOTOPbIX KaxXIbIH 4JeH, KaxKI0e cJjaraemMoe,
npeacTaBasieT co60it 6ecCMbICIeHHYI0 GeCKOHeYHO OO0JbLIYIO
BeauuuHy. KosHuecTBeHHON TEOpHH CHJbHBLIX B3aHMOJEHCT-
BHi, nofaoOHOI KBAHTOBOH 3JeKTPOAHHAMHKe AJs CJaydasi
3JE€KTPOHOB ¥ (POTOHOB, B HACTOSIee BpeMsi He CYLIEeCTBYeT.
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[TposBaeHHeM H3bICKAHHEHIIET0 «KOBApCTBA TNPHPOLBIY
Ha3bIBAIOT 4acTO (PHU3UKH-TEOPETHKU HAJHUYHE B NpPHpoae —
He6GOJbILIOH MOKa YTO, HO HMEIOLIHH TEeHAEHLUHIO K POCTY —
rpynnbl KOPHNYCKYJ, CBSI3aHHBIX C TAaK HasbilBaeMbIMH CJja-
GbIMH, pacmaiHBIMH B3aHMOLEHCTBHAMH (371eKTpOHHOE H
MIO-Me30HHOe HeHTPHHO H Mio-Me3oH). CaaGbie B3auMOLeli-
cTBHsI 0OYCJOBJHMBAIOT, KakK H3BecTHO, Oera-pacmaj TsxKe-
JBIX pPaZMOAKTHUBHBIX silep M pacnajibl THIEPOHOB U Me30-
HOB Ha Gosee Jserkue yactuubl. CooTBercTBytonlas Oe3pas-
MepHas TNOCTOsiHHAsA CBsish MMeerT nopsaok 10-'* — ynusH-
TEJbHO MaJyl0 BeJUYHHY, ONpeiessloulyl0o HCKAIOUHTEb-
Hylo ci1aboCThb CBA3H 3THX KOPMYCKYJ C OObIYHBIM BelllecT-
BoMm. Tak, Hanpumep, HEATPHHO B COCTOSIHHM TPOHTH TOJ-
Ily THTraHTCKOH 3Be31bl, HU pasy He MPOB3aHMOIEHCTBOBAB
HH ¢ onHO# ee uvactuuei. Ho 3aTo MI0-Me30H W HEHTPHHO
o6s1a1al0T CrNOCOOHOCTHIO «pas3juyaTby TPaBYylO H JIEBYIO
CHCTEMbl KOOPAHMHAT B MNPOCTPaHCTBE — HMEHHO B Ipollec-
cax ¢ ux yyacrueMm.By lI3siH-cyH u Apyrue HccaeL0BaTeNH
oOHApYXHUJH pasjHyHe KOJHYeCTBA BblJIETAIOLUIHX MO AaH-
HBIM YIJIOM K OCH X KOPMYyCKYyJ B NpaBoOil H JIEBOH CHCTEMAX
KOOpIHHAT.

OrtHocuTesbHo caabo B3aMMOAEHCTBYIOUIMX  YaCTHIL
MOXKHO MOCTABHTh MAcCCy HHTEpPeCHEHIIUX BOINPOCOB, OTBETA
Ha KOTOpble MokKa uto HeT. Hanpumep, Mio-Me30H HMeer psii
TeX XK€ CBOHCTB, UTO U 3JEKTPOH, HO Macca €ro B HeCKOJIbKO
coT pa3 Gosbiie Macchl nmocsaenanero. Ilo Kakoi NpHYHHE 3TO
HMeeT MecTo?

JIpyroit ctopoHoil npo6JseMbl 3JeMeHTapHbIX YacTHI B
coBpeMeHHOH ¢pHU3HKe, B KOTOPOil AHAJEKTHKA HCCJIeyeMOro
npeaMeTa Tak)Ke YYBCTBYETCSI ¢ HEOOBIKHOBEHHOH OCTPOTOH,
ABJIsSIeTCA caM Bompoc 06 ux 3jJemMeHTapHOCTH. [losuTuBHCT-
CKH HaCTPOEHHble YyuYeHble INbITaJHCb HEKOrjla TPaKTOBaTb
3JleMeHTapHble KOPNYCKYJbl KaK HAaKOHEeL-TO HaHIeHHBIe,
JNEHUCTBUTEJNbHO «IOCJAEeIHHe KUPNUYH MHPO3JaHHSA», COBEp-
lIeHHO OeccTpYKTYpHble oO6pa3oBaHHs, TeOMETpPHYEeCKHE
TOYKH, He HUMelluHe HHKAKHX CTPYKTYPHBIX OTHOLIEHHH HH
K OKpyXKamoIlleMy HX IyCTOMY INPOCTPAHCTBY (Bakyymy),
HH K JPYTdM 3JIeMeHTapHbIM uactuuam. Pa3sutue ¢Gu3HKH
NOCJAEIHUX NECATHJETHH M0Ka3aJo MOJHYI0 HeCOCTOATEJ]b-
HOCTb TAaKOro HeJHaJIeKTHYeCKOro NMOHMMAaHHUA 3JeMeHTap-
HOCTH. ‘

Kaxnasi anemeHTapHasi KOpnyckyJsa, oKasaJochb, «Coaep-
KHT» B KayecTBEe COBEPLIEHHO HeoOXOAMMBIX 3JIEMEHTOB
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cBOeil CTPYKTypPbl BC€ APYyrHe YacTHUbl, HO TOJNbLKO B 0OCO-
oM, «BHPTyaJblloM» cocTOsiiMM. Tak, TaxKenasi siaepHas
YyacTHlla NPOTOH — SIAPO aToOMa BOJAOPOAA — KCOAEPIKHT» B
caMOi BHellHeill cBoeH o0060J0uKe, «atmMochepe», OueHb
«pa3pexKeHHOH», HO 3aTO NPOCTHpAIOLIEHCsT OYeHb nAalie-
KO — 10 OeCKOHEYHOCTH,— BHPTyaJbHble (OTOHBI, KOpMy-
CKYJbl  3JEKTPOMArHHTHOTO  IOJIsi — CBETOBble  KBAHTHI,
TOJBKO Haxojsiliuecss B ocoboM cocrosiHuu. Ecau npoTon
npuobpeTaeT HEKOTOPYIO 3HEPrHi0 M HauyHHAeT JABHUraThCH
YCKOPEHHO, 4aCTh 3THX KBAHTOB 3JE€KTPOMArHUTHOro TOJIf
npuobperaer peasibHoe ObITHE: NPOTOH HAYHHAET HCMYCKATb
3J€KTPOMarHUTHOE H3JyueHHe, (HOTOHHBI.

Boaee «naoTHYI0», HO 3aTO NMPOCTHPAIOULYIOCS Ha COBep-
IEHHO HHYTOXKHOe paccrosiiue B 107** cm or uenrtpa mnpo-
ToHa 000JI0YKY npeacTaBasier H3 cebsa «aTmocdhepa» ero
BHPTYaJIbHbIX NMH-Me30HOB (KBAHTOB MOJS SAEPHBIX CHJI).
dTta Me30HHasi aTMochepa HMeeT, KaK NOKa3aJaH HeJllaBHHe
SKCNEPUMEHTHI, OYeHb SIPKO BbIPaXKeHHYI «CJOHCTYIO»
CTPYKTYPY: BHELIHHE CJIOH COJAEpP?KAaT NPEeHMYILIEeCTBEHHO OLH-
HOYHBblEe BUPTYyaJibHble NMU-Me30HbI, Oosee ke rayboko Jexa-
llHe — «CJHIIIHeCs» Mapbl MU-ME30HOB (TaK Ha3blBaeMble
po-Me30Hbl), eule Oosee TraAyOOKHE CJAOH — «CJAUMIIHECS»
TPOMKH NH-Me30HOB (TaK Ha3blBaeMble 3Ta- H OMera-meso-
Hel) 7. ¥ camoii «CepAleBHHLI» IPOTOHA, €ro <«KepHay,
umelomero pasmepnt 0,4-10-'* c¢m, npocTupaerca BHp-
TyaJbHasi «atMochepa» OoJiee TAMKEJbIX, «CJAHIMMIHXCA» Tap
Ka-Me30HOB — TaK HasbiBaeMblx (u-yactuu. Haxkoneu,
«KepH» NpPOTOHA, elle OueHb MaJo HCCJaefoBaHHbIH, OYK-
BAJbHO TOJBKO ellle <«HalyMaHHbIHY», COAEPIKHUT, MO-BHIH-
MOMY, BHPTyaJibHble napbl (4acTHUbl MJIOC HX AHTHYaCTH-
Ibl) CaMbIX TSXKeJNbIX M3 M3BECTHBIX B HacCTOsllee .BpeMs
KOPMYCKYJ — NPOTOHOB, HEHTPOHOB, JsiMOAa-, CHTMa- U KCH-
FHIIEPOHOB.

Kak u B cayyae BHpPTyaJbHbIX (OTOHOB, €CJH NPOTOH,
npuobpeTs onpeneseHHYI0 3HEPrHio, CTOJKHETCS C KaKHMH-
TO APYTHMH KOPNYCKyJaMH, HEKOTOpble H3 MepPeuHCJaeHHBIX
BblllIe BUPTYaJbHBIX YaCTHI| NMPHOOGPETYyT peanbHoe ObiTHE H
«OTOPBYTCSI» OT NOPOAMBLIEr0 HX TNPOTOHA — MPOH30HIET
reHepalus NH-, Ka-ME30HOB MJH XK€ aHTHNPOTOHOB, aHTH-
HeHTPOHOB, JAMOHa-, CUrMa- HJIH KCH-THIIEPOHOB.

7 C. Hpeaa, . 3axapuasex. DNeKTPOMATHHTHASA CTPYKTYpa HYKJOHOB.
M., 1962.
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[TpuMepHO TaKylo >Xe BHPTYaJbHYIO CTPYKTYpy HMeEIOT,
Mo-BHAMMOMY, M ApPYrHe 3JeMeHTapHble KOpmycKyabl. Mbl
noaApo6HO onHcaaH 31ecb BHPTYaJbHYIO CTPYKTYpPYy NpoTolia
Mo TOH NpHYKMHE, YTO TEOPeTHYECKH NpelcKa3aHHas AHaJeK-
THYECKH MBICJASLIHMH y4YeHbIMH elle A0 BTOPOH MHPOBOI
BOMHBI, OHA TOJbKO B caMble TOCJeAHHe TOIbl TOJYy4YHJa
GrecTslee 3KcnepuMeHTanabHoe mnoxareepxkienne. Cosep-
IIEHHO fICHO, OAHAKO, 4YTO Ad)Ke CaMo Hallle MOHHMaHHe 3JIe-
MEHTAapHOCTH Y4aCTHIL B CBeTe 3THX (HaKkToB MoOKeT OBITb
TOJBbKO TJaYOOKO AHAJNEKTHYeCKHM, TOJbKO YUYHTBIBAIOLIHM
ray6oKYyi0 BHYTPEHHIOI NPOTHBOPEYHBOCTb H €AHHCTBO CO-
OTHOUIEHHS YaCTH H UeJOro, 3/JeMeHTa ¥ CTPYKTYyphl, BO3-
MOXXHOTO H J€HCTBHUTEJbLHOTrO. )

Ho, noxaayii, caMoe YyAWBHT@/NbHOe OTKPBbITHE COBpe-
MEHHOH (U3HKH — 3TO OTKpbITHE CBOEOOPA3HOW «IAHaJEeK-
THYECKOH» NPHPOABI BAaKyyMa — TOr0 <«HHUYTO», <«IYyCTOTHI
HeObITHS MEXJAy aTtoMaMu OblTHUsS», UbH CBOHCTBA BOJHOBA-
au ¢unocodoB M eCcTeCTBOHCMBbITATEJEH elle co BpeMeH
371eaTOB U aTOMHCTOB aHTHuHOcTH. CoMHeHHsi ApHCTOTeJs
1 Jlekapra B CylleCTBOBAHHH JIMLIEHHOH MaTepHH NYyCTOTHI,
noaJeprKaHHble MaTepHaJHCTHUECKON MHaJeKTHKOH, OKa3a-
JUCb COBEplLIEHHO ompaBAaHHbIMH. Bakyym okasajcs «my-
CTOTOH» JIHIIIb N0 HEKOTOPOIr'o 3HEePreTHYeCKOro H npoCTpaH-
CTBEHHO-BpeMeHHOro py0erka — IOKa H3yyaloTcs MPOIecChl
C HEeJIOCTATOYHOH KOHLEHTpauHed dHePruu Ha KOPMyCKyJax
H NIO3TOMY pasbirpbiBalOLIHecss Ha J0BOJIbHO 3HAYHUTEJbHBIX
NPOCTPAHCTBEHHO-BPEMEHHBIX HHTepBaJax. JIuuwb Toraa Bbl-
KyyM NpelcTaBjsieTcss KaK COBepuieHHo OecCTpyKTypHas,
nmaccuBHasi NpoTsKeHHocTb. Ho Kak ToJbKO 3TOT pyOex
NpoiiJieH, BaKyyM OKa3blBaeTcs «pa3byleBaBIIUMCS oOKea-
HOM» pa3HooOpa3HeHIIHX MPOLECCOB MOPOXKIAEHHS H HCYe3-
HOBEHHSI Nap BCEBO3MOXKHBIX 3J€MeHTapHbIX YacCTHll, OT ca-
MBIX JIETKHX — ()OTOHOB M 3J€KTPOHOB, A0 CaMbIX TSXKeJbIX
sIIEPHBIX UYaCTHL — HYKJOHOB H THNepoHOB. Bakyym oka-
3aJjcs obsagawiiuM CaoXKHel el CTPYKTYpO#, HO CTPYKTY-
poH BUPTYaJibHOH, BO MHOroM Moao0HOH ONMHCAHHOH BbILIE
BHPTYaJbHOH cTPyKType nportoHa. [lo3Tomy noxa He npoiaeH
onpeiesIeHHbIH 3HEepPreTHUeCKHi W MPOCTPAHCTBEHHO-Bpe-
MEHHOH py06ex, MMeeTcss TOJIbKO BO3MOKHOCTb OOHapyxKe-
HHS B BaKyyMe TOH WJM HHOW uacTHUbl. Ho Kak TOJbLKO 3TOT
py6exx mnpoigen, 3Ta BO3MOXHOCTb HEMEAJEHHO INEepPeXOAHT
B AE€HCTBHTEJbHOCTb, H BUPTyaJibHas 4YacCTHIla NpeBpallaer-
csi B peaJibHylo, npuobGperaer peanbHoe ObiTHe. Takum obpa-
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30M, BaKyyM, OKasbiBaeTcsl, ipeJcTaBJjser H3 cebsi He JIH-
WEeHHYI0 MaTepHH MYCTOTy, a 0co00e COCTOSAHHE BeYHO ABH-
XKYLLeHCs, pa3BUBAIOILIEHCS MaTepHH.

B 3THX npencraBJeHHAX COBPeMEHHO#H (PU3HKH O BHP-
TYaJAbHOH CTPYKType KOPNYCKYyJ M BaKyyMma, 0 Hepa3pbiBHO
CBSI3aHHBIX C HHMH BHPTYaJbHBIX Npoueccax HHTEePecHeH-
Y0 KOHKpeTH3allMio npuobperaior M ApyrHe QyHaaMeH-
TaJlbHble MJeH MAaTepPHAJUCTHYECKOH HAHAJNEeKTHKH — O He-
pas3pbIBHOH CBA3H MaTepHH M ABHKEHHSH, o TAyOO0Ko# Mpo-
THBOPEUMBOCTH BHYTPEHHEH NpHpoAbl Ji0ObIX 00beKToB Ha-
yuHoro Hccaenosanusi. Kasanocb Obl Her HHyero, OGoJiee
MPOTHBONOJIOXKHOTO MaTePHH W [IBUIKEHHIO, yeM BaKyyM,
H TEM He MeHee H OH OKa3aJ/Cd B CBeTe COBPeMEeHHBIX (H3H-
YEeCKHX MpPeACTaBJEHHIl BCEro JIMIIb OAHHM H3 COCTOSIHHH
MaTepPHH, B KOTOPOM HENPEepbIBHO NMPOTEKAIOT CJAOXKHEeHIIHe
Npolecchl MOPOXKAEHUST H HCYUE3HOBEHHS CaMbIX DPasJHYHBbIX
JleMeHTapHbiX yYacTull. B c¢Bow ouepeab Kaxjias H3 1no-
CJeIHHX OKa3aJsach Hepa3pbiBHO CBA3aHHOH C LEeJbIM CeMei-
CTBOM BHPTYyaJlbHbIX IPOLIECCOB-NpeBpalleHHii caMoro He-
0XKHIXAHHOrO poja.

Takum ob6pas3oM, W CaMH 3JeMeHTapHble KOPINYCKyJbl H
NpOCTPAHCTBO, CBOOOAHOE OT HHUX,— (PH3HYECKHH <«BaKy-
yM» — OKa3aJUCh HEpPa3pblBHO CBSI3aHHBIMH C OYeHb CBOe-
06pa3HbIMH, KaYeCTBEHHO HENOBTOPUMBIMU (hOPMaMHu ABHXKe-
HUs MaTepuH. [IpHuemM no Mepe ABHIKEHHSI «B IVyOb» 3THX
00beKTOB Bce OoJiblllee 3HAayeHHe HauuHaloT npHobperarhb
MPOLECcChl BHYTPEHHEro ABHIKEHHS — «BHYTPH HHX», CBi3aH-
Hble, TAK CKa3aTb, C MOJHOH NPOTHBOMNOJOXHOCTbIO AAaHHBIX
00bEKTOB: B BaKyyMe MOSABJSIOTCS BHPTyaJbHble KOPIYCKY-
JIbl MaTepHH, BHYTPU MaTepHaJbHbIX KOPNYCKyJ oOHAapyXKH-
BAETCS X «KEePH», COAepKallHid aHTHYACTHLUbLI JaHHBIX KOP-
MYyCKYJI. .

Ha nawr B3rasig, TPyAHO HAaliTH B HacToflllee BpeMs B
TOYHBIX HayKax 0oJiee sipKkue npumepnl ra1y60KOro u BCeCTO-
POHHEr0 NPOHHKHOBEHHS NHAJEKTHKH B CaMyl0 CYUIHOCTb
HayyHbIX HCCJeJLOBaHUH.

1.3. lnanekTHKa HenpepbIBHOTO H JAUCKPETHOr0: NoJié W BEUEecTBO

Jlpyrue oyeHb BaKHble CTOPOHbI AHAJEKTHYECKH NMPOTH-
BOPEYHBOH NMPHPOAbl 00BEKTOB, H3yyaeMbIX COBPEMEHHBIM
y4eHHeM O CTPOeHHH MaTepuH, AoJroe BpeMsa — (pakTHye-
cKHM co BpeMen HbloToHa M BmIOTh A0 CO3J4aHHS KBAHTOBOM
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Teopun moJeit B 30-X TOAAax Haero CTOJETHs — He ObLIH
JOCTATOYHO SICHO OCO3HAHbI, TAK KAaK M3yyaJHCb COBEpPLIEH-
HO pa3JIHYHBIMH pas3aenaMu (HU3HKH — QHU3HKOH YaCTHL H
¢usukoil noaei. McropHyecku HuaeH atoMH3Ma OblIH TIpH-
MeHeHbl B (pH3HKe, KaK H3BEeCTHO, BlepBble K TOMY O0JbILIO-
MYy KJacCy MaTepHa/bHbIX O00BEKTOB, KOTOPbI Mbl CBSI3bl-
BaeM C IIOHATHEM BeLleCTBAa — MaTepPHH, HaJeJeHHOH HEKO-
TOPOH HHEPTHOH Maccoil, a caegoBaTe]bHO, objanaouel
HEKOTOPOH THAXKEJOH MacCoH — BECOM.

ATOMHCTHYECKHE HIEH MHCKPETHOCTH, KOPIYCKYJsAPHOH
CTPYKTYPHOCTH B OpraHusauud ObITHS MaTepHaJbHBIX
060bEKTOB SIBUJIHCH OCHOBOH (opmynaupoBku HbToHOM CcH-
CTeMbl 3aKOHOB KJaCCHYECKOH MeXaHHUKH: OCHOBOMOJAralo-
llee B HbIOTOHOBCKONH AMHAMHKE NOHSITHE MACChl TeJa yaaer-
ca  CcHOpMYJHPOBATH CKOJIbKO-HHOYAb COJAepKaTeJbHbIM
(c pusuyeckoii TOYKH 3peHHsT) oO6paszoM, HCMOJAb3ys — SABHO
HJIH HESABHO — MPEAIoJIOkKeHHe 0 TOM, YTO Macca TeJia Ipo-
NOPLUHOHAJNbHA KOJIHYECTBY COJAEpKallUXCsd B HEM aTOMOB.
OrpoMHble TeOpeTHYeCKHe yCleXH B CO3ZaHHH B I0OCJAEAYIO-
lllHe TrOAbl MeXaHHuYeCKOH KapTHHbLI MHpa, Bce BO3pacralo-
llee KOJIMYECTBO YCINEeLIHbIX INPaKTHYeCKHX IpHMEHeHHH
KJaCCHUECKOH MeXaHHKH B HHXKEHEePHOM JeJje, CTPOUTEeb-
CTBE M T. Il., HAKOHell, OTPOMHBIi yclnex aTOMHCTHYECKOH TH-
NnoTe3bl B XUMHH — BCe 3TH OOCTOSITEIbCTBA HaA J0JTOe Bpe-
Ms 3aKpenHu/Ju B Ivla3ax y4yeHbIX NpeACTaBJeHHE O TOM, 4YTO
CTPYKTypHAasi AHCKPETHOCTb, aTOMH3M XapaKTepHbl H IIpH-
CYLIH TOJbKO MaTepHaJbHbIM 00bEeKTaM B BHJE BelleCTBa,
oO0beKTaM, HaleJleHHbIM Maccoi IOKO4.

Me:xny tem, u Bo BpeMeHa HbloToHa u nosanee, ocobeH-
-H0 B XIX crosetun, Bce Bo3pacraioulee BHUMAaHUE YyUeHbIX-
(HM3UKOB CTaJIM NPHKOBBIBATb K cebe MaTepHa/bHble 00DbeK-
Thl, HaJeJileHHble JHaMeTpaJbHO NPOTHBOMOJOXKHON OCOGEH-
HOCTbIO CBO€H CTPYKTYPHOHM OpraHu3alld — IIOJIHOH Henpe-
-PBIBHOCTBIO, aOCOJIOTHOH, Kasajaocb Obl, OecCTpyKTyp-
HOCTbIO. TakuMu oObeKTaMu OKasajucb (pH3HYecKHe moJas:
rpaBHTAalHOHHOE, HCCJeJOoBaHHe KOToporo OblLIo HayaTo
elle aHTHYHOH (PU3HKOH M OCHOBHble (HPEHOMEHOJIOTHYEeCKHe
3aKOHOMEPHOCTH <«IMOBEeAEeHHsS» KOTOPOro yAaaoch chopmy-
JHpoBaTh TONbKO HbIOTOHY, H 3JIeKTpOMarHuTHOe, H3BECT-
HOe OTAEJNbHO KaK 3JeKTpHYeCKoe M MAarHuTHoe elle Ha
I pesuem Boctoke u nocrenenHo crasmee B XIX B. ocHOB-
HbIM OOBEKTOM HCCJeJ0BaHHA BCe BO3PacTaBIUEro YHUCJA
NepBOKJACCHBIX YYEHBIX.
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JIoBOAIbHO 00/bILOK NMPOMEXYTOK Pa3BHTHSA (HH3HYECKOH
HayKH TNpeJACcTaeT nepex HaMu, TakuM oOpasoM, Kak pas-
NleIbHOE, 3a4yacTyi0 NPOBOAMMOE COBEPLIEHHO pPas3JIMUHbIMH
YYeHbIMH H NOUYTH He CONMpHKacalollleecss HCCAeJ0OBaHHe JABYX
AHaNeKTHYECKH NPOTHBONOJIOKHBIX (GOpM ObLITHSI MaTepHH:
OIHOM — Ha/leJIeHHOH KOPNYCKYJAAPHOH CTPYKTYpHOH opra-
HU3aluel, AUCKPETHOCTbIO, H JAPYroi — NOJHOH ee MPOTH-
BOTIOJIOKHOCTH,— HaJleJIeHHOH KOHTHHYaJbHOH, Henpephis-
HOW OopraHusaluen.

Koneu XIX u npoweamue roasl XX B. o4eHb yOemnuTe b-
HO NMOATBEPAHWJH CIPaBEAJHUBOCTb 3aMeuyaHHsi IHresbca B
«JlnasekTHuke MPUPOABI» O TOM, 4yTO «[eresb OuUeHbL JIerKO
pasiesbiBaeTcsi ¢ 3THM BOMPOCOM O MHeJHMOCTH, TOBOPS,
YTO MaTepHss—H TO H JIPyroe, u JeJHMa M HempephiBHA,
H B TO e BpeMsl HH TO, HH Apyroe, 4T0 BOBCE He ABJAETCS
oTBeTOM» °. Be3 KOHKpPeTHOro ecTeCTBEHHOHAayuyHOTo Hccae-
JIOBaHHUsA, B KAKUX Ipeaenax, NpU KaKUX 3HEPrusx TOT HJH
MHOH OOBEKT HenmpepbiBeH, a B KaKHX YCJOBHAX, Ha KAaKoM
9HepreTuyeckomM pybexe OH CTAHOBHTCA IOHCKPETHBIM — H
Hao60poT,— nofobHOe YTBEpPIKAEHHEe PHCKYET INPEeBPaTHTh-
csli B HHYEro He 3Hauvaulyio oburyio ¢paay.

[TonamoOuyaoCch MHOroJIeTHEE, 4acTO MYYHTeJbHOE pas-
BUTHEe (DU3HKH, 4TOOBI NMOKa3aThb, YTO INPOTHBONOJOXKHOCTD
JAUCKPETHOr0 Y HemnpepbiBHOro B (GYHAaMeHTaabHbIX (H3H-
YECKHX TEOPHUSX AEHCTBHTENbHO UMEeeT OTHOCHTEeNbHYIO TPH-
POAY, UTO 3TH NPOTHBOMNOJOXKHOCTH AEACTBHTEJIbHO CNOCO6-
HBl TIEPEXOAHTb JAPYr B Jpyra B OMNpelneJeHHbIX YCJOBHSX.

Bce Havanoch mnocsae Toro, Kak MakcBeaay yaaaochb
HAUTH «MOJHYIO» CHCTEMY 32aKOHOMEPHOCTEH, ONUCLIBAIOILYIO
«BCE», CKOJIb YrOAHO XMUTpble [eTaNHu MNOBEeACHHS «Hempe-
PLIBHOH» (GopMbl ObITHS MAaTepPHU — 3JIEKTPOMATHUTHOTO
nosasi. 1o Ol TpHyMp «(DH3UKH HEnpepbIBHOTO» — BIep-
Bble (hH3UKA TOJS JOCTHIJIA YPOBHA (PHU3HKH ITHCKPETHOTO
(ecsi¥ He CUMTATb CHCTEMY YPaBHEHHUH KJIaCCHYECKOH THIAPO-
JHHAMHKH, KOTOPYIO TaKXe MOXKHO CYHTATh ONMHCHIBAIOLIEH
noBeJeHHe YHUCTO HenmpepblBHOro cybcrpara,— HO, €CAH pa-
306paTbCs A0 KOHIlA, B 3TOM CJydyae Mbl HMeeM HeJo C BHI-
60pOM «HenpepbIBHOro NpUOAHKEHHsA» AJsi POPMYJHPOBKH
3aKOMOMEPHOCTEeH TNOBeJEeHHsT Ha CcaMoM JeJje BCe-Taku
CYIIECTBEHHO NHCKPETHOH cpeabl). Brnepsble Gblau moJyue-
Hbl 3aKOHOMEDHOCTH TOBeAeHHS CYLIeCTBEHHO «HeNpephiB-

8 K. Mapkc u @, Fneeavc. Counnienus, 1. 20, orp. 560.
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HOro» (Hu3HuecKoro 06beKTa ¢ KOHTHHYaJbHbIM MHOXKECT-
BOM cTeneHeil cBOOOALI.

EcTecTBeHHO, 4TO 3TH 3aKOHOMepHOCTH Oblau nMpHMeHe-
Hbl K H3YUEHHIO TIOBEJEHHS 3JEeKTPOMArHMTHOro NMoJs B Ca-
MBIX pa3JMyHbIX cHTyauusx. M 310 nazo orpomMHeiinHe
nNpakTHYeCKHe pe3yabTaTbl: U PaAHO, H TeJeBHIEHHE, H BCH
ObiTOBAasi M TNPOMBIIIJIEHHAs 3JEeKTPOTeXHHKa, H JaxKe KH-
OepHeTHUYECKHE 3JEKTPOHHbIE CYeTHble MalUHHbl — BCE 3TO
He 0oJiee KaK pe3ysbTaT NpHUMeHeHHs HaliZeHHbIX MakcseJ-
JIOM 3aKOHOMEPHOCTElH MOBeAeHHS HEeNpepbiBHOro MnoJs K
HEKOTOPbIM 4acTHbIM caydasiM. Ho B oxHo# BrnoJHe ompe-
NeJIEHHOM KOHKpPEeTHOW 3ajaue — IPH pacyete Crnekrpa H3-
JyueHHsi, BbIXOASLLEr0o CKBO3b OTBEpPCTHE pPaBHOMEPHO HA-
rpeTol, 3auyepHeHHOH H3HYTPH IMOJIOCTH, TaKk Ha3blBaeMOTC
abCOJIIOTHO YEpPHOro TeJaa, TEOPHs 3JEKTPOMArHHUTHOro I10-
Jsi nana pe3yabTaThl, NPAMO NPOTHBOMNOJOXKHbLIE TeM, KOTO-
pble naJj 3KCNepHMeHT.

MHorouuc/eHHble NMONLITKH KaK-TO CIIPABHTbCA C CHTYya-
IIHeH, B YEeM-TO HEe3HAa4YHTeJbHO H3MEHHTb HJIH HCNPaBHUThb
ypaBHEHHs HHYero He MAaaH. IKCnepHMeHTaJbHble AaH-
Hble II0 H3JyueHHIO HAarpeThiX TeJ 0Ka3aJoCh BO3MOMKHBIM
COrJIacoBaTh C TeOpHeH TOoJs HCKJIYHTENbHO AOPOTOH Ilie-
HOM, — npeanoJsiaras, 4To U HenpepbiBHOMY 3JIEKTPOMArHuT-
HOMY IOJIIO B HEKOTOPBIX CJAyYasaX MPHCYLIH YepPThl AHUCKPET-
HOCTH, aTOMH3Ma, KBAHTOBAHHOCTH. DTO MOUCTHHE PEBOJIIO-
IIHOHHOE JIJsi BCEro eCcTeCTBO3HAaHWSI TpeAnoJoxeHue ObLIO
cnesaHo, Kak uaBectHo, Makcom Ilnankom Ha camom pyoGe-
e Halllero BekKa InepBOoHAa4yaJbHO B O4€Hb OCTOPOXKHOH dop-
Me& — TOJIbKO B OTHOILEHHH IPOIECCOB HCNYCKAHUS U NOTIJIO-
menusi uaayuenud. Ho yxe uepe3 HeckosabKo Jget, B 1905 r.
AnbGepT DHHIUTEHH B CBOHX KJaccHyeckKux paborax mo ¢o-
To3dekTy ybeaAuTeJbHO NMoKa3aJ, 4T0 AHCKPETHOCTb, KBaH-
TOBAHHOCTb paHee CYHMTaABILIErocs TOJbKO HENpepbiBHEIM
3JIEKTPOMArHUTHOrO MOJIs CYLIeCTBEHHAa M JAJs €ro B3aHMO-
NelCTBUS C NIUCKPETHBIMH MaTepHaJbHbIMH 0ObEKTaMH, BXO-
OSIIHEMH B coctraB J1060f pasHOBUAHOCTH BellecTBa,—
3JIEKTPOHAMMH. '

Tak, BecbMa ybeauTesbHO NPOAEMOHCTPUpPOBAB Tay6o-
Kyl0 NHaJEeKTHYHOCTb PAa3BHUTHS CBOUX TEOPETHYECKHX TO-
CTPOeHHI, (H3HKaA MOJsA NpHULIa K HEOOXOAHMMOCTH HaHTH
KaKoe-TO NMPHHUHMMHAJLHO HOBOE pelleHHe AaHTHIIOMHH JiH-
CKPETHOCTH M HeNnpepbIBHOCTH, OTIHYHOEe OT TOro, KOTOpoe
CBSI3bIBA€T JHCKPETHOCTb TOJIbKO C BELIECTBOM, a Helpe-
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PBIBHOCTb — TOJIbKO ¢ noJsieM. Ho kK 3TOMy BpeMeHH aHaJo-
THYHOE MOJIOXKEHHE CJA0KHUJIOCh U C NPEeACTaBJeHHSIMH O TOM,
YTO JHCKPETHOCTb, ATOMH3M SBJSIOTCS OTJHYHTEJIbHLIMH
0COOEHHOCTSIMH BCSIKOTO BelLleCTBA M UYTO €ro HeInpepbiB-
HOCTb SIBASI€TCS JIMIIb pPe3yJabTaToOM HecoBeplIeHCTBa Ha-
IUHX OPraHOB YYBCTB MJIH CJeICTBHeM BbiGopa omnpejeJeH-
Horo crnocoba onucaHHs HJAM NPUOJHKEHHS TNPH HCCIENO-
BaHHUAX.

PasButre aToMHOH (DH3HKH B IepBble NECATHJETHA Ha-
IIero BeKa INpPHBEJO, KaK H3BECTHO, K OTKPBITHIO H 3KCIe-
pPHMEHTaJbHOMY OOOCHOBAHHIO 3JEKTPOHHO-SIEPHOH MoJe-
JU cTpoeHus BellectBa Pesepdopnra. Cravasna Kasazaocs,
YyTO 3Ta MoJeJb eule 0oJee pe3Ko MOAYEPKHBAET HHCKPET-
HYI0, aTOMapHYIO CTPYKTYPY (opMbl ObITHSI MAaTePHH B BUIE
BellleCTBA — B MPOTHBONOJOXKHOCTb HENpPEPLIBHOCTH IOJS.
Ho oueHb ckopo cTano siCHO, YTO CO34aTh CKOJbKO-HHOYIb
YAOBJETBOPHTENbHYIO KOJHYECTBEHHYIO TEOPHIO 3JEKTPOH-
HBIX JABHXXEHUH B aTOMax MOXHO TOJBKO 1leHOH OTKa3a oT
MHOTOBEKOBBIX TNpeACTaBJeHHH O JAHCKPETHOH JIOKaJH3alHH,
YyaCTHLl BellecTBAa B ONpeeseHHbIX TOYKaX NPOCTPaHCTBA.
PeBOMIOUHOHHBIH 1Al B 3TOM OTHOLIEHHU ObIA cAeJaH B
1922 r. Jlyu ne Bpoiinem BoiaBuHyBwINM, nogo6uo M. Ilnan-
Ky, ellle 0oJiee cMeqo0e AJsi COBPEMEHHOr0 €My eCTeCTBO3Ha-
HHUS NPEeANoJIOKeHHe, YTO CO BCSKOH MABHXKYIIEHCS Mare-
pHaNbHOHM KOPNYCKYJIOH BCeraa CBsi3aH HEKOTOPBIH BOJIHO-
BOHM npolecc, He JONyCKaloWHil CTPOroH NpoCcTpaHCTBEHHOH
JIOKaJIH3alHH.

Tem cambiM BnepBbie co BpeMeH Jlekapra OCHOBHbIE
npeacrasJieHHs GH3HKH O BellecTBe OblIM CBSI3aHBl He C AH-
CKPeTHO JIOKAa/MIM30BaHHBIMH KOPMYCKYJaMH, a ¢ HEKOTOPHI-
MH HenpepbiBHO-NMPOTSXKEHHLIMH BOJHOBBIMH mojasMH. Cre-
JJaTb 3TO BbIHYAHMAH (H3UKOB MHOIOYHCJEHHble HeyJdauyH
CO3laThb Ha OCHOBE TOJBKO HIHCKPETHBbIX, ATOMHCTHYECKHX
NnpeAcTaBJeHHH O NMPUpPOJAe BeulecTBa KOJHMYECTBEHHYIO MO-
neab NpPOCTeHIlIed MaTepHaJbHOH CHCTEMbl — aTOMa BOJO-
pona. [locaeauuit cwirpas, tTakum o6pas3oM, B OTHOLUEHHH
BellleCTBa Ty e POJib, YTO H aOCOJNIOTHO YepHOe Tesao AJd
3JeKTPOMArHUTHOro noJisi: o6a OHM nokKasaJi, 4YTo OObIYHbIE
H Ka3aBLIHECS CAMOOYEBHIHLIMH NpeACTaBJEHHSA O AHCKpET-
HOCTH BeLUEeCTBa M HEINpPepbIBHOCTH MOJS HMEIOT TOJbKO Or-
paHHyeHHYl0 001acTb MNPUMEHHUMOCTH H 4TO B oOuem
cJayyae OHH JOJDKHBI ObiTh 3aMeHeHbl 0oJiee TOUHBIMH H Go-
Jiee aJleKBATHbIMH MOHATHSAMH.
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DTH HOBbIE MOHATHA Aaju co3daHHble B HauaJge 30-x ro-
J1I0B Haluero crojetuss GyHaamenTtasbHble QHU3HYECKHE TEO-
pDHH — KBaHTOBasg MeXaHHKa H KBAaHTOBafd TeOpHA MOJS,
SIBJSIIONINECH HCXOAHOI TeopeTH4yecKoi 6a30ii COBPEeMEHHbIX
(H3UYEeCKHX MpeACTaBJeHHil 0 cTpoeHHH MaTepHH. KBaHTo-
Bass MeXaHHKa U KBAHTOBAas TEOPHs I0JsA BCKPLIJIH JAHAJIEK-
THYECKOE €JHHCTBO M B3aHMMHBIH NepexoJ TaKHX Kas3aJsochb
6bl B3aMMHO HCKJIOUYAIOUIHX XapaKTePHCTHK [ABHKYUIEHCS
MaTepHH, KaK AUCKPETHOCTb U HeNpepbIBHOCTb, KBAHTOBAH-
HOCTb U KOHTHHYa/bHOCTb. ['1yOGHHHOH OCHOBOH 3TOro CBOE-
ob6pasHoro eaHHCTBA $BJAAETCHA, I0-BHAHMOMY, HCKJIIOUH-
TeJIbHO Ba)KHas [AJs COBPEMEHHOro aHaJH3a Teopema ABOH-
CTBEHHOCTH XapaKTepOB HeNnpepbiBHbIX U AHCKPETHLIX TOIO-
jgoruyeckux rpynn JI. C. Tlourparuna®. dra TeopeMa
yTBepIKJAaeT, YTO NPH BHINOJHEHHH ONpeaesJeHHbIX YCJI0BHH
(KoTopble 'Mbl He HMeeM 3/leCb BO3MOXKHOCTH Pa3bsICHHUTDH)
MHOKECTBO HenpepbiBHbIX (YHKUHI Honyckaer ortobpaxe-
HHe, KaK TOBOPAT ‘MaTeMaTHKH, NMpeACTaBjJeHHe B MHOXKe-
cTBe OOBEKTOB COBEpILIEHHO APYroH, NHCKPETHOH NPHPO-
JIbl — B MHOXecTBe AucKpeTHbix rpynn. IIpuuem, B omnpe-
JNEeJeHHbBIX  YCJOBHSIX HenpepbiBHAsA (QYHKUHA H  ee
NHCKpeTHOe IMpelCTaB/JeHHe OKa3biBalOTCsd  COBEPIIECHHO
35KBHBAJEHTHBIMH APYr APYry: N0 BTOPOMY YyIAaercs ONHO-
3HA4YHO BOCTAHOBHTb NEPBYIO H HA0OOPOT.

Takum o6pasom, coBpeMeHHas (HU3HKA M MaTeMaTHKa
MoKa3aju eIHHCTBO M B3aWMHBIi Nepexoja MPU ONpeaeseH-
HBIX YCJOBHSIX TaKHX Ka3ajocb Obl jJuHaMeTpajibHO TIPOTH-
BOMOJIOXKHBIX (DYHAAMEHTAJJbHbIX OHTOJIOTHYECKHX INOHSATHH,
KaK HenmpepbiBHOe H AHCKpeTHoe. KBaHTOBasg MexaHHKa H
KBAaHTOBAasl T€OPHsS moJisi 0OHAPYKHUJIH, TaK CKa3aTh, «OHTO-
JIOTHYECKHe» acHeKThl 3TOro TJay00Ko JAHaJIeKTHYECKOro
eIHHCTBA, [10KAa3aJH, 4TO OHO ABJsAETCS BCeoOIlIeH YyepToH
MaTepHaJibHbIX 00BEKTOB HCCIENOBaHHOH HaMH yacTH Bce-
JeHHOH. KBaHTOBas MexaHHKa yTBepXKaaeT, 4To Jiobas ua-
CTHLIA BellecTBa XapakKTepHU3yeTcs HEKOTOPOH HenpephbiBHOH
BOJIHOBO# (DYHKIHEH, OTJIHYHOH OT HyJd, BooOuie roBops, B
nioboit Touke npoctpaHcTBa. M TosbKo onpejpeneHHbe KOHK-
peTHble (H3HUeCKHe YCJAOBHS (9HEPTHH, CKOPOCTH, MacChl
M T. I1.) MO3BOJSIOT JIOKAJK30BaTh yacCTHIlbl BewecTsa B 60-
Jlee OrpaHHYEHHBIX y4acTKax MNPOCTPAaHCTBA, HO HHKOriaa —

B KaKOH-TO OJHOH TOUYKe.

¢ JI. C. Moutpsaeun. Henpepruisubie rpynnsl. M., 1954, cTp. 242.
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AnanoruydblM obpasom Jio6oe HenpepbiBHOE CHJAOBOE
noJie JONMYyCKaeT «aTOMM3alHIO», KBAHTOBAHHE — COMOCTaB-
JIEHHe C ero onpejaeseHHbIMH NPOCTPAHCTBEHHBIMH H YacCTOT-
HbIMH  (ypbe-COCTABJSIIOUIUMH  HEKOTOPBIX  JTMCKPETHBIX
06beKTOB — KBAHTOB AaHHoro noJas. ¥Ipu 3ToM- mpoiiecc mno-
POXKAEHHUS MOJIS 3apsAAaMH HJH HX JIBHXKEHHeM IpeJCcTaBJs-
eTCsl KaK Mpollecc reHepallid KBaHTOB AAaHHOro noJs 6Jaro-
1apsi onepatopaM pOXKJIEHHS H YHHYTOXKEHHS KOPMYCKy.,
KOTOpble NOSIBJSIIOTCS B OCHOBHBIX YpaBHEHHSX IMOJS IPH
HX KBaHTOBaHHMH. M, Hanpumep, o6bIYHOE KYJOHOBCKOE NMPH-
TSI2KEHHE HJIM OTTaJKHBaHHE 3JIEKTPHUECKHX 3apsiloB MOJY-
yaet oObsICHEHUE KaK pe3yJbTaT HCNYCKAHUS KBAaHTA 3JIeK-
TPOMArHUTHOTO TMNOJS — (POTOHA — OJHUM 3apsOM H €ro
MOTJIOIIeHHs] APYrHM. TOYHO TaK »Ke rpaBHTAallHOHHOE TNpH-
TAXKEHHe TeJ MOXKHO HCTOJKOBAaThb Kak pe3yjabTar oOMeHa
KBaHTAMHU TOJISI TATOTEHHUS — rpaBUTOHAMU (XOTH J0Ka3aThb
CyL[eCTBOBAHHE  TMOCJAEIHHX  3KCNEepHMEHTaJbHO — JIeJI0
Oynyuiero, Tak YTo 3TH KOPIYCKYJbl CYLIECTBYIOT MoKa YTO
JHIIb HAa «KOHYHKe rnepa» (PHU3HKOB-TEOPETHKOB).

Wrax, Mbl BHAMM, YTO JAHAJNEKTHKA NPOHH3bIBaeT 0000
BCe 0OBbEKTbl COBPEMEHHOTO YYeHHS O CTPOEHHH MAaTepHH.
[TopasurenbHoe, HEMOBTOPHMOE, JAHAJEKTHYECKH MPOTHBO-
peuyHBOe CoOYeTaHHe YCTOHYHBOCTH MacCC, 3apsilOB U CIIUHOB H
M3MEHYHBOCTH JPYTrUX NMapaMeTpoB XapaKTepH3yeT 3JIeMeH-
TapHble YaCTHILBI — 3TH <«IMOCJAEIHHE KHPMHUU MHPO3JAaHHUS»
Hawux AHed. JI06o# OTAENbHBIH BHA 3THX YaCTHIL Hepas-
PBIEHO CBSI3aH CO BCEMH IPYTrHMHM KOPNYCKyJaMH, «COmep-
KHT» HX «BHYTPH CceOfi» B BHIE BHPTYaJbHbIX 3JE€MEHTOB
CTPYKTYPBl — B TOM UYHCJE H CBOIO «IMOJHYIO MPOTHBOIMOJIOXK-
HOCTb» — CBOM aHTHYacTHIbLL. Pa3geneHHe Ha KOPMYCKYJIbl
H INyCTOTY OTHOCHTEJbHO: (PU3UYECKHH BaKyyM — 3TO 0CO-
6oe, BecbMa cBoeoOpa3Hoe COCTOSIHHE MaTepHH, TakKXkKe He-
pa3pbiBHO CBsi3aHHOe C «Pa3JBOEHHEM» Ha NPOTHBOMOJIOXK-
HOCTH (BHPTyasbHOE MOPOXKAEHHE YaCTHIL U aHTHYACTHIl B
BakyyMme). Hannuue ocobbiX, BUPTyaJibHbIX NMPOIECCOB KakK
«BHYTPU» YACTHIl, TAK H B BaKyyMe O3HayaeT TaKxkKe HeoOT-
PLIBHOCTb MaTEPHH OT ABHKEHHS H HaobopoT. [{uanekTuka,
TakuM 00pa3oM, «IIPOMHTBIBAeT» BCe OCHOBHbIE TOHATHSA
(H3HKH 3JeMEeHTapHBIX KOPNYCKYyJ, B TOM YHCAEe H CaMo
MOHSITHE 3JIeMEHTapHOCTH.

o
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§ 2. Pa3BuTHe BaXKHEHILINUX NMOHATHH
(hU3UKH 3JI€eMEHTAPHBIX YaCTHL

2.1. OcHOBHbIE HANMPABJAEHHA WUCCJAELOBAHHA

OcHoBHBIE HamnpaBJEHHS COBPEMEHHbIX TEOPeTHYECKHX
HecJIeIoBaHHH B 00J1acTH (DH3HKH 3JEMEHTApPHBIX YacTHIL
CJOXKHJINHCL eule K Havyaay 60-x rogoB Hauero cTOJETHS.
210, BO-NEePBLIX, HanpaBjeHHe aOCTPAKTHOH, aKCHOMaTHye-
CKH pa3BHBAeMOil TEOPHH KBAHTOBAHHBIX TOJIeH, UCCIENYIo-
lilee MaTeMaTHYeCKYyl0 M JIOTHYECKYIO CTPYKTYPYy CYLIECTBY-
IOUIHX MPOLEeAYP KBAHTOBAHHSA NOJ5,— KaKHe aKCHOMbI Ha-
10 MOJOXHTb B OCHOBY 3THX TNPOLEAYP, HACKOJbKO 3TH
aKCHOMBI JIOTHYECKH HEe3aBHCHMbI JAPYr OT JApyra, Kakue
CJEJICTBHS MOXKHO TIOJIYYHTb H3 3THX AKCHOM CTPOro Mare-
MaTHUeCKH U T. A.'° BTOpylo TEHAEHIHI0O MOXHO Ha3BaThb
TEOPETUKO-TPYINOBOH — OHA NMpeAnpHUHUMAET MONbITKH BbIf-
BHTb HOBble CBOHCTBA MAaTeMaTHUECKOH CHMMETPHH JBYX
0cOOEeHHBIX, HCCJIeyeMblX TOJAbKO (H3UKOH 3JeMeHTapPHbIX
YaCTHL B3aUMOJEHCTBHIl — CHJABHOTO, SAEPHOr0, CBSI3aHHO-
ro C TSIXKEJbIMH SII€PHBIMH YacTHIIAMU — HYKJIOHAMH H Me-
30HHBIMH MOJISIMH BOKPYr HHX,— H cJjaboro, ‘pacmnamgHoro,
CBSI3aHHOTO C YHHBEpPCaJbHON CHOCOOGHOCTb MHOTHX YaCTHIL
pacnanatbcs Ha GoJiee JIerKHe IJII0C HEHTPHHO HJH aHTHHEH-
TPUHO (TPH YCJIOBHH COOJIIOJEHUS OmnpeeseHHbIX 3aKOHOB
coxpaHeHHust, pasymeercs) ''. Hakonew, TpeTHit nyTb poaroe
BpeMsi HOCHJI :KaproHHOe Ha3BaHHe «PelKHCTHKH» (mo ¢a-
MHJIHH €ro <«NepBOOTKPbI3ATeNfA» — HTaJbAHCKOrO mpodec-
copa T. Pemxke) u ceiiyac MMEHyeTCsi METOAOM KOMIJIeKC-
HbIX YrJ0BBIX MOMeHTOB '*. OH BO3HHK CHayaJja Kak MOfbIT-
Ka OOHAPYKHTb C MOMOLIbIO TEOPUH (PYHKUHH MHOTHX KOM-
IIJIGKCHBIX MepeMeHHbIX HeKOTOpble, COBEpIIEHHO HOBBHIE CBS-
R0 Mexay mnoBeneHHeM 3G (PEeKTUBHBIX CEYeHHH paccesHus
YaCTHIL U HMX crnocoOHOCTbIO 0Opa3oBLIBATL TaK Ha3biBae-,
Mble pe30HOHBI. IDTH TOCJel1HHe npeicTaBasior coboli
OTKPBbITbIE COBCEM HeJaBHO OueHb Henoaro (meHee 10~ cek.)
KUBYILHE BO36YKIEeHHbIE COCTOAHUS YAaCTHIL H HX KOMOHHa-

19 p. Crpurep, A. Baiitman. PCT, cniuH ¥ CTaTHCTHKa W BCe Takoe. M.,
1'966.

I «Teopusi rpynn u 3aeMeHTapHbie yacTHubly. M., '1967.

12 J1. Koaauns, 3. Cksaipc. Tlomoca Peaxe B ¢usuke uactuu. M,
1971. ;
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uui. Yucsno 3THX 4acTHI[ BMECTE CO «CTapbIMH» — YCTOHYH-
BbIMH U Oosiee ponaro xuBywumu (10-*—10-'% cek.) — sne-
MEHTapPHLIMH YacTHI@MH yiKe JaBHO NMPEBBICHJIO YHCIO 3Je-
meHToB [lepuoxnueckoit cucreMbl MeHaeneena.

31ecbh Haa0 CKa3aTb, UTO MHOTOJIETHHI ONBLIT Pa3BHTHS
TEOPETHUECKOH (PH3MKH 3JeMeHTapHBIX YaCTHI[ C CaMOro ee
BO3HUKHOBeHHsT (¢ 1928—1934 rr. u ocobGenno nocae 1945 r.)
yXKe HayyuJ (HU3UKOB-TEOPETHKOB Aa, MoKaJayH, H 3KCnepHu-
MEHTAaTOPOB CKENTHYECKH OTHOCHTBLCS K IOJIy4aeMbIM HMHU
pesyabrataMm. CTporo roBopsi, K CHCTeMaM C MNepeMEeHHbIM
YHCJIOM KOPNYCKYJd— a HMEHHO TaKOBa CHUTYallWs BO BCH-
KOH 3aj1auye (PH3UKH 3JEMEHTAPHBLIX YacTHL — OOblUHbIE Me-
TOJAbl CTAHAAPTHOM, «KJAaCCHYECKOH» KBAHTOBOII MEXaHHKH
HeNpUMeHHMbl. HTYHTUBHO 3TO YYBCTBOBAJIH YK€ H cO3]a-
TeJU KBAHTOBOH TEOPHH I10Jis, © HEKOTOpble U3 HHX, HANpPH-
mep Il. Jlupak, HUKOrJaa He BBIXOJAHWJIM 3a PAMKH KBAaHTOBOMN
3JEKTPOJHHAMHUKH, B KOTOPOH OTHOCUTeJbHasi caabocTb
B3aHMOJAEHCTBHA (DOTOHOB C 3apsKEHHBIMH KOPMYCKYyJaMH
(coorBeTcTBYIOWIasi Oe3pa3MepHas  TMOCTOSIHHAs  CBS3U
3JIEKTPOMANHHUTHOIO MOJISE C 3JeMEHTAPHLIM 3JeKTPHUYECKHM
3apaaoM paBHa Bcero '/y;;) elle naBaja BO3MOXKHOCTb TIO-
Jy4uTb OGOJiee HJIM MeHee YHAOBJIETBOPHTEJbHbIE B JIOIHYe-
CKOM M MaTeMaTHYeCKOM OTHOLIEHHH Ppe3yJbTaThl.

Taxkue xe ¢usuku, kak B. Teiizenbepr, P. deiiuman #
JApyrye npeKkpacHo CO3HAaBaJH, 4yTO B (PU3HKE 3JeMEHTaPHBIX
YacTHIl Mbl HMeeM nepen cob6oi 0O6BEKTbl, K KOTOPHIM CJIO-
AKHBIUIHECS TMOHATHS <«KJACCHYECKOI» KBAHTOBOH MeXaHHKH
MPHMEHHMbl B OYEHb OPPAHHYEHHOH CTeNneHH, U 4YTO JJd
MOCTPOEHHA HMX aXeKBAaTHOH TEOPHH Ipexjae Bcero Heo6Xo-
AHMbl KaKHe-TO HOBble QU3HUeCKHe W MaTeMaTHYeCKHe TOo-
HATHA M MeToAbl. HMIMeHHO 3TH cooOpa’KeHHst 3aCTaBHJH
B. T'efizen6epra BBecTH (yHAaMeHTaJbHelillee IJs COBpe-
MeHHOH (HU3UKHM NOHATHE S-MaTPUUBLI KaK oneparopa mnpe-
00pa30BaHUs MPUXOAALIHX YACTHI[ B YXOJASLIHE, YIOBJIETBO-
pAIOUIEro TOJNBLKO BecbMa OOGIIHUM TpebGOBAHUSIM TMPHUYHHHO-
CTH, YHHUTAPHOCTH (cOoXpaHeHHs OOIeii CyMMBI BepOSITHO-
cTed) u T. . P. ®efiHMaH TakxKe BBeJ HOBble (hH3HUYECKHE
H MATEMATHYeCKHe MJeH, KOTopble Kak pa3 0OoJsiee OCHOBA-
TeJbHO YYHTHIBAIOT H3MEHYHBOCTb W B3aHMoONpeBpallae-
MOCTb KOPNYCKYyJd B (PH3HKe 3J€MeHTapHbIX 4acTHU (B ero
TEOPHH MO3HTPOHOB, B TEOPHH KOHTHHYAJbHOTO HHTErpPHPO-
BAHHWA 110 BCEM BO3MOXHBIM TPAEKTOPHSAM MHUKDPOOOGBEKTOB
HT IL).
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AbcTpakTHoe, aKCHOMATHYECKOe HanpaBJjieHHe B TEOPHH
3JleMEeHTapHbIX YACTHIL HHOT/la HA3bIBAIOT TaKiKe «aCHMIITO-
THYECKO MEeXaHHWKOH», TaK KaK OHO KJaJeT B OCHOBY CBOMX
MOCTPOEHHI MPEeANoJOKeHHe, YTO BCe MHKPOUACTHIBI IOC/]e
NOObIX, CKOJIb YFOJHO CJIOXHBIX B3aUMOIEHCTBHH «BIJIOT-
HYIO», Ha MaJblX PAaCCTOSIHHSIX, HAa OOJbLIHX PaACCTOSHHSAX
BeAyT cebs Kak OObluHble KBAHTOBOMEXaHWUYECKHe KOopmyc-
Kydqbl. M1 yKe U3 3TUX OYeHb MPOCTLIX MPEANOJOKEHHUN MI0C
NMPeanoJoXeHHe MHUKPONPHUMHHOCTH U COXPaHEHHS pPAaBeH-
CTBA €IHHHUIE OOLIEH CYMMbl BEPOSITHOCTEH Pas3JH4YHbIX IIPO-
1eccoB (YHHTApHOCTb), OKa3bIBaeTCs, MOXKHO BLIBECTH Ha-
JUY¥e TaKUX CBOEOOpPa3HbIX CBOHCTB MHpa 3Je€MEeHTapHbIX
YyaCTHIl, KaK, HanpuMep, CBONCTBO, BbIIBJIEHHOE TaK HA3bl-
Baemoit CPT-teopemoii. CylecTBo 310 TeopeMbl CBOJHUTCH
K TpeOOBaHHUIO MHBAPHAHTHOCTU BCEX MHKPONPOLECCOB OT-
HOCHTEJIBHO TPOBOAMMBIX OJHOBPEMEHHO oOlepaluid 3ame-
Hbl YyacTHIl Ha aHTHyacTHUbl (omepauusi C — 3apanoBOC
conmpsizKeHHe), H3MEHEHHsI HamnpaBJIeHHS KOOPJAHHATHBIX
oceit (omepauusi P — npocTpaHCTBeHHAs HHBEPCHs) U H3Me-
HEeHHS HanpaBjJeHUsT BpeMeHH (onepauusi I — OTpaxKeHHs
BpeMeHHOH OCH).

OnHako Haubosbuiee 3HAaUYeHHE C TOYKH 3peHHs NMOHCKOB
HOBBIX «CyMaclUeJIIHX» CBOHCTB Tex elle OoJsee 3jeMeHTap-
HBIX «CYLIHOCTEH», H3 KOTOPBIX COCTOAT JaxKe CaMH 3JIeMeH-
TapHble YacCTHILbl, HMEIOT, MO-BUAHMOMY, OTPHLIATE/IbHbIE pe-
3yJabTaThl aOCTPAKTHOH TEOPHH NoJsA, HOO 3TH PE3yJbTaThl
NOKa3bIBAIOT, UTO JaXKe PaMKH KBAHTOBOH TEOPHH ABJIAIOTCS
CJAHIIKOM Y3KHMH JJISI TOCTPOEHHs OOLIeii TEOPHH 3JeMeH-
TapHbIXx KopnyckyJs. CBoficTBa «npaMaTepuabHoOil cybcTan-
IIHH» 3JI€MEHTapHbIX 4acTHL OyayT, BEpOSATHO, OMHCBIBATHCA
¢ moMolblo eule 6oJiee «3K30THYECKHUX» H HeOObIUHbIX ab-
CTPAKTHBIX TNPOCTPAHCTB COBPEMEHHOH MaTeMaTHKH, uYeM
f6ecKkoHeYyHOMepHoe THab6epTOBO NMPOCTPAHCTBO, C MOMOILbIO
KOTOPOTO HAaXONAT CBOe pa3pelleHHe TakHe KBAaHTOBOMeXa-
HHYEeCKHe TNPOTHBOMOJOXKHOCTH, KaK JAyaJIi3M BOJHA — ua-
CTHILA, MOJ€e U BelleCTBO H T. II.

[TorcKH COBEpIIEHHO HOBBIX MaTeMaTHYeCKHX OOBEKTOB
NJIsl ONMCAHUS C MX MOMOLILI0 Ka4YeCTBEHHO CBOEOOPAa3HOro
(IOBEJIeHHs 3JeMeHTApPHbIX YaCTHULl eule TOJbKO HAYHHAIOTCSH
(anre6psl don HeiimaHa, nyuku Takux anarebp Hajx (usu-
4ecKMM NpocTpaHCTBOM H T. n.). Ho yxke mosyuen ¢yHna-
MEHTaJIbHbIIl pPe3yJbTaT, 03HAUAIOIHH, YTO OCHOBHOE CBOW-
CTBO MHKPOKOPNMYCKYJ — HX YHHBEPCAJIbHYIO B3aHUMOIpEB-
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paniaeMocTb — HeJb3s1 CKOJbKO-HHOYAb YAOBJETBOPHTEb-
110 ONHCATb C IOMOULbIO TOJBKO KBAHTOBOIl MEXaHUKH H
KBAHTOBOH TEOPHH I10JIS.

[To-BuauMOMY, OHHM H3 OCHOBHBIX Pe€3YyJbTAaTOB Pa3BH-
THSl TEOPETHYECKOH (PU3UKH B NOCJAELHHE TOJbl SBJSETCS J0-
Ka3aHHas B paMKaX aOCTpPaKTHOH TEOPHH MOJISI TaK HA3blBa-
emass TeopemMa Xaara — ee 3HaueHHe IJs CO3JlaHHA oOuleil
TEOPHH 3JIEMEHTApHbIX YaCTHL, BEPOATHO, BIIOJHE MOXKHO
CPaBHHTb C J0OKa3aTeJbCTBOM B HayaJie Hallero BeKa TOro
pakra, 4TO 3aKOHbl KJACCHYECKOH MeXaHWKH U 3JEKTPOAH-
HaMHKH HECOBMECTHMMBbI JAPYr C Jpyrom B J000H MOjeJH
KJaCCHYeCKH ycToHyuBoro artoma **. Kak H3BecTHO, 3TO 10-
Ka3aTeJbCTBO SBHJIOCH HCXOAHBIM INYHKTOM (OPMHPOBAHHUSA
HOBOH CHCTE€Mbl IIOHATHH KBAHTOBOH TEOPHH — HMEHHO OH?D
noKasajo 6ecnjofHOCTb U 6eCnepCrneKTHBHOCTb IIOCTPOEHHUS
MOO6bIX, CKOJIb YIOJAHO «H3OLLIPEHHBIX» KJIACCHYECKHX MOje-
Jed aToma.

Teopema Xaara aHasoruyHblM 06pasom JOKa3biBaeT He-
BO3MOXKHOCTb IIOCTPOEHHSI B paMKaX COBPeMeHHOH KBaHTO-
BOM TEODHH aJeKBATHOH TEOPHH B3aMMOMEHCTBHSI YaCTHIL.
OHa ycTaHaBJHBAeT, YTO MaTeMaTHUECKHEe NPEeACTaBJaeHHs
(pM3HYeCKHX BEJHYHH B TEOPHH, YUHTLIBAIOLIEH B3aHMOJIEH-
CTBHE, H B TEOPHH C BbIKJIIOYEHHLIM B3aUMOAEHCTBHEM OTHO-
CATCS K PasJHYHBLIM, TaK Ha3blBaeMbIM HE3KBHBAJEHTHBLIM
npeacrasieHusiM. Ilepexox Mexay HHMH OCYLIECTBJSIETCSH
TOJIBKO ¢ NOMOIIbI0O HEYHHTApHOro (T. e. (DH3HYECKH HeJO-
MyCcTHMOro) npeo6pas3oBaHHs.

[TosiBeHHe HEeIKBHBAJIEHTHLIX NPENACTABIEHHH CBA3aHO
C TeM, 4TO B ()H3HKe OOJbIUHX IHEPrHii KOPMYCKYJBl MOTYT
TeHepUPOBATb HOBbIE, PaHee He CyLIeCTBOBABUIHE YACTHILHI,
Korga ofmiee MX YHCJIO CTAHOBHTCS HeONpejJesIeHHbIM, Iepe-
MeHHBIM. iIMeHHO 3TO mocienHee 06CTOATEILCTBO H SABJAET-
Csl «IMPHYMHOH» TOSABJEHHUS pPa3JIHYHbIX, HEIKBHBAJIEHTHbIX
UpPeACTaBJeHHH: AOCTAaTOYHO 3a(pHUKCHPOBAThL OOLIee YHCJO
YaCTHI[ Ka)XJI0T0 BHJAA — H HE3KBHBAJIEHTHOCTb HCYE3HEeT.
Ho Torma, xak ™Mbl 3HaeM, MCUE3HYT H BCe B3aHMOIEHCT-
BUS — BeJlb B KBAHTOBOH TEODHH I1OJISI MHOTHE B3aMMOJEi-
CTBHUSI MOSIBJSIOTCS KaK pe3yJbTaT TOTO, YTO OJHA M3 B3aH-
MOJEHCTBYIOLIHX KOPMYCKYJ NOPOXKAAaeT KBAHT HEKOTOPOro
1oJisi, TOrJla Kak Jpyras Norjouiaer ero.

3 R. Haag. On Quantum Field Theory.—«Danske Mat.-Fys. Meddun-
gen», 1955, v. 29, N 12, p. 55.
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Teopema Xaara cTaBHT Hac, TakuM oOpas3oM, nepej He-
CcOXOMIHMOCTBIO HCCJ/EN0BATh HOBblE MaTeMaTHUECKHEe IIpo-
CTPAHCTBA,— €CJH TOJBLKO Mbl XOTUM aJ€KBAaTHO OTPa3HUTb
B TEOpHUH TakHe pyHAaMeHTaJbHelIIHe YyepThl 00beKTOB (H-
3UKH 3/JI€MEHTapHbIX YACTHL, KaK MX YHHBepcaJbHasi NpeB-
pauiaeMocTb H yAHBHTE/NbHOE MHOroobpasue B3aHMOAEHCT-
BHH, KOTOPOE OHH B COCTOSIHMHM HCIBITHIBATL APYr C APYroM.

O TeopeTHKO-NpYNIOBOM METOAE HCCJeL0BaHHUS CBOHCTB
CHMMETPHH 3JIeMEHTApPHbIX YaCTHIL MOXKHO CKa3aTb, UTO OH
Ha COBpPEMEHHOM 3Tane pa3BUTHUA (PU3HKH aHaJOrHyeH Oajib-
MepOBCKOMY C€rnoco0y CHCTeMaTH3allud CBOHCTB Pa3JIHYHbBIX
CnekTpaJbHbIX JHHHUI aToMmoB. Ho ecanm Dbaabmep ucmosb-
30BaJl B CBOMX HM3bICKaHHSIX MNpocTrefwiue aJjaredpanyeckue
¢opmyasl, To 'ean-Man, Heeman, LiBeiir u apyrue cosna-
TeJH <«BOCbMEPHUYHOrO» M MNPOYUX MNyTeii B COBPEMEHHOIN
KaacCH(UKALMH 3JeMEHTAapHBIX YacTHIL He MOryT YikKe
«CYHUTATb» 3TH MOCJAEJHHE C NOMOILbIO TAKOro MPOCTOro opy-
IHd, KaK OOblYyHble YHCJIa HJIH ajredpanyecKHe BblpaxKeHHS.
O6bexTbl cyOMHKPOMHPA MOXKHO «CYHTATb» yKe TOJbKO C
MOMOLILIO AOBOJBHO HEOOBIYHBIX aJjreOpaHyecKHx CTPyK-
TYP — C IIOMOLILbIO NPEACTABJAEHHH HEKOTOPbIX abCTPaKTHBIX
FPyNn B DPYyNNy MaTpHLl CNelHaJbHOro BHAA (YHHTApHBIX,
C onpeaeJuTesieM, paBHbiM 1, panra 3— B cayyae HauboJsee
NonyJsiPHON B HAcCTOs1ee BpeMs CPeAH TEOPETHKOB IPYTIIbI
SU (3)). -y

Mbl He HMeeM 3]1eCb BO3MOXKHOCTH 0OBACHHUTb MOAPOOHO,
YTO O3HAYalOT 3TH CBOHCTBA-CHMMETPHH MHKPOKOPNYCKY.JI
(1a, BO3MOXHO, 3TO H He CJeAyeT MOKa YTO JeJaTb H3-3a
obleii He3aKOHYEHHOCTH, HEYCTOHYMBOCTH TEOPETHYECKHX
NOCTPOEHHH — [10KA, HampHMep, IHCAJHCh 3TH CTPaHHLLbI,
rpynna cimMerpuu SU (3) ycnesa «BBIHTH M3 MOAbI», H ee
MeCTO 3aHsiJu apyrue rpynnbl.) Ham BaxKHO 31eCh NpPUHILH-
MHAJbHO TMOJYEPKHYTb, YTO B HACTOfIlLee BpeMs yKe
MILYTCS HOBbLIE, BeCbMa HeoOblYHble CBOHCTBA M KayecTBa
«[paMaTepuH» 3JeMeHTapHbIX 'JACTHL, KOTOpble IOJKHBI
3aMeHHTb COOOH CJIHIIKOM <«TPHBHAJbHbIE» H <IPUMHTHB-
Hbie» YepTbl ee IOBeJeHHUs B INPEAJOXKEeHHbIX paHee «eaH-
HbIX» TEeOpHSIX 3JeMeHTapHbIX kKopnyckysn [eiizenbepra wu
boma-Buxbe u ap.

B03MO0KHO, YTO TAKHMH HOBBIMH CBOHCTBAMH OKaXKyTCH
CBOHCTBA CHMMETDHH «IlpaMaTepHajJbHbIX» OO0BEKTOB OTHO-
CUTEJbHO COBEPUIEHHO HOBBIX Dpynn mnpeoGpa3oBaHHii.
HMMeHHO Takoe MNpeamnosioxeHUWe BbIABHHYJ OAMH H3 CO3/a-
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reaeir Teopud SU (3)-cummerpun M. T'ensi-MaH, BbICKa3bl-
Basi OBOIO TI'HIIOTE3y O TOM, YTO «lpaMaTepuei» SABJAIOTCS
TaK Ha3blBaeMble KBaPKH — FHIIOTETHYECKHE KOPNMYCKYJbl C
ApOOHBIM 3JeKTpHuecKuM 3apsauom ('/;e uaum —=*/;e), u3 Ko-
TOPbIX COCTOSIT BCE APYIrHe 3JeMeHTapHble YaCTHIbI.

[Toxa uyto 3KcnepuMeHTaJ bHble MOUCKH KBapKOB HE YBEH-
YaJIUCh YCNexXoM, XOTSl B «OXOTe» Ha HMX yYyacTBOBAJH KpyIl-
HeHIlIHe 3KCnepuMeHTaTopbl coBpeMeHHOCTH. Ho obuiee Ha-
npaBJeHHe MOHCKOB «CyMaclueAluX» CBOHCTB «IpaMaTepHu»
B 0041aCTH CBOMCTB CHMMETPHUH MHKPOOOBEKTOB OblJIO BbiO-
paHo I'ean-MaHnowm, o Bceil BeposiTHOCTH, NpaBuJbHo. M pano
HJIM TO3HO 3TH INOHCKH JAOJVI)KHBl YBEHUYATbCA YCIEXOM.

McXofHbIll NMYHKT TPETbEro OCHOBHONO HAIpPaBJCHHA B
COBPEMEHHBIX TEOPHAX 3JEeMEeHTapHBbIX YaCTHI[ COCTaBJSAET
TaK Ha3blBAe€Mbli NPHHUMUI MHUKPONPHUYHHHOCTH — CreuHu-
YeCKH KOHKDETH3HPOBAHHBI COBPeMeHHOH (PH3HWYeCKOH Ha-
YKOH OOIHMI NPHHLUHUN TNPHUYHHHOCTH MaTepHaAJHCTHUYECKOH
auanekTHKH. OH yTBepxkaaer, yto JioOble B3aUMOAEHCTBHUS
pacnpocTpaHsaOTes CO CKOPOCTbIO, HE NPEBOCXOASILEH CKO-
poCTH CBeTa, M I103TOMY CJEACTBHEe He MOKeT HaCTYIHTb
paHbllUe MOABJEHHSI NPHYHHBI: NMPHUHUHHO-CJAEACTBEHHBIE OT-
HOLLIEHHS OMNpeaesiioTCs NPOCTPAHCTBEHHO-BPEMEHHOH KOH-
¢urypauueit cobbiTuii. B cyniHocTH roBopsi, NPUHLUHI «MH-
KPONIPUYHMHHOCTH» — 3TO OOLMH IPHHIMN IPHYHHHOCTH,
CcOpMYJIHPDOBAHHBIH C y4eTOM TpeOGOBAaHHH TEOPHH OTHOCH-
TeJbHOCTH. OH TpebyeT, YTOOLI MPHYHHHO-CJAEACTBEHHbIE Ce-
TH OTHOLUGHHH MeXKAYy MaTepHaJbHbIMH OOBbEeKTaMHu OblH
Bceraa oO0yc/a0BJeHbI KaKHM-TO MaTepHa/JbHbIM HOCHTe-
JeM,— 4TOObI JiloOble BO3AEHCTBUS HJH B3aUMOJEHCIBHUSA Ie-
PEHOCHJIMCb KaKHMH-TO KOPNYCKYyJdaMH, KBAaHTAMH KaKoro-
TO CHJIOBOrO MOJsi. DTO noJie 06s3aTeJbHO NOJYHHACTCSA Oll-
pefeseHHBIM TpeGOBaHHAM NPUYHHHOCTH, (OPMYJHPYEMBIM
Ha CTPOrOM H TOYHOM MaTeMaTHYeCKOM fI3blKe C TIOMOIIbIO
YyCJIOBHSI KOMMYTATHBHOCTH ([€pecTaHOBOYHOCTH) KBaHTO-
BbIX ONEpPaTOpPOB IIOJI B Pas/JUUYHBIX TOYKax IPOCTPAHCTBA
B pa3Hble MOMEHTbl BpeMeHH. M3 nmpHHUHIA MHUKPONPUYHUH-
HOCTH CJeAYyeT, B YAaCTHOCTH, YTO PACCEAHHYIO YaCTHULY
MOXKHO OOHapyXHTb rae-aAu60 TOJBKO MOC/JE TOro, Kak OHa
CTOJIKHETCSl ¢ paccenBarejeM. MareMaTHUECKH 3TO OYeHb CY-
UleCTBEHHOe OJsi TeopuH TpeboBaHHE (OPMYJHPYETCA Kak
TpeOGOBaHHE PABEHCTBA HYJIIO aMIJIMTYAbl PacCessHHs BIJIOTb
JI0 HEKOTOPOTrO MOMEHTa BpeMeHH, BbiOHpaeMoro o6bluHO 3a
HOJIb — HAyaJl0 OTCYeTa BPEMEHHON LIKaJbl.
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Tenepb K amnanTyle paccesiHus TNPHMEHSIETCH HCKJIO-
YHTEJbHO MOIUHBIH M 3)(EKTHBHBLIA annapat TeopHu (PyHK-
LHH KOMIIJIEKCHOro nepeMmeHHoro. [Ipeo6pasoBanue Dypbe
aMILIMTYAbl paccesiHusl KaKk QYHKUHU BpeMeHH JaeT aMILIU-
TYAYy paccesiHdsi KaK (QYHKUHIO KAHOHHYECKH CONPSXKEeHHOI
CO BpeMeHeM BeJHYHHbl — 3Hepruu. A TOT (akT, uTo nepsas
BEeJIMYHHA PaBHA HYJIO 10 MOMEHTa BPeMeHH, PABHOrO HY-
JII0, N03BOJISIET J0Ka3aTb (yHAaMeHTaJbHelillee CBOHCTBO
aMIVIHTYAbl paccesiHusl KaKk (YHKLHH 3HEPrud — ee aHaju-
THYHOCTb, NPEACTABUMOCTb B BH/E CTENEHHOro psjaa, a 3Ha-
yuT, N0 TeopeMe KowH,—H B BHAE HHTerpaJa o HEKOTO-
poOMy KOHTYPY B KOMIJIEKCHOH TJOCKOCTH. B KoHeynoM cye-
T€ MOJYYaeTcsi, YTO 3HaAyelHe aMIVIMTYAbl pacCesiHHs TIpH
HEKOTOpON ONpeJesIeHHOH 3JHEePTHH JOJXKHO PaBHATLCS He-
KOTOPOMY HMHTEerpaay, y4YHTbIBAIOLIEMY I10BeAE€HHE CeYeHUMH
paccessHHA KakK (PyHKUHH 3HEpPrud najarouiux 4YacTHL.

PaBeHcTBa Takoro THNa W Ha3blBAIOT JAUCINEPCHOHHBIMH
cooTHoweHUusAMHU. MX riaBHasi LeHHOCTb COCTOHT B TOM, YTO
TpebGoBaHHEe HX BLINOJHAEMOCTH HE OMHPAeTCs HH Ha KakKHe
COMHHTeJIbHble THNOTEe3bl. JlHCNepCHOHHbIE COOTHOUIEHHS —
HEeMoCpPeACTBEHHOe CJeACTBHE TIPHHUUNA NPHYMHHOCTH H
APYTHX CTOJIb XKe OOLIHUX MOJIOXKEHHH TeOPHH (THMa pPeJIsATH-
BUCTCKOH HHBAPHAHTHOCTH — HHBAPHAHTHOCTH OTHOCHTE/Ib-
HO mpeoOGpa3oBanuii JlopeHua u T. 1I.), KOTOpbIEe MOJIKHbI
COXPAHHUTBbCS B TOH HJIH HHOIT opMe BO BCAKOH OyAyLIeH
TEOPHH.

JlucnepcHoHHble COOTHOLUEHHS MOryT ObITb HaNHCaHbl
AJI paccesiHusi psda YacTHI, H B HEKOTOPbIX CJAyuasiX OHH
ABJISIIOTCS JOCTATOYHO HaJEXHbIM CIOCOOOM TEOPETHYECKO-
ro HCCJAeJ0BaHHA TaKHX, HanpuMep, B3aHMOJAECHCTBHIH, Kak
B3aHMOJI€HCTBHE NMU-ME30H — HYKJOH Hu T. 1. TakuMm obGpasom,
6narogapa onpeneseHHOH KOHKPETH3alUUH B COBPEMEHHOI
(pU3HYECKOH HayKe HAYHWHAIOT HEeIOCPEeLCTBEHHO «paboTaTb»
abcTpakTHble (UIOCOPCKHE IIOJOKEHHUS.

CoBpeMeHHOe pPa3BHTHE TEOPHH AHCHEPCHOHHBIX COOTHO-
IWEeHHH B (PH3HKe MHKDPOKOPIYCKYJ — METOJ YIJIOBBIX KOMII-
JIEKCHBIX NepeMeHHbIX — KJaJeT B OCHOBY CBOHMX IIOCTpoOe-
HHH TpeACTaBJ/ieHHe, KOTOpPOe ceiyac sABJSETCs CKOpee Y-
CTO M3TeMaTHYEeCKOH THIOTe30H, yeM (H3HYECKHM TNpeano-
JOXKeHHeM,— TIpeJICTaBJIeHHe O POJIM TaK Ha3blBaeMbIX pel-
KHOHOB, YacCTHI, ¢ KOMIJIEKCHBIM 3HAauyeHHeM COOCTBEHHOTO
BpalLl3aTeJbHOr0O MOMeHTa. Maremaruueckoe TipeoOpas3oBa-
HHe, KOTOpOe JeJaeT Takoe IPEeANoJOXKeHHe BO3MOKHBIM,
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Obli1O nipeanoxeHo eme B 1912—1917 rr. aHrJaHHOKUM MaTe-
matukom I'. BarcoHom M HeMeuxum TteopeTukoM A. 3oM-
mepdeabaom. Ho tonbko nocne pa6or T. Pemxe ono 6vi10
«OHTOJIOTH3UPOBAHO» aMepHKaHCKUM ¢udukom JIxk. Usio ™
n ero yyesukamu C. ®@payuyn u M. dpayocapom.

OHM BBIABHHYJIH THNOTE3Y, UYTO BO BCeX CHJLHBIX, siep-
HbIX B3aHMOJEHCTBHMSIX pelIalouiee 3HaueHue HMeeT OOMeH
OITHHM TOJIBKO PEJKHOHOM C ONpeaeseHHbIMH CBOWCTBAMH.
[IpoBepka caeacTBuil 3TOI THNOTE3bl HE MOATBEPIHIA €e B
1leJIOM psiie Ba)KHEHIIHX cJaydaeB (Hanmpumep, HJs pacces-
HUSl MH-ME@30HOB Ha HYKJIOHaX), 4TO, K COXaJeHHIO, NMOoCTa-
BHJIO NMOJI COMHEHHE ¥ BCIO JlaJibHellyio nporpamMmmy Ubio no
MOCTPOEHHIO TIOJIHOM TEOPHH CHJIbHBIX B3aWMOJEHCTBHI Ha
OCHOBE TOJIKO BecbMa OOLIMX, MOXHO CKa3aTh, «huaocod-
CKHX» IIPEIIOJIOKEHHH O CBOHCTBAX CHJIbHO B3aUMOJEHCT-
Bylouled «npamarepun». A nporpamma Ublo comepikana psan
HHTEPECHEHIUHX C TOYKH 3PEHHUS MaTepHaJIUCTHUYECKOH IH-
aJIEKTHKH NMPeNoJOKeHHH, B YaCTHOCTH, O TaK Ha3blBAeMOM
MexaHH3Me «OyTrcrpamna» («3allHYPOBKH») NpH JeTepMHHa-
LMW Macc, CIIHHOB M NMPOYUX CBOHCTB CHJBHO B3aHMOIEHCT-
BYIOILIHX KOPNYCKY.JI.

Ubio Bcaen 3a ean-ManoMm cumMTasd, 4TO HH OJHA U3
HabsloaeMbiX 3JeMEHTAPHBIX YaCTHIl He sABJAeTcs «6Gosee
3JI€eMEHTapHOH» 4YeM Jpyrasi, YTO BCe OHH B OJAMHAKOBOH Me-
pe SIBJAIOTCH «KamnJasiMH», <«OCKOJKaMH» <«IpaMaTepHH».
B cnyvyae cuabHO B3aMMOMEHCTBYIOIIMX YACTHIL 3TO O3HA-
4aeT, UYTO HeJb3s YTBEPXKA&Thb TOJbLKO, UYTO, HaNpuMep,
OYeHb KOPOTKO MKHBYIIHH PO-ME30H «COCTOHMT» H3 JBYX TIH-
ME30HOB (Ha KOTOpDble OH PAacnajgaercs B 3KCIEePHMEHTe).
Ho B paBHO#i cTenenH M NH-Me30H MOXKHO paccMaTpHBaTh
KaKk pe3ynbTaT B3aHMONEHCTBHA HECKOJNBKHX PO-ME30HOB H
APYTHX KOPNYCKYyJ. MeTOHd KOMMJEKCHBIX YIJIOBBIX MOMEH-
10B (0O3HAYaOMmHUil BO3MOXKHOCTb B3aHMOJAENCTBHSA, mepesa-
BaeMOro C INOMOLIbIO PENKHOHOB C KOMIJIEKCHBIM Bpalia-
TEJIbHBIM MOMEHTOM) IO3BOJISIET PacCYMTATh MACChl U CIH-
Hbl BTOPHUYHBIX YAaCTHILl [0 MaccaM H CINHHAM I[EepPBHYHBIX.
M1 3znecb-To BCTynaetr B HLPY «3alIHYPOBLIBAHHE»: OLHO JO-
6aBOUHOE MpeANoJoXKeHHe MO3BOJSeT YTBepKAaTh, YTO pel-
JKHOHBI MI'DAIOT B CHJIBHBIX B3aMMOJEHCTBHSIX POJib «IUHYP-
Ka» — OHH «IOJATOHAIOT» JAPYr K JPYry, COIJ1aCOBBLIBAIOT

18 [loc. Horo. Ananutuueckas Teopus S-Ma'ppuubt. M., 1968,

2% 35



Ipyr ¢ APYroM 3HauyeHHs] MacC W CIIHHOB, NoJyyaeMble INpPH
caMblX pasJHYHBIX cnocebax «COCTaBJEHHOCTH» JMaHHBIX
MUKPOKOPIIYCKYJ M3 JIOOBIX APYTrHX UYaCTHIL

Ilepen HaMH — OueHb HHTEPECHBIH MPHUMEP yueTa U KOH-
KpeTH3allHH B COBDPEeMEHHOH (HU3HKe AHaJIeKTHKO-Marepua-
JIUCTHYECKOH HAeH O BceoOulel CBsSA3H W B3aHMOCBA3H 00b-
€KTOB, O BCECTOPOHHEH NeTepMHUHAUHUH OAHMX SIBJEHHH Ma-
TEPHAJILHOTO MHpa APYrHMH.

Ho, x coxaJieHHI0, 1T0Ka UTO 3KCIEPHMEHT He IOJHOCThIO
MOATBEpPIKAAeT 3TH OYEHb HHTEpPecHble HAEH O HeOOLIYHOH,
NPOTHBOPEYHBON M KauyeCTBEHHO BecbMa CBOe0oOpasHOil npHu-
pole «mpaMaTepHU» JeMEeHTAPHBIX KOPNYCKY.JI.

2.2, MarepHalucTHYECKAs MAJEKTHKA O CTAHOBJEHHH
HOBBIX HAYUYHbIX MOHATHH

B 'Hacrosulee BpemMs H3BECTHbl JBE€ JAHAMETPaJbHO
NPOTHBOMOJIOXKHBIE TOYKHM 3PEeHHSI B OTHOLIEHHH Iepclex-
THB H BPEMEHH cO3/1aHHsg obmieldl Teopuu CyOMHKPOMHpA.
[Tepasa — «onTumucrHueckas» — Oblsia Bbickazana H. Bo-
pPOM H COCTOHT B TOM, uTO B OyHKalilliie roiabl reHuaJabHas
«cyMacuienmasy uaes OylneT HaljleHa KeM-TO W3 MOJOJe-
XKH, H Toraa obwas Teopus Oyaer co3agaHa cpasy xKe. Bro-
pasi — «MnecCHMHCTHYeCcKass» — Oblia chopmyupoBaHa
®. JTaiiconom. CoraacHo 3ToH Touke 3peHHs, o6ulasi TeOpHs
He Oyner co3jxaHa, BO3MOXKHO, 1axKe B TeUyeHHe IeJIoro cJje-
AYIOLIEr0 CTOJeTHS — MOAOOHO TOMYy KakK TOHAA00HIOChH
HECKOJIbKO BEKOB, Mpexae 4eM Mbl CMOTJIM MepeHTH OT MakK-
POCKONHYECKOH, Kiaccuyeckoir MexaHukn HbioToHa k GoJee
obmweit Hu ray6okoi KBaHTOBOH Mexanuke Illpenunre-
pa — l'eiizenbepra — JIupaka. Ham cHauajsia npumercss Haii-
TH HECKOJbKO Bce Gosee H Gosee o6oOuialomux GopMyJiu-
POBOK 3TOH NOCJeJHeH MeXaHHKH (COBepLIeHHO aHaJIOTHYHO

-TOMY, KaK Jiuep, JlarpaHx U 'aMUIbTOH moOcCjea0BaTeIbHO

o6ob6many mMexaHuky Hblorona — lamumes), npexne uem
Oyaer BbipaboTaHa Takas creneHb OOLIHOCTH, KOTOpas Ha-
KOHEeIl-TO TO3BOJIUT AaJeKBAaTHO. cHOpMYJHpPOBATL «CyMa-
CuIeAuIyio» Haelo (COBepIIEHHO aHAJOTHYHO TOMY, YTO TOJIb-
Ko I'amuabTroHOBa GOPMYJHPOBKA KJACCHUYECKOH MeXaHHKH
MO3BOJISIET IOBOJIBHO JIEMKO TNEepeiTH K MeXaHUKe KBaHTO-
BOH, B TO BpeMs Kak Iepexoj K MocjenHeil cpady OT Mexa-
HUKY BpeMeH HpioToHa abGCOMIOTHO HEBO3MOMKEH).

36



B nawe#i ¢uaocodckoit JauTepatype IOBOJBHO YaCTO
3TH TOYKH 3pEHHUs IMPOTHBOINOCTABJIAITCA APYr APYry Xax
«MaTepHaJUCTHUYECKAs» U «HAeaJUCTHYeCKas», MPHYEM BbI-
6op TOro HMJIH MHOTO TEpPMHHA yallle BCero onpeuenasiercs
JUYHBIMH CKJOHHOCTSIMH aBTopa. Ham kxaxKercs, YTO rJaaB-
Hasi 3ajaya COCTOUT 3JeCh B yrayO0JeHHOM pacCMOTPEHHH
apryMeHTanuu 06eux CTOPOH, B INONbLITKE HAHTH KaKHe-TO
palMOHANbHbIe, NHAJEKTHKO-MAaTePHAJHCTHYECKHE MOMEHTHI
pacCMOTpPEHHs B KaxKIOH H3 HHX.

OG6Ge TOYKHM 3peHHsI MOAYEPKHUBAIOT pasjHyHble CTOPOHBHI,
HO OJJHOT'O H TOTO }Ke Tpolecca — mpolecca co3JaHHsad HOBO-
ro, mnpoiecca TBOpuecTBa B Hayke. TosbKO nepsasi BbIIABH-
raet Ha NepBLIH MJaH TO, YTO NpexKae Bcero Opocaercss B
rjasa, Korja peyb HAeT O JeHCTBHTEJbHOM HayuyHOM TBOp-
yecTBe,— HeOOBIYHOCTb, PEBOJIOIHOHHOCTL HJIEH, PEeLUHuTeJb-
HBIH OTKa3 OT cTaporo croco6a MbILUJIEHHS, CTAPOro Cro-
cob6a «BHIeHHUsA» MHpa. Bropas xe Touka 3peHHs JeJaer
aKIeHT Ha IPOTHBOIIOJIOXKHON uepTe (CJAO0XKHOro, JHaJeKTH-
YeCKH NPOTUBOPEYHBOrO Mpolecca TBOPYECTBAa B HayKe —
(GbOpMHPOBAaHHH HOBOTO B paMKaX CTaporo, Ha OCHOBe Jyu-
IIHX JOCTHXKEHHH uesJOBeYeCKOro MbIIIJIeHHS, HA OCHOBE Te-
OPEeTHYECKOTO OCMbICJIeHHS] TIPOU3BOACTBEHHOH TMPAKTHKH
yeJsI0BeYyecTBa.

BoT B 3TOM-TO mocjeaHeM NYHKTe MaTepHaJHCTHYECKad
NMHAaJIeKTHKAa BHUIMUT peliaiomiee 3BeHO (HOPMHPOBAHHA HaM-
6oJiee BaxKHbIX, HanboJee rayboKHX MOHATHH 4eJ10BEYeCKOro
3HAHHS, H, BO3MOXKHO, HMEHHO Cepbe3Hble Pa3MbIIUJIEHHS B
CBSI3H C €ro comep:KaHHeM I03BOJAT HAHTH KakHe-TO OIO-
CPeACTBYIOIIHE 3BeHbs Ha NMyTH CO3JaHHA Oyaylueill TeOpHH
cyoMukposiBaeHuii. PaccMoTpuM B 3TOM midaHe Hanbojee
APKHH NpUMep HAyyHOH aorajaku — upeio [anya o Tom, 4TO
JJIS1 pelleHHs BOMpoca O pPa3peliuiMOCTH HEKOTOPOro ypas-
HEHUS B pajukajgax HeoOXOAUMO PAacCMOTPeTb ero rpymmny
noacTaHoBOoK **. OOBIUHO MeHHaJbHOCTh [asya BHAAT B TOM,
YTO OH TOJBKO MO BHYTPEHHEMY «HAWUTHIO» BBeJ HOBOE,
GyHaaMeHTaJibHOe JJI BCeH MaTeMaTUKH TNOHATHE TPYIMIbI
KaK OMpeaesieHHOro MHOXecTBa npeoOpa3oBaHUi, H3YUHI
HEKOTOpble CTPYKTYPHBIe CBOHMCTBA NPOCTEHIIUX TPYynm H
NPUMEHHJ MX K PEeIleHHIO OCHOBHOI npobseMbl aaredpbl TO-
ro BpeMEeHH. -

15 C. Jlena. Aare6pa. M, 1968, ctp. 219.



Bce 310 npaBHJAbBHO, 32 HCKJIOUEHHEM NEePBOro0 MyHKTA.
He nmo «HaAWTHIO» WJIW «TreHHAJNbHOMY O3apeHHio» BBea [a-
Tva TIOHSTHE TPVNNbL. YueHble 3aJ0Jr0 A0 Hero, MbITasCh
HaWTH GOpMyJay I KOpHEeH ypaBHEHHS YeTBEPTOH CTENeHH
W Bbillle, MPHAYMBLIBAS CaMble XUTPble crnocobbl 3aMeHbl Tme-
pPeMEeHHBIX H NOJACTAHOBKH HEH3BECTHBIX, HauaJH paboTartb
C Tpynnoil TNoacTaHOBOK ypaBHeHud. Ho ouens pouaro,
BmiioTh no [anya, 3a XWTpoyMHbIMH (dopMyJaaMu MNoacra-
HOBKH He BHJIEJH Bellb ropasno 6osee MpoCcTylo, HO H QYH-
JaMeHTaNbHYIO — Ipynny npeo6pa3oBaHui.

anya nepBbifi YBHAE] €e, BHIAEJIHUJ €e OCHOBHbIe Xapak-
TEePHbIe YepThl, H3YUYHJ ee CBOMCTBA B YUCTOM BHJe H TpPH-
MEHHJ K PelIeHWI0 Ka3aBlleidcss Hepas3pemuMOoH NpobJieMbl.
Bo3MoKHO, TeM caMbiM OH JaJs HauboJsee TOKa3aTesbHbli
obpasell TOro, Kak poxaaercsa TreHHajJbHas HOes, KakK OHa
«paboTaeT» H 4YTO OHA MOXKeT JaTh B Hayke.

HUrax, maTtepuasucTuyeckasi 1MaJeKTHKA MO3BOJIsieT yKa-
3aTh HMCTHWHHbIH MCTOYHUK TEeHHUAJbHBIX TNPO3PEHUH B HAy-
Ke — MUCTHHHBIH HCTOYHHUK (GOPMUPOBAHUS OCHOBHBIX, HAHU-
6osee O6GLIMX TMOHATHH KaXXJO0H HAYKH, Ka)KI0ro pasaena
YeT0BeYeCKOoro 3HaHHS.

[Ipocienum B 3TOM nJjaHe B caMbIX OOUIUX yepTax HCTO-
puio o6pa3oBaHus HaHOoJsiee (PYHAAMEHTAJNbHbBIX MAaTeMaTH-
YeCKHX H (U3HYeCKHX TOHATHHHBIX CTPYKTYp. MHorosexo-
Basd NMpakTHKa 3eMJieMepHsi, aCTPOHOMHH, TOPTrOBJIH, XO3si-
CTBEHHOH JKM3HH YyKe Ha paHHUX CTalAUsIX pPa3BUTHS
yeJI0BeYeCcKOro obIecTBa MO3BOJUIA BBHISIBUTh NpexKjae BCe-
ro NMOHATHHHBIE CTPYKTYPbl TaK Ha3blBaeMOH 3JIeMeHTapHOMH
MaTeMaTHKH — eBKJAHAOBY TeOMEeTPHI0O H COBOKYIHOCTL lie-
JAbIX, IPOOHBIX, a BMNOCJEICTBHH H HPPALHOHAJbHBIX YHCE.
3ayaTKk¥ CcaMblX PAa3JMUHBIX CHCTEM CUMCJIEHHS W Te WJIH
HWHbIe TeoMeTpHUeCKHe CBeIeHHs, TpakTyeMmble OoJblueit
YyacThblO KaK YHCTO ISMMHUPHYECKHE PpelenTbl, CBOHCTBEHHBI
BCAKOH OoJsiee HJIH MeHee BBILEJHBIUEHCA M3 KUBOTHOTO MH-
pa yeJoBeuYecKoi HHBHAH3aUUuH. Ho TOJBbKO B KJaCCHYECKOMH
['pelnn 3TH HaArASIAHO-IMIHPHYECKHE MPOCTPAHCTBEHHBIS H
KOJIMYeCTBeHHble TpeJACTaBJ/eHHs NpeBpPaTHJIUCh B MaTreMma-
THYECKHE NMOHATHA: UCKJIIOUHTEJbHO BLEICOKOE TeOpeTHuYecKoe,
¢unocopcxoe pa3BUTHE aHTHYHOH MBIC/AH MO3BOJHJIO HAHTH
FPVINbLl OCHOBHBIX, «TIPOCTEHIIMX» CTPOHUTEJNbHBIX «KHPIIH-
yei» — MOHATHH (TOUKH, NPSMBIE, TIIOCKOCTH, lleJble YHucJa
H T. N.) JM1000r0 KJaCCHYECKOro MaTeMaTHUYeCKOro o6bex-
Ta — U3 HHX CTPOSATCSA BCe MaTeMaTHueCkKHe OOBEKTH, a HX
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COOTHOIUEHHE MEeXJY COOOH ONUCHIBAETCS KOHEYHBIM UHCJIOM
He aHaJIM3UPyeMbIX jaJjiee B 3TOH TEOPHUH aKCHOM.

StH apudMeTHYECKHE H TeOMeTPHYECKHe [OHSATHIHbIE
CTPYKTYpbl oTOoOpaxKaioTr HaunOoJsee yCTOHuYMBbIE, «MaTeMa-
THYeCKHe» (PopMbl ObITHA OKPYKalOLHX HAC NPeAMeTOB Ma-
TepHanbHoro mupa. OHu «BoOpaau» B cebs BCE TO, YTO HH-
KaK He MOXKeT H3MEHHUTbCA NOJ BJHSHHUEM JI0OBbIX INpoliec-
COB «HarsigHOTO», «OOBIAEHHOr0o» XapakTepa — IIPOLeCcCOB
KJaccuyeckoi ¢pusuxku. OHH OHLEeTBOPSIOT CO60i1 MOMEHTHI
«a0bCOJIIOTHOrO», MOCTOSHHOrO, ‘HEW3MEHHOr0 Ha YpOBHe
NPOCTEHIIHX, MeXaHHUYECKHX (OPM JABHKEHHSI MATEPHH, OHH
ABJSIIOTCA CTPYKTYpaMH, «BHYTPH» KOTOPbIX "3TH (OpMbI
JABHXKEHHS COBEpPLIAIOTCH.

B npuHuune aHTHYHasi HayKa MOIJia BbiiBUTb U OCHOB-
Hble CTPYKTYpbl — YCTOHYHBBIE, 3aKOHOMEPHbIE MOMEHTH —
H COOTHOLUEHHE, CONOJYHHEHHE MexKJAy HHMH CaMOro Mexa-
HHYECKOro JBHIKEHHS: NpocTediuve (HU3HYeCKHe CTPYKTYpbl
KJ1accHyeckoi MexaHHWKH. Ho orHocureabHo caaboe, Hexo-
CTaTOYHOE pa3BHTHE MPOH3BOACTBEHHO-HHXKEHEPHOH NpPaKTH-
KH B Ty 370Xy He JaJ0 BO3MOXKHOCTH C(HOPMHUPOBATH OC-
HOBHYIO INOHATHHHYIO CTPYKTYPYy KJaCCHYeCKOH (PU3UKH —
MOHSITHE CHJIbl KaK 4ero-To OObeKTHBHOIO, OT Ue/lOBEKa He
3aBucsauero. [losromy no I'anuaes u HbloToHa, 10 ux onpe-
JeJIeHHsI CHJIbl yepe3 INPOH3BOAHLIE OT KOOpPAHHAT IBHXKY-
HIHXCA TeJ, MaTeMaTHYeCKHe CTPYKTYpPbl €BKJIHAOBA NPOCT-
paHCTBa H JAEHCTBHTEJbHbIX YHCEJ HHKAK HE MOIJH NPOHHK-
HYTb BrayOb, BHYTPb IOHATHHHOrO anmnapara (QU3HYecKoii
HayKH, a JO0 TeX NOp II0Ka OHH OCTaBaJHCb TOJbLKO Ha ee
nepudepuH, GHU3HNKa HHKAK HE MOIJIa MaTeMaTH3HPOBATbCH
H TéM CaMBbIM CTaTb TOYHOH HAYyKOH.

Ho Bor npousBoxcTBeHHas npakTHka 3moxuH Bospoxie-
HHSI, MHOTOYHC/IEHHbIEe apTH/JIePpHHCKHE, CTPOHUTEeJbHbIE,
¢opTHPHKAUHOHHBIE H NpoyHe pabOThl Tex JieT [103BOJIHAY
JIOAAM «HaOHTb» PYKY Ha JABHXXEHHH 110 HCTHHHbIM, 00ObeK-
THBHBIM CTPYKTYpPaM MEXaHHKH, a HE 10 HX CHauaJja OYeHb
H O4eHb CYOBbeKTHBHBIM OTOOpakKeHHusAM (y IPeKoB aHTHY-
HOCTH — Jla:Ke B BHIE [PEeACTaBJECHHH O CHJIe KaK YHCTO My-
CKYJIbHOM OLLYyIeHHH uesoBeka). [1po6usa yac nepBeIX TeO-
PeTHYEeCKHX OTKPBITHI B (H3HKe, ONpeesieHHOe «KOJHUeCT-
BO» HHXEHEDHOH TNpPaKTHKH uyejoBeyecTBa INepeunio B
«KayecTBO» TeOpeTHUeCKHX noctpoenuii I'anunes, HploTtoHa
H JIpYruX KopH¢eeB MEeXaHHKH, BCKPbIBLUHX 3aKOHOMEPHOCTH
MeXaHHYeCKO# (OpMbl ABHKEHHS MaTepPHH.
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MareMaTH3alHs nepBoro pasmesaa KaaccHueckon (¢uau-
KH — MEeXaHHKH,— elle OoJibllee paclinpeHye Ha 3TOH OCHO-
B€ HHXXEHEPHOH NesATeJbHOCTH JIOAeH, KOTOpasi B CBOIO Oue-
peldb cTaBHJa BCE HOBble H HOBble (PH3HYECKHE H MaTeMaTH-
yecKHe  3ajlayd, JaJH  HCKJIOYMTEJbHO MOIIHBIA H
VIOAOTBOPHbINI HMIIYyJbC PAa3BHTHIO CaMOH MaTeMaTHKH.
B LleHTp ee H3bICKAHHWI BCTAJH Tenepb NOHATHIHbIE CTPYK-
TYpbl COBCEM MHOH NPHPOABI, YeM CTPYKTYPbl €BKJHA0BA
POCTPAHCTBA M AEHCTBHTEJNbHbIX uHucesa. CTPYKTypbl AU(-
(epeHHaJbHOTO H HHTErpajbHOr0 MCUUCJICHUS, TEOPHH
nudepeHLrHaJbHblX YPABHEHHIl W T. 1., BBeJIEHHble NepBO-
HayaJbHO KaK YHCTO NOACOOHBIE CpPeacTBa pelleHuss npoob-
JIeM KJaCCHYeCKOil MeXaHHukH, mojaseprauch B XVIII—
XIX BB. THIaTeNbHEHIIEMY JIOTHYECKOMY aHaJH3y C LeJbio
BbISIBJIEHHSI CPEIH HHX HOBBIX «IPOCTEHIIHX» CTPOUTENbHBIX
KHpINHYeil, U3 KOTOPbIX MOIJIO Obl OBITb BO3JBUIHYTO BCE
BeJIHYECTBEHHOE 3J1aHHe HOBOH, HHOHHHUTE3UMAJbHOH MarTe-
MAaTHKH. _

CTpyKTypbl, KOTOpble JeraH B OCHOBY KJaCCHUECKOM
matemMatuku XVIII—XIX croneruit, Kaxyrcsi HaM Telepb,
MmocJjie CO3JaHHsi H OrPOMHOTO NPAKTHYECKOro ycrexa Teo-
PHH 3JE€KTPOMATHHTHOIO I10JIsl, TOYTH CTOJIb K€ OUeBUAHbI-
MH, YTO H CTPYKTYpPbl TP€XMEPHOTO €BKJHI0Ba IPOCTPAHCTBA
HJIH DEeHCTBUTENbHBIX uHces. Ho Ha camom aese nepexon oT
STHX TMOCJEAHHX K CTPYKTYpaM MHOPOMEPHbIX INPOCTPAHCTB
EeKTOPHOH anreOpbl H BEKTOPHOTO aHaJsH3a, a TaKxKe reo-
METPHH HCKPUBJIEHHBIX TOBEPXHOCTEH M T'HMNEpIIOBEPXHOCTEH,
ABJSIOIHXCS peleHUsAMH AH(depeHIHalbHbIX YpaBHEHHH
B 3THX NPOCTPaHCTBAX, npeAcTaBJsieT co00i HTOTr NMOHCTHHE
PeBOJIIOUHOHHBIX TIpeo6pa3oBaHMH OCHOBHBIX, HaHuOoJee
QyHIaMeHTaJIbHbIX TIOHATHH (KJAaCCHYECKOH MaTeMaTHKH.
OTH npeo6pa3oBaHHA TNPOH3OULIH TEPBOHAYAJbHO H3 IO-
IIBITOK KaK-TO TEOPETHYECKH OCMBICJHTb CBOHCTBA «IIPOCT-
paHCTBa» BCEX pElLIeHHH TOro HJH HHOro AuddepeHuHaNb-
HOIO ypaBHeHHsl (ONHCBIBAIOLIEr0 TOT HJAM HHOH MexaHHuye-
CKHH Ipolecc).

Taxk BHYTPH MeXaHHKH, OCOOEHHO MEXaHHKH XXHIKHX H
razoo06pas3HbiX TeJ, Hauaau (GopMHPOBATHCS OCHOBHBLIE IO-
HATHSL Oyaylledl TEeOpHH MOJS — MOHATHE O MHOTOMEPHBIX
BeKTOPHBIX NPOCTPAHCTBAX, COMOCTABAAEMBIX C KaXKJA0H TOY-
KO 0OBIYHOro (U3HYECKOro TPEeXMepHOro NpOCTPaHCTBA.

N 3nece B XIX cToseTHH — 3moxy Haubojiee HHTEHCHB-
HBIX HMCCJEAOBAHHUH MO (PH3HKE M0/ — BHOBb B MIpy BCTY-
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MUJa NPOU3BOACTBEHHAA IMpPaKTHKa IMpPOLECCOB, HCMOMb3Y-
IOIIUX TOJie TeX HJIH HHBIX H3MEHSIOLHXCS XapaKTepHCTHK
JABUXYIICHCS MaTepHH: noje CKopocTed — B THAPOJHHAMH-
K€ W ONWPAIOIIUXCA Ha NOCJAEJAHIO 00/1acTaX TEeXHHKH H
HHIKEHEPHOro Jeja, 1oJjie TATOTEHHs — B pa3HooOpasHeH-
LIHX NMPOHU3BOACTBEHHBIX Npolleccax, HCMOJb3YIOIUX rpaBH-
TAUHOHHOE mnoJjie 3eMJH, NoJje TeMmneparyp —B TelJoTex-
HHKe, TenJIOBOi 3HepreTHke W T. I

Kaxabifi mwar B 3KCnepuMeHTaJbHOM H3yYEHHH caMoro
3JIEKTPOMATHUTHOTO T10JIs BBI3biBAJd K JKH3HH KaKOH-TO CO--
BEepPLIEHHO HOBbIN pa3aes TeXHUKH (rajbBaHOTEXHHKA, MEJH-
HHHCKass W ObITOBas 3JEeKTPOTEXHHKA, MNPOBOAHAS CBSA3b'
M T. 1.), KaXIAblii U3 KOTOPBIX Bce OoJiee MHTEHCHBHO MNMpH-
yuaJ JIoAeH «AeficTBOBaTb pyKaMH» Tak, Kak OyATO OHH
yXKe 3HAJH CHCTEeMYy TOHSATHH TEOPHH 3JIEKTPOMArHUTHOTO
nojst. Tak 4yTo MO3HAHHE 3JIEKTPOMArHUTHBIX SIBJE€HHMH LIJIO
TaKXe IpexXJe BCero «pykKamMu», a TOJIOBbI JaxKe TaKHX
THTAaHOB HayKH, Kak ®apazeit u Makcsen, ouyelb Kpenko
NepXKaJuCh 3a CTapble MOHATHS W ¢ OOJIbLIIHM TPYAOM Teo-
pPeTHYECKH NMPaBHJIbHO OCMBICJIMBA/JIH TO, C Y€M JaBHO NpakK-
THYECKH OCBOHJIHCH 3JIKCIIEPHMEHTATOPbI, — UTO EJXHHCTBEH-
HOH PeaJibHOCTbIO ABJSIETCH 3JEKTPOMArHHTHOE I10JIe H UTO
HMEHHO €ro 3aKOHOMEPHOCTH HMeIOT AJA (PHU3UYECKOH Hay-
KH TepBOCTeNeHHoe, onpejaesiollee 3HaueHHUe.

2.3. Upess uHopMauUHOHHON EMKOCTH

Hrak, coBepuleHHO HOBble M BMecTe C TeM Haubousee
rny6okue, GpyHmaMeHTaJbHble HAEH (QH3UKH U MaTeMaTHKH
BBIPACTalOT, KaK MpaBHJO, H3 NPAKTHYECKOH EATeJIbHOCTH
JIOAeH, U3 MPaKTHYECKOro onbiTa paboThl C HOBBIMH, elle
He MCC/IEeOBAHHBIMH HaYKOH 10 KOoHUa oObekraMH. Urto xe
MOXKHO CKa3aTb B 3TOM IulaHe O (pU3HKe 3SJeMeHTapHBIX
KOPMYCKYJ?

Ham kaxeTcsi, UTO cepbe3HOro TeopeTHyeckoro U ¢uJo-
copckOoro oCMbIC/AeHHsT TPeOYIOT 3/1eChb NMpexKJae BCEro HOBBI
yepThl, Bce 6GoJiee SBCTBEHHO NPOCTyNaloOUlHe B IOCJAEIHHE
rofbl B METOJMKE W OPTraHH3alliW IKCNepHMeHTa B 06JiacTH
¢u3uku BBICOKMX 3Hepruii. Kak usBectHo, HaubGoJsee ray-
60KOe NMPOHMUKHOBEHHE B TalHBl CTPOEHHS MaTepuHH obecre-
YHUBAIOT YCKOPHUTEJH 3JIEMEHTAPHBIX YacCTHIl, NO3BOJSIOIIHE
B 3€MHbIX YCJOBHSIX KOHLEHTPHPOBATb HA MHKPOKOPIYCKV-
JlaX COBEpPLIEHHO KOCMHYECKHE KOJIHYECTBA SHEPTIHI.
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[TockonbKy pa3BuTHEe (H3HKH 3JE€MEHTAPHbIX YacCTHIL
3aBHCHT, TakKuM o6paszoM, oT paboThl HECKOJbKHX, Haubo-
Jee MOUIHBIX H3 COBPEMEHHBIX YCKOpHTeJeH, TO BpPeMs HX
GYHKIIHOHHPOBAHHUS CTAPAIOTCS HCNOJAb30BATh C MAKCHMAJb-
HOIl cremeHbio 3G deKTHBHOCTH. B 3THX uensx Ajas aHa H-
3@ TPAaeKTOPHH YAaCTHIL B PErHCTPHPYIOUIHX YCTPOHCTBAX
BCE IUHPE HCNOJAb3YIOT COBPeMeHHble YHHBepcaJbHbIe
3JIeKTpOHHbIe cyeTHble MamuHbl. [lo 3apanee paspaboraH-
HOH 3KCNepHMEHTAaTOpaMH NporpaMMe OHH B HHUYTOXHbIE
NOJIH CEeKYHIbl aHAJH3UPYIOT NaHHble NpuGopoB O (pusnye-
CKHX M reOMeTPHYeCKHX XapaKTepHCTHKaX TPaeKTOpHUH, oIl-
penensitoT, KaKHe YacTHIbI N0 3THM TPaeKTOPHSAM: ABHXKYT-
Csl, KAKOBBl HX 3HepPrHH, BpeMeHa JKH3HH, NMPOAYKTHl pacmna-
na ¥ 1. A. IIporpamma aHanu3upyeT 3aTeM, OTHOCHTCS JIH
HaHHBIH CJAy4Yal K YHCJIY «HHTEPeCHBIX» — HaOJI0aeTcs JH
POXKIEHHEe KaKHUX-TO COBEepIIeHHO HOBBLIX, paHee He H3Be-
CTHBIX HayKe 4YacTHIl, WJH XKe Habmaiopaiorcs HeoOblYHbIe
pacnanbl ye H3BECTHBIX YACTHIl— C APYTHMH NPOAYKTAMH
pacrniana, IPYTHMH 3HeprusiMH H T. 1. Bce Takue HeoOblu-
Hble COOBITHA 3JIEKTPOHHASl BBIUMCJIHUTENbHAS MalUIWHA TIIA-
TeJbHO aHaJHU3HPYET, PACCYHTHLIBAET HECKOJbKO BO3MOMKHBIX
BapHAHTOB INpPOTEKaHHS TPOLECCOB—H B JTOJH CEKYHIH
BbIZIaeT COOTBETCTBYIOIIHE NaHHbIE SKCIEePUMEHTATOpaM.

OHHU Xe Ha OCHOBEe CBOEro OnbiTa W MPaKTHKH NPHHHMA-
IOT OKOHYaTe/JbHOE pelleHHe O TOM, Kak Haao TPaKToOBAaThb
TO HJIH HHOe coObITHE, HO H Ha 3TOM 3Tane OHH OueHb Yac-
TO o6pallaloTcss K OrpOMHeHIIed «naMsaTH» MALIHHbBI, YTO-
6bl MOJYYHTh OT Hee naHHble 06 aHaJOTHUHBIX HeOOBIYHBIX
B3aMMOIEHCTBHAX, KOTOpLIe yiKe Ha6JI0OdaJHCh paHee, Npo-
BeCTH CTAaTHCTHYECKOe CpaBHEeHHe pe3yJbTaToB H T. M.
«[TamaTe» 60JbLWIHX JIEKTPOHHBIX MAIIMH MOXKET XPaHHTb
COBepIUeHHO He0603pHMOe KOJHYECTBO JHAHHBIX 3KCTIepHMEeH-
Ta—B MNpPHHLHNE — BCE JAaHHBIE O BCEX 3KCNEpHMEHTax
JLAaHHOTO THIA.

Bnaronapss cBoeMy «3JeKTPOHHOMY» OBICTPOAEHCTBHUIO
MalKHHa MOXKeT 3a MNpHeMJeMbleé NPOMEXKYTKH BPEeMeHH
NIPOBECTH CpaBHEHHE HECKOJbKHX COT ThICAY 3IKCIe-
PUMEHTAJbHBIX cJydyaeB H B TeYEHHE HECKOJbKHX 4acoB CO-
6paTb CTAaTHCTHYECKHH Matepuaa o006 OCOGEHHOCTAX TOTD
WM HHOro B3aMMOAEHCTBHSA, KOTOPbIH 6e3 Hee HECKOJbKO
60oJIbIIHX KOJJEKTHBOB IKCIEPUMEHTATOPOB He cobpanu Obl
M 3a HeckKosbko JeT. CBoeoOpa3Hblii peKoOpA yCTaHOBHJA
rpynna 3KCIepHMEHTAaTOpPOB MOJA PYKOBOACTBOM JIHHIEH-

42



G6ayma B bpykx3sBeHe: HX YCTAHOBKA 3a OJAMH 4ac npoaHaJiH-
3upoBaja U obpaborasa CTaTHCTHYECKH O MHJJHOHOB 3KC:
NepUMEHTaJJbHbIX COObITUH pacCesiHHsl IU-ME30HOB H APYrHX
YACTHUIl Ha HYKJOHAX. DTO COCTABJAET AOBOJbHO BHYLINTE/b-
HYI0 4YaCTb BCEro 3KCNepuMeHTasbHOro 6a3uca pa3BHTHSA
«KJaCCUYeCKON» SJAepHOH (U3HKH BIJIOTb [0 OBJIAJAEHHS
ATOMHOH H TepMOSiIepPHOI 3Heprues.

A Benb, Hanpumep, caabble B3aHMOAEHCTBHS, OCOOEH-
HO MpPOLECChl C yYyaCTHEM IABYX Pa3HYHbIX BHJIOB — 3JIEKT-
POHHOTO ¥ MIO-ME30HHOTO — HEHTPHUHO, Mbl BOOO111e, N1O-BUH-
MOMY, cmox{ém H3YUYHTb TOJbKO IOCJE TOro, KAK OKaXKeMcs
B COCTOSIHHH CTATHCTHYECKH aHAJHU3HPOBATb B NpPHEMJEMble
NPOMeXKYTKH BPEMEHH KaK pa3 MHJJHOHBI U JaxKe MUJJHap-
Iibl PA3JIMUHBIX 3KCIEepHMEHTaJbHbIX COOBITHH. TO XKe MOXK-
HO CKa3aTb H 00 3KCIepHMEHTaJ/JbHOH NPOBEPKE BBEAEHHbIX
B COBPEMEHHOH TEOpPHH 3JeMEeHTapHbIX 4YaCTHL, 3aKOHOB CO-
XpaHeHHs HYKJOHHOro (6apHOHHOrO) H JIEITOHHOIrO 3aps-
noB. CKopo, BO3MOXKHO, HOBble 3JIeMeHTapHble 4acTHllbl Oy-
AYT OTKPbIBATbCS KOMILJIEKCOM: YCKOPHTEJNb -+ PErucTpH-
pyiolliHe yCTpPOHCTBA -+ 3JIEKTPOHHAsA CYeTHas MaliuHa —
6e3 Kakoro-Jqu60 HemoCpeACTBEHHOrO Y4yaCTHS Y4Y€HOro-
(H3HKa B npoliecce camoro 3kcnepumenra. Koneuno, rakas
NnepcrneKTHBa O3Ha4yaeT KOPEeHHYIO PEeBOJIIOLHIO B CaAMOM Cy-
leCTBe 3KCIIEPHUMEHTAaJbHOrO MeToja — MeToAa, BOCXOAS-
ulero-eule K Jleonapao na BuHum u I'anuaelo, merona, Ko-
TOpoMy ¢u3uka ob6si3aHa CBOMMH JOCTHXKEHHSIMH.

Ho Hac uHTepecyer 3hecb 3HayeHHe 3TOH PEBOJIIOLHH B
CYLLECTBE 3KCIEPUMEHTAJbHOrO MeToAa (HU3MYECKOH HAyKH
npexjiae Bcero AJs (GOpMHPOBaHHA HOBBIX (pyHAaMeHTalb-
HblX €e TMOHSITHH, B CXKAaTOM KOHUEHTPHPOBAHHOM BHIE OT-
paxKawuux MpakTHKY paboThl yesoBeKa C HOBbIMH 00bek:
TaMUW MartepuaabHoro mMupa. Ham kKaxercs, yro yrayo6.asa-
jouleecsi BHeApeHHe KHOEpHETHUYECKHX MEeTOAOB B (hH3HUe-
CKHH 3KCIIEPHUMEHT IOJDKHO PaHO HJAH I03JIHO NPHBECTH K
NOMOJIHEHHIQ) TaKXXe€ MU OCHOBHBIX TNOHATHH TeOopeTH4YeCKoH
(GH3UKH OCHOBHBIMH, HauOoJsiee BaXKHLIMH IOHATHSAMH KH-
OepHEeTHKH, TaKMMH, KaK HHpoOpMaLHs, aJrOpUTM, aBTOMAT
U T. 0. Bo3daMoXHO, uTO, MOBTOPsisi PacCMOTPEHHYIO paHee
HCTOPHIO OTKPBITHA TpPymni, PH3HKH-IKCIIEPHMEHTATOPbl yKe
celyac NMpakTHYeCKH HMeEIOT /e/i0 ¢ HOBBIMH KOHIENTYyaJb-
HbIMH CcTpykKtypamu. Ho mnpoiiger kakoe-to BpeMsi, HakKo-
MUTCS KaKOK-TO ONBIT ONEePUPOBAHHA C HHMH H TNOSABATCS
COBepIIeHHO HOBble, (yHAaMEHTaJbHble IJs TeOpPHH 3.Je-
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MEHTapHbIX KOPMYCKyJ KHOepHeTHueCKHe MOHATHS, HanpH-
Mep TMOHATHE HHPOPMALHOHHOH eMKOCTH [ aGCTpPaKTHOro
MaTeMaTHYeCKOro NpOCTPAHCTBA, KOTOpPOe KJaaeTcss B OC-
HOBY JaHHOIi1 ¢u3uyeckoii Teopuu'*. I'py6o rosopsi, 310 —
JOrapu@M KoJIHuecTBa TOYEK, KOTOPble MOXKHO NOMECTHTb
B HEKOTOPOIl eAHHHIe ero «o0beMa» Ha HeKOTOPOM paccTo-
AHHH JAPYr OT Apyra,— Tak 4YTOObl OHH ObWIH &-pas3JyiHyH-
mbl. Ecau peub uaper o6 orpeske 0,1 neficTBHTENbHOI uMHC-

o Lt 1
N0BOIl NPsAMOii, TO.04eBHAHO, uTo [ ~log—. [las n-mepHOro

¢
eBKJ/JH10Ba MPOCTPAHCTBA noJayuaem: [ ~n loga—.

A. H. KoamoropoB noacuyuran HHOpMaLHOHHbIE €MKO-
CTH OoJiee OOLUMX NMPOCTPAHCTB COBPEMEHHON MaTeMaTHKH.
dnsa «npocrpaHcTBay Ja00biX GyHKuUHE oTpedka 0,1— npo-
H3BOJIbHBIX OTOOpakeHuili ero B aApyroit orpesok 0,1— no-

1
JYYUJIOCh [y~ — — pasjMyHbIX (C TOYHOCTBHIO A0 &) (YHK-

LMA 3HayuTeabHo OoJiblle, yeM pas3JHuHbIX (C TOH XK€ TOoY-
HOCTbIO) Touek orpe3ka 0,1. Pewena u ropasmo OGoJjee
cjaoxHas 3agaua — A. H. KoamoropoB u ero yyeHHKH pac-
CYHTaNH HHPOPMALIHOHHYIO eMKOCTb [/, euie OGoJjee aber-
PaKTHOrO MaTeMaTHYeCKOro NpOCTPaHCTBA — NPOCTPAHCTBA
(GYHKIHOHAJI0B (T. €. «IPOCTPAHCTBa» BCEBO3MOXHBIX CIO-
co6oB conocraBJjeHusi ¢ QyHkuusmu orpeska 0,1 HekoTo-

1
pbix uucesn). Okasanocb, uto [~ exp = (rpy6o rosops,

pas3aHyHbIX PYHKIHOHAN0B — eule 6oJblie).

CocTosiHHe 3JIeMeHTapHbIX OOBEKTOB KJaCCHYECKOH (-
3UKH (KOOpPAHMHATBHI U CKOPOCTb MaTePHaJbHOH TOYKH B Me-
XaHWKe, HANPSAXKEHHOCTb I0JI1 B TEOPHH I0JIsA) XapaKTepH-
3yeTcss TOYKOH B HEKOTOPOM MHOIOMepHOM eBKJHIO0BOM
npocTpaHcTBe. Bce MHoroo6pasue sIBJGHHH KJaaCCHYECKOH
(PH3HKH W HaAWHX HarJIsAHbIX MpPEeJCTaBJIEHHH CBsi3aHO, Ta-
KuM o00pa3oM, ¢ OObIYHOH eBKJIHAOBOH HH(POPMALHOHHOI

1
eMKOCTBIO 3/IeMeHTapHbIX 00beKTOB [~ n logz.

Ecau Mbl uzgem B 06J1aCTb MHKPOSIBJEHHH, TO COCTOSIHHE
3JIeMeHTapHbIX O0BEKTOB KBAHTOBOH MEXaHHKH 3aJaercs

16 A. H. Koamozopos u B. M. Tuxomupos. e-3HTPONHUSA H E€-eMKOCTb MHO-
XeCTB B (PYHKUHOHAJbHBIX TMPOCTPAHCTBAX.—<«YCNEXH MaTeMaTHye-
CKHX Hayk», 1959, 1. 14, b 2. cTp. 3.
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yKe BEKTOPOM «IPOCTPaHCTBa» (yHKIHI — ruabOepToBa
npocrpancrea. CaegoBaTesnbHO, HHPOpPMalLHOHHAS €MKOCThb
jJleMeHTapHbIX OOBEKTOB IpeTepneBaeTr CKayok N0 mepe
ABHKeHHsI B IJyOb MaTepHH — JJIsl * KBAHTOBbIX OObEKTOB

1
OHa yxe pacrer Kak [~ -. Hawa runoresa Bospacranus

HHPOPMALLHOHHOI €MKOCTH INOATBEpKAAaeTcad TeM, YTO eC/H
Mbl noiaemM B o0JsacTb ABJEHHH CyOMHKpOMHpa, TO 34eChb
COCTOSIHHE 3JIEMEHTApHbIX OOBEKTOB HYXKHO XapaKTepH3o-
BATb y»Ke C NOMOLLbIO (PYHKIUHOHAJAO0B. DTO YYBCTBOBAJ yiKe
Jlupak, BBeAWHi A8 JOKAJHM3aAUHU 3JeMEeHTapPHbIX YacCTHLL
CBOI0 3HAMEHHTYIO JeabTa-(QyHKUHIO, CTPOr0 3TO A0Ka3aJl
B. A. ®ok eute B 30-x ropax, u, HaKoHell, abCTpaKTHas Te-
OpPHA MNOJA MNOJOXKHJAA TEOpPHI0 (YHKUHOHAJOB B OCHOBY
MoCTpoeHust obuleil TEOPHH 3J€MEeHTAPHbIX YaCTHLL.

Takum obGpasom, nBuxKeHHe 06BEKTOB MHKpPOMHpa Ka-
YECTBEHHO OTJIMYaeTCsi OT JIBHXKEHHSI 0O0DbeKTOB MaKpOCKO-
HYECKOro MHpa IOBCEJHEBHBLIX SIBJIEHHH TeM, YTO OHO CO-
BepuiaeTcs ¢ yyacTHeM 3JIeMeHTapHbIX OOBEKTOB, Crnocob-
HbIX aKKYMYJHPOBATb — NEPEHOCHTb U XPAHUTb — OoJibluee
KOJIHYeCTBO HHMOpPMALHH, 4YeM MaKPOCKOMHYeCKHe TeJa.
DToit HOBOH, KBAHTOBOH HH(GOpPMAaLHH HACTOJbKO «MHOTOY,
YTO € TOYKH 3peHHs1 OObIYHOH, MAaKpPOCKOMHYECKOH, aTOM-
Hble 0O BEKThl MOTYT BeCTH ceOs OZHOBPEMEHHO H KaK BOJIHbBI
H KAaK 4acCTHIlbl — BeAb 3TH MOCJeJHHE TOHATHA CBA3aHBI
TOJIbKO C €BKJHIOBBIMH HH()OPMAUHOHHBIMH €MKOCTSMH,
HHYTOXKHO «MaJbiIMH» 110 CPaBHEHHIO C KBaHTOBBIMH.
(KBaHTOBbIX HHOPMAUHOHHBIX €MKOCTeH «XBaTaeT», Ipy-
60 roBOpS, H HAa BOJIHBl H HA YaCTHILbI.) _

KauectBenHoe oObsicHenne nogayuaer U oOs3aTesbHOe
BXOX/J€HHe CTATHCTHKH B pe3yJbTaTbl 3KCIEPHUMEHTOB C
MHKpPOYaCTHUAMH: JeTaJIbHOe TMOBeJIeHHe NOCJeJIHHX onpe-
AensieTcss TakuM OOJIbIIHM KOJIHYeCTBOM HH(pOpPMaLHH, 4TO
mMakponpubopbl (Bcerxa dukcupyiouipe He GoJsee yeM eBK-
JHUJ0BO KOJIMUECTBO HH(OpPMAlLMH) NMPOCTO HE B COCTOAHHH
 «yJIOBHTb» ee Bclo. M B noBeleHHH KBAaHTOBbIX 0OBEKTOB
HeH30eXXHO MPOSIBUTCS HEKOTOpasi CTaTHCTHYECKH Xapakre-
pusyemasi HeOAHO3HAUHOCTb.

[Ipunuun HeonmpeneeHHOCTH KaK pa3 JaeT YCJOBHSA,
KOT/la KBAaHTOBOE KOJIHYECTBO HHPOpPMAaUHH LEJHKOM «CBO-
NUTCS» K KJACCHYECKOMY — KOrja KBaHTOBble OObEKTbl Be-
AyT cebsi LeJMKOM Kak Kjaaccuueckue. Ecau ke BeauuHHa
NCHCTBHS B HMHTEpecylolleM Hac Mnpouecce He 3HAYHUTEeJbHO
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GoJiblile, a CpaBHHMA C MJAHKOBCKHM KBAaHTOM, TOT/la COCTO-
iHHEe MHKPOOObBEeKTa OnpefessieTcsi yxKe KBAHTOBLIM KOJH-
yecTBOM HH(MOpPMalHH H AJ5 pacueTa ero rnoBeJeHHs Halc
yXKe TPUMEHATb BOJIHOBOE YypaBHEHHE, HEKOMMYTATHBHbIE
onepaTopsl U T. IN.

Mbl npuBesH 3/€Cb TOJbKO UYHMCTO KayeCTBEHHOe H3J10-
JKeHHe Hael, KOTopble Ha CAMOM JleJle BOZHUKJIH KaK CTPOro
KOJIHYeCTBEHHOe  NpHUMeHeHHe  (dopMyJ,  NOJYYEHHBIX
A. H. KoamoropoBblM H ero yueHHKaMH, K (popMyJaHpPOBKe
KBAaHTOBOH TEOPHH C INOMOILLbIO TAK Ha3blBAeMbIX KOHTHHY-
anbHbIX HHTerpasoB ®Peiinmana — Bunepa. Bo3amMoxHo, uTo
3Ta nocjaeaHssi GopMyJHPOBKA ChirpaeT B JaJgbHelilleM pas-
BHTHH TEOPHH CTPOEHHS MAaTepPHH POJib, aHAJOTHYHYIO POJH
[[aMUJbTOHOBOH MEXaHHKH B 3N0XY CO3J1aHHA KBAHTOBOI
TEOpPHH. -

[TousiTne MHpoOpMalHH, C KOTOPBIM Mbl HMeeM JeJso, siB-
asieTcss abcosOTHO OOBEKTHBHBIM, OTPaXKalouuM 0ObeKTHB-
HYI0O BEpPOSTHOCTHYIO CTPYKTYpPYy noOBeAeHHs] (PU3UYECKHX
o6bekToB. KouauuectBo HH(pOpPMALHU — 3TO OOBEKTHBHAS
Mepa OGoraTcTBa pasJMYHBIX BO3MOXKHOCTEH 3TOro noaseje-
HUA. B 3TOM cMmbicsie cama KHGepHeTHKA KaK HayKa BO3HHK-
Jla TOJbKO MocJe TOro, Kak IOHATHe HHpopMalLHH ObljIo
BIOJIHE OOBEKTHBHPOBAHO — T. €. CBfI3aHO C Pa3JHYHbIMU
BO3MOJKHOCTSIMU TOBEJEHHS HHTEPecyIolUluX Hac 0OBEKTOB.

M tenepb, koraa OGoJbliHe YHUBEpcaJbHble 3JEKTPOH-
Hble BBIYUCJHTEJNbHbIE MAUIHHBI HAYHHAIOT HENOCPeACTBEH-
HO «CaMH» NPOBOAHTb YTOHUEHHEHLIHE 3KCINEePHMEHTbl C
3JIeMEHTAPHBIMH KOPNYCKyJaMH, B HHX, pasyMmeercs, LHp-
KyJHpPYeT OTHIOAb He cyObeKTHBHAs HHoOpMauUHs Mnpo-
rPaMMHCTOB HJH elle Koro-Hubyab. CoBepuieHHO HOBas
poJib, KOTOPYIO HAYHHAIOT HrpaThb 3TH MAIUHHbLI B (hU3UYe-
CKOM 3KCrnepumeHTe, 00si3pilBaeT HAcC 3aJayMaTthbesi, HE CTaJl-
KHBAeMCsl JIH Mbl 3[1eCb C HEOCO3HAHHBIM IIOKa 4YTO Teope-
THYeCKH (OPMHPOBAHHEM COBEpIUEHHO HOBBIX W BecbMa
(¢hyHAaMeHTaJAbHbIX TOHATHH THNA PacCMOTPeHHOH 3/ecChb
HHPOPMALHOHHOH €MKOCTH, KOTOpbIM B 6GyayuieM, BO3MOX-
HO, NMPUIAETCA MrpaThb pPeLIAoUlyl0 poJib B INMOCTPOEHHH 00-
11eH TeOPHH 3JIEMEHTapPHbIX YACTHIL.

© 2.4. Pu3HKa 3EMEHTAPHBIX YACTHIL H COBPeMeHHAasi MaTeMaTHKa

B nmnocaeanue roabl Bce Mbl CTaJH CBHAETENSIMH BCe
6osiee u GoJiee raybOKOro «norpyKeHus» (hHU3HKH 3JIeMeH-
TAPHbIX YACTHIL H BBICOKHX 3HEPrui B CTPaHHBI M HeOObIY-
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Hblit MHP OOBEKTOB OTPOMHOM, 3KCMOHEHIHAaJbHOH HHGOP-
MauuoHHo eMKocTH. [loka 4To 3aech nepea HaMH TOJBKO
OT/eJIbHbIE «KYCOUKH», OTAeJbHble GparMeHThl HOBBLIX, CO-/
BEpIIEHHO CBOeoGpa3HbIX 3aKOHOMEPHOCTeH ABHXKEHHA Ma-
TepUH Ha 3TOM, BecbMa Iry00Ko JexkalleM YpOBHE ee CTpo-
eHHsl: KPaTKO pacCMOTpeHHble Bbille abCTpakTHasi, aKCHO-
MAaTHYECKH pa3BHBaeMasi TEOPHSi KBAHTOBAHHBIX \IOJEH,
TEOPETHKO-TPYNINOBOIl METOJ HCCJEeIOBAaHHsS HOBBIX CBOHCTB
CHMMETPHH 3JE€MEHTapHBbIX YaCTHIl, HanpaBjieHHe KOMIJIeK-
CHBIX YIJIOBBIX MOMEHTOB.

N 3170 «norpyeHue» TEOPHH 3JEeMEHTApPHBLIX YacCTHIl B
«TIYYHHBI» COBPEMEHHOI MaTeMaTHKH OODBEKTOB 3KCIOHEH-
uHaJbHON HWHPOpMaAUHOHHON eMKocTH Oyaer, BepoOsTHO,
NPOAOJAKATLCS ele A0BoJbHO aoaro. Cefiyac MOXHO TOJb-
KO OpPHEHTHPOBOYHO YKaszaTb Ha BO3MOXKHOE IIOJIOXKEHHE
Hanbonee «raybOKoro» MecTa MaTeMaTHYyeCKOro amnnapara
Gynyuiei oOued TEOPHH 3JeMEeHTAapHBIX YacTHI. ITO —
TaK Ha3biBaeMble He BIIQJIHE peryJsipHble TONMOJIOTHYECKHE
NMPOCTPAHCTBA — BeCbMa MaTOJOTHYECKH YCTPOEHHble Mare:
MaTHYeCcKHe 0O0beKTbl, ob6sajalouiie LeJbM PsaaoM I0BOJb-
HO CTPAHHBIX M YAUBUTEJbHBIX CBOHCTB, B UYaCTHOCTH TEM,
YTO HAa HHUX HEBO3MOXKHO ONpeaeJHTb HH OJHOH (YHKIHH,
OTJIHYHOM OT NMOCTOSIHHOI. DTO NO3BOJSIET BBIABHHYTH THIO-
Te3y, uTo OoObsiICHEeHHe YIHBHTEJbHOIO MNOCTOSHCTBA Macc,
3apsiloB, CMHUHOB W APYTrHX XapaKTePHCTHK 3JIEMEHTapHBIX
yacTuiy O6yaer cBs3aHo B Oyayuieid UX TEOPHH KakK pas C
MaTeMaTHUYeCKHMH o0beKTaMH TakKoro ponaa. Beabp Tenepb
MaTepHaJbHOe JIBHXKEHHe HAa YPOBHE 3JIeMEHTAPHBIX YacTHIl,
KaK T0Ka3blBaeT ONBLIT PAa3BUTUSA TEPEUHCJIEHHbIX BbILE Te-
opuii, Bce ‘6osee u 6oJiee mpeacrTaeT nepen HaMHu Kak CKau-
KooOpa3Hoe H3MeHeHHe IpPH MPOXOXKAEHHH OmnpeaeseHHbIX
SHepreTHYecKux pybOexeid TOMOJOIHYECKHX H TeOPeTHKO-
TPYNMNOBBIX CBOMCTB HHTEpPeCYOIHX Hac 00beKToB. B 3TOoM
MJaHe Halla THMOTe3a Bo3pacTaHus HHPOPMaALHOHHOH eM-
KOCTH NPH ABHXKEHHH B rJay0b MaTepHH NMO3BOJsSET Ipearno-
JIOXKHTb, UTO B OJHKalIIKe roAbl GH3HKH-TEOPETHKH OyayT
NpHUBJEKaTb AJIS NMOCTPOEHUs MoJeJieil JABHXKEeHHs B CyOMHu-
KpoMmupe Bce 6ojee U 6oJee 3K30THYECKHE B OTHOIIEHHH TO-
MMOJIOTHUECKHX H TEOPeTHKO-TPYNIMOBLIX CTPYKTYp abCTpakT-
Hble MaTeMaTHYeCKHe NPOCTPaHCTBA.

[IpnunHa 3xecs B TOM, YTO MaTeMaTHYeCKHe OOBEKTHI
3KCMOHEHIIHaIbHOH HHGOPMALMOHHON €eMKOCTH TIpeJICTaB-
JA910T co6oii mpexkae BCero camble pazHoobpasHbie TOIMOJO-
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rHYecKHe NpoCTPaHCTBA, HaJeJeHHble CaMbIMH Pa3JIHYHBIMH
CBOHCTBAMH CXOAHMOCTH HX NOAMHOXKECTB — BIJIOTb 1O CO-
BEPUIEHHO MAaTOJOTHYECKHUX CYYyaeB THMA YINOMAHYTHIX BhIlle
He BIOJHE PperyJspHbIX NPOCTPAHCTB, B KOTOPBIX HEJb3s
HailTH HH OJHOH OKPECTHOCTH NAaHHOTO MHOXKeCTBa, He CO-
nepxaileil 1anHyo Touky. Mudopmaunonubie eMKOCTH pas-
JHYHOrO poAa TOIOJOI'HYECKHX NMPOCTPAHCTB ObLIIM MOACYH-
TaHbl B HeonyGaukoBauHoii pabore M. §. Ilepenbmana, 1u-
tupyemoi A. A. MapkosbiM ''. Mnest aToro noacyera cocTouT
B CYLIHOCTH B TOM, UYTO /1106asi TONOJNOTHA JaHHOTO MHOXECT-
Ba onpenaeasieTcsi HeKOTOpPOil CHCTEeMOIl ero NnojJAMHOMXKeCTB, a
obllee «UHCAO» TOCAEAHHX pacTeT 3SKCNOHEHLHAJbHO C
POCTOM <«YHCJIa» 3JEeMEHTOB MCXOAHOr0 MHOXecTBa. Tewm
CaMbIM yJaeTcsi nokKasaTb, YTO H B CJydyae OOLIHX, HEMETpPH-
3yeMbiX TOMOJIOTHYECKHX TNPOCTPAHCTB MPOHUCXOAHUT 3KCMO-
HeHIlHAJAbHbIH CKau0oK HH(POPMALLHOHHON €MKOCTH NpH nepe-
X0le OT pPacCMOTPeHHd IAaHHOro MHOXeCTBa K paccMoTpe-
HHIO BCE€X BO3MOJKHBIX TOINOJOTHYECKHX NMPOCTPAHCTB, KOTO-
pble MOXHO Ha HeM 3aJaTh HEKOTOPbIMH CHCTEMaMH €ero
NOJMHOKEeCTB.

Takum o6pasom, pa6ora M. §l. [lepeabmana nossoJsier
nepeHecTH Hawu obuiHe BLIBOJABLI NMpeablAyulero naparpagi
HA CJy4yail HeMeTpPH3yeMbIX TONOJIOTHYECKUX MPOCTPAaHCTB—
OKa3blBaeTCsl, UTO CKayoK HMHPOPMALHMOHHOH €MKOCTH mpu
nepexoze OT aTOMHBIX KOPNYCKYJ K OObeKTaM MHpa 3Je-
MEHTapPHBbIX YACTHIL MOXKHO TEOPETHUECKH MOIEJHPOBATbH He
TOJIbKO C NMOMOULbI0 (PYHKIHOHAJNbHBIX NMPOCTPAHCTB, HO U C
MOMOIbI0 OOIIMX TOMOJOTHYECKHX TIPOCTPaHCTB, BoobLIe
roBops He 006si3aTeJIbHO MeTPU3YyeMbIX. DTOT NOCJeAHHIT Bbl-
BOJ HMeeT NpPHHLHNHAJbHOE 3HAaYeHHe — eJI0 B TOM, YT
MPOCTPAHCTBO Ha YPOBHE 3JEMEHTAapHbIX YacTHIl KaK pa3s
UMeeT, NO-BHAHMOMY, HEeMETPH3yeMYIO NPHPOAY. DTOT Bbl-
BOJ, HanpallHBaeTcsl M3 yKe YNOMHHABLICHCS BbIlIe Teope-
Mbl Xaara coBpeMeHHOH abCTpPaKTHOI TEOPHH MOJS H TOMO-
JIOTHYECKHX TeOpeM MeTpH3alHuH.

Kak ussecTtHo, oOliue MeTpH3aLHOHHblIe TeOpeMbl Y pbl-
coHa — bunra — Haratel — CMupHOBa  yTBEpPXKAAIOT, UTO
KOJIb CKOPO B HEKOTOPOM MHOKeCTBe 00BEeKTOB IPOH3BOJIb-
HOHM TNPHPOABLl YHAAaeTcsi BBECTH METPHKY, T. e. 6ojee WIH
MeHee HANOMHHAIOULYI0 OObIYHOE «PaCCTOSHHE» XapaKTepH-
CTHKY <«YIaJEeHHOCTH» IBYX OOBEKTOB ApPYr OT Apyra, TO

17 «Matematuka 8 CCCP 3a 30 ger». M,, 1948, cTp. 199,
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MeTpHuecKass CTPYKTypa 3TOro MHOXeCTBa OKa3biBaeTCH
noxo6HOI MeTPHYeCKON CTPYyKType THabbepToBa NpOCTpaH-
crBa '®*. Teopema ke Xaara Jokasaja, 4To mocjelHee MO-
XKET CJYXKHUTb MaTeMaTHueckKoid ©6a30it ONHUCAHUA OJHHX
JHIIL CBOGOAHBIX, HEB3aUMOAEHCTBYIOUINX noJseil. Bxiwoue-
HHe Ke B3aUMOIEHCTBHH MEXKAY NOJIAMH -3JIeMeHTapHbIX
YyacTHL, HOJKHO HeH30exKHO BeCTH K BBIXOAY 3a Mpeiesbl
rHAbOepTOBAa MNpPOCTPAHCTBA — K HCMOJb30BaHHIO B 0oOLIeH
TEOPHH 3JIEMEHTAPHbIX YacCTHIL abGCTPAKTHBIX TNPOCTPAHCTB
GoJsiee oO6Llei, HeMeTpU3yeMoii, BoOO1le roBOps, NPUPOHI.

Tem camMblM Mbl NPHXOLHM B COBPEMEHHOH TeopeTHYe-
CKOi1 (pH3HKe K NOCTaHOBKe BOMpoca, K KOTOPOH elle paHee
npHlJIa cCoBpeMeHHas MarteMaThka DByp6Gaku: ucciaenoBarth
B caMoM oO1ieM BHIE CBOHCTBA NPOCTPAHCTBA H CTPYKTYP,
OTHOCHUTEJbHO KOTOPBIX He JeaaeTcsi HUKAKHX «HarJsiJIHbIX»
HJH «OUeBHJHBIX» (MeTpPHKAa) INpPeANoJIOKEeHHH, a H3BeCTHO
JUIb TO, YTO (PUKCHPOBAHO B 3alalOUIHUX HX aKCHOMAX H
onpenenenusx. Hajmo ckasatb, 4TO B HacTosiliee BpeMs
OCHOBHO€ BHHMaHHE YYEHbLIX-MAaTEeMAaTHKOB IPHBJEYEHO
MMEHHO K Moao6HOro pojla HeMeTPpHYEeCKHM pasjiejiaM mare-
MAaTHYECKOH HayKH — TaKMM, KakKk TeopHusi Trpynm H ajarebp
JIu, anrebpaunyeckass reoMeTpusi, KOMMyTaTHBHas aJjarebpa,
obliass Teopusa KaTeroput U (PYHKTOPOB, TOMOJOrHA pac-
CJOEHHBIX TPOCTPAHCTB, KOMIJIEKCHbIE H aHaJHTHYECKHE
NPOCTPAHCTBA, TEOPHSA NMYUYKOB H T. IL

O6wum aast Bcex 3THX Haubosiee HWHTEHCHBHO pa3BH-
BAIOIUMXCHA paslesoB COBPEMEHHOH MaTeMaTHKH — «nepej-
Hern Kpasi» MaTeMaTHYeCKOM HayKH HallMX JIHeil — sBJseT-
Csl TpexJe BCero To, YTO OHHU HM3Yy4alT OOBEKTbl OrpoM-
HOMH, SKCIMOHEHIHAaNbHON HHpOpMaUHOHHOH eMKOCcTH., CHATHE
«HATJSAJHBIX» U «OYEBUJHBIX» NPEIANOJOKEHHH THTIa MeTpH-
3yeMOCTH H IIp. KakK pa3 H TNO3BOJISIET BLIATH 32 paMKH
KJIaCCHYECKHX 00DBeKTOB MaJsoil HHGOPMAUHOHHOH eMKOCTH
M HCCJeloBaTh caMmble obuie MaTeMaTHYECKHe IPOCTPaH-
ctBa M 00BekThl. OmnpeneseHHbIM TNOATBepXKAeHHEM HeoO-
XOAHUMOCTH HCNOJIb30BaTh B OOLLEH TEOPHH 3JIeMeHTapPHBIX
KOPNYCKYJl HMEHHO TAaKOro poia 3KCINOHEHUHAJbHO «eMKHEe»
MaTeMaTHYeCKHe IPOCTPAHCTBA MOXKHO CUHMTATb (akT Io-
IBJIEHUS] B MHKPOMMpE — Ha Olpe/leJIeHHOM 3HepreTuue-
cKoM py6exe — HOBOH OOJbIIOH TPynnbl CBOHCTB CHMMeT-

18 C, Jlegpuey. Anre6bpanueckas tonosorusi. M., '1949, crp. 60.
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PHH B3aHUMOIEHCTBHI yacTHI APYr ¢ APYroM (H3oTOMHYE-
CKasi HHBapHAHTHOCTb, OKTeTHAS CHMMETPHSA U T. I.).

B aw06oit TeOpHH, HCNOAB3YIOUIEH OO0BEeKTbl 00bIYHOI
HHPOPMALMOHHOH eMKOCTH, OODBACHHTb 3TOT (PAKT HEBO3-
MOXHO; KaK TOAYEpPKHYTO B JBYX IOCJAeAHHX ab3anax
«Teopun ‘MHOXKecTB» Dyp6aku, KaaccHueckas maTeMaTHKa
HW3yuyasaa TOJbKO OJHO3HauHble, H30MOp(HBIE ApPYyr APYry
006 BbEeKTbl — BELLECTBEHHYIO MPSIMYIO, €BKJAHAOBO TPOCTPaH-
CTBO H T. M., CTPYKTYPbl KOTOPbIX OJHO3HAYHO COOTBETCT-
BOBaJIM APYyr APYry, noyemy nosiBjJleHHe HOBBIX CTPYKTYp B
JIO6bIX TeOopHSX, HX HCMNOJb3YIOWHX, ObIIO HCKJAIOYEHO C
camoro HayaJsa'’. ToabKo HcCmoJb30BaHHe OOBEKTOB COBpe-
MEHHOH MaTeMaTHKH, HMEIOLIHUX 3KCINOHEeHLlHalbHYyI0 HHOP-
MaLHOHHYIO €MKOCTb W TNMO3TOMY CYUIeCTBEHHO He H30MOpd-
HbIX IAPYr APYrY H HCCJEAYEMbIX TAKHMH HEOJHO3HAYHBLIMH
TEOPHAMH, KaK TONOJIOTHS ¥ TEOPHsi TPV, MNO3BOJUT 00BAC-
HUTb Kak-To B OyayuieM ¢yHIaMeHTaJbHbIH (GakT H3MeHe-
HHUSA CBOHMCTB CHMMETPHH MHUKDOKOPNYCKYJ B OINpeAeJeHHbIX
Y3JIOBBIX TOYKAX SHEPreTHYeCKOH LIKaJbl.

B nnaHe 4yHCTO METOMOJOTHYECKOM OCHOBHOE HampasJic-
HHE TeOpeTHYeCKHX TMOCTPoeHuii B (puU3HKe 3JAeMeHTapHbIX
YaCTHI[ B TOCJEIHHe TOAbl MOXKHO OTNpeleJUTb KaK HHTEH-
CHBHEHLIHE TIOHCKH 3JeMeHTapHoro oobekTa Ccy0aTOMHOI
¢opmMbl ABHKeHHs MaTepud. MeHHO TakoBa Oblsia KOHeYHas
1leJ1b HeJMHeHHOH crnuHOpHOH TeopuH ['eiisenbepra, Teopwus
«CaKaTOHOB» SIMOHCKHX TEOPETHKOB, «pPelKHOHOB» Ublo H
dpayun, kBapkoB l'enn-Mana, «ty3oB» lIBeiira. IToka uto
BCe OHH 3aKOHYHMJIHCbL Heyaaueil. Ho Korma Takue sjiemen-
TapHble 06beKTbl 6YAYT HAKOHEL-TO HanJeHbl, TO CKa3aHHOe
Bblllle NO3BOJIAeT NpencKasaTb, YTO reoMeTPHYeCKH COCTOs-
HHe UX ABHXKeHHs OydeT ONMUCHLIBATLCA Yy¥XKe He C NMOMOLILbIO
aHAJHTHYECKOH reoMeTpHH (KakK B KJIAaCCHYECKOH MeXaHHKe
UM KJacCHYeCKOH TEeOpHH MoJs) M JiaXe He C IMOMOIILIO
reoMeTpuH THJAbGepTOBa NpocTpaHcTBa (Kak B KBAHTOBOMH
MexaHHke). CocTosiHHEe NBUMKEHHUS 3JeMeHTapHbIX 0OBEKTOB
CyOMHKPOMHpPA H CBEPXBBLICOKHX 3HEpPrHil OyAeT ONHCHIBATb-
Cs y»Ke C TNOMOLIbI0 COBPEMEHHOH «aHaJIATHYeCKOH reomer-
puu» 06BbEKTOB 3KCIOHEHLHAJbHOH HHGOPMALMOHHOH eMKO-
CTH — aJreOpaHyeCcKoH TOIMOJIOTHH.

Ecau cpaBHHTb moJoxeHue aea Bo BpeMeHa Jlekaprta
W B Hauly 3MO0XY, TO HeJAb3sl NPONTH MHMO OYEBHIHBIX aHa-

19 H. Bypbaku. Teopusi muoxecrs. M., 1965, ctp. 398.
50



soruid. Torga u Tenepb ObIIO HAYaTO H3yuyeHHe reoMeTpH-
YECKHX IPOCTPAHCTB aJareOpanyeCKHMH MeTOAAMH, TOJbKC
TOrJla TeoMeTpHYeCKUMH oOBbeKTaMH HCCaefoBaHUsl OblIH
oObluHbIe IBYyMEpPHble HJIH TPEXMepPHble eBKJIH/IA0BbI IPOCTPaH-
CTBa, Tenepb Ke— MNPOH3BOJbHbIE TOMOJIOTHUECKHE TIPO-
ctpaHcTBa. JlekapTt ykasasa CBOMM KOOPAMHATHBIM METOAOM
croco® CcomnocTaBJieHHsI HHTEpPecyIoUHX Hac O0OBEKTOB —
NPSAMbIX, KpPHBBIX, IJIOCKOCTEH, IIOBEPXHOCTEH H T. I.—C
ajqreOpavyecKUMH YypaBHEHHSIMH, COBpeMeHHasi aJarebpau-
YyecKast TOINOJIOTHSl COMOCTaBJsieT HCCJAeLyeMble €0 TOIO0JO-
rHYecKue NMPOCTPAHCTBA C HEKOTOPbBIMH CHCTEMaMH ApPYTHX,
ajireOpanyecKHX OODBLEKTOB — ¢ TaK Ha3blBaeMbIMH TIpyrnna-
MH TOMOJIOTHII U KOTOMOJIOT Hil.

B o6oux cayuasix c/a0xKHble reoMeTpHuecKue CBOHCTBA
nepBbiX OODBEKTOB JIErKO YCTAaHABJAMBAIOTCS HA OCHOBAHHH
6oJiee NPOCTHIX CBOHCTB COINOCTABJsEMbIX ¢ HUMH aJjrebpau-
yecKHX 0O0bekToB. HaMm Kaxercs, uTo HOBelillHe Teope-
THYECKHe HcceaenoBaHua Jlyuca Muuens 1no pacuiipeHusM
rpynnel  Jlopenua wu Ilerepa ®emepOymia no romoJorusim
auarpamMm  QPeiiHMana *® Kak pas BIVIOTHYIO MNOAXOAST K
HajeNeHHu0 (HU3HYECKUM CMBICJIOM IOYTH HeHUCUYepraeMoro
3amaca camMblX HeOObIYHbIX IPOCTPAHCTB, KOTOpPbie MOKET
NPeAJOKHTb TEOPHH 3JeMEHTAapHbIX YaCTHL, COBpPeMeHHas
aJrebpauyecKkasi TOMOJIOTHS.

[lepeuncnennble Bblmle paboThl yOeAHTEJNbHO MOKa3bi-
BAlOT, uTO Oyayuias Teopuss CyOMHKPONPOLECCOB BPsSii JH
OyZeT TeopHell HEKOTOPbIX YpPaBHEHHi — 3TOT INOCJEIHHI
cnoco6 GopMyNHpoOBKH (PH3WYECKHUX 3aKOHOMepHoCTell 6e3-
HaJleXKHO ycTapes B Halle BpeMs: OH crnocoOeH OTPa3HuThb
CJAHUIKOM MaJjioe KoJuyecTBO HH(popmanuu. Byaywasa Tteo-
pHsi 3JeMeHTapHbIX 4YacTHl OyJeT NpeACTaBJsATbCS HaJle-
JIEHHOH (PH3HYECKHM CMBICJAOM aJjreGpanyeckoil TOMOJIOrHeH
(nogo6HO TOMY, KaK MOCTYJaTbl KBAHTOBOM MEXaHHWKH CO-
CTaBJAIOT He 4YTO HHOe, KaK HajeJeHHble (H3HUeCKHM
CMBICJIOM TIOCTYJaThl TEOPHH I'HJIbOEPTOBBIX NMPOCTPAHCTB).
M ocHoBHyiO posab B 3TO#l TeopuH OYAyT HrpaTb He ypas-
HEHHsl, @ TaK HasblBaeMble CIeKTpaJibHble IOCJAed0BaTeNb-
HOCTH — OIpe/ieJIeHHble MOCJel0BaTeJbHOCTH TPy, KOTO-
pble XapaKTepH3YIOT «YCTPOHCTBO» (CNEKTpP) TOMOJOrHYe-
CKHX TPOCTPAHCTB — TO, IO KAKOMY 3aKOHY INPHMBLIKAIOT,

2 P. Xya, B. Tenauy. Tomonorus u ¢eitHMaHOBCKHe HHTerpajssl. M.,
1969.
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npuaeraiT APYr K APYyry Bce, camble padHooOpa3Hble THIb!
H Pa3HOBHAHOCTH HX MOAMHOXKECTB.

[1pocrefiminii BHJL chnekTpa -— eBAOKCOB (apXHMenoB),
OINUCHIBAIOLHI TOIOJIOTHIO YHCJOBOH NpsiMOH,— He Tpely-
eT CHeKTpaJbHOH mnocsaenoBaTesbHOCTH. OH XapakTepuayer
«IIPOCTOTY» YCTPOHUCTBA JEHCTBUTEJIbHOH NPAMOH (OTCYT-
CTBHE B HEH «IpPONyCKOB», Yy3JIOB, HeTeJb U T. I.) C IO-
MOILbIO aKCHOMBI ApXHMeZa, OTKpbITOH eue EBrokcoM:
KaKoBbl Obl HM OBLJIM JBa JAaHHBIX OTPe3Ka, MEHbUIHH U3
HHUX BCerja MOXHO MOBTOPUTb Ha 00JibllleM KOHEYHOE YHCJO
pa3 TakK, uyTo OH Oyaer npess3oiiieH no aauHe. Ha 3tom
npocTeflieM MNpPeAnoJOXKEeHHH O «CHeKTpe» MpHJeraHus
APYr K APYry BCeX BO3MOXHBIX NOAMHOXEeCTB YHCJIOBOM
NpsAMO#l OCHOBAaH BeCb KJACCHYECKHI aHaJu3 — HMEHHO
TakKoe CBOHCTBO €€ CIeKTpa JeJaeT 3aKOHHBIMH OllepaluH
npejeqbHOro nepexojaa, nupdepeHLHpoBanusl, HHTErpUpoBa-
HHUSI, COCTaBJIEHUs1 U pelleHUus AH(PepeHLHANbHbIX ypaBHe-
HUil U T. n. Best kmaccuyeckas (u3HKa NMOKOHMTCS HA MOCTY-
Jate EBaokca.

DJieMeHTapHblil MpHMep NMPOCTPAaHCTBA C AOBOJbBHO NaTo-
JIOTHYECKOH TOMNOJOrHEeH — TaK Ha3blBaeMblii KOHTHHYYM
Baga. OH CTpOMTCS Ha MJIOCKOCTH CJEAYIOIIMM 0GpasoM.
Ha ocTtpoBe B okeaHe nyCTb MMeeTCsl HCTOYHUK (HeOoJiblIoe
03epo) mpecHoil BoAbl. OO6bABAAETCS Claelylollas nporpam-
Ma paboT: B IepBblii AeHb NMPOPLIBAETCSI TaKas CHCTeMa
KaHaJoB, yTOOBl Ka)XJas TOYKa Ha OCTPOBE HAXOJHJACh He
6osiee uyeM Ha KHJIOMETP OT COJIEHOH M IPECHOH BOJbI,
B CJeAyIoLlHe MOJIJHS CUCTeMa KaHaJloB YCJOXHAETCH Tak,
yToOBl 3TH PACCTOAHHS COKPATHJAHCH J0 MNOJYKHJIOMETpPA
u T. X. MoXHO nokasaTb, YyTO NpPH Hepexoe K npereay kK
KOHILly BTOpOro AHsi Jio6ass CKOJb YrofHO MaJas OKpecT-
HOCTb JIIOOOH TOUKH Hallero octpoBa OyneT coaepxkaTb OJ-
HOBPEMEHHO «TOYKY» CYIIH U MPECHOH H COJIEHOH BOJBI.

Hu onun ¢usux He OyjaeT OTpPHIATH, YTO NOJYYEHHBIH
00BbeKT OueHb MHOTHM HAllOMHHAaeT eMYy TaKylo, CKaxeM,
Belllb, KAK BAKYyM CHJIbHBIX, 3JIEKTPOMArHUTHbIX U CJaa6bIX
B3aumozeicTBuil. Ho, pasymeercs, cnekTp noc/ielHero 3Ha-
YUTEJNbHO CJIOXKHEee, IOMHHHPYIOLLYIO pOJIb B HEM HrpaioT
npexje BCero TOMOJOrHYEeCKH HeTPHBHAJIbHbIE MNETJH BHP-
TyaJibHO POXKAAIOUIMXCH Map YyaCTHL M aHTHYaCTHL H T. IL
BoT naaa ydera M TOYHOH (UKCALMH BCeX CaMblX pas3HO00-
pas3HbIX Crnoco0OB MNPHUMBIKAHHS JAPYr K APYry MNOAOOHBIX,
TAK WJIM MHaye BbIJEJIEHHbIX NMOAMHOXKECTB OOUUX (hH3HKO-
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TOMOJOTHYECKHX MPOCTPAHCTB M CAYKAT CrneKkTpaJbHbie M0-
CJEI0BATe/NIbHOCTH. B npuHLHIe nocjaeiHde MO3BOJSIOT OI-
penesinuTb, Ha CJOH KAaKOro BHJa M THNA paccjJanBaeTcsi B
Ka)JIOM KOHKPeTHOM cJyuae naHHoe ofuiee (pU3HKO-TOIIO-
JIOTHYeCKOe MPOCTPAHCTBO (HAMOMHUM, YTO C TOYKH 3PEHHS
COBpPeMEeHHOH aOCTPAaKTHOH TEOPHUHU NOJIsI CaMble pasJ/HuyHbIe
HecTaOHJ/IbHble M YCTOHYHMBbIE 3JIEMEHTAapHble YaCTHIbl OMH-
CBIBAIOTCA KAdK pa3 C IOMOLLbIO PA3JHUYHBIX CJI0eB OOLIUX
TOTOJIOTHYECKHX PACCJAOEHHBIX MIPOCTPAHCTB) >,

TakoBbl B 0OLIHX yepTax HEKOTOpble METOAO0JOrHUecKHe
NpeacKasaHuss O NyTaX PAas3BUTHA TEOPUH 3SJeMEHTapPHBIX
YaCTHI, KOTOpble MOXKHO CHAeJaTb Ha OCHOBE OHTOJIOrHYe-
CKOIr'0 OCMbIC/JI€HHSA KaTeropuu HHpopMaLHHu.

§ 3. Heucuepnaemoctb matepuu Brayon
M KOHUENTYyaJbHO-MaTeMaTHYeCKasi MOJePHU3 AL
coBpeMeHHOM hU3UKH

3.1. HoBas craausa pa3BuTusa QH3HYECKOH HAYKH

dusnuyeckas HayKa INOCJAeIHHX JeT Bce OoJsiee U Gosee
IBHO BCTynaeT B MPHUHLMUINHAJIBHO HOBYIO, KayeCTBEHHO
cBoeoOpasHyto a3y cBoero pasButus. Elie coBceM HeaaB-
HO, KakKoe-HHOyAb JecsaTHJeTHe — APYroe TOMY Hasaj, oc-
HOBHBIE 3aJlayd (PH3UKOB-TEOPETHKOB Ka3aJ0Ch Obl HaBCeraa
MPHHAJH JOBOJBHO TPAJAHILHOHHBIN, CTAHJAPTHBIH XapakTep:
HCIOJIb3Yysl KOHLENTYyaJbHblii 0a3HC TEOPHH OTHOCHTEJNbHO-
CTH ¥ KBAHTOBOH ME@XaHHKH, TOYHO, KOJIHYECTBEHHO pacCCyH-
TaTb (mpeackKkasaTb) TOT HJAH HHOH KOHKpPETHHIl 3(dekT,
TO HJIH HHOE sBJIeHHe, HalbuiojgaeMoe (HJAH OTKpbiBaemoe)
pusnkaMu-3KcnepuMenTatopamMi. IIOHATHAHBIE CTPYKTYpHI,
CO3/laHHble elle B IepBble AECATHJETHSI Hallero BeKa
M. Ilnankom, A. Iiinmreiinom, H. Bopom, M. Bopuowm,
O. Ulpenunrepom, B. T'eiizen6eprom, I1. Jupakom u apyru-
MH, CJHYXKHJIH JOCTAaTOYHO Ha[eXHbIM (YHAAMEHTOM OINHCa-
HHSI OTPOMHOIrO KOJIMYECTBA ONBITHBIX (DaKTOB.

SIBjIeHui, KOTOpble NPUHIUNHAJBHO He MOryT OBITh
OOBbSCHEHbl B paMKaX OCHOBHBIX IIOHSTHH COBpeMEeHHOM
¢ u3uku, Bpose Obl U He Obl10 BUAHO. OHH, KOHEYHO, CYLIECT-
BOBAaJH H TOrja —H CaMU CO3[aTeJHu OCHOBHBIX MOHSATHMH
«JIHJlepa eCTeCTBO3HAHHUSA» He pa3 HAa HHUX yKasblBaau (Ha-

2t R. Hermann. Vector Bundles in Mathematical Physics. N. Y., 1970.
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npumep, H. Bop — Ha 3aramoynoe mocTtosHCTBO Mace, 3a-
pPALOB H JAPYrHX XapaKTePHUCTHK 3JI€MEHTapHbIX YacTHIL,
M. BopH — Ha «TauHcTBeHHOe uncao 137», obpaTHasi BesH
YHHa KOTOPOro XapakTepH3yeT ¢/1abdoCTb CBSI3H 3JEKTPO-
"MArHHTHOrO noJisi ¢ BeuwecTsoM). Ho LeHTp TsaKecTH npak-
THYECKOH paboTbl MHOIMX BblJalOKUXCA (QHU3HKOB TOro
BPeMEHH Ha J10JIrHe TOAbl CMECTHJICA B CTOPOHY KOHKPETHBIX
BbIYHCJIHTEJIbHbIX 3a/1a4.

Hanpacno A. DifiHwTellH Ha3biBal BCe 3TO «300JI0THEY,
«UTPOH B MKCBI», «BbIYHCJHUTEJbCTBOM» H JaXKe «CcaMbIM CO-
BepLIEHHbIM CocOO0M BOAUTDH cebsi 3a Hoc». 30-e, 40-e u 50-e
rojbl Hauero BeKa NpoulJiy o4 3HakoM H3BECTHOTO «caMo3a-
MblKaHHA» GH3HKH HA CBOH BHYTPEHHHE, KOHKPETHO BbIYHCJIH-
TeJibHble BONpochl. E€ KOHTAKTbI C APYrHMH HayKaMH—H 0CO-
6eHHO ¢ MaTeMaTHKOH M GHI0CODHEI NOCTENeHHO caabesH.

B TakoM HMEHHO COCTOSiHMM (H3HKa ONyCTHJI4Ch B
60-e roabl Hamero BeKa B CaMble 3arajoyHbie TJ1yOHHBI
CTPAHHOrO MHpa HOBBIX, OY€Hb HEAOJIIO KHBYIIHUX 3JIEMEH-
TapHbIX YaCTHUL, ¥ HX HeOObIYHbIX, HJIH OYEeHb CHJIbHBIX
(AOepHBIX) HJAH OYeHb c/aabbiX (pacrnaaHblX, 3JE€KTPOHHO-
HEeNTPHHHBIX) B3auMoaencTBui. M ceituac npsiMo Ha HalIUX
rja3ax HayaJocCb BO3pOXKJAeHHe TpaaulMil «1o0poro crapo-
ro BpPeMEHH» — «30JIOTOr0 BeKa B Pas3BHTHH (PUIHKH» —
NnepBLIX [AeCATHUJETHH Hallero CToJeTHs. «IDHH3AC od ¢u-
3HKC», «JIKOpH31 0o MITHMITHKJ (HU3HKC», «KOMBIOHH-
KeHIIHC UH M3THM3THKJI (H3UKC» M UM NoAoOHbIE HOBBIE
KypHaJbl HA4YHHAIOT NOAHHMATb MaTeMaTHYeCKHH YDPOBEHb
¢u3nueckoii HaykH. K crneuwmanbHbiM KHMraMm no ¢usuke
nuuyTtcess ¢puaocodpckue npeaucaoBUs (CM. HanpuMmep, aH-
rauickuii opuruHana kKHurh M. DbepucraiiHa no aare6pam
TOKOB) **, AMepuKaHcKoe ¢H3uyeckoe oOLIEeCTBO CTaBHUT
dbuaocopckHe AOKJaAAbl HaA IJIeHapHble 3acelaHHs,— Yero
He MOMHST Jaxe caMble CTapblé ero 4JeHbl.

1 Tem He MeHee QyHIAAaMEHTAJbHO HOBBIX HAEH B (pHU3UKe
NMOKa YTO HEeT — 3TO yKe HECKOJbKO JIET MOAPAA KOHCTATH-
PYIOT TakKHe aBTOpPHTETHbie (QOPyMbl ClELUHAJNHCTOB, Kak
(6biBluHe Pouecrepckue) KOH(MEpPEHLHH 1O BbLICOKHM 3Hep-
rusiM, coOupamouyecs KaxJable [ABa Troja I00YepeJHO B
CIIA, Espone u CCCP. 3anaua oOHOBJIEHHS H COBEpLUEH-
CTBOBAHHUSA MOHATHHHOrO amnnapara COBPEMEHHOH ' (U3UKH
OKasaJjacb OueHb TPYAHOH — KaK CO CTOPOHHI ee (HJI0COD-

22 J Bernstein. Elementary Particles and Their Currents. London, 1968.
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CKOTrO OCMBICJIEHHS, TaK, MO-BHAHMOMY, H CO CTOPOHBLI ee
«MaTeMaTH4yeCcKoro obecrneueHus».

Jleqio B TOM, YTO — M 3TOMY NpexJae BCEro YYHT OIbIT
CO3/1aHUS TEOPHH OTHOCHTEJbHOCTH W KBAHTOBOH MeXaHH-
KH — dunocodpckass peBOJIOIUS B €CTECTBO3HAHWH OKa3bl-
BaeTCsd MNJOJAOTBOPHOII TOJBKO B TOM CJiyyae, €CJH OHaA
MO3BOJISIET BBISIBUTb TOT KOHKPETHBI MaTeMaTHYeCKHH an.
napat, ¢ TNOMOUIbIO KOTOPOTO MOMXKHO C(HOPMYJIHPOBATH
OCHOBHbIe, HanboJsee ray6oKHe 3aKOHOMEPHOCTH HOBOH 006-
Jactu peiictBuTesbHOcTH. WM Haob6opoT: HOBBLIE, PEBOJIIOIH-
OHHble HIAEH MaTeMaTHKH MOTYT O0Ka3aTb Cepbe3Heiluee
Bo3JeicTBHe Ha (HU3UKY (KaK 3TO CAYYHJIOCH C TOHSTHEM
ruab6epToBa NpPOCTPAHCTBA B KBAHTOBOH MeXaHHKE WJIH
TEH30POB B TEOPHH OTHOCHTEJbHOCTH), TOJBKO ecau abcer-
PAaKTHBIM MaTeMaTHUECKHM CTPYKTypaMm ¢ nomoiublo ¢duso-
cockoro aHa/sH3a NMPHIAAH HEKOTOPBLIH onepalnHoHa/bHBIH
CMBICJI — TOJIBKO €CJIM OMpeJesIeHHbII KJacC 3THX CTPYKTYpP
«OHTOJIOTH3UPYETCSA», IMPH3HAETCH ONHUCHLIBAIOLIUM TIJYOHH-
Hble CBOHCTBA HEKOTOporo (parMeHTa MaTepHasbHON Jeii-
CTBUTEJbHOCTH.

B nacrosiuem mnaparpade Mbl XoTeau Obl MpoaHaJH3H-
poOBaTh B 3TOM IJIaHe H3BECTHYIO W0 MaTepHaJTUCTHYeCKOM
AHANEeKTHKH O HeHcuepnaeMOCTH MaTepuH Briaybb — mo-
NBITATHCA JOBECTH, MPOAOJIKHUTD €€ 10 BbIBJIEHUS TeX KOHK-
PETHbIX MaTeMaTHYeCKHUX CTPYKTYp, C TNOMOILbLID KOTOPBIX
MOXHO HaJleATbCs PelUTh TPYAHbIE BONPOCH AaJibHeiuero
pPa3BUTUS COBpPeMeHHOH (PHU3HUEeCKOH HayKH.

Bo BTOpoii MoOJIOBHHE NPOULIOro CTOJETHS — CHayaJja B
dametkax @. OHrenbca 0 [AHAJEKTHYECKOM TIOHHMaHHH
aToMHu3Ma, 3aTteM B nonyaspHbix kuurax WM. Jluurena sra
uaesi, Kak W3BeCTHO, HayMHaeT npobusBaTh cebe mopory u
B JHaJEKTHKO-MaTepHaJHCTHYecKoH ¢uaocopuu. Pepouio-
1IMsl B €CTeCTBO3HAHWH HayaJa Hallero CTOJETHS MO3BOJSET
B. 1. JleHuny BbIABHHYTH €€ Ha MepBHIH NMaaH B ¢puiaocod-
CKOW OlLleHKe CYLIHOCTH PEeBOJIIOLHH, NPOUCILEALIeH Toraa s
¢busnueckoit Hayke. V3BecTHoe TOJIOXKEHHE O  TOM,
YTO «3JIEKTPOH TaK XKe Heucuepnaem, Kak H aTOM», NPH3HA-
HO HbIHe KpYNHeAIHMH (HU3HKAMH COBPEMEHHOCTH Kak
O6J1eCTALNA NpUMep HAy4yHOro, npexjie BCEro MeTOHO0JIOTH-
YyeCKOro npeaBuieHus .

28 F. Dyson. Quantum Electrodynamics.—«Mathematical Reviews», 1955,
v. 16, p. 431,
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Ho B. H. Jlenun uger nanvwe. B «®unocodpckux rerpa-
N5X», B 3aMeTKaxX, MOCBAUIeHHbIX JIeHOHHIlY, Mbl HAaXOAWUM
cjaenbl ynopHoii pa6oTrel mo yrayOJeHHI0 3TOro, B H3BeCT-
HOM CMBICJIe 3MIIHPHYECKOTr0 CYKIeHHs 0 YpOBHS oOuei
3aKOHOMEPHOCTH CTPOEHHsI W OpraHu3alMu BCero wmare-
pHajabHoro mupa. MMeHHO Takoe MOHMMaHHe NMPUHLUNA He-
HCYeprnaeMOCTH MaTepHH HaM KaxeTcs HauboJjiee COOTBeT-
CTBYIOLHM COBPEMEHHOMY YPOBHIO Pa3BHTHA (PH3HYECKOII
HayKd — IIOHHMaHHe ero KakK NpHHIMNA HEeHCYyepnaeMOCTH
3aKOHOMEPHOCTEeH ABHXKEHHSI «MeJb4aHIuX» 0O0BEeKTOB Ma-
TePHH, HEHCYEPNaeMOCTH MaTeMaTHYeCKHX CTPYKTyp, KOTO-
pble ONMUCHIBAIOT UX HaHbOoJee (yHIaMeHTaJlbHble CBONCTBA.
MIMeHHO Ha 3TOM MNYTH YJAaeTcs NPOCJAEeAHWTb OYeHb HHTe-
pecHbie CBS3M NMPHHIIMNA HEHCUEePNaeMOCTH ¢ TaKUMH Tpa-
AHUUOHHO TPYAHBIMH mpobJsemMamu (usocopuu, Kak anopuH
3eHOHAa M HX peueHHe B KJACCHYECKON H COBPEMEHHOH
¢u3uxke. Mbl cuuTaem, 4yTo BlNEpPBble HAEs] HEHCYEPNaeMOCTH
6bls1a BBIJIBHHYTA B TOYHOM €CTECTBO3HAHHMH KaK pa3 TMpH
00CyKIAEHHH BO3paKeHHH, KOTOpble, KaK M3BECTHO, Pa3BH-
Basi faJsiee H 0O0CHOBBIBAsi MbiC/aH cBoero yuurens [lapme-
HHIa O ObITHH, 3€HOH BLIABHHYJ B KauecTBe apryMeHTa
NPOTHB CYLIECTBOBAaHUS JABHKeHHs1 BooOuie. Mbl OyneMm 06-
CY’>XAaTh TOJbLKO [IBE NEpBble — CaMble Ba)KHble W TJIaBHbIE:
nuxoromuio H Axuaneca. Kak BooGlie Tes10 MOXKeT ABUraTh-
cd, €CJH AJs TOro, 4yToObl NMPOWHTH KAaKOH-TO OTPE30K, eMy
HaJl0 CHAyaJa NPOHTH ero NOJIOBHHY, a /s 3TOro — cHauya-
Jla TIOJIOBHHY 3TOH TNOJIOBHHBI M TakK Jajee 10 OeCKoHeu-
HocTH? U Kak ObicTpoHOTrHit AXHJJeC MOXeT AOTHAaTb laxe
yepenaxy, ecJH 3a TO BpeMs, NIOKa OH npoberaer pasaensio-
llee X paccTosiHHe, yepenaxa CIABHHETCH B KaKoe-TO HOBOE
NnoJIoXKeHHe W TakK J0 O0eCKOHeyHOCTH OyJeT NMOBTOPSTb HC-
xonHyio curyauuio? Ilpo6rema HeucuepmaeMocCTH, Kak BH-
MM, TIOCTaBJeHAa OTHOCHUTEJbHO OYeHb NPOCTbIX CBOWCTB
MPOCTPAHCTBA MaTepHaJbHbIX OOT.EKTOB — CBOHCTB. €ro Je-
JUMOCTH,— HO NOCTaBJeHa HMEHHO AHAJEeKTHYECKH.

- AtromucTtbl — JIeMOKPUT M ero YyyeHHKH — npoboBasu
0600LIHUTb CBOH AaTOMHCTHUECKH JHCKpPETHBIC NMpeACTaBJ/eHHUs
O HEHCUepnaeMOCTH C BeLleCcTBa, e 3TH NpeACTaBJeHHS
BEJIMKOJIENMHO «paboTasu», M Ha TNPOCTPAHCTBO, T'le OHH
BCTPETHJIMCb C OTPOMHBIMH JIOTHYECKHMMH H MaTeMaTHue-
CKHMH TPYAHOCTAMH, XOTSl, KAK 3BPHCTHYECKHH TPHEM, OHH
H NMO3BOJIHJIH JIEMOKPHUTY NMPaBHJbHO yrajaaTb Psl Ba*KHei-
KX MaTeMaTHYeCKHX GopmyJ, Hanpumep dopmyay obbema
NHPaMUJIBI. - :
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[TpaBuabHOe pelliéHHe [aJ YueHHK, W BMeCTe C TeM —
uaeiinbli mpoTuBHUK Ilnatona, Beauyadluii MaTeMaTHK
npesHoctd EBaoxkc. OH B Aomno/HeHHe KO BCeM M3BECTHBIM
yXKe TOrja akCcMoMaMm reOMeTpPHH BbiBeJ H3 OIbITa — 33 4TO
ero ¥ nopuuan Ili1aToH — eme oaHy, OYeHb BaXKHYIO TOIO-
JOTHUECKYI0 aKCHOMY, HOCSILLYIO uvalle Bcero oObIYHO He
ero uMmsi, a UMa Apxumezna, KOTOPbIH NepBbIii CTPOro AoKa-
3aJl C ee INOMOULbIO Pl BaxKHEHUIMX MaTeMaTHYeCKHX
dbopMyJs, B TOM 4HCJe H YyNOMSHYTYIO Bbiie dopmyay [le-
MOKpHTa AJs51 06beMa NHPaMHU/bI.

3HaueHne akcuombl EBgokca — Apxumena B HCTOPHH
pPa3BUTHSA HAyKH MOXKeT ObITb CpPaBHEHO TOJILKO CO 3Haye-
HHMeM uaed aToMusma. Ha Heil, B CYLIHOCTH, 0 CHX TOP
OCHOBBIBAIOTCSI BCe NMPUMEHEHUs MaTeMaTHKH B (HU3HKe —
oco6eHHO BO BCeX IMpoleccax H3MepeHHsi — J1a U BO BceM
ecTecTBO3HAHHM B lesoM *, OHa onepeneseHHbIM o6pasom
OrPAHHYHBAET HEHCUEPNaeMOCTh CBOHCTB NMPOCTPAHCTB KJjac-
cuyeckoit (u3uku. B cBoeit kauecTBeHHON (GOpMYJHUPOBKeE
OHA NMPOCTA H YTBEPKJAAaeT W3BECTHYIO OAHOPOAHOCThb, «paB-
HOMEPHOCTb» BHYTPEHHEro «CTPOEHHUS» YHCJIOBOH NPAMOH:
Ka)jas MaJiasi yaCTb HEKOTOPOro ee oTpe3Ka «YyCTpoeHa»
TaK e, KaK U BeCb OH caM, H, OTKJaJbiBasg ee Ha HeM
JNOCTAaTOYHOe YHCJIO pa3, Mbl pPaHO HJH MO3JHO BBHIHAEM 3a
ero npejesabl. IJTo (PyHAaMeHTaJbHOe MNpPeANoJoKeHHe 06
OTCYTCTBHH <«IATOJIOTHYECKHX OCOBEHHOCTeH» — «IBIPOK»,
«IPONMYCKOB» M MHOTO3HAYHBIX Pa3BETBJIEHHH — Ha INPSMOH
0 CHX NOp ABJSETCH OCHOBOH, CKaXXeM, COCTaBJIEHHA H HH-
TerpupoBaHusa J0OHX AuddepeHuHaNnbHbIX YpaBHeHHH (H-
3UKH — KaK OOBIKHOBEHHBIX, TaK M B YaCTHBIX IPOH3BOAHBIX.

Ho oyeBuaneiMm o6paszom akcuoma EBaokca — Apxumena
pPe3Ko H Ha AOoJrHe roAbl OTPaHHYMJIA KjJacc abCTpaKTHBIX
MaTeMaTHYeCKHX IPOCTPAHCTB, KOTOpPbIe MOXKHO ObIIO HC-
MOJIb30BaTh B ONBITHBIX HayKax IJsi MOIEJHPOBAHHUSL BCEro
MHoroo6pasusi CBOHCTB MaTepHaJsIbHOH HAeHCTBHTEJbHOCTH.

3.2. Bupryajbhbie mpouecchl H HeHCYEPNaeMoCThb CBA3aHHBIX C HHMH
CTPYKTYP

3a npoureaimre ¢ HayaJa BeKa roibl B COBPEMEHHOI
(M3uKe M3MEHHJIaCh caMa IIOCTaHOBKA NpoOJeMbl Heucyep-
[Ia€MOCTH MaTepHH NpPH NBHKEHHH HALero 3HaHus B raybsb
2 Cwm.: H. Byp6aku. O6uwas tonoJorus, seim. 2. M., 1959, crp. 109.
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ee crpoenunsi. Mcrekwue necsituieTusi papukajbHbIM obpa-
30M npeoOpa3usid Bce HALIU MpexKHHe B3IVIAAbl HE TOJbKO
Ha CTPOeHHe BelleCTBA, HO, KAaK Yy»Ke TOBOPHJOCH BbllIe,
M Ha npupoay PHu3HYECKOro Bakyyma — TOH CaMOH «IyCTO-
Tbl HEOLITHSI», OTHOCHTEJIbHO CBOIHCTB KOTOpPOi 3eHOH cdop-
MYJHPOBAJ CBOW aloOpHH.

Hblne ocHoBHble, HaubGosee ray6oKHe H TPyaHble mpobJe-
Mbl HEHCYepPNaeMOCTH CBOHCTB MaTepHH BriybOb CBsi3aHbl Kak
pa3 ¢ HOBbIMH, INIyOOKO NPOTHBOPEYHUBLIMH UepTaMH, KOTO-
pble XapaKTepH3ylOT COOTHOLUEHHe BaKyyMa M BellecTBa B
COBPEMEHHOH TEOPHH 3JIeMEHTapPHbIX NPOLLECCOB.

Jas MexaHHYeCKHMX H 3JIeKTPOMATHUTHBIX IBHXKEHHH —
IJ151 BCeH COBOKYNMHOCTH SIBJIEHHH KJaCCHYECKOH (PH3UKH —
anopHu 3eHoHa OblIM B CBOE BpPeMs BIIOJIHE CTPOro H OAHO-
3HAYyHO pelueHbl akcuoMon EBaokca — Apxumena, akKKymy-
aupylomeit B cebe OrpomMHoe KOJHYeCTBO BecbMa H
BeCbMa CYLIeCTBEHHOH HH(OpMauuH 00 3THX JABHXKEHHAX.
C nomMouibi0 OCHOBAHHLIX HA 3TOM aKCHOMEe MNOHATHH Oec-
KOHEYHbIX pPSJ0B, MHTerpaJioB, 0ECKOHEYHO MaJblX BeJHUYHH
M MFHOBEHHOH CKOPOCTH KJjaccHyecKas ¢H3MKa HanucaJzaa
H NpPOHHTErpHpoBaJia ypaBHeHHs ABHXKEHHs, J0oKa3aB, 4YTO
ABHXXEHHEe BO3MOXKHO, 4TO AXHJJEeC NeperoHUT yepenaxy —
M0 TOH NPOCTOH NMPHYHHE, YTO AJA «eBAOKCOBO» YCTPOEHHBIX
MPOCTPAHCTB cyMMa 0e€CKOHEUHO AJIMHHOIO psiia NyCTb Adxe
6€CKOHEYHO MaJIblX BEJHYHH MOXKET HMeTb KOHEYHYIO BeJH-
YHHY.

[ MHpa KBAHTOBBIX SIBJ€HHH anopuu 3eHOHA BOCHPO-
H3BOJASITCA HblHE yXKe KaK BONPOChl O TOM; HaCKOJbKO B0OOG-
uie BO3MOXKHO JABHXKEHHe B MlIpe, B KOTOPOM IIPOUCXOAHUT
MOCTOSIHHOE NOPOXK/JAEeHHe U YHHYTOXKEHHe TaK Ha3blBaeMbIX
BHPTYaJIbHbIX YaCTHL, KaK MOryT ObITb KOHEYHbl Xapakre-
PHCTHKH (H3HUECKHX IIPOLECCOB, CBSI3aHHbIX Hepa3pbIBHO
H HEepacTOPXKHMO C <«HEHCYHCJIHMbLIM MHOXECTBOM» BHp-
I'yaJibHbIX MPOLECCOB U COCTOSTHUH.

PaccMoTpuM B 3TOM IJaHe CHayaJa CIOHTaHHoe Io-
poxJaeHHe BHPTYaJbHbIX (POTOHOB H 3JIEKTPOHHO-IIO3HTPOH-
HbIX nmap. DTH nocjeaHHe 0653aHbl CBOMM BO3HHKHOBEHHEM,
KaK H3BeCTHO, CYLUIECTBEHHO HOBBIM — KBAHTOBLIM — CBOH-
CTBAM BCeX Ba>XHeHWHX KOJHYECTBEHHbIX XapaKTepHCTHK
(¢pHu3uYeCKuX OODBEKTOB — 3HEpPruH, BpEeMeHH, KOOpPAHHAT,
HMIYJbCOB H T. . B MHKPOMHpE,

CBsa3biBalolIHe 3TH XapaKTePUCTUKH (TOouHee roBops, T2
M3 HHX, KOTOpble ABJSIOTCA KAHOHHUYECKH CONPSNKEHHBIMH)
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COOTHOIIeHHs1 HeonpeneneHHocTH [edsenbepra paspeluaroT
paxe B abCoOJMIOTHON MyCTOTE COBMECTHMoe C JAPYrHMH 3a-
KOHAMH cOXpaHeHHsi (KpoMe COXpaHeHHs 3HepPruH) MopoxK-
AeHHe JI0ObIX HM3BECTHLIX HaM YacTHI,— HO TOJbKN Ha
OYeHb KOPOTKHE NMPOMEXKYTKH BPEMEHH M Ha OYeHb MaJblk
paccrosiHusnx. Uem 6Gonee TAKeNAbIMH SBJAAIOTCH COOTBETCT-
BYIOLIIHE YACTHILbI, TeM Ha OoJiee MaJibiX PacCTOAHHAX OHH
NosIBAAIOTCSI U TeM 0OoJsiee KOPOTKOe BPeMfl OHH CYLIeCTBY-
10T. UMenHo mo3ToMy Ha OTHOCHTeJbHO 6GOJIbIIHX PacCTOA-
HUsIX — Goabiie oaHoro ¢depmu (107! cM) HauuHaeTrcss BHP-
TyaJibHOe TIOpOoXJAeHHe (OTOHOB H OTHOCHTEJNbHO Jerkux
3JIEKTPOHHO-MO3UTPOHHBIX Nap.

A nopoxxaeHHe BHPTYaJbHbIX ME30HOB H HYKJIOH-aHTH-
HYKJOHHBIX Map HauMHAeTCs TOJbKO Ha PacCTOSHHAX HOJeH
depmu (10~**—10-** cm). Ho BoT 3mechb-To Hama mnepBo-
HAayaJbHO JOBOJBHO HarJsiiHas KapTHHA  BUPTYyaJib-
HbIX TPOLECCOB OYeHb OBLICTPO COBCEM  3amyThiBaer-
ca: ueM 6oJiee MaJble PACCTOAHHS W TNPOMEXYTKH Bpeme-
HH Mbl GepeM, TeM 6oJiee BbICOKHE 3HEPTHH IOJIKHBI pac-
cMaTpuBaTbCs. A, KaK HM3BeCTHO, IPH 3HEPrUsix MOpsALKa
BCEro B HECKOJbKO COT MMJJHOHOB 3/J€KTPOHBOJBT MPOHC-
XOMHT YK€ 3HepPruyHoe «nepenyTbiBaHHE» ‘3J€KTPOMATHHT-
HbIX MpoLeccoB (C yyacTueM ToJbKO (POTOHOB H 3JEKTpHue-
CKHX 3apsiJIOB) C MPOLECCAMH CHJbHBIX — SIIEPHBIX B3aHMO-
NeHCTBHI (C yyacTHeM MNOHUCTHHE HeoOO03PHUMOro MoKa YTo,
YHCJa HOBBIX YaCTHIL — Pa3jIHYHOrO POAa ME30HOB, THIEpPO-
HOB, P€30HOHOB, HYKJIOH-AHTHHYKJIOHHBIX Map U T. I.).

Bce npeasoxeHHble A0 CHX TOP TEOPHH 3JeMeHTap-
HbIX YaCTHIL ABJAIOTCHA, MO CYIIECTBY, MNOMbITKAMH KaK-TO
«PacCIeCcTH» 3TO HCKJIOUHTEJbHO «XHTPOE» TOMOJOTHYECKH
nepenjeTeHHe camMblX PasHoOOpPa3HBIX NPOIECCOB CHIbHBIX,
3JIEKTPOMATHUTHBIX, W CJaabblX, pacnaiHblX, B3aHMOIEHCT:
BHH (MocJielHHe OKOHYATEeJbHO 3amnyThiBAIOT BCIO 3Ty Kap-
THHY — OHH paspellaoT elle Lesbld AOMOJHHTEeAbHbIH Kilace
MPOLECCOB C YYaCTHEM COBCEM «MEJKHX» YaCTHIl — 3JeKT-
POHHOTO M MIO-M@30HHOTO HeHTpHHO M T. n.). Haraamno ro-
BOpS, BCe COBpPEMEHHble TEOPHH 3JeMEeHTAapHbIX YaCTHIl AB-
JISIIOTCS TOMBITKAMH BbISIBHTb KaK-TO OCHOBHBIE «KPAaCKH» H
3aKOH MX «MepenyieTeHHsi» B JOCTaBJAseMON 3KCNepUMeHTa-
MH (GU3HKH BBICOKHX 3HEpPruil «kapre» (hHU3HUECKOro BaKy-
yma.

[Toka uTO BCe 3TH MOMBITKH KOHYHJIUCH HeydayeH — Mo
HallleMy MHEHHIO, pex/e BCero nNoToMy, UTO OCHOBBIBAJHCDH
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Ha HESIBHOM TMNPEANoOJIOXKEHHH O TOM, YTO BCe (hU3HUeCKHe
npouecchl NMPOTEKAT B NPOCTPAHCTBE ¢ OOBIYHOM, TPHBH-
aJbHOIT TomoJsiorHed. A Takoe mNpeaAnoJoXKeHue sBJSeTC:
~abCoJIIOTHO HHM Ha uYeM He OCHOBAHHOHW 3KCTpamnoJsiuuer
(aKTOB MaKpOCKONMHYECKOro MHpa Ha 001aCTb COBepIUEHHO
HOBBIX SIBJIEHHH.

Tak uTO no cyuiecTtBy roBopsi, AJs BcCeil COBOKYMHOCTH
HOBBIX B3aHMOJAEHCTBHH (HU3HKH 3JEMEHTAPHBIX YaCTHIL
anopuu 3eHOHAa CHOBA BOCINPOH3BOAATCA B COBPEMEHHOIl
HayKe C HOBOH OCTPOTOH Ja)Ke AJd 3aJayd OLHOTO TeJa,
CKaxeM, eIMHHCTBEHHOTO MPOTOHA: KaK BO3MOXKHO Naxe ery
HHIAHBHUAYAJbHOE NBHKEHHE, €CJH OH HeNpepbiBHO npeBpa-
1aeTcss B COBOKYMHOCTb THNEPOHOB, NMH-, PO-, 3Ta-ME30HOB
M JPYTHX YacTHL, €CJH PSAJOM C HHM TMPOHCXOAHT Helpe-
pbIBHOE BHPTYyaJbHOe MOPOXKIEHHE IIPOTOH-aHTHIPOTOHHbIX
nap, Tak 4yTO Hall NMepBOHAyaJbHBIA NMPOTOH B (H3UUECKOM
BaKyyMe NMpoOCTO TepsieTCs W3 BHAY.

Kak yxe TroBOpPHJIOCH BhHIllIE, HEMAJO O3ajayeHbl ObLIH
(GHU3UKH M ellle OJHOH, CYLIeCTBEHHO HOBOH H KauyeCTBEHHO
cBoeoOpa3HOi CTOPOHOH HeHcueprnaeMOCTH JABHXKEHHUS Ma-
TePHH Ha OYeHb MaJblX PAaCCTOAHHAX (TaK CKasaTb, C «yue-
TOM» (U3HUECKOro BaKyyMa) — MNOsIBJ€HHEM Ha omnpeje-
JIEHHOM 3HepreTHyeckoM pylbexke paHee HHKeM He OXXMIaB-
IIUXCS HOBBIX CBOHCTB CHMMETPHH B3aHUMOIEHCTBHH 3JeMeH-
TapHblX Kopnyckyda. [Toka 4To BCe MONBITKH BBIBECTH 3TH
CBOWCTBA CHMMETPHHM B3aUMOLEHCTBHH M3 KaKUX-JUOO Teo-
peTHYeCKHX cooOpaxKeHHH KOHYHJIHCbL Heynayed. C Hawe
TOYKH 3peHHsl, KaK YyxKe OblJO NOAYEpPKHYTO, 3TO BeCbMAa
nmpuMeyaTesbHo. TOJbKO CTPYKTYpBl KJIacCHYeCKOil mMaTteMma-
THKH OTJIMYAIOTCS, KaK H3BECTHO, OHO3HAYHOCTbIO, MOJIHbIM
H30MOP(HH3MOM CBOHMX CBOHCTB (Hampumep, MHOXKECTBO
BCeX TPOEK JAEHCTBHUTEJbHbIX YHceJ abCOJIOTHO PaBHOIEHHO
BO BC€X OTHOIIEHHWAX MHOXKECTBY BCeX TOYEK TPexMepHOro
IPOCTPAHCTBA).

Ecau, Takum o6pa3om, OrpaHHuHBaTh (HU3HUKY MHCMNOJDL-
30BaiMeM B HeH CTPYKTYp KJACCHYeCKOH MaTeMaTHKH,
CHAbHBbIE (M caabble) B3aWMOAEHCTBHA MHKPOYACTHL[ Cpasy
JKe M MPUTOM ApyaHIIUM 06pa3oM MPOAEMOHCTPUPYIOT CBOIO
HeHCYeprnaeMoCThb: BCe OrpOMHBbIE yCNexH HccJenoBaTedsel
HOBBIX CHMMETPHH OKa)KyTCA NPOCTO HHKAK He BMELLAIOLLH-
MHCSI B PAMKH MaTeMaTHYeCKHX NPOCTPAHCTB OOBIYHOH HH-
(hopMaLHOHHOH €MKOCTH.
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Kak 6biTb? UTo menatb? EAHHCTBEHHBIH NMyTb, KOTOPDIi
MOXHO pPEKOMEeHI0BaTb,— BBeAeHHe B (HU3WUKY HOBHIX, TO-
pa3no 6ojee eMKHMX B HH(POPMAIlHOHHOM OTHOUIEHHH TNPOCT-
paHCTB, HeOObIYHBIE CBOMCTBA KOTOPLIX TOJbLKO M MOTYT me-
peaaTb HeHcueprnaemMocTb (CTapbIMH MaTeMaTHYECKUMHU
CPeACTBAMH) CBOWCTB CTPAHHOrO MHpa MHUKPOKOPMYCKY.I.

OnHako OnbIT CO3JaHHUS TEOPHH OTHOCHTEJABHOCTH M
KBAHTOBOH MeXaHHKH YYHMT HacC, 4YTO BBeJeHHe B OOHUXOX
(bHU3HYECKOH HAYKH HOBBIX MaTeMaTHYeCKHUX IMPOCTPAHCTB
HeH30eXHO 3aTparuBaeT He TOJbKO ee YHCTO BCIOMOraTelb-
Hble, BHIYHCJHTENbHbIE ACMEeKTbl, HO PaHO HJH MO3JAHO TpH-
BOJIMT TakKxXe ¥ K PeBOJIOLLHOHHBIM npeoOpa3soBaHUAM BCEro
ee TMOHATHIHOrO amnnapata, Bcero ee crnocoba «BHAEHUS»
mupa. HeBo3MOXKHOCTb «HcuepnaTh» CBOWCTBA MHKPOMHpA
C TNOMOLIbIO CTPYKTYP KJACCHYECKOHl MaTeMaTHKH ceiuac
yXKe A0CTAaTOYHO XOPOLIO OCO3HAHA COBPEMEHHON (PHU3HKOM:
"B Heli B mocJelHHe rojibl chopmMUpoBaJsach lesas HayyHas
AUCLUUIVIMHA, CNelHaJbHO 3aHHUMAIOLIAfACs HCCIedOBaHHEM
MaTeMaTHYeCKHX CPeICTB, HCMNOJb3yeMbIX TNMPH MOCTPOEHHH
COBPEMEHHBIX (hH3HYECKHX TEOPHH MHUKPONPOLECCOB. ITO —
KPAaTKO ONMHCaHHas Bbllle aOCTpaKTHAs TEOPHS MOJIA.

Elo, Kak HM3BeCTHO, y»Ke INoJiyueH Ba*KHeHIIHH HayyHBbIii
pe3yabTaT — Teopema Xaara, yTBepxKAawollas NPHHUHIIH-
aJbHYI0 HEBO3MOXXHOCTb KOPPEKTHOro OIHCAHHSI B3aUMO-
NEHCTBHH MHKPOKOPNYCKYJ B paMKaxX HCHOJb30BAHHUS TOJIb-
KO TruabOepTOBbIX NpocTpaHcTB. Ecau xoTure, 370 — B H3-
BECTHOM CMbicje aO0CoJIOTHO CTpPOroe JA0KasaTeJbCTBO
HeHcueprnaeMoCTH MHKPOMHpa JaxKe B OTHOUIEHHH MaTeMa-
THUECKHX CPeJCTB KBaHTOBOW MexaHMKH. Ho Mbl mosaraem,
yto eule 6oJiee MHTEpPECHbI JaJbHellllve NepCcrneKTHBHLl pas-
BUTHSI abCTpakTHON Teopuu mnoJasi. Beap ee 3amaya — mou-
Has MaTemMaTHyecKasi NnepecTpolka, paJuKalbHasi MaTeMma-
THYeCKasd MOJEepHH3allusg BCeH COBPEeMEeHHOH (H3HYECKOH
HAayKH — U TIpexne Bcero-—ee HauboJsiee TJayOOKHX TOHS-
THHHBIX, KOHIIENTYaJbHbIX OCHOB: CamMble paaHKaJbHbIE, TO-
HCTUHE PeBOJIOIHOHHBIE mnpeo6pa3oBaHHsi BCEro Haliero
(husnueckoro cnoco6a «BuaeHusi» Mmupa. Ouu 6yAyT CBSI3aHBbI,
Mo-BUAHMOMY, C TOMOJOrHYeckoil MoAHpHUKALKHEeH W MOmoJ-
HEHHeM OCHOBHbIX AKCHOM abCTPaKTHON TEOPHH MNOJIf, C MO-
AnpHuKauHed H MONOJHEHHEeM, YYUTBIBAIOLHMH COBEPIIEHHO
HOBbIE, TOINOJIOTHYECKH NaJIeKO He TPHBHAJIbHble CBOHCTBA
MaTepHH Ha YPOBHE ee OPraHu3alHuH B BHIAE 3JeMEeHTapHbIX
YaCTHIL.
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[loka uTo OCHOBHbIE aKCHOMBI aOCTPAKTHOI TEOPHH MOJA
NOUTH BCe SBJISIIOTCS BCEro JiHlb HEKOTOPbIMH OrpaHHuYEHH-
SAMH (npHueM B OOJIbLUHHCTBE CJAyyaeB AaJjeKo elle He ACHO,
HAaCKOJIbKO 3TH OrpaHHYEHHs KOpPPeKTHO W 000061IeHHO
chopMynupoBaHbl). A H3 OAHUX OrpaHHuYeHHit HoBas (QyH-
NaMeHTaJbHasa (U3HYecKas TeOopHs, KaK H3BECTHO, elle
HHKOTJla He BblpacTaja — JAJs CO3JaHHusi TAaKOBOH BCeraa
HY>KHbl ObIJIM IpeXkJe BCero KakHe-TO COBEepLIeHHO HOBbIE,
He TpHuBHaJbHble ¢usnueckne uaed. M Heioton, m Makc-
Besqs, U ae bBpofiab, u Teiizenbepr, u [Iupak maum uMMeHHO
Mo 3TOMY INyTH, a Belb (PH3HUECKOe COAEepKAHHe MHOIHX
akcHoM abOCTpaKTHOH TEOPHH MOJA Ha CaMOM JeJie OYeHb
6enHO, ecJH He COBCeM TpHBHaJAbHO. Bneuatnenue ¢ynaa-
MEHTaJbHOH HayKOOOpPAa3HOCTH CO34aeT TOJbKO JO0BOJIbHO
COBpPEeMEeHHbIi MaTeMaTHYeCKHil amnmnapar, K pa3bsACHEHHIO
KOTOPOro Ha «(pH3HYeCKOM» ypPOBHE CTPOTOCTH M CBOJHTCS
6oJsbliasi YacTb HOBEHIUMX HCCJAEAOBAHMIT B 3TOH 00JacTH.

PaHo uMaW 1031HO (hH3HKe NPHIETCH HCKATb KaKYIO-TO
0606111eHHO TMNPOCTPAHCTBEHHYIO HHTEPNpeTalHio HOBBIX
rPYNMNOBBLIX CBOMCTB CHMMETPHH 3JE€MEHTAapHBIX YacTHI, H,
M0 HaUIeMy MHEHHIO, ] TaKHX 00beKTOB OrpOMHOM, HEHC-
yepnaeMod WHPOPMALHOHHOH €MKOCTH 3TO BO3MOXHO TOJIb-
KO Ha A3blKe abcTpakTHbIX cxeM ['porennuka *. Onu BhHICTY-
MaloT B COBPEMEHHOH MaTeMaTHKe HEeKOTOPbIM aHaJoroM
obuleii Teopuu aOCTPAKTHBIX MHOTOMEPHBIX INPOCTPAHCTB
MaTeMAaTHKH NPOULJIOro BeKa, CHITPaBLIMX CTOJb 60JbLUYIO
POJib B MOCTPOGHHH OCHOBHBIX (DH3HUECKUX TEOpHil TOro
BpPEMEHH.

U TouHO Tak ke, KaK HarAsiAHAsi HHTYHUIUS OYeHb JI0JTO
mMemiana (pu3WKaM TOTO BPeMEHH NpeACTaBHUTb U H3YUHTb B
YHCTOM BHJE, CKa)kKeMm, LIeCTHMepHoe ¢a3oBoe MpPOCTpaH-
CTBO MEeXaHHKH, TaK W B Hallle BpeMs Haxo OyaeT A0BOJbHO
NI0JITO TIPHBLIKATb K HecpaBHeHHO Oosiee aOCTPAKTHBLIM
M He HarJsiIHbIM «TNpOCTpaHCTBaM» cxem [ poTeHaHKa, «oc-
BauWBaThCcA» B paboTe ¢ HUMH. -

Ecnu B OOBbIUHBIX NMPOCTPAHCTBAX KOOPAHHATHBIH METON
Jlekapra no3BoJisieT CONMOCTaBHTb, HampuMep, C TreoMeTpH-
4EeCKOH TpaeKTOpHell MaTepHaJbHOH TOYKH HEKOTOpOe ypas-
HeHHe, TO B 3THX INPOCTPaHCTBAX, BOOOLIe TOBOpPA, YKe
HeJb3si BBeCTH HHKakee mnoaodue KoopauHaT — metox [le-
KapTa 31ecCb yxKe He «paboTaer».

25 Cwm.: 10. H. Manun. Jlexuuu no anre6pauueckoit reomerpuu. M., 1968.
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Curyauus AeiCTBHTEJNbHO TsKeJas: KOOPAMHAT HeT,
PacCTOSIHMI HeT, Hallo UCKAaTb KaKHe-TO MX O4YeHb abGCTpakT-
Hble, He HarJsAHble 3aMeHuTend. «OTKa3biBaot», no-BUAH-
MOMY, BCe HalIH caMble OCHOBHble (hH3HYECKHe IMOHATHA —
MOHATHS, KOTOpPbie Mbl BIIMTAJH Ha CaMbiX NEepPBBIX ypo-
Kax (U3MKH M KOTOpble C TeX IOpP He3PUMO NPHUCYTCTBYIOT
yxKe B Jgw60oM Haumem (HU3HYECKOM yMo3akJawyeHuu. Ha-
npuMep, IMOHATHE «BHYTPHU» — €ro, MO-BHAHUMOMY, IPOCTO
HeT B MHpe 3JeMeHTapHbIX YaCTHIL: Beldb OHO CYLIECTBEHHO
OCHOBaHO Ha OOBLIYHOI, KJACCHYECKOH TONOJIOTHH «Bbipe3a-
HHS» MOAMHOXKECTB H3 MHOXECTB, B TO BpeMsi KakK B MHK-
poOMHpe peaJibHO MMeeT MeCTo, KaK MOXKHO AyMaTb, COBCEM
MHasi TonoJorus — rtonoJsorus I'porenauxa *.

[TonsiTHe «BHYTPH» TakK:Ke ObLIO (PYHAAMEHTAJbHO CBH-
3aHO0 B (PU3HKe A0 CHX NOP C NOHATHEM JHHEHHOH 3aBHCH-
MOCTH, NpPSIMOH NPOMOPLUOHAJBHOCTH, KOTOpPOE TaKkKe CO
BpeMedn lanunnesi, 'yka u HploToHa cocTaB/sieT AOBOJbHO
CYLIECTBEHHYIO 4acTb TOTO, YTO HA3BIBAIOT «AyXOM» (PHU3H-
KH, (PH3HYECKHM CMBICJIOM KaKOro-To fBJIEHH HJIH COOT-
Howenusi, MUx Heab3s npeacraButb cebe 6e3 npsiMoil npo-
NOPUHUOHAJBHOCTH, JIHHEHHOH 3aBHCHMOCTH — 3TO MOKa3bl-
BaeT, HACKOJbKO ray6oKo NpuCylle Halled HHTYHUHUHU 3TO
NnoHsATHE.

M ¢ uum Takxe npHaeTCcss pacnpolaTtbCs B MHpPe HOBbIX
00beKTOB OrpOMHONH HHPOPMALHOHHOH €MKOCTH: €ro MecTo
3aliMyT TakK Ha3blBaeMble TOYHbIE MOCJEN0BATEJbHOCTH —
o6006uleHuss 3TOH caMoil JHHEHHOH 3aBHCHMOCTH Ha Haull
caydail, a B 0oJiee CJOXKHBIX CHTyalUHAX —elle H CIeKT-
paJbHble TMOCJAEL0BaTeJbHOCTH. TOYHYI0 TmOCJeL0BaTeNb--
HOCTb 00pasyioT, Hanpumep, rpynmna, ee MNOArpymnmna H ee
¢bakTop — rpynna no 3toit moarpynmne. CoBpeMeHHBbIe TO-
MBITKH NMPOCTO «YMHOXHTb» rpynny JlopeHua Ha HOBbIe
TPynnpl CHMMETPHH CHJbHBIX B3aHMONEHCTBHH SABJAIOTCA
cBOoeoOpa3HbIM COBPEMEHHBIM aHaJoroM moHcKoB [anuieeM
YCJIOBHH, B KOTOPbIX XapaKTEPHUCTHKH JBHKEHHS TeJ sB-
JAIOTCS MPOCTHIMU JIHHEHHBIMH (DYHKUHUAMU BpeMeHH (KOTo-
poe eMy NMPHUXOAMJIOCH H3MEPATb MO yAapaM COOGCTBEHHOIO
cepaua). On u HbioTOH HA1LIM B KOHIle KOHIIOB, KaK H3BeCT-
HO, YTO MPHYHUHOH OTKJIOHEHHH OT JIMHEHHOCTH H3MeHeHHH
CO BpeMeHeM KOOPAHMHAT ABHXKYIIHXCH TeJ SIBJAAIOTCH HEKO-
ropble cuabl. Ham TakxKe elle NMpeACTOHT HCKaTb H HCKaTh,

% M. Artin. Grothendieck Topologies. Harvard, 1962,



noyeMy HeJib3si MPOCTO «MEPEMHOKHTbY Mexay coboil rpyn-
ny JlopeHla ¥ HOBble YHHTAapHble I'PYNIbl CHMMETPHH (TakK
HasbiBaeMasi Teopema Mak [annna — Mumens — O’Paii-
deprasn) ¥.

IDTOMY MeWaloT KaKHe-TO HOBble «CHJbl», HO OHHM Jefi-
CTBYIOT H HX 3aKOHOMEPHOCTH MOXKHO CopMyJHPOBaTb, MO-
BUIMMOMY, TOJbKO B JOCTAaTOYHO €MKHX HH(POPMALHOHHO
NPOCTPAHCTBAX COBPEMEHHOH aarebpanyecKod reoMeTpuu —
TeopHH cxeMm ['porenauka, Teopun aareOpauMyeckKHX M aHa-
JUTHYECKHUX KOTePEHTHBIX NMYYKOB HaJ HHMH H T. 1. '

CxKazaHHOe mNO3BOJSEeT IPEeANOJOXKHTb, 4YTO B CaMOM
Ooanxaimem OyayuieM TONOJOrHYeCKHe MEeTOIbl HAayHyT Oll-
pefessiTb JaJbHeHLIHe NYTH Pa3BUTHA COBPEMEHHOH (H3H-
YyeCcKOH HayKH M, B YAaCTHOCTH, Jaxke TaKOH, Ka3aJaocb Obl,
He3aBUCHMOMH, HMeloulell YHCTO aKCHOMaTHYeCKoe NOoCTpoe-
HHE NUCIHNJHHBIL, KaK abcTpakTHas Teopus noJas. Kak 6110
HeIaBHO NOKa3aHO, OCHOBHble MaTeMaTHuYeCKHe CpeaCcTBa
nocaeaHeld — o6obuwenHble GyHKUUH (pacnpeaejeHus, JH-
CTpyOYLUHH) — SBJASIIOTCA HE TOJbKO ONpeieJeHHbIMH (PYHK-
uvoHanamu. JnoHckuii matematuk M. Cato mokasas, 4To
obo0ueHHble GYHKUHH NpeACcTaBJasOT coO0H mpexne Bce-
rO HEKOTOpble TPYININbl OTHOCHTEJbHBIX KOTOMOJIOTHH Omnpe-
fleJIeHHbIX MPOCTPAHCTB *%,

[TosToMy ecTb BCe OCHOBAHHS OXHJAaTb, YTO PaHO HJH
Mo3aHo Haxo 6yaer nmepedopMyaHPOBATb BCIO COBPEMEHHYIO
abCTPAKTHYIO TEOpPHIO MOJsS € TOYKH 3peHUs KaKo#-TO HOo-
BOH, He TPHUBHAJbHOH TomoJorudH. Ha stoM nyTH, mo Ha-
LIeMy MHEHHIO, W IPOH30HAEeT OYeHb BaXKHBIH aJs1 cyneb
JaJibHEHLIEero pa3BHTHsA (H3HYECKOH HAYKH Mpouecc ee ma-
TeMaTHYecKoi MoaepHu3zauuu. OH 3aTpoHeT, BeposATHO,
TaKXe H ee OYeHb CTapble, (yHAAMEHTaJbHble, IOHSATHS
(HanpuMep, MPHYHHHOCTb) M TMO3BOJHT HX BBIPA3HTb Ha
TOYHOM, OJHO3HAYHOM M HEJABYCMBICJIEHHOM $I3bIKe COBpe-
MEHHOH MaTeMaTHKHU — TaK, UTOObl OHH CTaJIM NMPHUMEHUMbI
K 06beKTaM OrpOMHONH HH(POPMALHOHHOH €MKOCTH.

[ToHsiTHe NPHYHHHOCTH B 3TOM OTHOLUEHHH, KaxKeTcs,
BIVIOTHYIO NMOAOLUJO YK€ B HOBEHIIHX paboTax mo mydykam
anre6p ¢ou Heiimana Hajg (H3HYECKHM NPOCTPAHCTBOM K
cBoeil 6oJiee HJU MeHee COBpeMeHHOH (GOPMYJHPOBKE Kak

27 L. Michel. Internal Symmetry and Relativistic Invariance.— «Physi-
cal Review», 1965, v. 137 B, p. 405.
28 [1. Ulanupa. Teopus runepdynkuui. M., 1972, crp. 63.
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CBoficTBA KOTEPEHTHOCTH OfpeaesieliibiXx aareOpanuycckux n
O/HOBpEMEHHO  alaJuTHYeCKHX nyykos. [lo-BHanmomy,
Hd 3TOM MYTH MOXKHO OyAeT 0XKHIaTb «BTOPOTO POKAEHHUSY
TAKHX METOAOB, KaK JHCHepCHOHHble COOTHOLIEHHS H.IH
KOMIIJIEKCHBIE YIJIOBble MOMEHTbI, KOTOpble cTanyrt ©OJaro-
aapsi 3TOH MaTeMaTHYeCKOH MOJAEpPHH3aUHH MPHMEHHMbI
K (u3HyeCKHM o0ODbeKTaM OrpomMHoil  HHMOPMaAUHOHHOI
EMKOCTH.

M3BecTublii KpH3KHC B 3THX HANpPaBJEHHsIX HCCJAENOBaAHHI
B nocaeiHue roiabl Obla 00ycJOBJeH, 10 HalleMy MHEHHIO,
TEM HeMaJloBaKHbIM 0OCTOATENBCTBOM, 4YTO OHH (GopMyau-
pPyIOTC MOKa 4YTO JHIIb B pamMKax TPaAMIUHOHHOH (U3HYe-
CKOH cxeMbl 00DbeKTOB 00bIuHON HHPOPMALHOHHOH €MKOCTH.
A B TO e BpeMsi abcTpakTHasi TEOPHS MOJA HJAH pa3aHuHble
TEOPETHKO-TPYNIOBbIe METOAbl C CAMOr0 Hauyaja CTPOATCHA
Kak TeopHu O0ODBEKTOB OrpoMHONH HHPOPMALHMOHHOH €MKO-
CTH — MYCTb HEfIBHO, He BCerja OCO3HAHHO HJIH, BO BCSKOM
cjayuae, y»K He co3HartesbHo. M nostomy, nocko/sbky ¢Hu3u-
Ka Bce Oosee W OoJjee TNOrpy)KaeTcs B MHUP 3THX TNPHH-
LUHNHAJbHO HOBbIX OOBEKTOB, 3TH JBa HanpaBJ/eHHsI B H3Be-
CTHOM CMBbICJIe «TPOLBETAIOT» B MOCJAEIHHE TOJbI.
- Maremartnyeckylo 6a3y MOAepHH3alHI METOAOB AMCHEp-
CHOHHBIX COOTHOIIEHHH M KOMIIJIEKCHBIX YIVIOBLIX MOMEHTOB
NOJIZKHbI COCTABHTb, MO HAlleMy MHEHHIO, HOBEHIlIHe MeTo-
bl TEOPUH (PYHKUMIH MHOrHX KOMIIJIEKCHBIX TepeMeHHBIX,
OCHOBaHHble Ha IIOHSATHH aHAJHTHYECKOTO TNPOCTPAHCTBA,
nyyka POCTKOB aHAJUTHYECKHX (YHKUHI HAL 3THM TMpo-
CTPAHCTBOM, KOTOMOJIOTHH mocJ/efHero ¢ kosdduuueHramu
B 3TOM [MYy4yKe, KOTE€PEHTHOCTH MYYKOB TNpPH onpejaeseHHbIX
O0TOOpPaXKeHUsaX U T. A. 371eCb MOTYT ObITb YCTAaHOBJIEHbI IJ1y-
00KHe CBSA3H CBOWCTB AHAJUTHYHOCTH aMIJIUTYJ pacCesHHus
C OMpeneJeHHbIMH TEOPETHKO-TPYNNOBbIMH XapaKTePHUCTH-
KaMH HOBBbIX CHMMETPHil 3JIeMEHTAPHbLIX YacTHIl. DTO yAACT-
ca caenatb OJarogaps OOLWHUM TeopeMaM COOTBETCTBHSA
Ceppa, KoTOopble YCTAHABJAMBAIOT AaJieKO HAYLIHE H30MOp-
(u3Mbl TEopui, H3yyaloLHX «ajgrebpaHyeckHe» CBOIHCTBA
06 bEKTOB OrpOMHOI HH(MOPMALLHOHHOH EMKOCTH H TeOpHii,
HCCIELYIOUUX TMOBeJeHHe CBA3aHHBIX C 3THMH OOBEKTaMH
roJIoMOpMHBIX U MepOMOPDHBIX PYHKILHI MHOTHX KOMIJIEK-
CHBIX NepeMeHHBbIX.

[To Bceit BepOSITHOCTH, HA 3TOM NMYTH OKaXKeTcsd BO3MOXK-
HbIM yCTaHOBJIEHHE HOBBLIX H CTpPOroe Ja0Ka3aTejbCTBO CTa-
pblX CBOHCTB AHAJHUTHYHOCTH AaMIJIHTYA pacCesHHs,-—
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Gaarofapst oOwuM TeopeMaM aBoiicTBeHHo¢TH Ceppa —
['poTenanka, mo3BOJAOWMM MO anreGpanyeckuM rpynmnam
KOrOMOJIOTHIT ONpeaesieHHOro paHra JejaTbhb 3aKJIOYeHHS O
rpynmnax KOromoJIOTHil JONOJHHTEJNbHOTO paHra, BblYHCJEH-
HbIM C NMOMOULbIO NMYYKOB aHaJUTHYeCKHX PyHKuuit. Orpom-
Hoe 3HayeHue OyaeTr MMeTb 31eCb, BEPOSATHO, BLIABJEHHE
[poTeHankomM ** oyeHb HHTEPECHOTO KOrOMOJIOTHYECKOro
CMbicJjla TNMOHSITHS BblYeTa, UIPalOLIEro CTOJNb BAXKHVIO POJb
BO BCeX (DH3HYECKHX TeOpHNX, HCMNOJb3YIOUIHX CBONCTBA
AHAJIUTHYHOCTH HEKOTOpbIX (YHKUHMH (TakuX, KakK oOuias
TEOPHS AHCNEPCHOHHBIX COOTHOWEHHI, KOMMJIEKCHbIE YIJO-
Bble MOMEHTBI H T. I.). N

3.3. BO3MOMHOCTb PA3JHYHBIX TOMOJOTHH H TEOPHH MHOXKECTB
B MHKpPOMHpeE

MeTton0/10rHYeCKHe «YPOKH» pPa3BUTH KBAHTOBOH Me-
XaHHKH M TEOPHH OTHOCHTEJbHOCTH IMO3BOJIAIOT MNPUHTH K
onpejaesIeHHbIM BbIBOJaM O pPOJH B PasBUTHH €CTECTBO3HA-
HHS TPHHUHMHAJbHLIX, PEBOJIOUHOHHBIX OTKPbITHH HOBEH-
el mareMaTuku. HoBble cTpyKTypsl O€CKOHEYHOMEPHOro
rH/Jb0epTOBa NMPOCTPAHCTBA OKAa3aJHChb CIOCOOHBIMH 10CTa-
TOYHO aJléKBATHO W JIOTHYECKH HENPOTHBOPEYHBO BbIPA3HUTb
(«vcuepnmaTb») Ccob0i TAYOOKYI0 AHANEKTHKY aTOMHBIX
06beKTOB. M TONIbKO OHH M OKa3aJauCb IJs 3TOrQ IPHroi-
HbIMH — BCe MHOIOUYHCJIEHHbIe TMONbITKH mnepedopMyaupo-
BaTb KBAHTOBYIO MeXaHHKY 6e3 ruabbeproBa NpocTpaHCTBa,
KaK HEKOTOpbIH .HEOObIUHbIH THI JBHXEHHS MAaTepuHu B
O0ObIYHOM €BKJIMJ0BOM IPOCTPAHCTBE, OKa3aJUCb HeyHau-
HbIMH.

A Benb ruab6epPTOBO MPOCTPAHCTBO — OAHO M3 HauboJee
PEeBOJIIOLLHOHHBIX OTKPBITHII MaTemaTHyecKoit HaykH. OHo
BlepBble NMPOAEMOHCTPHPOBAJAO BO3MOXKHOCTb M HCKJIOYH-
TeJqbHYI0 3(Q(EKTHBHOCTb T€OMETPHYECKOro nojAxoda K Ta-
KHM Ka3aJjocb Obl OYeHb NaJeKHM OT reoMeTpHH o0beKTam,
KaK MHOXecTBO (DYHKUHH C HHTErpHpyeMbIM KBaJpaToM,
MHOXK€CTBO ONpe/ieJIeHHbIX MaTpPHL, ¢ OGECKOHEUHbIM YHCJOM
CTPOK HJAH cToa6uOoB M T. A. HeucuepnaemocTb CBOMACTB
3JIEKTPOHA 0Ka3aJioCb BO3MOXHbIM BbIPa3HTb CTPOro mare-
MaTHYeCKH TOJIbKO C NMOMOLULbIO 3THX HOBBIX NMPOCTPAHCTBEH-

HBIX CTPYKTYP.

9 R. Hartshorne. Residues and Duality. N. Y., 1966.
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AHaJOrMyHyl0 pPOJib OAHO3HAYHOH XapaKTepH3aLHUH M-
pajo TNpPH CO31aHHH TEOPHH OTHOCHTE/JIbHOCTH PEBOJIIO-
LHOHHOE OTKpPbITHE KOHIlA TNpPOULJIOr0 BeKa — TeH30PHbIN
ananu3. be3 Hero ¢opmMy/nHpoBKa OCHOBHBIX TOHSATHH M
3anay (QyHaameHTa COBpeMEHHOH (HU3HYECKOH HAYKH —
TEOPHH OTHOCHTEJbHOCTH — OKa3bIBA€TCsi TPOCTO HEBO3-
MOXXHOH — HMeHHO oO0Lllast nocTaHoBKa mnpobJaeMbl HHBa-
PHAHTOB B 3TOM HCYHMCJIEHHH MO3BOJAET yKa3aTb HOBbIE Il
e/IMHCTBEHHO MPHUTOJHbIE /5 3TOr0 «IMPOCTPAHCTBA BO3IMOXK-
HOCTEH», ¢ NMOMOILbI0O KOTOPbIX MOXHO aJ€KBAaTHO BbIPA3UTb
HEHCYEprnaeMoCTb CBOHCTB OOBEKTOB, ABHKYIIUXCHA CO CKO-
poCTSAMH, OJH3KHUMHU K CKOPOCTH CBeTa, WJIH B OYEHb CHJb-
HbIX TPABHTALHOHHBIX TMOJSAX.

Cpenn Ba)KHEHIUUX OTKPBITHI MaTeMaTHYeCKOi HayKH
MOCJAEAHUX JeT ABa MOTYyT NpHBJeYb Hallle BHHMaHHe Kak
pas ¢ TOYKH 3pPEHHUS BbIPAKEHHUS JHAJEKTHKH MHpa 3Je-
MEHTAPHBIX KOpmyckya. DTo — BBeaeHHe A. [poTreHankom
CeMeHCTBa NPHUHILHIMHAJIBHO HOBbLIX TOMOJOrHH U YyCTaHOBJe-
Hue I1. JIxx. Kosnom *° mpoTtuBopeuallero HHTYHUHH ¢akxra,
UTO CYLIeCTBYeT He OJHA-eAHWHCTBEHHASi TEOPHUA MHOXKECTB,
a BO3MOMKHO MHOTO CaMbIX PAas3JIHYHbIX TEOPHH MHOXKECTB,
HEKOTOpPbie H3 KOTOPbIX MOTYT ObITb CNpaBelJIMBbl B OJAHHX
(hH3HYeCKHX MHpaX, a B APYTHX — COBCEM HeT.

Bonpoc oTHOCHTe/NIbHO peasibHOH TOMOJOTHH (HDH3HYECKO-
rO NPOCTPAHCTBA HA OY€Hb MaJibIX PACCTOAHHAX — 3TO BOI-
pPOC OTHOCHTEJIbHO TOrO, KaK BbIAEJAIOTCA, (HKCHPYIOTCH B
HeM Jo0Obie, CKOJIb YTOAHO MaJble MOJAMHOXKECTBAa HEKOTO-
poro mHoxecTtBa. Jlo camoro HezaBHero BpPeMEHH HayKa
3HaJla BCEro JHIlb OAHY TOMOJOTHIO — KJIAaCCHUYECKYIO, TPH-
BHAJIbHYIO TOIOJIOTHIO BbIpe3aHHsl, B KOTOPOH BblAeJeHHE
OTpeaesJeHHOro MOAMHOXKeCTBa TNPOU3BOAMUTCSH KaK Obl ero
«BbIpe3aHHeM» M3 JIaHHOTO MHOXKecTBa. A ob6pa3oBaHue me-
peceyeHHsi ABYX MOJAMHOXKECTB — NOCJAe10BaTeAbHbIM MPO-
BeleHHeM JpPyr 3a JAPYroM JABYX TaKHX Bblpe3aHHiH, COOT-
BETCTBYIOLLUX  MOCJEN0BATEbHOMY  BbIAEJNEHHIO  TaKHM
CrocoboM KaxKJA0ro M3 HCXOAHBIX NMOAMHOXKECTB B OTHAE]b-
HOCTH.

A. Tporenauk npennoxuna B Hayanae 60-x roaoB Hauero
BeKa COBepLUEHHO HOBYIO TonoJsoruio. OH HCmosab30BaJ npu
3TOM paHee M3BECTHble CTBOWCTBA  «JBOHCTBEHHOCTHY,
«B3aMMO3aMEHsSIeMOCTH» B OMNpelNeJeHHbIX YCJIOBHAX Bbipe3a-

0 1T. Ooc. Koan. Teopusi MHOXKECTB M KOHTHHYYM-runote3a. M., 1969,
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HHH H HEKOTOpbIX oToOpakeHnuii. Oka3piBaeTcs, BCe NOCTpoe-
HHS, BeCb aJITOPUTMHYECKHH annapaTt OObIYHOH TOMOJOTHH
(KOTOMOJIOTHH M T. [.) OCTAIOTCA B CHJIe, €CJH BCIOAY Npeano-
JIOXXUTh COBEPLIEHHO paJHKaJabHOEe H3MEHEHHe B HHTepIpe-
TallHH CaAMOH TOMOJIOMMH — BMECTO BbIPE3aHHH BCIOAY HMETb
B BHAY HEKOTOpble OTOoOpaKeHHs 3afaBaeMblX, (UKcHUpYye-
MBIX MOJAMHOXKeCTB. Toraa nepeceyeHrne ABYX NMOAMHOXKECTB
AOJI)KHO 3aJaBaTbCsA HMX ONpeAeJeHHbIM NPAMbIM TNPOH3BE-
JEeHHEeM.

Mbl cyuMTaeM BroJiHE BO3MOXHBIM BbiCKa3aTb NPEANoJo-
XKEeHHe, YTO B MHKPOMHpE, HAa PACCTOSIHHUAX NOpPsAAKA OXHO-
ro ¢pepmu (10~'* cm), MPOHCXOAHUT nNeEpexox OT OOBIYHOH
TOIOJIOTHH BbIpe€3aHUd MAKPOMHPA K NMPHHUHMHAJBHO HOBOW
TonoJioruu otobpaxenuit I'porenaunka. deso B TOM, uTO,
KaK MNOKa3aHO Bbillle, B JOCTATOYHO «MaJblX» MNOAMHOXKeE-
CTBaX peasibHOro GH3HYeCcKoro MpocTpaHCTBa MUKpOMHpa —
Ha A0CTAaTOYHO MaJblX PacCTOSAHHUAX OT AAaHHOW YaCTHIBl —
BCErjlla BO3MOXHO MOSIBJeHHe BUPTyasbHbIX yacTHll. [To3To-
My OYeHb MaJible TIOJAMHOXEeCTBa peaJsibHOro (u3Hyeckoro
NMPOCTPAHCTBA 3a/al0TCsl yKe He Bblpe3anueM, a oTobpaxe-
HHEM B HEKOTOpPOe HOBoe THJALOEPTOBO NPOCTPAHCTBO CO-
CTOAHHI — C HOBbBIMH OAa3HCHBIMH OpPTaMH, XapaKTepH3yio-
IUMMH 006513aTeJbHOCTb MOSIBJCHUS HA OYeHb MaJblX pac-
CTOSIHHSIX HOBBIX BHPTYaJbHBIX UaCTHII.

[Tocnennne n 06yca0BAHBAIOT HEOOXOAHMOCTb BBEICHHS
TonoJoruu ['porenanka: Bce Gosee u GoJjiee «yMEHbIIAIO-
IHeCs» MOAMHOMKEeCTBa 3a1adl0TCs B MHKPOMHpe He <«Bhipe-
3aHHSIMH», a HEKOTOPbIMH NPOH3BEAEHHSIMH TPOCTPAHCTB
BUPTYaJbHbIX 4acCTUL, Bce GoJblied u Gosbuieit Maccol. [le-
peceueHHs 3THX, Bce OoJsee U GoJsiee yMeHblUaloWuXcsa (Mme-
Hee | ¢epMH B «aAHaMeTpe») MOJAMHOKECTB 3aJaeTcs yxe
NMpAMBIM TPOH3BEIEHHEM COOTBETCTBYIOUIHX TMPOCTPAHCTB
BHPTYaJbHbIX COCTOSTHHH.

M3yuenune Ttomosoruii I'poTeHauka eme TOJNBKO HayH-
HAeTCsl, HO yXKe IOoJydYeH pPsil OYeHb HHTEPECHBIX pe3yJbTa-
toB. Tak, cam [poTeHAHMK H aMepHKalCKHil MaTeMaTHK
M. ApTHH NOJYYMJH HEYTO BPOJE MPHHLMHIA COOTBETCTBUA
IJ11 HOBOW TOMOJIOTHH: NPH BLIMOJHEHHH ONpeaeseHHbIX yC-
JIOBHI1 NMPHHUHMMHAJBHO HOBYIO 3TAJbHYIO TOMOJOTHIO (OT-
o6paeHHuil) MOXKHO CBECTH K KJACCHYECKOH, TPUBHAJIbHOMH
tonosioruy Beipesanuit. C. lllaTiy nmonyuwsa ouenb Baxkuble
TeOpeMpl ABOMCTBEHHOCTH AJsI KOTOMOJIOTHIT B HOBOIl TONO-
JOTHH H MoOKasaJ, 4yTo Boobuie rosops, oO6beKThl, obaanaio-
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mue TomoJsorueit I'porenanka, «Beayt» cebs cTpaHHo, «mna-
TOJIOTHYECKH» — HX TaK Ha3blBaeMass KOTrOMOJIOrHYecKas
pa3MepHOCTb IOYTH BCerga paBHA OECKOHEYHOCTH. ITOT
pe3yJbTaT, OAHAKO, NMPHHUHUMUAJBHO Ba)KeH IJd (PUIHKH:
MMEHHO TaKoBa Ke KOTrOMOJIOTHYecKass pas3MepHOCTb Tpo-
CTPAHCTBA BCeX MyTeil W3 HaAyaJIbHOH TOYKH B KOHEYHYIO
deitHMaHa.

KauyecTBeHHO BecbMa C€B0e0OpasHyl, MNPHHUHNHAIBHO
OTJHYHYIO APYr OT ApPyra MPHUPOAY MOTYT HUMeTb NMPOCTpPaH-
CTBA CHJbHBIX, CJa06bIX 3JeKTPOMATHHTHBIX M TPaBUTAIUOH-
HBbIX B3aUMOMEHCTBHI M B OTHOIIEHHWH HX YHCTO TEOPETHKO-
MHOXEeCTBEHHBIX CBOHCTB. Mpl HMeeM 31ecb B BHIY
noBeeHHe COOTBETCTBYIOUIMX BAKYYMOB B OTHOLIEHWH BHI-
MOJTHUMOCTH HJIH HEBBIMOJHHMOCTH B HUX KOHTHHYYM-THIIO-
Te3nl ['. KanTopa.

Amepukanckuii marematuk II. Kos3n nokasan npexnmno-
aoxenne K. I'enens (1947 r.) o ToM, 4TO KOHTHHYYM-THIIO-
Te3a HHKAK He 3aBHCHT OT AaKCHOM TEOpPHH MHOXECTB M
NOJKHA R0OaBAATHCA K HUM B KaueCTBe JOTNOJHHTEJbHOIO
nocryJjgara. TeM caMblM C KOHTHHYYMOM-THNOTe3€il NOBTO-
psSieTC  HCTOPHS, CJYYHBIIASICS B NPOUIJIOM CTOJIETHH CO
3HAMEHHTBIM TIOCTYJIaTOM O MnapaJJenbHbIX: B NpHpOJe,
OKa3blBaeTcsl, MOTYT HMETb MECTO He TOJbKO pasjHyHble
reOMeTPHH, HO W pPasJHuHble TeOpHH MHOXKecTB. Jlo6aues-
ckuii u Bofiau, N'aycc u Puman, nokazaB Bo3MOXHOCTb Treo-
METPHi, B KOTOPBIX O-i MOCTyJIAT He BBLINOJIHSIETCS, TeM ca-
MBIM, KaK HM3BeCTHO, mepeBesd npobjemMy pasjHYHbIX Teo-
METpHUH M3 paHra YHCTO MaTeMaTHYeCKHX npobJieM B paHr
npobaeMm ¢pusHueckux,— U l'aycc naxe Hanesscs pelInTb ee
caM YHMCTO 3KCNEePUMEHTAJbHBIM MyTeM. DTO yHaJoCh Cae-

JaTh TOJNLKO CTOJIeTHE cnycTs — 6aaromapsi co3aaHHio 006-
eii TEOPHH OTHOCHTENBHOCTH H ee sxcnepnmemanbnon
MpoBepKe BO BPEMs COJHEYHBIX 3aTMEHHH.

B Hame BpeMsi aHaJOrHYHas CHTyalUHsi MOXKeT CJy-
YHTLCA W B 06LIeil TEOPHH 3JEMEHTapHbIX YaCTHIL: AJs OJX-
HUX B3aHMOJEHCTBHH OyleT HMEeTb MeCTO «HeKJacCHye-
CKasi» TEOPUS MHOMXECTB — JJISI HHX MeXIy CyeTHOH 6ecko-
HEYHOCTbIO M KOHTHHYYMOM MOTYT 0Ka3aTbCf CYLIECTBYIO-
WHMH elle U NMPOMeXKYTOUYHble KJaacChl OeCKOHeUYHBbIX MHO-
)KecTB. A aasa Apyrux B3aumonueicTBuil 6yaer cnpaBelJiHBa
«KJJaCCHYyeCKasi» TeOpPHs MHOXKeCTB — /I HHX KOHTHHYYM-
FHIMOTEe3a MOXET CTaTh 3KCNepPHMEHTAJbHO TIPOBEpPAEMBIM B
obuieii TeopuH MMKpoyacTHU (pakrtoMm. [[19 MHO)KeCTB, BO3-
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HHUKAIOUIHX B pe3yJbTaTe 3THX B3aHMOIEICTBHIi, MOIIHOCTH
CYETHOH O6ECKOHEUYHOCTH M KOHTHHYyMa OYAYT Henocpenct-
BEHHO CJIe0BaTb APYr 3a ApyroM 0e3 Kakux-aubo mpome-
KYTOUHBIX «CTyNneHeK» 0eCKOHEeYHOCTH.

OcHoBHBIM cTHMYyJOM pa3BuTusi Kantopom obuiei Teo-
PHH MHOXECTB Kak pa3 Obljia ero rumnore3a o TOM, 4TO pas-
JUYHble BHAB (hU3HUeCKHX O0O0beKToB (noJe M BeLeCTBO,
TEeNJIOBble MW 3J€KTPOMArHUTHble SBJEHHS1) MOTYT HMEeTb
pPa3JHYHbIE TEOPETHKO-MHOMXKECTBEHHble CBOWHCTBA, KOTOpHIE
OH HaJesiyiCs MOJOXKHTb B OCHOBY TeOpeTHYecKoro obGbsiCHe-
HHS KayeCTBEHHOro CBOeoOpa3us M3BECTHBIX K TOMY BpeMme-
HH pa3/leJioB (PU3HKH.



[naBa BTOopas

PA3J/IMYHBIE NMOAXO0Abl K CHHTE3Y ®U3HKH
U BUOJIOTHHU B HALUE BPEM/I

§ 1. MoaekyasipHas GHOJIOTHUsI
M MaTepHaljibHOe eIMHCTBO OPraHUYecKoro
M HEOPraHW4YecKoro Mupa

L

1.1. Opranuyeckasi aTOMHCTHKA: AMHHOKHCJAOTbI H HYKJIEOTH/bI

HauboJsiee HemocpeacTBeHHble M BreyaT/JdlOlLlHe JOKa-
3aTesqbCcTBa IrJyOOKOro BHYTPeHHEro eauHCTBa OHOJIOrHYe-
CKHX H (DH3HYECKHX SIBJICHHH J0OCTaBJfAeT, KOHEYHO XKe, TO
HanpaBJeHHEe HCCed0oBaHUH, KOTOpoe ocobeHHO OypHO pas-
BHBAETCS IOCJEeAHHE TOAbl U KOTOPO€ HOCHT Ha3BaHHe MO-
JeKyJasapHoH Onosorun'. Jlaxke ¢H3MKa BBICOKHX 3IHEpPrHi
H 3JIEMEHTApPHBIX YaCTHL MOXKET TOJbKO I03aBHAOBATH
TeMIIaM pocTa 3TOH OYeHb MOJOLOH elle Hay4yHOH JHcC-
UHUIJIHHBIL.

OTkpbiTHE M HayyHOEe J[0Ka3aTeJbCTBO MOJIEKYJSAPHOH
O6uoJsiorueH TOro ¢pakra, YTo KHBble OOBEKTHl COCTOAT H3
pa3aHyHbIX coyeTaHHH 20 pa3JHyHBIX THIIOB AMHHOKHCJOT,
o6pa3yoluX AJHHHeHIIHe LenH (B HeCKOJbKO COT HJH Aa-
’Ke ThICSY «3BEHbLEBY» CaMblX Pa3HOOOpa3HBLIX «XKHBLIX» OeJl-
KOBbIX MOJIEKYJ), Mbl CYHTae€M HOBBbIM H BecbMa IIYOGOKHM
waroM Ha NyTH JAaJbHEHIIEero pa3BHTHS H KOHKPETH3allWH
0011eaTOMHCTHYECKHX, * JHAJEKTHKO-MaTepHaJHCTHYECKHX
npeAcTaBJeHHH O CTPOeHMH MaTepuH. Pacuser MOJeKyJsp-
HOW GHOJIOTHH B MOCJEJHUE TOAbI nojayyaer oObsicHeHHe Kak
CAeACTBHE NJIOAOTBOPHOCTH TOr0 paspelleHHss NPOTHBOpe-
YHsl YCTOWYMBOCTH M HM3MEHYHMBOCTH Hab/0LaeMbiX O0OBEK-
TOB, KOTOpOe JaeT TeOPEeTHYEeCKOMY eCTeCTBO3HAHHIO Hed
aTOMH3Ma.

Kak Hu3BecTHO, XXHBOe, OPraHHyecKoe COCTOSIHHe MaTepPHH,
HEe B MeHbLUeH CTeneHH, yeM 3JeMeHTapHble YaCTHLbI,

I Mui caenyem 3nech u panee kuure: o, Yorcon. Monekynspuas Guo-
Jorust reda. M., 1967.
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XapakrepuayeT 370 rayOouaiiliee BHYTpellliee eIHICTBO
HENPEePbIBHOIO [ABHXKEHHS BCeX MKHBBIX OOBEKTOB H CTOJb
e HeoO0X0AMMOro mnoCTOsiHCTBA, CTaOHJAbLHOCTH HMX HauoOo-
jee CYLIeCTBEHHbIX XapaKTEePHCTHK B TeYeHHe OTNpeleJieH-
HbIX NpoMeXyTKoB BpeMeHH. CToab NpOABHHYBLIAsH Blepes
BCI0O OHOJIOrMYECKYIO HayKy HJes reHa Obljia Belb B METOJO-
JIOTHYECKOM IIJIaHE ONpeJie/leHHOe BpeMs UHCTO CIHEeKyJs-
THBHOH H Jaxe—B KaKOH-TO YacTH HaTypdHI0cOPCKOH
MOMBITKOH CKOJbKO-HHOYAb pauuoHaJbHbIM 00paszoM 00b-
ICHHTb, pa3peluuTb 3To raybouyaiiuee, cocrasJsioliee CyLl-
HOCTb BCEro XHBOTO NMPOTHBOPEUHE.

HeiictButesabHo, B 3noxy I'. Menaeas u ero mpojoJixka-
resiell HayKa elle He MMeJia B CBOEM pacnopsixKeHHH IKcne-
PHUMEHTAJbHBLIX CPEACTB H3Y4Y€HHS 3JIEMEHTApPHBbIX HOCHTE-
Jeit XHU3HU. M Tem He MeHee OCHOBbLI COBPEMEHHBIX INpe-
CTaBJIGHHH O CTPOEHHH XKHBOro ObIJIH 3aJI0KEHbl yXKe TOraa.
dnoxaJibHble JOCTHXEHHSI MOJIEKYJSPHOH OHOJIOrHM MOCJaes-
HHX JIET TOJIbKO KOHKPETH3HpOBaJu 00LLYyI0 KapTHHY,— TakK
CKa3aTb, AOBeJH ee 10 OHOXHMMHYECKHX «JeTaJed» H cleJa-
JU 3SKCIEepUMEeHTaJbHO OOOCHOBAHHOH H TNpOBEpPsieMOH B
OIbITAX.

HMpesa atomusma npu nepexone B 00s1aCTb JKHBOro He
MOTJ1a/0CTaTbCsl HEH3MEHHOH, TaKoll, KaKoH oHa Obljia B (pH-
3nyeckoit Hayke. OHa craJsa B OHOJIOTHH HIeeil JHajeKTHye-
CKH NMoHMMaeMoro atomusama. HoiHe, pasymeercs, yxKe HHK-
TO He coOHpaeTcss yTBEpKAaTb, YTO «aTOMbl 2KHBOTO» —
20 pa3/IMYHBIX THIOB aMHHOKHCJOT — HeJib3g pa3OuTh Ja-
Jiee Ha coCTaBJjsiiouiHe HX (XHMHYECKHe) aTOMbl yIyiepoaa,
BOAOpPOAA, KHCJOPOAA, a30Ta U cepbl. DTO CAesJaTb MONKHO,
HO, OCYILECTBJIAIA 3TO, Mbl Cpa3y ke, TaK cKa3aTb, aBTOMa-
THUECKH IIOKHJaeM YpoBeHb OHOJOrHYECKHX SBJEHHH H
nonajgaeM B 006JlaCTb XHMHH — XHMHH CaMblX pa3Hoobpas-
HbIX ATOMHO-MOJIEKYJSIPHbIX, HO HEOpraHHyeCcKHX Ipouec-
coB. CoBepuieHHO aHaA/JOTHYHBIM 0O6pPa30M Mbl MOXeM TOHTH
H JaJjblue — pa3bHTb K aTOMbI yrJjepojaa, BoAopoja, KHCIO-
poZa M a30Ta Ha COCTABJAIOLIHE HX 3JEKTPOHbI, NPOTOHBI
M HEeHTPOHBl (CKOHUEHTPHPOBAB Ha HHUX JAOCTATOYHO 60JIb-
1iHe KoJHuecTBa 3HepruH). Ho TemM caMblM MBI CTOJb XKe
aBTOMATHYeCKH IOKHHEM YK€ H YpPOBeHb OpraHH3aluu Ma-
TepHuH B (GopMe XHMHUYECKHX OOBEKTOB H INoOmajeM Tenepb
B 0021aCTh PU3UKH — PHU3UKH 3JIeMEHTAPHbIX YaCTHIL

WHTepecHo, uTo B CBs3M ¢ 3TOH npobaemon B. Baiickond
CnelHaJbHO MOAYEPKHYJ, YTO AHTHYHbIE ATOMHCTHI B CYyX-
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JeHUSIX O HeAeJHUMOCTH atoMa OblIH abCOJIOTHO MPAaBbI, HO
TOJIbKO B 00J1aCTH OYeHb MaJiblX 3HEpPTHH, nNpH KOHIEHTpa-
UMK Ha KaxXJoM aTtoMe He GoJjiee OJHOTO 3JE€KTPOHBOJILTA.
Toraa aTombl BLICTYNAlOT B KauecTBe OeCCTPYKTYPHBIX, 3aM-
KHYTbIX B cebe cyurHocred. AHasoraunbiM obGpas3oM, obpa-
TUJ BHUMaHHe Baiickond, nmouTu Bo Bcex OHOJOTHUECKHX
npoueccax 20 pas3JHuNbIX THNOB AaMHHOKHUCJIOT MOXKHO Tpel-
CTaBHTb KakK €IHHble, He JAeJHUMble JaJjiee «CTPOHTeJbHbIE
KHPMHYH» JKHBOrO, XapaKTEpPU3YIOUIHECs TOJbKO B LEJOM
TAKHUMH napaMeTpaMH, KakK 3HEpruH CBSI3H APYr C APYyrom
M NMPOYHMH XHMHUECKHMH MOJIEKYJaMH, YpPOBHH KoJseba-
TeJbHLIX W BpallaTeJbHBLIX COCTOAHHH, HOHHU3ALHOHHBIE TO-
TEHIMAJALl MNepexofa HuX 3JeKTPOHOB B CBOOOJHOE CO-
CTOSTHHE.

Jns «opranuueckoro» (YHKUHOHHPOBAHHST «IKHUBBIX»
GeNKOBBLIX MOJIEKYJ TIPHHIIMMHAJbHOE 3HAueHHe HMEIT He
HHAWBUAYAJbHbIE CBOHCTBA COCTABJSIIOIIHX HX ATOMOB YT-
Jeponaa, BOLOpOXA, KHCJAoponxa, azota (M cephl), a TOJbKO
BMOJIHE OlpedeseHHble HHTerpajbHble XapaKTePHCTHKH HX
AMHHOKHCJOTHBIX KOMIIOHEHTOB, uYepe3 TIPH3MYy KOTOPHIX
NO/KHBI 00513aTeJIbHO «NPEJOMHUTBLCS» BCe HWHAHWBUIAYAJb-
Hble OCOOEHHOCTH JAaHHOTD? aToMa, eCAH 3TH OCOOEHHOCTH
HMEIOT Kakoe-To OHOJIOTHYeCKoe 3HaueHHe. 31eCb BCTaeT
BOMPOC O TOM, HACKOJbKO YHHKAJbHBLIMH SIBASIOTCA (HDH3H-
KO-XMMHUECKHe CBOHCTBA MMEHHO AMHHOKHCJIOTHBIX KOMII-
JIEKCOB, BCsiKasa AU Gopma XKH3HH A0/KHA 0053aTeNbHO CO-
CTOSAATb TOJNbKO M3 HUX. MK Ke B nmpuHIIMNE BO3MOXXHO CO3-
NaHHe KOMIJIEKCOB C NMOJOOHBIMH »Xe CBOHCTaMH, HO Ha 6a-
3¢ IPYrHX XHMHUYECKHX 3JeMeHTOB (HanpuMep, KpeMHHUS,
¢occhopa ¥ T. 1.), TaK UTO B KOCMOCe Mbl MOXKEM BCTPETHTh
)KUBble CYLIeCTBa HE TOJNIbKO aMHHOKHCJOTHOM TNPHPOIHI?

CoBpeMeHHOe COCTOSIHHEe KBAaHTOBOMEXaHHYeCKO# Teope-
THUECKOH XHMHWH He MaeT NMOKa BO3MOXKHOCTEH Cepbe3HbIM,
[0Ka3aTeJbHO MaTeMaTHUYeCKUM 06pa3oM HCCAeNOBAaTb HaH-
HBIH Bompoc. JlocTHrHYTHIi Ha 6a3e KBAHTOBOH TEOPHH CHH-
Te3 XUMHU U (HHU3UKH HOCHUT B,3TOM HMEHHO TJIaHE BCe ele
JIOBOJIbHO YaCTHBIH, HEMOJIHBIH XapakTep H MOXKeT JIaith
cepbe3Hoe TeopeTHYecKoe OOBACHEHHe TOJMbKO CBOMCTBAM
MPOCTEHNTHX, HEOPTaHHUECKHX MoJieKyJs. Pacyer xe ¢husu-
KO-XMMHUYECKHX XapaKTepHUCTHK 6oJiee CJAOXKHBLIX, OpraHuye-
CKHX MOJIEKYJl ¢TaHeT BO3MOMHBIM, Ha Haul B3TJASJ, TOJb-
KO Ha OCHOBE CVIIeCTBEHHO HOBBIX TOMOJOro-ajrebpanye-
CKHX MeToJaOB. DoJabuioii HHTepec mpenacTaBHa Obl aHAMH3
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HAlIEHHbIX K HACTOSIIIEMY BPeMEHH KBAHTOBOMEXAaHHYECKHUX
DELIeHUH TPOCTeHIIUX XHUMHUECKHX TNpobJeM ¢ TOUKH
3peHHa (eHHMaHOBCKOH, TpaeKTOpHOH (GOpPMYJHPOBKH
KBAHTOBOH MEXaHHKH H 0CO0EHHO TeopHH aOCTPAKTHBIX
cxeM [poreHnuka. YiKe pelieHHble CeroaHsi 3alayd OKa-
XKYTCSl TOTJAa, BEpPOATHO, NPOCTEHUIHMH THMNAMH CTPYKTYP
ONpeaesyeHHbIX TONOJOrHYECKHX NMPOCTPAHCTB, 00Jiee CJ0XK-
Hble XapaKTEePHCTHKH KOTOPbIX, KAK MOXKHO moJsiaratb, U Oy-
AYT COOTBETCTBOBATb (PH3UKO-XMMHYECKHM KOHCTAHTAM HH-
TEePeCcyllHX Hac aMHHOKHCJOTHBIX OJIOKOB H o0OpasyeMblX
HMH FHTAHTCKUX O€JIKOBBIX MOJIEKYJI.

MTak, 0O1HOH- U3 caMbIX Ba)XHbIX 3ajJlay CTAHeT, NMO-BUJIH-
MOMY, oObsicHeHHe ¢aKTa, YTO BCe H3BEeCTHble HaM (POpPMbl
)KH3HH <«BBICTPOeHbI» H3 20 pa3/IHYHBIX THIOB aMHHOKHC-
JOT — 0ObsiICHEHHe TOro, INoueMy HMEHHO JaHHble XHMHYye-
CKHe KOH(HTYpalHH aTOMOB OKa3aJuCb Ha 3eMJe Aas 3TO-
ro Haubosee ynoOHbIMH. B 3anauu Hayku BOHAET TakxkKe H
TeOpeTHYeCKoe, MaTeMaTHUeCKH JoKa3aTesqbHOe BbIICHEHHE
TOr0, BO3MOXHbl U BOoOoOlIe npyrue Habopbl TAKOTO Ke po-
J1a aTOMHBIX KOH(Hrypauui, Kotopbie MOIJIH Obl NOCTPOHUTH
U3 cebOs HeYTO, aHAJOrMYHOE H3BECTHBIM HaM $SIBJCHHSIM
’KHU3HH — KAKOBbl KOHKpPETHble YCJOBHA BO3HHKHOBEHHS Ta-
KOH «He aMHHOKHCJIOTHOH» OPraHUKH M NOYeMy OHa He CMOr-
Ja BO3HHUKHYTb (MJIM JIaBHO Hcye3ja) Ha Hallel TJaHerTe.
Bonpochl 3TH 10 cHX NMOp MHTEpecoBaJJH, B OCHOBHOM, K CO-
’KaJNIEHHIO, TOJbKO aBTOPOB HAay4yHO-(aHTACTHYECKHX poMa-
HOB, C CO3JaHHeM »Ke OOLHX OCHOBaHHH (GU3UKH U OHOJO-
MM Mbl CMOXKEM INOJYYHTb HAa HUX apryMeHTHPOBAHHbIH Ha-
YUHbIH OTBeT. ‘

CepbesHoro, TeopeTHuyeckoro obObsicHeHus Tpebyer, Ha
Haul B3rJsil, U OTKPbITHE BHYTPH KaxKIOW OpraHuyecKom
KJeTKH (M paciiudpoBKa €ro onpenensiomnlero 3HayeHHs B
OTHOLIEHHH OeJKOBBIX MOJIEKYJ) HOBOTo HH(pOPMaLHOHHOTO
YPOBHSI CNelHaJdbHbIX crnupaaeobpasHbiX NOJHHYKJICOTH-
HBIX CTPYKTYP, KOTOpble cojepiKaT B cebe «onHcaHHe» BCeX
Tex 6eJiKOB, KOTOpble Koraa-au6o MoryT noHaaoOUTbCs aatl-
HOMY OpPraHH3My B MpouUecce ero »KH3HeAesTeJbHOCTH.

Takum obGpasoMm, npu nepexone B MHpP OHOJOTHUECKHX
00BEKTOB TPOCTas, KOIHOYPOBHEBAA», «BEIIECTBEHHAA» ATO-
MHCTHKAa (DH3MKH H XHMHH CyllecTBeHHO oforamiaercss H
npuobperaer GoJsiee pa3BepHYTYylo, AHPPepeHUHpPpOBaAHHYIO
dopmMy: H3BeCTHble HbIHE CTPYKTYPbl OPraHHYeCKOro MHpa,
CKa3blBaeTcsl, CBsi3aHbl, N0 KpaHHeH mepe, C AByMsA Koppe-
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JUPDOBAHHLIMH JAPYr € JAPYroM YpPOBHAMH aTOMHCTHYECKO
OpraHH3aLlHH.

OAHMH M3 HHUX — ONHUCAHHBIH KPAaTKO Bbillle «BELIECTBEH-
Hbli» YPOBEHb CKPYYEHHbIX aMHHOKHCJOTHBIX LEMOoYeK —
0eJIKOB KaK JeHCTBUTEJbHbIX MaTepHa/JbHbIX HOCHTEJECH H3-
BECTHbIX CerofHs SBJEHHH KU3HU. JIpyrol XKe YypoOBeHb
uMmeer OoJsiee TOHKYI, HH(GOPMALHOHHYIO, NMOTEHLUHAJIbHYIO
NPHPOAY — OH COAEpPKHT 0COObIM 00pa3oM 3aKOAHPOBAH-
HO€ NHCKpPEeTHOe OnHCaHHe BCeX BO3MOMKHBIX «OyAyLIHX» CO-
CTOSIHHH 3TOr0 «BeLIEeCTBEHHOro» 0eJIKOBOro ypOBHA. ITO —
YpPOBE€Hb BO3MOXKHOTO, TaK CKa3aTb, NNOTEHLHAJbHOro Gyny-
Ulero: OH KOAHMPYET CBOMMH HYKJEOTHAHBIMH CTPYKTYpaMHu
TOYHbIE «YEPTEKH» — NOC/AeA0BATEAbHOCTH aMHHOKHCJIOT —
BO BCeX TeX KOHKpeTHbIX OeJsikax, KOTopble Korja-aubo Mo-
XKeT M3rOTOBHTb ONpeJAeJsIeHHblil OPraHu3M (M KOTOpble M0JI-
HOCTbIO ONpeAeJsAT BCIO COBOKYIIHOCTb €ro BO3MOXKHBIX pe-
aKUHH Ha caMmble pas3JHyHbie BHELIHHE BO3JAEHCTBHS — Ha-
YUHAs C BTOPXKEHHUS «UYYKHX» MHUKPOOOB HJM BHPYCOB H
KOHYass MeXaHHyeCKHMH noBpexkaenusimu). Ilpu stom BTO-
poH, HHPOPMAUHOHHBLI YPOBEHb OpPraHH4YeCKHX CTPYKTYp
TaKXKe HMMeeT, 0Ka3biBaeTcsi, pKO BblpaxKEHHYI0O aTOMHCTH-
YeCKYIo NpPUPOJLY — HYKJEHHOBble KHCJIOTbl KUBOTHBIX H pa-
CTeHHH TaKXKe «BbICTPOEHBbI» KaK cnupaJeoOpasHo 3akKpy-
YeHHbIe JIHHEHHble [OCJael0BaTeJbHOCTH  CTaHAapTHBIX
«CTPOHTEJbHbIX» OJIOKOB.

B kKauecTBe TakHX «aTOMOB KOAMPOBAaHHA» OHOTE€HETH-
4yeCKOH HH(pOPMALUH BHICTYNAIOT 4 pasjiHyHbIX THINA 0COOBIX
XHMHYECKHX COeauHeHHI — HYyKJAeoTHA0B. OHU oTaHYaloTCS
ApPyr OT Apyra BXOJASILUMMH B MX COCTaB «OOKOBBIMH» rpyll-
NaMHu: a30THCTBIMH OCHOBAHHSIMH — aJ€HHMH, T'YaHHH, LLUTO-
3HH M ypauuwjg—B cJaydyae pPHOOHYKJEHHOBOH KHCJOTHI
(PHK), aBasiouteiicsi «paboyum uyepTexkoM» COOPKH Kax-
10 HOBOH 0esiKoBO# MoJeKyJbl. B ciyuae xe ae3okcupubo-
HYKJenHoBOH KucaoTel ([AHK), sBasioleiica reHeTHyeckoi
«OHOJHOTEKOH», XpPAaHU/HILLEM «3TaJOHHBIX» OMHCAHHIl BCEX
6€JIKOB, KOTOpble MOXKET H3rOTOBHTb JaHHbIH OpraHusm,
MECTO ypalu/ja 3aHMMaeT THMHH.

Onnako, noyeMy xe BooOLle XHBOe 0053aTeJbHO CBA-
3aHO, MO KpaHWHEH Mepe, C JABYMSI YPOBHYMH CTPYKTYPHOM
opraHusauuu? Yem o00yc/J0OBJE€HO 3TO (PyHAaMeHTaJbHEeH-
llee CBOHCTBO OpPraHHYecKoro Mupa? 3aTeM BCTAlOT elle
6osiee TpyaHble npo6GJeMbl TNPOHCXOKAEHHS MKHU3HH: €CJIH
BO3HHKHOBEHHE «KHBBIX» O€/IKOBbIX MOJIEKYJ elle KaK-TO
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MOXKIIO ObITI0 HAACATbCS OOBICHHTL C TOMOILbIO CJay4ail-
HbIX coueTaHHuil aMHHOKHCJAOTHBIX 6/0K0B B MHpOBOM oOKe-
aHe 3a MHOrHe MHJJIHOHbBI JIET €ro CJIOXKHOH H MHOIONJAaHo-
BOI1 3BOJIIOLLHH, TO KaK ObiTb Tenepb, ¢ Ao6aBJjelneM 11eoro
HOBOIO YPOBHSI HYKJEHHOBBIX KHCJOT? $ICHO, 4TO OZHOBpE-
MEeHHOe cJyyaHHOe BO3HHMKHOBEHHE cpa3y ABYX YPOBHEH OH-
OJIOTHYECKOH OpraHu3alMH InpaKTHYeCKH HEBO3MOXKHO, H
Hal0 CTaBHTb BONPOC O MOCTENEHHOM, 3BOJIOLHOHHOM (op-
MHDOBAaHHH JPYroro ypoBHSI — NPH HAJHYHH OJIHOrO, YyiKe
CYLIeCTBOBABILUErO0 M BO3HHKIUErO COBEPIIEHHO CJAY4aHHO.
Ho KTo Obliy nmepBbIMH — O€JKH HJIH HYKJEHIOBble KHCV-
Thl? Mnn Ke X «OJAHOYpPOBHEBAsA», YHCTO «BELLICCTBEHHAs»
cMeCb, KOTOpass TOJIbKO TIOTOM, MHOTHe MHJIJIHOHBL JIeT
CIyCTsl, «pa3je/iujaacby Ha O€JKOBbIH — BellleCTBEHHO-3Hep-
- TeTHYeCKHH YpOBE€Hb H YPOBEHb HYKJ/JEOTHAOB — YHCTO HH-
GhOpMaLHOHHbIH ?

3necb Mbl CHOBa NPHXOAHM K TeM Ke TPyAHEHIIHM Te-
opeTHyecKuM mpobJsieMaM, O KOTOPbIX YyxKe lija peyb BbILIC
MpH OOCY>KJEHHH «BelleCTBEHHOro», 0eJKOBOro ypOBHSA Op-
raHHYecKoi aTOMHCTHKH. B camom nene, moueMy HMEHHO
JlaHHble HYKJEOTHAHble TPYNNbl SBJASIOTCA MaTepHaJbHbIMH
HOCHTEeJNSIMH HHQOpMAaIHH O 1000 NMOTEHLUHAJbHO BO3MOXK-
HOM Oyayuied «OHOXHMHYECKOH» NeATeJbHOCTH JaHHOro op-
raiuamar? Yro ocoGeHHOE COAEPXKHTCA B JaHHBIX THIAX
aTOMHBIX KOH(HIypalLHH, 4yTOo mpHpoaa H3bpaJjia HMEHHO HX
IJIst MATepHaJbHOrO BOIJIOLEHHS BTOPOro, HHpOPMalHOHHO-
ro ypoBHA aTOMHUCTHKH KHBOro? M copepkKHuTcsa JM 3TO 0CO-
OeHHOe TaKxke H B JAPYrHX KOH(pHrypauuax aTOMOB,— Tak
YTO BO3MOXKHO CYUleCTBOBAHHE JKH3HH C INPHHUHIHAJBHO
HHOH, OTJAHMYHOH OT HYKJCOTHAHOH, OCHOBOH HAaCJeIACTBEH-
HocTH? HMuam e Apyrue XHMHYeCKHe cOellHHeHHs obJiama-
IOT TOJIbKO «3ayaTKaMH», TOJbKO c/aabbIMH «IPOOJECKAMH»
3TOH YIHBHTEJbHOH CNMOCOOHOCTH HYKJIEHHOBBIX KHCJOT
CKOJIb YrOAHO JOJr0 H HaleXHO XPAaHHTb XH3HEHHO BaXK-
HYIO A/ Opraiudma HHpopmauuio?

KBaHnToBasi TeoperHyeckas XHMHSI He MOXKeT B HACTOs-
iee BpeMs JaTb JOKa3aTeJbHble OTBeTbl Ha 3TH BOMNPOCHI.
Jaa pacyera M npeacKa3xzHHs CBOMCTB aTOMHBIX KOH(QHry-
pauudid TAaKOH CTeNneHH CJAOXKHOCTH eH HeoOXOAHMMO nomnoJ-
HHUTb TEOPETHYECKHH M BbIYHCJHTEJbHbIH apCeHajJ HOBLIMH
HAESIMH H MeTOZaMH, ClelHaJbHO NPHCNOCOOJIEHHbIMH /4
KOHKPETHOI'0, JOBEJIeHHOT0 «J10 YHCeJ» PaCCMOTPEHHSI MHO-
roaTOMHbIX XMMHUYECKMX CoeAMHeHHH. Ham Kaxercs, 4T0
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naudosee BeposiTHOe HAmpaBJelile MOMCKOB TakHX HACH H
NOJAXOM0B — HIITEpPNpeTallusi pelueliuii KBaliToBOMexalHnye-
CKHX 3a7lay MHOTHX TeJ C MOMOLLbI0 0c060 peryJsipHblX H
00J1a1a101IHX ONpeaeJeHHOl CHMMeTpHeil CTPYKTYp B HO-
BbIX MaTeMaTHYeCKHX npocTpaHcTBax [porenanka. A mero-
noJoruueckoe, (uaocodckoe ocMmbicaeHHe TaKHX BO3MOXK-
HOCTEil NO3BOJIHT, BEPOSITHO, 3aJ0XKHTb MO3Hee Cepbe3Hblil
TeOpeTHUeCKHH 0asuc Aas yCTauoBJelHs rayboKoro BHYT-
peHiero eaMmncTBa «Mexalil3MOB YCTOHUHBOCTH» BCeX Hail-
GoJiee 4acTO BCTPEYAIOUIMXCS B NPHPOJAE- THIOB OpPTaHH3a-
LWHH MaTepHHu — Kak B BHJIE 3JeMeHTapHbIX 4acCTHIL B (H3H-
Ke, TaK H aMHHOKHC/JOTHLIX H HYKJ/ICOTHIAHDIX O0JIOKOB — B
OHOJIOTHH.

1.2. HapmonekyasipHble YPOBHU OPraHU3aluMu XHBOI0

OTkpbiTHe H pacwHdpoBKa eAHHOro OGHOreHeTHYeCKOTo
KOJa cAeslajJi B TOCJeJHHe TOJAbl BO3MOXHBIM Mepexox K
caepywooueMy O60JablIOMY 3Tamny MOJeKyJaspHO-OHOoJIOrHye-
CKHX HccaenoBaHuil. OH 3aKiiouaeTcsi B OOBACHEHHH H Teo-
PETHYECKOM «BBIYHCJIEHWH» CYIIeCTBOBaHHsI XKHBoOro B ¢op-
Me MHKPOCKOMHYEeCKHX, (yHKUHOHAJbHO 3aMKHYTHIX B cebe
eHHHIL — KJeToK. CoBpeMeHHasi TeopeTHYeCKas CHTyallHs
B MOJIEKYJsipPHO# OHOJIOTHH HAaNOMHHAET CUTYyalihio B (HU3H-
Ke sJeMeHTapHbIX yacTuu. HaubGosee TpyanbiMH Ajs 00b-
SICHEHHSl OKa3blBalOTCA 6pocaloliiecs B rja3a KayeCcTBeHHbIe
OCOOEHHOCTH KaxJA0ro H3 3THX <«CpPe30B» MaTepHasibHOH
JeHCTBHTCAbHOCTH. B 4acTHOCTH BCTaer BONPOC, IMOYeMy
Bce GOraTCTBO KHBOTO CBSI3aHO C Pas3JHUYHBIMH HabopaMu
MCUTH HAEHTHUHBIX MEXAY co00f OpraHuyecKHX KJIEeTOK
pPasJIMUHbIX TKaHel 6HoJIoruyeckux 06 beKTOB?

Tenepb, noyTH moarTopa BeKa CNYCTA TMOCJA€ OTKPLITHA
M. Ineiinena u T. llIBanna, mbl, Kaxercs, npHOIHIKaeMCs
K BO3MOXHOCTH €ro TecpeTHuyecKoro oObscHeHus. Kierka
C COBpPeMEHHOH TOYKH 3peHHSl — 3TO HaMMeHbllass (YHKIH-
OHa/MbHAasl eJMHHIla B OpPraHH3auHH KHUBOro, crnocobHas K
CaMOCTOSIT@JIBHOMY M YCTOHYHMBOMY BOCNPOHU3BEAEHHIO cebs
KaK efHHoro uesaoro. Hu orpomiubie GenKoBble MOJIEKYJIBI,
HH AJHHHEeHIIHe LleNnH HYKJEeHHOBBbIX KHCJIOT He MOTYT CaMH
no cebe, B3siTble OT,1€JbHO, 00pa3oBaTh CTPYKTYPY, crnocob-
HYI0O K HEe3aBHCHMOMY CaMOBOCNPOH3BeIeHHIO. TakuM CBOMH-
CTBOM 00/1aal0T TOJBKO HX NOCTAaTOYHO CJIOXKHO HHTErpH-
pOBaHHble KOMIIJIEKChI — OpraHH4yeckue KJeTKH. B mnocaen-
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HHe TroAbl, 6jaronaps OypHOMY Ppas3BHTHIO MOJEKYJaAapioil
OHOJIOTHH, OTKPbIBAETCS BO3MOXKHOCTb TEOPETHYECKOro «pa-
cyeTa» npocTeillell C€aMOBOCIPOH3BOAALLIEHCA OpraHHye-
CKOIl CHCTeMbl TaKOro poja.

st nolo6HOro caMoBOCHPOHU3BE€HHST HEOOXOAHMO ca-
Moe maJgoe 20 0enKOBbIX (DepMEeHTOB, C MOMOLIbIO KOTOPBIX
«M3rOTABJMBAIOTCA» CTAHAAPTHbIE AMHHOKHCJAOTHLIE CTPO-
HTeJbHble «OJIOKH» BceX OesqKOB., B JNelCTBUTE/NbHOCTH HX,
no-BHAHMOMY, pa3a B 2—3 6GoJblie — H3-3a TOro, YTo COOT-
BETCTBYIOIlHE XHMHYECKHe PeaKUHH B XKHUBOIH KJeTKe Mpo-
TEKalT TOJbKO INPH YYACTHH MNOCAEI0BATENbHO IBYX-Tpex
6enkoBbIX pepMeHTOB (Mmaioc GesKH-noauMepasbl, odecrneum-
BalolHe COeJHHEHHEe AMHHOKHCJOT B JJIMHHbIE MOJIHMEpPHble
Le[IOYKH «XKHBBIX» 0e/n1KOBbIX MoJeKyJa). CTosb Ke HeoOXo-
JHMbl HECKOJIbKO pa3JIHYHbIX THIOB cCheuupHyeckux oOen-
KOB — ()epMEHTOB, «H3rOoTaBJHBAIOUIHX» 3apaHee CTaHAapT-
Hble «CTPOHTE/JbHble HH(POPMAUHOHHBIE OJOKH» HYKJEOTH-
JOB H COBEpUIEHHO Japyrue OeJKH — noJaumepasbl, «CoOu-
patouiHe» 3TH OeJKHW B [BOHHbIE ‘CNHpAJH «3TAJOHHBIX»
JAHK, ognouenoynble cnupaau maTpuyHbix «pabounx» PHK
HT. I

Ilas npHBeleHHs1 BCEro 3TOro MexaHH3Ma CaMOBOCHPO-
H3BEJCHHA B peajbHOe ABHXKEeHHe HeOOXOILHMbl MOJIEKYJsp-
Hble CHCTeMbl CHAOXKeHHsT XHMHuecKoii aHeprued. ITto ocy-
LLeCTBJAAETCS, 10 MHEHHIO CNEeIHaJHCTOB, TOJbKO NPH HAJIH-
YHHU N0 KpailltHed Mepe 8 pas3yiMyHbIX OeJKOBLIX (pepMEHTOB
M HEKOTOPbIX APYTHX OpPraHHYECKHX COeJHMHEeHHH, a TaKxKe
NPpH PEeryJsipHoM H YCTOHYMBOM HX CHHTE3e C MOMOLILbIO OeJ-
KOB — KaTaJau3zaTtopoB. Hakonew, ans Toro, 4yto0Obl BHELIHHE
CHJIbl He MOTIJH MNMOCTOSIHHO MellaTb BCEM 3THM OY€Hb TOH-
KHM MHKPOMOJEKYJspHbIM npoueccam W mnpeBpalllaTb UX B
cBOIO 6e33aUlHTHYI0 MTPYLIKY, CTOJb Ke HeoOXxoauma meM-
OpaHna, oTaeasioulas MeXaHH3M CaMOBOCIIPOH3BEIEHHS OT
BHemHero Mupa. CoenoBaTesnbHO, HEOOXOAHUMbBI TaKXKe elle
H 6eJKH — (epMeHTbl, C NOMOLLbIO KOTOPbLIX TaKas mMeMmOpa-
Ha CTPOHTCH.

B o0uie#i CA0XKHOCTH, THINOTETHYECKas MHHHMaJbHasi
OpraHuyeckasi cucrema, cnocobHas K CaMOBOCIPOH3BeJe-
HHIO B HEXHBOH cpele, A0JXKHA HMeTb [0 KpaiHed mepe
50—100 pasauyHbIX THNOB OEJKOBBIX MOJIEKYJ C MOJIEKY-
JSADHBIM BECOM B HECKOJIbKO JECfATKOB, & TO H COTEH ThiCAY
Ka)jaasi, pacnoJioOKeHHblX B HeKOTOpOM 00beMe Tak, YTOoObl
COOTBETCTBYIOIIHE OGHOXHMHUYECKHE peaKIHWH He «Mellajn»
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apyr apyry. [Noayuaercsi, Takum o6pa3oM, uTo Bce 3TH OeJ-
KH M KOAHMPYIOLIHE HX HYK/JEHHOBble KHCJAOTbl AOJXKHBI NO-
MellaTbCss B KaleJbKe BOJHO-COJIEBOTO pacTBOopa AHAMET-
poMm B 500 aurcrpem (1 anrcrpem —10~7 MM; a1 cpaBHEHHA
YKaxKeM, 4TO aToM BOJOpPOJAA HMeeT NHaMeTp MmopsiaKa aHr-
CTpeMa, aMHHOKHCJOTHbIE M HYKJeOTHAHble OJOKH — JIH-
HeliHble pa3Mepbl MOpsiIKAa JeCATKOB aHICTpPeM, a OpraHu-
yeckMe MaKpOMOJIEKYJIbl — MOPSAKA COTEH aHTCTpeM).

OyeHb MHTEPECHO, UTO CaMble MaJieHbKHe M3 OTKPBITHIX
B HacTosilllee BpeMs KJEeTOK, CHNOCOOHbIX CaMOCTOATENbHO
pPacTH B HEXHBOH IPHPOAHOH cpeJe,— TaK HasbiBaemble
MHKpOObl H3 TpyNnnbl MHKON/JIa3MOB,— HMEIOT pas3Mephl,
BCEro Juillb B 2 pa3a MNpeBbllIAloLIHe AHAMeTp Hallei pac-
YeTHOI MHMHHMAJbHON — OeJKOBO-HYKJACOTHIHOH CHCTEMBbI,
cnoco6HOIT K CaMOCTOSIT@JIbHOMY BocnpousseaeHHto. OnH,
onHako, B 10 pa3 meabue cpenHeit Gakrtepuu, B 100 pas
MeHbllle TKaHeBOW KJeTKH mJekonurtawouiero u B 1000 pas
MeHbllle TaKoro mnpocreiiumiero, kak ameba (onsiTb xKe AAA
CPaBHEHHsI YKaXXeM, YTO YeJIOBEK COCTOHMT H3 5-10'* Tkaue-
BbIX KJETOK, TeCHeHIHM 00pa3oM APYr ¢ JAPYroM CBsi3aH-
HBIX) .

Takum o6paszoM, GOJbIIMHCTBO JKHUBBIX KJIETOK HMeer
JUHEeHHble TeoMeTpPHUeCKHEe pa3Mepbl, Ha HECKOJIbKO MOpsj-
KOB TpeBbIlIAOUIHE Te, KOTOPble MHHUMAaJbHO HEOOXOAHMbI
AJISl pa3MelleHusd B HHX BCeX MEXaHH3MOB CaMOBOCIPOH3Be-
nenus. M ceityac MoJsekyasspHas OHOJOTHS OCHOBHOH CBO-
el 3ajlauedl CTaBUT nMoApoOHOe H3yyeHHe BCeX JeTaJsied TOH-
KOH OHOXMMHYECKOH «apXHTEKTYpPhl» Ppa3JIHUHBIX KJIETOK.
Hactb 3THX «JeTajed» HMeeT 3BOJIOLHOHHO-T@HETHYecKoe
MPOUCXOXKIAEHHE, W yXKe celyac Mbl HauHHaeM TOHHMaTb
KOHKPeTHble OCOO@HHOCTH W TJIaBHble 3Tanbl HX (POPMHPO-
Banusa. Onnako Haubosee ¢yHnaaMeHTanbHbie npobGaeMbl
(GHU3HKO-XHMHYECKOTO OODBACHEHHS OCHOBHBIX MOJIEKYJISp-
HbIX MeXaHH3MOB (YHKUHOHUPOBAHHSI KJETKH — BCe eLlle
Brnepeau. Benb naxke y Haubosiee XOpOWIO H3YYEHHBIX KJe-
TOK THNA KHUIWEYHOHW NaJIOYKH Mbl B HacTosillee BpeMs He
3HaeM elle M TNOJOBHHBI BCeX OMOXMMHUECKHUX peakuui, Ko-
TOpble B HHUX NnpoTekatT. MccaenoBanue KaKaoH TakoH pe-
aKlIlMW 3aHUMaeT HHOTAa HECKOJbKO JeT HanpsKeHHeHIue
paGoTbl OOJbLLIOTO KOJIJIEKTHBA YUYEHbIX; MO OLEHKaM cre-
IIHaJMCTOB, 0 KOHLlA Halllero BekKa A0CTaTOYHO MOJHOe JH-
HamMHyecKkoe (OHOXMMHUECKOe) OnHCaHHe Jaxke NpocTeiilen
XKHBOH KJETKH BPAA JH OyaAeT MOJY4yeHO.
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Ho u nmocsie BcecTOpoHHEro HccielOBaHHS BCeX HaJIHu-
HbIX OHOXHMHUYECKHX peakUuHil B KJeTKaX TeopeTHyecKas
OHoJlOTHs OTHIOAbL He ucuepnaer cebda. Kak pas naoGopor:
HMEHHO TOria TOJbKO M MOXKHO OyleT IOCTaBHTb 3alayy
reHeTHYEeCKOro, 3BOJIIOIHOHHO-HCTOPHYECKOTO OObsICHEeHHS H
TEOPETHYECKOr0 «BbIBOAA» OCHOBHBIX NYTEH pPasBUTHA CIie-
ILHaJH3HPOBAHHbIX CTPYKTYpP JKHBOH KJETKH. Tak, Hanpu-
Mep, ceffyac Mbl NOYTH HHYEro He 3HaeM 0 OMOXHMHYECKHX
peakuHsX, KOTOpble NPOTEeKAl0T Ha MOBEPXHOCTH H BHYTPH
HMEIOUHXCSl B KaxKA0H KJeTKe B KOJHYeCTBe JeCATKOB Thl-
cA4 cepuyeckux vacrtuil auamerpom B 200 aHrcrtpem —
pubOCOM, SABJISIIOLIUXCA KJETOYHbBIMH «KOHBeHepaMHu» 10
c6opke Bcex OesKOBbIX MoJeKya. Heckoabko 6Goablue, HO
TOXKE elle CJAHIIKOM MaJio Mbl 3HaeM O KOHKPEeTHbLIX AeTaJssX
GYHKUHOHHPOBAHHS «CHJOBBIX CTAHUHI» KJIETKH — HECKOJIb-
KHX COT MHTOXOHJPHI, HMEIOLIHUXCs B Kax Ao Kjerke. Tax
K€ MaJo Mbl 3HaeM O XJOpOIJacTax, SIBJASIOIIUXCS MeM-
OpaHHBIMH «AaKKyMyJsiTOpaMH» COJIHEYHOH 3HepTHH I
)KHBOTO MHpa. :

JIMWb HECKOJbKO JIeT TOMY Ha3ajJ Mbl HayaJH TIOHHMMATb,
YTO KaxKaas KJeTka obsajxaeT cCOOCTBEHHBIMH «XHMHYECKH-
MH ¢abpukaMHu» AJd NPOHU3BOACTBA CIELHAJbHBIX XHMHYe-
CKHX COeJHMHeHHI, UMEIOIIHUX >KU3HEHHO BaxKHOe 3HayeHHe
711 Hee caMoOM, IPYrHX KJeTOK M TKaHeH, a Hepeiko —H
BCEro OopraHu3Ma: 3arajoyHble B Te€YEHHE MHOTHX JIET KJe-
TOYHblEe CTPYKTYpPbl TakK HasbiBaeMmblX TeJsel [0ablXHu oxa-
3aJIMCb «1leXaMH» OKOHYATeJbHOTO CHHTE€3a H <«YNaKOBKH»
Takux «pabpuk». Takxke oueHb HeaaBHO ObLIO yCTaHOBJe-
HO, YTO BCe, N0 KpaHHel Mepe, JKHBOTHbIe KJETKH CO/lepiKat
emle U ocobble OpPraHesJbl — JH30COMBI, (YHKIIHH KOTOPbIX
AHAJIOTHYHBI TIHILNEBAaPUTEJNbHOH CHCTEMe: MX KpOIleuHble
MEILIOYKH COAepKAaT Kamio akKTHBHOTO IHLIEBAPHTEJbHOIO
coKa, CrnocoOHOro pacuiensaTb Ha 06oJiee NPOCThie COCTaB-
JsiouHe 6OJBIIHHCTBO CJA0XKHBIX OPraHHYECKHX -COeIHHEHHH
YKHBOI MaTepHH H (epMEHTATHBHO HACTOJBKO CHJILHO Jei-
CTBYIOLLEro, 4TO KJeTKa B JI0O0H MOMEHT MOXeT CcoBep-
ILHTh Jda)e «CcaMoyOHiiCTBO»,— pa3opBaB TOHKHe meMOpa-
Hbl, OTAeJSIIOL{He JH30COMBl OT OCHOBHOM KJIETOYHOH CTPYK-
Typhl. (Takoe «camMoyOHHCTBO» KJIETOK, KCTaTH IrOBOpPS, BhI-
CTynaeT O4YeHb YacTO KaK HeOOXOAHMBbIH 3JIEMEHT Pa3BHTHS
Ha paHHHUX 3Tanax 3MOGpHOreHe3a, HanpuMep, y UbIMJAT HIH

roJI0OBaCTHKOB.)

30



JlanbHeillllee COBEpPIIEHCTBOBAHHE 3SKCNEPUMEHTAJbHOI
TEeXHUKH B OJHXKaiiluHe TOAbI MOXKET, IO0-BHAMMOMY, BbHIfI-
BHTb elle U Jpyrude, OoJee Y3KO ChneunHaJH3HpOBaHHBIE
CTPYKTYPHBIE 3JeMeHTbl KJaeToK. OnHaKo Ha MYTH TEOpPeTH-
YECKOTO M Jla)Ke 3KCNePHMEHTAaJIbHOrO HcecaenoBaHus 6HO-
XUMHYECKHX «moapobGHocTei» (GYHKUMOHHPOBAHHSA TaKHX
CrelHaJH3HPOBAHHBIX KJIETOUHLIX CTPYKTYP M OpraHea
BCTaJa OuYeHb TpyAHas npobseMa — Mo3HaHHE aJJI0CTepHUe-
CKOIl TMPHUPOAbLI JeHCTBHS OEJKOBBIX M APYTHX CJAO0XKHBIX Op-
raHHYeCKHX MOJIeKYyJ,— CHJAbHOH 3aBHCHMOCTH 6GHOXHMMue-
CKHX CBOIHCTB BCEX TaKHX MOJEKYJ OT HX TOYHOH TpexMmep-
HOH mnpocTpaHcTBeHHOH KoHdurypauuu. ITocsennsis Moxer
CHJBLHO MEHSITbCS OT TIPHCOEJMHEHHS K OINpeIeseHHBIM HX
yyacTKaM APYTrHX aTOMHBIX TPYMI HJIH OT YMEHbIIEHHsS KOH-
IIeHTpPallHd B OKPYKaloLeM HaHHYIO MOJIEKYJY NMPOCTPalCT-
Be HEKOTOPBIX COPTOB HOHOB.

[TonyuenHble HenaBHO TepBbie NMPOCTPAHCTBEHHbIE . H30-
OpaKeHHs <«KHBBIX» O€JKOBBIX MoJeKysa (remorsoOuHa,
JU30LHUMA U T. A.) NMOKa3bIBAIOT, YUTO B «aKTHBHOM» paboyeMm
COCTOSTHHUM OHH TPeACTaBJSAOT CcO0O0OH CHOXKHEHIIHe Tpex-
MepHble TIepenJieTeHUst MHOTOKPAaTHO CNHPaJU3HPOBAHHBIX
M TOJIOBOJIOMHO 3aKpPYUeHHbIX AMHHOKHC/IOTHBIX UeNouex.
[Ipnuem wuckmouutesabHas 3dpdekTuBHoCTh GeaKoBHIX dep-
MEHTOB KaK KaTa/JIM3aTOPOB MOUYTH BCeX KH3HEHHO BaXKHbIX
IJsi opranHuama OHOXHMMHYECKHX PpeaxkuHil onpepensieTcs
KakK pa3 ux TpexMepHOH KOH(pHUrypauuei: B HEKOTOPbIX CJaV-
yasiX (epMEeHT «OleBaeTCsA» Ha HYMXHble MOJIEKYJbl TOYTH
TaK e, Kak nepuaTka Ha NaJjblibl, H 3a4aCTYI0 TOJbKO Ta-
Koe TOYHoe (HKCHpPOBAHHE HA ere MNBCPXHOCTH Cpa3y Hec-
KOJILKHX MoJeKkyJsa obecrneunBaer ObicTpoe H 3ddeKkTHBHOe
NMpoTeKaHue TOH WJH HHOHN KHU3HEHHO HeoOXoaumoil OGHOXHU-
MHUECKOH peaklluHy.

CyulecTseHHasi aJJyIOCTEPHUHOCTh TIOUTH BceX OHOJOTH-
YECKH BaXKHbIX MOJIEKY/JASPHBIY MPOLECCOB CTABUT, TaKUM 00-
pasoM, yxKe ceiiyac BONPOC O CYIIECTBOBAHHH B KaxKIOMH
JKHBOH KJIETKE MexKIy YPOBHEM ee CrHelHaJH3uPOBaHHBIX
CTPYKTYP W opraHeas (pu6oCOMBI, MUTOXOHAPHHU U T. I.) H
ypoBHeM OeJKOBBIX H MOJHHYKNEOTHAHBIX MOJIEKYJ ellle On-
HOTO OYeHb BAXXHOT0 YPO3HS OPTraHU3alHU >KHUBOrO — YPOB-
HY 3JIeMEeHTapHBIX OHOJIOTHUECKHX B3auMozeicrsui. YKusub
KAaK CJ0XKHOe JIHHAMHYeCKoe¢ CcaMOOOHOBJEHHEe OpraHuye-
CKHX MOJIeKYJ npuobOperaer 1elicTBUTebHOE GbITHE TOJBKO
Onaronaps 3THM 3JeMEHTapHbIM OHOJMOTIIYECKHM B3alMO-



BJAHAHHAM, BCJEACTBHE KOTOPbIX, Hanpumep, naxe H3MeHe-
HHEe KOHLEHTPAllHH HOHOB B OKPYJXKalollel cpelie MOXeT pe3-
KO H3MEHHTb NMPOCTPAHCTBEHHYIO KOHMHrypauHio 6eJKOBOH
MOJIEKYJIbI H CleJlaTb ee CrnocoOHOl K CHHTe3y HOBbIX Be-
uects. Mbl He roBOopHM yXKe O Tex cJayyasX, Koraa Takue
MOJIEKYJIbl TIPDHCOCAHHAIOT B ONpele/IeHHbIX KJKUYE€BbIX TOY-
Kax cneuudHyecKkHe aToMHble rpynmnbl. Toraa mMensiercs cy-
HI€CTBE€HHbIM 06pa30M CTEIIeHb HX «3aY3JIEHHOCTHU» H «3aKpY-
YEHHOCTH», U TeM CaMblM 1eJaloTCsl AOCTYNHbIMH A/ BHEll-
HHUX areHTOB HOBbIe yYaCTKH HX CTPYKTypbl. Ha 3Thx yuacr-
KaX CTAHOBHTCS BO3MOXKHbIM, HanpuMep, aKKyMYyJHpPOBaHHE
OOJIbIINX 3aMacoB XHMHYECKOH 3HEPTHH.

BcecTopoHHee 3KCMepHMEHTaJbHOE M TEOPeTHYeCKOoe HC-
C/eloOBaHHe TAaKOro «INepBOTO HAJAMOJIEKYJASPHOTO» YpPOBHS
OpraHH3allik XKHBOTO — YPOBHSI 3Je€MeHTapHbIX OGHOJOTHYE-
CKMX B3aUMOAEHCTBHH, ONpeHessioIUlnX KOHKPETHble aJJo-
CTepUYECKHE «MEeXaHH3Mbl» (YHKUHOHHPOBAHHS MOJEKYJI
NMOYTH BCEX CMelLHAJH3UPOBAHHBIX CTPYKTYP KJAETKH — pH-
60COM, MHTOXOHAPHII, XJOPONIACTOB H T. A.,— OCHOBHAs 3a-
llaya MOJIeKYJsipHOH OHOJIOrHH Hawux AHed. Mbl crankusa-
eMcsl 3/lecb, OHAaKO, C BeCbMa TPYyAHOH 3anauei. Peub uaer
0 TOYHOM yYeTe B3aHUMHOI0 BJHSHUS U NMEePEeKPeCcTHOH aerep-
MHHAUHU IHCKpeTHOro, «6sioyHOro» cnocoba XpaHeHHs oOcC-
HOBHOW Macchl OHOJIOTHYECKH BaXHOH HHGOPMALUHMH H He-
NPEepPLIBHOTO «TOPMOHAJbHOTO» cnoco6a ee CYHUTBIBAHHUS H
GYHKIHOHUPOBAHUS B OOJBIIMHCTBE CHENHAJH3HPOBAHHBIX
KJeTOYHBIX OpraHeJ.

[Toxa uTo BCe 3TH 3anyTaHHellIHe B3aUMHble JeTepMH-
HallHH U TNepeKpecTHble BJHAHHA Mbl HaYHHAEM IMOHHMMATb
TOJBLKO Ha YPOBHE KayeCTBEHHBIX INpeACTaBJEHHH 00 anJo-
CTEPHYECKHX H3MEHEeHHSAX CBOHCTB NMOYTH BCEX CJOXKHBIX Op-
ranuyeckux moJgexyJs. Ilpocreliuit npumep Takoro pona —
npeKpalleHHe CHHTe3a onpeieseHHbIX OeJKOB (epMeHTaMH
KJETOK TPH NOHHXKEHHH KOHUEHTPAallWH B €€ NpPOoToMjasMme,
HanpuMep, HOHOB MarHHsi HHXKe OINpeJes]eHHOro npejeJfa.
BoJsiee c/0OXHble TIpUMEpPbl — BHE3aNHOe «BKJIOUEHHE» Me-
XaHH3MOB OUEHb «CBOEBPEMEHHOr0» CHHTE3a HOBBIX H OYEHb
HeoOXOJMMBIX OPraHW3My OeJKOB NpPH paHeBOM TOBpexe-
HHH €ro TKaHH, W CTOJIb )K€ CBOEBPEMEHHOe «BbIKJ/IUYCHHE»
3THX ME@XaHH3MOB TOrJa, KOrja 3aKHBJIEHHe paHbl 3aKOH-
YHJIOCH.

31ech, KaK MOXHO AyMaTb, MbLl CTAJKHBAaeMCs C OYeHb
6oabIION H TPYAHOH 00we6HOJOTHUECKOH MEeTOA0J0rHYe-
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cKofi npo6aemoii. A npu Kakux ycJI0BHAX OpraHHuecKuHe MO-
JIEKYJIbl mepecTaloT OblTb CyOMHKPOCKONHYECKHMH 4acTHLA-
MH H CcTaHOBATCA (pakTopaMu HabJr0JaeMOro HEBOOPYIKEH-
HbIM TJ1a3oM ¢(opMoOOpa3oBaHHA HOBBIX OHOJOrHYECKHX
cTpyKTyp? Koraa opraHuyeckHe MOJIEKYJbl [€pecTaioT
ObITb MOJIEKYJ1dMH H NpeBpallaloTcs B CTPYKTYpbl, GOpMHU-
pylolLHEe MAaKpPOXapakTepPUCTHKH XXHUBbIX o00bekToB? OTBer
Ha 3TO MOXKeT ObiTb AdH NOCJA€ TOro, Kak Mbl Hay4YuMcs
TOYHbIMH MaTeMaTHYECKHMH METOAaMH ONHUCHIBATH aJJ0CTe-
pHYeCKHe 3aKOHOMEpPHOCTH OHOXHMHUYECKOTo (PYHKIIHOHHPO-
BaHHS OOJbLIMHCTBA OpraHuyeckHx MoJexyna. [Heob6xoaumo
pacuwuppoBaTh B HEKOTOPOM abCTPAKTHOM TOMOJIOTHYECKOM
MPOCTPAHCTBE TOT «A3bIK» PA3JHUYHBIX THNOB «3aKPYYEHHO-
CTH» M «3aYy3JIeHHOCTH», C TNOMOULbI0O KOTOPOro JHHEeHHas
reHeTuyeckass HMHGpOpPMAlHA  «3anmyCKaeT» HW3rOTOBJIEHHE
HYXKHbIX MMEHHO B JaHHbIiI MOMEHT BELLeCTB, «MacCOBOE
MPOHU3BOACTBO» KOTOPbLIX OPraHH3MOM yiKe H Be/leT K Makpo-
CKONHYeCKOMY (D)OPMHPOBAHHIO €ro HOBBIX CTPYKTYP.

B HauGonee «O4YMUIEHHOM» OT JAPYTFHX TIPHUBXOASLIHX
NMPOLECCOB BHAE TaKHe NnpeBpalleHHs 3JeMeHTapHbIX OHOJO-
FHYECKHX B3aWMOAEHCTBHH OPraHH4YeCKHX MOJIEKyJ B ompe-
pensiouiHe GakTopbl MakKpocKonuHyeckoro ¢opmoobpa3oBa-
HUST HaOJIOLATCs, BEPOSATHO, TOJbKO B 3MOpHOreHese,
KpaTKoe pacCMOTpPeHHe KOTOPOro ¢ MOJEeKYJAAPHO-OHOJIOrH-
YEeCKOH TOYKH 3peHHst NpeACTaBJsieTCs T03TOMY COBepLIeH-
HO HEOOXOJHUMBIM.

1.3. ImOpuoreHes ¢ TOYKH 3peHHUs
MONEKYASAPHOH OHONOTHH

OueHb TOHKAsi W MNMOPA3UTEJNbHO CKOOPAMHHPOBAaHHAA B
MPOCTPAHCTBE H BPEMEHH I0CJAE40BaTeJbHOCTb MPOLECCOB, B
pesysbTaTe KOTOPBIX H3 OAHOH EeJUHCTBEHHOH OMNJOAOTBO-
pPeHHOH 'ANLEeKJeTKH pa3BHUBAETCsl CJAOXKHEHLIWH MHOTOKJe-
TOYHbIH OpPraHu3M, B Te€YE€HHe MHOTHX BeKOB, CO BpPeMeHH
CaMOro 3apoXJeHHs HayyHOH OGHOJIOrHH, paccMaTpHBaaach
KaK OJHO M3 CaMblX 3aMeyaTeJIbHbIX SBJEHHH NPHPOAbI 2,
OMOpHOreHes BKJIOUaeT NOsIBJEHHEe B CTPOro OnpejesieHHble
MepHOJbl PA3BHTHS OPraHu3Ma 3a4aTKOB COBEPIIEHHO HOBBIX
CTPYKTYpP, HX MOCTENeHHOe M MNPOrpecCHBHOE YCJIOXKHEHHe

2 Ixw. Hoéepr. BaaumojaeicTByloulMe cHcTeMbl B pa3BuTud. M., 1968,
cTp. 9. Mul cnieqyem jfasiee 3TOWH KHHUTe, _
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A anddepenunposky, npuobpereHne HMH BechMma creitngu-
YECKHX COOCTBEHHbBIX CBOIICTB.

Caeayer ckasaTb, YTO 3MOpHOreHe3 NpOTHBOPEUYHT jaJie-
KHM OT OHOJIOTMH OCHOBAHHSIM KJACCHYECKOH, HbIOTOHOB-
CKOM MeXaHHKH U 00JbLMAaHOBOH CTATHCTHYECKOI (DU3HKH.
C HX TOYKH 3peHHs, ero NPOCTO He AOJMKHO ObiTb. ToJabKO
KBaHTOBasi (u3uka, 6jarofapsa TPHHUHIY JONOJJHHTENbHO-
CTH, COOTHOLUEHHIO HEONpPeJeJeHHOCTH H BepPOATHOCTHOII
TpakToBKe HabJloflaeMblX paspeluaer, Ae/aeT BO3MOXKHbLIM
CyLIeCTBOBAaHHE MnpolleccoB, noAoOHbIX 3mOpuorenesy. ko
OHA He BBIBOAHT HeOOXOAHMOCTb CYLIECTBOBAHHA 3THX Npo-
11leCCOB H3 KaKHuX-To OoJsiee OOLIMX TEOPETHUECKHX IPHHIH-
noB, He OODBACHSAET HA OCHOBE 3THUX INPHHLMIIOB OCHOBHbIE
3aKOHOMEPHOCTH TaKHX INpOLECcCoB, a JHIIb JONMyCKaeT HX
BO3MOKHOCTb KaK 3araZloyHblX KBAaHTOBbIX KOppeJslHil B
0coObIM 006pa3oM, CJ0KHO OPraHM30BaHHbIX CHCTEMAX.

B 3TOM mJyiaHe NOHCKH HOBbIX OOUIHX NPHHLHIOB H METO-
0B €JAHHOr0 TEOPETUUYECKOro onucaHus 00beKTOB (PH3HKH,
XHMHH H OHOJIOTHH JOJ/DKHbI OyAyT B CBOeM JaJibHelllem
Pa3BHTHH JOCTaBHTb HAaM HOBble TeOpeTHYECKHe CpeACTBa
00bsICHEHHSI OCHOBHbIX 3aKOHOMEPHOCTEH 3apOJbIlLIEeBOro
pa3BHTHS OPraHH4YeCcKHX 0O bEKTOB.

B nocaenHue roiabl, B CBA3H C YClNeXaMH MOJIEKYJISPHOI
O6HOJIOrHH, (HU3UKO-XMUMHYECKHIl ypOBEHb HCCJELOBaHHH
smbpuoreHesa npuobperaer Bce 0oJiee TeOpeTHYECKHH, 0OD-
siCHs IOl HT Xapakrep. B coorBerctBuu ¢ upeamu . )Ka-
Ko6a u JK. MoHO, 1eTaJH U «TOHKOCTH» 3apOAbILIEBOro pas-
BHTHUSl OPTaHU3MOB CBfi3aHbl C IIOCJE€A0BATEJNbHbBIM BKJIlOYe-
HHEeM H BBIKJIOYEHHEM B KaxXJ0H KJeTKe B ONpejesieHHble
MOMEHTbl BpeMEeHH TeHeTHYECKHX MeXaHH3MOB <CHHTe3a
TOJIbKO COBEpIUEHHO onpejejeHHbiXx 6eqakoB. HuadopmauHoH-
Hblil ypoBeHb OpraHuyeckod atoMHucTHKH — [IHK cozaep-
XKHT B ce0e, KaK H3BECTHO, ONHCaHHe Bcex 0OeJIKOB, KOTOpbIE
Koraa-iu60 MOKeT H3roTOBMTb JAaHHB opraHusMm. Ho
60/bIIYIO YacTh BPEeMEeHH MNOJAaBJfAIOLlAaA 4YaCTh «KYCKOB»
JHK, Ha KaxaoM H3 KOTOpPbIX 3aKOAHpPOBAaHaA NOCJeL0Ba-
TEJbHOCTb AMHHOKHCJOT JaHHOrO KOHKpeTHoro OeJka
(6ONBIIMHCTBO «ONEPOHOB» B TepMHHOJOrHH JKako6a u Mo-
HO), HAXOAATCA B «BbIKJIOYEHHOM» COCTOSIHMH. KOHKpeTHbIe
MOJIEKYJ/IIpHble MeXaHH3Mbl 3TOr0O <«BbIKJIOUEHHSI» BO BCeX
caydasix ¥ 40 KOHLa eule He uccaenonanbl. CKopee BCEro OH#
obycaoBaenbl csidpiBanueM [ HK B siipe kaerku ¢ ocoObl-
MH OesKaMH — ructoHaMu. B olpasywouieiica aanocrepuye-
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CKOIl MakpoMmoJieKyJe sl BHeUIHHX BO3AeHCTBHH OKa3biBa-
IOTCA OTKPBLITLIMH TOJNbKO Te HeOoabwue yuactkn JIHK —
TOJILKO T€ CTPYKTYPHbIE FeHbl OllepOHa,— KOTOpble COAepiKar
onucanuga 6eaKoB, HeOOXOAUMBIX KJETKe B JaHHBIK MOMEHT.
Bonblias xe yacte JHK coBepiieHHo 3akpbita OT BHEIU-
Hero MHpa aJVIOCTePHYECKHMMH KOH(MHUrypauHusAMH THCTOHOB.
OHH, OHAKO, OUEHb «YYTKO» PEarupyroT Ha MaJieiiline u3Me-
HEHHS XUMHYECKHX VCJOBHIl B KJIeTKe U MIFHOBEHHO aKTHBH-
pytor nyxublii onepon [AHK, oTrkpbiBasi ero a/as BHeuiHe-
ro Mupa, Kak TOJbKO KJeTKe NOHaA00uTCsl 3aKOAHPOBAHHDIH
Ha HeM OeJioK. .

. OTH NpeACTaBJeHHs NMO3BOMAIOT 0OBLACHHTL MHOTHE, Ka-
3aBIUIHECA JO CHX IOP COBEPLIEHHO 3arajoyHbIMH OCOOEH-
HOCTH 3MOpPHOHAJILHOTO Pa3BUTHA. Tak, cCaMyio OCHOBY 3M-
OpuoreHesa — KJeTouHyio AH(pdepeHUHpPOBKY, NOCTeNeHHOe
BO3HUKHOBEHHE H TNOCJEAYIOUIHH POCT KJETOK CaMblX pa3s-
JIHYHbIX THNOB (HEepPBHbIE, MbIIIEYHbIE H T. ) — Mbl CBSI3bl-
BaeM HbIHe C MocCTeNneHHbIM U OoJblueil 4acTblo HeoOpaTH-
MbIM BKJ/IOYeHHEM B Pa3JHYHBIX KJETKax JHIIb ONEepPOHOB
COBeplIeHHO omnpejejeHHoro poaa. Hanpumep, HepBHas
KJeTKa B OKPYKEHHH cebe MoJ0OHBIX HHKOIZa He CMOXKEeT
M3MEHHTb aJJIOCTEPHUYECKYI0 KOH(HUIypallHl0 CBOHX HYKJe€O-
FMCTOHOBBIX MOJIEKYJ. DTO JeJaeT HEeBO3MOXKHbIM KOIIHPO-
BaHHe TaKoH KaeTKoi «KyckoB» PHK, ¢ nomoruibio KoTopbix
ee pubocoMbl M3TOTOBUJAM Obl, HanpuMmep, 6eJKH THMA MHO-
3MHA WJH aKTHHA, XapakKTepHble TOJNILKO AJs KJETOK MBILUIL
B HOpMaJbHBIX YCJAOBHAX, B OKPY2KEHHH TAaKHX XKe, Kak H
oHa, Jio6asi opraHuyeckas KJeTKa OINpeaeJeHHOro THNa
MPOU3BOJAUT, TAaKUM 00pa3oM, TOJIbKO CBOH CleLH(PHYECKHE
OenKH.

Crosib XxapakrepHble AJs 3MOPHOHAJbLHOrO pa3BHUTHA
CJOXHble U MHOrooOpasHble Me)XTKaHeBble B3aUMOJEICTBHS
KJeTOK noJgayyaiT oObscHeHHe OJarogapsi A0BOJIbHO CHJIb-
HOMY <«INPOTEKaHHIO» KJETOK B ONpejeJieHHble TIEpHOJAbl HX
pa3BHUTHSA,— TeM OoJbLUEMY, YeM MEHbIlee HMEETCA HX YHC-
J0. [Toka kKJaeTok onpezieseHHOro THNa OYyeHb MaJo, OHU ye-
pe3 CBOIO NMOBEPXHOCTb CONPHUKOCHOBEHUSI C JIPYTHMH TKaHs-
MH BBIBOAAT B 3TH IOCJeAHHE B HEKOTOPble MOMEHTHI M10-
BOJIbHO OOJIbILIYIO YaCTh CHHTE3HPYEMbIX B HHUX CrnelHpuHye-
CKHX Beulects (0esqKoB, B IEPBYIO o4yepeldb, HO, BO3SMOXHO,
H OoJsiee NpOCTbIX OPraHHYECKHX M Jaxeé HEOpPraHH4yeCKHX
coeJlHHeHHH ). Y1 UMeHHO 3TH crneuudHyecKkre coelMHeHns co-
CeHHX TKaHeH TaK MEeHAIOT B JAAaHHOH TpyIe KJIeTOK aJjJjo-
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CTepPHYECKHE CTPYKTYPbl HYKJEOTHCTOHOB, YTO C HHX OKa3bl-
BAaeTCsl BO3MOXHbBIM «CYHTbIBaHue» HOBbIX «nopuuit» JTHK
C 3aNHCAHHBIMH HA HUX TOYHBIMH HHCTPYKLUHAMHU MO H3rOTOB-
JIeHHI0O HOBBbIX OesikoB. Mmenno takum ob6pa3om, BeposiTHO,
KJA2TKH Mo3ra aMmpuOui, HanpuMmep, GOPMHUPYIOTCA TOJbKO
MPH YCJOBHH NMOCTOSAHHOrO (YU3HKO-XHMHUYECKOI0 KOHTAKTa C
HHMH 0COOBIX Me30AepMaJibHbIX I'OJIOBHbIX KJETOK: MpH J10-
60M npepbiBaHHH TAaKOro KOHTakKTa ¢GopMHPOBaHHE MO3ra
cpa3y e npekpauaercd. bBosaee Toro, ecaum 3TH mMe3onep-
MaJibHble TOJIOBHbIE KJIETKH nepecagutb B OOKOBYIO nmoBepX-
HOCTb APYroro 3apojsiilia, To H Ha HOBOM MeCTe OHH crnocob-
Hbl HHAyUHpPOBaTb oOpa3oBaHHE H3 OKPYKAIOUUX TKaHei
HOBbIX MO3TOBBIX KJIETOK, CTeNeHb PAa3BHTHS KOTOPbIX TECHO
KOppeJHpoBaHa C TeMnaMH HX COOCTBEHHOTO pPa3BHUTHSI.

Hrak, na HOBOM MecTe, CpeaH NPYrux KJETOK, crneuudu-
YeCKHe BellecTBa, CHHTE3HpyeMble CrelHaJH3HuPYIOLIHMHUCS
TKaHAMH, CnocOOHbI «BKJIOYaTb» B HYKJEOTHCTOHAX HApY-
THX KJeTOK HoBble onepoHbl. OHH HHUKOraa He OblH Obl
BKJIIOYE€Hbl B NPOLLECCEe HOPMAJbHOTO PA3BUTHS B 1aHHOM, HO-
BOM opraHuszme. Mouekyasipias OHOJOrHS, CJelL0BaTeJbHO,
yCNEeLHO CnpaBHlIach ¢ TEOPETHYECKH OYeHb TPYIHOH, OCTa-
BaBUIeHCA 3arajikoH leJble JecsaTuaeTus npobaemoin oObsc-
HeHUs BeAyLUeH pOJIM OnpeJeJeHHbIX COBOKYMHOCTeH KJIEeTOK
KaK OpraHu3aTopoB 3MOpPHOHAJbHOTO Pa3BHTHS Ha ompeje-
JEeHHbIX ero stanax. Belb ellle cO BpeMeHH KJACCHYECKHX
onbiToB I'. lllnemana u I'. Manroabna 1924 r. u3secTHo, uTo
nepecajka TakK Ha3blBaeMOH CNMHHOH ryObl 3apoibllia aM-
¢buOUH Ha CTaAMH ero pa3BHTHA B BUIE racTPy/bl APYroMy
3apOAbILIY HA TOH »Xe CTaJlHH 3MOpHOreHeza MOXKET HHAY-
LLMPOBATh BeCbMa LIHPOKHH CNeKTP CTHMYJHPOBAHHBIX M3-
MeHeHHH,— HayuHass ¢ (GOPMHUPOBAHHA BTOPOH HEPBHOM
TpyOKH H KOHuass o6pa3oBaHHeM B 00.1aCTH TpaHCIJaHTaTa
HOBOI'O 3apoAbllia.

AnslocTepHuecKHe H3MEHeHHsi TNPOCTPAHCTBEHHOH KOH-
burypauuu HyKJeOTHCTOHOB aHaJIOTHUHBIM 00pa3oM oObsc-
HAOT U Apyro#i ¢axt. Peub Haer o ToM, uTO XHpPYypruueckoe
yAaJeHHe y pacTyulei KOHeYHOCTH B KYPHHOM 3apO/biliie He-
60JbIIOTO  KPecToo6pa3HOro  yTOJILEHHS — aNHKaJbHOH
3KTOMlepMaJIbHOM 1LANOYKH — CPa3y ke NpPHOCTaHaBJIHBael
BCAKHN JaJIbHEHIIHH POCT 3TOH KOHEYHOCTH. TOYHO TaK Xe,
BEpPOSITHO, crielHdHYECKHe XHMHYEeCKHe COEJHMHEHMs, CHHTe-
3UpyeMbie KJeTKaMHu nepeiHero Mosra, AHGOyHaHpys B
KJeTKH 3KTOAEepPMbl roJIOBHOH 00/1aCTH 3apojibillia TPHTOHA,
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aJIJIOCTEPHUECKH BKJIOYAIOT B HYKJIEOTHCTOHAX 3THX KJETOK
TaKHe ONEPOHBbI, KOTOPble COOTBETCTBYIOT «3aMyCKy» H3ro-
TOBJIEHHS] B HHX TeX 0COObIX 6eJKOB, KOTOpble XapaKTepHb
TOJILKO JAJIs Pa3JIMUHBIX TKaHeH rJjasa.

HM60 BCsikoe HapylleHHe KOHTAaKTa, Hanpumep, MeExay
GOpPMHUPYIOIIHMCS XPYCTAJHKOM H OCTaJbHBIM TJ1a3HbIM 6O-
KaJIOM Cpa3y TOPMO3HUT OKOHYaTeJabHOe opopMmieHHe TAKOoro
XpycTaJuka B TOJHOUeHHBI oprau. Ilpu 3tom mnoxoGubie
sMOpHOreHeTHUECKHE BJAHSIHMS TKaHeill APYr Ha Apyra MOryT
HOCHTb M B3aHMHO PEeryJHPYIOUIHA XapaKTep: Tak, IV1a3Hoii
6oKaJs KpynHoro, ObICTPO pacTyulero BHAa TPHTOHA NMOKPbI-
BaJIU 3KTOJAepMOil 0ojiee MeJKOro M MeJJIeHHO pacTyllero
BuAa. B KoHlle KOHIIOB, B MTOre 3MbOpHOreHesa, BCe-TAKH
BO3HHKAJ TIPaBHJbHBIH TapMOHHYECKH TIOCTPOEeHHbIH (XH-
MEepHBbIi) IrJ1a3 NpOMEeXYTOYHOIO pasMepa.

Oco6eHHO CHJIbHBI TaKHe B3aUMHO OPraHU3YyIOllHe BJHSA-
HHSI MEXIY HEePBHBIMH KJEeTKaMH H KJeTKaMH APYTrHX TKa-
Heil. Tak, ecan y ABYXAHEBHOro KYPHHOrO 3apojblila yjaa-
JUTb TIOUKY pacTylleil KOHEYHOCTH, TO OYKBajJbHO B Teye-
HHE HEeCKOJbKHX NOCJeAYIOUIMX YacoB TIOYTH BCe pacTyliHe
HepBHble TaHTJIMH, TIpeJlHa3Ha4yaBLIHeCsd MJs HHHEpPBalHH
oyayuieii (HO Tenepb aMNyTHPOBAHHOW) KOHEYHOCTH, IMOTH-
6aloT u ynanasiiorcss Makpodaramu. M naobopor, ecau B pe-
reHepUpPyeMOil KOHEYHOCTH XBOCTAaTOH aMHOHH NeHepBHPO-
BaTh MpoOpacTaiollie B Hee yKe Ha 2-H HJAH 3-#H JeHb rocie
aMnyTauuu (Cpeid APYTUX paHeBbIX TKaHeH) HEMHOrOYHC-
JIeHHble HepBHbie BOJIOKHA, pereHepalus cpas3y e npekpa-
aeTcss ¥ BMECTO HOBOH KOHEYHOCTH oOpasyeTcs JHLIb pa-
HeBOol pyOel. MIHTepecHO mpH 3TOM, YTO CYLIECTBEHHOE 3HA-
YeHHe HWMEeT TOJbKO o0lluee YHCJI0 HepBHbIX BOJOKOH B
pereHepUpyeMbIX TKaHSX: €CJH AE€HepPBHPOBATb TOJBKO UYB-
CTBHTeJIbHble HEePBbI, KOTOPHIX B HOpMe Bcerja 6oJibile, Yyem
JBHTaTeNbHbIX, TO MNOCJEeAHHE HAYHHAIOT YCHJIEHHO BeT-
BHTbCS, H 00Illee UX YHCJO0 HACTOJbKO BO3pacTaeT, YTo yxKe
OHH OJIHH OKa3bIBAIOTCS CNOCOOHBIMH MOANEPKHUBATH U «OP-
raHM30BbIBaTb» pPereHepaltio OTPe3aHHOH KOHEYHOCTH.

MonekynsapHo-6HONIOTHUECKAasA TPaKTOBKAa SBJEHHH 3M-
OpHoreHesa OTKpbiBaeT, TAKHM 06pa3oM, BO3MOXKHOCTb JJIA
OCHOBATEJIbHOTO W MHOTOCTOPOHHEro OODBSCHEHHS YaCTHBIX
neTajeid COOTBETCTBYIOUIMX SIBJEHHH, €CJAH TOJbKO MbI CMO-
KEM Jl1aTb OTBET Ha OJHH BONPOC: & KAK OpPraHHYecKHe MO-
JEKYJbl TaK XOPOLUO «Yy3HAIOT» APYr Apyra, TOuHee roBOPS,
KakKuM 00pa3oM OHH CO CTOJb OOJbIIOH TOYHOCTbIO MPOHU3-
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BOAAIT «H3MEPEHHA» PAa3JHUHLIX COCTOAHMIT B3aHMOIEHCT-
BYIOLUHX C HHMH MOJIEKYJASAPHBIX KOMIIJIEKCOB, YTO COOTBET-
cTBylolHe OHOXHMHYECKHEe PeaKUHH HAYT TOJbKO B ONHOM
ONpe/leIeHHOM HanpaBJeHHH W COBEPIIeHHO He HAYT B IpY-
rux HanpaBieHHaX? CkakeMm, HYKJEOTHCTOHbI PacTyLLHX
HEPBHBIX KJETOK ONpeaeseHHYI0 TOCJAeA0BaTeJbHOCTb CBOe-
ro aJJIOCTePHYECKOTO CKPYYHBAHHUS HWJAH pacKpy4yHBaHHS,
obycaoBauBatoulero coboil CHHTE3 BCe HOBBIX crneuuduue-
CKHX OesqKOB HePBHOH TKaHH, NPHOOpPETaloT TOJLKO NMPH Ha-
JHYHH KAKHX-TO MOJIEKYJ, CHHTe3HpyeMblX B IOYKe pacry-
leH KoHeyHoCTH. KakoB MexaHU3M «y3HaBaHHA» COOTBET-
CTBYIOUIHMH MoJeKynamu apyr napyra? HWam npyras
npo6aemMa: HYKJEOTHCTOHBI PEreHepHpyeMbIX KJIETOK B pa-
HeBbIX TKaHSIX aMNyTHPOBAHHOIT KOHEUYHOCTH Y TOH XKe XBO-
cratoii aMpuOHH crnocoOHBI BKJIOYAaTh BCe HOBbIE OMeEpo-
Hbl — I'PyNIbl KOMaHX 10 H3rOTOBJICHHIO BCe HOBBIX 0O€JKOB;
HO TOJbKO A0 TeX TIOp M TOoKa B 3THX TKAHAX HMMeeTcs IO-
CTaTOYHAsI KOHUEHTPAUHUs KaKHUX-TO BecbMa CrnelHpUYecKHX
MOJIEKYJI, CHHTe3HPYeMbIX TOJbKO B HEPBHBIX KJieTkKax. Ka-
KHM, OJHAaKO, 00pa30oM MOJIEKYJbl HYKJIEOTHCTOHOB «Yy3Ha-
IOT» 3TH MOJIEKYJIbI? -

ANJIOCTEPHYHOCTb CBOWMCTB HYKJIEOTHCTOHOB 3J1eCh, KO-
HEYHO, MOXKeT MHOoroe oOBSICHUTb caMa mno cebe: HEKOTOphIe
U3 TaKUX crnelr(HUYeCKHX, aKTHBHPYIOUIHX MOJEKYJ ,MOryT,
BEpPOSATHO, HrpaTb poJib JOMOJHHTEJNbHBIX, TaK CKas3aTh,
KOHTPOJIbHBIX «KJIOYEeH», OJJHOBPEMEHHOe HaJiHuHe KOTOPBIX
B TeX WJH HHbIX YrJyOJeHHsIX HJH JaxKe «[a3ax» Tpexmep-
HOH 0GenKOBOH KOH(HUrYpaUHUH TOJBKO M MOXKET pa3peluTb
npoTeKaHHe COOTBETCTBYIOLIEH OGHOXMMHYECKOH peakilHH I
CUHMTBIBAHHI0 HOBOro omnepoHa H T. m. [lofo6GHbIMH oOBbsicHE-
HHSIMH Mbl BCE-TaKH He pelraeM npobjeMy A0 KOHIA — OHa,
B CYUIHOCTH, BO MHOTOM TOJIbKO IMEPEHOCHTCS Ha YpPOBEHb
OpPraHWYeCKHX MOJIEKYJs, Ha YpOBeHb HUX KBAHTOBOMEXaHH-
YeCKHX CBOMCTB.

§ 2. OGwas Teopus CUcTem:
JI. bon Bepranandwu u apyrue

2.1. TMuoHepb! NOUCKOB TEOPETHYECKOro CHHTe3a (PHU3MKH M OHOJOTHH

IleHTpasbHoe MOJOXKEHHEe MOJEKYJsipPHONH GHOJIOTHH cpe-
JIH COBPEMEHHOro KOMIIJIEKCa HayK O *KMBOM MOXKET CO31aThb
npeBpaTHoe mnpeacTaBJieHHe O TOM, OYATO TOSIBJEHHE HO-
BbIX 06001lal0WUX HAEH B €CTeCTBO3HAHHWM HAWIHX [AHEdl
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IPOHCXOAHT TOJbKO 6aarofaps BHEAPEHHIO (HIHKO-HMIL-
YECKHX METOJ0B B MOJEKYJasipHO-OHOJOTHYECKHE HCCaAeLOo-
BaHus. Mex/y TeM 3TO JaJjieKo He TakK. B Hacrosiiee BpeMs
8 COBPEMEHHOil HayKe KpoMe MOJIeKYJApHOil OHOJIOTHH CY-
LECTBYET HECKOJbKO pas3jH4YHblX HanpaBJ/JeHHH, KOTOpbie
CTapaloTCs OTbICKATb KaKHe-TO HHble TeOpeTHYeCKHe MOJXO-
Jibl K YCTAHOBJIEHHIO KOHTAKTOB OHOJIOTHH H TaK Ha3biBae-
MBIX TOYHBIX — (PH3UKO-MATEMATHYECKHX H XHMHUYECKHX —
HAYUHBIX AHCUHIIHH.

1 HekoTopble M3 TEOpeTHYeCKUX HJeH, BblpaboTaHHBbIX
3THMH JAPYTHMH HanpaBJ/IeHHSAMH CHHTe3a OHOJIOTHH H TOY-
HbIX HayK, Ha Hall B3rJsl, YXKe ceHyac 3acJayXHBAIOT ca-
MOro nmnpucTajabHoro BHuMaHuA. [lo Hawemy MHEHHIO,
HMEHHO OHM — NPU YCJOBMM HX JAasbHeHweil OoJgee ruaybo-
Koii paszpaborku M 00001leHHS — BMNOJIHE MOTYT CTaTb CY-
LIECTBEHHBIMH KOMMOHEHTAMH OOLIHX TEOPETHYECKHX OCHO-
BaHHH, HEOOXOAUMBIX IJsl NOCTPOeHHss U (PU3HKH, H XHMHH,
H OMOJIOTHH KaK OJIHOMH, I1eJIOCTHOIl, CHHTeTHUECKOH HayuHOH
AHCUHTIHHBI. .

[TepBbIM TaKUM HMHTEpeCHbIM H MEPCNeKTHBHBIM TNpHMe-
POM TNOHCKOB KaKHMX-TO HOBBIX, OoJiee rs1yOOKHX TeopeTHye-
CKHX KOHLlenuuii, Ha 6a3e KOTOPbBIX MOXKHO Oyaer ocylie-
CTBHTb HETPHBHAJbHbBIII CHHTE3 HAayK (PH3HKO-MaTeMaTHye-
CKMX M Hayk OHOJOTMYECKHX, HaM MpeacTaBaseTrcs obugas
teopusi cucreMm Jlionsura ¢on bepranandu u ero nocaeno-
Bateaeil’. CamM OH HauMHaJn HayyHble HCCJAeA0BaHHUSA
(B 20-e roabl Halwero BekKa) Kak OHOJIOr-3KCNEePHMEHTATOp.
Ho ckopo oH ybeaunscs, -4To CTPOTHII H TOUHBII 3KCIEPHMEHT
B TaKHX 00Js1acTAX HAYKH O KHBOM, KaK HCCJeJOBaHHE Me-
Tabosu3Ma (o6MeHa BellleCTB) M pOCTa OPraHM3MOB YacCTO
CTAaHOBHUTCSI NMPOCTO HEBO3MOMKHBIM, €CJH C CaMOro HauaJa
HE OCMBICJEHO TEeOpPeTHYECKH KOPEeHHOe OTJHYHe OpraHH3-
MOB KaK OTKPBITBIX CHCTEM OT TPaIHUHOHHBIX OOBEKTOB
HceJeloBaHUsA QU3UKH U XMMHUH — 3aKPBITbIX CHCTEM.

[Tostomy nepBeiit BapHaHT «oOlleil TEOPHH CHCTEM»
JI. don Bepranandu Obla, B CyUHOCTH rOBOPS, MPOCTO TO-
NbITKOH pacnpoCTpaHuTh OOBIYHYIO QHU3HYECKYIO TEOPHIO (Tep-
MOAMHAMHUKY, (PU3HYECKYIO KHHETHKY U T. I.) Ha TaKHe XH-
Bble OTKPbITble cHCTeMbl. Kaxkas oTKpbiTasi cHCTeMa HMeeT
onpeaeJeHHble ONTHMAaJ/bHbie 3HAUeHHS XapaKTepPHCTHUECKHX
napaMeTpoB H crnoco6Ha BO3BpallaThCsl CAMbIMM pasJiuy-

8 «HccnenoBanua no obuieit TeopHu cuerem». M., (1969,
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HBIMH NYTAMH B OCHOBHOE «3KBH(HHANbHOE» COCTOSIHHE —
6Jaroaapsi TOMY, 4TO HHT@HCHBHOCTb COOTBETCTBYIOLIHX MPO-
lieccoB oOMeHa BellleCcTBOM, 3Heprueil H uHdopmalluen, crpe-
MSALHXCST BOCCTAHOBHTb 3KBH(HHAJIbHOE COCTOSIHHE, B TAKHX
CHCTEMAax BCerjia INpPONOPUHOHAJNbHA CTENEeHH OTKJIOHEHHS
XapaKTePHCTHYECKHX MapaMeTpPOB OT HX ONTHMAJbHbLIX 3HA-
YEHHH.

Baaronaps 3Tomy mocsenHeMy CBOHCTBY OTKPBITbIE CHC-
CTe€Mbl NPHOOPETAIOT BO3MOMKHOCTH «KBa3HlleJeHanpasJeH-
HOro» noBeJEeHHdA, CBOEr0 pPOJAa 3auaTKOB <«TeJe0JOTHYHO-
CTH»,— H NPU JOCTATOYHO OOJbLIOM YHCJE H3MEHSIOUIXCA
B3aHMOBJIHAIOIUIHX XapaKTEePUCTUK MX peakKl MW HA BHELIHHE
BO3MYyllalolie BO3JEHCTBUA BIOJHE MOTYT IIPOHU3BECTH
BrieyaTJieHHe JAeTePMHHUPOBAHHBIX HEKOTOPBIMH KOHKpeT-
HbIMH <«LeJsiMH». Teopusi OTKPHITBIX CHCTeM A0BOJbHO YC-
nemHo oObsicHHJIAa MHOrue Merabo/IMUeCKHe TMpoliecchl B
KMBOH MaTepHH,—HanpuMep, INOANEpPKaHHE YCTOHYUBOM
KOHUEHTPAILHH HOHOB M CJOXHbIX OPraHHYECKHX MOJIEKYJ B
KPOBH, JuMde U APYyrux BHYTPEHHUX Cpelax opraHusama, pe-
ryJasunio GOTOCHHTETHYECKUX peaklUHid B pPaCTeHHAX, MeXa-
HH3Mbl DPAa3BHTHA JyueBOH O0OJIe3HH B paAHalHOHHOI
6uosorun u T. A. OxHako yxe B caMoMm HauaJje 30-X rojaos
JI. don Bepranandu ocozHas, 4TO «OTKPHLITOCTb» B3aHMO-
AEUCTBHH H B3aHMOOOMEHAa XKUBBIX CYLIECTB 3HEpTHeH, Be-
11eCTBOM M HH(pOpMaLHeH C BHEIIHHM MHPOM — JIHIIb TOJb-
KO OAHO M3 HX OTJIHYHUTEJbHBIX KayeCcTB KaK CHCTEMHBIX
06beKkTOB. [1pu 3TOM OHO BHICTYNaeT Ha MepBbIil MJ1aH TOJbKO
B TOM CJlyyae, €CJH Mbl NOJIHOCTbIO OTBJIeKaeMmcsi, abcTpa-
rHpyeMcsi OT APYTHX, He MeHee CYIIeCTBEHHbIX XapaKTepu-
CTHK J>XHBOro, TakKuX, HalnpuMmep, KaK HaJHuHe B KaxKIOM
OpraHu3Me HeCKOJIbKHX, OY€Hb Pa3/IHYHBIX YPOBHEH CTPYK-
TYPHOH OpraHu3aluud OOBEKTOB U CaMbIX Pa3JHUHBIX CMOCO-
00B B3aWMHOH J[eTePMHHAUHMH H B3AUMOBJIHSAHUA TaKHX
YPOBHEH ApYyr Ha apyra.

[Tostomy nocne Beixona B cBet B 1932 r. mepsoro Toma
ero «Teopernyeckoit 6uosoruu» JI. ¢pon Bepranandu pesko
pacukpsier cepy CBOMX HAay4yHbIX HHTEPECOB H OCHOBHOE
CBO€ BHHMaHHe MOCBALLAET T[OCTPOEHHIO «oO6LIeld Teopuu
CHCTEM» — y)>Ke He TOJbKO <«OTKPBITBIX», a BoobOlie BCex
JIPYTHX, B 4eM-JHOO OTJIHYHBIX OT KJACCHUYECKHUX «HECHCTEeM-
HBIX», M0 €ro MHeHHI0, 0ObEKTOB HCCJEeA0BaHHUS TPaJdHLIHOH-
HBIX «TOYHBIX» HAayK — MeXaHWKH U (usuku. [lepas 3ana-
ya 3JeCb — YeTKO BbIAEJAHTb M coOpaTb BOEAHHO BCE Te
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XapakTepHble YepTbl, KOTOPble OTJHYAIOT «CHUCTEMHBI?
06beKTbI» OT HECHCTEMHbIX BO BCeX HayKaX — HauyuHas C
OHOJIOTHH U KOHYasi 3KOHOMUKOH, JIMHTBUCTUKOH, HCKYCCTBO-
Beslennem. [Ipu ee pewenun JI. hon Beprananpu HeckonbKo
HEOCTOPOXKHO MEPEeCTYNuJ, K COXKAaJeHHIO, TOT KPHTHUECKHH
py6exX HayyHOH CTPOrOCTH M TOYHOCTH, KOTOPBIH OTAeasierT
eCTeCTBeHHbIIT U 3aKOHOMEpHBbIH npoluecc 0600UIeHUsT U YT-
AyOJIeHHs HOBBIX HAYUHbIX MOHATHH OT HX HUYEM He ONpaB-
JAHHOTO pacCUIMpPeHUsT W Ja)ke CO3HATeNbHOr0 «CMa3biBa-
HHS» BCAKHX TPAHHUIl HX TPHUMEHHMOCTH.

Hayka He npuobperaer HHYero HOBOro, €CJAH KaXIbli
0O6bEKT ee HCCJAe0OBaHHWi BAPYr HAaYHHAET HMEHOBATbLCH CH-
CTeMOH (MJH 3JeMEeHTOM), NpHUeM yKa3aTb 00bEKTbl, KOTO-
pble He SIBJASJAHCHL Obl NMPH TAKOM PacCMOTPEHHH CHCTEMaMH
(MU 3JIeMeHTaMH), OKa3blBaeTcs 3a4acTylo NMPOCTO HEBO3-
MOXHBIM. Takoif nmyTb HMYEeM He OrpaHUUYMBAEeMOro pacllu-
PEHUST KOHKPETHBbIX HAyYHBIX MOHATHI, KOrja OHH, B CYII-
HOCTH TOBOPS, HAYHHAIOT NMOIAMEHATb COOOH ThHICAYENeTUAMH
paspabaTbiBaBlIMecsl, NeiCTBHTeJbHO HauboJsee obuiue no-
HITHA 4YeJIOBEYeCKOro no3HaHuda — uaocopckue Karero-
pPHH,— TAKOH NYTb HHYEro Xopoulero oOuled TEOPHH CHCTEM
npuHecTH He Mor. M1 neHCTBUTENbHO, NMepBble ee HU3JA0XKEeHHs
B 0000UIeHHOM BapHaHTe — Nepel Hay4yHoO#l O0OIIeCTBEH-
noctoio (Hanpumep, B Jekuusix JI. don DBepranandu Ha
cemunape Yapsasza Moppuca B UHKarckom YHHBEPCHUTETE B
1937—1938 rr.) BcTpeTHaH, 1Mo ero CoOCTBEHHOMY INpH3HA-
HHI0, OBOJBHO MPOXJAJHBIA MPHEM.

Cam DBeprasnangu OTHOCHT 3TO BCe LEJHKOM 3a CyeT lie-
MOAXOAALLETO0 HHTEeNJIeKTYyaJbHOrO KJaumaTta, TroCrnoiacTBO-
BAaBlIEro B HAayKe B Te TOAbl,— NMOAABJSIOLIET0 3aCHJIHSA
MO3UTUBU3MA C €ro MOJAYEePKHYTOH HENpPHA3HbIO K LIHPOKHM
060611aI0IIHM TEOPEeTHYECKHM KOHLENnuuam u T. n. JoBoJb-
HO 6OJbIlIas N0JS HCTHHBI B 3TOM, HeCOMHEeHHO, ecTb. OnHa-
KO 3TO He JOJIKHO 3aKpbhlBaTb OT HAac BMeCTe C TeM H JeH-
CTBHTEJIbHbIE METOJA0JIOTHYECKHe HeNOCTATKH Da3BHTUA 0O-
el TEOPHH CHCTEM: CJAHLIKOM IIHPOKHE, BMeEILalolliHe
noutH Jiob6oe coyeraHne 06 beKTOB BceseHHOH onpeneneHus,
OTCYTCTBHE JOCTATOYHO CTPOTHX H TOYHBIX 3IKCMJIHKaUHH
TAaKHX OCHOBOMOJIATAKLIUX AJS 3TOH TEOPHH TIOHATHH, Kak
11€JJOCTHOCTb, B3aUMOJAEHCTBHE, CBSI3H, YPOBHH M TpouHe
XapaKTepHCTHYECKHe OCOGEHHOCTH CHCTeMHBIX OOBEKTOB,
OT/JIHYAIOLLIHE HX OT «HECHCTEeMHBIXY.
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Taxk, ¢on Bepranandu xoresa Gbl BCe CBECTH B CHCTEMHBIX
O00BEKTaX K «CHJIbHbBIM B3aHMOIEHCTBHAM MexXIAy co6oii
BCEro HCCJeayemMoro Kommaekca 3aemeHToB», M. Mecapo-
BHY — K «OTOOpaxKeHHI0 BXOJOB H COCTOSIHHI o0ObeKkTa B
ero Bbixonaxy», P. @eiikun u A. X0JJ—K <«MHOXECTBY
3JEMEHTOB C OTHOLUGHHSIMH MEKIYy HHMH H MEeXIy HX aTpH-
6yramu», Y. Pocc dmbu — K «4eMy-TO TAaKOMY, UTO MOKET
H3MEHATbCS C TeYyeHHeM BpeMeHH», K «Ja1000H COBOKYIMHO-
CTH TMepeMeHHbIX,... CBOHCTBEHHBbIX peasJibHOH MaIIHHEeY,
C. bup — K «B3aMMOCBSI3H CaMblX Pa3JHYHBIX 3JEMEHTOBY,
KO «BCeMY, COCTOSILUEMY H3 CBS3aHHBIX JpPYyr ¢ Jpyrom
yacreit». CoBerckue wuccaenosatenun B. A. Jlekropckuit
u B. H. Canosckuii eme B 1960 r. XKpHTHKOBaJH 3TH
" nojfobGHble UM OnpeesIeHUs] MOHATHUA CHCTEMbLI 3a HX OIH-
caTeJbHbIH, HeYeTKHI xapakrep *.

Hekortopeie BbickasbiBanus Bepranangu 40-x u 50-x ro-
0B NOMYCKAalOT MMEHHO TaKYI0 HHTepnperaiuio, XOoTsS B
6osee MO3AHUX My6GaAUKALHAX OH YTBEP:KIAaeT, 4YTo nogobHoe
HUCTOJIKOBaHHe ero uiaeil O6bl10 Obl pe3yJabTaTOM HenpaBHJIb-
HOrO MOHHMaHHUs M HeLOopa3yMeHHs, COraamascb, 0AHAKO,C
APYTHMH KpHUTHYeCKHMH 3ameyaHusimu B. A. Jlekropckoro
u B. H. CaxoBckoro o0 OTCYTCTBHH MoOKa 4YTO y «oOuieH
TEOPHHU CHCTEM» JHOCTATOYHO CTPOro H YETKO ONpe/eseHHOTro
cOOCTBEHHOTrO MOHATHITHOTO anmnapara, aieKBaTHOTO HMEHHO
ee U ToJbKO ee obJsacTH HccaenoBaHHil. B3siTble, Tak cka-
3aTh, «HANpPOKAT» Yy APYTHX HAYUHLIX JIHCLUHIIHH METOJMbl
H3yUeHHS CHCTEM C TOMOULbIO, HanmpuMep, TNOHSATHI Kauye-
CTBEHHOI1 Teopuu auddepenunanbublx ypaBuenuil (cam bep-
TasaHpu u noaasasiiouree OOJbIIHHCTBO CHEUHAJNUCTOB IO
«HCKYCCTBEHHBIM» 3JIEKTPHYECKHM H MEXaHHYECKHM «CHCTe-
Mam») GbLJIH SBHO CJAHUIKOM «Y3KHMH» JIJISi CHCTEM JKHBBIX,
CaMOOpPraHu3ylomuxcs M 3poaouHonupyomwux. C apyroi
CTOPOHBI, TPAKTOBKAa CHCTEM KaK «YepHBIX SILIHKOB», Tpe-
o6pa3ylouux HEeKOTOpble COCTOTHHA HAa HX BXOIEe B KaKHe-TO
Ipyrue cocrosinusg Ha uX Bbixoxe (M. MecapoBuy, Y. dwbu
U apyrue), Obl1a CAHIIKOM IIHPOKOH, TaK KaK BKJlOYasja B
cebsi, KpoMe OHOJIOTHMYECKHX, TaKiKe H TMOYTH BCe TpalH-
UHOHHBIe OOBEKTbl KJIaCCHYECKOW MEXaHHKH MU (PU3UKH H B
3TOM CMbICJIe He JaBaJjia HHYero HOBOro, TpeaCTaBJsis
coboi JaHuIb TNpeaeabiio abCcTparupoBaHHYIO OCHOBY I10-

4+ B. A. Jlekropckuid, B. H. Cadosckuid. O npuHUMNaxX HCCAELOBAHHSA
cucreM.—«Bonpocsl dunocoduu», 1960, Ne 8, ctp. 67.
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CTpOeHHs JI000iH Ne1yKTHBHOH HAay4YyHO# TEOpPHH, JHUIEHHOH,
ONHAKO, KaKoro-a1ub6o crneuupuyeckoro, AOCTATOYHO KOHK-
PETHOr0 — XapaKTepHOro TOJbKO HJs «CHCTEMHBIX» 00bex-
TOB NPEIMETHOTO CONEepKaHHus.

OnpeneneHublii CABUT — H, Mbl CYHTaeM, B TpPaBHJb-
HOM HamnpaBJIeHUH — HAaMeTHJICH 3[eCb TOJbKO B CaMble MO-
caenHue roanl°. Cnoco6 xapakTepH3alUHWH CHCTEMHBIX 00b-
€KTOB (B MX OTJHYHHM OT HECHCTEMHBIX) C MOMOILbIO BbIfIB-
JIEHHS Pa3JIMYHBIX TOMOJOTHH, 0ObEKTHBHO HMEIOUIHX MECTO
Ha pasJHYHbIX YPOBHAX OpPraHH3alUHH HX 3JEMEHTOB,
Ha Hall B3TJASl, aleKBAaTHO <«YJaBJHBaeT» CHeuHPHuKy:
«0Ol1lleli TEOPHH CHCTEM», TaK UTO HH}Ke Mbl OyaeM cJelno-
BATb MPEHMYLIECTBEHHO 3TOH TOYKE 3PEHHS.

2.2, LleaocTHOCTh CHCTEMHBIX 00'bEKTOB

B kauecrtBe ri1aBHOM, omnpeaessiiouleid 4yepTel, Xapakre-
pH3ylouleH crneunpuky oO6beKToB oblleit TEOPHH CHCTEM B
HX OTJIHYHH OT OOBIUHBIX PH3HUECKHX TeJ, HanpuMmep, No1aB-
Jsiomee GOMBIIMHCTBO HCCAeN0BaTe el BLIABHTalOT Ha nep-
BBl TIIaH UX 0CcoOYi0 LEJOCTHOCTb, BHYTPEHHIO 3aMKHY-
TOCTb — OMpPeNeJsIeMOCTb HX OCHOBHBLIX CBOWHCTB B 3HaYH-
TEeNMbHON CTErneHH BCeM OO0BEeKTOM BO BCei ero TMoOJIHOTe,
a He TOJbKO ero OTHeJbHLIMH COCTABJSIOUIAMH 3J1eMEHTaMH.,
dTa «OpPraHu3ymolas» poJb 1eJOr0 B OTHOLIEHHH CBOHX
«CHCTeMO00Opa3yIoUInX» KOMNOHEHTOB MOXKeT JaxKe ObTb
BeCbMa cuJabHOIl. [IpocToe, Mexanuyeckoe BbIIeJEeHHE 3Je-
MEHTOB B TAKHX CHCTeMHBIX OOBEKTaX MOXKET TPHBECTH K
TOMY, YTO HCCJENO0BaTeJb MOJYYHT APYroil KOMMOHEHT, YeM
TOT, KOTOPbIil OH HaMepeBaJcsi u3ydatb. Eme Apucrorensb
M0 3TOMY NOBOJY 00pa3HO YKa3blBaJ, UTO pPyKa, OTHAEJIEHHas
bu3MYeCKH OT Tesla YesOBeKa,—3TO yiKe He pyKa.

[naBeHcTByOIas poJib LEJOTO B OTHOIUIEHHH COCTaB-
JSIOLUIUX €ro 3JIEMEeHTOB MOXeT HATH B GHOJIOTHH eule 1a/ib-
me. M3BeCTHO, UTO Yy HEKOTOPBLIX BHIOB TMPECMbIKAIOUIHUXCH,
HanmpuUMep y SIEpPHL, MexalHyecKoe yaajieHHe HeKOTOPhIX
OPraHoB BbI3bIBAeT TAKyl0 CHJBHYIO peakuHio BCero opra-
HH3Ma B 1leJIOM, UTO Ha MecTe YIaJileHHOTO OopraHa BbIpa-
CTaeT MOYTH TOYHAS, WHOrJa, TpaBaa, HECKOJbKO YMeHb-
IIeHHAs ero KomHs. TH GakTel OLITH 1aBHO W3BECTHBI, I HX

5 MTow. Kopraxkuo. TonmonorHueckas CTPYKTYpa OOLIECHCTEMHBIX MaTeMa-
THuecKuXx Mmoaenein.—«Cucremusie uccaenosanuay. M., 1973, crp. 173.
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MOXKHO CYHTATb OMbITHbIM A0K&3aTEJbCTBOM CYLLECTBEHHOTO
OTJIHYHSA MeXaHHYECKHX, aJAUTHUBHBIX CHCTEM, B KOTOPbIX
OCHOBHbIe XapPaKTePHCTHKH MaJio WJIM MOYTH HHYEM He OT-
JIHYAIOTCA OT CYMMbl COOTBETCTBYIOUIHX XapaKTEPUCTHK
KOMIIOHEHTOB, OT CHCTeM OPTaHHYECKHX, LIeJOCTHbIX, B KO-
TOPbIX OMpefeasiollHe XapaKTepPHCTHKH COAep:KaT HeyTo
CYLLECTBEHHO HOBO€, HHKOIJa He HaXOIWBlIeecs B Kax10M
M3 COCTABJSIOIIHUX OPraHHYECKYI CHCTEMY 3JeMeHTOB B OT-
1eJbHOCTH.

MeToabl, nonmyckaioulHe MOCTPOEHHE MaTeMaTHYECKHX
MoJAeJeH W HX TOCJEAYIOULYI0 3KCNepHMEeHTAaJbHYIO MNpo-
BEPKY, HayaJH NMPHMEHATbCA K MCCJAeJOBAHHIO 11€JOCTHOCTH
OpraHHyeckux OOBEKTOB JHIIb BO BTOPOM JAeCATHJETHH
XX Beka.JTo CTaJH AesaTb ABe pPa3jHuHble JTHCILUMNIHHbI—
KBAaHTOBAas TeOpPeTHYecKass XHMHS M TrelTaJabT-NCHXO0J0-
rusi. 3aragouyHasi LeJOCTHOCTb BOCNPHSATHA BHEUIHEro MHpPa
yesJIOBEKOM (M JKHUBOTHBIMH) Oblia oTkpbiTa M. Beprxaiime-
pOM CHauyaJa 3MNHPHYECKH M 3aTeM noaBepriaach 00CTOfA-
TeJbHeHIeMy TeOPeTHUECKOMY H 3KCNEePHMEHTaIbHOMY H3Yy-
yeHHio, B Xoae KoToporo 6bl10 uceaenoBano 1o 114 nabopos
CTAHIAaPTHBIX TNCHUXOJIOTHYECKHUX CTPYKTYyp (cBoero poaa
LITAMINOB — «TellTaJbTOB» BOCNPHATHA), C MOMOILbIO KOTO-
PbIX YeJOBEK OpraHu3yeT B CBOEH NMCHXHKE CHTHAJbl O BHElI-
HEeM MHpe B HEuTo LleJOCTHOe, Hepa3pblBHO Mexay cob6oii
CBSI3aHHOE.

Hutepecuble B TeopetnueckoM nJane ujaen B. Kéaepa o
CYlLI1eCTBOBAHHH B HEPBHLIX KJETKaXx OpPraHuamMoB 0co00ro
«CEHCOPHOTO MOJIsi», OTBETCTBEHHOr0O HMEHHO 3a BO3HHKHO-
BEHHE 11eJIOCTHOCTH BOCTPHSATHSA, CONPOBOKAAJHUCL NMOCTpOE-
HHEM J0BOJIbHO TOHKHX HEHPOHHBIX MOJeJeH KaK «IITaMIOB»
(H3HKO-XHMHYECKOTO B3aHUMONEHCTBHS COOTBETCTBYIOLLIHX
CHTHAJIOB M MOMBITKAMH 3KCNEPHUMEHTANbHOTO 0OOHAPYKEHHS
«TOJIEBBIX» CTPYKTYP TAKHX B3aUMOJEHCTBHH B KOpe roJos-
HOr0 MO3ra —C 1eJbi0 HX HEeMOCPeACTBEHHOrO0 OMNBbITHOTO
ueesenosanus. OaHAKO, K COXKAJeHHIO, €IHHCTBEHHbLIM
Cepbe3HbIM HAaYUYHbIM MOHATHEM TOJS, H3BECTHBIM B T€ T'OIbI,
Oblsi0 TpeacTaBsieHne 06 3JEKTPOMArHUTHOM MOJie KJIacCH-
YeCKOM (U3UKH, BCeraa HMeEIOLLeM ONpeJaeJeHHOoe Henpe-
PbIBHOE TNPOCTPAHCTBEHHOE TPOTAXKEHHE M COBEePILICHHO
ONHO3HAYHYIO, OTHIQAb He BepoATHOCTHyI0 mnpupony. Cen-
COpHOE e IoJie LeJOCTHOH OpPraHHW3auuu BOCNPHATHSA, MO-
BHAMMOMY, HMEET BEpPOSITHOCTHYIO, BUPTYaJIbHO-CTATHCTHYE-
CKYI0O NMPHPOAY, BO MHOrOoM MnoA00HYIO NMPHPOAE BOJHOBOIG
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nosisi KBaHTOBbLIX TeopHii. OHO ¢nocoOHO mnposiBAATbL cebs
JUIUb KakK 3arajoyHble, TOJbKO BEePOATHOCTHO OOHapyXKu-
Balouiue ce0si KOppeJssillHU omnpeliesieHHbIX (PHU3HKO-XHMHUe-
CKHX IPOLLeCCOB B HePBHBLIX KJeTKaX APYyr ¢ JApyrom, H,
TakuM o0pa3oM, NPHHUHUNHAJIBHO HE MOXKET HMeTb HHUKaKOH
HenpepblBHOH NMPOCTPAHCTBEHHOH MPOTAXKEHHOCTH.

[TonbiTku ero onbiTHoro o6Hapy:keHusi B 20-e roabl Ha-
ero BeKa, O0COOeHHO YYMTbIBasi TOTJALIHHH YPOBEHb
(PHU3UKO-XUMHYECKOIH 3KCNIePUMEHTAaJbHOH TEXHHKH, HE HMeJH
IIAHCOB Ha ycnex. B Hawe Xe BpeMs, NMo-BUAUMOMY, UMEET
CMbIC/T BepHYTbCsi K Haesam Kénepa, oCMbICAHB HX TNpejbl-
AylLlHe TEeOPeTHYeCKHe M IKCIepUMEeHTaJbHble Heyldauyu B
CBeTe MAeH M KOHUENnuHui APYrol TOYHOHW HAYYHOH IHCLLHII-
JIHHBI, YCNewHo 0O0bACHUBILEH 3araloyHyi0 LeJOCTHOCTb XH-
MHUYECKUX COeAMHEHHIl,— KBAHTOBOH TEOPETHYECKOH XHMHH.

ITO 0Ka3aaoChb BO3MOXKHBIM OJjarojaps MNPOBEJEHHOMY
H. Bopom aHanu3y KBaHTOBbIX B3aWMOOTHOLUEHHH MHKPO- H
MakpooObeKTOB. To/abKO MoOcCJeaHHe HMeEIOT, OKa3blBaeTcH,
ONnpejesIeHHYIO MPOCTPAHCTBEHHYIO JIOKAJHU3alUHIO, H HMEH-
HO MO3TOMY YHMCTO MEXaHHYeCKHe CHCTeMbl HecyT ¢ coboH
«a0OCOJMIIOTHBII MHHHUMYM» CBOHMCTB 1€JOCTHOCTH — CTpOras
JOKAJIU3allUa COCTABJSAIOUIUX HX KOMIIOHEHTOB CBOJHT IOY-
TH Ha HET BCe HX B3aHMMHble CHCTE€MHble BJHSAHHA, KOTOpbIe
Morsii Obl H3MEHHUTb CYylleCTBeHHbIM o00pas3oM CBOHCTBA
Ka)JIoro CHCTeMHOTr0 KOMIIOHEHTa B OTAeJbHOCTH. MuKpo-
0OBEKThl e, HAaNpoTHUB, CTPOro JIOKAJH30BaHbl TOJbKO B
pefyaHIIuX caydasiX, Oosbliel e YacTblo OHH OCOObIM,
BEPOSATHOCTHbIM 00pa3oM «pacrnpejeseHbl» 10 BCeMY IMpo-
CTPAHCTBY — J100YI0 NaHHYIO MHKPOYACTHLY MOXKHO OOHa-
PYXHTb B JI0OOH TOYKE, HO C ONpeaeJJeHHOH — NYCTb HHY-
TOXKHO MaJoil HHOTAA — CTeNeHbl0 BeposATHOCTH (ompene-
J€MOH KBaJApaTOM OMHCHIBAIOUIEH COCTOSIHHE 3TOH MHKPO-
KOPMYCKYJIbl BOMTHOBOH (PYHKIHH).

[Tpu o6pa3oBaHuu NpoCTEHIINX XHMHYECKHX COeJHHEHHH
BOJIHOBble (PYHKLUHH COCTaBJSIOUIMX aTOMbI MHKPOUYaCTHL,
0COOeHHO  BHEUIHHX — BAJIEHTHBIX — 3JIEKTPOHOB, OKa3bl-
BAlOT MO3TOMY — BCJI€ACTBHE B3aHMHOIO  «NepeKphbiBa-
HHUS» — HHTEHCHBHeMLIHe BJAHAHHS APYr Ha Apyra. B Heko-
TOPBIX cJayyasix OTAeJbHbIe 3JIeKTPOHbl — B pe3yJbTaTe
CHJIbHEHIIHX (3/€KTPOMATHUTHBIX) B3aUMOAEHCTBUH TaKHX
MPOCTPAHCTBEHHO A€J0KAaJH30BAHHBIX KOPNYCKYJ — CTaHO-
BATCA KaK Obl «KOJJEKTHBH3HPOBAHHBIMH», NMpPHHAAJEXKA-
LIHMH He OJHOMY KAaKOMY-TO ONpeNeJIeHHOMY aToOMy HHAH-
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BiIyaabho, a Bceil oOpas3oBaBueiicsi MoJiekyae, BceMm (¢o-
cTaBJjdlouluM ee aromam cpasdy. HMmeénso B 3TOM
CoBpeMeHHas KBAHTOBas XHMHA BHIHT [VIaBHYIO [PHUYHHY
0c000l1 «1eJOCTHOCTH», CYLLECTBEHHON HeaAJAUTHBHOCTH H
HEeCBOJAMMOCTH K CBOIICTBAM CBOMX ATOMHbIX KOMIIOHEHTOB
CBOHCTB BCe€X, Jaxe CaMblX TNPOCTeHUHX — ABYXaTOMHDIX
XHMHYECKHX MOJEeKY/I.

Teoperuueckoe o0ObsICHEHHE 1€JIOCTHOCTH, H3BECTHOI
«HEeeJHMOCTH» KaA0i XHMHYECKOH MHOroaTOMHON MoJe-
KyJabl, OblJIO CAeNaHO B XOJe YCTaHOBJEHHS eAHHCTBA NBYX
obaactei yesOBEYECKOro 3HaHHs, A0 TeX MOP CYHTABIUUXCH
COBEpLIEHHO OTJHYHBIMH H Jaxke 4YyKAbIMH APYr APYry,—
¢u3ukn u xumuu. Mpl nosaraem Temepb, 4TO CTOJb K€
rny6okoe NMOHHMAaHHe CJAEAYIOIero THMAa LEeJOCTHOCTH CH-
CTEMHbIX O0O0BEKTOB — ILIeJJOCTHOCTH OpraHHyeckoi,—0oJee
MHOTOCTOPOHHE AeTepMHHHPYIOIeH CBOHCTBA BCeX KOMIO-
HEHTOB CBONCTBAMH 11€J0r0,— OyAeT AOCTUTHYTO Gaarogaps
HaXO0XK/eHHI0 obulero TeopeTHyeckoro 6asuca Tpex riaaBHbIX
COBpPEMEHHBbIX €eCTeCTBEHHOHAYUYHbIX JHCUMIVIHH — (QU3HKH,
XHMHHU U OHOJIOTHH.

Tak uTo Hesb3si CYHTATb OKOHYATEJNBHBIMH MOMYJspHbIE
B mocaeaHue rojabl, oco6eHHO B nepHojs OypHOro pacusera
KHOEpHEeTHYeCKOro HanpasJIeHHs B HayKe, TONbITKH CBECTH
Bce 00bsICHEHHEe LeJIOCTHOCTH CHCTEeMHbIX 00BEKTOB K OAHOI
TOJMIbKO OCOGEHHOCTH HMX OpraHu3alli — HCKJIIOUHUTEJbHOMY
GoraTCTBy UMKJaMH O0OpaTHLIX CBfA3eH, MO KOTOPbLIM Henpe-
PLIBHO UHPKYJAHPYIOT HH(pOpMAaLUs, 3HEPTUS H ZaxKe MoJie-
KYyJsipHble BELLECTBEHHbIe KOMIIJIEKCHI.

Mbl nosaraem, 4ToO HACbILEHHOCTD JI0OOOH LeJ0CTHOMH Op-
raHHYeCKOH CHCTeMbl TeMH HJIH HHBIMH IIHKJaMH 0OpaTHOI
CBfI3H — 3TO TOJIbKO 3MMHPHYECKHH YPOBEHb, TOJbKO KOH-
KpPeTHbIH Ccrnocob (u3uueckon peanusauuu ropasmgo OoJsee
raAy00KOH, TeOpeTHYeCKOH XapaKTepUCTHKH CHCTEeMHOH 1ie-
JIOCTHOCTH, KOTOpasi, KaK yxKe TrOBOPHJOCH, Obljla BCKpPHITA
COBCEM HeaaBHO. XapaKTepHCTHKA 3Ta — MU3MEHEeHHe TOro-
JIOTHH «BHYTpH» O0OBEKTOB CHCTEMHOro THMa W 0COOEHHO —
Ha pa3JIHYHBIX YPOBHAX HX OpPTaHH3allHH.

2.3. O6Gsa3aTenbHOE HAHYHE HECKOJbKHX YPOBHEH

Hutepnperauns cneuudryeckoi 1LeJOCTHOCTH CHCTEM-
HbIX 00BEKTOB KaK CBOEro poAa <«HHAHKATOpPa» HaJHYUs
«BHYTPH» HHX CTPYKTYP C TOMOJIOTHEH, CYLIeCTBEHHO OTJHY-
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HOM OT 0ObIYHOH TOMOJIOTHH KJaCCHUecKOH (HH3HKH, MpHBeJa
Hac, TakuMm o0pa3oM, MOYTH aBTOMATHYECKH K NpejcTaBJe-
HUIO 00 00513aTeJIbLHOM NPHCYTCTBHU B LIEJIOCTHBIX CHCTEMax
HECKOJIbKHX Pa3JIMYHbIX YPOBHEH — COBOKYMHOCTEH CTPYK-
TYpP, B KOTOpbIX HM€ET MeCTO OJiHa M Ta e TonoJsorus. Ho,
pasyMmeeTcsi, pa3JIMyHble CTPYKTYPHbI€ YPOBHH TAKHX CHCTEM,
KaK JXHBble cyllecTBa, HX coobllecTBa WM COCTABJAIOLIHE
UX TKAHH, OTAeJbHble KJAETKH, OPraHeabl KJETOK U T. I, MO
KpaliHeil Mepe HAa 3MIHPHUYECKOH CTAaJUH HX H3yyeHHs OblIH
M3BECTHBI 3aJ10JIT0 0 CO3MAaHHA OOlIell TEOPHH CHCTEM.

OnHako TOJNbKO MOCJeAHssT cAesaja OAHUM M3 TJIAaBHBIX
MpeAMEeTOB HCCAe0BAHUHA H3yyeHHe CaMbiX Pa3JHYHBIX CO-
OTHOILEHHI M€Ky OTAeJbHbIMH YPOBHSIMH CHCTEMHBIX 00b-
€KTOB — MPOCTBIX CTATHCTUYECKUX KOPPeasluil, 3aKOHO-
MEpPHOCTeH XKeCTKOW, OILHO3HAUHOH [deTepMHHALHUH OILHHUX
3JIEeMEHTOB JAaHHOI'O YPOBHS ONpeleseHHBIMH CTPYKTYpaMu
JAPYroro ypoBHs, HAKOHEll, CaMblX Pa3JU4YHLIX CNoco6oB
BEpPOSITHOCTHOrO, 60Jiee THOKOTO M MJIACTHYHOrO B3aHMOJEH-
CTBHSI Pa3JIHUHLIX YPOBHeH. B JKHBLIX cHCTeMax Haub0JIb-
liee pacrnpocTpaHeHHe HMeIOT HMEHHO BepOSTHOCTHble, He-
ONHO3HAuHble cnocoObl HeTepMHHALMH CTPYKTYP OHHOTO
YPOBHSI CTPYKTYPaMH APYroro ypoBHs — 3TO NOKa3aHO B pa-
6orax 0. B. CaukoBa, KOTOpHIi HaJauyue y 0ObEKTa MHO-
I'UX, pa3JH4HbIM 06pa3oM KOppPeJHPOBAHHBIX APYr C APYroMm
CTPYKTYPHBIX YPOBHEH paccMaTpuBaeT KaK OJHO H3 ompeje-
JISTIOLLHX CBOMCTB €ro CHCTEMHOCTH °.

[IepBbIM THIIOM CHCTEM, HCCJEIOBAHHBIX MaTeMaTuuye-
CKUMH MeTonaMu, Kak 37o mokasana lO. B. Caukos, Oblau
KJacCHUECKHe ra3bl CTaTHCTHYECKOH (PU3UKH, B KOTOPBIX CY-
IILECTBEHHO pPAa3JIHYHBIX YPOBHEH TOJbKO JBa — MaKpPOCKO-
NMUYECKHe nepeMeHHble JaBJeHHs, TeMnepaTypbl U oObeMma
¥ MHKPOCKONHYECKHe mapaMeTpPbl CTOJKHOBEHHSI MOJIEKY.I.
Ho maxe B 3TOM mpocTefiieM cjaydae MoJHOe, He AeJalollee
HHKAKHX JOTMOJHHUTEJNbHBIX TIPELNOJOXKEHHH BbIBEJeHHE
CBOWCTB TNEPBOro YPOBHSI H3 CBOHCTB BTOPOTO OKa3blBaeTCs
HEBO3MOXXHBIM,— BEpPOsATHO, KaK pa3 H3-3a TPYAHOCTEH OX-
HO3HAYHOI'0 «CIIMBAHHUS» PA3JIHUHBIX TOMOJOTHH 3THX ABYX
VPOBHe#l MaTepHaJbHOH AEHCTBUTEJbHOCTH APYr C JAPYrom.

CorsnacHo mofno6Horo pona coobpaxKeHusiM HeoObIYHOCTH
KBAHTOBOM MEXaHHKH NMPOHCTEeKaeT TaK¥XKe M3 TOro, YTo OHa
yCTaHaBJHBaeT KOPpeasillHd O0ObIYHOTO0, MAKPOCKOTIHYECKOTO

6 JO. B. Caukos. Bsenenune B epoarHoctubiit mup. M, 1971, crp. 51.
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YPOBHS KJacCHYeCKOi (PHU3UKH, XapaKTepH3yeMOro TOIOJO-
rueil EBaokca — Apxumena, ¢ ypoBHEM aTOMHBIX H cyO-
ATOMHBIX MHKPOOODBLEKTOB. TOMoJOrus 3TOro MocCJeIHeron
YPOBHSI HOCHT HHOH, HeTPHBHAJbHbLIII Xapakrep. Mbl ugyua-
JH ee JI0 CHX IOP TOJIbKO OYE€Hb ONOCPEeACTBOBAHHO — C IIO-
MOLLbIO BOJIHOBOH (YHKLHH, $SBJAAIOLIEHCA NPH JaHHOM
HHTepIpeTaluHH NPOCTO KOPPEJALHOHHOH (PYHKLUHEH «CIIH-
BaHUsl» KBAHTOBOIl MHKPOTONOJOTHH M KJA4aCCHUECKOIl Ma-
KPOTOIOJIOTHH.

bBonee Toro: torma Becsi KBaHTOBasi (PH3MKaA, T. €. MOYTH
BCSl COBpeMeHHas (Qu3uyeckas Hayka, NpeacTaeT nepes
HaMH B acnekTe CHCTeMHBbIX HCCJAeJOoBallHil KaK eAHHOe Bbl-
BE€eHHe CBOWCTB OOBEKTOB ¢ OOBIYHOI TONOJOrHEeH U3
CBOHCTB KBAHTOBLIX, TOINOJIOTHYECKH CYILIECTBEHHO HETPH-
BHAJ/NbHBIX OOBEKTOB,— IIPHYEM BbIBeJeHHe «CKopeiilieey —
C NIPHUBJIEUEHHEM HAaHMEHbIIEro YKcJ/a NpoMeKyTOYHbIX YPOB-
Hell. Pasanuve mexay ¢usukoit u GuoJorueil toraa mnpemu-
CTABJIAETCA COCTOSALLHUM TOJIBKO B YHCJE 3THX NMPOMENKYTOY-
HBIX YPOBHEH H elle B TOM, HACKOJbKO OHH COXPaHSIOT B
cebe CylecTBeHHYI0O HeTPHBHAJIbHOCTh HCXOAIIO0I, KBAHTOBO-
MeXaHHYEeCKOH TONOJIOTHH.

CuctemHble 00beKTbl (DH3UKH, JHILIEHHble HETPHBHAJb-
HOH TOIOJIOrHYECKOH OpraHu3alliH, CTAHOBATCSI TBEPABLIMH
T€JaMH, XKHIAKOCTAMH, rasaMu HJIH INJa3MOH, TNPOBOAHTb
rpaHulbl H 00pa30BbIBATh MOAMHOXKECTBA BHYTPH KOTOPBIX
MOXKHO IIOYTH IPOH3BOJIbHBIM 00pa3oM,— He MeHss HX
cBoricTBa. JKHBble e CHCTeMbl, HANPOTHB, HMEIOT TaKYIO
CTPYKTYPY CBOMX YPOBHEH, TaKyl0o HX B3aHMHYIO OpraHu3a-
LLHIO, YyTO CYLIECTBEHHAs HEeTPHUBHAJBHOCTb TOIIOJOTHH 3Je-
MEHTOB KaXKJIOro ypOoBHSl COXPaHSAETCsl BCe BpPeMs HX JKH3HH.
['oBopst ¢urypa/sbHO, LENOCTHOCTD JKHBOTO OPraHH3Ma —
3TO, 110 BCeH BEPOATHOCTH, ocobasi, KBaHTOMeXaHHYecKas
LIeJIOCTHOCTb €ro MOJIEKYJ, «NPOJOJIKEHHasi» H Jaxe «yBe-
JHYEHHAsA» 10 BCEeX €ro MAaKPOCKONMHYECKHX CTPYKTyp —
Osiarosaps HaJH4YHIO B HEM 0COOLIM 06pa3oM NoaoOpaHHOI
CHCTEMbl MHOTHX YPOBHEH OpraHu3alluH.

[TpousBoabHbIM 06pa3oM BHIAEJATH NOJAMHOXKECTBA B
«KHBbIX» O€JIKOBBIX MOJIEKYJaX HeJAb3si: JOCTATOYHO, Ha-
npuMep, GUKCHpPOBATb IPaHHUUbI NMOJAMHOMXKECTBA TaK, 4TOObI
OHO COJEep:KaJio TOJbKO OJHH aTOM Bojopona (HJH yrJaepo-
Jla MJAH a30Ta), KaK Mbl Cpa3y Ke IOKHHEM —B 3TOM
MOJMHOXKecTBe — 006/1acTb KHBOTO W momaneM B 006JacThb
uhpcTod XMMHH. Takum o6pasoM, yxKe Ha MOJEKYJISAPHOM

98



ypoBHe OHOJIOTHYECKHX CHCTEM M H3 3MIHUPHYECKOTO Mare-
puana GpHU3HKO-XHMHYECKHX HCCJAeIOBAHHUM JKUBOrO ABCTBYET,
UTO CaMblii MepPBbI — MOJIEKYJISAPHBIH  YPOBEHb OpraHu-
3allHH CBsI3aH B OGMOJIOTHH C TMOSIBJEHHEM HEKOTOPOH HOBOI
(T. e. OTIHYUHOM OT OOBIYHOM, PU3HYECKOI) TOMOJIOTHH.

Boabuioit npobsaemoit obuieit TEOPUH CHCTEM SBJSAETCSA
Ha ceroaHsi aOCTPaKTHBIH TEOpPeTHYECKHUH aHaJ/JIH3 BO3MOXK-
Horo (paspeuieHHOro OOMIMMH 3aKOHAMH TMPHUPOJbI) MHOTO-
oOpa3us pas3JHYHbIX YPOBHEH OpraHHsalHH, KOTOpPbie MOTYT
«HAJCTPAUBATLCA» HAJX IPOCTEHUIUM — eBJAOKCOBbLIM YPOB-
HeM OpraHM3alliy MaTepuUH Kaaccuyeckoil pusuku. o cux
MOp HCCJAENOBAaHHA JaXKe TaKHX CMellHaJHCTOB B 3TOH obJa-
ctH, kak P. B. Ceanapc, I'. U. Bpayn, A. B. Hosuxos,
H. P. JI>xxepapa ¥ Apyrux, HoCsiT B OCHOBHOM 3MITHPHYECKHH,
(peHOMEeHOJIOTHYECKHH XapaKTep M OCHOBBIBAIOTCS TOJIbKO
Ha TUlaTeJbHOM METOJAOJIOTHYECKOM aHaJii3e OMNBITHBIX JaH-
HbIX, TOJIYUEHHBIX pas3JIHUHBIMH pasjeJaMd HayKH O XKH-
BOM — aHAaTOMHEH H cpnsnonomeﬁ 6110xnm14e171 H OHODH3H-
KOif, 300MCUXO0JIOTHEeH U HelipoJiorHen .

Us-3 OTCYTCTBHA AOCTATOYHO YeTKOH H onpeneneuuou
MaTeMaTHYeCKOH 3KCMJMKAILHK CAMOTO IOHATHS <«YPOBEHb»
JI0 CHX MOP HEeT, HanpHMmep, COrJjacHs HH O YHCJe OCHOBHBIX
CTPYKTYPHBIX YpPOBHEH OpraHu3allud »KHBOH  MaTepHH,
HU OTHOCHUTEJbHO TOTO, CYUIeCTBYIOT JH — B IOMNOJIHEHHE K
9THUM OCHOBHBLIM (HampuMmep, MOJEKYJSPHOMY, OpTraHess,
KJIeTOYHOMY, OPraHoB, OTJAEJbHOI'0O OpraHu3dMa, NonyJslHH,
BHJa, OHoreoleHosa, JauamacdTa, Bceit O6uochepnl) — ernre
U TPOMEXYTOYHbIE, TOJbKO (QOPMHPYIOLULIHECT «CTYNEHU»
TNOBbIIIEHUST OPraHU30BAHHOCTH MaTepuu. OnbIT pa3BUTHS
APYTUX TOYHBIX HayK (MeXxaHWKH, (U3MKH H T. 1.) CBHIe-
TeJbCTBYET, M@XIAY TeM, UTO yHHBepcaJbHble H Bceobluiue
KpHTEPHH oOInpeiesieHuss TakKoro poaa (yHIaMeHTaJbHbIX
MOHATHH He MOryT ObiTb CHOPMYJIUPOBAHBI OXHO3HAUHO
TOJbKO HCXOASl M3 aHaJH3a 3MIHPUYECKOro MaTepuaJsa
HayKH.

Ha onpenenennom 3Tane pa3BUTHSI KaxK10ii KOHKPETHOI
HAaYYHOH AMUCLHUNJMHBI pellaloliee CJOBO HauWHaeT NpPHHAN-
JexaTb aOCTpaKTHBIM MaTeMaTHYECKHM CTPYKTypam, Tio-
3BOJISIIOIIUM TNpPUAATh HEKOTOPBIM CTOpPOHAM M acnekram
OMBITHBIX HAaHHBIX YHHUBEPCAJbHYIO BCEOOUIHOCTb H HeoOXo-

" B. H. Kpemanckuil. CTpyKTypHbe YPOBHH XKHBOM maTtepuu. M., 1969,
ctp. 109 u ca.

4* 99



JHMOCTb, 00513aTeJIbHO NPHCYLIHE BCAKOMY Cepbe3HOMY Ha-
YYHOMY MNOHATHIO. Mpbl mosiaraeM, 4YTo KOHIEMIHS YPOBHEH
opranu3anuu obuleii TEOPHH CHCTEM B HacTosilliee BpeMs
KaKk pas BIUIOTHYIO MOJOLUIJNAa K 3TOMY pewatouemy pyo6e-
Ky ee KOHCTHTYHPOBAaHHS B OJIHO H3 BaxKHeHUIHX M Haubo-
Jnee rayOOKHX TMOHSITHH COBPEMEHHOrO eCTeCTBO3HAHHS.
[Tpensoxkenuble crnocobbl ee MaTeMaTHYECKOH KCIJIHKA-
LMK — C TIOMOUIbI0 (PHKCALHH PA3JHYHBIX TOMOJIOTHH, 00%B-
eKTHBHO MMEIOLIMX MECTO Ha pas3JIHYHbIX YPOBHSIX OpraHusa-
ILIHH MaTepHH,— MOTYT KOHCOJHIHpPOBATL HalH ob6uHe
npeAacTaBjeHus B 3ToH 06JacTH B HeoOXOAHMble HayyHbIe
nousaTua. Ho 3To cayuyuTca TOJABKO mocJse TOro, Kak Ha oc-
HOBAHMH KPHUTHYECKOrO H BCECTOPOHHEro aHaJu3a 3MOHpU-
UeCKOro mMartepHaJia Bo Bcex o0sacTAX 3HAHHS, rAe 3TO Io-
HATHe «paboraer», OyaeT NMOKaszaHO, YTO €ro TOMNOJIOrHYe-
CKasi  3KCMJHMKaAlUWs Mo3BoJsieT o0ToOpaTb M3  BCEro
HeBOOOPa3UMOro OKeaHa ONMbITHBIX AAHHBIX PAa3JHUHbIX HayK
O JKHBOM BCe€ TO, YTO HHTYHTHBHO COIJIaCyeTcfi ¢ HAaUIUMH
OGLIHMH npeAcTaBIeHUsIMH 00 YPOBHSIX OpraHH3alLlHH.
31ecb BCTaeT BONPOC O TOM, HACKOJBKO NPH NPOBEAEHHU
3TOH mNporpamMMbl HCCJAEJ0BaHHH MOMXKHO OT'PaHHYHUBATHLCH
JUIIb KOMILJIEKCOM OHOJIOrO-MeJIHLUHHCKHX HAayK H He INpH-
HHMAaTb BO BHHMaHHe JaHHble HAYK 'YMaHHTapHbIX. B npuu-
ILHMIe TMOHATHe OPTaHH3alUWW B ITHX TMOCJEAHHX BIOJHE
MOXKeT HMeTb ropasjao 6oJsiee rayb6okHii U (yHIaMeHTaJb-
HbIH CMBICJI, YeM aHaJIOTHYHOe MOHATHE B HayKaX MeIHKO-
OHOJIOrHUeCKHX, u 00a 3TH NMOHATHS, OYAy4YH OUYEHb IOXO-
KHMH, MOryt ob6JsajaaTb pas3JHYHBIMH MaTeMaTHYECKHMH
sKkcnHKanuamMu. Ho moka uyto, mpu camoM nepBoM H Io-
BEPXHOCTHOM CPaBHEHHH C NpeaJjiaraeMoil TOMOJOTHYECKOM
SKCIJIHKAllHeH MOHATHA OpraHH3allid 3SMIHPHYECKOTO Ma-
TepHaja TakuX HaykK, KaK CTPYKTYpHas JHUHIBUCTHKA WJH
MaTeMaTHyecKas 3KOHOMHKA, 3KCIEePHMEHTaJbHas NMCHXO0JIO0-
rust Wi KubepHeTHUeCKass 3BPHCTHKA, OCOOBIX KOJJIH3UW
WJIH ABHBIX TPYAHOCTEH BpoAe Obl He BO3HHUKAET.
OkoHyaTenbHOE CyXKIeHHe MOXKeT ObiTb BbIHECEHO TOJb-
KO TOcCJe TUAaTeJbHOro W OOCTOSITeJIBHOTO HCCJe0BaHHUS
«paborocnoco6HOCTH» 00CYyKAAaeMOH IKCIVIMKAUHH B Kax-
J1I0M KOHKPeTHOH HayyHOH JHMCUHNJHHE, B KOTOPOH ynorpeo-
JAI0TCS CJIOBA «CHCTEMa» HWJIH <«YpPOBEHb OpPraHHU3auHH»,
H — caMoe IJ1aBHOe — TOJIbKO MOCJIe BBIABJEHHS €ro mnJouo-
TBOPHOCTH B MNJaHe YCTAHOBJEHHUS TBOPUYECKHX KOHTAKTOB
3THX NHCUHIJHH APYr ¢ ApyroM. TeM cambiM, MeXAy npo-
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yuM, Gyaer pemieH BOmpoc: «A BO3MOXKHA JH TEOPHUS CH-
CT€M M YTO OHA HOBOrO M KOHKDPETHOTO MOXKEeT AaTb Mpak-
THUECKH paboTaiolieMy HUCCIeI0BaATEeNI0?»

§ 3. «AGcTpaKTHas» («MaTeMaTHYeCKas ») OMOJIOTHS
(v 6nodusuka): H. Pawesckuu u apyrue

3.1. Bo3uukHOBeHHe «aGCTPAKTHOHY» GHONOrMH

HanpaBnenue nmouCKOB TeOPeTHYECKOro CHHTEe3a 6HoJ0-
MM H TOYHBIX HAyK, KOTOpOoe HOCHT Ha3BaHHe «abGCTpPaKT-
HOM», «MaTeMaTHuUecKoi» Ouosoruu (U OHODHU3WUKH), YyKe
MOJIYYHJIO HACTOJbKO HHTEepecHble TeopeTHYeCKHe pe3yJbTa-
Thl, 4TO HX METOIOJOTrHYecKoe, 0000LIeHHOe PACCMOTpPEeHHe
MOKeT ObITb BecbMa TNJOAOTBOPHBIM [a)Ke I/ JaJbHeH-
lIero Tnporpecca COBPEMEHHO#l TeopeTHdYecKoi (HU3UKH ®.
Jleno B ToM, uTo B aGcTpakTHON (MaremMaTHuyecKoi) GHoJO-
MU WMeeTCs Ueablil psaf paboT, KOTopble IO CBOUM ILeJSM H
3ajlauaM BO MHOIOM TapaJiieIbHbl MCCJEeLOBAHHSAM MO TakK
Ha3blBaeMoil aGCTPaKTHONH TEOPHH TOJS — HANPABJEHHIO B
COBPEMEHHO KBaHTOBOW TEOPHUH TOJSI, KOTOpPOE 3aHATO
MoMCKaMu HauboJsee OOGLIHX MaTeMaTHYECKHX KOHCTPYKUHH,
MPUrOAHBIX IJsi NMHAMHYECKOTO OMUCAHUS CTPYKTYpPHl Ma-
TepHaJbHOH NEHCTBHTEJIbHOCTH HA YPOBHE 3JIeMEHTapHBIX
KOPTNYCKY.JI.

Ham kaxeTcsi, 4To paHO HJM MO3AHO JOJKeH Oyrer
HaCTYMHTb TaKOH MOMEHT B HMX MapaJjeJbHOM, HO IO CHX
Mop HE3aBHCHMMOM JPYyr OT Apyra pa3BUTHH, KOTAA OHH
HAYHYT B3aWMOIEHCTBOBATb — B3aHUMHO OIJIOAOTBOPATL H
oborawmatb Haubosee ray00KHE TEOPETHYECKHE IMOCTPOEeHHUS
KQXKJION M3 Ha3BAHHBIX HAYYHBIX JIUCIIUIIJIUH.

Kouneunas 1enab noaoOHBIX B3aHWMOIEHCTBHI — nocTpoe-
HHe aGCTPAKTHBIX OCHOBAHMH €IMHON, CHHTETHYECKOH Teo-
PHH eCTeCTBEHHBIX MPOLECCOB — KaK (PH3HYECKHX H XHMH-
YeCKHX, Tak U OHOJOTHUECKHX.

H. Pawmesckuit B camom Hauajge 30-Xx romoB Hallero
BeKa CO3JlaJl HAYYHYIO WIKOJY, KOTOpas nepBoe BpeMs CTa-
BHJAa CBOCH 3anaveil pa3paboTKy ToJsbKo (opmanabHO-Ma-
TeMaTHYeCKux (M (U3HYECKHX) Mojeneil pas3JHYHBIX, OT-
IeJbHO B3MTBIX OHOJMOTHYECKHX IPOIeCCOB,— HaNpHMeEp,

8 H. Pawesckuti. Mogenn ¥ mMaTeMaTHYeCcKHe MPUHUHNB B GHOMOMHH.—=

B c68 «TeopeTHyeckass M wMarteMartnueckas 6uonorda». M, 1968,
cTp. 48.
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NABHXKEHHsT KPOBH IO KPOBEHOCHBIM COCydaM HJAMU pacnpo-
CTpaHeHHs BO30OYXKJIeHHs BA0Jb HEPBHOTO BOJIOKHA.

B 6GoabwiuncTBe paboT, onybJHKOBAHHBIX 32 3TO BpeM#
B OCHOBAHHOM AJsi pa3paboTKH HAell eIHHCTBAa (PHUIHKH,
OHOJIOTHH H MaTeMaTHKH KypHaJse «DBloaaeTtHn odp M3ITH-
MITHKJ OailopH3HKC», peyb HAET O KOHKPETHbIX (PH3UKO-
MaTeMaTHUYECKHX MOJAeJsX OTAeJbHbIX OHOJOrHYeCKHX siB-
Jenuil. Hapanay ¢ uccieloBaHHAMH 110 MaTeMaTHYECKOH Teo-
PHH KpOBOOOpAlLlEeHHS H HOHHbBIM MeXaHH3MaM HeHponpoBoO-
JHMOCTH, CO3/laHbl Mojaeau paboTbl JIerKux, cepaua 4 Apy-
FHX MbIIIEYHbIX KOMMJACKCOB, MOAeaH AUPPY3HH MOJEKYJ B
CaMblX pasJHYHbIX MeTabOJHUEeCKHX CHCTeMax OpraHu3Ma,
MOJesH aKTHBHOIO TNepeHoca BELIeCTB 4Yepe3 KJeTOYHbIe
mMeM6paHbl, MoAean ¢apMaKoJOTHYeCKOro BO3JAEHCTBHSA
pa3JHUHbLIX JEeKapCTBEHHBIX TpenaparoB, Molaeaun o6paso-
BaHHsi W BOCHPHATHA H300paeHMH Ha CeTyaTKe rJasa
MT I.HT.IL

ITOT NEpPHOA NPEeUMYHIeCTBEHHOr0 HHTepeca K KOHKpeT-
HbIM (PU3HKO-MATEMAaTHYECKHM MOJeJsAM OTAeJbHO, H30JHU-
POBAHHO OT APYFHX paccMaTpHBaeMbIX YAaCTHBIX CTOPOH H
MPOLECCOB JKH3HH, MEPHOA «NEepPBHYHOH» (PH3HKO-MaTeMa-
THUYECKOH «00pabOTKH» KOHKPETHOTO 3IMIIHMPHYECKOTO MaTe-
puaana OHOJIOTHH, 3aKaHYWBaeTcs B LIKose PaiueBckoro B
cepenure 50-x ronos. [Tosnnee PaieBckuit U ero yu4eHHKH
(P. Pozex, M. Ap6u6 u apyrue) HauHHAOT NyOJHKALHIO
LLeJIOTO UHKJaAa paboT, MOCBALLEHHBIX yXKe BbIABJEHHIO TpyI-
Mbl TNOHATHH M KOHUENUHH, KoTopble ObliM Obl CcnocoOHbBI
CBSI3aTb B HEKOTOpPOe eJHHOe TeopeTHYecKoe IieJioe BCe 3TH
(pH3MKo-MaTeMaTHYECKHEe MOJEJH CaMblX PAa3JHYHbIX CTO-
POH KH3HeAeATeJbHOCTH OHOJIOTHYECKHUX OPraHH3MOB.

Koneuno, xypHaa wkosabnl PaiieBcKoro Temnepb OTHIONb
He nepecran neyaratb paboTsl NMo (PU3HKO-MAaTEMaTHYECKO-
MYy MOIEeJHPOBAHHIO OTAEJbHO B3SITBIX, KOHKPETHbIX OHOJIO-
rMYEeCKHX MpPOILeCCOB — OHHU TO-NPEeXKHEeMY 3aHMMAIOT B HeM
noaasasioulee yucao crpaiul. OaHako HayyHble HHTEpeChl
psira aBTOpoB K Hauyaay 60-X roloB CMeLLAOTCss B CTOPOHY
OTbICKaHHsg Haubo.Jee 0OLINX NPHHILUMIIOB, KOTOPble HE TOJIb-
KO MorJu Obl OODBSICHUTb, HanpuMep, MeXaHH3Mbl MOCTENeh-
HOH OCTAaHOBKH KpPOBOTEYEHHMS TIPH CJAyYyalHOM mope3se
rMmaJiblia, HO H MOHSATb C €AHHOMH, TEOPETHYECKOH TOUKH 3PEHHS
BCIO COBOKYIMHOCTh COOTBETCTBYIOUIHX AKTHUBHBIX PpeaKIlHil
Ha 370 cobbiTHe. MMenno peakuuio Bcero »KHBOro OpPraHus-
Ma B 1leJoM: BO30OYyKIeHHe HEepBHOH CHCTEMbl, JBHraTe/b-
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Hble peaklUHd OTAePruBaHUs PYKH, NosiBJeHHe B paHe ¢aro-
LLHTOB, KJETOYHble IPOLeCChl 3aKHBJAEHHSA, HAKOHElU, Mexa-
HU3Mbl CBOEBPEeMEHHOIl OCTAHOBKH POCTa KJAETOK NOBPEXKAEH-
HbIX TKaHeH, NMpeioTBpallaiolliX HEKOHTPOJUpyeMoe BO3-
pacraHue ux oOlero yucjaa (Kak 3To MMeeT MeCTO, HalpH-
Mep, B cJyyae PakoBbIX HOBOOOpa3oBaHMi) H T. A.

Teopernueckoe eanHcTBO OHoJsornyeckon Haykn H. Pa-
IEeBCKHIl M €ro yyenHKH MpejJaraloT HCKaTb Ha TexX xKe
NyTAX, HAa KOTOPbIX B CBOe BpeMs OblI0 AOCTHTHYTO Teope-
THYECKOe eAHMHCTBO (DH3UYECKOH HAYKH,— Ha NYTAX HCIOJb-
30BaHHa B OHOJOrHH HOBbIX abCTPAKTHLIX MaTeMaTHYECKHX
npocrpancts. OH mosaraer, YTo coBpemMeHHass (pU3HKa, MO-
100HO OHOJIOTHH, IJ1aBHOE BHHMaHHe J0J1KHAa 00paTHTb He Ha
KOJIHUECTBEHHble, MeTpHYEeCKHe XapaKTepHUCTHKH OOBEKTOB
CBOMX HCCJeJ0BaHHi, a HA UX OoJiee rayboKue H obuiue, 60-
Jnee ¢yHAaMeHTaJbHble CBOHCTBA M KayecTBa (Tuna Teo-
PETHKO-TPYNNOBbLIX U TONOJIOTHYECKHX), KOTOpble A0 CHX
nop uau BooOlle He 3aMeuasHCb HJH Ke OCTaBaJUCb Ha
BTOPOM IlJ1aHE HCCJEeJOBaHHH.

H. PaweBckuii 1 ero yyeHHKH CYUTAIOT, YTO JaJbHeH KN
nporpecc TEOpeTHYeCKUX HCC/JAeJOBAaHHH B 3Toi obJsacTu
MOXKEeT BBIIBUTbL U 00Jiee TOHKYIO THOCEOJIOTHYeCKylo CHTya-
LLHIO: COOTHOLUEHHEe 3aKOHOB (PU3UKH M OHOJOTHH MOXKeT
OKa3aTbCsl HAOMHUHAIOUIUM COOTHOLUEHHE AaKCHOM JIOTHKH
(1 apudpmeTHkH) U popMasibHO He BBIBOAHMBIX U3 HHX (HOH
He ONMpoBepraeMblX MMH) yTBepKAeHHH, oOs3aTes]bHOe CY-
LIeCTBOBAHHE KOTOPBLIX B CJAOXKHBIX HEAYKTHBHBIX CHCTEMax
(Bkarouaomux B cebsi, Mo KpaitHeil mMepe, OObIUHYI0 apud-
METHKY LeJblX YHCeJ) [A0Ka3blBaeTcsd H3BECTHOH TeOopeMOi
[enens. KoneuHo, ocHOBaTeJbHOEe PacCMOTPEHHE BCEro 3TO-
ro Kpyra npobsaeMm — 1eJ0 Aajekoro Oyayuero (nocKoJabKy
HH coBpeMmeHHas (pu3uKa, HU TeM OoJee GHOJOTHSI elle He
JNOCTHT/IM TpebyeMOro 3xechb ypoBHSI (popMaaM3allHud U akK-
CHOMAaTH3aUHH), oAHAKO, KaK nokasaJa P. Posen, 3tu Bon-
POCBl MOTYT JOBOJIBHO HEOXKHIAaHHBIM 00pa3oM IpHoOpecTH
H YHCTO IMIHPHYECKYIO TPAKTOBKY °.

['py6o roBops, ec/id Mpl HCTOJKYeM KaxKAblil ¢yHIaMeH-
TaJbHbIi (PU3HUECKHI 3aKOH KaK HEKOTOpbIH (opMaJbHblii
aJTrOPUTM, TO3BOJAIOIIHA IO ONpeAeJeHHbIM -XapaKTepH-

9 R. Rosen. Church’s Thesis and Its Relation to the Concept of Reali-
zability in Biology and Physics.—«Bulletin of Mathematical Biophy-
sics», 1962, v. 24, p. 375.
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¢THKAM HHTEpecyloilluX Hac 0ObeKTOB B HEKOTOPbIil Haualib-
Hblil MOMEHT BpeMeHH(«Ha BXOAe») ONpeneJUTb OLHO3HAY-
HO («BBIYHCJHTb») 3TH XapaKTEPUCTHKH B KaXKAblil mocJe-
AYIOLIHH MOMEHT BpeMeHH («Ha BBIXOJE€»), TO Mbl MOXKeM
npuaatbh npobaeMe B3aUMOOTHOLIEHUsT (PU3UKH U OHOJOTHH
CJHeAyIOUIHH, TaK cKa3aTb, aOCTPaKTHO-aJrOpUTMHUECKHI
cmbiea. CyulectByeT M KoHeyHas cucteMa ¢GH3MYeCKHX 3a-
KOHOB — «@JITOPHTMOB», ONpPeAe/sIOUHX COBEPLIEHHO OAHO-
3HAYHO — «BBIYHCJAUMBIM» 00pa3oM BCe MOCJAeAYIOLHE CO-
CTOSAHHSI J1000T0 MHTEpPecYIOLero Hac XXHBOTO HJIH HeXH-
Boro obbekra (runore3a I B tepmuHosorun P. Posena)?
HMnau xKe cyliecTBOBaHHEe TAaKOH CHCTeMbl HEBO3MOXXHO NPHH-
uHnHaabHo (runore3a Il),— rHoceosornyeckass CHUTyalus,
CKJIa/lblBalolllasicd HblHe B KBAHTOBOW TEOPHH, YTBEpPKAalo-
e, yro HUKakasi Oyayuiass pusuyeckas TeOpUs IPHHILHU-
MHAJbHO He CMOXKEeT «BbIYHCJAHTb», B KaKyl0 KOHKPETHO
TOUKY JKpaHa momajeT 3JeKTPOH mnocje AWPPaKUHH HJIH B
KaKoi TOYHO MOMEHT BpPeMEeHHM pacnajercs HMEHHO JaH-
HOoe siLPO ypaHa.

P. Posen cBfizan obGe 3T runoresnl 0 npupoae Haubo-
Jee ray6okux 3akoHoB (u3UKH W OHOJOTHH ¢ npobJemoil
3bdekTHBHOH (H3HYECKOH peasu3allHd B JIOOBIX Mare-
pHaJIbHBIX npolleccax Tak Ha3biBaeMoro Te3uca UYepua —
YTBEP)KJEHHSI, 3SKBHUBAJEHTHOrO  MPEANOJIONKEHHIO, YTO
«BeCb» MHUD, BKJIIOYas ClOla M «BCIO» (PU3HKY H «BCIO» GHO-
JIOTHIO, YCTPOEH B COOTBeTCTBHH ¢ rumote3oit I. O noka-
3a/], uTO B HeldajJeKoM OyayileMm, OLEHHB TeOPeTHYECKH
ponyckaemoe o6eMMH THIOTe3aMH pa3HooOpa3ue BHIOB Ha
3eMyie U CPAaBHUB €ro C 3MMNHPHUYECKH HAOJI01aeMbIM, Mbl
CMOXKEM OMbITHBIM MYTeM pelIUTb, He HAXOLATCHA JU (HHU3H-
yeckue M OHOJIOTHYECKHEe 3aKOHBI MexAy co00H B OTHOLIE-
HHUH, aHAJOrHYHOM OTHOLIEHHIO AaKCHOM JIOTHKH (M apud-
METHKH) W He BbIBOAMUMBIX M3 HHX (H BMecCTe C TeM He-
NPOTHBOPEYAIUHX UM) YTBEpPKAEHHH.

3.2. HauGoaee odmee uameHeHue
AHHAMHYECKHX CTPYKTYpP XKHBOro

BaXXHbIM TeOpeTHYeCKHM pe3yJbTaTOM, I[OJYYEHHBIM
wxosoi H. PameBckoro— ¢ TOYKH 3peHHs BbiABJEHHS 00-
LIKX OCHOBAHUH (HHU3HYEeCKOH M OHOJOTHYECKOH HaAyKH,—
HaM npeacraBisiercss 060CHOBaHHe HeoOXONHMOCTH Mepexo-
Ja OT TNOHSITHH, HCHOJb3YIOUUX NMPEUMYIIeCTBEHHO KOJHYe-
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CTBEHHbIE, METPHUYECKHE XapaKTepPUCTHKH OOBEKTOB, K NMOHH-
THAM H CTpPyKTypam '6osiee ray6okoi U oO1uIeH — TONOJIOTH-
yeckoii W Boobule peasiunonHoit npuponabl '°.  Tlockoabky
BCcsiKas (GopMa JKH3HM CBsi3aHa C OmNpeJleJIeHHOH OopraHu3a-
IIHell  COCTABJSIIONIUX €€ CTPYKTYp, MOCTOJbKY OCHOBHOM
BONPOC 3J1eCh — JOCTATOYHO CTporas 3KCMJIHKAUMS 10 CHX
NOP TPAKTOBABILEroCss YHCTO KauyeCTBEHHO, HHTYHTHUBHO, MO-
HATHA «OPTraHH3AllHH>.

«A6cTpakTHBIe 'OHOJIOTH», HA HalUl B3TJIsAA, NMPaBHJIbHO
CYHTAIOT BO3MOXKHBIM YTOYHHTH €ro, yrayOuTb M CcaeaaThb
fonee conepKaTeNbHbIM,— CBS3biBasi Pas3jHuHble (GopMbl
OpPraHW3allMi C Pas3JMUYHBIMM THNAMH TOTOJIOTHH COOTBeET-
CTBYIOLIUX CTPYKTYp. Harznsiauo rosopsi, peuyr HIAET O pas-
JUYHBIX crnocob6ax BbIGOpa, GUKCALLMU TOJBKO CTPOro omnpe-
NeJIeHHBIX KJacCOB M3 CaMblX Pa3JHUYHBIX MOJAMHOMKECTB,
KOTOpPbIE MOKHO 06pa3oBaTh H3 00'bEKTOB, BXOAALIHX B JaH-
HYI0O «OPTaHH30BAHHYIO» CHCTEMY.

H. PameBckuil cBsi3piBaeT nepBoHayaJJbHOE 3apOKIAEHHE
CBOUX uaei ¢ uccaenoBanusiMu JI’Apcu TomncoHa, KoTo-
puiii eme B KHure «O pocre m dopme» (Kembpumxk, 1917)
oKasaJj, 4TO KOCTH H JPyrHe 4YacTH CKeJeTa PasjJHYHBIX
JKHBOTHBIX MOTYT OBbITb «NnpeoOpa3oBaHbLI» APYr B Jpyra c
MOMOILbBIO HENpPepLIBHbIX OJHO3HAUHBIX OoTOOpaxeHuii. B co-
BPEMEHHBIX TePMHHAX 3TO O03HAayaeT TOMOJOTHYECKYIO IOMO-
TOMHOCTb COOTBETCTBYIOLIUX 00 BEKTOB. JIPYrUM HCTOYHHKOM
oH HasbiBaeT KHury Kypra Jlesuna «[Ipunuuns Tomonaoru-
YeCKOW TCHXOJIOTHH», B KOTOPOH MpoBO3rJailajach Heob-
XOLUMOCTb TMPHUBJEYEHHUS MeTOAOB OOuIeH TeOpHUH Hermpe-
PoIBHBIX (TOMOJOTHYECKHX) mpeoOpa3oBaHHH K HCCIAENO-
BAHHUIO NPOLECCOB MBICAHTENbHON nesTeabHOCTH. [IpaBna,
yrnotpebyieHre TepMHHa TOMOJOTHS TaK W He MPHBEJNO elle
y JleBHHA K NEHCTBUTEJHHOMY HCMOJNb30BAHHIO KOHKPETHO-
ro MaTeMaTHYeCKOTO afnapara.

B ocHOBy cBOHX TeopeTHuecKux moctpoenuit H. Pames-
CKHH W ero mocJjefoBaTeJd KJaayT cooOpakeHHe, yTo BCS-
Koe H3MeHeHHe GHoJsiorhueckoro o6beKTa MOXKHO paccMmar-
pPHBATb KaK ONpelesJeHHOe TOMOJOTHYecKoe OToOpa)KeHue
ero HauaJIbHOTO COCTOSIHHSI B HEKOTOPOe KOHEYHOe COCTOSIHHE.
Bce nBMXKEHHS IKHBOTHBIX, KAK W POCT PAaCTEHHH, HOCAT
HMEHHO TaKo#i xapakrtep.- Takyilo e TpPHPOLY HMeEIoT

19 N. Rasheusky. Topology and Life.—«Bulletin of Mathematical Bio-
physics», 1954, v. 16, p. 317.
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MOCTENEeHHble, 3BOJIOIIMOHHbIE H3MEHEHHS TeX HJAH HHBIX
¢OopM CKeJIeTHOM, MbILIeYHOH UJU APYroi NpOoCTPAHCTBEHHOM
OpPraHH3alUH XKHUBbBIX CYLLECTB.

Haunbosee xapakTepHOH uepTOH «IBHIKEHHSI» OHOJOTH-
yeckoili ¢bopmMbl OpPraHuM3alMH MaTepPHH SBJSIOTCS, COTJac-
Ho H. PauieBckoMy, He KOJMYECTBEHHble HJIH METPHUECKHE
H3MeHeHHs 3JeMeHTOB THNa [JHWH, HaTAXEHHUH, YCHUIH
H T. 1., a camble o01lHe U3 H3BECTHBIX HAM M3MeHeHHil Kaacca
HernpepbiBHbIX npeo6pa3oBaHuii 06beKTOB APYr B Apyra. dTo
BblesleHHe Haubosee obuiero M ray6oKOro THNa BapHaLMH
JIOObIX M3BECTHBIX HaM OHOJIOTHYECKHX CTPYKTYp NpeacTaB-
JIieT HeCOMHEeHHBIi HHTepec ¢ TOUYKH 3pellHsi MEeTOAOJIOrHH
COBPE€MEeHHOH HayKH O XXKHBOM.

Takoe moHMMaHHe MakKCHMaJbHO OOLUETO THNA BapHa-
UMM CTPYKTYP 2KHBbIX OOBEKTOB JOJIKHO BXOAHMTb B Kaue-
cTBe HeoOXOAMMOro KOMITOHEeHTa B JIOOyIl0 COBPEMEHHYIO
6HoJsornueckyio teopuio. Majo Toro: Bcsikasi NMOMBITKA «CBe-
CTH» TONOJIOTHYECKOe MOHHMaHHe oflleil BapHaUMH oOpra-
HHYECKHX CTPYKTYP K KaKHM-TO YaCTHBIM, HanpuMep TOJb-
KO METPHYECKHM, H3MEHEeHHSIM MPHBOAHUT K MOAMEHe JeicT-
BUTEJbHO KHBOT0 00beKTa ero MeXaHHCTHUECKOH MOJeJblO.
KoHeyHo, anekBaTHble QUIHKO-XHMHUYECKHE MOJEJH JKHBOTO
TakXe BOHAYT B TeOopeTHUeCKyi0 OHOJOTHIO,— HO TOJBLKO
MPH YCJAOBHH, 4TO OYAYT YCTAHOBJIEHBI ONpe/ieseHHbIe, CTPO-
ro OQHO3HAYHble HX TeOPeTHYEeCKHe KOPPeJslHH C Jexka-
IIUMH B caMoM ¢yHaaMeHTe GHOJIOTHUECKOH HAYKH Cylle-
CTBEHHO TOIOJIOTHYECKHUMH NMOHATHAMH.

PauieBckoMy NMpHHAAJEKHUT MPUTOAHAA AJS 3THX leseil
cxeMa TMocJeg0BaTeNbHbIX TOMNOJOTHYECKHX OTOOpaKeHHH
ApPYr B JApyra pasiHyHblX OHOJOTHYECKHX (PYHKIHIA opra-
HH3MOB, HaXONALIHXCS HAa PA3JHYHBIX CTaJHAX 3BOJIOIH-
OHHOTrO Pa3BHUTHS,— TaK Ha3biBaeMblii NPHHUHI OHOTOINOJO-
ruueckoro snuMopdusma. CyTb ero COCTOHT B TOM, UTO XOTS,
HanpuMep, Npolecchl NMUTAHHA Yy MapaMelHH H y yYeJoBeKa
pa3JH4YHbl, TeM He MeHee HX MOXKHO oMnpenesJeHHbIM obpa-
30M 0TOOpa3uTh APYr B Apyra — Tak, YTO HEKOTOPBIMH MNpO-
MeXYTOYHBbIMH 3TallaMHd 3TOro OToOpaxKeHHsi OKa3biBaloTCs
H noemaHue A0ObIYH XHIIHHKOM H BbiCaChbIBaHHE IMHTATEJIbL-
HbIX BELUEeCTB M3 MOYBBI pacTeHHeM M MHOroe Ipyroe.

PaccmatpuBasi aHaJorHyHblM o6pa3oM rnocJeloBaTedb-
HO HeoOXoauMble IJIsl CYIIeCTBOBAHHUA KH3HM OHOJIOTHYE-
CKHe (YHKIHH OPraHu3MOB — pPa3/pa)KUMOCTb, JBHIKEHHE,
MUTaHUe, BbIIENeHHe, pa3MHoXKeHHe,— PauleBckuii yOex-
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JlaeTCsl, UTO BCe OHH YJIOBJETBOPAIOT NMPHHIUNY OGHOTOMNOJO-
rHyeckoro 3nuMopduama: Mno3BoJsIOT NPEACTaBHTL JI000M
OpraHu3M — B €JIMHCTBE €ero JKH3HeHHO BaKHBIX QYHKIHH—
B BHIe aOCTPaKTHOI CHCTeMbl TaKHX 3MHUMOP(HBIX OTOO-
pPa*KeHHH — ONnpeJesIeHHOr0 TOMOJIOTHYECKOr0  KOMILJIeKca
(rpada). TlocaegHuit COCTOUT M3 HEKOTOPOro MHOXKECTBA
TOYEK, COeAMHEeHHBIX JIHHHUAMH, KaxKJasd H3 KOTOPbIX MMeeT
olpefeseHHOe HalnpaBjJeHHe M YyKa3biBaeT HCXOJAHOE H KO-
HeYHOe MHOXKeCTBO COOTBETCTBYIOLLEro OToOpaxKeHus.
PaweBckuii cuuTaer, 4To OH TakuM 00Opas3oM IOCTPOHJI
cBoeoOpa3Hbiit OHOJNOTHYECKHH aHaJ or CTaHAapTHOro MAJs
COBPEMEeHHOIi1 TOMOJIOrUH npouecca TPUAHTYAaLUHH abCTpaKT-
IOTO MaTEMaTHYEeCKOro NpoCTpaHcTBa — MpPeACTaBJIEHHSA €ro
CYLIeCTBEHHbIX TOMOJIOrHYECKHX CBONCTB HEKOTOPOil KOMOH-
HaTOpHO-anre6panyeckoil CXeMoil — U TeM CaMbIM OTKPBLI
BO3MOKHOCTb JIJIS1 HCMNOJb30BaHHS B OHOJOTHH HE TOJBKO
TEOPEeTHKO-MHOXKEeCTBEHHOH, HO U aarebpanyeckoi, KoMOH-
HaTopHO# Tomosorud. Ero paboTbl, MNOCBALLEHHbIE 3TOMY
Kpyry mnpo0GJeM, OblJM BbINOJHEHbl ele J0 OTKPbLITHSA
['poreHinkoM aOCTpakTHbIX CXeM aJjareOpaHyecKkoil reoMer-
pPHH —MaTeMaTHYECKHX IPOCTPAHCTB, 0 HalleMy MHEHHIO,
HaubGoJsiee ajJeKBaTHbIX H ‘Gojiee JAPyrux MNpUCHOCOOJEeHHBIX
sl U3YUYEHHsT pa3nHuyHbIX GOopM oOpraHu3alud MaTepHallb-
HblX 00bekTOB. [T03TOMY Té KOHKpeTHble THIBLI TOMNOJOTrHye-
CKHX TpocTpaHcTB, KoTopble PaweBckuit noasepr OoJee
AeTajJbHOMY PacCMOTPEHHIO, HMEIOT XapaKTep MeTOJAHUYECKHX
npuMepoB «IJas (UKcaUHi HAel» W peasibHbIX, HaHboJee
CYLLECTBEHHBIX YepPT XKHUBBIX CYILIECTB HE OTpPaXalor.
EnvHcTBEHHOE  HCKJIOYEHHe B 3TOM  OTHOUIEHHH —
[IONBITKH  BbIABUTH Hanbosee NPUMHTHBHBIH TO-
MOJOTHYECKHH rpad, COOTBETCTBYIOUIHH JIOOOMY KHBOMY
OPraHu3My, H KOJHYeCTBEHHAsl OLleHKa Ha ero ocHoBe obiue-
ro Yyuc/jaa CaMblX pPas3JHYHbIX HHAMBHUAYAJbHBIX BHIOB KH3-
HH, KOTOpble MOryT BOOOlle cyliecTBOBaTb Ha Ji06oi nJia-
Here. Mcnonb3yss npuHUHN OHOTOMOJOTHYECKOTO SMHMOP-
¢u3Ma, MOXKHO MOCTPOHTbL CaMblil OOLIHI TONOJOTHYECKHi
KomnJaekc-rpa¢ HauboJsiee CYHIeCTBEHHBIX HJsS BCAKOro XH-
BOT0O cyllecTBa OToOpa)KeHHH. 3aTeM, HCIOJb3yss H3BECT-
Hble M3 OMOJIOrMM NMPUHIUNBI €ro BO3MOXKHBIX YCJAOMKHEHHH
M npeanoJsiaras, 4To KaxK/JAblil KHBOH BHA OTJHYAETCH OT
JIpyroro, 1no kKpaiHed Mepe, OJHHM HOBBIM HJH Hea0CTalo-
wuM snumMopdusmom, PaweBckuii Ha OCHOBAHHH aCHMIIO-
THYE€CKHUX OLLEHOK YHCJIa CcaMblX pPasJHYHBIX rpadoB AAaHHOrO
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CTPYKTYPHOTO Tuna nmnoJayuyusa oluiee YHCIAO0 pas3JaHYHbIX
OHOJIOTHYECKHX BHA0B, KOTOpPble MPHHUHNHAJABHO MOTYT CY-
niecrsoBartsh, B 10°.

Mexny TeM Ha 3eMJe pasMuHbLIX BHIOB HMeeTCs He
bonee 10°— pacxoxXzeHue Ha JBa MNOPSAKAa BEJHUYHHBI,
Tpebyioliee Ays1 CBOero OObSICHEHHS KaKHX-TO HOBLIX Te€O-
peTHuecKHx uaen. M B 3TOM nNpPHHIMNHAJABLHO BAaXXHOM
nyikte H. Pamesckuii peliaercss BbIIBHHYTb CMEJAYIO TH-
MoTe3y — OH BbICKA3blBaeT MNpeAlNoJoxKeHHe, 4yTo HauboJee
obuiMe 3aKOHbLI NPHPOAbI JOMYCKAKOT CYyLIeCTBOBAHHE Ha
pPa3HYHBIX TJlaHeTaxX pas3JHYHbIX 2a0CTpPaKTHbIX OHOJIOTHH
(aHAJIOTHYHO TOMY, KaK TeOpHUs OTHOCHTE/JIbHOCTH OiiH-
IWITEHHA JONMyCKaeT CYLIeCTBOBAHHWE H IJIOCKOrO NPOCTPLH-
CTBa-BpPeMeHH, U INPOCTPAHCTB IIOJOXKUTEJbHOH HJIH OTpPH-
LaTeJbHOH ‘KPHBHU3HLI).

PeliuTb, noyeMy MHJIJIMOHBI JIeT Hasajx Ha 3eMJje BO3-
HUK HMEHHO JaHHbIH KOHKPEeTHbIH BApUAHT aOCTPAaKTHOH OHO-
JIOTHH, NOMNYCKalOUIHH COBpPEeMEeHHOe CYlIeCTBOBAHHE TOJIb-
Ko 10° u3 oGuero uucsna B 10° TeopeTHYeCKH BO3MOXKHbIX
H JA0NyCTHMbIX HauOoJee OOLIMMH 3aKOHAMH NPHPOALI pas-
JIMYHBIX BHAOB XKHBbIX CYIeCTB,— 3TO U JOJI)KHA CHesaaThb
Oyayluasi TeopeTHyeckas OHOJOTHS.

3.3. MaremaTnyeckas TeOpPHA KaTeropui
B OMOJIOrHH

B nnaHe BbisiBJe€HHS OOGLUMX TNOHATHH, NPHFOAHBIX AJSA
KOHCTPYHPOBAHHSA C HX TIOMOILbIO TEOPETHYECKHX OCHOBa-
HHH BCero KOMILJIEKCa COBPEeMEeHHBIX €eCTeCTBEHHBIX Hayk,
BaxKHOe 3HayeHHe HMMEIOT MONbITKY NPUMEHEHHS K aHaJH-
3y abcTpakTHbIX OHOJIOrHYECKHMX CHCTEM OJIHOrO H3 Beay-
IIMX pa3/JesioB COBPEeMEHHOH MaTeMaTHYeCKOH HayKH —
TEOpHH Kateropuil (u Gynkropon) '*. Tem caMbiM, MOXKHO
AyMaTb, OUOJIOTHS] BlepBble NPeB30LLJIA B OTHOIIEHHH CTe-
NeHH OOIIHOCTH H WIHPOTHI JHana3oHa JAHHAMHYECKHX H3-
MeHeHHH paccMaTpuBaeMbix (06a30BbIX) MaTeMaTHYECKHX
CTPYKTYp fZlaKe COBPE@MEHHYI0 TeOpeTHYeCKylo (QH3HKY.
B nocaenneit uccaenyemble 06beKThl 10 CHX MOP MpenCcTaB-
JISIZIUCb TOJIBKO MHOXKECTBAMH; 3TO OOCTOSITENbCTBO HESBHO

I R. Rosen. Representation of Biological Systems from the Standpoint
of the Theory of Categories.—«Bulletin of Mathematical Biophysics»,
1958, v. 20, p. 317.
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HAKJIAaAbIBaJAO OYeHb CHJAbHblE OrpaHHYeHHsI Ha KJjacc
MOHATHI, KOTOPble MOXKHO ObLJIO HCNOJAb30BaTh MPH MOCT-
POEHHH COOTBETCTBYIOLUHX OODBACHAIOUIHX MaTeMaTHYeCKHX
KOHCTPYKIIHH.

Ileno B TOM, 4TO npeanoJsioxeuue OYIATO BCe HCXOM-
lible OOBLeKTbl TeOPHH MPeACTaBJAIOTCH MHOXKECTBAMH, NPH-
BOAUT U B OHOJIOrHH M B (PH3HUKE 3JIEMEHTAPHbIX KOPINYCKYJ
K Cepbe3HbIM MEeTOAOJIOTHYECKHM TPYAHOCTSAM — MPUMEPHO
OJIHOTO M TOro »Ke xapaxkrepa JJs 00eHX, CTOJb JajeKHX
IO CHX NMOP MPYr OT APYra HayuHbIX MHCUHIVIHH. DTO Npea-
MOJMIOXKGHHE OCHOBLIBAETCSI HAa BO3MOMKHOCTH YETKO OTHe-
JUTb C CaMOro HayaJja, Kakue o0'beKTbl BXOJASIT B paccmar-
pHBaeMble TeOpHel Ipouecchl, a KakHe — HeT. B Kuaccu-
YeCKOM eCTEeCTBO3HAHHH CAesaTbh 3TO OblJIO MOXKHO BCerjga—
i COBEpIIEHHO OJHO3HAYHO (B CHJY CTPOrOH M OJHO3HAy-
HOH JlOKaJau3allud ero oO0BbeKToB), B COBPEMEHHOM XKe
TaKoe JKeCTKoe HaKJaJblBaHHe C CaMOro HayaJjaa Tteope-
THKO-MHOXECTBEHHBbIX PaMOK Ha BCe ero 0O0BEeKTHl — JaJie-
KO He TpHBUAJIbHAs MeTOJ0JOrnyeckass mnpobJsaema.

B ¢usnke crnenuduueckd KBAHTOBble CBOHCTBA MHUKPO-
KOpPNycKyJ, oco6eHHO 00yC/0BJNEHHble HaJlHyHeM TaK Hasbl-
BaeMbIX BHPTYaJbHBIX IPOLECCOB H COCTOSIHHM, 3aCTaBJSIOT
HaC YCOMHHMTBCSI B BO3MOXKHOCTH INPEACTaBHTb MHOKECTBOM
BCe BHUPTyaJbHble 3JeMEeHTapHble YacTHLbI, oOIpeae/asio-
LIMe CBOWCTBA JlaxKe OJAHOrO-eAHHCTBEHHOro nporoHa. Tou-
HO Tak e B OHOJIOTMH CYyLIeCTBEHHAsi HEOAHO3HAYHOCTb,
cBoboaa moBemeHHs JI0O0ro >KHBOTrO CylllecTBa He I03BO-
JAI0T CKa3aTb C CaMOrQ HayaJja OnpejaesieHHO, BOHJAeT JIH,
HanpuMep, AAaHHBIH aTOM BOJAOPOJAA B €ro COCTaB HJIH HeT.
Tem cambiM Mbl y0Oexkaaemcsi, yTO H B HayKe O XXHBOM Ta-
KOe Ha MepBbli B3TJAL COBCEM «HEBHHHOE» Mpeanosoxe-
HHe, KaK HesBHas OObIYHO THMOTE3a O MNPEACTaBHMOCTH
BceX 0OBEKTOB TEOPHHM MHOXKeCTBaMH, yXKe INOYTH aBTOMa-
THYECKH BJieyeT 3a co0OM OTKa3 OT TaKOH OIpenesiiollen
yepThl BCEro XKHUBOro, Kak cBo6ofa, HeNpeACKa3yeMOoCTh ero
JNEHCTBHUIl, U MOAMEeHY OHOJOrHYecKoro cyliectsa KakKOH-TO
KEeCTKO JeTePpMHHHPOBAHHOM MeXaHHYeCKOH CXeMOH.

[To-BuanMomy, HMeHHO noAoOHOro poAa MeTOAOJIOrH-
yeckne coobpaxkenusi dactaBuau P. PoseHa paceMorperb
B 'KayecTBe JAHAlla30HOB HM3MEHEHHMs BXOJa M BHIXOJAa BBe-
JEeHHbIX UM a0CTpakTHbIX OHOJIONMYECKHX CHCTEM YKe He
MHOXKEeCTBa OnpeneseHHbIX 00BEKTOB, & HX MeHee XKEeCTKO
dukcupyeMbie cobpanus — kareropuH. [locnennue 3apaior-
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CA HEe CBOIICTBOM MNPHHALANEKHOCTH HX 3JEMEHTOB K ofpe-
NeJeHHOMY MHOXKeCcTBy, a 0OoJsee «caaObIMH» YCJIOBHSAMHU
BbIMOJIHHMOCTH Ha COCTABJAAIOU{HX HX OOBEKTaX HeKOTo-
PbIX aObCTpakTHBIX MaTreMaTHYeCKHX ollepauHnii — oTobpa-
YKeHHH 3TUX 0O0BeKTOB Apyr B JApyra (romeoMopdpuaMoB
HJAH npocTo — Mophu3MoB). B KaTeropuio — B oTJaHuYHE
OT MHOJKEeCTBa — MOXKHO BKJIOUHTbL HAa HEKOTOPOil mnocJe-
AyiolleH CTaJny ee aHaJHu3a H HEeKOTOpPBIil HOBbIH, He pac-
CMaTPHBABILHIICA € caMoro Havyasa 0a30Bbili 00BEKT: 144
3TOr0 JAOCTAaTOYHO YOEAUTLCS, UYTO HAa HEM MOXKHO OyJer
3ajllaTb HENPOTHBOPEUHBO onepalivio OTOOpaKeHHs ero BO
BCe Apyrue oObEeKTbl JaHHON KaTeropHd (M COOTBETCTBECH-
HO 3THX BCeX APYrHx 00DBLEKTOB — B 1i€ro).

Taxkne MeHee XKecTKo (pMKCHpOBaHHLIE CcOOpaHHsI HC-
XOAHBIX OOBEKTOB MOHAAOOMJHCHL AJS  MaKCHMaJbHO
o0uLero paccMOTpPEeHHA € UX NMOMOLULIO a0CTPAKTHBIX OHOJIO-
FHUECKHX CHCTeM C BXOAOM H BbixoaoM. OHH mnpeacrasJsi-
0T coboii Haubosee obliue cCXeMbl U BMeECTe C TeM <«IIpo-
crefillHe CTpPOUTeJbHble ‘OJOKH», H3 KOTOPbIX MOXKHO
«coOpaTh» J100Y10, CKOJIb YTOAHO CJA0XKHYI OHOJOIHYeCKYIo
CTPYKTYPpY.

AbcTpakTHble OHOMOTHYECKHE CHCTEMbI C BXOJAOM H Bbl-
XO/IOM OnHuChbIBalOT coboii, HanpuMep, U Bce CyOKJeTouHble
OpraHe/uibl THna pudOOCOM, Ha «BXOA» KOTOPbIX, KaK H3Be-
CTHO, TOJAAIOTCSI AMHUHOKHCJOTHble OJOKH (C HamnpasJ/isiio-
UIHMH HX TPAHCNOPTHBIMH HYKJIEHHOBBIMH KHCJIOTAMH)
naoc HHpopmaunonnas PHK, a Ha «Bbpixome» moJsyuyaer-
csl rotoBasi 6eslKoBasi MoJieKyJaa (OlnHcaHHe KOTOPOH comep-
xkasocb B 3toil uHpopmaunonHoir PHK). MUMu mMoryr GwiTh
H HepPBHble KJETKH, B KOTOPBIX CaMble pa3JjiHYHble BHEUIHHE
paszpaxeHHsl,— CKaxKeM, CBETOBbleé MJIH MeXaHHYeCKHe —
Ha «BXonae» npeobpasyloTcsa B onpeaeJeHHble Ioc/aeaoBa-
TEJbHOCTH HMMNyJabcOB. AGCTpakTHOH OGHOJNIOrHUECKOH CH-
CTeMOH sBJsieTCS W KaXKIAbli crnenudUyYecKuii opraH C ero
4aCTO BecbMa CHELHaJH3HPOBAHHBIMH «BXOJAMH» H «BBbl-
XOAaMH», H CaMO XHBOTHOE HJH pacTeHHe, TakKxKe Xapak-
Tepu3yolleecs ONpPeaeJeHHOH CHCTEMOH CBOMX BHELIHHX
«BXOZIOB» M <«BBIXOJOBY.

YcraHoBUB TeopeTHYeCKHe CBsAI3H abCTpakTHBIX OHOJO-
rHYeCKHX CHCTeM C BXOJOM H BBIXOAOM C OOLIeH TeopHeH
aBTomartoB, P. PoseH, Ha OCHOBaHHHM YHCTO TOIOJIOTHYeE-
CKHX COOOpa:KeHHi H He JeJiasd HHKaKHX OrpaHHyYHBaIOUIHX
NPeANnoJOKEeHHI  OTHOCHTE/JIbHO KOHKPETHOH CTPYKTYpb
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’KHUBBIX CYLIECTB, AOKa3aJ Psi TeopeM, KOTOpble cripaBea-
JIUBbBI OTHOCHTEJbHO JIIOOBIX MBICIUMbBIX XHBbLIX CHCTEM.
C TOUYKHM 3pEeHHS BBIABJEHHS 0OLIMX OCHOBAHHH (DU3HUYECKOH
¥ 6HUCJOrHyeckoii HaykH, Haubo0JblIero BHUMAaHHA 31eCh
3aCAYIKHUBAIOT, HAa Hall B3rJSl, €ro HAEH OTHOCHTENbHO 3M-
NUPHYECKOTO H3YYEHHsi ¢ MOMOMNIbI0 GHOMOTHH ocobeHHOCTeH
CTPYKTYPbl TOI KaTeropuu, Ha 0asze KOTOpPOH <«BBICTpOE-
Ha» JlaHHas, peaJM30BaBIIasiCsl, CKaxeM, HAa HalleH mJa-
HeTe abcTpakTHasi OHOJIOrHYecKas CHUCTeMa.

31ecs Mbl ‘B TeOpeTHUeCKOH OHOJOrHH CTalKHBaeMcs,

B CYLIHOCTH TOBOPS, C CHTYyallHeH, aHaJOrHUYHOH TOH, C KOTO-
poll B TpoulioM Beke ctoakHyauch Jlo6auesckmit m laycece,
KOTrJla OHH Ha OCHOBAHHH JIOCTYNHOIO UM 3MIIHPUYECKOro Ma-
TepHaJa JOJKHbLI ObIJIH pellaTh ONBITHLIM NyTeM, Kakas XKe
Ha caMOM JeJie CHOpaBedJHBa Ha J3eMJje TeoMeTpHs —
eBKJHI0Ba HJIH OoTJIHuHas oT Hee (M aycc maxe mpitanacs
BBISICHUTb 3TO, H3Mepsisi ¢ BBICOKOH CTeNeHblo TOYHOCTH, OT-
auunbl au ot 180° cymMMbl BCex yriioB oueHb OOJBIIMX Tpe-
yroabHukoB). B wamm auu H. Pamesckuit u P. Posen cra-
BAT B MOPSIAOK IHS 3SMIHPHUECKOe BBLISBJEHHE TOro THMA
aGCTpakTHOH GHOJOTHH, KOTOpash HMeeT MecTo Ha 3ewmJe, H
OMBITHOE — MOCPEACTBOM H3YUYCHHS KHU3HH HA APYrHX nJjaHe-
Tax — UCCJe/loBaHHEe TeX KOHKPEeTHBIX THIOB MaTeMaTuuye-
CKHX KaTeropuii, KOTopble JOMyCKalOT BO3HUKHOBEHHE H
ycToHunBOe (DYHKIHOHHPOBAHHE APYTHX BO3MOXKHBIX THIIOB
‘OMOJIOTHYECKHX OOBEKTOB.
"~ Tem caMmbiM BrepBble BONpPOCH GHOJOrHYECKOro MJaHa
npuobperaior obulee W BaxKHOe AJs BCEro eCTeCTBO3HAHHSA
B I[€JIOM MEeTOo/loJIoTHYeckoe «3Byuanue». Hanpumep, P. Po-
3eH OOHapyKHBaAeT CBSI3W TAKHX OOIIMX XapaKTEPUCTHK Ma-
TeMaTHYEeCKHUX KaTeropHui, Kax 60rarcTtBo WX OTOOpaKeHHus-
MH, OTJIHYHBLIMH OT TOCTOSIHHBIX WJAH 00pas3ylollMMH HHKaK
He nepekpbiBalomue APYr apyra obsacTH 3HavyeHHi U 06-
JJACTH OMNpefesieHHH CO CBOWCTBAMH BO3HHKHOBEHHSI H CO-
XpaHeHHsT HeoOpaTHMbIX H3MEHEHHUH B CaMbIX PA3JIHYHBIX XKH-
BBLIX CYIECTBaxX JaHHOH KOHKpeTHOH OHocdepsl.

B o6uem Bume Bonpoc 06 o6paTUMOCTH H3MeHEHHIT ab-
CTPAKTHBIX GHOJIOTHUECKHX CHCTEM CO BXOJOM H BBIXOJOM,
BbLI3BAHHBIX ONpeJe/eHHbIMH BHEUIHHMH YCJOBHUSIMH, HMeeT
OTPOMHOE TeopeTHYecKoe M NMpakTHueckoe 3HauyeHHe. HMmen-
HO ¢ HeoOpaTHMbIX H3MEHEHHIi TAKOro poaa HauHHaeTCs BCS-
KHH 3BOJIIOIIMOHHBIH npolece, giboe jgeyeHue OOJNE3HH HJIH
paHeHHMs  TNpeanoJsiaraeT CBOeH  1eJbI0  BO3BpalleHHE
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OpraHu3aMa B HEKOTOpOe HCXOIHOe, «3JI0POBOe» COCTOs-
HHE,— NOCPEACTBOM AH(p(epeHHPOBAHHbIX H J03HPOBAHHBIX
BHELIHHX BO3JeHCTBHIl (B BHJe, HanpuMep, BBEJEHHS JeKap-
CTBEHHBIX MpenaparoB, pasjHUHbBIX (U3HOTEpaneBTHYECKHX
NpoleAyp HJAH Jaxe XUPYPrHuecKoro BMellaTeabCTBa).

Posen paccmaTpHBaeT HECKOJNbKO NPOCTEHIIHX, CXeMaTH-
3HPOBAHHbBIX, HO BCe K€ BecbMa MOYYHTEJbHBIX CJyyaes.
Tax, ecan aGcrpaktHass GHOJIOTHYECKas CHCTeMa JonycKaer
yeTKOe pasjneneHHe «MeTabOJMYECKHX» H «TeHeTHYECKHX»
KOMIIOHEHTOB CBOell CTPYKTYpbl, TO HanbGojee MPOCTHIM H
ONpenesyieHHbIM SBAAETCS CJayyad, KOTJa «reHeTHUYeCKHI»
(T. €. UMEIOLHH JeJ0 TOJBKO ¢ CaMOBOCHPOH3BEICHHEM)
KOMIIOHEHT OCTAeTCs TIOYTH HEH3MEHHBLIM NPH JMI0OBIX H3Me-
HEHHUSIX BHEUIHUX BO31€HCTBHII.

Torna, okasniBaercs, HeobpaTuMas H3MeHsieMOCTb abCT-
pakTHBIX OHOJIOTHYECKUX CHCTeM peluaioniuMm obpa3om 3aBH-
CUT OoT GoraTcTBa COOTBETCTBYIOUIHX KaTeropuit orobpaxe-
HHUSMH, CYUIECTBEHHO OTJHYHBIMH OT NMOCTOSIHHBIX U TaKHMH,
yTO 06J1aCTH onpenesieHHi H 001aCTH 3HaYeHH i 60JbLIHHCTBA
3THX MOp(HU3MOB He nepekpbiBaloT Apyr apyra. Ecau nmourn
BCe OTOOpaKeHHs KaTeropuH OJU3KH K [NOCTOSSHHBIM, TO BCe
«BBICTPOEHHBbIE» B Hell abcTpakTHble OHOJOrHYeCKHEe CHCTe-
MBI TIOYTH He OyAyT HMeTb H3MeHYHWBOCTH. OHH OYeHb GLICT-
po 6yayT BO3BpaulaTbCs B HEKOTOPOE «CpeaHee» YCTOHYH-
BOe COCTOSIHHE M B TOM cJyuae, Koraa umeercsi 60Jblloe 1e-
peKkpbiBaHHe JIpPYyr ApyroMm obJaacTei onpemeneHuit U obnaa-
CTel 3HayeHHH OOJbIIHHCTBA MOP(H3IMOB AAHHOH KaTero-
puH. )KuBble CyliecTBa B TaKO# KaTeropuu (ecJau TOJbKO
OHH BOOOILe CMOTYyT BO3HHKHYTb) OYAYT OTJIHYATHCS 6GOJIb-
IHM nogo6ueM Apyr APYry W OTHOCHTEJbHO MaJbiM PasHo-
o0pa3ueM CyLIeCTBEHHO Pas3JHYHBIX (GopM.

H. Pamegckuii 1 P. Po3eH, ucnonb3ys nosyuyeHHbie Ta-
KHM 00pa3oM KayeCTBEHHbIe pe3yJbTaThl, BbICKA3bIBAIOT I'H-
note3y O TOM, YTO AOBOJBHO YeTKOe OTAeJeHHe B 3eMHOMH
6uocgepe Ha MaKpPOCKONMHYECKOM YpOBHe OHOJOTHH H (u-
3HKO-XHMHH JKHBBIX CYLIECTB JAPYr OT JApyra TeopeTHYeCKH
03HAYaeT, YTO BXOAbl H BBLIXOJABI COOTBETCTBYIOLIHX abCT-
PaKTHbIX OHOJIOTHYECKMX CHCTeM Ha 3TOM YpOBHE HMeIoT
MOYTH He NepeKkpbiBaloulHecss APYr ¢ APYyroM AHAna3oHbl H3-
MEHEHHs] XapaKTepH3YyIOUHX HX oToOpakeHui. 3To obcros-
TeJbCTBO OOYCJAOBJHBAET CaMyl BO3MOXKHOCTb «pacnajne-
HHS» MOJIHOH KaTeropuu BceX (PU3UKO-XHMHYECKHX H O6HOJIO-
THYeCKHX TIpOLecCcOB Ha JBE JOBOJbHO HE3aBHCHMbBIE H
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oToOpa)alolmuecs Ha MaKpPOYpPOBHE TOJBKO APYr B Jpyra
1TOJIKATEerOPHH.

Ecau e Mbl HauMHaeM HCCJIEN0BATb YPOBEHb MOJEKY-
JSIpHO-OHONOTHYECKUX $IBJEHHH, TO 3J1eCb Mbl CTaJKHBaeM-
Cs1 yXKe C JOBOJIbHO IMOJIHBIM B3aWMHBLIM MepeKpbiBaHHeM 00-
Jlacteit onpenesieHuit 1 obsacteit 3HaYeHUH NMOYTH BCeX MOP-
¢u3MOB, XxapakTepH3yOWHUX Jai060H (HIHKO-XUMUUYECKHH
Hau GHOJIOTHYECKHIT mpoluecc. Tak 4To B 3TOH 06aacTH caMo
pasgeneHue Ha OGHONOTHIO M (PU3HKY M XUMHIO NMOCTENEeHHO
TepsieT OJHO3HAYHBbIH CMBICJ, H peub yxke JAO0JXKHa HATH O
eIHHOM eCTeCTBO3HAHHH, a He O (pU3HKe, XUMHH HJIH OHO-
JIOTHH B OT/IEJbHOCTH.

Ho Taxas curyauus Morsa Obl UMeTb MECTO Yxe H Ha
MaKpPOCKONHYECKOM YpOBHE — yXKe Ha YpPOBHe OTIeJlb-
HbIX OpPraHu3MoB OHOJIOTHSA, H (DU3HKA U XHUMHS MOTJH OBITh
CTOJIb «TepenyTaHbl» APYr ¢ APYroM, 4TO HX HeJb3si ObljIo
6Bl 0OHO3HAUHBIM 06PAa30M OTJEJUTH ONHY OT APYroi. 31echb
P. Posen «ofpauiaer» CcBOH TeOpeTHUECKHe pe3yJbTaThbl H
HCTMOJB3YeT HX IJISi SMIHPHYECKOTO BLISIBJEHHS MaTeMaTH-
YeCKHX XapaKTEepPHUCTHK TOH KaTeropuu aGCTpakTHbIX OHOJO-
FHYECKHX CHCTEM, KOTopylo Mbl Habuaionaem Ha 3ewmJae. [lo-
CKOJIbKY IJIsl 3eMHOH (payHbl ¥ (GJOpPbl XapaKTEPHO MOBOJb-
Ho GoJsblioe MHOrooGpasue ‘BecbMa OTJHYAIOLUIUXCA H He Tie-
pexoasiliuX APYyr B JaApyra OHOJOrHYECKHX BHAOB (mpH
J0BOJIHO YETKOM OTAEJeHHH Ha 3TOM YpOBHe OHOJOTHH OT
(GH3UKH W XHMHH), NOCTOJbKY «3€MHble» abCTpakTHble GHO-
JIOTHYECKHe CHCTeMbl Ha 3TOM YpPOBHE HMEIOT KaTeropHu
oTobpakeHHH, BecbMa Oorartbie MOppU3MaMH, CHIBHO OTJH-
YAJOUIUMHUCS OT NMOCTOSIHHBIX M ¢ HenepeKphIBaloLHUMHCS 00-
JIJACTAMH ONnpejlesieHHit U 00/1aCTIMU 3HAYECHHIA,

HanpoTuB, ecqii Ha Kako#-TO APyrod nJaHeTe CYyLIecT-
BVET JKH3Hb, NMPEACTABJAEHHAA JIHIIb HEMHOTHMH H TIPUTOM
JOBOJIbHO OJIM3KHMH APYr APYry BHAAMH M THIAMH, TO Ka-
KHe-TO OueHb OoOulHe CBOHCTBA 3TOH TMJaHeThl OOYCJOBHJH
hopmupoBaHue Ha Hell aOCTPAKTHBIX OGHOJOTHYECKUX CHCTEM
ocoboro THma — ¢ 6a30BOH KaTeropHei, MOp(H3IMBI KOTOPOH
MOYTH BCE TMOCTOSAHHBI M MMEIOT NepeKpbIBAIOILIHecss 3aMeT-
HbIM obpaszoMm obJsacTH onpeaeseHuid U 06JacTH 3HAUYEHHH.

KoHeuHo, NMOKa 4TO BCe 3TH COOOpa’*KeHHS HMEIOT YHCTO
THIIOTETUYECKHH XapakKTep, HO, TOTOBACh K KOCMHYECKHM IIO-
JeraMm Ha Mapc u Benepy, ciaeayer cyuTathCs H C TeM,
YTO JKM3Hb Ha HHUX MOXKET W He MPOFABJATbL CTOJb NMPUBBIYHO-
Fo A/ Hac pasieseHus Ha OHOJOrHYeCKHe H (PHU3HKO-XHMH-
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yecKkHe Tpolecchl, a HMeTb OoJiee CJ0XKHYIO, KOMIIJIEKCHO-
HHTerpupoBaHHyio npupoay. H. Pawmesckuii B 3ToM miaHne
He HCKJIIOYaeT CyllecTBOBaHHe M TAaKHX (POPM XKH3HH, KOTO-
pble He UMeJaH Obl HH OXHOH, CTOJIb NPHUBBIYHOH JJag Hac
MEeTPHYeCKOH XapaKTepUCTHKH, a HMeaH Obl ToabKo OoJee
obuiHe — TONOJOrHYecKHe — CBOHCTBA M KauyecTsa,

§ 4. Teopernyeckasi GHonOrus:
K. Yoanuurton u apyrue

4.1. YcToHYHBO KAHANN3HPOBAHHbIE TPACKTOPHUH JIBHIKEHHHA
OHOJIOTHYECKHX CTPYKTYP — Kpeojbl

[TepcneKTHBHBIM B OTHOMIEHHH BBIPAGOTKH HOBBIX (yH-
JaMeHTaJbHbIX TIOHSITHH, HAa OCHOBAHHHU KOTOPLIX CTAHET,
BEPOATHO, BO3MOXKHBLIM TIJYOOKHH KOHIUENTYaJbHbIH CHHTE3
COBpeMEHHOro (pu3uyeckoro H GHOJIOTHYECKOr0 3HAHUS, HAM
NpeaCTaBJseTC M HanpaBJeHHe HCCJAeAO0BAHHH, KOTOpoe
CBfI3aHO TIJaBHbIM ob6paszoM ¢ umenem K. Yoamuurrona '
B nem o6pamaioT Ha ceOsi BHUMaHHe MOMbITKH BbISBHTb Te
CTOPOHBI MMPOLECCOB KH3HH, KOTOPble OOLLH BCEM ee CTPYyK-
TYPHbIM YPOBHSIM — KaK MOJIEKYJISIpHO-OHOJOrHUeCKOMY, TakK
U YPOBHSIM CYOKJETOYHBIX OpraHe/ s, KJIeTOK, OpraHu3MoB,
NMonyJaslHH, BUAOB H T. 1.

K. YonauHITOH B LIEHTP BHUMAHHUA CTABHT (GOpPMHPOBA-
HHE TOTO «KOCTSKa» TMOHSITHH M MEeTOLOB, BOKPYr KOTOPOId
HayHeTCsd, KaK OH HajeeTcs, B HefaJsekoMm OyayuieM o6paso-
BaHHE TEOPEeTHYEeCKOH OHOJIOTHH KaK Yero-To aHaJOrHyHOro
COBPEMEHHOH TeopeTHYeCcKOH (pH3HKe, T. €. €IUHOH, CHCTe-
MaTHYECKOH, OOBSICHAIOLIEeH W MaTeMaTHYeCKH MOKa3ylouleH
Hay4yHOH AHCUHMNJIHHBLL. B 3TOM naaHe OH npexiae Bcero 06-
pauiaeT BHHMaHHe HaA pas3JHYWsd B MNOHUMaHHH (eHOMeHa
KH3HH OHOXHMHKAMH, I'€HETHKAMH H 3BOJIIOLHOHHCTAMH —
MpeaCTaBUTeIMH Tpex HauboJsee pas3BHUTHIX B TeOpeTHye-
CKOM OTHOLIeHHH obJsacrel cOBpeMEeHHOH OHOJIOTHYECKOH
HAVKH.

s 6GHOXHMHKA »KHBOE CTJHYAeTCH OT HEeXHBOro cle-
UH(pHUYECKOH CnoCOOHOCTLI0O CHHTE3WPOBATh H3 CPABHUTEJb-
HO HECJIOXKHBIX (DU3UKO-XMMHYECKHX KOMIIOHEHTOB OKpYyKa-

12 K. Yodduneton. OcHoBHbIe OHOJOrHYecKHe KoHuenuuu.—B ¢6.: «Ha
NYyTH K TeopeTHyeckoi 6uogoruu», 1. [. M., 11970, crp. 11.
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joiei cpeabl (9Heprus COJHEYHOro CBeTa, BOAA, HEOPraHH-
YeCKHe COJIH, OTHOCHT@JNbHO MNPOCTble OpraHHYeCKHe COeIdH-
HeHUst U T. A4.) Topa3fo 6oJiee KOMIIIEKCHbIe MOJIEKYJsipHble
CTPYKTYpbl, obJsajaiouiue Takoro poaa (HH3HOJOTHYECKOI
AKTHBHOCTbIO, KAKOH HeT y XHMHYECKHX coelHHeHHH, obpa-
30BaBILIMXCA BHE XKHBOro. B 3ToM nyHkre 0 cneuudHyecKoi
(bH3HOJIOrHYECKOH aKTHBHOCTH, O TOM, UTO AOJIKHBl «yMETb»
eule «JesaTb» 3TH CHHTe3HpyeMble TOJNbKO XXHBbIMH Opra-
HU3MAaMH ocoOble XHMHYeCKHe COeJIHHEeHHUS, FeHeTHK CKa-
KET, YyTO Cpe/ln HHUX JOJKHBlI ObiTb 00s13aTe/IbHO TaKHe,
KOTOpble CnocoOHBI BOCMPOM3BOAHUTL caMHu celsi, T. €. MO-
pOXKJAaTb B pe3yJbTaTe onpeaeseHHOll MocjeaoBaTe/bHOCTH
XHMHYECKHX peaklHil MOJeKy/JasipHble CTPYKTYpbl, B OCHOB-
HbIX yepTax MnoaAoOHble HCXOAHBIM.

Oanaxo cneuuHaJHCT MO TEOPHH 3BOJIOLUHH TMOMYEPKHET,
YTO ¢ €ro TOYKH 3peHus OoJsiee CylUlecTBeHHOE, Oonperensio-
lliceé CBOHCTBO XKH3HH elle He OblJIO Ha3BaHO — OHO COMep-
KHTCA TOJBKO B TAKOM YTOYHEHHH NOHSITHS CaMOBOCIMPOH3-
BeJleHUs, KOTOpOe IO03BOJISIET MKHUBbIM OpraHudMam OBITh
YYaCTHHKaMH (M BMeCTe C TeM — OYeHb 4YacTo (OPMHPYIO-
IWHMH  (HakTOpaMH) JUIMTEJbHBIX IIPOLECCOB 3BOJIIOLHH.
A nns 3toro HeoGX0AMMO, 4YTOObLI NPH CaMOBOCIPOH3BEJE-
HHH JKHBOMO BpeMsi OT BPeMEHH CJYy4YailHO MOIJIH MPOHUCXO-
AHTh H3MEHEHHs CrneurdHuyeckKux CBOHCTB OPraHu3Ma, KOToO-
pbie nepenasajuch Obl noromMcTBy. ['OBOpsi COBpeMeHHBIM
A3bIKOM, C TOYKH 3PEHHS TEOPHH 3IBOJIOIHM CHCTEMa Ha3bl-
BaeTCA XKHBOH, ©C/JH B Hell 3aKOAHpPOBAHA HEKOTOpas nepe-
JlaBaeMmas Mo HacJeACTBy HHpoOpMalHd, ecad 3Ta uHbopMma-
s cnocoOHa npereprneBaTh HHOrAA CJAydyalHble H3MEHEHHS
M eCJIM 3Ta H3MeHeHHas MHPOpPMalHUs TaKKe HacJeqyercs.

[lo muenno K. YommuurroHa, 3TH TpH oOmpeaeseHHSs
JKH3HU NMPABOMEPHBI TOJBLKO B CBOEH COBOKYMHOCTH. Tak, ec-
JH Mbl Ha KaKOH-TO JajieKol nJaHeTe OOHApyKHUM OO0OBeK-
Thl, CIIOCOOHBIE BOCNPOU3BOAUTL cebsi U nepexaBaTbh HHGOP-
MalHIo0 MO HACJAEACTBY, TO Mbl HAa30BEM HX XXHBBIMH TOJbLKO
B TOM CJyyae, €CJH OHH JOMOJHHUTEJbHO NMPOSIBJAAIOT €lle H
KaKyl0-TO crneuHpHYeCKyI0 «(pU3HOJOrHUECKYI0O aKTHBHOCTDY.
Ouu, Hanpumep, AOJKHBI CHHTE3HPOBATb H3 OKpPYKaloLLei
MX HEXHUBOH Cpeibl TakKue OCOOEHHBIE KOMIJIEKCHl 3JeMEeH-
TOB, KOTOpble, BO-MEPBLIX, YEM-TO CYLIECTBEHHO OTJHYHB!
OT eCTeCTBEHHbIX, «IIPHPOJHbIX» KOMIJIEKCOB 3TOH IlJIaHe-
Tbl. OHH, BO-BTOPBIX, JOJI2KHBI HE TOJbLKO TepeaaBaTh HH-
(opMauHio, HO M crneuudHyYecKH B3aUMOAEHCTBOBATH C
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OKpYIKalolieil X HeXXHBOIi cpefoil, H3MEeHSITh crnocobbl U TH-
Nbl CBOMX KOHTAKTOB C Heil WaH AaxKe npeoOpa3oBuBaThL ee
onpejeseHHbiM o6pa3oM (ocrtaBJisisi ee, OJHAKO, B OCHOBHOH
CBOEH Macce «HEKHUBOI»).

3necy K. Yoanuurrton BbiABUraer TtpeboBaHue, yTOObLI
ofuree onpeneseHHe KHUBOro 00s3aTesqibHO paccMaTpPHBAJO
3TO CBOMCTBO BO3HHMKAIOWIMM He TOJLKO KaK HTOr CaMbiX
pPa3JHYHbIX B3aHMOJEHCTBHH BCEil COBOKYIHOCTH opraHuye-
CKHX MOJIEKYJI MeXAy CcoO00H, HO H KakK pe3yJbTaT Olnpese-
NeHHOro (GopMHpPOBaHHS TAaKHWX B3aHMOAECHCTBHH B «I[oJe»
BJHUSIHUN BHewHel cpeabl. «HH oAHy eauHHIly, KaKOoil Obl
CJIOKHOCTbIO OHa HH oOJsiajzaJsa, HeJb3s pacCMaTpHBaTb Kak
«KHBYIO», HE€ KacasiCb CHTYyalliH, He BKJIIOYEHHOH B 3Ty
«EITHHHILY>» *°.

HepaspbeIBHOCTL CBSI3H KHBOTO C MOCTOSIHHO B3aHMOJeH-
CTBYIOUIMMH C HUM BHEIIHUMH «aOHOTHUECKHMMH» YCJIOBHSA-
mu K. YonauHITOH 1eMOHCTpHpYyeT Ha IpuMepax u3 obJac-
TH 3MOpuonoruu. Jlio6oii opraHu3M pa3BHBAETCH, KOHEYHO
’Ke, KaK pe3y/bTaT CTPOro npeaonpereseHHOH aesiTesNbHO-
CTH TEeHOB, HO 1axke B OY€Hb TNPOCTBIX XKHBBIX CHCTEMax re-
Hbl peaJiH3yYI0T CBOH MPEANOCHIIKH TOJNbKO Gaaroxaps yHk-
LLHOHHPOBAHHUIO CJIOXKHOHM CHCTEeMbl O€JIKOBBIX MOJIEKYJ, Tak
HIH HHaye B3aHMOJEICTBYIOUIHX C BHELIHHM MHpPOM. Tak
UTO MOPSIZIOK H BpPeM$f BKJIOUEHHS TeX HJIH HHbIX KOHKPET-
HBIX T€HOB OIPENEJSIIOTCA TOJbKO B HTOre OUY€Hb JJIHHIbIX
W CJOXHBIX HeneH B3aUMOAEHCTBHH OEJKOBBIX MOJIEKY.JI
Mexay co00i H-—caMoe IJ1aBHOe — ¢ OKpyzKalouieii MMeH-
HO JaHHBIH OpraHu3M BHewHed cpemnod. TakuM obpasom,
BCEerjga CyUIecTBYeT HEKOTOpOe pasjuHuHe MeXAy TreHOTH-
[IOM — «HJl€aJIbHbIM OIIHCAHHEM» HEKOTOpOro BHAA C II0-
MOILUbIO €r0 T€HOB — M (PEHOTHIIOM — JAaHHBIM KOHKDPETHBIM
pe3yJibTaTOM NPETBOPEHHS 3TOr0 ONHCAHHS B JAaHHLIX KOH-
KPEeTHbIX BHELIHHX YCJOBHUAX (C IOMOLIbIO ONpejeseHHbIX
ueneid B3aUMOJEHCTBHII OEJIKOBBIX MOJIEKYJ] Mexay coboi
M C BHELIHHM MHPOM).

[Tousatue denoruna K. YOomauHITOH CYHTaeT yiKe BIOJ-
HEe «CO3PEeBIIHM» JJ MaTeMaTHYeCKOH 3KCIVIHKALHH C To-
MOILIbIO CYILLECTBEHHO HOBBIX aOCTPAKTHLIX TOIIOJIOTHYECKUX
MPOCTPAHCTB, KOTOpPble MOIJIH Obl (GHUKCHPOBATL CBOUMH
CTPYKTYpPaMH HE TOJbKO TeOMeTpPpHUeCKylo KOHGUrypauuio
pa3BUBAIOUIUXCA OPraHH3MOB, HO H COOTBETCTBYlOLLHEe (H-

13 «Ha nyTH K Teopernueckoit 6uoaoruu», 7. I, crp. 177,
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3WKO-XHMHUYECKHE YCJOBHS B Ka’XKJAOH TOUKE BHEIIHEH Cpesbl.
OH npexacraBaser cebe 3t 0000uleHHble NPOCTPAHCTBA
«IBHXXGHHSI» H «Pa3BHTHA» OHOJOrHYECKHX CTPYKTYP Kak
HeYTO aHaJOTHYHOE MHOrOMepHbIM (pa30BbIM NPOCTPAHCTBAM
(DM3MKH, B KOTOPbIX HEOOXOAUMOCTbL yyeTa KaKOi-TO HOBOH
XapakKTepUCTHKH 00beKTa peulajacb AOBOJbBHO TPOCTO —
BBeJ€HHEeM HOBOIO, JOINOJIHUTEJLHOrO H3MEpEeHHs.

Taxknum ob6pasom, Gaarogapsi reoMeTpHYECKON HHTEpIIpe-
TallMd TnpuoGpeTaeTcss BO3MOMKHOCTL HArJsaHO Ipeacra-
BUTL ce0e 0OILYI0O KapTHHY (GOPMHUPOBAHHS AAHHOTO KOH-
KpeTHOro opraHuama (¢eHoTHna) B npouecce e€ro MHOro-
CTOPOHHUX M pPa3sHOOOpPa3HbLIX B3aUMOJAEHCTBHH C JAAHHOM
KOHKpPeTHO! BHewHeil cpenoii. Penorun Oymer npeacras-
JATbCS Telnepb HEKOTOPOH NPOTHKEHHOH BO BpeMeHH (ury-
poi#, HauyMHawlouleicss B 006J1aCTH, COOTBETCTBYIOLLEH CTPYK-
TypaMm OIVIOJOTBOPEHHOIO fHlla, U IOCTENeHHO pPa3BeTBJIA-
IOLIEACST Ha pAJL OTAeJbHbBIX CYyOKOH(pUrypauui, COOTBej-
(TBYIOLIHX PAa3BHUTHIO NMPOrpecCHBHO 06ocabauBaIOUUXCS H
Bce OoJsiee U 60see pasaHyaloOLHXCA MexX Ay coboil opraHos —
MbIILILL, I€YEHH, 0YeK, MO3ra H T. Il. BILIOTb 0 CepALa.

Janee YomaanurtoH aesaeT oO4yeHb CYULeCTBEHHbIH, MO
HaleMy MHEHHIo, mar B GOpMHPOBAHHH OCHOBHBIX KOHILETi-
LU TEOpeTHYeCKOH OHOJIOTHH KaK HayKH, HMeEloWeH «MO-
JeJbl0» CBOero TIOCTPOeHHsI TeopeTHuYecKylo (GH3UKY, — OH
BBOAHUT BeCbMa (pyHAAMeHTaJbHOE JJs BCell HAyKH O KHUBOM
[OHATHE Kpeoja —KaK OCHOBHOrO THIa CTPYKTYp, Hamnoo-
Jee 4YacTo BCTpeyalolHXca B abOCTpakKTHOM MareMaTrHue-
CKOM IIPOCTPAHCTBE <«[BHUXKEHHSA» M «Pa3BUTUA» IKHUBBIX
o6bexkToB. Kpeoa — 310 yCTOHYHBO KaHAJAH3HPOBAHHAA Tpa-
€KTOpHS B 3TOM MNPOCTPAHCTBE NBHXKEHHSI U Pa3BHTHA XaK-
JOH omnpeaejeHHOH OGHOJOrHYeCKOH CHCTeMbl, CrnocoOHas
NPUTATHBATb K cebe M YyBJeKaTb 3a COOOM MHOrue JApyrue
G/au3Jexaliue TpaekKTopHUH.

Haub6osee sipko Hanuule KpeoJgoB B NpocTpaHCcTBe «0il0-
JIOTHYECKOrO ABUXKEHHS» BBICTYNAET, N0 MHEHHI0O YOLAUHT-
TOHa, B npoueccax smOpHoreHesa, B Mpolleccax 3MUTEHETH-
yeckoro (GOpMHpPOBAHHA B HEKOTOPOH BHEIUHEH cpeae Ka-
KOro-to (eHoTuna no AaHHOMY ONpPEAEJEeHHOMY TEeHOTHNY.
PasBuBamouiecs cucteMbl nofo6HOMO poja, Kax H3BECTHO,
B I0BOJIbHO OOJBIIHX npeaejax CrHoCOOHbB «KOMITEHCHPO-
BaTb» HapyllaloL(He BO3JEHCTBHSI BHELIHHX CHJI H—B pe-
3yJibTaTe CJOXKHBIX IPOLECCOB BHYTPEHHEH CaMoperyJis-
IIHH — BO3BpalllaThCsl K HOPMAaJIbHOMY pas3BUTHIO Ha OoJsee

117



MO3AHHX CcTaausXx cBoero Mop¢orenesa. K. Yoaauurron mno-
JaraeTt, YTo K TAakKOro pojia sIBJ€HHAM YyzxKe He NMPHUMEHHMO
MOHSTHE IrOMeoCTa3a KaK CTOJb XapaKTepHOH JIsl JKHBOTO
CrnoCOOHOCTH MOJAJAEpPXKHUBATh HA NMOCTOSIHHOM YpOBHE 3Hauye-
HHe HEeKOTOporo, (HM3HOJOrHYeCKH BaxKHOTO IJIsi OpraHu3Ma
napaMerpa (HanpuMmep KOHLEHTpAalUH KHCJOPOAa, caxapa H
APYTrUX BeLeCTB HJAH HX HOHOB B KPOBH, TemIeparyp Ttesa
H 1p.). 31ecb HMeeT MEeCTO CXOAHas, HO ropasno 6oJee 006-
uias CHTyalHsi, Koraa 11aZ0 BeCTH BJIOJb OIpeaeseHiibiX
TpaeKTOPHil — COrJIaCOBAHHbIX H3MEHEHHil CO BpeMeHeM —
BCIO TPYNNy >XHU3HEHHO BAaXHbIX AJA OpraHuaMa napamer-
poOB, T. €. KOrla HMeeTcsl yCTOHYHBO KanaJu3upoBaHHoe, CTa-
OMJIN3HPOBAHHOE JABHXKEHHEe MHOruX OOBLEeKTOB (Hamnpumep,
pasiHuHbIX AU PepeHupyIOLUXCsl TKAHEeH XK HBOIO OPraHm3-
Ma), a He NpPoCTo CTaOUIH3HPOBAHHOE COCTOAHHE OMAHOH Ka-
KOH-TO CHCTEMBI.

[Tonnep:kanue Takoit yCTOHUUBOCTH JABHKEHHUS, PA3BUTHS
6uonoruyeckux o0bpekToB K. YONAHUHITOH npeanaraer Ha-
3BaTh IrOMeOpe3OM, a ero IPOCTPAaHCTBEHHYIO, BH3YaJIbHYIO
HHTepnpeTalnHio B aOCTPAaKTHOM INPOCTPAHCTBE COCTOAHHMN
KHBBIX CHCTEM B BH/e CTa0OHJAbHO KaHAJH3UPOBAHHBIX TPaeK-
TOPHH — KPEOA0B — HCIIOJIb30BaTh AJasi  GoJsee ray6oKoro
aHaJu3a MEeXaHH3MOB BO3HHKHOBEHHS UeJeHanpasBJeHHOIo
XapakTepa MOYTH BCeX HHAWBHAYAJbHbIX OHOJOrHYECKHX
npoueccoB. OH cyuTaer, YTo B 3TOM OTHOLIEHHH IOHSATHE
KpeoJa BIIepBble I03BOJISET COCPENOTOYHTb BCe BHHMaHHE
HCCJIeloBaTeJIeH HAa CcaMOM TIVIABHOM — Ha 3aKOHOMEPHOM
(GOpMHPOBAHHH BCEro leJeHanpaBJeHHOro Ipolecca BO
BPeMEHH, a He TOJbKO HAa €ro HTOroBOM, KOHEYHOM COCTOf-
HHU (YTO OOBIYHO M BeJeT, KaK NMPaBHJO, K «TeJeOoJoTHYe-
CKHM» HJIH JaxKe «(PHHAJUCTHYECKHM>» IPEACTABJCHUAM O
HeKoeil BHEIIHeH CHuJie, BCe BpeMs «TOJIKAIOLLEH» MXHBYIO
CUCTEMY K 3TOMY, BEAOMOMY TOJIbKO €l HTOrOBOMY LieJieco-
00pa3HOMY COCTOSIHHIO).

CyuiecTBeHHasi «KPEeoJAHYHOCTb» CTPYKTYypbl abCTpPaKT-
HbIX MaTeMaTHYeCKHX MPOCTPAHCTB 3MOPHOHAJBHOTO «ABH-
KEHHUSA», <«Pa3BUTHA» OHOJOTHYECKHX OOBEKTOB ceHuac
SIBJISIETCS B HM3BECTHOM CMBIC/Ie YK€ YHUCTO 3MIUPHUYECKHM,
onbITHBIM (akToM. K. YOAAHHITOH CUHTAaeT MO3TOMY BO3-
MOKHBIM pPacnpoCTpaHHTb HAEI0 KPEeOJAHYHOCTH ¢ 00JacTH
TOJbKO 3MOpHOTreHe3a Ha BCIO TEOPETHYECKYI0 OHOJIOTHIO B
1leJloM H O0COOEHHO Ha TakHe ee YPOBHH, KakK MOJIEKYJsip-
HbI H MaKpo3BosioUHOHHBIH. OH noJsaraer, 4To B onpeaeseH-
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1IOM CMbICJIe TPH KPAaTKO NPOaHAJM3HPOBAHHBIX Bblllle MOHHU-
MaHHA camoro peHoMeHa XH3HH OHOXHMHKOM, F€HEeTHKOM H
CMelHaJUCTOM M0 TEOPHH 3BOJIOIHKH SfABJAAIOTCH C TOYKH
3peHHs1 CyUIeCTBEHHOH KPEOAHYHOCTH CTPOeHHss OGHOoJornye-
CKOro NMpOCTPaHCTBA MNPOCTO 3SMIHUPHUYECKHMH ONHCAHHUSIMH
9TOr0 NPHHLUHNHAJbHElero Aaa Bceit OHOMOrHHM (akTa B
MOHATHAX OCHOBHBIX OMBITHBIX CTPYKTYP 3THX YpPOBHEH WHC-
CJe/lOBAHHS XKHBOTO.

Tak, nas 6uoxumuka crnenuduyeckass GuanoIOrHyecKas
aKTHBHOCTb onpejejeHHoro 6eaxkoBoro ¢gepMenta, 06ycsaoB-
JuBamouas cnocoOHOCTb CHHTE3a MM CJIOXKHBIX, Xapakrep-
HBIX TOJBKO [AJS JKHBOrO MOJEKYJ,— pe3yJbTaT CcaMbIX
pPa3JHYHBIX B3aUMOJAEHCTBHII NMEPBHUYHON CTPYKTYypbl Oeska
(T. e. MOCJe0BATENbHOCTH aMHHOKHCJIOT B HEM) C OKpYy-
Kaiole# ero BHewHel cpenoii. Moo ero cdepmenrarushas
3(p(PEeKTHBHOCTb ONpeaeJasieTca IpeKAe BCero CTpyKTypa-
MH TpeTbero u 00Jiee BBLICOKOTO MOPSAKOB — TOYHOH Tpex-
MEpPHOH aJlJIOCTEePHYECKOH KOH(HrypalHed ero.BTOPHYHBIX,
CMHPAJbHO 3aKPYUEHHBIX AMHHOKUCIOTHBIX Ueneil. Oxa dop-
MHPYeTCss M H3MeHsieTcss OJarofaps CJAO0XKHBIM, GoJbliei
YacTbl0 TOXKe aJIJIOCTepHYeCKHM B3aHMOJEHCTBHSIM C CO-
CeAHUMH, OJIM3/IeXKAlUIUMHU MOJIeKyJaMHu, a Takxe OJjaroja-
psi BJHSHHIO TaKUX MHTErpaJibHbIX XapaKTepHCTHK BcCeil
BHEUIHeH cpeabl B 1eJ0M, KaK KOHUEHTpallhusi B HeH ompe-
JIeJIGHHBIX COPTOB HOHOB, CBOOOJHBIX pajJHKaJ/JOB, ClELHPH-
YECKHX MOJSIPHBIX MOJEKYJ H T. 1.

K. YONIHHITOH CYHTaeT NMO3TOMY BIOJHE OMpPaBLaHHBIM
FOBOPUTb O «TEHOTHMHYECKUX» U «(PeHOTHNHYECKHX» siBJe-
HHSIX yXKe Ha YPOBHE «KHBBIX» GeJKOBBIX MOJIEKYJ, CBA3bI-
Bas TepBble TOJbKO C NMOPSIKOM AMHHOKHCJOT B HHX, a
BTOPbI€ — C MX TOYHOH TeOMeTpHYeCKOH KOH(QHrypaiued B
MPOCTPAaHCTBE, onpejensiolleii Bce HX KOHKpeTHble GHOXH-
MHUYEeCKHe CBOWCTBA H (QOpPMHUPYEMOH TOJABKO KaK HTOT
cripeeseHHbIX B3aHMOMEHCTBHH C OKPYXKalOWUMH HX IpY-
rHMH MoJsiekyanaMHu. Takum o6Gpasom, oyeHb obuiee Tipen-
CTaBJeHHE O KH3HHM KaK 0C000 CJIOXKHOM (M BCe YCJOXKHSA-
IoUeMCsl B TIpollecce pPa3BUTHA) THUNEe B3aUMOIEHCTBHII OIl-
peneneHHbIM 00pa3oM OpPraHU30BAHHbIX MaTepHAaJIbHbIX
06beKTOB ¢ BHeIUHHM MupoMm, Kotopoe K. Yomauurrou
cOopMyJIHPOBAJ HAa OCHOBAHHH aHaJHM3a IpoLeccoB 3MOpHO-
reHesa, J0NycKaeT HeNnpoOTHBOPEYHBOE PACNpPOCTPaHeHHE Ha
MOJIEKYIsIpHO-GHONOr HuecKHil ypoBeHb. OHO MO3BOJSIET MO-
JOWTH MO-HOBOMY K HaHOojee HHTepecHOH OCOGEeHHOCTH
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6HOJIOTHYECKHX SBJEHHI HAa 3TOM ypPOBHE — a/JI0CTepHuU-
HOCTH NOYTH BCeX (pepMEHTATHBHO BaXKHbIX CBOMCTB »KHBbIX
OEeJIKOBBIX MOJIEKY.I.

TpaxkTys 3Ty annoctepuyHOCTb KaK CBOEro pojaa «deHo-
THITHYHOCTh» KH3HH YyiKe Ha MOJIeKYJSPHOM YpOBHe ee
opranuzauun, K. Yomauurron HaubGosblliHe CBOH TEOPeTH-
yeckHe Hanex/Jbl CBSI3bIBaeT C BO3MOMKHOCTbIO OOBACHHTDL
YVAUBUTENbHYIO lesecoo6pa3HOCTb, FAPMOHHIO H COIIAco-
BAHHOCTb BCEH COBOKYNHOCTH OHOXMMHYECKHX peaxkuHd R
KaXXIoM JXHBOM OpPTaHHU3Me MpPOSIBJEHHEM <«KPEOJAHYHOCTH»
6HOJIOTHYECKOTO NPOCTPAHCTBA YyiKe Ha PACCTOAHHUAX TO-
psilka pa3MmepoB MoJiekyJs. MMeHHO HajnHuWe B 3TOM IIpO-
CTpaHCTBe CTaOUNbHO KAaHAJH3HPOBAHHBIX, YCTOHUYHBBIX
TPAeKTOPHiI MepeMelleHHsl TMOUYTH BCAKOH COCTaBJISIOLIEH
KUBYIO CHCTEMY MOJIEKYJbl — a AAs OOJbIIHX MOJEKYJ
Jla)kKe MX yacTeil — H TPAKTOBKa 3THUX KPEOAOB MOJIEKYJsip-
HbIX ABHXEHHH KaK OOBEKTHBHLIX IeOMeTPHYEeCKHX CTPYK-
TYP HOBOTO THNA — TOJAbKO 3TO, no MHenuio K. Yomauur-
TOHA, NO3BOJHT OKOHYAaTeJbHO H3rHATh TEJEOJNOrHI0 H3
MOJIEKYJIAPHO-OHOMOTHYECKHX HCCJIeOBaHHH.

C Hameil TOYKH 3peHHsi, OblI0 OBl OUeHb HHTEpPecHO H
3aMaHYHBO B METOJO0JOTHYeCKOM IJaHe YCTAaHOBHTb CBfI3H
TAKOro NMOHHMaHHUs KPeoJOB KaK YHCTO NMPOCTPAHCTBEHHBIX,
reOMEeTPUYECKUX, «HATPABJSAIOLIHX» CTPYKTYP JIBHKEHUS
«KHWBBIX» MOJIEKYJ C MONLITKAMU NPUMEHeHHss B OHOJOTHH
¢eHHMaHOBCKOH  (OPMYJHPOBKH KBAHTOBOH  MEXaHHKH.
Ham npencrasasieTcsi, yTo B NPHHIIHNE HAa 3TOM INYTH paHO
HJIH TO3JHO OKaX<eTCsl BO3MOXKHBIM Jla)Ke 0ObSCHHTb Teope-
THYECKH CaM MEXaHH3M IOCTerneHHOro (OpMHPOBAHHUSA Kpeo-
OB KaK HauboJiee BEPOATHBIX TPAeKTOPHH JABHIKEHHS OIpe-
JIeJeHHBIX KOPMYCKYJ— 0cOObIM 006pasoM YyCA0XKHSAIOUIHX
CBOIO OpraHH3alHWI0 U OTHOLIEHHS C BHEUIHHM MHPOM «IKH-
BbBIX» cHcTeM MoJiekyJa. Mbl nosaraem, yro 6aaronaps ¢eiH-
MaHOBCKOMY crnoco0y pacCMOTpeHHs [IBMKEHHS B MHKPO-
MHpe KaK coBeplLialoulerocs (C omnpeneJeHHOH CTeneHblo Be-
POATHOCTH) Cpa3y IO BCeM TPaeKTOPHSM, COeNHHSAIOUHM ero
HayaJbHYI0 U KOHEYHYIO TOYKH, KPEOJAbl «KHBLIX» OpraHmuye-
CKHX MOJIeKyJ (M HX yacTed) nmpHOOpeTyT B KOHIE KOHIIOB
TaKOH XXe TeOpeTHYeCKHM CTaTyC, Kak H, Hanpumep, Hallu
COBpeMeHHble NpeacTaB/eHus 06 yCTOHYUBLIX (HJIH BO3OYXK-
JIeHHBIX) COCTOSIHHSIX, CKaXKeM, MOJIeKYJbl BOLOPOAaA.

JKuBble CHCTEMBl YK€ Ha MOJIEKYJAAPHOM YPOBHE IpH-
o6peTaloT Takue KOH(HTypalHH COCTABJSIOUIHX HX KOPMYC-
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KYJ U TakHe UX B3aUMOOTHOILUEHHS C BHELIHHM MHPOM, 4TO
ANS1 BCSIKOW OTAENbHOH ronaBiieii B HHX (HJAH COCTaBJAIO-
el uX) MOJIeKyabl HauOosblyl0 BEepOATHOCTHL Npuobpera-
I0OT CTPOrO oOnpeaeseHHble, YCTOHYMBO KaHAJIH3HPOBAHHLIE
TpaekTopun ABHKeHHs. OHM 00pasyioT, Hanpumep, mnocJe-
JIOBATEJIbHOCTb TEepPeMelleHHil MOJIeKYJ H HX «4YacTeil» B
(bepMEeHTATUBHbIX peaKLHaX, BeJIYIIHX K CHHTe3y HOBOH MO-
Jekyabl 6enka uau JITHK.

Tosnbko nocse nogo6HONO TEOPeTHUECKOTO «BbIBELEHHUS»
KPEOJHUYHOCTH JBHXKEHHS «XKHBBIX» MOJIEKYJ H3 OOlIHX
NMPUHUUNOB (DH3UKH MOKHO HayaTb O0o0Jiee OCHOBATEJbHO
HCCJIEIOBATb ‘KPEOJHYHOCTb ABHXKEHHS Ha COBCEM IPyroM
ypoBHEe, HAa YypPOBHE MaKPO3IBOJIIOUHH XKUBLIX OPraHU3MOB.
KonkperHble MexaHH3Mbl (OPpMHUPOBAHUS TAKUX B BbICLIEH
CTENeHH CrnenHaJH3UPOBAHHBIX H «1eJ1eCco00pa3HO» yCTPOeH-
HbIX OpPraHOB, KaK IJla3 MO3BOHOYHOIO XKHBOTHONO, KPbIJIO
HAaCeKOMOro, Hora JioWlajgu MJM wes XKupada, Mo MHEHHIO
K. Yonnuurrona, Bpsii Ju yAacTtcsi Korjpa-nu6o CBECTH M0
KOHILIA K OJAHHM TOJIBKO CJAy4YaWHbIM (aKkTopaM.

KoHeuyHO, coBpeMeHHas 3BOJIIOLMOHHAS TEOPHS OYeHb
MHOTOe yKe OOBSICHAET C IOMOLLbIO NPEACTABJEHHA O TOM,
YTO BCSIKMH OHOJIOTHYECKHH BHJ <«BEIET» CBOK <«HIPY» C
NPHPOAOH OTAEJbHbBIMH MOJYU30JHPOBAHHBIMH TOMYJSAILHUS-
MH, KaxKJaasi U3 KOTOPbIX BbIOHpPAET CBOIO HHIAMBHAYAJbHYIO,
HeCKOJIbKO OTJIHYHYIO OT APYrHX JHHHIO MOBEAEHHS — CBOY
HHAUBHAYAJIbHbIE OTBETHbIE «XOJbl» HA «BbI3OBbI» NPHPOADI.
M noHuMaHue 3Je€MEHTapHOTro Ipollecca 3BOJIOLUHH Kak
ocTaBJeHHss HauboJsiee NPHCNOCOOJEHHBIMH HaHOOJbLIEro
IIOTOMCTBA, KOHEYHO, II03BOJISIET HbIHE JlaiKe TEOPeTHYEeCKH
pacCUHTBIBATb CKOPOCTb (POPMHPOBAHHA HA 3TOM NYTH HO-
BbIX, HO TOJIbKO OYeHb OJH3KHX APYr APYry BHAOB. A Kak
OBITb C «apXeTHNaMU» 3BOJIOLHH—C ee OOJbIIMMH «Ha-
XOJLKaMH» THIIA Kpbljla HACEKOMOTO HJIH rjla3a T03BOHOYHO-
ro, KOTOpblieé MOI'YT BO3HHKHYTb TOJIbKO B pe3yJibTaTe KOOp-
AVUHUPOBAHHBIX MYTAalLlUH MHOTHX COTEH TEeHOB?

K. YoanuurtoHn cuuraer, 4To NnosiBJeHHe B npolecce 3BO-
JIOLHH TAaKHX B BHICLIIEH CTeNeHH CrnelHaJu3ipoOBaHHBIX
CTPYKTYp, TpeOylouux aAas csoero GOpMHPOBAHHSA CAHILIKOM
OOJIbILIOTO YHCJIA «CAYUYAUHO» KOOPAHMHHUPOBAHHBIX HHIWBH-
NyaJIbHbIX aKTOB HM3MEHYHMBOCTH, OOBSACHHMO TOJbKO Kpeo-
JHYHOM NPHPOAOH TaKKe U MaKPO3BOJIOLHOHHBIX MpOLEeC-
coB. K coxaJseHHio, mokKa YyTO 3Ta OYeHb HHTepecHas H
MHOrooGelamwiiass B TEOPEeTHYECKOM OTHOIIEHHH HJes He
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Oblta pa3paboTaHa CKOJbKO-HHOYAb 06CTOsITENbHO, — BO3-
MOX110, IOTOMY, YTO lie NpHIIHMaJach Bo BIUMaHue 060011ell-
HO-IIPOCTPAHCTBEHHAs] TPAKTOBKa OHOJIOTHYECKOro Iporpec-
ca, pa3BHTas PyCCKOMH 3BOJIOLHOHHO-MOP(OJOTHYECKOI KO-
noit A. H. CesepuoBa — M. U. llmanbrayzena. OcHoBHBIE
HAEH 3TOil WKOJbl OyAyT pacCMOTPEHbl HAMH JaJiblile,

4.2, Opranuambl n GenKoBble MOJEKYJbl KAK KBAHTOBble «M3MEepHUTe/bHbIe
npubopbi»

PacnpocrpanendHoe B nocjemHue rofbl MHEHHE O TOM,
YTO B HawH gHH, Oaarogaps paciiHpoOBKE NPOCTPAHCTBEH-
HOrO CTpPOeHHs psaga 0eNKOB H MAaTPHUHOI POJH HYKJIEHHO-
BbIX KHCJOT, BCe OCOOEHHOCTH KHBOro OyaATo Gbl HAYHCTO
«CBeIeHbI» K OObIYHBIM 3aKOHAM (DU3UKH U XHUMHH, SIBJISET-
c, KOHEYHO, NpexKJAeBPeMEeHHbIM: B HEM II0Ka YTO KeJjae-
MOe BblJaercsi 3a JaeicTBUTeJbHOe. B camoMm pese, xornaa
®. Kpuk, [dx. Kenmppio unu K. YOTCOH FOBOPAT O TOM,
YTO Tenepb 3aKOHbL (PU3HKH W XHMHH PACNPOCTPAHEHbl U HA
KHUBbl€ KJIETKH, OHY B JIyylleM CJyyae HMelT B BHAY HHTYH-
THBHO HarJsijiHble, KayeCTBeHHble U OCHOBAHHblE LEJTUKOM H
MOJIHOCTbIO Ha KJAaCCHYeCKOoil (H3HKe InpeacTaBJeHUs o
«cOopKe» GeNKOBbIX H HYK/JIEHHOBBLIX MOJIEKYJ OnpeaeseH-
HbIMH KJIETOUHBIMH CTPYKTYpaMH.

Ho npu 3tom ynyckaercs H3 BHAY cyleCcTBeHHOEe 06CTOS-
TeJbCTBO — KJlaccHYyeckass (HU3HKa He MOxKeT O0OBbSICHHTh
TEOPETHYECKH YCTOHYHBOCTb CYLLECTBOBAHHSA jaKe MPOCTe-
Wei MOJIEKYJASAPHOI CHCTeMbl — MOJI®KYJIbl WK aTOMa BOJO-
pona. Cnenatbh 3TO MOXKHO TOJILKO OTKa3aBIIMCh OT KJACCH-
YeCKOl MeXaHWKH (M KJaaccuyeckod (u3HMKH BooOLIE) H
pa3paboTaB HOBYIO, NOJIHOCTBIO JHIIEHHYIO HArJSAHOCTH H
[MOYTH BCerja NPOTUBOPEYALLYI0O Hauled MaKpOCKONHYECKOH
HHTYHUHH KBAaHTOBYIO MeXaHHKy cy6aTOMHbBIX H cybGMoJie-
KyJasapHbIX OBUHKeHH#. Koryia xe Mbl TOBOPHM O KHBOM, Mbl
npexJae BCero HMeeM B BHAY ero crnoco6HOCTb HE TOJbKO
COXPaHSATb MOPa3UTEJbHYIO YCTOHYHBOCTb €ro CJIOMKHEHIIHX
MOJIEKYJIAPHBIX CTPYKTYp, HO H nepeaaBaTh 3Ty YCTOHYH-
BOCTb APYIHM, HOBBLIM, TOJILKO YTO «BBLICTPOEHHBLIM» B KJET-
Ke 0e/IKOBBIM HJIH HYKJEHHOBbIM KOMIIJIEKCAM.

Teopernyecknii noaxox K npobGJseme COOTHOLIEHHS ¢H-
3UKH H OHOJIOTHH Ha MOJIEKYJASIPHOM YPOBHE J0JIKEH BKJIIO-
yaTb NPHMEHEHHEe KAaKHX-TO KOHKPETHbIX KBAHTOBOMEXaHH-
YeCKHX (PU3HYECKHX 3aKOHOB H TMOMBITKH KOJHYECTBEHHOIO
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pacyerta, no KpaHHeH Mepe, YCTOHUMBOCTH CAMHX «KHBBIX»
MOJIEKYJl Ha OCHOBAaHHHM TAaKOro poAa 3aKOHOB. IJTOr0 HH-
KTO ellle He IpojaesaJ — H3-3a HCKJIOYHUTEJAbHOH TPYyAHO-
CTH MaTeMaTHYeCKHX 3a/l1ay, K peleHHI0 KOTOPbIX CBOMLHTCA
KOPPeKTHOe pacCMOTpPeHHe JaKe NpocTedlux npobJaeM mo-
no6roro tuna. [losromy noka uto Haubosee uneaeconbpas-
HO JJsl TeOpPeTHYeCKOH OHOJIOrHH BCE BHHMAaHHE COCPEea0TO-
YHTb HAa YHCTO KOHULENTYaJbHOM daHa/ju3e fIBJIEHHH XKH3HH C
TOUKH 3PEHHUS KBAHTOBOH MeXaHHKH.

Onun u3 nocaenosareneit K. YoaauHrnoHa aMepHKaH-
ckuit 6uoduskk [. Tlattu nonaraer, 4yro OCHOBHbIE TPYA-
HOCTH BO3HHMKAIOT 3/1eCh H3-3a TOro, 4yto Heo6XomauMoOe Yyc-
JIOBHE BO3HHKHOBEHHS U COXPAHEHHUS JKH3HH — cITOCOOHOCTD
K HaJe)XHON mepejaye 1o HacJaeACTBY NPH3HAKOB, CJIOXKHB-
IUHUXCS 1101 A€HCTBHEM eCcTeCTBeHHQro orbopa,— HHKOMY He
yJlaJaocb 1noxka uto chopMyaHpOBaTb Ha si3blke OCHOBHBIX
NMOHATHI COBpeMeHHOiT ¢u3uku. Majo toro, B TOYHO# Tpak-
TOBKE 3TOr0 YCJOBHS pPacXoAsaTcsi Mexay co0oit H MHOrue
onosaoru. [IpiTagch yTOUHUTH M BbBIPA3HTh €ro ¢ NOMOLILbLIO
(pU3MUEeCKHUX KOHUENUHHI, Mbl CHOBA NPHUXOAHM B NPOTHBOpE-
yHe C OCHOBHBLIMH MPEACTABJEHUAMH KJIAaCCHYECKOH (DU3UKH:
IBOJIOLHS  OHOJOTHYECKUX CHCTEM TMPOCTO HEBO3MOXKHA,
eCJIM BCEe 3aKOHbI JBHXKEHHSI COCTABJAIOUIMX HX KOMIIOHEH-
TOB TNMOHHMAIOTCHA Kak -OJHO3HAUYHble NpaBHJa €IHHCTBEHHO
BO3MOXKHOr0 nepexoja H3 ONpeaeJeHHOro HayaJbHOTO CO-
CTOSIHUS B ONpele/;eHHOe KOHeYHOe COCTOsIHHE. DBOJIIOLHSA
JO/IXKHA BXJOYaTb MOMEHTbl BblOOpa OAHOH-eIHHCTBEHHOH
M3 1eJIOr0 psiia ajbTepHAaTHB, MOMEHT HEOJHO3HAYHOCTH B
HACTYMJEHHH TOrO HJAH HHOrO KOHEYHOro COCTOSSHHS — uep-
Tbl MTOHUMAHHSI 3aKOHOB NPHPOAbI, CTOJb XapaKTepHble ILJs
(GHU3UKN KBAHTOBOH, Oosee oOuied M rayO0OKOH, ueM KJjac-
cHyeckas.

TpaxkroBka Bcex ABJEHHII KU3HH C TOYKH 3peHHUs U3u-
KH J10J2KHa ObiTb C C€aMOro HayaJaa TOJbKO KBaHTOBOH,
onupalolleiicsi Ha NMOHHMaHHe JBHMKEHHH BCeX KOPMyCKYJ
Kak COBEpIIAIOLUMXCs JHIIb C ONpeAeseHHOil CTeNneHblo
BEPOSATHOCTH B KAXKJAOM IOTEHUHAJAbHO BO3MOXKHOM Hanpas-
JeHHH. Toraa yxe Ha ypoBHE «KHBbIX» O€NKOBbIX MOJIEKY/I
Mbl NPUXOMAIIM K HHTEPECIION lepclekTHBe peliuTb npobie-
MY: KaK COBMECTHTb MPOLLECC 3BOJIOILHH, C OLHOH CTOPOHBI,
M CTOJIb XapAaKTepHYIO AJs JKH3HHU MCKJIIOUHTENbHYIO CTe-
MeHb HaJeXKHOCTH B Iepejaye HacJeACTBeIHOil HWH{opMa-
UHH — ¢ apyroii. Beab Takas Bbicoxkas HaJeXHOCTb B Xxpa-
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HEHHH M Tnepejaye HACJAEACTBEHHOH HHGPOPMAUHH — HeoO-
XOAHMOE YCJOBHE CaMOoro nmnpouecca 3BOJIOUHH  Kak
npolecca YCJAOXKHEHHs, a He YMpOUleHHs OHOJOrHYEeCKHX
CTPYKTYP.

. IlatTh nosaraer, 4To y>Ke Ha ypOBHE OCHOBHbIX TOHS-
THH KBAaHTOBOH ME€XaHHKH, HE IPOU3BOASA JeTajbHbIX MaTeMa-
THYECKHX PaCyeToB, Mbl MOXKeM OYeHb MHOroe TMOHATbL B CIe-
LUH(HKE COBMEILEHHS 3THX MPOTHBOPEUHUBBIX M, HA NEPBbIH
B3TVIsi/l, 1aXKe B3aUMHO MCKJIOUYAIOUIUX APYr APYyra uepT XKH-
BOTO B OJHHX H TeX ke OeNKOBbIX W HYKJEHHOBBIX MOJIEKY-
Jax, ec/JH paccMaTpHBaTb TNOCJAEAHHE KakK crnenHpHuecKH
KBAaHTOBOMeXaHHYeCKHe MHKPOCKOMHYECKHe H3MepHTEeJNbHbIE
ycrpoiicrBa. HaunbGosee MHOrOCTOPOHHHE «H3MEPEHHSI» OK-
pyX)awlein HX AEHCTBUTEJbHOCTH TMPOU3BOAAT CJOKHBLIM
o6pa3oM cnuHpaJH3uUpPOBaHHbIE TpexMepHble KOH(MHTYypalHH
6enkoBblX MosekyJa. OHH, Kak H3BECTHO, CIIOCOOHBI aJjocTe-
pHYECKH pearupoBaTh Ja)Ke HAa CyMMapHYyIO KOHLEHTpalHio
B OKPYJKAIOIEH UX CPeJle HEeKOTOPhIX COPTOB HOHOB (HANpH-
Mep, MAarHusl HJH KaJjus), ocyulecrBiasas (epMeHTaTHBHbIN
CHHTe3 crenH(@HyecKH OHOJOTHUYECKHX BeLleCcTB B CTPOro
OnpefieJIeHHOM JHana3oHe XapaKTepHCTHK BHEIIHEro MHupa.
Takum o6pa3oM OTKpPbIBAETCH OYeHb HHTEpPECcHas BO3MOXK-
HOCTb paccMaTpHBAThb KaxKIblii KOHKPETHBIH (EHOTHNH He-
KOTOPOro OpraHM3dMa Kak pe3y/JbTaT OIPOMHON MOCJ/eN0Ba-
TEJbHOCTH TAKHX MOJIEKYJAPHBIX KBAHTOBLIX «H3MEDEHUH»
NaHHBIX KOHKPETHBIX BHEWIHUX YCJOBHH crenddHuecKuMH
0enKOBLIMH «H3MEPHTeJbHLIMH TNpPHOOpPaMH», CO31aBaEMbl-
MH Ha OCHOBE €Dn0 I'eHOTHIA.

B H3BecTHOM cMbIC/Ie — C TOYKH 3peHHS KBAHTOBOH Teo-
PHH — W caM (PeHOTHIl NMpeACcTaeT B TaKOM Cjayyae nepes Ha-
MH KakK MnocJenoBaTesbHO (GopMHpYyeMblii 0CO00 CJIOMKHbBIM
«M3MepHTeJbHbIH NPpHOOP», KOTOPHIH NMPOBEPsieT B XOAe CBO-
MX B3aHMMOJIEHCTBHH C KOHKPETHOH BHEIIHEH CPemoH «Mepy
MPUCNOCOGJEHHOCTH» K Hel cBoero reHoruna. Jlo cux mop
O6HOJNIOTH CAHIIKOM Oousbllloe yrapeHHe Jejaji Ha caMOM
OpraHu3aMme, B TO BpeMs KakK Ha caMOM JeJie He CYIIeCTByeT
HH OJTHON CHCTEMBI, KOTOPYIO MOXHO ObljIO Obl Ha3BATh «XKHU-
BOH», He paccMaTpuBasi noaApoOHeHmuM U OOCTOATeNbHEeH-
WwHM o6pa3oM BCIO COBOKYMHOCTb €€ B3aHMOOTHOIUEHHH ¢
OKpysKaiouiei BHeurHe# o6cranoBkod. )KH3Hb — 3TO  CBOH-
CTBO, MPHCYllee TOJNbKO OIPee/IeHHbBIM 3KOJOIrHYeCKUM CH-
cTreMaM B LeJoOM, JIOOble K€ H30JHPOBAHHbIE CKOIJIEHH
MaKpOMOJIeKYJl BHe MHOTOCTODOHHEro aHajM3a HX B3aHMO-
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OTHOILEHHH ¢ OKPYKAIOUIHM BHEUIHUM MHPOM He MOryT OBITb
MPHU3HAHBI JKHUBBIMH. -

B cBas3u c stum I'. Tlartu npeasnaraer rayGokoe, Ha
Hau B3IJIsJ, H3MeHEeHHe caMOH NMOCTAaHOBKH BONpOCa O Mpo-
MCXOXK/JIE€HHH XXH3HM; peub 3[eCb JAO0JKHAa HATH HE O TOM,
UTO BO3HHKJIO paHbllle — OeJKH HJIH HYKJIEHWHOBbIE KHCJIO-
Thl,— a MpeXKJe Bcero 0 TOM, KakoBa Oblsla Ta TPOCTEH-
lmasi 3KOJIOTHYecKasi cucrema, Koropas obecneuynBana
BO3MOXKHOCTb  JAaJbHEHLIEro HeyKJOHHOro INpOrpecHBHOTO
COBEpIIEHCTBOBAHUA OpraHH3aluu KH3HH Ogaropapsa ca-
MbIM pPa3HoO6pa3HbIM 3BOJMIOLHOHHBIM npoueccaM. OH npen-
Jaraer 6oJiee Cepbe3HO OTHECTHChb K H3BECTHOMY, Ha NePBbIi
B3IV, MapajaoKcanabHO (paHTacTHyeckomy Bonpocy C. bar-
Jepa: noyemy 0 CHX IOp 3BOJIOLHS LIJla N0 NMYTH TOJBKO
NPOTrPECCUBHOrO YCJOXKHEHUS XKHBOTO H KaKHe 3aKOHbI NpH-
pPOAbl 3anpelaroT el B OAUH NMPEKPaCHbIH MOMEHT IOBep-
HYTb B 0OpaTHOM HanpaBJIeHHUH U HAauaTb JBUXKEHHe BCMATH,
CKaxeMm, oT cjJoHa K amebe? bes3 TumarteabHoOro paccmorpe-
HHS OOGOOLUEHHBIX XapaKTePHCTHK MPHPOJHBIX YCJOBHH Ha
Halllell MJaHeTe 3a BCe BpeMs CYLIeCTBOBAHHSI HAa HEH XKH-
BbIX CYLIeCTB OTBETHTb Ha 3TOT BOMPOC, NMO-BUAUMOMY, He-
BO3MOXKHO.

K coxaneHnuio, B aHa/jH3e B3aHMOOTHOILIEHHI KBaHTOBO
¢usuxkn u O6uosoruu I'. IlarTn mouemy-to He HCmosab3yeT
NOCJIEBOEHHOH, ()eIHMaHOBCKOH TPAaKTOBKH KBAHTOBOH MeXxa-
HHKH, OCHOBAHHOH Ha PacCMOTPEHHH JIIOOOrO IBHIKEHHS B
MHKPOMHpEe KaK COBepIIaloLIerocss cpas3y no Bcell COBOKYI-
HOCTH MNYyTeH, COCAMHSIOLLYIO ero HayaJbHYI0 H KOHEUHYI)
TOYKHK — HO TOJIbKO C ONpeJIeJeHHOH, KaK INpPaBHJO OYeHb
MaJI0i1, CTeNeHbIO BEPOATHOCTH. DTa MHOTOTpaeKTopHas (s
KakJ104 OTHAEJbHOH MHKPOUYACTHIBI Ja)Ke) HHTepIpeTalus
BCAKOr0 BHAa CyOATOMHBIX ABHUKEHHH, MO HAlIEeMy MHEHHIO,
MHOTO€ MpOosICHUJIA Obl B €ro O4eHb MHTEPeCHOM M MepCrekh-
THBHOM TMOHHMAHHHU «KHUBBIX» OEJKOBBIX H HYK/JIEHHOBBIX MO-
JeKyJ Kak 0coboro pojia CJAOXKHBIX, aJJOCTEPHYECKHX Hi-
Mepsiomux ycTpoicTs. [locneanue o6n1amgaoT cnoco6HOCTLIO
«BBICTPAHBaTb» MEXAY H3MEHUHWBBLIM BHEIIHHM MHDPOM M
MAaKCHMAaJbHO YCTOHYHMBOH «3aNHCbIO» OCHOBHBIX Xapakre-
DUCTHK JAaHHOTO BHAA B €ro «HYKJEHHOBOM» TeHOTHIE Iie-
JIYIO HepapXHIO pasjIMuHOrO PO/la YPOBHEH «H3MEpeHHsA» aJ-
JOCTEepHYECKHMH O€JKOBLIMH MOJIEKYJaMH CaMbIX pasHbIX
nepeMeHHbIX XapaKTepUCTHK BHelIHero Mupa. B KoHlle KOH-
OB 3TO HAaXOAHMT CBOE OKOHYaTeJbHOE BOIJOLIEHHEe B (op-
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MHDPOBAHHUH OnpeleseHHOro (peHoTHna AaHHOrO reHoTHna —
(aKTHYECKOro HTOra BCeX TAaKHX TNPHKH3HEHHBIX «H3Mepe-
HHH» OPraHH3MOM BCeH COBOKYNMHOCTH OKPYXKAaloLIHX ero
KOHKPETHBbIX BHEUIHHX YCJOBHH.

Brinre yxe yKasblBaJ0oCh, KaK MHOrO HOBOTO H HHTEPECHO-
ro Morsia 6sul a1atbh ¢heAiHMAHOBCKAs HHTeprpeTalus KBaHTO-
BOH MEeXaHUKH U B OTHOLUEHHH NOABEJAEHHS YHCTO (H3Hue-
ckoro 6a3uca moja Konuenuuio K. Yoxauurrona o cylecTBeH-
HOil  KPEOAHYHOCTH — YCTOHYHBOH  KaHaJH3HPOBAHHOCTH
BJAOJIb ONpefeseHHLIX TPaeKTOPHHl — W3MeHeHHH BceX OHo-
JIOTHYECKH Ba>XHBIX NMapaMenpoOB >KHBbIX CHCTEM B Irpouecce
HX 3Bosolink. Oco6eHHO 3TO KacaeTcss MOJEKYJsipHO-6HO-
JIOTHYECKOro YpOBHSI H 0ObscHeHHA (HU3HUYECKHMH Ipolec-
caMH Ha HeM OCOOeHHOCTEeH INPOTEeKAHHs MaKpOIBOJIOUMH
BCEro »KHBOTHOTO H PAaCTHTEJbHOrO MHpa. 3/eCb, HMEHHO B
3THX NYHKTaX, MPOCTasg HeNoJHOTa pacCMOTPEHHA BOIpoOcCa,
K COXaJIeHHI0, TNpeBpaulaercsi yxKe B JOBOJBHO O60JIbILOK
TeOpPeTHYEeCKHi onpex.

Crpanalor OT 3TOro ¥ WAeH YOLIAHHITOHA U HAEH CaAMOro
I'. TTartu, — nanpumep, ero coobpakeHue O TOM, YTO B
TeopeTHYeCcKoi GHONOTHH HeoOXOAHWMO NMOABEPTHYTbL CaMOMY
TU[ATeJbHOMY pacCMOTPEHHIO BONPOC O TOM, KOrja y moJe-
KyJAspHO-OHOJIOTHUECKHX CHCTeM, Hapsaly ¢ CYLeCTBYIO-
leH, CTPOro OnpeiesieHHOH CTPYKTYpPOH, BriepBble MOSBJIA-
IOTCSl 3a4YaTKH KAKHX-TO KOHKPETHbIX OHOJOrHYecKHX (yHK-
uui. OH npaBUJILHO NMOAYEPKHUBAET, YTO B HAIUK AHU HMEH-
HO 3J1eCb NPOXOJHT I'pPaHb, OTAENAIOLLIAS KHBOE OT HEKHBO-
ro: Hanpumep, atToM BOAOPOJa, B3ATbHIH OTAEJbHO, HHKAKHX
GYHKUHHA HMeTb He MOXKeT (XOTSI OH M HMeEeT yiKe BIIOJIHEe
onpeaeseHHyI0 cTpyKTypy). Ho ToT ke cambiii aToM BOgOpO-
Jla, IONaB «BHYTPb» HEKOTOPOH aJJIOCTEPHUECKOH OeJIKOBOMH
MOJIEKYJabl (pepMeHTa, yxke BIOJHE MOXKET HMeTb H onpeje-
NeHHYIO, NYCTb NPOCTEHIIYIO, HO BCE e JTOBOJIBHO KOHKpeT-
HYI0O OHOJOTHYECKYI0O (GYHKIHIO,— HanpuMep, YAepKHBaTb
B CTPOro HKCHPOBAHHOM TOJOKEHHU OJHUH H3 KOMIIOHEH-
TOB BNEepPBble CHHTE3UPYEMOrO, JKHU3HEHHO BaXKHOro MJIf
NnaJibHEHIlIero pa3BHTHA BCEro opraHM3amMa ropMoHa.

[ToHsiTh, TGO U3MEHHUIOCH B aTOMe BOLOPOAA NpPH MepPexo-
e ero H3 H30JUPOBAHHOTO TIOJOXKEHUSI B «IKOCHCTEMYY»,
COdepXKaulylo elle TakKXKe H aJjjJocTepuyeckue OesKOBbIe
(epMeHTBbI, Jerye BCEero, 1Mo Hauemy MHEHHIO, eCJNH TNpH-
BJIeYb K TEOPETHYECKOMY aHaJ/u3y 1allHoH KOHKPETHOH CHTya-
UMK HJeH heHHMaHOBCKOH (OpPMYJHPOBKH KBAHTOBOI Mexa-
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HHKH. B mepBOM c/yyae BCce BO3MOXKHbIE TPAaeKTOPHH aToMa
BOAOPOAA HOCAT YHUCTO (PU3HYECKHH, AeTePMHHHPOBAHHLIN
CTPYKTYPOH MHpPaA TOJIbKO B TIPOILIJIOM H B HACTOSILEM Xapak-
tTep. Korjma e npoucXoAuT €ro HHTeNpaluss B KaKylo-TO
OHOJIOTHYECKYI0 CHCTEMY, TO ero NOBeJeHHe HayHHaeT BCe
GoJsiee H GoJiee onpenensiTbcsl TAKUMH ero (eHHMaHOBCKHMHU
TPaeKTOPHAMH, KOTOpble B ONpeJeJeHHOM CMbICJae, Ha Ka-
KOEe-TO BpeMs yXOoAAT B Oyayuiee, «KU3MepPsIOT» €ro, a noTom
yXKe BO3BpAalLLAIOTCA B Hacrosuiee, Ile H BeAyT cebd Kak
yXKe JeTepMHHHpPyeMble OTYaCTH HEKOTOPBIM OyaylUiuM.
HMmenno Ttakoe, «KBaAaHTOBOE IIOBEAEHHE» aTOMHO-MOJEKY-
JISAPHBIX KOMTIOHEHTOB OHOJIOTHYECKHX CHCTEM, KakK MOXKHO
nosiaraTh, npeacraBiser CcOO0H (H3HUYECKYI0O OCHOBY Kax
KPEOAHYHOCTH HX INOBEAEeHHdA, TAK H NMOABJEHHA Yy HUX HNaxKe
Ha MOJIEKYJISIDHOM YpPOBHe crnelH(pHYECKOH TOJbKO HJISl XKH-
BOrO UMMAaHEHTHOH BHYTPEHHeH aKTHUBHOCTH. «B cyuiHocTH,
si Obl CYMTAJ, YTO TalHa YKHU3HH 3anpsiTaHa UMEHHO B 3TOM
NPOTUBOPEYHH MeXKAy (PU3HYECKHMH H OHOJIOTHUECKHM OIH-
caHuaMu. OHa JIeXKHUT y CaMOro KOpPHSI H3BeCTHbIX NpobJeM
COOTHOLUEHHSI MeXJAYy CyObeKTOM H OObeKTOM, JeTepMHHH3-
MOM H CBOOOIOH, MaTepHeir H CO3HAHHEM, MEPTBLIM H XKH-
BbiM. Pasymeercs, Obw1o Obl caMOHAAEsiHHBIM CYHTATb, 4YTO
nopobHble npobseMbl MOXKHO pelIUTh pas3 U HaBcerga, HO
HNHOPHPOBAThb 3TH BOMNPOCHI B CBSI3H C TEOPETHUECKOH OHO-
JOrHeil Takxke Obwio Obl Hepa3yMHbIM» '*. M xaab, 4TO
KOHKpeTH3allusd 3THX MOJIOXEeHHH ulIa Ha CHMIO3HyMax,
opraHu3oBaHHbIX K. VYoaauHrToHOM, TOJNBKO 1O JIHHUU
«KJIACCHYEeCKOH» KBAHTOBOH MeXaHHKH, B TO BpeMs, Kak
HauboJsiee NJIOAOTBOPHBIMH B TEOPETHYECKOM IJaHe OblaH
66l 31ech B3aumojelcTBUsi Gorareiero GpakTHYECKONo Ma-
TepHaJa COBpeMeHHOH OHOJIOPHH C COBPEeMEeHHBIMU «(pernHMa-
HOBCKUMH» HJIESAMH KBAHTOBOH (DH3HKH.

4.3. Meropoaoruyeckas ouenka uaew P. Toma

Hama o6uwasa oleHKa nepcrnekTHB pPa3BUTHS TOTO Ha-
NpaBJeHHS TEOPETHYECKOH OHOJIOTHH, KOTOpPOE BO3IJIaBJSIET
K. Yoanuurron, B J0BOJIbHO GOJbLIOH cTenmeHH 00yc/0BJIe-
Ha TeM 00CTOSITeJbCTBOM, YTO OHO fIBJSIETCS, NMO-BHAHUMOMY,
€JIHHCTBEHHbBIM B COBPEMEHHOH HayKe O XXHBOM, KOTOpoOe
yXKe cedyac YCTAaHOBHJIO TBOPYECKHE KOHTAKThHI C MareMma-
THUECKOH HAYKOH BBICOKOrO KJaacca. AKTHBHOE yyaCTHE B

14 «Ha nyTu X Teoperuyeckoii 6uosoruu», T. I, emp. 179.

127



AUCKYCCHSIX U OOCYXIEHHSIX YHCTO GHOJNIOrHYecKUX npobaem
yueHbIX-MaTeMaTHKOB Takoro wmacuraba, kak P.Tom u
. K. 3umaHn, 370 3Tam pas3BHUTHS TeOopeTHYeCKoi OHoJso-
THH, 0 KOTOPOro Hano elle JOBOJIbHO JOJITO «J0pacTaTb»
BCEM JIDYTHM, KOHKYPHPYIOUIHM HanpasJEHHAM TOCTpoe-
HHUS NOCJEHEH.

OnpiT co3maHHusi TeopeTHYeCKOH GH3UKH YyOedHTeNbHO
NMOKa3biBaeT, YTO OCHOBHBIE, HauboJsiee rayboxkue u obuiue
NOHATHS (HU3HYECKOH HAYKH OKa3bIBAETCH BO3MOXKHBIM CTPO-
ro ¥ HeJBYCMBbICJEHHO cOPMYJHPOBATH TONABKO C NMOMOLIbIO
ray60Koi M cepbe3HOH MaTeMaTHKH. Hanpumep, ocHoBomo-
Jlaraloliue NOHsATHS COCTOSIHUS U HabJI0aeMoll B KBAHTOBOM
TEOPUU MOXHO ONpelesuTb TOJbKO KaK BEKTOpP H, COOTBET-
CTBEHHO, omnepatop B O0€CKOHEYHOMEPHOM TIHJIbOEPTOBOM
NPOCTPAHCTBE, KOTOpPOe OblIO BBEAEHO B HAYKy BCEro JIHIIb
3a JIBa JeCATHJETHSI 0 CO3JaHHs KBAHTOBOH MEXaHHUKH,
[Toctpoenne TeopuH 3JeKTpoMarHeruaMa MakcsesaaoMm
0Ka3aJloCb BO3MOXKHBIM TOJIBKO I0OCJ€ TOro, Kak 3a He-
CKOJIbKO AecsiTusieTuilt Ao 3toro Kowmwu, ayce, F'amMuabToH,
Ctokc W napyrHe Beayuide maremaTHku XIX B. pa3BHJH
NOCTAaTOYHO OOLLYI0O TEOPHIO YPaBHEHHH B YACTHBIX NPOU3-
BOAHBIX (M BEKTOpPHbIH aHaaui). M npu 3TOM TakHe OCHOB-
Hble, NMPHHUHUNHAJbBHO Ba)KHble MOHATHS TEOPHH IJIEKTpPH-
yecTBa, Kak, HamnpuMmep, noTeHUHaa HJAH, TeM OoJiee, BeK-
TOP-NOTEHIMAJ, MOXHO 3aJ4aTh, OKa3blBA€TCH, TOJbKO CChI-
Jlasicb Ha KOHKPeTHble CTPYKTYPbl H Onepalnudu B MHOTOMep-
HbIX, aKCHOMaTHYECKH oMnpefensieMblXx npocrpaHcTBax. (Mar
yKe He TOBOPHM 3Jecb 0 TOM, uyTo HbloToHy, yTOOBl 3aJ0-
XHTb OCHOBAHHA HAYKH O NPOCTEHIUUX, MEXaHHYECKUX JIBU-
XKEeHHAX, NPULIJIOCh CO3aTh HOBYIO 06/1aCThb MaTeMaTHKH —
4HAJIU3 — U ONpe/eJisiTh TaKHe BaXHEeHIlHe MOHSATHUS Teope-
THYECKOH MEeXaHHKH, KaK CKOPOCTb HJH YCKOpPEHHE C IO-
MOLIbI0 BBOJAHMOH B 3TOH AHCUHINVIHHe onepauud Audde-
PeHLLHPOBAHHS. )

CxkaszaHHOe BOBCe He o3Hauaer, uto pabornl P. Toma u
. K. 3uMana AalOT OKOHYaTeJbHOE pelleHHe OCHOBOIO0JA-
raliux MaTeMaTHYECKHX BONPOCOB COBPEMEHHOH Teope-
THYeCKOH Ouosorun. Ckopee Bcero B Pa3BHTHH MNOCJEIHEH
OHH OYAYT HMETb YHCTO METOAHYeCKoe 3HaYeHHEe — KaK Iep-
Bble TOMNBITKH YCTAHOBHTbH TBOPUYECKO€ B3aUMOJAEHCTBHE IO-
HSTHHHOrO amnmapata COBPEMEHHOH MaTeMaTHKH H TaKHuXx
obJs1acTed COBPEMEHHOH HAayKH O XHBOM, KaK 3BOJIOLUHOHHASA
TEeOpHUsl, 9MOPHOreHeTHKA U HEelpPONCUXOJIOTHS.
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OnHako ycTaHaB/HBaTb HOBble M Yray6JsiTb, pa3BHBaTb
jajee CcTapble KOHIeNTyaJbHble KOHTAKTbl MaTeMaTHKH W
TeopeTHyeckoro (H 3MNHPHYECKOro) MaTepHaJsa — OJHA H3
MOCTOSIHHBIX 11 OCHOBHBLIX 3ajay COBpPeMeHHOH OHOJIOrHH.
XoTs1 3TO BOBCE He O3HAyaeT, pasyMmeercs, YTO AOCTATOYHO
TOJBKO NPHMEHHTb K HayKe O »KHBOM COBPEeMEHHYIO MarTe-
MaTHKYy B ee HauboJsee abCTpakTHbBIX GopMax -—H TPYAHbIE
Bonpochl (GopMHpoBaHUsA HauboJee riayOOKHX, YHHBEpCaJh-
HLIX M BCEOOLIMX MOHSATHH BCero OUOJIOrHYeCKOro 3HaHHUs B
1leJIOM peraTcsi caMu coboi.

AGCTpaKkTHbIE, AKCMOMATHYECKH 3alaBaeMble CTPYKTYpPhI
COBPEMEHHOr0 3Tana B pPas3BHTHH MaTeMaTHKH — HEoOXOIH-
Mbl€ 3JIEMEHTBbI IOCTPOEHHS TEOPeTHYeCKOro anmapara Hay-
KH B HawH AHH. HO — TOAbKO 3/€MeHThl, ONpeae/JeHHOe H
CTPOro OAHO3HAYHOE BKJ/IOYEHHE KOTOPbIX B pas3BHBAEMYIO
TeOpHI0 06YCJA0BJAUBACTCS YXKe He MaTeMaTHYeCKOH HayKoW,
a TOJbKO 3MIHPHYECKHM H TEOPETHUYECKHM MaTepHaJloM
JaHHOH MaTeMaTH3HPYeMOM HaYYHOH MHCIHIJIHHBI.

Hcrounukom popmupoBanua uaeit P. Toma cayxar ma-
TeMaTHYeCKHe pe3yJbTaTbl HX aBTOpa MO TONOJIOrHYECKOil
TEOPHH YCTOHYHBOCTH pelieHHd AHddepeHUHAIbHBIX ypaB-
Henui. P. Toma He HHTepecyeT To, uTO Jaxe B OHOJIOTHH
MopdoreHes Kak obuiuit npouecc GopMHPOBaHHSI COBEpILEH-
HO onpejieJleHHbIX (GOpPM KUBBIX OOBEKTOB HMEeT BecbMa U
BeCbMa pa3JIMYHYl0 TMNPHPOAY Jia)Ke Ha CaMblX TJIaBHBIX
CTPYKTYPHBIX _YPOBHAX OHOJIOrHuYecKoi opranuzauuud. OH
paxe MopdoreHes B HEXKHBOH npupome (Hanpumep, ¢op-
MHpPOBAaHHE OYeHb NPHYYMJIHBBIX (GOpPM Yy CKaJl, NMOABepralo-
IuXca AedcTBHIO Npubos WA aTMochepHOi#, BETPOBOH 3po-
3MH) XoTes Obl OOBACHHUTbD TEMH XK€ MEeXaHH3MaMH, YTO il
MopdoreHes B OHOJIOTHH,— He3aBHCHMO OT cyOcTpara, Ma-
TepHaJbHOTO HOCHTEJISi H3yYaeMbIX NPOLECCOB.

[IpeacraBasioT HHTEpec CJeAyIOllHe BbICKa3blBaHHSA
P. Toma, c¢BA3b KOTOPbIX C MaTepHAJHCTHYECKOH TpaliH:
uueit ¢ppaHuysckoit ¢usocopun u ocobenno ugesamu P. [le-
Kapra oyeBuaHa: «Kaxnablit skcnepumeHntatop paboraer s
KakKoi-1u60 crneuuanpHoit obsactd. Mpbl NMpHHHMAaeM Kak
AAHHYIO «anpuHopH» KJacCH(pHKAUHIO HAYK — 3TO pasjiese-
HHEe H3yyaeMblX HaMH sBJeHHH Ha o6sacTH (HU3HKH, XH-
MHH, OHOJIOTHH... A ueM 00YyCJI0OBJIEHO 3TO pasjielieHHe,’ eC/H
He pacyJieHeHHeM TMOJisi Hallero BOCMHPHATHSI Ha <«KPEOoJbl»,
Kaxyupecss HaMm o6ocobseHHbiMH? DBecrnose3dHo 6biio Gbl
NMPOTHBOMOCTABJSATL HalUedl KauyeCTBEHHOH MOJENH MOMIeJH
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KOJIHYEeCTBeHHble, CYMTAasd HX €JHHCTBEHHO HAYYHbBIMH H IO-
Je3HbiMH. 160 Jr06asi KosiHYeCTBeHHAsi MOJeJb [oapasyme-
BaeT KayeCTBEHHOe pasjieJieHHe peaJsibHbIX SIBJEeHHH, npeaBa-
pPHTeJbHOE BbIJIeJIEHHEe «CHCTEMbI», pacCMaTpHBaeMOH Kak
YCTOIYHBAS H 3KCNEPHMEHTaNbHO BOCIPOH3BOAUMAS...

...KoHeyHasi Leab HAayKH 3aKJI04aercss He B TOM, 4YTOOHI
cobupatb 6e3 pazbopa gaioOble SMNHPHYECKHE JaHHBIE, a B
TOM, 4yTOOBl OpraHH3oBaTb 3TH JaliHble B 0oJiee WJIH MeHee
dbopmasn3oBaHHble CHCTEMbl AJs NMEepBHYHOro 000OLIEHHS H
ob6bsacHenns. s 3Toro He0OXOAHUMO HMETb «aNpHOPHU» Ka-
KHe-TO NpeACTaBJeHHA O TOM, KaK NPOHUCXOAAT Te€ UJAH HHbIC
SBJE€HHUsI, T. €. HaJdo HMeTb MoJeJH... Mosi mombiTKa OmH-
caTb AMHAMHYECKHE MOJeJH, COBMeCTHMble ¢ MOP(hOJOru-
YeCKHMH JaHHbIMH, IpejacraBJafer coOOH nepBblH lIAr Ha
nyTH co3ganusi 3tol «OO6uieil Teopun Mojaesei», KOTOPYIO
pPaHO MJH NO3AHO NPHUIETCSI CO3AATh» *°.

DTo BbICKa3biBaHWe, Ha Hall B3IJsiJl, [OKAa3blBaeT, Ha-
CKOJBKO rJ1yO00KO U MHOTOCTOPOHHE HJEH NOHCKOB eJHHCTBA
BCEro KOMIIJIEKCA eCTeCTBEeHHBbIX HAayK NPOHHUKAIOT B HALUH
JHH B YMbl yueHbIX. BmecTe ¢ TeM MBI He MOXeM OCTaBHTb
6e3 KPHTHKH MeXaHHUM3M, KOTOpPbIH OOHapyKHBaeTcsi B
metoaosoruyeckux nocrpoenusax P. Toma. Tak, on ¢ camoro
HayaJa OTKa3biBaeTcss OOpaTHTb CKOJMbKO-HHOYAb cepbes-
HOe BHHMAaHHEe Ha CYLIeCTBeHHOe, KaueCTBEHHOe pasJHyHe
B MOBeJeHHH OHOJOTrHYeCKHX OOBEKTOB Ha MOJIEKYJSPHOM,
KJIETOYHOM, OPraHHM3MEHHOM H MaKpO3BOJIOUHOHHOM YpOB-
Hax. Jlaxe crosb HeocrnopuMble (akTbl PU3HKH, KaK Kaye-
CTBeHHAas1 crneuMdHKa KBAHTOBbIX $BJEHHH, CTaBATCSH MM
MnoJl COMHeHHe.

B paHHoM cayuyae, mo-BHAHMOMY, HMEET MeCTO Hapylie-
HHe TIpaBHJa TNoCTeneHHOCTH o06o6wenuit. Hayka He npH-
obpeTaeT HHYEro HOBOrO, €CJH OJHO M3 ee BaxKHEeHIIHX H
OCHOBOIOJIATAIOLHUX MOHATHI — NMOHATHE OpPraHH3allHU Ha-
YHHAeT TOJKOBATbCA H3JHIIHE PaCIIHPHTENbHO, — TAK, YTO
CTAaHOBUTCA Jaxke TPYAHO HaANTH TakKOH OOBEKT, KOTOPbIi
Hesb3s Oblio Obl moaBecTH noa Hero. Co BpeMeHeM, Mo Mepe
pa3BUTHS TeopeTHyeckoil OuoJsoruu, uaen P. Toma zaimyr
B Heli COOTBETCTBYIOLlee MeCTO, OAHAKO MPOH3OHAET 3TO
TOJIbKO IOCJie OnpejaesieHust TPpaHull UX NMPUMEHHMOCTH: Ceil-
yac, HanpuMmep, HHOTKYlAa He CJeNyeT, YyTO BCe MOp{orexe-
THYECKHEe THUNbl OPTaHU3aALHU KHUBOTO CBSI3aHbl 00513aTe/NbHO

15 ¢Ha nytu X TeopetHueckoit 6uonoruu», T. I, crp. 152—153.
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TOAbKO ¢ nupdepeHnnpyeMbIMU GYHKUHSIMH (4TO COBEPILIEH-
HO HeoOXOAMMO AJIsi MPpUMEHUMOCTH HcmoJsbdyemoro P. To-
MOM TOTOJIOTHYECKOro amnmnapata TeopHH aubdepeHuupye-
MbIX OTOOpaKeHuii).

CaMo no ce6e BO3HHKHOBEHHE ONpeaeseHHbIX OorpaHuHye-
HMIl, HAKJaJAblBaeMblX 3aKOHAMH NPHUPOABI Ha KJacChl ca-
MbIX pasJH4YHBIX OTOOpa)KeHHit O0OBbEKTOB TEOPHH IAPYTr B
Apyra, ¥ 0COOEHHO OrpaHHyeHHe TMOCJAEIHHX TOJbKO JIOCTa-
TOYHO TJIaAKUMHU, AupdepeHIHpyeMbIMH OTOOPaXKEeHUSIMH —
HHTepecHelias MeTojoJorHueckas npobiema Oyayuux o0-
IIIMX OCHOBAHHIT BCEro TEOPETHYECKOro ecrectBo3Hanus. OT
ee Cepbe3HOro paspeuleHus, TMOo-BHAUMOMY, H 3aBHCHT
oKoHyaTteabHas cyabb6a Bceil nporpammbl Toma, 6JH30CTb
KOTOPOIT MaTepuaJUCTHYECKOH JHaJeKTHKe MOAYepPKUBAeT
ee aBTop: «CorsacHo Hawell MojesaH, MmopdoreHes o6ycyoB-
JeH KOH(pJAHKTOM, 60pb0Oii MexXAy ABYMS HJIH HECKOJbKH-
MH «IleHTPAMH NPHTSKEHHSI» — ee, TaKUM 06pa3oM, MOXKHO
npeJACTaBUTb KaK CBOEro poja BO3BpaT K HJAEAM TIEepBHIX
MaTepHaJaucToB AHakcumanapa u [epakaura, HMeIONIHM
25-BEKOBYIO 1aBHOCTb. ..bopb6a nNpPoOUCXOIAUT HE TOJbKO
MEXY OpraHM3MaMM WU BHAAMH, HO TaKXKe B KaxJAbli MoO-
MEHT B JI000I TOYKe OTAEeNbHOro oOpranuama. BcrnoMHuM
caroBa ['epakaura: «Cuaeayer 3natb, uTo 60opb6a HAET MO-
BCIOAY, YTO CHpaBelJHBOCTb €cTb 6opbba M 4TO BCe BellUH
nopoxaatTcs 60pb6oit # HeOOXOAUMOCTBIO» *°.

§ 5. Hekoropble BONpocbl COBpeMEHHOW TEOPHH 3BOJIIOLIMM:
A. H. CeBepuoB u apyrue

5.1. MpobGaema nporpecca B OHONOrHH

OObuiee HanpaBJeHHe TNPOTPeCCHBHOH OGHOJOrHUECKOH
9BOJIIOUHH H OCOOEHHO MNPHHUWNBI CPaBHUTEJbHON OLEHKH
MTOrOB 3BOJIOILHH PA3JUYHBIX BHOB H THIOB JKHBBIX CHCTEM
Obld TIY60KO pPaccMOTpeHbl ele B NMepBbIX MeCSATHJIETHSX
XX BeKe PpYcCKOil 3BOJIOUHOHHO-MOP(OJOTHYECKOil LIKO-
noi A. H. CesepuoBa — WM. U. llImanbraysena *’.

ATa UIKONA NOJOXKHIA B OCHOBY OLEHKH pe3yJbTaToB
3BOJIIOIIHK TIpeJACTaBJIeHHe O TPOrpecCHBHOM YCAOXKHEHHHU
B3aMMOOTHOIIEHHH »XHUBOTO OpPraHu3Ma H OKpyXKalolllei ero

16 «<Ha nytu k Teopetuyeckoii 6uonoruu», T. I, cmp. 156—157.
7" H. H. Ulmarveaysen. Tpobaembl napsuHu3ama, u3a. 2-e. JI., 1969.
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BHewHeil cpeabl. HaunbGonee npuMHTHBEH XapaKTep TaKHX
B3aHUMOOTHOIIEHHI, KOHEYHO e, Y MePBHYHbIX OJHOKJIETOY-
HbIX OPraHII3MOB H HX TeNepellHHX MOTOMKOB — 3JieMeHTap-
HBIX MPOCTEIIHX, KOTOpPble cnocoOHbl 3aXBaThiBATh TOJbKO
C/NyyailHO CTaJIKHBAIOLIHECH C HUMH NHTaTe/JbHbIE CTPYKTY-
pPbl H3 CBOEro OJHXKaNLIero OKPyKEHHA H B 3TOM CMBbICJaE JI0
CHX TOP OCTaloTcsl no4yTH 6e30TBETHON HTPYLIKOH cJayyaii-
HBIX BHEILUHHX CHJI: OHH 1OrubaioT MaccaMH MpH mMaJelluem,
Ja)Ke YHCTO JIOKAaJAbHOM, HEOJAaronpHATHOM H3MEHEHHH Yc-
JIOBHIT CYL1€CTBOBAHUS.

[IpnoGperenne Takumi 6oJee BbICOKO OpraHM30BaHHbIMHU
NPOCTeHINUMH, KaK ameba, cnocoOHOCTH Aa)ke HeOOJbIIHX
CaMOCTOSITeJIbHBIX TepeaABHKEeHHUIT (caMblM TPUMHUTHBHBIM
crnoco6oM — nepesiiBaHHeM B BBITSITMBAeMblil B HYXKHOM Ha-
NpaBJeHUH OTPOCTOK)— y»Ke OTPOMHBIH 1IAr B YCJOXKHEHHH
B3aUMOOTHOIIIEHH  JKHMBOrO € BHEUIHHM MHpPOM. A 3a
HHM TnocJeloBaJsi ellle O60JabliHe  [Iard — BO3SHHKHOBt-
HHE MHOTIOKJETOYHbIX OPraHU3MOB, B KOTOPbIX pasJHYHbIe
rpynmnbl KJETOK CTaJH YyXKe clelHaJH3HpPOBaHHO 3aHHMAaTb-
CA OTJIHYHBIMH IAPYr OT JApyra acnekraMHd B3aHMOOTHOIlIe-
HHH C BHELIHEeH cpeaoi (BHYTpEeHHHe, HANpuUMep,— nepesa-
pPHBAaHHEM TMHTATEJbHBIX BelleCTB, BHELIHHE — OXPAHOH OT
BTOPXKEHHs1 BparoB), (opMHpOBaHHe HX MNepeane-dajHeir M
(HAH —Yy PpacTeHHH — TOJbKO) BepXHe-HWXHEH acHMMeT-
PHH, KOTOPOE NMO-HOBOMY MOCTABHJ/O0 BCIO 3Ty npobsaemy, H T. 1.

Taxue Gouablune 3Tanbl YCJaAOXKHEHHS MOpP¢O-GH3HOIOrH-
uecKoii opranu3danuu, 6saronapsa KOTOPHIM >KHBble OpPraHu3-
Mbl He TOJIbKO Pe3KO MOBBLILIAIOT CBOIO XXH3HEAEATeJbHOCTb,
'HO W 3HAYHTEJbHO pPACUIMPSAIOT Cpely CBOero OOHTaHHA H —
caMoe TJIaBHOe — CTAHOBATCS CMOCOOHBIMH YCTaHABJAWBATH
HOBbIE CBAA3H M KOHTAKTbl ¢ KAKHUMH-TO CYLIECTBEHHO HOBbI-
MH 3siemenTamMu BHewHero mupa, A. H. CeBepuoB HasBax
apomopcdosamu. Hanbosee sipkuit nmpumep apomopdosa —
BO3HHKHOBEHHe H pa3BuTHe MJjekonutatomux. OHo Haua-
JOCb € Ka3aaocb Obl COBCeM HE3HAYHTeJbHOTO 3BOJIIOLUHOH-
HOro NpHoOpeTeHHs — CO CJAYy4aHHOro BO3HHKIIOBEHHS Yy Ka-
KOTO-TO HX NpeaKa BOJOCAHOro NOKPOBaA.

Onnako o6yc/ioBJeHHOE 3THM YMeHbllIeHHe NMOTepb Temnaa
OPraHH3MOM TOBJEKJA0 3a co6oii 3aMeTHOe MOBbIleHHe 00-
1eil HHTeHCHBHOCTH 6GHOXHMHUYCCKOro oOMeHa BeLLecTB, UTO
pPe3Ko YBCJIUHIO BO3MOZKIIOCTH MO CaMO3alHTe >KHBOTHBIX
H npecaenoBaHuio a00biun B Ji00yio norony. [lTocaennee B
CBOIO ouepelb Bbi3BaA0 OypHOe pa3BHTHE KOHEYHOCTEH H
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MYCKYJaTypbl, a 3@ HUMH — ¥ JIeFKHX, CepAlla U KPOBEHOC-
HOH CHCTEMBI, YTO MOMOIJIO OKOHYATeJbHO CTAOHIU3UPOBATH
MOCTOSTHHYIO M TPHTOM JOBOJIBHO BBICOKYIO (HaubGoJsiee moj-
XOAAWYIO JJsi caMoro OBICTPOTO NpoTeKaHusi OHOXHUMHue-
CKMX peakuuil) TemmepaTtypy Tesa. Bce 3To B coyeTaHHH C
npuobpeTenHoil nosaHee ¢nocoOHOCTbIO KUBOTO K POKACHHIO
MOTOMCTBA M BbIKAPMJIMBAHHIO €0 MOJIOKOM OTKDPBIJIO Nepen
MJIEKOIHTAIOUIUMH OTPOMHBIE BO3MOXKHOCTH 1O 3aBOEBaHUIO
HOBBIX cpel obuTanus. Ho HeoOX0AUMOCTb npUcnocabuBaTh-
CS1 K Pa3JHYHBIM TIPHPOAILIM YCJAOBHSIM Ha 3THX NPOCTpaH-
CTBAaX M 0COGEHHO K CaMbIM pa3/IMUHBIM NMoBaakaMm o6GHTalO-
IIHX HAa HUX XHUUIHBIX BpParoB H, Hao60pOT, OPraHHU3MOB, sIB-
JAIOIUXCS CPeACTBAMH NMHTAHHUA, Jajla PEe3KHil TOJUYOK K
(GOpPMHPOBAHHIO Y MJEKONHTAIOUHX BBICIIHX hOPM HEPBHOM
N1eTeJbHOCTH.

1 B 3tom nynkre A. H. Cesepuos u M. M. lImanbraysen
OYyeHb MHTEpPeCHO W cojaepXKaTeJbHO, HA Haul B3rJasia, pac-
KPBIBAIOT IIYOOKYIO IHAJEKTHKY NMPOTrPECCHBHOIO COBEPIICH-
CTBOBAHHUS OHOJOTHUECKHX (OpM OpraHu3allui MaTepHH.
[ToBbilIeHHe YpPOBHSI OPraHW3alMH JKHUBBIX CHCTEM CBSI3aHO,
OKa3blBAeTCs, He TOJBKO C YCTAaHOBJEHHEM HMH Henocpen-
CTBEHHbIX KOHTAKTOB M, TaK CKa3aTb, ¢ «(pH3HUECKHUM» OC-
BOEHHEM HOBBIX obusacrteil BHewHero mMupa. OHO CONMPOBOXK-
NaeTcsi ¥ 1MaMeTPaJbHO TMPOTHBOMOJIOXKHBEIM TPOIECCOM BCe
6osee u 6osee raybokoro u Bce 6oJee paciinpsionerocs,
MHOTOCTOPOHHETO TPOHHKHOBEHHA BHEINHEro MHpa B 3BO-
JIOUHOHHPYIOULIHe OpPraHu3Mbl. Takoe NPOHHKHOBEHHE MO-
»KeT UMeTh B CaMbIX TPHUMHTHBHBIX CJAYUasiX TaKXe M Xapak-
Tep YHCTO «(pHU3MYECKOTO» BHEAPEHHS,— NMPH TOCPEINCTBe
OYeHb CJIOKHOH CHCTEMBbI CO€HHEHHBbIX C OKpYy¥KalolleH cpe-
10N KaHaJOB BHYTPH MOYTH KaXIOH XKHBOH KJIETKH. AHaJ0-
THUHBIH XapaKTep HOCSIT BCe COBEPIUEHCTBYIOLIHECS CHCTe-
Mbl TUTAHUA W JBIXaHHS, KOTOPble B KOHIle KOHIIOB SIBJSIIOT-
Csl IPOCTO CMelLHaJH3HPOBAHHBIMH OPraHaMU YCTAHOBJIEHHS
TaKHX KOHTAKTOB KaxK[0H KJEeTKH OpraHuaMa C BHEUIHHM
MHPOM.

Ho A. H. CeBepuos eute B 20-e roabl Haluero Beka obpa-
THJ BHHMaHHe Ha npyroe, ropasfio 6oJiee CYylIeCTBEHHOE U
NMPUHUMNHAJIBHOE B 3TOM IJIaHe OOCTOATEeNbCTBO — Ha TO,
yto Haubosee rayboKo W MIOrOCTOPOHHE OKpyKaiouias
cpefla «NPOHHKaeT» B 3BOJIOUHOHUPYIOLUIHE CHCTeMbl 6J1aro-
napsi pa3BUTHIO BLICIIUX (OPM HX HEpPBHOH [IeATEJbHOCTH.
HMMeHHo mnocreneHHoe CO3JaHHE MJEKONMHTAOUMMH BCe
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6osee u OoJiee MOJHBIX HEHPOHHBIX «MOIeJei» BHEILIHEro
MHpa obecrneynyo UM HaubGoJsiee ObICTPLIA nporpecc B 3BO-
JIOLIHOHHOM TPHCNOCOOJEHHH MOBEJEeHUS K CaMbIM pPa3Jiiy-
HbIM NPHPOAHBLIM YCJOBHUAM HA Hauwel naavere. KM 31ech
MOYTH OYEeBHAHBIM 00pPa30M ypOBeHb 3BOJIIOLHOHHOrO COBEp-
LIEHCTBOBAHHSA onpejessercs «rayGHHOI» M MOJHOTOH npo-
HHKHOBEHHs BHEUIHEero MHpa B JaHHbII KOHKPETHbIH opra-
HH3M (B CMbICJIe CIOCOOHOCTH €ro HEepPBHOH CHCTEMBbI MAKCH-
MaJbHO NOJHO OTPa3HuTb BCce HauboJee CylIeCTBEHHble I
ero BbIXKHBaHHs (aKTOpbl OKpyxKatouei cpeanl). B atom oT-
HOILEHHH MJIEeKOMHUTAalollHe, No-BUAHUMOMY, NEPBbIMH «HAalIly-
najau» reHepaJjibHyio JHHHIO HauboJsee ObICTPOro Inporpec-
CHPOBAHHUSI OPraHHW4YeCKOH 3BOJIIOLHH, MOCKOJbKY HMEHHO B
HX KJacce cpOpMHPOBAJCA YeJOBEK, HepBHAs CHCTEeMa KO-
TOpPOro, B NMpHHIHNE, cnocobHa OTPa3uTbh BCe MHOroobpasue
00beKTOB OKpYy2Kalolero Hac Mmupa.

I pyroii npumep 3BOJIOUHH B3aHMOOTHOIUEHHI BHEIHE-
ro U BHYTPEHHEro MHpa B XXKMBOM OpPraHH3Me [AOCTaBJSIOT
HaceKoMble — OZIHH M3 CaMblX MHOTOYHCJEHHBIX KJaccoB
xKHuBOro Ha 3emJue. Mix apomopdo3 Hauascsi, KaKk MOXHO MO-
Jarath, ¢ GopMHpPOBAHHUS 3aYaTKOB TPAXEHHOH CHCTEMBI Abl-
XaHHf, 4TO cpasdy ke aaJjo OGoJsee coBeplueHHOe CHaOXKeHHe
TKaHefl M OpraHoB KHCJOPOAOM M 3aMeTHO TOBbICHJIO
aKTHBHOCTb OKHCJHTEJAbHbIX MpoleccoB, obMeHa BelleCTB
HT. I

AT1o obllee MOBLILIEHHE KHU3HEAEATENLHOCTH OpraHH3Ma
B CBOIO ouepeab obecneynso BO3MOXKHOCTH [Js Pe3KOTo
pocTa HHTEHCHBHOCTH NHTaHHA, CMOCOOHOCTH HaKam/JauWBaTb
3amacHble NUTaTeJbHble BELeCTBa U T. I.

JlanbHeiiliee pa3BuTHe Tpaxeid cBoeoOpa3HO H ChelH-
(HUHBIM TOJIBKO AJISI HAaCeKOMbIX 06pa3oM MOCTaBHJO MPO-
6aemMy (H3HYECKOro (B caMOM MX OpraHuame) COOTHOLIEHHS
BHYTPeHHero M BHewHero. BeAb OHH «NpPOHH3aHBI» BO3MY-
XOM, H HMEHHO 3TO HACTOJIbKO Pe3KO CHH3HJIO YAeJbHblil BeC
TKaHe#l, 4TO B COYETAHHUHU C Pa3BHTHEM KpblibeB 00YCI0BHIO
NosiBJ€HHEe Y HHX CNOCOOHOCTEeH JieTaTh, B CBOIO O4epeldb Mo-
BJeKIlIee 3a coO0i 3aBoeBaHWe HMH BO3MAYIIHOH Cpeldbl HaX
BCeMHU KOHTHHeHTaMH. Ho npoHHKHOBeHHe B caMble pa3J/iHuy-
Hble TPUPOAHbIE 30HBI 3e€MHOrO 1iapa, npucrnocobjeHue K
OUeHb HIMPOKOMY NHAmNa3oHy roCrnoACTBOBABUIHX TaM BHeL-
HUX YCJOBHH He MOTJH He 00YyCJOBHTL nocaenymwouero ¢gop-
MHPOBAHHSI Y HACEKOMBIX BMeCTe C TeM H JOCTAaTOYHO BbICO-
KuX ¢opM HEepBHOMH AesiTeJbHOCTH.
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Mo Mepe «3aBoeBaHHSI» HACEKOMBIMH 3€MJH BHEILIHHH
MHp cTaJj Bce OoJsee H OoJiee «IIPOHHKATb» B HX TEJNO YXKe
He TOJIbKO Yepe3 TpaxeH, a MpexK/ae BCero uyepes3 UX HEHpOH-
Hble CETH — NyTeM pPa3BHTHA OYEHb CJOXKHBIX CHCTeM 0ea-
YCJAOBHBIX pedJieKcoB, Ile-To rpaHHYallluX Ja)Ke C 3JIeMCH-
TaMH BbICUIEH HEPBHOH AEATEJbHOCTH. Tak H3y4YeHHble B
3TOM OTHOLUEHHH MNueJbl H MYpPaBbH HMEIOT YyKe 3auyaTKH
aCCOllHaTHBHOM NaMaTH W oOpa3oBaHus YCJOBHbIX CBf3ell,
Osarofiapss KOTOPbIM OHH OPHEHTHPYIOTCS B INPOCTPaAHCTBE,
3aMOMHHAOT MOHUCKOBbIE NyTH, 06e30WwHO0YHO BO3BpaLLAfCh
B CBOe rHe3no (mpasja, nocjae yyeObHOH TPeHHPOBKH). MHO-
rHe HaceKoMble CcrnocoOHbl pas3JHyaTh liBeTa, aKTHBHO pe-
arHpOBaTb Ha ABHXKYILIHECS NMPeAMETHl. ¥ nmueJ H MypaBbes
BBICOKO pa3BHTbl 00OHfIHHE W oca3aHHe. BecbMa Xapakrep-
Hbl [IJ5 HAaCeKOMbIX H YyIpaB/isieMble CJOKHEHIUHUMH CHCTe-
MaMH 0e3yCJAOBHBIX pedJeKCOB KOJJIEKTHBHbIe (OpMbl IO-
BeleHHs1 H COBMECTHOH XKH3HH B JOBOJIbHO GOJbIIHX HHOT-
Jla KOJIOHHAX, B KOTOPbIX BCErja InposBJseTCs BMeCTe ¢ TeM
H BbICOKasi cTeneHb 3a60Thbl O TOTOMCTBE.

Ho HepBHasi cuCTeéMa HAaCEeKOMbIX I€JHKOM IOYTH OPHEH-
THPOBAHA Ha CO3JAaHHE NYCTb CJOXKHEHLIHX, HO BCE Xe
TOJbKO 6€3yCJOBHBIX pedJieKCoB, Torjia Kak I0CTPOEeHHE
CKOJMIbKO-HHOYAb O6U1HX H FyOOKHX MojJeneil BHellHel aen-
CTBUTEJIbHOCTH BO3MOXKHO TOJbKO Ha 06ase NpeuMyIlleCTBEeH-
Horo pasBuTHsi ped.ekcoB ycnoBHbiX. [TosTtoMy apomopdos
HaCeKOMbIX, HECMOTPsl Ha BCE HX KOJIOCCaJbHbie YCIEeXH B
MPUCNIOCOOHTENbHOM COBEpPUIEHCTBOBAHHH, OTPOMHYIO UHC-
JEHHOCTb M 3aBO€BaHHe WMH BCeH CYLIH,— TYNHKOBAsi BETBb
3BOJIIOLHH.

ITO 3aKk/JYyeHHe COBPEMEHHOH 3BOJIIOLHOHHOH TeOpHH
HMeeT N0Ka OPHEHTHPOBOYHBIH xapakTep. besycnoBnyio no-
Ka3aTeJlbHyI0 CHJYy OHO mpuobpeTer, Mo-BHAMUMOMY, TOJbKO
nocJjie NoCTpoeHus obuieit TeopeTuyeckoil 6Hosoruu. B xone
ee co3JaHus Mbl 00si3aTeJIbHO AOJXKHbBI OyleM Kak-TO CBSi-
3aTb BC€ KPAaTKO ONHCaHHble 3Jecb 000OLIEHHO-NPOCTpaH-
CTBEHHbIE aCMeKThbl 3BOJIOLMOHHON Teopuu ¢ uaeeil K. You-
JUHTTOHA O KPEeOAHMUYHOCTH J060ro OHOJIOTHYECKOro IIpo-
ctpaHcTBa. MexaHusMbl XKe (GOPMHPOBAHHS 3TOH KpeoaHu-
HOCTH YK€ Ha YpPOBHE OTAeJIbHBIX MOJIEKYJ »KHBOro, BepOsiT-
HO, MOXHO OyJaerT OOBSACHHTb HCXOAS H3 (eliHMaHOBCKOH,
MHOTOTPAEKTOPHOH AJA KaxXAOH 4acTHUBl (HOPMYJIHPOBKH
KBAHTOBOH MEXaHHUKH.
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5.2. O60061EHHO-NPOCTPAHCTBEHHbIE ACNEKThI IBOJIOUHOHHOH TEOPHH

Bosuikaer Bonpoc: [AOCTAaTOYHO JIH PacCMOTPEHHDIX
Bbllll€ MOAXOA0B K OTbICKAHHIO OOILHX OCHOBAHHIl (PU3HKH H
OHOJMIOTHH AJ51 AOCTHKEII HaYKOIl O XXKMBOM TaKoro e
YPOBHSI OOBSICHHTEJbHOIl CHJbI, KakKoil XapakrepeH Mg
coBpeMeHHOil ¢uszuueckoil Hayku? HMaum ke opraHuyecku
MHp elle CKpbiBaeT B cebe TakHe CTOPOHbI U aCNeKThbl, KOTO-
pble OCTAJHCh A0 CHX MOP HEe 3aTPOHYTbIMH 3THMH 1OBEIIIIH-
MH NOAXOJAaMH, MIPHYEM HMEHHO OHH, 3TH eLle lie HauleAlIne
MOKa YTO HHUKAKOTro KOHTAKTa C (PHU3HKOIl, XHMHEH H marTe--
MAaTHKOH CTOPOHbl M acCMeKTbl XXHBOTO W ONpeaeasioT Ty
rpaHb, KOTOpas OTAeJseT ero OT HeXXUBOro?

KoHeyHo, OKOHUaTeJbHbIH OTBET Ha TAaKOro poaa BOMNpO-
Cbl MOXeT JaTb TOJbKO Oyayuiee — Oyayuiee pasBuUTHE
3Cero KoMIjekca ecrecTBeHHbIX Hayk. OaHako yxe ceiiuac,
M0 HalleMy MHEHHIO, HMeeT CMBICJ NMOCTaBHTb BCIO 3TY MPO-
6sJeMy B JOCTAaTOYHO oOwEeM, TeopeTHYecKoMm Bujae. Toraa
oHa OyaeT BbIrAAeTb caeaymouum obpaszom. Pu3uka u XH-
MHUS H3yYaJau A0 CHX TMOp SBJEHHS H TNpolecchl, BCS «mna-
MATb» KOTOPbIX LEJIHKOM H MOJHOCTbIO CBOAUTCS K HH(OP-
MaluH, colepiKauleiicss B NOHATHH aGCOJIOTHO OJHOPOAHOIO
NMPOCTPAHCTBA-BpeMeHH, B KOTOpoM oHH npoTtekaior. Opra-
HH3alHs OOBEKTOB 3THX HAYYHBIX JHCLUHIVIHH HAaCTOJbKO
NpocTa, YTO HM «HE Ha uYeM» 3amucbiBaTb, (HUKCHPOBATH
CBOHU TIpejblaylHe cOoCTOsIHUSA. B OHONMOruu XKe Mbl CTaJKH-
BaeMcsi ¢ 00beKTaMH, caMO BO3HMKHOBeHHe U CyLIecTBOBa-
[IHe KOTOPBLIX OCHOBAaHO Ha (PUKCALHH B HX CTPYKTYpPe H Op-
raM3aluy OnpencseHHLIX YepT H  ocoO6eHHocTell CcOObITHI
npoueauero.

Oprannyeckie 06BLEKTbl — 3TO O0OBbEKTbl TEOPETHYECKOIO
eCTeCTBO3HAHHUA, KOTOpPble B CaMOM CBOE€M CTPOEHHH HeCyT
HAMHCAHHYIO 3THM, OYeHb HHTEpPeCHbIM H CBOe0OpasHbIM
«KOIOM» (SI3bIKOM) HCTOPHIO CBOEro AeHCTBUTEJNbHOro Obl-
THA M ObITHS CBOMX npealliecTBeHHUKOB. PasHoobGpa3sue H
cBoeoOpasne JXHUBBIX CYLLECTB, CJeAOBaTeJbHO, KAa4eCTBEH-
HbIM 006pas3oM OTaHYaeTcsi OT pa3Hoobpasusi U cBoeobpasus
3JeMeHTapHbIX yacTHI. CJ0XKHOCTb CTPYKTYPbl H YTOHYEH-
HeHwasa AHpdepeHIHpOBKA KHBbIX CYLLECTB — MPOAYKT HC-
TOPHH, Pe3yJbTaT AJHUTEJbHOrO 3BOJIOLHMOHHOIO Mpolecca.

Torpa npobaemy, KoTopasi Hac HHTepecyerT, B obuem
BHAE MOXHO Oyaer copMyaHpoOBaTh CjaeAylouHM 0O6pa3oMm:
KaKOB J0/17KeH OblTb MHHHMAaJbHO NpoOCToii HAabop CBOHCTB

-
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HeKOTOPOIT 3JeMeHTapHO! «npeA6HOIOrHYeCKOH» CHCTeMBl,
KOTOPBIH MO3BOAWJ 6bl MoOcC/aeaHeHd BCTYNHTb Ha MNYyTb JUIH-
TEJbHOI H MHOTOCTOPOHHEH 3BOJIIOLHH; NMO3BOJHJI Obl eH
npuobpecTti Bce To MHOroobpasue CBOHCTB M KayecTB, BCIC
TY NMJACTHYHOCTb U AH(depeHLHpoBaHIIOCTb OPraHH3aluH,
KOTOpbIE TaK MMOpaxaloT Hac MPU 3HAKOMCTBE C PACTHTEJb-
HbIM M XXHBOTHBIM MupoMm? [loctaTtouHo /M, fajee, AJs 3TO-
ro, utoObl cHcTeMa MOrJa TNpPOH3BOAHTL cebe noaoOHbIe,
KOMHpPYs CBOe reHeTHYeCKoe onucanue?

Kopoue roBopsi: KakoBbl J0/KHbI ObITb T€ MHHHMAaJb-
lible CBOHCTBaA 3JIeMEHTAPHON «npeaOHuOJIOTHYECKOIl» CHCTe-
Mbl, KOTOpble MO3BOJISIIOT €l H3BJeKaTb M3 Xaoca cJayua-
HbIX MyTalWii MOPSJAOK H OpPraHu3aluio, BbLAeJAsT «HHOP-
MalHio»— Haubosee npucrnocobsieHHble K HaHHbIM BHELU-
HHM VYCJOBHSIM OpPraHH4YeCKHe CTPYKTYpbl— H3 «06eJ0ro
yMa» ClydaiHblX KBAHTOBbIX cKauykKoB? OnuH u3 Haubosee
TPYAHBIX BOMPOCOB OYAYILHX OCHOBAHHII BCEro TeopeTHye-
CKOTO eCTeCTBO3HAHUS COCTOHT, KAaK MOXHO JlyMaTb, HMEHHO
B 3TOM. Benb o6uiasi 3sosouus — 3T0, C OAHOH CTOPOHHI,
OTHIOAb He 3MOpHOHAJ/NbHOE pasBHTHE, rjle ¢ CaMOro HayaJa
BHYTPH HCXOIHOH »XHBOH KJETKH HMeeTcs oOrnpeaeaeHHas
HHGOPMALHUA O TOM, YTO HOJKHO MOJYUHUTHCA KaK pe3yJb-
TaT 3M6puorenesa. C apyroi CTOpoHbl, 0011asi IBOJIOLHS —-
3TO TaKXe W He 3apaHee CIPOrpaMMHpOBaHHOe H3BHe 0Oy-
yeHHe, Korna Hekas BHemIHss «oOyualomasi IporpaMmma»
TaKKe C CaMOro Hayajaa yxe HeceT B cebe BCIO Ty HOBYIO
HHpopMaluo, KoTopylo obyyaeMbld 00BLEKT TOJbKO J0J-
KEH OmNpeJesIeHHBIM 00pas3oM «YCBOHTb». DBOJIOLUS — 3TO,
BEPOSITHO, €IHHCTBEHHBbIl MNYTb HAKOMJIEHHS CYLIECTBEHHO
HOBO# MH(OpMaLUH, KOTOPO# He ObIJIO U HE MOXKeT ObiTh HH
BHYTPH, HH BOBHE HMCXOAHbIX 3BOJIOUHOHHPYIOUHX CTPYK-
TYP.

Hawm kaxercs, uto yxe ceiyac B obuieil Teopuu 6Hos0-
THUECKOH 3BOJIIOLMH HMeeTCs LeJblid psax obJaacreil, XKOTo-
pble HYXJaloTcsl B 6osiee HATJISAHOIN 1T KOHKPETHOIl 3KCILIH-
Kallui € IMOMOILLbIO HOBBIX M JOCTATOYHO AOCTPAKTHBIX Ma-
TeMaTHYeCKUX mpocTpaHcTB. Hanpumep, K 1uM oTHOCHTCA
OAHO H3 OCHOBHBIX IOHATHH COBPEMEHHON 3BOJIIOLHOHHOI
TEOPHH — TMOHATHE 3KOJOTHYecKoil HuwH no . Maiipy '’
Tonbko Ha CBOMX HH3LIHX, YHCTO reorpaduyecKux YpoB-
HAX OHO MOXeT ObITb IpPeACTaBJIeHO MPOCTO KaK HeKo-

18 3. Maiip. 3oon0oruyeckHii Bua ¥ 3soaouus. M., 1968
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TOPBIIT ONpeaeseHHbIi TeppUTOpPHAJbHbIH apean OOHTaAHuT
JaHHOTO KOHKPETHOro BHAA (XOTs yKe H 3[eCb NMPOBONAHTH:
reorpadHuecKHe rpaHUllbl MOXKHO H HYXKHO BCeraa JHllb ¢
oyeHb 60JbLIOH CBOOOLOH — A0 HECKOJbKHX NEeCATKOB HJIH
Aa)ke COTeH KHJIOMETpPOB B TY MJH APYryl0 CTOPOHY, TMO-
CKOJIbKY MHOTHE »XHBOTHble H OCOOEHHO MTHLbI CIOCOOHDI
nepeMeCTHTbCA Ha TaKHe PacCTOsAHHSA BCEro 3a HECKOJbKO:
yacoB). Tak 9To Ha KakoM-To, 6oJiee BaxKHOM /5l TEOPHH
9BOJIIOLLHH YpPOBHE paccMoOTpenus Haule oOblyHOe, HarJasl-
Hoe reomeTpHueckoe (M reorpaduyeckoe) MnpPoCTPAHCTBO
JIO/DKHO ObITb 3aMeHeHO TakKuM ero o6oOlennHeM, KOTopoe
aonyckaJgo Obl noc/jenoBaTe/NbHOe W JOTHYECKH HenpoTHBO-
peyHBO€ ONEepHpPOBAaHHE €O CTOJAb CBOOOAHO, «TOJEPAHTHON»
3aJaHHbIMH €ro NOAMHOXK€eCTBaAMH.

C npyroii ctoponbl, 3T0 06001IeHHOe abCTPaKTHOE TPO-
CTPAaHCTBO OOLLeHl TEOPHH 3BOJIOLHH AOMKHO 00513aTeNbHO
HMeTb elle H KaKHe-TO «JOINOJHHTEeJNbHbIe HU3MEepPEHUS» —
A 3alaHug C UX TOMOILbIO OnpeaeJeHHbIX OHONOTHUECKUX
XapaKTepHCTHK NaHHOH 3KOJOTHYeCKOH HHIIH,— 0COGEeHHO
C TOYKH 3peHHs JHHAMHYECKHX NMepCcrneKTHB oOWTaHHs B Hell
KOHKPETHOH CHCTeMbl B3aHMOCBS3aHHbIX MEXKAYy CO0OH BH-
noB. Benb, cornacuo . Maiipy, B noaasssioweM 6G0abILIHH-
CTBE CJyyaeB BCSIKasi HOBAs 3KOJOrHyeckasi Huula, B KOTO-
poit popmMHpyeTCHd HOBbIH BHJ,— 3TO CKOpee BCEro 3BOJIO-
ILHOHHBIT TynHK. ToJAbKO OAMH pa3 B MHJIJHOH JeT — B
CpelHeM, a TO M 3HAYHUTEJbHO pexe — B KaKoli-TO coBep-
IEHHO HOBOW 3KOJIOTHYECKO#l HHlUIe MOTYT BCTPETHTbCSH
CTOJIb pa3HooOpa3Hble NMPHUPOAHbIE YCJAOBHA H TaKoe 00Jib-
LI0€ YHCJIO OTHOCHTEJNbHO H30JHPOBAHHBIX APYr OT ApYyra
reorpauyeckux obJaacteid, uTo B HHUX, NMOCTENEeHHO OTAeJS-
ICb  OT CBOHMX cocefeil, HauyHeTcs ¢opmuUpoBaHHe Oosee
nporpeccuBHbiXx BUAOB. Huwa craner yxe unesoit ananra-
ILHOHHOM 30HOM, ©0a30i BO3HUKHOBGHHS 1IeJIBIX HOBBIX
«THITOB».

He cayuaiino, Hanpumep, HauboJIblIHe TeMIbl BHI000-
pasoBaHHs Ha 3emJie HMeJH MeCTO TOrjAa, Korja NpoHcXo-
AHJO nonepeMeHHoe 3aTOIVIEHHe H OCYLIeHHe MAaTepPUKOBbIX
weabpoB ¢ obOpa3oBaHHeM OOIIMPHBIX, HO MEJKOBOIHBIX
eab(oBbIX MOpPeil U MHOTOYHMCJEHHBIX, YACTHUYHO H30JHPO-
BaHHbIX APYr OT Apyra OCTPOBOB H 3aJHBOB. B cayyasax xe
ray60Koro norpyKeHus KakKHX-TO yacTeH MaTepHKa B OKe-
dH HJIH HX MOJIHOrO OCYUIE€HHsl, KOTla Ha OrPOMHBLIX TNPOCT-
PaHCTBaX YCTaHaB/JHBAJHCb MNPHMEPHO OJHHAKOBbIE MPH-
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POMHble YCJAOBHS H HCU€3aJH eCTeCTBeHHble Mmperpajbl Mex-
Ay MX OTAeNbHbIMH O0O6JIaCTAMH, IOABJEHHE HOBBLIX BHIOP
NOYTH coBceM npekpawasnocb. . Maiip, Takum o6pasom,
TPakTyeT rJayOHHHbIE MeXaHH3Mbl BO3HHKHOBEHHS 3BOJIO-
LLHOHHBIX H3MEHEeHHil KaK OOYCJOBJEHHBbIH CJay4aiHbIMH re-
HEeTHUECKHMH TepecTpoilkaMHu pe3yJbTaT BbIXKHUBAHHUA MHO-
rHX NOKOJIEHHIT OpraHMyeckoro mMupa Ha ¢oHe cambiX pas-
JUYHBIX reorpadHyeckux Janawadros.

B 3ToM nyunkre nporpecc TeopeTHYeCKoil OHOJIOTHH B
O4YCHb MHOTOM OyJAeT 3aBHCETb OT YCNEeXOB M TEMIOB C03/a-
HUsL TeopeTHuecKoii reorpaduu. CoBpeMeHHbIe, YHCTO Kaye-
CTBEHHble XapaKTePUCTHKH NMPHPOAHBLIX YCJOBHH B pasJuy-
HbIX 00J1acTAX 3eMHOH CYIIH HJH OKeaHa M B pasJjiHYyHble
reoJIOPHYeCKHe 3MOXH He MO3BOJAIOT AATh OTBET Ha MHOTrHe
BaX{Hble BOMPOCHI MaKpPO3BOJIOLHOHHOI Teopun. K HuUM oT-
HOCHTCSE BOnMpoc 00 YHHBEPCAJbHOCTH NYTH 3BOJIOIIHH,
MPOIACHHOrO KHBBIM MHPOM Ha 3eMJe,— HAaCKOJbKO ere
OCHOBHble uepTbl H, TeM OoJiee, HTOrHM CNpaBeNJIHBBI 114
apyrux HebGecubix Tesa. Hau Bompoc o ToMm, KakoBLI Te rpa-
HHUbl — BO BpeMeHH H B IPOCTPAHCTBE — CYLICCTBEHHOTO
M3MEHeHHsi NMPUPOAHbLIX YCJOBHIl, KOTOpble MOryT OCHOBA
TeJbHbIM 00pPa3oM OTKJOHHTb 3BOJIIOLHMIO OT ee «reHepallb-
HOIl JMHHH», BeAyuleil K MOSBJEHHIO MbICJAALIHX CYILECTB.
[To Toit e npHyHHE 3BOJIOLHOHHASA TEOPHA HE MOKET elle
OTBETHTb M Ha TNPOCTble, KOHKPeTHbIe BOINPOCHI: NOYeMy, Ha-
npuMep, B MeJOBOH NMEpPHOJL TaK HEOXKHAAHHO H ObICTPO Bbi-
MepJii JAHHO3aBpbl Ha cyuie H.aMMOHHTBL B Mope? [locra-
TOYHO JIH AJs NOJHOrO OOBACHEHHS -3THX MPOLECCOB YHCTO
«3€MHBIX» NPHYHUH HJIH HeOOXOMHMMO TpHBJEYEeHHEe KOCMHue-
CKMX KaracTpod THna BCHBIIIKH HeZaJeko OT 3eMJH M
COJIHIla CBEPXHOBOMH 3Be3/1bl?

HayyHblfl, apryMeHTHPOBAHHbIH OTBET Ha 3TH M JApYyrHe
«TpyAHbIe» npoOJeMbl TEOPHH 3BOJIOLHH OydeT AaH, BEpO-
SITHO, JIMIb Tl0cJe Toro, Kak Oyaer paspaboTaHa HeKOTOpas
HoBasi 000OLEHHO-NIPOCTPAHCTBEHHAsI XapaKTepPHCTHKa Ca-
MOro OMOJIOTHYECKOTO BHAA — BO BCeil MHOIOTPAHHOCTH i
LIeJJOCTHOCTH €ro OpPraHHYeCKHX CBsi3eH C cCaMblMH pasJjny-
HbIMH OHOTHYECKHMH W aOHOTHYECKHMH KOMIMOHEHTaMH OK-
pyxaiouieit ero cpeabl. IlepBble TeopeTHyeckHe MOAXOAbI K
MOCTPOEHHIO TAKOTO, MOXKHO CKa3aTb, CYLLECTBEHHO «OHOJ0-
rHYECKOro» NMPOCTPAHCTBA OPraHHUYECKOro BHAA Mbl HAXOAHUM
Takxe y . Maiipa, Koria OH OueHb «reOMeTPHUHO» 0ODbsiC-
HsieT, moyemMy BooOllle Bce KHBOE CYLIECTBYET B BHJE IHCK-
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PETHLIX, PC3KO H KayeCTBEIHO OTJAHYHLIX APYr OT Apyra BH-
JIOB M THIIOB >XHBOTHBIX H paCTeHHI.

[TpeacraBum cebe, roBOpHT OH, COBEpPLIEHHO [IPOTHBOMNO-
JIOXKHYIO CHTYalHIO — OpPradiH4YyeCKud MHp, B KOTOPOM cCylile-
CTBYIOT IIOCTENEHHbIE Nepexo/ibl MeKJAYy BCEMH CaMbIMH pas-
JIHYHBIMH OCOOSIMH — CBOEro pojia HelpepbiBHLIIT OHOJMOrHye-
CKHIl «KOHTHHYYM» KuBoro. Ho mnopo6Has «KOHTHHYa/lb-
Hasi» opraHuka OyJeT HecrnocoOHa K IPOrpecCHBHOH 3BO-
JIOUHH, K TOCTENEHHOH M MOCTOSHHO COBEpLUEHCTBYIOLLeli-
Cs .ajanTaluu K oKpyxaiouleit cpene. Ecan naxe kKakasi-to
0co0b cJayyaiiHO OKaxKeTcs (B JaHHBIX YCJOBHSIX) IIaroM
BriepeJl B 3TOM HamnpaBJeHHH, OHA He CMOXeT lepeaarb
CBOH Il€HHbIe KauecTBa IOTOMCTBY, NMOCKOJbKY OHA CIOCOO-
Ha crnapHBaTbCsl CO BCeMH, 6oJiee MM MeHee NMOAOOHBIMH ei
cymectBamu. Ee 10BoJIbHO cOBeplUeHHbIi B KAKOM TO OTHO-
IUEHHH KOMIIEKC reHoB OyaeT Heus3OexKHO yTpaueH yxKe B
caeayloueM MnokoseHud. Jlasg ux coxpaHeHHs HeoOXOAHM
CrelHaJbHblil 3aLUTHBIIT MEXaHW3M, 3alpellaloluil paspy-
lIeHHe TakKHX o0c000 LEeHHbIX — XOPOLIO aAanTHPOBAHHBIX
F€HHbIX KOMIIJIEKCOB M pa3pellaloliHii ClapUBaHHE TOJbK.)
ocobeli, yxe HMEIOUUX 110/100Hble XKe OTJHUYHTe/bHble, MpH-
CroCOOUTEJIbHO BbIrOAHbIC B JaHHbII MOMEHT KayecTBa.

Tak Muanmapabl JeT Hazaj npupoja Haula peleHHe
TPpyAHeHueli npobJyemMbl — JJIHTEJbHOIO COXPAHEHHsl CJy-
yailHo HaHJeHHbIX, HauboJsee COBEpLIEHHBIX, 0COOEHHO XO-
poilo aAanTHPOBAHHLIX K JaHHBIM TNPHPOAHLIM YCJOBHAM
FeHHBIX CHCTeM. IJTO Npou3ouio 6jarofapsi nepexopy ot
HenpepbLIBHOH CaMOBOCHPOH3BOAALIEHCS cMecH OoJsee HIH
Medee MOXOXKHX JPyr Ha Japyra CeJKOBbIX H HYKJEHHOBBIX
MOJIEKYJl K JHCKPETHbIM, 110 CBOMM peakuusM Bce OoJjee H
OoJsiee OTJIHYAIOLIMUMCA APYT OT Apyra KOMIJIeKcaM TaKHX MO-
Jekya. Kaxablifi U3 TakKMX KOMIIEKCOB MOr OOMEHHBATBLCS
reHeTHYeCKOH HH(pOpMallHell yxKe TOJbKO ¢ cebe MomoOHBI-
MH. PasiHyne BHAOB BO3HHKJO, CJeI0BaTeNbHO, YyiKe Ha
YPOBHE CaMbIX TNPOCTBIX O€/JKOBO-HYKJEHHOBLIX KareJb,
MOCKOJIbKY TOJIbKO TaKasi PenpoAYKTHBHASI H3OJASLHS Jy4-
KX, HauboJsiee ILEHHBIX B 3BOJIOIHOHHO-TIPUCIIOCOOUTE b-
HOM OTHOLUEHHH TeHeTHYeCKHX KoMOHMHauui obecneyusa
CaMyl0 BO3MOXKHOCTb JaJIbHEHILIEro NnporpeccuBHOr0 pasBH-
THA BCEro opraHu4yecKoro Mupa.

OO6uIMM HTOrOM ONHCAHHBIX MPOLIECCOB SBHJOCH CIELH-
(bHYyecKH 3BOIIOLLUOHHOE «OOy4YeHHe» XKHUBBIX CHCTEM CaMbl-
MH pAas3JIMYHBIMH TIPHPOAHBIMH YCJOBHUSIMH, CMEHSBIIHMH

140



apyr apyra na 3emJe. Benb, mo 3. Maiipy, Kaxablii BHI,
XOTsl M TpeAcTaBJjsieT co60i OTJAHYHYIO OT APYrHX KOMOH-
I1allHio TCHOB, YIPAaBASIOULYIO €JHHCTBEHHOIl B CBOEM pPOJAe
NHreleTHYecKoil CHCTeMOIi, U Bcerja 3aHHMaeT e MHCTBEeH-
HYIO JKC B CBOeM poje HHIly, BbipaboTaB B Heil CBOH COO-
CTBEHHBIH, crneun(UUHLII OTBeT Ha TpeOOBaHUS Cpebl,—-
BCerja BMeCTe C TeM H B ONpeAeJIeHHOH CTeneHH MoJHMOop-
¢dbeH, nonurunuuen. baarogaps 3Tomy oH cnocobeH iie ToJb-
KO MpHCnoco0sTbesl K HeOOALIIHM H3MEHEeHHsIM U KoJeba-
HHAM OKpYyzKalolleil ero cpejibl, HO H B HEKOTOPbIX CJayuasx,
oco0eHHO Ha TrpaHHllaX cpejabl CBOero oOWTaHHsA,— BblJe-
JATb JIOKaJbHbI€ TNONYJALHH, HallynbiBaloUiHe NyTH TIPO-
JABHXXEHHA B HOBble HULIK. Takue norpaHHyHble JOKaJdbHble
nonyJssiltuy, ocobeHHo Gorartble CaMbIMH PAa3JIMYHBIMU CJy-
yailHBIMM HaGopaMH TeHOB, HMelolllhe HauboJblIyIO TeHe-
THYECKYI0 HM3MEeHYHBOCTb, TMJACTHYHOCTb, B J1060ifi MOMEHT
MOryT o63aBecTHCb TaKOW OCOOeHHOI KomMOuHallueil IeHOB,
KoTopasi copmupyer ocobeHHO MNPUCNOCOOJEHHYIO K MpH-
POAHBIM YCJOBHSAM cOCelHeil, He3aHATOIl 3KOJOTrHYeCKOI
HHILUHN 3MUTe€HEeTHUECKYIO CHCTEMY.

OnpeaeneHHble pe3yabTaThl TaKHX — yacTo Oesycnernl-
HbIX, @ MHOIrAa, OYeHb PeAKO, YAAUHbIX MOMBLITOK NMPOHUKHO-
BEeHHS] KHBBIX OPraHH3MOB B HOBble 3KOJOTHYECKHE HHIUH
Mbl U HabJiogaem ceiyac.

5.3. MpocTpancTBa caMOBOCNIPOU3BOAALLKXCH CHCTEM
¢pon Heitmana

Merosioniornueckuii aHaJu3 pas3JHYHBIX TMOAXOAOB K YC-
- TAHOBJIEHHIO €JIHMHCTBA COBpPeMeHHOH (HU3UKH U OGHOJIOrHl
NOKasbiBaeT, 4YTO JaJbHEHWHH Tmporpecc B 3ToH 006JacTH
OyaeT B HeMaJoi CTeneHH 3aBHCETb OT CTPOroil JOTHKO-Ma-
TEMAaTHUECKOH 3KCIJHKALUH TMNOHATHA CaMOBOCIPOH3BONSA-
uieicsl 1 CaMOYCJIOKHSIOLENCS CHCTEMbI.

CkyazbiBalolascs 31ecCb CUTyalust BO MHOTOM aHaJoruy-
Ha CHTYallHH C HCTOpHEeH KapTorpaduyeckoro HayuyeHus 3em-
au. [lepBbie, 4HCTO JIOKa/bHble H Jla)Ke NepBble KPYyrocser-
Hble MYTelleCTBHUsl elle MOXKHO Obli0 KaKoe-TO BpeMsi coBep-
1aTh, UMesl TOJBKO MNPUMUTHBHbIE reorpauueckie Kaprbl,
HHKAK He YYHTbIBalOLHe cHepuuliocTb HUrypbl 3eMJIH.

Onnako crporoe H TOYHOe KaprorpadupoBaHHe BCEro
3eMHOrO lapa NPHHUHMHAJbHO HEBO3MOXKHO 6€3 MaTeMaTH-
yeckoil pa3paboTKH cepHyeckKol reoMeTpuH H yCTaHOBJIe-
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HHS BIOJHE OfpeesIeHHbIX NPaBHJ NMPOEKTHPOBAHHA chepbl
Ha NJOCKOCTb,— MPHYEM TAaKHX, 4TOObl BO3HHKAlOLLHE TMpP
noJ06HOM NPOEKTHPOBAHHH HCKAXKEHHS1 peasibHblX pPa3Mepos
H ocoOeHHO paccTosiHHil Oblan Obl HauMenblwHMH. (HMau, no
KpaiiHeit mepe, uToObl HaubOoJbllIHE HCKaXXeHHs1 OblJIH JOKa-
JIH30BaHbl TOJIbKO B ONpeJeieHHblX, HauboJsiee penko mnoce-
ulaeMbix o6/acTaX, HanpuMep Yy MOJIOCOB — B CJyyae H3Be-
CTHOHM, HbIHE Yaule JAPYyrdx ynorpedaseMoil NpPOEKLHH
Mepxaropa.) Hawa ananorus (nmo-suaumomy, OJgaropaps
ee TOMNOJIOrHYecKoH cneuudurKe) MoxKeT ObITb NMPOAOJNKEHA
H Jlajiee, eC/JH Mbl NPOEKTHPOBaHHe 3eMJH Ha IJIOCKHE JIH-
cThl Oymaru ynogo6um (HU3HKO-XHMHYECKHMM MeTo[aM H3Y-
YEHHs XKHBOro, a, CKaxKeM, OCHOBHble IMyTH OHOXHMHUECKHX
MeTaboJIHUeCKHX TpaHcopMalluil BelleCTB B HeM — napaJ-
JeJM U MepHAHaHaM.

B 3toMm cayuyae, npu nomnelTKe HapHcoBaTh o0ulyl0 Kap-
THHY BCEero OpPraHHYyeCcKoro MHpa ¢ IOMOLUbIO MOHATHH
TOJIBKO (PU3HKH H XHMHH, MBI MOJYYHM, BO3MOKHO, BBICOKVIO
TOYHOCTb H MOJIHOTY OTOOpakeHHsl JIOKaJbHbIX MPOLECcCcos
KH3HH — NPU NOJHOH HEBO3MOXXHOCTH IOHSTb, KaKuM 00-
pa3oM BO3HHMKaeT CTOJb YAHUBHTEJNbHAS KOOPAMHALUSI ThICSY
H Tbicdy OMOXUMHYECKHX MeTaboJMyecKHMX peakuui. Bce
OHH B KOHEYHOM CYeTe OKasbiBalOTCH HaNpaBJEHHBIMH K
OIHOH-€JIHHCTBEHHOI 11eJIH — CaMOBOCNPOH3BEAHHIO OCHOB-
HBIX GHOJIOTHYECKHX CTPYKTYp AAHHOr0 OpraHu3amMa — noaob-
HO TOMY, Kak Ha cdepe Bce MepHAHAaHbl OKa3bIBAIOTCA
CXOASIIMMHCS K ABYM IOJIOCAM, TOrAa Kak Jiobasi NonbiTKa
MOJYYUTb 3TOT pe3yJJbTaT Ha MJAOCKOCTH NPHUBOAHUT TOJbLKO
Ko Bce 6ojee pacxoAslUMCs APYr OT Apyra NpPsSIMbIM JIH-
HHUSIM.

Bonpoc o ToM, yTO BCe AeJi0 31ech 3aKJiouyaercs B Cy-
LIeCTBEHHOM OTJIHYHH NPOCTPaHCTBa OHOJIOTHYECKHX (hopM
IBHKEHHSI MaTepHH OT OOBIYHOTO — €BKJHAOBA MNPOCTPaAH-
cTBa (U3HMKH M XMUMHH Obla nocrtaBjeH eue B 20-Xx romax
Hawero crosetuss B. M. Bepuaackum. OH yxe B To Bpemd
HEOJHOKPAaTHO NOA4YepKHBaJ, YTO peajbHas Ouocdepa 3eMm-
JIU OTHIO[lb He HMeeT XapakTep OJAHOPOAHON M H30TPONMHOH
CTPYKTYpbl, NPUNHUCHIBAEMON el 0ObIYHOM — «(PH3HKO-XUMH-
YeCKOH» TPAKTOBKOH peajibHOro GHOJOrH4ecKoro nmpocTpaH-
crBa. Hanporus, BcA OHa npoHH3aHa THTaHTCKHUMH KpYro-
BOPOTAaMH H JOBOJbHO YCTOHYHMBBLIMH LHKJAMH JIBHKEHHA
SHEePrHH H TaKHX BelUleCcTB, KaK KHCJOPOA, a30T, YIJIeKHC-
JIbIH a3, BoJa H Apyrue KOMINOHEHThl CaMblX Pa3HOOOpa3HbIX
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opraHnyeckux coefuneHuil. IIpuyem ob6sa3arenbHoe HadHuHe
TUX LUKJOB H KPYTOBOPOTOB B NOYTH KaxJIO0H Touke OHO-
cthepbl aBJiasieTcss HeOOXOAHMBIM YCJOBHEM CaMOro CyLIecT-
BOBaHHs XH3HH Ha 3emJe. [lanbueiiliee e HX YCA0KHEHHE
U JauddepeHIHpPOBKA — NpeAnochlaka (M BMeCcTe € TeM —
NOPOXKIEHHE) HEeYKJOHHOTO 3BOJIOLHOHHOIO Nporpeccupona-
HHST BCEr0 OPraHuyecKoro MHpa B LIeJIOM.

[Tocnenylomue roabt 106aBUAM MHOTO HOBOIO H HHTepec-
HOrO B 3TOM MNJaHe, HO, K COXKAJEHHIO, TOJbKO 3MIHpUYe-
CKOTO MaTepHaJia — HayHHasli OT YCTAHOBJIEHHS YCTOHYHBO
(OYHKLUHOHHPYIOIHX TPAEKTOPHH IABHKEHHS CNeLH(PHYECKHX
BCILLECTB, 3HEPTHH H HHPOPMALHH BO BCEX MOJEKYJSIPHBIX
CTPYKTYpax KaxAoil »KHBOIl KJeTKH Yy J1060ro opraHusma
M KOHuYast KpPaTKO ONHCAHHOW BhbILIe «KPEOJAHYHOCTbIO» —
YCTOHYHBOH KaHaJH3HPOBAHHOCTHIO 3MOPHOreHeTHYECKOro
pPa3BHTHS U Jaxe JAJMUTEJbHOH MAaKPOIBOJIOUHH BCEX KHUBBIX
cymwects no K. Yoaauurrony. OnHako Teoperuuecku oobsc-
HUTb 006513aTe/IbHOE HAaJMHYHEe TaKUX CTaOHAbHBIX TPAEKTOPHIi,
ILHKJOB H KPYrOBOPOTOB BellleCTBA, 3HEPTHH U HHPOpPMALHH
B NPOCTPAHCTBE, 3aHHMAEMOM XXHBbBIMH CHCTEMaMH, IO Ha-
11eMy MHEHHIO, Mbl MOJy4aeM BO3MOXKHOCTb TOJIbKO ceHyac,
H MHOTHE CYIIECTBEHHbIe NeTasii U mojJApoObHOCTH GopMHpO-
BaHHA NMOMAOOHBLIX MPOLECCOB TOJNbKO ellle NMPeJCTOHT HCCJe-
JOBATb B IIJIdHE TEOPETHYECKOro, NpeacKa3aTesbHOro oobsc-
HEHHS, @ He NIPOCTO YUCTO IMIUPHUECKON KOHCTATAIHH.

IATo MOXKHO OYyAeT OCYLIeCTBUTb, NMPHBJEKAsi K pacCMOT-
pPeHHIO BCei COBOKYMHOCTH (PHU3MKO-XMMHUECKHUX U HHBIX NpPO-
11IeCCOB Ha Ka)JOoM YpOBHE OpraHH3allid KHBOro JIo-
FMKO-MATEMATHYECKVIO 3KCIVIMKAIHIO-MO/Ie]b CaMOBOCHPO-
U3BOAsIILEHCA (M CAMOYCJIOXKHAIOMIEHCS) CHCTEMBbl, Npeaso-
xKeHHyio B 50-x ropax Hamero Beka JIxK. ¢on Hefimanom.
VIMeHHO oOHa, MO HauleMy MHEHHIO, SIBJSETCs HbIHE aHa-
JoroM c¢epHyeckon TeoMeTPHH W3 TNPHUBEJEHHOIO BHILIE
npuMepa C TOYHHIM KapTorpa(uueckuM H3yuyeHHeM 3eMJIH.

_Tenepb, HaM KaxeTcs, Ka)kJoe JOCTaTOYHO oburee H TIJy-
6oKOe TOHSAITHE TeopeTHYeCKONn OHOJOTHH MHOJXKHO ObITh
00513aTeJIbHO HCCJEJ0BAHO C TOYKH 3PEHHd ero rnoBeleHHs
NPH TIPOEKTHPOBAHHH CAMOBOCHPOH3BOASALIUXCH CHCTEM
¢on Hefimana Ha o6bluyHoe (PHU3UKO-XHMHYECKOE) €BKIHIO-
BO MNPOCTPAHCTBO U oOpaTHoO.

W B 3TOM OTHOIUEHHH, KAK HAM NpPEeACTaBJACTCH, TOJAbKO
MOHATHSA, COXpaHsIolHe NpH NoA06HOM TPOEKTHPOBAHHH
onpejie/ieHHblli «HHBAPHAHTHBIA» TEOPETHUECKHH CMBICT,
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HUMEIOT NpaBo Ha JAaJjbHelllee CylleCTBOBaHHe W yrJayOJieH-
Hyi0o pa3paboTky B Oyayuinx oOLIHX OCHOBAHHUSX BCEry
COBPEMEHHOr0 eCTeCTBO3HAHHUSI.

®on He#iman 1mosy4Yusa CBOIO JIOTHYECKH CTPOTYIO
IKCMJAUKAILHIO MOHATHS CaMOBOCIPOH3BE/ICHHS, pa3BUBas Jia-
Jee n oboburas uaen o6 yHUBEpPCAJbHBIX JOTHKO-MaTeMaTHk-
yeckux mamnHax A. Teiopunra. Ilocnennune, xak H3BeCTHO,
npeactaBasioT coboii naubosee obuiue, abeTpakTHbie Mojie-
au ai060ro pojlla aBTOMATHYECKHX CHCTEM, CNOCOOHBIX MO
3apaHee YCTAHOBJIEHHBIM, CTPOro (HJH BEPOATHOCTHO) AeTep-
MHHHPOBAHHBIM NpaBHJaM nepepabaTbiBaTh 3anHuCaHHble B
onpeieseHHOM an(aBuTe AaHHble HA HX BXOAE B HEKOTOpbLIE
HOBbIe JlaHHble (HOBYIO HH(opMauuio) Ha uxX Beixone. O6biu-
HO, ISl YNpOLIeHUss MaTeMaTHYEeCKHX NMOCTPOeHHil, MallnHA
ThlopuHra npeacTaB/sieTCsi CBI3aHHOH C BHEUIHHM MHPOM
TOJMbKO OecKoHeuHo# (6ymarkHoii) JeHTol, Ha KOTOpOii B
Kax<Ablii AalHblii MOMEHT MaluuHa ob6o3peBaeT H BOCIPHIIH-
MaeT TOJbKO OJHH KaKoil-TO onpejiesieHHbll y4acTOK — OJiHY
KJIeTKY. '

Kaxnast knerka («BHELIHEro MHpa») MOXKeT COAepKaTv
ONWH M3 KOHEYHOro yHcJaa CHMBOJIOB aJjdaButa, cneuudu-
YeCcKOro AJisi JaHHO! KOHKPETHOH MAalIUHbI, U 3JIeMEHTapHOe
neiictBue («war» MauiuHbl, 1o TbIOpHHTY) oOnpenensieTcs
TOJILKO 3THM, BOCNIPHHHMAeMbIM B JIaHHbIi MOMEHT CHMBO-
JIOM M COCTOSIHHEM MAalIHHbl B 3TOT MOMEHT BpeMeHH. ITa
«KOH(Urypalus» onpejeser, Ha KakKoi HOBbIH CHMBOJI 3a-
MEHHUT MallhHa CTapbli, yXKe BOCHPHHATHIH B JaHHOH KJeT-
Ke, BNPaBO HJH BJEBO Ha OJHY KJETKY NMepeMecTHTCs JIeHTa
M, HaKOHell, B KaKoe HOBO€ COCTOsIHHEe nepeiileT MallHHA B
caenyiomuii MomeHT BpemeHnH. (OOliee 4HCIO TaKHX BO3-
MOKHBIX COCTOSIHHI MaIlHHBI, ONpeAessIoOUHX ee pa3HuHble
peakUMH Ha pas3jHuHble «BO3AEHCTBHSA» CO CTOPOHBI BHEIl-
Hero Mupa — MOCpPeJCTBOM CHMBOJIOB Ha JieHTe,— Mpeuno-
JaraeTcss KOHEYHbIM M crnelH(pHUYHBIM AJs1 JaHHOH KOHKpeT-
HOI MallMHbl, B TO BpeMs Kak JieHTa — 6eCKOHe4YHOH KakK B
OJIHYy, TaK H B AAPYTYyIO CTOPOHY.)

Kax n3sectno, eme B 1936 r. A. Teiopuur cmor 1noka-
3aTh, 4YTO CYLIECTBYIOT MamiuHbl, obaanaiouiue ¢gyHaaMeH-
TaJbHO BaXHbIM CBOHCTBOM YHHBEPCAJbHOCTH — CNOCO6-
HOCTbIO MMHTHpPOBATh paboTy Ji060il APYyrod KOHKPETHOIl
MaUIKHBI, €CJH TOJbKO MX CHaOAHUTb 3apaliee COOTBETCTBYIO-
UM oOpa3oM TNOATrOTOBJEIHOI «IPOrpaMMON» — onpeje-
JIEHHOH TMOCJe0BaTeNbHOCTbIO CHMBOJIOB Ha JeHTe. JTa
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nmporpaMMa 3aCTaBHT YHHBEPCAJbHYIO MallHHY BHINOJHATD
BCe JICHCTBHS, KOTOpble NO/KHA Oblaa Obl BBIMOJHATbL JaH-
Hasi KOHKpeTHasi mamuHa. IMeHno 3ToT, 4HCTO TeopeTHue-
CKHiIl B CBOE BpeMsi pe3yabTaT, Ka3aBilHiicd Torjaa He
MMEIOIIHM OTHOULICHHS K NpakKTHKe, W mocayxun B 1945——
1946 rr. MCXOAHBIM TNYHKTOM HM3BECTHOTO TMpPeLJIOXKEHH7
¢on Heiimana: nomewatbr nporpamMmy omnepauuii nepBbIX
9JIEKTPOHHBIX CYETHBIX MalIWil B UX MamMaTb 3aKOAHPOBAH-
HOH B BHJAE yHuces. IDTO cpa3y Ke NpeBpaTHJIO C031aBaB-
[IHeCs] TOJNbKO JJIsI KOHKPETHLIX O6aslJIUCTHYECKHX PacueToB
cneuHasbHble YCTPONCTBA B YHHBEpPCaAJbHble BBIYHCIHTE/b-
Hble MalIHHbI.

B He3akonueHHoil pabGore «TeopHsi caMOBOCIPOH3BOf-
wuxcsi apromatoB» (Gon Hefiman '* BBIIBHJA ray0OKHil H30-
MOP(H3M JIOTHKO-MAaTeMaTHYeCKOH CTPYKTYpbl aBTOMAaTOB
BBIUMCJAUTENbHBIX H aBTOMATOB KOHCTPYHPYIOUIHX — CNOCOO-
HBIX MO 3apaHee 3alaHHOl mporpamMMe OCYLECTBJATL IM0-
cTeneHHyio c6opkKy apyrux aBromaTtoB. OH oyeHb noApo6GHO
1 06CTOSITeNIbHO PacCMOTpes VISl 3TOr0 ABYMEPHYIO MOIeJb
CHCTeM, CMOCOOHBIX K CaMOBOCIPOM3BeleHHI0 (H caMmoy-
cl0XKHeHHI0). Moaeab npeacrasiaseT co60# OrpoOMHYIO MJIOC-
KOCTb, 3aHSATYIO 3JeMEHTapPHbIMH KBaJpaTHbBIMHM siyedka-
MH — KJeTKaMH, NPOCTEHIUUMH «CTPOHUTEJbHBIMH KHPNHYH-
KaMH» CHCTEMbl — NMPUMHTHBHbIMH aBTOMATaMH, CNOCOOHbI-
MU HAaXOAUTHCH B OJHOM M3 29 OCHOBHBIX COCTOSIHHH (M Mmox
BJHSIHHEM OMNpeJesieHHbIX IOCJaeJ0BaTeJbHOCTeH CHIHAJIOB,
BOCMPHHHMAEMbIX OT COCEJIHHX KJ/eTOK, NNePeXOdHTb B KaKoe-
TO Apyroe U3 29 cocTosIHHI).

®ou-Heliman cMor noxkasaTb, 4TO B NMOAOOHOH CHCTEeMe
JIOCTATOYHO OOJBINOH NPOCTPAHCTBEHHON TPOTSKEHHOCTH
MOXKHO OCYLLEeCTBHTb (PU3HUUECKYIO peasiu3aliio YHUBepCcaab-
HOH BBIYHCJIHTENbHON MalWHHbl ThlOpHHTA.

[Tpu sTom Bce Jioruueckue omepauuu, HeoOXoaAUMBIE I
(GYHKIUHOHUPOBAHUS TOCJAeHel, 6YAYT OCYyLIeCTBAATL onpe-
neJaenible «O6JOKH» — yCTOiluMBO paboTralouiue COBMECTHO
KOMOHMHAUUH HCXOAHBIX 3JIEMEHTAPHBIX aBTOMATOB — SiYeeK.
Ponb aenTh e OyAeT HCNOJMHSATbL HEKOTOpasi JAHHEeHHas mno-
CJIEIOBATEJbHOCTb «BHENIHHUX» IO OTHOILIEHHUIO K MalluHe
KJIeTOK, PasJIMYyHble COCTOSIHHS KOTOPBIX H HCHOJIb3YIOTCS
JJIs1 KOJHPOBAHKSl PasJUYHBIX CHUMBOJIOB KOHKPETHOTO aJ-
¢aBuTa fannoii MamMHbLl ThIOPDHHTA HA ee BXOJAe (M BBLIXOME).

19 Hoc. ¢pon Hedman. Teopus camoBOCHPOH3BOAAILIIXCS aBTOMAToB., M.,

1971.
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Takum ob6pa3oM, Ha JaHHOM YypoBHe aOCTpaklHU BCe
pas3JiHyHe aBTOMAaTOB BbIYHCJAHTENbHBIX H aBTOMAaTOB KOHCT-
PYHPYIOUIHX TpeBpaliaeTcs B pas3jiHude KOHeYHOH CyAbObl
HMITYJIbCOB HA BbIXOJe YHHBEpPCAJbHOH MallMHbl ThblOpHHra.
B BLIYHC/AHTENbHO MAaWHHE OHH TOJNbKO 3aNHCHIBAIOTCA B
BHIe MU3MEHEHHUs COCTOSIHUN JUHEHHOH IMoc/jJenoBaTeJbHOCT:
«BHEUIHHX» KJETOK, B TO BpeMs, KaK B KOHCTPYHpYIOLLEH
MallHHe OHH MOryT ObITb npeBpaileHbl B ocobbie «cre-
IIHaJbHbIE HMNOYJbCbl». ITH MNocJelHHe, Oyayydn nepena-
BaeMbl MO JJHHHOIT «KOHCTpyHpYyiolleii pyke» B 60JbIIYIO
HOBYIO, HHYEM JAoceJe He 3aHATyI0 001acTb NOKOSLIHXCA,
HEeBO30OYXK/AEHHbIX KJETOK, NOCJAEL0BATeJbHO TaK MEHAIOT
COCTOSIHHSA TIOCJEJHHX, YTO H3 HHUX HAYHHAeT PacTH HEKHH
HOBBIH aBTOMAT.

OnucanHasi HaMH TeopeTHUeCKas KOHCTPYKLHS MO3BOJS-
eT, CJea0BaTe]bHO, NepeHecTH N0Ka3aTeNbCTBO ThbIOpHHra
O CYLIeCTBOBAHHH YHHBEPCaJbHbIX BbIYHCJHTEJbHbIX aABTO-
MaTOB Ha 00/1aCTb aBTOMATOB KOHCTPYHPYIOLIHX — 10Ka3aTh
CyLIeCTBOBAHHE YHHBEPCAJbHOrO KOHCTPYHPYIOLLEro &BTO-
mMara, yto u Obwio caenaHo ¢ou Heiimanom. A otcioxa
y»Ke pYKoil moAaTh H A0 CaMOBOCIPOH3BEJCHHs: Beldb JH0CTa-
TOYHO CHAOAWTb HAlll YHUBEpPCaJIbHbIH KOHCTPYHPYIOLLIHH aB-
TOMAT ONMHCAHHEM — Ha JIeHTe MalUHbl ThlOpHHTra — CaMoro
cebsi — M CaMOBOCNPOM3BOASALLAACA CHCTeMa OyleT rorosa.

[Ipn oxHOM YCAOBUHM,— €CJH Mbl KaKUM-TO o6pasom
CyMeeM IMpeoaoseTb HeH30eKHO BO3HHKAIOUIHH 31eChb JIO-
rHYeCKHil mapaaokc CaMOONMHCAHUA, KOTOPbIH MBI AJS MNPO-
CTOTHI NpHUBeaeM 3Jecb B (hpopMe peayKIHU K LYPHO#I 6ecko-
HEYHOCTH: ONHCaHHe CaMOBOCNPOH3BOAAILLEroCss aBTOMAaTa
Ha JileHTe MallHHbl TblOpHHra A0JXKHO 00si3aTe/bHO colaep-
XaTb B ce6e U OMHUCAHUE 3TOH JIEHTHI, T. €. ONUCAHHEe 3TOro
OMHCaHHsl, KOTOpOe B CBOIO ouepelab MA0JKHO 0643aTesbHO
COAEpXKaTb ONMHCAHHE 3TOr0 ONMHCAHHA ONMHCAHHUA H T. X. JO
6eckoneuHocTd. @on Heiiman croaknyscsa ¢ 3Toit npobae-
MOH elle B caMOM HayaJse 50-X roaoB Hallero BeKa H yxKa
TOrga MNPeAJOXKHJA TNPaBHJbHbIH Cnocob ee pelleHHs: AAA
TOTO, 4TOOBl CaAMOBOCNPOH3BOASALIUNACS aBTOMAT CTaJ peallb-
HOCTb1O, He0O6X0AHMO, YTOObl MaTepHaJibHbIH HOCHTEJb €ro
ONHUCaHus (JeHTa YHUBepCaJbHOH MalinHbl ThIOPHHTA) HMEN
(pU3HUECKYI0O MPHUPOAY, OTJHUHYIO OT (PH3HYECKOH NPHPOIbI
HCXOIHOH CAMOBOCMNPOH3BOAALLEHCA CHCTEMBbI.

CoorsercTByloliue pasaeabl Kiuru ¢on Heitmana, nanu-
CaHHble, 1Mo KpaiiHeii Mepe, 3a 10 JieT 10 yCTaHOBJIEHHS
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HH(pOPMALLHOHHO-ONHCATEJbHOH POJH HYKJIEHHOBBIX KHCJOT
B npolueccax BOCNPOH3BELAEHHS «KHBbIX» O€JKOBBIX MOoJe:
KyJ, YHTAlOTCSl HblHE KaK TeopeTHyeckoe npeaBapeHHc
KpynHelillero Hay4yHoro OTKPbiTHsI 31n0XH. Bmecre ¢ Tewm,
3nechb ¢poH Heliman naer, Kak MOXHO AyMaTb, € AHHCTBEHHOE
HMeloulee Hafaexay.Ha ycnex oO0bsaCHeHHe 3TOH YAHMBUTEJb-
HOH 0COGEHHOCTH XHMBOro Bcerja OblTb CBSI3aHHBIM, MO
KpaiiHeil mepe, ¢ AByMSl — BelLeCTBeHHbIM U HHGPOPMALHOH-
HbIM — YPOBHSIMH ‘MaTepHaJbHOH OPraHH3allHH, O YEM YyKe
rOBOPHJIOCH BbILE.

Tenepb oaHOI M3 raaBHbLIX 3ajay BCeil TEOPETHYECKOI
OHOJIOTHH CTAHOBHMTCH, M0 HALIeMy MHEHHIO, TUlaTeJbHOe |
BCECTOPOHHEe Hccae10BaHHe (HU3UKO-XHMHYECKHX Mnpollec-
COB, COBEPUIAIOLIUXCSA HA CaMblX Pa3JiMYHbIX YPOBHAX opra-
HHU3aUHH MKHBOTO, C TOYKH 3PEHHSI UX «BJOXKEHHOCTH» He B
00blUHOE, eBKJHA0BO MPOCTPAHCTBO, a B MPOCTPAHCTBO ca-
MOBOCIPOU3BOAALLUXCA (M CaMOYCJOXKHSIOUMXCS) CHCTEM
don Heiimana. [locaeanee pe3ko orT/auyaercss OT MEpPBOTO
CBOEH CYWECTBEHHOH TOIOJJOrHYeCKOH HETPHBHAJAbHOCTBIO:
yepe3 KaxAyl0 TMOYTH 3JeMEHTapHYyI0 KJeTKy — aBToMmar
3aHMMaeMol MM 0O6JIaCTH NPOCTPAHCTBA HENPEpPLIBHO [BH-
KYTCSl aHU30TPOTIHBIE NMOTOKH uUMnyabcoB. Ouu o6pasyior
TaK HasblBaeMble CBfI3YIOLUIHE W BPEMEHHble MeTJH, KOTOpbie
3a Ka)XIblH LIHKJ CaMOBOCNPOH3BeJAeHHs1 00A3aTeJbHO HJH
«CYHUTBIBAIOT» MJIM BHIOHU3MEHAIOT (MJH JeJalT U TO M
Apyroe MHOro pa3 NOAPSAA — B LEHTPAJbHBIX sflyeiKax) co-
CTOSIHHE Ka)KJIOH KJEeTKH INpPOCTPAHCTBA CaMOBOCIPOU3BO
ASIEHCA CHCTEMB.

Bbiio 661 OueHb 3aMaHYMBO YCTAHOBHTb CBfI3H 3THX
AHH30TPONHBIX M TONOJOTHYECKH OYeHb CJHOXKHBIX NMOTOKOB
nepefaud HHpopmMauuu M npeoOpasoBaHUil COCTOSIHUA C
HauboJsiee BepOATHBIMH (ellHMAHOBCKHMH TPAeKTOPHAMH
NBHXE€HHS COCTABJSIOUIHNX JKHBble CHCTeMbl KBAaHTOBBIX
KOPNyCcKyJ. DTO B HelaJekoMm OyayuieM, HeCOMHEHHO, TiO-
MoxKeT GoJsiee TYOOKO H cOLepKaTesJbHO MOHATH KakK (yH-
JlaMeHTaJbHYI0 BHYTPEHHIOI0 OOLIHOCTb JKHBOTO H HEXH-
BOTO, TaK U KOHKpeTHble, (hU3HYeCKHe TMPHUHHBI BO3ZHHKHO-
BEHHA CTOJb CYLIEeCTBEHHBLIX PAas3JHYHUH MEXAY HHMH YXKE
Ha ypOBHE MOJIEKY.I.

HemeHnbuive TeopeTHuecKHe NMEpCNeKTHBLl CYJHT HHTEp-
NpeTanuss ¢ TMOMOULbI0 TaKHX YCTOHYHMBBIX aHU3OTPONHBIX
noToKoB (MH(poOpMaUHuH 1 npeo6pa3oBaHHil COCTOSIHHSA B TPO-
crpanctBax ¢on Hefimana) ycranosaenuoit K. Yoaauurro-
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HOM KPEOAHUHOCTH MyTeil ABHKEHHS NMOUTH BCeX COCTaBJISIO-
LLIUX XXHBOE MaTepHalabHbIX CTPYKTYp. M Ha ypoBHe kaeTou:
Hoil Au(pdepenuHpoOBKH, I Ha ypoBHe OoJice NMO3AHHX CTadll
smOpuorenesa ‘u Aax<e, Mo-BHAHMOMY, Ha YPOBHE «dpXeTH-
MOB» 3BOJIIOIIHH — HA CaMbiX Pa3J/IHUHBIX YPOBHSX Oprami-
3aUHH KHBOrO TMPHMEHEHHC MPOCTPAHCTB CaMOBOCIPOH3BO-
asuiuxcs crpykryp ¢pon Heifitmana 1o3BoJiuT COOTBETCTBYIO-
IIlHe YaCTHbie W 3MIHUPHUECKHE 3aKOHOMEPHOCTH chopmy./u-
poBaTh AOMYCKAIOUIHM JaJibHeiilllee MaTeMaTHYeCKoC YTou-
leine o6pasom.

Ho 3necp HeoOXOAUMO MOAYEPKHYTb, YTO B JIAHHOM CJay-
yae HHKTO He coOHpaeTcss «CBOAWTb» OHOJIOTHIO H ApYyrue
HayKH K mateMaTuke (uau kubGepHerHke). [locaenusia npun-
ILHMHAJbHO HE MOKET JaTh pPelLieHHsT KOHKPEeTHBIX NpobJjeM
6HoXxuMuH, 6HODHU3UKH, TeHeTHKH, LIUTOJA0THH U T. . Ho 3a-
TO HOBble abCTpakTHBIE MaTeMaTHYeCKHe CTPYKTyphbl, B ua-
CTHOCTH CTPYKTYPBl CaMOBOCHPOH3BOASLIUXCSI aBTOMAaTOB
¢on Heitmana, yiaBauBaloT H CBSI3bIBAIOT MeX1y co0OW Ta-
Kile HeoXHJaHHble CTOPOHBI 11 acnekThl B mnpobJjeMaTHKe
TUX HAYK, [O3BOJSIOT B3MJISHYTh HAa HHX CO CTOJIb HOBOH H
HeoOBbIYHOH TOYKH 3pPEeHHsA, UTO PaCKpPbIBAIOT HOBbIE BO3MOXK-
HOCTH HMX YTOYHEHHSI U pellleHHs, CONOCTaBJEeHHS HX B OJ-
HOM KOHTEeKCTe € ropaszio 6oJsiee pyHIaMeHTAJbHBIMH H BaX-
'HBIMH Tpo6GaeMaMu JAPYrux Hayk. A GoJsee Tay6okoe pelie-
HHEe BCEX HMX BMeCTe He TOJIbKO oleclieydBaeTr pelleHde cra-
pBIX, MaJblX H GosblUHX MpobJseM YacTHBIX HAayK, HO H CO-
oburaetT BCeMy HalleMy 3HaHHIO ropasao O0JbLIYI0 Leb-
HOCTb, CTPOMHOCTb M TJIYOMHY NMPOHHUKHOBEHHS B OKpYyKalo-
IIIMH HaC MHUP.

[Togo6HO TOMY, KaK CO3/1aTeJH HeeBKJHIOBBIX TeoMeT-
puit — H. W. Jlo6auesckuit u K. I'aycc, $I. Boitan u B. Pu-
MaH He pelaJgH ¥ He MOIVIH PeUIHTb KOHKPeTHbIX npobJem
(hH3UKH TATOTEHHS U KOCMOJIOTHH, & TOJBKO OTKPBIJIH Te HO-
Bble «IPOCTPAHCTBA BO3MOXKHOCTEH», C MOMOILbI0 KOTOPHIX
3TH npo6JeMbl OBbIIH pelieHbl To3aHee A. DUHIITEHHOM,
K. IIBapumuasaom, A. A. ®puamaHoM H APYrHMH, TOUHO
TaK e COo3/aTeJH COBPEMEHHOH MaTeMaTHKH, B 4aCTHOCTH
TEOPHH CaMOBOCIMPOMU3BOASILLIUXCS aBTOMaToB, He cobupa-
JUCb U He cobupaloTcsi pellaTbh KOHKpeTHble npobJseMsl re-
HeTHKH, OHO(DHU3UKH, TeopeTHYeCKOoH OHONOTHH u T. A. OHH
AesaloT APyroe, Ho OYeHb BaXXHOe IJisl 3THX M JAPYrdX Hayk
NeJI0: BBISIBJASIIOT Te€ HOBble U ClelupuyecKue MOHATHSA, Ka-
TErOPUH H 3aKOHOMEPHOCTH, KOTOPbIe NMO3BOJAAIOT NPHMEHHTD
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MateMaTHYeCKHe MeTOJAbLl K TaKHM CTOPOHAM H COOTHOlIe-
HUSIM OKpYXKalolleH AefiCTBUTENbIIOCTH, M3Yy4yaeMbIM 3THMP
llayKaMH, KOTOpbLIe Palbule CYHTANHCD AJs1 9THX METOHOB le-
JIOCTYNHBLIMH.

[To Bceit BeposiTHOCTH, MbI siBAsieMCsl COBpeMeHHHKaMH
[I0BOPOTA M caMoil MaTeMaTHYeCKOMH 11ayKH B CTOPOHY 60Jb-
Iero yuera B [OCTaHOBKe ee IpobJeM H MeTojaax HX HccJe-
JIOBAHUH NPHEMOB MBILIJICHHSS M OCHOBHBIX HAeH OHOJOTH-
YECKHX H JPYTrHX HayK, a He TOJbKO (PU3HKH H HHIKEHEePHOro
Jies1a, KaK OBlJIO 10 CUX NOP HauuHas ¢ 300XH Bo3poxKaeHHusl.
Takue kareropuu MareMaTHKH, KakK BeJHMUHHA, NMPOCTPAH-
CTBO, PYHKLUHSA H T. ., OY€Hb XOPOLIO «YyJaBJHBAIOT» OCHOB-
Hble 3aKOHbl MEXaHHKH, aCTPOHOMHH, QU3UKH H XHMHH, HO B
OHOJIOTHH OHH yiKe He «3axBaThbiBalOT» HauboJsee cylie-
CTBEHHbIE€ CTOPOHbI IPOLECCOB KU3HHU — IOCJAEJHHE ropas-
N0 Oosiee rayb0OKO ONHCHLIBAIOTCS C MOMOLUBIO TAKMX KaTe-
ropHH, KakK oroOpaxkeHue, HH(GOpMalHs, aJrOPHTMbl, aBTO-
Mar, CTpyKTypa u 7. 4. M nasneko He ciayuaiiHo, 4To HMEHHC
3TH MNoCJeAlHe KaTeropuyu B HaluM JHH Bce ray6xe u rayo-
K€ NPOHHMKAIOT B caMble pasJiHyHble 00J1acTH caMOH «YH-
CTOH», caMoii abCTpPaKTHOIl, Ka3aJocb Obl, HayKH, Kakoil
SIBJISIETCA MaTeMaTHKa.



nasa TpeThb s

BO3MO)XHASA KOHLENTYAJIbHASI BA3A
TEOPETHYECKOIO CUHTE3A ®U3HKH
H BUHOJIOTHH

§ 1. TlpocTpancTBa NMHAMHYECKHX NEPECTPOEK CTPYKTYP
H YCJIOXKHEHHSA OPraHusauuu

1.1. Knacc 3¢eHOHOBO-€BAOKCOBbIX METOA0JOrHYECKHX npodaem

Co Bpemenu ["anunaes u HbloTona Teopernueckoe ecTecrt-
BO3HAHHEe CBsi3blBaeT HAeas HAayyHoOro oObsACHeHHs HEKOTO-
poro (pparmeHTa MaTtepHaJbHOl AEHCTBHTEJbLHOCTH C BbIAB-
JeHHeM olnpejesieHHoro THna abCcTpaKTHbIX MaTeMaTHYeCKHX
TIPOCTPAHCTB, MAaKCHMaJbHO NPHUCNOCOOJEHHBIX I/ Teope-
THYECKOTO ONHCAHHA BCEX KAYEeCTBEHHBbIX H KOJHYECTBEHHbBIX
ocobeHHOCTell JaHHOTO Kpyra siBjeHui. Tak JsoObie, CKOJb
YrOAHO CJOXKHble H <«XHTpbie» COYeTaHHsI MeXaHHYeCKHX
JIBHIKEHHH MBI 00s3aTeJIbHO «rnoMeliiaeM» B 0ObIYHOE Tpex-
MepHOe eBKJMA0BO npocrtpaHctBo. JlwoOble, caMmbie «3amny-
TaHHbIE» 3JIEKTPOMArHUTHbIE SIBJACHHA H IPOLECCHl — B JIe-
CATHMEPHOE pacCJoeHHoe TMPOCTPAHCTBO, COCTOfALLEe H3
«CJIOSI» — LIEeCTHMEPHOro IMPOCTPAHCTBA BEKTOPOB HaMps-
JKEHHOCTH 3JeKTPHYECKOTO M IMAarHUTHOrO 1OJs B KaxKA0H
TOYKe — H 0a3bl — OOBIYHOIO TPEXMEpPHOro eBKJHJAOBa Npo-
cTpaHcTBa nuoc BpeMsi. JIioOble COCTOSIHHA HMJIM NPOLECCHl
aTOMHOTO MHpa Mbl CBsI3blBaeéM C ONpeJesIeHHbIMH BEKTOpa-
MH B O6ECKOHEYHOMEpPHOM THJbOEepTOBOM IPOCTPAHCTBE HJH
nepexofaMu Mexny Humu. [lepeuncieHHble MareMmaTuye-
CKHe NMPOCTpPaHCTBA HaBCeraa BOWIAH B 30J0TOH (poHm Hay-
KH H npakTHkH. [lo3ToMy HHTepecyiouiHe Hac abCTpaKTHbLIE
IIpoCcTpaHcTBa OOUIMX OCHOBAHHMH BCEro COBPEMEHHOIO ecTe-
CTBO3HAHUS MOJIKHbI OyayT 00sf3aTesibHO B HEKOTOPOM Iipe-
IeJbHOM, KpaHHeM CJjyyae colepzKaTb U 3TH MaTeMaTHue-
CKHe CTPYKTYPhl yXKe CTaBLIMX B Hallle BpeMs KJAaCCHYECKH-
MU 06aaCTed TOYHBLIX ‘HayK.

' _BoisiBnenne Haubosiee HHTEpeCHbIX MaTeMaTHUEeCKHX
CTPYKTYpP — AJI TEOPETHYECKOro OIHCAaHHA KayeCTBEHHOrO
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cBoeoOpa3us MaHHOTO Kpyra SIBJEHHH — HauWHaeTcs, KO-
HEUHO, y»Ke Ha CaMOM IIepBOM — (heHOMEHOJIOTHYECKOM, M-
MUPHYECKOM 3Tale Pa3BUTHS JaHHOW HAyKH. JICHO, OTHAKO,
YyTO BBIOOD TeX MM HHLIX KPHUBLIX U DYHKUMH AJ9 MaAKCH-
MaJIbHO TOYHOTO OMHCaHHUsA BceX OCOOEHHOCTeH M neraJqei
KaKoro-To siBJeHHS, pa3yMeeTcsi, Mpexae BCero — JaeJo cle-
UHAJHCTOB M BPSAJ JH MOXKeET 3aHHTepecoBaTb uaocoda.
[Ho yxe BTOpoii, MOAEJbHBII 3Tan Pa3BUTHSI HAyKH, KOrjaa
OJIHH KaKHe-TO 00OBbeKTbl 00BABASIOTCS (pyHIaMEHTANbHBIMH,
TIePBUYHBLIMH, @ HEKOTOpLIE JIPYrUe SIBJI€HHsI CTapaloTcad Kak-
TO BbIBECTH, OOBSICHUTbL C NOMOILLIO 3THX NepBbIX, pyHOa-
MEHTaJbHBIX,— OOBIYHO BBI3BIBAET oOcCTpeiine ¢uaocod-
CKHe IHCKYCCHH — OTHOCHTEJBbHO aJeKBATHOCTH MOJEJIH,
JNOMYCTHMOCTH JaHHOrO YpPOBHSI aOCTpakuUuH, HIEaNH3a-
UMK U T. I

" 3a HejoCTaTKOM MeCTa, Mbl COBEpPIIEHHO He 3aTPOoHeM
31eCb 3TH UHTepecHel e npobaeMbl U NnepeniemM cpasy ke
K CaMOMYy TJIaBHOMY, TpPeTbeMYy 3Tany pa3BHTHSA HAYYHOTO
3HAHUS — MOCTPOEHUIO MOJHOH TEOPHH JAaHHOTO Kpyra siBje-
Huit. OH-TO ¥ BHI3bIBAaeT 06bIYHO HauboablHe dumocodekue
TPEBOJIHEHHS — Belb TEOPHUs NMPETEeHAYyeT Ha OMHCaHHe BCeX
SIBJICHHH JaHHOTO YPOBHS CTPOeHUst MaTepHH. BceobuiHocThb
H HeoOXOIHUMOCTb YTBep:KIEHHH HCTHHHOH HAYYHOH TEOPHH
NPUBOAUT HAC K OJHOMY M3 (YHIaMeHTaJbHbIX KJACCOB Me-
TOJOJMOTHYECKHX, Pumocodpckux mnpobaem. Brnepsoie yesnone-
YeCTBO CTOJKHYJIOCh C 3THM KJACCOM, TO-BHIHMOMY, elle
npu obcyxaeHHH anopuii 3eHoHa. Ecam ™Mbl npoaHanusu-
pyeM TocJeHHe C MHTepecyIolled Hac TOUKH 3PEHHS BbIsiB-
JMIEHUS TeOpeTHYeCKHX OCHOBAHHMII MEXaHHKH, TO OYeHb CKOPO
y6enumcs, yto 3eHOH BONpolIaJ Kak pa3 0 TOM, MOXKeT JH
dHawe oOblUHOE, HaATJAAAHOEe <«TpPeXMepHoe» IIPOCTPAHCTBO
«BMECTHTb» B ce051 BCe COCTOSIHHSI MEXaHHYECKOTO JBHKEHHUS
JIOObIX M3BECTHBIX TOrjaa OOBEKTOB.

OTBeT Ha 3TOT MaJeKO ‘He TPHBHAJbHBIH — OCOOEHHO B
TO BpeMsi — BOINPOC JAaj TOJbKO BeJHUaHIIUi MaTeMaTHK
npeBHOCTH EBNOKC — yuyeHHK W uaeiiHbli mpoTusHuUK Tlna-
toHa. CneunajbHO IJis TOro, YToObl OOLIYHOE TeoMeTpHuYe-
CKOe TPOCTPAHCTBO MOIVIO CTaTh «BMECTHJ/IHIIEM» JIIOObLIX,
CKOJb YIOAHO «XHUTPBIX» COCTOSIHHI MEXaHHUEeCKOro JIBHIKe-
HHUS1 — HaNpUMep, CKOJb YrOJHO «MaJio» OTJHYAIOUIHXCA OT
HCXOILHOTO mnoJoXeHusi,— EBIOKC BBesl B reoMeTpuio co-
BEpLIEHHO HOBYIO H (yHAAMEHTAJbHYI0 aKCHOMY, HOCSIILYIO
O0OBIYHO MO PSIIy MCTOPHUECKHX NMPHUHUH HE €ro HMs, a UM
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Apxumena. TonbKo 3Ta akCHOMa MO3BOJISIET Pa3pelUIHTb ano-
puH 3eHolla — A0Ka3aTh, 4yTo AXHJJec AOTOHHT uepenaxy,
YTO JBHKEHHE BO3MOMKHO H OTNHCHLIBAETCSI 3aKOHAMH HBIO-
TOHOBCKOH MeXaHHKH.

[Tono6Hble THCKYCCHH TOBTOPSIJIHCH AaHAJOTHYHBIM 00-
pPa3oM Kaxjablii pa3 npH C0371aHIIH BCAKOH HOBOH (pyHIaAMeEH-
TeNbHOIT ecTecTBeHHOHayuHoH Teopuu. K HHM oOTHOCATCH
MHOTOUNCJEHHEHIINEe MONBITKH C€0371aTh MEeXaHH4YeCcKHe Mo-
nesnH 3JeKTPOMarHuTHol Teopun Makcsessia, MeXaHHYeCKHe
«00bsicHeHHs1» 3((PeKTOB TEOPHH OTHOCHTEJbHOCTH, HAaKO-
Hell, TPOLOJKAIOILHeCs H 1o ceii IeHb NMOHCKH MeXaHHueckoli,
«NPHYHHHOI» WHTEpPNpeTaluu KBaHTOBOII MexaHuku. [las
BCeX TAKHX MHCKYCCHH B NMJaaHe YHUCTO METOT0JOTHYeCKOM
TaKKe XapakTepHbl IpexKae BCero COMHEHHsI B MPHUTOIHO-
CTH OMNpeaeJEeHHOT0 KJjacca MaTeMaTHYeCKHX MPOCTPAHCTB
TS aTeKBaTHON 3IKCMIMKAUHH KayeCTBEHHBLIX ocoOeHHOoCTe
ABHKEHHS MaTepPHH HAa JaHHOM YPOBHE ee CTPOCHHS.

HallM JHH 3TOT KJAacC MEeTONOJOTHYeCKHX rnpobseM
CHOBA BBIJIBUTAeTCsl HA OJIHO W3 TEPBBIX MECT B CBSI3U ¢ (hu-
JOCO(PCKUM aHAJIM30M MyTeil NMOCTPOEHUST ABYX TJIaBHEHIINX
€CTEeCTBEHHOHAYYHbIX TEOPHUH Hallero BpPEeMEHH — TEOPHH
3NE€MEHTApHbIX YaCTHIl U TeopeTHueckoii 6uosoruu. docra-
TOYHO JIH JAJS CO3JaHHA NMOCJAEAHUX THab6epTOoBa NpOCTpaH-
CTBAa XBAHTOBOH MeXaHHKH H OOLIHX PHMAHOBBLIX MHOroo6-
pasuil TEOPHH OTHOCHUTEJBHOCTH KakK Haubojee raybokoro
MaTeMAaTHKO-KOHUeNTyaJbHOro 6a3uca BCero COBPeMeHHOro
eCTeCTBO3HAHHUS HJIII JKe LISl 3TOTO NMOHAA00ATCS HEKOTOpbie
HOBBIe, ropas3fo GoJjee oOuiHe MaTeMaTHYecKHe MPOCTPaH-
CTBa — TaK CTOMT mpobaema Ttemnepb, B Hauagae 70-x roaos
XX Beka. Hro Kacaercss TEOPHH 3JEeMEHTapPHbIX 4acCTHIL, TO
ceifyac GU3HKaMH-TEOPETHKAMH ViKe JI0OKa3aHbl CTPOTHE Ma-
TEeMaTHYeCKHe TeopeMbl, KoTopble TpebyioT NMpH CO3JAaHHUH,
HanpuMmep, TEOPHH B3aHUMOJNEHCTBYIOUIUX 3JE€MEHTapPHBIX Ya-
CTHIl BBIXOJIa Ja)e 3a paMKH THALOEPTOBBIX MPOCTPAHCTB
(tax Ha3biBaeMas Teopema  Xaara).

Urto kacaercss TeopeTHYeCKod OHOJOrWH, TO Takue yuye-
nble, kak E. Burnep ! u K. Yonauurron, I'. [lartn u B. Dab-
3accep TakKe HEOJHOKPATHO BLICKA3bIBaJd COMHEHHS B CIO-
COOHOCTH Jla’Ke KBAHTOBOH MEXaHWKH OOBSICHUTbL YIAHUBH-
TEJbHYI0O OPraHM30BAaHHOCTL M TeM 0oJee «TeJeHOMHY-
HOCTb» HHoJorHYeckux npotieccoB. OcobeHHO 3TO OTHOCHT-

' E. Buenep. dtonn o cummerpun. M., 1971, ctp. 160.
152



ca K mpolueccaM, NMPOUCXOASIIUM HAa MOJIEKYJISPHOM ypOBHe
W CBSI3aHHBIM, HallpUMep, C aJJOCTEPHYECKHM CHHTE30M clie-
UHpHUUECKUX SH3UMOB HJIH C TIOCJEA0BATEJbHOCTbIO OHOXH-
MHYECKHX peaklUuil Ha HayaJbHbIX CTaausx sMOpuorenesa.
[lo BceM 3TUM NpHYHMHAM Mbl peliaeMcsi NpHBJAeYb BHHMA-
lIMe CIeLUaJuCTOB K COBEpPIUeHHO HOBOH BO3MOXKHOCTH ajiek-
BATHOTO M €JMHOro paspeuieHus npobseMbl OpraHu3alHH
MaTepun Kak B obGsacTu cBepxBbICOKHUX (mo 10* amekTpon-
BOJIbT!) 3HEpPruil B BHAE CIEKTPOCKONHYECKOro MHoroobpa-
3Hs 3JEMEHTApPHbIX YaCTHL, TaK H Ha MPOTHBOMNOJOKHOM
‘KOHLlE 3HEpPreTHYecKoro crnexkrpa—B 06J1aCTH KOHLEHTpa-
IIMH 3HEPTHH B JOJH 3JEKTPOHBOJIbTA, XapaKTepH3YIOLLHX
MOJIEKYJISIpHO-OHOJIOTHYECKHE IPOLECCHI.

Peup moiiier 06 HCNONbL30BAHHH B TEOPETHYECKOM ecTe-
CTBO3HAHMH — B KayecTBe 06a30BOro MareMaTHYECKOro Ipo-
CTpPAHCTBA, OMHUCLIBAIOLIErO CaMble pasJiMyHble Crnocobul op-
raHuM3aluy JBHKYyULIeHcss MaTepHH,— COBEepllIeHHO HOBOTO
Kaacca aGCTPAaKTHBIX INPOCTPAHCTB, BBEAEHHBIX B HaYKy
TOJIbKO B cepeauHe Hamero Beka A. [poreHaAHKOM. DTH Npo-
CTPaHCTBAa — TaK Ha3blBaeMble o0liHe cXeMbl aGCTpPaKTHOMH
ajre6panyeckoil reoMeTpUH — NpeAcTapasoT coboi Haubdo-
Jiee pPeBOJIIOIIMOHHOE M3MeHEeHHe B HallMX B3IJsfAaX Ha OpH-
pPOAY TeOMeTPHYECKOH NPOTAKEHHOCTH, IMpeAlpUHHMaeMoe
co BpeMenu 3enona u EBpokca. [leqo B ToM, 4TO maxe ca-
Mble HCKPHUBJIEHHbIE H 3K30THYECKHE PHMAHOBbI NPOCTpPaH-
cTBa 0OlLel TEOPHH OTHOCHTE/NbHOCTH, HCNOJb3yeMble Ceil-
yac, HanpuMep, NMpPH aHaJH3e NPOLECCOB I'PAaBHTALHOHHOTO
KoJijtarnca, JoKaJabHo, B OeCKOHeYHO MaJioH OKPeCcTHOCTH
Ka’K/10il TOYKH, KyCTPOEHbI» BCe-TaKH OYeHb NMPOCTo. Bece onu
NpeaAcTaBaAAlOT co00il Tak HasbpiBaeMble MHOroobpasus —
MPOCTPAHCTBA, KYCTPOEHHbIe» B GECKOHEYHO MaJIOi OKpecrT-
HOCTH KaXJAOH TOYKH, KaK OOblYyHble €BKJIHAOBLI NMPOCTPaH-
CTBa, NOJyyYalouluecss K3 NOCJEJHHX, TaK CKa3aTb, «CKJEH-
BaHMEM» M3 HX OeCKOHEeUYHO MaJiblX «eBKJIHAOBBIX, KyCOu-
KOBY».

A. TpoTeHOUK INepPBLIM pELUHJICS B3Tb B KauecTse Ta-
KHX JIOKAJbHBIX «KYCOYKOB» MPOCTPAHCTBA, CYUIECTBEHHO,
TIPUHLUNIHAJNbHO OTJHYHBIE OT E€BKJHIOBLIX <IPOTSKEHHO-
CTei»,— TaK Ha3blBaeMble CIMEKTPbl OOLIHX KOMMYTaTHBHBIX
KOJ1ell, OTJIHYHTENbHOI 0COOGEHHOCTbIO KOTOPLIX SABJAETCS TO,
YTO B ONpeAeJeHHBIX CJy4YasaX BC€ TOYKH HX HEKOTOPBIX MOJ-
MHOXKECTB MOIYT <«CJHBATbCSI», «CKJEHBATbCA» BMeECTe.
10. H. Mauun o6pa3Ho cpaBHHBAeT HAlUHW reoMeTpHUYECKIe
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nmo3Hauus Jo [poTeHanKa €O 3HaHHeM TOJbKO OLHOTO,
HU3LIEro <«ypOBHSA» TOYEK TMPOCTPAHCTBA, Ha KOTOPOM
BC€ TOYKH INOCJEAHEro 3aMkHYTbl, IOCTATOYHO YETKO «OTJe-
JieHbl» JApyr oT apyra. Haa stum ke ypoBHeM OOBLIYHBIX;
«eBKJIHJ0OBbIX», 3aMKHYTBIX TOYEK BO3BbILIAeTCs IleJasi He-
papxXHs ypoBHEH, CBf3aHHbBIX ¢ CAMBIMH Pa3JIHYHBIMH CIIOCO-
0aMH «CAHMAHHA» B ‘HEKOTOPOM CMbICJE CTPOro onpeaese-
HbIX MOJAMHOMKECTB 3TUX 3aMKHYTBHIX TOUYEK ADYr C APYroM B
MPHHUHNHAJBHO HOBBIE, TAK CKa3aTb, CYLLECTBEHHO HEeBKJH-
JIOBbI TOYKH.

CrneKTpbl KOMMYTATHBHbBIX KOJIEL [MO3BOJISIIOT MOJYUYHTb
obuiue cxeMmbl ['poreHanKa No TOMy XKe «peLentTy», Nno KOTo-
poMy of0LiHe PHMaHOBLI NPOCTPAHCTBA MNOJYYalOTC H3 €B-
KJHAOBBIX «IPOTSIXKEHHOCTEH» — «CKJaAblBAHHEM» HX H3
OeCKOHeUHO MaJblX OKpecTHOCTeH Kazxkaol touku. M npwu
®5TOM BIlepBble B HCTOPHH MaTeMAaTHKH IoJjydyaercss oOWup-
HbIH KJlacc NPOCTPaHCTB, o0Jsajgalollui CYUeCTBEHHO He-
TPUBHAJIbHOMN, OTJIHYHOH OT 0OBIYHON, TonoJorueil. 31ech
CJeAyeT MOMAYEPKHYTb, UTO paccMaTpHBalollHecs 10 CHX Mop
fIpOCTPaHCTBA C HeOOLIYHOH TOmoJsiorueid ObIJIH, KakK MpaBH-
JI0, CJAULIKOM I1aTOJIOTHYECKHMH, TaK CKa3aTb,— BCEro JHLIb
«OMPOBEPKEHHSIMH»  BCEOOLIHOCTH M  YHHBEPCaJbHOCTH
OObIYHOM, TPUBHAJABHOH MeTpHYecKOH Tonosorud. M no stoi
MPHYHHE B HHUX HE BBLINOJHAJCHA CTOJb CVYIIECTBEHHLIH 14
JIOO0H HX 3MNHPHYECKOH HHTepIlpeTauuH <«IPHHIUI COOT-
BETCTBHA» — He OblJIO NOAMHOXKECTB, B KOTOPbIX B OIlpe/e-
JIEHHOM [MpeJeJbHOM cJjiyyae MOKHO OblIo Obl BBECTH OObIY-
HY10, METPHUECKYIO TOIOJIOTHIO. Tenepp ke oOL[HEe CXeMbl
[porenauka BnepBbie MPEACTABASIOT BO3MOKHOCTb HCIOJIb-
30BaHHS B €CTECTBO3HAHHH OYeHb HEOOBLIYHO «YCTPOEHHBIX»
TOMOJIOTHYECKHX MPOCTPAHCTB, HO BMeCTe C TeM M «BMellalo-
LIIHX» ONpeJejieHHble NMOAMHOXECTBa TOYEK, AJs KOTOPBIX
IclipaBedyiiBa OObIYHAsT MeTpHYecKas TOMOJOrHA (Ha HHX,
tKaK HM3BECTHO, JO CHX [IOp «ONHpaeTcsd» BCe TOYHOE, J0Ny-
CKalollee 3SMIHPHYECKYIO TIPOBEPKY Ha H3MEPHUTEJbHbIX MPH-
6opax ecTecTBO3HaHHe).~

C apyroit ctoponbl, abcTpakTHble npocTpaHcTsa ['poren-
JMKa, Mo-BHAHUMOMY, BIIEpPBbIe NPEAOCTABJAIOT BO3MOMKHOCTD
AJIsi CTPOro MaTeMaTHYEeCKOro yyera B COBPEMEHHBIX ecTe-
CTBEHHOHAYYHBIX TEOPHUSIX CTOJb XapakTepHoH aas 6Guojo-
rHYeCKHX fIBJIEHHH «LEJOCTHOCTH», Hepa3pbiBHOrO eAHHCTBA
OINpeeJIEHHOr0 KJjacca (H3HKO-XUMHYECKHX IIPOLECCOB H
006beKkToB. B XKUBBEIX cHcTeMaX, KakK H3BECTHO, IIOC/JeIHHE
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Kak Obl «CJAHMAIOTCA» B €AHHBbIH, He JONYyCKalolUluii paaio-
KEeHHUs1 Ha 3JeMeHTapHble COCTaBJfoOUlHe <«KJAy6OK» co-
ObITHIT, OnpexesieHHasl 1eJOCTHOCTb M TapMOHHS KOTOPBIX
KaK pa3 MU COCTABJSIOT «CYUIHOCTb» OPraHHYeCKOH (GOpPMBEI
ObITHST MaTepud U 6e3 KOTOPbIX XKHBOE, HapUMep, Cpa3y xKe
nepecraer ObiTh KHBbIM. C Hawel TOYKH 3peHHH, ITA Xa-
pakTepHeHilas OCOO@HHOCTb <«OPraHH30BAHHOCTH» IKHU3HH
KaK pa3 M CBsi3aHa C «BCTYIJIEHHEM B HIPy» HA TPaHHU XKH-
BOTO  CYIECTBEHHO HOBBIX, TPOTEHAHMKOBBIX CTPYKTYp
peanbHOro (HHU3HUKO-OHOJIOTHYECKOr0 TMPOCTPAHCTBA BCAKHM
pas, xorjga peub 3aXOAUT 0 (popMax OpraHH3allHH MaTepHH.

[To nawemy Muenuio, Jawo6ble KauecTBeHHO cBoeobpas-
‘Hble (opMbl OpraHH3alHH MaTepUH CBA3aHbI C «BO30OYKIEHH-
eM» onpeaeJeHHOro KJaacca 3THX HOBBIX CTPYKTYP peasibHOTO
(pu3nKo-6uo0rHUeckoro npocrpancrsa. [Ipu 3tom nazaexko
He CJAY4YaHHO, UTO 3MIHPHUYECKH «IepBble KYCOUKH» MOA00-
HOTO poJa «MPOCTPAHCTBEHHbIX» CTPYKTYP ObIIH TMOJYYEHBb
B €CTeCTBO3HAHHH TOJIBKO TOTAA, KOTAa TOCJeJHee BNepBbie
Cepbe3HO 3aHAJ0CH NpoOJeMOH OpraHu3allid MaTepHH —
Teopueil cTtpoeHHsi atoma. MmenHo Ttoraa Obliia BCKpHITa
o3ajzayuBalouas (GU3MKOB 10 CHX NMOP I0JIHAST 3KBHBAJIEHT-
HOCTb BO BCEX KBAHTOBBIX Npolleccax TOYEK INMPOCTPaAHCTBA,
B KOTOPBIX KBaapaT BOJIHOBOH (YHKIHH paBeH HEKOTOPOIil
MOCTOSIHHON BesnuMHe. A ¢ TOuKM 3peHHst ['poreHarka, B
JIAHHOM CJlyyae Mbl KaK pa3 CTaJKHUBAeMCsi CO «CKJEHBAHH-
eM» BCeX TAaKHX TOYEK B NMPHHILUNHAJBHO HOBYIO, HEE€BILOKCO-
BY TOYKY, .K KOTOPOH, HanpuMmep, NOHATHE METPHKH, paccTod-
HUSI CTAHOBUTCS yXKe HenpuMeHUMbIM. M u3BecTHble, Hab.1t0-
JaeMble HbIHe BO MHOTUX 3KcnepuMeHTax 3ddexts DiHwTEeH-
Ha — [lonoabckoro — Po3eHa — 3T0, ynpolleHHO ToBOp4,
MPOLLECChl, MPOUCXOASIIIHE C yYaCTHEM 3THX «CJHMIIHXCA»
ToueK. B OOBIYHOM METPHUYECKOM TMPOCTPAHCTBE —H Jaxe
BO BPeMEeHH — 3TH TOUKH MOTYT OTCTOATbH OAHAa OT JPYrou
JI0OBOJIbHO JaJIeKO H TeM He MeHee INpolecchl B HHX OyAyT
onpeneseHHbIM 006pa3oM CTPOro KOppesaupoBaHbl JApPyr cC
JIPYroM.

B 3TOoM cMbic/le SiBJ€HHS JKH3HH TNPEACTaBJAAIOT COO6oil
CJIO’KHYIO TIPOCTPAHCTBEHHYIO W BPEMEHHYIO KOPpeJsLHIO
onpeneaeHHbIX (PHU3UKO-XHMHUECKHX TNpOLEeCccoB, TpHoGpe-
TalOUIMX CBOIO «OPraHHYecKylo 11eJIOCTHOCTb» Kak pa3 6Jia-
roaaps «BCTYIJIEHHIO B HTPY» OCOOBIX CTPYKTYP «CKJEHBalO-
IIUXCSA» TIPOCTPAHCTBEHHO-BPEME@HHBEIX TOYeK COBPEMEHHOH
anre6panueckoii reoMeTpur. CnocoObl HX TNOC/IeN0BaTE/b-
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HOro «BO30YXIEHHsI» NPIH H3MEHEHHH OpraHH3alHH MaTe-
PHH MpPEACTOMT elle HCCIeN0BATh — HAUHHAS CO  «CJHN-
WHXCA» CTPYKTYP 3JEMEHTapHBLIX yacTHI (C WX MOCTOSIH-
CTBOM Macc, 3apsiloB, CIMHOB M APYrHX XapaKTePHCTHK
JIaHHOTO HX BHIA) M KOHYasi 11eJIOCTHOCTbIO BOCIPHSITHS Of-
pellesIeHHBIX COBOKYMHOCTeil TOueK (remrtajbTa) KHBBIMH
OpraHH3MaMH. '

1.2, Bo3MOXHaA 3KCNAHKAUMS NOHATHIH CTPYKTYPbI H OPraHH3auMH

C TOuKIl 3peHHS MeTONOJIOTHH OYeHb CYHIeCTBENHO, UTO
abcTpakTHbie cxeMbl I'poTeHaMKa yxe ceiiyac no3BoJfOT
IPOBECTH HEKOTOpOe YTOUHEHHe W BMeCTe C TeM pasrpaHuue-
HHe (auddepeHunanmio APyr OT ApPyra) TaKHX NPHHIH-
NMUHaJbHO BaXXHBIX IJIf COBPeMEHHOW HayKH (GHI0CO(CKHX
KaTeropui, Kak cTpyKTypa M opranusauus. Kaxk H3BecThHo,
o6a 3TH NMOHATHSA CBSA3aHBI C YCTOHYMBBLIMH, WHBAPHAHTHHI-
MH XapakKTepHCTHKaMH abcTpakTHbBIX cucteM. Oanako nep-
BO€, MO-BHAHMOMY, HMEET B BHAY MNpexKJe BCero npocTtpaH-
CTBEHHbIe KOH(HIYypallHH, reOMeTpHYeCKHe acrneKTbl, BTOpPoe
e — YCTOHYHBOCTb  OINpeleJIieHHbIX XapaKTepHUCTHK HJH
NMpoleccoB ¢ TeyeHHeM BpeMeHH. Opranusauus B 3TOM
CMbICJIe TIPeACTaBaseT co6oil CTPYKTYpY, MPOTAKEHHYIO BO
BPeMEeHH, CTPYKTYPY, HMEIOILYI0 AONOJHHTETbHYIO YyCTOHYH-
BOCTb €llle H 110 BpeMeHHOH KOoopauHare.

HawMm kaxercs, uto Tenepb obiue cxembl ['poTenanka mno-
3BOJIAIOT «TNPOJAOJAKHTLY 3TH BecbMa oOLIHe KauyeCTBEHHbIe
coobparkenus 10 CTPOrHX H BMeCTe C TeM JOCTaTOYHO Bce-
o6IHuX MaTeMaTHuyecKHX Moaeneil. CTpyKTypa npu ee HHTEp-
npeTauHH 1a s3blke cXeM [poTeHAMKa XapaKTepH3yeT Tor-
1a TNpexkJe BCero «CKJeHBaHHe» IPYT C APYIOM, «CJHMAHHEe»
BMeCTe B ONpeJleJeHHbIX CHCTeMaX HEKOTOPbIX IOAMHO-
’KECTB TOYEK MPOCTPAHCTBA M TOJBLKO. TOUKH BpeMEHHOH OCH,
pas3JHYHble MOMEHTBl BPEMEeHH, 3leCh BooOlle He MPHHHMaA-
IOTCH BO BHHMaHHe M NMO3TOMY He paccmartpuBaioresi. Opra-
HU3aUHsl — 3TO yxKe 6oJiee CJAOXKHBIT THN  «CKJEHBAHHS»
onpeeJeHHbIX NMOAMHOMXKECTB TOYEK MPOCTPAHCTBEHHO-Bpe-
MEHHOro KoHTHHyyMa. Ona o6s3aTenbHo BKJIOuaeT B cebs
H «CJHIIAHHEe» BMECTe HEeKOTOPBIX TOYEK OCH BpeMeHH. DTO
MMeeT CBOUM (PH3HYECKHM pe3yJbTaTOM B NPOCTEHIIEM CJy-
yae coxpaneHue onpeiiesiIeHHOH CTPYKTYpbl BO BpPEMEHH,.
B obuiem cayyae Mbl noJsyuyaem CTPOTyio KOppeasiiuio Ta-
KHX CTPYKTYpP B pas3jiMyHble MOMEHTbl BpeMeHH — 00s3a-
TeJbHOe NMpOoTeKaHHe HEeKOTOPBbIX MPOLECCOB AP.LT 3a APYrom
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B onpejeseHtoi, crporo (UKCHPOBAHHOH TOCJaed0BaTeNb-
HOCTH.

Mounekynsipiasi OHOJOTHSA — 3TO NpexkJae BCEro OpraHu-
3alus, CTPOro onpejeqeHHAas KOppeasilus B TNPOCTPaH-
CTBE W BO BpPEMEHH MHOTHX H MHOTHX TbiCAY (PH3HKO-XH-
MHYECKHX NpPOLECCOB C yyacTHEM MHJJIHMOHOB CaMbIX pas-
JIMYHBIX aTOMHO-MOJIEKYJISIPHbIX CTPYKTYP.

KakoB ¢H3uuecKuit CMbiC/ «CJAHNAHUS» TOUEK BMeECTe,
HX «CKJIeHBaHHf» B CYUECTBEHHO HOBbIX, T'POTEHAHUKOBBIX
npocTpaHcTBax obuiux cxem abCTpakTHOIl aareOpauyeckol:
reoMeTpuH? ITO, NO-BUIAHMOMY, NOSIBJEHHE HEKOTOPOH HH-
BapHAHTHON CTPYKTYpbl HHTepecylolux Hac 00beKToB. OHH
Ternepb MNpHHaAJeXKaT Kak Obl OAHOH OoJblLIOH obOuLeii
TOYKe, OObIYHbIe eBKJIHMA0BbI KOOPAHHATH OTAENbHBIX KOMMO-
HeHTOB KOTOPOH MOryTt ObITb OY€Hb Pas3JUYHBIMH H J1ajeKoe
yAaNeHHbIMH APYT OT Apyra, Ho Bce (pU3HYecKHe B3auMoaen-
CTBHSI «BHYTPHU» KOTOPOH Tenepb meperaloTcs, TaAK CKasaThb,
«MTHOBEHHO» (Hamnpumep, MAJsi BCeX 3JE€KTPOHOB BO BCeil
BceneHHOM MIHOBEHHO, YK€ B CaMblii ‘MOMEHT UX obpasoBa-
HHS, 3aKOHAMH TPHUPOAbl AETEPMHHUPOBAHO, KAKOH HMEHHO
Yy HHUX NOJIKeH ObITb 3JIEKTPHUECKHH 3apsl, Macca U T. 1.).

It 00beKTbl, TPy00 TroBOpPS, CTAHOBATCH <«COCEAAMH»
OYeHb PAa3/JIHYHO PACIOJOXKEeHHLIX (HanpuMmep, B OTHOIIEHHH
yaaJeHuss OT HEKOTOPOro Hauaja KOOpPAHHAT) OOBbIYHBIX
eBKJIHA0BO-€BIOKCOBbIX Toyek. Hanpumep, B H3BECTHBIX
ONbLITAX MO 3KCNEepPHMEHTaJbHOMY OOHApYy»KeHHIO TaK Ha3bl-
BaeMbIX KBaHTOBOMexaHHuyeCKHX 3¢dexktoB IJiiHwTEHHA —
[Tononbekoro — Po3eHa oOpa3oBaHHas 4YacTHUAMH  BBICO-
KHX 3HepPruit 3JeKTPOHHO-NO3UTPOHHAs Tapa pasJjeTaercs
(6e3 B3aUMOJIEHCTBHI C JAPYrHMH KOPNYCKyJaMH) B pas-
JUYHBbIX HanpaBaeHHssX. OJHH U3 KOMIIOHEHTOB Mapbl MO-
XeT, BooO1Lle roBops, yJeTeTb Jaxe B JAPYrylo TajlakTHKY,
HO KaK TOJIbKO CIIHHOBOE COCTOAHHE JPYyroro KOMIIOHEHTa
CTPOro (pUKCHpPYeTCsi B ONpelleJIeHHOM 3KCIepHMeHTe, Co-
CTOSIHHE NEepBOro MTHOBEHHO CTAHOBHUTCS CTOJIb XKe onpeae-
neHubIM. [IpHyeM UMEHHO MIHOBEHHO: OMBITHI MOATBEPAHJIHU
HMEHHO 3TO AJS A0CTATOYHO GOJIbUINX PacCTOSHHH.

Takoro pona xBaHTOBble 3p(deKTbl U MOryT paccMmaTpH-
BaTbCAl KaK OCHOBA XapaKTepHOIl IJIs JKUBBIX CHCTEM Opra-
HH30BaHHOCTH MHOTHX ‘U MHOTHX MOJEKYJspHO-OGHOJOTIYE-
CKHX TNpoLeccoB. DTH Npolecch 0ObIYHO COCTOAT H3 AECST-
KOB THICSIU CJOXHeHHX OHOXHMHYECKHX peakuHi, BpeMmd,
MECTO H CKOPOCTb KOTOPBIX TOYHEHIIUM 06pa30M CKOOPAUHH-
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pOBaHbl B KaXKJA0H KJeTKe (a HepeaKo H BO BCEM OpPraHusMme,
Kak 3TO HMeeT MeCTO, HanpuMep, Ha HayaJbHbIX H mnocJje-
Aylouiux craausax smOpuorenesa). Koneuno, ¢pusuuecku He-
ob6xonumoe oObsICHEHHE TAaKHX «BBICHIHX» SIBJEHHI Oopramu-
3allHH KaK 110CJe0BaTebHOCTb OHOXHMHUECKHX peaKI i NpH
smMOpHorenese ceiiyac MoxKeT ObITb NMOCTaBJEHA TOJLKO Kak
naJjekasi, TMepcnekTHBHAs leab HccjaegoBauuil. Oanako
cxeMbl I'poTreHaHKa yxe ceiilyuac MOryT OYe€Hb MHOTOe AaThb
B MaTeMaTHUYECKOM MOJAEJHPOBAHHH «IIPOCTEHIICH KJAETOUKH»
BCceX sBJeHHH Takoro poaa. OcobeHHO 3TO Kacaercss aJjJo-
CTEPHYHOCTH CHHTe3a OO0JIbUIMHCTBA OPraHHYEeCKHX MoJe-
KYyJ — 3aBHCHMOCTH 3TOro CHHTE3a OT TOYHOH TmpocTpau-
CTBEHHOH KOH(HTypalHH Y4YyacTBYIOILHX B HeM CTPYKTYp.
DTa KOH(pHrypalHs B CBOI Ouepeldb OMpeaessieTcss HaJH4H-
€M B OKpy:Kalouleil cpeae onpefeseHHbIX TpPyNni HOHOB,
a TaKxe 3anoJIHeHHEM OMnpeleseHHbIX «KJIOYeBbIX [1a30B»
CHHTE3HPYIOLHX MOJIEKYJ CTPOro ONpeAeJieHHBIMH aTOMHbI-
MH (MJIH HOHHBIMH) KOMIIJIEKCAMH.

BMecTte ¢ TeM MOXXHO CYHTaThb, YTO NMPOCTPAHCTBA CXEM
['porennnka Haxoaarcs, o6pasHo roBops, «BHYTPH» HalIEro
O0OBIYHOTO HAarJsiAHOrO TPOCTPaHCTBA-BpeMEHH: OHH — BCe-
ro JHLb pas3JHyHble BO3MOXKHOCTH «CKJCHBAHHA», «CJHNA-
HUSI», OOBEeJIHHEHUS BMeCTe ONpeaeJeHHbIX MOJAMHOXKECTB
ero oObIYHBIX, B €BKJIHIAOBOM CMbIC/Ie OUE€Hb YETKO OTHAeJIeH-
HBIX ApYyr oT apyra, Touek. B cBoe Bpemsi EBnokc o6partun
BHHMaHHe Ha B3aHMHYIO OTAEJbHOCTb TOYEK, UX «OT/HeJIeH-
HOCTb» JIPYI OT ApPyra — BO3MOXHOCTb BCeria TIOMeCTHTh
MeXAy ABYMSI HECOBMAAAlOUIMMH TOYKAMH elle U TPeTblio
(Kak yTBepKIaeT OAHO U3 Ba)KHeHIIHX CJAEICTBHH €ro
AKCHOMBI) .

Cnenan oH 3TO, KOHEYHO, HE TI0 CBOEMY JIHYHOMY TIPOHU3-
BOJIY HJH KanpH3y — K 3TOMY ero o06s3biBajio Bce OoJbluee
U OoJibliee KOJHUECTBO ONBITHBIX (AKTOB O MeXaHHYeCKOM
ABHXXEHHUH — MPOCTEeHIlIeH, TAK CKa3aTb, HAUMeHee OpraHH-
30BaHHOIi ¢hopMe MaTepuasabHoro JABweHus. [lociennee
BCerjia 3aTparuBaeT, HArJsAHO TOBOPs, BCeraa «BO30OYXK-
NaeT» TOJbKO TaKHe CTPYKTYpPbl peajbHOro (pH3HUEeCKOro
NPOCTPAHCTBA, KOTOpPble <«MOAYHHAIOTCHA»,  OMNHCHIBAIOTCH
akcuoMmoit EBnokca — Apxmmena, Tak uto 06e3 ee SIBHOM
$hOpMYJHPOBKH M BCECTOPOHHEro HCIOJb30BaHHsA, HalpH-
Mep, B METO/le «HCYEPNbIBAHUSI» CTAHOBJEHHE MeXaHUKH KakK
MaTeMaTHYeCKH GopMyaupyloLeil CBOH 3aKOHBl HaYKH ObLIO
O6bl TPOCTO HEBO3MOXKHBIM, JleHCTBUTENBHO, YK€ anopHH
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3eHOHa CTaBSAT BOMPOC O TOM, YTO NMPOCTPAHCTBO, «BMEMAt0+
uee» B cebsi Bce MeXxaHHYECKHe ABHIKEHHS, NOJNKHO o6sa3a-
TeJNbHO o6JagaTh CJAeLYIOLUIHM CBOHCTBOM: MeXKAY JIOObIMH
ero ABYMs pas3/HYHbIMH TOYKaMH BCErjla MOXHO HaHTH Ha
COeNMHSIIOLIEll UX NMPSAMOI IO KpaHHel Mepe euie OJHY TOY-
Ky, PAcrnoJIOXKEHHYIO «MEeXIAy» HHMH H YETKO OTAEJEeHHYIO
(HEKOTOPBIMH OKPECTHOCTSAIMH) OT HHUX.

[TonmMHoXKecTBa TOYEK, KOTOpble B CXeMax rpOTEHﬂ.HKa B
OnpeaeseHHOM CMBICJE «CJIHMAIOTCSI», «CKJIEHBAIOTCS» BMe-
CTe B OAHY, HE3aMKHYTYIO TOYKY, HE MOrLYT ObITb TPOH3-
BOJIbHBIMH. B npaBuabHOM BbIOOpe TaKHX IOJAMHOXKECTB,
coOCTBEHHO TroBOps, M COCTOAJIa OCHOBHasi TPYAHOCTb BBe-
JeHHUS 3THX HOBBIX MaTeMaTHYeCKHX NpocTpaHcTB. J[leso B
TOM, YTO MPOHU3BOJIbHOE MHOXKECTBO TOYEK CTAHOBHTCSI TOIO-
JIOTHYECKHM MNPOCTPAHCTBOM TOJBKO B TOM CJyuae, €CJiH B
HeM BblJeJieHa TaKasi CHCTeMa MOJAMHOMKEeCTB HCXOAHBIX TO-
yex, K KOTOpoi 0065i3aTesibHO npuHHaIexar Joboe o6beau-
HeHHe MOJAMHOXKECTB Hauleli cucTeMbl U Jl060e HX nepeceye-
HHe (a TakKe €aMO HCXCILHO€ MHOXKECTBO TOYeK IUIIoC ny-
CTOe MHOXE€CTBO).

Tak yTo «caunatbea» JOOLIM NMPOH3BOJNILHBIM  00pa3om
TouKaM cxeM ['poTeHanka Heab3s — JloOble UX NOJMHOXKe-
CTBA JOJIXKHBI YAOBJIETBOPATb 3THM KPaTKO ONHCAHHBIM
Bblllle aKCHOMaM TOMNOJIOTHYeCKHX mpocTpaHcTB. A. ['porten-
JIUK, COOCTBEHHO rOBOpPS, NEPBLIM IOCJAEL0BATEJbHO NPOBEJ
B JKHM3Hb BO Bceil ajreO6panuyeckod TreoOMEeTPHH JOBOJbLHO
CTapyio HIEl0 O TOM, YTO MOJAMHOXKECTBA TOYE€K TMNPOCTPaH-
CTBa, COOTBETCTBYIOLHE TAaK Ha3biBaeMbIM H/eaJjlaM HEeKOTo-
poro abGCTpaKTHOro KoJiblia, Jy4ylule BCEro 3afaloT HCKOMble
«CJAUMAOLIHecsT» TOAMHOMXKECTBA TOueK. ITHX HJeaJoB
00BIYHO JOCTATOYHO MHOrO, TaK YTO OHH MOrYT BbIJIEJHTD
KOH(MHrypauHtio NnoyTH Ji0060ro MHTEpecyioulero Hac THMa
(mpocTpaHCTBeHHbIt 06pa3 mnoutu Jwoboro ob6bekral).
C npyroit cTOpOHbI, HX MOMKHO 6e36083HeHHO (CKOJbKO
YrOAHO pa3 M COBEPUIEHHO NPOU3BOJBHO) OOBLENUHATH BMe-
cre W BblAeJsATb 0oOLLYI0 yacTb (nepeceyeHHe) IABYX JIOOBIX
TaKHX NOAMHOXeCTB 6e3 Toro, ytoObl B pe3yJbTaTe HEKOTO-
PO MOCJEeA0BATEJbHOCTH 3THX ONEpPalHi IMOJYYHIOCH MOA-
MHOXEeCTBO, He NMpPHHaJJexKallee Hallleil BblJeJEeHHOH CUCTe-
Me (TOMOJIOTHH) — He COOTBETCTBYIOLEee HHKAaKOMY Heasny.

31ech caeayeT NOAYEPKHYTb, YTO yallle BCEro 3ajaBae-
Masi Ha cXeMax McxonHas, 0a3oBas TOMOJIOTHS — TAK Ha3bl-
BaeMas TOMOJIOTHA 3apHCCKOrO MOKET 0Kas3aTbCs CJHII-
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KOM «TpyOOH» IJs MaTeMaTHYeCKOTO MOJeJHPOBaHHsI onpe-
JeJIEHHbIX THNOB CTPYKTYpP M OopraHu3auud. Boigensiemblii et
KJ1acC NOJAMHOXKECTB TOYeK Jallllor0O MHOXXeCTBAa MOXKEeT CO-
AeprKAaThb — HApsily C HHTEPECyloulliMH Hac KOoHQHUrypaumus-
MH — Tak»Xe H I[OJAMHOXKEeCTBd, He HMelollue HHUKAKOro OT-
HOIIEHHs K paccMmartpuBaemoil npobJeme. B Takom cuayuae
Ha cXeMe NPHIAETCs BBECTH ApPYrylo, 6ojiee «TOHKYIO», Tak
Ha3blBa€MYyIO «3TaJIbHYIO» TOIOJIOTHIO, TaKXe Ipeiaoxen-
nyio A. ['poTeHHKOM, KOTOpasi yXe MO3BOJISIET «OCTaBHTb»
B KJjacce NOAMHOXKeCTB (M MX OTOOpaKeHHi) AaHHOTO MHO-
J)KecTBa, 3a/laloLIeM TOIOJOrHIO, TOJNbKO T€ U3 HUX, KOTOpbIe
HMEIOT OTHOILEHHE K HHTepecylouleil Hac 3ajaue *.

B sroMm nuane yxe ceiiuac npeinpHHHUMAIOTCS TIONBITKH
IIEPETOJIKOBATb BeCb BBIYHCJMTEJIbHBLIH anmnapar KBaHTOBOM
MEeXaHHUKH C TOYKH 3peHHs TeopuH cxeMm I['porenauka. B ka-
YeCTBE HCXOJIHOIO IOMIOKEHHS NPUHHMAeTCs THIIOTe3a O TOM,

"YTO BCe TOUKH, B KOTOPBHIX KBaJApaT BOJHOBOH (pYHKUHH pa-

BeH HEKOTOPOH MOCTOSAHHOH, 3aJalOT HEKOTOpHIil Haean R
KOJIblle (PYHKIHH H MOryT ObiTb paccMaTpuBaeMbl Kak crie-
LlHAJH3allisd HEeKOTOPOH HEeBAOKCOBOH TOYKH. Y paBHEHHE
[Ipeaunrepa B 3TOM CJydyae HCTOJKOBLIBAETCS KaK pe3yJib-
TaT BBEAEHHS B KOJbLO (QYHKUMII HHAbNOTEHTOB. Torga mo-
JyyaetT oObsCHEHHe M caM Crnocob «IoJy4eHHA» KOHKpeT-
HOre BHJla 3TOr0 YpPaBHEHHS — 3aME€HOH COOTBETCTBYIOLIHX
(bu3MyeCKHX BEJHYHH B COOTHOLUGHHH MEXKIYy SHeprueii u
HUMIIYJIbCOM oONpeieJIeHHbIMH AH(depeHIlHaJbHBIMH  onepa-
TOpaMH.

1.3. MpoGaema Jokanu3aUMK U MHAMBHAYAAH3AUUH O00BLEKTOB

[TpocrpancrBa I'porenanka mnossoasior Takxke OGoJee
TOYHO NMOCTaBUTb — H HA KaKOM-TO NOCJAEAYIOLLeM 3Tamne Ha-
YUYHOT'O Pa3BHTHSI, BO3MOXKHO, PELINTb — €ellle OAHY TPYAHYI
METOLO0JOTHYECKYI0 NMpobJeMy COBPEMEHHOr0 eCTeCTBO3Ha-
HUS, NPUHLUUIIHAJBHO BaXKHYI0 KakK AJs (QHU3UKHU 3JeMeHTap-
HbIX YaCTHIl, TaK H AJd TeOpeTHYeCKOH OHOJIOrHH — MpPOo-
OJeMy CTpPOrod HHAHBHAYaAJH3alUHH MU TOYHOH JIOKAJH3aLHN
MX HauboJaee THNHYHLIX 00beKTOB. a5 pH3HYeCKHX 00BbeK-
TOB OKpYy:Kalolllero Hac MHpa npobJjeMa 3Ta — A0CTATOYHO
CTpPOTOil HMHAMBHAYaJaH3aUHH (NMOCPEACTBOM OJHO3HAYHOH

2 1. Mamgpopad. T1pobaembt monyaneit u ux rpynnsl [Inkapa.— «Marematu-
Kay, 1969, 1.'13, Ne 2, ctp. 26.
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Jokanuzaunn) —On1d yKe pelleHa TAKHMH MBICTHTENSIMH
npoinoro, kKak [lapmenun, 3enou, EBnoke, Jlei6uuu. Ona
BOlIJAa B KayecTBe «CaMOOYEBUIHOH» NMPEAINOCHLIIKH BO BCe
yueOHHKH MO €CTeCTBO3HAHHMIO H B caMble TMOCJeJHHe TO/bl
Obl1a  JlazKe 3IKCTPanoJHpoOBaHa — COBEPILUCHHO He3aKOH-
HbIM, BripoyeM, o6pa3oM — Ha HOBble 00JlaCTH AE€HCTBHTE/ b+
HOCTH (THNA BHPTYyaJIbHOH «wIyObl» BOKPYr 3JEeMEHTapHbIX
YACTHLL MJIH KBAHTOBBIX NMPOLECCOB B MOJEKYJIsipHO-OHOJIO-
FHYCCKHX cHCTeMax).

Kaaccuyeckoe peuweniie 31oil npobJacmul  crnpaBeiyiHBO
TOJIBKO JJIS NPOCTeilero cayyas — HanboJsee «caabo opra-
HH30BAHHBIX» 00BEKTOB — 00BEKTOB K/JaCCHUECKOH (DUIUKH.
B HHX oCHOBHasi ¢opmMa IBHKEHHT — ME€XaHHUeCKoe nepe-
MelleHHe — MNOYTH HUKAK He BJHSET M He H3MeHseT HX co0-
CTBEHHYIO MHJMBHIYAJIbHOCTb: ABHXKEHHE MAATHHUKA, HAIPH-
Mep, COBEpLIeHHO OJHHAKOBO B JI000H TOYKE 3eMHOro mapa.
Mexay TeM Kak yxe B cayyae MNPOCTEHIIHX THIIOB MarTe-
pHaJbHOH OpraHH3allHH, HanpuMep B XHMHUECKHX aToMax
HWJIH MOJIeKyJaX, CTporas HMHAMBHAYAJH3allHs COCTABJAIO-
IIMX HX 3JEMEeHTOB KJaCCHYEeCKUM METOHAOM (TOYHOM JIOKa-
JM3alueil B eBKJUJOBOM NPOCTPAHCTBE) Cpasy »Ke IPHBO-
JAHT K M3BECTHBIM NapajgokcaM KBAaHTOBOH XHMHH — JleJIOKa-
JIM3aUHMH M JlaXKe «KOJJEeKTHBHU3aLHH» 3JIEKTPOHOB, <«pe3o-
HAHCY» HHAUBHAYAJbHbIX XMMHUYECKHX CTPYKTYp H T. .

M uyem «BblllIe» HAeM Mbl B HalnpaBJeHHH YCJIOKHEHHUS
OpraHH3alliu HHTEepecyloIHX Hac 00beKTOB, TeM OoJee mpo-
6J1eMaTHYHOH CTAHOBHUTCA HMX HHAMBHAYyaAJH3alusi Mocpen-
CTBOM OJIHOH TOJIbKO NPOCTPAHCTBEHHOW JIOKAJH3aLHH.

MoxHo naxe yTBepxaaTh (C H3BECTHON 0JeH OCTOPOXK-
HOCTH), YTO HMEHHO CTeneHb TPYAHOCTH, C KOTOPOH «yHaeT-
CA» CTPOTO HMHAWBHAYAJHU3UPOBATb OOBEKT OAHHM TOJBKO
METOJZOM €ro TOYHOH JIOKaJu3alluH B €BKJHIOBOM TMPOCT-
PaHCTBe, ABJAETCS CBOEro pojla MEPOH €ro «BKJIOUYEHHOCTH»
“B HEKOTOpYIO opraHusauuio. B 3ToMm cMbicjie TOCTOSIHHO -
nonuepkuBaemasi 6uosnoramu (k. Bepnan, K. Yonnuur-
ToH, I'. [laTTH M ApyrHe) HEBO3MOXKHOCTb CBfI3aTb SIBJEHHS
2KM3HH TOJIBKO C OINpeie]eHHON 3aMKHYTOH rpynmnoi 6enko-
BbIX MOJIEKYJd HJAH OPraHH3MOB MpPeACTaBJAACTCA CJEACTBH-
€M HMEHHO JOCTHIHYTOH IOCJEeAHHMH BbICOKOH CTEMEeHH Op-
raHU30BaHHOCTH. A TpaKToBKa OHOJIOTMYECKOro mnporpecca
KaK Bce OO/bLIEro yCJOXKHEHHs OTHOLIEHHS XXHBOTO C BHeLU-
HHM MHPOM Ha NMyTsaX HX Bce 6oJee rayboKOro B3auMOMNpo-
HuKHOBeHHs (CeBepuoB — llIMasbrayseH)  OKasblBaeTcs
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APYrori CTOPOHOH Mpouecca MOBbIEHHsT GHOJOTHYECKOH Op-
raHH3alUHH, B X0Je KOTOPOro «IeJOKaJH30BaAaHHOCTb» MKHBO-
ro, pacnpoCcTpaHeHHOCTb ero Ha Bce OOabluve obaacTu u-
3HYECKOr0 NPOCTPaHCTBA HENMPEepPbLIBHO BO3pacTaer.

Cxembl ['poTeHauKa no3BoJsIIOT NMPHAATb BCEM 3THM YH-
CTO KauyeCTBeHHbIM (H B 00uEeM-TO JOBOJIbHO JAaBHO H3BeCT-
HbIM, HO TIOKA YTO HHMKAK HE€ OTPaeHHbIM B MaTeMaTHKO-
aJrOPHTMHUYECKOM anmapaTte TOYHOIO €CTeCTBO3HaHHsi), CO-
o6paKeHHusiM JOCTATOYHO OJHO3HAUHbII reoMeTpHUYeCKHii
CMBbIC/I.

MunusunyanusupoBatb 00beKT B 3TuX GoJiee oOIHX Ma-
MaTeMaTHYEeCKHX NPOCTPAHCTBAX MOXKHO He TOJbKO CTa-
PBIM, YHCTO MEXaHHYECKHM METOAOM, HO U HEKOTOPbIM HO-
BbiM, Oosiee o6mum o6pa3oMm — 3ajaBasi ONepalHOHAJbHO
BBIMOJHHMOE OTOoOpakeHue HCXOAHOTO KoJblla, Onpeaedsio-
11ero AaHHYIO CXeMY, B HEKOTOpoe 1oJie.

HMmeHHO Takasi, CyIIeCTBEHHO <«HeKJaccHuyeckas» HHIH-
BHAYaJbHOCTb XapaKTepHa /Jsi KBaHTOBbIX o6bekToB. Ha-
npuMep, AJs 3JeKTPOHOB B M3BeCTHbIX omnbiTax JleBucco-
Ha — )KepMepa mo AHPPAKUHH HA KPHCTAJJIHUYECKOH pe-
LIETKE OHa omnpelessdeT BCe OTJAHYHA MHKPOKOPNMYCKYJ OT
MaKpOCKONHYeCKHX Tea. B pesyabTare nosyuyaeMm TpPaKTOB-
Ky KBAHTOBOH MeXaHHKH KaK TeOpHH ABHIKEHHSI MaTEpHH B
«IPOCTpAaHCTBAX» c¢XxeM ['poTeHaHKa C yYeTOM HHJBIIOTEHTOB
B HCXOAHBIX (6a30BbiXx) Koabuax. Cefiuac Oblj10 OBl mpexae-
BpPeMEeHHbIM BXOJHMTb B TeXHHYECKHEe JeTaji M MOAPOOHOCTH
3TOH TPAKTOBKH, OJHAKO ee OoOlIEeMeTON0JOrHUeCKK e acnek-
Tbl, Kacawouipecss obuieii npobsaeMbl JOKaJMH3allHH H HHIHBH-
AyaJH3aluHHd HauboJsiee THNHYHBIX OOBEKTOB COBPEMEHHOTO
eCTeCTBO3HaHHud, 0OCYAUTh cienyer.

Hu Ha ueM He OCHOBaHHOe M, MO HalUEMYy MHEHHIO, NpH-
BOAsLLEEe K Hepa3pellUMbIM TYNHKaM MNepeHeceHHe B MHUK-
POMHDP YHCTO MaKpPOCKOMHYECKHX CrnocoOOB JOKAJH3alUUH H
HHAHMBHAYAJH3allUd O0O0BEKTOB ONHHAKOBO OecrnepcrneKTHBHO
KaK B TEODHH 3JIeMEeHTapHbIX YacTHl, TaK M B KBAaHTOBOMH
6noxumuu. IlpeacraBaeHve o «TOYEUHOH» JIOKAJbHOCTH MO-
JIEBbIX B3aHMOAEHCTBHH — BOT IVIaBHBIH H oOLlenpHU3HaHHBIM
HCTOYHHK BCEX TPYAHOCTEH COBPEMEHHOH KBAHTOBOH TEOPHHU
noJssi. B KBaHTOBOH OHOXHMHH, MBI IOJIaraeM, eMy COOTBET-
CTBYET NpeACTaBJeHHe O TOM, YTO KaxAbli aToM, Hanpumep,
yraepozia B CJAOXKHOH aJsjIoCTepHYeCKOH OeJIKOBOH MOJIeKYyJe
MOKeT ObITb JIOKAaJU30BaH TOJbKO €IHHCTBEHHLIM, BOCXOAS-
UM ewe Kk 3eHoHy U EBrokcy cmoco6oMm — 3afaHHeM €ero
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TOUHBIX M OJIHO3HAYHBIX MeTpHuecKux Koopaunat. Omnaxo,
KaK H3BECTHO, YXe J0BOJIbHO NpocTasi MoJeKkyna OeH3oua
CTaBHUT NMOJA OYyeHb O00JblLIOE COMHEHHe 3aKOHHOCTb BCex
3THX HAUIHUX 3KCTPANoOJALHIN B MUKPOMHpP CTapbiX cnoco6oB
JIOKAJH3alHH 00 BEKTOB.

[Ipob6nema, 3Ta, KOHEUHO, OYeHb Goabluas H CJA0XKHAA,
Cefiyac, no-BHAHMMOMY, Mbl TOJNbLKO elle npubanxkaemes K ee
JIOCTaTOYHO CTPOrOH M YHHBepcaJbHON nocraHoBke. B yacr-
HOCTH, MeIUICHHOe H TocTeneHHoe OCBOOOXKIAEHHe eCTeCTBO-
31alusg OT onpeaessiiouleii posu eBAOKCOBbIX METPHUYECKHX
CTPYKTYP JIOKAJH3allkK JIOJNXKHO, 110 HalleMy MHEeHHIO, HATH
caenyouuMm nyreM. Mol TOJKHBI, B Ka)X/0M KOHKPETHOM
cayuae, B KOTOPOM, ‘Ha MepBbIl B3rJsil, 0OTKa3 OT €BI1OKCO-
BOH JIOKaJau3aUuHH OOBEKTOB pa3pyliaeT CcaMyi0 BO3MOX-
HOCTb NMPOTEKaHUs AAHHOTO sIBJ€HHS, MOCTapaTbCsl YBHIAETb
«3alenjenre» Mexay coboit Tex, 6osee GyHIAaMEeHTAJNbHBIX
(OHTOJIOTHYECKHUX H BMECTEe C TéM MaTeMaTHYeCKHX) CTPYK-
TYp,— NnpexJae BCEro  TONOJIOTHYECKHX,— OTpeaeJIeHHbIM
«mepeceyeHHeM» KOTOPbIX H SIBJASIETCA caMa JOKaJH3alHus
06bekToB o EBaokcy.

CneumnanucTsl Mo MOJIEKYASPHOH OHOMOTHH YTBepXKaa-
0T, YTO OOJILIIHHCTBO — €CJH He BCe — (PU3HKO-XHMHUYECKHE
nMpolecchl B >XKHBLIX OpPraHH3Max HMeEIOT, HanmpuMep, TaKylo
NPUPOAY: AJS KJAETKH He OuYeHb CYLIeCTBEHHO, B KakKoii
MMEHHO MOMEHT BPeMEeHH H B KaKHX MMEHHO ee KOOpJAHHAT-
HbIX TOYKaX HayuHaAIOT 00pa30BBIBATHCS, CKaXKeM, aHTHUTeJa
NPH BTOPXKEHHH B Hee uyxepoaHbIX OeakoB. [IpuHuH-
NMHAJbHO BAaXKHO «3allel/JeHHe» COOTBETCTBYIOUIHX CTPYKTYP:
aHTUTEJa NOJIKHbl TMOSIBUTHCH <«BCKOpEe» MOCJe BTOPXKEHHS
3THX YYXXEPOJAHbIX TMpHIUeJSblLeB W BbhipabaThiBaTbCsl <«BCe
BpeMsi», IOKa OHH OCTAIOTCH B KJETKe,

Jlo c¢ux nop, 10 OTKPLITHA T'POTEHAHKOBLIX MaTeMaTHye-
CKHX CTPYKTYpP, €AHHCTBEHHBIM CnOocoOOM AOCTATOYHO TOU-
HOH, YHHBepCaJbHOH M BceoOuleH JIOKaJH3alHH 3THX Cylle-
CTBEHHEHIIHX IJA [NaHHOTO «CJyyas MOHATHH <«BCKOpe» H
«BCe BpeMsi» OblJI0O NMPHBHECEHHOe B GHOJIOTHIO HANpPOKAT W3
K1aCCHYeCKOH (PH3HKH COMOCTaBJEHHE MM oOlNpeaeseHHbIX
TOYEK HJIH OTPE3KOB MeTPHYECKHX €eBIOKCOBHIX CTPYKTYP.
Takum o6pa3om, B3siTble «HANPOKAT» H3 KJIACCHYECKOH Me-
XaHUKH H 3JeKTPOAHHAMHKH NPEACTAaBJEHHS O NMPOCTPAHCT-
Be-BpeMeHH B OHOJIOTHH MOTYT HrpaTh pPOJib ‘BCEro JHIIb
«CTPOHUTEJbHBIX J€COB», KOTOPble NMOTOM, NOCJ€e NMOCTPOEHHUS
TeOpeTHYeCKOoH 6HOoMOornH, Hen36exHo OyayT yOpaHbl.
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§ 2. YHuBepcaJqbHble onepauuoHabHble NPOLELYPHI
2.1. Knacc nekaproBo-3iHWTEHHOBLIX npobaem

Caenyomum THIIOM MeTOAOJOTHYECKHX ImpobaeM, pas-
pellieHHe KOTOPbIX HEOOXOAHMMO NpPH NOCTPOEHHH HOBOI
(pyHAAMEHTAJbHOH eCTeCTBEHHOHAyUHOH TEOPHH, SIBJASETCS
YCTAHOBJIEHHE OAHO3HAYHBbIX ONlepalHOHaJNbHBIX, T. €. pea-
JH3YeMbIX B HEKOTOPOil 3KCMepuMelTasblioln npouenype,
IpaBHJA CONOCTaBJEHHS 3JeMEeHTOB H3OpaHHOro MaTeMaTH-
YeCKOro NnpoCcTpaHCcTBa OnpejesieHHbIM 3JeMeHTapHbIM (dak-
TaM JAaHHOro )parMeHTa MaTepHaJbHOIl JAeHCTBUTEJbHOCTH.
HMtak, npu paspeuieHHH 3TOro kKJjacca MeTOAOJOrHYeCKHX
npobseM peyb HAET O HAXO0XKAEHHH CpeAH BCero MHOro-
obpa3nsi NPUPOAHBIX U HCKYCCTBEHHBIX (BbI3bIBAEMBIX UYeJIO-
BEKOM B €CTeCTBEHHOHAayYHOM 3KCIIEpPUMEHTe) MaTepHalb-
HBIX TPOLIECCOB HeKoToporo ocobennoro npouecca. On poJ-
XKeH ObITb npeaesbHO NPOCTHIM H BMecTe ¢ TeM abCOJIIOTHO
YHHBepCaJbHbIM, 4TOObI HrpaTbh poJb BCeriaa JAeHCTBEHHOIO
npaBHJa, MO3BOJIAIOLUIETO COBEpPILIEHHO OJHO3HAYHO COOTHO-
CUTb HEKOTOPbIH 3JieMEeHTapHblii MaTepHaJbHblii 00BEKT CO
BMOJIHE OMNpeaeJeHHbIM 3JeMeHTOM H30paHHoro abCTpakT-
HOTO NPOCTPaHCTBA. '

B cBoe Bpemsi JlekaproM Oblna peuieHa TpyAHeHIuas
MeToJoJiornyeckas npobaema KjaaccHueckoil MexaHHKu. MM
OblJ1 HaWdeH NMPOCTEHINHH H BMecTe C TeM JOCTaTOYHO YHH-
BepcaJibHblH (NMPHMEHHMBIH, 10 KpaiHHEH mMepe B MNPHHIHIIE,
KO BCeM MeXaHHYeCKHM npoleccaMm) cnocob — MeToja npo-
€KTHPOBAHHSA — COIIOCTABJIEHHSI Ka)XAOMY IOJIOXKE€HHIO Ma-
TEPHAJbHOr0O TeJa €ero IPOCTPAHCTBEHHBIX KOOpPAHHAT,
a BCAAKOH TPaeKTOPHH €ro NBHIKEHHA — ONpee]IeHHOr0 Ma-
TeMaTHYEeCKOr0 YypaBHEHHH, CBS3bIBAIOLLIErO 3TH KOOpAHHA-
. Thl (H BpeMsi) Mexay coboi.

C Tex mnop o6bluHOE, «HATJSAHOE» COOTHECEHHE BCEM
CKOJIb YTFOJHO CJIOXHLIM BHJAaM MEXaHHYECKOro JABHXKEHHS
HEKOTOPOTO ypaBHEHHSs, OMHCBLIBAIOLIETO0 H3MEHEHHS CO Bpe-
MEHeM eBKJIMAOBbIX KOOPAHMHAT JIBHXKYLIErocsi Tenaa, CTaJo
OCHOBOH TeOopeTHYecKOH (HU3HKH — O4YeHb INPHBBIYHOH, IO-
BCEAHEBHOH, «OYEBHIHOH» H Jaxe «caMo coboil pasymero-
weica». Toabko B Hayane XX B. A. DiiHWTEH CBOUM oOmpe-
JAeJleHHeM OLHOBPEeMEHHOCTH C NMOMOLIbIO HOBOrO Omnepaluo-
HaJIbHOTO CpPeACTBA — 3JIeKTPOMArHUTHbIX CUTHAJOB — IO-
KasaJ, 4TO NPH CKOPOCTAX TeJ, O6/JH3KHX K CKOPOCTH CBeTa,
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3TOT CcTaphlii cnoco® onepauHoHaabHOH (HU3HYECKOI TpaK-
TOBKH TPEeXMEPHOro eBKJIMIOBA MPOCTPAHCTBA HUYEro, Kpo-
Me JIOTHYEeCKMX NPOTHBOPEeYHH, 1aTbh He MOXKeT’. DHHIUTEelH,
M0-BUAUMOMY, NepBbIM nocJse Jlekapra o0co3HaJ, 4TO IO-
CTpOEHHEe BCAKOH HOBOH (pyHAAMEHTaJbHOH TEOPHH CBSI3aHO
H C HEKOTOPbIM HOBBIM Cnoco6oM onepalHoHaJbHOTO COMO-
CTaBJIEHHs  ONpeleJeHHOro aOCTPaKTHOrO MNpOCTPaHCTBA
BCeil COBOKYNHOCTH 3JIeMeHTapHbIX COObITHIl, ONUCbIBaeMbIX
3TOH TeopHen.

Bypubie, npomoaxaimouipecss U 10 CHX MOP AHCKYCCHH
OTHOCHTEJIbHO 3aKOHHOCTH W YHHBEpCaJbHOH NMPHMEHHMOCTH
MHIITEAHOBCKOH TPAKTOBKH (PH3HYECKOro CMbICJAA OYeHb
JNaJleKHX OT HarJasJHOCTH NMPOCTPAHCTB OOLIeH TeOPHH OTHO-
CHTEJbHOCTH 3aCJOHHUJAH cOOOH APYrol HeMaJIOBaXKHbIH AJ4
Hac ¢akr. [leao B ToM, uTto M Apyrasi (pyHaameHTaJbHas
¢usnyeckass Tteopus XX B.— KBAHTOBAsi MeXaHHKa TMpH
CBOEM MNOCTPOEHHHM TaKxKe M0JI2KHA Oblj1a pellUTb TEOPETUKO-
MEeTOJ0JOTHUeCKYI0 npobaemy oOcyxaaeMoro 31echb KJjacca.
A uMeHHO: (H3HYECKHIT CMbICA abGCTPAKTHBIM 3JeMeHTaMm
THALOEPTOBBLIX NPOCTPAHCTB — OECKOHEUHOMEPHBIMH MaTpH-
[1aM, BOJIHOBBIM (PYHKUHAM, a TaKxKe MAaTPHYHbBIM H AHbbe-
peHLHaJbHbIM OnepaTopaM MNpHAAeTCss TOJAbKO OJaropapd
OCHOBOMNOJIAraloliei AJsi KBAHTOBOW Teopuu akcuome Bop-
Ha — Jlupaka. CorsacHo mnocJeJHeil KBaApaT BOJHOBOII
GYHKUMH HaeT BepPOSiTHOCTb OGHApPYXKHUTb B JIOOOM 3Kcre-
PHMEHTE KOPNYCKYJy HME@HHO B 1aHHOH TOYKe.

OTa akcHOMa SIBJsieTCss ONepalMoOHaJbHOH OCHOBOH JIIO-
OblX (HU3UYECKUX TIPUMEHeHHil KBAHTOBOH MEXaHHKH,
H chopmysupoBaHa oHa ©Obl1a TOJLKO B MTOTe TPYAHOTO o
CJIOXKHOTrO NMYTH pa3BHTHSI HayyHOro 3Hauus. [lapanokcaib-
HOCTb U IJ1y6OKYI0 MPOTHBOPEYHUBOCTb GOPMHPOBAHUSA KBaH-
TOBOH TEOPHUHM XapaKTepHu3yeT, Ha Hall B3TJs[d, HMEHHO TOT
(¢akT, uTO B Hel OKOHYATeJbHOE pelueHHe NMpobJeMbl YHH-
BepCaJbHbIX OMEpalHoHaJbHbIX npoueayp OblJI0 TOJYYeHO
MOYTH B CaMOM KOHLeE CTaHOBJeHHs ee HaubGosaee dyHaa-
MEHTaJIbHbIX TeOpeTHUeCKHX mnpencrtaBaeHuii. CHavasa, Kak
H3BECTHO, Obl/iM BHIABHHYTHl 0oJee HarysiiHble cnocoObl 3KC-
NMepUMEeHTaJbHO TIpOBepsAeMOil HHTEepnpeTalud BOJHOBOI
GyHKUMM (KaK NMOUYTH TAKHX XK€ PeasibHbIX «BOJIH MaTepHUHY,

3 TMonpo6ublit anaaus cuM. B Ku.: C. JI. Mandeavwram. Jleknuu no ontu-
Ke, TEOPHH OTIIOCHTEJALIIOCTH H KBalToBoil mexanuke. M., 1972 crp. 168
H Ca.
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YTO M 3JeKTpoMarHutHoe noJge). Ho OHH $SBHIHUCH OueHb
NJIOJAOTBOPHBIMH, HEOOXOLHUMBIM, HO BCEro JHILIb TNMPOMEXY-
TOYHBIM 3TAallOM BbIABJEHHA JE€HCTBHUTENbHO YHHBEpPCaJb-
HbIX, T. €. BCeraa JIEeHCTBEHHBbIX W BCerjia CcrnpaselfHBbLIX,
onepalHoHaJbHbIX NNPOUEAYD TEOPHH, NPEAJIOKEHIbIX B KOH-
e koo M. bopuom u Il. [lupakom.

B HawM AHH HCKOMasi yHHMBepcaJbHasi onepauHoHalb-
Has npoleaypa HOBOH TeOpHH J0JXKHA ObITh CBsizaHa He
TOJNIbKO,— @ BO3MOXHO Jae H He CTOJbKO — C 3JeMeHTap-
HBIMH (H3HUYECKHMH TIpolleccaMH THIA PAacnpoCTPaHEHHs
3JIECKTPOMATrHHTHBIX CHIHAJIOB MJIH CBETOBBIX BCNbILIEK IPH
yAape yacTHl, 00 3KpaH, CKOJbKO C KaKHMMH-TO BecbMa H
BeCbMa MaJi0 HCCJEeNOBaHHBIMH A0 CHX MOp, TaK CKa3aTb,
«CMelIaHHBIMH» (HU3UKO-OHONOTHYECKUMH  3JeMEeHTapPHLIMH
npoleccamu.

C npyroii CTOpOHBI, HOBble HJE€H U MOAXOALI K npobJeme
3JIeMeHTapHbIX (H3HKO-OHOJIOTHUECKHX TIPOLECCOB MOTYT
MOSIBUTLCS TOJILKO B PaMKaxX KaKHX-TO CYLLECTBEHHO HOBbIX
TEOpPeTHYECKHUX TPEeACTaBJEHHH, TAK YTO YXKe ceiiyac moJo-
XKEeHHe e 31eCb NPeACTaBJAsAeTCs CTOJb »Ke TPYAHBIM, 4TO
H B KBaHTOBOH TEOPHH B ToAbl (POPMHPOBAHHS, HamnpuUMep,
MaTpUUHON MeXaHHKH. Toria Toxe HYXKHO OblJIO HAHUTH 3Je€-
MeHTapHbIH (H3HUYECKHH Tpollecc, OTBETCTBEHHBIH 3a HCHycC-
KaHue H3ayyeHusi atomoM. [IpeacraBienne o Takom npouec-
ce, KOTOpoe MaBaJiH KJacCHYeCKas MeXaHHKa H 3JeKTPOIAH-
HaMHKa — YCKOPeHHOe JBHXKEeHHE KJAaCCHYeCKH JOKaJH30-
BaHHbIX 3dapsd0B,— MPUBOAHKJO TNOYTH K MTrHOBEHHOH rube-
JIU BCeX aTOMOB BO BCIbIIIKEe H3JIYyUYeHHs] CaAMbIX Pa3JHYHBIX
4YaCTOT U HHTEHCHBHOCTEH.

B. T'eitzen6Gepr nepBbiM pelIn/csi MOCTAaBHTb MOJ COMHe-
HHE TOYHYIO JIOKAJH3aUHIO 3JeKTPOHOB Ha OYeHb MaJblX,
BHYTPHATOMHbBIX PAaCCTOSAHHAX, TeM CaMblM OTpHLAdA IOJ-
HOCTbK) CTapbli AEKapToB CcHoco0 COMOCTABJEHHUS C KaxXK-
AbIM JABHXXYIUIHMCA OOBEKTOM ero TOYHbIX TPeXMEepHBbIX KO-
OPAMHAT B KaxK/[blii J1aHHbIH MOMEHT BpeMeHH. Tosabko OJia-
rojapsi 3TOMy peLIHTeJbHOMY Wary craJjo BooOlle BO3MOXK-
HbIM JaJbHeHllee JBH)XXEHHE TeOPeTHYECKOH MbIC/H BHepei
B KBAHTOBOH (DH3HUKe.

CoBepuieHHO aHaJOrHYHbIM 00pa3oM B HAlUM JHU BCAKas
MONbITKAa HAWTH HOBBbIe, 6oJiee yHUBepCcaJbHble U BceoObeM-
JIOLILHe onepauMoHa/ibHble Mpoleaypbl OYAYLIHX HOBBIX TE€O-
PHH IOJKHA HAYHHATLCA C COMHEHHH B YHHUBEPCAJbHOCTH H
BCEOOLLHOCTH CYHIEeCTBYIOIIHX CnocoOOB JIOKAaJAH3ALHH 3JIe-
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MEHTapHbIX MaTepHaJbHBIX NPOIECCOB, Naxe TeX, KOTophbie
MCIIOJb3YIOTCSI B HACTOALLEE BPEMsi B TEOPHH OTHOCHTEJ -
HOCTH U KBAHTOBOH MexaHHKe (M KBAHTOBOH TEOPHH MOJSA).
BeckoHeyHoCTH COOCTBEHHbIX 3HEPrHH M 3apsAA0B 3JEMEH-
TapHbIX YaCTHIL, NoJyyawuidecss Heu30exHO BO BCAKOH IO-
CJeIoBaTeJbHOI PeJATHBUCTCKOH KBAHTOBOH TEOPHH, I'OBO-
PSIT, 110 HallleMy MHeHHI0, UMeHHO 006 3ToM. Tak 4yTo Hauyu-
HaeM Mbl TOYTH C TOro e CaMoro nyHkTa,uyto H ['efisenbepr
noJiBeKa TOMY Ha3al, HO TOJAbKO HMes celuyac nepejl coboi
B ONnpeaesJeHHOM cMbicie GoJsiee WHPOKYI0 H obuiyio 3ajua-
yy — HaiTH NMPHHLHNHAJABHO HOBble YHHBEpCaJibHble Onepa-
ILHOHAJIbHble MPOIEAYPHl YiKe He TOJAbKO Aasl GU3UKH (U XH-
MHH) Ha YpOBHE aTOMOB, HO H AJfl CaMblX pa3HoOOpasHbIX
MOJIEKYJIPHO-OHOJIOTHYUECKHX TTPOIIeCCOB.

M 3necb orpoMHbIF HHTEpeC IpejacTtaBuJaa Obl onepaiHo-
HaJbHasi, YyCTaHaBJHBaeMass 3KCINEePUMEHTAJbHBIMH IIpO-
LeaypaMH HHMTeprnperaunuss TakKuX OOBEKTOB COBPEMEHHOH
MarteMaTuky, kak moayau ‘. TlocaeaHue, Kak HM3BECTHO, §iB-
JSI0TCS HOBEHWHM 0000UeHHEeM MHOrOMEepPHbIX BEKTOPHBIX
NPOCTPAHCTB, TIOBCEMECTHOE H MHOTOCTOPOHHEE IpHMeHe-
HHe KOTOPLIX CTOJb XapaKTePHO NJIsi BCEro KJacCHYeCKOro
eCTeCTBO3HaHHsl (M JOBOJIBHO 3HAYHTEJbHOH yacTH COBpe-
MeHHOro). Ho TOJNbKO MOAYJH OT/IHYAOTCH OT BEKTOPHBIX
NPOCTPAHCTB T€M, YTO, HArJIAAHO roBOPsA, B HHX IO KOOPJH-
HATHLIM OCSIM <«OTKJAJblBAlOTCA» HE UUCLd, a 3JEeMEeHTbI
ropasfgo Oonee ofuero MarteMaTHYeCKoro oO6beKTa —
KOJbl1a.

B onpeneneHHOM CMbIC/Jae MOIYJIH ABJAIOTCH B COBPEMEH-
HOM eCTEeCTBO3HAHHU HEKOTOPbIMH aHaJjoramMu OGecKOHe4YHO-
MepHbIX MaTpull [efizeH6epra B KBaHTOBOH MeXaHHKe, HO
TOJIbKO B HacTosillee BpeMsi Mbl 3HaeM HX (Moay.ael) 3M-
NHPHYECKYIO, ONepalHOHaJbHYI0 HHTepnpeTaltio, NPUTOM
TOJIBKO 1JIsi MPOCTEHILEro cJy4as — Koraa OHH «BbIpOXKJa-
I0TCSI» B OOBbIYHBIE, BCEM H3BeCTHble BEKTOPHbIE NMPOCTpPaH-
ctBa. B camom ke obuem BHAe, KOraa paccMaTpHBAIOTCH
KOJblla, He CBOASIHeCS K YHCJOBLIM, MOAYJAH KaK pas d
MOPOXKJAAIOT oOnpeaesieHHble THnbl abcTpakTHBIX cxeM ['po-
TeHAHKA, KOTOpble, KaK IOBOPHJIOCH, NMPEeACTABJAAIOTCS OCO-
6eHHO NMOAXOASLIHMH JJIsi TEOPETHYECKOTrO ONHCAHHA CHEIH-
(hUYEeCKOH «ILeJbHOCTH», «HEePa3qeJbHOCTH», KOTOpas Xapak-
TepHa KakK AJd KBAHTOBbIX NMPOLECCOB, TAK U ANA AHHAMHYe-

4 C. Jlene. Aare6bpa. M., 1968, ctp. 93.
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CKHX $§IBJIEHHH Ha MOJEeKYJApHO-OUONOrHYeCcKOM YPOBHE
JKHBOTO.

C nomouibio MOAyJell Mbl, BEPOSITHO, NMOJYYHM BO3MOXK-
HOCTb OnepauHoOHaJbHOH TNPOCTPAHCTBEHHON MHTepnpera-
LLHH TAKHX BeCbMa I'HINOTETHYECKHX 0OBEKTOB COBPEMEHHOTrO
eCTeCTBO3HAHUsA, KakK Ouosornyeckoe mnosae [ypsuya. [lo-
BOJIbHO 3HAUYHTEJbHAS JOJISI THINOTETHYHOCTH Obliia CBSi3aHA
A0 CHX NOpP, KaK H3BECTHO, HMEHHO C TeM, YTO, HarJgaaHo
roBopsi, €ro mnpocto OblI0 «HEKyla» TNoMmellaTb B paMKax
OOBbIYHBIX BEKTOPHBIX INPOCTPAHCTB — B NOCJEJHHUX «HE XBa-
TaeT» TOYEK, KOTOpble MOXHO OblJ10 Obl CONMOCTaBHUTbL C 3JI€-
MEHTapHbIMH INpoLeccaMH, CTOJb XapaKTepPHbIMH IJA 3ITHX

SIBJICHUH.

2.2. HanGonee oOuiue paMKH TEOPETHYECKOr0 ONUCAHUSA B HAIWIK AHM:
KaTeropuu U (pyHKTOpPbDI

[TocKoJIbKy MOYTH BCe METOAOJIOTHYeCKHe npobJyeMbl, KO-
TOpble He0OXOAHUMO paspeliuTb AJS NMOCTPOeHHs O0HX oc-
HOBAHHUIT coBpeMeHHOW (Hu3uKM M OHoJOruMu, ceiluac Haxo-
AATCS MOKa YTO TOJIbKO ellle Ha CTaluu UX OoJsee HIH Me-
Hee SICHOH M OTYeTJHBOH (OPMYJHPOBKH, Mbl BbIHYKIEHbI
HCCJIeIOBATh CaMbleé pPa3jiHYHbIe TEHIEHUHH HX BO3MOXKHOIC'
yTOUHeHHs1 U yraybuenus. OZHUM H3 TaKHX — NEpPClHeKTHB-
HbIX, MO HalleMy MHEHHIO, H HMEIOLLHX CaMOCTOSITeNbHbli
GHUIOCOPCKHUIH HHTEpeC — HanpapJ/JeHHH MNPeaAcTaBJIsAIOTCS:
NMOHCKH HauboJsee OOLHX paMOK TEOPETHYECKOro ONHCAHHS:
B €CTeCTBO3HAHHUH HAUIUX JIHEH.

Jlo caMoro HejaBHero BpeMeHH TAaKMMH paMKaMH — §1B-
HO COPMYJIHPOBAHHBIMHM HJIM HESBHO MNpeanoJaraBLIHMHCS
BO BCSIKOH COBPEMEHHOH eCTeCTBEHHOHAYYHOH TeOPHH — Obl-
JH paMKH TEOPHH MHOKECTB: JI000H O00ODLEKT HCCaAeA0BaHHH
NpeACTaBJIsJCA TIPUHAAJEXKALLUM HEKOTOPOMY MHOMKeCTBY.
OTO NMPUHOCHUJIO A0 CHX TOP B NPUMEHEHHH K (PU3HKe U XH-
MHH JIOBOJIbHO TOJIOKHTEJbHbIE PE3yJbTaTbl, MOCKOJbKY KO
BCeM TaKUM 00beKTaM CTaHOBHJACb aBTOMATHYECKH TIpHMe-
HHMOH BCSI OCHOBaHHAasi Ha TEOPHH MHOXKECTB MaTeMaTHKa.
OnHako BMeCTe C TeM XapaKTepHCTHKA KaxXmoro obbekra
(HAYYHBIX HCCJIENOBAHUH KAaK JeMeHTa HeKOTOPOro MHOMKe-:
CTBa HMeJia U OMNpejlesieHHbIe HeKeJsaTeJbHble MOCaeACTBHS,
KOTOpbie yXKe ceiiyac OTAeJbHbie eCTeCTBOHCMBbITATeaH, OCO-
6eHHO GHOJIOTH, TILITAIOTCS NPeojoJeTb Ha NMyTAX NpHMeHe-
HUa 6osiee O6IHX (YeM MHOXKECTBO) MOHATHH COBPEMEHHOH
MaTeMaTHKU — MOHATHH KAaTeropuit ¥ (PyHKTOpa.
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[Tousitust 3tu 6uiin BBepens C. ditenbeprom u C. Maxk-
JleitnoM eute B 1945 r. xak «Haubosbuias o6l1asg 4YacTb»
BCeX NMpenesbHO abCTPAKTHBLIX NMOCTPOEHHH MaTeMaTHYEeCKOH
HayKH Hamux AHel. B camMoli MaTteMaTHKe OHH SIBJAIOTCA
O0beIMHSIOAMH CTPYKTYPaMH, INPEOJ0JIeBAIONIHMH CTapoe
pasneseHHe 3TOH HAayyHOH MMCLUHAJHHBI Ha aare6py, reo-
METpHIO, aHa/lu3 H apHPMETHKY.

OHnu npencraBasiioT coboi COBPEMEHHYIO CTyTeHb 0600-
1IEHUST CaMbiX OCHOBOMOJIATAIOUIUX TOHSATHH KJaaCCHYECKOMH
MaTeMaTKH — MHOXeCTBa U .(PYHKUHNA — HAa cayuad oObek-
TOB ropasno Oosee abGcTpakTHOW mnpupoabl. Karteropusi —
3T0 coOpaHHe HEKOTOPbIX MPOHU3BOJbHBIX, HO HMEIOIIHX 00-
myo (B TOM WJIH HHOM CMbICJe) NMpUpPOAY 0OBEKTOB, «KOTO-
poe MOXKeT U He ObITb MHOMXECTBOM B CTPOro MateMaTuue-
CKOM 3HAQUeHHH 3TOro ¢JoBa»®. DTH oObeKTH 00/a1al0T On-
pelneseHHbIM, JOCTAaTOYHO OOraThiM MHOMKECTBOM oToOpaxe-
HHA APYr B Apyra — Mop(®H3MOB, YAOBJNETBOPSIOIIHX HEKO-
TOPHIM  TIPOCTEHIIAM AKCHOMATHYeCKH (HOPMYJHPYEeMbIM
Tpe6OBaHHUSAM.

Hrak, BnepBbie 3a MHOTHE TOJABI OT HCXOJHOro, 6a30BOr0
cobpaHus MaTeMaTHUYeCKHX 00beKTOB OTHIOAb He Tpebyercs
¢ caMoro HayaJsa, 4ytoObl OHO OBLIO MHOXKECTBOM, T. €. He
Tpebyercs, 4ToObl MOXKHO OBlJIO Cpa3y e pPeluTb OTHOCH-
TeJbHO JI060ro o6beKTa, NMPHHAMJEKHUT OH JaHHOMY MHO-
ecTBY uau HeT. Ham KakeTcst, YTO 3TO OYeHb CYLIECTBEH-
Hoe ocnabuieHHe HCXOMHBIX NMPEANoChLIIOK JIOOLIX NMpHUMeEHe-
HUA MaTeMaTHKH B COBPEMEHHOH HayKe HMeeT pelualollee
3HaueHHe IJisi MOCTPOEHUS] MAaTeMaTHUECKUX TEOPHH B TaKHX
ob6J1acTsIX COBpPEMEHHOro 3HaHMsl, KaK, Hanpumep, AHHaAMH-
yeckass 6GuoJsorus. [leso B ToM, YTO, HArJAsaHO rosopsi, o6
onpeaeseHHOM aToMe yrjiepojaa HJIH a3oTa B COBPEMEHHOH
MOJIEKYJSIDHOM OHOJIOTMH HHUKAK HeJb3sl CKa3aTb 3apaHee,
'C CaMOro HauaJa, BOHJET OH MJId HeT B omnpelesjieHHYyl0 Guo-
Joruueckyio ctpyktypy (momekyny JIHK, 6enxa, pubocomy,
MHTOXOHIPHIO H T. I.)

3nech Mbl CTaJKHBaeMCsl C COBeplleHHO ofuieil cuTya-
uueil, UMeloueii CBOUM HCTOYHHKOM npobJeMy TeopeTHye-
CKHX OCHOBAHHH TPHMEHEeHHsT MaTeMaTHKH K aHaJu3y CH-
CTeM, NalOlUX B HTOTe HEUTO HOBOE, HE coAepikallleecs B
HCXOIHBIX Tnpennocoiakax. KoHeyHO, MocaenHee TNOHATHE

3 P. I'odeman. AnreGpauueckasi TOTMOJNOTHS H TEOPHS MYuKOB. M, 1961,
cTp. 24.
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IOJKHO OBbITh TaK¥Ke ONpeleJeHO A0CTAaTOYHO TOYHO H He-
JBYCMBICJIEHHO, OIHAKO HaM KaiKeTcsd, YTO He CJAYYaHHO IO
CHX TIOp BCE NMPHMEHEHHSI MaTeMaTHKH B METOMOJIOTHH Hay-
KH CBEJIMCb JIMIIb K JIOTHKO-MaTeMaTHYeCKOMY aHaJH3y Ha-
YUYHBIX TEOPHH, yiKe 3aKOHYHBUIHX CBOE TBOpYECKOe Pa3BH-
THE — TEOPHH, y:Ke MOJYUHBIIHX CBOH HauboJiee BaxKHble H
\MHTEepecHble HayuHble pe3ynabTaThl. MMeHHO TOrjpa, koraa
OCHOBHbIE TEOPETHUYECKHEe H IKCMEepPHMEHTaJbHble KOMIOHEH-
Tbl HAayYHOH TEOPHH CTAaHOBATCS GoJsiee MM MeHee omnpejne-
JIEHHBIMH, K €€ METOJO0JIOTHH CTAHOBUTCS NMPHUMEHHMOH Teo-
pPHS MHOXKECTB.

CoBepluIeHHO OYEeBMJIHO, OJHAKO, YTO MOKa 3TO He MPOH-
80ieT,— NnoKa TMPHHIUHUIHAJLHO BaXKHble JAJd JaHHOH JHC-
UUNJIUHBL SMIHPHYECKHE W TeOpeTHYeCKHe KOHCTPYKTHI He
cTaHyT 0oJjiee HJIM MeHee XOpOWO ONnpelaeJeHHbIM MHOXe-
CTBOM, — JOCTAaTOYHO Cepbe3Hble TNPHMEHeHHs MareMaTH-
'KH, OCHOBAHHOH Ha TEOPHUH MHOXKECTB, K METOJNOJOTHH 3TOH
JUCUMUIIJIHHBL TIPOCTO HE MOTYT HMeTb MeCTO. TeM caMbIM
Hanbosee HHTepecHbIe B (DHAOCODCKOM MyIaHe Tanbl Pa3BH-
THSI HAYUYHBIX TEOPHH, HATIpUMep 3Tansl GOPMHUPOBAHHUSA HO-
BbBIX HayUHBIX NMOHSITHH, OKAa3blBAaJUCh IO HACTOSAIIETO Bpe-
MEHH NPUHUHNHUAABHO 32 paMKaMH TOYHBIX, ONHPAOIIHXCS
Ha MaTeMaTHYeCKHe MOJeJH METONOB THOCEOJOTrHYeCKOro
aHanusa. Tenmepb Ke, HATJIIAHO TOBOPS, Mbl MOXeM O00b-
SIBUTb HCXOAHbIE 3SMMHPUYECKHE H TeOopeTHYecKHe KOHCT-
PYKTBl HOBOH HayYHOH AHCUHIJIWHBI HEe MHOXKECTBOM, a BCe-
ro Jullb OObeKTaMH HEKOTOpoil abGCTPAaKTHOH KaTeropuu
H HCCJEeN0BaTh MaTeMaTHYECKHMH MeTodaMH ofuiHe 3ako-
HOMEPHOCTH NMOCTPOEHHS C HX MOMOILIbIO HOBBIX, Oojee ray-
60KkHX W HHDOpPMaALHOHHO 6GoJiee eMKHX HAYUHBIX MOHATHH.

CoBepuIeHHO aHaAJOTHYHBEIM 06pa3oM COBpPeMeHHas Teo-
peTHyeckas OHOJOTrHS, €CJAH TOJBKO OHA IEeHCTBHTEIbHO
XOYeT MaTeMaTHYeCKMMH MeTOdaMH HCCJIenoBaTb BO3HHK-
‘HOBEHHE HOBBIX OPraHMYECKHX CTPYKTYp H OCOOEHHO camo
OpraHHYyeckoe pas3BHTHe, AOJKHAa OyaeT ONHpaThCs He
CTOJIbKO Ha TEOPHIO MHOXKECTB, CKOJbKO Ha TEOPHIO KaTero-
puii. Ucnosb3oBaHue e TOJNbKO TEOPHH MHOXKECTB C CaMo-
ro HayaJia, aBTOMAaTHYECKH HCKJIOYaeT TOSIBJEHHE Yero-
au60 HOBOTO, Ye€ro-To, Yto He ObIJIO 3aK/JI0YEeHO B TEOPHH
YK€ B CAMBIX HCXOMHBIX ee mpuHUHUNaX. OHO MOXKeT ObiTb
XOpOWO XAsi aHATOMHH HWJAH (u3HOJOTHH, NJas1 OHOJOTrHYe-
CKOro HCCJe0BaHHSl YCTOHYHMBBIX COCTOSHHH OpPraHHYeCKHX
06bEKTOB, HO J106bIe BONPOCH], CBA3aHHbIE ¢ PAa3BHTHEM HX,
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npuobpeTeHHeM HMH KaKHX-TO TNPHHIHUNHAJABHO HOBBIX
CBOHCTB H KauyecTB, TOJKHbl pacCMaTpPUBATLCS yXKe B pam-
Kax oOlueil TeOpHH KaTeropui ¥ pyHKTOpPOB.

dukcauus TOH MJIH HMHOH KaTeropHH, NOCKOJbKY peub
HJeT, HanpuMmep, 06 3BOIIOLLMOHHON OHOJIOTUH, IPOU3BOUTCS
HanboJiee yIOOHBIM C TOUKH 3PEHHA 3alpOCOB 3TOH HAay4yHOM
AHCUHIVIHHBL o6pa3oM. Mbl He 00f3aHbl ¢ caMOro HauyaJja
(PMKCHPOBATb MOJIHLIIT 00beM MHOXKECTB BCeX TeX 00LEKTOB,
KOTOpble B Hee BXOJASAT M KOTOpPble MOTYT HaM IIOHAL00UTHCS
BIMOCJAEACTBHH. B Havyaje nocTpoeHHWs TEOpPHH Mbl 3ajxaem
TOJIBKO MHOKeCTBO OTOOpakeHHi, KOTOPble JOJMKHBI HMeThb
MECTO MeX1y JIOObIMH O0beKTaMH JaHHOH KaTeropuH. TeMm
CaMblM Mbl OTKa3biBaeMCsl pellaTb C CaMOro HayaJa, Kakue
HMEHHO HCXOJHble 3JIEMEeHTbl HaM MOryT norpeboBaTbCca Ha
KaKOM-TO MOCJIeAYIOUIeM 3Tane pa3BUTHS, — YTOObI MOJYYHTb
TOT HJIM HHOMH, COBEPILUEHHO HelpeaBUAEHHbIH, HUKAK He OXH-
NaBIIMACA H nmOoTOMYy abCOMIOTHO He MpejicKadyeMblil 3apaHee
pe3yJ/bTaT 3BOJIIOUHH. DTO OUeHb CyLleCTBEHHOe ocJabyeHue
HCXOQHbIX MaTeMaTHYECKUX TpeOOBaHHil OTHOCHTEIBHO 6a30-
BbIX, OCHOBOIIOJ1aT aIOLUX 3JIeMEeHTOB OHOJIOTHYECKOH TeOpHH.
bBnarogaps emMy OTKPBIBAIOTCA BO3MOMKHOCTH JAJs TeOpeTH-
YEeCKOT0 aHaJ/iM3a 3BOJIIOLLHH He MOCJe TOro, KaK OHa 3aBep-
WHIAChb H MPHIJIA K KAKHM-TO BIIOJIHE ONpeJeJeHHbIM pe-
3yJbTaTaM, a HeNnoCpeJCTBEeHHO BO BpPeMs ee TIPOTeKaHHUs,
KOT1a 3TH JI0CJeHHUe ellle TOJbKO (GOpPMHUPYIOTCH. .

Ecau nonarune xateropuit — 310 6osiee mpHCNocobJaeHHOe
IJIsi HYXKJ COBPEMEHHOIO TEOPETHYECKOTO eCTeCTBO3HAHHUS
«ocJyiabnenye» MOHATHS MHOXKECTBa, TO NMOHSATHE (PYHKTOpa—
370 0606uIeHHe MOHATHS GYyHKIHU. DYHKTOP — 3TO oTO6pa-
KEeHHEe OJHOH KaTerOpHH B APYrylo KaTeropuio, crnocolb npen-
CTaBJIEHHS CBOHCTB COBOKYIHOCTH OOBEKTOB OJHON MPHPOLHI
CBOHCTBAMH COBOKYMHOCTH OOBEKTOB JPYrod NpPUPOIBI.
Bmecte ¢ Tem Kamxabiii QyHKTOP MOJKEH VIOBJIETBOPSTH
HEKOTOPBIM JOMNOJHHTEAbHBIM, aKCHOMaTHYECKH HOPMYIUpPY-
€MbIM, I0BOJIbHO NPOCTHIM H Pa3yMHBIM TPpeOOBaHHUAM.

[IpumeHeHus1 TeOpUH KaTeropui U (GYHKTOPOB K CAMBIM
pas3JHYHbIM ‘pas3jenaM COBPEMEHHOIO eCTeCTBO3HaHHUs (oco-
OeHHO K 00lLeii TEOPHH CHCTEM) TOJBKO elle HAauyWHAaIOTCH,
HO 3/1eCb MBI XOTeJH Obl OOpaTUTL BHHMAaHHE HA TO, YTO, IO-
BHAHMOMY, HarboJsiee OOIIUMH M €CTeCTBEHHBIMH PaMKaMH
GopmMyaHPOBKH HHTEpecCylolleH Hac B JaHHOM pa3sjeJe npob-
JeMbl YHHBEPCAJbHbIX ONepallHOHaJNbHbIX TIPOIleyp ABIAAIOT-
Csl TaKyKe paMKH 3TOH TeopHH. A UMEHHO: HCKOMOEe HaMH
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MaKCHMaJbHO WIHPOKOE onepainuoHaJbHoe MpaBHJIO COMo-
CTaB/JE€HHUs 3JeMeHTOB abCTpaKTHBIX MPOCTPAHCTB c.OMpeae:
JIEHHBIMH 3JIEMEHTapHbIMH COOBITHSIMH HEKOTOPOH o0OJacTH
MaTepHaJsibHON AEHCTBHTENbHOCTH A0JXKHO 0053aTe/IbHO pac-
CMaTpPUBATbCsl B HallM JAHH KaK YHHBepCaJbHbIH (yHKTOp,
CBSI3bIBAIOLIHIT KAaTeropHio NMPOCTPAHCTB € KaTeropHen sJe-
MEHTapHbIX COObITHH.

HMccnenosanne BesiKoil- HOBOI cepbl ABJEHUI HAYHHAET-
CA C «IKCTPAMOJALUI» HEKOTOPOrO «CTApoOro» XOpouo H3-
BECTHOTO (DYHKTOPHOro OTOOpaKeHHsi y»Ke H3yYEHHBIX Npo-
eccoB Ha obJsactb HOBBIX 3dpdexktoB. Oanako 3To crapoe
oToOpakKeHHe 1Mo Mepe AaJjbliefllero nporpecca HaykH paHo
WJIH MO31HO NPHUXOAHUT B KOU(INKT C NTPUHLUHUNHANBHO HE CBO-
ASILIMMHUCS K CTAPbIM CTPYKTYpaM HOBBIMH OObeKTaMH (Kak
npHuIes, HanpuMmep, B KOH(JIHKT € YCTOHUHBOCTbIO aTOMa
«CTapblii», elle AeKapToB YHHBepCaJbHBbIl «pyHKTOpP» COmNo-
CTaBJIEHHS KaXAOMYy MABHXKYILEMYCH OOBEKTY ero TOUHBIX,
CTPOTO JIOKAJM30BAHHbLIX KOOPJAHHAT B TPEXMEPHOM E€BKJH-
JOBOM TIPOCTPAHCTBE B KaxKJblH JAaHHbIiI MOM@HT BPeMeHH).

YHuuBepcanbHO JIeHCTBOBABIIWI JO CHX IIOP oOnepaluo-
HaJAbHbIH (YHKTOP OKa3blBaeTcsl OTHIOAb HE YyHHBepca/b-
HbIM — HE TNPHMEHHMBIM K OOJIbIUMHCTBY HOBBLIX SIBJIEHHII.
Bor Torza u BcTaer 3aech BO Bceil wHpoTe GyHIAMEHTab-
Hasi MeToJoJiorHyeckas npobjeMa TNOCTPOEHUS HOBOIl Teo-
pHH — TaK 0GOOUIHTL CTaphblii (CTABIUHMH TeNepb JHIUb Yac-
THYHbBIM) OMepaluoHaabHblil (GYHKTOP, 4TOOGBI OH CHOBA
npuobpes yepTbl abCOMIOTHON YHHBepCcaabHOCTH. OH 10/KeH
CCMOCTABAATL KaXXJ0H CYLIeCTBEHHOH JeTaJH HOBBLIX IIPO-
leCCOB BIIOJIHE ONMpeaeseHHblli 3JeMeHT HeKOTOPOro HOBOIO
MaTeMaTHyecKoro npoctpaHcrea. [lpobaema 3ta B OTHOIIe-
HHH UCCJeIyeMOH HaMH BO3MOXKHOCTH TEOPETHYECKOTO CHH-
Te3a (pU3HKH U OHOJIOTHH B HACTOsALLEEe BPeMs JHUIUb MOXKET
ObIThb MOCTaBJ€Ha B caMOM 00LIeM BHIE, TIOCKOJbKY B KaxK-
J10#1 M3 3THX HAYYHBIX JUCUHIJIHH OHA HAXOAUTCH HA JOBOJIb-
HO pPas3JIMYHBIX CTAAHAX €e PeLUeHHSs.

Takx B GHOJIOTHH ©OCHOBHbIe HallX HauboJee BaxKHble
(«<MHTYHTHBHbIE») MPEACTaBJEHUSA O MPOCTPAHCTBEHHBIX
«KOH(HUrypauHsaXx» XKHBOMO 10 CUX MOP B HauOOJbIUEH CBOEH
YAaCTH ONPereyasiIOTCA «CTapbiM» AeKapTOBbIM (PYHKTOPOM CO-
NOCTaBJIEeHUA YPAaBHEHHSIM OOBIYHBIX JIHHHH U NOBEPXHOCTEMH
B TPEeXMePHOM €BKJHIOBOM INpocTpaHcTBe. ToJbKo B 06.aa-
CTH MOJIEKYJSPHO-OGHOJIOTHUECKHX TPOLECCOB Mbl B COBCEM
HeOOJIbIIOH CTENEHH HayHllaeM HCNOJAb30BaTh NPHHIHIIHAID-
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1O 1OBLIT (yKC «OCT-ACKAPTOB»), KBANTOBOMEXAINUCCKHUIT
«pyunkrop» bopuna—/Iupaka, kotopnlii 1aeT HeoKHIaHHLIE
(c ToukH 3peHHsi cTaporo, AekaproBa (yHKTOpa) pesdyJibTa-
Tbl [MOKa YTO TOJNILKO B 00JacTH sIBJ€HHH KBaHTOBOH OHO-
XHMHH. ,

B ¢usuxe xe 3TH HOBble, TaAK CKa3aTb, «IOCT-AEKapPTO-
Bbl» (PYHKTOPb (3HIITEHOB — AJS1 PeNSITHBHCTCKHX MPO-
ueccos, bopua— Iupaka— a5t KBanToBOMEeXalnHyeCcKHx) cTa-
JIH HbllIe J1CJIOM I104TH 11oBceaHeBHbIM. Hanpumep, B dusuke
TBEPJOro TeJa OHHW HCIOAL3YIOTCS yKe Aasi 0ObsicHeHns ma-
KPOCKONHYECKHX aBJeHHH. B obaactH XKe npoueccoB co
cBepXOONbIIUMH SHEPTHAMH, TIPOTEKAIOUIHX HA OYeHb MaJblX
paccTosiHUsAX, Mbl Bce Oosee H Gojiee HAYHHAEeM COMHEBAaTbCA
HblHE B YHUBEPCAJLHOCTH Jaxe 3THX, CPAaBHUTEJLHO «MOJO-
IBIX» CIOCOG0OB COMOCTABJIEHHS CTPYKTYpP aOCTPaKTHBIX Ma-
TeMaTHYeCKHX NPOCTPAHCTB CO CTPYKTYpaMH peasibHOil jaeii-
CTBUTE/JbHOCTH.

Kak OT 3THX COMHEeHHIl, KOTOpble OblJIH BbICKa3aHbl ewle
['eitzendeprom, Ubio, Yuaepom 1 ApyruMu (pu3HKaMH, nepeii-
TH K 60Jiee KOHCTPYKTHBHBIM 1IaraM, mokaxer Oyayliee.
[Toka ke MBIl MO:KeM YTBep:KIaThb, YTO JAaJbHeilllee ABHKE-
HHE TeOpeTHYEeCKOH MbICJH B 3TOH 00/1aCTH KaKUM-TO obpa-
30M OyjeT CBSI3aHO C B3aUMOJACHCTBUEM OCHOBHbBIX TIOHATHH-
HBIX CTPYKTYpP (HU3HKH H OHOJOrHH, — NOJAOOHO TOMY Kak
SUHIUTEHOB ONepauHoOHaJbHbIH (GYHKTOD Obla TIpel0XKeH
TOJIbKO TI0CJI€ YCTalOBJEeHHs eAulicTBa Bced (U3UKH Ha Oa-
3¢ TEOpPHH 3JIeKTpoMarieTHamMa, a CJAeAYIOUlHil 3a UM orne-
pauMoHa/NbHbIH  (KBaNTOBOMEXaliMuyeckHii) ¢ynkrop bop-
Ha — JIlupaka — maxe 1ocJie yCTAaHOBJIEHHSI TEOPETHYECKOTO
SIMHCTBA U QHU3HKH W XHMHH.

[TostoMy cseayer cHauyaja TEOPETHYECKH OCMBICJHTD
HauboJsiee yacTO BCTpeyalolUlHecs OnepaluoHaJbHble TIPO-
LeAypbl, C KOTOPbBIMH HMeeT JeJ0 COBpeMeHHblil OHoJor-3Kc-
nepuMeHTaTop, 4yTobbl 3aTeM Y¥XKe, CpPaBHHB HX — B paMKax
TEOPHH KaTeropud H (QYHKTOPOB —C COOTBETCTBYIOLUHMH
NEeHCTBHSAMH COBPEMEHHOro 3KcrnepuMenrTaropa-¢p13uKa, Hai-
TH 4YTO-TO obllee, yHHBepcaJbHOe Al 00€HX 3THX HaYuyHbIX
AHCLHTIJIHH.

2.3. Mpepenbubiit nepexoa u cuté

B pesysbTaTte pa3BUTHS TEOPETHUYECKOTO €CTECTBO3HAHHUS
onpeneseHHoe coOpaHne O6GBEKTOB H MPOLECCOB JaHHOTO
KOHKPETHOro (pparMeHTa MaTepHaJbHOH JeHCTBHTENbHOCTH
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nocreneHHo mpuobpetaet cBoe Hanbosee raybokoe U anex-
BaTHOE ONHCAHHE C [TOMOLLbIO ONpPeLeJIeHHOr0 paccJOeHHOr0
NPOCTPAHCTBA NMOJIHOI MaTeMaTHyeckod TeopHH. Ecan orpa.’
HHYHTb ce6s1 YHCTO BHELIHEH, ONUCATENbHON CTOPOHOHU aena,
Hac Oyaer HWHTepecoBaTb Mpexae BCero Mpolecc MoCTereH-
HOTO TIpeBpalleHusa ‘onpexe/eHHoi aObCTpakKTHOH KaTeropuu
IMIIUPHYECKH 3aaHHbIX O0BEKTOB B HEKOTOPOE KOHKPETHOe
pacc/0eHHOe NPOCTPAHCTBO MOJIHOH MaTeMaTHYECKOH TEOPHH
9THUX — MJH OBSA3AaHHDLIX ¢ HUMH, OoJiee pyHAaMeHTa bHbIX—
00 bEKTOB.

Ho, xoHe4yHO, NBHXKYLIHE CHABI 3TOTO NMpolecca mocTerneH-
HOH KOHKpPEeTH3alUuH CPeACTB 'MATEeMaTHUYECKOTO OIHCaAHHs
onpeaesNeHHOro Kpyra SsBJIEHHIl JieXXaT BO BCeM eCTecTBO-
3HAHHUH JaHHON 3MOXH B uUesoM. Y onpenensiiorcs oHH npex-
Jle BCEero MOCTOSIHHBIM COBEepIIeHCTBOBAHHEM SKCIEePHMEeH-
TaJbHOH TEXHUKH paccMaTpUBaeMoOi ‘HayYHOH AMCUMIJIHHBI.
Jlaxke THHaMHMKa Pa3BHTHS €€ TeOpPeTHYECKHX KOHLENUHH 3a-
BHCHT OT TE€MMNOB COBEPLIEHCTBOBAHHSA 3IKCMEPHMEHTaJJbHOH
TeXHHKH, U TOJILKO IIOTOM Yy K€ — OT HaJIM4yus B JAAHHbIH MO-
MEHT B MAaTeMaTHKe CTPYKTyp, HauboJiee NOAXOAALUHUX A4
(GOpMHpPOBAHHSA C HX MOMOLIbLIO TNPHHIHNHAJLHO HOBbBIX
Haed U NMoHsATHH. Bemex 3a crajueil mepBHUHOro 3HaKOMCTBA
C HOBbIMH OOBEKTAMH HAYMHAETCH CTAJMA HUX HHTEHCHBHEH-
LWEero ONbITHOIO H3YUYEHHS C MOMOILLLIO 8CeX, KAKHE TOJbKO
JOCTYHHbBI, CPEACTB 3KCIEPHUMEHTAJbHOH TEXHHKH, — YTOOLI
NOJIYYHTb CBEJEHHUS O JeTanssX U OCOOeHHOCTSAX HUX [Mo-
BEJIeHH4.

dunocopckue npobaemMbl BCSIKOH HOBOIH HayyHOH [AucC-
IIMNJHHBL  BCTAalOT BO BeCb POCT HMMEHHO HaA 3TOH
CTa/lHH.

‘BnepBble B HCTOPHH MO3HAHHS 3TO NMPOH3OLIIO B aHTHY-
HOM Hayke, Koraa 3eHOH cGopMyJHPOBaJ CBOH aNOPHH.

['oBOpsi A3BIKOM TEOpPHH KaTeropui, yxe ¢ caMOro Ha-
yajia H3yuyeHHs MeXaHHUEeCKHMX JIBHIKEHHH Mbl UMEJH HEKO-
TOpOE TOJY3MITHDHYECKOe, HO TeéM He MeHee BroJjHe (¢yH-
KTOpHOe OToOpaxeHHe KaTeropHd MexXaHHUYeCKHX mepeme-
ILI@HHH B 'KATEropHio reOMeTpHYeCKHX MpocTpancTs. B nuane
HCTOPHYECKOH KOHKPETH3alLHH CPEeACTB TEOPETHUYECKOro OMNHu-
CaHUS JaHHBIX ONbITa O MeXaHWYEeCKHX JABHXKEHHUSX 3eHOH
MOCTaBHJI BOMPOC 00 YTOYHEHHH MOHSATHA NpPeAebHOro mepe-
X0Ma AJS TaKUX JBHKEHHH,

B coBpeMeHHOl! MaTeMaTUKe KaTerOpuH, HaJejeHHble
CTPYKTypaMH MpelesybHOro fepexona, OnpeneseHHOH TOno-
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JIOTHel, Ha3bIBAIOTCS CHTE 8. DTO caMblil MepBbIH «3apObIiil»
reOMETPHH B INPOH3BOJIbHOI Kareropuu o6mbexToB. EBAOKC,
dopMyaHpya CBOIO aKCHOMY KaK BO3MOXKHOCTb pa3pelleHHd
anopuil 3eHoHa JJisi MeXaHUYECKMX ABHXKEHHH, TeM caMblIM,
C COBPEMEHHOH TOYKHM 3peHHsl, 3ajaJj mepBoe H J0 CHUX IIOp
€/IMHCTBEHHOE XOPOILIO HCCJAeJ0BaHHOE CHTE TOYHOro ecre-
cTBO3HaHUsA. Takum 006pa3oM, MmocTeneHHoe COBEepUIeHCTBO-
BaHHE 3KCMNEPHMEHTAJbHOH TEXHUKH, MPUMEHEHHe BCeX, Ka-
KHe JOCTYMHbLI, €e CPeACTB, CTaBHT BONPOC 00 ONHUCAHUU B
JAaHHOH KaTeropuu yxe gcex Aeraned H 0COOEHHOCTEH HHTe-
pecyouHx Hac 06beKTOB. DTOT BONPOC OTHOCHTENbHO «BCEX
JeTtajed H ocoOeHHOCTeH» paHO HJAH IMO3AHO KOHKPETH3H-
pyercd BO BCHAKOH (yHIaMeHTaJbHOH eCTeCTBEHHOHAY4YHOH
JHCLHIIVIHHE KaK BOMPOC O TOMOJIOrHH, O 3aKOHAX BbINOJHE-
HHUS TIPEeJIbHOTO Ilepexoja B KaTeropuu «Bcex» OODBEKTOB
5TOH JIHCLHIIJIHHBI.

Jasi MexaHHYeCKHMX IBHIXKEHHI HccsefoBaHHe BOIPOCA
00 HX CHTE 3aTAHYJOCb B XOJ€ HCTOPHYECKOr0 Ppa3BHTHS
eCTeCTBO3HAHHA (aKTHYECKH Ha MHorue croJgetusi. CBOH-
CTBA CHUTE MeXaHMYeCKHUX JBHXKeHHH ObIJIH TNpPaBHJbHO OC-
MbICJIEHBl TOJBKO ApXHMeIOM, KOTOPBIi € HX NOMOLUIbIO
(Ha3BaB 3TO METOMOM HCYEPNbIBAHHA) INOJYYHJ LEHHeHIlIne
JI0Ka3aTeJbCTBa TEOpPeM reoMeTpHH u MexaHukH. Ho Tosabko
r XVII B. pemenne JekaproMm npo6saeMbl OQHO3HAYHOTO CO-
MOCTaBJIEHUS] IPOCTPAHCTBEHHBIM 0ObekTaM anrebpauyeckux
ypaBHeHHH, U HA000pPOT, OTKPHLIIO AOPOry AJs CO31aHHH
Hbloronom u JlehGHuueM HcuucJeHUs OGECKOHEUYHO MaJblX
KaK CHCTEMATHYeCKOro MeToJa pelleHHs 3ajJay MeXaHHKH,
OCHOBAHHOTO HME€HHO Ha HCIOJAb30BAHHH CBOHCTB CHTE Me-
XaHHUYECKHX NBHKEHHH.

[IpaBna, nocsenHee ObLIO OCO3HAHO TOJNBKO K CaMOMY
Havaay XIX B.—B xole 060CHOBaHHA BaXKHEHIUHX TMOHS-
THH KJyaccuueckoro aHaausza OriocreHom Kouu: Beab BcH
TeXHHKa MNpejesioB ¢ ee OeCYHCAeHHBIMH «CKOJb YTOAHO Ma-
JbBIMH» «3TCHJOH», KOTOPble CTAHOBATCSH TAaKOBBIMM, Kak
TOJbKO H IIOCKOJIbBKY CT2HOBSITCA CTOJIb XK€ MaJbIMH HEKO-
TOpble «JeJbTa», CYIIEeCTBEHHO OCHOBbLIBAETCS HMEHHO Ha
OmnpeAeJeHHbIX TOMOJOIrHYeCKHX CBOHCTBAaX €BJIOKCOBA CHTE.
Takum oGpasom, nocienuee fBJAsSETCH OAHON H3 CAMBIX IJy-
60KHX M (yHIaMEHTAJbHbIX OCHOB BCEro KJaCCHYECKOro

8 A. Grothendieck. Théorie des topos et cohomologie etalé des Sché-
mas, v. 1. N. Y., 1972, p, 221,
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ecrectBo3uanus. o cux nop, nanpumep, na HeM OCHOBAHbBI
BCE HALUH HHTYHTHBHble NpeacTaBJellHs O TOM, YTO Ha3bl-
BaeTcsd «()H3UUECKHM CMbLICJOM» TOrO0 HJH HHOro sIBJEHHS
uay ypaBHeHusi. Ha Hem Ke 3HXKAETCs yBepelHocTb ecre-
CTBOHMCIIbITaTeJ el B TOM, u4TO JIOOOH NpHpOAHbLIIL npolecc
MOXKHO OIHCATb C NOMOLLbIO Te€X WK HHbIX AHPPepennHanb-
HblX ypaBHeHHH (OOBIKHOBEHHBIX HJIH «MHOTOMEPHBIX» — B
YaCTHBIX NPOH3BOAHBIX).

[lepBoHayalbHO H3yyYeHHE 3JIEKTPOMATIHHTHLIX SABJAEHHIl
TAKXe NpPOTeKaJo B HHTYUTHBHOIl YBEPEHHOCTH, UTO UX CHTEC
SIBJISETCH OObIYHBIM €BJOKCOBbIM, ONPEASSIOUHMCS HarJIs/L-
HbIMH npeacraBaeHusaMu. M 1o, uro Makesena chopmyaupo-
BaJl 3aKOHbI_ 3JIEKTPOMArHHTHOTO TOJASl B BHAE CHCTEMbl
nubdepeHHaNbHbIX YpaBHEHHI B YaCTHbIX IIPOU3BOJHDIX,
Ha MepBbIH B3MVIAL, TOJAbKO moAaTBepxkaano 3to. «[lomnas
CUCTeMa» 3aKOHOB JBHUIXKEHHSI COBEPLIEHHO HOBOH, OTJIHYHOMN
OT MeX3aHHKH 06JsiacTH (PU3HKHU OKa3asacb HAHJAEHHOH HMEeH-
HO Gsarojaps MPeArnoJOKEHHI0 O TOM, 4TO «B OCHOBE MH-
pa» — B TONOJIOTHYECKHX CBOHCTBAX MPOCTPAHCTBEHHO-BpE-
MEHHOro KOHTHHYyMa — IIPH Nepexofe OT MeXaHHUKH K ¢H-
3UKe 1NoJlell HHKAaKOro CyuleCTBeHHOro H3MeHeHHs He IMpo-
HCXOJMHT.

[IpaBna, yBesiHuHBaeTCd pasMepHOCTb COOTBETCTBYIOLIHX
MaTeMaTHYECKHX NPOCTPAHCTB: B JAONOJHEHHe K OOBIYHBIM,
HarJasIHbIM TpPeM INPOCTPAHCTBEHHBIM KOOpAHHATaAM M Bpe-
MEHH NPHUXOAHUTCS N00aBIATH elle TPexMepHoe IPOCTPAHCTBO
BEKTOPOB HalPAKEHHOCTH 3JIEKTPHYECKOTrO MOJIst H TaKoe XKe
MPOCTPAHCTBO BEKTOPOB HAMNPAXKEHHOCTH MAarHHTHOrO TOJS.
W xoTsi ¢ TOYKH 3peHHs] TEOPUU Pa3MEpPHOCTH, 3TO — Cyllle-
CTBEHHOE H3MEeHEeHHe, HO B OTHOLUeHMH HHTepecylolled Hac
npo6JieMbl TONOJOTHYECKHX CBOHCTB BCEX 3THX NPOCTPAHCTB
ypaBHeHHss MakcBesa, Ka3aJaochb, He NPHHECJAH HHYEro Ho-
Boro. CABHIM HaMEeTHJIHCb 3J€Chb TOJILKO IIOCJAE TOro, Kak
DiHITeHH MokKa3aJ, uto ypaBHeHHs MakcBeasa TpebyioT
H HOBBIX KOHLENTYyaJbHbIX NPOCTPAHCTB — CHayajJa YeThl-
peXMepHOTO IJIOCKON0 MPOCTPAHCTBEHHO-BPEMEHHOIO KOH-
THHyyMa MHHKOBCKOro, a notoM, B OOIIeH TEOPHH OTHOCH-
TeJbHOCTH, H OOLIHX, MPOHU3BOJBHO HCKPHBJEHHBIX pHMa-
HOBbBIX MHoroo6paauii. Ho Jauiub coBceM HexaBHO aHIJIHH-
CKHil (u3uk-TeopeTHk K. 3eemMaH’ nepBbIM NOCTAaBHJ BCIO

7 E. C. Zeeman. Causality Implies Lorentz Group.—«Journal of Mathe-
matical Physics», 1964, v. 5, p. 490, .-
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5Ty npobJsemMy A0CTAaTOYHO UIMPOKO M aJeKBaTHO, a HMeH-
HO — KakK npobJjemMy TUWATeJbHOTO ¥ BCECTOPOHHEro TOMO.IO-
FHYECKOro allalu3a HOBOTO CUTE PU3UKH—CHTE DifHIITEHHA.

Kak oxa3sanochb, yxke cama (puHKcalHs onpeaeseHHOH To-
NOJIOrHH — NpeBpaluenve B CUTé coOpaHHusi MPUYHHHO-CIEN-
CTBEHHbIX OTHOLIEHHI MEXKY TOYKaMH [IPOCTPAHCTBA-BpeMe-
HHU — BJIeUeT 3a coO0i B KayecTBe COBEPLIEHHO HEOOXOAUMO-
ro BpiBoAa TOT (pakT, YTO €IAHUHCTBEHHOH AONMYCTHMOH IpyI-
1noil npeobpasoBatinii 3TUX TOYEK APYr B Apyra (rpynmnom ux
asTomop¢usmoB) sisaserca rpynna Jlopeuua. Ilpasna, stor
pesyaprar euwe B 60-Xx rogax mamero mBexa IMOJYYHIH
A. J1. Anekcanapos, I'. Bysemann, 3. Kpounxaiimep u P. [len-
poys, P. . IlumeHnos, Ho Tonbko K. 3eeman BcKpbla ero Ha-
CTOALLHNA (DU3HYECKHI CMBICJI.

Teopema 3eemaHa yTBepK/aaeT, UTO MeXK/y HAaLIUM OObIY-
HbIM TIOHMMAHHeM INPHYUHHOCTU B CHUTE DHHUITEHHA M BCeW
COBOKYMHOCTbK) 3aKOHOB 3J€KTPOMAarHeTHaMa CyllecTByeT
COOTHOUIEHHEe, aHAJOTHYHOe COOTHOIIEHHIO CBOMCTB OAHOPO/I-
HOCTH H H30TDOTHOCTH TIPOCTPAHCTBA-BPeMEHHU U 3aKOHOB CO-
XpaHeHHs (PU3UKH (BCKPBITOE KjaccuuyecKoil teopemoil ['ame-
ns—Herep). Bonee Toro, nenwlii pax uccaemxosareseil cpasy
)K€ TOCTaBHJAH BONPOC O TOM, HACKOJIbKO B0OOULe 3aKOHEH
nepeHoc Haumux OObIYHBIX NMPEACTaBJeHHH O CBOHCTBAX CUTE
MEXaHHYECKHX JBHXKEHHH Ha abCTpakTHble NpPOCTpPaHCTBA
TEOPHH OTHOCHTEJBHOCTH (Hanpumep, BOJHU3H CBETOBOTO
KOHyCca Mbl sIBHO He MMeeM IpaBa BbIOHpPaTb OKPECTHOCTH
TOYEK COBEPLIEHHO NMPOU3BOJIBHO).

OTtBeToM Ha 3TH Bonpochl Gblia caeayiouias pabora 3e-
eMaHa ®, KoTopasi 1okKasaJja, uTo TOIOJOTHYyeCKHe CBOHCTBA
MPOCTPAHCTBA CNEUHAJbHOH TEOPHH OTHOCHUTEJbHOCTH —
YETBIPEXMEPHOTr0 (KOHTHHYYMa MHHKOBCKOTO — CYIIeCTBEHHO
OTJIMYHBI OT OOBIYHLIX CBOHCTB TPEeXMEPHOrO CHTEé MeXaHH-
yeoKHX ABHKeHUH. OcoGeHHO XKe CJOXKHOH npobaemMa onuca-
HHUS TOMOJIOTHYECKHX CBOHMCTB HOBOIO CHT€ (DHU3UKH — CUTE
DHHIITeHA CTAHOBHUTCSl TOTJA, KOrlla K PACCMOTPEHHIO NpPH-
BJIEKAlOTCsl a0CTpaKTHble pUMAHOBbBI TIPOCTPAHCTBA oOO6LIEH
T€OPHH OTHOCHTEJbHOCTH.

B03M0XKHOCTb BO3HHKHOBEHHSI TPaBHTALIMOHHOIO KOJ1/IaTI-
ca, Ip4d KOTOPOM omnpeaeseHHbie 06/1aCTH NPOCTPAHCTBA CTa-
HOBSITCSI TONOJIOTHYECKH IIOJIHOCTbIO «OTKJ/JIIOUeHHbIMHUY» (1]

o l% Zeeman. Topology of Minkovski Space.—«Topology», 1967, v. 6,
p. 161.

H. A. Akuypusu 177



5/1eKTPOMArHHUTHBIX B3aUMOJEHCTBHI, 110 KpalHel Mepe) OT
apyrux ero o6Jsacteil, nokasbiBaeT, uUTO CHT¢ IiiHWTEHHA
obJajaer UeablM pPsilOM COBepIueiilo HOBbLIX IKAYECTBEeHHBIX
CBOIICTB, MPOCTO HeMbICAHMBIX A cuTé EBnokca. MUx cucre-
MATHYECKOe W BCECTOPOHHEee H3yueHue ceHyac TOJbKO elle
nHayunaercs — B paborax P. [lenpoysa, C. Xaykwuwura’,
P. I'epoua ' u ap., 10Ka3aBUWIHX pAL HHTEPECHLIX TEOpeM,
KaCalolUUXCsl YCJAOBHII MOSIBJACHHA H JaJibHEeHIuei 3BOJIOIHH
TAKHX TOMOJIOTHUECKH <«OTKJIOYEHIIbIX» MaTepHanabibliX 06-
pasoBallui.

To xe camMoe MOXHO CKa3aTb H OTMHOCHTEJbHO APYyroro
CHT€ COBpPEeMEeHHOH (HU3UKH — CHTE KBAHTOBOH MEXaHHKH.
3aech Takxke Habalonaercs, ocoOO@HHO B MOC/JAeLHHE TOADI,
OypHbBIil pacuBeT HCCJeJ0BAaHHIl NO TaK HAa3blBaeMO# JIOFHKe
MHKPOMHPA, B KOTOPbIX TaK»Xe H3yyaeTcs TonoJorust cobpa-
HHIl OMBITHBIX JAHHbIX, IOJyYaeMbIX B CaMbIX /(Pa3JHYHBIX
3KCIepHMeHTax Haj MuxpouacTHuaMd. C TOUKU 3pEHHUS HC-
TOPHU HAYKH MepBble cepbe3Hble Pe3ysibTaThl, XapaKTepHu3y-
IoUlHe CHUTE KBAHTOBOH 'MEeXaHUKH, NPHHAAJAENKAT, NO-BHAH-
momy, k. HelimaHny — ero 3HaMeHHTas TeopeMa B Hallei
TePMHHOJIOTHH KaK pa3 yTBepxkKJaaeT MNPUHLUHUIHAJIbHYIO
HECBOAHUMOCTb HOBOTO KBaHTOBOMEXaHHYECKOro cutTé bopHa—
Jlupaxka K CTapoMy CHTé MeXaHUUYECKHX JBHKEHHUH.

Josarue roabl 3aTeM AUCKYCCHM BOKPYT BCeH 3TOH TPYA-
HeHIlIed METON0JOrHYecKon npobaeMbl ObljiM HEe OYeHb IIO-
LOTBOPHBI, NOCKOJIbBKY OHH OBbIIM HanmpaB/jieHbl B OCHOBHOM
Ha pelleHHe NPHHUUMHUAJNLHO Hepas3pewuMod mnpobaeMbl
«CKPBITBIX ITapaMeTpPOB», KOTOPble H JAOJIKHBI OblJIM CBECTH
HOBO€ CHTE KBAHTOBOH MeXaHHUKH K CUTE EBfokca. M ToOMBKO
HeJaBHO HCCJENOBAaHHUSA WIBEHIAPCKOro (u3uKa-TeopeTHka
M. Slyxa ' nokasanu, 4to Bca npobaemMa 31eCh COCTOHUT He
B 3THX COBepLUeHHO Oe3HaeKHbIX MOMNbITKAaX CBeAEHUS KBaH-
TOBOH MEXaHUKH K KJIACCHYECKOH, a B CHCTEMaTHYECKOM
H3y4eHHUH HeOObIYHBIX TONOJIOFHYECKHUX CBOHCTB COBOKYIHO-
CTH BCeX AONYCTHMBIX COCTOSIHHH KBAHTOBbIX CHCTEM H HX
KOppeasiuuii APyr ¢ ApyroM. B TepMHHAax cOBpeMeHHOH Ma-

9 8. Hawking, G. Ellis. The Large Scale Structure of Space-Time.

Cambridge, 1973. .

19 R. Geroch. General Relativity in the Large.—«General Relativity and
Gravitation», 1971, v. 3, p. 61.

M J. Jauch. Foundations of Quantum Mechanics. London, 1968,

p. 121.
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TeMaTHKH 3r0 M oO3Hauyaer o6CTosiTe/NIbHOE HCCJAen0oBaHHe
CYIIECTBEHHO HEKJAaCCHYeCKHX CBOICTB cuTé DBopHa —
Iupaka *2. . .

§ 3. Moucku anemeHrapHoro oo bekTa

3.1. Knacc aneato-repakauTosbix npodaem

[Tpu mocTpoeHHH OCHOBAaHHIl BCSIKOH HOBOII (hyHaaMel-
TaJbHO# €CTeCTBEHHOHAaYUHOH TEOPHUH MOXKHO BBIIENHTbL ue-
ThIpe OOJIBINHX KJacca MeTOL0JOrHYecKHX npobJem, pele-
HHE KOTOPBIX NMPeACTaBJACTCA COBEPILIEHHO HEOOXOAHMBIM H K
KOTOPBIM CBOAMTCS 3a/llaya NOCTPOEHHsI TaKOro pojia TEOpHH.

D10, BO-TIEPBLIX, — BBIJEJNEHHE ONPeNeJeHHOr0 KJjacca
abCTPAaKTHBIX MaTeMaTHYECKHX TPOCTPAHCTB, T€ HJIH HHbIE
CTPYKTYPbl KOTOPBLIX CMOCOOHBI TIOJHOCTHIO H OJXHO3HAUYHO
XapakTepH30BaTb COCTOSIHHE JBHKeHHS O00OBEKTOB JaHHOrO
YPOBHA CTPOEHHS MaTepHH (TpexmMepHOe eBKJHIO0BO INpo-
CTPAHCTBO OOBIYHBIX MEXAaHHUECKHX JIBHIKEHHH, MHOromep-
Hble TIPOCTPAHCTBA BEKTOPOB HANPSIKEHHOCTH JEKTPHUYECKHUX
M MaPHUTHBIX CHJI B TEOPHH TOJifl, GeCKOHEYUHOMEepHOe THJb-
6epToBO NMPOCTPAHCTBO KBAHTOBOH TEOPHH W T. m.). Bo-BTO-
pbIX,— 3TO (OpPMyJaHPOBKA ONpPENLJEHHBIX 3IKCIEPUMEH-
TaJIbHBIX Mpoueayp, onepautoHaJbHbIX NMPaBUJ, YCTaHAB/IH-
BAIOIMX COOTBETCTBHE 3JEMEHTAapPHBIX COOBITHH [TaHHOTO
bparmMedTa MaTepHaJbHOH JAEHCTBUTEJbLHOCTH HEKOTOPLIM
37eMeHTaM H306paHHOTO MaTeMaTHYeCKoro IpOCTPaHCTBA.
B-TpeTbuX, — 3TO BbIIBJIEHHE 3JIeMEHTAPHOro O0OBEKTa JaH-
HOH (OpPMbI NBHKEHHST MaTepHH (MarepHaJsbHasg TOuKa —
B KJIACCHUECKOil MeXaHHWKe, BEeKTOp HaNpPSKeHHOCTH ToJisi B
TEOPHH TI0NI5l, aO6CTPaKTHOE <«COCTOSAHHE» MHKPOCHCTEMBI B
cmbicsie {upaka — B KBauToOBOH TeopuH). Hakonen, B-uert-
BEepPTHIX, (OPMYJIHPOBKA C TOMOILbLIO ONPEAeNeHHBIX KOH-
KPETHBIX CTPYKTYP JaHHOTO MaTeMaTHYeCKoro mMpocTpaHCcTBa
(ynaamMenTasbHbIX 3aKOHOB ABHKEHHA HCCAEAYeMOil (hOpMbI
MaTepHaJbHOro mBHXKeHHsa (ypaBuenus HploTona B kiac-
CHYecKoll MexaHHke, MakcBeasa — B 3JMeKTPoaAHHAMHKE.
[lIpenuxrepa — B KBaHTOBOM MeXaHHKe H Mp.). _

OTauyutesbHOli 0CO6EHHOCTbIO HMEHHO €CTeCTBeHHOHAa Y-
HOW TEOpPHH SIBJAAETCS TO, YTO B HeH B aOCTPaKTHOe MaTeMaTH-
yeckoe MPOCTPAHCTBO, H ONepalHOHAJbHBIE TMPOUEAYPHI, H

12 Te. Maxku. JIeKuun 1o mareMaTH4YeCKHM OCHOBAM KBAHTOBOW MeXa-
HHkH. M., 1965, cTp. 105 u ca.
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3JeMeHTapHblil 00BbeKT,  PyHAaMEeHTAaNbHbIH 3aKOH IBHKe-
HHUS ompeneseHbl OAHO3HAYHO (C TOYHOCTHIO MO H3MOpPGhU3-
ma). MMeHHO 3mech NPOXOIHUT JIMHHA pa3faesa, OTAeasouias
HayyHble TEOPHH OT PA3JHYHOTO POAA MaTeMaTHUECKHX MO-
neneil — B nocJenHnX 6a30Bble METOHXOJOTHYECKHE 0OBEKThI
BHIOMPAIOTCS  TOBOJIBHO TPOU3BOJBHO: BO3MOMXKHO Jaxe
COCYILIECTBOBAHHE B TEYEHHE JNOBOJIbHO NJIHTENbHOTO BpeMe-
HH MOJeJIeH OJJHOTO M TOTO Ke Mpolecca ¢ pa3JHUHBIMH 3Je-
MeHTapHBIMH o6bekTaMu. Ha «MoaesabHOM» 3Tane pas3BUTHS
HAYYHOI TEOPHH M «MaTeMaTH4yeCKHe IIPOCTPAHCTBA», H
onepalnuoHaJbHble TPOUEAYPbl H Jla)Ke «ypaBHEHHS BH-
JK@HUS» MOTYT ObITb BhIOpaHbl 10 H3BECTHOIl CTENEeHHU IPOU3-
BOJIbHO. BnjioTh 10 TOro, 4To X COOTBETCTBYIONUIHE KOHKPET-
Hble TIpeACTAaBHUTEJH MOTYT Ja)Ke W He ObiTb MpOoCTpaHCTBA-
MH HJIH YPaBHEHHSIMH B CTPOro MaTreMaTHYECKOM CMbIcJe
3THX MOHATHH.

OnbIT CO3MaHUA KJIACCHUECKOH MEeXaHWKH, KJIaCCHYeCKoil
3JCKTPOJIMHAMHKH, KBAHTOBOH TEOPHH, NMONBITKH MOCTPOEHHUS
«TIOJIHOW» TEOPHH IIpolleccoB B 06sacTH (HU3WKH BbICOKMX
SHEPrui, HaKOHeIl, 10BOJbLHO MHOTOYHCJIEHHDIE YiKe MPOeKThl
CO3J1aHHsl TeopeTHYeCKOil OHOJIOTHH yyaT Hac, 4To yalle Bce-
ro yeTbipe paccMaTpUBaeMbIX KJacca MeTOLOJOTHYeCKHX
npo6JsieM pemaloTCs OTHIOAb He TIOCJeloBaTeJbHO APYr 3a
apyroM. C TOYKH 3peHHst JIOTHKH 3Jecb A0JKHA Oblja Obl
AMeTb MECTO CJe[yIol(asi MmocJjieJ0BaTeJbHOCTh COOBITHH —
cHavaJia BbISBJSETCH 3J@eMEeHTapHblit 00beKT JaHHOi GOopMbl
MaTepuasibHOro ABUIKEHHS, TIOTOM (OPMYJHUPYIOTCS orepa-
UHOHAJIbHbIe MpPaBHJa COMOCTaBJIEHHs XapaKTePUCTHK 3TOTO
00beKTa CTPYKTYyPaM HeKOTOporo abCTPaKTHOTO TpOCTpaH-
CTBa, OBOHCTBA KOTOPOro HauboJsee MOJHO XapaKTEPHU3YIOT
BCe CyLecTBeHHble OCOOEHHOCTH HccJueayeMoil (hopMbl JBH-
XKeHusi Mmatepuu. HakoHel, BBIABHUIraloTCA B KauecTBe «OcC-
HOBHOTO 3aKOHa JBHUXKEHHA» NaHHOH 00J1aCTH SBJEHHH HEKO-
TOpble MaTeMaTHYeCKHe COOTHOLIeHHs, Hanpumep aubddpe-
paHUHMaAJbHbIE YPABHEHHUS HJH HUX CHCTEMBI.

Ha caMoM e 1ese cOObITHS pas3BepTHLIBAIOTCS OOBLIYHO
«HEJOTHYHBIM» 00pa3oM: CHayasJa MaTeMaTHKH — 3a10Jro
10 KakKuX-JAHOO «3anmpocoB» €CTeCTBO3HAHHUA, HepeaKko H3
coobpaKeHHuii «KpacoTsl», 0cOO0ro COBEPLIGHCTBA HJAH CBOe-
o0pa3us — HCCAEeYIOT HeKOTopoe HoBoe abcTpakTHoe mpo-
ctpaHcTBo. M wWHoraa yie uyepe3 HECKOJBLKO JIET HJIH
NeCSATHETHIT, 4aCTO OYeHb HeOObIUHbIE U JlaKe 11apaLoKCcalb-
Hble ero CBOHCTBA, U3BeCTHbIe J0cCeJe TOJNbKO Y3KOMY KpPYry
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CrelHaJHCTOB, COBEPIIEHHO HEOXKHIAHHO OKa3blBAlOTCA TOU-
HO COOTBETCTBYIOIUMMH CTOJb Ke HeOoOblYHbIM H Napanok-
CaJIbHbIM CBOMCTBAM JIBHXKEHHSI MAaTEPHH Ha HEKOTOPOM OCO-
6eHHOM, TOJIbKO YTO CTABINEM JOCTYIHBIM HCCJIEIOBAHHUSIM
YPOBHE ee OpraHu3aluu. Toraa M BCTAIOT BOBeCb pPOCT 3TH
TPYAHeHIlIHe MeTOAO0JOruueckKkHe npobaeMbl, 0 KOTOPBHIX YykKe
1712 pe4b H K KOTOPBIM Tenepb nobaBasieTcs ellle OAHA, K pac-
CMOTPEHHIO KOTOPOH MBI NMEPexXoauM.

Mbl cBsi3biBaeM ee HaHMEHOBaHHe € JBYMS HaTMpaBJIeHHA -
MH aHTHYHOH GHI0cODCKOH MBICTH, KOTOPble HanboJsee OCT-
po c¢hOpMYJHPOBANH CYLIECTBYIOUIYI0O AaHTUHOMHYHOCTb M-
NMUPHYECKHUX ITaHHBIX BCAKOTO pasjiesa HAayyHOro 3HaHus '*.
JInanexkTHyeckas MPOTHBOPEYHBOCTb YCTOHYHBOCTH H M3MEH-
UMBOCTH, COXPAHeHHs] U NBHUKEHHS TIPOHH3BIBAET HbIHE MHUP
3JIeMeHTapPHbIX YaCTHI U Bce 0e3 MCKJIIOUeHHs YPOBHH Opra-
HH3aLHH KHUBOH MAaTepHH, KaK W SIMIUDHUECKHH MaTepHal
HayKH B 3moxy 3JeatoB U ['epaknura. Kak yxe roBopuaoch
BbILIe, BUPTyaJbHas NpeBpallaeMoOCTb BCeX 3JeMeHTapHbIX
KOPNMYCKYJ APYr B Apyra sIBJSeTCS MOUCTHHE CAMHM CIOCO-
6oM ux ObiTHs. M1 BMecTe ¢ TeM KaKablil TaHHBIA BHJ YaCTHIL
XapakTtepusyeT yAUBHTEbHelIee MOCTOSHCTBO HX OCHOBHBIX
XapaKTepHUCTHK — Macc, 3apsiioB, CMHHOB MU T. 1. AHaJOrHY-
Hasi aHTHHOMHYHOCTb H3MEHUUBOCTH H YCTOHYHBOCTH XapakK-
TepHa M a5 Bcex o6hexToB OGHosoruyeckoi Hayku. Camo
CYIIeCTBOBAHHUE ITOCJAELHHX, KaK H3BECTHO, CBSI3aHO C JHHA-
MHYECKHMH MpollecCaMH cO31aHHs, MepecTpoeK H pa3pylie-
HHA O6eJKOBBIX HWJH JPYrHX OPraHHYeCKHX MOJIEKYJ TIPH
OJAHOBPEMEHHOM COXPaHEHHWH XapaKTepPHbIX MOCTOSHHBIX
0cOOeHHOCTEeH JaHHOrO BHAA JKHUBBIX CYIIECTB.

Ouenb uyacTo 3apOokKJIeHHE TeHHAJbHOI HIeH aTOMH3Ma
Aaxe B COJUAHBIX HAYUHBIX TPaKTaTax MpeacTaBJasieTcs A0
KPaiHOCTH HAUBHO, B NIOJTHOM OTKPbIBE OT TOTrO KOHKPETHOrO
HCTOPUKO-(HI0CODCKOrO ¥ HCTOPHKO-HAVYHOTO KOHTEKCTa,
KOTOPbIH CTHMYJHPOBAJ W TOATOTOBHJ BbIABHUXKEHHE 3ITOIl
(pyHnameHTanbHel el eCTeCTBEHHOHAYUHOH HIEH.,

Takas raybokasi ecTeCTBeHHOHAayuyHasi ulesi, 0Ka3aBiias
CTOJIb MOTyyee BO3JlefiCTBHEe HA BCe PAa3BUTHE UEJOBEYeCKOro
MO3HAHUS, HE MOXKEeT BO3HHKHYTb HA YPOBHE TOJbKO YyB-
CTBEHHBIX BOCIIpHATHI. Hes aToMH3Ma BO3HHKJIA KaK Teope-
THYECKOe pa3pelueHHe (HIOCOPOKHX npobaeM, mocTaBieH-
HLIX THVOOYAHIIMMH MBICAUTENAMH aHTHUYHON ['peuun.

¥ H. &. Osuunnuxos. Tpusuunsl coxpanenns, M., 1968, ctp. 40—42.
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OTH npobseMbl BCTaJH B aHTHYHOH (PHIAOCO(PHH BO BeCh
POCT B CBfI3H C NHAJNIEKTHKOM JBHXEHHS U YCTOHUHBOCTH,
[IPOTUBOPEUHBOCTHIO COOTHOLIEHUH U3MEHUUBOCTH H ITOCTOSH-
CTBa B ‘MaTepHaJbHOM MHpe. Kak paspewiuTb B TNOHATHSAX
3TY NPOTHBOPEYHBYIO AHAJNEKTHKY MHpa, KaK «CXBATHUTb»
NBHXKEHHE KOCMOCa C MOMOIbIO CTPOTHX, YCTOHYUBLIX JIOTH-
YeCKHX KaTeropHuu?

['eHHanbHOCTD AHANEKTHKOB ApeBHOCTH JleBkunna u [le-
MOKPHTA COCTOfJIa KaK pa3 B TOM, YTO OHH CyMeJIH yAOBJeT-
BOPHTEJbHBIM /15 HX BpeMeHH 00pa3oM paspemuTtb 3TO,
Ka3aJnaocb Obl, 0e3bICXOHOEe NMPOTHBOPEUHEe HW3MEHUYHBOCTH H
yCTOHUUBOCTH. OHU «YMEHbIUWJH» TAaPMEHHAOBCOKOE HEU3-
MeHHOe U ‘GeckoHeyHoe ObITHE 10 pa3MepOB OuUe€Hb MaJbiX
aTOMOB M OOYCJOBHJH TIOCTOSIHCTBO, COXPaHEHHe, 3aKOHO-
MEPHOCTb MHpa TpexKJe BCEro MX CyliecTBoBaHWeM. A-Bre
"H3MEHeHHsl, NBHKEeHHs, BapHalMH, TO, YTO BBLIABHraa Ha
nepsblii naaH ['epakaut, OHH CBA3AJH C ABHXKEHHEM H pas-
JUYHBIMH COYETAHHUAMH, Pa3JHYHBIMH KOMOMHAUHSIMH aTO-
MOB JIPYT C APYIoM.

TakoBbl HCTOpHUECKHE O0OCTOfITeNIbCTBA BO3HUKHOBEHHS
OJIHOHM K3 OCHOBOIMOJIATalOUX HAEeH eCTeCTBO3HAHUA — HJIeH,
KOTOpasi Ha MPOTAXKEHUH MHOTHX BeKOB onpejpensna Haubo-
Jlee MPOrpecCUBHbIE HaNpaBJeHHS ero pa3BHUTHA. DTa uaes
IBJISIETCA MPUMEpOM TOro, Kak (puaocodckve pa3MblUIICHHUS
O MPHPOAE ¥ caMblX OOIIHX CBOHCTBAaX ObITHS OOBEKTOB MO-
I'YT JaTh OYE€Hb HHTEpPECHble H IO0Je3Hbie IJs BCeH HaYKH
pe3yJbTaThl.

3.2. 3nemeHTapHbie 00beKTH PU3HKH W GHOJNOr UK

KauecTBeHHOe pelleHHe aTOMUCTaMH mpoOaeMbl JHaNeK-
THYECKH MPOTHBOPEUHUBOrO €AHHCTBA U3MEHUHBOCTH H YCTOIl-
YHBOCTH BCEX OKpYXKamIHX Hac 00bEKTOB — 3TO, CaMO CO-
60#i pa3yMmeeTcsl, TOJMILKO CaMblii TIepBbIif U MPOCTEHIIHIT NPHU-
Mep M3 obmuMpHelwero KJjgacca ropasao 6oJsee CJIO0XKHBIX H
_3anyTaHHbIX mpobJseMm, KOTOpble KaXAbli pa3 BCTaBaau (H
BCTAlOT JO CHUX IIOP) Tiepel €CTeCTBO3HAHHEM -Ha BCIKOM
CYLIeCTBEHHO HOBOM 3Tamne ero pa3BHTHS. OTAMYUTENbHOH
0cOOEHHOCTBIO 3THX 60Jiee CAO0KHBIX NpobseM sIBJASETCH TO,
YTO Telnepb OHH CTABATCS He HA MYCTOM IIOYTH MECTE YHCTO
KauecTBeHHbIX coobpaKeHuil, a BO3HHKAIOT B XO/ie CHCTeMa-
THYECKOro, OMHpalouerocss Ha OOCIIHPHBI 3KCIepHMeHTalb-
HbIf U TEOPETHYeCKHi MaTepHaJ Pa3BHUTHUS Pa3JHUHLIX ecTe-
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CTBEHHOHAY4HBIX AUcuMIIHH. B ¢unocopckom naane pes-
Kas MnonbiTKa OObsICHEHHS OMNpeaeJeHHOH COBOKYIHOCTH
IMITHPHYECKHX OIIBITHBIX JAHHBIX C (IOMOUILIO TOIH HJAH HHOM
MOJCJH SIBIIO HJAH HESIBHO Npe/noJsaraer onpeaeeHtoe pas-
pelieHHe METOA0JIOrHYeCcKOH npobJaeMbl 00CyKAaeMoro 3ech
kaacca. M6o Bcsakass Mojgenb mnpexjae BCero OCHOBbLIBAETCS
Ha BbIJEJEHHH OAHUX KAKHX-TO OOBbEKTOB B KauecTBe HCXOX-
IIBIX «KHpMHYEH» OObSICHEHHUS (M BbIBEJEHHS U3 HHUX) CBOIICTB
H ToBeaeHHs1 pama Apyrux oObekToB. Tem cambiM BCA-
Kasi eCTeCTBeHHOHayuHast MOeJb y»Ke CaMbiM IEPBbIM 1lia-
rOM CBOEro IOCTPOEHHs NpejlnoJsaraer H3BeCTHYIO «paccop-
THPOBKY» BCEro HMCCJEI0BAHHOrO MHOrooOpasHsi H3MeHeHHH
MHTEPeCyIOUHX Hac 00beKTOB Ha aABa Gosbluux tHna. Oaud
THII H3MeHeHHH — IPOU3BOAHBINH — Mbl HageeMCs IOJYYHTb
C TOMOLILLIO TIPEAJIOKEHHOH MOAEJNH, a JPyrHe H3MEHEeHHS
Mbl NIpUHIIUMaeM 3a 110CTOsIHIIbIC, YCTOHYHBbIE XapaKTepPHUCTH-
KM 0a30BbiX 0O'BEKTOB Aatiioil 06/acTH JeHCTBUTEJbHOCTH.

Hanpumep, TakoBbl Bocxoasiuiue eule K lexkapry oObsc-
HellHsl TeX HJH HIbIX MeXaHHYECKHX JABHKEHHIl ¢ MOMOLIbIO
BUXPEBbIX KOHCTPYKUHH. C METOLOJIOrHYeCKOH TOUYKH 3pe-
HUS — 3TO NOAOOHBIH aTOMH3MY crnoco® paspeuwuTb NpoTH-
BOpPeYHsl YCTOHYHBOCTH H H3MEHUHBOCTH B 3MIHPHYECKOM
MarepuaJse, HaKOIJEHHOM K TOMY BpeMeHH OypHO pa3BH-
BaBllelicss MeXxaHWKoi. Buxpu B KayectBe 6a3oBoro, «aJje-
MeHTapHOro» obbekra cBOMX mojmeseii [lekapt BbiOpaa nae-
JIEKO He CJyyaiHo — yXe B Te roibl Oblio cobpaHo aocra-
TOYHO OMNBITHBIX JAAHHBIX (HanpuMep, Ogarogapsi U3y4YEHHIO
MPOCTbIX BOJIYKOB HJIH KPYrOBbIX JBHIKEHHH XKHUAKOCTEH H
ra3oB) OTHOCHTEJIbHO NOAOOHBIX THINOB BpallaTeJbHbIX ABH-
KEHUH (M MoJIy4YHBUIHX BIOCAEACTBHH CBO€ JOCTATOYHO CTPO-
roe Teoperuyeckoe oObsCHEHHEe KaK CJAEICTBHSA 3aKoHa CO-
XPaHEeHHs1 BpallaTeJbHOTO MOMEHTA).

Jloarue roabl «KapTe3naHCKOe» MOCTPOEHHE MEXaHHKH C
MOMOILbIO HATVIIAHBIX 3JeMeHTapHbIX 00beKTOB — MpPOCTeii-
IUHX BHXpEH — ObIJIO BecbMa IMONYJAPHbLIM CpPeaH YueHbIX.
OHO TeM He MeHee He BbIEPXKaJI0O HCTOPHYECKOr0 COPEBHO-
BAHHA C JAHAMETPAJbHO NMPOTHBOMOJOMKHBIM, HbIOTOHOBCGKHM
cnoco6oM paspelleHHs 3J/1eaTo-repakJUTOBBIX npobJjeM Me-
XaHHKH, B KOTOPOM B KauyecTBe 3JIeMeHTaplblX 00 bEKTOB 3TOIl
HayKu BbIOpaHbl OblIM TaK Ha3biBaeMble MaTepHaJbHbie TOY-
ku. bnaronapa sromy nousiTuio MexaHuka Hplotona crausa
Mo HameMy MHEHHIO, QYHIAMEeHTAJbHOIl HAYUYHOil TeopHeil.
Ono, ¢ ogHOi cTOpPOHBI, coXpaHsieT B ce6e (B TMOTEHIHaJb-
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HOM, «CBEPHYTOM», 0COObIM 00pa3oM «MepekopHPOBAHHONY
¢opme) Bce TO 60OraTCTBO €CTECTBEHHOHAYYHOM HHPOpMaLUH,
KOTOpoe HeceT ¢ cobon noHsitie atoma. C apyro# xe cTopo-
Hbl, B OTJHYHE OT J€KAPTOBbIX <«BHXpeil», OHO Bbipaxaer
eHHCTBEHHbIH THN 3JIeMEHTAapHOro 00beKTa MeXaHHKH,
KOTOPbIi BIIOJIHE COBMECTHM C €BIOKCOBBLIM CHTEé-—C BO3-
MOXKHOCTbIO (H HeOOXOIAHMOCTBIO — IIPH CTPOrOM aHaJHTH-
YECKOM IIOCTPOeHHH MEXaHHKH) ClesaThb nepexoi K npeaeny.

[Tocne Toro, kak EBrokc cBoeii akcHoMoit 3aHKCHPOBaJl
TOMOJIOTHYECKHE CBOHCTBA CHUTE — «MeCTa IIPOTEKaHHS» —
MeXaHHYeCKHX ABHKEHHH, 3aJaB Mo KpaitHeH Mepe B NpHH-
1lMMne, B MOTEHUHH (/JIsi CBOErO0 BPEMEHH) TOYHble, CTPOTHe H
OJHO3HAaYHble NpaBHJa Tepexona K npejeny, BCAiKoe cepbes-
Hoe pelleHue yHAAMEHTaNbHbIX NPOOJEM MeXaHHKH J1OJIXK-
HO OblI0O aKKYMYJHPOBATh BCe 3TO MHOroo6Gpasue LeHHeHen
€CTECTBEHHOHAYYHOH HHGMOpPMAUHH. DJIeMeHTapHble BHXPH
JlekapTa — npocTo B CHNY CBOEH TOMOJOrHYeCKH HE TPHBHU-
aJbHOH MPHPOAbl — HHKAK HE MOIVIH «BMECTHTb» B ceHs ele
H 3TH HOBbI€ COBEepLIeHHO HeOoOXOAHMble AJS CHCTeMaTHue-
CKOro TIOCTPO€HHSI MEXaHMKH KOMIOHEHTbl HH(POpMALHH
OTHOCHTEJIbHO TOMOJIOTHYECKHX OCOOEHHOCTEeH MeXaHHYECKHX
ABHXKeHHH. HbIOTOHOBCKHE onpeeJeHHsl TaKHX OCHOBOIMOJa-
ralouiHx TOHATHI MEXaHMKH, KaK CKOpPOCTb, YCKOpeHHe
M T. A., CYLECTBEHHO MPEANoaaratT TPHUBHAJbLHOCTb CHTE
Bcex MexaHnuyeckux asuxenui. [Tocne O. Kowwu crano yxe
O0OLIHM MECTOM YTBepiKAeHHe, YTO 3JeMeHTapHblH O0bekKT
MexXaHHKH obsa3aTeJbHO A0JKeH OblTb TaKHM, yTOoObI, ¢ On-
HOH CTOPOHBI, COAEPXKATb ACNEeKTbl IMIHPHYECKOH H Teope-
THYeCKoil HHGopMallHH, CBi3aHHble ¢ HeeH aToMH3Ma (ZHuC-
KPeTHOCTb, YCTOHYHBOCTb H T. I.), @ C APYroi CTOPOHbBI,—
JONYCKaTb NpHMeHeHHe K ero XxapakTepHcTHKaM (KOOpAHHA-
TaM H CKOPOCTAM B MeXaHHKe) KJAAaCCHYeCKOH TeXHHKH Ipe-
AeJIOB MaTeMaTHYeCKOro aHaJjuia. JDJyieMeHTapHblli 00BeKT
MeXaHHKH BO3HHKaeT NpPH JAOCTATOYHO CTPOrOM IMOCTPOEHHH
ee KakK HayyHOH AHCUHMIIHHBI TOJILKO B pe3yJbTaTe «mnepe-
CEYEeHHA» HAeH aTOMH3Ma MaTepHaJbHbIX O0BEKTOB H HAEH
TOMNOJIOTHYECKOH TPHBHAJBIIOCTH NMPOCTPAHCTBA HX BO3MOXK-
HbIX MEXaHHYECKHUX JBHKEHHH.

STOT UHTEPECHBIH AJs1 COBpeMeHHOil (QU3UKH U OHOJIOrHH
pesyJsbTaT SBHJICA KTOrOM CJIOXKHOrO M TPYIAHOro, NpOAO0J-
A4BLIEroCsl MHOrO CTOJIETHH pa3BUTHA Hay4YHOH MBICJH.
AHanordyHblii NpoLEecC BbIABJEHHS 3JeMeHTapHOro o6bexra
KJaCCHYECKOH TEOPHH 3JIeKTpOMAarHeTH3Ma BpPEMEeHH 3aHd.a,
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pasyMmeeTcs, yKe ropasjio MeHble, XoTsi U OblI TeM He Me-
Hee B TEOPETHYECKOM OTHOIIeHHH CTOJb Ke 3alyTaHHBIM.
CJIOKHBIM M NpOoTHBOpeuyHBbIM. Onpenensiiomeil cHIOH Hayuy-
HOTO mporpecca H 37ecb ObIJIO B3aWMOMEHCTBHE OMNbBITHBIX
JTAaHHBIX C UJeAMH aTOMH3Ma M TPHBHAJLHOCTH CHTE pealib-
Horo uauyeckoro mnpoctpaHcTBa. [locsenHee snicTynaso,
npasxa, 60JbUIYVIO YaCTb BPeMEeHH — (PaKTHUECKH HECKOJbKO
BEKOB — [10J] MAaCKOH HEKOero HempepbiBHOTO KBa3WMeXaHH-
4eCcKOro «GJionaa», 3anoJHABIIEro BCE JOCTYMHbIE HayuyHO-
My HCCIed0BaHHIO o6sacTH BceeneHHON M mpeacTaBJsBIIEro
coboit Hexkuii, BecbMa 3heMepHbIii — 3PUPHBIA «HOCHTEJIb»
BCeX JIEKTPOMArHUTHLIX ABJAeHHH. OmQHaKo, eCau NnpoaHaJu-
3MpOBaTh KPHTHYECKH TE CBOHCTBA 3TOro 3¢upHOro ¢Jaio-
Haa, KOTopble 0Ka3aJiCb PeasbHO HeOOXOAUMBIMH st dop-
MHUPOBAHHA TMNOHATHA 00 3JeMeHTapHOM O0O0bLeKTe TeopHH
3JIeKTPOMarHeTu3Ma, TO Mbl OYEeHb CKOPO yOeIiuMCs, 4YTO
3TO ObIIH Te K€ CaMble TOINOJOTHYeCKHe XapaKTepPHCTHKH
HenpepbIBHOCTH. TOABKO BBLICTYNaJaH OHH B 000JI0YKEe MeXxa-
HHUCTHUYECKHX TPEICTaBACHHH O «kHATSHKEHHSAX», KKPYUEHHUSIX»,
«CHKATHAX» H INPOYHUX 3IK3OTHYECKHX COCTOSSHHAX TaKOTO
¢mouna. Ilonobuas daouI0-MeXaHUCTHUECKAS «000J0UKa»
ILOBOJIBHO J0Jr0€e BpeMs CTOsijia Ha MepBOM IJIaHe TeOopeTH-
YeCKOTO MBILIJIEHHS YYeHbIX H, HanpuMmep, Aaxey Maxkcsen-
nma 3acjoHsizia coboi peasbHOe COAEplKaHHe 3JIeKTpoMmar-
HHTHBIX siBJeHHH. M1 3TO MOHATHO: TO coyeTaHHe HaeH aTOMHU3-
Ma W TPHUBHAJNbLHOCTH TONOJOrHU (U3HYECKOro MPOCTpPaH-
CTBa, KOTOpoe OBIJIO HaiJeHO B TPeJCTaBJIEHHH O MaTepH-
AJIbHOH TOYKE, B TO BpeMs BOOOIIe Ka3aJ0Ch OTIHYHUTENbHbBIM
MPH3HAKOM MaTepHaJbHOCTHA, a MOTOMY H NPEACTABJAJOCH
a6CcoOTHO HEOOXOAUMBIM AJ5 BCAKOIN HaYKH.

Il TeM He MeHee TIMATE/bHBIH JIOTHYECKHH W TEOpeTHYe-
CKHH aHaJHu3 OCHOBAHHI KJIACCHYECKOH 3JIeKTPOAHHAMHKH,
npousBeaeHHbIl npexae Bcero . A. JlopeHuom, mokasads,
YTO MOMKHO JOOGHUTbCS HCKOMOro eIHHOro OOBbSICHEHHS BCEX
OMBITHBIX JaHHBIX, KACAIOUUXCSH 3SJIeKTPOMArHUTHLIX sBJe-
HHUH, MOJOXHUB B OCHOBY HX ONHCAHHS HEKHH COBEpIUEeHHO
HOBBIH CHHTE@3 HJeH aTOMH3Ma M TPUBHAJBHOCTH TOIOJIOTHH
3JeKTPOAHHAMHYECKHX ITpoLieccoB. TaKHM CHHTE30M BBICTY-
MHUJ0 TIOHATHE BEKTOPA HANpPAMKEHHOCTH 3JIEKTPHUECKOTro H
MAaPHUTHOTO M0JI B KaXJIOH TOYKE KaK e€CTeCTBEHHOro 3Je-
MEeHTapHOro o6bexTa HOBOH (pyHIaMeHTaNbHOH (hH3HUECKOH
TEOPHH — 3JeKTPOAHHAMHUKH. [l NpPOTSAKEHHBIX B TIPO-
CTPAaHCTBE M BO BpPeMeHH (PHU3HYECKHX MOJeH eIHHCTBEHHOH
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«0o0l11el TOYKOH» TepeceuyeHUust uaed aTOMH3Ma H TOIOJIOTH-
YECKOH TPHBHAJBLHOCTH MeXaHHYECKHX U IJIGKTPOMATIIUTHBIX
IBJIGHUH OKa3bIBAeTCsl Ternepb HMMEHHO 3TOT BEKTOP Hamnps-
KEHHOCTH MOJIA B Ka)KI0H TOYKe.

B cucTeMaTHyecKOM CTPOroM MOCTPOEHHH 3/1aHHS KJac-
CHYECKOTO ecTeCTBO3HaHUs 06a MOHATUA (MaTepHAaJbLHOH
TOYKH B MeXaHHKe M BEKTOpa HaNpPAMXKEHHOCTH B JaHHOH
TOYKEe — B TEOPHH M0JIs1) ChIrpajid Takylo e hyHIaMeHTab-
HYIO POJib, KaK H HAess aToOMH3Ma. B 3TOM OTHOLIEHHH OHH
SBJASIOTCS cheaylouum, 6onee TayO0KHM H COLEpKaTe/b-
HbIM 3TaflOoM Pa3BHUTHUS TEOPETHUECKOTO MbIIIJIEHHS — 3Ta-
MTOM KOJIHYECTBEHHOT0 06bscHeHHsT OOJbIIUHCTBA OKPyKa-
IOUIMX HAaC SIBJIEHHH MaTepHaJbHOrO MHUpa.

HeT BO3MOXHOCTH NPOCJEILHTH HCTOPHIO (POPMHPOBAHHS
NOHATHH 3JIeMeHTapHoro o0bekTa B JIBYX OCHOBOMNOJaralo-
mHux ¢usuyeckux teopusax XX BeKa — TEOPHH OTHOCHTEJb-
HOCTH ¥ KBaHTOBOH MexaHuKu. CKa)keM JIHIb, UTO 3TO
(OopMHpPOBAaHHE TakKKe INPOTEKaJO0 B YBEPEHHOCTH B TOM,
YTO CHTE — MECTO TMPOTEKaHHs TNpOLeCcCcOB, H3yuaeMbIX
3THMH TEOPHSIMH, SIBJSIETCS] TaKxKe TpHUBHaJbHbBIM. Mexny
TeM, KpaTKO pacCMOTpPEHHbIe Bbile HOBEHILHE HCCJAeN0BaHHA
K. 3eeMana no TOMOJIOTHH NPOCTPAHCTB TEOPHH OTHOCH-
TeJbHOCTH ¥ M. flyxa mo TOmnosioruu npocTpaHcTB COCTOAHUI
KBAHTOBBIX CHCTE€M NOKa3bIBAIOT, YTO 3TO COBCEM He Tak.

Bo3moxHO nake, uTo BCe MapajoKcajbHble 0COOEHHO-
CTH MOBefleHHs X OOBbEKTOB HUMEIOT CBOEH NpPHYHHOH Kak
pa3 HealeKBAaTHOCTb peaJbHOIl JEeHCTBUTEJbHOCTH CBOHCTB
HEesIBHO mnpejanoJiaraeMoil TONOJOTHYeCKOH TPHBHAJbHOCTH
NpoCTPaHCcTBa-BpeMeHu B 00/1aCTH TIPOLECCOB, COBEpILAIO-
LHXCHA CO CKOPOCTAMH, OJH3KHMH K CKOPOCTH CBEeTa, HJIH Ha
OYeHb mMaJabiX paccrosanuax. ITockoabky uccaenoBaHus 3To-
ro MaTreMaTHYeCKH OYeHL CJOMKHOTO BONpoca 1aJeKko elle
HE€ 3aKOHYEHbl, MOXKHO JIHIIb MPOAHAJU3HPOBATb BO3MOKHBIE
CBSI3H BEKTOpa COCTOSIHHS KBAHTOBOH CHCTeMbl B THJAbOGEp-
TOBOM TNPOCTPAHCTBE CO CTPYKTYPAaMH HOBBIX NPOCTPAHCTB
I'porennuka.

[Toxa uTo 3M€ch BO3MOMXKHBI JIHIIb YHCTO SMMHPHUECKHE
meTonbt uccaenosanus. Ilo-Buaumomy, naxe mpocroe como-
CTaBJIEHHE CBOWCTB HHJABMNOTEHTHBIX CTPYKTYp cxem ['po-
TEHJHKA W CBOICTB BHPTYAJbIbIX YaCTHIL, KBAPKOB, CaKaTo-
0B, peaKHOIOB, (GpPHAMOIOB, NMoMepalyouoB, NapToHOB H
UM NOAOOHBIX «3JIeMEHTapPHbIX CYUIHOCTEH» Pas3/IM4HbIX MO-
nesed COBpPeMEHHOH (H3HKH 3JIeMEHTapHbIX 4acTHIL ObLIQ
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6u1 BecbMa moJesnbiM. Toullo Tak xe Kak H jajbHeiiimeMy
nporpeccy rTeoperuueckoi OHOJIOrHH, a BMECTe ¢ TéM M Bbl-
SIBJIEHUIO HOBbIX, OoJsiee ray0OKHX OCHOBaHH OGHOJIOrUYe-
CKOH M (u3HUYeCKOii HayK — BecbMa crnoco6cTBoBas Obl aHa-
JIU3 CBsA3el TaKHX CTPYKTyp B cxemax [porenauka c ome-
poHaMH, KoH(popMonaMH, penJHKOHaMH, OpramMH, roJlOHaMH,
KpeonaMu, HHDaMH U NPOYHMH «3JeMeHTaMHu» OHoJIOTHYe-
CKOIl opranusaiiii, KoTopble B TocJ/Jelnue rojinl Bce 0OoJsee
HIITCIICHBIIO TILITAIOTCH BLIABHTL HCCJAELOBATEAH B obJsacrn
MOJIEKY/ISIDHOTO M APYTHX YPOBHEH CTPOEHHS JKHBOTO.

3.3. HanOoaee o6wman sapuauns IHHAMHYECKHX CTPYKTYpP TE€OPHH

JIauTenbuoe u MIUOronjaaHoBoe B3aHUMOJEHCTBHE Wl
aTOMH3Ma MaTepHaJblibiX 00BLEKTOB U TONOJNOTHYECKOI TPH-
BHAJIbHOCTH NMPOCTPAHCTBA HX BO3MOXKHBIX M3MeHeHUH (me-
peMeuleHHH, BAPHAUUK MO U T. A.) — 3TO JHIIb OJHUH U3
HCTOYHHKOB (JOPMHPOBaHHUA 00LIEro NOHATHS 3JI€MEHTapHO-
ro o6bekra AAaHHOTO YPOBHSI CTpoeHHsl MaTepuu. lpyrum,
He MeHee BaXXHbIM HCTOYHHKOM SBJISETCS MOCTENeHHOE Yr-
Jqy6JeHHe HallMX NpeAcTaBjaeHuit o Haubosee oblieM H3Me-
HEHHH TeX abCTpPaKTHBLIX CTPYKTYpP, KOTOpble NMPHUBJEKAIOTCA
AJs XapakKTepu3aluHuH, PUKCALHUH COCTOSAHHUS HCCAEAYEMbIX
o6beKkToB. CaMa uiest 0 TOM, UTO Ka)K/J0H 310Xe COOTBETCT-
ByeT onpejiesleHHOe MOHUMaHHe HauboJee obLLeH — A9 1aH-
HOTO BpeMeHH — BapHalli¥ aOCTPaKTHBIX TeOPeTHYECKHX
CTPYKTYpP, BbiCKazaHa (paHIly3CKHM MaTeMaTHKOM, OAIHM
u3 ocHoBareseil rpynnsl Bypb6axu, K. [Iberonne **.

OH HMCXOAMJ NpPH 3TOM H3 TOTO, YTO B KaXKAYIO JAHHYIO
MCTOPHUYECKYIO 3I0Xy TeopeTHyeckue 3anpochl Haubosee
nepejoBbLIX pas3jesioB MaTeMaTHYeCKOW HAYKH TIOCTOSHHO
CTaBAT BONpPOC O Bce GoJsiee u GoJsiee OCHOBATENbHOM Yriayo6-
JEeHHH Hawux «pabouux» InpeiacraBjeHHit o HauboJsee 00-
Lled BapHallMH MAaTEMATUYECKHX CTPYKTYpP TeopHH. Tak mpu-
KJaJHble 3a/laud BbIYHCJAEHUA nJjouiaged 4 o6beMoB onpe-
JeJIeHHbIX Tea B COYETAHUM C 3anpocaMH MeXaHUKH Ha
HOBbIE, GoJiee aJeKkBaTHbie CrnocoObl MaTeMaTHYeCKOro OMH-
CaHUsl ABHXKYLIHXCA OOBEKTOB 3aCTABHUJIH NEPEOCMbICTHUTD B
XVII—XVIII BB.CTaTHYHBIH MHP NOHATHH aHTHYHON KU apab-
CKOIil MaTeMaTHKH. B eBKJIMI0BOI reoMeTpUH H 3JeMeHTap-

4 )K. lvedonne. CoBpeMeHHOe DPa3BHTHE MaTeMaTHKH.—«MaTteMaTHKay,
1966, 1. 10, Ne 3, ctp. 3.
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HOH aJareOpe, KakK HW3BECTHO, PacCMaTPHBAIOTCA TOJbKO
HarvsiZAHO JAaHHbie, MOYTH HHMKOrJAa He H3MeHdloLuecs ma-
TeMaTHYecKHe CTPYKTypol. JlyX AHHAMMKHM H H3MEHEHHs,
KOTOpBI mpHHec ¢ coboit B MateMaTHKy aHaau3 Hbiorona
u JleiiOHulla, He TOJbKO NO3BOJHJ 3aJ0XHUTb TeopeTHYe-
CKHe OCHOBBI KJaccuueckKoi MexaHuKH. OH BbI3BaJ TaKxKe
JHCKYCCHH OTHOCHT@JbHO HauboJiee ILHPOKOro INOHHMaHHUsA
BapHauHuii, MaTeMaTHUYECKHX CTPYKTYp B TE€OpHfX. TOH 3mo0-
XH— o0 camMoM oOlulemM IOHHMaHHH JI000H MPOHU3BOJbIION
(G YHKLLHH.

JIMCKYCCHH 3TH — 10l OFPOMHBIM H 4acCTO OIpeneasio-
LILHM BJISSHHEM TE€OpPEeTHYeCKHX 3anpOCOB MeXaHHKH — BEJHUCH
6osiee ABYX CTOJIETHH M 3aKOH4YHauCh Touabko B XIX B,
Korga Oblio BbIpabOTaHO COBpPEMEHHOE IOHHMaHHe 3TOTro
OCHOBOMOJIATAIOLIero AJs BCeli MaTeMaTHKH IOHATHA H
KOrja — 4YTo Mbl CYHMTaeM MAaJeKo He CJydYalHbIM — pas-
BHTHE IIOHATHHHbBIX OCHOBAHHH KJACCUYECKOH MeXaHHKH
NpaKTHYECKH 3aKOH4yuJoChb. [lepBoHayasabHOe, BoCXonsllee
enle K apabckoii MaTeMaTHKe NOHHMaHHe (YHKLUHH KaK He-
KOTOporo aare6paHyeckoro HJH BooOUle aHaJUTHYECKOro
BbIPA’KE€HHA, MO3BOJAIOILEI0 «aJrOPHTMHUYECKH» BBIYHCJIHTb
ee 3HayeHHe MPH KaxJAOM JaHHOM 3HAuyelHH HEe3aBHCHMOH
nepeMeHHoi, okasaJsoch y3kMM. OHO He COOTBETCTBOBAJO
HHTEpecaM MEeXaHHKH K COBEpLIEHHO TPOM3BOJIbHBIM, 3apa-
Hee ‘He 3aJlaHHbIM HHKAaKOH ajrebpaHuyeckoil (aHaJuTHye-
CKO#) (OpMYJIOH JAIBHKEHHAM MaTepHaJbHbIX TeJ.

Tak nHa nepBbIX Mopax OYeHb HATJIAAHOE MpeaCTaBJeHHEe
O INPOHM3BOJILHOH TpaeKTOpHH JBHKYyUlerocs oObeKTa I0-
MOJIHHJIO W Ja)Ke YaCTHYHO 3aMeHMJI0 coOOH ycTapeBllee K
TOMY BpeMeHH MnepBoHayaJbHOe MOHHMaHHe (QYHKIHH, KakK
HEKOTOPOro AaHaJHUTHYECKOrO BbipaxKeHHs, (HKCHPYIOILLETo
KOHKPEeTHbIH cnoco® mnoJydyeHus 3HaueHUs (PYHKUHH OAJd
Ka)XJ0ro 3HayeHHda ee aprymenrta. - Mexanuka TpebGoBaJsa
CHSITb 3TO OI'PaHHYEHHe 3aJJaHHOCTbHIO ONpe/esieHHOH hopmy-
JoH. OOuiue BapuHalHH MaTeMAaTHYECKHX CTPYKTYp TOro
BPEMEHH HarJAsgQHO NMPeACTaBJsAJNHCh, HApUMep, B BUJE H3-
MEHeHHH TPAEKTOPHiH JABHXKYIIHXCSA 0O BHEKTOB.

Hauuun bepuyaau u danambep, Ditep u Jlarpaux 10-
BOJIbHO MHOrO BpeMEeHH IIOTPAaTHJHM Ha BbICHEHHE TOro,
KakKoe nMeHHO 06061eHHe NOHATHS (PYHKUHA B HauboJbLuei
CTEeNeHH COOTBETCTBYeT TeOpeTHYeCKHM 3amnpocaM 3TOH
snoxu. Pasymeercsd, (opMHpOBaHHe OCHOBHBIX TOHATHH
MaTeMaTHKH TOJIbKO HaYHHAeTCsa C yyeTa 3alpocoB ee NpH-
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Kaaanbix obgacrteil. B ocHOBHOII e cBoeii 4acTH OHO MNpo-
MCXOAMUT Osarofgaps CJAOKHbIM M MHOIONJAHOBLIM B3aHMO-

IeHCTBHAM CaMHX MaTeMaTHYeCKHX AucuMiaud. Taxk uTto
Haubosee obuiee noHMMaHue (QyHKUHH, KOTOpOe ObIO B
KOHIle KOHIIOB Bbipa®oTaHo,— KaK COBEPLIEHHO NPOH3BOJb-
HOrO OTOOpaXKeHHsl OAHOrO MHOXKeCTBa B APYroe — yxe He
CBOJHUTCA I1€JIMKOM K HCXOAHbIM MEXaHHYECKUM KapTHHAM.
(U ono maxe comepUT B cebe Takue KOMIIOHEHTBI, KOTO-
pble NpPHUHUMNHAJbHO He HHTEpPNpeTHpyeMbl B TepMHHaX
MEXaHUKH,— HaAmnpHuMep, pas3pbiBHbie (YHKUHMH HJIH (QYHK-
LMK, He HMeloUlHe HH B OJHOH TOYKe MPOHU3BOAHOHN.)

OnHako HCXOAHbBIH TOJYOK 3TOMY Ipolieccy BblpabOTKH
COBPEMEHHOr0 NOHHMaHusl (YHKUHH Jaja MMeHHO mnpobJe-
Ma HauboJsee oOuleii BapHalHH NOBEJECHHS 3JIEMEHTApPHOTO
oO0beKTa B HCCJeAyeMOM MeXaHHUKOH «cpese» fIBJeHHH Ma-
TepHaNbHON JeHCTBHTEAbHOCTH.

Ananornunbim o6pazom XIX B. (mo xpaiiHeit mepe, 1mo-
CJe/lHHe ero JABe TPeTH) 3aHMMAIOT AHCKYCCHH 0 Haubo.jee
oblleM NMOHMMAaHHU MaTeMaTHYecKoro mnpocrpancrtsa. Jlio-
JASIM, NPUBBIKIIUM K MHOPOMEPHBIM H IIPOH3BOJIbHO HCKPHB-
JIeHHbIM (pHMAaHOBbBIM) MNpPOCTpPAHCTBAM COBPEMEHHOH Teo-
peTHuecKOH (H3HKH, KaKyTCsd Tenepb BO MHOIOM HEINo-
HaTHbiMu crpaxu K. Taycca, Ttak u He peluuBmerocs
onyO6/MMKOBaTb NMpPHU KH3HH CBOe HOBoe, OoJee rayboKoe Io-
HHMaHHe 3TOro BaKHEeHIIero MaTeMaTHYeCKOTro TOHATHS.
boaee cmeabiMu okasaauch H. W. Jlo6auesckuit u $. Boiian,
TaK¥Ke MoJAoLeAlINe K TAKOMY TOHMMAHHIO U BbICKa3aBlIne
€ro B Hay4HOH IeyaTH.

Kak u B ciayyae moHaATHA QYHKLUHH, CJI0XKHOE, TPYAHOE H
Jaxe MyuyuTeJbHOe (OpMHpPOBAaHHE TpPEeACTaBJEHHH O BO3-
MOXKHbIX H3MEHEHHAX JIO0ro MaTeMaTHYECKOTro IpOCTpaH-
CTBa MNpPOTEKalo, pa3yMmMeercs, Ipexae BCero B pe3yJbTarTe
MHOIOCTOPOHHHMX H OYeHb Pa3HOOOpa3HbLIX B3aUMOJEHCTBHH
pasaHyHbiX obJsacredi MateMaTukd. OQHAKO HCXOAHBIH HM-
MyJbC 3TOMY OTKa3y OT MOHHUMAHHSI €BKJHAOBA NPOCTpPaH-
CTBa KaK eJIHHCTBEHHO BO3MOXHOro, NOHHMaHHe TOro, uToO
HUCXOJHOE MAaTeMaTHYyeCKoe IIPOCTPAHCTBO TaKXKe MOXKET
ObITb TIepeMEeHHbIM, BapuabeJbHBIM OOBEKTOM, NMPUHECAH C
co00i B MaTeMaTHKYy M TOYHOE eCTeCTBO3HaHHE HMEHHO Teo-
peTHyeckHe sanpocel OypHO pasBuBaBmieiics Bech XIX B.
¢bu3UKH noJsieil (37eKTPOMArHuTHOro, rpaBHTALlMOHHOrO, MO-
Jeil CKOpocTedl U TeMmepaTryp ABHXKYLIUXCS HJIH TENJonpo-
BOJASIIIUX XKHAKOCTEH, ra3oB U T. 11.).
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PewenusmMu  GoabiinneTsa  ypasilciii, ONHCLIBAIONLIIX
3T noCAeANnHe Npolecchl, 0OLIUNO BLICTYNAIOT CAMbIC pa3-
JIHUHDBIC, 1POU3BOJLIIO HCKPIUBJCIHNIDbIC HOBEPXIOCTH 11 TH:
NnepnoBepxXiloCTH B MIOrOMEpHbLIX NpocTpalcTBax, Tak uTe
IIOCTeNeHHo, Ko BTopoil nojosnne XIX B, cama Mbicab 0
TOM, uTO nauboJce o0UM THIIOM BapHalMil MaremMaTHuc-
CKHX CTPYKTYP SABJSHOTCS H3MEIHENHs THIIA HPOCTpaicrsa,
B KOTOPOM HPOTEKAIOT TC 1M ILIC (PH3HYCCKHE npolecchl,
CTANOBITCS YKC HC CTOAL HYXKJLOI  «CTHAIO»  MBIIIICIIIS
anoxyu. byayun cpopmyauposaina Pumanom, MbiCJab 3Ta e
BbLI3LIBAET CJAMILKOM YK Pe3KHX BO3paxKellHH, Torjga Kak
NnouyTH anajoruyiiass Mbicab Jlo6aueBckoro (Hanpumep,
O BO3MOXKHOIT «HEEBKJHIOBOCTIH» IIPOCTPAHCTBA MOJICKY-
JSAPUBIX CHJ), BbiCKa3alinasi noyuTH 3a noasexka ao Pumana,
Bbl3BdJla NPOTHB CeOsi BeCcbMd OXKECTOYEGHIYIO KPHTHKY CO
CTOPOHDLI KpyNHEHIIHX PYCCKHX MAaTeMaTHKOB TOrO BPEMEHH.

Teopernueckuil ananu3 noHATHs abGCTPAKTHOrO Mpo-
CTPAHCTBA MNPOJOJIKAJCS B MaTeMaTuke M nocae Pumaxa.
M npoucxoaus OH He TOJAbLKO I[10A BJHsIHHEM 3anpocoB
(PH3HKH, a nmpexae Bcero 6saronaps KOMIIEKCIIOMY B3aHMO-
JEfCTBHIO BCeX MaTeMaTHYeCKHX JIHCUHMIIHH, IOCTHTHYB,
HanpuMep, B NOHATHH OOLIEro TOMOJOTHYECKOIro IPOCTPaH-
CTBa TaKUX ryyOHll, KOTOPLIC 110KAa YTO HELOCTYNHbl (PH3HYe-
CKH OCMbICJAEHHOMY TOJKOBaHHI0. [HO B O«HOLIGHHH HHTEpe-
CYIOLLEro Hac 34eChb NMOHATHS 3JeMeHTaphoro o6beKTa Hano
NOCTOSSHHO MMEeTb B BHAY, UTO ero (popmMupoBaHHEe B OYEHb
MHOTMX HNYHKTax W0 InapajjaeabHo ¢ (opMHpOBaHHEM
npeacTaBJeHHH o Haubosee obuieM «BMeCTHJAHULE» JIOOLIX
BAapHALHIl HITEPECYIOIHX HAYKY OObEKTOB.

[Toka uyro Hawe obulee npeacraBjJeHHe O THNE H3MeHe-
HHIl B CTPYKTYpe M3yuaeMbiX sIBJIEHHH HEPa3pbIBHO CBS3aHO
C M3MeHeHHeM THna abCTPakTHOrO MaTeMaTH4YeCKOro Ipo-
cTpancrBa. MMeHHo B HEro Mpl «IomellaeM» HeKOTOpbie,
onpejeaclinbiMm 0o6pa3oM BblOpaHHble 3J1eMeHTapHble «CYLi-
HOCTH» — 3JIeMeHTapHble 00beKThl HccaenyeMod o0JacTH
NeHCTBUTENbHOCTH, C nOMOILUbIO 3TOrO MPOCTPAHCTBA Mbl H
HajeeMcs TMOJIyYuTb aOCOJIIOTHO «IOJIHOE» ONHCaHHe W
oO0bAcCHeHHe BceX sIBJEHHH 3Toi oOaacTu. B 3Tom oTHouue-
HHW CBOMCTBA 3JIEeMEHTApHbIX OOBbEKTOB H TeX abCTPaKTHbLIX
NPOCTPAHCTB, B KOTOpPble Mbl HX NOMeLllaeM, HAXOAATCS B
OTHOLUEHHH AHAJIEKTHYECKOH «A0NOJHHTEJNbHOCTUY.

C oaHOH CTOpOHLI, 3JeMelTapHble 0O0bLeKTbl CBSA3aHbLI C
Hanbosee 3jseMeHTapHbIMH CTPYKTYpaMu u3bpaHHOro mare-
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MaTHyecKoro npocrpancrsa. Ho ¢ Apyroi cropotibl, okolya-
TEJbIIO THM 3JeMEHTapHOro o0bLeKTa AaHHOH (PHU3HYCCKOI
TEOPHH YCTAHABJMBAETCA TM0CJE OKOHYATEJNbHOTO BbIOOPa
aGCTPAKTHOTO NpOCTpancTBa, cnocodHoro CBOMMH CBOWCTBA-
MH W CTPYKTYpPaMH OTpPas3uTh BCe MIiloroo6pasHe CBOIICTB
TOr0 «Cpe3a» MaTepHaJbHOH JAEHCTBUTENbHOCTH, KOTOPDIl
H3yuaeTcs Aalioi TeopHen. )

[Tostomy  Kaxyrcst  npeXHIeBpeMEHHbIMH  NOTbLITKH
CTPOHTL TCOPHIO 3JEMCHTAPHBLIX YACTHIL HIH TCOPETHUECKYIO
OHOJIOTHIO, B3MIB 3JaeMelTapiuble 00LEeKTbl TEOPHH, TaK CKa-
3aTh, «11anpoOKaT» y KBalITOBOH MeXallHKH HJH Jlaxe y Me-
XAlHKH KJacCHUecKoil — JIHLIbL 11a TOM @JHHCTBElIIOM OCHO-
BaHIlH, YTO HX HCMOJb30Baline ObIIO 1CKOTAA BecbMa Yyc-
mewnbiM 1 nAaoAoTBOpILIM. HaM npeacrasasiercs, 4To Takoii
NyTb NMOCTPOCHHS HOBLIX (PYyHAAMEHTAJbUBLIX TEOPHH HMeer
ouyellb MaJo IIaHCOB Ha YyCnex, ecJiM TpeABapHTeJbHO He
IPOH3BEEH TUIATEJLHBbIII METOLOJOTHYECKHH aHalJii3 TOro
MOHHMaHHs1 naunbosiee obulelt BapHaUHH CTPYKTYp, KOTOpoe
BLIOMPAIOT NPH NOCTPOEHHUH TEOPHH.

B cBere BbIlecKa3aHHOro, OMHOI M3 HMHTEpecHeMIIuX
METOMOJIOTHYECKHX NPoOJeM COBPEMEHHOTO eCTeCTBO3HAHMHS
CTAaHOBHTCSI 3aauya OOGCTOSITENILHOrO HCCAENOBAHHUS TOTrO,
YyTd MLl nonuMaem nox naubosnce obWHM H3MEHEHHEM Xa-
PaKTePHUCTHUECKHX CTPYKTYp. Bapnauun meTpukn abCcTpakT-
HOrO NPOCTpalCTBa, B KOTOpPO€ Mbl NMOMeLlaeM 3JIeMeHTap-
1nbie 06BLEKThI, OKa3biBalOTCA yiKe HepocraTounbiMu. [Tosto-
my JIx. JI. Yunep BBOAUT B CBOUX €IHHBIX TEOPHSX 3JeMell-
TapHbIX YaCTHL M TPaBHTAllUH TaK lla3biBaemMoe CBEpXMNpo-
CTPAaHCTBO, npencrasasioniee cobofi COBOKYMHOCTh HCKPHB-
JIEHHBIX PHMAHOBLIX NMPOCTPAHCTB, NapaMeTpPH3OBaHIIbIX TOY-
KaMHu Haumero oOblulloro eBKJAUA0BA npocTpaicrsa .

drta upes, no HalwWeMy MHeENHIO, oueHb OJH3Ka K OJHOMY
M3 OCHOBOIMOJIATAIOWHUX NMOHATHH COBPEMEHHOH MaTeMaTHKH,
OCHOBAHHOW Ha KOHUENUHAX KaTeropuii ¥ (QYHKTOPOB,—
noHaTHio nyyka. [Tocae Toro, xak B NpoOH3BOJbLHOM KaTero-
pUU BBeJleHa HeKOTOopasi TOMOJIOTUS H OHA NpeBpaTHJach B
onpejiesieHHOe CHTE, Cpeln BCero Muoroo6pasus (yHKTO-
poB — otoOpaxenuit JaHHOil KaTeropum B JIPYrHe —Hau-
Ooablnit  HuTEepec HayHualoT npHobperaTh  PYHKTOPHI,
obJanaiouie CBOMCTBOM HEKOTOPON BHYTPEHHeii «caMocor-
aacopannocri», Takne (yunkropu, yaoBaeTBopsioniie Jo-

5 Hoe, Yuaep. lpensunenne ditnmmreitna. M., 1970, crp. 30, 72.
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MOJNHHTEAbHOMY YCJIOBHIO, 03HAYAIOUIEMY, YTO «3HAUCHUS»
MX Ha HEKOTOPOM MHOXKeCTBe U JI0ObIX ero NnoAMHOXKecTBaXx
onpeneseHHbIM o6pa3oM corgacoBaHbl ApYyr ¢ apyrom (o6-
pasysi TakK Ha3plBaeMyl0O TOUYHYIO MOCJeL0BaTEJIbHOCTb), H
Ha3blBAIOT TMyYKaMH.

B onpenenenHoM cCMbIC/ie My4YKH SIBJASIIOTCA aHAJOrOM B
COBPEMEHHOIl MaTeMaTHKe TOHATHS ceMelcTBa (YHKUHII,
napaMeTpPH30BAHHbIX HEKOTOPBIM mpocTpaHcTBOM. HMmenno
OHH Haubosee mpucnocobyeHbl A CTPOrOro U TOCJIEI0Ba-
TEJbHOrO0 ONHCAaHHA BCEro TOro MHOroo6pasus (H3HYECKHX
noJieil, ¢ KOTOPbIM Mbl CTOJKHYJHCb B COBPEMEHHON (PHU3HKe
BbICOKHX 3Hepruii. B Teoperuueckoii 6HOJOTHH npeacTasJe-
HHE O COrJIaCOBAaHHOM H3MEHEHHH OIHHX XapaKTepucTHye-
CKHX CTPYKTYP B COOTBETCTBHUH C U3MEHEHHUSAMH APYTHX, 60-
Jee (yHIaMeHTaAJbHbIX,— TaKxe OAHO H3 HauboJiee 4acro
BcTpevalowiuxcs. [TostoMmy HaMm Kaxkercs, 4TO B IOHCKaXx
OOILIHX TEOPETHYECKHX OCHOBAHHI COBPEeMEHHOH (U3HKH H
6HONIOrMH B paMkKax KOHUENIHH KaTeropuii u ¢yHKTOpPOB
Mbl PaHO HJH NMO3AHO MOJKHbI OyaeM HCCJaef0oBaTb B METO-
OOJIOTHYECKOM IJIaHe NpobjeMy, He SIBJASIOTCA JH HMEHHO
KaTeropuu BCeX MNYYKOB — TOMOCHI TOH abcTpakTHOH Ma-
TeMaTHYECKOH CTPYKTYPOH, ¢ KOTOPOH B HAILUM JHHU NOJKHbBI
CBS3bIBATbCS TNpeACTaBJeHHs o Haubosee oOuiemM H3MeHe-
HHH CTPYKTYP TEOPHH — KakK B 006a1acTH (PH3UKH, TaK H B 00-
JJacTH OHOJIOTHH.

MartemaTHyecKkHe AHMCKYCCHH O mnpupoae H GoJsee CTpo-
roM OmnpelesleHUH BO3MOXKHBIX BapHalLMH Pa3/IMYHbIX TONO-
COB yxe Hayanwuch '°. Jlas uesnoro psia BaxKHeHILIHX Teope-
THYECKHX TMOCTPOEHHI coBpeMeHHOH MaTeMaTHKH (K-pyHk-
TOP H T. N.) HEOOXOAHUMO BBECTH 3TY KaTerOpHIO BCeX MyYKOB
(Tonoc B TepMHHOJOrHHW ['poTeHauKa), KoTopasi B TOH HJH
HHOH CTeneHH- OKa3blBaeTCsi CBA3aHHOH C TAaKHUM JIOTHYECKH
MPOTHBOPEYHBBLIM TNOHATHEM, KaK MHOMXKECTBO BCEX MHO-
KectB. B Teoperuyeckoit ¢usuke, ocO6€HHO NpPH aHaIU3e
MoJeH ‘*CaMblX PAa3JHYHBIX 3JEMEHTapHbIX YacCTHIl, MOHATHE
TONMOCA KaK KaTeropuu BCeX NYYKOB BOJHOBBIX (YHKIIHH,
ONMHCBIBAOUIKX BCe, KaKHe TOJIbKO BO3MOXKHbl KBaHTOBBIE
NnoJs, Mo-BUAUMOMY, TaKKe NMOHaA0OHUTCSs, MO KpaiHei mepe,
NpH aHaJu3e BOnpoca, noyeMmy B NPHPOJAE HMEIOT MECTO Ha-
G6opbl 37€MEHTapHbIX YaCTHLL MMEHHO JaHHOH Macchl, 3aps-
aa, CiuHa U T. I.

16 Topeses, Algebraic Geomelry and Logic. N. Y., 1972,
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§ 4. YHuBepca/ibHble 3aKOHBI ABHKEHUS
4.1. Knacc ranuneeBo-HbIOTOHOBbLIX 1poGaem

3aBepluaeT nocTpoeHUWe OCHOBaHHIl BCAKOH HOBOH (yin-
IaMEHTaNpHONH eCTeCTBEHHOHAYYHOH TEOPHUM, KaK H3BECTHO,
paspelueliue mocJeJHero, YeTBepTroro KJjacca OCHOBoOmMoJa-
raloUMX METOMOJOTHYeCKHX mnpobaem: (GOpMyJaHPOBKA YHH-
BEpCaJibHbIX, BCeOOWIMX 3aKOHOB JABMXKEHHS OJHO3HAYHO
onpeneasieMbiX 3JeMeHTapPHbIX O0bEKTOB B CTOJb K€ OJIHO-
3HAYHO ONpeJaeeHHOM MaTeMaTHyeckKoM npoctpaHcrse. He-
CMOTPSl Ha IHCKYCCHH CpPeAH METOAOJOTOB HayKH OTHOCH-
TeJbHO TaKHX BOMPOCOB, Kak ypaBHeHusi Hbiorona, Makc-
Beasa, lllpeannrepa u 1. n., cepbesnblit Guaocodpckuit aHa-
JH3 3aKOHOMEPHOTO H3MEeHEeHHs HX CTPYKTypbl IO Mepe
pocTa crerneHH oOLHOCTH (PU3HYECKOH TEOpHH elle HHUKeM
npoBeaeH He Obll.

Mexay TeMm, Takoil aHaJqH3 HHTEepeceH H Jdaxe HeoOXo-
nuMm. Kak u3BecTHo, eute ypaBHeHus HbioToHa no3Bounau
00beAHHHUTb B €IHHOE TeopeTHYecKoe l1leqoe najaeHnue a6J0ka
i ABHKeHHe JIyHbl, KauaHne MassiTHHKOB M CTPaHHbI€ IMHLHK-
Jbl TJIaHET, MoJeT nyJab M pacuer (y:Ke B HAWH JHH)
TPaeKTOPHI KOCMHYeCKHX CcHapsinoB. [logo6HO 3TOMY BO
Bropoil nonosrHe XIX B. raMuabTOHOBA (opma Tex e ca-
MbIX ypaBHEHHH JaJjia BO3MOXKHOCTb TE€OPeTHUEeCKH 00beau-
HHUTb BMeCTe MEXaHHKy M TemJoPHU3HKYy, a uyTb NO3JHee
ypaBHenus Makcseana (nuioc dopmyaa aas cuasl Jlopel-
11a) — BCe M3BEeCTHble TOrjaa paafaeabl (H3HKH (BKJIOYAA
ClOfla YCTAHOBJIEHHE TOXJECTBA CBETAa U 3JIEKTPOMATHHUTHBIX
KosieOaHHil M OTKpbITHe pajHoBOJH). Beab, HakoHell, HMEH-
Ho ypaBHenue lllpeannrepa mo3Bosiua0 OGBEAHHHTb B €IH-
HOe TeopeTHYeckKoe 1leoe Kak (H3HKY, TaK H XHMHIO —
pasJHyHble B T€YeHHEe MHOTHX BEKOB HayuyHble JHCLHIJIHHBI
OKa3aJIiCb Pa3JHYHbIMH «PELUEHHSIMH» OJHOTO H TOro XKe
YpaBHEeHHSI.

B Hawu nHu HOBas (pyHAaMeHTaAbHAsl eCTeCTBEHHOHAYU-
Hasl Teopus MOJXKHA, MO0 HauleMy MHEHHIO, CaesaTb H CJie-
- AYIOULHI 1Iar B HanpaBJeHHH CHHTe3a 3HAHHA. ee «YypaB-
HeHHUS JBHXXKEHHSA» JOJIKHBI JIONMYCKATb KAaK «peUIeHUs»,
ONHUCBHIBAIOIIHE OPraHU3alHUI0 MAaTepHH NPH CBEPXBbICOKHX
3Heprusix B (opMe CneKTpa 3JeMeHTAapHBbIX YaCTHL, Tak H
«pelleHHuss» Ha TNPOTHBOMOJOXHOM KOHUE 3HepreTHuecKo-
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ro CnekTpd, NMPH SHEPruaxX B JAOJH 3JEeKTPOH-BOJLT,— TEO-
peTHYeCcKH OODbACHAIOLIHE OHOJMOrHYecKHe (opMbl OpraHu-
3allHd MaTepHaJbHOTO JABHKEHHS. 3ajgaua 3Ta, TPYAHaH,
CJOXKHasi H MHOrominaHoBas, notrpedyer yCHJAHH He OAHOTO
MOKOJMEeHUs  (PH3NKOB-TEOPETHKOB W 3IKCINEPHMEHTATOPOB,
- XHMHKOB, OHODH3NKOB H OHOXHMHKOB. ¥YiKe ceidyac npen-
cTaBJsieTcsl HeOOXOAMMBIM TIPOHM3BECTH HEKOTOPbIil mpeaBa-
PHTeNbHbliT aHAJAH3 CTPYKTYpbl H 3aKOHOMEPHBIX H3MeHe-
HHIl — MO Mepe pocTa cTeneHu obiHoCTH — ypaBHellHii ABH-
JKEHHsI y»Ke CO3JaHHBIX K 11aCTOALIEMYy BpeMelH ¢ylnameli-
TaJbHBIX €CTeCTBEHHOHAYUHbIX — (PU3UYECKHX — TEOPHIl.

Taxkoii ananan3 no3BOJSIOT IPOU3BECTH TEOPETHUYECKHE
MOAXOAbl COBPEMEHHOII KOMMYTaTHBHOI aJsrebpel'’. IToT
pasjes MaTeMaTHYeCKOH HAYKH CTaBHT CBOeH LleJblo H3yuye-
HHe CBOIICTB NpPOH3BOJbHBIX KOJI€LL KaK HCXOAHbIX TNOHATHI
MOCTPOEHUSA AaJbHEHIIHX, GoJiee CJA0XKHBIX MaTeMaTHYECKHX
KOHCTPYKTOB TeopHii. Belb H3BeCTHble HAM ypaBHeHHs ABH-
KeHHs1 PUusrueckux oObEKTOB MpeacTaBasaioT coboii onpene-
JEHHbIE MHOrouJieHbl B (DPHKCHPOBAHHOM 3apaHee KOJbl@
MOJHOCTbIO OMHUCHLIBAIOLIUX AAaHHYI0O GOPMY MaTepUHaJbHOTO
JABHXXEHHsI MaTeMaTHYeCKHX IapaMeTpoB (H3MEHSIIOLIHXCS
KOOpPAHHAT, BEJHYHH TMoJs, onepaTopoB AHpdepeHLHpoBa-
HHUSA, KOHCTAHT Macc, 3apsiioB H T. I.).

PaccmaTpHBasi Takoe KOJbllO MHOT'OYJIEHOB B 11€J10M, Mbl
MoXeM 0003peTh MHOroo6pasne caMblXx Pas3/MYHbIX YpaB-
HEeHU# (moJs, NBHXKEHHIT YacCTHI, COXPaHSIOUIUXCH BeJH-
yuH — BooOule JOObIX 3aKOHOB JBHXKEHHUA JI0ObIX ab-
CTPAKTHBIX OOBEKTOB) W TOCTaBUTb BONPOC: a MOYeMYy Mbl
BOoOOl1le BCTpeyaeM B NPHPOJIe HMEHHO JlaHHble YDABHEHUA —
Hbiorona, Makcsenna, lllpeaunrepa, upaka v T. 1., a He
KaKHe-TO apyrue?

C TOuKH 3peHHs COBpeMeHHOHl KOMMYTAaTHBHOH aare6phl,
BCSIKO€ ypaBHeHHe 3ajaeT B (PHKCHPOBAHHOM KOJIbIE Xa-
pakTepUCTHYECKHX MapaMeTpoB (HccaefyeMblX OOBEKTOB)
_ HEKOTOPBIi Hjaeas, KOTOPblii BbIAEJSET H3 BCEBO3MOMXKHBIX
JIONYCTHMBIX 3HAUeHHil 3THX MapaMeTPOB TOJbKO TaKHe, KO-
TOpble 00pallalOT B HOJb 3TO YpaBHEHHE — KaK HX ompeje-
JEHHYIO (NMOJHHOMHHANbHYIO) KOMOHHALHIO APYr ¢ APYroM
H ¢ ApyruMu napamerpami. HuuviMH caoBamu, ypasBHeHHC
MO3BOJISET BbIABHTb CpeAH BCero MHorooOGpas3usi Xapakre-
PHCTHYECKHX MapaMeTpoB H3yuaeMblX OOBEKTOB TaKoe HX

7 H. byp6aku. KommyTtaTuBHas aare6pa. M., 1971,
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MOJIMHOKECTBO, Ha KOTOpPOM obpatiaercs B 1oab aarebpau-
yeckasi (hynxuus, npeacrasasiomas coboii Haeas, COOTBET-
CTBYIOLLLHIl 3TOMY YPaBHEHHIO.

Metoabl ['poTeHaHKa moO3BOJSAIOT CONOCTABHTbh KaxKIOH
CHCTeME YPaBHEHHH B TPOH3BOJILHOM KOJIblle HEKOTOpbIe 00-
0011leliHO-TeOMETPHYECKHE CTPYKTYpPbl B aOCTPAaKTHBIX IPO-
crpancTBax cxeM. B onpexesennom cmbicae [porenank
«npocTo» o6o6uaer uaed dekapra, npuBejinue K co3/laHHIO
alaJHTHYCCKOH TeOMeTpPHH, 11a 00bheKTbl COBpeMeloil ma-
TeMaTHKH: ecau Jlekapr HayuyHa HAC COMOCTABJIATL KaxKIOi
TPOJiKe YHMCeJ HEKOTOPYI0 TOYKY B €BKJHIOBOM IPOCTpaH-
CTBe W Haobopor, 'To [poTeHAHK comocTaB/isieT MPOU3BOJb-
HOMY aJjrefpanyecKoMy KOJbLY W HleajlaM B HeM onpeje-
JeHHble 0000UlelHO-NPOCTPAHCTBEIIHbIE 3JJEeMeHTbl O0OUHX
CXEeM. .

Onun u3 ocHoBareneit rpynnsl Byp6aku A. Beiinb yrBep-
AKJAeT, 4yTO NPOCTPAHCTBEHHAA HHTYHLHA HEOLEHHMA, eCJH
CO3HAaBaTh ee OrpaHHYEHHOCTb. B abGCTpakTHBIX NPOCTpPaH-
ctBax oOwiHX cxeMm ['porenanka Mbl BnepBble HMEeM BO3-
MOXHOCTb BH3YyaJIbHO-TEOMETPHYECKH H3Yy4yaTb CTPYKTYpY
«OpraHH3aluu» CcaMblX pPAa3JIMYHbIX YpaBHEHHH JBHIXKEHHS
uceneayemMbix 00bEKTOB — H3y4yaTb HX B HEKOTOPOM 00606-
UlEHHOM NPOCTPAHCTBEHHOM «COCEACTBE» C APYTHMH THNAMH
TAKHX YpaBHEHHH. IDTO TNO3BOJAET pacKJacCHPHIHPOBATDH
BH/bl YpPaBHEHHH JBHKEHHS Ha HEKOTOpble TPYyNNbl Hane-
JEHHOCTH HX (ypaBHeHHil) onpejeseHHbIMH XapaKTepPHCTII-
YeCKHUMH CBOMCTBAMH (CYylleCTBOBAHHE IIOCTOSIHHBIX 3aps-
OB, HAaNpHMEp, HJH CTOJNbL K& TMOCTOAHHBIX Macc NOKOs
H T I).

Hosble mpocrpaHcTBa ['poreninka, Kpome TOro, nosso-
JAI0T Ja)Ke TIeOMEeTPHYEeCKH HHTepnpeTHpoBaTb caMy «JH-
HAMHKY» Tnepexola OT YpOBHeH [ABHXKEHHS, HanpHMmep,
KJIaCCHUECKOM MeXaHHKH (M MX HHTErpasioB) K YpaBHEHHAM
JBHXXEHHSI KBAHTOBOI TEOPHH.

4.2, du3uka Kak TEOPHSA PaACCJOCHHBIX MPOCTPAHCTB

Haunbosee mopasurenbHass uepra (pH3HYECKHX YpaBHe-
HUH JABMXKEHHS COCTOMT B TOM, YTO BC€ OHH HEOOXOAHMO
CBSI3aHbl ¢ TaK Ha3bIBAEMbIMH paCCJOEHHBIMH IPOCTPaH-
cTBaMH '* — o0beKTaMH, 3aHHMAIOIKHMH OLHO H3 LEHTpaJlb-

18 J. Souriau. Structure des Systémes Dynamiques. Paris, 1970.
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HbIX MeCT B TEOpPeTHYeCKHX TMOCTPOEHHSIX COBPEMeHHOI
MaTeMaTHKH. PaccMoTpeliible NMpOCTPaHcTBa — 3TO OOIIHI
crnocob onucaHua 0coboro COOTHOWIEHHs APYr ¢ JApyrow
3aBHCHMBIX H HE3aBHCHMbLIX INepeMeHHbIX (PH3HYECKOH Teo-
pud. Onu npeacrtaBasiior coboit 06o01LeHHe 3TOrO OMHCAHHUSI
Ha THNHYHBIA AJsi COBpeMeHHON (PM3UKH cayyai, Koraa 3a-
BUCHMble M HE3aBUCHMble IepeMeHHble TMepecTaloT ObiTb
MPOCTbIMH KOJIHYECTBEHHLIMH BeJIMYHHAMH, a NpeBpallalor-
csi B ropasno GoJsiee aOCTpakTHble CTPYKTYpbl (THMa rpymnm
CHMMETPHH H T. I.).

B Mexanuke HblotToHa nmeeT MeCTo NpOCTEUIHI THII
paccioeHHs: ero 6a30H, COBOKYIHOCTbIO HE3aBHCHMbIX Tiepe-
MEHHBIX, M3MEHEHHsi KOTOPbIX MapaMeTpH3yloT co0O0oli
H3MEeHEeHHs BCeX JAPYrux MeXaHHYeCKHX  XapaKTepH-
CTHK 00beKTOB, BbicTynmaer BpeMsi. CioeM e — COBOKYI-
HOCTbIO 3aBUCHMBIX NTEPEMEHHbIX, XapaKTepH3YyIOoUUX o060
BC€, CKOJb YTOAHO CJOXHble MeXaHHYeCKHe IpOoLeCcChl,—
SIBJSIIOTCS NPOCTPAHCTBEHHBIE (TpexMepHble) KOOPAHHATHI
IBHKYLIHXCST TOUEK.

YpaBHenus aBuxKeHus HbloTona mno3BoJdioT no omnpe-
JIeJIEHHBIM XapaKTepHUCTHKAM H3MEHeHHS NMPOCTPAHCTBEHHbIX
KoopaHHAT 0O0BEKTOB (MO MX BTOPHIM IIPOM3BOAHBIM IO
BPE€MeHH) BbIIBUTb CYLUECTBEHHO HOBbIE 3JIEMEHTbl (hU3HYe-
CKOM peasIbHOCTH — CHJIbI, SIBJAfIOLIHECS B MeXaHHKe eHH-
CTBEHHBIMH NPHYHHAMU H3MEHEHHS COCTOAHHS JABHKYLIHXCH
00BEKTOB. A eC/M 3aKOH JeHCTBUA CHAN (HX H3MeHeHue B
MPOCTPAHCTBE W BO BPEeMEHM) H3BECTEH XOTsI Obl 3MMHUpHYe-
CKH, YpaBHEeHHs JABHKEHHS TI03BOJAIOT (MO KpaWHe#l Mepe,
B NMPHHIMNE) TOJHOCTBIO H OAHO3HAYHO OMHCATb H Tpes-
CcKa3aTb pe3yJbTaTbl JIOObIX, CKOJb YrOAHO CJIOXKHBIX Me-
XaHUYECKHX ABHKEHHUH.

Takas BHyTpeHHsAd NMPOCTOTA CTPYKTYPbl YHHBEPCAJbHbIX
ypaBHEHHH ABHMXKEHHS B MeXaHHKe BO3HHKJA, pasyMmeercs,
TOJIbKO KAaK HTOr AJHTEJNbHOro, OyKBajJbHO MHOTOBEKOBOTO
pPa3BUTHS ee OCHOBHBIX, HauboJsiee ray6okux nousitui. Ho u
Telnepb eule OTHOCHTEJbHO 3TOH CTPYKTYPbl Mbl MOXKeEM
NMPeAJOXHTb BOMNPOCH], HA KOTOPhble NOKa 4YTO HET OTBeTa:
a rnoyeMmy, Hanpumep, B ypaBHeHUs HbioTOHA BXOAUT MMeEH-
HO BTOpasi MPOU3BOJAHAsA N0 BpeMeHU? A nouemy anasi ux ¢pop-
MYJHPOBKH W TNPaBHJIbHOrO NpHMEHEHHs HaAo 006sA3aTeJIbHO
BbIOpATb 0COOBIA KJ1acC KOOPAHHATHBIX CHCTEM — TaK Ha3bl-
BaeMble HHEpPLHAJbHbIE CHCTEMBI OTCYeTa?

HoBble nmoaxoabl K pelIeHHIO 3THX BONPOCOB HalAeHbl B
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nociienuux paborax K. TonGuitona' u C. Mak Jleitna®.
Ouu npoBesu npeaBapuUTesbHbIH aHAJM3 OCHOBHBIX IOHSA-
THH TeOpeTHYECKONW MEXaHHKH C TOYKH 3PDEHUS] COBPEeMEeHHOH
MATeMAaTHKH H TIPHILAH K O4elb HEOXHJAHHOMY BbLIBOAY:
Aas GopMYyJIHPOBKH 3aKOHOB ABHKeHHA HbioTona He 004-
3aTeJbHO HMETb METPHKY, KAaKHe-TO pacCTOSHHUA MexXAy
ABHXKYLIUMHUCH 00 beKTaMH.

Bcio ocuoBhyio rpynny Haubosee (yHAaMeHTaJbHBIX
MEXaHHYECKUX MOHATHH, OKAa3blBAETCH, MOXKHO (C IOMOLLLIO
MOHSATHI NyyKa, KacaTeJibHbIX M KOKacaTeJibHbIX paccioe-
HUIl U T. I.) BBECTH B TCOPHIO MeXaHHKH 06e3 KaKuX-Jiubo
CYILECTBEHHBIX CCbIJIOK Ha IIOHATHE METPHKH, HCIO0JIb3ys
TOJNIbKO 0oJsiee oOuiue, Tonojaoruueckue cTpykrypbl. Cefiuac
y2Ke 110Ka3aHo, 4TO JJIs MOJHOrO pelieHHs IeJIoro psifia Me-
XaHHYeCKHX 3ajay (Tuna yCTOHYMBOCTH ABHIKEHHMA H T.IL)
MOXHO BooOuie obGoiiTuch 6e3 BBeleHHA KaKHX-Aubo pac-
croaHuid. Ho MOXKHO /1M Tak caesiaTh BO BCeX 3ajayax HJH
e KaKOH-TO 3Tan pelleHuss MeXxaHHyecKux 3ajgay ¢ aob-
COMIOTHOH HeO0OXOAMMOCTbIO TpeOyeT BBEJEHHA HEKOTOpPO#H
METPHKH — 3TH BOINPOCHl eule TpeOyloT AONOJHUTENbHbIX
HCCJ/IeIOBaHHH.

B Teopuu nossi yHuBepcaJsibHble 3aKOHbI JBUXKEHHSI yCTa-
HaBJHBalOT HauboJsiee oOulHe CBOHCTBA HOBBIX 3J€MEHTOB
¢H3MUeCcKoil peasbHOCTH — CUJIOBBIX noJieil. Onu obHapy-
XKHUBAIOTCA Osaroaaps BO3AEHCTBHSAM, OKa3blBa€MbIM HMH Ha
COCTOSIHME JBHXKEHUA MeXaHHYeCKHUX O0OBEeKTOB. Y paBHEHHs
MoJifi TaK)Ke CYLIeCTBEHHO CBA3aHbl €O CTPYKTypaMH pac-
CJIOEHHbIX NPOCTPAHCTB — TOJNLKO 0a30#, COBOKYNHOCTbIO
HE3aBHCHMBIX IapaMeTpoB, CTAHOBHTCH 3/eCb YyiKe BCe ye-
ThIPEXMEPHOE MHOXKECTBO — NPOCTPAHCTBO U Bpems. B cuoii
K€ — B COBOKYMHOCTb 3aBHCHMBbIX, MapaMeTpHu3yeMbiX 0a3oi
nepeMeHHbIX — MIOMEeULaloTCsd BeKTopa CHJ, XapaKTepH3yio-
KX HaMNpsKEHHOCTH, HanpuMmep, 3JEKTPHUYECKOro H Mar-
HHUTHOTO MOJIeH B CAy4yae 3JIeKTPOAHHAMHKH.

YpaBHeHHs moJad ONsiTb AAlOT BO3MOXKHOCTb — IO OMpe-
JAeJIleHHbIM KOMOHHALUMAM NPOU3BOAHBIX OT 3THX HANpPsKeH-
HOCTe#l, 110 KOOPAHHATAM U BpEMEHH — BBIABUTb HOBbIE, eLle
6osee rayboxue u pyHaaMeHTaNbHble 00BbeKTbl (GHU3HUECKOH

19 K. I'od6uiion. Iuddepenunanbias reOMeTPHsi H aHaJHTHUYECKAsA Mexa-
Huka. M., 1973,

20 S. MacLane. Hamilton Mechanics and Geometry.—«American Mathe-
matical Monthly», 1970, v. 77, p. 570.
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peaNbHOCTH — 3aPAABI U TOKH, MOPOKAAIOIIHE CHIOBBIE
noasi. 11 cHoBa, eCc/iH 3aKOH H3MEHEHHSl 3apsiJloB H TOKOB B
NPOCTPAHCTBE M BPEMEHH H3BeCTeH XOTHA Obl YHCTO 3IMIIH-
pPHYECKH, YPaBHEHHS NOJs IMO3BOJAIT MOJHOCTbIO Paccuu
TaTh pacnpeje/jeHie B NPOCTPAHCTBE U 3aBUCHMOCTb OT Bpe-
MEHH JIoObIX coyeTaHuil dusnyeckux nosaeit (mo kKpaiiHei
Mepe, B MPUHLHIE).

OrTHOCHTENbIO KOHKPETHOIT MaTeMaTHUeCcKoil CTPYKTYphl
OOIHX ypaBlHEHHIl MOJs MOKIO TAKXKC MOCTABHTL bl
psil BONPOCOB, HA KOTOPble /0 CHX MOP HET YAOBJETBOPH-
TeJbHOTO OTBETA: IOYeMY B HHX BXOAAT HMEHHO JaHHBIE,
a He KakKue-TO Apyrue KOMOHHALLUH NPOHM3BOAHBIX OT BeJH-
YUH noJsi mo Koopamuartam M BpeMmenu? M moyemy onn
ponyckaior GopMyJaHpoBKY H Oosee ObICTpoe peuieHue ¢
NOMOLLbI0O 0COOBIX BCNOMOraTeJbHbIX BEJHYHMH — IIOTEHIHA-
JIOB, KOTOpPble ONpeaeasloTcst BCerjaa He 0JIJHO3HAa4Ho, a TOJb-
KO C TOYHOCTbIO /10 TaK Ha3blBaeMoro KaaubpoBOYHOro mpe-
ob6pa3oBaHua?

Kak ¥ B cayyae ypaBHEeHHH MeXaHHKH, NONBITKH OTBETa
Ha 3TH U UM NOJA0OHBIE BONPOCH! yKe NPeAnpUHATH B pabo-
Tax LeJoro psijia uccjejpoBaTesed, KOTOpble U AJs CJayuas
9JeKTPOJAHHAMHKY YCTAHOBHJIM AaHAJOTHYHBIl, HO MeHee
HEOXHAAHHBII B JlaHHOM CJyyae pe3yJ/bTaT: C [OMOILbIO
teopeM Je Pama ypasHeHusi MakcBessa MOXHO, OKa3sbl-
BaeTcsl, Takxe 3anucatb 06e3 KakHxX-JAH00 CCBIJIOK Ha pac-
CTOSHHA MeXIy OTAeJbHbBIMH TOYKaAMH YeTbiPpeXMepHOro
MPOCTPAHCTBA-BPEMEHH.

YpaBuenuss MakcBeJssa, OKa3blBaercs; XapaKTepH3YIOT
TOT/Ja TOJIBKO YHWCTO TONOJIOTHYECKHE CBOHCTBA pPaccJ/ioeH-
HOrO MPOCTPAHCTBA *!, HCIIOJb3YEeMOT0 MPH CTPOTOM H CHCTe-
MAaTHYECKOM TMOCTpOeHHH Teopuu mnouas. Kaxnas mnapa
ypaBHEHUH YTBEpPXKAAeT, uTo onpejaeseHHbIM o6pa3oMm 3aja-
BaeMble yeTbipeXMepHble TPYMNIbl FTOMOJOIHH CHAOBBIX JIHHHI
MAarHUTHOTO MOJis W (3ajaBaeMble HECKOJbKO APYTHM CIO-
coboM) rpymnnbl KOTOMOJIOTHH CHJIOBBIX JIHHHH 3JIEKTpHYe-
CKOTO MOJAsA OTJWYHbLI OT HYJSl U ONPenesitoTCs TOJbKO 3a-
pAlaMHi ¥ TOKaMHu (BKJlouasi TOK CMelleHHs ).

OTa HOBeWluasi — HEeMeTpHuyecKas, CYUIeCTBEeHHO TOMOJo-
ruyeckasi popMyaupoBka ypaBHeHHH MakcBessa B HEKOTO-

-

20 Y Musnep, Hx. Yusep. Knaccnueckas (HM3HKA Kak TreOMETpHA.~—
B xu.: Qoc. Yunep. 'paButauus, HeiTpuHo u Bceenennaa. M., 1962,
cTp. 262 u ca.
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pPOM CMbIcJe JAaxe npoule o6buHON — AubdepeHULnaNbHOIN
(uau uHTerpanbhHoil) ux ¢opmbl. OHa HCMOMAB3YET TOJBKO
KayeCcTBEHHble XAapPaKTEPUCTHKH 3JEKTPOMATHHTHOTO IOJf,
HanpuMmep, TOT (PaKT, YTO MArHUTHbIE CHJIOBBIE JIMHHH He
HMEIOT HH KOHIla, HH HayaJa, uTO OHH KOHILeHTPHYEeCKH
«00BUBAIOTY (B NEprneHAHUKYJISIPHOH MJIOCKOCTH) TOKH U Te-
peMeHHble BO BPeMEeHH 3/IeKTPUUECKHE NMOoJsd. DJIeKTPHUECKHE
’Ke CHJIOBble JIMHHM WJM HAayWHAIOTCA (M KOHYAlOTCSl) Ha 3a-
psiiax WKW TaK XXe KOHLEHTPHUEeCKH «HABHBAIOTCA» B Mep-
MEHAUKYJIAPHOH MJOCKOCTH 11a NepeMeHHoe BO BPeMeHH Mar-
nutnoe noJe. IlepeuncaenHnix (yHAamMeHTaJbHBIX, HO ab-
COJIIOTHO He KOJHYECTBEHHBIX, a YHUCTO KAayeCTBEHHBIX
SMIHPHYECKHX 3aKOHOB 3JEKTPOMarHeTH3Ma OKa3biBaeTcs
yXKe BIOJIHE 0CTaTO4HO, uToObl 3anucaTh ypaBHenus Makc-
BeJljla KaK crnoco® 3ajaHHsl Tak HasbiBaeMbIX ajarebpaunye-
CKMX TPYNM TOMOJIOTHiI ¥ KOTOMOJIOTHI1 CHJIOBBIX JIHHHH
noJis.

M TosabKo mortom, Gaaropapsi TeopemaMm ae Pama, ycra-
HAaBJHBAOWHUM H30MOpDH3M (B oOmnpeJesieHHbIX YCJAOBHAX)
3THUX aarebpauyeckux rpynn auddepeHuuaJbHbIM Tpynnam
FTOMOJIOTHH M KOTrOMOJIOTHH, 3aJlaBaeMblM C NOMOIILbIO NPO-
M3BOAHBIX (M HMHTErpasJioB), MOXHO TOJY4YUTb OOBIUHYIO
(nuddepeHunanbHyl0 HJAH HHTErpaabHyo) ¢opMmy ypaBHe-
HUi MaxcBeasa AJsi NPHBBIYHBIX HAM METPHYECKHX Tpo-
CTPaHCTB.

KBantoBasi Teopus jpenaer oObEKTOM H3YUYEHHS IABHKe-
HUEe TOPOXKIAIIIHX CHJIOBbIE TOJIST 3apsifloB U TOKOB,— HO
JIBHXKEHHE He MPOCToe, HEe MeXaHHuecKkoe, coBeplialoleecs
TOJBKO TO OAHOW-€IHHCTBEHHOHW TPACGKTOPHH, a COBeplIalo-
l(eecst ¢ onpeaeseHHol CTENeHblo BEpPOSITHOCTH cpasy Io
BCEM TPACKTOPHSIM, COCHUHSIONIHM €r0 HayaJbHYI0O H KO-
HEYHYIO TOYKH (KaK 3TO yTBep)KjaaeT HoBeHwas, (erHMa-
HOBcKasi (OPMYyJHpPOBKA KBaHTOBOH MexaHHKH) **. Basoii
pPacCJIOEHHBIX TNPOCTPAHCTB CTAHOBHTCA, TakKHUM oO6pasom,
NPOCTPAHCTBO  BCEBO3MOXKHBIX  YeTHIpEXMEpPHBIX  TYyTei,
a CJIOBM — COBOKYINHOCTbIO 3aBUCHUMBIX I€PEMEHHBIX — Be-
POATHOCTH KaXAOro TAakKOro nyTH, XapakTepH3yeMmbie BOJI-
HOBBIMH (yHKuUHsIMH. YpaBueuune Illpexunrepa — uan npy-
rie ypasuenus: Hnpaka, Kaeiina — lopaona n 1. a.— no-
3BOJISIIOT BLIAGAHTH HOBBIE 3JeMeHThl (PH3HUECKOH peaJibHO-

22 p. peinman, A. Xube. Kpantonaa mMexanuxka w Hinterpanbl no Tpaexkro-
puam. M., 1968,
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CTH — KBaHTOBble ¢popMbl Hanbosee BepoATHOH (YCTOHYHBOM
WJIH KBAa3WCTAUHMOHAPHON) OpPraHu3auuU MaTepHH B BHIE
aTOMOB, HX BO30YyXKIEHHBbIX COCTOSHHI, MOJeKya (Koaebaio-
LUIMXCS, BpallalOUIUXCs HJAH BCTYMAIOUIHX B ONpeaesieHHbIe
XHMHYECKHe peaklHu u T. 1.).

BoJsbuioit nHTEpec B METOLOJOrHUECKOM Tl1aHe npejacra-
BHT aHa/JH3 BCEX TAKHUX NPOCTEHIINX PEelIeHHil KBAaHTOBOMe-
XaHHYECKHX YpaBHEHHI B acrneKTe YCTAaHOBJIEHHS HX CBSI3H
C OMpeNeJeHHbBIMH CTPYKTYPHBIMH 3JeMeHTaMH abCTpakT-
HblX cxeM ['porenaunka. Mcnoab3ys aHaloruu, BbiCKazaHHbie
B cBoe BpeMsi [lalicoHOM, MOXKHO yTBepXKaaTbh, YTo (PU3UKA
caejaeT CBOH CJHEAVIONHH (yHIaMeHTaJbHBbIH IIar mnocJje
TOTO, KakK OyaeT HalileHO HeCKOJbKO HOBLIX (POPMYJIHPOBOK
KBAaHTOBOH TeopHH. KakK M3BECTHO, KOHUENTyaJbHbIH Tmepe-
X0I OT HbIOTOHOBOH (OPMYJIHPOBKH KJAaCCHUECKOH MEeXaHH-
KH K MeXaHHKe KBAHTOBOH OYeHb TpPYAEH H HCTOPHUECKH
CTAHOBHUTCA BO3MOXHBIM T0OC/J€ CO31aHH TaMHJIbTOHOBOM
¢opmbl ypaBHenuit Heiotona. M ¢eiinmanoBckasi dpopmya-
POBKa KBAHTOBOH MEXaHHKH Hrpaer ceHyac poJib, aHaJo-
THUHYIO JlarpaHXKeBOH (popMe MeXaHHUKH KJaacCHyecKoH. s
nepexona e K H3yyeHHIo oblwux Gopm opraHu3alUu{ MaTe-
pPHH — KaK HAa YPOBHE 3JIeME@HTapHBIX YaCTHI, TaK H Ha
ypoBHe OHOJOTHYECKHX OOBeKTOB,— BepOsiTHO, Haubosee
MEepCrneKTHUBHOH OKa)KeTcsd eule oaHa (GopMyJHpOBKa KBaH-
TOBBIX 3aKOHOB-—Ha 3TOT pPa3 C MNOMOULbIO CTPYKTYyp ab-
CTPAKTHBIX MpPOCTPaHCTB ['porennuka.

Baxnyio npob6aemy, Tpelyioulyio CrneuuaJbHOrO pac-
CMOTPEHHS, COCTABJSET B COBPEMEHHOM TEeOpeTHUYEeCKOM ec-
TECTBO3HAHHH BOCXOXKJI€HHe OT aOCTPAaKTHBIX KaTeropuit M
(GYHKTOPOB, HaAeasieMblX HEKOTOPOi TOMOJIOTHEH W mpeBpa-
mlariuxcs 6aarogapsi 3ToMy B CHTE, K 0COOBIM «CamoCo-
rJ1acOBAHHBIMY» (PYHKTOPAM, NpeBpallaloIMMCs B NMYYKH H B
COBOKYTMHOCTH BCEeX MYYKOB OMNpEeAeJIeHHOI0 THIla — TOTOCHI.
[Tocnenrwne u 3a1ai0T 3aKOHBI ABHIKEHHS, IPEACTaBJAS COO0M
BBICIIHH 3TaN TAaKOro BOCXOXKAEHHS. A HMEHHO: NJUTENbHbIE
U MHOTOCTOPOHHHE 3IKCIepHMeHTaJbHble HCC/JAEeNIOBaHHUS He-
KOTOPBIX NMy4YKOB (HanpuMmep, NMyykKOB BCeX, KaKHe TOJbKO
BO3MOKHbI, MEXaHHYECKHX NBHKEHHH, HJIH «BCeX» 3JEKTPO-
MAarHHTHbBIX HJH BCeX KBAHTOBBIX MOJeH,— CTPOro roBopf,
TONOCA 3THX NYYKOB) PaHO HJAH MO3AHO 0OOHAPYXKHBAIOT, UTO
OTHOCHTEJNILHO 3THX TNYYKOB BBINOJHSETCS CBOICTBO TaK Ha-
3bIBaeMOI HaKpbiBalolleii TOMOTONHH.

ITo mocJelHee HOCHT COBEPLIEHHO (yHAaMeHTaJbHBINH
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XapakTep B COBPEMEHHOH MaTeMaTHKe M celuac sBJseTcH,
B CYLUHOCTH TrOBOpPf, caMbiM OOLLIHMM onpejejeHHeM pac-
csi0eHHOro npoctpatcTea **. OHO COCTOUT B TOM, YTO €CJIH Mbl
YCTAHOBH/IM HEKOTOpOe pasjie/ielHe 3aBHCHMbIX W HE3aBH-
CHMBIX CTPYKTYpP TEOPHH, TO XapakKTep 3TOH 3aBHCHMOCTH
J0JIXKeH 0CTaBaThCs BCe BpPeMsi OJLTHHM H TeM XKe.

Takum o0Gpa3oM, CBOHCTBO HAaKpbiBAIOUEH TOMOTONHH
BbiJleJIA€T M3 BCEro MHOrooOpasHs CTPYKTYp, 3aBHCALLHX OT
JAPYrUX, mapaMeTpPHU3YIOLUX UX CTPYKTYp, KJA4acC TaKHX 0CO-
60 «NpOYHbIX» H HHBAPHAHTHBLIX MPOEKIUHH, KOTOPbIH «Bbl-
JepKHBaAET», COXpPAaHAET CBOH XapaKTep TMPH NMPOHU3BOJIbHbIX
HenpepbiBHBIX AeopMalHaX, XapaKTepH3YyIOLHX 3TH CTPYK-
Typsl napamerpoB. [Toka uto Ham He H3BecTeH [0 KOHUaA
(H3HYeCKHH CMBICA 3THX TpeOOBaHHH, HO HEKOTOpble Teope-
Mbl Byp6aku u 6oaee Mosoabix aBTopoB (Teseman * u apy-
rie) 1no3BOJIAIOT INpeAnoJaratb, 4YTo MMEHHO CBOHCTBO
HaKpbiBalolleil rOMOTOINHM TI03BOJISIET BBECTH B TPOHU3BOJb-
HOM cOOpaHuu 0OBEKTOB CBA3HOCTH U HHPHHHUTE3UMAJbHYIO
METPHKY, 4YTO ABJAAETCS HEOOXOAHMMBIM yCJOBHEM (POPMYJIH-
POBKH YHHBepCaJbHbIX 3aKOHOB B ¢dopMme Ja0bbix audde-
peHUHaJbHBIX YPaBHEHHH.

Takum o6pasom, yHHBepcaJbHble 3aKOHbl JBHMKEHHUS
(pHU3HYEeCKHX OOLeKTOB NMPEeACTaloT Nnepejl HaMH KaK BbICIUHH
3Tan KOHKPEeTH3alUHWH TIpolecca HaJeJeHHd INpPHMEHseMblX
AJIS HX OMUCAHHSA TEOPETHYECKHX KOHCTPYKILHil Bce GOJbLINM
U GOJBIIUM YHCJIOM OTPAHHYHBAIOLLHX, KOHKPETH3UPYIOLIHX
MaTeMaTH4YeCKHX CTpyKTyp. Ha nepBom 3rame KoHKperu3a-
ILHKH Ha caMble OOLHEe PAMKH TEOPETHYECKOTrO ONMUCAHUSA B BH-
A€ KaTeropud U (YHKTOPOB HAKJIAABIBAIOTCH TOJBKO «Iep-
Bble» FreOMeTPHYECKHe — TOMOJIOTHYeCKHe OTPAHHYEHHS. YxKe
OJIHO 3TO NO3BOJISIET ONpeAeseHHbM 00pa3oM J10KaaHu30BaTh
H WHIHBHAYaJIH3HPOBATb H3yyaeMble OObEKTHI.

[IpeBparuBiunecs 6.7arogapa TOMOJOTHH B CHTE KaTero-
pHH MO3BOJIAIOT Ha CJAEAYIOIIEM 3Tane BbIAECJUTb CpPelu pas-
JMYHBIX THIIOB 3aBHCHMBIX CTPYKTYP — (QYHKTOPOB HEKO-
Topble, ocoObiM 006pa3oM BHYTPeHHE CaMOCOrJacoBaHHbLIE,
nyuki. Kareropusi Bcex nyukoB omnpejesieHHOro poja — ToO-

2 )K.-II. Cepp. CuHryasipuble TOMOJIOTHH PAacCCJOEHHBIX MPOCTPAHCTB.—
B ¢6.: «Paccioennble mpocTpaHcTBa M MX TNpHAOXKeHHs». M., 1938,
ctp. 32. '

2 K. Teaeman. DnemeHTL TOMOJOTHH M AH(depeHUHPYeMble MHOroo6pa-
3ua. M., 1967, ctp. 296 u ca.
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floc — Mo3BOJAE€T MOCTaBHTb BOmpo¢ o Hauboaee obuieh
BapHalMH aGCTPAKTHLIX CTPYKTYpP AdHHOI Teopuu. B Teopun
3JEMCHTAPHBIX YacTHL, HanpuUMep, Oil BCTACT KAK BONPOC O
TOnoce BCEX, CaMbIX Pa3/JHYHbIX KBAHTOBAHHbIX noJien HAl
JaHHbIM (H3HYECKUM mnpocTpaHcTBoM. M, HakoHel, KpaTKo
OMICaHHble TOJBKO YTO CBOIICTBA naprmalomel"i FrOMOTONHH
MO3BOJIAIOT Telnepb BBECTH BbICIYID (OPMY KOHKPETHOCTH
TCOPETHYECKOro onvHCaHHusa HHTEpeCcylouiux nac 00BHEeKTOB —
paccnoennble mpocrpalcTBa (PU3HYECKHX 3aKOHOB JABHKE-
ITHSI.

4.3. JlsuxKeHHe W PoCT OpPraHu3auuu o0beKTOB

«YTo xKe ganbuie?»—umeer NpaBo CNPOCHTb B 3TOM Mec-
Te yutartesb. MIMenno 31echb nepea HaMH BO Bceil rayOHHe OT-
KPbIBACTCA 32XBATLIBAIOILASA MPONACTbL HEHU3BCCTHOIO B COBpe-
MeHHOil Hayke. IHa oaunoil, 6onee u3BecTHOIll, TaK ¢Ka3aTb,
«(pH3HYECKOH» CTOpOHE ee Mbl BHANM 0oJiee HJIH MeHee CTPO-
roe W 4eTKoe NnepenJeTeliHe a)KypHbIX CTPYKTYP CaMbiX pas-
JHYHBIX (BJOXKEHHBIX APYr B JApyra) paccCJOEeHHBbIX MPOCT-
PaHCTB MEeXaHHKH, 3JEeKTPOAMHAMMKH, KBAHTOBOH TEOPHH.
OHH B NpHHIHIIE ONPeAeSIOT CKOJb YTOAHO CJI0XKHOE N10Beje-
HHe JIOObIX COueTaHUH HeXKHUBbIX 00bEKTOB — OT raJlakKTHK H
HEATPOHHBIX 3Be3J 10 AaTOMHBIX siAep H MOJEKYJSPHBbIX H
KPHCTANJIHYyeCKUX cTpykTyp. Ha apyroit ke — «OGuosoruue-
CKOH» CTOpOHEe NMponacTd Mbl elle TOJbKO HayHHaeM yrabl-
BaTb ropasio 06oJee NPHUYIAJHBbIE W HENPHUBbIYHbIE [/
KJ1aCCHYECKOro eCTeCTBO3HAHHS KOHCTPYKUHH HeMeTpHue-
CKHUX TOMOJIOTHH Ha MHOrooO0pa3HblX CTPYKTYPHbIX YPOBHAX
KHBOro. Ha 3Tux ypoBHAIX COBepLIAIOTCA NMOCTOSIHHbIE, CTIOH-
TaHHO-aKTHBHbIe TPOHUKHOBEHHSI CAMbBIX Pas3JIHUHbIX GHOJIO-
THYECKHX KOMIIJIEKCOB B CBOE€ HeNOCpeACTBeHHoe «Oyny-
uiee»— B XOJe CTOJIb XapaKTepHbIX AJS »KHBOTO KBaHTOBBIX
NMPOLECCOB «KH3MEPEHHUSA» CBOET0 OKPYKEHHSA PEHOTHUNHYECKHU-
MH H FeHOTHINHYECKHMH KOMIIJIEKCAMH <«KHUBBIX» MOJIEKY.I.
B xome 3THX «u3MepeHHi» (POPMHPYIOTCSH MNOCTOSIHHBIE, YC-
TOHYHBO «KaHAJH3HPOBAHHbIE» TPACKTOPHH JBHIKEHHSA —
KpeoAbl CaMblX pPas3/IMYHbBIX KOMIIOHEHTOB KHBOro, obpa-
3ylolHe HOBble (PH3HKO-OHOJOrHYECKHe «IPOCTPAHCTBA» Ca-
MOBOCNPOU3BOASALIMXCSH U CAMOYCJOXKHAIOLHUXCSA CHCTEM (POH
Heiimana.

MOXKHO /11 NePeKHHYTb TeOpeTHYECKHH «MOCT» OT yxKe
XOpOWIO H3YYEHHBIX, CTABUIHX «KJACCHYECKHMH» DPACCJOEH-
HbIX MPOCTPAHCTB U YPAaBHEHHH ABH)KEHHUS COBPEMEHHOH (H-
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3HKH K 3THM TNPHHUMNHAJIBHO HOBBIM CTPYKTypaM MKHBOro?
OKoHuYaTeNbHbIii OTBET Ha 3TOT BOMPOC MOXKET AaTh, pasy-
MeeTcs, ToJbKo Oyayllee pa3BUTHE BCEro KoMIJjekca ecTe-
CTBEHHBIX — KaK (pU3HYeCKHX, TaK 1 OHOJOrHYeCKUX — HaYK.
3apaHee HeJb3sl, KOHEUHO, HCKJIOYHUTb U TaKyi0 BO3MOXK-
HOCTb, UTO YK€ CYIleCTBYIOllHe B HacTosulee BpeMs (H3H-
yecKHe HayyHble AHCUMMJHHBI — W B NEpPBYIO OuYepeib KBaH-
TOBAasi MEXaHUKA ¥ KBAHTOBAsl TEOPHS NOJs — BIOJHE A0CTA-
TOYHBI JLJIST TIOCTPOEHUST €IHHOTO TEOPeTHYECKOTO ONHCAHHSA
KaK »XHBOI, TAK U HEXXHUBOIl MaTepHHU.

OnHakKo MCTOpHUECKHE TapaJiyieNu ¥ Haubosee mepcrnex-
THBHBbIE TEOPETHUECKHe NMOCTPOeHHUs KaK (U3UKH, TaK U OHO-
JIOTHH TOCJIeIHUX JeT, KPAaTKO NpoaHaJH3HpOBaHHbBIE BbIlIE,
nesaloT, HaM Kaxercs, 6oJsiee npaBAONOJOOHBIM NPAMO TIPO-
THBOIOJIOKHbBIH BBIBOJ: CKOpP€e BCero «Te0pPeTHYEeCKHH» MOCT
oT (pusuku x GHosoruu Oyner mepebpouieH B xone OypHO#
HayuyHOH peBoJIOUXH. BO3MOXKHO, YTO B XOJAe 3TOH DPEeBOJIO-
ILHY Mbl HAYYHMCSl M HA HEXKHBOE, KOTOpPOE HbIHE CYHTaeTcHd
fosiee WM MEHee XOPOLIO M3YYEHHBIM COBpPEMEHHOH HayKoil,
CMOTPETb HECKOJbKO HHBIMH- IJ1a3aMH, 4eM 3TO Aejaaercd
ceryac.

ATo KacaeTcsi ¥ CBOHWCTB JIOKAJH3alLlMH ¥ HHAHBHAYAJH-
3allMH 3J€MEHTAPHBIX CTPYKTYP 00 bEKTOB — B€Ab TPYAHOCTH
COBPEMEHHBIX TEOPHil 3/JE€MEHTAapHBIX 4YacTHLL KOpPeHATCH
HMEHHO B 3TOM MYHKTe. YKe caMo HessBHOe oObluHO Mpearno-
JIOXKEeHHe, 4yTo CBOMCTBA (PM3HUYECKOTO MPOCTPAHCTBA-BPEMEHHU
HcuyepnbiBaloWIUM 06pa3oM OMUCHIBAIOTCS OOBIYHBIMH FeOMeT-
PHYECKHMH aKCHOMAaMH, € XKeJe3HOil HeoOXOAHMOCTbIO BJe-
yeT 3a co00i 0TKa3 OT HaJeKAbl 00bSICHUTb CPEACTBAMHU COB-
peMeHoil (GHU3UKH oOpraHusauuio o6HLEKTOB— O6ydb TO B
bopmMe «CHeKTPOCKOMHUEeCKOTr0» MHOrooOpasHsi 3JemMeHTap-
HbIX YACTHL, WJIH XKe B BHAE CaMblX Pa3HOOOpa3HbIX CTPYK-
TYp XHBOTO. '

®opMbl OPraHH3alMH MaTEpPHUH CBSI3aHbl ¢ HEKOTOPbLIMH
HOBbIMH crnoco6aMH JAETePMHMHALUMH LEJbIM KOHKPETHOIl
CTPYKTYPBl BCeX CBOMX KOMMNOHeHTOB. [lo cHX mop ¢u3HuKa
OCHOBATEJIbHO HCCJeA0BaJia TOJbKO CaMbIii NMPOCTOH THUN Je-
TEPMHHALMH TAKOro poJa — THI, B KOTOPOM BCe BO3AEHCT-
BHSl 11€JIOTO Ha €ro 4acTH OCYLIeCTBJSIOTCS Oyellb caabo,
TOJILKO C «MOMOIbIO» MPOCTPAHCTBA, B KOTOPOM OHH TIOME-
111aI0TCH.

[TosToMy BroJsiHe eCTeCTBEHHO, YTO NMOMNLITKH TEOpeTHYe-
CKH OODBSICHHTL OpPraHH3alUI0 MaTepHalbHbIX OOBEKTOB B
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paMKax OAHOIl JIHIIb TPUBHAJbHOII TOMOJOTHH 3aKalYHBAIOT-
csi Heyaauei. [as nmosyuyeHHsi «CneKTpa Macc» 3JeMeHTap-
HbIX 4aCTHIl HJH TEOPeTHYeCKOro BBHIBOJAA “Bcero MHoroo6pa-
31U CTPYKTYPHBIX KOMIIOHEHTOB JXHBOTO HeoOXOAHMO mpes-
BAPUTEJBHO H3Y4YUTb OoJiee CJA0XKHBIE CnocoObl AeTepMHHA-
LMK LeJIbIM BCEX CBOMX yacTeii, ueM 3TO MpeArnoJaaraior co-
RpeMEeHLble HayyHble NAHCUHMINHBL. AGCTPAKTHBIC MPOCTpPaH-
ctBa ['porenanka, BepOATHO, W TNPEAOCTaBJSIOT BNEpBble
MMEHHO TAaKylo, BMOJIHE KOHKPETHYI0 H Cepbe3Hyio, 1omy-
CKAIOILYIO TOUHbIE MAaTeMaTHYECKHEe IKCIMJIHMKAILHH, BO3MOXK-
HOCTb.

HUrak, nam npeacraBasercsi 1aneKko He CJAydyaiHBIM, 4TO
MOYTH BCE BarKHeiil1e 3aKOHOMEPHOCTH, OTKPBIThIE €CTeCTBO-
snanueM XX B. (rpynna JlopeHua B T€OPHH OTHOCHTEJIbHO-
CTH, CBOHCTBA CHMMETPHHU 3JEMEHTapHbIX YAaCTHUL HJIU eIH-
HBIH JIJ51 BCCTO JKHBOT'O TeHeTHUECKHH KOMA), HOCSIT MO CBOEIN
MpHpOAe CYLIECTBEHHO HEKOJHUeCTBeHHbIH XapakTtep. Benb
B CBeTe TOJbKO YTO CKa3aHHOrO BCAKOe H3MepeHHe JI000i
BeJIMYHMHBI, XapaKTepuaylolled HeKoTopblii 006bLekT, HeobXo-
THMO TIpPeAnoJaraer, YTo 1esoe U 4acTbh B 3TOM 0ObeKTe Co-
OTHOCSATCS B ONpeAeJeHHO#l CTeneHH TOJbKO MNPOCTEHIIHM
cnocoboM: no6oe 11e10€ MOKHO MOJYYHTh, «CKJAaAbIBasA» €ro
H3 MPOCTEHILIHX 3JEMEHTOB.

[Tepeuncsennble ke BbIlIE OTKPBITHSI TOBOPSIT O TOM, 4TO
CTPYKTypa M OpraHH3alus >XHBbIX H HEXHBbIX O00BEKTOB,
X Haubosee pyHaamMeHTaNbHble CBOICTBA BOBCE He SIBJISIOT-
Csl alIHTHBHBIMH. -

HMHbIMH cJIOBaMH, HX CYLLHOCTb HE CBOAMTCH K OAHHM
JIUIIb KOJTHYECTBEHHBIM OTHOUIEHHSIM.

Bonee ray6okue ke, TeoOpeTHYECKHEe aCMeKThl (PH3HKH H
6HOJIOTHH — M, KOHEYHO Xe, B NepBYI0 ouepelb — npobeMbi
MOHCKOB YHUBEPCAJbHBIX, OOLIHX KaK M/ (PH3HUKH, TAK H A5
6HOJIOTHH 3aKOHOB IBHXEHHS — OYAyT (HopMYJTHPOBATHCH
TeNnepb yxe ¢ MOMOLUbIO TOJbKO ropasao 6osee oOUIHX B Ma-
TeMaTHYeCKOM IJ1aHe, TOMNOJOrHYeCKHX, TeOpPeTHKO-TpymIo-
BbIX M TEOPEeTHKO-HHPOPMAUHOHHBIX CTPYKTYp. [locKoabKy
1151 3JIeMeHTapHbIX YaCTHL BeCbMa XapaKTepHO YCJIOKHEHHe
HX «BHYTpPEHHEH OpraHM3alHH» MO Mepe POCTa HX SHEPrHuH,
a OHOJIOTHYECKHE CTPYKTYpbl O0OHApy»KHBAIOT aHAJOTHYHOE
MporpeccuBHOe YCJO0XKHEHHe CBOeH OpraHHM3alWH 1o Mepe
MPOTEKAHUs 3BOJIOILHOHHOTO npolecca, BCTaeT BONPeC O CBH-
351X, KOTOpble HEOOXOAHMO MIOJIXKHbBI CYLIeCTBOBAaTb MeEXIY
COOTBETCTBYIOILHMH THNMAMH OPraHH3aUHH. IDTH obuiHe 14
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HUX CBSI3U AOJIXKHbl CO BpPeMeHeM IMOJYYHTb COOTBETCTBYIO-
LYI0 MaTeMaTHYeCKYyI0 IKCIINKalHio .

[TosaTomy B 3akJoueHHe Mbl XoTeau Obl 06paTUTL ocoboe
BHHUMAHHE HA NPHUHLHUNHAJBHYIO BAaXKHOCTb TAK Ha3blBaeMbIX
TOMOJIOTHYECKHX XapaKTePHCTHK JABOHCTBEHHOCTH H3yuyae-
MbIX 00bEKTOB (rpynn roMoJIOrud AaHHoro o6beKkra W JBOW-
CTBEHHbIX HM TPYNM KOTOMOJIOTHH IPOCTPAHCTBA «MHHYC»
yacTb ero, 3aHumaemas ob6bektTom). Hekoropbie Teopernue-
CKHe HCCAe[ACBAaHHUs TOCJeJHEero BpeMeHH MO3BOJSIOT Npe-
nosaraTb, YTO HMEHHO C MOMOLUbIO 3THX TPYNN MOXKHO OY-
ner chopmyaunpoBatb Haubosee oOlLHE 3aKOHDI ABHIKEHHA
NMPHUPOAHBIX — KaK >XUBbIX, TaAK H HeXKHBbIX — 0OBEKTOB.

% @G. Cocconi. The Role of Complexity in Nature. In: <«Evolution of
Particle Physics». N. Y., 1970, p. 81.
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