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Yactb 1

MeToponorua acpupognHamMmku u CBOMCcTBa
acpumpa

Beeoenue. Ipup u ouanekmuueckuiit Mamepuaium

IIpencrasiacHus 06 3¢upe Kak O Cpeae, 3aMONHSIOUEH BCE MUPO-
BOC MPOCTPAHCTBO, COMPOBOXIATH BCE PA3BHTHE €CTCCTBO3HAHUS OT
IpeBHEHMX BpeMeH mo Hadama XX cronerus Danec Munerckuid,
Hemokpur, Aunaxcumanap, Hexapr, W.Hstoron, M.B.JlomoHOCOB,
JI.BonsipMas, B.Tomcon, M. ®apaneii, Jbx.K.Makcsenn,
bk Jlx. Tomcon, H.U.Mennenees, A.K.Tumupszes, H.II.Kacrepun,
COBETCKMH axaneMuK 31ekTpoTexHuk B.d .MuTkeBud n MHOTHE JIpy-
rue yACTWIM BHUMAaHHE 3TOi mpobOaeme [1]. MakcBenn BeIBEn CBOU
3HAMCHHTHIC YPaBHCHUS, OMHUPAsSCh HAa BUXPEBBIC NBIDKCHUS S(upa
Kak uaeaabHOU sxuakoctu [2]. Y MenzgeneeBa a¢up ducanics B ca-
Mot mepBoii («HYIeBOI») cTpoke ero Tabmuusl [3]. Ita cTpoka Bro-
CIICACTBUH HCYE3Ta U3 TaOIHIIBL.

VYkazaHHBIM U MHOTHM IpyruM aBtopam [4, 5] He ymanock co3-
JaTh CTPOMHYIO M HEMPOTHBOPEUHMBYIO Teopuro 3¢dupa. Ceroans 3To
MOYKHO OOBSICHUTB TEM, YTO JPCBHEHUINME 3HAHHS OBLTH MPOYHO YT-
paducHbl, 2 HOBOC €CTECTBO3HAHUE HE MPOIIO CINE HYKHBIX JTaroB!
paboTEl MO 3JEKTPOMATHETU3MY MOSIBHIIUCH TOJIBKO B cepeaune XIX
CTOJICTHSI, <GIIEMEHTAPHBIC YACTHLIBI» OB OTKPBITHL TOMBKO K cepe-
quHe XX BEKa, ra3oBas MEXaHHKA, KOTOpas 0Ka3anach HCOOXOAUMOM
JUTSL TAKOW TEOPUH, U €€ BAXKHBIHN pa3en — TEOpHs MOIPAaHUYHOTO CJIOS
ObLTH MPOpabOTaHBl TOIBKO B CBSI3H C CO3AAHUEM aBHALIUH, T.C. K Ce-
peauHe XX crometrs. Y NEPEUHCICHHBIX aBTOPOB NMPOCTO HE OBLIO
MOJ pyKOH HEOOXOAMMOro MaTepHala, 4to MPHUBEIO X K CCPUU OLIHU-
00K B MX MOJAEC/SNX, TMIIOTE3aX M TEOpHsX 3dupa. A Korja, HAKOHEII,
BECh HCOOXOIMMBIN MaTepHal MOSBUICS, B HAYYHOM CO3HAHHHU OKpe-
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IJ1a MBICTAb O TOM, YTO 3(QUPOM 3aHMMATBHCS HE HAJIO, MOTOMY HYTO
CrieumarbHast TEOPHSI OTHOCUTEIBHOCTH DHHINTEHHA €ro OTBEpria.

Ceroasst Ha OCHOBE 3HAHUH, JOOBITEIX €CTECTBO3HAHUEM ke B 20
CTOJICTHH B MPOLIECCE MPOBEACHUS PA3THYHBIX SKCIICPUMECHTOB, MOX-
HO OJHO3HAYHO VTBEPXKIATh, UTO JTIO0OC (U3HUECKOE TEIO HMECT
CTPOUTENBHBIN MaTepHal, U3 KOTOPOro OHO COCTOHT, H 3TOT CTPOU-
TEMbHBIA MaTepHual OPraHH30BaH B CTPYKTYPY, KOTOpas BMECTE CO
CBOWCTBAMH CaMOT0O CTPOHTEIBHOIO MaTepHalia OOYCIOBIMBACT BCE
CBOICTBA 3TOrO TENa, MPOSBISIOLINCCS BO B3aUMOJCHCTBUSIMH C APY-
rumu Tenamu. Korza ske peus naet o u3ndeckrux Tenax MHUKPOMHUpa
¥ KOrJa CTAHOBHUTCS SICHO, YTO BCE OHU CIOCOOHBI TPaHCGHOPMHPO-
BaThCsL APYT B Apyra (€cTh Jaske MOrOBOPKA O TOM, YTO Jro0as die-
MCHTApHAsI YaCTHLA COCTOUT M3 BCEX OCTAIBHBIX), TO CTAHOBHUTCS T10-
HSTHBIM, YTO BCC STH MHOTOYHCICHHBIC <QIEMCHTAPHBIC» YACTHULIBI
HMCIOT OOLIHI CTPOUTEIBHBIH MaTeprai. A MOCKOJbKY MPH BBICOKHX
HANPSDKCHHOCTAX MATrHUTHBIX TOJICH B BAKyyME MOTYT «POXKIAThCSI»
HOBBIC 3JICMCHTAPHBIC YACTHUIBI, TO MPUXOAUTCS CHENATH BBIBOJ O
TOM, YTO M MarHUTHBIC MOJIS,, U CAM BaKyyM COJAEPKAT TOT JKE CTPOH-
TENBHBIN MaTepual, 3amOIHSIOMNN BCE MUPOBOE MPOCTPAHCTBO. JTO
ectb (usuueckas cpeda, 3¢up, MaTepUaTbHOC (UIMUYCCKOE TEIO C
KOHKPETHBIMH (PU3MYECKHMHU CBOWCTBAMHM, U3 KOTOPOTO COCTOHT BCE
Ha CBETEC W ABIKCHHS KOTOPOro OOYCIOBIMBAIOT BCE BHIBI CHIIOBBIX
MOJIEW B3aUMOJEUCTBHIM.

O¢dup NpUHLKMNHATBHO OTIUYACTCS OT «(PU3MICCKOr0 BaKyyMa»,
0 KOTOPOM HEYCTaHHO TBEPASAT COBPEMCHHBIC (HU3UKU. DPUp — 3TO
KOHKPETHOC (DU3MUYECKOE TEI0 ¢ KOHKPETHOM CTPYKTYPOH M KOHKPET-
HBIMU (DU3UYECKHMH CBOMCTBAMH. A «pH3nyeckuil BaKyyM», T.€. HE
MycTasl MycToTa, 00IaAaeT CBOHCTBAMH, HE UMEsI HUKAKOTO YCTPOHCT-
Ba, HUKAKOW CTPYKTYPbl, HUKAKOrO MaTepHalia, U3 KOTOPOro OH CO-
CTOHT W MO3TOMY HE MMECT HUKAKUX INAHCOB HA OOBSCHEHHE KAKHX
Obl TO HU OBLIO MPUYMH, TO KOTOPHIM H3BECTHBIC SIBICHUS MMCHHO
Takue, a He APYTHE.

Otcroga u BBITEKACT 3a4a4a, BaKHEHIIAS AT COBPEMEHHOTO CO-
CTOSIHUSL €CTECTBO3HAHUS — OMPEACIUTh CBOMCTBA 3dupa, ero Ghusn-
YECKUE MapaMeTPhl W HA UX 0a3e COCTABUTh CAMHYIO (PHU3UUCCKYIO
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HEMPOTHBOPCUYMBYIO KapTUHY MHpa. TakoBa mocTaHOBKA 3a1adud, KO-
TOPYIO CIIEAYET PELINTh YK€ CETOJHsI, HE OTKIAAbIBAs B AAJICKYIO IEp-
CICKTUBY, MOTOMY YTO AJISl €€ PCHICHUS YK€ AaBHO BCE UMEETCS, HE
XBaTaJjo TOJIbKO HOPMAIbHON MaTEPUATUCTUYECKON METOJOIOTHH.

Ho oxa3zeiBaercs, 4To Takas MaTepUaNHCTHYECKAs METOXOIOTHS
JIABHO YK€ CO3JaHA, 3TO TAaK HA3bIBACMBIN JUATICKTUUYECKUN MaTepua-
JM3M, HaJ CO3AaHUEM KOTOPOro JTHTEIBHOE BPEMS TPYIHITUCH CAMBIC
pa3HOOOpa3HbBIC €CTCCTBOMCIBITATEIN, HAUYMHAS C APCBHEHININX Bpe-
MeH. HauGomee d9eTko 3T0 HampasieHHEC CGHOPMYTHPOBAHO
@®.DHrenbpCcoM B €ro IBYX KalUTANBHBIX TPYAAX «JluajgekTuka mpupo-
JBI» U «“AHTHAIOPUHI», a TAKKE BO MHOTHX OTACIBHBIX CTAThSX.

O ToM, uTO (pH3HKaM clenyeT PYKOBOACTBOBATHCS UMEHHO Iua-
JEeKTHYECKNM Marepuaiam3moM, HarmomHm B.M.JlennH B m3BecTHOM
kaure «Matepuanu3M W SMIUPHOKpuTHIM3MY» [6], B KOTOpO#t man
OLICHKY CcOCTOsTHUS (pu3mueckoit Teopun Ha Hauamo 2010 Beka, Korga
B ¢u3zuke npousomen kpusuc. Creayer HAMOMHUTb, YTO KPU3HUC HPO-
W30LIEN HE B MPHUPOJE, B KOTOPOH HUKAKHX KPHU3UCOB U MAPaTOKCOB
He OBIBacT, a B yMax (PM3MKOB-TCOPETUKOB, KOTOPBIC PEIIWIIN, YTO UM
V7K€ BCE M3BECTHO, YTO MPUPOJA UMEET <XOPOLIO MPOBEPCHHBIC HAMH,
($u3MKaMI» 3aKOHBI W YTO BCE MPOOJIEMBI yXKE PELICHBI, OCTAJIOCh
TOJIbKO TPAMOTHO MPUMCHSAITh MX MPU PCIICHUU KOHKPETHBIX 3a1ad.
IMoatomy BeauKkoO OBLIO UX YAUBJICHUE, KOraa B KoHue 1910 cromerus
cTamu OOHApY)XHMBAThCS (DU3HUUCCKHE SIBICHHS, TAKUEC KaK PaIuoak-
TUBHOCTb, PCHTICHOBCKUE U MPOYNC DJICKTPOMATHUTHBIC U3IYUCHUS,
U T.A., HUKaK HE VKIAJbIBAIOIIUECS B CIOXKHMBIIUECS MPCICTABICHUS
00 ycrpoiictee mpupogsi. Ho BMecTo TOro, 4roObl yTOYHSATH CBOU
MPEACTABICHUS 00 3TOM YCTPOHCTBE, (DM3MKU MOJHSIN KPHK 00 HC-
YEC3HOBCHUH MATEPUH, O TOM, YTO BOOOIIEC HE HYXKHO 3HATh BHYTPCH-
HUE MEXaHHM3Mbl (U3HYCCKHX SIBICHUH U YTO AOCTATOYHO BCE SIBJIC-
HUSI OMKCATH C MOMOIIBI0 MATEMATHYCCKUX YPABHCHUH.

VY ¢u3ukoB «vmatepust Mcuesna, OCTANKCh ONHU YPaBHCHUS», TaKk
oxapakrepuzosan B.M.JleHnH cocTosiHHE TeopeTHYeckoil pu3uku To-
IO BPEMEHHU. A eIle OH cKa3al, 4To «pU3MKa CBUXHYJIACh B HICATU3M,
MOTOMY YTO (PM3HMKH HE 3HATH TUAICKTHKH», H 3TO BEPHO. JITO BEPHO
MOTOMY, YTO (PM3MKU TOTO BPEMEHH, Ja U ceHyac emie, He MOHUMAIOT,
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4TO JOOBITHIC 3HAHUSI, 3TO BCErAa 3HAHUS YACTUYHBIC, YTO BCETAA ECTh
BO3MO)KHOCTh MIX YTOYHSTH M Pa3BUBATh, OCOOCHHO C Y4ETOM Hepap-
XHUCeCKO opranmzanum marepun. M0o obmiee unciao cBoWicTB Mare-
pUH Ha JTIOOOM YPOBHE €€ OpraHU3alMy OSCKOHEYHO BEIHKO, M HC-
CIIEAYETCSl BCErAa TONBKO Ta HE3HAYHTENBHASI YacTh, KOTOPYIO HC-
CIICAOBATEH CUUTAIOT HY)KHBIM HCCICAOBATh s KOHKPETHOH LICNH.
Majo Toro, Jake BBIXBATHB TOJBKO HEKOTOPBIE CBOICTBA M3 HCCIIE-
OYEMBIX OOBEKTOB, HEBO3MOXKHO OMNMPEACIUTh MX C HUCUCPIBIBAOLICH
TOYHOCTBIO. Bee nccnenoBanust mpoBOISTCS ¢ TOYHOCTHIO A0 HEKOTO-
PO AONMYCTHMOH sl KOHKPETHOT'O CIy4asl MOTPEIIHOCTH, BCE, YTO
rIIy0oXke, OMYCKaeTcs. JTO MPaBHIBHO, HOO WHAYE HCCICAOBAHUS Oy-
OYT 100 HEBOOOPA3MMO CIOKHBI U JOPOTHd, THOO MX BOOOILIE HEBO3-
MoxcHO Oyaet mposect. Ho 3To ke o3Hauaer, 4To Bcerga mpu HeoO-
XOIUMOCTH MOYKHO Pa3BUBATh HMCCICIOBAHHS, OTKPHIBAS B MATCPHH
BCC HOBBIC CBOMCTBa Jak€ B KAKIAOM KOHKPETHOM ciydae. Bot o0
3TOM (U3UKH-TECOPETHKH U 3a0BLIH.

Ectp euie oaun acmekT m00bIx uccaenoBanuii. Hu oqun «xoporio
YCTAHOBJICHHBII» (haKT caM Mo ceOe HUYEro HE 03HAYaCT, ero BCEraa
COTPOBOXKIACT OMPEICICHHAS TPAKTOBKA, KOTOPBIX MOXKET ObITh Oec-
YHCICHHOE MHOXKECTBO. [103TOMY, eciu HEKoTOpas TeopHs MmpeacKa-
3ana HOBBIA (PakT U 3TOT (pakT MOATBEPAMICS, TO 3TO O3HAYACT BCETO
JVILIb HE MPOTHBOPEUHE 3TOr0 (pakTa TEOPUH, €ro Mmpeackasasllucii, a
BOBCE HE MOATBEPKACHHME 3ToN Teopuu. MO0 3TOT ke (pakT MOKET
OBITH TpeaCKa3aH M JTOOBIMU APYrUMH TeopusiMu. [Ipumepom 3aech
SBILIIOTCS TpeoOpasoBanus JlopeHna, koToprie BeiBeAcHB! JlopeHeM
U3 YCJOBUS CYIICCTBOBAHUS B MPHUPOJE aOCONIOTHO HEMOABIIKHOTO
s¢upa. ITH ke npeodpa3oBaHuUs BEIBEACHB JUHIITCHHOM MPH CO37a-
Hun CriennaabHOW TEOPUH OTHOCHTEIBHOCTH M3 YCIOBHS OTCYTCTBUS
s¢upa B npupoae. A MOCKOIBKY JIIOObIC KCIICPUMEHTATIBHBIC «IIO-
TBEpKACHIS» monokeHni CrienuanbHOH TEOPHH OTHOCHUTEIBHOCTU
Ha CaMOM JeJie, BCEro JIMIIb, COOTBETCTBYIOT mpeobpasoBanusM Jlo-
PEHIIA, TO 3TH COOTBETCTBHUSI MOXKHO B PABHOM CTCIICHU OTHECTH KakK K
HAMUYHIO B mipupoae 3¢upa no JlopeHiy, Tak 1 K €ro OTCYTCTBHIO IO
OUHIITEHHY. DTO YK HE TOBOPS O TOM, YTO CYLIECTBYET Macca 3aBU-



10 Breaenne. Dup n InaATeKTHYSCKHIT MATEPHAIN3M

CHUMOCTECH, HAPUMEpP, B Ta30BOM JUHAMHKE, KOTOPBIC HUYIYTh HE XY-
K€, @ BO MHOTOM JIYYIIE COOTBETCTBYIOT TEM JKE 3aBUCHMOCTSIM.

Takum 00pa3oMm, mpu ONpPEACICHUM CBOMCTB 3(dupa cieayer B
MEPBYIO OYCPEnb PYKOBOIACTBOBATHCS IOMOKCHHUSIMH JHATCKTHYC-
CKOr0 MaTepHann3Ma, KOTOPbIC JOKA3bIBAIOTCS HE Mapoi (OKyCHHHIE-
ckux (ppas, a SABISIOTCS BHIBOJOM K3 OIBITA BCETO MPEAIICCTBYIOMECTO
ectecTBo3HaHUs. Tak ckazam P.JHrembe, U 3TO BEPHO.

ITOT OMBIT MOKA3BIBACT, UTO:

1. HeoOx0auMO OIMPEACIuTh HUCXOMHBIC BCEOOINME (HUIMUCCKUC
WHBAPUAHTHI, T.C. BETMUUHBI (KaTCropum), MPUCYTCTBYIOIINE BO BCEX
MaTCPUATIBHBIX CTPYKTYpaX U SBJACHUIX, KOTOPBIC TEM CaMbIM OYAyT
MCXOJHBIMH /TSI JTFOOBIX TOCTPOCHHIA;

2. Uckatp HOBYIO 0a3y Ha ypOBHE OpPraHHM3alMU MATCpuu Oosice
rITyOOKOM, YEM JOCTUTHYTBIH €CTCCTBO3HAHUEM, T.C. HA YPOBHE Oonee
TITyOOKOM, YeM <GJIEMEHTAPHBIC YACTHLBI BEIICCTBA,

3. CraButp 3agauy Ppu3nUecKoro oObICHEHHS (PU3MICCKUX SIBIIC-
HUM, HA HAYAJBPHOM J3TAIlC TEX OCHOBHBIX CTPYKTYP U B3aUMOJCHCT-
BHiA, KOTOPBIC MPUCYTCTBYIOT BO BCEX M3BECTHBIX HAM SIBJICHUSAX, T.C.
CTPYKTYP YCTOHYMBBIX <OJCMCHTAPHBIX YaCTULD» U 4YeThIpex (yHaa-
MEHTAIbHBIX BUJOB CHJIOBBIX B3aUMOJCHCTBUN — CHIIBHOTO U ¢J1a00ro
SOCPHBIX, U FPABUTALIMOHHOIO, Jajce Paclupsisl 00ONacTh HCCICAOBA-
HUUN YK HA KOHKPETHBIC CTPYKTYPHI U SIBJICHUS.

ITpu 3TO0M HEOOXOAUMO HMOAONTH K OO0 CTPYKTYPE BEIICCTBA U
K JIOOBIM (DU3HYECKUM SIBJICHUSAM C MO3UIUI HAJWYUS B HUX BHYT-
PCHHMX JBYDKCHHUIA MATCPHH, HAIUYMS MCXaHHU3MOB, O/1arofapst KOTo-
PBIM 3TH CTPYKTYPBI U SIBJICHHUS CYLISCTBYIOT, M 3TO OTKPHIBACT Kaue-
CTBEHHO HOBBIC TOPU30HTHI.
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NnaBa 1. KpaTtkasa ncrtopusa acpupa

E mumbrit 5¢up nipoHm3bIBaeT Bero BeelneHHyro.
Jlpesnexumaiickuii daocusm.

1.1. Kpatkum o630p Teopun n mogeneu acpupa

Heo6xomuMocTh KpUTHYECKOTO PACCMOTPEHHST MHOT'OYHMCICHHBIX
CYLIECCTBOBABIIMX paHEe TMIIOTE3, MOACIEH U TCOPH S(pHpa BHITCKACT
U3 TOro OOCTOSTENBCTBA, YTO, HECMOTPSI HA MPABHIBHYIO HCXOIHYIO
MPEANOCHIIKY, YTO B3aWMOJCHUCTBHEC MEXKIY TENaMH JOIDKHO O0Y-
CIOBIIUBATHCS KAKOH-TO MPOMEXKYTOUYHOH cpenoi —3(UpoM, HU OfHA
u3 Teopuil 3dupa He cymena YIOBICTBOPUTEIBHO OOBSCHHUTH COBO-
KYITHOCTh BCEX M3BECTHBIX SIBJICHHUI, C OOHOH CTOPOHBI, U HE MO3BO-
JUJIA MPEACKA3aTh KAKUX-THOO HOBBIX HAIPABICHUI MCCIICIOBAHMIMA, C
Japyroii. B pesynbpraTe 3TOr0 B X04€ pazBuUTH GHU3NKH ObLTH OTOPO-
LICHBI HE TOJBKO 3TH TCOPHH, MOACTH U TUIOTE3bI, HO TAKXKE U COOCT-
BEHHO MOHATHC 3(HUpa KaK «OKOHYATEIBHO CEOsl JUCKPEIUTHPOBAB-
mree».

PaccmorpuM ocHOBHBIE KOHUENIMM 3(upa, CyIIeCTBOBABLINE B
CCTECCTBO3HAHUH, H TMOIMBITACMCS MTPOAHATU3UPOBATh HX MOJOXKHUTEIb-
HBIC CTOPOHBI U HEAOCTATKH.

Hecmotpst Ha TO, UTO psix uccaegoBaTencii ucropun 3¢upa u pas-
BUTHUS (PU3HUECKUX MPECACTABICHUN MPHUITMCHIBAIOT BBEICHUC B €CTE-
crBo3nanue uaeu 3¢upa Pere exapry (1596—1650)a unen atomms-
ma lemoxpury (470-380rr. 10 H. 3.), ClIeAYET CYUTATh, YTO U MOHS-
THE 3(Upa KaKk MUPOBOH CpeIbl U MOHSATHE aTOMOB — 3JIEMCHTOB Be-
HIECTBA OBITM U3BECTHBI 33J0NITO IO 3TOr0 M CONMPOBOXKIANN MPAKTH-
YECKH BCIO U3BECTHYIO HBIHE HCTOPHUIO YETOBEUCCKON IIMBIITH3ALIMH.

IIpexne Bcero, caeqyeT OTMETUTh, YTO BCE PETUTUU MHPA B TOM
WM WHOM BHJC MPU3HABAIM HAIUYMC HEKOCH HEBHIUMOI CBEpXbeC-
TECTBECHHON cBsineHHONH Cuitel, Jekamieii B OCHOBE BCErO CYILNECT-
ByIOLIEro Mupa. Bepa B peanbHOCTh Takoi CHIIBI, CTPEMIICHHE TO-
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3HATH €€ U OOPECTH CBS3b C STOH TAMHCTBCHHOW M BE3AECYINCH CHIOMN
- 3TO OJIHA U3 BAXKHCHIINX CTOPOH BCAKOU permuru [1)].

CoBpeMeHHBIH XpucTHaHCcKul OorocnoB Anekcanap MeHp Tak
OITUCBIBACT ATy HEBEAOMYIO CHITY [2]:

«...lHmeiupI-aaroHKUHBl 1M0J UMEHEM MaHHTY MOYHMTAIOT HAJ-
MupHy0 cuiy. [lpeacrasnenust o Heli MBI BCTpedaeM y kuTeneid Ma-
Jain. JTa CHIa HOCUT ONPEACICHHBIA CBEPXbECTCCTBEHHBIA Xapak-
tep. Ee HazpiBatoT Mana. Y mamyacoB 3Ta TAMHCTBEHHAS CHJIA UMEHY-
ercst OHuM.

ITo Bo33peHMsIM aBcTpamuiickux abOPHTEHOB, CYIIECTBYET HEKast
Banrapp — Beunas Henpeoxomumast Oe3TUKast CHIIa, KOTOpast MPOsIBIIS-
er cebs B JHM CO3MAAHUS M MPOJOKACT OKA3bIBATh ILIOJOTBOPHOC
BIIMSIHUC HA JKHM3Hb MO CCU JCHb. Y aMEPUKAHCKUX HAPOIOB MBI TOXKE
HaxoAuM moHstue 0 Mane. Y oburareneii 3anagnoro CynaHa ee ums
Hesina, y murmeeB — MerGe, y 3ynycoB - YMolis, y yraHguiLes —
Kok, y ceBepHbIX KOHrone3es — Jnuma. BecbMa HHTEpECHBIC U TITY-
Ookue 1o cMeicay npeacrasieHus o Beicmem Hawane cymectsyror y
CCBEPOAMEPUKAHCKIX MHACUIIECB. «Penuriuo3Hele BEpOBaHUS JAKOTOB,
- IUIIET OAWH UCCICIOBATENb, - HE B O0XKECTBAX, KAK TAKOBBIX, OHA B
TAaWHCTBCHHOM Herno3HaBaeMoM Hedro, koToporo oHu cyTh BOIMIOLIE-
Hust. Bennuaiimmnm 00bekTOM mOKITOHCHMS siBsieTcst Taky BakaH, ko-
TOPBIH CBEPXBECTECTBCHEH U TAMHCTBCHCH. JTa CHIIA, Y HPOKE30B Ha-
3piBacMast OpeHpa, v 1IeHropos — BaHrapp, mpoHu3beiBacT coOoi BCIO
MIPHPOIY».

C >TuM mepeknukaeTcs NpeAcTaBICHHE Y MHOTUX HapoaoB o bo-
ruHe-Martepu, mopOKIATOIICH BCE JKUBOC.

VY eruntsa Atym — 60r BeuHOCTH, BCe ¥ HIuUTO. OH CyIICCTBOBA,
KOrJa €Ie HUYEro, KpoMe Xaoca, He OblI0, H OYIET CYLICCTBOBATh B
TOM K€ MPAOKEAHE MOCIE TOr0, KAK MHP 3aBEPIIUT MPEIHA3HAYCHHBIA
eMmy myTb. ATyM coaepxut B cebe Bce cymiee. Y MHOTMX HapOAOB
MEPBOOCHOBOW MHpa SIBIISLICS Xa0C, H3 KOTOPOTO BO3POJUIIOCH BCE.

V¥ T'ecrona, M3BECTHOTO APEBHEIPEUECKOrO M03Ta, B mosme «Ieo-
TOHHSI» OIMUCAHO CO3JaHHME MHpa OOraMu Kak MpOLecC MPEOJONCHUs
Xa0ca HEeMOABIKHOCTH, OT OOroB mpousomen 3(pup — BEPXHHUN JTyde-
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3apHBIA C10H BO3AyXa. JTa KAPTHHA UMECT CBOMM HCTOYHHKOM BOC-
TOYHBIC KOCMOTOHHYECKHE CXCMBI.

Ectp Bce ocHOBaHMs monarath, 4TO, O KpaiiHeh mepe, B VI-IV B.
J0 H. 3., 2 BEPOATHEE BCETO U 3HAYMUTEIBHO paHee, uacu s¢pupa Oblau
pacmpocTpaneHsl goctatodHo umpoko [3]. Tak, OCHOBHbIC IpeBHHE
WHAWNCKUE YYEHHS — JKalWHU3M, JIOKasTa, BallemuKa, HbsIS U Jp.,
TaKUC PENUTHH, KaKk OpaxMaHU3M U OyAJU3M, H3HAYAIBHO COACPIKATIH
B cebe yuenue 00 s¢upe (akamma) kak O €AMHOM, BEUHOW U BCCIIPOHU-
naromeil  Gu3ndecko CyOCTaHIMM, KOTOpas HEMOCPEACTBEHHO HE
BOCIIPHHUMAETCS 4yBCTBaMH. DHUP €AUH U BeucH. Martepust BooOme
(myarama) cocToMT M3 MenbYaMImuX vacTtuil (aHy), oOpasyromux aTo-
MBI (mapamany), 00IaAar0IIUX MOABKHOCTRIO (1xapmoii). Bee coObi-
TSI IPOUCXOAT B MPOCTPAHCTBE U BO BPEMCHH.

[Ipakputi — MaTepusi B YUCHUU CaHXbS, CO3JAHHOM MYAPCLIOM
Kananoit (I'mykoii), — HHYEM HE MOPOXKACHHAS MEPBONMPHYMHA BCEX
Bemeil. OHa BeyHa M Be3aecyma. JTO camas TOHKAsl, TAMHCTBCHHAS U
OTPOMHAsI CHJIA, MEPUOIMYECKH CO3JAI0IAs U pa3pyLIaromas MUPBI.
Ee anements! (TyHbI) IPOCTHI, HEACTUMBI H BEUHBI.

JLKaliHUCTBI CUUTAKOT, YTO UX YUCHHUE OBLIO IepenaHo um 24 yuu-
tensvu. [locnennnit, Bapaxamana, sxun 8 VI B. 10 H. 3., ero npeatie-
crBeHHUK [lapmBanatxa — B IX B. 10 H. 3., OCTanbHBIC — B JOUCTOPU-
YECKHE BPEMCHA.

B apesnexuraiickom maocusme (IV B. 10 H. 3.) B kaHone «Jlao 13
L3MUH» U TpakTatax «WhryaH-3b1» U <«Jlao-13b1» yKa3eIBaeTCs, 4TO BCE
B MHPE COCTOHUT M3 YaCTHUL] IPYOBIX «Iy» U TOHYAHIHX «3uH». OHU
00pasyroT ¢IuHBIA «u» — 3(Up, U3HAYATIBHBIN, CAUHBIA IS BCEX
Bemeil. «Exunbiil 3¢up npoHuseiBacT Bcio Beenmennyro. OH cocrout
U3 «Hp» (MaTepUanIbHOE») U «IH» (OroHb, 3Heprus). Her Hu oxHO#
BCLIH, HE CBSI3aHHOM C APYToii, U BCIOAY MPOSIBISIOTCS UHb U sTH» [4].

B apepneii SAnonun ¢unocodsl nonaramu, 4To MPOCTPAHCTBO 3a-
MOTHEHO MYKEKY — OecrnpeneibHOW YHUBEPCAIBHOH CBEPXBECTECT-
BEHHOH CHJIOH, NHMINIEHHOW KavecTB M (OpM, HEZOCTYIHOW BOCIIPH-
SATHIO YEIOBEKOM. MucTtuyeckuii abcomroT TakéKy SBISETCS HPUPO-
JOH KIcaTbHOrO IEPBOHAYATIA «PH>», CBSI3AHHOTO C MAaTEpUaTbHBIM



14 T'naea 1.

HAYaIoM «ku». «Pu» — SHEPrusi, KOTopas BEYHO CBSI3aHA C «KU» —
MaTepueii 1 6e3 Hee He CYLIECTBYET.

Ectb Bce ocHOBaHMS mpearionaraTh, YTO BCE MUPOBBIC PEIUTHH —
OyaanM3M, XpUCTHAHCTBO, KOH(YLMAHCTBO, CHHTOM3M, UHIYH3M, HY-
Jau3M U Jp. —B TOM WJIA HHOM BHJC Ha PaHHEH CTaIuH 3aHMCTBOBAIN
MaTEepPHATHCTUYCCKIEC WACU ApPeBHEH >QupoanHamMuky, a Ha Oomee
MO3AHEH CTaauu Pa3BUTHs BBIXOJOCTHIIM YYCHHE, OTKA3aBLIMCH OT
MaTepuaIn3Ma B IMOIb3Y MUCTHLM3MA B YTOAY MPHLICIIINM K BIACTH
rocnofcTByromuM kinaccam. B Jlpesneit ['perum aTo mpomsomnuio, Be-
positHee Bcero, mocie pesonounu VII-VI BB. 10 H. 3., MOJOXKUBIICH
KOHEI[ POJJOBOMY CTPOIO U MPUBEAIICH K 100e1e paboBIa e Ib4eCTRa.

OaHaKo MEPeAOBBIC MBICIUTEIN MBITAINCH COXPAHUTH APCBHUC
marepuanucriuueckue 3Hanus. Pamecom Munerckum (625-547rr. go
H. 9.) — ApeBHErpeueckuM puaocodom, poaoHAYATEHUKOM aHTHIHON
¥ BOOOIIE eBpOIeHCcKoi ¢unocodpun u HAyKH, OCHOBaTeaeM Muer-
cKo (prIocopCcKoi MIKOIBI — OBLT MOCTABICH BOMPOC 0 HEOOXOIUMO-
CTH CBEACHHUS BCErO MHOrO0Opaswst SIBJICHUI U BEILICH K CAMHOM OC-
HOBC (MEPBOCTUXHH HIIM TMEPBOHAYATY), KOTOPOH OH CUHTAT KHI-
KOCTh («BnaxxHyro npupoay») [5—8].

Anakcumanapom (610-546rr. 1o H. 3.), yauenukom Paneca, 6b110
BBCACHO B QUIOCO(UIO MOHATHE MEPBOHAYATIA — <@QICHPOHA» — EAU-
HOW BEYHOH HCOIPEACICHHON MATCPUH, MOPOKAAFOIICH OCCKOHEIHOC
MHOT000pa3ue Cyuero.

Amnaxcumen (585-525rr. 10 H. 3.), yueHHK AHaKCHMaHIPA, ITUM
MCPBOHAYAIOM CUUTAT ra3 («BO3XyX»), MyTEM CTYIICHHS U Pa3perKe-
HUSI KOTOPOTO BO3HUKAIOT BCE BELIH.

PasButne uaecii «uepBoHauana» ObiTo mMpousBeacHO JIeBKUIIOM
(V B. 10 H. 3.), BBLABHHYBIIUM H/CIO ITYCTOTHI, Pa3ACISIOICH BCE CY-
[Iee Ha MHOKECTBO 3JIEMEHTOB, CBOMCTBA KOTOPBIX 3aBHCAT OT UX Be-
JardauHBL ¥ GOPMBI ABIKCHUSI, U fanee — yaeHukom Jleskumma Jlemoxk-
PHUTOM, KOTOPOTO €BpOIICICKas HAayKa CUUTACT OCHOBOMOJIOKHHUKOM
aToMHu3Ma.

ITo psiny cBuzerensctB JleMOKpHT BHaudane oOydancs y Xajiaees
¥ MaroB, IPHCIAHHBIX B JOM €ro OTIA, a 3aTeM B cTpaHe Muanu npu
nocewmennn MaroB. Cam JleMokpuT He mpunuceiBan cebe aBTOPCTBA
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aToMM3Ma, YIIOMHHAS, YTO aTOMH3M 3aUMCTBOBAH UM Y MUISH, B 4a-
CTHOCTH Yy MaroB — >KPEYECKON KacThl (IUICMEHH, MO CBUACTEIBCTBY
I'epogora), ogHOro M3 IWECTH IUIEMEH, HaceasBux Muaunio (ceBepo-
3amagHbie 00aacti paHckoro Haropsbst).

locnoacTBoBaBIIast uaess MaroB (MOry4mx) — BHYTPCHHEE BEIH-
YKe ¥ MOTYLIECTBO, CHJIa MyIpocTH U 3HaHuE. [1o psiay cBUACTENBCTB,
Mard 3aMMCTBOBAJIA CBOHM 3HAHUS Y XaJJICCB, KOTOPBIX CYMTAIN OCHO-
BATCISIMU 3BE30YCTCTBA M ACTPOHOMHHU. XaIACH, KOTOPHIM B JPCB-
ueit ['perun u apesrem Pumve mpumaBanocs OOJbINOC 3HAYCHUE, SIB-
JSUTMCH JKPELAMU-TAJATe/IsIMK, a TAKXKE HATYPaTMCTaMH, MATCMATH-
kam#, Teocodamu. Maru oCHOBaIM YUCHHE — MAruIo, MO3BOJISIBLICE HA
OCHOBE 3HAHHS TalH MPUPOABI MPOU3BOIUTH HEOOBIYAHBIC SIBICHHSL.
B nganbHeiiniem 3TO ydeHHE, K COKATICHHIO, OBLITO JHUCKPSAUTHPOBAHO
MHOTOYHCIICHHBIMH TICEBJOMAraMu-1apiaTaHaMi.

HauGonee noapobHO aTOMH3M APEBHOCTH OTPa’KEH UMEHHO B pa-
6orax JleMOKpuTa, YeMy MOCBSIICHO MHOTO JIMTEPATYPHBIX HUCCIIEIO-
Banuit. CrexyeT, OAHAKO, 3AMETUTh, YTO HEKOTOPBIC ITOIOKCHHUS aTo-
mu3Ma JlemMokpuTa OCTaaMCh HEMOHSATHIMU JO HACTOSIICTO BPEMCHU
MPAKTHYCCKH BCEMU MCCIICA0BATE/SIMU €r0 TBOpUECTBa. Peub, mpexae
BCEro, UICT O COOTHOLICHUAX aTOMOB U YaCTEil AaTOMOB — &MCPOB.

JleMOKpHUT yKa3sBa, 4To aToMbl (0’ TOPOO) — 3JEMEHTHI BEIIECT-
Ba — HEACTMMBI (PM3MUYCCKH, HE pa3pe3acMbl B CHITY IIOTHOCTH U OT-
CYTCTBHUSI B HHMX ITYCTOTBI. ATOMBI HAJCICHHI MHOTHMH CBOHCTBAMH
TE BUAUMOTO MHUPA. H30THYTOCThIO, KPFOUKOBATOCTHIO, ITMPAMHIAITh-
HOCTBIO 1 T.II. B cBOeM OeckoHeuHOM pasHooOpasuu mo popme, Beu-
YHHE U TOPSAKY aTOMBI 00pa3yOT BCE COACPIKUMOC PEaIbHOrO MHpa.
OaHako B OCHOBE ATHX Pa3IHYAIOLIAXCS 110 BETHYUHE U (opME aTo-
MOB JekaT avepst (O EPN{) — UCTMHHO HEJCTUMBIC, JTULICHHBIC Yac-
TEH.

Wnes o aByx Buaax aToMOB Oblila YIIOMSHYTA U MOCTICAYIOLIMMHU
HCCIeA0BaTeIsIMH, HapuMep, dnukypom (342—271rr. 1o H. 3.).

Awmepsr (o JIeMOKPHTY) WM <QIEMEHTBD (10 IMUKYPY), SBISIICH
4acTSIMA ATOMOB, OONAJAIOT CBOWCTBAMH, COBEPLICHHO OTIMYHBIMHU
OT cBoiicTB aromoB. Hampumep, eciu aromaM MpUCyIna TSHKECTb, TO
amepsbl MOJTHOCTHIO JIUIICHBI STOTO CBOICTBA.
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[TonHOE HEMOHMMAaHHE HA MPOTSHKEHUH MHOTUX BEKOB 3TOrO Ka-
JKYIIEroCsl MPOTHUBOPCUHS MPHUBEIO K CYIIECTBCHHOMY HCKa)KCHUIO
TonkoBaHus yucHus Jemokpura. Yke Anekcanap Adpoauiickuii yi-
pexaer Jlepkumnma u Jlemokpura B TOM, 94TO HE MMEIOIUE YaCTEH He-
JEITUMBIE, TIOCTUTAEMBIC YMOM B aTOMax M SIBJISIFOLIHECS MX YacTsMH,
HEBECOMBI. JTO HEIIOHUMAaHHE MPOJOKACTCSA U B Hame Bpems. Tak,
C.A.Jlypre ymomuHaeT 00 aMepax Kak 0 MAaTEMATHYECKUX BETUUNHAX.
M.JI.AXyHI0OB MPOAOKACT UCTONKOBBIBATH aMEPBl KaK aOCTPaKTHOS
mMaremaTti4aeckoe moustue [9].

VromsaHyTOE KaxKyImeecs IMPOTHBOPEUNE MMEET B CBOEH OCHOBE
MPEICTABICHHE O TOM, YTO BEC (TSDKECTh, TPABHTALMS) €CTh BPOXK-
JCHHOE CBOMCTBO MOOOH MaTepuu. Mexay TeM, rpaBUTALMS MOXKET
ObITH OOBSICHCHA KaK PE3yJbTaT JBIDKCHUS M B3aUMOJCUCTBHs (CO-
yaapeHuii) amepoB. Toraa arom Kak COBOKYIHOCTb aMEPOB, OKpY-
JKCHHBIH aMepaMH e, MOXKET HCITBITHIBATh NPUTSIKCHUE CO CTOPOHBI
JPYrux aTtoMoB OjaroJapsi HMIyIbcaM SHEPTUH, NEPEAABACMBIM aMe-
pamu mo-pa3HoMY, B 3aBUCHMOCTH OT TOTO, C KAKOH CTOPOHBI OT aTo-
Ma HaXOJSTCS APYTHE aTOMBI, UTO U co34acT 3G PEKT B3aUMHOTO IpHU-
TSDKCHUS. aTOMOB. DakTHYECKH UMEET MECTO HE MPUTSDKECHUE, a MpH-
TaJKMBaHUE aToMa K APYTHMM aToMaM aMepaMH Cpeabl. AMEpHI ke,
SIBIISISICH HOCUTEISIMH KHHETUYECKOW HEPTHH, caMH M0 ceOe HUKAKOU
TSDKECThIO 00mazate He OyayT. CrenoBaTebHO, €CIIU mojararh rpa-
BUTALIMIO CICICTBUEM MPOSIBICHUS ABMKCHUSI COBOKYITHOCTH aMEpPOB,
a HE BPOXXICHHBIM CBOWCTBOM MaTepuu (SBJICHHEM, CBOHCTBECHHBIM
KOMILUTCKCY M HE MPHHAICKALIMM €ro 4acTsiM), TO MPOTHBOPEUUE
JIeTKO pasperuaercs. Best ske COBOKYITHOCTh aMEpOB, MEPEMEIIAOIIIX-
csl B IYCTOTE, SIBJSIETCS OOIICH MHUPOBOI Cpenoid, aneipoHOM, IO BHI-
pakeHHIO AHaKCHMMaHApa, B MO3JHEHIIEM HAMMEHOBAHUH IMO-PYCCKU
—3¢dupom.

[Toxe pumckmii moaT n ¢unocod-marepuamct Tut Jlykpenuit
Kap (I B. mo H. 3.) B dpumocodcekoit mosme «O mpupoae BELILH» U3II0-
JKUJT B TO3THYECKOH (OpME MAaTEpUaTHCTHUCCKHE MPEICTABICHHUS
Hemoxputa 1 Jnukypa o6 ycTpoiicTBe NpUpoabl. DIeMeHTH 3dupa y
HErO0 Ha3BIBATNCh <IICPBOHAYATIA», U MMCHHO M3 HUX COCTOST BCE
MpeAMETHI, a 3pHp B LETOM MPAKTHYECKH 00Naaan CBOMCTBAMHU rasa,



Kparkas ucropus a¢pupa 17

notoMy 4T0 «...JlepBoHauyana Beme#d B mycToTe HEOOBATHON MITYT-
cs» [10].

Taxkum oOpazoMm, 3hHUp UMEET JOCTATOYHO APCBHIO HCTOPUIO,
BOCXOJAS K CaMBIM HaudanaM H3BECTHOW MCTOPHH KYTbTYPHOTO HEJO-
BCUCCTBA.

Pene [ekapr (1596-1650)8 cyuiecTBeHHO Gonee MO3AHME Bpe-
MEHA BHOBb IOCTABHJI BONPOC O CYIICCTBOBAHHHM MATCPUH, CILIOLIb
3aMONHSIOICH BCE MPOCTPAHCTBO M OTBETCTBCHHOM 32 MEPCHOC CBE-
TOBBIX BOJH. JlekapT oObsICHsT 00pa30oBaHKE MATCPUU BOOOINE U ILIa-
HET B YaCTHOCTH CBOMCTBOM BUXpeH 3(hupa, COCTOSIIEIO U3 MHOMXKE-
CTBa KPYIJbIX YacTull. B HeKoTOpBIX cBOMX padorax [11] [ekapT mbi-
TaJcsi KOHCTPYHPOBATh MEXaHUUCCKHE MOJACIN (PH3MUYECKUX SIBICHHH,
uHoraa npotuBopeursbie. OQHAKO IIIaBHOM OTIUYUTEIBHONH OCOOCH-
HOCTBIO pabot JlekapTa SBISETCS TO, YTO OH IBITANICS OTHICKATh BHYT-
PCHHUI MeXaHu3M (U3HMUECKUX SBICHUU.

Ncaak Heroron (1643—1727)HecKOIBKO pa3 MEHSIT CBOKO TOUKY
3PCHUS OTHOCUTENIBHO CTPYKTYPHI 3(hupa, a Takke 0 caMoM (hakre ero
cymectBoBanus [12—14]. OgHaxo, B KOHIC KOHIIOB, HBIOTOH BBICKa-
3ancs JOCTATOYHO ONPEACICHHO M B CBOMX IOCIACIHUX padoTax
B3I Ha 3(Up COBEPIICHCTBOBAN, Pa3BHBaj, HO HE MCHSI Kapau-
HanpHO. HPIOTOH cunTal BO3BMOMHBIM <«BBIBECTH W3 HAYal MCXAHHKH
Y BCE OCTaJbHBIC SIBJICHUS MPUPOIBI», ONIATasl, YTO «BCC ITH SBICHUS
00yCTOBNHBAIOTCS ¥ HEKOTOPBIMH CHJIAMH, C KOTOPBIMU YaCTHULIBI TEI
BCJICACTBUC NPUYMH, MOKYJA HEH3BECTHBIX, WU CTPEMSATCS IPYT K
JPYTY U CLCIUIFOTCS B IPABUJIBHEIC (UTYPBI, HITH JKE B3AUMHO OTTaJ-
KHBAIOTCSL U YIANAIOTCS Apyr oT apyra». B pabore «OnTtmka wnn
TpakTar 00 OTPaKCHUSX, MPEIOMIICHUX, U3THOAHMSIX U LBETAX CBE-
ta» [12] HeroToH pa3BuBacT, B YaCTHOCTH, MBICIb O BO3MOKHOCTU
MPEBPALICHUS CBETA B BELIECTBO U OOPATHO.

HeroToH 3a1ancst Iempi0 HAWTH C€IUHBINA 3aKOH, U3 KOTOPOTO BBI-
TeKaIH Obl BCE KEIUICPOBCKUE 3aKOHBI HeOecHO# mexanuku [13]. Ta-
KO 3aKkOH OBIT MM HAWAEH W Ha3BaH 3aKOHOM BCEMHPHOTO TATOTE-
HuUsl. HBIOTOH MHOTO CHII MOMOKUII Ha TO, YTOOB HAWTH (pu3mdeckue
MPUYHHBI TATOTCHUS W MBITANCSA MPUBICYb I 3ToU wenu >¢up —
Cpeay, 3amoIHSIOIYI0 BCE MUPOBOE MpocTpaHcTBo. OIHUM M3 BapH-
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aHTOB OBIIO MpeACTaBCHUE 3(Upa B BUAC rasa, mogoO0HOr0 BO3AYXY,
HO 60JIee TOHKOTO H OoJiee yIpyroro.

B nuceme P.boiinto 06 a3¢upe, Hanmcannom 28 despanst 1679r.,
HeroToH m3naraet msaTh MPEIIOKEHHHA, YTOYHSIOIINX €rO MPEACTaB-
nenue 00 >¢upe [14, c. 41-43].

1) Tpeamoaraercs, 94To MO BCEMY MPOCTPAHCTBY paccesHa ddhup-
Hasi CyOCTaHLKS, CIIOCOOHAS K CHKATUIO M PACUIMPEHHIO U YPE3BbIYaii-
HO ympyras, «OZHHM CIOBOM, — nuiueT HproToH, — BO BCEX OTHOLIE-
HUSIX ITOXO’Kast HA BO3AYX, HO TOJBKO 3HAYUTEIBHO OOJICE TOHKAS.

2) Mpexamonaraercst, 9To 3(Up MPOHUKACT BO BCE TEIA, HO B I10-
pax Ten OH peke, YeM B CBOOOTHOM MPOCTPAHCTBE, U TEM PEXKE, HUEM
TOHBIIE MOPBI.

3) Ipeamonaraercst, 4T0 pa3peKeHHBIN 3pup BHYTPHU TeI U Ooee
IUTOTHBIM BHE UX MEPEXOAAT APYT B APYra MOCTCIICHHO U HE OTPaHH-
YMBAIOTCS PE3KUMH MATEMATHICCKIMH TTIOBEPXHOCTSIMH.

4) Tpeamonmaraercst, uTo TpU COMMKCHUN ABYX TET dPup MEKIy
HUMH CTAHOBHTCSI PEKE, YEM MPEXKIE, U 00IACTh MOCTENICHHOTO pas-
PEXKEHHSI MPOCTUPACTCSI OT MOBEPXHOCTH OZHOTO TEIa K MOBEPXHOCTU
apyroro. «Ipwamaa sToro B Tom, — numer HproToH, —4TO B y3KOM
MPOCTPAHCTBE MEKAY TenaMu 3(QUp y>KE HE MOXKET ABHIAThCS M IIc-
peMeIaThCs Tyaa U CI0Aa CTOIb CBOOOIHO.

5) U3 uerBepTOro mpemIoKeHUsI CACAYET, YTO HPH COMMKCHUU
T U MPH pa3pekeHUU dPupa MEKIY HAMH MPH TCCHOM COMMKCHUH
JOJKHO TOSIBUTHCS COTTPOTUBIICHHUE 3TOMY M CTPEMIICHHE TS OTOUTH
JIpyr ot apyra. Takoe CONMPOTHBICHHE M CTPEMJICHUE PA30UTUCH Oy-
JOYT BO3pacTaTh NMPH JaTbHEHIIEM COMMKEHUHU BCICICTBHE BCE OOIB-
LICTO Pa3peKeHUsI MPOMEKYTOUHOr0 3(rpa, HO, HAKOHEL], KOrAa Tena
COUMIYTCS TaK ONM3KO, YTO M3OBITOK AABICHHUS BHEIIHETO 3(dupa, Ok-
PYKaroLIero Tena, HaJ pa3pe:KCHHBIM 3(QUPOM MEXKIY TETaMH CTAHET
HACTOIIBKO OONBIIMM, YTO MPEBO3MOXKET CONPOTHUBICHUE TEI K cONu-
JKCHHUIO, TO U30BITOK JABJICHUS 3aCTaBHUT TEa C CHUIIOK COTH3UTHCS U
OYCHB TECHO CLICITUTHCS APYT C APYTOM.

Hy»x#o 3ameruts, uto Hpl0TOH MHOrOE MPEABOCXUTHIT HA KAaYeCT-
BCHHOM YPOBHE B OIPEACICHUU CBOWCTB 3(HpPa, XOTS U MyTal IUIOT-
HOCTH d(upa (pa3pekCHUE) C JaBICHUEM B HEM.
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B 1717r. Ha 75 roxay >KM3HH BO BTOPOM aHITHICKOM H3IaHUN
«Ontukm» HproToH B ¢dopMe BONPOCOB M OTBETOB HU3JAracT CBOKO
TOYKY 3PEHHSI OTHOCUTENBHO 3upa. Tak, rpagueHT maoTHOCTH 3drpa
MPH MEPEXOJC OT TENa B MPOCTPAHCTBO MPUMEHSETCS sl OOBSICHEHUS
TATOTEHUS, MPU 3TOM 3(UP MOAPA3yMEBACTCS COCTOSIINM H3 OTACIb-
HBIX yactull. «l'akoe Bo3pacTaHue MIOTHOCTH, —numeT HpioToH, —Ha
OONBIINX PACCTOSHUAX MOXKET OBITh YPE3BBIYANHO MEITCHHBIM, OJ-
HAKO €CJIH YIPYyTras CHja 3TOH CPeIbl YpE3BbIUAHO BEIHKA, TO STOrO
BO3PACTAHUS MOXET OBITh JOCTATOYHO AJISI TOTO, YTOOBI YCTPEMIISATh
Tena ot Oolee MIOTHBIX YacTel Cpeapl K Oonee pa3peskeHHBIM CO BCeH
TOW CHIION, KOTOPYIO MBI HAa3bIBAEM TSATOTCHHEM.

HeroTOH BHOBB CTaBUT BOIpOC 00 ATOMHCTHYECKOM CTPOCHUHU
s¢wupa:

«Ecnmu kTO-HUOYab MPEINONoKUT, uTo 3¢up (moxoOHO Harmemy
BO3JYXY), MOXET OBITh, COACPKHUT YACTHUIIbI, KOTOPBIC CTPEMSITCSI OT-
TAJIKUBATHCS OJHA OT APYroil (s HE 3HAO, YTO TAKOE STOT HP), UTO
€ro YacTULBl KpPaiHE Malbl CPABHHTEIBHO C YACTHLAMHU BO3AYyXa U
JaKe CBETA, TO YPE3BBIYAMHAS MAJIOCTh 3THX YAaCTHL MOXKET CIIOCO0-
CTBOBATh BEIUYHMHE CHIIBI, OJaromapsi KOTOPOU YaCTHIBI OTTaIKHBA-
I0TCI APYT OT ApYyra, Aeiast Cpeay Ype3BhIYaliHO paspeKeHHOU U yI-
pPYroil B CpaBHEHHH C BO3AYXOM M, CIEIOBATEIbHO, B HHYTOXKHOH
CTCIICHHU CIIOCOOHON K CONMPOTHUBIICHUIO JBMKCHUIO OPOIICHHBIX TN U
Ype3BBIYAIHO CIIOCOOHOW BCJICACTBUE CTPEMIICHHS K PACIIUPCHHIO
JaBUTH Ha OOJBIIKE TEIAY.

Taxkum oOpaszom, HproToH cam ykasaa Ha BO3MOKHOCTb OOOWUTH
3aTPyIHEHHE, BO3HHKAIOUICE BCJICACTBHC CONMPOTHBICHHS d(upa
JBYKCHHIO HEOCCHBIX TEI.

«Ecmu stot a¢up npexnmonoxute B 700 000pa3 Gonee ynpyrum,
uyeMm Ham Bo3ayX, u Oojiee uem B 700 000pa3 paspeskeHHBIM, TO CO-
nporuBncHue ero Ooyaer B 600.000.00Qpa3 MeHbIINM, HYEM V BOIHI.
Crosp Manoe COMpOTHBICHUE €ABAa JIU MPOU3BEICT 3aMETHOC U3MCHE-
HUE JBIDKCHHUH IUIAHET 32 JECATh THICSY JIET.

B a7oii ke pabore HproToH cripammBaet, HE SBISICTCS JIU 3PCHHE
PE3yIbTaTOM KOJIeOaHul 3pupa B CETHATKE H HEPBAX.
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Maiikn ®apazaeit (1791-1867),yBepeHHblid B CYLICCTBOBAaHUU
s¢upa («MupoBOro 3¢upa), MPEACTABIAT €0 Kak COBOKYITHOCTh HE-
KMX CHJIOBBIX JuHHI. Papajgell KaTeropmdeckH OTPHUIAT BO3MOXK-
HOCTB JAeiicTBHs Ha paccrosiHuu («actio in distance»yiepes mycrory —
TOYKY 3peHHs] MHOruX ¢usukoB Toro Bpemenu. OQanako dapaneem
MPHUPOAA U MPHUHLMII YCTPOMCTBA CHIIOBBIX JTHHUHN PACKPBITHL HE ObLIN
[15-17].

Jbxeiime Kiepk Makcsenn (1831-1879)%8 coux paborax, cpexu
KOTOPBIX HY’KHO B IIEPBYIO odepeap orMetuth [18—22], nenaer BrIBOS
0 pacHpOCTPAHCHUHU BO3MYIICHHUI OT TOUYKH K TOYKE B MHUPOBOM 3(u-
pe.

«JleficTBUTENBHO, — MUIIET MaKCBel1, — €CIM BOOOIIE SHEPrus
MepenacTes OT OJHOrO Tena K APYroMY HE MTHOBEHHO, a 32 KOHEYHOE
BpeMs1, TO JOJDKHA CYIIECCTBOBATH CPEId, B KOTOPOH OHA BPEMCHHO
mpeObIBACT, OCTABUB MEPBOC TENO U HE AOCTUTHYB BTOporo. [loatomy
STH TEOPUHU JOJDKHBI IPUBECTU K MOHSATHIO CPEABI, B KOTOPOU U TMPO-
HCXOJUT 3TO PACHPOCTPAHCHUE.

Ilpunss momHOCTRIO TOUKY 3peHus Dapanes, Makcsema, Kak u
dapaneit, He FaeT KakoH-MHOO Mozenu 3(upa U OrpaHUYUBACTCS 00-
MM MPEICTABICHUEM O <CHIOBBIX MUHMIX». Crnenyer, mpasaa, Bce
JKE yka3ats, 4to B [21] MakcBemt ymomMuHaeT 00 3¢dupe Kak 0 KHUAKO-
CTH M BBIBOIUT CBOM 3HAMCHHTHIC ypaBHEHHs B paborax [20-22],
onupasch Ha mpeacTasieHus | empmronbua, PaHknHa u apyrux rua-
POMEXAHUKOB O JBMKEHUU BUXPEU B HACAIBHOM KUAKOU CpeELE.

B teuenue XIX B. ObLIO BBILABHHYTO HECKOJIBKO MOACICH d(upa.
3HaUMTEIBHAS YaCTh UX HE OTBEYAIA Ha BOMPOC 00 yCTpoiicTBe adhupa
U XapakTepe B3aUMOACHCTBUI. ABTOPBI STUX TCOPUIl MBITATINCH MPH-
mucath 3QUPY T€ WM UHBIE CBOWCTBA, C IOMOIIBIO KOTOPBIX MOMHO
OBLTO OXHIATh XOTS Obl MPUHIMITHAIBHOTO OOBSICHEHHS HEKOTOPBIX
siBieHmi [23—-26].

Tax, nns oObscHEHUs1 roquUHON abeppaly CBETa 3BE31, OTKPbI-
toit bpaaneem B 1728r. u mocruraromeii 20,8, @dpenenem B 1818r.
BIICPBBIC B MHChME K Aparo Obla BbICKa3aHa WACS O HEMOABHIKHOM
a¢upe [27—29],xoTOpas BrocaeACTBHHN ObllIa CYIICCTBCHHO Pa3BUTA U
nononseHa Crokcom [30] u Jlopenuem. [31-33].
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ITo naee ®penemnst, >¢up mpeacTaBiseT cOOOH CIUTOLIHYIO YIIPY-
I'VIO cpely, B KOTOPOH HAXOTUTCS BEIIECTBO YACTHUI] ATOMOB, B 00-
IIeM, HUKaK HE CBSI3aHHBIX ¢ 3TOH cpenoi. Pomp s¢upa — nmepenaua
MEXaHH4YeCKUX KoieOanwii u BoaH. Ilpm oObscHeHmm abepparyu
®OpeHenb cHavana UCXOAMT U3 MPOCTOr0 CIOKEHUS CKOPOCTeH 3eMiH
u ceera. OgHAKO HEKOTOPBIC SKCIICPUMEHTHI, B YACTHOCTH, OMBIT Apa-
ro (1818-1819}10 unTepdepeHIni MONIPU30BaAHHbBIX ITyYKOB CBETA U
IKCIEepUMEHT BockoBuya—Ipe ¢ TEICCKOIIOM, HATIOJHCHHBIM BOJIOM,
MOKA3aIy, YTO JOMOJHHUTEIBbHBIX OTKIIOHCHUH CBETA, KOTOPBIC JOJDK-
Hbl ObLIM OBITH, €CTU OBl 3HUP OcCTaBaICA HEMOABMXKHBIM, HET. Ilis
cnaceHusl rumnote3sl OpeHens MpeAaoKuI BBECTH KO3 (UIMECHT YB-
JCUEHUS CBETA CPeaoH

k=1-1f,

rae N — ko3 QULUCHT ONTHYCCKOTO MPEIOMIICHHS CPEIBI.

[NosicHeHHe TP 3TOM CBOAMTCS K TOMY, YTO JBIDKYINASICS Cpenxa
CBOMMHM aTOMaMU IBITACTCS YBJICYb 3a COOOW CBET, B TO BPEMs Kak
a¢up, ocTaBasCh HEMOABIKHBIM, TpersiTcTByeT dTomy. Cam dpenens
TAKKE HE MBITANICS PACKPBITh NPHYUHY YBICUCHHUS d(Hpa 3TOH Ccpe-
noi. Ilonywarorcst kak Obl TpH He3aBHCHUMBIC (pu3mueckue cyOcTaH-
WU OTIACIbHO 3(Up, OTACIBHO ONTHYCCKAS CpeAa W, HAKOHEL, OT-
JCTbHO CBET MPH IMOJTHOW HESCHOCTH UX (DPU3UUCCKOrO B3aUMOJICHCT-
BUA.

Teopus Ppenens—JIopenma, ogHako, IPOTHBOPEUUT HCXOTHOMY
MPEACTaBICHUI0 00 3()UPe KaK O MEPEHOCUYUKE B3aUMOACHCTBUiL. B
caMoM jerne, eciu 3(pup He MPUHUMACT HUKAKOTO YYACTUS B JBIIKC-
HHUH BEIIECTBA, TO U BEIICCTBO HE MOKET B3AMMOCHCTBOBATE C d(H-
pom. CrnenoBatenbHO, 3Up HE MOXKET MEPEIATh BEIICCTBY SHEPTHUIO
CBOCTO ABIKCHHs. Hamumo jgormueckoe MpOTHBOPEUHE, MPOHCTE-
KaKOIIEe M3 OTCYTCTBHSI KAYCCTBCHHOH KapTHHBI CTpOcHUs ddupa u
MEXaHH3Ma €ro B3aUMOJCUCTBHSI C BELICCTBOM.

Crokcom B 1845r. Gbiia BeicKa3aHa MBICTE 00 YBJICUCHHH 3EM-
neit oxpyskarornero 3¢upa [30]. Bomee meTampHbIC pacueThl MOKa3ajH,
onHako, uro mpunstue uaeu Ctokca 6¢3 Kakux-11d0 OroBOPOK O3HA-
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4aeT HEOOXOIUMOCTh HATHYUS TOTCHIHAA CKOPOCTH 3(Hpa BO BCEM
OKPY>KArOIIEM 3EMITE0 TIPOCTPAHCTBE. <[ Toro uToOb 000HTH 3TO
satpyanenue, — mutuet Jlopenn [33, 34], — MOKHO HCIOIB30BATh TO
00CTOSTEIBCTBO, YTO CYIICCTBOBAHUE MOTCHIIMATA CKOPOCTEH HE sIB-
JSIETCs HCOOXOAUMBIM BO BCEM IMPOCTPAHCTBE, OKPYKAOIIEM 3EMITIO,
TaK KaKk Mbl HMEEM JEJI0 TOJIBKO C OrpaHHuYeHHON obmacTeio. OgHaKo
9TO MPEIMOI0KECHHE MOBEIO Obl HAC K OYCHb MCKYCCTBCHHBIM U Ma-
JIOBEPOSITHBIM TIOCTpOocHUsIM». Takum oOpasoMm, uzaest CTokca HE Ha-
[I1a JATbHEHIIEro pPa3BUTHs BCJICACTBHE CIOXKHOCTH MOCTPOCHHS,
XOTs B HEH, OE3yCIOBHO, COACPKAIOCH panMoHaIbHOe 3epHO. Kpome
TOrO, HUKAKUX MPEAMOIOKEHHIA O XapaKkTepe B3aUMOICHCTBUS d(upa
¢ 3emuteti u mpupoje camoro d¢upa CTOKC HE BHICKA3a.

[Mnank mokasas, 4To TpyAHOCTEH, uMeBInuxcs B runotese Crokca,
MOKHO M30€KaTh, €CIHM MPEAMOI0KHTH, YTO SGHP MOXKET CIKUMATHCS
M YTO OH TOABEPIKCH BIMSHHIO CHIIBI TsDKECTH. Hukakux mpeamnorno-
JKCHHUI 0 BO3MOXKHBIX IMPUYHHAX TAKOro BiusHus [11aHk HE BbICKA3bI-
Bas1. B cBomx peuax [Tnank mokasas, 4To 3TO MPEAMOTOKEHHUE YKAa3bI-
BACT Ha CYLICCTBCHHYIO KOHICHCALMIO 3(Upa B MOJIE CUIBI TSHKECTH.
Oxomo 3emin 3Ta KOHACHCAIUS 10 CPaBHCHUIO C OTKPBITHIM IIPO-
crpanctBoM coctasisier 60000,0xono Comxna — eme B 28 pa3 00i1b-
me. JampHeimero pa3sutis runote3a [ nanka He noayuwmia.

OmnbiT ®U30 MO YBICUCHHUIO CBETA ABILKYIINCHCS cpenoii (BOOL),
nposeacHubli M B 1851r. [35] u moBTopeHnsiit 3eemanom B 1914—
1915rr. [36], unciaeHHo cooTBEeTCTBOBAN KOI(D(MHULMCHTY YBICUCHHS
Openens. Caeayer, OqHAKO, 3aMETHTh, YTO, XOTS y4eT K03 duimueHra
YBIICUCHUS MMO3BOJIAI, IO MHEHHIO D130, MONYYUTh XOPOIIEE COBIIA-
JCHUC TCOPUU U OMBITA, CTATHCTHKH, HCOOXOAMMOW I MOJOOHOrO
YTBEPKACHUS COOpaHO HE OBIJIO, MHOTHE COITYyTCTBOBABIINE SKCIICPH-
MCHTY OOCTOSITEIBCTBA YYTCHBI HE OBLIM, U HA OCHOBE YKAa3aHHBIX
SKCIEPUMEHTOB MOKHO, B JIYIIIEM CITy4ac, TOBOPUTD JIHIIb O KAYCCT-
BCHHOM MOATBEpXAcHUU uaen DpeHenst, XOTs JaKe B 3TOM MOXHO
comueBatbes. HecMoTpst Ha TO, 4TO 9MCICHHO KOG GHULKCHT yBICUe-
Hust DpeHenst paccuuTaH C BBICOKOH TOYHOCTBIO [JISI MHOTHX BE-
IIECTB, HA CAMOM JEIIC DKCIICPUMEHTAIbHAS MPOBEPKA €rO BEIUYHUHBI
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HUKeM OoJiee HE MPOBOIMIACH, a caM 3TOT K03 (UIUCHT HE UCTIOJNb-
30BaH HU B OXHOM (hU3UIECKOM mpHubope. ..

I'epuem Obia BRIIBUHYTA HAICS O MOIHOM 3axBare 3¢Hpa MaTepu-
eit [37, 38].T'unoresa Iepria, oHaKO, HAXOAUTCSA B TIPOTUBOPCUNH C
skcnepuMeHTOM D30, MOCKONBKY 3TOT KCIEPUMEHT MMOKA3AIT JIUIIb
YaCTUYHBIA 3aXBaT 3(pupa BEIECTBOM.

Putn, BBeas B ypaBHCHUsS MakcBenia OpUBEICHHOEC BPEMS U TIO
CYLIECTBY BEPHYBIIKCH K rumotese JlopeHIa, momydun yaoBIeTBOpy-
TEPHOE COBINAACHHUE ypaBHEHHII MakcBenna ¢ pe3ynpTaTaMd ONTHU-
YECKHX OKCIEPUMEHTOB. B pesympTate poamiack «GamaucTayeckast
runoresa» Purna [39], u3 koTopoii crenoBano, 4To ABMKYIIUACS HC-
TOYHHK CBETA UCITYCKACT CBET CO CKOPOCTBIO, PABHOU B aOCOIOTHBIX
KOOpJAUHATAaX T€OMETPHUECKOM CyMME CKOPOCTEH CBETAa B BaKyyMe U
CKOpOCTH McTOYHHKA. B cBOMX paccyxaeHusx Purn onepupyer Tons-
KO MaTeMaTHYECKUMH BBIKIaJKaMH M Tak e, kak u JlopeHn, He yka-
3bIBACT HA XapaKTep CBs3CH MEXKIYy BEIIECCTBOM U 3QHpOM, HE pac-
CMaTpHUBACT MPHUPOAY CBETA M CTpocHHWE ddupa. Takas MOCTaHOBKA,
Oyay4uu OecnpeAeabHO PACIPOCTPAHCHHOM, MPUBOIUT K MOIOKCHUIO,
MPH KOTOPOM ISl JBOMHBIX 3BE3J JOJDKHBI UMETh MECTO MOMCHTHI,
KOrJa 3Be3[a, ABIDKYIIASACS MO HANPaBICHHIO K 3emJe, JOJDKHA Ka-
3athest ABHKymeiics Bemsath. HaGmoxenus Jle-Currepa (1913) [40]
MOKA3aITd, YTO TAKOTO SIBIICHUS HET.

Takum 00pa3zoM, NEPEHHCICHHBIC THITOTE3bl, MOJACIU U TCOPHH
s¢upa, Bo3uukmue B XIX B., BO-MEpBHIX, paccMaTpuBamu 3QHp Kak
CILUTOLTHYIO OTHOPOAHYIO CPEAY C MOCTOSHHBIMU CBOWCTBAMH, OJHHA-
KOBBIMH ISl BCEX TOYEK MPOCTPAHCTBA U JTIOOBIX (PH3MUECKUX YCIIO-
BHI, BO-BTOPBIX, HE JENAaTN HUKAKUX MPEINOIOKEHUI HU O CTPYKTY-
pe adupa, HH O XapakTepPe B3AUMOJCHCTBHIA MEKIY BEIICCTBOM U
s¢pupom. Takoe monokeHUE MPUBEIO K HEBO3MOXKHOCTH B paMKax
STHX TeOpHH, (PaKTHUECKU OMUPAIOLINXCS HA Kakoe-THOO OJHO YacT-
HOC CBOWCTBO 3(upa, YAOBICTBOPUTh BCEMY Pa3HOOOPa3UIO MU3BECT-
HBIX siBIcHHNA. HekoTopoe nckimroueHne Bee JKe 346Ch COCTABISIET TEO-
pust @OpeHens, MOCTaBUBINAS CKOPOCTh CBETA B 3aBUCHMOCTh OT
CBOWCTB Cpenbl, B KOTOPOH CBET pacrpocTpansercs. Teopus Openens
MOJy4rIa JalbHEHIIee pa3BUTHE B paboTax DHIITCHHA.
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[NapannensHO ¢ ommcaTenbHBIMH KOHLICHIMSIMU 3(upa pa3BuBa-
JMCh M HEKOTOPBIC TUITOTE3bI, MBITABIIKCCS HALIYIATh CTPOCHUE (-
pa. ITH TUMOTE3bl MOIYYMIN HA3BAHHE MEXAaHUYCCKHX», IOCKOIBKY
OHHU OMNCPHUPYIOT C MEXAHWYCCKUMHU NMPEIACTABICHUSAMH — IEpeMele-
HUSIMH U CHJIAMHU.

Kak yxe ynmommuHamoce, mepBelc MEXaHHUCckHe Moxaenu 3dupa
osuu ipegoskensl Pene Jexaprom u Mcaakom Heroronom. Hekoto-
pBIC MEXaHMYECKUE TCOPHHM U Mozaenu 3¢upa ObLTu pa3paboTaHbl B
XVII u XIX cronerusx u mozxe.

OmnpeneneHHbIl  MHTEpEC  NPEACTaBISIET  COOOW  Teopus
K.JLJlecaxa, mpusBaHHast 0OBSICHUTH CYIMHOCTh TsaroTeHus. [lo Jle-
caxy [41, 42], >¢up mpeacrasaser coboi HEUTO, TMOAOOHOE Ta3y, C
TOW CYIECTBEHHOHN Pa3HMLCH, YTO YACTHLBI 3(pHpa MPAKTHUCCKH HE
B3aMMOJCHUCTBYIOT MEXIY COOOH, COyAapssiCh YPE3BBIYAWHO PEAKO.
Becomas MaTepust mornomaer 4acTULBI, MOTOMY Tela IKPAHHPYIOT
MOTOKH YacTul 3¢upa. ITO MPUBOIUT K TOMY, YTO BTOPOE TEJIO HC-
MBITBIBACT HEOAWHAKOBOC C PA3NMYHBIX CTOPOH MOATAIKHUBAHHE CO
CTOPOHBI YacTHL 3QHpa M HAYMHACT CTPEMHUTHCS K TMEPBOMY TETy.
Teopus Jlecaxxa HE BCTpeTHIA JOMKHOTO IMOHUMAHUS B MOMCHT ITO-
SIBJICHUSI, HO CTO JICT CIIYCTS €U OBLIO OKa3aHO OOJbIIOC BHUMAHKC
[peso [43], HIpammom [44, 45],B.Tomconom [46], Tarom [47].

Teopus adupa kak ympyroit cpeast npemiaranace Hasoe (1824),
IMyacconom (1828), Ko (1830) [23]. HaBbe paccmarpuBan 3¢up
KaK HEC)KHUMACMYIO JKHIKOCTh, OOJIaJAIOIIYIO BSI3KOCTBIO. BsizkocTh
a¢upa paccmaTpuBagach MM Kak MPHYMHA B3aMMOACHCTBUN MEKIY
YACTHUIIAMHU BEUICCTBA U 3()UPOM, a TAKXKE MEKIY d(QUPOM M YacTuia-
MU BEIIECTBA, CICA0BATEIBHO, YACTHUI] BEIIECTBA MEXAY COOOH uepe3
3¢wup.

Kowm paccmarpuBan s¢up kak CIUIOLIHYIO CPEIy W OIEPHPOBAT
HANPsDKCHUSIMH U AeOpMAaLUsIMH B KKIOH TOYKE MpocTpaHcTBa. B
paborax no ontuke Komm gam mareMaTHueckyro pa3paboTKy TEopHUu
@OpeHenss U Teopuu aucnepcud. B manpHe#meM BBISICHHIOCH, YTO
JaHHOE OOBSICHEHHE MPHUBOAUT (PAKTUYECKH K TOIKOBAHUIO MATHHT-
HOTO MOJSI KaK MepeMEIleHHUs YacTul 3(Qupa, YTO MPOTHBOPECUUIIO
(hakTy AUBIECKTPUICCKOTO CMELICHUS.
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B cBonx patorax Heiiman [48, 49]ucxoansi u3 npearoIoKeHUs O
MOCTOSIHCTBE IIIOTHOCTH 3¢Hpa BO BeeX cpeaax. Paccmatpusas 3¢up
Kak yIpyryo cpeay, HeifiMaHn aHamm3upoBan npouecchl MOISPU3AN
cBeTa.

I'pun cuuran 3¢up [50] crutornHO# ynpyroii cpexoii, Ha OCHOBA-
HUU YEro, UCXOAS U3 3aKOHA COXPAHCHUS SHEPTHH, MPUMCHSIEMOIO K
JaeOpMUPOBAHHOMY YIIPYTOMY TETy, OH PAcCMOTPEN OTPa)KCHUE H
MPENOMIICHHUE CBETA B KPHCTAIMYCCKUX cpenax. B mepedncrieHHbIX
MEXaHMYECKUX MOJCISIX MPHUpoAa 3Gupa U HPUUUHBI TOTO, 4YTO 3PP
BEACT ceOsl KaK YIPYroe TENO, HE BBUSICHSITUCH.

B martemarnueckux paborax Mak-Kymiaxa (1809-1847) [51]g
KOTOPBIX MPOBEACHO TCOMETPHUYCCKOE HCCICAOBAHHE IMOBEPXHOCTH
CBETOBOU BOJHBI, 3()Up paccMaTpuBaics Kak cpelja, B KOTOPOH IMo-
TCHUMATbHAS (YHKLHS SBIIETCS KBAAPATHIHON (PyHKUIMEH yrioB
BpameHus. Jbup Maxk-Kymraxa cmiomnoii. Xors Teopust Mak-
Kynnaxa siBnsiercst TeopHed yIpyrou cpelpl, © HH O KaKOM 3JICKTPO-
MarHeTH3Me B HEH HET HU CIIOBA, MONYYCHHBIC UM YPAaBHCHHS, KaK
ormeuaer JIOpeHL, Mo CYIIECTBY COBNAJAIOT C YPABHCHUSMH 3JICK-
TpOMarHuTHOH Teopun Makcgenna. CpaBHEHHE C APYTUMH TCOPHUSIMU
yopyroro s¢upa MOKa3blBacT, YTO CYLIECTBEHHAS MONOKUTCIbHAS
ocobeHHOCTh Teopun Mak-Kysmaxa 3akiirouacTess IMEHHO B HATUYHU
MTOHATHA BUXpeBoro AsmxeHus. [1o Beipaxxennto Ban-I'epuna, Teopus
Maxk-Kynnaxa —3to BuxpeBas Teopust 3¢upa.

B.Tomconom (mopaom Kemssunom, 1824—1907Heumo npeanoxke-
HO HECKOIbKO mozeieii adupa [52—-58]. Crauana KenpBun mertaics
YCOBEPIICHCTBOBATh MOAEb dpupa Mak-Kynnaxa, 3ateM npeaioxut
MOJCTbh KBa3HUIaOUIbHOTO 3(Upa — OGHOPOTHON M30TPOITHOM CpEHl,
B KOTOPOH MHPUCYTCTBYIOT BHXpU. Hemocratkom mozenu okasanach
HEYCTOHYMBOCTh paBHOBECHS 3(Hpa, IOCKOIbKY IOTCHIMATbHAS
SHEPrus B 3TOH MOJENU HHUTAC HE MMeeT MHHMUMYyMa. MoJenp KBasu-
naabuapHOro 3¢dupa TpeOyeT 3aKPEIUICHUST TPAHHUYHBIX YCIOBUH, YTO
MPOTHBOPEUUT NMPEIACTABICHUAM O OECIpeIeIbHOM U Oe3rpaHUYHOM
npocTpaHcTBe BeeaeHHOM.

KenbBHHBIM BBICKA3BIBATIHCH MPEATIONOKEHHS O CKOPOCTH 3dupa
KaK 0 MAarHUTHOM IOTOKE M O CKOPOCTH BpallcHUs 3(upa Kak Benu-
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YHHE JUAICKTPHUCCKOTO CMEIIeHHUS. JJaHHbIe TUIOTE3bl HE TOTYUMIH
JODKHOTO PAa3BUTHS B CBSI3M C MAaTEMATHYCCKHUMH TPYXHOCTSIMH.
HanpHelimue paspaborku npuseny KenpBrHA K MOCTPOCHUIO MOJECTH
a¢upa U3 TBEPABIX U JKUAKAX THPOCTATOB (TMPOCKOIOB) TS MOTYUC-
HUS CHCTEMBI, OKa3bIBAIOIICH COMPOTUBJICHUE TOIBKO AchopMaLmsM,
CBsI3aHHBIM C BpameHueM. KeapBHH mokasan, 4To B 3TOM ciiydac Mo-
JAy4aeMbIC YPaBHCHUS COBIAJAIOT C YPABHCHISIMU SICKTPOIUHAMHUKH.
Takast MOAETP MO3BONISET TAKKE OOBSICHUTL PACIIPOCTPAHECHHE CBETO-
BbIX BonH. Kpome Toro, KenpBuH mbiTancs paccMoTpers 3¢Hp Kak
JKUAKOCTh, HAXOASALIYIOCS B TYpOYJICHTHOM IBMIKCHUH; OH IOKa3al,
4YTO TypOYICHTHOE ABHKCHUE COMPOBOXKAACTCS KOICOATETbHBIM JBU-
JKCHUCM.

HanpHelimee pa3sutre Teopus nomyumna B padore Kenppuna «OQ
BuUXpeBbIx aromax» (1867) [55],rae adup npexncrasieH kak coBep-
LICHHAs HeC)KUMaeMasl )HUIKOCTh Oe3 TpeHus. KenbBrH mokaszan, 9To
aTOMBI SIBISIFOTCSI TOPOMIATBHBIMU KonbIamu | enmpmronpua. Jta uaest
HECKOJIBKO PaHee BhiABUTAIACh PanHurom B padore «O MOmeKyJsip-
HbIX BUXpsax» (1849-1850)rae aBTOpOoM paccMaTpUBAIMCh HEKOTO-
pBIE TIpoCTEiImMe B3auMOJAEHCTBHS. BO3MOXKHBIN MEXaHM3M B3aMMO-
neiicteus 3upa u BemmecTa ObT paccmoTper Jlapmopom [59].

[Mxoma [x.JIx. Tomcona (1856—1940)poomkuna 3Ty JTUHHIO.
B paborax «QnektpuuectBo U Mmarepus», Marepust u 3¢up»,
«CtpykTypa cBera», «DapaneeBbl CHIOBBIC TPYOKH H ypaBHECHUS
Makcsemna» u ap. [60—64] Ix.[x. Tomcon mociaegoBaTenbHO Pa3BH-
BACT BHUXPEBYIO TCOPHIO MaTepuu M B3amMmojchicTeuil. OH mokaszarn,
YTO HPU U3BECTHBIX MPOCTHIX MPEATIOIONKECHUSX BBIPKCHHE KBAHTO-
BOT'O BUXPCBOI'0 KOJIBbIIA COBHAAACT C BRIPAXKCHUEM 3akoHa [ lnanka F
= hv. TomcoH, ucxoAs U3 BUXPEBO# Teopuu s¢upa, mokasat, uro K =
mMc”. ABTOPCTBO 3TOi (hOPMYIBI IPUIICHBACTCS MHIITCHHY, XOTS
Jix. Jlx. Tomcon moayumn ee B 1903 r. 3agonro mo JitHinTeliHa, a
TIIABHOE, U3 COBEPIICHHO APYTUX MPEAMOCHIIOK, YeM JWHINTEIH, UC-
XOZs, B YACTHOCTH, U3 HANUYMS B pHpoe d¢upa.

k. Jlx. ToMcoH co3main BecbMa CTPOHHYIO TCOPHIO, U3I0KCHHYIO
B psizae pabor, uznanubix ¢ 1880mo 1928r. ExuHcTBEHHBIM, TOXKATYH,
HEJOCTATKOM 3TOH TCOPHH SBISICTCS HMIcanu3alus CBOHCTB 3¢dupa,
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MPEACTABICHUE O HEM KakKk O CIUIOIIHOW HACATbHOM HECKUMAEMOM
JKHIKOCTH, YTO TPHUBEIO ITY TCOPHUIO K HEKOTOPHIM CYLICCTBEHHBIM
MPOTHUBOPCUHSIM.

Takum ob6pasom, B.Tomcon (mopa Kemavsun) u k. JLx.Tomcon
paccMaTpuBaIM CAWHYIO MaTepuio — 3(Up, a pa3audIHbIC €€ MPOsIBIC-
HUSl OOYCITOBITUBANU PA3MHYHBIME (HOpPMaMHU €€ KHHETHYECKOTO IBU-
JKCHHSL.

WHTepecHo OTMETUTH, YTO BHXPEBBIC TCOPUH d(PHpa HE MPOLLTH
MHMO BHUMaHUs JDHrenbca. B pazgene «nekrpudectso» ([Juanexru-
ka npupoasr) [65, c. 97] on mumeT: «QIESKTPHUSCTBO — ITO IBHIKCHUC
yacTtul 3¢upa, ¥ MOICKYJbl Tela MPUHUMAIOT YYACTHE B STOM ABH-
JKeHUU. Paznu4HbIe TEOPHU MO-Pa3HOMY M300paKAKOT XapaKTep 3TOro
nekeHns. Teopun Makcsemna, Xankens n Penapa, onmmpasce Ha HO-
BCHIIIME MCCIICIOBAHMS O BUXPEBBIX ABIKCHHSX, BHIAT B HEM, KaXKJast
MO-CBOEMY, TOXKE BHXpEBOC IBIKeHHE. M, Takum oOpaszoM, BUXpHU
craporo Jlekapta cHOBa HAXOAT MOYETHOE MECTO BO BCE HOBBIX 00-
JacTsAX 3HAHUA». «<J(PUPHAS TCOPHUS», IO BHIPAKCHUIO DHIENIbCca, «Ia-
€T HAACKIY BBIACHHUTH, YMO SIBISCTCS COOCTBCHHO BEIICCTBECHHBIM
CcyOCTpaToM 3JEKTPHYECKOTO ABIKCHUS, YMO COOCTBEHHO 3a BCLIb
BBI3BIBACT CBOUMH JBM)KCHHUSIMH SJICKTPHUCCKUC SIBICHUS». 306Ch UH-
TEPECHO €IIE U TO, YTO DHrelbC OOIbIIOe BHUMAHHUE YIS HMEHHO
BBUSICHCHHIO (DPM3UYCCKON CYLIHOCTH SIBJICHHS, a HE IPOCTO OIMHUCa-
TEmbHOU abCTpaKLUH.

Psix Teopwmii adupa Obin coznan B Poccun. Mnen Jiinepa (1707—
1783) o cBoiictBax Muposoro 3¢upa [66—68] oxazanu BaHsIHHEC HA
Pumana (1826—1866)xotopsiii B cBoeii jekuun «O rumoresax, Je-
JKaIMX B OCHOBAaHMAX reoMeTpum» (1854)u3noxun KOHUCIIUI0 MU-
POBOrO MPOCTPAHCTBA, Pa3pEIINB HEKOTOPBIC 3aTPYAHCHHS, C KOTO-
PBIMU BCTPETHIICS DHep.

M.B.Jlomonocos (1711-1765pTBepran Bce crieuuueckue BH-
OBl MAaTEPUU — TEIUIOTY, CBET, MPU3HABAT JULIb 3(HP, C MOMOIIBIO
KOTOpOr0 OH, B YACTHOCTH, OOBSICHST H TATOTCHHC KaK PE3yIbTaT
MOJTATKUBAHMS IJIAHET YacTHIAMH 3(Hpa 3a CYET Pa3HOCTH AaBIC-
Huit [69—-75]. Ota naest JlomoHoCOBa Oblila BRICKa3aHA PaHbLIC, YEM
aHanoruyuHas uaes Jlecaxka, moYTH Ha COPOK JIET.
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Bonemoit naTepec mpencrasmsana nonsitka JI.M.Mengeneesa om-
peaeauTh XUMHUUYCCKUE CBOicTBa d¢upa [76]. ObumpHse uccaeaoBa-
HUSl MO YIPYIOCTH Ta30B IMPH OYCHb HHU3KUX JABICHUSAX BEIUCH
.. MenzaeneeBsIM C LIETBIO SKCIIEPUMCHTATIBHO MOJOUTH K 3QUpY.
«¥Yxe B 70x rogax, — numer MeH/eneeB, — y MCHS HACTOWYHUBO 3a-
CeIl BOMPOC: 2 YTO K€ Takoe 3¢up B xumudeckoM cMmeicie? Criepsa st
nojarai, 4To 3(Up €CTh CyMMa Pa3peKCHHBIX ra3oB B NMPEIACIbHOM
coctossHuH. OMBITEL BENHMCh MHOKO MPU MAIBIX JABICHISIX — IS TO-
JTYYCHHUSI HAMECKOB Ha OTBET». «V[HE KaXKETCS MBICTHMBIM, UTO MHPO-
BOW 3()Up HE €CTh COBEPLICHHO OJHOPOAHBIN r'a3, 2 CMECh HECKOTBKHX
OMU3KUX K MPEACTBHOMY COCTOSIHUIO, T.C. COCTABICH MOJOOHO Hamieit
3eMHOH atMoc(epe U3 CMECH HECKONBKHX ra30B>»

MenaeneeBbiM 3¢up OBLT BKITIOUEH B TAONUIy XHUMHUYECKUX JJIC-
MEHTOB B <HYJICBYIO» CTPOKY U Ha3BaH <HBIOTOHHUEM», BIIOCICICTBHUU
3Ta CTPOKA U3 TaONIUIIBI ObLIA U3BATA.

N.0.Spxosckum [77] 6bima npegmoxena B 70x romax XIX cro-
JeTust Teopus ra3omofo0Horo adwupa. Ilo ero MHEHHO, 3ICMEHTHI
s¢upa obragami BPOXKICHHBIM CBOMCTBOM — MPH COYAAPCHUU B3aHM-
HO TOPMO3UTh APYT APYTa, a NPH YCTPAHCHHH MPEILITCTBUS MPOTOI-
’KaTh CBOC JABMIKCHHC TaK K€, Kak 3T0 ObuTo 10 ocranoBku. [Ipupoxa
TAKOro MOBEACHUs 4actull 3¢upa SIpKOBCKHM HE paccMaTpUBAIACh.
Omnupasice Ha mpeacrasicHue 00 3upe Kak O ra3omoJ00HON cpeae,
SpkoBckuii paccMOTpEn HEKOTOpbIe (PHU3HYECKUE SBICHUS, B YACTHO-
CTH, CACNA MOMBITKY CO34aTh Momenb Tsarotenus. B 20 rogpr XX
CTOJICTHS MOJIEIb razononobHoro a¢dupa Obla paccMOTpEHA
IT.A.ITnotpoBCKUM, OJHAKO, TOIBKO Ha YPOBHE KAYSCTBCHHON MO/C-
JIM HEKOTOPBIX OTACTBHBIX SBICHHUH, TTIABHBIM 00pa30M TSATOTCHUS.

B Gonee nozaHue BpeMeHa, KOraa TEOpHsi OTHOCHTEIbHOCTH OblIa
VK€ IIUPOKO M3BECTHA, HEKOTOPBIC COBETCKHUE U 3apYOCIKHBIC YICHBIC
OTCTaMBAIH MEXaHUYICCKYIO TCOPHIO 3(Hpa, CTAHOBSICh MPH ITOM HA
TOYKY 3peHus BUXpeBoi moaenu. Cpeau 3Tux paboT HEOOXOAUMO OT-
meruts padorsr K.9.uonkosckoro [78], 3.A.Leiitnuna [79, 80], Ho-
CAIIME MPSUMYINCCTBEHHO 0030pHBIN Xapaktep, pabotel YaiTekkepa
[81], H.ITL.Kacrepuna [82], B.®.Murkesuda [83—85]u ap.
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B pabore Kacrepuna [82] mpocmartpuBaercss aHAIOTHS MEKAY
BHUXPEBBIMH JBIKCHHSIMU BO3AYIOHBIX NTOTOKOB U 3JICKTPOMATrHUTHBI-
MU SIBICHHSIMH, YKa3bIBACTCS HA HEJOCTATOYHOCTh MPEACTABICHUIN
MaTEMATHYECKUX BBIBOJOB JHiepa OTHOCHTEIBHO BUXPEBBIX IBIHIKE-
HUM, TOCKOJIbKY BBIBOJBI Jiiepa UCXOAWIM U3 MPSACTABICHHUIA O
CILTOLITHOM CpeAe, B TO BPEMsI Kak ra3 COCTOUT M3 OTIACIbHBIX YACTHII
U HC SIBJISCTCS CILIOIHBIM. KacTepuHBIM HMpPOBEACHO YTOYHEHHUCE Kak
VPaBHEHHU a3pOJMHAMHUKN MPCHMYLICCTBCHHO MNPUMEHUTEIBHO K
BHUXPEBBIM JIBIDKCHUSM, TaK M YPABHCHUS 3IEKTPOMATHUTHOTO MO, a
TaKKE MOKA3aHA UX ITyOOKas aHATOTHS.

B paborax coserckoro akamemuika B.D.Mutkesuua <«PaboTs
B.Tomcona» (1930), €)cHOBHBIC BO33pCHUSI COBPEMCHHOU (PHU3HUKU»
(1933), ©OcHoBubic pusnueckue Bo33penus» (1934) [83—85u apy-
I'UX HE TONBKO OTCTAaMBACTCS HEOOXOAMMOCTh MpH3HaHUs (akrta cy-
LIECTBOBaHUs 3(Hpa, HO M MPEAIAracTcsl MOJEIb, B KOTOPYIO (haKTH-
uecku 3amokeHbl uaen Jk.Jlx. Tomcona, o ueM MuUTKEBHUY MPsSMO
TOBOPHT.

MuTtkeBrUY OTCTaMBAT MEXaHUYCCKYIO TOUKY 3peHus Ha 3¢up. B
OOHOH M3 CBOMX pabOT OH paccMaTpPUBAN «KOIBLEBOH 3JIEKTPOH, KO-
TOPBI MOXXHO BBIYHCIWUTHh KaK DJEMEHTAPHBIM MAarHUTHBIA BUXDb,
JBIDKYIIMICS O KECTKOH OpOMTE M BMELIAFOINUICSA B 00BEM, HOP-
MaNbHO TPUIMCHIBACMBIN 3JekTpoHy».  llepeHocumkoMm sHeprun
MurtkeBUY cUUTaN <GAMKHYTYIO MAHHTHYIO JIMHUIO, OTOPBABIIYIOCS
OT MCTOYHHKA M COKPAIIAOLIYIOCS MO0 MEPE OTAAYM SHCPTHM», H YKa-
3bIBAJT HA TOAO00ME MArHUTHOTO MOTOKa BUXpsM [ 'enbmromeia. Bee ke
TIIaBHBIM B pabotax MuTkeBUYA SBIIACH HE 3TA MOJACTb, JOCTATOYHO
HECOBEPIICHHAS, a YOSKICHNE B CYIECTBOBAHUH 3Hpa.

B pabore «OcHoBHbIC (pHU3NUECKUE BO33pEHIS» MUTKEBHY MNHU-
meT: «AGCOMOTHO MYCTOE MPOCTPAHCTBO, JTUIICHHOE BCIKOrO (pu3u-
YECKOTrO COACPKAHUS, HE MOXET CIY>KUTh apeHOH PacHpoCTpaHECHUs
Kakux Obl TO HH ObLTO BOJH... IIpu3Hanue 3¢upa, B KOTOPOM MOTYT
HMMETh MECTO MEXaHWYECKHE IBIDKCHUS, T.C. MPOCTPAHCTBCHHBIC IIC-
PEMEICHUS SIEMEHTAPHBIX OOBEMOB 3TOH IMEPBOMATEPHUH, HeEpe-
PBIBHO 3aIOJHSIOLICH BCE HAIIE TPEXMEPHOE MPOCTPAHCTBO, CAMO IO
ceOe He SBISIETCS MPU3HAKOM MEXaHHUCTUYECKON TOUKM 3peHus... He-
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00X0IUMO, HAKOHEL, BIIOJTHE OMPEICICHHO PEaOHINTHPOBATh «MEXa-
HUYECKOE IBIDKCHHE», HaAJIeKamM o0pa3oM MOJCPHU3UPOBAB, KO-
HEYHO, CONCPKAHHME 3TOrO TEPMHUHA, U PACKPEIIOCTUTH (PUIHUYCCKYIO
MBICTTb, MPU3HAB 33 HEH 3aKOHHOC MPAaBO ONEPUPOBATH MPOCTPAHCT-
BCHHBIMH TIEPEMCLICHISIMU COOTBETCTBYIOIUX (DU3HUCCKUX PEaTbHO-
CTEell BO BCEX CIydasX, KOrga Mbl CTPEMHMCS MO3HATh KOHCUHYIO
CTPYKTYPY TOTO HIIH HHOTO (pu3mdeckoro mpouecca... bopeba ¢ omm-
0ouHON Hay4HO-(PUI0CO(PCKON YCTAHOBKOHM, KOTOpAsk MMEHYETCS Me-
XaHHUCTUYCCKOW TOYKOW 3PCHMUS, HC JO/DKHA OBITh MOJMEHECHA B CO-
BPEMCHHOHM (PH3HMKE COBEPIICHHO HE OOOCHOBAHHBIM TOHEHUECM Ha
3aKOHHBIC TOMBITKA PACCMOTPCHUSI TEX MEXaHUYCCKUX BIDKCHUI,
KOTOpPbIC, HECOMHEHHO, COCTABIISIFOT OCHOBY CTPYKTYPBI BCSKOTO (hH-
3MYECKOro MpoLecca, XOTsI HUKOUM 00pa3oM caMu 1o ceOe He ucyep-
MBIBAIOT ero cymHocTH. Crexyer, HAKOHEL, MEPecTaTbh OTOXKICCTB-
JATh TCPMUHBI «MEXAHHYCCKUI» U «MEXaHHCTHUYCCKHUID», KaK 3TO, K
COXKANICHUIO, HEPEIKO MMEET MECTO B COBPEMEHHOH Hay4HO-
(dunocockoii 1 GU3NICCKON TUTEPATYPE.

B paborax [23-26, 79, 81, 86—9G}pusexcHbl 0030pHI MO KUCTO-
pun pasBuTHS dPUPHBIX KOHLCMLHMHA M COBPEMCHHBIX B3IILA0OB Ha
npUpPOay «PHU3MIECKOr0 BaKyyMa.

Hapsiny ¢ paspaborkamu Teopuii u monenei 3¢gupa pa3BHBaniach
TOYKA 3pEHHsI 00 OTCYTCTBUU 3(PHpa Kak TAKOBOTO B IPHPOJE.

B 1910r. B paGote «dIpuHHUMIT OTHOCHUTEIBHOCTH U €O CIEACT-
BUS» DUHIITCHH MUCAN, YTO «HEIb3S CO3JaTh YAOBICTBOPUTCIBHYIO
TCOPHIO, HE OTKA3aBINHCh OT CYLICCTBOBAHMS HEKOCH CpPEIBI, 3aIO-
HsIOLICH Bee mpocTpancTBo». [losxke B paborax «¢up u Teopus or-
HocurenpHOCTHY» (1920)1 «O06 adupe» (1924) DiHIuTeliH H3MEHUIT
CBOIO TOYKY 3PEHHUSl OTHOCHTENBHO CYIIECTBOBAHHS 3(Hpa, 0JHAKO
3TO OOCTOSATENBCTBO MATOM3BECTHO, H OHO HE MOBIMSIO HA OTHOLIE-
HHUE K 3QUpy co CTOPOHBI GOMBIIMHCTBA (YUHKOB-TCOPETUKOB [I7].

Axazemuk S.U.OpeHkenp kaTeropuyecku OTPHLAT CYIIECTBOBA-
HHUE MUPOBOTO 3¢Hpa, CpaBHUBAS MOUCK CBOMCTB 3¢upa ¢ «0oroucka-
TEIBCTBOM H OorocrpourtensctBomM» [89], u orcramBan mpuHUMI
JanbHOACHCTBH. B HacToOsiee BpeMst HICH, CBSI3AHHBIC C «ICHCTBH-
€M Ha PACCTOSHUU» MPOJOJDKAIOT Pa3BHBATHCS, OTHAKO HApsIy C
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3TUM BO MHOTHMX PaboTax BCE YAIC MCIIONb3YCTCS MPEACTABICHHE O
«(pU3UIECKOM BAKyyME», «BaKyyMHOMH >KUIKOCTU» U T.IL, YTO (PAKTH-
YECKM BOCCTAHABJIMBAET HPEACTABJICHUS O MUPOBOM cpele moA Apy-
ruM HazBanueM. OOHapyKeH psil BaKyyMHbBIX 3QQeKToB — HYICBOIt
YPOBCHb SHCPTHUH TOJICH, BUPTYATBHBIC COCTOSHUS YACTHL, MOJSIPU-
3aIpsl BAKyyMa U T.II., UTO 3aCTaBLICT OTKA3AaThCS OT MPCACTABICHUI
0 BaKyyM€ KaK O IyCTOTE U BHOBb MOCTABUTH BOIPOC 00 €ro CTPYKTY-
pe [90, 91].

OnucanHas BBIIIC JUCKYCCHS €CTh (DaKTUUICCKH CIIOP O TOM, HYK-
HO JIU UCKAaTh MATCPHUATbHYIO OCHOBY BHYTPCHHCTO MCXaHHU3Ma SIBJIC-
HUI WM JOCTATOYHO HAWTU NOAXOMIIUM MaTeMaTHYECKUU armapat
JUTSL BHCIITHETO OMMCAHUS SIBJICHUNA. JTO CIOP MEXKAY AUHAMUKON W
(denomenoorueii. Ho ans auHaMU4YeCKOro moaxoAa SIBICHHE €CTh
pe3yabTaT ACHCTBUS BHYTPCHHErO MEXaHU3Ma, CKPBITHIX (GOpM ABH-
JKCHUSI MATCPUH, W BHCITHCC OMHMCAHHUC CCTh BCCTO JIUIND CICACTBHC
aroro mexanu3ma. [loHumanne npudvH, nodemy GU3NICCKOE SIBJICHUC
MMCHHO TaKo¢, MO3BOJIICT yICCTh MHOTHC CTOPOHBI, YCKOJIB3AIOIIHC
OT BHUMAaHUS HUCCIICAOBATEIIS, OrPAHUYMBAOIICTOCS JHIIL (PeHOME-
HOJIOTHCH, BHEIITHUM €TI0 OIUCAHUEM.

1.2. HepocTtaTKmn N3BEeCTHbIX MMMNOTE3, TEOPUN U
mopaeneun acpupa

Hecmotpst Ha obuine u pasHooOpazue pas3aHYHBIX THIOTE3, MO-
Jaeneit u teopuil 3¢upa, UX aBTOpaM HE yJAT0Ch CO3MATh CKOJIBKO-
HUOYIb 3aKOHYCHHYIO U HEIPOTHBOPCYUBYIO KAPTHHY MHPA, OXBAThI-
BAFOIYIO XOTsI OBl OCHOBHBIC (hOPMBI BELICCTBA M BUABI B3AUMO/ICHCT-
BUH. BCGM OTUM THUIIOTC3aM U MOIACISIM CBOMCTBCHHBI TC WA HUHBIC
OPUHLUITHAIBHBIC HCAOCTATKH, HC IIO3BOJIMBIIMC UM Pa3BUTHCH. %1
rJIaBHas MpUYIXHA 3TUX HCAOCTATKOB — MCTOAOJIOTrNICCKasd.

OCHOBHBIX HEIOCTATKOB OBLIO TPH.

HCpBLIﬁ HEAOCTATOK COCTOSITI B TOM, UTO BCC THITIOTC3bI, MOACIN N
TCOPUU 3(1)I/Ipa, HaurHagd C CaMbIX TICPBBIX W KOHYad MOCICAHUMU,
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paccMaTpuBaIM ONPEACICHHBIN y3KUM KPYT SIBJICHHM, HE 3aTparusas
ocrampHbIX. Monemu Jlekapra u HpioToHa, €CTCCTBCHHO, HUKAK HE
MOTITM YYECTh 3JICKTPOMATHUTHBIX SBJICHUI, TeM Oonee BHYTPHATOM-
HBIX B3auMmojcicTeuii. B paborax ®Papanes, Maxceemia, JlopeHiia,
I'epua u apyrux mcciaemoBaTencii HE YUUTHIBATACH TPABUTALMS U HE
paccMaTpUBaTMCh BOMPOCHI CTPOCHWs BemecTBa. B cBomx padorax
Crokc u dpeHens MHITATHCh O0BICHUTh (PAKTUYCCKU JTUIID SIBICHUS
abeppaunu. B mexanndeckux mogensx Haeoe, Mak-Kymiaxa u nanee
B.Tomcona u [x.Tomcona paccMaTpuBaics rIaBHEIM 00pa3oM Kpyr
3JICKTPOMArHUTHBIX sSBICHUH, npasaa, B.Tomcon u k. Tomcon meI-
TaJHCh BCE KC B KAKOW-TO CTCIICHH NMPOHUKHYTh B CYTh CTPOCHHS BE-
IIECTBA.

Takum o6pazoM, HU OJHA TEOPHsI 3PUpa HE MbITATIACH JATh OTBET
HU Ha BOMPOCHI CTPOCHHS BEIIECTBA, HU HA OCHOBHBIC BHIBI B3aUMO-
JIEUCTBUM, TEM CaMBIM OTOPBAaB UX APYT OT Apyra.

BropsiM KpYIHBIM HEZOCTATKOM MPAKTHYECKH BCEX O3 HCKIIIO-
YeHUs Teopuil u Mojernen adupa, kpome moaenei Herorona u Jleca-
JKa, SBIIETCS TO, YTO 3Hp paccMarpuBajcs Kak CIUIOLIHAS CPeaa.
Kpome Toro, GonpIIHMHCTBOM aBTOpOB 3(QHUp paccMaTpuBaics Kak
HAcANbHAS KUIKOCTh WIH HICATBHO TBEpAOE Temo. Takas metadusu-
yeckas WAcaau3ays CBOWCTB 3Qupa, JOMyCTHMas Ans OTHUX (u3u-
YECKHX YCIOBHUI WM SIBJICHUH, pacIpOCTpaHsIach aBTOMATHYECKH HA
BCE MBICIUMBIC (PU3UUCCKUE YCIOBUS U SIBICHUS, YTO HEMUHYEMO Be-
70 K POTHBOPCUHSIM.

TperbuM HETZOCTATKOM MHOTUX TCOPHH, KpPOME IMOCICIHHX,
B.Tomcona u T:)x.ToMcOHa, SBISICTCS OTPHIB MATCPHUH BCIICCTBA aTO-
MOB M YacTHUI] OT Matepud 3dupa. IPHUp BHICTYNACT KAK CAMOCTOS-
TeNbHAS CyOCTAHIMsI, COBEPIICHHO HEMOHATHBIM 00pa30oM BOCIIPHUHH-
MAIOIIasi SHEPTUIO OT YACTHI] BELICCTBA U MEPEeJAIOast SHEPTHUIO Jac-
Tuiam BemectBa. B paGorax ®penens u JlopeHua Tpu dakTryuecku
HE3aBUCHMBIC APYT OT Jpyra CyOCTAHIIMH. BELICCTBO, HE 3aBHCSIICE
ot 3¢wupa; 3¢up, CBOOOAHO MPOHUKAOIINN CKBO3b BEIICCTBO, U CBET,
HETOHATHBIM 00pa30M CO3AaBacMBIi BEIICCTBOM, IEPEIaBACMBIA Be-
IEeCTBOM 3(UpPY U BHOBb BOCITPHHUMACMBIN BEIIECTBOM COBEPIICHHO



Kparkas ucropus a¢pupa 33

0c3 Kakoro Obl TO HU OBLITIO PACKPBITHS MEXaHHU3Ma BCEX THX Hepeaad
U IPEBPAIICHMUIA.

XoTs1 aBTOpaMU MEPEUNCIICHHBIX BBIIIC TMITOTE3, MOJCICH U Teo-
puii 3dupa cam dakT cymecTBOBaHUS Cpeabl — IEPEHOCUHKA SHEPTHH
B3aUMOJCHCTBUN U OCHOBBI CTPOCHHS BELIECTBA - YTBEPXKAAJCS Ipa-
BHJIBHO, TICPEUMCIICHHBIE HEJOCTATKH CICTANN MPAaKTUYCCKH HEBO3-
MO>KHBIMH HCIIOJIb30BAHKEC 3TUX TCOPHI U UX PA3BUTHE B PaMKaX HC-
XOJHBIX HPEATTOCHIIOK.

OxHako TIaBHBIM HEIOCTATKOM BCEX TEOpW M Mojciei 3dupa
SIBISLTOCH (DAKTUHUECKOE MOCTYIHPOBAHHUE €ro cBoiicts. Hukakux ¢u-
JTO0COPCKUX HIM METOAONOTUYECKUX OCHOB ONMpeacIcHUs (PH3NICCKUX
napamMeTpoB 3¢Hupa MPAKTHYSCKH HHUKTO HUKOTAA HE BbIABHraid. B
STOM IUTAHE OMPEACICHUE MapaMeTpoB 3(HUpa HOCHIO TAKOH e IMo-
CTYJNATHUBHBIA XapakTep, Kak M YTBEP>KACHUE 00 €ro OTCYTCTBUH B
npupoze. Puznueckue cBoricTea 3(upa He ONPEACTITUCH U3 U3BECT-
HBIX OMBITHBIX JAHHBIX, KOTOPHIX OBIJIO B T¢ BPEMCHA SIBHO HEIOCTA-
TOYHO, a MOCTYJIUPOBAIUCH, UCXOJS U3 BKYCOB KKIOTO aBTOPA KOH-
uernuyu. Ho Bce oHM CXOOMIUCh HA TOM, 4TO 3QHpP MPEACTABISICT CO-
00#1 He4yTo MAcanbHOEC W aOCOTIOTHOE, HAMPHUMEP HACANBHYIO K-
KocTh. D¢up obnagan CBOHCTBOM BCECHPOHUKHOBCHUS, MPHUEM Cam
MEXaHH3M 3TOr0 BCCMPOHHUKHOBCHHSI HUKAaK HE OOOCHOBBIBAJCS.
Msicap O TOM, YTO MPU MPOHUKHOBCHHUU CKBO3b BEINCCTBO 3(PHUPHBII
MTOTOK MOYKET TOPMO3UTHCS B CHITY BA3KOCTH WM APYTUX MPUYUNH, HUA
pasy maxe He 00CyXKaanach.

Adup Ppenens, Tak sxe kak u 3pup Jloperua, — 310 abcomOTHO
HenoABWKHbIN 3¢up. Idup I'epua obramaer cBoiicTBoM OBITH abco-
JIOTHO 3aXBAYCHHBIM JBIDKYIIUMCS TenoM. Jdup v Makcsemia —3To
nacanbHas JKUIKOCTh, B KOTOPOU ACHCTBYIOT 3aKOHBI BUXpCit I enbpm-
rojpia. MakcBemt He oOpaTuil BHUMAHUS HA TO, 4TO, 1O I €apMross-
1y, BUXpH, a Yy MakcBenia MarHuTHOE MOJIE — 3TO BUXpPEBBIE 00pa3o-
BaHUs 3(pupa, OHU HE MOTYT HH 00Pa30BBIBATHCS, HU UCUE3aTh B UG-
aIbHOM JKU/IKOCTH, YTO SBHO MPOTHBOPCUYHUT OonbiTaM. Takum obpasom,
MIcaTN3anusl CBONCTB 3(upa cpasy e 0OpeKaeT BCE MOIO0OHBIC TEO-
PHUH HA TPOTHUBOPCUHS U HA MTOPAKCHUE.
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To, uro Takas uacanu3anys 3pupa ObLna NPUHSITA HA BOOPY>KCHHE
MHOTMMH aBTOPaMH CaMbIX Pa3HOOOpa3HbIX KOHUEMUMHA 3¢dupa, Me-
TOJOJIOTMYECKA MOXKHO TMOHSATH, MOCKOIBKY JaHHBIX it Oonee win
MEHEE MPABHIBHOTO ONMPEICICHHUS CBOWCTB 3(Hpa TOrAa He CyLIecT-
BOBAJIO. €CTECTBO3HAHUE HE HAKOMUJIO CBEJCHUU O MOBEACHUU 3JE-
MEHTApPHBIX YACTHI] BEINECTBA M WX B3aWMOIPEBPAIICHUAK, ra30Bas
JUHaMUKa He Obina pa3puta. OQHAKO HEKOTOPBIE MOMEHTHI YK€ H TO-
raa ObLIM W3BECTHBI, HO UM HE mpuaasanock 3HaucHus. Ha Bcex aTa-
Max pa3BUTHS €CTECTBO3HAHMS MOXKHO ObLTO chopMymupoBath mpen-
cTaBicHHE 00 o0muX (us3myeckux nHBapuaHTax. [loctyaupys cBoii-
cTBa 3(Upa, MOXKHO OBLIO MPEJIOKUTh B KAYECTBE MOACTH Ia30BYIO
cpeay, XoTs Obl MCXOHS M3 TOrO, YTO Cpela AODKHA CCTECTBCHHBIM
00pa3oM 3amomHATh BCE MHPOBOE MPOCTPAHCTBO M HE OKA3bIBATh 3a-
METHOro compotuBicHus. OIHAKO HUYEro 3TOro CACIaHO HE OBLIO,
YTO CBHICTCIBCTBYET O HEIOCTATOYHOH pa3pabOTKE METOIOJIOrHYe-
CKUX OCHOB (PH3MKH MPAaKTUYCCKH HA BCEX TArax Pa3BUTHS €CTECTBO-
3HaHUA. JluanekTudeckuii MaTtepuanu3M B OHPCACICHHOW CTCIICHH
BOCIIOTHHJI 3TOT MPOOE, HO, KaK MOKA3bIBACT OMBIT, OH TaK U HE CTal
paboYiM MHCTPYMEHTOM TSl BCEX, KTO MbITANCS pa3paboTaTh TCOPHH,
TUIOTE3Bl M MoJemu 3(dupa, u TeM Oojee He cTal PYKOBOACTBOM IS
T€X, KTO OTyJIbHO OTPULIAT U OPOAOJIKAET OTPULIATH €0 CYIIECTBO-
BaHHE B IPUPOJE.

1.3. 3¢dmpHbIN BeTep. PeanbHocTb 1 hanbcudm-
Kaumsa

Uctopus mouckos s¢upHoro serpa [92, 98] sBasercs oxHOI U3
CaMBIX 3aIlyTAHHBIX UCTOPHUI COBPEMECHHOIO €CTECCTBO3HAHUS. 3HAUC-
HHUE HCCICIOBaHUIA S(HUPHOTO BETPA BBIXOAUT JAICKO 32 PAMKH HC-
CIECAOBAHUIA KAKOTr0-THOO YaCTHOTO (PH3HUUCCKOrO SIBICHUS. pe3ybTa-
THI MIEPBBIX PAOOT ITOr0 HAIMPABJICHUS OKa3adH PEIIAIOIICE BIMSIHUC
Ha BCE ecTecTBO3HaHME XX CTOjeTHsa. Tak Ha3blBAEMBIH <«HYJIEBOH
pe3ynbTaT» MEPBHIX SKCIepUMeHTOB Ay.Malikenscona u J.Mopiu,
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BBITIOJTHCHHBIX 3TUMU ucciaeaoBareasmu B 1881u 1887 rr., mpusen
¢uznkoB XX B. K MBICTH HE TONBKO 00 OTCYTCTBHUH Ha 3€MHOH MO-
BEPXHOCTH 3(HUPHOTO BETPA, HO U K YOSXKICHHUIO, UTO 3(UP — MUPOBAs
cpeaa, 3amoIHSIOMAS BCE MPOCTPAHCTBO, HE CYIICCTBYET B MPHUPOJC.
Hukakue mojgoXKuTeIbHbIC PE3YIbTaTh, MOTYUYCHHBIC STUMU U APYTH-
MU KCCIICAOBATEIIMUA B OOJICC MO3JHUEC TOABI, YXKE HE MOKOoaeOamn
aroi yBepennoctu. M gaske korga cam A.Duinmreitn 8 1920u 1924
IT. CTal yTBEPKIaTh, YTo «pu3nka HeMbiciuma 6e3 3¢dupa», 3T0 HE
M3MCHUJIO HUYETO.

OnHako, KaKk BBIICHSCTCS TEMEphb, B 00IACTH 3(PHUPHOro BETpa B
CBOC BPEMs PSOM VUCHBIX OBLTH MPOBCACHBI BEChbMA COJUAHBIC pa-
6otel. Hekoropeie M3 HUX AaTd MCKIIOYUTCIBHO OOraThiil MO3UTHB-
Hb# Matepuan. K HuM, KOHEUHO Ke, B IIEPBYIO OYCPEAb HYXKHO OTHE-
CTH UCCICAOBAHUS, IMPOBCACHHBIC 3aMCUATCIBHBIM aMECPUKAHCKUAM
yuaeHbiM ipodheccopom KaiicoBCKko#t kol mpukiagHoi Hayku Jaii-
toHoM Kmapencom MwuiiepoM, MOTPATHUBIIMM Ha 3TH HCC/ICIOBAHUS
MPaKTHYCCKU BCIO >Kn3Hb. He ero BuHa, a ero u Hama 6e1a B TOM, 9TO
BCC MOIYYCHHBIC UM M €r0 TPYIIION PE3yIbTAaThl COBPEMCHHUKAMHU
Y4eHOro u 0ojice mo3aHuMU (U3NKAMU-TCOPETUKAMU OTHECCHBI K Ka-
Teropun «ee mpusHaHHbx». K 1933r., korga uccnegosanus Musiepa
U €ro TPYMIbl OBLIN 3aBEPIICHBI, IKONA PEASTUBHUCTOB — MOC/ICAOBA-
tenert CneuuanbHONW TEOPUH OTHOCUTEIBHOCTH A.JWHINTCHHA MPOY-
HO CTOSsUIa HAa HOTrax U OJUTCIBHO CACAWIA 32 TEM, YTOOBI HUYTO HE
MOTJI0 moKoIe0aTh ¢¢ ycron. TakoMy <«HEMPU3HAHHIO» CIIOCOOCTBO-
BaJTH TAKXKE PE3YIbTAThl SKCIICPUMEHTOB, B KOTOPBIX HEKOTOPBIC IPY-
TUC aBTOPBI, BOBCE HE KEJIasl TOTO, HAJACIAIHN OIHUOO0K U HE TOTYYIHIN
HY»XHOro s¢pdekra. Ix He Hy)KHO OOBHMHATH B NPCIHAMEPCHHOCTH
TAKOro MCXOJA. OHM MPOCTO HE MPEACTABISLIN ceOe mpupoay sdupa,
€ro CBOMCTBA, €r0 B3aMMOJCHCTBHE C BEILICCTBOM, U MO3TOMY MPHU
MPOBEACHUH SKCIICPUMEHTOB UMU ObLTU JOIYIICHBI TPUHIUTHATBEHBIC
OIuOKH, HE MO3BOMBINKE UM J0OUThCs ycrmexa. CerogHss mpUuanuHbI
3TUX HEYJa4 CTaIM COBCPIICHHO MMOHSTHBI.

Opnnaxo HaJ mpoOsIeMoii 3(UPHOTO BETPa BCE CIIC TATOTCET HEra-
TUBHOC MHCHHC TaK HA3BIBACMOH <«HAYYHOH OOIIICCTBCHHOCTH, U 3TO
SIBJISIETCS. CEPbE3HOM NMOMEXOM JJIs1 BOCCTAHOBJICHUS NPEICTaBICHUN
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00 a¢upe u pazsepThiBaHUN PAOOT B 3TON YPE3IBHIYANHO MEPCIICKTHB-
HoU obmactu ectectBo3HaHUs. CeromHs HEOOXOAUMO KPHTHYCCKH
MEPCOCMBICITUTD BCIO UCTOPHUIO TIOMCKOB 3(UPHOTO BETPA XOTS OBI AT
TOr0, YTOOBI MOHATh MCTHHHOE TMOJOKEHUE B 3TOM BONpPOCE U B Oy-
OYLIEM HE AOMYCKaTh OLIMOOK, KOTOPBIC Pa3THYHBIMH HCCICIOBATE-
JSIMA OBLTH JONYIIEHBI, YTO U SBHJIOCh HEMOCPEACTBEHHON NPUYNHON
0TKa3a OT JaTbHCHIINX UCCICAOBAHUI B ’TOM HANPABJICHHH.

Hcrok mpobmemsl 3pupHOro BeTpa — siBiicHUE abeppaliu CBETa B
acTpoHOMUH, KOTOpoe Ob10 oTkpeiTO Jlk.bpamieem B 1728 r. s
00bsICHEHHs abeppauuy ObIT BBICKA3aH PsiA TUIOTE3, HauboIee Io-
JOTBOPHOH W3 KOTOPBIX OKka3zamack rumote3a O.Ppenens o Hemoa-
BIDKHOM 3(¢upe, BbIABHHYTas UM B 1825r. u 3aTteM mcnonb3oBaHHAS
X.JlopeHIeM B €ro 37ACKTPOINHAMUKE JBIKYIIUXCS CPE.

Jbx.K.Makcsenn He3agonro go cmeptu ormerun [99], uro mpu
JBWDKCHHM 3eMJIM CKBO3b 3(HpP Ha €¢ MOBEPXHOCTH JOJDKEH HPHUCYT-
CTBOBaTh (UPHBINA BETEP, KOTOPBI COOTBETCTBEHHO MOJDKCH HM3MeE-
HATh CKOPOCTh CBETa, pacmpocTpanstomerocs B 3¢upe. K coxame-
HUIO0, OTMe4an MakcBem, BCe METObI U3MEPEHHSI H3MCHEHHS BpeMe-
HU TPOXOKJICHHS CBETA HA OTPE3KE MyTH TPEOYIOT BO3BPALICHHS CBE-
Ta B MCXOTHYIO TOUKY, MOSTOMY Pa3HHLA BO BPEMCHH OKA3BIBACTCS
3aBHCSAIICH OT OTHOLICHUS KBAaIPaTOB CKOPOCTEH 3(HpPHOro BETpa U
CKOpPOCTH CBETa, a 3TO OYCHb Malas BEIUYHMHA, M €€ MPAKTHYCCKU
HEIb3s1 H3MCPHTb.

Hecmotps Ha 310, B 1880r. A.Maiikenbcon paspadboran mpudop —
UHTEPPEPOMETP C ABYMSI MEPECCKAIOIIUMUCS ONTUICCKUMH MYTAMH, C
MOMOIIBIO KOTOPOro MOJAOOHBIC H3MEPCHHS CTATH BO3MOKHBIMU. O1-
HAKO OKa3anocCh, YTO IOIYYCHHBIC PE3YJIbTAThl HE COOTBETCTBYIOT
O’KHJACMbIM U OTKIOHCHUS HAXOAATCS B MpeIenax BEITUYMH OMUOOK
[100].

He yaosaerBopuBiunch pesynpraramu skcrepumenta 1881r. u B
CBSI3U C BBICOKOU YYBCTBHUTEIBHOCTHIO MHTEp(epoMeTpa K BUOpALIH-
oHHbIM nomexam, Maiikenscon 1886—1887rr. coBmecTHo ¢ mpodec-
copoM J.Mopnu mpoAOIKUI paboTy, CYIIECTBEHHO YCOBEPIICHCTBO-
BaB MHTEP(PEPOMETP U MOMECTHB €ro Ha MOILIABOK, HOTPYKCHHBIN B
PTYTHYIO BaHHY, 4eM u30aBuics ot Biausuus BuOpaumii [101]. Pe-
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3yIbTaThl BHOBb OBLIN MOJOKUTEIBHBIMU, HO OHH BHOBb HE COOTBET-
CTBOBAJIH OXKHIABLIMMCS, TaK KaK JaBajlHd 3HAYCHHE CKOPOCTH 3(Hp-
HOTO BeTpa, mo kpaitae mepe, B 10 pa3 meHbinee. BozHuk Bompoc o
MPUYHHAX TAKOT'O HECOOTBETCTBHS.

B 1892r. Ix.®@uipkepansaom u X.JlopeHIleM HE3aBUCUMO APYT
OT Apyra Oblia BhICKa3aHa THIOTE3a O TOM, YTO IPUYHUHON OTCYTCTBUS
CMELICHUST HHTCPPECPCHLUMOHHBIX TOJOC MOXET OBITh COKPALICHUE
mied uHTepdepoMeTpa NpU IBIKCHUH BELIECTBA IICY CKBO3b 3(HP:
MPOUCXOAUT AcopMarusl Hmonsg KaKIOro 3apsia, a MOCKONBKY BCE
CBSI3U B BCIICCTBE UMEIOT 3JCKTPHUCCKHHA XapaKTep, TO aTOMBbI cONu-
3aTcs (IIMPUHA TETa MPU 3TOM MPONOPLUOHAIBHO YBEaHIHUTCs). To-
raa ObLIO BBICKA3aHO MPEAIOIONKECHUAE O TOM, YTO Pa3NHIHbIC BELIe-
ctBa OyIyT, BEPOSTHO, MPETEPIEBATh PA3TMYHOE OTHOCHTEIBHOE CO-
KpalleHHE, a MO3TOMY MOXKHO OYAET YIOBUTh PAa3HULY B COKPAIUCHUN
JBYX CTCPKHCH, BBIMOJHCHHBIX M3 PasHbIX MarepuaioB (Obuim wmc-
MOJTB30BaHBI CTAllb U COCHOBasI ApeBecuHa). [IpoBepka 3toro ooOcTos-
TEMBCTBA HE MPUBENA K MOIOXKHUTEIbHBIM pe3yiabprataM. OgHako Obina
BBICKA3aHA MBICITb O TOM, YTO HEHPABUJIBHO MPOBOAUTH SKCICPUMCH-
THI B MOJBAJBHBIX KOMHATAX, IOCKOJIBKY MOBEPXHOCTHBIC CIIOU 3eMIIN
MoryT[25—27]3kpanupoBats 3QUpPHBIC TOTOKH, M YTO LEIECOOOpa3HO
MOJHSTh UHTEP(PEPOMETP HA OTAEIBHO CTOSIIYIO TOPY.

B 1905r. 3.Mopau u JI.K.Munnepom 3kciepuMeHTHI ObLIN MPO-
JO/DKEeHbI HAa EBKNMHMIOBBIX BeicOTax HA BhicoTe 250 M Hax ypoBHEM
Mopst. Peayaprar Opin TBepIO 3aMKCHpPOBAaH: MarHUTYAa 3(PHPHOTO
Berpa cocrasuina 3—3,5km/c [102].

Hanee paGoTs! 6b1u pogokensl npogeccopom . K.Munepom,
KOTOpBIA MOTPATH HAa MPOBEACHHE 3KCIEpHMEHTOB okono 40 rer,
3aBepmB ux B 1925r., monokuB mx B BaummHrToHCKoW akaieMuu
Hayk [103] u BeimycTuB coorBercrByrowmuii otuer [104] (puc. 2.1).
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Puc. 2.1. ®parmenTsl 3ammuceii d3¢upHoro Betpa rpymmoii JI.K.Musiepa na
rope Maynt Buicon B 1925T.

JKCIEPUMEHTHI TPOBOIIINCH B 0OcepBaTtopuut MayHT Buncon Ha
Beicote 6000¢yToB (1860M) ¢ momorupto GompImoro nHTEpPHEepoMeT-
pa. Muiepom u ero rpymnmnoii Obiia coOpaHa rpoMaHas CTATHCTUKA:
tonbko B 1925r. Geito BemosiaeHo 6omee 100 000orcueros. B pe-
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3ymbpTare ObIIO OOHAPYKEHO, YTO CKOPOCTh 3()UPHOrO BETpa HA ITOU
BBICOTE cocTaBisieT 0koao 10 km/c, a ero HampaBiaeHHE HE OpOUTAIIb-
Hoe, a ragaktuueckoe. C ydIeToM M3MEHEHHsI CKOPOCTH BETPa IO BbI-
core OBLI CAENAH BHIBOA O YACTHYHOM 3axBaTe 3(UpPHOro MoTOKa
3emei, 9TO BIIOJIHE COOTBETCTBYET CETOJHSLIHUM MPEICTABICHHUSIM
ra3oBOil JMHAMHUKH O 3aKOHOMEPHOCTSIX MOrPAHUYHOTO CII0Sl U 00 00-
TeKaHuH mapa (3eMIu) ra30BbIM TOTOKOM.

B pesyaprate pabor Mwumnepa, nmocraBusmero B 1905-1907u
1921-1925r. cepuio 3KCICPUMEHTOB C UHTEPHEPOMETPOM, YHACIIC-
JOBaHHBIM UM OT Maiikenbcona 1 Mopinu, BEISICHUIOCH, YTO HMECTCS
YeTKas 3aBUCHMOCTbh CKOPOCTH 3(PHPHOrO BETpa OT BBICOTHI, IPUUCM
HA MOBEPXHOCTH 3EMJIH, KaK 3TO U ObLj10 mokaszano B 1881u 1887rr.,
OTHOCHUTE/IbHASL CKOPOCTh 3()MPHOro BeTpa Mana u Ha Beicore 250 M
HaJ YPOBHEM MOps COCTaBIIsieT IpuMepHO 3 km/c, a Ha BeicoTe 1860m
—or 8 mo 10 km/c. Takum 0Opa3om, OTHOCHTEIBHASL CKOPOCTH dPup-
HOTO BETPA HAPACTAET C BBICOTOM.

B pesyabprare 0OpaboTku maHHBIX MUiiep HAIIET, 4TO HAIMPAB-
JcHue 3(UPHOTO BETPA TAKOBO, KAK €CAH Obl 3EMIIi B CBOCM JBHIKC-
HUH B HETIOABIKHOM 3(HPE MEPEMEIIATACh [0 HATPABICHUIO K 3BE3-
ae cosesmus Jlpakona (ckiaoHeHume +65°, mpsMoe BOCXOXKACHHE
262°). BeposTHas MOrpelIHOCTh B SKCTEpUMEHTaX Munnepa He rmpe-
BhImana 2°.

O momy4yeHHBIX pe3yabTaTax MIUep JONOKHI CIICHUAATbHON
koH(pepeHuun, coopannot 4—5 despans 1927r. B oOcepBaTopun Ma-
yaT Buncon [105], a 3arem onybiukoBan Ooabimyt0 0O30PHYIO CTa-
tpi0 B 1933r. [106].

[Monyuennsie MuiepoM pe3yabTaThl HAXOAITCS B ITOTHOM COOT-
BETCTBHU C TCOPHEH 0OTEKaHUS LIapa IOTOKOM rasa.

IIpu obtekanuu mapa raz oOpa3yeT MOrpaHUYHbIH CIOW, MPHYEM
OmKainye K MOBEPXHOCTH TENA CJIOU JBIDKYTCS BMECTE C TEIOM, a
OTJAJICHHBIC HMEIOT HEKOTOPYIO MPOMEXKYTOYHYIO CKOPOCTh, MpU
9TOM, HAYMHAS C HEKOTOPOTO 3HAYEHHSI, CKOPOCTh ra3a COOTBETCTBYET
€ro CKOpPOCTH B CBOOOAHOM mpocTpaHcTBe. MHaue roBopsi, morpaHmd-
HBIH CITON MMEET OIMPEACICHHYIO TOMIIUHY, ONPEACIICMYIO TapameT-
paMu u rasa, u mapa.
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B TOuKax ¢ kKoopAWHATAMH OTHOCHTETHHO LIEHTPAIBHONW OCH ra-
30BOTO MOTOKA Qorp = 109,6°norpaHHqHLn71 cioii orperBacrcs. Haunm-
Hasl C 3TOH KOOPAMHATHI, Ta3 JODKCH OBITh HEMOJBIKCH OTHOCHTEIIb-
HO IIapa Ha Pas3INYHOM OT HEr0 PacCTOSHUU BILIOTH IO OTOpPBABLIC-
rocsi ¥ MPOXOALICTO HA HEKOTOPOM PACCTOSIHUH OT IIapa MOrpaHuy-
HOT'O CIIOSI.

PaGoTbl aHanoruyHOro HarmpaBleHUs ObLTN MPOBEIACHBI M JPYTH-
Mu uccnegosaremsimu. Ha toit sxe kondepenuun P.Jlx.Kennemu co-
o01muI, 9T0, mocie Toro kak Muniep onmyOnuKkoBal CBOU PE3yIbTaThl
B 1926r., um, Kennenn, Obu1 mpuayman u pa3pabotaH APYrou mpu-
6op, boee mpoOCTOit, HO OONIAJAIOIINIA, [TO €0 MHCHHIO, YPE3BBIYANHO
BBICOKOH YYBCTBHTEIbHOCTHIO, coctaBusiuei 0,001 uaTepdepeHuu-
OHHOI1 TOIOCHI (XOTSI Pa3MBITOCTh KPacB MHTCP(PEPCHLIIHOHHBIX TTOJI0C
cocrasisier 10-20%! —B.4.). Ilpubop ObLn 3amakoBaH B repMETHY-
HBIF METaJNTMYCCKUN SIIMUK, KOTOPBI ObLt 3amonueH reiaveM. K Ha-
yary 1927r. npuGop ObLT OTIaKEH, U BCE SKCIICPUMEHTHI yKE ObLIN
npoBeacHbl. Hukakux pesynbratoB KeHHenm He momyumn, o 4eM u
JOJ0KUT HA KOH(epeHuuu. ITO OBLJIO UM KCTOJIKOBAHO HE KaK HE-
MPUIOZHOCTh €r0 MpUOOpa, THIATEIFHO HM30IHPOBAHHOIO Onaroaaps
METaJNTUYECKOMY SIIHAKY OT MPOHUKHOBCHHS 3(PHPHBIX MOTOKOB, a
KaKk OTCYTCTBHE B MpHpoAc 3GHUpPHOro Berpa. belnu u Apyrue aHamo-
THYHBIC MOMBITKH, HANPHMEP, MOABEM HHTEpdEpOMETpa Ha CTPaTo-
crare Hax bproccenem B 1926r. 3meck uccaenosarenu A.llukkap u
E.Ctasnp Toxe 3aKynOpHIN NPHOOP B METATLTHYCCKUH SIIMUK. Pe3yb-
TaThl B 3TOM ciIy4yac ObLIH HeonpeaeaeHHbMu [97].

B 1929 r. A. Maiikeneconom comectHo ¢ @D.I'.Ilucom u
@ ITupcoHoM OBLTM MOBTOPCHBI SKCICPUMEHTHI MO OOHAPYKCHHIO
a¢uproro Berpa [107, 108],Ha 3TOT pa3 BMIOJHE YCICHUIHO 3aBEp-
LIMBIIHMECS. HA TOH k€ BBICOTE B oOcepBaTopun MayHT Buncon umu
OBIIIO MOTYYCHO 3HAYCHUE CKOPOCTH BeTpa 6 kM/c. YMCHBIICHUE CKO-
POCTH TIO CPaBHCHHIO C JAaHHBIMH Muuiepa Jerko oOBSICHSIETCS TEM,
4yT0 B oTIHuue oT Muiepa MaiikenbCOH MPOBOJMI SKCIEPUMCHTHI B
(yHIaMEHTATIBHOM JOME, CTCHBI KOTOPOTrO HECKOJNBKO CHH3HIU CKO-
POCTh 3HUPHBIX TTOTOKOB.
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Takum 00pa3oM, HET OCHOBaHHWI CUMTATh «TBEPIO YCTAHOBJICH-
HBIM» OTCYTCTBUE B IpUpoAc 3pHUpa HA OCHOBAHHUHU PE3YIbTATOB KC-
MEPUMEHTOB, poBeAcHHBIX B 1881u 1887rr. HaoOopot, 3T padoTH!,
U B OCOOCHHOCTH, paboThl Mumiepa, OonpeaeneHHO FrOBOPST B MOIb3Y
CYLIECTBOBAHUS 3(Hpa, a HCONPEACTCHHOCTh KPATKOBPEMEHHBIX MPO-
BEPOK APYTMMH aBTOPAMH MOYKHO CKOPEE OTHECTH K HE TINATEIBHOMN
MOJrOTOBKE SKCIIEPUMCEHTOB, YEM K KAKHM-THOO TOKa3aTeIbCTBAM.

HHaTepecHo orMmeTnTh, 4TO MMIUIEPOM TOMYYEHO HamIpPaBIICHHE
3(upHOro BeTpa, HE COBHAAAOIICE C OXKUAAEMBIM B TLIOCKOCTH OpOU-
toi 3emiu BOkpyr Comnma. Ero pesyapratel OTpaskaroT Aake HE
cronbko asrwkenne 3emian BMecte ¢ ConnueM u [Mamakrukoit B Mupo-
BOM HPOCTPAHCTBE, CKOJBKO ABIDKCHHE S(UPHBIX NMOTOKOB BHYTPH
lNamaxrukn.

B 1929-1933rr. MaiikenscoHoM u ero cotpyanukamu (Maii-
KeabcoH yMep B 1931r.) ObLT MOCTaBICH KCIICPUMEHT B YaCTHUHOM
Bakyyme. CKOpOCTh CBeTa HM3MEPsIach B JKCIC3HOW TPyOe ATHMHOMN
1600m u auamerpom 1 M, pacnonoxkennoi Ha Maynt Buicon. Bos-
OyX U3 TpyOsl ObL1 oTka4yaH. BausHus s¢upHoro Berpa oOHapyKEHO
HE OBLIO, YTO U HE YOUBHUTENBHO, MOCKOIBKY METAUIBl 00NaIaroT
OCOOCHHO BBICOKMM 3(UPOJUHAMUYCCKHIM CONPOTHBICHUEM U Ke-
ae3Hbie TPYOBl 3KpaHUPYIOT 3ddekT. C TakuM Ke YCIEXOM MOKHO
MBITAThCS U3MEPSITh BO3AYIUHBIA BETEP, AVIOIIUI Ha yiuIle, NproOo-
POM, PacrOIOKEHHBIM B 3aKYITOPCHHOW KOMHATE.

B 1958-1962 rr. rpymma aMepHKaHCKOrO HCCIIeIOBATEIS
U.Taynca, wn3oOperaTenst masepa, MBITAIACh H3MEPHTh CKOPOCTh
3(UpHOTrO BETpa C MOMOIIBIO JBYX Ma3epoB, PACIOIOKEHHBIX HA MO-
BopoTHOoH mardopme. Ilpeamonaranocek, 4To 3QUpPHBINA BETep AOI-
JKEH, YCKOPSISI CBET, M3MEHATh YACTOTY NMPHUHHMACMOTO H3TyYCHUS.
Addekra monyueHo He OBLIO, YTO MO3BOIKUIO ABTOPaM OOBSIBUTH 00
OTCYTCTBHH 3(HUPHOTO BETPa B IPUPOJE.

VYka3aHHBIH SKCHEPUMEHT COAEprKan rpydeiimyro ommoky: s¢hup-
HBII BeTep MOT ObI M3MEHUTH (pa3y CHUTHana, HO HUKAaK HE €ro 4acTo-
Ty, TIOCKOJBKY JOIUIEPOBCKUI 3P (EKT ¥ B3AUMHO HEMOABIIKHBIX HC-
TOYHUKOB KoneOanuii (Ma3epos) u mpreMHuKa (MHTEP(EPCHIHOHHON
KapTUHKM) BCETAA M MPUHLIUITHAATBGHO PABEH HYJIIO.
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B [98] ommcanbl mepednCIiCHHBIC SKCICPUMEHTHI U IOCTABJICH
BOMPOC O HEOOXOAMMOCTH BO3BpaTa K MPOOIEME CYLICCTBOBAHUS B
npupozae 3(UpHOro BeTpa.

B Hacrosmee Bpems psimoM HcciIeIOBaTeNcii B MHULIMATHBHOM
MOPSIIKE TPOBOAATCS pabOThl MO HCCICAOBAHUIO 3(QUPHOro BeETpa.
IJtu paboThl BHIMOIHSIOTCS C HCHONb30BaHHEM 3(PGEKTOB MEPBOro
nopsiaka (3ddexT mpomopiroHanieH MEPBOW CTENCHH OTHOLICHUS
CKOpocTH 3(HUPHOrO BETpa K CKOPOCTH CBETA) — M3MEpPCHHs (ha3bi
CHUTHANA B PaJHOAMANa30He U U3MEPEHHS OTKIIOHCHUS JTy4a J1azepa OT
€ro CpPEIHEro MoNoKeHus. Pe3ynpraTel 3THX paboT NOATBEPIUIN HA-
auuve 3()UPHOrO BETpa AAKE HA MOBEPXHOCTH 3EMJIM, OJHAKO OHU
MOKa HE MOKOJICOATH CTOPOHHUKOB TCOPHH OTHOCUTETbHOCTH.

B 1998-200Zr. B Xappkose B MHCTHTYTE paariodH3UKH U IJICK-
tporrkn HAH Vkpannsr H0.M.['anaeBbiM ObLT BBIIONTHEH KOMILICKC
HCCIICIOBAHMI CHAYANA MO BIMSHUIO METEOPOIOTHUCCKUX YCIOBUH Ha
pacnpocTpaHeHUE PaJroBOIH 8-MIIUTUMETPOBOIO Juamna3oHa Ha Oase
13 kM, a 3aTeM MO HEMOCPEACTBEHHOMY BIIMSIHUIO 3QHUPHOrO BETpa Ha
pacnpocrpancuue ceera [109]. [Tpu 3ToM OBIIH BBEISBACHBI CYTOUHBIC
u roxosbic Bapuanmu. OOpaboTKa pe3ynpTaTOB MOKa3ajga MPaKTHYC-
CKH TIOJNIHYIO KOppemsiuio ¢ pesynsratamu Mumiepa 1925r. (puc.
2.2,2.3).

Taxum 00Opa3oM, OCHOBaHHUH, IS TOrO, YTOOBI CUUTATH OTCYTCT-
BHC 3(QUPHOr0 BETpa SKOOBI MOATBEPIKICHHBIM SKCICPHMEHTAIBHO,
Hetr. HaoOopot, mpoBeneHHBIC SKCIEPUMEHTHI SICHO MOKAa3alH, YTO
3(UpHBIA BETEP CYLIECTBYET, YTO OH HAPACTACT C BBICOTOH M YTO OH
HMEET ranakTU4ecKoe, a He OpOUTANbHOE HAIPaBICHUE. JTO O3HAYA-
€T, 4TO paboTH MO 3(PUPHOMY BETPY JOKHBEI OBITH MPOJODKCHBI, B
YaCTHOCTH, C NMPOBEACHHEM HSKCICPHMEHTOB HAa BEPIIMHAX TOp U B
KOCMOCE C MIOMOIIBIO CITyTHUKOB.

Uro paxyt uaMepeHus 3QHUPHOro BeTpa Uil HAYKA U MPAKTUKA?
Hns Hayk OHH JagyT BO3MOXKHOCTh 3HAYUTEIBHO OOJIce MOTHBIX
MPEACTABICHUI O Mpoleccax, MPOTEKAIOMUX B OKOIO3EMHOM IPO-
cTpaHcTBe, mpoucxoasumx B ConHeuHol cucreme u B ['anakruke, u,
HakoHell, 00 ycrpoiictee BeenenHoit B memom.
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Puc. 2.3. 3aBucuMocTh CKOPOCTH 3QHPHOro BeTpa OT BbICOTHI HaJl 3eMHOIl

IMOBEPXHOCTHIO:

1) skcnepuments: FO.M.I'amaeBa mo pacmpoctpanenuio cseta [109]; 2)

skcnepuMenTsl F0.M.T'anaeBa mo pacupocTpaHeHHIO paJHoBONH 8-Mu MM jauamazona [109]; 3)
skcnepumenTsl J[.K.Muutepa [102-105]; 4pkcnepumentst A..Maiikembcona (1929) [107, 108]



44 T'naea 1.

Hns  mpakTUYecKMX LeNeH CHCTEMAaTH4eCKOE HCCICIOBAHHE
3(UpHOrO BETpa B OKOJIO3EMHOM H 00Niee OTAAICHHOM MPOCTPAHCTBE
MO3BOJIUT CBOCBPEMCHHO OOHAPYKHMBATh M YUUTHIBATH BIUSHHE KOC-
MHUYCCKUX (aKTOpOB Ha mpouecchl, mpoucxomsmue Ha 3emue. Ilo-
CKOITBKY BcE 0€3 MCKITIOUYCHUS MPOLECCH MHEPLUOHHBI, TO IO COCTOS-
HUIO MapaMeTpoB 3(Hpa — €ro IJIOTHOCTH, BS3KOCTH, TEMIICPATYPHI,
N3MCHCHUSIM HaHpaBJ’ICHI/Iﬁ U CKOpPOCTHU 3(1)I/IpHI>IX IIOTOKOB B OKOJO-
3EMHOM MPOCTPAHCTBE MOXKHO CO BPEMEHEM HAYYHTHCS MPOrHO3HMPO-
BaTh OyAYIOHE 3EMHBIC MPOLECCH. JTO B CBOKO OYEPEIb IMO3BONUT
CYIMCCTBCHHO COKPATUTh MHOTYC HCTATUBHBIC IMOCICACTBUS KOCMUYC-
CKOro BJIHUsSIHHA Ha 3CMJ'IIO, a BOBMOXHO IPCAYIPCAUTD NN HAXKE
MOTHOCTBIO UX U30CXKATE.

Buieoowi

1. Konueniust 3¢upa COMPOBOXKIACT PA3BUTHE SCTCCTBO3HAHUS
OT APCBHEHINUX BPEMEH OO0 HACTOAIICTO BpPeMEHU. Pa3paboraHHBIC
Pa3IUYHBIMKA aBTOPAMH KAPTHUHBI MHpa U Pa3IudHbIC (Pusuveckue
TEOpPUHU A0 Hayana XX CTONCTHS MPABUJIBHO MPEAMONAraan CYIIECT-
BOBAHUE B MPHUPOJC MHUPOBOU Cpeabl — 3(upa, SIBIISFOMETOCS OCHOBOMI
CTPOCHHS BCIICCTBA M HOCHUTEIICM SHEPruu (PU3HMUCCKUX MOICH U
B3aUMOJACHUCTBHI.

2. Heynaun MHOTOYHCIICHHBIX aBTOPOB TEOPHIA, MOACICH U THIIO-
Te3 3¢upa ObLTH MPEIOMPEACICHBI OIUOOTHBIM METOUICCKUM MOA-
XOZOM 3THX aBTOpOB K mpobieme 3dupa. B coorBercTBHM € 3THM
MOIX0J0M CBOMCTBA 3(upa HE BHIBOAUINCH U3 PE3yIbTATOB 0000IIIe-
HUs HAOMIOACHUM PeajabHON JCHCTBUTEIBHOCTH, a MOCTYIMPOBAIUCH
U UACATU3UPOBAIIUCH, YTO HEM30SKHO BEIO K mpoTtuBopeunsim. OxHa-
KO 3TO OOBSCHSICTCS, B TICPBYIO OYEPEIb, TEM, YTO CCTECTBO3ZHAHUEC HE
MPOILIO CTAANKM HEOOXOAMMOr0 HAKOILICHHS (PAKTOB, OTCYTCTBOBAIU
ra3oBas JUHAMHKA U JAHHBIC 00 3JEMCHTApHBIX uyactunax. U to, u
JIPYroe MOsSBUIOCH JIMIIb K cepeauHe XX CTOJACTHS, KOrjga Obuiu aj-
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MUHHCTPATHUBHO MPEKPALICHBI BCSIKHE HUCCICIOBAHUS MO TCOPHH dPH-
pa.

3. Ykopenusmuiics B XX B. hCHOMCHOJIOIMUYSCKUN MOIX0A K (u-
3WYECKUM SIBIICHHSIM, CBSI3aHHBIN, B YACTHOCTH, C BHEAPCHHEM B TEO-
PETUUECKYIO PU3UKY TEOPUU OTHOCHUTEIBHOCTH U KBAHTOBOU MEXaHU-
KH, MPHUBEI K OTKa3y OT KOHUEHIMH >(Upa U, KaK CICACTBUE, K UTHO-
PUPOBAaHUIO BHYTPCHHUX MEXaHH3MOB SIBICHUH, K MPEHEOPEKCHUIO
BHYTPCHHHUMH JBIDKCHHSMH Matepui. Pusmueckue sBICHUS CTaId
OOBSCHATBCS KaK PE3yIbTaT MPOCTPAHCTBCHHO-BPEMEHHBIX HCKa)e-
Huil. [Ipu 3ToM oThenbHBIC CBOICTBA 3IEKTPOMATHUTHBIX B3aMMO-
JEUCTBUM, B YaCTHOCTH, KBAHTOBAHHUE JDJIEKTPOMArHUTHOW JHEPTUH,
CKOPOCTb CBETA, MCKYCCTBEHHO M HEONMPaBAAHHO OBLIH pacrpocTpa-
HEHbl Ha Bce 0e3 MCKIIOYCHUsT (PH3MYECKUE B3aMMOJCHCTBUS, BKIIO-
Yasi SIACPHBIC M IPABUTALIMOHHbIC. TaKkoi MOAX0A YCTAHOBHI HpEac B
MO3HABATEIBHBIX BO3MOXKHOCTSIX YETOBEKOM MPUPOIBI.

4. CoBpeMeHHasl TeopeTHieckasi (U3KMKa BBIHYKACHA KOCBEHHO
BBOIUTb IOHSATHEC MHUPOBOH cpeasl MOA HA3BAHUSIMH <(DU3HUCCKUIT
BaKyyM», «I0Ji¢ — OCOOBIA BUJ MATCPUU» W T.II., n30eras Ha3BaHUS
«a(pup» Kak SKOObI TUCKPEAUTUPOBABIICE ceOsl, MPOSBIISSL TEM CAMBIM
HEMOC/ICI0BATCIBHOCTh B CBOCH (hrI0CcO(CKOI OCHOBE.

5. CoBnaseHe MOMYUCHHBIX SKCIICPUMEHTATBHBIX PE3YJIBTATOB C
pacyeTHBIMU N0 (OPMYIIaM TEOPHH OTHOCHUTEIBHOCTH M KBaHTOBOU
MEXaHHKH HE O3HAYACT CIPABCIIUBOCTH YKA3aHHBIX TCOPHH, TaK KakK
MOJOOHBIC JKE YUCICHHBIC PE3YIbTAThI MOT'YT ObITh MOJTYYCHBI HA CO-
BEPLICHHO MHBIX OCHOBAaX, HANPHMEP HA OCHOBE 3aBHCHMOCTCH ra3zo-
BOW MCXAHHKH, BBITCKAIOIINX W3 MPEICTABICHUN O CYIIECTBOBAHUH B
npupoae >¢upa, oONaJarOIIEro CBOMCTBAMH OOBIYHOTO PEATBbHOrO
rasa.

6. DKcrepuMEHTHI IO OOHAPYKEHHUIO «(UPHOTO BETPa», AaBIIHE
OTPHLATEIBHBIN PE3YAbTAT U SBUBLINCCS OCHOBOH TSl YTBEPIKACHUS
00 oTCyTCTBHH B MpHPOAE 3hupa, ObLITN MOCTABICHHI THO0 METOANYE-
cku HesepHo (U.Tayne, 1958-1962)1m60 nHCTPYMEHTAIBHO HEKOP-
pexrao (Kenneau, 1925-1927 Unmuursopr, 1926—1927 ITukkap u
Crasne, 1926).PesyapraTsl 3THX SKCIEPUMEHTOB HE JAIOT OCHOBAHHI
JUTSL OJHO3HAYHOT'O BEIBOJAA 00 OTCYTCTBHH B Ipupoae 3¢upa.
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7. VImerotcst TpsiMbIe SKCIIEPUMEHTAIBHBIC 10KA3aTebCTBA, CBU-
JCTEIBCTBYIOIINE O HAIUYHAN B OKOJO3EMHOM IPOCTPAHCTBE <Adup-
HOro Berpa». Jtu aanHbic moay4eHsl Mopiu (1901-1905) Muse-
pom (1921-19251 Maiikensconom (1929).PesyabraTel ux ucciaeno-
BaHHUI CBHICTEIBCTBYIOT HE TOJIBKO O (haKkTe CYLICCTBOBAHHS B IPH-
poae 3¢upa, HO u 00 ero ra3omogoOHON CTpykType. B Hacrosiuee
BPEMsI BBITIOTHCHBI HOBBIC YCICUIHBIC MOMBITKH U3MEPCHUS d(PUPHOTO
BETPa, M CO3JaHBl BBICOKOYYBCTBUTEIbHBIC MPHUOOPH 1-ro mopsiaka,
MO3BOJISIFOLIME TTOCTABUTH MUCCICAOBAHUs S(DHMPHOrO BETpa HA KavecT-
BEHHO 00JIee BBICOKHI YPOBCHb.

8. HeoOxoamMoCTh MPOBEACHUST CHCTEMATUICCKUX UCCICA0BAHUI
3(HUPHOrO BETPa B OKOIO3EMHOM MPOCTPAHCTBE, KPOME OOIICITO3HA-
BATEIbHBIX LICNCH, CBSI3aHA U C MPAKTUYCCKUMH 3aJa4aMH, IOCKOIbKY
BCE BJIMSHUSI KOCMOCA HA 3eMIIIO POXOAAT YePe3 OKPYKAIOMHN 3eM-
750 3¢up. YUuThIBass HHEPLUHOHHOCTh BCEX MPOLIECCOB BOOOILE, CHC-
TEMATHICCKUE UCCICAOBAHMS COCTOSIHUSI MApaMeTpoB (hupa B OKOJIO-
3€MHOM MPOCTPAHCTBE — IUIOTHOCTH, JABJICHUS, BSI3KOCTH, TEMIICPa-
TYpPbI, CKOPOCTH ¥ HAIIPABJICHUS MTOTOKOB U JP. MOKHO OYAET HapsIy
C YK€ M3BECTHBIMH APYTMMH METOJAMH HMCIONB30BaTh ISl CO3JAHMS
3(h(eKTUBHOI CHCTEMBI MPOrHO32 MHOTHX 3EMHBIX COOBITHH, ITEPBO-
MPUYUHON KOTOPBIX SIBIISTFOTCS KOCMHUYCCKHE BIMSIHUS. JDTO MO3BOJHT
MHHAMH3HUPOBATh HETATHBHBIC MOCICACTBUSI TAKUX BIUSHHH, BKIIFO-
Yast MHOTHE TIPHPOAHBIC U TEXHOTCHHBIC KATACTPOQHI.
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NnaBa 2. MeTogonornyeckue oCHOBbI 3u-
POAVHAMUKMU

Hayxka, 3a1a4a KOTOPOI COCTOUT B TIOHUMAHIH TIPUPO/IBL,
JIOIDKHA HCXOJIUTH U3 IIPEIION0KEHHUS BO3MOKHOCTH 3TOr0
TIOHUMAHWSL ¥ COTIACHO 3TOMY ITOJIOMKEHHIO JOJDKHA JIENaTh
CBOM 3aKITIOUCHUSI U UCCITCIOBAHUS.
I Tenvmeonvy [1]

2.1. Bceobuwue hnsnyeckme MHBapuaHTbIl

s onpeAencHUsT OCHOBHBIX IMPHHIIMIIOB METOAOJOTHHU 3HUpPO-
JUHAMUKHU TIPEABAPUTENBHO HY>KHO OTBETUTHh Ha BOIPOC O LIETIAX €C-
TCCTBO3HAHMSA. Y TOUHCHHUE IICIHM CCTCCTBO3HAHMS HCOOXOAMMO, B 4a-
CTHOCTH, IOTOMY, YTO TOT WJIX MHOM OTBET ONMPEAEISIET B 3HAYUTEIb-
HO CTEIICHU caMy METOIOJIOrHUIO [2].

M3BecTHB BBICKA3BIBAHMS, KOIAA LICIK €CTCCTBO3HAHUSA OOBSB-
JS7aCh BO3MOXKHOCTh HPUKJIATHOTO HMCHOJIb30BAHUS HOBBIX 3HAHUU.
CyecTByrOT MHEHHUSI 00 OMMCATEIBHBIX LEISIX HAYKH, HAPUMEP O
MOJIYYEHUH MAaTEMATHYECKUX 3aBUCHUMOCTEH, 3SKCTPAIOJIMPYIOMNX
MOJTyYCHHBIC IKCIICPUMEHTATBHBIC PE3YIbTaThl U OOBSIBISCMBIX JAICC
3aKOHAMH MaTEPUAIbHOTO MHpA.

OxHaKo €CTh OCHOBAHUS YTBEPKAATh, UYTO MEPCUNCICHHBIC BBILIC
MHEHUS SBJISIIOTCS, C OAHOW CTOPOHBI, KpaHUMH, C APYroil — SIBHO
HCAOCTATOYHBIMU. B caMoMm fese, TpakToBKa MParMaTHUCCKUX IICICH
HAayKH B LIEJIOM M OTJAEJIbHBIX €€ HAIIPABJICHUM Kak MEPBOOYEPEAHBIX
U €IUHCTBEHHBIX, & HE KOHEUYHBIX HEMHUHYEMO MPUBOJUT K TOMY, UTO
COOCTBEHHO MO3HAHUC MPUPOJBI OTOJBUIACTCS HA BTOPOH ILIaH WM
CHHUMAETCS COBCEM, B PE3YJIbTATE YETrO U MPUKIATHBIE JOCTHKEHUS
OKa3BIBAIOTCSl MOBCPXHOCTHBIMH W CiaydadHbIMU. Kak mokassiBact
ONBIT, HAWIYYIIUE MPAKTUUECKUE PE3YIBTATHI JEXKAT HA CTHIKE HayK,
Ka3a/10Ch Obl, HC UMEIOIINX OTHOIICHUS K MOCTABICHHOMN MPHUKJIAHON
3amadye. 10 TPeOYeT AOMOIHUTCIBHBIX YCUIHH, H, CIACIOBATCIBHO,
peanpHas MakCUMaJIbHAS OTAAa4a HAYKU HAXOIUTCS B MPOTHUBOPEUHNH C
ujeei OBICTPOro MONMYUCHUS IIPUKIIAJHOTO PE3YIbTATA.
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Maremarndyeckoe KONMMYCCTBCHHO-()YHKIIMOHATIBHOE —OMKCAHHE
SIBIICHUN OKA3BIBACTCS MOJIC3HBIM, 4 B HEKOTOPBIX CIy4asx U HE0OXo-
JUMBIM YCIIOBHEM IIONYYCHHS NPHUKIATHBIX PE3yIbTaTOB, & TAKXKe
npeackasanus HOBBIX 3¢ ¢ekToB u sBreHnid. OgHako, yuutbiBas Oec-
KOHEYHOE pa3Ho00pa3ue KayecTB U CBOWCTB KaXKIOTO0 MATEPUATBHOTO
Tena, MOKHO YTBEP)KIATh, YTO JIOOOE MATEMAaTHYCCKOE ONMKCAHHE
€CTh BEChbMa Y3KOC U OJHOCTOPOHHEE OTOOpaKEHUE peanbHOU AeiCT-
BuTenbHOCTU. [Ipu 3TOM: 1) HET HUKAKOW rapaHTHH B TOM, YTO MaTe-
MaTHYECKasl 3aBUCHMOCTh OTPAXKAECT BCE CYIIECTBCHHBIC CTOPOHBI SIB-
JIeHHsI; 2) HET TapaHTUH, YTO MOCTAHOBKA HOBBIX SKCIICPUMEHTOB BbI-
SIBUT KaKHUC-TNOO HOBBIC CTOPOHBI SIBJICHUH, MO0 caMa MOCTaHOBKA
HOBBIX 3KCIICPUMCHTOB OIMUPACTCS HA TC JKE MAaTCMATHICCKUC 3aBH-
CHUMOCTH, CIIEJOBATCIbHO, OTHOCHTCS K TOH € y3KOH 00NACTH sIBIC-
HUH, U3 KOTOPOH BBITEKAET U CaM IOTyIEeHHBIN paHee «3akoH». Takum
o0pa3oM, <@akoH» Bce BpeMs MOATBEprKAacTcs. BrIiATH ke 3a paMKku
HANICHHOTO OJHAKADI <3AKOHA» MPAKTUUCCKH YPE3BBIYAIHO TPYIHO,
TaK KaK B KQXKJIOM SKCHEPHUMEHTEC MMCIOTCS MOTPEIIHOCTH, OTKJIOHE-
HUS OT «XOPOLIO YCTAHOBJICHHOTO 3aKOHA» CIIHMCBHIBAIOTCS HA HHUX, a
Ka4eCTBCHHO HOBBIC SKCIICPUMEHTHI He cTaBsTcs. Ilomck HOBBIX 00-
JacTel OKa3bIBAETCA CIyYaiHbIM, a OKMAAEMBIM pE3yJbTaT HEOIpe-
JICTICHHBIM.

Kak npasumbao ykassiBan Makcsemn [3], maremartiueckue ¢op-
MYJIbI CYTh PE3YIbTAT YIPOLICHUS PEATbHBIX SIBJICHHUH,  UCIIOIb30Ba-
HUE MaTeMaTH4YeCKUX (OpMyN, HE MOAKPCIUICHHBIX (HH3UUCCKHUMU
MPEACTABICHUSMH, MPUBOAHUT K TOMY, YTO «... MBI COBEPLICHHO TC-
psieM U3 BHAY OOBSCHICMBIC SIBICHHS U MIOTOMY HE MOYKEM HPUHTH K
OoJiee MUPOKOMY MPEACTABICHUIO 00 WX BHYTPCHHEH CBSI3HU, XOTSI U
MOYKEM TMPEABBIYUCIUTD CICACTBUS U3 JAHHBIX 3aKOHOBY.

Takum oOpa3oM, HH MPUKIAAHAS, HH OMHCATENbHAS CTOPOHBI HE
MOT'YT SIBJISITHCS TTIABHOM LIENBIO €CTECTBO3HAHUSL.

Takoli wenbro AN €CTECTBO3HAHUS BOOOILIE, U (PM3UKH B 4ACTHO-
CTH, Ha BCEX 3Tamax W YPOBHAX Pa3BUTHS JOJDKHO OBITH BCKPBITHC
MIPUPOABI SIBICHUM, BBISICHCHUE MIPUYMH, TOUYEMY 3THU SBJICHUS IMECHHO
TaKye, a HE MHBIC U HET JIU B HUX KaKUX-TUOO KauecTB, MOKA CIIE He-
n3BecTHBIX. Ho Takoit moaxon TpeOyeT MOHMMAaHUs BHYTPEHHETO Me-
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XaHU3Ma SIBJICHUM, aHANIN3a MHPUYMHHO-CICACTBCHHBIX OTHOLICHUM
MEKIY MaTCpPHATbHBIMU OOpPAa30BaHUSIMH, YIACTBYIOUIUMH B H3y4ac-
MBIX siBICHUSX U d(dextax. BekpeiTHe 3THX CBS3CH M OTHOLICHUUN
MO3BOJISICT 0OBACHUMD SIBJICHUS, T.€. O0OBSCHUTD, IOYEMY 3TO SIBJICHUC
MMEHHO TaKOE€, a H¢ MHOC. BCKpBITHE BHYTPEHHUX CBSI3CH, BHYTPCH-
HUX JBIKCHHUI MATCPUH B SBJICHUSIX MO3BONISICT PACKPHITh CYI[HOCTH
SBJICHUI OOJICe MOJHO, YEM MPU HCIIOIB30BAHUH TONBKO BHEIIHEIO
onucanus. [Ipr 3ToM MOTyT OBITH YUTEHBI O0JNACTH PACIPOCTPAHECHUS
MOJIYYCHHBIX MATEMATHUYCCKUX 3aBHCHUMOCTECUH U CHOPMYTHPOBAHBI
JIOIYIICHHBIC MPUOIMKCHHSL. ITO AACT BO3MOXKHOCTh MPU HEOOXOAM-
MOCTH YTOYHHUTH MOTYICHHBIC 3aBUCMOCTH.

Beicieii sxe 1enbro pu3uky Kak OCHOBBI €CTECTBO3HAHUS JOJKHBI
CTaTh BBISBIACHUC OOIICH AT BCEX SBACHUN (DU3MUYCCKOU OCHOBHI,
00LIEro CTPOUTEILHOTO MaTepHaa sl BCEX BHAOB BEILICCTBA, CTPYK-
TYPHOU OpraHU3alUU MATCPHAIBHBIX 00pa30BaHUI HA BCEX YPOBHIX
MCPaApPXUUYCCKON OpPraHMU3alUyd MATCPUM U BBISBJIICHHE OOIICTO MEXa-
HU3Ma OCHOBHBIX (DYHIAMCHTAIBHBIX B3aMMOACHCTBUI MEXKIYy HUMU.
Ho mis Toro, 4To0ObI 5TO MOXKHO OBLIO CACIATH, HCOOXOAUMO CHAYAIa
onpeaeauTh BceoOmue PU3NMUSCKUC HUHBAPHUAHTHI, T.€. TC KATCTOPHH,
KOTOPBIE OCTAFOTCS HEU3MCHHBIMH IPH JIFOOBIX MMPEOOPA30BAHUSIX Ma-
TEPUATBHBIX CTPYKTYP U IPH JTFOOBIX MpoIieccax.

Kak wu3BecTHO, pe3ymbTaToM JHO00r0 SKCIICPUMEHTA SIBJISIFOTCS
COOTHOIICHUS MCSKIAY PU3NUCCKUMH BemuIuHaMmu. B 3aBucuMoctu ot
TOr0, KaKMe¢ M3 3TUX BCIMYMH CUMTAIOTCS IOCTOSHHBIMM, HE3ABHCH-
MBIMM HWHBApUAHTAMU, OCTAJIBHBIC BCIUYHMHBI, KOTOPHIC CBSI3aHBI C
MCPBBIMU COOTHOIICHUSIMH, MONIYYCHHBIMA B DKCIICPUMCHTE, OKa3bI-
BaIOTCS ICPEMCHHBIMH. B HEKOTOPBIX CITydasix BHIBOJBI U3 MOTO00HBIX
COOTHOIICHHUM OKA3bIBAIOTCSI CTOJIb BAXKHBIMH, YTO CYINCCTBECHHBIM
00pa3oM BIHSIOT Ha PA3BUTHE BCEI'O €CTCCTBO3HAHUS.

Taxk, B pe3ynbTaTe SKCICPUMECHTOB MO OMPEACICHUI0 MACChl Yac-
TULBI TIPY PUOMKEHUH €€ CKOPOCTH K CKOPOCTH CBETA MOTY4aCTCs
CJIO’KHAS 3aBUCHMOCTD, CBSI3bIBAIOIIAS HAMPSKCHHOCTD IMOJISI KOH/CH-
caTopa ¥ HANpPSHKEHHOCTh MArHUTHOTO IMOJISL, YepPE3 KOTOPBIC IpoJie-
TaeT YaCTHIA, C ¢ 3aPs,IOM, CKOPOCTBIO TOJICTA, PATUYCOM KPUBU3HBI
Tpackropuu U Maccoil [4]. IlpuHsTiHe B KauecTBC WHBAPHAHTOB Ha-
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MPsDKCHHOCTEH MO U 3apsiAa YacTHLBl MPUBOIUT K BBIBOAY 00 W3-
MEHYHBOCTH Macchl. QOJHAKO €CITU CHUHTATh HHBAPHAHTOM Maccy, TO
Ty JK€ 3aBUCHMOCTb MOXKHO HHTCPIIPETHPOBATH KakK OOHApPYKCHHE
3aBHCHUMOCTH 3apsiAa OT CKOPOCTH, Ha 4To OblIo ykazaHo bymem. Ec-
JM YYECTh, YTO MPHU NPHUONMKEHUH CKOPOCTH YACTHLBI K CKOPOCTH
cBera (CKOPOCTH PaCHpPOCTPAHCHHMSI DIICKTPHYCCKOrO IOJISL) B3aUMO-
JCUCTBHEC MEKAY YaCTHLICH U MMOJEM JO/DKHO YMEHbIIATHCS (IO aHa-
JOTUU C POTOPOM ACHHXPOHHOTO ABHUraTessl, OBIDKYLINMCS B Ocry-
IIIEM MArHUTHOM IIOJIC), TO Ta JKE 3aBHCUMOCTh JO/DKHA TPAKTOBATHCS
KaK 3aBUCHMOCTh KO3(QPHLMCHTA B3aMMOICHCTBUS MEXKIY 3apsKCH-
HOU YacTHUIIEH W MOJIEM NMPH HEU3MEHHOCTH 3apsga M Macchl. MoryT
OBITh W MHBIC UHTEPIIPETALIMH 3TOH 3aBUCUMOCTH.

B teopun oTHOCHTEIPHOCTH DHHINTEHHA 3a BCCOOIINE HHBApUAH-
TBI IPUHSATH CKOPOCTh CBETA U YCTHIPEXMEPHBIN HHTEPBA, B KOTOPOM
MPHUPALICHUS] KOOPOUHAT CBS3aHbI C IPHPAIICHUEM BPEMCHH 4Yepe3 Ty
JK€ CKOPOCTh CBETa. JTO, BO-TIEPBBIX, MOCTABHIO BCE BHIBI B3aUMO-
JEUCTBUM B 3aBHCUMOCTb OT CKOPOCTU CBETa, XOTS CKOPOCTb CBETA
€CTh BETHYMHA 3JICKTPOMATHUTHAS U HE UMEET HUKAKOTO OTHOLICHUS
HU K SIICPHBIM, HH K TPAaBUTALMOHHBIM B3aUMOACHCTBHSM, BO-
BTOPBIX, IPHBEIO K MPEACTABICHUSM 00 HCKPHUBICHHH HMPOCTPAHCTBA
U 3aMeieHus BpeMeHU. [IpsMbIM pe3yapTatoM 3TOro BHIOOpa WHBA-
PHAHTOB SIBUIIMCh W3MCHYMBOCTD MACCHl NMPH HU3MCHCHHH CKOPOCTU
TEI, U3BMEHEHUE HX Pa3MEpOB, SKBHBAJICHTHOCTh SHEPTHH M MACCHI U
T.. Ecriut GBI 3a BceoOlnue WHBapUAHTBI OBLTH BHIOPAHbI WHEIC BETIH-
YHHBI, TO U PE3yIbTaT ObLT OBl COBCEM HHBIM, U TCOPHS OTHOCHTEIIb-
HOCTH MMerna Obl COBCEM MHOM BuA [5].

W3 n310’keHHOro BHIHO, YTO K BHIOOPY MHBAPHAHTOB HY>KHO OT-
HOCUTBHCSL C OOJBIION OCTOPOKHOCTHIO. B CBsI3M C BO3MOXKHOCTHIO
MPOM3BOJa B BEIOOpPE HHBAPUAHTOB HeoOXoaAnMa pa3paboTka METO0-
JOTUYECKUX OCHOB JAHHOrO mpeamera. PaccMOTpyM OCHOBHEBIE Tpe-
OoBaHUs, IPEABSBIACMBIC K OOIIMM (DU3UUCCKUM HHBAPHUAHTAM.

OueBUIHO, YTO HA POIb BCEOOHMX (PU3MUCCKHUX WHBAPHAHTOB
MOTYT NMPETCHAOBAThH JIUIIb TaKHE (PU3UUCCKHC BEIUYHHBI, KOTOPHIC
MPUCYIIH a0COMIOTHO BCEM (PM3HUCCKHIM SIBICHUSM U, TaK MU HHAYE,
MPOSIBIISIIOTCST CYLIECTBEHHBIM 00pa3oM B IMOOBIX (OpPMax CTPOCHUS
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MaTCpUU HA JFOOOM €€ YPOBHE U IPHU JIFOOBIX BUAAX B3AUMOICHCTBHA.
3TI/I BC/IMYUHBI AOJIKHBI HNPUCYTCTBOBATH Ha YPOBHC OpraHU3aln
MaTCpUM B MPEAMETAX M BEIIECTBAX, B MOICKYJIAX, aTOMax, HJIEMCH-
TAPHBIC YACTHUIIBI, 4 TAKXKC HA YPOBHE TUTIAHET, 3BE3, rajakTuk u Bee-
JICHHOM B L[ENOM. JTO TpeOOBaHHE HEOOXOIUMO, TAK KaK OCHOBOM Ka-
JKIOTO MAKPOTIPOIECCa SIBIIACTCA COOTBETCTBYIOIIHA MHKPOIPOIIECC,
00YCIIOBNMBAOIIMIA  3aKOHOMEPHOCTH ~ Makpormporiecca. EauHCTBO
OpupoOabl 3aCTaBJ/ISICT U I MUKpPOMUPA, U A4 MaKpoOMHUpa HCKATb
BCCO6H.[I/IC HUHBApPUaHTBI, OTHOCUTCIIBHO KOTOPbIX U MOKHO OLCHUBATDH
JPYTHE BEIWYUHBI, IPUCYTCTBYIOIIUE B IIPOLIECCAX, SIBICHUAX U JKC-
MEPUMEHTAX. JTOT MOAXO] MPUBOAUT K HEOOXOAUMOCTH HCKaTh (hu-
SUYUCCKUC MHBAPUAHTHI TOJIBKO CPCAU BCIUYUH, NMPUCYTCTBYIOIUX Ha
Jr000M YPOBHE OpraHHM3alX MAaTCPUU M CYIIECTBCHHBIX AT THOOBIX
SIBIICHUU.

C 5TOll MO3UIINH TaKas BEMHIMHA, HATPUMED, KaK SJICKTPHYCCKUAN
3apsaa HC MOXKCT BBICTYIIATh B KaUCCTBC BCCO6H.[CFO (I)I/ISI/I‘{CCKOFO HH-
BapuaHTa, IOCKOJ/IBKY 3Ta KaTCropusd, pcajbHO HNPUCYTCTBYHOLIAA B
MHUKPOMHPE, HE TIPOSIBIIACTCS CYIIECCTBEHHBIM 00pa30M Ha YPOBHE Op-
TaHU3ALUHA MATCPUU B MOJICKYJIBI, BCIICCTBA, 3BC31bI, TAAKTUKH. Bo
BCAKOM CIydae, HAJIMYIKMC 3apSI0B BHYTPH ATOMOB M MOJICKYI HECY-
LICCTBEHHO IS (DPM3MUCCKUX B3auMOJACHCTBHI Ha 0OONEE BBICOKOM
cTyrneHu opranuzauuu. | paButaiust, B 4aCTHOCTH, BOOOIIE 0OXOAUTCS
0¢3 mpeAcTaBICHUI 00 3JICKTPUUCCKOM 3apsiae. Maio Toro, Jake Ha
YPOBHE 3JICMCHTAPHBIX YACTHUI[ KATCTOPHS DICKTPHUUCCKOTO 3apsa HE
BCCT/Ia UTPACT CYIICCTBEHHYIO POITh, TOCKOJIBKY UMCIOTCS YACTHUIIHI, ¥
KOTOPBIX 3apsif OTCYTCTBYET.

Ilo Tem xe npuinHaM B Ka4uCCTBC BCGO6H.[I/IX (bI/ISI/I‘ICCKI/IX HUHBaA-
PHAHTOB HE MOTYT BBICTYNATh XAPAKTCPUCTUKU OTACIBHBIX (hH3HUC-
CKUX SIBIICHUU WM OTACTBHBIX (JOPM MATEPUH, HAITPUMEP HapaMETPhI
(oToHOB cBeTa (MOCTOSHCTBO (hOpMBI (DOTOHA, TIOCTOSTHCTBO CKOPOCTH
€ro JBWKCHUS — CKOPOCThH CBETA, TPAMOIMHCHHOCTH PacpoCTpaHe-
HUS U T.IL.).

PaccmatpuBass HambGonee oOIIuE XapaKTEPUCTUKUA MATEPUH HA
Ar000M YPOBHE €€ OpPTraHU3aI[iH, MOXXHO KOHCTATHPOBATH, UTO IS
BCEX 3TUX YPOBHEH CYHMIECTBYIOT TOJIBKO YETHIPE ACUCTBUTEIBHO BCE-
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o0mye Gu3nueckre KaTeropuu. JTHUMH KaTCTOPHUSIMU SIBISIOTCS COO-
CTBEHHO MaTepPHsi, MPOCTPAHCTBO, Bpemsi. CyLIeCTBOBAaHUE MATCPUU
B MPOCTPAHCTBE M BO BPEMCHU CCTh ABHKEHHE MATCPUH, MPHYICM
JBIDKCHUE MEXaHu4Ieckoe [6].

JTO 3HAYHUT, UTO JI0Oble PusuvecKue s61eHUs HA HEKOMOPOM
YPOBHE Opeanu3auuu Mamepuu 00JIHCHbl C6OOUMBCS K MeXAHUKe.

B camom aene, 0 1r000M IPOUCXOASIIEM SIBICHUH MOYKHO CYAHTh
TOJIBKO B CBSI3U C TEM, YTO ITO SIBIICHUC MPOMCXOIUT C MATCPHCHi, a HE
HE3aBUCHMO OT Hee (BCE SIBIICHHMSI MAaTCpPHUAIbHBI), B MPOCTPAHCTBE
(BHE TpOCTpaHCTBA HE MPOMCXOAUT HUYETO) M BO BPEMEHH (BCE Mpo-
LIECCHI MPOTEKAOT BO BPEMEHH), 4TO camMo MO cede y»Ke O3HAYacT
askenue mMatepun. Kak crnipaBennmuBo 3amerun @.JHrensc, B Mupe
HET HUYEro, KPOME IBHIKYLICHCS MATCPHUH.

Kareropun marepru, mpocTpaHCTBA U BPEMEHH U MX COBOKYITHO-
CTH — JBIDKCHHSI SIBITFOTCSL OCHOBOH JJISI BCETO MHUPO3JaHUS. JTH Ka-
TErOPUU BCErJa JODKHBI CUUTATHCS MCXOAHBIMHU TPH PACCMOTPCHHUH
JTrOOBIX CTPYKTYp OpPraHH3aUdH MATCPHH, JFOOBIX MPOLIECCOB H JIO-
ObIX (hU3UYUCCKUX SIBACHUI TPUPOAb. VICXOAHBIC KATCTOPUU SBIISOT-
Csl TEM CaMbIM KaTErOPHSIMH apryMEHTaIbHBIMH, OHU HETIPCPHIBHBI, &
3HAYUT, JBIDKCHIE MATCPUHU B MIPOCTPAHCTBE M BPEMCHH HEIPEPHIBHO
U MOTYT MEHSTh TOIBKO (popmbl dTOro ArkeHus. OTcroaa BHITEKACT,
4TO YenouKka NPpUYUH U C1eOCMBUll HenpepbiGHa, Kaxcooe cledcm-
sue umMeem YemKy NPUYUHY U 68 CBOH) 0UepeOb S6/IAemcs NPUYU-
HOIl 01151 HoBbIX clledcmeuii [7].

INockospKy KaTeropuu MaTepuu, MPOCTPAHCTBA M BPEMCHU U UX
COBOKYITHOCTH — JABIDKCHHSI CITPABEIIUBBI ISl BCEX YPOBHEH OpraHm-
3alMK MAaTCPHH, HAYMHAsE OT BCENEeHHOM B LIETOM M KOHYASI DIICMCH-
TapHBIMH YACTHULAMH BEIIECTBA, HET HUKAKOTO OCHOBAHHMS IOJIAraTh,
YTO HA YPOBHEC OpPraHU3ALUHM MATCPUH OOICe TTyOOKOM, YEM <Qie-
MCHTAPHBIC» YACTHIB BEIICCTBA, OTH KATCTOPUU OKAXKYTCS HECIpa-
BCUTUBBIMHU. A 3TO 3HAYUT, YTO HA 6CEX YPOGHAX OPLAHUZAUUU MA-
mepuu Oelicmeytom OOHU U me jce (u3uuecKkue 3aKoHbl, CIcI0Ba-
TEIBHO, B MUKPOMHPE ACHCTBYIOT TC JK€ 3aKOHBI, YTO M B MAKPOMHUPE
U HUKaKUX «OCOOBIX» 3aKOHOB MHKPOMHPA, OTIHYAOLINXCS OT 3aKO0-
HOB MaKpOMHpA, HE CYILIECTBYET.
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Kax BceoOrue kateropun A BCEX YPOBHEH OpraHU3aI[H MaTe-
puu, COOCTBEHHO MaTepwisi, MPOCTPAHCTBO, BPEMS M JBIDKCHHE TEM
CaMbIM BBICTYMAIOT B KAYECTBE BCCOOIMUX (PU3MUCCKUX HHBAPUAHTOB,
HC 3aBUCSINUX HU OT KAKUX YACTHBIX (DOPM OpraHM3alud, YaCTHBIX
BHJIOB [IBIDKCHHSI WM YaCTHBIX siBiicHui. Ceq0BaTeIpHO, BCCOOIIHE
(hu3MUCCKUC MHBAPUAHTHI HE TOCTYJIMPYIOTCS, a OMPEACISMIOTCS Ha
OCHOBE 00OOIICHHUS BCEX U3BECTHBIX CCTECTBO3HAHUIO OMBITHBIX JAH-
HBIX, KaK 3TO W JO/UKHO OBITh MPU MATCPUATHCTUICCKOM IMOIXOAC K
M3YYCHUIO MTPUPO/IBL.

i mCcnonb30BaHMS WHBAPUAHTOB B PEATBHBIX 3aBHCHMOCTSIX
HY>KHBI COOTBETCTBYIOIINE MEPbl — CAUHUIIBI U3MEpeHus. B kauecTse
CAVHUI] U3MEPCHHUS MOTYT OBITh B3STHI CAMHUIIBI COOTBETCTBYHOIIUX
¢uzunueckux Benuyud. Hampumep, B kauecTBE MEPBI BPEMEHHU BBICTY-
MaeT COUHHUI[A BPEMCHM — CCKYHJQ, PaHCC OMPCACICHHAS Kak
1/24-60-6Qmoms CyTOK, a TMOIKE MPHUBSI3AHHASI K ATOMHOMY 3TaJIOHY
4acTOThl. B KadecTBE MEphl MPOCTPAHCTBA BHICTYIAIOT CAUHUIA IJIH-
HBI ¥ €¢ TIPOM3BOAHBIC (MEpHI TUTOIMAH U 00BbeMa). 3a CAMHUITY K-
Hbl TIPUHUMAJIMCh PA3IMYHBIC STAJOHBI, HO B HACTOSAIICC BPEMs 3a
enunuuny npuasT metp — 1/ 40.000.00@0ns qmuwsr [apmkckoro Me-
puAMaHa, BIIOCIACACTBHHU TAKKE MPUBS3AHHAS K ATOMHOMY 3TajIOHY.
CrpaBeqiMBOCTh BHIOOPA 3TUX BEIMYUH B KAYECTBE MCP BPEMCHH U
MPOCTPAHCTBA MOATBEPKACHA BCEM OITBITOM €CTECTBO3HAHUS. YTO
KacaeTCst MEpP KOJUYCCTBA MATCPUM U ABIKCHHS, TO 3/ECh HCOOXOAM-
MBI JTOTIOJTHUTCIBHBIC OTOBOPKH.

Ipsimoii MepBI KOMUYECTBA MATCPUHU 0 HACTOSIIETO BPEMEHH HE
HatigeHo. KoCBEHHOM, HO CTPOro mponmoprroHATBPHON MEPOA KOTHYC-
CTBa MaTEPUU B KIIACCHYCCKON (u3mke cuuraiack Macca. Teopus ot-
HOCUTEIBHOCTH, BHECS MOHATUC U3MEHIUBOCTH MACCHI CO CKOPOCTHIO,
TEM CaMBbIM MMOCTABH/IA IO COMHCHHE BO3MOKHOCTh HCIOIb30BAHUS
MaCChl KaK MEPhI KOJUYICCTBA MATCPHH.

[NpuHipnuaapHO Macca MOXKET OBITh TOJIBKO KOCBEHHOW MEpOi
KOJIMYCCTBA MATEPUU U MOXKET OBITh CBSI3aHA C KOJTMUYSCTBOM MATCPUU
HE NPsIMOH, a (PYHKIMOHANBHOU 3aBHUCUMOCTBIO, B KOTOPYIO BOHIYT U
apyrue BenuduHbl. QJHAKO BEPOSITHOCTh TOTO, YTO MHEPTHAST Macca
SIBJISICTCSI MHBAPUAHTHOW MEPOH KOMWYECTBA MATCpHUH, T.€. CTPOrO
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OpornopuruoHaibHa KOJIUYCCTBY MATCPUU, ropa3ao BBIIIC, UCM BCPO-
ATHOCTb TOrO, 4YTO Y I[BH)Kyn.[CﬁCH JacTULbl UHBAPUAHTHBI B3aWMO-
ﬂeﬁCTBHH 3apsaaa C SJICKTPUICCKUM U MAarHUTHBIMU TIOJISIMU, UCIIOJIb-
3YCMBIMU B SKCIICPUMCHTC.

B camom gene, CKOpOCTh CBETA €CTh CKOPOCTh PACIIPOCTPAHEHUS
3JEKTPOMATrHUTHOTO TOMS. 3apsii MMECT SNEKTPHUYCCKYIO MPHPOAY.
[TpubnrxeHne cKOpOCTH 3apsDKEHHOM YacTHLBl K CKOPOCTH Pacmpo-
CTPaHEHUs CHUJ, BO3JCUCTBYIOIIUX Ha HEE (a HAIpPsLPKEHHOCTA Mar-
HUTHOTO U 3JICKTPUYCCKOTO MOJEH SIBISIOTCS CHUIaMH, BO3ACHCTBYIO-
myuMH  Ha 3ap;1;[), HCMUHYCMO TPUBCACT K U3MCHCHUIO BCINYNHBI
B3anmoznercTeus. Ecam Gb1 wacTuma mMena CKOpocTh, paBHYIO CKOPO-
CTH CBETa, JJIEKTPUYECKOE IIOJE, MO KpalHEH Mepe, HAIpaBICHHOE
BJIOJIb TPACKTOPHH YACTHIIBI, BOOOINEC HE MOTJIO ObI BMSITH HA HEC.
CrenoBaTenbHO, B3aMMOJCHCTBHE 3apsia W HANPSDKEHHOCTH MPH
JBIDKEHUH YaCTHULBI TOKHO OBITh HENMMHEWHBIM. YUTO Kacaercs BO3-
JCHCTBUSL Ha MacCy, TO HEMOCPEACTBCHHOTO BO3JCHCTBHUS BIEKTPO-
MAarHuTHOrO mojid Ha MacCy A0 HACTOAIICrO BPCMCHU HC HaﬁﬂeHO.
KpOMC TOTr'0, U3BCCTHA U SKCIICPUMCHTAJIBHO MOATBCPKACHA CTpPOrast
HPONOPLIMOHAIBHOCTh MEXKy IPABUTALIMOHHON M MHEPTHOM MacCaMu.
Ho rpaBUTAIUOHHBIC BSaHMOI[CfICTBHH OTJINYAIOTCA II0 BECIUYHUHEC OT
SJICKTPOMArHUTHBIX Ha MHOT'O ITOPSIAKOB. 3TO O3Ha4vacT, 4TO rpaBuTa-
IIOHHOE B3aMMOAEIICTBHUE, a, CIECAOBATEIBPHO, U MAcCa MMEIOT JpY-
I'YIO GU3HYCCKYIO OCHOBY.

Taxum 00pa3oM, 0XKUAATH, YTO MACCA TACTULIBI MCHSICTCS IO MEPE
HpI/I6J'II/DKCHI/I$I CKOPOCTHU YaCTULBI K CKOPOCTU CBCTA, T.C. K CKOPOCTH
pacmpocTpaHEHUs] BIEKTPOMATHUTHOTO TOJsl, BOOOIIE TOBOpPs,, HET
HHUKAKUX OCHOBaHWU. Ecim ke Takoe M3MCHCHUC U MPOUCXOINT, (qTo
HC BBITCKACT U3 OITMCAHHOI'O BBIIIC OIIBITA, HO MOXXCT 6I:ITI: IpoOBCpC-
HO JPYTHM CIIOCOOOM, HApUMEpP ONPEACICHHEM KHHETHYECKOM SHep-
TUH OCTaHABINBACMOM Ila,(JTI/II_II:I), TO TOJIBKO 3a CUCT MPUCOCAUHCHUSA
K YJacTHIIE MAaTEepUU MacChl cpexasl, okpyxaromeil ee. Ilocneanemy
00CTOSATEIBCTBY €CTh ONPEICICHHAS aHAJOTH. HEPE] JCTAMHIM ca-
MOJIETOM OOpa3yeTcs YIUIOTHEHHAs BO3AYLIHAS IIOAYIIKA, KOTOpas
CO3JaeT €My HEKOTOPYIO IPUCOEANHEHHYIO MACCY, BIHSIOIIYIO Ha €r0
a’pPOAUHAMUKY.
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IMockonbky MHEPTHAS Macca SBIISCTCA KOCBCHHOM MEpO# KoIHue-
CTBA MATCPUH, TO MOXHO MPEAMOIONKUTh, XOTS Obl MPUHIMITHAILHO,
YTO BO3MOKHBI YCIIOBHUSA, TIPU KOTOPBIX OJHO M TO YK€ KOJMUYCCTBO Ma-
Tepuu OyJeT MMETh B HCOJMHAKOBBIX YCIOBUAX PA3NUUHYIO WHCPT-
Hyto (Tem Oosice, TPAaBUTAIHOHHYIO) MaCCy.

Uro kacaeTcss MEphI ABWKCHUS, TO 3[CCh M3BCCTHBI TAKKUC TPAIHU-
IMOHHBIC MEPhI, KaK KOIMYICCTBO ABMKCHUS (HETPAaBUIBHO Ha3bIBAC-
MO HMITYJIECOM) M SHEPTHsI, MHOTOKPATHO MOATBEPIKICHHBIC JKCIIC-
PUMEHTAITBHO M CHPABCIUBBIC JJIS BCEX TPOSBIICHUM U B3aMMOICH-
CTBHM C YUYETOM, CCTCCTBCHHO, SIBJICHHUM, MPOMCXOMSINUX HA BCEX
VPOBHSX OpraHU3aIMK MaTepuu. [ [puMeHEHME TOM MITH MHOW MEpPHI B
TOM WJIM MHOM SIBJICHHUHU 3aBHCHUT OT XapakTepa SBJACHU. 31eCh HEOO-
XOAMMO BCIIOMHHTH AHAITM3 JHTENbCA, U3 KOTOPOTO BBITCKACT, UTO
KOITMUCCTBO JABWKCHUS €CTh MEpPa JBHKCHUS OJHOTO HCPAPXUUCCKOTrO
VPOBHSI, a SHCPTUA €CTh MEPa JBIDKCHUS, HCOOPATUMO TIEPEXOIAIICTO
Ha TIyOMHHBIA YPOBCHb OPraHM3alUH MATCPUH, HATIPUMED, TPH CO-
yIApCHUHU HEYIIPYTUX T B TErioTy [8, ¢. 67—81].

Heo06x0auM0 OTMETHTh OMHO BaXKHCHINEE CBOMCTBO MHBAPUAHT-
HBIX BCITHYWH. Byayun n3HAUa bHBIMHU, 3TH BETUMUUHBI CTPOTO MO IUHU-
HAOTCS TpaBuiaM aaguTuBHoCcTH. OO0 3THX BEIMYMHAX HEIB3S TOBO-
PHUTH KaK O HCTHHCHHBIX, TAK KAK MMCHHO OTHOCHUTCIBHO HUX JOKHBI
MPOBOAMTECS U3MEPCHUS M OLICHKH BCEX OCTAmbHBIX BeauunH. Crie-
JIOBATEITBHO, HEIB3s PACCMATPUBATh UCKPUBIICHUC JTyYa CBETA BOIM3M
IPaBUTAIMOHHBIX MACC KaK PE3yIbTAT «MCKPUBICHUS» TIPOCTPAHCTBA,
a HY)KHO paccMaTpuBaTh (PU3UUCCKUI MPOIECC MCKPUBICHUS TPACK-
Topuy (DOTOHOB CBETA MO BO3ACHCTBUEM IPABUTAIINN WA B PE3YIib-
TATE APYTHX TPOICCCOB.

Henbas roBopuTh 0 3aMKHYTOCTH MPOCTPAHCTBA, CCHLTAsCh HA OII-
THYCCKUN ¥ TPABUTAIIMOHHBIN TIAPAIOKCH, 4 HY)KHO UCKaTh HCYUTCH-
HbIe usnucckue (HaKTOPBl B TEX PACCYKACHUAX, KOTOPBIC MPUBEITH K
MOSBJICHUIO ~ TIAPaJOKCOB M KOTOPBIC  HOCAT  abCTpaKTHO-
MaTEMATHUYCCKUI MICATM3UPOBAHHBIN XapakTep. ITH ABJCHUS TMOKa
YTO PACCMOTPCHHI HA CAMOM MPUMHTHBHOM YPOBHE, XOTS TPHUPOJAA
Jr000TO SBJICHUS CYIECTBEHHO CIIOMHEE.
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Henpss roBopuTh 0 AMCKPETHOCTH MPOCTPAHCTBA M BPEMCHH Ha
YPOBHE MHUKPOMHPA, TaK KAK JTUCKPETHOCTH JIFOOOH BETUYMHBI MOXKHO
ONPEAECIUTh TONBKO OTHOCHUTEIBHO APYroil aHANIOrOBOM BENMYUHBI, U
JUTst OOIeH MHBAPUAHTHOW BEITUYHHBI, SBJSIIOMICHCS MCXOMHOW IS
BCEX OCTAJIbHBIX, TAKOE HOHSITHE, KaK AUCKPETHOCTh, HE MOXKET CYIIIE-
CTBOBAThH MPUHIUITHATBHO.

IIpocTpancTBO M BpeMst BBICTYIAIOT HAPSIAY C MAaTCPUCH Kak 00b-
CKTHUBHBIC KATCTOPUH, HE 3aBUCSIINEC OT KAKUX-THOO YCIOBHIA U SIBJIC-
HUHA, B HUX MPOUCXOIIIX, OHH OTPAKAIOT BCIO COBOKYITHOCTH JBH-
JKCHUS MaTCPUU BO BCCH BCENCHHON Ha BCEX MEPAPXUUCCKUAX YPOBHIX
OpraHU3aINH MAaTCPUU U HC 3aBUCAT HU OT KaKUX 4acTHOCTCH. Bcro-
Iy, B ITIOOBIX (hOPMYJIBHBIX 3aBUCHMOCTSIX 3TH BEIMIHUHBI MOTYT BBI-
CTYIATh TOJBKO KAaK apryMEHTHI U HUKOTJa HE MOTYT SIBJIATHCS (PyHK-
uussMu 4ero Obl TO HU ObL10. CrienoBaTEIbHO, UCIIOIB30BAHUE ITPHH-
LUTIOB JUAICKTHYCCKOT0 MaTepuagn3Ma Ha BCEX YPOBHIX (u3mMUe-
CKOr0 MO3HAHUS HEM30CKHO MPUBOIUT K CBKIIMJAOBY MPOCTPAHCTBY U
OJHOHAIIPABICHHOMY HEIMPEPHIBAEMOMY BPEMEHH.

Bo Bcex ciaydasx Kakymuxcs «HETMHEHHOCTEH» MPOCTPAHCTBA U
BPEMCHH HYKHO HCKATh HCYYTCHHBIC TNTyOWHHBIC MPOLECCHI, B TOM
YUCJIC U HA YPOBHSIX OPTaHMU3AUU MATCPUH, OONee TIIyOOKHX, YeM
OpraHU3aLIs MATCPUU B «OJICMCHTAPHBIX» YACTHIAX BCIICCTBA.

Hanmuuwme BceoOmux GU3nIeCKUx HHBAPUAHTOB ISl BCEX YPOBHEH
OpraHU3ay MATCPUHM U CYIICCTBOBAHWC HEHPCPBHIBHOW IICMHU IPH-
YUHHO-CJICACTBCHHBIX OTHOIICHUN MCEXKAY YACTHBIMH SIBICHUSIMU,
TaK)KE OXBATBHIBAIOIIEH BCE YPOBHU OpraHU3aIMU MATEPUH, 3aCTaBIIs-
0T TOjarath, YTO HHUKAKUX MPCAMOYTHUTCIBHBIX MAaCIITa0OB MPO-
CTPaHCTBAa U BPEMEHH B MPUPOJAE HE CYIIECTBYET, U MMO3ITOMY Ha BCEX
VPOBHSAX OpPraHU3ALMH MATCPUU ACHCTBYIOT OJHU M TC K€ (huU3MUC-
CKUE 3aKOHBI M HUKAKUX «OCOOBIX» 3aKOHOB TS SIBJICHUI MUKPOMHPA
He cymecTByer. OTCI0qa BRITCKACT 0CO00C THOCCOMIOTMYCCKOE 3HAMC-
HHC aHAJIOTUH MEXKIY SBICHUSIMHI MaKpPO- 1 MUKPOMHUPA.

Anrmuiicknii usuk [Dx. Peneit (1842-1919)mpunasast Borpo-
caM aHaJIOrvi ¥ moJ00us B (PM3MICCKUX SIBIICHUSIX 0C000C 3HAUCHME,
TOBOPIUI IO 3TOMY MOBOAY: <« 4acTO YAUBISIOCH TOMY HE3HAUUTCITb-
HOMY BHUMAHHIO, KOTOPOC VACIACTCS BCIMKOMY NPHHIMMY <II0J0-
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Ous» Ja)ke cO CTOPOHBI KPYHHBIX yueHbIX. Hepeako cmywaercs, 4to
PE3yNbTaThl KPONOTIUBBIX HCCICAOBAHUI MPEMOTHOCATCS KaK BHOBb
OTKPBITHIC <GAKOHBI», KOTOPbIE, TEM HE MCHEE, MOXKHO MOJIYYHTH all-
PHOPHO B TCUCHHE HECKOJIBKMX MUHYT». B mpunmume mopn Pemeit
MpaBs, OAHAKO KKl pa3 HY»KHO 3HATh, KAKOH MMEHHO aHAJIOTHEN B
KaKOM CIIy4ae MOXKHO MOJb30BAThCSI, & KAKOW HETb3I.

OueBHIHOCTH MOTYUYCHHBIX PE3YIbTATOB BBISCHSCTCS, KAK IPABU-
710, TIOCTIC MIPOBEACHUS UCCICIOBAHUH, 4 HE IO HUX.

Uetpipe BceOOIMX WHBAapUAHTA. JOBWXKECHHE M TPU €r0 COCTAB-
JSIFOLOME — MATEpHsl, MPOCTPAHCTBO M BPEMs, OONaJar0T CEMbIO OC-
HOBHBIMH CBONCTBaMU:

— HaJIMYHEM BO BCEX CTPYKTYPAaX H SIBJICHUIX,

— COXPaHCHHEM TPH JTHOOBIX MPeoOpa30BaHMUIX;

— OecpeACIbHOM ICTUMOCTHIO;

— aJIUTHBHOCTHIO,

— IMHEUHOCTBIO;

— HEOTPAaHUUCHHOCTBIO,

— OTCYTCTBHEM KAaKUX-TUOO MPEANOYTHTEIBHBIX MACIITA00B HITH
MPCATIOYTHTENBHBIX OTPE3KOB.

N3 3THX CBOWCTB MHBAPHAHTOB C HEOOXOIMMOCTBIO BBITCKAIOT
CBOICTBA HAILIETO PEaIbHOTO MHUpA!

1) HEYHHUYTOKUMOCTh M HECO3JaBAEMOCTh MATECPUH, POCTPAHCT-
Ba, BPEMCHU H JBIDKCHUS;

2). eBKINIOBOCTD MIPOCTPAHCTRA,

3) paBHOMEPHOCTh TCUCHHST BPEMCHH;

4) GecripeaenpHas ACTUMOCTh MATCPHH, MPOCTPAHCTBA, BPEMECHU
U IBIDKCHUS,

5) mpuCyTCTBHE MaTepPUH U JBIKCHHS B TIOOOM, CAMOM MaJICHb-
KOM 00bEME IPOCTPAHCTBA,;

6) HEPEPBIBHOCTh MATEPUANBHBIX MMPOCTPAHCTBEHHBIX CTPYKTYP
(BKJIrOYAsl TOJIEBBIC) M MPOLIECCOB BO BPEMEHH (OKOHYAHHE OJHUX
MPOLIECCOB AaeT HAYAIO APYTHM IpOLeccam);

7) nepapxuueckasi OpraHu3auus MaTePHH B POCTPAHCTBE U MPO-
LIECCOB BO BPEMCHH,
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8) oanHaKOBOCTh (PU3MUECKIX 3aKOHOB HA BCEX YPOBHSIX OpraHM-
3aLH MaTCPHH;

9) oaMHAKOBOCTh (PU3UUECKMX 3aKOHOB BO BCEX TOYKAX IPO-
CTPaHCTBA M Ha TOOOM OTPE3KE BPEMCHH;

10) Cseaenue Bcex mporeccoB (BKIHOUAs BCE TaK HA3bIBACMBIC
(byHIaMeHTaIbHBIC B3aMMOACHCTBIUS) K MCXaHUKE — MCPEMCLICHUIO
Macc MaTEpPHH B IPOCTPAHCTBE;

11) Beckoneunocts 1 OecnpeaeabHOCTs BeenenHol B mpocTpas-
CTBE,

12) BeckoneuHOCTh 1 OecnipeaeabHOCTh BeeneHHO BO BpeMeHH;

13) IMocrostanstii (B cpeanem) Bux BeeneHHoi BO BCe BpeMeHa.

[Mpuamymmanero 1 GopMyaupoBaHus OOUMX (U3UUCCKUX WH-
BAPHAHTOB M BBITCKAIOIIUX M3 HUX BBIBOJOB MarepHaia ObLIO AOCTa-
TOYHO Ha Mr00OM 3Tare pa3BuTHs ectecTBo3HanHus. Ho amst stama 1o
Havana XIX crojerus 310 Obu1O HE akTyanbHo, B XIX cromerun yxke
ObLNa B 3HAYUTEIBHOU CTEIICHH YTpaucHa MATCPUATHCTHYECKAsT METO-
npogorust, a B XX crojerun Best pusmka oOparuiachk B uacamusM. Tak
WJIM MHAYEe, HO 3TOTO CACIAHO HE ObLIO.

BceoOurue huznueckine HHBAPUAHTHI CO3AAI0T 0a3y IS MOCTPOe-
HUSI MOZAETCH MaTepHATIbHBIX CTPYKTYP M MPOLIECCOB Ha JTHOOOM 3Tare
pasBUTHS CCTECTBO3HAHUS. JTO TeM Oolee akTyanbHO ceifuac, BO
BpPEMsSI OUEPEIHOTO KPH3HCA, NEPEKUBACMOrO CCTCCTBO3ZHAHUEM, H
3TOH BO3MOYKHOCTBIO HEOOXOMMO BOCIIONb30BATHCS.

W3 u3moKeHHOrO BBITEKACT CICAYIOLICE MPUHIMITMAIBGHOE MONO-
skeHue. Ilockompky B MUpe HET HUYErO, KpOME IBIDKYIICHCS Mare-
puH, Bce (pu3MUecKUE B3aUMOACHCTBUS HMEIOT BHYTPECHHHH MeXa-
HU3M U MOTYT OBITh CBEICHBI K MEXaHHKE, T.C. K IEPEMELICHUSIM MacC
MaTEpPHUH B MPOCTPAHCTBE M BO BpeMcHH. V3BECTHOE MONOMXKEHHE CO-
BPEMECHHOM TEOPETUUECKOH (PU3HMKH O TOM, YTO CYIICCTBYIOT YETHIPE
(yHIaMEHTATIBHBIX B3aUMOJACHCTBUS — CHIBHOC M Claboe siACpHBIC,
3JEKTPOMATrHUTHOE U TPABHTALMOHHOE, HE CBOAMMBIX APYT K APYTY,
BEPHO JHIOb B TOM CMBICIIE, YTO JPYT K APYTY OHU ACHCTBHTEIBHO HE
ceomsarcsa. Ho tak e, kak B cBoe Bpems ommubdasncs XK.Dypse, mona-
TaBIIWK, YTO TEMJIO NPUHAMICKHUT K 0COOOMY BHIY ABIKCHHS MaTe-
pun, He cBoaMOMY K Mexanuke (1822),a cycrst 50 ner JI.bonapuman
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MOKa3al, 4YTO TEIJIO — 3TO PAa3HOBUAHOCTb KMHETUYECKOr'O JBHMKCHUS
MOJICKYJ, TakK K€ OomudaeTcs M COBPEMEHHas (U3HUecKas Teopus,
MOJIAraroIasl, YTo yka3aHHbIe (YHIAMEHTAIbPHBIC B3AUMOACHCTBUS HE
MOT'YT OBITh CBEICHBI K MEXaHUKe. I3 pacCMOTPEHHBIX BHILIE BCEOO-
mux (U3NUCCKUX HHBAPHAHTOB HEMOCPEICTBCHHO BBITEKACT MX CBO-
JUMOCTh K MEXaHHKE, HO Ha YpOoBHE Ooliee rIyOOKOM, YeM CaMH 3TH
(dyHIaMCHTATIbHbBIC B3aUMOACHCTBHS.

2.2. MopenbHble (KayecTBEeHHbIe) mMpeacTaBneHus
CTPYKTYpP M NpoLEeccoB

BeisiBIcHHE BHYTPCHHETO MEXaHHU3MA JTIOOBIX SIBJICHUIH BO3MOXKHO
JUIOb B TOM CJIydae, €CIIN 3a CBSI3IMH M B3aMMOACHCTBUAMHU MaTEpH-
aJbHBIX O0pa30BaHMi, YYACTBYIOIIUX B HUX, MPH3HACTCS MPUHLIMIT
npudHHHOCTH. llocKonbKYy (HU3MUECKHE SBICHUS €CTh CICIACTBUC
BHYTPEHHHX IIPOLIECCOB, 3a4acTyi0 HEOIIYTHMBIX HAa JOCTHUTHYTOM
VpOBHE pa3BUTH (QU3MKH, TO NpU3HAHKE (PaKTa MPUUNHHOCTH HMEET
MPHUHLUIHATPHOS 3HaYeHue, HO0 3apaHee Ha BCEX JTanax MO3ZHAHUS
VTBEPKAAET HAIMIME BHYTPEHHETO MEXaHHW3Ma SBICHUM W IPUHITH-
MMHATBHYIO BO3MOXKHOCTD €T'0 PAaCKPBITHSL.

IenecooOpa3Ho B CBA3M C 3THUM BCIIOMHHTH CICAYIOIIEE YTBEP-
JKACHHE JHrelbca. «...HO IAC Ha MOBEPXHOCTH NPOUCXOTUT HIpa
ciaydas, TaM caMa 3Ta CIy4ailHOCTh OKa3bIBACTCS OIUHEHHOU BHYT-
PCHHUM CKpBITBIM 3akoHaM. Bce aeno B ToM, 4TOOBI OTKPBITH 3TH 3a-
koHb» [8, c. 174-175; 9¢. 361].

B macrosmee Bpems, ogHako, ropa3mo Oojiee MMPOKO PacIpo-
CTpaHEHA MPOTHBOIOIOKHAS TOYKA 3PCHUA, MOJarammas yCTpoicTBO
MHpa WHICTEPMHHHMPOBAHHBIM M, TEM CaMBIM, HaKJaJbIBAIOIIAs
MPUHIMITAATBHBIE OTPAHMYEHNS HAa BO3MOXHOCTh €r0 M3YUEHHSI W
[TO3HAHMS.

Otka3 OT mpeacTaBICHUI O CYIIECTBOBAHWM B MpHpOAE ddupa —
MHPOBOU CPEJBI, SBISIOMICHCS CTPOUTEIBHBIM MATEPUAJIOM BELIECT-
Ba, IpuBeN (PU3MKY K OTKa3y M OT BHYTPpUATOMHOU cpeapl. KBanToBas
MexaHuka, nosisusmmasics B 20-€ rogsl cpasy ke Mocie CTAHOBICHUS
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TCOPHH OTHOCHTCIBPHOCTH, CTaja ONCPHPOBATh MATEMATHYCCKHMU
abCcTpaKkUMsIMH, ONMUPAsCh, NPaBAa, HA IUIAHETApHYIO Mozaenb Pesep-
dbopaa, seaBuHyTYI0O B 1911 1., 10CTATOYHO HATISLAHYIO, HO 00ja-
JAIOIIYI0O MHOTMMH HEAOCTATKAMH. JTH HEJOCTATKH MPUBEIU K MHO-
TOYHCIICHHBIM MMAapagoKcaM, KOTOPBIC CTAITH JICYUThCS HE MYTEM YCO-
BCPLICHCTBOBAHUS SIBHO HEYAOBJICTBOPUTCIPHOH MOJETH, a IyTEM
BBOJA TOCTYNATOB U <IIPHHLMIIOB» — BOJBHBIX YTBEP)KICHUH THIIA
aKCHOM, 00OCHOBAaHUE KOTOPBIX 3aKTI0YANIOCh B TOM, YTO HEKOTOPHIC
CIEACTBUS M3 HUX Haxomunu noxatsepxkacHue. OaHako Oecrnpenerns-
HOC PacCHpOCTPAaHEHUE MOCTYIATOB U MPUHLHUIIOB IPHUBOANIO K HOBBIM
MapagoKcaM, KOTOPhIE JICYHIUCh TeM ke crmocobom. Cam ke mexa-
HU3M SIBJICHHI HE paccMmartpusaics. [loATBep:KaAanock MOTOKEHHE,
BBICKA3aHHOE c€IN¢ B Havyame XX Crolnetus B ajgpec (HU3HKH
B.M.Jlerunsim: «Matepust ucuesna, ocTaaiuch oaHu ypasaeHus» [10,
c. 326],t.e. u3 pusmKu ObLTH BEIOPOIICHB MIMCHHO (PH3MUYCCKUC TIPE-
craBieHus 00 ycrpoiictee mupa. Ho Tem campiM Oblia mponoxeHa
J0pora K TYIHKY.

WzsectHbiit npunLmn weonpeaeacHHoctu [ eiizenOepra («puH-
LU WHACTCPMHUHUPOBAHHOCTUY, TI0 BRIpaXXCHHIO boma) mpusen ¢u-
3MKOB K BBIBOJY, YTO B UCCICIOBAHUSX, POBEACHHBIX HA KBAHTOBO-
MEXaHHMYECKOM YPOBHE, BEPHEE, HA YPOBHE JCICHUS MATCpPHH HA
<QIICMCHTAPHBIC» YACTHLBI BCIICCTBA, NPUHLUUIHMATIBHO HE MOTYT
ObITh HAIICHBI TOYHBIC MPUYHHHBIC 3aKOHBI JCTATBHOTO MOBEACHUS
TaKUX HHIUBHIYATBHBIX CHCTEM M YTO, TAKUM 00pa3oM, HEOOXOIUMO
0TKa3aThCsl B aTOMHOM OOIACTH OT MPUYHMHHOCTH KaK TAKOBOW. DTHM
(axTiuecku OBLI MOCTABICH Oaphep B BO3MOXKHOCTH TO3HAHHS Mate-
PHH U 32aKOHOMEPHOCTEH PeaabHOrO MHUpA.

[TosToMy HEkOTOpBIC BeayIue (U3HUKH HE COTJACHBI C MPHHLIU-
MOM HMHACTCPMHHH3MA, OHU PACCMATPHUBAIOT CIy4aifHOCTh KakK CIen-
CTBHE HE y4eTa 00BEKTUBHO cymiecTByromux (akropos. Tak, bom B
pabote [11] yka3eiBaer, 94TO B SKCHCPUMEHTAX BCETAa IMPUCYTCTBYIOT
HECYIIECTBEHHBIC HEYYTCHHBIC (DAKTOPBI, NCKAKAOLINE PE3YIbTATH,
YTO U MPOSIBISETCS KaK caydaiHocTh. OHAKO CIEAYET OTMETHTE, YTO
Bom ykazam mumpe Ha OAHY, CYOBEKTHBHYIO, CTOPOHY MPOSIBICHUS
caydaitnoctu. He MeHee BakHOW sIBNSCTCS BTOpasi, OOBCKTUBHAS,
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CTOpPOHA, CBSI3aHHAS C TEM, YTO JUIS HPOsIBICHUS 3¢ QeKTa HA YPOBHE
Makponporecca HeoOXOAUMO JOCTATOYHOC HAKOIICHHE W3MEHEHUIt
Ha YPOBHE MHKporporecca. JlaHHOe 00CTOsTENbCTBO CBI3aHO CO BCSI-
KOTO0 poJa KBAaHTOBBIMH W JUCKPETHBIMU MPOLIECCAMH, CO BCSKOTO
pOAa HETMHEHHOCTSMH, 30HAMH HEYYBCTBHTEIBHOCTH M OOpPaTHBIMH
CBSI3SIMU BHYTPCHHHX PEryISATOPOB SBJICHUI U T.1. B kauectse mpu-
Mepa MOXKHO MPUBECTH OOBIYHOE CYXO€ TPEHHE. MPEAMET, JICKAIINN
Ha KaKOW-1100 TBEPAON MOBEPXHOCTH, HE CABHHETCS C MECTa, MOKa
MPHUIOKECHHAS] K HEMY CHJIa HE JOCTUTHET ONPCACICHHON BEIHYUHBI,
MOCNE YEro OH CABUHETCS PBIBKOM, IOCKOJIBKY BCIWUYMHA TPCHUS
yIajeT, Kak TOJAbKO MPEIMET CABUHETCS ¢ Mecta. Ho aHamoruuHeie
MPOLIECCHl MOT'YT UMETh MECTO U B MUKPOMHpPE. XOPOIIUM IPUMEPOM
SIBISICTCSL TAKXKEe 00pa30BaHKE BUXPEH B MOTOKE JKUIKOCTH MPHU HEKO-
TOPOM COOTHOLICHHHM MEXKAY CKOPOCTBIO, pa3MepaMH Tela U BSI3KO-
CTBIO CpeJbl, Ha3bIBAEMOM 4YHUCIIoM PeifHompaca: mpy MabixX 3HAYCHU-
X YHCJa BUXPU HE 00pa3yroTCs, HO €CIH CKOPOCTh PACTET U YHCIO
PeitHonpaca yBenuuuBaeTcsi, TO € OMPEIACICHHOT0O MOMCHTA HauMHA-
OT HOSIBIATHCS TYPOYICHTHOCTH, & 3aTEM YCTONYUBEIC BUXPH.

Craeayer Taxke OTMETHTh U TO, YTO NMPOTCKAHUC BCEX MPOLIECCOB
Ha YPOBHE MHUKpPOMHpa OOBEKTHBHO HE 3aBHCHUT OT (akta HaOmrogae-
MOCTH, XOTS MHOTMMH (PH3MKAMU YTBEP)KAACTCS HEKUH COITHIICHU3M:
SIBIICHHC CYLIECTBYET MOCTOIBKY, MOCKONBKY MBI €ro HabmromaeM, u
MOATOMY HCKKCHHE PE3yIbTaTOB HK3MEPUTCIBHBIMU MpHOOpaMu
MPHUHLUIHAATGHO ¥ HE MO3BOJISIET CACNATh OJHO3HAYHBIC BBIBOABI O
xapakrepe sBiacHUA. Ha camoMm jxe fgenme M3MepuTenbHas TEXHHKA B
CHITy CBOCTO HECOBCPIICHCTBA CIIOCOOHA, KOHEYHO, HCKA3HUTh PE3YJIb-
TaTHl SKCIICPUMCHTA, €CJIM HE MPUHATH COOTBETCTBYIOLIME MEPHI, HO
HEOOXOIMMO BBIOMPATh WM CO3JABATh TAKHE U3MCPUTEIbHbBIC CPEX-
CTBa, KOTOPBIC BHOCHIN OBbI HCKAXKEHUS B TOMYCTHUMBIX MPEACNax, UK
MPUMCHSTh KOMIICHCALIIOHHBIC METOABI, NP KOTOPBIX H3MepseMast
BEIMYMHA HE HCKAXKACTCS.

W3 u3m0)KeHHOW MO3UIIMH BBITEKACT MPUHLIMITHAIBHAS BO3MOXK-
HOCTb W3YUCHHsI BHYTPEHHUX MEXaHM3MOB SIBJICHUI Ha TH0OOM YpOB-
HE OpTraHU3allii MATCPHH.
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[TpusHanue akta TPHUMHHOCTH MO3BOJSIET PACKPHITH MEXAaHHU3M
SIBIICHUSL U CTABUT BOMPOC 00 3NMEMEHTAPHBIX B3aHMOJICHCTBUAX BHYT-
pH SABICHHUS. DTH BJIEMCHTAPHBIC B3aWMOJCHCTBHS MOTYT IMPOHCXO-
JUTh MEXKAY B3aMMOJCHCTBYIOIMMMH 3JIEMEHTAMH TOJNBKO Yepe3 He-
MOCPEACTBEHHOE CONPUKOCHOBEHUE B OOIICH TOYKE MPOCTPAHCTBA,
OyAp TO MPSIMOE COYAAPCHUE YACTHILI WM B3aUMOACHCTBHE YACTHIL C
noneM. Ipunimn «ueficteus Ha paccrosiHuu» («actio in distance»),
MOJPA3yMEBAIOIINN B3aUMOJACHCTBUE JABYX 3JIEMEHTOB HEpe3 IMYyCTOC
MPOCTPAHCTBO, NPUHLMITHAIBHO HE MOXKET PACKPHITh MEXaHU3M SIBJIC-
HUH WMEHHO MOTOMY, YTO HMMCEET B BUAY CYIICCTBOBAHUC ITYCTOTO
MPOCTPAHCTBA MEXKAY B3aUMOACHCTBYIOIIUMH JJIEMEHTAMHU. JTOT
MPHUHLUI OBLT OCYKIeH (pr3ukamu eme B XIX CTONETHH, U HET HUKA-
KOH HY>KIbl BO3BPAINAThCS K HEMY, XOTSI TAKHE MOMBITKH HE MPEKpa-
MIAFOTCS O CHX TIOP.

Kaxxnoe snemeHTapHOE B3aMMOICHCTBUC SIBISCTCS CIEIACTBHEM
JPYroro 3IeMEHTAPHOrO B3aMMOJCHCTBUS U, B CBOIO OYEPEAb, BBICTY-
MAaeT MPUYMHON MOCTCAYIOMIErO B3aUMOACHCTBUS PYTUX SIIEMCHTOB.
Takum 00pa3oM, UMeETCsl HepEphIBHAS LICTTb MPUYNH U CICACTBHM.

[Tpu3HaHne HEMPEPHIBHOCTH MPHYHMHHO-CIEACTBCHHBIX LICHCH CO-
OBITHI MOAPa3yMEBacT, BOOOINE TOBOPS, CAWHBIA BHYTPCHHHIA MeXa-
HH3M Yy BCEX 3JEMEHTAPHBIX SIBJICHUI U B3aUMOACUCTBUIL, BO BCIKOM
clIy4yae, He UCKITIOYACT TaKoro Mexanuama. MHTepecHO OTMETUTb, YTO
HCTOPUS TIOKA3bIBACT, KAK, HECMOTPSI HA BO3PACTAIOIICE YUCIO PA3HO-
00pa3HBIX SBICHUH M, Ka3aJoch ObI, BO3PACTAIOIIYID BO3MOXKHOCTb
Pa3MHOXKCHHSI BApUAaHTOB MEXaHH3MOB SIBIICHHH, HA CaMOM JElC B
MPOLIECCE PA3BUTHS ECTECTBO3HAHUSI LIET MPOLECC COKPALICHUS YHCa
STHX BapUAHTOB.

B 1822r. ®ypee mpumuen k BoiBoxy [12], uTo «... Kakumu ObI
BCCOOBEMITIOIIMMHU HHU OBLITM MEXaHHYCCKHE TEOPUH, OHH HHUKAK HE
MPUMCHHUMBI K TEITOBBIM 3 dekram. Tenno npuHaaiIeKuT k ocobomy
paspsny SIBICHHH, KOTOPBIC HE MOTYT OBITh OOBSCHEHBI 3aKOHAMH
JBYDKCHHS M paBHOBecHs». A yxe B 1868r., T.e. 46net cycts mocne
BoickaseiBanus Dypre, Bonpiman mokazan [13], uto TemioBoe nBU-
JKCHHE €CTh PA3HOBHIHOCTh MEXaHHYCCKOTO JBIKCHHS.
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ITOT MPOLECC COKPALICHUS YUCIA PA3HOBUIHOCTCH B3aMMOACH-
CTBUH TpojoipkaeTcs. B Hacrosmee BpeMs OHO CBEAEHO K HETHIPEM:
SOCPHOMY CHIBHOMY, SOCPHOMY CIaObOMy, SJICKTPOMATHUTHOMY U
rpaBuTanMoHHOMY. OJHaKkO NPU3HAHHME 3aMKHYTOCTH MPHYMHHO-
CIICACTBCHHBIX LIEMEH BCEX COOBITHH MPUBOAUT K BBIBOLY, UTO B OC-
HOBE 3TUX YETHIPEX B3aUMOJECHCTBUHN JOKEH CYLIECTBOBATh €UHBIN
mporecc. M3 toro ¢akra, 4To B MUPE HET HUYETO, KPOME TBLKYIICH-
Cs MaTEpPHH, C HEOOXOIUMOCTBIO BBITCKAET, YTO 3THM CAMHBIM MPO-
LECCOM JOIDKHBI OBITh MEPEMEHICHUS MAaTEpPHAIBHBIX Macc B MPO-
CTPAHCTBE, U, CICAOBATEIBHO, BCC TAK HAZBIBACMBIC «(PYHIAMCHTAb-
HBIC» B3aMMOJCHCTBUS TOJKHBI OBITh CBEICHBI K MEXaHHICCKOMY
MIEPEMEIIEHAT0 MATEPUATIBLHBIX MACC B IIPOCTPAHCTBE.

IlpuHIIMMaapHas BO3MOXKHOCTH BCKPBITHS BHYTPEHHETO MeEXa-
HU3MA SIBICHHH MOXKET OBITh PCaIM30BaHA PA3IUYHBIMU IYTSIMHU.
OnuH U3 HUX — METOJ MPEATIOKCHUS CTYYalHBIX THIIOTE3, CICACTBHS
U3 KOTOPBIX MPOBEPSIIOTCS M COMOCTABISIIOTCS C PEajbHBIMH COOBI-
THSMH. DTH THUIOTE3bI MOTYT HOCHTh a0CTPAKTHO-MATEMAaTHUCCKHHA
XapakTep, a MOTYyT MMETh M Xapakrep kadectBeHHBIH. [lomoxkurens-
HBIM TpuMepoM sBisercs ypasHenue Illpeawmnrepa, cocrasieHHOE
JOCTaTOYHO abCTPaKTHO, HO JABLICE CICKTP PEIICHUH, MPUTOJHBIX
JUTSL PACCMOTPEHUS SIBJICHUH MUKPOMHPA, BITOJTHE YAOBIETBOPUTEIHHO
COBIMAJAOUINX C MPAKTUICCKUMH HaOMoAeHUIMH. {pyruM npumMepom
MOJKET CIIY)KHTh BCE Ta K€ TEOPHS OTHOCHUTEIBHOCTH, TIO3BOJIMBINAS
HE TOJIBKO OIMCATh HEKOTOPHIE M3BECTHHIC SIBICHMS, HO M IPEJICKa-
3aTh HEKOTOPHIE HOBBIE.

OnHako, HECMOTPsl HA BHELIHIOK NPUBICKATEIBHOCTH JAHHOTO
METOJa, OH BO MHOTHX CIYYasX YBOJUT OT PEATbHOCTH, ITOCKOIBKY HE
BCKPBIBACT BHYTPEHHEU CYIHOCTH SIBJICHUI.

JeiicTBUTENBHO, TPOM3BONIBHAS THIIOTE3A, ITOJOKEHHAS B OCHOBY
M3YYEHHUS SBJICHUI, JACT CTOJIb KE€ IMPOM3BOJIBHYIO CHCTEMY CIEICT-
BHI, KOTOPHIE CTONh K€ CIYYaiHO MOTYT COBIIACTh C HEKOTOPBIMHU
W3BECTHBIMH SIBJICHUSMH, CO3[aB BICYATICHUC MPaBIONOJOOHOCTH.
OnxHako HET HUKAKOW YBEPEHHOCTH B TOM, YTO STH CIICACTBUS COBIIA-
OYT ¢ Opyrumu (aktamu ACHCTBUTENBHOCTH, €IIE HE OTKPBITBIMH.
OtkpriTHE K€ HOBBIX (DAKTOB OYACT 3aTPyIHCHO B TOH MEpe, B KAKOH
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3aBOCBABILIAS MPHU3HAHUE TUIOTE3a OKAKETCS HECOCTOSTEIBHOU IS
UX TMPEACKA3aHHS.

ITockonbky Ka)cIoe YaCTHOE SIBICHUE MOXKET OBITh OOBSCHEHO HE
OJHUM, @ MHOTUMH CII0CO0aMH, TO M TPYIINA YACTHBIX SIBICHUI MOYKET
OBITh YIOBICTBOPUTEIBHO YIOKEHA B JIIOO0E KOMHYIECTBO 0000IIak0-
UX UX Tunore3 u teopuii. CneaoBaTepHO, IyTh CPABHCHUS CIICACT-
BUH, BBITCKAIOIIUX M3 TMIIOTE3, COBEPIICHHO HEAOCTATOUCH.

PaccMoTpeHne CyINeCTBEHHBIX CTOPOH MEXaHH3MOB SIBIICHHUI MO-
JKET MPOMCTEKATh TONBKO M3 MPEACTABICHUN 00 WX OOLIHOCTH, YTO
TpeOyeT OJHOBPEMEHHOTO PACCMOTPCHIUS BCEX U3BCCTHBIX SIBJICHUIA U
BbIACICHUS uX 00mmx uept. OHAKO U HPU 3TOM BO3MOKHO IOJTyUe-
HUE JTIOOOr0 KOIUYECTBAa TEOpui. B ToM umcne M B3aMMHO MCKITIO-
YAOLIKX APYT APyra. XOpOoIIUM IPUMEPOM 3aech caykut Crieunas-
Hasl TCOPHS OTHOCHTEIBHOCTH JUHINTCHHA, KATCTOPHYCCKH OTPH-
LAKOIIAsl HAMMYKE B MPHUpoJc 3(rpa, HO HUCTIOMb3YIOmAas B KaYeCTBE
MaTeMaTHYECKON OCHOBBI npeobpazoBanus JIopeHLa, KOTOPBIH BBIBEIT
UX, UCXOMs U3 CBOCH TECOPUH HEMoABMKHOrO 3dupa. CiaeaoBarenbHo,
JUTSI IOCTPOCHUS 0000IArOLIel TEOPUU TOKHBI OBITh KPOME SIBIICHHHA
VUITCHBI U TMOJOKCHUSI JHAICKTHYCCKOTO MATepPUANIn3Ma, K KOTOPBIM
HAJO OTHOCHUTHCS KaK K IKCICPHMCHTATBHO MPOBEPCHHBIM (hakTam,
OTpaKaroIUM Hanboee oOIIre CTOPOHBI pearpHoro mupa. B Teopum,
KpPOME TOTO, JAO/KHBI OBITh HAMCUYCHBI €€ IPAHMLBI U BO3MOYKHOCTH
nocneayromero yrouneHus. [Ipotusopedne Teopun peanrsHOMY GakTy
JODKHO HCIIONBb30BATHCS Ul YTOYHCHHSI TCOPUH, CCIU HY)KHO, €€
M3MCHEHU, a He oTOpackiBanus (pakrta, kak moctynmia CrenuansHast
TCOPHUSI OTHOCHUTEIBHOCTH C DKCIICPUMEHTAMH 10 3(QUPHOMY BETpY.
Haxkoner, Teopust J0KHA MCXOAUTh M3 KAYCCTBCHHBIX MPEICTABIIC-
HHUH, TOAKPEIUICHHBIX KOJINYECTBEHHO-()YHKIIMOHATBHBIMHI OIHCA-
HUSIMH, TIPH 9TOM Ka4eCTBCHHBIC MPEACTABICHUS JODKHBI [TO3BOJISTH
HAWTH TPaHWUIBI ¥ JOMYCTHMBIC YIIPOLICHUsS (PYHKIHOHATBHO-
KOJIMYCCTBCHHBIX OMHCAHUI MPH PEIICHUH KOHKPETHBIX 3a1a4.

Crexyer HOMHUTH, YTO KKABIA MPEIMET M KAXKIOC SIBICHUC
HMMCIOT OECYHCICHHOE MHOXKECTBO CTOPOH M Ka4YECTB U MO3TOMY MOJI-
HOCTBIO MOTYT OBITh ONKCAHBI JHIIb OCCKOHCUYHBIM YHCIOM YpaBHE-
HU ¢ OECKOHCYHBIM YHCIIOM YJICHOB.
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Takum ob6pazoM, Tr000€ peambHOE MATEMATHYECKOE OMKCAHHE
npeamMeTa Uiin ABJICHUS HOCUT qaCTH‘IHLIﬁ, HpH6J’IH)KCHHI:II>i Xapakrtep,
OXBATHIBAIOIIMI JIUIIb HEKOTOPHIE CTOPOHBI MPEAMETA WM HUCCICIO-
BAHHOT'O ABJICHUA, IIPU 3TOM JAXKC HC BCCraa CYLICCTBCHHBIC IJId I1O-
CTaBJICHHOW Lenmu uccnenoBanust. OTcroa ciaeayer, uTo MpeacTaBIie-
HHUA O J'IIO6OM npecaMCeTe W ABJICHUHU, T.C. UX MOAC/IH, MOIYT U
JAOJIKHBI HCTIPCPBIBHO YTOUYHATHCSA, COOTBCTCTBCHHO MOTYT U JOJIKHBI
YTOUHATBCA U MATCMAaTHYCCKUC 3aBUCHUMOCTH, ONHUCBHIBAIOIIUC 3TU
MoenH. Yncno Takux npuOIIKeHUH U YTOYHEHHH OECKOHEUHO.

Ipennaracmelii HUXKE METOA, UCXOAALINI U3 OOBEKTUBHON Mate-
pUaidbHOCTHU HBHCHHﬁ, U3 UX NPUIMHHOCTHU Ha BCCX YPOBHIAX OpraHu-
3alMd MaTEPUH, U3 MPEACTABICHUM O €JUHCTBE BCEX SIBICHUM MTPUPO-
Il M O HEOOXOAUMOCTH TMOCIECAOBATEIBHOIO MPHOMKCHUSI MOACTICH
Y ONMCaHUI K pealbHON JCHCTBUTECIBHOCTH, HE MPEICTABISET COOOI
Yero-To 0cob0 HOBOrO: 3TO OOBIYHBIM METOJ MATCPHUATUCTUYCCKON
TCOPUU TTIO3HAHUA. Nmenno stoT MCTOA MOXKCT IIO3BOJIUTH ITOCTPOUTH
0000MIAIOIIYI0 TCOPUIO BEHICCTBA, B3aUMOICHCTBUN M (DHU3MICCKUX
SIBIIEHUH.

2.3. MyT™n BCKPbLITUSA BHYTPEHHUX MEXAHM3MOB AIBIEHUM

Ilpum onpenenenny myteit BCKPBITHS BHYTPEHHIX MEXaHU3MOB SB-
JCHUI BO3HHUKAECT HEKOTOPAS! MPUHLUINUATIbHAS TPYAHOCTD, CBSI3aHHAS
C TEM, YTO YHCIO CBOHCTB y KAXKJIOTO SBJICHUS U Y KAKIOTO €ro 3Ie-
MEHTa B MPHUHLUIE OeCKOHEYHO Benuko. [loaToMy 0coOOEHHO BasKHBIM
CTAHOBUTCS BBIJCIECHHUE U3 BCEH COBOKYIHOCTH CBOMCTB TAKUX, KOTO-
pBIE SBISFOTCS CYINECTBEHHBIMH MJISI TIOCTAaBJIEHHOW 3azaum. llpwm
3TOM HEOOXOAUMO OIPEICTUTh OTHOLICHUE K OTOPACHIBAEMBIM CBOM-
CTBaM, MOCKOJIbKY UX HE Y4€T BEAET K THOCEOIOrHYECKOMY YIIPOIIe-
HUIO POpM MATEPUH U SIBICHUH.

Bonpocsl MeTOI07I0TMM YNPOIIEHUS NPEAMETOB HCCIEAOBAHUN
HEOJHOKPATHO paccMaTpHBaNNCh B jureparype. Kputepuii «pocto-
TBI» YaCTO UCIOJIB30BANCA UCCICAOBATEISIMU KaK OJUH U3 OCHOBHBIX
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apryMeHTOB B BBIOOpE TOHW min mHOU Teopuu. [losToMy Ha maHHOM
acrekTe 1enecoodpa3Ho OCTAHOBHUTHCS ACTaTIbHEE.

B HekoTopsix paborax, Hanpumvep B [14], mpexnaraercst B kadecT-
B€ KPUTEPHsI UCTUHHOCTH IPY BBIOOPE TOH MM MHOM TEOpETHYECCKO
CHCTEMBI HCIOJIB30BATh <«UHAYKTUBHYIO MPOCTOTY», T.€. HPEATIOYH-
TaTh Ty CUCTEMY HPEACTABICHUM, «...JOCBUIKH KOTOPOH OCTarOTCS
WHBAPUAHTHBIMU OTHOCUTEIBHO OOJee IMPOKOH TPYIIIEI mpeodpaso-
BaHuit». Crnenyer, 0IHAKO, BO3Pa3uTh, YTO, IOCKOJBKY CAMU TPYIIIBI
MpeoOpa3oBaHuil OTPAKAIOT YPOBECHb AOCTUTHYTHIX 3HAHWI U 00s13a-
TEIBHO B 3TOM CMBICIEC OJHOCTOPOHHH, MOAOOHBIA TMOAXOJ HOCHT
CyOBEKTUBHBIN XapakTep.

[Ipennourenue Oonee MPOCTOro MyTH MOXKET 3aCTAaBUTh HCCICAO-
BaTeNsd B KOHEYHOM HTOT€ OTOHTH OT IEPBOHAYATBHOM LIENH — IOUC-
koB uctuHbl. Hampumep, CyInecTBEHHO IPOIE OTHICKaHHS BHYTPEH-
HUX MEXaHH3MOB SIBJICHUH a0CTparupoBaThCsl OT HUX, IPUAATh MaTe-
MaTHYECKOMY OITMCAHUIO CAMOCTOSTEIBHOE 3HAUCHHE, UTO MPUBEIET,
B KOHIIE KOHIIOB, K TOMY, YTO 32 MCTHHHBIE IIEPBUYHBIEC IIPEICTABIIC-
HUSl HAYHYT NPUHUMATBCS T€, KOTOPbIC Hanbonee ynoOHEI B MaTeMa-
THYECKOM OTHOIIeHHH. K COoXXaleHHIo, IMEHHO TaK M IPOHUCXOIHT
JocTaTodHO 4dacTto. IIpumvepoM TOMy SBISETCS BCS KBAaHTOBAs MexXa-
HUKa, KOTOpasi MOJHOCTBIO UTHOPHPOBAJIA HATHMYNE BHYTPHUATOMHOIO
MEXaHU3Ma, 3aMEHUB €T0 BEPOSTHOCTHBIMHY ITOHATHSIMH.

Takx HazBIBaEMBIH WIPHHIUII ITPOCTOTHI» 3a4aCTYIO OKa3bIBAETCS
WUTHOPUPYIOLINM PEATbHYIO (PH3HYECKYIO KAPTHHY MUDPA.

K kakuM pmamexkum MOCIEACTBUSM MOMKET MPHUBECTH MOAOOHBIN
MOJXO0J, BUAHO Ha NpuMepe BbickasbiBaHusl J.Maxa. OTBepras moHs-
THE KOIMYECTBA MaTepuH, MaxX IpH3HACT «IIOHATHE MACCH KaK Mare-
MaTHYECKOM BETWYHMHBI yJOBICTBOPSIOMNM HEKOTOPBHIM YPAaBHEHUAM
TCOPETHICCKON (PU3MKH, YTO BeChbMa YIOOHO mis Hayku» [15], T.e.
Macca 34ech BBICTYMACT HE KaK OOBEKTUBHAS PEANbHOCTh, 4 KaK He-
KU «yIOOHBIN» [T UCCIIeA0BATENS KO3 (DUIUCHT B YPABHECHUSIX.

OiiHurreiH et [16]:

«..JloHATHSI M OTHOLICHUS, B OCOOCHHOCTH CYLICCTBOBAHHE PE-
agbHBIX OOBEKTOB M, BOOOIINEC T'OBOPsS, CYLICCTBOBAHUC <{PEajbHOr0
MHpa», OIPaBJAHBI TOJIBKO B TOH Mepe, B KAKOH OHHM CBSI3aHBI C UyB-
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CTBCHHBIMU BOCHPHWSTHSIMU, MEXKIY KOTOPBIMH OHH OOpa3yroT MBIC-
JACHHYIO CBs3b... OqHa u3 Gonpinux 3acayr Kanta cocTOUT B TOM, 4TO
OH TOKa3all OECCMBICTICHHOCTh YTBEPKICHHS O PEATbHOCTH BHEIIHETO
Mupa Oe3 3Toi mo3HaBaeMocTH. ...Llempro Hayku siBrsieTcs, ¢ OJHOI
CTOPOHBI, BO3MOXKHO OO0iee MOMHOE MO3HAHUE CBS3U MEXKAY UYBCT-
BEHHBIMH BOCIIPHATHSAMH B X COBOKYITHOCTH U, C JPYTOil CTOPOHHI,
JIOCTIDKCHHE 3TOM IENH IyTEeM NPUMEHEHHS MUHHUMYMa IEPBUYHBIX
MOHSTUI M COOTHOLICHHH (TOOHBAsICh, HACKOIBKO 3TO BO3MOXKHO, JIO-
THYECKOr0 €IUHCTBA B KAPTHHE MHPA, T.€. CTPEMAICH K MUHUMYMY JIO-
THYECKHX DJIEMECHTOB).

Hy»xHO or™MeTuTh, 4TO AN DUHINTCHHA KPUTEPHIA TPOCTOTHI OBLT
MPSIMBIM PYKOBOJCTBOM K aericTBuio. Kak yxe yrmoMuHAmocs BhIIIE, B
pabore [5, c. 138-164]DiiHIuTeliH OTMETHII, YTO Ul Pa3peIICHHUS
MIPOTHUBOPEYNH BBIBOAOB PE3YIBTATOB dKcrepuMenToB Puzo m Maii-
KEJIbCOHA OH BHIHUT JBE BO3MOXHOCTH: 1) 3(hup mMoTHOCTBIO HEMOA-
BIDKCH; 2) 3(up yBICKACTCS ABMKYLICHCS MATEPUCH, HO OH JBIDKETCS
CO CKOPOCTBIO, OTJTUIHOU OT CKOPOCTH ABIDKCHHS MaTtcpuu. Jlamee oH
muier: «...Pa3Butme BTOpOW THIOTE3Bl TPEeOYET BBCIACHUS KAKUX-
I100 TPEAMONIOKCHUI OTHOCUTEIBHO CBSI3U MEXKAY 3(PHUPOM U ABH-
Kyeicss marepueid. [lepsast ske BO3MOXHOCTb oueHb npocma (Kyp-
cuB MOM, —B.A.) 1 1151 e¢ pa3BUTHsI HA OCHOBE TCOpUH MakcBemia He
TpeOyeTcss HUKAKOW JOMONHUTEIBHON THIIOTE3bl, MOTYILICH OCTOXK-
HUTb OCHOBBI TCOPUU». ITO MONTOKECHUE MPUBEIO0 JUHINTEHHA K OTKA-
3y oT 3dupa.

Ceituac MO)KHO TONBKO rajaTh, K KakKMM Obl BBIBOJAM IPHILEI
ODWHINTEHH, eciiu Obl OH HE COOMA3HUIICS IIPOCTOTOMN» MEPBOrO MO-
JOXKCHHMSI, a UCCICAOBAN OBl BTOpPOE, <«Qoiiee ciiokHOEe». Bo Beskom
ciy4ae, SICHO, YTO HU O KaKOM OTKa3e OT 3upa 34eCh MPUHLIUIIHATD-
HO HE MOTJIO UATH peud, Ho 1 CrenuansHast TEOpUsl OTHOCHTETBHOCTH
He mosiBuIack Ovl Ha cBeT. CliemoBaHUE e IEPBOMY MONOKCHHIO 3a-
cTaBuII0 JDHHINTEHHA MOTPATUTh MHOTO BPEMEHH Ha OCCILTIOIHBIC TO-
IIBITKH IIOCTPOUTH Ha 3TOM ITyTH €AUHYIO TEOPHIO ITOIS.

W3 npuBeneHHBIX TPUMEPOB BHAHO, YTO IMPONU3BOJI B IPUMEHEHHH
«IPUHIMIA TTPOCTOTHI» MOYKET MMETh JAJIEKO MIYIIHE TIOCIEICTBUS.
C 1pyroii cTOpoHBI, pacCCMOTPEHUE MATEpPHH U SIBICHUN BO Bceil co-
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BOKYITHOCTH MX CBOWCTB HEBO3MOJKHO, TaK KaK YHCIO CBOWCTB JIFO0O-
ro MaTePUAIBHOr0 00beKTa OECKOHEUHO Bemuko. OTCrOa CTAHOBUTCS
OYEBHUIHON METOJOJIOrMYCCKAass BAYKHOCTh TOAHUMACMOMH MPOOIEMBI.

It Toro 9TOOBI OMPEACTNTH, KAKUM 00Pa30oM MOKHO BBIJICIUTH
CYLICCTBCHHBIC CTOPOHBI MPEIMETOB M SIBICHHM, LIENecO00pa3Ho pac-
CMOTPETh STOT BOIMPOC B HCTOPUUCCKOM acrekTe [17].

B dumocodckoit muTepatype cuuTacTes, 9To TPEOOBAHUS aHAIN3A
CYLIHOCTY NPUPOIHBIX SIBICHUI BriepBbic BEIABUHYTH Panecom Mu-
aerckuM. Eciau 1o Hero mpupozaa paccMaTpuBanach Kak HEYTO €Au-
Hoe, To danmec ycMOTpeNn B 3TOM €OUHCTBE HAIMYHME MHOTUX Pa3iH-
YU, UMEIOIIKX OOIIYI0 MEPBOOCHOBY, M TAKHM OOpa3oM ykazan Ha
CIIO’KHOCTb TPUPOIBI M MPUHLMITHATPHOE HAPABIICHHEC aHAIN3A MIPH-
POIHBIX SIBJICHUI HA MYTH W3BICKAHUS HEKOCH OOIICH MEPBOOCHOBHI.
Takoil TEPBOOCHOBOM OH CUYHTAT BIWKHYIO NPUPOAY», IIO-
COBPEMEHHOMY — M'MIPOMCXAHUKY.

[Mozxe Immexoxn (490—430rr. 10 H. 3.) OPSATOKUT B KAUCCTBE
TaKOH TMEPBOOCHOBBI HYETHIPE «CTHXHM» — 3EMIIIO, BOAY, BO3AYX U
Or'OHb, YKa3aB, 4YTO OO0 mpeaMeT W Jr00e SBICHHE COCTOST H3
KOMOHMHALIMY 3TUX YCThIPEX CTHXHM.

Msicnp DMIenokia CYHIECTBEHHO TIyO)Ke, HeM 3TO OOBIYHO
MpEACTAaBISICTCS HCTOpUKaM. B camMoM nene, ecnyu MOHUMATh UCTIOJNb-
3yeMble DMIICIOKIOM TOHATHUSl CTHUXUA HECKOJIBKO INUpPE, HAPUMED
«3eMJISI» — TBEPAb (TBEPIOE COCTOSHHE), <BOAA» — KUAKOCTD, <BO3-
OyX» —Tra3, a «OrOHb» —HEPTHs, TO Mbl (PAKTHUCCKH CTATKHBACMCS C
VIIOMHHAaHUEM TPEX OCHOBHBIX COCTOSHHHA MAaTCPUH — TBEPABIM, JKUA-
KAM H ra3oo0pa3HbIM W mpucywed eii sHeprueii. Hy>xHO oT™METHTB
OJHOBPEMECHHO, YTO HE NPUAAHUE KAXKIOMY M3 STHUX COCTOSHUH Ka-
KHUX-THOO0 TOTOTHHUTEIBHEIX CBOWCTB 03HAYACT, YTO BBEACHHBIC M-
MEJOKIIOM «CTHXHU» MOAPA3YMEBAIUCH IEMEHTAPHBIMU B CBOCH OC-
HOBC, HaJCTICHHBIMU €TUHCTBCHHBIM KAYECTBOM.

PazButne B cpemHHC BEKA AMXUMUM ITOCTABIIIO BOMPOC O APYTOH
CHCTEME 3IIEMCHTOB, U3 KOTOPBIX COCTOST BCE TEa. BBITN BbIACICHBI
«BCIIECTBA», B YACTHOCTU METAJUIBI, CEPa M HEKOTOPHIC APYTHE, KaX-
JO€ U3 KOTOPBIX OBLIO HAJACICHO OrPAHHYCHHOW TPYIION KadecTB.
Wnes renesuca Beects, BoickasanHas P.bokonom (1214-1292) 8-
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JsieTcsl (PaKTHYECKH MOMBITKONH CHHTE3a CIOXKHOrO M3 mpoctoro. Ta-
KIM 00pa3oM, M Ha 3TOM 3Tarle Pa3BUTHS MPEACTABICHUHA O CTPYKTYPE
MaTEPUH CIIOXKHBIC BCIICCTBA IOAPA3YMEBAIOTCS COCTOSIOUMH U3
MPOCTHIX, 001aJAI0IUX MHHUMYM Ka4eCTB.

Pa3putne xumum npuBeno K NPeICTABICHUIO O HAUMCHBIICH Yac-
THULE BELICCTBA, 00MaAaroMEel BCEMH XUMHUCCKHIMHU CBOMCTBAMH JaH-
HOTO BemecTBa. XOTS O(UIHATBHBI TEPMUH «MOJIEKyIa» ObLT y3a-
KOHEH MexnyHapoaHeiM KoHrpeccoM B Kapncpys Toneko B 1860r.,
STOT TEPMHH U (PaKTHICCKOE €ro 3HaUCHUE ObLTN U3BecTHHI JlaByasbe
(1743-1794)3anonro go sroro. Ipasxaa, JlaByasse caeman creayro-
mee npu3Hanue: «...Ecmu HazBaHuwem snemenma Mpl XOTUM 0003HA-
YUTB NPOCMble TeMa U Heoelumbvle MONEeK)ibl, U3 KOTOPBIX COCTOST
TEJa, TO BEChbMa BEPOSITHO, YTO MBI UX HE 3HaeMm» [18].

Tem He MeHee, JIOTHKA U 31ECh COXPAHSIETCS: CIOMKHBIIN MPEeaMET —
TEO MPEANONAracTcsl COCTOSIIUM H3 0Ollee MPOCTBIX — MOJEKYIL.
Kpome Toro, Bemectsa, KOTOpbsIe HE MOTTTH ObITh pasiokeHsl, JlaBya-
3b€ HA3BaJ MPOCTHIMH, TEM CAMbIM, IOATBEPANB OOIIHOCTh METOA.

JanpHelinee MPOHUKHOBEHHUE B TIyOb MAaTEPHUU CBSI3aHO C HMeE-
Hem JDx.Jlamerona (1766—1844)B padore [19] danproH orMmedaer:
«...51 m3bpan cioBo amom Ans 0O0O03HAUCHHS 3TUX NMEPBHYHBIX Yac-
THUL, TPEIIOYNTAS €r0 CIOBAM <MACTHLA», <MOJCKYIa» WM KaKUM-
I100 APYrUM YMEHBLIMTEIBHBIM HA3BAHMSIM IOTOMY, YTO 3TO CIOBO
KQKETCSl MHE 3HAYUTENBHO 0OONEe BBIPA3UTEIbHBIM. OHO BKIIOUACT B
ceOsl MPEACTaBICHUE O HEACTUMOCTH, Yero HeT B APYIHX 0OO3Haue-
Husx». IlaneToH mpeanaraer: «...Bce aTomsl ogHOoro pona, Oespas-
JWYHO TIPOCTBHIC HIIM CIIOXKHBIC, JOJDKHBI OOS3aTETBHO PAacCMAaTpH-
BaThCs KaK OIMHAKOBBIC MEXKAY coOO0M 1Mo (opme, BUIY U BCEM APY-
THIM OCOOCHHOCTSIM.

N xors mo3mHeHmue nccreroBaHuUs MOKA3alH, YTO 3TO HE TaK,
MPEACTABICHUE 00 OJMHAKOBOCTH aTOMOB, T.€. METa(U3UYECKOE Or-
paHHYCHUE CBOWCTB, MPHIAHKME MPOCTOTH IJICMEHTY-KUPIHYHKY, U3
KOTOPOT'O COCTOST 0OJICE CIOXKHBIC 00PA30BAHUS — MOJICKYJIbI, BEIIE-
CTBa, Tena, OBIIO COBEPIICHHO HEOOXOIUMBIM YCIOBHEM BO3MOKHO-
CTH aHaNIn3a M CHHTE3a MATCPUU HA JAHHOM STame Pa3BHTHS €CTECT-
BO3HAHMI.
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VcranoBneHnsiii B Hauane XX cronetust (akT pasHooOpasus
ATOMOB, HAITUYUC HU3ITYYCHUI, HUCXOMIIIUX U3 HEKOTOPBIX M3 HUX,
MPEBPALICHUC ATOMOB OJHUX BCINECTB B aTOMbI IPYTUX BEIIECTB MO-
Ka3aly, YTO aTOMBI HE SIBIISIFOTCS MPOCTCHINNMH U HEACTUMBIMH 00pa-
3oBanussMu Matepud. [Ipennoxennas Pesepdpopmom B 1911r. nnane-
TapHas MOJCTh aToMa MO3BOIWIA CHOPMYIHUPOBATH MOHATHE <OJe-
MCHTAPHBIX YACTHI», COCTABSIFOLIMX aTOMBI. DJICMEHTAPHBIM YaCTH-
naM ObLTH MPUIHMCAHBl HECKOIBKO OrPAaHMYCHHBIX CBOWCTB, CpeIu
KOTOPBIX OJHHUM M3 INTABHBIX OBbLIIA UX HEACTUMOCTh. TakuMm oOpasoM,
Ha JaHHOM 3Tarle pa3BUTHS aTOMbI OBLITH IMPHU3HAHBI CIOKHBIMU 00pa-
30BaHUSAMH, a BCE UX pa3HOOOpasue OOBSICHSIOCH MPOCTHIMU KOMOU-
HALMSMH 3JIEMCHTApHBIX YacTUIl. M TONbKO MPOHUKHOBEHUE B T1yOb
ATOMHOTO SApa MOKA3aN0, YTO CAMH <GJIEMCHTAPHBIC YACTHLIBI» BOBCE
HE SIBJISIFOTCSL JICMCHTAPHBIMH.

[TogBoas uTOr M3IOKEHHOMY, MOXKHO OTMETUTh OOLIHIT METOXO-
JOTUYECKUH MOAXOJ K aHAIM3y CTPYKTYPHI MAaTEpPHH HA BCEX 3Tamax
Pa3BUTHS CECTECTBO3HAHUS. JTa METOJOJOTHS 3aKII0YacTcs B Clc-
JYIOIIEM.

Haxorienue daktoB 0 pasHooOpasuu CBOMCTB, (opMm U ABHKE-
HUSl MATCPUU CTABHUT BOIPOC O CIIOKHOCTH YK€ U3yUCHHBIX HopM Ma-
TEPUHU U O HATMYUM 00IMX (GOpM M CBOWCTB MaTEepUu Ha YPOBHE, O0-
Jee rIyOOKOM, YeM YKE€ OCBOCHHBIH YPOBEHb. JITH (POPMBI M CBOKCT-
Ba! a) MPOCTBl B CMBICIC MAIOr0 YHCIA CYIIECTBEHHBIX KAYCCTB MM
MPUIHACHIBACMBIX; 0) IPOUCTEKAOT 13 (OPM U OCOOCHHOCTEH JBHIKE-
HUSI MATEPUU HA MPEABIAyINEM (CTapuieM) ypOBHE OpraHHM3aliyd Ma-
TCPHUH; B) SIBJSIFOTCS JIMIIb YaCThIO BCEX CBOWCTB MATCPUU HA pac-
cmarpuBacMoM (MIIQALIEM) YPOBHE OpPraHU3aLMH MaTCPUH, YeM Ha
HAYaJbHOM 3Tal€ OCBOCHHS STOr0 YPOBHS OpPraHHU3alUdy MaTepHUu
MPUXOANUTCSI BPEMEHHO MpeHeOpeyb, M0 KpalHeH Mepe, A0 HaKoIie-
HUSI HCOOXOJMMBIX JAHHBIX.

B nganbHeiiniem mo Mepe HAKOIUICHUS! HOBBIX JAaHHBIX MaTCpPHAaIb-
HBIC 00pa30BaHUsI ITOTO YPOBHS BHOBb OKXXYTCS CJIOKHBIMH, U BHOBb
HY>XHO OyAET BBOIUTHh MNPEICTABICHHS 00 eme Oonee TriyOMHHOM
VPOBHE OpraHHM3aLld MATCPUH, <KHUPIHYUKHA» KOTOPOrO BHOBB BpE-
MEHHO OYIYT CUHUTATHCS MPOCTHIMHU.
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HyHO oT™MeTHTB, YTO HaliACHHBIC HA HOBOM YPOBHE OpraHmM3a-
WU CBOMCTBA MATEPHHM MOTYT OBITh TONBKO CYLICCTBEHHBIMH, HOO
BBIACISIFOTCS TOJIBKO TaKUE M3 HUX, KOTOPHIC OOBSICHSIOT pa3HOOOpa-
3ue ()OPM U CBOWMCTB MATEPHU Ha MPEABIAYIIEM YPOBHE OPraHU3aLIH.
Takum 00pa3oM, B OTIAMYHE OT H3NOKEHHOTO BBIIIEC CYObEKTHBHOTO
MPEACTABICHUS O «IPOCTOTE> SIBJICHUS MPH U3YUCHUH CBOWCTB MaTe-
PHH Ha Pa3IMYHBIX YPOBHSX OPraHU3ALMU MBI HMCEM JENO C AUATICK-
TUYCCKUM MOHIATHUEM MPOCTOTEI.

Haiigennpiii 0Ol METOJOIOTHUCCKUN MPUHIIUI JO/KCH OBITh
MPUMCHEH M B HACTOSILIEE BPEMsI, IOCKOIbKY HAKOIMIOCH JOCTATOYHO
JAHHBIX O CIOXKHOCTH <OICMEHTAPHBIX» YACTHI] BEINECTBA, 00 UX
pasHooOpasuu, a Tarke 00 WX B3aUMHBIX MPECBPAIICHHSX, CBUICTEIb-
CTBYIOIIUX O HAJTHYHH y HUX OOIIEr0 CTPOUTEIBHOTO MaTepHaa.

N3 n3moxeHHOro BBHITECKAET HEOOXOIUMOCTh AHATH3A TOBEICHHUS
MPH B3aMMOJCHCTBUH <QJICMEHTAPHBIX YACTHL» BELICCTBA, BBIACTC-
HUSl HA OCHOBE STOrO aHanu3a oOIIUX A BCEX BHUIOB B3aUMOICHCT-
BUU XapaKTCPUCTUK, NPUAAHHS CBOWUCTB 971eMEHMAPHOCMY HOBBIM,
MEITKUM 00pa30BaHUsIM MATEPHUH, SIBISTIOLIMMCS CTPOUTEIBHBIM MaTe-
pHAIOM ATl <OICMEHTAPHBIX YACTHI» BELICCTBA, BBHIBEACHHS W3 UX
CBOWCTB pa3HO0Opa3HbIX (HOPM HX ABIDKCHUS, TOCTPOCHHS HA OCHOBE
STHX (PopM BceX BHIOB B3aHMMOJCHCTBHUS CTApIINX (HOPM, HAUMHAS OT
<GIIEMEHTAPHBIX YaCTHUL» BelecTBa A0 BceneHHOH B 1ienoM, a Takke
MPEACKA3aHUE HOBBIX SIBICHUH U 3(PQEKTOB B pasmuUUHBIX 00NACTSIX
€CTECTBO3HAHUS, OATCKAIINX SKCIIEPUMEHTAITBHON MPOBEPKE.

N3noxeHHBIH METOAONOTMYECKUH MPUHLHUI YCICLUIHO HCIONb30-
BaJCS PA3NMUYHBIMU HCCICAOBATEISIMUA MPUMEHHUTCIBPHO K YACTHBIM
3aJadaM KHHETHYECKOH TEOPHHM MAaTepHH, Hampumep, boiapnMaHOM
[13], a Takxe A. K. Tumupszessim [20].

Buieoowi

1. OCHOBHO# IIEBI0 €CTCCTBO3HAHUS [JOKHO OBITh BCKPBITHE
MPUPOBI SBJICHHUM, T.C. BCKPHITUC BHYTPCHHETO MCXaHM3Ma SBJICHHUIA,
MPUYHHHO-CIICICTBCHHBIX OTHOIICHUH MEKIY MaTepUaAIbHBEIMU 00pa-
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30BaHMSMH, YYACTBYIOIIMMHU B HHX, U HA OCHOBE WX OOOOILCHHUS Ha-
XOXKJICHHE OOIIUX 3aKOHOMEPHOCTEH ycTporicTsa mpupoasl. Cymect-
BOBAaHNE BHYTPEHHUX MEXaHHU3MOB SIBICHHH IPEIOIAracT HAIMIHE
MPUYHHHBIX CBS3CH, T.C. JCTCPMHHU3M.

2. llpuzHanue ¢akta MPUYMHHOCTH CTABHT BONPOC O NPUPOXE
3JIEMEHTAPHBIX B3aUMOICHCTBUIN BHYTPU SBJICHUMN, 3TH B3aHMMOJIEHUCT-
BHSI MEXKIY DJIEMEHTAMH MOTYT IIPOMCXOANTD JIMIIb YePe3 HEMOCPEI-
CTBCHHOC CONPUKOCHOBEHHUC B OOIICH TOYKE MPOCTPAHCTBA, TEM Ca-
MBIM TMPHHLUIHAATEHO OTBEPracTcsl <IPHHLWI JaTbHONCHCTBUSY,
MPEANOIaralomuil B3auMOAEHCTBUE TEIl YEPES MYCTOTY, U YTBEPKIA-
STCS MPUHIUN OIU3KOACHCTBHUS HA JTIOOOM YPOBHE OpTraHH3aIlliN Ma-
TEPUH.

3. Kaxaprii mpeaMeT M Kaxkaoe SIBJICHUE HMEIOT OECUHCICHHOE
MHOJKECTBO CTOPOH M Ka4ecTB, IMO3TOMY Ka)KIOE KOHKPETHOE OIHca-
Hue (MoJenb, MaTeMaTuieckas (GopMyia, CIOBECHOE U rpadHueckoe
OIUCAHUS T.II.) SIBISICTCS MPUOIIDKCHHBIM. JTO O3HAYACT, YTO MpPEI-
CTaBJICHHS O MPEAMETAX U SIBICHHUSIX TODKHBI HEIPEPHIBHO YTOUHSITh-
Csl yTEM YCOBEPIICHCTBOBAHMS (DPU3UUCCKUX MOJACTCH M MX MaTeMa-
TUYECKOTO OMUCAHMS. DTO 3HAYUT TAKKE, YTO M YCOBEPLICHCTBOBAHHE
(yHAaMCHTATIBHBIX 3aBUCHMOCTEH (DPU3UKH, OTPAKAIOIIUX JTAIIb YACTh
00X 3aKOHOMEPHOCTCH MPUPOABI, MOLKHO SIBISTHCS OJHOH u3
BKHCHINNX 33024 TCOPETUUCCKOH (DU3HKU.

4. JIroboMy MaTeMaTHuecKoMy (ormueckomy, (pyHKIIMOHATBHO-
MY, KOJHYCCTBCHHOMY) OMUCAHUIO JODKHO IMPEAIICCTBOBATh KAYCCT-
BEHHOE OMNHCAHUE — MOCTPOCHUE MOJAEICH MPEAMETOB M SIBICHUIL
Mopgenn JomKHBI OTpaskaTh OCHOBHBIE [T TIOCTABJICHHOM IEIH Kade-
CTBCHHBIC CTOPOHBI MPEAMETOB H SIBICHHHA, OOBICHATh UX C KadecT-
BEHHOU CTOPOHBI, T.€. CBOANUTH UX K COBOKYITHOCTH YacTel, KaXKaas 13
KOTOPBIX MOXKET CUUTATHCS VK€ ITOHATHOM B €€ OCHOBHBIX CBOHCTBAX,
U ux B3ammozcHcTBuoo. OTCIoJa BBITCKACT NMPHHLUUIHATIBHAS BaXK-
HOCTh TPUMEHEHMS aHAJIOTUN C M3BECTHBIMU IPEAMETaMH U SBIIE-
HUSIMH M OOOCHOBaHUS MPABOMEPHOCTH MPHMCHEHUS TEX WM WHBIX
AHAJIOTUH B KOHKPETHBIX CITydasx.

5. Ilpu moctpocHnn oOmMX PU3HUECKUX TCOpHi (HyHAAMCHTAIb-
HOC 3HAUYCHHUE UMEET OIPEICICHHE BCCOOINX (PHU3NICCKUX NHBAPUAH-



MeTox010rH4ecKne 0CHOBBI YHPOIHHAMIKH 73

TOB — KaTETOPHIA, HE M3MCHSIIOIIUX CBOUX CBOWCTB MPHU JTHOOBIX Mpe-
00pa3oBaHMAX M B3aUMOACHCTBUSX (hmsmieckux tern. Beeobumme du-
3MYECKUC HHBAPHAHTHI JOJDKHBI HE TTOCTYIMPOBATHCS, & ONPEACISATECS
Ha OCHOBE OOOOINEHHOr0 aHalh3a BCEX M3BECTHBIX (PHUIHMUCCKUX
B3auMoacricTBui u sBieHuid. Kputepuem otbopa BceoOmux dusmde-
CKUX MHBAPUAHTOB SBISICTCS COOTBETCTBHEC (DAKTY HAITMYMS ITHUX Ka-
TEropuil BO BcexX 0€3 MCKITIOUCHHS MaTCPHAIBHBIX 00pa30BaHUSIX H
SIBIICHUSIX TIPHPOIBI.

6. Karteropuu, HE yJOBICTBOPSIOIING MPUHLUITY BCCOOIIHOCTH,
HE MOTYT SIBIISIThCS BCCOOIIUMY (PH3MYCCKUMU MHBApHAHTAMH. Takum
00pa3oM, Takue KaTeropuu, Kak YeTHIPEXMEPHbIH WHTEPBAT WM CKO-
POCTh CBETA, MPOBO3IJIALICHBI TCOPUCH OTHOCUTCIPHOCTH JDIHINTCIHHA
B Ka4yeCTBE BCCOOIIMX MHBAPUAHTOB HErpaBoMepHO. Tem Oonee He-
MPAaBOMEPHO PACHPOCTPAHCHHE SICKTPOMATHUTHBIX MOHSTHH (CKOpO-
CTH CBETa) HAa TPaBUTALMOHHBIC siBjcHUs B OOIICH TEOPUH OTHOCH-
TEMBHOCTH, MPETCHAYIOMICH Ha 3BaHUEC KTCOPHHM TPABUTALIUN», IIO-
CKOITbKY TPABUTALMOHHBIC SBICHHS HE UMCIOT OTHOLUCHHS K 3JICK-
TPOMArHETU3MY.

7. IlpoBeaeHHbIN 00OOIIECHHBINM aHAIN3 TTOKA3BIBACT, YTO HATHYC-
CTBYIOLIMMH BCIOAY KAaTETOPUSAMH SBISIOTCS MAaTEpHs, IPOCTPAHCTBO
U BpEeMs, YTO O3HAYACT IBIDKCHUEC MATCPHHU, MO3TOMY MUMEHHO STH
KaTerOpHH BCIOAY BBICTYMAOT BCCOOIIMMH (PU3NUCCKUMH WHBApPUAH-
TaMH — IEPBUYHBIMH NOHATHIMHU, OTHOCHTEIBHO KOTOPBIX U JOMKHBI
paccMaTpUBaThCs BCE OCTABHBIC (PH3MUYECKUEC 3aKOHOMEPHOCTH.

Kak BceoOmue ¢uznueckic MHBAPHAHTbI, MATEPHs], MPOCTPAHCT-
BO U BpPEMsI, U UX COBOKYITHOCTh — JBM)KCHHE 00JIAAar0T CBOHCTBAMU
HATUYHS BO BCEX CTPYKTYpax W SBICHHUSIX, IEPBUYHOCTBIO, COXpaHe-
HUEM TPH JIOOBIX MPeoOpa3oBaHusX, OeCIpeaenbHON JETHMMOCTBIO,
aJTUTUBHOCTBIO, THHECHHOCTBIO, HEOTPAHIMICHHOCTBIO.

JTO 03HAYAET, B YACTHOCTH, CBKIUAOBOCTh PEATBHOrO (u3mde-
CKOTrO MPOCTPAHCTBA, PABHOMEPHOCTh M OJHOHANPABICHHOCTD BpeMe-
HH, BEYHOCTh W HCYHUUTOXKHMOCTh MATCPHH, MPOCTPAHCTBA, BPEMCHHU
U JBIDKCHUS, COXPAHCHHE B cpeaHeM BceneHHOH B OJHOM U TOM JKe
BHJE M OTCYTCTBHE Y HEE KAKOro-IHOO «Haudaja» Wim <«xoHua». Bee-
JICHHas B LIETIOM CTALIMOHAPHA M IWHAMUYHA, B HEH CYIIECTBYCT HE-
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MpEphIBHAS Yepeaa MPOLECCOB, KOTOPbIE Bce O€3 MCKITIOUCHUS CBS3a-
HBI C TMIEPEMELICHUSIMH MATEPUH B MPOCTPAHCTBE U TEM CAMBIM SIBJISI-
FOTCSI MCXaHUYCCKHUMH MPOLICCCAMHU.

8. 13 cBoiicTB BceoOIMX HHU3NUCCKUX HHBAPHAHTOB AJISI MAKPO- U
MHUKPOMHpPA BBITEKACT, YTO KAKUX-THOO MPEANOYTUTEIPHBIX MACIITA-
0OB A5l JBIDKCHHMS, MATEPHH, MPOCTPAHCTBA M BPEMEHU HE CYLIECT-
BYET M, CICAOBATCIbHO, HA BCEX YPOBHSIX OPTraHU3ALMH MAaTCPUU B
MaKpo- 1 MUKPOMHpPE JCUCTBYIOT OJHU H TC K€ (PU3HUCCKHIE 3aKOHBI
U HUKAKHX «OCOOBIX» (DU3MUCCKUX 3aKOHOB B MHUKPOMHUPE HE CYIICCT-
BYET. JTO MO3BOJSICT NPU AHATM3E SBICHHHA M pa3paboTke Monencit
CTPYKTYP MaTepUabHBIX OOBEKTOB IIUPOKO HCIOIb30BaTh AHAIOTHH
MaKpoMHupa.

9. OCHOBHBIM HaNpaBICHHEM PAa3BUTHSI CCTECCTBO3HAHMS BCErIa
OBLITO pa3BUTHUE B ITyOb MEpapXUUCCKOW opranmu3anuu Marepun. Oue-
PEIHOM 3Tam pa3BUTHS 3HAMCHOBAJCS BBCACHHEM MPEACTABICHHN O
HOBBIX MaTECpPHATIBHBIX 00pa30BaHMAX, OONEE MEIKUX MO Macce U IO
paszmepaM. DTHM MaTCPHAIBHBIM 00PA30BAHMSIM BPEMCHHO MPHUITUCHI-
BaJMCh MPOCTEHININE B OTHOLICHHH (POpMBI M B3auMoAcHCTBHS (op-
MBI,

10. CtpykTypHas opraHuzanms MaTepHH TNPOCTHUpAETCS OecKo-
HEYHO BriIyOb M BBEPX IO HEpapxXHUecKuM ypoBHsaM. OOmee komuue-
CTBO YpOBHEH OECKOHEYHO, 00IIEe KOIUYECTBO MATEPHH, MPOCTPAH-
CTBa, BPEMCHH U ABIKCHUsS BO BcenenHoit Oeckoneuno. OnHako ka-
SKABIM KOHKPETHBIM MPOLECC OXBATHIBACT OTPAHUUCHHOE KOJIUYECTBO
MaTepHH, MPOCTPAHCTBA, BpeMeHH U aBrkeHus. [locnenHee, B Jact-
HOCTH, 03HA4YaeT MPEACTbHOCTh PACIIPOCTPAHCHHS B MPOCTPAHCTBE U
BO BPECMCHH JTFOOBIX TOJICH U B3aUMO/ICHCTBHIA.

11. Bce momokeHusT METOAOIOTHH 3(PUPOIUHAMUKHI MTOTHOCTHEO
COOTBETCTBYIOT MOJIOMKECHUSIM AUATCKTHUCCKOTO MATCPHATH3MA.
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NnaBa 3. CtpoeHue adumpa.

OIBIT TI0KA3BIBAET, YTO K HOBBIM OTKPBITUSM IPUXO MU TIOUTH
HCKITIOUMTENIPHO TIOCPEJCTBOM  KOHKPETHRIX — MEXAHMYECKHX
pejicTaBIeHui. ...He MoXeT 7T M MOJHOE B HACTOSITEE BPEMS
HAIIPaBIICHNE, OTPHUIATENHHO OTHOCSITICECS K JTFOGBIM CIICIIHATBHRIM
TIPEJICTABIICHISM, TaK JKe KaK ¥ PU3HAHNE KAYeCTBCHHO Pa3UYHBIX
BUJIOB SHEPIHH, OKa3aThCs IIArOM Ha3a1?

JI.Bonvyman [1]

IIpusHarue 5¢dupa, B KOTOPOM MOTYT MIMETh MECTO MEXaHUYECKIE
JIBIDKCHUSL, T. €. [IPOCTPAHCTBEHHBIE IIEPEMEICHIS 3IEMEHTAPHBIX
00bEeMOB BTON «WIEPBOMATEpUI», HEMPEPHIBHO 3aIlONHSIOMEH Bce
Hallle TPEXMEPHOE IIPOCTPAHCTBO, cCaMo II0 ceGe He SBISETCS
[IPU3HAKOM MEXAHVMCTUYECKON TOUKHU 3PECHUSL

B.® Mumxesuu [2]

3.1. CtpykTtypa acpmpa

W3zmoxkeHHas BBIIIE METOMOIOTHS ITO3BOJISIET TIOJOUTH K OIpene-
JICHUIO CBOMCTB 3dupa.

OcHoBHBIC CBOHCTBA 3(Hpa Kak MHPOBOU CPEIbI, SBJISFOIICHCS
OCHOBOH CTPOCHHSI BCEX BHAOB BEIIECTBA U OTBETCTBEHHOH 3a BCE
BUIbI B3aUMOJENCTBUM, HEOOXOAUMO BBIBOAUTL TOJIBKO Ha Oa3e aHa-
Jau3a OOLIMX CBOWCTB PEATbHOTO MHpPA. YUHTHIBAS TAKOKE, 4TO 3Pup
HNpEANnoIaracTcss MUPOBOM CPeNOH, T.e. CPEeAOH, 3amOMHSIOIEH BCE
MHUPOBOE MPOCTPAHCTBO, Al ONPEACICHHUS €ro CBOHCTB HEOOXOIMMO
MPOAHATM3NPOBATh HANOOIEe XapaKTepHBIC CBOMCTBA BakyyMma KOC-
MHYECKOTI'O POCTPAHCTBA. A, YIUTBIBAS, YTO SJIEMEHTHI 3¢Hpa claeay-
€T CUNTATh OJHOBPEMEHHO CTPOUTEIBHBIM MATEPHAIOM BCEX MATEPH-
aJbHBIX 00PA30BaHHI, B TOM YUCIIC HAUMCHBIIUX U3 HCCICIOBAHHBIX
— DJIEMEHTAPHBIX YaCTHI] BEIIECTBA, JUIs ONPENCICHUS CBOWCTB 3IIe-
MEHTOB 3(upa HEOOXOAMMO NPOAHANTHM3UPOBATh HamOonee oOIue
CTOPOHBI B3aUMOJEHCTBHS 3JIEMEHTAPHBIX YaCTHUI] BELIECTBA.

ITpu ompexneneHnu cBoiicTB 3¢upa u3 OOMMX CBOWCTB PEaIbHOrO
MHpa CIEAYET YUECTh, YTO MATEPHS, MPOCTPAHCTBO M BPEMS SBIISIIOT-
Cs WHBAapHAHTAMH, CIICJOBATEIPHO, HHKAKHX OCOOBIX CBOWCTB Ha
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VPOBHE MHKPOMHpPA W Ha YpOBHE 3QUpa HU y MATCPHH, HH y TPO-
CTPAHCTBA, HU Y BPEMEHU HET. A 3TO 3HAYHT, YTO IPHUP MOIINHICTCS
TEM K€ (U3HMYECKHM 3aKOHaM, YTO Makpo- u Mukpomup. Ortcroza
Cpa3y e BBITEKACT, 4TO 3pHp JODKEH MPEACTaBIsATh cOO0H OTHY H3
OOBIYHBIX CPEX — TBEPAOE TENO, JKUAKOCTh WU a3, NOO HUKAKUX APY-
I'UX cpel B Makpomupe HeT. [lpu 3Tom u3 Becero 6€CKOHEYHOro pasHo-
o0pasusi CBOMCTB peajbHOrO MUpa B HEPBYIO OdYepenb HEOOXOIMMO
YUUTBHIBATh CBOMCTBA, CBSI3aHHBIE C NEpPEJAdYeii SHEPTUM B3aUMOJCH-
CTBHI U CO CTPYKTYPHBIMU IPEOOPA30BAHUSIMHI MATCPHUH.

Paccmotpum xapakTepHbIC SIBICHHS MaKpOMHUpPa U BBITCKAIOIINC
13 HUX TpeOoBaHUs K 3QHPY KaK K CPEle, 3arOMHSIOMEH Bce MHPOBOE
MPOCTPAHCTBO.

W3 npakTHKH ecTECTBOZHAHMS M3BECTHO, YTO KOCMHYECKOE MpO-
CTPAHCTBO SIBISIETCS M30TPOITHBIM IO OTHOLICHHIO K PaclpocTpaHe-
HUIO TIOOBIX SHEPTETHUCCKHUX MONeH u Bo3aMymennid. M3 atoro coii-
CTBa KOCMHUYECKOr0 MPOCTPAHCTBA Cpa3y BBITEKACT H30TPOITHOCTb
3aMOJHSIOMIEN €ro Cpelbl, a TAKXKE CBOMCTBO 3TOM CpeAbl 3aIOJHSTh
€CTECTBEHHBIM 00Pa30M 3TO MPOCTPAHCTBO 0€3 MYCTOT U TUCTOKALUH.

B camom gene, B KOCMUYECKOM MPOCTPAHCTBE B CPEIHEM PAaBHO-
MEPHO BO BCEX HANPABICHUSIX PACHPOCTPAHSIOTCS CBET, PAIUOBOIHBI
U TPABHUTALMOHHBIC MOJS. DICKTPUUCCKUEC, MATHUTHBIC M SIACPHBIC
MOl TAKXKE HUKAKOMY HAINPABICHUIO B MPOCTPAHCTBE HE OTHAIOT
MPEANOUTeHUS. TakuM 00pa3oM, HET HUKAKOTO OCHOBAHHSI MIPUIIHCHI-
BaTh MPOCTPAHCTBY, 4, CICAOBATEIBHO, U CPEC, Cro 3AMOTHSIOUICH B
OTCYTCTBHE BEIIECTBA, KAKYIO ObI TO HU OBIIIO aHU30TPOITHOCTb.

OTtcyTcTBHE aHU3OTPOMHOCTH B CPEAE, 3aMOTHSIOMEH KocMUYe-
CKO€ MPOCTPAHCTBO, O3HAYACT, YTO 3TA CPEla HE MOXKET ObITh HHU
JKUAKOCTBIO, HH TBEPABIM TEJIOM, KaK 3TO MPEANONAraJoch MHOTHMH
aBTOpaMH paHee. B ycnoBHSIX HEBECOMOCTH KHIKOCTh MO ACHCTBHEM
CHJI TIOBEPXHOCTHOT'O HATSHKCHUSI TOJDKHA COOMPAThCS B LIAPHI, YTO
MpHUBETO OBl K 00pa30BaHUIO MYCTOT MEXAY wmapamu. ms mroboro
peaTbHOro (PU3UYECKOrO TBEPAOrO TENA XapaKTCPHBI TC WM HHBIC
gucnokanuu. Y to, u apyroe npuseno Obl K HEPABHOMEPHOMY pac-
HNPEAEICHUIO MOJIEU B BAKYYME.
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OnHako >(up MOXKET SIBIATHCS Ta30MOJOOHBIM TEIOM, TaK Kak
Takoe TENo 00IafacT CBOMCTBOM ECTECTBCHHBIM 0Opa3oM 3aIOIHSAThH
BCE MPEIOCTABICHHOE EMY MPOCTPAHCTBO 0€3 MyCTOT U AMCIOKALIHH,
U Ja)K€ YCPEIOHATh CBOE paclpelclCHHE, CCIM OHO MOoYeMy-Iubo Ha-
PYLICHO.

N3 daxra manoro conporuBneHus 3(pupa IBHKECHHUIO TE, B 4acT-
HOCTH, BBITCKACT, YTO 3(PUp IOKEH 00IaiaTe OTHOCUTEIBHO MaIOi
IJIOTHOCTBIO M MaNo# Bs3kocThio. Ecnm Ob1 3¢up obnazan Gompru-
MU CHJIAMU CLCTUICHUS] MEXKIY CBOMMH YACTSIMH, 3TO CKa3anock Obl HA
JBIDKCHHM IUIAHET, ONHAKO 3TOro He Habmromaercs. [ azomomoOnas
cpeaa XOpOoWIO YIOBICTBOPSCT M AAHHOMY TPEOOBAHHIO B OTIHYHE,
HampuMep, OT TBEPAOTrO Tena.

U3zBecTHbIC OOMBIINE CKOPOCTH PACHPOCTPAHCHHS BOMYIICHUH B
MPOCTPAHCTBE 3aCTABILIIOT Moiarate y 3¢upa OOJbIIyI0 yIPYrocTs,
YTO W SBIUIOCH NMPUYMHON TOTrO, YTO HEKOTOPHIC ABTOPHI CUHTAIH
3¢up tBepabiM TenoMm. OgHako OosblIAsS YIIPYTOCTh XapaKTepHA HE
TOJBKO JJIsl TBEPAOrO Tela, HO M s TIOOOro TeNa MpH YCIOBUH, UTO
SHEPTUsl B3aUMOACUCTBUM MEXAY €ro 4aCTULAMU HOCHUT PEaKTUBHBIN
XapakTep M HE MEPEXOANT B TEIIO, T.€. cpeaa odIamacT MaIbIMU IO-
Tepsimu. TpeboBanusM OOJBINON YIPYTOCTH OTBEYAKOT M TBEPAOC TE-
710, M 5KHIKOCTb, U ra3.

Taxum 0Opa3omM, IO COBOKYIHOCTH BCEX TPEOOBaHMI CBOWCTBAM
MaKpOMHpa YAOBICTBOPSICT TOIBKO ra3onoJ00Has cpeaa.

PaccmoTpuM HEKOTOpBIC XapaKTEpHBIC SBICHHS MHKPOMHUpPA H
BBITCKAIOIINE U3 HUX TPEOOBAHMS K 3IEMEHTY CPEIBI.

Kak n3BecTHO, Tak Ha3bIBACMBIC 3JIEMCHTAPHBIC YACTHLIBI BELICCT-
Ba 00JaAa0T CBONMCTBOM B3aMMHOro mpeodpasosanus. M3sectHo na-
JKE€ BBIPAXKCHUE, YTO TH00Ast 3JEMEHTAPHAS YaCTHLA COCTOHT M3 BCEX
OCTANIbHBIX, T.€. B PE3yJIbTATE B3aUMOACHCTBHS MEXKAy coOOi IBYX
nau Oonee 4acTUI[ MOXKET OBITh MONYYEH BEChbMa IMUPOKHHA CIEKTP
yactul Apyroro Buaa. [Ipu 3ToM He cymecTBYeT TakuxX 3JEMEHTap-
HBIX YaCTHL, KOTOPBIC HE MOININ OBl OBITH PA3MOMKEHBI HA APYTUC WUIN
HE MONYYaIuch OBl B pe3yibTaTe ACiCHUs Apyrux vyactun. He cyme-
CTBYCT TaKOKE Pa3felmbHBIX TPYII YACTHUL, HE MEPEXOASAMINX IPYT B
apyra. Bee 3T0 03Hauaer, 4TO BCE 37EMEHTAPHBIC YACTHLIBI BEICCTBA
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COCTOSIT U3 OJHHX U TEX K€ YacTei, 13 OOHOTO U TOTO JKE CTPOUTEIb-
HOTO MaTepHaja, a W3BECTHBIM SKCICPUMCHTAIBHBIN (akt «poxie-
HUS» YacTULl B BaKyyMe IPU ONPEACICHHOM COOTHOIICHHH MOJNCH
MOYKET PacCMaTpHUBaThCS Kak (pakT OPraHU3aLMM STOrO K€ CTPOU-
TEMPHOTO MaTepHala, COACPKAIIECTOCS B BaKYyME, B SJCMCHTAPHBIC
yacTulsl BemecTsa. Eciu Ol Takoro Marepuasia B BaKyyme He ObLIO,
TO U HE U3 4ero Obo Obl MM oOpa3zoBriBaThCs. CliemoBaTeNnbHO, Ha-
JHLO CAMHCTBO MATEPHH (U3MYCCKOTO BAKyyMa W MAaTCPHUU 3JICMCH-
TapHBIX YaCTULl BELICCTBA.

PaccmoTperne B3anmMOACHCTBUN 4YaCTHIl BEIICCTBA APYT C APY-
TOM, B PE3yIbTaTe KOTOPBIX MPOUCXOAUT NMpeoOpazoBanue ux HopM U
BHJOB, MOKA3bIBACT, YTO 3TH B3aUMOACHCTBHS SBISIIOTCS PE3yibTa-
TOM MEXaHHYECKOrO MEPEMELICHUSI YacTUL B mpocTpaHcTee. [lpu
STHX B3aUMOJCHCTBUSAX COXPAHSIOTCS BCE MEXAHUYCCKUE MaPaMETPhI
— BHEPTrHUsl ¥ UMITyJdbc. ECITH cuuTaTh MaTepuI0 HEYHUUTOXKHMOH, TO
HMCIOLINHA MECTO B PsIAC COYAAPEHHH JedekT Macc MOKET ObITh OTHE-
CCH 3a CUET MEepexoJa YacTH MATEpUU U3 COCTaBa YaCTULl B OKPY-
JKaromyro ux cpeny. CremoBaTenbHO, B OCHOBE B3aUMOJCHCTBUS 31e-
MEHTAPHBIX YACTHL] BELICCTBA JICKAT 3aKOHBI MEXaHHKHU.

YacTt snEMEHTapHBIX YaCTHUI] BEIIECTBA TAKXKE NCPEMEIIAIOTCS B
MPOCTPAHCTBE B COCTABE CAMHX STHUX 3JIEMCHTAPHBIX YACTHL. JTO
VIOPSAOYEHHOE JBIKCHHE HAOMI0JAeMO COBPEMCHHBIMH H3MEPH-
TenmpHBIMU cpenctBamu. [locie ke TOro, kak B pe3yabTaTre B3awMO-
JCHCTBUSL U MPeoOpa3oBaHUs <OIEMCHTAPHBIX YACTHI» BEIICCTBA
YacTh MATEPHHU MEPELLIa U3 COCTABA YACTHUI] B OKPYKAIOIIYIO CPEAy,
YTO MPOSBILICTCS KaKk AC(EKT Macc, 3Ta 4acTh MATCPUH HA COBPEMCH-
HOM YPOBHE MU3MCPUTEIBHOH TEXHHKH CTAHOBHTCS HE HaOII0AaecMOit
COBPEMCHHBIMH MPHOOpaMu. JTO HE 03HAYACT, OJHAKO, €€ OTCYTCT-
Busl, a (akT HE HAOIIOJACMOCTH JO/KCH PacCMaTpPUBATHCS Kak Bpe-
MEHHBIH: MOXET CTaThCsl, YTO PAHO WM IMO3JHO COOTBETCTBYIOIIUC
MpHOOpPBI OYIYT CO3MAHBI H TO, YTO CETOHs HAOMIOAATh HET BO3MOXK-
HOCTH, B OyIyLIEM CTAHET HAOIIOAACMBIM.

B cBoe Bpems uzBectHbIi ¢u3uk [loHTEKOPBO, CTOIKHYBLIVCEH C
JedekToM Macce, PeIlil, YTO HEAOCTAIOLIYI0 MAacCy YHOCHUT Majast
yacTula, He umermast 3apsa. [lo aHamorun ¢ HEHTPOHOM OH Ha3Bal
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€€ «HEUTPHHO», YTO O3HAYAET <MaJIEHbKMH HeWTpoH». IIpnHimumm-
aJbHO HE JODKHO OBITh BO3PKCHHUU MPOTHUB TAKOH TPAKTOBKU Jc-
¢exra macc. OaHaKo cneayetr oOpaTUTh BHUMAHKE M HA APYTYIO BO3-
MO>KHOCTh — PACCEHBAHUSI OCBOOOAMBINETOCS 3(UPa B OKPYKAIOIIEM
mpocTpaHcTBe 0e3 00pa3oBaHUs HOBBIX YACTHI. JTa BO3MOXKHOCTD 10
HACTOSILIETO BPEMEHH HE YUUTHIBATIACH (PH3HKOI.

Taxkum obpasom, mpeacrasicHue 00 3dupe kak 0 razonog00HOH
Cpcac MOXKCET 6LITI: NOPUHATO U HAa OCHOBAHUH aHa/INM3a NOBCACHUA
SJICMCHTAPHBIX YaCTHUII IMTPU UX BSaHMOﬂeﬁCTBHHX.

Bosnukaer Bompoc, KakuM ke 00pa3oM YacTUIBl 3Hpa MOryT
VACP/KUBATBCS B COCTABE JJICMCHTAPHBIX HYACTHI[ BCINECTBA, CCIU
s¢up sBasercs razoM? OTBET Ha STOT BONPOC HECIOXKCH, €CIU
VYECTh, YTO AIIEMCHTAPHBIC YACTHULIBI BELUICCTBA MPEACTABISIOT COOO0M
TOPOHMJATBHBIC BUXPEBbIC 00pa30BaHMs YIUIOTHEHHOTO ra30rmo 00H0-
ro a¢upa. OcHOBaHMEM i1 HOJOOHOTO YTBEPKACHUS CITYKUT TO 00-
CTOATCJIBCTBO, YTO UMCHHO TOPOUAAJTBHBIC BUXPU ABJIAIOTCA CAUHCT-
BEHHOH (hOpMOIl JBIDKCHHMS, CIIOCOOHOH yaepKaTh B 3aMKHYTOM OOB-
€M€ YIUIOTHEHHBIN ra3.

Pasnuune ymenmpHOW MacChl DIICMEHTAPHBIX YACTHUL[ BELICCTBA
TpeOyeT MOMYIUCHHS CKUMAEMOCTH CPEIbl B LIMPOKHMX Mpeaenax —
CBOWCTBO, KOTOPBIM O0IAJacT TOIBKO ra3onmoJoOHas cpeaa. 3HauM-
TCJIBHBIC CHJIBI U JHCPTUU B33,HMOI[CI>'ICTBHI>'I MCXKAY TCIaMH JICTKO
MOZKHO O6’bHCHI/ITL 6OJ'II:H.II/IMI/I JAaBJICHUSIMU U CUJIaMHU YIIPYTOCTH,
KOTOPBIMU CITOCOOCH 00aaarh ra3 Gmaroaapst BHICOKOH CKOPOCTH Iie-
pEMEIIEHNS B IPOCTPAHCTBE €r0 YaCTHL.

CoOBMECTHOEC PAcCMOTPEHHE BCEX IEPEUYUCICHHBIX CBOWMCTB pe-
AJIbHOTO MHUpa IO3BOJIACT HpHﬁTH K OAHO3HAYHOMY BBIBOAY O TOM,
410 3(UpP — MUPOBAs CPEIa, 3aMOTHSIOMIAS BCE MUPOBOE IPOCTPAHCT-
BO, 0Opa3syromasi Bce BHABI BEIISCTBA M OTBETCTBCHHAS 32 BCE BHBI
B3aUMOJCHUCTBUH, MPEIACTABISACT COOOW peaNbHbIN, T.C. BI3KUH U
CKUMaeMblii, ra3 (tadm.3.1).

ITOT ra3 COCTOUT M3 CYLIECTBEHHO 0OJEE MEIKUX, YEM 3JIEMCH-
TapHBIC YACTHLBl BELICCTBA, YACTHUL, KOTOPHIC LEICCOOOpa3HO Ha-
3BaTh TaK, KaK OHH HA3bIBAJIUCh B JAPCBHOCTHU I[CMOKpI/ITOM, -
duepamu, T.e. PU3NUCCKH HEACTUMBIMHU YaCTIMU MaTepun. Pasymeet-
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Ci, CBOMCTBOM HCACIUMOCTHU OHU HAACJICHBI YCJIOBHO, BPCMCHHO, OO
HaKOIIJICHUS CBCI[CHI/Iﬁ (6} pa3Hoo6pa3HH aMCpOB U UX B3aMMHBIX ITPC-

BPAIICHUAX U MPESOOPa30BAHMSIX.

Tabnuya 3.1.

Kauecmeennoe onpedenieHue 0CHOBHbIX CEOIICME Ihupa

CaoiicTBa peajsHOr0 MIpa

| CaoiicTBa 3¢upa

Maxkpomup

WHBapmaHTHI BceX (PH3HUIECKIX
SIBJICHHU — MaTepus, MPOCTPAHCTBO,
BPEMA, IBHOKCHIC

WHuBapuanTs! 3(hupa —marepus,
TIPOCTPAHCTBO, BPEMS, IBIHKCHHC

W30TpOMHOCTh XapaKTEPUCTHK
BEIECTBA M IOJECH B IPOCTPAHCTBE

EcrectBennoe 3amonacHue 3(u-
POM TPOCTPAHCTBA O3 MyCTOT H
JUCTOKAIMHI

Manoe ConpoTUBICHHUE ABIKE-
HUFO TCT

Mairsie IWIOTHOCTD H BA3KOCTh

Boapmme ckopoctu pacnpocTpa-
HE-HHA B3aUMOICHCTBHI

bonpmas ympyrocrs

Muxpomup

B3anMuOe IpeBpalneHue Bcex
MCHTAPHBIX YACTHII BEIICCTBA

Bo3MoXHOCTH 00pa30BaHUA JJIC-
Ppa3IMYHBIX CTPYKTYP

VYcnoBue B3aMMHBIX MPEBPALICHUIT
yCTOfI‘II/IBBIX QICMCHTAPHBIX YacC-
THUI» —B3aUMHBIE COYAAPECHUA
C COXpaHEHUEM MEXAHUYECKUX TIa-
paMeTpoB ABIDKEHUS — SHEPTUU U
HMMITyJIbCa

DIEMEHTHI d(prpa JOLKHBI 00ec-
IICYUBATH BO3MOKHOCTH B3aUMHBIX
COyIApEHUU C COXPAHEHUEM MEXa-
HMYECKHUX NMAPAMETPOB ABIDKEHUA —
SHEPIUH M UMITYJIbCA

VaepskaHue MaTepuu B Ipeaciax
yCTOfI‘II/IBBIX QICMCHTAPHBIX YacC-
THUIP> BCIICCTBA

Hanuuune opm asimkenus,
00eceUYNBAOIMX YIS KAHIE
3(upa B COCTaBEC MATCPHATBLHBIX
O06pazoBaHmii

Pazmiuue yaeTpHBIX IUIOTHOCTER
«3JIEMEHTAPHBIX YACTHI> BEMIECTBA

CxumaeMocTb 3(upa B MIUPOKUX

npeseax

Ilepemeriennst aMepoB B MPOCTPAHCTBE M UX B3AMMHBIE COYAape-
HUS 3aCTaBJIIOT TONIAraTh, YTO IS YacTEH aMepOB TaloKe XapakTep-
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HBI 3aKOHBI MEXaHHKH W YTO YacTU aMEpOB TaKKe 0OpasyroT cpeny,
3aMONHSIOIYI0 MHPOBOC IMPOCTPAHCTBO. JTa CPeAa TAKKE ra3oro-
JOOHA, ec IEMEHTHl MENbYE aMEPOB, a CKOPOCTH MEPEMCIICHHUS B
MPOCTPAHCTBE CYIICCTBCHHO BBIIIE, YE€M CKOPOCTH MEPEMCIICHUS
aMCpoOB. COBOKyHHOCTI: OTUX YaCTHULl B IMPOCTPAHCTBC IPCACTABIIACT
coboit a¢up-2, bonee ToHKHHA, yeM 3¢up-1, 0Opa3zoBaHHBI aMepaMH.
OnHako Ta ke JTOrvKa, MPUMEHEHHAs K 3(pupy-2, 3aCTaBIsIET CUUTATh
€ro 3JEMEHTHI COCTOSIINMU 13 3¢upa-3 v Tak 10 OECKOHEYHOCTH.

Ha >¢up pacnpocTpaHsrOTCss BCE 3aKOHBI OOBIYHOM Ta30BOM Me-
XaHUKH, IIOCKOJ/IbKY Ha BCCX YPOBHAX OpraHU3allii MaTCpUHn I[CﬁCT'
BYIOT OJHH M T€ K€ 3aKOoHbI. ['a30Bas MexaHWKa MpoOILIa ONpEACICH-
HBIA MyTh Pa3BUTUS B APYIHX OONACTSIX €CTECTBO3HAHHS M TEICPb
MOXET OBITh C YCIIEXOM HCIIOIb30BaHA AT PACUECTOB MMAapaMETPOB, KaK
camoro 3¢upa, Tak ¥ BCEX MaTCPHAIBHBIX 00pa30BaHU, CTPOHTEIb-
HBIM MaTCpUaIOM I KOTOPBIX OH ABJIACTCA, U BCCX BHUI0OB B3aMO-
JICHCTBUI, KOTOPHIC OH O0YCIOBIMBACT CBOMMH IBIKCHISIMI.

Bw1600: 3¢up —razonoao0Hoe TEJI0 CO CBOIICTBAMH PeaIbHOI0
rasa.

Henocratounocte cBeaeHnii o coicrBax a¢wupa-1, koTopell B
JanpHermeM OyaeM Ha3belBaTh MPOCTO 3(PHPOM, 3aCTaBISICT OrpaHU-
YUTHCS OMPEACIICHUEM CBOMCTB TOIBKO 3TOr0 3¢upa (tadm. 3.1).

3.2. OnpepeneHne YNCNEHHbIX 3HA4YeHMN NapameT-
poB acdupa

YucneHHBIC 3HAYCHHS MApPaMeTpoB 3(upa B OKOJO3EMHOM IIPO-
CTPAHCTBE KAaK PEaJbHOrO BS3KOT'O CKUMAEMOTO Tra3a MOXKHO Ompeae-
JUTh HA OCHOBAHUHU 3KCICPUMCHTAJIbHBIX MAHHBIX, XapaKTECPU3YIO-
LUX TC WA UHBIC (U3MICCKUE MPOLIECCHI ¢ YICTOM 3(hUPOAUHAMUMIC-
CKUX MPEIACTABICHUN O CYUIHOCTH 3TuX mpoueccoB. [lockompky du-
3UYCCKUC SIBJICHUS B OONBIIMHCTBE CBOEM HKCCIICIOBAHBI B 3CMHBIX
YCIIOBHUSIX, MOKHO TOBOPUTH O 3HAYCHHUSIX MapaMeTpoB d(upa JIULIb B
MPOCTPAHCTBE, HEMOCPEACTBEHHO OKPYKAIOMEM 3eMIII0, PacmpocTpa-



82 T'i1aBa 3.

Hssl UX Ha apyrue obnactu BeeneHHo# aumb mo Mepe YyTOYHEHUS yc-
J0Buit HaXOKACHUS 3dupa B 3TuX obmactsax. [lapamerpsr a¢wupa, Ta-
KHE, KaK IJIOTHOCTb, AABIICHUE, TEMIIEPATypa U Ap., MOTYT B APYIHX
obnactsax BceeneHHON cyIEecTBEHHO OTIHYATBHCS OT MapaMeTpoB ddu-
pa B 0K0j103¢MHOM mpocTpaHcTBe. Q0 3TUX OTIHUYHSIX MOXHO B MPUH-
LUIC CYIUTh HAa OCHOBE BHE3EMHBIX HCCICAOBAHHUH, ACTPOHOMHUYE-
ckux HaOmoaeHui u 1.1. [lapameTper 3¢upa BHYTpH BELIECTBA TAKKE
CYLIECTBCHHO OTIHYAIOTCS OT mapameTpos 3¢upa B Bakyyme. B naH-
HOM maparpad)e BHIUHCISIOTCS JIMIIb MapamMeTpsl 3dupa B CBOOOIHOM
OT BELIECTBA OKOJIO3EMHOM MPOCTPAHCTBE. PacueTsl mpou3BeIcHBI Ha
OCHOBE MPEACTaBICHUN 00 3(UPOAUMHAMUYICCKON CYIIHOCTH JICKTPH-
YECKOro MOJIsI BOKPYT MPOTOHA U O BHYTPEHHEH CTPYKTYpPE CamMoro
nporoHa. IlepBoe JaeT OCHOBY Al ONPEACTICHUS MacCOBOHM ILTIOTHO-
ctu 3¢dupa, BTopoe — ISl ONPEACIICHIUS HYDKHEH IPaHHULbl JABICHUS B
a¢upe. Bee ocranpHbie mapaMeTpsl MOAYUEHBI MTyTEM HPOCTBIX pacye-
TOB C ITOMOIIBIO COOTHOLICHHI ra30Boi AnHAMUKH [3-12].

Ilnomuocmy r¢hupa 6 c60600n0M npocmpancmee. Kak O6yzaet no-
kazaHo B 8 6.1u 8.6, nudnekTputeckas MPOHUIIAEMOCTh Bakyyma &,
€CTh INIOTHOCTH 3(upa O, B CBOOOJZHOM OT BEIIECTBA IMPOCTPAHCTBE.
ITO HEMOCPEACTBEHHO BBITCKACT M3 COINOCTABICHUS SHEPTHU SJICK-
TPUYECKOrO MOl MPOTOHA WEP M SHEPrHH KOJbLIEBOTO ABIIKCHHS
3¢upa W, BOKPYT IPOTOHA, OTOXKACCTBISIEMOTO C ANEKTPHYCCKUM I10-
JeM npoToHa (Mpy HATMYHN TOPOUAATBHOTO ABIDKCHUS d(hupa BOKPYT
MPOTOHA), T.K.

0 £0E2
Wep=/0 0 aV; (3.1)
p 2
[e'e) 103 VK2
w,=/00 av, (3.2)

p 2
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rae £ — HanpspKEHHOCTh BNEKTPUYECKOro MO, Vi — CKOPOCTh KOJIb-
LIEBOr0 IBIKEHMs 3(upa BOKpyr npotona, dV — sneMeHTapHbI 00b-
€M IPOCTPAHCTBA BOKPYT IPOTOHA, I, —pPaanycC MPOTOHA.

Orcroma cpasy BHIHO, YTO IOCKOJBKY IOKA3ATEIH CTEIEHEH &, U
O paBueI 1, TO

& = 8,8510” &M~ =p = 8,8510* kr'm 3, (3.3)

4ro BrosiHe coorBercrByeT B3rasigam O.®penens (1823) mpumenu-
TEIBHO K TCOPHH HETIOABIKHOTO 3¢upa.

Takum 00pazoM, MIOTHOCTH 3(Upa B OKOJIO3EMHOM MPOCTPAHCTBE
OKa3bIBACTCSl M3BECTHOM C BBICOKOW TOYHOCTBIO. {11 ocTanpHBIX mMa-
PaMETPOB MOXKHO ITOKA TOBOPHUTS JIUIIE O MOPSIIKAX BETHYHH.

ITnomnocme amepa (31emenma 3¢hupa). IlpotoH ecte Makcu-
MaNbHO CXKAThlii BHXPh 3(Hpa, B KOTOPOM BHYTPU HMEETCS paspe-
JKCHHBIH 00BbeM 3¢upa, a 3¢Up B CTCHKAX MPOTOHA YIUIOTHEH, HO OC-
TaeTcs ra3oM. B cTEHKax MPOTOHA aMephl TOJDKHBI IMETh CBOOOIHBIN
mpoOer, MO3TOMY IUIOTHOCTh aMepa JODKHA OBITh HE MEHEE 4eM Ha
JBA MOPSAKA BBILIC MIIOTHOCTH MPOTOHA, YTO U HY)KHO CYHTATH HIK-
HEU IpaHHLIEH IJIOTHOCTH aMmepa.

Pagnyc nmpoTtoHa MoXKeT ObITh ONPEIEIICH U3 H3BECTHOTO BBIPAXKE-
HUsE 17151 9(PEKTUBHOTO paguyca aTOMHOTO siapa, paBHoro [3, ¢.457]

R=aA"®, (3.4)

rae A —4Yucio HyKJIOHOB B aTOMHOM sIApE, d — paauyc HykiIoHa. J[ms
sapa
atoma Bogopoga a =rp,=1,12p =1,12.10™ .

O0OBbeM IpOTOHA COCTABUT

4 4
Vo=0 nr,’=0 7:1,123.10% =5,88-10"m2, (3.5)
3 3
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U, CIIeI0BATEIBHO, CPEJHIO0 INIOTHOCTh HYKIOHA Py MOXKHO OIpEIe-
JUTH 10 OTHOIICHUIO MAacChl HYKJIOHa (TPOTOHA, HCUTPOHA) K €ro
o0beMy. YuuThIBa,

YTO Macca MpoToHa My, = 1,6725-1045 KT, aero paamyc I, =1,12-10

-15
M, IOJTyYUM

m, 1,6725 -1G’
pp=00 =000000 = 2,816 xr M~ (3.6)
vV, 5,88-10°

IIpubasnss g8a mopsiaka, OyJaeM UMETh HUKHEE 3HAYCHHE TIOTHO-
CTH amepa

pa =310 krm > (3.7)

Omnouienue ouamempa amepa K cpeoneil OiuHe e2o c60000H020
npobeza. IlnotHocts 3dupa p> B CBOOOAHOM NPOCTPAHCTBE MOMKHO
BBIPA3UTh YEPe3 MACCHI aMepa Ma M KOIHMYECTBO AMCPOB B COHMHHLIC
obpema Na kak

p3 =M, N, (3.8)

KonuuectBo amepos B eauHuiie o0bemMa ¢BOOOAHOTO 3dupa ompe-
JEseTCs CpeHeii ITHHOM cBOGOHOro mpodera ha u oa = m da’/4 —
IUTOLIAIBIO €ro TMOMEPEYHOro ceueHus, rae da — anamerp amepa [4, c.
209]:

1
n=0000. (3.9
/2 haGa

Macca amepa paBHa

m, =p, Vi, (3.10)
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rae oobem amepa V, cocTaBUT

ntd3
V,=00. (3.11)
6
Orcrona

ndas 4 ﬁ da
P, =p. Vo, =p, 0O OO0 =0 -0 p,, (3.12)
6/2 1.0, 3

OTKYJa OTHOLICHUE JUIMHBEI CBOOOJHOr0 Mpobera aMepa K ero Iuamer-
py CocTaBuT:

/la ﬁpa ﬁsldg
k=00 =000 =00000 =1616 (3.13)
d. P- 3.8,85-18

Jaenenue spupa 6 ce0b600nom npocmpancmee P> onpenenum u3
MPEACTABICHUS O TOM, YTO HMITYJbC B MONEPCYHOM OTHOCHTEIBHO
CBOCTO HAIPABJICHUS ABIDKCHUS aMEP MOXET MEPeaaTh JPYroMy ame-
Py, HAXOJAMIEMYCSI B COCEHEM CIIO€, TOIBKO NPH KacaHuH. Toraa

P,= P,/ da (3.14)

3aece P, ectp BenmumHA, oOpaTHAs MAarHUTHOW IPOHHIAEMOCTH
BaKyyMma, T.C.

P,=1ju=1/4r-10" =8-16 Hm ™ (3.15)

®u3nUeCKUii CMBICT 3TOrO JAaBJICHUA — B nicpcaavuc SHCPTUU B I10-
NEPCUYHOM OTHOCHUTCIIBHO ABMKCHUS aMCpa HallpaBJICHUHU. OTCIOI[a

P.=P,%./d,= 810 -1,6:16° =1,3.1HMm 7 . (3.16)
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Dnuepeocooeprcanue edunuysl oo6vema r¢pupa (SHEPTHsL TEILIOCO-
JCprKaHMs) PaBHO, KaK U IS BCIKOTO Tasa, ero AaBJICHHIO, T.C.

w,=P>=1,3-16° JIxm® . (3.17)

s cpaBHEHUS LEnecooOpa3HO HAIIOMHHTD, YTO OJHA METATOHHAS
BOZOpOHAss GoMGa Tpy B3psIBe BELACsCT sHepruio B 5-10° [k u,
crnexoBaTenbHO, 1 KyOMUecKHil caHTUMETp  cBOOOAHOrO 3dupa co-
JEPIKHUT SHEPTHIO, COOTBETCTBYIOIIYIO B3pBIBY, mpuMepHO, 200 ThIcsu
MUJLTHAPAOB METaTOHHBIX OoMO, a 1 ky6. M cBoOoaHOTO 3dupa —B 1
MJIH. pa3 OombIIe.

Cpeonsisi ckopocmbs menio6ozo OGUMNICCHUSI amepa B CBOOOJHOM
MPOCTPAHCTBE OMPEASIUTCS U3 YHEPrOCOAEPKAHUS €AUHHULBI 00BEMA
3¢upa kak

N, 1 2:1,3-10 1
u=00) =@oO00d) =54-18uc™ (3.18)
Ds 8,85-10°

Cropocmb nepeozo 36yka (CKOPOCTh PACIPOCTPAHCHUS TPOIOIb-
HOT'O BO3MYIICHUSA) paBHA

U, 5,4 -16
vy=00=0000 =4,34-168mc ™. (3.19)
1,24 1,24

Ckopocmb 6mopozo 36yka (CKOPOCTb PaCIPOCTPAHCHHS TEMIIEPA-
TYPHBIX BOJH B 3(hupe, OHA 3K CKOPOCTh CBETA) PaBHA

v, = 3-10mc ™ (3.20)

Junamuueckas eszkocmov (Koappuyuenm eHympenunezo mpe-
HUs) | MOXXHO ONPEICIUTh U3 YPaBHEHHs ISl MONECPEYHOrO JaBiic-
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HUS B TIOTPAHUYIHOM CJI0€ BA3KOro rasa (anajor ypasuenus Herorona
JUTS IBYDKCHUS BA3KOM >xuakoctH [4, ¢. 210]:

dFy = ndsdv/dx, (3.21)
OTKYyJa
dF dx dx AX
n=00-00 =P00 =P00. (3.22)
dS dv dv Av

Ipu paguyce npotona r, = 1,12- 10" M u s dexTuBHOM pamyce
B3aMMOJACHCTBHSI HYKJIOHOB B SIAPE ACHTCPH Iy =1,2:10" ompe-
JICIAM TOJIIIUHY TOTPAHHUYHOTO CJIOS KaK

O=rn—r,= 810" m. 3.23
p
Kax Oyger mokasaHo B ri1. 6, OTHOCHUTEIIbHASL CKOPOCTh JBIKCHUS
3(upa Ha MOBEPXHOCTSIX CTEHOK MPOTOHA M HCUTPOHA, OOPAIICHHBIX
JIPYT K APYTY, COCTABISICT

Av =310 mc? 3.24
(3.24)

U JUHAMHUYCCKYHO BA3KOCTb MOKHO OIIPCACIIUTD KaK

Ax 8-10’
n=pP, 00 =131€0000 =3,5-10° xrm ' < *(3.25)
Av 3-16"

Kunemamuueckas ea3xocmo paBHa OTHOLICHUIO BA3KOCTU K
IIJIOTHOCTH

X=1p, (3.26)

M, CJICAOBATEILHO,
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Taasa 3.
3,5-102
X=0000 =410m°c™t (3.27)
8,85-10"

Crexyer 3aMeTuTh, YTO B OTIIMYMC OT JKMAKOCTCH, KMHEMATHUC-
CKasl BSI3KOCTh Ta30B YMCHBINACTCS 10 MEPE CHIDKCHUSI TEMITCPATYPHI,
npuMepHo, B nepsoii crenenu [10, c. 22]:

T
X2 =X1 ogd (328)
In

Kosppuyuenm memnepamyponposoonocmu 1iisi OObIMHOTO BSI3-
KOTO C)KHMAEMOro ra3a COBIAJAcT IO BEMHYMHE C KHHEMATHUYCCKO
BSI3KOCTBIO:

a=x=410m <% (3.29)

Cpeonsisi Onuna ce0600H020 npodeza amepos BHE BEUIECTBA MO-
JKET OBITH OTpe/eacHa u3 Beipakenus [4, ¢. 211; 5, Gjkax

J.=3y/u= 416/5,4-16 = 7,4-10° m. (3.30)
JHuamemp amepa onpeaennuTcs N3 MPOCTOTO COOTHOIIEHUS

d, = AJKL=7,4-10"1,6-10% = 4,6-10% m. (3.31)
Hﬂomadb nonepedno2o cedenust amepa CocraBuT

o, =1d2/4 =1(4,6:10%)* /4 = 1,66-10%° w2, (3.32)
Obvem amepa cocTaBiseT

V, =1d,3/6 =11(4,6-10"°)%6 = 5,1-10™%* m >, (3.33)
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Konuuecmeo amepos 6 edunuye oo6vema c60b600n020 r¢pupa co-
CTaBUT

n, = 12 -A,0= 1/ 1,41-7,4-18>1,66-10°= 5,8-16% v (3.34)

Macca amepa MOXeT OBITH ONpEENCHA U3 IFIOTHOCTH 3dupa:
m, =/ n, = 8,85-10"7 5,8-16% = 1,5-10 " «r. (3.35)

IInomnocms mena amepa, Takum odOpa3oM, paBHa
o=m/V,= 1.5.10"95,1-10"%= 3.10° kr-m>. (3.36)

Temnepamypa 3¢hupa, xax u BCSIKOTO rasza, ONpPEACISICTCS BbIpa-
JKEHHUEM |

T =mu¥ 3k = 1,5-10"*(5,4-18° )7 3-1,38-1G° = 10*K. (3.37)

Yoenvuan mennoemxocms 3¢pupa npu P = const Haxoautcst u3
BBIPKCHHUS

e = 3k /2an, = 3-1,38-1GY2-1,5-10"= 1,4-16' »* ¢ > K™ (3.38)
rae k=1,38-10 23I[>1<-K ! - nocrosuuas Bonbrvana.

Yoenvuan mennoemxocms 3¢pupa npu NV = constuaxoaurcs u3
BBIPKCHHUS

ov = cl(1+2N)=1,4-16Y(1 + 2/5) = 18 v ¢ ?K™, (3.39)

rae N — umcno cremeneii cBoboasr amepa (mpeamomoxkuteabao, N =
5).

Kosppuuyuenm mennonpoeoonocmu csobomHoro 3¢upa, kak u
JUTSI BCSIKOTO Ta3a, HAXOAWUTCS U3 BHIPKCHHUS
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kr =UAp,cy/ 3 = 5,4-18-7,4.10™ .8,85-10"10" 3 =
=1,2.1F kramc K™ (3.40)

Yucino coyoapenuii Kax);coozo amepa 6 c60000HoM Ihupe omnpe-
JEITUTCS U3 BRIPAYKCHUS

v.=Uuh=5,416/7,4.10° = 7,3.16' ¢ (3.41)

Yucno coyoapenuii amepos 8 eOuHuue 06vema c800600H020 IPu-
pa cocTaBuT

Ys =7, N, = 7,3-16" -5,8-18 =4,2.16°¢". (3.42)

C y4erom CYIIECTBEHHOrO Pa3IHyis B AMAMETPE amepa U JJIHHE
ero cBoboaHOro mpoodera 3Gup Kak ras Mo CBOMM CBOKUCTBAM JO/IKCH
MPHUOIIKATECS K KJIACCUYCCKOMY HICATbHOMY Ta3y, Mo KpalHel Mme-
pe, B CBOOOJHOM OT BCLICCTBA, OOPAa30BAHHOTO YILUIOTHCHHBIMH
3(UpPHBIMU BUXPSMH, MpocTpaHcTBe. MOXKHO mMoiarath, YTO ISl 3TOTO
rasa JOCTaTOYHO ONW3KOH sBisIeTcs craThcTHKa boipivaHa ams ko-
OpIMHAT M MMITYJIBCOB aMepa, a PaclpeeaCHUE CKOPOCTEH, BHINMO,
OMM3KO OIMHMCHIBACTCS pacrpeaciacHiHeM MakcBemia, XOTS HaTndne
BSIBKOCTU BCC KC T'OBOPUT U O HCKOTOPBIX OTIINYUAX B pacCrIpCACICHUN
napamMeTpoB 3Qupa OT yKa3aHHBIX.

Bce MNPOU3BCACHHBIC BBIYUCJICHUSA U MOJTYUCHHBIC 3HAYUCHUSA SIBJIA-
FOTCsl OpUCHTHPOBOYHBIMU (Tabm. 4.2).Tlapamerpst 3¢upa Kak B OKO-
JI03€MHOM TMPOCTPAHCTBE, TaK U B Apyrux obmactsx Bcenenwoit cie-
JAYET YTOUHATD U NEPETIPOBEPATD.
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Ilapamempul 3¢hupa 6 oxono3zeMHom npocmpancmee

Tabauya 3.2.

ITapametp | Benuuuna | E nununa u3mMepeHus
Igpup 6 uenom
ITnoTHOCTH 0,= 8,85.10" KT
JlaBricHue P>1,3.16° Hm™
VIenpHOE  SHEProcoep- w>1,3.16° I
JKAHUC
Temmneparypa T<10* K
CKOpOCTH TIEPBOTO 3ByKa V, > 4,3-16° Mt
CKOpPOCTH BTOPOTO 3BYKa v,=c =310 Mt
Koappuumenr Temmepa- a~4-10 M2t
TYPOIMPOBOTHOCTH
Koappuuument Ttemmonpo- ke~ 1,2-16° kr-m-c Kt
BOJHOCTH
Kunematuyeckas BA3- x =410 M>C
KOCTb
JuHamudeckas BI3KOCTb =~ 3,5-10° KL.M C
TToka3zarens aguadaTsl 1-1,4
TennoeMKoCTb pu c > 1,418 Moc KT
MOCTOSTHHOM JIABJICHUH
TemnmoeMKkoCTs Ipu oy > 10" Moo KT
TIOCTOSTHHOM 00BEME
Amep (9nemenm r¢pupa)
Macca m, < 1,5-10™* Kr
Tnametp d.< 4,6-10% M
KommiecTBo B equnuIe n, > 5,8 162 M
o0bemMa
Cpemuss quHA CBOOOI- Ao < 7,410 M
HOTO Tpo0era
Cpemuss cKopocTh Temno- | U, = 5,4-16° Mc T
BOTO JBIDKCHHSA
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3.3. ®DopmMbI ABMXKEHUA acpupa

AnemeHT 3dupa — amep — obmagacT CAUHCTBCHHONH GOPMON IBH-
KCHUSA — PABHOMEPHBIM NOCMYNAMENbHBIM OBUNCEHUEM B TIPO-
cTpaHcTBe. B3anmozaericTBiie aMepoB APYT C APYTOM OCYIIECTBISIETCS
CAMHCTBEHHBIM CIIOCOOOM — MYTEM YIPYroro COyJapeHus u, TEM ca-
MBIM, OOMCHOM KOJIMYCCTBOM JBIKCHHUS (MMITyJIbCaMH). ITO COyaa-
peHuEe ¢ OOJBLION CTEMEHBIO MPHUONIKEHUS MOXKHO CUHTATh abco-
JIOTHO YOPYTHM, T. €. IPOHUCXOMAIINM O€3 MOTEPh KOJIUYECTBA JBH-
JKCHHSL.

COBOKYITHOCTh aMEPOB — AJIEMCHTAPHBIN 00beM 3dupa — oOnaga-
er tpeMms ¢opmamu ABrKeHUA: AU(D(Y3MOHHON, MOCTYHATEIPHOH U
Bpamarenproii (puc. 3.1) [7].

Pasromepioe nocnynamensioe Jeusrcenue
osudCeHUe amepa aJiemeHma 2aza
* + ‘ Jeusicenue
Jug dyzuonnoe Hocmynamensnoe Bpaujamenvroe AeMenmapHo20
osuncene 2aza osudicenute 2aza oeudcenue 2a3a | o5pema 2aza

Puc. 3.1.IBmxenne amepa, popMbI H BI/BI IBILKeHUsI dGupa

Huddysuonnas hopma IBIKECHUS aMepOB B 3(upe €cTh BCEraa,
Jake Korjaa 3(up MONMHOCTRIO YPABHOBELICH M HUKAKOT'O BHELIHETO
JOBWDKEHHS B HeM HeT. [losromy 3ta dopma ABIDKCHHS SBISIETCS OC-
HOBHOW, UCXOAHOH ISl PACCMOTPEHHUS TIOOBIX Ipyrux (GopMm IBHKe-
HUI.

Auppyzuonnas popma peuxenns >¢pupa, xak u modoro rasa,
o0ecrieunBacT TpU BHIA JBWKCHUS. HEPEHOC HIOMHOCHU, NEPEHOC
Konuuecmea osuiceHus (umnynpca), nepenoc IHepeuu.

Ilocmynamenvuas ¢popma deurcenus r¢hupa odbecrieunBact 1Ba
BUJA JBIKCHUS. JIAMUHAPHOE meveHue (TUma BETpa) U NPoOoibHOe
KonebamenvHoe (TUMA 3BYKa, B IpeaeIax MOIYJISL YIIPYTOCTH).
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Bpawamenvnas gopma osusrcenus spupa obecrieunBact IBa
BUAA JBIDKCHUSL PA30OMKHymoe eépaujameivHoe (THma cmepua) U
3aMKHymoe epaujamesibHoe (TUa TOPOUIA).

Bcero ceMb OCHOBHBIX BUJOB ABHIKCHUS.

IlepeuncnenHblc BUAB ABMKCHUSI MOTYT JATh LIMPOKHHA CIIEKTP
KOMOHMHHMPOBAaHHBIX BHJIOB JBWKCHHS, COOTBETCTBYIOIIUX TEM HITH
WHBIM (PU3MYECKUM B3aUMOJCHCTBUSAM, (PH3MUECCKUM MOJSIM U sIBIIC-
HusM. OHAKO BO BCEX 3THX (popMax u BUAAX ABMXKCHUU d¢upa Je-
JKUT CIUHCTBCHHBIN BUJ ABIDKCHHS — MEPEMCLICHHE aMEPOB B MPO-
CTPAHCTBE M COUHCTBCHHBIN BUJ WX B3AHMOJCHCTBHUS — YIPYroe co-
yAApPCHHE, UTO U SBSICTCS OOILICH OCHOBOM it BCeX (hOPM ABHIKCHUS
s¢upa u AN BCEX BUAOB OPTaHU3ALMH BELICCTBA, HAYHMHAS OT 3Jc-
MEHTAPHBIX YaCTHL BelecTBa U KoH4as Beenennoit B nenom. Otcrona
Cpa3y BHIHA MPHHLMIHMAIBHAS BO3MOXKHOCTh CBEICHHS BCEX BUIOB
B3aMMOJCUCTBHI K MEXaHUKE — TOMY HJIH HHOMY BHAY NEPEMEIICHUS
3(UPHBIX MACC B MPOCTPAHCTBE.

Audppyzuonnas popma osuscenusn s¢pupa (puc. 3.2)

I Jlughghysuonnoe ogudicenue |

Qeudicenus -
Vpasnenue Oypve
Saxon Ouxa Vpasnenue Horomona a0 =-k deSdt
dm = -D<L dsdt dF = 022 4s ax
dx dx k=ne,
By ] - Ypasnenue
(;L; =DAc n= 3 up MENLONPOBOOH OCHI
@
T = DAT- TP
N =K
Ap ’ 5 P
o l v AT
1 v, AP # T
R>F, T,

Puc. 3.2. Iuddys3nonnas ¢popma nBixeHus r¢upa
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1. Ilepenoc nnomuocmu. Ilepenocnoe audy3noHHOE ABHIKCHUE
HMMEET MECTO B TH0OOM ra3e Kak Ipu PaBHOMEPHO PaCHpeaciICHHOU,
Tak U MpU HEPaBHOMEPHO pacmpeacneHHoN mmotHocTH. [lepeHocHoe
JBYKCHHE CTPEMUTCS BBIPOBHSTH KOHLICHTPALHIO INIOTHOCTH, & TAKXKE
KOHLCHTparmio Mace (camoanddysus), eciau OTCYTCTBYET BOCCTAHAB-
JMBAOLIAS] HEPABHOBECHOE COCTOSIHUE MTPUYHHA.

s meperocHoro aud@y3noHHOro ABIKCHHS XapaKTepHbI HEKO-
TOpBIE OCOOCHHOCTH, CBSI3aHHBIC C TEM, YTO B OJZHOKOMIIOHCHTHOU
cpeae, kKakoBoi sBsieTcs a¢up, Ha nporece camonuddysum Hakma-
JBIBatOTCs mpoueccsl TepMoauddysuu. Kpome Toro, yreepxaarts, 4to
3(up SABISCTCS OTHOKOMIIOHCHTHOW CHCTEMOW M YTO aMephl OXWHA-
KOBBI MEXay c000i, ocHoBanuii HeT. Ckopee, HA00OPOT, aMephl, Kak
BHUXPEBBIE 00pazoBaHus 3¢upa-2, HeN30KHO JOKHBI Pa3THUaThCs U
Jake oOpa3oBBIBATh CIOXKHBIC CTPYKTYPHI THma Monekyn. OmgHako
BOIPOC O TOHKOU CTPYKType 3(upa JOmKEeH ObITh OTHECCH Ha Oyay-
mee.

SAsnenvie quddy3un MIOTHOCTH B OAHOMEPHOM CITy4ac OMHCHIBA-
ercs nepBeiM 3akoHoM Duka [4, ¢. 212-213):

dM = —D dsdt dp/dx, (3.43)

rae dM — macca, mepeHocumast 3a Bpemst Ot depe3 sneMEHTapHYO
wromaaky dS B HampaBICHUH K HOPMAK X K PACCMATPUBACMOH ILIO-
magke B CTOPOHY YObIBaHHS IUTOTHOCTH; D — xoadduumeHnt camo-
auddysun; do,/dX — rpagueHT IIOTHOCTH.

B cnyuae tpexmepHoit quddy3un u3MEHEHNE KOHLEHTPALHHU C C
TCUCHUEM BPEMEHM NPHU IOCTOSHHOW TEMIEpaType U OTCYTCTBHH
BHCINHUX CHJ OnHchiBacTcs Au(depeHInaTbHbIM YpaBHEHHEM CaMO-

auddysuu:

dc J Jc 0 Jc 174 Jc
00 =0 OO0)+0 OO)+0 (OO). (3.44)
ot X OJX & Jdy o oz
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Ecnu D He 3aBUCHT OT KOHLICHTPALMH, TO YPABHCHHUE PUBOJUTCS
K BUAY

d /ot = DAC (3.45)

(BTopoii 3akon Puka), rae A — qmuddepenunansusiii oneparop Jlarmna-
ca; ¢ — KOHLICHTPALHs YACTHUL] ra3a.

2. Ilepenoc konuuecmea osuxcenus (umnyianca). IlepeHoc ko-
JMYECTBA ABIDKCHUS, HEMPABHIIBHO MMCHYEMOTO ceiyac B (pusnke
umiryabcoM (U3HUCCKH UMITYIbC — MPOU3BEACHUE CHJIBI HA BPEMS
JEUCTBUSI — OTCYTCTBYET B OTAEIBHO ABIDKYIICHCS YacTHLE, IS KO-
TOPOH XapaKTEpHBI MACCA U CKOPOCTh ABUKCHUSI OTHOCUTEIBHO CPEA-
HEWl CKOPOCTH JABIKCHHS BCEH OCTaNbHON COBOKYIMHOCTH HYAaCTHII),
peanu3yercs B CIOSIX CPEABl, ABIDKYIIMXCS OTHOCUTEIBHO APYT APyTa
C HEKOTOpOH cKopocThio. IlepeHoc komuuecTBa JBIKEHHUS U3 OJHOTO
CJI0S B JIPYTrOH SBISETCS NMPUYMHON BS3KOTO TPEHHS IUIA BSI3KOCTH
rasa.

Ilepenoc kommuecTBa JBIKEHHS OIPENCIAETCA YpPaBHEHHEM
Hetrotona mist aBrkeHus Ba3koit sxuakoctH [4, ¢. 210]:

dF, = 77dSdv,/dx, (3.46)

rae dF — cuma BHYTPEHHETO TPEHWMs, ACHCTBYIOmAs Ha ruromaaky dS
MOBEPXHOCTH CJI0s BAOJIb INIOCKOCTH MOBEepXHOCTH; AV,/dX — rpagueHT
CKOPOCTH JBHKCHHS CJIOCB B HATPABJICHUM ), TICPIICHIAMKYIIPHOM
MMOBEPXHOCTH CII0A; /] — KO3(hPHUIIMCHT BHYTPCHHETO TPCHHUS, YUCIICH-
HO PaBHBIN CHJIC TPEHUS MEXKIY ABYMSI CIIOSIMU C TLIOIIAIBI0, PABHOM
CAVHUIE, TIPU TPAJTUCHTS CKOPOCTH, PABHOM CIUHMIIC.

CornacHo 31meMEHTapHON KHHETHYECKOH TEOPHH

17 = UAD./3. (3.47)
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Bornee TouHas Teopus mpUBOAMT K 3aMeHEe MHOXUTES 1/3 Ha Ko-
s durueHT @, 3aBUCAIMIA OT XapaKTepa B3aMMOICHCTBUS MOJICKYIL.
Tax, 171 MOITEKYJI, CTAIKMBAKOIIUXCS KaK TTIAJAKUE TBEPAbIC Imaphi, @
= 0,499 .bonee TouHBIC MOACTH CHIT B3aUMO/ICHCTBUS MPUBOIAT K TO-
My, uTO KOd(dHUIMEHT @ okaspiBacTCA Bo3pacrarommeii (pyHkimeit
Temnepatypsl. s aguposuHaMUKK HA JAHHOM 3Tare €¢ Pa3BUTHS
MOTOOHBIC BOMPOCHI CTABUTH PAHO.

Koadduumentsr nepenoca K u /7 He 3aBUCST OT MJIOTHOCTH rasa,
TaK Kak MpousBeacHue AQ He 3aBucut oT 0. BaskocTs rasa pacrter ¢
TIOBBILICHUEM TEMIICPATYPHI IPOHOPLHOHATBHO /T .

3. IIepenoc snepeuu. lpu Hanuuuu B ra3e 00IaCTH C PA3THIHBI-
MH CPEIHECTATUCTUUCCKUMH CKOPOCTSIMH COCTAaBJISFOIIMX ra3 YacTHII
— pa3IMYHBIMU TEMIICPATYpaMu — BO3HUKAET Tepmoanddysus, B pe-
3yJIbTaTe KOTOPOH TEMIIEPATYPhl MOT'YT BBIPABHHBATBCS, CCIIU TEILIO
HC PAaCcCEUBACTCSI HEIPEPHIBHO B IPOCTPAHCTBE U €CIU K 3THM obiac-
TSIM HE TIOJBOJAMTCS TEILIO M3BHE. B MPOTHBHOM Ciyyac ycTaHaB/MBa-
€TCsl HEKOTOPBIH IPaIUCHT TEMIIEPATYP.

INepeHoc Temma uepe3 EAMHMIYY ITOBEPXHOCTH ONPEACISCTCS
ypasaeruem Oypse [4, c. 210]:

dQ = —kdSdtd77dx, (3.48)

rae k = 77 ¢, — ko3 durmeHT TEmIONPOBOIHOCTH, YUCICHHO PaBHBIM
KOJIMYCCTBY TEILIOTHI, MICPCHOCUMOMY Yepe3 CAMHHULYY MMOBEPXHOCTH
3a CAMHULYY BPEMCHHU PH IPAJIUCHTE TEMIICPATYPbI, PABHOM CANHHUILIC;
d7/dx — rpaaueHT TEMIIEpaTYpPHI.

PasHOCTh €10€B MOrPaHUYHOTO CIIOSI OMPEACIISCTCS BRIPAKCHUEM

AT = Au?I2cs, (3.49)

rae Au — mepernaj CKoOpocTel CloeB; Cp — TEIIIOEMKOCTh rasa IpH Io-
CTOAHHOM OJaBJICHHUH.
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CBs3p TUHAMUYCCKOU BS3KOCTH M TEMIICPATYPHl B MOTPAHUYHOM
CJ10€ ONPEACIIETCS BRIPAXKCHUEM

nin, = (TIT.)°, 0,xé<1 (3.50)

Takum 00pa3oM, B MOrPAHUYIHOM CIIOC, B KOTOPOM HMEET MECTO
CYILIECTBEHHBIN IPaJuEHT CKOPOCTEH, TEMIIEpaTypa ra3a MOHWKEHA U
COOTBETCTBCHHO MOHIKECHA €ro BS3KOCTh. JTO UMEET OOJbIIOE 3HA-
YCHHUE T CTAOMIIBHOCTH BUXPEBBIX 00pa3oBanuii 3¢upa.

VpaBHeHHE pacnpocTpaHeHHs TeIia B 3upe, Kak u B JI000M ra-
3e, orpeaensercs Beipaxenuem [9, c. 447—-455]:

Ti=aAT —floyp, a=k; loyp, (3.51)

rae T(M, t) — remneparypa touku M(X, Y, 2) B MomeHT t; K, = const —
K03(PHULIMEHT TEMIOMPOBOIHOCTH, d — KO3 HLUHUEHT TemmepaTypo-
MPOBOJHOCTH; f — IIOTHOCTP TEIJIOBBIX HCTOYHHUKOB.

Ilocmynamenvnas ¢popma osusicenus 3¢pupa (puc. 3.3)

1. Jlanmunapuoe meuenue. JlaMuHApHOE TEUCHUE Ta3a BOZHUKACT
MPH HANMYHAU PAa3HOCTH JABJICHUI B ABYX OONACTAX MPOCTPAHCTBA.
ITpu mocTynarenbHOM ABMKCHUU raza Ju(Qy3uOHHOE IBHUIKECHHUE CO-
XpaHsIeTCs, OAHAKO HAa XaOTHYECKOE ABIDKEHHE MOJIEKYJ HakKjaablBa-
eTcs VIOPSAOYEHHOE ABIDKCHHUE MOJCKYI B OOIIEM HAIpaBIICHHU.
BpamarensHoe nBrkeHuEe 00bEMOB rasza MpH 3TOM OTCYTCTBYET. [pn
MOCTYMATEIBHOM IBIDKCHUU MOXKET MPOHCXOAMTH AcopMarus 00b-
€MOB rasa.

MareMaTHiIeCKUMH  BBIPKEHUSIMH, OIMCHIBAIOLINMHE ITOCTYIIA-
TEMBbHOE ABIDKCHHE 3(Hpa NpPH JTaMUHAPHOM TCUCHUH, SIBISIOTCS H3-
BECTHBIC YPABHEHMS THAPOMEXAHIKH JIJIS CKIMAEMOT0 BS3KOTO Tasa,
B TOM YHCIIE!

ypaBHeHHE bepHymnu, OTpakaromiee COXPAHEHHE 3HEPruu B
cTpye ra3a (cyMMa KHHETHYCCKON M MOTCHUHAIBHON SHEPTHii B CTPYyE
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| HOCW{VHL?mefIbHOE? osudiceHue |

Y Y

4. Jlamunapnoe
Vpaenenue Bepuynnu

2
% +/ %D:canst

Vpasnenus :

- 2-1t cmenenu:

az(p

5 e =Qkyzt)
Vpasnenue cocmosnua
_ RT ,, NbT) a=7y yBT
P=a=l1+—%.]

-1 cmeneny
L= _dA
Vpasnenue Hasve-Cmoxca divd - =gr= P(x,y.z,0)

v _ 1 v
I :; grad P +)(VU+(7+§)gmdv

AP
2B op
jr—
= .
=3 B>

5. Konebamensnoe npodonsoe

Puc. 3.3.IlocrynaTtennnast popMma aBHKeHHsI dpupa
ras3a COXpaHs;eTcs B JIF0OOM CEUCHHUU CTPYH):
V2 +] dP/p = const;

YpaBHCHUC COCTOSIHUSL:

RT NB(7) N2C(7)
P=00[1+000 +000 +..];
Vv Vv \Va

ypaBHenne HaBpe—Crokca:

dv 1
00 = -0 grad + 0%,
dt P

(3.52)

(3.53)

(3.54)
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a TaKKe YPaBHEHUS, OMMCHIBAIOIIUC JBIDKCHUS raza B MOTPAHHYHBIX
CNOSIX, HAIIpHUMEp, MHTErpajibHbie cooTHomenns Kapmana u HekoTo-
pBIC OpyTHE.

OCOoOCHHOCTBIO WCHOJB30BAHUS YPABHCHHA THIPOMEXAHUKU
MPUMCHHUTEIBHO K 3(UpPY SBISICTCS OTCYTCTBHE OOBEMHBIX CHI, IO
KpaifHel mepe, [T HaYaJIbHOTO 3Tana UCCICIOBAaHUH, Koraa (hakToM
cyuectBoBanus d(upa-2 nmpenedbperaerces. Bo BCex 4acTHBIX Clydasx,
KOTa 3TO BBITCKACT M3 KOHKPETHBIX MOJAENEH, BO3MOXKHO YIPOLICHUE
VPaBHEHHI, HAMpUMEp, NPUMCHEHUE YpaBHEHHMU OJiimepa BMECTO
ypasuennst Hase—CTOKCa.

CyILIecTBCHHBIM YIPOLICHUEM SBISICTCS BO3MOXKHOCTB B 0OOJB-
LIMHCTBE CITy4acB MPEHEOpeUb BS3KOCTHIO U COKHUMACMOCTBIO, OTHAKO
JI0 TEX JTUIIb HOpP, MOKa 3TO HE HAPYLIACT UCXOAHYIO MOJCIb SIBICHUS.

Jns HEKOTOpBIX HaNpaBICHHM, TAKUX, HAIPHUMEP, KaK BIEKTPO-
JUHAMUKA, BBIBOA YPABHECHUI KOTOPHEIX Oa3WpoBAalICs HA MPEACTaBIIC-
HUU O HEC)KUMAEMOCTH 3(Hpa U OTCYTCTBUHU Y HETO BA3KOCTH, B Ha-
CTOsIIIEE BPEMs YK€ HE MPEACTABISCTCS BO3MOKHBIM STUMH Mapa-
METpaMH HNpeHEOpeyb, MOCKOIbKY HCCICIOBAHMUS MOKA3AIN HX CyIIe-
CTBEHHOCTb TSI MHOTHX YaCTHBIX SIBJICHUH.

2. IIpodonvroe konebamenvnoe oOeudricenue 6 zaze (1-ii 36yk)
BO3HHMKACT NPU MOSBICHUU Maioro u30bITouHoro nasieHus. Cko-
POCTh PaCIPOCTPAHEHUS 3TOrO M30OBITOYHOTO JABICHUS B NPEAETAX
MOZYJISL YIIPYTOCTH €CTh CKOPOCTh PACIPOCTPaHeHHUs 3ByKa [7, 8].

MaremaTH4ecKuM BBIPAXKCHUEM, OMKCHIBAIOLINM MPOAONBHBIC
KonebaHusl B cpeae, MOXKET OBITh BOTHOBOE YPaBHCHHE BTOPOroO IO-
psaka:

0°¢
OO0 —cAg =Q (XY, z1), (3.55)
ot

rae Q(X, Y, z, t) — Bo3mymIaromee BO3ACUCTBIE, @ - CKATAPHBIN TMO-
TCHIUAI, ¢ — CKOPOCTh PACIPOCTPAHEHHS MPOIOIBHOIO BO3MYIICHHUS
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(cxopocTh 3ByKa), KOTOpas T Ta3a OMpeACIsIeTCS BRIpaskeHueM [4, c.
535]:

c=VWPlp | (3.56)

rae Y —nokasarens aguadaTsl; P — 1aBieHue; O — IUIOTHOCTD rasa.

IlpuHIMIIMAIPHO CYINECTBYIOT BOJIHOBBIE YPaBHEHHS IEPBOTO
MTOPSAKA, BHITOJAHO OTIMYAOIIUECS OT BOJTHOBBIX YPABHEHHI BTOPOTO
HOpsAKa CBOECU MPOCTOTOM M TEM, YTO B HMX HE HNPUXOJUTCS IIPUHU-
MaTh MCKYCCTBEHHBIX IPHUEMOB UL VHHUYTOXXEHHS OJHOTO M3 pelle-
HHM, JAIOMECTO PACXOSIICECCS BBIPAXKCHUC. TakuM YpaBHCHUCM IS
OJHOMEPHOT'O KONEOAHHSI SIBIISIETCS] BBIPAYKCHUE

dA, dA,
OO0 -00 =P(xt), (3.57)
dx cxdt

a JUI TPEXMEPHOTO

dA
dvA-00 =PV, zt); (3.58)
cdt

omepauus ACICHUS HA BCKTOP € SBISCTCS JOIMYCTUMOH, ITOCKOJIBKY
HAIpPaBJICHUC STOTO BCKTOPA B TOYHOCTH COBHAJACT C HAIPABICHUCM
BEKTOpa A, HAXOAALICTOCS B YHUCIIUTEIIC.

Bpawamenwvnas gpopma osuxcenus s¢pupa (puc. 3.4.)

1. PazomkHymoe épawjamesibnoe 0suiceHue POSBISCTCS B Typ-
OyJIIEHTHOCTSIX U B copMmupoBaBmuxcs BUXpsX. [Ipu pazoMkHyTOM
BpaIlATEIPHOM JABIDKCHUU OChb BHXPSl YXOAWT B OCCKOHEYHOCTb, a
CKOPOCTb BpAILCHHS YMCHBIIACTCS 110 MEPE YIAICHHS OT OCH.
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3. Bpawyamenvnoe oguoicenue

1 1

6. Pazovxnymoe 7. 3anxnymoe
o _ _ 3axon Buo-Casapa
= _ . ~ . - v
o Qv =- grad H - y rot2 r Faop
- i) =- — 3
_P ¥ — T i [rp
H=5t7; Q=rotv =

Teopema 'aycca

Fo gt e
¢ Ylr) = —

4

Puc. 3.4.BpamartesbHast popMa IBIKeHNs dupa

B Tex cnyuasx, Korga c:KMMaeMOCThIO 3(HUpa MOXKHO MpeHEOpeUb,
YTO UMEET MECTO, HAIPUMEP, B CBOOOJHOM OT BEIIECTBA MTPOCTPAHCT-
BC, YPABHCHU BPAIMATCIIbHOIO ABMXKCHUA COOTBCTCTBYIOT YpPaBHCHU-
M BUXPCBOTI'O ABUKCHUSA BSI3KOM HEC)KMMACMOI KUAKOCTU:

dv

O +Qxv =—gradd — yrotQ; (3.59)

dt

divw =0; (3.60)
P V2

H=0 +0; (3.61)
P 2

Q =rotv=1I/g; (3.62)

I =|vdl, (3.63)
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rae V — CpelHss MOCTyMmaTeabHAass CKOPOCTh YACTHI] B paccMaTpuBac-
MOl TOYKe MpOCTpaHCTBa; I — HHTEHCUBHOCTD BUXPS; O — ILIOLIATb
BUXPSL.

OHako TPH PACCMOTPCHUH CTPYKTYPBI BEINECTBA CHKUMACMO-
CTBIO BHXPsI HENb3sl MPCHEOPEUb, MOCKOIBKY (PAKT TAKOW CIKMMACMO-
CTH CTAHOBUTCS OMPEACTSIOIINM IPH OOBSICHCHUHN MOBEACHMUS d(Hpa.
B sToM ciyuae ypaBHEHHSI MOTYT CYIIECTBEHHO YCIOXKHATHCS. Oco-
00¢ 3HAYCHHE MPU 3TOM MPHUOOPETACT BBIACICHUC U3 BCCH COBOKYII-
HOCTH (haKTOPOB TEX M3 HUX, KOTOPHIC B KAYKIOM KOHKPETHOM CITy4ac
CYILECTBCHHBI, HAPUMEP BSI3KOCTH M TEMIICPATYPHI IPH PACCMOTPE-
HHUH TPOLIECCOB B MOTPAHUYHBIX CIIOSX.

2. 3amknymoe epaujameiibHoe OBUMICEHUE CCTh TOPOHIATBHOC
JBYOKEHHE raza. [ToMuMo yka3aHHBIX BBILIE COOTHOIICHHWH JUTS OIH-
CaHMsI TOPOMJANBHOIO IBIKCHUS MOXKHO HCIIONBb30BaTh 3aKOH buo-
CaBapa B cimydae, KOrja CXKHMAEMOCTBIO U BSI3KOCTBIO Taza MOXKHO
mpeHeOpeyb:

r ¢-pde
v() =-0 [oooo, (3.64)
A f-pP

rac P - paanyc-BEKTOp.

3aMKHYTOE BpallaTeIbHOC ABIDKCHUC 3Qupa SIBISICTCS OCHOBOU
UL CTPYKTYP PA3NUYHBIX MaTepHAIbHBIX OOpa30BaHUH Ha YpPOBHE
OpraHu3aIi MaTCPUU THIA SJICMCHTAPHBIX YACTHIL.

Buieoowi

1. ConocraBieHue OOIUX CBOWCTB MaKpO- 1 MUKPOMHpPA MOKa3a-
70, YTO MHPOBOEC MPOCTPAHCTBO 3AMOJHEHO MAaTECPHAIBHON cpenoH,
00TaaromIeii CBOWCTBAMHU PEATBHOIO, T.€. BSI3KOIO M CKHMAEMOrO,
raza. JTa cpela, Kak U paHee, JOJDKHA Ha3hIBATHCS 3(HPOM, IEMEHT
Cpelbl JO/LKSH Has3biBaThCst avepoM (o Jemokpury).



Ctpoenne 3¢upa 103

2. Ddup sBILETCA CTPOHTEIBHBIM MATEPUATIOM AN BCEX BHIOB
BCIICCTBCHHBIX 00pa30BaHMWil, HAUMHAS OT 3JIEMCHTAPHBIX YACTHUI] U
KOHYas 3Be37aMu M ranaktukamu. Cunosbie (GU3MUYCCKUE MO SIBJIS-
FOTCSI CTIEACTBUEM Pa3NHIHBIX OpM ABIKECHUS 3upa.

3. Ilpu onpexneneHUH YHCICHHBIX 3HAYCHHUU HapaMmeTpoB >¢upa
BO3MO)KHO W LIENIECOOOPA3HO HCIONB30BaTh ammapar OOBIYHOM ra3zo-
Boil Mexanukd. [Ipom3BencHHbIE pacdeTsl MO3BONUIN OPHEHTHPO-
BOYHO ONPEACTIUTh OCHOBHBIC MapaMeTpsl 3(upa B OKOJIO3EMHOM
MPOCTPAHCTBE — €ro IUIOTHOCTb, AABICHUE, VIACIBPHOE 3HEProconep-
JKaHHE, TEMIICPATypPy, CKOPOCTh IEPBOTO M BTOPOrO 3BYKOB, KO3 hu-
LUCHTHl TEMIIEPATYPOIPOBOJHOCTY U TEILIONPOBOJHOCTH, KHHEMa-
THYECKYIO M AUHAMHYCCKYIO BSI3KOCTH, [MOKA3aTeNb aguadaThl, TCILIO-
E€MKOCTH IPHU MOCTOSHHOM 00bEME U MOCTOSIHHOM AABIICHUH, & TAKKE
mapaMeTpbl amepa — €ro Maccy, pa3Mephl, KOJIHMYECTBO B COHHHLC
00beMa, CPEAHIOK JUIMHY CBOOOTHOrO mpodera, CPEeIHIOK CKOPOCTh
TEIJIOBOTO JBIKCHHS.

4. Anamu3 ¢opMm IBHKEHHUS 3Hpa Kak ra3omoJo0HOro Tena Io-
KasaJ, 4To 3JCMEHT 3¢upa —amep — o0nagacT CAMHCTBCHHOMN (hopMoii
JBYDKCHHSI — PABHOMEPHBIM IOCTYNATEIbHBIM JBMDKCHHEM B IPO-
CTPAHCTBE; 3JCMEHTApHBIN 00beM 3¢upa obramaet Tpems dopmaMu
JOBYOKEHHUS — nu((y3HOHHOM, MOCTYNMATEIbHON U BpalaTenbHOU, MPH
STOM:

ouysuonnasn popma odecrnieunBacT TpU BUIA ABHIKCHUS — IIE-
PCHOC MIOTHOCTH, MEPEHOC KOMUYECTBA ABIKCHUS U MEPEHOC DHEP-
Uy,

nocmynamenwvHas popma — 1Ba BUAA IBIDKCHUS — JTAMUHAPHOE
TEUCHHE U TPOJONIBHOE KoIeOaTenbHOES JBIKCHIC,

eépaujamenvHas (opma — ABa BHIA IBWKCHUS — Pa30OMKHYTOE
(Tmma cmepua) u 3amkHyTOE (THmIa TOopouaa). Beero cemp BuaoB 1BH-
JKeHus 3¢upa.

Bce ykazannbie pOpMEBI M BHIBI JBKCHISI OITUCHIBAIOTCS M3BECT-
HBIMH MaTEMaTHYCCKUMH 3aBUCHMOCTSIMH OOBIMHOW ra30BOi MEXaHH-
KU.

5. TlpeneOperkeHHEe BHYTPEHHUMH OCOOCHHOCTSIMH CTPOCHUS
aMepoB U BHYTPECHHMMH ()OpMaMy ABIDKCHHUSI MAaTCPUU HA YPOBHE



104 T'1aBa 3.

JBYDKCHHS MaTepuu Oonee riy0okoM, ueM 3¢up-1, sBiasercst BpeMeH-
HBIM, THOCEOJIOTHYECKUM HPUEMOM. AMep SIBISIETCS CIOXKHBIM 00pa-
30BAaHUEM, OJHAKO HCCIECIOBAHME CIEAYIOMNX YPOBHEH OpraHH3alyuu
MaTEpHH SIBIIETCS 3aJa4ei CICIYIOLIMX STAIOB Pa3BUTUS 3PHPOIH-
HAMHUKH.
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FnaBa 4. CTpoeHue razoBbIX BUXpen

Marepus, Kak CyIIECTBYIOMAsA HE3ABUCUMO OT HAILETO CO3HAHUS
00BEKTHBHAS PEATbHOCTD, UIMEET MIMPOKOE pazHooOpasue (hopM.
T.Opoeu-I'pys [1]

4.1. KpaTtkasi uIcTopus Teopmmn BUXpPEBOro ABuxe-
HUA

Kparkast ucropust Teopun BUXPEBOTO ABIKCHHS U3JIOXKEHA B [2)].

Hauano coBpemeHHONH TEOpHH BHUXPEBBIX IBIDKCHHH ITOJIOMKHIT
I'.I'enpmronen, onybaukosasmmii B 1858r. cBoit memyap «O6 nHTE-
rpajne ruAPOAMHAMHUYCCKUX YPAaBHCHHH, COOTBETCTBYIOIINX BHXPEBO-
My IBIDKCHHIO» [3, 4], B KOTOpOM OH BIiepBbIe C(HOPMYIHPOBAT TEO-
pemy o coxpaneHuu Buxpeii. CorjgacHO 3TOH Teopeme, MpH CHax,
VIOBICTBOPSIOLINX 3aKOHY COXPAHCHHS SHEPTUH, HEBO3MOXKHO CO3-
JaTh WIM YHHYTOKHTH yXKEC CYIIECTBYIOIIMH BUXph H, Oolee TOro,
HEBO3MOKHO Ja’KE M3MCHHUTh HANPSDKCHUE MOCICIHETO. 3apOsKICHUC
U yracaHwe BHXpEH, HaOmoJaeMble B HPUPOIC, LETHKOM OMPEHCIs-
FOTCSI TTACCUBHBIMU CHJIAMH TpeHHs. TOIBKO Onaroiapsi STHM CHIaM
OCYILIECTBIISICTCSI BUXPb, M OHH JKE€ 3aCTABIIIOT 3aPOAMBIIHICS BHXPb
MOTYXATh.

WHTerpanpl rHAPOJMHAMUYCCKUX YPABHEHUI, M3 KOTOPBIX Kak
CIICACTBUE BBITCKACT TEOPEMa O COXPAHEHUH BUXPEHi, ObLIN MOTyYCHEI
eme B 1815r. Komm. Ho Kommu naTepecoBana muinb aHATUTHICCKAS
cTopoHa gcna. ['eoMmeTpuueckas sk MHTEPIPETALUS €r0 PE3yIbTaTOB
npuHaICKUT [empmrompiry. TONMBKO TTOCIIC 3TOr0 BO3HUKIIA Ta TPYII-
Ma BOMPOCOB U 33Ja4, KOTOPbIE TENEPh COCTABIIIOT MPEAMET YUCHUS
0 BUXPSIX.

OnHako Hemb3s HE YIMOMSHYTh, YTO YACTHBIC CIIy4al TEOPEMBI O
COXpaHEHUH BHUXpeEil Obmn yrke u3BecTHbl Jlarpamxky. B cBoeli «Ana-
JUTHYECKON MEXaHHKe», onyOnukoBanHoi B 1788r. [5], on mokassi-
BACT, YTO ABIDKCHHC WACATBHOM >KUAKOCTH, 00Najas MOTCHLHAIOM
CKOPOCTEH B KaKOW-THO0 MOMEHT BPEMEHH, OCTACTCS TAKOBBIM 34 BCE



106 T'1aBa 4.

Bpemst aewkeHus. Jlanee Komm m Crokc mokaselBaid, YTO BCSKas
YacTULa MICATbHOH KUIKOCTH HUKOTAA HE MOJYYACT BPALICHHUS OT
OKpY’Karomei cpexpl, ecmu He obiajgana UM B HAYaIbHBIH MOMCHT
BPEMCHH.

B 1839r. mBeackuit yucHsiii CBeHOCPT moKa3ai CICIYHOIIYIO
TECOPEMY: YITIOBbIE CKOPOCTH BPALICHHS YACTHI B PAa3IHYHBIX IONO-
JKCHUSIX €€ HA TPACKTOPHHU Bceraa oOpaTHO MPOIMOPLMOHATBHBL KBaJ-
paTtaM paccTosiHUs ee OT Tpackropuu AprpkeHus. OTcroma 3akmroye-
HHUE. YacTULA >KUAKOCTH, MOIYYHB B KaKOW-TUOO MOMEHT YIIIOBYIO
CKOpOCTb, HUKOTAa HE MEPECTAHET BPAIIAThCs M, HA00OPOT, HYaCTHLA
JKUAKOCTH He OyJeT BpallaThCs, CCIH B HAYale ABHKCHHS €€ YITIOBas
CKOpOCTh OBIJIa paBHA HYIIO.

B yxazannoMm BbIie Memyape I 'enbMronbua npuHLIHI COXPaHCHHUS
BHXpei Obl1 000CHOBaH BO Beel momHoTe. bosee Toro, Tam ke ykasa-
HO TNPaBHIIO OMPEACICHHS CKOPOCTEH ABIDKCHHS BHXPEBBIX IMHYPOB,
HAXOASMIIUXCS B UACAITHLHONM HECKMMASMOM >KHIKOCTH, M TEX HaCTCH
JKUAKOH MacChl, TAC OTCYTCTBYIOT BUXpH. MM ke yka3aHa aHamorus
MEKAY CKOPOCTSIMH JBVKCHISI YACTHL )KHIKOCTH M CHJIAMU ACHCTBUS
raTbBaHHYCCKUX TOKOB HA MATHUTHBIHA MOMIOC.

Bce mocnenyromme pabotsl, mossusmmecs mociae 1853r., mo cy-
LIECTBY SBISIOTCS PACLIMPEHUEM U OOOOLICHHEM OCHOBHBIX PE3YJIb-
TaToOB, HOOBKITHX ['enpMronbLeM.

Uranesiackmii yuensiii benbrpaMu, mome3ysce TeopeMami, BbIBE-
JeHHBIMU [embMrombLeM, Aam OpaBHIIO OMPEACICHUS CKOPOCTCH yac-
THL CKAMAEMON JKUAKOCTH, HAXOASAILICHCS B BHUXPEBOM JBM)KCHHH H
3aMKHYTOW KOHCYHBIM OOBEMOM. JTO MPaBHIIO, YCTAHABIMBAIOLICE
3JIEKTPOANHAMIYECKIC aHAIOTHH, U3BECTHO Kak TeopeMa berprpamu
[6].

Kpymusiii mar Bonepex nocne I'enpmroneua caenan Kupxrog. B
cBoux «Jlexmmsax mo matemarudeckoil dusuke» [7] on man audde-
PCHLMANBHBIC YPABHEHUS IBMIKCHUS MPSIMOTHMHEHHBIX M Mapasicib-
HBIX BUXPEBBIX IIHYPOB, HAXOJIIIUXCS B HCOrPAHHMYCHHON Macce He-
cxuMaeMoi sxuakocT. OH jKe yKazan YeThIpe MHTErpana 3TUX ypas-
HECHHU.
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OcHoBbiBasick Ha ypaBHeHusix Kupxroda, ['pednp B 1877 1. pe-
MM HECKOIBKO 33734 O IUIOCKOM IBIDKCHUHM TPEX, YEThIpeX U 2N
BHUXpeEH. 3a1ady O ABMDKCHHHU 4eThipex Buxpeil ['peOnp orpannumsaet
CYLICCTBOBAHUEM B PACIOIOXECHUN BUXPEH IIOCKOCTH CHMMETpUH,
JBYDKCHHE 2N BUXPEH OTPaHUYIMBACT MPEANONOKECHHUEM CYLICCTBOBA-
HHUSI B PACIIOJIOKEHUH BUXPEU N IJIOCKOCTEH OPTOrOHAIbHOU CHMMET-
pumn.

HBa roga cyctst mocsie padotsr I'pediist mosiBunace padora Koor-
ca (Cootes),B KOTOpOii OH PACCMOTPET ABMKCHUE BUXPEBOTO KOJIbIIA
¥ TOKa3aJ, 94To KOblieoOpasHas Gopma Buxps — hopMa yCToiumBast.
NzyueHneM OBIDKEHHSI BUXPEBBIX KOJCL MHOTO 3aHHUMAICS TaKKe
k. Tomcon.

BuxpeBbIM JBIDKCHHUSM B CKMMACMOH KHIKOCTH TOCBSIICHBI pa-
6otel I'perua u llpe. [IBmxeHne BUXpPEH, OrPaHUYCHHBIX CTCHKAMH,
n3ydan cam ['embMrospI.

PaccmatpuBas ABrKeHHE OBYX NPSIMOIMHCHHBIX MapaICIbHBIX
BUXPCH B MOCATBHO HECKUMACMOW >KHAKOCTH, | eMbMrospl mokasal,
YTO MJIOCKOCTh, JENSIAs PACCTOSHHE MEXKIY ABYMsI BUXPSIMHU C PaB-
HBIMHU T10 BEJIMYUHE HAMPSDKCHHOCTSMHM, HO Pa3HBIMU IO 3HAKY, MO-
JKET PUHUMATBCS 32 CTCHKY, CCIH OHA MEPHCHINKYISIPHA K YKa3aH-
HOMY PacCTOsSHUIO. Buxps OyJeT ABUraThCs MapaylieIbHO 3TOM CTCH-
ke, U 3GHEKT CTCHKU CBOAUTCS, TAKHUM 00pa3oM, K 3P ¢eKTy, mpouc-
XOAAIIEMY OT M300paKEHHUS BUXPsI, €CIH CTCHKY PAcCMaTpHBaTh, KaK
3epKaso.

I'punaxwunn B 1877-1878&r. paccMotpen 3a1auu 0 IBIKCHHH BHX-
pell B OIKHIKOCTH, OrPAHUYCHHOH UMIHHAPHYECKHMHU TMOBEPXHO-
crsimu. Tlonp3ysich MeToJOM H300paXKeHUH, OH PEIIIIT 3a0a49H O TLIOC-
KOM JBIDKCHHW OJHOTO M JABYX BHUXPEH BHYTPH M BHE NMOBEPXHOCTH
KPYIJIOrO LIMJIMHAPA, 4 TAKKE B MPOCTPAHCTBE, OTPAHHYCHHOM IIO-
BEPXHOCTBIO MPSIMOYTOIBHOH YETBIPEXYTOIbHOM MPHU3MBI.

B 1876-1883r. anrmuiickuit pusuk O.Peiinonpac [8] skcmepu-
MEHTATbHO YCTAHOBHJI KPHUTCPHUIl MEpexoaa ITaMHHAPHOTO TCUCHHS B
LUIHHAPHYECKAX TPyOax B TYpOYICHTHOE M BBENI KPUTCPHU, Xapak-
TCPUBYIOIHA KPUTUYECKOE COOTHOIICHUE MEXKAY WHEPLMOHHBIMH
CHJIAMU U CHJIAMH BSI3KOCTH, MPH OMPEACICHHOM 3HAYCHUU KOTOPOrO
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JAMUHAPHOE TEUCHUE NMEPEXOTUT B TYPOYJICHTHOE M Jaliee B BUXpE-
Boe. D10 coorHowieane Re =pvl/y, Hasannoe «umciaom PeiiHomba-
ca», CBA3BIBACT p) — IUIOTHOCTD KHIKOCTH, V — CKOPOCTh MOTOKA, | —
XapaKTepHBIA THUHEHHBIN pa3Mmep, # — IWHAMHYICCKUH KO3 HLIMCHT
BSI3KOCTH M TO3BOJISICT OMHPEACIUTh YCIOBHSIX 0Opa3oBaHus TypOy-
JCHTHOCTEH U BUXPEH B KOHKPETHBIX CIy4asX TEUCHUU >KUIKOCTEU
BOJIM3M pa3NMYHBIX HOBEPXHOCTEH 1 GopM.

B 310 BpeMs psAoM yUEHBIX OBLTH PEICHBI MHOTOYHCICHHBIC Ya-
CTHBIC 3a4a4u BUXPEBOro ABmkeHUs. COBEPUICHHO OCOOYIO 3amady
noctasun nepen codoit B 1894r. H.E.XKykoBckuii, KOTOpEIH, MOIB3Y-
SICb METOAOM KOH(OPMHOTO M300PasKCHUS, PELIMI 33434y O JBUKC-
HUU BUXPs BOJHM3HM OCTPHsI KJIMHA, MOTPYKCHHOTO B XKHIKOCTb. Pac-
cMaTpuBas TPAGKTOPHH BUXPSA, OH [TOKa3aj, YTO BUXPEBOU IMHYpP BCE-
r71a VKIOHSETCS OT IMOJHOCHMOro K HeMy Hoxa. Brocnmeacrsun XKy-
KOBCKHH Pa3paboTan TCOPHIO TAK HA3ZBIBACMBIX <TIPHCOCIUHEHHBIX»
BHXPEH, MMCIOINYI0 (PYHAAMCHTAIbHOC 3HAYCHHE 11 MHOTUX HPHUIIO-
sxeHuit [9).

B.TomcoH, OCHOBBIBasICh HA TEOPEME O COXPAHEHHH BUXPEH, BBI-
JBUHYN 0c00yI0 aromucTrueckyro rurmoresdy [10—11]. O mpearomo-
KW, UTO BCE MPOCTpaHCTBO BeeneHHoll 3amonHeHo s¢upoM — mue-
aJIBHOM JKUIKOCTHIO, B KOTOPOI aTOMBI MATEPUU MPEACTABIISIOT COOOM
OCCKOHEYHO MaJTbIC 3AMKHYTHIC BUXPH, 3aPOJUBIIUCCS B STOH JKHIKO-
ctu. PaznooOpasue B cBoiictBax aromoB B.ToMcoH 00BsICHIT MHOTO-
oOpa3ueM IBIKECHUH, B KOTOPOM HAXOMSATCS YACTUIBI OJHOTO MpO-
croro BemecTa. Buxpesas Teopust atomoB, co3xanHas B.TomconomMm,
HE monyumia npusHanus u passutus. Tonbko B 20x romax XX cro-
Jetust HeMenkuii rugpoauHaMuk A.KopH momsiTancsi BHOBb BOCKpeE-
cutb uacu B.ToMcoHa, HO TPUMCHUTEITFHO HEC K aTOMaM BECIICCTBA, a
K TOJIKOBAHHUIO PHUPOABI JIEKTPOHA.

Heckonsxo moxxe H.IL.Kacrepmu caeman momeITKy HOCTPOESHHS
BHUXPEBOI Teopuu 3ieMeHTapHbiX dactul. Oxnako uaen A.Kopha u
H.IT.Kacrepuna Obliu BCTpEUYEHBI ¢ GONBLIMM HEJOBEPHEM IIUPOKOU
HAYYHOH OOLICCTBEHHOCTBIO, BCICACTBUC YEr0 OHU OKA3aJHCh U30JH-
POBaHHBIMH H HEBOCTPEOOBAHHBIMH, XOTS B paboTax STHUX VUCHBIX
COJEPIKUTCSI HEMAIIOE YUCIIO MHTEPECHBIX COOOPaKCHU.
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C pasBuTHEM aBHALMHK YYCHBIC HATOJKHY/IHChH HAa HCOOXOIH-
MOCTh M3YUYCHHSI BUXPEBBIX 00pa30BaHUil MpH OOTCKAHHMH TBEPABIX
Tea. B 3TOM OTHOWIEHHHM 0COOOr0 BHUMAHHS 3aCITYKUBAIOT PabOTHI
Kapmana u H.E.JKyxosckoro. IlepBbiii BecbMa moapoOGHO HU3y4an mHo-
BCICHUC TaK Ha3bIBacMOil BUXpeBoil mopoxku Kapmana [9, 12, 13].
Nmetrores 3ameuarensHbie mpon3seacHust A.A.Opramana Ha PyCCKOM
si3p1ke «OTIBIT THAPOMEXAHUKH CKUMACMOH JKHUAKOCTI», a Takke «O
BUXPSAX B KUAKOCTH C MCHSAOIICHCS TemmepaTypoir» [14, 15],8 koro-
PBIX JaHa MOCTAHOBKA 33134 O JBIDKCHUH BUXPEH B CKUMACMOU KHI-
KOCTH.

Haxkoneri, ciaeayer ynomsuayTs 00 uccnenoBanusx Oseena [16],
KOTOPBIH BIICPBBIC MTOCTABIII M PSLIMI PSIT 33439 O JBIDKCHUU BUXPEH
B Bs3koit kuakoctu. Mmen Osecna m @puamana eme »KAyT CBOCrO
TPOOIKCHHSL.

B Oonee nmozaHee BpeMs psOM COBETCKUX M 3apYOCKHBIX HCCIIE-
JOBaTeNCii TCOPETHICCKUE M3bICKAHHS B O0IACTH BHXPEBOTO JBIDKC-
HUsI OBLITH TIPOJIO/KEHBI [CM. JOII. JIHT.].

Crexyer OTMETHTBD, YUTO CIIOKHOCTh 3a4a4 TYPOYICHTHOH U BHX-
PEBOIA ra30BOil JUHAMHUKH YaCTO 3aCTaBIIICT HCCIICIOBATEICH UCIIOb-
30BaTh YIPOLICHHBIC MOJCNIHU SIBJCHHIA, HE Bceraa KoppekrHeie. Ha-
NPUMED, B )KUAKAX BUXPSIX HCIOIb30BAHO MPEACTABICHUE O TOM, YTO
LCHTPaJIbHASL YaCTh JHHCHHOrO BUXPSI BPAILACTCS IO 3aKOHY TBEPIO-
ro Teaa, XOTS HUKAKUX (DH3MYCCKUX MPEAMOCHUIOK Uil 3TOr0 HET
[17]. Bo MHOrmx ciy4asx HCIONB3YIOTCS MOJCIH, HE OTBEYAOIIUC
(usnke SBICHUMH, PeHeOpEraeTcs CAKUMAEMOCTBIO Ta3a TaM, TAe mpe-
HEOpPEUYb ITUM HENb3sl, HE MCCICAYIOTCS BSI3KOCTHBIC, TEMIICPATYPHBIC
u apyrue 3 dekTsr.

MHor#ue 3a1a4u BUXPEBOTO ABIXCHUS CPEJ, M B OCOOCHHOCTH, ra-
30B HE PELICHBI A0 cuX mop. K HUM crieayer OTHECTH, B MEPBYIO OUC-
pens, mpodneMy o0pa3oBaHUsI, CTPYKTYP U SHEPTETUKU ra30BbIX BHX-
peit. Jlanmeko HE B yIOBIECTBOPUTEIBHOM COCTOSIHUM HAXOTUTCS TCO-
pHsL IOTPAHUYHOTO CIIOsI, XOTs 3Aech MHoroe caenano [18] . [pakru-
YECKH MOTHOCTHIO OTCYTCTBYIOT PEIICHMS B 00IaCTH B3aUMOACHCTBHS
BHUHTOBBIX Ta30BBIX MOTOKOB. Hukorga He paccmarpuBaivch 3agad,
CBSI3AHHBIC C B3aMMOIPOHUKHOBCHHUEM BUXPEBBIX MOTOKOB B paspe-
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JKEHHBIX Ta3aX, ¢ B3aUMOJCHCTBHEM CBEPXIUIOTHBIX BHHTOBBIX ra3o-
BBIX CTPYKTYP THIIA BUHTOBBIX BHXPEBBIX TOPOHIATBHBIX KOJICH WU
B3aUMO/ICHCTBUEM CIIOKHBIX BUHTOBBIX BUXPEBBIX CTPYKTYP, COCTOS-
LIUX U3 MHOTUX BUXPEH.

Tem He MEHee, U B 3TOM 00NACTH CO3AaH COMHIHBIN 3a1C, KOTO-
PBIHA CACAYET HKCIOAB30BATh HpU Pa3padoTKe 3(HUPOIUHAMUUCCKHX
OCHOB CTPOCHUSI MaTepuu. AKTYaabHOCTh PCLICHHS MPOOJIEM BHXPE-
BOTO M BUHTOBOT'O JBIIKCHHS Ta30B BO3PACTACT C MOSBICHHEM 3(upo-
JUHAMHKH, [JIsI KOTOPOU MEPECYUCICHHBIC MPOOIEMBI MPEICTABIISIFOT
0CO0OYI0 BaXKHOCTb.

4.2. O6bpa3oBaHue N CTPYKTypa FIMHENHOro ra3oBo-
ro BUXps

[pu mepemerueHnn Macc ra3a OTHOCHTEIBHO APYT Apyra B raso-
BOH CpPEAC BO3HHMKAIOT TYPOYJCHTHOCTH, MEPEXOIAIINEC B BUXPCBBIC
oOpa3oBaHws.

[MpuHIMNMAIBHO, BHUXPEBBIM OOpPa30BAHUEM CUMTACTCS THO00C
JBIDKCHUE )KUAKOCTU WM rasa, AJisi KOTOPOro

{vdl
rotv=IimO0O000 #0, (4.2)
As—0  AS

T. €. TO, JJIs1 KOTOPOIO LUPKYJISLUS CKOPOCTH MO 3aMKHYTOMY KOHTY-
py He paBHa Hymt0. OIHAKO HE BCAKOE IBIKCHUE, IJIsI KOTOPOTO BBI-
HOJIHSIETCS MPUBEICHHOE COOTHOLICHHE, SIBJSICTCSI BUXPEM B MOTHOM
CMBICJIE 3TOT'O CJI0BA. XOTS TEUEHHUE ra3a BIOJb HEMOABIKHOIN CTEHKH
HEOJUHAKOBO HA Pa3HBIX PACCTOSHUAX OT HEE, TO AJIsI TAKOTO TCUCHMUS

1 0w ovy 1 dvy
ro,v =0 (00 —-0O0 )=000 #£0, 4.2)
2 0y 0x 2 dy
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TaK Kak MpoaoJbHAs (B HAMPABICHHH OCH X) CKOPOCTh Vi MEHSIETCS IO
MEpE YIAICHHs, OT CTCHKH, T.C. YBEIMYICHUS BeIHMIHHbI Z. TeMm He Me-
HEE, BUXPsI KaK TAaKOBOTO IMPU MOJOOHOM TCUCHHU MOXET U HE OBITS,
XOTSI TPEAMOCHLIKH TSl TIOSIBJICHUS TypPOYJICHTHOCTH CO3JaHbI MMCH-
HO Onarozapst pa3HOCTSIM CKOPOCTEH TCUCHHUS HA PA3HBIX PACCTOSHUSIX
ot crenku (puc. 4.1).

Veo

Puc. 4.1. Pacripe/iesieHnie ckopocTeil B IOIPAHUYHOM CJI0€ IUIOCKOIl IVIacTH-
HBL

B rmapoMexanmke, Kak M3BECTHO, MPUHATO Pa3iNyaTh JTaMHHAP-
HOE, TYpOYJCHTHOE M BHXPEBOC ABIDKCHHS, MEPEX0J OT OJHOTO M3
HUX K Apyromy omnpeaemsercs yucioM PeiiHonbsaca Re:

Re =vl/y, (4.3)

rac V — CKOpOCTh TeUeHUs cpensl; | — XapakTepHsIil THHEHHbIN pa3-
Mep; X — KHHEMATHIeCKas BSI3KOCTh CPEIbI.

Kak mokaszano B pabortax [8, 18 — 21u ap.], mepexon oT aMuHap-
HOTO JABIDKCHUSI K TYpOYJICHTHOMY HAYMHACTCS OT 3HAUCHHN YHCEI
Peiinonpaca mopsiaka 2000 (o uccnenoBanmsm camoro PeiiHonbaca
or 2300), oaHaKO BO3HUKAIOMIKUEC TYPOYJICHTHOCTH HE OOS3aTCIBHO
COMPOBOXKAAIOTCSI IOBOPOTOM (BparueHueMm) dactun cpeast. [pu 6o-
Jee BBICOKHMX 3Ha4eHHIX umcia PeifHompaca TypOyneHTHOCTh CTaHO-
BHUTCA ycroitunBoi. Ecnu sxe rpu Takux 3HadYeHHAX wncen PeitHomsa-
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ca MPOUCXOAUT MOBOPOT YACTHIl CPEABbI, TO IBIKCHHE CTAHOBUTCS
BUXPEBBIM.

YcroiiunBoe M HEMPEPHIBHOE BUXPEOOPA30BAHHE MOXKET MPOFHC-
XOJIUTD JIUIIb [TPY BOBJICUCHUHU B MTPOLIECC HEKOTOPOrO MUHMMAIBHOTO
oObema 3¢dupa 1 obecreueHuss HEKOTOPOro MUHHMATBHOTO TPaIUCHTA
CKOPOCTEU MpU COYAAPEHUU CTPYH.

[Npu ABMKEHUHM MTOTOKOB ra3a OTHOCHTEIBHO APYTHX MOTOKOB MK
MOKOSIIMXCS MAacC Ha TPaHHLAX [MOTOKOB BO3HHMKACT MOTPAHHYHBIH
CITOH, B KOTOPOM BO3HHKACT IPAAUCHT CKopocteit [22]. B morpanmd-
HOM CJIO€ IMEET MECTO CHIKCHUE TEMITCPATYPhI, TAK Kak

1=T,—/Pru2ces, (4.4)
rae Pr —aucho pauaris, paBHoe
Pr =ncplkr; (4.5)

rae U — CKOPOCTb FPaHULbI HOTPAHUYHOTO C0s; Cp — TEINIOEMKOCTh
CpPEbI PH MOCTOSTHHOM JABIICHUM, /] — TUHAMUYCCKAS BA3KOCTh; K, —
KO3 HHULIUCHT TCITOMPOBOAHOCTH.
Hanuuame rpagmeHTa CKOPOCTCH 3KBHBAJICHTHO B KKIOW TOYKE
Cpeabl HAJIMYUIO JBYX HPOTHUBOIIOI0KHO HANPABJICHHBIX MOTOKOB.
VYMCHBIICHNC TEMIICPATyphl MPUBOAUT K YMCHBIICHUIO B TOTrpa-

HUYHOM crioe kod(ddunmenra aunamuueckoi Bsskoctu [18, ¢. 285,
316-318; 22]rak kax

n T¢
O =(d); 05<¢ <1, 4.6)
/70 To

YTO B CBOIO OYEPEIb IMOBHIIIACT CTAOMIBHOCTh BUXPEBOrO 0Opa3oBa-
HUJ, TIOCKOJbKY SHCPrud, nepcaasacMasi M COCCAHUM CJIOAM BHCII-
Hell cpeapl, ymeHbuaercst (puc. 4.2).
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IMTagcHre BSI3KOCTH B MOTPAHUYHOM CJIOC BHXPS, C OXHOH CTOPO-
HBI, 1 OTOPOC LIEHTPOOEKHOHN CHIOH raza W3 IeHTpaltbHOU o0iacTh
BUXPs Ha mepu()epuio, ¢ JPYroi, CooCOOCTBYIOT TOMY, YTO Ta30BBIN
BUXph (OpPMHUpPYETCsSl KaKk Bpalmaromascss Tpyda, B CTCHKAaX KOTOPOIt
pasMeracTcs OCHOBHAS Macca BUXPSL.

Puc. 4.2. 3aBucumoctn CKOpPOCTH IOTOKA, TeMIIEPATyPbI 1 KIHEMATHYeCKOil
BSA3KOCTHU OT PAacCTOSIHUSA /10 CTEHKU I'a30BOro BUXPHA

DKCIEPUMEHTAIBHBIM MTOATBEPIKICHUEM CHIDKCHHUS TEMITICPATYPhI
B MOrPAHUYHOM CJIOC SIBJISICTCS LIMPOKO U3BECTHBII (PAKT ONCACHCHUS
MOBEPXHOCTEH KPBUIBEB JCTSAIICTO CAMOICTA.

Ha nmageHne auHaMUYECKO# BSI3KOCTH B MOTPAHUYHOM CJIOE 00-
paliani BHUMAaHHC HEKOTOPBIC aBTOPBI. JTO OOCTOSTENBCTBO OBIIO
TAKXKE MOATBEPKACHO dKCIIEpUMEHTaNbHO (CcM., Hampumep, [22]). He-
KOTOPBIC aBTOPBI CHUTAIH, YTO YMCHBIICHHE TUHAMHYCCKOTO KO3(-
(bHUMCHTa BS3KOCTH MPOUCXOJUT HM3-32 TaK HA3bIBACMOrO <«Pa3pbiBa
ckopocreii» [19-20].

B norpaHudHOM c10€ BUXPSI HIMEET MECTO MAJCHHIE AABJICHHS, YTO
SIBISIETCSL CJCACTBHEM TOTO, YTO LICHTPOOCKHAST CHJIA, CTPEMSILASICS
OoTOpPOCUTh Ta3, HAXOASAIIMICS B TMOTPAHMYHOM CJIOC, B YCTAHOBHB-
IIEMCsl JBIDKCHUH J0/DKHA OBITh YPaBHOBEIICHA CHJIOH, KOTOpast BO3-
HHUKACT M3-3a PA3HOCTH JABICHUI BHCLIHEH CPEAbl U CIIOCB, HAXOS-
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IUXCS B 00JaCTH, PACIONararoIiuxcs OMIDKE K LICHTPY BpAIUCHHUS
(puc. 4.3).
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Puc. 4.3. TIWmHPHYeCcKHil ra30BbIil BUXPH: IOIIEpevHoe ceueHue Buxps (a);
pacIipe/ielieHrie INIOTHOCTH Tasa (6); SIopa KacaTelTbHBIX CKOpOCTe (6);  3aBUCH-
MOCTB YTJI0BOI CKOPOCTH BpallleHIs Tasa B BUXpe OT pajuyca (2)
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IIpoBeneHHbIE Ha CHEHHMATIBHO CO3JAHHOM CTEHAE PabOThI IO
W3YUYCHHIO YCIOBUI MOSBIICHHUS BUXPEH HAa BXOAE BO3OYX03a00pHUKOB
PEAKTHBHBIX CAMOJIETOB IPH 3aITyCKE ABUTATENS, MOKA3ald, YTO JH-
HCHHBIN ra30BbIH BUXPb JCHCTBUTEILHO HPEACTABISICT COO0I 00paso-
BaHHUC THIA TPYOBI C YINTIOTHEHHBIMU CTCHKAMH.

Puc. 4.4. C:xaTne ra3oBoro BUXpsi Ha BXo/ie B BO3yX03a00PHIK PeaKTHBHO-
T0 IBUraTelIsi caMosieTa (Ha CTOsIHKe)

Ha puc. 4.4 xopomo BHIHO, YTO AWAMETP YCTAHOBUBIIEIOCS Ha
BXOJE B BO3IyX03a00pPHUK TYpOMHBI BUXPSI CYLICCTBCHHO, B JCCATKH
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pa3s Mo AuaMeTpy U B COTHH pa3 IO IIOAAN MOMEPEYHOrO CEUYEHHUS,
MEHBIIC COOTBETCTBYIOIUX Pa3MEPOB BO3AYX03a00pHUKA U YTO caM
BHUXPb UMEET TPYOUATYIO CTPYKTYPY.

JIeMeHT ra3a, HaXOSIINUicsS Ha BHELIHEH CTOPOHE TPYOBI, CTpe-
MUTCS N0 JEHCTBUEM BHYTPECHHETO AABICHHS U LICHTPOOCKHOHN CHIIBI
OTOpBAaThCA, ITOMY IPEITCTBYET BHEINHEE aasicHHe. Ecmu BHYT-
PEHHUE CUJIBI MPEBBIIIAIOT BHEIIHUE, 3JIEMEHT Ia3a OTOPBETCS OT TPY-
Obl, Tak KaKk s raza HUKaKHX NPEIsTCTBHUA K 3ToMmy HeT. Cymma
BHYTPEHHUX CHJI OCTABLIETOCS B CTCHKAX ra3a OKA3bIBACTCS MCHBIIE
BHEIIHUX WJIHA PaBHA UM, — IIOCIEIHEE COCTOSHUE SIBISICTCS HEYCTOM-
yuBbIM. (CxkaTHe Telna BHUXPS BHEIIHWMHU CHJIAMH — JABJICHHEM OKpPY-
JKaIOIIEH Cpeabl — BBI3BIBACT YBEIMUYEHUE CKOPOCTH BPAlllCHUs, IpU-
ueM BHYTPEHHEE JABJICHUE IPU 3TOM MAJACT, TaK YTO PABHOBECHE
OCTaeTCA HEYCTOMUUBBIM U BUXPb MPOJO/IKAET CKUMATBCSL.

Ha snemeHT Takoi TpyObl ACHCTBYIOT LICHTPOOCKHAS CUjla U pas-
HOCTb BHEIIHETO U BHYTPEHHETO JAABICHUM, TaK UTO

dF = adm= (P — P)dS — »’rdm, 4.7)
rac
dS= rhoda;

a — YCKOpEeHHE BIOJb pajuyca, mpuodpereHHoe maccoi dmy r — pa-
JIUYC, HA KOTOPOM HAXOJWTCS 3Ta Macca OT IeHTpa TpyOos!; N, — mnHa
orpeska Tpyosl, o — yrom, 3aHMMAEMBIH IIEMEHTOM Macchl dm.

Kax BumHO u3 BhIpakeHUs 4.7, IPH HEKOTOPOM 3HAYCHUU PaIHy-
ca

P.—P dS
r>rhb = —— —— (4.8)
w? dm
HUMCCM .

w?r dm> (P.— P)dS (4.9)
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T.€. YCKOpeHHE OYIET MOMOXKHUTEIbHBIM U Macca dMOyaeT orOporueHa
ot Buxpst. OcTaBIuascs 4acts UMeeT I < I,

ITpu r < I, Bemu4MHA @ UMEET OTPHULATEIbHBIN 3HAK, U BUXPb Ha-
YHHACT C)KMMATHCS BHEIIHUM JaBlICHUEM. Pa3HOCTh CHIT COCTABHT:

dF = (Pe— P)dS= w’r dm. (4.10)
VYuureiBas, 9aro
P =pRT (4.11)

M YTO BO BHYTPCHHCH 00OIACTH TUIOTHOCTh p YMCHBINACTCS 3a CUCT
0oTOpoca raza UEHTPOOSIKHOM CHIION K CTCHKAM, HMCEM:

2u u2
P =R (T, —/Pr——) =Pe— (po—p) RT, —/Pr—.  (4.12)
(o] cp2
CrenoBateibHO,
u2
Pe=Pi = (0o—p) RT,, + /Pr —, (4.13)
Cp2

Hanbueiimuii npouecc OyIeT ONPEACTATHCS TPCOOBAHUSIMH CO-
XpaHCHUS MOMCHTa KOJIUYCCTBA JBUXKCHUS.

L =rmu= const. (4.14)

CrenoBateibHO,

u? u?
dF =[(po —pi) RT,, + /Pr ——] dS——dm=
2C 2
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v LdL 2dL
= (po—pi) RT, rda + /Pr da — da.  (4.15)
ce2 rdm r*dm

Taxum 00pa3oM, MIMEET MECTO CITOKHAS 3aBUCUMOCTb U3MCHCHUS
CHJI B CTEHKaxX BUXpS OT paxuyca. Eciau mepBblii 41eH ¢ yMEHBIICHH-
€M paauyca YMEHBIIACTCS, TO BTOPOU U TPETUN UJICHBI YBEIMYHUBAIOT-
csa. Cokparnenue paamyca OyACT HPOJODKATHCS IO TEX IMOP, MOKa
TPETHI1 YJICH HE CKOMIICHCUPYET MEPBBIC 1BA.

@, C1
20 40 60 80 R.m
2k !
'
vMC! E
1
200 } :
100 T ~ T N L
0 20 40 60 80 RMm
a) 6)

Puc. 4.5. Buemnuii Buj| cMepua (@) H ero CTpyKTypa 10 JaHHBIM HalJIro/1e-
Huii (6)

INpu xpuTHYECKOM 3HAUCHUH paauyca [, , korga dF = 0, mporecc
OCTaHOBUTCS, IPU STOM BUXPb OyJET XapaKTepPH30BaThCS CYIIECCTBCH-
HO TIOBBIIICHHOW TUIOTHOCTBIO ra3a B CTCHKAX U CYIIECTBEHHO MCHbB-
IIEH, 9eM OKpY’Kamomas cpena, TeMieparypoii. B nentpe Buxps mas-
JeHue OyJeT MOHMKEHO MO CPABHEHUIO C OKPYKAIOIIM BUXPb Ta30M.
ITO MOHMKEHUE CBS3aHO HE TONBKO U HE CTOJBKO C YMCHBIICHHEM
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IIOTHOCTH Ta3a BHYTPH BUXPS, CKOJBKO C TIOHMKCHHEM TEMITCPaTy-
PHL.

Hanusie, npuBeAcHHBIC B [23—25], MOATBEPKIAIOT HU3I0KECHHOC
Boire (puc. 4.5, 4.6).

Puc. 4.6. O6pa3oBaHue NNK/I0OHA B paiioHe @opuabl (CHIMOK U3 KOCMOCa)

4.3. QHepreTyKa ra3oBbIX BUXpen

Kax BuIHO U3 mpeapLayInero pasjaena, Tea0 ra3oBOro BUXPS CXKU-
MaeTcsl OKpyKaromed cpegod B mpouecce (HOpMHUPOBAHUS BHXPAL.
[ToaTBEpKaCHUEM TOTO CITYXKHT TOT (PaKT, 4TO TEIO cMepUa SIBISCTCS
Oonee TOHKUM, HEXETH €r0 OCHOBAHUE, TAE TPEHHUE O MOYBY HE IIO-
3BOJISIET MY Pa3BHUTh OONBIIYIO CKOPOCTh BpaiueHus. pyrum mon-
TBEPKICHUECM CXKATHS Tejda BUXPS aTMOC(EpOil CIy:KUT TO, YTO HA
CTOSIHKE TPH 3aImycke TypOOpEaKTHBHBIX JBUTATEICH CAMOJICTOB Ie-
pel BO3IYyX03a00PHHUKAMHM YacTO 00pa3yeTcsl BUXPb, MPUYCM CAUHCT-
BCHHBII. HJ'IOH.[aI[L MONCPCUYHOr0 CCUCHUA 3TOTO BUXPSA B COTHH pPas3
MEHBIIE IUTOMATN CAMOT0 BO3AYX03a00pHUKA, U €CIIH BHE BUXPS Te-
YCHUE BO3AyXa B BO3AYX03a00pHHK MPAKTHYECKH OTCYTCTBYET, TO
CKOpPOCTh MPOJOJBHOTO TEUYCHUSI BO3AyXa B CAMOM BHXpE BEChMa
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OonpIuas; MPakTHYECKH BECh BO3AYX B TYpOMHY HAET 4eEpe3 STOT
BHXPb, 00pa30BaBIIMICS CAMOIPOHU3BOIBHO HA BXOJE B KOMITPECCOP.

Takum o6pazoM, pakT caMOIIPOU3BOIBHOTO YMECHBIICHUS IUIOLIA-
I TOMEPEYHOrO CECUCHUs BUXPS B Ipouecce ero GopMHPOBAHUS pe-
aJbHO MMEET MECTO. Y MCHBIICHHE IUIOMIATU MOMEPCYHOIO CCUCHUS
BHXPsI, CCTECTBEHHO, €CTh PE3yJbTAaT YMEHBLICHUS €ro paauyca. Ta-
KUM 00pa3oM, popMUpOBaHKE BUXPSI CONPOBOXKAACTCS YMEHBIICHUEM
€ro paauyca ¢ OJHOBPEMCHHBIM VINIOTHCHUEM TElla BUXPSL.

CymiecTBYIOT 1Ba BHIA BPALIATCIbHOIO JABIDKCHHS TEla C Iepe-
MEHHBIM PaJHyCcOM, K COXAJICHUIO, B KypcaX MEXaHUKU PacCMOTPCH-
HBIX HEJOCTATOYHO MOIPOOHO.

IlepBeIii BUI ABMKEHUST — CAMOIIPOM3BOIBHOE, O3 MOABOAA SHEP-
rum, nokasad Ha puc. 4.7, 4.8a. JIBikeHHE TEla MPOUCXOAUT BO-
KPyr LITHHIPA, HA KOTOPBIA HAMATBHIBACTCS HUTh, YACPKHBAIOLIAS
Termo. B aToMm crmydae Teno, ABUTasch MO WHEPLMM BOKPYT LIUIHHAPA,
MOBOPAYHBACTCSI BOKPYT MTHOBEHHOT'O LICHTPA BPALUCHHS, HAXOMSIIIE-
rocst Ha oOpasyrormeit nurHapa (touka O Ha pucyHke). MrHOBEHHBIH
LEHTP BpAaLICHUs MepeMelnactesl Beaea 3a TeaoM. HuTe HaTsHyTa,
TPACKTOPHSI TENa B KAKIABIH MOMEHT BPEMEHH CTPOrO MEPICHIUKY-
JSIPHA HUTH, TIO3TOMY TMPOCKUMS CHITBI HATSDKCHUSI HUTH Ha TPACKTO-
PHIO paBHA HYIIO.

Hecmortpst Ha TO, 9TO B 9TOM ciry4dac pagmyc MeHseTcs: (YMEHbLIa-
€TCs1), TAHTCHIMATBHOEC YCKOPEHHUE OTCYTCTBYET, O3TOMY TEJIO JBH-
JKETCS C TOCTOSIHHOM JHMHEWHOH CKOPOCTBIO (MPU OTCYTCTBHH IIO-
Tepb). CriexoBatebHO, XOTs [ = Var,HO JHHCHHAS CKOPOCTb, KOIHYC-
CTBO JBIDKCHUSI M SHEPTHUS OCTAOTCSI TOCTOSIHHBIMH

v = const; p=mv= const,w = mV/2 = const, (4.16)

KaK ¥ JO/KHO OBIT MPH OTCYTCTBUU MOTEPh U MOJBOA SHCPTHUH.
Bropoii Bua ABMKCHUS TENA C TICPEMCHHBIM PAANYCOM — JIBIKC-
HUC BOKPYT HEMOABIKHOTO LICHTPA MPHU U3MEHCHHUM Paanyca 3a CUeT
MOCTYIICHHUS SHEPTUU U3BHE — MOKa3aH Ha puc. 4.7,6, 4.8,6. 3aece,
JUTSL TOTO ITOOBI YMEHBIIUTH PAJUYC TPACKTOPHH, HYKHO COBCPIIHUTD
JTOTIOJTHUTEIIbHYIO PA0OTY IO MPEOJOICHHUIO LICHTPOOCIKHOU CHITHI.
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a., F;
B \mA
Ar | e ay, F
C AN
\\
\\
r b()’
0
r=var r=var r = const
v = const v =var
a) 6) 8)

Puc. 4.7. JIBuskeHne Tesia 10 TPaeKTOPHHI € HepeMEHHBIM pajimycoM: 0e3
TI0JIBOJIa PHEPIHH (a); ¢ TIOBOJIOM SHEprud (6); K pacueTy IEeHTPOCTPEMUTEIHLHOTO
yckopeHust (6)

s
V=2V
2

mvr = const

v, 2
W2=(T~;)WI

Hozpanuunui i

croli —_ P > P
e i

Obnacms mopmooiceHus

6)

Puc. 4.8. BpamieHne Teja: BOKPYT INUIMHpA (@); BOKPYT TIEHTpa IIpU M3MeHe-
HUM paJiiyca BpaieHus (6); CTPYKTypa HIDKHEH JacTd cMepya, B KOTOpOH ra3 JIBU-
KETCS ¢ M3MeHEeHHeM paJiiyca BpareHus (6)
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Torma mMacca HAYHET ABUTATHCS MO CIMPANH, W TPH 3TOM YIOJ
MEKIY HUTBIO U TPACKTOPHEH OyAeT MEHbIIE mMpsSMoro yria. [losss-
€TCS TIPOCKIUS LICHTPOOCKHOM Cuiibl Ha TpackTopuro. O0Imee qBuxKe-
HHUC TENa MPOWCXOAUT O KPUBON, MTHOBCHHBIM IICHTPOM BPAIICHUS
JUTSL KOTOPOIA siBJsieTCst Touka (O, BBIHECCHHAS B CTOPOHY OT Touku O,
K KOTOPOU MPUKPEIJICHA HUTh M K KOTOPOU HarpasjcHa cuna Fy, mpu
9TOM TIPOCKIWMs CUiIbl F, Ha HampaBncHUE MBMKCHUS HE paBHA HYIIO,
U TEJIO MPUOOPETACT YCKOPECHUE B0 TPACKTOPHIH.

Jst 0ObIuHOrO BpamareabHoro asmxeHus (puc. 4.7 ¢) us mojo-
6us TpeyronsuukoB A4 O u abe cneayer:

Aviv=S/r =vAt Ir (4.17)
nin
AVIAt = ay = Vv?/r; (4.18)

a u3 noxobus tpeyroapankoB ABCu AEF (puc. 4.9) BeiTekaer, uto

a.la, =—v. v, (4.19)
AN
v v, 2vr V.V
a, =—a; — =— = , (4.20)
(VA Iv; r
OTKyJa
a.=—-ow\V, (4.22)

T.€. YCKOPEHNE MACcCHl B 3TOM CIydae MMEET Npupoxy yckopenus Ko-
puonuca.
YMHOXKast 00a 4IieHa BRIPKCHHS HAa paguyc ', IMeeM
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ar +v,v,=0; (4.22)
HHTCTPHUPYS IO BPSCMCHH, MOTydacM

ovt or
[(a.r +v,v)dt=](—— r+v, —)dt= const. (4.23)
ot ot

ITockonbky B ckoOkax CTOMT MOMHBIN AU depeHInaN, IMEEM

Vr = const. (4.24)
JI1s1 HOCTOSIHHON MacChl IMTOTYYHM

Mvr = const, (4.25)

OTKYJa CIEAYET, 4YTO ImpU o <Iq
m? mw?2
P =mMv>pr =My, W, = —— >WwW= ——. (4.26)
2 2

Taxum 00pa3oM, 3aKOH MOCTOSHCTBA MOMCHTA KOJIMYCCTBA JBHU-
JKCHUS CIPABCITAB, CCIIM B CHCTEME 3a CUCT BHCIMHUX HCTOYHUKOB
HU3MCHSCTCS SHCPTHS, HAMPaBJCHHAS HAa COOTBETCTBYIOIICE H3MCHE-
Hue (YBEIMUCHUC WIIM YMCHBIICHUE) paguyca BpalucHus Teraa. Pac-
CMOTPCHHBIN CITydail MPUHIUIHAAIBGHO OTIHYACTCS OT MPEIABIAYINCTO
TEM, UTO SHECPTHUS BPAIICHUS Teaa u3MeHsaeTesa. [Ipu 3ToM BCe oCTasb-
HBIC XaPaKTCPUCTUKH YCKOPSIOMICTOCSA TeIa, HAMPUMED TeMITepaTypa
U JIp., HC MCHAIOTCS.

TanreHnpansHas CKOPOCTh ABMKCHHUS TEa MPU YMCHBINCHUH pa-
Jyca BPALICHUST OKAXKETCS CYLIECTBEHHO OOJIBLIC MEPBOHAYATBHOMN 1
OyJCT OMPEIACIATHCA BHIPAKCHUEM, TIOYUCHHBIM M3 YCIIOBHS MTOCTO-
STHCTBA MOMCHTA KOITMUCCTBA JBHKCHIS
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U, = —U,. (4.27)

To e camoe ZOMmKHO OBITE U B cydace GOPMHUPOBAHUS BUXPEBOTO
JBIDKCHUS Ta3a («CKUMAaeMO XKHUIKOCTH»): 4eM  O0Jee CxKaT BUXPb,
TeM Oomnbine OyAET CKOPOCTh ABIDKCHHS IMOTOKOB. JTO K€ JOMKHO
HUMETh MECTO U B CTPYKTYpE c(POpMHUPOBAHHOTO BHUXPS; BHYTPCHHHC
CIIOM JIOJDKHBI JBHTAThCS CO CKOPOCTBIO OONBIICH, YeM BHELIHHC
CIIOH.

DHEPrus TAHTCHIUAIBHOTO JBUKCHUS, MPUOOPETCHHAS MACCOH 3a
CAVHULY BPEMCHH, paBHA

F. AS V2V,
W, =—— = mav,=m——— =Moo V; V, =ma)2vr r. (428)
At r

JHEprus, BIOKCHHAS B PaIUaIbHOC MICPEMEIICHUE TEIa 32 TY K
CIMHULTY BPEMCHU, COCTABJISICT

F. AS, v2v,
W, =——— = maV,=m—, (4.29)
At r

u, CJICa0BaTC/IbHO,

W, =W, (4.30)
YTO MOATBEPKAACT TOT (baKT, 49TO HpI/IO6p€T€HHa$I Maccou IHEPTUs
HUMCCT UCKITFOYUTC/IPHO BHCITHCC ITPONUCXOXKIACHHUC.

Cua, ycKOpsroIiast Maccy, paBHa

v, V;
F, = = mov, (4.31)
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U IPONOPLMOHATBHA YITIOBOM CKOPOCTU M CKOPOCTU HU3MEHEHUS pa-
auyca.
Cua, KOTOPYIO HYKHO MPHIOKUTh K MAacce B PaJuajbHOM Ha-
npaBJICHUH, COCTaBIJISACT .
v,2
F, = — =mw?r. (4.32)

Taxum obpazom, F; — mojHas cuna, a 3HEprus, HampaBjICHHAS HA
MPEOJOTCHUE 3TOM CHIIBI MPH MEPEMEIICHUH TENA CO CKOPOCTBIO Vi, U
€CTh BCSI SHEPTHUsl, KOTOPYIO HY>KHO BJIOXKUTh B CHCTEMY AJIsI oOecrie-
YCHUS COKPALICHUS Paauyca U NPUOOPETCHHUSI MACCOH TOMOTHHUTEIb-
HOI 3HEPrUU BPAILECHUSI.

PaccmoTpeHHBIi MEXaHH3M HAKOIUICHHS SHEPTHH BPAINAIOLIAMCS
TEIIOM MO3BOJISICT MOHATH MPOHCXOXKICHUE SHEPTUH Ta30BBIX BUXPEH,
SIBISIFOLIUXCS, KAK M3BECTHO, BEChbMa SHEPTOEMKUMH 00Pa30BaHHSIMH.

[IpuBeacHHEIN BBILIE BBIBOJ CIPABCAIHB TSI CAydas BPALICHUS
HE TOJNBKO TBEPAOrO TENA, HO W HECKUMACMOU IKHIKOCTH, KOTIa
SHEPrys PaauaibHOTO ABIDKCHHS TPATUTCS TOJIBKO HA M3MCHECHHUE Pa-
JUyca BpAIUICHUS M COOTBETCTBCHHO HA M3MCHCHUE SHEPIHH TAHICH-
LUATBHOTO ABIKCHUS. B ciyyae ske ckMMaeMoro rasa SHEprusl paiu-
aJbHOTO JBIDKCHHS TPATUTCS CIIE U HA U3MCHCHHE BHYTPCHHEH HEp-
THH Ta3a 3a CYET ero CHKaTHsl.

OnHako 31eck oOIIas KapTHHA CTAHOBHUTCS CYLIECCTBEHHO CIOXK-
Hee.

Ecmu Ob1 HexoTopeiii 00beM raza mpu (OPMHPOBAHUU BUXPS
ckuMancs 0e3 U3MEHECHUS CTPYKTYPbI, TO B 3TOM 00beMe HEH30EKHO
VBEITHUYMBAJIOCh ObI JABJICHHUE I'a3a B CBSI3U C U3BECTHBIM 3aKOHOM

P=RTN (4.33)

rae R — yHuBepcangpHas razoBast HOCTOSIHHAS, 1 — aOCOIOTHAS TEM-
nepatypa; V — obwvem. Ho Torga u ¢opmupoBanie caMoro BUXpsI CTa-
710 Ob1 HeBO3MOXKHBIM. OHAKO B (DOPMHPYIOIIEMCS BUXPE Pa3THIHBIC
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CIIOM HAXOMSTCSI HA Pa3HOM PACCTOSHUH OT LIEHTPA, YTO MPHBOAMT K
TOMY, YTO OHH U JBWXKYTCS C Pa3HBIMH CKOPOCTSMHU — BHYTPCHHHE
obicTpee, yeM HapyxHbie. OTCIOAa B KKIOH TOUKE BHXPSI MMEETCS
IPaAMEHT CKOPOCTEH, UTO CYIIECTBEHHO MEHSCT BCIO KAPTHHY.

B cootserctBHu ¢ muddepeHumanbHON dopmoii ypasHeHus bep-
HYJUTN

pvdv+dP =0 (4.34)

MPH YBEJINYCHUU CKOPOCTH MOTOKA JOJDKHO CHYDKATHCS AABIICHHC.

CHmkeHHE AaBICHUS B Fa30BOM MOTOKE OYIET O3HAYATH CHIDKE-
HUE TeMIepaTypsl U OyIeT KOMIICHCHPOBAThCS JOOABICHHEM MACChI
raza co croponel. CrnegoBaTenpHO, B CTEHKAX Teda BHXPSA OyayT
HMMETh MECTO MOBBIMICHHAS IJIOTHOCTh U MOHIIKECHHAs TEMIEPaTypa,
YTO U €CTh HA CAMOM JETIE.

Hy»HO 3amMeTuTh, YTO NMPUBEIACHHBIC COOOPAKCHHS HE SBISIOTCS
CTPOTHIMH, MTOCKOIIBKY COKATHE TENNa BUXPS MPOUCXOTUT 32 CHET pado-
THI JABJICHHS BHEIIHETO OTHOCHUTEIBHO Tela BHUXPS raza. JTo AaBlie-
HHE Pa3rOHSET MOTOK rasa, TAaKUM 00pa3oM, YCKOPEHUE MOTOKA HIET
3a c4eT J0oOaBICHUS SHEPTUH B CTPYH, a HE NMPOCTO IEpepacIpeere-
HUS SHEPTUi, Kak 3To cneayer u3 ypasHeHus bepuymmu. Tem He me-
Hee, caM (PakT CKaTHsl Telaa ra30BOr0 BHXPS TOBOPUT O TOM, YTO U
IJIOTHOCTh CTCHOK BHIXPS MOBBILICHA, W TEMIICPATypa CTCHOK ITOHU-
JKeHa. JTO O3HAYACT, YTO K MOCTYNATEIbHONH CKOPOCTH BHYTPEHHUX
CIIOCB BHXPsI, BBI3BAHHOU C)KATHUEM BHXPsl BHCLIHUM JaBICHHUEM, JO-
GaBIsIETCA CKOPOCTh, CBSI3AHHAS C IEPEPACIIPEACTECHIEM YHEPTUH Te-
IJ1a B SHEPTHI0 MOCTYHATEIBPHOrO IBIDKCHUS. 1akuM oOpa3oM, TaH-
TEHIUAIbHAS CKOPOCTh JBIDKCHHS BHYTPCHHHX CIIOCB BHXpS OyAeT
Gomnbiue, YeM 3TO BhITeKaeT u3 hopmyst (4.27).

Craeayer ¢ coxaleHHEM KOHCTATHPOBATh, YTO MEXAHU3M YYACTHUS
TCIJIOBOM DHEPTHM XAOTHUYCCKOTO ABIDKCHHS MOJICKYJ ra3a B IOCTY-
MATEIbHOM IBIDKCHUHM MOTOKOB BUXPSI PACCMOTPEH B ra30BOU JHHA-
MHKE COBEPIICHHO HEAOCTATOUHO. B CBS3HM CO CIOKHOCTBIO 3a7adn
34€Ch MOXKHO TOBOPHTBH O HEM JIUIIb MPEAMOIOKUTETBHO, HCXOIS U3
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TOr0 HECOMHCHHOrO (hakTa, 4TO ra3 B CTCHKAX BUXPS YILUIOTHEH WU
MMCCT MOHIKCHHYIO OTHOCUTCIPHO BHCIMHCH CPEIbl TEMICPATYPY .

IpuHmMmmanepHO TIEpemavda TCILIOBOM JHEPTUM BHYTPCHHUMH
CIOSMH Ta3a MOXKCT IPOUCXOAUTh IO OBYM HAIPABJIICHUSIM — BO
BHCIOHIOKO CPCAY U B YCKOPSIOIIHMCCS TIOTOKH CAMOTO TEJIA BUXPSI.

Ilepeaada Temia BO BHCIDHIOKD CPCAY MPOUCXOIUT 32 CUCT BBI-
Opoca LEHTPOOCIKHOW CHUIONW MOJEKYJ, O0JaZaroIux HauOOIbIIeH
CKOPOCTBIO, W3 BHYTPCHHMX CJIOCB BO BHCINHHUC (QHAJOTMYHO HCIIA-
PCHUIO KUAKOCTH ¢ TToBepxHOCTH). OcTaBIIMECs MOMCKYITBI TIEpepac-
MPEACTSIOT CKOPOCTH, TEMIICPATYPA CJIOS OKA3bIBACTCS TTOHIKCHHOM.

Ilepeaada TEmIOBOM HEPTHN MOCTYHATEIBHO ABYDKYIMUMCS CIIO-
SIM MOXKET MPOUCXOAUTH 34 CUCT TOTrO, YTO CPCAHSS JIMHA mpodera
MOJICKYJ B TaHTCHLHATBPHOM HAIPaBICHUH yBenumduBactes. [lpu co-
XpaHCHUU VACIBbHON SHCPTHHU ra3a MPOUCXOTUT MEPEPaCIPECICICHIC
MCXKAY TAHTCHLOHUAIBHON W HOPMAIBHON CKOPOCTSMH. VBCIHUCHHC
YIIOPSIAOYEHHOM YAacCTH TAaHTE€HIIMAJIbHON COCTABIISIIOLIEH IBHKEHUS
MPUBOAUT K COKPAINCHUIO TAHTCHIUATHHOW HYACTH XaOTHUCCKOTO
JBIDKCHUS, B PE3YJIBTATE YETO CHIKACTCS CKOPOCTh BCETO TCILIOBOTO
JIBrKeHMs. Temmeparypa najaer:

mi> (i 2 =V, 2+ 2+ i )

< T= : .35)

3aece M — Macca MOJICKYJIBI rasa; T — KOOPAWHATA TaHTCHIIUAIb-
HOM COCTaBJISAIOLICH JBIKCHUS; KOOpAWHATA I — paauaibHOM; KOOp-
quHata | — 0ceBOi; i — CPeaHAS CKOPOCTh XAOTHUECKOTO (TEIIOBOTO)
JBYKCHUS MOIIEKYJ, V, CKOPOCTh YHOPSAOUCHHOTO TaHTCHIIMATBHOTO
JBIDKCHUS (CKOpocTh cTpyH ras3a); K — mocrostanas Bonpumana.

Ho B 3TOM ciiydae cKOpOCTh BHYTPCHHHUX MOTOKOB ra3a OKayKeTCs
OonbIIE, YEM CKOPOCTB, MOMydaeMasl TOJAbKO 3a CUET pasroHa rasa
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BHCITHUM JABJICHUEM OKPYKAOMCH BUXPb CPEIbl, YTO CYIICCTBCHHO
OTJIMYACT 3TOT MPOLECC OT ABMKCHUS TBEPAOIrO TEIA C MCPESMCHHBIM
paanycom.

Taxkum 0OpasoM, XOTsi Obl HA KAYECTBCHHOM YPOBHE MEXaHU3M
MOTEPH TCTIOBOM DHEPTUH BHYTPCHHUMH CIIOSMHU BHUXDS CTAHOBHTCS
MOHSATHBIM, XOTsl B OyAyIIEM 3TOH 3aJa4e JOKHO OBITh yIeIeHO 0o-
JIee CYLIESCTBCHHOC BHUMAHHC.

IMpu cxatuu Teaa BUXPS BHCIMHUM JaBICHUCM HMEEM Ha IIO-
BEPXHOCTH BUXPS PABCHCTBO JABJICHUH

P.=P, +P, (4.36)

rae P. — naBnenne s3¢upa B cBoOOAHOM mpocTpaHcTBe; P, — naBneHmue,
C037aBacMOC LICHTPOOCKHOM CHITON Ha MOBEPXHOCTH BHUXPsi; P; — 1aB-
JeHue BO BHyTpeHHei obmnactu Buxpst. [lpu sTom

o
Pe = po—i, (4.37)
2

Tae P, — INIOTHOCTh Ta3a B CBOOOJHOM IPOCTPAHCTBE, Ue — CPERHSSA
CKOpPOCTh XaOTHIECKOTO IBIKEHHS MOJIEKYII,

P, =—, (4.38)

rae V. — mocrymarenbHas (TaHrCHIMANbHAS) CKOPOCTb JBMYKCHHS
CTCHKH BHUXpSI; 0 — TOJIUHA CTCHKH, p — IUIOTHOCTh raza B CTCHKE
BUXpS; [ —paguyc CTEHKU BUXPS.

BuyTpeHHee JaBlieHHE B LEHTPAIbHOM 00mactu BUXps Pi u mtor-
HOCTb ra3a B CTCHKE BHUXPS CBSI3aHBI C TEMIIEPATYPOH COOTHOLICHHUSI-
MU
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T;

P =P, —; (4.39)
Te
T;

p=po——r (4.40)
Te

O6ozunauas Ti/T, = kt, moayuum u3 (4.36)ypaBHeHne

u? V2o kT
Po =Po +po
2 I kT 2
nin
&)
k2 — kT +2 =0. (4.41)
ulr

Pemenniem 3toro ypaBHeHus1 OyaeT BRIpaKCHHE

1 1 v 1 Vo
kf =—+ — (1-8 )2 1-2 —. (4.42)
2 2 ar ar

U, takum obpasoM, TemmepaTypa BHYTPU BHXPS H B €TO CTCHKE
OMPEASIUTCS KaK

w
Ii=T.(1-2—), (4.43)
u?r

a INIOTHOCTBb CTCHKH OKaXKCTCsL paBHOﬁ
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p=— (4.44)

1-2 ——
dr

Otcroga BHIHO, YTO MO MEPE YBEIUYCHUS CKOPOCTH BPAILCHUS
BHUXPsI TEMIIEpATypa BHYTPHU HETO CHIDKAETCSA, & IUTOTHOCTh CTEHOK
YBEITHINBACTCA.

OmnpenenuM cKOpOCTh ABMXKCHUSI CTCHKH BUXPS IIPH €TO CIKATHH.

Ilpupamenne cCkOpoCTH IBMKEHHS CTEHKH IMPOMCXOIWT 3a CUET
CHIDKEHUS TEINIOBOTO COAEPIKAHI ra3a BHYTPH BUXPSI, IOITOMY

Av? AT  T-T

= = = 1« (4.45)
u T. T
U, CIICAOBATCIBbHO,
B
AVZ=AV? (1 —k1) = —, (4.46)
r
B PE3yIbTATC NOTYIUM
¥ Ro
Ve (4.47)

0

r(1—/2 —)
r
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3nece Ry u V, — Ha4ampHBIN pagnyc BUXPEoOpa30BaHUs U HAYaJIb-
Hasi CKOPOCTh MOCTYIATEILHOTO JBIKCHUS ra3a B MOMCHT 00pa3oBa-
HUSI BUXPSI COOTBETCTBEHHO.

Takum 00pazoM, CKOPOCTh MOTOKA CKATOTO rasa B TEIIC BUXPS
MOKET CYLICCTBCHHO MPEBHIMIATH CKOPOCTh MOTOKA HE CXKATOTO rasa
[PH OJAMHAKOBBIX BHCIMHUX MApPaMETPax BUXPS.

BayTpu BuUXpst B pa3peKCHHOM 30HE TAHTCHIUATbHAS CKOPOCTh K
LEHTPY OYyIET MIABHO YOBIBATH, YTO HAIOMHUHACT YOBIBAHUE CKOPOCTH
BO BPAIIAOIIEMCS TBEPAOM TEJC, XOTS MPUPOAA ITOrO YOBIBAHHS
uHas (puc. 4.3g).

B oTnnume OT KMIKUX BUXPEH, HEHTP KOTOPBIX 3AIMOIHCH JKHUIKO-
CTBIO TOW K€ MJIOTHOCTU, YTO W HX Nepudepuss u KOTOPBIN, KaK yT-
BEPKIACTCS HEKOTOPHIMH aBTOPAMU, BPAIIACTCS MO 3aKOHY TBEPAOTO
tena [17], uro, Ge3yCAOBHO, HEBEPHO, T.K. Ta30BBIA BUXPH HMECT
TpyOUaTyIO CTPYKTYPY.

B uenTpanpHOM YacTH ra30BOro BUXPS JABJICHHC ra3a MOHIKCHO
3a cyeT pa3dpoca YacTHIl M3 IIEHTpa LEHTPOOSKHOW CHIOH, a cam
BHUXPb CHAPY>KH OTPAHUYCH IMOTPAHUYHBIM CJIOEM C MOHMKCHHBIMH
3HAYCHUSMH TEMIICPATYPhl U BA3KOCTH M CO 3HAYCHUEM ILIOTHOCTH,
IJIABHO MEPEXO/AIIMM OT BBICOKOW IITOTHOCTH CTCHKU BUXPS K ILIOT-
HOCTH ra3a B OKpY>Karoliei cpeae.

W3 u3n0keHHOTO CACAYET, YTO Ta30BbIi BUXPh IpU CBOEM o0pa-
30BAHUU KOHIICHTPUPYET B CEOC DHEPTUI0 OKPYKAIOIICH CPEabl, U
3TOT MPOLIECC KAPAUHAIBHO OTJIHUYACTCS OT JFOOBIX APYTUX MPOLEC-
COB, COMPOBOXAAMOUIUXCS PACCCUBAHUCM JHCPTHH B OKPYXKAIOIIEM
MMPOCTPAHCTBE.

4.4. IBMXXeHune rasa BOKpYyr JIMHEMHOIo BUXPSI.
OHepreTnyecKumn napanokc

B coorBercTBHMM C M3BECTHBIMHU ITOJIOKEHHISAMH THIPOIUMHAMUKH
JUISL HEC)KUMAEMOM >KMIKOCTU BOKPYI BUXPEBOM HUTH YCTaHABIIUBA-
€TCsl KPYTOBOE JBIDKCHUE XKUAKOCTH, MOAUUHSIIOIIEECS 3aKOHY
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I' = {vdl =const, (4.48)

rac [’ — BeTWYMHA TUPKYIALHAA; V — CKOPOCTh ABIDKCHUS KHAKOCTH
BOKPYT IICHTPA BUXPs Ha paccTosauu I ot rientpa; dl — smemenr pu-
HBI TTIOTOKA.

Otcroaa ckopoCTh MOTOKA COCTABIISCT

v=I"[2mr, (4.49)

T.€. CKOPOCTh IOTOKAa OOPAaTHO MPONOPLIMOHANBHA PACCTOSIHHUIO OT
LICHTPA BUXPS B YOBIBACT MO THIEPOOTNICCKOMY 3aKOHY.

1o mojoxeHue, Brepseic chopmymuposanHoe I'.I'enpmronbuem
U C TeX MOp H3NaracMoe MPaKTUYCCKH BO BCEX CHCTEMATHYCCKUX
Kypcax Mo THAPOJUHAMHUKE, HA CAMOM JIEJIC BEChMa HE TOYHO, TaK KaK
BEACT K JHEPreTUUCCKOMY MapaJoKCy, B COOTBETCTBUH C KOTOPBIM
SHEPrysl JBYOKCHHS JKUAKOCTH BOKPYT CAWHULBI JTUHBI JUHEHHOTO
BHXPsI paBHa OECKOHEYHOCTH MPH TFIOOOM 3HAYCHUU LIUPKYJISLIFH.

B camom feme, BemuYMHA SHEPrUU ABIDKYLICHCS BOKPYT LICHTPA
BHXPSI )KUAKOCTU OMPEACTUTCS BBIPAKCHUCM

I+ Al 2nrdr Al pfzoodr Al pF2 0
w=lpv2dv=[dl| pI? = | —=——1Inr|, (4.50)
v I 47°r? 2 R I 2n R

HJIN Ha CAUHUIY AJIUHBI BUXPS UMCCM

W sz 0
= =" _Inr| =, 5a)
Al 2n R

Yero, pa3zyMeeTcs, He MOXET OBITh MO YHCTO (PU3UUECKUM COOOpaxe-
HHUSM.
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Buxpesoit sHepreTndeckuii mapaJokc Ha CaMOM JENE SIBISETCS
BCETO JIUIIb MJUTIOCTPAMEH HEJOCTATOYHOCTH HCITOIB30BAHHOM MO-
JIeNd, B JAHHOM CIIy4ae — MOJEIH CPEJb! Kak HECXKIMAEMOI 1 HEBA3-
KOU KHIKOCTH.

He crenyer 3a0pBaTh, YTO B COOTBETCTBUU C TeopeMamH | embm-
rONbLA BUXPH HE MOTYT OBITh CO3JAHBI HIIM VHHYTOXKCHBI, XOTS Ha
CaMOM J€JI€ OHHM U BO3HHKAIOT, U YHHYTOXKAIOTCS, YTO €IIE pa3 rOBO-
PUT O HEAOCTATOYHOCTH HCITOIB30BAHHOW MOJETH BUXPS KaK KPyro-
BOTO JBIDKECHUS HEC)KIMAEMOM M HEBS3KON JKUIAKOCTH. YHUET TOJIBKO
CKIMAEMOCTH TIPUBEAET K HAPYIICHHUIO 3aKOHA PACIIPENEIEHUS CKO-
POCTH MO THIICPOOIHYCCKOMY 3aKOHY, & YUET €IIC U BSI3KOCTH HPUBE-
JET K HEOOXOAMMOCTH Y4YETa HSHEPrETHYCCKHUX IMOTEPbh, UTO CLIE CO-
KpPaTUT paccTOSIHHE, Ha KOTOPOM BUXPEBas HUTh IMPUBOAWT B JBIDKE-
HUE OKPY KAIOIIYIO €0 JKUIKOCTb.

Kpome Toro, Bce nmpuBEAEHHBIE BBIIIE MAaTEMATHYIECKIE BBIBOIBI
BOOOIIEC HE YUUTHIBAIOT MPOLIECCA CAMOT'O CTAHOBICHUS BHXpS, pac-
cMaTpuBas BUXPEBYIO HATh U JBIDKEHHE OKPYKAIOMIEH €ro >KUIKOCTH
KaK HEKYIO BUXPEBYIO CTATHKY, BOOOIIE HE UMCIOLIYIO MPEIBICTOPHH.
31ech HUTh HE SBISICTCS MPHYUHOMN, MPUBOISIICH B JBIDKCHHUE OKPY-
JKAIOIMYIO JKMJIKOCTh, HUTh M OKPY’Karomas >KUAKOCTh IPOCTO HAXO-
JIITCSL B AMHAMHIECKOM PABHOBECHH.

Ha camom zene, B peanbHBIX (PU3HYECKUX YCIOBHAX BCE 3TO HE
TaK, BUXPh ABISETCA IMPUIMHOMN, TT0 KOTOPOM ABIDKETCS OKPY KaroImas
€ro >KHJKOCTh, Ha 3TO ABIDKEHHE BUXPb JOJDKEH 3aTPATUTh SHEPTHIO,
B pe3yIbTaTE YETO YHEPreTHKA CAMOro BHXps yMeHbImaeTcs. [[Broke-
HUE B JKHAKOCTH PAaCIPOCTPAHSETCS ITOCTENEHHO, COOTBETCTBEHHO
ITIOCTENEHHO YMEHbBINACTCd M JHEPreTHKAa BUXpPS, YTO IPHUBOAWUT K
CHIDKEHHIO CKOPOCTH €T0 BPAIIECHHS W YBEIMYEHHIO €r0 JUaMeTpa
(ancdy3us Buxpst). A HanuUHe BI3KOCTH JEIACT ITOT MPOLIECC HEOO-
PaTHMBIM.

Ilepenaya 3HEpPrUM CHKUMAEMOHN MKHIKOCTH HEH30EKHO COMPOBO-
JKAACTCS €€ CIKATHEM, KOTOpoe OYAET TEM CHIIbHEE, YeM ONMKe JKUA-
KOCTb K TNy BUXPS, 5TO HAPYLIHUT 3aKOH THIICPOONNICCKOrO YMCHB-
IICHHUSI CKOPOCTH ABIDKCHHS JKUIKOCTH B OKPECTHOCTSIX BHUXPs (pHC.

4.9).
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Takum 00pa3zoM, B peaibHBIX CHTYALMSIX HUKAKOTO «OHEPreTHYEe-
CKOTO MapaJoKca» HET, TaK JKE KaK HUKAKUX <I1apaIoKCOB» MPHUPOJA
BoOOIIE HE 3HaeT. Bee 6e3 HCKITIOUEHUS «T1apagoKChl» CYTh PE3YIbTaT
HAIIEr0 HEMOIHOro, YacTO CaMOro MOBEPXHOCTHOIO 3HAHUS O pac-
CMAaTpUBACMOM IPEAMETE.

Heurto ananormunoe CYHCCTBYCT U B IPCACTABJICHUAX O JABUXKC-
HUAX dKUAKOCTU BHYTPU BUXPH.

Vo/vy

kp> 1, corcumaemvii 2as,

0,75 \\\( T="Te
kp= 1, HecorcUMaeMmas HCUOKOCHIb

0,50 \ <
0,25 a = kp> 1, c:)fzgzn%aemwa eas,
N
0 1 2 3 4  n/n

Puc. 4.9. Pacupeneserne ckopocteii BOKPYT HIIMHAPHYECKOT0 BUXPS JIsT
HleIbHO (HeC:KIMaeMoii) KIIKOCTH H ra3a

ITockobKY B COOTBETCTBHH C IMOCTOSIHCTBOM LIMPKYIISILIFH IO Me-
pPE YMCHBLICHHS paguyca CKOPOCTb IBIDKCHUS JKUAKOCTH PacTeT U
mpu OECKOHEYHO MAjOM PaaUyCe CTAHOBUTCS OCCKOHEYHO OONBIION,
TO THAPOAMHAMHUKHU BBEIHU IMOCTYIAT, COTJIACHO KOTOPOMY B LICHTpPE
BUXPsI JO/DKCH CYINECTBOBATh HEKUI KEPH, BPAIUAOLIMIACS 10 3aKOHY
TBEPAOrO TEia, B KOTOPOM CKOPOCTh K LICHTPY BHUXPS JIHHCHHO
yMeHbpmaeTcst. Hukakux (H3MYECKHX COOOpaKCHH IMPHU STOM HE
MPHUBOIUTCS, & TOABKO (aKT HEBO3MOMKHOCTH OCCKOHEYHO OOIBIIUX
CKOpPOCTEH.

Ha camom nene Bce He Tax.

VY BenHUCHNE CKOPOCTH JBM)KCHHUSI CPEABl BHYTPH Tella BUXPSI, HE-
COMHEHHO, IMEET MECTO, ITOCKOJIBKY 3TO HEMOCPEACTBEHHO BBITCKACT
U3 MEXaHu3Ma 00pa30BaHUs BUXPS U MOCKOIBKY WHA4Ye OyACT Hapy-
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MCHO AMHAMHWYCCKOC PABHOBCCUC KUIAKOCTHU. Ho B coxxmmaemoit KU~
KOCTH B BHUXPE, KaK 3TO OBIJIO MOKA3aHO BhIIIC, HEM30EKHO 00pa3sy-
FOTCS CTCHKU BUXPS, B KOTOPBIX 3Ta KUAKOCTb (Ha CaMOM JA€JI€ —raas,
nb0 caMO MOHATUE «CKMMAaEMasl KUAKOCTB» MPOTHBOPEHHT (hr3nHe-
CKOM CYIHOCTH JKMIKOCTH) COKHUMACTCS. DTU CTCHKH OTACICHBI OT
OCTaJIbHOIT MacCHI KUAKOCTU MOrpaHUYHBIM CJIOCM, B KOTOPOM IIPpO-
HUCXoauT MJIaBHBIN nepexon OT CKOPOCTHU CTCHKHU K CKOPOCTHU OKpPY-
JKaIoLER cpeapl, a TakKe IUIABHBIM MEPEX0] IJIOTHOCTH, TEMIIEpATy-
PBI U BA3KOCTH. BHyTpH Tena BUXps JODKEH MMETh MECTO TaKOIl ke
MEPEXO0 C TOM OCOOEHHOCTBIO, YTO TemrepaTypa (BO3MOKHO, U TIOT-
HOCTB) CPEIbl BHYTPH BHXPSl MCHBINE, YeM CHApY»KH. A Torma HE B
VILIOTHCHHOM KEPHE, KOTOPOro BOOOINE B BHXPE HET, a B TOM paspe-
>KEHHOM BHYTPEHHEM IPOCTPAHCTBE HJET IIABHBIN MEPEXO] OT CKO-
POCTH BHYTPEHHEH MOBEPXHOCTH CTEHOK BHXPS K €ro LeHTpy. B mep-
BOM MPHOIMKCHHH 31ECh MOYKHO, BEPOSITHO, ONEPUPOBATH CIIOKCHU-
eM JByX runepOod, Kak 3To MoKa3aHo Ha puc. 4.3,6.

4.5. O6pa3soBaHue N CTPYKTypa ToponaanbHbIX ra-
30BbIX Buxpen. ObpasoBaHne BUHTOBOIo ABUXEHUS

Kak mokasan Posenxen [26], moBepXHOCT MOrPaHUYHOrO CJIOS
IJIOCKOU CTPYH CTPEMHUTCS CBEPHYTbCS B PsI JABOMHBIX CHHPAJICH
(puc. 4.10), oOpa3yst BUXPH, OCH KOTOPBHIX MEPICHINKYISPHBI Ha-
MPaBICHUIO CTPYH W rpaaueHTty ckopoctd. llomyuusiumecs Buxpu
HAYHYT CAMOIIPOM3BOJIBHO CXKUMATBCS, YMEHBINAS PaINyC W YBEIHU-
YHBas OKPY>KHYIO CKOPOCTb.

JKCIIEPUMCHTANBHEIM ~ MTOATBEPIKACHUEM — CaMOMPOU3BOJIBHOTO
CoKaTHsI BUXPEH SIBSICTCS 00pa30BaHKE BUXPEH Y BXOJO0B B BO3AYXO-
3a00PHUKU CaMOJICTOB: MPH BXOJHOM OTBEPCTUH BO3IyX03a00PHUKOB
ok010 1 M° 06pasoBABIIMIICS HA CrO BXOJE BUXPh MMCCT AHAMETD
okomo 4—6¢m (cm. puc.4.4).
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Puc. 4.10. HeycToiiYnBOCTh MOTPAHITTHOTO CJIOSI MEKIYy HMOTOKAMH ras3a:
CTpeNIKaMU yKa3aHbl HallpaBIeHUs TeUeHMUil; 00JIacTH IIOBBIIIEHHOI'O JIaBIICHUS
0603HaueHBI 3HAKaMU +, IIU(PBI COOTBETCTBYIOT CTAAMAM  Pa3BUTI IIpoliecca

Paccmotpum stoT mponece. ToHkast BUXpeBast HUTh MM LICTUKOM
T'PaAMCHTHBIA CIOH B C)KMMAEMOM Ta3c HEYCTOHUYMBBIC 00pa30BaHMS,
YCTOWYHBBIM SIBIISICTCSI TOTBKO BHXPEBOE KOJBLIO, & HANOOIEE YCTOMU-
YUBBIM — BUHTOBOI TOPOHIAIBHBINA BHXPb, TAK KaK IPAIHCHT CKOPO-
CTH Ha €ro MOBEPXHOCTH MAKCHMAJCH U, 3HAYUT, BSI3KOCTb MOTPAHUY-
HOTO Cj0si MuHUMAbHA. OOpPA30BAHUIO TAKUX KOJICI[ U3 JIMHCHHBIX
BHUXPEH WM U3 TPAIUCHTHOIO CIOS JOMKHBI CIIOCOOCTBOBAThH Aedop-
MAalMM BUXPEBBIX HUTCH, BBI3BIBACMBIC KaK ITOJIIEM CKOPOCTEH CpPEIbI
OKOIO CaMUX HMCKPHBICHHBIX BHXPCBBIX JKYTOB, TaK M TYpOYyICHT-
HBIMH (PIIYKTyaUsIMH BHYTPU JKTYTOB, a TaKoke TYpOYICHTHOCTBIO
OoKpyKarmei cpexpl. KpoMe TOro, BAONP OCCH BHUXPEBBIX JKTYTOB
pa3BUBAIOTCS KOJNECOAHMS, B PE3yIbTATE YEro BAONb TEIa BUXPs oOpa-
3VIOTCSI CTOSIYME BOITHBI PA3IMYHON JUIMHBI, CIIOCOOCTBYIOIIUE pa3ze-
JICHUIO BUXPEBBIX JKI'YTOB HA OTACTBHBIC YYACTKH, KOTOPHIC B Jalb-
HEHUIIEM COSIUHSIOTCS ONapHo, obpa3ys nerau [27] (puc. 4.11).

Buxpesbie meTnu 00pa3yrOT MOTOK rasza, KOTOPBIH CTPEMHTCS
pacLIpuTh METII0, B PE3YIbTATE Yero 00pa3yeTcsl BUXPEBOE KOBIIO.
ITO KONBLO NPU 3HAYUTETHHOM NPEBBIIICHUH JHAMETPa KOJIbLA HAZ
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auamerpoM ero tena (o Jluxrenmureitny D/d > 86 [28] ) neycroitun-
BO OTHOCUTEIBHO (hOPMBI.

——

Ny Ry B8~
= 98

Puc. 4.11. TTociieioBaTe IbHOCTD CTA/IMI 0Gpa30BaHISI BUXPEBBIX KOJIeI]

©000

Kak m3sectno [21, 29], BUXpeBoe KOIBIO MHAYLHUPYET B OKPY-
XKAIOIICH Cpele MOTOKU rasa, IpPH 3TOM CaMO KONbIO, CCIIH OHO HE
VILTOTHEHO, MEPEMEIIACTCS B MPOCTPAHCTBE CO CKOPOCTHIO

r O 1
Ve (In———). (4.52)
4D d 4

VYIIOTHEHHOE BUXPEBOE KOJBLO OYAET MEIICHHO Pa3rOHSTHCS.
OnHako mpu MCKaKEHUH (POpMBI KOIbLA HAMPABICHUE IMMOTOKOB rasa
MEHSICTCS, U €CJIH YaCTH KOJbIA CO3AaayT OOLIMil MOTOK, TO 00pa3y-
FOTCSI TICTIIH, KOTOPBIC CPa3y JKE PACIPABISIOTCS.

MuHIMYMY SHEPTMHM TaKOHl CHCTEMBI COOTBETCTBYET MHHHUMYM
OTHOLICHU S

[ /S= min. (4.53)

3aece | — cpeansin qmuHa, a S — mIom@agp MONMEPEYHOTO CEUCHUS
o01Iero A/t ABYX METEb IOTOKA rasa.

CTpCMJ'ICHI/Ie CUCTCMbI K MUHUMYMY SHCPTUH CO34ACT CUJIbI, Ha-
NPaBJICHHBIC HA PACIIUPCHUE ILIOMATU METEb U COMMKCHUE mepece-
KAaIOIITHUXCsL YJACTCH IICTCINb. HOCKOHLKy B MNCPCCCKAIOIMUXCS YacTAX
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METENb HANPABJICHUE BPAIICHUS OJMHAKOBO, STH YACTH COIBIOTCS, HO
TYT K€ METIU CHOPMHUPYIOTCS B CAMOCTOSTEIBHEIC BUXPEBBIC KOIbLIA,
KOTOpBIE OTAECIATCS APYT oT apyra. [lodyunBimmecs kompla moasepr-
HYTCsI JanbHEUIIEMy AeicHuI0. Takoe aeneHue OyAET NpOAOmKaThCS
J0 TEX MOp, MOKa AWAMETP Telaa TOPOHJA HE CTAHET COU3MEPHUM C pa-
auycoMm coOCTBEHHO Topouaa. B pesymerare opma Tena Topowaa
npuOIM3UTCS K MApoBOi (BUXph XWiLIa), MPH 3TOM CTCHKU TOPOUAA
OVIyT YILIOTHCHHBIMHU.

PaccmoTpenHBIE MexaHH3M OOpa30BaHHS W JACICHHUS BHXPEBBIX
KOJICL] HE SIBJSICTCS CAMHCTBEHHBIM. [lelieHne BUXPEBBIX KOJEL MOCIe
uX 00pa30BaHHs JETKO BHACTh HA MPOCTOM OIBITE, €CINU B OaHKY cO
CIOKOWHOM BOXOM € BBICOTHI 2—3CM KamHyTh Karuiro yepHut. Ha puc.
4.12 BuaHO, KaK MEPBOHAYAILHO O0PAa30BAHHOC B PE3YJIbTATE IMOMA-
JaHVsI Karuid YePHUI B BOAY TOPOHJANTBHOE KONBLO HAYMHACT pacma-
JaThCs Ha Oonee METKUE TOPOHMIAIBHBIC KONbIA, KOTOPBIC B CBOIO
oyepenap ACTATCS Ha eme 0oJIee METKUE H T. ..

Puc. 4.12. O6pa3oBaHne u JejeHie TOPOHJAJbHBIX BHXPEBBIX Kojell B
“KIJTKOCTH MPH HaJeHIN KA

Takum 00pa3oM, XaOTHYECKOE CMCHICHUE MOTOKOB >KHUAKOCTU
TaKoKe CIOCOOHO MOPOJUTH JEIIINIECS TOPOHJATBHBIEC KOTbIIA.

BuHTOBOI BUXpEBOH TOPOWA raza MPEACTaBisICT coOol 0Opaso-
BaHHUC TUIIA CBEPHYTOH TPYOBI, B MOJOCTH KOTOPOH AABICHHE U ILIOT-
HOCTb Ia3a HIDKE, YEM B CBOOOAHOM Cpene, HO B CTEHKAX ra3 CyIIecT-
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BeHHO ymioTHeH. CTeHkn TpyObl BOMH3M LEHTPaIbHOH ocu odecrie-
YHMBAIOT B 3TOM MECTE HanOOIEEe BHICOKYIO INIOTHOCTD rasa (MCKiIrouas
COOCTBCHHO OCEBOC LICHTPAIBHOC OTBEPCTHE), 3Ta OONACTh MOXKET
OBITh Ha3BaHA KEPHOM (SIPOM) BUHTOBOTO TOPOMAATBHOTO BHUXPSI.

Kax mokazanu skcniepuMEHTHl ¢ OOBIYHBIM JABIMOBBIM TOPOHIOM,
Takass TPyOa HMEET JILIHICOHIATBHYIO (OpMY, B PE3yIbTaTe HEro
Jguametp Topouna D meneme aByxX, HO Gonee OHOrO AMAMETpa TOpa
d u cocraBmster mpumepro 1,70, aumamerp BHYTPEHHEro OTBEPCTHS
Topa 6 pasen nmpumepno 0,25, a oTHOIICHHME OCEBBIX Pa3MEPOB 3J1-
nunca pasHo npumvepHo 0,7:1 franHsie 3anmcTBOBaHb! 13 padoTst [30]
U OTHOCSTCS K CTPYKTYPE BO3AYIUHBIX JBIMOBBIX TOPOHIOB) (pHC.
4.13, 4.14). Ins 3pupHBIX BHHTOBBIX BUXPEBBIX TOPOHIOB COOTHO-
LICHUS pa3MepoB H (GopMBl OYAYT, BEPOSTHO, HECKONBKO HHBIMH, HO
BPSLI JTH 3TO CYIIECCTBEHHO.

Puc. 4.13. TopongaabHbIil ra3oBblii BUXPH B pa3pese

B BuxpeBoM ra3oBoM TOpoWAE, CTPYKTypa KOTOPOro Omm3Ka K
3aMKHYTOW TpyOe€ C YIUIOTHEHHBIMHM CTCHKAMH, OTUCTIHMBO BBLACIIS-
I0TCS KEPH — IICHTPAIbHAS YacTh, IMEIOMIAs OCEBOE OTBEPCTHE, 000-
J04uKa, 0Opa3oBaHHAs BHEIIHUMH CTCHKAMHU TOH ke TpyOBI, U morpa-
HHUYHBIM MOBEPXHOCTHBIM CIIOH, YACP>KUBAOLIUI Ta3 B YINIOTHCHHOM
BUJE B CTCHKAX.
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Puc. 4.14. CrpykTypa IIMOBOI0 KoJIbIa. BhIITycKas JbIM B BO3JIyX Hepe3 Ko-
Hell TpyOBbl, MOJKHO YBUJETbh, YTO 3TO TYyI'O CBEPHYTas TOPOUAANIbHas crmpais. OHa-
KO 3TO BCEro JIMIIIb IIepexojHasi CTPYKTypa, KoTopas B JaJdbHeHIeM (GopMupyercs
JIAMUHAPHBIA TOPOUJIAIILHBIA BUXPh

JluHMM TOKa rasa B TOPOMAATIBHOM ABIKCHHUU B CTCHKAaX TPYOBI
IIPOXOAST BO BHYTPEHHEH 4acTU TOPOHJA 4UEpe3 ILIOLAAb, CYLIECT-
BEHHO MEHBIIYIO, YeM CHapyku. I103TOMy CKOpOCTH TOPOMAAIBHOIO
JBYDKCHHSI Ta3a B LICHTPAIBHON YaCcTH TOPOHMJA 3HAYUTEIBHO OOIbIIE,
YeM B HApPYXHBIX cTeHKaX. OIHAKO MONHAs CKOPOCTh MOTOKA HE MO-
JKET M3MCHUTBCS, TAK KaK SHCPTHIO ABIKCHUS IMOTOKA IJIOTHOTO rasa
OTAaTh HEKYJa, MMOSTOMY JIMHUS TOKA ra3a MCHSCT HANpPaBICHHE. K
TOPOHJATPHOMY HAINpaBlICHUIO aoOasisiercs kombueBoe. Ilo mepe
yIalIeHus OT OCH TOpa TOPOHJANbHAS COCTaB/LIIOMIAs CKOPOCTU
VMEHBIIACTCS, a KOJNBLEBAs COCTaBJAIOLIAs Hapactaer. JlpikeHme
rasa B CTCHKaX TPyOBI MpHOOpETaET BUHTOBOI Xapakrep.

3HaK BUHTOBOTO JBIDKCHHUS B TOPOUIC ONMPEICISICTCS TeM, Kakou
3HAK BHHTA MMEI K STOMY BPEMCHH Ta30BbIH MOTOK B OKPY’KAIOIIEM
npocTtpaHcTse. Eciiu B HeM yike CyIecTBOBaio ABIDKEHHE CTPYH rasa
OIPENEICHHOIO 3HAKA, TO M BHOBb OOpA30BaHHBIC TOPOHUIATIBHBIC
BHUXpH OYyIyT UMETh BUHTOBOC JABIDKCHHE TOTO JK€ 3HAKA. JTO 3HAYMHT,
YTO €CIIM B HEKOTOPOU 0OIacTH IMPOCTPAHCTBA YXKE CO3JAH XOTS OBI
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OJUH BUXPEBOU BUHTOBOW TOPOH[, TO M BCE OCTAIBHBIC 0Opa3yroLime-
Cs TOPpOUIbI 6yl[yT HUMCTh TOT K€ 3HAK BUHTOBOT'O ABHKCHHUA.

Buxpr TOoponganeHOH (OpMBI IpPEICTaBIsSET COOON 3aMKHYTOE B
(dopme Toporga (Tuma OyGnuka) BuxpeBoe obpazosanue. Ecnu paau-
yC Tema TopouAa I MHOTOKPATHO MEHbLIC paguyca Topomma R, To
BHYTPEHHSISI CTPYKTYPa BHUXPSI HE OTINYACTCS OT OMHMCAHHOM BBIMIE
CTPYKTYPBI JTHHEHHOro BUXpsi. OZHAKO €CM 3HAUCHUS PAIUyCOB CO-
U3MCPHUMBI, TO KapTHHA CYHICCTBCHHO MCHACTCA. HpI/I COU3BMCPUMBIX
pagmycax Tena TOPOHJa W CaMOr0 TOPOMAA Pa3HbIC YacTH CTCHOK
TI)Y6I:I — YILIOTHCHHOI'O B HUX T'a3a HaAXOAATCA HC B paBHOM ITIOJIOXKC-
Hun. Ta 4acTh CTCHOK, KOTOpas HAXOAWUTCS ONIKE K LICHTPAIbHOU
OCH, HUMECT OOLIYIO IUIOMAgh CEUCHMsSI CYIICCTBCHHO MCHBINC TOM
JacTy CTCHOK, KOTOpas HaXOAUTCS BAAIA OT OCH.

IMoTok rasa, oOpa3yroumii CTCHKH (TOPOMAANBHBIN MOTOK), JOJ-
JKCH TOJIHOCTBIO MPOWTH M 4Yepe3 OJHO, M 4YePEe3 BTOPOC CCUCHHE.
CrnemoBaTeapbHO, Pacxo/ rasa 4depe3 00a CeYCHHs TOKCH OBITh OIu-
HAKOB. OI[HaKO MOCKOJIBKY ILIOIAaAb BTOPOIro CCUCHUA ZHAYUTCIIBHO
OOBIIE TTOIIAAN TIEPBOTO CEUCHUS, TO TOPOUIAIbHASI CKOPOCTh Ta3a
BO BHCIIHEM CCUCHHHU OOJIKHA 6I:ITI: 3HAYUTCIBHO MCHBIIIC, YEM BO
BHYTPCHHCM. HOCKOHBKy CKOpPOCTh TOPOUAAJIBPHOI'O ABUXKCHUSA B LICH-
TPaTBHOH YaCcTH TOPOUAA BEIHKA, TO CTPYS MO MHEPLUUHU OYACT BBIHO-
CHUTBCS BAOIb OCH M BECh TOPOHI MPUOOPETET HOPMY TYKOBHULIBL.

Jl1st TOro 4to0bl TOPOMAATBHAS CKOPOCTh Ta30BOTO IMOTOKA CHHU-
3UJIaCh, OHA JOJ/DKHA OBITh MO0 MOralreHa 4eM-TO, MO0 U3MEHUTH
HarpasieHue. ['acuTh CKOPOCTh B JAHHOM CJIy4ac HEYEM, MOCKOIBKY
ra3 B CTCHKax Topouaa YIJIOTHCH U OTAATh SHCPIrUiO BO BHC WUJIN B3ATb
ee oTrtyzaa Hemp3st. CrneroBaTebHO, CKOPOCTh MOTOKA ra3a OCTAHETCS
MMOCTOSIHHOM, HO OHA BBIHYKJCHA OYACT U3MECHUTHh CBOC HAMPABJICHHC
MIEPIICHANKY/LIPHO TEPBOHAYATIBHOMY HaIpaBlIeHHIO. B pesyiprarte
BO3HHUKACT KOJBLCBOC ABHMXKCHHUC BCCTO TOpoOUAA, U B Ka)KI[Oﬁ TOYKEC
€ro MOBEPXHOCTH MMEET MECTO COYCTAHHE TOPOUAATBHOTO U KOIIBIIC-
BOro I[BH)KCHHﬁ, KOTOPBIC B CYMMC OalOT BUHTOBOC ABUXCHUC CTCHOK
topouga. Ha puc. 4.15mnoka3aHo pacnpeacacHue CKOPOCTEH TOpOu-
JaJbHOIO M KOJBLIEBOTO I[BI/DKCHI/Iﬁ CTCHOK TOPOMIAAJIBHOTO BUXPSA
[PU COM3MEPHMBIX PaJrycax Tejla TOPOUAA M CAMOrO TOPOHIA.
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A

ARl TA
|V &J%
a)

é\
6) \

Puc. 4.15. PaciipenesieHnie ckopocTeil JBUAKEHI CTEHOK TOPOMIAIbHOTO
BHXPSI: @ — TOPOUJATHLHOTO; 6 — KOJBIIEBOTO

BuxpeBoii BUHTOBOH TOPOHJ MOXET XapaKTepPHU30BAThCS HHTCH-
CHBHOCTBIO TOPOHIATBHOTO JBIDKCHHUS, HHTCHCUBHOCTBIO KOJIBLICBOTO
JBIDKECHUS U BHYTPEHHEU SHEPTHEHU.

JI1s TOHKOTO KOJNBIIA, Y KOTOPOTO PAagHyc Telaa KOabIa [ MHOTO
MeHbIne R, —paanyca caMoro Koupiia, HHTCHCHBHOCTb TOPOHIAIBHO-
ro JBIDKCHUS (IO KPYTOBOIT OCH) COCTABHT:

I, =V,S= 41rRV,, (4.54)

rac V. — CKOPOCTb TAHITCHIMAJBHOIO ABHXKCHHS, & MHTCHCHUBHOCTD
KOJBLCBOTO ABMI>KCHUSL
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I =V S= 4°rRV,, (4.55)

rae Vi — CKOPOCTh KONBLIEBOI'O ABVKCHUS.
s tmapooOpa3zuoro Topoua 00siee TOYHBIM OYAET BHIPAKCHUC

I =V,S = 4R Ay (4.56)
I =V,S = 4Rk (4.57)

rae S — mIoma b TOBEPXHOCTU TOPOUaa; R, — BHEIIHMI paguyc Tena
Topouaa; V; U Vi — COOTBETCTBEHHO TOPOUIAIbHASI U KOIBICBASI CKO-
POCTH Ha 5KBaTOpPE MAPOBOI'0 TOPOHJA.

Temneparypa mosepxHOCTH Topoua 1 OVAET OMpeaeasIThCs BbI-
paxxeHUEM

Ty=T,—-/Pr v,¥ 2p, (4.58)

roe 1, — TemmepaTypa ra3a B cBOOOJHOM MpocTpaHcTse; Pr— uncio

Mpasarns (s = 1,4Pr= 0,723);V,; — CKOpOCTh ra3a Ha MOBEPXHO-

CTH TOPOUAA; Cp — TEINIOEMKOCTH ra3a Py MOCTOSHHOM JaBJICHHH.
[NonHas BHYTPEHHSISI SHEPTUS TOPOHIA COCTABHUT:

W, = M2 =m(v,® + ,2)/2, (4.59)

rae V — CKopocTh moToka 3¢upa B Tene Topouna. st maposoit dop-
MBI 3Ta CKOPOCTh NPUMCPHO paBHA CKOPOCTU KOJbLCBOI'O ABUKCHUSIL
Ha HKBATOPE TOPOWAA, I TOHKOTO BHXPEBOrO KOJbIA CKOPOCTH ITO-
Toka B 1,41paza Gospime.

BuHTOBBIC BUXPEBBIC KOJbI[A ra3000pa3Hoi cpeabl — 3dupa, Ko-
TOpPBIM CYIIECTBEHHO VIUIOTHEH, MOXKHO pacCMaTpuBaTh Kak yCTOU-
YUBBIC DICMCHTAPHBIC YACTULIbI, 0OPA3YIOIIKNE BEUICCTRO.
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PaccMoTpuM BHYTPEHHIOIO SHEPTHIO TOPOMAATBHOTO BUXPS CXKH-
MaeMoro rasa. Macca 371eMeHTapHOIl CTPYHUKU Ta3a B COCTaBE BUXPSI
paBHa:

Am = 2xr Arbp. (4.60)

Tak kak

Ar IAro =1ltg,  plpe = 1Ir% (2)6
TO

Am = 2rr Arbp = 2arArbp. (4.62)

ITockomeky

I = 2ar\V, = 2nrv = const; (4.63)

V= or = 21rv; (4.64)

PP=red Vol V; (4.65)

TO 3HEPIUs IEMEHTAPHOU CTPYUKH Tra3a B BUXPE OKAXKETCS paBHOMU

AmV
AE = :TcroArobpo'4Tc2V2r2 = 47'53r03Ar0bV000V
2
= Ahv= 2rhv, (4.66)
rac
Ah = 47 P Ar oy, (4.67)

CraenoBaTenbHO, T BCETO BUXPSI BHYTPCHHSISL SHEPTHSI PaBHA
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E =hv= 2nhv = 2uiro, (4.68)

OTKyJa CACAYCT, YTO YeM CHIIbHECC BHXPb OYACT CXKaT BHCUTHUM JAB-
JICHUECM, TEM BBITIIE OVIET €ro yritoBas CKOPOCTh BPAIICHUS.

COOTBETCTBCHHO TSI TOHKOT'O BUXPEBOTO TOPOUAATBHOTO KOJIbIIA
OyJaeM UMETh

Jw? Mr?w?
E. = = . (4.69)
2 2

VuureiBas, 9ro

I =2nroVvo=2nrv=const; v=ruw, (4.70)
OIy4acM:
I, =2 o, (4.71)

U, CJICAOBATC/IBHO, SHCPI'UA KOJBLICBOI'O BpaICHUA COCTABJIACT

M w
E=—=aMI' . f =hf =27#f. (4.72)
2

Taxum obOpazom, mocrostHHast [Lianka /# mpuoOperaeT mpocToit
(UBHUCCKHUIT CMBICT:

h=MI2 (4.73)
T.C. HOJ'IOBI/IHy HpOI/ISBeI[eHI/IH MacCChI TOpOI/II[aJ'ILHOI‘O BUHTOBOI'O BUX-

psl Ha LMPKYILHUIO OKPY)KHOU (KONMbIEBOI) ckopocTH. B ¢usmke
OOBIYHO MPHHATO 0003HAYATH YACTOTY HE 3HAKOM <«f», 8 3HAKOM «W».
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COOTBETCTBEHHO MOMEHT KOJIMYCCTBA JBIDKCHHUS (CIMH) TOpPOM-
JaTbHOTO BUHTOBOTO BUXPS COCTABUT

L =Mrv =Mr?w =Ml = 4.74
p

4.6. lBMXeHMe rasa B OKPeCTHOCTSX TopouaanbHo-
ro BUXps

4.6.1.Topouoanwvhoe u KonbUegoe O8UMHCECHUS 2A3d 8 OKPECHHO-
CMAX UHMOB020 MOPOUOANbHO20 BUXDS

s nunEiHOTO BUXPst OCCKOHCUHOW AJTUHBI YOBIBAHHE CKOPOCTH
JBIDKEHUS CPEeAbl IMPOUCXOAUT IMPONOPLIMOHAIBHO MEPBOIl CTENEHU
paccrostaust. Ecu BOMM3m apyr apyra BpamaroTcs B HPOTHBOMOIO0XK-
HBIX HaIpabBJICHUAX ABC BUXPCBBIC HUTU 6€CKOHC‘IHOI>'I JJINHBI, TO B
Ka)KI[Oﬁ TOUKC TMPOCTPAHCTBA NPOUCXOAUT BCKTOPHOC BBIYHUTAHUC
CKOpOCTE 1 yObIBaHUE OOIICH CKOPOCTH MEPEMELICHUS CPEIbI MIPO-
MTOPIIMOHAIBHO VK€ BTOPOM CTCIICHU PACCTOSHUS.

0

A
&/ P

6)

Puc. 4.16. K BbIBogy 3aKkoHa paclipe/esieHUsI CKOpPOCTeil BOKPYT TOpOH-
JAIBHOTO KOJIBIEBOro BHXPS: (a) IS TOPOMJIATBLHOTO JBIDKEHUS H (6) JUIS KOIb-
IIEBOT0 JIBIKEHWS; 1 — paclpocTpaHeHue KONBIICBOrO JBIDKCHUSI BEPTYIIKON IPH
OTCYTCTBUU TOPOUIATIFHOTO JBIDKEHII; 2 — PACIPOCTPAHEHIE KONBIIEBOTO JIBIKEHIIS
TOPOHJIATIHFHBIM JIBKEHUEM

Ho ecnu HuTH He OGeCKOHEUHBI, a MPEACTABIIIOT COOOH Topou-

JAJIBbHOC KOJIBIIO, TO Y6HBaHI/I€ CKOpPOCTU ABUKCHUA CPCAbI IMTPOUCXO-
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JUT B TICPBOM MPHUOIMKCHUU IMPOMOPLMOHAIBHO TPEThEHl CTEICHU
paccrosiHus 1 onuchiBaeTcst 3akoHoM bruo-Casapa (puc. 4.16):

I (r=p)dp
v(r) = | , (4.75)
gL |r—p|®

rae [, — 3Ha4YeHHME HMPKYISLIUN TAaHT€HOHATBHON CKOPOCTH Ha IIO-

BEPXHOCTH BUXPSI; I — paguyc-BEKTOpP BHXPEBOH HUTH L; p — paamyc-

BEKTOP TOUYKH, B KOTOPOI paccCMaTpUBAETCS CKOPOCTb.
Cocrasnsromue CKOPOCTH MO OCSM KOOPAUHAT UMEIOT BUA:

3 Sip1CoSp
V%~ —I, ——— co9);
4 r®
3 sip cosp
v, ~ —I, ——— sir; (4.76)
4 r®
3
v, ~ I .
2,.3

Ecnu ToponganbHEI BUXpPh UMEET KPOME TOPOMAATIBHOTO €INE U
KOJIbLICBOC BPAILICHHE BOKPYI CBOCH OCH, TO OH CBOUM JBIIKCHHEM
3aXBaTHIBACT OKPY)KAMOIIMA ra3 U OTOPACBIBACT €ro B CTOPOHY OT
BUXPA. Ecnu 6]:1 ABIDKCHUC TMPOUCXOANIO B OKPECTHOCTAX HUITUHAPU-
YECKOro BUXPsl, 00/IaJArOLICTO MOACOCOM rasa IO CBOMM TOpLAM, TO
CKOpPOCTh NOCTYHIATC/IbHOT'O ABMXKCHHUA Ta3a MCHAIACH 6]:1 o rurcp-
0ONMUYECKOMY 3aKOHY

v=Il2nr, (4.77)
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rae I — MUpKyISIus KOIbIeBOro ABrbkeHus. [Ipu 5TOM pacmossanue
KOITBIICBOTO JABYDKCHUS MPOUCXOAMIO OBl TOTBKO B TONIMUHE IIATHH/I-
pa B BUAC TUIOCKOTO «OJIMHA».

OxHaKo B TOPOMJATEHOM BUXPE HATMUNC TOPOUTATHHOTO JIBHMKC-
HUS BOKPYT HETO PasMbIBACT CITOM, B KOTOPOM MPOUCXOTUT KOIBIICBOE
JIBIKCHUE. B pesynbraTe KOJBIIEBOC IBHIKCHHE CPCIBI OXBATHIBACT
CHauana OxHY MOJOBHHY Cepbl, a 3aTeM u Apyryio. [1ockoabKy 00b-
emHas upkyssmus cocrasut bl (b — Tommumua xonera, Iy — upKy-
JISIHS KOJTBIIEBOTO BUYKCHUS), @ PA3MBIB CJIOSI TIPOUCXOAUT B TIPE/Ic-
Jax TMOBEPXHOCTH Imapa, paBHOMN 4ar?, To KombLECBAs CKOPOCTh B OK-
Py KaroIeM TOPOUJANTBHBINA BUXPh MPOCTPAHCTBE OMPEICIUTCS BhIpa-
SKEHUEM

()8
vV, = -, (4.78)
Gr

M, CJICAOBATCIBHO, IS KOJBLICBOrO IBIKCHUS B OKPECTHOCTSIX BUH-
TOBOrO TOPOMAATBHOTO BHXPS Vi ~ 1/r%.

IoTox KONMBIIEBOIT CKOPOCTH ONMPEACISETCS HEKOTOPBIM aHATIOTOM
teopemsl Octporpaackoro—Taycca:

v, dS=hbr",. (4.79)
S

Cnez[yeT 3aMCTUTDh, YTO NMPUBCACHHBIC BBIPAKCHUA HOCAT YUCTO
KMHEMATHUYECKUI XapakTep, HE YUUTBHIBAIOIUN COKUMAEMOCTH CPEbL,
KOTOpasi OCOOCHHO MPOSIBISICTCSL BOIM3HM TElla TOPOUAAIBHOTO BHUXDA,
a TaKKE HC y‘lI/ITLIBaIOH.[I/II‘/'I HUHCPLIMOHHOCTh MAaCChI r'a3a, BBITCKAIOLIC-
ro U3 LHCHTPAJIBHOI'0 OTBCPCTUA TOPOUIA. Vuer xe HUHCPLUUOHHBIX CUJT
OpUBOAUT K TOMY, YTO TCUCHUC OKa3bIBACTCAd HCCUMMCTPUYHBIM OT-
HOCHTEIIBHO TNTOCKOCTH KOJIbIA. JTa HECHMMETPHUS CKa3bIBACTCS M Ha
KOJbLIEBOM ABHMKCHHUU.

Heo6x0auM0 OTMETUTE, YTO B OTJIHYHE OT TOPOUIAIBHOTO B pac-
npecaAcICHUN CKOpOCTCﬁ KOJIBIICBOI'O ABMXKCHUSA B OKPCCTHOCTAX BHUH-
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TOBOTO TOPOWJAJIBHOTO BUXPS BO3MOXKEH CITy4dai, KOTJa KOJBIIEBOE
JBYDKECHHE 3(Hpa 3aMBIKACTCS B HETTOCPEACTBCHHOW OIU30CTH OT TENa
BHXPSI.

B ornmume oT ToponganbHOrO ABIDKEHHS Tas3a, KOTOPOE Iepena-
eTcs 3a CYCT JABICHHS CO CTOPOHBI HAOETAIOIIUX 3JIEMEHTOB rasa,
KOJIBIIEBOE ABIDKEHHE MEPENAETCS OT CIOS K CIOK0 B OCHOBHOM 3a
cdeT BsA3KocTH rasa. Ecnmm rpaameHT cKOpOCTH OTHOCHTEIBHO HEBE-
JUK, TO HC IMPOUCXOOUT U CYIICCTBCHHOTO CHIDKCHUS BS3KOCTH, ITO-
CKOITbKY BSI3KOCTh CBSI3aHA C TeMIiepaTypoit cootHomenuem (4.6), a
cama TeMIIepaTypa CBsI3aHa C IIEPENaJoM CKOPOCTEH BEIPAKEHHUEM:

Av)?
AT =/Pr —, (4.80)
Crp

rae Pr —aucno Tlpanarns (qns rasos 0,72 < Pr < 1)gp — Termoem-
KOCTb TIPY TIOCTOSIHHOM JaBJICHUH, ) — INIOTHOCTb rasa.

Ecmu ke mepemaa ckopocTeil BEAMK, YTO MOKET MMETh B TIOTpa-
HUYHOM CJIO€, TO COOTBETCTBCHHO BEIMKH U MEPEMaIbl TEMITCPATYPHI
M 3HAYUTEIFHO YMCHBIICHA BA3KOCTh. B 3TOM ciiydae KOIBICBOC
JBIKCHUC HE OYACT MEpeiaBaThCs BHEITHUM CJIOSM, TAKOC TTOTOMKE-
HUC BUXPS OyACT YCTOWYMBBIM, M TOPOMI OYJCT BPAINATHCS B 3TOM
MOTPAHUYHOM CJIOC, KaK B MOIIAITHUKS CKOJBKCHHS, HE TICpEaaBas
Jlajiee CBOETO JBMKEHUS.

Takum oOpazoMm, caM TOpOUAATbHBIN BHXPb, 00MaAAOMNN KOIb-
[ICBBIM JBH)KCHMCM, OKa3bIBACTCS BHHTOBBIM BHXPEM, A €r0 OKPECT-
HOCTHM OXBAYCHBI BUHTOBBIM JBIDKCHHEM C MCPEMCHHBIM BHHTOBBIM
(haxTOpOM, TMOCKOIBKY COOTHOIICHHE CKOPOCTEH TOPOMIATBHOTO U
KOITBIICBOTO JBMKCHUM MCHSACTCS B 3aBHCHMOCTH OT PACCTOSHHS OT
BUXPS TIO-Pa3sHOMY: TOPOMJANBHOC ABIKCHHUE YOBIBACT TPOMOPITHO-
HAJIBHO KyOy, @ KOIBIICBOC KBAJAPATY PACCTOSHUSA OT IICHTPA BUXPIL.
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4.6.2. TemneparypHoe moJie BOJH3M BHXPSI M IOIJIOLLEHHE
BHXPEM OKPY7KAIOLLero ra3a

Kak 651510 moka3aHo BHIIIE, BCIKHUIA BUXPb, B TOM YHCIC U TOPOH-
JANbHBIHA, WMECT TOHKCHHYIO) OTHOCHTCIBHO BHCIONHEH —CPEIBI
temmeparype. Kak ussectro [18, 22, 30, 31¢. 447-455],pactpene-
JICHUC TEMITCPATYp B Ta3c OMPEACIICTCS YPaBHCHHUCM TEILIOTPOBOJI-
HOCTH

oT or? or?  or?
— =a( + + ), (4.81)
ot 0’ %y 0’z

HJIN B COKPAIICHHOM BHJIC

T(M,t)=aAT— , (4.82)
cpp

rae 1" (M, t) — remmepaTypa cpeapl B Touke M ¢ KOOpAWHATAMH X, ), Z
B MOMCHT BpeMeHH {; a — k03 PHLMCHT TEemIonpoBOAHOCTH CPEIHl,
XapaKTEPU3YIOIIUI CKOPOCTh BBHIPABHUBAHHS TEMIICPATYPHI B HEpaB-
HOMEPHO HarperoM Ttene; f — MIOTHOCTh TEIIOBBIX UCTOYHUKOB; Cp —
yIAEIbHAs TEIIOEMKOCTh CPEABI; P — IFIOTHOCTD CPEIbI

o° o° o°
A= ( + + ). (483
0’ %y 0’z

VY IIOTHEHHBIH TOpOUAANBHBIN BHXPh MO cBoch (opme OMHM30K K
mapy, ¥ Ha PacCTOSIHUSAX, COCTABILIOIINX BCETO HECKOIBKO PAIHyCOB,
pasHHLA MEKAY TEMIICPATYPHBIM IOJIEM TOPOHIA U IIapa CTAHOBUTCS
COBCPIICHHO HE3HAYNUTENbHOU. [loaTOMy Ay ympoimmeHus BCCH 3ana-
YU paCIpEACICHI TEMIIEPATYP B CPEAE, OKPY KAFOIIEH TOPOU/, 3a €T0
MOJICTIb MPHHST IIap.
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B chepuueckux koopauHaTax Uil IIAPOBOrO HMCTOYHHKA TEIUIA
MOIIHOCTBIO ( peureHue ypaBuenus (4.83)umveer Bun:

g 2 00 —a
T(rt)=- [ e da, (4.84)
dacopr /m r/at

rAe I —PacCTOsHUE OT LEHTPA TEINIOBOTO UCTOYHUKA.
TemmepaTypHbIil TpaIueHT, TPOIOPIHOHAIBHEIM TEINIOBOMY I10-
TOKY, OIPEAEISAETCS BBIPAKCHUEM.

or q 0 1 o
gadT= —=— — (-— Je da). (4.85)
or  2n'acpr or rr24/at

I'pagueHT TemmepaTypel MPU MABIX PACCTOSIHUSIX OT HUCTOYHHKA
TEIIa ONPEAEIUTCS KaKk

0 1 o
gradT=kg— (—— Je da)=
or rr2at

0 1 » - 1 wv2lat =2
kQ— (—— J e do + — | e da)=
or r o r o

K1q\12n r?

= -kqQ . (4.86)
r2 at

[Tocnenumii unen crpemurcs k Hyao mpu I —0. Ilpu Gomprmx
PaCCTOSIHUSX BBIPAKCHUE
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1 —
— e da (4.87)
r rlzﬁ

3aTyXaeT CYIIECTBEHHO ObicTpee, yeM 1/f, MOCKOMbKY MakCHUMyM HH-
terpana umeer Mecto mpu I = 0. [lostomy rpamueHT TemmepaTypsl
yOBIBACT IIPH GOMBIINX PAJMYCAX CYIICCTBEHHO OBICTPEE, TeM [ .

I'pagveHT TemmepaTypel B TPEXMEPHOM MPOCTPAHCTBE MOXKHO
MPEACTABUTD B CICTYIOLIEM BHIC:

K
gradT= ——® (r,t) (4.88)
r.2

1 0 1 o -
Ot ——r>— (-— [ e da);ro= 2Jat. (4.89)
Jom or rorirg

ITpu 3TOoM

lim® (r,t) = 1. (4.90)

r—0

M

~l |l

~l 1

Puc. 4.17. Pacnipesesienne TeMiepaTypbl U JIaBJIeHUST BOKPYT COBOKYIIHO-
CTH TOPOH/JIAJIBLHBIX BHXpeil B CBOOOTHOM IPOCTPAHCTBE
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Takum 00Opa3oM, TPaAUCHT TEMIEPATyp Ha MajbIX PACCTOSHHUSX
VYMEHBIIACTCS MPOMOPLUOHANIBHO KBAJpaTy PACCTOSIHUS, a Ha OOJb-
KX 3HAYUTEIBHO ObicTpee (puc. 4.17).

IpeacraBiaseTr MHTEPEC OMPENEIUTH CKOPOCTh PACIPOCTPAHCHUS
rpaaueHTa Temmeparyp. Ilockonpky maBineHuE B rase CBS3aHO C TEM-
HepaTypou NpONOPLUOHAIBHON 3aBUCUMOCTBIO

Prm
r=— (4.91)
3pk

rae P — maBsnenue; M, —Macca MOICKYJIBI; p — IITOTHOCTH; K — mocTo-
sHHag boinprMana, To

h
grad’ = —— gradP (4.92)

PK

U, CIEIOBATEIbHO, CKOPOCTh PACIPOCTPAHEHMS I'PAJHEHTa TEMIIEpa-
TYP €CTh CKOPOCTb PACIPOCTPAHEHISI IPaUCHTA JABJICHHS, & 3TO €CTh
CKOPOCTH IIEPBOTO 3BYKA, OIPEIEIIEMOro KakK

a=yPp. (4.93)

Ilox BoO3meciicTBHEM TpaanCHTA AABICHUNA BECh a3 HAYMHACT
CMEIIAThCSl B CTOPOHY TOPOMJATBHOIO0 BUXPS U HOTJIOLIATHCS UM, 3a
CYET YEro Macca BUXPS U €ro 00BEM HEIPEPHIBHO YBCIUYMBAOTCS.
IMockoapky MOMCHT KOJTHYECTBA ABIDKCHHS KaK TOPOMIATBHOTO, TaK
U KOJBLIEBOT'O JBIXKCHUN COXPAaHAETCs, TO CKOPOCTh JBIKEHHS rasa
Ha MOBEPXHOCTH TOPOHUAA YMEHBIIAETCSI, COOTBETCTBEHHO YMEHbINA-
€TCd U FPAJUECHT CKOPOCTH, TEMIIEpATypa MOBEPXHOCTH TOPOUIA YBE-
JAUYUBACTCS. DTO HPUBOAUT K TOMY, YTO BSI3KOCTh ra3a HA MOBEPXHO-
CTU TOPOHMJA YBEIWYMBACTCS, U IUIOLIAAb MOBEPXHOCTU TOXKE YBEIU-
YHUBAETCS, MOITOMY YBEJIMUMBAETCA W OTJAa4da SHEPTUM ABMKEHUS
CTpYH raza BO BHCIOHIOKO CPEay. BUXph yBEIHMUHMBACT CBOM pa3Mephl U
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SHeprootaauy. Ero ycToiumBOCTh YMEHBINAETCS, U C TCUCHUEM Bpe-
MEHHU BUXPb JUGPYHIUPYET U MPEKPAILACT CBOC CYIIECTBOBAHHE.

4.7. Andppy3ua Buxps

["az0BEIll BUXpPH HPH CBOEM CO3JAHHM HAPALIMBACT SHCPTHIO 32
CUET CKAaTHs TeNa AABICHHEM OKPY>KAIOIIETO BUXPh rasa, a 3aTeM Ha-
YIHAET PACTPAUUBATh €€ H3-3a BA3KOCTH 3TOrO rasa. Takoil mpomecc
XOPOILIO BUACH HAa MPUMEPE KOJBLIEBBIX BUXPEH, 0Opa3oBaHHbBIX C IMO-
MOIIBIO 3AIOJIHEHHOTO ABIMOM TaK HAa3bIBAEMOro <simuka Byma» —
SIIUKA C OTBEPCTHEM, MPOTUBOIIOIOKHAS CTOPOHA KOTOPOro 3aTSHYTa
yrnpyroii mem6panoii. Ilpu yaape mo memOpaHe W3 OTBEPCTHS BBIPHI-
BACTCsl KONBLEBOW BHUXPb — TOPOHI, KOTOPBIA JBMKETCS TMPSIMOJNU-
HEWHO, M3MEHsIs cBoM pasmepsl (puc. 4.18).

Puc. 4.18. /IBu:keHne u npeodpa3oBaHiie ra3oBoro Topomaa: 1 —crajus cxa-
TUSE Topouja; 2 — cTajsl pacimperus Topoua (mupdysus); 3 — cragus pazBaia
TOpouJa.

Ha nepBo#i craauu, amsmeicst JOIU CEKYHABI, JUAMETP TOPOUIA
VYMEHBIIACTCS, HA TOH CTaJUH TOPOUA YBCIUYHBACT CBOIO SHEPIHIO
3a CUeT CXKaTHs €ro BHEUIHMM JaBieHHeM rasa. Ha cnexyromeii, BTo-
POH, cTagny TOPOUZ YBETUYMBACTCA. Termeph OH TEPSET SHEPTUIO 3a
cuer BsizkocTH (auddy3ust Buxpst). Ita BTopast CTaaus JIATCS TO0Jb-
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IIe, YeM nepBast. 3aTeM HACTYIACT TPEThsl CTAMsI, Ha KOTOPOH TOPOH-
Ja7bHOE KOIbLIO HAUMHACT TOPMO3UTHCS M paclyXaTh, a 3aTeM pa3Ba-
nuBaThes. Topona mpekpaimaeT CyuecTBOBaHNUE.

MopgenupoBanue BUXpeBOro koibua B Boae (puc. 4.19)moarsep-
JIMJIO U3TIOXKCHHOC.

Puc. 4.19. HeycToitunBocTh JJaMIHHAPHOTO BHXPEBOTo KOJIbIa. BepXHuii psiy
CHUMKOB IT0Ka3bIBaeT UCTEUCHUE BOJBI C BBEICHHON B Hee KPacKol uepes IITUCAH-
TUMETPOBOE OTBEPCTUE, B PE3y/bTaTe Hero CO3JaeTcsl 0CeCUMMETPUYHOE BUXPEBOE
KOJIBIT0. HYpKHWMIT psiJi CHUMKOB II0Ka3bIBAeT II0CIE/IOBATENIbHOE Pa3pyIIeHHe KOJIblia
m3-3a HeycToMuMBOCTH. Jlaree KombIo U} GYHMpyeT MOTHOCTHIO [54]

OnxHako mpH YBENIUYCHUH IUIOTHOCTH TENA BHUXPS IO OTAABAC-
MOH 3HEPrUM COKPATHUTCS MNPONOPLUOHANIBHO OTHOLICHHUIO IIIOTHO-
CTEW M BpeMs peNlaKcallid COOTBETCTBEHHO YBEIMUUTCS. Y UHATHIBAS,
YTO YBEIWYCHHUE IIOTHOCTH TEIa BUXPS MPOMCXOAUT 3a CUET COKpa-
HICHUS €0 Pa3MEpPOB U COOTBETCTBEHHOI'O YBEIUUYCHUS €TO CKOPOCTH
BpAaIllCHUS, 4 3HAYUT, YBEIWYCHUS TPAAUCHTA CKOPOCTU U MaJCHUS
BSI3KOCTH B MOTPAHUYHOM CJIO€, CIEAYET MOIaraTh, 4TO BPEMsI YBEIH-
YMBACTCS NPUMEPHO MPOMOPLHOHAIBHO KBAJAPATy OTHOLICHUS ILIOT-
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HocTel Tema Buxps u cpeabl. CaeaoBareiabHO, A YILIOTHEHHOTO
BUXPSI BPEMSI PEIAKCALIIN COCTABUT

i

7 =0,36 — (
X Pep

j. (4.94)

Ha muddysuro BUXps mOBIUAET HE TOIBKO BSI3KOCTh CPEIBI, HO U
(akT MOTIOMIEHUSI UM Ta3a OKPYKAOLIEro MPOCTPaHCTBA. | 'pagucHT
JIaBJICHUS B rase, BBI3BAHHBIA I'PAAUCHTOM TEMIIEPATYPhl, IPUBEACT K
CMEIICHUIO YaCTULl OKPYKAIOLIEr0 BUXPb ra3a B CTOPOHY BUXPs, HeE-
HNPEPHIBHOMY MOIVIOMEHUIO BUXPEM Ia3a OKPYXKAOLIErO MPOCTPAHCT-
Ba B TEIIO BUXPS M YBEIWYECHUIO MAacChl BUXpsA. [lockombky MOMEHTHI
KOJIMYECTBA TOPOUJAIBHOIO U KOJIBLEBOTO ABIDKCHHM COXPAHSIIOTCS, a
Macca yBEIHYUBACTCS, 3TO MPUBEAET K MOCTCICHHOMY YBEIUUYCHUIO
o0beMa BUXPS, CHIPKCHHIO CKOPOCTH JBHIKCHUSI ITOTOKOB B TEJIC BUX-
Psl, YMEHBIICHUIO FPAAUEHTA CKOPOCTEN B MOTPAHUYIHOM CJIO€ U COOT-
BETCTBYIOLIEMY YBCIHUYCHHIO BS3KOCTH. Y BENUYCHUE 00bEMa BUXPS U
IJIOIAAN €TO MOBEPXHOCTU BMECTE C YBEIMUEHUEM BI3KOCTH IPUBE-
OYT K YCKOPEHHIO MOTEPH SHEPTUU OOOMX BHIOB ABIDKCHHS, & 3TO
HNPUBEACT K MOTEPE YCTOMUMBOCTH, M 3aTEM BUXPb MPEKPATUT CBOE
CYyIECTBOBAHUE.

4.8. CunoBble B3aumogencTBus rasa u BUXpen

4.8.1.Cyuwnocmsb cunoswix 8030eiicmeuil 2a3060il cpedvl HA me-
na

OcHOBHOE BO3[CIHCTBHE ra30BOM CpeAbl HA BHXPHU MPOHCXOAUT
npu GOPMUPOBAHUH BUXPsl, KOTIA BHEIIHEE JABJICHHUE CKUMACT TEIO
BHXPsI, JOBOJS €ro IJIOTHOCTh OO HEKOTOPOro MPEHCIBbHOrO 3Haue-
Husl. DTOT mporuecc paccMoTpeH Beime. Kak Oblio mokazaHo, B mpo-
necc (GOPMHUPOBAHUS BUXPS MPOUCXOIUT YCKOPCHUE MOTOKOB 3(upa,
00pa3yromux Teno BUXPS, a TAKKE CHIDKCHHE TEMIICPATYPBl BCErO
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TEna BUXPS M COOTBETCTBEHHO €ro MOBEPXHOCTH. B pesyiprarte B Ok-
pyXKaroLen cpeae yxe o0pa3oBaHHBIM BHUXPEM CO3JAIOTCS MOTOKU U
CHIDKACTCSl TEMIIEPATYPa, UTO CO3MACT COOTBETCTBYIOIIUE I'PAIHCHTHI
CKOPOCTH M TEMIIEPATYPbl. JTO HNPUBOJUT K MOSBICHHUIO I'PAIHCHTOB
JaBneHui 3¢upa B okpyxeHun Buxps. [lomaBmmii B mose 3THX rpa-
JUCHTOB JABICHUHA JPYTrOW BUXPb UCIBITHIBACT TEMEPh YKE CO CTOPO-
HEI 3(upa CHUIIOBBIC BO3ACHCTBHS. JTO KE KACACTCSA U CUCTEM BUXPEH,
T.€. BCEX MATCPUANBHBIX TEJ, OCKOJBKY BCE OHH SIBJISIFOTCS OINpEae-
JICHHBIMH COBOKYITHOCTSIMHU 3(UPHBIX BUXPCH.

Takum 00pa3oM, OCYILIECTBISICTCS B3aMMOJCHCTBHE TET dcpes
MPOMEXYTOUHYIO cpeay — 3¢Hp, B KOTOPOM Iepeaada UMIYJIbCOB OT
OJHHUX aMEpoB K APYIHMM MPOHCXOAHUT IMYTEM VIPYIOro CTOIKHOBE-
Husl. Tak B mpupoze peamnsyeTcs] KOHUETIUS OMH3KOACHCTBYSL.

Beime Ob110 mOKa3aHO, KaKUE BUABI JBIDKCHHS CO3JAIOTCS BHX-
psmu B >¢dupHON cpeae, PaKTHYECKU TAKUX ABWDKCHUH BCErO ABa —
3TO MHOO CTPYHHBIC TEUCHUS MPEHMYLICCTBEHHO BUHTOBOH CTPYKTY-
PBI C Pa3THYHBIM BUHTOBBIM (akTopoM, au0o TepMoauddy3HOHHOE.
IlepBric co3maroTcs B cpeae OO ABMIKCHUSMU MOBEPXHOCTCH BUX-
PCBBIX BHHTOBBIX TOPOHJOB, T.C. KACATEIbHBIM CIIOCOOOM, TYT BaX-
HYIO POIIb MIPACT BA3KOCTb, JUOO 3a CUET PAa3HOCTU AABJICHUM, T.C.
HOPMAIBHBIM CIIOcOOOM. Pa3HOCTh JaBlieHHI MOXKET MPOHM30NTH, Ha-
MpHUMEp, B PE3yNbTaTe pacnata BUXPEH U OCBOOOKICHHS PaHEE CHKa-
TOro B ero Teie adupa. Bropsie coznarorcs B cpeae B pe3ynbTare ee
OXJIQXKICHHS TEJIOM BHXPS, B KOTOPOM TEMIIEpaTypa BCEra MMOHMKE-
Ha OTHOCUTEITBHO OKPY KAIOIICH CPEbl.

B ocHOBe Bcex BHIOB B3aMMOJCHCTBUIL B 3(HPE JCKUT €ro BHYT-
PCHHSISI SHEPTHSI, SIBISFOLIASCS PE3YIBTATOM TEILJIOBOT'O NIEPEMELICHUS
aMepoB B IPOCTPAHCTBE U pearnu3yeMasl B BUAC AABICHUSA. JTO AaBie-
Hue BecbMa Benmuko u cocrasmsier 1,3.16° IMa (wwkmss rpanmua).
brnaromapst sToMy maBicHHIO Bce BuUxpu, oOpa3oBaHHbIC B 3(upe,
CKaThI, IPUYEM OCHOBHBIC — MPOTOHBI — CXKAThI A0 MPEACIbHON ILIOT-
HocTH. OJHAKO HEMOCPEICTBCHHO HA B3aHMMOJCHCTBUC BHXPEBBIX
CTPYKTYP 3TO AABICHUC HE OKA3BIBACT BIHSHUS, MOCKOJIBKY BCE 31ECh
YPaBHOBEIICHO, U HAa KaXABIW BUXPb JEHCTBYET AABIEHUE CO BCEX
ctopod. OHO HE OIIYINAETCS, TAK JKEC KaK HE OLIYINACTCS JABICHUC
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arMoc(epsl Ha MPEAMEThI, XOTS HA KaKIbIi KBAJAPATHBINA CAHTUMETP
armoc(epa AaBUT ¢ CHIOW OFHOro Kujorpamma. CHIOBOE B3aUMO-
JaeicTBue 3dupa ¢ BUXPSIMH OCYLISCTBIIICTCS TOTAa, KOTAa BUXPb I10-
naxacTt B rpaAUCHT AABJICHUSA W Ha Pa3HbIC CTOPOHBI BUXPSA OKa3bIBa-
FOT BO3ACHCTBHEC PA3HBIC JABJICHUS. JTa PasHOCTh JABJICHUMA, CBI3aH-
Hasg ¢ HAJIUIUCM B CPCAC IrpaAruCHTa JABJICHUS, 1 OKa3bIBACT HAa BUXPb
KaK Ha LETOCTHYIO CTPYKTYPY CBOE BO3ACHCTBHE, 3aCTABIISIS €O CME-
marecs wim aedopmuposatecs. [lo cBoemy xapakrepy BO3OCHCTBUS
HUX MOXKHO pasaciInTb Ha.

— 1000BOE BO3JCHCTBHE ra30BOro MOTOKA Ha TEIO;

— OOKOBBIC BO3ACHCTBHSI ra30BOr0 MOTOKA HA TEJIO;

— TCPMOTUHAMHUYCCKOC BO3ACHCTBHE CPEIBI HA TEIO.

4.8.2. JIoboeoe 6030eticmeue 2a306020 nOMOKA HaA Mei10

Teno, momasuiee B MOTOK ra3a, HCHBITHIBACT JJ000BOC JABICHHUE CO
CTOPOHBI 3TOT0 IMOTOKA. JTO JUHAMHYCCKOC JABICHUC BO3HUKACT
BCIICCTBUC TOPMOXKCHMSI IOTOKA HAa CTOPOHE Tena, OOpaINCHHOH K
notoky. Ha 3axHeit ctopoHe Tema MoxkeT 00pa30oBaThes pa3pekeHue, a
B HEKOTOPBIX CIYYasX — U MPUCOCAMHCHHBIA BUXPb, HA TPAHULIAX KO-
TOPOTrO JaBiCHHE OYAET CHIDKAThCS, YeM OYACT OKa3aHO JOMOJIHU-
TEIBHOC BO3JACHCTBHE CO CTOPOHBI cpebl Ha BUXPS (puc. 4.20).

B>p

I
5

v
—
——

5
———-

Puc. 4.20. JloGoBoe Bo3/ieiicTBIE, OKa3bIBaeMoe Ha TeJI0 €O CTOPOHBI MOTO-
Ka rasa
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Ilpu nBrOKCHUM TEa B HEMIOABIDKHOU CPEIC BCC YKA3AHHBIC BO3-
JCHCTBUS COXPAHSIIOTCS B TOM K€ BHIC, HO B 3TOM CIy4dac MPUHATO
TOBOPUTH O JJOOOBOM COMPOTHUBIICHUH, UCITBITHIBACMBIM TCIOM.

Cua, BO3ACHCTBYOIIASL HA TEJIO, B TOM M B APYrOM CJIy4ae¢ OIu-
CBIBACTCS BBIPAKCHUCM

F = CupSV, (4.95)

rac p — IJIOTHOCTDb CpCI[I:I; S— mIomanb ImoncpeIHOro CCUCHUA TC-
7a; V — CKOPOCTh HAOEraromero noToka; Cy — 6e3pa3MepHbIin kodddu-
LIUCHT, SBILIIOIIUICS QyHKIMEH Oe3pasmepHoro uncna PeiiHonbaca:

vd
Re = ——. (4.96)

3aece d — Tak Ha3bIBACMBIN «XapaKTCPHBIA pa3mep» (o mapa —
€ro JauamMeTp), ¥ — KHHeMaThueckas BA3KOCTh cpeast [18, ¢. 29-31,
40-42].

Kax uucno Peitronbaca, Tak u Oe3pa3mepHbiii koaGuuueHT 10-
©OBOr0 COMPOTHBJICHHS, MOTYT MCHSATHCS B LIMPOKHX MpECIax, Io-
CIICIHHIA — OT HECKOJbKUX coT (mpu Manbix uncrnax PeitHombaca mo-
psiIKa JECATHIX TOJCH) J0 HECKONBKUX ACCATHIX (IPU OONBIINX YHC-
nax PeiiHompaca mopsiaka COTEH THICSY M MUJUTHOHOB), MPUYEM IMPH
yBemUUeHUH 4ncna PeiiHombaca ko3@@uuueHT 1000BOro COMPOTHB-
JICHUSI CHUYKACTCSL.

4.8.3.bokoevie 6030eticmeus 2a306020 NOMOKA HA Mejl0
CrpyiiHOoe TEUCHUE, OMBIBAIOILICE TCIO C OJHOW €ro CTOPOHBI,

OKa3bIBACT HA HErO [Ba BO3ACHCTBMSI — NMPOJOIBHOC M IONCPEUHOC
(puc. 4.21).
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[

— X

2

Puc. 4.21. TIpoucxo:xkaeHie MPoI0JIbHOI CIUIBI, BO3/IelicTBYIONIEil Ha TeJI0 €O
CTOPOHBI OMBIBAIOIIET0 MOTOKA

IIpogonsHOE cTpyiiHOE GOKOBOE BO3ACHCTBHUE SIBISICTCS PE3y/IbTa-
TOM TOPMO)KCHHS MMOTOKA OOKOBOH CTOPOHOM TEa 3a CYET BIA3KOCTH
Ccpebl, 3HAUEHNE BO3HUKAIOLIEH CHJIBI, JIEXKAIIEH B HANPaBJICHUH II0-
TOKa, onpeaensercs ypasuenueM Herorona [33, c. 210]:

dv
dF, = —ndS —+ (4.97)
dy

rac /) — OUHAMHUYECKAas BSI3KOCTh cpeabl; dS —ameMeHT miomanu
ombIBacMoii moBepxHocTH; AV/dy — rpagueHT CKOPOCTH B MEPIICHIH-
KYJSIPHOM OTHOCHTEIIBHO MOBEPXHOCTH HampasicHiu. OIHAKO ypas-
HeHue HprOTOHA OMECHIBACT MPOLIECC JTUINb B IIEPBOM MPHUOIIDKCHUH,
Ha CaMOM Jeli¢ KapTHHA JOCTATOYHO CJIOXKHA M CBSI3aHA C M3MCHE-
HISIMH BSI3KOCTH OT TEMITCPATYPHI, C BIUSHUEM H3MCHCHHS IIOTHO-
CTH Tasa u T.II.

[Mpu oMBIBaHHMH MIACTHHBI TOTOKOM rasa Ha €€ MOBEPXHOCTH JaB-
JeHUE CHIKACTCs. B mepBoM MpUOMIKCHUHU 3Ty CHIIYy MOXKHO OIpe-
JCTIUTh U3 ypaBHEHUS bepHyim:

v dP
—+ [——=const. (4.98)

2 p
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[Nonaras ms mepBoro mpudIMKEHUst p = cONSt (.c. mpeHeOperas
M3MCHCHUSMH TUIOTHOCTH) TIOJYYHUM BBIPKCHHC TS TOTHOW SHEPTHU
MOTOKA

VP
——+ P=w-=const. (4.99)
2

rae W — [OJTHAs QHEPTHUs CAUHUIIBI 00bEMA MMOTOKA.
B3sB nepByr0 mpOM3BOIHYIO B HAMPABICHUH, TICPIICHIUKYIIPHOM
IUTOCKOCTH OMBIBAEMOM IIOIIAIKU, HOTYYUM

dv dP
pN—— = ———, (4.100)

dy dy

B3sB uHTErpaN OT 3HAYUCHUS BEIMYHUHBI Y;, IPH KOTOPOM V = Vi 10
3HAYCHHUS ), IPH KOTOPOM V = Vp, TaK 4TO Vo — V1= AV, IOIy4IuM:

p(AV) ®
— =_AP. (4.101)
2
y
_pivy
Vx Af))/ _ 5
X
W
Avy

Puc. 4.22. TIponcxo:kjieHne mnonepevHoill CIIbI, Bo3/lelicTByIomeil Ha 1o-
BEPXHOCTD TeJIa €O CTOPOHBI OMBIBAKOIIETO MOTOKA
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Takum 00pa3oM, Ha CTOPOHE IUIACTHHBI, OMBIBAEMOI1 Fa30BBIM IO-
TOKOM, JaBJicHHE OYACT MEHBIIE, YEM Ha IMPOTUBOIOIOKHON CTOPOHE,
u oOpasyeTcs pe3yapTHPYIOIAs CHIa B HANPABICHHUH, MCPIICHINKY-
JISIPHOM HaIpaBJICHUIO NOTOKa (puc. 4.22).

Ecan Bpamaromwiicsl IUIMHAP WM [MIUVIMHIPWYCCKAA Ta30BBIN
BHUXPb OMBIBAETCSI IOTOKOM Ta3a, TO HA HEM BO3HUKAET TPAAMEHT
ckopocteir. C TO# CTOPOHBI, TJC HAMPABICHUS MMOTOKOB MPOTHBOIO-
JIO’KHBI, TPAAUCHT CKOPOCTH OyIaeT OOoMblIe, YeM Ha MPOTHBOMOIOXK-
HOW, TJ¢ HAIPaBICHNUS ABIDKEHUS CTEHKH IMJIMHIPA M IIOTOKA COBIIA-
JaIo0T, 31ech rpaaueHT Oyaer MeHpme. COOTBETCTBEHHO NMaJCHHE JaB-
JCHUS Ha TEPBOH CTOPOHE OKaKeTcs OOonbINe, a caMoO JABICHUC
MEHBIIIE, YEM Ha BTOPON CTOPOHE.

TA

a) 6)

Puc. 4.23. TIponcxo:kaeHne ImonepevTHoil CIUIbI, BO3/IelicTBYIoNIeil Ha Bpa-
IMAFOIUICS MIUTHH/P €O CTOPOHBI OMBIBAIOMIETO MOTOKA: @ — 00TeKaHWe IMITUH]T-
pa ITOTOKOM Ta3a: 6 —dIIopa JaBIeHUI Ta3a Ha IUTHH/ID

PazHocTe JaBnmeHMil CO37AaCT HA MOBEPXHOCTH LWIMHIpA CHIY,
HAMPaBICHHYIO NMEPICHINKYISIPHO HAOEraroLmeMy MOTOKY B CTOPOHY
MEHBIICTO AABICHUS, T.C. B CTOPOHY HAHOOMbIICH PA3HOCTH CKOPO-
crei. SBnenwe ObiI0 OTKpeITO B 1852 r. HEMEUKHM YYEHBIM
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I''T.Maruycom u nony4mio HasBaHue ¢ dekra Marnyca (puc. 4.23)
[34, 35].

H.E. KykoBckum Oblia Joka3aHa TeOpeMa, COIJIACHO KOTOPOM
noabeMHas cuia Y, JeHCTBYIOIIAS HA OMBIBAEMBIN MTOTOKOM MPEIMET,
orpenenseTcs Kak IMPOM3BEIACHHE INIOTHOCTH CPEBl p Ha CKOPOCTH
MOTOKA VIT ¥ HAa MUPKYILILUIO 3TOH K€ CKOPOCTH IO T000MY 3aMKHY-
TOMY KOHTYpY /"

Y=pul, (4.102)

Teopema JKyKkoBCKOro HOCHT MHTErpaNbHBIN Xapakrep. s ysc-
HEHHS (PU3MYECKOH MPUPOIB! STOH CHIIBI MPEACTABISICT HHTEPEC OII-
penenuTs ee qudPepeHINATEHOE BRIPAKCHHE.

Ha teno Bpamaromerocs mumuaapa OyaeT AeiicTBOBAaTh Pa3HOCTb
JIaBJICHUN

P
AP = AP, — AP, = — (AV? —Av{)). (4.103)
2

3mece AV, u AV — COOTBETCTBEHHO PAa3HOCTH CKOPOCTEH MOBEpPX-
HOCTH LWJIMHIPA U HAOETAIOIICr0 MOTOKA MO OOCHM CTOPOHAM I[H-
JAUHApPA.

Taxum 00pa3oM, B HaNpaB/ICHUH, MECPHCHINKYISIPHOM HaIpaB/ic-
HUIO TIOTOKA, HA TTOBEPXHOCTh OYJCT JACHCTBOBATH CHJIA, CBSI3aHHAS C
YMEHbBIIECHUEM JABICHHS OKpY Karomer cpeapl. Ou3maeckoil 0cHOBOMH
M3MCHEHUSI CKOPOCTH MOTOKA HA OMBIBAEMOMN MMOBEPXHOCTH SIBJISCTCS
BSI3KOCTH cpeapl. Kak Oymer moka3aHo HIDKE, UIMEHHO 3Ta CHJIA SIBJIS-
eTcst PU3NICCKOI OCHOBOM CHIIBHOTO SIACPHOTO M 3JCKTPOMArHUTHOTO
B3aUMOJECHCTBUH.

4.8.4. Tepmoounamuueckoe 8030eiicmeue cpedvl HaA Meio

Ilpy HaxXOXACHWM TEMa B TPAJUCHTHOM TCMIICPATYPHOM IIOJIC
3(upa Ha HErO BO3ACHCTBYET CHIa, CBSI3aHHAS C TCM, YTO JABJICHHC
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rasa MpOIOPLIMOHAIBHO €ro TEMIIEPATypPE U CBI3aHO C TEMIICPaTypou
coorHommenuem [38, 39]:

Py = K., (4.104)
2my

rae k = 1,38:10% — JIx-K - mocrosiunas bosnbumana; p, = 8,85-10%
KrM ° —mm1oTHOCTS 3dupa; My = 1,5-10* xr —macca amepa.

CraenoBaTenbHO, IUTs aHATH3a PACIPEACICHUS JaBICHUI B 3dupe
HEOOXOMMO paccMaTpUBATh PACIPEICICHHE IFIOTHOCTH Ta3a H TEM-
nepaTyp. AOCONIOTHAs BETHMYMHA JaBJICHHS ddupa cama mo ceOe Hu-
KaK HE BIMSIET HA TOSBICHHUE CHIIbI, CTPEMSAINEICS CMECTHUTD TENO U3
ONHOM TOYKH B Apyryro. IIpuamHON MOSBIEHNUS TaKOW CHIIBI MOXKET
OBITh JIUIUb PA3HOCTh JABJICHHM, NCHCTBYIOIIUX HA TENO C HMPOTHUBO-
MOJOXKHBIX CTOPOH. DTa Pa3HOCTh MOXKET MOSBUTHCS TOIBKO B TOM
cIydae, €ClM B IPOCTPAHCTBE MMEETCS TpagueHT masieHui. llpm
3TOM OTHOIIEHHE TEMIIEPATYPHl K AABJIECHUIO, TaK K€ KaK M OTHOIIE-
HUE WX IPAANCHTOB, B 3)HPEe COCTABUT

7, grad, 2m, 2-1,5-10"
= = = =8,2-10°' K Tla™
P, gra®, Xp, 3-1,38%°.8,85-10™°

(4.105)

PesyneTupyromas cuia, AEHCTBYIOIMAS CO CTOPOHBI CPEABI HA Te-
70, HaIpPUMEpP HA 3aMKHYTBIH TOPOWAATIBHBIN BUXpPb, OYAET IpOMop-
LHOHAJbHA TPAIUCHTY IaBICHUS M pa3mepy Buxps (Opu yCIOBUU
MAJIOCTH pa3Mepa 3TOro BUXPS IO CPABHEHHUIO C PACCTOSIHUEM OT Te-
Ja, CO3JaBIICTO TEMIIEPATYPHOE MMOJIE). JTa CHJIAa COCTABUT

F = SiLowgrad® =V, gradP. (4.106)

3aech Sy: — IKBUBAIICHTHAS IUIOIIA/b MTOMICPEUHOrO CCUCHUS TC-
na; L,s — paccTosHue, S5KBUBAICHTHOS JTHHE TApasICACIUNCaa, UC-
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MBITBIBAIOLICTO TY JKE CHITY, YTO U PACCMATPUBACMBIN BUXPb, HA KOTO-
PBIii BO3ACHUCTBYET Cuna; V., —3KBUBAJICHTHBINA 00BbEM TEIIA.

MoxHO TOKa3aTh, YTO MPH MOCTOSIHHOM TPAJWCHTE NABJICHUS B
cpeae cuina, ACHCTBYIOIAS HA TEIO, HE 3aBUCUT OT OPHCHTALINY TENA B
mpocTpaHcTe. Tak, I mapanieienumesa co CTOPOHAMHE, PaBHBIMH
COOTBETCTBEHHO d, D, ¢, mpu opueHTanmmM CTOPOHBI @ MO OCH, BAOINB
KOTOpO#l ACHCTBYET rpaaueHT aasicHuil, nomyunMm (puc. 4.24)pas-
HOCTb JABJICHUU HA IPaHsIX

AP =P, —-P; =agrad. (4.107)
ITnomane ceueHUs TeIa COCTABUT
S=bc (4.108)

OOmas e cuna OyJeT paBHa

F =SAP =abcgrad® =V gradP. (4.109)
B<h
= il
a bP
P2 1
Ta:
PQ

P
/ X
A AP

Puc. 4.24 TIpoucxo:kieHne CHIIOBOT0 TEPMOTHHAMITYIECKOT0 BO3/IeliCTBISI HA
TeJIO €O CTOPOHBI HEPABHOMEPHO HATPETOM cpebl
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[Mpu opueHTaUMU CHITBI BAOTB CTOPOHBI Db nMeem

AP =P, —P; =b grad, (4.110)
a IIoIIAadb CEYCHUS TEIA COCTABUT

S=ac. (4.111)

OOmas »e cuna 1 B 3TOM Cliydae

F = SAP =abcgrad® =V gradP. (4.112)
ITockomeky
3p.
grad?, = kgrad’, (4.113)
P

TO 33Ja4a OTBICKAHUS CHUJI, ACHUCTBYIOMMX HA BTOPOE TEJIO CO CTOPOHBI
TICPBOTO, CBOAUTCS K OTBICKAHUIO 3aBHUCHMOCTH TPaIyCHTA TCMIICpa-
TYpBl B CPEIE OT PAcCTOAHHUS OT MEPBOrO TEJA, CO3JAIOLIETO B IPO-
CTPAHCTBE TEILIOBOM MOTOK.

Ilpu pacuere mepBOro MPUOIMKECHUS MOXKHO MONOXHTh P, =
CONSt, NOCKOJIbKY JEHCTBYIOIINE CHJIBI Majbl M HE CYLIECTBEHHO U3-
MEHSIOT IIOTHOCTh 3¢upa. Kak OymeT nmokazaHo ganee, TEpMOIHHA-
MUYECKHE BO3ACHCTBHSI CO CTOPOHBI 3(Hpa Ha Teaa SBJSFOTCS OCHO-
BOU rPaBUTALIMOHHBIX B3aUMOJAEHCTBUI TEN.

Buieoowi
1. BCG BCHICCTBCHHBIC MaTepI/IaJ'II:HI:IG 06p8,30BaHI/I$I SABJIAKOTCSA

VIUIOTHCHHBIMHM BUXPSIMU Ta30M0A00HOr0O 3¢dupa, u mo3ToMy BUXpE-
Bo¢ (BpamareapbHOE) IBIKCHUE ra3a UrpacT 0COOYI0 POJb B CTPOCHHUU
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Matepun. M3yueHneM BUXPEBOro JBIKCHHS 3aHUMAIICh MHOTHE HC-
CIIEAOBATENH, KOTOPBIMH OBIIH MONYYCHBI BaXKHbIC pe3ynbraTsl. On-
HAaKO MHOTHC MPOOJEMBI, CBI3aHHBIC ¢ oOpaszoBaHueM u auddysueit
BUXpPEU, HUX DJHEPreTUKOW, B3aUMOJICHCTBHEM BHUHTOBBIX ITOTOKOB,
TCOpHEH MOTPAHUYHOIO CIOSI M T.II., JO HACTOSIIErO BPEMCHU CIIC HE
MOTAYYMIN JOJKHOTO Pa3BUTHSL.

2. YcnoBrueM BO3HHKHOBCHHS BUXPEBOTO JBHIKCHUS SIBISICTCS
IPaAMCHTHOE TEUCHHE, BO3HUKAIOLICE, HANPHMEP, B PE3yIbTaTe CO-
yaapeHusl ABYX cTpyi raza. B mponecce ¢opMupoBaHus TOpOUaaTb-
HBIC BUXPH CIIOCOOHBI ICIUTHCS W YILIOTHATHCS, 00pa3ys Bce Oosee
MEIKUE W Bce Oolee IUIOTHBIE TOPOHIATbHBIC BUXpH. Temmeparypa
Tena BUXPS MOHIKACTCS IO MEPE YIUIOTHEHHMS, & CKOPOCTh TAHTCHIIHU-
aJbHOTO IBIDKCHUS YBEIMYHBACTCS 3a CUCT HE TOJNBKO CKATHS TEna
BUXPsl BHCIIHUM JABJICHHEM, HO M TCPEPacHpeaciCHUs CKOPOCTU
TEIJIOBOTO JBMKCHHS MONEKYIT B MIPUPAIICHHUE TAHTCHIIMATIBHOMN CKO-
poctn BpameHus BHXps. CKOpPOCTh TaHTCHIMATIBHOTO JBHKCHHUS
BHYTPECHHHUX CIIOCB BUXPS BBILIC, YEM HAPYKHBIX.

3. Ilpu popmupoBaHuM ra30BOro BUXPS MPOUCXOTUT CAMOIMPOU3-
BOJIBHOC MPe0oOpa30BaHUE MOTCHLIUAIBHON SHEPTUU JABICHHS OKPY-
JKAIOIIETO BUXPb ra3a B KMHETHYECKYIO SHEPTUIO BPALICHUSI BUXPS C
COOMIOCHUEM TOCTOSHCTBA MOMCHTA KOJIHYECTBA JBIDKCHUS, U YEM
CHJIBHEE CXKATO TEJIO BUXPSI, TeM OONbIIE B HErO 3aKAYUBACTCS SHEP-
THH U3 OKpYKaromen cpeapl. @opMupoBaHUe Ta30BOro BUXPS — 3TO
MPHUPOIHBIA TpoLECC MPeoOpa3oBaHusl MOTCHIUATBHOW SHEPTUHU JaB-
JICHUS ra3a B KHHETHYECKYIO SHEPTHIO BPAIUCHUS BUXPSL.

4. Yi0oTHCHHBIN Ta3 B IOKAJbHOM 00bEME CITOCOOCH YACPIKATHCS
TOJBKO B BUXPE TOPOHIAIBHOU CTPYKTYPbI THIA 3aMKHYTOW caMmy Ha
ceOst TpyOrl. Bo BHYTpeHHEH MOMOCTH TOpOMIA IUIOTHOCTh M JaBIe-
HUE ra3a MOHIKCHBI, CTCHKH M KEPH CYIIECTBCHHO YILIOTHEHHI. 10-
POMAATIbHBIN BUXPh OKPY)KEH MOTPAHHYHBIM CIIOEM rasa, B KOTOPOM
TEMIIEPATypa U BSI3KOCTh MOHIKEHBI MO CPABHCHHIO C TEMIIEPATypOr
U BSI3KOCTBIO OKPYIKAIOIICH cpeapl. ITO 00eCHEYNBACT YCTOHYUBOCTD
BHUXPEBOTO TOPOHJA U JIHTEIBHOCTD €0 CYLICCTBOBAHUIS.

5. B ToponaanbHOM BUXpE CaMOIPOU3BOJIBHO BO3HUKACT BHHTO-
BOC ABIDKCHHEC — COYCTAHUE TOPOUAATIBHOIO ABIKCHHS C KOIBLEBBIM
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— BOKPYI €ro LECHTPajdbHOW ocu. BHHTOBOE IBIKCHHE BO3ZHHKACT
BCJICCTBUC PA3HOCTH IUTOLIANCH CEUCHHI MOTOKA rasza B TOPOUAATb-
HOM JBIDKCHHH BO BHYTPCHHEH W BHEWIHEH oOmacTsax topouza. lpum
3TOM CKOPOCTh TOPOUAATBHOTO IBIDKCHHUS YOBIBACT OT LICHTPA K IIe-
pudeprn, a CKOPOCTh KONBLIEBOrO JBMXKCHHS BO3pactaeT. BuHTOBOM
TOPOUIATbHBIN BUXPh 00/1a1aCT HOBBIIICHHON YCTOMYHUBOCTHIO.

6. BuHTOBO# TOpOHIANBHBIN BUXPh raza B mpoLecce 00pa3oBaHUs
KOHLICHTPUPYET B ceOC SHCPTHIO OKPYKAIOWEH CpPeabl M SIBISCTCH,
TakuM 00pa3oM, NPUPOIHBIM MEXaHHU3MOM IO MPEOOPA30BAHHIO MO-
TCHUMATbHOM 3HCPTMH Ta30BOM Cpembl B KHHETHYCCKYIO SHEPTHUIO
BpAIUCHUS BUXPSL.

7. B OKpECTHOCTSIX BUHTOBOTO TOPOUAATIBHOTO BUXPS BO3HHKAIOT
pasnuyHbie POPMBI IBIKCHUS. TOPOMAATIBHOE, OMHCHIBACMOC 3aKO-
Hom buo-CaBapa; koiblieBOC, omuchiBacMoe Teopemoit Octporpan-
ckoro—aycca, a Taxke Tepmoanddy3noOHHOE, OMUCHIBAEMOE YPaBHE-
HHUEM TEIIJIONPOBOAHOCTH.

8. B pesympTare BO3HHMKHOBCHHUSI B OKPYXAIOIIEM BHUXpPb IPO-
CTPAHCTBE TEMIICPATYPHOrO TPaJUCHTA MPOUCXOIAT MEPEMELICHUE
raza B CTOPOHY BHUXps, IIOIVIOIICHHE ra3a BHEINHECH Cpexsl TEIOM
BUXPsI, B CBSI3U C STUM YBCIHYCHUEC Pa3MEPOB M YMEHBIICHUE CKOPO-
CTH BpPALICHHS, YTO CHIDKACT YCTOWYMBOCTh BHXPSl, MPUBOAUT K Ha-
pacTaHHIo MOTEPh SHEPTHUU BPALICHUS BO BHEIIHIOKO CPEAY H, B KOHIIC
KOHLIOB, K TU(QYy3Uu BUXPS U €ro pacmaiy.

9. Bee B3auMOACHUCTBHSI MEXKIY Ta30BBIMH BUXPSIMH, HAXOMSIIH-
MUCS B OOIICH ra30BO# CPE/C, MPOUCKOISIT MO MPUHIUITY OITU3KOCH-
cTBHS uepe3 3Ty cpeay. Kaxmoe BuxpeBoe oOpa3oBaHME CO3AacT
CBOVMH JABIDKCHHSMHU COOTBETCTBYIOLIHMCE JBMIKCHUS B OKPYIKAIOIIEM
€ro rase, KOTOpOE B CBOKO OUCPEb OKA3BIBACT BO3ACHCTBUC HA APYTUC
BHUXPEBBIE 00pa30BaHUs.

10. CymecTByeT BCEro YeThIpe BUAA BO3ACHCTBUH IBMXKCHHH ra-
30BOU cpeapl HAa Tena: J000BOE BIOIb HAMPABJICHHUS MOTOKA, OOKOBOE
BJONb HAIMpPAaBICHUS MOTOKA, OOKOBOE MOIEPEK HAMPABICHUS MOTOKA
U TeMIepaTypHoe. Bce oHM CBSI3aHBI ¢ TpagcHTaMH JABJICHHUH, BO3-
HUKAIOIIIMH B Ta30BOI cpene Tu00 B CBSA3U CO CKOPOCTHBIMH, JTHOO B
CBSI3U C TEMIICPATYPHBIMH IPAAUCHTAMH rasa.
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3aknoyeHue

IIpencrasiacHus 06 3¢upe Kak O Cpeae, 3amONHSIOMEH BCE MUPO-
BOC MPOCTPAHCTBO, COMPOBOXIATH BCE PA3BHTHE €CTCCTBO3HAHUS OT
JPEBHCHIINX BpEMCH A0 Hadana XX CTOICTHS.

MHOroYnCIeHHbIM aBTOpaM 3(UPOJHHAMUYCCKIX KOHLCIIUKN HE
yIANOCh CO3JaTh CTPOMHYIO M HEIPOTHBOPEUHMBYIO TEOpHUIO 3(dmupa.
CeromHs 3TO MOXKHO OOBSICHUTb TEM, YTO IPEBHCHUIINC 3HAHHS ObLIN
MPOYHO YTPAUCHBI, & HOBOC ECTECTBO3HAHUE HE MPOLLIO CLIE HYXKHBIX
3TamnoB. PaOOTHI MO 3MEKTPOMATHETH3MY MOSBHINCH TOIBKO B CEPEIH-
He XIX cTonerus, <oJIeMEHTAPHBIC YACTHIIBI» OBLITH OTKPBITHI TOJIBKO K
cepennHe XX Beka, ra3oBas MEXaHHKa, KOTOpas OKazaiachk HEOOXOIH-
MO JJ1s1 TAKOM TEOPHH, U €€ BAXHBIM pa3fel — TEOpHs MOTPAHUYHOTO
¢710s1 ObLTM TTPOPAOOTAHBI TOJIBKO B CBSI3U C CO3AAHHUCM aBHALIUH, T.C. K
cepenuHe XX cronetus. Y MEPEUHCICHHBIX aBTOPOB MPOCTO HE OBLIO
MOJ PYKOW HEOOXOANMOr0 MaTepuana, YTo MPUBEIO UX K CEPUU OLIH-
0OK B MX MOJAECIAX, THIOTE3aX M TCOPUSX d¢upa. A KOraa, HAKOHEII,
BECh HEOOXOAMMBIH MaTepHall MOSBUJICS, B HAYYHOM COZHAHHU OKPEII-
Ja MBICITb O TOM, 4TO 3HUPOM 3aHHMAThCI HE HaA0, noTomMy uTo Cre-
LUATbHASI TEOPUSI OTHOCUTEIPHOCTH JDWHINTCIHHA €ro OTBEPIIa.

B Hacrosimee BpeMst BayKHeWIas 11k COBPEMEHHOTO €CTECTBO3HA-
HUS 3aJa4a JOKA3aTeNbCTBA CYIICCTBOBAHMS 3(Hpa KaK CTPOUTEIBHO-
ro MaTepuana JoObIX MaTepHAIBHBIX 00pa30BaHUi, ONPEACICHUS Ero
CBOICTB W MapaMETPOB B 3HAYUTEIBHOW CTCIICHHU yIKE PEIICHA, TaK JKE
KaK U IIOCTPOCHA Ha 3TOH 0a3ze equHast pu3nieckas HEMPOTHBOPEUUBAs
kapTuHa Mupa. Terepr Ha 370l Ga3ze MPEACTOUT Pa3BUBATh YACTHBIC
HAMPaBICHUS PA3MUYHBIX 00IACTEH HAyKH, CO3JaBas HOBBIC HAIPAB-
JICHUS MCCICIOBAHUH, a TAKXKE Pa3HOOOPA3HBIC TEXHOJIOTHH, HEOOXO-
JUMBIC JJ151 PEIICHHSI MPUKIAHBIX 3a1ad.
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Yactp 2
SbpmpoanHaMmueckasi

CTPYKTypa BeumecTBa

Beeoenue

IpencraBnenus coBpeMeHHON (pu3MKM 00 ycTpoiicTBe BeliecTBa
0a3upyIOTCsl Ha MOCTyJiaTax TEOPUHM OTHOCHTENBHOCTH W KBAaHTOBOM
MEXaHUKH, OTPULAIOIINX 3PUP, U, TEM CaMbIM, BHyTPUATOMHYIO Cpe-
ay. OTcyTcTBHE BHYTPUAaTOMHOMN M, TEM CaMbIM, BHYTPHUSIEPHOH cpe-
Ibl BBIHYIWIO (U3UKOB-SAEPIIMKOB U (PU3MKOB-aTOMIIMKOB HCKATb
abcTpakTHO-MaTeMaTHYeCKUe MOAXONbl K OMpPeNesIeHHIO CTPYKTYp
aTOMHBIX SiIep U CAMHUX aTOMOB.

CrencTBus, BbITEKalOLME U3 MOJIOKEHUI TEOPUHU OTHOCUTEIBHO-
CTH W KBaHTOBOM MEXaHWKH, PUBEM K MPEACTABICHUSIM O TOM, UTO
IUTSE U3yYeHHUs] aTOMHOTO s/ipa HeoOXoanuMo OomMOaparMpoBaTh UX Hac-
THLIAMH BBICOKMX SHEPTHii, Ui 4ero ObIIM MOCTPOEHBI YCKOPUTEIH
BBICOKMX DHEpPruid, M O5TH TMPEACTaBICHHUs BbIHYAWIH SACPLIMKOB
CTPOUTH Bce OoJiee MOIIIHBIE YCKOPHUTEIN 3apsKeHHbIX yacTuil. B 70x
rojilax SHepruM YacTHll, Pa3OTHAHHBIX HA YCKOPHUTEIISX, y’KE COCTABH-
JM IECSATKUA M COTHU MHUJUTMAPAOB A1eKTpoH-BoabT ([2B). Cuntaercs
W ceifuac, 4To BBICOKHME SHEPIMH OTKPBIBAIOT BO3MOXKHOCTb M3YYEHHS
CTPOSHHMSI MaTepHH Ha TeM MEHBIIUX PacCTOSHMAX, YeM BBILIE SHEp-
T'USl CTAJTKUBAIOLMXCS YACTHIL.

C moMollpl0 yckopuTenieil yacTull ObUIO MOJyuYeHO MHOXKECTBO
TaK Ha3bIBaeMbIX <AJIEMEHTApHBIX YAaCTHI» BEIECTBa, KOTOPBIE, IO
MBICIT pa3pabOTUYMKOB YCKOPHTEJNIeH, comepxkarcs B sApax aTOMOB,
HO KOTOPBIX, Ha CAMOM Jiejie TaM HeT, MOCcKoJbKy Aaxe B [lepuonnye-
CKOM TabJHLe 27IEMEHTOB U30TOIbI BCEX HJIEMEHTOB COAEPKAT TOJIBKO
NPOTOHBI M HEUTPOHBI M HUYEro Apyroro. [TosTomy Bce MHOrodmc-
JIEHHBIE <QJIEMEHTapHbIe YaCTHULbI», MOSBUBLIMECS B 3THUX DKCHEPH-
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MEHTax CO3JaHbl UCKYCCTBEHHO B IPOLIECCE MPOBEAECHUS CAMHUX 3THX
SKCIEPUMEHTAX.

KBaHTOBas MexaHMKa mpuBena K psay YCIEXOB B MOHUMaHWH
BHYTPUATOMHBIX ITPOLIECCOB M Jlaja MHOTOYUCIICHHBIE MPUKJIAIHbIE
pe3ynbTarhl, HO IOHUMAaHHs, NTOYEMY 3TH PE3YJIbTaTbl MMEHHO TaKHE,
a He WHbIe, B YeM COCTOMT MEXaHW3M KBAHTOBBIX 3((eKToB, 10 CHUX
nop HeT. Mano Toro, BonHoBas ¢pyHKUMs B ypaBHeHusix Llpenunrepa
VHTEPIPETUPYETCA KAK <«IJIOTHOCTb BEPOATHOCTH MOSBJIEHUS DJIEK-
TPOHA B TAHHOW TOYKE MPOCTPAHCTBA», IpHUeM caM (hakT cTaOMIIbHO-
CTH 3HAYEHMH 3TOH «BEPOATHOCTHO» (PYHKIINM HUKaK He OOBACHSASTCS.

Hukakoii ¢usnueckold OCHOBBI Tak:Ke HET Uy TEOPUH SOCPHBIX
B3anMozeicTBuid. OneprupoBaHre B KBAHTOBOW MEXaHHKe U BOOOIIe B
saepHON (U3HMKe TaKUMU TOHITHUSAMH, KaK <«OTpULATebHas SHEPruu
CBS3€M» MPEAIoIaraeT, BO-IIEPBLIX, HAIUYMUE DHEPIUU NPU OTCYTCT-
BUM MaTepHaIbHOrO0 HOCHTENS (TEPMHH «mojie — 0coOblii BUA Mare-
pHU» HUYEro He OOBSACHSET), a BO-BTOPbIX, BOBMOXKHOCTh CYILIECTBO-
BaHMs B IIPUPOJAE OTPULIATENILHOW DHEPrUM, YETO B PEAIIbHOCTH, B OT-
JMYMe OT MaTeMaTHYecKOW aObCTpakuuH, BOOOILIEe He MOXKeT OBITb.
[lockonbKy HET HUKaKOW cpelbl, 4epe3 KOTOPYK MOriu Obl B3aUMO-
JecTBOBATh YacTHLIbI, TO BCS JIOTHKA MccieqoBaTesiei Oblia Hanpas-
JleHa Ha TMOMCKU YacTHL, KOTOpble MOTJIM Obl Kak-TO OOBACHUTH pe-
3yJIbTaThl UcciieaoBaHUN. OTCIOa BCe HEYBA3KH, KOTOPBIX B PE3YJib-
TaTe IKCIEPUMEHTOB HaOpaliochb MHOro, OOBACHSINCH MOSIBICHUEM
ouepeIHbIX yacTUll. OAHaKO HMKOMY He MpPULIO B TOJIOBY, YTO BCE
3TO MHOroo0Opasue 4acTHL,, OTKpPBITOE C MOMOLIbIO YCKOPHUTEJIEH Bbl-
COKHX DHEPrUM, HE CONEPIKUTCS B BEILLIECTBE, a MOJYYAETCA B CAMOM
9KCMIEPUMEHTE, YTO BCE 3TO OCKOJKH MM KOMOWHALIMK OCKOJKOB Be-
LIEeCTBAa, CO3/IaHHbIX MTPU OOMOAPAMPOBKE MHUILEHEH, U STHUX OCKOJIKOB
MOKeT OBITh TOMy4eHO OecuuclieHHOe MHOXecTBO. [IpakTuka 3TO
MOATBEPKAAET.

[IprxonuTcs KOHCTATUPOBATh TAKXKE U TO, YTO B MOJENSX U T€O-
pHSAX aTOMHOTO A1pa W CWIBHBIX B3aMMOACHCTBUN HATIAHO MpOJe-
MOHCTpPUpOBaHbI (uiocodckas O0eCOMOUIHOCTh OONBINIMHCTBA TEO-
puil U OTCYTCTBHE Hay4dHOH MeTojosIorhu. bonblium HempocTaTkoM
CYLLECTBYIOLIUX TEOPUM <BIIEMEHTAPHBIX YACTUL SABIISETCSA OTCYTCT-
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BUE KAaKHUX-TMOO MpE/ICTaBICHUH O CTPOGHUH M CTPYKTYpe YacTHLl, a
TaKoKe O MPUPOJIE TOJIeH, OKPYKAIOIINX MX, M HUKOTO 3TO HE BOJIHYET.
CoBceM He paccMaTpuBalOTCs (U3MYECKHUE MPHUYMHBI, MO KOTOPHIM
BCE 3TH MHOTOYHMCJICHHbIC YaCTHLbl MMEIOT BCe CBOM CBOMCTBA W IO-
YeMy OHHM CIIOCOOHBI TPaHC(OPMHUPOBATHCS APYT B APYTa.

U3 coznannoii JI.U.Menneneerbim B 1869-7 1rr. [Teproanyeckoit
TaOJIMLBI 3JIEMEHTOB, HCTIOJIb3yEMOM M B HACTOsIIIEe BpeMsi (PHU3HKaMH
¥ XMMHUKaMH{ BCETO MHpPa BO BCEX MPAKTHUECKUX MPUIOKEHHSX, HEeTIO-
CPEe/ICTBEHHO CIIeIyeT, YTO B aTOMHBIX SApaX BCEX MPUPOIHBIX dJie-
MEHTOB HHMKAaKHUX WHBIX 3JIEMEHTapHBIX YacTHIL], KPOME HYKIOHOB —
NPOTOHOB U HEHTPOHOB, HeT. HoBbIe deMeHTapHbIe YacTHULbl Belle-
CTBa TOSIBIISIFOTCS TOJBKO JIMOO B pe3ysibTaTe CaMOMPOU3BOIBHOTO
pacnajga HeyCTOMYMBBIX PaJHOAKTUBHBIX AJIEMEHTOB, JTMOO B UCKYC-
CTBEHHBIX YCJIOBHSAX — MPH COYAAPEHHUIX YCTONUMBBIX YaCTHLl — MPO-
TOHOB, HEMTPOHOB M JIEKTPOHOB B YCKOPHUTENSX HJIEMEHTAPHBIX Yac-
THIL — CHHXPO(a30TOpOHAX WM KOJTalaepax.

Bo3MoxkHO, uTO MOAOOHBIE MCCIeIOBaHUS MONE3Hbl IS aHAIHU3a
SZAEPHBIX MPOLIECCOB, MPOUCXOAIINX B SASPHBIX peakTopax, HO Jie-
JaTh W3 HUX BBIBOJBI O CTPOEHUH aTOMHBIX siiep OOBIMHOTO yCTOWYH-
BOro BellecTBa OeccMbicieHHO. OTciona ciefyeT NpocToil BBIBOJ O
TOM, YTO CYIIECTBYIOLIME MOJAEIH aTOMHBIX SIep THIa 000JI0UeyHOH,
KamnejabHOW M T.M. IPUHLMITHAIBHO HOCAT MOBEPXHOCTHBIM abCTpaKT-
HO-MaTeMaTHUYeCKHil XapakTep, U HM B KOell Mepe He CIOCOOCTBYIOT
NOHMMAHHUIO PeajibHOrO YCTPOICTBA ATOMHBIX siIep JICMEHTOB.

O¢upoarHaMyKa ¢ caMOro Havaia TpearnosjaraeT HaJuuhe eau-
HOTO CTPOMTENIBHOTO MaTepHuaja, U3 KOTOPOTO COCTOSIT BCE 3JIEMEH-
TapHbIC YaCcTHULIbI BELIECTBA, B TOM YHUCJIE MPOTOHBI U HEHTPOHBI, U3
KOTOPBIX M COCTOSIT S/Ipa BCEX aTOMOB. JTO cpa3y e M03BOJIsIeT Mo-
CTaBUTH BOIPOC O CTPYKType siep Kak KOMOMHATOPHKE MPOTOHOB U
HEWTPOHOB, a TaKKe O JBMKCHUH MAaTePUHM BHYTPH aTOMOB, BHYTPH
sfep ¥ BHYTPH CaMHX MPOTOHOB M HEHTPOHOB, a TAKXKe O MPOUCXOK-
JCHUM BCeX WX CBOMCTB. DTO M €CTh OCHOBAa MaTepUaTMCTHUYECKOM
METOJI0JIOTHH, U3HAYAIBHO TMPEeATNoararoiieil HepapXuiecKkyro CTpyK-
TYpy OpraHU3allii MaTepyH, U IMEHHO TaKOH MyTh OKA3bIBACTCS HAM-
OoJiee MI0JOTBOPHBIM.
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MnmaBa 1. HyknoHb! n aToMHble siapa

H3bIckaTh MOJIENb U JICTEPMUHUACTCKYIO MEXaHUKY UHIUBHUIY ATbHBIX
MHUKPOOOBEKTOB, JOMYCKAIOIIYIO B KAUeCTBE OOBEKTUBHOM
CTaTUCTUYECKON MEXaHUKHN OOBIYHYIO KBAHTOBYIO MEXAHUKY

JKan Ione Buscoe [1]

1.1. KpaTtkass ucTopusi uccrnefoBaHWW aTOMHOro
fA4pa U cyllecTBylOWMe MOAENM aTOMHbIX aaep

1.1.1.0Omkpoimue amomnozo A0pa u IKCREPUMEHMATbHbBIE
UCCNIe008AHUA CIMPOCHUA 8eU|eCMBa

CymiecTBOBaHHME aTOMHOTO Si/ipa OBIJIO OTKPBITO aHTJIMHCKUM HC-
cnenosareneMm D.Pesepdopmom B 1911 r. [2]. TIpoBoast OmbIThI O
NPOITYCKAHMIO alib(ha-yacTHll, M3Ty4aeMbIX €CTECTBEHHBIM PaJHoaK-
THUBHBIM UCTOYHHMKOM (B Te BpeMeHa — pajueM), 4epe3 TOHKYIO (oiib-
Iy pa3IMYHBIX BEIECTB, OH OOHApYKWJI, 4TO ajb(a-4acTHLEl yalle,
YeM 3TO MpeArosarajioch, paccenBaroTcs Ha Oosbiime yrisl. Pesep-
(dopa MpaBUIBHO UCTOJIKOBAJ ATOT (aKT KaK HAJIMYKEe B aTOME MOJIO-
KHUTEITBHO 3apsOKeHHOTO S7Ipa, MMEIOIIero CYHIeCTBEHHO MEeHbIHNe
pazmepsl, yeM cam atoM. [lo Pesepdopaa B aToMHCTHKE rOCTIOACTBO-
BasM nipezcTaBienus Jx.ToMcoHa, COracHO KOTOPBIM MOJI0KUTEb-
HBIH 3apsi aTOMa CYMTAJICs PaBHOMEPHO pacrpe/esieHHbIM 10 BceMy
o0beMy aToMa, a JIeKTPOHBI ObITH BKparuieHbl Ooiee WM MEeHee paB-
HOMEpPHO B 3TOT 00beM, Kak u3toMUHKH B TecTo. B 1919r. Pesepdopn
OOHapy’>KWJ1 CpeId YacTHLl, BBIOMTBHIX M3 aTOMHBIX siAep, MPOTOHbI —
YaCTHLBl C €IMHUYHBIM TIOJIOKHUTENBHBIM 3apsAaoM U Maccoid, B 1840
pa3 MpeBOCXOAIIEH MacCy JIeKTPOHa.

CreyeT OTMETUTh BBICOYANINYIO TINATEIILHOCTh MPOBEICHHBIX
Peseppopnom skcnepumentoB. Kak Tereps M3BeCTHO, paaMmyc siapa
aToma uMeet pasmep nopsaka 107° M, B To Bpems Kak paanyc aroma
umeet mopsiok 107 M. DTO 3HAYMT, YTO MIIOWA/b CEUEHHs aTOMa B
10'° pa3 npeBbliaeT mIoLaL ATOMHOTO S7pa, T.e. B 10 Mipa. pas, u,
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crenoBatenbHo, 13 10 MunnmrapaoB anbda-4acTui, KoTopsiMHu Pesep-
dbopa obOcTpenvBall MHILEHH, TOJBKO OJHA OyJneT OTpakeHa, W ee
HY’KHO OyzieT 3a)MuKCHpOBaTh U K TOMY YK€ U3MEPHUTh Yo, O/ KOTO-
pbIM OHa OTpakeHa. A, KpoMe TOro, Hy>KHO elle HaOpaTh BECOMBIi
CTaTHCTHYECKUI1 MaTepuas. DTO 3HAYMT, YTO OMBITHI IOJKHBI JUTUTHCS
JOCTAaTOYHO JIOJITO.

Ko BpeMeHM OTKpBITHS aTOMHOTO sifpa ObUTH W3BECTHBI TOJBKO
JIBE SJIEMEHTapHBIE YaCTHULIBI — 3JIEKTPOH U MPOTOH. B cooTBeTcTBHM C©
9TUM CYUTAJIOCh BEPOSATHBIM, YTO AaTOMHOE SJIPO COCTOMT M3 HHX.
[pencraBnaeHue o MpoTOHE BO3HHUKIIO B Havyasie XX Beka B BUJIE TUIIO-
Te3bl O TOM, YTO BCE sApa COCTOAT W3 sAep aToOMOB Bojaopozda. B
1919-192Qrr. Pesepdopa skcnepuMeHTaTIbHO HAOIIOAAT Sapa BOJO-
pona, BEIOUTHIC U3 APYTUX JIEMEHTOB alib(ha-4acTUIIAMH, OH )K€ B Ha-
yasie 20X roJ10B BBEJl TEPMHH IPOTOH» [2].

Unes Pesepdopna Obuia mprHITAa €ro COBpEeMEHHUKAMH HE Cpasy.
I'maBHBIM mpensTCTBHEM Oblia yOEKIEHHOCTh B HEM30EKHOM Majie-
HHM aTOMHBIX DJICKTPOHOB Ha AP0 HM3-3a MOTEPH SHEPrHU Ha 3JIeK-
TPOMAarHUTHOE M3JydeHHe MPHU JABMKEHUH TI0 OpOUTE BOKPYT aTOMHO-
ro s7pa, 4To B JanbHeiIeM ObuIo ycTpaHeHo noctynatamu bopa. Ha
caMoM Jielie, caMo 3TO yOexkJeHHe OCHOBAHO Ha HEJ0Pa3yMEHUH, NO-
CKOJIbKY B IUIAHETAPHOM MOJIENIM 3JIEKTPOHBI BPALIAIOTCS BOKPYT Sif-
pa, U OHU JEHUCTBUTEIBHO MCTIBITBHIBAIOT YCKOPEHUE, HO HE TaHTeHLH-
allbHOE, 8 HOpMaJIbHOE, LIGHTpOCTpeMUTeIbHOe. OTHAKO TOJIBKO Kaca-
TeJIbHOE YCKOpeHHe OyaeT CONMpOBOXKIATHCS JIMOO HapalldBaHUEM
sHepruu (Mpu yCKOpeHUH), JIMOo noTepssMu (MpH 3aMeITIEHUH), U 9TO
HHMKAKOTO OTHOIIEHHS HEe UMeeT K MPUPOJe LEHTPOCTPEMHUTETHHOTO
YCKOPEeHHUS, KOTOpOe MPH KPYyroBOM BpAILCHUU COXPAHSET SHEPrHIO
HEU3MEHHOM, €CJIM TOJIBKO B CBSA3SX S/IPa M BPALIAIOLIErocs 3JIEeKTPO-
Ha HE MPOUCXOJUT HEOOPATUMBIX TTOTEPb.

Bonburyro ponbk B NpuU3HAaHWU TuTaHeTapHOU Mozenu Pesepdopaa
ceirpasia 3HameHuTtas pabora H.bopa [3]

B 1913r. bop, ucxons u3 uaen KBaHTOBaHUS SHEPTHH, BBIIBHHY-
toi panee M.ITnankom (1900)B Teopun uznydenus, paspaborai Teo-
pHIO aToMa, B KOTOPOM IMOKa3all, YTo IUIaHeTapHas CTPYKTypa aToma
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Y CBOMCTBA €ro CreKTpa MOTYT ObITh OOBSCHEHBI, €CIIH CUUTATh, YTO
JBWKECHUE 3JIEKTPOHA MOJUYMHEHO HEKOTOPHIM JOTIOJHUTENBHBIM OT-
paHUUCHHUSAM, T.€. ONpelesieHHbIM mocTysiataM. COorjlacHO 3THUM Mo-
crynaram («octynarbl bopa») [iis anekTpoHa CylecTBYIOT U30paH-
HbIE WJIM «pa3pelIeHHbIe» OpOUTHI, IBUrasich MO KOTOPBIM, OH, BOTIpe-
KM 3aKOHaM KJIACCHMUYECKOM 3JIeKTPOIMHAMHKH, HE M3ITyyaeT SHEpPruH,
HO MOYKET CKayKOM MepelTH Ha Oosiee ONMM3KYI0 OpOUTY M MPH 3TOM
UCIYCTUTh KBaHT (MOPLIMIO) SJIEKTPOMArHUTHOW SHEPrHH, MPOMop-
[MOHAJIBHBIN YacTOTe 3JIeKTPOMArHUTHOM BONHBI. [locTpoeHHas Ha
9THX TIOCTyJIaTaX M pa3BUTas 3aTeM caMuM bopom u apyrumu (usu-
KaMH TeOpHsl aToOMa BIIepBbie OOBSICHUIA €ro 0COO0YI0 YCTOWYMBOCTS,
COXpaHeHHE aTOMOM IPU OTHOCHUTEIIBHO CIa0bIX CTOJIKHOBEHHSIX CBO-
el CTPYKTYpBI ¥ XapakTepa CHeKTpa.

bop nocmyauposan (!) crabuiabHOCTH OpOMT Kak HWCXOHBIN
NPUHLIAN KBAaHTOBAHUS JBWKCHUS aTOMHBIX 3JIEKTPOHOB M W3 HEro
3aTeM BbIBEJT 3aKOHOMEPHOCTH JIMHEHUYaThIX ONTHYECKHX CIEKTPOB,
OOBSACHABLIMX OOLIMPHBIN dMNUpUYecKkuii MaTepuan (cepuro baibme-
pau ap.).

Heckounbko mozxe (konerr 1913.) yuenuk Pesepdopna I'.Moznu
9KCMEPUMEHTAJIBHO TOKa3all, YTO, YTO CMELIeHHEe KOPOTKOBOJIHOBOM
IPaHULIbl JIMHEWYAThIX PEHTTEHOBCKUX CIIEKTPOB aTOMOB TPH H3Me-
HEHUH MOPSIKOBOro HoMepa Z 3JIeMeHTa B MEepHOINUYECKOi cucTeMe
9JIEMEHTOB COOTBETCTBYET Teopud bopa, eciau AOMycTHTh, YTO, YTO
ANIEKTPUUESCKUI 3apsl aTOMHOTO sjpa B €IUHUIAX 3JIEKTPOHA PaBeH
yuciy Z, T.e. YUCITy 3JIeKTPOHOB Ha opOuTe aTroma.

OTO OTKpBITHE TOJIHOCTBIO CIIOMaio Oapbep HEIOBEpHs: HOBBII
¢dusryecknii 00bEKT — aTOMHOE AP0 — OKAa3ajcs MPOYHO CBA3AHHBIM
C LIeJIBIM KPYroM Ha MepBbIA B3MUIAA Pa3HOPOAHBIX SIBICHUH, TMOJTY-
YMBLIMX TeTeph eMHOe W (U3MUYecKH Mpo3padHoe oObsicHeHue. [lo-
ciie paboT Mo3nu (akT cylecTBOBaHHS aTOMHOTO Si/ipa OKOHYATEe b~
HO YTBEpIWICS B (PHU3HKE.

Onnako B koHe 20X TOIOB MPOTOHHO-3JIEKTPOHHAS THIOTE3a
CTOJIKHYJaCh C CEepbEe3HOW TPYIHOCTBIO, MONYYMBIIEH Ha3BaHHWE
«a30THOM KaTacTpo(b»: CIIUH Sapa a30Ta, UIMEIOLIHI B CBOEM COCTa-
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Be, Kak npeanonaranoch, 21 vyactuiyy — 14npoToHOB U 7 3JIEKTPOHOB,
Ka)kaas U3 KOTOPBIX MMelNla CMHH %2, B COBOKYITHOCTH JOJDKEH ObuI
MUMETb CMHH Y2, a COracHO AaHHBIM MO W3MEPEHHUIO ONTUYECKHUX MO-
JIeKYJISIpHBIX CMIEKTPOB CIIMH OKazajics paBHbIM 1.

CocTaB aTOMHOTO spa ObIT BBISICHEH 1MOCIe OTKPBITHS YHEHUKOM
Pesepdopna Jx.Ueasukom (1932) neiitpona [4], macca koToporo
okazanach OJM3KON K Macce MPOTOHA, HJIEKTPUUECKHUI 3apsia OTCYTCT-
BOBAJI, a CIIMH OKasajics paBHBIM %2. YUelBUK yCTaHOBMII, YTO OOHApY-
KeHHoe Hemeukumu ¢usnkamu B.Bore u I'.bBekepom mponwukaroiee
W3JTydeHre, BO3HUKatollee Mpyu 6oMOapAUPOBKE aTOMHBIX siAep, B Ya-
CTHOCTU OepWIIIHS, O-4aCTULAMM, COCTOUT U3 He3apsHKeHHBIX YACTHLL
¢ Maccoid, 6JIM3KOo# kK Macce MPOTOHA.

Hpes o Tom, 4TO B aTOMHOM siipe, KpOMe MPOTOHOB, COAEepIKaTCsI
HeWTpoHBI, OblTa BriepBbie BhickazaHa B nieyatH [I.J1.MiBanenko (1932)
[5] u HenocpencTBeHHO Belen 3a 3TUM passuta B.IeiizenGeprom [6].
ITpoToHBl M HEUTPOHBI OBLIN 0OBEAMHEHBI OOIIMM Ha3BaHWEM HYKJIO-
Hbl. Teopuu NMpoTOHA W HEWTPOHA, a TaKkke aTOMHOIO S/pa, COCTOs-
IIero U3 MPOTOHOB M HEHTPOHOB, TIOCBSLIEHO OOJBIIOE KOIMYECTBO
pabor [7-28].

B panbHeiiem Teopus aTOMHOTO siipa cTajla YCIOXKHSATHCS, MPH
9TOM OBbUIO PELIeHO, YTO AJisl BBISCHEHHS CTPYKTYPbl aTOMHBIX saep
HY’>KHO TIPOHHMKATh B HUX YaCTHLAMU-30HIaMH, 00JIaatoliuMH 00b-
1Ioil dHeprueil. JHeprus crana U3MepsTbcs B ANeKTpoH-Bonbrax, u
onpeensatbes mo popmye Ditnmreitna E = M, npuuem B 570 omnpe-
JieJIeHUe Tomajiajia He TOJIbKO PHeprs Kak Mepa ABIKEHHs caMoi
YacTHLBI, HO U Macca, KOTopasi, KaK CUMTaJIOCh, SIBIISIETCS] SKBUBAJICH-
ToM dHeprud. OTcrofa cieoBail BbIBOA, YTO YaCTHULIA, KOTOPOW Mpe-
nojaranock 6oMOapaMpOBaTh MHUILIEHH — aTOMHbIE SApa pa3iUYHbIX
BEILECTB, TOJDKHBI Pa3TOHATHCS 70 KaK MOYKHO 0o0jiee BBICOKMX CKOpPO-
cTei, 4ToObl Onarojapsi HAaKOIUIEHHOH JHEPruM MNPOHUKHYTb Kak
MOYKHO TTyOKe B MHUIIEHb, POU3BECTH TaM Kak MOXKHO Oosiblie pas-
PYLICHUI W BBIIEIUTH TAKUM CMOCOOOM T€ CKPBITBIE YaCTHLIBI, KOTO-
pble TaM colepkaTbes. M3ydaTh 3TH BbIJIEICHHBIE YaCTHLIBI MOJKHO ¢
MOMOLbIO AETEKTOPOB, HampuMep, kamep BuiibcoHa, 3amosiHeHHBIX
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MIepPECHILIEHHBIM MMapoM, B KOTOPBIX HCIYIIEHHbIE YacTHULBI OymyT
OCTaBJIATH CBOM CJEbl, MM C TIOMOIIBIO TUIACTHH C (POTOIMYIIbCHSI-
MH, Ha KOTOPBIX 3TH TpaeKTopuH (Tpeku) OyayT nposeisTees. Camu
)K€ YaCTHILIbI MPEIBAPUTEIIHLHO MPOMYCKAIOTCS Yepe3 CHCTeMY OTKJIO-
HSIOLIMX TUTACTHH, CO3JAIOLIMX 3JIEKTPUYECKOe TM0JIe U MEXIY IMOJT0-
caMu MarHuToB. [1o Tpekam 4acTHIl U MOXKHO OyZeT OLIeHHUTb, KaKnue
VUMEHHO YaCTHLbl BBIOWTHI, KAKUMH TapaMeTpaMH OHHM 00JiaJaloT, U
KaKoe BpeMs )KH3HH UMEIOT.

HIMeHHO 3TOi1 TOrMKOi U pyKOBOJICTBOBAIIMCH KOHCTPYKTOPHBI YC-
KopHTelieil 3apsbkeHHbIX 4yacTul [28-31]. Yckopurenu uacTui uc-
NOJIB30BAJIMCh, B TEPBYIO OuYepe/b, JJIs MCCICIOBAHUS MPUPOIbI
aTOMHBIX SJep, HO B JajibHEMIIeM HAlUTH IIHUPOKOe MPUMEHEHHE BO
MHOTHUX 00JIacTAX B XMMHUH, OMOXHMUH, reodusuke u ap. Pacimpser-
sl IPUMEHEHUE YCKOpUTesiel B MEeTaJUTypriu JU1sl BhISBJICHHS Ie(eK-
TOB JeTanedl U KOHCTpyKumi (medekrockonus), B aepeBooOpadaThi-
BaloIell TMPOMBIIUIEHHOCTH — JJisi OBICTPOM BBICOKOKA4YeCTBEHHON
00paboTKK W3/1eNWii, B MUILEBOI MPOMBILUICHHOCTH — JJIsl CTCPHITH-
3al[Mi UHCTPYMEHTOB U MPOAYKTOB, B MEIULIMHE — IS JIydeBOH Tepa-
MUK U1 17151 «OECKPOBHOM XUPYPIrUM» U B psifie APYTUX OTpaciei.

TosgkoM K pa3BUTHIO YCKOpUTENeH 3apsKeHHBIX YacTHILL TIOCITY-
JKUIT MICCJICIOBAHUSI CTPOCHHS aTOMHOTO 5i/ipa, TpeOOBaBLIMe MOTO-
KOB 3apsDKEHHBIX YacTHUI] BBICOKOW SHepruu. [IpumensBivecs BHavYa-
Jle €CTeCTBCHHbIC UCTOYHHMKHU 3apsKSHHBIX YacTHI] — PaMOAKTUBHbIC
9JIEMEHTbl — ObUTM OrpaHHW4YeHbl KaK MO MHTEHCHUBHOCTH, TaK M MO
SHEPruM MCImycKaeMblX yacTull. C MOMEHTa OCYIECTBIICHHS TTEPBOTO
UcKyccTBeHHOro npespauienus saep (3.Pespdopa, 1919)c nomorisio
NOTOKA alib(ha-yacTUll OT PaJUOAKTHBHOIO MCTOYHHKA HAYaUCh IM0-
UCKH CIOCOOOB TOJIyYEeHHsI MYYKOB YCKOPEHHBIX YaCTHLL.

Kparkas ucropust passutusi yckopurened usnokeHa B [29]. B
1919-32rr. UCMONB30BATUCH YCKOPHUTENH, PA3TOHSIONINE YaCTHIIBI C
MOMOIIBIO BBICOKMX HAMNpPsHKEHHI, HO 3aTeM CTajd MPUMEHSTHCS
anekTpoctatudeckre reHepatopsl (1931) u kackaqHble reHepaTopbl
(1932),Ha KOTOPBIX MOJIYHYAIN YACTHIIbI C SHEPTUEH MOPsIKa OTHOTO
M5B (MuinoHa 3ektpon-Bonbt). C ux nmomouisto B 1932r1. Briep-
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Bble Obli1a OCYLLECTBJICHA ACpHAs peaKkLys pacileIuIeHHUs 1apa JIUTHS
NPOTOHAMHU.

[epron 1931-1944rr. Bpems 3apo>kACHMS U pacliBeTa Pe3OHaHC-
HOT'O METOJIOB YCKOPEHHS, P KOTOPOM YCKOpPsieMble 4aCTHLIbl MHO-
TOKPaTHO MPOXOAAT YCKOPSIOMIMI MPOMEXKYTOK, Habupas OOoJbIIyro
MOLIHOCTb JJa’k€ NMPU YMEPEHHOM YCKOpeHHH. OCHOBaHHbIE Ha 3TOM
METO/Ie LUMKINYECKHE YCKOPUTENIN — UUKJIOTPOHBI BCKOpE 00OTHAIM B
CBOEM pa3BUTHM 3JIEKTpocTaTHdeckhe yckopurend. Ha Hux Obuta
JIOCTUTHYTA SHEeprust MpoToHoB nopsiaka 10-20M»B.

PazpaboTtka yckopureneii coBpeMeHHOro Tumna Havajiach B 1944
r., korna 6but oTKpeIT B CCCP u HezaBucumo B CLIIA merton aBToda-
3UPOBKHM, NCHCTBYIOLIMI B PE30HAHCHBIX YCKOPHUTEJNISIX M TMO3BOJISIO-
LMK CYILIECTBEHHO MOBBICUTb SHEPrHUIO0 YCKOPEHHBIX yacTull. Ha sToi
OCHOBE OBIJIM MpeNIoKeHbl CHHXPOTPOH, (ha30TpOH, CHHXpO(]a3oTpoH
M MUKPOTpOH. B 3T0 ke Bpems pa3BuUTHE PAaAMOTEXHHUKH ClENIano
BO3MOJKHBIM co3/1aHne 3(h(HeKTUBHBIX JTMHEHHBIX YCKOpHUTENeH dJIeK-
TPOHHOM U TSXKEIBIX YacTHL.

B navane 50X ronoB OblT MpeayioKeH MPUHIMIT 3HAKOTIepeMeH-
HOU ()OKYCHPOBKH YaCTHII, CYUIECTBEHHO MOBBICHBLINN TEXHUYESCKUI
npeaen JOCTHKUMBIX SHEPrui B UMKJIMYECKUX M JIMHEHHBIX yCKOPHU-
TeNISX., U B TMOCJENYIOLNe NSCSITUNETHs pealli30BbIBAIMCL UMEHHO
3TU UAEH.

B 1957r. 8 CCCP B [[yOHe ObL1 3ammyiieH camblii KpyIHBINA AJ1s
TOrO BpeMeHHU cHHXpo(a3oTpoH, B 1966r., Ha 22 5B O 3amyuieH B
1966r. B Crandopae (CIIIA), a B 1967r. B CCCP B r. [IpoTBHHO
nox CepryXxoBbIM ObUI 3amylleH KpyMHEWIIMH Ui TOrO BpeMEeHH
cunxpodazorpon Ha 76 3B, mirHa TyHHeNst KOTOPOTo cocTarseT 22
KM, B KOTOPOM HaXoIsTcs 6 ThiC. MarHUTOB, OXJIAKAAEMbIX KHUIKAM
rejavemM.

B HacTosiiee Bpems co3aaH psn cMHXpOo(]a3oTPOHOB HOBOTO MO-
KOJIEHUsI Ha BCTPEUHBIX My4KaX, B KOTOPBIX MpearnosiaraeTcs mony-
4yaTh YacTHUIBl ¢ dHepruei B coTHU [ 3B. Camblif KpynmHBIH W3 HUX —
Bosnbimoit anpounsiit kosaiinep (BAK) ¢ anunoii TyHHens B 26,65km
noctpoeH B EBpornelickoM LieHTpe siaepHbIX uccienoBanuid B [IEPHe
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(IBeituapusi, Ha rpanuie ¢ DpaHuuei), MOMOOHBIM CTPOUTCS B
CUIA, 3asBI€HO CTPOUTENBCTBO JTMHEHHOTO YCKOPHUTENS ¢ IJTMHOW B
45 km B JlyOHe B HampaB/IeHUH Ha CeBEpO-BOCTOK. B 3THX yckopure-
AsX (aIpoHHBIX KoJUIaiaepax) MpearnoyiaraeTcsi pa3sroHsITh M COyaa-
PSATh APYT € APYrOM IMyYKH CaMbIX pa3HOOOpa3HbIX aJpOHOB (MHUKPO-
YacTHII) OT BJEKTPOHOB M MPOTOHOB /O siiep aroMoB cBuHLUA. Llenb
9TUX KpPYMHEWIINX YCKOpUTENeH 4acTul] — co3aaHue «0o30Ha XHIT-
ca» M MOJTyueHHe «IEpHBIX AbIP» HA MOBEPXHOCTH 3eMJTH, YTO JOJIK-
HO, TI0 MBIC/IM aBTOPOB, €lle pa3 MOATBEPAWTH CHPaBEIJTUBOCTH CO-
BPEMEHHbBIX TEOPH (PU3MKH, B TOM YHCIIE TEOPUIO OTHOCHTEILHOCTH
OWHIITelHHa U KBAHTOBYIO MEXAHUKY.

Ipenmnonaraercs, uro «HepHble ObIPEI» CO31aBacMble STUMH KOJI-
JaiiiepaMH ¢ 4acTOTOM OJIHA «IbIpa» B CeKYHIY OyayT paccachlBaThCs
kaxaas B TeyeHne 10 cekyH[I, MO3TOMY OHH, BEpOSITHEEe BCEro, Kak
MOJIaraloT aBTOPbI, HE YCIEIOT 3aXBAaTUTh, OKPY’KAIOIee BEIIECTBO.
OTUM OHM OyAyT OTIAMYATBCS OT KPYMHOMACIITaOHBIX KOCMHMYECKHX
«YepHbIX ABIP», KOTOpble MOTJIOTHIM BELIECTBO, COAeprKalleecs B
OKpY’KaloIlleM WX TMPOCTPAaHCTBE, U OYAyT paccachlBaTbcs B TE€USHHE
neprosia BpeMeHH nopsiaka 10 mip. ner.

VYCKOpUTENH CYLIECTBEHHO YBEIMYMIM TEMITbl TMOJYYEHHs Bce
HOBBIX <OQJIEMEHTApPHBIX YaCTHUID>. BbIIM MOTyUeHbI TSOHKENbIe aHTHYac-
ikl — aHTtunpotoH (1955), anruneiditpon (1956), antucurma-
runeponbl (1960).B 1964r. 6buT OTKPBIT CaMblii TSKEIIbIi THIIEPOH C
Maccoil okono AByX macc mpotoHa. B 60x romax Ha yckopuTemsix
OBITO OTKPBHITO OONBIIOE YUCIIO KpaiHe HEYCTOMUYMBBIX YaCTHILI, TIOMTY-
YMBLIMX Ha3BaHUE <«PE30HAHCOBY», MAcChl OOJIBIIMHCTBA U3 HUX TIpe-
BBILIAIOT Maccy npoTtoHa. B 70X rogax 4uciio BHOBb OTKPBITBIX Yac-
THILL C CAMBIMHM HEO)KHUIaHHBIMU CBOMCTBAMH PE3KO yBEIMYMIOCh. J{is
OIMMCaHMs STUX HOBBIX CBOMCTB OKa3aJ0Ch HEOOXOAMMBIM BBECTH PSII
HOBBIX MOHATHIH, TAKUX KaK «CTPaHHOCTB», «ouapoBaHue» U T.I. [1pu
9TOM HHUKTO He o0pailiai U ceifuac He oOpaliaeT BHUMaHHs Ha TO, YTO
BCE 3JIEMEHTHI, yoMsiHyThle B Ilepronnyeckoit Tabmuie 31eMEeHTOB
MeHpeneeBa, COCTOST TOJIBKO W3 TIPOTOHOB M HEMTPOHOB M HUKAKHX
WHBIX YaCTHILI HE COJIepIKaT.
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B cB3M ¢ M3n0KEHHBIM 1ie7€c000pa3HO AOMOJIHUTENBHO BCIIOM-
HHUTh 00 UCTOPHU OTKPBITHUS HEUTPUHO — 3JIEKTPUUECKH HEHTpaIbHON
9JIEMEHTApPHOM YaCTHLbl, UMEIOLLEH Maccy MOKOS, MHOIO MEHbILYIO,
YyeM Macca IMOKOs 3JeKTpoHa. OTKpbITHE HEUTPUHO, IO MHEHHUIO (u-
3MKOB, MPUHAUIEXKUT K YMCITy HauboJsiee sIpKUX U BMECTE C TeM Tpya-
HBIX CTpaHuIl B Gusrike XX B.

BrniepBrle B akcniepuMeHTanbHON (pr3KKe HEUTPUHO MPOSBUIIOCH B
1914r., xoraa anrnuiickuii ¢pusuk Jx.Ueasuk oOHApYKUII, UTO IeK-
TPOHBI, UCITyCKaeMble NpU P-pacnajie aTOMHBIX saep, UMEIOT Hemnpe-
PBIBHBIH DHEPreTUYECKU CIeKTP. DTO SBJICHHE HAXOJUIOCH B IBHOM
NpPOTHBOPEUMH C TEOPHEil KBAHTOB U MPUBOJIWIIO K HAPYLIEHHUIO 3aKO-
Ha COXPaHEHMs SHEPruM.

B 1930r. wBeiiuapckuii ¢pusuk B.Ilaynu B nucbMe ydacTHUKam
cemuHapa B TiopuHreme cooOIMN O CBOEH «OTYAasiHHOM MOMBITKE»
CIACTH 3aKOH COXpaHeHus 3Hepruu. [laynu Bbickasan runoresy o cy-
LIIECTBOBAHMM HOBOM 3EKTPUYECKH HEUTPaJbHON CWJIBHO MPOHM-
Karoulel yacTuLbl, obsafarouiell Manold Maccoii, 61arogapsi KOTopoi
M CO3JaeTcs BIE€YATIIEHWE O HECOOJIOAEHUM 3aKOHA COXPaHEHUs
sHepruu. [locne otkpeiTust B 1932r1. HeliTpoHa HUTabIHCKUN (pusnk
D.Depmu NPeUIOKKUIT HA3BaTh TAKYIO YAaCTHLYY <«HEHTPHHO» (MasieHb-
KWl HeHUTpoH). BriocnencTBun HedTpuHO ObLTO OOHAPYKEHO, M HEil-
TPUHHOE M3JYUYEHHUE HCIOJIb30BAIOCh KaK HMHCTPYMEHT H3Y4YEeHUs
BHYTPH3BE3IHBIX MPOLIECCOB.

B pa3zHooOpa3HbIX M MHOTOYMCIIEHHBIX JKCIEPUMEHTaX, MpoBe-
JEHHBIX Ha YCKOPHUTEJSX BBICOKMX 3HEPIUi, MOJyUYeHbl Pa3iHuyHbIe U
MHOroo0pasHele AaHHbIE MO CHJIBHOMY B3aMMOJIEHCTBUIO YacTHL, a
TaKXe MO MOMYYEHHIO CaMbIX Pa3HOOOPa3HBIX «OJIEeMEHTApPHBIX 4ac-
THUI» BellecTBa, obliee Yuciao KoTopbix koneonercs ot 20010 2000,
CMOTpS KaK CHUMTATh U YTO y4uTbiBaTh. OAHAKO BCE 3THU IKCIIEPUMEH-
TaJIbHbIE PE3YJIbTaThl HE CIMIIKOM XOPOLIO COMPSTratoTcs APYT ¢ ApY-
roM, MO3TOMY TEOpPETHKaM MPUXOAMTCS BCE BPEMs YCJIOXKHSATH CBOU
MOZIeIM U TEOPHH, UTO, KaK OHU CUUTAIOT, OOBSACHACTCS CIIOKHOCTBIO
npeaMeTa UCClIeI0BaHuUL.
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1.1.2.Cospemennsie modenu amomusix aoep

[lapannensHo ¢ co3laHMeM MHCTPYMEHTa JUlsl MCClel0BaHM
CTPYKTYp aTOMHBIX siiep LUIO CO3/1aHHe SACPHBIX MOJEINeH, MprU3BaH-
HBIX OOBSCHHUTH T€ WM MHBIE CBOMCTBA SA€p U COOTBETCTBEHHO YTOY-
HHTB HaTpaBJICHHUS SKCTIIEPUMEHTAIBHBIX padoT [28].

IIpoBeneHHbIE Ha YCKOPHUTENSX SKCHEPUMEHTHI TO3BOJIWIINA BbI-
SIBUTH MHOTHE TMapaMeTphl sSep aTOMOB M TaK Ha3bIBAEMBIX <AJIEMEH-
TapHBIX YacTUL» BELLECTBA.

Onpenenunuck napaMeTpbl HEUTPOHA U POTOHA, KOTOPbIE BOLIJIH
BO BCE MMpPOBBIC CIIPABOYHMKH, BKIIOUas MX Maccy, pa3Mepsl, CIUH,
9NIEKTPUYECKUI 3apsaa M MarHUTHBIA MOMEHT. Onpenenuiucs pasme-
pbl paanycoB R aToMHBIX siiep kak

R=aA”, (1.1)

3nech a = 1,12¢ = 1,12:10" M, 4 — uncio HyKIOHOB B sizpe (B
CITOXKHBIX S/Ipax 3TO YMCIIO HEMHOro Oojblie U kosebnercs ot 1,2 no
1,4). BeisicHeHa MJIOTHOCTh SCPHOTO BELIECTBA, paBHas MPUMEPHO
10'® kr/m®. Onpenenenbl 3pQekTHBHBIE PagUyChl B3aUMOIEHCTBHS
HYKJIOHOB M SJ€p aTOMOB, SHEPruH CBs3€H HYKIIOHOB, KBaHTOBbIE
XapaKTepUCTUKHU siiep W MHoroe apyroe. Takum oOpazom, mojydeH
Oonblol (akTUUeckuii MaTepyai, MO3BOJISIOUIMN CYIUTb O SAEPHBIX
npoueccax. s ay4iero NoHUMaHUs 3TUX MPOLIECCOB PsIIOM Hccle-
JOBaHUM pa3paboTaHbl MOJETH sAEP.

[Ipexxne Bcero, paspaboTaHa Me30HHAsi MOJAENb MEXKHYKIOHHOIO
B3aMMO/IEHCTBHS, B COOTBETCTBUH C KOTOPOI B3aUMOJEHCTBHE MEXIY
HYKJIOHaMH oOecrieunBaeTcss ME30HHBIM OOMEHOM, T.€. UCITyCKaHHeM
Y TOTJIOIEHUEM ME30HOB — MUKPOYACTHIL], Macca KOTOPBIX pa3ivyHa
Y COCTaBJISI€T BEJIMUMHY OT MaccChl AJIEKTPOHA 10 Macchl npotoHa. Ho
OTKpPBITBI U ME30HBI C MaccoH, MpeBbILIAOIIEeH Maccy npoToHa. Bee
OHHM 00J1aal0 OYeHb MaJIbIM BPEeMEHEM JXHM3HHM, HO caM 3TO MpoLecc
CUYMTAETCsl YCTAHOBJIEHHBIM W MEePecCMOTpPY He MOJUIEKUT. A narnee Ha
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3TOH OCHOBE CTPOSITCS pa3jIniHble sAepHbIE MOENHU — 000I0UeyHas,
COIJIACHO KOTOPOM B aTOMHOM SAp€ KaXAblH HYKJIOH HaXOAMTCS B
OMpeeIeHHOM WHIMBUIYaJbHOM KBaHTOBOM COCTOSIHMH, POTaLMOH-
Has (SOpo MpeACTaBiseT cOOOM SIIMIICOU BpAILCHHUS), CBEPXTEKY-
yasi, B COOTBETCTBMM C KOTOPOW BEILLECTBO s/Ipa HAXOOUTCS B CBEPX-
TeKy4eM COCTOSHHUM, U HEKOTOpble Ipyrue — BUOpaLMOHHAs, Kiia-
crepHas (OsioyHas) M T.A. Kaxaas M3 3TUX Mojesiell 00bICHIET OHU
0COOEHHOCTH CTPYKTYPBI 5iiep, HO MCTBITBIBAET TPYIHOCTH TIPH TI0-
NBITKaX OOBICHEHUs IPYrMX OCOOSHHOCTEH, MOITOMY MPU3HAHO, YTO
yIIOBIIETBOPUTENILHOM, a raBHOE, (PU3NYECKOi MOJEIM aTOMHBIX siep
JI0 CHX TIOp HE HAMZIEHO.

Kpome Toro, MaremaTtrueckuii anmapar, OMHMCHIBAIOMIMN BCe 3TH
MOJIeJIH, CTAHOBUTCA Bee OoJiee CIOXKHBIM, U BO3HUKAIOT yXKe MaTema-
TUYECKHE TPYIHOCTH, KOTOpbIe TPeOYIOT OTACNBHBIX MCCIEJOBaHMIA.
[ToaTomy mocnenoBaTenbHOE OOBSICHEHHE Aake HanOoliee Ba)KHBIX
CBOMCTB sep Ha MPOYHON OCHOBE OOMIMX (PU3MUYECKUX MPUHLIUIOB U
JaHHBIX O B3aMMOJEHCTBUAX HYKIOHOB OCTaeTcsl MOKa OIHOW U3 He-
pelIeHHbIX (pyHIaMEHTaIBHBIX 3aJad COBPEMEHHOW TeopeTHUYEeCKOM
¢buzuky.

B HacTosiiee Bpems crajia MOJHOM Teopusi kBapkoB [23], cornac-
HO KOTOPOH TsKeJble YacTHLIbl MOCTPOSHBI U3 Pa3iIMYHbIX KOMOWHA-
LM «ICTMHHO 3JI€eMEHTapHbIX» YacTHLl — TPeX KBAapKOB M TpeX aH-
TUKBAPKOB, KKIbIA U3 KOTOPBIX MMEET Maccy MOpsaKa MSATH MPOTOH-
HbIX Macc. CoeTMHEHHE KBApKOB MEXIy OO0l MPUBOAMT K Mpeodpa-
30BaHMIO Macc KBApKOB B BHEPrUIO CBS3M, B pe3yJibTaTe, COSANHUB-
LIMCh, HAllpUMeEp, B MPOTOH, TPU KBapKa, MUMEIOLIMA KaXKAbIM Mo 5
NPOTOHHBIX, a B cyMMe 15 MpOTOHHBIX Macc, COXpaHAIOT B BUAE Mac-
Cbl TOJIBKO OZIHY MPOTOHHYIO Maccy, ocTanbHble 14 MPOTOHHBIX Macc
MpeobpasyroTcs B SHEPTHUIO CBs3ell KBapKoB Mexay coboii. [IpaBna, B
9KCMIEpUMEHTaX KBApKOB TaK M HE HALILJIH. ..

Hapsangy ¢ paccMoTpeHreM aTOMHOrO siipa, Kak COCTOSILLETO W3
9JIEMEHTAPHBIX YacTHL, ObI BBIABMHYT PsI SASPHBIX MOJEINeH, T.e.
NpUOIMIKEHHBIX METO/OB OINMMCAaHMs, OCHOBAaHHBIX Ha OTOXKIECTBIIE-
HUM A]pa C KaKOH-1M0O0 CUCTEMOM, CBOMCTBAa KOTOPO# MO0 XOpOoIIo
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U3y4eHbl, JIMOO MONNAIOTCS CPABHUTENIEHO MPOCTOMY TEOPETHUYECKO-
My aHaiu3y. TakoBbl, HalpUMep, SACPHbIE MOJAENH BBIPOKAEHHOTO
(depmu-raza, KUIKOW Karui, poratopa (Bojuka), o0osouedHas Mo-
Jelb v ap.

Jlns oObsSCHEeHUS SIIEPHBIX CHII, CBS3BIBAIOIIMX HYKJIOHBI B Spax
(cunbHOE siIepHOE B3aMMOJICHCTBHE), TaK)KE MCIOJIb30BaHbI pa3jiny-
Heie Mozienu. B 1935r. snonckuit ¢puzuk X.HOkaBa BhIcKa3all TUIoTe-
3y, COTJIACHO KOTOPOH HYKJIOHBI OOMEHHMBAIOTCS APYT € APYrOM HEKO-
TOpPOI HacTHiel, obianarouiei Maccoil W SBISIOMIEHCS MepeHOCUH-
KOM siiepHbIX cun [24]. TlomoOHas rumore3a He3aBHCHUMO BbIJBHIa-
nace M.E.Tammom u JI.J[.MBanenko. Takas yactuua Obuia oOHapyxke-
Ha B 1947r. u Ha3BaHa TT-Me30HOM. Ho B JasibHeHIIIeM BBISCHUIIOCH,
YTO HY>KHO MpHBJIEYb AJ1 OOBSICHEHHUs CHUIIBHOIO B3aUMOACHCTBUS U
psn apyrux yactuu. CuntaeTcs, 4To OMNpeAe/ieHHbIH BKJal B CUIbHOE
B3aMMOJIEHCTBUE NAIOT U caMM HYKJIOHbI. YacTuupl, yyacTByromuye B
CHJIBHOM B3aMMOJICHCTBUH (apOHBI), OKPYXKEHbI 00JaKaMu ME30HOB.
P.DeiinmanoM Oblna BBIABMHYTa MOAENbL <TIapTPOHOB», B KOTOPOW
npeArnosiaraeTcs, 4To aJpoHbl B HEYIPYTHUX COyNapeHUsX BexyT ceOs
KaK COBOKYMHOCTb TOYEYHBIX YaCTHLl — «IapPTPOHOB», HEKOTOPBIM
o0pa3oM paclipefe/ieHHbIX MO HMMIyJbcaM. B kauecTBe mapTpoOHOB
MOYKHO paccMaTpuBaTh KBapKH, CUWTas, YTO agPOHbI MOMHMO Tpex
KBAapKOB COJIep)KaT Takke O0JIaKkO KBapKOB-aHTHUKBapKoOB. A oOliee
KOJIMYECTBO KBAPKOB, 3THX <«CaMbIX TMEPBUYHBIX YaCTHI», YKE CO-
crasnset 96...

1.1.3.Kpumuueckue 3ameuanus 8 aopec mMemoooa0zun uccie-
008AHUII AMOMHO20 A0PA

[lepuonnueckas cucrema 9JIEMEHTOB, paspaboTaHHas
J.M.MenneneersiM B 1869T. Obuta TOMONHEHA MOCIEAYIOUUMH UC-
ClleIoBaTeIsIMHA, HEMHOTO YCOBEpIIEHCTBOBaHA (aTOMHbIC Beca ObLIH
3aMEHEHbI YKMCJIOM 3apszoB sep), HO BCE OCHOBHBbIC MPHHIIMITBI €€
MOCTPOCHUSI COXPAHWIUCH JIO CUX TIOP, U HU Y KOTO HE BO3HUKAET CO-
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MHEHHS B ee KOppeKTHOCTH. OHa BCECTOPOHHE arpoOHpOBaHa U SIBIIS-
eTcsl CIPaBOYHBIM MaTepHasioM Al (pU3MKOB, XUMHKOB, KOCMETOJIO-
roB, OMOJIOrOB, 1 MHOTHX Jpyrux [32].

Ho B 310i1 Tabnuue ecth 0Ha 0COOEHHOCTh, HA KOTOPYIO MOYEMY-
TO He 0OpalleHo TOJHKHOTO BHUMaHHMS. B COCTaBe szep JIIOObIX diie-
MEHTOB HET HUYero, KpoMe HyKJIOHOB, — MPOTOHOB W HEUTpOHOB. B
HHX HE COJICPXKHUTCS HUKAKMX ME30HOB U HUKAKUX MHBIX YAaCTHII, XOTS
aTOMHBIE Beca BCEX M30TONOB U3MEPEHBI ¢ BHICOKOM TOUHOCTH. M yx
TOYHO HE COIEPXKMUTCS ME30HOB C MAacCO, MpeBbILAIOLIEH Maccy
MpOTOHA.

Uro u3 atoro ciexyer? A cieayeT TO, UTO BCE 3TH TaK Ha3biBae-
MbIE <AJIEMEHTapHbIE YaCTHIIBI» BEILECTBA HE COIEPIKAINCh B sapax
aTOMOB, a OblIM 00pa30BaHbI B MpoLecce NPOBEASHUs IKCIIEPUMEHTOB
no OomOapaupoBKe MHILEHEH YCKOpPEHHBIMHM uacTulamu. OTciona
NpSIMO M OZJHO3HAYHO BBITEKAET MOJIHAs OECCMBICTIEHHOCTh M3YyUSHHUS
CTPYKTYp aTOMHBIX fep C TMOMOIIBIO YCKOPHUTENeH yacThl. DTO He
3HAYUT, YTO YCKOPHUTEM YacTHL BBICOKMX DHEPruii BooOlie Gecrio-
JIe3HBI, TOCKOJIBbKY Ha MX OCHOBE CO3JIaHbl pa3HOOOpa3HbIe TEXHOJIO-
ruu. becrone3Hbl OHM TOJMBKO B YacTH M3YUYEHUS CTPYKTYP aTOMHBIX
saep, 11 4ero OHU U CO3aBajlkCh.

K HacTosilieMy BpeMeHHU ¢ MOMOILBIO YCKOPUTENel YacTHLL BbICO-
KHX 9HEpruil CO3aHO TPOMAJHOE YMCIIO TAaK HA3bIBAEMBIX <AJIEMEH-
TapHBIX YacTUL BelecTBa». O0IIee UX YUCIO MPEBbILIAET ABE ThICS-
YM, B 3aBUCHMOCTH OT TOr0, KaK MX CUMTATh. €CJIM Yy4YHMTBIBaTh TaK
Ha3bIBAEMbIC «PE30HAHCHI» 0CO00 KOPOTKOXKHMBYIIME YacCTHIIbI, TO
yrcno coctaBut nopsaka 2000,ecnu He yuuThIBaTh, TO nopsinka 200,
HO YTO CO BCEM DTHUM JeJaTh MPaKTUUECKH He MPEICTaBISIET HUKTO.

Hukakoro crpontenbHOro Mmatepuaia y Bcex 3TUX YacTHLL HET, MO
KpaiiHeli Mepe, HM B KaKMX TeOPHIX OH He PUTYpUpYeT, a TaM, I7ie OH
KaK-TO MOIpa3yMeBaeTcsl, ero CBOMCTBA HUKAK HE OMpeAesICHbI.

CunbHoe siiepHOE B3aMMOAEWCTBME HYKJIOHOB MPOUCXOIMT 3a
CUeT COOTBETCTBYIOILIETO YPOBHS SHEPTHid, KOTOpPbIE KaK-TO 0OXOIAT-
cs1 6e3 MaTepHanbHOTO HocuTens. McmyckaHue M TOTJIOIMEeHHe Me30-
HOB BOOOIIle HE UMEET HUKAKoro mexaHusma. Kak Bce 3To ycTpoeHo,
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novyeMy UMEHHO TakK, a He WHa4e, 3TOT BOIPOC AaXe He MOJHUMAETCS.
Bciomy ¢urypupytoT TOJNBKO TMOCTYNAThl, KBAaHTOBbIE YWCIA HEW3-
BECTHOTO MPOMCXOXKIICHUSI U COOJTIOICHHE CIICLUAbHOW TEOPUU OT-
HOCHTEIIbHOCTH, KaTerOpUYeCKH OTPHULIAIOLICH He TOJIbKO 3up, HO U
JOOYI0 MEXXHYKIIOHHYIO Cpefy.

To xe u B aTOMeE.

Co BpeMeH OTKpBITHS HEHTpPOHA W MOCTPOCHUS MEPBBIX YCKOPH-
Tesiel yactull npouuio 6osiee 80 net, U 10 CUX MOP B METOJ0JIOTHYE-
CKOM OTHOIIEHWH B SJACPHOH (HU3MKE HET HUKAKUX MPOJBHKCHHM.
EnuHcTBeHHO, YTO MpoJonKaeTes M BbIAAeTCs 3a HAy4HbIH mporpecc
— 9TO HapallMBaHWEe MOLIHOCTH YCKOPHUTEJISH, YTO CTAHOBHUTCS KpaiiHe
OmacHBIM Ut cyzed denoBeuecTBa W Bcelt muaHeTel. Ha sTom nmeer
CMBICJT OCTAaHOBUThCS TOJIpOOHEe.

B ruppomexaHuke W ra3oBOM JMHAMHKE CYLIECTBYET TaK Ha3bl-
BaeMoii uncio PeliHonbaca:

vd
Re=— 1.2
X

rie V — OTHOCHUTENbHAs CKOPOCTb Tela W OMBIBAIOLIEro €ro MoToka
cpenpl; d —Tak Ha3bIBaeMblii XapaKTepHbId pa3Mep Tesa., HarpuMmep,
JUaMeTp Lapa Wid JAUameTp TyObl, y — KMHeMaTH4ecKasl BSI3KOCTb
cpenpbl.

[Tpu uncnax Peiinomnbiaca, menpinnx 1000, TeueHue octaercs Ja-
MUHApHBIM, 1ipy Oonbimx 3HaueHusx ot 100010 2000 —typOyneHT-
HBIM, T.€. BUXPU BO3HHMKAIOT U ObICTpO pa3BanuBatotcs. Ho mpu umc-
nax PeliHonbaca, Gonbwmx 2000, TeueHne cTaHOBUTCS TypOyJeHT-
HBIM, BUXPEBBIM, ¥ BUXPU HAUYMHAIOT TMOTJIOMIATh OKPY>KAIOILYIO Cpe-
Iy TaK, KaK 3TO JeJIal0T CMEpUH.

B ynomsiHyTBIX BbIlIE KOJUTaiiiepaX CKOPOCTH COCTaBIISIFOT OKO-
JIOCBETOBbIE 3HAYEHHS, pa3Mepbl OTHOTO M3 aIpOHOB TOKE U3BECTHBI,
HO YK€ O NMOTOKaX YacTHIl CKa3aThb HUYEro Hesb3s, TakK e Kak M O
BSI3KOCTH 3(Hpa MO MPUYMHE HEMOHATHOTO 3HAYECHUs €ro MIOTHOCTH
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B TAaKMX YCIIOBHSX. A y cTpouTesel KoyutaidiepoB caM (akT ydacTus
a¢upa B BO30y’KAaeMbIX MpoLieccax MOJHOCTBIO OTCYTCTBYET T10 MPH-
YMHE TOT0, YTO COBpPEMEHHAas «HayKa» He Mpu3HaeT s¢upal

DTO 03HAYaeT, YTO CTPOUTEILCTBO BCe 00JIee MOLIHBIX YCKOpUTe-
nedi BemeTcs O6e3 ydera BakKHeWIIei cocTapisioniei nporecca u 6e3
Kakoi ObI TO HM OBUTO rapaHTHUHM GE30MACHOCTH TAKHUX HKCTIEPUMEHTOB
He JUIs 00CTy>KUBAIOLIEro MepcoHana, a AJsl YelloBeYecTBa B LIETIOM.
3/mech UMEeT MECTO Mpolece € TMOJOKHUTENILHOW 00paTHOMN CBS3bIO:
4yeM OoJblile BUXPh, TeM Oonbile oH OyaeT 3adbuparth 3dupa u Belle-
CTBa U3 OKPY’KAIOLIEro MPOCTPAHCTBO U TeM ObICTpee OH OyAeT pacTu.
KoHeuHo, oH OyneT ogHOBPEMEHHO W paccachbiBaThes, HO UTO OydeT
OblcTpee, Kak OMpeaesTh MapaMeTpbl, KOraa HUKaKOH METOIUKH TS
aToro He co3gaHo? Ecnu oH Oymer ObicTpee paccachiBaThes, 4YeM
KPEMHYyTh, TO <HEpHBbIE AbIPbI» OYAYT OTHOCUTEJbHO Oe30omacHsl, a
ecnii Haobopot? Torma OyaeT AeWCTBOBATH 3aKOH TeOMETPHUECKOMN
NPOTPECCUM € HKCTIOHEHLIMATBLHBIM HapalBaHHUEM CKOPOCTH, W OH
OCTaHOBHUTCS TOJIBKO TOT/a, Korga OyAeT cheleHO Bce BELECTBO, T.C.
Bcs 3emJsi, a BO3MOXKHO, U Bes ConHednas cucteMa. Komy 310 Hyx-
HO?!

ABTOp y06exaeH, 4TO 6ce IKCHEpUMEHmbl C YCKOPUMENAMU
yacmuy 007ICHBL ObIMb HeMeOIeHHO NPEKPaAuieHbl RO 6CeMy MUpy,
CO30aHHbIE KONIANOEPbl YHUUMOICEHbL, U (DUHAHCUPOBAHUE 8 IMOM
HanpasieHuu npekpauieno, no kpaitHeil mepe, 10 Tex Mop, Moka ap-
TOPBI TAKUX MPOEKTOB HE JOKaXYT UX MOJIE3HOCTb U 0€30MacHOCTb.

1.2. OnpeaeneHue 3achupoguHaMUYECKUX NapameT-
pOB NpoTOHa

OCHOBHOM MMKpOUYacTHLEH BCEro MUpO3JIaHKs Ha YPOBHE Bellle-
CTBa SIBJISIETCS MPOTOH. DTO ClIEAYeT W3 TOrO, YTO MPOTOH — OCHOBA
aToma BOJOPOJia, OH BXOJIUT B COCTaB siJiep BCeX BEIIECTB, MPUYCM,
KaK 0Ka3aJloch, HEUTPOH 3TO TOT K€ MPOTOH B OJIHOM M3 €r0 COCTOS-
Huit. [loaTromy MoxHO mosnarath, uto Oosnee 99% macchl Bcero BUAM-
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MOrO BellecTBa B Hawued ['ajakThke, a BeposiTHO, U BO BceneHHot
COCTOMT M3 MPOTOHOB.

[lockonbky €AMHCTBEHHBIM BUAOM ABMKeHHS 3(Hpa, CHOCOOHBIM
B 3aMKHYTOM oObeMe coOpaThb YMJIOTHEHHBIH 3QHp, SBIAAIOTCS TO-
poHIanbHble BUXPH, CTPYKTYpa MPOTOHA JI0JKHA OBITH OTOXKIECTBIIE-
Ha UMEHHO C TaKOW CTPYKTYpPOM.

HecmoTpss Ha He oueHb 4eTKylO KiaccU(UKALMIO BUXPEBBIX U
TYpOYJNEHTHBIX TEUEHHWH, CYLIECTBYIOIIMX HBIHE B THAPOMEXaHHKE,
MOYKHO OTMETHTh CYLIECTBEHHYIO 3aBHCHMOCTb XapakTepa TE€YeHUM
JKUIKUX W Ta3oBbIX cpell OT 3HaueHWH uucna PeliHonbaca. B aroi
CBS3M TPEICTaB/IIeT HMHTEpPeC OMNpeAeuTh 3HAaYeHHWd MapaMeTpoB
JBYDKEHUs 5(UPHBIX IOTOKOB B Hallel [anakTuke.

Kak nokazaHo Hwke, a3ypHble MOTOKH ABHXKYTCS MO IBYM pyKa-
BaM CMUpaJibHOM ['anakTWKW HaBCTpeuy ApYyr Apyry, BCTpeyasch B
LIEHTpaJIbHOM YacTh — ee sape. B pesyabpTare coygapeHus U nepeme-
mWBaHUS CTpyil 3dupa M oOpasyloTcs 3aMKHYTbIe TOPOMIATIbHBIE
Buxpu. Kak noka3zpiBaeT onbIT JKyKOBCKOro ¢ Karuiei, nmajaaroieii B
BOJY, TOPOMIAJIBHBIN KOJBLIEBOM BUXPb 00pasyeTcsi cpa3y ke Mmociye
CONMPUKOCHOBEHUS Karuii ¢ Bogoi. OGpa3zoBaBIniics TOPOU] HaUWHA-
€T WCIyCKaTb CTpPYyH, JeJUTbcd M 00pa3oBbIBaTH HECKOJBKO Oonee
MEJIKMX TOPOMIAIIBHBIX KOJIel], ¥ TaK HecKoJibko pa3 (cMm. puc. 4.12).
B otnuume ot BuxpeoOpa3oBaHUs B JKUAKOCTH, NMPHU 0Opa3oBaHUHU B
a¢upe BUXpEBOE KOJBLUO CXKMMAETCs OaBICHHEM OKPY’KalOLIEro Mx
a¢upa, a nanee CHOBA JAEIUTCS Ha Bce Oojiee MeJIKhe TOPOUIbl. DTOT
MPOLECC YIUIOTHEHHS W AEJIEHUS MPOUCXOIUT MHOTOKpAaTHO, 0 TeX
Mop, MoKa CTeHKH 00pa30BaBIIErocsi MPOTOHA HE YMJIOTHATCS 10 He-
KOTOPOM KPUTUYECKON BEIUYUHBI, IIPU KOTOPOU JEeleHHUe MpeKpaiia-
etca. OOpazoBaHHbIE Ha MOCJEIHEM 3Tane TOPOUAaIbHble BUHTOBbIE
BUXPH YIZIOTHEHHOTO 3()Hpa 1 CyTh MPOTOHBI.

[Tockonbky umcio PeliHombaca uist YCTOWYMBOTO BHXpeoOpa3o-
BaHMs JOJDKHO cocTaBisaTh He MeHee 2000,To mpu cKOpPOCTH MOCTYTI-
nenus d¢upa no ogqHomy pykaBy 10 Thic. KM/C TOJIIMHA MOrPAHUYHO-
TO CJIOS OKAYKETCSI paBHOW BCETO JINIIb
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d = Re/v=20003,5 107 10 = 2 10°® m. (1.3)

Takum oOpa3om, B nipeseniax cTpyi a¢upa, LIMprUHA KOTOPBIX UC-
YHUCJISeTCs CBETOBBIMM TOJaMH, BO3MOXKHO MaccoBoe oOpazoBaHHe
BUXpEii, 4TO U HaOMIo1aeTCs.

B nepecuere Ha IIIOTHOCTB (Hpa B OKOJIO3EMHOM MPOCTPAHCTBE
Ha OJIVIH MPOTOH MPOU30MIIET 3aTpara 3upa, COOTBETCTBYIOMIAs KyOy
co croporoit 810° M, Ho B smpe 'amakTHKH, TIe MIOTHOCTH Sdupa
BBIIIE HE MeHee, YeM Ha 3—5 MopsaKoB, STOT Ky0 MOXKET UMETh CTO-
poHy He Gosee, uem 107 M. Takum 06pa3oM, YCIOBHs st 06pa3oBa-
HHS TIPOTOHOB B siipe ["anakThku uMeroTesl.

B coorBercTBHM ¢ TpencTaBiieHHAMH 3(PHUPOIMHAMHKH TPOTOH
€CTh TOPOMIAJIbHBI BUHTOBOW BHXPb C YIUIOTHEHHBIMH CTCHKaMH,
CTPYKTypa KOTOPOTO COOTBETCTBYET HEKOTOPOMY TOIO0HIO0 TPYOBI,
3aMKHYTOH B KOJbLIO. BuxpeBoe IBWKEHHE, OIHAXK/Ibl BO3HHKIIEE B
cpene, OyeT crnocoOCTBOBATh MOSBICHUIO BUXPEH B IPyrux odiacTsax
cpenbl TOrO e HamNpaBJIeHHs, YTO M YK€ CO3JaHHBbIA BUXpb. To ke
KacaeTcs M BUHTOBOro IBikeHus. CozmaHHble B sape [ amakTuku
BUXPHU OJTHOTO KaKOTrO-TO 3HaKa BUHTOBOTO JIBMKEHHUS OyIyT CrOco0-
CTBOBaTh TOMY, YTO BO BCEM MpPOCTpaHCTBE siipa OyIyT CO3AaBaThCs
BHUHTOBBIE TOPOUIBI OTHOTO U TOTO K€ BUHTOBOTO 3HaKa — JIMOO TOJb-
KO TMPaBOBHHTOBbBIC, JHOO TOJILKO JIEBOBUHTOBBIC, KaKOTO HWMEHHO
3HaKa MPEJICTOMT BBIACHUTH B OynyiieM. Ho To jke oTHOCHTCS M KO
Bceil Beenennoid. IToatomy B mpenenax BceeneHHO# Bpsin g MoOryT
CYIECTBOBATh OOJIACTH HAa OCHOBE TaK Ha3bIBAGMOW «QHTUMaTEepHN»,
T.e. HA OCHOBE aHTUIPOTOHOB. Takue aHTUIPOTOHBI MOTYT OBITH CO3-
JIaHbI JIMIITb UCKYCCTBEHHO.

Xots obmas ¢popma NMpoToHa MPUOIIKAETCs K ApOBOi, OHa BCe
JKe TaKOBOW He siByseTcs. [109TOMy y MpOTOHAa He MOXKET ObITh MOJI-
HOM CUMMETpPUH HHU DJICKTPHUYECKOr0, HM MArHUTHOTO TIOJICH, UX CHUM-
METpHsi BO3MOXKHA TOJBKO OTHOCHTENIEHO OCH, TPOXOJSIIeH uepe3
LEHTP MPOTOHA.
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Ha puc. 1.1 npeacrasiieHa cTpykTypa NpOTOHAa M JAaHbl SIOPBI
IJIOTHOCTEH, a TaK)Ke MIOPbl TOPOUAATBHON U KOJIBLIEBOM CKOPOCTEM.
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Puc. 1.1. CTpykTypa npoToHa: a) MonepeyuHblii pa3pes; 6) 3Mopa IOTHOCTH;
6) IIOpa TEMIIEPATyp; &) AMOpa CKOPOCTH TAHTCHLUHAILHOIO MOTOKA; O) JIMI0pa CKO-
POCTH KOJIBLIEBOT'O ITOTOKA

U3 Takoro nmpencraBieHus cpa3y e BBITEKaeT HaJM4YKMe B MPOTO-
He KepHa — CTEHOK TpyObl, HAXOMAUINXCS B LIEHTPE MPOTOHA, a TaKKe
HeOOJBIIOTO OCEBOTO OTBEPCTHSI BHYTPH NMPOTOHA. BHyTpu TpyOBI B
pe3ynbTaTe ASUCTBUS LEHTPOOEKHOM CUIlbl AaBjieHue d3hupa J0HKHO
OBbITb MOHMXKEHO MO CPAaBHEHHWIO C BHEIIHUM AaBlieHHEM d(upa, XOTs
TUIOTHOCTh 3(hMpa MOXKeT OBbITh U OoJiee BHICOKOM, €ClIi Temreparypa
a¢upa BHYTpU MPOTOHA HWKE TeMIepaTypbl BHewiHei cpeabl. K Ta-
KOMY IPEArNoN0oKEHUIO MPUBOJUT COOOpaKEHHE O TOM, UYTO BHELIHHE
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CTEHKHM MPOTOHA AOJKHBI TAKXKE MMETb NMOHIKEHHYIO TeMIepaTypy
OTHOCHTENTbHO BHEIIHero 3(upa u3-3a HAIMYMS Ha €ro MOBEPXHOCTH
rpaiu€HTHOTO TEUSHHUSI.

[lockonbky cedeHue MOTOKa B LEHTpE Tejla MPOTOHA UMEET IJisl
TOPOMAATILHOTO MOTOKA CYLIECTBEHHO MEHBILYIO IJIOLIA/b, YeM ceve-
HHUE TMOTOKA B HApYy>KHBIX CTEHKAaX MPOTOHA, TO CKOPOCTb MOTOKA B
ueHtpe OyneT cyliecTBeHHO Ooiiblie, YeM B Hapy)KHbIX CTEHKaX.
HHepuroHHbIe CUIIbI 3aCTaBiAT TeJO MPOTOHA BBITSHYTbCA B LIGHTpPE
BIOJIb OCH, @ C MPOTHUBOIOIOKHOM CTOPOHBI B CBSI3U C HapacTaHUEM
CKOpPOCTH J0/bkHa o0pa3oBaThbes BOpoHKa. B 1enom 3to mpuBenet k
TOMY, 4TO (popMa MPOTOHA OyIeT HaroMUHATH (OopMy Kyroja («ma-
KOBKH») MPaBOCIIaBHOM LIEPKBH.

[lepexon notoka 3¢upa U3 BHyTpEeHHEH YacTH TOPOUAA B HapyK-
Hbl€ CTEHKH COMPOBOXKIAETCS] CHHYKEHHEM CKOPOCTH MOTOKA B TOPOU-
JalbHOM HampasieHMM. Ho moToky Hekyaa oTzaTh CBOIO 3HEPrUiO
JBWKEHUs, TIOTOMY YTO BHEIIHHWH (P, OKPYKAIOIIMH MPOTOH, UMe-
€T MaJIylo MJIOTHOCTb. DTO O3HAYaeT, YTO MOTOK d(upa MO BbIXOJE U3
LEHTPAJIbHOM YacTH BbIHY>KIEH U3MEHHUTb CBOE HalpaBi€HUE JBHXKE-
HUsI, COXpaHss o0liee 3HaYeHUe CKOPOCTU: TOPOMIAIbHOE Hampasiie-
HUe npeoOpa3yeTcs B KOJbLIEBOE BOKPYI TJIaBHOW ocu mpoToHa. B
pe3ynbTaTe B HapyXHbIX CTEHKaX MPOTOHA oOpa3yeTcs BUHTOBOE
JOBW)KEHUE — OJIHOBPEMEHHOE CYLIECTBOBAHME TOPOMIANIBHOIO H
KOJIbLIEBOTO (BOKPYT IJIABHOW OCH TOPOMA) IBHIKCHHIA.

TopounanbHelii BUHTOBOM BUXPb BbIIYBaeT U3 CBOCH cepelruHbl —
LEHTPAJILHOTO KaHajla — BUHTOBOM MOTOK 3¢upa. B nieHTpe npoTtoHa
MOTOK 3(Mpa MpaKTUYECKH HE MMEeT IrpaJueHTa CKOpOCTeH, 3aTo OH
CKaT, U 3TO 03HAYaeT, YTO TeMmIepaTrypa 3pupa B 5TOM MECTE U BfI3-
KOCTb MOBBILLIEHbI, OHU UMEIOT XOpollee CLUEMJIeHUEe C TEJIOM CaMOro
NpPOTOHA, M MO3TOMY NPOTOH pabOTaeT Kak ABUrarenb, MEeperoHso-
Ml ckBo3b ce0s okpyskatomui ero a¢up. IlocTynarenbHoe naBuxe-
HHUE 9TOro MOTOKa Mpeobpasyercss B TOpoMJaIbHOE ABMXKEHUE d(dupa
BOKpPYI' Tela MPOTOHA. DTO ABWXXEHHWE BO BHEIIHEM OTHOCHUTENIBbHO
MPOTOHA NMPOCTPAHCTBE MOAYMHEHO 3aKkoHy buo-Casapa, T.e. ToMy ke
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3aKOHY, YTO M MarHWTHOE [0JIe MPOTOHA, €ro CKOPOCTh yObIBaeT 00-
paTHO MPOMOPLIMOHAIBHO KyOy paccTOsIHUS.

YObIBaHHE CKOPOCTH KOJBLEBOTO JABHXKEHHS MOTOKOB 3dupa,
pa3MbIBa€MOro TOPOUAATBHBIM JBM)KEHHEM MPOMOPLMOHAIBHO KBaj-
party paccTosiHUS.

B ToponnanbHOM ABMKEHMH OMH 00BEM ra3a BOBJIEKaeT Ipyrou
3a cYeT MPSAMOro Ha HEro JaBJI€HMs, B KOJbLEBOM K€ COCEHHE CIIOH
3aXBaTBIBAIOTCS 3a CHET BA3KOCTH 3(Hpa. DTO NMPUBOIMUT K TOMY, UTO
TOpOMJAITbHOE JBIKEHHE OyIeT OXBaThIBaTh BCE OKpY’Karollee IMpo-
CTPaHCTBO, KOJIBLIEBOE K€ JABM)KEHHUE MOXKET MUMETh JIBa COCTOSHUS —
OXBaThIBAOLLlEE OKpY Karolllee MPOCTPAHCTBO WM JIOKAaJTU3yeMoe B
npeAesax HEKOTOPOro MOrPaHUYHOIO CJlos, B KOTOPOM BCJIEACTBHE
OONBLIOro 3HauUeHHs IPaJMeHTa CKOPOCTH BI3KOCTh M TeMmIlepaTrypa
3HAYUTENBHO CHW)KEHBI.

ITockomnbky, Kak 3TO OyneT Moka3aHo HUKE, TOPOMIATbHOE JBH-
KeHue 3(hupa BOCIIPUHUMAETCSl Kak MarHUTHOE TI0JIe, TO 3TUM U 00b-
scHsieTcss TOT (pakT, YTO MarHUTHBIM MOJIeM, a, CJeJOBaTelbHO, W
MarHUTHBIM MOMEHTOM OOJIQ/IaloT W MPOTOH, U HEWTPOH, a TaKkXkKe BCe
Jpyrue sjeMeHTapHble YacTHULbl BeliecTBa. KosblieBoe jxe nBUKeHHe
a¢upa BoCpUHUMAETCS Kak ayiekTpudeckoe nosje. [Ipu nokanuzanuu
KOJIbLIEBOTO JIBMKEHHS B Mpejienax MorpaHuYHoro cjos 4acTuia Boc-
NPUHUMAETCS KaK JIEKTPUYECKH HeHTpasibHasl.

OnpenennM HEKOTOpbIe MapaMeTpbl MPOTOHA.

Paouyc mena npomona MOXHO HAWTH W3 BEMYMHBI 3PPEKTHB-
HOTO pajuyca sipa, OfnpeaessieMoro cooTHolieHuem [27 |

R=aA”®, a=1,12¢. (1.4)

DdQexTUBHBINA pannyc Ornpeensercs U3 MpoleccoB B3anuMOCH-
CTBHUS aZpOHOB (HYKJIOHOB, ME30HOB, ab(a-4acTHLL U p.) C SAPaMH U
MOXeT ObITh HECKONbKO Ooubliei BennunHbl —oT 1,2¢ no 1,4¢. s
JanbHEHIINX pacyeToB NpHHAT I, = a = 1,12¢ = 1,12.10" m, mo-



HykJ10HBbI M aTOMHBIE siApa 207

CKOJIbKY pa3Hulla MOXKET OBITh OTHECEHA B CJIOXKHBIX AApax 3a CHET
TOJIIUHBI MEKHYKJIOHHOI'O CJI04.

Oo6vem mena npomona B NepBoM NMPUOIMIKEHUM MOXKHO OIpejie-
JIUTh Kak 00beM 1apa, umerolnero paauyc 1,12 d:

4
V,=—nr,°=5,9-10"m 3 (1.5)
3

Macca npomona, xax w3sectno, m, = 1,67-107  kr.
Cpeonaa niommnocnt nPOMOHA ONIPENIEUTCS U3 COOTHOILEHUS!
O =myV, =1,67-107/5,9-10" =2,8-18" kr/m® (1.6)

ITockonbKy CTEHKH MPOTOHA IOJKHBI OBITh YTUIOTHEHBI 1O KPH-
TUYECKOr0 3HAUYEHUs, MOXKHO YTBEpXKAaTh, YTO 3Ta INIOTHOCTh OJIMHA-
KOBa KaK y LIEHTpa TOpPOW/Ja, TaK U 'y ero noBepxHocT. Bo Bcex momne-
PEUYHBIX CEUSHMIX MPOTOHA J0JDKHO COOMIONATHCS COOTHOIICHHUE:

V,S = const , 2.7)

rie V; — CKOpOCTbh TOPOUJALHOTO MOTOKA; S, — 001ast riomaip ce-
YEeHUs1 TOPOUAATBLHOrO MOTOKA 3HUpa B MPOTOHE, U OHO He Orpe/esie-
HO OTHOCHTENBHO KaKIOro M3 coMHOMTener. OnHako BOJIM3M LieH-
Tpa TUIOINA/Ab CEYEHHs JUIS MOTOKA 3HAYMTEILHO MEHbIIE, YeM Y T0-
BEPXHOCTH, MOATOMY CKOPOCTh MepeMelleHus cTpyil adupa BOIM3M
LEHTpa I0JHKHA OBITh CYNIECTBEHHO OoJiblile, YeM y ero kpaes. CTpo-
Ui pacyeT 37ech 3aTPyAHEH.

Bruzocth hopMbl MpoTOHA K IApOOOpa3HOM MO3BOJISET MPOU3BE-
CTH OLICHOUHBIN pacyeT CKOPOCTH JIBUIKEHHSI aMEPOB Ha MOBEPXHOCTH
MpPOTOHA.
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3HadyeHuMe TOPOMAATBHOM CKOPOCTM Ha TMOBEPXHOCTH MNPOTOHA
MOXKHO TIOMBITaTbCSI HAWTH W3 3HAYEHHS MAarHUTHOrO MOMEHTa IMpo-
TOHA.

Qu3uueckan CyumHOCMbs MAZHUMHOZ0 MOMEHMA HPOMOHA ON-
pezernsieTcsl Kak MaKCHMAITbHOE 3HAYEHHEe PealbHOr0 MEXaHHYeCKOro
MOMEHTa, BO3/ICHCTBYIOLIEr0 Ha YacCTHUILy, MOMABLIYIO BO BHEIIHEe
CHJIbHOE MarHUTHOE T0Jie, T.€. B MOTOK 3¢upa (puc. 1.2).

P
1 2
- +
+ -
2 1
Yy Y

Puc. 1.2. Bo3HUKHOBeHe BPAIIAIOLIEro MOMEHTA NMPU MONAJAHNUU MPOTOHA
B JJAMHHAPHBII NOTOK 3¢upa: 1 — 30Ha MOHMKEHHOTO NaBJICHNS; 2 — 30HA TOBBI-
UIEHHOTO J1aBJIEeHUs

Ha yvacTok MoOBEpXHOCTH MPOTOHA, HA KOTOPOM HampaBiICHUs
BHEIIHEro MOTOKa M MOTOKa Ha MOBEPXHOCTH MPOTOHA COBMAAAIOT,
nasieHue AaBJIeHUs] COCTABUT:

A Py = p,(Vy — V) > coSa/2 (1.8)

3nech oo — yroja MeXIy HaIlpaBjeHHEM BHELIHero MoToka M Ha-
NpaBJIieHHEM TOPOUAAIBHOTO JBIKEHUs 3(Hpa Ha MOBEPXHOCTH MPO-
TOHA.
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Ha Takom ke yuacTke, HaxoasIIeMcsl Ha MPOTHUBOMOIOKHON CTO-
POHE TIPOTOHA, MajeHNe JaBJIeHUs] COCTaBUT:

AP, =p, (Vy + ;) > coSal2. (1.9)

W na npoToH OyneT AeicTBOBaT> MOMEHT, OTpeesiieMblid pa3HO-
CTbIO 3TUX NaJCHUN NaBJICHUI:

AP= AP,—A4Py= 2V, V, cosa. (1.10)

DTa pa3HOCTh JABJIEHUI MO BCEil MOBEPXHOCTH MPOTOHA CO3JACT
MEXaHUUYECKHH MOMEHT, Pa3BOPAYMBAIOIIHNI MPOTOH TaK, YTOOBI MO-
TOKHM 3(Mpa Ha BHEUIHMX CTOPOHAX MPOTOHA OKAa3aJIuCh aHTUMapa-
JieJIbHbI HAMPaBJIEHUIO BHEIIHErO MOTOKA.

Hwmes B BHIY, YTO B3aUMOJEWCTBHE TOPOUIAIBLHOTO TBMIKEHHS C
BHEIIHUM TTOTOKOM MPOWCXOANT B TIONIEPEYHOM HAIpPaBJICHUH 3a CUET
BSI3KOCTU CO CKOPOCTBIO CBETa, B KayeCTBE CKOPOCTU Haberaroliero
MOTOKA B BBIpOKEHHUE CIIEAYeT MOJACTaBUTh V, = ¢ = 3:10 wilc. Torna
JUTSE MarHUTHOTO MOMeHTa Oy/IeT CripaBeJINBO BhIpayKEHHE

tp = Kmp,eVi Sty =K pocViVp, A1)

rae K — koadduumenr, yuursiaromuii popmy MpoToHa W HarpaeJie-
HHSl YIJIOB TMOBEPXHOCTHBIX YYacTKOB OTHOCHMTEIBbHO Haberaroriero
notoka 3¢upa; p — MIOTHOCTH d(pUpa B CBOOOJTHOM MPOCTPAHCTBE, ¢ —
CKOPOCTb CBETa; V; - CKOPOCTb 3(HMPHOrO MOTOKA HAa TOBEPXHOCTH
NpOTOHA B pailOHe ero 3KBaTopa; S, I, Vp — COOTBETCTBEHHO ILIO-
11a/1b TOBEPXHOCTH, paJlyc U 00bEM MPOTOHA.

Takum oOpasoM, Qusuueckaa cyujHocms MAZHUMHO20 MOMEH-
ma npomoHa — MexXaHU4eCKuil MOMeHm, KOmopulil Oyoem ucnwi-
mbleams NPOMOH, 0Cb KOMOPO20 PACHOI0ICEHA NEPREHOUKYIAPHO
HanpasneHul0 Habe2arowez0 NOMOKA IPUpa, O8UIHCYULE20CA CO CKO-
pocmeio ceema.
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CKOpOCTh TOPOMIANIBHOTO JABW)KEHHS 3(pHpa Ha TOBEPXHOCTH
MPOTOHA TPOILEe BCEro HAWTH W3 MPENCTaBICHUH 00 SKBMBAJIEHTHOM
KPYTOBOM TOKE.

MarHuTHbIif MOMEHT NPOTOHA cocTaBiseT 2,79y, rae W, — saep-
HBI MarseToH, pasueii 5,05-10°" ix-Tn™, T.e. o 1,41-10°° JIx
Tt .

Kak u3BecTHO, MarHUTHBIM MOMEHT MPOTOHA MOXKET OBITH OIpe-
JeieH KaK MarHUTHBIi MOMEHT HEeKOTOPOro KpyroBOro TOKa i, TeKy-
IIero B 3aMKHYTOM KOHTYp€, TUIOLIab KOTOPOro paBHa S

M=iS. (1.12)

U3 adupoarnammuueckoid Moaear NPOTOHA BUIHO, YTO JHUAMETP
TaKOro KOHTypa NMPUMEPHO paBeH paauycy npoTtoHa. M3 3akoHa mno:i-
HOT'O TOKa CJIelyeT, YTO HaIpPSXKEHHOCTh MarHUTHOTO TOJIsl COCTaBJIs-
€T BEJIMUMHY

i
H=00O, (1.13)
2r

rae I =r,/2. Takum o6pa3oM, nomyyaem Ajs NpoToHa

tp tp 1,41-16°
H=000 =000 =000000 =10° A/m. (1.14)
ars re  7°1,12.10%

Kak Oyner mokazaHo B rTjaBe 8, MarHMTHoe moJie (U3NUECKH
npencTaBiseT co0oi HabOp MAarHUTHBIX CHIIOBBIX JIMHUM, KaKaas W3
KOTOPBIX TpelCcTaBiseT co00i BUXpeBOil MOTOK 3(hupa, a HaNpsHKeH-
HOCTH MarHMTHOTO TOJIsi COOTBETCTBYET CKOPOCTh MOTOKa 3dupa B
CTPYKTYpe MarHMTHOW CHJIOBOM JMHKM. 3HaueHuto 1 A/m cooTtBercT-
BYeT CKOpPOCTh NMoToka B 376,65m/c. CrieoBatenbHO, CKOPOCTh MOTO-
Ka 3(upa Ha MOBEPXHOCTH MPOTOHA OyIeT paBHA
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v, = 376,65-18 =3,76-18 wic. (1.15)

Pazymeertcs, Bech pacdeT HOCUT BecbMa MPHUOJIM>KEHHBIN Xapak-
Tep.

Dusuueckana cywiHOCMb INEKMPUHECKO20 3apAOA NPOMOHA.
[TpoToH — Bpawmaroiuiics Topona mapoodpa3zHoit GOpMbI ¢ panycoM
I, CO31aET B OKPECTHOCTH I10JIE BpaleHUsA. TopouaanbHOe IBIKEHUE
pa3MbIBaeT BPALLAIOLIMKCA CJIOH, MOITOMY CKOPOCTb KOJIBLEBOIO
JBWKEHUS CPElibl HA PACCTOSIHUM I OT LIEHTpPA Lapa COCTaBUT

— 2
Vi = Vo (/1) % (1.16)
y,[[eJ'IBHaSI OHEPTHUA IJIEKTPUIECKOI'O MOJId COCTABJIACT

§E?
Wep= 001 ; (1.17)
2

a ylielpHasi SHeprus cTpyu 3¢upa onpenessercs BoIpakeHHeM

P V2
w.=000, (1.18)
2

rae £ — HanpsyKeHHOCTb DJMEKTPUUYECKOro Mois, Vi, — CKOPOCTh KOJIb-
LIEBOT'O ABWKEHHS d(prpa BOKPYT MPOTOHA.

Orcrona cpa3y BUAHO, YTO MOCKOJIBKY MOKa3aTelH CTereHel & 1
O, paBHbl 1, TO

& = 8,8510% dm* =p, = 8,8510°% krm >, (1.19)

)5 k! TEOPEMBbI Faycca BBITCKACT, YTO BHCKTpI/ILIeCKI/Iﬁ 3apsa paBeH:
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q=&ES (1.20)
riae S —miomaab MOBEPXHOCTH 3apsHKEHHOM YacTHIIbI.

CrenoBareibHO,

q=&ES=p, VS (1.21)

Taxkum oopazom, Quzuueckas cywyHOCmb I1EKMPUYECKO20 3a-
PAOG NPOMOHA — NOBEPXHOCMHAA YUPKYJIAUUA NIOMHOCMU Iupa.

IMockoneKy A7t MpoTOHA Iy = 1,12:10° m, q = 1,6-10" K, o-
JIy4UM, YTO OKpY’KHas (KOJbLieBast) CKOPOCTh JBHIKEHHS TOBEPXHOCTH
MOrPaHUYHOTO CJIOSI POTOHA paBHA

1,6-18
Vo= 00000000000 =1,15-18" mct  (1.22)
4 -1,12.10°. 8,85-10°

UzmeHeHue HampaBiieHHsl ABMXKEHHS TMOTOKa 3dupa OT TOPOU-
JAIBHOTO K KOJIbLIEBOMY YBEJIMYMBAETCA IO Mepe YBEJIWYEHHUs pac-
CTOSIHUSL OT OCH TOPOM[A, TIO3TOMY B TIEPBOM MPHUOIMKEHUH BECh TO-
poUI BpalaeTcs BOKPYT CBOEH INTaBHOM OCH MOYTH Kak TBepAoe Tello,
T.€. KacaTesibHasi CKOPOCTh B LIEHTPE BpalLEHUsl paBHA HYJIO, a jajee
HapacTaeT JMHEHHO NPONOPLUHUOHAIIBHO paauycy. B TopounaabHoM xe
JIBMKEHMH UMEETCSl MPOTHBOMOJIOMAKHOE MOJIOKEHHE. B LIEHTpe MPOTO-
Ha CKOpOCTh 3(pHpa 3HAUUTENHLHO OOJIbIIE, YeM Ha ero nepudepun.

ITockonpky Hanpap/ieHUs TOPOMAATBHOM U KOJIBLIEBOM CKOpPOCTEN
MEePNeHANKYJIAPHBI IpYr APYry, MOXKHO OMpeAeauTb MOIYJb CKOpO-
CTH MOTOKa 3¢Hpa Ha TOBEPXHOCTH TOPOUJA KaK

=\VvZ+v? = 10°VI1,5+ 3,76 =1,2-16" w/c. (1.23)
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Konuuecmeo amepoe ¢ eOunuye 06vema npomoHa COCTaBUT
n, =N, oo, =3-16"- 2,8.1678,85.10" = 3.10%, (1.24)

rJie Ny — KOJIMYECTBO aMepoB B euHMIIe 00beMa cBOOOIHOTO A(hurpa B
OKOJI0O36MHOM MPOCTPAHCTBE, [, — CPEeAHss IUIOTHOCTb MPOTOHA,
paBHast 2,8-10kr/m3, 0, — WIOTHOCTL 3(HpPa B OKOJO3EMHOM MpPO-
CTpaHCTBeE.

Cpeonas onuna ce0000H020 npodeza amepa 6 meie HPoOMoOHa

A= 112 n,a, = 1/4/2 -3-10%.2,64-10"° = 10*° m. (1.25)

Temnepamypa mena HyK10Ha MOXeT ObITb HaliieHa U3 TIpUMep-
HOrO PaBeHCTBA JABJICHUH HA ero MOBEPXHOCTH (MpH MpeHeOpekeHnH
LEHTPOOSIKHBIM aBJICHHEM):

T,=T,p,lp,=2-10%.8,85.10%42,8-13" =6,3-10°K . (1.26)

Cpeonas ckopocmb meni06020 08UNCEHUA AMepa 6 mene HyK1o-
H@ COCTaBHUT:

u, = uNp/g, = 5,4-16% 8,85-10%/2,8-167 = 3-10m-c* . (1.27)
Yucno coyoapeHuil Kax)cooz2o amepa 6 meJjie HyKI1oHA
Yp= Upldp = 3-10/2,3:10" = 1,3-16° ¢ . (1.28)
Temnepamypa mena HykioHa MoxeT ObITh HaliZieHa U3 MpUMep-
HOT'O PaBeHCTBA JaBJIEHUI HA €ro MOBEPXHOCTH (MpH MpeHeOpekeHNH

LEHTPOOEIKHBIM JIaBJIICHHEM):

T,=T.,p,lp,=10"-8,85.10%2,8-10" =3,1-10°K . (1.29)
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Kunemamuueckan eazkocmob 3upa é noZpanudHoM cioe Ha no-
6epXHOCMU RPOMOHA ONPENEIUTCS HA OCHOBE KUHEMATHUYECKON BA3-
KOCTH cBOOOIHOrO 3()Mpa ¥ OTHOUICHHUS TEMMEpaTyp MOrpaHUYHOIrO
CJI0S Ha TIOBEPXHOCTH MPOTOHA M TEMIIepaTypbl CBOOOAHOTO 3(hupa

Tr[orp 3,1'1075
Xoop =X» 00 = 41600 00 = 1,24 -1G°vmc. (3.28)
T, 10"

Bpema penakcauuu (camonpou3éonvnozo pacnada) npomoHa
KaK M BCSIKOTO BUXPSI ONPE/ICIIUTCS BbIPAKCHUEM:

o Pp 1,12:10".2,8-1¢
t=0,360 -0 =0,360 000000 =1,8218c=
% P 7-10°.8,85-10*
= 5,8-18= 5,8mpx. ner. (1.30)

PeanbHas BenmMuMHA BpeMeHM peJlakcalld, MO-BUIUMOMY, OOJIb-
1Ie, MOCKOJbKY, Onarofaps BBICOKOMY TPaIMEHTY CKOPOCTe, Bs3-
KOCTb B MpeJesax MOrpaHUYHOro CJosi MPOTOHA MEHBIe, YeM B CBO-
6onHOM 3dupe. Mcxons e U3 MpeACTaBICHUH O (GOPMHUPOBAHUU U
pacrajze MpOTOHOB B CHMpalibHOM [amakTuke — 3TO BpeMs, [MO-
BUJIMMOMY, MOKHO olleHuTh kak 10-20 mipa. net. DTo coBmanaer ¢
BpPEMEHEeM pacrajia MpoTOHa, YCTAaHOBJICHHBIM YKCIIEPUMEHTAIBHO IO
W3BECTHBIM METOJIMKaM, XOTs CJIeyeT OTMETHTh, YTO 3TH METOAMKHU
OCHOBaHbI Ha HEBEPHBIX MPECTABICHHUAX M MOITOMY HE MOTYT MpH-
HUMAaThCSl BO BHUMaHHe.

Ecnu paccMaTpuBaTh MPOTOH Kak BpalaloUIMACS MO HHEPLHU
1ap, TO BpeMs ero MOHOH OCTAHOBKM cocTaBuT nopsiaka 10 ner, Ho
NPOTOH 3TO HE LIap, a ra3oBblii TOPOUAAIBHBIA BUXPb, KOTOPbIH MO-
CTEMEeHHO TepsieT YHEPrHI0, TOPMO3UTCS U YBEITUUMBACTCS B pa3Mepax.
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OTO NPUBOAXT K YBEJIMYEHHIO TUIOMIAIN TIOBEPXHOCTH H TOBBILICHUIO
KWHEMaTH4eCKON BSI3KOCTH, YTO BEIET K YCKOPEHHUIO TMOTepU BHYT-
penHeit sHepruu. [Ipouecc morepu 3Hepruv HapacTaeT JIABUHHO, I10-
3TOMY BpeMsl pejlaKcally COKpalLaeTcs.

[o-BuauMoMy, peasibHOe BpeMsl OT 3apOXIeHHUS A0 pacraja mpo-
TOHa cocTaiseT nopsaka 1010seT, 0 yeM MOXKHO CyZIUTh MO JUTUHE
cnvpajibHOrO pykasa Hauueil ['anaktuku: Bozpact ColHEUYHOH cucTe-
MBI COCTaBIISIeT Mopsiaka 5, SMipa. jer u oHa npouwia yxe 2/3 cBoero
nyTH ot sapa ['anaktuku 10 neprdepuu, rue NpoToHbI pacnamyTcs, U
Bcst CoslHeUHasi cucTeMa pacTBOPUTCS B d(Upe.

1.3. ®u3nyeckas CyWHOCTb CUNILHOTO AAEPHOIO U
31eKTPOMarHMTHOro B3auMoAencTBMA NPOTOHOB

BzaumopeiicTBre dYacTHI] BellecTBa MOXKET OCYIIECTBIATHCS
TOJILKO B TOM cllydae, €Cjid UMU CO3Jal0TCs IPaJUeHThl TaBJICHUNA B
a¢upe, KOTOpbIe U BOCIIPUHUMAIOTCS KaK CHJIOBBIE TIOJS B3aUMO/IEH-
ctuii.. Torma Temo, nonaeuiee B HepaBHOMEPHO pacmpezesieHHOe T10-
Jie IaBJICHUH, CO3JaHHOE APYTUM TEJOM, HAUYMHAET UCMbIThIBATh BO3-
JIefiCTBYE 3TOTO Teja 4epe3 3TOT TpajueHT namieHuid 3dupa. Takoe
B3aMMOJICHCTBHE MOXET ObITh PacCMOTPEHO Ha MpHUMepe JBYX Bpa-
HIAIOIIMXCS LIAIUHIPOB, OCH KOTOPBIX MapajuieNbHbI IPYT K IPYTY.

Ecnu nBa mapamienbHbIX BpallalOIIUXCS LUUJIMHIpA PacrosioiKe-
HBI BOJIM3M APYT Jpyra, TO B3aUMOJISHCTBUE LUIIMHIPOB OYyJIeT ornpe-

JeNATbCS WX HANpaBJICHUSIMH BpALEHHs OTHOCHUTENBHO APYr Apyra.
(puc. 1.3.)
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Puc. 1.3.B3anmopeiicTBHe ABYX NMIIMHAPHYECKHX Ia30BbIX BHXPeii:
a — BPAIIAIONINXCS B MPOTHBOMOJIOKHBIX HANPABICHUSX; 6 — BPAIIAIONIUXCS B
OJIHOM HaIpaBJICHUU

Ecnu mexmy uuMnuHapaMy MPOBECTH IUIOCKOCTh CUMMETPHH, TO
JIErKO BUJIETh, YTO LMJIMHIPHI CBOMM BpALEHUEM [OJIKHbI 3arOHITh
ra3 u3 CBOOOJHOrO MPOCTPAHCTBA B 00JaCTh MEXKIY MOBEPXHOCTHIO
UWIUHIPA U 3TOH MIOCKOCTBIO. YUUTBIBas, YTO ra3 o0yajgaer rmioTHO-
CTBIO U, CJIE/IOBATENIbHO, MHEPLIUOHHOCTBIO, /ISl TOTO YTOOBI OH JIBU-
rajicsi YCKOPEHHO B 3TOM MPOMENKYTKE, €ro Hy>KHO CxaTb. JTO MpUBe-
JIeT K TOMY, YTO TUIOTHOCTh ra3a B MPOMEXKYTKE MEXKIY LUIUHIPOM U
TUIOCKOCTBhIO CHMMETPHH OKa)KETCS BBIIIE TUNIOTHOCTH ra3za B cBOOO/-
HOM MPOCTPAHCTBE, 3TO MOBBICUT €ro TeMIepaTypy U JaBlieHue, Mo-
CKOJIbKY U3 YPaBHEHHUsI COCTOSIHUS Ta3a ClielyeT, YTO

P=———m (131)
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rae R —yHuBepcanbHas razoBas MOCTOsHHas, | — abconoTHas TeM-
nepatypa; V — MONSIpHBIi 00beM.

ITockonbky 00beM cokpalllaercs, a TemIeparypa pacTeT, TO 3a
CYET ATOr0 JaBJIeHHE rasza B MPOMEKYTKE MEXIY LMIMHIPOM U TUIOC-
KOCTBIO CHUMMETpUM OyzaeT yBenuuuBaTbcs. OTHOCHTENBHOE TpHpa-
IIeHHe JTaBJICHUS COCTABUT:

AT AV
APy =P(—— +—). (1.32)
T \Y

OnHako 3a cyeT rpagveHTa CKOpPOCTeH TaBlieHWe B TOM jkKe Tpo-
MEXKyTKe Oy/IeT CHIKAThCS Ha BEJTMUMHY

pv?
APZ = — (133)
2

rae V — CKOpOCTh JIBWKEHHs CTeHKHM IuiuHapa. CriemoBaresbHO, B
MPOMEKYTKE MEXAY UMWIMHIPOM U IJIOCKOCThIO CUMMETPUU HU3MEHe-
HUE JaBJI€HUs ONpPEaeSUTCS Pa3HOCTbIO

AP = AP; — AP, . (1.34)

Benuuuna AP B 5TOM ciywae Oyner oTpuuarenbHas, TeM Oolee
YTO B IpaJMEeHTHOM TEYeHWH Temrieparypa Bcerna cHibkaercs. Ciie-
JIOBaTeNIbHO, LMJIMHAPBI, BpallAloLKecss B OJHOM HarpaBlieHUH, Oy-
JYT CTPEMHUTBCS IPYT K APYTY.

Ha >Tv uMnuHApel WM HA UWIMHAPUYECKHE Ta30Bble BUXPH,
KpOMe TOro, JIeHCTBYIOT JIOOOBBIE CHIJIbI, CBSI3aHHBIC C BHELIHUMH T10-
TOKaMH rasa, KOTOpble OHH CaMH CO3Jal0T B OKpYsKaroleii cpene. 910
3aCTaBMT MX BpALLAThCs IPYT BOKPYT Ipyra. Y CKOpeHHe, KOTOpoe OHU
NpHOOPETYT, 3aBUCHT OT CKOPOCTH MOTOKOB, TJIOLIAM U MacChl.
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Ecnu umnmHapel OyayT BpamathCsi B MPOTHBOIMOJIOXKHBIE CTOPO-
HbI, TO B MPOMEKYTKE MEXIY HUMH I'PaTHEHTHOTO TEUCHHUS YXKe He
Oyner, a OyJeT MpoCcToO YCKOPEHHOe TeueHue ra3a. B stom ciyuae AP,
= 0 u ocTaeTcs TOMBKO MpUpaleHue aaBieHus APy, uunuHaps! OyayT
OTTAJIKHBAThCS APYT OT Jpyra.

TTpUTSHKEHUIO WM OTTAIKWBAHUIO HWJIMHIPOB OYyayT criocoOCT-
BOBaTh TaK)KE MPAJUEHTBHI CKOPOCTEW Ha CTOPOHAX, MPOTHBOMONIONK-
HBIX TJIOCKOCTH cUMMeTpun. OIHAKO B CBSI3H C TEM, YTO CKOPOCTH
MOTOKOB, a 3HAYWT, M TPAJMEHThl CKOPOCTE# 31ech ciabee, YyeM CO
CTOPOHBI MJIOCKOCTH CUMMETPHH, BIHUSHHE M3MEHEHHs JaBJCHUSA B
3TOM 0b6JIacTH OyIET CYIECTBEHHO cliabee, yeM B 001acTH MEXITy 11M-
JUHAPOM M TIOCKOCTBIO CUMMETPHH.

[IpencraBisier MHTEpeC pPaccMOTPETh Cly4ail TpeX UJIHHIPOB,
BpALIAIOLIUXCS B OJJHY CTOPOHY, U3 KOTOPBIX JIBa HAXOJATCS BOJIM3U
JpYT Apyra, a TpeThii — B HeboubioMm oTaanenuu (puc. 1.4).

ITockonbky 00a MepBbIX HUIHHAPA CO3MAIOT BO BHEIIHEM MPO-
CTpaHCTBE OOMIMIA MOTOK, TO TPETHH UUIUHIAP OyIeT K HUM MPUTATH-
BaThCs, HO 3aTeM OH Oy/eT WX 0OKaThIBaTh 10 TeX MOp, MOKa He OKa-
KETCsl B YIIyOJeHHUH MEKIY HWIMHIPAMH, KOTOPOEe M SIBJSIETCS IS
Hero peajibHOM MOTEHIMATLHOM AMOi. Ecnu cui, CBA3aHHBIX C BS3KO-
CThIO, OKaXKETCSl HETOCTATOUHO JIJIsl BBIXO/IA U3 3TOr0 YriyOJieHHs, TO
TpeTHil LWJIMHIP 31€Ch U OCTAHETCS.

R —

Puc. 1.4.B3aumopeiicTBue Tpex Bpallaruxcsi UWJIHHAPOB.

Bo Bcex cliydasdX UCTOYHHUKOM DHEPIyuu Jid ABUKCHUS TMMOTOKOB
rasa ABJIAIOTCA CaMU BUXPH. PaCCManI/IBaeMaSI IIJIOCKOCTh — IIJIOC-
KOCTb CUMMETpPHHU, PaCHOJIOKEHHasd MEXKAY BUXPAMU. Us TOM, U B
ApPpYyrom cirydae KaK bl BUXPb 3aroH4€T ra3 M3 BHEUIHCTO MPOCTpPaH-
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CTBa B MPOMEXKYTOK MEXIY BUXPAMH, COKMMas €ro v rnpuiasas Mnoro-
Ky AOMNOJIHUTENbHYIO 3Hepruto. Ho B mepBom ciiyyae rpagueHT CKo-
pPOCTH MOTOKAa MEXAYy BUXPSIMM BEJMK, a BO BTOPOM cilyyae Maj, U
MO3TOMY B3aUMOJEICTBHE BUXpEil C MOTOKaMU rasa M TeM cCambIM
JpYT C APYTroM CYIIECTBEHHO Pa3inuyaroTCs.

Ha ocHoBe W3/I0)KEHHOrO MOXET OBITh PacCMOTPEH MEXaHWU3M

CUWJIbHOI'O AAC€PHOro M 3JIEKTPOMArHUTHOI'O BSaHMOI[eﬁCTBHH (pI/IC.
1.5).

Alesy

AP

SMB

|
O Oﬁmg O<_A o

Puc. 1.5.B3anmopeiicTBHe YacTHII BelleCTBA Yepe3 rPaJueHThI JaBJIeHHi

OObIYHO 1711 TONOOHBIX PAcYeTOB HWCIIONB3YIOTCS YPaBHEHHUS
Bepaynnu. OnHako B HUX MpearnoaraeTcs TOJIbKO B3aUMHBIN 0OMeH
SHEprueil NaBlieHUs U DHEpPrueil MocTymaTeJbHOrO JIBUXKEHUS rasa
NP MOCTOSIHCTBE UX CyMMbI. [lodTOMY 3TH ypaBHEHHUs OKa3bIBaIOTCS
HEeTPUroIHBIMH IS pacueTa yKa3aHHbIX ciiydaeB. OOmas razouHa-
MHUecKasd 3aJada pacyeTa B3aUMOJECUCTBUUA BHUXPEH C YyUETOM H3Me-
HEHUSI TeMIepaTyphl, BSI3KOCTH W JaBJICHUN OBIBaE€T JOCTATOYHO
cioxkHol. Tem He MeHee, onpe/ielieHHbIe COOOPAKEHHUS 3]1ECh MOMXKHO
MPUBECTHU.
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Ha puc. 1.6u 1.7.moka3aHa 3aBUCMMOCTb SHEPTHH U COOTBETCT-
BEHHO CHJI MEKIY HYKJIOHAMH.

FE.M»sB

-1 \\p—p 7/-

N2

-2 N

-3

0 0.5 1,0 r, 105 m

Puc. 1.6.3aBHCHMOCTB 3HEPrUM B3aMMOJEHCTBUS MeKAy HYKJoHaMu (mpo-
TOH-MIPOTOHHOE M MPOTOH-HEHTPOHHOE B3aMMO/EICTBHSI) OT PACCTOSIHUSI MeXKIY
HHUMH NIPH AaHTHNAPAJLIEJbHBIX CITMHAX

it N
20 A 1\

D
D

10p
a / \
D
0]
0

/ ~
/

05 1,0 15 20 rl0%wm

-10
-20

Puc. 1.7.3aBHCHMOCTB CHJIbI B3aUMO/€eiiCTBHSI MesKAY HYKJIOHAMH (MPOTOH-
HeliTPOHHOe B3aMMOJEiiCTBHE) OT PACCTOSIHUSI MeXKAYy HHUMHU TMpPH aHTHMNapal-
JIeJTBHBIX CIHHAX

W3 nByx KpHBBIX, MpUBEICHHBIX Ha puc. 1.6.1 3aMMCTBOBaHHBIX
u3 [13], nocToBepHO# MpeacTaBIsAeTCsl TONBKO HIKHSAS KpHUBasi, OTpa-
JKarollasi 3aBUCUMOCTb 3HEPrUM MPOTOH-HEWTPOHHOIO B3aUMOACHCT-
BUSl, MOCKOJIBKY MPOTOH-MPOTOHHOE B3aMMOJCHCTBHE B CTAOMJIbHBIX
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Apax JIEMEHTOB OTCYTCTBYeT. CHilbl, BOZHUKAIOLINE MEXIY HYKJIO-
HaMHU TIPH MX OTpPbIBE APYT OT ApPYyra, MOTYT OBITh OMNpenesneHbl Kak
nepBast MPOU3BOAHAS OT SHEPTUU CBS3€ M0 pacCTOSHUIO, T.€.

oE
F= — (1.35)
or

Ha puc. 1.7 npuBeneHa 3aBUCUMOCTb M3MEHEHHSI CHJIBI B3aWMO-
JOeMCTBUS MPOTOHA M HEHTpOHA MpPU M3MEHEHMH PAcCTOSHHUS MEXIY
HUMHU. Kak BHIHO, HyJleBOMY 3HAuUSHHIO CWIIbI (PaBHOBECHOMY CO-
CTOSIHMIO) COOTBETCTBYET PAcCTOSHHE Meay Hykiaonamu B 0,7-10%°
M, a MakcumanibHoe 3HadeHue cuibl B 370 H mpuxoaurcs Ha pac-
crosuue B 1,25-10" m.

Ha puc. 1.6u 1.7.moka3aHa 3aBUCMMOCTb SHEPTHH U COOTBETCT-
BEHHO CHJI MEKY HYKJIOHAMH.

W3 nByX KpHBBIX, MPUBEICHHBIX Ha puc. 1.6.1 3aMMCTBOBaHHBIX
u3 [13], nocToBepHO# NpeacTaBiIseTcsl TOJIBKO HIKHSS KpHBas, OTpa-
JKarollas 3aBUCUMOCTb SHEPTUH MPOTOH-HEWTPOHHOTO B3aUMOJISHCT-
BUS, MOCKOJIBKY MPOTOH-MPOTOHHOE B3aMMOJICHCTBUE B CTaOMIIBHBIX
Apax dJIEMEHTOB OTcyTcTBYeT. CHilbl, BOZHUKAIOLINE MEXIY HYKIIO-
HaMHU TIPH MX OTpBbIBE IPYT OT ApPYyra, MOTYT OBITh OMNpe/esneHbl Kak
nepBasi MPOM3BOHAS OT SHEPTHH CBSA3EH MO PACCTOSIHUIO, T.€.

oFE
F= — (1.35)
or

Ha puc. 1.7 npuBeneHa 3aBUCMMOCTh M3MEHEHHSI CHJIBI B3aWMO-
JeWCTBUS MPOTOHA W HEWTPOHA MPU W3MEHEHHMH PACCTOSIHUS MEXIy
HuMHU. Kak BUIHO, HyJeBOMY 3HAuUSHHIO CWIIbI (PaBHOBECHOMY CO-
CTOSIHMIO) COOTBETCTBYET PAcCTOSHHE Meay Hykiaonamu B 0,7-10%°

M, a MakcumalibHoe 3Hadyenue cunbl B 370 H mpuxoaurcst Ha pac-
crosuue B 1,25-10™ m.
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B Hacrosiiee Bpems Mpearnoyiaraetes, 4To 3JIeKTPOMarHUTHOE U
CWJIBHOE SIISPHOE DIIEMEHTApHBbIC B3aMMOJCHCTBUSI MMEIOT MPHHIIU-
MHUATLHO pasHylo npupoay. B camom nene, snekrpoMarHuTHOE B3au-
MozielicTBHe ake B aToMax Ha pacctosiaud B 10°°M Ha MHOro mno-
PSAKOB MPEBBILIACT SIIEPHBbIC CHITbI, PAJNYC AEHCTBHUS KOTOPBIX CO-
crapisiet, mpumMepro, 107" M.

DJIeKTPOMarHUTHOE B3aUMOJICHCTBHE OTBETCTBEHHO 3a CyILECT-
BOBaHHE OCHOBHBIX «KHMPITMYMKOBY» BELIECTBA — aTOMOB U MOJIEKYJ U
onperesnsieT B3aMMOJCHCTBUE siiep W 3JIEKTPOHOB B 9TMX MHKPOCHC-
Temax. [109TOMy K 2/1€KTpOMArHUTHBIM B3aUMOJCHCTBUSAM CBOAUTCS
OOJIBIIMHCTBO CHWJI, HAOIOAAIOIIMXCSI B MAKPOCKOTIMYECKUX SIBJICHH-
X! CHJIa TPeHMsi, Chia ynpyroct v ap. CBOMCTBa pasinuHbIX arpe-
raTHBIX COCTOSHMM BellecTBa (KPUCTAJIOB, aMOP(HBIX TeJl, JKUIKO-
CTeH, ra3oB, Ia3Mbl, XUMHYECKHE MPEBPaIleHHUs], TPOLIECCHl U3ITyUe-
HMS1, pAaCTIPOCTPAHEHHs U MOTJIOLIEHHs HJIEKTPOMArHUTHBIX BOJIH) OIl-
PEeAEeNAIOTCS HIEKTPOMArHUTHBIMU B3aUMOJICHCTBUSIMHU.

CuiibHbIC K€ siIepHBbIC B3aMMOJCHCTBHS OTBETCTBCHHBI 332 BHYT-
puUsiiepHbIe MPOLIECChl — B3aUMOJICHCTBIE HYKJIOHOB U alib(ha-4yacThI]
B sZIpax aTOMOB, a TAK)Ke 32 XapaKTePUCTHKU aJipOHOB — BCEX BUJIOB
YaCTHL, YYaCTBYIOIIMX B CHJIbHBIX B3aMMOJAEHCTBHUSX — MPOTOHOB U
HEWTPOHOB, a TAaK)Ke TAKUX YAaCTHLI, KaK TMIIEPOHBI, ME30HBI, PE30HaH-
Cbl W T.I., KOTOpPbIE, MO MHEHHIO aBTOpA, HAa CAMOM Jielie SIBIISIIOTCS
BCETO JIMIIb NePEeXOAHBIMHU (hOpMaMHU TeX K& MPOTOHOB U HEHTPOHOB
Y CBEPHYTBIX MEKHYKJIOHHBIX MMOTPAaHUYHBIX CJIOEB d(Hpa.

OTHOLLIEHHE KOHCTAHT 3JIEKTPOMArHUTHOTO U CHIIBHOTO $IEPHOTO
B3aMMO/ICHCTBHS IBYX MPOTOHOB MPH SHEPruu B3aumojeicTeus B 1
B cocrasnster 107 a Ha MEHBLIMX PACCTOSHUAX IO BIEKTPOMAr-
HHUTHOTO B3aMMOZEUCTBUS MPOTOHOB 1O CPABHEHHUIO C CUIIBHBIM sep-
HBIM ellle yMeHblIaeTcs. Takum oOpa3oM, OCHOBaHHs [JIsl TOTO, YTO-
Obl CuUMTaTh 3TH B3aUMOJICHCTBHS — 3JIEKTPOMAarHUTHOE M CHIIBHOE
SZIEPHOE KaUeCTBEHHO Pa3HbIMH UMEIOTCS.

Crienyet, 0fIHaKoO, MOAYEPKHYTh, YTO B JAHHOM ClTy4ae MMeeT Me-
CTO SIPKO BbIpayKeHHasi PEHOMEHOJIOTHs, T.€. CYXKJICHHE O MpeMeTe He
N0 MX BHYTpEeHHEH (DPU3MUECKOM CYLIHOCTH, a 10 BHELIHUM €€ MPOsIB-
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JIEHUSIM, YTO HE TO3BOJISIET MOHATH PealbHYIO0 KapTHHY M YTO B pe-
3yJbTaTe MPUBOAMT K OMIMOOYHBIM BbIBojaM. Ha camom nene ¢usm-
yecKasl NPUPOJAA JIEKTPOMATHUTHOTO U CUIIBHOTO SJI€EPHOrO B3aUMO-
JIeMCTBUS OJIHA U Ta )K€, & U3MEHEHUE 3HAKA CUJIbI OT OTTAJIKUBAHUS K
MPUTSKEHUIO TIPH B3aUMOJCHCTBUY JBYX OJWHAKOBBIX YAaCTHUL CBULE-
TENBCTBYET O TOM, YTO B 3TOM MpOLECCe B3aUMOIECHCTBUS OOHOBpE-
MEHHO Y4YacTBYIOT [Ba MpOLIECCa, CO3JAI0IIME KaKAbI CBOE B3aUMO-
JEeACTBYUE C PA3INYHOMN CTEMEHBIO 3aTyXaHUs B MPOCTPAHCTBE U COOT-
BETCTBEHHO MPOTHBOIOJIOKHO HAIMTPABIIEHHBIE CHJIBI.

B cootBetcTBUM ¢ 3dUpOIMHAMUYECKUMH TPEICTABICHUIMH Ka-
SKABIA MPOTOH MpeAcTaBiseT co0oi TOPOUIAIbHBIA BUHTOBOW BUXPb,
BO30Y)KIAIOLIMI B OKPY’)KAIOIIEM IMPOCTPAHCTBE BUHTOBBIE IOTOKU
3¢upa TOro >ke 3HaKa BUHTA, YTO U MOTOKU 3(upa, 0Opasyrolue Tejo
npotoHa (puc. 1.8).

W F’T ’;F
(a1o) (@) L
~—_—"% 5
- L. F
(©) (©)
) F, 6)

Puc. 1.8. lucraHunonHoe (3JIEKTPOMATHUTHOE) B3aHMOJEICTBHE TOPOM-
JAJLHBIX BUHTOBBIX BUXPeil: @ — PH HaXOX/ICHUH KX B OOIIEH MII0CKOCTH;
6 — TIPH COOCHOM TI0JIOKCHHH; 6 — B OOILEM Cllyyae

IIpocTpaHcTBeHHBIE BUHTOBBIE MOTOKU (Hpa, CO3IaHHBIE OJTHUM
MPOTOHOM, B3aUMOJEHUCTBYIOT C MOBEPXHOCTHBIMU BUHTOBBIMM TMOTO-
KaM{ Telna BTOPOro NMPOTOHA M BBIHYXKAAIOT €ro pa3BepHYTHCS B aH-
TUMapasuieIbHOM HaMpaBJIeHHWH, MOCe Yero OKa3bIBAaeTCs, UYTO KOJIb-
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1ieBasi COCTABNIAONIAs IBWKEHUs 3(hupa y 00OMX MPOTOHOB B MPOMeE-
JKYTKe MEXIy HUMM HarpasjieHa B OJHOM HalpaBIeHUH.

[IpocTpaHcTBEeHHbIE BUHTOBBIE MOTOKH 3(Hpa, CO3AaHHBIE OJHUM
MPOTOHOM, B3aMMOJEHUCTBYIOT C MOBEPXHOCTHBIMU BUHTOBBIMH MOTO-
KaMH Tejla BTOPOro MpOTOHA W BbIHY>KJAIOT €ro pa3BepHYTbCsA B aH-
TUNapajIeIbHOM HAIpPaBJICHUH, MOC/IE Yero OKa3blBaeTCs, YTO KOJIb-
LeBas COCTaBJIsIoIas BMKeHHs 3¢upa y 000HUX MPOTOHOB B MpOMe-
JKYTKe MEXIy HUMM HarpasjieHa B OJHOM HalpaBIeHUH.

ITosToMy TopomnaipHas coCTaBisOLIas MOTOKOB 3dupa obecrie-
YMBAET NPUTSKEHUE MPOTOHOB APYT K JIPYTY, a KOJbLEBas — OTTaIKH-
BaHHE.

Cuna, neicTByrolas Ha HYKJIOH, MPOINOPLMOHAJIbHA Pa3HOCTH
KBaJIpaToB IpaIl€HTOB TOPOUJAIBHOM U KOJIBLIEBOI CKOPOCTEHA, T.€.

0 0
F=%P=— [_(VT)Z_ _(Vlc)z]' (136)
2 or or

riae S—ioiaab ceYeHusl HyKJIOHa; p — MIOTHOCTh 3¢dupa; AP — pas-
HOCTb JIaBJIEHWH CO3/1aBaeMbIX TI'paJUeHTaMH NaBJIEHUI TOpPOMIANb-
HOH U KOJIBLIEBOM CKOPOCTEH.

B cootBercTBuuM ¢ 3akoHOM bno-CaBapa TopouganbHOe JBHXKe-
HMeE, CO3aBaeéMOe OJIHHM U3 MPOTOHOB B CBOOOAHOM 3dupe, yObIBaeT
NpPOMNOPLMOHANIBHO KyOy paccTosiHus. Ecnu BTOpoi mpoToH nomnan B
3TO TOJIe CKOPOCTEH, TO HAa HEro HaYMHAeT AeHCTBOBATh CO CTOPOHBI
NoTOKa 3(hupa MOMEHT CWJI, pa3BOPAYMBAIOIINI €ro B HalpaBJICHUH,
aHTUMApaJIEIbHOM TMOTOKY CHJI. DTO MPOMCXOJIUT BCJEICTBUE TOTO,
YTO TOJBKO TaKO€ MOJIOKEHUE OKA3bIBAETCSd YCTOMUMBBIM, MOCKOJIBKY
no Bcedl mepudepur BTOPOTro MPOTOHA YCTAHABIMBAETCS MaKCHMMYM
rpajveHTa CKOpocTel M, Kak ClieICTBUE, MUHUMYM JaBjieHus ddupa.
Konbuesoe ke qBukeHre yOblBaeT MpONOPLUHOHATIBLHO KBaapaTy pac-
CTOSIHMSL.
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[lockonbky ToporaanpHOE IBMXKEHHE YOBIBA€T MPOMOPLIMOHATBHO
KyOy paccTosiHMs, a KOJIbLEBO€ MpPOMNOPLIMOHAIBHO KBaapaTy pac-
CTOSHHUS OT LEHTpa MPOTOHA, MOJYUUM:

IUTs IaJleH!s AaBJIeHHsl OT TOPOUIATLHOTO IBMXKEHUs dpupa

Qo » o Vr r0
=~ SUP, = ——— (@ f = —— () =
Dr 200 P
$ VT2r06
__3 — (1.37)

a JId naa€HUus JaBJICHUA OT KOJIbBIIEBOT'O IBMXKCHUA 3(pra

$ 0 S o wiro 9 wiro'
F=S4P = —— (V)= — — ( )= 2 . (1.38)
20r 2 0or 1 rs

OTW ABe CUIibl JEWCTBYIOT B IMPOTHBOIOJIOXKHBIE CTOPOHBI: TO-
poUaaIbHOE IBMIKEHUE CTPEMUTCS TMOATAHYTHh BTOPOM HYKJIOH K Iep-
BOMY, KOJIbIIEBOE — OTTOJKHYTb. O0€ CHITBI MOJTHOCTBIO YPaBHOBEILIH-
BaloT APYT Apyra Npy yCIOBUU

F
F.=F, —=1, (139)
F
OTKyZJa
3 r02
=1, r=15r% r=1,22r1=1,37¢. (1.40)

2r?
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BbrunTas BennuMHy paaMyca HyKJIOHA, MOJIyYMM, YTO BEeJIMYMHA
3a30pa B paBHOBECHOM IOJIOKEHUH MEXKY HYKJIOHAMH COCTaBUT

A=0,25¢ = 2,5-10"m (1.41)

PeanbHo aToT 3a30p coctaBnser ot 0,1 g0 0,2h, T.e. HECKOIbKO
MEHbIIIE, YTO MOXKET OBbITh 00BICHEHO AeopMaliell caMuX HYKJIOHOB
NOJ1 BO3/ICHCTBHEM JIpYT JpYra, a TakKe He MOJHBIM YYeTOM APYruX
(akTopoB. Bo Bcex ciydasx MosyueHHbIH pe3ysibTaT UMeeT HEeIIoXoe
COBIMAJICHUE C peabHbIMU COOTHOIICHHUSMH B SIIPaX aTOMOB.

[lpu Maneix paccTOSHUSX APYT OT Apyra B IMpeaenax TOJLIMHBI
NOrPaHUYHBIX CJIOEB HYKJIOHBI TMPUTArMBalOTCS (MOATAIKMBAIOTCS
BHELIHUM JaBlieHUeM 3(upa) Ipyr K Ipyry, MPH OOJIBIINX — OTTAJIKH-
BAIOTCS APYT OT Jpyra AaBjieHreM d¢hupa Mexay HyKIOHAMH, UMEIO-
MM 3Ha4yeHue OoJbliee, 4eM JaBjieHue 3(upa Ha UX MPOTHBOIO-
JIOXHBIX cTOpoHax (puc. 1.9).

gradP,

gradP,

[P
Puc. 1.9. PacnipenesieHue rpaaiueHToB aaBJjeHMil 3¢upa BOIM3M NMOBepPXHO-

CTH HYKJIOHA; T.p. —TOYKA PaBHOBECHUS JaBJICHUN

[Ipn paccTosiHMSAX MEHBLIMX, YeM CyMMapHas TOJILIMHA Morpa-
HUYHBIX CJI0eB 000MX HYKJIOHOB, HX TOPOWJAJIBbHBIE TIOTOKH TepemMe-
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LIMBAIOTCS, AABJIEHUE BO3PACTAET, U B3aUMOJECHCTBYIOLIME HYKIOHbI
OCTaHABIIMBAIOTCS BOJIM3HM TOUKH PaBHOBECHS.

Takum 00pa3oM, MOXHO YTBEpXKIaThb, UTO CUAbHOE AJEPHOE U
INEKMPOMAZHUMHOC 83AUMOOCHCIEUA UMEIOM eOUHBLIT MEXAHUIM
M TOJIBKO MPOSBIISIIOTCS MO-Pa3HOMY Ha Pa3HBIX PACCTOSHUSIX MEXKIY
B3aMMOJEHCTBYIOLIMMH HYKJIOHaMH.

Otcrloga crienyeT, 4TO CHWIBI SAGPHOTO W DJIEKTPOMAarHUTHOTO
B3aMMOJICHCTBHS CBOMM TIPOMCXOXKIEHHEM OO0S3aHBl TPEM COCTaB-
JISIOLIMM!

— CWJIaM, CBSI3aHHBIM C TOPOMIAIBHBIM JBM)KEHHEM d(upa Ha Mo-
BEPXHOCTH HYKJIOHOB — ITPOTOHA U HEHTPOHA,

— CHJIaM, CBSI3aHHBIM C KOJIBLICBBIM JIBMKEHHEM 3(upa Ha To-
BEPXHOCTH TeX K€ HYyKJIOHOB,;

— cuJlaM, CBSI3aHHBIM C YIUIOTHEHHEM 3¢Hpa B MEKHYKIOHHOM
MPOCTPAHCTBE.

[lepBble nBe cocTaBiasAIOLIMX OO0s3aHBI CBOMM MPOHUCXOXKICHHUEM
rpajveHTaM CKOpPOCTeil MOTOKOB 3¢Hpa, U OHU HampaBiieHbl B Ha-
NpaBJICHUHU T'PAIMEHTOB CKOPOCTEH, MOCKOJbKY 3[eCh JaBlieHHe d(pH-
pa MOHMKEHO OTHOCHTENBHO BHEITHErO JaBJIeHHs 3GHpa, U BHEIIHEe
JaBlieHre dQupa U3BHE CO3aeT JaBlieHHe Ha HYKJIOHBI.

Cuna, cBsizaHHas ¢ MajgeHWeM AaBJieHUs d(PUpa Ha MOBEPXHOCTH
HYKJIOHOB OTpe/eNIUTCs Pa3HOCTBIO CKOpocTel 3¢upa Ha MOBEPXHO-
CTH HYKJIOHA U MOTOKa 3(hMpa, U3BHE OMBIBAIOLIETO 3Ty MOBEPXHOCTb,
T.C.

P SIAV?
AF=§ AP= ———, (1.42)
2
rae p, — IIOTHOCTh 3¢dupa, §; — IIonalb MONEPEeYHOro CeYeHUs

HYKJIOHa, A V — pPa3HOCTb CKOpPOCTeH MOTOKa 3(Hpa, OMbIBAIOLIErO
HYKJIOH, ¥ TIOTOKa 3(Mpa Ha MOBEPXHOCTH HYKJIOHA.

[TockonbKy CKOpOCTh KONBLEBOIO ABM)KEHHUsI yObIBaeT Mpomnop-
LIMOHAJILHO KBaJpaTy pacCTOSHHUS:
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B
V, = - (2.43)
4y

rae b — tonumHa Topouna; [ — WMPKYJIALKS KOJIbIIEBOTO TBHKSHUSA
MO 3KBaTOpPY TOPOU[A, TO U CWia, NEHCTBYIOLIAs HA MPUTSKEHUE U
OTTAJIKUBaHUE TOPOMIOB, OyAET MPOMOPIHUOHAIILHA MPOU3BEACHUIO
TOJIUIMH ¥ TUPKYJISAIANA 000X TOPOUIOB U 0OpaTHO MPOMOPIHOHAIb-
Ha KBaJApaTy PacCTOSIHUI MEKIY UX LEHTPaMHU:

QI—'](l bZFKZ
Foz —, (1.44)
4r?

YTO COOTBETCTBYET 3akoHy KyioHa.

Tpetbs cocrapisiomas 00s3aHa CBOUM MPOMCXOXKICHHUEM YIUIOT-
HEHHIO pHUpa B MEKHYKIOHHOM MPOCTPAHCTBE, U 3JIeCh TOXKE HEO00-
XOJIUMO YYHUTBIBATh TpU (hakTopa:

— (akTop coOCTBeHHO CxkaTHsi (Upa, YTO MOBBILIACT AaBICHUE
NPOMOPLMOHATIBHO YMEHBLICHHUIO PACCTOSIHUS;

— (akTop BO3pacCTaHHsi TEMIEPATypbl, SBISIOLIUNACS CIEJCTBUEM
TOTO e CKaTHs d(PHUpa, YTO TaKKe MOBBIILIACT JaBJICHUE MPOHOPLHO-
HaJIbHO ellle OJTHOM CTETIeHN YMEHbIICHHUS PACCTOSHUS;

— (akTOp M3MEHEeHHsl IO MOBEPXHOCTH, CTAHOBSILEHCS BCe
Oosee TUIOCKOW MO Mepe COJNMKEHHUsS HYKJIOHOB, YTO JOOaBNseT elle
OJIHY CTeNeHb B IMIIEPOOIMUECKYIO 3aBUCUMOCTh W3MEHEHHMs JaBjie-
HHS C yMEHbLICHUEM PacCTOSHUS.

Cxarve s¢upa oObsCHIETCS TeM, uTO 3(Hp, BbLIyBaeMbI W3
LEHTPAJILHOrO OTBEPCTHUS MPOTOHA, CXKAT BEChbMa CHJIBHO, TPEIIOIO-
JKUTEJILHO B COTHH Pa3 OTHOCHTEIILHO TJIOTHOCTH 3(Hpa B CBOOOTHOM
npoctpaHcTBe. [103TOMY BBILIEAUIMIA W3 LEHTPAIBHOTO OTBEPCTHS
NPOTOHA W OMBIBAIOUINN €ro MOBEpXHOCTh 3up OyneT cxkar, HO MO
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Mepe yAaneHusl OT MOBEPXHOCTH MPOTOHA CxkaThe OydeT yMeHbLIaTh-
csl.

3a cyeT cxkaTHsl M Harpesa 3Upa B MEKHYKJIOHHOM MPOMEXYTKE,
a TaKoke BCJeACTBUE W3MEHEHHUS (JOpMbl HYKJIOHOB BO3HUKAET JAOMOJ-
HUTENbHAS CUJIa OTTAJIKUBAHUS, paBHAs

16, 62 d
Fox = ; 0= , (1.45)
o° M

rae d — MeKHYKIIOHHOE paccTosiHKe, I, —paJuyc MPOTOHa.

Bce nepeuncienHble cuibl, B MPUHLINIE, AEHCTBYIOT OT MOBEpPX-
HOCTEW HYKJIOHOB JI0 OECKOHEYHO OOJIBIINUX PACCTOSIHUM, UMesl, OfHa-
KO, pa3HbIil XxapakTep yObIBaHUS U Pa3HYIO BEJTUUMHY, IOSTOMY:

CHIIbI, CBSI3aHHBIC C TOPOMJAILHBIMU MOTOKaMU 3(upa BCIenCcT-
BUE KyOMUYECKOW 3aBHUCHMOCTH 3aTyXalOT Ha PAacCTOSHHH, MEHbIIEM
oaHoro Mepmu, UTO YUCIEHHO COOTBETCTBYET SKCHEPHUMEHTaIbHBIM
JAHHBIM TI0 CHJIEHOMY SIIEPHOMY B3aMIMOJEHCTBUIO;

CHIIbI, CBSI3aHHbBIE C KOJBIIEBBIM TMOTOKaMHU 3(duUpa, BCIEICTBHE
KBaJApaTUYHOU 3aBUCUMOCTH 3aTyXalOT HA PACCTOSIHUAX, COOTBETCTBY-
IOIIMM pafiiycaM aTOMOB, T.€. Ha MMATh U 0oJiee MOPsIIKOB OOIBIINX.

Comnocrasissi B3aUMOJICHCTBHE TOPOUAATEHBIX BUXPEBBIX BUHTO-
BBIX KOJIel[ C MOBEJCHUEM 3apsLDKEHHBIX YACTHUL, MOXKHO CHeNaTh cie-
JyIOLIUE 3aKJIIOUCHUS.

1. ITockonbKy OpHEHTAIUsl YaCTHIL OTIpeIeTIieTCs] TOPOUJAIBHBIM
JBYDKEHHEM, TO MarHUTHBIM MOMEHT YaCTHI] OTOXKJIECTBIIAETCSA C TO-
pOUIANIBHBIM JBMKEHHEM 3(Upa Ha ee MOBEPXHOCTH U OIpeeseTcs
KaK MPOU3BE/ICHUE BEJIMYMH TUIOTHOCTH 3(hUpa B OKpyKarolieM Mpo-
CTPaHCTBE p,, CKOPOCTH CBETA ¢, CKOPOCTH TOPOUIATBHOTO JBHIKECHHUS
Ha 2KBaTOpe MOBEPXHOCTH MPOTOHA V; U 00beMa MpoToHa V!

tp = Kap,ei Sty =K pocViVp, 4@)
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2. DNEeKTpUYECKUi 3apsa eCTh MPOSBIEHWE KOJIBLEBOTO IBIDKE-
HUS 3(PUPHBIX MOTOKOB Ha MOBEPXHOCTH MpOTOHa. Bermwumna smek-
TPUYECKOTO 3apsja 4YacTHULbl MpelacTaBisieT coOoil LMPKYISALMIO
TUIOTHOCTH 3()Mpa Ha MOBEPXHOCTH MOTPAHUYHOTO CJOS U COCTABIISIET

a, Kn=pve, S, krle, (1.47)

3. [Mockonbky (akT MPUTSHKEHHUS WM OTTAJIKUBAHUS OMpeneseT-
Csl OpMEHTAlLMEeH KOJbLEBOr0 BPaLIeHUs! OTHOCUTEILHO TOPOUIAIBHO-
ro, TO MOJIAPHOCTh 3apsja ClelyeT OTOXICCTBIATh C OpUEHTAleH
KOJIbLIEBOTO JIBUJKCHHUSI OTHOCUTEIBHO TOPOUAAIBHOTO (T.€. CO 3HAKOM
BUHTOBOTO JIBUOKEHHS).

4. TlockoNbKy CHITBHOE SIEpHOE B3aUMOJEHCTBHE B spe aToma
MPOUMCXOANT MEXAY HYKJIOHAMH, COMPHUKACAIOUIMMHUCS CBOMMHU TIO-
IpaHUYHBIMU CIIOSIMH, TO PU3MUECKON CYLIHOCTBIO CHIIBHOTO SepHO-
ro B3aMMOJCHCTBUS CEAYeT CUMTATh MPHXKATHE HYKJIOHOB APYT ApY-
Iy BHELUTHUM JIaBJieHHeM 3(upa BCIIeJICTBUE MaJICHUs NaBJieHus dhupa
B MEXHYKJIOHHOM TOTPaHUYHOM CJIO€ B pe3yJibTaTe 3HAUYUTELHOrO
rpajveHTa CKOpocTel B MpeaesiaX 3TOro MorpaHuyHoOro ciosl.

5. CyIHOCTBIO 3JIEKTPOMArHUTHOTO B3aUMOJICHCTBUS MPOTOHOB
SBJISIETCS B3aMMHOE W3MEHEHWe JIaBJIeHWH dduipa Ha MOBEPXHOCTAX
HYKJIOHOB, TIPOU3BOANMOE UMU AUCTAHLIMOHHO.

6. CunbHOe sjepHOe W DJIEKTPOMArHUTHOE B3aUMOJICHCTBUS B
CBOEH OCHOBE MMEIOT oOlIMi d(HUPOIMHAMUYECKUH MEXaHU3M H pa3-
JMYatoTCs JIMILIb BETMYMHON BO3SHMKAIOIMX HA MOBEPXHOCTIX HYKJIO-
HOB CHIDKEHUH JaBlieHUs 3Qupa BCIEACTBUE Pa3MuMii B TpagueHTax
CKOpOCTeH 3(UPHBIX OTOKOB B MPOCTPAHCTBE MEXKY HYKIIOHAMH.

Hmes B BUAY, UTO paguyc HyKJIOHA B SApe COCTaBIIsET HECKOIBKO
OoNblIYIO, YeM paHee MpUHATas BeJIWYMHA, 33 cueT AedopMaluu Hy-
KJIOHA W3-32 TPWKATUS HYKJIIOHOB JIPYr K Jpyry, TpUMeM paJuyc
1,2-10% M u momane ceuenns 4,5-10% m? NpY BEJIMYUHE MEXKHY-
KI0HHOTrO rpomeskyTka & = 0,dp = 10™°M umeem naneHue gaBneHus
B ME)KHYKJIOHHOM MPOMEXKYTKE JIJIs IEPBOTO ciIyyas
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Wy 3,6-10°

AP, = = =8-1& Ila, (1.48)
S, 0 4,5-10° .10
a BO BTOPOM CJIy4dae
. 3,8-10°
AP, = = =8,4-1% Tla.
(1.49)

S, 0 4,5-10° .10

Takum 00pa3oM, MpoBedeHHbIE pacyeThl HAXOIATCS B XOpOLIeM
COOTBETCTBHMHU C OMBITHBIMU JAHHBIMU M B HEIJIOXOM COOTBETCTBUH C
BE/TMYMHON MaBeHns B cBoGogHOM 5dupe, coctapmsuomem 1,3-16°
ITa. IIpu sTOM OKa3bIBaeTCs, UTO BHEPrHs CHIBHOTO SAEPHOTO B3au-
mojielicTBus cocTapnseT He Gonee uem 107 (0,01%)ot sHepruu 3du-
pa, 3aKIIFOYEeHHON B 00beMe MEKHYKJIIOHHOTO MpocTpaHcTBal

IIpou3BeneHHbI pacyeT Mokasal, YTo 3a CUeT TOPOUIANbHOM Co-
crapmsoweit pu Heckatom sdupe npu d = 1,25-10° M 3Hauenue
cuitbl coctasut 22H u 63, H npu d = 0,7-10" m. Ho 3a cuer Konble-
BOTO JIBWKEHMS 3(hupa BOKPYT MPOTOHA CHIIBI YMEHBLIAIOTCS U CO-
CTaBJAIOT cooTBeTcTBeHHO 14,59 1 48,3H.

IMpu O = 0,7 cuibl NPUTSHKEHHs, BbI3BAaHHBIE TOPOUIATBHBIM
JOBW)KEHUEM 3(upa, YPaBHOBEILIUBAIOTCS CUJIaMHU OTTAJIKMBAHMS, CBSI-
3aHHBIMHU C KOJIbLIEBBIM JBM)KEHHEM 3(upa BOKpYr MPOTOHA, U CHJia-
MM, CBS3aHHBIMHU CO C)KaTHeM d(upa B MEKHYKIOHHOM TMPOMEXKYTKE.
Ipu 0= 1,25 F, = 8,3, u cnenosarenbHO, CyMMapHas cuijia B3au-
moaeicTBus coctaBut Beero 40H. Ha camom nerne sTa cuna coctaBiis-
er 37CH. CnenoBatenbro, adup npu d = 1,25-10° m cxat B 370/40 =
9,3 paza.

Yro KacaeTcs Cuil, BOSHUKAIOIIMX MPU COMMKEHUN HYKJIOHOB, TO
OHH yBEJTMUMBAIOTCS OueHb GbicTpo: mpu d = 0,7-10°m F = 0,npu d
= 0,5-10°m F > 10, npu d = 0,2-10°m F > 200, npu d =
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0,1:10°m F >1600@H. IT1 cHTbI TOKE CBS3aHBI CO CKATHEM ddupa
B MEXHYKJIOHHOM MPOMEKYTKE, HO OHM BbI3BaHbl yiKe COMMKEHHEM
HYKJIOHOB.

B nepBom ciydae npu OTCYTCTBMH T'paJHeHTa CKOPOCTEH naBiie-
HHE ra3a Mex/1y BUXPSIMH MOBBIIIACTCS 3a CYET €ro C)KaTHsl, MOCKOJIb-
Ky ra3 u3 cBOOOHOTO MPOCTPAHCTBA 3arOHSAETCS B OTHOCHTENIBHO Yy3-
KWl TpOocBeT MexKAy UMIMHApamMu. [1oBbIIIEHHe NaBieHKs NPUBEIET K
OTTAJIKUBAHHIO BUXPEH APYT OT Apyra.

Bo BTOpOM cilydae ra3 TOYHO TaK jKe 3aroHsieTcs U3 CBOOOIHOrO
NPOCTPAHCTBA B TOT K€ MPOCBET, YTO XOPOLIO BUJIHO U3 PUCYHKA, HO
37leCh BO3HUKAET OOJIBILION rpaJUeHT CKOPOCTH, B pe3yJibTaTe KOTOPO-
ro JaBJieHHe B ra3e najaeT CyLIECTBEHHO OOblie, YeM MOBBIIIACTCS
3a CYeT CXKATHs ra3a. ITO MPOUCXOAUT MOTOMY, YTO B I'PaJIUCHTHOM
MIOTOKE ra3a TeMIepaTypa CHIXKASTCS M0 3aKOHY

AT = — AU 2o (1.50)

rae AU — mepenag CKOpOCTH, Cp — TETJIOEMKOCTh Ta3a MpH MOCTOSH-
HOM JJaBJICHUH.

Ecnu ke BUXpH HaxoasTcs Ha OJIM3KOM pacCTOSHUM B Mpelenax
MOTrPaHUYHOIO CJI0s, TO OCHOBHYIO Pa3HOCTh JAABJIEHWI CO3JacT pas-
HOCTh CKOpOCTEH B MEXKBUXPEBOM 30HE, KOTOPAasi COCTABUT 2V, M TOT1a
nasieHue AaBjeHus OyneT paBHO

AP =— 2pv,%, (1.51)
a cuja MpbKaTUsl BUXPel ApYT K Apyry COCTaBUT

AF = SAP. (2.52)

DHeprus B3auMOJISHCTBUS BUXpe

W= APV, (1.53)
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riae V —o0beM MeXKBUXPEBOTO MPOCTPAHCTRA.

Ha ocHoBaHMM M3I0)KEHHOTO MOKHO OTIPEIEINTh CHIKEHUE JaB-
JeHust 3upa B MEKHYKJIOHHOM MPOCTPAHCTBE aTOMHBIX siiep (CHIIb-
HOE sIZIepHOE B3aMMOJICHCTBHE).

Jlna B3auMopeHcTBUS BUXpel, HaXOmANIMXcs Ha OJIM3KOM pac-
CTOSTHUM JIpyr OT Jpyra, T.e. B 30He OOJBIIOr0 3HAYCHUS TpaJiieHTa
CKOpPOCTEH, UMEEM

AP, =—0,5.V,". (1.54)

BI[CCB Vp — CKOpPOCTb ABHUXKCHUSA 3(pra Ha NOBEPXHOCTHU IMMPOTOHA.
Ecnu He YUUTHIBATL CKaTUEC 3(1)1/1pa B MCEXKHYKJIIOHHOM MpPOCTpaH-
CTB€, TO, IOACTABUB YMCJIICHHbIC 3HAYCHHUS, TTIOJTyUUM:

AP,=-0,5-8,85-16° 1,62 10?=1,13-16'1a.

C yuetoM cxkarus 3¢upa 3Ta BeJIMUMHA JIOJDKHA OBITh HECKOJIBKO
Gosblie.

Kak w3BecTHO, »Heprus cBsizedl HYKJIOHOB B A1pe JIeHTepus co-
crasiisier 2,27 MsB unu, 4to TO Ke caMoe, 3,6-1013 k. B anbda-
YacTHIIE SHePTHsl CBA3eH, MPUXOAAIIASACS Ha OOUH HyKJIOH, COCTaBIIs-
er 7,6 MbB, HO Ha OJHY MOBEPXHOCTb COMPSLKEHHS MPUXOIAUTCS
Beero 3,8MbB, wiu 6-10" JIx.

YMeHbllIeHUe TaBIeHUs B MEKHYKJIOHHOM MPOMEXYTKE KOMIICH-
CUpyeTCsl yBeTTMUSCHHEM B HEM TUIOTHOCTH 3(pHpa U COCTABISIET BCErO
JIMIIb MaJIYIO JOJIO JlaBJieHus 3¢pupa B CBOOOHOM MPOCTPAHCTRBE, a
WMEHHO JJIs TIEPBOTO ClTydast

oP, = 8:16?/1,3-16°=6,15 - 10 = 0,0615%.
Jnst BTOporo ciyuas

6P, = 8,4-16°/1,3-16°= 6,46 -10' = 0,0646%.
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1.4. O6pa3oBaHue U CTPYKTYypa HEUTPOHa

C y4eToM W3JI0)KEHHOTO MOXKET OBbITh paCCMOTPEH MEXaHU3M 00-
pasoBaHUsl HEMTpPOHa B siApe.

Ecnu ckopoctu cOnmkeHHs MPOTOHOB B ra3e TaKOBbI, YTO CIO-
COOHBI TPEONOEeTh CHIIbl SJIEKTPUYECKOro OTTAJIKMBAaHWSA, TO JBa
MPOTOHA Pa3BEPHYTCsSl aHTUMAPaUIENbHO, MOCKOJIBKY TMPH 3TOM Ha MX
nepudepuu odpasyeTcs Upe3BblYaifHO BBICOKHI IPaIMeHT KOJbLEBBIX
CKOpOCTEH. YCTOMUYMBOCTh TOPOMAATIBHOIO TEYEHUS! HA MOBEPXHOCTU
NpoTOHa Oy/eT UCKIIIOYHUTETBHO BBICOKOM, MOCKOJIBKY TOPOHUAATbHOE
TeueHue 3(Up CO34aeTCsi He CTOJIbKO MOBEPXHOCTBIO, CKOJIBKO BHYT-
PEHHHMM OTBEpPCTUEM NPOTOHA, Iie CLEIUIeHHe MOToKa dhHpa ¢ TelIoM
MPOTOHA BBICOKAsl M3-32 BBICOKOM IVIOTHOCTH M BBICOKOH TeMIiepaTy-
pbl mipoayBaeMoro 3¢upa. YCcTOWYMBOCTh KOJIBLIEBOIO MOTOKA HE BbI-
COKa, MOCKOJIbKY KOJIbLIEBOE TEUEHUE Ha MOBEPXHOCTU MPOTOHA CO3-
JlaeTcs TOJBKO €ro MOBEPXHOCTHIO 32 CUET BA3KOCTH B CJIOSX d(upa.
ITpu sToM Temneparypa s¢upa 31ech HU3Kasi, TPaJAUeHT CKOPOCTH BbI-
COK, CJI€JIOBAaTe/IbHO, U BS3KOCTb HEBEJUKA.

Ecnu nBa nportoHa compukacatoTcs ApYr ¢ ApYyroM B Mpenaenax
MOTPaHUYHOTO CJIOS, TO TOPOUAANIBHBIE TTOTOKK OyIyT ci1abo BO3/eii-
CTBOBaTb JIpyr Ha Jpyra. KosbLeBoil ke MOTOK OJHOro MpPOTOHA B
npeaenax 3TOro MOrpaHUYHOrO CJIOsl OKAKETCsl B KOHKYPEHTHOM cu-
TYyallH M0 OTHOLIEHHUIO K KOJIbLIEBOMY MOTOKY BTOpOro nportoHa. Cu-
Tyalusl OKa)KeTCsl HEYCTOMUMBOW, OJMH W3 TOTOKOB OyIeT TOpMO-
3UThCS. DTO MPHUBEAET K TOMY, YTO I'PaJMEHT CKOPOCTHU KOJbLIEBOTO
JBWKEHUS Y TOPMO3SILLErocs MoToKa HayHeT BO3pacTaTh, a BSI3KOCTb
nazath. B pe3ynbrare Bce KOJbLIEBOE ABWKEHHUE OKaXKeTCS 3aMKHY-
TBIM BHYTPH 3TOTO MOrpaHuyHoro cjios. [IpoToH npesparutcs B Heil-
tpon (puc. 1.10).

To, 4To HEeHTPOHBI MOTYT 00pa30BBIBATECS TOJIBKO BHYTPH Spa,
MOATBEP>KAAETCS TEM, YTO B CBOOOIHOM COCTOSIHUM HEHTPOHBI HE MO-
IyT CYyLIECTBOBAaTb CKOJbKO-HUOYIb OJrO. OHHU CaMOIPOU3BOJILHO
npeBpamiaoTes B npotoH. CuuTaercs, 4To mpu 3ToM oOpasyercs W
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3NIEKTPOH, HO Ha CaMOM JieJie 3TO BOBCE He 00s3aTebHO, TaK KaK Be-
posiTHEE BCEro MpOCTO MOrpaHUYHbIN CIIOM HEHTpoHa npeolOpasyeTcs
B MOTPaHUYHBIA CJIOW MPOTOHA 0€30 BCSKOrO POXKACHMS DIEKTPOHA.
DTO MPOUCXOAUT MOTOMY, UYTO B OCBOOOIMBILEMCS U3 aTOMHOIO S1pa
HEeWTpOHe HUYTO OoJiee He MPENATCTBYeT BOCCTAHOBJICHHIO €0 00BIY-

HOT'O KOJIbLICBOTO JBM)KEHHsI, HO Ha 3TO YXOJAWT HEKOTOpoe Bpems (110
16 muH.).

Puc. 1.10.B3aumopeiicTBHe MPOTOHOB M MeXaHH3M 00pa30BaHUs HEMTPOHA

B o6pa3oBaBiueMcsi y HEWTpOHa MOTPAHUYHOM CJIO€ KOJIBLIEBOE
JBIKCHUE 3aMbIKAaeTCs MOJHOCTBIO, TIO3TOMY HEHTPOH M BOCIIPHHH-
MaeTcs Kak dJIeKTPHYeCKH HelTpaiibHas yactvua. Ho 3a cuer atoro
MOrPaHUYHOrO CJI0S, B KOTOPOM BSI3KOCTB MOHIKEHA, Nepepacrpesie-
JsieTCs U TOPOMIAJIbHOE JIBHXKEHHE, KOTOpoe OcabisieTcss BO BHELI-
HeM mpoctpaHcTBe. [IpakTHka 3TO MOATBEp)KAAeT: y MPOTOHA Mar-
HUTHBIH MOMEHT cocTapisier 2,79,a y HeliTpoHa Tonbko 1,91 samepHo-
ro MarHeToHa.

B o6pa3oBaBiieMcst y HEWTpOHAa MOTPAaHUYHOM CJIO€ KOJIBLIEBOE
JBIKCHUE 3aMbIKAaeTCs MOJHOCTBIO, TIO3TOMY HEHTPOH M BOCIIPHHH-
MaeTcsl KaK dJIeKTpUUYeCKH HelTpaibHas yactuua. Ho 3a cuer sToro
NOrPaHUYHOTO CJI0sl, B KOTOPOM BSI3KOCTb TOHM)KEHA, Mepepacrpere-
JseTcs ¥ TOPOMAANBHOE JBIKEHHE, KOTOpoe OcialiseTcss BO BHEIL-
HeM mpocTpaHcTBe. [IpakTka 5TO MOATBEP)KIAeT: y MPOTOHA Mar-
HUTHBIH MOMEHT cocTasisier 2,79,a y HeliTpoHa Tonbko 1,91 sanepHo-
ro MarHeToHa.
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Macca Heiitpona, pasras 1,67482-1G' kr, Gonble, yemM Macca
npoToHa, pagHas 1,67252-1G" kr Ha Bemuumnny 0,0023-1F7 kr. D10
JIETKO OOBSACHSATCS TeM, YTO 3(HP, BXOAAUIMN B COCTAB MOrPaHUYHOTO
ClIOSl HEWTPOHA, YUUTHIBaeTCs B €ro Macce, B TO BpeMs Kak adup,
JBWKYLIMICS BOKPYT MPOTOHA, IBH)KEHHE KOTOPOrO BOCIIPUHUMAETCSI
KakK 3JIeKTPOMarHUTHOE IoJie MPOTOHA, B Macce MPOTOHA HE YYUThIBa-
ercsl.

1.5. Mogenu aToMHbIX Saep

1.5.1.Ilepuoouueckan cucmema 31emMeHmMOB U COCMAG AMOM-
HbIX A0ep

Kax u3BectHO, Ilepuoauyeckas tabnuna sneMeHTOB Oblyia pa3pa-
6otana JI.U.MenneneeBsiM B 1869r. 1 npakTHyeckH 3aBepLIeHa UM K
1871rony. B ocHOBy kilaccUdUKalMK BCeX 3JIEMEHTOB OBLTH TMOJIO-
JKEeHBbl MX aTOMHBIE Beca, T.e. MmapameTp OOLIMi Ul BCeX BJIEMEHTOB.
B nocnenyromem okasanoch LienaecooOpa3HbIM TaOJULy HECKOJIBbKO
YTOUHUTD, MIOJIOKUB B €€ OCHOBY YK€ HE aTOMHbIE Beca, a dJeKTphye-
CKHe 3aps/ibl ep SJIEMEHTOB, T.€. YUCIIO POTOHOB.

Ha ocHoBe pazpaboranHoii D.Pesepdopaom B 1911r. mianerap-
HOW MOJeNu aToma, roJiulaHAckuid yueHslit A. Ban nen bpyk B 1913r.
BBICKa3aJl MPEIoI0KEeHHe O TOM, UTO MOPsIKOBbIiH HoMep B Ilepuo-
JMYECKOl cucTeMe 3jeMeHTa (aTOMHbI HOMep Z) YKMCIEHHO paBeH
3apsay sapa atoMa B €AMHHULAX 3JeMEHTAapHOro 3apsaa. OTo ObLIo
9KCMIEPUMEHTANILHO MOATBEPKAEHO aHrTUickUM QuzukoM D.Moziu,
YCTaHOBMBLIETO CBS3b YAaCTOTHI CMEKTPAIBHBIX JIMHUH XapaKTepUCTH-
YECKOro PEeHTreHOBCKOTO M3IYYEHHS XMMHYECKOro 3JeMEHTa C €ro
MOPSIIKOBBIM HOMEPOM. DTO MPUBENO K HEKOTOPBIM YTOYHEHHSIM TO-
psiaKa HOMEPOB 3JIEMEHTOB, HO CyIHOCTh I[leproanyveckoro 3akoHa
COXpaHMUJIach.
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Hwxe npuBeneHbl 4eThipe €IUHHIIBI, SBISIOMIMXCS OCHOBHBIMH
IUTS OTIpeieSIeHs] aTOMHBIX BECOB 3JIEeMEHTOB!

1. Macca nokost mpoTtoHa My, = 1,67252-1G' xr = 1,0072766
y.a.e.M.
2. Macca nokost HeWTpoHa m, = 1,67482-10" kr = 1,0086654

y.a.e.M.

3. VuuduumpoBaHHas atoMHas eIdHMIA Macchl (y.a.e.M.) =
1/12maccer aToma m3otona yraepoaa 02 = 1,6603-1F kr.

4. AtomHas enuHuIa maccel (a.e.m.) = 1/16maccel atoma HU30-
Tona kucnopona g0™° = 1,6597-10" kr = 0.99994y.a.e.m.

B mnpuBeneHHol Hwke TalOnuie NMpUBEIEHbI aTOMHbIE MacChl
NepBbIX TPUILATH dJieMeHTOB [leproauueckoii TaOULIbI SIEeMEHTOB

Onupasicb Ha 3TH JaHHBIC, MOJKHO OINpPEAEIUTh COCTAaB aTOM-
HBIX siIep BCEX XUMHUUECKHUX DIIEMEHTOB.

Tabnuya 1.1.
One- Atomuas | Pacnpoctpa- | One- Atomnas | Pacmpoctpa-
MEHT Macca HEHHOCTb, % | Menr | Macea HEHHOCTD, %
(y.a.e.M.) (ya.e)
H 1,0079 1-99,985 165 32,06 3332 - 905.7052
2- 0015 34— 421
JHe | 40026 |3-1,3810 |.,Cl | %453 | 35-7175
4 —99,99986 37-24,23
aLi 6,94 6- 75 18Ar 39,94 3386 - 00636337
7-925 40 -99.6
Be 9,0122 | 9-100 oK 39,09 39— 93,2561
41-6,7302
-B 10,81 | 10-195 | a.Ca | 4008 40-s6.041
11-805 43~ 0135
44— 2,085
46 — 0,004
48 — 0,187
C 12,011 | 12-98,9 |.Sc | 449550 | 45-100
13- 11
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7N 14,0067 | 14 — 99,634 | ,,Ti 47,90 2176 - 78~30
15— 0, 366 47
49— 55
50- 54
0] 15,9994 | 16 — 99,672 | 3V 50,941 50— 025
17 — 0,038 51-99,75
18- 0,2
oF 18,9984 | 19 — 100 24Cr 51,996 50— 4,435
52 -83,739
53 - 9,501
54 - 2,36
1oNe 20,17 20-90,51 »sMn 54,938 55-100
21- 0,27
22— 9,22
1Na 22,9877 | 23-100 26F€e 55,847 54- 58
56 — 91,72
57- 2,2
58 — 0,28
12Mg 24,305 24 -78,99 | ,,Co 58,9332 | 59-100
25-10,00
26 —-11,01
Al | 26,9815 | 27-100 | Ni |5870 | 58-68.27
60 — 26,10
61— 1,13
62— 3,59
64— 0,91
14Si 28,086 28 -92,23 | ,Cu 63,54 63 —69,17
29— 4,47 65 — 30,83
30— 3,10
15P 30,97376/ 31 -100 304N 65,38 64 — 48,6
66 — 27,9
67— 4,1
68 — 18,8

W3 npuBeieHHBIX TAaHHBIX CJIeTyeT BBIBOJ O TOM, UYTO:
6 A0pAX AMOMO8 CHADUILHBIX IIEMEHIO08 HUKAKUX UHBIX YdC-
muuy, Kpome HyK/10HO8 — HPOMOHOG U HEUIMPOHOE, He COOEPHCUMCA,
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opyzue mak Haszvleaemple <QNEMEHMAPHbIE YACMUUBL> GeU{eCHed
obpaszylomea unu npu paouoaKkmuGHOM pAcnade Hecmadun1bHbIX
A0ep, uiu npu coyoapeHuax Yacmuy 8 yCKOPUmesax.

1.5.2.0cnosusie y¢hupoounamuyeckue npunyunsl CmpyKkmyp-
HOUl Op2aHU3AYUU AMOMHBIX A0ep

CyuiecTByOT pa3HOOOpa3Hble MOIeNH aToMHbIX simep [9—-23],
OMKChIBalOIIKE Oosee WM MEeHee TOUHO MapaMeTpsl aep, B TOM YHc-
Jle SHepruy B3aUMOJACHCTBUS HYKJIOHOB, 3HaUY€HHsS MArHUTHOTO MO-
MeHTa W T.N. HemoctaTkaMu 3TUX Mojenei BistoTcs UX eHOMEHO-
JIOTUYHOCTD, (DAKTUUECKOE OTCYTCTBHE CTPYKTYPHBIX MpPEACTABICHHIHA,
a TaKoKe MpeAcTaBleHUH O MPUPOJE BHYTPHUSACPHBIX B3aUMOJEHCT-
BUIA.

Kak 370 HM yauMBUTENbHO, (DPU3UUECKHUE OCHOBBLI CTPOCHHUSI ATOM-
Horo snpa 3anoxun J[.M.Mennenees croeii Ilepuonuyeckoii Tabnu-
el syeMeHToB, co3naHHoi uMm B 1869r., T.e. Torna, koraa o camMmom
(hakTe CylIeCTBOBAHHS aTOMHBIX sijiep B aTOMax ObUIO ellle HU4Yero He
W3BECTHO.

[Ipexxkne Bcero, ciieayeT OTMETHTHh TOT (akT, 4To ocHoBol Ile-
pUOIMYECKON TaONHIIbI AJIEMEHTOB, pa3paboTaHHOW MeHeneeBbIM,
NepBOHAYaJIbHO SBUJIMCH aTOMHbIE Beca 3JIEMEHTOB, T.e. MX oOuine
rnyOuHHBIe cBOMCTBa. TakuMm 00pa3oM, METOIMYECKH STO COOTBETCT-
BOBaJIO HEe (PEHOMEHOJIOTHH, T.€. BHEITHUM CBOIMCTBAM, UTO MBbITAIHCH
UCTOJIb30BaTh Bce MPEIbIAYIIME aBTOPBI MOMBITOK CHCTEeMAaTH3aIUN
9JIEMEHTOB, a IMHAMUKE, T.€. BHYTPEHHEMY YCTPOHCTBY aTOMOB.

B nanpneiimiem Ilepuoguueckas Ttabnvua MenpaeneeBa Oblna
CKOPPEKTUPOBAHA MyTeM Y4YeTa 3HAYCHHH DIICKTPUYECKUX 3apsjioB
aTOMOB, HO MPUHLMIHAIBHO 3TO HUYETO He U3MHUIIO.

[Tockonbky [lepuognueckas Tabnvua saeMeHTOB MeHeneeBa
OblIa BCECTOPOHHE anpoOMpOBaHa MPAKTHKON, MOXKHO YTBEP)KIATh,
YTO OHA COOTBETCTBYET pealibHOMY YCTPONCTBY aTOMOB, T.€., B Mep-
BYIO Ouepenb, YCTPOMCTBY aTOMHBIX sIe€p, Ha YTO OO HACTOSLIErO
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BpeMeHHM He oOpaiieHo BHUMaHus. Ha camom ke nerne, B sapax aro-
MOB B cooTBeTcTBUM ¢ Ilepuonnueckoi cuctemoil MeHaeneeBa HeT
HHUYEro, KpoMe MPOTOHOB U HEUTPOHOB, YTO MOJTHOCTBIO COOTBETCTBY-
eT 3(pHUPOIMHAMHUYECKUM TMpPEACTABJICHUSIM O CTPYKType siep Bcex
aTOMOB.

[Mpenckazanue J[.J[.MBanenko B 1931r. cyuiecTBOBaHUS HEUTpPO-
Ha U OTKpbITHEe HewTpoHa Jlx.Yenpukom B 1932r. moareepausio cy-
IIECTBOBAHME COCTABHBIX SJEP M MOJHOCTHIO YJIOXKUIIOCH B MPEACTaB-
nenus Ilepronuueckoil cucremsl sreMeHTOB MeHeneeBa, (axkTuyie-
CKH, TEM CaMbIM, TOJTBEP/IMB €e.

OGpaiiaer Ha ce0si BHUMaHUe TOT (DAKT, YTO Bce MOCIEAYIOLIHe
OTKpBITUS TaK Ha3bIBAGMBIX <QJIEMEHTAPHBIX YaCTHLL», KOTOpPbIE BCE
OKa3aJIuCh HEYCTOWYMBBIMH M OBLIM TOMYyYeHbl MCKYCCTBEHHBIM ITY-
TeM NPHU COyIapPEeHUH YCTOWYMBBIX YaCTHL — IPOTOHOB MU HEUTPOHOB O
MHIIEHH, TOKE COCTOSIIMX M3 TeX )K€ YCTOWYMBBIX YacTull. B mpu-
po/ie HUYero Mojo0HOro HeT, UCKIIIoYasi, pa3Be UTO, MOTOKH «KOCMH-
YEeCKUX 4YacTHI», B CBOI OYepelb IMOJYYeHHBIX B pe3yJbTaTe Mpo-
HUKHOBEHHS TIOTOKOB MPOTOHOB «KOCMHYECKHUX JIydel» B aTMochepy
3emity, T.€. ¢ TOMOIIBIO MOAOOHBIX JKe COyIapeHHH.

Takum o00pa3oM, MOXKHO yTBepKIaTh, YTO BCE TMOJIyYCHHbIC
OIBITHBIM MyTeM <AJIEeMEHTaPHBIC YaCTHULBI» €CTh BCEro JIMIIb OCKOJ-
KW YCTOMUYMBBIX YacTHI] M aTOMHBIX Si/1€P, U OHU HE CO/IEPXKATCS B BE-
1IecTBe, a 00pa3yroTcs BO BPeMsi COOTBETCTBYIOLIMX 3KCIIEPUMEHTOB.
B camux ke s1pax aTOMOB HET HUYEro, KpoMe MPOTOHOB M HEHTpO-
HOB, T.€. T€X k€ MPOTOHOB, OKPYKEHHBIX COOTBETCTBYIOLIMM MOTpa-
HUYHBIM cioeM d¢upa. CoerHeHHE jKe HyKJIOHOB (MTPOTOHOB W Hel-
TPOHOB) MEXIy COOOH MpPOU3BOJUTCS B pe3ysibTare BO3HUKHOBEHHS
rpaJveHTOB JaBleHUi d(upa.

CoBpeMeHHbIe 3(PpUPOIUHAMUYECKHE TIPEACTABICHUS TO3BOJISIOT
HaWTH CTPYKTYpPY aTOMHBIX sIep W MOHSTh MPUPOLY SACPHBIX CHIL.
[Tpu 3TOM HM3BeCTHBIC 3HAYEHHS YHEPrHU B3aMMOJCUCTBHUS HYKIIOHOB
E, 3Havenus crivHa | ", MArHUTHOTO MOMEHTA, Y€THOCTH 1 KO3 huLm-
eHra nedopmaipn [25—27] MO3BOMAIOT HAWTH MPOCTHIE MPUHIIMIIBI
NOCTPOCHHUS CTPYKTYP aTOMHBIX Si/Iep OCHOBHBIX 3JIEMEHTOB U UX H30-
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TonoB. B nanbHelieM aetanpHy0 pa3paboTKy CTPYKTYp sAep Lese-
coo0pa3HoO TaKKe BBIMOJHUTH HAa ATOH OCHOBE.

I'pynna adep eo0opoda—zenus.

[TpocTeiium cOCTaBHBIM SAPOM SBISIETCS ASUTPOH — AP0 aToMa
TSKEJIOr0 BOJIOPOJIa C ATOMHBIM BECOM 2, KOTOPBIW COCTOMT M3 NpO-
TOHa U HeliTpoHa. [IpucoenuHeHne k qeHTPOHY ellle OJHOTO HEHTPOHA
JlaeT TPUTOH — PO aTOMa TPUTHS, TSHKEJIOTO BOAOPOJIa C aTOMHBIM
BeCOM 3; MPUCOCTMHEHHE XKe K JIEHTPOHY BTOPOTO NMPOTOHA JAeT SIIPO
u30TOMNa reivs-3; CoelMHEHUe JBYX JIEUTPOHOB JaeT sAApo renus-4,
WHave Ha3zbiBaeMoro anbda-dyactuiieii. B Tabn. 1.2 npuBeneHsl Heko-
TOpbIe TTapaMeTphl TIEPEUrCIIeHHBIX a/ep, Ha puc. 1.11npencraBneHs
WX CTPYKTYPBHI.

Tabnuya 1.2.
YacTuia, CocraB | I* W, E, M>B
PO
p p 1/2 2,792743 +0] -—
n n 1/2 —1,913139+45 -—
,D? p+n 1 0,8574073 +2| 2,27463
T p+2n | 1/2 2,97884 + 1 8,48212
He® 2p+n | 1/2 2,127544 + 7 7,71828
He* p+2n |0 0,000 28,29624

Yemoiiuueoe cocmoanue euxpegoii cucmemvr umeem mecmnio
npu ycnoeuu MUHUMYMA 6HYMPEHHE IHEPZUN CUCHIEMb! UTH MAK-
cumMyma ynepzuu 63auMo0eiicmeus, 011 4ezo0 HeodX00UMO 3aMbIKa-
Hue mopoudansuslx (UEHMPAILHBIX) ROMOKO8 Ihupa makum oopa-
30M, YmMOOb!I IMOMY NOMOKY ObLI0 OKA3AHO HAUMEHbUIEe COnpo-
muenenue ¢ cpede. IlocneqHee BO3MOXKHO JIMILIb B TOM Clly4ae, €ciu
HYKJIOHBI 00pa3yroT OOLIMi MOTOK, MPU 3TOM, KaK y>Ke ObUIO ToKa3a-
HO BbIllIe, B ACHTPOHE HYKJIOHBI OYyAyT COENUHSATHCSA APYr C APYroM
OOKOBBIMHU MOBEpXHOCTAMH. [1ocKONBKY LIEHTpanbHBI MOTOK MPOTO-
Ha Oosblie, 4eM HeHTpOHa, TO pe3yIbTHPYIOIAs YacTh TOPOMIAIb-
HOTO MOTOKa BBIXOJUT BO BHELIHIOKO Cpely, UTO BOCITPUHUMAETCS Kak
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MarHuTHOEC I10J1€ ,Z[CﬁTpOHa, a KOJIbUEBOC NBUKXEHHUE IPOTOHA BbLIXO-
AWUT BO BHEIIHEE IMPOCTPAHCTBO LEJIMKOM, YTO BOCIIPUHHUMACETCA KakK
QJICKTPHUYECKOE IOJIE, KaK CaMOro MMpoToHa, Tak U Z[eﬁTpOHa B LICJIOM.

T
A AT 8¢

M AN

>
>

By == Hy= | B =R, oo
~0,86 1, ~2,981, ~2,13p
E,=227463 V3B | E, =848 = Egp=772=
~3.2,27+ 1,67 M3B | =3-227+0,9] MsB

);— He *- anvpa-uacmuya
o — A
[\ 7 @
AN n P

pe=0; E,= 28,2624 MaB

Puc. 1.11.Ctpykrypa npotoHa (@), HefiTpoHa(d), neiiTpona (8), TpUTOHA (2),
siapa requs-3 (0) u siapa reausi-4 —anabda yacruua (e)
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CoennHeHne HYKIJIOHOB JIPYT C JPYroM OOKOBBIMHM MOBEPXHOCTS-
MM TIPY HAJTMYMH Yy HUX OOIIEro LEeHTPAIbHOTO MOTOKA 3aCTaBIIseT UX
COPHEHTHPOBATHLCS aHTUTapajuIeNnbHO ApYr apyry. [Ipu sTom Hanpas-
JIeHHs] TOPOUAATIBHOTO JBW)KEHHS MO 00pa3yroluM o00uX HYKJIOHOB
B3aMMHO MPOTHBOIOJIOXKHEI, T.€. TPAJAUEHT CKOPOCTEH TOPOUAATBHOTO
JBWKEHUS] MaKCUMAJIeH, a HaIM4Ke KOJIbLIEBOTO JBMKEHHUS y MPOTOHA
ewle Gosiee yBeMUMBAET 3TOT rpadueHT. Bece 3To mpuBOAMT K CHIbKe-
HMIO JIaBJICHUs B MPOMEXKYTOYHOM MEKIy HyKJIOHaMH 30He. BHemHee
JaBJieHue 3pupa NpwKUMaeT HyKJIOHBI IpYT K APYTY.

Jlerko BHMOeTh, 4TO MpU aHTUNAPAJIETHLHOH OpHUEHTALUUH JBYX
HYKJIOHOB CyMMa HMX COOCTBEHHBIX CMHMHOB (MOMEHTOB KOJIHMYECTBa
KOJIBLIEBOTO JIBKDKEHHs) paBHa HyJ10. Ho KoJbLieBoe JBM)KEHHE MPO-
TOHA MPUBOJMT K BPALIEHHIO BCEH CUCTEMbl BOKPYT 00luei ocH, Npo-
XOZsEl Yepe3 MPOMEKYTOUHYIO 30HY MapajlieIbHO TIaBHBIM OCSIM
oboux TOpomaoB. llockombKy HYKIIOH MMeeT TpyOdaToe CTpOoeHHe,
LEHTPhl MacC HYKJIOHOB pacroJiararoTcsi Ha TOM K€ PacCTOSIHUM OT
OCH BpallleHHs, Ha KaKOM B OJJMHOYHOM HYKJIOHE COCPEAOTOUEHa ero
OCHOBHas Macca, a Tak Kak oOmias Macca B JEWTpOHE YIABOEHA, TO
o0l1ee KOJIMYECTBO JIBMKEHHUS TaKXKe yIBOWTCH, T.e. CIIUH JeMTpoHa
paBeH

I =21,=1, (1.55)
MarHuTHbI MOMEHT JIeUTPOHA, KaK U3BECTHO, paBeH
o = 0,86y, = pp+p, =2,792743, — 1,913139, =
=0,879604., (1.56)
rne |, — SAepHbIi MarHeToH. Pasznuia B 2% mMoxkeT ObITh OTHECEHa 3a
CYEeT MOTJIONICHUs YaCTH TOPOUJAIIBHOTO JIBWYKEHHS B MEXKHYKJIIOHHOM
30HE.

[Tpu npucoennHeHnn K IEHTPOHY BTOPOro HEHTpoHaA oOpasyercs
TPUTOH — AAPO TpUTHA. Ero MarHUTHBIH MOMEHT MPUOIHU3UTENLHO
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paBeH MarHUTHOMY MOMEHTY MpPOTOHA, MOCKOJbKY /Ba HEWTpOHa
OPHEHTUPOBAHBI B A1pe aHTUMAPAJUIENbHO, U UX MarHUTHbIE MOMEH-
ThbI B3aUMHO KOMIEHCUPYIOTCS:

wr =2,9797, = p, = 2,792743, (1.57)

31ech HEKOTOPbI M30BITOK MarHUTHOro mMomeHTa (okono 8%)
MOXET OBITb OTHECEH 3a CYET HEeMOJHOrO BbIYWTAHHS MarHUTHBIX
MOMEHTOB JBYX HEMTPOHOB, BXOASIIUX B AP0 TPUTOHA. BHyTpeHHNI
CIMH TPUTOHA paBeH Y2, UTO €CTECTBEHHO, TaK KaK MpH aHTUIapa-
JIeJIbHOM OpUEeHTalMH HEHTPOHOB WX BHYTPEHHHE CITUHBI KOMITEHCH-
pyroTcs, ¥ OcTaeTcs TOJIBKO CIHUH MPOTOHA.

OHeprus B3aMMOJEHCTBUSI TPUTOHA COCTaBIIsieT, MpuMepHo, 8,48
M>5B, yrcno moBepxXHOCTeH B3aUMOJICHCTBUS HYKIIOHOB MEXIY CO0OM
paBHO 3. M30BITOK SHEPruM B3aMMOIEHUCTBHUS, €CIIM CPABHUTH C SHEP-
rueil B3auMOACHCTBUS TPEX AEUTPOHOB, COCTABIISIET

AE =8,48212 — 3-2,27463 = 1,658¥BB. (1.58)

J{OTIOJTHUTENIEHYIO SHEPTHIO CBS3E MOXKHO OOBSICHUTH JIOTIOJTHU-
TesibHOW Aedopmalveil BUXpeill W yBelIMYeHUEeM TUIoLaAeHd B3auMo-
JEHCTBHS, TaK KakK 3/1eCh KKIbIH HYKJIOH B3aUMOJEHCTBYET C coce-
JIIMU HE 0 OJHOW MOBEPXHOCTH, Kak B JEHTpPOHE, a Mo JBYM, H IO-
HWKEHHOE B MEXKHYKJIOHHOM IPOCTPAHCTBE JIaBJICHUE MPUBOJIUT K
nepopMalK HYKJIOHOB.

MarHuTHbIif MOMEHT renus-3 paBeH 2,1275p,, 4yTo npuMepHo co-
OTBETCTBYeT MArHUTHOMY MOMeEHTY mpoToHa (2,79Qus). PasHuua B
23% MoskeT ObITh OTHECEHA 3a CUET rallleHUs] TOPOUIAIBHOTO JBUXKE-
HUS TIPOTOHOB B MEXHYKJIOHHOM CJIO€. DHEpTus CBs3eil HyKJIOHOB B
saape renus-3 coctapiuseT 7,72M>3B, a u30bITOK 3HEpruy B3auMOJIeHi-
CTBUS B COTMOCTABJICHUU C TPEMS sIIpaMu JieiTepust

AE=7,72—-3-2,27463 = 0,M>B. (1.59)
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DTOT M30BITOK MEHbLIE, YeM B cjydyae TPUTOHA, HO STO JIETKO
00BSCHUMO TEM, YTO MPH aHTHUMAPAJUICILHOM COSIUHEHHUH JABYX MPO-
TOHOB B TIPOMEKYTKE MEXKIY HHMH MOTOKH KOJIBLIEBOIO JBIKEHHS
a¢upa OKa3bIBAIOTCS MapaulelIbHBIMK, MO3TOMY SHEPrusi CBSI3M B
9TOM MEKIPOTOHHOM MPOMEXKYTKE MEHbLIIE.

[IpucoenuHeHre YeTBEPTOro HYKJIOHA MOTJIO Obl BBI3BATh YBEJIH-
yeHue oOliel SHeprur B3auMOJIeHCTBUS HYKJIOHOB B sape Ha 3 MaB.
O/IHaKO BMECTO TOTO MPOUCXOJIUT cKauoK dHepruu o 28,29614M3B,
T.e. no4ytd Ha 18 MaB Gosbuie, yem oxunanoch. Takoil ckauok Mox-
HO OOBSCHHUTBH TOJIBKO TMEPEeCTPOHKON CTPYKTYpbl BCEH CHCTEMBbI HY-
KJIOHOB, 00pa3yoiux albha-4acTuily.

Jlerko BUAETb, YTO TaKas MepecTpolika Ha CaMOM Jielie peajbHO
Heo0X0AMMa, TaK KaK HaJIW4he YeThIpeX HYKJIOHOB CO3/IaeT BCE BO3-
MOXKHOCTH Ul HaWMEHBIIEro0 COMPOTHMBIICHUS TPOXOXKICHHS LEH-
TpaJibHBIX MOTOKOB, MOCKOJIbKY Terepb MOXET ObITh 00pa3oBaH eau-
HBII TIOTOK U1l BCEX YeThIpeX HYKJIOHOB, MPOXOASUIMA MO oluiemMy
KOJIbLYy, 00pa30BaHHOMY BHXPSMH HYKJIOHOB. Kpome Toro, mo Bceii
MOBEPXHOCTH YEThIPEX HYKJIOHOB 00pa3yeTcsi BCTPEUHbIi MOTOK 3¢u-
pa, JOMOJHHUTENIbHO CBS3BIBAIOIIMI HYKIOHBI. BHyTpu anbda-
YacTUIIbl JJOJDKEH 00pa30oBaThesl €llie OJUH MOTOK, HO €ro BKJIaj B
sHepruto cesi3u Heenuk (puc. 1.10,¢)

HamnpaBieHusi CliiHOB B cHCTEMe BCE TMOMapHO YPaBHOBEILICHBI, U
OOIIMIT MOMEHT KOJTMUEeCTBA JBHKCHUS alib(ha-4acTULbI paBEH HYJTIO.

Takum 00pa3oM, MOBBILLIEHHAs YCTOMYUBOCTh YETHO-UYETHOM CHC-
TeMbl, KAKOBOH siBNIsieTCs aib(a-4acTuia, JIerko 00bscHUMA. YUUThI-
Bas 0COOYI0 YCTOMYMBOCTh anb(a-uacTHll, AalbHeillee paccMoTpe-
HHME CTPYKTYp BceX saep, U 0co00 YCTOWYMBBLIX siiep, 00Ianaroimx
TaK Ha3bIBAEMbIM «MarM4eCKMM» YUCJIOM HEHTPOHOB, Lesieco00pa3Ho
paccMaTpuBaTh Ha OCHOBe anbda-uactul. IlomydeHHyro Monenb
aTOMHBIX siIep MOXKHO Ha3BaTh aJib(a-4aCTUYHOM.
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1.5.3.Hexkomopuie ooujue ce0iicmea coCmagHsix aoep

AHanu3 SHepruii B3aMMOAEWCTBUS HYKJIOHOB i saep [25-27]
MOKAa3bIBaeT, YTO MOXHO AJIi BCEX BHIOB M30TOIOB BBIACIUTH He-
CKOJIbKO OOIIMX CBOWCTB, KOTOpPbIE MOXXHO HCIIOJIb30BAaTh TPHU T10-
CTPOCHMH allb(ha-4aCTUUHBIX Mojeseit aTux saep. PaccmoTpum Heko-
TOpbIE U3 STHX CBOMCTB.

Bo-nepBbIx, A7t Bceit COBOKYITHOCTH U30TOMOB XapaKTepHO MPH-
palieHre SHepPrur CBsI3M MPU MPUCOSAMHEHUH YETHOTO HEMTpoHa Ha
BeJIMYMHY OOJIBLIYIO, YeM TPH MPUCOCAMHEHUHM HEYEeTHOro. DTO Xa-
PaKTepHO IS BJIEMEHTOB, KaK C YETHBIM, TaK U ¢ HEYETHBIM YHCIIOM
npotoHoB. B Ttabn. 1.3 u 1.4 nyis npumepa NpuBeICHbI JaHHbIC TIO
9HeprusiM U3oTonoB Oopa U yriaepoaa. M3otomnbl pacnonoxeHbl B MO-
pslKe HapacTaHMsl Yucia HEWTPOHOB, COAEpIKAIIMXCs B HUX. YKa3aH-
HOE CBOWCTBO XapaKTepHO I BceX 03 MCKIIIOYEHHs M30TOMOB BCEX
3JIEMEHTOB.

Tabnuya 1.3.
Yucio Hsoron [ E, MbB | AE, MbB
HEHUTPOHOB
3 sB® 2 37,74 | -
4 :B° - 56,315 | 18,6
5 :B° 3+ 64,75 | 8,44
6 B 3/2- | 76,21 11,45
7 B 1+ 79,58 | 3,37
8 B 3/2— | 84,46 | 4,9
Tabnuya 1.4.
Yucio Hsoron [ E, MbB | AE, MoB
HEHTPOHOB
3 «C° — 39,04 | -
4 Y 0+ 60,32 | 21,3
5 T 3/2- | 73,44 | 1312
6 2 0+ 92,16 | 18,72
7 € Yy 97,11 | 4,96
8 M 0+ 105,29 | 8,18




Hyxk/10HBI M aTOMHBIE s1Apa 247

BO-BTOpPHIX, BO BCEX UETHO-YETHBIX SAPAX M0 30ZN° MOXKHO
NPOBECTH YETKYIO FPaHUILy B 3HAYCHHUSX SHEPIHH CBA3U MEKIY OTHO-
CHUTENIbHO OOJIBIIUM MPUpPAIIEHUEM SHEPTUH MPH MPUCOSAUHEHUH HO-
BBIX HEHTPOHOB C dHeprueit okojao 13 MaB 1 0OTHOCHTENTBHO MalbIMU
NPHUPALLCHUSIMU SHEPrUM CBA3M nopsiaka 6—7 MaB uin meHee. DToT
CKa4yoOK DHEPruM BCerja OTIeISIeT OT OCTANBHBIX SiIep YETHO-YEeTHbIC
azapa, T.e. ipa, KOTOpPbIe MOYKHO MPEACTABUTH COCTOSIIUMHU M3 OJJHUX
TOJILKO anbda-yacTuil;

4 8 ~12 16 0 24 28 2 36 40 .44
oHe', 4 Be', ¢C™7, sO ,10Ne2,12Mg , 1491 11683118Ar , 20CaAT, 22117,

48 2 :56 60
24Cr .26F95.28N| , 304N

B HeueTHO-UeTHBIX AApax TaKylo I'pPaHUIYy TOXKE MOXKHO TPOBEC-
TH, HO B HUX CKQ4OK SHEPrvH MEHbIIIE.

Takoe pacripefeneHre SHEPTUM CBS3M O3HAUYAET, YTO BCE CTPYK-
TYpbl SIep MOXKHO paccMaTpuBaTh Ha OCHOBe ajib(a-yacTHll, NpH
9TOM YETHO-YeTHBIE SIpa — KaK COCTOSIINE TOJIBbKO M3 OIHUX anb(a-
YacTHll, a OCTaJIbHbIE — KaK COCTOsALIME M3 allb(a-4acTUL U JPYruX
HYKJIOHOB, 00pa3yIomuX Mexay co00l coeIMHEeHUS.

3HaueHHe CIIUHA, U3BECTHOE MPAKTUYECKH IS saep BCeX M30TO-
OB, JUIs YeTHO-YETHBIX CTPYKTYpP BCErda paBHO HYJIO, YTO MOATBEP-
JKAaeT BbICKa3aHHOE MPEAroJioXKeHue. 3HaYeHUe CIHMHA Ui OCTallb-
HBIX CTPYKTYp TO3BOJISIET MPEICTaBUTh B KAXIOM CIIydae CTPYKTYpY
spa, B KOTOPOM OCHOBOH MO-TIpeXKHEMY SBJIseTCs allbpa-CTPyKTypa.

B cpaBHuTenbHOI Tabnuue 3Hepruit (Tabn. 1.5) npuBeneHs! 3Ha-
YeHUsI SHePTuil YeTHO-YeTHBIX S/Iep U Pe3yJbTaThl COMOCTABICHHS UX
C BHYTpPEHHEW SHeprueil CBSI3M COOTBETCTBYIOIIErO KOJMYECTBA ajlb-
(ha-vactu. B »10ii sxe TabauLe NprBeAeHbI MEPBbIE U BTOPbIE pa3HO-
CTU TIpUpALLCHUIT SHEepruii U mopsakoBbie HoMepa (K) 4eTHO-4eTHBIX
Afep B psAAy CBOMX M30TOINOB, CUHTAs OT W30TOMA C HaWMEHBIIMM
3HadeHueM A. B mocnenneil rpade ykazaHo 4Mcio HEWTpOHOB AN,
oTJMYalollee MPUBEACHHBIA B TabJMLe M30TOM OT Haubosee pachpo-
CTPaHEHHOTO B TMPHpoAe, T.e. Hanbosee ycToitunBoro. M3menenus Bo
BTOPOM TPHPALICHUH SHEPrMU CBSA3EH CBUIETEIbCTBYIOT O Tepe-
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CTpOiiKe CTPYKTYpBI siZiep MpH Mepexoje K HOBOMY 3HA4eHHIO 4Hcna
Z. Slnpa ¢ maruueckumu uuciaamu 2, 8, 20u 28 3aBepiatoT coboit
pSObl OIMHAKOBBIX CTPYKTYp. 3aBepliaeT CTPYKTYpY Takke sSApo
4B€®, koTopoe HecTaGMIIBHO, TaK KAK €ro SHEPrus CBA3M MEHbIIE CO-
OTBETCTBYIOIIIEH DHEPrUM JBYX 4acTull. JaHHBIH ciiy4yail MOXKHO 00b-
SCHUTbh TEM, YTO MPHU BCEX TMOJOKEHHUAX ABYX anb(da-4acTHULl OTHOCH-
TEJILHO JPYT Jpyra COMpPOTHBIICHHE MOTOKY 3(upa, BBIXOIAIIETO M3
LEHTPOB ajb(a-yacTHll, JOCTATOYHO BEJIHMKO, TMOBEPXHOCTH XK€ HY-
KJIOHOB, BXOJSIIMX B COCTaB anb(a-4acTHL, BHITYKJIBI U HE CO3JAIOT
JOCTaTOYHOM OCHOBBI JJIsl 00ECTICUeHHUS] BBICOKOAHEPIeTHYECKOro CO-
e/IMHeHUS.

Tabnuya 1.5.
Eo, M>B AE, M>B AZE, M>B An

NaEa X

28,29624 | ,He" 28,29624 0 -

K

2
56,59248| ,Be™ | 2 | 56,5006 —0,0914 | -0,0914 [ ©
84,88872 | ,C* 4 | 92,1635 +7,2748 | 8,3662 0
113,1850| ;0™ 4 | 127,6212 14,4362 | 7,1614 0
141,4812 | , N&%* |4 | 160,6473 18,1661 | 4,7299 0
169,7774| ,Mg™ |4 | 198,2573 28,4802 | 10,3141 O
198,0737 | 1,57 4 | 236,5386 38,4549 | 19,9747 0
226,3699 | 55> 4 | 271,7820 454121 | 6,9572 0
254,6662 | ,Ar° [ 4 | 306,7198 52,0536 | 6,6415 0
282,9624| ,Cca® |4 | 342,0555 59,0926 | 17,0380 0
311,2586 | ,,Ti"* | 4 | 375477 64,2184 | 5,1258 4
3395549 ,,Cr"® |3 | 411,468 71,9131 | 15,6947 4
367,8511| ,iFe> | 1 | 447,707 79,8559 | 7,9428 4
396,1274 | ,Ni>° | 1 | 484,004 87,8566 | 8,0007 2,4
424,4436 | ;ozn®* | 4 | 515,009 90,5654 | 2,7088 4,6

[ITpumedanue: 3HaK* 03HAUYAET NEPECTPOMNKY CTPYKTYPBHI.

OJHaKo MpUCOeIMHEHHE elle OJHOr0 HYKJIOHa — MPOTOHA WM
HeWTpoHa — JesaeT u30Ton cTabuiabHbiM (puc. 1.12), Tak Kak 3TOT
HYKJIOH OKa3bIBA€TCSl MOCTHKOM, COETUHSIFOLINM JIBE alb(a-qacTHIIbI.
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66

a) 6)
9 9
Puc. 1.12.06ecneueHue cTaOMILHOCTH H30TOMA aToMa Gepusiusi 4Be” u sB”.

Takum 00pa3oM, OCHOBOM MOCTPOEHHMS SACPHBIX CTPYKTYP JOJIK-
HbI SBJIATBCS Markyeckue sijpa, T.e. s/pa, B KOTOPBIX YMCJIO HEWTpO-
HOB COCTaBJISIET TaK Ha3bIBaeMoe Marndeckoe umucio — 2, 8, 20, 28, 50,
82, 126. CTpyKTypy KaXKJOro TaKoro siipa MOKHO MpPEACTABUTh CO-
CTOSILLICH M3 OMNpE/IeNICHHOr0 KOJIMYecTBa anb(a-4acTHLl, CBOOOIHBIX
nap HeMTPOHOB M MPOTOHA (MOCIEAHWI — IJIi HEUSTHBIX MO YUCITY
HEHUTPOHOB siziep). B obuiem ciyyae Marndeckoe spo MOXHO Mpel-
CTaBUTb B BUIC

A=4m, +N+ip, (1.60)

rae M, —4uciio ajnbha-vyactuil B sape; N — 4nucio HeWTPOHOB, He BXO-
asumux B cocta anbda-uactull (N = 0;2;4...);i, — uncao cBoGOHBIX
npotoHoB (i, = 0;1).

VuuThiBas, 4TO B Marn4eckux spax 4Mcio CBOOOTHBIX HEHTPO-
HOB BCErJla YeTHO, a CMUH PaBeH HYJII0, MOXKHO MPENOJIOKUTh, YTO B
9THX SIpaxX HEWTPOHBI, HE BXOAMIINE B cOCTaB alib(ha-yacTull, o0be-
JUHEHBI TIOMAPHO W HANpaBJICHbl aHTUNAPAIUIETIBHO MO OTHOIICHHIO
JPYT K JIPYry, OJHAKO TaKOe UX COEAMHEHHE, MO-BUIUMOMY, BO3MOXK-
HO TOJIKO B MPUCYTCTBUH MPOTOHOB MM allb(ha-4acTHIl, CO3JArOIIUX
JIOTIOJTHUTENIbHBIA TPaJJUeHT CKOPOCTEH 3a CYeT KOJbIIEBOro Bpallle-
HUSI BUXPE.
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B Ta6n. 1.6 — 1.1ZpuBeseHbl SHEPrUd Marndeckux sijiep v npu-
pareHust sHepruu. M3 Tabnui BUIHO, YTO He BCE sApa ¢ Marn4eckum
YHCJIOM HEHTPOHOB 00JIaal0T peajbHO MOBBILICHHBIM YPOBHEM dHEp-

80

Tun.
Slapa ¢ HeliITPOHHBIM Maruyeckum yuciaom 2 Tabruya 1.6
0 Ax mo+ N+1p E, MbB 1" AE, MbB
1 I 3n+p 8,4812 12— | —
2 He” A 28,26924 o+ 19,78712
3 Li° a+p 26,330 32— | -1,9324
Slapa ¢ HelTPOHHBIM Marndeckum yuciaom 8  Tabruya 1.7
Z | A [me+N+Ip | E M3B 1™ | AE, TEq, Aeq,
M5B MbB M5B
5 |B® |[2a+4n+p | 84,456 - - 56,593 27,864
6 [ c¥ [3a+4n 105,2867 | O+ | 10,8307 84,8887 24,39
7 [ N® [3a+4n+p]| 1154939 | 1/2+] 10,2074 84,8887 30,60
8 [0 |4a 127,6212 | 0+ | 12,1273 113,184194,4363
9 [F [4a+p 128,221 52— 0,7998| - -
10 [ Nef® | 2a+2p 132,1433 | + 3,9223 - -
Slapa ¢ HeliTpoHHBIM Marndeckum unciaom 20  Tabruya 1.8
Ax mo +N +1p | £, MaB 1® AE, YEa, AEq,
Z MbsB MbsB M5B
16 S% [ 8a+4n 308,7198 | 0+ | — 226,370 84,350
17 | cP” | 8a+4n+p | 317,105 3/2+| 88,3854 226,37p 90,736
18 | Ar® [9a+mn 327,3475 | O+ 10,2425 254,666 72,681
19 [ K® |9a+2n+p | 333,726 3/2+| 6,3789 254,66p 79,060
20 |ca® | 10a 342,0555 | O+ 8,329 282,96p 59,093
21 | sd® [ 10a+p 343,140 7/2-| 10848 - -
22 | 1% | 10a+2p 346,909 0+ 3769 - -
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Siapa ¢ HeliTPOHHBIM Maruyeckum yuciaom 28  Tabnuya 1.9
Z Ax me+N+lp | E,MoB |7 AE, XEq, AEq,
M»>B M»>B M»>B
19 | k¥ 9a +10n+p | 400,197 | 3/2+| - 254,666 145,531
20 | cd® | 10a+8&n 416,004 | 0+ 15,807 | 282,962 133,042
21 | sd® |100+8n+p | 425,623 | 7/2- 9,619 | 282,960 142,661
22 | Ti® 11a +6n 437,797 | 0+ 12,174 | 311,259 126,538
23 | v 1la +6n+p | 445,846 | 7/2- 8,0493| 311,259 134,587
3
24 | cr? | 12a+4n 456,353 | O+ 10,5074 | 339,555 116,798
7

25 | Mn®® | 120+4n+p | 462,912 | 7/2- 6,554 | 339,556 123,357
26 | Fe* | 183a+2n 471,770 | 0O+ 8,858 | 367,851 103,912
27 | co® |13a+2n+p | 476,820 | 7/2- 5,050 | 367,851 108,969
28 | Ni*®® | 14« 484,004 | 0+ 7,184 | 396,147 86,857

Sinapa ¢ HeliTPOHHBIM Maruyeckum yucaom 50 Tabnuya 1.10
Z Ax ma +N + Ip E, M>B | * AE,M3B | Xeo, MaB | AEa, MaB
34 [ s& | 170+ 16 727,330 | O+ - 481,036 346,294
35 [ Br® | 17a+16n+p | 737,380 | 3/2 10,050 | 481,036 256,344
36 | Kr®® | 180+ 1M 749,239 | O+ 11,059 | 509,332 239,907
37 | RE?” | 18a+l4n+p | 757,858 | 3/2- 8,619 | 509,332 248526
38 | sf® 19 + 1N 768,462 | O+ 10,604 | 573,629 230,833
39 | v® 1% +12n+p | 775,534 | Y- 7,072 | 537,629 237,905
40 [ zr° | 200+ 1n 783,904 | 0+ 8,370 | 565,924 227,980
41 [ NbT | 200 +10n+p | 789,050 | 9/2+ 5,146 | 565,924 223,126
42 | Mo% | 21a+&n 796,519 | O+ 7,469 | 594,221 202,298
43 [ T¢® | 21a+8n+p | 800,623 | 9/2+ 4,104 | 594,221 186,402
44 | R* | 220 +6n 807,040 | O+ 6,417 | 622,517 184,523

Slapa ¢ HeTPOHHBIM Marndeckum unciaom 82  Tabnuya 6.11
Z Ax Mo +N +1p | £, M3B 1" AE, M3B | Xea, MaB | AEa, MaB
54 | xe™®® | 270 +2&n 1141,891 | 0+ - 763,270 378,621
55 | cs®7 | 270+28n+p | 1149320 | 7/2+ | 7,429 763,270 386,050
56 | Ba® | 28u + 26n 1158,322 | 0+ 9,002 791,539 366,783
57 | La®®® | 280 +26n+p | 1164520 | 7/2+ | 6,198 791,539 372,981
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58 [ ce®® [ 290 + 24n 1172,891 | 0+ 8,144 819,808 352,355

59 | pA* | 290 +24n+p | 1177,891 | 5/2+ | 5,227 819,808 358,083

60 | Nd*® | 300 +2n 1185,116 | 0+ 7,225 848,077 337,039

61 | Pmt®® | 300 +22n+p | 1195910 10,794 | 848,077 | 347,833
62 | sn* | 31a + 2mn 1195,682 | 0+ | 0,228 876,346 319,336
63 | EU™ | 3lu +20n+p | 1198944 | - B 876,346 | 322,599

64 | Gd™® | 320+ 1&n - - - -

Siapa ¢ HeliTPOHHBIM Maruyeckum yuciaom 126  Tabruya 1.12

Z Ax Mo+ N+Ip | E, MaB " AE, >Ea, AEq,
Mb>B Mb>B Mb>B
80 | Hg"® | 40u+46n 1621,068 | 0+ | — 1130,71 490,298
81 | Ti®%7 | 400+46n+p | 1628,434 | 1/2-| 7,366 1130,7f 497,664
82 | pr® | 41a+44n 1636,452 | 0+ 8,018 1159,04 477,413
83 | Bi®™ | 4l0+44n+p | 1640,255 | 9/2-| 3,803 1159,04 481,216
84 | pd0 | 420+42n 1645,232 | 0+ 4,977 1187,31 457,924
85 | At | 420+42n+p | 1648,213 | 9/2-| 2,981 1187,3[L 460,905
86 | Rn™* | 43u+40n 1652,511 | 0+ 4,298 121558 436,934
87 | FP® | 43u+40n+p | 1654,708 | — 2,197 121558 439,131
88 | R&™ | 44a+38n 1658,470 | 0+ 3,762 1243,85 414,623
89 | Ac®® | 440+38n+p | 1659,770 | — 1,300 1243,85 415,923

Kak crnegyer w3 3HaueHui sHepruil U UX pa3HOCTeN, 3aKOHOMeEp-
HOCTH JUI MarM4ecKHUX YUCENl B HEKOTOPBIX MECTax MpETEepIEBarOT
CKauKu. I 4yncyia 8 He YKJIaIpIBaloTCs B OOIIYIO 3aKOHOMEPHOCTh
¢dbrop u HeoH; ans uncna 20 —ckaHAUM ¥ TUTaH; U1 Yncia 82 —mpo-
MeTHi, camapuii u eBporuii. Takum 00pa3om, 3aBeplICeHHBIMH CTPYK-
TypamH saep SBISIOTCS TOJBKO siipa ¢ 4MciaMu anbda-yactun 1, 4,
10, 14, 22, 3@ 44.

Kak BugHO M3 Tabmul, MMeeT MecTO MEPUOIUYHOCTb CHAA0B U
MOJABEMOB SHEPrui CBA3EH MpU POCTE YMCIa HEHTPOHOB, YTO CIpa-
BEMJIMBO I BCEX sAfep. DTO MOXHO OOBSICHWUTb KaK M3MEHEHHEM
yucia B3aMMOJCHCTBYIOUIMX MMOBEPXHOCTEH, Tak U Aedopmanivedi Hy-
KIIOHOB. Tak, IMpH yCTaHOBKE OJHOTO HYKJIOHA Ha TMOBEPXHOCTH sApa
MeEXKy HUM M OCTaJIbHOH Maccoil slipa UMEeEeTCsl BCEro OiHa MOBEpX-
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HOCTh B3aUMOJEICTBHsI, BTOPOTrO — [IBE, MPH 3TOM OJIHA CTOPOHA pa-
Hee YCTAHOBJICHHOTO HYKJIOHA BBIMYKJIasl, TP JOOABICHUH TPETHETO
— TOXKe JIBe, TMPU 9TOM OJIHA CTOpPOHA elle Oojiee BBIMYKIA, YTO CHHU-
JKaeT HHEPrUI0 B3aMMOJCHCTBHS MO CPABHEHWIO C SHeprueil cessei
MPEBIAYLIEro HYKJIOHa, IPU J0OABIEHHH YETBEPTOTO HYKJIOHA — TPH
MOBEPXHOCTH, HO JIBE M3 HUX BbIMykJbie (puc. 1.13).

Puc. 1.13.K 06bsicHeHHI0O MepHOAMYHOCTH TPUPALIEHHUs] JHEPrUM CBsi3ei
HYKJIOHOB TPH HAPAIUMBAHUM YMCJIA HYKJIOHOB B siipe. YCTAaHOBKA Ha MOBEPXHO-
CTH siipa oHOTO (@), 1BYX (6), Tpex (8) 1 yeThipex (2) HyKJIOHOB.

U3 n3noxeHHOro BbILlIE MOXHO C/IENaTh CIeIYIOIIHEe BBIBOIBI.

[Ipucoenunenue nByX HEMTPOHOB B M30TOMAax suep B OOJIBLIMH-
CTBE C/IyyaeB He MEHseT 3HaueHus cnuHa. CienoBaTenbHO, 3TH Hei-
TPOHBI COEAMHAIOTCA aHTUNapaIeSIbHO, HO BO3MOXKHO 3TO JIMIUbL B
NPUCYTCTBUM alibda-yacTull. To ke MOATBEp)KAaeT HEM3MEHHOCTh
MarHuTHOro MomeHra. [lodeMy Tak MpOMCXOAMT, JIETKO BUIETH U3
CTPYKTYpBl BUXpEH: B 3TOM ciy4yae OCHOBHOM TOpPOMIANBHBII MOTOK
9TUX HEUTPOHOB MPOXOAMT MO 3aMKHYTOMY IMYyTH, YTO U OOYCIIOBIH-
BAaeT MX aHTUMNAPa/IeIbHOCTh, HO OJIMH WM 00a HEUTpOHa CBOMMH
OOKOBBIMHU CTEHKAMH TIPUCIIOHSAIOTCS K OHOW M3 anb(ha-4acTUL] TaKkKe
aHTHUMApaIENIBHO.

3HavyeHue CNMHA S1ep, y KOTOPhIX OH HE PaBeH HYJIO, MO3BOJISIET
CYAWTb O YHCIIe HyKJIOHOB, HE BXOISIIMX B COCTaB anb(a-4acTHLl U
OPHEHTUPOBAHHBIX MapajuienbHO ApYr Apyry. B mpocreiimem ciyuae
3TO YMCIIO OMpeAeseTcs BbIpaXKeHUEeM

Il
- (1.61)
1/2
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3nech 1/2 —CcnuHOBOE YMCIIO B €AMHMIIAX /2, IPUYEM B spax ¢ HeYeT-
HbIM Z B 3TO YMCJIO BXOOUT OJUH W3 MPOTOHOB, OCTaJbHbIE MPOTOHBI
BXOJAT B cOCTaB alib(a-4acTull, 00pa3ylolMX OCHOBHYIO Maccy sapa.

PaccmoTtpenme ob1eit 3akOHOMEepHOCTH U3MEHEHHsI SHEPTHH T10-
Ka3biBaeT, uTo 110 ogNi°® oBmmii ypoBeHb JHEprum CBsi3ei, MPHUXO-
JIIMiics Ha KaXIbld 00aBICHHBIH HEHTPOH, pacTeT ¢ yBeJUUEeHHEM
OTHOCHUTETIbHOW aTOMHOM MacCHhl.

Hanpumep, nepexon ot ,eNi® k ,gNi% naer 10,59MbB, a nepe-
XOJI OT 29CU62 K 290[.]63 —yxe 10,85M»5B, T.e. B mpUCYTCTBHH [10-
MOJHUTENILHOTO MPOTOHA JAOMOJIHEHHE HEUTPOHOM MPH TOM K€ KOJIH-
YecTBe HEHTPOHOB JaeT OoJIbIlee MPHpAIEHHNe SHEPTHH CBA3EH.

OOBsiCHEeHHE MOXKET 3aKIJIFoYaThCsl B TOM, YTO MpU 00IEM 0OJIb-
HieM 4uclie HyKJIOHOB YMaKOBKa MX MOJIydyaeTcsi HEeCKOJIbKO Oonee
TUTOTHAs!, BUXPH IUIOTHEE MPMXKUMAIOTCSA APYT K IPYTy, 3a CUeT 4ero
TUIOMIA/Ib COMPUKOCHOBEHHSI HYKJIOHOB B TIOTPaHWYHBIX CIIOSIX BO3-
pacrtaet, ¥ 3Heprus CBs3eil B3aMMOACHCTBUS HYKIOHOB YBEJIMYHBAET-
csl.

Hrak, sapa MOXKHO paccMaTpyBaTh Kak:

1) BriIrovaronye B CBOM COCTaB ajib(ha-yacTHILIbI, YHUCIO KOTOPBIX
onpenenseTcs ONKallIMM K aTOMHOMY HOMEPY YMCIIOM, eNISLIMMCS
Ha 4, Ho He 0OJIBIINM, YeM Ourkaiiiiee K Z 4eTHOE YUCIIO;

2) BKJIIOHAOIME B CBOM COCTaB MapajjieIbHO OPUEHTHPOBAHHbIC
HYKJIOHBI, YUCJIO KOTOPBIX paBHO K;

3) BiIrOUaArOLIME B CBOM COCTaB Mapbl HEWTPOHOB, OPHUEHTHPO-
BaHHBIE B3aMMHO aHTUTIAPAIUIENbHO, YHUCIIO KOTOPBIX PaBHO pa3HOCTH

n=A-N-k (1.62)

Tak, Hanpumep, 15P29 ¢ £ = 239,286M»B u |™ = 1/2 cocrour
U3 cemu anbda-gactuil (M, = 7), 71 4ero HeoOXoAuMbl 28 HYKJIOHOB
v eme 1 mpotoH co crimiom 1/2. TlpupaiieHue sHeprun 159> 1o cpas-
HEeHHIO ¢ 1sP?° coctasnsier 17,87MbB, uto 03Hauaer, 4To B cCOCTaBe
1sP?® mpucyTeTBOBaNO TONMBKO 6 anbha-uactui. CempMast anbha-uac-
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THIIa oOpa3oBanack npu coenuHeHrn 14+o0 HeiitpoHa (2940 HykJIO-
Ha), YTO W JAJIO0 CTOJIb OOJIBIION MPUPOCT SHEPrUH B3aUMOJCHUCTBHS
(tabm. 1.13).

B cocrase PP (E = 250,6119M5B, | * = 1) no-npexHemy cemb
anbda-yacTuI, MPOTOH U HEUTPOH 0Opa3yIOT COeJMHEHHUE THMa JCH-
TPOHA, UMEIOIIEro CIuH, paBHbIA 1. 31ech BO3MOXKHO M Ipyroe ToJ-
KOBaHHe: MPOTOH U HEUTPOH UMEIOT MapauieNbHbIe CITUHBI, U UX OCe-
BbIC TOTOKH B JAHHOM SIIpE€ HE 3aMbIKAIOTCSI.

B cocrase P! (E = 262,918V3B, | ™ = 1/2)Takske cemb anbda-
YacTHL, 100ABJICHHbI HEWTPOH MPHCOCIMHEH AHTUMAPAICTbHO K
HEUTpPOHY.

B cocrape PP (E = 270,865M>5B, | ™ = 1) mo-npeskHeMy cemb
anbga-yacTull, A00aBJICHHbIH HEWTPOH TNPHCOCAMHEH aHTUMAapa-
JeJbHO K TPOTOHY, 00pasys AEHTPOH CO CMHMHOM, paBHbIM 1, mpu

3TOM MarHUTHbIE MOMEHTbI BbiunTarores (L = — 0,2528,).
Tabnuya 1.13

Ax E, M>B AE,MOB | |™ 1,

P | 224,419 - - -
P72 | 239,286 17,87 1/2+ -
P0 | 250,6119 11,33 1+ -
Pl | 262,918 12,30 1/2+ +1,1317
P2 | 270,855 7,94 1+ -0,2523
P2 | 280,9594 10,1 1/2+
P4 | 287,520 6,57 1+

Ha ocHoBe M31105k€HHOTO MOXKHO PacCMOTPETh BEPOSTHYIO CTPYK-
TYpY CIOKHBIX sSIIep.
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1.5.4.Cmpykmypa cnoscnbix adep
TI'pynna adep numuil—Kuciopoo.

Jumuii. B tabn. 1.14 npuBeneHbl 3HaU€HUS] DHEPTUil U HEKOTO-
pble Ipyrue XapakTepUCTUKK U30TOIOB JIUTHSI.

Tabnuya 1.14

Ax E, M1B AE,MbB | | wuy, Q

sLi° | 26,330 - - - -

Li® 31,9948 5,6648 1 +0,822| -0,0008
Li’ 39,2455 7,2507 3/2 +3,25644 -0,040
Li® 41,2782 2,0327 2 +1,6532 -—

Li° 45,330 4,1518 3/2 - -

DHeprust cBs3eit uzorona utus ali 5 cocraenser 26,33MbB, T. €.
MeHbIIIe SHepruii B3aUMOJICHCTBHI HYKJIOHOB B anb(da-uactuie, cie-
JOBaTeNIbHO, B COCTaBe ATOr0 M30ToMNa ajibda-uyacTuua He oOpa3oBaHa,
XOTS IPOTOHOB M HEUTPOHOB AJIsl ATOTO AO0CTaTOYHO. Clie1oBaTeNnbHoO,
M30TOI HEeCTaOW/IeH U JIOJDKeH pacrajgaThesi, YTO W MPOUCXOIUT pe-
anbHO ¢ mepuogoM monypacrmaga 7' = 102! ¢ BbizeneHueM sHepru,
MIPY STOM

sLi®— o +p. (1.63)

Jns aToro muzorona Hanbonee peabHBIMU BapUaHTaMHU CTPYKTYD
SBJISIIOTCA 1B — 0ObeMHas, MpU KOTOPOil [Ba HEWTpOHA pa3MeLleHbI
COOCHO, a MPOTOHBI CUMMETPUYHO 10 OOKaM, M TUIOCKasi, B KOTOpO
OJIMH MPOTOH CIBUHYT B CTOPOHY; MJIOCKasi CTPYKTypa obpa3yeTcs U3
00beMHOI myTeM nepeopueHTauuu cnuHoB (puc. 1.14a, 6), oxunae-
MO€e 3Ha4eHHe CITMHOB B 000MX citydasix paBHo 1/2.
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a 6)

Puc. 1.14.Crpykrypa siapa sLi % g —HWKHM CI0it; 6 —BEpXHUH ci0it

V uzotona Li° sHeprus cazeii nykionos E = 31,9948VI>B
1, TakuMm obpasom, £ > E,, cninH paseH 1. [loaTromy mMoxkHO mpenrio-
JI0XKHTb, YTO

Li® —a+D, (1.64)

T.e. K ajbda-yacTulie MOJCOCAUHEH ACUTPOH. BO3MOXKHBI BapuaHThI
Kak 00beMHO#M (@), Tak U miockoit (6) crpykryp (puc. 1.15).

Jlo6aBsieHHe ceIbMOro HyKJIOHa B M30Tome sLi’ xopomo o6mbsc-
HSIET OTHOCUTENBHO 00JBIION MpupocT 3Hepruu (7,25M»B) 3anosnHe-
HHMeM MycToro Mecta B siape. CrinH 3/2 cBuaeTeIbCTByeT 00 OpHeHTa-
LMY CebMOT0 HyKJIOHA MapajuiesibHo cnuHy D.

820
) B ¢
2560

Puc. 6.15.Ctpykrypa siapa sLi 6
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[MpucoennHeHre BOCBMOro M AEBATOrO HYKJIOHOB (MSTOrO M Lec-
TOro HEHTPOHOB) Haubosiee BEPOSTHO C OJHOM M3 BHEIIHHUX CTOPOH
CUCTEMBbI MeXIy MPOTOHaMH, NP 3TOM HEUTPOH ¢ MaJloil 3Hepruei
CBsi3ell JOJKEH pacrosaratbesi Mexay NpOTOHAMH alib(ha-yacTULbl, a
MOCJIEAHUNA HEUTPOH — MEXAY MATHIM HEUTPOHOM M TPETbUM NPOTO-
HOM.

bepunnuii. B tabn. 1.15npuBeneHsl XapaKTepUCTHKH W30TOIOB
Oepuius.

Tabnuya 1.15

Ax E, M>B AE,MaB | |7 W/, Q B
Be’ | 37,6012 _ 3/2- — _ —
Be® | 56,5006 18,9 0+ _ Z -
Be® | 58,1657 1,66 3/2- -1,1776 0,03 —
Be? | 64,9777 6,83 0+ — - 1,22
Bel | 65,478 0,5 1/2+ - - -
Be'? | - - - -

TockoNbKy SHeprus cBsizeil HyKJIOHOB M3oTona 4Be’ cocTapnser
37,6012M>5B, MOkHO MPEaNONoKUTh, UTO B CUCTEME sijipa 0Opa3oBa-
Ha ofHa anbda-yactuua. OctaBimecs 2P + N He 00pa3yloT, Cyas Mo
cnuHy, sapa thna  He, a He3aBUCHMMO TPHCOEIMHEHBI K alib(a-
YacTHLe, HauboJiee BEPOSITHO, BTOPBIM CJIOEM, IPU 3TOM OJIMH MPOTOH
¥ OZINH HEUTPOH 00pa3yloT CTPYKTYpY JEUTPOHA CO CIIMHOM, PaBHBIM
1 (puc. 1.16).

Usoton Be® o6pazyercs us usorona Be’ mytem npucoenunenns
JBYX HEHTpOHOB. MOXXHO CUMTaTh, UTO 3TH JIBa HEUTpOHA OPUEHTHU-
pOBaHbI aHTHUIMAPAJUIENIFHO 0 OTHOIIEHHUIO APYT K JPYTY, B pe3yibTa-
Te Yero 3Ha4YeHusl cruHa coxpanstotes (puc. 1.17).



HykJ10HBbI M aTOMHBIE siApa 259

Puc. 1.16.CTpykTypa siapa 4Be7 Puc. 1.17.CtpykTypa siapa 4Be9

,77++n)
D SO

Puc. 1.18.Ctpykrypa sizep 4Be10 (@) m 4Bell @)

Wzoton Be™, cyns mo crimuy, paBHOMY HYITIO, peCTaBseT CO-
00l ABe anb(a-4acTHlibl, CKperJIeHHbIe MeXIy co00i IBYMsi HEHTpO-
HaMH, CIIMHBI KOTOPBIX aHTHIapauie/ibHbl. BO3MOXEH BapuaHT Tpex-
CJIOMHOM CTPYKTYpHbI, IPHU KOTOpoi k03hdUIHeHT nedopmannu sapa
¢ yueToM jedhopMalii BUXpei CoCTaBUT BeanuuHy 1,22 € —a =
= 2,5 p, rae I, —paauyc Buxps npotona) (puc. 1.18).

M3zoron Be” obpasyercs myTem MOKIIOYEHUS YETBEPTOTO HEW-
TpoHa Ha cBoOoHOe MecTo. [IponcxoauT nepecTpoiika BTOpOro cios,
3aMbIKAeTCsl LIGHTPaJIbHBINA MOTOK BUXpel MPOTOHOB U HEUTPOHOB, O
YeM CBHUIETENbCTBYET dHeprusi mpucoeaunenus 18,9 MsB. OGpasy-
10TCs J1Ba anbda-yacTuibl. OIHAKO MOCKOJBbKY DHEPTrUs CBSI3eH H30-
Toma cocrasisgeT Bcero 56,5006MsB < 2F, = 56,59248MI5B, T0 u3o-
TOI HE MOYKET COXPAHATHCS IOJIT0, YTO U IIPOUCXOAUT Ha CaMOM JeJie:
nepros nomypacnaga ans Be® cocrasnser 7 = 3-10"°c. Takum oGpa-
30M, TpupocT sHeprun 18,9 MsB cBuzaeTenscTByeT O nepecTpoiike
cllosi B ab(da-4acTHiLy.
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Hsoron Be'! obOpa3yeTrcs myTeM MOACOeANHEHHST HeMTPOHA, CITMH
KOTOPOTO U ONpezAessieT o0Iuii CruH sapa.

VY Gepusus, Kak My BceX sfep C YeTHbIM Z NPU YETHOM UHciie
HEHTPOHOB, CIIMH CTAHOBUTCS PABHBIM HYJI0. MOXKHO MPeANON0KUTb,
YTO 3TH sinpa At A = 2Z cocTosT U3 anb(ha-4acTHLL, O YeM CBHIETEIb-
CTBYeT CKAa4OK JHEPruM B3aUMOJEHCTBMS HYKJIOHOB, BbI3bIBAIOLIMI
NepecTporKy CTPYKTYpPbl CUCTEMbl BUXpEl B aib(a-4acTHLIbI.

Bop. B Tabn. 1.16 npuBeneHbl OCHOBHbIE XapaKTEPUCTHKHU sep
n30TonoB Oopa.
Tabnuya 1.16

Ax E, M1B AE,MB | | w Q

B® 37,7382 - 2+ - -
B° 56,315 18,6 - - -
B | 64,7509 8,44 3+ 1,8007| +0,074
B! | 76,5760 11,45 3/2- 2,6825| +0,0355
B? | 79,5760 3,37 1+ 1,002 -
B | 84,456 4,9 32

M3BecTHO, uTo nM3oton 6opa sB® o6nanaet sneprueii caasu
37,7382M»3B u cniiHOM 2+, 0TCIO/Ia CIIEYET, YTO

sB®=a+3p +n, (1.65)

MpHUYEM TMPOTOH M HEHTPOH OPUEHTHpPOBaHBI MapansenbHo. BapuaHT
JBYXCJIOMHOM CTPYKTYpBI TAaKOTO spa rokaszaH Ha puc. 1.19.

GONGITINGO
= 5 %
@ \_.I; &

Puc. 1.19.CtpykTypa sigpa 5B8 Puc. 1.20.CTpykTtypa siapa 5B10
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Mzoton B° obnamaer sHeprueii cesaseii 56,315 MsB < 2E, =
56,59248M3B, crnenoBarenbHO, 3TOT U30TOMN HEYCTONUMB!

sB® — 20 +p. (1.66)

HMzoron B'® o6nanaer sHeprueii ceaseit 64,7509Mb5B u crniuHom
3+. XoTs B naHHOM ciyuyae E >2F, , 3HaueHHe CTMHA YKa3bIBaeT Ha
TO, UTO B COCTABE 3TOTO U30TOMA COAEPKUTCS He Goslee 01HOM anbda-
yacTuibl. OcTalbHble HYKJIOHBI BCE MMEIOT MapasuiesibHble CIHHbI
(puc. 1.20).

Uzoron B! namGonee pacmpoctpanen. Crmu coctaBnser 3/2.
CriesloBaTeNlbHO, BOCEMb HYKJIOHOB BMECTE JAKOT CMMH, PaBHbIH Hy-
JI10, T.€. OHM COCTABIISAIOT JBe ajib(a-yacTuibl. Kpome Toro, mpucoe-
JIMHEHHE IEeCTOr0 HEWTPOHA JJaeT OTHOCHMTENIBLHO GOJbIIOE MpUbaBe-
Hue dHepruu. Takum oGpazom

sB" — 20+ p+ 2. (1.67)

Bo3MorkHBI BApUaHT CTPYKTYphI H300pakeH Ha puc. 1.21.

QD Q @R
D D D&

Puc. 1.21.CtpykTypa sigpa 5B11

Yenepoo. B Tabn. 1.17 npuBefeHbl OCHOBHBIE XapaKTEPUCTUKH
s7iep N30TOIOB YIJIepoaa.
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Tabnuya 1.17

Ax E, MbB AE,MbB | |7 /i, Q
C° 59,037 - - - -
co 60,318 21,28 0+ - -
ct? 73,4418 13,12 3/2+ 10,3 +0,031
cP? 92,1635 18,72 0+ - -
cB 97,1099 4,95 1/2- 0,7024| -
c** | 105,2867 8,14 0+ - -
c™® | 106,5048 1,22 1/2- - -
c® | 110,757 4,25 0+ - -

B uzorone C°, Cy[is TIO SHEPTUH CBSI3€H, CONEePIKUTCS TOIBKO O/THA
anbda-yactunia. Ho yxxe moOaBneHHe 4YeTBEpTOro HEUTPOHA COMPO-
BOXKJAeTcsl mpupaieHreM sHepruu, paBHbiM 21,3 MaB. Crnenosa-
TENBHO,

¢C= 20 +pt +pJ. (1.68)

Bo03MOXKHBIH BapuaHT CTPYKTYpbl — Tpexcioiusiii (puc. 1.22).
JlBe anb(ha-yacTHILIbl OPUEHTUPOBAHBI AHTHIIAPAILIETBHO, JIBa MPOTOHA
NPUCOeIMHEHBI K HeWTpoHaM. JlanbHelilliee HapaliBaHHe HEHTPOHA-
MU 3aIl0JIHAET TPETHIO alb(a-4acTHILy, TaK YTO

«C = 3. (1.69)

OTO0 coeAMHEeHNE YCTONUMBO, TaK KaK SHEPTHsl CBS3H CYIECTBEH-
HO MpeBbIIaeT BHYTPEHHIOIO SHEPTHUIO CBsA3el Tpex anbda-uyacTHll Ha
7 MbaB. 3peck Hanbonee BeposiTHA CTPYKTYpa, MPH KOTOPOH TPH allb-
(ha-vacTuIpl pacrosiararoTcss B OOIIEH TUIOCKOCTH MOAO0OHO Iapam
(puc. 1.23).HoBble HEWTPOHBI MPUCOSTUHSIOTCS K BHEIIHHM MPOTO-
HaM, YMCJIO KOTOPBIX PaBHO YEThIPEM, MO3TOMY MOCIEIHUM U30TOMOM
yriaepona smsiercst C 2.
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OO »Q
G @® Zg{%?

Puc. 1.22.CtpykTypa sigpa GClO Puc. 1.23. CTpykTrypa siapa 6C12

Azom. B Tabn. 1.18npuBeneHsl OCHOBHBIE XapaKTePUCTHKHU sSIep
u3oTonoB azota. B uzorone NY?, umeromem sHepruto cesizeir 74,038
MbdB, conepxurcs He Gosee AByX aibda-uactuul. [lockonbky cnuH
paBeH +1, MOKHO MPEAINONOKUTh, YTO U3 OCTABLIMXCS HYKJIIOHOB TMPO-
TOH U HEUTPOH 00pa3oBany JEUTPOH CO CMMHOM 1, a 1Ba HEWTpoHA
COEMHEHbl aHTUMAPAJIIENIBHO.

Tabnuya 1.18

Ax E, M1B AE,MB | | wuy, Q
2 74,038 - 1+ 0,46 -
7N
N 94,1069 20,7 1/2— 0,3221| -
N | 104,6603 10,55 1+ +0,4036 +0,01
N | 115,4939 10,83 1/2— -0,2831L -
N'® | 117,09838 2,5 2— - -
N7 | 123,868 5,88 1/2— - -
N | 126,536 2,67 - - -

[MoacoenrHeHre 1MIECTOrO0 HEMTPOHA COMPOBOXKAACTCS YBEJIHYe-
HUeM SHepruu cBs3u Ha 20,7 MaB, cnenosarenbHo, oOpa3oBanack
TpeThs anbda-yactuia. Criu paBeH 1/2,crienoBaTesbHo,

N2 =30 +p. (1.70)

JanbHeiiniee npubaBieHne HEMTpOHa yBeJMYMBaeT CMH Ha 1/2,
cnuH ctaHoBUTcs paBHbIM 1. [IpricoenuHenue cienyrouero HeuTpoHa
CHOBA yMEHbILAeT CMMH, ClIeoBaTeIbHO, Ba HEHTpoHa oOpazoBayin
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aHTUTAapAJIeSIbHYIO Tapy. A30T sBsSeTCS NEePeXOIHbIM MO OTHOLIE-
HUIO K KMCJIOPOAY 3JIEMEHTOM.

Kucnopoo. Haubonee 3aBeplIeHHON CTPYKTypo#l sjpa B pac-
CMOTPEHHOM pSIy aTOMHBIX slep SBISeTCs CTPYKTypa sapa
kuciopoa g0, D710, B 4ACTHOCTH, BHIHO W3 TAGNMIBI SHEPrHUid
CBsI3eid JuIs  M30TOMOB KUcaopona (cM. Tabdia. 1.19).

Crpykrypy O'® MoxHO npencTaBuTh cocTosieit n3 4 anbha-
YACTHII NPH HAPALIMBAHMK SPpa aToMa yriepoaa ¢C

g0 = 4. (1.72)
Tabnuya 1.19

Ax E, MbB AE,MaB | |™ 1 /i, Q B
g0 75,560 - - - - -
o 94,1069 23,17 0+ 0,7189| - -
o® | 111,9522 13,22 Yo - - 0,084
o | 1276212 15,67 0+ -1,893f -0,0265 -
o' | 131,7635 4,14 5/2+ - - 0,30
o® | 139,810 8,05 0+ - - -
o | 143,7671 3,95 5/2+ - - -
0% | 151,371 7,61 0+ - - -

B a10i1 cTpykType anbda-yacTHIBI COGAMHEHBI MO KOJBILY C I10-
BopoToM Kaxaoil Ha 90° B ABYX MIOCKOCTAX, KaKaas MOC/emyrolas
oTHocuTenbHO mpenbiayieit (puc. 1.24). Ha stoii ocHoBe MoOryT
CTPOMUTHCS BCe MPEbIAyIIHe CTPYKTYPhI KMCIOPOIa U a30Ta ¢ y4eTOM
W3JI0KEHHBIX BBILIE TPUEMOB.

Puc. 1.24.CtpykTrypa siapa 8016
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K deThipeM BHELIHMM MPoTOHaM kncaopoga O MoryT GbiTh mpu-
COEJMHEHbl COOTBETCTBEHHO €1le YeThipe HEHTPOHA, UTO NACT M30TOIl
0%,

ITockonbky MpHCOEIMHEHNE TIEPBOTO U TPETHEro W3 HUX MEHSeT
CMMH Ha 5/2+, mporcXomuT nepecTpoiika OMmKaIMX K 3TUM Heil-
TpoHaM ajibda-uactull. [IpucoeanHeHre YeTHBIX HEUTPOHOB BelET K
BOCCTAHOBJIEHHIO CTPYKTYpbI alib(a-yacTHIl, a Ba HEUTPOHA COEIH-
HSIOTCA MEXKAY co00il aHTHUIapanenbHO.

3aBepLIEHHOCTBIO CTPYKTYphl u3oTorma O™ u oObscHseTcs ero
BBICOKAsl YCTOWYMBOCTD (IIBaXK/Ibl MArHYECKOE YHCIIO).

I'pynna adep ¢ymop—xanvuyuii

JlanpHelinee 3a KUCIIOPOJOM HapallMBaHUE COCTaBa sJiep MPOWC-
XOJMT MyTeM TMOACOCSTUHEHUS MO MOBEPXHOCTH sAApa KUCIOPOaa allb-
(ha-yacTHL, OTAENBHBIX TPOTOHOB M OT/AEJIbHBIX HEHTPOHOB.

3aBepIlIeHHON CTPYKTYpOH BBICTYMAeT spo »Ca”, KOTOpoe 00-
Pa30BaoCkh MyTeM TMOACOeMHEHHs K §O™° elte urecT anb(a-uacTuir;
JBYX TIO MOJIFOCAaM M YeThIpex 1o skearopy (puc. 1.25).

Tepexonubie Gopmbl siaep oT oF° 10 2dCa>® 06pasyroTes myTem
MOJICOSIMHEHUsI HYKJIOHOB Ha MecTe OyJaylIux ajib(a-4acTHil Mo Mo-
BEPXHOCTH CTPYKTYPBI gO'°, MpH 5TOM KasKblii HOBBIHA HYKIOH MpH-
COe/IMHSACTCS TaK, YTOObI JHEpPrus B3aWMOJACHCTBUs Oblla MaKCH-
MaJIbHOM.

™

R

fd
N

Puc. 1.25.CtpykTrypa sinpa 20Ca40
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I'pynna adep ckanouii-pymenui.

Crenyroleii 3aBepLICHHON CTPYKTYpOH SIBIIsieTcs CTPYKTypa, co-
nepxkauias 22 anba-yacTULbl, MAKCUMAIIBHO BO3MOKHOE YHMCIIO ajlb-
(a-vyacTuIl B A/pax ¢ Maru4eckKMM HEHTPOHHBIM uHucioM paBHO 50.
Drta CTpyKTypa MOXKET ObITh 00pa3oBaHa MyTeM J00aBICHHUS K
KaK7I0My monytapuio 0Ca*° no 6 anea- uactu (puc. 1.26).

Puc. 1.26.CtpykTrypa sinpa 44Ru94

MakcumManbHoe 4ucio HykJIoHoB y pyreHus 108, T.e. B cocTaB
aapa kpome 22 anba-yactuy BxoauT ewe 20 HeittpoHoB. Kak BugHO
u3 puc. 1.26, 12HelTpOHOB MOTYT pa3MecTUThcs 1Mo 12 BHEUIHUM
anb(a-yacTMaM BepxXHero cjos, a 9 —Mexnay anbda-uacTuuamu rnpe-
JBIAYLIETro Cliosl, Mo 4 HeWTpoHa B KaykAoM nonywapu. Heo6xonnmo
OTMETHUTB, YTO BO3MOXHBI, BEPOSTHO, U JIpyrde BapHUaHThl pa3Melle-
HHS HEHTPOHOB, MOTOMY JaHHBII BOTIPOC MOAJIEKHUT YTOUHEHHIO.

[IpomexkyTouHble siapa o0pa3ylOTCs Kak YacTUUHbIE CTPYKTY-
pel simpa pytenns. ITpu npucoeauuennn k Ca’® Toabko okomonooc-
HBIX ab(ha-yacTHil oOpa3yeTcs 3aBeplLIeHHast CTPYKTypa
C MarkuecKuM 4mcIioM 28,3aBepileHneM KOTopoit apisercs 2gNiC.

I'pynna adep poouii—z2adonunuii.
[Ipucoenunenue k mosocaMm KpectooOpasHo ewie mo 5 anbda-
YacTHLl Ha KaXIbIA MOJIOC JaeT CleAyrolie Maruveckue sapa, mo-
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CeHUM M3 KOTOPBIX siBIsieTCs 6,Gd 2. MarmueckoMy 4MCIy Hei-
TPOHOB 82 COOTBETCTBYET U30TOM

cGd™® = 320 +18n, @7

CTPYKTYypa KOTOpOTo n3obpaxeHa Ha puc. 1.27.

Puc. 1.27.CtpykTtypa siapa 64Gd146.

I'pynna adep mepouii—akmunuil

[Ipucoenunenue k 3aBepLUCHHON CTPYKType rajoiuHus eie 12
anbda-yacTul AaeT CIEAYIOLLYIO 3aBEPLUICHHYIO CTPYKTYpY C Maruye-
CKHUM YMCJIOM HeWTpoHOB 126. OnHako KOHKpPETHOE pacriojioKeHHe
HYKJIOHOB 3JIeCh MpOCHenuTh Yyxe TpyaHo. OOpamiaer Ha cebs
BHUMAHMe (AKT OTCYTCTBHS M30TOMA TOPUS ooTh*°. DTO MOKHO
OOBSICHUTh  YBEJIMUYMBAIOLLEHCS BBIMTYKIOCTHIO BHEIIHUX HYKJIOHOB
Y CHWXKEHHMEM M3-3a 3TOro 3Hepruu ceszeid. Cneqyer OTMETHUTD TaKoke
HEYCTOHUMBOCTH CJIEYIOLIMX 32 TOPUEM SAEP SIEMEHTOB.

1.6. Bo3byxaeHHble COCTOSIHUSI BUXPEBbIX TOPOU-
OOB — cnabble igepHble B3aUMoAeUCcTBUSA

Kaxk n3BecTHO, psn 2meMeHTOB 00i1aaeT CrocCOOHOCTHIO K paiio-
aKkTHBHOMY pacrnaja [33, 34].
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B CBs3M ¢ TeM YTO MOBEPXHOCTh BUHTOBOIO BUXPEBOTO TOPOMA
OTJIeJIeHa OT OKPY’KArollei cpeibl TIOrPaHUYHBIM CIIOEM, a CaM TOPO-
W]l YIUIOTHEH, MPU YJAapHOM HMITYJIbCHOM BO30YXKIEHHH IO HEMY
JOJDKHBI PacrpOCTPaHAThCS BOJHBI — MOBEPXHOCTHBIE (MOMEPEYHBIE)
(puc. 1.28)u rinybuHHbIe (POAOJIBHBIE).

\

S

Puc. 1.28.I1poxoxaeHne NOBEPXHOCTHBIX BOJIH MO TeJly HYKJIOHOB

VYuuteiBas pasiuuve B IJIOTHOCTH Tejla TOPOMJA HAa Pa3IMYHBIX
paccTOSHUSX OT MOBEPXHOCTH U TOT (haKT, YTO CKOPOCTh paclpocTpa-
HEeHHsl TIPOJIONILHBIX BOJIH BCEr/la CYIIECTBEHHO BBILIE CKOPOCTH pac-
MPOCTPaHEHUS TIONIEPEYHBIX BOJIH, CJIEAYET MOJaraTh, 4YT0 BO3HUKIIIME
BOJIHBI MOTYT UMETh MHOXECTBO COCTAaBJISIOUIMX, NePeMEIIatoIUuXCs
B TeJie TOPOW/Ia HE3aBUCHUMO M aCHHXPOHHO OTHOCHTENBHO JAPYT ApY-
ra.

B siape, B KOTOpOM OT/IENbHBIE HYKJIOHBI CBSI3aHBI APYT C APYTOM
yepe3 oOLIMe MOTPaHUYHbIC CIIOW, DHEPTUsl MOMEPEYHBIX BOJH, MPO-
XOJSILIUX MO MOBEPXHOCTH OJHOTO M3 HYKJIIOHOB, Oy/IET nepeiaBaThes
JIPYT'MM HYKJIOHaM W BO30Y>KIaTh B HUX TOTMIEPEUYHbIC M MPOJOJIbHBIC
BOJTHBI.

[TonepeuHble BOJIHBI, TPOXO/S MO MOBEPXHOCTH HYKJIOHOB, OyayT
CO3/1aBaTh B OKpYKaroleM 3upe KojiedaHus, KOTopble OyayT B HEM
pacripocTpaHITbCS M BOCIPUHUMATLCS KaK BBICOKOYACTOTHOE 3JIEK-
TPOMarHUTHOE H3NMy4YeHHe. BclnencTBue HMCKITIOYUTENLHO BBICOKOM
YIPYTrOCTH Tesia HYKJIOHOB 3TH KOJIeDAHUS HMEIOT BechbMa BBICOKYIO
yactoty — nopsiaka ot 10'° o 107 'y (ramma-msnyuenue). YduTbi-
Bas e Pa3HOCTh IUIOTHOCTEH Tejla HYKJIOHOB M cBoOoaHOro 3¢upa,
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cllelyeT KOHCTaTUpOBaTh, YTO OTJada SHEpPruM KojeOaHWid BO30YXk-
JCHHBIMH SIIpaMH BO BHELIHEEe MPOCTPAHCTBO OYyAET MPOMCXOIUTH
JOCTaTOYHO MEIJIEHHO M IUIMTHCS JOJNr0, MHOT/Ia MHOTHMH TOJAMH,
YTO U UMEET MECTO B PeallbHOCTH.

IIpy Mpoxo’kaeHMH aCMHXPOHHBIX BOJIH B Tesie s/ipa rpeOHU U
BIA/IMHbl OTAEJbHBIX COCTABISIOIIMX BpeMs OT BPEMEHH MOTYT
cyMMHpoBaThcs. B Tex ciyuasx, korga rpeOHU CyMMUpYIOTCS B TTpe-
Jenax MOrpaHUYHOTO CJI0S, Pa3JessIoOLIero HyKJIOHbI, OHU OyIyT M3-
MEHSTb PACCTOSTHUE MEXIY HUMM.

Ecnu no nmoBepXHOCTH IBYX HYKJIOHOB, OOpAaL€HHBIX IPYT K IpY-
Iy, IpOXoJsT rpeOHU BOJH, TO TOJLIMHA MOTPAHUYHOTO CJIOS Ha 3TOT
MOMEHT OyJeT yMEHbIUEHa, a MOCKOJIbKY pPaBHOBECHE CHJI MPUTSIKE-
HUS U OTTAJKMBAHUSl HYKJIOHOB CYLIECTBYET TOJBbKO MpPH ONpeaesieH-
HOU TOJILIMHE MOTPAHUYHOIO CJI0S, TO B 3TOM Cily4ae BO3HUKHYT CH-
Jipl OTTaJIKUBaHMs. Eciiu UMITysIbC 3TOM CHUJIIbI OKaXKeTCsl AOCTATOYHBIM
IUIS TOTO, YTOOBI pa3fABHHYTH HYKJIOHBI Ha BEJIMYMHY, CYLIECTBEHHO
MPEBBILIAIOLLYIO TONIIUHY MOTPAHUYHOTO CJIOS, TO MOCJe MPOXOXKIe-
HUsl TpeOHSl BOJIH HYKJIOHbI OK@KYTCSl Pa3beAMHEHHBIMM, a CHJIbI
9NIEKTPUYECKOTO OTTAIKUBaHHsl (CHJIbI B3aUMOJCUCTBHS 32 CYET
KOJIbLIEBOTO BpALIEHHs) 3aCTaBsIT HYKJIOHBI elle Oosiee OTAaNIUThCs
JpyT OT Jpyra.

Ecnu >xe 1mo moBepxHOCTH HYKJIOHOB, HA0OOPOT, OAHOBPEMEHHO
NpoMayT BMAAWHBI BOJH, TO HYKJIOHBI MPUTSHYTCS, HO 3aTeM MOcCIie
MPOXOKACHHUS BMAJAUH OKAXKETCs, UYTO TOJIIMHA MOTPAHUYHOTO CJIOs
YMEHbLIEHA MO CPaBHEHHIO C TOJIIMHOW MOrpaHMYHOro Ccjosl B yc-
TOWYMBOM COCTOSTHMH, M HYKJIOHBI TOXKE MOJy4aT MUMITYJIbC OTTaJKH-
BaHMs.

Takum 00pazoM, OAHOBPEMEHHOE MOsIBIEHUE TpeOHel MOBEpXHO-
CTHBIX BOJIH JBYX HYKJIOHOB B MEKHYKJIOHHOM MPOCTPAHCTBE MOXKET
MPUBECTH K pacrnaly CUCTEMbl BUXPEBBIX TOPOMIOB — HYKJIOHOB, T.€. K
AJepHOMY pacrany.

HUmes B Buay, 4TO 9HEprus CBS3M IBYX MOBEPXHOCTEH MPOTOH-
HEUTPOHHOTO B3aUMOJICHCTBHUS COCTaBIsAeT MpuMepHo 6 M»1B, a sHep-
rust CBs3M ayib(pa-yacTuipl paBHa 28,3 M»aB, crienyeT oxxunaTh, 4To B
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pe3ysbTaTe TaKoOro pacraja OTAENAThCs OyayT He OTHeNIbHbIe HYKJIO-
HBI, BXO/SIIME B COCTaB ajb(a-yacTHll, a LETUKOM ajb(a-uyacTHLIBI.
3710 U ecThb anbda-pacnaj.

Bo3MoxkHO Takke JieneHue saep Ha Gosiee KpyMHbIe YacTH, HO 9TO
JieJIeHue TIPeMMYIIEeCTBEHHO OynleT MpOXOoAWTh He Mo Tely anbga-
YaCTHLIBI, @ TI0 MX TPaHHLIAM, T.e. B 00eHX YacTsIX ab(a-yacTHLBI CO-
XpaHsATcs LenukoM. KoHewHo, eciu kpome ajib(a-yacTHil B COCTaB
s7pa BXOIAT eIlle W OTAeJbHbIe HYKJIOHBI, TO OTIEJeHHE TaKuX Hy-
KJIOHOB TOX€ BEPOSTHO.

[IpoxoxkaeHre BOJIH MO SAPY MOXKET MPUBECTH M K TOSBICHUIO
BIaJJMH B OT/JEJIbHBIX HEHTPOHAX, YTO HAPYLIMT LIEJIOCTHOCTh €ro Tena
¥, TJIaBHOE, LIJIOCTHOCTh €ro MOorpaHu4Horo cios. bymy4n pasopBan-
HBIM, 3TOT MOrPAHCIION He OYAeT COXPaHSITHCS U He 00s3aTeIbHO BOC-
craHOBUTCS. OH MOXKET OTOPBATBCS, 3aMKHYTHCSI M CKOJUTATICUPOBATh-
csl B CaMOCTOATENbHYIO 4YacTuily. ITockoibky B HeM HarpaBiieHHE
BUHTOBOTO JBMKEHHS MPOTHUBOMOJIOKHO TOMY, YTO €CTh B MPOTOHE,
TO 00pa30BaBLIAsCS YacTUIIa OyAeT BOCIPUHATA KaK YacTHLA C OTPH-
LaTeNIbHBIM 3apsAAoM — JJIEKTPOH. TakoB BO3MOXKHBIA BapHaHT Mexa-
HU3Ma B-pacrnana.

[lpu pacnanme sinep wiM NpeoOpa3oBaHUM MOTPAHUYHBIX CIIOEB
HEWTpOHa WM MEKHYKJIOHHBIX TIOrPaHUYHBIX CJIOEB 4acTh 3dupa mne-
peiiner B CBOOOAHOE COCTOSIHME, 3TO BOCHPHUHHUMAETCS Kak JedeKT
Macc M OTHOCHTCS CErO/IHs 3a cueT oOpa3oBaHMs HelTpuHo. He oTpu-
1asi BO3MOXKHOCTH 00pa30BaHMsl TaKoi uyacTHLbl, oOnajarolieil mac-
coif, 6JTM3KON K Macce AJIeKTPOHAa, HO He MMEIOIIei KOJIbIIeBOro Bpa-
IIEHUs] WM UMEIOILEero KOJIBLEBOE BpalleHHe, SKpaHHPOBAHHOE Y)Ke
CBOMM IOTPAaHUYHBIM CJIOEM, CJIelyeT TeM He MeHee, OOpaTUTh BHH-
MaHHWEe M Ha BO3MOXKHOCTBH MPOCTOTO PacTBOPEHHs W30bITKA Morpa-
HUYHOTO ¢JI0s1 B cBOOOIHOM ddupe 6e3 o0pa3oBaHUs Kakod Obl TO HU
OBUTO YacTHLBI. DTO HAMpaBJIeHHE A0 HACTOSIIErO BPEMEHH MPAKTH-
YeCKH He paccMaTpHUBaJIOCh BOOOLIIE.

B cooTBeTcTBUMM ¢ u3naraeMod KOHLENUMEH B mpoLecce TpaHc-
(dhopmatmu saep JrOObIX SIIEMEHTOB MOTYT 00pa30BbIBATHCS HEYCTOM-
YHMBbIE BUXPEBbIE BUHTOBBIC CTPYKTYPbI CaMbIX pa3HOOOpa3HbIX (opM
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¥ Macc. bospmas yacte U3 HUX OyneT He yCTOWYMBA M MPOJOJDKHT
TpaHchopmaluio — fefieHre (pacnaj), yIJIOTHEHHE, CHOBA JIeJIeHHE |
NPOCTO pacTBOpeHHe B 3(upe [0 TeX MOop, MOKa OCTABLIASCS 3aBHX-
peHHas Macca He MPHIET K HEeCKOJBKUM YcToiurBbiM (opmam. [lo-
JOOHBIE TPOLIECCH MPH YCTAHOBJICHUH OJTMHAKOBBIX HaYalbHBIX yCII0-
BUIA Oy/IyT MPONUCXOJUTH OTHOCHUTEIBHO OJIMHAKOBO, YTO CO3/1acT BIIe-
YatiieHHe cTaOWIIbHOCTH MPOMEXYTOUHbIX opM. TeM He MeHee, Bce
9TH MPOMEKYTOUYHBIE (POPMBI — OCKOJIKM YCTOHUYMBBIX (POPM HACTHLL —
HYKJIOHOB M X TIOTPaHUYHBIX CJIOEB, a BOBCE HE AJIEMEHTApHBIE Yac-
THLIBD» MUKPOMHPA, U3 KOTOPBIX SKOOBI COCTOMT BelIeCTBO. BemecTBo
U3 HUX He COCTOMT, a 00pa3yroTCsi OHM B pe3yJsibTaTe yAapoB YacTHI
Ipyr o Apyra, B pesyjbraTe OOMOApIUpPOBKU sep SJIEMEHTOB Heil-
TPOHAMM WJIM JIPYTUMHU YacTHLIAMH WM B pe3yJbTaTe JPYrux mojaoo-
HbIX onepauuid. [TockonbKy mepexoaHbIX GpopM MOXKET ObITh JH000e
MHOKECTBO, TO MOKET OBITh JIFOOBIM M YMCIIO TaK Ha3bIBAEMBIX <OJIe-
MEHTapHBIX YacTHII.

H3noxeHHbIe MPeACTAaBICHUS O pacnajie CI0KHBIX BHXPEBBIX TO-
POMIAITBHBIX CHCTEM, KaKOBBIMHU SIBIISIOTCS S/pa aTOMOB, COOTBETCT-
BYIOT MOJIEJTH €J1a00T0 SIePHOTO B3aUMOICHCTBHS.

CoBpeMeHHbIe MPE/ICTABICHHs O CHJIaX c1aboro siiepHOro B3au-
MOJICHCTBUS TPUBEIM K MPEJICTABICHHIO O CTaOMJIBHOCTH pacraja
panvoaKkTUBHBIX siiep. s GonbIIMHCTBA HEYCTOHYMBBIX H30TOIOB
OTpe/IeieHO BpeMs MoJlypacraa 3JIeMEeHTOB, T.e. BpeMs, B TeUeHHE
KOTOPOTO OT MCXOJHOM MAacchl M30TOMNA JOJKHA OCTAThCs MOJOBUHA
Macchl, BTOpasi e MOJIOBUHA MAacChl MPEBPAIaeTCcsi B COOTBETCTBYIO-
IIME W30TOIBI IPYTHX JIIEMEHTOB.

OnHako, MO0 MHEHUIO HEKOTOPBIX HCClieloBaTesieid, BpeMs MoJy-
pacnajga paJiMOAKTHBHBIX 3JIEMEHTOB Ha CAMOM JIeJie MEHSeTCs B IIH-
POKHMX Tpefieniax, YTo CTaBHUT MO/I COMHEHHE CIPaBeNTUBOCTh HEKOTO-
PBIX YTBEpI)KICHUH COBPEMEHHOW TEOpPHHM CAObIX SIACPHBIX B3aUMO-
neiicteuii. Tak, I".Jlebon B pabore [34] ormeuaet, uto eciu bekke-
pesb orpeaeNnuy MPOAOJLKUTEIbHOCTD CyliecTBoBaHus 1 r panus B 1
wipa. net, To Kiopu — B 1 MiH. JieT. Pesepdopa orpanuuun cyimect-
BOBaHHME STOr0 rpaMma BellIeCTBa OJHHUM ThicsueneTueM, a Kpyke —
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HECKOJIbKMMHU CTOJIeTUSIMU. Xai/iBaiiyiep HEroCpeJCTBEHHBIM B3Be-
IIMBaHUEM ONpeNesIil, YTO 5 T pagus TepsioT B TedeHne 24 4 0Kojo
0,02 mr. [Ipu paBHOMepHOI ToTepe 3TH 5T motepsuin Obl 1 1 cBOEH
Mmacchl B TeueHre 137 net. OnbiThl ske camoro JleboHa nokasaiu, uTo
PaqMoaKTUBHOCTE OHOTO M TOTO K€ TeJla 3HAYMTEIbHO PacTeT, Koraa
TEJIO TPOCTUPAETCS N0 OOJIBIION MOBEPXHOCTH. DTO OCTHraeTcs BbI-
CyILIMBaHWEeM OyMaru, uepe3 KOTOPYIO IMpPOLIEKHUBAETCS PAacTBOP HC-
MBITYEMOTO TeJla. JTH OMbITH puBeH JIeboHa K 3aKiIIoueHuIo, 4yTo 5
r panus TepstoT 1 cBoeli Macebl B Teuenue 20 1eT.

Jaxe ¢ ydeToM NaHHBIX, MpHUBeAeHHBIX B [33], U CBHOETENBCT-
BYIOIIMUX O TOM, YTO CAMbIM JOJITOKUBYIIUM SIBJISETCS alibda-
paanoakTuBHEI “2°Ra ¢ nepromom momypacnaza 16007er, a Takke,
NpPUHMMas BO BHUMaHHWE CYLIECTBOBAHUE TaK Ha3bIBAEMbBIX PaIHOAK-
THUBHBIX PAI0B, HECJIOXKHO MOKAa3aTh, YTO eciiu Obl Tesa, o0Jaaroye
OblcTpoii OecCIPUUMHHON PaAMOAKTUBHOCTBIO, CYIIECTBOBAIN B OTHA-
JICHHBIE T'€0JIOTMYECKHE PTIOXH, OHM JIaBHO OBl yKe MPeKpaTHiIN CBOE
CYILIECTBOBaHHE. ..

JlaHHOEe 0OCTOATENILCTBO MOXHO HCTOJIKOBAaTh M KaK IOITBEp-
KIIeHWe BbICKa3biBaHMs JIeOOHa O TOM, YTO PagMOAKTUBHOCTH MOSB-
JsieTcs TOJBKO MOCIe TOro, Kak Teja 00pa3ytoT OnpeieieHHbIe XUMH-
YeCKHUe COCOUHEHMs, M, CJIeJOBATe]IbHO, COCTOSHHE JIICKTPOHHOM
000JIOUKM MOJKET OKa3bIBaTh BO3JCHCTBHE HAa YCTONYMBOCTH HEKOTO-
PBIX sizep.

B cBA3M ¢ W3/I0KEHHBIM MOXKET OBbITh BBICKAa3aHO Clieyloliee
NpeNroNokeHne O Havane pPaJnOAaKTUBHOCTH HEYCTOWYMBBIX sAep.
Marepus sinep, o61anas BEICOKOM YNPYrocTbl0 M OTHOCHUTENBHO Ma-
JBIMHA TIOTEpSIMA HAa TPEHHE, TEeM CaMbIM HMMEET BBICOKYIO N0OpOT-
HOCTb. Tak Kak BUXpH 00JIaIaf0T CMIOCOOHOCTBIO BOCIIPUHUMATD SHEp-
TMI0 M3 BHELIHEi cpenbl M, TaKUM 00pa3oM, MCTOYHMK MOBBILICHUS
SHEpPruM BHUXpel Bceria MpUCYTCTBYET, CIIOXKHAs sepHas cucrema
OKa3bIBaeTCsl YyBCTBUTEJILHOM Jake K OTHOCUTEJILHO HE3HAYUTEIb-
HBIM BHELIHUM BO30YXIeHUsAM. B pesynbrate mosBisercs wmexa-
HU3M pPacKayky CHUCTEMBI, YTO U MPUBOAMT K MOSBICHHUIO BOJH. DJIeK-
TpoHHas obosiouka (MpUCOeIMHEHHbIe BUXPH 3(Upa) CIYKUT AEMII-
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(epoM, OIHAKO IS IMCCOLMMPOBAHHOTO BEIeCTBA 3TOT JeMripep
ocnabeBaer, nporecc yckopsiercsa. Takum oOpa3om, MOKHO OKHUIATh,
YTO Ha YPOBHE SAEp U OKPYKAIOMIMX UX 000JI0UeK UMEET MECTO Mpo-
LleCC aBTOMATUUYECKOro peryjaupoBaHusl, CKIIOHHbIH K caMOBO30YXJe-
HMIO, YTO BCETJa MMEeT MECTO B HEYCTOMUMBBIX cucTeMax. [loatomy B
JajbHEHIIeM UMeeT CMBICI MCCIIeoBaTh MPOLECcChl CadbIX SAePHBIX
B3aMMOJCHCTBUI ¢ TO3MLMI TEOPUHU aBTOMATUYECKOTO peryupoBa-
HUS.

1.7. O BO3MOXHOCTHU TPpaHCMYyTauuu fieMeHTOB

TpancmyTanys 3J€MEHTOB, T.e. MPeoOpa3oBaHUE OJHUX 3JIEMEH-
TOB B JIpyrvie 10 HeJaBHEro BPEMEHHU CUMTAJIACh NMPHUHLMUIHAIBHO He-
BO3MOJKHOM. B HacTosiee BpemMs caM TEpMHUH «TpaHCMYyTaLUs» B (u-
3MKe BBILLIE U3 YNOTpPeOIeHHs M UCTIOIb3YeTCs, TJIaBHbIM 00pa3oM, B
PaaroOHONIOTHH, TaK KaK TPAaHCMYTALMOHHBINA AP (EKT BKIIOUCHHBIX B
TKaHW OpPraHu3Ma PaMOHYKIIMIOB MOXKET ObITh BaKHBIM (PaKTOPOM MX
OHMOJIOrMYeCcKOro AeHCTBHS.

B npeBHue M cpenHMe Beka alxXxMMHs [ojiarajia TPaHCMYTaLHIO
9JIEMEHTOB OOBIYHBIM JIEJIOM, TIPH 3TOM He AeNaloch Pa3Inyuus MEKITY
npeoOpa3oBaHUEM 3JIEMEHTOB M OOBIYHBIMM XHMHYECKUMH peaKuus-
mu. MccnenoBaTtensiMi alnxuMUM, B YaCTHOCTH, BbLIAOIIMMCS (paH-
Iy3CKUM XUMUKOM Mapcenenom beptio (1827-1907)B usBecTHOM
tpyne «lIpoucxoxkaenue amxumun» (1885)u B cobpanuu apeBHerpe-
YeCKHX, 3araHOEBPONEHCHUKX, CUPHUICKUX U apaOCKUX aIXUMHUYECKHX
pyKoOIUCcel ¢ mepeBoJaMy, KOMMEHTapUSIMH M KPUTHKOW Hzes aixu-
MHKOB O TPaHCMYTAllMH 3JIEMEHTOB TMOJBEpruyTa Kputuke. MM noka-
3aHO, YTO AJTXMMHUKH MPUHUMAIIH 32 TPAHCMYTALIMIO JIEMEHTOB 00bIY-
Hble XMMUYECKHEe PeaKiii, He MMEIOLHe K IeHCTBUTEIbHON TPaHCMY-
TalMM HUKAKOTrO OTHOIISHHSI.

B coBpemeHHOlH Hay4yHOW JHTepaType NMpU3HAETCS MOJIOKHUTEIb-
Has pOJib AIXMMUH B Pa3BUTHH HAyKH, B TOM YKCJIe U XUMHUH, B Pa3BU-
THM METOJIOJIOTUH 3KCIepUMEeHTa, B (GUIOCO(PHUH B TUIaHE MPHU3HAHUSL
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€IIMHCTBA TIPUPO/IbI, HO KATErOPHYECKH OTPHIIAETCS TO, YTO ATXUMHUKH
ObIIIM CMIOCOOHBI MPOU3BOANTE TPAHCMYTALIMIO 3JIEMEHTOB, B TOM YHC-
Jie ¥ mpeBpaiiaTh HebGIaropoaHble MeTalibl B GnaropoaHbie. CunraeT-
Csl, YTO MHOTOYMCIIEHHbIE W O€3yCIElIHbIE OMNbIThI AJTXHMUKOB 10
TPaHCMYTAllM¥ METAJIOB JIOKa3aJli HEBO3MOKHOCTH TaKOW TPaHCMY-
TalliM, W BCErJa BBI3BIBAJIO YAMBIEHHE BBICKAa3bIBAHUS HEKOTOPBIX
BBIZIAIOIINXCS YUEHBIX CpPEIHEBEKOBbs, TakWX, Kak Pomksp Bakon
(1214-1292) (eren skcniepumenTa») unu Paiimyna Jlymn (1235-1315)
0 peaJIbHOCTH MPEBPAIIEHHH JIEMEHTOB IPYT B IpYTa.

OnHako pa3sBUTHE aTOMHOM (U3MKK B XX CTOJETHH MOKA3aJI0, XO-
Ts1 ObI B MPUHLIMIIE, YTO TPAHCMYTALIMS DJIEMEHTOB BO3MOYKHA, MPUYEM
MOTYT CYIIECTBOBATh pasHble CIOCOOBI TPAHCMYTAIIWH, HaIpUMep,
MyTeM €CTECTBEHHOM WJIM UCKYCCTBEHHOM (HaBEIEHHOM) paaroaKTHB-
HOCTH, MyTEM PAaCIIENJIEHHUs CIOKHBIX SIEp WM, HA000POT, CIAMSHUS
npocTeiX siaep. OJHAKO 37eCh MPOMCXOMAT YUCTO S/IEPHBIE PEAKIIUH,
TpeOyIoIre MPUMEHEHHS BBICOKHUX SHEPTHiA, & BO3MOKHOCTh «XOJIOJ-
HOTO» CHHTE3a 10 CHX MOp HesICHA.

DdupoarHaMUKa TO3BOJISET PACCMOTPETh MPOGIIEMY TpaHCMyTa-
LMK DJIEMEHTOB C MO3WIMI €IMHCTBA CTPYKTYPHON OpraHW3aliy ma-
TEPHH, W 3[€Ch MMPOCMATPHUBAIOTCA, MO KpaiHel Mepe, JBa BapuUaHTa
MEXaHW3MOB TPaHCMYTALHH.

IepBbIM BapraHTOM SIBJISIETCS TPe0Opa3oBaHKUE MPOTOHOB B HEM-
TPOHBI U MpeoOpa3oBaHUE HEUTPOHOB B MPOTOHBI.

B coOTBeTCTBHM C MOJNIOKEHUSAMU d(PUPOJAUHAMHKHK BCE BHIIbI Be-
IIECTBA B CBOEH OCHOBE MMEIOT €MHBIN CTPOUTENLHBIA MaTepranl —
a¢gup, a BCe Aapa aTOMOB COCTOAT TOJILKO M3 HYKJIOHOB — MPOTOHOB M
HEUTPOHOB, COEMHEHHBIX MEXKIY COOON CHUIIbHBIM SIIEPHBIM B3aUMO-
JIEUCTBUEM, T.€. CHIDKEHHEM JaBJeHUS dPHpa B MEKHYKIOHHOM MPO-
crpaHctBe. [1pr 5TOM Hellmponsl ecmb me jce RPOMOHbBL, OKPYHCEH-
Hble ZPAOUeHMHBIM ROZPAHUYHBIM CTl0eM Iupa, B KOTOPOM 3aMbl-
KaeTCsl KOJIbLIEBOE JIBHIKEHHUE, Oarofaapst 4eMy HEMTPOHBI OKa3bIBAIOT-
sl QJIEKTPHYECKH HENTpaIbHBIMK. Bce a1eMeHThI, MMeroLue W30bITOK
HENUTPOHOB, TaKMM 00pasoM, COJep)KaT Bech HEOOXOIMMBINA CTPOM-
TEJILHBIM MaTepHall [Tl NPEBPAILEHUS B MOCIIEAYIONIHE DIIEMEHTHI Te-
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PHOINUECKOM TaOIHLIBI 3JIEMEHTHI, U JIeJI0 33 TeM, 4TOObl 00ecneunTh
npeBpaleHne HEMTPOHOB B MPOTOHBI.

B npuninune, Bo3mMoxkeH ¥ 0OpaTHBIN mpoiiecc myTeM npeodpazo-
BaHUS MPOTOHOB B HEWTPOHBI, TOr/A MPeoOdpa3yeMblil JIEMEHT mpe-
BPATHUTCS B Ipyroi 3JIeMEeHT TOM ke TabJIHIbl, HO MEHBLIEro HOMepa.

B npunLMne MOkHO TO00paTh Mapbl U30TOMOB PA3HBIX HJIEMEH-
TOB TaKUM 00pa3oM, YTOOBI MPU OJJMHAKOBOM YHCJIe HYKJIOHOB — MPO-
TOHOB M HEHTPOHOB PHEPIUsl B3aUMOJIEHCTBHS HYKJIOHOB Mpeobpasye-
Moro sijipa Oblia Obl MeHblIIe, YeM Y BHOBb 00pa30BaHHOTO sijipa. 31ech
HY’KHO Y4YeCTb, YTO SHEprus CBs3eil HYKJIIOHOB OTpHLATebHA, U TO-
9TOMY TpeoOpa3oBaHuUe sIpa ¢ MEHBIIEH SHeprueii B aapo ¢ OosbLiei
SHEpruei MPOMCXOIUT C BBIICIICHUEM SHEPTHH.

B kauecTBe mpuMepa MOXKHO MPUBECTH SHEPrHUM Map MapraHewl-
JKeNe30 U JKene30-Ko0asbT:

,Mn°%(489,354M>B) — ,gF€°(492,268M53B) —,,C0*%(486, 917M>B)

Kak BuaHO, y naHHOro usoTorna xeses3a oTpuLaTesbHas SHeprus
CBSI3W HYKJIOHOB OOJIbllIe, YeM Yy COOTBETCTBYIOLIMX HM30TOINOB Map-
raHua v koOajibTa, 5TO 03HAYaeT, YTO B MPHUHLMIE sAepHas peakuus
npeoOpa3oBaHMs MapraHia u KodajibTa B JKeJie30 MOXKET ObITb co3Ja-
Ha, HO HEOOXOMMO MPEON0JIETh HEKOTOPBIN MOTEHUHMAIbHBIM MOPOT.

O TOM, UTO Takasi BO3MOKHOCTb B PHUHLMUIE CYLECTBYET, TOBOPUT
cam (paKT CyliecTBOBaHHS B MPUPOJE BCEX IEMEHTOB MEePHOANYECKOM
TabIULBI.

BropeiM BapraHTOM TpaHCMyTalUMu SBISIETCS BO3JAEHCTBUE HA SiA-
pa aTOMOB 4epe3 OKpY>KalolIHe UX 3JIEKTPOHHbIE 000IOUKH.

TpyaHOCTH BO3EHCTBUS Ha siipa aTOMOB 3aKJIIOYAIOTCs, KOHEYHO,
NpeXe BCero, B TOM, YTO 3HEPTUM B3aMMOJIEHCTBUS HYKJIOHOB B sIpe
Y SHEPruM XMMHUYECKHX B3aUMOJECHCTBHI pa3nnyaroTcd Ha MHOTO Mo-
psankoB. OTcrozia jke BO3HUKIIO M yOexxaeHHe B TOM, YTO BO3AEHCTBO-
BaTh Ha Siipa aTOMOB MOXKHO TOJIbKO C MOMOLIBIO YacTHL] BBICOKHUX
SHEpryi, Yem M 3aHUMAaeTCsl aTOMHBIE UCCIIe0BATENH.
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OnHako MOXHO MOKa3aTh, YTO HAa CaMOM JieJie CYLIECTBYIOT U He-
KOTOpBIE JIOTIOJHUTEIbHBIE BO3MOXKHOCTH, 10 HACTOSINETr0 BPeMEHH
HAYKOW He Hcrojb3oBaHHble. B kadecTBe mpuMepa 1LenecooOpazHO
paccMoTpeTh BOZMOKHOCTD MPEBPALLEHUs] KUCIOPOAa B YTIIEPOI.

B Hacrosiiee BpeMs CUMTAeTCsi «TBEPHO YCTAHOBJIEHHBIM», YTO
poJib XJ0porIIa B pacTeHUAX CBOJUTCS K YCBOSHHIO CBETOBOM DHEp-
T'MU U CTUMYJIMPOBAHMIO TEM CaMbIM XUMHYECKUX PEaKLii B IMCThAX

Takxe cuMmraercs, 4o Gnarogapsi 3TOMY YIJIEKMCIIOTa, colepiKa-
niasics B Bo3nyxe B konuuectBe 0,03%,nornomiaercst TMCThIMH U CO3-
JaeT OCHOBY AJISl CTPOMTENbHOTO MaTepualla PacTeHUH — LeJUTIoN03bl
(kyeTyaTKM), B COCTaB KOTOPOM BXOIUT YIJIEPO/.

VYuureiBas, uto B coctaBe Mmonekyn CO, macca yriepoga cocTaB-
nsier  Bcero 30%, NpuXoauTCsi KOHCTATUPOBaTh, YTO B BO3/AyXe CO-
nepxkutcst Becero 0,01%wmmm 0,1 rpamma Ha 1 kusorpamm (Hau Ky6o-
MeTp) BO3/yXa, YTO BBI3bIBAET COMHEHHSI B TOM, YTO MMEHHO 3TOrO
KOJIMYECTBA Yrieposa XBaTaeT Al oOecredeHUs CTPOUTETbHOTO Ma-
Tepuasia CTBOJIOB JI€PEBbEB M BOOOIIE PACTEHWH B MEPHOJ UX WHTEH-
CHBHOT'O pPOCTa, HaNpUMep, BECHOIA.

B mornekyne uemmonossl copepxkutes 13 aTomoB kucnopozaa, 34
aToMa BoJopoja U 3 aToma yriepoja, T.e. Macca yriepoaa COCTaBIseT
3%. B npeBecune coaepxkutcs nopsaka 50% wenntonossl, U, TaKuM
00pa3oM, Ha KaXIblii KUJIOTPaMM ApeBEeCHHBI HY»KHO 15 rpamm yrie-
pona.

[lonpazymeBaetcsi, uTo 0OQyB pacTeHHl BETPOM CO3JaeT JOCTa-
TOYHBIE YCJIOBHS Ul MOCTaBKM HY)KHOTO KOJIMYeCTBa Yriiepoia pac-
TEHHUSIM, HO 3]1eChb BO3HMKAIOT COMHEHMS B YacTH TOTO, YTO BETPHI —
9TO, B OCHOBHOM, T'OPWU3OHTaJIbHBIE MEpeMellleHHs Macc BO3AyXa, W
YIJIEeKKUCII0Ta, TOrJIoLIeHHas MacCUBHBIMY JiecaMu, Hanpumep, B FOx-
HOIl AMepHKe, B OTHOM MeCTe, OKaXeTCs B HEIOCTATOYHOM KOJIMYeCT-
BE B JIPYTOM MecTe.

Kpome Toro, paboT no onpenesneHno 3aBUCUMOCTH pOCTa pacTe-
HHUI OT cofiepKaHHs B BO3JyXe YIJIEKHCIIOTHI MPAKTHUECKH HE MPOBO-
IWJI0Ch, W Bce 0a3MpyeTcs Ha He MOATBEP)KICHHBIX YTBEP)KICHHSIX.
HaoGopoT, HekoTOpeIMH HccleqoBaTeNs MU BBITIOJNIHEHBI paboThl MO
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M30JIALMA KOMHATHBIX PacTeHUH OT aTMOc(epbl, HO 9TO HUKaK He CKa-
3aJ10Ch Ha UX POCTe.

3aTO XOpOIIO M3BECTHO, YTO LIS POCTa PacTeHUI HYXKHBI BOJA U
ceT. KoHeyHo, MO>KHO mipenonaraTh, 4T0 HEOOXOIMUMAasl YIIIeKUCIoTa
MOCTYINAaeT Yepe3 KOPHU paCTEHUH BMECTE ¢ BOAOW, HO UCCleI0BaHUM
B 9TOM HaNpaBJIeHUH MPAKTUYECKH TOXKE HeT.

[TosToMy BO3HHMKaeT BOMPOC, TAaK JIX BCE HAa CaMOM Jielie, KaK 3TO
TPAJMLMOHHO CYMTAETCS, YTO TOJBKO YIJIEKUCIIOTa, coAeprKamascs B
BO3JyX€ WJIM pacTBOpPEHHas B BOJeE, 0OecreurBaeT pacTeHUs yriepo-
JIOM, ¥ HeT JIM KaKUX-HUOY/Ib IPYTUX BO3MOMKHOCTEH.

OnHako paccMOTpeHHe F(PUPOIMHAMUUYECKON CTPYKTYpbl aTOMOB
MOKa3bIBAET, YTO TaKas BOBMOXKHOCTH €CTh M YTO BOJA W €CTh OCHOB-
HOM MOCTAaBLIMK HE TOJBKO YIJiepojia, HO M OCTaJIbHBIX KOMITOHEHTOB
LEJUTION03bI U JIPYTrMX KOMIIOHEHTOB CTPOUTEJILHOTO MaTrepuala pac-
TeHuit. Ho ecnu kucmopon v BOZOpoJ, BXOJSIINE B COCTAB LIEJTHOJIO-
3bl, MOTYT OBITh MOJY4€HbI U3 BOABI XMMHUECKUM ITyTEM, TO yTJIepo.]
TaKMM IyTeM MOJTy4eH ObITh HE MOXKET, M 3[1eCh JJOJKEH ObITh HaliieH
MeXaHW3M, 00ecTieurBaloLIHii Mpeobpa3oBaHue BOABI B YTIIEPO.

Kak n3BecTHO, sApo aTomMa KHCI0poaa OTJIMYAeTcs OT s/pa aroMa
yriieposia Ha OJHy aib(a-4acTuiry.

OHeprus cBsi3eil HYKJIOHOB B anb(a-dacTule coctasnser 28,3
M>sB, a sHeprus cBsizeil BCeX HYKJIOHOB, HaXOMSILLMXCS B SApe aroMa
yriiepona coctapisier 92,16M»sB (no cnpaBo4YHHUKY). ITO 3HAYMT, YTO
9Heprusi cBszed anbda yacTul cocTaBisieT B aTome yriepona 92,2 —
28,3x 3 = 7,3M>3B, T.e. Ha kax0e coeTUHEHHE allb(ha-4acTHI] MOIy-
yaercs 2,43M>3B unu 1,215M5B Ha kaxayro napy HyKJIOHOB, Npuiie-
raloluX Jpyr K JAPYry, HO HaXOISIIMXCS B COCTaBe pasHbIX aib(a-
YacTHL.

OHeprus cBsi3el BceX HyKJIOHOB, HaXOISIIUXCS B Spe aToMa KH-
ciopona cocrasnger 127,6 MaB. DTo 3HauuT, 4TO SHeprus ces3eit
anb(a yacTul cocTaBiseT B aroMme kuciopoaa 127,6 —28,3 x 4
= 14,4M>5B, T.e. Ha KaxI0e coeUHEHUE allb(ha-4acTHIl] MOITydaeTcs
3,6 MaB, T.e. Gomnbliie, yeM B spe aToma yriiepojaa. ITo MOXKET ObITh
OOBSCHEHO TeM, YTO 4eTBepTas aib(da-yacTvla MOATAHYJA K cebe H
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nedopMUpoBalia TpH ab(a-dyacThlibl, HA KOTOpbIE OHA JierJia, YBelu-
YMB TE€M CaMbIM IUIOIIA/b UX COMPHUKOCHOBEHHs, HO OJJHOBPEMEHHO
YMEHBLIMB CBOIO TUIOLIAb COMPUKOCHOBEHHSI C STUMHU TpeMms ajibda-
yactuuamu. Ee coOCTBeHHas 3Heprusi CBSI3M COCTaBHT [OITOMY
MeHbIIle, YeM B aToMe Yriiepoja, T.e. nmopsjaka 2 MaB unu eiie MeHb-
ure.

Macca anba dactuipl cocrasser 3,35-10% kr. IMonaras Tomuy-
Hy MOTPaHMYHOrO CJI0si MeXIy anbda-uactuamu B 1078 M, i uexoms
3 SHeprum B3ammozeicteus B IMaB (1 MaB = 1,9-10"° JIx), nomy-
YUM, 4TO KO3(D)(ULMEHT yNpYyrocTH CHIIBHOTO B3aUMOJCHCTBHS IS
paccMaTpuBaeMoro ciiyyasl COCTaBMT:

k=E/$*=1.10-1,9-10"/10%= 1,6-16° H/m, (1.73)

a meproJ coOCTBEHHBIX KojeOaHuii anb(da-4acTHIBI BOKPYT paBHOBEC-
HOT'O COCTOSTHMS COCTaBMT:

M 3,35-10%
7=2aN—=21\ ——=3.10%c,. (1.74)
k 1.6-10°

uto cootsercTByeT uactore B 3.1G" ',

HamoMHuM, 4TO 4yacToTa ramMma-u3ay4eHHs COCTaBJIeT MOpsaKa
3.10°® I'u. Bce pacueTsl 31ech, pasymeercsi, HOCAT CyryGo npuosu-
JKEHHbII Xapakrep.

Ecnu yetBepras anbga Oyner packayaHa Ha pe30HAHCHOM 4acTOTe
Y BBIWJIET 3a Mpezesbl MOrPaHUYHOrO CJIOS, T.€. OTKJIOHHUTCS OT MOJI0-
JeHus paBHOBecHs Gonee yem Ha 107'° m, oHa BbineTHT U3 Axpa, U B
HEM OCTaHyTCSl TOJBKO TPH alib(a-4acTULpl, T.e. U3 SApa aroMa Ku-
ciopoja oOpasyercs sapo aroma yriepoaa. Ho ans storo Hy»kHo,
4yTOOBI, BO-TIEPBLIX, MEpHO] BO30YKAEHHUS KOJIeOaHUil COOTBETCTBOBAI
TEPHOJly PE3OHAHCHOI YacToTe, T.e. nMen Obl mopsgok 3.10% ¢, Bo-
BTOPBIX, YTOOBI HAKOTUICHHON B KOJ€OaHWSIX SHEPriuM XBaTWIIO Ha OT-
PbIB alibha-yacTHLIbI OT spa, T.e. bonee, yem 1 MaB.
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Kak y»xe ynoMuHanaoch, JuamMeTp sapa aToMa cOCTaBJIsieT MOpsaKa
107"° M, muamerp smekTporHON o6omouky mopsizka 1070 M auamerp
oGomnoukn Ban nep Basbca — nopsiaka 10° M, a CKOPOCTH MOTOKOB B
HHMX COOTHOCSITCS KaK KBaJIpaThl OTHOLLCHHUI TUAMETPOB.

Kak 6bU10 MoKazaHo BblIllie, CKOPOCTh MOTOKOB 3(Hpa Ha MOBEpPX-
HOCTH HeiiTpona cocrasisier mopsizka 107 mM/C. D10 3HaumT, ¥TO Ha
MOBEPXHOCTH 3JMEKTPOHHON 00O0JIOUKHM CKOPOCTb MOTOKOB 3(¢upa co-
crasur 10" m/c, a Ha moBepxHoCcTH OGOMOUKK Ban nep Bambca Beero
10° milc.

B tene goToHa, ABMKYLLIErocs co CKOPOCTBIO CBETa, CKOPOCTD M0-
TOKOB 3(Hpa 10KHA ObITh He MeHee, yeM ¢ = 3.10 m/c. D10 3Hauwmr,
YTO CTPYH (POTOHA MOTYT OBITH BOCHPHUHSATHI TOJBKO 000J104KO0M BaH-
nep Banbca, B KOTOpYIO OHM M BHECYT 4acTb CBOCH DHEPIHH.

[TockombKy JIMCThSI UMEIOT 3€JICHBIN LBET, KaK U COo/Iep Kallniics B
HHUX XJIOPOQHIUT, TO 3TO 3HAUMT, YTO JUIMHA TIOJIYNIEPHUOAa BOCTIPHHH-
maemoro umu QotoHa cocrasaser 2,6-2.8-10 m. Dta wacte cTpyH
a¢upa, nonas B obnactb obonouku Ban nep Banbca, B koTOpO# cko-
POCTh MMEET TaKylO e BeJIMUHMHY, 3aTeM YIUIOTHUTCS U YCKOPHUTCS, B
pe3ysibTaTe yero JUIMHA 9TOW CTPYH COKpPAaTUTCS B caMoil 000JI04Ke Ha
TPU TOPS/Ka U B TaKOM BHJE BOJHA OyIeT nepenaHa 3J1€KTPOHHOM
obosnouke. B anexTpoHHOI 000/104Ke CKOPOCTb CTPYH YBeNIWYMTCH, a
MOJTyYeHHBI TOpO BOJIHBI €1e YIUIOTHUTCS U YCKOPHUTCS, Terepb yxkKe
ua 10 mopsiakoB, cokpatus wmmHy mopsika 10 10°° m. Dra BosnHa
TOJIKHET ajib(ha-4acTHily, Niepeas el CBOr 3Hepruto. Takum oOpasom,
caM MEXaHU3M Tepesiaur SHepruu GoToHa SHepruu KojebaHuii anbda-
YaCTHLIBI BOKPYT €€ PAaBHOBECHOT'O MOJIOKEHHSI CTAHOBUTCS TIOHSTEH.

DHeprust 0IHOTrO KojiebaHusl (POTOHA MOXKET OBITH OMpezaesieHa U3
cooTHoueHus [1nanka

E=h, (1.75)

rae h = 6,6:10** Jlx.c — nocrosinnas [lnaHka, v —4acToTa KONeOaHHUit
¢dorona, [,
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Yacrora 3eneHoro ceeta coctapiser 3.13/5,6.107 = 5,4.10% I'y,
ClIeIOBaTebHO, KaXK10€ KojiebaHne HeceT B cebe SHepruio, paBHYIO

E; = 6,6:10*. 5,4.10" = 3,6-10" J[x.

B npuHmmne sHeprum omHoOro nepuoaa (GpoToHa IOCTATOYHO IS
TOro, 4roObl packauyaTb BEpXHIOK aib(da-4acTHLly sapa KUCIopoja
(puc. 1.24),a kaxplii HOTOH COACPIKUT B cebe MUIITHOHBI KOJIeOaHHU .
Ho paccenBaHue sHepruum B NpOCTpaHCTBE, OOJMyuye€HHE HE OJHOro
aToMma, a MHOTMX TpyMI aTOMOB OAHOBPEMEHHO MPUBOIUT K PacTsIru-
BaHMIO Mpolecca Bo BpeMeHd. Ho, Tak uiaM mHave, moay4yaercs, 4TO
PacCMOTPEHHbI MEXaHM3M packauyky anb(a-4acTHLBl B aTOMe KHCIIO-
poda olecrieyeH W BPEMEHHBIMH, M DHEPreTHYeCKUMH MapameTpaMu.
A 9TO 3HAUYUT, YTO TPAHCMYTALIMS PACTEHUSIMH KHCIOpOJa BOJbI B yr-
Jepol peanbHa, M HMMEHHO TaKUM OOpa3oM MOKET TOCTaBIATHCS
CTPOUTEJIbHBIN MaTepua Uisl pocTa pacTEHUH.

CkazaHHoe Bblllle MOATBepkAeHO 3kcniepumenTamMu WM.H.I'ankuna
(r. AnekceeBka benropozackoii 061.). OH H30JIMPOBA JTMCTOBYIO YacTh
pacTeHui OT aTMocdepsl U 10Ka3aj, YTO PacTeHHs He TOJIbKO He Ipe-
KpalLIaloT CBOW POCT, HO HUKAK HE 3aBUCSAT OT COCTaBa OKpY:Karollei
ux atmocdepsl. Takum o0pazoM, 0JHO U3 OCHOBHBIX MOJIOKEHUH 60-
TAaHUKK O TOM, YTO PACTEHHs <IbIIIAT» aTMOC(HEPHBIM BO3IYXOM,
HYKHO CYILIECTBEHHO YTOYHSTb.

He nomxHO ObITb COMHEHHMS B TOM, YTO B MPHUPOJE CYLIECTBYET
MHOXKECTBO CMOCOOOB TPAaHCMYTALMM 3JIEMEHTOB B €CTECTBEHHBIX YC-
JIOBUSIX, M 3a/1a4a OummKaiieii mepcrneKTUBB UX HANTH.

1.8. ApepHas usomepus

B sppax, oOpa3oBaHHBIX OOJBIIMM KOJWMYECTBOM anb(a-yacTul,
Ha TIOBEPXHOCTH AJ€p OKa3bIBAeTCsl MHOXKECTBO BIA/IMH, B KOTOpbIE
MOTYT BCTaTb HEHTpPOHbI. IMEHHO Mo3TOoMy Yy aToMOB ¢ OOJBLIMM
aTOMHBIM BECOM KOJIMUECTBO M30TOIOB OOJIbIIE, YeM y aTOMOB C Ma-
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JBIM aTOMHBIM BecoM. IIpu 3ToM cTaHOBHTCS OOJIBIIMM KaK YHCIIO
M30TOMOB C MEHBIIMM YHCIOM HEMTPOHOB OTHOCHMTENIBHO LEJIOYMC-
JICHHOTO YKcna alb(a-4acTull, Tak U ¢ GOJIbIIUM YHCIIOM HEHTPOHOB.

C yBenuMueHHMEM aTOMHOTO Beca W 4Mcia anbga-yacTul, obpa-
3yIOLIMX fipa aTOMOB, BBIMYKJIOCTh BHELIHMX ajib(a-4acTHIl CTaHO-
BUTCA Bce Oosiblie, MOITOMY AJSl HOBBIX MPHUCOEIMHSIOLMXCS HEM-
TPOHOB MOBEPXHOCTh COCAMHEHMS MX C COCEAHMMH HYKJIOHAMH CTa-
HOBHTCSI BCE MEHbIlIE, COOTBETCTBEHHO MEHbLLIE CTAHOBHUTCS M 3HEp-
rug ux cesszeil. Ilpum 5TOM cBA3M HEUTPOHOB, MOMABLIMX HA pa3HbIe
YUaCTKM TOBEPXHOCTH sIep, MOTYT OBITb pa3HbIMM, XOTS OOLIMi
aTOMHBIN BEC M YMCIIO MPOTOHOB M HEUTPOHOB OyAyT OAHUMHU U TEMHU
*e. B 9TOM nposiBUTCS siBIEHME S1€PHON M30MEpHH — pasnuuue Gopm
sJep Mpy OJHOM M TOM e COCTaBe HYKJIOHOB. KojnuecTBO BO3MOXK-
HBIX SIIEPHBIX U30MEPOB OyleT pacTH C yBeJMUSHHEM aTOMHOIO Beca
A1pa, OAHAKO, HauWMHas C HEKOTOPOro KOJIMYEeCTBAa M HW30TOMOB, U
M30MEPOB COKPALIAThCS, TaK KaK YBEJMYMBAIOLLMECS BBIMYKJIOCTH
sJep MpUBEAYT K HEAOMYCTUMOMY COKPALLEHMIO MIOLIAAN TOBEPXHO-
CTH COEIMHEHUs] HYKIOHOB. DTO CAElaeT O4YepeIHOW H30TOMN Heyc-
TOWYMBBIM, OH HE CMOXKET COXPaHATHCSL.

VYnenbHas SHeprus CBA3M HYKJIOHOB B JIEHTPOHE COCTaBIISET
1,1123M>3B/HyKIIOH, 5TO MUHUMAaJIbHOE YKCIIO, MPU 3TOM Y KaXKIA0To
HYKJIOHa BCETO JIMIIb 10 OJHOW MOBEPXHOCTH coeMHeHus. B anmbda-
YyacTUle KaKAblii HYKJIOH UMEEeT MO JBE MOBEPXHOCTH COEIUHEHUS, a,
KpOMe TOro, BCE€ HYKJIOHBI MepeBsi3aHbl TpeMs OOIIMMH MOTOKaMH
a¢upa, NepBblil — NPOXONAIINI CKBO3b LIEHTPaJbHBIE KaHATbl BCEX
HYKJIOHOB, BTOPOI — BHYTpH ajib()a YacTHIl, & TPETHIH CHAPYKH.

VYnenbHas sHeprus cBsizedl B anbda-yactuue cocrasnser /7,074
M>sB/Hyki10H. B cocTaBHBIX siipax MakCHUMYyMOM YAEIbHOW SHEPrvu
obnaiaeT sApo U30TOMA XKeje3a ¢ aTOMHBIM BecoM 56, B cocTaB KOTO-
poro BXoAuT Toiibko 13 anbga-yacTul M YeTbipe HEWTpPOHA, 31ech
yaelibHasi SHeprus cBsi3u coctapiser 8,79 MaB/nykion. B atom sape
K DHEpPruM CBS3M HYKIOHOB B anb(a-4acTHIax, COCTaBISIOLICH
28,2962413 = 368,85M>5B, nobaensercs sHeprus cBsseil anbga-
YyacTul ApYyT ¢ APYIOM M CBsI3€il HEMTPOHOB, HE BOLIEILIMX B COCTaB
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anbda-vactul, ¢ anbda-yacTuuamu. B skenese sta nobGaBovHas Hep-
rus cocraisier 492,27 — 368,96 = 123MsB, win 2,2 MaB/Hyk/10H.
Takas noGaBouHasi SHeprusi OOBIACHIETCS YBEJIWYEHHEM YHCIa T10-
BEPXHOCTEW HYKJIOHOB, OOpAIEHHBIX IPYT K JAPYry Ha MOBEPXHOCTAX
COCeIHMX anb(a-4acTHil, U 0OABKOW UeThIpeX HEWTPOHOB, HE BO-
uIeJIMX B cocTaB anbga-yactuil. Ho ata nobGaBounas sHeprus pac-
npeiesieHa HepaBHOMEPHO, OHA MPUXOIUTCS TOJIBKO HA TOBEPXHOCTH
HYKJIOHOB, HaxOJSIIMXCS BHYTPH s7pa, BHEIIHHWE MOBEPXHOCTH HY-
KJIOHOB TPHpALLECHUs SHEPTHU CBA3eH HE JaloT.

OIHOBPEMEHHO ¢ YBEJIMYCHUEM YKCIIa HyKJIOHOB B SIIPax MPOUC-
XO/IUT yBEJIMYEeHHE BBIMYKIOCTH BHEIIHMX MOBEPXHOCTEH, YTO CO-
KpallaeT IUIOLIaAb COMPUKOCHOBEHHS! HOBBIX JOOABJISIOLIMXCS HY-
KJIOHOB. PacTeT Takxke M YMCIIO BMAJAWH HA MOBEPXHOCTH HYKJIOHOB, B
KOTOpbIE MOTYT YCTaHABIIUBATHCS HOBbIC HYKJIOHBI. IMEHHO mo3TOomMy
pacTeT YMCIIO HOBBIX M30TOIOB C YBETMYEHHEM aTOMHOIO Beca aTOM-
HBIX siziep. UKcII0 U30TOMOB Y resiusl U JIMTHS TOCTUTaeT 5,y THKENbIX
anep — 16—18,Ho y anep ¢ atomubiM Becom 180u Gonee uncno uzo-
TOMOB HauMHaeT cokpauiartbes. [locnenHee oOBACHAETCS TeM, YTO
YBEJIMYSHHE BBIMYKJIOCTH MOBEPXHOCTEH siiep COKpallaeT IUIOLIa/ib
MOBEPXHOCTH COCMHEHHsI HYKJIOHOB U HE MO3BOJISIET CO3/1aTh YCTOM-
YHUBYIO KOHCTPYKLIUIO sifipa.

VBenuueHue KOJMYECTBA BMAJWH HA MOBEPXHOCTH sApa JOJKHO
NPUBO/IUTH K TaK Ha3bIBAEMOM SJCPHOI U30MEPHH, IPU KOTOPOI OJ1H
U TOT K€ COCTaB HYKJIOHOB MOXKET OOpa30BbIBaTH pa3Hble (OpMbI
siep 3a CYeT TOro, YTO HOBbIE HYKJIOHBI YCTaHABJIMBAIOTCS Ha MO-
BEPXHOCTH spa B Pa3HbIX MecTax. JHEPruu CBSA3M TaKMX HYKJIOHOB
OyIyT OTJIMYAThCS APYT OT APYra, XOTs ¥ He3HauuTelbHO. Camu siapa
TOXe OyAyT pas3auyarbCs, BEPOSTHO, HE CIHUIIKOM CYIIECTBEHHO
(opMOit BBIXOIALIMX M3 siiep MOTOKOB 3(hHpa U BCe ikKe, Kak pe3ylib-
TaT, HECKOJIBKO Pa3HBIMHM (PU3MUYECKUMH U XMMHUUYECKUMH CBOMCTBAMHU.

B kauecTBe nmpumepa MOKHO MPUBECTH SAPO KPEMHUs, UMEIOLIe-
ro atoMHbIii Bec 28 u cocrosimero w3 7 anbda-yactul. 3/1ech BO3-
MOXKHBI TP CTPYKTYpbI: 1) Korza K sapy KUCIOpo/a, COCTOSIIEro U3
YeTeipex anb(a 4acTull, MPUCOCAMHSIIOTCS MO 3KBATOPY TpHU anbda-
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YacTHIIbl; 2) KOrJa K 9KBATOpy sApa KUCI0poa MPUCOSANHEHbI TOJIb-
KO 1B aib(a-4acTHLbl, a TPEThs PACMONOKeHa Ha OJHOM M3 MOJIIO-
coB; 3) KOrJa Ha KBaTOpe pacrojaraeTcs BCero ojgHa ajbda-yacTuua,
npyu4YeM OHa MOXKET OBbITb Ha pa3HbIX ydyacTKax MOBEPXHOCTH Aapa
KHCJIOpO/1a MOBEPHYTA MO-Pa3sHOMY, OCTaJIbHBIE BE PACIOIOKEHbl Ha
oboux mosocax. BrionHe BeposTHO, 4TO (U3UUECKUe CBOMCTBA Y BCeX
9TUX CTPYKTYPHBIX BapHaHTOB OYAyT HECKOJIbKO pazinuyarbcs. C yde-
TOM >K€ MPUCOEIMHEHHUs] HEMTPOHOB B Pa3HbIX MECTaX MOBEPXHOCTH
A1pa YUCIIO BApUAHTOB SICPHBIX U30MEPOB OAHOrO TOJbKO KPEMHMS
OyAeT UCUHMCTATBCS IeCTKaMU.

MOo>KHO MPeANoNoKUTh, YTO sIIEpPHbIE HU30Mepbl OyayT obianaThb
Y Pa3IMIHON YCTOMYMBOCTHIO, OCOOEHHO K BHEIIHMM BO3IEHCTBHSAM,
W 4TO OHU MOTYT TpaHc(hOpPMHpOBaTbCA APYT B Apyra, He MeHss 00-
mero cocrasa saapa. Obuee cTpemiieHHe NePeCTPONKU epHBIX U30-
MEpOB AOKHO MATH B HAIPaBJICHUH IMOBbIIIEHUS YIEIbHONW SHEprun
CBsI3€d HYKJIOHOB.

Buoieoowt

1. ConocraBneHue CBOHCTB ra3oBOro BUHTOBOTO TOPOMIAILHOTO
BUXpS CO CBOHCTBaMU MPOTOHA MOKA3bIBAET BO3MOXKHOCTh UHTEpIIPE-
TalMK NPOTOHA KaK BUHTOBOTO TOPOMAANLHOTO BUXPs d¢upa, a Heii-
TpPOHa — KaK TOTO K€ BUXPS, HO OKPY>KEHHOTO JOIMOJIHUTENbHBIM MO-
rpaHUYHBIM cjioeM ToumuHON nopsaka 0,1 depmu, B KOTOpOM TO-
pouaaibHOE IBMKEHUE OCJIabseTcs, a KOJbIIEBOE FaCUTCS TpaKTHYe-
CKM MOJHOCTHIO. CKOPOCTh MOCTYMAaTeNIbHOTO NBMXKEHHUS dupa Ha
MOBEPXHOCTH TPOTOHA 3HAYUTENILHO TMPEBBIIIAET CKOPOCTh CBETa U
cocraBnsieT Benmunny nopsaka 1,15-16" m/c; ckopocts mepemermenus
MOTOKOB 3(hupa Ha BHYTpPeHHEW MOBEPXHOCTH ero cTeHok eiie B 400
pa3 Oosnblie.

2. MarauTHoe 1noJie MPOTOHA MOXKET OBbITh HHTEPIPETUPOBAHO KaK
NocTynarejbHas CKOPOCTh TOPOMJANIBHBIX TTOTOKOB d¢Hpa, co3aaBae-
MBIX IPOTOHOM B OKPY’KaloLleM MPOCTPaHCTBE. DJIEKTPHUUECKOE MoJie
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MOXKET OBbITh MHTEPIPETUPOBAHO KaK KOJIBLIEBOE JBWKEHHE 3(upa B
OKPECTHOCTSIX TOTO ke MpoToHa. [ToNIpHOCT 371EKTPUYECKOro Mosis
€CTb OPHMEHTALMsl KOJBLEBOrO IBW)KEHHUs 3(Hpa OTHOCHUTEIbHO TO-
POMAAIBHOTO, T.€. KaK 3HaK BUHTOBOT'O ABHKEHHS d(upa.

MarHuTHbIi MOMEHT TOPOMIAJIBHOIO BHXPS ONpenesseTcs Kak
Npou3Be/IeHHe KBaapaTa CKOPOCTH TOPOMIAIBHOTO BUXpPS Ha TUIO-
1aJb MOBEPXHOCTH, HA paJnyc MPOTOHA M Ha MJIOTHOCTb OKPY>Karo-
IIero MPOTOH 3¢upa. DNEeKTPUUSCKU 3apsa onpenesseTcs Kak Mpo-
W3BEJICHNE LMPKYIISALUHA KOIBLEBOTO ABWKEHHS TFIOTHOCTH Cpeibl Ha
TUIOLLA/1b TOBEPXHOCTH TOPA.

3. CunpHOE siepHOe B3aMMOJECTBHE MOKHO MHTEPIPETUPOBATD
KaK pe3yJIbTaT CHW)KEHMS JaBJICHUS B TIOTPAHUYHOM CJIO€ MEXKIY CO-
CeIHUMH HYKJIOHAMH W MPWKaTHUsl HYKJIOHOB APYT K ApYyTY AaBJIeHUEM
a¢upa Mo BHELIHUM CTOPOHAaM aTOMHOTO siapa. PasHocTh 9THX AaBie-
uuit cocrapnser 2.107 [1a, 4To 3HAUMTETHHO MPEBBIIACT MOObIE H3-
BECTHBIC JIaBJICHHS, B TOM YHCJIe JaBJICHUS] BHYTPH 3BE3/1, HO COCTaB-
JSIeT MaJlylo BeJIMYMHY OTHOCHTENBbHO AaBiieHus d¢upa B cBOOOIHOM
MpoCTpaHCTBe, BenudrHa kotoporo pasra 1,3-13° TTa.

4. CyliecTByOIME B HACTOSAIIIES BPeMs MOIENH AP ONMUCHIBAIOT
HEKOTOpble CBOMCTBA sifep W ABIAIOTCS (pakTHUecKH aOCTparupoBaH-
HBIMH MaTeMaTHUECKUMU MOJAEJSIMU, HE NAOMIMMH HUKAKOro Tpea-
CTaBJIEHHS HU O CTPYKType siiep, HU O (pU3NUecKOi CYIIHOCTH BHYT-
pusaepHbIX B3aumogelcTeuid. PazpaboTaHHble 3dupoarHaAMUUECKHEe
MOJENM MPOTOHA, HEHTPOHA U aTOMHBIX SAEp MO3BOJAIOT BBISICHUTH
CTPYKTYpPY CaMHMX HYKJIOHOB, CTPYKTYpy aTOMHBIX siiep U (usmuye-
CKYIO CYIIHOCTb BHYTPHSI€PHBIX B3aUMOJICHCTBHIA.

5. ATomHbIE sOpa MOXHO paccMaTpuBaTb KaK COBOKYMHOCTb
TOJIbKO HYKJIOHOB — MPOTOHOB M HEHTPOHOB, COCAMHSIOLIMXCS Uepes3
norpaHuyHbie ciion. OCHOBOM CTPOECHUSI CIIOKHBIX SAep SBISIOTCS O-
YacTHULbl, DHEPTHUsl CBs3eil B KOTOPBIX yBeJMUeHa 3a cueT o0uiero s
YeTbIpeX HYKJIOHOB LIEHTPAJIbHOrO MoToka 3¢upa. Pazpaborannas o-
YacTUYHAs MOJETb S/IeP YYUTHIBAET CTPYKTYPHBIE OCOOSHHOCTH CO-
eIMHEeHHs HYKJIOHOB U MO3BOJISIET O0OBICHUTH OCHOBHBIE OCOOCHHOCTH
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CTPOEHHUS siiep — CTPYKTYpY, MarMueckue 4yuciaa HeHTPOHOB, CIIMH U
T.I1.

6. [lepuoanyeckue (yepe3 OMUH HYKJIOH) M3MEHEHHS TIPHPALLCHUS
SHEPruM CBs3€il HyKIOHOB B aTOMHBIX SApax SBISIOTCS pe3yJIbTaTOM
M3MEHEHHs YMciia MOBEPXHOCTeH COeAMHEHHs HYKJIOHOB APYT ¢ ApY-
roM  U3MeHeHHneM Gpopmbl (KPUBU3HBI) UX MOBEPXHOCTEH.

7. Cnaboe simepHOe B3aMMOJEHCTBHE MOXET MHTEPHPETHPOBATH-
Csl, KaK pe3yJibTaT MPOXOKACHHUS] ACHHXPOHHBIX MOBEPXHOCTHBIX BOJIH
B TeJlaX HYKJIOHOB, CO3AAIOLIMX BOJHOBBIC BO3MYLIEHHUS B OKPY>Karo-
meM 3hupe, KOTOpble BOCIIPUHUMAIOTCS KaK DJICKTPOMArHUTHOE W3-
nydyeHue. Pacnaa ClOXKHBIX sJep MOXKET HWHTEepPIpPEeTUPOBATBCS Kak
pe3ynbTaT pa3ABUraHus yacTel sapa MpHU COBMAaJCHWM BOJH B MEX-
HYKJIOHHOM CJIO€.

8. CnoxHble spa OAHOrO U TOro K€ M30TONa MOryT objajarh
CBOWCTBOM SIICPHOW M30MEPHUH, TIOCKOJIbKY MPH OIHOM M TOM K€ CO-
CTaBe HYKJIOHOB OHHM MOTYT UMETb Pa3HYIO CTPYKTYpY.

9. B npuposae HenmpepbiBHO €CTECTBEHHBIM 00pa3oM MPOMCXOAMT
TpPaHCMYyTaLs 3JIEMEHTOB.
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MnaBa 2. ATomHas pusuka

3aMeuarebHBIM OTKphITHEM [ eTbMIoJIbIa 0 3aKOHE BUXPEBOTO
JIBUKEHHUS B COBEPUICHHON XUIKOCTH, T.€. )KUIKOCTH, COBEPIICHHO
JIMIIEHHOM BA3KOCTH (MJIM XKHUIKOTO TPEHMS), HEM30EKHO BHYILIACT
MBICIIb, YTO KOJIbIa ['€IbMrosiblia — eIMHCTBEHHO UCTHHHBIE aTOMBL.
B.Tomcon Kenveun [1]

2.1. KpaTtkasa uctopusi cTaHOBNeHUss aTOMHOM ¢hu-
3UKN U KBAHTOBOW MEXaHUKKU

[MonbITKM peleHns NpoOJieMbl CTPYKTYpPbl MUpPa U CTPYKTYpBI Be-
1iecTBa ObUIM MPEANPHUHATHL B I1yOOKOH APEeBHOCTH, HO 1O Hac CBe-
JeHUs O HUX TIOYTH He OLUTH. M XOTs TpaAWIMOHHO MepBble MOMbIT-
KW CO3/1aHHsI aTOMHM3Ma Mbl OTHOCHM K JpeBHei ['peunn [2—5], Ha ca-
MOM Jiejie OHM OBbIIM OCYLLECTBJIECHbI 32 MHOTHE THICSYENIETHS 0 3TO-
ro.

ATOMHCTHYECKHE TIPECTAaBICHUS B IPEBHEM MUpPE KOppeTrpoBa-
JUCh ¢ MpeAcTaBieHUsIMUA 00 3dupe, HO eciu dPUPY MPUITUCHIBAIUCDH
JMLIB 001Me abCTpaKTHbIe CBOMCTBA, TO aTOMaM MPUIHCHIBATIMCH yiKe
HEKOTOpBIe KOHKPETHBIE XapaKTePUCTHUKH, CBOHCTBEHHBIE TEJIaM.

Omnenokn u3 Arpurenta Ha Cunmnun (490-430rr. 10 H. 3.) mo-
nbITAICS OOBICHUTE OKPY)KAIOLIMI MHUP Ha OCHOBE 00OOILEHHOM Teo-
peTrueckoit cuctembl. O4eHb BaKHBIM OBLTO TIpe/ICTaBIeHHE OMIle-
JOKJIa O TOM, YTO M3 YEThIPEX TOrJa U3BECTHBIX JIEMEHTOB —  QEM-
au» (TBepAb), «BOABD (KUIKOCTH), «BO3ayXa» (ra3z) u «orus» (3Hep-
rus) oOpasyroTcsi MebYallliie «OCKOJIKH». OTH «OCKOIKH» MOYKHO
COeIMHATh M TAaKMM 00pa3oM TMOJy4aTh pa3iIMdHbIe BEIleCTBA. DMIle-
JOKJIOM BBIIBHHYTHl HMIEH O <«IOpax», <CHUMMETpHUU», «i30upare-
JIBHOM CPOJICTBE» — TEOPETUUECKHE MOJEIH NPeaoaraéMoro cTpoe-
HHS Pa3IUUHBIX «OCKOJIKOB», OTpaKaloIIMe X CMOCOOHOCTh K COeMu-
HeHuto. akTuueckn DMMENOKN BMEpBble BBEJ MpelcTaBlieHUs 00
SHEPruM, PacTBOPEHHON MOBCEMECTHO. DTO MpeJAcTaBieHue  OblLIo
BIIOCJIC/ICTBUHM MCTIONB30BAHO AaBTOPAMHM MIAEU «TEIUIOpofia» — 0CO-
0ol XKHUIKOCTH, TPHUCYTCTBHE KOTOpOH obOecrevynBaeT HaJIMIHe TeM-
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nepatypbl y Tea. JlpeBHerpeveckuii ¢uiocod Anakcarop (500-428
J0 H. 9.) pa3BHJ MOJOKEHUS] DMIEIOKIA U BBIIBUHYJI YYEHHE O To-
MEOMEpHAX — <CeMEHaX Bellei», KOTOpble OH MBICITHI OECKOHEYHBIMH
N0 Ka4eCTBY M KosindecTBY. KaXkIplit M3 2JIeMEHTOB TaKkKe COCTOUT M3
OeCKOHEYHOro KoJIn4ecTBa 00J1ee MeJIKMX YacTHILI.

JIns pa3BUTHS €CTECTBEHHOHAY4HBIX 3HaHMH Obl1a OCOOEHHO
Ba)KHA KOHKpETH3alMs MPEJICTAaBICHUH O CYIIECTBOBAaHUU HEOObI-
YaiiHO MaJsIbIX YacTHI] BemecTB. JTo caenanu Jlepkunm u Jlemokpwr,
copmyarpoBaB moHsATHEe 00 aToMax. MX y4yeHue MoJHsIO MpeacTaB-
JIeHUE O CTPOCHUH MaTepUH Ha HOBYIO CTYTICHb Pa3BUTHS.

Jlekunn (ox. 500—440m0 H. 3.) u Jemokpur (ok. 460—370m0 H.
9.) CO3JalM aTOMUCTHYECKOe Y4YeHHe, OMUpasCh Ha B3IJISbl CBOMX
NpeIeCTBEeHHUKOB. [10 MX MHEHHIO, aTOMBI MOTYT UMETh Pa3IHYHYIO
(dbopMy M BeTMUMHY. DTO OMNpeAeNseT BO3MOXKHOCTb UX pa3HOOOpas-
HbIX coearHeHui. [TopsIok U pacnono)eHne aTOMOB B BEIECTBAX, T.
€. CTPYKTYpBI BEILECTB, MOI'YT CYLIECTBEHHO pas3iuvaTbes. braropaps
pa3vuHBIM KOMOWHAIIMSIM pa3HOOOpPA3HBIX aTOMOB o00pazyeTcs Oec-
KOHEYHOE MHOXKECTBO BelllecTB. B ornnume ot AHakcaropa, JleBkunn
¥ JIeMOKPHT CUMTalH, YTO JBHKEHHE aTOMOB MPUCYLIE UM M3HAYalb-
HO KaK Croco0 UX CyIECTBOBAHHSI.

ATtombl [lemokputa — ne paspezaemsie (a He Hepnenumeble!), cy-
IECTBYIOLME BEYHO MaTepHaibHble 00pa3oBaHus. ATOMBI pasiivya-
10Tcst HOPMOiA, IOPSAAKOM CIIEOBAHUS U TIOJIOKEHHUEM B ITyCTOM MpO-
CTPaHCTBE, a TakkKe BEJIMYMHOM, 3aBHCAIICH OT MX TshkecTH. OHM
VMEIOT BHAJMHbI M BBIMYKJIOCTH. M3 UX «BUXpel» MyTeM eCTeCTBEeH-
HOro cOnmkeHus obpasyercs Becb Mup. Ho camu aTtombl cOCTOAT W3
a'MepoB, UCTUHHO HeAeMMMbIX YacTHll. B.M.JIeHnH BhICOKO LIeHH)T Ma-
Tepuain3M JleMokputa, 0003HA4YMB €ro MMEHEM MaTepHaIuCTHYe-
CKYIO Tpaauiinio B uctopuu ¢punocodun («iuHus JleMokpuTa).

BakHeiiuMu cOOBITUSIMM B HayKe, OT KOTOpbIX OepeT Haydalio
aToMHas (pu3MKa, ObLIIM OTKPBITHE DJICKTPOHA U PaJAUOAKTHBHOCTH [6].
B 1987 r. anrnuiickuit dusuk Jx./x. ToMcoH n3mepun oTHoIleHUe
3apsi/ia OTPULIATENIBHBIX YaCTHL, COJACPIKALIMXCS B KATOAHBIX Jydyax, U
Ha 9TOI OCHOBE, a TaKkKe Ha TOM (paKTe, YTO METAIbI MPH CUIBHOM
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HarpeBaHWM WIIM OCBEIIEHWH HCITyCKAIOT SJIEKTPOHBI, Clelall 3aKiIto-
YeHHe, YTO 3JIeKTPOHBI BXOIAT B COCTaB JIIOOBIX aTOMOB. Pe3ynbraThbl
UCCIIeZIOBAHUSI CBOMCTB 3JIGKTPOHA W PAJMOAKTHBHOCTH MO3BOJIMIIH
CTPOUTh KOHKpPETHBbIE MOJAENM aTomMa. B Monenu, mnpeayioxeHHOH
Tk Jlx. Tomconom B 1903r. [7-9], atoM mnpenacTaBisjics B BUjae MO-
JIOXKHUTETIbHO 3apsDKeHHOW cdepbl, B KOTOPYIO BKparuIeHbl OTpHLa-
TeNIbHO 3apshKeHHbIe 3J1eKTpoHbl. Mozenb TomcoHa oOBsiCHsIA psij
SIBIIGHUH — MCITyCKaHWe, TOTJIOIeHNe U paccesHue CBeTa aTOMOM, HO
OKazajach HE CMOCOOHOW  OOBSCHUTH  pe3yJbTaThl  OIBITOB
D.Pezepdopaa no paccesuuro anbda-uactuil aromamu [10].

Omnebitel Pezepdopna nokazanu, 4To mpu NporyckaHUK Yepe3 TOH-
KHE CJIOM BELIeCTBA My4Yka anbda-4acTHll HeOOMbIIas 0 OTKJIOHS-
nack Ha yroi, mpeBbiwatomnii 90°. B 1911 r. Pesepdopnom Obina
NpeUIoKeHa MilaHeTapHasi MOJIelTb aTOMa, KOTopasl CyIecTByeT B (u-
3uKe /10 Hactosiuiero Bpemenu [11]. B meHtpe atoma, coriacHo 3Toi
MOJZIeIM, HaXOJWTCS O4YeHb HEOOJIBIIOE TOJOKUTEIBHO 3apsHKeHHOEe
sapo auamerpom 1072 - 1072 cm, BOKpyr KOTOPOro, KaK IIaHeThl BO-
kpyr CounHIa, BpamaloTcs SJIEKTPOHBI MO OpOWTaM, TaK YTO OOIIWI
pasmep atoma coctaesier nopsiaka 10° cm. Mozens, paspaboTantast
Pesepdopaom, mozBonnna paspelinTh psa npodlieM, HO BCKOpe Ha-
TOJIKHYJIach Ha NMPUHLMUIHUAIbHBIC TPYIHOCTH, CBSI3aHHBIC C TE€M, YTO
M0 TaK Ha3bIBAEMOM KJIACCHMYECKOW TEOpPHH aTOMa 3JIEKTPOHBI, Bpalla-
SCh TIO OpOMTE, UCTIBITHIBAIOT YCKOPEHHE M JIOJDKHBI ObUTH M3ITy4aTh
SHEPTHIO U, TIOTEPsB ee, YNacTh Ha s11po. OIHAKO 3TOro He MPOUCXO-
ZAJI0.

CTOUT OTMETHUTD, YTO B MEXaHMUYECKOM MiIaHeTapHON MOJIeNIN aTo-
Ma Ha caMOM JieJie He ObUIO TeX MPOTHBOPEUHid, K KOTOPHIM MPHUBO/IHU-
Jla Tak Ha3blBaeMasi <«KJIaCCHYeCKas» TeOpHsl dIIeKTPOAUHAMUKH. Ecin
9JIEKTPOH M B CaMOM JieJie BpalllaeTcsi o0 KpyroBoi opouTe, TO OH Hc-
NBITBIBACT HE MPOJOJBbHOE, a TMOMepPeYHOe YCKOpEHHe, MPH KOTOPOM
9HEprus He OTAAeTCs M He NMpHoOpeTaeTcs, ¥ MOITOMY BOBCe He 00s-
3aH 4YTO-TMOO M3My4aTh. BO3HHMKIIEe NMpoTHBOpeUYHe CBHUAETEIbCTBO-
BaJIO BCETO JIMIIb O HEJOCTATOUYHOCTU «KJIACCHYECKON» TEOPHH DIIeK-
TpPOAMHAMHKH. TeM He MeHee, Ha 3TO He ObLIo 00palleHO BHUMaHHS.
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Brixoa U3 mosiokeHus npeuioskun aatckuii puzuk H.bop [12-14],
KOTOPBI HOCMYiUpo6an CyuiecTBOBaHHWE CTAIlMOHAPHBIX («103BO-
JIEHHBIX») OpPOMT, a TAK)Ke TO, YTO ATOM M3JIydYaeT MPU Mepexo/e dieK-
TPOHA C OJIHOM CTAllMOHAPHON OPOMTHI HA APYTYIO M Y4acTOTa M3Jyue-
HHs TTPOTOPIMOHAIbHA PA3HOCTH SHEPrUi JEKTPOHA Ha 3THUX OpOH-
tax. Teopus Bopa mo3Bosuiaa pa3peiiuTb OCHOBHBbIE MPOTHBOPEYHS
iaHetapHoi Monenu Pesepdopaa.

Venex teopuun bopa, Kak W mpeabiaylre yCcreXyu KBaHTOBOM Teo-
puH, ObIJT TIOCTUTHYT 3a CYET HApYLICHHs JOrMYECKOM LEeTbHOCTH TeO-
pUU: C OJIHOM CTOPOHBI, KCIOJIB30BAIaCh HBIOTOHOBA MEXaHHKa, C
JPYroii — NPUBJIEKAKCh YY)KIbIe el HCKYCCTBEHHbBIE MPaBUia KBAHTO-
BaHUA, K TOMY JK€ MPOTHBOpEYAINe KJIACCHYECKOM 3IICKTPOAMHAMH-
ke. OJIHaKO He BCe B MOBEJICHWU aToMa OOBICHSIOCH Teopuel bopa.

Jloka3aTenbCTBO KOPIYCKYJISIPHOrO XapakTepa cBeTa ObLIO MOJIy-
yeno B 1922r. A.Komnronom [15], mokaszaBinm sKcrepuMeHTAIBHO,
YTO paccesiHhe CBETa MPOUCXOIUT IO 3aKOHY YIPYToro CTOJKHOBEHHUS
($oToHOB ¢ 3nekTpoHamu. KuHeMaTHka Takoro CTOJIKHOBEHHs Orpe-
JeTIsIeTCsl 3aKOHAMH COXPaHEHHsl, a TaKKe U UMITyJIbca, pudem ¢GoTo-
HY Hapsay C SHepruei cieayeT MpUIKcaTb UMITYJIbC (KOJIMYECTBO
JBHIKCHUS):

p = hvic,

rJle v —4acTOTa CB€TOBOM BOJHBI, @ ¢ —CKOPOCTb CBETA.

OHeprusi 1 UMITyJibc (POTOHA CBS3aHBI COOTHOLIEHUEM E = ¢, KO-
TOpOE CNPaBeUIMBO B OOBIYHOM MEXaHUKE.

Takum 006pazom, ObLTO AOKA3aHO IKCIIEPUMEHTANBHO, YTO Hapsay
C M3BECTHBIMM BOJIHOBBIMHM CBOicTBaMHM — HHTepdepeHUMeld W Iu-
¢pakipeii cBeT obnamaeT U KOPIYCKYJSPHBIMM CBOMCTBaMHU. OH CO-
CTOMT Kak Obl M3 4acTvl — (GoToHOB. B 3TOM mposiBnsiercss nyanuzm
CBETa, €ro CJIOXHAas KOPIyCKYJIIPHO-BOJIHOBas mnpupoja. Jlyanusm
COZIEPXKHUTCS y)ke B camoii ¢opmyie E = hv, MOCKOJbKY ciieBa CTOUT
SHEprys YacTHIIbI, a CTpaBa —yacToTa BOJHBI. Bo3HukIo hopmansHoe
NpoTUBOpeUHre. il OObICHEHHUsT OJHMX SBJICHUH HE00X0AUMO ObLIO
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CUUTaTh, YTO CBET MMEET BOJHOBYIO MPHUPOY, a sl OOBSICHEHHUS pY-
r'UX — KoprmycKyisipHyto. [lo cyiecTBy, pa3spelieHue 3Toro npoTHBO-
peuusi ¥ MpHUBEJIO K CO3JaHHI0 OCHOB KBAHTOBOW MEXaHHUKHU.

B 1924r. Jlyn ne bpoiinb, neitasch HAWTH 0OBSICHEHHE MOCTYIIH-
poBanHbiM B 1913r. H.Bopom ycioBusM KBaHTOBaHMS aTOMHBIX Op-
OWUT BBIABUHYJI TMIIOTE3Y O BCEOOIIHOCTH KOPITYCKYJISPHO-BOJIHOBOTO
ayanusma [16]. CornacHo ne bpoiinto, kaxoii yacTule, He3aBUCUMO
OT ee MPHUPOJBI, CIEAyeT MOCTaBUTh B COOTBETCTBHME BOJIHY, JJIMHA
KOTOpOH A CBsi3aHa C UMITYJIbCOM YacCTHIIBI ) COOTHOIICHUEM

) =hip.

[lo 3Toli rumoTe3e He TOILKO (GOTOHBI, HO M BCE «OOBIKHOBEHHBIE
YacTHLBD» (3IEKTPOHBI, IPOTOHBI M TP.) 00J1aJal0T BOJTHOBBIMU CBOA-
CTBaMH, KOTOpbIE, B YAaCTHOCTH, JOJKHBI MPOSBIATHCS B SBJICHUM
mudpakuun. B 1927r. K. J[seuccon u JI.Jhxepmep BriepBble HalIIo-
nanu  qudpakumio sektponos [17, 18].I1o3aHee BoHOBBIE CBOMCTBA
ObUTH OOHApy’KeHbl W Y JPYTMX YacTWL, W CHpaBeTUBOCTH (opmy-
nbl 1e bpoiing Oblna moaTBepkIeHa SKCepuMeHTanbHo. OnHaKo Ha-
10 3aMETHUTb, YTO APYroe CBOWCTBO BOJIH — MHTepdepeHuus He ObLIo
MOJY4YEHO y 3JIEMEHTapHBIX YacTHL BELIECTBA, TaK YTO COMOCTaBJe-
HME YaCTHII C BOJTHAMH OKa3aJ0Ch JOCTaTOYHO YCIIOBHBIM.

B 1925r. Teitzenbepry ynajioch MOCTPOUTH TaKyIO (GOPMAIbHYIO
CXeMy, B KOTOpPOW BMECTO KOOPAMHAT U CKOPOCTeH deKTpoHa (ury-
pupoBaiM aOCTpakTHbIe anredpanyueckue BEeMUHMHBI — MaTpHIb,
CBSI3b KOTOPBIX C HAOJIIOAaeMbIMU BEJIMYMHAMH — SHEPreTHUECKUMHU
YPOBHSIMH M WHTEHCUBHOCTSMHM KBaHTOBBIX MEPEXO/OB — JaBajiach
npocThIMU paBuiamu [19].

KBaHTOBas MexaHWKa MOJIydMiIa JOMOJIHEHWE B BHIE NMPHUHIMIA
[Maynu (1925), coriacHO KOTOPOMY B Ka)IOM 3JIEKTPOHHOM COCTOSI-
HHUM B aTOME MOXET HaXOIUThCS TOJLKO OJUH 35iekTpoH [20—23].

B 1926r. M.BopH nann BepOATHOCTHYIO WHTEPHPETALHIO BOJIH JIe
Bpoiina [24]. OuH npeasousn cuuTaTh BOJHBI e Bpoiiis «BosHaMHU
BEPOSTHOCTU», T.€. JaTh UM YHCTO MaTeMaTHYeCKOE HCTOJKOBaHHE.
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B tom xe 1926 r. D.lIpenunrep [25, 26] npeasiokun ypaBHeHuHE,
OMNHKCHIBAOLIEE MMOBEJCHHE TAKMX «BOJH» BO BHEIIHWX CHIIOBBIX ITO-
X

& °m
Ay +—E-Uy=0.
h2

DT0 ypaBHEHHE OTpaXkaeT MOBEACHHE TOYEHHON Macchl B CHIIO-
BOM [10JIe, HO BBIPaKEHO JBM)KEHHE ITOM Macchl HE B KOOpAMHATAX,
KaK 3TO ObUIO OOBIYHO MPUHATO paHee, a B M3MEHEHHSX MOJHOM U Mo-
TeHLMAILHOW SHEpruii. AHcCaMOJb K€ TaKMX MacC, BbIPaKCHHbIH
(dyHKUMEH W, 1O MBICIH aBTOPOB KBAaHTOBON MEXaHWKH, YK€ He OT-
paXkaeT MaccOBbIe XapaKTePUCTHKA MHOXKECTBA TaKHX AJIEMEHTAPHBIX
Macc B MPOCTPAHCTBE, T.€. MUIOTHOCTh CPE/bl, a MPEACTABIAET COOOM
«IUIOTHOCTb BEPOSTHOCTH HAXOXKAEHHS YacTHIbl B JIAHHOM TOYKE
npocTpaHcTBa». Tak BO3HHMKIA «BOJHOBAas MEXaHUKa», KOTOpas BCKO-
pe Oblla OTOXIIECTBIIEHa C KBAHTOBOW MeXaHWKOW. BosiHoBoe ypas-
Henue lllpeauHrepa sBisieTCss OCHOBHBIM YPaBHEHHEM HEpPEISITUBHUCT-
CKOM KBAaHTOBOM MEXAHUKH.

AToMmHas ¢u3rka Obljla pa3BUTa METOJaMU KBAaHTOBOW MEXaHWKH,
aBTopamu Kotopoit Obutn B.I'eiizenbepr u M.bopu (I'epmanwus),
O.1penunrep (Aectpus) u [1./Jupak (Aurnus). [IpeacraBieHus kpaH-
TOBOW MEXaHMKH O JABWKEHHH MHUKPOUYACTHUI] KOPEHHBIM 00pa3om OT-
JIMYAIOTCS OT KJIACCHYECKHX. SIBlIeHHs MUKPOMHpa, KaK MoJiaratoT no-
clieloBaTesli KBAaHTOBOW MEXaHHMKH, MPUHLMIUAIBHO OTIMYAIOTCS OT
SBJICHMI MakpoMHpa Te€M, 4YTO OHM KBaHTOBaHbI, TUCKPETHBI, T.C.
NPEPBIBUCTBI, B TO BpeMs Kak sSBJICHHS MaKpOMHpa He KBAaHTOBAaHbI, a
HeTPePbIBHBI.

CoryacHO KBaHTOBOW MEXaHHKe, JJIEKTPOH He JBIIKETCS 10 Tpa-
eKTOpUM MOJOOHO TBEpAOMY IIAPUKY, OH pPaclpocTpaHEH BO BCeM
NPOCTPaHCTBE, XOTs ACHCTBYET Kak euHoe Lesioe. B npocTpaHcTBe OH
pacrpocTpaHeH MojoOHO TIOCKOW BOJIHe, objajatolell onpeesieH-
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HOH 4acTOTOM U onpeneseHHo 1auHoM BosHbl. Ero sHeprus kak yac-
THLIbI CBSI3aHA C €r0 YacTOTOM W omnpeensiercs BoipaxkeHrem £ = hy.

VYcroitunBbie OBMKEHMS DJIEKTpOHA B aTome, Kak mokasan Lllpe-
aunrep (1926), coOTBETCTBYIOT CTOSUMM BOJIHAM, aMIUIUTYIbI KOTO-
pBIX B pasHbIX TOYKax pasnuuHbl. [Ipu 3ToM B aTome, Kak B Koneba-
TEeIILHOM cHcTeMe, BO3MOKHBI JIMIIb HEKOTOpBIE «U30paHHbIE» JIBHKE-
HUs C OMNpeAesieHHbIMHU 3HAYEHHUSMH DHEPruH, MOMEHTa KOJIM4YecTBa
JBWKEHUS W TPOSKIMH MarHUTHOrO MOMEHTa JJIEKTpOHa B aToOMe.
Kaxxnoe crampoHapHOe COCTOSHHE aTOMa OIMMCHIBAeTCSl BOTHOBOMW -
¢dyHKUMel, XapakTepusytouleil pacrnpejesaeHue MI0THOCTH 3JIeKTPOH-
HOTO 3apsja B aroMe. OTOH BOJHOBOW (DyHKUMH OBLIO MPUITUCAHO
3HaUYeHHWe TUIOTHOCTH BEPOSTHOCTH TOSBICHHS SJIEKTPOHA B JaHHOM
TOYKE MpocTpaHcTBa 6e3 0003HauUeHHs: Kakoro Obl TO HU ObLIO Mexa-
HM3Ma, 00€eCNeunBaroLIero TOT npoLecc.

B nanpHelimnem 3TH uaen pa3BUBAIUCh, JOTIONHSUINCH, HO HE Me-
HSUTHCH TI0 CYLIECTBY, COXPAHUBILIKCH 110 CEH AEHb.

OxoHuartenbHOoe (HOPMHUPOBaHME KBAaHTOBOM MEXaHHMKHU Kak MO-
ClIeIOBATEIbHOW TEOPHH CO CTPOWHBIM MAaTEeMaTHYECKHUM ammnapaToM
npouzouwio nociie omybnukoBanus B 1927 r. pabotel ['eiizenbepra
[19], B KoTOpOI#i OBLIO cHOPMYTHMPOBAHO COOTHOLICHHE HEOTPe/IesIeH-
HocTeil. CoryiacHO TOMY COOTHOLICHHIO, KOOPAMHATHI U HMMITYJIbC
9NIEKTPOHA TMPHUHLMITHAIBHO HE MOTYT OBITh OJHOBPEMEHHO OTpee-
JieHbI ¢ a0COMIOTHON TOYHOCTBIO.

B 1928r. I1.lupak copMyaupoBain pelsiTUBUCTCKOE YpaBHEHHE,
OIMUCHIBAIOIIEE JABKEHHE HJICKTPOHA BO BHEITHEM CHJIOBOM TOJIE, 3TO
YpaBHEHHE CTalO0 OJHWUM W3 OCHOBHBIX YPAaBHEHHWIl PENSTHBUCTCKON
KBaHTOBO# MeXaHWKH [27]. OCHOBHBIM OTJHYHMEM ypaBHeHHs Jupaka
oT ypaBHenusi LllpenuHrepa siBisieTcss TO, 4YTO B HEM yuTeHa BHYT-
peHHsisl dHeprus Matepud (B COOTBETCTBHMHU C MPEICTABICHUSMU TEO-
pPHH OTHOCHUTEJILHOCTH) U caMa y-(pyHKLMs Npe/ICTaBIeHa B CI0KHOM
BUJIE COMpsbKEHHBIX PYyHKUMH. YpaBHeHHe Jupaka mo3Bosinio Teope-
THYECKH 00OCHOBATH (POPMYJIBI, TTOTYHYEHHBIE SMITUPHUYECKH CIIEKTPO-
CKOITMCTaMH, a TaKKe pa3pelluTb HEKOTOpble BOMPOCHI KBAaHTOBOM
MEXaHUKH MPUMEHHUTETIbHO K CUCTeMaM, COJAEpIKallliM TOJIbKO OJUH
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3NEKTpOH. YpaBHeHHe J[Mpaka MO3BOJIWIO MPEACKA3aTh CYIECTBOBA-
HUE MO3UTPOHA, TPaBla, C MPUBIECYCHUEM HOBBIX TMIIOTE3, MPUBOIS-
UIMX K JOTMOJHHUTENbHBIM TpyaHocTAM. Ilocie oTKpbITHS MO3WUTpoHA
Jupak pa3Buil Teopuio, XOTS U COAEpIKallylo B cede psil Mallo Mpu-
eMJIeMBIX TOMYyIIeHHWH, HO, TeM He MeHee, MPEKPACHO OOBACHSIOLILYIO
(Ha caMoM Jene — ONMUCHIBAOLIYI0) MHOTHE SKCIIEpUMEHTalIbHbIC (aK-
THI.

HHTepecHO OTMETHTB, YTO OCHOBHBIE MOJNOXKEHUS Teopun Jupa-
Ka HaXomATCS B PE3KOM INPOTHBOPEYMHM C TEMH MPUHLMIIAMHU TO-
CTPOEHUS TeOpeTHUYEeCKON (PU3UKHK, KOTOpBIE OH CaM 3allMIlai BMECTe
C IpyTHUMH MPECTaBUTENIIMUA KOTeHrareHcko# mkossl ¢usukos (bop,
IeiizenOepr, [layau u ap.), mockosnbKy JMpak TeCHO CBSI3bIBAET CBOO
TEOPHIO C OMpEeJICHHON (hU3UYECKOM KapTUHOHN, caMm (pakT BO3MOXK-
HOCTH MOJTyueHHs 3ToW WKoJbl oTpruanca. Ho Oe3 aToi duznueckoit
KapTHHbI J{upak He cMor Obl IOCTPOUTH CBOIO TEOPHIO.

Jupak npeasioxun MoAeNb <AIEKTPOHHO-TIO3UTPOHHOTO BaKyy-
Ma», B KOTOPOH B Ka)KJOW TOUKE MPOCTPAHCTBA CYLIECTBYIOT B «BHp-
TyaJIbHOM>» COCTOSIHAM 3JIEKTPOHBI U TIO3UTPOHBI, KOTOPBIE MOTYT TO-
ABJIATBCSA M MCYE3aTh JIMUIb NMapamMu. PokaeHWe mapbl MOXKET MPOUC-
XOAWTh MOA AeWCTBHEM SHepruud (OTOHA, a MOXKET MPOUCXOIUTb U
8upmyanbHo, KOTJa Tocie POXKACHHS Mapa TYT K€ YHHUTOXaeTcd,
MPOCYIIECTBOBAB HENOr0. A caM BaKyyM OmnpeiesieH Kak (POTOHHbIH
BaKyyM, KaK HU3LIee 3HEepPreTHUecKoe COCTOSIHHE JIEKTPOMarHUTHOTO
ToJIsl.

OpHa W3 rnaBHBIX TPYOHOCTEH TaKOro MpelICTaBICHUS BaKyyma
COCTOMT B TOM, 4YTO <QJIEKTPOHHOE JKeJe», Kak, Mo MHeHHIo Jlhpaka,
YCTPOEH BakyyM, JOJKHO TUIOTHO 3aroJHSTh T€OMETPUYECKOe Mpo-
CTPAHCTBO, a 3TO B KaKOW-TO Mepe BOCKpellaeT runotesy 3dupa, 4To
BXOAMT B MPOTHBOpeUHEe C MNojoxeHusiMu CrieLMaqbHONH TEOpUHu OT-
HOCHUTEBHOCTH DHWHINTEHHA.

B TeueHue KOpPOTKOro BpeMeHH KBaHTOBas MeXaHWKa Obljia ¢ yc-
MEXOM MPHUMEHEHA K IIHUPOKOMY KpYTy sABJIeHUH. bblnu co3naHsl Teo-
PHHM aTOMHBIX CIEKTPOB, CTPOECHHUSI MOJIEKYJI, XUMUYECKOH cBs3H, [le-
puoauyueckoi cucteMbl MeHpeneeBa, METaAJUIMYECKOW MPOBOJUMOCTH
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U QeppomarHeTusmMa. OTH M MHOTHE JpyrHe SBICHHS CTalld KadyecT-
BEHHO TOHSATHBIMHU, XOTS HUKAKOro (PU3NUECKOr0 MOJEJIBHOTO Tpen-
CTaBJICHUS HE MOJTYYHIIH.

OpHako panbpHeilllee pa3BUTHE HEPETSITUBUCTCKOH KBAaHTOBOM
MEXaHUKH OBIJIO CBS3aHO C 3aMEHOW HYeTKOTro JeTepMHUHHMCTCKOTO
NpesCTaBlIeHUs O TpHpoae (U3MYECKUX SBICHUH BEPOSTHOCTHBIMH
MpeACTaBlIeHUsIMU. B oTiHuMe OoT KjacCHYecKOl MeXaHWKH LeNbio
peleHus 3aJad MEeTOAaMH KBAaHTOBOHM MEXaHMKHM CTalo yCTaHOBJIE-
HHUE BEPOSITHOCTH TOrO WJIM MHOTO COOBITHS, YeM Oblia yXe MOJIHO-
CTbIO HCKJIIOUYEHa caMa BO3MOXKHOCTH BBISBICHUS UX (DHU3HUecKoit
CYLIIHOCTH.

2.2. O HeKOTOpbIX 0cOBeHHOCTAX ¢hunococumn
KBaHTOBOW MEeXaHUKK

Ipu Bcex ycmexax W BceoOlieM MPU3HAHWK METOIOB KBAHTOBOM
MEXaHWKH Clle[yeT KOHCTATHPOBAaTh, YTO BCS KBAHTOBas MEXaHHKa
OCHOBaHa Ha HeqopasyMeHHsiX. HekoTopble aBTOpBI, HampuMep Mpo-
¢deccop T.A.JleGener [28], oOpaTuin Ha 3TO BHUMaHHE.

IMpexne Bcero, HeBEpHO yTBEP)KAEHHE, YTO KBAHTOBAHHOCTH (M-
3MYECKUX BEJIMUMH — CBOMCTBO TOJILKO MHKpomupa. Ha camom nere
KBAHTOBBIX SIBJICHUI B MakpOMHpEe MHOXKECTBO, TaK K€ Kak W siBje-
HU#{, OTHOBPEMEHHO TPOSIBIISIOLIMX KOPITYCKYJISIPHO-BOJHOBBIE CBOMA-
CTBa.

OGbIKHOBEHHAs] MOpCKasi BOJHa OyneT BO3JeHCTBOBAaTH Ha KO-
pabiib Mo-pa3HOMY: KakK BOJIHA, €CJIH KOpabib HMeeT [UTHHY MEHbBLIYIO,
YeM BOJIHA, M KaK YacTHla, eciu Oonpluyio. B mepBom ciydae Ko-
pabiap Oyaer KauyaTbCsl HAa BOJIHE, BO BTOPOM Clly4ae — UCIBITHIBATh
yIaphi.

Crien 3a IBIKYIIMMCS KOpabJieM TMpeCTaBisieT co0oi Tak Hasbl-
BaeMylo «I0pokKy Kapmana» — BHXpeBble 00pa3oBaHMsi, Pacrolio-
JKEHHbIE B LIAXMATHOM MOpsiKe. PaccTosHue MEXIy HEHTPaMH BUX-
peit OHOTO psia MOXKET ObITh HHTEPIPETUPOBAHO, KAK JUTHHA BOJIHBI,
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HO KaXKIbl BUXPb UMEET Maccy, MO3TOMY OH MOXET ObITb MHTEpHpe-
TUPOBAH KaK 4acTHLA.

OObIuHbIE BOJIHBI MOJKHO, pa3yMeeTcs, Kak O5TO JenaeT KBaHTO-
Bas MeXaHWKa, paccMaTpUBaTh ¢ MO3ULMH BEPOSITHOCTHBIX COOTHOLLIE-
HHUM, HO 3TO He JeflaeTcs B MHXXCHEPHOM MpakTHKe, IOTOMY 4YTO B
9TOM HeT HEeOOXOIMUMOCTH. A KOTJa NMPUMEHSIOTCS CTaTHCTHUYECKHE
OLIEHKH, OCHOBAHHbIE Ha BEPOSITHOCTHOM MOAXOE, TO 3TO JeJIaeTCsl U3
ynobcTBa 00pabOTKM MaTephasoB, a He W3 YCIOBHS BEPOSTHOCTHOTO
YCTpOMCTBA caMOM NPUPOIBI.

Cootnoutenue [Tnanka E = hv  otHocutcst He TosbKO K (OTOHY,
noJo0HOe ke COOTHOLIEHHE XapaKTEepHO AJIsl Ta30BbIX BUXpEH, a Tak-
JKe Ul CUCTeMbl ra3oBbIX BUXpeH, o0Lias 3Heprusi KOTopblx 0OpaTHO
MPONOPLMOHAIbHA UX JUAMETPY U PACCTOSIHUIO MEXAY HUMH.

Ioctynar Bopa yTBepakaaeT, UTo CyIIeCTBYIOT CTaLlMOHAPHBIE Op-
OUTBl Y 3JEKTPOHOB, COOTBETCTBYIOLUHME «IO3BOJIEHHBIM» YPOBHSIM
sHeprusim. Ilpu 3TOM dacToTa W3My4YeHHs oOKaszajgach MPONOPLKU-
OHAJIbHOHM Pa3HOCTU SHEPruil 31EeKTPOHA HA COOTBETCTBYIOLIUX 103~
BOJIEHHBIX» opOuTax. CorimacHo KBaHTOBOW MEXaHHWKE, TAKUMH OpOu-
TaMHU SIBJISIOTCS] TOJIBKO T€, Ul KOTOPBIX MOMEHT KOJIMUYEeCTBa JIBHOKE-
HHS DJICKTPOHA PaBeH LeJIOMY KpaTHOMY 3HaveHHto h/2m. Dtu mocty-
7aTbl ObUIM BMOCIEACTBUM MOATBEPXKACHBI dKCHepUMeHTanbHo. On-
HAaKO CrpalluBaeTcsi, moyemy BOOOLIEe Takue OpOUTHI CYLIECTBYIOT U
KEM JI03BOJICHbI T€ MJIM UHbIE YPOBHU SHEPTHiA?

[TosTOMYy MOKHO YTBEpXAaTh, 4TO aOCTPaKTHO-MaTeMaTHYeCKHi
MOJXOJ B KBAaHTOBOW MEXaHHMKE SIBJISIETCSl HE €€ JOCTOMHCTBOM, a €e
HenoctatkoM. Cumraercs, 4To miaHeTapHas mMozaenb Pesepdopna Ha-
TOJIKHYJ1ach Ha TPYOHOCTH, TOCKOJIBbKY, IBUTasCh BOKpPYT sIpa, T.e. C
YCKOpPEHHEM, 3JIEKTPOH, COIIaCHO KJIACCUYECKOH TEOpuH, AOJDKEH Obl
HEMPEePbIBHO U3JIy4yaTh 3J€KTPOMArHUTHYIO 3HEPrUI0 M YNacTb Ha sif-
PO, @ 3TOro He MPOUCXOAUT. BTopas TpyAHOCTH 3aKilO4YaeTcsl B TOM,
YTO U3JIyYaeMblii SJIEKTPOHOM CBET JOJKEH YBEJIMYMBATH CBOIO YaCTO-
Ty 1O Mepe NPUOIMKEHHsT 3JIeKTPOHA K sIIpy, a Ha CaMOM Jiese dJIeK-
TPOH BBIOAET JIEKTPOMATHUTHBIE KOJIEOAHUsI COBEPLUEHHO OIpeze-
JIeHHOM yacToThl. CHEeKTPbI U3TyUeHHUs OKa3aluch JMHEHYaThIMH, T.€.
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CTPOTO OMpeIeNICHHBIX YacTOT, W B HUX ObUT YCTaHOBJIEH Ps 3aKOHO-
MEpHOCTeH, KOTOpble MPOTUBOPEUMITH TUTaHeTapHOM Moaenu. OnHako
NpeACTaBIseTCs, YTO M OTO OCHOBAHO Ha HEAOpa3yMEHMsX, XOTS W
SBJISIeTCSl OOLLENPU3HAHHBIM.

Ipexxne Bcero, MepBbIii BBIBOA TOBOPUT JIMLIb O TOM, YTO TaK Ha-
3pIBaeMas «KJlacCUuecKas TEOpHs» HEBEpHA, €CIIM OHAa U B CaMOM Jielie
NpeAcKa3bIBaeT, YTO 3JIEKTPOH, BpAILAIOIIMKCS BOKPYT spa, JOJKEH
YTO-TO M3iy4yaTh. KOHEUYHO, 3JIEeKTpOH, ABUTasch Mo opOWTe, MMeeT
YCKOpeHHe, HO 3TO YCKOpeHHe He MpPOJOJIbHOE, a MOMepeyHoe, LIeH-
TpocTpemutensHoe. [Ipy MpoobHOM YCKOPEHUH MEHsIeTCs CKOPOCTh,
SHEPrUIO AJIsl 3TOr0 HaZO JIMOO BIOKUTb B YCKOPSieMblii 00BEKT, IO0
0oTOOpaTh, eciu OOBEKT 3amemisieTcs. DTO MOXKET c/ielaTh OKpYIKaro-
mas cpeaa, B KOTOpOi OyIOyT pacmpoCTpaHAThCS BOJMHBI, BHOCS WM
yHocst oHepruto. Eciu cpeabl HeT, TO HeT U MPUYMHBI I YCKOPEHHs
WITH 3aMEeJUICHUS SJIeKTpOHa. DTO cpasy e OyaeT o3HayaTh HEeroJHO-
Ty Mozend. Ho mpH LEeHTpOCTpeMHUTETbHOM YCKOPEHHUH CKOPOCTh U
SHEPrus DJIEKTPOHA COXPAHSIIOTCS HEM3MEHHBIMH, M HUKaKUX NPUYHUH
IUTS TIOTJIOIIEHUS. WM M3JTyYeHHS DJICeKTPOMArHUTHBIX BOJIH HET.
IIpoTuBopeure oka3piBacTCsl HAJyMaHHBIM, OHO HE JI0JDKHO OBLIO BBI-
JBUraTbcs KakK MPU3HAK HEMOJIHOLEHHOCTH TUIAHETAPHOM MOJeNH.

Yro kacaeTcs BTOPOro HEJOCTATKA, TO OH JeHCTBUTENIbHO CyLLIECT-
ByeT, HO /I ero paspelieHdus HeJIOCTaTOuYHO aOCTpaKTHO-
MaTeMaTH4YecKOro MoAaxona, Kak 3To cleflana KBaHTOBas MEXaHHWKa,
BBE/Isl COOTBETCTBYIOLME MOCTYJIaThl, MOCKOJbKY OHH HE BbIABUHYJIH
HMKAaKOro MEXaHU3Ma TOro, YTO UMM 0003HAYEHO.

Ipexxne Bcero, Hy’>KHO OTMETHTb, YTO OTCYTCTBME KaKHX OBl TO
HU ObUIO  (U3MUYECKUX MPEACTAaBICHWH O BHYTPEHHHUX SBICHUSAX
MHUKPOMHpa JAeNaeT UX MPakTUUYeCKH MaJlo npeackazyeMbiMu. KBaHTo-
Bas MeXaHWKa 00s3aHa CBOMMH YCIeXaMH <«T€HHAJbHBIM JIOTaJIKam»,
NpUAYMaHHBIM <TIPUHLUMIAM» W MHOTOYMCIEHHBIM [OCTyJlaTam,
000CHOBaHHE KOTOPBIX OCTABJISIET XKeJaTh Jy4lIero.

ITockonbky KBaHTOBasi MeXaHHMKa CyIIecTByeT yxxe Oonee 70 e,
TO MOKHO OBLIO OBl OXKMIATh, YTO TAKOHW €e CTAaHTapTHBIA MEXaHH3M,
Kak BblYMCIeHWe W-QyHKUMI Ha ocHoBe ypaBHeHuid Lllpemunrepa,
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JAaBHO OCBOEH, M yke HapaOoTaHbl Y -(pyHKLMH Ui BCEX aTOMOB M
GonpiiMHCTBAa MOJeKyl. Oka3bIBaeTcs, HIUero nogo0HOro 10 CHX Mop
HeT: ¥ -pYHKLUUHM paccCUMTaHbl JIULIb JJIsi OTHOCUTEJIBHO MPOCTHIX CIIY-
yaeB, a Janee MIYyT MHOTOYMCIIEHHbIE >KalloObl Ha CJIOXKHOCTh UX BbI-
yucaeHui!

Jlaneko He Bce mpescKa3aHWsl KBAHTOBOW MEXaHUKH COBLTHCH, Ha-
npyuMep, He BCe MHUKPOOOBEKTHI CIEOYIOT «BCeOOLeMy» MPUHLHUITY
KOPITYCKYJIIPHO-BOJIHOBOrO  Iyanu3ma. [loJIHOCTBIO  OTCYTCTBYIOT
NPE/ICTaBICHHUs O XapakTepe S/IepHBIX CHJI, O MpHpone claldbiX B3au-
MOJIEHCTBHII U MHOrO elle o 4eM. Bce 3To CBUAETENbCTBYET O TOM,
YTO METOJbl KBAHTOBOM MEXaHMKH B 3HAYMTEJIbHOI cTerneHu ceOs uc-
yepnajyd U Ha 3TOM IIyTH BPSA JIM BO3MOXKHO JajibHel1iee MpoaBU-
J)keHWe B riyOb Matepuu. M Bce 3TO CBSI3aHO C TeM, UTO KBaHTOBas
MeXaHHKa OTBEepriia camy BO3MOXXHOCTb CYLIECTBOBAHHUSI KaKUX-THOO
(U3MYECKUX MEXaHMU3MOB BHYTPH SIBIICHMH MHUKPOMHpA, 3aMEHUB (u-
3MYECKYIO CYIIHOCTh a0CTPAKTHON MaTeMaTHKOM.

Han xBaHTOBOI MEeXaHMKOM, Tak ke KaKk M HaJl BCeM COBPEMEHHBIM
€CTEeCTBO3HAHMEM, HAaBMCJA 3JI0BeLIas TeHb ClELUaTbHON TEOpuH OT-
HOCUTEJIbHOCTH OWHINTeHHa, JUIIMBILIAS €€ BO3MOXXHOCTH OINEepUpo-
BaTbh 3()MPOM — CTPOUTENbHBIM MaTepHUaIOM MUKpPOYACTHL] U BCEX BH-
JIOB CUJIOBBIX MoJied U B3aumoaelcTeuil. MO0 oTCyTCTBHE CTpOUTEID-
HOTro MaTepHasa JMIIKIO UCCiIeAoBaTeIe MUKPOMUpa BO3MOKHOCTEH
WCCIIeIOBAaTh BHYTPEHHHUE CTPYKTYPbl 1 MEXaHU3MbI B3aUMOIEHCTBHIA.

HecMmoTtps Ha TO, 4TO MONOXKEHUs] KBAHTOBOW MEXaHWKH CUUTa-
IOTCSl  9KCIIEPUMEHTAJIBHO MOATBEP)KICHHBIMU, OHa HE B COCTOSIHUHM
OTBETUThH Ha BOMPOC, HOUEMy BCE 3TO TaK MPOUCXOAUT, B YEM 3aKJItO-
yaeTcs MEXaHW3M KBaHTOBaHUS dHepruv. OHa He MOXET OTBETUTb U
Ha OoJiee MPOCTble BOMPOCHI, HANIPUMEpP, [OYEMY B KaXKIOM aTome
CyMMa OTpHLIATEJIbHBIX 3apsI0B 3JIEKTPOHOB B TOUHOCTH paBHa BEJHU-
YUHE MOJIOKUTENIBHOrO 3apsja spa WIH MoYeMy MOJIHOCTbIO MOHU3H-
POBaHHBIN ra3 BCKOpE CTAHOBUTCS BHOBb 3JIEKTPHUECKH HEHTpasib-
HBIM, OTKYZa Y Ka’KI0T0 aTOMa BHOBb MOSIBIISIIOTCS 3JIEKTPOHBI ?

ABTOpbl KBAaHTOBOM MEXaHUKH M MX TOCJEIOBATENIN UCKIFOUMIN
W3 pacCMOTPEHHS BHYTPEHHIOIO MEXaHHWKY aTOMa, 3aMEHHUB BHYTpH-



298 I'nasa 2.

aTOMHBI MEXaHU3M BEPOSTHOCTHBIMU MPE/ICTABICHUSAMH M HU pasy
HE MOCTaBHMB BOMPOC O HEAOCTATOYHOCTH CaMOM IiaHeTapHOI Moje-
mu Pezepdopna-bopa.

Henocratkn muiaHeTapHO# MoJeNu aroMa, HCIOJb3YIOLIEH, Tak
WM WHAYe, MPe/ICTaBICHUsS KJIaCCMYeCKOW MEeXaHWKH TOro BPEMEHH,
NPUBEJIM K TOMY, YTO B TEOPHH aTOMa CTAJIO pa3BUBAThCS aOCTPAaKTHO-
MaTeMaTHYecKOoe HalpaBjieHHe, KOTOpOe aBTOpaMH MPeroJHOCHIOCH
KaK «PEeBOJIIOLIMOHHOE» U KOTOpOE MPUBENIO K CO3JaHHIO KBAaHTOBOM
MEXaHHUKH.

[pencrapienue o pU3NUECKOM BaKyyme, T.e. HE MYCTOH IyCTOTe,
100 CJIOBO «BaKyyM>» O3Ha4aeT MyCTOTY, BbI3bIBAET BOMPOCHI, HA KOTO-
pble BooOIIe KBaHTOBas MEXaHMKAa M €€ MPOAODKEHHe — KBAaHTOBAs
TEOpHs MO — He B COCTOSIHUM JaTh OTBET. UTO Takoe BOOOIIE «BUp-
TyaJIbHOE» COCTOSIHUE YacTHIl B BaKyyMe, MpPH KOTOPOM OHH, BO3HHUK-
HYB, Cpa3y jke YHHUTOXKaroTcsi? UTo Takoe «cpasy xke», depes CKOJIb-
KO MHMKPOCEKYH]] M CKOJIbKO pa3 B CEKyHAy Bce 3TO npoucxonut? B
4eM MeXaHHM3M MOJ0OHOW «BHUPTyalbHOCTH»? B ueM MexaHu3M y4a-
CTHs BakyyMma B (PU3UUECKUX Tpolieccax?

Ho rnaBHBIM BOIIPOCOM oOcTaeTcs BOMPOC O CTPYKTypax Marepu-
aJTbHBIX 00pa30BaHM — OT 3JIEKTPOHA JI0 aTOMa, BOIPOC O CTPYKTYpe
BaKyyMa M 000 BCEX TeX aTOMHBIX SIBJIICHHAX, C KOTOPBIMH (PU3UKH
KOe-KakK CIpaBJsioTCS Ha OCHOBE MaTeMaTHYeCKHWX abCTpakLuid, co-
BEPIICHHO UTHOPUPYS (HU3MUYECKYIO CYIIHOCTb CTPYKTYP M MPOLIECCOB.

C moMOUIBbI0 METOJIOB KBAHTOBOM MEXaHUKH HE YIAeTCsl PeIlUTh
MHOKECTBA BO3HHMKIIMX 33/1a4 aTOMHOM M MOJIeKyJIsipHOH ¢u3uku. W
XOTs KBaHTOBas MEXaHWKa KaK MHCTPYMEHT TMO3HAHHUS SBJICHUN MUK-
poMHpa Ha MepBbIX MOpax MMelsia OMNpe/e/ieHHbIe YCIEeXH, CleIyeT
KOHCTAaTHPOBaTh, YTO METO/bl KBAHTOBOM MEXaHHMKH MPAaKTHYECKU Ce-
04 Wicuepnany, U CUATATh TMOJI0KEHHE B HAYKE O MUKPOMHpE YIOBIIe-
TBOPUTEJbHBIM HET OCHOBAHHH.

KBaHTOBasi MexaHHMKa MPOMOBEeIYeT OeCCTPYKTYPHOCTh YacTHILl M
OTCYTCTBHME KaKUX Obl TO HU OBIIO MPUYHH, 1O KOTOPBIM YaCTHLBI 00-
Jalal0T CBOMMH CBOMCTBAMHM — HaJIMYMeM MarHUTHOTO MOMEHTa, 3a-
psina, cnMHa W T.m. YacTuibl ToueuHble, T.e. OHHM Oe3pa3mepHbl. W
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XOTS 9TO OOCTOSITENILCTBO MPHUBOIUT K DHEPreTHUECKOMY Mapamokcy,
MOYeMY-TO HUKOTO 3TO He cMylaeT. HUKTO He cTaBHUT MO COMHEHHe
UCXOJIHYIO IUIaHEeTapHyl0 MoJelb aroMa, paspabotaHHyro Pesep-
tdopaom ewe B 1911r. 1 B cuily cBOei OrpaHMUEHHOCTH TPUBEALLYIO
K TPOMaJHOMY KOJIMYECTBY MPOTHBOPEUMi, XOTs YCIeXH ee Ha mep-
BBIX TIOpax ObuTK GeccriopHbl. BMecTo M3yueHHs KOHKPETHBIX CTPYyK-
TYp U MeXaHWU3MOB B3aUMOJCHCTBHIA, B KOHLIE KOHLIOB, BCE CBEIOCH K
YHUCTO BHEIIHEMY, BeCbMa IMOBEPXHOCTHOMY OIMHCAHMIO, YTO TPHBEIIO
K PacCMOTPEHUIO JIMIIb BEPOSTHOCTHBIX OLIGHOK MporeccoB. Jlemo
JOLLIO O TOTO, YTO caM (pakT BO3MOXKHOCTH HaJIMuMsl Kakoro Obl TO
HU OBbLJI0 MeXaHU3Ma B SIBICHUSAX MUKPOMHPA, CTal OTPULATHLCS, OTPH-
LAlOTCSl ¥ TIPUYMHHO-CJIEICTBEHHBIE OTHOIICHHS B SIBICHUSX MHKpPO-
MHUpa, YeM HaKJa[AblBalOTCd MPUHLUMIHNAIbHbIE OFpPaHUYEHHs Ha MO-
3HaBaTeJIbHbIE BOBMOYKHOCTH Y€IOBEKa.

Ksanmoeaa mexanuka moxcem o6bimb cOXpaneHda 6 puzuxe Kaxk
nONIe3HAA Memo00102UA NPUMECHUMENbHO K 6bIYUCTCHUAM KOH-
KPemHbIX 6HYMPUAMOMHBIX HPOUECCO8, HO 6CA PuaocoPua Kean-
MOBOIl MEXAHUKU O0NHCHA DbIMb NOOBEPZHYMA PEGU3 L.

2.3. 'mppomexaHuyeckas TpakTOBKa ypaBHEHUN
KBaHTOBOW MEeXaHUKM

Jlnst BbIsICHEHUS! MOBEAEHUSI aTOMOB U MOJIEKYJ1 B Pa3jIUYHbIX YC-
JIOBHSIX U cpefiaX, OObIYHO ObIBAET JIOCTATOYHO 3HATH 3aKOHBI KBAaHTO-
BOM MEXaHWKH, MPH 3TOM HCIOJB3YIOTCS TIOHATHS SHEPreTHUeCKHUX
COCTOSIHMM TMHAMHUYECKUX CUCTEM, KOTOPbIE OMUCHIBAIOTCS BOJTHOBBIM
ypaBHenuem Lllpeaunrepa [25, 26].

Kax m3BectHo, quHaMuyeckue cuctemsl Lllpenunrepa mo uemsm u
crocoOy OINMvcaHMs OTIMHAIOTCS OT IWHAMUYECKHX crcTeM HbroToHa,
Jlarpanxka u ['amunbroHa. YpaBHeHus: HploTOHa MO3BOJISIIOT paccyu-
TaTh TOYHOE 3HAaYeHHe KOOPAWHATHI M CKOPOCTH YaCTHI] B CUCTEMaXx C
3a/laHHBIM Ha4yallbHBIM COCTOsSIHMEM. Jlarpamk ajsi pacueTa CIIOXKHBIX
CHCTEM CO MHOTHMH MMEpeMEHHbIMU MPEAIOKUI COCTaBISTh YpaBHE-



300 I'nasa 2.

HUs JBWDKEHMsI CHCTEM, MCIOJb3ys MeTOA OO0OOIIEHHbIX KOOPAMHAT.
I'amunbTOH pazpaboran BapualMOHHBIM METOJ, B COOTBETCTBHM C KO-
TOPBIM W3 BCEX BAPUAHTOB TPAEKTOPHH ABM)KEHHH MOKET OBbITh Haii-
neHa ontumanbHasd. Llpeaunrep npeanoxkun MHOM crocol: paccuu-
TaTh IS CUCTEMbl HEKOTOPYIO (DYHKLMIO KOOPAMHAT M BpeMeHH (He
KOJIMYECTBO JBMXKEHHUSI MIIM CKOPOCTB), KOTOpasi MPpUMEHUMa IJIsl Ofl-
penenieHusi KOOPAMHAT CUCTEMbl U HaXOXIE€HUsS BO3MOKHBIX JTHHAMU-
YECKUX BEJIMYMH KBAaHTOBBIX OOBEKTOB MHMKpoMupa. CuuTaercs,, 4Tto
pazeuthlii [llpenunrepom matemarndeckuii GopMmanu3M U BBeIeHHAs
UM BOJIHOBasi (YHKUMs SIBJISIOTCS Hanbosiee afeKBaTHBIM MaTemartu-
YecKHUM amnmnapaTroM KBaHTOBOI MEXaHWKHU U ee MpuMeHeHuil. B unrep-
nperayy bopHa sTa QyHKIMS MpUMEHNMA IS ONpeesIeHNs] KOOpIu-
HAT CHCTEMbl M HaXOXIEHHS BO3MOXKHBIX JTUHAMHUYECKHX BEJUYMH.
OpHako mo3xe ObLJI0 MPUHATO, YTO MPU MCIOIb30BAaHUM AMHAMHYE-
CKOr0 YpaBHEHHMSI TAKOT'O THIA HEJIb3s HAAEAThCsSl HA TOYHOE OMMCaHUe
KJIACCUYECKOro MoBeAeHUs1 cucteM. [IpyrumMu cioBamu, CTENEHb TOY-
HOCTH, KOTOpasi MOKET ObITh JOCTUIHYTa B OMMCAHUU MOBEASHUS CHUC-
TE€Mbl METOJAMHU KBAHTOBOM ME€XaHWKH, OrpaHMUY€Ha MPUHLMIIOM He-
omnpexaeneHHocty Ieizenbepra [19, 29-31].

[TpumenuB BonmHOBoe ypaBHeHue lllpeauHrepa W HEKOTOpbIE N0-
MOJHUTENIbHBIE TUIOTE3bl, MOXKHO ONPEAETUTh (GYHKLHIO KOOPAUHAT U
BpEeMEHH, Ha3bIBaeMyIo BOJIHOBOM (yHkumei, pyHkiuelt [peaunrepa
Wi QyHKUMeH aMIuuTyabl BeposiTHocTed. KBagpaT momyns BoJHO-
BOW (PYHKLMM HMHTEPHpPETHPYETCs KaK IUIOTHOCTh BEPOSTHOCTH pac-
npeAesaeHrs KOOpAMHAT 3aJaHHOW CHCTeMbl. YpaBHEHHE Ha3bIBaeTCs
BOJTHOBBIM, TaK Kak OHO NpeicTamBiseT coboil auddepeHnpanbHoe
ypaBHEHHE BTOPOro MOPsJIKa, UMEIOLIee CXOACTBO C BOJHOBBIM ypaB-
HEHHMEM KJlacCH4ecKoi MexaHuku. CuMuTaeTcs, YTo 3TO CXOJCTBO UMe-
eT b (opMaIbHOE 3HaYe€HHEe W MOSTOMY BO BHMMaHHE HE TPHHU-
Maetcsl.

OnHaKo HEKOTOpble MCClle0BaTeIM OOHAPYKUIU, YTO BO3MOXKHBI
Y HEKOTOpbIE APYrHe TOJKOBAHMS TMOJIOKEHUH KBAHTOBOM MEXaHHWKH.
Tak, DnavHrTOH pa3paboTan omnpenesieHne Macchl YacTHIBI, Tpel-
CTaBJICHHOW BOJIHOM WJIM BOJIHOBBIM MMaKETOM, KaK pe3yjibTaT HMHTer-
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pPHpPOBaHHMS MO BCEMY TPEXMEPHOMY MPOCTPAHCTBY IUIOTHOCTH, MPH-
MHCHIBAEMOI HEMOCPEICTBEHHO BOJIHOBOM (YHKLHMHU C paclieryieHHeM
10 HOMUHAJILHO OECKOHEYHOMY BOJIHOBOMY (poHTy. Takum oGpazom,
B 9TOM cjlyuyae BOJHOBasi (DYHKIIMSI TPaKTyeTcsi Kak oObluHas (usmye-
CKast TUIOTHOCTh HEKOTOPO# cpebl [32—34].

Crnemyer ortMmeTuTh, uTO YypaBHeHue lllpenunrepa omnuchiBaer
00ObIuHbIe KOJIeOaHWs YacTHUIIbI Maccoii M. B camoM jerne, ypaBHeHuHe
IIpenuurepa nmeet BUA!

&’m
Ay-— — (W-Qy=0; y=y,e™"'", (2.1)

rae W —sHeprus cucremsl, U — MOTeHUMANIbHAS SHEPTHsl CUCTEMBI Kak
(YHKIMS MECTOHAXOXKIACHHS YaCTHLIBI; M —Macca YacTHILIbI.
Jlns omHO# oc BOTHOBOE ypaBHEHHE MPUOOPETaeT BUL

d?y 8°m
— - —— W-UQly =0, 22)
d¥ h?

oTpakaroluii coboi aMIIUTY Iy KojieOaHui QyHKIMH.
Jna ocuunnsTopa MOTEHUMANbHAS SHEPrus onpenesnsercs Bbipa-
JKEHUEeM

1
U = —k ¥ = 2rmv® X (2.3)
2

~ — 2
3neck v — yactoTta konebanuit; K = 4n°mu — koadduumeHt ynpy-
roctu cuctembl. O603HaUMB

A = 8?mWh; a = 4n’mu/h, (2.4)
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MOy YNM
d 2y
— — (=) y=0. (2.5)
dx

Pewas (6.5), nonmy4aem:

1 1
A=(n+ —)2a U=(n+ —)h;, n=0,1,2..., (2.6)
2 2

YTO (PM3MYECKH O3HAYACeT CMEKTP HEKOTOPHIX YCTOHUMBBIX KOJieOaHUM
B MPOCTPAHCTBE M BO BPEMEHH.

Hy’XHO OTMETHTb, YTO CHEKTpP YCTOWYMBBIX KOJeOaHMi XapakTte-
peH He TOJbKO Ui BOJIHOBOTO ypaBHeHHs B (opme (2.2). Hanpumep,
IUIsl CTPYHBI, 3aKpeTUIeHHOM Ha KOHLaX, umeeM [35]:

o2 ou?
2

=C ; u=O0mnpu x=0; x=1. 2.7)
ot? ox

Perenue storo YpaBHEHUA UMEECT CJ'[eI[yIOH.[PII’I BUN.

n krct knx
u=X Acos sin —, (2.8)
k=1 I I

rae

21 krz
Ak = —] f (z)sin ——dz. (2.9)
I o I
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3neck | — nmna cTpynbl; f (x) — pacnpenesnieHre HavaIbHBIX BO3-
MYIEHHUH BJIOJb CTPYHBI.

Takum oOpa3oMm, Qu3uvecku ONU3KHUE CUCTEMBI OMMCHIBAIOTCS
pa3HbIMHU 1O (OpMe BBIPAKECHUSIMH, JAIOIMMH MPAKTUYECKU OIHU U
TE XKe peleHus.

HexoTopbie aBTOpBI 00paTW/ii BHUMaHWE Ha BO3MOXKHOCTb TH-
POMEXaHUUYEeCKO TPAaKTOBKM ypaBHEHHMH KBaHTOBON MexaHWkH. [lo-
MHMO pPacCMOTPEHHOW BBILIE TPAKTOBKHM W-(QYHKIHMH KaK MacCOBOM
TUIOTHOCTH Cpejibl, mpeaiaokeHHoi DmaunrtoHom [33, 34], uccneno-
BaHUS ATOrO BOmNpoca ObUTM BBIMIOJIHEHBI Takxke ManemyHnrom [36] u
bomom [37].

MapemnyHr nocie MoJcTaHOBKH BPEMEHHOT0 (pakTopa B ypaBHEHHE
LlpeauHrepa noay4ui:

&’m im Oy
y— —Upy—i———— =0. (2.10)
h? h ot

Tlomaras nanee

ip
v = ae | (2.11)
OH HalleJ1
BmU  4m 0B
Aa —a(gragh) * — + a =0; (2.12)
h? h ot

i  Oa
a AP + 2(gradagragp) —-———— = 0. (2.13)

h ot

IIpu
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ph
p = — (2.14)
Zm

MapenyHr nostyuus1 ypaBHeHHUe

od®
div @’grach) + —— =0, (2.15)
ot

MMEIOLLee XapakTep TUIPOAMHAMMYECKOrO YpaBHEHHs Hepa3pbIBHO-
CTH!

op
divpv) + — =0, (2.16)
ot

B KOTOPOM @’ BBICTYNAeT KaK MacCoBas MIIOTHOCTb p, a V — Kak grady
CO CKOPOCTHBIM MOTEHLMAJIOM .
Kpome Toro, ManenyHr nosyuun ypaBHEeHUE

dp 1 u Aa I
— + —(gradh)’ - - =0, (2.17)
ot 2 m a8m2me

KOTOpPO€ TOYHO COOTBETCTBYET YPABHEHHIO THIIPOJUHAMUKH TpHMe-
HUTEJILHO K CBOOO/IHBIM BUXPEBBIM TEYSHHUEM I10]T BO3JICHCTBHEM KOH-
CepBaTHUBHBIX CHII.

Janee ManenyHr onpeaenui, 4To 3HAUEHUSIM

gradu
COOTBETCTBYeT OTHoIeHuo fip (2.18)
m
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T.€C. OTHOIICHHIO MJIOTHOCTHU CHIJIbI K IINIOTHOCTH MaCCBI);

da 4P
————— cooTBeTcTBYeT |
a8r’nt p

(Ci

KaKk (QYHKUMHM «BHYTPEHHUX» CHUJ KOHTHHYyYMa.

MapenyHr oOpaiaeT BHUIMaHWe Ha TO, YTO, HECMOTpSl Ha BpEeMEH-
HoW (akTop, cobcTBeHHOe pelieHue ypaBHenus lllpeauHrepa npen-
CTaBJisieT coOOH KapTHHY CTallMOHApHOro TeueHus. KBaHToBbIE co-
CTOSIHUSL TIPY TOM HCTOJIKOBBIBAIOTCS KaK CTallMOHAPHbIE TEYEHHUsS B
ciydae gragh = O win Kak HEKOTOpbIe CTaTHUECKHE 00pa30BaHUs.

B cnyuae craiimoHapHOro TeueHus UMeeM

m Aa PP
W= —(gradp)? +U—- ——. (2.19)
2 a8r’nt
IlycTh
a’ =0, om=p, (2.20)

TOraa, MPOHOPMHUPOBAB

Jodv =1, (2.21)
MOJIy4YnM
2 ’h
w=ld{ O U%+ oU—--Jo A ——}. (2.22)
2 8r’nt

Beipaxkenune st sHeprum (2.22)sBisietcss 00beMHBIM HHTETPajioM
OT KMHETUYECKON U MOTEHUMAIBHOM MIIOTHOCTEHN SHEPruid.
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Takum 00pa3oM, MOKHO KOHCTaTMPOBaTh, YTO OCHOBHOE ypaBHE-
HHMe KBAaHTOBOW MEXaHWKH OTpakaeT coOO# CTalllOHapHBIE TEUSHHUS B
cpede M, clieloBaTeNbHO, MMeeTCs MNPUHLMIHNAIbHAS BO3MOYKHOCTD
MOCTPOEHHUSI BUXPEBOW MOJENH 3JIEKTPOHHBIX 000JOYEK aTOMOB, Kak
HEKOTOPBIX CTALMOHAPHBIX BUXPEBBIX TeueHWil. [locTpoeHne Takux
BUXPEBBIX MOJIENICH, B CBOIO O4Yepe]b, MOXKET MOCTaBUTh BOMpPOC 00
YTOUHEHUH MPEACTABICHUI O CTPYKType aTOMOB U MOJIEKYJ M HeoO-
XO/IMMOCTH YTOUHEHUsI ypaBHEHNUIH KBAHTOBON MEXaHHKH.

PaccMoTpuMm u3itydeHre cBeta aroMoM Bojgopoaa [38—41].

B 1885r. banbmep mnpuiien K BHIBOAY, YTO JUTMHBI BOJIH BCEX JU-
HHIi BUIMMO# YacTH CreKTpa BOAOPOJa MOXKHO ONHUCATh eIUHOM (op-
MyJIOH

1 1 1
0 =R(0 -0), (2.23)
A n12 n22

rae Ny u Ny —1ensie yncna; R — nocrosHuas PunGepra:
&2m4
R=000 =1097373m™" ; (2.24)
ch®

rae Me ¥ e —Macca U 3apsij JIEKTPOHa; ¢ — CKOpPOCTh cBeTa; h —mocTo-
srHast [Tnanka. C ydetom meikenns sapa R = 109677,6ecm . Bop
[12—14] nokazaJi, uTo eciiv 3a CTAllMOHAPHYIO OPOUTY BIIEKTPOHA MPH-
HSTb TY, U1 KOTOPOil 3HaYeHHe OpOUTAILHOTO KOJTMUYECTBA ABHKECHHUS

nh
L =00 =#n, (2.25)
2t

rae N —uenaoe Yrucjio, TO SHEPIrust TAKOro SJICKTPOHA OKaXKETCsA paBHOﬁ
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E=RIr (2.26)

CrefoBatesibHO, €CIM 3JIEKTPOH MEePEeXOAUT C OJHOM OpOMTHI Ha
JPYTYI0, MPOUCXOJUT U3MEHEHHE €ro SHEPTrUH Ha BEJTMUHHY

1 1
AE =R (O -0), (2.27)
n®
re N> u N2 — nenble unca.
Ecmu
R = Rch (2.28)

TO (hOpMyJIBI IJISi PA3HOCTH DHEPrUi pa3IMYHBIX OpOUT B OOPOBCKOM
MOJIeJT! aTOMa BOAOPOAA M JUIsl BOJIH SKCHEePUMEHTaIbHO Habutosae-
MOTO CIIeKTpa Boaopoaa Oy ayT UICHTHYHBI.

MO)KHO TOKa3aTh, YTO T€ K& BBIPAKEHHs CIPABEIIMBBI M IS
BUXPEBBIX MOJIENIEH IEKTPOHHBIX 000JI0YEK aTOMOB.

[To moBepxHOCTH BUXpEBOK 000JI0UKK cdeprueckoi HOopMbI BO3-
MOXKHO HE3aBHCHMOE PacrpoCTpaHEeHHWe BOJH BO B3aMMHO MEpIeHH-
KYJSIPHBIX TUIOCKOCTSIX. [ToCKOJIBKY MepemelieHre BOJIH B MPOCTPaH-
CTBE CBSI3aHO C MOTepei SHEPriu, TO YCTOWYMBBIMHU OY/yT JIULIb CTOS-
YKe BOJIHBI, YTO O3HAYAET LIEJI0e YKMCIIO BOJIH MO OKPYKHOCTH Cepbl.

Crosiyas BOJIHA, pacnpocTpaHsiolascs Ha JjiuHe |, onuchiBaeTcs
BeIpakeHHeM [35, 42—44]:

TnXx I
y=2A,cos (00O )sinew, (t—0), (2.29)
I c

npu 5ToM B Kaxkaoi touke, rae NX = kl (k = 0, 1, 2...),ammnuryna
CTOsUel BOJIHBI JOCTHraeT MakCUMyMa, paBHOTO 2A,, a B TOUKax, rie
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nx = (k + 1/2) |, amnauryna nagaetr no Hyjs. Jlns aroma Bogopona
JUTMHOM | siBsleTCs [UIMHA OKPY>KHOCTH aToma, T.e. 1D, rme D,, —

JMaMeTp AJICKTPOHHOM 000JIOUKH.

Ecnu Monyne OTKIOHEHMS MOBEPXHOCTH BHUXPS OT €ro HEBO3MY-
IIEHHOW MOBEPXHOCTH paBeH 2A,, TO MOIYJb CKOPOCTH 3TOTO OTKJIO-

HEeHUsl paBeH 2A,0p, YCKOPEHUS - 28,002, MOJTYJTb

WHEPLIMOHHOW CHUJIBI

2 o
paBeH ZmAb(,On . I[J'[H BCE€X TAPMOHHUYECKUX COCTABJIAIOLIUX KoJieOaHUM

WHEPLIHOHHBIE CHIIbI PaBHBI MEXIy COOOH, T.€.
F = 2mAw.? = C; = const
N
C,
A, =000
P,

Torna npu uMItysbce

P=mv=2mAw, =nGC,,

OTKyJa
nG,

o, =000,
MA,

OHEprud KOJIeOaHUI OMUCHIBAETCS COOTHOLIEHHEM

mv?  4n Alw,’ m G2 w2
E=00 = 00000 =00u0on
2 2 2w,

(2.30)

(2.31)

(2.32)

(2.33)

C?
= QOO =
2,
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C2nf 4A2 R
=0oQooo =00 . (2.34)
2n’ C, 13

B 3tom citydae pazHocTh SHepruil KojiebaHuii MOBEPXHOCTH BUXPS
MPU U3MEHEHUH YHMCIIa CTOSYMX BOJTH COCTaBUT:

1 1
AE =R (0 -0), (2.35)

n12 17

YTO B TOUYHOCTH cOOTBETCTBYET (hopmyiie banbmepa nmpu R = hcR

Takum 00pa3om, BUXpeBas MOJeNb aToMa COOTBETCTBYET (PYHK-
LIMOHAJIbHBIM 3aBUCUMOCTSIM KBAHTOBOH MEXaHUKH.

IMocrosinnas Inanka h ecth KO3 PUIMEHT MPOMOPLHOHATBHOCTH
MEXIY 4HacTOTOW BpalleHWs BHUXpPEBOro oOpa3zoBaHusi 3¢upa U ero
SHEpruel U He SBJAETCS BEJIMUYMHOM, CBOMCTBEHHON TOJIBKO MHUKPO-
Mupy. @uznueckuii cMpics nocTossHHOW IlnaHka 3akioyaeTcss B TOM,
YTO 3TO €CTh MOPLHMS SHEPIHH, KOTOPYIO HY>KHO COOOIIUTb 3JEKTPOHY
WIHM JpYrod BUXPEBOW 4YacTHLE IJS YBEJIWYEHHUS YacTOThl BpallEeHUs
Halc™:

h = AE/v, (2.36)

a BesinunHe i = h/2n cooTBeTcTBYET MpuUpalleHre SHEPTrUH MPH yBe-
JIMUEHUH CKOPOCTH BpalieHus Ha 1 paj/c.

Paccmotpum npunimn 3anpera [laynu. Kak uzsectHo, B 1925T.
[Naynu BBenm cBOWM MPUHLMN 3ampeTa, COCTOSIUA B TOM, YTO JIBYM
AJIEKTPOHAM 3alpellaeTcess HaXOIUThCs B OJJHOM M TOM K€ COCTOSIHUU
[20—-22], vy, uHaye, B OJHOM aToOMe HE MOXKET HaXOAWTHCS JBYX
3JIEKTPOHOB, UMEIOIUX OJMHAKOBBII HAO0Op KBaHTOBBIX uucen. B 3Ha-
YUTENBHOM CTENEeHW 3TO MPaBWJIO KIACCHYECKON MEeXaHWKH, YTBep-
JKJAroNIeld, YTO B OJHO W TO K€ BpeMs JBa Tella He MOTYT 3aHHMATh
OJIHO W TO e MecTO B mpocTpaHcTBe. [Ipu onucaHuy aTOMHBIX cuc-
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TeM, OZIHAKO, BO BHUMaHHWe CJIeAyeT NPUHUMATh He TOJIBKO COOCTBEH-
HbIe KOOPJMHATHI TeJla, HO elle ¥ TPH KOOPJMHATBI MMITYJIbCa.

Oco0eHHOCTH y4eTa KOOpAMHAT MMITYJIbCa B 3HAYMTEIBHOW CTe-
NICHU TIPOSICHSIIOTCS, €CJIM YYUTHIBATh B3aMMOACHCTBUE DIICKTPOHHBIX
000J104€K U OTAENBHBIX AJIEKTPOHOB, COCTABISIIOLIMX 3TH OOOJIOUKH,
MEXTy co0Oii.

Ecnu U3 BepOsSTHOCTHOM MOJENH BBITEKACT, YTO TOYCUYHBIE JICK-
TPOHBI MOTYT HaXOJHUThCSl B OJJHOM W TOM K€ TOUYKE MPOCTPAHCTBA, HO
JBUTAIOTCS IPH 3TOM B pa3Hble CTOPOHBI, TO U3 I(HUPOTUHAMUYECKOM
MOJIEJIM BBITEKAET, YTO B TAKMX OOIIMX TOYKAX COIMpPUKACAIOTCS COCEI-
HHE BUXPH, U HUKaKHX MPOTHUBOPEUMii He BO3HUKAET BOOOIIE.

AHaJIOrMYHO OOCTOMT JIeJI0 M € TaK Ha3bIBAGMbIMU 3aKOHAMH CO-
XpaHeHHSI.

IMpesxne Bcero, ciaeayeT OTMETUTh, YTO HEKOTOPBIE 3aKOHBI COXpa-
HEHHsl, UCTIONIb3yeMble B KBAHTOBOI MEXaHMKe, MPSIMO COBMAJaloT C
O0LIMMH 3aKOHAMH MEXaHMKHA MaKpOMHpa, 4TO, BOOOLIE roBOps, Hpsi-
MO BBITEKAeT U3 Npe/ICTaBIeHH 00 00mMX (HU3MIECKUX UHBapUAHTaX.
TakuMu 3aKOHAMH SBIISIFOTCS:

3AKOH COXPAHEeHUA IHep2UlU.

nooMVE
W= —— +U(ry, ra,.... I ), (2.37)
k=1 2

rae U —moTeHmanbHas sHeprus,

3A4KOH COXpaHeHUusA Koiuvecmea osuwiceHuA (wnnyﬂbca):

n oL n
P=X — =¥my =const, (2.38)
k=1 OV k=1
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rae gynkums Jlarpanka Ui 3aMKHYTOH CHCTEMbI OMpenesnseTcs: Bbl-
paskeHreM

noMVE dry
L= —— —U(ry, ray.... ) Vg = ———; (2.39)
k=1 2 dt

34KOH COXPAHEHUA MOMEHmMA Koiuuecmea OGUIICCHUS.

n n
M=X [repd =X [rimyv] = const. (240
k=1 k=1

[locnenHee BbIpakeHHE Ui BUXPEBOTO JBW)KEHHs ra3za MOXKHO
TpaHCHOPMUPOBATH CIEAYIOUIMM 00pa3oM:

1 n
M=——73TIm, (2.41)
& k=1

A€ NHTECHCUBHOCTb BUXPA
Io=vd. (2.42)

Takum oOpa3om, Bce 3aKOHBI KBAHTOBOW MEXaHWKH BBITIOIHSAIOTCS
Ha BCEX YPOBHSX OpraHM3alMy MaTepuH, a BOBCE HE CBOWCTBEHHBI
TOJIBKO MUKPOMMUPY.

3aKOH COXpaHEeHHs 3apsiia eCTh TAKKe 3aKOH COXPaHEHHs! MOMEH-
Ta KOJINYECTBA ABHIKEHUS, HO YK€ B BUHTOBOM BUXpE.

Psan ocobOenHocteidd, KOTOphle Bcerga CuUMTaIMCh MPUCYLIUMU
TOJIBKO SIBJIECHHSIM MHKPOMHpA, TaKMe KaK KOPIYCKYJSPHO-BOJHOBOHN
Oyaln3M MHKPOYacTHl, MPUHLMI HeomnpeneneHHocTH ['elizenbepra u
BEPOSITHOCTHBII XapaKTep 3aKOHOB MUKPOMHUPA OTHOCHUTENIBHO, HE
CJIO’KHO PacCMOTPEThb C MO3MLMI ra30BoOil TUHAMUKH dpupa.
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KopnyckynapHno-6011060il dyanuszm, nexanivii B OCHOBE KBaHTO-
BOM MEXaHMKH, —3TO MOJIOKEHHE O TOM, YTO B MOBEAEHUH MUKPOOOH-
€KTOB MPOSBIISAIOTCA M KOPMYCKYJISIpHBIE, U BOJTHOBBIE uepThl. Kak Oy-
JeT MOoKa3aHo Jajiee MpH pa3dbope KOHKPeTHbIX 3((EeKTOB, BUXPEBbIE
oOpa3oBaHus 00JaAalOT B CBOEM OOJIBIIMHCTBE XapaKTePHBIMHU OCO-
OeHHOCTAMM W yacTull, W BoiH. CBoiicTBa 4acTHLl OOYCIIOBJIEHBI,
npexae BCero, TeM, YTO BUXpeBble 00pa30BaHUs YCTOMUYMBBI W JIOKa-
JIM30BaHbl B MPOCTPAHCTBE, TaK KAK OHU OTHEJICHbI OT OCTAJIbHOM cpe-
JIbI TIOTPaHUYHBIM ciioeM. CBOMCTBa BOJIH c1ab0 CHKAaThIX BUXpeH 00y-
CJIOBJIEHBI BO3MOXKHOCTBIO CJIO’KEHHS ITIOTOKOB B BUXPSIX, a TaKkKe BOJI-
HOBBIMU CBOMCTBaMM BUXpeil MpPH UX B3aMMOJEHCTBUHU C IPYTUMHU Te-
JlaMM, B TOM YMCJie U C BUXPSIMU. J[JIsl CHIIBHO CXKaThIX BUXPEH HEKO-
TOpbIE BOJIHOBbIE CBOWCTBA MCUE3AIOT, YTO HAXOAMUT OTpakeHue B (u-
3UYECKHX sBJICHUAX. Tak, i1 HEKOTOPBIX YacTUL BO3MOXKHO SIBJICHUE
IudpakuK, HO HEBO3MOXKHO SIBJICHHE MHTEpP(EpeHINH, XapaKTepHOe
JUTSL 4aCTHII, 00pa3yeMbIX BUXPSIMH CJ1ab0 cxKaToro s¢upa.

Ilpunyun HeonpedenenHocmu, BHIIBUHYTHIN [ elizeHOeprom B
1927r. [19], yTBepKaaeT HEBO3MOXKHOCTh OJTHOBPEMEHHOTO TOYHOTO
orpezesieHHs KOOpAMHAT LEHTpa MHEPLK YacTHLbI M ee UMITyJibca. B
OCHOBE 3TOTr0 MOJIOXKEHMS! JIEKUT TMPEJICTABICHHE O BOJIHOBOI (yHK-
K (p-GyHKUMM) YpaBHEHHS! KBAHTOBOM MEXaHUKH, Kak O TJIOTHOCTH
BEPOSTHOCTH HAXOXKIACHUsI YaCTHILIbI B TAHHOW 00JIaCTH MPOCTPAHCTBA.
OJHako HEKOTOpbIE MCCIIEN0BATEIM, KaK 00 3TOM YK€ yNOMHMHAJIOCh,
MOKa3aJiv, YTo Y-(hyHKIHIO MOXKHO MHTEPIPETUPOBATh KaK MacCOBYIO
TUIOTHOCTB Cpefibl B JAHHOM TOUYKE MPOCTPAHCTBA, MPHU 3TOM HHTETpH-
poBaHMe TO BceMy o0ObeMy JaeT 3HaYeHWEe MAacChl YacTHUIbl. Takoe
TOJIKOBaHUE Y-()YHKUMH BIOJIHE COOTBETCTBYET 3()MPOJMHAMUKE, TO-
CKOJIbKY KaK/as 4acTHIla NpeicTaBiseT coboil BUXpeBoe oOpa3oBa-
HMe. B 5ToM ciyuae s COOTHOIIEHUs HEOMNpeIeIeHHOCTeH He ocTa-
eTCsl MeCTa M MOXKHO HMCIIOJIb30BaTh OOBIYHBIE COOTHOLICHUS MEXaHH-
KW C Y4eTOM, KOHEYHO, TOro oOCTOSTEeNIbCTBA, YTO BUXpeBOe 00pa3o-
BaHME HEe MMeeT YeTKMX rpaHull. Bo MHOrMX cily4asx, mpaBja, BUXpe-
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Bbie 00pa30BaHUs OTJENICHbI OT Cpellbl MOTPAHUYHBIM CJIOEM, TI03BO-
JISFOUIMM OTPE/ICTIUTh TPAHUILY PACTPOCTPAHEHUsI BUXPEH.

[Tpunumn HeonpeaeneHHocTH [ 'elizeHOepra B 3TOM cityyae proo-
peTaeT He MPUHLMIHUAIBHOE, a YUCTO METOJO0JIOrMYecKoe 3HaueHue,
CBfI3aHHOE C HAJIMYMEM Y OJKCIEPUMEHTATOpa KOHKPETHBIX W3MepH-
TEJIbHBIX CpeicTB. B OynyliieM B CBA3M ¢ MOSIBIICHUEM HOBBIX CPEJICTB
W3MepeHHs, OMUPAIOLIMXCs HEe Ha MpeAcTaBieHus] 00 3JeKTPOMarHmT-
HBIX KBAHTOB, & HA MHBIC MPEJCTABIICHHUS, 3TOT MPUHIUI MOXKET MOTe-
PSATH U CBOE METOIOJIOTHYECKOE 3HAUCHHE.

[lo moBoxgy BepOSATHOCTHOrO XapakTepa 3aKOHOB MHKPOMHpA
MOYKHO OTMETHUTD cliefytollee. B cBoell ocHOBe Takue MpeacTaBIeHUs
NPEANoNaraloT OTCYTCTBHE BHYTPEHHUX MEXAaHW3MOB SIBJIICHUH W
BHYTPEHHEW CTPYKTYpbI YaCTHII, a TAKXKe MPEICTABICHUS O HEU3MEH-
HOCTH YaCTHI[ BO BCE BPeMs UX CYyIECTBOBaHUs. MIrHOpHpoBaHue 0co-
OCHHOCTEH CTPOCHUS YaCTHIl MPUBOJIUT K MPEJICTABICHUIO 00 WHTEH-
CHUBHOCTH KaK O BEpOSATHOCTH TOSIBJICHUS YaCTHIl B IAaHHOW TOYKE Mpo-
cTpaHcTBa. Mexay TeMm, Ass ciabo cKaThblX BUXpel XapaKTepHa BO3-
MOXXHOCTh CYMMHUPOBAHHMS HWHTEHCHBHOCTEH 3JIeMEHTApHBIX CTpYi
raza (3¢upa), oOpa3oBaBIIero 3TH BUXPH, T.e. MPOCIEKHUBACTCS CO-
BEPILICHHO KOHKPETHBIM MeXaHW3M, B KOTOPOM YBEJIMYEHHE WHTEH-
CHUBHOCTEMN CBA3aHO C POCTOM MWHTEHCHBHOCTH CYMMapHOro BUXps. B
pe3ynbTaTe AJs MPeACTaBICHUI O BEpOITHOCTHOM XapakTepe MoBeie-
HUs BUXpeW He OCTaeTcs OCHOBaHUM. A aHanu3 B3aUMOACHCTBUN BUX-
peil Ipyr ¢ Apyrom MO3BOJIAET CO3[aTh AETEPMHUHHUPOBAHHOE Mpes-
CTaBJIeHHE TIPAKTHUYeCKH 000 BCeX ABJICHUSIX MUKPOMHDA.

Takum 00pa3oM, Bce OCHOBHbIE OCOOCHHOCTH MHUKPOMHpA M OMU-
ChIBaKOIINE SIBJICHUS MHUKPOMHpPA YpPaBHEHHS KBAHTOBOM MeXaHWKH
MOYKHO paccMaTpUBaTh ¢ MO3ULMIA MaKpOCKOMMUYECKOH ra3oBoil mexa-
HUKH, JIeXallei B OCHOBE IMHAMUKH ddupa.
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2.4. CTpyKTypa 3/eKTPOHHbIX 0605104€eK aTOMOB U
MOJIeKy/

Kax 6p110 mokazano B ri1. 1, mpoTOH — TOpOWAAIbHBI BUHTOBOM
BUXPb 3(hupa — obpa3yeT BOKpYr cedsl TOpouJalibHble BUHTOBBIE MOTO-
KU cnabo cxkaToro 3upa, KOTopble BOCIPUHUMAIOTCSI KAK MarHUTHOE
M JJIeKTpUUecKoe Moss nmpoToHa. Takas cuctemMa yCTOW4YMBA M MOXKET
CYIIIECTBOBATh JOCTATOYHO 10410 (pHc. 2.1a)

n H
Hoepanuunbiit

IIpucoeounenulii
BUXPL

a 6)

Puc. 2.1. Tpn ycToiUMBBIX COCTOSIHUSI MMPOTOHA: ¢ — COOCTBEHHO TPOTOH;
6 — HEUTPOH; 6 —aTOM BOJIOPOJA

Ecnm Bokpyr mpoToHa oOpa3oBasicsi AOTOTHUTEIbHBIA TOTpaHNy-
HbIH CJIOH, JIOKATU3YIOIINT KOJIBLIEBOE IBHIKCHHUE, TO TaKas cucTemMa —
HEWTPOH — B cocTaBe sipa Toxe ycroiuua (puc. 2.16). OgHako BbI-
pBaHHBIN M3 Apa M MpelocTaBIeHHbIH caM cebe HeHTPOH OKa3bIBaeT-
Csl MEHee YCTOWYMB M pacrnaaeTcsi Ha MPOTOH U JIEKTPOH C MEPUOAOM
nonypacnana 11,7+0,3mun [45]. Marepuaiom i co3maHus dJieK-
TpOHA ABJseTCS (PUpP MOTPAHUYHOTO CJIOS, KOTOPBIH KOJIJIANCHPYeT B
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yacTuly, Oyayun OTOpBaHHBIM OT NMpoToHa. OHAKO BeCbMa BEPOSTEH
¥ BapHaHT, IPH KOTOPOM TOrpaHUYHbIH cJ10i1 paccackiBaeTcs B adupe,
He 00pasys 3JeKTPOH.

Cyl1iecTByeT elie ¥ TpeTbe YCTOHUHNBOE COCTOSHHUE MPOTOHA, MPH
KOTOPOM BOKpYI MPOTOHA OpPraHU3yeTcs BTOPUYHbIN BUXPb — TaK Ha-
3bIBAEMbIM «IPUCOCTUHEHHBIM BUXPb» (TepMHH, BBEIEHHBINM B a’po-
auHamuky H.E.KykoBckum).

Takoil BUXpb MoSydaeTcs, €Clii BHEIIHHWE MOTOKM 3(upa, paHee
3aMBbIKaBIIMECs Yepe3 LeHTPaIbHOEe OTBEpPCTHE MPOTOHA, OyIyT 3aMbl-
KaThCsl BOBHE. B TakoM BuXpe KonbLieBOe ABHXKEHHUE OydeT UMETb TO
JK€ HallpaBJIEHHE, YTO W KOJIbLIEBOE IBYKEHHE MPOTOHA, a TOPOUJAITb-
HOE€ — MPOTHBOIIOJIOXKHOE, MO3TOMY 3HaK BUHTOBOTO JIBHXKEHHUS U MpH-
COEMHEHHOro BUXPs OyIeT MPOTHBOMOJIOKEH 3HAKY BUHTOBOTO JBH-
JKeHHs MPOTOHA, YTo M OydeT BOCHpPUHMMATbCA KakK OTpULATeNnbHas
MOJISIPHOCTb JIEKTPUUECKOr0 3apsa BCero NpUCOeANHEHHOrO BUXPS —
JIIEKTPOHHO# 000m0ukM aTtoma. [TocKOMbKY KOJbLIEBOE IBMKECHHUE Lie-
JIMKOM 3aMbIKaeTCsl BHYTPU TOW BHELIHEH 00O0J0YKH U HE MPOHUKAET
BO BHELUHIOIO 00/1acTh, BCI CHCTEMa B BJICKTPUYECKOM OTHOLIEHUH
OKasbIBaeTcsi HeWrpanibHOH. Tak oOpasoBaicsi atom Bogopozaa (puc.
2.18).

B coznanHoM B aToMe BOIOpOAa MPHUCOEIMHEHHOM BUXpPE JBHXKE-
HUe 3(upa moaAepKUBaeTCs 3a CYET DHEPrur MOTOKOB 3(Hpa, UcTe-
KaloLUX U3 MPOTOHA, T.€. 32 CUET SHEPTUH SIEKTPOMArHUTHOIO MO
NpPOTOHA. DHEPrus ke dTOro MoJis uepnaeTcs U3 nmpotoHa. Takum o6-
pa3oM, SHeprusi MPUCOSANHEHHOTO BUXPS — DIIEKTPOHHON 000JI0UKH —
yepnaercsl U3 SHepruu A1pa, a BCS CUCTEMa — SIIPO aToMa U ero sJieK-
TpPOHHAs1 000JI0UKa — SBIAETCS OAHUM LETIbIM, M TOJIBKO € TaKUX MO3HU-
LU aTOM LiesiecooOpa3Ho paccMaTpUBaTh B AajbHEHILIEM.

B mpuHOMne BropudHbIie ClIoM 3(Hpa MOTYT BOBJIEKAThCS B JIBH-
JKeHHe ABYMsl croco0amu — MyTeM YBJIEUEHHUS MpHIIEralolmx cjloeB
cpedbl B TOM € HarlpaBlieHUH, YTO U MEPBUYHbIE MMOTOKH, YTO JIETKO
00BbsICHSITCS BSI3KOCTBIO I'a3a, U MyTeM BpAIEHHUs YacTULL CPelbl, pac-
MOJIOXKEHHBIX Ha TOBEPXHOCTH BUXpA. B mepBom ciyuae B3auMHO
npuieralwoLme cion 3gpupa ABWKYTCS B OOHY U Ty e CTOPOHBI, BO
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BTOPOM — B MPOTHUBOMNOJNOXKHEIE. [Ipy neneHnn omHOro BUXps Ha ABa
JBW)KEHHE BTOPUYHOTO BUXPS MOAAEP>KUBAETCS BTOPBIM CIIOCOOOM.

AHaNOrMYHO MOTYT BOBJIEKAThCS B IBH)KEHWE U MOTOKHU Cpelibl, B
KOTOPOH Pacroyio’keH TOPOUAAIbHBIA BUXPb, HATIpUMEp cheprIecKuii
Buxpb Xwiia (puc. 2.2) [46]. Ha pucyHke moka3aHo oOpa3oBaHHe
BHEIHUX M0 OTHOLIEHHWIO K BUXPIO XWJIa CPEepHUuecKUX MpPHUCOEIu-
HEHHbIX BUXpPEH, MepBblid — A1 ciay4yas MEHbLUEH, BTOPOU — AJis Ciy-
Yasi OonbLIel OKPY)KHOW CKOPOCTH IBWKEHHS ra3a; COOTBETCTBEHHO B
MEPBOM cilyyae MpPUCOEIWHEHHbIE MMOTOKHW HalpaBlIeHbl B Ty )K€ CTO-
POHY, 4TO M MOTOK rasa, oOpasyromui cepuieckuii BUXpb Xuija, BO
BTOPOM CJlydae — B TNPOTHUBOMOJIOKHYIO CTOPOHY IO OTHOILIEHHIO K
3TOMY MOTOKY.

a) 6)

Puc. 2.2. O6pazoBaHne NMpHCOEAMHEHHOr0 BHXPS: g — NPH YBJICUYECHUU MpH-
JIETAIOIINX K OCHOBHOMY BUXPIO CIIOEB Ta3a; 6 — MY JEIEHUN OCHOBHOTO BUXPS

Criyvaii MHOTOCIIOMHOIO TOPOMAATIBHOTO JBWXKEHHS Cpenbl AJs
MIepBOT0 BapuaHTa BOBJIEYEHHs MPHUIIETAIOLINX CJIOEB CPe/ibl paccMOT-
pen Toitnopom [47—49]. dopMa TOPOMIAIBHBIX MPUCOETAHEHHBIX
BUXpeil ToXKe OKasbIBaeTcsl OJIM3KOM K cheprueckoit (puc. 2.3).

Teopuu Bpamaromeicsi >KUIKOCTH U BOSHUKHOBEHHUIO 3aMKHYTBIX
BUXpEH pasziuyHbIX (HOPM MOCBAIIEHO MHOro pabot, Harmpumep [47—
52]. OnpeneneHHbli HHTEpEC NPENCTABISET MOAXOA K 00pa30BaHHIO
BUXpell C TOYKM 3peHWs] MeXaHM3Ma OTpHULATe]bHOM Bs3kocTH [52],
NpU KOTOPOM YUMTBIBAETCS, YTO BUXPH MOYHAIOT SHEPTHIO OT BHEIl-
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HEero Mo OTHOLIEHWIO K BUXPKO MCTOYHHMKA. [l BTOPUUHBIX BUXpEH,
KOTOpble 00pa3yloTCsi B aroMaX M KOTOpble BOCIPUHHUMAIOTCS Kak
9JIEKTPOHHAsE 000JI04Ka aTOMOB, TAKUM MCTOYHHUKOM DHEPTUM SIBJISIET-
csl COOCTBEHHO $APO aToMma, TOYHEe, MPOTOHbI, BXOJSIIME B COCTaB
anpa. KuHerndeckass sHeprusi MpOTOHOB Mepenaercsi cHauyaaa mnep-
BUYHBIM [OTOKaM, a 3aTeM 4epe3 HUX BTOPUUYHBIM BHUXPAM — 3JI€K-
TPOHHOI 000JIOUKE aTOMOB.

Puc. 2.3. Buxps Thitnopa

PaccmatpuBas aToM Kak LeJIbHYIO CHCTEMY, MPUXOJUTCS KOHCTa-
THPOBATh, YTO HE3aBUCUMOE MOCTPOSHHE TaOJIMLL 3aMIOJHEHHS Y POBHEH
SHEPruM B S/IpaX M B JIEKTPOHHBIX 000JI0YKAX, UCTIONB3yeMOe HbIHE
[53-60], He BnosiHe npaBomMepHO. M XOTS Cpeld MHOTOYMCIEHHBIX
paboT MO MOCTPOSHHIO MEPUOAMYECKUX CHUCTEM 3JIEMEHTOB MMEIOTCS
JOCTaTOYHO MHTEPECHbIE W OPUTHMHANbHBIC MocTpoeHus [61-63], oc-
HOBaHHbIE Ha KBAaHTOBOM MOJXOJIE, BCe e 9TH paboThl HOCAT (op-
MaJbHbIM, a He (U3MYECKMH XapakTep M, IJIaBHOE, HE YYUTBIBAIOT
€/IMHCTBA CHCTEMBI SIIPO — 3JIEKTPOHHAs oOosouka. B aTom cmbicie
WHTEPECHBI TIOMBITKA y4eCTh 3TO eAMHCTBO [64, 65].

B cBeTe M3M0KEHHOTO 1enecoo0pa3HO MPOCIeIUTh CBS3b CTPOe-
HHS TIPUCOCIMHEHHBIX BUXpPEH — AJIEKTPOHHBIX 00OJIOUEK aTOMOB ¢
MaTeMaTHYeCKUM amnapaToM KBAaHTOBOW MEXaHHMKH. 3ajaya CylecT-
BEHHO YMpOLIASTCs, eCiIM MPUHATh BO BHUMaHHE 3amMevaHue DJJIHHT-
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TOHA O BO3MOJKHOCTH TPHITHCHIBAHUS W-(YHKIMH HEMOCPEICTBEHHO
3HaveHus1 pusnueckoit miiotHoctr [33, 34].B atom ciydae skcTpemy-
MaM y-QyHKIMH OyAyT COOTBETCTBOBATH LICHTPHI BpALIEHUS MPUCOE-
JMHEHHBbIX BUXPEH, a HyJeBbIM 3HAYEHHUSAM — JIMOO TOUKH COMPUKOC-
HOBEHHUsI, TMOO TpaHMIbl BUXpeid. [Ipy 3TOM clie[yeT y4uThIBaTh, YTO
BHYTPEHHSISI TUIOTHOCTh BHXpEW COBCeM He 00s3aTenbHO IOJDKHA B
TOYHOCTH COOTBETCTBOBAThH XapakTepy y-(yHKLUH, KOTOpas ABISETCS
He Gosee YeM TpyObIM MPHOIMKEHHEM 3aBHCHMOCTH TUIOTHOCTH OT
KOOp/IMHAT.

C y4eToM M3JI0KEeHHOTO MOKHO MPEIOKUTh MPOCTYIO UHTEpIpe-
TAlLMIO KBAHTOBBIX YHMCENl B aTOMe: N — [JIaBHOe KBAHTOBOE YHCIIO; |—
OpOUTAIbHOE KBAaHTOBOE YHCIIO; M — MarHUTHOE KBAHTOBOE YHCIIO B
BOJIHOBOM (DYHKIIMH B MOJISIPHBIX KOOPIHUHATAX

Woim = Rul(1)0in(0) @o(9) = Ru(r)Yinl 0, 0); (2.43)

9TH YHUCIIa ONPENEeIIAIOT MOJ0KEHHE NMPUCOCIMHEHHBIX BUXpel (dek-
TPOHHBIX OpOHTasiei) B aroMe. YeTBepTOE KBAHTOBOE YHCIIO S —CIHMH
omnperesnsieT, BeposITHO, OPUEHTALMIO MPUCOCAMHEHHOrO BUXps (Ha-
NpaB/icHHe BEKTOpPa MOMEHTA KOJMYECTBA JIBMIKCHHS) OTHOCHUTEIBHO
JOpYTrUX NPUCOEAMHEHHBIX BUXPEH.

Ha puc. 2.4 nokasaHbl pa3iuuHble COCTOSHHMS aToOMa BOJOpPOJA,
NpyUYeM MOCTPOSHMs BBIMIOJIHEHBI HA OCHOBE PacCMOTPEHHs] COOTBET-
CTBYIOLIMX Y-QyHKLMH.

Ecnu HeB0o30yxkIIeHHOE COCTOSIHME aTOMOB MOJ/IEP>KUBAETCS SHEP-
ruei, UCXOASLIEeH U3 s1pa, TO BO30YKACHHOE COCTOSHUE BO3HUKACT 3a
CUeT JHEpruH, MocTynarouleil B 31€KTPOHHYIO O0OJOYKY H3BHE, Ha-
npuMep, B pe3yJibTaTe CoyJapeHusl aTOMOB, MOTJIOLIeHUs SHepruu ¢o-
TOHOB U T.1. [lornomenne BHeLIHEi SHEPTruK MPUBOIANT K PEKOHUTY-
paury BTOPUYHBIX BUXpeH M Ja)ke K MOSBIEHUIO HOBBIX BTOPHUUHBIX
BUXpEei WM YHUUYTOXKEHHUIO YAaCTH CYLIECTBYIOIIMX, B PE3YJbTaTe Yero
BHYTPEHHHE MOTOKH, UCXOASIIME HEMOCPEACTBEHHO W3 sApa, Mpopbl-
BAaIOTCS HAPYIKY, 4TO co3fiaeT 3 PeKT HOHU3AIMN aTOMA.
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3ambIKkaHWe BUHTOBOT'O TMOTOKAa BHE MPOTOHA MPHUBOJAMUT K TOSIBIIE-
HHIO BHEITHETO OTHOCHMTENBHO spa chepuvecKoro BUXps, UYTO COOT-
BETCTBYET aTOMy Bojopozaa B coctosiHuu 1S (puc 2.4, a). CocrosiHue
2s (puc. 2.4,6) obpa3yeTcs MyTeM YBEJIMYEHHs] BHEIIHEro CJI0s U Jie-
JICHUs ero Ha /iBa. 3/1eCb BO3MOJKHBI /IBAa BapHaHTa — MPOCTOE pasfe-
JIeHWe BHUXpPs Ha /iBa ¢ 00pa3oBaHMEM MOBBILIEHHOTO I'PaJIMeHTa CKO-
pocTeil MeKAy BUXPSAMH WM oOpa3oBaHHE BTOPOTO BUXpA Tak, UTO B
TOYKaX COMPUKOCHOBEHMS STHX BHEITHUX BUXPEl MOTOKH HArpaBJIeHbI
B OJHY cTOopoHy. Llenecoo6pa3Ho oOpaTUTh BHUMaHWE Ha MOJHYIO aH-
TUNApaJLIebHOCTh CONMPUKACAIOLIUXCS BUXPEH.

a) 6 ) 8) 2)

Puc. 2.4. ATom Bogopoaa B pa3JIM4HbIX COCTOSTHUSIX

Cocrosirus 2p u 3d (puc. 2.4,6 u 2) moayvaroTcs B pe3ysbrare 00-
pa3oBaHuUs MeTelb B KOJIBLIEBOM JBMKEHUH: MPHU JBYX METJISIX MOTyda-
eTcsi COCTOsIHUE 2], a npH veTbipex — coctostare 3d. Ha pucyHkax mo-
Ka3aHbl HalpaBJICHHs MOTOKOB 3()Mpa BO BCEX COCTOSHHAX aToMa BO-
aopoja.

B siape aroma renivs KMEIOTCS [1Ba aHTUIAPAILIEIbHO OPUSHTHPO-
BAaHHBIX MPOTOHA, YTO COOTBETCTBYET ABYM TMIPOMEXaHMYECKUM BHH-
ToBbIM IyOnetam. Ha puc. 2.5 nokasansl moToku s¢upa, OXBaTbIBaIO-
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[I¥e SIIPO TeNns, U MPUCOeIMHEHHBIe K HUM BHUXPH 3JIEKTPOHHOM 060-
nmoukn. Kak BHIHO M3 pUCYHKa, KaK MEpBUYHBIC, TaK U BTOPUYHBIE
BUXPU HAXOAATCS B aHTUMNApPaUIeIbHOH OpUEHTAalUUMH OTHOCUTENIbHO
Jpyr apyra. CrienoBaTesibHO, MArHUTHBIA MOMEHT U CIIHMH aToMa rejius
JIOJKHBI OBITH paBHBI HYJIIO, YTO ¥ IMEET MECTO Ha CaMOM JeJie.

)
@

Puc. 2.5. Ctpykrypa aToma reust

Hy»XHO OTMETHTB, YTO yBeJMUCHHE Ynciia Qy0JeToB (MCTOYHHUKOB
BUXPEBBIX TEUCHMH) He 00s3aTelbHO yBelIMYMBaeT o0beM aroma. B
cllydae aToma rejiust 3ToT 00beM OyleT YMEHBIIEH MO CPaBHEHHIO C
00bEMOM OTZENIbHOro aroma Bogopoda. OObsCHSETCs 3TO TeM, 4TO
NPOTOH B aToMe BOAOPOJA BbIAyBaeT MOTOK B Ipejenax TelecHOro
yrna B 4w, B TO BpeMs Kak B aTOMe TeJiusl KaKAblid MPOTOH BBIAYBaeT
MOTOK B TEJIECHBIM yroj B [Ba pa3a MEHBIIHH, T.e. B yroy 21. D10 03-
HAuyaeT, YTO CKOPOCTH 3(UPHBIX MOTOKOB B siApe Tenus OoJblle U B
COOTBETCTBHHU ¢ ypaBHeHHeM bepHynu naBienue s¢upa B 3TUX MOTO-
kax OyZer MeHbllle, BHELIHEe AaBJIeHHe COKMET BECh BUXPh, M 00beM
aToMa yMEHBIIUTCS B 2 pa3a.

[IpucoenuHenre MpoToHa K sApy reius (IMTHH) HapyliaeT CUM-
METpPHUIO 000JIOYKH, YTO TMPUBOJIUT K YBEIHUEHHIO ee o0bema. C TOUKH
3peHUs CTPOCHUsI 000JOUYKM BO3MOXKHBI pa3IM4Hble BapuaHTbl. OauH
W3 HUX, MPU KOTOPOM B JJIEKTPOHHOM 00osiouke 00pa3oBaH TpeTHl —
HECMMMETPHUHBIH JIeNecTOK, U300paxkeH Ha puc. 2.6.
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Puc. 2.6. CTpykTypa aToma JuTHSsI

[MpucoennHeHre MpOTOHA K AAPY JIMTHS 3acCTaBisi€T MepeopHeH-
THPOBAaTbCS MPOTOHBI B KBAAPYMOJIBHYIO CHCTEMY. 3arlOjHeHHE HIET
MyTeM MPUCOSIUHEHHS K alb(a-4acTHIEe BHELIHErO CJIOS, MPH 3TOM
BO3HHMKAeT CHUCTeMa M3 4YeTbipeX My0seToB. YuuThbiBas OJW30CTh Bbi-
X0/Ia TIOTOKA 3(Mpa U3 LEHTPa BHEUIHMX MPOTOHOB K BXO/Y MOTOKA BO
BHYTPEHHHE TIPOTOHBI, MOKHO TMOJIAraTh, YTO 3TH MOTOKH BKIFOYAOTCS
NOCJIeZIOBATENbHO, B PE3YJIbTaTe Yero BO3HUKAET BCErO JIBa BHIXOAHBIX
MOTOKA, MOIIHOCTh K&KIOr0 W3 KOTOPBIX yJBOeHa. Takoe yABOEHHE
MOIIHOCTH TMOTOKa TMPHUBOIMT K YBEIHYEHHIO MOLIHOCTH MPHCOEIH-
HEHHBbIX BHUXpeil. B pesynbrare Hambosiee BEpOSTHOW CTPYKTYpOi
9JIEKTPOHHOM 00OJIOUKHU SIBJISETCS IBYXCJIOMHAs CTPYKTypa C aHTHIIa-
paJUTeNIbHBIMU BHXPSIMH BHEIIHETO CIIOSI TI0 OTHOIIEHHWIO K BHYTPEH-
Hemy (puc. 2.7).

Ecin paccMoTpeTh CTpOeHHe siipa aTtoMa KHCJIOpOAa, TO JIETKO
BHIETb, YTO B COOTBETCTBHH C YPOBHSIMH 3aIlOJTHEHUSI sI[pa [Ba BHYT-
PEeHHHMX TPOTOHA B BYX MPOTHBOJEXKAINHMX aib(ha-4acThIax OKa3bi-
BAIOTCS SKPAHUPOBAHHBIMU BHEIIHUMHU CIIOSIMHU, MTOCKOJIbKY LIEHTPaIb-
HbIe BUHTOBbIE TOTOKH 3TUX MPOTOHOB BBILYBAlOTCS BHYTpb sapa. Ox-
HAaKO /[Ba BHYTPEHHHMX MMPOTOHA JBYX APYTHX ajib(}a-uyacTuIl BbILYBAIOT
CBOM MOTOKH Hapy)Xy, M, MOCKOJbKY BHHTOBOW (haKTOp y BCEX ITHX
MOTOKOB OJWH M TOT €, BO3MOXHO Mepepacrpesie/ieHHe MOTOKOB
BHYTPH siIpa U CyMMHPOBaHHE MOLIHOCTEH ABYX MOTOKOB. Takum 06-
pa3oMm, BCero M3 siapa KUCIOPO/a BBIXOMT IIECTh BUHTOBBIX [TOTOKOB,
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JIBa U3 KOTOPBIX MMEIOT YABOSGHHYIO MOINHOCTh. B pesynbraTe obpa-
3YIOTCS YeThIpe IPUCOETNHEHHBIX BUXPS OJIMHAPHOM M 1BA YIBOCHHOM

morHocTH (puc. 2.8).

Puc. 2.7. Ctpykrypa aToma Gepuiiins

T

Puc. 2.8. Ctpykrypa aToma kucjopoaa

UznoxeHHple mpeacTaBieHUs MPUBOIAT K TOMY, YTO YMCIIO BbI-
XOAHBIX MOTOKOB 3upa U3 sApa MOXKET ObITh MEHbIIE, YeM YKCIIO
MPOTOHOB, HO CyMMapHasi MOLIHOCTb BC€X MOTOKOB MPOMOPLIMOHAIbHA
YyHCITy MpOTOHOB. [lanbHeliliee HapalMBaHUe YKCIIa MPOTOHOB B SiApE
JIOJIZKHO NIPUBOAMTE HE TOJNBKO K YBEJIMUEHHUIO YHCIIa BUHTOBBIX CTPYH,
WCXOASAIIMX U3 AApa, HO B CBA3M C SKPAHUPOBAHUEM OJIHUX MPOTOHOB
JPYTMMM M K YBEJIMYEHHUIO MOLHOCTH OTAEJbHBIX CTPYH. DTO compo-
BOKAAeTCsl BO BHELIHeHW 000J04Ke MO0 pOCTOM MOLIHOCTH COOTBET-
CTBYIOLIETO MMPUCOCAMHEHHOTO BUXPsl, TMOO YBEJIMYEHHUEM YHciia Tpu-
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COEIMHEHHBbIX BUXPEH K COOTBETCTBYIOLLEH CTpye, YTO COOTBETCTBYET
YBEJIMUEHUIO YHMCIIa 3JIEKTPOHOB B 3JIEKTPOHHOH 000/I0UKe aToMa.

Takum 0Opa3oM, yBeJTMueHHE aTOMHOTO HOMepa siipa MPUBOAMT K
nepecTpoiike 3JeKTPOHHBIX 000J0YeK BCEX YpPOBHEH, a He TOJIbKO
BHellHe# o6omnouku. [TocTpoeHue Beell cucTeMbl 000104€eK U onpe/ie-
JIEHWE CBSA3W CTPYKTYPBI S/IEPHBIX W 3JIEKTPOHHBIX O0OJOYEK aTroma
SBJISIFOTCS NPEAMETOM CMEeUaIbHOTO UCCIIeI0BaHMS.

Buxpesrie Moaenu No3BOJSIOT BbICKA3aTh MPEATNONOKEHHUE O MPH-
YMHAX MepHoau3alui 00BEMOB aTOMOB C YBEJTMUSHHUEM WX TMOPSIKO-
BOr0 HOMEDA.

Kak u3BecTHO, 0Obem aToMa renust B JiBa pa3a MeHblle o0bema
aToma Bojioposa. OOBIYHO 3TO OOBICHAETCS TeM, UTO ABOHHOMN 3aps
A1pa MOATATUBACT KaXKIABIA dMEKTPOH OJIMKe K APy, YeM OAWHAPHBIN
3apsaa sapa aroMa Bogopoaa. C TOUKM 3peHus] ra3oBOil JTUHAMUKH
NpUYMHA MOJKET 3aKJII0YaThCs B TOM, UYTO TEJIECHBIM Yroi, 3aHMMae-
MBIii BBIXOZHBIM TOTOKOM 3(Hpa KaXI0ro MPOTOHA, B I'eJIMHU COCTaB-
aseT /2, B TO BpeMsi Kak B aTOMe BOAOPOJa — . DTO 3HAUMT, YTO CKO-
POCTH TIOTOKOB 3(Hpa B MEKTPOHHON 000JIOUKe aroma renust OyayT
Oosnpblue, cle10BaTeNIbHO, IaBI€HHE B HUX OyIeT MEHbLIe, U BHELIHee
JaBJIEHUE COXKMET aTOM POBHO B JIBa pa3a 1o oobveMy. ¥ cienyrouero
aToMa — JIMTUSl TPETH NPOTOH PAcCMOJIOKEH TaK, YTO HapyllaeTcs
cUMMeTpHsi atomMa U o0beM Bo3pactaer. Ho yxke y uerBeproro sie-
MeHTa — Oepwilivg CUMMETpPHUsi BOCCTaHaBIMBAeTCs, U 00bEM BHOBb
cokpautaercs. [IpennonoxurensHo, y nociaeayomuX 31€MeHTOB 00b-
€M aTOMOB JIOJDKEH 3aBMCETh OT CTENEeHM HapyLUeHHUs CHUMMETPHHU: C
YBEJIMUEHUEM acCUMMETpUH 00BbEeM aToMma YBeJIMYMBAeTCs, ¢ MPHUOIH-
JKeHHeM K 00beMHON CHMMeTpHUX 00'beM aToMa COKpallaercs.

2.5. 3cmpoanHammueckas npupoaa aypbil
[lepBblii MpUCOEIMHEHHBIA K aTOMHOMY SIAPY BUXPb — BJIEKTPOH-

Has o0onouka — 6arogaps BsI3KOCTH 3(hMpa CBOUMH MOBEPXHOCTHBIMU
BUHTOBBIMH MIOTOKaMH CTUMYJIMPYET MOsIBJIEHUE TIOTOKOB 3¢upa B OK-
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py’KaroleM MpoCTPaHCTBE, TEM CaMbIM, CO3/1aBasi BTOPOH MPHCOEIH-
HeHHbIH BUXpb — oOonouky Ban-mep-Baanbca. Ho Touno Tak ke u
BTOPOi TPUCOEIMHEHHBIA BUXPb CTHUMYJIHMPYET TMOSBICHHUEC BHEIITHUX
OTHOCHTEIIbHO HEr0 BUHTOBBIX MOTOKOB, KOTOPBIE TAKXKE 3aMbIKAIOTCSI
BOBHE M CO3JAIOT TPETUH MPUCOCAUHEHHBIA BUXpb, TPETUH CO31aeT
YeTBEePTHIH U T.1I. 00I1Iee YUCIIO MPUCOSTUHEHHBIX BUXPEH MOXKeET OBbITh
OeckoHeuHO OoJbLIMM. Bee 9TH BUXpH, HAYMHASK C TPETHETO, SBIISIOTCS
aypoi, 1MoJjieM BUHTOBBIX MOTOKOB 3()Mpa, TNIOTHOCTh KOTOPOTO B HUX
NPaKTUYeCKH Majo OTJIMYAeTCS OT TUIOTHOCTH 3(Hpa B CBOOOJHOM
npoctpancTse (cM. puc. 3.13).

JluameTp KakIOro BHEIIHEro MPHCOCAMHEHHOTO BHXpsS aToma
OoJbIie BHyTpEeHHETo Ha 4—5 MOpsAKOB, TaK YTO €CIIK AWAMETp sapa
umeet nopsiok 107° M, a 1uaMeTp MepBOro MPUCOSIMHEHHOTO BUXpS
— BIIeKTPOHHOM 06os0ukK coctaBnser 107° M, To aMameTp BTOPOro
TPHCOEHHEHHOTO BUXPS COCTABMT yike BeuunHy nopsiaka 10° M, a
KXo mocienyroliei eme Ha 4-5 nopsnkos 6osbine. CKOpOCTH ke
MOTOKOB 3(Hpa Ha WX MOBEPXHOCTAX OYAYT COKpALIaThCs YxKe He Ha
4-5 nopsinkoB, a B KBajpare, T.e. Ha 8-10 mopsAaKOB: eciii Ha MOBEpX-
HOCTH MPOTOHA CKOPOCTh MOTOKA 3dhupa cocTapseT nopsiaka 107 m/c,
HA TIOBEPXHOCTH JIEKTPOHHON obomouky yxe 10-10" wm/c, To Ha
TOBEPXHOCTH BTOPOTO MPHCOEIMHEHHOro BUxps nopsaaka 10°-10° m/c,
a Jjajiee COOTBETCTBEHHO €I1le MeHbLIIe.

[lonoxeHue cyliecTBEHHO MEHSETCs, €ClM paccMaTpuBaTh He
OJMHOYHBIN aToM, a peajibHoe (u3nueckoe Teno. Jns kaxxaoro npu-
COeIMHEHHOT0 BUXPS TEJIECHBIH yroJl COOTBETCTBEHHO COKpAILaeTCs, 1
CKOpOCTH 3(DMPHBIX MOTOKOB BO3pacTaroT. [103TOMy Ha MOBEPXHOCTH
M000r0 Tesa CKOPOCTh 3(PHUPHBIX MOTOKOB OCTAETCS TOW XKe, UTO Uy
3JIEKTPOHHBIX 000JI0U€EK, a Jajnee CKOPOCTH IMOTOKOB YObIBatOT 0Opart-
HO MPONOPLHOHATBHO KBaIpaTy pacCTOSHHUS.

Tak, Ha paccrosHuu B 100 M y 1wapa paguycom 1M ckopocThb
9(UpHBIX TIOTOKOB B aype JOJKHA COCTaBUTh Bcero Ha 4 mopsaka
MEHbIIIe, YeM CKOPOCTh Ha TOBEPXHOCTH 3JIEKTPOHHOI 000JI0YKH, T. €.
nopsinka 10-10° m/c, ma paccrosuuu B 10 kv — 10-10° m/c, Ha pac-
crossuuu 1000kM mopsaka eqMHUL U AECATKOB METPOB B CEKYHIY.
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Takum o6pa3zom, XoTa 1 ociabeBas ¢ pacCTOSHHEM, CTaTHYecKas
aypa ot Jito0oro npeaMera NpocTUpaeTes Ha THICSUM KUJIOMETPOB, a ee
CTPYKTypa OTpakaeT CTPYKTypy Telsa, ee mopoauiiero. M, cnenosa-
TENIbHO, B K&XJIOM TOYKE MPOCTPAHCTBAa MMEETCs aypa OT JIOOBIX Tell,
HaxoIIMXCS BO BceneHHOM, HO pa3iuyHOi MHTEHCHBHOCTH, U BCE
OHM TlepeMeLlaHbl APYr ¢ APYroM, Tak YTO BBIACIHTD JIOOYIO BechbMa
3aTPyAHUTEIBHO.

Ha cratuueckyto aypy (aypy 1-ro poaa) XuMHUYeCKHe MPOLIECChl B
JKMBBIX TeJlaxX HaKJIaJbIBAlOT AMHAMHUYECKyI0 aypy (aypy 2-ro pona),
SBJIFOLLYIOCS OTPAKEHUEM MPOTEKAIOLIMX B JKMBBIX OpraHM3Max Xu-
MHYECKHX PEaKiHi, KOTOpble COMPOBOXKIAIOTCS BbIICICHHUEM M I1O-
rioleHrem s¢upa. ITa aypa B CBOe BpeMsl SKCIIEPUMEHTaIbHO Oblia
obHapyxena cynpyramu Kupnuan (cBeuenue Kupnuan). Hanuuue
9TOM aypbl MOJATBEPIKACHO IKCIIEPUMEHTATIBHO OMBITAMH C OTKJIOHEHH-
€M OT PaBHOBECHOTO MOJIOXKEHHs] METaJUIMUECKOM IUIACTHHBI, MOJIBE-
IICHHOM Ha YMpPYyroil HUTH, MPH MPOBEICHUH KOBAJICHTHBIX XMMHYe-
ckux peakimii (AurokoBckuit, [1aBneHKo), a TakxKe IKCIIEPUMEHTAMH C
noTepeil 4yBCTBUTENBHOCTH (pOTOOYMaroid v yBeTMUEHHEM E€MKOCTH
KOHJIeHcaTopa BOJIM3M MPOBeIeHNs Takux peakuuii (Jlobapes).

B03MOKHO TakKe CyLIeCTBOBAHWE OTOPBAHHOMW OT BELIECTBA ayphbl
KaK CaMOCTOSITEJIbHON BUXPEBOW 3pUPHOI CTPYKTYpbI (aypsl 3-ro po-
11a), YCTOWYMBOCTh TaKoW aypbl OyAeT MeHblle, YeM yCTOHYMBOCTB
BEILECTBA B CHJTy €€ HEBBICOKOW IUIOTHOCTH, OJJHAKO €e CYyIeCTBOBa-
HHE MOXET MPOUIUTHCS HE OJMH Toj. JTa aypa MOXET ObITh MOIJIO-
IIeHa JIOObIMU NpeIMeTaMH, KpOME METaJlIOB, IPOHUKHOBEHHE B KO-
TOpBIE JUIsl 3QUPHBIX MOTOKOB 3aTPyJHEHO BCIICACTBUE HATMYMS B HUX
noBepxHoct dDepmu. Aypoit 4T0 pofa MOKET CUMTaThCs aypa 340
poja, NPUHYIUTENILHO Mepe/laHHasi OT OJHOTO JKMBOTO CyIeCTBa ApY-
romy 100 C LeNbIo U3NiedeHus, IM0o ¢ LeNbio HaHeceHHs Bpeaa. Ha
9TOM K& OCHOBE OOecreurBaeTcss U OECKOHTAKTHAsl CBA3b MEK/LY JKH-
BBIMH CyIIeCTBaMH (TesienaTws).
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Boieoowt

1. Bce kBaHTOBOMeXaHHYecKHe d(PPEKTHl U SBICHUS MOTYT OBITh
WMHTEPNPETUPOBaHbl C MO3ULUI MEXaHUKHU peajibHOrO BS3KOTO CHKHU-
MaeMoro rasa.

2. DnexTpoHHbIe 000JI0YKH aTOMOB MOTYT OBITh HHTEPIIPETHPOBA-
HBI KaK NMpHUCOeIMHEeHHbIe BUXPU 3(hupa, B KOTOPBIX HANpaBlIeHWEe BUH-
TOBOTO JBIKCHUs (OpPUEHTALUS KOJIBLIEBOTO JBMIKEHHS! OTHOCHTEIILHO
TOPOMIAITLHOTO) MPOTHUBOIOJIOKHA TOMY, KOTOpPOE CO3JaeTcsi MpOoTo-
HaMM B OKOJIOSAEPHOM MPOCTPaHCTBE. AHAJIOrOM MHOTOCIOMHBIX
9JIEKTPOHHBIX 000JIOYEK B Ta30BOH MeXaHHMKE SBJSIETCS MHOTOCIOM-
Hbli BUXpBb Teiinopa.

3. BonHoBast ¢ynkuus ypasHenust Illpenunrepa (y-dyHKiu0)
MOKeT OBITh MHTEpPINPEeTUPOBAaHA KaK MaccoBas IUIOTHOCTH 3¢upa B
NPUCOEAUHEHHBIX BUXPAX, & HE KaK [IOTHOCTh BEPOSTHOCTH MOSIBIIe-
HUs 3JIEKTPOHA B JAHHOW TOYKE NMPOCTPAHCTBA, KAK 3TO TPaKTyeTcs
KBAaHTOBOM MEXaHWKOM; TNMpU 3TOM CJIeyeT OTMETUTh MNpPUOIMKEH-
HOCTb OTpaXkeHHUs W-(QyHKLMEH peanbHOro pacrpeesieHus MIOTHOCTH
a¢upa B IPUCOCTUHEHHBIX BUXPIX.

4. ITpu nocTpoeHNU Mojieriell aTOMOB Ha OCHOBE dMIOP Y-pyHKIMi
clielyeT PyKOBOACTBOBATHLCS MPABUIAMHU:

— BKCTpeMyMaM Y-(QYHKLHMI COOTBETCTBYIOT LIEHTPBI MPHCOEIH-
HEHHBIX BUXPEW;

— HyJICBBIM 3HAUCHUSM Y-(PyHKLUMI COOTBETCTBYIOT IPAaHMLBI Me-
JKAY COCETHUMHU MPUCOSIMHEHHBIMU BUXPSMU;

— KBAHTOBBIM YMCJIaM COOTBETCTBYIOT PacloIOKEHUs! MPUCOEIu-
HEHHBIX BUXpPEH U X OpUEHTaLusI.

5. [lpuHUMNUAIEHO BO3MOXEH CMOCO0 TpaHCMYTalUH 3JIEMEHTOB
nMyTeM BO3AEWCTBHS Ha sapa aTOMOB Yepe3 MX dJEeKTPOHHble 0000u-
KH, €CJIM UCIOJIb30BaTh PE30HAHCHBIE XAPaKTEPUCTUKH CaMUX sAep U
OKpY>KaloIIMX UX MPUCOETUHEHHBIX BUXPEH — JIEKTPOHHBIX 000JI04eK
u obosouek Ban-nep Basbca.
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MnaBa 3. Monekyrbl U XUMUYeCKue B3auMo-
AencTBus

3.1. XuMuuyeckue cBs3u U o6pasoBaHUE MOJIEKY

B 1927r. narckuii ¢uzuk O.Byppo BBIMONHMI KBAHTOBOMEXAHU-
YeCKMi pacueT MOJIEKYJISpHOro MoHa Bonopoaa H," m mokasan, uto
€/IMHCTBEHHBIH 2JIEKTPOH B 3TOM MOHE 3aHMMaeT opOUTaslb, KOTOpas
NPOCTHpAeTCs BOKPYT 000MX MPOTOHOB. TeopeTndeckuii pacueT sHep-
TMU CBS3M 3TOTO MOJICKYJISPHOTO MOHA, T.€. Pa3sHOCTH MEXIY CyM-
MapHO# dHEprued OTAeILHOrO aToMa W MPOTOHA M YHEepruell MoHa B
€ro OCHOBHOM COCTOSTHUH TMpHUBeN K 3HaueHHuto 255k /x/mMoitb.

C y4yeroM TOro, YTO YHMCIO MOJEKYJ B MOJIE COCTaBIISET
6,022.16° (uncno ABoraapo) momydyaem, 4TO SHEPIUs CBA3M JIBYX
aTOMOB B HOHE MOJeKyibl coctapmsier 4,23-10' x = 2,689B Ha
oHy Monekyny Hy'.

Crnemyer OTMETHTB, UTO TaK Ha3bIBaeMas SHEprus CpoJICTBa aTo-
MOB M MOJIEKYJI K SJISKTPOHY €CTh SHEPrHs CBS3H JIEKTPOHA B COOT-
BETCTBYIOILEM OTPHLIATEIEHOM MOHE — MUHUMAJIbHAsl SHEPTHs, 3aTpa-
YMBaeMasi Ha OTPBIB JIEKTPOHA OT aTOMa MJIM MOJIEKYJIbI. DTa SHEeprus
cocrtapnseT s uoHa Bopopoaa H™ 0,7543B, u myist Bcex MOHOB Jie-
Ut B nipenenax or 0,153B (Cr7) mo 3,623B (CI), T.e. nopsaok Be-
JIMYMH COCTABIISIET €IUHULBI U IO DJIEKTPOHBOIIBT.

Jlns cpaBHeHHs HaIllOMHHUM, YTO SHEPTHUs CBSI3M IBYX HYKJIOHOB =
NPOTOHA U HEUTPOHA B sjpe aToma Jeitepus coctasiset 2,3MbaB, To
ecTh Ha 6 mopsaAKoB OoJiblIe,

PaccMoTpuM mpHposy XMMHYECKHX CBsi3eld aTOMOB B MOJIEKYJe
[1-3] ¢ no3uwmii 3pupoTUHAMHKH.

[IpucoenuHeHHbIe BUXPU Pa3UUHBIX aTOMOB MOTYT COEIMHSTHCS
Mex 1y co0oi#t utb 1Byms criocobamu (puc. 3.1).

B nepBom ciiyuae (puc. 3.1a) BUXpHU yaep>KUBAIOTCS OTHOCHTEITb-
HO ZIpyr Apyra B oOLieM MOrpaHu4HOM clioe, 00pa3oBaHHOM OJarona-
pst IPOTHBOTIONOXKHO HArpaBJIeHHBIM MoTokam 3¢upa. Kak 6bu10 mo-
Ka3aHo BbIIIE, Onaromaps rpageHTy CKOPOCTeH MeXIy BUXPSMH J1aB-



328 T'nasa 3.

JIeHWEe TIOHW)KAETCs, U BHeElllHee AaBlieHHe 3(upa MprKUMaeT BUXPHU
apyr k apyry. Kakoro-n16o npeobpazoBanus BUXpel, KpoMe U3MeHe-
Hus ux (HOpMBI, 3/Iech He BO3HMKaeT. J[aHHBIN cilydall COOTBETCTBYET
MOHHOM XUMUYECKOMN CBSI3H.

O O
O CO

Puc. 3.1.CoeauHeHue BUXpeii: a — MyTeM MPUIMIIAHUS IPYT K Apyry (CooTBeT-
CTBYET MOHHOM CBSI3U); 6 — MyTeM 00pa3oBaHUs OOIIMX MOTOKOB (COOTBETCTBYET KO-
BAJICHTHOM CBSI3H)

Bo BTOpOM cnyuae coenqMHeHHe IBYX BUXpeH JaeT elUHBbIH BUXPb
(puc. 3.1,0). B BUHTOBBIX MOTOKaX 3TO BO3MOXKHO JIMILb TOTJIA, KOT/ia
WX BUHTOBBbIE (DAKTOPHI COBMAAAIOT. DTO O3HAyYaeT, YTO B MPUCOENIH-
HEHHBIX BUXPAX W TOPOMJAIbHBIE, U KOJbLEBbIE JBHXKEHUS OJIAKHBI
MMETbh OJIHO M TO K€ HaIlpaBjieHWe B MJIOCKOCTH COeAWHeHHs. Toraa
oOpa3yeTcss eAMHBIH NPUCOSAMHEHHBbIH BHUXPb, OXBaThIBAIOLWIMK 00a
COeAMHUBLIMXCS aToMa. B aTom o0uiem npucoennHeHHOM BUXpeE JaB-
JIeHWe MEeHblIe, YeM B OKpYyXaroulei cpene, a JUIMHA MOTOKAa MEHbIIEe
CYMMBI JJIMH MOTOKOB B O0OMX MPUCOEAMHEHHBIX BUXPAX OTIEJbHBIX
aToOMOB. J{aHHBIH ciyyail COOTBETCTBYET KOBaJIEHTHOM CBS3U.

HznoxeHHOe MO3BOJISIET MPEANOIOKUTh BOZMOXKHOCTb 00pa3oBa-
HHMS MOHHBIX CBS3€H TNpH JIIOOBIX BMHTOBBIX (haKTOpax B TNPHUCOENH-
HEHHBIX BUXPSIX, €CIIM y pearrpyrolux MoKyl TOTOKH 3¢upa Ha UX
MOBEPXHOCTSX MOTYT OpPHEHTHPOBAThCS aHTUNapasIeIbHO Ha J0CTa-
TOYHOW Tionianu. J[isi KOBaJeHTHOM e peakiuu oOsi3aTesieH OJuHA-
KOBBIH BUHTOBO# (hakTop.
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[IpyHUMN MOCTPOEHMST MOJIEKYJIbI JIyUllle BCEro MPOUIITIOCTPUPO-
BaTh Ha npumMepe mosiekynsl Hp (puc. 3.2). BoaMoXkHBI pa3Hble BapH-
aHTBI MOCTPOEHHUsT MoJieKyJibl Hy, — npy mapayuiensHbIX M aHTHNapat-
JeNIbHBIX CMHWHAX MPOTOHOB, MEPHNEHANKYJSIPHBIX M COOCHBIX OCH,
MpPOXOJsIIeH Yepe3 UEHTPbI TPOTOHOB.

Puc. 3.2.06pazoBanue moJiexyansl Hy

Kak BuaHO u3 puc. 3.2, BHEIUHHE MOTOKKM MMEIOT OAHO M TO K€
HanpaBJIeHUE W B TOPOUAAIBEHOM, U B KOJIBLIEBOM JIBHXKEHUH. IMEHHO
9TOT CiIy4ail M cliefyeT paccMaTpHUBaTh KaK OCHOBHOM city4aii o0pa3o-
BaHUs MosiekyJsibl Hy. OOpazoBaHue o01ero BHELIHEro MoToKa yKasbl-
Ba€T HAa KOBAJIEHTHOCTb XUMUUYECKOM CBS3U, YTO U UMEET MECTO B JIEH-
CTBUTEJIbHOCTH. AHAJIOTMYHBIM 00pa3oM MOXKHO TMOJYYUTh CTPYKTY-
pbI U 1pyrux mMoneky:n (puc. 3.3).

104,5°

a) 6)

Puc. 3.3.Crpykrypa mouexya Bogopoaa Hy () v Boast HO (6). 3nekTpoH-
HbIE 000JNOYKH — MPUCOCANHEHHBIC BUXPU 1P 1 4D JeKaT BHE IIOCKOCTH PUCYHKA U
MO0ITOMY HE MOKa3aHbI.
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JeranbHoe usyveHue GopM CBA3M B MOJIEKyJaX B 3(HPOAMHAMU-
YEeCKOW MOJIENH SIBJIAETCS MPEIMETOM CIEeMAbHOrO HCCIe0BaHM,
OJTHAKO YK€ ceiiuac MOXKHO BbICKa3aTh HEKOTOpPbIE JOMOJIHUTEIbHbIE
COO0pakeHHUs.

3.2. KoBaneHTHbIe CBA3U U XeMoAMHaMU4yeckoe
B3aumMoaeucTeue

IIpn oOpazoBaHMM KOBAJICHTHOM CBSI3M CyMMapHas JIMHHMS TOKa
001Iero MpUCOeIMHEHHOTO BUXPS OKa3bIBaeTCs KOpOYe CyMMbI JUTUH
JIMHUIA TOKOB pa3lielIbHbIX aTOMOB, B MOMEHT 00pa30BaHUs KOBAJIEHT-
HOM XMMHUECKOl CBSA3M YacTh YIUIOTHEHHOTO 3aBMHTOBAHHOTO d(upa
OKa3bIBaeTCs BBIOPOIIEHHOW M3 MOJIEKYJIbl. Takoil Kycodek BUXpS He
MOXKET CYLIECTBOBaTh B TOM K€ BUJE, U OH JIMOO OyleT MoriolieH B
JIPYroM MecTe, I'lle UeT peaKkuus pasiokeHHs: MOoJeKyJ, 0o mpeod-
pazyercsi B TOPOMMAANBHBIM BUXpbh €1a00 cKaToro 3¢upa, KOTOPBIA
MO)KHO YCJIOBHO Ha3BaTh JICITOHOM, MOCKOJBKY €ro macca MeHbIIe
Macchl lieKTpoHa. PacueT mokasbIBaeT, 4TO Macca Takoro TOpPOMIa
cocrasnseT nopsaka 0,0001macchl 37eKTpoHa, HO JUAMETP €ro co-
crasset nopsaka 0,01mm. Jlyis mpoBepku 3TOro 00CTOATENBCTBA ObLIT
OpraHM30BaH J1ab0paTOPHBIi SKCTIepUMeHT (puc. 3.4).

Bbimn mocTpoeHs! crienyaibHble KPYTHIbHBIE BEChl, HA OHOM M3
Iied KOpPOMbICIIa KOTOPBIX 3aKperuieHa alloMHHHeBas ruiactiHa (ma-
pyc), COCIMHEHHBIH C METaJUIMYEeCKHUM KopmycoMm BecoB uepe3 10-
METOMHOE COTIPOTHBIIEHHE BO M30€KaHWe BO3ZMO)KHOTO BIIMSHHUS DIIEK-
Tpoctatuku. Kopmyc BecoB 3aszemisisicss Ha OaTapeio mapoBOro OTO-
ienus (puc. 3.4)..

[TnacTMaccoBbIii LMIMHAP YCTaHABIMBAJICS HANpPOTUB Mapyca Ha
paccrosauu 10 cM. PearupoBanu cyxas menous KOH u koHneHTpu-
poBaHHasl cepHasi WM COJIsiHast KUCIIOTa.

[Ipu npoBeneHMn peakuuy napyc cHauyajla MPUTATUBAJICS K peak-
LIV, a 3aTeM, 110cjIe ee OKOHYaHMs!, OTXOAMII OT Hee Ha MaKCHUMalbHOe
paccrostaue (10 yropa) u uepe3 1,5—24. Bo3Bpartnasicst 06paTHO.
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ToT ke pe3ysbTar noayvascs, eciid peakLusi MPOBOIMWIACE B TOM
K€ CTaKaH4YMKe, YCTAaHOBJICHHOM Ha I€PEBIHHOM WJIM MEHOMIaCTOBOM
KyOuke Baanu ot BecoB. llogHeceHue 3aTeM 3TOro Kybuka K Becam
JaBaJjio TOT e pe3yabTar. Bece ¢ukcHpoBasioch aBTOMaTHUECKUM ca-
MOITUCLIEM.

\

0
"
/\
/

@

0)

Puc. 3.4.Cxema 1a6opaTOpHOro 3KCIMepPUMEHTA MO BbISIBJICHUI0 JIENTOHHOM
MeHbl MPH 00pa30BAaHNUM KOBAJEHTHOI XUMHUYecKoil cBsi3u (@) U rpaduk oTKIIO-
HeHHsI mapyca BecoB NPH MPOBeAeHHH XMMUYeCKoil peakuuu (0):

1 —crakaH4YMK C XMMMYECKUMH PEaKkTHBaMH; 2 — KPyTHJIbHbIE BEChl, 3 —Jla-
3ep; 4 —caMomucell.

OOBsicHeHHe pe3yNIbTaTOB KCIEPUMEHTa 3aKJII0YaeTcst B TOM, YTO
Npy MPOBEACHUH XHMHUUECKOW peakuud W oOpa30BaHUM JIENTOHHOM
MeHbI JITITOHBI KacaroTesl mapyca. [lockonbKy aBHXKeHHE 3¢upa Ha
MOBEPXHOCTH JIENTOHOB MpHU J1000i MX OpHeHTalMW Bcerna mnapai-
JIeNTbHO TIOCKOCTH Mapyca, To o0pasyeTcsl rpaJueHT CKopocTel adupa
C MOHIWKEHHBIM AaBiieHneM. [lapyc HaunMHaeT npuUTATruBaThCs K pearu-
PYIOIIMM BeIeCTBaM.
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[Mocne okoHYaHWs peakM JIENTOHHAS MeHa HauuHaeT AuddyH-
JUPOBATH, IPUUYEM B TIEPBYIO Ouepelb YHUUTOXKAIOTCS JICTITOHBI, OKa-
3aBIIHECS B BEPXHEM CJIO€ MEHbI, MOCKObKY IPaJUEHT CKOPOCTEH Ha
UX TOBEPXHOCTH MEHbIIE, YeM Yy BHYTPEHHUX JIETOHOB, Clie[0Ba-
TEJIbHO, BA3KOCTh BBIIIE W BPEMsS CYIIECTBOBAHUS TMOBEPXHOCTHBIX
JIENTOHOB MeHbille. Ho JienToHbl, Kak U BCAKWE BUXPH, UMENH TIOT-
HOCTh 3(hupa OoJiee BBICOKYIO, Ye€M IUIOTHOCTh 3HUpa B CBOOOIHOM
npoctpaHcTBe. [loaToMy naBiieHue adupa Bo3pacTaeT, U Mmapyc OTo-
neuraetcs. [locne Toro kak Bee sienToHbl AU YHIUPOBATH, TaBJICHUE
B 3(upe BhIpaBHUBAETCS, U MPYKMHKA BO3BpAIAeT KOPOMBICIIO BECOB
B HCXOJIHOE COCTOsIHWE. PasznuuHbie BellecTBa JAOT pasjiMyHOE OT-
KJIOHEHHE, HO XapaKTep MOBEJICHHs BECOB COXPAHSIETCS.

DKCMEPUMEHTbl € «IENMTOHHON MEeHON» ObUTH  MPOJOKEHBI
10.4.Jlo6apeBbiM, ctynentoM xuMpaka MI'Y. UM Ob110 OTKpPBITO, UTO
«IETNTOHHAS TIeHa» MPUBOJIUT K CHKEHUIO YyBCTBUTENHLHOCTH (OTO-
Oymaru, a TakKe TO, YTO KOHJIEHCATOPbI, PACTIONIOKEHHBIE PSJIOM CO
CTaKaHYMKOM, B KOTOPOM MPOBOAMIACH XUMHUECKAs peakiiys, B mep-
BbI€ )K€ CEKYH/IbI TMOCJIe Havalla Peaklii YBETMYUBAIOT CBOIO €MKOCTb
noutu Ha 1%, a 3aTeM, Mocye OKOHYaHHS Peakiyu, MPOUCXOTUT Me/I-
JICHHBIN, B TeUeHHE JECITKOB MHUHYT BO3BpAT 3HAUCHHS E€MKOCTU K
MepBOHAYATILHOMY 3HAUCHHIO.

3.3. O6pasoBaHue MeXMOSEKYNAPHbIX CBA3EN

HecmoTps Ha TO, UTO Bce MOJIEKYJbI JIEKTPUUECKH HEUTpalbHBl,
B BEIECTBE OHW B3aUMOIEHCTBYIOT Mexay coboil. CreneHb 3TOTo
B3aMMOJEHCTBUS pa3ivyHAa: B TBEPAOM Tejle OHAa MaKCHUMallbHa, B
SKUIKOCTH CPEe/IHss, a B Ta3e MUHUMaJIbHa.

MeKMoneKyJIIpHOE B3aUMOJIEUCTBHE — 3TO B3aUMOJEUCTBHE Me-
M1y JIEKTPUYECKH HEUTpaJbHBIMU MOJIEKYJIaMHM WJIM aTOMaMH, OIpe-
Jensitollee CylIeCTBOBaHUE KUIKOCTEH U MOJIEKYJISIPHBIX KPUCTAILIOB,
OTJIMYME PeabHBIX ra30B OT WACaJbHBIX M MPOSBISETCS B Pa3HOOO-
Pa3HBIX (U3NYECKHX SBICHUSAX. MeXMONeKyIIpHOe B3aUMOACHCTBHE
3aBUCHUT OT PacCTOSIHUS MEXAY MOJIEKYJIaMH U OMUCHIBACTCS MOTEHLIU-
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anpHOM sHeprueit B3aumoneiicteus U(r) (moTeHUmanoM MeXMOJIeKy-
JISIPHOTO B3auMOIeHcTBHs). IMEHHO Cpe/iHssl MOTeHIIHaIbHAS SHEPTUs
B3aMMO/ICHCTBUS OMpeiesieT COCTOSIHUE U MHOTHE CBOMCTBA BELIECT-
Ba.

BriepBbie MEKMOJIEKY/ISIPHOE B3aMMOICHCTBHE MPUHSI BO BHUMA-
nue B 1873r. romnanackuii puzuk S.J1. Ban-nep-Baanbc muis o0bsc-
HEHHsl CBOMCTB peasibHBIX ra3oB M kuakocteit [4—6]. On mpeamnosio-
XKHJI, YTO Ha MAJTbIX PACCTOSTHUAX MEXKIY MOJIEKYJIaMH JEHCTBYIOT CH-
JIbl OTTAJIKUBAHUSI, KOTOPbIE C YBEJTMYEHHEM PACCTOSHUS CMEHSIFOTCS
cwiaMH NpHUTsbKeHus. Ha 3ToM OCHOBe OH MOJyuMsl ypaBHEHHE CO-
CTOSIHHSI peajibHOrO rasa.

B HacTosiiiee BpeMsi MPHHSTO CUUTATh, YTO MEKMOJIEKYJISPHOE
B3aMMO/ICHCTBHE UMEET DJICKTPUYECKYIO MPUPOILY M CKIIaIbIBACTCS W3
CHJT MIPUTsDKEHUsT (OPUEHTALIMOHHBIX, MHIYKLIHOHHBIX U THUCIEPCHUOH-
HbBIX) U CHJT OTTaIKMBaHUs. OpHEHTALIMOHHBIE CHJIbI ICHCTBYIOT MEXK-
Ny TOJSAPHBIMHM MOJIEKYJIaMH, T.€. 00JaJarfoMMHK TUMOJbHBIMHU 3J1€K-
TPUUYECKUMH MOMEHTaMH. DTH CHITbl BO3HUKAIOT BCJEACTBHE TOTO, YTO
PACCTOSIHUSI MKy Pa3HOMMEHHBIMHU 3apsilaMd MHOTO MEHbIIIE, YeM
MEXIy OJHOMMEHHBIMH. WHIYKIIMOHHBIE CHIIbI JEHCTBYIOT MEXKIY
MOJIIPHOM M HEMOJIIPHOM MOJIEKYJIaMH 3a CYeT TOro, YTO MOJIApHAs
MOJIeKyJla MOJIAPU3YET HEmoNsApHYI0. J{MCepCHOHHbBIC CHIIbI eHCT-
BYIOT MEX/y HEMOJIIPHBIMH MOJIEKYJIaMH M BO3HHKAIOT 3a CYET TOro,
YTO, XOTSI B CPEIHEM MOJIEKYJIbl He MOJISAPHBI, B KaXKJ10€ MTHOBEHHE
OHH BCe JKe MOJSIpHbL. UTO B CpeHEM M CO3/1aeT COOTBETCTBYHOLIMM
s¢dekt nputsHkeHus. Bee Tpu THa cui npuTsHKeHUs YOBIBAIOT ¢ pac-
CTOSIHHEM MPOMOPIMOHAIBHO 6-i CTENeHH PacCTOSHUS MEKIY MOJie-
KyJIaMH.

Cuibl OTTAJKMBAHUS BO3HUKAIOT HA OYEHb MAJIbIX PACCTOSHHSX,
KOT/Ia MPUXOIAT B COMPUKOCHOBEHHE 3arOJHEHHbIE 3JIEKTPOHHbBIC
000JI0YKK aTOMOB, BXO/SIIUX B COCTAB MOJIEKYJI. DTH CHJIbI YOBIBAIOT
C pacCcTOSTHUEM MPOMOPLUOHALHO 1341 cTerneHn pacCTosHHUS.

OnHako Bce 3TO SABJISAETCS HEKOTOPOM MOJIEJbIO, B OCHOBHOM Ma-
TEeMaTHYECKOW 3aBUCHMOCTBIO CHJT MEKMOJICKYJIIPHOTO B3aUMOIEHCT-
BHS OT PAacCTOSHMUS, MPAKTHYECKH HE MPOJIMBAIOIICH CBET HAa MCTHH-
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HYIO TIpHpoay 3THX cuil. OTCIOAa U TPYAHOCTH € PACUETOM 3THUX CHIT U
C 9KCTIIEPUMEHTATILHBIMU U3MEPEHUSIMH MEXMOJICKYJIIPHBIX CHJT.

Ha ocHoBe u3noxeHHBbIX Bbille d()UPOIMHAMUYECKUX MPEICTaB-
JIeHWH MOTYT OBITh BbICKa3aHbl MPEANOIOKEHUs 0 mpupoe cun Bau-
nep-Baanbcea, T. e. cHi, OTBETCTBEHHBIX 32 MEXKMOJIEKYJISIpHbIE B3au-
MOZEUCTBUA.

C Touku 3peHUs SPUPOAMHAMHMKH CHJIBI MEKMOJEKYJISIPHOTO
B3aMMOJICHCTBHS OOYCIIOBIIEHBI TE€M, YTO K JIEKTPOHHBIM 000I0YKaM —
MIePBBIM MPHUCOEAMHEHHBIM K sIpaM 3(pUPHBIM BUXPSAM — MPUCOETHHE-
Hbl BTOpbIE MPUCOEAMHEHHbIE BUXPH, KOTOPbIE CIpaBeAuBO OyneT
Ha3BaTh oOonoukamu BaH-nep-Baanbca, MOCKOIBKY MMEHHO OHU  OT-
BETCTBEHHBI 33 CO3JJaHNE CHIT MEKMOJIEKYIISIPHOTO B3aUMOISHCTBHS.

Tak >ke Kak BUHTOBOE I0Jie cKopocTeil a¢upa, cozaaBaemMoe mpo-
TOHOM, MPUBOIUT K TOSBICHUIO MPUCOSAWHEHHOTO BUXPS — 3JIEK-
TPOHHOM 000JIOYKH, TOYHO TakK K€ W BUHTOBBIE MOTOKH 3(hupa Ha mo-
BEPXHOCTH DJIEKTPOHHOW OOOJIOUKHM BBI3BIBAIOT BMHTOBBIC IBHKECHUS
a¢upa B OKpy>KatolleM npocTtpaHcTse. B pesynbrare oOpasyercs BTO-
poii TMPUCOETWHEHHBI BUXph, pa3Mep KOTOporo Ha 4-5 mopsaxos
OoJbInie pazMepa dIeKTPOHHOH 0000uKH. Eciv HyKJIOHBI, UMest Kpu-
THUYECKYIO TUIOTHOCTh, HE MOTYT MPOHMKATh APYr B ApYra, a TOJbKO
COCAMHSIOTCS B SiApe, MPUMbIKask APYr K APYry OOKOBBIMU TOBEPXHO-
CTAMH, TO yxKe 3(HUpPHbIE BUXPHU IIEKTPOHHBIX 00OJIOYEK CIIOCOOHBI
B3aMMOJICCTBOBATh MyTeM OObEAMHEHHS, OAHAKO, HE MPOHUKAs APYT
B JApyra. Bropble e npucoequHEeHHble BUXPH MMEIOT Myl IJIOT-
HOCTBb M CITIOCOOHBI MPOHUKATH APYT B Apyra. B pesynbraTte B Okpect-
HOCTSIX DJIEKTPOHHBIX 000JI04eK 00pa3yroTcs pa3HooOpa3Hble BUHTO-
Bbl€ MOTOKH, TIOMaB B KOTOPbIE aTOMbI U MOJIEKYJIbl YJEPKUBAIOTCS B
HUX Osarofapsi rpagreHTam ckopoctei (puc. 3.5).

Takum 0OpazoM, MpHUpoIa MEKMOJIEKYIISIPHBIX cHll —cuil BaH-1ep-
Baanbca — 3akimrovaercs B CHYDKEHWM JlaBJieHUs B a¢upe Omaromaps
rpajiu€HTaM CKOpPOCTEH MOTOKOB BO BTOPBIX MPUCOEAUHEHHBIX BUXPAX
— BaH-JIeP-BaaIbCcOBOI 000IOUKe.
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10 M - stapo aroma

-10
10" M - JIEKTPOHHAS 000J0UYKA
10 M - 060m0uxa Ban-nep Baaxsca
1 M - 06004Ka aypbl

Puc. 3.5.06pa3zoBanue 2-ro npucoeAMHeHHOro BUXpsi — o6osouku Ban-nep-
Baanbca u nocjeayommx npucoeAMHeHHbIX BUXpeii —aypbl 1-ro poaa

Eciu uametp aToMHOro sapa paseH mpumepso 5-10™° M, a
JMaMeTp BIeKTPOHHOH obosoukn coctasisier okomo 107°° M, To
auametp obomouku BaHn-mep-Baanbca MODKeH COCTaBIATH MOpsIKa
107> M uu okoso 10 Mkm.

BHyTpH Takoii 060J104KH KaXKI0T0 aTOMa MOXKET TOMECTUTbCS T10-
paaka 10" apyrux atomos. CriemoBaTenbHO, Bce 00OMOUKH BaH-Iep-
Baanbca OyyT MHOTOKpaTHO MiepeMeransl ApYyT ¢ APYroM U COCTaBAT
€IMHYIO CUCTEMY.

PaccmoTtpum pacripenesnieHre ckopocTeld MOTOKoB 3¢dupa u pac-
npeniesieHe TIOTHOCTH 3Hpa B 3THX MOTOKAX Ul OXHOW 0OOJIOUKH
Ban-nep-Baanbca. Cnenyet ydecTb, UTO IPUBOAHBIM PEMHEM JJIs1 ATOM
000JIOUKH SBJISIIOTCS MOTOKHM 3(Hpa MOBEPXHOCTH MEPBOro MpHUCOe-
JMHEHHOTO BUXPS — YJIEKTPOHHOM 000IOUKHM aToma.

[locne Toro kak mepBblil MPUCOEAWHEHHBIH BUXPb CBOMMH MOTO-
KaMu Onaronapsi BSI3KOCTH OKpY Karolero agupa Bo30yaul JBHKEHHE
a¢upa B coceHel 00JIacTH, 3TO JBHKEHHE 3aMKHETCs caMo Ha ceOs,
o0pa3oBaB BTOpOW NpPUCOEIMHEHHBIH BUXpPb. [lockombKy nuamerp
BHYTPEHHETO OTBEPCTHS BTOPOro MPUCOEIWHEHHOTO BHUXPS Ha MAThH
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MOPSAKOB MEHbIIIe BHELIHEro, TO U CKOPOCTb, M TUIOTHOCTB (Hpa BO
BHYTPEHHMX CJIOS IOJIKHBI ObITh MHOTOKPATHO BhbILIE B 3TOH o0jacTy,
yeM BO BHelIHel yacTW. COOTBETCTBEHHO Bbillle OydeT W TpaaueHT
CKOPOCTH MOTOKOB 3dupa.

Otoro Obl He ObLIO, eciy Obl BUXpPh CYIECTBOBAJ caM Mo cede,
TOTJla MaKCUMaJslbHasi CKOPOCTb MOTOKOB OblTa ObI B 3TOM ke 00acTy,
HO BO BHYTpeHHel 4yacTu BUXpa. OHaKo IBHKEHHE 37eCh epenaeTcs
W3BHE, MO3TOMY 10 Mepe YIalleHUs OT CTEHKH CKOPOCTb MO0TOKa OyneT
nazaTh NPONOPLMOHAILHO BTOPOM CTENEHH PACcCTOSIHUS, MOCKOJBKY
BUXPb TOPOMJAIBHBIN, W TUIOLIAAb CEYEHHs BO3pacTaeT MpOMOpLHO-
HaJIbHO KBaJpaTy paauyca, a rpaJiueHT CKOpOCcTH OyAeT yMEHbLIAThCS
NpONopLMOHAIBHO KyOy panumyca. IlpomopumonansHO kBazgpaty pa-
auyca OyaoeT yMeHbLIAaThCsl M TUIOTHOCThL ddupa B 3ToM noTtoke. Eie
OJIHY CTeneHb yObIBaHUs 100ABUT U MafeHue AaBJIeHUs dpupa K LieH-
TPy 3TOro ke BUxps. Ecnu Bo BTOpoil mpUCOeIMHEHHBIA BUXPb MoNa-
JeT BTOpasi MOJIEKyJla UM aToOM, TO pacrpenesieH|e JaBlIeHUH BHYTPH
9TOro BUXps OyAeT cMmellaTh UX K BHYTpPEHHe# rpanule Buxps Ban-
nep-Baanbca, MOCKONBKY ¢ 3TO# CTOpOHBI o0liee AaBiieHHe MOTOKOB
s¢upa MeHbine. Cuiia NMPUTSDKEHUS, T.€. CUIla, HAaNpaBJeHHAs OT LeH-
Tpa MOJIEKYJIbI K IOTPaHUYHOMY CJIOKO, OTPEEIUTCS BbIpaXKEHUEM

Fy = ypSovioy, (3.1)

rae x — Ko3QQULUEeHT AUHAMUYECKOH BSI3KOCTH d(upa; p — MIOTHOCTD
a¢upa B CTEHKE BTOPOrO MPHUCOCTUHEHHOTO BUXpS; S — muiouans
B3aUMOJICHCTBHSL MOJIEKYJT; OV/OY — TpaJiueHT CKOPOCTH B OJMKHEH
30HE BTOPOr0 MPUCOEINHEHHOTO BUXPS.

[Tonyyaercs, uto yObIBaHHE CHUIIbI IPUTSKEHHUS NPOMOPLUOHATIEHO
NpUMEpHO 6-i1 cTerneH pacCTOSIHUS MEXIy MOJIEKYJIaMH, YTO U UMeeT
MecTO B peasibHOCTH. lIpu 3TOM cuibl B3aMMOJEHCTBUs € MOTOKaAMH
a¢upa Ha MPOTUBOMOJIOKHBIX CTOPOHAX B3aUMOJACHCTBYIOLLIMX MOJIe-
KyJ1 OyayT MaJibl B CHJLy BBICOKOM CTENEHHU YObIBAaHHS U CYLLIECTBEHHO
HE CKa)KyTCsl Ha oOLIel cuile MPUTHKEHHs B3aUMOJICHCTBYIOINX MO-
JEeKYI.
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BsaumoneiicTByromme MoOEKyJbl yCTaHABIMBAIOTCS HAa HEKOTO-
POM paBHOBECHOM PacCTOSIHUM ApYT oT apyra. IlonbiTku cOnM3uTh Nx
Y MEepEeMECTUTh B MOrPaHUYHBIA MEXAy BUXPSIMH CJIOH BBI3BIBAIOT CH-
JIbl OTTAJIKMBAHUS. DTH CHUJIbI BBI3BaHBI, BO-TIEPBBIX, TEMU XKe MPUUH-
HaMM, YTO W BbIlIE, C TOH, OJHAKO, pa3HHULEH, YTO B MOTPAHUYHOM
cJloe pacrnpezesieHne CKOpOCTH MOTOKOB, IPagueHTa U IUIOTHOCTH M0-
TOKOB 3(hrpa UMEIOT 0OpaTHBII 3HAK U HAIPaBJIeHbl K LIEHTpaM MoJie-
KyJl, a BO-BTOPBIX, BO3PAaCTaHUEM HABJICHHUS B MOTPaHUYHOM CJIO€, B
KOTOpBIi TMepBbIl MPUCOSTMHEHHBI BUXPb — JIEKTPOHHAs 000JI0UuKa
aToMma —3aroHseT BHELIHWI [0 OTHOLUEHUIO K Hell agup. YMeHblIeHue
CEYEHHs MOTOKAa BBI3bIBAET C OJHOM CTOPOHBI MOBBILICHUE AABIEHUS
a¢upa 3a cueT ero cxKaThs, ¢ APYroi CTOPOHBI, €ro ke HarpeB Mo ToH
’Ke TIpUUMHE, YTO TaKXe BeAeT K MOBBIIEHHIO JaBlieHUs B 3TOi obrac-
Td. [Ipu 3TOM cuibl npuTsHeHus OyAyT MaaaTh, TaKk Kak B3auMOAew-
CTBYIOLIME MOJIEKYJIbI OyIyT BBIXOIWTH M3 30HBI BUXPS M TOMAayT B
MOTPAaHUYHBIN CJIOW, B KOTOPOM pacrpeelieHue CKOpocTel Tarke Oy-
JeT crocoOCTBOBATh MX OTTalIKUBaHHIO. [loaTOMY cTeneHs 3aBUCHMO-
CTH CWJIbl OTTAJIKUBAHUA OT PacCTOSIHUSA 3/e€Ch OyIeT BhILIE, YeM CTe-
MEeHb 3aBUCUMOCTH CHWJIbl NPUTSKEHUS B TeJle BTOPOro MPUCOEANHEH-
HOT'O BHXPS.

[Ipencrasnsier HECOMHEHHBIN UHTEpec 00Opa3oBaHUe CBA3E, KOTO-
pble YCIOBHO MOXKHO Ha3BaTh arperaTHbIMH, — THII CBsi3eH, obecneuu-
BaIOLMX COEJAMHEHWE MOJIEKYJl B HEKOTOPYIO arperarHyro COBOKYII-
HocTb. CTPYKTYpy Takoro THMIa CBA3€i MOXHO MPOCJeIuTh Ha pHUMe-
pe coemMHeHHs MOJIEKYJT Boibl B arperatsl (puc. 3.6).

IToToku sdupa, Bo30yxknaeMblie MOBEPXHOCTSIMHU IBYX NMPOTOHOB,
COEJIMHEHHBIX C MOJIEKYJIOH KMCIIOpOoJia, HallpaBieHbl BO BHELIHEE OT-
HOCHUTENIBHO MOJIEKYJIbI BOJBI MPOCTPAHCTBO MOJ HEKOTOPBIM YIJIOM
apyr K apyry. B pesyiabrate cozgarorcst yciaoBust ajisi oOpa3oBaHuUs
JOBYXXTYTHKa — IBYX BUHTOBBIX BHUXpei, oOBuBaromux Apyr apyra. Ha
HEKOTOPOM PacCTOSIHUU BUXPH, 00pa3ylolue ABYKI'YTHK, PacXonsiTcs
Y Jajiee BO3BpallaloTcs K MpoToHaMm. B MecTax moBopoTa BHXpei 00-
pasyIoTCsl «KapMaHbI» — 00JIACTH MOHWKEHHOTO JaBlieHUs 3pupa, uTo,
BEPOSTHO, U 00YCIIOBIMBAET CBOMCTBA BOABI KaK MOYTH YHHBEPCAJib-
Horo pactBopuTeds (puc. 3.6,a).
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IMoTtoku 3¢upa, Bo30YyKIaeMble MOBEPXHOCTAMU ABYX HMPOTOHOB,
COCMHEHHBIX C MOJICKYJION KMCJIOpO/a, HalpaBiieHbl BO BHELIHEe OT-
HOCHTEJIbHO MOJICKYJIbI BOJIbI MPOCTPAHCTBO TMOJ HEKOTOPBIM YIJIOM
apyr k apyry. B pesynbrare coszparorcs ycnoBus ais oOpasoBaHUs
JBY)KT'YTHKa — IByX BUHTOBBIX BHXpeil, 00BUBaIOIIMX Apyr aApyra. Ha
HEKOTOPOM PacCTOSTHUM BUXPH, 00pasyroLye ABYKIYTHK, PacXoasTcs
W Jajnee BO3BpallaloTcs K MpoToHaM. B mecrax moBopota Buxpeii 00-
pasyloTesl «kapMaHbI» —00J1aCTH MOHWKEHHOTO JAaBlieHus 3(upa, uTo,
BEpOSITHO, U O0YCJIOBIIMBAET CBOMCTBA BO/BI KaK MOYTH YHHBEpCAasb-
Horo pactBopuTedns (puc. 3.6,a).

Puc. 3.6. CoeqnHeHne mMosieKyJ BOAbI B arperatbl. a — 00pa3oBaHKE MOTOKOB
a¢upa MPOTOHAMH MOJIEKYJIBI BOJABI, O — «KBAa3UHOHHOE» COETUHEHNE MOJIEKYT BOJHI ;
6 — IBYKT'YyTUKOBOE» COETMHEHNE MOJIEKYJ BOABL. 1 —30Ha JABYXTYTHKOBOTO COEIH-
HEHUsI BHEIIHUX MOTOKOB 3(hMpa, CO31aBaeMbIX TOBEPXHOCTSIMH aTOMOB BOAOPOAA; 2 —
«KapMaHbD» MOHIKEHHOTO JABJICHHUS;, 3 — MPUINIIAHUE TTOBEPXHOCTEN NMPHUCOSTNHEH-
HBIX ITOTOKOB 3()upa B «KBa3MMOHHOM> COCJIMHEHUN MOJIEKYJI BOJIbI; 4 — JIBYKI'YTHKO-
BOE COCJIMHEHUE NIPUCOCANHEHHBIX TOTOKOB 3(hrpa MOJIEKyYJT BOJIBI.

Obpa3oBaHue B MEXKMOJIEKYISIPHOM MPOCTPAHCTBE MABYKI'YTHKA
NPUBOAUT K TOMY, YTO BHEILIHHWE CTOPOHBI MOTOKOB 3¢Hpa mpuodpe-
TalOT BBIMYKIYI0 GopMy. K 3TUM BHEIIHUM MOTOKaM MOTYT MpHUCOe-
JUHUTBCS TaKHe XK€ BHEIIHWE MOTOKU APYTrUX MOJIEKYJI, TPUYeM Takue
COEIMHEHUs] MOTyT ObITh paziavyHbIMU. OAMH THIN MO CBOEMY Xapak-
Tepy NMoAoOEH THUIly MOHHBIX CBs3€H, KOTOpble 00pa3yroTcs 3a cueT
MPUIUIIaHUA TOBEPXHOCTEH MOTOKOB ApPYr K ApPYyry, B 3TOM ciyvae
HarpasJ/ieHHe MOTOKOB M, COOTBETCTBEHHO, OpPHUEHTaLMs MOJeKyJ Oy-
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AyT aHTUNapaiiebHBIMA — «KBa3UMOHHOE» coennHeHue (puc. 3.6,0).
BTopoii TUM 3TO THIT CBA3M, MPH KOTOPOM OOKOBBIE MOTOKH 00pa3yoT
001K MOTOK, TAKOH THI MO CBOEMY XapakTepy OyaeT noJobeH KoBa-
neHTHO# cBs3u (puc. 3.6,6) — «Ba3UKOBAJIEHTHOE» coeauHeHue. Tpe-
THI THI, P KOTOPOM GOKOBBIE MOTOKH MapasiiebHO OPUSHTHPOBaH-
HBIX B MPOCTPAHCTBE MOJIEKYJI 00pa3yloT TakxkKe JBYKI'YTHKH, 4TO Je-
JIaeT CBSI3M MEXJY MOJIeKyJIaMH Haubosiee yCTOMUUBBIMU, — IBYKIY-
THKOBOE» coenunenue (puc. 3.6,6). Bece aTi THMbI cBs3ed MOryT 00-
Pa3oBBIBATHCS HE TOJIBKO MO GOKOBBIM, HO M MO TOPLEBBIM yYacTKam
MOTOKOB, MPUYEM B CaMoOil pa3iuvHOi komOuHauuu. OrpaHuyeHre B
YUCIIe MOJIEKYJ, 00pa3yloLMX arperar, CBS3aHO C TeM, YTO 10 Mepe
YBEJIMYSHHSI KOJTMYECTBA O0BbEANHSIOIIMXCS B arperaT MoJieKy1 popma
3(UPHBIX OTOKOB BHELIIHUX MOJIEKYJI arperata CTaHOBHUTCs Bce Gosiee
BBIMYKJION, M SHEPrHs CBS3M 3THX TMOTOKOB C JAPYTHMH MOJIEKYJIaMH
CTAHOBHTCSl BCE MEHbIIE, U HOBbIE MPHCOSIAWHEHUS] MOJICKYJl CTaHO-
BATCsI Bee Oosiee HeyCTOWYMBBIMU. [10 Mepe MOBBILICHUS TeMIIEPaTypbl
TaKKUe CBS3M CTAHOBSTCS BCE MEHEe YCTOWYMBBIMH, MOKa, HAKOHELl, He
OCTaHyTCsl JIMILIb OJMHOYHBIE MOJIeKyJibl. Tora obpasyercs nap.

3.4. Aypa un cBevyeHue KupnuaH

Dddekr cBedeHus paziMiHbIX 0OBEKTOB, B TOM YHCIE OHOJIOTH-
YEeCKHX, B JJIEKTPOMArHUTHBIX MOJIX BBICOKOW HANPSHKEHHOCTH M3-
BECTeH y)ke Oonee AByX ctosieThidt. OTHAKO CIIOKHOCTH MCIIOIb30BaB-
mieiics Torza amnmapaTypel MpernsTcTBoBajia u3ydeHuto s>ddexra. U
TOJILKO Oyiarofapsi poccHiickuM uzoOpertaresisMm cynpyram Kupiuas,
oOHapyxwuBinM 370 siBienue B 1930-40rr, MeTo1 «BhICOKOYACTOTHO-
ro (ororpadupoBaHMI» MOJYUMIT HIMPOKYIO U3BECTHOCTH [7, 8].

CerogHs non tepMuHoM 3¢ ekt Kupaman noHumaercs BH3y-
anbHOe HaOMIoJleHHe WM perucTpauus Ha ¢oToMaTepualie CBEUCHHUS
ra3oBOro pa3ps/a, BO3ZHUKAIOIIETro BOJIN3U MOBEPXHOCTH OOBEKTa MPH
MOMELIEHUH ero B 3JIEKTPUYECKOe T0Jie BBICOKOW HAarpsyKeHHOCTH
(6roanekrporpadus UM KupauaHorpadus).
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KopoHHblii pa3psia Ha MoHeTax KopoHHbIii pa3psia Ha naabue

KopoHHblii pa3psig Ha nBeTKe

Puc. 3.6.HekoTopbie BUABI KUPJIHAHOTPAM

Kupnuanorpadus momyuuna Oosblioe pacnpocTpaHeHHe B MUpPE
KaK METOJI IKCIIepUMEHTAJIbHBIX HCCieloBaHMii: Oubauorpadus 1o
st dexty Kupnuan HacuuteiBaeT Gosiee ThICSUYM ITyOTUKAIUI.

Dddexr Kupnuan Hamen npuMeHeHUe B MPOMBIILIEHHOCTH, Te
OH WCIIONB3yeTCs JJIsi KOHTPOJIS KavyecTBa COEIMHEHUH, BCEBO3MOX-
HBIX CBapHBIX U KJIEEBBIX IIBOB, B OUOJIOTUU IS OTPE/IeJICHUs MHTEH-
CHUBHOCTH XUMHUYECKHX TPOLIECCOB B KUBBIX TKAHAX, B MEULIMHE JIJIs
OTpeJIeNIeHUs] COCTOSIHUSI OTIENIbHBIX OPraHOB W BCEro OpraHu3Ma B
LEJIOM.

Ceeuenune Kupnuan MokeT HaOMIOIAThCSA KaK Ha HEXKUBBIX Tpej-
MeTax, TaK M Ha JKUBBIX — OHMOJIOTMYECKUX WM KMBOTHBIX OOBEKTAX,
BKJIIOYasi YesIoBeKa.

Xapaktep cBe4eHHs] OMOIOTHUECKUMX OOBEKTOB CYLIECTBEHHO 3a-
BUCHUT OT COCTOSIHUSI OOBEKTa, OH MOXET YCHIIUBATBCA U YMEHbLIATh-
csl, a TakKe MpeKpalarbes coBceM, eciv 00bekT ymep. Hampumep,
CBEKECOPBAHHBIIN JIUCT CBETUTCS BHAauYaJle UHTEHCUBHO, HO 3aTeM, 10
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MCTEUSHNH HECKOJIbKHX JECSITKOB MUHYT CBEUCHHE 3aTyXaeT, a 3aTeM
npeKpalaeTcs MoJHOCThIO. JIneT ymep.

HeuTo nomoGHOe MPOMCXOIUT C OpraHaMu >KUBOTHBIX M YeJIOBe-
Ka. MIHTEHCHBHOCTb CBEYCHHMS XapaKTepH3yeT COCTOSIHUS OpraHa:
3JI0pPOBBIiT OPraH CBETUTCS MHTEHCHBHEE, YeM OOJTbHOM.

HauGonbmmit uHTEpec BBI3BAIM MCCIIEOBAHUS KUPIHMAHOTPaAMM
OMOJIOrMYeCKUX 00BEKTOB, B OCHOBHOM OpraHM3Ma YelloBeKa.

[Mpumenenune s¢pdexra Kupnuan B MeauiMHe mokasano, 4TO BHJ
KUPJIMAHOTPaMM MEHSETCs IPY U3MEHEHUH COCTOSHMS dernoBeka. Ha-
npuMep, Mo BUJIY KUPJIMAHOTPaMM TNajbLieB PYK M HOT OKa3aloch
BO3MOJKHBIM CYAWTh 00 00lIeM ypOBHE M XapakTepe (hU3HOJIOrHYe-
CKOW aKTMBHOCTH OpraHM3Ma, OLIEHHBAaTh COCTOSHHE OTHEJbHBIX €ro
CHCTEM U CIIeIUTh 3a BJIMSHHEM pa3JIM4HBIX BO3/ICHCTBMIA: Mpenapa-
TOB, TEpPaNUH U T.I. DTO MO3BOJIMIO Pa3BUTh 3()(PEKTUBHBIE CHCTEMBI
JMarHOCTHKH, OCHOBaHHbIE Ha 3ToM 3 dekTe.

D¢ dext Kupaunan sprnsercs B 1aHHBI MOMEHT €IMHCTBEHHBIM
WHCTPYMEHTAIIbHBIM METO/IOM, TMO3BOJISIOIIMM Ha (pU3MYecKoM |
9HEeProMH(pOPMALMOHHOM YPOBHSX OLIEHUTh COCTOSIHUE HE OTIAEIbHO-
ro OpraHa WM CHUCTeMBl, a BCEro OpraHMu3Ma B LIEJIOM BO B3aUMOOT-
HOIIEGHUW OTJENIbHBIX 4YacTeil npyr ¢ apyrom. B mepcrektvBe 3TOT
METOJ] BUAWUTCS KaK MPaKTHYECKU MHCTPYMEHT Ha CToJie JH000ro
Bpava.

Oco0blii MHTEpeC MPEICTaBISIOT MEPCHeKTUBbI PUMEHEHUs 3¢-
¢dexra Kupnvian B MpakTHYECKOW TMCUXOJIOTUH: TOJYYeHbI JaHHbIC,
CBHMETEJILCTBYIOLIHME O CBS3M XapaKTEPUCTHUK CBEUCHUS C TICHXOJIOTH-
YecKUM THUMOM Jn4HOCTH. Ilpm cooTBercTByromei paspabotke 3¢-
¢dexr Kupiuan MoxeT craTh MEepBbIM MHCTPYMEHTAIBHBIM CIIOCOOOM
OLICHKH XapaKTePHCTHK JIMYHOCTH, YTO TMO3BOJIUT HCCIIEAOBATEIIIO
(opMupoBaTh OOBEKTHBHBIN MOPTPET YeJIOBeKa Ha Pa3HBIX CTaaUsIX
€ro pa3BUTHSI.

EcTecTBeHHO BO3HHMKaeT BOMPOC O (PU3MUECKOU CYIIHOCTH 3-
¢exra Kupnuana. C Touku 3peHHs 3pUPOANHAMUYECKUX TTpeACTaBIIe-
HHH MPOLIECC BHIMVISANUT CIIETYIOLIMM 00pa3oM.

Kak y>xe ynoMuHasaoch Bbille, JICKTPOHHAs 000J104Ka MpecTaB-
JfeT co0OoW TPUCOSNMHEHHBIH K SApY S(HPHBIA TOPOUAATBHBIMA
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BUXpPb, K KOTOPOMY TPHUCOEIMHEH CJEAYIOINA BUXph — 000J0YKa
Ban-nep-Banbca, k Hell — cinemyrommii — aypa | poaa, 3atem ciemyro-
umit U T.4. Kaxaplii cneayrolnii BHEIIHUKA BUXPh UMEET paguyc Ha
HECKOJIbKO MOPSAKOB OoJiblie MPeAblAyIero BHyTPEHHOT0, COOTBET-
CTBEHHO CKOPOCTH TIOTOKOB 3(pupa B HeM MeHblIe. CTpyKTypa Kax10-
ro BUXpPSl OTpaXKaeT CTPYKTYpPY BCEX BIIOKEHHBIX B HEro BUXpeH, Ha-
YMHas ¢ aTOMHBIX AJep, COOTBETCTBEHHO aTOMOB W MOJIeKY.] U hopmy
npenMera.

JKviBoe BeIIecTBO M KMBOW OpraH OTIMYAIOTCS OT HEKUBBIX TeI
TEM, UYTO B HUX MPOUCXOAST XMMHUUYECKHE MPOLECCH], OTCYTCTBYIOLINE
B HEXKHMBBIX TeJlaX. B KOBaJeHTHBIX COEOUHEHUSIX MPOUCXOAAT 00be-
JVHEHUS SJICKTPOHHBIX O0OJIOYEK M YacTh 3aBUHTOBAHHOTO YIUIOT-
HEHHOTO 3(UpPHOro TOTOKAa BEIOpachiBaeTCS Hapyxky, oOpa3ys oOT-
JeNbHBIA ToOpouAasbHbIM BUXpb. Ho eciu Ha cocenHeM yuyacTke mpo-
MCXOJNT peaKlys pacCOCANHEHUs CIOKHONW MOJIEKYJIbI B TIPOCTHIE, TO
tam 3¢dupa OyJeT He XBaTaTh, AaBlieHHE dpUpa B 3TOM MecTe OyJeT
MOHW)KEHO, U BbIpPBaBLIasACs CTpys ddupa OyAeT MorioieHa B STOM
mecte. Takum 06pazoM, 31€Ch UMEET MECTO UCTOK U CTOK, oOpasyercs
HeuTo THmna GoHTaHa.

[Tockonbky XMMHUYECKHE MPOLIECCHl B )KUBOM BELLECTBE MHOTr000-
pas3Hbl, PHEPreTHKa y HUX pa3Has, TO U TeOMETPUH, U UHTEHCUBHOCTh
Takux (oHTaHOB pasznuyHa. lloamuTka TakmxX (OHTAHOB TOMOJIHH-
TEJIbHBIM BBICOKOBOJIbTHBIM M BBICOKOYACTOTHBIM DJIEKTPUUYECKUM
nojeM jejaeT 3Ty aypy Habmogaemol Jnbo ¢ momouiblo otorpa-
¢uu, 16O naxe BU3yabHO.

[Mponecc dhororpadupoBanus MPOUCXOAUT B TEMHON KOMHATE WU
npy KpacHOM oceelleHrd. Ha ycTpoiicTBo, co3aatolee nosie BbICOKO-
ro HafpsHKeHUs: KIagyT He mposiBieHHyto ¢otoOymary. CBepxy ycra-
HaBJIMBAIOT MHTEPECYIOMNH OOBEKT. DTO MOXET OBITh JINCT JepeBa.
Bo Bpemst mogaun BbICOKOTO HampsbKEHHMsl MPOMCXOIUT ra3oBblil pas-
psl, KOTOpBIN MPOSBISETCS B BUIE CBEYEHHWs BOKPYr OObekTa —
KOPOHHBIH pa3psil, KOTOPbIH 3acBeUnBaeT YEPHO-OITYI0 MM LIBETHYIO
tdorodymary unu ¢orormiénky. [locie mpossku 4épHo-6emnoii doto-
Oymaru Haubosiee pKUe MecTa CTaHOBATCS TEMHBIMM, KaK 3TO BHUIHO
Ha (oTorpadumn.
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3.5. MexaHu3m KaTanusa

PaccmoTpenue auponnHaMuieckux 0COOEHHOCTE CTPYKTYp MO-
JIeKyJl TIO3BOJISIET BBICKA3aTh ONpeleSieHHble COOOpakeHHs O Mexa-
HHU3Me KaTaiusa.

Kak wn3BecTHO, KaTain3 ecTh U3MEHEHHE CKOPOCTH XMMHUYECKHX
peakiuii B MPUCYTCTBUM BeLIECTB (KaTajaM3aTOPOB), KaK CUUTaeTCH,
BCTYMAIOIIMX B MPOMEKYTOYHOE XUMHUYECKOe B3aWMOJIEHCTBHE C pea-
TMPYIOLIMMHU BElIECTBAMH, HO BOCCTaHaBJIMBAIOLIMX MOCJE KaXIOro
LMKJIa [TPOMEXKYTOUYHBIX B3aUMOJEHCTBUNA CBOM XMMMUYECKUI COCTaB.
KaTanuzatopbl cylecTBEHHO YCKOPSIIOT XOJ PeaKLuid, MpU 3TOM IS
Ka)XIOr0 BHIAa PearvpyrolUX BELIECTB MPHUIOAEH JIMIIb COBEPIISHHO
KOHKPETHBI BHJ KaTain3atopa. AKTHBHOCTb KaTaju3aTropa MpsMO
NPOTOPLMOHATIbHA TUIOMIAAN TIOBEPXHOCTH KaTalnu3aTopa, B CBSI3U C
4eM OOBIYHO CTpeMSATCS K MaKCHMMAabHO BO3MOKHOMY JAPOOJICHHUIO
BEIIECTBA KaTaJln3aTopa.

Pa3nuyaloT roMoreHHblii M reTeporeHHb karanu3. B mepBom
IPaHULIbl MEXIY KaTaln3aToOpoM M pearnpyrolMH BELIECTBAMHU OT-
CYTCTBYIOT, BO BTOPOM MMEETCsl IpaHMIIa pa3jiena MexXIy HUMU. Bbi-
0op cocraBa KaranuMzaTopa i ONpEeAe]eHHOW peakLud SBIseTcCs
OUeHb CIIOXKHOHM TpoOsieMold, peliaeMoil rIaBHbIM 00pa3oM 3MITUPH-
yeckuM myTeM. CyIIecTByeT HEeCKOIBKO TEOpHi KaTajan3a — MyJIbTH-
TUICTHAsl TEOpHsl, HJICKTPOHHAsI TEOpHs, TEOPHs aKTHBHBIX LICHTPOB U
T.M., HO BCE OHM HOCST TMOJTYSMIHUPHUYECKUI XapaKTep U paccMaTpH-
BAlOT, B OCHOBHOM, 4acTHble ciyvau [9]. OmnHako Haubosnee dusmye-
CKM OCMBICIICHHOM Teopueil karanuza sBisieTcs Teopus mpodeccopa
MI'Y A.A.bananauna [10-14].

A.A.banannunabiM B 19291. Ob1a  pazpaboTaHa MyJbTHILIETHAS
TEOpHUsl KaTajiu3a, OCHOBaHHAs Ha TPEIINOJIOKEHUH O CTPYKTYPHOM
CXOJICTBE MOBEPXHOCTH MOJIEKYJIbl peareHTa U MOBEPXHOCTH MOJIEKY-
76l Katanu3atopa. IM ObUT OTKPBIT MPUHLMI CTPYKTYPHOTO U SHepre-
THYECKOTO COOTBETCTBHS KaTaJIM3aTOPOB M PearvpyrolluX BELIEeCTB,
JIETIIHI B OCHOBY MYJIbTUIUICTHOM TEOPUM KaTain3a. DTa Teopus Ie-
peBesia OMMCaHUE KATATUTHYECKUX aKTOB Ha CTPOrMH KOJIMYECTBEH-
HBIIl YPOBEHb C YUYETOM MEXKaTOMHBIX PacCTOSHUN M BAaJCHTHBIX YT-
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JIOB B KaTaJIMYeCKOM (MYJIbTUIIETHOM) KOMILJIEKCE U BEJTMYMH DHEp-
M CBA3eH MEXIy aToMaMM Pearrupyrollero BEIIEeCTBA U aKTUBHBIM
LEHTPOM

Ha ocHoBe MynbTUMIETHOH TEOPUM M TOJNHOW KiaccuuKaluu
OyOJIeTHBIX Y TPUIUIETHBIX PEAaKLMi, U3BECTHBIX M €L1e He OTKPBITHIX,
A.A.bananauH cymeln npeckasaTh psii HOBBIX peakuuii (Hampumep,
JeTUIPOreHU3ALIMIO IePBUYHBIX AMUHOB B KETUMHHBI U JIp.) M HX aK-
TUBHblE KaTtanu3aTopbl. OH co3gan HoBoe HampasieHue <«HayuHble
OCHOBBI TMOA0Opa KaTaTM3aTOpPOB» W BO3MIABMI COOTBETCTBYIOLIMI
Coget B AkaieMHH HayK.

B na6opartopusix A.A.bananauna 8 MI'Y u B MOX usyuanuck He
TOJIBKO KMHETHUKA W MEXaHWU3M KaTajiu3a Ui MHOTHX peakLui, HO U
pa3pabaTbiBaluCh KaTajau3aTopbl psAa MPOMBILUIEHHO Ba)KHBIX MpPO-
neccoB (B YaCTHOCTH, KaTajlM3aTOPbl JJs TOJYyYEHUS MOHOMEpOB
CUHTETUYECKOrO KaydyKa, JUId TUIPUPOBAHHWA W JETMIPUPOBAHMA,
JeruApaTalyi, U30MEpU3aLu1 U TIp.).

Takum oOpa3oM, MyJbTHUIUIETHasl TeOpUsl KaTanuza, pa3paboTaH-
Has A.A.bananauHbiM, ce0s TIOJHOCTBIO OMpaBAajia He TONBKO Kak
TEOpHUs, HO M KaK METOMOJIOTHs, Halle[Ias [MUPOKOe MPAaKTHUYECKOE
MPUMEHEHHeE.

H, Tem He MeHee, psAa BOMPOCOB OCTalCid HEPELIEHHbIM A0 Ha-
crosimero BpeMeHu. OCHOBHBIMU CpPElM HUX SIBJISIOTCSl T€, KOTOpbIE
CBSI3aHBI C HEOOXOAMMOCTBIO BBISICHEHUS! (PU3NUECKOM CYLIHOCTH Ka-
Tanusa.

Hu B xoem cilydyae He cTaBs MOJ COMHEHHE [OJIE3HOCTh Kak
9TOM, TaKk W IPYyrux TEOpHH, He MoJBepras COMHEHHIO BCe Te CO00-
paKeHHsT 0 MEXaHM3Me JEeHCTBHs KaTajJu3aTOpOB, KOTOpbIE CErojHs
W3BECTHBI, 11eJIeCO00pa3HO OTMETUTb HEKOTOpbIE OMOJHHUTENIbHBIE
MOMEHTBI, TpeaocTaBisemMble dPUPOIMHAMUKON ISl PeIleHHs TMpo-
OseMbl PU3MUECKOH CYLIHOCTH KaTauu3a.

[TomMuMO MepBBIX MPUCOEAMHEHHBIX BUXPEH — 3JEKTPOHHBIX 000-
JIOUEK y KaXI0ro aToMa M Ka)KIO¥ MOJIEKYJIBI CYLIECTBYET MOCIIE0BA-
TEeNbHBIM Ha0Op MPHUCOEIMHEHHBIX BUXPEH — BTOPBIX, TPETbUX M T...
Kaxnapiii mocnenyrolumii nprcoeIMHEHHbIH BUXPb MPUYUHOW CBOEro
BO3HUKHOBEHHSI IMEET MPEABIAYIINNA, S3HEPTUEH KOTOPOTro OH W TMHTa-
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ercs. Takum 06pa3oM, BOKpYT KaKIO0H MOJIEKYJIbI CYLIECTBYET 3pHpo-
JUHAMHUYecKasi aypa, CTPYKTypa KOTOpOH 0OyclOBJE€Ha CTPYKTypoi
9TOoi Mosekysbl. Kak OGbUl0 MoKa3aHO BbllIE, 3JEKTPOHHAs 000JI0UKA
npeAcTaBiseT co0ol MPUCOSAMHEHHbIN K aTOMHOMY SIAPY TOpOUAalib-
HBII BUXpb 3()Mpa, K MOBEPXHOCTH KOTOPOTrO MPHCOEAMHEH BTOPOM
TOpOUIaIbHBIN BUXPh —000n04Ka Ban-nep-Baanbca.

Ha monekynbl pearupyromumx BelecTs, MOMaBIIMX B 06JacTb 000-
o4k BaH-nep-Baanbca Monekysbl Kartaausatopa, ACHCTBYIOT MoO-
MEHTBI CHJI, CO3/1aBacMble Pa3IMYHBIMU JaBICHUAMH 3(upa B pa3nuy-
HBIX TOYKaX MX MOBEPXHOCTH, YTO CBA3AHO C pa3ivyHheM IpaJUeHTOB
CKOpOCTEeH, paszivuveM IUIOTHOCTH W Temreparyphl 3¢upa B pa3HbIX
obnactsx obonouku Ban-nep-Baanbca Monekynbl karanuzatopa. B
pesysbTaTe pa3sBopoTa MOJIEKYJIbl PEarHpYIOLIUX BEHIECTB IPUHUMAIOT
OIpeJleJIeHHOE I0JIOJKEHHE OTHOCUTEIbHO ApYr apyra. Eciu Ha mo-
BEPXHOCTSIX STHX MOJIEKYJI, 00palleHHBIX APYT K APYTY, TOTOKH 3upa
HarpaBJIeHbl aHTHUIApaUIeNIbHO, TO JaBJieHHe d(pHupa B 3THX 001acTIX
CHW)KAeTCsl, U MOJIEKYJIbI MOATATUBAIOTCS APYT K IPYry, BCTyMas 3aTeM
B XMMHYECKYI0 peakuuto. Takod pa3BOpPOT MOJIEKYJ-peareHTOB He
00513aTeNIbHO TOJDKEH MPOUCXOIUTh HEMOCPEACTBEHHO MPH COMPHUKOC-
HOBEHHMH C MOBEPXHOCTBIO MOJIEKYJIbI KaTanuzaropa. OH MpOMCXOIUT
Ha HEKOTOPOM PacCTOSHUM OT Hee, MOCKOJIbKY MPUCOeIUHEHHbIE K Hell
MOTOKHM 3(Hpa pacHpOCTPaHSIIOTCS AJIEKO B OKpy’Karoliee MpocTpaH-
CTBO.

[ToToku s¢upa ayp paznMyUHbIX MOJEKYJl B3aUMOAEHUCTBYIOT MEX-
Iy coOOM, MpY 3TOM €CJIM OHU PACIIOIOKEHbI MapaIeIbHO, TO MEXIY
MOJIeKyJJaMH BO3HHMKAeT M30BITOYHOE HaBieHHe 3(upa, U MOJIEKYIbI
OyAyT OTTaJKMBaTbCsl APYr OT JIpyra, eclid aHTUNapajielbHO — JaB-
neHue 3(upa NOHMKEHO, U BHELIHee AaBjieHue d¢pupa OyneTr npurai-
KHMBaTbh MOJIEKYJbI APYr K Apyry. [lo Bceil moBepxHOCTH Beex mpucoe-
JUHEHHBIX BUXPE BO3HUKAIOT YYaCTKM HM30BITOYHOTO WMJIM HEAoCTa-
TOYHOTO JAaBjieHHi 3¢upa, cozaarouive B COBOKYMHOCTH BpallaroLiye
OTHOCUTENIbHO LIEHTPa Macc MOMEHTBbI. DTO MPUBOAMT K ONpelesIeH-
HOW OpMEHTAaLMK MOJIEKYJ B IPOCTPAHCTBE OTHOCUTEIBHO APYT Apyra.
3ajadell kataauzaTopa, TaKMM 0Opa3oM, SIBJIE€TCS HE TOJIBKO U He
CTOJIKO BCTYIUIEHHE B MPOMEXYTOUHYIO PEaKLHIO, KaK 3TO MPUHATO
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MCTOJIKOBBIBATh, CKOJIBKO OPHEHTALMS Pearnpyrolx MOJEKYJ Apyr
OTHOCHTENTBHO JIpyTra U o0ecneueHne UX B3aMMHOW OpUeHTAaLMU TaKuM
o0pazom, 4ToObl OHM ObUTH Haubosiee ONAaroNpUsATHO PACTIONOKEHBI B
NPOCTPAHCTBE JJIs 3aMbIKAHUSI COOTBETCTBYIOLIMX CBSI3CH.

OueBHIHO, YTO U MOJIEKYJIbl KaX/IOTO W3 BEIIECTB, yYaCTBYIOMINX
B pEaKLMH, ¥ MOJIEKYJ1a KaTajnu3aTopa UMEIOT Ha CBOEH MOBEPXHOCTH
MOTOKK 3(Upa COBEPLICHHO OMNpeAeNeHHOro HampaeieHus. Eciau B
MPOCTPAHCTBE BCTPEUAIOTCS IBE KaKHe-TMO0 MOJIEKYJIbl, TO OHU OyayT
CTPEMUTBCS Pa3BEPHYTHCS TaK YTOOBI MEXKTY MOBEPXHOCTHBIMHU MOTO-
KaMu 00pa3oBasicsi MaKCUMAaJIbHBIA TPaIMeHT CKOPOCTeH, Tak Kak Ta-
KOE TMOJIOKEHHWE COOTBETCTBYET HaMMEHbIEMY 3HAYEHHUIO DSHEPTUH
cucteMbl. OHAKO HOBOE TMOJIOKEHHE MOJIEKYJ OylIeT yCTOHYMBBIM
TOJIBKO B TOM cjy4ae, eciid (opMa COBOKYMHOCTH MOBEPXHOCTHBIX
MOTOKOB OAHOM MOJeKy/bl OyAeT COOTBETCTBOBaTh OpPME COBOKYII-
HOCTH MOBEPXHOCTHBIX TTOTOKOB BTOPOM MoJekyibl. Eciin Takoe coort-
BETCTBHE MMEET MeCTO, TO 3((PEKTUBHOCTh B3aUMO/ICHCTBHIS MOJIEKYIT
OKaXKeTCSl MAKCUMAJIbHOM.

Ecnu Ha coceHMi y4acTOK MOJIEKYJIbl KaTalu3aTopa MpPUCTBIKY-
eTcs MOJIeKyJla-peareHT JIpyroro BellecTBa, TO 00 MOJeKyJIbl-
peareHTa OKa)<yTcsl Ha TOBEPXHOCTH MOJIEKYJbI-KaTaln3aTopa B Hemo-
CpeACTBEHHOH ONM30CTH APYr OT Apyra, U Aajee Bce OyaeT 3aBUCETb
OT TOTO, HACKOJIBKO OJIM3KO W KAaKUMH TOBEPXHOCTSMH 5TH MOJICKYIIbI
OynyT oOpalleHbl Ipyr K APYry U Kak Ha UX MOBEPXHOCTSIX pa3BepHY-
Thl TOTOKM 3¢upa. Ho ecnu Bce ycioBus coONMOAeHbl AOCTATOYHO
OnaronpusaTHO, TO 00€ MOJIEKYJbl-peareHTa COeUHATCS, U MX o0Ias
KOH(Urypauus W HaNpaBJeHUS TOTOKOB OTHOCHUTEIBHO MOJIEKYJIbI-
KaTaln3aTopa M3MEHSTCs, a MOJy4MBLIascs HOBass Mojsiekyna Oyner
OTTOPrHyTa, 0CBOOOAMB MECTO AJIsl HOBOW Mapbl MOJIEKYJI-peareHTOB.

TakoBa sapuponruHamMHUecKas MOJeIb KaTaau3a.

OnpenenviM MOPSAAKA BEJTMYMH HEKOTOPBIX A(PHUPOIUHAMHYECKUX
napamMeTpoB MEXaHHW3Ma KaTanu3a.

Pasmepsl sfep MoGbIX aTOMOB UMEIOT ropsaok B 107° m, pasme-
Bl CaMHX aTOMOB MMeIOT yike Topsgok 107° m, Takoii ke MOpsAIoK
BEJIMYMH MMEIOT U pa3Mepbl MPOCTHIX MosieKyJl. Pazmep ke oGosodek
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Ban nep Baanbca — ciemyroimux nprcoeiMHEHHBIX BUXPEH COCTaBISIeT
nopsinok 10° — 10° m.

Ecnu ckopocTh MOTOKOB 3¢hMpa Ha TMOBEPXHOCTH HYKJIOHOB CO-
crapnsier nopsiaka 107! m/c, TO Ha MOBEPXHOCTH MEPBOrO MPHCOEIH-
HEHHOTO BUXPS — 3JIEKTPOHHOM 000JI0YKHM CKOPOCTH TIOTOKOB OyIeT Ha
10 nopsizkoB MeHbie 1 coctaBut 107 M/c, a Ha MOBEPXHOCTH BTOPOTO
NpUcoeAUHEHHOro BUXps — oOomoukn Ban gep Baansca Bcero
uib10-100m/c. Takum 0Opa3oM, MOJIEKYJIbI-peareHThl Mpu MPUOIIH-
KEHUM K MOJIeKYyJIe-KaTaqu3aTopy MPOXOAAT CKBO3b MOTOKHM 3¢upa,
CKOPOCTb KOTOPBIX MEHSETCSl B LIMPOKHX TMpeenax.

[Nanenue naBneHus d¢pupa Ha MOBEPXHOCTH MOJICKYJIbI-peareHTa,
CO371aBaeMoe OJJHUM M3 YYacTKOB MOBEPXHOCTH MOJIEKYJ KaTalanu3aTo-
pa, onpenesuTCs Kak

pA\/2
AP = —— (1-cow), (3.2)
4

rie p — IJIOTHOCTh (Hpa Ha MOBEPXHOCTH MOJIEKYJIbI-peareHTa, o —
yroJl MeX/Iy HarpaBlIeHHSIMH CTPYH 3(upa Ha MOBEPXHOCTIX O00eHX
MoJIeKyN1, AV = Vi + V,; V— CKOPOCTb MOTOKOB 3()Mpa Ha MOBEPXHOCTH
MOJIEKYJIbI-peareHra, co3aaBacMas MOJIeKYJIOH-KaTalnu3aTopoM, dTa
CKOpOCTh yObIBa€T MPOIMOPLMOHABHO KBAJpaTy PACCTOSHHUS MEKIY
MOJIEKY/1aMH; Vj, — CKOPOCTb MOTOKOB 3()Mpa Ha caMoil MOBEPXHOCTH
MOJIEKYJIbI-peareHTa.

Ecnu motokn sdupa Ha MOBEPXHOCTIX OOEMX MOJIEKYJ Mapa-
JeNbHbI, TO JaBlIeHUE 3(Upa Ha BTOM YYacTKE MOJIEKyJbl-peareHTa
OyleT MOBBILIEHO M0 CPABHEHMIO C TEM, YTO UMEEeT MECTO Ha JaHHOM
yuyacTke B OOBIYHBIX YCIOBHSAX. Eciu yron Mexiay HampapieHHSIMH
notokoB coctaBut 90, TO HUKAKOTO BIMSHHUS MOJIEKYJIA-KaTajIu3aTop
Ha MOJIEKYJIy-peareHT He okaxkeT. Ho eciu 3TH NMOTOKM OKa)xyTcsi aH-
THIapasiieJbHbl, TO Ha 9TOM YYacTKe MOJIeKYJIbl JaBjieHue ddupa Oy-
JIeT MOHMKEHO, a MOCKOJIbKY Ha MPOTHBOIONIOXKHOW CTOPOHE MOJIEKY-
Jbl-peareHTa AaBjieHue 3(GHUpa OCTaIOCh MPEXKHUM, TO MOJIEKyJa Mo-
JIYYUT YCKOPSIOLIYIO CHITy B HAIPaBJICHUH MOJICKYJIbI-KaTaau3aTopa.
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Kaxnas Monekyna COCTOMT W3 MHOTHMX aTOMOB, M BCS TOBEpX-
HOCTb MOJIEKYJl UMeeT Oyrpuctyio (GopMmy, Ha KaxaoMm Oyrpe — mpu-
COeMHEHHOM BHXpe 3(upa MOTOKU ABWXKYTCS B HampaBleHUH, OmNpe-
JeJIEHHOM BHYTPEHHMM CTPOEHHEM MOJIEKYJbl, U MOTOKU 3¢upa, vc-
XO/ISIIME OT MOJIEKYJI-KaTallu3aToOpOB, CO3/1AI0T HA KaKAOM W3 TaKHX
YYacTKOB CBOM TajeHHs naBieHus s¢upa. B pesynbrate Ha Monekyy
JOEMCTBYIOT pa3/iIMuHbIe CUIIbI, IPUJIOKEHHBIE K €€ MOBEPXHOCTH. DTH
CHJIBI CO3JIal0T MOMEHTHI, pa3BOPAvYMBAIOLIME MOJIEKYJIbl pPeareHThl B
NPOCTPAHCTBE, MPUYEM TI0 Mepe MPUOIMKEHUS K MOJIeKyJle KaTann3a-
TOpa 3T CUJIbI U MOMEHTbI YBETUYUBAIOTCSI.

Bo3zHukaet Bompoc o mopsiKke BEJIMYUH TaKUX CHUJI 1 MOMEHTOB U
O TMOPSIAKE BEJIMYMH BPEMEHH, HEOOXOIMMOM TSl pa3BOPOTA MOJIEKYJI-
peareHToB B POCTPAHCTBE.

B kauecTBe McXoAHOM MOAENM MpUMEM raHTeneobpasHyto Ghopmy
MOJIEKYJIbI, COCTOSIILYIO BCErO M3 JIBYX aTOMOB T'eJiHsl, pa3HECEeHHBIX Ha
paccrostame B 107'° M, HauGonee GIM3KMM K TAKOM MOJENH SBIAETCS
aToMm 0Oopa, B siipe KOTOPOro /ABe anb(a-uyacTHULbl COETUHEHBI OJHUM
MPOTOHOM.

ToBepXHOCTH Takoil Moaenu coctaut 107°° M°, u mpu mIOTHOCTH
s¢upa nopsaxa 10 kr/m® u ckopoctu notokos s¢upa or 10 go 10"
m/c, mazeHre AaBieHHs Ha TOBEPXHOCTH MOJICKYJIbI MOXKET MEHSThCS
B BEChbMa MIMPOKOM auanasone or 107 1o 10 ITa, uto cosnact Ha Heit
cunel ot 10 1o 10°H. Ipu paauyce B 107 M 5T cuitbl cozmaayT
moment M ot 10°%° 1o 10 Hm

MOMEHT MHepLMU TaKOW MOJIEKYJIbl OyIeT OnpenessTbesi Maccoi
simep atoMoB B 7.107° kr, pasHeCeHHBIX B JAHHON MOJIENH Ha PACcCTOs-
uue B r = 10 m, u cocraBur nopsiaka J = mr® = 7.10% kr.m°.

VYriaoBoe yckopeHHe, MOMyYEeHHOE MOJIEKYJION OT MPHUIOXKEeHUs
Pa3BOpauMBAIOLIEr0 MOMEHTA COCTABUT OT

M

w'=——:w,=15.16 pan/c; o', = 1,5.18° pan/c. (3.3)
J

Monekyna OyzaeT pa3BepHyTa Ha yroj T B TeUCHHE BPEMEHHU



MoJieKybl M XUMHYECKHe B3aUMOelCTBHS 349

t=| —; (3.4)

WM B JAHHOM citydae oT t; = 6.10°¢c mo t,=6.10"%.

Ecnu peakuus npotekaer B xkuUIKOU (ase, TO pearrpyroT ApYr C
JIPYroM T€ MOJIEKYJIbI-peareHThl, KOTOPbIe HAXOJATCS B HEMOCPEACT-
BEHHOU OJIM30CTH OT MOJIeKyJibl-KaTanu3aTopa. Cabas CBs3b MOJIEKYJI
B JKHMJIKOCTH TO3BOJISET MM JOCTAaTOYHO CBOOOJHO TMOBOPAYUBATHCS
MoJT BO3JEHCTBHEM 3(UPHBIX TOTOKOB MOJIEKYJIbI-KaTaau3aTopa |
npubmmwKkaThes K Hell. OHM MOTYT MpopearupoBaTh Mexay coOoil Ha
HEKOTOPOM PacCTOSHUM OT MOBEPXHOCTH MOJIEKYJIbI-KaTaan3aTopa, HO
MOTYT 3TO CZeJiaTh U MOCJie YCTAHOBKHM Ha €€ TMOBEPXHOCTh. 3JeCh
BpEMs peakUi MOXKET ObITh JOCTATOYHO OOJIBIINM.

Takum 0Opa3oM, coeJTMHEHHE MOJIEKYJI-pearcHTOB B HOBYIO MOJie-
KYJIy MOXKET MPOU30UTH ellle Ha TMOAJIETe K MOJIeKYJie-KaTajiu3aropy,
MOCKOJIbKY YK€ Ha HEKOTOPOM pAacCTOSHHUM OT Hee MOJEeKYJIbI-
peareHTbl COPUEHTUPOBAaHbI OTHOCHUTENILHO JPYT ApYyra Hy>KHbIM 00pa-
30M, U OHU HAYHYT MPUTATUBATLCS APYT K JPYry ellle Ha HEKOTOPOM
paccTOSTHUM OT MOBEPXHOCTH MOJIEKYJIbI-KaTaJIn3aTopa.

O/HaKo eclii peub MIET O PeaKlUK BEelleCTB, HAXOSIUXCS B Ta-
3000pa3Hoii (paze, TO BO3HUKAET BOMPOC O BPEMEHU HAaXOXJICHHUS MO-
JIEKYyJI-pEareHTOB B MOJIe CKOpOCTed 3(PUPHBIX MOTOKOB MOJIEKYJIbI-
KaTajln3aTopa ¥ JOCTaTOUYHOCTH 3TOrO BPEeMEHH JIJIs pa3BopoTa MoJie-
KYJL.

Ipu temnepatype nopsaka 20°C ckopocTh TEMIOBOrO JBHKEHHS
JIBYXaTOMHBIX Mojiekyn tumna N, nnu O, cocraBut nopsaka 500m/c, u
Bpems mpoxokaeHns obonouku Ban gep Baanbca coctaBut

10°
t= — =2.10%¢,
500
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OTo pacrosaraeMoe BpeMs, MO KpaiHeH Mepe, Ha ABa TMOpsaKa
Oosnblue, yeM TpeOyeTcs MOJIeKyJe-peareHTy Ui pa3BopoTa Moi Aek-
CTBUEM MOTOKOB 3¢Hpa, CO34aBacMbIX MOJIEKYJOH Karanu3aTopa B
obonouke Ban nep Baanbca.

OTO 3HAYMT, YTO MOJIEKYJla HaYHET pa3BOpauMBaTbCid HE Ha IO-
BepxHocTH o0onouku Ban nep Baanbcea, a Gmke k ee LIGHTpY, HO U He
Ha MOBEPXHOCTH MOJIEKYJIbl KaTajau3aTopa, a paHblle, U BPEMEHHU s
pa3BopoTra y Hee Oosiee YeM IOCTATOYHO. TspKenble MHOTOaTOMHbBIE
MOJIEKYJbl OyAyT MpH TOH Ke TemInepaTrype UMETb CKOPOCTh TEIIOBO-
ro JBW)KEHHs 3HAUMTEIbHO HWKE M, XOTS MOMEHT MHEpUUH Y HUX Oy-
JeT OoJibllie, HO M BpEMEHH Ha pa3BOpPOT y HUX OyJeT COOTBETCTBEHHO
Oonblue.

OpnHako MoJleKyJ1a-KaTalu3aTop B CBOUX OKPECTHOCTSIX CO3J1aeT He
OJIMH TMOTOK, @ MHOT0, TI0 YUCIIy CBOMX MOBepXHOcTel. B mpuHLume B
Oyayluem Ajsi KOHKPETHOrO aHalin3a MOKHO BOCIOJIb30BAThCS MPHH-
LMIIOM CYNEPHO3ULMH, PACCUUTBIBAS KaXKIIbIH MOTOK B OTAEIBHOCTH, &
3aTeM FeoMeTpUUYeCKHM CyMMuUpys ux neiictBus. Ho mokHO yTBep-
XKAaTh, YTO YK€ Ha TMOAJIETe MOJIeKyJbl-peareHTa K MoJeKyJie-
KaTaJM3aTopy OHa OyAeT MCIMBITHIBATh BpAlLAlOLFe MOMEHTHI, CTpe-
MSILIMECsS] YCTaHOBUTH €€ B HauboJiee SHEPreTUUeCcKy BBITOAHOE MOJI0-
JKEHHE OTHOCUTENIbHO MOJIEKYJIbI-KaTajnu3aTopa.

Kak m3BecTHO, KaTanM3aTopbl CO BPEMEHEM CHIKAIOT CBOIO 3(-
(extuBHOCTD. Ceituac 3TO 00BICHSAETCS 3arpsA3HEHHOCTBIO MTOBEPXHO-
CTH MOJIeKyJ Kartanuzaropa. OnHaKO MOTYT ObITh PaCCMOTpPEHbBI U IpY-
rue npuuuHbl. Ha opueHTalmo B MpOCTpaHCTBE MOJIEKYJI-PeareHTOB
MOJIeKyJ1a KaTajau3aTropa 3aTpaurBaeT HEKOTOPYIO SHEPrHIo, U ee cob-
CTBEHHAs 3HEPrys yMeHbIIaeTcs. DTO TaKkKe MOXKET SIBIATbCA OJHOMN
U3 MPUYUH CHIKEHHUS 3(PQPEKTUBHOCTH KaTallM3aTOPOB CO BPEMEHEM.
Ewme onHoH mpUUMHON MOMKET SBUTBbCS 3aTpaTa >HEPrud Ha mepe-
CTPOIKY CTPYKTYpbl MOJIEKYJIBI KaTajau3aTopa B pe3yjbTaTe MpOXoxk-
JEeHUsl TPOMEKYTOUHON PeakLru ¢ MOJIeKyJlaMU-peareHTaMu, OCOOeH-
HO B Clly4yae MPOMEXYTOYHOM peakLMy ¢ KOBaJIEHTHBIMU CBS3SIMHU.

Takum o0Opa3oM, CYHIHOCTh KaTtalin3a Mo 3(UpOIWHAMUYECKUM
MPEJCTaBICHUSIM COCTOMT B TOM, YTO MOJIEKYJIa KaTalnu3aropa CBOUMH
MPUCOEAVHEHHBIMU BUXPSMH OPUEHTHPYET MOJIEKYJbl pearupyroLmx
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BEILIECTB B MPOCTPAHCTBE TaKUM 00pa3oM, 4yToObl cO31aTh IS UX pe-
aKuu Hanbosee GJIaroNnpUsSTHBIE YCIIOBHS.

Crnenyer oOpaTUTh BHMUMaHHE Ha TO, YTO Bce (hOPMbI, HHTEHCHB-
HOCTH M HampaBJieHUsl MOTOKOB MPUCOSINHEHHBIX BUXPEH, KaK MepBo-
ro — 3JIeKTPOHHON O0OJIOYKH, TaK W BTOporo — obonouku Ban-gep-
Baanbca, xecTko onpenenstores cTpykTypoil sapa. [Toatomy nosiBiis-
eTcs 3aMaH4MBas BO3MOXHOCTb HE TOJBKO YCTaHOBUTH CTPYKTYpY
J000ro aroMa U J1F000i MOJEKYJIBI ¢ y4eTOM WX (JOpMbI 1 TapaMeTpoOB
MOTOKOB 3(upa Ha J000M PacCTOSHUM OT spa, HO U ONpPEIeUTh TOo-
JIOKEHHWE aTOMOB M MOJIEKYJI, MOMABIIMX B MOJIe cKOpocTell d(hUPHBIX
MOTOKOB APYrHX MOJIeKyJ. TeM caMmbIM ompenenuTcs U B3auMHOE Mo-
JIO)KeHHE aTOMOB M MOJIEKYJT Pa3IMYHBIX BEIECTB, MOMABLIMX B 3TO
noJsie, ¥ 3TUM CO3/aTh MOYBY JJIsl HAMpaBJIEHHOro noabdopa Karanusa-
TOPOB AJIS1 pa3IMYHbIX pPEaKLHH.

Pemenne 3amaun katanuza Ha MyTAX 3GUPOAMHAMUYECKOTO MOJie-
JIMPOBaHUS MOJKET OBITh BBITIOJHEHO C TOMOIIBIO COBPEMEHHOMN BbI-
YUCTIUTENbHOM TEXHUKHM IMyTeM cHavaja omnpenaeneHus GopM W Ha-
NpaBJieHWH MOTOKOB 3()Mpa Ha TIOBEPXHOCTH PA3IMUYHBIX MOJEKYJ, a
3aTeM MyTeM pacyueTa MpOCTPAHCTBEHHOI OPUEHTALIMH MTOTOKOB 3(upa
B Pa3/IMYHBIX cOYeTaHUsAX MoJsieKysl. CoBpeMeHHas BBIYHUCIUTENbHAs
TE€XHUKA B MPUHLMIIE MO3BOJISIET BBIMOIHUTE MONOOHYIO paboTy. Bos-
MO>KHO, YTO TaKoi MyThb OKaxkeTcs 3(h(eKTUBHBIM NPH MoadOope Karta-
JIM3aTOPOB 1 KOHKPETHBIX peakLUi.

Buoieoowt

1. XumMudeckue CBS3M B MOJIEKYJIaX MOTYT 00pa30BBIBATHCS JIMOO
B pe3yjibTaTe 00beAUHEHHUs MPUCOEIMHEHHBIX BUXpeld aTOMOB B 00-
UK MOJEKYJISAPHBbII BUXPb, UTO COOTBETCTBYET KOBAJICHTHOM CBS3H,
100 B pe3ynbTaTe MPUIMIAHUS MPUCOEANHEHHBIX BUXpeH IBYX MO-
JIeKyJ IpYT K APYTY MpU aHTHUIApauIeIbHONH OPHEHTAMH TTOBEPXHO-
CTHBIX MOTOKOB 3(Hpa 3a cyHeT CHIKEHHs NaBlieHUs d(pupa MexKAy
HUMH, YTO COOTBETCTBYET MOHHOW cBs3u. Cuibl BaH-nep-Baanbca —
NPUTSHKEHUS. MOJIEKYJT APYT K IPYTY — MOXKHO OOBSICHUTB KaK pe3yJib-
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TaT 00pa3oBaHMs I'PaJUEHTHOrO TEUCHUS MEXKIY MOJICKYJIaMH, B KO-
TOPOM AaBjieHHe 3(prpa MOHMKEHO.

2. llpu oOpa3oBaHUM KOBaJ€HTHOW CBS3M YacTb YMJIOTHEHHOIO
BUHTOBOI'O MOTOKa 3¢pupa BbIOpachiBaeTCsl U3 MOJEKYJbl U oOpa3yeT
CaMOCTOSITENbHYIO JIETKYIO YacTHILy, YCJIOBHO Ha3BaHHYIO <JIeTTO-
HOM». JlenToHbI 00pa3yloT <qieHy», YCTOMYMBOCTh MX B <TI€HE» CO-
CTaBJISIeT OT €AMHUL] CEKYH] Ha MOBEPXHOCTH 10 €AMHMI] YacOB B Ty~
OMHe <«TIeHBI».

3. Ipu oOpazoBaHNM METAIIIMUYECKON CBS3HM BBIOPOILICHHAS 4acThb
NMoTOKa dpHUpa CTUMYIHPYET cO3AaHHUEe CBOOOIHBIX BJIEKTPOHOB M3
yacTeil MepBbIX NPUCOSINHEHHBIX BUXPEH - BJIEKTPOHHBIX 000I04eK
aTOMOB. DTH CBOOOHBIE JEKTPOHBI BEIOpACHIBalOTCS B 00JacTh BTO-
PBIX MpPHUCOEIMHEHHBIX BUXped — B o0osouky Ban-nep-Baaneca, rae
OHHU BeflyT ceOst MoJ0OHO MOJIeKyJ1aM rasa.

4. Yactp 00pa30BaHHBIX JIEKTPOHOB BBIXOAMT Ha MOBEPXHOCTH
KycKa MeTaija, Iileé OHM 00pa3yloT TaK Ha3bIBAEMYIO <IIOBEPXHOCTh
Depmu», COCTOSILLYIO U3 3JIEKTPOHOB, PACTIONOKEHHBIX B [IAXMaTHOM
NOpSZIKE, CIIMHBI KOTOPBIX OPUEHTHPOBAHBI y COCEIHUX 3JIEKTPOHOB B
MPOTHBOTIOJIOKHBIE CTOPOHBI. DTa CHCTeMa YCTOHYMBA M MOXKET Cy-
11€CTBOBATh HEOMNPEIEIEHHO A0JITO.

5. IlpennonoxuTenbHO MEXaHU3M TeTepOreHHOrO KaTajiu3a CBS-
3aH ¢ 00pa3oBaHHWEM TPaJIMCHTHOTO TEYEHHsS MEXKIY OTAEIbHBIMU
YacTAMHU MOJIEKYJ U MX ayp, UTO MPHUBOAUT K MOBOPOTY MOJIEKYJ OT-
HOCUTENIbHO JIpyr Apyra W co3faeT B3aUMHYIO MPOCTPAHCTBEHHYIO
OpHMEHTAaIMIO, OOJIeryarouryto BCTYIUIEHHE MOJICKYJ B XMUMHYECKYIO
CBSI3b.
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maBa 4. SpUpoanHaMUYECKNIA MEXAHN3M
TepMoaMHaMUYECKUX ABNEHNI

4.1. TennoTa 1 arperaTHbleé COCTOSIHUSA BellecTBa

[puposa TemioTsl B rase, )KUIKOCTH W TBEPIOM TeJle MOXKET ObITh
JIETKO YCTaHOBJICHA, €CITH YYeCTbh, YTO MOMELICHHBIE B Ta30BYIO CpeLy
JKUIIKME W TBepIble Tejla MpUoOpeTaloT B ra3oBOil aTMocdepe Ty ke
TeMIepaTypy, YTO M OKPYIKAIOIIW UX ra3.

Kak n3BecTHO, Temrnepatypoii ra3a siBjseTcsi KHHeTHYecKas SHep-
TUsl OTHOM MOJIEKYJIbl Ta3a, BbIPaKCHHasi uepe3 CPEeJHIO CKOPOCTh
TeryIoBoro aBwkenus [1, c. 32]:

mv
=— (4.1)
3k

rie M—macca OJHOI MOJIEKYJIBL; V — CPEAHsA CKOPOCTh €€ TEMJIOBOro
JBWKEHHS, T.€. CPEAHSAS CKOPOCTh MOCTYNATEIbHOrO MEPEMELEHNS B
npoctpanctee; kK = 1,38-107 Jx.K™ — nocrosnHas BonmbiMana, Be-
arurHa, o0paTHas K03 ULUMEHTY MPONOPLUOHATBHOCTH MEXKAY MpH-
HSTON TeMIIEpaTypHOH LIKAJION U KUHETUYECKOU DHEPrUeil MOJIEKYIIbI
rasa.

B3aumopeiicTBre ra3oBeIX MOJIEKYJI MeXIy co00¥ OymeT pazimud-
HBbIM B 3aBUCUMOCTH OT CTEME€HU MOHU3aLMK ra3a. Eciu raz Helrtpans-
HBIH, TO Yy KaKIOW MOJEKYJIbl MMEETCS TEPBBIA TMPHUCOEINHEHHBIN
BUXPb — JIEKTpOHHAsk 00osouka. [lockonbKy BUXPb 3TOT 3aMKHYT, TO
LUEHTPOOEXKHbIE CHIIbI BBITOHAT aMepbl Ha mepudepvio BUXpS U MO
BCEil ero moBepxHOCTH oOpa3syeTcs YIUIOTHEHHas CTEHKAa; BHELUHSS
CTOpPOHA CTEHOK M 00pa3yeT MOBepXHOCTb MoulekyJibl. [Ipu coynape-
HUM MOJIEKYJIbI OYAyT COyHapsaThCsi MMEHHO 3TUMHU CTEHKaMH, KOTO-
pble yrnpyro caedopMHUpYIOTCs, a 3aTeM pachpsMsaTcsi, OTOPOCHB MO-
JIEKYJIBI IPYT OT Apyra C TOM k€ CKOPOCTBIO, ¢ KOTOPOH OHU NMPULLIN B
CONPUKOCHOBEHHUE.
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Ecnu e cTONKHYTCS MOHW3WPOBAHHBIE MOJIEKYJIbI, TO Y HUX MPH-
COCZIMHEHHOTO BUXpS yxke He Oyner. MOHBI NOMKHBI OyayT Mpeojo-
JeTh B3aUMHOE JJIeKTpUYeckoe oTTajkuBaHue. [Ipu Temmepatype
+20C Takoe OTTaIKMBaHWE TMPOU3OUIET HAa PACCTOSHUHU 3,6-10° m,
npu Temmeparype 1000€ —ua paccrosamn B 8,5-10° .

Monekyna rasa, ynapssch 0 TBEpJloe TeJo, Ha CaMOM Jiesie yaapsi-
eTCsl O IOBEPXHOCTb AJICKTPOHHOM 000JIOUKH — O CTEHKY MEPBOro MpH-
coefiiHeHHOro BUXps. CTEeHKa MepBOro MPUCOSANMHEHHOTO BUXPS UMe-
€T CYIIECTBEHHO 0oJjiee BBICOKYIO MIOTHOCTb, HEXKEITU BCE OCTAJIbHOE
TENIO0 BUXPSI, U SBJsIeTCS (haKTUUSCKH LIJIbHBIM M YIPYTHM TeJIoM, He-
410 NMoAoOHOe 000JI0YKe YNPYro HaayTOro BO3AyIIHOro miapa. Hane-
CEHHBII M0 MOBEPXHOCTH yaap NeOopMHUPYET BCIO 00OJIOUKY U Tepe-
JaeT BO3MYILEHHE APy, a TakKe Ha MPOTHBOIMOJIOXKHBIA Kpait 000-
JOYKM M Janiee depe3 obonouku Ban-nep-Baanbca npyrum moneky-
JIaMm.

[Tockonbky yHpyrocTh MEXMOJCKYJISPHBIX CBS3eil 3HAYMUTENHLHO
MEHbIIIE, YeM YMPYrocTh 3JEKTPOHHOW OOOJIOUKH, TO B MEPBOM IpHU-
OJIMOKEHUM MOXKHO CUWTATh, YTO OCHOBHOW YMPYroOCThIO KoNieOaTelb-
HOU CHUCTEMBI SBISIETCS YIPYrOCTh MEXMOJIEKYJISIPHBIX CBsi3el, a oc-
HOBHOM KoJnebJrolLeiics Maccoil —Besi Macca MOJIEKYJIb.

Kak crnenyer M3 coBpeMEHHOW TEOpPHUH TEIUIOTHI, TeMIlepatrypa
TBEPJIOTO TeJia ompeienseTcs KoleOaHUsIMHU MOJIEKYJIbl 3TOTO Tella OT-
HOCHTEIIBHO JPYrUX MoJjiekyJ. [Ipu 3ToM ynpyrumu cBs3sSMH, ydacT-
BYIOLIMMH B 3TUX KOJICOQHHUAX, CYMTAFOTCS CBS3HM MEXIYy MOJIEKYJIaMH.
DduponrHamuyeckue TMPeACTABICHUS CYIIHOCTH TEIJIOThl B CBOEH
OCHOBE HE pacXoJsTcs ¢ OOLICTTPUHATHIMH, HO HECKOJIIBKO YTOUHSFOT
caMm 3TOT mpowuecc.

JluameTp mepBOro NMpUCOEIMHEHHOTO BUXps Oosiee 4eM Ha 4 ro-
psiznka OoJbllie TMamMeTpa spa, clieIoBaTebHO, 00beM ero He MeHee
yeM Ha 12-13nopsnkos Gonblie, yueM o0beM siapa aroMa. Macca ke
ero B 3700 pa3 menbuie. CienoBaTelibHO, MIOTHOCTh OOOJIOUYKH B
cpeHeM He MeHee 4yeM Ha 16 MoOpsIKOB MeHbllle, YeM TJIOTHOCTb
atoMmHoro sapa. K aTomy Hago no0aBuUTh, YTO OCHOBHAsl Macca M ca-
MOM 3eKTPOHHON 000JI0UKM cocpenoToueHa BOIM3HM s1Ipa, a He Ha ee
NMoBepXHOCTH. [103TOMY TIIOTHOCTH MOBEPXHOCTHBIX CJIOEB HE MEHee
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yem Ha 20 MOPSIKOB MEHbIIE TUIOTHOCTH aTOMHOTO sipa. Ymap raso-
BOW MOJIEKYJIbI pacrpeiesieH Ha IUIOIAad ee MOMePevYHOro CeueHus,
MpU TMaMeTpe NopsaKa 10"°m ora miowans cocrasnser okono 107%°
M? | B TO BpeMs Kak IJIOIab aTOMHOTO siipa coctariisieT nopsaka 107
30 v? wnm BEJTUYHHY B 10%° pa3 MeHbliyro. HecMoTpst Ha TO 4TO MIOT-
HOCTb CTOJIb MaJjla, OHA OKAa3bIBAETCS JOCTATOYHOM, 4TOOBI 0OECIIEUUTh
HEOOXOUMYIO YIPYrocTh CTEHOK. IIpy 3TOM B caMoi 3JIEKTPOHHOM
000JI0UKe TOXKE JOKHBI BOSHUKHYTh KOJIeOAHMs, SHEPTUsi KOTOPBIX, B
NPUHIIMIE, COCTABIISIET MAIYIO OJII0 SHEPrur KosiebaHui Bceit mMote-
KyJIbl HAa MEKMOJIEKYJISIPHBIX CBA3sX (puc. 4.1).

Hcxons u3 U3/I05KEHHOTO, MOXKHO OMpPEAETUTh U MEXaHU3M Mepe-
XO0/1a BELIECTB W3 OJIHOIO arperaTHOro COCTOSHUS B IPYroe.

Spo

\

\ DIEKTPOHHAA
000104Ka

Puc. 4.1. K mexaHu3mMy pacnpocTpaHeHHs TENJIOThI.

VYBenuueHue aMIIMTy bl KOJIeOaHuili MOJIEKyJT IPUBOIMT K YBEIH-
YEeHHWIO PacCTOSIHUN MeXIy HUMH U CIBUTY WX B oOonouke Ban-nep-
Baanbca B 00651acTh MEHBIIMX TPaJUEHTOB MOTOKOB 3(Hpa ¥ MeHbLIeH
ero mioTHocTH. CUilbl MEXMOJIEKYJISIPHOTO B3auMoJeicTBus ocnale-
BAalOT M Y>K€ CTAHOBSTCS HEJOCTAaTOUHBIMH ISl )KECTKOTO YAEprKaHHs
MOJIEKYJT B MPEXKHEM MOJI0XKEeHHH. MoJeKyJibl MOTYT Ternepb OTHOCH-
TEJIbHO CBOOOJHO CKOJIB3UTh OTHOCHUTENILHO ApPYT ApYyra, OAHAKO BbI-
pBaThcs U3 00MIel cUCcTeMbl A3(HUPHBIX TOTOKOB MOJICKYJIBI eIl He MO-
I'yT, UX BHEpruM euie HeaoctaroyHo. Ho npu panbHeliem yBenuue-
HUM TeMIepaTypbl aMILIUTY1a KoneOaHui MOJIeKysl YBEeIMYMBAeTCs, U
OHH Bce 0oJiee MHTEHCHBHO OTTAJIKUBAIOTCS JIPYT OT JIpyTa, Mpeoaoie-
Basi CMJIy OCTaTOYHOIrO B3aUMOJEHCTBUA. Te M3 HHUX, Y KOTOpPBIX am-
TUINTYla TOBEPXHOCTHBIX BOJIH JOCTATOYHO BENMKa, OKa3bIBAKOTCS
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CIOCOOHBIMM BBIPBATHCSI U3 BTOPUUHBIX MPHUCOEAMHEHHBIX BUXPEH oc-
TaTbHBIX MOJIeKyJ1. OOpasyeTcs map WM ras.

HerpynHo BuaeTs, 4To M Ans nepecTporky 3(HUPHBIX MOTOKOB B
obonoukax Ban-gep-Baanbca npu nepexone BelecTBa M3 TBEPIOroO
COCTOSIHUSI B JKMJKOE, U AJIs MEPECTPOMKU HX XKe MPHU Tepexojie Belle-
CTBa B nmapooOpazHOe WM ra3o00pa3HOe COCTOSHHUE HYyXKHA JOTIOIHHU-
TelbHAs dHEepPrus, KoTopas MOJyuynia HaUMEHOBAaHWE TEIUIOTHI TUIaB-
JIEHUS B MIEPBOM cllydae U TeIUI0Thl MapooOpa30BaHKs BO BTOPOM.

HHTepecHo npocneanTs MeXaHu3M 00pa30oBaHUs TETJIOTHI MPU Tak
Ha3bIBAaEMbIX IK30TEPMUYECKUX peaKLHAX, T.e. XUMHUUYECKOM B3auUMO-
JIeHCTBUM JBYX BELLECTB, MPOUCXOSAIIEM C BbIETIEHUEM TETUIOTHI.

[IpuHUMNUaNBHO, CHITBl B3aMMOJCHCTBUS ABYX TeJl, B TOM YHCIE U
CWJIbI TIPUTSKEHUS IBYX MOJIEKYJ ¢ MPWIMMAaHUEM MX OPYr K OpYyry
(voHHOE coenWHEHHE) WM ¢ O0pa30BaHUEM €IMHON 3JIEKTPOHHOM
0005104kH (KOBaJIEHTHOE COEAMHEHHME), SIBJSIOTCS BHYTPEHHUMH CH-
JIAMU CHCTEMBI 3TUX JIBYX MOJIEKYJI M HE OJKHBI Obl OBIITM OKa3bIBAaTh
BIMSIHME Ha OCTaJlbHble Tesa, pacrnoyiokeHHble BOKpyr. OmHako Ha
camMoM fieJie B pe3y/bTaTe COSIMHEHHsl [IB€ MOJIEKYJIbl, COyIapssch,
BO30Y)KIAlOT JIPYT y JApyra MOBEPXHOCTHBIE BOJIHBI Ha JIEKTPOHHBIX
000J104KaX, YTO U BOCIIPUHUMAETCS KaK yBeJIMueHUe TeMneparypsl. To
€CTb DHEprusi B3aUMOAEWCTBHS MOJIEKYJl TpaHC(HOPMHUPYETCsS B dHEp-
TYIO TIOBEPXHOCTHBIX BOJIH 3JIEKTPOHHBIX 000JIOUEK 3TUX MOJIEKYJ CO
BCEMH BBITEKAIOLIMMH OTCrofa mnocieAacTBusMu. Ho, kpome Toro, B
KOBAJICHTHBIX PeakLUMsAX [UIMHA MOTOKOB 3(upa B oOlied A ABYX
aTOMOB HOBOW MOJIEKYJI€ OKa3bIBA€TCSl MEHbLLE, YeM CyMMa JUIMH M0-
TOKOB 3()Hpa B JIEKTPOHHBIX 000JI0OYKAX aTOMOB JI0 MX COCTUHEHMS.
OTOT NUIIHUKA YIIOTHEHHBIN 1 3aBUHTOBAHHBINA S()Mp BBIPHIBAECTCS U3
MOJIEKYJIbl, BbI3bIBAsl  JOMOJIHUTEIbHO KOJIEOaHUS B DJIEKTPOHHBIX
000J10YKaX OKpY’KaroIIMX aTOMOB M MoJieKyJ. CreuuaipHO MOCTaB-
JIEHHBIH SKCMIEPUMEHT MOATBEPANI (PaKT BblIeneHus 3gupa npu KoBa-
JICHTHBIX peakUMsAX B BHIE CO3/IaHUS TaK Ha3bIBa€MOW <«IENTOHHOMN
neHb» c1abo YIJIOTHEHHBIX BUXPEBBIX TOPOMAOB (<IIEMTOHOBY»), Ha-
JIMYMEe KOTOPOW BBI3bIBAECT MEpPEMEILEHHE METANTMUECKOro mnapyca
KPYTHJIbHBIX BECOB U TOTEPIO YyBCTBUTEIBHOCTH K CBETY (oTOOYyMa-
TH.
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Kak moxasbIBaeT 5KCIIepUMEHT, JISNITOHBI B 3TOW <d1eHe» He o0Jia-
JAalOT BBICOKOM yCTOMYMBOCTBIO. T€ M3 HUX, KOTOpbIE OKa3ajucCh Ha-
Bepxy, HauumHaoT OUQPQYHIUPOBATh yke B MEpPBble CEKyHIbl MOCie
obpazoBaHus. Ho Te, koTopble OKa3bIBAIOTCS BHYTPH <TIEHBI», CyIle-
CTBYIOT 3HaYUTEIILHO JOJIbILE, 3A€Ch CUET UAET yKE HA JECATKH MUHYT
¥ 1aXkKe Ha Yachl. JTO JIeTKO OOBICHIETCS TeM, UTO JIETOHbI, HaXO/s-
LIMECS BHYTPU <TIEHBI», 10 CBOEH MOBEPXHOCTU UMEIOT I'PaJUCHTHbIE
TeueHus1 3upa, CBA3AHHBIE C TEUCHUSAMH 3PHpa IO TMOBEPXHOCTIM
COCEJIHUX JIETITOHOB.

W3 mpuBeneHHBIX BbIllIe MPEACTaBIEHUH MOXKET ObITb 0OBSCHEH
XOPOLIO WU3BECTHBIN (pakT TOTrO, YTO TPEHHE MOKOs NMepeMeLatouXCs
Oonblue TpeHus IBWKeHus. IIpu octaHoBKke ABMXKYyLerocs oObeKTa
HAUMHAIOT MEXIY COMPHUKACAIOIMMUCS MOJIEKyJaMu o0beKTa U OMo-
pbl hopMHpOBaThHCS MOTOKH 3(Hpa J1OO0 B BUIAE MOTOKOB, MEpexos-
IIero OT OJHUX MOJIEKYJ K IpyrHM, JTMOO B BH/E TMOBBILICHUS TPajin-
eHTa CKOpOCTed MeXAy OJIM3KUMH MoJieKynamH. Bce sTi mpouecch
BOBCE HE CTOJIb OBICTpbIE M 3aHUMAIOT BpeMsl mopsaka cekyHa. Eciu
00BEKT HAUMHAET [IBUTaThCs, TO MOTPEOYIOTCS IOMOJHUTENbHbIE YCH-
JMS Ha pa3pbiB HOBBIX cBsi3eil. Ecnu ske oOBEeKT IBMKETCS, HE OcTa-
HAaBJIMBAsCh, TO NMOJOOHBIE 00IIME MOTOKU HE yCIeBatoT 00pa3oBaThCs.

4.2. CTpyKkTypa cBOGOAHOrO 35IeKTPOHa U pusmueckas
CYWHOCTb 3/1eKTPO- U TENNONPOBOAHOCTU MeTannos

@duznueckas CyLIHOCTb 3JIEKTPO- M TEIUIONPOBOAHOCTH XOPOLIO
0OBSICHACTCS DJIEKTPOHHOM TeopHel, pa3paboTaHHON HeMmelkuM (u-
sukoM I1.JIpyne [2, 3] u uunepnanackum ¢dusukom A Jlopenuem [4,
5].

B Merannax aTombl COeIMHEHBI APYr C JAPYroM 3JeKTPOHHBIMH
obonoukamu, oOpasys B Mpezesax OJHOrO JOMEHa CIUIOIIHYIO CHCTe-
My TuNa OOJIbLION MOJEKYJbl, TAKWE CBS3W HA3bIBAIOTCS MeTaliuue-
CKUMHU U 10 TUITy HauboJjiee OJM3KM K KOBAJICHTHOMY THITY CBsi3eii [6].
OTO NPUBOAUT K TOMY, YTO MPH COEAMHEHNUH aTOMOB JUTMHA S(UPHOTO
MOTOKA y MOJIEKYJIbI, COCTOSIIIEI BCEro U3 JIBYX aTOMOB, OKa3bIBaeTCs
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MEHbIIIe, YeM CyMMa JUIMH TMyTed 3(HUPHBIX MOTOKOB Y aTOMOB JIO CO-
enuHenus. [loaToMy npu coelMHEHUM aTOMOB B MOJIEKYJTy YacThb yII-
JIOTHEHHOT'O 3aBUHTOBAHHOTO 3(upa BhIOpachiBacTCcs W3 00Opa3oBaB-
mieiics MoJieKyJibl. B oTiiMune OT OOBIYHOM KOBaJICHTHOM CBSA3H, MPH
00pa3oBaHUM KOTOPOH BBIOpOLIEHHAs: YacTh A(pUPHOro MOTOKA 3aMbl-
KaeTcs cama Ha ce0s, B MeTaJlaX 3TOT MOTOK CTUMYJIHMpPYeT OpraHm3a-
LU0 BJIEKTPOHA 3a CYET MOTOKOB 3(Hpa, OKazaBLUIMXCA MEKAY aToMa-
mu (puc. 4.2).

OO6pazoBaHHBI CBOOONIHBIN AIEKTPOH HAYMHAET XaOTHYECKH ITe-
peMenIaTsCsl B MEeXXMOJIEKYJIIpPHOM MPOCTPAHCTBE B Npeaeax 000104-
ku BaH-nep-Baanbca, coynapssce ¢ 3JeKTPOHHBIMM 000JIOUKAMH MO-
JIeKyJ1 1 OOMEHMBasCh ¢ HUMH 3Heprueit. [1pu 5Tom yacTk »1eKTpOHOB
BBIXOJUT Ha MOBEPXHOCTh METalja M, YCTAHABIMBAsACH B LIAXMATHOM
MOpsIZIKEe aHTUMAapaJlIeIbHO OTHOCUTENBHO APYr Apyra, oOpasyeT Tak
HasbIBaeMylo «a1oBepxHocTh Depmu» (puc. 4.3).

Puc. 4.2. Metaaauueckasi CBsi3b B aTOMaxX U 00pa3oBaHHe CBOGOIHBIX JJIeK-
TPOHOB B MeTaJllIe
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Puc. 4.3. Ctpykrypa «noepxHoctn ®epmu»

CornacHo 3MeKTpOHHOI TeOpuH, CBOOOIHBIE SJIEKTPOHBI B MeTall-
JIMYECKUX MPOBOJHMKAX 00pa3yloT 3JeKTPOHHbIN ra3. J[Buraschp xao-
TUYHO B MEKaTOMHOM NPOCTPAHCTBE Tejla MPOBOJHMKA, 3JIEKTPOHBI
COYIapsIIOTCsl ¢ MOBEPXHOCTSIMU aTOMOB M MOJIEKYJ, OOMEHMBasCh ¢
HUMH UMIYJIbCAMHU U TEM CaMbIM MOJAEPKUBast OOLLYIO [ BCEro Te-
na temneparypy. MIMeHHO HaiuuuMe M MOABMIKHOCTb 3JEKTPOHHOIO
raza o0ecrneuynBaeT BBICOKYIO TEIUIONPOBOAHOCTh METAUIMYECKHX
MpoBOAHMKOB. (OJHAKO MpPU 3TOM BO3HMKAIOT BOMPOCHI, YTO Mpe.-
CTaBJisieT co0Ol TemjaoTa TBEPAOro Tejia, B 4YeM 3aKiIouaeTcs Mmexa-
HU3M TeMIIepaTypbl TBEPAOIrO TeNa, YTO SBJISIETCS B TBEPIOM Tejle HO-
CHTeNIeM TeIUIOThl ¥ YeM (M3MYECKH TeIruloTa TBEpIOro Tejla OTJInya-
€TCsl OT TeIJIOTHI rasa.

B cooTBeTcTBUM C 35IEKTPOHHOI Teopuel cBOOOAHBIE IEKTPOHHI,
JBUTAsCh XaOTUUECKH MEXKIY MOJIEKYJaMH Tejla, HelpepbIBHO oOMe-
HUBAIOTCS C HUMHU MMIYJIbCAMH, YeM CMOCOOCTBYIOT BbIPaBHHUBAHMIO
TEeMIepaTypbl B METaJlJIe C BHICOKOW CKOPOCTBIO, UTO M OTJIMYAET Me-
TaJUTbl OT HEMETAJUIOB — BBICOKOE 3Ha4deHHe KOd(QUIMEeHTa Teruio-
MPOBOAHOCTH.

TenyoBast CKOPOCTh MepEeMELEHHs TEKTPOHOB B MeTalljie omnpe-
JEIIUTCS BBIPayKeHHEM

BT
v = 000, (4.2)
m,

rae M= 0,9108-10° «kr — macca 37eKTpoHa, OTKy/1a HAXOMM, UTO
npu temmeparype 20°C (293,3K) cpeaHsasi CKOpOCTh TEIIOBOTO JIBH-
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JKeHust diieKTpoHa coctaBut 115,45km/c.

Hmes B BUIy, 4TO KOJIMYECTBO JIEKTPOHOB B MeTaille IOJDKHO
OBITh PaBHO KOJMYECTBY aTOMOB, TO UX YMCJIO B €AMHHLE 00beMa, Kak
¥ aToMOB, cocTapiseT nopsaka N =10°%-107° m~>. Eciin Gbl 31eKTpoH-
HBIIl Ta3 cyllecTBOBAJI caM Mo cebe, TO cpeaHss UIMHAa CBOOOHOTO
npoOera snekTpoHa Obiia Obl paBHA

1
A= 00O, (4.3)
J2noa,

rie o, — MIouiab MOnepeyHoro Ce4eHus NEeKTPOHa, BEITMUMHA KOTO-
poit cocrapmser okono 107°° Mm% CrenoBaresnbHo, 1iMHA CBOGOIHOTO
npoOera AomKHA Obla Obl UMETH BEJIMUMHY MOPsIKA €AUHUL METPOB,
B TO BpeMs Kak pacCcTOSHHE MeXIy LIEHTpaMH MOJIEKYJI COCTaBIsieT
Benuumny nopsizka 1070 M. DTo 03HauaeT, 4TO SMEKTPOHBI B METAILIe
HUKaK He B3aMMOIEHCTBYIOT MeXIy cOOOH, a KaKIblli HENpepbIBHO
coyzapsercs ¢ MOBEPXHOCTSMM MOJIEKYJI, OKOJIO KOTOPBIX OH Haxo-
JIUTCS, U IEpeMeLIaeTCsl MeXy MOJIEKy1aMHu.

B cooTBeTcTBUM ¢ TOH K€ 3JEKTPOHHOW TEOopUed y>Ke B COBpe-
MEHHOM €€ W3JI0)KeHUH KO3(PPHULHEHT TETIONPOBOJHOCTH METAJIIOB U
CILJIABOB MOYKHO OLICHHTb, UCTIONB3Ysl 3akOH Bunemana—®panua [7]

k. = LooT, (44)

rae L, = 2,445-10 Br.OM/K? — uncno Jlopenua; ¢ Om- M 1 onek-
TPOMPOBOHOCTh; T — abCoNOTHAS TeMIeparypa.

DTO COOTHOIIIEHUE, YTBEepIKIarolee MPOMOPIUOHATIBHOCTh TEILIO-
MPOBOJAHOCTH W MPOBOAMMOCTH METAIIJIOB U UX CIUIABOB, MOJITBEPIKIIE-
HO IIUPOKOHN MPAKTUKOW M BOWIIO B CIIPABOYHMKH KaK OCHOBA, XOTS U
He Bcerga TouHas. [lockoiibKy CyHIECTBYIOT ellle U Jpyrue (paktopsl,
BIIMSIOIIME HAa YKa3aHHOE COOTHOINeHWe. TeM He MeHee, MOXHO YT-
BEPIK/IaTh, UTO SJIEKTPOHHAS TEOPUs METAJUIOB MOATBEpxkeHa. B co-
OTBETCTBUH C 3TOU TEOPHEH IEKTPONPOBOJHOCTH paBHA
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ne’t
s= 000, (4.5)
me

WA JJ1 YACJIBbHOTO COMPOTHUBJICHUA

m.
p=DDeZD, (4.6)
ner

rae N — KOHIEHTpalUs DJIEKTPOHOB B €AMHUIIC 00bema; € — 3apsj
9JIEKTPOHA; T — BpeMs CBOOOAHOro mpobdera, M, — Macca aektpoHa. C
pOCTOM TemmepaTypbl YacToTa COYAAPEHHI 3JIEKTPOHA C MOBEPXHOC-
TAMH MOJIEKYJ YBEJIMUMBAETCS ¥ BpeMs CBOOOIHOTO mpodera cooTBeT-
CTBEHHO yMeHbl1aeTcs. OTCIoa U CH)KEHUE NMPOBOAUMOCTH, U COOT-
BETCTBYIOLMI POCT yJI€IbHOTO COMPOTHBIIEHUS! METAJUIOB.

Takum 00pa3om, COBMECTHBIE MPENICTaBICHUs 3JIEKTPOHHOW Teo-
pyH ¥ 3PUPOAVHAMHUKHN TO3BOJIAIOT YSCHUTh MEXaHH3M BIIEKTPOMNpO-
BOJHOCTH METAJIJIOB U €ro CBs3b C TEMJIoNpoBoAHOCThIO. Ha 3TOT Oc-
HOBHOH TIporiecc, Kak W Be3/e, HAKIaAbIBAIOTCS IOTOIHHUTEIbHbBIE
MPOLIECCHI, MPUBOAIINE K OTKIIOHEHUSM OT OCHOBHOTO 3aKOHa, KOTO-
pbi€ JOJKHBI PACCMaTPUBATLCS OTICIIBLHO.

4.3. dcpupoanHaMUYECKMA MEXaHU3M IK3OTepMHU-
YeCKUX AAEpPHbIX peakuun

ATOMHast Heprus —3TO BHYTPEHHSS1 SHEPrusi aTOMHOTO s11pa, Bbl-
JENSIOIIAsICs MPH sAePHbIX peakuusx [8]. DHeprus, KOTopyro He0OXo-
JIMMO 3aTpaTHUTh AJS pacllerIeHHs Spa Ha COCTaBHbIE YacTH.

Kak wm3BecTHO, 3Heprua cBA3M A1pa CKIAABIBACTCS W3 SHEPruu
NPUTSDKEHUsT HYKJIOHOB APYT K APYrY MOA AEHCTBHEM SIEPHBIX CHII U
SHEPruv B3aUMHOIO OTTAJIKWUBAHMS MPOTOHOB MOJ JEHCTBHEM BIIEK-
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TpOCTaTH4eCKUX cuil. Kakaplii HYKJIOH CHJIBHO B3aMMOJAEHCTBYET
JMLIB ¢ HEOONBIIUM YUCIIOM coceHuX. [Toatomy, yxke HaunHas ¢ 4He,
yZAelbHas 9Heprus ceszeil cnabo pacteT ¢ yBesqudeHHeM uucna A —
KOJIMYECTBA HYKJIOHOB B siape. MakcuMyMm focturaetcst B obiactu Fe
npu A = 56. Takoli X0I 3aBUCHMMOCTH OOBSACHSETCS TEM, UYTO BCE
Oosbliee YUCIIO HYKJIOHOB HAXOAMTCS Ha nepudepuu sapa, U 1Jisl HUX
NPUTSDKEHUE K OCTalbHBIM HYKJIOHaM OKa3bIBaeTcst 6osiee ciabbim.

B pesysibrare yMEHBIICHHs POJIM MEpU(PEPUIHBIX HYKIOHOB C
yBeJIMUeHUeM uKcna 4 yaesbHas dHeprus cBsseil pacrer. B Tsokernbix
AApax y/ellbHas SHepPrusl CBA3ell ¢ pOCTOM YKClia HYKIIOHOB yObIBaer,
T. K. DHEPrusi MPHUTSHKEHUS C POCTOM umcia A pacTeT JHHEeWHO. A
9HEPrUs HJIEKTPOCTATHYECKOro OTTAJKMBAHHUs MPOTOHOB PAcTeT Mpo-
TMOPLMOHAIBHO KBAJPATy YNC/IA NPOTOHOB Z°.

Takum 06pa3zoM, FK30TEPMHUUYECKHUMHU SBIISFOTCS PEaKLIUHU SIICPHOTO
cuHTe3a (oOpa3oBaHMe JIETKHX siep M3 JIErdaulinX) U peakiud pac-
LIeTUICHHs TSOKENbIX sep (neseHue saep Ha Gosee MeK1e 4acTH).
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Puc.4.4. 3aBucUMOCTb yJe/bHOM 3HePruu cBs3M siaep OT YMCJIAa HYKJIOHOB!

1ieBast BETBb (LITPUXOBAS JIMHMS) — YBEJIUUCHHE YICIbHON SHEPTUN C YBEIMYCHH-
eM YKclia HyKJIOHOB B siIpe, MpaBasi BeTBb (LITPUX-IYHKTUPHAS JIMHUS) YMEHbLICHNE
YIETBHOU SHEPTUH C YBEIMUCHUEM UHCIIa HyKJIOHOB B SIIpE.

He nmest HMKakuX BO3paKeHUI NPOTUB U3JI0XKEHHOW MHTepnpeTa-
LUK SK30TEPMUYHOCTH SEPHBIX peaKLUH, cleyeT OTMETUTb, UYTO (u-
3UYECKHH MeXaHW3M MpeoOpa3oBaHKs BHYTPHUSACPHOMW DHEPrvUM CBS-
3eil B TETUIOBYIO SHEPIHIO BEIIECTBA 3/16Ch HUKOUM 00pa3oM He BBISB-
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JIEH, YTO SIBJISICTCSI CYLIIECTBEHHBIM HEJJOCTATKOM MPHUBEICHHOMN MHTep-
NpeTaLyH.

Ha 0a3ze aduponnHamMiueckux npeacTaBIeHUil MOXKET ObITh Tpe-
JIOKEHa MHTEpPIIpeTalusl MeXaHh3Ma Mepexoia BHYTPHUSAAECPHON dHep-
MU CBSI3€il HYKJIOHOB B TETUIOBYIO SHEPIHIO BEILECTBA.

JInst sinepHOro CHHTe3a JISTKUX DJIEMEHTOB M3 Jierdaimx — npu
CXJIOMBIBAHMKM HYKJIOHOB MJIM TPYMI HYKJIOHOB M3 MEKHYKJIOHHOTO
NPOMEXKYTKa BO BHEIIHEe MPOCTPAHCTBO BBIPBIBAIOTCS CTPYH 3Hpa,
yBJIEKaIOLIMe OKPY KAIOIIKe HyKJIOHBI, si/ipa BeLIeCTBa U CaMo BellecT-
BO (puc. 4.5). YcnoBusIMU Takoro BbIPbIBA SBJISIOTCS HE TOJIBKO (hakT
COe/IMHEeHUs HYKJIOHOB, HO U CKOPOCTb TAKOI'O COCTUHEHHs, MO0 TpH
Majioif CKOpPOCTH COJMXKEHHS HYKJIOHOB 3(HpP M3 MEKHYKIOHHOTO
NpOCTpaHcTBa OyJeT pacTeKaThbCs OTHOCUTENBHO MEIUIEHHO, M HUKa-
KOTO YBJICUSHHUs OKPYIKAIOIIEro BEelecTBa NOTOKaMH ¢upa He Oyner.
B03MOHO, MO3TOMY HMKAaKOro HarpeBa BeLECTBa MpH 00pa3oBaHUM
MUHEpaJoB He 3a(hUKCUPOBAHO.

Puc. 4.5. Mexanusm npeoGpa3oBaHusi SJHePruM cOJIMKeHHs] HYKJIOHOB B Tel-
JIOBYH0 JHEPIUI0 OKPY’KAIOIIEero BellecTBa. BbIPBABIIMECS U3 MEXKHYKIOHHOIO IIPO-
MEXyTKa CTpyu 3(upa yBIEeKalOT 32 cOO0H OKpYIKarolliee BEILIECTBO, YBEINUUBAs €0
TEIJIOBYIO SHEPTUIO

Pacnan xe TsxkenbIx sipep MPOMCXOIUT 3a CHET BJIEKTpoCTaTHYe-
CKOTO OTTaJKMBaHUs (YIUIOTHEHHOTO B MEKHYKJIOHHOM MPOMEXYTKE
KOJIBLIEBBIX MOTOKOB 3(Mpa, YUaCTBYIOLIErO B KOJbLIEBOM JIBUKEHUH
npotoHoB). Takoil pacnan HemocpeaCTBEHHO MPUBOAUT K CTOJIKHOBE-
HHIO 00pa30BaBIIMXCS OCKOJIKOB € OKpY’KaroluM BemiecTBoM. Ho yc-
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JIOBHEM CaMOro pa3/iesIeHus SBISIETCS BBIXO XOTS Obl YaCTH HYKJIOHOB
3a mpezesbl NOrpaHUYHOro CJIos, Ha YTO TpeOyeTcsl TONOIHUTE bHAs
9HEprus. DTa SHEpPrusi CBOUM MPOUCXOXKICHUEM MOXKET UMETh JINOO
o0pa3oBaBIMecss BOJIHBI Ha MOBEPXHOCTIX CaMHMX HYKJIOHOB MM HMX
COBOKYMHOCTeH (Torma KoneGuIoTes camH HYKJIOHBI), Ju0O 3a cyer
yIapoB W3BHE, HO 3[eCh HAJETAIOLIMe BHEIIHWE YacTHLIbI JIOJDKHBI
UMETh ONpe/IelICHHOe BpeMsl B3aUMOJICHCTBHS, MHAYE TTOJTyYUTCS MaJIo
a¢deKTUBHBIN YIPYTUil yaap, U pacraja sapa He POU30MeT.

Bo3MoxkHO, mociieqHee 00CTOsTENILCTBO U BBIHYXKIAET B SACPHBIX
peakuusX NPUHAMATh Mepbl Ui 3aMeUIeHHsT CKOPOCTH ToJieTa Heid-
TPOHOB U, TEM CaMbIM, K yBEIMYEHHE BPEMEHH B3aMMOJICHCTBHUS HaJle-
TAIOLIMX Ha sipa HEHTPOHOB U CaMUX siziep.

Boieoowt

1. YBenuueHue aMIuTUTYAbl KojieOaHUK MOJIEKYJl MPUBOAMT K yBe-
JIMUYSHHIO PACCTOSHUIM MEXAY HUMH M CABUTY MX B obonouke BaH-nep-
Baanbeca B 00671acTh MEHBIIMX TPAJUEHTOB MOTOKOB 3Hpa U MEHbLIEH
€ro MJIOTHOCTH. DTO MPUBOAUT K OCIa0EBAHHIO CUJIbI MEKMOJIEKYJISp-
HOrO B3aWMOJEHCTBUS W TO3BOJISET MOJIEKYJaM CKOJIb3UTh OTHOCH-
TesibHO Apyr apyra. Ilpu panbHeilemM yBeIMUeHUH TeMIepaTypbl am-
TUTUTY1a KosleOaHUH MOJISKYJT yBETMYMBAETCS, U T€ U3 HUX, Y KOTOPBIX
aMIUTUTYJ1a MOBEPXHOCTHBIX BOJIH JOCTaTOYHO BEJIMKA, OKa3bIBAKOTCS
CHOCOOHBIMM BBIPBATBHCSI U3 BTOPUUHBIX MPHUCOEAMHEHHBIX BUXPEH oc-
TaTbHBIX MOJIeKyJ. OOpasyeTcs map WM ras.

2. ®usnyeckas CyLIHOCTb 3JEKTPO- U TEIIONPOBOIHOCTH MeTall-
JIOB XOpOLIO O0BSCHSETCS CyLLeCTBYIOLIeH Teopuei Hanuuus cBo6OA-
HBIX JJIEKTPOHOB B MeTajie. HenocTaTkom TEOpUH SIBIISIETCS OTCYTCT-
BUE OOBSCHEHMs] MPUYMH HAIMYMS B METajylaX CBOOOAHBIX AJIEKTPO-
HOB. DTOT HEJOCTaTOK MCMpaBiieH d()UpoANHAMUYECKON KOHLIMHEeH,
OOBSICHAIOLIEH TOSBIEHHE 3JIEKTPOHOB, KaK pe3yjbTaT BbIPbIBA YaCTH
3JIEKTPOHHON 000JI0YKH, T. €. YacTU MPUCOEAMHEHHOrO BUXPA NpHU
00bEeIUHEHUH aTOMOB METajljla B JOMEHBI.



3akouyeHne 365

3aknoyeHue

D¢pupoarHAMUYECKHH TOIXOI K CTPOSHHIO BEIECTBAa MO3BOJIHII
MPOSICHUTb MHOTHE BOMPOCHI CTPOEHMS BEIECTBAa, OCTaBLIMECS 3a
KaJIpOM CYIIECTBYIOLINX TEOPHH.

D¢upoarHaMUYecKre TPeACTaBICHUS TIO3BOJIMIM YCTAaHOBHUTH
(¢u3MUEeCKyl0  CYIIHOCTb  CTPOGHHS ~ OCHOBHBIX  YCTOMYMBBIX

MaTepuajbHbIX 00pa3oBaHWi MHUKPOMHpa — MPOTOHA, OCHOBHOM
YacTHULIbl MUKPOMHpA, W HEUTpPOHA, KaK MPOTOHA, OKPYKEHHOro B
aTome MOrpaHUYHbIM cioeM  adwupa, NPEeMnsTCTBYOLUM

NPOHUKHOBEHUIO KOJBLEBOIO [JBWXKEHHS 3(upa M, TeM caMbiM,
9JIEKTPUYECKOr0 TMOJIsi, B OKpYXarollee MPOCTPAHCTBO, BbISBUTH
oOLMii MeXaHW3M DJJIEKTPOMArHUTHOTO M CHJIBHOTO  SIIEPHOTO
B3aMMOJIEMCTBUH,  pacKpeITh  Tpupoxy  cjaboro  simepHOro
B3aMMOJICHCTBUSI U HEKOTOpbIE IPYrie MOMEHTBHI, CBOZAS BCE BHAbI
B3aMMOJICHCTBUI K TpajMeHTaM JaBJICHUH B 3dupe, NPUUUHON
KOTOPBIX SBISIETCS TPaUEHT CKOPOCTeH MOToKoB adupa. Tem cambim
6ce  GUOBI  63AUMOOCHCMEUIL 6 MUKpOMUpE CBOOAMCA K
3AKOHOMEPHOCMAM 00BIYHOT 2A306011 MEXAHUKU.

HoBpeiMu pe3yJbTaTamu, MOJTy4YeHHBIMHU onaromaps
3(UPOIMHAMHUYECKOMY MOAXOY, SBJISIOTCS, HAIPUMED, Takue, Kak T,
YTO B COCTaB SJ€p BCEX aTOMOB BXOJSAT TOJILKO HYKJIOH — MPOTOHBI U
HEHTPOHBI, & B OMOpHBIE CTPYKTYPhl CIOXHBIX aTOMOB COCTOSIT
TONBKO W3 ajb(a-4yacTHllbl, YTO Cpa3zy ke OOBICHAET MHOTHE
0ocoOeHHOCTH saepHOW »dHepreThkd. CTaHOBATCS MOHATHBIMH U
Jpyrue OCOOCHHOCTH SJepHONM W aTOMHOW (DU3UKH, HANpUMep, YeM
obecrieyeHo B aTOMax OJIMHAKOBOE YHCJIO TIPOTOHOB U 3JIEKTPOHOB, a
Takke HekoTopble Apyrue. Cieayer OTMETHUTb, YTO 3THU M MHOTHE
JOpyrue pe3yibTaThl B (hU3HMKe MOINIM ObITh MOJy4eHbl U paHee, 10
NMosIBJICHUs ~ D(PUPOJUHAMHUKH, eclnu  Obl  HEe  MpelB3sThbie
npeAcTaBieHus], OpUEHTUPOBaHHbIE Ha Oe3yCIOBHBIN OTKa3 OT 3¢dupa.

Tenepb ke BbISICHAETCS OMIMOOYHOCTH TMOMBITOK BBISCHEHHS
CTPYKTYp aTOMHBIX siiep C TOMOUIBIO YCKOpPHUTeNeH 3JIeMeHTapHbIX
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YaCTHUL. TaKMX YacTHL B SiApaxX HE COINEPXKUTCS, U OHM 00pasyroTcs
MCKYCCTBEHHO BO BpeMs SKCIEPUMEHTA.

Takum oOpa3zoM, 3¢dupoarHaAMHYECKMI TMOAXOA, B OCHOBE
KOTOpPOTO JIEKUT MaTephajucTUYecKas METOAOJIOTHs, oOKasaJics
NPOAYKTUBHBIM M TO3BOJMJ PELIMTh psx  TpodieM, KOTopble
OKasaJluCb HEe TMOJ CWIy TNpUHATONM B  Hacrodlliee BpeMms
WACATUCTUUECKON  METOAOJOrMM,  OCHOBaHHOH  Ha  TEOpUH
OTHOCHUTENTbHOCTH DUHIITEHHA 1 (UI0CO(DUHN KBAHTOBOW MEXaHUKH.

OnHako ciemayeT OTMETHTh, YTO TOJydeHHbIe 3(PHUPOINHAMHUKOMN
pe3yapTaThl SBISIOTCS JIMIIb €€ TNEepPBbIMM IIAaraMy, OuYepeIHbIM
9TamoM  uccieaoBaHus — Mmartepud.  HeoOxogumo — pasButhe
3(HUPOANHAMUYECKHUX HCCIIeJOBaHMI B 00JIaCTH CTPOEHHS MaTepHH Ha
BCEX MEPApXUUECKUX YPOBHSIX €€ MaTepuH, KOTopble, 0e3 COMHEeHHS,
NPUBEAYT K HOBBIM JOCTHXKEHHUSIM.
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Ilpunoscenue 1. Mooenuposanue cmpykmyp mMoiekyi no
Ozoicesanbckomy

B martumaecsaTeie  TOABl  MPOLIIOrO  CTOJECTUS  HEKOTOPBIMU
aBTopaMu ObIJIO OOpalEcHO BHHUMAHWC HA AHAJIOTHH YPaBHCHHIA
KBaHTOBOM MCXaHWKH M TCOPUU BOJHOBOXOB. TakmM aBTOpOM, O
KOTOPOM HEOOXOIUMO YIIOMSIHYTb, SIBJISUICS IOJIbCKUI HCCIe0BATEb
3. OrxkeBanbckuii. UM Obul  co3gaH  QyHIAMEHTANBHBIA TPYA
«[IpocTpaHCTBEHHBIC MOJCIN ATOMOB, MOJEKYJI M KpUCTALIOB. M.:
MOMWII, 1972».

Hcrone3oBaHne  MaTeMaTH4eCKOHl  BOJHOBOXHOM — MOJEITH
MO3BONIUJIO ABTOPY MOKA3aTh, YTO DJICKTPOHBI B aroMax MOXKHO
paccMaTpuBaTh Kak KOIBLEBBIC BOIHBI, PACHPOCTPAHSIOIIUCCS BOKPYT
snep. Takoe mpeacTaBieHUE MO3BOIMIO YCTPAHUTD PSI TPYIHOCTEH,
BO3HHKAIOIIUX MPU UCIOIb30BAHUN B KBAHTOBOH MEXaHHMKE TOYCYHO
MOJICTIH SJICKTPOHA.

OrxeBanbckuM B paboTe MOKa3aHO, YTO OJCKTPOHBI B
MHOT'O3JICKTPOHHOM aTOME HE CBOOOHEBI, & TECHO CBSI3aHBI APYT C
JPyroM, TPH 3TOM MPOTOHBI M 3JICKTPOHBI MOXKHO YIOJOOHTH
CTOSIYUM BOJHAM, BO3HUKAIOIIUM B BOTHOBOJAX.

Ucnone3ys uzaero o toponaambHOH (OpME B3IEKTPOHOB, aBTOP
MOCTPOHI pix TCOMETPHYECKHUX 00BEMHBIX MOJEneH
MHOTO3JICKTPOHHBIX aTOMOB, YTO IO3BONMJIO €My HaWTh (opmbl
MOJICKYJN, OOpa3yIOIIUXCs NMPH COCAMHCHHH aTOMOB MEXIY COOOH.
AHanoruuHeIM 00pazoM OH MOCTPOMJ  (OPMBI  SJICKTPOHHBIX
000704EK aTOMOB B KPUCTAUIMYCCKHUX CTPYKTYpax psga BELICCTB.
Bce Tt Mozennm HaArmsMAHEL M MO3BOMSIIOT  JYYLIE MOHSAThH
MPEAIOKECHUS aBTOPA.

BMmecte ¢ Tem y momo0HOro moAaxoga MMEIOTCSl CYIIECCTBCHHBIC
Hemoctatku. Omnepupys ypaBHEHUSMH KBAHTOBOM MEXaHUKH H
BOJTHOBOW 3NEKTPOANHAMHKH, aBTOP HUKOUM O0Opa30M HE BCKPBIBACT
CYLIHOCTH CTPYKTYPHOH OpraHU3alMyd CcaMHUX TOPOWAATIBHBIX
SJCKTPOHOB W JABIDKCHHS B HHUX MaTtepun. OHH HO-TIPeKHEMY HE
HMMCIOT HU BHYTPEHHCH CTPYKTYPbI, HH CTPOHTEIBHOTO MaTepuana.
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DJEKTPOHHBIC TOPOUABI CBS3aHBI C SIAPAMU ATOMOB, HO CYIIHOCTb
STOH CBS3W HUKAK HE packpbiBacTcs. bompmmas wacte mocTpoeHHi
HOCUT YMO3PHUTEIbHBIM XapakTep, HE COMNPOBOXIAIOIIUNCI HU
pacuetamMu, HI 0OOCHOBaHUEM PACIIOIOKECHUSI TOPOHJOB B CIOMKHBIX
aToMax U MOJIEKYNax.

Tem He MeHee, caeayeT cuutath Mmozeau OrKeBanbCKOro
CYLICCTBCHHBIM BKIAJAOM B Pa3BHTHC KBAaHTOBOMEXaHHYECKHUX
npeacrasicHuii 00 ycrpoiictee aromoB. Hamo He 3a0biBath, uTO cama
pabora BeimonHeHa B 1969r. u oqo0pena Ha 3acenaHuu Quznveckon
cekir MockoBCKOro ofmiectTsa ucmblTaTeded mpupoasl B 1972r.,
koraa abCTpakTHBIE MPEACTABICHUS KBAHTOBOW MEXAHHKH SIBISLTHChH
TOCIIOACTBYIOIIMMU B HayKe M KOrja (pu3uKaMu yTBEpKIAnTach
MPUHLUIHAATPHAS ~ HEBO3MOXKHOCTh ~ HATDAHBIX — MPEACTABICHUUN
MHKpPOMHpA.

K coxanenuro, pabora 3.0rxkeBaabcKOro B INHPOKOH MEYATH
omyOnMKoBaHa HE OblIa, HECMOTPS HA IONYYCHHBIE aBTOPOM
MOJOKUTCIIBHBIC 3AKTFOUCHUIS.

Ha pucynke Ha mpumepe aToMa BOxopoJa MOKaszaHA pa3HULA B
pacmpeieneHnd MaTepud B aTOME B MPEACTABJICHUSAX BOTHOBOU
mogennn  OmkeBadbckOro M B NPCACTABICHHUSX  BUXPEBOM
s¢puponuHamMmiyecko  mozenu. HecMoTps Ha — CyIIECTBEHHYIO
pasHuLy, CICAYeT KOHCTATHPOBaTh, YTO Momenu 3.0OrKeBabCKOro
MO3BOJISIIOT OOIErYUTh TOHUMAHUE U 3PUPOANHAMHUCCKHX MOJCIICH.

a) 6)

PacnperesieHiie MaTepii B aToMe BOIOpPo/Ia:
a) 1o OrXeBalbcKoMY; 6) 110 HGUpoIMHAMUKE.



MopnempoBaHme CTPYKTYP MOJIEKYJT 10 OrkeBaJIbLCKOMY. 377

BouanoBbie Moaesin BemecTBa mo 3.0r:keBajbCKOMY
(13 pyKomuCcH KHUTH, HyMEpPALUs PUCYHKOB 0 KHUTE)

5.2.3.Mozens atoma 6eprinmst 5.2.4.Mopnexs atoma 6opa

5.2.5. Mogems atoma yraepoga 5.2.6 Mozaems atoma xiiopa
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5.2.7.Mogxenp atoma (ropa 5.2.8loaens atoma HeOHA

5.2.1Mozaenr aToMa KCEHOHA
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Kpucrasibl B BOJIHOBOJHOI MOAEIH.

FOMOI’!OJ'UIPH(I}I KoeajieHmHdas Cc653b

6.2.3.Mozaems mojaekyisr Ny 6.2.4.Mozaems MoKy T )

6.2.5Mogems moaekyner O, 6.2.6Moxeas Monekysl Ny

MOTU(pUKALHA Tap
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6.2.7 Monenp monekyasl CoHg 6.2.8.Mogens mojeky st CoHy
JNCKTPOHHBIC TAPHI JICKTPOHHBIC TAPBI

6.2.9.Mogens mojekyast Co.H, 6.2.10.Mozaens monekynsr CoHg
3ICKTPOHHBIC TTAPBI JNCKTPOHHBIC MAPBI

6.2.11.Mogaens monexyisr CoHy 6.2.12Mogaems moaekynsr Co.H,
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Memannuueckasn ces3b

6.3.1Moznems pemmerkn Al 6.3.Mozxens pemerku A2

6.38logems pemerkn A3

6.4. Anmas u epapum

6.4.1Mozxens anMasa 6.4. Mozaens aamasa
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6.4.3Mogens rpadura 6.4.AMoaens monekyibl CgHg

Jlpyzue kpucmaiiot

6.5.3Mogens CaTiO3

6.5.4.Mopems NaCl
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Mogaesin MoJIeKYJT Pa3IHYHBIX XUMHYECKHX COeHHEHHIA.

Mooenu komniexkcrnvix coeounenuii

7.1.1Mopaems MOJICKYJIBI
Ag(NB, " Ca(NH3),"

7.1.3Mogenb MOJEKYJIIbI 7.1.4Vlonens MOTIEKYJIBI
CO (NH3)63+ NI(Cﬁ)
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7.1.5.Mozems Monekyast BH, ™ 7.1.6.Mozaems Moneky st Be(H,0),2*
Mooenu coedunenuii Kuciopooa

7.2.5.Mognenp xpucramia apaa | 7.2.6Mozaens monekyst HF,
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7.2.11 Mopnems monekynsl SO; 7.2.1Mopnens mosexyast HySO,
iformmvep)
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7.2.17 Mopems monekyist H,CO3;  7.2.18 Moaens moneky sl P4Og
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7.2.19 Mopnems monekynsl HzP Oz 7.2.20Mogaens momneky sl HsPO,

IIpumeput mooeneii 6000poOHbBIX COCOUHEHUIL

7.3.1.Mozgems MosekymeiBsNzH 7.3.2Moaens moneky sl NHz

Mooenu coeounenuii xiopa

7.4.2Monems CCly 7.4.2. Mozaenb monekynsr PCh
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7.4.5.Mozaens monekyn HgCl
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Ilpunoscenue 2. ®omozpaghuu no memody Kupnuan

CHHMKNH LIBETOB

Leaf - CL1



390

Mpunoxenne 2.

2 Hands - 2H1

Hand - H1

-
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Leaf - CL1 Leaf - L1

Tulips - T1 Fluorite - F1 Quartz - 3Q1

Kenmmnua 67 j1eT, CHUMOK Omna :Ke, CHHMOK € APYToro najibia
NAJIbIA NPABOI PYKH
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CHUMKH aypbI r0J10BbI

B Hacrosamee BpeMmsa And BH3yanm3auuu cBeueHHa KupnimaH u ero
(pororpadupoBaHu CO3TAH P MPUOOPOB, OCHOBAHHBIX HA TAK HA3BIBACMOM
«BBICOKOYACTOTHOM (poTorpadupoBanmun, B dactHocTH Mmeron I'PB. Jror
METOA OCHOBAH HA KOMITBIOTCPHOH 0OpPaOOTKE CHUMKOB, YTO MO3BOJIACT
CYyIUTh 00 SHEPTETHYECKOM COCTOSHHUH H3y4aeMOro OOBEKTa B JTAHHBIN
MOMCHT.

OmHako KAa4eCTBO M300PAKCHHN CYIIECCTBCHHO 3aBHCHT OT MHOTHX
(pakTOpOB, HAPHMED, OT COCTOSHHA aTMOC()EPBI — JABJICHHSA, TEMIICPATyPhI
7 0COOCHHO BIIA’KHOCTH

Bompoc o CBsI3M KapTUHBI Pa3psia M COCTOSHHA 3J0POBBS YEIOBEKA
JOBOJIBHO Cl'[OpHI;IfI, ¥ ITOKA HA HCTO HET JOCTATOYHO YGGZ[I/ITGJ'II)HOI‘O OTBCTA.
Jeno B TOM, YTO Jake€ Yy OJHOTO HYEIOBEKA JICKTPOIPOBOTHOCTH KOXKH
CYIIECTBEHHO MCEHJETCA HE TOJNHKO, HANPUMEP, B 3aBHCHMOCTH OT
KOJIMICCTBA BBITUTOTO CIIUPTHOT'O, HO U OTTOTO, YTO PYKH BCIOTEC/IH, a4 BEAb
HMCHHO JIOKATBHOE 3JIEKTPUYECKOE CONPOTHBIICHHE BIMACT HA XapakTep W
HMHTECHCHUBHOCTh KHpIMAaHOBCKOTO CBEYeHUS. XOTsA NPH HAPBIBE, 3aHO3E,
0’KOT€ W OOMOPOKCHUM XapaKTEP pa3psia MEHSACTCSA HACTONBKO, YTO €ro
3aBHCHMOCTD OT IATOJOTHH HC BBI3BIBACT HUKAKHX COMHCHHIM. I[pyroe JAeio,
korna mo KwupnmaH-cBEYEeHHIO OOJBINOrO IMAabla IBITAFOTCS, HAIPHMED,
BBUIBUTh COCTOSSHUE BHYTPEHHUX OPraHOB U  CEPACYHO-COCYIHCTOM
CHCTCMBI...

Cam Kupnman oOHapy>KCHHOMY MM CBEYCHHIO HE IPHIABAI 0COOOTO
MHCTHYECKOTO CMBICIIA, IIONaras, 4YT0 OCOOCHHOCTH pa3psama mHpoCTo
OTPAXKAFOT JETATH TEX CCTECTBCHHBIX >KU3HCHHBIX IPOLECCOB, KOTOPBIC
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MIPOUCXOIAT B opranm3Me. OIHAKO COBPEMEHHBIC HCCIIEIOBATEIN CBEUCHHS B
TOJISIX BBICOKOW YACTOTHI MTOYTH OC30TOBOPOYHO ACCOUMHUPYIOT HAOI0AaeMOC
ra3opaspsagHOe CBE€YCHHE C HEKOM aypod M HPOYMMH HEBEIOMBIMH
omomomsimu.  HempeackasyeMocTh KOPOHHOTO pa3psga B 3ICKTPHYECKOM
IOJE M €ro 3aBHCHMOCTh OT OTPOMHOTO KOJHYECTBA (DAKTOPOB [JEIacT
3¢ ¢pexr Kuprmana 1akoMbIM KYCOYKOM IS PAa3HOTO POJAA aTbTCPHATHBHBIX
MCTOOAUK OHATHOCTHKH H JICUCHWA. K COXKAJICHUIO, MOOCTOBECPHBIX H
BOCHPOM3BOIUMBIX PE3YIBTATOB IOCTAHOBKH THATHO3a C HCIIOJIb30BAHUEM
TOKOB BBICOKOW YACTOTHI JOOHUTHCSA HE yIACTCA, M MHOTHC HE O3 OCHOBAHHA
TIOJIATAFOT, YTO JAHHOE KPACHBOC SIBICHHUE BPSI TH MOKET OBITh MPUMECHEHO
JUIA YETO-TO JPYToro, KpOME BOCXHINCHHS MALMEHTA W MATOyOeIHTECIbHOU
WLTFOCTPAIMU TOTO, YTO JICUYCHUE HACT YCIEIIIHO.

Hambonee sipkume OMBITHI, AEMOHCTPHPYIOIINE OTPOMHYIO PA3HHUIY B
CBEUCHHHU CBE)KECOPBAHHOTO M IMOJEKABIIETO JIMCTKA PACTCHHSA, UMCIOT HA
«I3BIKE» JNICKTPHUYCCTBA COBEPHICHHO OaHAaNbHOE 0OBsACHEHWE. B mpomecce
VBSIAQHUA JKHBOTO JIHCTHKA W3MECHSIIOTCSI HE TOJNBKO COICPIKAHWE BJArm, a
3HAQYHUT, ¥ OJJICKTPONPOBOTHOCTh, HO ¥ YIPYTOCTh CTPYKTYPBHI, a
CJIETIOBATEIIFHO, M XapaKTEP €r0 MEXaHMIECKOTO KOHTAKTA C 3JCKTPOIOM.

Ilpomomwkarenu nena Kupnuana wusydanum H3MEHEHHE CBCUCHHUS B
TpolLecce YMHpPAHHA W HA mpuMepe uemoBeka. OmuH mCCremoBaTens U3
[lerepOypra mpoBen HEMalO YacoB B MOpre, M3y4das CBCUCHHS IAIBIICB
HCIABHO YMCPIONX JIFOACH, W, CYOd MO €r0 YTBEPXKACHUAM, OOHAPYKII
CYIIECTBEHHbIC PA3JIH4MI BO BPEMEHHON 3aBucuMocTH 3(pdekra Kupmmana y
JFOJICH, YMEPIIUX CBOCH CMCPTHIO M MOTHOMIMX OT HECUACTHOTO ciaydas. Ho
W B 3TOM CIy4ac i1 OOBSICHCHHSI TAHHOW OCOOCHHOCTH BpSX JIM CTOHT
aneJuMpoBaTh K MUCTHYCCKAM TIPEINONOKEHUAM. Bce Mmerabommueckue
TPOLECCHl Y YETOBEKA, MEIJICHHO YMHPAFOIIECTO CBOCH CMEpPTHIO, €IIE IpH
JKU3HH MCHSIOT XapakTep, M €CTECTBCHHO, YTO MOCIE CMEPTH TENA KIETKA
ero OyayT BecTH ceOf HE Tak, KaK y YCIOBCKA, MOTHOMICTO, HAMPHMEP, B
aBrokatactpode. Hy a o ToM, YTO HOTTH H BOJIOCHI PACTyT HEKOTOPOE BPEM:
JTa’Ke TIOCIIE CMEPTH, XOPOIIO W3BECTHO HE TOJIBKO MEIUKAM...

Texanueckue npuMeHeHHA 3(Qekra Kupmmana mis Hepa3pyIIArOmero
KOHTPOJIA LETOCTHOCTH M3ACTHNA U JUIICKTPUUCCKAX MOKPBITHH MOKA TAKKE
HOCAT 4YHCTO JCMOHCTPALIMOHHBIA Xapakrep. JIaHHBII METOX O4YEHb
MPUXOTJIMB K aTMOC()EPHBIM YCIOBHAM H, YTO HamOOIee CYIIECTBEHHO,
JOCTAaTOYHO  arpecCHBEH 10  OTHONICHMIO K  IIOBEPXHOCTH W
MAaJIOYyBCTBHTEICH K CKpPBITBIM OOBEMHBIM Ae()eKTaM. 3aTo BOJIICOHBIC
(ororpaduu «aypep» TacyHOTO KJIFOYA M MPOXKHUIOK OCPEe30BOTO JMCTa B
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TI0JIC BRICOKOYACTOTHOTO paspAaa MOJTYyUArOTCA 3aMEYATCIIPHO U HE MOT'yT HEC
«PagoBaTh>» ICTCTUICCKUEC TyBCTBA HaOromaTeIs.



