WS Kobsnenko A.A |

I'naBa 4.

Cucrema.

OCTPOEHHAas Iell0YKa YacTHIl, Iepexodlux OgHa B JPYIYyIo,

COEJIMHEHHBIX B3aHMOJICHCTBYOIUMHI II0JIIMH, HE I103BOJIIET

paccMaTpHBaTh OJHY HE3aBHCHMO CYIIECTBYOIIYID YaCTHILY.
Takoe rpyboe pomynieHue He OyJIeT COOTBETCTBOBAThH pPeaJbHOMY
COCTOSIHHI0O MaTepHajabHOro Mupa. HeoOxXomuM KOMIIIEKCHBIH METO
H3y4YeHHs ASTHX B3aHMOJEHCTBHH, YYHUTHIBAIOIUHA JIeHCTBUTEILHYIO
pPealbHOCTDh, HAXOMANIYIOCSI B JHHAMHUYECKOM paBHOBeCHH. TOJIBKO
TAKOH IIOAXOJ K H3YYEHHI0 COCTOSHHS BCEH HSTOH IEINOYKH MOXKeT
JaTh NOPUOJHXKEHHOE IIpejCTaBJIeHHe O COCTOSHHH HEKOTOPbIX
CTPYKTYp Hamero Mupa. B 3Tol cBsI3M mompoOyeM IIPOBECTH XOTS
Obl NPHUOJHU3UTEbHBIN aHAJIW3 COCTOSHHS TaKOM B3aHMOCBI3aHHOM
CHCTEMBI.

IIpexne dYyemM IIPOBOAMTHL NOJOOHBIH aHalIHW3, MBI O00sS3aHBI
IIOCTAaBUThL JJId ce0s HEeKOTOpble TI'paHHUIlbl, B Ipejeax KOTOPbIX
BO3MOXKHO TaKoe MBICJIEHHOe ucciieioBanue. MiMeeTcs B BHIIy COCTOSHUE
Hamen uccieayemon cucreMmsbl. [Ipexne Bcero:

IlepBoe yclioBHEe - HENPEPHIBHOCTL IIPOIECCOB OOMEHA, TOJBKO B
TAKOM, U3HAYAJIbHO BO3MOXKHOM, COCTOSIHUM MOKET HAaXOIUTLCS CHCTeMa.
06 3TOM yXKe HEOJHOKPATHO YIIOMHHAJIOCh. ITH MPOIECCHl IOIIOMEHHS
M pacnajga 4acTHll IIPOTEKAIoT IIOCTOSHHO M HeIIPepPbIBHO.

Bropoe ycioBue — MBI He MOXKEM pacCMaTpHBATh 4YacThb
HEKOTOPOH 4YaCTHIBI. ITO CTPYKTYpPHOE o6pa3oBaHHe ObIBAeT TOJBKO
nensiM. He ObniBaeT B HameM MHpe IIOJIOBHHBI aTOMa WM ITOJIOBHHBI
3Be3Jlbl, 3T0 OyAyT yXKe COBEpPIIEHHO JpPyTrHe 4YaCTHIbl HIH JaxKe
MHOXKECTBO JIPYTHX.

B 5sToM cMbICiIe B HameM MHpPE CYIIECTBYIOT HEKOTOpPLIE
JINAa30Hbl CyIIECTBOBAHUS MaTe€pHH, KOTOpbIe SBISIOTCSA CTA0OWILHBIMH
VPOBHSIMH OpPraHH3aIlldd CTPYKTYPHBIX COCTaB/ONMX. Kak TOJIBKO
MBI IIONBITAEMCS H3MEHHTh KOJIMYECTBO SHEPrud, 4YTO PABHOCHILHO
KOJIMYECTBY BellleCTBAa MM YaCTHIl, HAXO[IIUXCI HA 35TOM YPOBHE,
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MTHOBEHHO IIPOHM30HAET IIepexoJ] TakKoro o0pa30oBaHHs HA ApPyrou
ypoBeHb. B 2TOM ciiydyae oGpasyercs WM OOJIbIIasi 4acTHIA BBICIIETO
YPOBHSI, WIH BCE IIOCTPOEHHE PAaCChIIAeTCs] Ha YaCTUIbl MEHBIIEro
YPOBHS. ITO TaKHe CTAaOHIIbHBIE IIEHTPHI, B KOTOPBIX OyIeT COOTIOTATHCS
yclioBHe cyuiecTBoBauus Hamero mupa: E/II = const.

MpicieHHO, MBI, KOHEYHO, MOKEeM JOIYCTHTh CyIIeCTBOBaHHE
aromMa JHaMeTpoM OJHMH MeTp, HO B peaJlbHOM MHpPE TaKOro
oOpa3oBaHHsd HHUKOINIa He Oyner. Takxke u Jpyrwe dacTuibl. 3Be3ja
Bcerjga OyjeT 3Be3J0H, 3aHHUMasl TOJIBKO BIIOJIHE OIIpeeIéHHbIN
JIMaa30H CyIIeCTBOBAHUI CBOEro 00bEMa, MEHbIIe KOTOporo Oymer
IIPOCTO CcOOpaHue BeIecTBa.

Tperbe yciioBue - aHAIM3HPYs IIOBeJleHHE YaCTHIbI, Mbl 00sI3aHbI
BCerja YYHUTLIBaTh BJIMSIHHE II0JI1, M3 KOTOPOro oHa obpasoBaHa. M B
TO e BpeMs, 3Ta 4YaCTHUlla SBIIETCS CTPYKTYPHOH COCTABJIAIONIEN IOJIS
CJIEQYIOIIEr0 YPOBHS, KOTOPOE€ CO3[IaéTCs M3 3THX OOJIBIIUX YaCTHIL
IlosTOoMy B Halmem MHpe OTHEJBbHO CYHIECTBYIOIIEH YacTHILI He ObIBAeT.
MozxeT cylecTBoBaTh TOJBKO CHCTEMA, II0JIe-4aCTUIA-TIoJIe, KOTOPYIO
MBI 00sI3aHBI PACCMaTPHUBaTh KaK equHOe 00pa30BaHHE.

Bospmém, K npumepy, m-yacTuipl. IToCKOJBKY OHH 00pa3oBaHbI

U3 IOoJs M-4aCTHI[, a caMu o0pasylT II0jJe TI'DAaBUTAIMOHHOTO
B3aUMOJIENCTBHSI, MbI 00s13aHbI YUUTHIBATh TAKyI0 B3aUMHYIO 3aBHCHMOCTD.
Huaye mn060e paccMOTpeHHE COCTOSHHS WM IIOBeIeHHs Hallen
peabHON CHCTeMbl He JacT JOCTOBEPHBIX Pe3yJIbTaToB.

Botr ocHoOBHBIE yCI0BHs, KOTOPO€ MbI BBIHYKIEHBI VUYHUTHLIBATH
B pealbHbIX B3aHMOCBS3SIX, €CJIH Mbl PElIWId IIPOBECTH HEKOTOPBIH
aHaJIu3 TOJyYeHHOH cHucTeMbl. TakKHX YCIOBHHM, KOHEYHO, HAMHOI'O
0oJibllle, HO IS IIOHHMAaHUS CyTH NPOMUCXOJSIIUX IIPOIIECCOB, s AyMalo,
JIOCTaTOYHO OyJeT y4yecTh UMEHHO STH.

Hrak, celyac mnpuBeJleHO CJIOBEeCHOe OIHCAaHHEe CHCTEeMBbI
MHPOBBIX B3aUMOJIENCTBHH, BBHICTPOEHHBIX B IENOYKY. Takoe omucaHue
JIEMOHCTPUPYET TOJBKO IIPUHIMIILI IIOCTPOEHHS 3TOH CIO0XHOHI
CTPYKTYphl. UTOOGLI KaKHMM-TO 00pa3oM OIEHHTh BO3MOXKHOE COCTOSHHE
9TOH BCEeH CTPYKTYPhI, KaK IeJIOCTHOIO 00pa30BaHMs, IIOIbITaeMCs
IIPOBECTH OOIMH aHaJIu3 IOJ00HOH CHCTEMBEI.

Jlist aroro oGpaTHMCS eIl pa3 K BBIIENPHBEIEHHON (GopMylle,
JIEMOHCTPUPYIOIIEH 3aKOH COXpaHeHUs1 »Hepruu. Paccmatpusas
TaKyl0 CHCTEMY C YYETOM BCeX IPHBEIEHHBLIX YCIOBHH, MbI JOJIKHBI
OIleHHBAaTh He YpPOBEHb SHEPruil, a HUX IPOABIKEHHE II0 JHarpamme.
To ecTb, B gJaHHOM cJIlyyae Hac OyJeT HHTepecoBaThb IOTOK HEpruH,
TpaHcHOPMHUPYEMBIN Ha CTa0HIIBHBIX YPOBHSIX COCTOSIHHSI MaTe€pPHAILHOTO
MHpa B olpedesi€HHble HaMH YacTuipl. [loaroMmy, Korjga peub HIET O
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JUHAMHYE€CKOM PABHOBECHH, MOZKHO 3aIlMCaTh:
AR, AR, AKX,
ity ity ity
AT

bl

rae: 1,2,3..n - YPOBHU peaJIbHbIX MaTepHaJIbHbIX OOLEKTOB.

WJIn:

LR

Han B urore - ecim cucreMa HaAXOAUTCI B pPaBHOBECHH,
cJieJoBaTeJIbHO: ajreOpanyecKas CyMMa SHEpPruil BceX ypOBHeH Oyjer
paBHa HyJ0. 3HaUeHHEe SJHEPrHH CO 3HAKOM MHHYC II0Ka3bIBaerT,
YTO Ha 95TOM YpOBHe 3Heprus usiaydaerci. M co 3HaRKOM ILIIOC
- TIOIVIOIAETCH.

JIi11 Toro 4roObl KaKUM-TO 00pa30M XapaKTepH30BaTh HCCIIEIyeMYIO
cucreMy, Hac Oyjaer OOoJibllle MHTEpPecOBaTh €€ peakllisd Ha BHECEHHOe
Bo3MmyIlneHue. To ecTb, Mbl MONBITAEMCS IIPOAHAJIU3UPOBATH IIOBEJEHHE
CHCTEMbI IIpH H3MEHEHHHU II0TOKA SHEPruil B OJHOH H3 COCTABJIIONIIX
TAKON CTPYKTYPHI.

Cpemu Bcero MHOroo0paswss TEXHHYECKHX HayK, pa3pa0OTaHHBIX
yeJloBe4eCTBOM, CYIeCTBYeT TaK HasbiBaemas Teopus aBTOMaTHYECKOI'O
yIIpaBJIeHUss W PeryJupoOBaHMs, KOTOpas 3aHHMAeTCs HCClel0OBaHuEM
IOBeJleHHs1 peaJlbHbIX 00beKTOB. [lomoOHBIM aHalN3 IPOBOAMTCS Ha
OCHOBE H3y4YeHHs peakIuu OObeKTa Ha BHECEHHOE BO3MYIIEHHE.
Kakum o00pa3oM MpOHCXOOUT TaKoe BO3MYyIlleHHe, B JAaHHOM cClIydae
3HadYeHHs He uMeeT. BaxXHO moBeJieHHe HCCIIeNyeMoro o0beKTa Ha 3TO
BO3MYIIlEHHE, TO €CTh €ro peakiys, KOTopas XapaKTephu3yeT CBOHCTBaA
BHYTPEHHHUX CTPYKTYP, COCAUHEHHBIX B €JIMHYI0 CHCTEMY.

B sToM wmccnemoBaHHM HaM IPHUIETCS BBECTH HEKOTOpLIE
crerpuUecKre Ha3BaHUS, BeChbMa XapaKTepHble I 5TOH HayKH.
Tak Meroguka 2TOro aHajns3a IpeaycMaTpuBaeT pa3sjieieHue oO0Ien
CTPYKTYpPBl BCe€H CHCTEMBI Ha psJ 2JIEMEHTOB, KOTOpPble HMEIOT
Ha3BaHHe - 3BeHbs. B HalleMm ciydae, Kak €JIuHO€ 3BE€HO Mbl JOJIKHBI
paccMaTpUBaTh YACTHIYy U II0JIe, U3 KOTOPOro OHa 00pa3oBaHa.

Meronuka wHcCaegoBaHHsl IOJ00HBIX CHCTEM 3aK/Ilo4aeTcs B
cienyionieM. Tak Kak, 2Ta CHCTeMa HaXOJUTCI B JUHAMHYECKOM
PaBHOBECHH, TO IIpealIpUHHUMAETCs IIOIbBITKAa BBECTH B 3TOT
c6aJlaHCHPOBAHHBIN IIPOIIECC HEKOTOpPoe Bo3MylleHne. B Hamem ciydae,
9TO JOJZKEeH OBbITh SHEPreTHYEeCKHH HMIIYJIbC WJIH BCIUIECK SHEpPrum
B JI000M H3 3BeHbeB cHCTeMbl. M 1Mo peakiuu cuCTeMBbI, Ha 3TO
BO3MYIIEHHE, OIPENEISIOTC €€ IapaMeTphl.
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To ecth, HpeanIonoxkuUM, Ha OJHO H3 3BEHBEB BO3JIEHCTBOBA
BCIUIECK SHEPI'Hil ompeneeHHon uHTeHcuBHOCTH: AE/At. Torma Bo Bcex
3BEHBIX ITOH CHCTEMBI IIOSIBUTCS BCILIECK BO3MYIIEHHS, KOTOPBIH MBI
MOKEM IIPOCJIEIUTh, COCTAaBUB YPaBHEHHE JBHIKEHHsI SHEPIHH:

E,  AE, _E, AE, _E, AZ,

2 At iz Fata E At

Taroli pexXuM BO3MYIIEHHOI'O COCTOSIHHSI CHCTE€MBI 3Ta TEOPHS
Ha3bIBaeT IIE€PeXOIHBIM IIpoleccoM. lloBegeHme cHCTEMBI B 3TOM
peXHnMe H SBISIETCI HHTEPECYIOIMM HAac MOMEHTOM BO BCEM 3TOM
uccliefoBaHud. Bech Bompoc B ToM, KakK OyjeT JaHHas CHCTeMa
KOMIIEHCHPOBaTh IIOI00HOE BO3MYyIeHHe. ECThb JBa IyTH IOBEIEHHS
HCcclielyeMoro oObeKTa Ha BHECEHHOE BO3MYIIEHHE, IIPH YCJIOBHH
JIOCTaTOYHOH €ro MOIIHOCTH.

IlepBrIii - 5TO Cay4al, Korja CHCTeMa He CMOXKET IPOTHBOCTOSTH
9TOMY HMIIYJILCY, TO €CThb €I'0 YPOBEHDL IPEBLICUT €€ KOMIIEHCATOPHbIE
BO3MOXKHOCTH. B TakoMm cjlyyae cHCTeMa WIH BOHJIET B PEXHUM TaK
HA3bIBAEMOI'0 HEKOHTPOJIHPYEMOI'0 pa3roHa HJIH IIPOCTO IIPOIECCHI
o6MeHa SHEPrusIMH 3aTyxXHyT. 1 B TOM H JpyroM ciliy4ae CHCTeEMa
IPEKPATUT CBOE CYIECTBOBAHUE.

Bropo# - Korjga CTPYKTYphI JaHHOH CHCTEMBI OPraHH30BaHbBI TakK,
YTO 3TO BO3MYUIAOIIEe BO3JIEACTBHE, BO3HUKIIEE B OJHOM H3 3BEHBLEB,
KOMIIEHCHPYETCSl TIPOIEeCCaMH, IIPOHUCXOIIIUMH B JPYT'HX 3BEHHIX. B
9TOM CJIy4ae I0J00HbIE KOMIIEHCAIIMH CO3JaayT YCJIOBHS CTaGHILHOIO
CYLIECTBOBAHHUS CTPYKTYPHBIX COCTABJISIONMX CHCTEMBL.

Jas mogpoOHOro aHajaW3a IOBEJEHHS TaKHX OOGHEKTOB B
IIePEXOHOM IIPOIIECCE Ha IIOMOINb IIPHBJIEKAETCS MaTeMaTHYeCKHR
ammnapar. CocraBigoTcs, TaK Ha3blBaeMble, IH(ddepeHIHalIbHbIe
ypaBHEHHUs, OINHCHIBaKIHe palboTy aHaJIH3UPYEMBIX CHCTEM B
YCTAHOBUBIIEMCSI M IIEPEXOJHOM peXHMaX. B KaXIoM KOHKPETHOM
ClIly4yae TakKHe YPaBHEHHs OIHCHIBAIOT OIPENEIEHHbIE 3aKOHbI IIOBEIEHHUS
HCCIIeIyeMbIX 00beKTOB. 11 HauMHaAeTCs TaKoe OIHCAHHE C OIpPEIEIeHHs
XapakTepa IOBeIeHUs] KaXKIoro U3 3BeHbeB. M mpexie 4eM COCTaBIIsITh
nuddepeHIEaIbHOE YPaBHEHHE BCEH CHCTEMBI, HEOOXOIUMO Pa300paThCs
B IpUHIMIAX €€ (PyHKIMOoHHpoBaHUs. Jlajee MOXKHO NpPEICTaBHUTHL 3TOT
0OBEKT HCCIIEIOBAaHHHA, KaK B3aHMOCBSI3aHHBbIE 3BEHbS, KaXKIbIA H3
KOTOPBLIX OyJIET BBIIOJIHITHL CBOIO (DYHKIHIO.

Buavane mocMoTpHM Ha KOHKDETHBIE PEaIbHOCTH HAIEro
MHpa, YTO XK€ OH IIpeJCTaBlIsgeT B CMBICJIE€ HCCIENYEMBIX
nporeccoB. Kak yxKe ONHMCHIBAJIOCh, B CO3JaHHBIX HAMH YCTPOHCTBAX
pa3pylnIaloTcs 3jIeMEHTapHblE YacTHIbl, B aTOMHBIX peakKTOpaxX MbI
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CKOHIIEHTPHUPOBAJIH
Or'pOMHBIE YPOBHHU
SHEpPrum, HaKoOHeIl,
B3pPBHBBAaAeM
BOJIOPOJHEIE OOMOBI
KOJOCCaJbHOMH
MOIIHOCTH, 3THM
BCeM co3jJaBas B
IIEJIOCTHOH CHCTEME
HaIiero MHupa

Puc. 24 Arom aprona. Ilepex Bamu ¢hororpacusi OTIeIbHOIO aTomMa UMITYJILCBI 3Hep1‘1/1ﬁ .
aproHa. Jra morpsicaomasi ¢ororpadusa HoIydeHa C IIOMOIIBIO
JBYXCTYIIEHYATOrO0 rojiorpa)MuyecKoro MHKpocKomna. Perucrpamust HEIIPEJICKa3yeMoro
TAKOro o0beKkTa ¢ yBeqmdyenneM B 260 MIH. pa3 He uMeer cebe YPOBHSI. A Ha
PaBHBIX MO CTENEHH YBEJIHYEHHs] W Pa3pelarolneil CIocOOHOCTH.
IIpencraBiiennbie 3aech MHKpodoTorpadun H300pazxkamwT He [POTAKEHUH CBOETO

KOHKDETHYIO 4JaCTHIly, a GOJIbIIOe YMCIO HICHTHYHbIX YacTull, cHUIMKH CYII[€ CTBOBAaHU A

KOTOPBIX HAJOXKEHbI OJUH Ha apyroil. Takoe BoccraHOoBIeHHOE

H300pazKeHne COOTBETCTBYET "CpPeHeCTATHCTHIECKOMY' aroMmy. qY€eJIoB€49€eCTBO
HEOJTHOKpPATHO

HabOadmwopadao
IIPOIIECCHI, Ha3bIBaeMble BCIILINIKAMH CBEPXHOBBIX 3Be3ll. B sToMm
cllydyae IIPOUCXOMIT TaKHe KOCMHYeCKHe KaTaKJIH3Mbl, KOTOpbIEe
BHOCIT B CYIIECTBYIOIYI0 CHCTEMY BO3MyllalIe HMIYJIbChl, He
nojyiaoIpecs HalmeMy HcuucieHuio. M Bo Bcex 3THX ClIydasx Hall MHP
MpoJo/ZKaeT (PYHKIMOHHPOBAThL M BBHIIOJHATL CBOE IIpegHa3HadyeHHe.
To ecTh, cucreMa JOCTATOYHO YCTOMYMBA, M MOXKET KOMIIEHCHPOBATH
BO3HHKAIOIE B HEN BO3MYIIEHUS.
OOparuMcs Teneph K IIOCTPOEHHOH CHCTeMe, KOTopas IIpeJicTaBIeHa
Ha pguarpamme. IlojiyueHHas IielloYyka COCTOMT H3 IIECTH 3BEHbLEB.
Ecim momnpiTaeMcsi BHECTH BO3MYIIEHHE B OJHO H3 2THX 3BEHLEB,
JIOIIYCTHM, YBEJIHYHM KOJHYECTBO W-4aCTHUI[ (3THM CaMbIM YBEJIHYHUM
SHEPrui0 3TOr0 3BEHa), TO B CIEIYIONEM 3BeHE YPOBEHb SHEpPrui
YMEHBIIUTCI U TakK jgajiee. Takol HUMIIyJIbC, HECOMHEHHO, JOKATHTCI JI0
IOCJIEJIHEr 0, IEeCTOr0, 3BeHa U IepeBellEéT ero B HecOAJaHCHPOBAHHBIN
pexuM. CKOJIBKO ObI MBI He IIOCBUIAIH TaKHX HMIIYJILCOB, BCE OHHU
OyayT oTpaXkaThCs Ha IIOcJieqHeM M3 HHX. B 3ToMm cjlyyae, HU O KakKoH
KOMIIEHCAllMd pedyd OBITb He MOXKeT II0TOMYy, YTO Halla CHCTeMa
pasoMKHyTa. B HeHl HeT MexXaHH3Ma, KOTOPBIM Obl KOMIIEHCHPOBAI
Halle BO3JeHcTBHe. B npencTaBieHHOH BBINIE TEOPHH TAKOH MeXaHH3M
Ha3bIBaeTCss oOpaTHas CBsI3b. TOJIBKO Takas,, KoTopasl BhIpaboTaeT B cebe
HMIIYJIbC PaBHBIA BO3MYIIAKIIEMY, HO IIPOTHBOIIOJIOKHOTO HallpaBJIE€HUSI.
Takas oOpaTHas CBsI3b Ha3bIBA€TCS OTPHIATEIbHOH. J[711 TOro 4YToG6hI
TaKO€ CTajl0 BO3MOKHBLIM, IPexKJe BCero, HeoOXOaHUMO:
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IlepBoe ycioBue - cucrema JI0JKHA OBITH 3aMKHYTOM.

Bropoe ycrioBue - KOJIHMYECTBO 3BEHBEB JIOJKHO OBITH TakKoe,
YTOOBI TOJTy9aeMbIH UMITYJILC B TOYKE BO3BpaTa, GbLI IPOTHBOIIOIOKHOTO
HaIpaBJIEHUs] WIH, 110 TOH XK€ TEPMHHOJIOTHH, B IIPOTHBO(da3e.

Takum ycioBussM OyJgeT COOTBETCTBOBAaThb CHCTEMa, B KOTOPOH
cyMMa BO3Mymalmux (aKTOPOB BCeX 3BeHLbeB, OyJeT paBHa
Hy/o. To ecTs:

re: S - KOJUYeCTBO 3BEHbEB WIH, JUI HAllero ciiyvas, MoJIer
B3aUMOJIENCTBHS.

Ho 310 yTBepxkueHHne cHpaBejIiBO TOJBKO JIJII YETHOTO S.

Ha namen pguarpaMmme 1ecTh 3BeHbEB, WIH IITh IoJjiel. To ecTh,
B TaKOM CcCjy4yae, pe3yJIbTHpYyolllee 3HepreTHYecKoe BO3JIENCTBHE
He paBHO Hy/0. BrojiHe oueBHIHO, YTO B IpejlaraeMoi CHCTeME,
Jlake eclii oHa OyjeT 3aMKHYyTOH, OajlaHC B YpPaBHEHHH JBHXKEHHS
SHEPruil CoOJIoIaThCI He OyaeT. A Mmomgo6GHOE sBIEHHE He IPHEMIIEMO
JUII Hamero MHpa, TaK KaK 2TO SBJIIeTCd HapylleHHeM 3aKoHa
coxpaHeHuss sHepruii. M, mpu Takol opraHusalui MaTepuH, Kak
y Hac Ha JamarpaMme, SBHO IIPOUCXOJUIH OBl HeoOpaTHMbIe
KaTakiu3Mmel. [ToaToMy Takas HecoBepllleHHas: MaTepusl MPeKPaTUT CBOE
cymecTBoBanue. Hamero mupa, B TOM BHJE, KaK Mbl €ro HalJojaeM,
IpoCcTO OBl HE CYIIECTBOBAJIO.

IToaTomy 31ech cam co60M HalpaliuBaeTCsl BHIBOJ - HA JUarpamMme
HeJloCTaeT elle, KaK MHHHUMYM, OJJHOTO 3BeHa W BTOpoe - JJIA
KOMIIEHCAIIMH BO3MYIIAOIMUX (DaKTOPOB, HEOOXOTUMO YTOOHI JHarpaMmMa
Oblla 3aMKHyTOH. IIpmHHMMass BO BHHMaHHE YCJIOBHOCTH IIPEIbIIYIIIX
H1300pazkKeHn MHPOBBIX B3aUMOCBsI3el, JuarpaMMy MOXKHO H300pa3uTh,
KaK 2TO IpeJICTaB/IeH0 Ha pHC. 25.

[Tonyunnu 3aMKHYTYI0O CHCTEMY C OOpPaTHOH CBSI3bIO, COCTOSIIYIO
U3 ceMH 3BeHbeB. KoHeuHO, cenpMoe 3BeHO HaM II0Ka He H3BECTHO,
KaK 4YacTHI@, HO BCE Ke IOoNpo0yeM IMPOAHAIN3UPOBAThH IOJIYUYHUBIIYIOCS
cucreMy, ¢ mnosunui Teopun aBTOMaTHYECKOro peryaupoBaHus. U
€CJIM TI0JIydeHHble HaMH BBIBOJIbI He OyJayT IPOTHBOPEYHTH OCHOBHBLIM
3aKOHaM H 3JI[paBOMY CMBICIy CYIIECTBOBAaHHs Hallero MHpa, TOrja
BHOBb 0O0paTHMCS K 9TOMY, HEH3BECTHOMY HaM, CeJIbMOMY 3BEHY.
Ha s1ToM cxemarnueckoM H300pazkeHHH IYHKTHPAMH IIOKa3aHbI
B3aMMOJEHCTBHUS, Ha CErOgHSANIHHN JeHb He KJacCH(HIMPOBAHHBIE
Halleld HayKOH.

Tak Kak 3TOT IpoIlecC HelpepbIBHBIA M, KaK Mbl BBIICHHWIH, I10
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9TOH IENOYKe JBIKYTCSI SHEPrHH, TO MBI JOJZKHBI pPacCMaTpHUBaTh
HCCIeNyeMbIi O0OBEKT, KaK CHCTeMy Iepenadyud sHeprun. Ilpexme
BCEero, JJs aHajli3a CHCTEMBl HEeOOXOJIHUMO OIIPedeIMThCsI, YTO

1198

Puc. 25 3amkHyTasi cucreMa MHPOBBIX CTPYKTYP.

Cco00f IpPEJCTaB/ISIIOT 3BE€HbsI, W 4YTO B HHUX BxXxoauT. I[IpemcraBum
JUarpaMMy B HECKOJBbKO JpPyroM Buje, 6ojiee HaIJISIJHYIO B
OTHOIIIEHHH 3BEHLEB.

Kak »T0 yxXe BbIlEe OTMeYal0Ch, 3BEHOM OyJaeM Ha3hIBaTh
YacTUIly H IIojie, e€ oOpa3syiomee. KoneuHno, cam mporecc o6pa3oBaHus
YaCTUIBI TOXKE CJIOXKHAs CHCTeMa, €CJIH pacCMaTpHBaTh €ro Kak
MPOIECC CO3JAIOIUHA HEKOTOPhIE MPOCTPAHCTBEHHBIE OOBEKTHI, HO JIJIS
VIPOUIEHHsT IIPHMEM €ro 3a eJuHOoe IIEJIOE.

ITockoIBbKY MBI pacCMaTpHBaeM JBIZKEHHE SHEPIHil uepe3 Hally
CHCTEMY, a OHa IPOIOPIMOHAJIbLHA KOJHYECTBY 4YaCTHI[ B HalleM
OTJIEJILHOM 3BEHE, TO YPOBEHb 3SHEPreTHYECKOI'0 BO3JIEHCTBHS, Ha
BBIXOJ€ 3BeHa, HampuMep AT, OIpenesieTcss KOJIHYECTBOM YaCTHI[
- Ar. A ragume dYacTHIpl, KaK 3TO OIIHCAHO BBIIIe, 00pPa3ylOTCs H3
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Puc. 26 Cemb 3BeHbEB aHAIU3HPYEMON CHCTEMBI.

aJPOHOB, KOTOPhIE M COCTABJIIIOT II0Jie 3TOro 3BeHa. Torja yeM 6ojee
MOIIHOH OyJeT HaKayKa SHepPrusMH ITOr0 II0Jid, TeM OO0JIbllle CKOPOCTb
00pa3oBaHUs aTOMOB, TeM O0oJjiee MOIIHLIM OyJeT BBIXOJHOW CHUI'HAJL.
W n3 Gamanca sHeprufi B CHCTeME HMEEM:
PV AR, . AF
E, + E, E,

BeccnopupiM sBiiseTrcss ¥ TOT (akT, 4YTO B JIIOOOM H3 3THX
3B€HbEB CYILIECTBYeT KaKOoe-TO BpeMs 3alla3]bIBaHusl, JIETKO yOeIuThCs
Ha IIpUMepe TOro XKe aroma. BeJb JOCTOBEPHO J0Ka3aHO COBPEMEHHOM
HAYKOH, 4YTO KaXJIbIH aToM 00JIaJaeT HEKOTOPOH IIPpedesIbHOH CKOPOCTHIO
lepeMelleHus, BbIle KOTOPOH €ero CylleCTBOBAHHE HEBO3MOXKHO.
Torma, 4To6bnl mepegaTh MO IENOYKEe, IOJYYEHHOE 3STHM 3BEHOM
BO3MYIIEHHE, HEOOXOJIHUM HEKOTOPBLIA IIPOMEXYTOK BpPEMEHH. ITOT
HHTEepPBAJl H €CThb BpeMs 3alla3[blBaHHsI, KOTOpPOEe XapaKTepusyer
CKOPOCTh PEeakIMH JaHHOI'0 3BeHa Ha Bo3Mylnamommi dakrTop. Kaxmoe
U3 II0JIyYEHHBIX HAaMH 3BeHbe€B HMeeT CBO€, IIPHUCYIlee TOJbKO
eMmy, BpeMs 3amasjapiBanus. C yBelnmdyeHneM (HU3HUECKOI'0 pa3Mepa
YaCTHUI[l U YMEHbIIEHHEeM YJIeJIbHOH SHEepPrud II0JIsI, 9TOT II0Ka3aTelb
YBEJIN4YUBAETCS.

B Toit ke Teopun Bce BO3MOKHBIE B PeajIbHBIX OOBEKTaxX 3BEHB,
IOJIPA3MIeJIIIOTCI Ha THUIIBI, KaXJbld H3 KOTOPBLIX 00JaJaeT BIIOJIHE
onpeeIéHHbIMUA CBOMCTBAMH, XapaKTepHbIMH I HuX. IlosTomy Kaxkmoe
13 3BEHbEB PACCMATPHBAETCA KaK YCJIOBHO CaAMOCTOSITEJIbHAsA CTPYKTypa
H II0 er0 BHYTPEHHHUM CBOHCTBAM OIIPeJessieTCs IIPHHAIEXKHOCTh K
omnpeJenéHHON rpymme. s uccieaoBaHus BHYTPEHHUX XapaKTEPHCTUK
3B€HbEB, C IIOMOINLI0 MaTeMaTH4YeCKOI'0 aHajlh3a, COCTAaBJISIIOTCS
nuddepeHnualbuble yYpaBHEHHsI, IIOKa3bIBalolie 3aBUCHMOCTH
U3MEHEHHs] BBIXOIHBIX BEJIHYHH OT BO3MYIIAIOIMX (PaKTOPOB Ha BXOJE.
Ilo-mpyromy - 3T0 CIOCOOHOCTH 3BEHA IepeaaBaTh IIOTOKH CHI'HAJIOB,
B HamleM ciydae 5Heprui. Takue (QyHKIMOHaAJILHBIE 3aBHCHMOCTH
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ONHMCBIBAIOTCS TaK Ha3bIBA€MBIMH II€peJaTOYHLIMUA (PYHKIUSIMH.
JIjst  COKpallleHHs] IIPOIECCOB aHajH3a H YIPOUIEHHs 3alliCH TaKHuX
(yHRIMHA, OpUMEHseTcCs craHjgapTHas ¢opMa 3allKicH, HasbiBaeMas
ornepaTopHoii. B sToM BHIe, KaxKIOMy THIy 3BEHBHEB COOTBETCTBYET
cBoe uddepeHIaIbHOEe ypaBHEHHE 3TOH (DYHKIMH, OIMCBHIBAIOIEe
ero JUHaMH4YeCKHe CBOMCTBA.

Onucannple BbIIe XapaKTEPHCTUKH IPHCYIIM, TaK Ha3bIBA€MBIM,
peaabHbIM HHEPIHUOHHO-HHTErPUPYIONMM 3BeHbsIM. B HHX IIepexoIHbIR
IPOIIECC JOCTUTaeT CBOEro MaKCHMAaJbHOT'0 3HAa4YeHHs] He cpasy,
a C HEKOTOpPHIM oTcTaBanueM. I[losToMy oOGBeKTaM C TaKHMH
BHYTPEHHHUMH XapaKTepPHCTHKAMH IIPHCYIa HEKOTOpas HHEPIHOHHOCTD,
TO €CTh OTCTaBaHHE BO BpPEMEHH H3MEHEHHs BBIXOMHOH BeJIMYHUHBI
OT BXOJIHOH.

Takue 3BeHBI HMEOT IIepeJaTOYHyIo (YHKIMIO, 3alHdCaHHYI0 B
onepaTopHon (opme, CIIEIYIOIIEro BHIA:

ki D e,
— i 5 = Mkt o . HT O,
Wi(p) T1+1W2(F]' T+l

r7e:
T - mocrosiHHAs BpeMeHH
k - KosddHuIueHT mepenayn

OTH mapaMeTphl XapaKTepHU3YIOT KaXIoe H3 3BEHLEB CHCTEMBI
H MOIYyT HMETh 3HauyHTelIbHble OTIuYMd. I peaabHbIX OOBEKTOB,
o0agarmux I0J00HBIMH CBOMCTBAaMH, XapaKTepHO HaJu4he KaKoH-
HUOYIbh EMKOCTH HEpruu. B Hamlem cjlyyae 3T0 HaKOIUIEHHE SHEeprud Ha
OJHOM M3 CTaOWJIBHBIX YPOBHEM, B KOTOPOM OyjeT oOpa3oBaHa 4acCTHIIA
3TOro ypoBHsA. HakomieHne sHepru B 2TOH TOYKE IIPOHCXOIHUT He
MTHOBEHHO, a IOCTENIeHHO, YTO H SBJIIeTCS NPUYHMHON HHEPIHUOHHOCTH
paccMaTpHBaeMbIX (PH3HYECKHX IIPOIECCOB.

Becbma xapakTepHBIM CBOHCTBOM TaKHX OOBLEKTOB SBISIETCS
X BO3MOXHOCTh IIPOIyCKaTh IOCTOSHHBLIA IIOTOK 3SHEPrUH B
YCTAHOBHUBIIEMCS pPeXKHMe.

OTHeceHne pealbHO CYIIECTBYIOIIEro OO0LEeKTa K TOMY HIIH
HHOMY THIIy 3Be€HbeB, 110 BHYTPEHHHM €ro CBOMCTBaM, 3aBHCHT OT
paccMaTpHBaeMbIX IIapaMeTpoB. B 3aBHCHMOCTH OT oIpejeeHus
BXOJHbIX H BBIXOJHBLIX BEJIMYHH, HEKOTOPble OOBEKTHI IIPOSIBIISIOT
pa3InyHble BHYTPEHHHE CBOMCTBA.

KoneuHoll 1enpl0 BCceX HAIIUX IIOCTPOEHHH SBJIIETCS aHaIu3
BHYTPEHHUX CBOWMCTB BCEH CHCTEMBbI Hallero MHpa, IMOCTPOEHHOH Ha
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OCHOBE TIPUHSTBHIX HAaMH 3BeHbeB. J[JIs1 IpoBeeHNs TaKOT'0 UCCIIEI0BaHMs
JMIUHAMHUKH 00beKTa HEOOXOIMMO IIOJIYUUTh IepelaTouHyio (hYHKIHI BCEH
CHCTEMBI B IIEJIOM. ITO BBIOJIHIETCS IIyTEM MaTEMAaTHYECKOT0 PelleHUs
cucreMbl UG depeHIHaIbHbIX YPAaBHEHHH BCEX COEJIMHEHHBIX B €IHHYIO
cucreMy 3BeHbeB. lloiydyeHHas MareMaTwyeckas MojieJib OObEKTa,
OyJgeT C JOCTaTOYHOW TOYHOCTBHIO OTpaXaTh BHYTPEHHEE COCTOSIHUE
Haniero mMupa. B Takom IpejcTaBjIeHHH 3Ta CHCTeMa COCTOUT U3 CeMH
3BEHbEB, C OIMCAHHBIMHU BbIlllE XapaKTepPUCTUKAMH.

He O6ymem 3arpomozxjgaTh BCE 3TO MaTeMaTHYe€CKHUMHU
JI0Ka3aTelIbCTBAaMHU, HaIMIIeM Cpa3y IepegaToOuHylo (YHKIHIO I
BCeHN IIOJYYEHHOH CHCTEMBI.

D)= Wip) :

1+, (p) Walp) .. Wi (p)

OT0 ypaBHEHHE IIpPeJICTaBIsIeT COO0OH IlepeJaTOuHyIo (YHKIHIO
TaK Ha3bIBA€MOH acTaTHYECKOH CHCTEMBLI ceabMoro mnopsgka. K
COXKaJIEHHIO, METOJI0B aHAJIMTHYECKOI'0 pelIeHHs TaKHX ypaBHEHHH
II0Ka HeT, HO HEKOTOphle BaXKHbLIE BBIBOJLI MBI CMOXKEM CJeJIaTh YKe
ceryac. J{OIOJIHUTENIEHO YCIIOXKHSIET IIPOBEIEeHHe II0J00HOI0 aHalM3a H
HEOIIPEeJIeJIEHHOCTh IIapaMeTpPOB KaXKJIoro M3 3BeHbeB. K HacrosmeMmy
MOMEHTY Hallla HayKa peajibHO HCCIEeAyeT JHalla30H JacTHil oT AnpoHa
0 3Be3dbl, HO Jaxke 3JeCh OIPEeNeIHTh KOJIHYECTBEHHOE 3HaveHHe
IPHHATBHIX HAMH IIapaMeTpPOB BeCchbMa CJIOXKHO.

Koneuno, npu Takom OOJILIIOM KOJHYECTBE HEH3BECTHHIX
BEJIMYHH, IIPOU3BECTH MaTeMaTHYeCKHH aHaln3 HeBo3MoxKHO. I[loaromy
OT'PaHUYUMCSI TOJIBKO HEKOTOPHIMH BeChbMa XapaKTe€pPHBIMH OOIIHMMH
IIpH3HAKaMHM, IPUCYIIMMH TaKHM CcHcTeMaM. BosBpatumcs K GajlaHCy
SHEPruH, ¢ KOTOPOI'0 MBIl Hayalld aHaJIu3 CHCTEMBL:

Fivay Fivay
At N

B npencrasienHoii cucreMe IBIZKETCS ITOTOK 3Heprui. Ilosromy
B HalleM cJjy4ae BO3MYIIAIHUM (aKTOpoM OymeT HMIYJILC HIH
BCIIJIECK TaKUX HSHepruii. TakKuM BCIIECKOM B HCCIEIYEMOM II0JIe
OylneT yBelIMYeHHe IUIOTHOCTH SHEPrHH B €IUHHIlE IIPOCTPAHCTBA,
TO €CTh:
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Ho Takol uMITyJIbC MOXKET OBITh TOJBKO MHOI'O MeEHBIIE OOIIETO
ITOTOKA 3HEPruil, TOTYa W3 MPEIbIIYIIEero ypaBHEHHS HMEEM:

AE
——t X E,
AT,

Hnave: E;, = 0
CrnenoBarellbHO, JaHHAs CHCTEMa YCTOHMYHMBA B MAJIBIX IIpejernax
U OOoJIbllle ATHUX 3HAYEHHH - HEeyCTOHYHBA.

Z% = corst.

W3 npenprynero aHaims3a IMOCTPOEHHON JuarpaMMbl HAM HU3BECTHO,
YTO CYIIECTBYeT IpejebHas KOHIEHTPaIldsl SHEPruH B IIPOCTPAHCTBE.
N rorma cienyer BecbMa HeEOpPIHHAPHBLIN BBIBOJI:

NpH NPEBBINIEHUN KOHIEHTPAIMA HEPTHH B
npocrpaHcTBe, Boime npeaeira AE/All=const, cucrema
MPEKPATUT CBOE CyIeCTBOBaHHE.

JlpyruMu CIIOBaMH, MBI IIPEBLICHM KOMIIEHCATOPHEBIE BO3MOKHOCTH
cucTeMbl H OHa '"saxjomnHercs", He3aBHCHMO OT KOOpPJAHHAT B
IIPOCTPAHCTBE BO3HHKHOBEHHS BO3MYyIIAoONEro (akTopa.

9TOT BecbMa IeYajbHLIH BBIBOJ MOXKHO HHTEPIPETHPOBATDH
mo-pasHoMy. Ho, HECOMHEHHO OJ(HO - Halll OI'POMHBIH MHp IIPEICTaBJIsIeT
000 IEJIOCTHYIO CHCTEMY, CO CBOMMH B3aUMOCBSI3sIMU. X HE0GX0IHuMO
HCCJIEIOBaTh TOJBLKO B KoMIUIeKce. HeB0o3MOXKHO BBIpBaTh H3 OOILIET0
IeJIOT0 OJHY COCTaBONYI0 H IBITaThCI IOHATHL €€ IIOBEIEHHE.
TonbKO COBOKYITHOCTL BCEX B3aHMOJEHCTBHH MOXKET IaTh PeabHYIo
KapTUHy IeJI0r0.

e T, R oy



