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W3naratoTcsi HEKOTOpBIE CIIEACTBUS HAIle TEOPHH, OCHOBAaHHOH Ha KBaHTOBAaHWUHU
IPOCTPAaHCTBAa U BPEMEHM. DTa TEOpHsl IpUBEIa K JOKa3aTelbCTBY cyllecTBoBaHMs bora. B
CBS3M C ITHUM OOpaTHMcS K HEKOTOpbIM KaHOHam CpsmieHHoro [lucaHus, a MMEHHO — K
HOJIOXKEHHIO O TOM, YTO YEJIOBEK CO3/aH 1o o0pa3y u mopobuto boxkeemy. CnenoBarensHO,
yejoBeKk nojobeH bory m Moxxer TBopuTh Mmojgo0HO bory. B ToM uucne B cOOTBETCTBUU C
MIOJIO)KEHUEM O TOM, 4TO «BHayaine Obu1o CrnoBo u CnoBo 6bu10 bor». Bompoc numb B ToM,
KakiM 00Pa30M 3TO OCYIIECTBUTH MPAKTUYECKH.

Ha »TtoT BOmpoCc maéT OTBET Hama TEOpHs, SBIAIOLIASACS IO CYIIECTBY Teopuei
(GyHIaMEHTAILHOTO TOJIi — OCHOBBI BCEX B3anMMOACHCTBHM. COTJacHO 3TOW TEOPHH OCHOBOU
IPOCTPAHCTBA OKa3bIBae€TCs 3(PUP, U3 KOTOPOro MyTEM COOTBETCTBYIOIIMX MpeoOpa3oBaHUMA
dbopMHpyeTCs BEIIECTBO.

B mpomecce BbIBoga ypaBHeHMIl MakcBemia JUIsl 3JEKTPOMAarHUTHBIX SIBICHUH MBI
yOeauIuCh, YTO 3TU SIBJIEHHUSA OOYCIIOBJICHBI B3aUMOACHCTBUEM MacC 3JIEMEHTapHBIX YaCTHII,
XOTSI B KOHEUHBIX (popMynax Macca yxke He GUTypUpYyeT, a OKa3bIBAETCS MPEACTABICHHONW TeM,
4TO Mbl Ha3blBaeM JJEKTPUYECKUM 3apsaoM. COOTBETCTBEHHO AJIEKTPUUYECKUI 3apsin
OKa3bIBAETCs BCETa CBSA3AHHBIM C MacCOM 4epe3 MacChl 3JIEMEHTAPHBIX YacTHUIl, XOTS 3Ta CBS3b
HeofHo3HayHa. O/IHaKO MMEHHO 3TO CBMJIETENBCTBYET O TOM, YTO Macca cama 1o cebe
OKa3bIBACTCSl MCTOYHWKOM TIOJEH, TPOSIBIISISE CBOWMCTBA HEHTpanbHOTO 3apsjaa. M3 xapakrepa
ypaBHEHHI MakcBesuia Ui 3JeKTPOMArHUTHBIX SIBJICHUN CIEIyIOT aHaJOTHMYHbIE YpaBHEHHS
MakcBemna Juid 3THX MoJei, 0oOyclaBIMBAIOLIMX TI'paBUUMHEpLMAIbHbIE sBiIeHUsA. [losTomy
MOYKHO TIOJIb30BAThCS AHAJOTHEH C OJICKTPOMArHUTHBIMU SIBJICHUSIMH TIPH  OTMHCAHUH
IpaBUMHEPIHATIBHBIX SBJICHUH.

[TormryTHO OTMETHM, YTO TPaBHHHEPUIHATBHBIEC MO SHEPTETHYECKH CYIIECTBEHHO ciabee
3JIEKTPOMArHUTHBIX MOJIEH, YTO 00YCIOBIEHO UX (PU3NYECKOM CYIIHOCTHIO.



Wtak, aHamorom 3J€KTPUUECKOIO IOJS OKa3blBaeTCs IpaBUTAalMOHHOE moie. [loatomy
HECJIly4ailHO CTPYKTypHO 3akoHbl KynoHa u HbproTOHa COBEpIIEHHO aHaJIOTMYHbI. AHAaIor
MarHMTHOTO TOJISI Mbl Ha3BaJld HMHEPLUUAIBHBIM II0JIEM, IPOSIBJICHUEM KOTOPOTO OKa3ajaoch
Oouonoruueckoe mnoisie (buomnose). B HacTosmee BpeMsl XOpPOIIO H3BECTHO, YTO OHOIOJIEM
001ajaloT HE TOJIBKO JXKMBBIE, HO W BCE KOCHbBIE Teja. B cBsA3uM ¢ 3THM, TepMUH «OHOIIONIE»
OKa3aJicsl yKe HapuIATEIbHBIM U MBI UM Oy/IeM IO0JIb30BaThCs JIsl 0003HAUEHUSI HHEPLIUATIBLHOTO
noJist. AHAJIOTOM 3JICKTPOMArHUTHOTO TOJIsI (BOJH) OKa3ajduch BOJIHBL Ae bpoitnsa. [loatomy B
ClIy4yae 4eJioBeKa BCE MOHSATHS, BBIpaKaeMble CIIOBaMH (HE KaK COTPSICEHUSIMU BO3IyXa, a Kak
KOMIIOHEHTaMU MBICIIM), MaT€pUaJbHO MPEJCTaBICHbl CTOSYUMHU BoJIHaMu Je bpoiing u
00pa3yIoT rojorpaMmMy HamsTH YelIOBeKa pa3MepoM B JECATKH METPOB B IMPOCTPAHCTBE BOKPYT
YyelloBeKa M0 HKCIEPUMEHTAIbHBIM HU3MEpPEHHsIM. OTa ToJorpaMMa HaMsITH HEelpephbIBHO
HOTIOJIHSETCS MYTEM IpOIlecca MBIIUICHUS Yepe3 KaHaJlbl CO3HATEIBLHOTO U OECCO3HATEIBHOTO.
COOTBETCTBEHHO MBIC/Ib OKa3bIBAETCS PEIKON COBOKYIMHOCTHIO CHJIOBBIX JIMHHUM OHOIOJS U TO-
CYILECTBY BIOJIHE aHAJOTMYHA MAarHUTHOM JINH3€. AHAJIOTMYHO BO3/IEHCTBUIO MAarHUTHOM JIMH3BI
Ha JBIDKYLIUICS SIIEKTPUUYECKUI 3apsi, OuorojeBasl JIMH3a BO3JECHCTBYET HAa MAacCy YacTHIL
IIPOCTPAHCTBEHHOTO 3(Hpa, KOTOPbIE XaOTHYECKH JBUXKYTCS CO CKOpPOCThIO cBera. [lyTém
dbopMHUpOBaHUS HANpaBIEHHOTO TIOTOKAa uYacTull d3¢upa (T.e. MyTéM BBIIPAMIICHHS HX
XA0TUYECKOTO JABMXKEHHSA, U (DOKYCHPOBKH 3TOTO MOTOKAa OWOMOJEBBIMU JIMH3aMU BIIOJHE
BO3MOXKHO POXKJIEHHE JIEMEHTApHbBIX YaCTHI] BEIIECTBA, 1 COOTBETCTBEHHO — CAMOTI'0 BEIIECTBA).
TeM caMbIM MBIC/Ib OKA3bIBAE€TCS CIIOCOOOM HEMOCPEICTBEHHOTO MPOM3BOICTBA MaTepHAIbHBIX
BelIeH U3 MPOCTPaHCTBEHHOTO 3upa.

[lomytHO 3ameTUM, YTO XaOTHYECKOE JBWXKEHHME YacTHIl 3¢pupa O3HAYaeT €ro
HEMOJIB)KHOCTh B CPEIHEM, KaK MOMKET OBITb HEMOJBMKHBIM ra3, HECMOTPs Ha TEIJIOBOE
JBUXKEHHE (XaoTHueckoe) yacTull rasa. [loatomy s¢up oka3pIBaeTCsl HAOJHEHHBIM CTOSYMMHU
BOJIHAaMH Ji¢ bpoilns. A mockoibKy c€i0BO 3amM(poBaHO B TaKUX BOJIHAX, TO TBOpPEHHE
BellecTBa U3 2(QHUpa MOXKHO ONPENEIUTh YTBEPKIECHUEM: «BHadayie ObUIO CI0BO» (T.€.
IPOCTPAHCTBEHHBIN 3(pup).

EctectBenHo, 4To MpUOOpPHOE OCBOCHHE STOr0 MpoIecca TBOPEHUS CYIUT HEU3MEPUMO
OoJbIIIee MOTYIIIECTBO YEJIOBEKY CPABHUTEIBHO C COBPEMEHHBIM OCBOCHUEM 3JIEKTPOMArHUTHBIX
SBIIGHUH, B pe3yJbTaTe KOTOPOTO HaM MOJIBIACTHBI 3JIEKTPOIHEPTHs, Paauo, TEICBHUJICHUE HA
psAAy C MHOXECTBOM JIpYyTHMX 3JEKTPOMarHUTHbIX ycTpoiictB. K TOMy ke ocBoeHue
IPaBUUHEPIUAIBHBIX SIBICHUI OOJIErYeHO TEM, YTO y YEJNOBEKa YK€ €CTh NMpPUMEp OCBOCHHS
AIIEKTPOMArHUTHBIX SIBJICHUH, TaK YTO MOKHO KOHCTPYHPOBaTh I'paBUMHEPLIHUATIbHBIE MPUOOPHI
[0 MIPUMEPY JIEKTPOMArHUTHBIX MPUOOPOB, HO 3aMEHSS SJEKTPUYECKH TOK Ha MOTOK MacChl.
Hamu ocymiecTBieHbl HEKOTOpPHIE TaKHe OKCIEPUMEHTHI sl Ieleld  JOMOJHUTEIHHOTO
CPaBHEHMsI TE€OpUU C OMNBITOM. JlJIi 3TOro Mbl B KayeCTBE aHAIOra 3JIEKTPUYECKOrOo TOKa
BbIOpaJM MOTOK cBeTa (T.e. (POTOHHOM MAacChl) MO CTEKJISSHHOMY CBETONPOBOAY, U3 KOTOPOTO
HaMaThIBaJIM AHAJIOTU COJICHOUJZIA C YUCIOM BUTKOB 10 150. /lmamerp BUTKOB BapbUpPOBAJICS B
npenenax 1-10 cm. CBeT B CBETONPOBOJ 3aBOAMJICS JIMOO MPOCTHIM OCBEIICHHEM TOpLA
CBETOINpPOBOJA, JHOO0 (POKYCHpOBaAJCs Ha TOpEIL CBETONMPOBOJA CBET OT JIAMIIbI HAaKaJUBaHUS
MormHocThio 20-100 BT. B xadecTBe MCTOYHMKA BHEIIHETO OMOMOJIS MCHOJIB30BAJICS MAarHUT B
CBA3M C TE€M, UTO KPYrOBbIE TOKH JIEKTPOHOB B aTOMAaX MAarHuTa, CO3/AI0IME MArHUTHOE I0JIE,
o0nanaoT maccoi. [1oaToMy KpyroBble TOKH 3JEKTPOHOB OJHOBPEMEHHO O3HA4YalOT KPYroBbIE
TOKH MAacChl ¥ CIJI€IOBaTeIbHO MarHUTHOE TI0JI€ HEMPEMEHHO COMpOBOXKAaeTcs: OuomnoneM. s
OTCEYEHHMS] BO3MOKHOTO  BO3JICUCTBUS HEMOCPEACTBEHHO MArHUTHOTO IIOJI, MAarHuT
AKpaHUPOBAJICA JKEJIE3HbIM 3KpaHoM. OIHAaKo 3Ta omepanus MPaKTUYECKH HE U3MEHsIa CHII,
JEHCTBYIOIMX HAa CBETOBOJIOKOHHYIO pPaMKy. TeM camMbiM Mbl OOHapyXHJIM HEMarHUTHOE
Bo3aeiictBue MmarHuta (Oddexr 3omorapéBbix). JlelcTByrolMe Ha pPaMKy CHUJIBI HE
DKPaHUPYIOTCSI TAKX€ W  HEMarHUTHBIMU  DJIEKTPONPOBOSALIMMH ¥ U30JIMPYIOIHUMU
Matepuaiamu. OTCYTCTBHE SKPAaHUPOBAHMS TPAaBUMHEPIHUAIBHBIX CHI (IOJiel) OObsSCHAETCS
CabOCThI0 TPAaBUMHEPIHUAIBHBIX CHJI, HE CIIOCOOHBIX MEPEMECTUTh CIIMIIKOM MAacCHUBHBIC
OTHOCHUTEIJILHO HUX 3JIEKTPOHBI, YTOOBI 3a3KPaHUPOBATH IPaBUMHEPIIHAIBLHBIC MTOJIA.



s obecriedeHust NETKOCTH TOBOPOTA WJIM OTKJIOHEHHUS CBETOBOJIOKOHHOW paMKH OHa
HOJBEIINBAIACEH C TOMOIIBIO TOHYANIIEN IETKOBOI HUTH.

KakoBbI pe3ynbTaThl ONMBITOB?

[Ipexxne Bcero Mbl YCTaHOBWIJIM, YTO CBETOBOJIOKOHHAs paMKa B OHMOIIOJIE€ HCTBITHIBACT
TOJIBKO TIOBOPOT (KpydeHHE), OTKIIOHSIONINE K€ CHUJIBI OKa3aduch BechMa ciabpiMu. M BooOIIIE
JNEHCTBYIOIIME Ha pPaMKy CHWJIBI WCKIIOYUTENIBHO CJIa0bl, TaK YTO pamMKa MOXET OTKIOHHTH
TOHKUH Bosoc uHOM 10 cM TONBKO Ha JBa-TpU Tpagyca. YacTo omIymiaercs BIMSHUE
HEKOHTPOJIMPYEMBIX BHEITHUX Toye. Hampumep, mpu IMTENHHOM YCTAaHOBICHHH paMKa
YCTaHABIMBAETCS IJIOCKOCTHIO KOHTYpa KakK MPABHIIO BIOJb CUJIOBBIX JIMHUI MarHUTHOTO IOJIS
3emiu. [loaTomy n3-3a c1aboCTH CHIJI HAM HE YAAJIOCh BBIOJHUTH KOJUYECTBEHHbIE H3MEPEHHUS.
OnHako KaueCTBEHHBIC JaHHBIC YCTAHABIMBAIOTCS BIIOJIHE YBEPEHHO U JIETKO BOCIIPOU3BOJSITCS.
UYro 310 3a pesynbrathi? Ilpexae Bcero, Mbl YCTAaHOBUIIM, YTO pamMKa MMEET JBa YCTOMUMBBHIX
MOJIOKEHUs (OpHEeHTAaI[Mu) B OWOMOJIe, KOTJa CHUJIOBBIC JIMHUM OWOMNONs (IJi1 MarHuTa OHHU
COBMAJAIOT C CUJIOBBIMH JIMHMSIMU MAarHUTHOI'O TOJIs1) MapajulesibHbl IUIOCKOCTU PAMKHU. 371€Ch
yKe 4ETKO BUJHO OTJIMYME OMOIOJIA OT MAarHUTHOTO IOJISI, TOCKOJIBKY paMKa C 3JIEKTPUUYECKUM
TOKOM B MarHMUTHOM II0JI€ MMEET OJHO YCTOWYMBOE MOJIOKEHHE, KOrJa MarHUTHBIE CHUJIOBBIC
JUHUH TEPICHAUKYIISIPHBI TNIOCKOCTU PaMKH.

VYCTaHOBIEHO TaK)Ke, 4YTO PpABHOBECHOE IIOJIOXKEHHE CBETOBOJIOKOHHOM  paMKH
YCTaHABIMBAETCS depe3 3aTyXawllue KojeOaHUs OKOJIO TOJOXKEHHs paBHOBECHS. OTO
CBUJICTEIILCTBYET O TOM, YTO MEXAHHUYECKHUH MOMEHT, BO3JCHCTBYIONIMN HA PaMKy, U3MEHSET
CBOI1 3HaK IIPU MPOXOXKICHUU PAMKHU Yepe3 TOJ0KEHUE PABHOBECHS. DTH JIaHHBIE OOBSICHSIIOTCS
TEM, YTO MEXaHMYECKU MOMEHT BBIpakKaeTcs dyepe3 CKaJsipHoe (2 He BEKTOPHOE, KaK B Cilydae
MAarHUTHOTO T0JIs1) TPOU3BEACHUE HAIPSHKEHHOCTH OMOIMOJS U OUOMOJIEBOTO («MAarHUTHOTO»)
MoMeHTa paMKid. COOTBETCTBEHHO HAMPABIIEHUE CBETOBOTO MOTOKA B CBETOBOJIOKOHHOM pamMKe U
HaIpaBJieHUE HAMPsHKEHHOCTH OMOIOJS HE UMEIOT 3HAYCHMsI, & paMKa MMEET JIBa YCTONYMBBIX
COCTOSHUSI B TIOJITHOM COOTBETCTBUU C ONBITOM. JIpyrumu clioBaMu, OHOIOJIE SBIISETCS
CKaJISIPHBIM MOJEeM. DTO COrjlacyercsi TakKe M C TeM, YTO BEKTOPHBIN MOTEHIHal OMOmos
O/JIHO3HAYEH (MMEET pPa3MEpPHOCTh SHEPIHHM) B OTJIMYME OT HEOJHO3HAYHOCTH MOTEHI[HAIa
MarHMuTHOTO ToJisi. OU3NYECKH 3TU JaHHBIE OOBICHSIOTCS TEM, YTO CUJIOBas JMHUS OMOMOIIsS
COCTOMUT M3 CTOSYUX BOJIH JI€ Bpoiisig, Tak 9TO OTCYTCTBYET MOTOK JHEPTUU BJOJb CHUIIOBOU
JUHUU U TO3TOMY HAalpaBJICHHE CUJIOBOW JIMHUM OKa3bIBA€TCA HECYHIECTBEHHBIM. 1Orjaa Kak
BJIOJIb CHJIOBOM JIMHUM M MarHUTHOTO MOJS MMEETCS MOTOK MHIYKIIMM MarHUTHOTO IOJIS, OH
JIETKO PAaCCYUTHIBACTCS U PABEH SKCIIEPUMEHTAIBLHO U3BECTHOMY KBAHTY MarHUTHOTO MTOTOKA.

B kadectBe  KOHTPOJIBHOTO  SKCIIEPUMEHTA  HCCIEAOBAaHHSA  B3aWMOOPHUCHTAIMU
CBETOBOJIOKOHHBIX PaMOK, BCTABJIEHHBIX OJTHA B JPYTYI0, HO MOJBEIIEHHBIX HE3aBUCUMO JIPYT OT
JIpyra U He TOJBEPKEHHBIX CHEIHalbHOMY BHEIIHeMYy Ouomnonto. Kak u crnegoBano oXuaaTh,
paMK{ YCTaHOBUJIUCh B3aHMMOIIEPIEHIUKYIISIPHO CBOMMH IIJIOCKOCTSIMU C JIByMSl YCTOWYMBBIMU
MOJIOXKEHUAMH paBHOBecusi. [1oaTBEpAMIIOCH 3TO TaKXKe U TEM, UYTO PE3YJIbTaThl HE U3MEHHIIUC,
KOrJla OJJHa M3 paMOK M3rOTaBJIMBalach U3 ABYX BCTPEYHO HAMOTAHHBIX BUTKOB CBETOBOJIOKHA.
[Ipu >TOM MOBOpaUMBAIOIINE PAMKy CHUJIBI 3aMETHO HE OCIAOJISITUCh, XOTS CUJIOBBIC JIMHUU
Ouomnosiell BUTKOB HAMpPaBJIEHbI BCTPEYHO U OWOMOJE AOHKHO OBITH CYHIECTBEHHO OCIa0JIEHO.
CrnenoBarenbHO, OMOIONIE MPU ATOM HE YHUUTOXKEHO, a TOJIbKO KOMIIEHCUPOBAHO.

B3aumMonepneHauKynsipHOE  YCTAaHOBJIEHHWE JBYX  BIJIOXKEHHBIX Jpyr B  Jpyra
CBETOBOJIOKOHHBIX PaMOK JIOKa3bIBa€T, 4YTO OWOIOJIEBBIE CHJIOBBIE JUHUH PaMOK HMEIOT
KOH(UTYpaIyio, CXO0XyK ¢ KOH(HUrypanmueil MarHWTHBIX CHJIOBBIX JIMHUH pPaMOK ¢
ANEKTPUUECKUM TOKOM.

Hamwu taxoke ObUTa mpeanpuHATa MOMBITKA OOHAPYKUTh CHUIIBI TPUTSHKCHUSA-OTTATKUBAHUS
MEXy CBETOBOJIOKOHHBIMU paMKamu. JIJis 3TOro JABe paMKu ObUTH MOJBEIICHBI HA PACCTOSHUU
OoKoJI0 1 cM MeXIy HX IUIOCKOCTSMHU Ha JJIUHHBIX (OKOJIO MOJyMETpa) MICJIKOBHHKAaX, a
[apajuIeIbHOCTD MJIOCKOCTEN PaMOK yIepKHBaJIach C IOMOIIbI0 MAarHUTHOT'O MOJIsI HOCTOSTHHOTO
MarHura. 3aTeéM TOpPIbl CBETOBOJOKOHHBIX PaMOK OCBEHIAIMCh MEPUOAMYECKH C YacTOTON



COOCTBEHHBIX KOJIeOaHMI TMOJYYMBIIMXCS MAasATHUKOB. B pesynbrare yaanoch packadarb
BCTpedHbIe (MpOTHBO(DA3HBIC) KOIeOaHUsI paMOK. TeM caMbIM CHJIBI TPUTSHKCHUA-OTTATKMBAHUS
pamMoK ObUTH OOHAPYKEHBI (3TO CIIMHOBBIC CHIIBI). OJJHAKO OTOXKIECTBUTH CHUJIBI C MPUTSKCHHEM
WIH OTTAIKUBAHUEM HE YIAJIOCh, T.K. paMKH PacKauyMBAIHMCh MPHU MEPHOJUUECKOM BKIIIOUEHUHU
CBETa KaK B MOMEHTHI UX B3aUMHOT'O COJIMDKEHUS, TaK 1 B MOMEHTBI UX B3aMMHOIO yJAJICHUS B
poIecce KoJIeOaHmi.

Hrak, cymecTBOBaHME  HMHEPUHMAIBHOTO Mot  (OMOmoJIi)  AKCIEPUMEHTAIBHO
noaTBepxaeHo. I[Ipu sToM B KadecTBe KOHTPOJIBHBIX SKCIEPUMEHTOB OBLIO HCCIEIOBAHO
BO3/ICIICTBIE HA paMKU U3Ty4EHHS T€HepaTtopa MCKYCCTBEHHOro OWOMOJs, pa3paboTaHHOrO U
onyonukoBaHHoro A.B. Uepnerckum. PesynbraThl oka3zaiuch Heum3MeHHbIMU. Kpome Toro,
CBETOBOJIOKOHHYIO paMKy HECJIOXHO TIOBEPHYTh MBICICHHBIM BHYIIICHHEM (B3TJISOM).
EcTecTBeHHO, YTO MHEPIIMOHHOCTD 3TOTO MPOLIECCAa OTHOCUTEIBHO BENTUKA — ECATKU MUHYT.

B pe3ynpraTe SKCIIEPUMEHTOB E€CTECTBEHHO BCTAJl BOIPOC O METPOJIOTHMH OHOIOISL.
[TooToMy MBI BBOAMM BBIPRXEHHUE Ui BEKTOPHOTO TOTEHIMANa OHOMOJIS aHAIOTUYHO
MarHMTHOMY TOJIIO:

— L
A=—y (1)
C
rae U — CKOpOCTb MacChl, € — CKOPOCTb CBeTa, Y — CKIAPHBIA MOTEHIHMAN (MMEET

Pa3MEpPHOCTD PHEPTUH).
COOTBETCTBEHHO OTpeessieM HaNpsKEHHOCTh MHEPIIHAILHOTO TOJIst (OHOMOIs):

_—

w :rotg )

I[Tpu 5TOM MBI BBOAMM €IUHUILY U3Mepenus ononons «BAJTEH» (W).
OnHOBpEMEHHO BBOJUM BEKTOP UHAYKIIUU OHOTIONS:

Y=uW 3)

-27
rae W, = 9,33 x 107" w/xr, ecnu B KadecTBe 3apsja BbIOpaTh Maccy B Kuiiorpammax. ¥

usmepsiercs B enununax FOP (Your).
MexaHW4YeCKUid MOMEHT, JCUCTBYIOIIHMK CO CTOPOHBI OHMOIOJSI HAa CBETOBOJOKOHHYIO
paMKy, paBeH:

M =(P,Y) )

rae P, — 61omosaeBoil MOMEHT:

R —

P, =18 (5)

I — 10K maccel (kr/c), S — BEKTOp IUIOMIaau KOHTYpa, HOPMAJIEH K ILUIOIIAI1 KOHTYpA.



CornacHo (4) umeeM:

M = ISY cosa (6)

e O — yron mexny P, u Y.

Orcrona cinenyer, 4To yCTOMYMBOE MOJIOKEHUE CBETOBOJIOKOHHOM PaMKH PEANIM3yeTCsl NpU
cosa =0, T.e. BIOAL CHIIOBBIX JIMHHI OTHOCHTENBHO IIOCKOCTH pPaMKH B COOTBCTCTBHUH C
OIIBITOM.

Hama teopus conepsxkur 35 rias, cBbiiie 400 cTp. MalIMHOMMCHOTO TeKCTa. B HEl HaxoasT
€CTECTBEHHOE OOBSICHEHHE BCE JKCTPaceHCOpHBbIE AP (EKThl THUMA IETUTENbCTBA, TEIEKHHE3a,
MOJITEPreicToB M Ap. JKenaroompe MOTyT HOJNyYHUTh JTOT MaTrepuan IyTEM HW3JaHUs KHUTU
«DyHIaMEHTAIBHOE 10JI€ — OCHOBA BCEX B3aMMOIECHCTBUI.

ABTOpBI: B.®. 3ono0Tapés

10.B. 3onotapés

B.®. 3onoTapés 10.B. 3onotapés

AHHOTAILIMA
noknana «MbBICJIb, KAK CIIOCOb
HEITIOCPEJCTBEHHOI'O ITPOMU3BOACTBA
MATEPHUAJIBHBIX BEHlEfI»

OcBoeHME TpaBUMHEPIHMANBHBIX SBJICHWA (B COCTaBe: TIPaBUTALIMOHHOTO  IIOJIA,
WHEPIMATIBLHOTO TIOJISA, MPOSBISAIONIerocs B (Gopme OHOIONS, W TpaBUUHEPUUATHHBIX BOJIH,
M3BECTHBIX TOJ] HMMEHEM BOJMH J¢ bpoiinisg) MO3BOIUT TPOU3BOAUTH BEUIECTBO U3
POCTPAHCTBEHHOTO 3(HUpa C MOMOIIbI0 OMOIOJIEBHIX JIMH3 (KaK MaTepUAbHBIX BOIUIOTHTEICH
MBICITH ), aHAJIOTMYHBIX MATHUTHBIM JIMH3aM.

I'paBumHepIManbHble  SIBICHUS  (QHAJIOTMYHO  SJCKTPOMATHUTHBIM  SIBJICHUSIM)
OIHCHIBAIOTCS YpaBHCHHUSIMH MakcBelia, MPUIEM HCTOYHHKOM (3apsOM) COCTaBISIONIUX HX
nonei  sBISETCS Macca, aKTUBHBIMH  YacTUIAMH KOTOPOWM  SBISIOTCS ~ KOMITOHEHTBI
POCTPAHCTBEHHOTO 3¢upa. MHepuHuaipbHOE MMOJIe HAMH IPEICKAa3aHO TEOPETHUYECKH, a TaKXKe
00HapyXeHO U UACHTU(PUIIMPOBAHO C OMOTIONEM MOCPENCTBOM (PUINIECKUX IKCIIEPHUMEHTOB.

ABTOpBI: B.®. 3omoTapén

10.B. 3onotapés
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