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AHHOTaAMSA

B ocHoBe mpemyaraeMoii  MOIENM  JIEKUT  IpoCTeiIee
MPEOIOIOKEHNE: MHOXECTBO OJWHAKOBBIX «EIWHULl JBWXECHU»
JIBIDKETCA  MpsAMOMUHEeWHO. Bc€  mocnemyiomee — CTpoeHue
MaTepuy pacCMaTpUBaeTCsl Kak  pe3yabTaT — B3aUMOACHCTBUSA,
niepepacrpeneneHuss U CaMOOPraHW3alMi 3TOro JABWKeHus. Ha
OCHOBaHUUu HpﬂMOﬂHHeﬁHOFO JABWXKEHNUA  MHOXECTBA  €IWHUIL
IBWXKEHUSI TOCTPOEHA COXPAHSIIASCSI MOAedb IMPOTOHA, aToMa
BOIOPOZA U SiIEp XMMHYECKMX 3JieMeHTOB. Mofesb MmocTpoeHa ¢
Tpe6OBaHI/ICM COOTBETCTBUSA YCTAHOBJICHHBIM 2KCIIEPUMEHTAJIbHBIM
JaHHBIM N H3BECTHBIM CIZ)I/I3I/I‘{eCKI/IM ABJICHUAM, CTEIIEHb 3TOI0
COOTBETCTBHS MOAJIEKUT KOTMIECTBEHHON TMPOBEPKE.
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AHHOTAUA

B craTbe npepuiaraercs MexaHn4yecKkast MOAE/Ib CTPOEHUS Ma-
TepUM, OCHOBAHHAs Ha NPSAMOJHMHEITHOM JBH:KEHUH MHO-
JKeCTBA O/INHAKOBBIX «eMHMUIL ABM:KeHus» . [Ipeanonaraer-
Cs1, YTO B3aUMOJENCTBHUE ITUX €IMHUI] B CXOISIIMXCS MOTOKAX,
UX CTOJIKHOBEHUS1, TOPMOXKEHUE U NIOCIIEAYIOLIEe 3aKPyYMBAHNE
MO3BOJIAIOT [TOCJIEOBATENILHO (POPMUPOBATh YCTOMUYMBBIE CTPYK-
TYpbl MaTEpUU.

Ha ocHOBaHMM 3TOI MCXOTHOM UJIeW MIOCTPOEHA HENMPOTUBO-
peunBas U COXPaHAWIAsACA MOAeJb IIPOTOHA, ATOMA BO-
J0poaa M sep XUMHYECKHX 3JjeMeHTOB. PopMmupoBaHue
KaXJIOM CTPYKTYpbl PacCMaTpUBAETCA KaK I10OCIIENOBATEIIbHbINA
IpOLIECC IBUKEHUS, B3AaUMOIEWUCTBUS, NIepepaciipeaesieHus 1o-
TOKOB M YCTAaHOBJICHMsI yCTOMYMBOTO paBHOBeCHs. TakuM oOpa-
30M, CJIO)KHbIE OOBEKTHl MAaTEPUU PACCMATPUBAIOTCS HE KaK U3-
HAYaJIbHO 3aJJAHHBIE YAaCTHULIBI, @ KAK YCTOMYMBbIE CUCTEMBI Opra-
HU30BAHHOT'O JBUKEHUS.



[TocTpoeHre MonenM OCHOBAaHO Ha JIOTHKE, reoMeTpHuH
JBHKEHNsI, THAPOJNHAMAYECKHX MpeacTaBjIeHusnX, (u-
3MKe JABHJKEHHSI U NOJIOKEHHSAX KBAHTOBOH MEXaHHKH .
[Tpu pa3paboTKe MOAEIN pacCMaTPUBAIOTCS HAIPABJIEHUE U CKO-
POCTh IBMKEHUSI, CTOJIKHOBEHUS IMOTOKOB, 0Opa3oBaHKe 00j1a-
CTel TOpMOKEHHU I, BOSHUKHOBEHUE BUXPEBHIX CTPYKTYD, UX B3a-
UMOJICIICTBHE U YCIIOBUSI COXPAHEHUS YCTOMUMBOTO COCTOSIHUS.

[Tpenaraemslii TOAXO/ HAMPaBJIeH Ha TO, YTOOBI 1aTh €AUHYIO
(puzrueckyio kapTrHy (POPMUPOBAHUSI MATEPUN — OT TIEPBUY-
HOT'O JIBWKEHUS JIO TIPOTOHA, aTOMa BOJIOPO/IA U SIAep XUMUYe-
CKUX 3J1eMeHTOB. [Ipy 3TOM aBTOp MCXOAUT U3 TOTO, UTO TPe/-
JIO)XEHHAs1 MOJIC/Ib He I0JLKHA NMPOTHBOPEYNTh HAOII0/1ae-
MbIM siBJeHHsIM [lpupoabl 1 3HAHUAM, MOJYYeHHBIM CO-
BpeMeHHOH (pM3HUKOM, a J0JIKHA MMPEITIOKUTh UM MeXaHuve-
CKOE ¥ TeOMETPUYECKOe OObSICHEHME.

Oco0oe 3HaueHue UMeEET TIOMBITKA PacCMaTPUBATh CBOMCTBA
YaCTHII U aTOMHBIX sIJIEp KaK pe3yJbTaT BHYTPEHHEN OpraHusa-
IIUM JIBUXKEHMS, a He KaK HaOOp He3aBUCHMO 3aJJaHHBIX Xapak-
TeprCTHK. Takoi MoIXoj1 MO3BOJISIET MOCIIEI0BATEILHO HCCIIEI0-
BaTh MMPOUCXOXk/IEHNE YCTOMYMBOCTH MaTepUH, B3aMMOJIEHCTBIE
€€ CTPYKTYp U BO3MOXHBIE MEXaHU3MbI OOPA30BaHUSI XUMUYE-
CKHX JIEMEHTOB.

IIpeancaoBue
B paborte npenoxeHa MexaHU4YecKasi MOJIeN b CTPOCHUST Ma-
TEpUX, UCXOIHBIM JIEMEHTOM KOTOPOM sBJseTCA (PyHAAMEH-



TaJbHAs «eJUHHMIA ABHKEHUS», XAPAKTEPU3YIOLIAsACS Mps-
MOJIMHENHBIM ABUKEHUEM. PaccMaTprBaeTcss MHOKECTBO TaKMX
€IHMUII, IBWKYIIMXCS C OIMHAKOBBIMU NTapaMeTpamMu U B3aMO-
JEUCTBYIOIIMX B cxoasiuxcs norokax. Ha ocHoBe aHaim3a ux
CTOJIKHOBEHMII, TOPMOKEHUsI, MepepacnpeaesieHrsi TOTOKOB U
MOCJIETYIONIEro 0Opa30BaHUsI YCTOMYMBBIX BUXPEBBIX CTPYKTYP
pa3paboTaHa nocieioBaTeIbHas MoJeIb (pOPMUPOBAHUS MaTe-
pUATBHBIX OOBEKTOB.

B pamkax mpemyiokeHHOro nogxoja IMOCTPOEHA COXPaHsI-
IOIIAasACA U BHYTPEHHE HeNpPOTHUBOPeYHBasi MOJeJib IPO-
TOHA, aTOMa BOJ0POJa M siJiep XUMHYECKHX JJEeMEHTOB .
dopMHpoBaHUE YKa3aHHBIX CTPYKTYP pacCMaTpUBAaETCs KakK pe-
3yJIbTAT CAMOOPTraHU3AIMY MHOXKECTBA IEPBUYHBIX €JUHMUII IBU-
KeHUs1 Oe3 BBeIeHUs IOTIOTHUTEIbHBIX (DyH/IaMEHTaILHBIX Me-
XaHU3MOB JJ1s1 KaKJA0r0 YPOBHSI OpraHU3allii MaTepuu. YCTou-
YMBOCTb OOpa3YIOIIMXCS CTPYKTYD CBSI3BIBAETCS C TEOMETPH-
€l MOTOKOB, B3aMMHBbIM HAIPABJICHUEM [IBUKEHUsI, YCIOBUSIMU
CTOJIKHOBEHMSI Y TepepacnpenesieHUeM [IBUKEHUSI BHYTPU 3a-
MKHYTOU CUCTEMBI.

MeTo010rn4eckoi OCHOBOW IOCTPOEHUS MOJAEH SIBJISIOT-
Csl JOTHYECKHUIl aHAJN3, TeOMeTpusi U KHHeMaTHKa JIBU-
JKeHHsI, THAPOAMHAMHYEeCKHEe 3aKOHOMEPHOCTH, KJIACCH-
yeckas (pU3NKa ABUKEHUS U MOJIOKeHUsI KBAHTOBOI Me-
XaHUKU, UCTIONb3YEMbIE [IJ151 TIOC/IEA0BATEIBHOIO OIMCAHUS T1e-
pexoza OT JeMEHTAPHOIO JIBUKEHHUSI K YCTOMYMBBIM CTPYKTY-
pam Marepun. Oco0oe BHIMaHHE yAeNseTCs COXPAaHEHHIO JIBU-



KEHUS M YCTOMUMBOCTH OOPa3YIOIIUXCS CHCTEM.

[Ipenyaraemasi MoJesb paccCMaTpPUBAETCSl KaK eUHAsi Mexa-
HUYECKas cxeMa, IMO3BOJISIIONIAs OMUCHIBAThH MOC/EI0BATEIbHOE
00pa3oBaHMe CTPYKTYpP Pa3lIMYHOIO YPOBHS — OT MEPBUYHBIX
BUXPEBBIX 00pPa30BaHMIA 10 MPOTOHA, aTOMa BOIOPO/IA W aTOM-
HbIX siAep. [Ipu mocTpoeHnn Moaenu CTaBUTCS TPUHILIMITHAILHOE
yCIIOBUE €€ COOTBETCTBUsI HadJrogaeMbiM siBjeHusiv Ilpu-
POAbI U YCTAHOBJIEHHBIM JKCIIEPHMEHTAJbHBIM pe3yJib-
TaraMm coBpeMeHHOH (pu3uku. [losToMy nonoxeHus Mmoaenu
COIOCTABJISIIOTCS C U3BECTHBIMU (PU3NYECKMMU CBOMCTBAMM 3J1€-
MEHTAPHBIX YaCTHI], ATOMOB U SIIEp U PaCCMAaTPUBAIOTCS HE Kak
OTPUIIAHUE COBPEMEHHOU (PU3UKH, A KaK IMOIBITKA MPEIJIOKUTh
MEXaHUYECKYI0 MHTEPIIPETALIMIO IIPOIIECCOB, JIekKAIUX B OCHOBE
HAOJTI0/IAEMbIX SIBJICHUT.

Pabora npejicTaBiisieT coO0i pa3BUTHE aIbTEPHATUBHOTO MO~
Xo[a K MpobOjeMe MPOUCXOXKAEHUSI W OpraHu3allii MaTepuw,
B KOTOpOM (pyH/IaMEHTAJILHBIM SIBJISIETCS He HAaOOp He3aBH-
CUMO 3a[IJaHHBIX YaCTHUI] U UX CBOWCTB, a JBH:KeHHE, B3au-
MO/ieiiCcTBHE M MPOCTPAHCTBEHHAsI OPraHU3aINsi MHOKe-
CTBa dJIeMEHTAPHbIX eJuHuN. [lanbHeniiee pa3BUTHE MOJe-
JIM TIpeJIoNaraeT e€ MaTeMaTUIecKylo (popMain3aiiuio, noiayye-
HUE KOJIMYECTBEHHBIX 3aBUCHUMOCTEN U COMOCTABJIEHHUE C IKCIIe-
PUMEHTAILHBIMU JTAHHBIMH.

Aemop. [1o6pwiit nenb. [locMotpute cratbio (kHUTY). Pasro-
BOpP € UCKycCTBeHHbIN MHTENeKTOM FO.Knbimma. Tam Mbl ¢ Ba-



MM CACJIaJI OIIPEOCIICHHBIC BbIBO/BI. BbrlI ¢ 3TIMU BBIBOIAMU CO-
I'J1IaCHBI. I[aBaﬁTe Pa3oBbEM OCHOBHYIO UJICIO CTATHU 11O HECKOJIb-
KM HallpaBJICHUAM.

HH. Kuura 1O.B. KnbimmHa «Pa3roBop ¢ MCKyCCTBEHHBIM UH-
TEJUIEKTOM» TPEJIAraeT aJIbTEPHATUBHYIO PEIyKIMOHHUCTCKYIO
MOJIeNb (PU3UKHU, OCHOBAHHYIO HAa (DOPMUPOBAHUM YCTOMUYUBBIX
CTPYKTYp ((pOTOHOB, KBApPKOB, IPOTOHOB) Yepe3 MEXaHUUECKUE
B3aMMO/ICHCTBYSI IEPBUYHBIX « EMUHMIT IBUKEHUsT» B IIPOCTPAH-
ctBe. Pa3BuTre 3TOM KOHIIENIIMKA BO3MOXKHO Yepe3 MaTeMaTnye-
CKO€ MOJEJIMPOBAHUE YIJIOB CTOJIKHOBEHUM, COMIOCTABJIEHUE CO
CraHapTHOU MOJIENbIO, UCCIIEJOBAHME KOCMOJIOTMYECKUX ClIe[I-
CTBUM U aHAJIU3 TEPMOAMHAMUKY MUKPOCTPYKTYp. [TogpodHee ¢
OCHOBHBIMH UJIEAMHU MOKHO O3HAKOMUTBCS IO CChUIKE.

Pa3roBop ¢ UCKyCCTBEHHBIM MHTEJUJIEKTOM - JIuTPec

14 aBr. 2026 r. — DTa KHUTa poaMIach U3 pa3roBopa aBTopa
C MUICKYCCTBEHHBIM UHTEJLJIEKTOM O JIBUKEHUU TAIaKTUK, IPUPOJIE
IIPOCTPAHCTBA, MAaTEPUH, CBETA, KBAp...

Aemop. OtruHo. TaM uaeT pa3roBop o eIUHUIIE JBVKEHUS.
Moru Obl BBl OITUCATH 3TOT OOBEKT.

HU. CornacHo konuenumu 1O. B. KiplnmHa, «equHuna nsu-
KEHUsI» TIPEJICTaBIsIeT cOOOM (PyHIaMEHTAIbHYIO, HEETUMYIO U
aOCOMIOTHO WJIGHTUYHYIO TIEPBOYACTHILY MAaTepuH, U3 KOTOPOU
opmupyetcs Bes puzmdeckasi peabHOCTh. DTOT OOBEKT CyIIe-



CTBYET MCKJIIOYUTEJILHO B TIOCTOSIHHOM MEXaHUYECKOM [JBHKE-
HUM Y B3aMMOJIEUCTBYET Yepe3 CTOJKHOBEHM, (POPMUPYsI BUX-
peBble CTPYKTYPBI, TaKue Kak (poTOHBI ¥ KBapku. Bonee mogpoo-
HYI0 MTH(OPMALIMIO MOKHO HAUTU B UCTOYHHUKE.

Aemop. §1 XxoTen MpoBeCTH aHAIN3 0OPa30BaHMsI IPOTOHA 10
sTanaM. XoTes MPOCMOTPETh KaK1e MOTYT ObITh POTUBOPEUMS
¢ (pm3NYECKOU TOUKM 3peHus. 1 Bo3HUKaoL1e BO3MOKHOCTH.

HH. Monenbs 06pa3oBaHus POTOHA U3 «EVHUIL TBUKCHUSI»
OIKCBIBAET ITOT IPOLIECC KaK BUXPEBYIO KOHJEHCAILIMIO Yepe3
9Talbl XaOTUYHOIO JIBUXKEHMS, JIOKAIM3auuK ((POTOHBI) U CTa-
OWIM3aly B KBAPKOBBIE CTPYKTYPbl. OCHOBHBIE IPOTUBOPEUHSI
C COBpEMEHHOW (PM3MKOW 3aKJII0UAITCA B PEHICHUH MPoodieM
NOTEPU SHEPTUM Ha U3JTyYeHHe, PeTUBUCTCKUX OIpaHUYEHUI
CKOPOCTH U COOJIOJIEHUsI MPUHIIMIIA HEOIPEAEIEHHOCTH, MPH
3TOM MOJIEJb MpeJlaraeT reOMeTprIeckoe OObSICHEHHE MacChl
IIPOTOHA U AJIbTEPHATUBY KBAHTOBOMY KOH(pAaMHMEHTY. AHAIN3
MeXaHU3Ma 0Opa30BaHusl MPOTOHA M BO3HUKAIOIIMX MPOTHUBOPE-
YU MOXKHO IIPOBECTH, U3y4ash KBAaHTOBBIE TEOPUM, OIUCHIBAIO-
IIM€ CTPYKTYpy MaTepuu.

Aemop. Xopoiuo. ITocmorpum mexanuky. IlepBoe. YcnoBusi.
EnuHULBl IBMKEHM ST UMEIOT OIMHAKOBYIO CKOPOCTh JABHKEHUSI.
VmeroT npsMosIMHelHble JTMHAN JBWXeHN:. VIMeloT nBrkeHne
HECKOJIBKO BBILIIE CKOPOCTH ABMKEHUs cBeTa. MIMeT oguHako-
Bbl€ pa3Mepbl. [IBUraloTCsi OTHOCUTENIBHO B OJJHY TOUKY. JBHra-



I0TCS B cXofisiimeMcsi moToke. Bropoe. I1pu cronkHOBeHMH 00pa-
3yeTcst 3aTop, cxkarast oomactb. Cxkartast 007aCcTh TOPMO3UTHCS,
3aTopmaxkuBaercsi. OOpa3yercs aBa pykaBa. OOpa3syercs. Bepx-
HUIl pyKaB HAYMHAET OOXOAUThH 3aTOPMOKEHHYIO 00J1aCTh CBEp-
xy. U 3akpyuuBaercs Briepes B cropony. OOpa3zyercs ayra, mo-
JYKpyT, Kpyr. To *ke mpoucxXomuT U co BTOPHIM pykaBom. OOpa-
3yeTcs NepBUYHast BUXpeBas CTpykTypa. COCTOUT U3 IByX pyKa-
BOB. 3aTOpMOXeHHOM oOnacTtu, 3atopa. 1 BuHTa.

HH. TlpuseneHHOE BaMM ONMCAaHUE MEXaHM3Ma OYEHb Ha-
[JISIIHO MOZAETUPYET TMAPOAMHAMUYECKYIO WJIM YUCTO MEXaHU-
YecKyl0 KapThHy oOpa3oBaHus BUXpeil. B pamkax mpeasoxeH-
HoM [O. KibllIMHBIM KOHUENIMU 3TOT MPOLECC BBINISAIUT Kak
POXAEHUE CTPYKTYPUPOBAHHON MaTepUX U3 KUHETUYECKOIO Xa-
oca.

JaBaiiTe pazdepeM 3Ty MeXaHHMKY MO 3Taram, BblIEIUM BO3-
HUKaoIYe (pU3NYECKUE TPOTUBOPEUMS C TOUKU 3PEHUS KIIACCH-
YECKOM Y KBAaHTOBOM (PU3MKH, 4 TAKKE PACCMOTPUM HOBBIE TEO-
pETHUYECKHE BO3MOKHOCTH, KOTOPbIE OTKPBIBAET TaKasi MOJETb.

HeTajbHbIN pa300p MeXaHUKH Mpouecca

ran cxoxkaeHus (Iforok): MHoxecTBO aOCOMIOTHO UIEH-
TUYHBIX €IMHUILL IBUKEHUS (OJMHAKOBBINA pa3mep, CKOpocTh \(V
> c\)) HarpaBJieHbl B OJIHY 00J1aCTh POCTpaHCcTBa. CXoaAImmics
NIOTOK PE3KO YBEJIMUMBAET JIOKAIBHYIO IUIOTHOCTb.

Aran 3aropa (CxkaTue): V3-3a BBICOKOU INIOTHOCTH €IUHU-



bl IBMDKEHUsI HAYMHAIOT CTaKuBaThes. LleHTpanbHas o6macTb
TepsIeT CBOIO HAMPABJIEHHYIO CKOPOCTh (KMHETUYECKAasl SHEPrus
CXOXJIEHUsI TIepEXOAUT BO BHYTpPEHHEe NaBjieHue u aedopma-
M0 TPAEKTOPHIA ), 00pa3yeTcs «3aTop» — KBa3WCTAlMOHAPHBIN
HEHTD.

Aran pa3aenenus u o6xoaa (Pykasa): [1oTok, KOTOpbIT
MIPOJIOJIKAET IPUOBIBATh C3aM, HE MOXET IMPOUTH CKBO3b 3aTOP.
OH BBIHYXEH OrrOaTh €ro Mo MyTH HAaUMEHBIIIETO COITPOTHRIIE-
Hus. [IoToK pazgesnsercsd Ha 1Ba OCHOBHBIX CHMMETPUYHBIX pPy-
KaBa (YCJIOBHO «BEPXHUN» U «HWKHUI»).

Aran 3akpyunBanusi (Buxps): Orubas 3aTOpMOXKEHHbIN
IIEHTP, BHEIITHUE CJION MTOTOKA UMEIOT 0oJiee BBICOKYIO CKOPOCTb,
YeM CJIOM, TpaHuYaliye ¢ 3aTopoM. Bo3HMKaeT rpaiueHT CKopo-
creil. PykaBa HAYMHAIOT 3aKPy4YMBaTLCS BHYTPb U BIiepell, 00pa-
3ysl AyTH, TIEPEXO/AIIre B 3aMKHYTbIE WM CIIUPATbHBIE OKPYXK-
HOCTH.

PunanbHasag CcTpyKTypa: PopMUpyeTcsl YCTOMYUBBIN CO-
CTaBHOM OOBEKT, COMECPIKAITIVIA:

3aTop (1apo cxaTus, BHIIOMHSIONIEe Pojib IIEHTPa Mace).

Ba pykaBa (opOWTaNbHBIE TOTOKH, OOECTeYMBaIOIIHe
CIVH/BpALLECHUE).



BuHT (OCEBOE WM MOCTYHATENBHOE CMEIIEHHUE, 33Jal0Iee
CIUPAJILHOCTD U HAIPABJICHUE IBUKEHUS BCETO BUXPS).

Puznueckue nporuBopeuns (Y3kue Mecra Mo/1eJu)

C TOYKM 3peHHus] COBPEMEHHOM aKaJeMUYeCKON (PU3MKH, K
9TOM MEXAHUYECKOM CXEME BO3HUKAIOT CEPbE3HBIE BOIPOCHI:

IIpo6Jsiema ynpyrocta M coOXpaHeHHsI uUMIyJabca: Ec-
JIM €IMHUIIBI IBUXKEHHST aOCOIIOTHO JKECTKHUE, TO MPH JI0OOBOM
CTOJIKHOBEHUM B «3aTOpE€» OHU JIOJKHbl MTHOBEHHO OTCKAKH-
BaTh Hazaj (COMIacHO 3akoHaM MexaHuku HbioroHa). UToObl
0o0pa3oBaJiCsl «3aTOp» (CKATUE U TOPMOKEHHUE), CTOTKHOBEHHMS
JOJDKHBL ObITh Heynpyeumu. Ho Heynpyroe cTONKHOBEHHE Tpe-
OyeT MOIJIoNIEeHN S SHEPruu (HarpuMep, Tepexoa B TeIIo), 9To
HEBO3MOXKHO ISl HEACTMMOW MEePBOYACTHUIIBI, Y KOTOPOU HET
BHYTPEHHHMX CTeTieHer CBOOOIHI.

IIpoduema craduabHOCTH BUXPsi: B kimaccuueckoit ruj-
pPOIMHAMUKE BUXPU CYILECTBYIOT 32 CUET TPEHUS CJIOEB CPejibl
(BSI3KOCTM) M BHEIHEro JaBjieHus. Eciu eauHunpl ABUKEHUS
HaXoAATCS B MYCTOTE U B3aMMOJEUCTBYIOT TOJIBKO KOHTaKTHO,
pyKaBa BUXpsI TIocJie 00X0j1a 3aTopa JIOJIKHBI TPOCTO Pa3eTeTh-
Csl B pasHble CTOPOHBI 32 CYET IIEHTPOOEKHOW CHIIBI, €CITU HET
YACPAKUBAIOLIEN «BHEIIHEN>» CUJIBL.

IIpeBbimenune ckopoctu ceeta (\(v > ¢\)): CoracHo cre-
rabHON Teopru otHocutesbHOCTH (CTO), moboii MaTepraib-



HBI OOBEKT C HEHYJIEBOM MAacCOM HE MOXET JOCTHYb CKOPOCTH
cera. Ecnu eiuHuUIbl ABroKeHUST O€3MacCOBbIe, OHU MOTYT JBH-
raThCsl CO CKOPOCTBIO CBETa, HO CKOPOCTh \(V > c¢\) Hapyiaer
npuHuun npuarHHocTy B CTO. Monenu KiblmHa npuxoaur-
¢4 nocrysmposarb, YTo CTO npuMeHrMa TOJIBKO K cOCMAgHbIM
0o0BbeKTam (BUXPsIM), HO HE K CAMUM €TUHUIIAM JTBUKCHUSI.

OTcyTcTBHE BOJIHOBBIX CBOICTB Ha mepBoM 3Tamne: B
KBAHTOBOW MEXaHUKE YaCTHIIbI 001a1al0T KOPITYCKYJISIPHO-BOJ-
HOBBIM Ayasiu3MoM. B Bareii cxeme Ha 3Tarie CXOXJIEHUS BOJ-
HOBasl MPUPOJIa HUKAK HE MPOSIBIISIETCS — 3TO YUCTO T€OMEeTPU-
YecKHe TPAeKTOpUH (JTy4u/BEKTOPHI).

Bo3nukarompue Bo3mo:kHocTH (IloTeHmuaa mogean)

Ecnu npeanonoxuTh, 4TO reOMETpUYecKre U MeXaHUYeCKue
MpaBUjia MOJENIM BEPHBI, OHA OTKPHIBAET KpailHe MHTEPECHBIE
NepCIEeKTUBBl AJis1 0ObsICHeHUs1 (pu3MdYeckux (eHoMeHOB Oe3
NIPUBJICYCHU ST KMUCTHUECKUX» KBAHTOBBIX IOCTYJIATOB:

Mexannyeckasi MpUPOJAa MACChl: «3aTop» (3aTOPMOKEH-
Hast 00JIaCTh) — 3TO OOJIACTb, IIe KUHETUYECKAs] SHEPIUs IBH-
KEHUs eMHUI] JIOKAJIM30BaJIach B MPOCTpaHCTBe. B Kiaccuye-
CKOM (pr3MKe Macca — 3TO Mepa UHEPTHOCTU. 3aTOP COMPOTUB-
JISIeTCs BHENITHEMY BO3J/ICHICTBHUIO CUJIbHEE, YeM CBOOOIHBIN T0-
Tok. Takum 0Opa3oM, Macca MOKOSI POK/AaeTcs1 U3 YHCTOro
JBIEKeHMs, 3arieproro B reomerpuu Buxps (\(E=mc”2\) B uu-
CTOM MEXaHWUYECKOM HCIIOJHEHUN ).



EctrecTBeHHOE 00bsICHeHHe CIIMHA M MoJsipHOcTH: Ha-
JIMYUE IByX PyKaBOB U «BUHTa» aBTOMATHUECKH 3371a€T OOBEKTY
IIPOCTPAHCTBEHHYI0 OPUEHTALMIO (ITpaBasi WM JieBasi CIIMPAb-
HOCTb), & TaKKe YIJIOBO MOMEHT. DTO MOXKET ObITh MEXaHUYe-
CKMM aHAJIOTOM KBAaHTOBOI'O CIIMHA U 3JIEKTPUUYECKOTO 3apsAaa.

AJbTepHaTHBA TEOPUH MOJs1: BMecTo BBeieHUs aOCTpaKT-
HBIX «3apsJIOB» U «IOJIe» (JEKTPOMArHUTHOIO, CHJIBHOTO),
B3aMMO/IEIICTBUE MEX]y TAKUMU CTPYKTYpPaMU MOKHO OIUCATh
Jyepe3 MHTepdepeHIINI0 NX PYKAaBOB. [[Ba BUXpst Oy/IyT MPUTSATH-
BAThCSl WIM OTTAJKUBATHCS B 3aBUCUMOCTH OT TOT'O, COHAIPaB-
JIEHbl WX TIPOTUBOIIOIOXHBI TIOTOKU MX PYKaBOB TMPH COMMKe-
Huu (a”asor adexta bepHyM B a9poaHAMUKE).

BHyTpeHHsISI CTPYKTYpa KBapKOB: JTa «IepBUYHAS BUX-
peBasi CTPyKTypa» WAEaTbHO IMOAXOIUT Ha pOib CyOKBapka
(TpeoHa) UM caMoro KBapka. Eciiy mpoToH COCTOUT U3 Tpex Ta-
KHX BUXPEH, TO UX «BUHTBI» U «PyKaBa» MOTYT MEPeIieTaThCs,
co3aBasi Ty camylo Crily KOH(balHMeHTa (yep:KaHusl ), KOTOPYIO
B CTaHAapTHOI MOJIENN NTPUIIKCHIBAIOT TJIIOOHAM.

Kak 051 Bbl X0TeJIH NPOJOJLKUTH aHAJu3? Mbl MoxeM
MaTeMaTUYeCK! OLIEHUTb, MOJ KaKUMH YIJIaMH JOJIKHBI CXO-
JUTbCS MOTOKM, YTOOBI 3aKpyuyMBaHUE B pyKaBa ObUIO MaKCH-
MaJIbHO CTaOMJIBHBIM, WJIM IOAPOOHee pa3o0parh, Kak U3 O08yx
TaKUX TEPBUYHBIX BUXpEH (MM TpeX) HAUMHAET COOMpAThCS



HENOCPEACTBEHHO CTPYKTYpa NPOTOHA ?

Aemop. O1muHO. DTy CTPYKTYypy OylIeM paccMaTpuBath C
TOYKM 3pEHUs] CTAOMJIBHOCTM M 0Opa3oBaHUs MOCIEAYIOIUX
crpykryp. Bropoii stan. Ha 3ToM 3Tane. EguHuipl kotopbie
CTOJIKHYJIUCh B LIEHTPE HAYMHAIOT CBOE JIBUKEHUE BBEPX MOCIE
OTCKOKa. DTH €IMHUIIbl UMEIOT HECKOJIBKO MEHBILIYI0O CKOPOCTb
JBUKEHUS. DTU eTUHUIIBI (YaCTh €IUHUI]) 3aTOPMOKEHBI OTHO-
CUTEJIBHO JBUKEHUSI OCHOBHOIO MOTOKA. OHU CTaJKMBAIOTCA C
BHEIIIHMMU YaCTUIIAMU U OTCKaKMBAIOT BOBHYTpb. HaunHaioT Ko-
nebatbes. [poriecc konedaHus pacIipoCTpaHseTCsl Ha BHEIITHUE
vactunpl. LleHTpanbHast 001acTh HAYMHACT KUTh B PEXXUME KO-
nebanus. B pexume Topmoxenus. B pexume uznydeHus Boj-
Hbl IBUKEHUS. (JIEKTPOMArHUTHOW BOJIHBI). BonHa auraercs
Hapyxy. Ha BTOpom 3Tarne npousBOIUTCS CTPYKTypa pacxops-
nmiics notok. PackpyuuBatoniascs cnvpab. B 1iesiom aBe cru-
pasin. CkpyuuBaroasicsi, packpyuuBawomascs. 1 3atopmosxeH-
HBIW LIEHTP.

HU. Byl onvcaiiv BaKHEHUIIINN 3Tal — MEPEXof] OT YUCTO Me-
XaHUYEeCKOro yaapa K BOJHOBON guHamuke. [lo cytu, B
ceryac HarisiIHO CMOJIEIMPOBAJIM, KaK MEXaHUYECKOE TPEnsT-
CTBUE MPEBPALIACTCS B UCHOUHUK ABMOKONOAHULL , & CAMU «EJIU-
HUIBI ABVKEHUSI» HAYMHAIOT MOPOKAATH TO, YTO Mbl B MAKPOMMU-
pe Ha3biBaeM (PU3NYECKUM I0JIEM WJIU JIEKTPOMArHUTHOM BOJI-
HOM.

JaBaiite meTanpHO pa3zdepeM (PU3MKY ITOrO BTOPOTO Tara,



OLIEHUM CTaOWJILHOCTh CTPYKTYPBI U TIOCMOTPHM, KaKU€ HOBbIE
BO3MOKHOCTH U IIPOTUBOPEUH S 3[IECh BOZHUKAIOT.

Anaromusi BToporo 3tana: PoikaeHune ocHuLIsITOpa
(k0J1€0aTEJILHOTO KOHTYPA)

B Bamieit cxeme neHTpasibHast 00nacTh («3aToOp») IMepecta-
eT OBITh CTATUYHBIM KOMKOM M TPEBPAINACTCS B JMHAMHYECKOE
nyJibCUpYIoLIee SApO.

BuyTpenHnuii 0TCKoOK u norepsi ckopoctu: Ilocie n060-
BOTO CTOJIKHOBEHHMSI B LIEHTPE €IMHUIIbI JABUKEHUSI OTCKAKMBa-
10T Ha3a7 (BBepx/B cTOpoHbI). Ho mockobKy OHM poOHUBaIOTCS
CKBO3b MPOJOJIKAIOIIMIA Ha0eraTh IOTOK, OHU HEM30EKHO Tepsi-
I0T YacTh CBOEW KMHETUYECKOW SHEPTUU JIBUKEHUS 110 TPSMO.
WX CKOpOCTBh CTAHOBUTCSI HIKE, UEM y «CBEKHX» BHEIIHUX €M~
HUII.

3ona unrepgepennuu (Kosedanus): DTu MenieHHble,
OTCKOYMBIIINME €JUHMIIBI CTAJIKUBAIOTCS CO CKOPOCTHBIM BHEIII-
HUM NOTOKOM. IIpoucxomut «3(p(peKT MUHr-moHra»: BHEIIHUE
YaCTHUIBI TOJIKAIOT X OOpaTHO BHYTPb, & BHYTPEHHUE CHOBA OT-
CKaKMBalOT Hapyxy. Bo3HuKaeT ycroiiuMBas 30Ha yIpPyrux Ko-
neGaHui. 3aTOp HAUMHAET «JIbIIIATh» (ITYJILCUPOBATD).

I'enepanmst Bosinbl (M3ayuenne): [lynscaims 3atopa me-
penaercsi OKpy:XaoluM eJUHHLIAM JBUKEHUs. DTa MeXaHUuve-
CKasl BOJIHA TUIOTHOCTH CXKaTHUs/pa3pekeHus yXOIUT Hapyky. B
paMKax MOJIEIN — 3TO U €CTh IEPBOOCHOBA 3JIEKTPOMATrHUT-



HOMW BOJIHEI.

Cynepno3unus aByx crnmpajien (/ImHamudyecknii 6a-
Jaanc): Tenepb CTpyKTypa COCTOUT HE POCTO U3 3aBUXPEHUS, a
U3 IByX MPOTUBOIIOJIOKHBIX TTOTOKOB:

CkpyunBaomasicst cnupanab (IIpurok): Buemnwmii cxo-
JSIIANACS TOTOK, KOTOPBIA MUTAeT CTPYKTYPY, HECET SHEPruio
BHYTPb M 3aKPYyUMBAETCsI B PyKaBa.

PackpyuuBawmasica coupaab (Otrox/U3iaydyenue):
BHyTpeHHUI IOTOK OTCKOYMBILMX YacTUI U TOPOKACHHAS UMU
BOJIHA, KOTOPbIE YXOIAT OT LIEHTPA HAPYKY.

Bo3mokHOoCTH UIs1 CTAOMJIBLHOCTH M CO3/IaHHUSI HOBBIX
CTPYKTYP

DTOT 3Tan AaeT MOJEJIM KOJIOCCAJbHBIY 1Iar BIepe]] B IJIaHe
00BSICHEHU I CTAOMJIBHOCTH, KOTOpasi paHee Obliia 0] BOIIPOCOM:

Nunamnuyeckass cTadUILHOCTHL (ABTOBOJIHOBOH aHa-
Jor): B (pusuke cylecTBYIOT Tak Ha3bIBaeMble coaumonbl (yeau-
HEHHbIE BOJIHbI) U a68mogonHbl (HapuMep, B peakiuu benoyco-
Ba-KaOOTHUHCKOTO0), KOTOpBIE COXPAHSIOT (POPMY 3a CUET TOCTO-
STHHOTO MPUTOKA W OTTOKA SHEpruu. Baiiia cTpyKTypa CTAaHOBUT-
CSl IMEHHO TaKMM <«XKHUBBIM» JMHAMHYECKUM 0ObekTOoM. OHa
cTabujbHa HE MOTOMY, UTO OHA JKeCTKas, a MOTOMY, YTO MpPH-
TOK (CKpPy4YHBaHHe) U/1eaJbHO KOMIIEHCUPYETCSA OTTOKOM
(packpyunBaHueM)



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.
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Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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