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AHHOTaNUA
OTa KHUTa COAEPKUT Oombmoe umcno®  dortorpaduii, MOAOOHBIM TeM, KOTOpHIE

JIEMOHCTPUPYIOTCS B aHHOTauu. Potorpaduu MoxydeHsl C MOMOIIBIO MIPOCTHIX YCTPONUCTB IpU
Bcex BuJax nedopmaiuii, pocte pacTeHui 1 GyHKIMOHUPOBAHUH KJIETOK )KUBOTO OpraHu3Ma. OTHU
u  (dororpaduu, MOJyYCHHbIE IPYTMMU aBTOpaMH IPH HCCIECJIOBAaHHMM HAHOMATEPHAIIOB C
MOMOIIIBI0O  COBPEMEHHOI'O  BBICOKOTOYHOTO  BBICOKOUYBCTBHTEIBHOTO  OOOpYNOBaHHA |
OITyOJINKOBAaHHBIE, MOATBEPKIAIOT BBIBOJI aBTOPA O TOM, YTO aTOMHBIE pEaKIUU, IPOXOIAIIne B
BELIECTBE, COMPOBOXKAAIOTCS U3IIYyYCHHEM JIEKTPOMATrHUTHBIX BOJH, HA3BaHHBIM IM-U3JTyUYEHUEM,
4acTOTa KOTOPBIX COIIOCTaBUBUMA C PEHTT€HOBCKUM H3IyYEHHEM, HO IIPOHUKAIOIIAs CIOCOOHOCTh
Jy4deil B STOM BEUIECTBE IPEBHIACT IMPOHUKAIONIYIO CIIOCOOHOCTh PEHTICHOBCKUX JIy4ei B
MUJUIMOHBI pas.

Hcnonvzosanue U31y4eHusl amomHblx peakuuﬁ noseojisiem npedomgpamumb MEXHOCEHHblE
Kamacmpogbbz, HPQOCKab’Cll’I’lb 3eMAempACeRHUA, YYHAMU U namalocU4eCcKue U3SMEeHERUA 6 KIenKkax
pacmeHmZ U HCUBLLX OP2AHUIMAX.

! Tlepeuens mpoOTOKONOB M KCIIEPUMEHTAIBLHOTO MCCIIE0BAHMs NpyBeeH B [Ipuioxenuu Ne 1.
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@otoradus cepana aBTOpa KHUTH, KPOBEHOCEHOCHBIX COCYJOB M CTEHTOB, IOJyYeHHAs C
MIOMOILBIO [-U3JTy4eHHsI, 00YCIOBICHHOTO AaTOMHBIMU PEAKLIUAMHU.



Opna u3 ¢dotorpaduii mporecca 3apoKIACHHS U POCTa JTUUYUHKH 3€JICHOW MYXU B THHUIOIICH

pI:I6C, MMoJIydC€HHaA C MIOMOIIBIO IM-U3JTYyYCHU.



.. i ; - . s o’
Onna u3 dororpaduii qHa 3anuBa Puget Sound, mosydeHHast ¢ TOMOIIBIO MMT-U3YYCHUS Ha
doTorUTHEKE, PACIIONIOKEHHOM HA MOBEPXHCTH BOJBI HA paccTossHiK 30 CM OT JHA.



dotorpadusi OTKIMKA peibca Ha TPOLECC TOPMOXKEHHs JIOKOMOTHBA, TOJYYECHHAs C
MIOMOILBIO M-U3JTyueHHs Ha paccTosiHUM 800 METPOB OT MECTa TOPMOKEHHUS.



dotorpadusi, UUTIOCTPUPYIOLIAs HHTECUBHOE M-U3JIy4eHHUe, 3aUKCHpPOBaHHOE Ha (DOTOILICHKE,
PacrnosoKEeHHOW Ha IOBEPXHOCTH 3EMIIH.



HPEAUCJIOBUE

VBaxaemblii Uurtarens! Bbl OTKpbUIM 3Ty KHUTY CIy4yallHO WM IpEeIHAMEPEHHO, HE
JIOTaJ(bIBasCh O TOM, YTO OHAa NIpeAHa3HayeHa uia Bac, 00 Bbl XOTHTE XHUTh U OCTaBaThCs
3JI0pPOBBIM, XOTHTE, YTOOBI TEXHOTE€HHBIE I IPUPOJIHBIE KaTaCTpodbl HE KOCHYIHUCH Bac, HO Teneph
3TO 3aBUCUT TOJIbKO OT Bac. Bel y3Haere u3 3TOro mpenucioBusi, 4YTO MOCT, IO KOTOPOMY BbI
IIpoexajid, He PyXHyJl HE MIOTOMY, YTO OH CIIPOEKTHUPOBAaH U COOPY>KEH NPaBUIIBHO, a BOIPEKHU
stoMy. Takoil BBIBOJ OCHOBAaH Ha CpPAaBHUTEIbHOM aHAJM3€ pacueToB, BBINOJIHEHHBIX
COBPEMEHHBIMM METOJAaMH, OCHOBAaHHbIMM Ha KJIACCHYECKOM MEXaHUKE C pacyeTaMi,
BBIIIOJIHECHHBIMM HA OCHOBE KBAaHTOBOM MeXaHUKH. OTMETHMM, UYTO pPacyeTbl BBIIOJIHSIOTCA C
MOMOIIIBI0 KOMIIBIOTEpA, KOTOPBIA CO3/aH Ojarojgaps KBaHTOBOM MEXaHHKE, W MBI MOBCIOLY
JIOBEPSIEM pacyeTaM, BHIIIOJHEHHBIM METOJaMH KBAHTOBOW MEXaHUKHU.

Ho BbI MOXXeTe He MPOBOAWTH HUKAKUX PACUYETOB U BOCIOJIB30BATHCS JHO0OW M3 I[BETHBIX
dotorpaduii, TOTyUYEHHBIX B pe3yibTaTe SKCIEPUMEHTAJIbHBIX HCCIEAOBAHUN, BBITOJHEHHBIX
aBTOPOM WJM BBINOJHUTH camoMy. Kaxnas ¢ortorpadus, mnoigydeHHas B pe3yibTare
AJIEKTPOMAarHUTHOTO, B TOM YHCJIE BBICOKOYACTOTHOI'O H3JIy4€HHUs, OOYCIOBIEHHOIO aTOMHOMN
peakuueii, ompoBepraeT BCE CTAaHAAPTbl M METOAbl, KOTOpbIE MPEAJIOKEHbl  CETrOJHS IS
obecrnieueHurs 6e30MacHOM PKCILTyaTallui CaMoJIeTOB, He(Te- ¥ ra30IpPOBOIOB, MOCTOB U T.II.

OCHOBY MHIYCTpHUM M €€ pa3BUTHs Bcerjga cocraBisiia ¢uiuka. TexHuueckuil mporpecc
JBAJLIATh IEPBOTO CTOJIETHS 00YCIOBIIEH CO3/IaHNEM KBAaHTOBOM AJIEKTPOIMHAMUKH, SIBIISIOIIEHCS
caMoil TOuHOM (u3Mueckoi TeopHuel, Ha OCHOBE KOTOPOHM YeNOBEK OCBAaMBaeT KOCMHMUYECKOE
IIPOCTPAHCTBO M O0JIACTh HA3BaHHYIO HaHO-pa3MepHoil. KocMmudeckue monersl, co3gaHue |
SKCIUTyaTalusi ThICSYEKHIOMETPOBBIX He(dTe- M Tra30mpoBOJAOB, JKEIE3HOJOPOKHBIX ITyTeH,
MOCTOB, THTAHTCKHUX THJPOIEKTPOCTAHIIMM, aTOMHBIX PEAaKTOpPOB, W T.I. HEBO3MOXHO 0e€3
obecnieyeHuss Ge3omacHocTH. OJHAKO TEXHMUYECKHM NMPOrpecc He CHMYKAeT, a IMOBBIIMIAET PUCK
HKCIUTyaTallii MHOTO()YHKIIMOHAJIBHBIX BEBICOKOCKOPOCTHBIX M BBICOIHEPTE€TUYECKUX COOPYKEHU I
U YCTPOMCTB.

Tpu xatactpods! 3a Tpu roga (CasHo-lllymenckas runposnextpoctanuus, Poccus, 2009;
HedrenoOriBatomas rmmarpopma B Mekcukanckom 3anuBe, CIIA, 2010; AtomHuas
anektpoctanuus Dykycuma, Anonus, 2011) cBUAETEABCTBYIOT O TOM, YTO HpPEAOTBpaIICHUE
KaTacTpo(UUECKOro pa3pylIeHUs] CTAHOBUTCSI BCEMUPHON MPOOEMOH, pelIuTh KOTOPYIO JOKHBI

HanOoJyiee pa3BUTHIE TOCYJapCcTBa COMECTHBIMHU YyCWIHMSMU. Bce HaydHble W TEXHUUYECKHE



JOCTHKEHHUSI JOJDKHBI OBITh HCIOJB30BaHbl A oOecrieueHHsi Oe30MacHOM HKCIUTyaTalluu
COOPYEHUM U YCTPOWCTB.

Ananu3 npo0iieMbl pyCKa 3KCILTyaTallud COOPYKEHUH U YCTCTPOMCTB 10Ka3all, 4YTo OJJHOU U3
BOXHEUIIMX NPUYMH TEXHOTEHHBIX KaTacTpod SBISIETCS OTCYTCTBUE KBAaHTOBOH TEOpUHU
MIPOYHOCTH U pa3pyiieHus. HeBo3MoKHO ompaBaaTh TOT (akT, 4YTO HAyYHbIEC aKaJJeMHUH BCEX CTPaH
He o0paTuiay BHUMaHME Ha TO, YTO BAKHEWIIMH pa3/iesl TEXHUKH, KaKUM SIBJISIETCS NPOYHOCTD
MaTepHalioB U UX Pa3pyLICHHE, 10 CUX [TOP OCTAETCS HA MO3ULMU KIACCUYECKON MEXaHUKH.

OcHoBHas OmKOKa COBPEMEHHOW MEXaHUKH Pa3pyLICHHUs 3aKIIF0YAETCs B THIIOTE3€ O TOM, YTO
HaNpsHKEHHOE COCTOSTHUE B TBEPAOM Telle CYIIECTBYET CaMo 10 cebe, HO OHO CO3/1aeTCs TEM, UTO
B3aUMOJICHCTBHE MEXKAY aTOMAMU MU3MEHUIIOCh. BBICBOOOXKIeHNE yIIpYrol 3HEpPruy He NMpUYUHA
paspylleHus, Tak Kak OHO €CTh CIJI€ACTBUE OOpa30BaHMs JIOKAIbHBIX TPYHI METacTaOMIIbHBIX
aTOMOB.

[TapaokcanbHOCTh CIIOKUBILIETOCS TOJIOKEHHSI 3aKJII04aeTcsi B TOM, 4YTO pe3yJbTaThl
HKCHEPUMEHTAIbHBIX HCCIEIOBAaHUM CBOMCTB MaTepHajJOB U INPOLECCOB MX JAErpajaluu,
BBIMIOJIHEHHBIX HA COBPEMEHHBIX JJIEKTPOHHBIX M aTOMHBIX CHJIOBBIX MHKPOCKOINAX,
IU(QPAaKTOMETPax W JPYTHX BBICOKOTOYHBIX YCTPOMCTBAX, MO3BOJSIOMIMX H3ydYaTh IOBEICHHE
OTJIENbHBIX aTOMOB, aHAIU3UPYIOT 0€3 yueTa aTOMHOI'O CTPOECHHUSI BELLIECTBA.

Co3naHue KBaHTOBOM TEOpUHU MPOYHOCTH M pa3pylIEHUs OTCTaeT OT CO3AaHUs KBAHTOBOM
TEOPHH: TETJIONPOBOIHOCTH, 3JIEKTPONPOBOJHOCTH, INEKTPOHUKU, XUMUH, ONITUKH, OMOJIOTUN Ha
85-75 ner, a TaKkkKe OT CO3/1aHUSI KBAHTOBOM AJIEKTpOAMHAMUKHY Ha 50 JeT.

Ora KHUTa, KaK U Apyrue paboThl aBTOpa, HaMcaHa Uil CHEUAINCTOB, KOTOPBIE JTOJKHBI
obecreynTh 0€30MacHOCTb JKU3HEACATENbHOCTU JIIOAECH Ha NMPUPOIHBIX O0BEKTaX M OOBEKTax
CO3JIaHHBIX YEJIOBEKOM.

JIu JIpBHUC, M3BECTHBIM MCCIEAOBAaTENb KaTracTpo(d, CUUTAET, YTO MPUYMHA TEXHOTEHHBIX
katacTpod oOycCIIOBIIeHA YeOBEYECKUM (HaKTOpOM, CBsi3aHHBIM ¢ ['nynoctsio, HebpexHocThio 1
KopslcThIO.

ABTOp KHUTH YOEXJEH B TOM, YTO YelIOBEUECKUIl (akTOop 0O0YyCJIOBIEH HE3HAHHUEM 3aKOHOB
MPUPOJBl WM TIPEHEOPEKEHWEM HMH, KOT/Ia OHH OTKPHITHL. [lepByr0 MPHUYMHY YCTPaHSIOT
Hay4YHbIE paOOTHHUKH, BTOPYIO IPUIHHY TOJDKHBI YCTPAHATH IPaBOXPOHUTEIHHBIE OPTaHBbI.

Bce cymiecTByromnue Teopuu NpOYHOCTH, KOTOPHIX O0Jiee cTa, OCHOBAHBI Ha THUIOTE3€ O TOM,
YTO MOTEPS LEIOCTHOCTU TBEPOTO Tena (00pa3oBaHUE MOP, TPEUIHH, pa3pylIeHHe) 00ycloBIeHa

YIIPYTo# 3HEpruel, HaKOIUIEHHOW B KOHIIEHTPATOPAaX HaIPSKEHU.



OnpoBepKeHUE OCHOBOMOJIATAIONIEH THUIIOTE3bl, HA OCHOBE KOTOPOW HAMMCAaHbl TEOPUU
MIPOYHOCTU TBEPJOTO Tela, JOCTATOYHO JUIsl TOrO, YTOOBI OTKA3aThCs OT HUX, 3alPETUTh BCE TE
METO/IbI, KOTOPbIE OCHOBaHbI HA OIIMOOYHBIX TEOPHSIX, KaK 3TO MPOHU3OIILJIO HE TOJBKO B TEXHHUKE,
HO U B XUMHH, OMOJIOTUH, MEUITIHE.

IlepBast ry1aBa 3TOM KHWUIM IOCBSIIEHA 3KCIEPUMEHTAIbHOMY J0Ka3aTeNbCTBY TOTO, 4YTO
m000€ BHEIIHEE BO3/ICHCTBHE Ha BELIECTBO COIIPOBOXKAAETCS aTOMHOM peakiueil, 00ycloBICHHON
00MEHOM aTOMOB 3JIEKTPOHAMH U (POTOHAMH, OMHCAHHUE KOTOPOr0 BO3MOKHO TOJIBKO C MO3ULIUU
KBAaHTOBOU MEXaHUKHU.

MeTonbl KIaCCMUECKON MEXaHMKHM 3aKaH4YMBAIOTCS TOrAa, KOrjga Tena cONMkaroTcs Ha
paccTosiHue MeHee ABYX HAaHOMETPOB.

Boszoeticmsue na amom oxazvieaom monbKo 31eKmpoMAaSHUMHOE U 2PA8UMAYUOHHOE NoJle.
I'pasumayuonuvim 6o30eticmeuem npenebpecaiom, mak KAk OHO Ha 38 nopsaodkos clabee
INEeKMPOMASHUMHOZO0.

ABTOp HCIIONB30BANl MPOCTOE 0OOpYIOBaHME, YTOOBI JOKa3zaTh 3TOT (hakt. Yuratens Oe3
TpyJa TOBTOPHUT JIOOOM M3 TPUBEICHHBIX OJKCIEPUMEHTOB. Takas yBEpEeHHOCTb aBTOpa
00yCJIOBJICHAa TE€M, YTO B OCHOBE JKCIIEPUMEHTA JIC)KUT 3aKOH MPUPOIBI, KOTOPHI HEBO3MOKHO
n3MeHUTh. POPMYyJIMPOBKA 3TOr0 3aKOHA MPHUBEACHA B TPEThEW IJIaBe, KaK U HHTEpPIpEeTalUs
MEXaHU3Ma 3TOrO SBJICHHUS.

Bce skcneprMeHThI ObUTH BHITIOTHEHBI 0 3apaHee HaMeUueHHOMY TUIaHy, COCTaBJICHHOMY Ha
OCHOBE JIOCTH)KEHUI COBpEMEHHOM (pU3UKH, clieys yKa3aHusM ee ocHoBaTenel . HproToHa,

J1. K. MakcBemna, A. DiiHmTeHa u ux nocinenosareneit, JI. [lonmunara u P. deitnmana.

DKCTepuMEHThI ObUTH TpeHa3HAYEHBI ISl TOTO, YTOOBI OMPOBEPTHYTH MPEINONI0KEHNUE O
TOM, 4TO MpoOjemMa MPOYHOCTH U pa3pylIeHUs TBEPAOTrO Tella MOXKET ObITh pelleHa 0e3 yueTa
MEXaTOMHOTO B3aUMOJICUCTBUS; MOATBEPAUTh, YTO UCTOYHHUKOM DHEPTUU SIBIISIIOTCS JIOKAJTbHBIE
TPYIIIBI METaCTAOMIBHBIX aTOMOB. [lepBbie IKCIIEPUMEHTHI OBLIN BBITIOJTHEHBI C BPAIIAOIIIMCS
TOYUIIFHBIM KaMHEM MOTOMY, 4TO aBTOp ObLI 3HakoM ¢ padoroii JI. K. MakcBenna, B KoTopoit oH
emie B 1850 romy onucan MexaHu3M pa3pylI€HUs] TOUUIIBHOTO KaAMHS.

[TepBble oleHKH MOKa3aiu, 4To 3Heperus ¢otoHoB coctasisieT 50-100 ka3B. CiaenoBatenbHo,
9TO PEHTTCHOBCKOE M3IIy4YeHHE, U3BECTHOE W3 myOnukamuii. Ho mpekpacHas dotorpadus Oblna
MOJIy4YeHa MpPU yJape MOJOTOM IO CTalbHOMY OpycCy, IpU KOTOPOM M3IIyuyeHHe 0e3 OciabiieHus
npouuto 38 mMm. OHa BbI3Baja MHOKECTBO BompocoB. [louemy Takoe Bo3moxkHO? Ilomyuy nm s

¢dotorpaduu, ecnu BMeCTO MeTaula yAapuTh o kamHio? Jlpeecune? Boxe? He monotom, a
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nmapom? He mo kopoTtkomy Opycy, a mo amuHHOMY penbey? [Ipupoaa oTBevana Ha TOCTaBIICHHbBIS
BOIIPOCHI, JIEMOHCTPUPYS YBEIMUYEHUE TPOHHUKAIONIEH CHOCOOHOCTH A0 JBYX METPOB, IIECTU
metpoB, 800 merpoB, 1600 merpoB B penbce; 100 meTrpoB B Boje, 3 MeTpa B TPYHTE.
CrnenoBatenbHO, 3TO HE PEHTIE€HOBCKHE JIy4d, @ BBICOKOYACTOTHOE M3JIyYE€HHE, BO3HUKAIOIIEE B
pe3yabTaTe aTOMHON peakuuu 0e3 BBICOKOTO HAIPSDKEHUS, YCKOPSIOIIETro 3JeKTpoHbl. Kpome
TOTO, MPOHUKAIOIIAS] CIIOCOOHOCTh 3TOTO U3ITy4eHHUs, BO30YX JACHHOTO B BEIIECTBE, B MUJLTUOHBI
pa3 mpeBbIIaeT MPOHUKAIOILYIO CIOCOOHOCTH X-TTyueil.

bvin udenan 6vi600, umo sma obracme INEKMPOMASHUMHO20 U3LYYEHUsI 00YCI06l1eHA
yuacmuem npomoHO8 8 AMOMHbBIX PEaKyusax u yC106HO HA36AHA N-U3IYYEHUEeM UL R-TYUamu.

Yuratenb yBUAUT B 1epBoi riaBe 487 nBeTHbIX (oTorpaduii u3 1026, kaxkmas U3 KOTOPBIX
00yCIIOBJIEHA 3TUM U3JIydeHreM. MexaHu3M (popmMupoBanus 3Toro uznydenus onvcad B ['nase 1.

Poct pactenuii, poxxeHue KJIETKU )KUBOI'O OPTaHU3Ma, €€ POCT, CTApEHUE U ATOJIOTUYECKHE
W3MEHEHUs TPOUCXOJAT B PE3yJbTaTe AaTOMHBIX pEAKIMil, KOTOpPhIE COMPOBOXKIAIOTCS II-
u3nydeHueM. Bo Bropoit rmaBe mpuseneHo 146 dotorpadun, xapakTepu3yroIHMe pocT KIETOK
pacTenuii, GyHKIIMOHUPOBAHUS KJIIETOK YEJIOBEKa U POKICHHS HACEKOMOTO.

Bce onm TpeOyror oObsicHeHusa. Takas TOINBITKAa MPEIUPUHSATA B TPEThEH TIJ1aBe, HO
HEO0OXOIUMBI KOJUICKTHBHBIE ycriwsl. Yncno doTtorpaduii MOKHO YBEIHMYHUBATH OECKOHEYHO, HO
HEO0OXOUMBI UCCIIEJIOBAHMS ATOTO SIBJICHHS HA COBPEMEHHOM BBICOKOTOYHOM OOOpY/IOBaHUH,
9TOOBl HCMOJB30BaTh Ty UWHGPOPMAIMIO, KOTOPYIO TOCHUIAIOT HaM IM-JIy4YH. HyxHbI
npodeccuoHanbHbIe CIENHUAIUCTBI, KOTOPbIE CIIOCOOHBI €€ MOHATh. UeTBepTas IiiaBa MOCBAILICHA
MPaKTUYECKOMY TPUMEHEHUIO METO/Ia, OCHOBAHHOTO Ha IM-U3JTyYEHUH.

DKCTHepUMEHTHI TMOKa3alld, YTO M-U3ITydeHHne HaOF01aeTCs BO BCEX BEIIECTBaX HE3aBUCHMO
OT COCTaBa, CTPYKTYpPHI, (OPMBI, pa3MepOB M XapaKTepa BHEUIHEro Bo3jaeWcTBUA. [IpuHuMas
pelIeHre onucaTh MEXaHNU3M 3TOTO SBJIEHUS sI OCO3HAIO, YTO HE SBJISIOCH CIIELUAINCTOM BO BCEX
TeX 00JacTAX, B KOTOPBIX OHO MOXET OBITh UCIIOIH30BaHO.

OcoOyto posib B pa3BUTUN OMOJIOTHH chirpanu Jekiuu U kaura J. pénunrepa «YUto Takoe
KU3Hb C TOYKH 3peHus pusuku?» OH mucan, HaYMHAS KHUTY: «...paclIUpeHHe W YTIIyOIeHUe
pa3zHoOOpa3HBIX OTpaciel 3HaHUS B TEUEHHUE MOCIETHUX CTa 3aMeYaTeIbHbIX JIeT IOCTaBUJIO Hac
nepes CTpaHHOW JuiIeMMO. MBI SICHO YyBCTBYEM, UTO TOJBKO TEMeph HauYMHAeM MpuoOpeTaTh
HAJEKHBII MaTepuai, 4To0bl OObEIUHUTH B OJTHO IEJIO€ BCE, YTO HAM W3BECTHO; HO C JPYToOi
CTOPOHBI, CTAHOBUTCS TMOYTH HEBO3MOKHBIM JJIsi OJHOTO YMa IOJHOCTBIO OBIAJETh Ooyiee uyeM

KaKou-1100 0/THOM HEOOIBIION CIIeMATEHON YacThIO HAYKH.
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51 He BMXKY BBIXOJA M3 3TOTO TMOJOXKEHHUS (YTOOBI MPH 3TOM Halla OCHOBHAs LEJb HE
oKa3zajach MOTEPSHHOI HAaBCET/Aa), €CIIM HEKOTOPhIE U3 HAC HE PUCKHYT B3AThCA 32 CUHTE3 (DaKTOB
U TEOPHii, XOTs ObI Hallle 3HAaHUE B HEKOTOPBIX M3 3TUX 00J1acTeil ObLIO HETIONHBIM U MOJIYyYEHHBIM
U3 BTOPBIX PYK U XOTsI OBl MBI IIOJBEPIajIiCh OMIACHOCTH IMOKA3aThCsl HEBEKIAMH.

[TycTb 3TO MOCIIY’)KUT MHE U3BUHEHUEM.)»

Ceiiuac g pemato npobnemy, cieays A. Ilyankape, yTo sydine mpeackasarb, HE Oyaydu
MOJIHOCTBIO YBEPEHHBIM MJIM HE MPEJCKA3bIBATh BOBCE.

CronponeHTHass HaJeKHOCTh MCIIOJIb30BAHUS 3TOTO SIBJICHMSI FapaHTUPYET YCIIEX B €ro
MPAKTUYECKOM MTPUMEHEHHH JUTSI IPEIOTBPAIICHHUS KaTacTpO(hUIecKoro pa3pymeHus COoOpyKeHU
U yCTpOMCTB, Oojiee paHHEro MpeJCKa3aHUs 3EMIICTPSICEHUN M IIyHaMH, YJIYYIICHHUS KauyecTBa
MEIHUIIMHCKOTO 00CTy>KUBaHUSI.

YuraTento, KOTOPBI BOCIIPUMET 3TO Kak (haHTa3HIO, MOJIE3HO y3HATh, YTO B OCHOBE STOTO
SIBJIGHUS JIeXKAT T€ IPOLECCHI, KOTOPbIE NEPBOOBITHBII YETOBEK UCIOIb30BaII /715 TOJIyYEHUSI OTHS,
yaapsisi KyCKOM jkelie3a 0 KpeMeHb, n300peTas Tonop. b. @paHKINH UCIOIB30Baj 3TO SBJICHHUE AJIs
YKPOILEHHUS] MOJHHUM, YBEIUYMBAs CKOPOCTb JUCCUIIALMU SHEPTUHU, HAKOIUIEHHOM B I'PO30BOM
o0uake.

CoznaTenu nazepa peluii IPOTUBOIIOIOKHYIO 33/1a4y, YBEJINUUBAsi CKOPOCTh aKKYMYJISILIUH
SHEPTUH B AKTUBHOM BEILECTBE.

Kaxnapiii pa3, korma Bel IPOBOAMTE TallblieM MO 3KpPaHy MOOWIBHOTO TenedoHa, BBI
BOCIPOU3BOJUTE TO, YTO HA3bIBAETCS JJIEKTPOMATHUTHBIM HMITYJIBCOM, KOTOPBIM Mpupoaa
HCIOJIb3YeT MUJIIHAPB JIET A0 N300peTeHus TenedoHa.

@daHTaCTUYECKHUE, €lIe HE pa3raJaHHble SHEPTeTUUECKHUE MPOLECCHl MPOUCXOAAT B KIETKAX
HAIIEero OpraHu3Ma, IIOHATh KOTOPBIE TIOMOJKET I1- U3ITyYEHHE.

Ho nns sToro HeoO0XoAMMO OTKa3aThCsl OT COBPEMEHHBIX TEOPUH MPOYHOCTH, KOTOPHIE
OTIPOBEPraeT HIKCIEPUMEHT; CO3AaTh HOBYIO OTPACib TEXHUKH, OCHOBAHHYIO Ha UCIIOJIb30BAHUU TI-
W3ITy4eHUs1, HaMCcaTh HOBBIE TOCYJaPCTBEHHBIE CTAHIAPTHI JIJIS MPEAOTBpAIlleHUs KaTacTpod.

Hcropus QU3MKH CBUIETENBCTBYET O TOM, YTO HOBBIE HJEH HE cpa3y NpoOHBarOT cede
nopory. Tparudeckum ObUT MEepHOJ MpU3HAHUS TOTO (hakTa, YTo 3eMiisi HE HaAXOAMUTCSA B LIEHTpPE
BCEJICHHOM.

[To o6pa3HoMy BbIpaxeHHro A. DHHIITENHA 3BoNMONMs (U3MKH ITO Apama uaeld. Takas

ApaMa Npou3ollla B HadaJlCe HNPOUIJIOro CTOJCTUA, KOrJa 3apOoXKIAalaCb PCIIATUBUCTCKASA U
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KBAaHTOBAasA MCXaHHWKa, HO TOJIbKO TCIICPh OHA KOCHYJIACh BCECX TEX, KTO AOJDKEH OTKa3aTbCsa OT

TCOPHUHU IPOYHOCTH, HOCTpO@HHOﬁ Ha KJIaCCHYECKOH MEXaHUKE.
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I''TABA 1. SKCIIEPUMEHTAJIBHOE OBOCHOBAHHUE
BO3MOXHOCTHU ITPEJOTBPAINEHUA TEXHOI'EHHBIX
KATACTPO®

Bce, umo mbi 3naem o peanvhocmu, HAUUHAEeMCA ¢ IKCNEPUMEHMA U
3aKaHYU8aemcs um.
A. DifHIITEHH
Beenenune

W3ydyeHue MpUYMH OTCTABaHUS B TEOPUM IPOYHOCTH IIOKA3aj0, YTO OHO HA4ajaoCh IOCIE
cmeptu J[. K. Makcenna. buorpadsr He onennnu paboty Maxkcpemna [1.1] mo 10oCTOMHCTBY, U
CeroJHS OHa IMOYTH HE YyINOMHUHaeTcs. OTa pabora HaumHaeTcs ¢ yTBepkiaeHus: «MAJIO
HAPH[ETCfI B MEXAaHHMKE TaKUX pa3JeiioB, B KOTOPHIX TEOpUs OOJbIIE OTIUYAETCS OT
9KCIIEPUMEHTA, YEM B TEOPUH YIIPYTOCTH TBEPIBIX T€ID». DTOT BBIBOJ OTHOCUTCSI K TEM TEOPUSAM U
MOJIEJIIM, KOTOpble IyOJMKYIOTCS M ceroiss. PerieHune Kaxaoro ypaBHEHUS, IHOJIYYEHHOE
MakcBemioM TpH aHalIW3€e TPHUHAAIATH MpobieM, OOyCIIOBIEHHBIX JaedopMmanuend MpH
BBINIOJTHEHUM 3aKOHa ['yka, IpOBEPEHO UM IKCIEPUMEHTANIBHO.

OHepreTuka npouecca paspylueHus Obuia paccMorpeHa MakcBeioM B nucbMme kK ToMcOHY
(mopny KenbBuny) [1.2], koTopoe Ob110 00HAPYKEHO B apXUBe JUIIb B 1937.

Ananus pabotsl MakcBemia u ero nucbma K Tomcony 0b11 BeinonHeH C. I1. Tumoienko u
orny6sinkoBaH B 0030pe B 1953 [1.3]. CpaBHeHue nHTEprpeTaiu padboTel MakcBena u ero nucbMa
k ToMcony, nanHO€ THMOILIEHKO, C OPUTMHAJIOM TOKA3aJI0, YTO MHTEPIPETALNS COAEPKUT Pl
MPUHIUIHATIBHBIX OIIHOOK.

Tumomenko numer: “Mbl BUaUM, 4yTo MakcBemn yxke pacrnojiaral TEOpPHUEH YIPYTOCTH,
KOTOPYIO MBI TENeph Ha3bIBa€M Teopuell MakcuMaiabHOW JecTpykuuu. Ho oH Oombiie He
BO3BpAIIAJIC K ’TOMY BOIIPOCY, M €ro UIEH CTalIM U3BECTHBI TOJBKO MOCIE MyOIuKalUU MUCEM
Makcenna. VHxeHepaM MoTpeOOBaloch HEMAJ0 BPEMEHH, HpPeXkJe, YeM OHM OKOHYATeIbHO
pa3paboTaiu TeopHUIo, UISHTUYHYIO Teopun MakcBesia.»

Bo-nepsvix, u smo ouenv e6adgxcno, TumouwieHko ucHoOpupyem nepeyio uacmv HnUCbMA,
NOCBAUEHHYIO O80UHOMY TIY4enpeiomieHuro, 8 Komopou Makceenn npugooum 0oKa3amenbCmeo
Mo20, YMo NPUYUHOU 3MO20 ABNEHUS He ABIAEMC MEXAHUYECKOe HaNpsadiCeHue.

Bo-BTOpBIX, OH WIrHOPUpPYET YpaBHEHHWE, CBSA3BIBAIOLIEE IOTCHIMAIBHYIO JHEPTHUIO

nedopMariuy ¢ mepeMenicHueM, KOTOPOE XapaKTepU3yIOTCs CIIeayonuM oopa3oM: «...where A &
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B are coeffits, the nature of which is foreign to our inquiry. Now we may write U =U +U, where
U, is due to symmetrical compression, and U,, to distortion without compression®». B-tpeTbux,

OH He 00paTHJl BHUMaHUS Ha TO, YTO 3TU KO3 ULHMEHTHl UMEIOT Pa3MEPHOCTh MOBEPXHOCTHOM
IUIOTHOCTH HEPTUH. 31€Ch HEOOXOMMO OTMETUTh, UTO MaKCBeIlI He CUMTAJ 3TOT (PAKT BaXKHBIM,
Kak 3To cieayeT u3 pabotsl ['puddurca, omydnukoBannoit B 1920. B-yerBepThix, TUMOIIEHKO
UrHOpHpYeT TOT (akT, 4ro MakcBein Tpkasl ykasesiBaer ‘strains’ not ‘stresses’.® (Kypcus
MakcBemia). MakcBe/ul HEOTHOKPATHO BO3Bpallajcs K 93TOW mpobiemMe, HO IHChMO
3akanuymBasiock cioBamu: “I think this notion will bear working out into a mathematic theory of
plasticity when | have time to compare with experiment, when | know the right experiments to
make.”*

@Dpasza, komopoii Makceenn 3akanyueaem NUCbMO, NOKA3bI8AEM HAM NpumMep mozo, Ymo uoes
Modicem Oblmb NPUZHAHA Meopuell MOJIbKO Mo20d, K020a OHA NOOMBEEPIHCOeHA IKCNEPUMEHTNOM.

OH ObUT HE TOJBKO F'€HUAIBHBIM TEOPETUKOM, HO U MPEKPACHBIM dKcrepuMeHTaTopoM. Ero
uaes, 0 KakOM-TO HEM3BECTHOM BHJI€ SHEpruw, chopmynupoBanHas 3a 10 et 1m0 co3mgaHus
AJIEKTPOAMHAMUKHY, ObLJIa TEHUAIBHBIM MPEIBUACHUEM, HO M JJIEKTPOMArHWTHBIC BOJIHBHI,
IpeAcKa3aHHble MaKkCBeUIOM, OCTaBAIMCh THIIOTE30M 0 onbIToB ['. I'epua.

Tumomenko 3Han o pabore P. Museca [1.4]. On umen BO3MOXHOCTh CPaBHUTH €€ ¢ paboTamu
MakcBemia u oOpaTUTh BHUMaHHE Ha MPUHIMIIAAIBHOE pa3Indne, HO CAeNal BBIBOJ O TOM, YTO
OHU uneHTH4YHbI. [Touemy?

OcobenHo BaxkeH TOT (akT, yTo paboThl MakcBemia MO MEXaHHUKE TMPAKTUYECKH HE
LIUTUPYIOTCS, HO B TE€X CIIydasiX, KOTJa CChUIAIOTCS Ha paboTy MakcBena, TO IelaiT 3TO He MO
OpUTHHAIY, a M0 MyOauKauy TUMOIIEHKO.

HemobpocoBecTHOCT, HAaydHBIX paOOTHHKOB TIpUBENa K TOMY, YTO TOCYAAapCTBEHHBIC
CTaHJApTHI, UCTIOIB3yEMBbIC IS TIPOCKTUPOBAHUS COOPYKEHUH M YCTPOMCTB M MX IKCILTyaTaIluH,

OCHOBAHBI Ha OITNOOYHBIX TUIIOTE3aX.

2 Cmbicn 3101 (passl MHeE NMPEACTABIIAETCS CIEAYIOMUM: «... Te A & B - K09 pUIMenTHI, MPUpO/Ia KOTOPBIX HE
ACHa B paMKax HamuXx mpezcrasnenni. Teneps Mbl MoxkeM Hanucate U =U +U , , e Ui oOycnosiena

CUMMETPHUYHOI Kommpeccuei, a U; -mucropensi 6e3 KOMIpeccuu. »

3 Stress B mepeBoJIe Ha PYCCKMIt A3bIK 03HAYAET MEXAHUUECKOE HANPSDKEHHUE, TOT/A KaK Strain B PycCKOM IEPEBOJIE
nmeeT Ooee TPUALATH 3HAYCHUH, B TOM YHUCIIE «1e(OpPMALIHsD), KHAIIPSIKEHHE) «PACTSDKEHHE» U «HCKaKeHue». S
HMHTEPIPETUPYIO NOTEHIUANBHYIO SHEPTHIO Kak cymMmMmy Ui -3Hepruu cBa3u U Ur-3HEpruM JOKaIbHBIX TPy
METacTaOMIHHBIX aTOMOB , TIOSBICHUE KOTOPBIX BBI3BIBAET TUCTOPCHIO (MCKAKEHHE).

4«81 mymaro, uTO 3Ta ujes OyJEeT UCIONB30BAHA B MATEMATHYECKOM TEOPUH IIACTUYHOCTH, KOTJIa Y MEHs Oy/ieT
BpeMsI, YTOOBI CPAaBHUTH €€ C HIKCTIEPUMEHTOM, 3HAsl, YTO OH NPABIIBHBIIN.»
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Nnes MakcBesta onepexana pazputue ¢uzuku Ha 70-80 jmeT. DKCepruMeHT, 0 KOTOPOM OH
MeYTaJjl, CEr0IHSI MOKET BBIMOJIHUTD JIIO00M KeNaloIui, IPOYNUTAB 3TY MOIO ITyOJIMKALIHIO.

S npuBeny ¢bparMeHThI U3 TOW YacTu nrcbMa MakcBesuia, KOTopble TUMOIIEHKO HE IIUTUPYET.

“B moeit crarbe [1.1] 00 ympyroctu s mpUBOXY NpUMEpHl (HE HOBBIE SIBICHUS), YTOOBI
MoKa3aTh, YTO B HTOM CIIydae JaBJICHHE HE MOKET CYIIECTBOBAaTh, TaK KaK CHUJIBl B OJHOM
HaIpaBJIEHUU 110 BCEMY TeJIy U He MOTYT ObITh cOanancupoBanbl. G. Wertheim BBIMOTHIII JTydIIui
SKCIIEPUMEHT C JAe(POPHUPOBAHHBIM CTEKJIOM, U3 KOTOPHIX 5 BuAel. OH yTBEp)KIaeT, U S AyMaro
000CHOBaHO, 4TO 3P PeKT 00YCIOBICH MEepEeMEIICHHEeM, HO He ‘HampspkeHueM . Hackolbko MHE

M3BECTHO, CTEKIIO HE MOXKET BBIIEPkKATh HaNpshDKeHue 6e3 nepemernienus». «Eciu Bl ucciemyere
KaKOH-TMOO0 TUIOCKMH y4acTOK KyCKa HEOTOXKEHHOT'O CTEKJIa, Bbl OOHAPYKUTE, YTO Z pdS=0,

rae P — HampsDKeHHWe, MepleHIuKyIsipHoe K Iuiomaan dS. B arom: Bce naBlieHHE = BCeMy
HAIPSDKEHUIO B CEKLIUHU ».

CeronHst MBI 3HaeM 00 aTOMe U AJIEKTpOMarHeTusme Oosnblile, yeM 3Han MakcBesi. Mbl umeem
BO3MO>XHOCTh UHTEPIIPETUPOBATDH €0 BBIBOJIbI C TO3ULIUU 3TOTO 3HAHUS.

Puyapn ®eitaman Obu1 yxe naypearom HobeneBckoii mpemuu, korna pykoBoaureiar HACA
IIPUIJIACHII €r0 B KOMHUCCHUIO 110 pacciieIoBaHUIO NMpUUYUH rudenu martia Yemtenmkep. IMeHHO
®eliHMaH, pyKOBOACTBYSICh ITTyOOKMM MOHMMaHUEM (GU3NYECKUX IIPOLIECCOB, YCTAHOBWII IPUUUHY
KaTacTpo(dbl U MPOJEMOHCTPUPOBAIT SKCIIEPUMEHT, TIOATBEPKIAIOIINN TPABHILHOCTH €r0 BEIBOJIA,
HO I1aBa komuccuu Buibsam Pomkepc He BKIIFOUMII €r0 OTY4ET B OT4eT KoMuccuu. deilHmaH
MOJIMCaT OTYET KOMMCCUHM JIMLIb IOCJE TOro, KOTJAa €ro OT4eT ObLI BKJIIOYEH B KayecTBE
npunoxenus. OH, Oyayuu Tsokeno OonbHBIM, omyOnukoBan kHury «Kakoe TEBE nemo, urto
IYyMalOT ApyTUe JI0au?», IOHUMAas 3Hau€HUEe CBOMX PEKOMEHJAIUIl U Mallyl0 BEPOSTHOCTh TOTO,
YTO OHHM OyAyT IpOYMTaHbl 0€3 KHUTH. AHaIU3 JOKYMeHTOB [1.5-1.7], cBsi3aHHBIX ¢ KaTacTpodoii
martia Komym6us, kotopas npousonuia yepe3 17 ser nocie karacTpodsl marria YemneHmxep,
CBHJIETEIILCTBYET O TOM, uTO onaceHusi PeifHMaHa ObUTH 00OCHOBAHBI: €r0 OTYET YIIOMUHAETCS B
HUX JIMIIb OJIUH pa3.

CoBpeMeHHbIE METO/IbI TOJKHBI 00ecriedrBaTh HEMPEPbIBHBIA AUCTAHIMOHHBIH MOHUTOPUHT
TEXHUUYECKOTO COCTOSIHUSI BCEX KOHCTPYKTHBHBIX JJIEMEHTOB KOHCTPYKLUUN WM YCTpPOICTB,
MOBPEXJCHHE KOTOPBIX MOXKET MPHUBECTH K TEXHOTeHHOW KaracTpode. OleHKa TEeXHHYECKOTO
COCTOSIHUS 3JIEMEHTA COOPY>KEHHUS WIH YCTPOUCTBA U €r0 U3MEHEHUI BO3MOKHA TOJIBKO HA OCHOBE

M3MEpeHUs] U3MEHEHUs! (QU3NYECKUX MapaMEeTPOB, XapaKTEPU3YIOIIUX TEXHHUYECKOE COCTOSHUE,

17



nepeaaud WHGOPMAIMK HAa 3allOMHUHAIONIME YCTPOWCTBA, aHAM3a W TPUHATHSA PEIICHUS O
JTaNbHEHIIIEM HCIOIB30BAaHUKM WJIM €r0 NPEKpalleHUH. TOJIbKO KOMIBbIOTEpHAs Mporpamma,
OCHOBaHHas Ha (PU3WYECKOM 3aKOHE, IPEIOCTABIISET PEaJbHYI0 BO3MOXXHOCThH ITPOTHO3UPOBATH
W3MEHEHHUS W3MEpsieMOro (PH3M4ecKoro mapaMmerpa W OCTaHABIMBATHL PadOTy COOPYKCHUS WIIH
YCTpPOMCTBA /O TOrO MOMEHTa, KOIJa 3TOT MapaMeTp JOCTHUTaeT KPUTHYECKOTO 3HAYCHUS,
MPEBBIIICHHE KOTOPOTO MPUBOJIUT K KaTacTpode.

[IpobieMa UCTOYHUKA SHEPTHU SBJISETCS KPaeyroabHbIM KaMHEM JTIF0001 (pr3nuecKoi TEOpHuHu.
CoBpeMeHHbIE TEOPUU MPOYHOCTU HUCXOJAT M3 TOTO, YTO OCHOBHBIM HCTOUYHHMKOM SHEPIHH,
U3IIydeHUE KOTOPOW TPUBOAUT K OOpa30BaHUIO TPEIIMH H  Pa3pyIICHUIO, SBISIOTCS
KOHIICHTPATOPHI HANPsDKEHUW. Y paBHEHHMSI, TIPEIJIOKCHHBIC HA OCHOBE dTOW THUITOTE3bI, SBIISTFOTCS
AMITUPUYECKUMH. BEepOSATHOCTHBIM XapaKTep OLEHKH TEXHHUYECKOTO COCTOSHHUS HE HMCKIIOYAcT
TOTO, YTO COOBITHS, BEPOSTHOCTh KOTOPHIX YPE3BBIYAWHO Maya, MPOUCXOIAT B Hadaje
JKCIUTyaTalliu B BUJIE KaTacTPOQHbI.

Ora paboTra CyMMHpYET pe3yJibTaThl HCCICIOBAaHUN aBTOpa, MpeAHA3HAUYEHHBIE IS
Mpe/ICKa3aHusl TEXHHUYECKOTO COCTOSHUSI CTPYKTYPHBIX 2JIEMEHTOB COOPYXEHHH U YCTPOHCTB C
[IEJTBI0 TIPEOTBPAIICHHSI KATaCTPO(PHUECKOTO pa3pyIICHHUS.

YCTaHOBIIEHO, YTO BCE TMPOILECCh B TPHPOAE OOYCIOBJICHBI YETHIPHMS BUIAMH
B3aMMO/ICHCTBUS aTOMOB: CHIJIBHBIM, KOTOPOE IMIPUHATO 32 €AUHUILY, SJICKTPOMArHUTHBIM, PaBHBIM
1/137, cnabeiM, coctaBistomuM 1x107% u rPaBUTALIMOHHBIM, PaBHBIM 1x10°. CunpHBIM
B3aUMOJICHICTBMEM OOYCIIOBJIEHO CyIIecTBOBaHWE siaep artoma. (CremoBaTenbHO, Korja
BBIZICJICHHEM SHEPTUH SITCPHBIX PEaKIUii MOKHO MpeHeOpeyb, TO BCE MPOIECCHl MEXTY aTOMaMU
B TBEpJOM TelI€ MOXHO OIHCaTh, MWCHOJIb3Ysd JJIEKTPOMAarHUTHOE B3aUMOJICHCTBHE.
MexaHn4ecKkoro B3auMOJEUCTBUSL MEXAY aTOMaMu HET, HO TBEPJbIE Tejla COCTOSAT U3 aTOMOB.
Bosnukaer Bonpoc: Kak OHU B3auMOACHCTBYIOT? OTBET TOJIBKO OJUH.

Kunemuueckas swepeuss npu kowmaxme npespawjaemcs 8 3J1eKMpPOMASHUMHYIO IHEPIUlo U
3amem INeKMPOMALHUMHASL DHEPIUsL NPespaujaemcs 8 KUHemu4ecKyio.

DTO 0O3HAyaeT, YTo emie 65 JeT YelOBEeUYeCTBO MOTEPSIO TOJIBKO IMOTOMY, UYTO IMEpBasl 4acThb
nucbMa MakcBenia He ObUTa BHUMATEIBHO MPOYUTaHA U OCMBICIICHA.

l'unore3a, cdopmynupoBaHHasi aBTOpoM, JokjiaapBanack B Poccunm u  CIIA Ha
MHOTOYHCIICHHBIX KOH(EPEHIMSIX U OMyOIMKOBaHA B KypHalaX M KHUTaX, Ha 9acTh U3 KOTOPBIX

naercs cebuika [8-14].
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1.1. HccaenoBaHue NpoueccoB pa3pyllieHUsi TBEPAbIX TeJ

Bce MexaHudeckue BO3ACHCTBUSL Ha TBEPAOE TEIO MOXKHO CBECTH K CEMH BHIAM
neopManuu: CABHTY, PACTSDKCHUIO, C)KATUIO, KPYYCHHUIO, W3rHOy, yaapy H TpagucHTy
TEMIIEPATYPHI.

Hedopmarust cnBura, mpu KOTOPOH NPOUCXOAMIIO pPa3pylIEHHE, OCYIIECTBISIACH pPU
MOMOIIM KOHTAaKTa Marepuajga C TOYHJIbHBIM KaMHEM, BpalaloIIUMCS C 4YacToTod 57.5
000poTOB/CEKyHIY, Kak 3T0 moka3aHo Ha Fig 1 a, Fig. 1 b u cBepiiennem crekia u 6ETOHA MOJIBIM

CBCPJIOM C aJIMA3HBIM ITOKPBITUCM.

Cc
Fig. 1

OObekTamMH HCCNEAOBaHUS Tpollecca pa3pylleHus ObUTH JApEeBEeCHHa, CTEKJIO, OETOH,
mactMacca, OyJIBDKHUK, IUIMTHSK, TPaHUT, MpamMop cruiaBel Ha ocHoBe Fe, Al, Cu, Zn, Pb-Sn,

OXJTAXKJACHHBIC JO TEMIICPATYPHI ) KUAKOTO a30Ta WA IIPpH KOMHATHOMH TeMIICpaType.
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dotorieHKa OblIa TOMEINIEHa B Kamepy
¢doroanmapara PENTAX (Fig. la; Fig 2.
obpasenl), OOBEKTHMB U 3epKaJi0 U3
KOTOPOTO OBUIH YJIaJICHBI,  3aTBOP 3aKPBIT.
YacTuirel MeTajiia Hu KaMHH,
o0pa3oBaBImecs npu paspylieHuH,
momaganu B Kancyiy (Fig. 2, obpasen 3),
pa3meleHHy0 B ¢oroamnmapare. HipkHss

gyacth Kancynsl (Fig. 1 c, 2) 3amensuiach

IIOCJIE KaXKI0ro SKCIIEPUMEHTA.

Fig. 2

Bwmecto doroanmnapara 4acTo
MCII0JIb30BaJIaCh Kamepa JiIsl BEJIOCHIIe1a, UMCHYeMas Jajiee KOHTelHep, mokazanHas Ha Fig. 1 c u
Fig. 2 a, mo3BoJsIOIIas BBIMOJIHATE pa3jnuHbie HcciaeaoBanus. DoToruieHka pacmojarainach B
KOHTEIHepe Ha CTaJbHOM IUIACTUHKE TONIIMHON 3 MM, KOTOpas yaajsuiach IpU HEOOXOAUMOCTH.
ITpoBosoka u3 Pb-Sn crutasa (Fig. 2, obpasen 2) auamerpom 4 MM, M30THYTas B BUJE BOJIHBI,
pacrofarajgach BHyTpU KOHTCHHEpa Haj dMYJbCHOHHBIM clioeM. Jlpyrue mpeamersl, Hampumep
oeron (oOpasery 14) wiu cuaymun (obpaserr 11), koropsle mokasanbl Ha Fig. 2, ObuIH
HCIOJIb30BaHbI B KauecTBe 00pa3IoB.

YacTuipl CIUIaBOB, CTEKIJa, IJJaCTMAcChl, JepeBa, o0Opa3oBaBIIMECS B pe3yJbTare
pa3pyIieHus, MONaIaiu B «JIOBYIIKY», PACIIONIOXKCHHYIO Ha TOBEPXHOCTH KOHTEHHEpa, TTOKPHITON
JIMIIKOW JIEHTOM, K KOTOPOUW OHU IPUIIMIIAIIN.

Uro0bl (hUKCHpOBaTh MPSMOE H3ITYYCHHE B MOMEHT Pa3pyIICHHUS U HUCKIIOYUTH BIHSHHE
W3Ny4YeHUsT W3 4YacTHIl, MOTOK 4YaCTHIl, BO3HUKIIMX TPU pa3pylIeHUU, HAMPABISJICS HaJ
MMOBEPXHOCTHIO KOHTEHHEPA WITH MTEePIICHINKYIISIPHO TIOBEPXHOCTH, HO 3a €€ MPeIeIaMH.

OKCIEPUMEHT  BBITIOJIHEH TakUM  o0pa3oM, 4TOOBI  BO3ACHCTBHE BUIUMOTO U
yIbTPapuOIECTOBOTO U3MYUYEHHS Ha (POTOMIIEHKY UCKIIIOUaIOCh.

Cnedosamenvno, gpomonnenka QuKCUpo8ana usiyyeHue, KOmMopoe 603HUKANO0 8 MOMEHM
paspyuieHus u us ppazmenmos, 00paz0e8asuUxcs 8 pe3yivmame paspyuleHus, pacnoioiCeHHoe 3a
npeoenamu 8UOUMO20 U YIbMpPapuoiemosoco OUana3ond.

N3nydenne BBI3BIBAIO (DOTOXMMHYECKYIO PEAKIMI0O BO BCEM BHJIMMOM JHara3oHe. JTO
03HA4YajJo0, YTO B AJIEKTPOMATHUTHOM CIIEKTpE MPHUCYTCTBYET M3IIy4YeHHE, ¢ 0Oojee BBICOKOU

4aCTOTOM, B KOTOPOI OOBIYHO PACIIONOKEHA PEHTIE€HOBCKAs 00JIacTb.
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Oonaxko, ananus pe3yibmamos MHO2OUUCIEHHBIX UCCIE008AHULL CEOUCTE IMO20 U3NMYYEeHUs
NOKA3a, YmMo OHU OMAUYAIOMCS OM CBOUCME INEKMPOMASHUMHO20 USLYYEHUsl, 8030YIHCOEHHO20
Y0apom 21eKmpoHO8 NP 8blCOKOM HANPAICEHUU.

Omo snexkmpomazHumnoe usnydeHue YCilo6HO HA36AHO N-U3TYYEeHUeM, YMoObl NOOYEPKHYMb
ux paznuuue. Mexanusm ¢hopmuposanus n-uznyvenus onucan 6 I nage lll.

Te ’xe crulaBbl MCIIOJIB30BAINCh B KAueCTBE SKPAHOB-NOIVIOTHTEIEH 3JEKTPOMArHUTHOTO
U3Iy4YeHHUs. OTO IMO03BOJSUIO KOMOMHHMPOBAaTh BAPMAHTHI M3JIydarenb-3KpaH. UMCIO Takux
KOMOMHAIMIT HUYeM HE OTPAaHHYEHO.

Mpbl  orpaHMYMMcs OmMHMCaHHEM HaubOoee
Ba)XKHBIX PE3YyJIbTATOB UCCIIEI0BaHMsI, KOTOpbIE
UCIIOJIBb3YIOTCS B KAUeCTBE IPUMEPOB.

1.1.1. Il-u3aydyeHue, BO3HHMKaIOLIee IPH

aegopManuM pacTaKeHUs

[InacTuHbl, UMEOIIUE OJHO BEpXHEE U

Fig. 1d 0JIHO HUKHee oTBepctue it 6onros (Fig. 2,
obpaszent 7 u Fig. 2, odpaser 8), npuKuMairch JOMOTHATEIBHO ITACTUHKAMHK € TIOMOIIBIO 0OJTOB
gepe3 MpaBoe U JeBoe Kpaitnue otBepcTus. Lllects (ororpadmii n- u3myueHus npu aeGopmanuu
pactsbkenus mactud amomunus (Fig. 2, obpasen 7 u Fig. 2, obpazen 8) u meau (Fig. 2, obpaseiy
9), mokazanubie Ha Fig. 3, Obutr mosydensl mpu momoru Wilton Banch tuckos (Fig. 1d),
MPUCIIOCOOIEHHBIX AJISl pacTshkeHus. TommuHa amoMuHueBbIX maacTud 0.8 M, mupuHa 22 M,
MIyOuMHA HAJpe30B 5 U 2 MM; TOJIIMHA METHOW TutacTWHBI 1.4 MM, mupuHa 27 MM, TIyOuHa
Hazape3oB 9 u 4 mm. JIeBoe oTBepcTHe He mokazaHo. KonTeitHep ¢ hoToreHkoil pacmnonarancs Haj
HCCIIEyeMbIM 00pa3IOM.

[Ipumeuanue: CpaBHUTEIbHBIA aHAIM3 pazMepa M300pakeHUN HE MMEEeT CMbIcia, TaK Kak

(bOTOFDad)I/II/I IIPUBCICHBI IIPHU PA3JIMYHOM YBCJIMYCHUU.

Fig. 3 a u Fig. 3 b. /Iee atu doTorpaduu monydeHsl Ipu HCCICIOBAHUU IIACTUH Fig. 2,
obpaser; 7. Pa3pbiB, Kak Mbl BHIHMM, ITPOU3OIIET B MECTE KPEIUICHHUS, HO HE MEXK/Y HaJpE3aMH.
OnuH U3 Haape3oB xopoino BujaeH Ha Fig. 3 a. [1-u3nydyenue BOIU3M JIEBOTO KPENEKHOro Oonra

3aukcupoBano Ha Fig. 3 b.
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IInactuHa u3 cmraBa AJIFOMHUHUA, HU3JTYUYCHUC KOTOpOﬁ IIOKa3aHO Ha Flg 3 d, nmceronias

OTBEpCTHUs, pacTAruBajach BJOJb auaroHanu. OHa OblIa pa3opBaHa Ha JIBE YacTH, HO Ha
dororpadun Fig. 3 d 3adukcupoBaHO HM3ITYyYCHUE TOJNBKO OJHON U3 YacTel, 00yCIOBJICHHOE
CMEIIeHHEM KOHTEIHepa, IPY KOTOPOM HIDKHSS YacTh TUIACTHHBI OKa3ajach 3a Mpe/IeiaMu Kaapa.
doTorpaduu u3TyUCHUS PU pa3AeICHUN aTIOMUHHUEBBIX IJIACTHH Ha JIBE YaCTH MOKa3aHbI Ha Fig.
3 ¢ u Fig. 3 e. lnst wccneqoBaHuil MCHONB30BATUCH IUIACTHHBI, KOTOPhIE KPEHHIHCh IBYMS
Oontamu, moa00HO MenHO# racture (Fig. 2, obpasen 9), uzinydeHue u3 KOTOPOii 3ahUKCHPOBAHO
Ha Fig. 3 f. ['opusonTansHas momoca Ha Fig. 3 e u aBe mosocer Ha Fig. 3 f cooTBeTcTBYIOT rpanuiie

THCKOB.
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OtnmunTtenbHast 0cOOCHHOCTD M3TY4YEHHS U3 IUTACTHH, KOTOPBIE Pa3/IeMINCh Ha JIBE YaCTH B
MecTax HaIpe30B, WM U3TY4YEHHs U3 IUTACTHH C TOBPEKACHHBIM KPETUIEHUEM, COCTOUT B TOM, Y710
8 Mecmax paspuled u3nyieHue He 3agUKCUposaHo.

IIpocmpancmeennoe pacnpeoenenue UHMEHCUBHOCMU DJIEKMPOMACHUMHO20 U3LYUEHUs 8
npoyecce Oeghopmayuu meepoo20 mena, YCMAHOBIEHHOE OIKCNEPUMEHMANbHO, A6IAemCsl
00KA3aMenbCmeomM mo2o, Ymo paspyuieHue O00YCIO06IEeHO CMUMYIUPOSBAHHBIM  U3TYYEHUEM
gomonos amomamu.

CtuMynMpOBaHHOE U3ITYYEHHE aTOMOB U €T0 MOTJIOIIEHUE MTPOAOIDKaeTes He Ooiee
107+10® cexynmpl, Toraa Kak 3amas/bIBaONIEe CIOHTAHHOE M3IydeHHE B BUAMMON 00JIaCTH,
OIIPEIETICHHOE B CHENUAIBFHO BBIIIOJIHEHHOM YKCIIEPUMEHTE, COCTABISIIO 6-30 MUKPOCEKYHI.

@DOTOHBI, CIIOHTAaHHO W3IYYCHHBIC [0 pa3pbiBa CBsS3ed MEXIy aTOMaMH, SBISIOTCS
CBHJIETEIIIMU TOTO (DaKkTa, 4TO MPOU3ONLIO YBEIWYCHUE DHEPTUH, OO0YCIOBICHHOE IMEPEX0]0M
JJIEKTPOHOB Ha OoJiee BBICOKHME MeETacTaOMIIbHBIE JSHEPreTUYeCKHe YpOBHHU. M3MeHeHue
HEPreTUYECKOro COCTOSHUS aTOMOB COIIPOBOKAACTCS N3MEHEHUEM CHII B3aUMOJICHCTBHS MEXITY
HUMH, B pe3ylibTaTeé KOTOPOTO H3MEHSETCSl pACHOJIOKEHHE AaTOMOB. OTH H3MEHEHMs
BOCTIPHHUMAIOTCS KaK HAMPSHKEHHOE COCTOSIHUE, HO OHO ABIAEMCA CLe0CMBUEM.

M3MeHeHne >HEPreTHYECKOro COCTOSHUS aTOMOB OOYCJIOBJICHO H3MEHEHHEM CTPYKTYPHI
AIIEKTPOHHON 000JI0YKH aTOMOB, ITPHU KOTOPBIM BO3HUKAET aHU30TPOIIHNS MOTSIPHU3YEMOCTH aTOMOB.
OnHako M3MEHEHHUE MONSIPU3YEeMOCTH MPOMCXOJUT U B TeX CIydasX, KOrja 3HEPreTHYecKoe
COCTOSIHME HE W3MEHWJIOCh WJIM W3MEHEHHS OKAa3aJMCh TAKHUMH, TPU KOTOPBIX aKKyMYJISIIHS
SHEPTUU MPOUCXOTUT C TAKOH CKOPOCTHIO, IPH KOTOPOU KPUTHUYECKOE COCTOSIHUE HE JIOCTUTAETCS

B TEYCHHUC BCECI'O CpOKaA SKCILTyaTalluU.
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Fig. 4

dotorpaduu, mokasanusie Ha Fig. 4 a u Fig. 4 b, nmonydeHs B mepBoM 3KCIEPUMEHTE,
KOTOPBIH ObLI BBINIOSTHEH B siHBape 2016. YacTuiibl (MCKphl), 00pa30BaHHBIE B pe3yIbTaTe KOHTaKTa
HO>KOBOYHOTO ITOJIOTHA C BPALIAOIINMCS KAMHEM, IPOJIETAIH HaJl TOBEPXHOCTHIO KOHTEHepa, He
aJIcopOupysCch Ha HEW. OKCIEPUMEHT MPOBOJWICS JIJISI TOTO, YTOOBI 3a(hUKCHPOBATH MPSIMOE
U3Iy4YeHHUE BO BpeMsl pa3pyLICHUs, HCXO/As U3 TOrO, YTO CKOPOCTh (POTOHA BO MHOT'O pa3 0oJblie
CKOpPOCTH YaCTHIL.

N3o0pakenusi, MOMyYeHHbIE B 3TOM CIIydae, CYIIECTBEHHO OTIMYAIOTCS OT TEX, KOTOpBIC
3a(hUKCUPOBAHBI MTPH U3ITyYSHUH W3 YACTHUII, aJICOPOMPOBAHHBIX HA MOBEPXHOCTH KOHTEHHEpa, HO
HKCHEPUMEHT HE MO03BOJSAEeT 3a(UKCUPOBATh MOMEHT M3JIyueHHs: MPOU30LLIO JIM OHO J0
pa3pylIeHUs I MOCIIE HETO.

1.1.2.  II- u3;ay4yeHue npu JepopMany CKATHA, KPYUeHHs U H3ruda

JIONOJTHUTENBHBIM  MTOATBEPAKIACHUEM OTCYTCTBUSL H3JIy4eHHs B MOMEHT pa3pyLIeHUs
sBisiercst pororpadus Fig. 4 d, Ha KoTOpOi 3aQUKCHPOBAHO H3IydYeHHE, TP JAedhopMaIuu
KPYUeHUSs1, BHITOIIHEHHO# mpu oMoty MeaHo# TpyOku (Fig. 2, odpaserr 13), anameTp koTopoit 29

MM, TOJIMHA MeTayuia -1.5 Mm.
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TpyOka, TpOYHOCTH KOTOPOM MOHMKEHA OTBEPCTUSAMHM, pacriojlarajiach B TOM YaCTH THCKOB
(Fig. 1 d, 2), koropoe mpeaHa3HAYeHO I KpEIUIEHUS TPyO, TakuM o00pa3oM, dYTOOBI
MOBPEXKICHHBIN yUaCTOK OKa3alics 3a mpeaenaMu KperieHus. Jlegopmariust KpyueHus BbI3bIBANIACh
BpalllCHUEM C TTOMOIIBIO pbraara. OTKIUK Ha M- H3Iy4YeHHe, 3aUKCUPOBAHHBIN Ha ()OTOIUICHKE,
nokasaH Ha Fig. 4 d.

OOpaTuM BHUMAaHHE Ha YETKYIO TPaHUILy pa3/ielia MOABMKHON U HEMOBUKHON YaCTH TPYOKH.
Pasnuume 1BeTa CBUAETENBCTBYET O TOM, YTO HEMOJABMXKHBIA  y4acTOK  HU3Ty4yaeT
AJIEKTPOMArHUTHBIC BOJHBI CO BCEH MOBEPXHOCTH, MOJIBEP)KCHHOMN CXKATHIO, 4 HE TOJIBKO B MECTE,
rne nedopmanus 0coOEHHO BENMKa, HO JUIMHA BOJHBI M3Ty4YeHUs paznuydHa. ['onyboe n3nyyenue B
MeCTe KperyieHUs] TpyOKH CBHJIETENbCTBYET O O0Jiee BHICOKOM SHEPTUU (POTOHOB.

KonTyp Bpararomeiics yacti MeIHOM TpyOKH, 0COOEHHO BEPXHIOIO IPAHUILY, MOXHO YBUETh
IIPU JOTIOJTHUTEIBHOM yBenmndeHnu. Clie10BaTeNbHO, U 3Ta YacTh TPyOKH HM3yyaia B 11- 001acTH,
TaK KaK KOHTCHHEP HEeMpOo3payueH I BUANMBIX U YJIBTPAPUOICTOBBIX JTyUeH.

JHeiictBue uHGpPaKpacHbIX Iyuyed HCKIIOYAeTCs, TaK Kak, BO-TIEPBBIX, TeMIeparypa
MOBEPXHOCTH MPAKTHUYECKH HE MEHsIach, BO-BTOPBIX, HH(]paKpacHOE H3IyYEHHE HE MOXKET
BBI3BaTh JIIOMUHECHICHIINIO B (DMOJIETOBOM 00JIACTH.

Csepito, muamerp kotoporo 5 mm (Fig. 2, oopaserr 10), 3aKperieHHOE B BEpXHEH U CpeHei
4acTAX, PACKOJIONIOCh Ha TpU parMeHTa. Packoi npousoiien B TOUKe HIKHETO KPETIJICHHUS U TOUKe
MIPUJIOKEHUS CUJIBI, IEHCTBYIONIEH ClieBa HAMpaBO. XapakTep pa3pylIeHUs MPOCISKUBACTCS Ha
¢dororpadpun (Fig. 4, ¢) M0 U3MEHEHHIO SPKOCTH HW3JIy4YeHHs BJIOJIb Bcero cmepia. OOpartum
BHUMaHHE Ha TO, YTO CBEPJIO HE TOJIBKO Pa3pyIlIeHO, HO U Ae(hOpMUPOBaHO.

OcoOplif MHTEpeC TMpeACTaBIseT pa3pylIeHHe CBepiia. OTOT DJKCHEPUMEHT IO3BOJSET
HCCIeoBaTh mpoiiece AedopMaluu U pa3pyiieHus: TBepaoro tena. OcoOeHHOCTH 3TOTo mporecca
MOXKHO TMPOCIEAUTh TPHU TATHKPATHOM yBenwueHWH. OOpariM BHUMaHHE Ha O0O0JIacTH,
PaCTONIOKEHHBIE MEXKIy BEPXHHUM W CPEIHUM (PParMEeHTOM M MEXIY CPEIHUM W HIDKHUM
(bparmMeHTOM. XapakTep W3IydeHHUs B ITHX OOIACTSIX OMpPOBEpraeT T€ MOJAENTU pPa3pylICHHUS, B
KOTOPBIX paccMaTpUBAETCs paclpe/ielieHre HaMpsHKEHUH mepel KOHYUKOM TPEIUHBI, KOTOPOMY
OTBOJIUTCS 0C00ast POJIb.

Bce 3T mporiecchl MOTYT OBITh HCCIICIOBaHBI COBPEMEHHBIMH CIIEKTPATHHBIMHU, B TOM YHCIIE,
BBICOKOCKOPOCTHBIMH, METOJIaMHU.

®dparMeHT u3eNus 1yrooopasHoi GopMbl U3 CHITyMUHA, TOKa3aHHbIHN Ha Fig. 2, oopaserr 11,

MOJIBEPTAJICS CKATHIO BJIOJIb Payca. XpyIKoe pa3pyIIeHUe MPOU30IILIO MPH MaJIoi Harpy3Ke, HO
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[-M3JIydeHre, Kak Mbl BUAMM Ha Fig. 4 €, ObLIO AOCTaTOYHO SPKUM. MalleHbKHH OCKOJIOK,
3arevaTiieHHbIN Ha hoTorpaduu, He HaiieH. OOpalaeM BHUMaHUE HA TO, YTO MMPOMEXKYTOK MEXKITY

(bparMeHTaMH TEMHBII, U CBEYEHHE ITPOUCXOIUIIO0 U3 OUYEHb MAJION YaCTH pa3pylIaeMoro Tejia.

1.1.3. M-uzayyenue npu aepopmanuu cIBUTa U yaape

[Is1h oTorpaduii pa3pyIieH s 3epKaIbHOTO CTeKIIa, MOKa3aHHbIe Ha Fig. 5, momy4yeHsl npu
CIICAYIONIMX YCIIOBHSIX: d- MPHU CBEPJICHUU IIOJNBIM CBEPJIOM C ajJMa3HbIM IOKPBITHEM NpU
KOMHATHOM TeMIiepaType; D- mpu CBEpJCHHM TEM K€ CBEPJOM, HO MPHU TEMIEPAType >KUIKOTO
a3oTra; C -TpU CKOJIe Kpas CTEKJIa MpUH KOMHATHOW TemmepaTrype; d- mpu yaape TOHKUM

MPOOOMHUKOM MpU TEMIEpaType >KUIKOro a30Ta; €-MpH TPEHHH C BPAILAIOLIIUMCS TOUYHIBHBIM

KaMHeM, Kak 3To moka3zano Fig. 1b.

26



Bernplit mBer nByX TpemiwH, moka3zaHHbBIX Ha Fig. 50, ykassiBaeT Ha
3amas/ipIBarolIee U3IyueHne U3 (parMeHToB, 00pPa30BaBIIUXCS TTOCIIE
pa3pyuieHusl.

@otorpadust 1ByX KpyHHBIX (parMEeHTOB CTEKJIA, U3IyYCHHUE U3

KOTOpbIX 3aukcupoBano Ha Fig. 5 e, mokasansl Ha Fig. 5(1) BOmM3H

uuppel 6. Ot dortorpadun WILIIOCTPUPYIOT TOT MOMEHT, KOrja

Fig. 5 (1)

MPOU30LUIO pa3pyllIeHHe; TEMHBIA Kpail CTeKJIa XapaKTepus3yeT TO

MCCTO, B KOTOPOM ITPOHU30LICIT PACKOJI.

E] b c
d o f

Fig. 6

dororpadun, mokasaHHeie Ha Fig. 6, WLIIOCTpUPYIONIME M-M3ITydYeHHE, MOTYYEeHBbI MPU
CIICAYIOIIMX SKCIIEPUMEHTAX:
a-ceepneHun otBepctus B Oerone (Fig. 2, obpasern 14); b-paspyiiueHnn mmacTMaccoBoro CTepiKHs
(Fig. 2, obpaszer 15), oxyaxIeHHOTO KUJAKKM a30TOM, IPH KOHTAKTE C BPAIAIOIUMCS TOYHIBHBIM

KaMHeM; C-paspylieHud ciuiaBa PD-Sn, oXJaKaeHHOTro JKHUIKHM a30TOM, IPH KOHTAKTe C
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BpAIAIONIMMCST TOYMJIBHBIM KaMHeM; Ha (ororpaduu, B HIKHEHl 4YacTH, BHICH Y4YacTOK
HPOBOJIOKHU U3 ciuiaBa PH-Sn, pacrmonoxeHHO# BHYTpH KOHTeitHepa; d- mpu pa3pylIeHUH CIUIaBa
Ha OCHOBE JIOMHHUS IIPH KOHTAKTE C BPAIIAOIIMMCS TOUMIBHBIM KAMHEM; €- IIPU Pa3pyILCHUH
CIIaBa Ha OCHOBE JKeJie3a MPU KOHTAKTE C BPAIIAOIIMMCS TOYMIIBHBIM KaMHeM, (Ha (ororpaduu
BUJICHBI CTPYOLIMHBI, MPIKUMAIOIINE cTekIo; f- mpu obnydenun cruiaBa Pb-Sn, pacrionoxenHoro
BHYTpPH KOHTEiHepa, 4acTuiaMu, o0pa30BaBIIMMUCS [IPU Pa3pyLICHUH CTEKJIA, KaK IOKa3aHO B

HwKkHel yactu Fig. 6 . JIBoliHoe n300paskeHre IPOBOJOKH 00YCIOBICHO BUOpAIIMEil IBUTaTeIs.

A e f
Fig. 7

dotorpaduu, mokazanHbie Ha Fig. 7, MOMydeHBI TPH CIEAYIONMX SKCIICPUMEHTAX
a-pu  pa3pylleHHH CIjlaBa I[MHKA TPH KOHTAKTe C BPALIAIONIMMCS TOYHJIBHBIM KaMHEM
(M31TyYeHre OrpaHMYCHO CTATBLHBIMHU dKpaHaMHu); D-pu 00yueHH: MPOBOJIOKH U3 crutaBa Pb-Sn,
PacIioyIoKEHHON Ha TIOBEPXHOCTH KOHTEHHEPa, N3TYyYCHUEM U3 YaCTHI] CTAIH, aJICOPOMPOBAHHBIX

Ha €€ IMMOBCPXHOCTHU IIOCJIC PASPYIICHUA, (HpOBOHOKa ANaMETpOM 3 MM paciuiromicHa B BCpXHGfI
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yacTH 10 ToamuHb! 0,004 MM); C-aHAJTIOTUYHBIN SKCIIEPUMEHT NP O0JIee IITUTEITHHOM O0TyYCHHH;

d-o6myuenune dparmenra 12 (Fig. 2) wu3IydeHHEM U3 YACTHI[ TAKOrO K€ IOJIOTHA, HO IPYroit

bupMbI; e-Tipu 00JTyUEeHHH IPOBOJIOKH U3 CIIJIaBa ME/IH, TIOKa3aHHOH Ha kajpe .

1.14. PaspyumeHmue cTekJia NP rpajueHTe TeMIEPATypPbI

[TnacTiHa W3 3epKaJbHOrO CTEKINA, MOKasaHHas Ha Fig. 8, 1, HarpeBamach IUIaMCHEM TIa30BO

ropesku. /IBe TpenuHbl 3apoJUiINCh B MECTE MAKCUMAJIbHOM TeMIIepaTyphl.

Wznyyenune mn-mydeil mnpu oOpa3oBaHMM BEPTUKAIBHOM TpemuHBl 1 3aUKCHpOBAaHO Ha

Fig. 8

Fig. 9a

29

¢dororpaduu (Fig. 9 a).

Kak wmbl BuguM, Ha doTorpaduun
3apuKCHPOBaHO T U3JTy4YCHUE
o0yacTeil, pacrmoNOKEHHBIX Ha Kpasx
TPEUIMHBI, HAa KOTOPHIX OOpPa30BAINCH
OCKOJIKH.

Cseuenue 6 obracmu mpewjurvl He
3a¢uKcuposano, nOO0OHO mMomy, Kax

nokasano na Fig. 3 e.

JIHO XpycTaJbHOM Ba3bl, TOJIIMHA KOTOPOIrO IPEBBINIANA JIBa
CaHTHMETpa, pa3leIioch Ha 4YeTblpe (QparMeHTa Mmpu

WHTEHCUBHOM TOUYE€YHOM HarpeBaHuu. Bcio Basy pa3opBajio Ha



14 pparmenTos. [/IBa pparmenta 2 u 3 mokasansl Ha Fig. 8. Il-u3myueHue u3 3Tux GparMeHTOB
3aukcupoBano Ha portorpaduu Fig. 9b.

Fiz_ Sb Yersipe Kagpa pazpyIoeHEs
XPYCTANEEON E235]I OPH TOUETHOM

HErpeE3HENH OJH3 C DOMOIOEED r3T0BOH

ropenxx

33P0BTSEHE TPSOIHEER E JISE0M
bparuerTe

33POETEEHE TPEOINHEEL E IPIEOM
bparyuerTe

Tpe CESTEUR0CY OGTACTH E  IpaEBOM

Mm1 06pamaeM BHUMAaHHUC HaA TO, YTO, BO-IICPBLIX, HIIYUCHUC U3 obOmactu MCKAY
(I)paI‘MeHTaMI/I HC 3a(bI/IKCI/Ip0BaHO, BO-BTOPBIX, q)pal"MeHTLI, OTKOJIOBHIHUECA CJIEBAa U B LCHTPC,

BBUIETENH 3a Mpeesbl Kajipa.
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1.1.5. Pa3spymieHue aare3moHHOTO CJIOsI

1 2 3
Fig. 10

Fig. 10 wmmoctpupyeT mn-M3JIyYeHHE, BBI3BAHHOE DPA3PYIICHUEM aJre3MBHOIO CIIOS,
3aIOJIHUBIIIETO pe3b0oBoe coeaunenue mydTsl, Fig. 10, kaap 1, Ha 40%. DKCIEpUMEHT moKasall,
9YTO KPYTANIMA MOMEHT MpH pa3BUHYMBaHMKA MyQpTsl OblT B 4000 pa3 Bblme, 4eM IpH ee
3aBHHYMBaHMU. benoe msaTHo Ha Qotorpaduu Fig. 10, xagp 2 0OyCIOBICHO H-U3ITyYCHHUEM,
BbI3BaHHBIM JleopManvell B MECTe KOHTaKTa pblyara U BUHTA.

Fig. 10, kaap 3 wuOCTPUPYET N-U3IYYCHUE, BBI3BAHHOE Pa3pyLICHUEM IPH PACTIKCHUH
IUIACTUH W3 CIUIaBa aJIOMUHHUA, TOJIIMHONW 1 MM, CO€IMHEHHBIX BHaxyecT kieeM. [lnmomanb
KOHTAaKTa COCTaBjsada 3 cM2. DKCIEepMMEHT ObLl MpeKpalleH Mocje TOro, Kak oOpa3oBajiach

TpCIIHA B OJIHOM W3 IUIaCTHH. CI[BI/IF IJIaCTUH HC YCTAHOBJICH.

1.1.6. TI-u3xyyeHue Npu OJUHOUYHOM yaape

Tor ¢akrt, 4TO KOHTEIHep, HEMpO3payHbId A BUAMMBIX U YJIbTPadUOJIETOBBIX JyueH,
IIPOITYCKAET KAKOE-TO M3IYy4YEHHE, TIO3BOJIMI aBTOPY CAENIATh BBIBOA O TOM, YTO 4acTOTa ATOrO
U3JIy4EHUs1 COOTBETCTBYET AUANa30Hy PEHTTEHOBCKOTO M3iydeHHs. (CBONCTBAa PEHTTEHOBCKOIO
M3JTyYEHUsl XOPOIIO U3y4eHbl. ITa 00J1aCTh 3JIEKTPOMAarHUTHOI'O CIIEKTPA PACIIONOkKEeHa B 00JaCTH
sHepruit 100 3B-100 k3B, umu B 06mactr gactot ot 3x10% 'y o 3x10%° I'm.

®otorpadun, nmokasanusle Ha Fig. 7, CBUACTENBCTBYIOT O TOM, YTO SHEPrUsl M3ITy4YCHUS
cooTBeTcTBYET auamnaszony 50-100 k3B.

VYCTaHOBIEHO, YTO MHTEHCUBHOCTh PEHTICHOBCKOIO H3JIYYEHHUS YMEHbBIIAETCS IO

IKCIIOHCHIMATBHOMY 3aKkOHY Ixr=loe™, rae u-TuHEHHBI KOI(D(OUIMEHT MOTJIOIICHHS,
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M3MepseMblii B cM

, KOTOPBIH 3aBUCUT OT 3apsfa siipa Z U JUTMHBI BOJIHBI U3JIyYEHUS A 110 3aKOHY
u=nZ* 3, rne n-xo3pUINEHT IPOIOPIUOHATBHOCTH.

3apsin aapa cBUHIA 82, COOTBETCTBYET YUCIY IPOTOHOB B SiApE. DTOT 3JEMEHT UCTOJIb3YETCs
Ha MPaKTHKE B KAYECTBE MOTJIOTUTENS PEHTITC€HOBCKHUX JIy4eH Yalie BCero.

®otorpadus Fig. 7d mwutoctpupyer Tot ¢paxT, uro odpazer 12 (Fig. 2), TonumHaa KOTOPOro
0,5 MM, HETIpo3paueH JJIs M-U3Ty4YEHHUs U3 YaCTHII, 00Pa30BaBIIMXCS MPU pa3pyLICHUH TOA0OHOTO
crutaBa. JlornuHo ObUIO MPEONOKUTh, YTO CTajbHas Oajka, TOMIMHON 38 MM, MOTJIOTUT BCe
U3Ty4YeHHE, BO3HUKILEE B pe3ysibTaTe yaapa 1o Heid. MHorooOpasue OTKIMKa TBEpAOro Tena,
MIPOJEMOHCTPUPOBAHHOE BBIIE, TPEOOBAIO SKCIIEPUMEHTAIBFHONW MPOBEPKU JIFOOOW THIOTE3bI,
MIOCTPOCHHOM Ha MPEXHEM MPEJICTABICHUH O CBOWCTBAX TBEPAOIO TEa.

OxcnepumeHT Ne 1. [IpoBepka mpo3payHOCTH CTaTbHOM OAJKH K M-U3JIy4ECHUIO

KonTeitHep ¢ poTOIIIEHKON pacoiosKeH MO/ CTATbHOM Oallkoi, Kak rmokazano Ha Fig. 11(1).
Kanp | wmumoctpupyeT SKCIIEPUMEHTHI, NMPH KOTOPBIX METAT CIYXXHUT SKpaHOM s JIydei,
M3IyYEHHBIX B pe3yJibTaTe yaapa MOJIOTa IO BEpXHEH MOBEPXHOCTH CTALHOTO Opyca, Toraa Kak
(doToIIeHKa pacoNI0oKEHa MO HUM.

Fig. 11 (1), kagp 4 moka3bIBaeT, 4YTO I- Jy4d CBOOOJHO MPOLUIM Yepe3 IKpaH TOJIIMHA
KOTOpOro B 76 pa3 0osbIlie TOIIMIMHBI MPEapIayiero oopasma. boiee Toro, Mpl BUIUM Ha KaJpax

5 ¥ 6 JOMONHUTEIHBIN OTKIIMK Ha ylap.
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13 14 16 17
Fig. 11(1)

[TnacTuHKM CBHHIA, JBE M3 KOTOPBIX moka3anHbl Ha Fig 11(1), kaap 2, UCIOIB30BATKCH B
KAauecTBE DKPAaHOB B HKCIIEPUMEHTE, KaK ITO MOKa3aHO Ha Kazapax 7 u 8. CeTrsAniyecs y4acTKH B
IUTACTUHKAX MOXHO ObUIO OOBSICHUTH MPUMECHOM 001aCThIO C MAJIBIM MOPSAIKOBBIM HOMEPOM.

OxcnepuMeHT Ne 2. MccnenoBaHue 37€KTPOMarHUTHOTO U3TyUYEHHs CBUHIIA
a) [TnacTuHKa cemapaTropa CBHHIIOBOTO aKKyMyJsiTopa, okazaHHas Ha Fig. 11 (1), kamp 15,
pacrnojarajgacb Ha IIOBEpPXHOCTM KOHTEMHEpa M IOJBEprajgach yAApHOMY BO3JICHCTBHIO, B
pe3yabTaTe KOTOPOTO HamoJIHUTENb ockimaics (kaap 16). M3myueHue, BbI3BaHHOE YIapoM,
nmoka3zaHo Ha kazapax 9 u 10.

b) JIBe ceTku U3 CBHUHIIA 0€3 HANOJHUTEJNS CKPYYHUBAJIUCh BMECTE, 00pasys KIyT, KOTOPBIN
pacnosarajics Ha KOHTEHHepe U MOABEpPrajics yAapHOMY BO3JAeHCTBHIO. M3i1ydueHne, BBI3BAHHOE

yZlapoM, oka3zaHo Ha kazapax 11 m 12.
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C) Kycouku cBHHIIA, TOKa3aHHbBIC HA Kaape 17, 3achlmanuch B AepeBaHHy0 u3nokuuiy (Fig.
24). Y nap HaHOCHJICS Yepe3 MPSAMOYTOJIbHBIN Tapajuienenurne. M3mydenue, BEI3BaHHOE YIapOM,
MoKa3aHo Ha kaapax 13 u 14.

OkcnepumenT Ne 3. HcciienoBanue Npo3pavyHOCTH CBUHIA K I-U3JIy4EHUIO

14

Fig. 11 2)

CBUHIIOBBIC TUIACTUHKH TOJIIUHON 2.5 MM YKIaIbIBAIHCh HAa TOBEPXHOCTh KOHTEHHEpa
CTONKAMH TaKUM TaKUM 0Opa3oM, YTO YHCIO IUJIACTHH YMEHbBINAJIOCh OT MIECTH JO OJTHOM.
Henocraromias miactuHa 3aMeHsIach JIAMUHATOM TOH 7K€ TOJIIUHBL, YTOOBI BRICOTA CTOMOK ObLTa
OJIMHAKOBa, Kak mokazaHo Ha Fig. 11 (2) xaap 16. Illectas cromka, COCTOAIIAsS M3 OTHOU

IJTACTUHBI, YACTUYHO PaCIUTIONIeHa A0 TOMUHBI .03 MM.
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1)

2)

3)

4)

5)

Pacnionoxenne uctouyHmKa U3MydeHus (CTaIbHOU OpyC), TOTJIOTUTENS (CBUHEIT) U JETEKTOpa
(doTorIeHKa) UMEET FEOMETPUUECKHE OCOOCHHOCTH:

1) cymmapnas aauHa noroturess 210 MM, Beicota 15 M,

2)  mose3Has JAJuHa KoHTelHepa 550 M,

3) CymmapHast JyIHa 3a30pa MEXy HHKHEH MMOBEPXHOCTBIO Opyca u KoHTeiHepa 340 MM.
JlBa ymapa octpueM Tomopa mokazantnoro Ha Fig. 11 (1), kaap 3, Obl1u HaHECEHBI B yroJi Opyca B
obJracTH 1epBOil U BTOPO#i (clieBa) CTOMOK cBUHIA. 14 kaapoB u3 15 mokasansl Ha Fig 11(2), HO
JUIIb Ha INECTH M3JIyYyeHHe, BBI3BAHHOE YJIapoM, MPOXOAUT dYepe3 moriorutens. OpHako,
CYLLIECTBEHHOE OTIMYME HabOionaercs Ha kazapax 2, 3, 14 m 15, KoTopble pacmnoioXeHbl 3a
npenenamu nornorurens. Kaaper 4-13 wiirocTpupyloT BeepooOpa3HOe H3IyYeHHE, UCTOYHUK
KOTOPOT0 HAXOAUTCS 32 MpeaeaMu Kaapa. ITo U3IydeHne HabIroaal0ch MHOTOKPAaTHO, Kak OyJIeT
MOKa3aHo Jajee.

Kpacubie nisiTHa, koTOphle HabmomaroTcs Ha kKaapax 9, 11 u 13 o0yciioBieHbl U3Ty4eHHEM
IIPH CBEPJICHUH OTBEPCTHI 10 dKcrepuMeHTa ¢ yaapom. Ocolast kapTuHa, 3adUKCUpOBaHHAs Ha
kanpax 14 u 15, cBg3aHa, BEpOSTHO, C U3MEHEHUEM CTPYKTYPHbI INIACTHHBI IIPU HAKJIETIE.

BriBoabl.

MexaHu3M 3JIEKTPOMArHUTHOTO H3JIyYeHHs] CBHHIA, BBI3BAHHOTO YAapOM, 4YacTOTa KOTOPOTO
COOTBETCTBYET YacCTOTE€ PEHTTEHOBCKOTO HW3Iy4YeHHUs, HEYeM He OTJIMYaeTCs OT MeXaHH3Ma
W3ITyYeHUs B APYTUX MaTepHaiax.

Slpkocte  (oTorpaduii, MOTYyYEHHBIX TMOCTE MPOXOXKICHUS H3ITYYCHUS Yepe3 CBHHIIOBBIN
MOTJIOTHTENb, HE OTIMYAETCs OT SPKOCTH (poTorpaduii, MOTydEeHHBIX MPH TPOXOKIACHUH
U3y4YeHHs Yepe3 BO3TyLIHBIN 3a30p.

Bricokas mpo3padHOCTh CBHHIIA MO3BOJISIET CIENaTh BBIBOJ O TOM, YTO MEXaHH3M BO30YKIACHUS
ATOTO HM3IyYeHHsI OTIMYAETCS OT MeXaHW3Ma BO30OYXKICHHS PEHTTEHOBCKOTO W3IYYCHHUS C
MOMOIIIBIO y1apa AJIEKTPOHOB, YCKOPEHHBIX BHICOKHM HAIPSKEHUEM.

DKCTepUMEHTHI YOSKIAIOT B TOM, YTO MPU3HAHUE MHOM 3TOTO M3ITy4YeHUs PEHTTEHOBCKUM, OBIIO
OIMMOOYHBIM. DTHU OTIWYHS TIO3BOJSIOT YTBEPXKIATh, YTO B MPHUPOJE peaTH3yeTcs IPYyrou
MEXaHU3M H3IIy4eHUs dJeKTpoMarHuTHOW 3Hepruu B 50-100 k3B, koTopast COOTBETCTBYET 4acTOTE
~ 10¥° T'i. Dmo penomen nazean n-uzryuenuem.

W3BecTHO, 4TO OJIMH SKCIIEPUMEHT HE MOKET OIPOBEPTHYThH PE3YJbTATHI JPYTrOro 3KCIEPUMEHTA.
DTO O3HAYaeT, 4TO AKCIEPUMEHT, Pe3yJbTaT KOTOPOTO IMPOAEMOHCTpHpOBaH Ha Fig. 7, He

MPOTUBOPEUYUT IKCIIEPUMEHTAM, Pe3yJIbTaT KOTOPBIX MOKa3aH Ha Fig. 11, Tak kak B IepBOM Ciydae
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OBUIO HCIIOJIL30BAaHO 3arasabIBaromee HM3JIy4dCHHUEC M3 YaCTHUIl, O6p330BaBHII/IXC$I B pE3YIbTATC
paspymcHus, Toria KakKk BO BTOpPOM ClIyda€ HCIIOJIB30BAHO IIPAMOC H3ITY4YCHHE, 4YaCTOoTa H,

BEPOATHO, MCEXAHU3M q)OpMI/IpOBaHI/IH KOTOpPOro, OTIM4acTcCs.

1.1.7. CamodmMucCHOHHAs NPO3PAYHOCTH

Crnenyroluii 5KCIIEPUMEHT BBITIOJIHSAJICS TAKUM 00pa3oM, UTO U3JIy4YeHHE, BBI3BAHHOE YAapOM
OCTpHEM TOMNOpa, PETUCTPUPOBAIOCH OJHOBPEMEHHO Ha JBYX IUIeHKax. OjiHa U3 IUICHOK
HaxoauJIach moj 0anKkou, kak mokaszaxo Ha Fig.11 (1).

VYnaap TOnmopoM HAaHOCHWJICS MO BEpPXHEHM MOBEpXHOCTH. BTopas mieHka Obula HamMoOTaHA
CHUPAJIBLHO BOKPYT METAJUIMYECKOM Oanku, MJIEHKW MOJ Hel W JAepeBAHHON momioxku. OHa
(bukcupoBalia u3MyueHHe MO Pa3HbIMH YTIIaMU C HallpaBJICHUEM yiapa.

JlBeHaquate w©3 [BaAmaté BOCbMHU (poTorpaduii, HIUTIOCTPUPYIOUIMX PEHTIEHOBCKOE

u3Jy4eHue, 3aQUKCUPOBAHHOE HA TNICHKE, PACIIOIOKEHHOM 1101 OpycoM, rmoka3ansl Ha Fig. 12,

Fig. 12

Yz[ap OCTPUCM TOITIOPA BBI3BAJI U3JTYYCHHC, Sa(pI/IKCI/IpOBaHHOC Ha Kaape Nel.

OOpaTuM BHUMaHUE HE HEKOTOPbIe 0COOEHHOCTH OTKJIMKA Bcero oOpasia Ha yaap.

36



Kanp 1 unmoctpupyet n8a (BO3MOXKHO TPH) H300paKeHUS yaapa;

KaJip 2 WIUTFOCTPUPYET elie 0JJHO (BO3MOKHO J1Ba) U300paxKeHUsl y1apa MEHbIIEH HHTEHCUBOHOCTH.
[Iupuna kaapa pasHa 35 mm. CrieoBaTensHO, paccTosuue ot kaapa Nel, Fig. 12 no kaapa Ne28
cocraBisieT 945 mm.

Kanpei 26, 27 u 28 numiocTpupyIoT ipKOE U3IIydEHHUE, LIBET KOTOPOT0 MEHSETCS 10 Mepe YAaICHUS
OT HCTOYHHMKA u3iydeHus. durypa, KOTopyro o00pa3yloT TpU Kajapa, MOXOKa Ha TO, Kak

M300paXkatoT TPEUIMHY B MEXaHUKE pa3pylLICHUS.

22 23 25 26
Fig. 12 (Spiral)

JIBeHaaaTh KagpoB U3 26, WLUTIOCTPUPYIONINE H3ITydeHHE, BEI3BAHHOE TEM K€ yIapoM, HO
3a()UKCHPOBAHHOE Ha IJICHKE, PACIIOIIOKEHHOW M0 Criupanu, mokasansl Ha Fig. 12 (Spiral). Y oap
HAHOCHJICS TI0 BEpXHeil MOBEPXHOCTH XY B HampasieHun ocu Z. dororpadumn, nokasanusie Ha Fig.
12, mosrydeHs! Ha HOTOIUIEHKE, PACTIONOKEHHOM BIOJIb OCH X Ha HIDKHEH TOBEPXHOCTH, OTCTOSIICH
OT BEpXHEH Ha PACCTOSHUM 38 MM.

®otorpadun, nokazanneie Ha Fig. 12 (Spiral), momyuyeHbl moj pa3lUYHBIM YIJIOM K
HanpasieHuto yaapa. Kaap 5 wiuttoctpupyeT usinydeHue n-iydeil B HalpaBJI€HUH OCH Y, B MOMEHT
yaapa, 3aUKCHPOBaHHOTO MPUMEPHO B TOM MeCTe, B KOTopoM 3adukcupoBan Fig. 12, kamp 1.

Kanp 14 3adakcupoBan Ha (HOTOTUICHKE, paclonoKeHHONH 1o yriom ~40° k ocu Z.



Anamu3  ¢otorpaduii TOKaszal, YTO CYIIECTBYET MPHUPOJIHOE SBIEHHE, T0J00HOE
CaMOMHIy[IMPOBaHHOW TIPO3PAaYHOCTH, BRI3BAHHOK BO3/ICHCTBHEM (PEMTOCEKYH/IHOTO Jia3epa, HO ¢
Oosiee BBICOKOW YacCTOTOW DJIEKTPOMArHUTHOTO H3JIyYEHHs, COOTBETCTBYIOIICH YacToTe
PEHTTEHOBCKOTO HW3JIy4CHHUs, BBI3BAHHOIO YJIapoOM JJCKTPOHOB, YCKOPEHHBIX BBICOKHUM
HaMPSKCHUEM.

Yeteipe (HOTOIUIEHKH pa3MENIaINCh Ha MOBEPXHOCTH IBYTaBpoBOil Oanku (4%9.5 |- steel
beam, cranmapt CIIIA), kak mokaszano na Fig 13. 47
dotorpaduii,  WUTFOCTPUPYIOLIUX  I-H3JIyYCHUE
nokaszansl Ha Fig. 14 (1)- Fig. 14 (4). Ynap octpuem

Tormopa ObLJI HaHECEH IO BEpXHEH MOBEPXHOCTH B

TOUKE, OTCTOsILIEH OT KpaeB ABYTaBPOBOH Oanku Ha
Fig. 13 paccrosuuu 357 Mm m 1778 mm. Mecro ynapa
3aukcupoBano Ha Fig. 14 (4), kamp 11.
®otorpadun ObLIM MOTydeHbl HAa BOCBMH YYacTKax IOBEpXHOCTEH Oalku, B TOM 4HCIIE
TOpLEBBIX, KaK Toka3aHo Ha Fig. 13. DTo o3HayaeT, 4TO MAaKCHMAalbHOE PACCTOSHHUE

pacTipocTpaHeHUsT UMITyJIbca cocTaBiseT 1778 M.

1 2 3 4
5 6 7 8

Fig. 14 (1)
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1 2 3 4

Fig. 14 (2)

|-
1 e 2 o
o 5 6 o 7

3 ' 4

9 10 11 12
Fig. 14 (3)

®otorpadus Fig. 14 (3), kagp 7 WUIOCTPUPYET OTKIMK Ha yaap, 3a(UKCUPOBAaHHBIH Ha
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(hoTOoTIIeHKE, PACTIONOKEHHOM Ha HIKHEW TOBEPXHOCTH, OTCTOSIIEH oT BepxHer Ha 101,6 Mm.

2 3 4

S 10 11 12
Fig. 14 (4)

Omo  s6leHue  HA36AHO  CAMOIMUCCUOHHOU  NPO3PAYHOCMbBIO, HO  AHANO2UU  C
CAMOUHOYYUPOBAHHOU NPO3PAYHOCBIO.

Cro nBa kazapa, 3adUKCHpOBaHHBIE TMOCIE OJWHOYHOTO YJapa, CBUIETENHCTBYIOT O
HpI/IpO)IHOM SABJICHHUU, KOTOpBIM 06ycn03neHa BO3MOXHOCTH HpOHyCKaHI/ISI BBICOKOqaCTOTHOfI C
COCTaBHﬂIOHIefI SHGKTpOMaFHI/ITHOFO I/I3.]'IyquI/I$I, BO3HUKIIICTO BHYTpI/I McETalliia. I/I3J1yqu1/1e,
HaONo/laeéMoe B PAa3MYHBIX HAMpPaBIEHUSAX BJAAIM OT TMEPBOHAYATBHOTO MCTOYHHKA, IO
CHEKTPATLHOMY COCTaBYy M (popMe U3IIydaTess OTIIMYAETCs OT MEPBUYHOTO U3ITyUEHUS.

JeTtanbpHbIi aHamn3 HAOII01a€MOTO SIBIICHUS TPEOYET CeIHaIbHOTO UCCIICIOBAHMUS, TaK KaK
AQHAJIOTUSI MEXIY CaMOMAYIUPOBAHHOM MPO3PAYHOCTHI0 M CAMOAMHUCCHOHHOM MPO3PAaYHOCTHIO
ycioBHast. Mbl OrpaHUYMMCS JIMILb TPEMS 3aMEUYaHUSIMHU.

W3nydeHnue >MEKTPOHOB M PEHTTEHOBCKUX Jy4el mpH nedopMaluy KPUCTAIIOB W HapYIUICHUH

aJIre3MOHHOTO cjios HaOmomanock Brepsbie b. H. epsrunsiM ¢ coaBropamu B 1953 u C. G.
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Camara et al. B 2008 mpu oTCIO€HMH CKOTYa.> ABTOpPBI OTHX pPa0OT IPEAIojaraid, 4YTO
PEHTTC€HOBCKOE M3Ty4YeHHE O0YCIIOBJICHO JIEKTPUYECKUM Pa3psiioM, BBI3BAaHHBIM JieopManuei.
Astop [1.8-1.14] ucX0AUT U3 THUMOTE3HI O TOM, YTO TOPBI, TPEUTUHBI U pa3pylIeHne 00pa3yroTcs B
pe3ysbTare pa3pbiBa CBSI3U MEXIY OINpEACNCHHbIM YHUCIOM aTOMOB, YAAJEHHBIX Ha TakKoe
paccTosiHue, YTO CHJIbI MPUTSKEHHUS] HEIOCTATOUHBI JI1 BOCCTAHOBIICHUS IIPEKHET0 COCTOSHUS.
OHeprusi, HeoOXoauMmas Js pas3pblBa CBS3M, OOYCIOBIEHA HWHIYIHMPOBAHHBIM H3ITydYeHHEM
MeTacTaOUIIBbHBIX ATOMOB.

Ha ¢potorpadusx mpl HaOIr01aeM TEMHBIC U CBETSAIIUECS 00IaCTH KaK CIUIONIHBIC, TaK U T€, (hopma
KOTOPBIX YeTKO orpanudeHa. OOpatum BHEMaHue Ha ¢ororpaduu: Fig. 12, kaap 27; Fig. 14 (1),
kanp 8; Fig. 14(2), kaapsl 2, 4, 6; Fig. 14 (3), xkanp 6; Fig. 14 (4), xkagps1 6, 7, 8.

3. Ho ocoObrit uHTepec mpenacrariser ¢ororpadus Fig. 12, xaap 28, HamoMuHaiomme
TPEUIMHY, KaKk €€ H300pakaloT B MEXaHHKE pas3pylleHHs, HO TJaBHOE, HAONIOJAIOT B

- . PEHTTEHOBCKHUX JTyUyax.

[TornouieHue u paccessHuE PEHTTEHOBCKUX
Ty4en IIUPOKO UCTIOJB3YeTCs TUIst
OoOHapy>KeHHsI TOBPEXKICHUH (TTOP MIIHA TPETIIH)
B Pa3MYHBIX MaTepUaiax. HccnenoBanue
|crack onentianda MUKPOTPEIINHBI, 00pa30BaHHON B MOJIUMEPHOM
oOpasiie B pe3yibTaTe yaapa, ObLI0 BBITIOJHEHO
B pabore [1.15] m™MerogoM MajoyriioBOTO
(mopsaka IBYX MHUHYT) paccestHus

PCHTICHOBCKUX nyqeﬁ, 06YCJ'IOBJ'ICHHBIX

crack onentiation

BO30OYXICHUEM K JINHAU MOJIHNOIEeHA

— HanpspkeHreM 20 000 BonbT. @oTorpadguu 3TuX

e tpeuH A u B mokaszaubr Ha Fig. 15 psmom ¢
doTorpadusiMu, MOTYUICHHBIMH ITPU UCCIICOBAHUU yaapa, TokaszaHHoro Ha ¢ororpaduu Fig. 12,
kaap 28 (C) u penbca 40 4 (d). Cxema 3KCIIEpUMEHTAILHOTO HCCIIEIOBAHUS TPEIIUHOOOPAa30BaHUS

C MOMOIIIBIO PEHTTCHOBCKUX JyYel OT BHEIIHEr0 NCTOYHMKA MMoKa3aHa Ha Fig. 16.

>V.V. Karasev, N.A. Krotova and B.W. Deryagin, "Study of electronic emission during the stripping
of a layer of high polymer from glass in a vacuum,” Dokl. Akad. Nauk. SSR, 1953, 88, 777-780;
Carlos G. Camara, Juan V. Escobar, Jonathan R. Hird, Seth J. Putterman: Correlation between
nanosecond X-ray flashes and stick—slip friction in peeling tape Nature, 2008 455 (7216), 1089-1092.
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PP sample sample onentaton

LA NCININON

CoBnasenne GopMbl HAOTIOAAEMBIX

imeact peemary
g =
area beam S neheKToB clenyer MIPU3HATH

XOPOIIUM, IPUHUMAsE BO BHUMaHUE,
yro QoTorpaduu MoIyueHsl TpU
HCCIIeIOBaHUH Pa3IUYHBIX
MaTepUaJIoOB  IPU  PAIUYHOM

.+, BHEIIHEM BO3JICHCTBHH.

refracion
10p0or apis
Teaname 500 aack Consly
SCaAnn 1 ahogr aph

3
8

Fig. 16

1.1.8. OnuHOYHBII yAap nmo ApeBecuHe
Hunuuapuyeckuil cTepKeHb U3 IPEBECUHBI JuaMeTpoM 25, 4 MM MOJBEPIcs OAMHOUYHOMY yAapy

OCTPUECM TOIIOpA.

Fig. 17
Ha Fig. 17 nemoHcTpupyeTcs deThipe Kaapa u3 22, Tak Kak Ae(eKThl Ha Kaapax 2, 3 u 5, 21 mioxo
pa3IuuMMBbl, Kak mokaszaHo Ha Fig. 17 (1), kaap 19 Bepxuss potorpadusi.
VBenuueHne  KOHTpacTa  IO3BOJISIET

BBISIBUTH I[e(beKTBI, CKPBITBIC HAa TCMHOM

(bOHe, KakK IMOKa3aHO Ha HUKHEM KaJpcC.

Kanp 4 wumocTtpupyer mn-usiayyeHue,

BBI3BAHHOE YJapOM.

Fig. 17 (1), kagp 19

JIunus ypaapa, mokasaHHas Ha Kajpe 4,
temHas. CrenoBaTelbHO, B 3TOM MecTe oOpa3oBajiach TpemuHa. MHTeHCHBHOCTH Kaapa 22

MO3BOJISIET CZEIaTh BBIBOJ] O TOM, Ha 3TOM Kajipe 3aMKCUPOBAHO U3TyUYeHHE, BHI3BAHHOE YapOM.
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Taxum 00pa3zom, BBICOKOYACTOTHBIN AJIEKTPOMArHUTHBIA UMITYJIbC 3a()UKCUPOBAH Ha PaCCTOSHUU
630 MM OT MecTa yapa.

1.1.9. OnuHoYHBIH yaap N0 MIHUTHIKY
OauHOYHBINA yJoap OCTpHEM Tomopa ObT HAHECEH MO TUTACTMHE TUIMTHSKA TOJIIMHON 45 MM B

obmactu Fig 18, kaap 2, B pe3ysibTaTe KOTOPOTO MIACTUHA PACKOJIOIACh HA JIBE YaCTH.

2
Fig. 18

Tpu dotorpadumu, mokazanneie Ha Fig. 18, wnirocTpupyroT pe3ysbTaT BO3ICUCTBHS II-
U3Iy4YeHUs Ha poToMaTepuasl. DKCIEPUMEHT ITOKa3bIBAET, YTO B 00JACTU pa3pyLIEHUs CBEUCHUE
He Habmopaercs. Cnaboe romyboe u3iyueHHue, 3aUKCUPOBAHHOE B TPEIIMHE, O0YCIIOBJIEHO
U3JIy4E€HUEM M3 4acTull, 00pa30BaBIIUXCS B pe3yibTare paspylieHus. Pororpapudeckuii MeToa
HE TMO3BOJISIET YCTAaHOBHUTH TOCIIEOBATEILHOCTD MPOLECCOB, 3aUKCUPOBAHHBIX Ha (DOTOTIICHKE.
Ho MBI MOXeM JOMyCTHTh, YTO HWHTEHCHUBHOE KpacHOe U3Iy4yeHHe M3 (parMeHToB,
00pa30BaBIIMXCS MTOCIE pa3pyLICHUs, TOXKE SBISIETCS 3ara3/IbIBaoIUM.

1.1.10. OnpuHOYHBII yaap MO MOBEPXHOCTH BOIbI

Kamenp maccoit 15 kxr magan ¢ BBICOTBI 5 M Ha MOBEPXHOCTh BOJBI, HaXOMISUIEHCA B
LWINHAPUYECKOM KOHTeWHepe, Ha JHE KOTOPOro IMoJl MOBEPXHOCThIO BOAbl B U-00pa3sHom
KOHTeWHepe, copeprkalieM (POTOIUIEHKY, paclolaralich YeThIpe MIACTUHBI IUIUTHSKA, TOJIIMHOMN
45 MM kaxnasa. 16 u3 27 ¢otorpaduii, WUTIOCTPUPYIOUINX IM-U3JTy4YE€HUE Jy4eil, BbI3BAaHHBIX

yaapom, rmokasansl Ha Fig. 19.
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Fig. 19

OO0BeKT, U3IydYeHHe KOTOporo uMeet Gpopmy ayru, Habmoaancs Ha Fig. 4, Fig.12, Fig. 14 (3),
Fig.14 (4). JIBa cersmmxcst 00beKTa, KOTOPbIE PACIOI0KEHBI PSIIOM C HUM, IEMOHCTPUPYIOTCS
BIIEpBHIC. XapaKTEPHON 0COOCHHOCTHIO ATUX 0OBEKTOB, HA3bIBAEMBIX BEEpPOOOPA3HBIMHU, SIBIISICTCS

TO, 4TO, BO-TICPBLIX, OHA O6pa3y10TCH Ha Kparo (1)0TOHJ'I€HKI/I, a BO-BTOPBIX, OHU MOABJIAKOTCA TaM,

IJie MPUCYTCTBYET 800d.

BTOpaH (I)OTOHJ'ICHKa 3aKpCIUIAIaCh TOPHU30HTAJIIBHO Ha BHEIITHEHN MMOBEPXHOCTHU KOHTeﬁHepa C

Boj10#1. Fig. 20 WiuTIOCTpUpYET M-U3TyUYCHHE U3 600bL.
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Fig. 20

1.1.11. OcoGennocTH n-u3jy4eHne npu gepopmanun caBura

Paspymienne, BeI3BaHHOE CIIBUTOBOM JiehopMaliieid, NCCie0BAIOCh PU KOHTAKTE TBEPIOTO
TeJa ¢ BpallalolUMCsl TOUMIIBHBIM KaMHEM, CBEPJIEHUH OTBEPCTUM U TPEHUH.

SmuK ¢ anlOMMHUEBBIM JHOM, 3arpy>keHHbI KaMHEM, BOJOYMJICS TO acdalbTy Ha

paccrosauu 30 M. I1-uznyyenue ¢pukcupoBaoch (HOTOIIEHKOM, PaCOI0KEHHOM Ha JIHE.
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Fig. 21

JleBsITh KaapoB u3 36, mokasaHHbie Ha Fig. 21, HIUTFOCTPUPYIOT N-U3IydeHHEe, 00YCIIOBICHHOE

TpeHueM. PoH Ha kajpax 11, 22 u 26 u3MeHeH, 4ToObl IPOJIEMOHCTPUPOBATH CJIEbI BOJIOYECHHUS.

1.1.12. Oco0eHHOCTH N-U3JIy4YeHHUS NPH IKCILIYyaTAllUH PejibCca

Penbc B npoliecce 3KkCIulyaTaly oABEpraeTcs MHTEHCUBHOMY BO3/IEHCTBHUIO IIPH IBUKEHUU
JIOKOMOTHBA Y BarOHOB. Y BEJINYEHHE CKOPOCTH MOE3/J0B U MACChl IIEPEBO3UMOT0 I'Py3a MOBBIILIAET
TpeOOBaHUS K OLIEHKE TEXHUYECKOI'O COCTOSIHUS PENIbCOBOTO MyTH. XapaKTepHas OCOOEHHOCTb I1-
U3TYYEHUs COCTOMT B TOM, YTO OHO HE 3aBUCHUT OT BHJA jAedopMaiuu. ITO MO3BOJIIET CO3aTh
YCTPOICTBO, KOTOPOE OCYLIECTBIISIET MOHUTOPUHI TEXHUUYECKOTO COCTOSIHUSI PEIbCOBOTO MyTH
KaK[bIM JIOKOMOTHBOM.

OKCIIEpUMEHTAIBHOE ~ UCCIIEJOBAaHUE PEIBCOBOIO IMYTH C IOMOIUBIO JABMXKYIIETOCS
JIOKOMOTHMBA [TO3BOJIMIIO OJTYYUTh 89 (OTOCHUMKOB /1715 aHANIM3a 1e()EKTOB, BOZHUKAIOIINX B HEM,
KOTOpbIe moka3aHbl Ha Fig. 40 1 — Fig. 40 6.

Takas wHymepanusi ¢dortorpaduii, COOTBETCTBYIOLIAs MPOTOKONY 3KCHEPUMEHTAIbHBIX
UCCIIeIOBaHMM, OCTaBJIeHA JUIsl TOTO, YTOOBI MPOJEMOHCTPUPOBATh TOT (PAKT, YTO IKCHEPUMEHT

BBINOJIHSJICS Ha JKene3HomoposkHoM nosiotHe B Northwest Railway Museum, Snoqualmie, WA.
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9 10 11
Control experiment series No. 40, test 1, performed at the Northwest Railway
Museum, Snoqualmie, WA on a railroad using a locomotive

O,Z[I/IHa,I[I_IaTB (bOTOl"pa(bI/Iﬁ MOJIYUCHBI Ha IIJICHKCE, pacnonomeHHoﬁ Ha IIeiiKe peiibCa B CHCTY.

JIOKOMOTHB OCTAaHOBMIJICS B ILIECTH METpax a0 (I)OTOHJ'IGHKI/I.
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Control experiment series No. 40, test 2, performed at the Northwest Railway Museum,
Snoqualmie, WA on a railroad using a locomotive

ol

Control experiment series No. 40, test 3, performed at the Northwest Railway Museum,
Snoqualmie, WA on a railroad using a locomotive



L

Control experiment series No. 40, test 4, performed at the Northwest Railway Museum,

Snoqualmie, WA on a railroad using 2 locomotive

dororieHka OblIa PacloIoKeHa Ha IIEUKe pesibca B CHETY, HO JIOKOMOTHB TIPOIIIET HaJl Hel
B TNpSIMOM M OOpaTHOM HampaBiieHHH. BeepooOpazHoe Hu3IydeHHE, XapaKTepHOE I 600bl,

Habmomaercs Ha Fig. 40 1- Fig. 40 4 B Toit niu HHOM Mepe.



-
-

Control experiment series No. 40, test 5, performed at the Northwest Railway Museum,
Snoqualmie, WA on a railroad using a locomotive

doTorIeHKa, pacloIoKeHHast Ha paMe JIOKOMOTHBA, BBISIBUIIA JIBA HICHTUYHBIX U3ITyYarOIINX
00BeKTa, KOTOPBIE PACIIONIOKEHBI B pa3HbIX MecTax. OHM moka3aHbl Ha 13 u3 15 kaapos, HO Ha
kanpe 15 Habmonaercs neeKT, B KOTOPOM SHEPTHUS MOTIOIIEHA.

CreneHb OMACHOCTH TakuX Je(EKTOB MOXKET OBITh YCTaHOBJEHA TOJBKO Ha OCHOBE

CIICUAJIBHBIX SKCIIEPUMECHTAJIbHBIX HCCJ’IG}IOB&HHﬁ.



17 138

Control experiment series No. 40, test §, performed at the Northwest Railway Museum,
Snoqualmie, WA on 2 railroad using 2 locomotive. The photographs illustrate X-rays from the
sleepers and the mounting rails to the sleepers.

dotorpaduu, nokazanubie Ha Fig. 40 6, WILTFOCTPUPYIOT M-U3JTyueHHE OCTOHHOM IIITasbI
mocje Mpoxo/a JIOKOMOTHBA HAJ HEH. DTO M3Iy4YeHHE BBISBISIET P OCOOCHHOCTEH, KOTOPHIE
HaOJII0AAI0TCS TOJIBKO B MInaje. Bo-mepBbiX, Mbl BUIUM YETKO BBIPAKEHHYIO CBETAIILYIOCS JIMHHIO
MEXIy pelbcaMH OT Kajapa 3 10 kajapa 16, MpOCTHPAIOUIYIOCS OT OJHOTO KpEIUICHHs peibca K
JIPYroMy; BO-BTOPBIX, SpKO€ CBeUYeHHE Ha Kazapax 1, 2, 16, 17, 18 yka3siBaeT Ha UHTCHCHUBHYIO
nedopmariuio; B-TpeThux, NePeKThl, mokazanueie Ha Kaapax 10 u 13, uaeHTUYHBI 10 hopMe ¢

I[e(l)eKTOM, TTOKa3aHHOM Ha KaJipe 15 , HO OTJIMYAOTCA TEM, UTO B HUX SHCPIrUd U3J1y4aCTCAd, TOraa,
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KaKk B HeM oHa mnorjiomaercsa. CTereHb OMacHOCTH TaKHUX I[e(i)CKTOB MOJKET OBITh YCTaHOBJICHA

TOJIBKO Ha OCHOBAHUH CIICHUAJIbHBIX SKCIICPUMCHTAJIbHBIX I/ICCJ'ICIIOBaHI/II‘/'I.

1.1.13. II-u3ay4yenue npu ¢pa3oBoM nepexojae

Amnanu3z paboT, B KOTOPBIX MPEINPUHUMAIOTCS YCHIUS TPEAOTBPATUTh 00pa30BaHKE TPEIINH
B IpOLIeCCe JIUThbS AJOMUHHUSA W €ro JKCIUTyaTallMH IO0Ka3all, 4YTO B 3TOM pas3jesie TEeXHUKHU
COXPAaHUJIOCH TO MApOAOKCAILHOE MOJIOKEHUE, KOT/Ia MOUCK KPUTEPUEB 00pa30BaHus TOPSUUX U
XOJIOAHBIX TPEIIMH BBITOIHAETCS HA OCHOBE OIIMOOYHBIX THIIOTE3 O MPUPOIEC UCTOUHUKA YHEPTUU
U MeXaHu3Me ee (POPMUPOBAHHUS.

[lenu, koTophlie cTaBHId aBTOPHI padboT [1.15-1.20], MOryT OBITH JOCTHUTHYTHI TOJBKO IIPU
MpaBUJILHOM BBIOOpPE METOJOB W Teopuu. ABTopel [1.18] oTmedaroT, 4YTO mpOrpaMMHOE
obecreuenrie ALSIM® GbLIO HCTIONB30BAHO IS TEPMOMEXAHMYECKOTO MOEIMPOBAHMUS, YTOOBI
WCCIIEZIOBAaTh  BIMSHUE TAKUX IApPaMETPOB JIUThS, KaK CKOPOCTh JIUTHS, pa3Mep 3aroTOBKH,
CKOPOCTh MOTOKA BOJIbl. DBBLIO yCTaHOBJIEHO, YTO YBEIMYEHHBIN pa3Mep 3arOTOBKU U BBICOKAS
CKOPOCTb JIUThsl MPUBEIU K 3HAYUTEIHLHOMY YBEIWYCHHUIO YPOBHS OCTATOYHBIX HAIMPSIKCHHA.
Kputnueckue pasmepsl TpemuH, KOTOPbIE MPUBEIN K KaTacTpopuueckoMy cOOr0, Takke ObLTH
paccYrTaHbl U CONOCTABIIAIOTCS C MapaMeTpaMu IpoLecca.

BnusiHue mapaMeTpoB TEXHOJOTHYECKOIO IMpoliecca Ha KayecTBO M3JETHUS OOIIEH3BECTHO.
OnHako A7 MaTeMaTHYeCKOM MporpaMMbl HEOOXOAMMO YCTAHOBUTh HE CTATUCTHYECKYIO, a
3aKOHOMEPHYIO0 TPUYHHHO-CIICJICTBEHHYIO CBSI3b MEXIY BCEMH IIapaMeTpamMH Ipolecca Hu
OKU/Ta€MBIM PE3yJIbTATOM.

Puyapn ®elinman, aHaau3upys NpUUUHY KatacTpodsl maTtia «YHemteHmkepy», nucain: “Mel
BEPHYJIUCh B OTYET, M HAIUIM aHajiu3. OTO ObUla Kakas-TO KOMIBIOTEpHash MOJENb C
MPEIIOI0KECHUSIMH, KOTOphIE HE Bcerga ObUIM  TMpaBWIBHBIMH. BBl 3HaeTe OMacHOCTH
KoMIIbIOTepoB, 3T0 HaswiBacTcss GIGO: garbage in, garbage out! (mycop Ha BXojae, Mycop Ha
BBIXOJIE!)”

Kak nzBectHo, deitHMaH He TOIBKO PACKPBUI MPUUUHY KaTacTpo(bl, HO MPOJEMOHCTPUPOBAI
¢bu3nvecKknil 3aK0H, KOTOPBI He ObUT YYTCH NPHU 3aIyCKE PAKETHI.

OxugaeMblii pe3ysIbTaT KOMITBIOTEPHOH MPOrpaMMBI: OTCYTCTBHE TPEUIMH B KOHEYHOM

MPOJYKTE.
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Tonvbko usmepsaemviii puzuyecKull napamemp, XapaKkmepusyowuii HOMeHYUualbHyio SHepeuio,
Komopas modicem Oblmb NO2NOWEHA, OO0NIHCEH CIYIHCUMb 6XOOHBIM NAPAMEMPOM KOMNbIOMEPHOT
npocpammbl.

Jlanmyp [1.15], nameuas mnporpamMmy CBOErO0 HCCJIEAOBAHUS, MHILIET: «...OCHOBHOE
WCCIIeIOBAaHUE B 3TOM 001acTH OBLJIO OrpaHMYEHO CHTYallMOHHBIMH, a HE (DyHIaMEHTaJIbHBIMH
UCCIIeIOBAaHUAMU. DakmuyecKu, ompacib Npeonouumanda pewams npooiemy mexHudyecKu paou
npouzeo0cmed, a He npoeoOUMs CUCMeMamuiecKue Uccie008anus ¢ Yeablo NOHAMb AGIeHUe.
(Kypcus moit).

[Ipenmnonoxenue o ToM, 4To MpodiaemMa 00pa3oBaHuUs TPEIIMH U UX MPEIOTBPALICHUE MOXKET
OBITH perreHa 6e3 MoHMMaHus (HU3UIECKUX MPOIECCOB, 3a0ydcoeHue. ITO TIPUBEIO K TOMY, UYTO
KpPUTEpHi, HA OCHOBE KOTOPOI'O MOXHO HPOTHO3MPOBATH BpPEMsl, MECTO MOSBICHUS TPELIUHBI,
OLICHUTH €€ ONaCHOCTb U NMPEAOTBPaTUTh, HE HalieH. Jlanmyp BbIHYKJEH ObLI TOJIBKO ONUCHIBATH
HabmrogaeMele UM ¢akThl. Hagexxaa Ha TO, YTO KOMITBIOTEPHOE MOJICTTHPOBAHNE MOXKET TOMOYb B
peuieHnH npoOIeMbl, He 000CHOBaHa, TaK KaK BXOJHBIMU IapaMeTpaMu ObUIM HE H3MepsieMble
¢u3nyeckue BEIWYMHBI, KOTOPbIE XapaKTepU30BAIM HNPUYMHY OOpa3oBaHMs TpELIMH,  a
KOX(QPUIHUEHTHl HWHTCHCHUBHOCTH HAINpPSDKEHHW, HAa OCHOBE KOTOPBIX pEIIUTh MpoOIieMy
HEBO3MOKHO.

Ora KHUra, Kak U Mpeabliyliue MOM paboThl, MpPU3BaHA I0OKa3aTh, Kakue (U3NUYECKUe
SIBJICHUSI SIBJISTIOTCS IPUUMHON pa3pylLIeHUs TBEPOro Teja.

Haubonee TouHoe onucaHue SBIEHUN NPUPOJIBI CTAJIO BO3MOXHBIM Ha OCHOBE KBAaHTOBOM
ANEKTPOJAMHAMUKH, KOTOpas SBJSETCS camMOd TOYHOM (u3Mueckoi Teopuel. OTa TeopHs
OINMCBHIBAET B3aMMOJICHCTBHE DJEKTpOHa M (OTOHA, MapaMeTpbl KOTOPBIX OIpeJesIeHbI
9KCIIEPUMEHTAIILHO c MaKCHMaJIbHOU TOYHOCTBIO: 3apsn QJIEKTPOHA  DPABEH
—1,6021766208(98)-1071° Kn, macca smextpona pasxa 9,10938356(11)-107%! kr, macca mokos
¢doToHa paBHaA HYIIO ¢ TOYHOCTHIO 710 30-31 3Haka, 3aps/ pOTOHA paBeH HYJIIO C TOYHOCTHIO J10 33
3Haka. OCHOBHON XapaKTEPUCTUKOW DSHEPreTHYECKOr0 COCTOSHHUS aTOMOB SIBIISIETCS CIIEKTP
u3nyudenus. Hampumep, otTHomenne AA/A peHTT€HOBCKUX JIyuell B Auara3oHe 7.5-8.5 aHrcrpema,
cocrasisieT 0.00005, HO Takas TOUHOCTh HEBO3MOKHA ITPU U3MEPEHUN MEXAHUUYECKUX NTapaMETPOB

TBCPAOro TeCJa.

53


https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%BB%D0%BE%D0%BD

Fig. 22

1) JIBe dororpaduu, mokaszaHueiec Ha Fig. 22, WILTIOCTPUPYIOT M-U3JTyUYCHUE, 3aTBEPICBAIOIINX
Kareb PacIUTaBIICHHOW IIacTMACChl, 3apuKCUpoOBaHHOE (DOTOIIICHKOW, KOTOpas HAXOJWIach B
KOHTEHepe, HeMPO3pauHOM ISl BAAUMBIX U YIbTPa(HOIETOBBIX JTydei.

I1) CrmaB Pb-Sn mmaBuiics wm 3anuBaics B Ba HIDKHHMX KET00a H3JI0XKHHIBI M3 JAPEBECHHEI,
pasjieJCHHbIC TOHKOW IMEPeropojKoi, Kak 3To moka3aHo Ha Fig. 23 PacmiaB, crekaromiuii 1mo

xEmobaM B mpaByr Oosee TIIyOOKYIO 4acTh,

3aJMBaJICsl BOJOW. YBEIUYEHHOE H300pakeHHe,
HOJIyYCHHOE B I-JIy4ax, Moka3aHo Ha Fig. 23 Huxe.

JleBas romy0o-3eneHasi 4acth (ororpadun
00yCIIOB/ICHa M3Iy4EHHEM M3 JABYX IIOTOKOB

paciujiaBa. I_[BCT N3Ty4YCHUS APCBCCHUHBI OTIINYACTCS

' oT 1BeTa, nmokazanuoro Ha Fig. 10 (2) a. Yerkas
Fig. 23

rpaHuIla pa3jiesia Mex 1y paciiaBOM U IPEBECHHOM,

3a()MKCHUPOBaHHAs B II- JIydax, HE TO3BOJIAET CENIATh OJHO3HAYHBIN BBIBOJ O TOM, 00YCJIOBJIEHO

JIX OPaH’KEBOC U3ITYUYCHUCM APCBCCUHBI UJIU CJIOEM KPACKH Ha HEH.
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[IpssMmoyronbpHBIA Tapayuienenunen u3 criaBa amoMuaus 7075-T651, aBa cnuTka W3 4yryHa,
(bparMeHThl CHIIyMHUHA ¥ KaMEeHb, ITOKa3aHHbIe Ha Fig. 24, pa3orpeBairch OTHOBPEMEHHO B MEYH.
Temmeparypa neun He mpeBbicmiia 500°C m paciuiaBuTh CIUIaB HE ynanoch. VcciiemoBaHue
OTPAHUYHUIIOCH OBICTPBIM OXJIAXKJICHUEM Pa30TPEThIX 00Pa3IOB C OMOIIBIO BOJIBI.

1. TT-u3nyuenue cruiaa amomunus 7075-T651 B u3oxKHHIE U3 JpEeBECHHBI TOKa3aHo Ha Fig.

24 (1). Temnass KIMHOBHIHAs 00JIaCTh, MapayIe/ibHAs HIDKHEW M BEpXHEH TpaHsAM, Ha TpaHIX
= = w

Fig. 24 (1)

BU3yaJIbHO He HaOmonasTcs. OOHapykeHHe Takoro JedeKkTa UMeeT Ba)KHOE 3HaUeHUe, HO Mbl He
MOJKEM OTBETUTH Ha BOTIPOCHI: YTO OH COOOH MPENICTABIISET, I/I€ OH PACIOJI0KEH, BO3HHK JI OH B
nporiecce JINThs, MEXaHUIeCKOH 00pabOTKH, MM TEPMHUECKOTO BO3ACUCTBUS ?

OOpatuM BHHMMaHHME Ha TO, YTO LBET 00JAacTH, B KOTOPOl pPacHoOJOXKEeHbI OOKOBBIE
MOBEPXHOCTU M3JI0KHHIIBI, OTIIMYACTCS OT IIBETA M3JI0XKHUIIBL, HCIIOJIB30BAaHHOM JUTs paciuiaBa Pb-
Sn. Do paznuune, BO3MOKHO, 00YCIIOBIIEHO TE€M, YTO BO BTOPOM CITydae HCIOJIb30BaHa IPEBECUHA,
MPONHUTAaHHAS aHTUTPHOKOBBIM XUMHUYECKAM KOMITOHEHTOM.

Brnaxnas npeBecumHa Oblla MCHONB30BaHA IS OXJIQKISHHUS paclijlaBa Ha OCHOBE TeX
VIWBUTENBHBIX CBOWCTB, KOTOpPHIE TMPOSBISIOTCS TPH CHHTE3€ pacTeHHWWd Oiaromaps
B3aMMOJICHCTBHIO ()OTOHOB M SKCUTOHOB. [I0BOPOT 1[BETKA K COJHILY 00YCIIOBIICH MPEBPAIICHUEM
sHepruu (POTOHOB B MEXaHHUYECKYIO SHEPruto. HeT COMHEHUS B TOM, YTO TIOJJbEM BOJBI OT KOPHS
cocHbI Ha BbICOTY 40-50 MeTpOB 00YCIIOBJICH TOU JOTIOTHUTEIBHON SHEPTUEH, KOTOpast IEpeIaeTCs

MOJICKYJIaM BOJIbI OT COJIHIIA C ITIOMOIIBIO (bOTOHOB.
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EcTrecTBEHHO BO3HHMKAeT BOIPOC: HM3IYYAIOTCS U M-Iy49d TpU
pa3pylieHun JpeBecuHbl? OTBET Ha HEro Jajl 3KCIEPUMEHT,
pe3yJbTaT KOTOPOro WLIOCTpupyeT dotorpaduu, nokazaHHble Ha
Fig. 24 (2). Hdocka, ToammuHo#i 26 MM, pocBepiIuBaiach 16 pas Hal
OJTHUM U TeM ke KajipoM (BepxHee (poto) u 10 pa3 (HuxHEe GoTo) C
IENBI0 CYMMapHOTO BO3JCUCTBUS T-H3JTyYEHHsI, BRI3BAHHOTO KaK
paspyIlIeHHueM, TaK 1 OCTATOYHBIM H3JTy4YE€HHEM U3 OIUIIOK.
dotorpadus Fig. 24 (1), kaap 2 WUIFOCTPUPYET M-U3TyUYCHHE
U3 KYCOYKOB CHUIyMHHA NP UHTEHCUBHOM OXJaxkaeHnu. OOpaTum

BHMMaHHE Ha TO, YTO II- JTYYHU HPOLIJIU CKBO3b CTAJbHYIO CTCHKY

KOpO60‘IKI/I, B KOTOpOfI PacCIIOJIOKEH CUITYMUH.

Fig. 24 (2)

Fig. 24 (3)

I) UYersipe ¢oTorpaduu, HUTIOCTPUPYIOLIAE M-H3Iy4YEHHE, IMOJYYCHHBIC IPH PA3IUYHOM
rpalieHTe TeMIepaTypsl, Moka3ansl Ha Fig. 24 (3). ['pamueHT TeMIiepaTypbl CO31aBaJICs Ha IBYX
obpasmax u3 cruiaBa amomuaus 7075-T651, umeromux dopMmy mpsMoro napamienenumnena: 1)
2,54x3,05%6,10 cm?, 2) 5,2x3,89x11,55 em®.

O6pa3ipl, HarpeTsie 10 ~500°C, nmorpy>xaiuch OJHOU IPaHbIO HA 5 MM B JIEPEBSHHYIO BaHHY
C BOJIOM, HayalbHas TeMIlepaTypa, KOTopod Obuta paBHa 25°C. BrelpaBHUBaHHE TemIeparyp
HAa4YMHAJIOCh C MOMEHTAa KOHTaKTa ¢ BOAOH.

dororpaduu, nokazanusie Ha Fig. 24 (3), momydeHsl npu HavaabHOM rpaauenre: 1-187, 2-
156, 3-78, 4-41 rpagyc/cm.

W3BecTHO, 4TO YeM BBILIE TPAJUEHT TEMIEPATypbl, TEM BBIIIE BEPOSITHOCTb, 00pa30BaHUs
MOBPEX/JCHUM, B TOM YUCIIE NOP, TPEIIMH U pa3pyLICHUs U3-3a Pa3pbiBa CBA3U MEXKAY aTOMaMHU.

Pa3ppbIB cBsI3U MeX 1y aTOMaMH IPOUCXOAUT B pe3yJIbTaTe MOTJIONMEeHUs POTOHOB, YTO MOKA3aHO HA
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dbororpadusx TemHoi obnacteio. Pororpadus, mokazanuas Ha Fig. 24 (3), kaap 1, moydeHa npu
CaMOM BBICOKOM rpaaueHTe Temieparyp. OHa IeMOHCTpUPYET Haubosee ONacHbIi TeeKT.

I1)  ®otorpaduu, nokasaHHbIE HA
Fig. 24 (4), wWuUIOCTPUPYIOT

nedeKTsl, oOHapy>KeHHbIE B

CIIMTKAaX 4YyryHa IIpH OBICTPOM
: OXJIAXKICHUHU BOJIOM. Takue
Fig. 24 (4) A A

NePEKThI HEOJHOKPATHO
3a(hUKCUpPOBaHBl B CIUIOUIHOM MeETajule MpH MexaHuueckoi nedopmanuu. (LBer dotorpadmii

HU3MCECHCH AJIA ITOBBIIIICHUA KOHTpaCTa.)

Fig. 24 (5)

EnBa paznuuumas TpenriHa o0pa3oBaiach B OyJbDKHUKE, OKa3aHHOM Ha Fig. 24, mocie
HarpeBa 0 Temmeparypbl ~500°C. HTeHCHBHOE OXJIaXKICHHWE BOAOH TIPHUBENO K pPa3/IesICHHIO
KaMHs Ha JBa (parmeHta.  Mexay AByMs O3TUMU (parMeHTaMu oOKasajics CJoil He
copmupoBaBIIIErocs KaMHsl, KOTOPBIN TpeIIHa pa3aeniia Ha aBe yactu: 1 u 2 (Fig. 24, kaap 2).
Bosee kpymnHblii pparMeHT, pazpyInsics Ha TpU YaCTH MOCIIE HEJIeIbHOTO 00JIy4eHUs COTHEUHBIMU
JTy4am, HO JlaXKe IOCJIe 3TOT0 pa3pyleHue npogokaerca. O0pazoBaHue HE 3aTBEPEBILETO CIIOS
BHYTpPHU KaMHsI 00JIErdniio IpoLecc pa3pyLeHusl.

®otorpadus Fig. 24, xamp 1 ocoOeHHO BakHA Ui MOHMMAaHUS MpOIECCca pa3pylICHUS.
KpacHblii 11BeT 00ycoBIeH U3Ty4eHUEM U3 3aTBepJeBIlel yacTu ¢pparMenra 1, yepHas o01acTh

XapaKTepU3yeT TPEIINHY, CUHsA 00JaCTh XapaKTepu3yeT He 3aTBepEBIIHIA TeCYaHbIN CIIOM.
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Temuas oOnacth, II0JOOHAas TOM,
KoTopas 3adukcupoBana Ha Fig. 24, kamp 1,
Ha0Ir01a1ach B MeTauie 16 pas.

VI) ®ororpaduu, nokazaHHbIe HA
Fig.25(1), wuoCcTpUpylOT H3Iy4YeHUE I-

JMydyel TpH 3aTBEpAEBaHMM pacIulaBa: a-

b cunymuHa, b-crmaa amomunus 7075-T651

B JICPEBSHHOMN U3JIOKHULIE.

Fig. 25 (1)

Tpu orsepctust auamerpom 13
MM, roka3anHbie Ha Fig. 25 (2) (Bun
CBEpXy) BBICBEPIIMBAIKCH B
oOpasuie U3 cIUlaBa aJTIOMMHUSA
7075-T651 na rnybuny 38,4 MM

TakuM oOpa3oM, UYTO /10 HHUXKHEH

IPaHA  OCTaBaJIOCh 5 Mm
OtBepcrus 3aM0IHUIACH
paciiaBom CHIIyMHUHa U Fig. 25 (2)

oxnaxaanuchk Bojaou. Ilpomecc dukcupoBaics Ha JBYX COCEIHHMX Kaapax. DKCIEPUMEHT

BBIITOJIHAJICA TPUKBI.

. Fig 26 WTIOCTPUPYET - U3JIyYEHHUeE,
3aukcupoBaHHOEe TMpU 3aTBepaeBaHUHM. OTMETHM, 4TO
neexTsl, oOHapy>KEHHbIE B JKCIEPUMEHTE, HEOJHOKPATHO
HaOJII0AaIKMCh IPU APYTUX BUAAX AepOopMaLnu.

Ha puc. 26 (1) noka3ano n-uzjiydeHue Mpu IIIaBICHUN
TpeX pas3lUYHBIX CIUIaBOB kene3a: 1) a-d, 2) e-g, 3) h-i
HEU3BECTHOIO COCTaBa IIPU CBAapKe CTalbHBIX JIETAJEH.
CocTaB >JEKTPOMOB HEW3BECTEH. PEXWM IIIaBJICHHS He

KOHTpOJHMpoBalicsa. SIpKo BbIpa)keHHOE Oenoe U3IyuYeHHe,

Fig. 26

58



33(1)I/IKCI/IpOBaHHOG Ha Kaape€ a, YKa3bIBACT HA IIJIABJICHUEC HE MCHCC TPEX XUMHUYCCKUX SJICMCHTOB.

c
H
1

Fig. 26 (1)

MOHOXpOMaTI/IquKOG H3JIY4YCHHUC, 33(1)I/IKCI/IpOBaHHO€ Ha Kagpax €-g miIaBJCHUs BTOPOTO CILIAaBa,

XapaKTCPHO AJIA IIJIABJICHUS OJHOI'O 3JICMCHTA. Yerko 0003HaUCHHAS TEMHAs 06HaCTI>,

IOKa3aHHasd Ha KaJgpax hu i, YKa3bIBA€T MCCTO, TAC 06pa3OBaJ'IaCB nopa.
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1.1.14. OcobeHHOCTH N-U3JIy4YeHHs IPH KOPPO3UH METAIIOB

| LV

Fig. 27

Mennas TpyOka guameTpoM 25,4 MM TOMEINIaiach B TUIACTMACCOBBIN CTaKaH C BOJHBIM PacTBOPOM

Clorox, moj KOTOpbIM HaXOHJICS KOHTEHHEp ¢ (DOTOMICHKOM. J[eBATh aHAIOTMYHBIX CTAKAHOB C
pacTBOpPOM, pa3MEIlIEHHbIE HAa 3TOM KOHTEHHEpe, 3aloJHAJIMCh TOHKUMH IUIACTUHAMHU CTalH,

KOTOpBIE TOJBEPKEHbI KOPPO3UM B Pa3IMYHON cTeneHH. XHUMHUYecKas peakius odpasuos 1-9
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coctaBmsuia 168 4acoB, B TOM 4uCie MpPU COJHEUHOM oOmydeHuu. O6pazer; 10 comHedyHOMY
00JIy4YEeHHIO HE MOABEPralICs.
[1-u3nyyenue, o0ycIOBIEHHOE MTPOLIECCOM KOPPO3UU MENIU, WILTIOCTpUpyeTcs poTorpadueit

1. IT-uznyyenue, 0OyCIOBIEHHOE MPOIECCOM KOPPO3HH CTAJH, WILUTIOCTpUpYETCs (poTorpadusmu

2-10.

1.1.15. I1-u3ay4eHue, 00ycJI0OBJIeHHOE XUMHYECKOH peaKiuei

XUMHUYECKasi peakius ecTh HE YTO MHOEe, KaK aTOMHas peakius, KoTopas oOycJOBJIEeHA
00MEHOM aToMOB ()OTOHAMHU U BJEKTpOHAMHU. M3imyueHune (HOTOHOB MPOUCXOTUT B pe3yibTare
Hepexoa 3EKTPoHa ¢ 60Jiee BBICOKOTO SHEPIeTUUECKOr0 YPOBHS Ha HU)KHUHN MITM PEKOMOMHAILIUH
MIOJIOKUTEIIBHOTO MOHA € 3JIEKTPOHOM. DHeprus (POTOHA ONpPeNIeNsieTCs] ¢ HOMOIBIO YPaBHEHUs
hv= Ei1-E2, tne Ei- sHeprus BepxHero ypoBHs, E2-sHeprusi HUKHEro ypoBHs. DTO ypaBHEHUE
SIBJIIETCS. TEOPETUYECKUM, OTHOCSIIMMCS K MJ1€aIbHON BOJHE, UMEIOIIEH OJHY CTPOro 33aJaHHYIO
4acToTy. B 1eHCTBUTENBHOCTH aTOMBI M3JIyYalOT SHEPTUIO B ONPEAEICHHOM MHTEpBaje 4acToT,
00YCJIOBJIEHHOM TEM, YTO YPOBHU 3HEPTUH 00pa3yIoT 30HY, IUPHUHA KOTOPOU 3aBUCHUT OT BIUSHUS
OJIHOTO aToMa Ha Apyroi. Yem nanpiie ynaneH 3J€KTPOH OT siApa, TEM OOJbIIE HAa HETO BIUSHUE
JPYyTUX aTOMOB B KOH/IEHCUPOBAHHOM BEILIECTBE, TEM LIMPE 30HA.

W3nyyenue, xoropoe Mbl HabmogaeM, BTOpUYHO. OHO 0OYyCIOBIEHO (POTOXUMHUYECKON
peakiuei, BBI3BaHHOW BO3AEUCTBUEM IT-ITyuel Ha (hoToMaTepual.

[T-uznydyenue oOyCIOBICHO MEPEXOJOM JJIEKTPOHOB Ha Oojiee TIyOOKHE IHEPreTUYECKUe
ypoBHU. BrusiHue npyrux aToMOB Ha TakoW Mepexoj 3HAYMTENbHO MEHbILE, YeEM Ha MEepPeXO/Ibl
3JIEKTPOHOB Ha 0oJiee yAAJCHHBIX YPOBHSX, HA3bIBAEMBIX BaJICHTHBIMU.

DNEeKTPOH, yAaJeHHBIH C TIyOOKOro ypoBHs, 00pa3yeT, YCIOBHO, «IBIPKY», KOTOPYIO
3aMOJIHUT 3JIEKTPOH € OJMKallllero ypoBHS, BbI3bIBas M3JIy4eHHE (POTOHA, YAaCTOTa KOTOPOIO
MEHbIIIe, YEM YacToTa MOrjoleHHoro GoroHa. HoBy1o «JIbIpKy» 3alOJHUT 3JEKTPOH ¢ Oosee
BBICOKOT0 YypoBHs. TakuMm 00pa3oMm, yjaajeHue 3JIeKTpoHa ¢ Oosiee TiTyOOKOro YpOBHSI MOXET
MIPUBECTH K KaCKaTHOMY M3JTy4eHHIO (POTOHOB C MEHBIIEH YHEpPTUei.

Ananus ¢otorpaduil MOKa3pIBaeT, YTO MPH OJHOM HUCIIBITAHUM BO3HUKAIOT KaK LIBETHBIE, TaK
u Oernble n3nydaronue obmactu. CBedeHue B CTOJIb IHUPOKON 00JIaCTH CBUJIETENILCTBYET O TOM, YTO

NEPBHUYHOC MM-U3TTYYCHUC BO36y>K,[[aeT ATOMBI Pa3JIMYHbIX XUMHUYCCKUX 3JICMCHTOB.
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Fig. 28

PenTrenoBckuii (u1yopeclieHTHBIN aHAINU3 MO3BOJISIET YCTAHOBUTH KAUECTBEHHBIM COCTAaB TEX
obnacteld, U3 KOTOPBIX MPOU3OIUIO M3ITYUYCHHE, TaK Kak IS BO30OYKICHHUS HE UMEET 3HAUCHUS
W3ITyYeHBI TU PEHTTCHOBCKHE YU U3 PEHTICHOBCKON TPYyOKH HITM U3 aTOMOB MaTepHalia.

XUMHYECKUN CTaKaH 3alloJIHSUICS IUMLIEBOM COAOM, pa3Melaics Ha KOHTEHHepe ¢
(doTorIeHKOM. 3aloIHeHNEe CTaKkaHa YKCYCOM BBI3BIBAIO XMMHUYECKYIO PEaKIUIO0 C BBIJICICHUEM
CO2. Fig. 28. Kamp 1 wumoctpupyeT M-H3JIydeHHE, OOYCIIOBICHHOE STOW peakiuei; kaap 2
WUTIOCTPUPYET M-U3TyUEHUE, BBI3BAHHOE XUMUYECKON PEaKIMen ¢ IByX CTOPOH TOHKOM CTAJIbHOM
IJJACTUHBI, TMOMEIICHHON MEXIy IUIACTUHAMH CenapaTopa JUTEBOrO aKKyMyJsTopa; Kaap 3
WJUTFOCTPUPYET M-U3JIyYEHUE, BBI3BAHHOE PACTBOPEHHUEM CaxapHOM MyJpbl B Boxe; Kaap 4-

pactBopenue NaCl B Boze. K coxanenuto, 06e hoTorpaduu okazaiuch Ha rpaHHIIEC Kapa.

1.2. Hpes MakcBe/1a ¥ YKCIIEPUMEHTAIbHAS NIPOBEPKA
. K. Makcsemnn, ananusupys padory I1. Jxk. I[Inato [1.22], mOCBSIIEHHYIO MBIIBHBIM TY3BIPSIM,
BBICKA3bIBAET UJICIO O CYIIECTBOBAHUHU MEXKTY KUIKOCTHIO U ITApoM 0co00# 00acTu. 31ech JTyyIie
BCETO MPOIUTUPOBATH (PPArMEHTHI U3 TON CTAThH.

«Teneppb Mbl HAXOJIUM IKCIEPUMEHTAIIBHO, YTO HET HUKAKOM Pa3HULIBI MEKIY SIBICHUSMU B O/THOM
YaCTH JKUJKOCTU M JIPYTOM ee 4acTu, 3a UCKII0UEeHUEM 00JIacTH, OJM3KON K TTOBEPXHOCTH, HO HE
bonee, yem MulCAYHASA, BO3MONCHO 0adCe, MUIIUOHHAA 00/ MulIumMempa. B mapax Takxke, Bce TO
e caMoe, 3a UCKITFOUeHHEM, BO3MOYKHO, B 0UY€Hb TOHKOM CJI0€ BOJM3M TIOBEPXHOCTH. I3MeHeHne
BEIMYMHBI PHEPTUU TMPOUCXOAUT B OUEHb Y3KOH OONACTH MEXAY >KUIKOCTBIO U HapOM....
CrnenmoBarenbHO, BCSI DHEPrUsl CHCTEMBI MOXXET OBITh paslielieHa Ha TpPH YacTH: OJHA
IIPONOPIMOHATIBHA Macce KHUJIKOCTH, BTOpasi- Macce MapoB, TPEThs- MPONOPLUOHATIbHA MO IU
MOBEPXHOCTH, KOTOpasi OTAEISET KHUIKOCTh OT mapa.... M. BaH nep Baanbc, 4bsi akageMudeckast
JHccepTalus sBIIseTCsl HauOoyiee IIEHHBIM BKJAJOM B MOJIEKYJSIPHYIO (U3UKY, MOIBITAICA
NPUOJIM3UTENEHO PACCYMTATh TOJIIMHY CJIOS, B TpelesiaX KOTOPOTO OCYIIECTBISIETCS 3TO
HEIIPEMEHHOE U3MEHEHHUE dHEpruu, 1 Hamen 11 Bojbl okoso 0,0000003 munrumempar. (Kypcus
MOH).

Taxum obpazom, mul 6uoum, umo Maxceenn 3a 86 nem 0o Petinmana oopamun 6HUMAHUE HA

my 06ﬂacmb, Komopa: Ce200Hs1 Ha3bl8Aemcsl HaH0pa3M€pHOZZ.
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Posib BoABI B HU3HU Ye€IOBEKa CTOJb BEJIMKA, YTO JIOObIe HOBBIE CBEJICHUS O €€ CBOMCTBAaX
npuobperarot ocoboe 3nadeHue. OTKpoITHE DysuiepeHa, rpadeHa, HAHOTPYOOK yIiiepoja ChIrpajo
BAXXHYIO POJb B COBPEMEHHOM €CTECTBO3HAHMU, HO OOJIACTh MEXAY IMapoM M KUAKOCTHIO,
OTMEYEHHAasT MakcCBeioM, OCTAJIACh HEU3YUYECHHOM.

I) DOkcnepumeHT, npenHa3HAYCHHBIN IS IPOBEPKHU ATOTO BhIBOJA MakcBeia, ObUT BHIIOJIHEH

CJIEIYIOIIUM 00pa3oM.
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Fig. 29 (2)

TpyOka mapomnpoBona aumameTpoM | cM pasMeniaiack BHYTPHU JIPYrod IUIACTMACCOBOW TPYOKH
JTUMETPOM 5 CM TakuM 00pa3zom, 4yTo ocu TpyOok coBmananu. [IpocTpaHCTBO MEXIy TpyOKaMu
3aI0JIHAJIOCHh BOJIOH, KOTOpas 3aMopakuBaiach 10 -12° C. DkcriepuMEeHT BBIIOJIHSIICA B /1B ATAIIA.
IlepBblii sTan. BHyTpeHHss TpyOka 3amoyiHsiIack BOJOM, 4depe3 KOTOPYIO IpPOIYCKajcs Map.
Bropoii stan. Bona yaananace, HO MHTEHCUBHOCTb ITOJA41 [1apa yBEIMYHUBAIACH JUUIS YBEIUYCHUS
CKOpOCTH TUIaBJIeHUs Jibaa. Kakapril otan ¢pukcupoBaics Ha OTAETBHYIO YacTh (POTOTUICHKH.

Fig. 29 (1) wuttocTpupyer n-usnydeHue, 00yCIOBICHHOES B3aHMOCHCTBUEM T1apa M BO/IbI.
D10 B3auMOIeiiCTBIE, IPOMCXOIUT HAa IPAHUIIC Ty3bIPbKa, 3adukcupoBanHoe Ha 16 kagpax. Fig.
29 (2) wmmocTpupyeT N-M3JIydeHHE, OOYCIIOBJIEHHOE B3aUMOJEHCTBHEM BOJbl U JIbJA.
XapakTepHasi 0COOCHHOCTh U3JTyUeHHs BOJIbI HA MIOBEPXHOCTH MeTaslia moka3zana Ha Fig. 29 (1) B
BHUJIE BEEPOOOPA3HOTO U3ITyUeHHsI, KOTOpOe (PUKCUPYETCS TOJIBKO Ha Kparo (OTOMJICHKH: KaJIphl 2,
4,5-8,12,15;29 (2), kaapsi 2, 6. [dyroodpasusie hurypsl, nokaszanssie Ha Fig. 29 (1), kaxpsr 10
u 15; 29 (2) xaapwel 2, 4, 5 6, HaOMOAAIOTCSI MHOTOKPATHO MpHU JAedopManuu pazIudHbIX
MaTepHAaJIOB.
I1) Konreitnep ¢ doTomieHkoi pazmeniaics 1Mo BHENIHEH MOBEPXHOCTH CTEKISTHHOTO LIMIIMHIIPA

C BOJOMH Y AHA, HUXKE KOTOPOIr'oO HAXOAUJICSA HArpCBaTCIIb.
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Fig. 30 wumocTpupyeT — O-H3IydYeHHE,
5 BBI3BAaHHOE 00pa30BaHUEM ITy3bIPHKOB B BOJIE,

KOTOpoe 3aMKCUPOBAHO MPH SKCIO3ULIUU 15

MHUHYT KuneHus. Kagpbl pacrnonokeHsl Ha

[ Pas3siindyHoOM pacCCTOAHUMU OT AHA, KOTOPOC HC

(hUKCUPOBATIOCH.
JlyrooOpa3Hbie CBETAIINECS obnacru,
[T TR 3aukcupoBaHHBIE HA Kaapax 3-5, mMogoOHbI
TeM, KOTopbie Tokaszanbl Ha Fig. 29 (1) u Fig.
- 29 (2).

Fig. 30

1.3. Pa3pyuienue kamHsl, THA OKeaHa U MOBEPXHOCTH 3eMJIU

HccnenoBanue MpUYMH W MEXaHHM3Ma Pa3pyLICHUS TBEPAOTO Tesa B MPUPOAE MPEAMET
¢usnueckoil reonorun. OQHAKO MCCIEIOBAHUE HCKP, MCIOJIb30BAHUE JIPEBECHUHBI B KAayeCTBE
M3JIOKHUIIBI M HWCCIEIOBAaHHE Ipollecca pa3pyLICHUS KaMHs I TIOHMMaHHMS MEXaHH3Ma
TPEUIMHOOOPa30BaHUsl B METaJuIaX OOYCIIOBIEHO ABYMs (hakTopamu. Bo-TIepBBIX, 3TH SIBICHUS
IIPOUCXOJAT B COOTBETCTBUU C 3aKOHAMU MPHUPO/bI, KOTOPbIE MOTYT OBITh PACKPBITHI, BO-BTOPHIX,
HCKJIIOYAIOT BIUSHHUE YEJI0OBEYECKOro (haKkTopa.

I/ICKpa, BbI3BaHHAA yJapoOM MCETaJlla 0 KaMC€Hb, MCIIOJIb30BaJIaCbh YCJIOBEKOM ThICAYH JICT
Ha3aa. OHaKo JeKTPOMAarHUTHOE U3Ty4YEeHHUE B M1-AUANla30HE UCCIIEI0BAaHO BIEPBHIE.

Brnaxxnas npeBecrHa Oblla MCIIONB30BaHa Ul OXJIAXAEHUS pPacIulaBa Ha OCHOBE TeX
YIUBUTEIBHBIX CBOMCTB, KOTOpBIE TPOSIBJIAIOTCS HPU CHUHTE3€ pacTeHuil Onaronaps
B3aMMOJIEHCTBHIO (JOTOHOB M KCUTOHOB. [I0BOPOT 11BETKa K COJHILY 00YCIIOBIIEH NMPEBpaIeHUEM
OHCPIUn (1)OTOHOB B MCXaHNYCCKYIO DHCPIrUIO. Het comuenns B TOM, 4YTO MMOABEM BOJBI OT KOPHA
cOCHBbI Ha BbICOTY 40-50 MeTpoB 00yCIIOBIIEH TOW TONOJHUTENBHOM SHEPTUEl, KOTOpasi epeaaeTcs
MOJIEKYJIaM BOJIBI OT COJIHIIA C TIOMOIIBIO ()OTOHOB.

CrutaBpl METAJUIOB M KOMITO3UTHBIE MaTEPHAIIBI COCTOSIT W3 Pa3TUYHBIX XUMHUUYECKHX
JJIEMEHTOB, KOTOpbIe  00pa3yloT coeauHeHus. DOpMHpOBaHHWE  TAaKUX  COSAMHEHUH
COMPOBOXKAAETCS BbIACICHHEM dHeprun. Hanpumep, sHTanbnust 0AHON MOJIEKYJIbl HUITPUJIa TUTAHA
paBHa 3.49 3B, nByokucu antoMunus- 17.36 3B. Mexanudeckue U TepMOJUHAMUYECKHE CBOMCTBA

9TUX COG)II/IHeHI/Iﬁ OTJIMYAIOTCS OT CBOMCTB TUTAHA M aJTIOMUHHUS COOTBETCTBEHHO. CDOpMI/IpOBaHI/Ie
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TaKMX COCIMHEHUN B OCHOBHOW MAaTpHIE COMPOBOXAAETCS 00pa3oBaHUMEM IPaHULIbI, CTPYKTypa
KOTOPOW HM3MEHSETCS B pe3yJIbTaTe€ MOIJIOLIEHUS TeIUld. 3apOKICHHE TPELIMH Yalle BCEro
MIPOUCXOAUT HA TPAaHULIE HEOTHOPOIHOCTH.

@otorpadusi TpemuHb, BO3HUKIICH Ha TpaHUIIC
II0JIEBOTO IIIIAaTa W KBaplia, MOJy4YeHHasl ¢ MOMOILBIO
CKAHMPYIOILIEro 3JIEKTPOHHOro0 MuKpockomna [1.23],
mokaszana Ha Fig. 31.

[TomoOuble dororpadmu, Kak OTMEYCHO BBIIIE,

HaGJIIO,I[aJII/ICB B MCTAJIJIC, HO OHHU OTJIMYAaKOTCA TCM, YTO

nedekT oOpazoBalics HE TOJIBKO HAa MOBEPXHOCTH, HO U

Fig. 31 BHYTpHU 00pasia.

MHOIrOKMIIOMETPOBBIE TPEUIUHBI, PAaCcTyIME HABCTpedy JApyr JpYyry, HEOJHOKPATHO
HaOJIIOTANTUCH B TIPUPOJIE. Y CTAHOBJICHO, YTO XPEOTHI HA JIHE OKeaHa JBMKYTCS HABCTpPEUy IpyT
Ipyry, 00pa3ys TPEIIUHBL.

MogenupoBanue 3TUX  MPOIECCOB B  Macmitade
1:2000000 65110 BBITTOTHEHO B padore [1.22]. dopmupoBanue
TPELIMH MPOUCXOANIIO TOJ JCUCTBHEM LEHTPOOEKHBIX CHIL

Pe3y.]'II>TaT OKCIICPUMCHTA IJIA ABYX TUIIOB BCTPCYHBIX TPEIINH

nokasau Ha Fig. 32.
Y- [1-m3myuenmne, oOycioBieHHOE (HOPMUPOBAHHEM TPEUIHHBI

mwiomansio 30 cM?, mimocTpupyercs Ha Fig. 18. MbI MoskeM

NpeACTaBUTDb cebe OHCPIrur0 U MOUIHOCTH TOI'0O H3JIYyUYCHU:,

KOTOPOEC COMMPOBOKAACT IABUIKCHUC Xpe6TOB OKC€CAaHCKOI'O JHA.

Fig. 32

Omo o3nauaem, umo O8udceHue Xpebmog MOpPCKo20 OHA

MOIHCHO OmCceHcusams C NOMOUWIbIO CEHCOPO6 N-U3JLY4EeHUA U KOCMUYECKUX annapamoes.
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MO,HGHHpOB aHHe MEXAaHUYCCKUX

gg'— .é!
N

N \ NPOIECCOB, MPOUCXOMANIMX HAa JIHE OKeaHa,
AN

omnmpaBaaHO TEM, 4YTO OTKJIMK Ha BHCIIHEC

7 "},’ ATV T D BO3JICHCTBUE 00YCIIOBJICH MEPEXOI0M IJICKTPOHOB
(b’ (R R e .
c‘.ﬁ...‘.;'.‘u‘\'.;f‘,;y 2 HE B BaJCHTHOM 30HE, a C DHEPreTHUYECKUX
o N « " '
R " N
%" .:, 3 YPOBHEM, PpACHOJIOKEHHBIX HIKE e€e. B 3ToMm
3 L
Lo o\
ciy4ae sHeprus (poToHa HE 3aBHUCUT OT TOTO, B
Fig.33 a
KaKOM COCAMHCHUH WM OKPYKCHHU HAXOAUTCA
aToM.

®dopmupoBanue npoduiist JHa OKeaHa, BBI3BAHHOE JBM)KEHUEM MaTepUKa, I0Ka3aHO Ha
Fig. 33 a. [lnenka ruiaTUHBI TOJNIIMHOW 4 HM HAIbUIIACh HA MOBEPXHOCTh IUICHKU HOJUMEpA.
Pactsxenue ninenku nonumepa Ha 100%, kak 1MOKa3aHO CTPENKOM, MPUBENIO K Pa3pbIBY IJICHKU
IUIATHHBI HA pparMeHTsl, Kak moka3ano Ha Fig. 33 b, ananoruuHbie pa3pbiBaM JHa okeaHna. Takoii
BBIBOJI clellaH B pabore [1.24]. Pa3pbIBbl IJIGHKW IUIaTUHBI B HAIPaBJICHUHU, KOTOPOE
NEePIEHAUKYISPHO MPUIIOKEHHOH CHJIe, OITPOBEpraeT MOJEIH pa3pyLIeHUs, IPUHATHIE B MEXaHHUKE
paspymeHus.

3eMIIeTpsICeHNs1, ONIOI3HH, IlyHAaMH SBIISIOTCS CAMBIMU ONACHBIMH IIPUPOIHBIMH SBICHHUSIMH,
KOTOPBIE YEJIOBEK HE MOXKET MPpeloTBpaTUTh. ONoBeLIeHHEe 00 OMACHOCTH OCTAETCsl €AMHCTBEHHOMN
BO3MOYKHOCTBIO JJISl CIIACEHUS JIF0JIeH U KUBOTHBIX. OIleHKa ONaCHOCTHU I[yHaMH OCYIIECTBISEeTCS
Ha OCHOBE MCCIIJIOBAHMS CECMUYECKUX BOJIH, N3MEHEHHH HANpPsHKEHHOCTH MarHUTHOTO TIOJS U
AJIEKTPOITPOBOTHOCTH TTOPO/I.

Tom ¢haxm, umo nwbas Oeghopmayus conposodicoaemcs N-usiydyeHuem 00 HNOAGIEeHUS
Mpewjut, moxcem Obimb UCNOAL306AH 015 OOJlee panHe20 NPOSHOIUPOBAHUS 3eMAeMPACEeHUU U
YYHAaMU, pacnoazas CeHcopsl M-U3ny4eHus, KaKk 3mo 0enaemcs 015 UsMepeHus Opyeux CUSHalos.

MonenupoBaHue mporecca MPOTHO3HPOBAHUS 3EMIIETPSICEHHS BBIOJIHEHO Ha TpUMeEpe
paspyleHus IIUTOK U3 MpaMopa,
rpanuTa U 1miauTHAKa. OOpasen

IUTMTHSKA, TMOKa3aHHbIA Ha Fig.

34, TONMIMHUHON 52 MM,
pacnozarancs Ha IBYX
NapauIeIbHbIX ornopax u
MTOABEPrajCs nedopmanuu
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n3ruba MoJ JAaBJICHUEM TOPIIHS 25-TOHHOTO mpecca. beuto momydeHo maTh GparmMeHToOB. Bee
(bparMeHThl UMEIOT YETKYIO OIPaHKY, KOTOpas CBUACTEIHCTBYET O KPUCTAIIIMYECKOM COCTOSTHUU
oOpasra.

Bce SKCIICPUMCHTBI B JAJAaHHOM HCCICAOBAHHUU MNPCAHA3HAYCHBI OJId JCMOHCTpAlUU
BO3MOXHOCTH HCIIOJIB30BaHUA B IMPOMBIIIJICHHOCTH SJICKTPOMArHuTHOT'O H3IYy4YCHUA,
conpoBoxaawoero aedopmaiuio. JleTanpHbli aHaIM3 MPOLECCOB pa3pylIeHUs KaMHs, Kak
CTPOUTENILHOTO MaTepuaia, MpeAMET CIEeUHaTIbHOrO0 HCCleAoBaHUA. Mbl, B CBA3M C JTHM,
OrpaHu4uMcCHd JIMIb KPATKHUM aHaJIUu30M Han6onee Ba’KHbIX aCIICKTOB.

@otomenka 3adukcupoBana 12 kaapoB 0Opa3oBaHMs TPEUIMH B IUIMTHSKE, U3 KOTOPBIX
neMoHcTpupyetcs 8, mokasanubix Ha Fig. 34 (1). Kanp f umtrocTpupyeT moBepXHOCTh TPEIIHHBI,

IIOKA3aHHYIO0 Ha Kaape €.




Tpemuna Ha pororpadusx nmpeacTaBiasieT co00il TEMHYIO 00JacTh, TaK KaK B HEH DHEpPrus
MOTJIONIAETCS aTOMAaMHU, MEXIY KOTOPBIMU MPOMCXOJIUT Pa3pbiB CBS3H. Takue TEMHBIC 00JIaCTH
3aUKCHPOBaHbI paHee. ITH 00acTH MokaszaHbl Ha GoTtorpadusx Fig. 34 (1) a, b, d, e, g. Kaxxnas
u3 (Qororpaduii EMOHCTPUPYET OCOOCHHOCTH (OPMUpPOBAHUS TpeIIUHbl. CBeUeHHE, Kak
OTMEYaJIoCh paHee, GUKCUPYETCs Kak J0 00pa3oBaHMsl TPELIMHBI, TaK U TOCIE, HO MBI HE MOYKEM
muddepeHrpoBath 3T0T (akT Ha hororpadusx a, b, d, e. dortorpadus g nmpeacraBasieT 0COObIi
MHTEPEC B CBS3H C TEM, YTO OHA MIUTFOCTPUPYET U3ITYUYCHUE U3 OJHON YacTH 00JIaCTH WHOPOIHOTO
BKJIIOYCHUS, TOKa3aHHoro Ha Fig. 34 ¢, oOpa3oBagiierocs B mpoiecce pocra kpucramia. Fig. 34 g
MOKAa3bIBAET, YTO ITA YaCTh, FPAHUYAIISLS C TPECLUIMHOM, CBETHTCS. Takoe cBeueHHe 00YCIIOBICHO
3ara3/bIBAIONINM U3ITyYCHHEM M3 aTOMOB HCTOYHHUKA SHEPTHUH.

dotorpadus Fig. 34 (1) meMOHCTpUpYET ellle OJHY HHOPOIHYIO 00JIaCTh, KOPHYHEBOTO
1[BeTa, KoTopas Obuta 3adukcupoBana Ha ¢oromieHke Ha Fig. 34 (1) hu Fig. 34 (1) i, Ho BU3yaabHO
cTajia 3aMeTHA JIMIIb Yepe3 HEeJeNI0 XPaHeH s Ha Bo3ayxe. Takoe MpeBpalieHUue XapakTepHO s
KOPPO3UH MeTajlIa.

JlyrooOpasHbie cBersimuecs: aedekTsl, 3apukcupoBannsie Ha Fig. 34(1) b, ¢ nabmronamich
HEOIHOKPATHO U MPOJEMOHCTpUpOBaHbI Bhile Ha Fig. 12 (Spiral), Fig. 14 (3), Fig. 14 (4), Fig. 19,
Fig. 21.

Fig34 (2)
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[ectp doTorpadmuii, mokazanusix Ha Fig. 34 (2), wumocTpupyroT Ae(eKThl, BOHUKIIINE B
IUTACTUHE Mpamopa 3a IMpelneiaMu TpeliuH, HO (oTorpadudeckuii MeTon HE MO3BOJSET
OTIPEIENIUTH, KOT/Ia TIPOHU30IILIO U3TYYCHUE 10 pa3pyIICHUs HITH ITOCIIE HETO.

[InactuHa rpasuta, TommuHo#i 10 MM u momaasio 300300 MM?, OGbIa paspylieHa Hpu
Oosee BBICOKOW CKOpOCTH JedopManuy, 4YeM IUIaCTHHA W3 MpaMopa TOro e pa3Mepa.
HanpasieHnue TpemuH B MpaMope W TpaHHuTe 0e3 MpeABapUTEIHLHOIO OCIa0ICHUs C MOMOIIBIO
HaJpe30B, HempeacKazyeMo, MoJ00HO 00pa3oBaHUIO TpelluH B cTekie. [lnomans doroninenku
coctaBisieT He 6onee 12 % momnanu 00pas3oB. DToO MPUBEIIO K TOMY, UTO TPEIIMHA B TPAHUTE HAJl
MOBEPXHOCTHIO (POTOIIICHKH 00pa3oBajach TOJIBKO B OJHOM CiIydae, KOTOPBIH 3aUKCHPOBAaH Ha

kaape 10, xak 310 mokazano Ha Fig. 34 (3).

1 2 3 | 4

Fig. 34 3)
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Bropoii o6pasen mimTHsAKa TOW K€ TOJIIIMHBI U IUIOUIAAN, YTO U MEPBBIHA, pa3pyliancs npu

0oJiee BBICOKON CKOPOCTH Harpy KeHHs.

14 15 16 17
Fig. 34 (4)

Kpucrammudeckass CTpyKTypa BTOPOTO 00pasla IUIMTHSKA OTJIMYAIaCh OT CTPYKTYPHI
MEPBOrO0 TEM, YTO TpaHW HMeTu (GOopMy TNPSIMOYTOJbHUKA, TOT/JAa Kak B IEPBOM- (GopMy
napauienenunena ¢ aAByrpaHHbiMH yrinamu 80° u 100°. TpemuHbsl Bo BTOpoM oOpasle ObuIH
3a()MKCHPOBAHBI Ha IEBATH Kapax U3 JIECITH, OKa3aHHbIX Ha Fig. 34 (4) u Fig. 34 (5). 3meneHue
dbopMBI TpemmHBI OT Kajapa 15 1o kaapa 23 0O0yCIOBIIGHO WMIYJILCHBIM XapaKTEpoM ee
obpazoBanus. Kampel 19-22 cBHUIETENBCTBYIOT 00 00pa30BaHUU YETKO BBIPAKECHHOW TpPaHUIIBI

TPCIIHHBI.
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23
Fig. 34 (5)

[Ipoekmus cBeTsmerocs nedekra B BUJC PO30BOM HUTH HaOrOMaeTcs Ha Kaapax 18, 19, 23,

24. JliuHa 3TOM MPOEKIMH Ha ITOCKOCTh XY paBHa ~140 mwm.

N3BecTHO, YTO Ha TOBEPXHOCTH TPEIIMHBI HAONIOAAIOTCS XOJIMBI U JIOJIUHBI, CTPATHI.
[IpuBenennsie GpoTorpaduu MOKa3bIBAIOT KakK (OPMUPYETCS TOBEPXHOCTh TPEIIHH.

Taxum o0bpazom, 3IKCNEPUMEHMATLHO NOOMBEPHCOCHO, UMO NPOYecchl GopmMuposanus
UCMOYHUKOB N- U3NYYEHUS 8 MAmMepuanax, oopasyrouux 2o0psl, He OmIUYaemcs om npoyeccos 8
Oopyeux meepovix menax. Henpepuvlgnvlii KOHmMpoOab 31eKMPOMACHUMHO20, 8 MOM Yucie n-
UBNYYEHUSl CeliCMUYEeCKU ONACHbIX 00acmell N0BEPXHOCMU 3eMIU U OHA OKeaHa no3eoJisiem 6oJee
MOYHO Ha paHHel cmaouu OUAZHOCMUPOBAMb 3eMAeMPACEHUs. U NPEOYNPeOUms 0 803MOHCHOCIU
B03HUKHOBEHUSL YYHAMU.

14. PenTreHoroMuHeceHIMSI METAJLJIOB

@DOTOHBI, W3NyYEHHBIC MPH pPA3PYIICHUH TBEPAOTO TelNa, WHTEHCHUBHO IOTJIOMIAI0TCS
MeTaJlJIaMH, BBI3bIBAsI JITIOMIUHECIICHIIUIO, B TOM YHCJIC B PEHTTCHOBCKOM Jinana3zoHe. Bo30ykiaeHue
aTOMOB OCYIIECTBISUIOCH (POTOHAMH, H3IITYYCHHBIMH  YacTUIAaMH, OOpa30BaBIIMMHCS TIPH
pa3pyIIeHHH CIIJIaBOB U CTEKJIa, KaK moka3ano Ha Fig. 7 b, ¢, d, e u Fig. 35 cruiaBbl CBHHIIA U 0JI0Ba,

AIFOMHHUA, KEJIC3a, MCAU UCITIO0Jb30BAJIMCh B KAUCCTBC 3KPAHOB.
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Fig. 35

dotorpaduu, nokazanubie Ha Fig. 35, MOMyUeHBI IPH CIICAYIOMIUX YCIOBHSX:

a) aIOMUHUEBast POJIbTa B OJIMH, YETHIPE 1 BOCEMbB CIIOEB, PACIIOJIOKEHHASI HA TIOBEPXHOCTH
KOHTelHepa, 00TyJanach M-Iy4aMu, U3Ty4YeHHBIMH M3 YaCTHI] CTIJIaBa XKeJie3a; b) cranbHas maiida,
pacrojoKeHHas Ha MOBEPXHOCTU KOHTEHepa, 00iydanach m-IydyaMu, U3IyYeHHBIMU U3 YaCTHUI]
CIUIaBa MEJIHM; C) 9Ta ke Iaiiba obmydyanach IpU YIBOCHHON SKCIO3UIUU U d) mpu yTpoeHHOU
HKCIO3HIINH, YTOOBI 3a(UKCHPOBATH TOJIOKEHUE MTPOBOJIOKK M3 cIuiaBa Pb-Sn, pacmonosxeHHOMH
BHYTpHU KOHTeWHepa (g-hoTorpadust 3Toi jxe MPOBOJIOKU MPH 0OJyUYEHUHU U3 YacTUIl CTaiu, h-u3
YacTUIl CTEeKJa); e-altoMuHueBas (oJibra, pacrojoKeHHass Ha IOBEPXHOCTH KOHTEHHepa
(mokazaHa cieBa BHU3Y), 00Tydanach mN-TydyaMu, U3Ty4€HHBIMH U3 YaCTHUI] MU, 00pa30BaBIINXCS
nocine paspyiienus; f- cranpHas maitoa ['apTist o6mydanach U3Iy4eHHEM U3 YaCTHIL CTaNH.

O0pa31ibl, pacnoyioKEeHHbIE HaJl TOBEPXHOCTHIO (POTOIUIEHKH, SKPAaHUPOBAIH €€ OT IPSIMOT0
oOnyuyenus. Mcmonb30oBaHHE 53KpPaHOB TIO3BOJMIIO OLIEHUTh DSHEPrUI0 M- (OTOHOB IO
MIPOITYCKaHUIO, KOTOpasi cocTaBiseT He MeHee 50 kaB.

[Tornomienue (OTOHOB BBI3BIBACT JIOMUHHMHECLEHIIMIO METallIOB, B TOM YHCIE
PEHTIeHOTIOMUHECIIEHITHIO, CTIEKTP, KOTOPOW 3aBUCHT, KaK OT YaCTOTHI UCTOYHHUKA H3TyUEHHUS, TaK
u ot noryiotutels. [IpuBeaeHHbIe GoTorpaduu MOKa3hIBAIOT, YTO YUCIIO KOMOWHAITNN MCTOYHUK
W3ITy4EHUS-TIOTJIOTUTENb OeCTIPEeTBHO.

[IIupokuid CHEKTp MU3JIy4YEHUsS WU JIOMUHECLECHUMH, B TOH WIM HUHOM MEpPE CBSA3AHHBINA C
paspylieHreM, MperonpeesiseT BO3MOKHOCTh MPOTHO3UPOBAHUS M3MEHEHUN M3HOCA TBEPIOTO

TEJIa IPU €TI0 IKCILTyaTaluu, €CJIN MEXaHU3M €ro 6y}1€T ITOHAT.
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1.5. KoHTpoJibHbIE 3KCTIEPUMEHTbI

1 2 3 - 5
6 7 8 9

13 14 15

Fig. 36

UccnenoBanue  cnektpa
3J€KTPOMArHUTHOTO
U3IIyYCHUS aTOMOB
SIBIIIETCS €OUHCTBEHHOMU
BO3MOKHOCTBIO TS
OOBEKTUBHOH OIIEHKH HX
SHEPTreTUYECKOro
COCTOSIHHS i €ero
W3MEHEHUs B TIpolecce

HU3TOTOBJICHHUA  3JICMCHTA

COOPYKEHUSI 158)0%¢
yCTpoiicTBa U €ro
AKCILTyaTaluu.
Hcnoap3oBanue
3JIEKTPOMArHUTHOTO
U3ITy4eHUs IS

oOHapyxeHUs: J1e(eKToB,
BO3HUKAIOMINX B IIpoIiecce

HU3TOTOBJICHUA n

OKCIUTyaTaluu OCMOHCTPpHUPYCTCA Ha TMPUMEPE KOHTPOJA H3TOTOBJICHUA CBApPHOI'0 IIIBA,

3aKJICTIOYHOIro COCAMHCHUSA U I[G(I)CKTOB BO3HHUKAIOOIUX B PEJILCC IIPU €TO SKCILTyaTaluu.

Fig. 36 wutrocTpupyer - U3JIydeHne NPy TUIABJICHUH YeThIPEX Pa3InYHbIX CIIJIABOB XKeje3a:

1) 1-5, 2) 6-9, 3) 10-12, 4) 13-15 nHeusBecTHOrO coctaBa. CoCcTaB AIEKTPOJIOB HE YCTAHOBJICH.

Pexxum naBiaeHus He KOHTPOJHUPOBAJICA.

CprKTypa Z[e(bCKTOB H HUX ONACHOCTL OHNpCACIACTCd Ha OCHOBC CICHHAIIBHBIX

71a00paTOPHBIX HCCIEI0BaHUM, KOTOpble B JaHHOH paboTe He NPOBOAMINCH. Pe3ynbTaThl

I/ICCJ'IG)IOBaHI/II\/’I IMO3BOJIAIOT CACJIATh JIMIIb MPCABAPUTCIIBHBIC BHIBO/IBI. HpKO BBIPAXKCHHOC Oemoe

H3JTy4YCHUC, 3a(I)I/IKCI/IpOBaHHOG Ha KaJape 1, CBUIACTCIILCTBYCT O IUIABJICHUHM HE MCHCEC TPEX

XUMHUYECKHX AJ1eMeHTOB. Ilormnomenne SHEPTHUU NPUBOJUT K 06p330BaHI/IIO ,HC(I)CKTOB, ITOKa3aHHbIX

Ha Kaapax 3-5. MoHoxpomaTudeckoe wH3iIydeHue, 3adukcupoBaHHoe Ha Kaapax 10-12,
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XapaKTEepPHO IS TUIABJICHHUS OJHOTO dJeMeHTa. YeTKo BhIpaXeHHas TeMHas o00J1acTh,
3aduKcupoBaHHas Ha Kajapax, 6, 8, 9, 14, 15 yka3pIBaeT Ha TO MECTO, B KOTOPOM 00pa30BaIiCh

MIOPBI.

1.6. KonTpoJb kavyecTBa 3aKJI€MOYHOT0 COeINHEHUS

OKCHEepUMEHTAIbHOE HCCJEIOBAaHUE KOHTPOJIS CO3/IaHUS 3aKJICTIOYHOTO COEAMHEHUS
BHaxJIeCT ObUIO BBIIIOJIHEHO Ha JABYX IUIACTUHAX U3 CIUIaBa AIIOMHUHMUS, TOMIMHON 1.1 MM Kaxkaas,
IUTIOTHO MPUXKATBHIX APYT K APYTY CTPyOLUMHAMH. CBepiieHHE OCYIIECTBIISIIOCH CBEPIOM
araMeTpoM 4 MM co ckopocThio (0.2 M/c Ha CBEpIWIIBHOM CTaHKe. Ha moBepXHOCTH KOHTEiHEpa
pa3Menianach IUIACTMAcCOBasl IUIACTMHA TOJIIMHOW 2 MM, MNpeNoXpaHstolias KOHTEHHEp OT
MIOBPEKICHUM.
beimo mpomenano 20 oTBepcTHi, Kak
nokazano Ha Fig. 37, B KOTOpBIX
YCTAQHOBJICHO 18 3aKkjenok. Mn-u3iydyeHue
ObuUI0  3a()UKCUPOBAHO C  ITOMOIIBIO
¢oromrenku UJIFILM SUPERIA X-TRA
800, na 14 kampax, 9 u3 KOTOPBIX
nokasansl Ha Fig. 38 (1).

MBI He MOXXEM OIIEHUTh Ty OINACHOCTb,

KOTOPYIO MPEACTABIISIOT TeeKTHI,

oOHapyXEHHbIE pu CBEpJICHUU

OTBepCTHA, mokazanubie Ha Fig. 38 (1). Ho
TOT (aKkT, YTO BCE OHHU HaNpaBJIEHbl OT OAHOTO 3aKJENOYHOIO0 OTBEPCTHS K JApPYroMy,
HACTOpaXMBAET, HOO SKCIEPUMEHTAIBFHO YCTAHOBJIEHO YTO B 3aKJIENOYHOM COEIWHEHUH
CYIIECTBYIOT Je()eKThl, Ha3BaHHBIE CKPBITHIMUA TPEUIMHAMHU, YHCIO KOTOPHIX mpeBbimaet 80 %.
JlecTBUTENBHO, 3TH Ae(PEKThI, KOTOpble OOHApY>KEHBI 10 M- U3IYUYeHUI0, cocTaBIsIOT 70% Bcex

OTBEPCTHM.
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12 13 17
Fig. 38 (1)

XapakTep U3JIyuyeHHs NPH CBEPJICHUHM OTBEPCTHI B METajule CYLIECTBEHHO OTJIMYAeTCsl OT TOTO,
KOoTOpoe Habuoanoch npu ceepierun crexna (Fig. 5 a, 5 b) u 6erona (Fig. 6a).

[Tonoxenue orBepcTuii mokazano Ha Fig. 31. Oxno u3 otBepctuii (Fig. 31, 1) mpocBepiieHO
TakuM 00pa3oM, 4ToObl 00pa3zoBajcs NedeKT, MPU KOTOPOM Kpal OJHOW M3 IUIACTHH OKa3ajcs
MIOBPEXICHHBIM.

CoenuHeHHe IUIACTMH OCYILECTBIISUIOCH C IOMOINBIO IOJIBIX AJOMHUHHUEBBIX 3aKJICMOK,
MMEIOLUX ATIOMUHUEBBIA CEpJAEYHUK, JUAMETp KOTOoporo 3.5 MM; AjuHa 3aKkjienkud 4 M.
KonTeliHep ¢ QoToIuIeHKON pacrioiarajics Ha TUIOCKOW cTajdhbHOW HakoBaibHe. [lmacthHa w3
CTEKJIa, TOJIIHUHON 5 MM, 3aKperuisiach CTpyOILIMHaMU Ha MOBEPXHOCTH KOHTEIHepa. Jledopmanus
3aKJICNIOK OCYIIECTBISIIACH C TMOMOIIBI0 OCTpOKOHeuHOTro KepHepa (Fig. 31), 4ToObl yBEeIHYUTDH

YUCIIO OBPEKACHUN.
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Fig. 38 (2)
Pesynbrathl HccienoBanus nmokasansl Ha Fig. 32.
bruio nocrasieno 18 3akiienok, U3 KOTOPHIX MOBPEKICHHBIMU OKa3aIKCh JIBE,
3auKCUpOBaHHbIE Ha Kaapax 32 u 33.

OKCIIepUMEHT NpeiHa3HaueH JAJs JEMOHCTPAlUU BO3MOXKHOCTEH HCIIOJIb30BAaHUS - JTy4ew.
[ToBpexxaeHre KPOMKH 3aKJIETIOYHOTO OTBEpCTHs, 3adMKCHpoBaHHOE HA Kazape 11, craHoBUTCA
HMCTOYHUKOM KpYHHBIX TpeuiruH. CBeTiblii nedekr, 3adukcupoBaHHbIN Ha Kajape 18, o0ycioBieH,
BEPOSATHEN BCETO, IIOBPEXKICHUEM CTEKIIA, HA KOTOPOM IIPOBOAMIIACH KJIETIKA.

JledexTsl, mokasanubie Ha Fig. 34, oOpa3zoBanuch BO BpeMsl yCTAaHOBKH 3akiernok. [1ogo0HbIe

nepeKThl HaOII0IATUCh IPU BCEX yIapHBIX BO3/IEHCTBUSAX.

1.7. DxcnepuMeHTA/ILHAS POBEPKA BO3MOKHOCTH MCI0JIb30BAHUS CAMO3MHCCHOHHOI
NMPO3PAYHOCTH
CaMOSMHUCCHOHHAS MPO3pavyHoCTh ApeBecuHbl (Fig. 17) u sxenesHomopokuoit 1mmans (40 6)
MO3BOJISIIOT C/IENaTh BBIBOJ O TOM, 4YTO TaKOe€ SIBJICHHWE [OJDKHO HAONIONaThCsl B TPYHTE.
DKcrepuMeHTalIbHasE TPOBEpKa 3TOM TMITOTE3bl OblIa BBHIOJHEHA BOJIU3U JKEJIE3HOAO0POKHOTO
MOJIOTHA.
Fig. 39 (1) WUTIOCTPUPYET M-U3dy4yeHue, 3aduKCUpOBaHHOE Ha (POTOIIEHKE,

paCHOHO)KCHHOﬁ Ha OAHOM M3 KPYIHBIX KaMHeI\/'I, YKPEIUIOMMNUX HACBIb KCEJIC3HOJOPOKHOIO
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My TH, PACIIOJIOKEHHOTO B TPEX METPAX OT PEIbCOB. [ py30BOI COCTaB U3 ABYX JOKOMOTHBOB 1 113

1aTGOPM MOTHOCTHIO IPOEXa MUMO IUICHKH.

e
s

Fig. 39 (1)

Kanper 1 u 3 wumocTpupyroT cBeTsIecs o0i1acTH, moao0Hbe 1Mo (GopMe TeM, KOTOpbIe
HaOmonamch Ha Gororpadusx cepuu 40, Tect 1, kaaper 9-11. Kagp 6 wiumoctpupyeT n3iydeHue,
XapaKTEepHOE IS BOABI, Kaapbl 7 U 8 WLTIOCTPUPYIOT M3IYy4YEHHUE, XapaKTEPHOE IS KPEIUICHUS
PEIBbCOB U MINAIBL, MOJ00HOE TOMY, Kak 3TO Habironaercs Ha ¢ororpadusx cepun Ned(, tect 6,

kazpbl 16 u 17. Takue coBnaieHus: HE MOTYT ObITh CITy4alHbIMHU.

.

Fig. 39 (2)
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[Iects hoTorpaduii, mokazanusix Ha Fig. 39 (2), HUTIOCTPUPYIOT M- U3IYYEHUE, BRI3BAHHOE
MPOXOJSIIMM COCTaBOM M 3a)MKCUPOBAHHOE HA (DOTOILUICHKE, PACIIOI0KEHHON B MSTKOM TPYHTE

Ha TIIyOMHE 2-5 CM Ha pacCTOSTHUU TPH METPa OT PEIIbCOB.

p =]

10 11 12

13 14

Fig. 39 (3)

14 xanpoB, nokazanubix Ha Fig. 39 (3), 3adukcupoBansl Ha POTOIIICHKE, PACIIOI0KEHHON Ha
TOM ke Mecte, 4to U (oromienka Fig. 39 (1), Ho oHa (UKCHpOBaJia M3IyYCHUE, BHI3BAHHOE
JBM)KEHUEM COCTaBa Ha pacCTOsTHUM Ooiiee MM oT otoruieHku. Kanapsl 6, 8-11 wimocTpupytot
00J1acTH, U3Ty4eHUEe B KOTOPHIX MOJOOHO obnacTsaM, HaOmonaBmuMmcs panee. Kanpsr 13 u 14
WUTIOCTPUPYIOT KaKhe-TO Je(eKThl, TOA00HBIE TPELIHAM.

dotorpaduu, mokazanueie Ha Fig. 19, 20, 29 (1), 29 (2), 30 u tam, rie NPUCYTCTBYET BOJA,
MIO3BOJISIFOT CEJIaTh BBIBOJ, YTO BOJAA TOXKE SBISIETCS TOW Cpenoil, B KOTOPOM HMMEET MECTO
CaMOAMHCCHUOHHAs TPO3PayHOCTh. DKCIIEPUMEHT, pPe3yJIbTaT KOTOporo mokazaH Ha Fig. 39 (4),

TTOATBEPAUII ATO MPETIOI0KCHHE.
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Fig. 39 (4)

dortorieHKa IJaBajja Ha IMOBEPXHOCTHU 3ainuBa nuorra (DAMOHJC, IUTAaT BamumHrToH,
CIIA) B cra merpax OT mHapoma, KOTOpbIM mIBapToBaics K mpuyany. KonreiiHep Obu1
BOJIOHEIIPOHUIIAEM U HETIPO3payeH Uil BUAUMBIX U yibTpadroseToBbIX dyueil. ['mybuna Bogoema
cocrasisiia 30-40 cm. JleBsaTh KaapoB, MoKa3aHHbIX Ha Fig. 39 (4), WUTIOCTPUPYIOT I1- H3Ty4eHHE,
HO (QoTorpaduu He MO3BOJIAIOT JaTh OJHO3HAUHBIA OTBET, 4eM OOyCIOBJIEHAa HalOiogaeMas

KapTUHA, OTJIMYAIOIIAscs OT TOM, KoTopas moka3ana Ha Fig. 19 u Fig. 20.

1.8. leMoHcTpanusi HCIIOIb30BAHUS CAMOIMHMCCHOHHOM NMPO3PAYHOCTH /IS
MOHHMTOPHHIA NMOBPEKACHHUI PeJIbCOBOr0 MMyTH
OkcnepuMmeHTalbHas cepust Ne 43, coiepKUT BOCEMb TECTOB (UCIIBITAHUI), PE3YIbTaThl KOTOPHIX
wuoctpupytoress 84 ¢ororpadusamu. KontponeHeiil sxcnepuMmeHnT Obul mpoBeneH B CeBepo-
3anmasHOM JKeJIe3HONOpOXKHOM My3ee, Snoqualmie, WA, USA  nHa xene3Hoil mopore c
HCIIOJIb30BAHUEM JIOKOMOTHBA. Pacnosio)keHue TIUIEHOK JJIs MCCIEAOBAHUSA I-U3Jy4eHus,
BBI3BAHHBIX JIBJKEHUEM JIOKOMOTHBA, MOKa3aHO Ha Qororpaguu. BbUTO BBHIMOJHEHO YEThHIpe

HCCIEA0BaHMS MIPU yAAIECHUH JIOKoMOoTuBa ¢ 3 M, 150 M, 400 M u Topmoxkennn mnepexn 800 m.

80



®dororpaduu ObLIM MOSYyYEHBI OJHOBPEMEHHO Ha JBYX IMOBEPXHOCTSIX penbca. Homep Tecrta
3anMcaH o HOMePY MCIOJIb30BaHUs (POTOIIICHKH.

94 dororpaduu, WILTIOCTPUPYIOIIKE CAMOIMUCCHOHHYIO TPO3PAYHOCTh, IPOJIEMOHCTPUPOBAHBI B
TEKCTe.

[Tnan BBIIOTHEHUS YKCTICPUMEHTA.

[Tepserit sxcniepument (test 7 u 8). KonTeliHeps! ¢ GOTOIIEHKONW PacloararoTcsl Ha TOJIOBEKE M
moiomiBe penbca. JIOKOMOTHUB, PACIIOIOKEHHBIH ClpaBa Ha PACCTOSTHUU 6 M, HAUMHAET JBUKCHHE
BrnpaBo. Yepes 20 cexkyHA IUICHKH
YAATSIOTCAL.

2. JlokoMOTHB mpuOIMKAEeTCs K
ormetke 150 m. Ilmenkum Nel wu No4
3aHUMAIOT MecTO MIeHOK Ne7 u Ne§ u
yaansroTcs yepes 20 cexyHI.

3. JloxomMOoTMB mpuOIMKaercs K
orMeTrke 400 M. Ilmenxku Neo5S u Neb
3aguMaroT MecTo miIeHoK Nel u Ned u

yaansroTcs yepes 20 cexyHI.
4, CurHan Hayajma  3KCTPEHHOTO
TOPMOKEHMS oAaeTcsi MalmHUCTOM B nHTepBae 400- 800 M, yTOOBI Ha pesbce ObUTH pa3MeleHbI

meHKH No2 u No3. DKcrepuMEHT OKOHYEH.

[IpakTHueckoe HCIOIb30BAaHUE ITOTO SBJICHHUS CTAaHET BO3MOXHBIM TOJBKO TOTJA, KOTZa CBS3b
MEXIy NedeKTaMH M MX ONTUYECKHM H300pakeHue OyAeT WACHTU(UIMPOBaHA. Y CTAaHOBIICHHE
9TOH CBSI3U BO3MO>KHO TOJIbKO Ha OCHOBE YKCIIEPUMEHTA.
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Experimental series No. 43, test 7. Control experiment performed on Northwest
Railway Museum, Snoqualmie, WA on railway using a locomotive. Photos
obtained at a distance of 20" (6 m) from the locomotive.
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Experimental series No. 43, test 8. Control experiment performed on Northwest
Railway Museum, Snoqualmie, WA on railway using a locomotive. Photos
obtained at a distance of 20’ (6 m) from the locomotive.

13

[Ipumeuanue. Cersiuecss 006JaCTH HE MPEACTaBIAIOT onmacHOCTH. ONMacHOCTh MPEACTABISIOT
co00if TeMHbIE OOBEKTHI, B KOTOPHIX ATOMBI MOTJOMIAIOT YHEPTHI0, HU3JIYYCHHYIO JIOKAaJTbHOM
TPYIIION MeTacTaOMIIbHBIX aTOMOB. Takasi TeMHast 00J1aCTh, TOX0Xkas Ha TPEUTUHY, 3aQUKCUpOBaHa
Ha Kazape 15. MoXHO TpenoIokKUTh, YTO 00J1aCTh, M3TyJarollas SHePTH0, 3aUKCHpOBaHA HA

kazape 14 u yactuuHo Ha Kajape 15.
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4 5 6
Experimental series No. 43, test 1. Control experiment performed on the Northwest

Railway Museum, Snoqualmie, WA on railway using a locomotive. Photos obtained at a
distance of 492’ (150 m) from the locomotive.

84



10 11

Experimental series No. 43, test 5 Control experiment performed on the Northwest Railway
Muszsum, Snoqualmie, WA on railway using 2 locomotive. Photos obtained at a distance of
1320' (403 m) from the locomotive.
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Expenmental series No. 43, test 6 Control experiment performed on the Northwest Railway

Museum, Snoqualmie, WA on railway using a locomotive. Photos obtained at a distance of
1320' (403 m) from the locomotive.
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Experimental series No. 43, test 2. Control experiment performed on the Northwest Railway

Muszsum, Snoqualmie W. -\ on railway using a locomotive Photos obtained at a distance of
2623' (800 m) from the locomotive.

[Tpumeuanue. @ororpaduu ObUIM CETAHBI TPH YIKCTPEHHOM TOPMOKEHUH JJOKOMOTHBA Ha
paccrosinuu 800 M oT MecTa TopMoxeHHUsl. OOpaTuTe BHUMaHUE Ha KaJpbl /-8, BbI3BaHHbIE,
BEPOSITHO, TPEHUEM.
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Experimental series No. 43, test 3Control experiment performed on the Northwest
Railway Museum, Snogualmie. WA on railway using a locomotive, Photos obtained at a
distance of 2623 (800 m) from the locomotive.
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I'JIABA |l. JEMOHCTPAIIMS II-U3JIYYEHUSI W3 KJIETOK PACTEHU U
KNUBbBIX OPTAHU3MOB
B sxcnepumenmanvHuix pabomax Ha0o comHesamubcsi 00 mex nop, NoKa
Gaxkmul He 3acmMasam omMKA3AMbCL OM 8CeX COMHEHUIL.
JI. ITactep
2.1. [Ipumepsbl 3IKCIEPUMEHTAIBLHOI0 UCCJIEI0BAHUSA

Ycenexu, (UMK, TEXHUKH, XUMUW, OMOJIOTHM M MEIUIMHBI HAa KaXIOM JTalre pa3BUTHUS
00ecTeYnBarOTCs OTKPHITUEM 3aKOHOB MTPUPO/IBI M UCTIOIB30BAaHUS 000PYAOBAHMSI, CO3/ITaHHOTO HA
OCHOBE JTHX 3akOHOB. OrtkpbiTue JI. l'anpBaHM TOJOXKWIO HAYajg0 HCCICIOBAHUIO
JIEKTPOMArHUTHBIX (B COBPEMEHHOW TPAaKTOBKE) CUTHAJIOB B OpraHax >KUBOTHBIX U UEJIOBEKa.
Hcnonp3oBanue sAepHOH MarHUTHOW TOMOTpauu XapaKTepU3yeT TOT MyTb, KOTOPBINA MPOILIO

4yejr0BeuecTBO 3a 250 J1eT.
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e A

Fig. 40

HewnnBaszuBHbIe METO/IBI aHATHN3a PYHKIIMOHUPOBAHUS MO3Ta U KJIETOK APYTUX OPTaHOB KUBOTHBIX
Y 4eJIOBEKa MCTIOJB3YIOTCS ¢ KoHIa 19 Beka. MccnenoBanue o01acTi, aTOMHBIEC pEaKIIuU B KOTOPOMH
COTPOBOXKIAIOTCS AJIEKTPOMArHUTHBIM W3iydeHueMm c 3Heprueir 50-100 k3B, HO 6€3 paszHocTH
MOTEHIIUAJIOB, YCKOPSIOMIEH JJIEKTPOHBI, MPOJEMOHCTPHPOBAHO B TMEPBOM TJlaBe Ha
MHOTOYHCIICHHBIX PUMEpPax. AHAJOTHYHbIE IPUMEPHI IPUBEICHBI B ATOM TJIaBe.
IIpumep Ne 1.

KomnTeitnep ¢ ¢poToruieHkoi pa3Meniaics Ha ToJI0Be aBTopa o Kpyry B 1I0OHO# yacTtu. Bpems

IKCIIO3UIMU coCTaBHIO 36 yacoB. 12 dotorpaduii, mokazanueie Ha Fig. 40, wumocTpupyror
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pe3yabTaT 3KCIepruMeHTa. HeomHoKkpaTHOE TOBTOPEHHE BEEpOOOPA3HOTO HM3IYYCHHUs, KOTOPOE
HaOJI0AaeTCsl B MPUCYTCTBUU BOJBI, MO3BOJISIET C/IENATh BBIBOJ O TOM, YTO Kaapel 2-5 m 7-12
WLTIOCTPUPYIOT 3TOT e 3 dext. Kaap 1 mmmrocTpupyer ciryXoBO# arnmapar, BHIIOTHHBIIHN POJIb
skpaHa. OOpaTM BHUMaHHE Ha CBEUCHHUE OaTapeiiku, MoJ00HO TOMY, Kak 3To moka3aHo Ha Fig.
28, xaapsr 5-8.

[TnacTMaccoBBIfl KOpITyC ammapara OKasajcs HEMpO3padyHbIM JUIsl U3JTy4YCHHUs, HO MBI HE

MOXKEM O6’b$ICHI/ITB, 06y0J’IOBJ’IeHO 9TO HU3KOH YaCTOTOM HU3ITY4YCHUSA WA MaJloli HHTEHCUBHOCTBIO.

IIpumep Ne 2.

KonTeiiHep ¢ (hoTOIICHKOM pa3Melalics Ha IPyaAd aBTOpa IO KPyry Ha ypoBHE cepjna. Bpems
3KCIHO3UIIMU COCTABUIIO 36 4acoB.

Fig. 41 (1)

JeBsath Qotorpaduii u3 13, mokazanneie Ha Fig. 41 (1) WIIFOCTPUPYIOT 3JIEKTPOMArHUTHOE
U3Iy4eHHE U3 00JIaCTH, PACIOI0KEHHOM ClIeBa OT CepALa.
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Fig. 41 (2)

Mpumep Ne 3.
dotorpadus Fig. 41 (2) wuttocTpupyeT 3JIeKTPOMArHUTHOE U3JIyYeHHE B 00JacTH cep/aia. ABTOp
MIepeHec YCTaHOBKY TPEX CTEHTOB U ONEPALUIO IIYHTHPOBAHHMS.
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Fig. 41 (3)

Ipumep Ne 4.
HeBsatb dotorpaduit u3 14, nokasannsie Ha Fig. 41 (3), WumOCTpUPYET 3JIEKTPOMArHUTHOE
U3JTyYeHre B 00JaCTH CIpaBa OT Cep/lia.
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Fig. 42

IIpumep Ne S.

JleBsth (otorpaduii, mokazaHHbIX Ha Fig. 42, HUTIOCTPUPYIOT 3JIEKTPOMArHUTHOE H3JyUYCHUE W3
MOSICHUIIBI aBTOpa. ABTOp MPOIIEN UK BBITSDKEHUS MMO3BOHOYHUKA, YTOOBI YMEHBIIUTH OOJIb,
BBI3BAaHHYIO 3alllEMJICHMEM HEpBa MEXIy 4 U 5 MO3BOHKaMHU MOSICHHIIBL. Bucsuas croma mpaBoi
HOTHY OCTaeTCs JJIsl HETrO HepelIeHHON PoOIeMOii.
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Fig. 43

IIpumep Ne 6.
Fig. 43. 16 ¢ororpadmii u3 28 HILTIOCTPUPYIOT (parMeHTHl MO3BOHOYHMKA aBTopa. Kampsl,
WUTIOCTPUPYIOIINE 3JIEKTPOMArHuTHOE M3IY4YeHHE U3 OTAENbHBIX 00jacTell MO3BOHOYHUKA OT

MIEHHUX TTO3BOHKOB JI0 KOMTYMKA, PACIIOI0KEHBI B IOPEIKE BO3PACTAHHS HOMEpA.
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Fig. 44

IIpumep Ne 7.

[TaTHanuate Qororpaduil WITIOCTPUPYIOT IEKTPOMATHUTHOE U3JIyUY€HHE U3 JIEBOM HOTU aBTOpa
OT KOJICHHOro cyctaBa (kamp 1) mo TazobeapeHHoro cycraBa (kaap 14), BeposTHO, Kpait
MOJIB3/I0IIHON KocTH (kanp 15). Tazo0epeHHBbIN cycTaB aBTOpa MOABEPIKEH OCTEONEHHUEH.
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8
Fig 45

IIpumep Ne 8.
Onunaauate GoTtorpaduil WILTIOCTPUPYIOT TEKTPOMArHUTHOE U3JTyUeHHE U3 MPaBOi HOI'M aBTOPA

OT TOYKH BBIIIIE KOJIEHHOTO CycTaBa (Kajap 2) 1o TazobeapeHHoro cycrasa (kaap 11) u, BeposTHO,
MOAB3AOUTHON KOCTH (Kamp 12).
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Fig 46 (1)

IIpumep Ne 9.
Fig. 46 (1) WwuTIOCTPUPYET IEKTPOMATHUTHOE U3yUIECHUE IPU TEHE3UCE U PA3BUTHU JIMYNHOK
3enenbix Mmyx (Calliphoridae) B peibe. Kaapbl 4 1 7 HCIIOIB30BaHbI IBAXKIbI IS IGMOHCTPALINH.

Fig. 46 (2)

IIpumep Ne 10.
Fig. 46 (2) WuTiOCTpUPYET MEKTPOMATHUTHOE U3IYUYCHUE IPU TeHEe3UCEe U PA3BUTHU JINUNHOK
zenenoit myxu (Calliphoridae) B kypunowm siire.

100



Fig. 47

IIpumep Ne 11.
Fig. 46 (1) wutrocTpupyeT 3JEKTPOMArHUTHOE U3IyUYCHHE TIPU POCTE KOPHEH KITyOHUKH.
Dkcno3unus coctaisiia 168 yacos.
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Ipumep Ne 12.

Fig. 48 wmumocTpupyer 3JeKTpOMarHUTHOE H3IIyYeHHE pacTymield cocHbl. KoHTeiitHep ¢
(boToIIeHKOM ObUT 3aKpeIuIeH BOKPYT CTBOJIA MO HEOOIBIIUM YIJIOM K TOPU30HTY. DKCIO3UILIUS
coctapisiial 68 yacos. Cmerenne GOTOIIEHKN 00YCIOBIEHO POCTOM COCHBI.
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2.2. KpaTkuii aHaau3 pe3yJibTaTOB 3KCIIEPUMEHTAIbHOI0 HCCJIeJ0BAHUS

486 dotorpaduil mpuBeACHBI B TIEPBOM r1aBe M 146 Moka3aHbl BO BTOPOW TJIaBe, YTOOBI
MOHATh NPUYMHY CXOACTBA M Pa3iMuMid MEXIY OTKIMKOM HEOPraHMYeCcKOro marepuajia Ha
BHCIIHHUC BOBHeﬁCTBHC C U3JIYUCHUCM KIICTOK paCTeHI/Iﬁ 1 )XUBBIX OPIraHU3MOB 110 BOSﬂCﬁCTBHCM
TOJIBKO COJIHCYHOI'O U3JTY4YCHUA U I'PaBUTAIUU.

Kagp 1 Fig. 40 mokasan B 3TOW IJlaBe HE CIAy4alHO, KaK M TOJIOBHOH MO3I YeJIOBEKa.
DNeKTPOMarHUTHHIE CUTHAJIBI MO3Ta U Cep/lla UCCIIeyI0TCsl MHOTO JieT. HeT coMHeHus B TOM, 4TO
COIoCTaBJIeHUE dHIIe(aTorpaMm, KapIuOorpaMM U CUTHAJIOB T-U3ITyUeHHs TIOMOXKET Pa3o0paThCs
B TOH HMH(pOpMAIMH, KOTOPYI OHHM HecyT. Her HHKakuX NpPUHIUMHAIBHBIX TPEISTCBHNA IS

pfain3ani HEMHBA3MBHOI'0 METOAA MCCICAOBAHUA CIICKTPAJIbHOI'O0 COCTaBa U MHTHCUBHOCTHU II-

HU3JTy4YCHUH.

Fig. 49 (1)

B cBa3u ¢ >TuMm

pe3yNIbTaT TAKOTO UCCIIEIOBAHUS HA30BeM npomoHnozpammoti. Kaap 1 cBUIETENBCTBYET O TOM, UTO
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MaTepuaj CIyXOBOT'O afmapara MOorIoTHI m-my4yd. CienoBaTenbHO, METAJIBI MOTJIOMIAIOT €ro
00J1ee MHTEHCUBHO. DKCIEPUMEHT MOATBEPKAAECT TAKOH BBIBO/I.

Fig. 49 (1) wutrocTpupyeT 3JIEKTPOMArHUTHOE U3Ty4YECHHE IPH UCCIICIOBAHUU TO3BOHOYHHKA
aBTOpa MOJ00HO TOMY, KaK 3TO Mmoka3zaHo Ha Fig. 43, HO B 3TOM 3KCIIEpPUMEHTE 3KpaHbl U3 CBHUHIIA,
xene3a u (orbra amoMUHUS OBUTM pa3MELICHbI HAa KOHTEWHepe. DKpaHbl U3 CBUHIIA M KeJe3a
MOJIHOCTBbIO TOTJIOTUIIM H3JIy4€HHE, KOTOpOE 4YacTHMYHO HaOJIOaeTcsl Ha Kparw OSKpPaHOB.
[Tornomenue u3nydeHus aatOMUHUEM IMokazaHo Ha kazape 3. Kagpel 11-14 wmmroctpupyrot
U3JIy4€Hue, Korja 3KpaH OTCyTCTBYET.

JlaHHOE Hcce10BaHuE SABIISETCS IEMOHCTPALIMOHHBIM U HE IIPETEHIYET Ha [TOJIHOTY aHaIu3a
HaOmoaemoro siBneHus. Ho mpuenennsie ¢otorpaduy MO3BOJAIOT CHENATh OMNpEesieHHbIE
BBIBOJIBI.

W3BecTHO, YTO OCHOBHYIO Maccy Teja 4YeJIOBEeKa COCTaBiseT Bojaa. BeepoobpasHoe
U3IyYeHHE WUIIOCTPUPYET €€ MposBieHHE. VIcrmoip30BaHME KPaHOB TO3BOJIMIIO HAOIIOIATH
IIPOSIBJIEHHE PEaKIMii BOIBI IIOYTH Ha BeeX Kaapax Fig. 49, torma kak Ha Fig. 43 ono Habmrogaercs
TOJBKO Ha Kajpax 1,2, 4, u 5.

BaxHyto posib B OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX DPEAKIMSIX HUIPAIOT HOHBI JKele3a.
Iepexon Fe**—Fe3* Bo3MoskeH UMb pH TIOTNIONIeHNH (HOTOHA, ToTa Kak nepexon Fed*—Fe?t
conpoBoXKaaeTcst u3nydennem gortona. @ororpaduu Fig. 41(1), Fig. 41(2), Fig. 41(3) nokaspiBarot
KaK U3MEHSIeTCS IPKOCTh  M3JIYYEHHUS COCYIOB MPU MPUOIMKEHUN K CEP/ILY, CBUIETENbCTBYIOIIAS
00 U3ITy4YeHUH SHEPTUH.

['onoBHOI MO3r BBINOJHSET Apyrue (yHKUMU B OpraHusme, uyeMm cepaue. MHoil Bun
HaliMaprpaMMbl OyJeT HabI0JaTh UCCIIe0BAaTeNb A CPAaBHEHUS €€ C dHIe]amorpaMmoii, n6o B
MO3TY PEeaTu3yIOTCsl APYyTrrue aTOMHBIE PEaKIuH, KaK MOKa3bIBAIOT (oTorpaduu.

CrexTpsl M3TyYeHUsS] aTOMOB KaXKIOTO XUMHUYECKOTO 3JIEMEHTA CTPOTr0 WHAWBHUIYAJbHBI.
®dororpapuu XapakTepu3ylOT H3MEHEHHE I[BeTa TOr0 WJIM HHOTO 3JEMEHTa B Ipoliecce
(GYHKIIMOHUPOBAHHUH KJIETOK OPraHHU3Ma.

YcTaHoBIIEHO, YTO IIBET OAHOI U TOil TOM ke obnactu MeHsierca. Hanpumep, kaapsr 12, 13,
14, 3adpuxcupoBanusie Ha Fig. 49, He nabdaromatorcs Ha Fig. 43.

I{BeT, XapakTepHBIi MPHU 3aPOXKACHUN JTUUNHOK MyXH, MEHSCTCS, KaK MoKa3aHo Ha Fig. 46
(1), 1 3aBUCHT OT Cpeibl, B KOTOPOU 3TO MPOUCXOAUT, Fig. 46 (2).

dotorpaduu, MOJyYCHHbIC TPU HMCCICIOBAHWU JIeBOW HorH, Fig. 44, oTnudvaroTcs OT

dororpaduii, moTyUEeHHBIX TP UCCIICAOBAHUH IPaBoit Horw, Fig. 45.
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Beepoobpasusl hurypsl, xapakTepHbIe s BOJIbI, HAOTOJAIOTCS KaK B OPraHUYECKHUX TaK U
HEeopraHn4yeckux Marepuanax. Jlyroodpasubie GUIypbl, XapaKTepHbIE JJIsi KPOBEHOCHBIX COCY/IOB,
nokasanneie Ha Fig. 41(1), Fig. 41(2), Fig. 41(3), nabmomarorcs Ha ¢dororpadusx mpu
paspyuienuu kamus Fig. 39 (1), kanpsl b u C; npu koHTakTe nap-soxa, Fig. 29 (1), kanper 10 u 15;
Experimental series No 43,
test 8.

HoBble MeTOIbI, MPEVIOKEHHBIE HA OCHOBE OTKPBITHS (DM3HKaMH MPUPOIHOTO SBICHUS,
NPUMEHEHBI B OMOJIOTUH U METUIINHE.

CTOmpoIieHTHAsT HAIEKHOCTh, MPOJCMOHCTUPOBAHHAS B ITOW TIJIaBe, rapaHUPYeT YCIex

MIPUMEHEHHUSI IPOTOHOTPAMM.

Fig. 49 (2)

dororpaduu Fig. 40- Fig. 48 noka3pIBalOT, YTO HHTCHCUBHOCTD M-U3JTyYSHHUS KIETOK
pacTeHui 1 )KUBBIX OPTaHU3MOB JJOCTATOYHA JIJISl HCCIIEIOBAHUS M KOHTPOJIS 32 MPOLIECCAMH,
npoucxoasummu B HuX. Fig. 49 (1) cBUAETEIBCTBYET O TOM, YTO ITO U3TYUYCHUE HHTCHCUBHO
HOTJIONIAETCS METaJJIaMH.
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Fig. 49 (3)

Fig. 49 (2), kaap 1 wutocTpupyeT pe3yabTaThl HCCIICAOBAHMUS IPO3PAYHOCTH JICBOM PYKH aBTOPA
U1 TI-U3ITy4eHHsl, KOTOPOE BBI3BAHO TOKOM B IIPOBOJAHUKE PACIIONOKEHHOM HaJl Hel. Tok
CO3JIaBAJICSl KOPOTKUM 3aMBIKAHHEM Ha KieMax OaTaped, KOTopas HaXOJMJIach BAAIH OT
(boTomIeHKH, YTOObI MUHUMHU3UPOBATh BIUsHUE UCKPBI. [TonoxkeHne AByX HUTEH POBOIHUKA
BHJIHO Ha Kajipe 1.

Oco0eHHOCTh JAHHOTO SKCIIEPUMEHTA 3aKJIH04aeTCs B TOM, 4TO (DOTOIUICHKA
pacrioyiarajach B KOHTeHHEpe Ha MOBEPXHOCTH CTAJIbHOM IJIACTHHBI, KaK Moka3aHo Ha Fig. 1 C.
Fig. 49 (2), kadp 2 unirocmpupyem 3epkaibHO CuMMempuyHoe u300padicenue iesol pyKu
asmopa. Taxou 8v18600 Kaxicemcs GaHmacmuinbiM, HO 3ePKANTbHASL CUMMEMPUs HAOI00aemcs Ha
MAKoOM KOIUYecmsee C8emAUUXcs i MemMHbIX Kaopos, Ymo mvl 00bA3AHbL CUUMAMb 9Mom Gakm
00Ka3aHHbIM, meM DoJlee, 4mo 3mo sejeHue npupoobl He peOKOCMb.

YacToTa NosBIEHUS pa3IMYHbIX CBETAIINXCS WIM TEMHBIX 00BbEKTOB paszinuuHas. OauH u3
Takux 00bekTOB mokas3aH Ha Fig. 49 (3), kaap 1. O 3adukcupoBaH Ha Tpex Gororpadusx u3
1026, nomy4yeHHBIX NPU SKCIEPUMEHTAIBHOM UCCIIEA0BAHUN.

[Naner cerHa aBTOpa pacronaraics MeXAy KOHTEHHEpOM ¢ (POTOIIICHKONH M MAaCCHBHBIM
CTaJIbHBIM CIMTKOM. Y1ap MOJIOTKOM HaHOCHJICS IO TOBEPXHOCTHU CIIUTKA.

Kanaper 16 u 17 mumocTpupyroT NOTIIOMIEHUE P-U3TyUCHUS TTAJIbIIEM.

VYnaap mo Meramny BBIABISET KakMe-TO MHOTOYMCICHHBIE TOYEUHBIE OOBEKTHI, KOTOpbIE
(UKCUPYIOTCS Ha 3HAYUTEIBHOM yIAJIGHUH OT MECTa y/1apa, KaK 3TO HaOJII01aI0Ch HEOJHOKPATHO.
OtoT >dexT 3aduxcupoBaH Ha Bcex 27 Kajapax, B TOM YMCJIEe UM Ha Kajpax | U 2 B AaHHOM
JKCIIEPUMEHTE.

HccnenoBanue TOKOB, MPOXOSAIINX Yepe3 OpraHbl YelloBeKa, UMEET BaKHOE 3HAUEHUe JJIs
BBISIBIICHUS TE€X MOBPEXKICHUH, K KOTOPBIM OHH ITPOBOJISAT.

Menanas npoBoniouka TonmuHoi 0,02 MM u AnuHHOW 4 CM B30pBanach MpPU KOPOTKOM
3ambikanuu Oatapen. Fig. 49 (3), kagp 2 wutmrocTpupyeT Xapakrep B3pbiBa. TaOMMuHbIC JaHHBIC
MO3BOJIAIOT OLEHUTH Maccy mpoBosoku (M=112.2-107%g) asuepruro (A=0.56 J), He0OX0aUMYIO
nis ucnapenus u momHocts (W= 1+ 101°0W).

UccnenoBanus XKU3HEAEATEILHOCTH YEJIOBEKA MOKa3alM, YTO MOIIHOCTh MO3ra ueloBeKa
coctaBisieT ~ 12 Bart u morpebnenue sHepruu- 10.8 kkan/dac, koropas cocrasiser 20 % ot
CYMMapHOT0 NOTPeOIeHUs SJHEPTUML.

dotorpaduu, NpuBEACHHBIE B 3TOM I1aBe, IEMOHCTPUPYIOT BBICOKYIO SIPKOCTD MT-U3TyUYESHHUS.
YyBCTBUTEIBHOCTh HKPAHOB MU (OoTOMATEpHATa MOXKET ObITh INOBBIIIEHA B JIECATKU pa3. JTO
O3HAYaeT, YTO M-U3JIy4eHHE MOKET OBITh MCII0JIb30BaHO B OMOJIOTUH U MEIUIMHE.
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I''IABA Ill. TEOPETHYECKASA MUHTEPIPETAIIUA PE3YJBTATOB
IKCIIEPUMEHTA
Muvr  Oonoicnbl - gbl0BUCAMb  3AKOHbLL, NPOCMUPAIOWUECS, HA — euje

HeusgeoanHvle 001acmu, 4mobsvl HAYKA He Npespamuilacb 6 nycmoie
NPOMOKONbL HAWUX IKCHEPUMEHINOB.
P. ®eitnman

3.1. U3ayuyeHue, BbI3BAHHOE POTOHAMH

Hctopust Gu3MKH CBUACTETBCTBYET O TOM, YTO IMPABAONOJOOHBIE TUIOTE3bl HE CpPazy
MOATBEPIKIAIOTCSA IKCIIEPUMEHTAIBHO, a OMIMOOYHBIE THIOTE3bl HE Cpa3y ONMpPOBEPraloTCs MUMH.
DKCrepuMEHTAIbHOE MOATBEPKACHUE WM OMPOBEPKEHUE 3aIla3/IbIBACT HA TOJbl, CTOJETHS WU
Jla’Ke THICSYENIETHS], KaK 3TO MPOU30IIIIO C aTOMHON runore3oi. BpeMs Mexay moaTBepKIeHHEM
WIM ONPOBEPKEHHWEM THUIOTe3bl B HAIIKM JHU COKpamaercs OJyiarojgapsi COBPEMEHHOM
IKCIIEPUMEHTAILHOM 0a3e M YBEIWYCHHWIO TOTO KOJHMYECTBA JIFOJCH, KOTOPHIE 3aHUMAIOTCS
HAYYHBIM [TOMCKOM.

Cynb0a 3KCepuMEHTAIbHOTO OTKPBITUSI UHASL, HO U OHO MOYKET JOJIT0 AaTh MPU3HAHUS U
npuMeHeHus. [lapoBas BepTymka ['epoHa mpeBpaTmiach B MapoBYKO TypOWHY JIHINb Yepe3 JBa
TBHICSIYCIICTHS.

OTkppITHE 3aKOHA TMPUPOAHOTO SIBICHUS YCKOPSET BO3MOXHOCTH MPAKTHYECKOTO
MPUMEHEHHs] 3TOro siBjeHus. Hanbonee WMHTEHCHMBHOE YCKOpEHHE TEXHHUYECKOTo TMporpecca
MIPOUCXOUT TOTJA, Koryia (yHIaMEHTAIBHBIN 3aK0H c(hOpyIMpOBaH Ha OCHOBE DKCIIEPUMEHTA U
MOATBEPIKIICH DKCIEPUMEHTaIbHO. OTpOMHOE BIUSHUE HAa pa3BUTHE (DU3UKHU CHITPATH PAOOTHI
Herotona, Makcsenna, DifHinTeitHa. MBI paccMOTpUM HEKOTOPBIE UX pabOThI, HE yMaJsis 3HaUCHUE
paboT APYTUX YYEHBIX.

Marematuueckoe BeIpakxeHHuEe BTOporo 3akoHa Heiorona F=ma Owu10o mpencraBieHo UM B
1 .
BHjIe A= F, roe a-yckopenue Tenma, M-ero macca, F-cuma, neiictByromas Ha Teno. Gopmyna

IIOJIydeHa Ha OCHOBE DJKCIIEPUMEHTAa, B KOTOPOM Macca M CHJIa M3MEPSINCh;, YCKOPEHHE
BBIUHCIISUIOCH HA OCHOBE M3MEPEHUS pacCTOSHUA U BpeMeHU. HbI0TOH MOHMMAl, 4TO YCKOpEHHE
MOXXET OBITb pa3IWYHBIM JUIsI pa3HbIX UHTEpBajJoB BpemMeHH. OH  BOCIOJB30BAJICA
Qg QepeHInaIbHBIM UCUUCIIEHUEM, pa3padoTaHHbIM UM U . JleliOHM1IeM U1 n3ydeHus QyHKIUU
B MaJIOM MHTEpBaJje U3MEHEHUs apryMeHTa. Bropoii 3akoH HproTOHA J17151 0THOMEPHOTO JBUKEHUS

MOKHO 3al1caTb B BUJIC YPABHCHUA
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_dv _d?s 1
Tac  adtz _mF .

a
IZie V-MTHOBEHHAs1 CKOPOCTb, S- IIyTh, IPOMACHHBIN TEJIOM 3a 3TOT BPEMEHHON UHTEPBAJL.
HeroTOoH mocTynupoBai, 4To Macca Tela He MEHSeTCs B Ipolecce JBHKEHMs, HO DHHIUTEHH
TEOpEeTUYECKH IoKa3asl uepe3 218 yieT, 4ro Macca Tejaa 3aBUCUT OT €ro CKOPOCTH M CBsi3aHa C
sHeprueii ypaBHenueM E=mc? rae c- ckopocTh ceTa. [Ipenckasanus DHHINTEHA HOIHOCTHIO
MOJITBEPMIIUCH U COCTABIIAIOT OCHOBY COBPEMEHHOW (PM3UKU M TEXHUKH, B TOM YHUCIIE SIIEPHOM.
Ho noctmxenus pU3MKM B TEOPUU IPOYHOCTU U pa3pyILIEHUs] TBEPAOTO Tela UTHOTUPYIOTCSL.
[Tpumep Ne 1. Tpemuna, nmuHa KoTOopoit 4.8 M, oOpa3oBanack B HerenpoBoae APl SL X46
(Aprenruna) nocie 20-netHei skcruryatanuu [3.1]. TeopeTruueckuii aHannu3 3KCIEPUMEHTAIbHBIX

pe3yIbTaTOB OCHOBAH HA UCIIONB30BaHUM hopmyavl IIbpuca-Ipooeana

E =CAK"™
dN 2,
rae a-gauHa TpetuHbl (M), N-uucimo nukioB Bo3gencTBUs, C-KOA(PQHUIMEHT MPOMOPIHOHOCTH
(M/mmki), M- nokazarens creneHd, AK=Kmax—Kmin u3MeHeHne KOdQQuIHeHTa MHTECHBHOCTH
HANpSKEHUH, pa3MepHOCTh KoToporo IamY2,
B pesynbpTaTe MpoBENEHHBIX PAacUYeTOB aBTOPAMH IOJIYYEHBI CIEAYIOUINe 3HaueHUs: M=6,
C=3.818-10"" m/umk.

dopmyna (2), npemioxkernas depes 300 ner mocne myOnukammii HploTOHA, MICHTUYIHA

dbopmyre (1), HO OHA COIEKUT TPYyObIE OIIHOKH.
da
JleBas gacTn YpPaBHCHUA d_N’ Ha3bIBaCMasl CKOPOCTHIO POCTA TPCIIWHBI, HC MOXKCET paCcCMaTPHUBATHCA
KaK Mpou3BojiHas, Tak N—1, HO He K HyIII0.
da
Pa3mepHocTh oy COBHANAaeT ¢  Pa3sMEpPHOCTHIO kodpdunuenTa nponopuroHambHOCTH C.

CrenoBarenbHO, BTOPOH COMHOXKHUTENb O€3pa3MepeH, HO OH UMEET pa3MEPHOCTB 110 ONPEIENIEHHIO.
Taxas popmyna nuieHa GU3NYECKOro cMbIcia. DTOro TOCTATOUHO I PU3HAHUS TOTO, UTO TaKas
(dbopMyIia HEe MOXKET ObITh UCIIOJI30BAHA, HO HEOOXOJUMO yKa3aTh Ha JAPYrue OLINOKH.

dopmyJiia COAEPKUT IATh WIEHOB, U3 KOTOPBIX U3MEPSETCS JIUIIb JUIMHA TPELIUHBI, YUCIIO LIUKIIOB
MOJICUMTHIBAETCS, HO HET HUKAKUX HKCIEPUMEHTAIBHBIX MOJATBEPKJICHUH (YyHKIMOHAIBHOM
3aBHUCHUMOCTH CKOPOCTH POCTa TPELIUHBI OT KOA(PPUIIMEHTa HHTEHCUBHOCTH HAIPSKEHUH, Ooee
TOT0, BCE IKCIIEPUMEHTHI, IPUBEJICHHBIE BBIIIE, OMPOBEPTaIOT TAKYIO CBS3b.

4. YucnenHnoe 3HaueHue Ko3(ppuineHTa NpornopLuruoHaTbHOCTH JIUIIEHO CMBICIIA, TAK KaK OHO

OCHOBAHO Ha NIPOCTOM ACJICHUU KAKUX-TO YHUCCII, Ooitee TOr0, NOJTYYCHHOC 3HAYCHUC COITIOCTAaBUMO
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C pa3MepOM aTOMHOTO SIpa; U3MEPEHUS JUIMHBI C TOYHOCTBIO IO MUJUTMAPAHOMN J0JIM HAaHOMETpa
aBTOpPHl HE MOTJIM BBINIOJHUTH, TaK KAaK HET TaKUX YCTPOMCTB U MOMBITKU CO3IAHMS JIUMIICHBI

CMbICJIa, TaK KaK B 9TOM 00JIaCTH 3aKOHBI MEXAHUKHU HE MOI'yT OBITH MCITOJB30BAHEI .

[Tpumep Ne 2 Vpasuenne NASGRO

P n ]____’Mth‘rp
| —
a_ S AR AK
dN 1-R kK Y
]__mu_
K

[
IIMPOKO HCHOJB3YEeTCSl JJIsl aHalIM3a pe3yJbTaTOB ASKCIEPUMEHTAIBLHOTO HCCIEAOBAHUS
TEXHUYECKOTO COCTOSIHHSI COOPYKEHHI U YCTPOUCTB, HO BO BCEX MOJM(PHUKAIMAX U BAPHAHTAX OHO
uneHTnuHo ypaBHeHwuto Ilepuca nnu Ilepuca-Opaorana, n6o Bce BBIPaAKEHUS B KPYTJIBIX CKOOKaX
HE MMEIOT pa3MEepHOCTH. JTo o3HaudaeT, yTo ypaBHeHHe NASGRO otnuyaercs oT ypaBHEHHS
[lepuca-Opporana jauillb YMCIEHHBIM MHOKUTEJIEM, HO COJIEPKUT BCE T€ ke OomMOKU. Paznuune
STHX YPaBHEHUI COCTOHT B YHCICHHOM 3Ha4eHUHU K03((HULIMEHTa TIPOTOPIHNOHATBHOCTH.

5. 3akon nputrsokeHuss ten M. HploToH copmynupoBad Ha OCHOBE — COMOCTaBICHHS
yckopeHusi JIyHbl ¢ yCKOpeHHEeM CBOOOAHOTO MajJeHUS Tel Ha 3emiie; paauyca 3eMmiiu C
paccrostHueM Mexay 3emieit u JIynoit. Baxunoe 3nauenne niust HeroTona umenu 3axonsl Kemiepa,
KOTOpBIM chopMyaMpoBal UX Ha OCHOBE NMPOTOKOJIOB Tuxo bpare, 3amucaHHbIX B pe3yibTare

MHOTOJIETHUX HCCIEIOBAaHUM IBHKCHUS IJIAHET. 3aKOHBI Kennepa IIOMOT'JIN HLIOTOHy IIOHATH

My M,
2

posib 1ieHTpa nmputshkeHus. Ho dopmyna Herotona F~ HYKJ1aJach B 3KCIIEPUMEHTAIBHOM

nposepke. Jlump uepes 111 ner KaBenaumn skcnepuMeHTaNbHO ompenenna Kod(p(UIUEHT

MMPONMOPHUOHAIIBHOCTHU U UMEIT IPABO 3aIMUCATh

My M,
rz °

F=G
3neck M1 u M2 Macca B3anMOAEHCTBYIOUIUX TeI, - paCCTOSIHUE MEXITY HUMH.
Ho nums yepe3 158 ner «Ha kouMke mepay Obula OTKpbITa IiaHeTra HenTyH. YHHBepcaabHOCTh
3akoHa HploTOHA ObUIa MPU3HAHA U OH CTaJ HA3bIBAThCS 3aKOHOM BCEMUPHOT'O TSATOTEHUS.
TeopeTnueckoe npeackazaHue 3JIEKTPOMarHUTHBIX BOJIH, caenanHoe Makcgemom, I T'epi

IMOATBEPANIT SKCIIECPUMEHAJIBHO YEPE3 22 roaa. CHGHI/IaJ'IBHaﬂ TEOPHS OTHOCUTCIIBHOCTU, TCOPHUA

rpaBUTallliu, TCOPHUA CIIOHTAHHOI'O WU BBIHYXXJICHHOTO U3JIYUCHUA, MPCAJIOKCHHLBIC 9ﬁHIlITeI>iHOM,
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JIETTU B OCHOBY COBpPEMEHHOW (M3HUKH, OCBOEHHM KOCMHMYECKOTO MPOCTPAHCTBA, IHEPIHU
aTOMHOTO $S/Ipa M CO3/IaHUS JIa3epOB.

['eHnanbHOE MpPEIBUICHHE BO3MOXKHOCTH  YNPaBIATH 000COOJEHHBIMH  aTOMaMH,
chopmynupoBanHoe P. delitHMaHOM, OBLIIO TTOATBEPIKICHO SKCIIEPUMEHTAIILHO uepe3 24 roja.

OTH pUMeEpbI PUBEICHBI, YTOOBI TOKa3aTh, uTo HetoToH, MakcBemt, DitHmreliH, OeiinMan
u Japyrue (GU3MKH- TEOPETUKH HCIOJIb30BAIM MAaTeMaTHYEeCKUi ammapar, IiyOoKo MOHHMas,
WHOTJ]a UHTYUTUBHO, 3aKOHBI IPUPO/IbI.

Mamemamuueckas sKCmpanoaayus U UHMeEPROAYUsL OONYCMUMa MOabKO 68 npeoenax mou
obnacmu, 6 KOmopou Oelicmeyem 3aKOH npupoosi. Koaghguyuenmor unmencuenocmu
nanpsiocenutl, ypaeunenus Ilepuca, NASGRO u ux moougpuxkayuu npeonracaromecs 6Oe3
9KCNEPUMEHMANILHOL NPOBEPKU U NOHUMAHUS 3aKOHO8 Npupoovl. bonee moeo, sxcnepumenmoi
onposepearm npagoMepHOCmMb UX UCHONb308AHUSL.

dopMyITUpOBKa 3aKOHA, YCTAHOBJICHHOTO Ha OCHOBE MAJIOYHCIICHHBIX YKCIIEPUMEHTATLHBIX
JaHHBIX WM T[PEABUICHUH, CTUMYIUPYET TMOUCK IIMPOKOTO  AKCIEPHUMEHTAIbLHOTO
noareepxkaeHus. [loaTBepkaeHue, naxe eIMHUYHOE, YBEJIMUYUBAET UX YHCIO B T€OMETPUUYECKOM
MIPOTPECCHUH.

Bcero dertbipe ¢ororpaduu ObUIM MOTYYCHBI aBTOPOM B IEPBOM JKCIEPHUMEHTE, HO Ha
KOHEYHOM JTarle HMX YHUCIO MOXKHO YBEIWYHBATh O€clpeieNnbHO Kak Il HEOPraHUYECKUX
MaTepUasoB, TaK U AJIs KJIETOK PACTEHHUI U )KUBBIX OPraHU3MOB. JTO CBHJIETEILCTBYET O TOM, YTO
ATOMHBIC PEAKIIMH TPOUCXOASAT B pe3ysibTare yAAJCHUS DJJICKTPOHOB C OoJiee TIIyOOKHX
SHEPreTHYECKUX ypoBHEW. CBEUCHHE KPOBCHOCHBIX COCYJIOB B JIETKHX M CEpJIle, TOKa3aHHOe Ha
Fig. 41(1), Fig. 41(2), Fig. 41(3), obycnosnernnoe mepexonom Fe**—Fe?", me compoBoxmaercs
BEepOOOpa3HbIM HU3IyuYeHUEM, XapakKTepHbIM 1Js Bofbl. ClieoBaTeIbHO, MOJEKYyJa BObI
JTUCCOIMUPOBAJIa Ha aTOMBI BOJIOPO/Ia U KUCIIOPO/Ia JIO ATOTO.

Omo nozeonsiem coenamsv 6bl800 O MOM, YMO UCTOYHUKOM MAK020 U3LYYeHUs SGII0MCs
UOHDBL dicene3a U 6000po0d.
Bricokasi mpoHHKArOIIasi CIOCOOHOCTH 3JICKTPOMArHUTHOTO UMITYJIbCA, ONTUCAHHAS B TICPBOI

rJlaBe, CBHUJETEIBCTBYET OO0 OTKPBITUU emle OAHOro 3¢deKra, Mpu KOTOPOM TE€HEPHUPYIOTCS
HMITYJIbChI 3JIEKTPOMAarHUTHOTO U3JIYUYEHUS C JJIUTEIbHOCTHIO MEHBIIE BPEMEHU pelaKCaluu AJis
PE30HAHCHBIX TEPEXO0JI0B B PA3IMUHBIX Cpemax. IDTOT (aKT MOXKET ObITh OOBSICHEH TEM, 4TO

SHEPrus M-U3JIy4eHHUs, BbI3BaHHOTO nedopmanuel, coctaisier 50-100 k»3B. OHa cooTBeTCTBYET
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gacrore 10%8-10'° ', 4rto Ha YeThIpe MOpsAIKA IPEBBIIAET YACTOTY (PEMTOCEKYHIHOTO J1a3epa, C
MTOMOIIBI0 KOTOPOTO HAOJII01aeTCsl CAMOMHIYLIUPOBAHHAS MTPO3PAYHOCTb.

DOHeprus PEeHTreHOBCKHUX Jiyuell 0O0ycClIOBJI€Ha pPa3HOCThIO MOTEHIHUANOB, YCKOPSIOIIEH
ANEKTPOHBI IO TAKOW SHEPTUU, KOTOPOM TOCTATOYHO AJII TOTO, YTOOBI YIAIHTh DJIEKTPOHBI C
ypoBHEH, OM3KuX K sapy. OTCyTCTBHE YCKOPSIOIIEH pa3HOCTH MOTCHIIMATIOB B AKCIIEPUMEHTAX,
JIEMOHCTPUPOBAHHBIX BBIIIE, CTABUT HAC IIepe]] MpoOIeMol orcKa UCTOUHUKA SHEPTUH, KOTOPBIiA
CHOCOOEH 3aMEHUTH AJIEKTPOCTATUYECKUIN TeHEPaTop.

Ananuz  pe3ynbmamosg dKCNepuUMenmanbHo20 UCCIe008aHUsL Yoexrcoaem HAC 8 MOM, YmOo
amommbvle peakyuu 8 eujecmee, Co0epIcauiem 6000po0, NPOUCX00AM C Yiacmuem nPpomoHo8, makx
KaK amombul 6000p00a UOHUZVIOMCA panee amomos Opy2ux 31eMeHmos.

Bonopoanoe oxpynuuBaHue crajiu, U3MeIbYCHHUE NaIaJAus IPU HACBIIICHUH BOJOPOJIOM,
00YCJIOBJICHBI MPEBPAIICHUEM MOJIEKYJIBI BOJOPOAa B IPOTOH-YACTHUILY, JTUIICHHYIO 3JICKTPOHOB H
SIBIISTIOIIYIOCS] HEOTHEMIIEMOM YaCThIO SIep aTOMOB.

Hnest 06 yd4acTuu MPOTOHOB B PEAKIUAX, MPOUCXOASIINX B KJIETKaX >XKMBOTO OpraHHU3Ma,
ObL1a Beicka3aHa B pabotax ['. H. IlerpakoBuua [3.2]. OgHako, oH 3201y’ 1a1csi B TOM, YTO IPOTOH
B METaJuIe MOXKET NMPOUTH 3HAYMTEIILHOE paccTosiHue Onaronmaps Manoil macce. [Iporon, kak u
AJIEKTPOH, oOnamaer 3apsimoM. HampaBieHHOE MBMKEHHE 3apsHKCHHOM YacTHUIIBI B AJIEKTPOHHO-
HMOHHOH TJIa3M€ BO3MOXKHO TOJBKO IO/ ACHCTBHEM BHEIIHETO 3JIEKTPUUYECKOTO IMOJsl, HO JaXKe B
ATOM Cllydae CKOPOCTh HAMpPaBICHHOTO JIBIKEHUS OYEHb Malla M3-3a CTOJKHOBEHUH MPOTOHA C
aJeKTpoHaMH ¥ MoHaMu. CyMMapHBIN 3JIEKTPUYECKHA TOK B BEIIECTBE, OOYCIOBICHHBIA TOKOM
MIPOBOJMMOCTH U TOKOM CMEIIEHUS, YCTAHABIUBACTCS BIOJb MPOBOJHHUKA WM JHUIJICKTPUKA CO

CKOPOCTBIO 3JICKTPOMArHUTHBIX BOJIH.

3.2. II- u3nyveHue B 3JIeKTPUIECKOM U MATHUTHOM MOJISIX

3.2.1. II- u3nyuyeHue, 00ycJ0BJIEHHOE YJIEKTPUIECKHUM TOKOM

[T-u3nyvenue, KoTopoe HabIrOAATOCH MTpU XuMuYeckoi peakiuu (Fig. 28) u kopposu ( Fig.
27), SBISFOIICHCS Tak)Ke Pe3yJIbTaTOM XMMHUYECKON peakInu, MO3BOJIAET CAeNaTh BBIBOJ O TOM,
YTO OHO JOJDKHO HAOJIIOAATHCS MPH IEKTPOIN3E U IIEKTPHUECKOM TOKE B METalIax.

Pe3ynprarhl 5KCIIEpUMEHTAIBHON NPOBEPKH 3TOM THIIOTE3bI JEMOHCTPUPYIOTCS HHUKE.
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Jxcnepument Ne 1

Fig. 50

dotorpadun, mokazanusie Ha Fig. 50, HIUTIOCTPUPYIOT N-U3ITYYCHUE, BEI3BAHHOE IBHIKEHHEM
HMOHOB B CBUHILIOBOM aKKyMYJIITOpe MeX Ay KatofoM (kazap 4), anoaom (kaap 1) u B o01acTu MexIy
Humu (kaapel 2 u 3). Cuna Toka 1 A, skcmo3umus 18 dacoB. KoHteiHep pacmomarajicst mop

AKKyMYJIATOPOM.

Fig. 50 (1)

IKcnepumenT Ne 2,

JIBe MenHBIX TPOBOJIOKH, BEAyIIME K JIaMIIOYKE, pacrojarajiich Ha TOBEPXHOCTH
KOHTelHepa ¢ (POTOIUICHKOM BIOJb Hero. Jlammodka, MMeroIas JIBe CIUpalii, pacroiarainach Haj
KOHTEHHEpOM, TOKPHITOM aTIOMHUHUEBON (DONBroW, IUIsi OTPaKEHUS CBETa HAa BBICOTE 6 CM.
[InacTHKM W3 CBUHIIA PaCOJATAINCh II0J JIAMIIOYKOW Ha TOBEPXHOCTH KOHTEHHEpa. ITo

WCKIJIFOYAJIO HarpeB KoHTelHepa. Tok OT akkymymsiTopa, cuioi 1 A, mpomyckancst B TedeHue 18
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yacoB. ®ororpadpuu, nokazanusie Ha Fig. 50 (1), WuTFOCTPUPYIOT H3ITydeHHE, 3ahUKCHPOBAHHOE
Ha (ororuieHke. BeepoobpazHoe m3iaydeHre 3aUKCUPOBAHO HA OJWHHAAIATH W3 JIBCHAAIATH
KaJIpOB.

YropsioueHHOE paCIoNIOKEHUE CBETAIIMXCs o0acTeit Ha kaapax 1 u 2 coBnagaer ¢ hopmoit

CIUpasneil U MeCT X KperuieHus. Takoe COBIaJieHue HE MOXKET OBbITh CITy4YailHBIM.

Fig. 50 (2)

JdkcnepumeHT Ne 3

dororpaduu, mokazanuele Ha Fig. 50 (2), WUTIOCTPUPYIOT N-HU3JIyYeHHE, BO3HHUKIIEE B
IIPOBOJIHUKE, 1O KOTOPOMY TIPOXOJIMJI TepeMeHHbIH ToK. BeepooOpa3Hoe wu3IydeHue
3a(hUKCHPOBAHO HA JIECATH U3 ABEHAIIATH KaIpPOB.

[omyuennsie poTorpaduu MOATBEPKIAAIOT TOT (HAKT, YTO ANEKTPHUUECKUI TOK Yepe3 MEeTaI
CONPOBOXKIAETCST  AJNEKTPOMATHUTHBIM  II-U3JIyYCHHEM, MEXaHH3M KOTOPOTO HEOOXOIMMO
00BbscHUTE. OTMETUM, YTO TOK B IPOBOJHHUKAX MTPOXO/IHII B TPOTHBOIIOJIOKHOM HAIPaBICHHH.

CoBOKYITHOCTB (haKTOB TIO3BOJISIET CACTATh BBOJ O TOM, YTO TUTIOTE3a 00 Y4aCTHH MPOTOHOB
B (OpPMHUPOBAHMHU DHEPreTHYECKOTO CMEKTpa, 3adUKCUPOBAHHOTO Ha BceX (ororpadus,
NIPUBE/ICHHBIX B KHUTE, SBJISETCS HauOOJIee MPpaBIomno100HO.

Oonaxo npednodcenHas cunome3a HyHcoaemcs 8 NOOMeEePHCOeHUU, KOMopoe Moxtcem Oblms

NOJIY4Y€HO NOJIbKO HA OCHOBE IKCNEPUMEHMAIbHbLX uccneo0o8anull COBPEMEHHbIMU memooamu npu
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USMEHEHUU meMnepamypol, MACHUMHO20 U 3SAEKMPUUeCKo20 NOJA, UCNOIb308AHUU MPUMUSL,
PE30HAHCHBIX MEMOO08 U m.N.

CKOpOCTh XAa0THYECKOI'O JIBM)KEHHUS IPOTOHA CTOJIb BBICOKA, YTO SHEPIHs MPOTOHA
JOCTaTOYHA JJISi TOTO, YTOOBI YAAJIUTh 3JEKTPOH ¢ Ooiee TiTyOOKMX SHEPreTHYeCKUX YpPOBHEH.
DKCIIepUMEHT CBHJICTEIBCTBYET O TOM, YTO HAIpaBJICHUE U3Ty4YeHuUs M-(POTOHA, 00pa30BaBLIETOCS
nociie pekoMOuHaiuu, u ero (asa, caydadHbl, HO Takue (POTOHBI MOTYT 00pa30BaTh TOYECUHBIH
nedeKT, HO He MOPY WM TPELIUHY.

3.2.2. BausiHue MArHUTHOTO TOJISl HA M-U3JIyYeHue

IkcnepumeHT Ned.

MenHblid MPOBO/I, IO KOTOPOMY ITPOMYCKAJICS MOCTOSIHHBIN TOK cujioi 1 A, pacnosnaraics Ha
MIOBEPXHOCTU KOHTEeHHepa ¢ (oTomneHkoi, umeromei 1uHy 580 MM, MO KOTOPHIM B LIEHTpE
KOHTEWHepa Oblja pacrosoKeHa cTalbHas IutacTuHa, JMHOW 216 MM. [locTosHHBIMN MarHuT
auameTpoM 76 MM pa3melnancs HajJ KOHTEMHepoM, mpuTAruBas IacTUHKy. Dotorpaduu,
WUTIOCTPUPYIOLINE 3JIEKTPOMAarHUTHOE U3ITyueHue, 3a(UKCUPOBAHHOE ITOCIIe BOCEMHA/IIIATH YaCOB

SKCIO3MINH, MoKa3ausl Ha Fig. 50 (3).
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Fig. 50 (3)

[TpuBenennsie (oTtorpaduu MOKa3bIBAIOT, YTO BEEPOOOPA3HOE M3IYUYCHHE MCUE3JIO MOTHOCTHIO
Tam, IJie MPOU30ILIO0 HAJOXKEHWE BHEUIHEr0 MAarHUTHOTO MOJsi Ha MarHUTHoe mosie Toka. OHo
HaOJII0AaeTCs TUIIb Ha KaJipe 3, pacrnosIoKeHHOM BHE MOJIsI TOCTOSIHHOTO MarHUTa.
DJNEeKTpPOMarHuTHBIE BOJIHBI B METAJIE CO3AIOT JJIEKTPUYECKUN TOK, BBI3BAHHBIN JBIKEHHEM
AJIEKTPOHOB. M3BECTHO, YTO HA MPOBOJHUK, B KOTOPOM TE€YET TOK B MATHUTHOM TIOJI€, IEHCTBYET
cuna Ammiepa. TpaekTopus 3apsHKeHHOW 4acTHIIBI B MArHUTHOM TOJIE U3MEHSETCS 01 AeHCTBUEM
cuibl Jlopenna.

JKcnepuMeHT Ne 5 1eMOHCTPUPYET BO3MOKHOCTh JIETEKTUPOBAHUS CUTHAJIOB HA PACCTOSIHUU OT
U3ITyYarollell MOBEPXHOCTH, KOTOPass MOXKET OBITh MCIOJIb30BAaHA Ul aHAIM3a MOBPEKICHUN B
MeCTax, B KOTOPBIX YCTaHOBKA CEHCOPOB HEBO3MOXHA. Pe3ynbTaThl SKCIIEPUMEHTOB MPUBEICHbI

HUXKE.
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Fig. 51 (1)

Konreitnep c dboTorutekoi
VKpeIuisiicss B JByX TOYKax Ha
FOPHU30HTAJILHOU HIDKHEH
MOBEPXHOCTU (XY) YrOJIKOBOM YacTu
ABTOMOOWJIBHOTO ~ TIpHUIIETIa  TaKUM
o0pa3oM, YTO LEHTpajdbHas YacTh
KOHTEilHepa OTCTOssla OT Hee Ha
paccrossHuM 26 MM. Yjaap TONOpOM

HaHOCHJICA IIO BerHefI IMOBCPXHOCTU

(xy) B HampaBnenuu ocu Z. II-usznyuenue, 3apukcupoBanHoe Ha (HOTOIIICHKE, ITOKa3aHo Ha Fig. 51

(1). BeepoobpazHoe n3nyueHue HaOIr0AaeTCsl HA BOCBMH Kajipax U3 JIECATH.

JdKcnepuMeHT Ne 6

Fig. 51 (2)

Konreiinep ¢ ¢oTormieHkoi
YKpeIUBsIcs. B JBYX TOYKax Ha
BEPTHKAIBHOI MOBEPXHOCTH (XZ)
3TOH YTOJIKOBOM 4acTu
aBTOMOOMJIBHOTO IpHIIENIa TAKUM
0o0pa3oM, 4TO LIEHTpalbHas 4acTb
KOHTEHHEpa OTCTOsIa OT HEe Ha
paccrosuun 21 mm.  VYaap

TOMIOPOM HAHOCHJICSL TI0 TOPILY

yroJika (MOBEpXHOCTh XY B HanpaBieHU! ocu Z). [1-u3nyuenue, 3agukcupoBaHHoOe Ha (DOTOIUICHKE,

nokazano Ha Fig. 51 (2). BeepooOpa3Hoe wu3nydeHHe HAOMIOJAaeTCs Ha IMIECTH Kaapax H3

JIIBEHA/IIIATH.
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Fig. 51 (3)

JdkcnepumeHT Ne 7

KonreitHep ¢ (OTOIUICHKON MPUKPEIUISIICS Ha BEPTUKAIBHOW MOBEPXHOCTH (XZ) ATOM yroJiKoBOM
YacTH aBTOMOOWJIBHOTO IpHIlena BO BceX Touykax. IlocTosHHBIH MarHuT auamerpoM 76 Mm
MIPUTSTUBAJICS METAJUIOM CO CTOPOHBI KOHTEHHEpa B €ro LEHTPaJbHOW 4YacTH. YJap TOMOPOM
HAHOCHJICS TI0 TOpILy (MIOBEPXHOCTH XY) yrojka 3a mpejenaMu KOHTelHepa crpaBa u cieBa. [l-
u3nydyeHue, 3aUKCUpoBaHHOE Ha (QoTorieHke, mokazaHo Ha Fig. 51 (3). BeepooGpasnoe
U3Iy4YeHHe He 3a()UKCHPOBAHO HU HAa OJTHOM M3 OJMHHALATH KaJIPOB.

HpI/IMC‘-IaHI/Ie. BCKTOp MAaravMTHOTI'O I10JIA IEPHUCHANKYJIAPCH BEKTOPY CKOPOCTU TOIIOPA.
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IkcnepumeHT Ne 8

-

Fig. 52 (1)
JlBa KoHTeliHepa C (OTOIUIEHKOW pacrojiarajich 1Mo 00 CTOPOHBI CTATbHOHM TUIACTUHBI
(TOBEPXHOCTh XZ), KakIas M3 KOTOPBHIX TNPIKMMAalTach K TOBEPXHOCTH JIMIIKOH JICHTOH |
MarHuToM. [lnomazas AByX MarHMTOB cOCTaBiisia 26 % IJIOmMaayM KOHTEWHepa. Yaap TOIMOpPOM
HAHOCHJICS 110 TOPIIEBOW MOBEPXHOCTH (MMOBEPXHOCTH XY) 3a MpelesiaMu KOHTEHHepa crpaBa U
cneBa. J[Baauare ceMb KaJpoB, 3aQUKCHPOBAHHBIX HA OJHOU M3 (DOTOIUICHOK, MOKa3aHbl Ha Fig.
52 (1) u Fig. 52 (2).
JIBauiath ceMb KaJipoB, 3a)MKCUPOBAHHBIX Ha BTOPO# (oToIUIeHKe, Toka3aHnbl Ha Fig. 53 (1)

u Fig. 53(2).
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Fig. 52 (2)

Fig. 53 (1)
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18 19 20 21
23 24 25
27 28

Fig. 53 (2)

26

MarnutHoe mnone B ombiTax Ne 7 u Ne 8, HampaBlieHHOE NEPIEHAUKYJSPHO HAaIpPaBICHUIO
BEEpPOOOPA3HOTO W3IYUYCHHs, WHTHOMPOBAJIO PEAKIMIO0 €ro W3JIy4eHUs. MarHuTHoe ToJe,

HU3MCHAIOMICC HAITPABJICHUC 3ap$[)KCHHOﬁ YacCTulibl, HC MCHACT BCIIMUUHY CKOPOCTH.
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JdxcnepumMeHT Ne 9

Fig 54 (1)

Konreitaep ¢ dhoToruieHkoit, coaeprkarieit 24 kaapa, pa3Meniaics Ha MOBEPXHOCTH OaIKU U3
CIUIaBa aTIOMHHUS (TTOBEPXHOCTH XY). Yaap OCTpHeM TOIOpa HAHOCHJICS CIpaBa W clieBa OT
KOHTelHepa B HanpaBiieHun ocu Z. Fig. 54 (1) wutocTpupyeT m-usjiydenue, 3ahuKCHpoBaHHOE Ha

20 kaapax.
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OTKIIUK CIIaBa aTFOMUHUS Ha yaap CYIMIECTBEHHO OTIMYACTCS OT OTKIJIMKA CTaiuu. l[BeTHBIC
¢dororpaduu mosyueHsl TOJBKO Ha ISATH KaJIpax BOJIW3M MecCTa yaapa. TOuedHbIe CBETSIIMECS
00BEKTHI UM 0OBEKTHI B BUJIC YePTOUEK HAOIIOIAI0TCS HA OOJIBIIMHCTBE KaJApOB. Takue 0ObEKThI

paHee Ha0JII0JAJIMCh TIPH CBEPJICHUH CILJIaBa aTFOMHHUS, Kak 3To mokazano Ha Fig. 38 (1) u Fig. 38

(2).

IkcnepumeHnT Ne 10

Fig. 55
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- X
Fig. 56

®ororpadun, nokasanueie Ha Fig. 55 u Fig. 56, monydeHs! npu pacrnoiokeHUH KOHTeHHepa ¢
(bOoTOMIICHKOW Ha MOBEPXHOCTHU XZ OAJIKH U3 CIIaBa ATIOMHHHUA. Y Jap HAHOCHJICS 10 MTOBEPXHOCTH
Xy B HampaBiieHHH ocH Z. Fig. 55 wmocTpupyeT OTKIHMK Ha yaap 0e3 marHutHOro noJjst; Fig. 56

HWIUTIOCTPUPYET OTKIIMK Ha YAap C MAarHUTHBIM ITOJICM.

3.2.3. AHaqu3 pe3yabTaTOB JAONOJHUTEIbHOI0 IKCIEPUMEHTAIBHOT0 UCCJIeJ0OBAHUSA
JIoTIOTHUTEIBHOE DKCIIEPUMEHTATBHOE UCCeA0BaHNE ObUIO BBITIOJHEHO, YTOOBI OTBETUTH HA TE
BOIIPOCHI, KOTOPBIE BO3HUKIIU B IPOIIECCE aHAIN3A.

®ororpaduu, MOIydeHHBIE B pe3yJbTaTe OSKCIEPUMEHTA, MO3BOJISIET CAENATh CIETYKIIHe
BBIBOJIBI.

Bremrree MarHuTHOE TOJIE M3MEHSIET XapaKTep M-H3JIyYeHHUs B CIUIABE )Kelie3a, BHI3BAHHOE Kak
AIEKTPUYECKUM TOKOM, TaK M yjnapoMm. BosznelicTBUe MarHMUTHOTO MOJS MPUBEIO K TOMY, UYTO
MIPOM30IIIO CHUKEHHE TMOBEPXHOCTHOM TNIOTHOCTH U3ITy4eHUs (CBETUMOCTH ) 32 CUET YBEIMUCHUS
rIomaay u3nydeHus. Mcmnonp3oBanne 3Toro 3¢ ¢ekra mo3BoIseT CHUKATh BEPOSTHOCTh pa3phiBa

CBSI3U MEXIYy aTOMaMU, IPUBO/ISIIYIO K SPO3UH, IISITYIICHUIO, 00pa30BaHHIO TPEIIHH.
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2. PacnpeneneHue sHepruM B CIUIaBE€ ATIOMHUHMS NPU BHEIIHEM BO3IECHCTBUM, NMPUBOIAIIEM K
CaMOSMHUCCHOHHOM IPO3PAaYHOCTH, OTIMYAETCA OT PACIPEICIICHUs DHEPIUU B CIUIABE JKEIe3a.
MakcuManpHOe H3ITydeHHe HaOI01aeTcsl B 00JIaCTH yAapa. 4YTo 0COOSHHO YeTKO MoKa3aHo Ha Fig.
54 (2).

3. VY ap BbI3BIBACT CMEIICHUE HOHOB B HAIIPABJICHUU yJapa. XapakTep BO3IECHUCTBUA
MarHMTHOI'O IOJIA 3aBUCUT OT HAIPABJICHHUS MATHUTHOIO IIOJIS 10 OTHOLICHHWIO K HAIIPABJICHUIO
yzaapa (IBUKEHHUIO 3apsuKeHHbIX YacTHll). OcoOblil MHTEpeC MpeICTaBIsAeT CPAaBHUTEIbHbIN aHATIN3
dororpaduii, mokazanusix Ha Fig. 51 (3) u Fig. 55 (2), wutroctpupyromux ToT (HakT, YTo yacTtora
(oTOHA, BBI3BIBAIOILETO CBEUYEHHE W3 CIUIaBA AJIOMHHUS M CIUIaBa jKejle3a OJUHaKoBa. Takoe
COBIIAJICHUE HE MOXKET OBITh CIIyYalHbIM.

4. BiusHue MarHMTHOrO IO HAa XapakTep CaMO3MUCCHOHHOM IPO3PadyHOCTH
yKa3blBae€T Ha TO, YTO AHAJIU3 ATOMHBIX PEAKUUM CJIEeIyeT IPOBOAUTH C YYETOM MarHUTHOTO
KBaHTOBOT'O YMCJIA.

S. OKCIIepUMEHT MpelHa3HaueH Jjs JI0Ka3aTelbCTBAa HEOOXOAMMOCTH OTKa3a OT
METOJIOB aHAJIN3 IPOLIECCOB YIPOUHEHHS U pa3pyLIECHUs TBEPAOIO TEJIa HA OCHOBE KIACCHUYECKOU
MexaHuku. Kaxnas ¢ororpadus ciy)XKUT JOKa3aTeIbCTBOM TOTO, YTO OTKJIMK OTJIEIBHBIX aTOMOB

n ux COBOKYITHOCTH Ha BHCIIHEC BOBI{GI\/JICTBI/IG O6YCJIOBJI€H OJICKTPOMAariMTHBIM

B3aUMOJICHCTBHEM.
6. Bce MHOroo0Opasme oOHapyX eHHBIX 3(P(HEKTOB MOXKET ObITh HCIOJIB30BAaHO Ha
MPaKTHKE.

VYcrexu  peHTIEHOBCKOM  aCTPOHOMHH, HCCIEAYIOMIEH KOCMHUYECKHEe OOBEKThI TI0 UX
PEHTI€HOBCKOMY U3Ty4eHHUIo ¢ 3Heprueit ¢poronos ot 0,1 10 100 k3B, cTanu BO3MOKHBIMU B CBSI3U
C OCBOEGHHEM KOCMHYECKOTO MPOCTPAHCTBA, NOO aTMocdepa 3eMiId MOTJIOIAeT PEHTTEHOBCKHE
ayuu Ha BbicoTe 100-30 kM. MICTOYHUK PEHTT€HOBCKOTO U3JIy4eHHUsl ObLIT OOHAPYKEH B CO3BE3TUN
Ckopnmona B 1962. OH npezactaBnsieT co00i HEUTPOHHYIO 3BE3/1y, MOILIHOCTh PEHTI€HOBCKOIO
U3JIy4EHUs1 KOTOPOM, IIPEBBIIIAET CYMMapHY0 MOIIHOCTh n3inydeHus Connua B 60000 pas.

Heiirponnas 3Be3na, HazBanHast CkopnuoH X 1, uMeromas OrpoOMHYIO MacCy, «BBICACHIBACT» U3
COCeIHeH 3Be/bl, Macca KOTOPOM MEHbIIIE, BEIECTBO (B OCHOBHOM BOJAOPO/, I'eJIUH, YIIIepon),
KOTOpoe ee 00pa3yroT. DTO siBJIeHHE Ha3BaHO akkpernueil. MIoHbl, yCKOpEHHbIE MPUTSKEHUEM, C
OO0JIBIIION CKOPOCTBIO TOCTUTAIOT HEMTPOHHYIO 3BE3/Y U BBI3BIBAIOT HHTEHCUBHOE PEHTIC€HOBCKOE

U3IIyYEHHUE.
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Hcnonp30BaHrne KOCUMUYECKHUX allapaToB MO3BOJUIIO HUCCIENOBaTh PEHTICHOBCKOE M3ITyUeHUE
HE TOJIbKO 3Be3[] (MCTOYHHMKOB SHEPrHH IMpPHU BBICOKON TeMmIieparype,) HO U IuiaHeT ColHedHOM

CUCTEMBbI, UX CIIyTHUKOB, KOMET U acCTepOHI0B, TEMIIepaTypa KOTopbIx He npesbiiaet 10 K

(-263°C).

4 5 6
Fig. 57

W3nydeHne peHTreHOBCKOTO ()OTOHA €CTh PEe3yJibTaT PEKOMOHWHAIIMM HMOHA M 3JICKTPOHA, Y
KOTOPOTO AJIEKTPOH ObLI y/1aJIeH U3 BHyTpeHHel opOuTanu. [loreHnman nonusamnuu 1S 3JeKTpOHOB
MHOT'03JIEKTPOHHBIX aTOMOB HE 3aBHCHUT OT BIMSHHS APYTHX aTOMOB.

Fig. 57 mpuBemeHa s TOro, 4YTOOBI TOKAa3aTh, YTO HET MPUHIMITHAIBHOTO OTIHYHS
¢dotorpaduii X-uznmyueHus, NOJyUYEHHBIX U3 HEOECHBIX O0OBEKTOB, B OCOOCHHOCTH U3 IBLIEBOTO
oOjaka W JbJla KOMET, MPUBEJCHHBIX B paborax [3.4-3.9], or ¢oTorpaduii, nosydeHHBIX IpH
IKCTIEPUMEHTAIBHOM HCCIIEAOBAaHNH, PE3YIIbTaThl KOTOPOTO MPUBEICHBI BBIIIE.

Kaapsl wmoctpupytot: 1)- ouH U3 pparMeHTOB M-U3IyYEeHUS HA 3aJIMBa, MOKa3aHHbIX Ha Fig.
39 (4); 2)-pentreHoBckoe u3nyuenue mianetsl [lmyron [Pluto: A dwarf planet in the outer regions
of the Solar System.(Credit: X-ray: NASA/CXC/JHUAPL/R.McNutt et al; Optical:
NASA/JHUAPL)]; 3) - m-usnyuyeHue u3 CTaibHOU Oaiiku, 3a)MKCUpOBAHHOE Ha (DOTOIUICHKE,
pacIoyioKEHHOW Ha TOBEPXHOCTH XZ B Hanpasyienuu ocu Y (Fig. 12 (Spiral)), Be3BaHHOE yIapom

[0 BEpPXHEH TOBEPXHOCTU XY B HAINpPAaBJICHUH OCH Z; 4)-m-u3inydeHue 3aUKCUPOBAHHOE IMPU

125



wiaBneaun Jbaa (Fig.29 (2)); 5)- n-usnydeHre u3 BOAbI, BEI3BAHHOE YAapOM IaJal0IIero Tejia mo
ropusontanHoi moBepxHoctu (Fig. 19); 6)- n- u3iydeHne W3 TOW JKe CTaJIbHOW OayKw,
3a)UKCUPOBAHHOE OJIHOBPEMEHO C KaJpoM 3, HO Ha JApyroi (hOTOIUICHKE, PaCIlOJIOKEHHON Ha
HIKHel noBepxHoctu Xy (Fig. 12).

Tpu koHTelHEepa ¢ GOTOIUIeKO OBLTN pa3MelleHbl Ha achanbTe BOTU3U JOMa JUIS UCCIISTIOBAHUS

n-usnydeHus u3 3emun w/uan ConHna. Bpems skcro3unuu 72 yaca. MexaHuueckoe BO3/IeHCTBE

Fig. 58 (1)

HUCKIHYaJIOCh.

Fig. 58 (1) mutocTpupyer n-u3inydeHue, 3apuKCHpOBaHHOE Ha (OTOIJICHKE, PACIION0KEHHON B
TEHH, Ha MOBEPXHOCTH KOTOPOH OBLI pa3MemnieH 0auloH ¢ MeTaHOM. J[HU OBLIM COJTHEYHBIMHU.
WMHTEeHCHBHOCTD M3ITyYeHHS TIO3BOJIHIIA HE MEHSATh KOHTPACTHOCTD ¥ IIBET (POTOCHUMKOB. CHUMOK,
pa3MelleHHbII B JIEBOM BEpXHEM YIJy, MOJIyYeH, KOI/la IJIEHKA OCTaBajach B METaUIMYECKOMN
kacete. Caersmyecs 4YepTOUKH, IOJ0OHBIE TEM, KOTOpble HAOMIOAAIMCh B MeTaule MpH
nedopmaruy, BUIHBI HA TISATH Kajapax. SIpkas BCHBINIKA, MOKa3aHHAs Ha OJHOM M3 KaJpoB, HE

Ha0JIr01aIach paHee.
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11 12

Fig. 58 (2)

9 10

Fig. 58 (2) wuirocTpupyer n-usiydeHue, 3auKCUPOBaHHOE Ha (OTOILICHKE, PACIONIOKEHHOMN Ha
acanbTe 10J] KaMHEM, Ha IOBEPXHOCTU KOTOPOro Ha paccTostHUM 30 cM ObUT pa3MelleH TpeTui
KoHTelHep. Jau Opumi macmypHbIMH. OIHAXIBI OBUT TOXKIb, HO MPSIMOE MOIMAaJaHue BOJIBI HA
KOHTEIHephl HCKI0Yanoch. Pororpaduu HUIIOCTPUPYIOT 4YacTh KaJapa, JAEMOHCTPUPYIOUIYIO
Haunbosiee xapakTepHble 00bEKThI. [I0OBBIIIIEHNE KOHTPACTHOCTH MPHUBENIO K U3MEHEHUIO 1IBETA.

[Ipomy oOpaTtuTh BHUMaHKUE Ha KaJpbl 1-4, HIEHTHUUHBIE KaJipaM, KOTOPbIE WILTIOCTPUPYIOTCS Ha
BCeX ApYyrux (ororpadusx, Korna Ha IOBEPXHOCTH KOHTEHHEpa MpUCyTCTBYeT Boja. Kamper 6 u 7

XapaKTEPHBI JUIsl U3TyYEHHUs U3 METAJUIOB.
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13

Fig. 58Q3)
Fig. 58 (3) mutrocTpupyet m-usnydenue, 3ahUKCUpPOBaHHOE Ha (POTOIIIEHKE PACIONIOKEHHON Ha
pacctostHuu 30 cM OT MOBEPXHOCTH 3€MJIM, HO CBSI3AHHOW ¢ Hel depe3 kameHb. L[Ber kampor

W3MEHEH NP yBeIHUeHUU KoHTpacTa. OcoOblil mHTEpec npeactapiseT GoTtorpadus, mokazaHHas

Ha kazpe 11.
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4 6
Fig. 59

Fig. 59, kagp 1 nmemoHcTpupyeT QoTorpaduio, XapakTepU3yIIyI0 H3IyuYeHHEe 3eMild,
MOJIy4eHHYI0 ¢ momMoiipio Teneckona Chandra HRC-1 [3.9] BOau3u ceBepHOTro mostoca. ABTOPBI
oT™MevaroT u3MeHeHusi dHepruu (potoHoB ot 0.1 mo 100 k3B. BCHBIIKM HHTEHCUBHOCTH
HaOJIIOAANCh B OTJIENBHBIX peruoHax. Her COMHeHHs B TOM, YTO MPHUPO/1a BCIBIIIKHM, TOKa3aHHOM
Ha KajJpe 2, U ee MEXaHU3M HAEHTHYEH (POpPMUPOBAHMIO H3IY4YEHUs, KOTOpoe (UKCUPOBAIOCH
TeNecKonoM. MIeHTUYHOCTh MPUPOJIbl M MEXaHHW3Ma M3JIy4eHUs, MOKa3aHHOTro Ha Kajpax 3 u 6,
TOKE HE BBI3BIBAET COMHEHHS, HO Kaap 3 oOyciomieH nedopmanmerd MeTamia, TOrjJa Kak
U3y4YeHne, 3aUKCHPOBAHHOE Ha Kajpe 6, 00yCIOBICHO aTOMHBIMH MPOIECCAaMH B 3eMJle U/WITH
Ha CounHle.

dotorpadus (kaap 4) noayyeHa npu yJape no MeTajuty, Torjaa kak ¢pororpadus (kaap S) noryueHa
npu m3nydernnd u3 3emum w/wim ConHina. MaeHTHYHOCTh (Uryp HE BBI3BIBAET COMHEHHs, HO
KaKJas U3 HUX PEJICTABISIET COO0M 3epKabHOE OTpakeHue npyroi. Takoit adekt HadmomaeTcst
B HEKOTOPBIX KPUCTAJLIAX UM MOJIEKYJIaX.

JleTanbHbIM aHAJIN3 PEHTTE€HOBCKOTO N3Ty4YeHUs HEOECHBIX 0OBEKTOB BBIXOAUT 32 PAMKU JAHHOTO
uccnenoBanus. MneHtnuHocth (ororpaduii He BBI3BIBAET COMHEHUM, HECMOTPsS Ha TO, YTO
pa3Mepsl o01acTe, U3My4YaroINX YHEPrHI0, OTIMYAIOTCS B MUJLTUAP/bI pas.

Brisos.
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Pezynomamer sxcnepumenma, noszeonaom coenams 6bl800 O MOM, YMO U3NyueHue (HOomoHO8
PEHM2EHOBCKO20 OUANA30HA NpU  OMCYMCMBUU HANPANCEHUSl, VCKOPAIOULe20 3JeKMpPOHDbI,
00VCI061IeHO  8030YJICOCHUEM AMOMO8 NPOMOHAMU, KOMOpvle npeddcoe Opysux amomos
npespawaromcs 6 amomuoe 0po.

DTO0 MO3BOJISIET MCCIIEAOBATh MPOIECCH IJICKTPOMArHUTHOTO H3JIyYCHHUS] HEOSCHBIX OOBEKTOB B
PEHTICHOBCKOM 00J1aCTH, MOJCITUPYS UX Ha 3eMiie MOJA00HO TOMY, KaK 3To moka3aHo Ha Fig.31 a
u Fig. 31b. OreHky MoJe3HOCTH UCIOJIB30BAHUS TAKOTO METOMA JOJDKHBI PeIiaTh T€, KOro 3TO
HWHTEPECYeT.

3.3. TeopeTuyeckue OCHOBBI MPOYHOCTH U PA3pyLIEHUs] MATEPHAJIOB

O06pa3oBanue nop, TPEUIMH U pa3pylIeHUue BO3MOKHO TOIBKO ITPH Pa3phIBE CBSI3U KOHEYHOTO
yyclia aTOMOB. Takoe BO3MOKHO TOJBKO MPHU CTUMYJIMPOBAHHOM H3IYyYEHUH JIOKAJIbHBIX TPYIII
MeTacTaOMIBHBIX aToMOB. ClleJoBaTeIbHO, MEXaHU3M HX 00Pa30BaHHSI CYIIECTBYET.

OcHuoBuble uccienaoBanus Dpmis [3.3] mocesimeHs! mpodieMe Katain3a, BXHYIO POJb B
KOTOPOM HTIpaeT MOBEpXHOCTb. OH TOBOpUI: «ATOMBI B MOBEPXHOCTHOM CJIO€ TBEPAOIrO Teja
HMMEIOT MEHbIIIEe COCe/Iei, YeM aTOMBI B 00beMe, U, CIIeJOBATEIbHO, XMMUYECKU HE HACBIIIECHBI U
MOTYT OOpa30BBIBAaTh HOBBIC CBs3M (=XeMOCOPOLHS) C TOIXOASIIMMH MOJICKYJIaMH,
CTAJTKMBAIOIIMMHUCS C COCEHEH ra30BOM WIH KUAKOU Ga30ii. Ha 3ToM 3Tarie cymecTByonue cCBsI3u
OyoyT HM3MEHEHbl WIH JaXXe MOTyT ObITh pa3pylleHbl (=IUCCOLMATUBHAS XEMOCOPOLHs).
O6pa3yroluecs: MOBEPXHOCTHBIE YACTHIIBI MOTYT MEPENPHITUBAThH C OJIHOTO Y4acTKa Ha COCEIHHH,
a 3aTeM MOTYT pearrupoBaTh C JAPYTHMMH, U OOpa30BaBIIHECS MOJEKYJIBI B KOHCYHOM HTOTE
MOKHU/IAIOT TIOBEPXHOCTH (= 1€COPOLIHs)».

[IpumeHeHne COBpeMEHHOM SKCIIEPUMEHTALHON TEXHUKU 00ECTIeUnIIO0 BO3MOKHOCTh ITOHUMAHUS
MPOLIECCOB MEKATHOMHOTO B3aUMOJICHCTBUS, MPUBOJAIIETO K YCKOPEHUIO XMMHUECKON peakiuu
Y TIOJTyYEHUI0 KOHEYHOTO MPOIYKTa, HAIPUMED, yI00pEHUH.
®dotorpadust MOBEpXHOCTH TJIATHHBI [3.3], moTydeHHAas! TPU
katanuTruueckoMm okuciennu CO ¢ moMomipio (hOTOAMUCCHOHHOM
MUKPOCKONIMM W TOKa3zaHHas Ha Fig. 56, wuiroctpupyer

cripanbHbie BOJHBI B obOmacth 500 wmxMm. Takue BOJIHBI

XapakTepHbl Il KoneOaTesnbHbIX  peakuuid  benoycona-
Fig. 56 JKaboTtunckoro.
LiBetHbie u Oenble QUIYpHl pa3nUyHONH (OPMBI C YETKO BBIPAKEHHBIMU TpaHUIAMH,

MNPUBCACHHBIC B KHHUIC, CBUACTCIBCTBYIOT O CYHICCTBOBAHMHU JIOKAJIBbHBIX TPYIIl aToMOB,
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W3JIyYaOIIMX SHEPTrUi0 Ha OJHOM M TOW ke 4YacToTe. Takoe HU3IIydYeHHE BO3MOXKHO TOJIBKO IS
aTOMOB OJTHOTO U TOTO K€ XUMHUYECKOTO JIEMEHTA.

Hebonbine kpacHble WIH KpacHbIE U Oelible (YUTyphl, IMEIOIINE YETKO BBIPAXKEHHYIO (opMy
Kpyra, moio0HbIe TeM, KOTopble moka3ansl Ha Fig. 50 (1) kanper 1 u 2, nunu Fig. 50 (2) kaapsl 8 u
10, HaOIOJATMCh MHOTOKPATHO B IPUCYTCTBHH BOJIBL.

BeepoobpazHoe nziydyenre HaOIr04aeTCsa MHOTOKPATHO MU JeopMaliuu pesibca, KOPPO3HH
METaJIJIOB, 3aTBEPACBAaHUH MeTailia U T.I. AHanu3 GoTorpaduii moka3pIBaeT, YTO OJHOBPEMEHHO C
U3ITy4eHHEM Oeioro IBeTa MOSIBIIETCS U3IyYeHUE C MEHBIICH 4acTOTON, CBUAETENbCTBYIOMIEH O
TOM, YTO B M-M3JIyYEHUH PEATU3YIOTCS MEPEXO/bl JEKTPOHOB HA BAJCHTHBIC HYHEPTETHUECKUE
YPOBHHU.

benpiii 1BeT Qoromarepuana BO3MOKEH TOJIBKO B TOM cllyyae, KOrja OJHOBPEMEHHO
M3ITy4YeHbl (POTOHBI HE MEHEE TPEX COOTBETCTBYIOLIMX YaCTOT.

Ycenexu B HCCIENOBAaHMM HAHOMATEpUaJOB M HUX  IOBEPXHOCTH  OOYCIIOBIIECHBI
UCIOJIb30BAaHUEM JJIEKTPOHHOW MHKpPOCKONUH. HO 3IEeKTpOHHBIH MUKPOCKON HEMPUMEHUM K
KUBBIM OpraHU3MaM, KPYIHBIM 00bEKTaM; YepHO- Oelloe n300paKeHHe He MO3BOJISIET OMPEICTUTh
YaCTOTHBIC XapPaKTEPUCTUKH UCCIIEAYEMOro 00bekTa. L[BeTHBIE 3NIEKTPOHOrPAaMMBI TTOYYEHBI B
pe3yJsibTare BBEICHUS KpacuTesled. DHEpPrusl AJIEKTPOHOB, YCKOPEHHBIX Pa3HOCTBIO MOTEHIIMAIOB
20 k3B, B 4600 pa3 BbIlIE YHEPIrUU CBSI3U aTOMOB Keje3a B Kpucrauie. Clie10BaTelbHO, METOL
aBigeTcs paspymatommmM. [lBetHble (doTorpaduu, KOTOpblE AEMOHCTPUPYIOTCS B KHWTE,
00yCIIOBJIEHBI OTKJIMKOM (poTOMaTepuaia Ha 4acTOTy M-U3TyUYSHHUS.

domozpaghuu, noxazannsvie 60 emopou znase, u ocovenno na Fig. 46 (1) u Fig. 46 (2),
ceudemenbCmeym o0 mom, Ymo namoa02uieckKue UsMEeHeHUsA 6 KIemKax pacmenuil U Heueblx
opzanoe Oyoym omoopadceHvl Ha NPOMOHOZpAMME. MO  nO360AUM  OMIUYUMD
3710KAYECMBEHHYI0  ONYX0ab Om 000POKAYECMEEHHON U  AHAIAUUPOGAMb NPOUECCHI,
npueooaujue K cmapenuio.

[1-u3nyyenue, BbI3BaHHOE nedopmanneld B OJHOM HANpPaBIECHUU, PACHPOCTPAHSAETCS B
pa3HBIX HAMpaBJICHHSX, KaK 9TO TMOKa3aHO Ha MHOTux (otorpadusx. Takum oOpazom, camo-
SMHUCCHOHHAas MPO3PAYHOCTh 00YCIOBIIEHA TEM, YTO U3MEHEHHE 3JIEKTPUUECKOTO 10151, BO3HUKIIIEE
B KaKOW-TO 00JIaCTH, paCIpOCTPAHSAETCS B BUJAE FIEKTPOMArHUTHBIX BOJIH.

TeopeTHuecky0 OCHOBY MPOYHOCTH M pa3pylIeHUs MaTepUaioB COCTaBIAET KBAaHTOBAas

QJICKTpOAWMHAMMKA.
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MoxeT moka3arbCsi CTPaHHBIM, YTO PEYb HAET O KBAHTOBOM 3JIEKTPOJUMHAMUKE, a HE O
KBAaHTOBON MEXaHMKE.

[loHnMaHNe MaTeMaTHYECKOro ammnapara KBaHTOBOW JIEKTPOJMHAMHUKHU, KaK M KBAaHTOBOU
MEXaHUKH, TpeOyeT cephe3HON MOATOTOBKM, HO OH HaM HE MOHAJ00UTCs, MO0 MBI OrpaHUYUMCS
JIMIIb TEM 4YTO, BO-IICPBLIX, KBAHTOBAA DJICKTPOJAUHAMUKA SABJISACTCA Teopneﬁ, KOTOpasa ONrChIBACT
B3aUMOJIEHCTBUS (DOTOHOB € 3apsKEHHBIMHM YaCTULIAMH, B YACTHOCTH 3JIEKTPOHAMU; BO-BTOPBIX,
YTO 3TO camas TO4Has (hu3nyecKas TEOpHsl; B-TPETbUX, OHA J1AeT KOJIMYECTBEHHBIE NPOTHO3BI,
KOTOPBIE MOTYT OBITh IIPOBEPEHBI SKCIIEPUMEHTAIBHO C CaMOW BBICOKOW TOYHOCTBIO.

KBantoBass Teopusi Oasupyercs Ha SKCHEPUMEHTAIBHBIX (DakTax, KOTOpBIE C MO3HUIHUU
KJIACCHUYECKOM MEXAaHUKM CUUTAIOTCA HEBO3MOXKHBIMU. Macca mokosi (poToHa U ero 3apsiJi paBHbI
HYJI0. OTOT (aKT yCTAHOBJIEH C BBICOKOM TOUYHOCTBIO, KOTOpas HEJOCTYIIHA MEXaHUYECKUM
MCTOdaM U3MCPCHMUA. Ho q)OTOH MOKCT NPEBPATUTHCA B HACTUIY U aHTUYACTUILY, MacCCa IMOKOA U
3apsA]l KOTOPBIX, HE paBHBl Hy0. YacTuiia, Hampumep 3JIEKTPOH, 00JIaJaeT BOJHOBBIMHU
CBOWCTBaMM; YaCTULIbl MOTYT UHTepdepUpoBaTh U AUdparupoBaTh. DHEPrusi, UMITYJIbC U MOMEHT
UMILYJIbCa KBAHTYIOTCS.

KBaHToBass MexaHMKa W KBaHTOBas  JJIEKTPOJMHAMHUKA CO3JaHbl Ha OCHOBE AaKCHOM,
MOCTYJIATOB U 3aKOHOB KOTOPBIE OTIMYAIOTCS OT KIACCHYECKHX. MBI OyleM CUMTaTh aKCHOMOMU
TUIIOTE3Y, KOTOpasi OCHOBAaHA HA SKCIIEPUMEHTE U HET HKCIIEPUMEHTOB, KOTOPBIE €€ OIPOBEPTraloT.
OT0 MO3BOJNT CO3JaTh KBAHTOBYIO TEOPHUIO IPOYHOCTH, KOTOPOH IOKA HET.

3.3.1. AKCHOMBI, OCTYJIATHI U 3aKOH Pa3pyLIeHHs
Axcunoma 1. Bce Tena coCTOSIT U3 aTOMOB-MaJICHbKUX TeJIELl, KOTOPbIE HAXOAATCS B OECTIPEPHIBHOM
ABUXKCHUU, NPpUMACUBAIOMCA HA HebonbUIOM PAaACCmoOAHUU, HO OMMAIKUBAIONICA, eCllU 00HO U3 HUX

niommuee npudicams K opyeomy. (P. deitnman)

Axkcuoma 2. B Marepuanie MOTYT OJHOBPEMEHHO MPHUCYTCTBOBATH aTOMBI OJJHOTO XHMHUYECKOTO
AJIEMEHTa, UMEIOIINE PANIUYHYI0 KOHPHUTYPALIKIO AIEKTPOHHOU 000104KHU. (ABTOp)

Akcuoma 3. DHepreTuyeckoe COCOTOSHHE aroMa OOYCIIOBICHO YHCIOM DJJEKTPOHOB U UX
PacIoIOKEHUEM BOKPYT sIpa.

Axcuoma 4 [lenocTHOCTh TBEPAOTO Tejia 00yCIIOBIIEHA JIEKTPOMArHUTHBIM B3aMMOJICHCTBHEM,
yAEP)KUBAIOIIUM aTOMbl B JTUHAMUYECKOM paBHOBecHHU. OCHOBHBIM (PH3MUECKHM IapaMeTpOM,

XapaKTCPUIYIOIIHUM PABHOBECUC, ABJISICTCA SHCPIrUsd CBA3U 3JICMCHTOB.
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[Ton sHepueil cBsI3M Moapa3zyMeBaeTcsl IHeprusi, KoTopas HeobxoauMma JUIsl pa3zesieHus: TBEpAoro
TeJla Ha OTJebHbIC HelTpanbHble aTroMbl ipu 0°K. DHeprus cBs3u u3mepsiercs B 3B/atom. 1 3B=

1,60218-1071° k.

Ioctynar 1. Bece mpoueccsl B BeliecTBE NPU OTCYTBTCBHUHU SIZICPHBIX PEAKIMH MPOUCXOAAT B
pe3ynbTaTe aTOMHBIX pPEaKUUi, OOYCIIOBICHHBIX JJICKTPOMAarHUTHBIM B3aHMOJICHCTBHEM.
(Cormacuo Teopemsl 3. Hérep).

IMocTtynar 2. DHeprus BHEUIHETO BO3JEHCTBHS paclpeiessercs B MaTepualie HEPaBHOMEPHO B
pe3yabTare nHTep(HEePEHIIUH IIEKTPOMArHUTHBIX BOJIH, 00YCIOBICHHOM OTpaKeHUEM Ha IPaHHUIIAX
HEOJHOPOJHOCTH. DTO NPHBOAUT K OOpPA30BAHHUIO CTOSYMX BOJH, B PE3yJbTAaTe MOTJIOLICHUS
KOTOPBIX CTPYKTYpa JIOKIBbHBIX 00iacTel u3mensiercs. (ABTOp).

Moctynar 3. IloreHumanbHas SHEPrust 1eOPMUPOBAHHOTO TeJa paBHA CyMME SHEPHUHU CBS3H
aTOMOB U CyMM€ SHEPIHH METacTaOMIBHBIX aTOMOB JIOKAJIbHBIX 00JIacTei.

Onpenesienns:

TBepmoe TenO COCTOMT W3 aTOMOB pA3IUYHBIX XUMHYECKHX JJIEMEHOB B OIPEACICHHOM
KOJINYECTBEHHOM COOTHOILICHUH, KOTOPOE HAa3bIBAETCSI COCTABOM.

[Ton n3MeHeHneM CTPYKTYpPHI IIOIPa3yMEBAETCs HE TOJIBKO H3MEHEHHE B3aMMHOT'O PACTIONIOKECHUS
aTOMOB, HO ¥ KOH(HUTYPALUH UX DIICKTPOHHON 00OIOUKH.

ATOMHas peaknusi €cThb MpOIecc, NPpU KOTOPOM aTroM TNOTJIomaeTr (POTOHBI WM DJIEKTPOHBI,
u3ny4yaeT (OTOHBI MM 3JEKTPOHBI. 3alUCh aTOMHON peakiUM IMPOU3BOAUTCS C MOMOILBIO

CHUMOBOIJIOB C YUCTOM 3aKOHA COXpPAaHCHUA ODOHCPIUU U 3aKOHA COXPAHCHUA 3apsaa.

3akoH pa3pyluieHusi TBEPAOro Tesaa

AHann3 MHOTOYHUCIIEHHBI SKCIIEPUMEHTANbHBIX (PAaKTOB MO3BOIHUI CHOPMYIHUPOBATH

3aKOH pa3pyLIeHHs TBEPAOIO Tea.

Obpazosanue nop, mpewjurn u paspyuieHue meepoo2o mena ecmv pe3yibmam pa3pbléa CeA3U
MeHCOY KOHEYHbIM HYUCIOM amoMO8, HONOMUBWUX (OMOHbI U3IYUEeHHble CHMUMYIUPOBAHO
MemacmadulbHBIMU AMOMAMU JIOKAIbHBIX 2PYNN,  BOZHUKWUX 6 pe3yibmame Npespaujetus
MEeXAHUUECKOU IHeP2UU 8 INEKMPOMASHUMHYIO, NPU KOMOPOU 8030YHCOeHUe amMOMO8 NPOUCXOOUM
npu noznowjeHuu GOomoHo8 U/unu 8030elcmeul NPOmoHO8, O00PA308AHHBIX 6 pe3yibmame

UOHU3AYUU AMOMO8 B000POOd.
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DopMmyIupOBKa 3aKOHA pa3pyLICHHs XapaKTepu3yeT He0OOX0IMMbIE YCIOBUS Pa3pyIICHUS U
JIOCTATOYHBIE ApTYMEHTHI JJIsi OMUCAaHUS MeXaHH3Ma MPUPOAHOro siBieHusa. OHa yTOYHSET
MMOHMMAaHUE TEePMHHA I-U3JTyuYeHHUE, YKa3blBas Ha TO, YTO BO30YXJEHHE aTOMOB IPH aTOMHOM
peaKkuy MPOUCXOIUT Kak (POTOHAMHU, TaK W MpoToHamHu. [IpeobramaHue TOTO WM WHOTO BUIA
BO30YKJIEHUS JOJDKHO OBITh YCTAHOBJICHO MpPU LEJICHANPABICHHOM 3KCIIEPHUMEHTAILHOM U
TEOPETUYECKOM HCCIIEIOBAaHUH.

3aKoH, OCHOBAHHBIN Ha HKCIIEPUMEHTE, IIpe IaraeTcs Kak Haubosiee BeposiTHas TUIIOTe3a WK
MOCTYJIAT, OMPOBEPTHYTh KOTOPBIM MOXKET TOJBKO JOKa3aTeIbCTBO TOTO, YTO SKCIICPUMEHT
BBINOJIHEH HEKOPPEKTHO. [IpoBeACHHBIN AKCIIEPUMEHT OIPOBEpraeT MOCTyIaThl Mu3eca u Mojesb
WpBuHa, jexaliyie B OCHOBE COBPEMEHHBIX MPEACTABICHUI 00 HCTOYHUKE IHEPTHH U (PUZNUECKUX
rpoleccax, IPUBOSAIINX K Pa3pyLICHHUIO.

3axon paspywienus npedonpeoensiem, 4mo HAOEHCHOCMb U 001208€4HOCHb Mamepuaid
onpeoensomes OMHOWEHUeM CKOPOCMU HAKONIEHUS dHepeUU 8 JIOKAIbHLIX SPYRNAX amomos,
HA3bI8AEMbIX OOMEHOM PA3PYUEeHUs, K CKOPOCIU ee OUCCURAYUU, HO He NPOYHOCbIO.

TeopeTrueckyo OCHOBY O CAHUS MIPOIIECCOB paspyiieHus COCTaBIISIET
KBaHTOBOMEXaHWYECKasi WHTeprpeTanus uaeld MakcBeiuia, cOMyJIHpPOBAaHHBIX MM BO BCEH
COBOKYITHOCTH CTaTeH, TOKJIAJ0B U ITHUCEM.

Wzyyenne pabor  MakcBemia,
MTOCBSIIIIEHHBIX MEXaHUKE HE MOXKET OBITh
OorpaHu4yHO Jmmb padoroit [1.1] wu
nucbMoM K TOMCOHyY, Kak 3TO caenal

TuMmomenko. MakcBeln NMpCACKAa3bIBCT

oco0yro 001acTh, KOTOPYIO MbI TEHeph
Plate Nl & CHROMATIC EFFECTS OF A FATEOS GELATINE WYY EXPORD 1O & TORSKNAL SHAR o o
PENTAGON OF UNANNEALED GLASS IN Ha3bIBaACM HaHOpa3MCpPHOHU, B OJHOH
POLARIZED LIGHT
CTaThe; MpeJiaraeT METOJ, IMOIA0OHBII
METOJIy KOHEUHBIX 3JIEMEHTOB, HO OCHOBAaHHBIN Ha U3rH0OE, B IPYTroOi CTaThe; OTKPHIBAET SIBIICHUE,
KoTopoe Ha3BaHO d(pdexTom MakcBenna; HUCCIeAys MEXaHHYECKHE SBJICHHS C TOMOIIBIO
UHTEep(hEPEHITNN TOJISIPU30BAHHBIX JTydel, OH JEMOHCTPUPYET Ha JISKIIUH PUCYHKH, TTOKa3aHHBIC
Ha Fig. Plate Il u Plate V.
Nnes o Tokax cMeleHus, peaJbHOCTh KOTOPHIX OblIa MOATBEPkKACHA IKCIEPUMEHTAIBHO,

IIOMOZKET HaM IMOHATb MCXAaHU3M IIPCBpAIICHUA MEXaHHUYeCKOI OHCPIUH B SJICKTPOMAHUTHYIO.
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MakcBemn mnpeanonaran, 4Tto (opMHpoBaHHE TMOTEHIMAIBHON HSHEPTUU  JUCTOPCHH
00yCIIOBJICHO MepeMEeIIeHUEM, HO He HaMpPsDKEHUEM, KOTOPBIM OHO BBI3BAHO, KaK 3TO MPUHSTO B

COBPEMEHHBIX TeOpUsIX. AHaIu3 padoT MakcBeia o MeXaHuKe paccMOTpeH B padore [1.13].

3.3.2. KBaHTOBOMeXaHMYeCKasi MHTepIpeTanus ypaBHeHusi MakcBeJia

KBaHTOBas MeXxaHUKa MO3BOJISET OLEHUTh YHEPIeTUUYECKOE COCTOSHHE aTOMa WM TPYIIIbI
aTOMOB B JIOKaJIbHON 00JIaCTH MaTepUaioB TEOPETUYECKH, & COBPEMEHHBIE IKCIIEPUMEHTAIbHHbIE
METO/Ibl T03BOJISIIOT IIPOBEPUTD ITY OLICHKY.

[TosTomMy MBI OyZeM cuMTaTh BCE aTOMbI (MOHBI), MPU KOTOPBHIX CBOMCTBO MaTepHalia He
MEHSIETCs, HE3aBUCHMO OT TOT'0, KAKOBO MX SHEPreTHYECKOEe COCTOSHUE, HOPMAIbHBIMU, 0003Has
AN. M3meHeHne CBOMCTB MaTepuana 03HayaeT, 4YTo 3HEPreTHUECKOe COCTOSIHUE KaKOM-TO IPpyIIIbI
aTOMOB M3MEHWIOCh. Takue aTromMbl Ha30BeM MOPOUIHBIMU (00I€3HEHHBIMHU, [1aTOJIOTUYECKUMHU ),
o6o3nHaunB AM. DTo ympomaeTr ommcaHue MPOIECCOB, HE Hapyllas HAyYHOW CTPOrocTH. MBI
MO’KEM OIMCATh BCE M3MEHEHHsI, KOTOPbIE MPOUCXOAAT B MaTepHalie COOPYXKEHUH U YCTPOUCTB,
UCHOJIb3Y IATh aTOMHBIX PEeaKIUH, IPOUCXOJAIIUX B pe3yIbTeTe 0OMEHA aTOMOB 3JIEKTPOHAMU €

u poToHamu hv, tie h —nocrosHuas [lnank, v- yactota GoToHA, AV-€T0 SJHEPTHSL.

1. AN+hv— AN*=AM (). Tlepexom saekTpoHa Ha BO30YKICHHBIA METaCTAOMILHBIN

YPOBEHbB.

2. AN +hv, > AM ™ +e”  (Il). BeiHyX/IeHHas TOTOJIHUTEIbHAS HOHU3AIIHSL.
3. AN+e" > AM ™ +hv,  (lll). PekoMOuHaIMs HOHA U DJIEKTPOHA.
4.AN" —hv, — AN (IV). CrioHTaHHBI# WK CTUMYJIMPOBAHHBIN TIEPEX 01 BO30YKICHHOTO

aToMma ¢ U3JTy4CHHUEM SHEPTHUH.
5. AM™+e—AN+hvs (V). PexomOuHaiws MOPOHIHOTO aTOMa U DJIEKTPOHA.
3necs AM* MopOuUIHBIH aTOM (MOH), 3apsi KOTOPOro BhIpoc; AM™ -MOpOUIHBIN aToM (HOH), 3apsi
KOTOPOI'O CHU3MJICS.
Hcnonb30BaHne MOHATUN HOpMaIbHBIM U MOPOUIHBIN aTOM MO3BOJISIET HHTEPIPETUPOBATH
ypaBHeHUEe MakcBeiuia
U= U1+U: (1)

C MO3UIIMH KBAHTOBOM MEXaHUKH.
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CymmapHass »Heprus aTroMoOB JJIeMeHTa B HadainbHbIE MomeHT t=0  oOycioBieHa

SHEPIrETUYECKUM COCTOAHUEM HOPMaJIbHBIX aTOMOB

U,(0) = ZgiNn,j(O) (2),

rae &;-5HEprus HOpMaJbHOIO aToma i-ro THIIA, Nij-‘II/ICJ'IO aTOMOB 9TOro copra. :‘)Heprﬂeﬁ

MOpOUTHBIX aTOMOB NpeHeoperaeM. B moment t=t; cymmapHast sHeprus

U(tc)=Z€|NnJ(tc)+Z€kle (tc) (3)’
rae Uz(tc) :zgkNm,l (tc) (4)

&\ -DHEeprusa MOp6I/II[HI)IX atomMoB  K-ro THIIA, Nm j -UX 4YHucCJio. OFpaHI/ILII/IBIHI/ICB OJHHUM THUIIOM

HOpPMAaJIbHBIX U OJTHUM TUIIOM MOPOUAHBIX aTOMOB, 3aIHILEM:
Ut,)=¢&N,(t.)+eN, (1) ().
DKcnepuMeHTalIbHOE NOoATBEpkAeHUE (hopMyibl JKypKoBa IpU UCCIIETOBAaHUH PA3IMYHbIX
KPUCTAJUTMIECKUX U aMOP(HBIX MaTepraiax MO3BOJISIET CACTATh BBIBOA O TOM, YTO YHCIIO

MOp6I/II[HBIX dTOMOB BO3paCTACT 3KCIIOHCHINAJILHO!

A

Nn(t) = N, (0)e" = N, (0)e" (6),

rne ['=A/Dk,T (7)
CKOpOCMb U3HOCA, paBHas OTHOUIEHUIO CKOPOCTH aKKYMYJISILIUM SHEPTUU B IOMEHE pa3pyLICHUS
A=U,/t (8)
K CKOPOCTH €€ IHCCUMaIIN
B=DksT (9).
3necb D-napamemep, ananoruunpiii ko3 duimentaM DHUHIITEHHA B TEOPUU CIOHTAHHOTO U
HHIyIIMPOBAHHOTO M3Iy4YeHus, Ke-ocTosiHHas bonbimana, T-temmeparypa o KenbBuny.

Iapamemp I, ne umeem ananozos ¢ xnaccuuecxoi mexanuxe. Eco esedenue obycnosieno
coomnowenuem Heonpedenennocmeti I etizenbepea AE - At > > 20e h nocmosannas {lupaxa, max

KAaK AaKKymMyJisayusl sHepcuu 06yCJl06Jl€Ha UusjiyyeHuem u nocioujeHuem gb0m0H06, mozoa Kax

()uccunauuﬂ OHEep2UU-CNOHMAHHbIM U MENT06bIM U3TYHUEeHUEM.

136



3.3.3. Mexanu3m ¢GopMUPOBAHUSI HCTOYHUKA JHEPTUHU Pa3pylIeHNs]

[IpoGiieMa MCTOYHUKA HSHEPTUU SBISETCS KpPaeyroJbHBIM KaMHeM Jt000il (u3nyeckoit
TEOpUU. DKCHEPUMEHT, OMMCAHHBIN BBIIIE, HE TOJBKO MOATBEPIMJ TUIOTE3Y O pPEalbHOM
MCTOYHHKE YHEPTUH, H3IIyUYeHHE KOTOPOI0 IPUBOAUT K 00pa30BaHHIO TPELIUH U PA3pyLICHHUIO, HO
TaKXXe YKa3bIBaeT, KaK MOXXHO HCIOJB30BAaTh €CTECTBEHHOE SIBJICHUE, Ha3bIBAEMOE BHYTpPEHHEH
TpUOOTIOMUHECIICHIIUEH, [T 60JIee TOYHOTO IPOTHO3UPOBAHUS U3HOCA IJIEMEHTOB CTPYKTYPhI U
YCTPOMCTB AJIs MPEAOTBPALLEHUSI KaTacTPO(QUUECKOTO pa3pylIeHUs. DKCIEPUMEHT OMpPOBEPraeT
THIIOTE3Y O TOM, YTO MCTOYHHKOM SHEPIHHU SIBIISCTCS YIpyras SHEPrusi, aKKyMyJHUpOBaHHAs B
KOHIICHTpAaTOpax HampspKeHUH. DHeprus n-(pOoTOHAa B MUJUIMOHBI Pa3 MPEBBIIIAECT SHEPTHIO aToMa
B KOHIIEHTATOpax HanpspKeHU u ckopocTh ¢otoHa B S0000 pa3 Bbilie ckopocTu poHOHA (KBaHTA
aKyCTHUYECKUX BOJIH).

OTOT (haKT CTOJIb 3HAUUTEIICH, YTO MPEHEOPEKEHNE UM HEIOIMYCTUMO.

['unoresa o opmMupoBaHuM ITOMEHa pa3pylieHus Obuta chopmynupoBana B padore [1.8].
JleTanpHBIi aHaTU3 MPOLIECCOB, MPUBOIALINX K pa3pyIICHUIO TBEPAOTO Tela, BHIMOIHEH B paboTe
[1.9].

DOMUCCHS AJEKTPOHOB NPH pa3pyLICHWH TBEPAOTO Teia HaOIoAanach HEOIHOKPATHO, HO
MOJTBEPIAUTH 3TOT (DAaKT WM ONPOBEPrHYTh B JAHHOM SKCIEPUMEHTE HEBO3MOXKHO, TaK Kak
paccTtosiHue OT u3myuaTelns A0 (OTOIUIEHKH COCTaBisuio 2-5 cM. Takoii cioit Bo3ayxa U Cioi
PE3UHBI MOJHOCTBIO MOTJIONIAIOT 3JIEKTPOHBI, €CIU OHU H3Ty4yeHbl. V3mydeHne peHTTeHOBCKHUX
Jy4el TpH PacCIOSHUH CKOTYA CBSI3BIBAIH C DJIEKTPUUYECKUM Pa3psiIoM MEXITy pa3AesIstoIIMHUCs
TeJaMHu.

Pazpsn B BO3Ayxe (mpoOoil IUAIEKTpUKa) CONPOBOXKAAETCS SIEKTPOMArHUTHBIM
n3ny4yeHueM. Yactora GOTOHOB M UX SHEPIUsS 3aBUCAT OT Pa3HOCTH MOTEHIMAIOB. PEeHTreHOBCKOE
W3IyYeHHE BO3MOXKHO, KOTJIla B KaHaje pa3psga BO3HUKAIOT (POTOHBI, CIOCOOHBIC YIAIUTh
AJIEKTPOH HE C BaJIEHTHOI 000J0YKH aToMa, a ¢ 0oJiee riIyOOKUX SHEPreTUYECKUX YPOBHEH.

Takue (OTOHBI BO3HUKAIOT B MOJHHH, KOTOpasi CO3AAETCS MPH PAa3HOCTH MOTEHIMAJIOB B
MWJIIHOHBI BOJIBT. OJJHAKO BBICOKOYACTOTHBIN pa3psi B razax (ombIT Teciia) cOmpoBOXKAAETCS
n3Iy4deHneM (POTOHOB, YHEPTHS KOTOPBIX BO MHOTO pa3 HIKE SHEPTUU (POTOHOB PEHTTC€HOBCKOTO
JMarasoHa.

B coBpeMeHHBIX MMKpPOBOJHOBBIX I€4ax 4YacToTa wu3iyueHus paBHa 2,45 1T
CrenoBaTebHO, SHeprust GpoToHOB paBHa 1:10° 3B, KOTOpast COOTBETCTBYET YHEPTUHU TEIIOBBIX

Kosebanuii aToMOB. @OTOHEI TOr0 Auara3oHa MmorjIomarTCsa aTOMaMi Ha ITOBEPXHOCTHU METAJLJIA.
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OTO 03HAYAET, YTO B AKCIEPUMEHTAIILHOM HCCIIEJOBAaHUH, OTMCAHHOM BBILIE, HAOII0qaeTCs
COBEpIICHHO HWHOE (HU3NYECKOe SBIIEHUE, OOYCIOBJICHHOE H3Iy4yeHHEeM (POTOHOB, SHEPrus
KOTOPBIX AOCTAaTOYHA ISl pa3phbiBa CBSI3U OOJIBILIOTO YKCIa AaTOMHBIX CBSI3EH.

ITonnmanue IpUPOAHOr0 SABJICHUA IIO3BOJIACT HMCIOJB30BATH €ro AJjid NpCAOTBPALICHUA
KaTtacTpo(UUECKOTO pa3pylIeHUs] CTPYKTYPHBIX JIEMEHTOB COOPY>KEHUH U YCTPOICTB.

Mg sToro HEe0OX0IMMO:

MOHATh MEXaHU3M IPOLIECCOB (POPMUPOBAHUS FHEPTUU, UIITYUCHHE KOTOPOU JOCTATOYHO, YTOOBI
00pa3oBaTh AePEKTH, HE IOIMYCKAIOIINE JaTbHEUIIYIO SKCILTYaTalHIO YJIEMEHTA COOPYKEHHS UIIH
YCTPOMCTBA;

SKCIIEPUMEHTANIbHO HAMTU Te JIOKaJbHbIE OOJACTH, Ha3BaHHBIC JIOMEHAMH pa3pyIICHHUS, B
KOTOPBIX IPOUCXOAUT aKKYMYJISILIESI SHEPTUU;

OMNpCACINTh MNMOTCHUHUAJIBbHYIO OJHCPIrUr0, CKOPOCTb AKKYMYJIAIUMU OSHEPIrUHM MU CKOPOCTH €€
JTUCCUTIAIINY;

HaWTH Hepa3pyIIaIoIe METO/Ibl HETIPEPHIBHOTO KOHTPOJISL JOMEHA pa3pyIIeHuUs;

HAaWTH METOJbl CHUKEHHSI CKOPOCTH AaKKyMYJSIIUM SHEPTUM W TOBBIIICHUS CKOPOCTH €€

AuccuIianu € eCjiblo NpoJJIiCHUA BPEMCHU 0e30macHoOM OKCILTyaTaluu.

3.4. PeHTreHoBCcKOE M31y4eHre HeOeCHbIX 00bEKTOB U M-U3J1yYeHHe

OKCHEpUMEHT MOKa3aj, 4YTO MOTEpsl LEIOCTHOCTH TBEPAOTO Tejla W €ro paspylLlcHHE
00yCJIOBJIEHBI MOTJIOMIEHUEM (DOTOHOB, T. €. KBAHTAMH 3JIEKTPOMAarHUTHOIO U3JIy4Y€HHUsI aTOMOB, B
TOM YHCJI€ B PEHTT€HOBCKOM JIMaIla30He, 00YCIOBICHHBIM YUYaCTHEM UOHOE.

O6ocHOBaHME TAaKOTO BBIBOJIA BO3MOKHO TOJIBKO C TIO3ULIUM KBAHTOBOM MEXaHUKH, KPAaTKOE
U3JI0’KEHNE KOTOPOTO MPUBOIUTCS.

OO6pa3oBaHre MOJEKYJ, COeTMHEHUI U TBEPAOTO Teja U3 aTOMOB 00YCIIOBIIEHO XUMUYECKON
CBA3BIO MCXKIY HUMH, KOTOpas YCTAHABIIMBACTCA B PE3YJILTATC MPUTSIKCHUSA SJICKTPOHOB U AICP
aTOMOB M OTTAJIKUBAHUS 3JIEKTPOHOB OT JIEKTPOHOB U SAAEP APYT OT Apyra.

[lonoxxurenbHbI 3apsii  AApa, PaBHBIM YHMCIy MPOTOHOB, COOTBETCTBYET IOPSAKOBOMY
HOMEpY d7eMeHTa B Tabiuie MenaeneeBa. Yncio 37eKTPOHOB HEHTPAIBHOTO aTOMa PaBHO YHUCITY
IIPOTOHOB B SIPE.

PacnionoxeHue 3JIEKTPOHOB B 3JIEKTPOHHOM OO0OJOYKE — XapaKTepU3yeTcs YeThIPbMs
KBaHTOBBIMH YHCJIAMH B COOTBETCTBHH C JBYMsI MpaBUIaMU: 1) 3JIEKTPOHBI PACIIOIATAIOTCS B TOM

MOPSAZIKE, KOTOPHIM 00YCIIOBJIEH MUHUMYM 3HEPIHH; 2) KaX/Iblil 3JIEKTPOH B aTOME OTJINYAETCS OT
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JIPYTUX MO MEHBIIEH Mepe OAHUM KBAHTOBBIM YHMCIOM. MBI OrpaHUYMMCS IJIaBHBIM KBAHTOBBIM
YHCIIOM, KOTOpoe o0O3HadaeT mepuo] B Tabmuue MeHnaeneeBa, U OpOUTANIbHBIM, KOTOPOE
o0o3Havaer o6osouky. Ilepuon Ne 1 conmepxkut nBa snementa. [lepByro 000s10uKy 0003HAUaAIOT
6ykBoii S. Ha Heil MOxeT GbITh He OOIbIIE ABYX 31eKTPOHOB. TakuM 06pasoM, 1Ba anementa: 1 st
— Bozmopon, 1s? remmii. Ilepmom Ne 2 comepskuT BoceMb 37eMeHTOB oT Homepa tpu ( Li,
3JIeKTpoHHas cTpykTypa 1522 s') no Homepa 10 (Ne, snexktponnas crpykrypals?2s?2pf). Takum
o0pa3om, reiuii 1 HEOH UMEIOT MOJTHOCTHIO 3aII0JTHEHHBIE 000I0YKU. ATOMBI ATHX 3JI€MEHTOB HE
BCTYMAIOT B XUMHUYECKYIO PEAKIIUIO.

[Tepuon Ne 3 conmepxxut BoceMb 31eMeHTOB OoT HoMepa 11 (Na, snexkrpoHHass CTpyKTypa
[Ne]3s!) no Homepa 18 (Ar, anekTponHas cTpykrypa 1522522p°3s23p®).

Table 1
Electron Configuration

The ground state electron configurations of octavalent elements

Name Symbol cEclnii':rg?Jﬂration Name Symabol ciﬁgilion
Iron Fe [Ar]3%4s° Ruthenium Fu [Kr]4d" 55!
Cobalt Co [Ar]3d745° Rhodium Rh [Kr)dd® 551
Nickel  Ni [Af]3d84s2 Palladium Pd [Kr]4d' 550

Oco0blil uHTEpeC A7 Hac MPEICTaBIAIOT aTOMBI JKeJle3a, KoOanbTa U HUKEINs, pacloyoKEHHbIE B
nepuosie Ne 4, MakcuMalibHasi BaJICHTHOCTh KOTOPBIX paBHa §. MakCUMallbHYIO BaJ€HTHOCTH §
MMEIOT pOAUH, pyTEHUH U NaJUIaUH, pacloIoKeHHbIE B ieproe Ne 5.

DJNEeKTpOHHAsl CTPYKTypa aTOMOB JTHX JJIEMEHTOB TOKa3aHa B Tabnuie 1. XapakrtepHas
0COOCHHOCTh aTOMOB 3THX JJIEMEHTOB 3akitouaercs B Tom, uto y Fe, Co, Ni 4s moaypoBeHb
3aIl0JIHEH TOJIHOCTBIO, Tornaa kak 3d 3amonHeH jumib yactuuHo; y RU u Rh 4d 5s 3amosneHs!
YaCTHYHO; YPOBECHb 5S Maiaus He 3aMoJIHEH, TOrIa Kak 4d 3aroHeH MOJTHOCTHIO.

YeTrslpHaaiaTh 3JIEMEHTOB, NPUBEICHHBIC B TaOIuUIe 2, HA3BaHHBIC JAHTAHUIAMH, HMEIOT

BaJICHTHBIC 000JI0YKHU 3alI0JIHCHHBIC YACTUYIHO.
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Table 2
Electron Configuration

The ground state electron configurations of the lanthanides

Name symbol EZCE;Haﬁm Name Symbol f;?;atim
Certum Ce [Xe]4/ 54" 652 Terbium Tb [Xe]4f 652
Praseodymium  Pr [Xe]4f 65t Dvsprosium Dy [Xe]4A0 652
Neodymium Nd [Xe]4f* 652 Holmium Ho [Xe]4A! 652
Promethium Pm [Xe]4F 65 Erbum Er (Xe]d4/? 652
Samartutm Sm [Xe]4/ 65t Thulium Tm [Xe]4/? 652
Europium Eu [Xe]4f 6st Ytterbium Y¥b [Xe]4/* 652
Gadolinium Gd [Xel4f5d%s"  Lutetium Lu [Xeld/* 54! 652

XuMu4eckasi CBA3b MEXIy aroMaMu OOYCJIOBJIEHa OOMEHOM 3JIEKTPOHOB C 3THX
SHEpPreTU4ecKux ypoBHei. OHAKO 3JEKTPOH CIeyeT pacCMaTpUBATh HE TOJIBKO KaK YaCTHUILY, HE
HMEIIYI0 YeTKUX I'paHMll, HO U Kak BOJHY. KBaHTOBas XMMHUS HCHOJb3YyeT TEPMHUH OpOUTAIb.
Op6wuTans yacTo H300pakaeTcst Kak TpexMepHasi 00J1acTb, B KOTOPOH CyIIECTBYET 95-pouieHTHas
BEPOSITHOCTh OOHApY)KeHHUs1 3JeKTpoHa. YeTbipe Buaa opoOutaineit S, p, d u f ucmonszoBansl B
tabmunax. OpOTaiu MOryT MepeKpblBaThes. Takoe MEpeKphITHE HA3bIBAIOT TMOpHUIM3alMEH,
KOTOpast HabJII0AaeTcs yallle BCero /i S U P opOuTaei.

CBOIICTBO HEWTpaNBbHBIX aTOMOB NPUTATHBATH AIIEKTPOH M3 APYroro aroma Obuto Ha3BaHo JI.
[ToauHTOM 3IIEKTPOOTPHLATEILHOCTEI0. MakCUMalIbHOE 3HAYEHHUE AIIEKTPOOTpHIaTeaTbHoCTH 4,0
1o 1IKase, npemioxenHoi I[lomuHrom, y atoma gropa, Munnmansioe 0,7 y aTOMOB (paHIIHsL.

Nznydyenne ¢(oToHa MNPOMCXOTUT TOIZA, KOTJa OHJIEKTPOH BO3BpallaeTcs Ha TOT
SHEPreTUYECKUN YPOBEHb, C KOTOPOTO OH OBUI yIalieH B pe3ysibTaTe MOHU3AIMH. OJHEprHs,
HeoOXoauMasi Uil yAaJeHUs SJIEKTPOHOB, Ha3BaHHAs MOTCHIMAIIAMH WOHM3ALWHU, M3MEpeHa C
NpeJeIbHO BO3MOXKHOM TOYHOCTBIO, OCOOCHHO JUIsI TEX METaJUIOB, KOTOpPBIE MCHOJIB3YIOTCS JUIS
MOJTyYeHHS PEHTI€HOBCKHX JIydeH.

MakcumanbpHas SHeprusi (MakCUMallbHas YacTOTa W3JIYYEHHWs) JOCTHTAeTCsl TOT/a, KOornaa
2MEKTPOHBI yaansiores ¢ 1S opoutamu. [otennuman nonmsamuu nepsoro I1(1s) u BToporo 1(1s?)

QJICKTpOHA IJId IIATH 3JICMCHTOB IIPUBCICH B Ta6m/1ue 3.
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lonization Potential COmmkeHre aTOMOB HATPHUS U XJIOpA MPUBOAUT K

Table 3 aTOMHOM peakiuu ob6paszoBanus mouekyinsl Na*Cl, mpu
Element  I(I)eV K1) eV KOTOPOU BBIIEISAETCS SHEPTH, paBHas 4,26 3B.
Fe ga2% 0277.69
Co os441 1001212  Monekynst NaCl 6 Bone 00pasyroT pacTBOp, BBIIAPHBAHHUE
Ni 10288.8 101540  KOTOpPOTO  COMPOBOXKIACTCA  KpPHUCTALIM3AIMEH |
Cu 11062.38  11367.617

U3JIydeHUEM dHepruu, paBHoi 0,75 sB/monekyna.
PactBopeHnue cosin conpoBOXKAAETCS N-U3TyUYEHUEM, KaK 3To noka3zano Ha ®ur.28, kamp 4.
Takast sHeprus (OTOHOB HEJOCTATOYHA JUISI TOTO, YTOOBI MPOMTH CKBO3b KOHTEHHED.

[ToreHnan MOHM3ALMHU TEPBOTO U BTOPOTO DJEKTPOHA C 1S OpOUTamM dYeThIpex 3JEMEHTOB

MOKa3aHbl B Tabnuue 3. OTa sHeprusi HeI0CTaTOYHA, YTOOBI MPOUTHU CKBO3b MICHKY JABYTaBPOBOMH

6anku 101,6 MM, kak 310 mokazano Ha Fig. 14 (3), kaap 7. Takoit BBIBOI ClIeAyeT, €CIH YAap

CTUMYJHMPYET PEHTTEHOBCKOE u3NIyuyeHue. Mbl MOXXEM JOINYCTUTh, YTO B JaHHOM Cllydae

peanu3yercsi MHOTO()OTOHHOE TMOTJIOIIEHUE, 00YCIIOBIEHHOE HeMMHEHHOCThI0. Ho Takue ¢poToHbI

JIOJKHBI OBITH HANPaBJICHBI B OJJHOM HAIIPABJICHUH, TOT/Ia KaK U3JIyYeHHE XaOTUYHO.

['unoTe3a 00 y4acTuu MPOTOHOB B MOHU3AIMH aTOMOB MPEJCTABIACTCS MPEANOYTUTEIbHEH,
YUUTHIBAs YCIIEXU PEHTT€HOBCKOI aCTPOHOMUM.

VYcnexu peHTreHOBCKOM aCTPOHOMHH, HCCIEAYIOMEH KOCMHYECKHE OOBEKTHI 10 HX
PEHTTeHOBCKOMY H3Iy4eHHIo ¢ sHeprueit poronos ot 0,1 1o 100 k3B, cTanu BO3MOKHBIMU B CBSI3U
C OCBOEGHHEM KOCMHYECKOTO MPOCTPAHCTBA, H0O aTMocdepa 3eMiIn MOTrJIOIIaeT PeHTTeHOBCKHE
ayuu Ha BbicoTe 100-30 kM. MICTOYHUK PEHTT€HOBCKOTO U3JIy4eHHUsl ObLIT OOHAPYKEH B CO3BE3TUN
Cxoprona B 1962. O mpencrapiseT co00i HEUTPOHHYIO 3BE3]ly, MOIHOCTh PEHTTEHOBCKOTO
U3JIy4€HUs1 KOTOPOH, IPEBBIIIAET CYMMapHY0 MouIHOCTh n3nydenus Connua B 60000 pas.

Heiitponnas 3Be3na, Ha3BanHast CkoprinoH X 1, ©MeroIIast OrpOMHYIO Maccy, «BbICACHIBACT)
W3 COCEIHEH 3BEJIbl, Macca KOTOPOH MEHbIIIE, BEMIECTBO (B OCHOBHOM BOJOPO/, T€IUM, YIIIEpOI),
KOTOpoe ee 00pa3yloT. DTO siBJIeHWE Ha3BaHO akkpenueil. MoHbl, yCKOpEHHbIE NPUTSKEHUEM, C
OO0JBIION CKOPOCTBIO TOCTUTAIOT HEMTPOHHYIO 3BE3/Yy U BbI3bIBAIOT HHTEHCUBHOE PEHTI€HOBCKOE
U3IIyYEHHUE.

Hcnonb30BaHMe KOCMMHMYECKHX amapaToB IO3BOJWJIO HCCIEI0BAaTh PEHTIE€HOBCKOE
U3JTydeHUEe HE TOJIbKO 3B€3/ (MCTOYHMKOB PHEPTUU IPU BBHICOKOW TeMmIepaType,) HO U IJIaHET
CoHEYHOU CUCTEMBI, X CIYTHUKOB, KOMET M aCTEPOUI0B, TEMIIEpaTypa KOTOPHIX HE MPEBBIIIAET

10K (-263°C).
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Fig. 57

Wznyyenne peHTreHOBCKOTO ()OTOHA €CTh pe3yJIbTaT peKOMOMHAIIMY MOHA M JJIEKTPOHA, Y
KOTOPOTO AJIEKTPOH ObUI yAaJIeH U3 BHyTpeHHel opOuTanu. [loTeHnman nonusanuu 1S 31eKTpOHOB
MHOTOJICKTPOHHBIX aTOMOB HE 3aBUCHUT OT BIUSHHS JJPYTUX ATOMOB.

Fig. 57 mpuBemeHa s TOro, 4ToObI MOKAa3aTh, YTO HET MPUHIMITHAIBHOTO OTIHYHSI
¢dotorpaduii X-uznmyueHus, NOJyUYEHHBIX U3 HEOECHBIX OOBEKTOB, B OCOOEHHOCTH U3 IBUIEBOIO
o0jaka W JbJla KOMET, MPUBEIACHHBIX B paborax [3.4-3.9], or ¢oTorpaduii, mosydeHHBIX IpH
IKCIIEPUMEHTATBHOM HCCIICIOBAHUH, PE3YJIbTaThl KOTOPOTO MPUBEICHBI BBIIIIE.

Kaapel wutrocTpupyroT: 1)- ouH U3 pparMeHTOB M-U3JTyUeHHs JHA 3aJIMBa, IIOKa3aHHBIX Ha
Fig. 39 (4); 2)-pentrenoBckoe uznydenue ranersl Ilnyron [Pluto: A dwarf planet in the outer
regions of the Solar System.(Credit: X-ray: NASA/CXC/JHUAPL/R.McNutt et al; Optical:
NASA/JHUAPL)]; 3) - m-usnyueHue u3 CTaibHOU Oaiku, 3a)MKCUpOBaAHHOE Ha (DOTOILICHKE,
pacmosIoKeHHON Ha MOBEPXHOCTH XZ B Hampasienuu ocu Y (Fig. 12 (Spiral)), Bei3BanHOE yaapom
[0 BEpXHEH MOBEPXHOCTH XY B HAIMpPaBJICHUH OCH Z; 4)-m-u3inydeHue 3a(UKCHPOBAHHOE IMPU
wiaBnennn Jbaa (Fig.29 (2)); 5)- n-usnydeHue u3 BObI, BEI3BAHHOE YAapOM IaIaf0IIero Teja mo
ropusonTanHoi mosepxHocTH (Fig. 19); 6)- n- u3aydeHune u3 TOW K€ CTAIbHOW OajKw,
3a()MKCHPOBaHHOE OJHOBPEMEHO C KaJapoM 3, HO Ha ApYroil (OTOIUICHKE, paclojoKEeHHOH Ha

HWkHel mosepxHocTH Xy (Fig. 12).
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Tpu xonTeitHepa ¢ QoTtorekold ObLIM pa3MenieHbl Ha acdanbre BOJM3M J0Ma IS

nccaeaoBaHus M-u3nydeHus u3 3emun u/unu Connna. Bpems skcno3unuu 72 yaca. MexaHndeckoe

BO3JIEUCTBE UCKIFOYAJIOCE.

Fig. 58 (1)

Fig. 58 (1) wuiroctpupyeT m-usiydeHue, 3aQUKCUpOBaHHOE Ha  (OTOIICHKE,
PacToIOKEHHOW B TEHH, HAa IIOBEPXHOCTH KOTOPOH OBLT pa3MeInieH OaJIoH ¢ MeTaHOM. J[Hu ObLTH
COJTHEYHBIMH. VHTEHCHBHOCTh W3JIy4e€HHUS TO3BOJHMIA HE MEHATh KOHTPACTHOCTh M IIBET
¢orocHUMKOB. CHHMOK, pa3MEIICHHBIH B JIEBOM BEpXHEM YIJy, IMOJyYeH, KOrja IIJIeHKa
ocTaBaJlaCch B MeTaJLIMuecKoi kaccere. CBerslvecs 4YepPTOYKH, MOJOOHBIE TEM, KOTOpbIE
HaOJIOAANCh B METaJUIe TIPH JieOpMallii, BUIAHBI Ha TISITH Kaipax. SIpKast BCIIBIIIKA, TOKa3aHHAS

Ha OJIHOM M3 KaJIpOB, HE HA0JIF0/1a1ach paHee.
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Fig. 58 (2)

Fig. 58 (2) wumroctpupyer m-u3iydeHue, 3aQUKCUPOBAHHOE Ha  (OTOIUICHKE,
pacroio’keHHOH Ha acganbTe 10J] KaMHEM, Ha TOBEPXHOCTH KOTOPOro Ha paccTtosHuu 30 cM ObL1
pasmenieH TpeThbHil KoHTeiHep. J{Hu Obumn macMypHbIMH. OMHAXIBl OBUT JOXKIb, HO IMPSIMOE
MoTaJiaHie BOJBI Ha KOHTEHHEPHI HCKIIOYanoch. Portorpadmu WLTIOCTPUPYIOT YacTh Kajpa,
JEMOCTPHUPYIOIYI0 Hanbosee xapakTepHble 0ObeKTHI. [IOBBIIIEHHE KOHTPACTHOCTHU IMPUBEJO K
M3MEHEHHMIO 1[BETA.

[Ipomry oOpaTuTh BHUMaHUE Ha KAPHI 1 -4, WICHTHYHBIE KaJpaM, KOTOPbIE HILTFOCTPHPYIOTCS
Ha BceX ApYyrux ¢ororpadusx, Koraa Ha MOBEPXHOCTH KOHTEHepa MPUCYTCTBET BoAa. Kaapsl 6 u 7

XapPaKTCPHBI JIA U3JTYYCHUA MCTAJIJIOB.
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Fig. 88Q3)
Fig. 58 (3) wuiroctpupyer m-u3nydeHue, 3aQUKCHPOBaHHOE Ha  (OTOIJICHKE,
pacrnoioxkeHHO# Ha paccTosiHud 30 CM OT TOBEPXHOCTH 3€MJTH, HO CBSI3AHHOM C HEl Yepe3 KaMEHb.
I{BeT KaapoB M3MEHEH NP YBETUICHUH KOHTpacTa. OcoObIil MHTEpec mpeacTaBiseT Gororpadus,

MoKa3aHHas Ha kajpe 11.
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Fig. 59

Fig. 59, kaap 1 nemonctpupyer dhororpaduro, XapaKTepU3yIOIIyIO H3IydeHne 3emiu (Kaap
1), noay4ennyro ¢ momoiuisio Teseckora Chandra HRC-1 [3.9] Bokpyr ceBepHOTIo moJiroca. ABTOPBI
oTMevaroT m3MeHeHus dHepruu (oronoB or 0.1 go 100 x3B. Bceruieckm HMHTEHCHBHOCTH
HaOII01aTNCh B OT/IETBHBIX peruoHax. Her coMHeHus B TOM, UTO MpUpoJa BCIUIecKa, TOKa3aHHOTO
Ha KaJipe 2, U ero MEeXaHU3M HJIEHTHYEH (POPMHUPOBAHUIO M3ITYUYEHUS, KOTOpOE (HPUKCHPOBAIOCH
TeneckonoM. OCoOeHHO 8adCHO OmMemumyv, 4YMmoO OHO HANPABIEHO C B0CMOKA HA 3anad
NneHTHuHOCTh TIPHPOABI M MEXaHW3Ma HW3IyYeHUs, MMOKA3aHHOTO Ha Kajapax 3 U 6 ToXe He
BBI3bIBACT COMHEHHS, HO KaAp 3 oOycioBieH nedopmainueid Meraiia, TOrja Kak H3IyueHHe,
3aUKCHPOBaHHOE Ha Kajpe 6, 00yCIOBICHO aTOMHBIMH IpolieccaMu B 3emie u/unu Ha CoHIIe.

®dororpadus (kaap 4) mMorydeHa pH yaape Mo MeTauly, Torjaa kKak ¢gororpadus (xkaap S5)
nmojiydeHa mpu u3nydeHun w3 3emud w/wim Comana. MaeHTWYHOCTh (UTYp HE BBI3BIBACT
COMHEHHUS, HO KaXKJ[asi U3 HUX MpeACTaBIseT co00il 3epkaibHOe oTpakeHue Apyroi. Takoit apdekt
HaOII0/1aeTCs B HEKOTOPBIX KPUCTAIaX U MOJIEKYJIaX.

JleTanbHbIl aHaIN3 PEHTIEHOBCKOTO M3JIyYEHHS HEOECHBIX OOBEKTOB BBIXOIUT 32 PaMKH
JAHHOT'O HUCCIIeI0OBaHMs, HO HE0OXOIUMBI LIeJICHApaBIeHHbIE NCCIIEIOBaHM, YTOObI OTBETUTH Ha
T€ BOMPOCHI, KOTOPHIE BO3HHUKAIOT C HKCIOJIIb30BAHHWEM SIBJIICHUS, HA3BAHHOTO I-U3JIyYCHUEM.
WNnentnunocts Gororpaduii He BHI3BIBAET COMHEHUN, HECMOTpPSI Ha TO, YTO pa3Mephl 00IacTei,

M3ITy4YaloluX SHEPTUIO, OTIMYAIOTCA B MUJUIMAP/IBI pas.
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BriBos.
Pe3zynomamuor sxcnepumenma, nosgonsom coeiams 6bl8600 O MOM, YMO U3nyueHue QOomoHo8
PEHM2EeHO8CK020 OUANA30HA NPU  OMCYMCMBUU HANPANCEHUS, VCKOPAIOWEe20 IJeKMPOHbI,
00VCN061IeHO  8030YJICOCHUEM AMOMO8 NPOMOHAMU, KOMOpvle npeddcoe Opysux amomos
npespawjaromcs 8 amomHoe s0po.

DT0 MO3BOJISIET HCCIIEA0BATH MPOIIECCHI AIEKTPOMATHUTHOTO H3TYYCHHSI HEOSCHBIX 00BEKTOB
B PEHTTCHOBCKOM 00JIaCTH, MOJICIUPYsI UX Ha 3eMiie TT0I00HO TOMY, KaK 3TO moka3ano Ha Fig.31
a u Fig. 31b. OmeHKy Moyie3HOCTH MCIOJIb30BaHMs TAKOTO METO/Ia JOJIKHBI PellaTh TE, KOTO 3TO

HHTCPCCYCT.

3.5. [IpeBpaieHne MeXaHMY€eCKOI IHEPTHH B YIeKTPOMATHUTHYIO

[TpoBeneHHBIN SKCHEPUMEHT MOATBEPAUI TUIIOTE3y O TOM, YTO HCTOYHHUKOM 3HEpIuH,
U3y4eHHE KOTOPOH BEJIET K pa3pbIBY CBSA3H, SBJSIOTCS IPYMIBI ATOMOB, aKKyMYJISILIAS SHEPTUN Y
KOTOPBIX 00YCIIOBJIEHA MEPEX0J0M aTOMOB Ha 0oJiee BBICOKHE METAaCTaOMIIbHBIC YHEPTETHUECKUE
YPOBHH, B TOM 4YMCJIE C YPOBHEH, pacHoJIO)KEHHbIX HUXKE BAJEHTHOH 30HBI. Takue mnepexojibl
peanu3yroTcs TOJIBKO TOra, KOI/la aToM MOINIOTUI (POTOH, SHEPrusi KOTOPOro JOCTATOYHA JUIs
3T0oro. HeBo3MOXXHO ynainuTh aToMmbl APYr OT Jpyra B MOJEKyJe WM TBEPIOM Tele, 4TOOBI
pa3opBaTh CBSA3b, C MOMOIIbI0 MEXaHUYECKUX CHJI, OO HET TOUKH MPHIIOKEHUS. DTy ONEPALNIO
BBIIIOJHSIOT  (DOTOHBI-KBAHTHl ~ 3JIEKTPOMAarHUTHOIO  TIOJISL. CrnenoBaTenbHO, MEXaHU3M
TpaHchopMalMl MEXaHHMYECKOTo BO3JEHCTBUS B 3JIEKTPOMAarHUTHOE M 3JIEKTPOMArHUTHOIO B
MEXaHUYECKOe peayinzyercs MocTossHHO. JIro0as Teopus pa3pylleHus JOKHA YYUTHIBATh 3TOT
(akT, HO HE UITHOPUPOBATH €TO.

CaMbIM HariasAHBIM MPUMEPOM MOXKET CIYXHUTh PEaKIMsl BOCCTAHOBJIEHHUS OpOMMCTOTO

cepebpa Ag+BI’7 +hv > AgJr + BI’O +e

3apoxkaeHue Takux (OTOHOB OOYyCIIOBIEHO MeXxaHW4yeckuM Bo3zeiicTBueM. Ilepexon
MEXaHUYECKOM SHEpruM B AIIEKTPUUYECKYIO OBUT BIEpBBIE MpojaeMOHCTpupoBaH PapageeM npu
JNBUWKEHMM Mar"Hura B Karylike. V3MeHsromieecs MarHMTHOE IOJIE CO3AANI0 HM3MEHSIoLIeecs

anekTpuyeckoe mosie. MakcBemn ¢GopMynHpyeT THIOTE€3Y O TOM, YTO H3MEHsIoIIeecs

SJICKTPHUYICCKOC MOJIE CO3AACT B IPOBOJHUKE U AUIJICKTPUKE U3MECHAIOIICCCSA MAarHUTHOC IIOJIC.
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JIBa 3THX MOJISI pacpOCTPAHSIOTCS B MPOCTPAHCTBE B BUIE JIEKTPOMArHUTHOW BOJHBI CO
CKOPOCTBIO CBeTa. JTa TUIOTe3a Oblia MOATBEPXkACHA SKCICPUMEHTAIBHO M CTaja OCHOBOM
KJIACCUYECKOM 3JIEKTPOIMHAMUKHU.

KBanTOBas MexaHWKa MO3BOJISIET O0BICHUTH MEXaHU3M BO30YKICHHS IT-(DOTOHOB B TBEPIOM
TeJie, HO MPH 3TOM HEOOXOJUMO MOMHUTH O TOM, YTO 3aKOHBI KJIIACCUYECKOW MEXaHHMKHU HEIb3sI
MIPUMEHSTh K aToMaM, K00 B HAHOMUPE JIEHCTBYIOT Apyrue pU3nYecKue 3aKOHbI.

OCHOBY KBAaHTOBOW MEXaHUKH COCTaBISIET SKCIIEPUMEHTAJIbHO YCTAHOBJICHHBIN (hakT, 4TO
3JIEKTPOMArHUTHBIEC BOJHBI OJHOBPEMEHHO SIBJIIOTCS YaCTUIIAMHU, 00J1a/Ial0Ile MacCoi, HO OHU
CYIIECTBYIOT TOJIBKO MPH ABMKEHUU. Takas yactuiia, Ha3BaHHasE (POTOHOM, POXKIIAETCS B aTOME
IIpH Tepexo/ie JIEKTPOHOB C OJHOT0 SHEPreTUUECKOro ypoBHs Ha Apyroil. Ho ¢poToHoB B atomax
HeT.

DKCTepUMEHTAIbHBIE (DAaKThl CBUICTEIHCTBYIOT O TOM, YTO 3JIEKTPOHBI, MOHBI U JPYTHE

YaCTHIIbI, MacCa IMOKOSA KOTOPBIX OTJIMYHA OT HYJIA, HPOSABIIAIOT BOJIHOBBIC CBOﬁCTBa, TO €CTb

. h
uHTepPepupyroT. JITMHY BOTHBI YaCTUI] MOKHO pacCUMTaTh 1Mo Gopmyie ne bpoiis A = —, tae
mv

h-noctosinnas [Tnanka, M-macca 4acTHUIBI, V- €€ CKOPOCTh. DTa TUIOTEe3a ObLIa MOATBEPIKICHA
SKCIEPUMEHTAIbHO M COCTaBIIIET OCHOBY CO3/IaHMSI JJIGKTPOHHBIX W ATOMHBIX CHJIOBBIX
MHKPOCKOIIOB, HEUTPOHOTpaduH.

ATOMBI B MOJIEKYJIaX U TBEPBIX TeIaX MPUTATUBAIOTCS U OTTAIKUBAIOTCS, HO npuUpooa Cu
anekmpomazhumuas. I'paBUTallMOHHOE MPUTsDKEeHKE Ha 40 MopsaKkoB ciadee 2JIeKTPOMarHuTHOTO,
UM MO’KHO NpeHeOpeyb.

CBs3p MEXJy aroMamMH YCTaHaBJIMBAeTCS B pe3ylbTaTe OOMEHa aTOMOB (OTOHAMHU H
3JIEKTPOHAMMU.

Paspuvie ceazu meocdy amomamu ecmuv pe3yibmam amoMHOU peaxyuu, 00YCI061eHHOU
9NeKMPOH-()OMOHHBIM 0OMEHOM. DMU peakyuu MO*CHO ONUCAMb MOJIbKO MEeMoOamu K8AHMOBOU
mexanuku. Ho o3nuxaem 6onpoc: Kakum 00pazom mexanuueckue Cuivbl pa3pobléaron Cés13b Mexicoy
amomamu?

Omeem  00un-  Mexanuyeckas  JSHepeusi  OQ0JJHCHA  Mpauncgopmuposamscsi 6
INEKMPOMALUMHYIO.

Jlpyeoeo nymu 6 npupooe nem.

Ho menepv smom nymwv yKazaH 3aKOHOM paspyuieHusi, HOAb3YSACb KOMOPbIM pPACKPbIM

MEXAHUIM nomepu yejloCmuocmu U pa3pyuerus meepdoeo mena.
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Msbl paccMOTpUM BHavajge Te (U3NYECKHE IPOLECChl, Ojaronapss KOTOPbIM JHEprus
MeXaHU4ecKo aedopmanuu mpeodpasyercs B 3JEKTPOMArHUTHOE U3ITyUYEHHUE.

OO6nako cBOOOAHBIX 3JIEKTPOHOB, TOJIIMHOM 10 2 HM, 00pa3yercsi HaJ MOBEPXHOCTBHIO
TBEPJOTO TeJla WM €ro 4acTix, HalpuMep, Haj IOBEPXHOChIO 3epeH. IlmoTtHocTh oOmaka
o0ycioBieHa paboToi BBIXOa 3JIEKTPOHOB U3 TBEPJOTO Tenia U Temreparypoil. CyiiecTBoBaHHE
Takoro oOjaka MOATBEPXKAEHO HSKCIEepUMEHTalIbHO. OHO HCIOJIB30BAHO B BaKyyMHBIX
(dboTodIeMEeHTax ¥ TBEPAOTENBHBIX (GoTomuonax. 3akoHbl (oTod(dekTa, yCTaHOBJICHHBIC
IKCIIEPUMEHTAIBLHO, OBLIH 0OBSICHEHBI DUHINTEHHOM Ha OCHOBE KBAHTOBOW MPHUPOJIBI CBETA.

KoHTakT Mexmy IByMs TelaMHd HAYMHAETCSI B MOMEHT B3aMMOJACWUCTBHUS IBYX OOJIAKOB.
Kaxnoe 0651ak0 y1epKHBAETCs NOJOKHUTEIbHBIM 3apsIJIOM TOT'O TeJla, U3 KOTOPOro ObLIN U3y YEHBI
JJIEKTPOHBI.

Hampumep, B TBepAOM Tele OAUH 3JIEKTPOH MEPEIIEN OT 3€pHa, PACIIOIIOKEHHOTO BBEPXY, K
3€pHY, PACIIOJIOKEHHOMY BHHU3Y. DTO NPUBEIO K TOMY, YTO 3apsii HUKHETO 3€pHa IOHU3UIICS,
TOrJa Kak 3apsiji BEPXHEro 3epHa IMOBBICUJICS M BO3HUKJIA KOHTAaKTHAas Pa3sHOCTh IMOTEHLHUAJIOB.
CoBur BepxHEro 3€pHa IO OTHOLIEHUIO K HIDKHEMY CONPOBOXKIAETCS H3JIyYEHHUEM
AEKTPOMAarHUTHBIX BOJIH, KOTOpO€ OOYyCIIOBIEHO HM3MEHEHHEM 3JIEKTPUUECKOIo  IOJ,
BBI3bIBAIOIIEE N3MEHEHNE MAarHUTHOT'O MOJIS.

JIBa u3MeHstroIuecs nojst 00pa3yroT IEKTPOMArHUTHYIO BOJIHY, KOTOpasi paclipoCTpaHsieTcs
B 3a30p€ MEXJly 3epHaMH, 00pa3yoNuil BOJHOBOJ M YaCTUYHO MPOHUKAeET B 3epHO. [lornomenue
(OTOHOB aTOMaMH 3€pEH COMPOBOXKAAETCS MOBBILIEHUEM TEMIIEPATYPHI U TIOMUHECHEHIUEH.

Pasymeercsi, yTo 3Ta MexaHMuYeckas MOJE€Jb, NMPUBEACHHAS Ul OMNMCAHUS MeEXaHHW3Ma
(bopMHUpOBaHUS PHEPTUH, U3ITyUEHHE KOTOPOH MPUBOJUT K pa3pylICHUIO, HE OTPaXKaeT MPOIECCHI,
00yCJIOBJIEHHbIE B3aUMOJICHCTBHEM 3JIEKTPOHOB M (poToHOB. HO Kax bl pa3, Korjaa Mbl I1aaum
KOIIKY PYKOH M CO3Ja€M HCKPY, MbI HE 33JyMbIBAEMCSl O TOM, KaKO! pa3pylIUTEIbHON dHEPrUei
OHa o0J1afaer.

Hckpa B 1 MM B cyXOM BO3AyXe NPOUCXOAUT IpU pazHocTU noreHuuanos 300-450 BoibT.
Kunernueckass sHeprus aroma ajllOMHHHS IIpU TeMmIeparype IuasieHus coctasisger 0,04
JJIEKTPOH-BOJIBT Ha aToM, 4TO B 7-10 ThICAY pa3 MeHbLIE 3JEKTPOMAarHUTHOW SHEPTHHU B 3TOM
IIPOCTOM CJIy4ae.

Mouekynasl BOASHOIO Tapa IOJHUMAIOTCA C IIOBEPXHOCTH HarpeTod 3emuu. Ilapel
OXJIQXKIAIOIIEHCsT BOABI KOHAEGHCUPYIOTCS M OOpa3yloT KalUIM BOJBI. 3aMep3Ilne Kariu BOJbI

MpEeBpaIIaeTCsi B KPUCTAIUIBI JIba. Y Aap ABYX HEOOIBIITNX KPUCTAIIIOB JIbJIa PUBOIUT K TOMY, UTO
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YacTh 3JIEKTPOHOB MEPEXOAUT OT OJHOIO M3 HUX K Jpyromy. Kpucrami, KoTopslii motepsin
JIEKTPOHBI, 3apsKEH MOJIOKUTENBHO, a IPYTOil KpUCTAIUT 3apsKeH OTPULATEIbHO.

[Toroku BO3/yXa YHOCAT B BEPXHIOIO 4acTh OOJIaKa KPUCTAJUIbI, UMEIOIINE MUHUMAJIbHYIO
IUIOTHOCTh M MMHHMMAJIBHYIO Maccy.

Pa3zHocTh MOTEHLMANIOB MEXIy oOslakaMy MM 001akoM M 3eMiled JOCTHraeT MUJUIHOHBI
BOJIBT. BO3/1yX B KaKOM-TO KaHaJle OKa3bIBAETCS] CUJIbHO 3JIEKTPU30BAHHBIM, UMEIOIUM BBICOKYIO
IIPOBOJIUMOCTh, B KOTOPOM HauMHaeTCsl peKoMOMHanus. Takum o0pa3oM, JBH)KEHUE KPUCTAIIIOB
apaa  (MEXaHMYeCKass SHEepPrus) CO3MaeT AJICKTPOMArHuTHbIE BOJHBI ((oTOHBI). DOTOHHI,
MOTJIOIIEHHBIE aTOMaMHU, HOHU3UPYIOT BO3AYX MEXAY oOsiakaMu, 0Opa3zyeT MpOBOISIINN KaHaJ,
yepe3 KOTOpBI MPOUCXOAUT pa3psil OFPOMHOM MOIIHOCTH, CO3JArOIIMN 00JacTH BBICOKOTO
JaBJIeHUs] BO3/AyXa M aKyCTMYECKHE BOJHBI (IPEMHUT TpOM). ODJIEKTPOMArHUTHAs SHEPrus
TpaHCc(HOPMHUPOBAIACH B MEXAHUYECKYIO.

H. Tecna nokasai, 4ro 0OpazoBaHHE I'PO30BBIX 00JIAKOB IPOUCXOIUT B PE3yJIbTATE CTOAYMX
JIEKTPOMArHuTHBIX BOJH. OOpa3oBaHMEe HU3KOYACTOTHBIX CTOSYMX 3JIEKTPOMArHUTHBIX BOJIH B
atMocdepe 3emiin HasbiBaeTcsl pe3oHaHcoM lllymana. DkcrepyMMEHTalbHO YCTAHOBJIEHO, YTO
MOJIHMH BO3HHKAIOT 32 IpeieIaMu aTMOC(EPBI 3¢MIIH, 1€ HET KPUCTAILIOB JibJa. Ce10BaTeNbHO,
MeXaHU3M (OPMHUPOBAHUS TAKUX MOJHHHA OTIMYAETCS OT MEXaHW3Ma (OPMUPOBAHHS MOJIHUH B
aTMocdepe, HO IIPUPOJIa OCTAETCS MPEKHEH.

E1e ogHa pa3HOBUAHOCTH MOJIHAHM CO3/1aHa B ITprpoe. OHa Ha3bIBaETCs LIapOBOW MOJIHUEH.
OTOT (QEeHOMEH JEeMOHCTPUPYET BO3MOXHOCTh CYIIECTBOBAHMS JOJITOKHUBYIIEH JIOKaIbHON
ra3000pa3HoOi 00J1aCTH, B KOTOPOI aKKyMYJIMPOBaHa IEKTPOMAarHUTHAs SHEPIUs.

Bo3nukHOBeHUE, pa3BUTHE U ATUTEIHHOE CYLIIECTBOBaHHE 00J1aCTH, OTEHIMAIbHAS SHEPT U
KOTOpOM BBIIIE MUHHMYyMa, BO3MOKHO TOJIBKO B TOM Cllydae, KOI/la BpPEeMsl )KM3HU KOJUIEKTHBA
MIPEBOCXOIUT BpeMsl JKU3HU MHAMBHAA. POpMHUpOBaHHE TaJaKTUK U3 3BE3]l, )KUIKOCTH, TBEPJOTO

TEJIa U3 aTOMOB 1 )KMBBIX OPTaHU3MOB M3 MOJICKYJI O6y0J’IOBJ'IeHO 9THUM IIPUPOJHBIM ABJICHHUEM.

3.5.1. Mexanu3m paspylieHHs TBEPAOI0 TeJa

I1. JI. Kanuna B nekiuun «Mou BociomMuHaHus o Pezepdopae» ormeuaet: “OCHOBHOM MyTh,
0 KOTOPOMY Da3BHUBAIOTCA €CTECTBEHHBIE HAyKH, 3aKJIIO4aeTcsi B TOM, YTO IIpH
9KCIIEPUMEHTAILHOM U3YUYEHHUH SIBJICHUN TPUPOABI Mbl HEIIPEPBIBHO MPOBEPSEM, COIIACYIOTCS JIU
Hallli HAOJIOZICHUS C HAIlUMHU TEOPETUYECKHMHU IPEICTaBICHUSIMHU. [IBIKEHHE BIepe/ HaIIero

MMO3HaHWA TMPUPOABI IMPOUCXOAUT TOIrJa, KOrga MEXay Teopneﬁ 1 OIIBITOM BO3HHUKAIOT
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IPOTUBOPEUHs. DTU MPOTUBOPEUHUs AAIOT KU K Oosiee MUPOKOMY MOHUMAHUIO IPUPOIbI, OHU
3aCTaBJIAIOT HAc pa3BUBAaTh Hally Teopuro. YeM KpylHee OSTH IPOTUBOPEUMs, TeM
(GyHIaMEeHTaJbHEe IepecTpoiKa TeX 3aKOHOB, KOTOPBIMH Mbl OOBSCHAEM IPOLECCHI,
IIPOUCXOJSIINE B MPUPOAE, U HA OCHOBAHUU KOTOPBIX Mbl MCIOJB3YEM IPHUPOIY JJs HAIIEro
KyJIbTYPHOI'O pa3BUTHUSA.”

OT0 NPOTUBOPEUHE MEXKAY TEOPUEH pa3pyLICHUs U SKCIEPUMEHTOM COXPaHSAETCS U CErO/IH .

OKCIIepUMEHT MOKa3bIBAET, YTO YCTPAHUTh 3TO NPOTUBOPEYHE BO3ZMOXKHO TOJIBKO Ha OCHOBE
IIOHMMAaHUs T€X MPHUPOAHBIX SBIEHUI, B pPE3YyJbTaTe KOTOPBIX IPOUCXOAMUT IPEBpALICHUE
MEXaHUYECKOW 3Hepruu AeGopManuu B SJICKTPOMArHUTHYIO M 3JIEKTPOMArHUTHOM SHEPrUU B
MEXaHUYECKYIO SHEPTHIO pa3pylIeHus.

AHau3 SKCIEpUMEHTAIbHBIX (PAKTOB IMO3BOJIIET CJlieNaTh BBIBOJ O BaXXHOH pOJIH
AJIEKTPOHHOTO O0JIaKa HaJl TOBEPXHOCTBIO TBEpAOTO Tena. [Iumpoanexkrpuueckuit 3¢ dexr onucan
TPUCTA JIET A0 Halled 3pbl, KOHTAKTpas Pa3HOCTh MOTEHIMAJIOB NPU KOHTAKTE TBEPIBIX TEJ
oTkpsITa A. BosibTa B Havasne 19 cTonerus, Nbe303JeKTPUIEeCKUi U POTO3NEKTpUUEcKUui 3 (HeKThI
ObUIN OTKPBIT BO BTOpOH nojioBUHE 19 cTonerus. YenoBek NO3HAKOMUIICS C 3JIEKTpU3aLel TpeHUEM
U BbICEKAJI UCKPY yJapOM XKeJle3a 0 KPEMEHb 3@ HECKOJIbKO THICSYENIETHH 10 HOBOM 3pBbl.

b. ®paHKkinH noka3ai, YTO UCKPhl, BOZHUKAIOIIKE IIPU pa3psiie 3apsyKEHHBIX Tell, 1 MOJIHUU
B 00J1aKax UMeeT OOLIyI0 IPUPOTY, U H300pesl TPOMOOTBO/I.

DKcIepuMEeHT TMOKa3ajl, uTo M- U3IydeHue HabmaroaaeTcs npu aedopmanuu 1 u3 GpparMeHoB
1ocJie pa3pyuieHusi, TOATBEPIUB MEXaHU3M (POPMUPOBAHUS MCTOUYHMKA HEPTUU HA OCHOBAHHUU
CHEAYIOIINX PACCyKACHUM.

JIBa TBepABIX TUAIIEKTPUKA, HAJ MOBEPXHOCTHIO KOTOPHIX HAXOAATCA 00JlaKa 3JIEKTPOHOB,
COMMIKAIOTCSL HA pacCTOsSHHME 2 HaHOMeTpa. MexIy TelaMH BO3HMKAeT KOHTAaKTHAs Pa3HOCTb
noTteHuuanos. CMelleHre 0JJHOro Teja 10 OTHOIIEHHUIO K IPYTOMY CONPOBOXAAETCS N3MEHEHUEM
ANEKTpUYECKOro noJisi. I3sMeHeHstoeecs 3JeKTPUUECKOe M0JI€ BbI3bIBAET U3MEHEHHE MAarHUTHOTO
I0JI, KOTOPOE B CBOIO OYEPENb BBI3BIBAET U3MEHEHUE DJIEKTPUYECKOro noisisd. Tak poxmaercs
AJIEKTPOMarHuTHas BOJIHA. Ecu B pe3yibpTaTe CMEIIEHUS Tella Pa3felsiioTCsl, TO OHU OKa3bIBAIOTCS
3apsokeHHbIMU. Ecnu mocne paszneneHust Tena cOMU3UTH, TO MEXIYy HUMHU 00pasyeTcs UCKpa-
MaJsieHbKasi MOJIHUSL. Buarmoe usnnydenne o0ycaoBIEHO TEM, UTO AJIEKTPOHBI, IPoJIeTas B BO3AYXeE,
MOHU3UPYIOT MOJIEKYJIBl Ta30B. Wonbl, 3apsykeHHBIE TIOJOKUTEIBHO, W  DJIEKTPOHBI
PEKOMOMHMPYIOT, BBI3BbIBAS CBEUEHHUE. OJIEKTPOHBI, KOTOpPbIE JIOCTUTAIOT MOJOXKHUTEIHHO

3apsOKEHHOE TEJO, TOKE BBI3BIBAIOT CBEUEHUE. JTO SBJICHUE HA3BIBAIOT TPUOOIFOMUHECIICHITUEH.
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Hckpbl, oOpasyromuecss B pe3yjbTaTe TPEHHUs CTalId O KPEMEHb, MPEICTaBISAIOT COOOH
yacTullpl Metaia. OHU ObUIH MEPBBIM 0OBEKTOM, KOTOPBIH OBbLI HCCIEI0BAH MHOM, KaK MOKa3aHO
Ha puc.l. Mckpbl He pacIUIaBsUIM TOHKYIO IOJMMEPHYIO IUIEHKY, HE 3aKUIajM Iapbl CIUpTa,
OCH3MHA W METaHa, €ClId METaJI He HarpeBajcs TPEHHEM JI0 KPacHOTro IBeTa. JTOT (akT Obul
M3BECTCH B 19 BEKe M HCIIOJB30BAIICS MIAXTEpPaMH JJisi OCBEIICHHUS, Mpexae 4eM J[IBu n3o0pen
JamIly, Ha3BaHHYI0 ero uMeHeM. OH onmcaH B nepBoil jekuuu dapajest 0 XUMUUECKOH UCTOpUHN
CBEUH.

Orta nexkuus M. @apazest HaunHaeTcs ¢ npenynpexaeHus: «llpexae yem HauaTh U3I0KEHHUE
IIpeIMETa, M03BOJIBTE MHE CKa3aTh CJAEAYIOLIEE: XOTS Hall IPEAMET U TaK BEIMK, U Mbl HAMEPEHBI
OTHOCUTBCSI K HEMY YECTHO, CEPbEe3HO U (PUIOCO(CKHU, BCE K€ 51 XOUy OTOWTH OT BCEX TeX, KTO
cpeau Hac crapmue. Sl NpeTeHayl0 Ha HPUBMUIIETHI0 TOBOPUTh C MOJIOABIMM, CuuTas cels
MmoutoabiM». Crrycrs 80 net, M. [1nank noykeH npusHaTh, uTo: «HayuHas npaBsia He TOP>KECTBYET,
yOex1asi CBOMX MPOTHBHUKOB U 3aCTaBJISISI KX BHJIETh CBET, & CKOpPEE MOTOMY, UYTO €r0 ONTIOHEHTHI
B KOHEYHOM CUETE YMHUPAIOT, U HOBOE [TOKOJIEHUE BBIPACTAET, 3HAKOMSICh C HUM.

XK. b. Jlamapk nucan: «Kak He BeJMKH OBbUIM TPYAHOCTU C OTKPBITHEM HOBBIX UCTHH IIpU
W3Y4YEHUHU MIPUPOJIbI, elle OOJIbIINE TPYIHOCTU CTOSAT HA IIYTU UX MPU3HAHUAY.

OTH mUTaTHl BEIMKUX YUYEHBIX XapaKTEpU3YIOT pOJb YEIOBEYeCKOoro (akropa B Hayke,
THICAYEIICTHSISI HICTOPUS PA3BUTUS KOTOPOH MOKA3bIBAET, YTO TEXHUUYECKUI mporpecc o0ycIoBIIeH
HCIOJIb30BAHNEM HOBBIX OTKpbITUI. HayuHbIi paOOTHHK, CKPBIBAIOIIUI 3T OTKPBITHS, COBEPIIIAET
MpECTYIUIEHHUE Nepe]] OPACTAIOLIUM TOKOJICHUEM.

[IpectymuieHns CTaHOBSTCS OCOOEHHO TAKKHUMU, KOT'J1a IBITAI0TCS 3aMOJTYaTh HOBBIE METO/IBI,
HanpaBJeHHble Ha oOecrieyeHre Oe30MaCHOCTH 3KCIUTyaTallil COOPYXXEHWUH, MOATBEpIK/ICHHbIE

OKCIICPUMCHTAMU.

3.5.2. Mexanu3m 00pa3oBaHusi MOP, TPEUINH U Pa3pylIeHUs

Bce skcniepuMeHTEI, IPUBEEHHBIE BBILIE, ONIPOBEPTatOT FUIIOTE3Y O TOM, YTO TUHAMUYECKHE
MIPOIIECCHl MEXy aTOMaMH MOKHO OOBSICHUTH 03 ydeTa 3JIEKTPOMAarHUTHOTO B3aUMOCHCTBUS.
LenocTtHOCTh TBEpAOro Tena OOYCIIOBIEHA TUHAMHUYECKMM PaBHOBECHEM CHJI HMPUTSKEHUS U
OTTaJKMBAaHUS MEXKIY aToOMaMH, KOTOPOE€ MOXKET OBbITh HAapyIIEHO BHEIIHUM BO3JCHCTBHEM.
Kaxnpiii arom Bo BceneHHON MOXeT ObITh MOJBEPrHYT TOJIBKO BO3JEHCTBHIO JIPYroro aroma

ocpeaACTBOM (bOTOHa HJIN DJICKTPOHA, U3JITYYCHHLIM JPYT'UMH aTOMaMHU.
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3akoH paspymieHuss Obul cHOpPMYJHpPOBAH HA OCHOBE aHaIW3a HKCICPUMEHTAIBHOTO
KCCIIEIOBAHUS, KOTOPOE MO3BOJIMIIO YCTAHOBUTH UCXOJIHBIC MOCTYJIATHI.

Eouncmeennoii cunotl, oeticmsyrowei Ha amom, AGIAEMCs 3NEeKMPOMASHUMHOe Nnoje, Ko20d
2PasUmMayuOHHbIM NPUMANCEHUEM MOIHCHO NpeHebpeyb.

Css3b medicoy amomamu 00YCl081eHa NPUMSAICEHUEM IJIeKMPOHO8 K A0PAM U OMMAIKUBAHUEM
9NEeKMPOHO8 OM INIEKMPOHOB U 10ep Om s0ep.

Jlobas amomnas peaxyus 00yCci061eHa MOIbKO USMEHEHUEM INEKMPOHHOU 0O0N0YUKU AMOMO8.
Paspwig cesasu npoucxooum @ pesyrbmame  ygeiuyeHuem Cui OMmMAIKU8AHUs, 00yCl081eHHO20
UOHU3aYUell amomos, 8030YIHCOCHHBIX IIEKMPOMASHUMHBIM UMNYIbCOM, UCTNOYHUKOM KOMOPO2O
A615emcsl IOKANbHASL 2DYNNA MemacmaduilbHblX amomos.

Yucno  pasopeanuvlx  ceésazeil  (xapakmep — nospedcoeHus)  00ycloeieHo  dHepeuell,
AKKYMYIUPOBAHHOU AMOMAMU JIOKANbHOU 2PYNNbL U NO2NOUJEHHOU OPYUMU AMOMAMU.

IIpuposa 1 MeXaHW3M MOBPEKIACHUN M PA3PYLICHUs TBEPAOIO TeEJa, NPEUIOKEHHBIN Ha
OCHOBE JKCIIEPUMEHTA, IPUHIIUIHAIBHO OTINYAETCS OT TOT0, KOTOPBIA UCIOJIB3YETCs 1O CUX I1OP.
CkopocTh 00pa3oBaHus JTUHUHM WIA OONACTH pPa30pBAaHHBIX CBsA3eH OOYCIOBIIEHA CKOPOCTHIO
AJIEKTPOMArHUTHBIX BOJIH, TOTJIa KaK CHUTHAJI 00 M3MEHEHUHU CTPYKTYPBI PaCIpPOCTPAHSETCS CO

CKOPOCTBIO aKYCTHUYCCKUX BOJIH, AHAJIOTHYHO TOMY KaK 3TO UMECT MCCTO C MOJIHHCH B rpoOMOM.

3.5.3 DkcnepuMeHTaIbHbIe (AaKThl, NOATBEP:KAAIONINE MeXaHU3M INpeBpalleHHs

MeXaHn4YecKoi JHEPIuA B 3JJCKTPOMATHUTHYIO.

DKClepuMEHT ToKa3aj, uTo Jrobas aedopmamusi TBEPIOTO Tela COMPOBOXKAAETCS
9JIEKTPOMArHUTHBIM ~ U3JyYEHHEM, KOTOpPO€ OOYCJIOBJIIEHO OTHOCHUTEIBHBIM  CMEIICHHEM
KOMITOHEHTOB, Pa3/ICJICHHBIX TPAHMIICH HEOAHOPOMHOCTH. Takue TrpaHUIBl 00pa3yIOTCS MEXITY
3epHaMH, JIBOMHMKaMH, WHOPOJHBIMU BKIIOUEHUSMHU THUIA PBIOBETO TIJ1a3a, XUMUYECKHUM
COeIMHEHNEM, O00pa3oBaBIIUMCS B TBEPAOM Tele, Ha rpaHule a3, HampuMmep, MapTEHCHUT-
OCTAaTOYHBIN ayCTEHUT U T.1I.

[Tomyyenue  mepBBIX  BBICOKOOHTpomHMiHBIX  cmmaBoB  (BOC)  crumymnupoaiio
SKCIEPUMEHTAJIbHBIE HCCIIEIOBAHUS [0 HMX CO3JaHUI0 W MCCIEIOBAaHUIO CBOMCTB.  Yucno
BO3MOYXHBIX KOMOWHAIIMI CIIJIABOB HA OCHOBE MSATH 3JIEMEHTOB MPAKTUYECKU OE3TpaHIUIHO.

ABTOpBI 0030pOB, TIOCBSIIIICHHBIX TEXHOJIOTHH TOJYYEHUS M CBOWCTBA ATUX METEPHAJIOB,

OTMCYAIOT, YTO YHUCJIO CUHTEC3UPOBAHHBIX CIIIABOB BO3PACTACT CIKETOAHO JCCATKAMU.
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OKCrepuMEHTAIbHBIE UCCIEeI0BAaHUS, PE3YJIbTaThl KOTOPBIX aHAIU3YPYIOTCS, BHIIOTHEHBI Ha
COBPEMEHHOM YPOBHE C MPUMEHEHHEM PEHTICHOCTPYKTOPHOIO aHajiu3a, CKaHUPYIOIUX
ANEKTPOHHBIX, ATOMHBIX CHUJIOBBIX MHKTPOCKOIOB, HOHHBIX IPOEKTOPOB, HEHTpOHOTrpaduw,
peHTreHoBcKoi (rooporpaduu. CoBpeMeHHbIE METObI MO3BOJSIOT HCCIEAOBATh H3MEHEHUS
MIOJIOKEHHS OTJENBHBIX aTOMOB. OIHAKO aHAJINU3 CBOMCTB OCHOBAH HA MCIOJIH30BAHUU MPEKHUX
TEOPETUYECKUX MOJIEIIEH.

Hampumep, aBtOopel 0030pa [3.10] CBS3BIBAIOT MEXaHUYECKHE CBOWCTBA TOJIBKO C
HaNpsHKCHUEM WIHM C JUCIOKAIMAMHU, HO OTMe4aroT: «C TOYKH 3pEHUs TBEPIOCTH/IPOYHOCTH
Hanbonee BaXHBIMU (pakTopamu sBisIOTCs: (1) TBEpaOCTH/IPOYHOCTD KAXKI0W COCTaBIISIOIICH
¢da3er B cmiaBe; (2) OtHocuTenbHas OOBEMHAs MO KaXIOW cocTaBiswome ¢asbpr; (3)
Mopdonorusi/pacnpeneneHie KOMPOHEHTOB.»

OTH e PaKTOpbI, KAK OCHOBHBIE OTMEYEHBI B 0030pe [3.11].
M3MeHeHre MEXaHMUYECKUX  CBOMCTBA BbICOKOAHTpomuiiHOro cruiaBa C020CrasFe2oMnzoNiis
MOJIBEPKEHHOTO JIehopMaliiy KPy4eHHs TIPU BBICOKOM JaBIIEHUH, uccienoanoch npu 77 u 300
K B pabote [3.12]. OTHOCUTEIBHOE CMEIICHUS U CTPYKTYypHbIE U3MEHEHHUSI, BOSHUKAIOIINE MPU
3TOM HCCIEIOBAJNCH C TIOMOILIBIO PEHTTEHOBCKOH TU(pPaKIWK, TPAHCMUCCHOHHOTO H
CKaHHPYIOIIET0 MUKPOCKOMOB. BBITH MPOBEICHBI HCCIIEIOBAHUSI MUKPOTBEPIOCTH U PACTSIKEHHS.

ABTOpPBI OTMEYAIOT, YTO MUKPOCTPYKTYPHBIN aHATH3 TPOBOAUIICS AJISL TOTO, YTOOBI IPOJIHUTh
CBET Ha MHKPOCTPYKTYpHBbIE MU3MEHEHHs B CIIaBe, BhI3BAaHHBIC BHICOKHM JaBlieHHEeM. [[aHHBIE
AJIEKTPOHHOW MHKPOCKOIHMH CBHJIETEILCTBOBATH O (a30BOM MpPEBpAICHUH, WHIYITUPOBAHHOM
nedopmaliueit, B crijiaBe, mpu Temmneparype 77
K. HeoObluHble sIBIEHHUS pa3MsATYeHUS,
BBI3BAHHBIE BBICOKUM JIaBIIEHHUEM, aBTOPHI
OOBSICHSIIOT HU3MEHEHHEM nIomMHOCIMU
oucnoxkayuti, Komopwvie ONpeoeraiomcs ¢
NOMOUBIO yuupeHus PEHMEeHOBCKUX
OUDPaKYUOHHBIX NUKOS.

Fig. 60 nemonctpupyer dororpaduu cruiasa,

MOJIyYeHHbIE €  TOMOULIbI0  0OpaTHOro

paccestHUsl DJIEKTPOHOB B  CKaHUPYIOLIEM
AJIEKTPOHHOM MHMKpOcKone mnpHu gedopmanuu KpydyeHus. IloBoporel Ha ~2-15° u BbIme

BBITOJHAIUCHE TP TCMIICpATypax 77 n 300 K B HECKOJILKO 3TaIloB 4cpe3 pa3;IMIYHbIC BPCMCHHBIC
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MHTEPBAJIbl JJI MCCIIE0BAaHUs MPOIECCOB CTapeHUs, IpU KOTOPOM HaOII0Aanoch oOpa3oBaHUe
JIBOMHHUKOB. MI3MeHEHHE CTPYKTYPBI PH OJHOKPATHOM IOBOPOTE MoKka3ano Ha Fig.60 kaapsr (a d);
tpexkpatHoM (b e); matukparHom (C f). CwmemieHne COMpoOBOXKIAIOCH YMEHBIICHUEM pa3Mepa

3epeH 1 00pa30BaHUEM JIBOWHUKOB.

Fig. 61

dotorpadpuu 61 (a), (b) u (C), npuBeneHubie B [3.12], WUTIOCTPUPYIOT HaHOpPa3MEPHBIC 3¢pHA,
TUTACTUHYATBIE JIBOMHUKOBBIC CTPYKTYphl W KOMILJIAHAPHBIC CJEIbl CKOJILXKCHUS B CIUIaBe
Co020Cr26Fe20Mn20Ni14 nocie 5 BpalaTelbHBIX CMEIICHU. Pe3ybTaTel 3TOro UCCle0BaHUS
MPEJICTaBIISICT HECOMHEHHBIM HAayYHBI MHTEPEC, HO MBI UCIOJIb3yeM IPUBEICHHBIC PE3yJIbTAThI
JUIIb JUISI CpPaBHEHUS ¢ TeMU QororpadusMu, KOTOPbIE TOIYYEHBI TPH HCCIICIOBAHUH
MaKpOCKOIMYECKUX 00pasIioB.

Ananu3 ¢ororpaduii, mokazaHHbIX Ha Fig. 61, MO3BOJSET CAENaTh BBIBOIBI, KOTOPBIE
OCHOBaHbI Ha TOM, 9YTO IPOIECCHI, TPUBOISIINE K HW3MEHEHHUIO CTPYKTYPBI, OOYCIIOBJICHBI
ATOMHBIMH PEaKIUsIMHU, KaK Ha MAaKPOCKOITMIECKOM, TaK U HAHOYPOBHE.

AsTopsl paboThI [3.12] ucnosbp3oBanu uis uccieaoBanus oopasiisl (), (b), (C), koTopsie paHee He
MO/IBEpPrajiuch AeopMarium.

ITepBoe cmemenwue (@ d) 3epeH COMPOBOXKIATOCH 00pa30BaHHEM JBOMHMKA, CIOUCTAs] CTPYKTYpa
KOTOpOro mojo0Ha obpazoBaHuio rop. TpexkpartHoe cMmeiienue (b €) mpuBeno Kk yMeHbIICHHIO
TOJIIIUHBI CJIOEB, BBI3BAHHOTO, BEPOSTHO, YMEHBIIEHHWEM pa3MepoB 3epeH. llaTukpartHoe
cmemienue (C f) mpuBesno K YacTUUHOMY pa3pyIICHUI0 MOHOKPUCTAJLIOB.

Kaxaplif 9KCIIEpUMEHT COMPOBOXKAAJICS M3MEHEHUEM CBOWCTB, KOHTPOJIb KOTOPBIX OYSHBb Ba)KCH

pu dKcruryaranuu. Hepaspymaronmii KOHTPOJIb BO3MOXEH € TOMOIIBIO M-U3TyYEHUs.
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4. ®dortorpadun 3epHUCTPOI CTPYKTYpHI (Q) U (€), mokazaHHbIe Ha Fig. 61, HICHTHYHBI TEM, KOTOpBIE
HEOJJTHOKPATHO HAOIIOJAITUCH MIPH TT-U3TyYCHUH.

5. ®ororpaduu (a), (b), (¢), mokazauusic Ha Fig. 61, cBeAETEIBCTBYIOT O TOM, YTO KPHCTAIIHUECKAS
CIIOHMCTAs CTPYKTYpa COXpaHsIETCsl HA HAHOYPOBHE.
OcHoBHAas Incjidb KHHUI'M 3aKJI4YacTCsa B TOM, I-ITO6I>I MNpOoACMOHCTPHUPOBATE BO3MOXKXHOCTHU

IMPAKTUYCCKOI'O IIPUMCHCHMU IT-U3JTYyUCHUA, OTKPBITOIO Ha OCHOBAHHNH SKCIICPHMECHTA.

Fig. 62

Fig. 62 B ouepeHOii pa3 IEMOHCTPUPYET TAKYHO BO3MOKHOCTB. O0IaCcTH, TOI00HBIE TEM, KOTOPbIC
nokazanel Ha Fig. 61 (g) u Fig 61 (e) HeomHOKpAaTHO HAOIIOAATHCH B IKCIEPUMEHTAILHOM
HCCIIeIOBaHMH, B TOM YHCIIE Ha MOBepXHOCTH 3emuu msath pa3 {Cwm. Fig.58 (2) u Fig. 58 (3);)}.
Kanp 3 nemonctpupoBaics Ha Fig 24 (3); ocranbHble KaApbl MOIYYESHBI IPH yaape 1Mo METalTy.
dotorpadus Fig 62, kaap 5 noiaydeHa Ha pacctosauu 560 MM oT MecTa yaapa; ¢pororpadus Fig
62, xanp 8- Ha paccTOSsHUH 665 MM.

HccnenoBanune mpoiiecca JIBOMHMKOBAaHUS BBICOKOIHTponuiiHOro criasa Fe-30Mn-10Co-
10Cr-0,5C (ar.%) Oputo BBIMONMHEHO B padote [3.13]. OOpasmpsl, pa3Mep 3epHa B KOTOPBIX
coctaBisul 3-7,8 MKM, TOJIBEprajiich JeQOpMalMl PACTSHKEHUsI, MPU KOTOPOW HAOII0IaI0Ch

3apOoJK/ICHHE U M3MeHEeHHEe (GOpMbI JIBOWHHKOB, KaK 3TO Moka3aHo Ha Fig. 63.
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Fig. 63
ABTOpBI OTMEYAIOT, YTO YBEIMUYEHUE IIUPUHBI ABOMHMKOB, BO3HUKIIUX NPU AABJIECHUU ~736
MITa (b1), mporcxoamio npu Npu U3MeHeHNH Hanpsbkenus Ha 6,7 % (b2), 10,1% (bs), 12 % (ba).

TBeprocTh MaTepualla pacCMaTPUBAECTCSI B MaTEpUATIOBEJCHUN KaK OAWH W3 Ba)KHEHIINX
[apaMeTpoB, KOTOPbIM OOYCJOBJIEHAa €ro HaJeXHOCTb U JOJTOBEYHOCTh, 0Ojee TPeXcoT JIeT.
MeToasl ee ompeneNieHHs pPa3HOOOpasHbl W MHOTOYMCICHBI. OHM WCHONB3YIOTCS H IS
UCCIIEIOBaHNsI HAHOMATEPUAJIOB.

OpHako 3T0 3a0myxaeHue. HaneXHOCTb M J0OJITOBEYHOCTh OOYCIIOBJIEHBI OTHOLICHHEM
CKOpPOCTH aKKyMYJISILIUM 3HEPTUU K CKOPOCTHU ee auccunanuu. Yem 6oJblle 3TO OTHOLIEHUE, TEM
MEHBIIIE CPOK Oe30MacHOW OJKCIUTyaTald. MHOTOYMCIIEHHBIE OSKCIIEPHUMEHTHI JIO0Ka3aiH
OmKMOOYHOCTh THITOTE3HI O TOM, YTO TOTEHIUAIBHAS YHEPTUS JeOPMHUPOBAHHOTO TEJIA XPAHUTCS

B KOHIIEHTpaTOpax HanpspKeHUi.

3.5.4. HecocTOATEIBHOCTD JUCIOKAIIMOHHON MOIEIH

lumoreza o jgumcnakanuu, Kak JgeekTa B KPUCTALIMYECKOH CTPYKTYpPHI  ObLIa
chopMyIUTpPOBaHA B Ha4alle TPUAATHIX TOI0B MPOILIOTO CTONETUS MPAKTUIECKH OJHOBPEMEHHO
C pOXJCHUEM, MATPUYHON M BOJIHOBOM KBAHTOBOW MEXaHUKH. Y CIIEXM KBAHTOBOM MEXaHHUKHU Ha
KKJIOM €€ JTale BBIHYXJAJIU CTOPOHHUKOB CYIIIECTBOBAHHS JHUCIOKAIUU HAACIATH €€ BCE
HOBBIMH U HOBBIMHU CBOMCTBaMH, JEMOHCTPUPYS IMOJTHYH HECIOCOOHOCTh MpeJCKa3aTh HOBBIE
(baxThI.

[Ipenmonaraercs, 9To JUCIOKAILMIO 00pa3yrOT aTOMBI Ha KParo MOJYIUIOCKOCTH, UMEIOIIUE
o0OpBaHHBIE CBSI3M. OTO O3HAYaeT, 4YTO OHHU SBISIOTCS HOHAMH. Ho wner wHumkakmx
AKCTIEPUMEHTAIIBHBIX JIOKA3aTEIhCTB TOTO, 4YTO (POTOH, H3IYYCHHBIA TaKHUM HMOHOM, TIPH
PEKOMOMHAIINY C DTIEKTPOHOM, OTIINYaeTcs OT POTOHA, U3MYUYEHHOTO MPH PEKOMOUHAIIUN C TAKHIM

K€ MOHOM, PACIOJIOKCHHBIM B APYIroM MECTC. KOB&J’ICHTHaﬂ, HOHHasA M MCTAJNIMYCCKasi CBsA3b
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oOycioBieHa wWoOHHM3anue aromoB. ClemoBaTeNIbHO, MBI JO/DKHBI TpH3aTh, YTO METaJlI
MPEJICTABJISCT COOOM CIUIOIIHYIO AMCIOKAITHIO.

Junamuka nucinokanuii (DD), mo onpeaenenuto, npeacTapiseT co00H MOACIBHBIN MOIXO0]T
JUTSL KCCIIETIOBAHUS TUNIACTUYHOCTH KPUCTAIIOB, IIPU KOTOPOM OT/ICIbHBIE IMHUU JUCIOKAIIHIA
JTUCKPETU3UPYIOTCS U MOZCITUPYETCs X JABKeHHE B Kpucraiie [3.13].

Teopernueckas uHTpenpeTarus 3p¢GeKToB, HAOIIOIACMBIX TIPU UCCIICIOBAHUN MaTepHAIOB
MOXXET OBITh PA3IUYHOH, HO HEM3MCHHBIM OCTAeTCS TOT (PAKT, YTO POXKIACHHE W H3MCHEHHUC
JUCIIOKAIMi  O00yCIIOBJICHO AaTOMHBIMH PEaKIHUSIMH, OIHCAHHE KOTOPHIX BO3MOXHO TOJIBKO
METOAAMH KBAHTOBOH MEXAHUKH.

TepMUH IUIOTHOCTh JHMCIOKAIMM IIIMPOKO HMCIIOJIB3YEeTCS B COBPEMEHHBIX TCOPHSX.
[110THOCTh JAMCIOKAIMIA SBJISCTCS MEPOH KOJIMYECTBA JUCIOKAMA B EAUMHHMIIE OO0bema
KPUCTATMIECKOT0 MaTepuasna. B oJHOM 13 METOI0OB U3MepsIeTCs 001ast JUIMHA TUCIOKAI[MOHHOM
JIMHKY B eJIMHUIIE 00beMa H AeauTcs Ha oobeM. [lapameTep M2 nuieH (pU3MUECKOr0 CMBICIIA, €CITH
HE yKa3aHOo TO, YTO PacHpeeieHo Ha rioniau. Ho uist ero oleHku, Kak Mbl BUJIUM, UCTIOJIB3YETCSI
W3MEPEHHUE YIIMPEHUS CIICKTPAIBHOM JIMHUU, KOTOPOE 00YCIOBICHO TEM, YTO YacTOTA U3IYUYCHHUS
aTOMOB B HCCIIEYyEMOI 00JIaCTH pa3IndacTCs.

Jlucrokaiiusi, TO ONPEICIICHUI0, TMPEACTaBIsSeT COOOW TpyHIy aroMOB, HMEIONIUX
00OpBaHHbBIC CBSI3U, T.€, TPYMIy MOHOB, HAXOMSAIIMXCS B METACTaOMIILHOM COCTOSHHH. Takas
JOKaNbHAs TpyIIla pacCMOTPUBAETCS B JAaHHOM MOJENM MeTalsla Kak JIOMEH pa3pylleHus,
M3IIydeHUE W3 KOTOPOTO TMPOUCXOJTUT B pe3ysibTaTe PEKOMOWHAIIMM HOHA (COCTaBHOM dYacTh
JUCIIOKAITNHN) ¢ DJIEKTPOHOM. Takoi aKT paccCMaTpPHBACTCS B TCOPUH JTUCIOKAIMH KaK JIBIYKCHUE
TUCIOKAlM WM TpU TJACTHYECKON Jedopmarui, Kak 3aJeYUBAaHUE TPEIIUH. B
JEHCTBUTENFHOCTH MPOUCXOIUT JIBA aKTa, IPU KOTOPOM OJIMH HOH PEKOMOUHUPYET, a APYTroit aToM
nonmsupyercs. [lonoxeHne MakcuMyMa 00yCIIOBICHO MaKCUMAaTbHOW BEPOSITHOCTIO U3ITyUEHUS C
JTAHHOM YaCTOTOM.

OpnHako, CpaBHUTENBHBIM aHANU3 BO3MOXEH TOJIBKO B TOM Cly4ae, KOI/Ia 4UTaTelb
MMOHMMAET B YeM COCTOUT pa3lIMyve MEeXAy ONMUCAHUSMHU OJHUX U TEX K€ SBICHHHI aBTOpaMu
JTAaHHOW CTaThbl W aBTOpPOM KHHTH. OOpaTUM BHHMaHWE, TPEXKJE BCEro, Ha OTIMYHE Kak
IKCIIEPUMEHTAILHOTO METO/1a NCCIICIOBAHMS, BRITTOJIHEHHOTO aBTOPOM KHHTH, M aBTOpPaMH padoT,
BBHITIOTHEHHBIX HAa BEICOKOTOYHOM COBPEMEHHOM 00OpYIOBAaHUH, B TOM YHUCIIE B HAHOOOIACTH, TaK

" O CaHUA PE3yJIbTATOB UCCIICIOBAaHU.
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OKCHEepUMEHTHI, BBHITIOJTHEHBI MHOM Ha MaKpOCKOMMUYECKUX o0pa3nax, mpsiMoe u3yuyeHue m-
Jmydel U3 KOTOpBIX, BbI3BaHHOE Aedopmanmeid oOpasuoB, 3apUKCUPOBAHO Ha (OTOIICHKY.
dororpaduu WLTIOCTPUPYT Pe3yibTaT POTOXUMUUYECKON peakiuu, 00yCIOBIEHHON 4acTOTON U
WHTEHCUBHOCTBIO U3ITYUCHHUSI.

OKCIEepUMEHTAIbHbIE METO/bl, HCIOJIb30BAHHBIE AaBTOPAaMHU CTAaThHM, HYXIAIOTCI B
MOSICHEHUH, TAK KaK CO3JJaHUE TAKUX METO/I0B CTAJI0 BO3MOKHO HA OCHOBE IOHMMAaHUS IPOLIECCOB,
MPOUCXOJIIMX B TOM 007acTH, KOTOPYIO CerofHs Ha3bIBalOT HaHopa3MepHou. OOnacTb
HA3bIBAETCS HAHOpPA3MEPHOM, eClH, 10 KpailHeW mepe, OJUH U3 €€ pa3MepoB (OOJBIICH YacThIO
tonmuHa) MeHbIne 100 HM.

JeranpHblii  aHanM3  3TUX  METOAOB, OOECHNEUMBIIMX  HMHTECUBHOE  pa3BUTHE
MaTepUajIoBe/IeHUsl, HEOOXOOUM I Hay4YHO-HCCIEAOBAaTENbCKUX J1Ta0opaTopuii, HO OHH
HETIPUMEHUMBI JIJI1 HEMPEPHIBHOTO MOHUTOPHHIAa TEXHUYECKOTO COCTOSHHUS COOPYKCHHH U
YCTpOUCTB. Bo-TepBBIX, OHU BBIMOIHSIOTCS HA CIEHHMATBHO MPUTOTOBICHHBIX HAHOPAa3MEPHBIX
o0pasiax; BO-BTOPBIX, AMEKTPOHBI, 30HIUPYIOIIHE 00pa3ell, YCKOPSIIOTCS BBICOKUM HAMPSKECHUEM,
IIPH KOTOPOM 30HIUPYIOLINE SJICKTPOHBI B3aUMOJEHCTBYIOT ¢ aToMaMu oOpasiia, U3MEHSST ero
CBOMCTBA; B-TPETHUX, BCE MIPOLIECCHI BHIMOIHSIIOTCS B BaKyyMe.

JIro6as nokasibHas TPYIINA aTOMOB OJJHOTO XUMHUYECKOTO DJIEMEHTA, HAXOSIIAsICS B TBEPIOM
Tejae MOXeT ObITh Ha3BaHa KJIACTEpOM, TUCIOKAlMeHd WM JIOMEHOM, HO BCE JWHAMUYECKUE
mpoueccel B HEW OOYCIOBIEHBI  SIEPHBIM, OJIEKTPOMArHUTHBIM W TPaBUTAIMOHHBIM
B3aMHUMOJICHCTBUEM. [IpeneOpekeHre TpaBUTALMOHHBIM U SIIEPHBIM  B3aUMOJICUCTBHEM
BO3MO>KHO BHE 3BE3/I.

Hcnonp30BaHre MUCIOKAMOHHONW MOJENN BHE KBAaHTOBON MEXaHHKH OECCMBICIEHHO, TaK
KakK MPOIECCH, TMPOUCXOAAIINE MEXKIAY aToMaMHi, HEBO3MOXHO OINucaTh 0e3 yueTa
B3aUMOJICVCTBHS aTOMOB.

DKCrepuMeHTaIbHbIe (aKThl, TIPUBEJACHHBIC BBIIIE, CBUIACTEIBCTBYIOT O TOM, 4TO (opMma
OTJIMKa JIOKAJIBHBIX TPYNI aTOMOB Ha BHEIIHEe BO3/ACHCTBHE, MPH BCEM MHOT000pa3HH,
OrpaHUYEHa.

OnmHako, eciu aBTOpHI paboT yOKIEHBI, YTO TUCIOKAIIMA HE MOJIENb, a PEaJTbHOCTh, TO OHU
JIOJDKHBI COTJIACUTHCS C TEM, YTO OHA COCTOMT U3 aTOMOB U SIBJISIETCS CIIEICTBUEM DHEPTETHICCKUX
MPOLIECCOB, KaK U KOHIICHTPAIHs HANPSDKEHUH, nOO Takas 00JIacTh HE MCUe3aeT TOJNBKO MOTOMY,

YTO B3aUMO/JICHCTBHE MCXKY aTOMaMi U3MCHHUJIOCH.
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I'/TABA IV. IPAKTHYECKOE UCITOJIb30BAHME II-U3JIYUEHU A

Hayka sensemcs KONIEKMUBHbIM MEOPUECHBOM U He MOodicem Obimb HU4em
UHBLM, OHA KAK MOHYMEHMANIbHOE COOPYICEHUe, CMPOUms KOMopoe HYNCHO
seKka, e0e Kaxcovlll 000NCeH NPUHECMU CB0U KAMEHb, d dMOM KAMEHb YaCmo
cmoum emy Yenou HCU3HuU.

A. Ilyankape

Ota KHUTa NpeHa3zHavyeHa s 6ojee riry0OKOro moHUMaHus METO/A, MPEAJIOKEHHOTO [T
HEWHBA3UBHOTO MOHUTOPUHIA aTOMHBIX PEAKLMA M UX IPUMEHEHUs. Y HUBEPCAJIbHOCTh METOAA
00yCJIOBJI€Ha TEM, YTO aTOMHAs PEAKIHs MPOUCXOAUT MEXAY HEOOIBIINM YHCIOM OJIM3KO
pacrojOKEeHHBIX aTOMOB, KOTOpble oOOMeHuBaroTcs »djekTpoHamMu. Ho aTomuas peaxuus
HEBO3MOXKHA 0e3 yyacTtusi GOTOHOB. YenoBeK MBICIUT 00pa3aMu, KOTOpPbIE OH CO3/1ae€T Ha OCHOBE
OILIYIIEHUH, HO KBAHTOBOMEXaHUWYECKHE OOBEKTHI (aToOM, SIIPO, SJEKTPOH) IMPEACTABUTH
HEBO3MO>KHO, MO0 OHU OJJHOBPEMEHHO SIBJIIIOTCA YaCTULIAMU U BOJIHAMMU.

Eme cnoxxnee npenctaButh cede HOTOH, KOTOPBIA U3TYYaeTCs U MOTIOMIAETCS aTOMOM, HO
ero TaM HeT. OH 00JamaeT Maccoil, HO TOJBKO B JBM)KEHHU C MaKCUMAaJIbHONH CKOPOCTHIO B
npupojae. Maccy ¢hoToHa JIeTKO BBIYUCINTD, Pa3JelIuB €ro YHEPrHI0 Ha KBAaJpaT CKOPOCTU CBETA.
ATomHast 6oM0Oa 1 aTOMHBIH ABUTaTeIh pabOTAIOT HA OCHOBE 3TOM MPOCTON (popMyIibl DHIITEHHA.

Orta riaBa npegHa3HayeHa /Uil Hay4YHbIX pa0OTHUKOB, KOTOPBIE CO3at0T HOBbIE MaTEPUAJIbL,
HCCIEAYIOT UX CBOICTBA, UCIOJIb3Ysl CaMble COBPEMEHHBIE SKCIEPHUMEHTAIbHBIE YCTPOICTBA,
MyOTUKYIOT CTaThU, KHUTH. DTHU CTaThU M KHUTU COJIEP>KaT MHOXKECTBO (hoTorpaduii.

Sl mpounTan AeCATKU cTaTed U KHUT, HO HAITUCAJ TOJIBKO O HEOOJBIIION YaCTH U3 HUX O TOM,
YTO BWXKY s. ABTOPBI JOJDKHBI COIVIACUTHCS WJIM OINPOBEPTHYTH MOE OOOCHOBAHHME TOIO, YTO
n300pakeHo Ha (oTorpadusx.

4.1. HasBanme merona

S, HaunHas uccienoBaHue, ObLT yOEXKIEH, YTO PEHTTEHOBCKOE H3JIyUY€HHUE SIBISETCS HE
TOJIBKO cJIeICTBUEM JedopMalii M pa3poIleHusi, HO W ero nmpuyuHoud. Metosn ObL1 Ha3BaH
MAPED, uto o3nauano Method for Assessing the Potential Energy of Distortion. Dxcniepumen

YGC)K,I[EUI, YTO U3JTYYCHHC HE ABJIAACTCA PCHTTCHOBCKUM, IIPUPOJa KOTOPOT'O HCU3BECCTHA U OHO OBLIO
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Ha3BaHO Y-W3JIydeHHeM, Mojgo0HO Tomy, kKak K. PeHTreH Has3Bam OTKpBITOE UM HM3IydeHUE X-
JTy4aMH.

[Toricku mpUYMHBI U3TYYEHUS MPUBEIH K TOMY, YTO BO30YX/JIE€HHE aTOMOB, NPHU, KOTOPOM
sHeprus GoToHOB npebimaeT 50 k3B, BO3MOXKHO TOIBKO IPU Y4aCTUH TPOTOHOB. DOTOHBI TAKOTO
JMana3oHa Ha3BaHBI IM-TydyaMd. DKCIEPUMEHT IOKa3aj, YTO IM-U3JTyYe€HHUE BO3HUKAET MPU BCEX
HaOJII01aeMBIX aTOMHBIX pEakIUsaX. ITO MO3BOJIIET Ha3BaTh MeTo 1 Nimar (non-invasive monitoring

of atomic reactions), mogo6HO TOMy, KaK Ha3BaH jasep.

4.2. HccienoBanue matepuaion

[IpenyioskeHHBIE  METOA  HE  HUCKIIOYAeT  BO3MOYKHOCTb — HCIOJIB30BaHUS  JIPYI'HX
HKCHEPUMEHTAIbHBIX METOAOB HCCIEI0BaHMs CBOHCTB MaTtepuasioB. OH JIONOJHSET HX
HEOO0XOIMMOCTBIO SKCIIEPUMEHTAILHOTO ONPEAICICHUS aKKyMYyJIMPOBAaHHON dHEPTUun A, CKOPOCTH
aKKyMyJSIIUU ¥ auccunanui B. Onenka 3TuX mapameTpoB MPOU3BOJUTCS Ha OCHOBE M3MEPEHHI
MHTEHCUBHOCTH CIIOHTAHHOT'O 3JIEKTPOMAarHUTHOTO M3JIy4YE€HUS U YCTAHOBJIEHUS (DYHKIIMOHAIBHOM
CBSI3U MEXIy SHEpPrueil M MHTEHCUBHOCTBIO W3IydeHus. M3BecTHbIl MeTton moctpoeHus S-N
KpuBbIX 3aMmeHsercs MeTo oM Uz-N KpuBbIX.
[Ipumenenne U2-N KpuBBIX Ha psife NpUMEpPOB Noka3zaHo B padorax [1.9, 1.13] u onucano B Ha
npuMepe o0pa3oBaHUs TPELUH.

MBI paccMOTpUM pe3yNibTaThl SKCIEPUMEHTATIBHBIX HMCCIEIOBAHUN HOBBIX MAaTEpHaOB,
BBIMIOHEHHBIX B MOCTIETHEE JIECSTUIIETHE, OTPAaHINYNBAsICh HEOOIBIIIUM YHCIIOM PadOT, B3ATHIX /IS
npuMepa.

4.2.1. HaHOMHAEHTHPOBaHHE

YcuneHue 3JIeKTPOHHOIO CHTHaJa NpU AU(PaKIUKM 3IEKTPOHOB OBLIO HCMHOIb30BAHO B
pabote [4.1] m1a uccnenoBaHUU JBOWHUKOB U Ae(eKTOB ymakoBkU B ciuiaBe Fe—22Mn-0.65C
(Wt%), BO3HHMKAIOUIMX B NPUIIOBEPXHOCTHOM CII0O€ BOKpYr oOmacTH, ae(GopMHpOBaHHOI
Bo3/eiicTBueM wmHAEHTOpa. llenpro wuccnenoBaHus Obuto  Oonee  JeTalbHOE ITOHUMAaHHE

(bOpMI/IpOBaHI/ISI ,Z[C(I)CKTOB IIpU THACHTUPOBAHUUN HaHoo6pa3u013.
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p=8.5x10"m? p=48x10%m? p=14x10"m?

a b c
Fig. 64

Fig. 64 .IzmmocrpnpyeT pUMephI 1e(EeKTHOIO COCTOSHUS UCCIIelyeMOro o0pasia s pa3HbIX
3epeH Mepe] HAaHOMHJCHTUPOBAHHEM, HAOIIOAAEMOIO C IMOMOIIBI0 AUGPAKIUN SJICKTPOHOB.
ABTOpBI CUYUTAIOT, 4TO QoTorpaduu YKa3bpIBAIOT Ha BBICOKYIO TE€TEPOreHHOCTh TUIOTHOCTH
JMCIOKAIUKA B 3TOM Marepuaie. Ha pucyHke @ 1oka3aH BBICOKHM, D cpeanmii m ¢ HU3KHI
koapdunment nedexra. PacdeTsl MOKa3bIBAIOT, YTO CpEAHSS IJIOTHOCTh AMCIOKAIMM paBHA

~3,510%m 2.

Fig. 65

Ceetsmuecs: AyrooOpa3HbIe YeTKO OTpaHUYCHHBIC 00J1aCTH HaOII0JAINCh HAMU HEOJHOKPATHO B
HEOpraHWYecKnx oOberax Tmpu jaepopManuu W OPraHUYECKHX OOBEKTaX TP  HX
¢bynkimonupoBanun. CeTsiasicss 0071acTh, pacloioKeHHas pagualbHO K Jyre, Habmoganach

peiKe. MexaHu3M 3TOoro H3JTYYCHUS HC SICCH.
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Fig. 65 wmmmoctpupyer Tpu Qortorpaduu OTIEYaTKa, MOJYYCHHBIC IOCIE IOTPYKCHHS
uHaeHTopa Ha TiayOouHy Omax=40.2 NM, dmax=80.9 nm u dmax=100.4 nm. 30Ha MIaCTHYECKOM
nedopmaiuu, BKroJaromias Bce Ha0o1aeMble 1e()eKThI, OrpaHUYCHA JKEITHIMU KPYTaMHu.
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ABTOpPBI NPEAIONOXKUIA, YTO BHYTPH Kpyra
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PIERORIG I I i ) JUCIOKaIuil mokaszaH Ha mpumepe (001): KpacHbIe

Fig. 66 KPYIU yKa3bIBalOT paccrosiuus 350, 450, 550 u 650

HM. Yucno aucnokanuii BHyTPH KaKJ0ro  KOJblia MOJICYUTHIBAETCS M JIGIUTCS Ha €ro IJIO0IA/b.
MakcuManbHas IIOTHOCTh AUCIoKanuii papHa 3.5 108 M2,

ToT ¢axT, 9TO METOA, MPEIIOKEHHBIN ISl UCCIIETOBAHMS, HE /1al 0)KHUAEMbBIX PE3YJIbTaTOB
OTMEYaloT caMu aBTOpbl. OHM numyT: “TeM He MeHee, MOAPOOHas MHPOPMAIUI O TOM, KaK 3TH
MOJIEJIM Ha caMOM Jiesie (JOPMUPYIOTCS ¢ TOUKH 3PEHUSI OCHOBHOM JEATEILHOCTH AUCIOKALUU HE
Obuta momyveHa. Kpome Toro, m3MeHeHNE TBEPAOCTH W/WIIA MOJYJISl yIPYTOCTH B 3aBUCHMOCTH OT
rIyOMHBl BJABJIMBAHUA, TaK Ha3biBaeMbll 3¢ (eKT pa3Mepa BJABIMBAaHUSA, CO3/1a€T MHOTO
mpyoHocmell npu NoAy4eHuu peanbHblx 3Hauenull mexanudeckux ceovcms.” (Kypcus mMoit)

OTMeTuM, YTO OCHOBHas TPYJHOCTh OOYCJOBJEHAa TEM, YTO BO3AECUCTBHE Ha aTOMBI
OKa3bIBaeT HE TOJBKO MHICHTOP, HO M DJIEKTPOHBI, YCKOPEHHBIE Pa3HOCThIO moTeHnuanoB 30 kB.
(B HekoTophix paboTax ucnons3oBaHo HamnpskeHue 120 kB). CkopocTh 37€KTpOHOB TaKOBa, YTO
OHH HE TOJBKO AU(PPArupyroT, HO U BBI3BIBAIOT KaTOIOJIOMUHECLEHINIO, PEHTI€HOBCKOE
U3Ty4eHHEe U JIONOJHHUTEIbHYI0 HOHHU3AIMI0 aTOMOB. TakuMm 00pa3oM, JOCTOBEPHOE
MIPOTHO3UPOBAHHE U3MEHEHHUSI CBOWCTB MaTepraia HEBO3MOXKHO.

HccnenoBanne CBOMCTB MaTepuasioB ¢ MOMOINBI0 HHACHTHPOBAHUS U TIOTEPH yTIIEPOJa M3

aJIMa3HOTO WHJECHTEPA pacCCMOTpPEHBI B paboTe aBTopa [1.9].

166



OKCIIEpUMEHT, BBINOJHEHHBI MHOH, TIO3BOJIIET IPOBECTH aHAJIM3 PE3YJIbTATOB
WHJCHTHPOBAHMs MAaTepUaJIOB, UCIOJB3YS M-U3IYyYEHHUE, TOMOIHUB U3MEPUTEIBHOE YCTPOHCTBO

JACTEKTOPOM M3MEPCHUSA HHTCHCUBHOCTU 3JICKTPOMArHUTHOT'O U3JTYUCHUS.

4.2.2. ®opmupoBaHue noJioc Jogepca u ux poJnb

O6pasusr crutaBa Al-6.15%Mg-0.65%Mn-0.25%Si-0.2%Fe-0.1%Cu, wt.% TtommuHo#i 0.5
mm, umerone GopMy IBYXCTOPOHHHMX JIONATOK C pa3Mepamu paboueit yactu 0.5%3x6 mm,
noaBepranu B pabore [4.2] nedopmanuu pacTsikeHHsl 10 pa3pbiBa. Ha O0KOBOU MOBEpXHOCTH
paboueii yactu obOpasma HaHocuinu Haape3 TayouHoit 30—40 um, cocraBistomedt okono 1%
HIUPUHBI 00pasiia, KOTOPBIA CUUTAJICS KOHIIEHTPATOPOM HamlpsKEeHUi.
Junamuxy nehopMaIuOHHBIX

MakKpoImoJjoC U TpCIIUH HCCICAOBAIN

in SitU ¢ TOMOIIBIO BHIEOCHEMKHU
CKOpOCTHOU IU(POBOY BUIEOKAMEPOIT

FASTCAM Mini UX100 (Photron).

Jlyun CBETa, o0yJaromime

IMOBCPXHOCTh, MMadain Io4 YIJIOM K

Fig. 67

Hel. CKopocTh BUJIEOCHEMKH BapbUpPOBAIIN
ot 500 g0 20 000 frames/s B 3aBuCHMOCTH
OT 3aJa4 UCCIENOBaHUS: JWHAMUKA U
Mopdomorus mosockl Jlrogepca, TMHAMHAKA
nonoc  [lopreBena—Jle  Illarenbe u
KHHETUKA  Pa3BUTHUS  MarucTpaibHOU
TPEUIUHBI. O6paboTtka JTAHHBIX
BUJICOCBEMKHM COCTOsUIa B  BBIYMTAHUU
MOCJIe0BATEIbHBIX U (pPOBBIX

M300pakeHUI C MOMOIIBIO KOMITBIOTEPHOM

IIPOrPaMMBlI.

OnHa U3 JuarpamM, IPUBEICHHBIX B Fi. 68
pabore [4.2], mokasana Ha Fig. 67. Ee

omucanue  mutupyercs:  «Koppemsuuonnas — guarpamma  X(f),  IeMOHCTpHpYOIIast
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MIPOCTPAHCTBEHHO-BPEMEHHYIO 3BOJIONUIO TpaHMIl AePOPMAIMOHHBIX IOJOC Ha MOCIEAHEM
cKayke JepopManmuud C paspblBOM oOpasma. A —MOMEHT 3apOXKICHHS IEPBUYHOM
ne(OPMAIIMOHHON TIOJIOCHI OT 2e0oMempuyecKko2o Kouwyewmpamopa Hanpsaxcenus, AB —
BpEMEHHasl CTaJus KAaCKaJIHOTO Pa3MHOXKEHUs nojoc, BC — craaus nokamu3anuu miacTu4ecKoi
neopmanuu BOIM3M CeueHHs, 4epe3 KoTopoe mpoiaer TpemmHa, C — MOMEHT cTapTa
MarucTpajibHOU TpemuHbl. » (Kypcus Moit)

BoiBoa, clienaHHbBIN aBTOPOM CTaThH): «YCTAaHOBJICHO, YTO T€OMETPUUYECKUN KOHLIEHTPATOP
ABIISICTCA aTTPAKTOPOM MAaKpOIIOJIOCIUIACTUYECKON Aedopmaiiui, HaunHas ¢ mojockl Jlroaepcan
3akaH4MBas (HPOPMHPOBAHHEM IICHKU TIepes] pa3pblBOM
oOpasua. [Ipeanonaraercs, yTo MarucTpanbHas TpelUHA
pacTeT 3a CYET CIAUSHUS MUKPOTPEILHH, 3aPOKIAIOLINXCS
MPEUMYIIECTBEHHO 10 MEXaHU3My B3aUMOJICHCTBHS
JUCIIOKALIMOHHBIX CKOIUIEHUH B 00JacTH IepeceyeHUs
COTPSIKEHHBIX MAaKpOMOJIOoC, KOTOphle oOpasyror V-
o0pa3Hyl0 CTPYKTYpPY C BEpIIMHOI CHayana B 00JIacTu
reOMETPUYECKOTO KOHLIEHTPATOPa HANPSIKEHUH, a 3aTeM
B BEPIIMHE PACTYIIEH MAaruCTpaJbHOW TPEIIUHBL.»

BoiBosibl, caenanHbie B paboTe, MOKa3bIBAIOT, UTO
HCCIEAOBAaHME  TOBEPXHOCTM MeTaula B Ipoliecce
nedopmalii B OTPAKEHHOM CBETE€ HE TO3BOJISIET Fig. 68 (1)

MOJIyYUTh MH(POPMALIMIO 0 MEXaHU3ME 3apOKICHUS U U3MeHeHUsIX nojioc Jlrogepca. 'nmotesa o
TJIaBHOM POJM KOHIIGHTPATOPOB HAMPSDKEHUS B OONACTH HaJApe3a B TMpOIEccax pa3pylIeHHs
ommnboyHa.

bonee riyOoxuii Haape3 ObUT clielaH MHOW JJIS MCCIIEIOBAHUS U3IIYUYCHHS aTIOMHUHHEBOM
TUTACTHHKY MTPpH pacTsukeHuu. dortorpadus, mokaszanHas Ha Fig. 3, kajp a CBUAETEIBCTBYET O TOM,
YTO pa3pylIeHHe MPOU3OILIO B MECTE KPETJIEHHUs TUTACTUHBI, HO He B 00J1aCTH Hajpes3a.

Fig. 68 wtrocTpupyer yBenuueHHyoo ¢Gororpaduio, mokasannyio Ha Fig. 4, kaap c. Fig. 68
(1) mmroctpupyet hparMeHThI TPH YBETUUCHUH €I11e B IBa paza. Mbl MOKEM Ha3BaTh CBETSAIIUECS
0JIOCHI aHaJlorom mnosoc Jlronepca, HO He Mo (opMe, a IO SHEPreTHIECKOMY COCTOSIHUIO TPYIIT
aTOMOB.

Mps1 HaOIOaeM peaKuid cimydail, Ipu KOTOPOM 3aUKCUPOBAHO HE TOJIBKO M3IyYCHHE W3

aTOMOB METaJlla, HO U «IMHEWHBIE Pa3psiibl» MEXAY pPa3JIeTaloUMMHU (parMeHTaMu.
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Hsznyyams homonst mocym monvko amomvl uacmuy, oOpa308asUUXCs NPU pasiome, Uiy
amomul 8030yXa, UOHUBUPOBAHHbBIE U3TYUEHUEM.

Uznyuenue (HOTOHOB CBUIECTEIBLCTBYET O TOM, 4TO JedopMaiusi COMPOBOXKIAIACH
MOHHM3aLMEH aTOMOB W Tocienyromei pekomOuHanueid. Ceeyenue 6001b CMeXCHA He MOdicem

ObiMb 0OBLACHEHO HU KOHueHmpaHueﬁ HanpﬂofceHuﬁ, HU NJONMHOCMbIo OMCJZOKCIT/!MQIZ.

4.2.3. MapTreHCUTHOE MpeBpalIeHne

MapreHcuTHOE TpeBpalleHue (aszoBbrif  mepexox) 3aHUMaeT o0coboe MecTo B
MaTepuagoBeleHuu. MHTepec K OTOMY SBICHHUIO YCHIUBAeTCsS Oyiaromapsi BO3MOXKHOCTH
HCIOJIb30BaTh COBPEMEHHBIE BBICOKOTOUYHOE U BBICOKOUYBCTBUTEIBHOE SKCIIEPUMEHTAIBLHOE
obopyaoBanue. AHalu3 padoT, MOCBSIIEHHBIX PEIICHUIO 3TOM MPoOIEeMBbI MOKa3al, 4TO Hay4yHbIe
KOJIJICKTHBHI, pacrionararomnme COBPEMEHHBIM 00opy10BaHUEM, BBITIOJTHSIOIIUE
IKCIIEPUMEHTAIBHBIC WCCICAOBAaHUS HA CaMOM BBICOKOM YpPOBHE, OE3yCHEIIHO TMBITAIOTCS
OOBSICHUTH pe3yJlbTaThl CBOMX HCCIENOBAaHUN. Mbl OrpaHu4YMMCcs JEMOHCTpalMe >STou
napaioKCalbHON CHUTYyallMM Ha MPUMEpPE aHalIM3a MyOIuKaluil o JaHHo mpoOieme. Pe3ynbratel
HKCIEPUMEHTAIBHBIX MUCCIEAOBAHUH MPHOOPETAIOT 0CO00e HAYYHOE 3HAUCHHE M MPAKTHYECKYIO
LEHHOCTb.

['maBHOU 1enbl0 [Isl aBTOpa STOM KHUTH ObUIO U OCTETCS 00OCHOBAaHHE BO3MOXKHOCTHU
MPAKTUYECKOTO UCIOIL30BaHUS SIBICHUS, OMUCAHHOTO B HEH.

Pe3ynbprarel SKCHEpPUMEHTATILHOTO HcclenoBanus [4.3] mpeacTaBisitoT HECOMHEHHBIN
Hay4YHbI HHTEepec. OHU JACTATHFHO OMUCAHBI U TIO3BOJISFOT JISIAaTh BHIBOJIBI O MEXaHU3ME SIBJICHHSI,
HO aBTOPHI MBITAIOTCS OOBSCHUTH SBIEHUE C TO3UIMH AUCIOKAIIMOHHON Monenu. OHU MUIIYT:
«Takum o00pa3zom, 00CyXJeHHE TO3BOJISAET MPEANOJIOKUTh, YTO OJHUM U3 JOMUHHUPYIOIIUX
(hakTOpOB, ONMPENEAIONINX NMPEPHIBUCTYIO JehopManuio B ayCTCHUT-(EPPUTOBBIX JTYIUICKCHBIX
cpenax u3 ctaiu Mn, sIBISE€TCS pa3Mep 3e€pHa, KOTOPBIN JOJKEH OBITh TOCTATOYHO MaJl, YTOOBI
obecnednTh OONBIIYIO TUIOMIA/Ib TOBEPXHOCTH pa3jienia, YTO 00ECIIEUNBACT 68bICOKVIO NIOMHOCb
ucmounuxos oucroxkayuil.» (Kypcus moit).

Wtak, MBI BUAMM, 9TO TUCIOKAIIMOHHAS MOJICTh UCTIOIB3YET TEPMHUH IUIOTHOCTh HCTOYHUKOB,
KOTOpbIe (POPMHUPYIOT IUCIOKAIIMU. ECIM TOJ MCTOYHUKOM TOJpa3yMeBaeTCs KOHIIEHTPATOP
HaMpPsKEHUH, TO €ro SHEPTUsl HeJJ0CTaTOuHA JIsl 00pa30BaHUsl MaTepUanbHOro 00bekTa. OqHAKO

ABTOPBI pACCMATPUBAIOT PA3JIMIYHBIC MOJICJIIN B TOM YHUCJIC, CBA3AaHHLIC CO CKOPOCTHIO AUCIOKAIINH,
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n

g

V= (_0') , KOoTopas HABJIACTCA BCETO JIMIIb OTHOIICHHUEM IPHUIIOKCHHOI'O HAIPSAXKCHHUE O K
0

ATAJIOHHOMY HANpPsDKEHHIO oo, TJe N sABIAETCS KOHCTaHTOW. Her cmpicia B HaydHOW pabore
Ha3bIBaTh Mapamerep, He MMEIOIUN Pa3MEepPHOCTH, CKOPOCTBIO, HO HE OyJieM MPUAaBaTh 3TOMY

CCPHC3HOI'0 3HAYCHM.

" dotorpadus Fig. 69, B3sras uz padotsl [4.4],

Dislocations emitted

from G.B. BCEISIET Y CTOPOHHHUKOB JUCIOKALMOHHOM

MOJIETIH YBEPEHHOCTh B TOM, YTO JANUCCIOKAIIUH
HU3JIy4CHbl M3 TIpaHUIbBl 3CPHA, HO 3TO
3a0Iy’KICHHE. Bo-nepBbix, U3ITy4YeHHE
OPOM30IUIO  MEXAy  JAByMsS  3€pHaMH,
MOBEPXHOCTH  KOTOPBIX ~ 00pasyloT  yroi
(rpanunia BTOPOTO 3€pHAa BHJHA B JICBOM
BEPXHEM YTJY); BO-BTOPBIX, U3JIy4YEHUE HOCUT

- -2 HCpI/IO,[[I/I‘lCCKI/Iﬁ XapaKTCp W HAIIpaBJICHO OT
Fig. 69 — :

HCTOYHUKA TMEPHEPIEHIUKYJIIPHO K IOBEPXHOCTH
JIPYyroro 3epHa; B-TPETbUX OHO OTJIMYAETCS OT
u3JydeHus, nokazannoro Ha Fig. 68 wu Fig. 68 (1)
TOJNBKO  0oJiee  BBICOKMM  pa3pelieHHeM;  B-
YeTBEPTHIX, 10JJ00HOE U3ITyYEHHE IEMOHCTPUPYETCS
B 3TOM KHUT€ HAa MHOTOYHCIIEHHBIX (hoTOrpadusx; B-
TISITBIX, cIpaBa OT OCHOBHOTO HCTOYHHKA
HabmoaaTCs JIOTIOJTHUTENbHBIE  MCTOYHUKH,
KOTOpBIE JIOJDKHBI OBITH yYT€HBI JIi MOHUMaHMS

MEXaHu3Ma aTOMHBIX peaKHI/If/'I B TBEpAOM TCIC.

Fig.70, B3stas u3 pabotel [4.5], wutocTpupyer ! ¥ 100 neh
oOpa3zoBaHue JBOMHHMKOB. JleTanbHOE OINMCAHHE Fig. 70
AKCIIEPUMEHTA U €TI0 Pe3yJIbTaTOB HE HYXJIACTCS B JONIOJTHUTEIBHOM MOsICHeHUH. OOIIEH3BECTHO,
4TO BAXHCIIMM HMTOIOM TaKOro HCCICAOBAHHUA ABJIACTCA PACKPBITUC MCEXaHH3Ma (baSOBOl"O
nepexoaa ayCTCHUT-MapTCHCUT, KOTOpI)II\/'I AJIUTCA NECATUMUIINIMOHHBIC JOJHW CCKYH/IbI. ABTOpBI

MUITYT, HAYWHAA CTATbRO: “CTaJ'II/I, CoACpKamure OCTPOBKMU MHJIK IUJICHKHA U3 o6pameHHoro
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HaHOpa3MepHOro  aycreHuta (YrRN)®,  JMCIEPIUPOBAHHBIE B MapTEHCHTHOW  MAaTpHIIE,
JEMOHCTPUPYIOT MPOYHOCTb, INIACTUYHOCTh U YAAPHYIO BSI3KOCTh. ba3oBble MUKPOCTPYKTYpHBIE
MEXaHU3MBbI, OTBETCTBEHHBIE 32 ATH yIYUIICHUS, ewje He NOHAMbL, HO HAOII01aeTCsl CUIIbHAS CBA3D
C OCMpOBKOM YRN UAU pazmepom njieHku. B 3TOM KOHTEKCTe BO3MOXHBI JBa OCHOBHBIX
MHKpoMexaHuueckux 3pdekra, a umenHo: (i) B3aMMOICHCTBHE YRN C MHKPOTpPEIIMHAMU W3
MaTpHlbl (3aTyIUICHHUE MM OCTaHOBKa TpemuHbl); U (ii) IedopManroHHO-UHIYIUPOBAHHOE
(dazoBoe npespaienue Yrn MapTeHcuT (3dpdexr TRIP)”

Hassanue crateu «Smaller is less stable: Size effects...» (Menbiiee-MeHee CTaOHIBHO):
pazMepHbie 3P EKTH ... » yKa3bIBaeT Ha TO, YTO CTAThsl MOCBSIIEHA MMPOOIEMaM, CBSI3aHHBIM C
addexrom Xomna-Ilerua. YpaBaenue Xosra-Ilerua xapakrepusyer CBA3b MEXKIYy pa3MepOM 3epeH
U npenenoM Tekydectd. llpenmonaraercs, 4yTo IpaHUIBl 3€peH TOPMO3AT auciokanuu. Ho B
HaHOMaTepHuaiax HabromaeTcst 00paTHbI () (eKT. DTOT IKCTIEPUMEHTAIBHBIN (HaKT TOKA3bIBAET,
YTO IKCTPATOJISIIHS 3aKOHOB MEXaHUKHU B HAHOO0JIACTh HEJOMYCTHMA.

Crnenyer HaOMHUTH O TOM, YTO MOJIEJb TUCIIOKALUY ObLiIa MpeIjIeskeHa B Hauae TPUAIAThIX
TOZIOB TPOIUIOTO CTOJETHS JJISl TOTO, YTOOBI OOBSICHUTH, IMTOYEMY IKCIIEPHMEHTAILHOE 3HAYCHUE
SHEPrUM CJIBUra OKa3aJIOCh HA MOPSJIOK MEHbIIIE TeopeTHueckoro. Ho cerogaHs mMbl 3HaeM, 4TO HaJ
MOBEPXHOCTHIO 3€PEH CYIIECTBYET OO0JIAKO 3JIEKTPOHOB, KOTOPOE MPOCTHPAETCS Ha BBHICOTY 2
HAaHOMETpa OT Hee. 3aKOHBI B3aHMOJCHCTBHUS JIIEKTPOHOB C aTOMaMH, HMX I[OBEJCHHUE B
AJIEKTPOMAarHUTHOM II0JIE YCTAHOBJIEHBI. 3aKOHBI KJIACCHMYECKOH MEXaHMKM B HaHOOOJIacTH
MPUMEHSTh HeNb3s. VI3BECTHO sBJIEHHME, KOTOPOE Has3blBaeTca mpuboniomunecyenyueti. B
HaHOOO0JIaCTH IPU CMEILIEHUH OHOT0 00JIaKa [0 OTHOLIEHHUIO K IpYyroMy 00pa3yroTcs pOTOHBL DTO
SIBIICHUE Ha3BaHO MHOIO 8HympeHHeu mpubdonromunecyernyuei. Corau dpotorpaduit, npuBeACHHBIE
B KHUT€, MOJATBEPKIAIOT 3TOT ()aKT, HO OH WTHOPUPYETCS B TEOPUHU JUCIOKALMNA, METOHE
KOHCUHBIX 3JIEMEHTOB. ABTOpBI paboThI [4.4], nemoucTpupys Fig. 69, npuiiuiy K BEIBOIY, YTO M3
3€pHAa U3TyYEHbI JUCIIOKAIUH, T.€. B BAKYyM U3JIy4€HbI ATOMBI, B TOM YHCJIE€ HOHU3UPOBaHHbIE. MBI
BHUJUM JIUCIIOKALIMN, KOTOPHIE HE TOJIBKO M3JIyYEHBl, HO U BO3BPAILAIOTCS HA MOBEPXHOCTb. JTOT
(bakT CBHIIETENBCTBYET O KaKMX-TO IMPOIECcCaX, KOTOPble HEOOXOJUMO MOHATh, OTKa3aBIIUCh OT

WJIEH, 9TO ITO BO3MOKHO 0€3 yueTa aTOMHBIX PEaKIIUi.

6 Cmotpu: L. Yuan, D. Ponge, J. Wittig, P. Choi, J. A. Jiménez D. Raabe, Nanoscale austenite reversion
through partitioning, segregation, and kinetic freezing: Example of a ductile 2 GPa Fe-Cr-C
steel, (2012) pp. 49 https:/arxiv.org/ftp/arxiv/papers/1202/1202.4135.pdf
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Shear Stress (GPa
HE =
-1

Fig. 71

ABTOpel  paboThl  [4.6], Momenupys aTOMHBbIE
MIPOLIECChl JEMOHCTPUPYIOT HUX IpPH IOMOIIM IBETHBIX
PHCYHKOB, 4acTh M3 KOTOpBIX IMoka3aHa Ha Fig. 71. Ouu,
MOSICHSASL PUCYHOK, THIIYT: «JIOKanbHas aTOMHasi CTPyKTypa
pacripesielieHusi aTOMHBIX — HAIlpsDKEHWM  cIBUra Ipu
MOJICJIMPOBAHUU PACIIPOCTPAaHEHUs AuciIoKauuii npu 3%

MPUIIOKEHHOW JedopManuu caBura. YepHbIE CTPEIKH

0003HaYaIOT JTOKAIbHBIE 00JIACTH HU3KOTO HATIPSKEHUS.»

Orta wMonens omuboyHa. OHa  OMpoOBEprHyTa
MHOT'OYHCJICHHBIMHU 3KCIICPUMCHTAMMU, BBIIIOJIHCHHBIMW Ha
MAaKpOYpPOBHE. ®dotorpaduu HaHOOOBEKTOB ux
MOATBEPKIAOT.

Fig. 72 wumtoctpupyeT pe3yabTaThl HCCIICIOBAHHS

oOpazoBaHus
Fig. 72 TPEIIUHBI B TOHKON
IUIEHKE MEJIM Ha TIOBEPXHOCTH KPEMHHUS NpH AedopMariiu
pacTsKeHus U U3MEHEHUU TEeMIIepaTyphl,
BBITIOJIHEHEHHBIX B pabore [4.7], ¢ TOMOIIBIO
MIPOCBEYMBAIOUIETO IEKTPOHHOTO MUKPOCKOIA. ABTOPbI
OTMEYaloT, uro ¢ororpadpus (a8) WUIIOCTPUPYET

YCTAJIOCTHBIC NUCIIOKAIUU, B IUICHKC TOJIITUHOMN 3.0 MM

Fig. 72 (1)
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nocie 5-10° mukioB, Toraa kak (ororpadus (D) MITFOCTPUpPYET TPEIIUHY B TICHKE
0.2 MxM miocite 2-10% uKIIoB.
Mg BusiuM Ha Gortorpaduu (2) 3epHa, pa3aeieHHbIe TPOMEXKYTKaMU. TpyaHO MOHATh Ha KaKOM
OCHOBAHUU CJIeJIaH BBIBOJI O CYIIECTBOBAHUU JHUCIOKAIMA U YeM BBI3BaHA yCTAIOCTh. ABTOPBI
YTBEPXKIAIOT, 4TO (ororpadus, mokazanHas Ha Fig. 72 (1), WIUTFOCTPUPYET «IapalIeIbHOS
CKOJIb>KEHUE» TUCIIOKAMN U UCTOHUYEHUS BJIOJb TPAHMUII.

Mgl 00paTHM BHHUMaHKE Ha TO, 4YTO 001acTh 0003HaueHHas, kak Damage along TBs,
MIPOXOIUT MEXKTY 3epHAMHU, 3apOKIAETCs, M3TUO0ACTCS W 3aKaHYMBAETCS HA CTHIKE TPEX 3EPEH.

CDOMI/IpOBaHI/Ie TaKUX TPCIIUH HaGHIOIIaHOCL HCOAHOKpPATHO, HO MbI OI'paHUYHUMCA OJJHUM

MIPUMEPOM.

Fig. 73

JBeHaauate ¢ororpaduii U3 ABaILATH AECBITH, IPUBEICHHBIX B padoTe [4.8], moka3aHbl Ha
Fig.73. Onu mwiumocTpupyIoT mporecc GopMUpOBaHUs TPEHIMHBI BIOJIb TPAHHIL 3€PEH U
HU3MCHCHUA IBETA I'PAaHHUIBI 3CPCH.

["anTeneBuaHbI 00pasen u3 crutaBa amoMuaus 7050-T7451 monsepraincs nedhopmariym

PacCTsAKCHUH. q)OpMI/IpOBaHI/IC TPCIIMH HCCIICAOBAIOCH C MTOMOIIBIO CKAHUPYIOLICTO

173



AIIEKTPOHHOTO MUKpPOCKoTa, (pororpadus
OJIHOM M3 KOTOPBIX MoKa3aHa Ha Fig.74 (d).
OHa «3acTpsiay Ha TpaHMIIE 3epHa, TaK KaK

npubim3niIack K Heit o yriom 90°.

Tpemuna, orubaromas 1eBATh 3€pEH,

Propagating along withGB 9

116 ¢ 6.2E-03 mm/N b noka3zana Ha Fig. 74 (b); urorossiii rpaduk,
Pre "Sga
opagating along with GB 5 4 .
| 9.1E-Gi mayN N p—* COCTaBJICHHBIN ABTOPAMH,ITO3BOJISIET
£t Retarded by GB 1 n o
. N 20804 o 54 Propagatingalong  1ipocieIuTh cKauKOOOPA3HBIMA XapakTep
2 “~d / withGB 8
% 1.0 b s SN, 73E03mavN .
£ N Propagating along pocra Tpentuabl. CkaukooOpa3HbIid POCT
= ~ withGB 4
% 108 4 Retarded for YAIE03 mm/N
& 33 cycles. e : TPEIIMHBI CBUACTEIBCTBYET O HAKOIUICHHU
3 106 } b
E \ SHEPTUH M UMITYJIbCHOM €€ U3JTy4CHHH.
& a R Propagating along with GB | p Yy y
104F S.8SE-04 mm/N
ATtomHast CTPYKTypa MeTajuia
1.02 A A A M A M A A A M )
0 40 50 60 2 % 0 100 110 120 1% 140 HO3BOJISIET OLICHHTb JHEPTHIO,
Loading cycles, N
Fig. 74 HEOOXOMMMYIO JUIS pa3pbiBa CBS3H MPH

CKauyKOOOpa3HOM POCTE TPEIIMHBI, MIPUHSIB
CIUIaB 33 YHCTBIM anroMuHMiA, TonmmHa kotoporo h=0.8 mm. PaccrosHue Mexay aromamu
amomunns I =2.86'107° m, sueprus cs3u atoMoB £,=3.34 €V, MOCTOSIHHASA KPUCTATNYECKOH
pemetku a =4.05- 1071 m makcumanbHas sHeprus OblIa aKKyMyJIMpPOBaHa Iepes ckauakom g—h,

KOTOpast HeoOXOaMMa /IS pa3phiBa CBA3H Ha amuHe 1=6.2:10° m.

thb
OHeprus uMiyibca A orieHUBaeTcs pu noMoiuu popmyinsl: U, = —=.

a?
Taxue npoyeccosl pealusyronics 6 3663661)6', Jasepe u, Kak mbsl SMOMM, 6 meepdom mene, HO OHU
Mo2ym Oblmb ONUCAHBL MOILKO € NOMOWbIO KBAHMOBOU MEXAHUKU.
Onmnako ananu3 padort, omyOnukoBaHHbIX B ¢ 2004 o nexabppb 2019 nmokasbiBaer, 4To
aBTOPBI MBITAIOTCS HAUTH O0BSICHEHHE HAOMI0aeMbIX 3(P(PEKTOB C MOMOIIBIO JUCIOKAUN U

Mozelneu, npeanoxeHHsix Tenopom, OpoBanoMm, Korrpemnom, Onconom u Koren, kotopsie

ONPOBEPTAKOTCS pe3yJibTaTaMU SKCIIEPUMEHTOB, OITMCAHHBIX B KHUTE.
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(c)
Fig.75
Tpu ¢doTtorpadmu HAHOWHICHTHPOBAHUS MW, MNpuBeAcHHBIe Ha Fig.75, Obun
ormyOyimkoBaHbl B pabote [4.9] 3a 15 nmer no myOimmkamuu pabotel [4.3], HO aBTOPHI HE
WHTEPIPETHUPOBATN HAOIIOIaeMOe SIBJICHHE C TMO3WIMU JTUCIOKAIUH, OCTaBasCh Ha IMO3UIHH

KJIaCCHYECKON MEXaHUKHU,

Fig. 76 (1)
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yTBEpKIasi, YTO MOBPEKACHHE, BHI3BAHHOE MEPEMEIEHUEM HHJIEHTOpa, 00YCIOBIECHO yHpPYyToi
sneprueii. ®otorpadun, mokasanusie Ha Fig. 76 (1), omyOmukoBanbl B pabote [4.11], aBTOpHI
KOTOPOl  BBIMOJHWIM  WCCJIEIOBAaHHME HAHOMHJCHTHUPOBAHUS  MMOJUKPUCTAIMYECKHX U
MOHOKPHCTAJUIOB OKCHJA IIUPKOHHUS, JISTUPOBAHHOTO UTTPUEM, C TETPArOHAIBHON U KyOHUECKOM
dazamu. AHanmm3 MeXaHW3MOB JedOopMallii MPOBOJUTCS KaK C IOMOIIBI0 AaTOMHO-CHJIOBOM
Mukpockormu (ACM), Tak B C nOMOWbIO MUKDOPAMAHOBCKOU CNEKMPOCKONUU.

Ucnonw3oBanue »ddexra Pamana pansg  u3ydeHUs MPOLECCOB, MPOUCXOASAIIUX B
HAaHOOOBEKTaX, B KOPHE MEHSIET HHTEPIPETAIIUIO HAOII0JaEMOTO SIBIICHUSI.

Oddext Pamana 3akimouaeTcst B TOM, 9T0O (POTOH, B3aUMOACHCTBYIOIIUI ¢ MOJIEKYJIOH B rase,
KHUJKOCTH M TBEPAOM Telle, YaCTUYHO IIOTJIOMIAETCS UMH, «3a0upash HSHEPrur0 MOJEKYbI.
VYBenuueHue uik yMEHBIICHHE SHErPUU MIPUBOIUT K TOMY, YTO 4YacTOTa (DOTOHOB yBEIUYUBACTCS
WIM yMCHbINAeTcs. MeXaHWYeCKue METOAbBl HE MOryT OOBSCHUTH JTO sBicHHE. Ho
MHUKPOPAMaHOBCKasi CHEKTPOCKOMHUS MO3BOJSET MOMYYUTH Oojee MONHYI0 HWHGPOPMAIHIO O
mpolieccax B HaHOMaTepuanax, BKiIroudas yriepoa. O0macTu BOKpYT MHACHTOpA, MOKa3aHHBIE Ha
Fig. 75 wu Fig. 76 (1), uckir04aroT BO3MOKHOCTh BBIICIUTD KaKyIO-TH00 JTUCIOKAIIUIO. ABTOPBI
cratbu [4.10] mumyt: «Takum 0Opa3om, €ciau IUCIOKAIUS OCTAeTCs Ha TpaHUIE OCTATOYHOTO
OTIIEYaTKa, TO CKOILICHUE, HaOIro1aemoe
BOKPYT BBIEMKH, MOXKET OBITH OOBSICHEHO

II0JIEM ,Z[eq)OpMaI_II/II/I, BbBI3BBAHHBIM BCCM

CKONNeHueM  OUCIOKayutl,  Npucym-
CmeyIouux noo 0CMamoyHvIM

omneuamkom». (Kypcus moit).

TepMI/IH «CKOIIJICHUC nncnoxaunﬁ»

(a)

Fig. 76. (2) MPUMEHEH K TOH JOKalbHOW o0nacty,
aTOMbl B KOTOpPOM OBUTM BO30YXIeHbI M wu3nyuwin sHepruto. Dororpadum  Fig 76 (2),
npeBe/ieHHbIe B pabote [4.10], B3AThI U3 IUTEpaTyphbl. ABTOPBI XapakTepu3ytoT ¢otorpaduto (b)
cnenyromum oopasom: «...Ha puc. 76 (2b) BHyTpH oTnevyarka 4eTKO BHHBI JIMHUU CKOJbKCHUSI
IUCIOKAMMA ¢ M30THYTOM (DOpMOM, XapakTepHble Al KyOMUYECKMX KpPUCTAJUIOB JUOKCHIA
nupkonus. Kpome Toro, cpaBHeHHE MPOM3BOIHBIX M Tomorpaduyecknx uaMmepeHuit AFM sicHo
IIOKA3bIBAET, YTO JIMHMM CKOJBKEHUS OCTAHABIMBAIOTCSA, KOTJAa OHU JOCTHUIAIOT TPaHULIBI

OCTAaTOYHOTI'O OTIICYATKa.»
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Load uN

OnHako MBI BUAMM, YTO CTPOTME€ 3aKOHOMEPHOCTH MPOSBIIAIOTCSA B YETHIPEX Pa3IUYHBIX
HaIpaBJICHUSAX, JBa W3 KOTOPBIX XapaKTepHbI IJid ABOMHUKOB. OIHOBPEMEHHO Ha0JII0NaI0TCA
TEMHBIE M CBETJbIC JUHUU. BcCe 3TO CBHIETENBCTBYET O MPOSBICHUU aHU30TPOIHMU ATOMHBIX
peakumii mpu ¢GopmMupoBaHuM oTnedatka. CIIOMCTOE MOCTPOEHHE HAHOOOJIacTH MOA0OHO
MMOCTPOCHUIO TOp. Taknue HEOTHOKPAHTHIE COBIAICHUS HENIb3sl Ha3BaTh CIIYYalHBIMU U OOBSICHUTH

JHUCIIOKAIUAMH HEBO3MOXXHO.

1600 I'padpuk, mokasanueiii Ha Fig. 76 (1) e,
1400 %5 npuoOperaer  ocoboe  3HAuUeHHWe,  Korua
33
1200 ’ WHJCHTHUPOBAHUE OCYIICCTBISCTCS HA OJIHOM
)ZJ‘J

1000 - 3epHe.
800 4 I'excaronanbHas (o) ¢asza crutaBa Ti-BAl-
600 1 5Mo0-5V-3Cr-0.5Fe wuccrnemoBamace METOOOM
400 )/ HaHOWJICHTUPOBaHUs B padote [4.11]. Pe3ynbrar
200 4' g TpeXpaTHBIX U3MepeHuil nokazan Ha Fig. 77. On
0 4/ = j yKa3blBa€T Ha TO, YTO pa3pbiB CBSA3CH MEKIY

0 20 40 60 B0 100 120 .

Depth nm aTOMaMHd HOCHWJI CKa4KOOOpa3HBIA XapakTep,
Fig. 77 CBHUJICTEJILCTBYIOIIUN O HAKOIUICHUU SHEPIUU U

€€ CUMYJMPOBAHHOM U3JTyYEHUU.

4.3. Cerperanus yriepoaa

Cerperauusi aToMOB (MOHOB) yriepoja HaOmofanach HeogHOKpaTHO. [Ipexne Bcero
HEOOXOMMO OTMETUTh IKCIIEPHUMEHTAIbHBIC HCCIIeI0BaHus, BbinmoiHeHHbIe B Max-Planck Institut
fur Eisenforschung, Germany, Ha BBICOKOM ypOBHE, B KOTOPBIX IPEICTaBICHBI PE3yJIbTaThI

omxpuimuii, TPEOYIOIUX 00bICHEHUS.
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Bricokas nmpouHoCTh (yiiepeHa U yriaepoAHbIX HAaHOTPYOOK CTHMYJHMpOBAlia TUIETE3y O
TOM, 4YTO HUX BHEJIpPEHHE B CIUIaB IOBBICUT OKCIUTyaTallUOHHBbIE KayecTBa MaTepuaia.
DOKcnepuMeHTsl, [4.12], mokazanu, 4to (QysuiepeH JOKaTU3yeTCs MEXTY 36pEH U CYIIECTBEHHOTO
BIMAHUA Ha (Ba3oBbIA Iepexon He okasad. OpjHako cerperanus yriaepona 3a 107 cexyHbl
CYILIECTBEHHO HM3MEHSET CBOMCTBO OJHOW (ha3bl 1O

3.5 F30min tempering
30+t

CpaBHEHUIO C Apyroi ¢aszon. M3mMeHeHne CBOMCTB ¢

2 30|
;. i | TaKOU CKOPOCTBIO IPOUCXOJIUT B PE3YIbTATE AaTOMHOM
|
® 207 o
‘§‘ &l peakuuu, Ha rpaHuie ¢a3 KOTopod oOpasyercs
§ 10! et S TIepexoHoi Cloi, rpaduuecky mokasanHsli Ha Fig.
8 05| i
o 0S¢ 78 (1), xapakTepu3yIuii pacupeaercHue yriepoaa B
00+
L " 1 i 2
YRR Gt g Y MapTeHcuTe U aycrenure [4.13].
Table | CooTHollIeHHE HIIEMEHTOB B
Chemicz] composition of materil osed Tor the mvestgmtion [ 1.4034
NI, ATSI420). CIUIaBe IIOKa3aHO B TaoOmmie 1,
L Cr Mn M1 S N I'e o o 6
Wl 0.437 136 053 016 0284 0005 Ba. PABCACHHOM BITOU PaboTe.
al. 1.97 14. 1% 0.52 .15 .55 0,079 Bal. CHJIaB O 23c_1 23S|_l 50Mn
. . : ,

wt.% c GoJee BBICOKUM COJEpKEHUEM yriepoja uccienoBaics B padore [4.14]. Pacnpenenenue
yriiepona, mokasanoe Ha Fig. 78 (2), mo3Boisier caenaTh BBIBOA O TOM, YTO MEPEXO[
MapTEHCUT/OCTATOYHBIN ayCTCHHT (0/y) IPOU30IIEN B CJIO€ MOPSIKA OJTHOTO HAHOMETpA.

DKCIEepUMEHTAJIBHO YCTaBHOBIICHO, YTO cerperanus BUcMyTa u3 ciuiasa Cu-Bi mpusoaur
OXPYMUHUBAHUIO JaXe MPU MOHOATOMHOM CJI0€ BUCMYTa. ECTECTBEHHO BO3HUKAET BOIIPOC: MOYEMY
aTOMbl BHUCMYTa, aTOMHas Macca KOTOpbIX B 3,29 pa3 BbIllIe aTOMHOW MacChl MENH, JETKO
TuGyHIupyroT B ciiaBe? Cerperanusi aToM BUCMyTa CTAHOBUTCS BO3MOKHOM ITPH €ro HOHU3AIUH.
Wownnslii pamuyc Bi** pasen 0. 117 nm, Bi®" - 0.09 nm, Toraa kak mmusa cessu Cu-Cu paBHa
0.29 nm.
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Fig. 78 (2)

| ; . Paguyc  uHOB ctt
(a) cocrasyset 0, 064 HM, HOHA
1o C* cocrasmser 0,03HM;
' JUTHHA CBSI3U C-C
cocrasisgeT 0,125 aM, cBSI3U
104; ¢ S Mné C=C pasna 0,133 um.
Grd’ o / Pesynbrarsl Mmacc-
- CHEKTPOMETPUUECKUX
HCCIEIOBaHNH, BBINOJI-
HEHHBIX B pabore [4.15],
nmokas3aHHbIX Ha Fig. 78 (3),
CBHU/IETENILCTBYIOT 00
00pa3oBaHNM HOHOB aTOMOB
¥ HOHOB MOJIeKybl C2+.

3 10 4 a8 22 2%

Mass to charge ratio (Da)
Fie 78 (3)

Omom ¢haxm noseonsem coenams 6bl800 0 MOM, UMO HA SPAHUYE MAPMEHCUM-AYCTNEeHUM
obpa3zyemcs epager, KOMopbulil CyWecmeeHHO UMeHAem C8OUCME0 as.
[IpaBoMepHOCTh THUIIOTE3BI MOKET OBITh NPOBEPEHA C MOMOUILI0 MHKPOPaMaHOBCKOMN

CIEKTPOCKOMUH UIIH JPYTUMHU METOJIaMH.
4.4. BonopoaHoe oxpynyuBaHue

Bomoponnoe oxpymumBanue cranei xopomo u3BecTHO. Co3gaHue BBICOKOOIHTPOIUUHBIX

CIINIaBOB CTUMYJIMPOBAJIO IOUCK COCTaBa C MAKCHMMAJIbHBIM BPEMCHEM U MaKCUMaJIbHBIM 00BeEMOM
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XpaHeHUusi BOJOpOJa, HO HE MEHee BaXHOW ocTaeTcsi mpobiieMa BIWSHUA BOJIOpPOJAA Ha
MPOYHOCTHBIE CBOWMCTBAa MaTepuaia. MeToJ, MOHMTOPMHIA AaTOMHBIX pPEakKIUi IO3BOJISET
BBINIOJTHUTH HCCIIeZloBaHUE ObIcTpo M 0e3 Oonbiiux 3arpar. [lammaguii sBisieTcss caMbIM

NEPCHCKTUBHBIM MCTAJJIOM IJIS SKCIICPUMCHTA.

4.5. OusoBsiHHAs YyMa

[peBpamenne Oemoro osnoBa B cepoe ((aszomwiii mepexon [-Sn—a-Sn) oOycioBieHO
M3MEHEHHEM 3JIEKTPOHHOM 00071049kl aToMoB 0T SN** k SN?* pu MOHMKEHNH TeMIEPaTypEL.
OcnabneHne CBS3M MPOMCXOJUT M TOTNA, KOTJa M3MEPSETCs AIIEKTPOHHAss 000JO0YKa aTOMOB.
Hanpuwmep, 6enoe omoBo (B-Sn) mpu remneparype -13.2° C npeBpamiaercst B cepoe 0ioBo (a-Sn) u

PacChINacTCA. HpI/I‘II/IHa TaKoIo (ba3OBOl"O MIPEBpalI€HuA 3aKJII0YacTCsA B TOM, YTO IMPOUCXOOUT

4 - 2
pEKOMOMHALINS MOHOB Sn™ +2e” > Sn” +hV1+hV2, npu KoTopoit mombl SN** | mmeromue

noHHEIH paguyc 0. 68 A | npespamarorcs B nons SN | paauyc kotopeix 1.02 A. Dto npusoauT K
TOMY, YTO YJeIbHBIA 00BEM YBETHUMBACTCS Ha 25 % W MeTaJll MPEeBPaIaeTcsl B IMOPOIIOK.
3T1oT (a30BbIi MEpexoa MOXKET ObITh HCCIEIOBAH JAETAIBHO, UCIIONIB3YSI METO, TPEAI0KEHHBIN
MHOH. Yucroe o0510BO mpu U3rHOe U3IydyaeT aKyCTUYECKHe BOJHBI (CIBILIEH TPECK),
o0ycCJIOBJIE€HHbIE BHYTpPEHHUM TpeHueMm. Takas pgedopmanus OyneT CONpPOBOXKAATHCA II-
W3ITyYCHHUEM.

4.6. Caapka meTaiia

[InaBneHre MeTauIOB NIpU CBapKe CONPOBOXKIAETCs  00pa3oBaHUEM creyuguuecKux
ne(eKTOB, KOTOpble OTIUYAIOTCS OT Ae(eKToB, 00ycIOBACHHBIX AedopMaieil U Koppo3uen.
[Iporecc akKyMyJISAIIMN SHEPTHH M Pa3pyIlIEHHE TAKOTO JIeeKTa MOKET OTIMYATHCS OT MPOIIECCOB
B cruomHOM MeTaiute. ClieoBaTeNbHO, OTIMYAeTCS W M-U3JIy4deHue. IJToT (akT TpedyeT
CIeLMabHBIX UCCIEOBAHNHN KaK BO BpeMs (hOpMUPOBAHMS IBa, TAK U MIPU €r0 SKCILTyaTalHH.

310 OoTIAMYUE OO0YCIOBIEHO
TEM, 9TO N-U3JIy9eHUE
XapakTepusyeT Ty 00J1acTh, AaTOMBI
B KOTOpPOW OBUIM BO30YXJIEHBI U

nepeuim B HOPMAJIbHOC

Fig. 79 coctosiHue. Bce apyrue meromabl

XapaKkTepU3yOT OOBEKT M0 IPOMYCKAaHHUIO HJIK OTPAKEHUIO.
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Tonvko yuem 6cex pakmopos nossonsiem 0amv 00bEKMUBHYIO OYEHK)Y ONACHOCMU MO20 UNU
U020 Oeghekma 6 npoyecce SIKCHIYAMAYUU dTIEMEHMA COOPYAHCEHUs UIU YCIMPOUCMEA.

Fig. 79 wuirocTpupyeT 30Hy BUXPsI COCAMHEHHS AFOMHHHIA-ATFOMUHHN, BO3HUKILETO MIPU
CBapKe B3PBIBOM U KapTy 30HBI BUXPs, MOIy4YeHHYO ¢ omolibio EBSD ananua [4.16].
[I-u3nydyenue, xapakTepusymolllee CBapHOU LI0B, paHEE HE HUCIIOJIb30BANOCh. lIpuMeHenue 3toro
METO/Ia CTAHET BO3MOXKHBIM, Oy/leT yCTAHOBJICHA CBSA3b MEXIY XapaKTepoM H300paKeHUs U
nedexrom. [IpenMyIecTBO MpeUIoKEHHOIO0 METOAA 3aKJII0YaeTCss B TOM, YTO Ha CBETALIEMCS
9KpaHe TMOSBIISETCS I[IBETHOE H300paKeHUE, XapaKTepusylollee He TONbKo (opMy, HO H
pacripesielieHue XMMHYECKUX 3JIEMEHTOB, KOTOpoe OyJeT OTIAMYaThCs OT TOro, KOTopoe ObLIO 10
asnenus. Pororpadus, nokazanHas Ha Fig. 79, CBHIETENBCTBET O TOM, YTO B pE3yJbTaTe
o0pa3oBaHMsl BHUXpPsI MPOU3OILIO IEepeMellrBaHue. MeXaHu3M 3TOro SBJIEHUS HE PACKPBIT.
Bo3moxHo, uro oH oOycnoBieH cuinoit Kopuosnuca, neiicTBue KOTOpPOH CBa3aHO C CyTOYHBIM
BpaleHneM 3eMJIM U HAIpaBJICHUEM JIBAKCHUEM PacIliaBa, BHIOPAB KOTOPOE MOKHO CBECTH CHITY
Kopuonuca 1o nyns.

CBapHOH LIOB Ha CTBIKE METAJUIOB, HalpuMep B TPyOOIPOBOJIE, Yallle BCEIO CTAHOBUTCS
MIPUYMHON KaTacTpoduueckoro paspyiienus. [I[porno3upoBanue nosBiIeHUs TPELUIMHBI B CBAPHOM

mBe TpeOyeT y4era BceX 0COOSHHOCTE! Ae(PEeKTOB CBApHOTO IIBA.
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CapHoli 0B TpyOONpOBOa U3 CILIaBa
7CrMoVTiB10-10 HCCIENOBAICH C
MTOMOIIIBIO CKaHUPYIOIIETro
AJIEKTPOHHOTO MHKpOCKONa B pabore
[4.17]. Fig. 80  wmwirocTpupyer
¢dotorpaduu, nedexra, oOHAPYKESHHOTO

IpU  HCCIENOBAaHUM.  DJIEKTPOHHO-
MHUKPOCKOIHMYECKOE uccie-
UCCIIeJOBaHHE CBAapHOTO IIBA,

pe3yabTaThl KOTOPOTO TIOKa3aHbl Ha
Fig.79 u Fig. 80, mnpeacraBisioT
HECOMHEHHBIHI Hay4HbIN HHTEpEC,
CBUJICTECIHCTBYIOIIMIA O BO3MOXHOCTH
oOpa3oBaHMsl BUXpEH, KpaTepoB U
TPEIINH, BO3HHUKIIHMX PSAIOM C HHMH.

OpnHako, MHKPOCKOI HE MOXET OBITh

Fig.80 HCIOJb30BaH 151 KOHTPOJIS
TpyOompoBoja mpu ero HSkcruryatanuu. CrenoBaTeNbHO, M-U3MyYEHUS JOMKHO OBITh
HCIOJIb30BEHO BMECTO MHUKPOCKONA M PEHTTEHOBCKOTO HCTOYHHMKA, HO OHO HE HCKIIOYaeT
BO3MOYXHOCTH JIETaJIbHOTO HCCIIEIOBAaHUS C MOMOIIBIO IPYrux MeTonoB. Jledhopmainus TBepAoro
TeJa COMPOBOXKIACTCS IJIEKTPOMArHUTHBIM M3TYYCHHEM B HMIMPOKOM JHMAIa3oHE: OT Paguo- J0
sKcadacToT. MccienoBanusi, BBHITIOJTHEHHBIE B KKJIOM AHMAIa30HE, MPEAOCTABISIOT Pa3IHIHYIO
WH(POPMAIIHIO O TTOBEICHAH aTOMOB.
4.7. AuppakpacHoe U31yueHHe
lanteneBuanbil 0Opaszer u3
cIjiaBa s45c¢ noABeprajics
negopMaluu pacTskeHus B padboTte
[4.18]. UudpakpacHoe u3IydcHHE
uccienoBaHue oOpasla uccieno-

BaJIOCh OIHOBCPMECHHO C

(2) 140 MPa (b) 180 MPa (c) 230 MPa (d) 240 MPa
Fig. 81 noctpoeaneM S-N  kpuBoil. 3OT0

03HA4aeT, 4YTO MCCIEN0BaNach Ta

4acTh HEPruu Jedopmannu, Kotopas TpaHcHhopMupyercs B TEILIO.
Lenp paboTel cocTosla B TOM, YTOOBI OIEHUTH paclpeseleHue HampsHKeHUH
TepMorpaguueckuM MeEToA0M, B aauabaruyeckod cucteme. V3MeHeHue  WH(PaKpaCHOTO
W3JIydeHHes TPH W3MHEHWHM HArpy3kd mokasaHo Ha Fig. 81.00paTiM BHMMaHHE Ha TO, YTO

Makxkcgemn B nucbMe k Tomcony (1856) uckitouan motepu Ha HarpeBaHue u3 paccmorpenus. Ho
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MBI, HCIIOJIb3YysI TEOPHUIO TEINIOEMKOCTH MOXEM OLIEHUTh SHEPrHi0 K0J1eOaTeNIbHOTO JIBUKEHHS
aTOMOB IIPH 3a/1aHHON Temreparype. [Ipumem st atoma ee paBHoi € =3k T, rie Ks mocTosiHHas
Bonbumana, T- abcomoTHas Temrneparypa. Vi3aMeHeHne Temrneparypbl Ha OIWH KEIbBHH COTABUT
BEJIMYUHY

Ae = 2.58 - 107* 3B /K, koTOpOii MOXHO peHeOPeyb 110 CPABHEHMIO ¢ SHeprueii GpoToHa -

HU3JIYUYCHUA.

4.8. Ilonck 0e3nepeKTHBIX CIIIABOB

[upokuii MOMCK HOBBIX TEXHOJOTUH MOJTy4YEHHUsI BHICOKOIIPOYHBIX 0e37e(eKTHBIX CIIJIaBOB,
UCIIOJIb3Ysl BCE JOCTHKEHHS COBPEMEHHOW SKCIIEPUMEHTAIBbHOM TEeXHHKH, BbIMOiHEeHbl J[. T.
OCKUHBIM C COaBTOpaMH. MBI OTrpaHUYUMCS JIMIIb HEOOJbIION 4YacThio, [4.19-4.24], wu3
OITyOJIMKOBAHHBIX PaboT, IeJTb KOTOPHIX JIyUIlIe BCETO CHOPMYITUPOBAIIA CAMU aBTOPEI.

l. 1) “B 3TOM Hcclen0BaHUU Mbl M3YUYWIM SIBJICHHE XOJOJHOTO PAacCTPECKUBAHUSA C LIEJBIO
YCTaHOBIICHUSI KPUTEPHS, KOTOPBIN MPEICKA3bIBAET XOJIOJHOE PACTPECKUBAHUE TIPU BBHITIOJTHEHUU
nporecca DC-nmuths. 2) KoHeuHo 1enbro 3T0ii paboThl ObLIO IPUMEHEHNE MEXaHUKHU Pa3pyIICHHS
JUIL  OTIpPENENIEHUs] KPUTHUYECKOTO pa3Mepa TPEHIMHBI/TIOPEI, KOTOpas MOXeT NpPUBECTH K
KaTacTpo(uyeckoMy pa3pyIlleHHIO 3ar0TOBOK. DTO MOMOXKET HaM HE TOJIbKO OLIEHUTh BEPOSTHOCTb
OTKa3a BBI3BAaHHOT'O IIOpaMu, 00pa30BaBIIUMHUCS B IIPOLIECCE JIUThSI, HO U TEMU, KOTOPbIE SBIISIOTCS
HauboJjee OnacHbIMU .

1. “B Hameil npenpliymieil craTb€ Mbl HCHOJIB30BAIM HMCXOJHBIE MapaMeTpbl BS3KOCTH
paspymenus (Kic) MICXOIHOTO JIMTOr0 MaTepHalia JjIsi MOACIMPOBAHUS OCTATOYHBIX HAIPSIKEHUN
B IUTOH 3aroToBKe. CIieIyI0IIMM IaroM, IPEANPUHATHIM B HACTOSIIEH CTaThe, SIBIISIETCS U3yUeHHe
BIIMSIHAS TEXHUYECKUX MapaMETPOB PACIIaBICHHOTO CIUIaBa Ha BEIMYMHY W paclpeieiieHHe

OCTATOYHBIX TEIJIOBBIX HANIPSKEHUH B 3arOTOBKAX, [4.19].”

I1l.  “OcHoBHas menb 3TOro WCCNENOBaHUS OXBATHIBAET pelleHHME dYeThipex mnpobiem: (1)
ITpoBepUTh KCIEPUMEHTAIBHO CBSI3b MEXAY 00pa30BaHMEM TOpPSYMX M XOJOJHBIX TPEUIUH. (2)
Cob6partp monHyro 06a3y manHbix MartepuanoB ALSIM’? o AA7050 s aydmield TOYHOCTH
nporHo3upoBanust TpeuH. (3) IIpoananuzoBaTh uyBcTBUTENbHOCTH Mojenu ALSIM 1o
OTHOIICHUIO K Pa3jMYHBIM TapaMeTpaM JUThs IOJ JaBIEHHEM Ha OCHOBE 0a3bl JaHHBIX O
Matepuanax. (4) IIpennoXuTh KOHIENIINI0O HOBOTO KPHUTEPHsS IMPEICKa3aHUsl TPEIIUHBI, YTOOBI
ALSIM wmor xonmmvectBeHHO 3adukcupoBath cBsi3b Mexay HT u CC. [Ipexae uem ycTaHOBUTH

csa3b Mexay HT u CC B ALSIM, Mb1 gomkHbI yoenuThes, uto Tekyuias Bepcust ALSIM moxer

" ALSIM is a casting-simulation software developed by the Norwegian Institute for Energy Technology (IFE),
Kjeller, Norway ALSIM - 3To nporpamMMHoe oOecriedeHne Isi MOJSTUPOBAHNS KaCTHHTa, pa3paboTaHHOE
Hopsexcknm mHCTHTYTOM SHepreTrueckux texnoiorui (IFE), Keennep, Hopeerns
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MPaBWJIbHO OLEHUTh BOCIPUUMYUBOCTD PA3IMYHBIX TUIIOB TPEIIMH MPU BHIOJHEHUH JIUThS MO
naBiieHueM,[4.24]”.

DkcrnepuMeHTallbHasg 0a3a, KOTOPOW pacrojaraid HCCIeJI0BaTeNH, IMO3BOJIsIIa IPOBECTH
WCCIICIOBAaHMsI HA CaMOM BBICOKOM YPOBHE W OBUIM TIOJYY€HBI OYEHb BaXKHbBIE PE3yJIbTATBhI,
KOTOpPbIE€ OMUCAHBI U MPEACTABICHBI B KHUTAX, JUCCEPTALUIX U CTAThIX.

Opnako, aHaJIN3 Pe3yJbTaTOB UCCIICOBAHUM BBIMOJIHEH METOJaMH MEXaHUKH Pa3pyLICHHUS,
Oasupyromieiics Ha Teopusx [puddurca, Opomana, moxaenu HWpsuna. OreHKa BSI3KOCTH
paspylieHuss ¥ yJapHOW BSI3KOCTU IMPOU3BOIATCA HAa OCHOBE KO3()(PUIMEHTOB MHTEHCHBHOCTH
HaNpsHKEHUH B COOTBETCTBHHU CO CTpaHAapTaMu, B ToM yncie E399.

Wrtak, Mbl BumuM, uto jabopatopun I'epmanuu, BemukoOputanuum, Poccum n Kurtas He
WCIOJIb3YIOT HOBBIE TEOPHH (PU3UKH.

MBI paccMOTpHUM €111e OUH IIPUMED.

5. Oo0pa3oBanue TpemnH B (ro3eJisiake JeTaTeJbHbIX ANNIAPATOB
Karactpoduueckoe paspyiienue drozensika bounra 737-297, koTopoe IpOU30IILIO B arnperie
1988 moka3ano, 4To CyIIECTBYIOIIME B TO BPEMS METOJIBI KOHTPOJIS, KOTOPBIMHU JIOJDKHA OBITH

obecrniedueHa 6€30MaCHOCTh IKCIUTyaTallud CaMOJIETOB, HECOBEPIIICHHBEI.

[Mpe3ngent CHIA nmognmucan PUBLIC LAW 100-591—NOV. 3, 1988 "RESEARCH PLAN AND
REPORTS”, koTopblii BKIIFOYAaET BaXKHEHUIIINE 32 TaHUS:

“AZIMMHHUCTPATOP CYUTAET HEOOXOTUMBIMHU ISl 00€CTICUeHHsI TIOCTOSTHHOTO TIOTEHIHAA,
6e3omacHocty U dpdexkTuBHOCTH aBranuu B CoeanHeHHbIx LllTaTax, ¢ yyeToM HOBBIX
TEXHOJIOTUI U MMPOTHO3UPYEMBIX MOTPEOHOCTEN TpakIaHCKON aBUAIIUU U 00eCTIEYHTh
BBICOYANIITYIO CTEMEHb 0€30MIaCHOCTH TP aBHANIEPEBO3KaX.

AJIMUHHUCTPATOP CYUTAET HEOOXOIUMBIM 00ECTIEUUTh aBHAITMOHHYIO 0€301MaCHOCTh HAaWBBICIITUM

MIPUOPUTETOM.”

Opnako, mponurto Oosiee TPHUALATH JIET, HO METOJABI KOHTPOJS, KOTOPHIMH JOJDKHA
obecrieynBaTbCsl aBUAIlMOHHAs O€30MacHOCTh, MPHHLUUIHNAIBHO HE HW3MEHWINCh, TaK Kak
0a3MpyroTCs Ha TMIIOTE3aX, KOTOPBIE ONPOBEPraeT HIKCIEPUMEHT.

Mexanu3m 006pa3oBaHus TPEIIKH B (Qro3essKe caMmosieTa ObUT paccMOTpeH B padorte [1.9].

MBI pacCMOTPUM B TOM KHHUTE JIOTIOJIHUTENbHBIE J10Ka3aTeIbCTBA HEOOXOAMMOCTH OTKa3a

OT TaKUX TUITOTES.
5.1. «Y CTAJIOCTHBIE» TPELIUHbI

TCpMI/IH YCTAJIOCTh MCTAJLJIa OBLI BBCACH IIOYTHU 150 ner Hasaa, HO €AUMHUIBI U3MCPCHUA HET

A0 CUX 10p. MeToa YMCIeHHOM OLIEHKHU YCTAJIOCTH HC NPCJIOKCH. OTcyTCTBI/IC KOJIMYCCTBCHHOT'O
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KpuTepust pu 00pa3oBaHUM TPEILMH HCKII0YAeT BO3MOXXHOCTh MPOrHO3UPOBAHUS J1aXKe B TOM
clly4ae, Korja OJHOBPEMEHHO IOSBHIUCH JBe TpemmuHbl. Karactpoda, mpu KOTOpoil pelnbe
pazopsaio Ha 300 ¢ppamenrtos (Hatfield. UK. 2000), npowu3soriuia mocie Toro, Korjaa MccieJOBaHHE
yJIbpa3BYKOM, MPOBEICHHOE HAKaHYHE, OMACHBIX JePeKTOB He oOHapyxwmio. Takue karacTpodbl
IPOUCXOJUIM HEOMHOKpaTHO. TpemruHa pasmepom 599" (1498.6:226 MM?) oOpasoBanach B
bounre 737-300 1 anpens 2011 r. Camouner Haneran Bcero 48748 vyacoB. Ero yganocs mocaiurs,
HO 3TOT MHIUCHT HE U3MEHUJI METOIOB UCCIIEAOBAHUS MPUYUH 00pa30BaHUS TAKUX TPEILUH.

JleBsiTh naHesei Gro3emsnka Boeing 727, moneTHoe BpeMst KOTOPOTo cocTaBuiio 66412, 6butn
IKCICPUMEHTAIBHO HCCIIeI0BaHbI B cOOTBeTCTBUU ¢ mporpammoit FAA FASTER (the Full-Scale
Aircraft Structural Test Evaluation and Research) B Federal Aviation Administration William J.
Hughes Technical Center).

Opnna w3 maneneil uccienoBanach B pabote [4.24]. TpemmHbl, KOTOpbIE Ha3bIBAIOT
YCTAJIOCTHBIMU, OBLTH 00HAPYKEHBI BOM3U HECKOJIKHMX 3aKJICITOYHBIX OTBPECTHH, U3 KOTOPBIX MBI
PaccMOTPHUM OJHO.

Tpeuna A40 AFT Obuta oOHapyskeHa ciieBa OT 3akiienouHoro orsepctust A40 panee, ueM
tpemnHa A40 FWD cnpasa. Cxopoctb pocta Tpemunbl A40 AFT mpeBsliiaia cKOpocTh pocTa
tpeuabl A40 FWD. Pe3ynbTaThl H3MepeHuUs JITMHBI TPEIIUH ObUTH HCIIOIB30BaHbI B YPAaBHEHUH
NASGRO, npu pemeHur KOTOPOTO IMOJTYYCHBI OJMHAKOBBIC MapaMeTpbl ITOTO ypaBHEHUS IS
JBYX Pa3HBIX TPEILIHH.

Ecnu cornmacutbest ¢ runore3oii MpBuHA, TO KPUTUYECKOE 3HAUEHHUE JOCTHHET IMPEXKIEe
BCET0 Ta TPEIIMHA, KOTOpas 3apOJMIach paHbIIe, pacTeT OBICTpeH, T. €. JUIMHA KOTOPOi OoIbIIIe.
Oto cienyet u u3 ypaBHeHuss NASGRO. Ho skcnepuMeHTHl yKa3bIBalOT HA TO, YTO pa3pylIeHHe
00yCIJIOBJIEHO TOM 2HEprueH, kotopas OyaeT akKyMyJUpOBaHa, U3JIydeHa U COBEPIIUT paboTy Mo
pa3phIBY CBSI3EH.

Oueprus AUz, HeoOxoaumast sl yIUTMHEHUS TPeluHbl Al TpyU M3MEHEHUH YKCTa ITUKIIOB

BHelIHero Bo3aencTBrus AN pacuuThIBAa€TCs C MOMOIIBIO YPaBHEHUS
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_heg, Al

4000 — AU, = 2
AJ0FWD N=141228 2= 32 AN
2000 Crack Energy —744.686-n
; *=N=141700
AU, 0 _ g283.31nd S U . s i rie  a  IOCTOSHHAs
ook32000 134000 136000 fisooo 140000 |l42000 144000 N| kpucranmueckoit perre-
1100 1017 1133 1154 1181 fhours
-4000 NE137600 *EN=141500 TKH amomuHusg, h  ero
6000 _128.8206 ol 1471145 nl
Running time 25298 i TOJIIHMHAE, & SHEPrud
-8000
CBSI3U.
-10000
-12000 N=141229 | HpOH_Iy 06paTI/ITB
; -12,.88% 3 nJ
14000 BHUMAaHHE Ha TO, YTO
PEUIOKEHHOE
Fig. 82 (1)
ypaBHEHHE

o Al
MPUHIUIIAAIBHO OTIIMYACTCA OT YPABHCHU N MCXAHWUKHU, n6o CKOPOCTB pOCTa TPCUIWHBI m SABJIACTCA

apryMeHTOM, a He (QyHKIHEH.

UwuceHHbIe 3HAUYCHUS IS QIFOMUHUS, UCCIICIOBAHHOTO B padote [4.24], TaKOBBI: h=1.6-10° m,

a=4.05'101 m, £=5.3410"1° .

1.6-1073.5.34-1071% Al _a Al
— -— =05.219-10"%—,
4.052-10—20 AN AN

Cnenosarensho, AU, =

Al . .
I'padnuecku pynkuus AU, = F (E) noka3ana Ha Fig. 82 (1) mo ocu opiMHAT; YUCIO UCTIBITAHUI

(N) u Bpemst 0iHOTO LIUKIIA UCTIBITaHUH (1) HCIOIBE30BaHBI B KAYECTBE a0CIHCCHI.

Oco0blil nHTEpec mpecTaBiIsieT coOOM Ba MUHUMyMa MOTEHLUAIBHONW 3HEpruu aedopmarum,
OJIMH M3 KOTOPBIX 0003HAYMM CTpeiikoi T. DHeprus, akKyMyJIMPOBaHHAS B 9TOM MUHUMYME, MaJia
U CYyILECTBEHHOIO BIMSIHMS Ha Ipolecchl He okazana. Ho sHeprus, akkymMyJaupoBaHHas IpH
N=141229, cocraiser 12882,3 nJ. Tlocnexyromue ncneiranus mpu *N=141228, **N=141590 u
***N=141700 conpoBoxJat0Tcs MOTJIOIEHUEM SHEPTUH, KOTOpasi pacXolyeTcsl Ha pa3pbIB CBsI3ei
U yjuHeHue TpemuHsl. CymMapHbiii pacxon paBeH 1704.762 nJ, uto cocraBusier ~13 % ot
aKKyMYJINPOBaHHOM SHEPHUH.

CnedosamenvHo, 3anaceHHas 3Hepusi Modcem OblmMb U3LYUeHd, 00pazys KamacmpopuuecKyo
mpewuny. /leticmeumenvro, mpewuna onurot 11.8" obpazosanace 6 smoii obnacmu npu 00HoM u3
UCnbLIMAHULL.
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Fig. 82 (2)

Fig. 82 (2) wmumoctpupyer
SHEPTeTUKY  00pa3oBaHUs
JIBYX  TpEHIMH. DHeprus
riry0oKkoro MUHUMYyMa
ymenbuiena B 100 pa3, aToObr
MIPOJEMOHCTPUPOBATh  BECH
CIIEKTP 3HAYEHUN B ITOM
Mmaciurabe.

Hmax, mvl  6uoum, umo

meopemuyecKul aHanus
IKCNEPUMEHMATILHBIX UCCTe-
008aHUL, OCHOBAHHBIN HA

OUUDOYHBIX cunomesax,

Tem He MCHEC, 3TO HC G,I[I/IHCTBGHHblﬁ HCIOCTATOK JKCIICPUMCHTAJIBHOI'O HCCIICIOBAHUA,

KOTOpoe Hcnonb3yercst 10 cux nop. Omun tect amures 25-30 cexyHn. Bpems uccrnenoBaHus
cocraBuio 25298 wyacoB. IIpogomkuTenbHOCTh OT OJHOTO M3MEPEHMs UIMHBI TPELIUHBI 10
CIIEIYIOIIETO COCTABIISUIA COTHU YacoB. Takoe BpeMsi He IO3BOJIMIIO UCCIIEIOBATEIISAM OIPEICINTh
MOMEHT, KOTJ]a IIPOU30IUIO pa3zpyiieHne. MeTo pa3pylIuTesieH 1 He MOXKET OBITh HCIIOIb30BaH
Ha IIpaKTUKeE.



6.1. HpI/lTﬂI‘l/lBalOIlll/leCﬂ U OTTAJKHBAKOIIHECH TPCIIUHBI

Fig. 83

Oco0pbiit HWHTEpeC
NPEJCTaBISIOT — MapajuielIbHbIC
TPELINHBI, PACTYIINE HABCTPEUY
JPYT APYTY, KaK 3TO MOKA3aHO Ha
Fig. 83 g HaHOIUIACTHHBI
KpeMHHUs, OOJyYeHHOH HOHAMHU
Bojopona u remusa [4.25];

3aKJICTIOYHOTO COCIMHCHUS
HaHeIH ¢rozemnsoka npu
nedopMaruu n3uba "

pactsbkenus [4.26], mokazaHHbIE
Ha Fig 84; Ha mnoBepxHOCTH
3emun Fig 85 (1) [4.27]; npm
pactspkeHnH moimmepoB Fig 85
(2), [4.28] u Fig 85 (3), [4.29].
OTtnuuutenbHass  OCOOCHHOCTh
TaKUX TPEIIUH COCTOUT B TOM,
9YTO KaXAas W3 TPCLIMH, He
JOXO/sl TO MecTa BCTpeYH,
UCKPUBIICTCI W OTMOaeT ero.

Taxue TPCUIMHBI HA3BIBAIOT IPUTATUBAOIIUMHACA U OTTAJIKMBAIOIIUMUCH.
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Fig. 85

dopmupoBaHue TpeLUH 0ojiee AeTalbHO paccMOTpeHo B pabote [1.9].

dotorpadun, npuseneHubie Ha Fig. 83- Fig. 85 neMOHCTpUpPYIOT TpEIIUHBI B 00BEKTAX,
pasMep KOTOPBIX OTIMYAeTCs Ha TpPUHAAUATh MOpsaAkoB (or 10 HaHOMETPOB 10 HAecsITKa
KHJIOMETPOB). IIEHTHYHOCTh MEXaHW3Ma (POPMHUPOBAHUS TAKMX TPEIINH HE BBI3BIBACT COMHEHUSI.
Ho mexanusm (popMupoBaHus TPELIMHBL, JTMHA KOTOPOM COCTaBIIAET IECITKH HAHOMETPOB MOYKET
OBbITH 00YCIIOBJIEH TOJIBKO OOMEHHBIM B3aUMOJIEHCTBUEM aTOMOB. TakuM 00pa3oM, Mbl IPUXOAUM
y BBIBOJY, YTO TaKWe€ TPEUIMHBI 00YCIIOBICHBI aTOMHBIMU PEAKIMSIMH, KOTOPBIE HE 3aBHCAT OT
pa3MepoB 0OBEKTA.

OTOT BBIBOJ H30aBJI€T HAC OT HEOOXOJUMOCTH AaHAJIM3MPOBATh TI'EOMETPUYECKHE U

MEXaHUYCCKHUE MOACIIN.
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6.2. JluHaMKKa pocTa YyeThbIpex TPelluH B (pro3esisizke camoJieTa

TmarensHble H3Mepenus pocta Tpemun A22-L (Left), A22-R (Right), A23-L, A23-R, 6butn
BhIMOJIHEHBI B padoTe A. Ahmed [4.26]. AHanu3 TaOIUI[ YETHIPEX STHX TPEIIUH YOSIUI €ro
B TOM, YTO JTH TPEIIMHBI 3apOXKIAIOTCS M PACTYT BOMPEKH TEM MOJIENSIM, KOTOPHIC
npeanucanbl B Mexanuke. OH, OTMETHUB ITOT (aKT, OCTAJICS B PAMKaX dTUX MOJICTICH, CUUTas

ckopoctb  pocta Tpemabl  da/dN  ¢ynkumen. [paduueckum 3Ta  CBSI3L B

107 — MOTyJI0Tapu(PUMHIECKOM
v
A o _ -
1 a E:zt j‘f‘flli v Ty Mmacmrrabe rokasana Ha Fig. 86.
1007 e -
O Crack A25-L v
- vY ¥ OTnauuuTeNnbHble  OCOOCHHOCTH
L Erﬁk AE.:-RL " v ';: v
oa Ll M C‘“E . v m, B YeThIPEX OTMEYEHHBIX TPELIMH
b . ? U
g ﬂg YCTaHOBHTH MOJKHO JIIIb
£ § v
Z ‘@ YaCTUYHO,  OTMETUB  OOIIYIO
< 10+ } A s.® v 3aKOHOMEPHOCTH CKOPOCTH POCTa
F.
amw TpeUMH OT WX JUMHBL. OIHAKO,
107}
TPEUINHA, JUTMHA KOTOPO¥
106 T o) cocraBmma 1925 MM, He
0.1 1 10
Crack Length (inch) IIPOrHO3UPOBAIACH.
Fig. 86

Tabnuupl pocrta TpemMH, NpUBEACHHbIE B padore [4.26], MO3BOJAIOT MOIY4YUTH OoJsee
MOJIHYIO MH(POPMALINIO, €CIIH PACCUUTHIBATh SHEPIUI0, 3aTPAYCHHYIO Ha 00pa30BaHKE TPEIIMH.
Pe3ynbraThl paccuera sHepruu, 3aTpaueHHONl Ha oOpasoBanue TpemuH A22-L u A22-R,

nokasansl Tpaduuecku (A22-L u A22-R Crack Energy).
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04 13.437ni
M S&000 SEQOD 100000 102000 104000 106000 108000

¢ 666.67 680.56 694.44  708.33 722.33 736.11 750
WNudopmanms, KOTOPYIO MBI IOTyYaeM, UCTIOIB3Ys 3TH IpadKH, BO-TIEPBBIX, O0JIee TOUYHO
oTpakaeT mpoiiecc (HOpMHPOBAHUS TPEUINH, BO-BTOPHIX, MO3BOJSET JIydIlle MOHITh MEXaHU3M
ATOTO TPOIEcca, B-TPEThUX, MBI MOKEM OIEHUTh OMACHOCTh KaXJOW W3 TPEIIWH, pacroJaras
JAHHBIMHU 00 SHEPTUH U CKOPOCTH ee akkyMmyJisiiiuu. Tadmuiel N 1 AN 1mokas3sIBatoT, 4TO HHTEPBAI
MEXIy MaKCHMyMaMd OOJbIIEH 4YacThIO COXpaHSETCS Jake TMpPH TaKOM T'POMO3IKOM

OKCIICPUMCHTC. I/ITaK, Mbl BHJIHUM, YTO AKKYMYJISALIUSA SHCPIruM CMCHAJIACH CKa‘-IKOO6p213HLIM
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W3IyYeHHEM; TpEIlMHa CIpaBa pocia B YeThIpe pa3a ObICTpEH, YeM CIIeBa; BpeMsl UCCIIETOBaHUS

s3ausu1o 34050 gacos.

12000 77T T [Crack Energy A23-L 1iadsh0nd (¥ | |

10000 N AN AL — T
8. 08180 1030 141576
8000 | 9. 992701090 oelon 4 N-9134p |
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1) Tony6oii rpaduk, mokazanHblil Ha A23-L, WILUTIOCTpUPYET U3MEHEHHUE [UTHHBI TPEIIUHBI B TPOLIECCEe
BCET0 UCCIIEJOBAHUS.

2) Awnanu3 sHepretuku mporeccoB (opmupoBanus tpeumH A23-L u A23-R mokaseiBer, uTO
MEXaHU3M JITHX TPEIIMH HE W3MEHWIICS, 10 CPAaBHEHHIO C TPEUIMHAMH, 0Opa30BAaHHBIMH BOJIH3H
otBepctust A22, Ho TpemuHa A23-L pocna nmoutu B 39 pa3 6picTpeit, uem A23-R u npumepHo B 25
pa3 ObIcTpeid, ueM BcTpeuHas TpemuHa A22-R.

3) Tor ¢akr, yro Tpemmua mamuHHON 1,925 M 3apommnack cieBa oT orBepctusi A23 Tpebyer
crieMaibHbIX wHccienoBannii. Ho rpadukm mpuBenensl s TOro, 4YroOBl eme pas

NpOACMOHCTPHUPOBATH HCCOCTOATCIILHOCTE MECXAHNYCCKUX Mozeaen TpeIJ_II/IHOO6pa3OBaHI/I${.
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6.3. Omuoxu I'ocynapcrBenHbix CTaHIAPTOB

1.  AnHanu3 paboT, OImyOJIMKOBAaHHBIX BIUIOTH /10 Aeka0ps 2019, mokaspIBaeT, 4TO CaMbIMHU
BaXHBIMU MapaMeTPaMH MEXaHHKHU Pa3pyIIEHUsI OCTAIOTCS: CKOPOCHb 8blCB0O0NCOEHUs YNPY2Oll
snepeuu G, koapuyuenm unmencusnocmu nanpsixcenuu (Stress intensity factor) K, J-unrerpai,
CMeIIeHHEe pacKpbITHs BepIinHbI TpemuHbl (J-integral, the crack-tip opening displacement) CTOD,
U YIOJI PacKphITHs BEpIIMHBI TpenuHbl (Crack-tip opening angle) CTOA .

2.  OcHoBHasg omuOKa pa3pabOTKU TOCYJapCTBEHHBIX CTaHIApPTOB, 00ECHEUYMBAIOIIMX
0€30MaCHOCTh  JKCIUTyaTallud COOPYKEHUH U YCTPOMCTB, 0OyCIIOBIIEH NpeHeOpeKeHueM
(dyHIaMEHTAIBHBIMU 3aKOHaMU (HU3UKHA, Ha OCHOBE KOTOPBIX BBITIOJTHSIOTCS HW3MEpPEHUS
HEOOXOMUMBIX (PU3UYECKHX IapaMeTpOB, MOMBITKOM 3aMEHUTh W3MEpPEHHUs STUX MapaMeTpoB
MaTeMaTHYeCKUMHU MOJIMHOMAMH.

3. Ananus crangapra CIIA E 399, Bemonnenssiit Ha ocHoBe nmyonukanwuii [4.29, 4.30],
MOKa3aj, YTO YUCJIO MMapaMeTPOB, UCIOIB30BAHHBIX /I paccyeTa BS3KOCTH pa3pylLICHUs, PaBHO
103, 3 KOTOpbIX KOAPGUITUEHTOB MHTEHCUBHOCTH JIBEHAANATh. YUCIIO ypaBHEHUI, HEOOXOAUMBIX
JUTst 9TOTO, B padore [4.29] paBHo 33, B padote [4.30]-87. M3MepsieMbIMU IMapaMeTpaMu SIBJISICTCS
JUIMHA TPEIIVHBI, TOJIMHA o0pasna, HampspkeHwe, Moayib FOHra. DTo o03Ha4aer, 4To BCe
OCTaJIbHBIC TIapaMeTphbl SBISAIOTCS MaTemMaTHdeckuMmu. Her ykazaHusi Ha TO, HA OCHOBE KaKOIO
OKCIIEPUMEHTA TMPEJIOKEHbl YpaBHEHUS WM C TOMOUIbI0 KAaKOrO0 OJKCIEPUMEHTa OHU
MTOITBEPKICHBI.

4. Oco0OeHHO Ba)XHO OTMETHUTh, YTO AK€ B TOM Cllyyae, Korja Ha MeTajlsl BO3JAEHTBYyET
Ty J1a3epa, UCIob3yIoTes Te ke mapamerpsl G, K, J, CTOD and CTOA.

5. MHOrouucneHHblE SKCIEPUMEHTHI, OINUCAHHBIE B JTOW KHHUIEe W TPUIIOKEHUH,
JIOKa3bIBAIOT, YTO CTaHAAPTHI, MpeAHa3HAUYCHHbIE s oOecredeHus] 0€30MacHON JIKCIUTyaTaluu
COOPYXCHH W YCTPOWCTB, HE YUYHTHIBAIOIINE DHEPTUI0 ATOMHBIX PEAKIUH, JTOJDKHBI OBITh
3aMEHEHBI Ha HOBHIE.

6. OKchmepuMeHT TMOKas3all, YTO OCHOBHBIM H3MEPSEMBbIM MapaMeTpoOM SBISETCA
MOTEeHIIUAbHAs SHEPTusi, 00yCIOBIECHHAs W3MEHEHHUEM D3JIEKTPOHHON 00O0JI0YKM aTOMOB, a HE
MTOJIOXKEHHUS aTOMOB.

7.  CoBpeMeHHasl SKCIIEpUMEHTAIbHAS 0a3a MO3BOJISIET BBHITIOJHUTH SKCIEPTHYIO OICHKY
mO00ro CcTaHJapTa WM METOAAa Ha COOTBEeCTBHE (PU3MYecKUM 3akoHaM. KBaHTOBash MeXaHHMKa

MO3BOJIACT OLICHUTH ITPABOMEPHOCTH U B(IJ(I)CKTI/IBHOCTL npeajaracMbix METOJA0B U CTAHAPATOB.
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[Mpumep. US patent 9,272,794 B2, Mar. 1, 2016, D.A. Froom, W. T. Manak, System and
Methods for Non-Destrective Inspection of Airlines.

[TaTeHT npenHazHayeH AJis NEPUOIUYECKUX UCCIIEJOBAaHUM 1e(PEKTOB B MOJIEIHU CaMoJieTa U3
30J10Ta, UCIIOIB3YsI pEHTTeHOTpaduIo, HEUTPOHOTpaHUIO U YIETPa3BYK.

Henocrarku metona.

1. PeHTeHOBCKHE Jy4YH OT BHEIIHErO UICTOYHHKA, YIbTPA3BYKOBbIC BOJIHBI 1 HEUTPOHBI HE
00HapyXUBAIOT UCTOYHHUK SHEPTHU, U3TyUYEHUE KOTOPOTO SABJISETCS MPUUYUHOMN pa3pylIeHusI.

2. Maremarudeckast SKCTPAIIOJIAI A npu MOACIINPOBAHUU HCOO0MMyCTUMaA JJISL
KCCIICIOBAHUSL B3aMMOJICMCTBHUS PEHTIEHOBCKUX Jy4el M HEWTPOHOB € aromamu. Hampuwmep,
JTUHEHHBIA KOA(PQUIIMEHT TMOTJIOMEHUSI PEHTICHOBCKUX JIyded T 3aBUCUT OT IUIOTHOCTH

BeIeCTBa p, 3apsajaa sapa Z U JIJIUMHBI BOIHBI A cornacHo ¢opmyne T = kpZ3A3. Ornomenue

7(30/10TO)
prome—— 1603. Dto 03Hayaer, 4To Ae(PEeKTHl B MOJICIH U PEATbHOM 00BEKTE Pa3IMUHBI.
AJIOMUHUHU

3. 3onoro He moaBepxkeHO Koppo3uu. ClieoBaTeNbHO, MOSIBIEHUE TAKOro JIedeKTa B
MeETaJlJIe HE IPOTHO3UPYETCSL.

4.  OTCyTCTBYIOT ypaBHEHHH, C TOMOIIBIO KOTOPBIX MOXXHO IPOTHO3HPOBATH BpPEMS
0e30macHoOi SKCIUTyaTaluy.

6.4. Bo3MoxkHOCTBh 3aMeHbl ['ocyIapcTBEHHBIX CTAHAAPTOB

1. Pe3ynbrar  SKCHEpPUMEHTOB,  BBIOJIHEHHBIX  aBTOPOM,  CBHJETEIBLCTBET 00
IEKTPOMArHATOM HM3JIydeHHH ¢ 4acToToil mopsmka 10'- 10 T'm, xoTopoe BosHHKaeT mpu
aToMHOM peakuuu. CrenoBaTeNbHO, METOJ] MOHUTOPMHIA AaTOMHBIX pPEaKUMH sBIsSeTCA
yHHUBepcaabHbIM. OH MPUMEHUM KO BCEM 00BbEKTaM HE3aBUCUMO OT pa3MepOB, COCTaBa, CTPYKTYPHI
Y BUJIOB BHEIITHETO BO3/ICHCTBUSI.

2. VIHTECHBHOCTH AJIEKTPOMArHUTHOTO HM3JIyYEHUS W JIFOMUHECIICHIIMS, BBI3BaHHAS WM,
U3MEpSIETCS] C MAKCUMAJIbHOM TOYHOCTBIO.
CrniexTpajbHBIIl COCTaB 3JEKTPOMAarHUTHOIO CHUTHalA, MO3BOJSET ONPEAEINTh XUMHUYECKHH
AJIEMEHT, KOTOPBIM OH U3JTyYeH.

4. H3mepeHHe WHTEHCHBHOCTH JJIEKTPOMArHWTHOTO U3Iy4YeHHUS JOKaJbHOM oO0nactu
ABIISIETCS HEOOXOMMBIM U JJOCTATOUHBIM YCIIOBHEM JUISl OLIEHKU YHEPreTUYECKOT0 COCTOSHUS ATON
obyacTH.

5. BriiBnenue nedeKTOB U MOBPEKIACHUH B COOPYKEHMSIX U YCTpOMCTBaX MeToJlaMu
HEpa3pylIAIOIIET0 KOHTPOJII OCHOBAHO HA HCIIOJIb30BAHUM YJIBTPA3ByKa, BUXPEBBIX TOKOB M

PCHTPECHOBCKOT'O U3JIYyUCHUS. Meton MOHUTOPHUHI'a AaTOMHBIX peaKuHﬁ MNPpUIHIIAATIBHO OTJINYACTCA
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OT HUX T€M, YTO KOHTPOJIUPYETCS UCTOUYHUK SHEPTUU, CPOPMHUPOBAHHBIN aTOMaMU TOTO JIEMEHTA,
KOTOPBIA MMAaCHUBHO WJIM AKTHUBHO HCIOJIb3YyeTCS YeJOBEKOM. Teno, KOTOpoe IMOIBEpraercs
BHEIIIHEMY BOXJCHCTBHUIO, IMOIJIONIAET JHEPrUi0. DHEPrusi, MOTJOIICHHAs TEJIOM, COBEpILIACT
paboTy, paccenBaeTCs UM HaKaluIMBaeTCs B HeM. HakoruieHre SHeprui BO3MOKHO TOJBKO B TOM
cllyyae, KOIJla 4acTh aTOMOB H3MEHWJach. l3MeHeHUs aToMOB OOYCIOBJIEHO H3MEHEHHUEM
ANEKTPOHHOU O0O0JIOUKH. DTO NMPUBOAUT K TOMY, YTO MEHSETCS T€OMETPHUYECKOE MOJOKEHUE
aTOMOB.

Haubonee mounyro ungopmayuio 06 uzmeHeHUAx amomos8 npeoocmasiaion CHneKmpuol
NO2IOWEHUsL U USTYYEeHUs] ATMOMOS.

3aoaua moHumopurea NPUHAMb MY UHGOMAYUIO U UCNOSILIBAMb ee.

MHTEHCUBHOCTh CIIOHTAHHOTO JJICKTPOMArHUTHOTO u3iaydeHus |,(X,t) sBiseTcss OCHOBHBIM
n3MepsieMbiM napamerpoM. OH CBSI3aH C aKKyMYJIMPOBAHHOW SHEPIrHEl, YpaBHEHHE KOTOPOE
HE00X0IUMO HaWTH ( WM MOATBEPIAUTD) SIKCIIEPUMEHTAIBHO.

KoHTponbHOE HCTIbITaHNE BBIMIOJIHAETCS Ha U3/IETUH, JJIs SKCIEPUMETAIBHOTO OIIPEIETICHUS
[apaMeTpoB  U3JAEIUS: AKKyMYJIUDOBaHHOM JHEPIHM, CKOPOCTH AaKKyMYJSLIUU DHEPrUH
KPUTHUYECKOT0 3a4eHUs SHepruu. VcrpITaHne BHITIONHACTCS 10 MOSBICHUS fedeKTa, Ipu KOTOPOM
JKCIUTyaTalusl HEBO3MOXKHA.

Heobxo0umo nommums, 4mo uUHMECUBHOCMb CHOHMAHHO20 U3AVYEHUs 6 MOMeHm
006pa306anUs NOP, Mpewun U pa3pyueHuss MUHUMAIbHA, MAKCUMATbHAS UHIMEHCUBHOCTb Nepeo
obpazosanuem Nnop mpewuH U PpaspyuwleHuu Xapakmepusyem Kpumuieckoe 3HayeHue
AKKymynupoeanHou suepauu. Koppo3us moaice conpogoiciaemcs uznyueHuem SHepeun, Komopas
OMAUYAEMCs YACMOMOU U NPOHUKAIOWel ChOCOOHOCIbIO OM N-U3LYYEHUS.

VYcnemnHoe I0ArocpoyHOE HCMOIb30BAaHUE AJIEKTPOMATHUTHOTO HU3IYUYEHHS B Pa3IMYHBIX
CHEKTPAJIbHBIX O0JIacTAX 0O0Jeryaer Mepexoa OT METOJ0B, OCHOBAHHBIX Ha KJIACCHYECKOU
MEXaHHKE, K METOaM, OCHOBaHHBIM Ha KBAHTOBON MEXaHUKE.

XapakTepHass 0COOEHHOCTh HEMHBa3UBHOI'O MOHUTOPUHIA aTOMHBIX peaklUii 00yclIoBiIeHa
cBoiicTBaMM BOJoOpona. MoJekyna BOJOpoJia Ha MOBEPXHOCTH MeTallla, KaK 3TO MOKa3aHO B
paborax I'. DpTis, AucconupyeT U HOHU3YETCs, MpeBpsIIasch B MpoToH. [IpoToH nepememniaercs
M0 METAJUTY XaOTHUYECKH, HO JIF000€ BHEIIIHEE BO3/ICHCTBHE YBEIIMUUBAET €TI0 CKOPOCTh, MOBBIIIAS
BEPOATHOCTB M-U3JTyYEHUS U pa3pblBa CBA3M MEXAy aToMaMu. [loromenne Bogopoaa namuiaguemM
U €ro pa3pyllieHre MPOUCXOIUT MPH KOMHATHBIX TeMIepaTypax, SJHEPTUs CBA3U MEXIy aTOMaMH

KOTOpOro, paBHa 3.936 sB. DHeprus cBsi3u MeXAy HOHAMU KeJe3a U KUCI0po/ia TOYTH B TPH pas3a

195



BBIIIC, YEM Y aTOMOB Iajljiaau. CJ'IGI[OBaTeJ'II)HO, TaKas pC€aknus BO3MOXKXHaA IIpU 0oJiece BBICOKOM

TeMIleparype.

BoccranoBnenuto xenesa u3 okuciaoB Fe;03 u FesOs ¢ momorisio Boopoaa MOCBSIICHO

00JIBIIIOE YKCIIO PadoT.
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Fig. 87
Kunetrka BOCCTaHOBJICHHS JKejle3a W3 OKCHIOB JKelle3a IO JIEHCTBHEM BOJIOPOJA
HCCIIEA0BAIOCH MUKPOTPAaBUMETPUUYECKUM MeToaoM B pabote [4.36]. IloTeps Beca mokaszaHa
rpaduyecku Ha Fig. 87. Temmeparypa, HeoOXoauMast sl BOCCTAHOBIICHHUS XKeJie3a, UCIOoIb3yeMast

B MMPOMBIINIJICHHOCTH, IIPUMECPHO B ABa pa3a NPCBLICIHIACT Ty, KOTOpasA HMCIIOJIb30BaHA B JAHHOM
2

JKCIIEPUMEHTE
XuMuyeckasi peakius npejacrapieHa ypaBHeHusMu (1) u (2*)
Fe;04 +4H, — 3Fe + 4H,0 (1%)
Fe;03 +4H, —» 3Fe + 4H,0 (2%).

Amnanuz pabot, B TOM 4yuciie 0030poB, HarpuMmep, [4.37. 4.38], onyonukoBaHHbIX ¢ 1962 10
ssaBapst 2020, CBUAETENHCTBET O TOM, UYTO aTOMHBIA MEXaHWU3M PEaKIui He paccMaTpuUBaeTCs,
HECMOTpPSI Ha TO, YTO IKCHEPUMEHTHI BBIMOIHSIIMCH KaK HA MAacCUBHBIX, TaK M HAHOOOpaslax u
WCIIONIb30BAJICSl  PEHTTEHOCTPYKTYPHBIA — aHANW3, DJJIEKTPOHHAs MHUKpocKomuss © 3¢ deKT
Méccbayapa.

bonee cra doTtorpaduii, npuBeCHHBIX B MEPBOM M BTOPOM TJIaBaX KHWUTH, MOJYyUYEHBI B T€X

OKCIICPUMCHTAX, B KOTOPBIX YHAaCTUC IIPOTOHOB B aTOMHOI pCaKknunu HCOCIIOPUMO.
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Hcnonp3oBaHne BOAOpPOZa B PEAKIIMSIX BOCCTAHOBIICHHS JKele3a M3 OKHCIOB CITY)KUT eIle
OJTHUM ITOJITBEPIKJICHUEM THUITOTE3bI T-H3JTyUCHHS.

MHoroserHee yCHemHoe HUCIOIb30BaHUE 3JICKTPOMArHUTHOTO H3IIyYEHHS] B Pa3IHYHBIX
00JIacTsIX CHeKkTpa obJieryaer mepexoa OT METO/I0B, OCHOBAaHHBIX Ha KJIACCHYECKOW MEXaHUKe, K
METOA4aM, OCHOBAHHBIM Ha KBAaHTOBOM MECXaHUKE. H-I/ISJIy‘-ICHI/Ie HEC Tpe6yeT JOITIOJIHUTCIIbHBIX
WUCTOYHHUKOB DJHEPruu. TaKMM HMCTOYHHKOM SIBIISICTCS BHEIIHEE BO3JCHCTBUE, KOTOPHIM
00yCJIOBJICHa DKCIUTyaTalusi COOPYKEHHS WM YCTpOWCTBAa. BO3HMKHOBEHHE MOBPEKIACHUN U
Ne(EeKTOB MPOUCXOIUT 32 CUET YHEPTUU. DHEPTHSL, TOTIIOMICHHAS yCTPOHCTBOM HIIA COOPYKEHUEM,
pacxojayercsi Ha MOJe3Hyl0 paboTy, paccemBaeTcsi U akKyMynupyercs. OnacHOCTb BO3MOXKHOTO
paspylIeHus] MPEACTaBISCT TOJIBKO aKKyMYJHpOBaHHas 3Heperus. HayuHo-ucciiemoBaTenbcKue
nabopaToOpuM PacIoiaral0T METOJaMU M yCTPOMCTBAMHU JJIsi TOYHOH OIICHKH SHEPIHTEYECKOTO
6aﬂaHC3, HO Ha IMPAKTUKEC aKKYMYJIALHA SHCPIrUU OLCHUBACTCA IO MHTCHCUBHOCTU CIIOHTAHHOI'O
U3JIy4YEHUS.

6.5. MOHUTOPHHI AaTOMHBIX peaKUuii TpyoonpoBoaa

TpyOompoBoa aiisi  TPaHCIOPTHPOBKM Tra3a WIM HEPTENPOAYKTOB TOJBEPraerTcs
HWHTCHCHBHBIM BHCIITHHUM U BHYTPCHHUM BOSI[CfICTBPISIM, MMPpOBOAAIIUM K KOPPO3UH, O6pa3OBaHI/IIO
TPELINH U pa3pylieHnto. BHemHumMu hakropamu ABISIOTCS AedopManusi, BBI3BaHHAS CMEIIEHUEM
MOYBBI, U3MEHEHHEM TEMIIEPATypbl, ONYXKIAIONIMMUA TOKaMH, BOJA, Ta3bl, SJICPHOE U3IYUYCHUE
pPalMOAKTHBHBIX JJIEMEHTOB. BHYTpEHHssS TOBEPXHOCTh TOJBepraets JeGopMaluu, Kak |
BHEITHSS, HHTCHCUBHOMY BO3JICHCTBHUIO BOJIOPO/A, KHUCIOPOJIA, CePhI, MPUBOIAIINX K KOPPO3UH.

MHOTOMETpOBBIC TPOAOIBHBIC TPEHNIMHBI B TPyOONPOBOJAX CBHJETEIBCTBYET 00
AJIEKTPOMArHUTHBIX CTUMYJIMPOBAHHBIX MpoIeccax. Y Teuka ra3a Wik HeTenpoIyKTa MPUBOIUT
K B3pbIBaM, TOXapam, THOCIH JIFOJICH, IKOJIOTHUECKUM KaTacTpodam.

Haxomienne mapaduna Ha CTeHKax TpyOOmpoBOoAa CTajlo0 OJHOM U3 MPOOJIEM €ro
skcruryaranui. OYHCTKa CTEHOK TpyOOmpoBOAa OCYMIECTBISUIACh C TOMOIINBIO YCTPOWCTBA,
HA3BaHHOTO CBUHbeW. KaracTtpoduueckas TpemmHa, UIMHA KOTOpPOM cocTtaBistia 4,8 M,
obpasoBayack B He(hTenpoBo e mocie npoxozaa cBunbH. (Cmotpu [1.9] u maparpad 3.1).

JlnurenpHas HeMpepbIBHAs OKCIUTyaTalus TpyOoIlpoBoJa MPHUBOJUT K TOMY, UTO
HaHOPa3MCpPHEBIC Jle(i)eKTBI, KOTOPBIE B Ha4YaJIC OKCITyaTallMh IIPU3HAOTCA IMPUCMINMBIMU,
CTaHOBSITCS OIACHBIMHU, JIAXKE €CIIM MX pa3Mep He U3MeHHWICsA. Takue ne(eKThl Ha3bIBAOTCS
CKPBITBIMH TpeliuHaMu. KoJIM4ecTBO TakMX TPEIIUH B 3aKJICIIOYHOM COCIMHECHUU (ro3elisika

nocruraet 85%. OHU Ha3bIBAIOTCS YCTAIOCTHBIMU TPEIIMHAMH.
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Hepaspymaronmii KOHTPOJIb 3JIEMEHTOB COOPYKEHUN YCTPOMCTB MpEIHA3HAYEH IS TOTO,
4TOOBl TPEIOTBPATHTh KaTacTpO(UUECKOe pa3pylIeHHe Ha OCHOBE aHAln3a pe3ysIbTaToB
uccien0BaHus 001acTeld, KOTOpbIe MPU3HAIOTCS HAJCKHBIMH IS TAJIbHEHIIIETO UCTIONB30BAHUS U
o0yacTeif, TOBPEXJECHHBIX B TMpOLECCe OKCIUTyatanud. HamaeXHOCTh U JTOJITOBEYHOCTH
uccieayeMoi 001acTH MOXET  ObITh OIEHEHa MpPaBMIBHO TOJBKO HAa OCHOBE 3aKOHOB,
XapaKTEePU3YIOIIUX CUJIBI CBSI3H MEXKIy aTOMaMH U MPOLECCOB, MIPUBOISAIINX K OCIA0ICHUIO CHII
CBSI3M M BO3HHKHOBEHHUIO JIe(PeKTOB. MBI Ha30BeM Takhe OOJIACTU CTPYKTYPHBIM 3JEMEHTOM H
OyzeM MOHMMATh TOJ CTPYKTYPOH DPacHoOJOXKEHHE aTOMOB M HX COCOTOSIHHE, OOYCIIOBIEHHOE
pacIoyio’KeHNEM IEKTPOHOB B UX 000JIOUKE.

JIro0oe BO3IEHCTBHE HAa aTOMBI SBJISCTCS DJICKTPOMArHUTHBIM. V3MeHEHHs, BBHI3BAaHHBIC
BO3/ICHICTBUEM, €CTh aTOMHAs PEaKHs, [UIMTEIbHOCTh KOTOPOH COCTaBIISICT MHJUIMOHHBIE JOJIU
CeKyHJbl. VI3MEHEHHe SHEPreTHYeCKOro COCTOSHHUS aTOMOB NPHUBOAWT K HW3MEHEHHIO HX
pAacIioyIoKeH U, IPH KOTOPOM BO3HHUKAET HOBOE JMHAMUYECKOE PABHOBUCHE.

OKCIepUMEHTAIbHOE UCCIIEIOBAHUE CTPYKTYPHOTO JIEMEHTA OCYLIECTBISAETCS C IOMOILBIO
OTpaKEHUs WM MPOITyCKaHUS BOJIH, JUIMHA BOJIHBI KOTOPBIX TOJDKHA OBITH MEHbIIE, IO KpalHe
Mepe, OJHOTO U3 pa3mMepoB obaactu. COBpeMEHHBIE SKCIIEPUMEHTAIIBHBIE YCTPOMCTBA TIO3BOJISIIOT
WCCIIeIOBaTh HAHOpa3MepHBbIE O0JIACTH, KaK 3TO MOKAa3aHO BBINIE, HO OHU HE MOTYT OBITh
NPUMEHEHBI Ha TIPAKTHKE.

Hepazpymaromuii MOHUTOPUHT J1e()eKTOB OCYIIECTBIISIETCS Ha OCHOBE TpPEX METOJIOB:
YIIbTpa3ByKa, BUXPEBBIX TOKOB M peHTreHorpaduu. HemoctaTkoM yibTpa3ByKOBOTO METOJA H
METOa BUXPEBBIX TOKOB SIBJISIETCS OOJbINAs JUIMHA BOJHBI, HE TO3BOJISIONIAS JETEKTHPOBATH
obnactu MeHeee 0.5 MM. [IpenmyiiecTBo peHTreHorpaduu o0ycaoBICHO BHICOKOI MPOHUKAIOLIEH
CIOCOOHOCTBIO, BO3MOXHOCTBIO JETEKTUPOBaTh Je€(EeKThl, paclOJIOKEHHbIE Ha TIyOHHe
Matepuana. [lornomenue pPeHTIeHOBCKUX Jy4ei 3aBUCUT TJIABHBIM O0pa3oM OT IIOTHOCTH
MaTepuana, opsAKOBOT0 HOMepa dJIeMeHTa (3apsaa aapa Z), kak Z*. Pentrenorpadus spisercs
oueHb (P (PEKTUBHBIM CIIOCOOOM OOHApYXKEHUs OOBEMHBIX Ne(PEKTOB (HAIpUMEp, BKIIOUYECHUS
[iaka, MOPUCTOCTH M HepacIIaBIEHHOro MeTajjia) B cBapHOM mmBe. Henocratkamu
PEHTTEHOTPAPHUECKOTO METO/a SBISIOTCS HEOOXOTUMOCTh MCTOYHHKA BBICOKOTO HAIPSHKEHUS,
HEBO30XKHOCTH JIETEKTUPOBAHUS CKPBITHIX TPEIIUH.

Bo3MOXHOCTh MPUMEHEHHs Pa3IMYHBIX METOAOB B TPYOOINpPOBO/IE pacCMOTpeHa B paboTe

[4.34]. Ho OCHOBHBIM HEIOCTATKOM ITHUX METOJOB SBISETCS TOT (PAKT, YTO PEIIAIOIIYIO POJIb B
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HapyIICHUH LETOCTHOCTH CTPYKTYPHOTO JJIEMEHTA SIBJISFOTCS MCTOYHUKH DHEPTHUH, 3apsi supa
aTOMOB B KOTOPBIX HE MEHSIETCSI.

[TpuurHBl 00pa3oBaHMs B Ta30IPOBOJIE TPEUIMHBI, JJIMHA KOTOpOW coctaBmiia 11 mMeTpoB,
yIUBWIA aBTOPOB paboTsl [4.34]. Onu numyt: «HeoObrunsnii B3pbIB razonpoBoga API 5L X52
nuametrpoMm 24 nroitma (609, 6 MM) IIpH TOJILIMHE CTEHOK 7 MM IIPOM30IIET U3-3a pa3pylleHUs B
MPOJIOIFHOM JIyTOBOM CBapHOM IBe ¢ JBOWMHBIM moaBojgoM (DSAW). Kak Hu cTpanHO 115
ra3onpoBOJIOB, OBLJIO OOHAPY)KEHO, YTO YCTAJOCTHBIC TPEUIMHBI BO3HUKIM H3-32 OOJIBIIOTO
BHEJPEHHOTO Je(eKTa CBapHOTO IIBa, OTCYTCTBUS IIJIABJICHHS, BBI3BAHHOTO CEPHE3HBIM
F€OMETPUYECKUM HECOOTBETCTBUEM MEXIY BHYTPEHHUM M BHEIIHUM MPOXOJAMH CBAPHOTO IIIBA.
OTO0 AenaeT 0TKa3 0COOEHHO MHTEPECHBIM, TaK B X0/I¢ IPEABIAYIINX MPOBEPOK HA JIMHUH HE OBLIO
0o0HapyXEeHO KaKuX-1100 JeeKTOB, He ObLIO OOHAPYKEHO HUKAKUX CBHUJICTENILCTB MOBPEKIACHHUS.
3a mocnegHue S5 JIET IKCIUTyaTallid ObLIO 3aperHCTPUPOBAHO OYECHb MAJIO OOJBIIMX IIMKIIOB
JaBJIEHUS, KOTOPbIE, KaK MMoJarajiv, XapakTepHbI sl BCETO CPOKa CIIykObl TpyOOIpoBOIa.»

Mgl He OyeM aHaTU3UPOBATh PE3yJIbTAThl UCCIEAOBAHUS MPUYHH TAKOTO pa3pylICHUs, TaK
KaK OH BBITNIOJIHEH Ha OCHOBE ypaBHeHUs [lepuca, ananoruuno ToMmy Kak u B pabore [3.1].

Cratbst [4.35] cBHAETENHCTBYET O TOM, UYTO BEACTCS MOMCK HOBBIX METOJIOB KOHTPOJISA

MOBPEXKICHHUH TPYyOOIIPOBOIOB.

6.5.1. be3onacHocTh TPyOONIPOBO/IOB

1. KoHTpOJIb Ka4yecTBa CBAPKH

CoBpeMeHHbIE METOJbl HEpa3pyIIAlOIIEro KOHTPOJS BKIIOYAIOT B CE€O0Sl «TPEXOCHYIO
MIPOBEPKY MAarHUTHOTO MOTOKa C BBICOKOHM paspermaronieil cnnocooHoctbio (MFL), sxuakoctThyro
yIBTPa3BYKOBYIO MPOBEPKY Ha TPEIIMHBI, 3JEKTPOMAarHUTHBIA aKyCTHUECKUH NpeoOpa3zoBareib
(EMAT) 1 TeXHOJIOrMHM KOHTPOJISI BUXPEBBIX TOKOB B yaaneHHoM nosie (RFEC) B npeanoxxenun
peayin30BaTh BHICOKYIO TOUHOCTh OOHApPYKEeHHUs /1€()eKTOB KOJIBIEBOTO IIBa U 3apaHee YCTPaHSITh
NePEKTHI ».

OKCHEpUMEHT MOKa3aJ, 4YTO NPUYMHOM pa3pylIEHUs SBISAETCS 3JIEKTPOMAarHUTHOE II-
M3JIy4eHUE, KOTOPOE HU OJUH U3 COBPEMEHHBIX METOJOB HE MCIOJIB3YET.

HATAa W TIATEHTHas 3asBKa ITOCBAILEHBI MOHUTOPHUHIY 3TOTO H3JIyYEHUS. ODKCHEPHUMEHT
[IOKa3ajJ, 4YTO 3aTBEpAECBAHHUE pacIUlaBa COIPOBOXKIAETCA II-U3Iy4EHHEM, KOTOPOE MOKHO
OOHApPY>XKUTh OT JKUAKOTO COCTOSHHMSI JO IIOJHOTO OXJ@KJICHHS 10 BCEH OKPYKHOCTU

TpyOompoBoa . JlaTunku pa3MemmarTcs BHyTpU yCTPOHCTBa, Kak omrcaHo B [4.35, 3.3. [IpoBepka
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ANIEKTPOMArHUTHOTO  aKyCTUYECKOro mpeoOpa3oBaTens J1e()EeKTOB  KOJBIEBOTO 1IBa B

TPyOOIIPOBO/IE M3 MPUPOTHOIO ra3a] u mokasana Ha Fig. 88 au b.

Fig. 88

JlaTuuku Ha CTaIMH UCCIICIOBAHMSI 3aMEHSIIOTCST ()OTOTUICHKOM.

OKCIepUMEHTOM ObLJIO YCTaHOBIIEHO, YTO P-U3JIyueHHE, BbI3BaHHOE JieopMaleld B 0 JHON
TOUKE CIUIOLIHOIO MaTepuaja, TaKXKe pEerUCTpUpyeTrcs B JpYIMX MecTax B pe3yibTare
MIPO3PayHOCTH  CaMOMU3JIyYEHHUs, KOTOpas  IpPEBBIIIAET  IPOHUKAIOIIYIO  CIIOCOOHOCTH
PEHTICHOBCKUX queﬁ. OTtoTt q)aKT CJICAyCT HE€ TOJIBKO YYMUTBIBATb, HO W HCIOJB30BATH OJIA
YCTAQHOBJICHHSI CBSA3M MEX]y NOKa3aHUSAMHU JaTYMKOB U GoTorpadusmMu.

Jatuuku, nim kaapbl GOTOIIEHKH, OJHOBPEMEHHO 3aIIMCHIBAIOT PEaKIMI0 MeTalljla B TOUKE,
B KOTOpOfI OHH HaXOoAATCH. BTOpOG KOJIBIIO JATYMKOB pacriojiarac€rcsa Ha BHEIITHEH IMOBEPXHOCTHU
TpyOOonpoBoia. DKCIEPUMEHTAIBHO MOKA3aHO, YTO MEX]y JAATYUKOM U METAJIJIOM MOXET ObITh
PacrosI0kKeH TEIIOU30JIALMOHHBIN CIION, NI OXJIaXKICHUE.

2. KoHTpoJIb BHYTPeHHeEl MOBEPXHOCTH TPYOONPoOBOIA

CoBpemeHHast yMHasi CBUHBS OCHAIIIEHA CEHCOPaMU U3YUYEeHHS yJIbTpa3ByKa, BUXPEBBIX TOKOB
n HaBHFaHHOHHOﬁ cucremoii. Ona JOIMOJIHACTCA CCHCOPAMH IT-U3JTYYCHUS, KaK OIMMCAHO BBIIIC.

3. KoHTpoJb BHelIHel MOBEPXHOCTH TPYOONIPOBOIA M IPYIMX YCTPOIHCTB

Hononnenue ymHOU C6UHbU ceHCOpaMu N- U3NYYeHUus npespaujaem ee 6 pobom, KOmopulii
CnOCObeH OCywecmsiams MOHUMOPUHS AMOMHBIX peakyuli 6 mpyoonpogode. Imo noposicoaem
VBEPEHHOCMb 68 MOM, YMO YMHASL C8UHbSA MOJCem Oblmb UCNONb308AHA KAK Nepsvlli obpaszey
poboma 0151 MOHUMOPUH2A AMOMHBIX PeaKyull ¢ Yeablo npedomepaujeHus Kamacmpogpuuecko2o

PaspyuieHuss Opy2ux cOOPYHCeHUll U yYCmpocms.
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4. TIpeumyiiecTBa HEMHBA3MBHOIO0 MOHUTOPHUHIA AaTOMHBIX peaKnuii

MHOrOYHCIICHHBIE JKCIIEPUMEHTHI IO3BOJIIIOT HA3BaTh IMPEHMYIIECTBO HEUHBA3UBHOTO
MOHHTOPHUHTA ATOMHBIX PEaKIUii B CPABHEHUH C JIPYTHMMHU METOJIaM Hepa3pyIIaloniero KOHTPOJIs.
1.  Orka3 OT BHCIIHMX HMCTOYHUKOB DHEPIHH, TaK KaK HMCTOYHUKOM SHEPTUH SBISETCS CaM
UCCIICIEMBbIil 00BEKT. DTO rapaHTHUPYET CTOIPOICHTHYIO HAIKHOCTh HCTOYHUKA JSHEPTHUU.

2.  IIpuMEeHHUMOCTH KakK JJIsl HAyYHBIX HUCCIICIOBAHUHN, NCIIBITAHHUMN, TaK U KCILTyaTallHH.

3. JlnuMHa BOJIHBI, COM3MEHHMMAsi C PEHTICHOBCKHM H3JIy4YCHHEM, TO3BOJISIET NETCKTUPOBATH
3aposkaeHue e(heKToB 10 00pa30oBaHUs MTOP WU TPEIIHH.

4. Bhicokasi mpoHHMKaromas CnocoOHOCTh, MPEBOCXOJSNIAsi MPOHUKAIOIIYI CIOCOOHOCTh
PEHTTCHOBCKOTO HW3JIYYCHHS, TO3BOJISIET  HCCIIENOBaTh JE(QEKThI, 3apOXKIArOIINECcs] BHYTPH
CTPYKTYPHOTO 3JICMEHTA.

5. JlroMuUHeCHCHIMs, CTHMYJIMPOBaHHAs M-U3JIY4YCHHEM, T[IO3BOJSIET HCIOJIb30BAThH
9KpaHbl, MOBBIIIAOIINE YYBCTBCTBUTEIBHOCTh CEHCOPOB.

6. MOHUTOPHHI aTOMHBIX PEAKIMA IO3BOJIIET CO3JaTh YHHBEPCAJIbHBIA POOOT IS
MOHUTOPHUHTA, KOTOPBIN TOMOJIHUT WM 3aMEHUT  CHUCTEMYy KOHTPOJIS B Pa3IMYHBIX OTPACIIAX
WH]TyCTPUH.

3AK/IIOYEHUE

1. Kuuea codepoicum sKkcnepumeHmanbHoe noOmeepicoeHue 2unomesvl asmopa o0 mom,
umo 00pazosanue nNOp, MpewuH 6 MmMeepooM mele U €20 pa3pyueHue 00YCL081eHO
CMUMYTUPOBAHHBIM U3TYYEHUEM POMOHO8 OKATbHLIMU SPYRNAMU  MemacmadUulbHbIX amomos,
8030)21COeHUe KOMOPBIX NPOUOULTO 8 PEe3VIbMAme GHEUHe20 8030eUCBUS.

2.  Cgopmynupoean 3akon paspyuienus meepoozo meind.

3. Mnozcouucnennvie sxcnepumeHmol, 8bINOJHEHHbIE ABMOPOM, ONPOBEP2AION 2UNOMES) O
MOM, YUMo Ynpyaas 3Hepeus, cocpe0OomoyeHHas 8 KOHYEHMpamopax HanpaxiceHutl, 00CmamoyHda
0715 06pA3068aHUSL MPEWUH U PA3PYULEHUS.

4.  Mnozcouucnennvle SKCnepuMeHmbl, 8bINOJIHEHHbIE AGMOPOM, ONPOBEP2AION 8Ce MOOEIU
006paz08aHUsL Mpewjur U paspyulenus, 8 KOMopuvlxX He YUmeHa 2NeKMPOMASHUMHAS SHEP2US.

5. Vcemanoeneno, umo amomuvie peakayuu conpogoHcOAOMcs INEKMPOMASHUMHBIM
uznyuenuem c snepeueti 50-100 xaB, komopoii coomeemcmeayem wacmoma 10'8-101° Iy,

6. Tloxazano, ymo npoHUKAIOWAsL CHOCOOHOCIb N-U3NLYHYEHUS, POHCOCHHO20 8 Memailie, 6
MUIIUOHBL  pA3  Npeevliiaem NpPOHUKAIOWYI0 CNOCOOHOCMb  PEHM2EeHOBCKO20 — U3NYUYEeHUs,

8030YHCOEHHO20 YOAPOM DJIEKMPOHOB.
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7. Jlokazana yHusepcanbHOCMb MOHUMOPUH2A AMOMHBIX pPeaKyuil U B03MONCHOCU
NPAKMUYeCcKo20 npumeneHus 0iisi npedomepaujeHusi MexHO2eHHbIX Kamacmpodgh, c80e8pemMeHHO20
ONoGewjeHUsl 0 BO3MONCHOM 3eMIIeMPACEHUU UNU YYHAMU, KOHMPOISA 3APOAHCOCHUS U PA3BUMUS
KI1eMOK pacmeHuil U HCUBbIX OP2AHUIMOS.

8. Jlanwl pexomendayuu 0ns pazpabomxu yCmpoucme MOHUMOPUHEA.
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HNPUJIOXKEHHUE Ne 1
HOBETHBIE U YEPHO-BEJIBIE ®OTOI'PA®UU

Heo0xonuMocTh BBEIEHUS 3TOTO MPUIIOKEHHs OOYCIIOBJIEHA TE€M, YTO ObUIa JIOMyIIeHA
olMOKa B OLIEHKE TOM pOJIM, KOTOPYIO UTPatOT TeMHbIE (QoTorpaduu, 00yCIOBIEHHbIE CIITIOIIHBIM
U3JIy4E€HUEM BbICOKON MHTEHHUBHOCTH.

M3BecTHO, YTO CIUIONTHOW U JTMHEHYATHIN CIIEKTPhl KMEET MECTO B HH(MPAKPaCHOM, BUAMMOM
yJbTa(hUOJIETOBOM U PEHTI€HOBCKOM 001acTu crnekTpa. L{BeTHbIe (MOHOXPOMATHYECKHE) YIACTKH
CIEeKTpa M-U3JIy4eHHs] HAOIIOJAIOTCS Ha MHOrouucieHHbIX ¢otorpadusax. L[BetHeie obnactu
yepeAayloTcs € TEMHBIMH, KOTOpbIE  OOYCIIOBJICHBbl ~ MHTCHCHBHBIM  IOTJIOUICHHEM
ANIEKTPOMArHUTHBIX BOJIH. Mcmonb3oBaHue KOHTpacTa, B TOM 4YMCIIE YE€pPHO-OENIOro, MO3BOJSET
MOJIYYUTh JOMOHUTEIbHYIO HHPOPMAIHIO 00 0COOEHHOCTAX M-U3JTyYCHHUS.
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Fig. 90

CaMoaMHCCHOHHAS TIPO3PAYHOCTh B IPEBUCHHE MILTIOCTPUPOBAIACH HA TISATH Kaapax, KaK
nokaszano Ha Fig. 17 u Fig 17 (1). [IatHaauath yepHo-0enbix Kaapa 3, 5- 18 wumocTpupyoT
l[e(beKTBI B OTOM MHTCPBAJIC, KaK 3TO IIOKAa3aHO Ha . EHIC OIWH IIPHUMEP BBISABJICHUSA IIe(i)GKTOB C
MIOMOIIIBIO M-U3JYYEHUS, UCTIOIB3Ysl YePHO-0€bIil KOHTpacT, mpuBeaeH Ha Fig. 90.

JIBe dotorpaduu (epBast U TPEThs), MOTyUYCHHBIE IPU UCCIEAOBEHUHU, JEMOHCTPUPYIOTCS C
TIOMOIIIBIO YEPHO-0EJIOT0 KOHTpAcTa (BTOpasi U YeTBepTas). DTO MO3BOJIIET O0jiee TOUHO OIICHUTh

OTacHOCTh JiepexTa.
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IIpoToKoALI IKCNEPHMEHTANBHBIX HCCIET0BEAHR NIEKTPOMATHHTHOT0 H3TY9EHHA
ATOMHBIX PeaKLHI

Honeep Honeep Uerenmo Honeep Honeep Uerenmo
DVD Jata Jxcmepunerta | dortorpades DVD Jara Sxcmepanesta | doTorpadmi

1 22472016 1110 g 3 | 10,26 3730 15
2 3401 1111 7 32 11/1% 37533 28
3 302 1112 7 33 12/11 3809 11
4 304 1113 7 34 1/23/2019 3875 27
5 314 1114 & 3z 1/239 3332-34 53
b 3718 1113 & 36 /28 3554-59 129
7 325 1114 7 37 322 2061-52 &2
2 722 737 16 38 4/1% 2064 11
3 9713 3802 2 3g 4/22 2108 22
10 1018 3817 17 40 4724 2185-87 22
11 10720 3823 2 41 g/03 2095-2101 &7
12 10:22 4032 2 42 507 2277 27
13 171772017 4091 17 43 512 2215 12
14 123 2691 17 44 £/11 23580 25
15 127 2692 9 45 8/17 2514 27
15 310 2693 2 46 8/07 2608 14
17 315 2700 2 47 Bf12 2609 13
15 322 2703 25 48 8/15 2615 13
15 421 277 33 49 821 2665-06 28
20 325 2811 30 5 8/30 1703-04 28
21 1113 3281 33 51 9,03 2753-54 27
22 11/15 3303 3 52 9/20 2772 12
23 2/23/201% 3428 27 53 9/23 2377 12
24 2/28 3430-31 22 54 9,25 2304-05 27
25 B/f08 2632-33 53 &5 10/01 2812-2813 LE
26 B8/14 35952 13 b 10/31 2971 24
27 &/20 274243 22 57 11/08 3015-16 26
28 9/21 3753 15 L8 11710 3022 24
29 9/25 26595 35 &5 1/02/2020 3137 28
30 10/23 2803-04 27 &l 1/28 3237 28

IIpuBenennasi Tadjauna NMOKa3bIBaeT, YTO MPH IKCHEPHUMEHTAILHOM HCCIEeTOBAHUU
Obu10 mouaydeHo 1534 ¢ororpadpuu, u3 koropeix 508 HeoOXoaMMO aHAIM3MPOBATH €
NMOMOIIBI0 YepHO-0es10r0 kouTpacTa. [Ipenedperatb 3TUM (PAKTOM HeJIb35l.

Hauano skcnepuMenTanbHoro uccnenoBanus 24 ¢espanst 2016, okonuanue 28 suBaps 2020 r.

Yucno pororpaduii 1534, u3 koropsix nBeTHbIX 1026, yepHbIx 508.
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potential failure of the structure or the level of pathological changes based on the
performed comparison.

WO 2019/226700 PCT/US2019/033392

NON-INVASIVE MONITORING OF ATOMIC REACTIONS TO DETECT
STRUCTURAL FAILURE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims prionty to and incorporates by reference for all purposes the
full disclosure of U.S. Provisional Patent Application No. 62/674,107, filed May 21, 2018,
entitled “METHOD AND SYSTEM FOR NON-DESTRUCTIVE REMOTE MONITORING
THE WEAR OF STRUCTURES AND DEVICES.”

FIELD
[0002] The present disclosure relates to embodiments to ensure the safety of life and human
activity on natural and man-made objects, regardless of their size, shape, composition, purpose
and nature of external influences. This goal is achieved by the possibility of experimental
continuous or periodic monitoring the energy of dynamic processes due to the atomic reaction,
and accessing its magnitude using equations, in order to stop operation before the accumulated
energy reaches a cntical value. Electromagnetic, including X-ray, radiation accompanying

atomic reactions in inorganic and organic objects is used to analyze the processes of wear and

aging,
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[0003]  An experimental study carried out by the inventor showed that the method based on
the analysis of atomic reactions is applicable in all areas of human activity. Analysis of atomic
reactions leading to wear, aging, destruction of structures and devices, aging, pathological
changes and death of plants and organs of a living organism are performed in the invention
from the standpoint of quantum electrodynamics, which i1s an accurate physical theory that

ensured the development of natural science, technology and medicine.

BACKGROUND
[0004] Numerous structures in various contexts are relied upon for the safety of individuals,
not to mention for other reasons. For example, people in an airplane rely on the integrity of the
structures that make up the airplane. People crossing a bridge by car, truck, or other vehicle
rely on the structural integrity of the bridge Rail passengers rely on the integrity of the rails
and structures that make up the trains on which they ride. Despite efforts to prevent structural
failure, structures nevertheless do fail, too often resulting in injury and death. Prediction of
structural failure has proven to be a difficult problem. Cracks in structures can be difficult to

detect and often appear without warning after normal or even abnormal use.

WO 2019/226700 PCT/US2019/033392
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DETAILED DESCRIPTION
[0005] The experimental basis of the invention is the next use of an electromagnetic impulse
for practical purposes. The number of such applications is huge. They cover almost all modern
technical devices that people use. The first use was found by a primitive man, when, striking
a piece of iron with a flint, he extracted a spark and lit a fire, repeating a natural phenomenon

called lightning. Consequently, impact and friction give rise to electromagnetic impulse.

[0006] A lightning rod, invented by B. Franklin, was used as the second example of the use
of a spark. The utility of this invention lies in the fact that the lightning rod increases the rate
of energy dissipation in a thundercloud, the accumulation of which is caused by the impact

(friction) of ice crystals.

[0007] The amplification of an electromagnetic pulse in a laser is due to the fact that in the
process of pumping the accumulation rate exceeds the rate of energy dissipation. Energy
accumulation is due to the fact that some of the atoms, having absorbed energy, moved to a

higher energy level and do not emit it during a certain time interval, which is called the lifetime
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15  of the metastable state.

[0008] If there are more atoms at the metastable level than at the bottom, then a random pulse
emitted by one atom, called a photon, can stimulate the emission of other atoms in the same
direction, with the same energy, phase and polarization. The energy of such photons is
summed. Such a phenomenon, called stimulated or induced radiation, has no analogs beyond

20 the limits of quantum systems.

[0009] The theoretical basis of the method proposed in the invention is the inventor's
hypothesis that the loss of integrity of a solid , i e. the formation of pores, cracks and destruction
is due to the formation of local regions of metastable atoms, the stimulated emission of which,
being absorbed by other atoms, is sufficient to break the bond between these atoms. Such a

25  local group of atoms is called a destruction domain.

[0010] The transition of atoms from the normal to the metastable state is due to the absorption
of photons, the birth of which occurs as a result of the transformation of the mechanical energy

of deformation into the electromagnetic one.

[0011] All dynamic processes are initially due to the interaction of atoms, which are attracted

-

30  to each other, but repel at some distance because the charges of all atomic nuclei are positive
and the electron shells are negative. Dynamic equilibrium occurs when the forces of attraction

are equal to repulsive forces.
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[0012] Itis proved that all processes in nature are caused by four types of interaction: strong,
which is taken as 1; electromagnetic equal to 1/137; weak, equal to 1/10'? and gravitational,
equal to 1/10*". Mechanical interaction in nature is absent not only between individual atoms,
but also macroscopic bodies. This seemingly paradoxical conclusion is due to the fact that a
layer of electrons with a thickness of up to two nanometers is formed above the surface of a
solid. The convergence of bodies at this distance is accompanied by a change in the electric
field and the appearance of a varying magnetic field. These two fields propagate in the form of

an electromagnetic wave (photon).

[0013] The glow of two bodies caused by friction, called triboluminescence, serves to
confirm this mechanism. This means that we can limit ourselves on the Earth by

electromagnetic interaction in the analysis of dynamic processes.

[0014] Dynamic processes caused by atomic reactions provide for the safe operation of

elements of structures and devices until changes occur in them, called fatigue, wear, or aging.

[0015] 'The term "fatigue” was introduced in 1839, it was widely used after Wohler's work,
published in 1860-1870. This term and the method of constructing S-N curves are still used

both in State Standards and in scientific research.
[0016] This term cannot be considered a physical parameter, since for 150 years the

quantitative value of fatigue and the method of its measurement have not been proposed.

[0017] Modern mechanics of strength and destruction are based on the hypothesis that
damage to materials, such as fatigue cracks, is due to the emission of elastic energy

accumulated in stress concentrators. The main parameter of the equations proposed for the

analysis of the experimental results is the stress intensity factor (SIF), K=ovm.
[0018] The dimension of this parameter in the International System of Units Pam/?.

[0019] Currently, a number of methods and computer programs are used, the main
parameters of which are stress intensity factors, for example, NASGRO, AFGROW,
FRANC2D. The disadvantage of the expeniment designed to implement these methods is its
low efficiency. The analysis of such methods is performed using for example of AFGROW
Release 5.03.03.23, which was used to study the causes of cracking in the fuselage. The
fuselage panels were deformed with a period of 25-30 seconds. The total number of cyclic tests
for each of the nine panels ranged from 2.5 to 4.3 million. Therefore, the experiment was lasted

730 working weeks. The crack of length 1925 mm was formed in one of the panels, but
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forecasting the time and place of cracking by these methods is impossible, since the equations
do not contain time as a parameter and damage is detected after hundreds of hours

da

o n 3 .
. CAK"™, where da is the

[0020] Consider as an example the Paris-Erdogan equation

elongation of the crack, dN is the increase in the number of test cycles, the ("-coefficient of
proportionality, which has the dimension m/cycle, K is the stress intensity factor, AK = Kuax-
Kmin,

[0021] Nis the exponent. The NASGRO equation reduces to the Paris-Erdogan equation

Analysis of this equation is necessary to show the errors they contain.

[0022] The left side of the equation, called the crack growth rate, has the same dimension
as (". Consequently, the dimensions of the left and right sides are different

[0023]  Analysis of the causes of crack formation, 4.8 m long, in the oil pipeline [See: M.D.
Chapetti, at al , Int_ ) of Fatigue, (2002), 24, 21-28] was performed using the Paris-Erdogan
equation. The authors gave one of the solutions: # = 6, (" = 3.818:10""" m/cycle, which
contains gross errors: the cycle in which the elongation of the crack corresponds to the size of
the atomic nucleus is meaningless, as is the measurement of length with an accuracy of 10"

meters. But there are manv such exambples.
[0024] The NASGRO equation, which differs from the Paris-Erdogan equation only by a

numerical factor, contains the same errors.

[0025] The gross errors of the modern theory of strength and destruction are associated
with the neglect of the achievements of quantum theory, on the basis of which electron and
atomic force microscopes, diffractometers, and field ion microscopes are created. The authors
of the articles, using them, try to describe from the point of view of classical mechanics the

results obtained using, for example, the electron backscattering effect.

[0026] The inventor's hypothesis and the method based on it is a quantum-mechanical
interpretation of the idea of D. K. Maxwell that the potential deformation energy !/ is equal to

the sum of two energies:
U= U+ (1),

where Ui it is caused by symmetric compression and (/2 is caused by distortion without
compressions. [ See: J. C Maxwell, Letter to William Thomson, 18 December 1856, The
Scientific Letters &Papers of James Clerk Maxwell, v.1, 1846-1862, 487-491 ]
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[0027] Equation (1) forms the basis of the modern energy theory of strength. The energy
[/2, the radiation of which leads to destruction, is considered in this theory as clastic energy,

is stored in stress concentrators.

DESCRIPTION OF THE EXPERIMENTAL RESEARCH
[0028] The emission of electrons and X-rays during the destruction of the adhesive layer
and the separation of thin films was observed repeatedly [See: V. V. Karasev ¢r al. DAN
USSR, (1953), 88, 777-78, C. G. Camara ef al, Nature, (2008) 455, 1089-1092] It was

assumed that the emission of X-rays was caused by discharge in gases.

[0029] The inventor's hvpothesis is that X-rays are the cause of the damage and the
consequence. Such a conclusion seems paradoxical, but only from the standpoint of classical
mechanics. It is due to the quantum nature of electromagnetic waves and the wave properties

of electrons.

[0030] The deformation of compression, tension, bending, torsion of the samples and their
destruction was carried out on a special device made on the basis of a vice. Shear
deformation and destruction of the samples was carried out when drilling or putting the
sample with a rotating grindstone. In all cases, at room temperature and liquid nitrogen
[0031] A KODAK 400 color film or FUJIFILM SUPERIA X-TRA 400 color film was
placed in a container that was opaque to visible and ultraviolet rays. The container was
irradiated with a stream of particles that were caught by a sticky film located on its surface.
The frames were diaphragmed using lead tiles 2/3” thick (16.3 mm). A stream of particles
from glass, alloys of iron, copper, aluminum, and zinc is directed above the surface of the
container or outside of it to study direct electromagnetic radiation at the moment of

destruction,

[0032] The absorption of electromagnetic radiation and luminescence was investigated
using screens located on the surface of the container (FIG. 11 and ): FIG. 2 fand ) and inside

it (Fig 2 k)

[0033] X-ray radiation of varying intensity was recorded in all experiments before
destruction and from fragments after destruction. At the time of destruction, X-ray was not
recorded. This fact confirms the idea that the energy of this radiation is absorbed by the

atoms between which the bond was broken.
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[0034] The delay of radiation of particles as a result of destruction, calculated from the
length of the span and velocity 1s 1.6-0.3 ps. This fact suggests that this energy of metastable

atoms was not stimulated.

[0035]  All experiments confirmed the inventor's hypothesis that X-rays cause a break
between atoms, leading to a loss of integrity. The formation of regions with increased stress
and the delayed emission of photons is a consequence of the change in the condition of
dynamic equilibrium, caused by a change in the electronic structure of atoms in a local

region.

BRIEF DESCRIPTION OF FIGURES
[0036] The patent or application file contains at least one drawing executed in color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the

Office upon request and payment of the necessary fee.

[0037] The present invention covers a wide range of dynamic processes in inorganic
objects investigated in experiments No. | to No. 36 and in the growing pine-No. 37, in the
roots of the growing strawberry-No. 38 and in human organs: the brain-No. 39, the spine-No.
40, the loin No. 41, and the chest No. 42.

[0038]  The results of the experiment are shown in the table “Experimental study of X-rays

emissions” chart.

[0039] FIG. la illustrates the moment of a copper plate rupture fixed in the upper and lower
parts when it is stretched. Radiation in the upper and lower halves as a result of deformation

before and after destruction.
[0040] FIG. 1b illustrates an internal crack-like defect in a steel beam caused by an impact.

[0041] FIG. 1c illustrates the moment of formation of a crack in a cobblestone, (dark
region), divided into two parts during a sudden cooling from a temperature of 500°C down to
12°C.

[0042] FIG. 1d illustrates the moment of destruction of a high-strength steel rod. The rod
fixed in the upper and lower parts was destroyed in the central part by the movement of the
piston from left to right. The photograph illustrates the distribution of luminous regions not
only in the metal, but also in the air space caused by retarded radiation from fragments

formed after the destruction.
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[0043] FIG. Ifillustrates the moment of formation of two cracks in a glass plate cooled in
liquid nitrogen during a point impact.

[0044] FIG. lg illustrates the moment of rupture of the top hole in the place of attachment

of the aluminum plate when it is stretched.

[0045] FIG. Ih illustrates the moment of partial rupture of the upper right hole at the place
of attachment of the aluminum plate, similar to the previous one, but fixed at two points

during its stretching. The experiment was terminated before the plate was broken.

[0046] A container with photographic film was placed under a steel bar 1.55 " thick, on the
upper surface of which one blow was struck with a hammer. FIG. 2 1 illustrates X-rays

radiation recorded by the photographic film.

[0047] FIG. 2 (frame 2-frame 8) illustrates the X-rays emitted by an impact with the tip of
an ax (frame 4) on the surface of a 4=9.5 I-steel beam, fixed by photographic film located on
the opposite surface at a distance of 4” from the impact point. FIG. 2 2 illustrates the X-ray
radiation recorded on a film located on the left butt at a distance of 14” (frame 2) from the
impact point. FIG. 2 8 illustrates the X-ray radiation recorded on the film located on the right

butt at a distance of the impact point 70” (frame 8). Note. Only some frames, located between
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butt at a distance of the impact point 70” (frame 8). Note. Only some frames, located between

the point of impact and the butts are shown

[0048] FIG. 2 frame 9 illustrates the dark stripe of an ax striking a wooden rod and the
green response 0.4 " to the left of it. The most remote response is located on the right at a

distance of 11.4” and is shown in FIG. 2 e

[0049] A fragment of the hacksaw blade 0.5 mm thick, shown in FIG. 2, frame 11, was
irradiated with X-rays from particles of the same alloy formed after destruction. The photo

shows intense X-ray absorption.

[0050] Three photos shown in FIG. 2, frames 13, 14, 15, illustrate X-rays from strawberry
roots. FIG. 2, frame 16, illustrates the luminescence of a steel washer located on the surface
of the container when irradiated from particles formed upon contact of a copper alloy plate
with a rotating grinding stone; FIG. 2, frame 12, illustrates the luminescence of a Pb-Sn alloy
wire located inside a container when irradiated from particles formed upon contact of a steel

plate with a rotating grinding stone.

[0051] The photos shown in FIGS.3-10 illustrate the X-ray radiation that occurred during

the process:
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[0052]
[0053]
[0054]
[0055]
[0056]

[0057)

solidification of molten plastics- FIG. 3a,

solidification of molten silumin-FIG. 3b,

solidification of molten aluminum alloy 7075-T651 - FIG. 3c,

destruction of flagstone at bending - FIG 3 d, FIG. 3 e, and impact - FIG. 3 f,
drilling holes in concrete- FIG. 4 a,

luminescence in the X-ray of a steel washer irradiated with radiation from particles

of a copper alloy after destruction- FIG. 4 b,

[0058)
10059
[0060]
[0061]
[0062]

10063

welding steel parts- FIG. 4 ¢,

pine growth - FIG. 4 d, FIG 4 e, FIG 4 f,

battery discharge FIG 4 g, FIG. 4 h, FIG. 4 1,

chemical reaction of soda and vinegar FIG. 4,

chemical reaction between iron alloy and electrolyte FIGS. 4 kand 4 1,

copper alloy corrosion- FIG. 5 a,
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[0064] steel corrosion - FIG Sb, FIG. 5S¢, FIG. Sd, and FIG Se,
[0065] some arcas of the brain of the inventor - FIG. 5 f, FIG. S g, FIG. 5 h, and FIG. 51,
[0066] some areas of the spine of the inventor - FIG 6,

[0067] some areas of the back of the inventor - FIG. 7 a, b, ¢, d, f; friction of aluminum

container loaded with flagstone and asphalt-FIG 7 g, h, and i,
[0068] some areas of the cell in the heart and lungs of the inventor- FIG. 8.,

[0069] at impact of a stone with mass 15 kg, which fell from a height of 5 m onto the
surface of the water in the container filled with flagstone, in which the film was placed U-
shaped at the bottom and up along the side surface- FI1G. 9, and

[0070] hitting the stone in the same experiment, but the second film was placed on a circle

on the outer surface of the container-FIG. 10.

[0071] 72 Photos shown in FIGS. 11- 16, are of particular interest, since they are obtained
by X-ray radiation caused by the movement of a locomotive by rail road.
[0072] FIG. 11 illustrates the X-ray radiation recorded on a photographic film placed in a
container located on the sleeper between the rails perpendicular to them.

[0073] FIG. 12 illustrates the X-ray radiation recorded on a photographic film placed in a
container located on the web of the rail. Locomotive was stopped three meters before the
film.

[0074] FIG. 13 illustrates the X-ray radiation recorded on a photographic film placed in a

container located on the web of the rail, but in the snow.

[0075] FIG. 14 illustrates the X-ray radiation recorded on a photographic film placed in a

container located on the rail foot.

[0076] FIG. 15 illustrates the X-ray radiation recorded on a photographic film placed in a
container located on the rail web after the passage of a locomotive in the forward and reverse

direction.

[0077]  FIG. 16 illustrates the X-ray radiation recorded on a photographic film placed in a

container located on the frame of the locomotive.
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[0078] FIG. 17 a-f illustrates the X-ray radiation recorded on a film placed in a container
located three meters from the railway, which was exposed for two days. FIG. 17 g-i illustrates
the X-ray radiation recorded on a photographic film placed in a container 5, 9, 26 mm from
the bottom surface of a 6 mm thick steel plate caused by an ax hit on the top surface, FIG. 17
j=l illustrates the X-ray radiation recorded on a photographic film placed in a container
located 15, 18, and 21mm from the surface of this plate caused by a hammer impact on the
butt.

[0079] FIG. 18 illustrates the X-ray radiation recorded on 14 frames of film, located in a
container spirally on the surface of a cylinder with ice, in the center of which water vapor was

passed through a tube having smaller diameter.

[0080] FIG. 19 illustrates the X-rays due to the deformation of the rail as the locomotive

moves while performing the control experiment.

[0081] FIG. 20 illustrates the formation of three types of electromagnetic, including X-ray,
radiation. Photos shown in FIG. 20 (frames 1-8) are used to demonstrate for the result of
atomic processes during which the formation of pores, cracks and fracture occurs,
[0082] FIG. 20 (frames 9-16), are characteristic not only of the processes occurring during
deformation, but also of those that caused the growth of plants and the vital functions of

human organs.

[0083] FIG. 21 illustrates the dependence of the crack length in a rotating compressor disk

on rotational energy.

[0084] FIG. 22 illustrates the use of the method proposed in the invention for a comparative
assessment of the danger of two cracks formed to the nght and left of the rivet hole A40 in an
experimental study of the fuselage panel of the Boeing 737-232 (B727).

[0085] FIG. 23 illustrates the process of the formation of a crack to the left of the rivet

hole A23 in an experimental study of another fuselage panel of the same aircraft.

[0086] FIG. 24 illustrates a scheme for measuring the intensity of electromagnetic radiation

of structures and devices.

[0087] FIG. 25 illustrates a diagram of an experimental study of rail X-rays radiation

during locomotive movement.
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[0088] FIG. 26 is an illustrative, simplified block diagram of a computing device that can

be used to practice at least one embodiment of the present disclosure.

ANALYSIS OF THE EXPERIMENTAL RESEARCH
[0089] The experimental study carried out by the inventor not only refuted conventional
energy source hypotheses but also indicated the need to identify areas that radiate or absorb

energy.

[0090] The final table of X-rav research results, is based on an analysis of 836 photographs
obtained from experimental studies of the deformation and fracture of various materials,
including 234 photographs recorded during locomotive movement. X-rays were observed in
all materials studied, regardless of their composition and structure, in all dynamic processes
in inorganic and organic materials, including cells of a living organism. This fact allows us to

conclude that the proposed method is universal.

[0091] The difference between the number of tests and the number of photographs is due to
the fact that in some trials more than forty photographs were observed at the same time, in
other cases when the intensity of radiation was low. for example, 8-15 drills were required to

get one frame. However, each photograph is not random — it was obtained to demonstrate
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the application of the method on each specific technological operation. Experts in each

industry can perform similar experiments on a planned program.

[0092] FIG. la shows that the radiation in both upper and lower parts was caused by the
deformation as before, as well as after destruction. There’s no radiation at the moment of
destruction because all the energy was used to break the connection between the atoms.
Radiation in the lower part is caused by the transition of the electrons from the metastable
level to the normal one, excluding the atoms, which weren’t used in the process of the

formation of the impulse that resulted in a crack.

[0093] FIG. 1d. The photograph illustrates the distribution of luminous regions not only in
the metal, but also in the air space caused by delayed radiation from fragments formed after
destruction. Thee dark region in the middle part of the rod indicates the absence of metastable
atoms with increased energy in it. The experiment indicates that stress concentrators exist,

but they are the result of changes in the energy state of local regions.

[0094] FIG. 1g The plate had two notches, the right of which is visible in the photo. We

see that the upper part of the plate has a red tint, indicating that the frequency of X-ray
photons is lower than the frequency of those photons that are emitted in the central part. A
clear distribution of luminous regions characterizes the distribution of metastable atoms, the
detailed study of which is of particular importance for understanding the processes of

destruction and the design of the element of a structure or device

[0095] Pb-Sn alloy wire with a diameter of 3 mm flattened to a thickness of 0.004 mm was
irradiated with radiation from steel particles formed upon contact with a rotating grinding
stone. Photo shown in FIG. 1 i illustrates the result obtained by irradiation for 10 minutes. Fig
1j, illustrate irradiation for 30 minutes. This experiment allows to conclude that the energy of

photons emitted from steel exceeded 100 keV.

[0096] Photos shown in FIG, 2 frames |1-10 demonstrate high penetrating power of X-rays
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in metal and wood, caused by an impact. But the same rays emitted from the particles,
intensely absorbed by the metal, cause luminescence or heating. This phenomenon, called the
inventor of self-emissive transparency, has been observed for the first time and was not
theoretically predicted. The number of experiments performed by the inventor for verification
is so large that it excludes the possibility of error. The name given by the inventor is similar
to self-induced transparency, which was theoretically predicted and experimentally confirmed
using a femtosecond laser. The lack of a theoretical explanation of the observed phenomenon

does not exclude the possibility of its use in practice.

11
[0097] Photos shown in the application characterizes the distribution of the intensity and
frequency of the emission spectrum causing luminescence. The central part is white in all
cases while the color of the luminescence of the peripheral regions is more specific for lower
excitation frequencies. This happens due to the peculiarity of X-ray radiation. An electron
removed from a deeper energy level may be replaced not by a free electron, but by an
electron from a level above. White color indicates a cascade transition of electrons from

higher to lower levels.
[0098] Of particular interest are the six photographs shown in FIG. 4g -FIG. 4 1.

[0099] The container with the photo film was placed under the PRO ECL series 29 battery,
which was discharged during the day with a current of | ampere. The photographs of FIG. 4
g and FIG. 4 h illustrate X-rays in the anode region. Photo FIG. 4 i illustrates X-rays in the
cathode region. A similar phenomenon is demonstrated by FIG. 5 f, obtained in the study of
radiation due to biological processes in the brain of the inventor. The photo illustrates the

operation of the hearing aid battery, the current strength of which is thousands of times less.

[0100] 60 g of baking soda in a cylindrical beaker placed on a container were poured with
vinegar until the chemical reaction completely ceased. FIG. 4 j illustrates the X-rays due to

the reaction,
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[0101] This fact indicates that dynamic processes caused by atomic reactions are
accompanied not only by the excitation of valence electrons that are participants in chemical
reactions, but also by the excitation of electrons from deeper levels, the transition to which is

the cause of the of X-ray photons emission.

[0102] The experiment performed to detect defects in rails and locomotive is of particular
importance, demonstrating unlimited possibilities for obtaining important information about

dynamic processes occurring in different parts of the rail and locomotive.

[0103] Five films located on different sections of the rail illustrate the appearance of similar
and different energy emitters. FIG. 11 illustrates the X-ray radiation detected by a film
located between the rails on the sleeper perpendicular to the rails. The radiation is caused by
the deformation of the rails with a single pass locomotive over the film. Intense radiation
recorded on frames 1, 2 on the one hand, and 17, 18 on the other hand, is caused by
deformation of rails and fastenings to the sleeper. A clearly defined luminous channel is fixed
on frames 3-16. The observed phenomenon is of practical interest, as on frame 2 there was
one fixing defect, while on frame 17 six such defects and a small luminous area on the

bottom of the frame were recorded. A similar area is observed in frame 15.
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[0104] FIG. 12 illustrates the X-ray radiation recorded by the film located on the rail web
in the place in front of which the locomotive stopped, not reaching three meters. “Fan-like”
radiation, fixed at frames 2, 5, 6, 8, 10, 11, is identical with that recorded in FIG 11 frames
15 and 17. The formation of such radiation is due to snow, that is, water. Such luminous
regions are observed in FIG. 13, FIG. 14, FIG. 15,

[0105] *“Fan-like” radiation was detected in 55 photographs obtained by condensation of
steam on the ice surface and its melting, corrosion of alloys in aqueous solution containing
chlorine, plant growth, body impact on the water surface, destruction of flagstone, and
deformation of the rail on which surface was snow, and from the organs of a living organism.
The nature of the radiation indicates that it occurred on the surface as a result of breaking the
bond between the oxygen and hydrogen atoms forming the water molecule, and their
subsequent 1onization. The second stage 1s the formation of compounds, occurred as a result
of exothermic reactions. The mechanism of chemical reactions with catalysts was discovered
by G. Ertl [See: G. Ertl, Nobel Lecture, Reaction at Surfaces: From Atoms to Complexity,
December, 2007). Photographs of the oxidation of carbon monoxide 2CO + 02 — 2CO:/Pt
(110) on the surface of platinum, obtained by photoemission electron microscopy on a

surface of 360360 um, testify that as a result of the reaction spiral figures are formed due by
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chemical turbulence.

[0106] The difference between “Fan-like” and spiral-shaped figures indicates that in these

two experiments there are various manifestations of atomic reactions.

[0107] The arc-shaped figures observed during deformation of a solid, plant growth, and
reactions that cause energy processes in the cells of living organisms are not identical to those
characteristics of chemical turbulence, not identical to vibrational chemical reactions of

Belousov-Jabotinsky.

[0108] The photos shown in FIG. 17 and FIG. 11, witness that X-rays are emitted from the
ground or emitted from a deformed rail will spread over a considerable distance in the

ground.

[0109]  The anisotropy of the response of the materials with respect to the direction of the
acting force, as observed in the experiment with the I-beam (See FIG. 2 a, b, ¢). indicates the
interaction of electromagnetic radiation with acoustic waves, leading to stimulated Brillouin

scattering.
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[0110] The identity of the response of the material during its hardening and destruction
confirms the inventor's hypothesis that the energy of photons emitted during corrosion or

spontaneously sufficient to locally melt the nanoscale region.

[0111] Numerous arc-shaped X-ray sources shown in FIG. 8 and FIG. 7, were observed in
metals upon impact. The maximum number of such sources was recorded on a film located

parallel to the direction of impact.

[0112] The disclosure of the mechanism of atomic processes caused by water-salt
metabolism in plants and cells of a living organism is of particular importance 14 photos
from 22 shown in FIG. 18 demonstrate the processes that occur during vapor condensation at
the border with ice (frames 1-4), the boundary between liquid and ice. But on all photos not
nanoscopic, but macroscopic radiating areas are fixed. This fact suggests that in a certain area

atomic reaction are identical.

[0113] Photographs (FIG. 18 frame 1 and Fig 18 frame 2) differ little from one another, but
the rays fall on the surface of the films at an angle different by ~ 40 °. This means that the
radiation source is spontaneous. The energy of such sources is partially absorbed and
increases the temperature. The local temperature is sufficient for a phase transition, but not

sufficient for the formation of cracks.
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[0114] The fact that the interaction of water with organic and inorganic materials begins
with the decomposition of water on the surface allows the use of pump-probe and plasmon

resonance to study these processes.

[0115] The experimental study based on which an invention is proposed shows that it can
be implemented only on the basis of quantum mechanics, since the laws of classical
mechanics are inapplicable when bodies approach each other at a distance of 2 nanometers,

due to the cloud between them electrons emitted by each of the bodies.

[0116] The interaction of one electron cloud with other leads to a change in the electric
field, which is accompanied by a change in the magnetic field and the formation of
electromagnetic waves. This hypothesis, formulated by Maxwell, is confirmed

experimentally and forms the basis of classical electrodynamics.

[0117] Electromagnetic wave is considered in quantum electrodynamics as an energy
quantum, called a photon. The interaction between atoms is due to the exchange of electrons

and photons. In other words, the process of destruction originates in the nanodomain.
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[0118] Electrification by friction, due to the displacement of the electron cloud together
with the body from which they are emitted, is accompanied by a discharge and a glow, which
is called triboluminescence. Any type of deformation causes a relative displacement of
grains, twins, or other fragments separated by a heterogeneity boundary. This fact is

confirmed by research performed using electron microscopes and described in the literature.

[0119] The intense emission of electromagnet waves, observed during deformation,
indicates that it is due to the displacement and/or rotation of grains and twins. This

phenomenon is called by the inventor as internal triboluminescence.

[0120] Particularly intense displacement or rotation of the grains or twins occurs upon
impact, causing maximum acceleration and the maximum change in electrostatic induction,

resulting in an electromagnetic pulse with maximum energy.

[0121] The table below shows (See No. 24) that with five blows on samples from iron
alloys, 76 photographs were taken, both in the direction of impact and at different angles in

planes drawn through the direction of impact.

[0122] Similarly, a single blow to the surface of the water (See No. 28) caused X-rays in all
directions, recorded in 53 photographs.
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[0123] A large number of photographs were obtained to demonstrate the phenomenon, it
allows one to draw certain conclusions about defects that are observed with dynamic

processes caused by deformation, and without it.

[0124] Eight photos FIG. 20 (1-8) confirm the inventor's hypothesis about the main source
of energy, the radiation of which is the cause of man-made disasters [See: V. P. Rombakh,
Damage of Metals: Atomic Nature, International Conference on Fatigue Damage of
Structural Materials V, Hyannis, MA, USA (2004), Poster No 1; V.P. Rombakh, Atom
Parameters and Metal Properties, Logistics Capital, Inc. Edmonds WA, USA, pp 311].

[0125] The formation of cracks occurs in the area in which energy is absorbed and cannot
be fixed. The luminescence that is observed is due to spontaneous radiation that occurred

before or after the destruction, just as it was recorded from particles many times.

[0126] The experiment refutes the hypothesis of the decisive role of the tip of a crack,
which forms millions, or even billions, fractions of a second, the length of which depends on
the energy absorbed by atoms; the accumulation of energy occurs in an area outside the

crack. A clear boundary between these two regions is fixed in all observed experiments.

[0127] FIG. 20 8 illustrates the case when there were atoms in the damaged area, the

radiation of which occurred with a delay.

[0128] Photos shown in FIG. 20, indicate that the number of types of defects that are
detected by the shape of the radiator is limited. They can be classified and the effect on the

material properties has been established experimentally.

ATOMIC REACTIONS OF DYNAMIC PROCESSES

[0129] Quantum mechanics allows us to estimate the energy state of an atom or group of
atoms in the local region of the metal in theory and modem experimental base allows
verification of this assessment. Therefore, by analogy with fatigue, we introduce the notion of
normal AN and morbid (pathological, painful) atoms AM. A morbid atom is an atom that has

changes that occurred in its electronic shell due to external influences.

[0130]  Assume that all atoms (ions), under which the property of the material does not
change a normal AN regardless of what they represent. Changing the properties of the

material means that there was a change of parameters of a group of atoms.
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15 [0131] We can describe all of the changes that occurred in the technical element of the

structure or device using five atomic reactions:
[0132] 1. AN +hv — AN* =AM (1). Electron transfer to the metastable level.
[0133] 2. AN+ hv, - AM™ +« e (1). Forced additional ionization.
[0134] 3. AN+e — AM ™ +hv, (I11) lon and electron recombination.
20 [0135] 4. AN"—hv, > AN  (IV). Spontaneous or stimulated transition of an electron

from the metastable level.

[0136] 5. AM+e—AN+hvy (V). Here AM™ is a morbid atom (ion) the charge of

which is increased; AV is a morbid atom whose charge has fallen.

[0137] Only the induced radiation of energy from the destruction domain is sufficient to

25  form a crack or fracture.

[0138] The law of destruction formulated by the inventor states: The loss of integrity of a
solid and its destruction is the result of breaking the bond between atoms that have absorbed

photons induced t_)y local groups of metastable atoms, the excitation of which occurred as a

result of the conversion of mechanical energy into electromagnetic and electromagnet energy

30 into mechanical.
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[0139] Cracking or fracture occurs when, after the bond is broken, the atoms are removed
to a distance at which a new equilibrium state occurs. The formation of such a state 1s

accompanied by acoustic oscillations, the frequency of which decreases from 10" to 10* Hz.

[0140] The reality of such a mechanism confirms the latent radiation of X-rays from
fragments formed after destruction. This fact indicates that not all the accumulated energy

was consumed.

[0141] The advantage of a method based on the use of a phenomenon whose law is
revealed is due to the knowledge of cause-effect relationships. Empiric equations are
proposed on the basis of statistical studies, but this does not exclude the possibility of the

realization of an unlikely event at the beginning of operation, which leads to a disaster.

[0142] For example, the probability of an event due to which the shuttle Challenger crash
occurred was estimated at 1: 100,000 Such a low probability ruled out the possibility of a

catastrophe during the entire service life, but a catastrophe occurred.

[0143] The X-ray radiation caused by the deformation and the luminescence caused by it
are used for the first time as parameters on the basis of which the technical state of the object

under study is evaluated and possible changes are made. The practical application of this
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phenomenon requires preliminary experimental studies to assess the basic parameters of the
material, which is the accumulated energy and the rate of its accumulation. Material wear, its
critical state, reliability and durability are not determined by strength, but by the ratio of

energy accumulation rate to its dissipation rate.

[0144] Experiments performed by the inventor show that the use of modern experimental
methods can reduce the testing time by tens of thousands of times, obtaining more accurate

objective information about the processes leading to destruction.

[0145] The analysis of atomic reactions leading to destruction is possible on the basis of
quantum mechanics. This fact dictates the need for voluntary or compulsory refusal to use
erroneous methods in scientific and technical laboratories. This is the first step to solving the

problem of forecasting and preventing man-made disasters.

[0146] The theory of spontaneous and stimulated radiation was developed by Einstein. The

creation of a maser and a laser was an experimental confirmation of this theory.

[0147] The spontaneous radiation photons, not absorbed by the material, leave it.
Measuring the intensity of spontaneous radiation /¢ (v) allows us to estimate the accumulated

energy {/(v) and the rate of its accumulation, if the relationship between these parameters is

established. The units of radiant intensity are watts per steradian. The total power (watts)

emitted in a given frequency

U) = [ I, (v)dvdQ (2),

where the integral is taken over the closed surface § of the region in which the atoms

emitting energy are.

[0148] The total energy radiated spontaneously by a local group of identical N; atoms in the

frequency interval is

Liv)=NAdhvg(v) (3)

[0149] Here A:- X ; A;jwhere Ay is the Einstein coefficient, which characterizes the
probability of electron transition from level i to level j, which has dimension s™'. 4,

characterizes all transitions from level 7/
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15 [0150] Thus, if N (0) electrons were at the level 7 at the time ¢ = 0, then the number of

electrons at this level decreases exponentially N=N; (0)e~" (4).

[0151] The possibility of applying Einstein's theory to analyze the processes of destruction
is demonstrated by examples of solving specific problems. The lifetime of a domain of
destruction is different from the lifetime of the metastable state of an individual atom, just as
20 the time of existence of a forest is different from the time of existence of a separate tree.
Wear and aging are due to an increase in the ratio of the number of morbid atoms to the

number of normal atoms.

[0152] The process of energy accumulation in a substance during its deformation and
pumping in a laser is carried out by an electromagnetic pulse excited in a different way. This
25  difference of principle does not matter. Therefore, the application of an equation similar to

the Einstein equation

Una(fy=U2 (0) exp (D, % t)(5)

is justified.
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[0153] Here D is the energy dissipation coefTicient characterizing spontaneous radiation,
having dimensions s, vais the frequency of the photon stimulating the radiation of energy
accumulated in the domain of destruction, & is the Boltzmann constant, 7'is the absolute
temperature. However, such a conclusion is provable via experimental verification. In

connection with this, additional equations are proposed.

BASIC EQUATIONS OF DESTRUCTION MECHANI

[0154] The absence of a quantum theory of strength and destruction led to the fact that the
physical measurable parameters, on the basis of which equations can be proposed, are
determined for the first ime. Modern technical laboratories use instruments and methods for
studying dynamic processes at the atomic, molecular, and nano level. Quantum mechanics
allows the use of material parameters based on the measurement of spontaneous emission of
atoms during operation. One of these parameters is wear due to the ratio of the number of
morbid Nm atoms to the number of normal N, atoms at each stage of the operation of an

element of structure or device.

[0155] The total binding energy of a local group of atoms of an element at the initial time

=0 is due to the energy state of normal atoms. The experiment shows that the induced
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radiation occurs in a narrow frequency interval, at which the frequency, phase, polarization
and direction of the photons emitted induced, coincide with the parameters of the photon that

stimulated the radiation. In this regard, we can restrict by one chemical element.

[0156] The energy of a local group of atoms, an element before the start of operation - /o,
due to the energy of the bond av=Aw of atoms, is equal to

Un(v, 1) = exNu(t0) (6),

where Nn(#o) is the number of normal atoms.
[0157] The energy of the morbid atoms at this time is equal to

LA (v, 10) = &m Nulto) (7),

where em= hvimis the energy of the morbid atom, Nu(#) is the number of atoms. The number
of morbid atoms is extremely small,

Ny & N,

[0158] Experimental studies performed by S. P. Zhurkov showed that long-term strength is
well described by the exponent Experimental studies performed by S. P. Zhurkov showed
that long-term strength is well described by the exponent

o = mexp [(Lo-yo)/RT] (8)

for various crystalline and amorphous bodies. Here m is a constant, numerically close to the
period of thermal oscillations, (/o is the destruction energy, close to the sublimation energy, y
is a structure coefficient, having the dimension of volume, a-mechanical stress, X is gas

constant, 7'is absolute temperature.

[0159]  Attempts to improve Zhurkov's formula were made repeatedly, but without success,
because the authors remained in the position of classical mechanics, which does not allow

one to understand the physical meaning of the structural coefficient, which has the dimension
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[0160] The inventor proposes to treat this coefTicient as the volume occupied by morbid
atoms, i.e, the volume of destruction domain V4. In this case, the Zhurkov's formula will be

represented as follows:

b‘,,-ﬁ\"
n=D~te H (9)

where D is a parameter similar to the coefficients in the Einstein's theory of spontaneous and
stimulated emission, [/; is the sublimation energy. This allows us to postulate that the number

of morbid atoms grows exponentially.

[0161] This allows us to postulate that the number of morbid atoms grows exponentially
Naty= Nulto) explA/DkT)~ Nolto)exp({//tDkT) (10)

Here A~{/; /t is the energy accumulation rate, B = Dk'is its dissipation rate, /=4 B is the

deoree nf wear
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[0160] The inventor proposes to treat this coefTicient as the volume occupied by morbid
atoms, i.e, the volume of destruction domain V4. In this case, the Zhurkov's formula will be

represented as follows:

b‘,,-ﬁ\"
n=D~te H (9)

where D is a parameter similar to the coefficients in the Einstein's theory of spontaneous and
stimulated emission, [/; is the sublimation energy. This allows us to postulate that the number

of morbid atoms grows exponentially.

[0161] This allows us to postulate that the number of morbid atoms grows exponentially
Naty= Nulto) explA/DkT)~ Nolto)exp({//tDkT) (10)

Here A~{/; /t is the energy accumulation rate, B = Dk'is its dissipation rate, /=4 B is the

deoree nf wear

[0162] The safe operation time fc is set during design. Based on this, the degree of wear
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of wear and accumulated energy is estimated, InN_(r,) ~InN,_(0) = A/Dk, T =U, [t Dk,T
AnNu(te)-InNm (0) =4/ DkT~ U t.DkT

[0163] Neglecting the number of morbid atoms at the initial moment, we get:

Ut DkT=tc InNwmltc) (11).

[0164] However, the determination of the ultimate value of the energy U3 (1), which leads
to destruction, is possible only by experimental research, but the experiment should answer
the question: when should the operation be terminated so it will be not too early, but not too

late.

[0165] The theory cannot answer this question, for an atomic reaction can be stimulated

even by solar radiation, especially during a solar storm.

[0166] Determining the moment of termination of the facility or device becomes so
important that such a decision must be justified by a comprehensive experimental study,

providing a computer program with all the data to determine when an emergency stop.

WAYS TO IMPLEMENTATION THE METHOD

[0167] Maxwell's work [J. C. Maxwell, ITI. On the Equilibrium of Elastic Solids, (1850)
pp.31-74, The Scientific Papers of James Clerk Maxwell, Edited by W. D. NIVEN, M A |
F.R.S.] still remains the only theory in mechanics, the equations in which are derived on the

basis of experiment and suggested experimental methods for their use.

[0168] Maxwell investigated the relationship between the pressure at various points in the
body under mechanical action and the only optical response known at that time as the
interference of polarized rays, putting the foundations of photoelasticity. e proposed the

equation

I-o=2  (12),

2nr2

which relates the optical response / to the moment of force A, which displaces the upper
surface of the hollow cylinder relative to the fixed inner surface by an angle 60. Here b is the

length of the cylinder, r is the distance from the axis of the cylinder to any point of the solid
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part of the cylinder. The article concludes with the conviction that the study of the
relationship between mechanical action and optical response for various materials might lead
to a more complete theory of double refraction, and extend our knowledge of the laws of
optics. The creation of quantum electrodynamics, which is the most accurate physical theory,
confirmed Maxwell's prediction, but it is not used to solve the problems of strength and

destruction.

[0169] Photoelasticity is used in strength mechanics as the main argument for the

introduction of stress intensity factors.

[0170] This conclusion is erroneous, because birefringence is due to the anisotropy of
atoms or molecules associated with a change in orbital or magnetic quantum numbers, which
does not lead to a change in strength properties or destruction. Electro-optical and magneto-
optic effects, leading to birefringence, were confirmed by Maxwell’s prediction. He
discovered an effect called dynamo-optic.

[0171]  The use of the photoelasticity method simultaneously with the method proposed in
the invention will help clarify the role of luminous regions and establish the coordinates of

the domains of destruction using another Maxwell equation proposed in this paper:
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Y(x,y) = f§=w{q-p}i, (13)

where 7 is the difference of retardation of the oppositely polarized rays, and ¢ and p the

pressures in the principal axes at any point, z being the thickness of the plate.

[0172] The equations proposed by Maxwell for the bending of rods were tested by him

experimentally on samples of iron, brass, and glass with an accuracy of a fourth sign.

[0173] The X-ray radiation that occurs when a steel bar is destroyed is shown in FIG. 1 d.
This experiment, performed by the author of the proposed method. confirmed the idea of
Maxwell, formulated by him in a letter to Thomson (Lord Kelvin).

[0174] The theoretical prediction of quantum effects and experimental confirmation allows
them to be used for experimental evaluation of the ultimate value U3 (), which is the main
parameter on the basis of which the possibility of preventing catastrophic destruction is
based. This allows the method of assessing the potential energy of destruction of the element
of structure or device to be briefly called MAPED.

[0175] Spontaneous emission of morbid atoms is not the only response to deformation.
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Additional information about atomic reactions in the deformed material during operation is
provided by luminescence; in experimental studies, additional resonance methods are used,
for example, gamma resonance, stimulated Brillouin scattering, X-ray diffraction, X-ray

spectroscopy, efc.

[0176] The implementation of the proposed method consists in establishing a functional
relationship between the radiation intensity and parameters characterizing an external effect,
for calculating the accumulated energy and the rate of its accumulation with the maximum
accuracy until a crack appears. A characteristic feature of the method is that it uses only
measured parameters, a crack forms in millionths of a second, and no radiation is observed at

the moment of the formation of a crack.
[0177] For example, one has to research:

[0178] = le(v.0)=F1(oN) until cracks appear under cyclic deformation of stretching, bending,

torsion, or shear, where o is stress, N is the number of external influences;

[0179] = or le(v,7) =F2(Sh:) when an indenter 1s immersed, where & 1s the indenter footprint,

hi is the immersion depth;

[0180] = the connection [/xv,f)=F:[I«{v,r)] when a crack appears is established only in an
experimental study; in practice, an extremely admissible value of energy (/2 ex(v,7ex) =U3 (1),

is used, at which the operation is terminated and the element is replaced.

[0181] = an accurate definition of 7 prevents catastrophe and provides the ability to use the

entire resource.

[0182] Quantum electrodynamics is an accurate physical theory, on the basis of which
processes of interaction of atoms can be explained. Every interaction of atoms is due by the

exchange of electrons and photons.

[0183] The implementation of the method is based on a theoretical assessment of the
potential energy, the accumulation of which is due to the deformation. The equations used for
the calculations contain only the measured physical parameters characterizing the atomic
reaction, and the proportionality coefficients found during experimental studies of the

material.
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[0184] The spectrum of electromagnetic radiation is the only objective characteristic of the
energy state of the atom. The frequency of electromagnetic radiation is measured with such

an accuracy that is not available for measuring other parameters.

[0185] The induced radiation is due to the quantum mechanical properties of local groups
of atoms. It occurs at a certain concentration of metastable atoms in a region, for example, in
a grain or in a twin, which is a resonator having two parallel boundaries on which

electromagnetic waves are reflected.

[0186] It is particularly important to note that the amplification of electromagnetic radiation
can occur when a small number of atoms are in the upper state in the local area, unlike in a
laser. It is only important that there are more of them at the excited level than at the lower
level. Energy absorption will be accompanied by breaking the bond between the number of
atoms at which further exploitation is possible. This may be enough for high-power induced
radiation to occur, but with little energy. This phenomenon is called in mechanics tolerance to

damage, hidden or subcritical crack.

[0187] A similar phenomenon is possible with high concentration quenching of
luminescence or under the influence of impurities.
[0188] These phenomena allow reducing the rate of accumulation the energy, increase the
rate of dissipation by changing the composition of the material, the shape of the product and

stimulating the safe radiation from the destruction domain.

[0189] The safety of structures and devices cannot be achieved without state standards,
which must be changed due to the successes of science and new discoveries. US standards are
becoming the basis of other countries' standards or are used unchanged, but a number of
standards, such as E399, are based on the use of stress intensity factors. Such standards are
erroneous. The basis of the new standards should be the experiments described in the present

invention or similar to it.

[0190]  The implementation of the method does not present fundamental difficulties in any
technical field, for the experimental equipment for studying the S-N curves is supplemented
by devices for studying electromagnetic, including X-ray, radiation, transmission, storage and
analysis of information. This change turns the S-N method into the {/-N curve method. This is
the second step to preventing the man-made disasters.
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MPARATIVE ANALYSIS OF THE METHOD PR ED IN THE INVENTION
WITH OTHER
[0191] Example No. 1. A titanium alloy compressor disc with 12 bolts holes was tested in
accordance with the FASTRAN II program [W_ Z. Zhuang et al., ICAS-98-5, 2, 3, A98-3162
(1998)]. The first crack on the edge of one of the holes was found after testing 8533 rpm. The
disk was destroyed into five fragments after testing at the speed of 9462 rpm. The photo
above demonstrates four points in which three cracks meet (or diverge) and the fact that the
crack discovered first grew in one and the opposite direction. The main damage didn’t occur
in the area of the holes, the thickness of the metal in which is 3 mm, but in four points along
the rim, which is 15 mm thick. This fact allows us to conclude that the cause of the

destruction was the distribution of energy, but not stresses, as the authors believe.

[0192] FIG. 20 confirms this conclusion. The graph above characterizes the relationship
between the crack length and the kinetic energy of a rotating disk. The proportionality ratio
is used instead of the moment of inertia. The maximum crack length is lowered to show a

parabola.

[0193] One of the causes of erosion, corrosion, and even destruction, turbine blades,

propellers is an increase in electron density on the outer surface caused by centrifugal force.
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Increased electron density leads to the formation of AAM morbid atoms, the bond between
which 13 weakened. This defect is eliminated by creating an electrostatic field of counter-
polarity.

[0194] Example No. 2. The crack to the right of the A40 AET rivet was discovered when
examining a panel of a riveting joint with an overlap of the fuselage of a Boeing 727-232
(B727) [See: B. R. Mosinyi, Aircraft Fuselage Damage Assessment In-Service Aircraft
Fuselage Department, Drexel University (2007)] earlier than the crack to the left A40 FWD.
The crack on the right, according to Griffiths theory, will reach the critical value earlier than
the crack on the left, but Mosinyi received one solution of the NASGRO equation for two

cracks.

[0195] Analysis of the processes of formation of these cracks was performed by the

inventor using the equation relating changes in energy Al/> with metal thickness /, binding

. Al
energy &v, lattice constant a, crack growth rate AN

- 280
Alh=hexr AN(H)‘

[0196] Note that the crack growth rate (measured parameter) in the equations of fracture
mechanics, including NASGRO, is used as a function of stress intensity factors and other

parameters that cannot be measured.

[0197] The use of equation (14) for analyzing the A40 AET and A40 FWD crack formation
processes is demonstrated in FIG. 21 in the form of graphs based on the tables given Mosinyi,

and the parameters of the fuselage metal.

[0198] The maximums on the graphs indicate at the time when the energy was emitted by
some atoms, was absorbed by other atoms, between which the bond was broken; minima
correspond to the period of energy accumulation. Particular attention should be paid to the
minimum at N = 141229 on the A40 FWD chart, which is actually located below the limits of
the chart. The stored energy has a negative value of 12882 nanojoules. This minimum on the
graph coincided with the maximum of A40 AET, whose energy of 5336 nanojoules was
radiated. The coincidence is conditional, since the extension of the crack occurred in a

millionth of a second during the experiment, which lasted 1176 hours.

[0199] Example No.3 Cracks growing towards each other were observed on nanofilms
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to tens of kilometers indicates that the nucleation and growth of cracks caused by a single
mechanism which is independent of the size of the object. This mechanism is due to the
atomic reaction, in which the accumulation and dissipation of energy occurs and its induced

radiation.

[0200] Two pairs of such cracks A22Right ~A23Left and A23 Right-A24Left was found
when examining the Boeing 727-232 (B727) fuselage riveted panel, [See: A. Ahmed,
Initiation and Growth of Multiple-Site Damage in the Riveted Lap Joint of a Curved
Stiffened Fuselage Panel: An Experimental and Analytical Study, Thesis Submitted to the
Faculty of Drexel University 2007, pp.328.] The analysis of these cracks was limited to a

statement of the fact.

[0201] The tables in the cited paper were used by the inventor to analyze processes using
equation (14). The graph of one of the cracks is shown in Fig 22. Comparative analysis of the
volume of information and its quality using equations in which the crack length /is used as a
function of the number of cycles and other parameters, and equation (14) shows that a smooth
crack growth does not represent the dynamic processes leading to destruction.

[0202] The minima characterizing the time of energy accumulation are replaced by maxima
indicating the moment of induced radiation. Note that even though the measurements of crack
elongation were carried out after hundreds of hours, the intervals between the peaks differ by

no more than 10%.

[0203] However, the most important difference between MAPED and other methods is the
ability to analyze not only the accumulated energy, but also the accumulation rate, which
slowed down by 5 nlJ/cycle between 13 and 14 measurements, while it increased to 13.6 nJ

between 14 and 15 nl/cycle.

ANALYSIS THE MAN-MADE DISASTERS CAUSES
[0204] Problem No. 1. The railway accident (Hatfield, UK, 2000) is explained by the fact
that the rail under the train broke into 300 fragments on a 35-meter section. Cracks were
found on another 50-meter section. This happened despite the fact that, shortly before the
accident, the rail was tested with ultrasound, but no defects were found. The cause of the
catastrophe is called “rolling contact fatigue” (defined as multiple surface-breaking cracks).

However, the nature of fatigue can be explained using quantum mechanics.
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[0205] The distinctive features of the analysis of this catastrophe are: the impossibility of
finding the cause, multiple homogeneous gaps in which the structure of the fracture surface
of the fragments is different, as can be seen in the photos given in the first report published in
October 2000. The surface of the fragment, characteristic of plastic fracture, was subjected to
intensive corrosion, while the surface of the fragment, characteristic of brittle fracture,
remained brilliant, as can be seen in the photographs published in the second report six years

later.

[0206] Problem No. 2. The crash of the river bridge 1-35 W across Mississippi (USA,

2007) was due to the rupture of eight rivet holes of the U10 gusset 40 years after its opening.
The cause of the disaster, as defined by the State Commission, is a design error, which is that
the thickness of the leaflet is insufTicient. The conclusion is made on the basis of the analysis

performed using the finite element method.

[0207] A photo of the U10 Gusset plate taken after extracting a fragment from water, not
published in a report, shows that the nature of the breakdown of four even-riveted holes
differs from the breakage of four odd holes. The rupture line passed through the centers of all
the holes, but the shape of the even holes remained unbroken and the edges shiny, while the
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metal near the odd holes was severely damaged and subject to intense corrosion, just as

happened with rail fragments.

[0208] Coincidence is natural, since dark arcas have been observed in the study of rail
defects more than once, but the finite element method is purely mathematical, no containing
physical parameters. This method did not reveal the damage that occurred during operation.
The method proposed by the invention makes it possible to record the intensity of the
radiation of energy, which is the main physical parameter, and the position of the radiating
objects in space. These physical parameters are used in a computer program to calculate the

accumulated energy and the rate of its accumulation.

TECHNOLOGICAL PROCE 'ONTROL CAPABILITIE
[0209] Problem No. 3. Quality control riveting holes of the fuselage and the wings of the

aircrafl

[0210] The study of defects arising in the rivet holes of the aircraft wings, made using an
external source of X-rays [See J. Xu et al, Automatic X-ray Crack Inspection for Aircraft
Wing Fastener Holes, 2nd Int. Symposium on NDT in Aerospace 2010 Mo.5 A 4] revealed
the damage of the holes edges, just as it was obtained using MAPED, but did not detect
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hidden defects between them.

[0211] Two plates of aluminum alloy imitated a rivet joint with an overlap of the aircraft
fuselage. Eighteen holes were drilled in this joint. One hole was intentionally damaged. 14

frames recorded the destruction of the hole and 11 defects between the holes. Studies of the
fuselage have shown that in these places pitting defects of corrosion and cracks grow,

growing towards each other.

[0212] The study of defects arising in the rivet holes of the aircraft wings, made using an
external source of X-rays revealed the damage of the holes edges, just as it was obtained

using MAPED, but did not detect hidden defects between them.

[0213] Eleven frames were obtained when installing 18 rivets, at which one defect was

fixed, made intentionally.
[0214] Problem No. 4. Hot and cold chinks in cast aluminum

[0215] An analysis of the publications showed that attempts to understand the mechanism
of the formation of hot and cold cracks in cast aluminum, while remaining in the position of

classical mechanics, and creating a computer program to prevent them, were unsuccessful.

[0216] The experimental study, made by the inventor, of hot and cold cracks formation in
silumin and aluminum alloy 7075-T651 during solidification of the ingot and cooling of the
samples at a temperature gradient of 120K/cm showed that the mechanism of cracking is
identical. A computer program for predicting the occurrence of hot or cold cracks is created
on the basis of measurements the intensity of spontaneous X-ray radiation and luminescence

intensity caused by radiation in various areas of the cooling melt or ingot.
[0217] Problem No.5 High-entropy alloys

[0218] High-entropy alloys consisting of five to six chemical elements, the concentration of
each of which is from 5 to 35%, have high hardness, corrosion resistance, heat resistance,
thermal and mechanical wear resistance. It is assumed that the unique properties of these
materials are due to the successful combination of ductility and brittleness The authors of the
publications, offering different compositions, try to establish the natural influence of any
physical parameter on the alloy property. The number of combinations is unlimited, but the

trial and error method are not effective.
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15 [0219] The electron backscattering method is one of the most effective for studying high-
entropy alloys using electron microscopes. The study of Fe-30Mn-10Co-10Cr-0.5C (at. %).
Alloy grains. [See: M. Wang et al, Acta Materialia 147 (2018) 236-146], showed that all
metals form local regions whose color is different. This allows you to determine the chemical

element whose atoms form a destruction domain and replace it with another analog.

20 [0220] The method of backscattering of electrons, like methods based on transmission,
gives distorted information in cases where the material under study is deformed, because
atoms in this case are subject to two electromagnetic effects. This distortion is especially
great when the energy of a photon intended for research is comparable or exceeds the photon

energy, which is the cause for the atomic reaction.
25 [0221] The method proposed in this invention is free from this disadvantage.

[0222] The fact that atoms of a single chemical element form a local nano-sized area in the
grain makes it possible to experimentally estimate to what extent this concentration affects

the rate of energy accumulation and its dissipation and change it to extend the time of safe

30 [0223] Theoretical and experimental methods developed to improve the quality of a laser

help to develop methods for reducing the rate of energy accumulation and increasing the rate
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MEASURING THE INTENSITY OF SPONTANE RADIATION

[0224] Measurement of the intensity of spontaneous electromagnetic radiation of a
monitored object (MO) is shown in FIG. 22. The part of the object, the damage of which
leads to a catastrophe, is called the structural element (SE). For example, the self-loosening
of the nuts on the point 2182 A caused a catastrophe (Potters Bar, UK, 2002). The number of
structural elements 7 is due to the safety of MO operation. The signal from the sensor, for
example, Sen 1, enters the converter Con | and is converted, encoded and transmitted to the

TR 1 transmitter, then by wires or without them transferred to the computer (COMP).

[0225] Signal coding eliminates the possibility of unwanted interference and unwanted

reading,

[0226] The computer program analyzes the data obtained, estimates the accumulated
energy, its accumulation rate, compares with the limit values obtained as a result of the
experimental study, and the control convector (CC), in case of danger, through the TR 2
transceiver and the RS receiver using wires or through air is transmitted an alarm and

shutdown alarm (ASD). The limit values may be referred to as “critical values.” The

MEASURING THE INTENSITY OF SPONTANE RADIATION

[0224] Measurement of the intensity of spontaneous electromagnetic radiation of a
monitored object (MO) is shown in FIG. 22. The part of the object, the damage of which
leads to a catastrophe, is called the structural element (SE). For example, the self-loosening
of the nuts on the point 2182 A caused a catastrophe (Potters Bar, UK, 2002). The number of
structural elements » is due to the safety of MO operation. The signal from the sensor, for
example, Sen 1, enters the converter Con 1 and is converted, encoded and transmitted to the

TR 1 transmitter, then by wires or without them transferred to the computer (COMP).

[0225] Signal coding eliminates the possibility of unwanted interference and unwanted

reading,

[0226] The computer program analyzes the data obtained, estimates the accumulated
energy, its accumulation rate, compares with the limit values obtained as a result of the
experimental study, and the control convector (CC), in case of danger, through the TR 2
transceiver and the RS receiver using wires or through air is transmitted an alarm and

shutdown alarm (ASD). The limit values may be referred to as “critical values.” The
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measured value of accumulated energy (which may be expressed in various ways using
various proxies, including intensity) may determined by the computer program to be
indicative of potential structural failure in various ways, such as by reaching a threshold
relative to the critical value, accelerating at a threshold rate toward the critical value, or in
other ways. The threshold or other parameters for determining whether measurements are
indicative of potential catastrophic failure may be dependent on context and may be
determined experimentally. For example, statistical analysis can be performed to set the
parameters such that measurements are determined to be indicative of potential structural
failure if there is a certain probability of failure based on experimental measurement, where
the probability can be set dependent on context (¢.g., the potential for disaster). For example,
the probability may be low in such cases where structural failure can lead to catastrophe (e.g..
for an airplane) and higher when structural failure has less potential for catastrophe (e.g., in
contexts where there is little chance for harm to humans or large-scale property damage). The
parameters may also be set based on the availability of redundant systems that operate in case
of failure, and based on other factors.

MEASURING THE INTENSITY OF SPONTANE RADIATION

[0224] Measurement of the intensity of spontaneous electromagnetic radiation of a
monitored object (MO) is shown in FIG. 22. The part of the object, the damage of which
leads to a catastrophe, is called the structural element (SE). For example, the self-loosening
of the nuts on the point 2182 A caused a catastrophe (Potters Bar, UK, 2002). The number of
structural elements » is due to the safety of MO operation. The signal from the sensor, for
example, Sen 1, enters the converter Con | and is converted, encoded and transmitted to the

TR 1 transmitter, then by wires or without them transferred to the computer (COMP).

[0225] Signal coding eliminates the possibility of unwanted interference and unwanted

reading,

[0226] The computer program analyzes the data obtained, estimates the accumulated
energy, its accumulation rate, compares with the limit values obtained as a result of the
experimental study, and the control convector (CC), in case of danger, through the TR 2
transceiver and the RS receiver using wires or through air is transmitted an alarm and

shutdown alarm (ASD). The limit values may be referred to as “critical values.” The
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measured value of accumulated energy (which may be expressed in various ways using
various proxies, including intensity) may determined by the computer program to be
indicative of potential structural failure in various ways, such as by reaching a threshold
relative to the critical value, accelerating at a threshold rate toward the critical value, or in
other ways. The threshold or other parameters for determining whether measurements are
indicative of potential catastrophic failure may be dependent on context and may be
determined experimentally. For example, statistical analysis can be performed to set the
parameters such that measurements are determined to be indicative of potential structural
failure if there is a certain probability of failure based on experimental measurement, where
the probability can be set dependent on context (¢.g., the potential for disaster). For example,
the probability may be low in such cases where structural failure can lead to catastrophe (e.g..
for an airplane) and higher when structural failure has less potential for catastrophe (e.g., in
contexts where there is little chance for harm to humans or large-scale property damage). The
parameters may also be set based on the availability of redundant systems that operate in case
of failure, and based on other factors.
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[0227] The universality of the method proposed in the invention is due to the possibility of
continuous non-destructive remote monitoring of atomic processes in all objects, regardless

of their size, composition, structure, nature of external influences

[0228] The main objective of the invention is to predict the critical state of the object under
study and to prevent its destruction. The method is applicable to both experimental studies

and facilities that are operated.

[0229] The maximum effect from the implementation of the MAPED will become possible
when a functional connection between the areas emitting energy due to the deformation and
the areas accumulating it is established. The search for such a connection is possible not only

on laboratory models, but also on real technical objects.

[0230] Numerous experiments, the purpose of which is shown in the table above, allow us

to propose a program of experimental studies for the implementation of the proposed method

[0231] Problem No. 6. The next panel of the Boeing 727-232 (B727) fuselage is tested on
the same experimental equipment as the previous ones, but using a different program.
Electromagnetic radiation that occurs in the process of deformation, is fixed on the film and

digital sensors. The signals from sensors are converted and transmitted by wire or without
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them to a computer containing a program for measuring the intensity, storing information and
analyzing it. The sensors, in an embodiment, are placed on structures of the plane using
adhesive stickers (e.g., stickers as part of logos and other decorative aspects of the exterior of

20  the plane) to reduce air resistance caused by the stickers.

[0232] The nature of the test samples varies to reduce their number, reduce time and
increase efficiency. For example, the number of tests of the fuselage panel and the number of

cycles before a crack appears decreases due to an increase in the stress.

[0233] Refusing to use the S-N method does not exclude the possibility of using the results
25  obtained by this method. The tables obtained during the study can be used to clarify the time
of safe operation, residual life and degree of wear. Only on the basis of experimental studies
can the extent to which formula 12 b gives more accurate results than formula 12 a, but note

that formula 12 b can be replaced by formula

Up-Vgo? Ug-vgo?
p-D~le” Bt (12c)orp=D~te” ekt (12d),

30  proposed by the inventor.
[0234] Here, £ is the modulus of elasticity, (s is the shear modulus.
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[0235] The volume of the domain of destruction can be calculated on the basis of

experimental data, if they are sufficient for this.
[0236] Problem number 7.
|0237] Find the volume /'y of the domain of destruction.

[0238] We use the experimental study which are given by Atre et al. [W. S. Atre et al.
Finite Element Simulation of Riveting Process and Fatigue Lives, DOT/FAA/AR-07/56, V 3,
2009, pp. 166]

[0239] Initial data:
[0240] metal A/
[0241] crack length /
[0242] crack depth /n
[0243] bond energy &

[0244] lattice constant a

[0245] spontaneous emission photon frequency v
[0246] Solution

[0247] The sequence of mathematical transformations is given below.

[0248] The crack areais § = //n, the number of cells on it is nriz - %‘- the energy radiated
u a

to form a crack is (/2= %cb. the number of morbid atoms emit her: N -%1 %

[0249] If there is one morbid atom in each unit cell, then the total volume is
Va-b g, £ A numerical solution of the problem can be obtained after

experimentally determining the frequency of the photon of spontaneous radiation

[0250] The main task of the experimental study is to find the relationship between the
accumulated energy and the intensity of spontaneous radiation, which is measured

experimentally by Nu~CZe(v.1).

[0251] Problem number 8. Preventing railway disasters
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[0252] The safety of the operation of the rail track today is based on the use of mainly two

non-destructive control methods: ultrasonic and magneto dynamic, the main disadvantage of

15

which is the fact that they are designed to search and analyze cracks and other defects that are
harbingers of catastrophic destruction, but not the cause. The wavelength of eddy currents
and ultrasound, the minimum value of which is 1 millimeter, does not allow to detect micron
cracks, while X-ray radiation from the material allows you to set the moment of nucleation of

the nano-sized crack.

[0253] The ability to implement the method is due to the use of electromagnetic, including
X-ray, radiation caused by the deformation, which is measured with maximum accuracy, data
is transmitted by wire or without them at maximum speed using modern communication

systems, including space.

[0254] It is known that the cause of a train accident is rail damage that occurs not only
under the locomotive and wagons or after passing the train, but even before it. The inventor
witnessed the prevention of a catastrophe that could have occurred on August 31, 1978 at

Grebyonka station (Ukraine), when the rails curved in front of the passenger train, moving at
[0255] 15 m/s. Locomotive was stopped five meters before damage.

[0256] The photos shown in Fig 12 were taken when the locomotive stopped three meters
from the film. Consequently, radiation occurred before the rail subjected to intense
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deformation.

[0257] Frames 3-16 of FIG. 11 illustrates the energetic connection between the rails, while

frames 1, 2 and 17, 18 illustrate the displacement of rail fastenings.

[0258] Experimental research indicates that the energy radiated in one area as a result of
mechanical action spreads in the rail to a considerable distance in the form of electromagnetic

waves, causing acoustic waves in its path.

[0259] The fact that the driver, seeing the movement of the rails, managed to stop the train,

allows predicting the formation of dangerous defects before approaching them.

[0260] The intensity of the radiation recorded in all the photos shown in FIG. 12 indicates

that such radiation will be observed from a more distant source.
[0261] Problem number 8.1. Rail testing using locomotive, control experiment

[0262] An experimental test of this hypothesis was performed at the Northwest Railway
Museum (Snoqualmie, WA) on 2 mile (800 m) railway track. The experimental scheme is
shown in FIG. 24.

[0263] Two containers with photographic film were placed simultaneously on the surface
of the rail head and the foot in the interval Axo. Locomotive, located at point x) at a distance
of 20 feet, began to move towards point B, but stopped at point xq, located at a distance of 14
mile from point x1. The containers with the film were replaced with similar ones, after which
the locomotive began to move to the point xr, located at a distance of 1/4 mile (400 m) from
the point x1. The containers were replaced a second time after the locomotive reached point xa
and began braking. The seventh and eighth films fixed the start in the opposite direction for

15 seconds.

[0264] The results of the experiment in which 132 photographs were taken illustrate 24
(three from each film) shown in FIG. 19. Analysis of photographs shows that the film
recorded radiation from a distance of 1/2 mile. This conclusion is the main argument for
preventing a catastrophe. We see in Fig 19 2 and 3 “Fan-like” radiation; thin lines and wide

areas similar to the crack shown in FIG. 19 1, 14, 15, 17, 19, 23, etc.

[0265] At the same time, we are witnessing a paradoxical phenomenon that requires an
explanation. Repeated photographing of different objects in one frame distorts the image, but

this did not happen, because the image is clear, like at a single blow. This fact is due to the

262



20

25

30

locomotive and the synchronous effect.

[0266] Rail track damage is monitored using a device that measures the intensity of
electromagnetic, including X-ray, radiation due to deformation, and/or the intensity of
luminescence excited by this radiation, transmit data using radio signals to the spacecraft,
which determines the coordinates of a point from which radiation occurred, and relays this
information to the server, which analyzes, stores this information and makes decisions. The
server may be located locally (e.g., on the train) or remotely, accessible over a wide area
network, such as the Internet and/or a cellular network. Decisions may be, for instance, to
alert an engineer (driver), transmit signals to cause brakes to engage, and/or perform other
mitigating actions, which may be programmed to occur according to different contexts, which
may be based on the level of danger encountered and/or potential catastrophes that feasibly

could occur.

[0267]  The device unit containing the sensors for measuring the intensity / is located as
close as possible to the side surface of the rail at the point of contact of the locomotive wheel
and rail, but without touching it so that it is not damaged during movement. The unit is
rigidly attached to the frame of the locomotive. Two sensors are placed vertically through the
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[0263] Two containers with photographic film were placed simultaneously on the surface
of the rail head and the foot in the interval Axo. Locomotive, located at point x; at a distance
of 20 feet, began to move towards point B, but stopped at point x¢, located at a distance of 14
mile from point xi. The containers with the film were replaced with similar ones, after which
the locomotive began to move to the point xy, located at a distance of 1/4 mile (400 m) from
the point x1. The containers were replaced a second time after the locomotive reached point xa
and began braking. The seventh and eighth films fixed the start in the opposite direction for

15 seconds.

[0264] The results of the experiment in which 132 photographs were taken illustrate 24
(three from each film) shown in FIG. 19. Analysis of photographs shows that the film
recorded radiation from a distance of 1/2 mile. This conclusion is the main argument for
preventing a catastrophe. We see in Fig 19 2 and 3 “Fan-like” radiation; thin lines and wide

areas similar to the crack shown in FIG. 19 1, 14, 15, 17, 19, 23, elc.

[0265] At the same time, we are witnessing a paradoxical phenomenon that requires an
explanation. Repeated photographing of different objects in one frame distorts the image, but

this did not happen, because the image is clear, like at a single blow. This fact is due to the
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high speed of the electromagnetic signal and the constant distance between the wheels of the

locomotive and the synchronous effect.

[0266] Rail track damage is monitored using a device that measures the intensity of
electromagnetic, including X-ray, radiation due to deformation, and/or the intensity of
luminescence excited by this radiation, transmit data using radio signals to the spacecraft,
which determines the coordinates of a point from which radiation occurred, and relays this
information to the server, which analyzes, stores this information and makes decisions. The
server may be located locally (e.g., on the train) or remotely, accessible over a wide area
network, such as the Internet and/or a cellular network. Decisions may be, for instance, to
alert an engineer (driver), transmit signals to cause brakes to engage, and/or perform other
mitigating actions, which may be programmed to occur according to different contexts, which
may be based on the level of danger encountered and/or potential catastrophes that feasibly

could occur.

[0267]  The device unit containing the sensors for measuring the intensity 7 is located as
close as possible to the side surface of the rail at the point of contact of the locomotive wheel

and rail, but without touching it so that it is not damaged during movement. The unit is

rigidly attached to the frame of the locomotive. Two sensors are placed vertically through the
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contact at a maximum distance from each other from the rail head along the web, including

the foot, the other two sensors are located on either side of the vertical line.

[0268] The possibility of positioning the sensors above the radiation surface has been tested
experimentally for two cases. The container with the film was fixed at two extreme points
under the 6 mm thick steel plate located horizontally, so that the central part of the container
was 26 mm away from the plate; three blows with the tip of the ax were applied at different
points on the upper surface. 12 photographs were taken throughout the film. Three photos of

the middle section are shown in Fig 17 g, h, i

[0269] A similar plate and container were arranged vertically. The impacts with an ax and a
hammer were applied to the butt surface. 10 photos were recorded, three photos of the middle

part of the film are shown in Fig 17, k, 1.

[0270] 22 these photographs show that the radiation is spontaneous and its intensity can be

measured on the horizontal and vertical surfaces of the rail with repeated exposure.

[0271]  Problem number 8.2. Research of radiation sources and determination of their

intensity

[0272] In one example embodiment, the minimum number of sensors is eight. They are
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located four to the left and four right of the locomotive to scan each rail at four points
simultaneously. Denote the sensors located in the block to the left a and £, while the right are

yand 0.

[0273] Non-framed photographic films in containers, opaque to visible and ultraviolet rays,
are placed on the vertical (web) and horizontal (foot) surface of the rail between points xo and

x1 in front of the locomotive.

[0274] Let me denote the intensity measured by the sensors in the horizontal plane on the
left Jan(x) Ipn(x), and Z.4 (x), La(x) on the right and the vertical plane on the left /a(x), /a(x)
and /x(x), Ia(x) on the right respectively. The peculiarity of the method designed to prevent
fracture allows determination of the fracture energy only in an experimental study. This
predetermines the fact that the most effective combination of using sensors can be proposed

only on the basis of an experiment.

[0275] Simultaneously with the four-sensor unit, a three-sensor unit is tested, scanning the
surface of the head, web and foot. The method does not limit the number of options, but the

advantage sets the experiment.

267



10

[0276] Experiment No. 8 1. The locomotive is located at point A to begin research. It
moves forward until the rear wheels pass over the films. Sensors scan rails previously
undeformed by the locomotive, while photographic films record radiation. Films are removed
and the locomotive retums. New films are located just like before. Note that various
embodiments may use digital imaging techniques to avoid the use of film and improve
practicality. Generally, photographic sensors may be used in place of films and data may be
obtained digitally.

[0277] Experiment No 8. 2. The locomotive passes over the films and stops. Films are
replaced by sensors on the rails, the number and place of which is determined by the

experimenter.

[0278] Such an arrangement of sensors and photographic films allows obtaining maximum
information about the sources of radiation of energy for comparing the results of research

obtained by photographic and sensory methods during the initial study.

[0279] Of particular interest are both energy-emitting and dark areas similar to those
recorded in photos: FIG. 12 frames 8-11; FIG. 14 frames g, h, I, FIG. 15 frames a, j, k.

[0280] FIG. 11 shows that the energy radiated during the deformation of one rail is
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transferred to another. Neglect of this energy without special experimental evidence is

unacceptable.

[0281] Measuring the intensity of electromagnetic radiation at eight points on the rails
allow to reveals sources of energy whose stimulated emission can lead to the formation of
dangerous defects, using the fact that the signal intensity at each point of the rail is related to

the intensity of radiation at other points where all wheels of the locomotive impact on rails.

[0282] However, FIG. 12-FIG. 15 shows that the total impact of the wheels is accompanied
by the formation of a limited number of local luminous and dark areas. The continuous

luminous region was formed only on the railway sleeper, as shown in FIG. 11.

[0283] This fact indicates the possibility of estimating the accumulated energy using a

number of equations.

[0284] A system of possible equations for experimental studies based on data from eight

sensors is proposed:

[0285]  1.1. Uni-Plalx), 1.2.Up~ PIn(x), 1.3. Un-¥Inlx), 1.4. Un-¥Ia(x), 1.5.
Ui Pla(x),
[0286] 1.6 Up-PImx), 1.7. Us- ¥ Lir(x), 1.8. Us-¥ Ls(x).

[0287] Here ¥ is the coefficient of proportionality

[0288] The number of equations and combinations of them is increasing to study the
changes caused by the repeated effects of the wheels of the locomotive, the cars following it

and repeated testing.

[0289] The distance xi-xn, after which the intensity of the pulses emitted at the locomotive
location is insufficient for identification by fixed sensors, is used to establish the sensors at
point B, is used to determine the position of the symmetric point B and the similar

arrangement of the sensors

[0290] The intensity of the signals as the locomotive moves from point xu to point 5
increases. The experimental section 4«5 is used in the forward and reverse direction the

required number of times.

[0291] Thus, the experimenter receives information on the processes of accumulation and

radiation of energy throughout the AB section using the non-destructive method for the time
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that the locomotive passes from point 4 to point B
[0292] The differentiation of hazardous and safe areas is of paramount importance.

[0293] Dangerous areas are those in which energy is accumulated. Such a region is
detected by an increase in the intensity of spontancous radiation. However, if the intensity of
spontaneous radiation does not increase, this does not mean that accumulation does not occur.

Therefore, additional, for example, X-ray, research is needed.

[0294] Experiments performed with the locomotive are complemented by experiments with
the train, using sensors not only on the locomotive and rails, but also on the cars, including

ultrasonic wagons, flaw detectors on eddy currents.

[0295] Experiment No. 8 3, designed to determine the zone of emergency braking in front
of a sudden dangerous defect in the track, is performed only at the experimental railway

section.

[0296] Point x4is located from point A equipped with sensors, at such a distance Ls that the
locomotive is equipped with sensors also, moving from point B to point 4 with speed v, can

stop at a safe distance from point 4 during emergency braking
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[0297] Impacts inflicted on rails at point 4 are recorded by sensors located on the rail and

locomotive but with a delay At = % , where ¢ is the speed of electromagnetic waves. The

width of the pulse is due to the lifetime of the metastable atoms and the delayed radiation

from fragments that were formed during cracking and destruction.

[0298] Comparison of the functions /i~ ¥i{x;), which characterizes the energy
accumulated as a result of the impact, and {/;~ ¥I{x;), which characterizes the energy
recorded by the locomotive, allows you to set the distance at which the locomotive should

begin emergency braking so that it is safe.

SELECTION OF SENSORS

[0299] The choice of sensors is determined by three factors: the maximum sensitivity at the
frequency of the signal stimulating the emission of metastable atoms, location, shape and

size. The frequency of the signal is due to the atomic number of the atom.

[0300] The sensors are located at the points of maximum absorption the stimulated
radiation. An analysis of the causes of disasters has shown that the definition of such places is
particularly important. The possibility of detecting such places is shown: in the aluminum
alloy in FIG. 1, frame b; in cobblestone FIG. 1, frame c; in the rail FIG. 12, frames 8-12,

[0301] Recommendations for searching for particularly dangerous defects in rails are given
by the Federal Railroad Administration (FRA) [See: Track Inspector Rail Defect Reference
Manual, Juley 2015, Revision 2]. However, MAPED can detect the onset of defects at an
early stage. We can assume that the total impact is due to the center of gravity, since signals
from different wheels come to sensors with such a small-time interval, during which the
sensor cannot resolve it. But all the hypotheses can be confirmed or refuted only by

experiment.
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FIG. 15 frames a, 1, k; in the frame or wheels of the locomotive FIG. 16 frame h.

[0301] Recommendations for searching for particularly dangerous defects in rails are given
by the Federal Railroad Administration (FRA) [See: Track Inspector Rail Defect Reference
Manual, Juley 2015, Revision 2]. However, MAPED can detect the onset of defects at an
early stage. We can assume that the total impact is due to the center of gravity, since signals
from different wheels come to sensors with such a small-time interval, during which the
sensor cannot resolve it. But all the hypotheses can be confirmed or refuted only by

experiment.

[0302] Modern companies in the United States, creating sensors and equipment for them,
such as Canon Industrial Sensors and Delphi Precision Imaging, are able to ensure the

implementation of the method in all sections of the industry, crop production and medicine.
[0303] Problem No. 8.3. Evaluation of critical energy

[0304] Sensors located on the rail at the point of impact send signals U' = ¥I7'(N), caused
by repeated impacts, which are fixed by the sensors. A computer program explores the

relationship of energies in successive hits
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[0305] which characterizes the ratio of the rate of accumulation of energy to the rate of its
dissipation.

[0306] Changes in this relationship allows you to set the moment of formation of hidden
cracks. The appearance of larger cracks is controlled additionally by ultrasound or eddy

currents.
[0307]) The critical energy Uj is calculated according to the equation
Us = g,5a~2 (16),

where &b is the binding energy of atoms, § is the area of the formed crack, a is the crystal

lattice constant.

[0308] Comparison of the functions U/ = ¥7i(x), which characterizes the energy
accumulated at the impact site, and Uy = P1: (x), which characterizes the energy recorded by
the locomotive, allows you to set the distance at which the locomotive should begin

emergency braking, which will be safe.
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[0309] It should be noted that the intensity of spontaneous radiation depends on the
direction. The total radiation power is estimated using the Ulbricht integration ball, in which

the source is a luminescent screen surrounding the deformed body

[0310]  An important condition for the use of MAPED is the identification of luminous and
dark areas in order to search for the destruction domain. One of the methods for its detection
is the residual radiation of the surface of destruction. The lifetime of such atoms in the optical
range is 1.6-0.3 ps. Radiation in the X-ray range is detected with the introduction of the

indenter, as was confirmed by the inventor.

[0311] The decision on the practical application of the method is applied on the basis of the
established State Standard.

[0312] The main advantage of MAPED compared with other methods is the objectivity of
the assessment of the technical condition of structures and devices based on experimental

energy measurements. The second advantage is efficiency.

[0313] For example, calculations of the strength of the rail according to GOST of Russia R
51685-2013 are performed on the basis of at least three tests, each of which includes at least
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five million cycles with a frequency of 5-50 Hz. Therefore, testing one rail takes from 80 to

800 hours, whereas testing two rails 1/2-mile-long each was completed in 15 minutes.

[0314] The main danger is that the standards of other countries are also based on the use of
stress intensity factors, but other equations and even polynomials are proposed. State
standards, equations in which are based on a hypothesis, refuted by experiment, should be
replaced.

[0315] The equations obtained in the study of rails using MAPED can be applied to all
extended objects, such as support beams, ropes, bridges, regardless of their shape and
composition.

[0316] Problem number 9. Prediction of the earthquakes and tsunamis

[0317] Earthquakes are the object, the prevention of which remains an unresolved problem,

but earlier prediction is particularly important for saving people's lives.

[0318] The table above shows that ten expenimental series were performed by the inventor
to show that the energy storage mechanism, the emission of which leads to earthquakes, and
behind it the tsunami, does not differ from the mechanism of the metal cracking. There were

investigated deformation and destruction of solids: flagstone, granite, marble and
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cobblestone; deformation of steam, water and ice, deformation under the friction of
aluminum on asphalt, the propagation of electromagnetic waves in the ground. 176 photos

show that X-rays were observed in all cases.

[0319] Attempts to use electromagnetic radiation to predict earthquakes, including via
satellites, have been made repeatedly, [See: TE. Bleier US 6873265B2.] A distinctive feature
of the proposed method is due to the use of X-ray radiation. The advantage of the earthquake
prediction method proposed in this invention is the use of high penetrating power of X-rays,
high sensitivity to all types of deformation, including internal friction and the phenomenon of

self-emission transparency.

[0320] Electromagnetic radiation sensors, including those in the X-ray range, are located at
any available depth of the seas and oceans, mines, and wells. Electromagnetic signals by wire

or without them are transmitted to the station, including through spacecraft.

[0321] Sensors located at three points make it possible to calculate the coordinates of the
radiation location of the signals. Sensors located near volcanoes in high tectonic zones make
it possible to find a functional connection between small changes in X-ray intensity and

earthquakes and predict them with higher accuracy.
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[0322] The high penetrating power of X-rays and the high energy of atomic processes in

the carthquake source and the Earth’s core make it possible to fix these signals using sensors.
[0323] Problem 10. Pathology and aging of plants and living organs

[0324] The solution of these two problems has always been and remains important for
humanity. Each discovery in experimental and theoretical physics is used in other natural
sciences, but the discovery of galvanic electricity and the law of conservation of energy are
made in medicine. X-ray radiation from plants and human organs, demonstrated in 102
photographs, expands the field of practical application of electromagnetic radiation in biology

and medicine.

[0325] Discovering of self-emissive transparency in metal and wood indicates the possibility
of such a mechanism in the organs of a living organism. This conclusion is based on the identity
of atomic reactions, which result in the formation of luminous arcuate regions, shown for
example, in 16 photographs with examples of phase transformations of water, human organs
and metal deformation. Iron corrosion is accompanied by the formation of Fe*™ and Fe'" ions.
G. N. Petrakovich expressed the idea [See: Biofield Without Secrets, Moscow, “Public
Benefit” 2009, pp. 305 (In Russian)], that transitions of Fe’"«s/e'" electrons occur at a
frequency of 6 attohertz, which is a thousand times higher than the frequency of a femtosecond
laser, with the help of which self-induced transparency is observed.

[0326] The problem of energy in mitochondria is one of the most important not only in
biology, but also in technology, in order to understand the mechanism of energy concentration
and develop similar devices. The efficiency of mitochondria greatly exceeds the efficiency of
generators created by man. The study of the energy processes of plants, animal cells and
humans by a non-invasive method allows us to understand the mechanism of this phenomenon

and create a similar one.

[0327] In the preceding and following description, various techniques are described. For
purposes of explanation, specific configurations and details are set forth in order to provide a
thorough understanding of possible ways of implementing the techniques. However, it will
also be apparent that the techniques described below may be practiced in different
configurations without the specific details. Furthermore, well-known features may be omitted
or simplified to avoid obscuring the techniques being described.
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[0328] Note that, in the context of describing disclosed embodiments, unless otherwise

specified, use of expressions regarding executable instructions (also referred to as code,

applications, agents, etc.) performing operations that “instructions” do not ordinarily perform

10

15

unaided (e.g., transmission of data, calculations, etc.) denote that the instructions are being

executed by a machine, thereby causing the machine to perform the specified operations.

[0329] FIG. 26 is an illustrative, simplified block diagram of a computing device 2600 that
can be used to practice at least one embodiment of the present disclosure. In various
embodiments, the computing device 2600 may be used to implement any of the systems
illustrated and described above. For example, the computing device 2600 may be configured
for use as a data server, a web server, a portable computing device, a personal computer, or
any electronic computing device. As shown in FIG. 26, the computing device 2600 may
include one or more processors 2602 that, in embodiments, communicate with and are
operatively coupled to a number of peripheral subsystems via a bus subsystem. In some
embodiments, these peripheral subsystems include a storage subsystem 2606, comprising a
memory subsystem 2608 and a file/disk storage subsystem 2610, one or more user interface
input devices 2612, one or more user interface output devices 2614, and a network interface
subsystem 2616. Such storage subsystem 2606 may be used for temporary or long-term

storage of information.

278



[0330] In some embodiments, the bus subsystem 2604 may provide a mechanism for
enabling the various components and subsystems of computing device 2600 to communicate
with each other as intended. Although the bus subsystem 2604 is shown schematically as a
single bus, alternative embodiments of the bus subsystem utilize multiple buses. The network
20 interface subsystem 2616 may provide an interface to other computing devices and networks.
The network interface subsystem 2616 may serve as an interface for receiving data from and
transmitting data to other systems from the computing device 2600, such as sensor data,
control signals (e g., to apply brakes to a locomotive), transmitting information (e.g., message
indicating warmnings about structural failure, and other examples). In some embodiments, the

25  bus subsystem 2604 is utilized for communicating data locally and/or over a network.

[0331] In some embodiments, the user interface input devices 2612 includes one or more
user input devices such as a keyboard, pointing devices such as an integrated mouse,
trackball, touchpad, or graphics tablet; a scanner; a barcode scanner; a touch screen
incorporated into the display; audio input devices such as voice recognition systems,

30  microphones; and other types of input devices. In general, use of the term “input device” is
intended to include all possible types of devices and mechanisms for inputting information to

the computing device 2600. In some embodiments, the one or more user interface output

devices 2614 include a display subsystem, a printer, or non-visual displays such as audio

output devices, etc. In some embodiments, the display subsystem includes a cathode ray tube
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(CRT), a flat-panel device such as a liquid crystal display (LCD), light emitting diode (LED)
display, or a projection or other display device. In general, use of the term “output device” is
intended to include all possible types of devices and mechanisms for outputting information
from the computing device 2600. The one or more user interface output devices 2614 can be
used, for example, to present user interfaces to facilitate user interaction with applications
performing processes described and variations therein, when such interaction may be
appropriate. For example, a display interface may provide a graphical representation of a
warning to an operator, a technician, or other employee to indicate results of measurements

taken in accordance with embodiments described herein and conclusions derived therefrom.

[0332] In some embodiments, the storage subsystem 2606 provides a computer-readable
storage medium for storing the basic programming and data constructs that provide the
functionality of at least one embodiment of the present disclosure. The applications
(programs, code modules, instructions), when executed by one or more processors in some
embodiments, provide the functionality of one or more embodiments of the present disclosure
and, in embodiments, are stored in the storage subsystem 2606. These application modules or
instructions can be executed by the one or more processors 2602. In various embodiments,

the storage subsystem 2606 additionally provides a repository for storing data used in

accorgance wiin me present aisCiosure. in some emooaiments, e SIOrage supsysiem Zovo

comprises a memory subsystem 2608 and a file/disk storage subsystem 2610,

[0333] In embodiments, the memory subsystem 2608 includes a number of memories, such
as a main random access memory (RAM) 2618 for storage of instructions and data during
program execution and/or a read only memory (ROM) 2620, in which fixed instructions can
be stored. In some embodiments, the file/disk storage subsystem 2610 provides a non-
transitory persistent (non-volatile) storage for program and data files and can include a hard
disk drive, a floppy disk drive along with associated removable media, a Compact Disk Read
Only Memory (CD-ROM) drive, an optical drive, removable media cartridges, or other like

storage media. Memories of the system 2600 may be non-transitory and store instructions that
are executable by one or more processors to cause the system to perform operations herein,
such as applying logic to sensor data to infer conclusions to cause further operations (e.g.,
providing messages indicative of such conclusions, updating a graphical user interface,

transmitting control signals to cause operation of another system (e g., a brake subsystem, a
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warning alarm, and/or other such system). The logic can be in various forms, such as a rules

engine, a decision tree, a neural network or other machine learning model, and/or other such

computer-executable applications of logic to data.
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[0334] In some embodiments, the computing device 2600 includes at least one local
clock 2624. The at least one local clock 2624, in some embodiments, is a counter that
represents the number of ticks that have transpired from a particular starting date and, in
some embodiments, is located integrally within the computing device 2600. In various
embodiments, the at least one local clock 2624 is used to synchronize data transfers in the
processors for the computing device 2600 and the subsystems included therein at specific
clock pulses and can be used to coordinate synchronous operations between the computing
device 2600 and other systems in which the computing device is used. In another

embodiment, the local clock is a programmable interval timer.

[0335] The computing device 2600 could be of any of a variety of types, including a
portable computer device, tablet computer, a workstation, or any other device described
below. Additionally, the computing device 2600 can include another device that, in some
embodiments, can be connected to the computing device 2600 through one or more ports
(e.g., USB, a headphone jack, Lightning connector, etc.). In embodiments, such a device

includes a port that accepts a fiber-optic connector. Accordingly, in some embodiments, this
device 1s that converts optical signals to electrical signals that are transmitted through the port

connecting the device to the computing device 2600 for processing. Due to the ever-changing
nature of computers and networks, the description of the computing device 2600 depicted in
FIG. 26 is intended only as a specific example for purposes of illustrating the preferred
embodiment of the device. Many other configurations having more or fewer components than

the system depicted in FIG. 26 are possible.

[0336] The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense. However, it will be evident that various modifications and
changes may be made thereunto without departing from the scope of the invention as set forth
in the claims. Likewise, other variations are within the scope of the present disclosure. Thus,
while the disclosed techniques are susceptible to various modifications and alternative

constructions, certain illustrated embodiments thereof are shown in the drawings and have

281



30

20

been described above in detail. It should be understood, however, that there is no intention to
limit the invention to the specific form or forms disclosed but, on the contrary, the intention is
to cover all modifications, alternative constructions and equivalents falling within the scope

of the invention, as defined in the appended claims.

[0337] The use of the terms “a” and “an™ and “the” and similar referents in the context of

describing the disclosed embodiments (especially in the context of the following claims) is to

be construed to cover both the singular and the plural, unless otherwise indicated or clearly
contradicted by context. The terms “comprising,” “having,” “including”™ and “containing” are
to be construed as open-ended terms (i.¢., meaning “including, but not limited to,”) unless
otherwise noted. The term “connected,” when unmodified and referring to physical
connections, is to be construed as partly or wholly contained within, attached to or joined
together, even if there is something intervening. Recitation of ranges of values in the present
disclosure are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range unless otherwise indicated and each separate
value is incorporated into the specification as if it were individually recited. The use of the
term “set” (e.g., “a set of items”) or “subset” unless otherwise noted or contradicted by
context, is to be construed as a nonempty collection comprising one or more members.
Further, unless otherwise noted or contradicted by context, the term “subset” of a
corresponding set does not necessarily denote a proper subset of the corresponding set, but
the subset and the corresponding set may be equal The use of the phrase “based on,” unless
otherwise explicitly stated or clear from context, means “based at least in part on” and is not

limited to “based solely on.”

[0338] Conjunctive language, such as phrases of the form “at least one of A, B, and C,” or
“at least one of A, B and C,” unless specifically stated otherwise or otherwise clearly

contradicted by context, is otherwise understood with the context as used in general to

present that an item, term, etc., could be either A or B or C, or any nonempty subset of the set
of A and B and C. For instance, in the illustrative example of a set having three members, the
conjunctive phrases “at least one of A, B, and C” and “at least one of A, B, and C” refer to
any of the following sets: {A}, {B}, {C}, {A, B}, {A, C}, {B, C}, [A, B, C}. Thus, such
conjunctive language is not generally intended to imply that certain embodiments require at

least one of A, at least one of B and at least one of C each to be present
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25 [0339] Operations of processes described can be performed in any suitable order unless
otherwise indicated or otherwise clearly contradicted by context. Processes described (or
variations and/or combinations thereof) can be performed under the control of one or more
computer systems configured with executable instructions and can be implemented as code
(e.g., executable instructions, one or more computer programs or one or more applications)

30  executing collectively on one or more processors, by hardware or combinations thereof In
some embodiments, the code can be stored on a computer-readable storage medium, for
example, in the form of a computer program comprising a plurality of instructions executable
by one or more processors. In some embodiments, the computer-readable storage medium is

non-transitory.

[0340] The use of any and all examples, or exemplary language (e.g, “such as™) provided,
is intended merely to better illuminate embodiments of the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

5 practice of the invention.

[0341] Embodiments of this disclosure are described, including the best mode known to the
inventors for carrying out the invention. Variations of those embodiments will become
apparent to those of ordinary skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations as appropriate and the inventors
10 intend for embodiments of the present disclosure to be practiced otherwise than as
specifically described. Accordingly, the scope of the present disclosure includes all
modifications and equivalents of the subject matter recited in the claims appended hereto as
permitted by applicable law. Moreover, any combination of the above-described elements in
all possible variations thereof is encompassed by the scope of the present disclosure unless

15 otherwise indicated or otherwise clearly contradicted by context.

[0342] All references, including publications, patent applications, and patents, cited are

hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety.
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CLAIMS

WHAT IS CLAIMED IS:

ki A method, comprising:
using a sensor to measure intensity of electromagnetic signals emitted from a

structure;

calculating energy stored in a portion of the structure based on the measured
intensity,

performing a comparison of the energy stored with a critical value for the

structure; and
indicating potential failure of the structure based on the performed comparison.

2 The computer-implemented method of claim 1, wherein the

electromagnetic signals are x-rays.

3 The computer-implemented method of claim 1, wherein the sensor is

mounted to vehicle that traversing the structure.

4 The computer-implemented method of claim 4, wherein the vehicle is a
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locomotive or rail car.

5 The computer-implemented method of claim 1, wherein the sensor i1s

mounted to the structure.
6. The system of claim 5, wherein the structure 1s a component of an aircraft.

7. The system of claim 6, wherein the sensor 1s secured to the sensor of the

aircraft by a decal of the aircraft.

8. A system, comprising:
one or more processors; and
memory including executable instructions that, if executed by the one or more
processors, cause the system to:
use a sensor to measure intensity of electromagnetic signals emitted from

a structure;

calculate energy stored in a portion of the structure based on the measured
intensity,

perform a comparison of the energy stored with a critical value for the
structure; and

indicate potential failure of the structure based on the performed

comparison.

9. The system of claim 8, wherein the executable instructions that cause the

system to indicate potential failure cause the system to update a user interface.

10.  The system of claim 8, wherein the executable instructions that cause the
system to indicate potential failure cause the system to transmit a message that causes a device to
brake.

11.  The system of claim 10, wherein the device 1s a vehicle.

12, The system of claim 8, wherein the system comprises a vehicle onto which

the sensor 1s mounted.
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13.  The system of claim 8, wherein the system comprises a vehicle having a

frame onto which the sensor 1s mounted to monitor the structure during operation of the vehicle.

14, A non-transitory computer-readable storage medium having stored thereon
executable instructions that, if executed by one or more processors of a computer system, cause
the computer system to at lcast:

use a sensor to measure intensity of electromagnetic signals emitted from
a structure;

calculate energy stored in a portion of the structure based on the measured

intensity,

perform a comparison of the energy stored with a critical value for the
structure; and

indicate potential failure of the structure based on the performed
comparison.

18.  The non-transitory computer-readable storage medium of claim 15,
wherein the instructions cause the system to indicate potential failure by transmitting a signal

that causes a vehicle to change operation.

19.  The non-transitory computer-readable storage medium of claim 18,

wherein the signal that causes the vehicle to change operation causes the vehicle to brake

20. The non-transitory computer-readable storage medium of claim 13,
wherein the executable instructions that cause the computer system to indicate the potential
failure cause the system to update a user interface to present information indicative of potential

failure.

286



MNPUJIOKEHHUE Ne3
OBETHBIE ®OTOI'PA®UU 3AABKH HA ITIOJIYYEHHUE IIETEHTA

UepHo-06enbie Gpororpaduu, mpuBeIcHHBIC B 3asBKE HA MMOJYYCHHUE ATCHTA, HE TIO3BOJISIOT
1oKa3aTb 0COOEHHOCTH, OOYCIOBICHHBIE JHEPrueil (4acToToif) OTOHOB, YYaCTBYIOIIUX B
aTOMHOM peakuuu. B cBsizu ¢ 3TUM uepHo-Oenbie pororpadun 3aMeHEHBI IBETHBIMH.

WO 2019/226700 1 ’26 PCT/US2019/033392

FIG. 1

287



e
'] .

FIG.2

288



FIG. 4

289



290



FIG.7

291



FIG. 8

292



293



294



FIG. 11

295



296



FIG. 13

297



‘-.n . m.“ i

FIG. 14

298



299



300



FIG. 17

301



FIG. 18

302



303



FIG. 20

304



WO 2019/226700 1, 26 PCT/US2019/033392

T'w
34 . 04
4
242&3 25200

5.55

23200
Ur=Ce?
FIG. 21

0.54
——

Cracking energy in a rotating disk
0SS
21200 22200

vy

10
0 o

20200

SBLBRASRA
3

S

SUBSTITUTE SHEET (RULE 26)

305



23’28 POTUSu M2

WO w226

22’“ LR BRI

WO W

MIrCEife
EErosore
MU €395

Fag4!

00071

SUBSTITUTE SHEET (RULE 26)

SUBSTITUTE SHEET (RULE 26)

306



24126 PODLS 9302

WO 200022670

— = = = —=[=]
!
[ asv]
!

1 ¥l-|—um) —umg —ugjs
~OK

—Tw) ~—7ws ~73s

—Iw) —[ws —13S

SUBSTITUTE SHEET (RULE 26)

307



]
FIG. 25

=

4

SUBSTITUTE SHEET (RULE 26)

POTLSMaI

User Intertace
Output Devices | \-2814

ook ol
Suosyster
=AM

va

o

m\
Merory
ROM

z

o

|
:

i

N
eﬁ& S%:{)

-

308

7’
2 Storage Subsysters

R

\\ //
N /
\\ /7
N /

\ /
\ /
N /

NV

SUBSTITUTE SHEET (RULE 26)



