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pachuk NpoCTPaHCTBEHHOro pacnpeaeneHna
AaBneHUA Ha NoBepxHocTH MpoToHa oT ocy K
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(The pressure distribution Inside the proton.
V.D. Burkert, L. Elouadrhiri & F. X. Girod )

Dpupodunamuueckan cxema
npOMOHA, AMOMa, KAsUmMay.
NY3LIPHKA, ... , 2ANAKMUK

AcmpoHoMuYecKue sie/IeHUs U 2pasumayusi — peakyusi
Mamepuu Ha euxpesoe U yCKopeHHoe d8UXeHue 3ghupa

Llentp (Aapo) Tanaktukm “Mneydsin Myts” (M)
Paduou3o6bpaxerue (f= 333MHz/ A = 0.90m) sdpa Manakmuku “MI” (1 den. = 75nk.) :
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“My3bipn ®epmun” ABNAIOTCA CNEACTBMEM BbiIDpoCca A)XeTaMuy pa3orHaHHbIX MPOTOHOB U MatepuanbHbIX
CryCTKOB 3a Npefesnbl ranakTuyeckoro Ancka ¢ BblaeneHnemM 3Heprm npy CTONKHOBEHUW NOCNEAHUX C 3dwumpa
ranakTM4eCKMMM1 ra3oM v Nbinbio B BUAE PEHTTEHOBCKOTO U ramma U3nyyeHui




TopoupanbHo-KonbueBas moaenb IPUPHbLIX NOTOKOB co CnnHom-[xeToMm

- 1. MockBa, 04.2024r. - Aswapos E.M. (AEM)

3a 2017-2022 roabl aBTOPOM ObININ NPeANOXKEHbI BE OCHOBHbIE 6a30Bble MOAENN ABUKEHMA 3dMPa, KOTOPbIE MOTYT BO3HUKaTb Npu
B3aMmMOoAencTBMMN 3PMPHbLIX MOTOKOB B NMPOCTPAHCTBE U BO BPEMEHM:

1. lMpodonbHasa 3hupHaAA 801HA ONMCAHA B caeayowmx paboTax: - ‘
1.1 IMpodonbHas 3hupHasa yoapHas 80aHA
MpoAaonbHble yaapHble 3GUPHbIE BOMHbI BOSHUKAIOT B TAKMX NPOLLECCaX KaK _
CTO/IKHOBEHME KOMET M acTEPOMAO0B C NAaHETaMM, NPU CTOIKHOBEHMM 3Be3], | ) ®
WY B3PbIBaX CBEPXHOBbIX 3B€34, MPU AAEPHbIX B3PbIBaX.
“PeHTreHOBCKOE U3/TyYEHME KaK NPOA0AbHAA yaapHasa a¢upHana BosHa”
- http://www.course-as.ru/AEM_GE/AEM X-Ray.pdf .
MposeaeHbl cemnHapsbl: B PYIH no “XAC n LLM”,
dunnbm - http://www.course-as.ru/AEM_GE/AEM GED.html#X-Ray-R u - —
ceMuHap no remnoponorum umenu A.M.Jliesmya (MrY), Sl ek
dunbm - http://www.course-as.ru/AEM _GE/AEM GED.html#X-Ray-T .

1.2 podonbHas a¢hupHaa HeydapHaAs 80aHA ‘ >
MpoponbHble 3dMpHbIe HeyAapHble BOIHbI BO3HMKAIOT NPU 3/1EKTPUYECKOM
paspsaae Bo BcemM o6beme B3aMMOAENCTBMA B MaTepUuasbHbIX cpeaax — rasax,
UOKOCTAX M TBEPAbIX CPpeAax, a TaKKe B nnasme, nNpu “paguounsnyyveHmm”.
“IneKkTpomarHMTHOE U3NyyeHne” paanoananasoHa Kak Nnpoao/bHas
HeyzapHas apupHan BONHA — NPeACTaB/EHbI B TPEX CTAaTbAX:
- “3punpHbIi InekTpo-MarHetmsm. Yactb 3. AnHamumka... ” (ctp. 13-17):
— http://www.course-as.ru/AEM GE/AEM El-p3.pdf .
- “T'epu 1 Tecna. KTo npas, KTo He npas” (cTp. 4-8 ):

Puc. 14. Pezucnpayus permeerosckozo usayyenus, gopmupyeriozo
nepeunHOn YOapHoli 804HON ¢ ROMOIUYBIO NAOCKO-6LINYKAOH (66¢DXY)

U nA0CKO-602HYMION (61HU3Y) Memananyeckux: auns. B aeson wacmu

Kaxeoozo /)[/{‘)'///\'11 /lf)f‘ﬂl‘//lzl(i, 1eHa CXeéMa /7(1('/1(), 1020Cer s 8cex oemaielt

'}i\'l'i/{’/)ll,l/(’///}/{!.’ 7 - ('ﬁ(’/’.\'.w’t_)’]'k‘//ﬁ{l}/ l'////»))’}/ 80061, BHIXO00AH AR U3 Kata-

— http://www.course-as.ru/AEM GE/AEM GED.html#Hertz&Tesla
- “CBeToBOE U Pagmo- n3nyvyeHmns — pasHble apupHble cywHocTn!”:

— http://www.course-as.ru/AEM GE/AEM GED.html#Light&Radio
MpodonbHble 80sHbLI 060UX MuUNos peaucmpupytomcsa “Usmepumenamu padueHmos

Ad 6 COCMORHINY Kasumayy, cidKkar U3 60. l}»{t;jf)t“/d. 3 - memaaiu-
weckaq Aunsa, 4 - /’(’/////J{'i!/)()'(‘lx‘(]ﬁ NACHKA 8 C8emo3anyunitiom naxKe-
me. B l//?(/b‘fll;’ Yacmy — /)(’l////ﬂl‘//(/(7'{'/\‘(/)/ nAeHKa nocie ')l\'('//‘(//////)(/tf(l-

HUA 6 meerne 5 MUY U [///(7//0{1/)//////}/7 ///7/)/‘11)‘/\'1/.

SgpupHoeo [asneHusa”, pazpabomaHHbIMU A8MOPOM:
- http://www.course- _as.ru/AEM_GE/AEM _GED.html#Measure

Puc. 1. PeHTreHOBCKasa (KaBUTauMOHHanA) apupHana ygapHas BoHa.

“ PEHTTEHOBCKOE U3/TYYEHUE MPU KABUTALIUU BbICTPOM CTPYU XUOKOCTH”
(Bbicoukuii B. U., KopHunosa A. A., CbicoeB H. H. )

dopmupyemoe NnepBUYHbLIMU KaBUTALLMOHHbIMM YNbTPa3BYKOBbIMU YAapPHbIMU BOJIHAMM C MOMOLLLbHO M/IOCKO-BbINYKI0M (BBEPXY) U MNIOCKO-BOTHYTOM (BHU3Y)

METaIMYECKUX /IMH3, BblIM CO34aHbI: - CUNbHO PacxoaAaLlanca (BBepxy) M - CUAbHO cxoaawanca (BHKU3Y) admpHan yaapHasa peHTreHoBcKas (X-Ray) BosiHal.


http://www.course-as.ru/AEM_GE/AEM_X-Ray.pdf
http://www.course-as.ru/AEM_GE/AEM_GED.html#X-Ray-R
http://www.course-as.ru/AEM_GE/AEM_GED.html#X-Ray-T
http://www.course-as.ru/AEM_GE/AEM_El-p3.pdf
http://www.course-as.ru/AEM_GE/AEM_GED.html#Hertz&Tesla
http://www.course-as.ru/AEM_GE/AEM_GED.html#Light&Radio
http://www.course-as.ru/AEM_GE/AEM_X-Ray.pdf

“I'padueHmHas 3¢pupoduHamMuKa” — gpusuxa shupa

duHamuka “3nekmpo-MazHUmHbIX” npoueccoe — pazsumue 3gphupoduHaMUKU

“Snekmpo-MazHuUmMHas eosiHa” Kak npooosibHasi (He yO0apHasi)3¢ghupHasi 80JIHA.

amMeHeHWe ah1pHOro AaBneHns Ha NOBEPXHOCTM “OM” MUNONs BbI3bIBAET NPOAOILHOE pacnpocTpaHeHe
NEepPEMEHHOro 3UPHOro AaBneHns No NCeBAocheEpPE BHE Tak HasbiBaeMon “ONUKHEN 30HbI", B KOTOPON Ha-
[10 YYMTbIBATb MHTErPasibHOE BO3A,ENCTBUE SIIEMEHTAPHbIX YacTel aHTEHHbI OrVKHEN 30HbI" B TOYKE N3Me-

PEHUS, @ BHE ee MOXHO paccMaTpuBaTh Kak ToYeYHbIN 06 bEeKT, COOTBETCTBYLLU “AanbHeR 30He".

DPOHT pacnpocTpaHEHUS “3KBUMNOTEHLMATbHON NOBEPXHOCTU" MEPEMEHHOMO 3OMPHOIO A,aBNEHNUS Ha
yoaneHun ot “SM™ nanyyartens npefctaBnsgeT cobon crierka oedopMmnpoBaHHyo cepy C BAaBNEHHbIMU
rostocamu, NOXOXYH Ha “sbroko”, boree npaBuibHO (POHT NPEACTaBNAET cODON NceBgoTOpoMaanbsHY0
SKBUNOTEHLMAMLHYIO MOBEPXHOCTL FPafMEHTOB 3OUPHOTO AaBneHus.

["papueHT nepeMeHHOro 3(PUPHOro AaBfieHUs B TOYKE NPOCTPaHCTBA, yaarieHHOro oT UCTOMHWKA — reHepa-
Topa “OM" BOrHbl, 4ENCTBYET B pafuanbHOM. HarnpasieHun, UMEET 3HaKkonepeMEHHbI XapakTep, CUHX POH-
HbIA C UICTOYHWMKOM M3TyYeHUs Kak 415 HECYLLe YacToTbl, Tak U 4115 MOLYIMPYOLLEro curana.
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PacnpocTpanenne NpoaoabHOI (T.H. “INEKTPOMArHUTHOM BOMHBI") 2(Upa KaK MEPEMEHHOrO IpajMeHTa
9(UPHOro JIaBJIeHHA B MPOJIOJILHOM HANPABJICHHH OT HCTOUHMKA B dpupHOM npoctpancTse. CreBa BUACH
(POHT pacnmpocTpaHeHHs NPO/IOABHOI BOIHBI 32 HECKOJIBKO TIEPHOJIOB KoehaHHil n3aydaTens.

Puc. 2. MpoaonbHas HeyAapHasa a¢upHan “InekTpomarHutHas BonHa” (V = C).

CyuwectByeT HecbanaHCMPOBAHHOCTb MHTErpana rpaiMeHTa nepemeH-
HOro 3pUPHOro JaBNEHMA B KAXKA,0M TOUKE OKPYKAOLLETrO aHTEHHY 3dup-
HOro NPOCTPAHCTBA B HAMNPaBAEHUN €ro PaCNPOCTPAHEHMA 33 KaXKAblI
nepuoa ero nosiHoro KonebaHuaA - UHTerpan ot rpagueHTa agpupHoro
[3aBNEHUA, HANPaBNEHHOIO K UCTOYHWKY HEMHOFO NPEBbILAET MHTErpan
OT rpagmeHTa a$MpPHOro AaBAeHMA, HaNpPaBJAEHHOIO OT UCTOYHMKA.

ddumpoanHaMmmMyeckan NpUYMHa BOSHUKHOBEHUA CAeayOLLMX
bur3MYecKMX NpoLLeccoB:

1. MepenHero ¢ppoHTa NPOAOILHOIO PACNPOCTPAHEHUS 3HAKoNepe-
MEHHOTO rpagneHTa apMpHOro AasneHua B 3GUPHOI cpeae, NpUHMMae-
MOW 33 “3/1eKTPOMarHMTHYO BOJIHY”, CO CKOPOCTbIO BO3MYLLEHUA adumpa
3TOW cpefbl, C COOTBETCTBYOLWUMM AaBAEHNEM U NAOTHOCTbIO, B AaHHOM
3$MPHOM NPOCTPAHCTBEHHOM PETNOHE,

2. 3¢odeKTa AaBNeHMA Ha MOBEPXHOCTb MaTepuasbHOro Tena T.H.
“371€KTPOMArHUTHOM BO/IHbI” — KOTOPOE 0BBACHAETCA HE HY/1IEBbIM
WHTErpanom nepemMeHHoro rpaaneHTa adupHoro AasneHus B Ntobow
TOYKE NPOCTPAHCTBA, HaNPaBNEHHOIO K UCTOYHMKY BO3MYLLEHUSA, U
CO3[al0LLErO YCUIME, HAanpPaBAEHHOE OT 3TOr0 UCTOYHMKA Ha
MaTepuanbHoe Teno.

FAR Hanpsmyto peannsyeT yKasaHHbIA NPUHLMN FAR
Cynepnosuumnm aaa cosgaHna HanpaBaeHHON XapaKTepPUCTUKM T
3bMPHOro n3ny4yeHus c HbICTPO UIMEHSAEMbIM HAaNpPaBJAEHUEM PR

ly4a 3a CHeT USMEHEHUA ¢a3b| KaX40ro afiemMmeHTa U3ny4yeHumaA
B OTAENBbHOCTU NO 3apaHee BbIYUC/NIEHHbIM 3HAa4YEHUAM.

Puc. 3. TMpuHUMN u3nyyeHUA U ynpaB/ieHUWe HanpaB/ieHUEeM
pacnpoctpaHeHua u ¢opmoit 3pMpogUHAMUUECKOU BOJIHDI
nyrtem mameHeHua ¢asbl ANAA KAXKAOrM0 3/1eMEeHTa U3yvyeHusn
FAR-aHTeHHbI
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http://www.course-as.ru/AEM_GE/AEM_GED.html
http://www.course-as.ru/AEM_GE/AEM_El-p3.pdf

2. TopoudanbHo-Konbyesoe 3hupHoe obpazosaHue ¢ APKO 8bipaxeHHbIM CUHOM-L#emom - xapaKkTepusyioTca MPOKayKoi
yepes LeHTpaIbHYO 30HY TOPOO6Pa3HO-KOMbLEBOro 3GMPHOro NOTOKA, a TaKXKe MaTepuasbHbIX cpes, KoTopble byayT BTAHYTbl BXOAHOW 3pUpHOM
BOPOHKOW, pa30rHaHbl, 3aKpy4eHbl 1 BbiOpOLEeHbl Yepes BbIXOAHYIO 3GUPHYI0 BOPOHKY 3a npeaesbl 3pUpHOro Tena topa.

g  [Oewkenne ahupa |  CYLIECTBYET /1Ba BapMaHTa peannsaumm apumpHoro
nokasaHo | TOPOWAA/NbHO-KObLLEBOrO ABUMKEHMA CO CMTMHOM

xxeTom-[keTom:

2.1. OduHouYHbIl IhupHbili Topoud BpauwjeHus,
NMOKa3aHHbIM YCI0BHO Ha puc. 4.
’I MprMmepom MOXKET CNYKUTb TOPHAZ0, B OCHOBE
, KOTOPOro HaxoAuMTcsa 3PUpPHbIA BUXPb, PACKPYyUm-
= / BaloWMn aTMOChEepHbI BUXPb (CMm. puc. 5), B aTom
— o rpa';hl::l:sz cny4vae 3dpUpHbLIN (M BO3AYLLHbIN) BUXPb CUIBHO
npuKaT K NoBepPXHOCTM 3emnu 1 aedopMUPOBaH.

Puc. 6. 3pupHbIN cABOEHHDI TOpOUAANbHDLIN BUXPb
3Be3aHOoro unm Nanakruyeckoro Tmna, sBkato4aa Keasapol.

2.2. COsoeHHbIl IpupHbili Topoud BpawieHus, BcacbiBaloWne CTOPOHbI KOTOPOTO Puc. 4. dpupoauHamuueckuii Topong co CnuHom-xketom
HanpaBs/eHbl HAaBCTPeYy APYr K Apyry, YTo oTobpaKeHo Ha pwuc. 6. B cBo6oaHOM 3dupe (3pUpHbINE Topouna BpaLLeHus).
AcmpoHoMuYecKue siefieHuUs U 2pasumayusi — peakyust AcmpoHoMuYecKue si8NIeHUs1 U 2pasumayusi — peakyust ’ GED-02 '
Mamepuu Ha suxpesoe U yCKopeHHoe dsuxeHue aghupa Mamepuu Ha euxpeeoe U ycKopeHHoe dsuxeHue aghupa
LleHTp (Aapo) Tanaktukn “Mneynsin Myts” (M) Mpnmepom c080eHHO020 BhUpHBI BUXPL — YHUBEpPcanbHbI MeXaHW3M KocMoca
Paduou3so6bpaxenue (f= 333MHz/ A = 0.90m) sdpa anakmuku “MI1” (1 den. = 75nk.) : 34) u p HO20 Mo po uaa 8, pawe- HAewxeHue 3¢hupHbIX Nomokoe nod delicmeuem 2padueHmMo 8 3¢hupHO20 daesieHUs
- - o o — B pagunanbHOM HanpasfieHu1 — BHYTPU NuHelHas 3aBucMocTb - VEP o wR 1 BAONb CTEHOK
HUA ABNAeTCA HandeHHbIn ynnoTHeHHoro ahupa VEw. (CTBOMOBOM CriupanbHbIi OCTOB BHYTPY ADUPHOTO BUXPS)
o o — U CHapyXxu - 0bpaTHo nponopuyroHanbHas sasucumocTs (VEC « 1/R);
" ad)uprlu raﬂakmuquKuu — cnpaBa TopHafo — Npoobpas YacTu (MoNoBuHa) AUPHOro KOCMUYECKOro BUXPS
©
£ euxpb C 2-a [ixcemamu v Kpyrosan T R
= “ ” cKopoCTb \ 3 B TopHago
g KpoHamu”, pacnonoxen- Ver <oR | B , , Kpona
% «TBep; ? 4
3 HbIMMW BHYTPU 3BE34HOTO fiiogy
ANCKa Hallel ranakTukm
v Kpyrosasa
MneuHbi MyTb (cm. puc. 7). cKopocTs

Vec < 1/R TopHaao
Crson
BHYTpeHHU
@ =130m,
YckopeHHoe 5 A Tonwmua
OeuxeHune . CTeHKM = 3Mm.
3dupa

LleHTp ranakTuyeckoro apupHoro BUXpst (ykasaH kak Ark), rae BUAHbI OCTaTKv CTBOJOB [KETOB BMeCTe
C UX "KPOHaMMU', c8epXMaccusHbI Ui 38e30HbIU obbekm Sgr A* (kak Obl LeHTp rpaBuTayum ranaktvku “Mr”)
CMeLLEH OT Kak B MIOCKOCTU AMUCKa, Tak U BHU3 NO OCU AUCKA Ha BENUYMHY NOpsiAKa = 25 nk.!

“Ty3blpy Gepmu” SBNAIOTCS CREACTBUEM BbiDpOca AXeTamu pasorHaHHbIX MPOTOHOB U MatepuarnbHbIX
CryCTKOB 3a Npeferbl ranakTUYeckoro Aucka C BbifeneHeM 3Hepriv npu CTONKHOBEHUN NOCNEAHMUX C
ranakTU4eckuMm1 ra3oM ¥ MbiMbio B BUAE PEHTTEHOBCKOO U raMmMa U3Ny4eHNN.

Puc. 7. 3¢upoguHamuueckuii npusoa Nanaktmkmn Mneunbiii NyTtb Puc. 5. dpupoauHamuueckuii npusog TopHago B atmocdepe.
( “AcmpoHomuYecKue SI8IIeHUsT Kak peakyusi Mamepuu Ha suxpesoe 0suxxeHue aghupa.” 20212. - http://www.course-as.ru/AEM_GE/AEM_GED.htmli#Astro-T )



http://www.course-as.ru/AEM_GE/AEM_Astro.pdf
http://www.course-as.ru/AEM_GE/AEM_Astro.pdf
http://www.course-as.ru/AEM_GE/AEM_Astro.pdf
http://www.course-as.ru/AEM_GE/AEM_GED.html#Astro-T
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HII (o), Ry = 8,5knk; [300] — ckopocrs Bl
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Puc. 7a. dpupogmHamuueckumii geoiHoii ToponganoHo-Konbueson Buxpb ¢ [xketamu Fanaktuku MneuHoii NyTb

Puc. 7b. Kpusble BpalieHus 38e3p,
FanakTMku MneuHbiit MyTb.



Xapakrepuctuku 3¢pupHoit Cpeabl 861m3n 3emam npuHUMNmManbHO oTanMUHbI oT CtaHaapTHoii Mogenum

fms 3 Yckopenue, 3¢upHoe ; :
we aBJICHME, U I'PAJIUEHT
MpaHuua noeepxHocmu Grad P» A » M TPajt CmonKHogeHue

e rag ¥y 3(pHpHOTO JIaB/IeHUs B
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Puc. 8. 'paduku ddupHoro aasnenusn, NpagneHtTa IGUPHOro gaBieHUsA, U YCKOPeHUAa B 061acTu noBepxHOCTU 3emu - Puc. 9. NMpumepbl ToponaanbHo-Konbuesbix
BHYTPU Hee WU 3a ee npegenamu. ( CuHAA BepTUKAZIbHAA YepTa — 3TO rPpaHUL,a MOBEPXHOCTU 3emAu ). 3dupHbIX 06pasoBaHuii co CnuHom-ZkeTom.

TopounganbHo-KonblLeBas opraHmn3auma ABuxKeHUA adupHoi cpeabl ¢ Bbibpocamm B Buge CNMHOB-[KeToB ABNAETCA OCHOBHbIM BUAOM YCTOMYMBOrO
apupoanHaMmMYecKoro obbeKTa Ha Bcex macluTabax — oT MpoToHa v A0 MaNaKTUK, YTO 06YCN0BIEHO MAaKCMMA/IbHO BbICOKOM CKOPOCTbIO MPOKAYKM 3du-
pa yepes LeHTPaNbHY0 06/1aCTb NPU MUHUMAIBHOM CEYEHMM, A, CeL0BaTeNIbHO, NageHne 3GUPHOro AaBAeHMA B LEHTPabHOW 061aCTU MOKET A0C-
TUTHYTb AecAToka nopaaxos (10'°), No oTHoLEHMIO K BenuMHE 3MPHOTO LaBNeHUA B OKPYKaIOLLEl cpeje 3a Nnpeaenamu sb1MpHOro Toponaa.

3HaunTeNbHOE NageHue 3GUPHOro AaBNEHUA B LLEHTPE TOPCUOHHO-KO/IbLEBOro 3GMPHOro BUXPA ABAAETCA MCTOYHUKOM MPaBMTaLLMKN aCTPOHOMMYEC-
KMX 06bEKTOB (HauMHaA € NAaHET), C YCKOPEHHbIM ABUXKEHMEM 3dupa K LeHTpy rpasutauum ( http://www.course-as.ru/AEM_GE/AEM_Gravy.pdf ).



http://www.course-as.ru/AEM_GE/AEM_Gravy.pdf

OCHOBHOW MeXaHU3M 3HEPreTUKU N YCTOMUYNMBOCTU ToponaanbHo-KonbLesoro Buxpesoro apmpHoro obpasoBaHmMa NopoxKaaeT NpucoeguHeHHbIM
3pUpPHbIN BUXPb, UMeLWKIA pasmepbl 6oee yem Ha NopsaAoK bo/bluMe pasMepbl, U BO CTO/IbKO ¥Ke Pa3 MEeHbLUYI0 SHepreTuKy, Hanpumep:

8TOpan cpepa

- Fanakmuyeckuli 3¢gpupHeoliii Buxpb ([epsuyHbili) C BHEWHUM ANameTpom ~ 5 KnK
(kmnonapcek), BHyTPpKU KOTOPOro paboTatoT 3aKOHbI FPaBUTaLUM, UMEET NPUCOEANHEHHbIN _
raslakTuyeckuin adMpHbIN BUXPb AnameTtpom ~ 150 KNk, KoTopbiii B ~ 2.5 pasa 6onblie gma- #
MeTpa Buammoit Yactm Nanaktmku gnametpom ~ 60 Knk, n B ~ 30 pasa 60/blue AnameTpa '
NEePBUYHOrO ralakTUYECKOoro 3GpUPHOro BUXPA; B 30HE MEXKY FPaHMLEN rpaBUTaLUM U /
rPaHULLEN ranakTUKN naeT noacacbiBaHue 3pupa K LeHTPY ranakTuku.

OnameTp cTBONA ranaktuyeckoro apupHoro Buxpa coctanset ~ 0.4 KNk, 4yto 6os1ee 4yem B
12.5 pa3 meHblue (bonee yem Ha NOPALAOK) NEPBUYHOTO raIakTUYECKOro 3PUPHOTO BUXPS,
n B 6onee yem ~ 375 pas 60/blue NPUCOEANHEHHOTO raNakTUYECKOro apupHoOro BUXpA.
MepBas chepa Ha puc. 10 npeacTaBnAaeT coboi KepH A0pa 2aAAKMUKU JUAMETPOM ~ 1 KMK.
3T0 BEPXHUI ypOBEHb TOPOUAANbHO-KONbLEBOTO 3PpUPHOro obpasoBaHus ¢ [etamu

‘nepeasn chepa

Hpc:w chepa

(CnuHamun), nogpobHee onucaHo B - hitp://www.course-as.ru/AEM_GE/AEM _Astro.pdf .
MesKranaktmyeckunin 3pupHbIi BUXpb paccmaTpmBaTtb He ByAem B CUNY HEAOCTAaTOYHOCTH Puc. 10. ddupHbIi FanakTMuecKmii ppaKkTanbHbIii BUXPb
N HEKOPPEKTHOCTM AaHHbIX U HAabNOAEHUA.

- 3¢hupHelii Buxpsb MMpomoHa meeT NpUcoeaAnNHEHHbIV 3GUPHBIN BUXPb Pa3Mepom Ha ~ 5-Tb nopsaaKoB bonblue pasmepa NpoToHa, T.e. UMeeT
pasmep aToMa BoAopoaa, KoTopblin B CTaHaapTHOM Mogenu npuHumaeTtcs 3a opbuTtans “anekTpoHa” (ecnm M BO3HMKAET peasibHbli 3GUPHbLIA 06bEeKT
TMNa “3NEeKTPOH”, TO TONIbKO B GU3NYECKOM BaKyyMe, Hanpumep B PeHTreHOBCKOM TPybOKe, y aBTOpa 415 3TOr0 eCTb Cepbe3Hble NOATBEPKAEHMUS).

BHelHee 3pMpPHOe AaBNEHNE CHMMAET M PACKPYYMBAET KOJbLLEBbIE M TOPOUAA/bHbIE MOTOKMU 3GUPHOro TOPOUAA — HEMTPOHA, NPEBPALLAA ero B
MPOTOH, Ype3BbI4aNHO YCTOMYMBOrO K BHELUHWUM BO34,EMCTBUAM - OH MaKCMMalbHO HaKauyeH sHeprven AsuKyLeroca B Hem apupa.

CnuH-[KeT ABNAETCA UCTUHHBLIM (peanbHbim) CMUHOM 31eMeHTAPHbIX YacTUL, MU aTOMOB Kak 3GMPHbIX BUXPEBbIX 06pa3oBaHmMi, HaunHas ¢ NpPoToHa,
CBOMCTBA KOTOPOro onpeAenatoT Bce cBovicTBa B AMP npoueccax v B XMMUYECKUX peakLmsax — BCe onpenenaeTca CNMMHOBOW apXMTEKTYPON MOTEKY.

Bo BCcex maTepuranbHbIX 06bEKTAX, MMEIOLWMX YCTONYMBYIO IdUpHYI0 TopomaanbHo-KonbLeByto opraHmsaumio, oT NpoToHa A0 ManakTUKK, BKAOYan
apupHble BUXpKU TNa TopHago M aTMocdepHbIX LLUKAOHOB, 3dUpHbIE NPUBOAbLI NNAHET U 3Be34, (0O KAaBUTALMOHHbIX 3PUPHbIX 06pa3oBaHMAX Pa3roBoOp
bynet nanee 6onee noapobHbIin), 3dMpHble NOToKM B CnnHe-[KeTe NpeACcTaBAAOT NPeMMyLEeCTBEHHO BbICOKOCKOPOCTHOE NPOA0/IbHOE ABUKEHUE
3¢UPHOI Maccbl B HaNPaBNEHUN OT LLEHTPA BUXPA B O4HY MK 06e CTOPOHbI (Npu caBoeHHOM 3dpUpHOM Topouae), 04HOBPEMEHHO C BpaLLeHNeM BCe
adUMpHOI Maccbl Kak “Teepaoe Teno” - CKopoCTb KO/bLEBOro BpalleHus B CnvHe-[KeTe NponopunoHaibHa pacCTOSHMIO 40 OCU BpaLLeHus.

Bbixoas u3 Tena ToponaanbHo-KonbLEBOro 3PpUPHOro BUXPA PE3KO YMEHbLUAETCA NPoAO0/ibHaA CKopocTb B CnnHe-[1xKeTe, ¢ paclumpeHmnem ero gma-
meTpa, CnuH-[)KeT pacnpoCTPaHAETCA HA 3HAYMTE IbHbIE PACCTOAHMA, KaK Hanpumep B AxKeTax anaKTMK- Ha NopAAoK 1 bonee pa3 mepa camom ranak-
TUKM (puc. 9.), Mnn Hanpumep 3a npegen atoma MNpoToHa, nHave AMP npouecc He MoXeT 6biTb peannsosaH B AMP Tomorpadax!


http://www.course-as.ru/AEM_GE/AEM_Astro.pdf

AdupoanHamnyeckan mogenb 6a30BbIX 3/IEMEHTOB MaTepuarnbHOro Mupa

| “ddompHbIN dnekTpo-MarHeTusm. YacTb 1. CtaTtuka. dnektpocTtaTtuka.” 2018r. - http://www.course-as.ru/AEM _GE/AEM_GED.htmI#EM-p1 /

AdumpoonHammnyeckas CywHOCTb

NMpoTtoHa n HentpoHa

MopenbHoe JdupoamHammyeckoe npea-
ctaBneHue lNpotoHa B Buge Topouda Bpa-
WweHusi, vMelLlero cpaBHUMble MOPOU-
dasibHOe N KoJsibuegoe spaujeHue ¢ MOLL-
HbIM NPOAOSIbLHLIM BbIOPOCOM U BpaLLeHU-
eM 3cmpa BHYTpPU CTBOJa Kak “TBepaoro
Tena — T.H. CnuH-[xeT (puc. cBepxy).

MopgenbHoe npeacrtaBneHne HentpoHa B
Buge Topouda BpauieHusi, UMeKOLEro u

npemmyweHCTBeHHO mopoudaanoe epa-
weHue C npaktu4eckm HyJlsieBbiM KoOJibLe-

BbIM BpaljeHnem, ¢ NpoaosibHbIM BbIOpO-
com achmpa BHYTpUu ctBona CrnuHa-[xema,
C npeuvmyLleCTBeHHbIM BpalleHMemMm ero
KaKk “TBepaoro Tena” ¢ ogHOBPEMEHHbIM
NpoAoNbHbLIM ABUWXeHnemMm 3(UPHOro no-
TOKa (puc. cHu3y).

/| HENTPOH, pOXAUBLUMCb KaK HEYCTOMYUBbIN Bpa-
WaKwWmMnca oO0bLeKT, TopouaanbHbIN 3IPUPHLIN
NOTOK KOTOPOro npoaosmkaeT ceb6sa 3akpyumBaTb
M cCXuMMmaTb, NpeBpawascb B yctomuuBbin [po-
TOH, C BbIOPOCOM M3NULUHEN 3PMPHON MacChbl — B
3¢upHbIN  “INEKTPOH” M OCTaTOK, pacceuBalo-
LWMMACA HECTAaOUNbHBLIMU 3(PUPHBLIMKU BUXPAMMU. /



http://www.course-as.ru/AEM_GE/AEM_GED.html
http://www.course-as.ru/AEM_GE/AEM_GED.html
http://www.course-as.ru/AEM_GE/AEM_GED.html#EM-p1

O6cTpen lNpoTtoHOB anekTpoHamu Ha CteHdopackom yckoputerne SLAC
/ V. D. Burkert & Co, The pressure distribution inside the proton. - https://d0i.org/10.1038/s41586-018-0060-z /
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\H'pucoe.qMHeHHble 3achmnpHbIe BUXpU
nepBoro nopsaka (pasmep npoToHa) u
L BTOPOro nopsiaka (atom Bogopoaa).

Puc.11. CootBetrcTBMe 3GpUPHDbIX NOTOKOB BHYTpM MpoTOHa
B COOTBETCTBUU UX IKCNIEPUMEHTY MO 06CTpeny aneKTpo-
Hamu NPoToHOB Ha CteHdopacKkom ycKoputene SLAC .

( The pressure distribution inside the proton.

V.D. Burkert, L. Elouadrhiri & F. X. Girod )



https://doi.org/10.1038/s41586-018-0060-z

PacnpeaeneHue gasneHnsa achpupa no cpesy saonb ocu lNpoTtoHa
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Puc. 12. F'paduk pasneHus apupa saonb ocu MNpoToHa

YepHasi sluHUsS cOOTBEeTCTBYET [OaBJIEHUIO, MOJyYeH-
HOMY U3 BpPeMeHHbIX MapameTpoB, COOTBETCTBYHOLUNX
onybnukoBaHHOMW aarte*, uamepeHHomy npu 6 M3B.

* CLAS Collaboration. Cross sections for the exclusive photon electroproduction on

the proton and generalized parton distributions. Phys. Rev. Lett. 115, 212003 (2015).
Heonpep,enel-u-locm OTOGpa)KaI-OTCﬂ B Bupge

3eneHoll o6nacTn.

CuHsisi obnactb - HeonpeaeneHHOCTU U3 BCeX AaHHbIX,
DOCTYNHbIX 00 3kcnepumMeHma npu 6 3B.

obnacTtb NokasbiBaeT NPOrHo3vpyemble pe-

3ynbTaTtbl 6ydywux akcnepumeHmose npu 12 3B, KoTo-
pble 0yayT BbINOSIHEHbI C MOMOLWbLIO MOAEPHU3UPOBAH-
HOM YCTaHOBKM.

HeonpeneneHHOCTH — cTaHAAPTHOE OTKIOHEHMeE.

®dopma 3achmpHbIX NoTokoB NMpoToHa, 6onee cooTBeTcTBYOLWAas ero AcdupoanHammyeckon Mogenu, 6nmska
no cobopme K HaNnpPsXKEHHOCTN “INEKTPOMArHUTHOro Nons’ n3nyv4yeHmsa AMnonbHON aHTEeHHbI HA yOaneHUun.




PacnpeaeneHue gaBneHus achupa no cpesy, nepneHAnKynsapHo ocu NpoToHa

1;, Pe= 1034 kg/mZ — paBneHue a¢pupa Ha nosepxHocTu MpoToHa

CnunH-[xem
Spin-Jet

paghuk usmeHeHUs1 BHYmMpPEHHe20
daeJsieHus ac¢hupa e [1pges o
nonepeyvyHg e4YeHUro A-A, 3aeu-
csus#€ om ckopocmel O8uUXXeHusi
¢hupa Ha noeepxHocmsx pasdena
epauwieHusi 3¢hupHoU cpeohbl.

B ueHmpe no ocu Ha nopsioku
yMeHbuWweHo daeneHue aghupa, npe-
obnadarowee dsuxxeHue —rpoooJsib-
Hoe co ceepxceemoebIMU CKOPOC-
msiMu ¢ HeKOmopbIM epal,eHuUemM
kak “Teepdozo Tena” e sude 8bIx0-
dsiwe2o Hapyxy CnuHa-[xema.

B ueHTpe TOopomaanbHO-KONbLEBOIo
acdompHOro BUXps NoTokn acpupa nme-
IOT MaKkCUMaribHYH NPOAOSIbLHYH CKO-
POCTb MU YyMEeHblLUEeHHOEe KonbLeBoe
BpalleHue, KOTOpble OpPraHM3yrT TO
YTO Haao nMnpaBUNIbHO WHTEpnpeTU-
poBaTtb Kak CnuH-[)xem wnmerOWNN
onpeaensioLiee 3Ha4YeHNe Ha B3aumo-
AeUCcTBUE C OKpyxawLen 3pupHOU “
MaTepuanbHOU cpefon.

OBnxeHune acupa BHYyTpM obnactu
Tena CnuHa-[>xkema npoucxoauT Kak
TBepaoro Tena (aHanor mexaHu3ma
npoueccoB NOTOKOB 3cmpa B CTBOSE
aTMocdepHOro TopHaao).
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Puc.13. Ipaduk usmeHeHusa gasneHuna spupa nepneHgUKyAapHo ocu NMpotoHa
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AdmpoanHamMmyeckoe npeacTaBrieHUne TOPHAZO Kak ahupHOro BUXpA, no dhopme
aHanorn4yHo CnuHy-[XxeTy TopoupanbHo-KonbLeBoro Buxps MpoTtoHa.

“[paBUTaLMA M UHepLMA...” 2019r. - http://www.course-as.ru/AEM_GE/AEM_Gravy.pdf
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“dnekTpuyecknn” Tok B NnpoBoaHUKe — NOTOK dchupa ¢ BpaweHuem Kak “Tesepaoro Tena”

BdupoamHammnyeckme ocHOBbI LnpoBbIX UaMeputenen cepuu “Urag” m
SbrpHBIN AnekTpo-MarHeTnam. Yacte 2. Cratuka. MarHuTtocraTmka.

ScpUpHbIN AnekTpo-MarHeTnaM. MarHutocTatuka. hitp:/www.course-as.ru/AEM_GE/AEM_El-p2.pdf ctp. 1-5.

BdupoanHammnyeckme ocHoBbI LMdpoBbIX U3Meputenen cepuu “Ur3g” m
SpmpHbIN AnekTpo-MarHeTnsm. Yactb 1. Ctatuka. SneKkTpocTaTuka.

3hupHbI SnekTpo-MarHeTnam. Yacte 1. http//www.course-as.ru/AEM_GE/AEM_El-p1.pdf ctp. 1-5.

P.> P “TNMoBepxHocTb PepMU” NpPoBOAHMUKA.
l l ," EM l p [aeneHve acbupa BHyTpW NpoBogHUKa(MNo-
> (J;) L N b [ NynpoBoAHNKa) 3HAYUTENbLHO HUXE AaBneHus
adupa 3a Npeaenom 3TOro NPOBOAHMKA.
€0E0EsEe©s
t t t t f KoHgeHcaTtop — achmpognHaMmMYeckuin Kommno-
Iposoamuuk HEHT, 3NeKTPoAbl KOTOPOro HaxXoAATCA Moj pas-
. = HbIM BHYTPEHHUM 3hUPHBLIM AaBNEHUEM.
"3neKTpVNeCKMv1 TOK B Ko:1b11eB0ii 010K 3hpa

NpoBOAHUKE ecThb 2padu- \ / . AP .
EHMHbLILU MomoK 3¢hupa, N\ |/ g G ] 4 Konsyeeoii nomok - ®Mw = ko * Grad APg *r,?
TeKylyeii 3a cyet pasHoc- | N\ . I T s I s | ‘W‘ Hanpsokennocms - Hy, =k, * Grad APz * r,,,
HOCTM BHYTPEHHero Aas- (SR

Paduans. 2pad. - Grad AP, =— k,,, * Grad AP. /r,
nenvs agpupa = AP /2 8 . . 4 e B Bl
MazHumHoe rnone” ecmb Mepnend. k yenmpy - APg, = — K, * Grad APc * r,,
NPOBOAHUKE, CO34aHHOro . <
nlaMuHapHbI, 3aMKHYMbId Ha AP, =— AP,

Ha ero KoHUax BHEeLUHUM s e i < -
- ce65 JIoKanbHbIU MOMoK 3¢hupa, (K, = pa3amepHocTh 7/L)
reHepaTopom 3hUpHOro N ] X G -
UL =H N . - 803HUKaroWuLli 8 MpocmpaHcmee
AaBreHus). ~ L NI K ! . rod deticmeuem [padueHmos
- ™ > " 3t O <
| = ka*Grad AP* S o d SgpupHoezo faeneHus, ebi3saH- | Sghup dswxemcs 8 rMpPoe8ooHUKe Kak meepdoe meso
U/L = kr *Grad APg - S o HbIX 6HEWHUM UNU 8HYmMpeHHUM [§ ¢ 3Ha4umeribHbIM rpeobriadaHuem epawjamesibHo20
: curoebimM 8o3delicmsuem. 0dswKeHUs Had nocmynamesibHbIM

MpodonbHbiii zpaduenm- Grad AP, = K. * Grad APg

(KR = pasmepocts PEL)

“ ~ ” u A
B “I'pagmeHTHOM dMUpoamMHamUKe” fOKa3bIBAETCA YTO “IDNEKTPUYECKN” TOK Wi paiina [panyenTos DhupHoro [ILBHEs KR apOROAka w Tokoml m
ABNAeTCA HanpaBneHHblm ,ﬂ'BM)'KeHMeM ad)Mpa BHyTpM I'IpOBO,CI,HMKa, nop' AeﬁCTBM‘ Sq.?Mprll;l OnekTtpo-MarHeTtnsMm. Yacte 2. Ctatuka. MarHutocTaTuka.
€M Pa3HOCTH Sd)M PHOro AaBneHMA Ha ero KoHUax, Kak OCHOBa BCeX CONpoBOXKaa- Scp1pHkie NOTOKM BOKPYI NPOBOAHMKA C NOCTOSHHLIM TOKOM
o [BwxeHns achupa BOKpyr NpPoBOAHMKA C TOKOM NpeAcTaBneHo gaHo AutokoBckum B.A. |
I'OLL'!MX 370 ABM)‘KeHMe ¢M3quCKMX ABNEHUN. rAe NokasaHo YTO KornbLeBana cocTaenAlowan SQJVIPHOI'O NOTOKa, nponopuunoHaribHas

Pa3BOpOT aTOMOB CMMHOB B MPOTUBHYH CTOPOHY, NO OTHOLLIEHMIO K 6a3OBOMV Hanps»XeHHOCTU KOrnbLEBOW CocTaBnsAowWwen “MarHUTHoro nons”, 3aBUCUT OT BENUYUHbBI
’
TOKa B MPOBOAHMKE: NpU Mariblx Tokax (yHKUMA npornopuvoHanbHa 1/ (K/ro), a npu

adMpHOMY NOTOKY, CO34aEeT CONPOTUBAEHNE 3TOMY ABUKEHUIO, NPOTUBOAAB/E- i o e e e e et Bk AL )P D5
Hue n ctabunmsa UNHO CKOpOCTU 6a30B0Oro NOToKa 3d)14pa. CnnHbl aTOMOB CBOUM / HanpspkeHHocmb “MagHumHozo nons” H oc epadueHmy daeneHus agpupa Grad APg /
BpalLeHMem NPUBOAAT BO BpaLLeHMe BeCb 3GMPHbIN NOTOK BHYTPM NPOBOAHMKA C AutoromiiBA _Otuan supormatons QNN
NINHEMHOM CKOPOCTbIO BpalleHns adunpa, NPonopLUOHanbHOM paanycy. H/H, T
Takum obpazom gsukeHne spuUpPHOro NOToKa BHYTPW NPOBOAHUKA, NOA AENCT-
BMEM Pa3HOCTM 3PUPHOro AaBNEHMA Ha ero KoHUax (pa3HocTn “HanpsarkeHna”),
npeactanaetca lMpodonabHeim [JeurceHuem Bpawjarowjezoca “Teepdozo Tena”

1- npu moke 0.1A, f o< 1/(t/ro)

2 - npu moke 1.0A @I
Z
\/

4 - pyHryus f oc 1/\/(r/ro)

3 - npu moke 10.A

( Cxxumaemocms aghupa)

- aHanornyHo B ABneHmax Kasmtaumm v TopHago, 8 [Ketax Nanaktmk, Keasapos. 05l dA
Puc.14a.b.c. 9dupoanHamuueckoe npeacrasneHue “Inekrpudeckoro” ToKa Kak notoka Idpupa :_; 4
(cm. http://www.course-as.ru/AEM_GE/AEM_GED.htmI#EM-p1 u ] p
L L L L L L [ "St

http://www.course-as.ru/AEM_GE/AEM_WUIr3A-2xx_Eth.pdf)



http://www.course-as.ru/AEM_GE/AEM_GED.html#EM-p1
http://www.course-as.ru/AEM_GE/AEM_ИГЭД-2xx_Eth.pdf

KasutauunoHHbie Mpoueccobl, 3¢pupoamnHammueckme nusmepeHma u TpaHcmyTtauusa Aaep

1. 3¢pupoduHamuyecKue usmepeHuUs NPU Kasumayuu.

ABTOPOM MUCCNEea0BaHbl BCENPOHUKatoLWMe SPUPHbIE U3/TYYEHUA HA KAaBUTALMOH-
HoM BoaaHoM yctaHoBKe iIWET (puc. 16) - nsmepeHue 3HaveHui MpagmeHTos Idup-
Horo [laBneHunsa adpMpoanHaMNYECKMM n3mepuTeem ABLLIAPOBA B Pas/INYHbIX TOYKAX
yCcTponcTBa Npu paboTatouem n HepaboTalolLeM COCTOSSHUM, @ TAKXKE B MOMELLEHUN,
roe HaxoAmMTCA YCTaHOBKA Ha paccToaHmMm bonee 3-x meTpoB OT paboTarowmx ane-
MEHTOB YCTaHOBKM, HarpeToit ao 40 °C -

- http://www.course-as.ru/AEM_GE/AEM_GED.htmI#MGEP-CAV .

N3mepeHna 3HaYeHn apUpPHOro AaBieHNsa NPOU3BOANAUCL B 19 TOYKax Ha
YCTPOWCTBE, KOTOPblE NPOU3BOANANCE U3MEPUTENIEM B YKa3aHHbIX Bbllle TOYKaX
nepneHANKYNAPHO ero NOBEPXHOCTM HA PACcCTOAHUM 45MM OT NOBEPXHOCTU, BHU3Y
nokasaH a¢pupoanHamuyeckunii nsmeputens “Urda-2rp”, puc. 15

- http://www.course-as.ru/AEM_GE/AEM _GED.html#Measure

Puc. 15. 3¢upoagnHamuuyeckuii usmeputennb NpagueHToB nepemeHHoro dpupHoro fasneHna“Ur3g-2rp”

4-x pa3 poHoBOe cocTosHME 3OUPHON Cpesbl, MMetoLLLee TEHAEHUMIO K MOBbILEHMIO NPeBblWeHnUa Hag doHoMm, Npu
ANVUTENIbHOM BpEMeEHU paboTbl ycTaHOBKU. CiegyeT OTMETUTb YTO U3MEPEHUE Ha pagmaTope, KOTopbIi He Bbli BO
Bpems paboTbl YCTAaHOBKM MOAK/IOYEH K YCTAaHOBKeE 2 CYTOK, cocTaBniAano ~ 110 mV, 4To roBopuT 0 3pMpHOM paHTOMe.

KaBuTauMOHHbIM Npouecc B BOAHOM cpeae, Ucxoaa ns NoHATUN dPUPoaMHAMUKN, NpeacTaBaAseT cOO0OM MHOXKeCT-
BEHHbI NPOLECC 3aPOXKAEHUA MUKPOCKONMUYECKNX TOPOUAANbHO-KObLIEBbIX BUXPEBbIX 06pa3oBaHMii (puc. 16a) ¢
MHTEHCMBbIM BbIOPOCOM Yepes LeHTPasbHbIN KaHan KaBuTtaunoHHoro MNysbipbKa (KM) 3akpyyeHHbIN 3GUPHbLIA 1 BO-

®OTO YCTPOUCTBA C YKASAHUEM TOYEK U3MEPEHUA
Puc. 16. KaButauMoHHasa BopAaHaA yctaHoBKa iWET ¢ toukamu usmepenus.

Mpwn paboTe BOKPYr YCTaHOBKM
BO3HWKAET HaBeAEeHHble BUXpe-
Bble KosiebaHuA apupHoi cpe-
Abl, NpeBblLatoLme oT 2-X 40

AsHOM NOTOK (CnnH-KeT B NOHATUAX IPUpPO-aUHAMUKN — pUuc. 17), obnagarowmin rpomasHoON SHEPTreTUKON, Puc. 16a. KaBuUTauMOHHbIN Ny3bipek
KOTOPbI NPU CTONKHOBEHWUM C TBEPAOWN NOBEPXHOCTbIO CO34a€eT “KaBUTaLLMOHHbIE KaBEPHbI”. € 3aBUHTOBaHHbIM CNMHOM-[)KeTom.


http://www.course-as.ru/AEM_GE/AEM_GED.html#MGEP-CAV
http://www.course-as.ru/AEM_GE/AEM_GED.html#Measure

3PUpPHbIN BUXPb, CONPOBOKAAIOLINIA KABUTALMOHHbBIN NY3bIPEK,
NOPOXKAEHHbIM CTa/IKMBAOLWMMMCA 3GMPHBIMM NOTOKAMM B cpeae
XUAKOCTU (MNK ra3a), NnoaaepKUBAET ANUTENbHbIN LIUKA }KU3HWN 3TUX
BOAHO-3PUPHbIX 0O6pa3oBaHMN B BOAHO-BO3AYLLIHOM cpese.

370 BbIABWUIO U3MEPEHME U3/TyHYEHUNA OT PAaANATOPOB, HE NMOAK/OYEH-
HbIX K YCTaHOBKE B IEHb MPOBEAEHUA U3MEPEHUN N HECKO/IbKO AHEWN
paHee, npesblwatowee ¢poH nomeweHua B 1.5 pasa - ~ 70.0 mV, KoTo-
poe 06yCc/N0BNAEHO HaMYMEM aKTUBHOW OKpY:KatoLLen admnpHoOM cpeapl.

Puc. 17. Crim L. J. Physique, V.40, 285, 1979., n dpunpogmuHamunueckaa mogenb KIl.

Hebonblume KonebaHUA OKpyKatoLwein spupHON cpeapl NOAAEPHKUBAIOT 3PUpPHble GAaHTOMHbIE U KaBUTALLMOHHbIE NPOLLECCbl BHYTPU YCTAHOBKU B CU-
Ny BCEMPOHMKAtOLLLEM CNOCOBHOCTN 3PUPHOI cpeabl; B MOMELLEHMUAX, YAANEHHbIX OT UCNbITYEMOro Ha 3HaYMTENbHOE paccTosHue, KonebaHne apupHOM
cpeqbl cocTtaBnanm ~ 55 mv.

3duMpoanHaAMUYECKNI NPUBOA, BOAAHOIO KaBUTALLMOHHOTO Ny3blpbKa ABMAETCA BeAyLMM B CUMBMo3e 3PpUPHOro TOporaanbHO-KONbLLEBOTO CO
CnuHoM-[1}KeToM M BOASAHbIM BUXPEM KaBMTALMOHHOIO Ny3blpbKa, KOTOPbIV €CTb C/IeACTBUE, @ NPUYMHA BOSHUKHOBEHMA — 3TO CTO/IKHOBEHWE BOAHbIX
NMOTOKOB CO3/4aBaeMbIX FeHEPaTOPOM KaBUTaLMOHHbIX MPOLLECCOB B 3GUPHOIN 1 BOASAHOM cpeae, Npu 3TOM BO3HMKAOT MeXaHUYeCcKue 3ByKoBble yaap-
Hble BOJIHbI, MOPOXAAIOLLME KaK BOASAHbIE, TaK U, B NepBYIo ovepesb, 3GUPHbIE BUXPU, KOTOPbIE CMUMAIOTCA, PACKPYYMBAACh 4,0 MaKCMMaAbHOW NAOT-
HOCTW 3HEPTrUK B MUHUMaNbHOM 06beme, ¢ BbiIbpocom CnnHa—[KeTa B HanpaBAE€HUN CBOETO ABUMKEHMA.

2. O¢pupHbil Buxpeesoli mexaHu3sm TopoudanbHo-KasumayuoHHolu TpaHcmymauyuu - ABTKT

Ha cemunHape Knanmosa-3atenenunHa no XonogHou TpaHcmyTauumn Agep (XTA) ot 27.03.2024r. uccneposatens 606 MpuHee (Bob Greenyer) npepno-
CTaBW/ CCbIJIKY Ha ero uccnefoBaHnA 06pasL,oB, NOAYYEHHbIX NOC/E Pa3pyLLIeHMA CTOPOHHEN KaBUTALMOHHOM YCTaHOBKM, KOTOPblE MMEIOT NpAMoe
[0Ka3aTeNbCTBO HAIMYMA TOPOMAA/bHbBIX CTPYKTYP, 06pa3oBaHHbIX NpU 3axBaTe 3GMPOAMHAMUYECKMM NPUBOLOM KaBUTALMOHHOTO My3blpbKa
MaTepunanbHOM cpeapl, B AaHHOM C/y4Yae CTEHKM Tpybbl, caenaHHom us meau (Cu).

BOT Tpu CCbIIKM Ha dUNbMbI, CO3aaHHblIE bO6OM [PUHbe, 33 YTO eMy T'MraHTCKoe cnacnbo M NOKNOoH! :

https://youtube.com/live/RnQxSASCRPU?feature=share 0O-Day - Flux capacitor 2024-03-17;
https://youtube.com/live/LAL1t9pSO-o?feature=share = O-Day - The "Great Work"  2024-03-21;
https://youtube.com/live/aToDXB7a7UE?feature=share O-Day - ° 2024-03-25;

YTO ABNIAETCA CaMbIM 3Ha4YMMbIM MaTepuranom no teme XAC (XonogHomy AgepHomy CMHTE3Y) 3@ NOC/ieAHME HECKOIbKO NeT (MHEHMe aBTopa).
/ 3p,er n ganee 6y,a,yT npeacraBzieHbl HECKOJ/IbKO PUCYHKOB, B3ATbIX U3 d)W'IbMOB, CCbIJZIKM Ha KOTOpPbIe npuBeaeHbl Bbllle. /


https://youtube.com/live/RnQxSASCRPU?feature=share
https://youtube.com/live/LAL1t9pSO-o?feature=share
https://youtube.com/live/aToDXB7a7UE?feature=share

[oKymeHTanbHo bbl1 NoATBepPXKAEH Npouecc TpaHCMyTaumMuM Agep Npy KaBuTaumm 1 B ApyrMx npoLeccax, NpMBOAALLMX K KaBUTALMK, BKAtOYAA
H6noNorMyeckme, NPOUCXOAALLME Ha KNETOYHbIX ABOMHbIX MEMBPaHaX B MUTOXOHAPUAX, B TPAHCMYTaLMM KMCN0POAA BOAbI B yriepod npu GoTocuMHTe3e
(Ha3BaHWe NPUHLMNMANBHO HENpPaBUAbHOE — GOTOCUHTES 3TO He BblgeneHune yrnepoaa ns CO,, 3TO He CUHTE3, a TpaHCcMyTauma BHU3 3 0B C !

3Toro matepurana He XBaTaso 414 NOJHOMO U A0CTOBEPHOr0 3GUPOANHAMMUYECKOTO
onucaHuA npouecca pasbopkm 1 cOOpKM aTOMOB MaTEPUM NPU NPOXOKAEHUN MU
LeHTpa 3pMPHOro TopomnaaNnbHO-KONbLLEBOrO 06pa3oBaHmMA co CNMHOM-[KeToM, Kak
[0KaszaTe/ibHOM 6a3bl NPaBUAbHOCTM MOAENIN TOPOUAA/IbHO-KO/bLIEBOW OpraHu3aumm
apupHOro ABuKeHUs ¢ pacnpegeneHmnem spuUpHoOro AaB/IEHNA COr/TacHO rpadMKOB Ha
puc. 12 n puc. 13. Haanumne matepun (meam) B Toponae yBenmMunBaeT BHELIHUI AMaMeTp.

Y1o Mbl BUAUM Ha puc. 18. BuaeH ¢pparmeHT NOBEPXHOCTU MeAHOM TPYObI, B KOTOPYIO Bpe-
3a1ca 3dUPHbIN BUXPb “KaBMTALMOHHOIO My3bipbKa” cBoei GOKOBOM NOBEPXHOCTLIO, OCb
BPALLEHMA KOTOPOro Pacno/ioXKeHa noj yr/iomMm K NOBEPXHOCTM, @ BCAaCbIBalOLLAn BOPOHKA
BMXPSA YaCTUYHO NOrPY*KEeHa B MaTepuas CTEHKM.

B KPyrosopoT BpaweHnAa BoB1e4eH maTepuan Me,CI,HOl\/‘I CTEHKN, NO3TOMY TOpOMAa/ibHaA
KOHCTPYKLUHMA BbiAB/IEHA, d)paI'MeHTVIpOBaHa Ha Menkue d)paKLI,VIVI, He NMNOJIHOCTbIO 3aNO/IHAIO-
wne HapyxKHYH CTEHKY TOpOMUAa, OCTasibHAA 4YaCTb KOTOPOro 6blna paHee 3ano/iIHEHa BO,CI,OI\;L

= < Puc. 18. TopoupganbHasa cTpyKTypa 3axsata 3¢p1MpHbIM BUXpEM
: ’ ““KaBUTALLMOHHOrO Ny3bipbKa” maTepun megHou Tpy6bl.

3a cyeT He NOMIHOTO 3aM0/NHEHUA TOPOMAA B BbIXOAHOM
BOPOHKE BUAHbI HanpaBieHMA 3GUPHbIX MOTOKOB, KO-
TOpble NPU BbIXOAE B BOAHYHO cpeay BbIHOCAT (Bblbpa-
CbIBAlOT) MATEPWA, NPOLIEeALNI LeHTPaNbHY 061acTb
n noaseprwmimnca npeobpasoBaHUIO, YaCTUYHO BUAU-
MbIlM KaK HanblB (YKasaTenb - BbI6poc). Bugmmo npu
paspyLIEHUN YCTAHOBKM OTOPBAJICA CaM TPaHChOpMMU-
POBaHHbI MaTepuan.

CnuH-[XKeT, yaayHo 6bin 3aperncTpmpoBaH Ha puc. 19,

Energy [keV]

C O Mg Al Si K Fe Cu MMEET APYroi COCTaB XMMUYECKUX 3/IEMEHTOB (CM.
d inner pipe 132 37.83 39.06 1.94 3,56 10.370.29 3.80 3.15 6 6 C
i e akoe 1333181 6.0 e Tabnuuy), yron HaknoHa Topouga 6onblue, CnuH-AxeT

MOLLHbIM, pa3mep NpeBbllLaeT pasmep Topouaa.

Puc. 19. CnuH-[>XeT TOpOMAANbHOM CTPYKTYPbI “KaBUTaLMOHHOTO Ny3bipbKa” U3 matepuanos boba MNpuHbe.


http://www.course-as.ru/AEM_GE/AEM_GED.html

Hago noHUMMaTbh YTO aBTOP He NOJTIHOCTLIO cornaceH ¢ bobom MpuHbe B
naaHe ero 06BvACHEHWA MeXaHM3Ma TPAHCMYTALUM B CUIbHOW CBA3M C
CaKpanbHOM reomeTpmen, HO B LLEJIOM Y HAC CXOXKMe NOAXOAbl U TNaBHble
BbIBOZbI O TOM, YTO SIBAAETCA NPUYNHON NOABAEHUA TMHENKM aTOMOB B
npouecce KaBMTaLLMKM, KOTOPbIX paHee B UCXOAHOM MaTepuasne He bbino,
H6e60/1blLIOe pa3HOYTEHME Pe3y/IbTaTOB UCCNEeL0BAHUIM CBA3AHO C TEM,
YTO Mbl, KaK MHXEHepbl, NOAXOANAMN C PAa3HbIX CTOPOH K MOHMMaHUIO
NpoLeccoB TPAHCMYTaLUMK:

— aBTOP CO CTOPOHbI IdUpoanHammKm, a 606 MpuHbe co ctopoHbl XAC!

BoT nHTepnpeTauma TopomuaanbHOM KOHCTPYKLUMM KaBUTALMOHHOTO
npouecca TpaHCMyTauuMun, npeanoxeHHan bobom MprHbe ¢ No3nLMii
CakpanbHoli feomeTpumn, OCHOBAHHOM, MO MHEHMIO aBTOPA, Ha NPoNop-
LMAX, CBA3AHHbIX C YCTOMYMBOCTLIO FTEOMETPUYECKMX PeasibHbIX 06 bEK-
TOB, KOTOpPbIE OTIMYHO pPaboTaloT M B MUKpPOMUpPE (cm. puc. 19).

O6HapyKeHHble KOHIlamepaTbl MaTepmnasnios, KOTOPbIe He MOT/IN HaxXo-
ANTbCA B HAYa/IbHOM COCTOAHUMN KaBUTALLMOHHOM YCTAaHOBKM, U 0BHapy-
¥KeHHble 6060M PUHbE CO CTOPOHbI BbIXOAHbLIX BOPOHOK TOPOUAANBHbIX
O6pa3oBaHMii, NOATBEPKAAIOT UX NMPUYACTHOCTb K TPAHCMYTALLUMK.

Puc. 19. TopouaanbHbiit peakTop Ha CakpanbHoi FeomeTpumn npegnoKeHHblii MpuHbe.

Manbie Topouabl

i .‘ |
z: "é«k

VS

202403117 OT24H__DO1 x30k 30 um DHX-2 pipe014S

Yrnepopg,

2024/03/17 01:25 HLMDS.1 x3.0k 30

HabntogatoTca BbI6pOChI NPONOHIU-
POBAHHOrO AENCTBUA — TeMHasn cybc-
TaHUMA ABnAeTcA yrnepogom (C) — npu
npeobpasoBaHun O, B C - npoucxooum
ompeole A0pa He om amoma O 800sl.

Ha pagy c nokanbHbIMKU BbiIBpocamm,
KOTOpble NpeAcTaBAAT COOOM KOHT-
NIOMepaLMM PasHbIX XMMUYECKUX de-
MEHOB NpPOLLEALIMX TPAHCMYTaLMIO
(cnHTe3 nocne ge-cnHTE3a) B

“ 3¢hupHom Buxpeeom TopoudasbHo-
KasumayuoHHom TpaHcmymamope”.

Puc. 20. Bbibpoc yrnepogHoi maccbl
“3¢dhupHeim Buxpeebim TopoudanvHo-Kasu-
mayuoHHbIm TpaHcmymamopom”- IBTKT.
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CnpaBa elle o4MH KaBUTALMOHHbIM TO-
pounA, 3aCTbIBLIMIA C 3aXBaYEHHbIM MaTePU-
aloM MeHOM CTEHKM, CO 3HAYMUTE IbHbIM
Bbibpocom yrnepoaa (C), T.K. BXoAHanA BO-
POHKa Toponaa NPaKTUYECKM Haxoanacb
MOJIHOCTbIO B BOAHOM cpese (ocb Toponaa
MMeeT HaK/IOH K MOBEPXHOCTU CMpaBa -
HaneBo), HaMYMe KOHIIOMepaToB NOAT-

/{Manblﬁ TOpOMA]

BEPrKAAETCA NpUBEeAEHHON Tabauuen xu-
MUYECKUX 3/IEMEHTOB OTOBPAXKEHHbDIX B
npasou Yactu puc. 21.

Manble Topouabl, M306pa)-|.(e|-||-|b|e Ha \ ; P T e 2 - - g 3 sed inner pipe 132 37.83 39.06 1.94 3.56 10.37 0.29 3.80 3.15
‘ . ; ‘ X . ) psed inner pipe 133 31.81 6.81 61.38
puc. 20 n puc. 21 nmeroT meHbLUMe pasme- =

134.82 22.93 1.94 3.56 10.37 0.29 3.80 32.27
pbl, @ CIe40BaTE/IbHO MEHbLUYIO 3HepreTm- s , : 4.26 22.800.00 0.00 0.00 0.00 0.00 41.18

n - -9 > ¥ —-oe — .
Ky 3$MpPHOro BUXpeBoro Toponaa, CyLLecrt- - u.:zo.ooo.oo 0.000.00 0.00 29.12

BEHHO MmeHblUee nageHune 3¢leHOI'O AaB-

NeHUA B LEeHTpe ToponaanbHOro BUXPA, YTO Puc. 21. Bbibpoc TeMHO yrneposa KaBUTaLMOHHbIM TOPOUAOM M KOHIJIOMEPATOB C COCTAaBOM, YKa3aHHbIM B Tabauue.
BUANMO He obecneymnsaeTr TPAHCMYTaUMUO,

T.€. AeCUHTE3 B A4pPeE TOPONLOA/IbHO-KO/IbLLEBOTO KaBUTAUNOHHOIO Ny3blpbKa HE OCYLWeCTBNAETCA, CUHTE3 HOBbIX XUMUYECKUX SN1EMEHTOB CTAHOBUTCA
HEBO3MOXHbIM — pAAOM C Ma/ibiMX TOpOU4aMU HOBOO6pa3OBaHMﬂ ABHO He Ha6l'IfO,Cl,aeTC‘r'| B NpeacCTtaBaE€HHbIX d)Ml'IbMaX.

Cold water 21 bar Inner pipe buckling Inner Pipe Normal pipe
2to10 cycles/min buckling

Double-pipe heat exchanger (DHX)

190°C

Control valve Heat loss Q,

Water Q. Hot'steam
boiler . Net heat output from water Q. . H(:at
Electric h Energy Input W, ‘ dissipation
heater Q) COP, = JunectQux Shining black surface

% Wi=Qc-Q
\- r ———

Pump 30 W

10kW 1.5 L/min

e

Cxema AByXprsHOI'O TeﬂJ'IOOGMeHH”Ka, HarpeeaemMoro napoBbiM KOTJIOM MoBEPXHOCTBL coaepXuT: 16~17% C (pocT B 3-4 pasa),
COP1,0-2,55 19~22% O (pocT B 10 pa3) 0,17~0,53% Fe (pocTB1,4 - 4,4 pa3)

Puc. 21. AsyxTpy6Haa KaButaumoHHanA YcTaHOBKa - cneBa. [edopmauus BHyTpeHHel Tpy6KM ABYXTPYBHOro KaBMTaTopa - cnpasa.



Ha puc. 21 nsobpakeHa ogHa M3 KaBUTALMOHHbIX YCTaHOBOK, NOABEPrIENCS Pa3pyLUEHUIO, OT KOTOPbIX Obl/IM NONYYeHbl 06pa3sLbl CTEHOK BHYTPEH-
Hel megHoM Tpybbl, KOTopble bblN nccnenoBaHbl Bobom MpUHbE Ha NpeaMeT HannuMA NPOLLECCOB TPAaHCMYyTaLMKN aaep.

S¢upoduHamuyecKuii mexaHusm TpaHcmymayuu Adep npu KasumayuoHHbIX npoyeccax.

OnucaHue pe3y/ibTaToB, NPUBEAEHHOE Bbllle, C NO3NUMN “MpadueHmHOol 3¢hupoOuHaMUKU”, ABNAIOLLENCA NPOAOIKEHUEM U pa3BuUTUEmM “Idupoamn-
HaMMKKN” ALIOKOBCKOro B.A., N03BONAET MOHATb MEXaHM3M TPAHCMYTaLUUU AAEP XMMUYECKUX 3N1EMEHTOB B BOAHOM Ccpeae KaBUTaLMOHHOM YCTaHOBKM.

[nA co3paHuns npouecca TPaHCMyTaUMKM BXOAHbBIX KOMMNOHEHTOB, KaK BBEPX TaK M BHM3 MO aTOMHbIM HOMepam, He0bX0AMMO 3HaUYUTEIbHO 0CNabuTb
CMMalolLlee BHellHee aaBneHune 3GpupHOM cpeabl Ha NepBUYHbIE aTOMbI, KOTOPOE YAEepP*KMBaET aTOMbI OT pacnaja.

BuAMMO cyLLecTByeT HEKOTOPbIN NOPOT BHELHEro 3GpUPHOro AaBAeHMA, HUXKE KOTOPOro aToMbl MONAaAatoT B HEYCTOMYMBOE COCTOAHUE U MOTYT BbITb
paspyLleHbl Ha pasHble pparmeHTbl.

3mo nepeasa yacmo npoyecca MpaHCMymayuu, co3zarolLas HeobxoanuMblie YyCN0BUA A8 ero BOSHUKHOBEHMA. MHOMMMKM aBTOPaMn TEOPETUYECKOM
3$MpPOAMHAMMKM NPUHUMAETCA YTO 3apsa Y NPOTOHOB M SNEKTPOHOB HE CYLLECTBYET, a eCTb B3aumogaeinctame sdMpHbIX MOTOKOB NocieaHux B 3dpup-
HOW cpeae, NOAYMHAILLMXCA 3aKOHaM /19 HENPEPbIBHbIX cpeaax, a ciegoBaTesibHo HeT Ky/ioHoBcKoro 6apbepal

B KaBMTaLMOHHbIX YCTAHOBKAX, HE3aBUCMMO OT BUAA reHepaTopa KasuTaLmKn, uccnegoBatTenamm cammx npoLLeccoB KaBuTaummn, TaKUMK Kak:
L.A. Crum (“SURFACE OSCILLATIONS AND JET DEVELOPMENT IN PULSATING BUBBLES”, Oxford University 1979, cm. puc. 16-17);
BaH-[aiik M. (“Anbbom TeueHui Kuakoctm 1 rasa”, Nepesog, Mocksa “Mup”, 1986);
C. E. Brennen (“CAVITATION AND BUBBLE DYNAMICS”, Oxford University Press 1995);
MNepwuH C.M. (“KaBuTauma noBbilaeT oTHowweHWe opTto/napa-H,O n3omepoB B BOAE U CHUMKAET eé BA3KOCTL”, MHCTUTYT PAH nm. MpoxopoBsa);
BE3€e NPOC/NEXNBAETCA TOPOUAANbHO-KONbLLEBAA OPraHM3aLUna “KaBUTALMOHHbIX Ny3blPpbKOB” € BIBPOCOM 3aBMHUYEHHOM CTPYKTYPbl B BOAAHOM Cpese.

Buauman B cBeTOBOM AManasoHe TOPOMAAbHAA BOAAHAA CTPYKTYpa ABNAETCA TO/IbKO BTOPUYHOM, MEPBUYHON CTPYKTYPOM ABAAETCA SGUPHBIN BUXPb
TaKOM e KOHOUIypaLmMm, KOTopan PackpyyumnBaeT BOAAHOM Topoura, 06/1a43as MHOrOKPaTHO Bonbluel SHepPreTUKoM U BCenpPOHUKaKLWMMMN CBOMCTBAMM,
[LOKa3aHHOE MHOXeCcTBOM HabNtoAeHUI. DHepreTMKa KaBUTALMOHHOIO Ny3bipbKa 3TO SHepreTnKa aGUpPHOro BUXpA, ero cosgasiuero!

Hanpumep TopHaao — 370 apUpHbIV BUXPb APYroro MacliTaba B BO34YLWHOW cpeae - NPOXOXKAEHME KOTOPOTro Yepes MaTepUasibHbli 06 bEKT MeHAET
ero ¢pU3nNKO-XMMMUYECKME CBOIMCTBA, B CUNY ONMMCAHHOIO paHeEE MEXaHM3MA CU/IbHOTO YMEHbLUEHUA 3GUPHOro AAaBAEHMA B LLEHTPe 3pUpPHOro Toporaa,
B cTBONE TOPHAA0 NponcxoauT AsuxKeHne apupHoOM cpeabl, C 3aXBa4eHHbIMK TENaMN MaTepuanbHOM cpeapbl, Kak “Teepaoro Tena”.

Bmopasa yacme mexaHu3ma mpaHcmymayuu — BbiI6poc pa3orHaHHOro “TBepaoTe/ibHOro o6pasoBaHmA” N3 BbIXOAHOM BOPOHKM TOPOMAA C BbICOKOM
3HEepPreTMKoM, NpM 3TOM NPOUCXOANT CTAaIKMBAHUE €ro C OKpyKatloLei BogaHON Uau TBEpAOM cpefoii, NPOMCXoANT nepexon B 061acTb cpeabl C HOp-
Ma/ibHbIM 3GUPHBIM AAaBAEHUEM, MPONUCXOAUT YYAOBULLHOE CKATUE U CMHTE3 Pa3HOOHOPa3HbIX aTOMOB, MaKCMMa/lbHO YCTOMYMBBIX B 3TOM Npouecce.



Taknum obpasom nonyumaocb onucaTb npouecc Jecunmesa u CuHme3sa (TpaHCMyaLMM) aTOMOB cpeZbl TaK, Kak 3TO BUAMUTCA C UHXKEHEPHOMN TOYKM
3peHuna 1 nosnumn “rpagmeHTHon IdnpogmHamumKkun”, npeactaBaeHa HENPOTUBOPEYMBAA KOHCTPYKUMA 3GUPHOTO BUXPA, KaK ABUXKYLLEN CUbl CO3M-
OaHMA MUPOBOM MaTepuanbHOM cpelbl, POXKAALWENCA B LEHTPax TOPOonaanbHO-KO/bLEBbLIX 3UPHbIX TOPOUAOB C BbIOPOCOM “HOBOPOKAEHHbIX”
CnnHamu-[KeTaMn B OKpYyrKatoLLLee NPOCTPAHCTBO 3PUPHO-MATEPUANIBHOM Cpeabl.

MoaTsepKaeHUeM ABNAETCA POXKAEHME HOBbIX 38e30 u dughgpy3Ho20 seujecmea B [eTax [aNakTUK, OTKPbLITbIX elle akagemmnkom AH CCCP Bukro-
pom A. AMbBapuymsaHOM B Bblbpocax paaunoranaktnkm M87, BblABUHY/T PEBONIOLUMOHHYIO UAE NepapXxnmyeckoro geneHus «osses3agHoro AgpoHay:

/ B namudecamoix 200ax npouws1o20 cmosaemus B.A. AMb6apyymaHom 6bis10 ycmaHOB/1eHO U UM HeornposepHumo
00Ka3aHO Hasau4Yue coeepuwieHHO NMPomueornosoXtHO20 rnpoyeccd 8o BceneHHoOl — noscemecmHo20 06pa3oeaHus

38e30 U 2aa1aKMUK U3 c8epXnaomHoli Mamepuu, KOmMopas Kamacmpogu4vecKu 83pbleaemca u pacnadaemcs. /
- http://vambartsumian.org/lib/pdf/ambartsumian.pdf

Mo pokasaTenbHol 6a3e aBTopa U MPOTOHbI POXKAAKOTCA B LLEHTPAX FPaBUTaLMK, CO3AaHHbIX TOPOUAANbHO-KONbLLEBLIM 3OUPHBIM BUXPEM (3dupoam-
HaMWYECKMM NPUBOAOM MJIAHET, 3BE34, U raNlakTUK) B 3GUPHOI cpese C TMraHTCKU MOHUMKEHHbIM 3QUPHbIM AaBNEHUEM, KOTOPbIE BbiIBpacbiBatOTCA BO
BHELLUHIOO MaTepuanbHyto cpeny CnnHamu-[KeTamm COOTBETCTBYOLMX IPUPHbBIX BUXPEN (nMTepaTypa yKasaHa Ha cTp. 4).

MoxorKuMe npoLeccbl TPAHCMyTaL MM NPOUCXOAAT B BMONOrMYECKUX KNEeTKax PacTeHU Npu Tak Ha3biBaeMom “PoTocnHTE3e”, KOTOPbIN Ha CaMoM aene
ABNAeTCA npoueccom [lecnHTesa agpa atoma kuciopogaa (0z), B3ATOro U3 MoaeKynbl BOAbI, B AAPO aTtoMa yraepoaa (C), nyTem oTHATUA AApa aTOMa
(He), noka3aHHOE B 3KCNepMMeHTax MO BblPaLLMBAHUIO PAaCTEHUI B MHEPTHbIX Fa3ax NoAaBas ANA NUTAaHUA TONbKO BOAY, NPy 3TOM npasaa obasaTtenn-
HO TpebyeTca MHPpPaKpacHoe 0b6ayveHMe onpeaeeHHOM ANMHbI BOJIHbI, AR KaXKA0r0o pacTeHUA UHAMBUAYANbHO:

- “UccnepoBaHne MNOTOLLEHMA PACTEHUAMM YINEKMCNOTbI U3 Bo3ayxa. [nasa 3.”, U. H. lNankuH, A. B. LLectonanos;
4TO MOJIHOCTbIO OnpoBepraeT oduLUMaNbHY Teoputo GOTOCUHTE3A.

AHanormMyHble NPoLEcchl MPOUCXOAAT U B BMONOTMYECKUX KNETKAX }KUBOTHOrO MUpa — Hanpumep TpaHcMmyTauma Kanua (K) B Heobxoanmblit ans npea-
ctasutenen ntuuy Kanbuuii (Ca), HeobXoAMMbIN ANA CO34aHUA CKOPAYNbI AUL, HO OTCYTCTBYIOLLMIA B PaLMOHE KOPM/IEHMA, KOTOPbIN 3aMeHsAeTcA Ha
Kanuii — gnsa aToro 40CTaTo4HO Npy 6MONOrMYEecKor TpaHCMyTauumn A06aBuTb K Kaauio Bcero Asa NpoToHa — U rae Tam KynioHoBcKuit bapbep!

lZie MPOMCXOAMT 3TOT NPOLLECC LOCTOBEPHO NOKa He onpeaeneHo (CKopee BCero B MUTOXOHAPUAX KNETOK, ABOMHOM CNo membpaH KOTopbIX Npes.-
cTaBniAeT coboli NPOTOHHbIV CynepKoHAEeHcaTop), TpebyeTca PacKkpbiTb M ONMUCATb KaK U r4e 3TOT MEXaHU3M TPAHCMYTaLUKN NPOUCXOAMUT, U Kak pabo-

TaeT aghupHelli suxpesoli mopoudanbHelii mpaHcmymamop Kanus 8 Kanbuuii, 4pyroro o6bAcHEHUA TAKOMY 3HEPro3aTpaTHOMY NPOLLECCy He BUAHO.

Ha atom noka octaHOBUMCA.


http://vambartsumian.org/lib/pdf/ambartsumian.pdf

nunoe ...

9¢upHbIN Buxpesoit mexaHnsm TopounaanbHo—KasutayumoHHou TpaHcmyTauum - IBTKT
- KaK COCTaBHaA 4acTb "'dpupoamnHammueckom ToponaanbHo mogenu - ot MpotoHa Ao NanakTtuku'.

lpaaneHTHas ddupoamMHaMmMKa NPeacTaBAAET UHTErPUPOBAHHbIN NOAX0A K NMOHMMaHMIO OHOTO U3 OCHOBHbIX BUA0B ABUXEHUA 3GUPHOIN cpeabl -
ToponpganbHo-KonbLeBomy 0b6pa3oBaHUIo, MPOABAAIOLLEMYCA Ha BCeX MacluTabax - oT HaHoMMpa A0 BceneHHon, co CnMHOM-[KETOM, KOTOPbIN He
YUYMTbIBAETCA CTOPOHHMMU UCCNE[0BaATENAMMN KaK HEOTbEM/IEMAs YaCTb TaKOro 3PpUPHOro 06pasoBaHMsA, HO KOTOPbIN onpeaenseT NnoBeaeHNe

MHOXeCTBa npoueccoB matepmnasibHOro mmpa B ad)MpHOVI cpeae.

Bnepsble NnpoBeaeHO CONOCTaBAeHMe 3¢MDOAMH8MMHECKOVI mopenu NpoToHa co CI'IMHOM-,U,)-KETOM 1N pe3ynbtatoB 06CTpena MpOTOHOB 31EKTPOHaMM
Ha CTEHd)Opﬂ,CKOM yckoputene SLAC, NoKa3aHo NoJIHOe CorsacoBaHMe moaenm u 3KCNepumMmeHTa, Brnepsble NOKa3aHbl pacnpeaeneHna aaBneHuaA
3¢Mpa BHYTpu [1pOTOHA BAO/Ib OCU U B NONEPEYHOM CEYEHUU, XapaKTepHble AnA noboro 3¢MpO,CI,MHaMI/1‘-IeCKOI'O npouecca toponganbHO-KONbUEBOro
TE€YEHUA C BblPpaXKEHHbIM CI'II/IHOM-LL)'KGTOM, He3aBucawme ot d)paKTafIbeIX macwTtabos 3¢leHbIX npoueccos - oT [poToHa A0 lNanaKkTuK.

/ MpumeHeH uH3ceHepHbIli N0OX00 K CO30AHUIO CBEPXCAONCHbLIX cUCmeM - "PeuHxyceHepuH2" - m.e. peKOHCMPYKyus u co30aHue
modenu o6vekmos no pesyabsmamam e3aumodelicmeusa amux 06veKkmoes ¢ oKpyxcarouwjeli agpupHo-mamepuanovHoii cpedol,
mamemamu4eckuli annapam 018 makolii modenu ewje mpebyem ceoeli paspabomku. - AEM. /

OPpunpHbIN Buxpesoit mexaHnsm ToponaganbHo—KaBuTaunoHHoM TpaHcmyTaumm (OBTKT), npeacTtaBaeHHbI B JaHHOW CTaTbe, ABAAeTcA 0606ueHnem
npeactasnenua "ToponganbHo-Konbuesoro obpasosaHma dpupa co CnnuHom-LxeTom" - Kak yHUBepcanbHon Popmbl AsukeHns (MusHu) apmupoam-
HaMWYECKUX NOTOKOB, B KOTOPOM NPOUCXOAUT KaK porKaeHue MpoToHa B NpaBUTaLMOHHOM 3GMPHOM NOTOKE, ONMCAaHHOE MHOK paHee, CO3NAaHME
XUMUYECKUX 3n1emeHToB B CnuHax-[KeTax ToponaanbHbIX 3GUPHbBIX BUXPEBbIX 06pa3oBaHMN, Hanpumep - NPU KaBUTaLMK, MOKa3aHHOE B CTATbE, ...
TaK U Npu poxKaeHun 3se3, B [JKeTax MaNakTUK, yBUAEHHOE paHee B cepeamHe NpoLioro Beka AmbapuymsaHom B.A., M noaTBepKaeHHoe nocnes-

HUMWN aCTPOHOMUYECKNMU Ha6J'II'O,CI,eHMﬂMM.

Taknum o6pazom nonyumnocb onucaTb npouecc JecuHmesa u CuHmesa (TpaHCMyTaLMKM) aTOMOB Cpeabl TaK, KaK 3TO BUAUTCA C UHKEHEPHOM TOUKM
3peHnA 1 No3numin “rpagneHTHor IprMpoamHaMmnkK”, npeacrTaBaeHa HENPOTUBOPEUNBAA KOHCTPYKLMA 3PUPHOrO BUXPA, KaK ABUKYLLEN CU/bI CO3U-
AaHUA MUPOBOM MaTePUANbHOM Cpeabl, POXKAAIOLWENCA B LLEHTPAX TOPOMAANbHO-KONbLLEBbLIX 3PUPHBIX TOPOMAOB € BbiIbpocom CnnHamu-Axetamm
“HOBOPOXKAEHHbIX MaTEPMANbHbIX 0OBEKTOB” B OKpYyrKatoLLee NPOCTPAHCTBO 3GMPHO-MATEPMANBHOM Cpeapl.

A MosbKo cMepmMbIo #u8, HO He Mato,

Ymo cyacmnue g ceoeli HecyacmHol doneli;
Kmo »ums cmpawumca cmepmeoto u Hegosel,
- Bolidu 8 020Hb, 8 KOMOPOM A 20p10.
MukenaHOxceno byoHappomu



