YuuBepcaiabHblii BUXpeBoii TopounanbHo-Koubuesoii co
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“pPagpgneHTtHasd Dhpeasrmraamaea MHTEer pupoBaHHEBbINW I
ogoHOT O n 3 OCHOBHDBIX BMOOB - THPWWEOHWB bl 1 BPMMYH O 1
obpas3oBaHMUIO, NposBANSAIUWE MYyCTEhe Map pRC exX0 MBcauwTabrhxi ,
“Cnunuhme TOMKOTOPbLIA He yuymTbBaeTrTcsd CTOPOHHWUMU UCC.
yacTb TakKoro a3adpumpHoro ob6pasoBaHUs4«a, HO KOTOPBLW O]
MaTepumanbHOro Mmpa B 23dGPUpPpHONW cpepe.

ABTOpPOM NpUMEHEH +"H PKe2 WHBPPUHHLF K’ POV @ET PYKLNMK CB
H bl X cMmcTem nNoOT.MeX. [COOB3eANaEHHWIE0 Mogoenunu 3MUPHBIX 06t
B3ammopgemncTtBuUS 3T UX 0O6bek-madBE P @ a /IObKHPOYIX a 10 L@ @ e
MaTeMaTunyecKMNIN peRapaTpyMpgA@ MO B ROBYy WLeCTBYET U €

cCBO@® CO3gaHWU4A

Mopgpenb “ToKomnpRaaBoaHOr M @ Cpo a Cilkieomm'3 B OmabTl a
OTBEeThb Ha MHOT BE& NBWOAIPOBRWNPOC o] MexXaHMN3IMe TpaH:

XMNMmyecikKkmx I 1eMeHTORPOME@EIC CXB N Ma kO HBIXD KID .

| Idpuponunamuyeckasi TopouaaibHas Moaeab ot [Iporona no NanakTuku

BpupoanHaMUYECcKan OCHOBa IPUPHON cpeaibl — To,
Buxpeaou lpoyecc Or NPOTOHA A0 FANAKTUK ~ KaK
B3anmoaencTaun “Mpaduenmos 3pupHoeo faeneHun”

Mogens Awoxoscxoro B. A IDHMPOANHAMUUECKIN MOARN
Kanutaumnm nysniphia TOPOMAANKHOTD IHMPHOTO BMXPR

TopouaansHas apupHan Mogent
ALJOKOBCXOrO paclumMpena cyuect
BEHHbIM BKNBAOM NPOTOHAEMONO
YEPe3 ero LUeHTPaNsHy© obNacTs
PUPHOTD NOTOKE, KOTOPLIR Npegd.
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W lacero auanasona macwratos:
( y 2anaxmux u 38e30 3pupHBI
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AcmpoHoMUYecKUe AeNeHUA U 2pasumayus — peaKkyus GED-10
Mamepuu Ha 8UXPeEoe U ycKopeHHoe deuxeHue spupa
Uentp (Anpo) Tanaxrikk “Mneunsin Myrs" (M)
PaduouzoGpamenue (= 333MHz/ A 0.90m) ndpa anaxmuxu “MN" (1 den. = 75nx.)
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Mpopao n¥gHampeodhpe p HBoeT H(LIMTY OB 3 HM KA KWT B TaKam®/NRPOBeO®E® X UK
actTepouMmpgoB C MnNnaHeTammu, npu CTONKHOBEHWW 3BEe3f U
OnNnuMCcbBBH Hp a 6 0T e :
-“PeHTren®ByYHeO@RNE KaAaK nNpoponNbHaga ypgapHaa s3dumpHasa BA
- http://www.course-as.ru/AEM_GE/AEM_X-Ray.pdf .
MpoBepgeHb Hcae wutHya e MY AH no “ XAC u WM" ,
- http://www.course-as.ru/AEM_GE/AEM_GED.html#X-Ray-R
mcemMmHap no Temnoponorum ummeHwun A. M. Jleemnuva (MIYy),

- http://www.course-as.ru/AEM_GE/AEM_GED.html#X-Ray-T .

m ' . @ : Pmnc. 1. PeHTreHOBc:-chmpr(a(mBy/l,qraapJ,tmaomHaac;
\ : “PEHTITIEHOBCKOE W3NYUYUEHWEGHERMPROWBWUTALV
J . S CTPYMNOKOCTWN” ( Bbicoukwuin B.Cbl.o,e BKoH.H nH
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‘Ii\‘[/'lr‘/)l/,l/(’l//l/(l.'/~t'H:’/),\‘w'li]‘K(/b‘//}/1'////)]}//5!/(/1;/, BbIXO00AM AR U3 Kata- M a T e p VI a n b H_bl X a E a E A a X( M |q K o C T ﬂ X VI T I
Ja 8 COCINORHIY Kasumayut, cmaKan U3 zm./mzijvmm, 3 - memaniu- T aAakKxe B nnaa 30NI/I€3, n ynqpeMH M“Mp" a. p' n
YecKas Aunsa, 4 - /’)z’l////Sr HOBCKAA NACHKA 8 C6EM03atyuniioM naxKe-
me. B npason Hacmy — Penmeeno6ekan naeHKa nocae IKCNoHUpPosa- " 3 ”
HUA 8 1medere )—.\/Ill/l‘/// U 1'///(7//0/1/7/////0/:/ ///’)/h‘lb‘/\'/l. n e K T p 0 M a‘ r H M T H 0 e VI 3 n y LI e H VI e
npoAgoONbHAA HWepNAAPBH@RM® hapaédablasb
-“DPUpPHBLIN -DAEHET O 3 M. YacTtb 3.-1NduHamuka.. " (cTp.
— http://www.course-as.ru/AEM_GE/AEM_EI-p3.pdf .
-“Tepu nu Tecna. KT Tl a B4, KTO He npas’

— http://www.course-as.ru/AEM_GE/AEM_GED.html#Hertz&Tesla

-“ CBeT 0B O €en 3mn yPuagpHavesH ble 3 M pHbIle cywHocTwu!"”
— http://www.course-as.ru/AEM_GE/AEM_GED.html#Light&Radio

CywecTByeT Hecb6anaHCUPOBAHHOCTbL WHTerpana rpagueHT
OKpyXawWwer o amDeHpYCI@mAprETBAa B HanpaBNleHWUNW ero pac
MONMHOT O K-oWHeT6earHpMassn OT T pajguneHTa 3QOUPHOTNro pAaBneHWSs,
npeBbllaeT MUHTerpan oOoT rIrpaguvneHTa 3¢(PUPHOTro agaBnNeHus,

QpupoaMHaAaMMUYecKkas NpUMUYMUHA BO3ZHUKHOBEHMUSA cNnepagywmx

1. MepeapHer o (GpoOHTA NPOAONbLHOIO pacnpocTpaHeHMUSH
adupHoOin cpepe, npMHMMAEeMONn 3a “anNekKTpoMar HUTHYIO
cpegbc COOTBETCTBYWWMMNU faBNeHWUENPOACMOAOREBDEBEHWOMB

2. QdhgpekTa paBNeHUSs HaAa NOBEPXHOCTb MaT e-pPHIATIGHOE
o6bACHSEeTCSAa He HYynNeBbM WHTerpanom nepeMeHHOTro T
npocTpaHCTBA, HaNpaBM§HRENA, K U/NCDOUWAWKIETI oYy CUNUNE.
MCTOYHMWKA HaAa MaTepuanbHoOe Teno.

Kak poxpeaegpndppédgonbHasa 3 (PUMPHAaSAB BOGHWEATEVE G /L @23 a b paKetr
rpapPmueckmn npepcrtaBieHa nNpofonNbHAEE BPRNPPRpadHBODNAENP]
OT HeofgHOpOAHOCTEW I3MUPHBIX pfaBNEeHUW, NOPOXAEHHBX W:
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“FpadueHmHas SgpupoOuHamuKa” — ¢pusuka aghupa

LurHamuka “Onekmpo-MazHUmMHbIX” npoueccoe — pazsumue 3gupoduHaMUKU

“Onekmpo-MazHumHasli 80s1Ha” Kak npodosibHasi (He yOapHasi)aghupHasi 80JIHa.

VamMeHeHWe ahupHOro AaBrneHus Ha NoBEPXHOCTH “OM” AMNoNs BbI3bIBAET NPOAOSLHOE pacnpocTpaHeHne
NnepemMeHHoro ahMpHOro AaBreHus No NceBocdEPE BHE Tak Ha3biBAEMON “ONMKHEN 30HbI", B KOTOPOW Ha-
[0 YYUTbIBATb MHTErpasibHoe BO3A,ENCTBUE SrIeMEHTAPHbIX YacTed aHTEHHbI BIIMKHEN 30HbI" B TOUKE M3Me-
PEHUS, @ BHE ee MOXHO paccMmaTpuBaTh Kak ToYeYHbIA 06 bEKT, COOTBETCTBYLLUM “OanbHen 30He".

D pPOHT pacrnpocTpaHEHUS “SKBUMOTEHLWArIbHOM NOBEPXHOCTN” MEPEMEHHOIO 3PMPHOro AaBreHns Ha
yaaneHum ot “OM™ nanyvyartens npeactasnseT cobom crierka edopMMpoBaHHY0 cdepy ¢ BAaBeHHbIMU
nositocamu, NMoxoXxyto Ha “sbnoko”, boree npaBubHO MPOHT NpPeacTaBnseT cobon nceBgoToponaanbsHyto
3KBUMOTEHLMAMBHYIO NOBEPXHOCTL FPafUeHTOB 3OUPHOMO AaBNEHUS.

[papuneHT nepemMeHHoro 3UpPHOro fasfieHns B TOYKE NpoCTpaHCTBa, yaareHHoro oT UCTOYHUKa — reHepa-
Topa “GM" BOMHbI, AEVCTBYET B paguanbHOM HanpaBieHn, UMEET 3HaKonepeMEHHbIN XapaKkTep, CUHXPOH-
HbI C UICTOYHMKOM U3IYYEHWUS KaKk 4SS HECYLLE YacToThl, Tak U ANA MOLYUPYOLLEro curana.
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PacnpocTpaneHne npojoibHOii (T.H. “2NEKTPOMArHHTHOI BOJIHBI) 2(Hpa KaK MEePEeMEHHOr0 rpajineHTa

*)([)Mpnoro JIABJICHUA B MIPO/JIOJIBHOM HAIIPABJICHUH OT HCTOYHHKA B ')(I)MPHOM TNPOCTPAHCTBE. Cnesa BHICH

(POHT pacrnpocTpaHeHMs NMPOIOABLHON BOIHBI 32 HECKOJIBKO NIEPHOIOB KOeOaHMil H3TyyaTesns.
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BONHBLB NYyTeM MW3IMEHEeHUNSHA @Mas3nby Yoe/HsH AKTEEMIRGIr 0 3 Te Me H T ¢
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- http://lwww.course-as.ru/AEM_GE/AEM_GED.html#Measure
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Puc. 3. OQppnpoagvmHamMmuyeckmin MN3ImepmTenb ABWapoBa ¢

12 utstetsdH-Otztzaztg j o 5§ + Wdtedets] tsgmQustsalddzd] Mts

XapakTepusaymwTcs NpPoOKAaUYKON UYep€®NHBEBPAObLBWYWWPHOHY |

MaTepwunarsnabHbIX cpeqg, KOTOpble 6yayrT BTAHYTb BXOAHOMW
BblOpoOWwWeHbB Yepes3 BLXOAHYIW 23C(GPUPHYHOTRPEPAYHEYT BREeTMpPERE N
peanus3saunum 3PUPHONG ULEBROIWIABMKE@HMNA C couMuHoM [I1xeTo
121 [Hddetsudzr 2 CWdtedzem 2 vtstesdH | t6C

MpumepomMm MOXeT cnyxXxumitb TopHapgo, B DTOpOT
BMUX,pbNOKa3aHHbLIN ycnpaeaopyHan pawwmni.aTtm BUXPE
puc. 5), B 39TOM C Y 4YHabEN ) 3 (BMMPXHPLLIA  C(MnN A T K
noeepxHocTun 3emMnun u”nu pedcdopmMumupousat

Puc. 4. QpnpoanHamy pounpg c

Cnuuiwe TBOGMB 0 6 0 [l H O-M XB(MOPTEE X HN Y ECKOE ObDO3HaudeHUe

AcmpoHoMuYecKue siefIeHUs1 U 2pasumayusi — peakyust ‘ GED-02
Mamepuu Ha euxpeeoe U yCKOpeHHoe dsuxeHue 3ghupa

SdUPHBIN BUXPb — YHUBEpPCcanbHbIN MeXaHU3M KocMoca

HewxeHue 3¢hupHLIX TOMOKoe nod deilicmeuemM 2padueHmoe 3¢hupHO20 0assieHUs:

— B paguanbHOM HanpasieHuu — BHYTPU NnHeHas 3aBucumMocTb - VEP oc WR U BLOMb CTEHOK
ynnoTHeHHoro acupa VEw. (CTBONOBOW CrivparbHbl OCTOB BHYTPU 3OMPHOro BUXPS),

— U CHapy»xu - obpartHo npornopuunoHanbHas sasucumocTs (VEC « 1/R);

— cnpasa TopHaao — npoobpas yactu (NonosuHa) 3hMPHOro KOCMUYECKOro BUXPS

Kpyrosan
CKOpOCTb
Vep X ©R
«Tsepnoe
TEJI0»

TopHapo
KpoHa

Kpyrosas
CKOpOCTb
Vic x 1/R

TopHapo
Creon
Ve BHyTpeHHui
= @ =130m,
YcKopeHHoe X TonwmuHa
AsuKeHue CTeHKM = 3Mm.

3dupa

Pné. OdbupopgmHammueckwumim npusosg TopHapgo B artT


http://www.course-as.ru/AEM_GE/AEM_Astro.pdf
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“ACTpOHOMMYECKNE ABNEeHWA KakK peakKkuuma MatTepumuunm Ha B
- http://www.course-as.ru/AEM_GE/AEM Astropdf ¥ Ha CcaWMTe
- http://www.course-as.ru/AEM_GE/AEM_GED.html#Astro-T .
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Co3pgaHHasd rafnakTumyecKkmMm 3 PUPHBIM BUXpewm, pas3HOCTHWb

ranakTmunmkwu, T. e. rpagumedHt 3 PUPHOT O AaBI/le-HwmMaAK  KJogy eokp
“nNpntaxeHnma” no 3aKkoHam Kennepa, caobpasH@sKkKpagpamH
Takxe obecneuyunBaert BpauwaTtenbHOE OBUXeHNe BOKPYT

NPpONOPLULUOHANBHBLX 3TWUM Xe paccToOAHMAM, WUCKAWYaAaAa 06I:

TOT Xe ranakKTMUuyeCcCKWUNn 3 ¢GPUPHBLBIK bB KX prba 340aBCOTIN YCHOOC TyaaBespsii
npepenax onpejgenNneHHbBX paccTOoOAMpANKMBLAIPBAD® T amaas ack
npegenamMmum OCHOBHOTrMma/Jekiamwbappgxay agpajdapypKkasae nep.
¢ |08 dlOydvs ferdeQCderdiSidi™ o § jtwolks SyjtejH! daj B
ZORtsHWh 2w o Cjitedzgy WYHIGO ¢ OROKts@TEte ) ddzts d ¢ O dzls |
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B uewBbpein 1 akaes #éllym” MIK), Ha paccTOAHMUM oOoOKoONo 2600
300 CBEeTO0BbIX nert oT “YyepHOI Sbipbl CTpenaoyya AHKS Ha
Ty Ma H Keeinag Cmmpans” ( Pnag,npocmoupacgmaccToopaiBk aceseToBbiXx ne:

M3obpaxeHMe TyYyMaAHHOCTW B UWHOMOpPpakKkpa:
mMmaptTa 2005 rogpa KoOCMMYEeCKWUM Tenecek

Taxkpo . Mop@@ma BegeHMWe nNna3Mb B 3T
"ldtejH dOBd Hej (itejfdjlOshdjmw " dadls
COC 9o dBsdzjSkdzfj r1s. 10 ofnpg dMmissted® dzO

dzZd yi e f sHtsSB dEsE 5" .

Uxkes acTaBngeT nnas3My npwu
"Clss BOGdedIlsdetsy §tsdzi dzOH j dzj dz
"stedddtetso Ols! L Or Mdzse Olstacj , ¢ B
GOLO dd §rdzd e6decOdalsmScdy My dte

aTb T al

Punca. TywmaHHOCTbL “[BOolWWHasa Cnwupanb”

B yewWwWnpseridywcyuwecTtByerT MHOXeCTBO J

TYyp, pacno/foOXeHHBX B MNpocCTpaHCTBE
3Be3sgHOMY OUCKY nogBepPRABMBIMWTI APOIE
rOBOPMUT CEB AB3AHMHNEIMP HILTXM.XB U X P € I

C nos3sunuynii “TpapuneHTHON QhnpogmHamMukm”-OxerTl HBMIXIP € |

o6bpas3oBaHWM BTOpPOro nopsagkwetTyndopapgpageaer « Thwmpwy

camMoi r aMIB K TTU.Ken. 3TO0O O9@PUPHBIE BUXPWU HAM NMMOPAMEHRT M P

CywecTBOBAHMWMEAKBEMMELEKNK P S !
B OCHOBHOM 3TO CTPYKTYpPb NOYTW NONHOCTbLIW 3anofHEeH

ropssuwne MMUX@POWO, UYUTO HawWNacb OAHA HUTHKEeROoOyopPamH@Pp!l
BXOA€e BcacbiBallUeih BOPOHKMU nonyuymncsa npsaAsMoOi NOTOK
CTOPOH, KOTOPGLIA He CcMOlT 3anNoONHUTb BCE€ MNPOCTPAHCTBO
MoaToOMYy MHIBBIUAYM .

L]
Penatusnucrckas cTpysa ranaktuku [lesa A (M87):
ITna3meHHble KOCbl HecTabunbHOCTU KenbBuHa-ensMronsua

%
KOTOpPOMN CKOpPOCTbL ABMU
C nnas3Mon BIopaszadcnh
CKOpoOCTb -TlOONBRemREHMU
nnas Mblpka Tnopm K CTe-H
Oxemd .5 napcex.

Pno. 7CHikeT ranakThe
HaHeCeHHbBMWU 1unH

Ha pilheugmak c 7T payked
ranaktunwmwsM8HawTcasa,
cnunp&owTHOWe-pBEeT el a
c yyeTom Manor o yr = e

1 napcex
Hanpas/eH U UC aGTMHIOLL e-H |1
Ten pocTunuraet 60 M 6GoOonee.



MpoagonbHaAasa CKOPOCTbL 9w purnaCopmfnkeTT ak-28 Bla.3fe HG @/eb We N §|
LJaBneHMWe BOTWEHNTOPTEOK@A HEMA B R, YE@MO yo@acneuywuBsaeqgxeyncar 0 W
0 B N X esHjwiepnal ao3iBl Hkealkc e B A @ ep goe T eno”

BHYyTpuM cTBOJA caMoe MWUHMUManNnbHOEe 3 (PUPHOEe pnpaBNeHUEe,
OrpaHMyeHHbBe CTeHKaMM M3 YyNJOTHEHHOro 3dgumpa, 3a cCcu
a cCyMMa 3TUWUX CKOpoOCTelh Ha Ne@pBSIOMB ODPpEMBLUAPD CTHP @D T
cnerka 3@KWYyuUYRpOAO/NbHASA CKOPOCTb CUNbBHO NpeBanumpyert

YUacTuybl (NpPOTOHBbI, 9N1€eKTPOHBDb), “Tasz3” (BOpgoOpoOgj, renv
B o6bnacTb BCacbBaHMWA, BPatTBOJOBEWHWMACHA, BPAQBEOHSAKWTC
CBEPXCBEROBG®XT €/ 3 MORWHBIMEMEM bIM MO0\ KOMWOWNMC AT BKegpK4 O e C
Tejloy KOTOPOro CKOpPOCTbL NOTOKa NO UeHTpPY <cT.BONa uwu
B peay®bT™Mb MUMeeM BCe OBW/[PH AW DN YDe HOMEAHBTCIee H3aa BM,C UIT a M
MaTepumanbHbBX O06bekKHaBB XaO(AVEBMOITEPKEBBAKM>AHHbBA MOMEHT Bp.

( Mdzd o  Wdtedzsdd § Slsrsitijls @ disAdshiidafls fiuldfodlazrs dg @l jst€ of © dz
f oL Bilsts § SlsBC Yl Mo o B s Ist 1o Hjfddmas qpipa”.

4. stede’ | otO®h jdd¥ LojiLh cOkOSkdSd [ dzj

o
®
V' KM/C — HI CO 3enenbiM 0603HAYEHbI FPAHMLLI CKOPOCTEN 3B8e3A, +/
4 NOKUHYBWKWX AAPO U oGpa:oaaBu.mx cnuq_anbubm »
L - =n:® CO, Ha pyKaBa ranakTvku, B npouecce aereHepaunu g~
3HepPreTUKM 3(PUPHOro rAnaKTMHecKoro BYXps o ©®
- JIYY. CKOP., COOCTB. JABHIK. ug(belm ¥ o +
L . / o o 9% o o
J —-—-  kuHemar. napam. OB-accoumaumit || & +
y Mpanuua g % @ ° %
250 “Teepporo Tena" e o °
Vep « WR o+ + o o
R= 0.2 knk. + 4:
+ >
: . ot
o - ——, — /
o .° + Q
o o
| o ah o+ +
0 Y O ¢ +
200! P, of 0 Yo OZICM}
| g 5o o HI
= i + CO
i oY i
. paN . +
|‘— Ipanuua Mpasutauuu | ., ++ A * HI
“Banpxa” (“Bapa”) AR =
Grad Pg oo e HII
2| " R 2°2.75 Knk. + Grad P¢
.| 9B < 1/R Va
| A A A ges => x1R| | A
=
1501111111 T | P T T /G Vo o e ot | PV T I ) i o o
0 2 4 6 8 10 12 14 r knk
Kpusbie ppamenust Fanakruku (pucynok uz padorpt [260]), nosydeHnbie pasubivu
apropamm: [470] — crniommas toscras annns, no ganubim HI, CO, Rg = 8,5 knk; [1186]
wrpuxosast aunnst, CO, Ha, Re = 8,5 knk; [48] — nyHkTHpHast JuHHs, 110 JYUYEBBIM CKOPOCTSIM
M COOCTBEHHBIM JIBMYKEHMsIM Kiaccuiecknx nedens, Re = 7,1 knk; [214] — cnuommnas Tonkas
Jaunmst, st cayvaes Re = T5knk u Re = 8,5knk; [49] HITPHUX-TIYHKTHPHAA JIMHUSA, 110
KHHeMaTHIecKnM napamerpam cucrembr OB-accoumaumit, R = 7,1 knk; [968] — o (no annun
21 cm), O (HI), + (CO), Ro = 8,2knuk; [420] — ckopocts pamenust no HI (%), s obaacreit
HII (o), R = 8,5knx; [300] CKOPOCTDb BpAIICHMs, MOJYUYCHHAs M3 aHAJIN3a KHHEeMaTHKH
mianerapubix Tymannocreit 1 AGB-3sesn (A), Re = 7,9 knk

Png& . Kpnusble BpaweHunua 3Be3n lTanakTukmnm MneuyHbl

Fr'pPaHuMya “TBEpAaoro Ttena’ ranakTuKkm “MnedHbn [MRAy=Tb",
0.40 Kknk., Ha TO4YKe nepermba rpadpPuka cKopocTehn oT
ranakTunkKkum “MnedHbln MNyTsb” MRaMOEKEAHAAPBHWO bAPpABHT &L

npucyiuw TONbKO S HOBEMMOKPEMAaUT AOKMOCT@OATOHA A0 ranakTy

PacnpepeneHune cKopocTeWnw B CTBO/MEe B-HIXTPOA UC OEOCTTBbE, T CCTBBC
TBepagoMyapraekKilyépHoe M3MeHeHWEe JNIMHEeENWNHON CKOPOCTWU 3 BE
Lo pnamMeTpadaT®O. 8ByRPIEHHAA YacTb CTBONa lFTafnakKTunyecko
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W dtedats

2

vtojH" tHomlmfdydal 1 j c

ToponpkHosbsigeBasd
OCHOBHGBIM
obycnoBneHo

ABnNAeTCHA

FanakTunek, yTo

sls

b ls OdzH Otcls dzts 2

opraHusaymus
BUOOM

ABUXEHUSA
ycToMuymBoOr O
MaKcCusnAnpaoyYepedKag@HTRAanP

[ 5H ] dzg

3 (hu p HbHWie TOBE [
sphupoghipampopuac

npwn MMUWHMWMANbHOM cevyeHUMMN
ChepoBaTenbHO, nagpeHnme 3PUPHOTro pJgaBNeHUSs B LeHTpPa,
(10 M 60nN@® OTHOLEMYIA BKIEGHEANPK OO WeIia clpegsenamMu 3 OGUPHO
T Yckopenue, a¢mpHoe
NABJICHUE, U TPAIHEHT
18. I partitia nasepXHociny Grad Pg A(HUPHOIo JaBJICHUA B
3emnu Ry = 6.3*10°m PHOTO L
180 / obmactu 3emiH.
170 Haenenue agpupa Pe= --1/R+C
(no Y — wkana cunkHo pacTaHyTa) Jlns HarnsAHOCTH rpadHKn
MOKa3aHbl HE B OJMHAKOBHIX
Macuirabax:
14.0
-~ - rpaduk Jasnenus Dpupa
’ 1 Px 1o ocu Y 3HAYHTENHHO
CHJIBHO PacTSHYT M0
1L.0
| Pz~ 1.310° kg'm? l OTHOLICHHIO K rpaduKy
rpagueHTa 3(pHpHOro
JABJICHUSI.
80 FpaduenHm achupHoz0
daenenus Grad P < 1/R? - rpaduk [ paduenima Sehup-
Hynegoe 3Ha4yeHue noeo Jaenenua Grad Pg
i o ocu R coBmagaer ¢
. rpahuKoM YCKOPEHUS TI0
) R Y
YckopeHue ceobodHozo OCH R, aI0 I CMCIICHO
3 HyJIeBOE TTOJIOKEHHE, T10
2 nadeHus Ay dna 3emnu OTHOLIEHHIO K rpaduKy
e o || @BIeHuA 3¢upa, CHIIBHO
v 4 g 4 10 12 14 1 18 4 18 3 34 3 38 4 > paCTﬂH}}T'
NocTposH Ha caliTe yobi.ru
Punae.. Frpachunknm IDpupHOro pgasBneHnmsyckpoppgueraTaBIOdghG@Gpaorn p
3eMnNun BHYTpWU He e M 3a ee n-prepgaeHauvan . n( o@BreHPsIXSH OBCETPUT U3KE:

3HayYynTenbHOE
MCTOYHMUKOM
YCKOPEHHGBbBM

nageHue
rpaBurtTaymnm
ABUXEHMNEM

s3hupa K

SpPpUpPHOT XK OMNBBABRANG
ACTPOROMKKHEXKITX POIE L CMETBI TN B

LeHTPY

B8 o MIpeHHoTrpoe

rpaBurtaumnm

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

-Ko n bywceTBOOIT YO B 8 ®1 K §p € BToOr
npumcoenunHEHHBbLIN 3 U P H bl BUXDP
MEHbIWYW 3HepTr

CTONbKO Xe pas3

OCHOBHOM
obpas3oBaHU=4
6onbwMme pasMepbl,

MEeEXaHUN3M SHepreTmuKkM
nopoxpagaerT
M BO

L O0OSIsd Ui MS d2  Cidjdes qyd £
BHEWHNM AUMakmkeTPawmnona o
HY Tpwu KoToOpoTro pa6oTa —
MEERHELWH N A
pucoenuHEHHGLbIN’ ranakTtwunul ;/
Oname @50 mk, KOTOpbLIA B /
AnameTpa EWMKMN N @IMVIKEZWaKwe T
60 WwWmM®, 30 pas 60| ‘
NepBMYHOTIO rFranakKkTunmuy.eckor f\ . \

S W O

Punu. QP pPHDBLIN dpakTaARBL )

\nepeas cepa

.1pc: bA Chepa

B3oHeEe

MepyagHym L en r paBuT 3



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

ranakTuWKKNW UAeT NOACAKL alB akKB/Iex/Bbdn praa /ika KUTeMHITECYK 0T 0 A U C K
ranakfimameTp CcTBO/JAa TFTanakKTMWyecKOro 3@MUPHOrNo BUXPA
MeHbwe (6onee Yyem Ha nNOpPAJLOK) nNepBUMYHOINO TranaktTwnuy
MepHWwle nNpPpUCOEeAUWHEHHOrNO ranakKkTuyecKOro 9o (pnpaegcoaBmx®:
KepHBO cOWw@alsd§ ¢goolm K N K . OT 0O BEPXHUN XpPoberlBoT op @ uy
obpaszop@mHwmdlmeTamMn, noppobHee onmcaHoOo B paboTe:
- http://www.course-as.ru/AEM_GE/AEM_Astro.pdf ,

MEXTI anakTMWUYeCKUAN I3PUPHBIA BUXPb paccmMaTpuBaTb He 06\
OAaHHBIX W HabnwpeHWn.

Bo Bcex mMaTepumanbHbLX 00bBeKTax, nMme KKupnixs LyecsTy GOA HYOVPBr yakh
oT MpoToHa A0 TTanakTukmn, BK/wYaa 3@UPHBIE BUXPU T
npumuBoabl NnaHeT n 3Be3[ (0 3dupHDBX &YyaBANTT agaN/DEHEH b0 /DEOEY
QP pHBLBE noTokkeBe CmpmeiBCTaBNAT npenmmMmyuecTBEeHHDO

OBUXeHnNe 3I@PUPHON Maccbl B HanpaB/ieHUUW OT ULeHTpa B
SdupHOM TOpoOwupge), O [, MmO BBpPCEEM/E H B @ N pCH O B @ ViIREcHENbe Cukjaddpto ¢ T b
KonbuyuesBor o sBpdlgerwes npoQopmweoHanbHa paccCTOAHKWI 4O O
Boixopga n3 Tenkhomwpeomm@radibHPU PHOT 0O BUXPA-AKETERO HELH &S J
yMeHbwaeTCca, €I @aguwapeHma.M

CnulixkeT pacnpocTpaHaeTcsa Ha 3Ha-wCHMMUBIXBHEHLIEEEePAaTOPBIRH.I
Ha nopsapgokKk MU 6o0onee 6Gonbwe pa3MEPEHHXKECHEBNOVE A TAMBKT AKX A
MpoToOHa, mMHavye HAMP npeuect G@EH OMOBL BR@dDPWOWI@B AH B HAMF

Il. Dduponunammuyeckasi MoJe b 6A30BbIX IJIEMEHTOB MaTepPUAIBLHOI0 MUPA
[/ “OdpnpHbBMaDRER NP ™. YacTtb 1. CTtaTtunuka. 3IDnekrtT
- http://www.course-as.ru/AEM_GE/AEM_GED.htmI#EM-pl/

CWdtedzr 2 J drtcmme éctsistepz@®Cc o e AMHEHHDBW 3 (W PTHELI AN BEMSXAKL0 Bp ab

pa3mMepa MnNpPoOTOHaAa, T. e. nmeer pa3smep aTtTomMa BOAOpPOAaA
opb6uT‘azTvbe K TpoHa’” (ecnwm " BO3HWUKaerT peanbHbl 3 unpH
Pns3ImnmyeckKkomM Bakyyme, HanpumMep B PEHTTIE@HOBCKON TpyoK:-
BHewHee 3@PupHOEe faB/NleHME CXMUMaepambpaeKkpYIWEAED
—-HelWTpOHa, npespauwasda ero B T[TlpoToH, 4 p e 3-B0HiY auiBHK @ NMCAT/
HakKkayeH 9Heprwueih aABUuXYyWwWerocsa B Hem 3dupa.

vl drdz J 19 cslstss@OnaeTca umcTuHwEd dz6@gge maB FaPmh bl X 0O M@EATKN L,
3 n pHBbI BUXPEeBbX 06pas3o0BaHEWE, B @HILTIBHAMO JCH @I @ o roaoHoan, p e

X
TAaKWEBO W KAEMEMP N p,oMn @XCMCM M YEEPCEKaMKXL, MKBO T O P IR BEeH C T B Y lOWYy 0 p o
CNUB@AP X WU TERWKOTIyepK Yy 1 .

AdmpoavHamuyecKas CyLHOCTb
MpoToHa u HeitTtpoxa

MopgensHoe ddupoanHamuyeckoe npea-
ctaBneHue lNMpoTtoHa B Buge Topouda Bpa-
wjeHus, wvumewwero cpasHUMbIe mMopou-
QanbHOe W KoNbyeeoe epaujeHue C Moly-
HbIM NPOAONbLHBLIM BbIGPOCOM U BpalleHn-
eM acdmpa BHYTPM CTBONA Kak “reepaoro
Tena - T.H. "Cnuu-bxer (puc. ceepxy).

MogensHoe npeacrasnexnue Heitpona B
Buae Topouda BpauwjeHusi, WMeKLWero u
NPEeUMYLLIEHCTBEHHO MopoudansHoe epa-
wjeHue ¢ NpakTU4YeCKu HynesbiM Konbue-
BbIM BpaleHueM, C NPOACNbHbLIM BbiIGpo-
com achupa BHyTpu cTBona Criuxa-[xema,
C npeuMyleCTBEeHHbIM BpauweHueMm ero
Kak “TBepgoro Tena” ¢ oAHOBpPEeMEHHbIM
npoAonbHbIM ABMXEeHUEeM 3UpPHOro no-
TOKa (pUC. CHU3Y).

/ HeiATpOH, pOXAUBLUMCH KaK HEYCTOWYMBbLIW Bpa-
warowminca o6bekT, TopouaanbHbIM IDUPHBINA
NOTOK KOTOPOro npogonkaer cebs 3akpyuuBatb
W CXWMaTb, NpeBpawascb B ycToWuuBblin Mpo-
TOH, C BbIBPOCOM M3NuUWHeN 3¢pMpPHON MaccChl — B
3cupHbIA  “3neKTpoH” M OCTaTOK, pacceuBaro-
WHUHCA HeCTabUNbHbIMU 3(DUPHBLIMU BUXPAMKU. |

Puclbals3oBbe npepgcrtaBneHua “IT'pagmneHTHONlW sdhupoguHamm


http://www.course-as.ru/AEM_GE/AEM_Astro.pdf
http://www.course-as.ru/AEM_GE/AEM_GED.html#EM-p1
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MpachMk NPOCTPAHCTBEHHOro pacnpegeneHvs
AaBneHus Ha nosepxHocTu NMpoToHa oT ocu K
nepudepun COOTBETCTBYET pacnpeneneHuio
NOTOKOB 3chupa Ha BCacCbIBaKOLWEW CTOPOHe,
Ha TopLe ero TOpoMAanbLHOro Tena BpaleHus
U Ha ero nepudepun. NMposan rpacduka o Mu-
HMManNbLHOro 3Ha4YeHWst BAONbL OCU CUMMeET-
puM COOTBETCTBYET 06NnacT¥ BcacbiBaHMSA TO-
pouaa, YTO He MOXeT ObiTb OOGBLACHEHO B
CraHpgapTHOW moaenu SnNeKTPpoANHAMUKW.

Tieg LY

CneBa - acpupHblie noTtoku MpoToHa, cnpaBa NoTok
3NeKTPOHOB B achupe B “huanyeckom Bakyyme “

- -

0 @

. INEeKTPOHbI
= e — 6ombapaupyiot
MpotoH

Tpaduk pacnpeaeneHua
AasneHun B MpotoHe

|

\I’I'pucoenunennble 3(hMpHbIe BUXpU
nepeoro nopsaka (pa3mep NpPoToHa) u
> BTOpOro nopsiaka (atom Bogopoaa).

Puc.11. Cooteercrane 3pup BHYTPM Mp:
B COOTBETCTBMM MX IKCNep y no obcrpeny P
Hamu np Ha Crendop P SLAC.
( The pressure distribution inside the proton.

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

Puc.[Blfllstej dz 1 tetslstsdats o

L dzj C 5 6 5 020 B3GLAGZD. DeBbrfedA G h S s d5 I fi

“The pressure di st r4hbtps:t/doi.org/10.1088541586018t006@&z pr ot on”
ltejHMisOoadzj dzdj wWOMftcjHjdzjdedWw HO®dzj dgdw W IO
9 Mo jfathffOddzj dzedv dsd i) cOH ] j delsdes?2 C W Jets
T— -t IU [ >
. 1< Up >>> Uz| |+U°| 3
B
Puc. 12. Fpaduk pasnequn adupa saons ock Mporora
0 0 3 o
ITI LR e L TR e
o mesCRRRRSL | PR {7 0000 LSS S
P5~1° kg/m ~ paenenme adupa
HaNOBEPXHOCTH ﬂpovouaasaxyyme YepHas NUHUA COOTBETCTBYET AABMEHWIO, MONYHeH-
: : : HOMY W3 BPEMEHHbIX MapaMeTpPoB, COOTBETCTBYHWMX
" )5 B.
Mpaghuk usuenenun 6aeneuun ?:ﬁ""maa""z:caw ":::;pe""o"yl LB o
.\ gHympu [MpomoH the proton and g parton Phys. Rev. Lett. 115, 212003 (201
Spapa INE po - HeonpeneneHHocTH oToGpaxaiTcs B Buae ﬁ
edonb | 1\ ocu cuuugmpuu OBNACTI.
Pe= mzo K g/ mz | H Cunss obnacTb - HeONpegeneHHOCTH U3 BCeX AAHHbIX,
E~ ROCTYNHbIX do 3KkcnepumeHma npu 6 [38.
ﬁ obnactb NokasbiBaeT NPOrHO3MpyeMbie pe-
3ynbTaTthl Sydyuux sxcnepumermoe npu 12 3B, koTo-
pble GyAyT BbINONHEHb! C NOMOWbLIO MOAEPHU3UPOBaH-
: : HOW YCTaHOBKM.
Puc. 12. Tpaduk uameHeHuA gasnenus 3oupa saom ocu Mpotona HeonpeaeneHHOCTH — CTaHAADPTHOE OTKNOHEHHeE.
I
®opma achupHbIX noTokos lNMpoToHa, Gonee cooTBeTCcTBYOWan ero AcmpoanHammuyeckon Mogenu, 6nuska
no chopme K HanpPAXXEHHOCTU “3INEKTPOMArHMTHOro nonsa’” u3ny4YeHUs AMNONbLHOM aHTeHHb! Ha YAaneHuu.
Punc.M3leHeHNne 3CPUPHOTroO pJgaBneHMUsa BLRONb OC I


https://doi.org/10.1038/s41586-018-0060-z
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HJ dzj dzd v
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HO98 dzj dzd W
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Pe= 10* kg/ m’ - AasneHue 3¢pupa Ha nosepxHocTu MNpoToHa I [E]

Cnun-[xem
Spin-Jet

Puc.13. Mpadmk

paghuk usmeHeHus1 BHympeHHe20
daeneHus agupa :
nonepeYHQMy*CE
#® om ckopocmell GeuXeHus
¢hupa Ha nosepxHoCcmsAx pasdena
epawjeHust 3¢hupHol cpedsbl.

B yeHmpe no ocu Ha nopsidku
yMeHbweHo dasneHue aghupa, npe-
obnadaroujee dsuxeHue —npodonsk-
HOe CO ceepxceemoebiMU CKOpoC-
MAMU ¢ HEKOMOPBLIM epaujeHueM
Kak “Teepdozo Tena” e eude ebixo-
dswezo Hapyxy CnuHa-fxema.

B ueHTpe TOopoMAansHO-KONbLUEBOro
3(hUpPHOro BMXpA NOTOKKU 3pupa ume-
OT MaKCUManbHYI NPOAONLHYIO CKO-
POCTb M YMeHblUeHHOe KonbleBoe
BpalleHue, KOTOpbie OPraHu3ylT TO
4TO HaAo NPaBUNLHO WHTEPNpeTU-
poBatb Kak CnuH-[xem wuMerowun
onpegensiollee 3Ha4YeHMe HA B3aUMO-
AelcTBME C OKpYyXawowen apupHON 1
MaTepuanbHON Cpeon.

OewnxeHne acupa BHYTPM obnactu
Tena CnuHa-[kema npoucxXoauT Kak
TBEpAoro Tena (aHanor MexaHu3ma
npoLeccoB NOTOKOB 3chupa B cTBONE
aTrMoccepHOro TopHaao).

“TPaBUTIUMA M HHEPUMA...” 2019r. - htt)

TOp Kax 2(pupHOro Buxpa, no opme
0 BuxpA Mporona.
[/ www.course-as.ru/AEM_GE/AEM_Gravy.

Punc.
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“OnekTpuyecknm Tok” B
NPOBOAHUKE ecTb 2padu-

EHMHbIU MOMOoK 3ua,

TeKylUen 3a cYeT pasHoc-
HOCTU BHYTPEHHero Aae-
nexus acpupa £ AP /2 8
NPOBOAHMKE, CO34aHHOr0
Ha ero KoHLax BHeLHUM
reHepaTopoM aUpHOro
Aasnexun). UL = H;

| = ka*Grad AP*S

ShupoanHammnyeckue ocHoBbI LU poBLIX uaMeputenen cepuu “Urag”
SdpunpHbIN AnekTpo-MarHetuam. Yactb 1. Ctatuka. dnekrpocraTuka.

3cbupHBbIN AnekTpo-MarHeTuam. Yacte 1. hitp//www.course-as.ru/AEM_GE/AEM_El-p1.pdf ctp. 1-5.

“lNoBepxHocTb PepMn” nNpoBOAHUKA.
[aeneHue acupa BHyTpU npoBogHUKa(no-
NynpoBOAHMKA) 3HAYUTENBHO HMXKE AaBMneHuA
achupa 3a Npeaeriom 3Toro NPoOBOAHUKA.

KoHgeHcaTtop — aupoguHaMUYECKUA KOMMO-
HEHT, aMNeKTPoAbl KOTOPOro HaxogATCA nog pas-
HbIM BHYTPEHHUM 3hVPHBIM AaBreHNeMm.

_th

7 —_——

]r(..nl\;’ @(’:f\/ﬂ‘"\/}‘{\/"'—\,"
GradAPy, *a‘r ["I‘T{TI

I

Y )

1
=) B

Doesrpar

U/L = kr *Grad APg
(KR = pasmepHocts PEL)

Pwnc a

BHuanyopepxHOCTMWU

Bonbwoe

npesBbiweHNMe

AP p O AN HAKIMKOK TRO NE MHE JFIMBERPXHOCTMU
B 3 p bl BYpoxa wkcashuddms) s,
[ a B) N1 enHp1osB oETamMdpT@a s B g XdkeapcMvR'e.
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AcpupHbIN SnekTpo-MarHeTuaM. MarHuTocTatuka. hiip://www.course-as.ru/AEM_GE/AEM_El-p2.pdf ctp. 1-5.
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SchupoanHaMmmnyeckne ocHoBbI LUGPOBLIX nameputenen cepuu “Urag”
ScpupHbIN AnekTpo-MarHeTnam. Yacte 2. Cratuka. MarHurocraTuka.

Hew = Hzi‘i

‘Hy
I Grad APrw KO.’I—bLgBOﬂ noToK dupa
Konsyeeoii nomok - PMw = ko * Grad APg * r,,?
Iist Hanpsoxennocms - Hy, =k, * Grad AP: * r,,

Paduans. epad. - Grad AP, =— k,,, * Grad AP¢ /r,,
Mepnexd. k uenmpy - APg,, =— K, * Grad APc * r,,
AP Ew=— AP rw
(k,, = paamMepHocTb 1/L)

"MazHumHoe none” ecmb
JnlaMuHapHbIl, 3aMKHYmMbIU Ha
cebs oKanbHLIU NOMOoK aghupa
803HUKarowull 8 rpocmpaHcmee
rnod deticmeuem (padueHmos
SogupHo20 LaesieHus, 8bi38aH-
HbIX 6HEWHUM UIU 8HYMPEHHUM
cusio08bIiM 8030elicmeuem.

MpodonsHbiii zpaduenm- Grad AP; = K. * Grad APg

Sopup dswxemcs 8 rpPosodHUKe Kak meepdoe mesio
C 3Ha4yumernbHbIM rnpeobrnadaHuem spaujamernbHo20

0swxeHusi Had rnocmyrnameribHbIM

Puch 13dupoagmnHamunkall MmanpaxeaHocmonsa”
3PUPHBIA LUNUMHAPUYECKUN BUXPb N

BHYTp W

Kva KB H e
MnpoT WIPKECTTOBS LAETEO MBOVBX. P €

UamepeHus NpagueHtoB 3cdumpHoro [laBneHns NpoBOAHMNKA C TOKOM
ScpunpHBIN AnekTpo-MarHetnam. Yacte 2. Ctatuka. MarHutocraTumka.

3cpupHeIn SnekTpo-MarHeTusm. MarHuTocTatuka. htip:/www.course-as.ru/AEM_GE/AEM_El-p2.pdf ctp. 12-13.

BRCACEG MarsuTHBIe H3MepeHHq Ha TI0BEPXHOCTH POBOJHHKA C TOKOM.
Li SN l"o Toxk Hanps:xeHHOCTb MarHHTHOTO IO
I Hx Hy Hz Hr
A uT uT uT uT
1 10.0 488.5 8.4 1129 5015
2 5.00 2455 6,6 593 252.7
3 2.00 98.6 3,0 244 101,6
4 1.00 50,2 1.4 12,5 51.8
5 0.50 25,0 0,7 6.1 25,8
6 0.20 11,1 0,2 24 11.3
7 0.10 6,3 0,1 1,5 6,5

U3mepeHus [padueHmoe 3¢hupHo20
LHaeneHus (H) npoeodHUKa ¢ MOKOM

Hatuuk Xonna MAG3110 Freescale

LuHamuyeckull duana3oH= +1000.0 uT

YyecmeumensHocmes = 0.1 uT
Paamepsi kpucmanna = 1.2*1.2*0.4 mm
Yacmoma peaucmpauuu = 6o 80 Hz (Hx/Hy/Hz)
llluHa IPC c Arduino UNO R3 (USB)
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U3amepeHus NpagueHtoB SdumpHoro [laBneHns NnpoBOAHMNKA C TOKOM
SpupHbIN SnekTpo-MarHetnaMm. Yacte 2. Ctatuka. MarHutocTaTumka.

Sd)Mprle NMOTOKN BOKPYT NpoBOAHUKA C NOCTOAHHBIM TOKOM

[BxeHus achupa BOKPYr NPOBOAHMKA C TOKOM NpeAcTaBneHo gaHo AutokoBckum B.A. |
rae nokasaHo YTo KonblLieBas cocTaBnsiowan aupHOro notoka, nNponopuuoHanbHas
HanpPsHKeHHOCTUN KOMbLIEBOW COCTABMAOLLEN “MarHUTHOro nons”, 3aBUCUT OT BENUYUHbI

TOKa B MPOBOAHUKE: NPV Marbix Tokax yHKUMs npornopunoHansHa 1/ (1/ro), a npu

BonbLUNX ToKax U3MeHsieTcs meaneHHee yem dyHkuma 1/ (1/ro) 0.5 .
/ HanpsixeHHocmb “MagHUmMHoezo ronsi” H o epadueHmy daesneHusi agpupa Grad APg /

AutokoBckui B.A. O6was achupoanHamMmuka IWI
Ew
H/H, A 1— npu moke 0.1A, f oc1/(r/ro)
2 — npu moke 1.0A ( H ql
] =
4 — ¢pyHkyus f o 1/\/(I'/I’0) {
3 — npu moke 10.A
( Cxumaemocms 3¢hupa)
0,5 |
3
> 4
1
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Puncd 1M3mMepeHMEe HanpsaAXeHHOCTEeNn “MarHMTHOTO

nogTBepxXagaerT
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“BugunspHana kamywka”

= I'lepBblﬁ KOMIMOHEHT AeTeKTOPOB M3Meputenemn

|

“I'badueHmoe nepemeHHoz20 QaenerHus 3¢gupa” cepuu “Ur30-2xx"

Budpmnsap “Kynepa YcnoBHoe 0603HaYeHne

“.

Knaccuveckumn
6udunsap “Kynepa”

il

|
I

OBwiuman catywea

Pa3oMKHyTbIN 6Gudunap
“Karywku Muwuna”

UunuHgp. katyuwka OuhUNAPHbLIX KaTywek

LiMnuAapryeckan KaTywka -
[ >

BucdunapHas karywka Kynepa, Tecnbl, MuwimnHa

g@lsesel

[MepeMeHHbIN “3neKTpuYecKkni Tok” B
Tene GuunsapHOW KaTylKn He cosdaem
“ar1eKmpomMacHUMHO20 U3Ny4eHUst’, He
803HUKaOmM Mm.H. “Mac2HuUmHbIe nosroca’,
XapaKkTepHble AN 06bIYHOW KaTyLUKN -
MEXAY COCEAHMMU NPOBOAHMKAMUN BO3HU-
KaloT pasHoHanpaBneHHble NoToku achup-
HOW CpeAbl, CUHXPOHHO U3MEHSLMecs
BMECTE C HanpaerneHnuem 1 amnnuTyaomn
“aneKkTpuyeckoro Toka”.

MopoxxgaroTcs pasHopasMepHble BUXpe-
Bble TopouAanbHo-KornbLenble obpasoBa-
HUsA acbupa, obnagawowme yHUKaabLHoOU
ceepxnpoHuUKarouwlel crnocobHoCmMbHo.

CneKkTpanbHas xapakTepucTtuka He ume-
eT APKO Bblpa)K€HHOW pe30HaHCHOW Yac-
TOThI, @ PacTAHyTa Mo BCEMy CreKTpy.

HNHdykmueHocmb 6ugunsapa L=0.

lNpuemHas buunsapHasa kKamyuwka ude-
arnbHo ekidenssem KosiebaHus dasie-
HUs1 euxpeesol 3a¢hupHoOU cpedkbl.

PncebttdbunapHasa kKaTyLuwka
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“Bunka AspameHKo” — nepBbiii KOMNOHEHT fileTeKTopoB naMeputenen  Lel=S0Erg
“I'padueHmoe nepemeHHozo faeneHus 3¢pupa” cepuu “Ur34-2xx”

‘BchupHbIN dnekTpo-MarHeTnsMm. Yactb 1. hitp:.//www.course-as.ru/AEM_GE/AEM_El-p1.pdf ctp. 7-11.
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BAWT6 In+|
a PacnpegeneHne BHYTpPEHHUX
AaBrneHnn achbupHOW cpefbl B guogax rnpu
" NpPsSAMOM 1 06paTHOM BKIMIOYEHUAX.
_I_ 1/10 nF
. £® ”
< I Bugunsap u “Bunka AepaMeHKo” &
CRbEARD —a M3Ivrepum.fenﬂx paduerHmoe 3¢ghupHoz0
Kynepa In- HaeneHus” cepuu "UIr34-2xx".
Pucf 1I8Bunka ABpamMeHKO" Kak anemMeHT pas3pgeneHunma dGpoH

PACTy s /meHNss Ha OoOTpuUuLaAaTMEIaHGHHABE BB KA PBA, NTAN0OXNT ENb
9NeKTpPOA HAKONUTE NH#0 0@ 310G e MEpME pEal g

Usmepumens epadueHmoe daeneHus 3ghupHol cpedsl “Ur34-22p” m
-“3MepeHue okpyxarlLien cpeabl B He BO30YKAEHHOM COCTOSAHUN.
O0Ho u3 dokazamesnbcme “He 3nekmpomazHUmMHbLIX uamepeHuu” !l

Co3daHue npubopa pecucmpayuu apupHoli cpedbl hitp://www.course-as.ru/AEM_GE/AEM_MGEP-RT(Pres).pdf

1000

00

— 1| NageHue amMnnuTyakl Wyma ot SHz

go vactotel 1kHz = 3 nopsidkal
4 0 CTTTT T LCT '

10 1
FREQUENCY (M2)

CURRENT NOISE (fANFEZ)

Figure 11. Current Noise Spectral Density vs. Frequency

AMnnuTyaa wyma
He NpeBblWwaer

3-x mkV

Magenue aMnNNUTyabl KonedaHun
achupHOM cpeabl oT 5Hz fo YacToThl
5kHz scero 8 1.2 pa3za!!

TIME (1 SEC/DIV) ’

XapakmepHbill “3nekmpoHHbIl LUym” u
“LLym okpyxarowell aghupHol cpedsbl”

RTI NOISE (2.0,V/DIV)

— — 1 S—— - | —— Vpp = 60mV
>3+ Vaver = 100mV

N 1/f = 200mS/div
' f=SHz/div

Vpp = 50mV
aver = 100mV

Vpp = aMANUTYAa KonebaHun
acpupHOM cpefbl

Vaver = CpejHe UHTerpankbHas
cocTaBnarwas konebaHun
acpupHON cpeabl

1/f = BenUYUHaA ANUTENBHOC-
™!, NpuxoasLyeecs Ha 1-y
KNeTKy

f = yacrora, npuxoasuen
-CA Ha 1-y KneTky

[ns Budyanusauuum ne-
pEeMeHHOI cocTaBnsio-
wei konebanus pasne-
HUS achUpHON cpeabl
npumMeHeH ocuunnorpad
C aBTOHOMHbIM aKKyMynisi-

TOPHbIM NUTaHueMm, obec-
ne4ynBaloL i NOMHyIo
ranbBaHUYECKYI0 pa3BsA3-
Ky OT BHELUHEro Bo3aelic-
TBUS - 3aLuuTa OT
A gekma OJHo-
npoeodHou JIuHuU.

Puci TldbBepeHMe xaoTuMmyecKknUWxXx KonebGaHUW pJaBneHumsa 3dpup

oT

9NEeKTPOHHBIX LWYyMOB

M HeEe 3aTyX aHOSTC KCOMLIKWPE 0 @ i 1 e M
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I1l. KaButanmonnslie Ilpoueccol u 3¢pupoamHaMuyecKue M3MepeHus
1n.1. QWq’tstSHo[dzOd3unﬁ]§qJ dLiBjtej dzdw ted COadlsOydr«

Pnca 15aButauyumoHHasa BOAA
i WET ¢ TOYKaMMU MU3IMEepeHwUns .

Pnucbh 150cuyumnnorpamma
OQchupHOIW cpefab CNOoOKOIA

oo 5 N |

Yep:0.06¥
Fre:0.000kHz
Dut :00.0%
Cyc:8 000ms

&P 200

ABTOPOM McCcCnepgpoBaHb BCenNnpoOHWUK aAwUWMe 3 DPUPHDBE U3J

Ke | WETha)-pamepéHMe 3HaydvyeHMn TpapumeHTOB IddPuUpHOT
naImMepmnrtTenemw ApRUMbdBEBHMNYECEBKPAIPAIBBIXKTBYKAX YyCTpoO
pa6boTawwemM MU HepaboTawwem COCTOAHMUWU, a TakKkxe B

paccTOSaHWM MeoTipeceB 30T paboTawWmMx 3/1eMEeHFOB YyCTadH
http://www.course-as.ru/AEM_GE/AEM_GED.html#MGEP-CAV .

M3mMepeHNsa rpraaiveHmipPs Or o gaBNeHUWS NPOM3IBOAUNUCSH
KOTOp®ble nNpouM3IBOANUNNCD naImMepumrtenemw B Yy Kas3aHH bl
NMOBEPXHOCTMNU Ha @PTACTOBRAPMHMHO ATHMM BHM3IY NoKasaH 23
“UTIA-2rp”, p u:c- http:Awsvw.course-as.ru/AEM_GE/AEM_GED.html#Measure

P|/| 13cbmpo,u,|/|HaMV|q§puﬁenxmepnepﬂmeHHo“rM)F@[tlplppHor0 JiF:

Mpwu pab6orTe BOKPYT ycTaHOBKMN BO3HUKAaeT HaBefge
npeBblwatwwxe A&T H2A 3 oHOBOE cCcOCTOSHMUE SPUPHOMN

NMOBbLIWEHWI TMNpeBbWeHMWMA AHaAT e PPHOM, BPPMeEHMN pa6orT
OTMETUTb 4YTO U3IMEpPeHWNREe HAblpamUaBPppPp®A padopbinyc
ycTaH@®B/XK2eCYy T K CTaBnsanws e-n nlyle+50my Mo B 0 pdaa H T0O0 M H bl X
S PUEB UX BHY TPU peEALMATOPO

P n c a/b/c1Grim L. J. Physique, V.40, 285, 1979.,
KM co CGOnwmeHtooM KW erT o
OQdbupognHamMmuyeckKkasa M

KaBuMtTaumMmoOHHBIA nNnpo
B BOAHOW cpeipe,j uc
cTasBnemOupm pogmMHaMK i
€CTMHOXEeCTBEHHSbNR n
3apoXAeHNsa MWUKPOCHE
Toponmpgp&KaBHOQEBbLX BUXPEBLX
(pud) d5MHTEeHCUBHbBM BbbOpoOoCcOM 4Yepe3d ULUeHTKHIBEANbHBW KadHEe



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

3aKpPYYEeHHBA S3MUPHBNA W-OBROTABOUORMDT A X{pPAm.p olnM)H,a MO & /M¢
rpomMagHOMN OSHepreTmMKOMm KOTOPbLIW NpPWUW CTONKHOBEHWUMN C
KaBepdsl§d. BbgaBUNO M3 MepeHMUe M3InydeHund oT pagmnaTtopo
npoBefeHNA MU3IMEepeHUNn U1 BHoeucakkoufebek 0o ogHH EldomypeBuHedHenH TP@ 8 a
obycnoB/iesBOdH@RTyWKBAHALEN 3 PUPHOW cCcpeqobl.

Heb6onbwne KonebaHMA OKpyxXawweh S3PUpPHON cpepbl nNnoaampe
npoueccb BHYTpPM! ycTaHOBKM B cuny BCenpoHUK awwelm

yAhaneHHBX OT MUCNbLTYEMOTNo Ha 3HauyYnTeNmwW HO@C PARM T OWA HH
QhnpognmHaMmyecknim NpMBoOaANBOPABOHEETEABRBEAYUWAMHGBT @ U
TOpouoKOIBHWEBOT 0O-AXK@eTCEMVHOMBOLAHBM BUXPEM KaBWUTaLuWoH
cnepcrTBMue, a nNpPpUUYNFAD ECOHKHIWGBGESWMIELA BOLHbIX NOoOTOKOB
KaBMTaULMWOHHBLIX NpoyeccoB B 9PUPHON MU BOASAHOW cpepge.

MpM S9TOM BO3ZHMUKAKWT MexXxaHMWYeCcKUEe 3BYKOBbLEe ygapHbe B
oyuepepngsb, S3(pupHbBIE BUXpPMU, Keaapbe [0XWMaXKMowa,1 b g adk piy
MUHUMANNbHOM oObObemMesAXxeTBbBpO@QOPaGmEBHaAN CBOEr o fABUXE.

M2 Wdedgdrntejots?2 dii - Odzdils @ o wf s s dff Hs @atizts Bzts & tc O dzf o2

Ha cemMunHapRakKeovmevowEa@a nogHon TpaKEMWyoayukRw. 98eR0R4r .

Robert William Greenyer (Po 6 ep T )l mipHepgzedocTaBMU /N1 CCbLIJIKY Ha ero wuccin.
nocne pas3pyuweHUs s CTOPOHHEW KaBUTALUWMWOHHOW Yy car/amHYoOVBsSK U
ToOpoupganbHBX CTPYKTYPpP, o6pa3oBaHHDLX npw 3axBarTte

nNy3bmMBKKE&pManbHORW CcpeAabl, B JAaHHOM cnyCdae CTEeHKWNU Tpy
Celnkn Ha GunbMB,l pyHzseaHdEzAeCUHREE Az SO W ic dzts iy Is !

- https:/lyoutube.com/live/RnQXSASCRPU?feature=share , O-Day - Flux capacitor, 2024-03-17;

- https:/lyoutube.com/live/LAL1t9pSO-o0?feature=share , O-Day - The "Great Work", 2024-03-21;

- https:/lyoutube.com/live/aToDXB7a7UE?feature=share , O-Day - ° , -02-25;2 4

UT O HABNdesBseavYRBEBBMMMMaAaTepMmanom no Teme XAC (XonopgHoO
HeCKONb/KMWOYMH HIoGeF H f € aBToOpa).

Ir Odzj 4 BEHEIL fto] HIMBO&dzglztlzy [stizg MY szl € 2! dBseo , H Pbprrdelid d&zO
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lortex vortex gairon DHX2 sample i |V 0100725
Puc . PBrpnuHbe Npen@PODaBEANSGHbLE CTPYKTYPb HAal OMO/ B ETHHALIEL d W B a1
SMPUPHBIM BUXPEM “KaBUTALUMOEMONR oM @YyBWOHBE MO WIEMEBRA@KTPOHHOI

JoOKyMeHTanbHO O6blA1 NoAgTBepXAeH nNpouecB APRHEBMY TIPIOW
npuBOAAWNX K KaBurtauuu, BKAwyYyasa 6monoruvmyeckmue, np
MUTOXOHAOPMUSAX, B TpaHcCcMyTauumum Kucnopopga BOAb B YT J
HenpaBWwHPROENHTE3 O3TECUHKO, BBIIONERNENHTE3, AUTPMaPOMQY
(O)sy r ne(@)da

DT Or o0 MakTaekpwp@asyzaB aTano A9 N0 o @ HWPDHENTHERBIMPHHECTKM I
pa3bopknu wn CcOBOPKKM aToOMOB MaTepuu n0pap avpROUBHEIESHBION
obpasoBaHua-dxeT odmnn HKOaMK JOKa3 aTeNbHOW 6as3bl-kapPBB @B 6 F
opraHumsayunmum 9 @UpPHOTNTro ABUXEeHWMWHA C pacnpepgjeneHmMam 3 du,


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

Ut o ™Mb Bugum( cirap pamech. dip8ar MeHT MNOBEepPXHOCTW MefHOM
3 (b pHBWR BUXPb “KaBWTaLUWOHHOT O nys3bpbka’ cBOEl 6 0
pacnonoxeHa nofAhg Yrnanom K MNOBEepPXHOCTMU, a BCcachbBatla
CTEeHKMN.

BkpyroBopoT BpaweHumsas BOB/eYeH MaTepuman MeaAHOW CTEHE
hbpar MeEHTMNPOB dlalyWameMmen o nAa o C TabMmod BEAMPOO/MHASAK L, O C T aJib HaA
poro ObAacpameIé® THeHAaAa BOAOW.

Energy [keV]

tration [%)

: C O Mg Al SI X Fe Cu
d Inner pipe 132 37.83 39.06 1.94 3.56 10.370.29 3.80 3.15
d Inner pipe 133 31.51 6.51 6138

Punc. 1 90.x eToGpriowiHg, K /OBTH AU EB@YiK T Y p bl KaBUTaAaUMNOHHOMPB I pPwHEEbL K a'
3a cuer He NOoONMTHOT O 3anonNnHeHUA Topowupga B BbiIXOAHOMW
KOTOpHble npwu BblX0opMde B BOAHYW cpepypimepowmmitc S BhiDO @@
npoweagwNnin L eHTp,awBpHWO0 MNopowl apcar3bpy Wl H MU Yy CTaHOBKM OTOQ(
MaTepwuan.

3aT0 Ha O6pmycadyBdD, 3apeCmigdnemp OoBRRHMMO PBIN A PYT ON COCTat
NneMeHTOB6/(@OMYIM YHBIA OT ,C TYTHK/M Hrq)|<yr60>|Ha T o/proentn am oOUHIbb I

pa3memPpeBbLIWaEeT pa3Mep TOPOMUF =

Hapo nNnoHMuMaTb 4YTO aBTOpP H H C
FT'PUMHbE B NnaHe ero o6bACHELF 1y Tal
CUNbHOW CBA3IUN OMETAUPHANDL HDN

CXO0OXMne noagxoabl WU T NaBHbEe B Bnsae
NPUMUYMHON NOABNEHUSA NUHENKMN aBUT
KOTOpPbX paHee B MCXOAHOM Ma

Heb6onbwoe pas3HOYTEeHUE pes3yrs C B4

cC Tewm, qmemmulepwakno,qxop,mnm
NOHUMAHMUWIO NpoLEeCcCCOBBTITPEAHC MY
‘“TpapnedBhupagnhav@@ KPMHBE CcoO
CakpanbHoONn !TeomeTpumn

Puca 19TopoupganbHbhi peakTop Ha CakppdpwmhHoie.

BoT WMWHTepnpeTauusas TopoumpganbHONW KOHCTPYKULUWUM KaBUTa

PBIfpuHbe ¢ no3unmuyumih CakpanbHOlW [eomeTpwuwmn, OCHOBAHHDO
ycTonuyvVBoOTTHEWOMETpPMYEeCKNX oBd®pewmtowoB M BOVMUpBpED Mmae (C
O6GHapy X&HHOHB g OoOMeDBEDBINANOB, KOTOp®ble He MOT nwu Haxopg

KaBUTaAaUMOHHON YyCTaHOBKApPpNHWbeEOOH@PYKE@BPEBEBR PblXO0JgHblX
obpas3oBaHUWN, NOMBEGMPOLABT KNX PABI MY T aLyuum.



Manbie Topougb!

Pmnec. 20. Boib6poc yrnepopagHoim Mac-l(:a>|BVfﬁapmlpmrbu-MbH\BM'RmaemcmwyT

CnpaBa ewe OAMWH KaBUTaAaLWOHHBLIA TOpPpOMA, 3acTblBLWKNI
3HauYuTeNbHbBM Bb@E&ppopcomMKYyr BepmAaas( BOpoOHKa Topoupga np
BOAOHOW cpepe (ocb ToOpoOMAga WUMe€eTHaAaHRAGQEODPH Ka/TIVOBEE XK
noagTBepxXpaeTcsa nNpuBefeHHONW Tabnumuem XMMUYECKUX 3INerl

/{Manuﬁ ropoug}

x Fe Cu
] - 1] P ] ‘ \Jl | i |
3 4 S 6 7 8
Energy [keV]

C O Mg Al Si K Fe Cu
3psed inner pipe 132 37.83 39.06 1.94 3.56 10.370.29 3.80 3.15

sed Inner pipe 133 31.81 6.81 61.38
134.82 22.93 1.94 3.56 10.37 0.29 3.80 32.27
RS , g —————— | wz;.a_oio.oo‘o.og mfo.oo:mu.u
A s == —_— | 3.0116.120.000.00 0.000.000.0029.12
| Sp0097 2024/03/15 01:17H D88 x40k 20um

Punc. 21. BoiG6poCc yrnepopfga KaBUTAaULWOHHbBLM TOPOMWAOM U K

Manbele ToOpoOMWAHbLI, pPNcoOp 2RemHEpaMcHa 21 MMewWT MeHbWMe pa
SHepreTunuky 3@GuUupHOro BUXpPEeBOro Topowupga, cyuwecTBEeHH
TopoumpganbHOINO BUXDPSA, UTO BUAUMGO eec NaBdea TERNIBMAEITb HIC
KonbuyueBoro KaBMUTaULUMOHHOT O Ny W@BIPTHE&KIAB bIKE XUMWIHET KB XS €
cCTaHOBUTCSA HE€B® A ONMXHKbMMaNbMN Topoumpgamu HoBOOGpPaso
npeacrTahmaMEX

Cold water 21 bar Inner pipe buckling Inner pipe Normal pipe
21010 cycles/min buckling

Double-pipe heat exchanger (DHX)

= —
» fter cooler
Heat loss Control valve Heatloss Q ,,
Water Q. Hot'steam =
boiler & et heat output from water ., B _&ﬂ

dissipation

i Energy Input W,
m “ '(‘J.. COP, = JunectQuy. Shining black surface
X
10kW Wi=Qe - Qu \\
Pump 30 W =
Cxema Asy)rrpyﬁuoro 6 HWKa, Harp '0 NapoBbLIM KOT/IOM MoBepxHoCTL copepxwT: 16~17% C (pocT 8 3-4 paa),
COP1,0-255 19~22% O (pocT 8 10 pa3) 0,17~0,53% Fe (pocT81,4 - 4,4 pa3)

Puc2. 20wk ®@ybHabuPe AaK-COEB a . JedopmvaypaaBROIMP@SBAHE N 1



Ha pwuc. 22 /M3 0BPp XxRBUMT @M N MERKX, 0 P ® B a 6 0BiraJuiredtyang-o0 m
NoJABerposllepas pwmBeGWOPObLIAMN NOoOANy4yYeHb ob6pa3uyub CTEHOK B

KoTopble 6blAM mMmccnepgosBaHb P. Ff'PMHbBE Ha nNpepgmeT HanIun!
3. SWdtetsn ddzOdiRdui MSd2 dkin O dzdois @ o uf tis @dzf dglddez® § d df to
OnuncaHwne pe3ynbTaTtosB, npueBegeHHOE Bblwe, C noswuuwu
npoaoONXeHUeEeM 7 pasButTmnem “OdunpopgmnHamMnMKn’ AL 0K 0B (

TpaHcMyTaumMm sSsgep XUMUYECKUX 3/1eMeHTOB B BOAHOW cCp

Ana co3pgaHMs npoyecca TpaHCMyTauuWM BXOAHBIX KOMMNO:@
3HaYNMTenNbHO o0cCcnNnabuTb CXUMMalwuee BHeWHee AfAaBNeHUe :
yAepXxuBaeT aToOMb OT pacnagpga.

1J o OV s diehpP@izin 3z Is @ 1 dhdf dzlsgmiam mo cywecTBY eT aHE@KHOT P
AaBNneHWSs, HMXEe KOTOPOro aToOMb nNonapgakwT B HEYCTONYMN
dhbpar melbsbl COMABEOAO X O AMMbIE YyCNOBMUA ANSA €ro BO3HWUKHOBE
MHOT UMK aTBETOOPPEATMMY € C KON 3 PUupoagMHAaMUKN NPUHMUMaAaeTCs v
cywecTtByerT, a ecThb B 3EAWXMOEIEEHIXCOr KBAMBE B AM/PEHbBHKN X B 3
nNoAgYUMHSAKOWMXCA 3akKoHaM ANnsa Henpezso B iEEas dadsp dnf a6 5 &8 OdoA ¢

B KaBMUTauWOHHBbIX ycTaHOBKax, He3aBUWCUMO oT BupAga

npoueccoB KaBurtauummn, TaKMUMMU Kak:

- L. A. Crum (" SURFACE OSCILLATI ONS AND JET DEVELOPMEI
University 1979, ¢ mp w. £6-17);

- Ba-ffalik M. (“Anbb6boOoM TeyeHUNn xumpgkKkocTum u rasza”", IMNepeBogf

- C. E. Brennen (“CAVITATI ON AND BUBBLE DYNAMICS”, Oxf

- MNMepuwwnH C. M. (“KaButauuns no-BhdwuanesTOMEe P B B WEH UBEO A@p TWo / 1P
MHTtnTyT PAH wnwm. Mpoxoposa);

7] Be3 e npompeoxpEEIaEaHO®e B a d opraHmsaumnas4 “KaBurtauumoH

3aBMUHUYEHHON CTPYKTYpPpb B BOAAHON cpepge.

Bnpumasas B CcCBeTOBOM AMana3ldoHe TopoujganbHassepBpgpHAHAaR
CTPYKTYypPpOWh @aBnsAsercsas 93CPUPHBIA BUXPb TaKOW Xe KOHOMNT
obnapaa MHOrokpaTtTHO ©6o0onbweid SHepreTuMKOMm ©MU BCenpowH

HabnwgeHWm.
Cdzj e jIsdC O €09 dlsOyd = dddgdascty ISfAALO 6! € O 4
IWdtedese s oadrteWw, JeEBB MBLHO8h jGEB!

Hanpumep -ToorpoH a3adoM pHbLIW BUXPb APYTFTOro-MACXITHEHAH 1BE BKOG
yepes3 MaTepuasnbHbLRK 0 6XLMENKITY EMCEKHNSIEE TC BEOTiioC TBVA3, M KBO C U 1Yy O
CUNbHOT OEBHYMIEHB QM PHOT O JaBNeHUWSs B LeHTpPe S@UPHOTO
ABUXEHNE 3QPUpPHOW cpepbl, C 3axBaue dseploneTeam’™e.1aMn MaTe |

Il sstc OV @)l Ftih@dzin i3z Is-@updfed -B IG POC pas3orHaHHOO @p & ITBEPHWK
M3 BbLXOAHOW BOPOHKMW TOP oMpooan CX OFBIQT O KNCEIP eX D ep rBe TOVOKIoAIC T
S (M pPHBM [ alg/Ve HIUTEOM, NpPpoOMCXOAUT CcTanlKmuBaHuWme ero c OK
MNPOMUCXOANT Yy [ OB HIN®EC IC KRI B0 YPBBBIXO 06 pa3HbBIX aTOMOB.
Takmum o6pas3oM nonyu yeanesa NCmmmeadIlpa HOPYgRAA) aTOMOB

9T0 BMUAMTCS C UHXEHEePHON TOUYKM 3peHnwa U no3unmuumim “I
MpheagcTaBneHa HEeNPPYKHEBAPEDUBMPHOKROHBMXPSA, KakK AOABUXY
MaTepuanbHON cpemqbl, P OXA a oUKEOAICbALL €8 bl X, € B TIM@H biIX O T @IP H &

“HoBOpoXfFfaeHuHHIKkie TaMM B OKpPYyXawllee-MaApeEepnpabeDRAOCP &dA P
MoaoTBepXipeweac 0B T paaBHICAMBYTTCaAL UPMO XK 4 € HMW e HOBbLIX 3Bes3]
OxeTax FranakTunk, OT K pPBbIT bl X eue akajgemMunukom AH CCCF
pagunoranakTtukum M8T7, BbLIABUHY /N pPeBONWUWMOHHYII unUAewn Ue|
l fwisdHjfMmwisr 7 cetHOR ftoh dzcets Mistsdzj Isdw 1. ¢. ¢ d3B C
dzi sfteso jtey dd3ts HESC OL Odzts dz2Odzd ydJd Mmtse jteh j dzdztd f tetsisd o
ftsofmj d3 Mlsdzsec s Bt OL 5o Odad W LOJLH d 60dzOSIsdS (i
COlOMmls te ts WodL el frpSQ@JJ Is fyw d ttOMmMf OHOJ Isyw . /

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


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

Mo pJokKkas3aTenbHOW 6asze aBToOopa M TIPOTOHBL poXpgatwTcCA
KonbueswmMMI®MEPeEeM (3dPupogMmHaMmMyecKkmMmM NpPpuUBOLJOM nNnaHH
Fr'MrTraHTCKWU MNOHWUXEHHBM 3 @MUPHBM pfaB/leHUEM, KOTOpble BeE
CnundlkieTamMm coOoOOTBeTCTBYRWOWNX 3PUPHBIX BuUuxpenn (nurtepa

MoxoxXxme mnNnpouyecchb TpaHcMyTauyuumum npoumcxopgatr B o6Guonor
“®d®oToOoOCUHMHTE3E”, Komamuie TiIea [depmamapescpeaveaT oMaOkncBoRO O
M3 MOMEeKYynb BOMGbI, BC) 9 o, My T & MoawpaaH yademogvpag g(R a ¢ aHHOe B 93
no BblpalWwWMWBaHWI pacTeHWNIm B MHEePTHBbX rasax nopgasBas
o6a3aTenbHO TpebyeTcHa MUHGPppaKpacHOe O06NyYeHUNEB®AE PeEeLS

-“NccnepoBaemHara mparcre HmMamMmum yr nekwuchortHl wul3a nekosHg y xAa . Bl al
UTO NONHOCTbLI onNnpoBepraeT odPuyumnmanbHyYytwW Teopuikw @GoTOoOC.I

AHanor MmyHboe npouecchb NpouMcXoOgAT WU B-H@UMEMAMIEPY & PKAHX I
Kanunas (Kgobxoagumblit gna npepcCra,B A ec@¥o murwelid Kmmss Lo o
aunuy, HO OTcCcyTcCcTBYtWNIN B pauunmoHe KEKpmelH vosr,0r KO T4 T H ia
6GMONOrMYEeCKON TpaHCMyTauumm po-bva ENIOTR MK KO MIOBEG@MO O

rne npomcxoagunmT S3TOT nNpoyecc [JOCTOBEPHO MNoOKa He O
ABOWHOW cnohh MemMbpaH KOTOpbX nNnpepgcrtaBasgeT cobon np

onuncarThb K aKk N UBMe TPRAHT MWMEXLAHN npoumcxopgnrt, n K aK
TopoumpganbHbLN TpaHcmyTaTtTop Kanua B Kanbuwuni, opyroro
B W AHO

lpPagpgneHTHaa JSOdupofgumHamMmkKka npepcrTaBnsageT UHTEr pupos:
BWAOB OBUXeHNA -DTHhupHWwiKEoBpaEE O MY obpasoBaHMNIO, npo
MacwTa@ax HaHoMuUupa 4O B c elmeedTHOOMI,, KCOOT O Bidi @ DHME  YC U VDTP O

mccnepoBaTensMm Kak HeoTbemMnemas 4YacTb Takoro 3dupl
MHOXecTBa NpouLeccoB MaTepuanbHOro Mumpa B 3CDPUPHOW cC |

ABTOpPpPHKMEHEeH MHXEeHEPHBbLI noaxop K C-0"3PoeavhHiexoen i€ B'eg@.X C
pPpeKoOHCTPYKULUMA MU coO3paHMe Mopgenunm ob6BbbeKTOB NO pe3ynb
dupwacTr epmnanbHOW cpepomn, MaTeMaTunyecKuUuin annapatT pn[ns

3akarouenue mo moaeiau DBTKT
D¢ pHGDLIN BuxpeBolii MekKkaamHmBavy n 0 H B @ B 1 A alnjbaHgo T MAYBTIASLEUT

o6bob6bweHnmemM npepncT aBKicerHbmyde B"0Tr cop omGapaan3boHBoa H #lsk e T & &b it [ ai
YyHUBepcamiaboin | odyJddw (rdqrded) G W dteasH didz®izapg s dAp

poxXaeHwue MpoToHaA B Fr'PaBuMTaAaUuUMOHHOM 3 PUPHOM nor
nemeHTOB -OKeTaXn MTH@EXO W A4 a N1 b H blX 3 oM pHBDBX B U XIPEIB bl X
KaBUT &ammnm, n npusBepsopKa et MunxerTax FranakTtunk, Yy BWUAE
akagpemMmunkom AH CCCP AmMOGapuymMsHOM B. A. , " noparte

HabnwgeHMamMmn.

OCHOBHBbBE BbIBOJ,LI:

1. BnepBble nNpoBegeHO conocTaBAeHMUea 3w p GLnpumeHTaomm 4 € C
cpesynbtTaTtTamMm obcTpena 3nNeKTpoHaMMW NPOTOHOB Ha
nonHoe coOornacoBaHMe MoOogenm N 3IKCNepuUMEeHTa.

2. BnepBble nokKkas3aHO pacnpepgenneHune pJgaBneHusa 3Ddpupa

cedyeHUun, fapgakTe©pPOE® 2(PUPOAMHAMUYEEROOBOQEBDDPOL
TeyeHuns C APKO BEN@ADKEM,H bIMH e CaIBIHOMLULN e oT dbp a
SPUpPHBLIX nNn-paydlpoamwHa A0 FTanakTuKk.

3. BnepBble NMOAYy4YMNoCH onuncaTb ( TNppaoHiceMYCT a Uenc)n H TaeTs
K aKkK 3TO BUAWNTC S C MHXEeHEepHOI TOUYKM 3peHmM

ltej HMIsOo dzj d20 dzj fteslsdo stej ydo OwW CtsdmlstezC ydw
mMddzr ML dHOddY dBdtese 2 dOIsj tod Odz'teddE? Mtcj HT
fivstets d H Sdzdzdzty j o ¥ A i Slsftdchils aF d dz9 dydj Is Gdzd
fidetso tstetsy H j dadz” = BOI jtedOdzt dz" = BBI j CIlsBBo
ftoesMistcOdzMmiso s dBBOI j ted Odz! dgts?2 Mt j HT



IV. H3MmepeHue HexJIEeKTPOMATHUTHBIX M3JIy4eHHiT” B030yK/AeHHOH 3UPHON cpeabl
“Ipuponmnamuyeckumu U3mepurensivu Apmaposa”.

IV1 RLBitejdedj ff jte] o3 de@eb Bz GdfPE@jidltso scts (WO

Heob6bxoagmmocTb co3fgaHug uundopposor o M3IMepuTenbHOTO

BpemMeHMu, ansa Takoll B-CKEaIKDOIH M R @ WHIe Ty O PR P H@ A WN P O Y ¢
AMnanas3oHOM SHepr uim n dbpakTanbHBLBM XapakTepom p a:
Heob6XxXoagMMOCTGBLb IO, 6es KOTOpOW panbHelwee M3yyeHUe
dns3ImMyeckoro Mmpa, CTaAaHOBUMNOCb HEBO3MOXHDbBIM.

Bas3aiB 4acTblo ans npnoéopa, KOTOPpBbIW MOT 6 bl ocyue
9NeKTpoaAMHAMMYEeCKUX ycTponhmcTBaA, N\ eNH@ LM FOTOH e T HOOGb AT e a
3 PPpeKkTbl:

"l ddz€ O o Omp Ezist aBnAaowas co60W 4 BEA TAMOBRIKEO O OKE O HI & E
NOAK/MNIYEeHNE KOTOPbLX MNpom3BOAMTCHA B MecTe UX coepqu
NPOTMUBOMNONMOXHBLX KOHLAa BapDpPBKRPpOfKNwYBRIONPAOGERHOM CnN

viBteilsdyd MSd Maj B3O L Odg9 dz2 Is tf dstin dj B dzls D fPsoadfsiats do S cutg k

H s dzy dzO f stctsy HOIs! sts ¢ ) L O3S dzlz Ists 2 Y fitfdss,2 ) I4soH@IZ0 € t3
SHdsf tetso sHdzzy dzd dzed ¥ By dif tc jos sifds@rfcotly | g fs @3 jc tetlef § dzg vzt ts ¢ t
M Mdizsesets Ok stcBOStO v jifmMd , fijttijHO0Oj By 6 Lk

o' NiSH A2 st dipdils df ste dzj d B j 5o @O BHBEMEC & ls © dziE @ tzls 620 Gz

-1 dWddzv tedzOw  COlizhd@Ochs ed § 89) npm nopadvye Ha Hee ne
C YyacTOTOW yYynNbTpPas3BYKOBOT O [wypva 3I0H/MAY, 4 ecHOi/eavg a ermp O
9KpPpaHUWpPOBAHHBIN KOPNYETPoy W GPdHAmMPERWMIODEe KaBY WKY (Twun
nNwbb-MBNeHNEe CBEPXNPOHMUKHOBEHMUSA HepawokkxaextT GOTbATHbA abpoTHHAOCH

BxoaHow petekrop Ur3Q-2+ ( MGEP-2+ ) [uoab! 8knic4eHb! NPOTUBOGDA3IHO.

‘ > |In+
10aF Ha MyJbTHMETP € aKKYMY.ISTOPHBIM NHTAHHEM

‘ 100 R,, = 10Mom, Uycrs. = 1mkV

> [In-]

Budunap - nposog Meab avameTtp 0.5 MM ¢ uaonayuen (KanpoH unu Ap. Tuna) guametp 1.0 MM CNOXUTb nononam,

HaBUTb Ha TOHKYIO NONUMEpHYIO TPYGKY N KOPNYC WIPULA HYKHOTO Anamerpa 20 060poTos Mo Npasoi cnupan.

BxogHon petekrop UMr34-2w ( MGEP-2sh ) Ha auogax LWortku SS310

In+
100F

400V
- Ha myastamerp uan Hadposoii PC ocnnviorpad

-E '_ (Rin = 10Mom) ¢ aKKYMY.IST Op HbIM NHTAHH eM
400V I— ’ ,
1 U=l

Pnes. Cxema JeTeKTOPHOW YacTum IDdpupoagmMmHaMmuyecKkoro

B pa6ddepHbin -BlaewHEBp M3 M. WakcaT. b 3ln.e K,"p ® @ 5 /A TOVOKBLasAHCOH € H U

pa6oTb "Bunke ABpamMeHKO" K aK supoamMHaAaMNYecKoOor o y
NPOBOAOHMUK (wn He TO/bKO) nepeMeHHOEe W3IMEeHeHWNe 3dNn|
ycTtTponcrTBa, B pe3ynbTaTtTe 4YeH OUJHMA [BOMEOHILEWARTK KB & H 10 BIX

nnu BbIXOLHOMWNPIMO K H &B8KHaAWKAET € N B B © M € HW
amMmnanTtTypon Ha Bxopge (TpaHCdoOpM:

CTPYKTYPpPb 3dgupa,

7
paBneHnmem C¢c 6onbwoi



O6bbsAacHeHME paboTbl OGMPUMNAPHON KaTyLWKKU MO XA/ bUKME T b
paccMOTpPEeHUMN I3MPUPHBIX NOTOKOB BOKPYTr -imaBBBRRMUKR 0OO0M
6blTO paccMOTpPeHO aB F63xmw HBbl no ABkACE BIP3@ 3pva 6 oHrac T b 3. Awu
MarHuMTHBLX" nNnpouyueccos.

dhpmpoagmHamMmyeckKkoe onuMcaHmMs AaT4ynmkos M3 MepeHUs ne

basnmpytuweecsa Ha 6a30BbX NpUMHUMNAX "TpagumeHTHON DJDdwu

cBA3acHwWopn napHON KaTywkon RDOFmpepmae, npepcrtTaBnNeHO B

-"'M3MepeHua “ITpajumeHTOB nNnepemMeHHOro dOdGupHoro Jfal
- http://www.course-as.ru/AEM_GE/AEM_MGEP-RT.pdf

Bnnka ABpameHKO, NOoOAKNIWYEeHHAsas TOMbK®OT KWKW,HOMY3 MSN A

3afgHNE QMPOHTBLB nNnepeMeHHOrNro 3@@UMpPHOro pJgaB/ieHMA Ha pas

MYynbTWUMETPOM CUYUTbIBaAaeTCH pa3HOCTHLb noTeHUuManos, cCo

aNneKkTpogax KoHpgeHcaToOpa.

Cno3unuwuni “TpapueHTHOI QdbmpogmHamMmkn’ B KaXnom

6uncpnmnapHoin KaTyuWwKwHu, MNP NPOXOXAEHUNW TNPOAONAbHDBX 3 @MU
pa3HOW mMacwTtabHOCTW WU HanpaBNeHHOCTMWN, B OBBHM&TraEa N1 bBH
BenNMymHa pas3HOCTMU 3hpupHOro pJgaBreHNSH, KoTopasa, NH-

npueBoOaguT K HEKOTOpPOMY MIT HOBEHHOMY 3HaYeHNI WUHTeT
bndpnnapa.

I qzC O ¢ otcOd3) s ¥ & eztzets | BIEEgRE@®@mMytcj Hjdvs hdd Wicsdlsr 1V
ifted oL tcOMlsOdzlf d todzGasdsSdzdizO teOo dzv j kv &z0 tlted yOls
i todf a3 dz' O 1 Gl dzjt dbdjtc dp'sds ®ZO Y 6 O o dzv §f ts dgts 5 fA® Picdzz S 16 16 15 H

Takunum obpa@BemMkonebaHma pJaBneHWa 3 @UPHONW MCcppre 4wle TPKeu
HaBeAeHHbBX QPOHTax, MOKa3saHWAJ HIO3BMPEERMIETHEHAOR C TR Y N 0 P U UI €
LeTeKTOPHY 4YacTb @GMPOHTOB amNUIANAM & H,e HUTIM X ajWPEOpHIT UOBBH, @ 0T
npovMs3BefEeHNWI YyacTOTb Ha amMnauTtTyay.

OcTtTanbHOEe 3aBWCUT OT YaCTOTHBLIX XapakKTepuUCTUK 3NeKT

V2. RL dgiteidgdi f jteji ckidgder & JteOHd jdestse | Opteapddfw Mt

AW dLdyl St cods oOEqrifi @BdctsH d dz2OkRd S d Sted pds ol j B
(no wmopraMtBoamHua poBa E. M. -u 'yéeapeBa E. A.

“Teopusas M NpakKTuMKa M3IMepeHUNHn xapakmnaepmeRRBuUPMSEKMOIIE CK 0

KoOHgepeHUMU no XonopgHoOW TpaHcMyTauum Aagep u WapoBbiM

OQmpoguHamMmyeckne VIMBKBEDTPARB CCRBAMDA3AMBLRKEGA-3 A B YPE b ,0 bl
TeopeTuMyecKuUx NoOAXO0Op[OB:

-C nosunuwn Teopun “TpapuneHTHOIMN cavhu peobaouneH)a M K 1 AB Wa
-C nosunuwn Teopun “ 3Inekimrplo@awmkHm™mun Ky OpmesHar np.yAL,mo

7
7

Ho TyT o06e Teopunm mcxopgsaT wn3 06O0CH 0-BBA HIHEOPB ONVpP ecA/inyoucal
“HoBoro 3dupa-™,noaiepio gMBUPMEM KOTrI o Bakyywma "

PaccMourapwmep LTI ® B WM M B AP M ON W @HbLI [ NaBHbLE CBONCTHB@®NBUCT
(cBepxXnNpoOHMKAEMOCTHb uepes aTOMHBIE 060M0UYKMN anerfr
«cBepxnpocTpaHCcTBa» WU nNnepepgaBaTb ee AApaM), KOTOpb
TpaHcMyTauuu.

(v

ONMWCaHHBNEKTPOANHAMUKON OPUEHTMUPYEMON TOUYKMU CBOMCHT
o6ocHOBaAaHMWSA nNepBOro annapaTHONIo MeTojga W3IMepeHUS
BAaKYYyMHBM uM3MepuTenem ABWwWapoBa.

Takoihn M3MepuUTeEeNnb £ BRIGIEM EC¥H QICETMEO/H CUT3pMAElpMEEHIN 1 X apaKkTep
Q”oKpyxXawuweihn BCenNnpoOHMKawWeh BaKyYyyMHON cpeamjbl, Haxopm.
KaTyYyWKMUW U CUCTeMbl AeTeKTMunpoBBuMHIKM BABIPEA/MEEHHHKBEOX .M O T e H L |

N3 Me pusrekimy MHbIXK TOB6 pas3paboTaHHbBE OALHIWAEB LWL&APBOBALBM OB O
XOpoOWO NpPpoOSABUANMK cebs B psge wunccnepoBaHWW “cTpaHdHH
bnkcumpyemMblXx paHee HUKAKWUMU CcCTaHJapTHbLBMWU 3nekKTpomar i


http://www.course-as.ru/AEM_GE/AEM_MGEP-RT.pdf

Ha ¢Fwned)( okaszaH pgudpdepeHuMnanbHbA M3IMepUTenb Baky
M aBTOHOMHbBM TNUWTEHHHLMAE MB pPEeEARME aBIB3aMepeHn a9 oOL/EREG BN 1
HaxogaAWwnxcsa B 30H€e pacnoioOXeHUSdA NNOCKON [JeTeKTOPHOI

Pncd nihhbepeHumanbHbih M3IMEepPUTENb C TFTanbBaHMYEC

M3meputens c ranbBaHMW4YeEeCKOIMW pa3BsA3KOIW obnapgaerT

noagKnNwyYyeHMNAa K ocumnnorpady ANsa uMccnepgoB aHWOATESX@E p a K -
AunanasoHe yzBmooTHHzZIOHA 6G6Go0Nnee BLCOKMUX YyacToTax oOrp
KOMNOHEHTbL CXeMb feTeKTOPHOW TFTONOBKMW mM3ImMepuTensa, a

OAndpdhepeHummanbHbBA BapumaHT faeT BO3MOKHBRITKYY MHE@GE acipHea
LeTekToOopa BKJ/TIOY €H bl BCTpPEUHO (AvndpepeHyumnanbHO) , n
mccnepyembm 06beKTOM BblUMTarwTCA NoOKas3aHUWUA BTOPOT O |
3HaAaYNTEeNbHO MNOBbLWaAaEMNTMEPWYWBETBMTENbHOCTHDb

OnNMCaHHLIA BblIWE MU3IMeEePUTeRHbN OB3BKOYTYIMEHT bl XN 0“ OMOAWIEEKHTBOKBO M K ¢

pa3MeLlWweHHOI Ha npeagmMeTHOM CTekKkne Ha NNOCKOI 61 dpn
Bo3pgehcTBME nNnpenaparta, NpuUHEa T OT CHAC NbIT Y B MEP O B XM T O §
3 HayYeHMU KonebaHWAa cOa3KABMIEMODTIOp &ALl 1eli KPOBMWU.

IV3, RL Bitciided i dzj CIstots RO d diaflaideptelz{ts 0 ¢ OL SteOL toW H dets?2 &

M3 mepeHunda npoMlob@hhnuvmecae yctTaHoBKe . b. CaBaTtumi
- http://lwww.course-as.ru/AEM_GE/AEM_GED.htmI#MGEP-2 ©
- http://lwww.course-as.ru/AEM_GE/AEM_MGEP-RT.pdf
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Pernctpunpyemble B 3KcCNnepumeHTe ocuumnnorpacdcdo-8) BAnmy
HanpaxXxeH#WDKY =valcltToTa kHpagempeadampinpyemor o Toka oT 50

M3amMepuTenHipasb oPpDOBT PERG@ET NPT MGINKA TMBUTY YHeHUNPM'c25N 0K a3 aH

[etexktopom nameputenen cepum UF34-2xx

apnsetca “BugunapHas kamywka Kynepa"
C nogknoyeHHon “Busikol AepaMeHKo'.

Wameputens UF3A-2+ Ha undposom mynstumeTtpe XDM-1041
(dovpma OWON) ¢ BCTPOEHHbBIM aKKyMyNATOPHbIM NUTaHUEM.

-

iyttt

& s ) @

Wameputens UF3-2rp ¢ ranbBaHu4eckoi pa3easkon ( Rinp, BxogHoe = 50 Mom) cnipasa v napannenbHbiM BbIBOAOM
Ha uudposoi ocumnnorpad dupmel FNIRSI-138 Pro (cneea) — o6a Ha akkyMynsaTOpHOM aBTOHOMHOM MUTAHWUK.

Punes.MpnmMeHeHHBIeE Ha T a3opap@APHONNYETKAHO BKEMOPUT € J
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Xapakmepucmuku oKpyxaroujel cpedbl Ha usmepumene UI3[-2zp c 2anbeaHuYecKol pa3esi3Kou.

- —

200 pS
(MUKpocekyHA)

200 mS
(MunnucekyHa)

MokasaHue konebaHui okpyxatoLen agupHoun cpeapl («ghmykmyayuu eakyyma») Ha BbIXoae UaMepurens
UIr3a-2rp (c ranbBaHWYECKOWN pa3BA3KoW), HaxoasALerocsi B HEBO306Y)XKAEHHOM COCTOSHUN:
a. ®oto cnesa. Ocumnnorpamma npu UeHe AeneHns BpemeHHou wkanbsl 200 mS (MunnucekyHa),
b. ®oTo cnpasa. Ocuunnorpamma npu LeHe aeneHnst BpeMeHHon wkanbl 200 uS (MukpocekyHa),
Kak BugHO cbopma curHanoB (benbii Wwym) 1 amnauTygbl He UMET NPUHLMNMANbHBIX OTNNYMIA Ha 3-X nopsiakax!
Puneb.MpmnHyumnmanbHble XapaKTepucTuUuKNW OKpyxXawwein 3dDUMpHON

YCTaHOBKA TNeWUKEOTOO p@ai3 pciofi3af, a M@ ma b AR @dmepdaula a- HMS3

nepaTtypHas nnasma, BK/AwWYana:

—paspAafgHyw Ka@epmco KWOMOYM OM M3 KO a BCYREIS HIbIXH BHEYG
LeBOro cTekna, OXnaxpaevMBuWi3iIBegapkaBdmarUeBTATH N XAB
-cMmcTemMy BaKyyMumpoBaHMSA, cucTemMy nogayum rasa, wumny

[flocne BakyymMumupoBaHuAa pas3pagHaa KamMepa, 3aodwppacet
PaspHmDepepge ocywecTtTB/IsgNCcAa B UMNYyNbCHOM pexume 6e3
M3 mMepeHHNAa, NMpoBepjgeHHb e~1H aMHiza c(TuoeTHaax pfoetn eOH.ula Hszp egvoe H H
MS), nokas3bBawWT 4Y4TO BO BCEM YK as3 aHHaH op BoMuoaiaa 3000HHea  uva
KapTmHa Koneb6aHUW curHana Kak B Aumana3oOHe 3 Hauumbl
KOTOPpBbIWK K KOHLUY Ananas3oHa BCero nunuwb Crnaxumnseaer
KOMNOHEHTOB (npefpen 4YyacT@TH ODARPR/EPEAERCDMBOIXKITP O

6a3bl, M3 KOTOPOWK cobGpaHa TranbBAMMM.ecKasa pas3BsA3Ka WU:
: Lg Key ,* /
goooopft? .
“ /7
10000 o /7 ®on nociie Hy
D 4 ¥ Kpy =395
/ ~
/ e g e A *Hy/ 3.8A13.0kV
B v Kpy=15930/ 27.3
Ly 3anyck H,0 "‘~~_\_‘
Key=139/27.3 \ g i
l'l\\\‘ J |50mm 300 mm
1IN gg-:-
\\\&) =100 | ®oH Ha Tpy6e Y Ha/ 0.6A/ 1.4 kV
- AN Key=6.7 Kpy=9113/ 24.6
S
i NET N
\\ \
S N
G N
 50mm b % ~ 600-650 mm |
87 S I

amepeHusi Ha ycTaHOBKe nokasanu, YTo pacnpocTpaHeHne U3ny4YeHust NPOUCXOAUT CUMMETPUYHO B pacTBope
LUUNMHOPUYECKOro KOHyca C YriioM packpbiTvs npubnuautensHo B 90°-110°, n3 obnactu, rae npoucxoauT paspsaa.

BopasHas pybaluka YactuyHo nornowaet nanyyeHune B npegenax ~ 20% OT OCHOBHOIO NOTOKa U3NyYeHus, KOTopoe
6bINo BbISIBIEHHOE B U3MEPEHUSAX, NPOBEAEHHBIX BHE HACTOSILLEN Npe3eHTaumu.

Pune7Z.PesynbTaTb M3IMEepeHWUN npusepekKpm B KO3 PPuuunmeHr




Ana 3To0Ooro cHavyana 3amMepsncsa ¢GpOH B NOMEeUWeHMUWMU, NO O
npeBblweH #Kpy, (qDOTHHAO WWIEHM E TeKYyLWUMX MNOKas3aHWUN n3IMepuTens

Haungr7.npepgpcrtaBneHb pe3yKoeTaAOdH WMB MEBJIPE/P A HI WK 0COpdedybl, BB H T
npesBblWweH#Kp. PoHa

lrotsHr Hted dL RBitejdedd fOtcOdRilstetse 1 WJdtedets?2 TMts,

1. Mpn M3IMEPEHUU OOBHAPYXEHO U3INYUYRPEG@EbL HAKLLOB EPXH O
OKpyXatwwein sdPupHoOom/ppepgpTa@a@peeawaeamiacsbt & OT eveecHMW | 6

O6HapyXeHO uM3nNyyYyeHuMue nNpu BNYCKE 0X-TMgeBalLeeHn eB af
onebGaHWK OKDPYXa touyean nN300BMEPPHXOHIO CCTpe OkibH48 pak, € BUO MH ar ppyabcbc T~0
0 mM7pa3. T[locne asKcnepumMeHTa cnpespmgeme BhPopasjgeoeDq
390 pa3s, 4UT O rosopur 0] TOM, UT O KaBUTauWnOHHBLBB OME,O L
O3 paac@amoac@aH T 0'VMBHVbKED @ EPHIE H ble HPIUNLfE0ikbb 0.0 A e CTBWUSA

wwE AN

w

Mpun paboTe ycTaosuwun [eid) eBpompropomBe HioP I dCcTpUupoBa
pe3BblHaMHOE nNpPeBbIWEHWE WNU3JMYYeHMUMRP edBabl LMAGKHBLEEPEX HODOCHT MO KK
n pHOMN ordpne IHA7 thicsiu paszl,aHa paccToOdHUNM ~ 300 —orMao2Tpak Bapy
Hapo oTMeTuMTb 4TO Ha pGkcToemHBm Repphoeaoir BOYO b
OpeHuAa pas3pgama BeNTB@BR@PXAWNX cpegax KosiebamHessy e Kp €
poMar HUTHDBL'® UHRYNPEBBIHAPONCOBDHBBE ObBICTPOE NageHNs

o <

- =

AHanmns nNoKaOBBALM JIaPACGWNMO®OTbL aMNAWNTY O0T KaOMINESOVATHYY
anpaxeHuma M OdqKPYT B 3WHMBN YWWOMAT®OB )TOKA UMDYy Ibca, 4yToO
pagouneHTOB pfaB/ieHUWSA 3PUPHON cpepb OT 3/TeKTPUYECKO.I
poueaVEp e E@LEe, OT H ampcAak e HIMEFAO NMaVPILyM O H a /1 b H Grdon. prap a 4, 1 ¢

= - N

o

OnblT paboTh Cc HIBAIMEIXMMEeRasmuUMBaAaepNUNn 4HYTO NwWbBON InNnexkT
pa3HON, XWAKOW wMAWM TBepponw MaTepumanbHbX cpepgax npwui

. Ana pab6boTb C pa3pafgHbBMMU ycTaHOBKaMuU HeobXoawummo
mna “nnaHapwuudan pwipne BispwH p1B,) pacnonaras MUX B 30He Pp
bnpHON cCcpepqobl. TonNnbkKO nNocCcnNnevopoNnepg@mBaAMRAN NBOBQSMACTWB
MONOTMNYEeCKIBE NDOSL K MK ,CJ1ergjooBRaeG M@ eqHaMky Xxe 3 aWwnmTtbl OT
nNpUHMMaAaTbCA HopMaTuWuBbB ANA paboTb Ha ycTaHOBKAaXx C P

V4, RL Bitcfided i dzj CIstets ROd diazlsidpEia{tdy 0 ¢ OL SteOL toW H dzisSG t
(MY, HAWX hpmB & @K oim 6uonor nu, Kab. 429, 2 F
— http://www.course-as.ru/AEM_GE/AEM_GED.htmI#MGEP-Laser
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[Ina n3amepeHuii UICNonb30Basncs renuit-HeoHOBbIV Nasep ¢ ANWMHO BOMHbI 633 nm
KpacHbI) MoLLHOCTbIO 5 mW (puc. 1), pacnonoXeHHOro Ha paccTtosiHum ~180 mm ot
OBEPXHOCTU BOAbI.

Bo3apgevicTBue nponssoaunock Ha sogy (buamctunnsat) o6bemom 20 ml u BeicoTol ctonba
35 mm, pacnosnioXeHHyt0 BHU3Y repMeTU4HOI NNacTUKON LUIMHAPUYECKON Npobupke, npea-
Ha3Ha4yeHHoW Ana BUoXMMUYeckux uccrneaoBaHuin (puc. 2).

Jlyy nasepa npoxoaun Yyepes Npo3payHyto AOHHYI YacTb UMNUHAPA B

¥ BoAy. Bokpyr (BHE) umMnuHApUYeckon Yactu Nnpobupku, pacnonoxeHa
6udmnapHas kaTtylika AaTyvka, NOAKMIYEHHas K ero 3NeKTPOHHOM YacTu
— “Bunke ABpaMeHK0” — C BbIBOAOM Ha KOaKCUanbHbI pa3beM.

[atuuk nsmeputens nogknoyeH k Mynstumetrpy OWON XDM-1041

Puc. 2. laTyuk.
Puc. 3. Mynbtumetp XDM-1041
vameputena UF3A-2L c kabenem
L. (mokasaHue npu pabote nasepa = 1,1689 V).

Pnes.OnncaHune yswmapemRwmeKTpPpoOMar HUTHE-NeXn alBE/pyady e H U il


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

MpeaomMeTOM MUcCCNnepoBaHWA WU U3IMepeHWUR ABANsSNeT craa 3HBID:S
naseganekTpoMarHuITHPARAXKAPAaKOEBPPOro nNpounmsBoOLMaCH 3
rasoB nopjg pfaBneHuem RobPbnypm H@3€RPaSL NDOApPPLTbLI 3KpaH,
M3mMepeHne KonebaHMpP 0OBAYNVP/HEOGD AGPE0ANE M M al@ep a8 HPobapy
BOKpPYTl @Go@wmapo@epHyTa O6udpumnapHasa KaTywK@®a C NOAKIMTY EFH

O6HapyxXeH®©OeNesToa30eTpa MpgetT pacxogsawWmMmecsa KOHUYEeCKMUN
OT yeHTpPpanNnbHOMW YacTW 3TOro sSdPMmpHOro nNnoTokKka, wunwayuwer
nokKaszaHMWUII BLONDb paguyca HRO pacgrabdi(pamepHappmwaeTr o diR,5
KonebaHune rpagumeHToB 3(GuUpHOro pgaBfneHWMdI BO3BpawWalTC:

PesynbTaTbstheamegmaey MmeiNiesg ndeepa 6BRB8e ponT a BPmeddVel H a

3,500 ! [

LOG1o (Very (mV))

1292 mV Kpy = 358

3,000 FW ‘ ﬂ' Ilyy nasepa nepekpbIT
“ donbrupoBaHHbIM
1167 mV 1182 mV CTeKnOTeKC:OnMTOM
K= 289 Kev=310 S T Oy oz
) O6naYyHoCTb paccesnach
[ Havano paccacbiBaHusi o6nakos
1,500
[ Liuknorpamma BkntoyeHus nasepa | U
1,000
1 L [ He6onbume Koneﬁauui.l_\__'/\/l_._ﬂw
wibiwimimimiviwiviwiv]wiwlwiw wrwreTwe J

0,500
®oH => 4.04 mV ®oH =>3.60 mV /

/12:30 chupHoi cpeabl ScbupHoW Cpeabl | | T (yyy)

0,000

20 40 60 80 100 120 140 160 180 200

Pned.PesynbTaTh M3IMepeHUs npepactaBimKgHb B K03 dduu

Ha p28.c..npeagcTtaBneH rpaguk nevYasaamdAnKweMepBd Meps H k
9 unpBHOBAO N C pedmbx o aAawencsa MNeag npsiec@rEaerunemM He

\

[MpeameTom n3amepeHuin SBNSETCsl HEeU3BECTHOE “‘cmpaHHoe usny4yeHue” nonynpoBoAHUKOBOrO nasepa,
o cpaBHeHuto ¢ nanyyeHnem He-Ne razopaspsgHoro nasepa, OnMcaHHOro BblLe.

Ha puc. 5. nokazaH nonynpoBoAHUKOBLIV (N/N) Na3epHbi n3nyvarenb, Co3gaHHbIi Ha 6a3e nasepHoro
mogyns SYD1230, 650 nm, 5V, 5 mW, paboTaeT B HeNpepbIBHOM UM UMNYNbCHOM peXuMe OT reHepaTtopa
curHanos (5Vep) Yepes koakcuanbHbI pa3bem, Noa ynpasneHneM paspaboTaHHON 3NEeKTPOHHOW CXEMbI.

WNamepenue nokaszano 4to Kpy nonynposogHuKoBoro nasepa npu HeMpepbIBHOM pexume paboTbl He
npeBbiwaet 12-15%, 1.e. koadhduumeHT npesbieHns Key <= 1.15.

B aTtom n3nyyeHue n/n nasepa NpUHLMNNANbLHO OTNIMYAETCS OT ra3opaspsiaHOro nasepa, y KoToporo
Hen3BecTHoe “cmpaHHoe usny4eHue” nveet Kpy, npeBbiwatowee hoHosoe cpeabl B ~ 300 pas !!

Pne.Pe3aynbTaThb W3IMEpPEHMUNO DYINPHEOT DAIBIEEOHGIECH N A

Ans cpaBHeHWS nNpueBepgeHb pPpe3ynbTaTb W3IMEPEeHMUSA Ha
nasepa Cc TOW Xe ANWHON BONHBL M MBOWHOCTWU, Pe3ynbTa

3AKIIOYEHHUE 11O 20UPOINHAMUYECKUM U3MEPEHUSAM

MccnepoBaHws§a, npoBeaeHHbBE € TrTas3opas3psagHbBM nasep
razopaspsagHOoONnN yLTERHODBKMN BbLIBOA O TOM, 4YTO:
JII000i1 3J1eKTpUYecKHil pa3psi B ra3000pa3Hoii, ;KUIKOH UJIN TBEPIOH MaTepUaJbHBIX cpeaax
NPUBOAUT K BOSHUKHOBEHUIO KO0Je0aHUI U U3Iy4YeHuil 3(PupPHOI cpeabl.



Ha nepBbid NOoOeRpas&RogAMmMMOCTb MCCNefgoOBaHWA BO3 e

M3NydJdetHpwida a3 pag4HbIX nNpouLeccax Ha 6umonormyeckKkmnme X

pr6HbIX MKPWUWHOK anA4d agekBaTHOTI O BMnageHMA onacH

QpupogmHamMmyeckune MN3ImMepuTtenn AsBwapoBa M3IMepawT |

KOTOpbIe He 00HAPYKHUBAIOTCS COBPEMEHHBIMH U3MEPUTEJbHBIMU 3JIeKTPOMATHUTH IMU NPUOOPAMU U
JAeMOHCTPUPYIOT 3¢pdexThl 3a npeaenamu CtangaptHoii moaenu Kiaccuveckoii JiekTpoanHaMuKku!.
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