AHanuns KoHuenuuu «FpagmeHTHaa dpupoanHammnKa»
**Bepcua:** 7.1 23 ceHTAbpna 2026u/

# OTYET: AHanus KoHuenuuu «MpagueHTHaa dpupoamuHammka» (Mmogenb Asliaposa)
C uHTerpaumeit: Bcex Tpyx MoHorpadumin No Temam — rpaBuUTaLmUA, 31EKTPOMArHETU3M, aCTPOHOMMUSA; dpaKTaabHan
CBA3b; YTOYHEHHbIE NapameTpbl Modenen 38€34, HeMTPUHO, TeOPUA YCTOMUYMBOCTU, IPMPHAn ONTUKA,
aKCnepuMMeHTaAbHble npoTuBopeumna TO, cToxacTMyecKkan CTPYKTypa curHana UM/, npenenbl TO4HOCTH
N3MepeHuit, NPUAUBbLI U aMPUAPOMUYECKUE TOUKN, cpaBHeHUe ¢ o63opom Opus 4.6)

**|lenb AOKyMeHTa: **:
CucteMaTM3npoBaTh NOCTYNaThl, NPEeACKAa3aHUsA, SKCNepUMEHTalbHbIe
[AaHHbIE U KPUTUYECKME TOYKM MOAENN AN HE3AaBUCUMOMN OLLEHKM.

## 1. Memooonozu4yeckasa ocHO8d
### 1.1 UcxoaHbi nocTynat

Mogenb cTpouTCs Ha O4HOM MoCTyNaTe: 3¢pUpP — BCENPOHMKAKOLWAA ra3onofobHas cpesa, U3 KOTOPOW poXKaaeTcs
MaTepus 1 B KOTOPYHO OHa Bo3BpaLlaeTcs. Bce dpuanyeckme npoueccbl 06ycnoBneHbl rpagueHTaMum AaBaeHus
3TOM cpeabl.

### 1.2 Jloezuyeckue npuHyunel

- **MpMHUMN 4OCTAaTOYHOro ocHoBaHMA (/lebHuL):** Kaxaoe ABNeHME NMEET KOHKPETHYIO PU3NYECKYIo
NPUUYUHY — rpagmeHT aasneHuns adpupa.

- **BpuTtBa OKKama:** ognH mexaHu3Mm (rpagneHT) 06bACHAET rPaBUTALMIO, 3/IEKTPOMArHETU3M, U3/TYYEHME,
agepHble a3 deKTbI.

- ¥*YeTbipe NpUUYMHbI Apuctotena:** nocnenoBaTtenlbHO NPUMEHAIOTCA B KaXKA0M pasgene (maTepuanbHas,
aencteyrouas, bopmanbHas, Lenesas).

### 1.3 Mpunyun 6auskodeiicmaus

HuKaKkoro «aanbHOAENCTBUA» Yepes NycToe NPOCTPaHCTBO He cyllecTsyeT. J/lloboe Bo3aelicTBue nepenaércs
TO/IbKO Yepes conpwuKacatowmecs cnom apupa, War 3a warom. To, 4To B TPaANUMOHHOM GU3UKe Ha3bIBaOT
«A4aNbHOAENCTBMEMY, €CTb CNeACTBME LLenoYKu 61M3KoAEeNCTBYIOLWLMX NPOLLeccoB B 3pUPHOI cpeae.

### 1.4 MNpuryun ycmolivyusocmu Kak ¢pyHOameHmManbHolii Kpumepuii

®usmKka XX—XXI BeKa He UCNob3yeT TEOPUIO YCTOMUYMBOCTM KaK KpUTEPUIA CyLLECTBOBAHUA GpU3MUECKUX 0B BEKTOB.
YpaBHEHUA ABUKEHUA paccMaTpMBaloTCa camu no cebe, a YyCTOMYMBOCTb KOHPUIYPaLLMM BbIBOAUTCA KaK
cneacTeme — ec/m BbiBoAUTCA Boobue. B GED ycToliunBocTb — He Nob6o4YHOe CBOMCTBO, a **rnaBHbIi KpUTEPUit
CyWecTBOBaHUA**: ecnn KomBMHaUms maccbl M Gopmbl 3GUMPHOro BUXPA He NonagaeT B paspelwéHHbIi Habop,
06BbEKT HE MOXKET CYLLECTBOBATL KaK LLleIoe M HeMe/IeHHO HauMHaeT NepecTpamBaTtbhea. ITo ycTpaHaeT
HeobXoAMMOCTb B NOArOHOYHbIX NapameTpax K ad-hoc runoTtesax.

### 1.5 MpuUHUKMN YCTOMUMBOCTU KaK GyHAAMEHTA/IbHbIN KpUTEpPUit

B GED ycToitunmBocTb — He nobo4YHOe CBOMCTBO, a **rnaBHbI KpUTEPUiA cylecTBoBaHUA™**: ecnn KombuHaums
maccbl 1 GopMbl 3IOUPHOTO BUXPA HE NoNagaeT B pa3peLlléHHbIN Habop, 06 BEKT HE MOXKET CyLLeCTBOBATb Kak
Lenoe U HemMea/IeHHO HauyMHaeT NepecTpamBaTbea. ITO ycTpaHAET He0bXO0AMMOCTb B NOAIOHOYHbIX NapameTpax u

ad-hoc runoresax.

### 1.6 dpakTanbHana cBA3b TPEX MOHOrpaduii



Tpu moHorpadumm ABLiapoBa (rpaBuUTaLMsa, SNEKTPOMArHeTU3m, aCTPOHOMMUA) — He He3aBUCKMMble pPaboTbl, a
**KECTKO cBA3aHHbIE MPUYMHHO-CNECTBEHHbIE U IOTUYECKME CYLLHOCTU** . EAUHbIN 3PUPHbIN BUXPb
nposBaseTca Ha Bcex Maclwitabax Kak ¢ppakTan:

**NPOTOH —> KaBUTALMOHHbBIN Ny3bIPEK = TOPHAZO0 —> aTMOCHEPHbBIN UMKAOH (MHTULMKNOH) > naaHeTa (1
HeKoTopble CMYTHUKKW NAaHeT) - 3Be3Aa —» ranakTuka u keasap**

KaxKabli ypoBeHb — Ta Xe CTPYKTypa (TopouaanbHO-KONbLLEBOM BUXPb CO CTBOJIOM, AUCKOBOWN 06.1acTbio 1 CNnH-
[»KeTom), Ho B Apyrom macluTabe.

MexaHuW3Mbl, OnuMcaHHble B MOHOrpadum No rpaBuTaummn (Hanpumep, TOPHaAo ¢ Gopmynamu), NPAMo
NPUMEHSIOTCA K FaNaKTUYECKMM CTBOIaM B aCTPOHOMMYECKON MOoHorpadumu.

Mogenb NPOTOHA M3 MOHOrPadUM MO 3NEKTPOMArHETU3MY — TOT ¥Ke BUXPb, YTO M B MOHOrpaduun no
KaBUTALMOHHOW TpaHCMyTauumM sgep.

UrHopurpoBaHue n1oboin 13 Tpéx moHorpaduin paspyLuaeT LeaoCTHOCTb KapTUHBbI.

## 2. MatemaTtuuecknit pyHaameHT (bblukos, 3aiiLes)
### 2.1 bazoevle ypasHeHUA

ddup npeacTaBneH Kak OA4HOKOMNOHEHTHanA cnaowHas cpega. [esa dyHAaMeHTaNbHbIX 3aKOHa:
1. CoxpaHeHne maTepuu (YpaBHEHUE HEePa3pPbIBHOCTH).
2. CoxpaHeHu1e KOMYEeCTBa ABUKEHNA (BTOPOIA 3aKOH HbloToHa).

M3 HMX maTemaTMyecKmn BbIBOAATCA: ypaBHeHMA MaKcsenna, cuna JlopeHua, Teopema lNaycca, 3akoHbl Ky/oHa,
Buo-Casapa, AMnepa, 3N1eKTPOMArHUTHOM MHAYKLMK, Oma, Jxoyna-leHua, BugemaHa-®paHLua, 3aKoH
BCEMMUPHOrO TATOTEHUA.

##t# 2.2 KoHcmpykmueHbiii nodxo0 vs peHomeHono2uvecKuli

Moaxoz BbluKkoBa-3anLeBa NPUHLMNNAABHO OTMYaeTcs oT GeHoMeHoNorMYeckoro nogxoaa flaHaay-/ivéewmua v
60NbLINHCTBA YYEOHMKOB TEOPETUYECKON PUINKU.

**Nangay-Nindwmu™** noctynmnpytoT ypaBHeHUs MaKcBenna Kak ncxogHole. Mx GUsmMyecknii MexaHnsm He
obcyKaaercs — noJsie PacCMaTPUBAETCS KaK CAMOCTOATE/IbHAA CYLLHOCTb, ONMCbIBaEMas MaTeEMaTUYECKH.
«Teopus nona» — maTemaTMyeckan HafACTPOMKa Hag, IKCNePUMEHTaIbHbIMM 3aKoHamu. Pusmyeckas npupoaa
Nons — 3/1eKTPUYECKOro, MarHUTHOTO, FPaBUTALMOHHOTO — He 0BbACHAETCA, a onucbiBaeTcs. 9To baecTalan
MaTeMaTuKa, HO 3TO ONUCaHKe, a He o6 bACHEHME.

**BbluKoB-3anuUeB™* HauMHaloT ¢ ABYX PU3NYECKMX 3aKOHOB COXPAHEHUA A1 CNNOLWHOWN cpefbl — 3aKOHOB C
ACHbIM MEXaHWYECKMM CMbIC/IOM: MOTOK Cpeabl COXPAHAETCA, UMMNY/IbC COXPaHAeTcA. Bce ypaBHeEHUS
3N1EKTPOAMHAMMKN M FPAaBUTALLMM BbIBOAATCA KaK CNEACTBMA. ITO He onMcaHme «4To HabaogaeTca», a BbiBOZ,
«MoyYyemy 3To Tak» U3 6onee rnyboKol NPUYNHDI.

Mo Apuctotento: JlaHgay-/indwunu, aatoT GopmanbHY NPUYKHY (MaTemMaTUyecKkoe onvcaHme). bblukoB-3aiues
[al0T AeMCTBYIOLLYIO NPUYMHY (MexaHWM3M NOTOKa cpeabl). Mo NPpUHLMNY 40CTaTOYHOrO OCHOBAHWA NOAX04,
BbluKoBa-3aliLeBa cUAbHEe: OH 06bACHAET, **nouemy** ypaBHeHWa MaKcBeAa MMEeloT Takol BMA, a He NPOCTO
NOCTYNNPYET UX.

**Cuna aprymeHTa: ** CpeaHan-cuabHasn. MaTeMaTUYeCcKni BbIBOA, HENPOTUBOPEUMB, HO TpebyeT
3KCMepMMEHTAIbHOW NPOBEPKN CAMMUX NEPBUYHbIX YPABHEHWI U ypaBHEHUA COCTOAHMA adpupa. MatemaTmyeckas
NO/IHOTA BbIBOAA HE 3aMEHSAET IKCMEPUMEHTANLHOTO NOATBEPKAEHUA NEPBUYHbIX MOCHI/IOK.

#tt 2.3 Jloczuyeckoe cnedcmesue
Ecnum Bce aKcnepuMmeHTaIbHO YCTaHOB/IEHHbIE 3aKOHbI 3/1EKTPOANHAMUKA U FPaBUTALUM BbIBOASATCA U3 ABYX

NOCbINIOK (COXpaHeHMe MaTepum + CoOXpaHeEHNE UMMNYNbCA), TO 3TN MOCbIZIKM IOTMYECKM NEPBUYHbI, a YPaBHEHUS
Makcsenna, KynoHa n HetoTOHa — UX CneacTeumA.



## 3. NpaBuTaumAa U nHepuma
### 3.1 MexaHu3m

lpaBUTaLMA — 3TO BA3KWUI 3axBaT AAEP aTOMOB TeNa B YCKOPEHHOM LLeHTPOCTPEeMUTENbHOM 3QMPHOM MOTOKE,
BbI3BaHHOM pa3pekeHMem MNpu POXKAEHMN NPOTOHOB B Heapax HebecHbIX Ten.

Ona apupa aTom B LLe/IOM NMPO3payeH, HO He ero A4pPo. MMeHHO s4p0o B3aUMOAENCTBYET ¢ 3GUPHOIM cpeaol 3a
CYET BA3KOCTM, TOTA4a KaK 3/IEKTPOHHaA 060/104Ka NPaKTUYECKMN He y4acTBYeT B 3TOM MexaHusme. Cuna
rPaBUTALLMOHHOIO BO34EMCTBMSA NPOMNOPLMOHA/IbHA YCKOPEHHOMY NMOTOKY 3dUpa 1 BASKOCTU cpeabl, a TaKKe
KOJIMYECTBY AZEP B BELLECTBE.

Mogaenb AaET eguHbIA MEXaHM3M 417 FPaBUTALUK U NMHEPLLUMK:

- ¥**[paButaums:** TeN0 NOKOUTCA B NPOCTPAHCTBE, a 3PUP YCTpeMaaeTcaA K LeHTpy HebecHoro Tena,
«3axBaTblBas» A/Pa aTOMOB 33 CYET BA3KOCTU Cpeabl.

- **Hepuma:** Teno ABUKETCA YCKOPEHHO Yepes IoKaNbHO NoKoAWwminca adup — cpesa oOKasbiBaeT
COMpPOTUBNEHME AAPAM, KOTOPOE BOCMPUHUMAETCA KaK MHEPLIMOHHAA CUAa.

PaBeHCTBO rpaBUTALMOHHOW U MHEPLMOHHOM Maccbl — He MOCTY/1aT, a CeACTBUE eAMHOT0 MeXaHM3ma: B 060mx
CNy4Yasx peyb MAET 0 B3AMMOLENCTBUM AAEp BELLECTBA C 3QUPHOIM Cpeo, TONbKO B Pa3HbIX KUHEMATUYECKNUX
YC/IOBUAX — HE UTPaeT PoJib ABMKETCA M 3PUpHan cpesa C yCKOpeHWeM Yepes maTepuanbHoe Teno, uam
MaTepuanbHOe TeI0 ABUMKETCS OTHOCUTE/IbHO 3GUPHOW cpeabl C YCKOPEHUEM.

### 3.2 TpadueHm daeneHus U yckopeHue ce0b600H020 nadeHus

YcKkopeHue cBobogHoro nageHus \(g\) v rpaguenHT gasneHusa adpupa yBeMunBatoTcs Npu NpUbaNKEHNUM K LEHTPY
rpaBUTMPYIOLLErO TeNa, a adpupHoe AaBaeHne nagaer.

- dPpupHOe faBaeHMe: MaKCMMYM CHAPYXKU ? MUHUMYM B LLeHTpe (30Ha BcacbiBaHUSA).
- TpagueHT gaBneHuns (M yCKopeHue g): pacTer K LeHTpy.
- CKopOoCTb 3pMPHOro NOTOKA: PACTET K LeHTPY (KaK CKOPOCTb BOAbI B BOPOHKE).

CKopoCTb 3pMPHOro NOTOKa y NoBepxHOCTH 3emaun ~7,9 KM/c (NepBas KOCMUYECKas CKOPOCTb).
370 coriacyeTcsa ¢ XON04HbIM LEHTPOM 3BE34bl: MUHUMYM AaBNEHUS = MUHUMYM TEMNEepaTypbl, MaKCUMYM
rpagueHTa = MakCMMyM YCKOpPEeHWA NoToKa.

dopmyna rpasutaumoHHoro npeobpasosatena: \(\ Mt =g/R = (g_0 \cdot R_072) / RA3\).
370 3ameullaeT kKnaccmyeckoe \(\gamma * M/ R\), rae \(\gamma\) n \(M\) — aBe HeunssecTHble, a \(\[E\) —

namepumasn BesiM4nHa.

### 3.3 Imnupuveckue daHHbIe, HO KOMopble onupaemcsa Mmodesb

| dakT | O6bAcHeHMe GED |
| | |
| PocT G (~0,0035% 3a 4 roga) | PocT maccobl 3emaun |
| YBennueHwue g B waxrax (KBuHcneHa) | PacnpegenéHHoe apumpHOe BcacbiBaHUe |
| PocT paguyca 3emnu (5-24 mm/roa) | Cheacteme npupocTa macchl |

| FpaHuua rpasutaummn ConHua ~49 a.e. (Boagxep-2) | MpaHnua adupHoro npeobpasosatena ConHua |
| OTcyTcTBME NpUTAXKEHUA ¥ acTeponaos u ®oboca | HeT cobcTBeHHOro npeobpasosartens |
| 3oHa TAroteHma JlyHbl ~11 000 km (BMmecTo 66 000) | OrpaHuuyeHHbI NpeobpasoBaTenb |
| MpuanBebl 1 amduapPOMMYECKME TOUKM | BuxpeBas cTpyKTypa adupHoro notoka (n. 3.5) |

**Yazeumocmu:**
1. **Manble Tena u rpasutauma.** - YreepaeHme 06 oTCyTCTBMM FpaBUTaLMK Y acTeponaos popmanbHO
onposepraeTtca muccuamm Rosetta (opbuta Bokpyr kKomeTbl 67P), Dawn (Becta u Llepepa) n OSIRIS-REx (BeHHYy).



OHaAKO HYHO pa3nnyatb: Haanyme cnaboro rpaBUTaLMOHHONO NOAA Y MasbiX TeN U Haanymne cob6CTBEHHOro
adupHoro npeobpasosaTtens.

**Ya3BumocTb: ** :

manble Tena — Rosetta, Dawn, OSIRIS-REx noKa3biBatoT cnaboe rpaBuTaumoHHoe ose. HyXXHOo pa3nnyaTtb
rpaBuTaLMoHHOe none oT ConHLa U rPaBUTALMOHHOE Nose OT COBCTBEHHOIO adpupHOro npeobpasosaTens.
2. MapameTpbl 3dpupa (nnoTHocTb ~1,12x107'° kr/m3, ckopocTb ~7,9 Km/c) — nepBoe npubanKeHue.

### 3.4 MnomHocme 3¢hupa: AyrokoecKuli vs Aewapos

| NapameTp -| ALOKOBCKUIA | ABwapos (GED) |
| I I |
| UcTouHuK | AnaneKTpuyeckas NPoHMLL@eMOCTb Bakyyma - | MpupocT macchbl 3emnn no AaHHbim GPS |
| 3HaueHme | (8,85 *107{-12}) kr/m"3 | (1,12 *107M-10}) Kr/MA3 —-mmmmmmmmmmmemeee- |
| MeTog, | MpUHAT No aHanorum (Bakyym = An3NeKTpuK) | BblumcneH us dpusmyeckoro npouecca ---|
| CraTyc | Noctynar | NepBoe NpubANNKEHNE U3 U3MEPEHUI - |

3emnA pacTET NOTOMY, YTO 3GUpP BCACLIBAETCA B €€ LLeHTPe, CKMMAETCA B MPOTOHbI, M Macca naaHeTbl
yBesmumBaetca. YckopeHue cBob0aHOro NageHus g paBHO YCKOPEHM0 3GpUPHOro NOTOKa K LieHTPY, NO3TOMY Teno
B cB0O60OAHOM NALEHWNM HE UCMbITbIBAET BO34ENCTBUA — OTHOCUTE/IbHOE YCKOPEHUWE Tena M NOTOKa PaBHO Hy/I0.

MeTog, pacyéTa, Luenoyka BbIMMCAEHUN:

1. Mpupoct maccel 3eman n3 GPS-paHHbIX (npupocT gnametpa ~10 mm): AV = 2,5x10" m3; Am =
1,4x10' kr.

2. MpupocT Ha eguHULY noBepxHocTu: Am / (4nR?) = 28 kr/(m%roa).

3. CKOpOCTb Mpu NJIOTHOCTM ALIIOKOBCKOTO (8,85x107"2): ~100 KM/c — OLeHKa CBEpPXY.

4. PeanbHas CKOpPOCTb = Mepsas Kocmuyeckas = ~7,9 km/c. ddup nagaet Kak TBEpPAoe Teno ¢
yCKOpeHunem g.

5. MNepecuéT: p x v = const. CKopocTb nagaet B 12,7 pasa = nnoTHOCTb pacTéT B 12,7 pasa:

p_Aswapos = 8,85x10™ x 12,7 = 1,12x107"° kr/m3

MNapameTp ALLIOKOBCKUM / ABLuapoB (nepecyéT)

MnoTHOCTb: 8,85x107"? kr/m3 / 1,12x107™° kr/m3

CKOpOCTb: ~100 Kkm/c (oueHKa) / 7,9 kKm/c (nepsas Kocm.)

MeToa;: AHanorma c o / Mepecy€T N3 npmpocTa maccol

Cratyc: Moctynat(no aHanormmn) / MepBoe NpUbANNKEHNE U3 NU3IMEPEHUN

BbiBoA: PasHMua 12,7x — KOPPEKTUPYIOLLMIA MHOKUTENb (pXxV = const), a He pacxoxaeHune. Metop,
ABLUapOBa NPUHLUNMANBHO CUSIbHEE.

### 3.5 Mpunuesbl u amgpudpomuyecKue movKku

CraHpapTHasa Teopus Npuameos (HbtoToH, /lannac) onucbiBaeT UX KaK rpaBUTALMOHHLIV 3ddeKT JlyHbl n ConHua.
OpHaKo pake B SHUMKAONEANYECKOM OMUCAHMM NPAMO Npu3HaéTca: «Bcé 3To genaeT HEBO3MOXKHbIM
npeacKasaHmMe BpeMeHu NPUInMBa TOJIbKO Ha OCHOBE MOJIOXKeHUM JTyHbl n CoNHUA@ OTHOCUTEIbHO 3emn. BmecTo
3TOro MCNONb3YIOT ,eXerogHuk npuaneos"» [ru.wikipedia.org]. To ecTb 3HaHMe NofoXKeHU JlyHbl n ConHua
**HepocTaTouHO™** — TpebyloTcA amnupuyeckue Tabaumubl.

** AMmduapommnyeckne ToUKM** — mecTta B OKeaHe, rae amnanTyaa NpuavMBa paBHa Hy/to, @ NPUANBHAA BOMHA
**BpallLaerca BOKpyr HUX** — no yacoBol MAM NPOTUB YaCOBOW CTPEAKN. B MMPOBOM OKeaHe MX OKO/I0 ABYX

Aecatkos. OnncaHue m3 Bukuneanu: «MpuaneHas BosiHa ,,06eraeT" aTy TOUKY BOKPYT NO WM NPOTMB YacoBOM

CTPENKK. B 3TUX TOYKaxX CXOOATCA KOTUAANbHbIE MMHUKMY [ru.wikipedia.org].

CTaHpapTHOe 06bsicHeHNe — MHTepdEepeHLLMA NepPBUYHOM BOJIHbI U OTPaXKeHUI oT beperos + cunaa Kopuonuca.
Ho KntoueBoli MOMEHT: amduapoMMyecKasn cuctema — 3T1o **Buxpb**. Boga BpalLaeTca BOKPYT TOUKK C HY/1eBOM
aMNANTY 0.



**06bsAcHeHMe B GED:** Ecv npuaMB — 3TO He CTO/IbKO rpaBUTaLMOHHbIN 3G deKT JIyHbl, CKONbKO BUXPEBOIA
npoLecc B OKeaHe, Bbi3BaHHbIN 3GpUPHbIM MOTOKOM (KOTOPbIV Cam MMeEeT TOpouaanbHyo CTPYKTYpY), TO
amPUapomMmYEeCKME TOUKM eCTECTBEHHO 0OBACHAIOTCA KaK y3/1bl 3GUPHOTO BUXPSA — TOYKM, IAe BCTPEYHbIE NOTOKMU
racaT Apyr 4pyra, a BpaleHWe BOKPYr HUX — CAeACTBUE TOPOUAAbHOM CTPYKTYpbl 3PUPHOro NoToKa.

**KoHTpaprymeHT 0 IYHHOWN NepuoanyHocTL.** loMmMHMpytowasa npuansHas KomnoHeHTa M2 nmeet nepuog 12
y 25,2 MMH — NyHHbIN. OgHaKo:

- AMnanTyaa v gasa B KaxaoM TOUKe onpeaenatnTca He NooxKeHMeM JTyHbl, @ TOKaIbHOM BUXPEBOMN CTPYKTYPONA.
- CTaHpapTHAA TeOpMs UCNONb3YET HE MPAMYIO FPaBUTALLMIO JTYHbI, @ CIOXKHYIO TMAPOAMHAMUYECKYO MOAENb C
3MNUPUYECKON KaNnMBPOBKOA.

- Cam ¢akKT, uTo TPebyloTcA exXerogHMKNM BMeCTo NpAMOro pacyéTa no JlyHe, 03Ha4YaeT: NyHHasA rpasmTaLma — He
OOMUHUPYIOLWMIA MEeXaHM3M, @ OANH U3 GaKTOPOB.

**Cuna aprymeHTa:** CpegHuii-cuibHbIA. AMPUIPOMMYECKME TOYKU — BUXPEBbLIE CTPYKTYPbI, KOTOpbIe
CTaHOApPTHasA TEOPMA OMUCbIBAET, HO He BbIBOAWT M3 MEPBbIX MPUHLMMOB.

## 4. dneKTpomarHeTusm

### 4.1 Tok Kak nomok 3¢gpupa

INEeKTPUYECKUI TOK — HaMnpaBAeHHbI NOTOK 3¢Mpa B NPOBOAHMKE, BbI3BaHHbIW PAa3HOCTbIO 3UPHOro AaBaeHuA
Ha KOHUAx NPoBoAHMKa. [MpoBOAMMOCTb onpesenseT CKOpocTb NoToKa: Ug nponopumoHaneH APg* Sy, rae AP -
rpafueHT gasneHusa spupHol cpeabl, Sy — NPoBOAUMMOCTb, a U - HanpsAxKeHue.

### 4.2 NpedckazaHue MpPEX KOMMNOHEeHM Ma2HUMHO020 Nnonsa

Mogaenb npeackasbiBaeT TP KOMMOHEHTbI MOJ1A BOKPYT NPOBOAHUKA C TOKOM:

-\(H_X\) — konbueBas (knaccuuyeckas).

-\(H_Z\) — pagnanbHo-KonbLeBas, NnepneHAnKyAapHO NoBEePXHOCTU NpoBogHuKa (~23-25% ot \(H_X\)).

-\(H_Y\) — npogonbHas, BAOMb OCM NPoBoAHMKa (~1-3% ot \(H_X\)).
\(H_Y\) (~1-3% ot \(H_X\))

### 4.3 U3mepeHusa damyukom MAG3110

| Tok I, A | SH_XS, MKTA | SH_YS, MkTa | SH_ZS, mkTn | OTHoweHmne SH_Z/H_XS

I
| | | I | |
| 10,0 | 4885 | 8,4 | 112,9 | ~23,1% |
|
|

| 5,0 | 245,5 | 6,6 | 59,3 | ~24,2%
| 2,0 | 98,6 | 3,0 | 24,4 | ~24,8%
| 1,0 | 50,2 | 1,4 | 12,5 | ~24,9% |
| 0,5 | 25,0 | 0,7 | 6,1 | ~24,4% |

OTHoweHue H_Z/H_X ctabunbHO BO BCEM AMana3oHe TOKOB — 3TO He WyM, a CUCTeMaTMYecKan BeANYMHa.
### 4.4 Bunka AepameHKo

B cTaHAapTHOW 3/1eKTPOANHAMMKE CXEMA M3 ABYX AMOA0B M HArpy3KM B 3aMKHYTOM KOHTYPE C OAHWM NPOBOAOM
He [,0/1XKHa NPOoNycKaTb TOK. Kak oHa paboTtaet. GED o6bacHAET: Ha npumepe TpaHchopmaTopa Tecnbl, KOTOpPbIi
CO34a€ET NepeMeHHbIV rpagueHT gasneHusa adupa, AMoabl PasaenatoT epaaneHTbl No 3HaKy, HakananeaeTca
Pa3HOCTb AaBAEHWN.

Bunka ABpameHKo paboTaeT KakK BbINpAMUTE/b rPagMeHToB 3GUPHOro AaBaeHUs.

### 4.5 Icpcpekm Kaszumupa
GED: BHelwHee gaBneHne a¢upa NpeBbIllaeT AaBAeHMe MeXaAy NAacTUHAMU — NAACTUHbI MPUNKUMALOTCA.

MpocToi MexaHMYecKnin mexaHnam 6e3 KBaHTOBbIX GpAYKTyauuit Bakyyma. Ecnm apup — ras c gasneHuem, appekr
Kasumunpa — HeunsbexHoe cneacreme.



## 5. ACTpOHOMMA N CTPYKTYpa 3BE3A
### 5.1 TemnepamypHeolii npoghunb 38e30bi: X0100HOE A0PO, 20PA4YAA KOPOHA

B GED ueHTp rpaBUTUPYIOLLETO TeMla — 30HA 3KCTPEMA/IbHOIO paspeXkeHunna apumpa, Kyaa adup «BcacbiBaeTca» u
rpagueHT TemnepaTyp HanpasieH **Hapyxy, He BHyTpb**, Hanpumep gns ConHua:

- UeHTp 3Be3abl: << 0 K®* — 30Ha BcacbiBaHUA, SIKCTPEMA/IbHOE Pa3perKeHMme.

- ConHeyHble nATHa: ~4500 K° — okHa B 6bosiee rnybokue, 6onee xonogHble CI0MU.

- dotocdepa: ~ 6000 K°.

- KopoHa: ~1-2 maH K° — camblit BHELWHWI, CaMblii TOpPAYN CNOA.

### 5.2 Mouemy adepHbie peaKyuu 6 yeHmpe Hee03MOMCHbI

Ona TepmoAansepHOro cMHTE3a Hy*KHbl BbICOKaA TemnepaTypa U BbICOKaA NAOTHOCTb. B GED:

- TemnepaTypa B LLEHTPE CTPEMUTCA K aBCOMOTHOMY HYH0 — HET KUHETUYECKOM SHEePrnun g5 NPeosoneHns
6apbepa.

- NlaBneHue apupa MMHMMANbHO (30Ha BCacbiBaHUSA), @ HE MaKCMMaNbHO — HET YC/IOBUMN AN CKaTUA.

- CMHTE3 NPOTOHOB NPOUCXOAMT 3a CYET **rpaaneHTa aasneHus apupa**, a He Tenna.

3Be3ga — He afaepHbIi peakTop, a **adupHbii npeobpasosaTtens®*: adup BcacbiBaeTcA B LLEHTPE, CXKUMAETCA B
NPOTOHbI, NPOTOHbI BbIOPACLIBAOTCA HAPYKY. Bblaenatowancs aHeprusa — 3To sHeprusa $pasoBoro nepexosa
«3pup => maTepun».

### 5.3 Tpu 30HbI raNaKTUKKN
B GED ranakTMKa — 3¢UpHbIN BUXPb C TPEMA 30HAMW U NEPEXOLHbIMMN 06NaCTAMU MEXAY HUMMU:

1. **30Ha Usépporo Tena** (aapo, CTBON BUXPS): CKOPOCTb BPaLLLEHUs PAacTET IMHENHO ¢ paguycom  V
NPONOPLMOHAOTHO R. Idup ABUKETCA KaK TBEpAOE Teno no cTeony CnuHa-KeTa c BpalieHnem!.

2. **30Ha rpaBuTaummn** (00 rpaHnLL aApa ranakTUKK): yCKOpeHue nagaet no 3akoHy $1/RA2S — knaccuyeckan
KenaepoBcKas 30Ha. 34eCb 3PpUPHbIN NOTOK CO343ET NONHOLLEHHOE rPaBUTALMOHHOE NPUTANIKUBAHWE K LLEHTPY.
3. **30Ha nputankuBaHma** (BHe a4pa): 3PpUPHbIN NOTOK YAaCTUUYHO NOATANKMBAET 3BE34bl K LLEHTPY, HO CUNa
YMeHbLUIAEeTCA CO CpesHUM 3HauYeHnem a nponopumsax ot 1/R o 0.

dpupHoe aaBneHne ocnabeBaeT, M NONHONM CUAbI ANA KPYTrOBOrO BPALLEHUA YKe He XBaTaeT.

**PyKaBa ranakTuk — cneacTeune, a He NpuuKnHa. ** 38€3abl B 30He nNepexoaa oT aapa (rpasutaums 1/RA2) K 30He
nputankmeaHma (1/R - 0) HaxogATcA NpakTUYeckn B **csoboaHom nonéte**, UsmepeHus GAIA nokasbiBaloT
nocTeneHHbl yxo4, 38€34, OT LLeHTPa Co cpeaHUMM cKopocTAmM ~20 KM/C -.He XBaTaeT CUA NPUTaNKUBaHUA ONA
yAepKaHna Ha Kpyrosoii opbuTe.

**Mouemy pyKaBa 3aKkpy4mBatoTca:** ocHOBHOM yxo4, 3BE34, nponcxoguT U3 bonee AanbHUX y4acTKOB
ranaktuyeckoro sapa. M3-3a anamntuyeckon dopmol agpa MaeuHoro MyTy B NaaHe — BbIXON 3B€3/, B OCHOBHOM
13 Hanbonee yaaneHHbIX YacTel agpa.

MN3rnb onpeaensercs yBesM4eHNEM PACCTOAHMA OT LEHTPA C OA4HOBPEMEHHbBIM YMEHbLLIEHNEM CKOPOCTU
BpaLLEeHMA ranakTMkn MW,

Y ranakTuk ¢ aapom, 6IM3KNM K Kpyry, — 60/blue pyKaBoB.

Y ranakTuK ¢ KOJbL,OM, OTOPBAHHbIM OT fiApa, — NPOU30LWEN BbICTPbIN COPOC HAPYKHbIX 3BE3L, BEPOATHO, NPK
npunéte rpomazHoro apupHoro BUxpsa B NpotTueodase 3GMpPHOMY BUXPIO FANAKTUKM (BblYMTAHWE U YMEHbLUEHNE
MOLLHOCTM FraslakTUYECKOro BUXPS).

ToT Ke mexaHM3M — A5 3BE34,: B3PbIB CBEPXHOBON — COPOC HAPYKHbIX C/IOEB NPU PE3KOM U3MEHEHUN
adupHoOro BMxps.

**Cuna aprymenTta:** CunbHblii. O6bACHAET popmy pyKaBoB, CKOPOCTH 3B8E34, (GAIA, ~20 Km/c), pasnuuma mexay
ranakTMKamu (3NMNTUYECKOE VS KPYraoe A4P0, KONbLEBbIe raflakTUKK) — U3 egMHOro MexaHn3ma. PyKaBa Kak
cneacteMe — a He Kak NpuymnHa (BosHa NAOTHOCTU, CNMPabHbIe BOJIHbI) — NPUHLMNNAABHO MHOW NOAXOA.



### 5.4 Kpueasa epawjeHus eanakmuk 6e3 mémdoii mamepuu

[Byx30HHaa mogensb:
- BHyTpu R = 2,75 KnK — 3aKoH Kensepa rae g nponopunoHanbHn 1/RA2, cunbHbIv rpagueHT B agpe.
- BHe — cnabbiit 3duMpHbI NOTOK Noaaep:kmBaeT 38é34bl g ~=1/R, obecneunBan Na0CKyHO KPUBYIO.

### 5.5 [1xcemeol u poxcdeHue 36630

PaguounsobpaxkeHus LeHTpa MaeyHoro MyTn coBnagatoT Co CXeMOM CABOEHHOro apUpPHOro Topomaa.
HabnoaeHus AmbapuymsaHa (M87, 1950-e) o poxaeHnn 3B€3/, U3 CBEPXMNIOTHOW MaTepun B Bbibpocax
COT/IacyloTcA C MOLENbIO: AXKET BbIHOCUT HOBOPOXKAEHHbIE MPOTOHbI.

### 5.6 3¢pupHo-suxpesoli npueod naaHem

MnaHeTbl ABUKYTCA MO OPOUTAM, CKOPOCTU KOTOPbLIX COOTBETCTBYHOT KPYroBbIM CKOPOCTAM 3PUPHOro NOTOKa
3B8€3gHOro Buxps. CKopocTb apupa B ANCKOBOM 061acTU BUXPA 06paTHO NPONOPLIMOHAIbHA PACCTOAHMIO: Vi,
nponopunoHanbHo 1/R. CKopocTu naaHeT Tak»Ke nponopunoHanbHbl 1/R.

Pacuér: Mepkypuit (0,387 a.e.) — 47,8 km/c; noToK yactmy, Ha 0,25 a.e. — a0 50 Km/c.

Paguyc ctBona (TBEpAOro Tena) conHeyHoro agpupHoro Buxpa = 0,12 a.e.

MepKypuit a nepurenmm LennseT NepexoaHyo 30Hy MeX Ay CTBO/IOM M 30HOW rpaBUTaLLUK.- BOT NPUYMHA He
COOTBETCTBUA 3aKOHaM HbloToHa.

Ana snamntnyeckmx Op6MTZ KOo/bUueBaA COCTaB/IAOWaA CKOPOCTU NIaHETDbI = KO}'IbLI,eBOﬁ CKOpoCTH 3chpa. an
I'IpVI6/'IVI)K€HVIM K 3Be34€e NnaHeTa No4roHAEeTCA, Npu yaaneHnn — noaTopmMa*KMUBaeTcA.

**Cnepcreume:** nnaHeTbl ABUKYTCA B CUHXPOHU3ME C JIOKa/IbHbIM 3GMPOM — NO3TOMY MHTEPPEPOMETPBI
MalikenbcoHa He GUKCUPYIOT «3hUPHBIN BeTep». ITO 06bACHEHME U3 NepPBbIX MPUHLMMOB, @ He NocTynaT 06
oTcyTcTBMM 3dmpa.

**Cuna aprymeHTa:** CunbHbit. KonnyecTseHHoe coBrnageHMe CKopocTen NaaHeT ¢ npeackasaHHbIMK
CKOpOCTAMM 3pUPHOro NOTOKa.

### 5.7 BpaweHue naaHem u 3¢hupHsiii eemep

MnaHeTbl ABUKYTCA B CUHXPOHU3ME C 3QUPHbIM MOTOKOM 3Be34bl. ITO 06bACHAET, NoYemy MHTepdepomeTpbl
MalikenbcoHa He GUKCUMPYIOT «3UPHbIN BETep» — MAaHeTa W JIOKaAbHbI 3GUP ABUKYTCA BMeCTe.

### 5.8 dpupHo-BuxpeBoii NnpnBoa 3B€34 B ralakTUKe

JaHHble GAIA noKasblBaloT pa3HOHANPaB/AEHHOCTb ABUXKEHMUA 3BE3 B oKpecTHocTh ConHua (Ky6 ~10 napcek). 310
YKa3bIBAET HA JIOKa/IbHOE 3aBUXpPeHME 3PUpa B ralakTUYECKOM pyKaBe, He CBA3AaHHOE C INMaBHbIM raflakKTUYECKUM
BUXPEM.

B GED: 3B€3abl B pyKaBax yBNeKaloTcA 3GUPHbIM NOTOKOM AMCKOBOM 061aCT ranakTMYeCcKoro BUXps.
AnddepeHumanbHoe BpalLeHWe raflakTUKM COOTBETCTBYET Nepexoay oT CTBoA0BoW obaactu (V
NpPonopLMOHanbHO R, «TBEpAOTENbHOE» BpaLLeHUe) K Anckosoit (V nponopumoHansHo 1/R -
runepbonnyeckankpmaasn).

**Cuna aprymeHTa: ** CpeaHuii-cunbHbli. KauecTBeHHO o6bacHAET anddepeHLmanbHoe BpalleHne u
NeKyAapHble CKOPOCTM.

### 5.9 AHOmanbHbIe acMpoHoMuYecKue A8/eHUA

**OTpuuaTenbHbl Napannakc 38é3a. ** Katanor Hipparcos cogeput ~20% oTpuLaTeibHbIX Napasnnakcos. B
CTaHAapTHOWM acTPOMETPUM 3TO CNUCLIBAETCA Ha Wym. B GED oTpuuaTenbHbi napaniakc MHTEPNPeTUPYETCa Kak
«BUXPEBOW Napannakc» — CneacTBUE BUXPEBOM CTPYKTYPbl 3PUPHOro NOTOKa, KOTOPAA MOXKET CMeLLaTb BUAMMOE
nosoXKeHune 38€34bl B HaMPaB/€HUM, POTUBOMOIOKHOM OXKMAAEMOMY. ITO KOHKPETHOE NpoBeEpAemoe



npeacKasaHue: ecau BUXPEBOM Napasinakc peasieH, ero pacnpeaeneHue no HebecHon chepe AOMKHO
KOppennpoBaTb C HanpaBaeHMeM 3GUPHOro NOTOKA, a He ObITb C/IyYaliHbIM.

**3dpdekt AcngeHa** — «adupHbI paHTOM» BpallaloLLEroca Tena: nocse 0OCTaHOBKM BpallleHns poTopa B
ABuraTene HabaogaeTca aHOMalbHOe CONPOTUB/IEHME, CIOBHO cpesa KMOMHUT» BpaleHme. B GED aTo
obbAcHaAeTcA nHepumen adupHOro BUXpA, HaBeAEHHOro BpalleHuem. NMpoBepsieman rmnoTtesa: GaHTOM A0/KeEH
3aTyXaTb CO BPEMEHEM, 3aBUCALLMM OT BA3KOCTU adupa.

### 5.10 Koppenayua py/ o 008 nnaHem

OTHOLLEeHWe NJIOTHOCTU MAareT K rpaBuTauMoHHOMY npeobpasosatento py/ [ 8 npedenax

3,57-3,64 pna Mepkypua, BeHepbl n 3emnn. 3To amnmpuyeckas 3aKOHOMEPHOCTb, KoTopas B GED nmeet
dusnyeckuii cmbicn: oba napameTtpa cBA3aHbl C 3GUPHbLIM NMOTOKOM 0A4HOr0 UCTOUYHMKA (ConHua). NMpoBepKka Ha
paclimMpeHHoM BbibopKe (BKAtoYas Mapc, Kap/IMKoBble NIaHeTbl, KPYMHble acTeponabl) — KOHKpPeTHas 3ajaua.

M/c2 ThIC. KM (c-z) (kr/M3) p/(rEo*103)

Connue (8=271 v R=695)  [Fg=0.39%*10° p=1.41*10> 3.62
-MepKkypuii  (g=3.68 n R=2.44)  [g=1.51*10° p=5.42*10° 3.59
- Benepa (€=8.88 n R=6.05) Fgo=1.47*10° p=5.25%10 3.57
- 3emns (€=9.80 n R=6.38) Fgo=1.54*10° p=5.52*10 3.58
-Mapc (g=3.68  R=3.39) lgo=1.14*10° p=3.94*10° 3.46
- Nlywa (g=1.62 n R=0.87) Feo=1.86*10° p=3.35%10° 1.80
- IOnuTep (€=24.0 v R=69.9)  le=0.34*10° p=1.33*10> 3.91
- CatypH (€=9.74 n R=58.2) [ep=0.17*10° p=0.69*10° 4.05
- YpaH (€=7.51 n R=25.3) Fep=0.30*10° p=1.29*10° 4.30
- HentyH (€=11.0 n R=24.6) [ep=0.45*10° p=1.64*10" 3.64

**Cuna aprymeHTa: ** CpeaHnan. Koppenaums Ha TpEx TOYKax — HeA0CTaTouHa 411 YBEPEHHOro BbiBOAA, HO
3aCnyKuMBaeT NPOBEPKMN Ha pacliMpeHHOM BblbopKe. — (OWnbKa aHaM3a)

### 5.11 KpacHoe cmelueHMe KaKk guccunaums sHeprum B adpupe

KpacHoe cmelleHme 0b6bacHAETCA He A0NNePOBCKUM 3D EKTOM M HE KOCMOJIOTMYECKMM pPacluMpeHmnem, a
** puccunaymeit sSHeprm 31eKTPOMArHMTHOTO U3/lyYeHNUn B 3GUPHON cpeae** Ha KOCMOIOTMYECKMX PACCTOAHUSAX.

**Kntouesol npuHumn: Z = f(yactoTa F), a He A4nnHa BoHbL. ** OpUeHTUPOBATLCA HYKHO Ha YacToTy, a He Ha
AJIMHY BOJIHbI.

3aKOHbI U3MEHEHMA YaCTOTbl Ha Pa3HbIX y4aCTKax nyTun:

- **Mpu yxoae nsny4eHus oT rpaBuTUpytoero obbekta** (ranaktmka, 3sesna): yactora **napgaer**
(rpaBUTALMOHHOE KpacHOE CMELLEHUE).

- **Mpu npoxoae N3NYyYEeHUNs K rPaBUTUPYIOLLEMY 06beKTy**: yacToTa **pacTéT** (rpaBmMTauMoHHOE CUHee
cMeLlleHue).

- **[pun NPOXOXKAEHUM MEKIANAKTUYECKMX (M MEK3BE3AHbIX) BHE rPaBUTALMOHHbIX 30H**: yacToTa **nagaet no
3KCMNOHEHUMaNbHbIM 3aKOHaM** (anccnnaums B apupe).

YacToTa NorioWeEHHOro CUrHana 3aBUCKT OT **Bcex yacten nyTn** ¢ pasHbIMM 3aKOHaMM NOT/IOLLLEHMA U
npeobpasoBaHUA. ITO ropasfo C/IOXKHEe, YEM NPOCTOE AONAEPOBCKOe cmelleHne. Dopmysbl NpeacTaBaeHbl B
MOHorpaduu.



**KBasap C AKeToM, HanpaBaeHHbIM Ha 3emNo** (He B LLleHTpe ranakTuKn), umeeT Z B HECKO/IbKO pa3 60o/blle,
yem cama rasiakTuKa. B GED: adupHbIi BUXpb KBa3apa umeeT nageHme sGupHOro AasnaeHua ropasno 6onblie, yem
B raJlakTMKe — NOKanbHbI 3pdeKT. ToNbko GED 06bACHAET, noyemMy Z KBa3apa M raflakTUKK CUAbHO OTANYALOTCA
npu HabaaeHUM C O4HOIO HanpaBaeHUA.

**Cuna aprymeHTta:** CunbHbIN. MpoBepseMoe npegcKkasaHme: KpacHOe CMeLLEHME A0/KHO 3aBMCETb OT YacTOTbI
(Auccnnaums yactoTHO-3aBMCUMMA), B OT/INUYME OT AONNEPOBCKOro (4aCTOTHO-He3aBUcMMoro). Ob6bacHaeT
aHomanuto Z keasapa B rasiaktmke NGC 7319, Haxogsllelica BHe LLeHTpa ee agpa. .

### 5.12 «YépHble Abipbl» = 3PUPHbIA BUXPb

To, UTO Ha3bIBAIOT «YEPHON AbIPON» B LIEHTPE raflakTUKKU — 3T0 **ocHoBaHWe cTBONA 3PpUPHOro BUXPA**: 30Ha
3KCTPEMasIbHOTO NafeHuaA AaBaeHus, rae sGup CKUMaeTca B MPOTOHbI. HET CUHIYIAPHOCTH, HET TOPU30HTa
cobbiTnin B cmbicne OTO.

**KpuTKKa cTaHZapTHOM mogenu:** Boonb CTBOMA AXKeTa rpaBUTaLLMA KYEPHON Abipbl» He paboTaeT — MOJHbI
abcypa B cTaHgapTHOM mogenu. Ecam 6ol B LeHTpe bblia YEPHaA Ablpa ¢ e€ rpaBuTaLment, gKeT He mor bbl
bopmMpoBaTLCA U CyLLLECTBOBATb.

**NaHHble:** Ha 04HOM 13 CHUMKOB LeHTpa AApa rafakTukM MneyHbli MyTb BUAHO 3acacbiBaHWe ABYX CTPYM C
NPOTUBOMOJIOXKHbIX CTOPOH (MpeaAcTaBAeHO B MOHOrpadum no TpaHcmyTauun). Konbuesas CKOPOCTb BPaLLeHUs Ha
CTeHKe grKeTa B 2—3 pasza **meHbwe** npoaonbHOM CKOPOCTM ABUKEHMA BAONb CTBOIA, KOTOpaa **KpaTHo
npeBbILaeT CKOPOCTb cBeTa™*,

**AHanorua c TopHago:** NogpobHO onucaHo B MOHOrpadum No rpaBUTaLLMM NpPU aHaanse mexaHmMsma TopHag0
(c dbopmynamu) — **nonHan aHanorns**. CTBon TOPHaZO M CTBOJ FraNaKTUUYECKOro AKeTa — 04Ha U Ta e
CTPYKTYypa 3pUPHOro BUXps B pa3Hbix MacwTabax (ppakTanbHas cBasb, cM. 1.5).

«TEéMHan matepus» — 3OUPHbINA BUXPb FaNaKTUKK, €ro rpaBUTALMOHHbIN 3ddeKT. «TEMHan saHeprua» — adupHoe
[aB/ieHNe, BHELIHEE MO OTHOLUEHUIO K FalakKTUYECKUM BUXPAM.

**Cuna aprymeHTa:** CUAbHbIN. AprymMeHT 0 HEBO3MOXKHOCTU FPaBUTaLMKN YEPHOM Ablpbl BAOb CTBOMA AXKETa —
NPAMOM IOTMYECKMIA KOHTPAPTYMEHT K CTaH4apTHON moaenu. AHanorus c TopHaao (c dopmynamm) gaér
KOJIMYECTBEHHYIO OCHOBY.

### 5.13. Keazapbl KaK Mmonodbie 2aAaKMUKu

KBasap — ¢asa «porKAeHUA» ranakTMKu: 3QUpPHbIA BUXPb aKTMBHO NPOM3BOAMT MaTeputo, CnuH-xeT
Bbl6pacbiBaeT HOBOPOKAEHHbIE MPOTOHbI. MOLWHOE U3yYyeHne — cneacTBue akTUBHOrO 3GUPHOro
npeobpasoBaHms.

**Cuna aprymeHTa:** CpeaHuii. KauectBeHHO corniacyeTcs ¢ HabatogaeHuamu AmbapuymsHa. KosmuectBeHHOM
MOZENN HeT.

### 5.14 dBonoUMA raNnakTuK
MONHbIN }KU3HEHHbIN LUUKA:

- **PoykaeHne:** admpHbI BUXpb GOPMMPYETCA, HAUMHAET BCacbiBaHMe adupa, POXKAEHNE MPOTOHOB.
- **MonogocTb:** akTnBHasA dasa (KBasap), MOLHbIE AMKETbl, UHTEHCMBHOE 3Be34006pa3oBaHMe.

- ¥*3penoctb:** cTabunnsaumsa, pykasa, yCToMunMBoe BpaLleHme.

- *¥*Crapoctb:** apupHbIi BUXpb cnabeeT, ymeHblUaeTCcA NPOM3BOACTBO MaTEepPUM.

**CmepTb:** adMpPHbIN NOTOK NPeKpaLLaeTca, raNakTUKa pacTBopseTcs.

370 UMKA «3bUp > maTepus = adup» B raflakTUYeCcKoM macluTabe — Lenesas NpuiunHa no Apucrortento.

**Cuna aprymeHTa: ** CpeaHuii. KoHuenTyanbHO NPMBAEKATENbHO, KOIMYECTBEHHbIX NPeACcKasaHuit Ana
BpemeHHbIX MacluTabos ¢as HerT.



### 5.15 bannucrtuyeckan Teopua PUtua U cnoxkeHue CKopoctei

CkopocTb 3M-CUTHANO0B B BaKyyMe CK1ablBAETCA CO CKOPOCTbIO MCTOMHWKA BEKTOPHO — NO HanAnCTUYEeCcKomn
Teopun Putua. B GED aTo — ecTecTBeHHOe cieAcTBMe: CBET — BOJIHA B 3pUpPe, CKOPOCTb BO/IHbI OTHOCUTENBHO
cpefibl MOCTOAHHA, HO OTHOCUTE/IbHO ABUMKYLLEroca MCTOYHUKA/MPUEMHMKA CKNaabliBaeTcs.

Mpsamo cBA3aHo ¢ paanonokaunent BeHepsl (pasaen 13.6).
**Cuna aprymeHTta:** CunbHbIN (B CBA3KE C SKCNEPUMEHTaNIbHbIMU AaHHbIMM).
### 5.16 ConHeuHble ABNEHUA

- **KopoHasbHble ablpbl** — npopbliB apupa noa M3bbITOUHbIM AABNEHUEM U3 HUXKENEKALLMX CNOEB Yepes
NOBEPXHOCTb B KOPOHY. [laBneHune adpumpa Ha Noocax Bbillie, YeM Ha IKBaTOpe.

- ¥*PeHTreHoBcKoe usnyyeHne ConHua** — yaapHoie adpupHbIe BOJHbI. 1PN YMEHbLIEHUN CKOPOCTU CoyAapeHus
He XBaTaeT sHepPrnn — pPeHTreH nagaert.

- **ConHeuHbIn MUHUMYM 2018—-2019:** peHTreHoBCKOEe MU3ydeHue ynano ao $107{-9}$ — Huske
4yBCTBUTENBHOCTM NpuH0opoB. B GED: ymeHbLIeHMe cKOpoCcTU 3GUPHOro NOTOKA K MOBEPXHOCTU — MEHbLLE
YZAapPHbIX BOJIH = MEHbLUE PEeHTIeHa.

- ¥*11-neTHunit uMKN** nepenontocoBKN MarHMTHoro nons ConHua — ABLUAPOB YECTHO NPU3HAET: GED noka He
DABT 06BbACHEHUA.

**Cwuna aprymeHTa:** CpegHuii-cunbHblit. KopoHanbHbie Ablpbl U NaLEHWE PEHTIEHA B COMIHEYHbIN MUHUMYM —
KOHKpEeTHble Habatogaemble ABNEHUS C 3OUPHON MHTepnpeTaumen.

### 5.17 BpaweHue nnaHeT n apupHblii BeTep

MnaHeTbl ABUKYTCA B CUHXPOHU3ME C 3QUPHbIM MOTOKOM 3Be3bl. ITO 06bACHAET, NoYemy MHTepdepomeTpbl
MalikenbcoHa He GUKCUPYIOT «3UPHBIM BETEP» — NAAHETa U IOKabHbI 3hUpP ABUNKYTCA BMECTE.

### 5.18 TopHaA0 Kak NPOTOTUN KOCMUYECKOTro BUXPA
TopHafo — nosioBMHa 3GUPHOrO KOCMUYECKOTO BUXPA. HeT NoIHOLEeHHON TeEOpUM TOPHALO, 0B bACHAOLLEN BCe
addekTbl (NoabEM Macc, NPOHUKHOBEHME MATePUM, KOIOCCA/IbHAA SHEePreTuKa). MnasHoe HeyYTéHHoe —

**3UpPHBbIN BUXPb C ero aHeprnen™*, packpyymsaoLmn TopHago.

CtBon TopHago (anametp 130 m, TONLLMHA CTEHKKU 3 M) — aHaNor CTBONA raflakTUYecKoro apupHoro Buxpsa. Ta ke
CTPYKTYpa: AMCKoBaA 061acTb BCACbIBAHUA —» CTBOJI C IMHEMHOW CKOPOCTLIO —» BbIBpOC Yepes CnuH-[xKeT.

**®dpaKTanbHas cBA3b:** MexaHU3Mbl, ONMUCaHHbIE 414 TOPHAA0 B MOHOrpaduu no rpasutaumm (c dopmynamm),
NPAMO NPUMEHAIOTCA K raakTMYyecknm cteonam (5.8). To He aHaNoOrMa — 3TO OAHA M Ta Ke GU3MNKa B PasHbIX

maclwtabax.

**Cuna aprymeHTa: ** CpeaHuid. AHanorua HarnagHa, TpebyeT MHCTPYMEHTaIbHbIX U3MEPEHWU BHYTPU BOPOHKM.

### 5.19 NnaHeTapHble BeTPbl U 3¢UpPHbIe TeYeHUsn
BeTpb! M WITOPMbI Ha 3emsie 1 YpaHe NopoXKaatoTca 3GUpPHbIMU TedeHnaMN. MNnaHeTa Npy BpaweHnn obroHseT
COb6CTBEHHbIV KPYroBol apupHbIA BUXPb B CPEAHMX LUMPOTAX M 3aMa3ablBaeT Ha NOIKOCaxX M 9KBaToOpe — CO343ET

antopy «3QMPHbIX BETPOBY». «PeByLIME COPOKOBbIE» — 30HA MOHUKEHHOTO 3GUPHOro AaBAEHUA.

**Cuna aprymeHTa: ** CpeaHuii. KauecTBeHHOe COOTBETCTBME, KOIMYECTBEHHOW MOLENMN HET.

### 5.20. 12-Tb OTKPLITbIX NPO6AEM aCTPOHOMUM



ABliapoB nepeuyncaneT 12 npobaem, Tpebyowmx spnpoaAnHaMMUYECKOro OCMbICEHUS:

. CKopocCTb cBeTa B NPAMOM M 06paTHOM ABUXKEHUWN B BaKyyMe.

. CKopoCTb pagMocurHana B NPAMOM 1 06paTHOM ABUNKEHUMN.

. 9dmMpoaAnHaAMNYECKME KOMITOHEHTbI KPaCHOro cMeLeHnn (pasgenbHo No yYacTKam nyTh).
. PeanbHble paccTtoaHmA, pasmepbl, MacCbl U CBETUMOCTU 3BE3, U raNaKTUK.

. Lledengpl — peanbHble MOAENN U KOPPEKTHbLIE PACCTOAHMA.

. HelTpoHHble 3BE3abl — XapaKTEPUCTUKM U KOPPEKTHbLIE PACCTOAHMSA.

. Kocmunyeckasa aucnepcuma pasHbIX AMANa3soHOB U3yYEHUIA U UX CKOPOCTEN.

. [BOViHbIE 3BE34bl — XapaKTEPUCTUKN, onTUYECcKME 3PDEKTbI, PacCCTOSHUA.

. Kocmunyeckne mupaxku: nyibcapbl — CBEPXHOBbIE UM BPEMEHHbIE TOHKM U3YYEHUI.

10. Kocmunyeckue MmmnpaXKku: rpaBUTaLMOHHbIE NN BPEMEHHbIE SINH3bI.

11. Kocmmuyeckne mmpaxku: 38ésgHble CUCTEMbI U AYTY UK oNTUYecKne 3pdeKTobl.

12. JoKa3aTeIbCTBO CYLLLECTBOBAHMA «CBEPXMACCMBHOIO 3BE34HOI0 06beKkTa» — He YEPHOM AblIpbl.

OO NOOULL A WN PR

# 6. MUKpOMUP: NPOTOH, 3IEKTPOH U TEOPUA YCTOMYUBOCTU
### 6.1 [lee ycmolivyusbie yacmuybl — U MosbKo 0ee
B GED cyLecTByOT pOBHO ABe YCTOMYMBbIE KOHOUTYpaLmMmn 3GUPHOro BUXpA:

- **MpoToH™** — TopoMAaanbHO-KObLEBOM BUXPb, YCTONYMBAA popmMa C GUKCUMPOBAHHOM Maccoi 1 reomeTpueit.
CyLwiectByeT B IOObIX YCNOBUSAX.

- ¥*3JNeKTpoH** — BUXPb MeHbLLero macluTaba, ycToMYMBbIN TO/IbKO B BaKyyme (B cBO60aHOM cocTosiHMK). B
COCTaBe aToMa — YacTb eAVHONM BUXPEBOM CTPYKTYPbI C A4POM, @ HE CAMOCTOATE/IbHAA YacTuua.

Bosblue ycTonumebiXx GOpmM 3/1eMEHTAPHbIX YacTUL, HeT.

### 6.2 Kopomkoxcusyuue «4acmuybl» — nepexodHble COCMoAHUA

NMoboe apnpHoe obpasoBaHMe, Macca M Gopma KOTOPOro He COOTBETCTBYHOT paspelléHHOMY YCTOMYMBOMY
COCTOSIHMIO, HecTaunoHapHo. OHO CTPEMUTCA NepenTn B YCTOMYMBOE — HAMPAMYIO UK Yepes LEenoyKy
NPOMEKYTOUYHbIX HEYCTOMYMBbLIX KOHOUIYpaunii. Bpems ¥ K13HM 3aBUCKT OT cTeneHU HecbaaHCMPOBAHHOCTU: Yem
Aanblue oT yctoiumsol dopmbl, Tem BbiCTpee pacnag.

MNoatomy:

- MtOOH, NMOH, KAaOH, BCe pe30HaHCbl — HecbanaHCMpoBaHHbIE 3GMPHbIE BUXPU Ha Pa3HbIX CTAAUAX PeNakcaLumm K
NPOTOHY U/UAW 3NEKTPOHY.

- Llenoyku pacnagos — nocnefoBaTe/ibHble NEPEXOAbl HePe3 HEYCTOMUYMBbIE MPOMENKYTOUYHbIE POPMbI.

- Kaxkaplii «pacnag» — nepectpomnka ogHOro HecbanaHCMPOBAHHOTO BUXPSA B CIeAYHOLLYIO, 6aMKe K YCTOMUYMBOIA.

### 6.3 lJuckpemHocmo paspewéHHbIX hopm

3PUpPHbIN BUXPb YCTOMUYMB TOSIBKO MPU CTPOTrO onpeaenéHHbIX KoMbUHauuax maccol n ¢opmbl. OTCloaa
ANCKPETHbIE NUKM B CMEKTPAX — 3TO paspeLléHHble (NyCcTb U HeYCTOMYMBbIE) KOHGUTYPaALMK, KOTOPbLIE KUBYT
[0CTaTO4HO 4010, YTODbI X 3aperncTpmupoBaTb.

### 6.4 Modenb npomoHa u daHHvbie SLAC

MpoTOH — TOpPOUAANbHbIN 3PUPHDBIN BUXPb C KONbLEBLIM M TOPOUAAbHBIM BPaLLEHUEM C MPOA0/bHbBIM
Bblbpocom (CnuH-[KeT). B ueHTpe — aKcTpemasibHoe nageHune aasneHuna ~ 10710 pas (1.e. Ha 10 nopsakos),
rae apup cKnumaetcs B MaTeputo. dkcnepmumeHT SLAC (Burkert et al., Nature, 2018) nokasan npodunb gaBaeHus
BHYTPW NPOTOHA C NPOBA/SIOM BA0/Ib OCUM cumMmeTpun — B GED 3TO cooTBeTCTBYET 06/1aCTM BCacbiBaHMA Topounaa.

### 6.5 Omcymcmeue meopuu ycmoliiyueocmu e ¢pusuke

dusmka XX—XXI BeKa He UCNO/b3yeT TEOPUIO YCTOMUYMBOCTU KaK KpUTEPUIA CyLLLECTBOBaHMA. PaspeluatoT ntobbie
peLleHna YpPaBHEHWI, AaxKe eC/in OHM OMUCbIBAKOT COCTOAHMA, KOTOPbIE HE MOTYT COXPAHATLCA AONbLIE



HUYTOXKHbIX A0Nel ceKyHAbl. Karkaoe HOBOe sKCNnepUMeEHTaIbHOE BPEMSA KU3HU MHTEPNPETUPYETCA KaK
«OTKPbITWUE HOBOM YaCTULbI», @ HE KaK perncrpauyma nepexogHoro coctosHunsa. B GED Takue peweHus
0THPaAKOBbIBAOTCA MO KPUTEPUIO YCTOMUYMBOCTU — OTCIOAA ABE YACTULLbl BMECTO COTEH.

## 7. HeMTpUHO He cywecTByeT
### 7.1 UcmopuyecKuli KOHmeKcm

HeliTpuHo 6bis10 npeanoxeHo Mayau B 1930 roay He NOTOMY, YTO €ro 06HaPYKUIK, a NOTOMY YTO 6€e3 Hero He
cxoaunca banaHc aHeprum B 6eTa-pacnage. dNEeKTPOH YHOCU HEMpPEPbIBHbIN CNEKTP SHEPTUI, a He ANCKPETHbIN.
«MponaBsLLYo» 3HEPIUIO HY¥KHO 6bII0 KyAa-To AeTb — lMayau NpegnosKkua HeBUAMMYHO, NOYTU He
B3aMMOAENCTBYIOLLYIO YacTuLy.

#i#t#t 7.2 O6vacHeHue 8 GED

- ¥*YCTOMYNBOCTb — OMUCKPETHA. ** DPUPHbIN BUXPb YCTOMUYMB TOIbKO NPU CTPOro onpesenéHHbIX KOMOUHALMAX
mMaccbl U Gopmbl. Mepexos mexay yCTOMYMBBIMM COCTOAHUSAMM COMPOBOXKAAETCSA BbIOPOCOM UM NOFIOWEHMEM
M36bITOYHOMN 3PUPHOI Macchl.

- **BbIbpoc, a He yacTuua. ** Mpu aaepHbIX PeaKUMAX Nepexos 3 04HUX YCTONYMBBIX COCTOSHUI B Apyrue
NPOXoAMUT C BbI6pocom n3bbITOYHOM 3GMPHOIN Macchl. ITOT BbIBPOC CMUCLIBAOT HAa HENTPUHO.

- **T0, YUTO 4ETEeKTOpPbI NOBAT KaK KHEUTPUHON** — MHOroYMCAEHHbIE C/lyYaliHble BUXpeBble 0bpa3oBaHuMsA
pa3HOl MacWTabHOCTM M SHEPTUK, KOTOopble 0BPA3YHOTCA Ha BCTPEYHbIX 3QUPHbIX MOTOKaxX. OHKU He ABAAIOTCA
yacTmuen ¢ PUKCMpPOBaHHbLIMM CBOMCTBAMMU.

### 7.3 MNouemy HenpepoisHblii cnekmp 6ema-pacnada — He npobaema

B GED HeT npobaemMbl «NponaBLieit SHePrUm»: NePEXos, MeXKAY AUCKPETHbIMWU YCTOMYMBbLIMU COCTOAHUAMM
3pUpPHOro BUXpA JAET BbIGPOC 3GMPHOIM Macchbl pasHOM BE/IMYMHBI — B 3aBUCMMOCTM OT TOTO, KAKOe UMEHHO
NPOMEKYTOYHOE HEYCTOMUYMBOE COCTOAAHME NPOLLO BMXPb. HENpepbIBHbIN CNEKTP 3/1EKTPOHOB — CNeAcTBUe
TOrO, YTO PenaKkcaums K yCTOMYMBOMY COCTOSHUIO MOXKET UATU Yepes pasHble NyTu.

### 7.4 Omcymcmeue noHAmMusA ycmoliyueocmu KaK KopeHb npobsemel

Ecnm 6b1 dM3MKa MCNob30BaNa KPUTEPUIN YCTOMUYMBOCTU KaK OCHOBHOM, Npobiema 6eTa-pacnaga pewwmnach bbl
6e3 BBEAEHWS HOBOW YacCTMLbl: MepPexos, Mexay YCTOMYMBbIMU COCTOAHUAMMK BUXPA C BbIBPOCOM 3QUPHOM Macchbl
— 3T0 MexaHu3M, a He post-hoc runoTesa.

## 8. KaButaunoHHasa TpaHcmyTauma (IBTKT)
### 8.1 MexaHu3m

KaBUTaUMOHHbIN Ny3bIpEK — adpupHbI Topong,. LLeHTp (HM3Koe AaBneHue) Bbi3blBaeT AecuHTes agep, CnuH-AxeT
(30Ha cXKaTMA) — CMHTE3 HOBbIX 3N1EMEHTOB. bapbep NpeoaoneBaeTca NepenagomM AaBAeHUA, @ HE KUHETUYECKOM
3Hepruen.

**®paKTranbHas cBA3b:** KaBUTALMOHHDIN Ny3bIPEK — TOT XKe 3QUPHbIA BUXPb, YTO M TOPHALO0, NPOTOH U
ranaktmka (n. 1.5).

### 8.2 dmnupuueckan 6asa

- PeHTreH npu kaBuTaumm (Boicoukuii, KopHunosa).

- ®oTtorpaduma TopomaanbHOM CTPYKTYpbl B MeaHoM Tpybe (bob MpuHbe, cemuHap Knnmosa-3atenenunHa
27.03.2024).

- Ha cHMMKe ueHTpa aapa ranaktmkm MneyHbii MyTb BUAHO 3acacbiBaHME ABYX CTPYWN C NPOTMBOMOOMKHbIX
CTOPOH — Ta ¥e CTPYKTYpa, YTO U B KABUTALLMOHHOM Ny3blpbKe.

- Bronormnyeckasa TpaHCMyTaLMA: KainMi = KanbLMM Y NTUL, KUCNOPOA —> Yrnepog npu poTocmHTEsE.



- 9pMpHbIE n3MepeHns BOKpyr ycTaHoBKM iIWET: npeBblweHne dpoHa B 2—4 pasa, «3dUpPHbIA paHTOM» Ha
OTKNOYEHHOM 060pYA0BaAHUM.

**OTKpbITble BoNpocbl:** meTannorpadpuyeckmii aHanns obpasyos NpUHbE M oNpeaeseHre cocTaBa
HOBOOOpPa3oBaHMUN.

## 9. PeHmaeHoecKoe u3ssny4yeHue

### 9.1 Modeno

PeHTreH — npoAo/bHaA s3¢pupHan BoHa (aHaNOr yAapHOW BOJIHbI), BO3HMKAIOLLLAA NpKU paspyLleHmMm Toporaa
3/71eKTPOHa Npu yaape 06 aHoA,. XapaKTepUCTUYECKOE U3IyHeHNne — peakuma ynpyron pellétki aHoaa Ha yaap.

### 9.2 Nposepsaemevbie cnedcmeaus

- Monapwu3auma peHTreHOBCKOro U3IyYeHUA A0/KHA OTIMYATbCA OT NonepeyHol (NpoaoibHas BOHA).

- CKopoCTb yaapHol 3¢UPHON BOIHbI MOXET NPEeBbILLAaTb CKOPOCTb CBETA (KaK CKOPOCTb 3BYKa B MeTasle
MpeBblLLAeT CKOPOCTb 3BYKa B BO3AyXe).

- PacnpepeneHve MHTEHCMBHOCTM OT yr/1a U HAMPAXKEHWA COrNacyeTca ¢ AaHHbIMKU ANA BObGPaMOBOro aHoAa
npu 100 KB.

### 9.3 PeHtreH ConHya

PeHTreHoBcKoe M3nydeHune ConHua — yaapHble adpupHbie BOAHbI. B conHeuHbli MuHUMym (2018—2019) peHTreH
ynan o 10°{-9} — HuKe 4yyBCTBUTEIbHOCTM NPMBOPOB.

B GED: ymeHbLUeHME CKOPOCTM 3GMPHOro NOTOKA —> MEHbLUE YAapPHbIX BOMIH = MeHblue peHTreHa. CTaHgapTHasn
MoAeNb He 06BACHAET.

## 10. UsmepuTenbHble npubopbl UM,

### 10.1 3eonro0yua nokoneHul

| MokoneHue | OcobeHHocTH |
| | |
| Nra3a-o | MakeT: BudmnapHan KaTywKa + BUAKa ABPaMeHKO + MybTUMETP |
| Ur34-2rp | FanbBaHMYecKan pa3Ba3Ka, Kopnyc, 5-pas3paaHbIi UHAMKATOP |
| Nr3a-2rp+ | BbiBOA, Ha @aBTOHOMHbIM ocumanorpad, perMcTpaumsa ocLuMANorpamm |

| MGEP-2N_BT | MyabtumeTp OW18E OWON, Bluetooth, ycunutens AD620 (Bxoa >\(107{12}\) Om) |
| MGEP-2N_PO | MopTaTueHan Bepcus c ocunnnorpadom FNIRSI-138 Pro, guanasoH ao 100 B |

### 10.2 AemoHOMHoOe numaHue — Kpumu4veckoe mpebosaHue

**Bce nameputenn U3, umetoT aBTOHOMHOE aKKyMYAATOPHOE NuTaHue.** MogKnoueHune K cetm uam
3a3eM/ieHne Kopnyca NPUBoOAUT K MHOFOKpPaTHOMY (MHOrAa Ha NOPALKM) UCKAXKEHWMIO NMOKa3aHWUN.

**3dupoanHamuuyeckoe obbsicHeHMe: ** 3a3eMNIEHHbIN NPOBOA UM CETEBOE NOAKNOYEHNE paboTaeT Kak
OAHOMPOBOAHAN IMHMA Tecnbl — NPOBO/A, CTAHOBUTCA AHTEHHOW AN1A 3GUPHbIX FPAAMEHTOB AaBNEHUA.
INEeKTPOMArHUTHOE 3KPAaHUPOBAHME He HAOKMPYET 3TOT 3P PEKT, MOTOMY UTO NepesAETCA He 3NEeKTPOMArHUTHas
BOJIHA, @ 3OUPHbIN FPaaNEHT.

### 10.3 Ur3/[] Kak uHmez2panevHoiii demekmop 3hupHo20 hoHa
N34 — **uHTerpanbHblit adupHbIn ceicmorpad™*. Mpmubop MHTerpupyeT NPoxoxKaeHue Bcex

HeC6aflaHCVIpOBaHHbIX 3¢MprIX Bmxpeﬁ Yyepes3 CBOK AEeTEKTOPHYH 4acCTb, npuwiegwnx n3 BNMMKHUX U AaNbHUX
30H: OT JIOKa/IbHOro reHepaTopa A0 ra1akTuK N CBEPXHOBbIX.



Kaxkabii pacnag HecbanaHCMPOBaHHOIO BUXPSA CONPOBOXKAAETCA BbIOBpOCOM 3PpUPHOro rpagmeHTa, KoTopbli
pacnpocTpaHaeTca Yepes aPpUpPHYLo cpeay Kak BonHa gasaeHus. U HakaniMBaeT CyMMapHbIA MOTOK BCEX 3TUX
rpagneHToB 3a Bpema UaMepeHunsa. Moka3aHua HUKOrAaa He HyneBble — AaXXe NPU OTCYTCTBUU NOKaA/IbHbIX
NCTOYHUKOB.

##t# 10.4 Cmoxacmuueckaa cmpykmypa cuzHana Ur3/[: 6enviii wym Kak s¢pupHolli poH

B CNOKOMHOM COCTOAHUM M3mepuTena 4-i u 5-i gecaTnyHble 3Haku (MHoraa u 3-i) **nocToaHHO meHalTCa**,
rae 6bl HYM Haxoamacs Nnpubop. MNpu BbiBOAE CMrHA/IA Yepes rasibBaHMYecKyto pa3sasky USB Ha KomnbioTep Wan Ha
aBTOHOMHbIW ocumanorpad BUAHO, 4YTO 3TO **cTOXacTMuecknit curHan** — KapTuHa 6e10ro LWyma, HaJloKeHHOro
Ha CpeAHIo COCTaBAAIOLWYIO FpagMeHTa AaBneHus B 061acTy geTekTopa.

**MexaHnam B GED:** Mpunét ocnabneHHbIX 3pMPHbIX BUXpel pa3HO MacluTabHOCTU — B NepBYIo o4yepeb UX
GPOHTOB — € pasHbIX PACCTOAHMIN AAET KapTuHy Benoro wyma. Cynepnosunuma 6ecKoHeYHoro Yncna
MWKPOCKAYKOB OT UCTOYHMKOB BCEX MaCLUTaboB.

**CpaBHeHMeE C INEKTPOHHbIM BenbiM lWymom:**

**CUNbHbIN CUTHaN HakNagblBaeTca Ha GoH.** Mpu NpMxoae MOLLHOTO U3/TyYeHMA OT JIOKa/IbHOTO UCTOYHMKA OHO
[o6aBaAeTcs K KapTUHE WyMma, He YHUYTOXKas eé. Npu neprmoamyeckom CUIbHOM CUrHae NoCTOAHHanA
COCTaBAAOLLAN BO3pacTaer.

**CpaBHeHMe C 31eKTPOHHbIM Besibim Wymom.** Ha npeseHTauum usmepeHuii Ha rasopaspsaaHoi yCTaHOBKe
NMOKa3aHo: NepeMeHHas cocTasasAtowas 6enoro wyma **nagana scero Ha 30%** npu M3mepeHU B AManasoHe
yacToT 60s1ee 3-X NopPsAAKOB.

B paTawwuTtax Ha 3/IEKTPOHHbIE KOMIMOHEHTbI (OI'IepaLI,MOHHbIe yCVII'IVITEI'IVI) Wym nmeet YETKO pa3A6ﬂéHHYIO
CTPYKTYpPY:

| NapameTp | Tennosoit wym | PAnkkep-wym | Wym UMM, (vsmepenne) |
| 3aBucMmoOcCTb | (aaTawmTb) | 1/f (paTawutel) | |
| | | e |- |
| ®opmyna | V_n=\sqrt{4kTR\Delta f | \propto 1/f | Cynepnosunuusa ¢ppoHTOB |
| 3aBMcumocTb ot | He 3aBucKT (Mnockuid) | PacTéT K HM3KMM | MnaBHbIM cnag, |
| yacToTbl | | yactotam | |
| Cnap nepemenHoit | Maockuit (nocToAHeH) | Pe3kuii B 0bnactm | ~30% 3a 3+ nopaaxa |
| cocTtaBnsatowweit | | nsnoma | |
| Nepexop 1/f 6enwiit | B npeaenax 1 nopagka | — | HeT pe3skoro nepexoga |
| | (1-500 ru) | | |
| 3aBMcumocTb ot | Npamas (yepes T) | Chaban | He uccneposaHa |
| emnepatypbi | | | |

KntoueBoe pasnunume: B 3N1€KTPOHHbIX KOMMOHEHTaX Nepexos, oT GANKKep-wyma K besnomy NpomcxoamT B
npegenax **oaHoro nopagKka** yactoT (0KON0 YacToTbl M310Ma, 06bI4HO 1-500 I'y). Bbile — naockuii 6enbiit
wym, HxKe — 1/f. B UM/ cnekTp naaBHO cnagaeT Ha NpoTaKeHUn 6onee yem TpExX gekag, 6e3 peskoro
nepexoaa. To KAYeCTBEHHO OT/IMYAETCA OT NOBEAEHMUA INEKTPOHHOIO WyMa.

**TunoTtesa:** **Benbli LWyM B 3/IEKTPOHHbIX KOMMOHEHTAX — 3TO KosiebaHusA adupHOro AasneHuma B obiactu
BXOAHbIX KacKagoB MUKpocxem.** BXxoAHOM Kackag, o6b0oro ycuamtena — oTKpbiTas 061acTb, pearnpytoLsan Ha
rpagueHTbl cpeabl. Ecnv adup — BCenpOHUKaLOLWMIA a3 C 4aBNEHWEM, TO BXOLHOM TPaH3MUCTOP UK 3aTBOP
nofeBmMKa «Kynaetca» B ero GAyKTyaumsax. To, YTO B 3/1E€KTPOHUKE Ha3bIBaKOT TENI0BLIM U APOHOBLIM LLYMOM,
MOXET UMETb 3PUPHYIO KOMNOHEHTY — MW NOJIHOCTLIO €10 06 BACHATLCA.

**Cuna aprymeHTa: ** CunbHbIi. Paznnune B cnekTpe cnaga (3+ nopagka vs 1 nopanok) — KOMYeCTBEeHHbIN,
BOCMPON3BOANMbIV KpUTepuid. Ecin noaTBepamMTca Ha pasHbIX TUMAX YCUAUTENEN U B Pa3HbIX YCAOBUAX —
npAMoe yKasaHue Ha 3QMpPHYI NPUPOAY COBCTBEHHOIO LWYMa 3NEKTPOHMKM.



##t# 10.5 CymouHblii x00 u aghgpekm obnaka

**CyTouHbIl Xxo4:** pasHuUa NPUBAU3NTENBHO B 2 pa3a MeXAy COIHEYHbIM AHEM U HoYbo. CoNHLe —
6AMKANWMI M MOLHENLWNI 3PUPHDBIN NpeobpasoBaTtenb. [AHEM NPAMOM 3dMpPHbIN NOTOK 0T CONHLA A0XO4MUT A0
npubopa. Houbto 3emnn 6J1OKMpPYET 3TOT NOTOK.

**BNOKMPOBKA NOTOKA YBENYMBAET NOKasaHMA.** Korga apupHbIn noTok oT ConHUa cBOBGOAHO NPOXoAUT — OH
BblpaBHMBAET 3PpUPHOE gaBieHMe B 061acTv Nnpnbopa, rpaamMeHT MeHbLle, MOKa3aHus Huxke. Koraa notok
610KkMpyeTCA (HoUbo 3eMNEN MM 06/1aKOM) — BbipaBHWBAHWE HapyLIAETCA, TPAANEHT Ha AETEKTOPE PACTET,
NMOKa3aHWsA yBeIMYNBAIOTCA.

| Yenosue | NoTok ot ConHuya | MokasaHua UM |
| I I |
| AcHbIV AeHb, Npubop B TEHU | CBob6oaHO AoXOAUT | BasoBble (HM3KKE) |
| O6bnako Ha ConHue | BhokuMpyeTcs, paccemBaeTca | PacTyT nponopumoHanbHo |
| Houb | BrokupyeTcs 3emnéit | PacTyT (B ~2 pasa) |

### 10.6 I¢pupHaa onmuKa: NUH3bI U3 CMeKna u meou

MepeKpbITUE Nyya razopaspagHoOro nasepa GosbrMpoBaHHbIM CTEK/IOTEKCTONNTOM **yBennunBaeT** nokasaHus
(oT 310 no 358 pas Hag poHom). MexaHn3m — He BNOKMPOBKa, a **HoKycMpoBKa**:- TOHKME CTEKNOBO/IOKHA
paboTatoT Kak cnabasa AnMH3a ana adupHOro NoTokKa.

**Yrnosas 3aBUCUMOCTb:** NOBOPOT CTEKIOTEKCTONNTA HA 45—-60° K lyuy yBE/IMYMBAET NMOKA3aHUA OTHOCUTENBHO
yrna 0°. Knaccuueckoe MH30BOE NoBeAeHne — nog, yrnom a¢pdeKkTnsHan anepTtypa 6osbLie.

**MolHasa IMH3a M3 MeAHOM NPOBONOKM AnameTpom 2 Mm:** pag meaHoOM NPOBONOKK, YN0OXKEHHOW BNIOTHYHO,
paboTaeT Kak cuibHas GoKycupytowas MH3a aaa apupHoOro usnydyeHus. Meab Kak NpoOBOAHMK B3auMogencTsyeT
€ 3dUpPHbIM NOTOKOM 3 PEKTMBHEE CTEKNA.

**[1Ba HE3aBUCUMbIX MEXaHM3Ma POCTa NOKasaHUn: **

- ¥*06.nako Ha ConHue => pocT NoKasaHuii.** Obnako — maccus BelecTBa 6e3 ynopsao4yeHHOM CTPYKTYpPbl —
paccenBaeT n 610KMpyeT abMpPHbIA NOTOK. YOMpaeT npuaaBaMBatoLWLMA MOTOK => rPagneHT PacTerT.

- ¥*CTeKNoTeKCToNnT GoNbrMpoBaHHbI Ha fladepe => POCT.NOKa3aHNn** CTeKN0BONOKHO — ynopAgoYeHHas
CTPYKTYpa — GOKycupyeT 3GMpPHbI MOTOK Ha AeTeKTope. KoHLEeHTpMpYeT rpagmeHT 3GUMpPHOro AasnieHmsa =>
NOKasaHuA pacTyT, NPM TOM YTO CBETOBOM NOTOK NEPEKPBIT..

OTKpbliBaeTcs gopora K **apupHoli onTuke**: NMH3bI, GOoKyCUpyloLLMe CUCTEMBI, HanpaBieHHble 3QUpPHbie
aHTEHHbI.

### 10.7 ConHue roHUT NOTOK 3GUPHDBIX BUXpEil BMecTe CO CBETOM

ConHue Kak adumpHbIi NpeobpasoBaTenb BbIGpacbiBaeT HAPYKY NOTOK BUXPEWN PAa3HOI YCTOMYMBOCTU: OT MOYTH
CTabuNbHbIX (CBET — ycTOoMUMBbIE 3PUPHbBIE BUXPK) A0 BbICTPO pacnaatowmxca (HeycTonumeble BUXPU,
cosgatolme adumpHbI GoH, KoTopsbi nosut UM3A). U3 namepaeT apuUpHbI BETEP BUXPEN, a HE CBET.

### 10.8 Knroyeeble pe3ynbmameol usmepeHulii

**TasopaspaaHbli He-Ne nasep:** Kpy = npesbiweHune B 300—358 pas Hag doHom. MepeKkpbiThe nyya
CTEKNIOTEKCTO/IMTOM — POCT 33 CYET POKYCMPOBKM.

**MNonynpoBoAHNKOBbIN Nasep™* (TOT e UBeT, Ta *Ke MOLWHOCTb): Key = 1,15 (15% Hag, poHom). PasHuua
NMOKa3blBaeT, YTO U3MEPSETCA HE CBET, a CONYTCTBYIOLLMIA 3GUPHBIN NPOLLECC OT ra30BOro paspsaga.

**3KpaHunposaHMe antommHMeBol ¢onbroi (3 cnos) + GoNbrMpPoBaHHbIN CTEKAOTEKCTONMUT (V1,5 mm):**
YMEHbLIMIO0 NOKa3aHUA MeHee Yem B 2 pasa. INeKTPOMarHUTHoOe U3ydeHne TakoW TONLWMHOM 3KpaHUpyeTca Ha
NopsAAKN CUNbHee.



### 10.9 Tecm c HeoOUMOBbIMU MA2HUMamMu

OnHamunuyeckoe Bo3aeinCTBUE HEOAMMOBLIX MarHUTOB **He Bbi3biBaeT peakuuu UM3A**. MarHuT co3gaér
NMOCTOAHHbIN (He NepemMeHHbI) 3GUpPHbIN NoToK. UM, nsmepsaeT nepemeHHble rpagneHTbl. OTCYTCTBUE OTKAMKA
NoATBEPKAAET, UTO NPUOOP He ABNAETCA 3NEKTPOMATHUTHBIM AETEKTOPOM.

##t# 10.10 FreHepamop AKUMOBA: NOAHOCMbIO IKPAHUPOBAHHbIl ucmovHukK (2026)

N3mepeHne usnydeHmsa **nosHoOCTbIO 3KpaHMpoBaHHOro** TopcuoHHoro reHepaTtopa Akumosa (TorsGenlab-1)
npuéopom UMM, c aBTOHOMHbIM NUTaHMEM (posiMK oT 17 mapTta 2026, cekuusa PAEH Ha Rutube).

**PesynbTaT:** U3nyyeHUe perncTpmupyeTcs, ero BeanYmnHa **nponopLmoHabHa NponsseaeH1Io 4YacToTbl
reHepaumn Ha amnanTyay**, c yuétom dopmbl GpoHTa (MeaHap AAET 6ONbLINI OTKAMK, YEM CUHYC).

**3HaueHne:** NosHoe 3KPaHMPOBAHME UCK/TIOYAET BbIXO, 3/IEKTPOMArHMTHOro U3lyyeHus. 3aBUCMMOCTb OT
NPoOu3BeLEHMNA YACTOTa ? aMNJIMTYAa HEXapaKTEPHA 418 SNEKTPOMArHUTHON HaBoAKN. BanaHue popmbl ppoHTa

YKa3blBaeT HAa HE/IMHENHbIN MeXaHU3M nepesayn.

### 10.11 OyeHKa KpumuKu «06 31eKMpPOMa2HUMHbIX HABOOKAX»

| KOoHTpOAbHbIN TecT | PesynbTaT | CoBmecTmocy |
| | | 3M-HaBoakon |

| ABTOHOMHOE NUTaHne | MokasaHuA cTabubHbI | Het |
| 3asemneHue Kopnyca | MHOrokpaTHO BO3pacTatoT | Het |
| MoAHOCTLIO 3KPAHMPOBaHHBIN reHepaTop AKMMOBa | CurHan permctpupyetcs | Het |
| 3aBMCUMMOCTb YacToTa - aMNANTYAa | MpounsBeaeHme, He nuHeHaa | Het |
| BansHme popmbl dpoHTa | MeaHgp - 60nbWNI OTKAKK | Het |
| HeognMmoBbIt MarHuT | OTcyTcTBME peakuuu | Het |
| Fa3opa3spagHbIli Vs NONYyNPOBOAHUKOBbIN Na3ep | 300pa3 vs 1,15 oaza | Het |
| 3KpaH nosepx nydya nasepa | NoKkasaHus pacTyT (AMH3a) | Het |
| AntomuHmesan Gonbra + CTEKNOTEKCTONUT | OcnabneHne meHee 2 pas | Het |
| CyTouHbIf X0, (aeHb/HO4b ~2pa3a) | BrokupoBKa cBeTa - pocT | Het |
| O6nako Ha ConHue - NPOMNOPLMOHANbHIA POCT | BroknpoBKa ceeToBOro NoToKa | Het |
| MefHaa NpoBo/IOYHANA IMH3A POCT AaNbHOCTM B 2 pa3a | PoKycmMpoBKa a¢upHOro notoka | Hert |
| CnekTp wyma: cnag 30% 3a 3+ NopAAKa Y4acToTbl | 3dupHbI doH, He Tennoso wym | HeT |

13 He3aBUCHMMBbIX KOHTPOJIbHbIX TECTOB, KaXKAbli HECOBMECTUM C FMNOTE301 06 3N1EKTPOMArHUTHbIX HAaBOAKaX.
### 10.12 Mpedenbl moyHocmu usmepeHuii u npupoda wymoe

**®dyHaameHTalbHOE orpaHnYeHme NPAMbIX U3mepeHnid. ** Hu ogHa cuctema peanbHbiX USMEPEHUI HE MOKET
obecneunTb 10—12 AecATUYHBIX Pa3pAA0B NP NPAMOM U3MEPEHUU GUMYECKON BENNYMHDI (HAanpsaKeHne, TOK,
paccTtosnHue).

PeanbHble npeaenbl:

- ¥*¥ALUN:** apdekTnBHasA paspagHocTb (ENOB) Bcerga HUKe HOMUHaANbHOW. Ons 8-paspsaaHoro ALLM Ha BbICOKMX
yactotax ENOB nagaet go 6—7 6ur.

- **Tennosol Wym** ycTaHaBAMBaET NOTONIOK: AarKe 24-pa3psaaHble ALMN peanbHo gatoT ~20 apdeKTUBHbIX OUT
(~6 pecatnuHbix paspagos). Popmyna: SNR = 6,02N + 1,76 ab. Ana 6 aecatTndHbIX pa3paaos (~20 6uT) Hy»keH SNR
~120 Ab — Ha rpaHM TENA0BOrO LWYMa NAaCCUBHbIX KOMMNOHEHTOB.

- ¥*7- pecaTnuHbIi paspag** (~23 6uta) — yxKe 3a npegenamu TenaoBoro Wyma NpyM KOMHaTHOM TemnepaType.

**[ae Bo3HMKaloT «10-12 pa3pagos».** BbiCOKas TOYHOCTb AOCTUraeTcA TOAbKO NpU Nepecyére namepaemon
BeNUYMHbI B **yacToTy**, KOTOPYHO MOMXKHO M3MepATb ¢ TouHOCTbIo \(107{-12}\) 1 Bbllle (aTOMHble Yachl,
4acTOTOMEpPbI C OMOPHbIM reHepaTopom). Ho 3T0O — TOYHOCTb M3MEPEHMA YacTOTbl, @ He GU3NYECKOW BENYMHDI.



MepeBoa 4acToTbl B pU3NYECKUin napameTp genaetca **yepes popmynbl**. Ecam dopmyibl HEBEPHbI, TO
«toyHocTb \(107{-12}\)» — 3TO TOUHOCTb U3MEPEHMSA YACTOTbI, @ HE TOYHOCTb PU3NYECKOrOo BbIBOAA.

**Cneacteue ana GED.** YtBepxaeHue «GPS aoKasbiBaeT penATUBUCTCKOE 3aMeaieHNe BPEMEHU C TOYHOCTbIO
\(107{-12}\)» coaep»KM1T CKPbITYIO NOCbIIKY: MPaBUAbHOCTb PENATUBUCTCKNX Gopmyn nepecyérta. M3smepeHHas
BE/IMYMHA — CABMTI YAaCTOTbl KBAHTOBOIO reHepaTopa Ha opbuTe. MHTepnpeTaums 3Toro cABura Kak «3amegieHumn
BpeMeHN» — TeopeTMyeckoe AonyLleHune, He npamoe namepeHune. B GED ToT ke casur obbacHAeTca 3pUpHbIM
AaB/IeHWEM Ha KBAHTOBbIE YPOBHU — U 3Ta MHTEPNpEeTaLMa COBMECTMMA C TEM, YTO KBApLLEBbIE reHepaTopbl (He
MMeloLLIME KBAaHTOBbIX YPOBHEN) CABMI He MOoKa3bIBatoT (cM. pasaen 13.1).

**CsAsb ¢ wymom UM/ ** Kak 4-5-i paspagbl UM/ «abiwat» n3-3a 3GUPHOro Wwyma, Tak u maaglume paspagbl
ntoboro nameputenbHoro npubopa coaeprKaT LWYMOBYHO KOMMOHEHTY. Bonpoc — B npupoze 3Toro wyma.
CTaHgapTHan 3/1IeKTPOHMKA CMMCbIBAET €ro Ha Ten10Bo Wwym [xKoHcoHa u apobosoii wym. GED npeanonaraer,
YTO YacTb (MM BECb) 3TOT WyM — 3pUpPHbIe GNYKTyaL MM AaBNEHMA HA BXOAHbIX Kackagax. CneKkTpanbHbIn
Kputepuii (30% cnag, 3a 3+ nopagKa vs peskuii cnag 3a 1 nopaaoK B 31eKTPOHUKE) — KOJIMYECTBEHHbIN cnocob
Pa3NYNTb TMNOTE3bI.

## 11. emoHcTpauumn u KoHpepeHuum (2022-2026)

| OaTa | MeponpusaTtune | ConeprkaHue |

| I I |

| 23.11.2022 | CemuHap Ne167, dusdpak My | TpaBuTauua U HepuUUA |
| 28.12.2022 | CemuHap Ne171, MIyY | AcTpoHOMMYECKME ABNEHUA, AXKETbI |
| 06.04.2023 | AemoHcTpauma B PYOH | NaTb LemoHcTpaumin U3, |
| 01.10.2023 | KoHdepeHuma MNN «K HoBoW PpusmKke» | U3smepeHne HEU3BECTHBIX U3/TyYeHWIA |
| 19.09.2023 | CemunHap Temnopoaorum Mry | «CTpaHHbIe n3nyyeHus» |

| 27.01.2024 | KoHdepeHuus «dPUpoanHaMmUKa Kak | Pernctpauma HesNeKTPOMarHUTHbIX U3TyYeH U |
OCHOBA NPOPbIBHbIX TEXHOOTNIA»

| 27.03.2024 | CemnHap Knumosa-3aTenenvHa | O6pasubl MpUHbeE, TOpoUAaNbHbIE CTPYKTYPbI |
| 30.09.2024 | XXVIII KoHdpepeHuua XTA n LUM | 3BTKT — apupoamHammnyeckas TpaHcMmyTauma aaep |
| 17.03.2026 | CeKkuua PAEH | MonHOCTbIO 3KPaHMpPOBaHHbLIN reHepaTop AKMMOBa |

**HesaBucumoe BocnponssegeHme:** popym zaryad.com, nonb3osatesnb Mouselab.

## 12. Jlornueckan cBogKa no Apucrtorenio
### 12.1 Coomeemcmeue Kpumepusam Hay4yHol meopuu

| Kputepuii | Ctatyc | O6ocHOBaHMeE |

MpuHyun docmamoyHo20 ocHoeaHUA | BbinonHeH | Kaxaoe ABneHNE UMEET KOHKPETHYIO MPUYUHY — FrpagueHT
AaBneHus |

Bbpumea Okkama | BbinonHeHa | OgMH MexaHW3M: rpaBMTaLLMA, MHEPUMA, SNEKTPUYECTBO, MarHeTU3M,
M3aydYeHUe, TPaHCMYTaUmA, WYM |

Teopusa ycmoliyuseocmu Kak kpumepuii | BeegeHa | YcToliumsbix Gopm — ABe; BCE OCTaslbHOE — MepexoiHble
COCTOAHMUA |

KoHcmpykmueHblli mamemamuyeckuii pyHOoameHm | YacTuuHo noateepKaéH | BblukoB-3aliueB: BbiBOA, U3
dM3NYECKMX 3aKOHOB COXPaHEHUA CN/IOLWHOM cpeabl (AeMCTBYIOLWAn NPUYMHA), B OTANYME OT
deHomeHonormyeckoro noaxoaa (popmanbHan npuumHa) |

MNMpedckazamenvHas cuaa | YactTuuHo noaTBep:KAeHa | TpM KOMMNOHEHTbI MarHUTHOTO NOAA — U3MEPEHbI.
ddupHas onTnka — noarteepxaeHa. CyTouHbl Xxo4 — u3mepeH. CnekTp wyma — namepeH. AMouapommyeckme
TOYKM — COrNacoBaHbl, paauyc cTBona conHeyHoro suxpa (0,12 a.e.) |



CoznacoeaHue c akcnepumeHmamu | 3HauuTenbHoe | SLAC, Bosaxep, AMbapuymsaH, Boicoukuii, MAG3110,
lPUHbE, reHepaTop AKMMOBA, CYTOUHbIN X0, 3$upHble MH3bI, TIMATION, ®aH J1aH4YKao, LLymelikep-/lesn 9,
Kosblpes, pagnonokauns BeHepbl, cnekTp wyma UM, ambuapommyeckme TOUKM |

He3asucumas socnpouszsodumocme | YactuuHas | Mpubopbl BOCNpouM3BeAeHbl SHTY3MACTOM. [leMOoHCTpauum B
PYOH. CuctemaTmMyecKkoi NpoBEPKM B aKKPeAMTOBaHHbIX 1abopaTopuax HeT. |

Mpupoda wyma anekmpoHuku | NpeackasaHne | GED npeacKasbiBaeT 3GMPHYHO KOMMOHEHTY, MPOBEPSAEMYIO
cnekTpanbHbiM Kputepmem (cnag 30% 3a 3+ nopsaKa vs pe3kuin cnag 3a 1 nopsaok) |

Mamemamuueckasa nonHoTa | YactuuHas | BbluKoB-3aiiLeB BbIBE/IM BCE OCHOBHbIE 3aKOHbI U3 ABYX YPaBHEHWA.
MonHbIn anddepeHUManbHbIW annapaTt A48 TOPouAanbHbIX BUXPEN He co3aaH. |

MpeyusuoHHblie mecmoi OTO | He ob6cyxaeHbl | LIGO/Virgo, 3apepkKa LLanupo, rpasutaumoHHoe
JIMH3UPOBaHWe, NpeLeccus nepurenns — TpebyloT pasbopa B pamKax mogenu |

### 12.2 YeTbipe npuunHbl Apucrorena s GED

| NpuunHa | CoaepkaHue |

| MaTtepuanbHasa | 9dup Kak cybcTpaT — rasonogobHas cpesa ¢ NNOTHOCTbIO, AaBNEHUEM, BA3KOCTbIO |

| AeAcTBylowasn | MpagueHT faBneHuns s¢pupa — KOHKPETHbIN MexaHW3M, CO34at0LWMiA NOTOK |

| ®opmanbHana | ToponaanbHO-KObLEBAA CTPYKTYpa BUXPA — Gopma, B KOTopoii admp camoopraHusyetca |

| UeneBasa | dpaktasbHasa camoopraHn3aLms OT NPOTOHA A0 raNakTUKM — LMKA «3bup - matepus - adup» |

## 13. dKCcnepuMmeHTa/IbHble NPOTUBOPEUYUA TEOPUM OTHOCUTEIbHOCTHU

CeMb HE3ABUCUMMbIX FPYMM SKCMNEPUMEHTOB M HabNO4EHMI, B KOTOPbIX NPeACcKasaHMA TEOPUN OTHOCUTENIbHOCTH
(CTO 1 OTO) pacxogAaTcs € sKCNePUMEHTA/IbHbIMU AaHHbIMWU. KaxKabli N3 HUX 06bAcHAeTca B pamKkax GED
eAMHbIM MEXaHU3MOM — rpaAneHTamn gaBneHuna sdupHon cpeabl.

### 13.1 Peaamusucmckue u epasumayuoHHsie cosuzu: TIMATION vs GPS

**3kcnepumeHT:** B mae 1967 r. CLLUA 3anyctuam cnyTHUKKM GPS, a B ceHTabpe 1969 r. — nepsyto Napy CNyTHUKOB
HM3KoopbuTanbHoOM HaBMraumoHHom cuctembl TIMATION. Ha 60pTy HaxoaAnAUCh NPELM3NOHHbIE KBapL,EBbIe
reHepaTopbl, 4acTOTbl KOHTPOIMPOBAAUCH C TOUHOCTbIO He xyxKe \(10°{-11}\). CymmapHoe aelicteune
PenATUBMUCTCKOro U rpaBUTaLMoHHOro adpdpekTos coctasmno bbl \(2{,}1 \times 10~{-10}\) — B 20 pa3 6onblie
TOYHOCTM KBapLEeBbIX reHepaTopoB. O4HaKO PeNATUBUCTCKUE CABUIM OBHapyXKeHbl He Bblaun.

MNo3e, nocne 3aMyCKa NepsBbIX 3KCNEPUMEHTA/IbHbLIX CNYTHUKOB GPS ¢ KBaHTOBbIMM CTaHOAPTaMM 4acCToThbl,
nocnegHuMe NoKasaam casurn 4acrtor.

**PakT:** KBaHTOBbIE reHepartopbl NCNbITbIBAOT PENATUBUCTCKNUE U TPAaBUTAUNOHHbIE COBUTU, @ KBapLeBble —
HeT.

**06bsacHeHMe GED:** Ecnm 6bl 3amegneHne BpemeHun 6b110 yHUBEpPCanbHbIM, OHO B/IMANO Bbl Ha BCe MPOLLECCHI
0AMHaKoBO. KBapueBble reHepaTopbl ero He NOKa3biBaloT, KBAHTOBbIE — MOKa3blBalOT. 3HAYUT, CABUT B KBAHTOBbIX
reHepatopax obycnoB/ieH He 3aMegleHMeM BPeMEHHU, a **cABUrom KBaHTOBbIX YPOBHEWN SHEPTUK NOA, AeNCTBUEM
adupHOro aasneHuna**,

**MeToponormyeckoe ytouHenume (cm. 10.12):** Tournoctb \(107{-11}\) 8 TIMATION — 3TO TO4HOCTb U3MepPEHUA
4acToTbl KBAPLLEBOro reHepaTopa, a He TOYHOCTb NPAMOro U3MEPEHMA «X043 BpeMeHn». MHTepnpeTauma casura
YacTOTbl KaK «3amen/IeHUsA BPEMEHN» — TEOPETUYECKOE AONYLLEHWE, 3aBUCALLEE OT NPaBUIbHOCTU
penaTMBUCTCKUX Gopmyn. KBapLeBble reHepaTopbl HE UMEIOT KBAHTOBbIX YPOBHEN M NOTOMY He NOABEPIKEHDI
casury abMpHbIM AaBleHMeM — MO3TOMY W He NOKa3biBatloT apdeKTa.

**Cuna aprymeHTa:** CUNbHbIN.



### 13.2 Mpupocm paduyca 3emau no 0aHHbIM GPS

**3JkcnepumeHT:** Mo gaHHbIM 2674 GPS-cTaHumi (PeTetom A.HO.) cpeaHMn NPUPOCT BbICOT 3eMHOM NOBEPXHOCTH
coctasnsieT ot +50 mm Ao ?35 mm.

**06bsAcHeHMe GED:** 3emns pacTéT noTomy, UTo 3pUpP BCACbIBAETCA B €€ LeHTPE, CKUMAETCA B NPOTOHbI, U
macca nnaHetbl yBenmumsaerca. CpegHerogoBol Nnpupoct guameTtpa ~10 mm. MaoTHocTb adupa 1,12 *107{-11}
Kr/m”3 (nepsoe npubanKeHne U3 UsMmepeHuin, cm. 3.4).

**Cuna aprymeHTa:** CpeaHuii (aaHHble 0 pocTe 3eMM CNOPHbI B reopur3mnKe), HO PacYET NNOTHOCTU 3dupa —
KOHKpeTHas, npoBepsaemas OLeHKa.

### 13.3 dkcnepmmeHT PaH JIAHUYXKAO: Macca He PacTET NPU PeNAaTUBUCTCKUX CKOPOCTAX

**JkcnepumeHT:** Tpu akcneprmeHTa Ha GeMTOCEKYHAHOM IMHEMHOM ycKopuTene LLiaHxalicKoro MHCTUTYTa
npUKAagHom GUsnNKK.

1. **CKopocTb 3/1eKTPOHOB** M3mepsanacb UMMNY/IbCHO-NPOIETHBIM METOA0M. Mi3mepeHHan CKOPOCTb
CUCTEMATUYECKU MEHbLLE PeNATUBUCTCKOrO NpeackasaHus. IPeKTUBHOCTb YCKOPUTENA NaLaeT C POCTOM
ckopoctn — «asneHune \(c - V\)».

2. **Kanopumetpua:** 6ombapaMpoBKa CBUHLOBON MULLIEHW. MI3MepeHHbI HarpeB 3HAaYMUTE/IbHO MeHbLUe
OXKMAAEMOTO N0 PEeNATUBUCTCKOW popmyne. Mpu M3MEHEHUMN YCKOPAIOLETo HAaNpAXKeHWs B 2,5 pasa Harpes
n3meHmnca scero B 1,4 pasa.

3. **OTKNOHEHME B MarHUTHOM noJsie:** paguyc KpMBM3HbLI HE COOTBETCTBYET PEIATUBUCTCKOMY POCTY MAcchl.
Paguyc NpaKkTUYECKM NMOCTOSIHEH MPY PasHbIX SHEPTUAX.

**06bscHeHne GED:** Macca — puKcMpoBaHHOE CBOMCTBO YCTOMUYMBOTO BUXPS. IHEPIUSA OrpaHUYeHa
B3ammogencramem ¢ apupHoi cpeaoii: yem 6MKe CKOPOCTb K CKOPOCTM 3QUPHOro NOTOKA, TEM MeHbLUe
3$PEKTUBHOCTb Nepeaayum sHeprum.

**Cuna aprymeHTa:** CunbHbIN. DKCNepnuMeHT onyb/IMKOBaH, He ONPOTECTOBaH.
#itt 13.4 CBepxcBeTOBaA perucrpayua CToIKHoBeHUA Kometbl LLymeiikep-/lesn 9 ¢ FOnutepom (1994)

**3kcnepumeHT:** Npynna akagemuKka M.M. JlaspeHTbeBa (HoBocMbBUpCK) 3aperncTpmpoBana aHoManmMn B
COCTOAHMM HAa3EMHbIX JaTYMKOB **Ha 43 MUHYTbI paHbwe™*, yem onTuyeckune Teneckonbl CLUA 3apmKcmpoBanm
CTONKHOBeHue. PacctoaHne — 750 MAH KM, cBeT UAET 43 MUHYTBI.

MHOroKpaTHOCTb: aHOMa/IMK pernucTpmupoBannce ana 6 pparmeHTos (A, F, N, Q2, Q1, M), Kaxkablii pas c
onepexeHnem ~43 MUHYTbI (CpeAHeKBaApaTMYHas ownbKa — 1 MUHYTA).

**06bsAcHeHMe GED:** CTonkHOBEHWE NOpOANNO yAapHY 3GUPHYIO BOIHY — rPaANEHT AaBAEHUS,
pPacnpoCTPaHALMIACA CO CKOPOCTbIO, MHOFOKpaTHO npesbiwatowei \(c\). JaTtunku pearnposanm Ha 3GUpPHBbINA
rpagueHT, a He Ha CBeT.

**Cuna aprymeHTa:** OueHb CUNbHbINA. IKCNEepUMEHT akagemuKa PAH, onybamkoeaH B JAH. MHorokpaTtHocTh (6
¢bparmMeHTOB) M TOYHOCTb (£1 MMH) UCKNKOYAIOT CyYaliHOe coBnageHne. He onpoBeprHyT.

### 13.5 PoTtorpadupoBaHme UCTUHHOTO NonoxKeHua ConHua (Casenbes u ap.)

**3KcnepumeHT:** Tpynna Casenbesa cooTorpadpuposana ConHue Yepes gUPPaKLMOHHYIO PELLETKY U Noay4YMaa
**Tpu nsobparkeHna™**: BUAMMOE, UCTUHHOE U MHMMOE. Bocnponssoaut pesyabTatel H.A. Ko3sbipesa,
bUKCMPOBaBLLEro BO34ENCTBME UCTUHHOIO MNO/IOXKEHMA 3BE3/ HA AETEKTOPbI.

**06bacHeHMe GED:** CeeT MAET co ckopocTbio \(c\) n bopmupyet sngmmoe nonoskeHue. IOUPHbIN NOTOK
pacnpocTpaHAeTCcA CBEPXCBETOBO M GOPMUPYET UCTUHHOE NonoxKeHne — rae ConHue HaxoanTca GU3NYECcKn B
MOMEHT HabnaeHua. AndpakumMoHHanA pelléTka pa3aenaeT CBETOBYIO U 3GUPHYI0 KOMMNOHEHTbI.



**Cuna aprymenTa:** CpegHuii-cunbHblii. BocnpounsseaeHne HabatogeHnn Kosbipesa. Mpamoit BU3yanbHbIi
apryMeHT, eC/iv CHUMKM NoATBEPAATCS.

### 13.6 Paguonokauna BeHepbl: BEKTOPHOE C/I0XKEHUE CKOPOCTEN

**3JkcnepumeHT:** Mpu pagnonokaunu BeHepol (1961, CCCP — rpynna KotenbHukosa; CLLUA — rpynna Yonneca,
1969) aHann3 AaHHbIX NOKas3as, YTO CKOPOCTb paauocurHana **anrebpanyecku cknagpiBaetca** co CKOPOCTbIO
ABUXKeHUA pagapa (BpaleHme 3eman), a He oCTaéTcA NOCTOAHHOM, Kak TpebyeT CTO. MaTepuanbl 3aceKpeyeHbl
Ha 50 ner.

**06bsAcHeHMe GED:** B a¢mupHOIt moaenu cBeT — BOJIHA AaBsieHuA B cpeae. CKOPOCTb BOIHbI OTHOCUTENIbHO
cpeabl NOCTOSAAHHA, HO CKNaAblBAETCA BEKTOPHO CO CKOPOCTbIO MCTOUYHMKA/MPUEMHMKA — KaK CKOPOCTb 3ByKa B
BO34yXe CKNaZblBaeTCA CO CKOPOCTbIO BETpa.

B GED: Bo/1Ha B apUpHOI1 cpeae + ABUKEHMNE UCTOYHUKA = C/IOXKEHUE CKopocTel (bannucrtmyeckas Teopus Putua).

**Cuna aprymenTta:** CunbHbIN.
### 13.7 Ipaduenm daeneHus 3ghupa K yeHmpy

ddupHOoe AaBeHNE MaKCMMaNbHO BO BHELHEM NPOCTPAHCTBE M NAJaeT K LLeHTPY (30Ha BcacbiBaHuA). [pagmeHT
[aBNeHUs PacTET K LLeHTpy: Yem 6onblue nepenag, Tem 6osblue ycKopeHne NoToKa. Cornacyercs ¢ XoN04HbIM
LEHTPOM 3Be3A,bl: MMHUMYM AaBNEHUSA = MUHUMYM TEMMNEPaTypPbl, MAKCUMYM rPagMeHTa = MaKCUMYM YCKOPEHUS
NoTOKa.

**Cuna aprymeHTa:** BHyTpeHHe cornacoBaHo ¢ MoAenbHo.
### 13.8 CBogHana Tabnuua

| Ne | 9kcnepumeHT | Y10 NnpoTmBopeunt TO | O6bAcHeHMe GED | Cuna |

| 1| TIMATION vs GPS | KBapu, He NoKa3blBaeT CABUI, KBaHTOBbIM — NoKa3bliBaeT | CABUI KBAHTOBbIX YPOBHEN
abMpHbIM gasneHnem | CuabHbIN |

| 2 | Npupoct 3emnn (GPS) | CTaHaapTHaA mogenb He 06bACHAET PocT | ddUp —> NPOTOHbLI = POCT Macchl |
CpegHuii |

| 3 | ®aH NlaHuskao | PocT macchl He noaTBep:kaéH | Macca puKkeuposaHa; Sc- VS | CunbHbIi |

| 4 | Wymeikep-Nesn 9 | CBepxcBeToBas Ha 43 MMH paHblue | YaapHaa apupHas BonHa S\gg ¢S | OyeHb
CUNbHBIN |

| 5| UcTnHHOe nonoxkeHue ConHua | Tpu n3obparkeHus Yepes pelléTky | DPUpHbIA NOTOK onepexkaer ceeT
CpeaHUI-CUNbHbIN |

| 6 | PapmnonoKkaums BeHepbl | CKOpOCTb CKNaAblBaeTcA ¢ ABUM»KeHUeM pagapa | BonHa B adupe + ABMMKEHUe =
cnoxeHue | CunbHbIi |

| 7 | TpaameHT K ueHTpy | XonoaHoe agapo 38e3apbl | JasneHue nagaert, rpagneHT pacTéT | CornacoBaHo |

**06wuit BbiBOA:** CeMb HE3AaBMCUMMbIX FPYNM 3KCNEPMMEHTOB YKa3blBalOT Ha CUCTEMATUUYECKOE PACXOXKAeHMe
Mexay npeackasaHmammn TO 1 aKcnepumeHTamm B Tpéx obnactax: (1) xoabl YacoB — M3bupaTenbHOCTb 3ddeKTa,

(2) KMHEemaTMKa YacTML, — OTCYTCTBME PENATUBUCTCKONO POCTa Maccehl, (3) CBEPXCBETOBAA KOMMYHUKaLMA —
CKopoCTb 3dMpHbIX Npoueccos npesbiwaeT \(c\). B GED Bce Tpu 061acTh 06bACHAIOTCA €4MHbIM MEXaHU3MOM.

## 14. NpeuynsmnoHHble TecTbl OTO, He 06CyKAEHHDbIE B MOAEeNU

**L1GO/Virgo.** CAanaHua Y€pHbIX Ablp N HENTPOHHbIX 38€34, coBnagatoT ¢ OTO ¢ TOYHOCTLIO A0 A0/1el NpoLeHTa.
B GED Bo/1HOBbIE NpoLecchl B 3¢Mpe A0MKHbI CYLLECTBOBATb, HO KOIMYECTBEHHAA MOAE/b C/IMAHNIN He
NoCTpoOeHa.

**3aneprkKka Wannpo.** 3ameaneHune pagnocurdana 86amsm ConHua. B GED — nameHeHme apupHOI NNOTHOCTK.

**[paBUTaLMOHHOE NIMH3NpOoBaHue. ** B GED — npenomneHne apMpHON BONHbI B rpagMeHTe AaBNEHUS.



**MNpeueccna nepurenns Mepkypus.** B GED — BosmylLueHMe 3¢pMpHOro noToka.

**Cratyc:** He onpoBepratoT GED, HO TpebyoT KONNYECTBEHHbIX MOAENeN.

## 15. OTKpbITble BONPOCHI U NNAaH HE3ABUCMMOIA NPOBEPKU

1. **MnoTtHocTb 3dpupa** — nepsoe NpubAMKEHUE N3 NPUPOCTa Macchbl 3emau. MNpamoe nsmepeHue — 3agava
ANA NpUbOopPOoB CNeayloLLero NOKOAEHNUS.

2. **MposepKa N3] B Faraday cage** — npu aBTOHOMHOM MUTaHUKU. YeTblpHaALATL TECTOB AenatoT IM-
HaBOAKWN KpalHe Ma/IoBEPOATHLIMMU.

. **MeTtannorpadpuyecknin aHanms obpasuos MpuHbe. **

. **Tonapusauma peHTreHOBCKOro nsiyyeHuna** — tect npoaonbHOM vs nonepeyYyHon NpMpoapl.

. **MonHoe anddepeHumnanbHoe ypaBHEHNE TOPOULANbHOTO 3GUPHOro BUXPA. **

. ¥*HesaBucnmoe namepeHune TpEx KOMNOHEHT MarHUTHOro nons.**

. ¥*KonnuecrseHHas mogenb 3dupHOM onTUKM** — 3aBMCcMMOCTU GOKYCMPOBKM OT MaTepunana, yrna, CTRyKTypbl.
. ** INnTeNbHbIA MOHUTOPUHI CYTOYHOIO U CE30HHOTO X043 PpoHa. **

. ¥*KonmyectseHHas moaelb HEUTPUHHBIX OCUMANAUNN** B TepMUHAX SPUPHbIX MPaLUEHTOB.

10. **HesaBucrnman NpoBepKa sKCNepmMmeHToB pasgena 13** — TIMATION, ®aH J1aH4Ykao, paguonokaumsa
BeHepbl.

11. **BocnpousseaeHue ¢potorpadmint UcTMHHOro nonoxkeHunsa ConHua™** yepes gudPpakUNOHHYIO PeLLETKy.
12. **CneKTtpanbHbiii aHanM3 wyma UMO** Ha pasHbIX TMMNAX YCUAUTENEN C KOHTPOIeM TEMMEpPaTYpbI.

13. **Mposepka koppenauum S\rho / \Gamma_{E0}S$** Ha paclunpeHHoi1 BbIGOpKe Te.

14. **Pa3bop npeunsmoHHbix Tectos OTO** (LIGO/Virgo, Lannpo, AMH3nposaHue, nepurenni).

15. **YTouHeHMe mogenu rpasuTaumm manbix Ten** (Rosetta, Dawn, OSIRIS-REXx).

16. **KonnuectseHHas mogens auccunaumm IM-usnydyeHusn B apupe** — yacToTHas 3aBUCUMOCTb KPACHOTO
cmelleHus. MposepkKa: SZ = f(F)S, a He $Z = f(\lambda)s.

17. **MpoBepKa pagunyca CTBoa coiHeYHoro Buxpa** (0,12 a.e.) No AaHHbIM O NOTOKAX YacTyLL.

18. **Mogenb 3BONIOLNMN FaNnakTUK** — BpemeHHble MaclTabbl ¢as.

19. **MUHCcTpyMeHTabHOE UcCnefoBaHMe TOPHaZ0** — namepeHne BHYTPU BOPOHKM.

20. **KonnuecTBeHHas Moenb CTBOA AXeTa** — Ko/bLeBas Vs NpoAo/ibHaA CKOpocTb (2—3x), NpoBepKa
CBEPXCBETOBOW NPOAO0/IbHOW CKOPOCTM.
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#it 16. Utor

lpaaneHTHan dbMpoaAnNHAMMKA — KOHCTPYKTUBHAA MoAe b C egMHbIM nocTynatom. Tpyu moHorpadpum
(rpaBuTauUMs, aNeKTPOMArHeTnam, acTpoHomma) — **KEcTKo cBsizaHHble ¢dpaKTasibHble CyLWHOCTU™**: NpoToH =
KaBMTALMOHHbIN Ny3bIPEK = TOPHAAO0 = UMKAOH —> NAaHeTa - 3Be34a — rajlakTmka - Keasap. OguH 1 TOT e
3dUPHbIN BUXPb Ha BCeX MacliTabax. MexaHM3Mbl, ONncaHHble A8 TopHaao (c popmynamu), Npsmo
NPUMEHSIOTCA K raNakTUYECKUM CTBOIaM; MOZE/Ib MPOTOHA — TOT YKe BUXPb, YTO U B KABUTALMOHHOM My3blpbKe.

MaTemaTnuyeckuii pyHaameHT (BbluKoB-3aliLLeB) AAET AEMCTBYIOLLYIO MPUYMHY — [1Ba 3aKOHA COXPaHEHMSA
CNIOWHOW cpeabl, U3 KOTOPbIX BbIBOAATCA BCE YPAaBHEHUSA 3NEKTPOANHAMUKM U TPaBUTALUN.

LleHTp rpaBUTMPYIOLWLErO TeNa — 30HA SKCTPEMA/IbHOIO PaspeXkeHna U X0N104a; 38e34a — 3QUPHbINA
npeobpasosatenb. CyLLecTByeT POBHO [BE YCTOMYMBbIE YACTMLbl; BCE OCTa/IbHble — MepexoaHble COCTOAHMUS.
HelTpMHO He cywecTyerT.

** AcTpoHOMUA:** ranakTMka — 3pUpPHbIN BUXPb C TpeMaA 30Hamu (TBEpAoe Teno, rpasuTauma S1/RA2S, 30Ha
npuTankneaHus). PykaBa — cneactsume, He NpMYMHa: 3B€34bl B 30HE Nepexona Haxoaatca B cB060AHOM NonéTte
(~20 km/c, GAIA). KpacHoe cmelleHne — auccmnaumsa B 3dupe, SZ = f(F)S, ¢ pasHbiMM 3aKOHaMM Ha pPa3HbIX
yyacTKax nyTu. KBasap c gxeTom Ha 3eMAio MMeeT Z B pasbl 60/1ble raflakTUKKU — N0KaAbHbIN 3ddeKT adpupHOro
BMXpA. «HépHanA Ablpa» — CTBOA 3GUPHOro BUXPSA; rPaBUTaLLMA BAOAbL CTBONA AXKeTa He paboTaeT (abeypa,
CTaHAapTHOM mogenu). KonbLieBas CKOPOCTb Ha CTEHKe A)KeTa B 2—3 pa3a MeHblue NPOoA0/bHON (CBepXCBETOBOM)
— nosHan aHanorua c TopHaao (c dopmynamm).



**MNpunusbl:** ambumapommueckmne ToUkn — y3nbl apupHoro Buxps. CtaHAAPTHAA TEOPUA caMa NPU3HAET
HEBO3MOXHOCTb NpeacKasaHua no JlyHe/ConHuy.

**Ur30:** nHterpanoHbli aeTekTop 3dnpHOro poHa. CToxacTMYecKnin curHan — 6enblid LWym OT CyneprnosnLnm
dpoHTOB 3dMpHbIX BUXpel. Cnag 30% 3a 3+ nopaaka vs peskuii nepexon 3a 1 nopaaokK B 3/IeKTpoHUKe. [MnoTesa:
COBCTBEHHDIN LWYM 3/IEKTPOHUKN — KosiebaHuAa adupHOro gasneHus. YeTblpHaauaTb TECTOB HECOBMECTUMbI C
OM-HaBoAKamu.

**ToyHocTb: ** 10-12 pa3psaaoB HeAOCTUNKUMbI B MPSAMOM U3MePeHUU (MOTONOK ~6 pa3paaos). BoicoKkas
TOYHOCTb — TOJIbKO Yepes NepecyéT B YaCTOTY, 3aBUCALLMIM OT NPaBUIbHOCTU GOpPMYI.

**MpotmBopeumna TO:** cemb rpynn sKCNepMmMeHTOB — CUCTEMATUYECKOE PacXoXaeHue B TPEX 061acTaxX: Xoabl
4acoB, KMHEMaATMKa YacCTuL, CBEPXCBETOBAs KOMMYHUKaLMS.

MnotHocTb 3¢upa Aswaposa 1,12 *107(-10} kr/m3) — nepsoe npubanKeHne 3 nsmepeHui, NPUHUUNUaNbHO
6onee CUNbHbIN MeToa, YeM NOCTyIMPOBaHME Mo aHanorMm (AUOKOBCKUIA). PasHuua 12,7x.

Mo noruke Apuctotens: NPUUMHHO-CIEACTBEHHAA L,enoYKa noctpoeHa 6e3 paspbIBOB.
YeTbipe NPUYMHDBI MPUCYTCTBYHOT M KOHCTPYKTUBHO UCMOJIb3YHOTCA.

bpurea OKKama npumeHeHa.

MpuHLUUN [OCTaTOYHOrO OCHOBaHUA CObOAEH.

OTKpbITbie BONPOCbl — HE K JIOTMKe MOAE/N, @ K KONIMYECTBEHHOM NpoBepKe.

## MpunoxeHue: UCTOYHUKH

**MepBoUCTOYHMNKM (paboTbl ABLIapoBa):**

- MoHorpadus «paBuTaumsa U MHEPLMA KaK peaKkLma Ha YCKOPEHHOE ABUXKEHWE adupa»

- MoHorpadusa «ACTpPOHOMMYECKME SIBNIEHMA KaK peakuus maTepumn Ha BUXpeBoe ABUxKeHue adpupa» (man 2021)
- MoHorpadusa «3pupHblii dnekTpo-MarHetnam», yactm 1-3

- Pabota «TopouganbHo-KaBuTaumoHHan TpaHcmyTauma (3BTKT)»

- PaboTa «PeHTreHOBCKOE M3NyYeHMe KaK NpoaoibHas adUpHan BOAHaA»

- Mpe3eHTauus no rpaBuUTaLMn U Hepumn (course-as.ru/AEM_GE/AEM_Gravy-GE.pdf)

- KcnepTHbI 0630p MoHorpadum (course-as.ru/AEM_GE/AEM_Gravy-Expert.html)

- PDF c yTouHeHuamM (course-as.ru/AEM_GE/Al_GED.pdf)

- TexHuuyeckme onuncaHma npubopos UM

**MamemamuyecKas 6a3za: **
- Bbiukos B.J1., 3ariues ®.C. — BbIBOA, ypaBHeHU MakcBenna, cuibl JTopeHUa, 3aKOHa TAFOTEHUA U3 ABYX
ypaBHeHW apunpa

**HesaBUCUMMBbIE IKCNEPUMEHTA/IbHbIE AaHHble:**

- SLAC (Burkert et al., Nature, 2018) — npodunb gaBneHns B NPOTOHe

- Bosgyep-2 — rpaHuLa CONHeYHOM rpasmTaumm ~49 a.e.

- AMbapuymsH B.A. — poxxaeHue 3BE34 B AXKeTax ranaktmkun M87

- GAIA — nekynsapHble cKopocTy 38€34, ~20 Km/c

- Bbicouxunin B.W., KopHunosa E.J1. — peHTreHOBCKOE U31y4YeHne Npu KaBuTaLmm

- 606 MNpMHbe — 06pasLbl MeaHOM TPYObI C TOPOMAANIbHON CTPYKTY PO

- TIMATION (1967-1969) — KBapLeBble reHepaTopbl, OTCYTCTBUE PENSATUBUCTCKMUX CABUTOB

- ®aH NlaHuxkao (LLaHXalcKMit MHCTUTYT NPUKNAAHOM GU3MKKM) — Macca He PacTET NPU PENATUBUCTCKUX CKOPOCTAX
- NaBpeHTbeB M.M. u gp. (HoBocnbupck, 1994) — cBepxcBeToBas perucrpauma ctonkHoseHus Lymelikep-/lesn 9
- Casenves 9., Xonogos J1.U. n ap. — doTorpadpmpoBaHmne NCTMHHOTO NosioxKeHma ConHua

- Ko3sbipes H.A. — Bo3aeNcTBNE UCTUHHOTO NOIOXKEHMA 3BE3L, HA AETEKTOPbI

-Yonnec b.4. (1969) — paanonokaumns BeHepbl, BEKTOPHOE CNOKEHNE CKOPOCTEN

- Petetom A.HKO. — npuMpocCT BbICOT 3eMHOM NOBEPXHOCTM NO AaHHbIM 2674 GPS-cTaHuuni



- Katanor Hipparcos — oTpuuaTenbHble napannakcol 3B€34,

**CnpasoyHble 0aHHbIe: * *

- Wikipedia: «Mpuans n otane», « AMGMAPOMUYECKAA TOYKa» — HEBO3MOXKHOCTb NpeACcKasaHnA NPUANBOB Mo
JNlyne/ConHuy

- [aTalimnTbl Ha ONepaLnoHHbIe YCUAUTENN — CTPYKTYpa Wyma (Tennosoi, ankkep 1/f, yactorta nsnoma)

- TexHuuyecKkan goKymeHTauuma Ha ALIM — adpdekTnBHan paspsaaHoctb (ENOB), npeaensl TOMHOCTH

**KoHdepeHumm n cemmHapbl:**

- CemunHap Ne167, dusdak MIY, 23.11.2022

- CemuHap Nel171, MI'Y, 28.12.2022

- AemoHcTpauua 8 PYH, 06.04.2023

- KoHdepeHums MUN «K HoBoit dpusmnke», 01.10.2023

- CemuHap Temnopoaornm Mry, 19.09.2023

- KoHdepeHuma «3bmpoanHammMKa Kak OCHOBa NPOPbIBHbIX TeEXHONOrMIA», 27.01.2024
- CemuHap Knumosa-3atenenuHa, 27.03.2024

- XXVIII KoHdepeHuma XTA n LM, 30.09.2024

- Cekuma PAEH «HoocdepHble 3HaHUA 1 TexHonormmy», 17.03.2026

**HeszaBucumoe BocnpounssegeHue: **
- ®opym zaryad.com — nonb3osatenb Mouselab, cbopka n moaepHusaums UM/




