3epKayio COBpeMEeHHOM HAaYKU
{BB80OHbLIl KYPC 8 UHbLE CUCMEMbL NOCMPOEHUA MUPOIOAHU}

...l ecnu npasda oHo Hy xoms Obl HAa Mpembv,
ocmaemcsi 00HO — MOJIbKO Jieub — NOMepema...
B. Bovicouxkuti.

C 1e/IbI0 YSICHEeHMSI KOHKPETHBIX ITO3MIINIA, OIIpeIe/eHHbIX B 8 TOMax - XOJIOLHbIA
SIAePHBIN CMHTe3” (BK/IIOYAast TPUIOKEHNST), HEOOXOAMMO ITPOBECTY HEKOTOPbIe aHAIOTUM C
COBpeMEeHHbIMU 3HAHUSIMM, U3JIOKEHHBIMU B aKaJeMUUeCKUX U3OaHUSIX.

B 4acTHOCTH, HOHATHS 110 PU3MKM B3SThI U3 “Dusuueckas sHUMKIoneaus”, M.,
1988-1996, “CoBerckas sHUMKIONEAUS”, TOM 1-4. AHaJOIMYHO — M Ipyrue 006JacTu
COBpeMeHHbIX 3HaHUI U TIpeiCTaB/IeHMiT 00 OKpysKaloIleM Hac Mupe.

OTMeTMM, YTO COBpeMeHHble 3HaHUS (POPMMUPOBAINUCH ThICSUETETHS, U Kaskmoe
HOBOE CJIOBO B HayKe KaK IIPaBUIO, COIMTPOBOXKAANOCH COXKEHMEeM aBTOpa. YCTaHOBJIEHO
HeOoObIYHOE [IJISI HAYKY SIBJIEHMEe — eCJIV HOBasi Hay4yHasi paboTa AeiiCTBUTeIbHO PaCKpbhIBaeT
XOTs1 6bI HA MTHOBEHME TaliHbI IIPUPOIbI, aBTOP ITOJIBEpPraeTcs e IbMOBaHMIO (COXCKEHUIO),
HO eciu paboTa SIB/ISIeTCS OTKPOBEHHOI Ae3uHdOopMalieit, To 3a 9TUM CJIEAYIOT TT0YeCTH,
HobGeneBckue u mpoume IpeMuM, 3BaHMUSI M T.[. ABTOp He TIpeTeHIyeT Ha poJb
IIepBOOTKPBIBATENISI TAHHOIO SBJIE€HUS, [I03TOMY IIPU YTEHUU HACTOSALIEero MaTepuasia He
clenyer 3abbiBaTh, UTO pedb OyAeT MATU O TPUHIUIIMATLHO HOBBIX KOHIIEMIMSIX,
3QJI0KEHHBIX B OCHOBY PaboThl “XOJOMHBINA SIIEPHBIA CUMHTE3”, M KaK 3TU KOHIEIIINA
MOJKHO IlepeBeCT! Ha A3bIK COBPEMEeHHO HayKIN.

JItoboe uccienoBaHMe OMMPAeTCsl Ha KOHKPETHYI MHCTPYMEHTaabHyI0 0a3sy, u
pe3yabTaT MCcCaeOBaHNI OTIpeiesisieTCsl He TOIbKO OIpeAeeHHOM TOYHOCThIO 9TO 6a3bl,
HO ¥ CMBICJIOM €ee TIOCTPOeHMS.

[IpencTaBMM HEKOTOPYIO MIOC/IELOBATEIbHOCTD, Pa3AessIOLyI0 MHCTPYMEHTAIbHYIO
6a3y COBPEMEHHON HAyKM M MHCTPYMEHTAJbHYI0 6a3y “XOJIOMHOIO SIIepHOro CuMHTe3a”
(Tabymmua 1).

Hucmpymenmanshas 6a3a Tabruya 1
Ne
CoBpemeHHast HayKa XO0/IOJHBIN SIIePHBIN CUHTE3
o/
Mamemamuxka. —3HaKu oriepaiuii (+, -, *, Mamemamuxka. — 3HaK onpenesieTcs] KOMIIEKCHO
1 /); — TPYOOEMKOCTD pellleHNs 3a/1a4 yIpas - | GyHKIMei, HampuMep, BMECTO +, — MCITOIb3YeTCs
nenus (knacc “CUCTeMHBI aHa/InM3 M uccie | 32 3HaKa; - TPYAOEMKOCTb pelIeHMs 3aaau
-noBanue omnepanuii”) N! (N dbakTopuan) yrpaBieHus N (6e3 pakTopuana)




Qusuka. Mogens atoma — bopa u TOMY
mogo6HOe, B OCHOBE JIEKUT HeKasi macca
(IpOTOH, 31EKTPOH, 371eKTPOHA, TPABUTOH U
T. I1.)

Qu3uka. YaCTOTHO-BOJHOBAS-IIYUYKOBASA MOJEJb C

KOHKpeTHO# Mopdosiorneii ¥  KOHKPETHBIMU

CTPYKTypaMu CBSI3U

Xumus. Tabnuiia MeHgeneeBa — MOCTPOeHA
B 3aBUCMMOCTU POCTA aTOMHOIrO Beca (IO
Peakiunm -

monenu bopa). o TUMy

B3aMMO/IeiiCTBUS Macc

Xumus. I'paBUTO-3/1€KTPO-MarHUTO-IIy4YKOBO-

BOJIHOBasg Taoimmma Makcuma. Peakumm -

B3aMMOJENCTBME PA3JINYHOTO TUIIA BOJH U UX
SHeprui

Mopdgonozus u cummempusa. - 11 oceii
CMMMeTpuM (BKJII0Yas BpeMsI); —

1 mpocTpaHCTBO; - 1 hopma Macchl.

Mopdgonozus u cummempus. — 18 oceit cuMmeTpun +
24
108 MyJABTUIIIMKATUBHBIX 3

6 TpaHcasuuit (63 GYHKUMM BpeMeHM),
aoOUTUBHBIX U
MPOCTPAHCTBA pacCYeTHbIX M — 8 MPOCTPAHCTB
IeNCTBYIOINX; — 36 BapMAHTOB ITpeoOpa30OBaHMS
OJIHO¥ (OPMBI

Bpems. OTHeCeHO K 3TaJOHy — YMCIO

KoJyieGaHMit aToMa 11e3Ms.

Bpemsi. OTHeceHO K  MarHMTHOMY  TIOJIIO

MaKpooObeKTa

Baxyym. Ilycroe mecto, E= 0 (T'. Y. HInnos,
Teopust dusmueckoro Bakyyma). IlycroTa
yhopas/jisieT MUPOM (BCe CO3[0an0Ch U3
HM4Jero). 3aKoH Xa66s1a Ha OCHOBE KPacHOTO

Bakyym. Ctporo ¢asupoBaHHOE IIPOCTPAHCTBO C

KOHKpPETHbIMM  3HAUE€HUIMU TI'PABUTALIIVMOHHDIX,
9JIEKTpMUYECKMX UM MAT'HUTHBIX COCTaBJISIOIINX,

CYyIIepIrio3muyusd 4aCToT IMPU IMIPOXOKOEHUNM CUTHaJIA.

CMelleHus. MaxkcumanbHas ckopocTs | Pagnyc BceneHHOI He M3MeHseTcsl. MakcMMaibHAs
curnana = C CKOpOCTh curHajia = 10% *C
Tunet  noneti u  e3aumodeticmeuti. — | Tunsl noneii u 83aumodeticmeuti. —-TpaBUTALMIOHHOE;

9JIEKTPOMArHmuTHOE; - I'paBUTALIMOHHOE; —

CUJIBHOE; cnaboe. OcTajnbHble — CM.

CTaThIO “TnaBHbIe TOHSITUS B

JKusHepesiTeIbHOCTU Ye0BeKa”

— DJJIeKTpuyeckoe; — MAarHuTHOe; — TIpPaBUTO-
9JIEKTpMUYeCKoe; — rpaBUTO-MAarHuUTHOE; — 3JIEKTPO-
MarHMTHOE; — I'PaBUTO-3JIEKTPO-MAaIrHUTHOE

512 TuIIOB B3aMMOIEIiCTBUII 9TUX IT0JIeit

IIpocmpancmeo. - EBkinpa; -

JlobaueBcKkoro; — Pumana.

Ilpocmpancmeo. - HeiiTpoHHoe

2);, - (3);-

AuTunelTpuHHOE (4); — HeliTpoHHO — HeliTpuHHOE

(1);
AHTUHENTPOHHOE HeritpunaHoe
(5); - AHTUHEITpOHHOE —AHTUHENTpUHHOE (6); —
HevitpoHHO- AHTUHEVITpUHHOE (7);

— HelirpuaHO- AHTUHENTpOHHOE (8).

Kaskmoe mpocTpaHCTBO — B COOCTBEHHOI CTPYKTYpe
dazoBoro nepexona (mepedasmMpoBka AOMYCTUMA).
buoctpykTtypel - TOMBKO B HelTpoHHOM U
HeiiTpuHHOM ITpoCcTpaHCcTBax, MO3T 6GMOCTPYKTYP —
B 5. Bce

MPOCTPAHCTBA BJOXKEHbI APYT B Apyra, BHENTHUI

B 4. Cucrembl XM3HeoOeCIIeUeHUsS -

paguyc TIPOCTPAHCTBA 3eMM — 3TO paauyc




BepxHero «jioss atmocdepbl 3eMIy, BHYTPEHHMUI
paauyc MpoCTpaHCTBa — Ha
7.45 KM MeHbIIIe paanyca 3eMn
JeuxeHue. — 3a CueT MPEOAOJIEHUST CUJIbI .
JeuxeHue. — M3MeHEHMe CaMOW CUJIbI TPEHUSI U
9 | TpeHuss ¥ TpeomoseHUs TpaBUTALUN .
caMoii rpaBUTALINM (JTI0O0TO MaKpPOOO'bEKTA)
(3emnn, ComHiia u T. 1.)
3emas. VckyccTBeHHas CTpPYKTypa C
HepaBHOMEPHBIM paclpeneeHreM MaccChl, 001ast
miomanbk paBHa 512.0 MJIH. KB. KM (C yYeTOM
3emnsa. CnyyaifHO cobpaHHasi Macca IbUIM. | [IOBEPXHOCTe Trop, BHaguMH. VMeeT cucremy
[lomobue  meTeopuTa C  IIPUMEPHO | XKM3HeoOecrieueHuss OuocTpykTtyp (18 cucrem,
10 | ogHOpOOHBIM pacIpemeleHrueM Macchl, | Kaxkgas umeeT oT 88 g0 596 KOMIUIEKCOB IMMPaMIAL,
JIlaHHbIE O IPUYMHAX BpalleHus (IBVDKeHMsI) | — 6e3 ydeTa mupamu, cBsi3u). YesoBeK 3aBe3eH Ha
OTCYTCTBYIOT 3emutio 145762 roga Tomy Hasaj. Bpamenne 3emin
- 3a cuer Comuua. ITogpo6Hoe ommcaHue -
[punoxkenne 7 K ToMmy 8 “XOJIOOHBIA SIEPHbIN
cuHres”
Buonozus. Yenosek — ofgHa U3 CTPYKTYP, MMeIOIas
Buonozusa. Yenosexk — mapp npupogbl. HeT | Mo3r, mpuuyem pajgeko He ONTMMa/ibHas. Mos3r
HUKAKUX  MPUHIUIIOB  CYIIeCTBOBAaHMS | yeJloBeKa — CJIOKHbBIM KOMILJIEKC, YIpaBisieT
KMBOJM KJIETKU. — Cepile — OBMKUTENb | KaXXOoil KJIeTKOM Tena, yIipaBJjieH1e
KPOBEHOCHOJ CUCTEMbI; — MMMYHHBIN | OCYIIECTB/SIETCSI  TPaBUTO-MarHUTO-3JeKTpudec-
CTaTyC ompeneseH aHTuUTenamu; — GOPMBI | KUMM MMITYJIbCAMM, MATHUTHBIMM VMITY/TbCaMM,
OpraHoB ¥ uX (YHKIMOHMPOBAHME — IIO | CTPOTO KBAHTOBAHHBIMM MarHUTHBIMU U JIEKTPU-
11 | HapBuHy (OT OJHOKJIETOUHBIX); — MO3T — | YeCKMMM TIOTEHIMaJaMu. YIpaBjieHue MO3TOM —
cepoe BeleCTBO, HET NAHHBIX O [APYIOil | U3 APYroro npocTpaHcTsa. IIpy HapyleHun CBSI3m C
dbopme cylecTBOBaHMSI MO3ra; — 6MOIIOEe — | MO3rOM  YeJloBeK yMmupaer. B  MoHorpadbum
OCHOBA HOBEMIIMX MeAVUIIMHCKMX 3HaHUI; | MpUBeAeHbI YaCTOTHI CBSI3U OPTaHOB, HOPMaTVBHbIE
— HeT HOPMATMBHBIX [AHHBIX IO KU3HMU | JAHHbIe IJis KMBOJM KJIETKM B 3aBUCUMOCTU OT
SKUBOW KJIETKU; reHoTuma. buorone — cpenHsis TemIiieparypa IO
— HeT pa3feneHus Ha TeHOTUIIbI U T. [I. TOCIIUTAII0, a TOYHee — TIPOeKLUs YacCTOT
B3aMMO/IeiiCTBUS T10J1eit
Mys3vikaneHetii psd. Pycckasi cucrema (BBegeHa
. Cucremori Yapasiaenus B 2007): DO, RE, MI, FA,
My3bikanvHbIll ps0. Hewmerikas " X
SOL, LA, SI, NA. C moMoIIbl0 MMEHHO 3TOJ
12 | dpanmysckast cucrema (7 ToHoB — DO, RE,
ML FA. SOL, LA, SI) cucrembl gemmdpoBaHa CBSI3b. 3 YPOBHS
VICIIOJIB3YIOTCSI JJIsl CBSI3M, HET HEOOXOAMMOCTU
B aipaBUTHOI 06paboOTKe

Ha ocHoBaHMM Tabymilbl 1 1 ganeko He TTOJTHOTO TepeuyncaeHNsT OTANYNI, COCTaBUM

TAOMUIY 2 KAk Modenb 071 npeobpasosaHus NOHAMULiHOU 6a3bl 13 “XO0JOIHOIO SIEPHOrO
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CUHTE3a” 8 COBPEMEHHYI0 HAYUHYH MEPMUHOJI0ZUTO.

Modens Tabnuya 2

Mogenb s
Mogaensb njis1i HIOHMMaHUS «
. X0JI0JHOTO SAAEePHOTr0
COBPEMEHHOT0 COCTOSIHMSI HAyYHO¥ 6a3bl .
CHHTe3a

Tenera (4 KoJseca), 3anpsibKeHHAas J0LIAAbI0 (IBVKUTENb) U MMeIoIast
CaTtypH-5, 1-7 KOCMOHABTOB,
OIHOTO Kyuepa (cucTema yIipaBieHus). MoryT ObITb ITacCaskKMphI.

. . LIeHTP VYIpaBJeHUs T[O0JEeTOM.
[BU>KeHMe — 10 POBHOM (IlepeceuyeHHOi) MeCTHOCTU, ee

CucTeMbl XU3HEOOeCTIeUeHUsT —
MEeCTOHAXOKAEHNe pOJM He WUrpaeT, IepCreKTuBa — 3a XOJIMOM.
aBTOHOMHASI M CTallMOHApHasl,
[Maccasxkupbl — COBETHMUKM (MOXKET OBITh IPABUTEILCTBO) WU
rJ006a/bHOE YIIpaBAe€HUS — U3
Habmogatenu — Hapon. Ecim He Tyma 3aexany, ObIOT Kydepa.
IIeHTpa C IIpeJoCTaBIeHNeM

dBTOHOMUUA B 3aaHHbIX

OpraHmsauusi IBVDKEHUSI — MeTOJ, KHYTa U MpsSIHUKA (CeHa, CaiIMu —
U1t Kyuepa). CBsSI3b C KyuepoMm He 06si3aTesibHa, TOCTATOYHO MWHKA

. | TpaHunax. [7aBHBIM SBISIeTCS
uin okpuka. Cucrema INOMHOCTBIO AaBTOHOMHA, TO €CTb KaXKIbIi
CBSI3b C uUeHTpom. EpmuHas
37IeMeHT CUCTeMbl MOXeT CYyILeCTBOBAaTbh HEe3aBUCUMO APYr OT Apyra

. cucrema. Cucrema GusmyecKux
(3a MCKIOYEeHVeM KpUTHYeCKuX cutryauuii). OCHOBa CUCTEMBbI
KOHCTAHT IIpUBeieHa HIKe.
(bu3nUecKuX KOHCTAHT — JIOMIAAMHAS CUIa

CorocTaBuM 06e MOIe/IV U TIOMTbITA€MCSI HaliTV TIepeBO/I TOHSITUITHO 6a3bI MOIEIN
2 B Mofiesib 1, HO TaK, YTOOBI ¥ Kydepy, 4 maccakupam ObUIO Bce siIcCHO. HamoMHMM, 4TO
TEePMMHOJIOTUSI TIepeBOAHBIX MOHSITUI (BbIIEJIEHO) B3SiTa U3 aKageMUUYeCKUX M3OaHUIA.
TepMMHOIOIMS 10 MOZEIN 2 — U3 XOJIOAHOIO SIEePHOro CMHTEe3a”.

[lpuBen€éH  pgajeko He  TIOJAHBI  [epeyeHb  OTJIMYMUTEIbHBIX  CBOJCTB,
COTIOCTaBUTeIbHAS Tab/IMIla He TIpeTeHIyeT Ha JeTaabHOe OICcaHue MOIeNn 2.

Kpome Tabymiist Makcuma, BbiBeieHO 12 3akoH08 Makcuma, B JAaHHO TabauIle OHU
He IPUBOJSITCS.

ConocmasumenvHas maoéauua Tabnuya 3

N

Mopens 1 Mogpens 2
/1

BuewHue npu3Haku. K BHelIHUM IIpu3HaKaM | BHewHue npusHaku. He aTOHOMHOCTb CHCTEMbI
ciaenyer OTHECTU aBTOHOMHOCTb—€C/IM | — B3JIET M IIOCAAKy Hejb3s Mpou3BecTu 6e3
OBVDKUTEN0, Kydepy M TaccaXupam HaLeTh | LeHTpa yIIpaBJIeHUS (mo3ra), py4yHOe
IIPOTUBOrasbl, TO OHU MOTYT OBUTATbCS U IO | yIIpaBJIeHUEe — TOJbKO B pPaMKax 3aJaHHbIX
1 meTeopuTy. [IpuHIUI TTpeofoieHMs TPeHUS U | BO3SMOKHOCTeN. [IpMHITUIT TTpeofoNeHUs TPeHUS
rpaBUTALIUM- TIOCTYIIATEJbHO-BPAIllATe/IbHO- | U TPaBUTALMKU — U3MEHEHMe MacChl (M Kak
KHYTOBOe (KOIbITa, KOJeca, KHYT WIM | IPOLO/DKEHMEe — M3MeHeHUe CTPYKTYpPbI IOJIS
NpsSHKUK). OrpaHmMYeHusI: Hejb3sl CUAETh Ha | mepen oObekTom). OrpaHuMueHMsi: HeJb3s

KoJjece BBIXOUTH 32 PAMKM TPOTPAMMbI




Jleuxncenue. CoOCTBEHHO CaMO IBIDKeHME —
9TO Harpyska Ha [OBVWKUTeNIb (JIOLIAAb) U
NpeonoyieHe  COMPOTUBIIEHUSI  BO3[yXa,
TPYHTA ¥ TpaBUTALMM MYTEM BpallleHus
KOJIECHBIX TIap (M KOHEYHO, TepeMelneHus
KOTIBIT). PaccmoTpum HEKOTOpbIEe
ocobeHHOCTM ABIDKeHMsI. a) Tak Kak cucrema
MOSKET JIBUTAThCS B JIIOOOM 13 TPeX M3BECTHBIX
eil MpOCTPAHCTB TO, KOHEUHO, OHA MOXeT (U
IOJKHA) IBUTATHCSI BO BCEX 8 MPOCTPAHCTBAX
mozenu 2. OyHKINS BpeMeHM POJIY He UTPAET.
6) [IB>KeHMe MOXKHO COIIOCTaBJISATh C
MoBeeHMeM MacChl B aTome, TIPU ITOM
JeViCTBYIOT 3aKOHbI HbIOTOHA, Harpumep,

F = m*a, 3akoH Kysona F = (m;*m,)/r?, a Takke
E =h*v, eciut Tenera emer, rae h — paccTosiHue,
v — ¢yHkiua kayta. IIpu E = 0 Tenera crout
(Bakyym, IllumoB). B aTome — aHaJIOTUYHO —
aBTOoasupoBKa,  HAMpUMep, MPEKPACHO
ommcaHa auddepeHINATbHBIM YpaBHEHNEM
JIJIST KpUBOIIIUITHO — MIATYHHOTO MeXaHuU3Ma C
MpUBEIEHVEM HATJISIIHOM KOHCTPYKUMU IIJISt
Teneru. IlajleHue ¢ TejierM He BBI3bIBAET
Cepbe3HbIX HapylleHuii (MOTYT U  He
3aMeTUTb) CUCTeMbl yIIpaBjieHus (U He
MPUBOAUT K WM3MEHEHUI0 3SHEepreTUYecKux
XapaKTepPUCTUK TIBVDKUTEJIS u
MPOCTPAHCTBEHHOM OpPUMEHTAlUM CUCTEMBI
yrpaBieHus). Pazmep cuHsSKa npu MageHUu C
Tejeru orpeAesseTcss Mo 3aKoHy HbroTOHa.
[IpocTpaHCTBO - mMHENHOE, HO MOET B
OTAETbHBIX CTYJasiX ObITh ¥ KPMBOKOJIETHBIM.
Mepa npocTpaHCTBa — JIANOTh (BEPCTa, METP,
KOTIBITO M T. [.). DTAJOH JIANTS XPaHUTCS
OTIeNbHO. [IBVDKeHue — He 6ecIiaTHoOe -
omiata — B oOKrtaBe (1200 1eHTOB, mJs
MHOCTPAHHBIX TpPakgaH — B caBapax — 361
caBap opHa OKTaBa. I[Ipm dopmupoBaHun
IBVDKEHUS WCIIOJIb3YeTCS TMPUHIUI 3alpeTa
[MTaymm — B ommH XOMYT He MOXET ObITh
3amnpspKeHOo Be JIOMAAU, M OJTHA JIONIalh He

JleuceHue. JIioboe  nOBUKeHME —  3TO
CYTIepIio3UI NS 4acTor, C03/1aBaeMbIX
IBVDKATENIEM U Cpelloil ABUKeHus. I Takoro
IBVKEHUSI HeoOXOOMMO He TOJIbKO WMETh
IPaBUTO-MarHUTO-3JIEKTPUUECKUIT  TeHepaTop
Ha 60pTy (y YyesoBeKa 3TO — KMBasl KJIeTKa), HO U
3HaTh  OCOOEHHOCTM  IIOCTPOEHMUSI  CPembl
IBMKeHMsI. B paboTe BbIBeeHbI 3aBUCUMOCTH,
CBSI3BIBAIONIMi€ BOEOMHO HE TOJBKO OOBEKT
IBVKEHMSI, HO U Cpelly, U CUCTeMY yIpaBIeHUs
Kak OJHO IieJioe, IOCTPOEHHOe Ha OJHOM
IIpUHIINIIE — BOJHOBOM MOJeaM aTroma U
Tabmuie Makcuma. Kaskmoe m3 1Iojieit MMeer
CTPOrO  OIpefeseHHBbI  psd — 3HAYeHUIA,
Hampumep, Ojs MarHMTHOTO MOl — 3TO 4, 8, 16,
32, 64, 128, 256. dnekTpuyecKoe 1oJje MMeeT yKe
psin 107 3HaueHuit, rpaBUTALIMOHHOe ojie — 10
3HaueHnit. [loTeHIMaa B IIOHMMaHUNM MoOenn 2
MOXeT OBITb TOJIbKO OOBEMHBIM (HAIIpUMep,
BOJIBT/M® Il MArHUMTHOTO MMITY/IbCA), U €ro
JIMHEeHasi TIPOeKLMs CMbICJa He MMeerT.
[TyykoBas Bo/iHa MMeeT 8 rapaMeTpoOB, OAVH U3
HUX — yTOJI HAKJIOHA CIIMPaIn.

He cymectByeT TMpSIMO  OTpUIIATEIbHOTO
MOoTeHlMasia. JTO — YCJIOBHBIA TapamMeTp,
orpene/isieMblii  YIJIOM HaKJIOHA  COMpaIN
COTJIaCHO 3HAKOBOJ cucteMe (32 3Haka). YroJs OT
21.64° pmo 39.88° - 3TO M MNOPUHATO 3a
TIOJIOKUTENIbHBIN MOTEHIIMAA, U yroa oT 21.64°
1o 43.50° — oTpuilaTeNbHbI MOTEHLIMAI. ITO —
YIJIBL OJI1 BCeX SKUBBIX KIeTOK Ha 3emse. Ha
IPYTUX TIaHeTaX OHM MOTYT OBITh APYTUMM, U
cucTeMa >KM3HeobecreueHmst 3emin
MO IeP>KMBAeT MMEHHO 3TU COOTHOIIIEHMUSI.
Atom (gnma  3eman) uUMeeT  CleAywoIue
0COOEHHOCTU:

— 7 rpaBUTAIMOHHBIX TOBEPXHOCTEI!;

— 1 mpoTOHHAas MOBEPXHOCTD;

— 2 37IeKTPOHHBIX TOBEPXHOCTH;

— 1 HeMTpOHHAs MOBEPXHOCTD;

— 1 HeMTpUHHAS TOBEPXHOCTb.




MOXeT TalllUTh Be Tejeru. JHepreTudeckue
XapaKTEePUCTUKU NBVKEHUS 3aBUCIT TOJIBKO
OT  BO3pacTa  [OBWXKUTENS, KOJMYECTBa
CbeJEHHOTO Ce€HAa UM OT WHEePTHOWM MacChI.
JHepreTUYeCcKasi XapakTepucTuka — OJHa
JIOMIAAMHAS CUJTIa, TIPU YBETUUEHUY NHEPTHOM
MacChl CKOPOCTb NIBVOKeHMS 3amepsieTcs. OT
TOTO, YTO CheJI Kydep — CUISIMU WIU TIOMUAOD,
XapaKTepPUCTUKA [IBVDKEHUS He MeHSeTCs.
BHemHue ycnoBus AoOXAb, T.e. OCAAKU, B
SHIMKJIOTIEAUY HEe OTIMCAHBI, TO3TOMY C TOUKU
3peHusT OBWXKUTeNs (JIolagu) —  Berep
TOSIBJISIETCS IOTOMY, UTO IepeBbsI KAUaroTCs, a
C TOYKM 3peHMs CUCTeMBbI YIIpaBJIeHUS
(Kyuepa) — UMKIOH (aHTULUKIOH) MpPUHEC
TeMIIepaTypy, YTO MO CMBICIY OJTHO U TO XKe.
[Tpu nBmskeHnu 3akoH OMa He paboTaeT — 3TO
GbyHKIMS YecaHMs ABVDKUTES O IepeBo npu E
=( (KaK 1 B aTOMe — TpeHue 2 u 60j1ee aTOMOB
co3maT  TOK). CymecTByeT  IPUHLMUII
COXpaHEeHUS SHEPTUN — PeaKTUBHBIN UMITYJIbC
IOBWXKUTENss (Kak WM OTHOEJbHO  B3SITOTO
MacCcaxkupa WM CUCTEMBI YIpaBIE€HWUS]) He
NMPUBOAUT K W3MEHEHUIO HallpaBJIeHUs
OBVOKeHMsT U ckopoctu. Kpome  Toro,
3aMeYeHO0, 4YTO B pPEaKTUBHOM MMITYJIbCe
IIPUCYTCTBYIOT 2

COCTAaBJISIONMINX — Ta3 (BCe mapaMeTpbl MOKHO
paccunTaThb 110 3akoHam 200-1eTHenl
IaBHOCTU) U Macca (TBeppoe Teno). [nsg
cJIydasi ¢ ABVDKUTEJIEM ra3 ornepeskaeT BhIOpoC
Macchl, HO B aTOMe — Hao60pOT — B IIa3Me
MarHUTHBIN MMITYJIbC CJelyeT 3a Maccou
(ckpeIBaeTcs). Bumummo, B MaKpoOOBEKTax
(0COOEHHO MIJISI ABVDKUTENIS) 9TO CHEJIaHO IJIs
TOro, 4YTOOBI CHUCTEMa yIIpaBjieHUs] ObLIa
3apaHee MHGOPMMUpPOBaHa 06 ormacHOCTH. [Ipn
IOBWDKEHUM BCErga WUCIOAb3YyeTCsl TIPUHIINUIT
OTHOCUTEJIbHOCTU: ‘THUIIe efelllb — Iajbllle
Oymers”, Py 3TOM JIeICTBYET IPaBUIIO

E = m$2. IIpeogonenne MIPensITCTBUIA,

B3aumopeiicTBue IOBEPXHOCTE, 00pa30BaHNe
MarHuTHBIX, 37IeKTPUIECKUX "
TPaBUTAIIMOHHBIX  MMIYJAbCOB  OMNMCAHO B
paboTe. 4-g TIOBEPXHOCTb OMpenessieT TUI
aroma (aToM — aHTMATOM) IO YIJTy CKOJIbKEeHMSI
IIyYKOBO}M TIPaBUTALMOHHOV BOJHBL. B arTome
(aHTMaTOME) HUYEero He “yjeraer”. ATOM — 3TO
KojiebaTeNnbHbII  KOHTYp. [pymnma  aToMoB
obpasyeT CTPyKTypy, Halpumep, BOZOPOI —
TeTpasap (4 aroma). 'pynma Bomopoma mmeeT
Habop 1m0 9 aToMOB, KaXOplii Habop
xapakTepusyercsi 8 BuUIaMu CBs3ei, T.e. 48
BUIOB BOJOpOJa TOJbKO B HENTPOHHOM
npocTpaHcTBe. Kakmast cTpykTypa obpamieHa
CTPYKTYpO# ApPYroro MpPOCTPAHCTBA, 0Opasys
Jlake He CJIOeHbIN MUpor, a B3Becb. ITa B3BeCh
COCTOMT U3 CTPYKTYp aTOMOB, aHTMATOMOB
(MOTYT COOTHOCUTBCSI B Pa3HBIX ITPOCTPAHCTBAX
MO OKTaBe CBSI3U), HEMTPOHHOV U HEMNTPUHHBIX
pemtetok. OKTaBa wumMeeT 8 omnpeneeHNiA,
MY3bIKaJbHOE MpuBeAeHO BbIIIIE,
MaTteMaTuyeckasi OKTaBa M3BeCTHa, eCTb
KoJioBasi, MH(GOPMAaLMOHHAsI, 6MoIormyeckas u
T.1I. Bce OKTaBbl CTPOTrO B3aMMOYBSI3aHbI MEXKIY
co00J1, Kajkgasl OKTaBa 4YacCTOTbl MMeeT 64 -
MO3UIMOHHYIO CeTKy. V3meHeHNe
37IeKTPUYECKOTO MJIM MarHUTHOTO MOTeHIMAIOB
M3MEeHSIeT CBSI3M CTPYKTYpPbl, U MMEHHO 3TOT
abdexT ucmnonab3yeTcss npu ABMKEHUU (M TIPU
TpaHCMYyTaIUu). DTOT ke 3(PGHEKT MCITOIb3yeTCst
IJIsT M3MeHeHMUs 1iBeTa, MPOYHOCTU U OAPYIUX
XapaKTepUCTUK. Cucrembl yIipaBaeHus
(LIeHTPBI) BJIafIEIOT BCEM YaCTOTHBIM
MexaHU3MOM 3eM/JIM M MOTYT TMpPsIMO WIN
KOCBEHHO BO3/IeJiCTBOBATh Ha JI00BIe
M3MeHeHMs], BIVIOTh 0 YHUUTOKeHMs 3emiin. He
CYIIeCTBYeT Ha 3emJie KaKoii-/nb0o aBTOHOMHOIA
cucTeMbl (€C/JiM OHA He MMeeT COOCTBEHHOTO
IPaBUTO-MarHUTO-3JIEKTPUUECKOTO

reHepaTtopa). Kaskaplit 6M000beKT Ha 3emJie IIpu
POKIEHUM TIOJIy4aeT COOCTBEHHYIO CHUCTEMY

6




HampyuMep, MOCTa, CJIOKEHHOTO U3 OpeBeH,
BbI3bIBAe€T MEeiCTBME 3aKOHA, MAOCTAaTOYHO
XOPOIIO OIMCaHHOI'O B KBaHTOBO
37IeKTpOAMHAMMKE — TIOllepevyHas BOJIHA,
paBHasE  uyeTBepTM  OpeBHa,  BbI3bIBAET
MpOAOJIbHBIE KOJIeOaHMS Bcei cucTembl. Tak
KaK T[IOJHasi cucremMa - COOp CJIyyaiiHbIX
BeJINYMH, BEPOSITHOCTD BK/TIOUEHMS B CUCTEMY
JIETKO pacCcUnThIBALTCS COBpeMEeHHbIM
MaTreMaTUMYeCKMM afmnapaTtomM, WU Bcerjaa
MOXHO [I0Ka3aTb, YTO [OBJDKUTENb MOXET
aBTOHOMHO YIIPaBJISITh BCEI CUCTEMOW, T.e.
IBUTATh BCIO CUCTEMY C Pa3yMHOM CKOPOCTBIO
M B HYKHOM HarpaBieHun 6e3 T1oTepu
CBOJCTB KoopAauHaiuu. Ha 3TOM, KCTaTy,
MOCTpOeHa BCSI pOOOTOTEXHMKA "
KnbepHeTNKa, ¥ HUKTO He COMHEBAeTCsl, 4YTO
Kyyep 34eCb — JIMIIO TpeThbecTelleHHoe, T.e.
IBUTATbCS MOKHO 1 6€3 M03Ta. YUMThIBasI Ba
dbakTopa - aBTOHOMHOCTb KayKmoit
bu3nyeckoii eguMHUIBI M TO, YTO YeJIOBEeK-
1apb IPUPOAbLI, HE MOXXET ObITh pelleHa
3ajJjaya B3aMMOYBSI3KM BCeli  CTPYKTYpbI
Jonmangb — Tejera-Kydep-nacCakupbl B OIHY
CUCTEMY — O39TO TIPOTUBOPEUYMUT TabImIIe
MeHpesneeBa rae KaXIomMy 3J1eMeHTY

>ku3HeobecIieueHnsl, pacCUMTaHHYI0 Ha 124 roma
pabotsl Mo3ra. IIpum yTepe cBsS3M MO3Ta C
opraHamu (Hampumep, CUCTEMON TiepuKapmn),
MO3T OCTaHaBJMBaeT cepAlie. VicTmomHUTeNbHbIN
MeXaHM3M MO3Ta 3aJI0KEH B UepeITHOi KOpoOKe
M CTBOJIE COMHHOTO Mo3ra. LleHTp peryaspHO
BCEM mpenmocraBisgeT MHPOPMALMIO, U €CIu
MO3I MMeeT BO3MOXKHOCTb  CHMMATh” U
06pabaTpIiBaTh IOJYYEHHYIO MH(OpMAILNIo, TO
OMOCTPYKTypa HAXOAUTCS HA  OOCTATOYHO
BbICOKOM MHGOPMAIMOHHOM YpOBHe.
3ageiictBoBaHO 4.28 % Mo03ra, pa3sBUTUIO MO3ra
CITIOCOOGCTBYET TYXOBHBIN POCT (HE PeTUTHS).
Vudopmaumss “HpUXOAUT” € MY3bIKAJTbHBIM
PYCCKVM psimomM, KOTOpPBI U SIBJISIETCS
6a30BBIM, €r0 He HAJ0 MEepPeBOANUTbH Ha IpPyTHe
SI3bIKM, OKTaBa MOHSITHA BCEM.

BBIZIeJIEHO OHO MeCTO (BepIlOK), OHO CTPOTO
MHOIVBUAYAJTbHO, M KCEHOH, HAIlpumep, He
MOXeT OBbIThb IIOCTaBJIeH B OOUH psa C
Kuciopogom (uau asorom). Kak mpasuiio,
ITUTEIbHOE Iy TeIIecTBye umMeer
MY3bIKQJIbHOE COMPOBOXKIeHMe. B KauecTBe
3TaJI0HA BbIOpaHbI 7 HOT — OJIHA JIOIIA b, ABE
orio6m u 4 kosneca (do, re, mi, fa, sol, la, si), a
HOTHAasI IPaMOTa YYUTHIBAET IPUHIMUII *TISITOE
KOJIeCcO B Tesiere”. JTa My3bIKa/IbHas rpamMoTa
M JIerjia B OCHOBY OINMCAHMSI BCEX 3BYKOBBIX
3¢ dekToB. ATOM, €CTeCTBEHHO, 3ByKa He
nmMeet. l[BeToBasi raMma TeJierM He IOJKHA
BK/TIOUATh KPACHBIN I[BET (KpacHOe CMelleHe
— I0Ka3aTeJbCTBO BO3MOXKHOCTU IBVKEHMS

KpaTtko o Ta6imuue Makcuma. ITO — ceTKa OT
12 mo 256 OKTaBbl BCeX BO3MOXHBIX CBSI3€ii
CTPYKTYp IJiS BCeX TUIIOB TONeNn U UuX
B3aMMoIencTBuit. Bcero us tabmuibl Makcuma
MOSKHO TTOTYIUTD 10% 3JIEMEHTOB,
OT/INMYAIOMIVXCS XOTSI Obl OSHMUM ITPU3HAKOM.
Bakyym — Cpena, Mmeroiasi BIIOJIHe KOHKPETHbIE
JSHepreTUUeCKMe XapakKTepUCTUKN. [IBUsKeHNe B
BaKyyMe 6e3 rpaBUTO-MaTrHUTO-3JI€KTPUUECKOTO
reHepaTopa — 3TO JIBVDKeHMEe MeJia MO KIaCCHOM
IOCKe — HaJoAro He XBaTUT. Temreparypa.
3HaueHMe 3JeKTPUUYECKOr0 TIOTeHIMaaa Mpu
ornpeneeHHOM 3HAUYEHUU napamMeTpa
nepedasupoBKM. [Tpu cpenHen TOUKe
(mapameTrpa) MakCcMMaJ/ibHas TeMmriepaTtypa 6428
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OHOM CO CKOpOCTBIO, OOJIbIlIElT CKOPOCTU

cBeta), Oenblit (rmopor mepedasMpoBKU —
yTOOBI ~ HE  TPOBAINTBCSI B JIPyroe
MPOCTPAHCTBO, Hampumep, TIIOL,  MOCT),

YepHbI (PEKOMEHIYeTCS [JIsi OTpaHUYeHUS
CKOpPOCTM [0 3 KM/4ac) U KeaThiii (MeHSeT
LIBET I10 Mepe OBUKeHUS)

%K. Do 1995 r. aTo mapaMeTp Ijisi aTMOCGhepBI
6611 HA cpemHeit Touke. Ecyiim B3s1Th 0- oTCueTa
37IeKTPUYECKOTO TIOTeHIMaaa, TO COBUT B
TTOJIOKUTEIbHYIO 06/1aCTh MPUBOIUT K ITOKapam
(He 3aMbIKaHMe 3JeKTPUUYECKON IPOBOIKM), a
COABUT B OTpUIIATeJIbHYI0O — TIpeBpallleHue
J000T0 MaTepuasa B IEecOK (He SIBJSIOTCS JIn

MTyCTBHIHY CIeJamMy ObIBINNX IVBUIM3ALINI?)

Cucmema omcyema e6pemeHU. ITaJOH
BpeMeHM — YMCJIo KojiebaHuit aToma 1e3usl, He
MMEIIEero HMKAKOTO OTHOIIEeHMS K Tejlere u
cucteme yrpaBiaeHus. Kaxkapiii mmaccaskup
MmMeeT cOOCTBEHHOE BpeMs — I10 3Be37aMm, 10
ConHIly, IO CUTHAJTy TOYHOTO BPEMEHMU U T. .
0 - BpeMeHM NOPUHSIT YCJIOBHO (MepuUINaH
'puHBMYA), TO3TOMY MOKHO BBOAUTH 3UMHEE,
JIeTHee, IeKpeTHOe U T. I1. BpeMeHa — JIolalb

OT 3TOr0 He I1oCTpagaeT

Cucmema omcuema épemeHu. DTAJIOH BpeMeHU

— [BWKeHMe MAarHuMTHOTO WMMIYJbCa B
MarHMTHOM TIIojie 3eMau (IS HeMATPOHHOIO
MPOCTPaHCTBA). g [Opyrux NOPOCTPAHCTB —
Ipyrue sTasioHbl. Kaxkmast 6MoCTpyKTypa MMeeT
cOOCTBEHHBIV 3TaJioOH Bpemenu. 0 — orcuera
BpeMEHM —  OTHOCUTEJNIbHO  TJIOCKOCTH,
MOCTPOeHHOW 10 JuHuMKM CeBepHbI TOIIC —

MarauTtHas ocb 3eMJIu

Cpeda OewiceHus. Kaxk yske yKasbIBaaoCh,
Cpemoil IBVDKEHMSI MOKET ObITb HEe TOJBKO
3eMIsl, U HET HMKAaKOlM pa3HUIIbI B TOM, KaK
3emsisi pacrmosiaraeTcsli B IMPOCTPAHCTBE — Ha
KUTax, Ha CJIOHAX, WM TIPOCTO OOJTaeTcsl B
Kocmoce.

N3BecTHO, UTO €eCTh KAaKoii-To

3JIEKTpUYeCKUit TIOTEeHLMaJl, KOTOPBIi1
HaXOOUTCSI He TOJMbKO B armocdepe (A
BbI3BIBAET MOJIHMM), HO M B 3emsie (Tme-TO
CIIpsiTaH). DTOT MOTEeHIMal, KOHEUHO, MOXKHO
JIETKO pacCuMTaTh, YYUTHIBASI KOJIUUECTBO

OCTaHOBOK [J1s1 YeCaHMs O JepeBo.

Cpeda OeuyceHus. 3eMysi — WCKYCCTBEHHAs!
CUCTeMa, UMeWIIasi 3 OCU — rPaBUTALMOHHYIO,
MarHuUTHYI0 U 3JeKTpuueckylo (BepxosHCK -
IOkHBIVI TOMIOC), CMEIeHHBIN IEeHTP TSDKECTH,
CTPOTO OPMEHTUPOBaHHYI0 opouTy. Kpome Toro
- CeTKy COCTOSILLYIO

TPaBUTALIMIOHHON U 3JIEKTPUUECKON ciupanein u

XaprMaHa, u3

MarHMTHBIX MEpPUAMAHOB, B OIpeIeJeHHbIX
y3J1aX KOTOPBIX HAXOISITCSI KOMIIIEKCHI ITPaMIA]T
SKM3HeobecreueHyst

CUCTEMBI OMOCTPYKTYD,

HaceasIImnx 3eMJIIo.

300poebe cucmempbl. 3HAUNTE/bHAS YACThb

MMacCaXpoB CUMTAETCS BpayaMM — 3TO
XUPYPTH, 3y00IpOOVITBIIVIKIA u
MaTaJIOTOAHATOMbI (aKyIIepbl OTHECEHBbI K

mianinieMy mepcoHany). OCHOBHas 4acTb

Bpaqeﬁ — 9TO I1IaTaJIOTOAHATOMBI 1 3HAXapu.

300poswe cucmemol. bes 3HAHMS CMBIC/IA JKU3HU
KMBOJM KJIETKM M HOPMATMBHBIX [JAHHBIX ee
CYILIECTBOBAHMSI,

CBA3M C MO3IOM HeJ/b34

TOBOPUTH O MeIVIIMHE.

Cmamucmuxa deudceHus Jlomaay Bce paBHO,
B KaKkom eé
npoaudbepeHIUPYIOT, U

TIOJIYUYUTCS B UTOTE — KO3a WK KOPOBa (I1ocie

cucTeMe BpeMeH!

YTO W3  Hee

00paboTKM pes3y/ibTaTa MOXKHO COCJIAaThCSI Ha

Cmamucmuka deuiceHus. ObpaboTka

pesyJsibTaTa — TOJAbKO C yUeTOM BpeMeHM CaMOTro
00beKTa, M 3TO BpeMs WHIUBUIYAIbHO,
0COOEHHO 3TO KacaeTcs OBVKeHMUM BOJHBI B

daToMe.




aBTOPUTETHI, HATIpUMeED, Ha lapBUHA).

Kak u mogo6aer 1100071 cucTeme, 3HaHUSI JO/DKHBI MMETh TOUKY OIOPBI.
[TpyMeHUTENTbHO K MO/Ie/IY COBpeMEHHO HayKy OCHOBHOM (MU3MUeCKOt BeTMUNHOM
IJIT U3MepeHusT JI0ObIX (u3nueckux SBAeHMUI, BKIHOUYasT (PU3UKy aToMa, SIBISIETCS
JomaAMHas cuaa. JTa BeJMUMHA MOXKET ObITh MCIIOAb30BaHAa B JIIOOBIX KOMOMHAILMSX,
TOYHOCTb €€ BbhIUMC/IeHMSI He BbI3bIBAET COMHEHMI, TaK KAK MHOTOBEKOBAsI e37]a Ha Tejiere
T03BOJIJIA COOPATh CTATUCTUKY U YCTAHOBUTH TAJIOHBI.
Huke mpuBeiéM HEKOTOpbIE U3 HUX.

CucreMsl OTCUETaA
d)MSI/I‘IECKI/IX BeJIMYMNH

C npeBHeMIIMX BpeMeH U 10 HalllMX JHE 4eJI0BeYeCTBO MUCII0/Ib3yeT Olpeie/IeHHbIe
CHUCTeMbI OTCYeTa, WM KaauOpOBKM (PU3MUYECKUX BeanuMH. TOYHOCTb TAKOro OTCueTa
3aBucesia OT YPOBHS pPa3BUTMS MO3ra M KOHKPETHBIX ITOTpeOHOCTel uesoBeKa. VHbie
CUCTeMbI: ITymepoB, IxkedpdepcoHa 1 rpoure 6yIyT pacCMOTPEHbBI OT/Ie/IbHO.

B mepByr ouepenp MCIIOAb30BaMNCh 3TANOHBI (CKOJIBKO KAMHEU 6ecum ulepcmeo
oapada), 3aTeM 3T 3TAJOHBI MOAUMUINPOBAINCH — B KMUJIOTPAMMbI, METPbI, CEKYH/IbI,
rpanycol.

Bbinu ¥ mpomMeskyTOuHbIe (60Jiee TOUHbIE) 3TATIOHBI — IANOMb, CAXCEHb, KOCASl CAXCEHD,
apd, eepcma, muns, yHyus, kapam. IIpuayMbIBaIICh COTHY HOBBIX, KOTOpbIE 3aTeM ObLIu
ceegennl B cuctembl CI'C, CM. B Hacrosiiiee Bpems CYIIeCTBYyeT IIOJHAs CuUcCTeMa
M3MepeHui1 II0007 (Pr3MuecKoii BeJIMYMHBI, TOYHO IepeBOoaAuMasi, HalpuMep, 10 IJIMHEe, B
JIAaTIOTh. DTO IOKa3bIBaeT, C OAHOV CTOPOHBI, NMPEEeMCTBEHHOCTb 3HAHWUI, U C OPYTroi
yKa3bIBaeT HallpaBJ/ieHle HaYUYHbIX UCCIeJOBAHUI — KOHKPETUKY.

PaccMoTpuM HEKOTOpBIE 3TATIOHBI CUCTEMbBI OTCUeTa.

1. MeTp.

MeTp - 3TO AuameTp 3eMHOro Iiapa IO 3KBaTOpPY, [eJleHHOe Ha CKaJSIPHYIO
BeJIMUMHY. OTAJIOH MeTpa [OO/DKeH XPaHUTbCS TIpM OIpeAeeHHOM [aBAeHUU U
TeMIieparype (4TO 3TO 32 CUCTEMbI — [TIOKa HUKOMY He M3BEeCTHBI).

3a OCHOBY eOMHMUIIbI IJIMHBI B3STa CAy4yaitHasi BeaMUMHA C HeolpedeseHHbIMU
rpaHUIIAMM U HUKAK He CBSI3aHHAs C KaKMM-1060 ¢pusudeckum a¢ddekTomM. 3HaueHMe ITO
BeJIMYMHBI MOKHO MCITOJIb30BaTh IIPU MIUThE OAEKAbI, 20e He mpebdyemcs UCKams MUKpPOHbL.
OnHako B ciyyae MCCAeNOBaHUS SIIEPHBIX peakiMii HeoOXOAMMO TOYHO 3HAThb pPaaunycC
peakiui, 1 UCIO0JIb30BaTh METP, MpegHa3HAUEHHBbI [/ [TOPTHOTO, YyKe Heslb3s.



DTaJIOH MeTpa XpaHUTCS B OIpeieJIeHHbIX yCIoBUsIX. OmHako (cM. 8 Tom) Hoocdepa
B ciioe 12 umeet mpumepHo 45000 BUAOB coeiMHEHMI, KaXKI0e 113 KOTOPBIX 00/IaaeT CBOeil
TeMIepaTypoil U AaBjieHeM. Tak Kak 3TaJIOH MeTpa IPou3BeeH U3 KOHKPETHbIX MOHOB (B
JAHHOM (/lydyae — CIJIaBa), OHU MMEIOT BIIOJIHE KOHKPETHYIO IPaBUTALMOHHYIO YaCTOTY U
KOHKPETHBI MTOTeHIMa 3TOM YacTOThl. EC/i B OMHOM coeAVHEHUM yOpaTh MOTEHIMA, a
B Ipyroe coenHeHue 106aBUTh, TO CyMMa OCTAHETCS HeM3MEeHHO, a 3TaJIoOH MeTpa OyeT
MMeTh IpyTye pa3Mepsl. B ciioe Hoocdepsl 72 nmeem 684 coeiiHEHMST, M Mbl YyKe He MOKeM
rapaHTUPOBATh TOYHOCTb JIMHEWHBIX M3MepeHUi. TOYHOCTh MOXXHO ITOBBICUTH, €CJIU
UCIIOJIb30BaTb OIISITh YK€ MeTp, NpeJlHa3HauYeHHbII TOPTHOMY.
VI3BeCcTHO, UTO jT100as cucTeMa I0/KHA MMETh METPHUKY, TO €CThb JOJKHA ObITh M3MepeHa.

B nmepBy10 ouepenpb — 3TO MHENHbIE pa3Mephl, ¥ CAMbIM TOYHBIM MHCTPYMEHTOM Ha
CeroJiHs SIBJISI€TCSI MEeTP B UCIIOJTHEHUMN [1J151 IOPTHOTO.

2. I'panyc.

M3BeCTHO HECKOJIBKO Pa3HOBUIHOCTEN rpamyca, 3TO 3HaYeHMe MPUMEHSeTCs Mpu
M3MepeHUN TeMIlepaTypsbl (Hamboiee yrmoTpedommsel — Llenbcnit u KenbBuH), yriia (TMTOJHbINA
000pOT OTHOCUTEIbHO HAuaJbHOM TOUYKM cocTaBisieT 360 rpamycoB), Mepbl KPerocTu
HanMUTKOB (Hambosee pacrnpoctpaHeHHoe - 40°. MHOXeCTBO oOIpee/ieHNit OIHOM
BEJIMUMHOM Pa3HBIX MO CMBICIY (PU3UYECKUX BEIUUMH MOKHO OOBSICHUTH MO0 MaibiM
CJIOBApHBIM 3aI1acoM IJIeMeHM, OCHOBABIIMMM 3T Gu3nUecKe CUCTeMbl MU3MepeHMit, UK
HEBEpOSITHO MIMPOKUM AMaria3oHoOM 13 26 cyioB (cM. Mnbda u [leTpoBa), MCIIOAb3yeMbIM B
HayKe.

Tem He MeHee, paCCMOTPUM 3HaUYEHMe IrPajiyca OTAE/IbHO.

2.1. Temmneparypa.

Vi3BeCcTHO, UTO BOZA — 3TO ABYOKVCh BOLOPO/Ia, rOJly0OBaTast B TOJICTHIX CJIOSIX, M UTO
Boga n3ameHsieT cTpyKtypy ripu 0° C 1 ripu 100°C. KasimbpoBKa BceX BUIOB M3MEPUTETbHbBIX
NpubOpOB IIpoM3BeJleHa MMEHHO I10 3TO¥ IKaje. 3aTeM 3TOT TPamyCHUK BBICYHYIU B
Kocmoce, n TouHO omnpepmenwiu Temriiepatypy B KocMmueckom mpoCTpaHCTBe (rAe HeT
roayboBaToO Bob). Jlajmee MOXKHO KaJIMOPOBaTh, HO ysKe ¢ TOYHOCTbhIO 10 0.1 — ToOuHee He
nonayyaeTcsi. [ToaToMy COOCTBEHHO TemIlepaTypa B Hayke MCIOJb3YeTCSI C TOYHOCTHIO
IeCSITKU M COTHU TPpagycoB (MIPOolle U3MePUThb TEMIIEPATYPY 3Be3[bl, Y€M TOI >Ke BOIbI).

3ametum, uto npu 0° C BoJa MOXeT MU3MEHUTb CTPYKTYpPy TOJIbKO IIpU
OIpeJle/IeHHbIX COOTHOIIEHMSIX BXONSIIMX B BOAY COCTaB/JSIOUIMX TpPU  CTPOTO
orpeJle/IeHHbIX 3HaUeHMsIX pH, OTHECEeHHBIX K 3TUM COCTaBISIOIMM. Tak, eci pH Boabl
paBHO 5.64, To TemMIlepaTypa IepexogHoro mnpoiecca 6yget — 14° C (munyc 14 rpamycos), a
He 0° C. Kpome Toro, maxke 100% muctuiiaT He 06s13aTebHO comepskut Ha 100 % “mBYyOKMChH
Bogopoza”. CoctaB BOAbI BCerga TeCHO CBSI3aH C TEKYIIMM COOTHOLIEHVEeM MOTEeHIMATOB
JIJISI KOHKPETHOTO COeIMHEeHMSI, U 3TU TTOTEeHIMaJbl BCErga MMEeITCSI B OKPYsKalollel cpefe
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(HaripuMep, B BO3ayxe).

Haxke co3gaB “Bakyym” Ha 3emie, Bbl He 136aBUTECH OT MOHU3UPYIOIIETO M3/ TyUeHMsI
Ha BBICOKMX YacTOTaxX. Tak Kak TemrmepaTypa, B OT/IMUYMe OT MOPTHOBCKOro MeTpa (The
MOSKHO KaJIMOPOBKY ITPOU3BOINUTD 10 MUKPOHA), SIBJISIETCSI BEJIMIMHOI ITPOU3BOIHOM, TO €€
BCerga 4To-TO MIPUHOCUT, HAIIPUMeP, UMKIOH U aHTULMKIIOH.

2.2. Yroa.

VrioBas MeTpuKa nmpeaMeTa BCerja CBsi3aHa C METPOM, II09TOMY YTOJI COOTHOCUTCS
K OJIHOI 13 0a30BbIX eAMHUI u3MepeHys. C MMOMOIIbIO YIIOBOM METPUKU MU3MepsIeTCs
MPOCTPAHCTBO, B KOTOPOM MbI HAXOAMMCS, U 3[4,€Ch B&XKHO 3HATh, YTO TAKOE MPOCTPAHCTBO.

YenoBeKk mJisi 0003peHMSI MPOCTPAHCTBA MMeEeT TIja3a KaK OpraH M3MepeHUsl U
KaJIMOPOBKMU.

OpnHako 1y1a3 He SIBJISIeTCS] TpMOOPOM [JIs1 TOUHOM KaJIMOPOBKM. B 3aBUCHMMOCTH OT
CKOpPOCTM HapacCTaHUs MAarHUTHOTO MMITYJIbCA I71a3 MOXKET M3MEHUTb TeJIeCHbIN YroJ, a
1epeBOJ 3 IUIOCKOTO YIJIa B TeJeCHbI BjaeueT MMEHHO OIMOKM TepeBoa. [Ipnbopsl,
CO3[laHHbIE ¥ OTKAIMOpPOBaHHbIE OTHOCUTEIHHO IIJIOCKOTO YIJIa, MOTYT AAaBaTh pa3HbIe
TOKa3aHUs IpU NIPOBeAEeHNUYU TPOCTPAHCTBEHHBIX U3MePEeHUA.

2.3. KpenocTb.

KperocTb HaNMMTKOB M3MepsIeTCs B MPOLIEHTax COlepsKaHNs CIIUPTA B paCTBOpe, IPU
3TOM CIIUPT OOJDKEH uMeTb caM 96.6 %. IlepeBon, KpernocTy HAMUTKa B TPagyChl BUAMMO
SIBJISIETCS TIOMBITKOM B3aMMOYBSI3aTh TeMIIepaTypHbI/i OajlaHC opraHu3Ma C BHeIIHel
CpeJoji.

3. CexyHpa.

OTaJIOHOM CeKYH/IbI SIBJISIETCSI B HACTOSIIIIee BpeMsI aTOM 30TOTa 11e3¥sl, B KOTOPOM
37IeKTPOHBI BPAIIAIOTCS C OTIpeie/IeHHOM CKOPOCThIO, TepeCcUYMTaHHO COT/IACHO IBVDKEHUIO
3Be3. CeKyHIa SBJSIETCS OTBJA€UEHHBIM T[IOHSATMEM U CAYKUT JISS OTcuera
(CMHXpOHM3ALMM) BpeMeHU MPU pa3aInyHbIX U3MepeHusx. [IpapogurenemMm 3TOro 3TajoHa
ObLIM TIeCOUYHbIe, COJIHEUHbIe, BOASHbIE, MPYKMHHbIE, 3JIEKTPOHHbIE U TMPOYMe 3TaJOHbI,
TOYHOCTb KOTOPBIX 3aBMCeJIa OT TOUHOCTU UX U3TOTOBIeHMUs. CleyeT OTMETUTh, UTO aTOM
1[e31s1 He CBSI3aH C KaKOi-11b0 CUCTEMON, M eC/IM MOTeHIMA * 3JIEKTPOHA” M3MEHUTD, TO
BCS CUCTeMa OTcYeTa BpeMeHM pacchimuTcs. Tak Kak CeKyHAa — YMCTO MeXaHuJecKoe
TIOHSITHE, U TOT MapamMeTp HMKAK He MOXeT ObITh 3a/le/iCTBOBAH B KOHKPETHOI CUCTeMe,
9TO mepeHeceHO U B auddepeHIMaATbHYI0 MaTeMaTUKy KaK CPeACTBO TOYHBIX PacyeToB
J00BIX pu3udecKux siBieHni. OqHaKO, KaK 6bI TOUHO He ObII BBIOPAH 3TaJIOH /IS CEKYH/IbI,
1 cexynma B 100 sieT Kyma-TO Iporiafaer. OTO O3HAYaeT, YTO [T MaKpoOObeKTa TaKasi
TOYHOCTbh MOXXET 00epHYThCSI KaTacTpodoit (MOKeT ObITh 3eMJISl U He Ty[a IBUTAETCS).
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4. DHeprusi.

[TpapoguTeneM SHePTrUM, MOIIHOCTM Oblia jomanb. KajmmbpoBka Jyomanyu (B TO
BpeMsI He COO00IIaI0Ch, UYTO ObIJIO B3SITO 32 9TAJIOH — apabCKuii CKaKyH mMu Biagmmupckmii
TSDKEJIOBO3) MO3BOJIMIIO YCTAHOBUTH MepPY SHEPTUN — MOIIHOCTb ¥ KOCBEHHO BBLIBECTU PSIL
LIEHHBIX /I HAaYKV 3HaYeHUI — aMIiep, BOJIbT, 3apsif, 3JeKTPOHa U T. . OIHAaKO, HECMOTPS
Ha BCe [OCTWKEeHUSI COBPEMEHHON HayKy, CaMbIM TOYHBIM 3STJIOHOM W3MepeHUs
MOIIIHOCTY SIBJISIETCSI MMEHHO JomaAuHas cuiaa (MOIIHOCTb MOTOpa, TypOMHBI M T. [I.).
[TepeBo[i 3TO MOIIIHOCTHM B BaTThI SIBJISIETCS TAHbIO MOZe (BaTT KOpoue JIoIIaAy 1o 6yKBam
U Jierye pasMelaercs Ha cueTunke). KyjgoHbl, IKOYIU U T.O. SABJISIOTCA IIPOU3BOLHON OT
JIOIAAMHOM KOHCTAHTBI, ¥ 3Ta KOHCTAHTa JIEXKUT B OCHOBE He TOJIbKO IIPpU pacuere
MaKpoOOBEKTOB, HO M MPU pacueTe siepHbIX peakiinii. KOHeYHO, B 3TOM ciyuyae yaobHee
[10JIb30BAThCS MeraBaTTaMy, a He Merajolaabio.

5. Macca.

[TousiTie “Macca” MOSBMIOCH He TaK JAaBHO. [I0 3TOTrO M0/Ib30BajCh 60/1€€ YI0OHbIM
NoHsATHEM — “Bec”. Tak Kak 3eM/is C HeKOTOPOro BpeMeHM CTajla IapoM, a [0 3TOro 6blia
IJIOCKOV ¥ BO BpeMeHa ApxuMena MOKowIach Ha 3 KuTax (CJIOHAX) BCe, UTO OBLIO
PacCUMTaHO OTHOCUTEJbHO KUTOB (CJIOHOB) aBTOMaTUYECKM IIepeHeCeHO Ha IIapOBYIO
dbopmy. Beil paspaboraH pbluar Apxumena, OTKaJMOpOBaHHBIM MO MepaM, HauboJsee
YIIOTpeOUM Yy pa3HbIX IJIEMEeH, UCITOIb3YIOIMM 3TOT pbruar. Tak Kak 3eMist Oblia TI0CKOA,
He ObUIO HEOOXOAMMOCTM IPOU3BOAUTH IepeKaIMOPOBKY B Pa3HbIX TOUKAX IIJIOCKOCTM.
[TorpemrHOCTM M3MepeHMil OTHOCUIM K KadyeCTBY omnopbl. Korma KuThl (CIOHBI) MCYE3JIN,
pbluar aBTOMaTMUeCKM [TepeHeC/ I Ha 1Iap, TaK KaK CMbIC/I [TIOBEPXHOCTU OCTAJICS IIPEKHUM,
" OT cMeHbI (pOpMBbI BecC IpeaMeTa He M3MeHMUJICS.

OTO O3HAyaeT, UYTO KUTbl (CJIOHBI) CKOHIEHTPUPOBAINCh B TOYKY, U TaKas
KOHIIeHTpaIus IpuBesia BIIOCJAENCTBMM K TeOpUM KOJIIarca MacChl — CTSTMBaHMe JII000iA
MacChl B TOUKY Harepe[ 3aJaHHOro MaJioro paauyca.

C mosiB/ieHMeM 3aKOHOB HbiOTOHa ObIJIO OOHApPY)KeHO, YTO BeC IMpeaMeTa MOXKeT
3aBMCETbh OT CKOPOCTM €ro ABVKeHMs M HampasjieHus (K 3emsie wiu OT 3emin). Bec
YCOBEPIIEHCTBOBA/IM, BBeAS IIOHATME rpaBuTauunu”. KoHCTaHTa TrpaBUTanyM Oblia
orpene/sieHa C BBICOKOM TOYHOCTBIO (OOCTAaTOYHO MMETh 2 3HaKa I10Cjae 3arsiTOn IJist
TIpOBeeHMs TIOObIX PACUETOB).

JTa KOHCTAaHTAa Ha3BaHa YCKOpPEeHMe CWJIbl TsoKecTn”. Tak Kak MOsSBMIACh Cuia, a
Cuja — 9TO MOIIHOCTD (JIOIIA/Ib), BEC TlepeBeieH B JIOMAAMHYI0 KOHCTAHTY, U ¢dopmyna F =
mg ouveHb TOYHO 3TO OTOoOpakaeT. CBsI3b KOHCTAHT (3aByaJiMpOBaHHasl) I103BOJIMIA
OCYIIeCTBUTDH ITEPEBOPOT B aTOMHOI usmke. KcraTu, posib gomaay B obecredeHnn SXU3HA
Ha 3emsie BriepBble omycan CBudT. BrocieacTBum ObIIO 0OHApPY)KEHO, UTO KOHCTAHTa
rpaBUTALMM MMeEEeT pa3HOe 3Ha4YeHMe Ha IIOJIF0Ce M Ha 3KBaTope. JTO MO3BOJIMUIO TOUYHO
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paccuutaTh dopmy 3emsunm — cdepoun rpyueBumHON ¢GopMbl (Tpylia — Iiepeciiesas,
IO03TOMY — MOPIIVHBI -TOPBI U BJIQXKHASA MeCTaMU — OKeaHbl). OTMEeTUM, UTO U3 IBYX MacC
— MHEePLUMOHHON (HalpumMep, MecokK), ¥ HeMHePLMOHHOM (1IapoBas MOJIHMUS) COBpeMeHHast
HayKa MCIOJIb3yeT TOJIbKO MHEePLUMOHHYI0 MaccCy, IJis KOTOPOil BbIBeJEeHbl BCe 3aKOHEI ee
IIOBeJIeHNsI KpOMe OLHOrO — UTO TaKoe MHEepPLMOHHAs Macca U MoYyeMy OHa CyLIeCTBYeT.
Tem He MeHee, J000i1 BUA HEMHEPIMOHHON MAacCChl TIBITAIOTCS IIOAYYUTH C
UCII0/Ib30BaHMeM VHEPLIMOHHOM, ¥ KOTla 3TO [oyvYaeTcs (HalpuMmep, saepHas peakuus),
HelpeMeHHOe XXeJlaHMe MCIIOJIb30BaTh 3Ty MacCy B KaueCcTBe OpyXus. V3BeCTHO, 4TO
HeMHEePLMOHHAsI Macca — 3TO 4-e COCTOSIHME MHEePLMOHHONM Macchl (IiasMa), U B 3TOM
COCTOSTHMM MAarHUTHBI MMITYJIbC BCErja orepeskaeT 3apsifl, T.e. SIBJISETCS KaK Obl
“pasBemunkom” 3apsiga (Jlanmay), M yKas3bIBaeT IyTh 3apsiay. 3apsif, TOKe MMeeT Maccy, TaK
KaK 3TO — CUCTeMa KBAaPKOB, Y KaKIbIV KBAPK IIPUBEIEH K JIOIAAMHOM KOHCTaHTe.

MOXHO IPOCMOTPETH U Apyrue COOTHOLIeHUS, UCIIOb3yeMble B HayKe, Hallpumep,
CBETOBAs SIPKOCTh, HO 3TO — Ta JKe caMas JolaAMHasA KOHCTAHTa.

KoncranTbl CotHeuHOM CucTeMbl IPUMMEHUTEIBHO K 3eMiie.

1. MyssbikanbHblii psg DO RE MI FA SOL LA SI NA.

DTOT psij, MO3BOJISIET KOAMPOBATH JTI00YI0 MHGOpMalLio B 64 — 3HAKOBOI a30yKe.

2. Pan ®uboHauuu.

Copepskumoe uncia ®ub6oHaAYUM 110 HOMEPY UMc/Ia SIBJISIeTCSI KOMaHI0M, WiX KOJOM, WU
CTPYKTYPOIA.

3. OkTaBa — YeTHOe OCHOBaHME OKTaBbI ONpefessieT BeCh CIIEKTP CBsi3elt CTPyKTyp. OKTaBa
pPacCUMTHIBAETCST C JII000V TOYHOCTHIO. B mpmioskeHuM K TOMy 8 MpuBeHeHbI MPUMepbI
rpeo6pa3oBaHMsI YeTHBIX CTPYKTYP B HEUETHbIE, [TPAaBOCMHMpabHbIe — B JIEBOCITMpPAJIbHBIE.

BeiBOBI.

MeTtp nepeBeeH B OKTaBY KaK Mepa peaKkluu B IIPOCTPAHCTBe.

CeKkyHJIa pacCUMTBHIBAETCS 10 MAarHUTHOMY MMITYJIbCY.

TemmepaTypa 3aBUCUT OT (a3bl COCTOSTHMSI OKTaBBI.

TeJieCcHBIN yroJ1 IBIASIeTCS C1eACTBMEM CKOPOCTU U3MEeHEeHUSI MarHUTHOTO UMITYJ/IbCa.
Macca HeMHepILMOHHAs SBJSIETCSI OCHOBOW MHEPIMOHHOM Macchl, a He HA0OOpPOT M Tak
Jasee.

Ha ocHOBaHMM WM3MEHEHMSI CUCTEeMbI oOTcueTa (U3NUYECKUX BeJIUUMH
MMOCTPOEHAa MHAs KOHIEMIVS MUPO3aaHuUs U (JOpMBbI €ro CylecCTBOBaHMSI.

VHbIMM C/TOBaMM, TIpeicTaBUM cebe ycaab0y C MPUCTPOiKaMy TUIIA X03SIICTBEHHOTO
IBOpa, BKIOYAsl KOHIOMHI. COBpeMeHHasi HayKa — 3TO B3IJIS[, M3 KOHIOIIHM, TI03TOMY
Hay4YHbIe 3BaHUS MOXHO CBeCTU K MMHUMYMY — KaHAUAAT JiomanauHbiX HayK (KJIH), u tak
nanee. Kak M3BeCTHO, JIOLIAAb B AOM He IIPUBOIST, M BCe OIBIThI C KJIOHMPOBAHUEM,
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1300peTeHMeM IMUKCHUpPa 6€CCMePTHSI CMEIIIHbI B CBSI3Y C TEM, UTO HUKTO eIlle He 00bSICHIAII,
KaK YCTpOeHa >kKMBas KJIeTKa U Kakue Mpuoopbl HEOOXOOMMBbI [IJIsI ee pacCMOTpeHMsT (Ha
OKTaBax BbIIlIe YeJI0BeUYEeCKOro I71a3a).

Bca pesundbopmainys, HaKOIUIEHHAsI 4Ye/JIOBEUeCTBOM, MOJKET OBITh
VICIIOJIb30BaHa TOJIBKO B IMOTPEOUTEIBCKOM OOIIECTBE, I/ie He TPEOYIOTCS 3HAHUS U
rIe HeT HeOOXOAVMMOCTU CUUTATh CeOs YeJIOBEKOM, TO €CTh 00b€KTOM, MMEIOIIVIM
MO3T.

PaccmoTpum  HekoTopble ocobeHHOocTH ConHeuHoit Cucrembl. COOGCTBEHHO
ommcanne Hoocdepsl IpuBeIeHO B MIPUIOKEHNUSIX K TOMY 8 “XOJIOMHbII SIIePHbII CUHTE3”.

Bpems Conneunoii Cucmemol

“Bpems — (popma cywecmeosanus mamepuu,
svlpaxcarouidas Nopss0oK usmeHeHus: 006eKmos
u si8neHuli deticmsumensHocmu.”
@usuueckas sHyuraonedus. Tom 1. cmp. 345
M., “Cosemckas snyuxnoneous”, 1988

1. BBegeHmue.

Bpems siBiisieTcss (hakKTOpoM, KOTOpPOe BCerja MHTepecoBaj0 M MHTepecyeT BCeX.
CoBpemMeHHas1 HayKa I[Ipe[CTaBIsSeT BpeMs Kak MepTBOe IPOCTPAHCTBO, KOTOpPOe
MCIIOJIb3YEeTCS MIJISI OTpeJiesieHMs CKOPOCTM TIPOTeKaHMs JIIOObIX IPOIeCCOB — KakK B
MMKpOMMUpe, Tak U B Makpomupe. Co3maH 3TaJIOH TAKOTO IIPOCTPAHCTBA Ha Oa3e aToma
ue3us. [Ipy 9TOM mpearojaraeTcs, YTo MOJIeIb aToMa — 3TO Mojaeab bopa 1 KojaebaHms
aTomMa eCTb BeJIMUMHA MOCTOsSHHas. Kpome TOro, atom Lie3uss He M3MEHSIeT CBoei
KoHurypauumu Kak Ha 3emie, Tak 1 Ha I[InyToHe. To ecTh, IpubOOPHI, CO3IaHHbIE HA 3eMJie
110 3eMHBIM 3TaJIOHAM, CYKaT AJIs1 U3yUeHUsI SIBJIeHUI Ha OPYTUX KOCMUYECKUX 00beKTax.
[Tpu sTom mnpemmnonaraercsi, YyTo B Kocmoce Bce CylleCcTByeT MMEHHO B TOM MEPTBOM
IIPOCTPAHCTBE, KOTOPOE BhIOPAHO B KAUECTBE ITAJIOHA.

2. ATOMHBIE peaKkIiu.

PaccmoTpum peakuuio HemTpaansaun:
NAOH + HCL -> NACL + H,O.

[Tpu paHHOV peaKUMM BBILEISIETCS SHEPrUs, U 3TAa SHEPrusi He yUUThIBAeTCs. JTa
SHePTUSI UMeeT CMbIC/I, eC/IM peakiys MPoOXoauT B aTMmocdepe 3eMiin, TO eCThb Iie-HUOYIb
B JlabopaTtopuy Ha Gepery Mopsi. DHeprusl, BbleisieMast TPy JaHHO peaKli, MOKeT ObITh
MUCIO/JIb30BaHA HAIpumep, IS Iieneii oborpeBa >Kuamil. EcaM B3STbh MCXOIHBIE
KOMIIOHEHTHI B TOHHAX, TO BpeMs peakUy — HeCKOJIbKO CeKYH, U BbIeJIsIeMOil MOIHOCTH
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XBaTUT HA 0OOTPeB OJHOIO 5- STaKHOTO JOMa B TeUeHMe HEeCKOJbKUX CeKYHI. Peakuyus
npoxodum 6e3 8HeWHUX 3aMpam 3Hepaull, U 8pems peakyu — HeCKOAbKO CEKyHO.

JTa ke peakiius, IIPoBefeHHas B CMHXpOGha3oTpoHe, TpeGyeT 3aTpaT SHEPrum, Tak Kak
CKOPOCTh OBVKEHMSI OJHOIO M3 KOMIIOHEHTOB 3HauuTelbHas. IIpyu 3TOM 3aTpaumMBaeTcs
9HEeprus Ha pasroH KOMIIOHEHTa, U 8bide/isseMdas 8 pe3yibmame peakyuu dHep2ust MeHblile
moti, Komopas 6bL1a 3ampaveHa, Ho 8pemsl Peakyuu coCmasJisiem yxe HeCK0J1bK0 MUKPOCEKYHO.
3uaunt cymectByert 0 - mepexon, rae E = 0, To ecThb cymMMa 3HepPreTMYecKux 3aTpar
paBHa CyMMe SHEpPreTU4YeCcKOoro pesy/jabTaTa peaKkiuun.

Amo u ecmb 8pems NpoxoxcdeHuUs 0aHHOII peakuuu

Bpemsa kaxcdoii peakuuu uHOU8UAya1bHO.

3. Peaknuu Ha 3emie.

Ha 3emie mpoxoAsiT MWIIMapabl peakiuii — B Hoocdepe, 6MOCTPYKTypax, Heapax
3emuin. Kaskmast peakiinsi MMeeT CBOe BpeMs, 1 ec/ii ObI BpeMeHa BCeX peaKiinii COBIaaain
6bI, TO TeMrmepaTypa Ha 3emse Obula Obl OimM3Ka K Temiiepatype Kocmoca. OmHako
CYyIIeCTBYeT anabbeno 3eMyiM M He MMeeT 3HaueHMe BeJMUMHa anbbeno (Oosblie WMIn
MEeHbIIIe eIVIHULIbI).

YcraHoBuM, uTo 1ripu E > 0 peakuys IpOXOAUT C YBeJIMUEHHBIM BpemMeHeM ( ti ),
anpu E < 0 — c ymeHbIlIeHHbIM BpeMeHeM ( t; ). CymMMy Bceii SHepreTuku rpu t; 0603HaYMM
E,, a mpu t; 0603HaumMm E,.

EcTecTBeHHO MpennonoxnTb, uTo npu E; > E; Mbl uMeeM pa3orpes IUIaHETHI, a IIpu
E, < E; — oxnmaxkmenme. Pasnocts (E?) — anpbemo peakinii Ha 3eMie.

OIHaKO MCXOOHYI0 peaKkiMio HeiTpaau3auyy Mbl pacCMaTPUBaIM B CTAllMOHAPHBIX
YCJIOBUSIX (HOpMasibHbIe IMapameTpbl aTMocdepbl), M eCIu MCKYCCTBEHHO WM3MEHMUTb,
HarpuMep, JaBjeHue, TO 3TO YoKe — 3aTpaThl SIHEPTUMN.

Bpemsi peakyuu onpedensiemcsi cocmosiHuem ammocgepol. O0Ha u ma xe peaxyus,
nposedertas nod 3emneti, Ha 3emne unu HAd NOBEPXHOCMbIO 3emau, Gydem umems pasHole
mouku 0 — nepexoda.

C Hos106pst 1995 T. MPOUCXOAUT TIPOLIECC MTOCTEIIEHHOTO CHIDKeHUST aTMOChepHOTo
IlaBJIEHUSI, I 3TO 3HAUUT, UYTO CMECTWINCh TOUKM 0-TilepexoioB peaKinii U, COOTBETCTBEHHO,
M3MEHMJIOCh BpeMs peakiyii, T.e. 160 yMeHbIINIOCh 3HaUeHue E?.

Anp6eno 3eMuiu eCTh BeJIMUIMHA ITOCTOSIHHAS. Eciu ee nm3menuTs maxke Ha 0.00001 %,
TO 3TO MPUBEAET AOCTATOYHO OBICTPO K M3MEHEHMIO He TOJIbKO TPAeKTOPUM IBVDKEHMUS
3emun.

Tak kak E? He MOJKeT ObITh U3MEHEHO, 3HAYUT, U3SMEHMIIOCh BpEeMS pPeaKIiuii.

15



CosiHeuHast cucremMa

Coinue.

CrnipaBouHbIe faHHbIe 110 ComHIy (1 Bce rmapamMmeTpbl COTHEUHOM CUCTEMBI) B3SIThI UX
1-4 TomoB “®usmueckas sHumkIonenus” M., Hayunoe nsmanmue “Bosbiinas Poccuiickast
sHUyKoneaus”, 1988-1994 rr.

T'unomesa eviedena u3 “dunocodus mamemamuxu”,
mom 2, 3,4, 7, 8, npunoxenusna 1, 7, 8.

Ne OdunmanbHbie
HaumeHoBaHMe nmapameTpa [Ipumeuanue
/1 JaHHbIe
1 Pamnyc 6.96%10'° cm
2 Macca 1.99%¥10% r  |99.866 % macchI Bceii C. c.
3 CpeHsIsI IIOTHOCTD 1.41 r/cm?® (0.256 cp. IOTHOCTY 3eMJIN)
4  [InotHOCTH B 1ieHTpe CoJHIIa 160 r/cm3
Y
5 CKOpeHue CBo6f)zLHoro MafieHus Ha 270 m/cex’
YPOBHE BUAMMOJ TOBEPXHOCTHU, g
6  |Cp. mepuop BpalleHMsI 25.38 3eMHBIX CyTOK
M ,
7 OIIIHOCTb U3JTyYeHUSsI % 86%10% Br
(CBETMMOCTD)
g dddexrTnBHAS TEMIIEpaTypa 5830 0K
IMOBEPXHOCTH
[TonmepskuBaeTCs simepHbIMU
peakuyMsIMM CMHTe3a rejins U3
9 |Temmepatypa B IIeHTpe 1.6%10°K BOJIOPOIA. DTU PeaKIUN SIBJISIOTCS
OCHOBHBIM MICTOUHMKOM SHEpPTUM
CoJHiia.
MOMEHT KOJIMYeCTBa JIBVKeHMS
10 . 2%
(orHOCUTeNIbHO Beeii C. c.)
11  Bospact 4.710° ner  |(3eMHBIX)
12  |ConHeyHas IIOCTOSIHHAS 1.37*%10° Br/m?
13 |CpemHee paccTosiHME OO 3eMJIN 1 a.e.
P . C. 7
14 acctosiaue C. C. OT LieHTpaabHOM’ 8000 1k
ockocTy 'amakTkm
JInHeliHas1 CKOpOC anie C.c.
15 MHeJHasi CKOPOCThb BPallleHNsI 220 Kv/cex
BOKPYT rajaakT. LleHTpa
16 Ckopoctb asrkenus C. C. 22-25 kM/CeK
OTHOCUTEJIbHO MEJK3Be3JHOTIO rasa
17 Buemmnss rpanua C. c. 1 k= 2*¥10° a. e. Cdepa Xnumia
18 |MomeHT gBmskeHus CojHIIa 1.6%10* rem?/c
19 |Cymmapnas macca niaser C. c. 1/743 oT Macchl CotHIIa
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[TomHBII MOMEHT KOJIMYeCTBa

20 J—— 3*10% rem?/c

21  [T'panwnma C. c. 39 a.e. Opb6wura [ryToHa
22 |OHanpHOCTh COTHEYHOIO BeTpa 100 a.e.

23  Hak/IoH 3KBaToOpa K SKJIUIITUKE 7.25°

[TpocTpaHCTBO MeXIYy IJIaHEeTaMM 3aIllOJTHEHO MEXIJIAaHeTHOM CpeJioii, OCHOBHBIM
KOMIIOHEHTOM KOTopoy sBisetcss ConHeuHblli Betep. anee 100 a. e. ero pgasijieHue
YpaBHOBEIIMBAETCS JaBAeHeM MeX3Be3IHO Cpefbl.

W3 uenrpanbHOi o6mactu COJIHIIA O €ro IIOBEPXHOCTM 3JIEKTPO-MarHMTHOE
M3JTy4eHye 13-3a MHOTOKPATHOTO MTOTJIONEeHYS M lepeu3TydeHus JOXOAUT 3a BpeMsi 1 MJTH.
3eMHBIX JIeT.

2. IInmaneTsl ComHeuHOV CyiICTeMBbI

Hakmon | Op6GuTanbHBbIi

bonpmias
o MOJyOCh friocKoctH nepron .. |IlnoTHOCTB
N2 ri/r1| Ilnadera OpBHTEL, opobuTsl K | obpamenust (B | O6bEmM en Anbbeno | Bpamenne

- SKJ/IUIITUKE 3eMHBIX

rpap, CyTKax)
1 |Mepkypuit | 0.387 7.0 0.24 0.05 5.44 0.09 MpaBo
2 Benepa 0.723 3.4 0.62 0.90 5.24 0.75 JIeBO
3 3emuis 1.000 0 1.00 1.00 5.52 0.36 paBo
4 Mapc 1.524 1.8 1.88 0.15 3.95 0.24 MpaBo
5 IOrmrep 5.203 1.3 11.86 1318 1.33 0.34 paBo
6 CaTypH 9.539 2.5 29.46 755 0.69 0.34 paBo
7 VpaH 19.182 0.8 84.07 63 1.29 0.34 JIeBO
8 Hentyn | 30.058 1.8 164.80 58 1.64 0.31 MpaBo
9 [lryToH 29.439 17.1 248.00 0.006 2.03 0.50 paBo

[IpaBo — npaBocpanabHoe (110 TUITY TIpaBuia OypaBumka).
JleBO — yieBOCIIMpabHOE (B 00paTHYIO CTOPOHY).

3. Moaenb ComHeuHOV CHUCTEeMBI.

CoryacHO cripaBoyHOMY MaTtepuany, ComHeuHasl cUCTeMa IpefCTaB/sIeT U3 cebst
YBeJIMUeHHYI0 MoZeb aToMa bopa.

ConHeyHasl cUcTeMa — IUIOCKasl CTPYKTypa (3eMyiss B Haya/ie TOXe ObLia
IJIOCKOMV ¥ IMMOKOMWJIaCh Ha 3 KUTaxX WIN CJIOHAX, a He 6oiaTaiack B Kocmoce),
M TUIOCKOCTDb SKJIUIITUKM pPacriojiaraetcsl Moj yrjaoM IpumepHo 82.75° oT HarpaBieHUS
IBVDKeHMSs Bceli COJTHEUHOM CUCTEMBI.
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3.1. XapaxkTepHblie npu3Haku COTHEUHON CUCTEMBbI.

®opmupoBanmue. CoiHeuHas cuctema chopMMpoOBaIach U3 CIyCTKOB MeK3Be3IHOM
TIbUIN.

ABTOHOMHOCTB. Bce, uTto nBuraetrcss BOKpyr CosHIa, u camo COJHIEe SBJISIFOTCS
MTOJTHOCTbIO aBTOHOMHBIMM 00BEKTAMINA.

CocrositHMe opoOmT. OpOUTHI IIJIAHET CMeIleHbl OT I[eHTpa M MOJUMHEHBI TOJIbKO
3akoHy Keriepa. Kpome Toro, meicrByer 3akoH KynoHa — BO3MYyIleHNs, BOSHUKAIOII/E
BCJIE[ICTBME B3aMMHOTO MPUTSDKEHUSI OPOUT, TIPUBOOUT K OTKJIOHEHUSM OpOUT TIaHeT OT
KeruiepoBa amurica. HakmoH opouThl — BeaMuMHA CaydyaiHasi, Kak ¥ HaKIOH IUIaHeThI K
TIJIOCKOCTY OPOMUTBHI.

I'paButauus. [Ina yaep>kaHusl IUIAHETBI B CHCTEME HEOOXOAMMO WMMETh
KOHCTaHTy rpaBuTtanuy ConHua 270 m/cek?, yTo u 01710 BbrunciaeHo. Mcxoas us Hee
ObUIV BBIYMCIEHBI MACChl IVIAHET U UX aJIb0esO.

Anb6eno. Anbbeio Bcex riaHeT MeHblle e IMHUITBI.

dHepreruka CostHeuHOM cucTembl. CoHIlE — 6@CKOHEUHBIN MCTOUHMK BCEX BUIOB
M3TyYeHMi1, BKJII0Yas TeIJIoBoe, yibTpadioseToBoe, raMMa-u3aydeHne (Kak MOKa3bIBal0T
ITATeTbHbIe HAOMIOIeHNSI- CM. CIIPaBOUHMK, Ha COJTHIIE TTOCTOSTHHO YTO-TO MCITBITHIBAIOT).
[TepemaTunkoM BCeX BUIOB M3JIyUEHUI SIBASETCS MeX3Be3gHas cpena (eil OT 3TOrO — HU
XOJIOOHO, HU XapKo). TeruioBoe n3siyyeHye IIaHeT pacCenBaeTCs B MeX3Be3IHOM cpefe.

TeMmneparypa npoTy0epaHIieB Ha HECKOJIBKO IMOPSIAKOB BbIIIE€ TEMIIEPATYPHI
Ha noBepxHocTtu ConHiia (?).

JOBmKkeHue. [IB/okeHMe BCeX IUIaHET — Kak IrocryrnarenbHoe (Co/lHLIA M BCex
IUIAHET), TaK U BpallaTeJbHOe (BOKPYTr OCu M BOKPYT COJIHIIA) OIpeesnseTcss HauaJlbHbIM
MOMEHTOM ITp¥ 00pa3oBaHMUM M3 CTYCTKOB Mesk3Be3nHOoi mbin. Korma u kak B COTHEUHYIO
cucrteMy “3arecanmnch” Benepa m YpaH — MOKYMEHTOB He HaieHO, XOTS JOCTOBEPHO
MU3BECTHO (CM. CLIPAaBOYHMK), UTO COJIHEUHAsI CUCTEMA CYIeCTBYeT POBHO 4.7 MJIPI. JIeT, TO
eCTb 00pa3oBasach ellle 10 IepBOro MoTorna Ha 3eMiie.

JBV>KeHMEe BOKPYr II€eHTpa TaJaKTUKM He O0O0YC/JIOBJI€HO HUKAKUMM
TPaBUTALMOHHBIMM COCTaBJISIONIMMM, TaK KakKk Ha paccrosHum yxe 100 a.e.
rpaBUTanMOHHOE npuTsKeHue Co/IHIIa YpaBHOBEIIMBAETCSI MeX3Be3OHON Cpenoi,
no3ToMy CoJIHeUHasi CMCTeMa BpallaeTcs BOKPYT LIeHTpa rajJakKTUKU 110 COUPAJIn,
yOAISISICh OT Hee C ONpeJe/IeHHOM CKOPOCThbIO. DTO yaajeHue ObUIO OMpeneneHo Mpu
dbopmupoBauny CoTHEUHO CUCTEMBI U SIBJISIETCSI OCHOBOIIOIAralouM IPY pacCMOTPEHUN
saBaeHus pacunpenus Kocmoca.

TokoBbil cnoi. CoriacHO 3akoHy Oma, NOpu TPeHUM MeX3Be3OHOV MbUIn
obpasyercsi  renuocepuueckuit  TOKOBBINA 10  (CM.  CIIPAaBOYHMK),  YTO
obOpasyeT mexcniaHemHoe MmazuHumuoe nose (cMm. T.4, crp.588). Kctatn, mnoHsATHE
“MarHMuTHOeE 1moJjie” HayKe He U3BECTHO (HeT HOCUTEJIS).
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ConHeunsbiii Berep. COrIaCHO CHOPaBOYHBIM MaTepuajiaM, COJHEUYHBbI BeTep
IBUTAETCS C Pa3HBIMM CKOPOCTSIMU 0e3 00pa30BaHMSI BUXpeil (cxcamolli COJIHEUHbIl semep,
8bICOKOCKOPOCMHOLI CcostHeuHblli 8emep). OmHAKO yHapHble BOJHBI 00OpasyliOTCsS yke Ha
pPacCTOSIHMM OIHOW a.e., TO eCTb, 3eMJIsI — B IOJie AelCTBUS 3TUX YAAPHBIX BOJH YTO,
BUAMMO, U OTIpeneansio pa3BuUTHe K3HMU. Bce BUIObI YacTull, coOOpaHHbIe TPU OBUKEHUN
COJIHEYHOTO BeTpa, C OCTAaTOUYHO OOJIBIIOV TeppUTOPUM, YOAPHON BOJIHOWM MOCTOSTHHO
“cOpachIBalOTCA” Ha 3€MIIIO.

PasButue >xu3Hu. Tak Kak 3eMJisl SIBJASETCS 3TaJOHOM (CM. BbIIIENPUBEIEHHbIE
TabJ1.), ¥ o6amaeT camoii Xxopoiieit aTMocdepoii, BOJHO cpemoii (Ha IlmyToHe, HarpuMmep,
Ha JIbAY MOCTOSIHHO >XUTb HeJIb3$1) U MpPeKPacHbIM KJIMMAaTOM, a Takke IPUTOKOM BCEero
TOTO, UTO COOMpaeT COJTHEUHbIN BeTep, 6MooTnuecKas KM3Hb Ha 3eMJie pa3Buiaach OUeHb
OBICTPO — 3a KaKMX-HUOYIb Mapy MUIIIMAPAOB jeT. He 6ymem ocTaHaB/IMBATLCS HA CAaMOM
Pa3sBUTUN XU3HU — BCe ITO eCTh y [lapBuHA, ON1caHO B b1OIOrnm — Kak 13 mecka 1 KUCJI0ThI
MOJTYYMUTh OJHOKJIETOYHBIX, KOTOPbIe MOTYT IepepabaThiBaTh XUPbI. VICTOpUST pa3sBUTUS
SKM3HM OMMCaHa HACTOJIbKO AEeTaJbHO (BK/IKOYAS U TO, UYTO MepPBbIe JIIAN MOSIBUINCh ITyTEM
MMOYKOBAaHMS — CM. bubamio), 4To maske pa3BUTME MO3ra YKIa[IbIBAeTCsI B CXeMy
npeoOpa3oBaHmusl U3 OMHOKJIETOUHBIX B 00€3bsHY, a €ii TOJbKO IMaJKy Hail — U cpasy
MMUTEKAHTPOIL...

Ipyrue 1iaHeTbl, €CTECTBEHHO, HE MMEIOT Jaxke MPUMMUTUBHON (OpPMbI KU3HU,
MMo3TOMYy Oecriojsie3Hbl C TOUKM 3peHMsI COBpPEeMEHHOM BbICOKOOPTaHM30BAHHOIM
UMBWIN3ALMN, Pa3Be 4YTO BO3UTH OTTY/la Ha 3eMJII0 LIeHHbIe MUHEPAJIbI.

Koneuno, B KocMoce MOTyT ObITh CHCTeMbI, TOA00HbIe COTHEUHOV M, KOHEYHO, MOXET
SKU3Hb T'Ie-TO pa3BWIach, HO 3TO MMOKA TOJbKO MPeAII0I0XKEeHMS.

CostHeuHbIe HUKIIBbI. JTO MPOCTO Karnpu3bl COMHIIA.
4. HeKOppeKTHOCTH cOBpeMeHHOIi moaeay CorHeuHOVi CCTeMBbI.
4.1. I'paBuTanusa. Kak 13BecTHO, 0cOOM TTPOTUBOIIOIOXKHOTO T0JIa TSHYTCSI APYT K IPYTY.
VI3BeCTHO TaKsKe, UTO SI6JIOKO IIPUTSTUBAETCSI He TOJbKO K 3eMJie, HO U K TOJIOBe, ITOC/Ie Yero
TTOSIBJISIIOTCS MBIC/IUM (LOITYCTMMOCTD TOTO, YTO MBIC/Ib MMEET rPaBUTALMOHHOE HAa4aJIo).
ConHue nputsaruBaer IInyToH, g1 uvero Ha mnoBepxHOCTHM Co/HIIA YCKOpeHue
CBOOOJHOTO MajieHMs He TOJ/DKHO ObITh MeHbIe 270 m/cek?. KpoMme Toro, copeMeHHas
dusuka paboOTaeT TOJbKO C JOCTOBEPHO M3BECTHBIMM HOCUTEJISIMMU IIOJISI — 3JIEKTPOH,
MPOTOH, 3JIEKTPUHO, HEWTPUHO U T.O. Bce 3TO HOeTalbHO OINMMCAHO M PA3JIOKEHO IO
nosoukam. O TpaBUTaALMM U3BECTHO OOJiee BCero, HO PaBUTOH [I0KA He HalIeH, U eCTh
HaJleka, YTO B KOHIle KOHIIOB TPaBUTOH OyJleT 06Hapy»keH, Mo/, KaKoi 6bI TMUMHOI OH He
TIPSTAJICS.

H mak, omcymcmeue Hocumess zpasumauyuu He no3eosisiem delams 6v1800bl O
Hau4UU 2pasumayuoHHO20 noJis, U mem 60Jiee, paccuumsléams 08UNCEHUE.
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4.2. Mexx3Be3gHasi cpema. Tak Kak Iepefadya BCeil SHeEpPruM IIPOM3BOAMUTCS 4Yepes
Me>K3Be3QHYIO CpeJly, 3Ta CpeJia He NOJ/DKHA MMeTh Temnepatypy KenbBuHa.

4.3. Opoura wiaHeTsl. [Iprmep — op6muTa 3emn. C BBICOKOI TOUYHOCTHIO pACCUMTAHBI BCe
rapaMeTpbl OpOUTHI, HO M B amorei, ¥ B nmepureauu IonsipHas 3Be3a HaAXOAUTCSA B
ogJHOM MecTe U TOM Xe Mmecte. Ecim ckaHupyer cama IlonsspHas 3Be3za, TO
noJyJyaeTcs Tpyoka.

C Ipyrovi CTOPOHBI, TOJKEH MEHSIThCS YTOJI HAKJIOHA 3eMJIM 110 OTHOUIEHUIO K CBOe

opbuTte, uTo O0JIee BeposiTHO. PasHocTh cocTtaBisieT 1.64 CeKyHbl, a 9TO 3HAUMTEbHAas
BesimuMHa. TOMBKO B 9TOM C/iydae KapTa 3Be3gHOro Heba He u3MeHseTcs. JIyHa, Kak
CIIyTHMK, BpalllaeTcs BOKPYT 3eM/IM 3HAuuT, opbuTa 3eMmuM He [afkas JMHKUS”, a
HEKOTOpas KpUBasl.
4.4. YcKopeHMe CBOOOTHOrO najgeHnmns. Kak n3BecTHO, yCKOpeHye CBOOOTHOTO MageHusT —
3TO CKOPOCTb YCKOPEHWUS MaJleHus Teja B 3aJaHHBI OTPe30K BpeMeHU, MPUHSITHIN Kak
stasioH. Ha CosHIle 3Ta BennumHa coctasiseT 270 M/cek?, M MpU TaKOM KOJIOCCATbHOM
3HaUeHUM g MPOTyOepaHIlaM yIaeTCss OTOPBAThCSI OT MTOBepXHOCTU COoJIHIIA HA MUIJTMOHBI
KWJIOMETPOB, UTO B IIPUHLIMIIE HEBO3MOKHO.

3aberast BIlepesi, OTMETUM, UTO TaK Has3biBaemas JepHas OpIpa” MMeEET g, pPaBHOE
184 m/cek?, M HMKAKOI ra3 (ra3mMa) He CMOXKET IIPeoioeTh TaKoe YCKopeHue. 3HaUMT, Ha
CosHIle 9TO BeJMYMHA 0/IM3Ka K HYJII0, MM MMeeT OTpullaTelbHOe 3HauYeHMe, HO TOTaa
JIOTIAeTCS TeOpUsl yAep>KaHUS TUIaHET 3a CUeT MPUTSIKEeHUS.

Kpome Toro, sra BennumHa UCHOJB3YeTCS TMPU pacueTe MHOIUX OPYTUX
COOTHOILIEHUIA.

Torma — My He TO CUUTAETCS, WM 3[€Ch 3a/I05KEHO “UTO-TO” IPYyroe.

PemnTe mpocTyio 3agavy (C MCIIOJIb30BaHMEM YpaBHEHNV DVHIITEHA):

Ha kakyio BbICOTY OT moBepxHOCTH COJIHIIA HA/l0 TTOAHSITh 0e/1CO0MbHBIN M4, YTOOBI TP
BcTpeyde ¢ HUM CostHIle ncuesno?

4.5. PazBuTHe xu3Hn. Hukakasi coepeMeHHast Teopus He TOKakeT, UTO YeJI0BEK BbIPOC U3
OHOKJIETOUHBIX. KpoMe Toro, coBpeMeHHbIe MHPOPMAaIMOHHbIE TeOPMM YKA3bIBAIOT Ha TO,
UYTO I'Ae-TO B MeX3Be3QHOM MbUIM (WIU Cpele) CYyLIeCTByeT HeKUIl pa3yM, KOTOPBIN MMOKa
HeJIOCTYIIeH, HO KakK TOJIbKO Y uejioBeKa MOSIBUTCS HOX M BuJIKa (casieTka yke ecThb), OH
3TOT PasyM IPUCTPYHUT Kak Liapb IPUPOIbI.

EcTb, mpaBma, CKpOMHBbIe BbICKa3bIBaHMUSI OMODU3MKOB DAMHOYPTCKOM IIKOJIBI
(AHrIMS), pacroaraniMy BpeMeHHbIMU xapaktepuctukamu pasdsutusi JHK. OHu eie B
80-x ropmax IoOKasaiy,YTO IJII MYTAllM¥M TeHOMa O00e3bsIHbl B T'€HOM 4YeJIOBeKa
Heo0X0aAMMO BpeMsi, IMpeBbIlIaonee Bech Bo3pact 3emun (0osee 4.5 mwiummapaa
jer).

B To ke Bpems marematuk YaHapa BuxpamacuHrx u actpodusur ®peiin Xoiin
(paboTanu COBMECTHO) IPUIIIMA K BBIBOAY: ~CKOpee yparaH, IIPOHECIINIICS 10 CBaJIKe
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CTapUHHBIX CAMOJIETOB, COOEpPET U3 KYCKOB JIOMa HOBelIeHbKUIi cyliepiiaiiHep, 4yem
U3 CBOMX KOMIIOHEHTOB C/Iy4al/iHO BO3HUKHET >KU3Hb”.

He ymayisisi 3aCyT yueHbIX B ITOTIbITKaX pa3obpaThCsi CO Cpeioit 06MUTaHMS U He sKesasl
IepeunCyIsiTb OOCTOMHCTBA HEeNOCTaTKM COBPEMEHHbBbIX TeOopuii, MpuBeny MOJesb
ConmHEeYHOl CUCTeMbl Ha OCHOBAaHUM UCIIONIb30BAaHMUSI MHCTPYMEHTANIbHOI 0a3sbl
“X0J10HOTO IepHOro CUHTE3a”.

5. Crpykrypa ConHeuHoi CucreMbl (MOJE/b).

Yenosek audum moJibKo mo, 4mo euouim.

[Tonnas momenb COTHEUHON CUCTEMBI OMMcaHa B “XOJOIHOM SIIEPHOM CUHTe3e” C
MCIT0JIb30BaHMEM pa3paboTaHHOV MHCTPYMEHTaIbHO 6a30ii.

ITo dopme ConHeuHast CucTeMa HallOMMHAET KypMHOe SIi1I0 ¢ TpaHuIlaMM 56 OKTaBa
rpaBuTanuu Ha rpaHutie u 84 — B eHTpe (CosHile).
5.1.Te3wucslI.
5.1.1. ConHeuHasi cucrema SIBJASIeTCS €OUHON CUCTEMOV C MPUCYHIMMM TOJIBKO et
KOHKPETHBIMMU (PM3NMUYECKMMHU BeTuunHamu (TpuioxkeHne 1 K Tomy 8).
5.1.2. Bce miaHeTsl COMHEUYHOV CUCTeMbl, CIYTHUKM IuiaHeT, caMo CoJiHIle CO3JaHbl
MCKYCCTBEHHO, C TOYHO 3aJaHHbIMM MapaMeTpaMM, OpUeHTaluell U pacnpeneneHneM
Macc.
5.1.3. ConmHeuHas cMCTeMa BpaliaeTcs BOKPYT rajJakTUUYeCcKoro eHTpa M0 JIUIITUIeCKO
opbuTte. IlocTymaTeabHbIII MPUHLIMUIT OBVMKEHUS — aHAJIOTMUEH TPUHIUITY IBMKEHUS
HJIO, mpu 3TOoM Kaxapie 11.24 roma (3eMHBIX) IIepeCceKalTCd MarHUTHBIe
MepUaMaHbI TaJIaKTUKMN.
HaknoH sxkauntuku COJHEYHOM CUCTEMBI CO3JaeT IOMEePeYHYI0 COCTaBJISIOUIYIO
JBVDKEHUS.
5.1.4. ComHLle - TrpaBUTO-MArHUTO-3JIEKTPUUYECKUII TE€HEpPaATOp ABWJKEHMSI BCei
Co/tHeuHO CUCTeMBbI.
5.1.5. Bakyym - ¢asMpoBaHHOE HENTPUHHO-AHTUMHEMTPUHHOE IPOCTPAHCTBO C
BIIOJIHE KOHKPETHbBIMM IIapaMeTpaMM ¥ 3HAaUYeHMSMM TIPaBUTALUVOHHBIX WU
MarHMUTHBIX YaCTOT, 3IEKTPUUECKUX MTOTEeHIIMAIOB.
5.1.6. Anb0en0 Bcex IVIAaHET B CMCTEeMe PaBHO HY/IIO (a/Ib0eIo IIaHeThI 0/IM3KOo K 0).
5.1.7. DHepreTuyeckue Macchbl IUIAHET pachnpeneleHbl TaK, YTO IIPaBO M JIeBO
Bpaljamolnuecs: 3HepreTuyeckue Maccbl OAMHAKOBBI, M3 3TOr0 CjleAyeT BBIBOJ, O
cymectBoBaHuM B COJIHEYHOV CHUCTEeMe IUIAaHET, II0OKa He OOHapYKeHHBIX
aCTpPOHOMaMM.
5.1.8. Uncno nu — He MppalMoHaJbHOe — 3TO OTHOIIEHMe IJMHBI KOHTypa K paaunycy. B
CosiHe4HOI cucTteMe MUCIob3yeTcs 2 uncaa nu: 3.000864...(124 3HaKka 1ociie 3amnsaTo) u
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3.1648... (124 3HaKa 10cJe 3amsToi). AT YMCjia ONpeneasioT He TOJbKO IJVHY BOJIHbI
3aMbIKawuero KOHTypa Co/lHe4YHOM CUCTeMbl, HO M JAaI0T ee TOYHbIe pa3MepBhl.
5.1.9. ConHLle SBISIETCSI TAKTOBBIM T€HEPATOPOM [ABVDKEHMSI, M 3TOT reHepaTop
CONPSDKEH € CUCTeMaMM J>KM3HeoOecmedyeHMs KaXKIoi IUIaHeTbl. V1 He ILMKIOH
(QHTULIMKIIOH) IPUHEC TEMIIEPATYPY, a TIOKAJIbHOE 3MeHeHNe 3JIeKTPUUECKMX TapaMeTPOB
ceTky XapTMaHa IIpUBeJIO B ABVDKEHE MaKpOCTPYKTYpPhI (aTMocdepy).

5.1.10. CosHIle MMeeT BCe OKTaBbI 3JIEKTPMUECKOT0 MMITYJIbca, BKatouast 128. [TpakTuueckn
9TO 6eckoHeuHas “Tomka” — mepeBo 1 Bt u3 84.5 okraBel cooTBeTcTBYeT 10% BT B OKTaBe
22.5. VimeHHO 3Ta OKTaBa 1 MpMHMMaeTcs 3a u3nyueHme CosnHila. Hanbobiias mepeBogHast
okTaBa — 88.5 (3 128.5). IledekT maccol COMHIIA 3a CUET BbIIEJEHMS IPaBUTO-MarHUTO-
3JIEKTPUYECKOTO MMITYJIbCA COCTaBJSIET COTHU ThICSY TOHH B rof. [lpm mepecedyeHun
Co/IHeYHO¥ CMUCTeMOJ MarHMTHOTO MepuauaHa MacCa BOCCTAaHABIMBAETCS, HEMTPUHHAS
OCHOBAa KOHYca obecreunBaeT He TOJIbKO BOCCTAHOBJIEHNE BbICOKMX OKTaB, HO M U3MEHSIET
anp06eg0 HAa MOMEHT BOCCTAaHOBJICHMSI.

5.1.11. ITapameTpbl OPOUT (M X HAK/IOH) IVIAHET U CIIYTHUKOB YCTAHOBJIEHBI MCXO/ISI
u3 “paBHOBECH” CUCTEMbI B KOHYCE ABVIKEHUSL.

5.1.12. Bce 06beKTbI COTHEUHOV CUCTEMBI SIBJISIIOTCS HE MHEePUMOHHOM MAaccoi, u
VMIMEIOT MHEePIIMOHHYI0 MacCy B HeITPOHHOM M HEMTPUMHHOM COCTOSIHUN.

5.1.13. Ins TOYHOrO OPMEHTUPOBAHMSI KaKaasA IUIaHeTa WMMeeT MAarHuTHYIO
mI0ckocTh (0 — oTcueTa BpemeHn). J1jist MockBbI — (ecyiv Bpems jjeTHee) + 3.14.45.
5.1.14. [locToBepHas maTta oTcueta BpemeHu — 145761 ropm (mias 3emin). IlomyueHO U3
Ier@ppoOBKM TEKCTA.

5.1.15. B ConHeuHo cucteMe (M BO3MOKHO — B Kocmoce) - 4 Tuna kusHu, 1 Bce 4
THUna uMmeet 3eMJist (UeJIOBEK 3HAeT 2 TUIIA, OOUH M3 HUX — 3aTpPOOHAst JKU3Hb).

5.1.16. B mpenenax CoOJIHEYHOV CHUCTEMBbI IPOU3BOAUTCS WHTEHCUBHBII OOMEH
uHbopmanmeii, 1 mepexon Ha 8 — OKTaBHbIN (PYCCKUIT) PSII IIO3BOJISIET IIPOU3BOAUTH
nemmndpoBKy.

5.1.17. Vnpekc cuctembl yrpaBiaeHust — 1288, umHOeKc mosaydyarensi Ha 3emie — 64 c
KOJIOBBIM OIlpefeieHieM 00beKTOB 46, 52, 74. CucteMa CBSI3M OMMCaHAa B IIPWIOKEHNUN 8 K
TOMY 8.

5.1.18. KoHTposb 3a paboTOI CTPYKTYp Ha IJIaHETe, COCTOSIHME TIJIaHeThl (Hoocdepshl), a
TaKsKe IOCTaBKOJ HeOOXOOMMBbIX pecypcoB Ipon3BoaaT 06bekThl (HJ10). Homepa 06beKTOB
13 pemndpoOBaHHBIX TEKCTOB IMOCAaHMII (M XapaKTepPUCTUKM OOBEKTOB) IMPUBEAEHBI B
MIPWIOKeHUU 7 K TOMY 8.

5.1.19. Bcenennas He “pasieraercs”. KpacHoe cmemenne — 310 3 GeKThl CMelIeHNs
4acToT.
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5.1.20. Bce rutaneThbl COJTHEUHOV CHMCTEMbI BpalIalTCsI BOKPYT ocu 3a cuet CoJIHIIA.
IIpuHUMI onyucaH B IPUIOKeHUN 7 K Tomy 8. Bce cmyTHMUKM IUIaHET BpalllalOTCA 3a
CueT IUIAaHeTHI.

5.1.21.IIpu “HyneBom” (a3oBOM Iepexoje MaKCUMMajabHasA Temmeparypa 6428 °K.
JTa TeMiepaTypa BOCIIpMHMMAaeTCs OAMHAKOBO Kak Ha 3emie, Tak u Ha IlnyToHe.
5.1.22. MakcumaibHOe YCKOpeHMue CBOOOJHOro majeHust B mnpenenax CosTHeUYHO
cucremsl cocrapiseT 12.4 m/cek? Ha 56.97501250 oKTaBe, YTO COOTBETCTBYET Kparo”
CHCTEMBI.

5.1.23. MakcuMaJibHasi CKOPOCTh IPOXOJKAEeHMsI curHajia (B Bakyyme) 10°¢*C, roe C -
CKOPOCTh IBVJKEHMSI TPaBUTO-MarHMUTO-3JIEKTPUUECKOr0 MMIIYJIbCA B MarHMTHOM
noJjie 3eMJiun.

@®a3ypoBKa penieTKM BaKyyMa CTPOTrO TaKTHUPyeT NPOXOKAeHMe rPaBUTO-MarHuTo-
3JIEKTPUYECKOr0 MMITYJIbCa.

5.1.24. YuuTpiBasi pacmnpeaeieHe SHEPreTUIecKoi He MHEePTHOM MaccChbl, CKOPOCTU
obGpauieHus, anb6e0, pacrpeaeaeHne MarHuTO-rPaBUTALVIOHHOTO 0/ Ha “Kparo”
Co/lHeYHONM CHUCTeMbI, [OejJaeTca BbIBOA O HAJMUYMM KOHIEHTpauum 2
3HepreTUYecKnx Macc (wim 2 I1JiaHeT), KOTopblie BMecTe ¢ BeHepoit m YpaHOM
o6ecrmeunBaOT 0 — 6a1TaHCUPOBKY Bcell COTHEUHO CUCTEMBI 10 aIb0eao.

Otamn 2 cTpyKTypbl COTHEUHOI CUCTEMBI.

1.1. CBa3p 3emuiss — CosHie ABYCTOpPOHHSISA. COJIHIlE MOaydaeT MOAIMMUTKY C 3eMJIN.
OWMETKM 3TOV MOANUTKU — TOJSIpHbIe custHMSI. OO6MeHHbIV OanaHc yactoT CosHIe —
3eMJisl TIpUBeNEH B oTAenbHOM paboTte. C 1995 roma sToT 6asaHC HapyIlleH CO CTOPOHBI
3eMIIN.

1.2. YoepskaHue IuiaHeT M CITyTHUKOB IPOM3BOAMTCS He 3a CUYET 00IIeli rpaBuUTanum (eé
HeT), a 38 CUET TPYOOK CBSI3M.

TpyOku cBsi3u — 3TO uysnoK mo Tumy GamrHu IllyxoBa, B Tpybke — Heo6X0oAuMblii HabOP
YacTOT: TPaBUTALIMOHHBIX, MHOOPMAIMOHHBIX. MarHMTHbIE MMITY/IbChI, KOTOpPbIe MHOTIA
uayT ot CosiHIla, IBUTAIOTCS K 3eMJie TObKO B TPYOKe.

Ecniu B TpyOKe HeT MOAAEp>KMBAIONIMX YaCTOT, MAarHUTHBIA MMIIYJIbC pacceuBaeTcs B
Kocmoce (o 3emiint He JOXOOUT).

DTOT CJy4yail HEOJHOKPATHO MOATBEPKIAICS.

1.3. Chepnr Xab61a He cymiecTByeT. Hame 3peHne u mpmbopHasi 6asa rmocrpoeHa Ha k-
CTPYKTYpax 4acToT 128 oKTaBbl (IPMHILMII IIOCTPOEHMS CMOTPHU CTAThIO (DOPMMUPOBaHIE
yacToT 1 KBapieBanue”). Ho cama 3emsst umeet 6asy 512 okrasbl, CaTypH — 4096.

TO MpUMEPHO Pa3HOCTb 3peHUIT MyX! U UesloBeKa. Bce co3maHHbIe TPMOOPBI — HA YPOBHE
3peHUsI MyXU.
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1.4. C HEKOTOPOro BpeMeHM HabJII0IaeTcsl Iporecc npornagannus I1oaspHOro CustHusl Ha
3emie. [Ipy nosiBneHuu — gpyrue nseTa.

Kpome Toro, npuctynmiaa Kk pabore Cucrema YmpasiaeHus Ha CaTypHe (3auKCHUpPOBaHbI
nosisipHble custHMs ). CoJIHIle CTaJIO TTO/y4aTh He TO, UTO eMy TpebyeTcs.

1.5. ConHie — 3TO IUIaHeTa, MO pasMepaM He G6osbire 3emn. Atmocdepa CoaHIIa — 3TO
MOoC/IeOBaTe/IbHO pasfgeras (MO0 TUITYy KamyCTbl) aTOMHAas CTPYKTYypa, YyAep>kuBaeMasi
pemétkoi. CTpyKTypa aTOMHOTO 6Ji0Ka M TeMmIlepaTypHbI/i 6ajlaHC aToMa — B CTaThbe
“aTOMHBIE CTPYKTYPBI”.

1.6. CkopocTb aBykeHus: COMHIIA BBIUMCIISIETCS 10 ITapaMeTpam 3eMJIn.

Crarbs “CKOJIBKO JIAIITei B aCTPOHOMMUYECKOI equHNIe”.

1.7. Bcsa ConmHeyHasi cucTema ABVDKETCST B cucTeMe KoHyca, chopmupoBaHHOTO CucTeMoit
Vupasnenns CoiHIa (cTaThs “3Be3na uMenn JIyskkoBa”).

1.8. ConHue, JlyHa ¥ CIIyTHUKM TUIAHET SIBIASIIOTCS IOCTOPOHHUMMU (TIpUIIENbLIAMM) [JIST
cucteMbl T1aHeT. [InaHeTa, KoTopas pacrnosnaraiaach Mexxay Mapcom u FOnmrepom, cmoria
YHUUTOKUTD TIpUMePHO 66% MpuOBbIBIINX 1 B30opBasa cebst BMecTe ¢ gecantoM HJIO.
Ocratku riaHeTsl (PasTOH) — 3TO METEOPUTHBIN MOsIC. HeKOTOpbIe MeTeOpUTHI NafaT U
Ha 3emJir0 (He ¢ Mapca).

IIBi>kenue B ComHeuHom Cucreme

“Ilsuscenue — usMeHeHUEe 8 NPOCMPAHCINEE C MeUeHUeM
8peMeHLU. .. Mamepus 6e3 duiceHuUs CMoJlb He
HeMbICIUMA Kak u dsuxceHue 6e3 mamepudu...
Hcmounuxom dsuxceHus sesiemcs eOuHcmaeo
u 6opvba npomusonoIoHHocmeti, c80LICMBEHHbIX
camoti mamepuu.
Qusuueckas sHyuxaonedus, mom 1, cmp.559, M.,
“Cosemckas anyuxnonedus”, 1988 a.

1. BBegeHnmue.

[IBUMsKeHMe Bcerga paccMaTpuBaeTcsl Kak (opma CylecTBOBaHMS MaTepuu, U3
KOTOPO# TOCTPOEH OKpYKaWIMUii HaC Mup. M3 omnpeneneHus OBUXKEHUS SICHO TO, YTO
MCTOYHUK IOBVDKEHUSI — 9TO MMEHHO BOJHA, ¥ 3Ta BOVHA BeJeTCsA ¥ Ha YPOBHE aToMa.
[ToaToMy GopMy/y MCTOUHMKA IBMKEHMS MOXKHO mepedpasupoBaTh: «0e3 BOWHBI HET
OBVOKeHUs . [IBIKeHMe BCera pacCMaTpMBaIoCh B OTPhIBE OT MCTOYHMKA CYIeCTBOBAHMSI
caMoii MaTepuu, YTO CBOMCTBEHHO BCeii COBpPeMEHHOll Hayke MpU M3yyeHUM OObeKTa
MCCJIeIOBAHMS — pa3Ae/nTh BCe Ha YaCTU, OMMChIBAS UX 3aTEM OTHeJIbHO (I10CjIe OMMCaHUS
9TU YaCTU ykKe HEBO3MOXHO O0beIMHUTD, TaK KaK OHM, KaK MPaBUI0, OMMCAHbI Pa3HbIM
SI3BIKOM).
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2. Anb0emo MmaTepumn.

Martepus — “dunocodckue Kareropun... Marepusi — 3T0 00bEKTUBHAs PeabHOCTD,
IaHHAsI HaM B omIyiieHnn...” (Pusmueckas sHuyKIONeAMs. Tom 3 cTp.65).

Matepusi — 3TO TO, UTO Mbl BUIMM U MOKEM MCCIeI0BATh C TTIOMOIIbIO TTPMUOOPOB,
CO3[IaHHBIX M3 TO¥ Xe MaTepuu. [I03TOMy MbI He MOXKEM CYAUTh O Pa3HOTO pojia uyaecax,
MIPOUCXOASIIIMX B OKPYKAWIIeM Hac Mupe, MOKa 3TO UyJ0 He OymeT MCCiIedoBaHO C
TOMOIIIbIO TIpMOOpa, a AJist ITOTO He0OXOAMMO, UTOOBI TTPMOOP ObUT HA YPOBHE UyIa U, eC/in
BO3MOXKHO, TO ¥ TIOBBIIIIE (@ TIOBbIIIE — 3TO C/Ieyioliee UyI0, 1 T. [I.).

EnuHcTBEHHOE UyI0, KOTOpOe He MOXXeT ObITb MCC/IeLOBAaHO — 3TO aTOM, TO eCTh
MMWHMMaIbHAsI CTPYKTypa 0007 MaTepun. Jlo6asi MOIbITKA MCC/IeTOBaHMS aTOMa — 3TO
TIOBBIIIIEHNE ero aab0eI0, TPM TOM Pe3K0 YMEeHbIIIaeTCsl BpeMs peakiyii TpOMUCXOIsie B
aTome.

Matepusi — 3TO oOulylleHMs, HaHHble B peaqbHOCTH. HO OTCioma BbITEKAeT, UTO
MaTepusi — 3TO He peaJibHOCTb, d M0, UMo Mbl OWyWaem, NPUNUCHI8As C80LicMea #usotl uiu
mepmeoti mamepuu. JIJsi OTIMCAaHUSI 3TUX CBOVCTB UeIOBEK MMeeT TIJla3a, Y, 00OHsIHMe,
ocsizaHue, MHTYUIMIO. [IJ1s1 06paboTKM IoCTynaIei MHGOpMaILy CJTYSKUT MO3T, KOTOPbIA
1ocsie TIPOXOKAEHMS COOTBETCTBYIOIIEr0 OOyUYeHMsI aJalTUpyeT OMOCTPYKTYpYy IJIsT ee
CYIIeCTBOBAHMSI B OKpyKaiolem Mupe. II03TOMy MO3T SIBISIETCSI HE TOJIBKO YacCThiO
OMOCTPYKTYpbl, HO U [e3MHOpMaTopoM B CIydyae MCKaKEHUS] HaIpumep,
MHGOPMALIMOHHOM 00pabOTKM TIOCTYNMBINErO0 CUTHAJIA WAM TIOC/IeI0BATEIbHOCTU
CUTHAJIOB.

CoBpeMeHHasI HayKa CUMTaeT He3bI0JeMbIMM TTOHSTUS, CBSI3aHHbIE C aTOMOM, TakK
KaK aToM — 3TO MeJibuaiilliasi CTPyKTypa MaTepuu, U IepecTpoeHyre aTOMOB JaeT Jmbo
IpyTyio Gopmy MaTepun, MO0 M3MeHSIeT ee CBOICTBA, IIPM TOM B CAMOM aTOMe HUYero He
npoucxoauT. JIio6ast MombITKAa M3MEHUTh CBOMCTBA MaTepuUM MCKYCCTBEHHBIM ITyTeM, a
TaKke mcciaenoBaHue ¢GopMbl MaTepun M3MeEHSIET ee anbbeno. MaTepuio MOXHO YCJIOBHO
pasgennTb Ha JBe KaTeropuu: mepBasi — eCTeCTBEHHOe COCTOSIHMEe MaTepuu, U BTopasi —
MCKYCCTBEHHO co3/iaHHas. [lepBast KaTeropust MaTepuu OIIYIAeTCSI HAMM T10 aHAJIOTUM CO
BTOpOIi hopMoit cyllecTBOBaHMSI MaTepuu. Hampumep, Boja: rmocjae TOro, Kak Bbl B3sUIN
BOJTy 3 peKu, Bbl U3MEHMJIU ee ajabbeo, ¥ ecyiv 3Ty BOAY BbIIUTH OOPAaTHO, TO BHEIITHE 3Ta
BOJla He OyJeT OT/IMYAThCs OT OCTAJbHOM BOMAbI, M HUKaKMe MPUOOPHI HE TMOKAXKYT 3Ty
pasHocTh. OTHAKO 9HEpPreTUUecKye XapakKTepUCTUKM BCe BOIbI yyKe OyAYyT M3MeHeHbI. DTO
’Ke OTHOCUTCSI K Jt000¥ TepBoit ¢opMe CyllecTBYIOIeii MaTepuu. Ipyrumu cJIoBaMu,
SKM3HeNes TeJIbHOCTb BCeX OMOCTPYKTYP MOBbIIIAET aab0be/1o OKpYsKalolero Mmpa. 3a BpeMst
CYIIeCTBOBAHMS XXM3HM Ha 3eMiie aibbeno 3eMJi YBeJIMUMIIOCHh U BOIIJIO B IIPOTUBOpEUNEe
c anpbeno CoyiHeuUHOI cucTemMbl. CaMoe cepbe3HOoe M3MeHeHMe abbeo — 3TO U3MeHeHe
pyc/a peK 1 CylleCTBOBaHMe BCeX BUIOB MCTOUHMKOB MTOTyUEeHMS TerlIa.
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3eMJIsl TIOCTOSIHHO pearupyeT Ha M3MeHeHMe CBOero ajbbeno, CHuKas ero — 3To u
3eMJIETPSICeHMSI, M W3BepsKeHMs BYJKaHOB, M IiyHammu. E = 0, To ecTb cymma Bcex
9HepPreTUYeCKMX MPOLIeCCOB, MPOUCXOASIINX Ha 3eMJie, paBHA CyMMe BCeX SHepreTuYeCcKux
3aTpaT, BBI3BIBAIOLIMX 3TU TIpollecchl. HO Ha MCKycCTBeHHOe M3MeHeHMe ajabbeno He
CYIIECTBYeT TIPUPOAHBIX PEryasiTOpoB, II03TOMY CYIIeCTBYeT MOpyroit MeXaHU3M
M3MeHeHMsl ajibbego — 3TO M3MeHeHMe CBOMCTB CaMOTO aToma, M He MPOCTO aToMma, a
MMEHHO aToMa, MMeIOIIero Bbicokoe anbbemo. Camoe BbICOKOE ambbeno MMeI0T aTOMbI, U3
KOTOpPBIX CJOKeH ™mo3r. Ho wm3MeHssT anbbeqo aTOMOB MO3Ta, Mbl  M3MeHSIeM
MHCTPYMEHTalIbHYI0 6a3y [  o0paboTKM  OIIyIIeHWUi, MCKaxXasi peajbHYI0
IeICTBUTENIbHOCTb. Hampumep, eci Bbl BUAMTE TpeAMeT Ha pacCTOSIHUM 5 MeTpOB, TO
3TOT 3Ke IIpeiMeT Ha KaKoe-TO MIHOBeHMe (2 MOXeT ObITh ¥ Ha CeKYHAbI) OyIeT Ka3aThCs
BaM Ha pacctostHMM 50 MeTpoB. AHAJOTMYHO — CO BCEMM OCTIbHBIMM TOCTYMAIOUMMMU
curHajamu (He TOT 3alax, He TOT LiBeT, He Ta ¢opma u T.n.). [IpaBma, ecim Baiiero
“mMepcemeca” He OKayKeTCs Ha MeCTe, TO 3TO K paboTe M0O3ra OTHOIIEHMS MOXKET U He METb.
CHIDKeHMe ayib0e0 aToMa He MOKET ITPOJIOJ/IKAThCS O@CKOHEYHO — 3TO KOJieOaTeIbHbIN
Mpoliecc A0 OOCTVsKeHMs 3¢ @deKTa ecTeCTBEHHOTO peryinpoBaHusl anbbemo. B Tome 8
TIpUBeIEeHbl TaOJMUIIBI TpefeabHbIX COCTOSIHMII ITlIapaMeTpOB JKUBOV KiIeTKu, pH,
3MAaCTUYHOCTU U T.O. VICXOHsT M3 3TOro, JeKTpudecKue rmapamMeTphbl KUBOV KIETKU He
6eCcKOHEeYHbI, U TIPU IOCTIDKEHMSI JI000T0 rmapamMeTpa (06ecreunBaloniero CyecTBOBaHMe
SKMBOJ KJIeTKM) 10 MpeaeabHOTO 3HAUeHMS XUBasl KJeTKa pa3pyliaeTcsl, TPaHCMYTUPYSICh
10 Mepe CHIKEeHMS 3JIeKTPMUUECKOro MOTeHIMala Ha COOTBETCTBYIONIEeH oKTaBe. CHIDKeHMe
97IeKTPMUECKOT0 TIOTeHI[Majia — 3TO U CHIDKeHMe MMMYHHOTO CcTaTyca, M pak
(TpancmyTarusi). C HOsI6pst 1995 1. 10 KpaiiHeit Mepe, B MockBe, IIPOMCXOAUT CTaOMIbHOE
CHIDKeHMe 00111ero aTMochepHOTro JaBeHMsI, UTO He TOJbKO M3MeHSsIeT BpeMsI peakiuii (CM.
Bpems ConmHeuHOV CUCTeMbI) HO M BO3MOKHO, MU3MEHSIET mapamMeTpbl K1uBo¥ kineTku. Ho
a060oe  M3MeHeHMe [apaMeTpoB  SKMBOV  KJIeTKM MPUBOAUT K  M3MEHEHUIO
MHCTPYMEHTaIbHO 6a3bl AJ1s1 00paboTKM MHDOPMALIMOHHBIX TTOTOKOB.

3. IBMbKeHMe MaTepun.

Ncnonb3ys 36 3akoHOB MakcuMa, KOTOpbIe ONMChIBAIOT ABMKEHME He MHEPLIMOHHOI
Macchl, KaKOBO¥ sBjsieTcst M 3eMuisi, U Jio6ast 1aHeta CoOJIHEUHOV CUCTEMbBI, M CaMO
ConHile, mamuM TIpeAcTaBieHue o (opme IOBMKEHMS UM HEKOTOpble OCOOEHHOCTHU
CYIIeCTBOBAaHMUS 3TOI (hOPMBI.

3.1. Aib0eno aToma.

ATOM SIBJISIETCSI CTPYKTYPOIA, IO KOTOPOJ U3BECTHO BCE TO, UTO MPUBEJIEHO B TOME §,
HO 1 TO, UTO MbI Ha30BeM ayibbeno aToMa. B Tome 1, cTp. 62 (Pusmyeckass SHUMKIOTENS)
anbbe10 MoapoOHO onMcaHo (Kak AJ1si aToMa, Tak U IJ1sI MaKpooObeKTa), I03TOMY He Oyaem
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OCTAaHABIMBATbHCS Ha OMMCAHMM aabbemo, a IO Mepe OIMCAaHMUS IBMKEHUS YTOUHUM
HEKOTOpbIe TTO3ULUN.

Anb0emo - 3TO He OoTpakamomas CII0OCOOHOCTb, a CBOVICTBO WM3MEHSAThb
JIEKTPUUYECKMI TMOTeHUMa/J II0J, JeiCTBMeM MAarHuMTHOrO WMMITyjJabCa W
TPaBUTALMMOHHOM BOJIHBI. ATOM MMeeT OLHO 4YyJeCHOe CBOVICTBO — YHepreTmueckas
KOHCTAHTa aTOMa paBHAa HYJ/II0, HO B TO )Xe BpeMs aTOM SIBJISIETCS TPaBUTO-MarHUTO-
3JIEKTPUUYECKMM reHepaTopoM.

Ho 3TO CBOJICTBO HE OTHOCUTCSI K BOJIHOBOJ (PYHKIIMM aTOMHOTO TeHepaTopa, a Tak
KaK M3MEeHeHMe TMPOUCXOOUT CKAUYKOM, PA3HOCTb MEXIYy HAKOIUIEHHBIM 3JIEKTPUUYECKUM
MOTEeHIMAJIOM ¥ HOpPMON (HyJieM) U SBJsSeTCsS anbbeno artoma. V3MmeHeHMe J10060TO
rapameTpa BjeueT 3a C000ii u3MeHeHMe OCTaTbHbIX TTapaMeTpPOB.

Bce u3MeHeHMSI B aTome IPOUCXOASAT COIJIACHO Tabiuile KBAaHTOBaHMUS (TOM 8,
npwioskenue 1). Tlepexon ¢ okTaBbl 46.5 Ha 42.5 37eKTPUUYECKOTO MMITYJIbCA BjieUeT 3a
cobolt CHUXKeHMe MATHUTHOTO wuMMynabca ¢ 32 A0 24 OKTaBbl U yBeJIuMYeHUEM
rpaBUTAIMOHHO YacToThl ¢ 37.450450 mo 87.4501250. KBaHTOBaHMe — MO MarHUTHOMY
MMITYJIbCY, TIO9TOMY ITpOITyCKaeTcst okTaBa 44.5. KcraTu, skmBasi KJieTKa MO3Ta yejioBeKa —
3TO 32 OKTaBa MarHUTHOI'O MMITYJIbCA, & IIMMIIaH3e — 24 OKTaBa MarHUTHOTO MMITYJIbCA.

BpeMsi MpoxoskmeHMsT BCeX peakiiuii B aToOMe — OTHOCUTEeIbHO anabbeno, paBHOe
HYJIIO.

[Tpu yBennueHUM anbbeno BpeMsl MPOXOKAeHMS peakiuii CoOKpalnaetcs: (TO ecTb,
caMM peakiLy MPOXOAST, HO BpeMsl ycKopsieTcst). KBaHTOBO-BpeMeHHas1 Tabauiia (Tom 8
npwioxkeHue 1) yKa3bpIBaeT Ha TO, UTO peakiusl Mpu Iepexone ¢ 46.5 Ha 42.5 OKTaBbI
MIPOMCXOAUT B 72 pasa ObICTpee, ueM Mpu Iepexoje ¢ 42.5 Ha 36.5 oKTaBbI (Caemyromias
CTpPOKa KBAaHTOBO- BpeMeHHO TabJIMIIbI).

3.2. Aib0eno IU1aHeT.

Anbbeno miaHeTbl — 3TO MHTerpajbHas CymMMa ajibOello BCex aTOMOB IUIaHETHI ,
BK/IIOUasi aTMocdepy. U 3Ta CymMMa A0JKHA ObITh paBHON Hy/0. Ha 3emiie execyTOuHO
MPOXOJST THICAYM MEJIKUX U CPegHUX 3eMJIeTPSICeHUN, IJUTEeJIbHOe BpemMs MOTYT
“paboTaTh” BYJIKAHbI, HO BCE 3TO IIPOMCXOINT HE B OMHO BPEMs U He paBHOMEPHO, II03TOMY
anpbeno 3eMiin MMeeT BUL, TTAJIBI (Haxe 3a CYTKM), HO MUCKYCCTBEHHOE M3MeHeHMe anbbeno
BJIeUeT 3a CO0O0J yBeluuyeHue 3yObeB” MBI M — KaK CAeACTBME — KayeCTBEHHOe
M3MeHEeHle BpeMeHMU.

Bce nimanetsr CoHEUHOJ cuCTeMbI pa3aesieHbl Ha 2 Knacca. Kimacc 1 — 3To miaHeTsI,
Ha KOTOPBIX BO3MOKHO (hOpMMpOBaHMEe OMOCTPYKTYP, U Kaacc 2 — IIJIaHeThl, HA KOTOPbIX
Takoe ¢GopMHUpOBaHME HEBO3MOXKHO (HArpuMep, M3-3a  OTCYTCTBUSI  CUCTEM
sKu3HeobectieueHMsT OMOCTPYKTYp). s kmacca 1 AO/KHBI OBITh eCTeCTBeHHbIE YCIOBUS
CYIIeCTBOBAHMUS U TPeAeIbHOr0 Pa3BUTUSI OMOCTPYKTYD, a ISl Kjaacca 2 — YCJIOBUS [JisI
aBTOMATMUECKOTrO TOAepsKaHusl anbbeno (Harpumep, Benepa u Mepkypwuit). Ilog
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IIOHATUEM ' IIPeIeJbHOE pasBUTHE GUMOCTPYKTYp” MOHMMAETCS CO3[IaHKe Kopumaopa”, B
KOTOPOM U MPOUCXOINUT pa3BUTHE OMOCTPYKTYP, U €Cau OMOCTPYKTypa HapyliaeT OOIIuii
6anaHc (anbbeno), M TUIAaHeTa HAXOAMUTCSI B CBSI3M C 3TUM HapylleHMeM Ha TpaHuIle
Kopupopa, CojiHeUHasi CUCTeMa BKIIKYAeT [OIOJHUTE/bHbIE PEeryyisiTopbl, Halpumep,
yBeJIMUYMBAeT MOTEHUMAT IPAaBUTALMOHHON YaCTOThl BBICOKMX 3HEPTUI, UTO MPUBOLUT
aBTOMATUUYECKM K CHMKEHMI0O MAarHMTHOTO MMIIYJIbCa UM 3JIEKTPUUYECKOTO ITOTeHIMana.
['paHMUYHBIE TTApaMEeTPhI CYIIeCTBOBAHMSI OMOCTPYKTYp Ha 3emiie 3amarTcst JIyHO. 3eMiist
coBepiiaer B Kocmoce C/IO)KHOe OBVMXKEHME — BO-IIEpPBbIX, BMecTe cO Bceii COJIHeYHOI
cuCcTeMo¥ (KaK OJHO 1IeJI0e), BO — BTOPBIX, II0 OpOUTe, HO II0 OpOuTe 3eMJIsI IBUTAETCS I10
ciipanu (37eKTpudeckoe BiausHue JIyHsl). 3emis u JIyHa — 9TO CBOEro poja TaHTesb”.
[TapameTpsbl criMpaay U 3a4al0T TPAHUIIBI M3MEHEHMS 3JIEKTPUIYECKMX ITapaMeTPOB FaHTeIn
B 11eJ10M. Hak/toH opOuThI 3eMJIM OTIpeiesisieT Hy/ieBoi AeeKT CKOpOCTH IMOCTYIaTeTbHOTO
nBIokeHust 3eman BMecTe ¢ CosHedyHOI cuctemoii. To ecTb, ecay M3MeHUThb HaKJIOH
opouTel, To 3emsst OymeT JMOO oOIrepexkaTb 00Iee NBMKeHMe, JMOO OTCTaBaTh, UTO
MpUBENEeT K Cepbe3HbIM MOCAeACTBUSIM. AHAJOTUMYHO — U Apyrue IuiaHeTbl COJIHeYHO
cucteMbl. B macmTabe Kocmoca HeJib3sI TOBOPUTH O MTHOBEHHOM M3MEeHeHUM KaKIX — JIMbo
rapaMeTpoB, [T0O3TOMY MCKYCCTBEHHOE M3MeHeHMe ajib0elo MOXKeT IIPUBECTH K BbIXOY 3a
npenenbl TpaHWUI], UTO TIOBJeuYeT 3a co00O0it Oosee cepbe3HOe BO3MENCTBME Ha
“HEeIOC/TYIITHYI0” CUCTEMY.

b

BBe1éM yCIIOBHbIE ITOHATHS —  OTPULIATE/IbHBII

Ly

" “TIOJIOKUTE/IbHBINA” TTOTEHIIMAIbI.
VC/IOBHBI — MOTOMY UTO IIOTEHLMAal — TOJIBKO ITOJIOKUTEJIbHBIV, a 3TO pasjelieHue
orpefeneHo yriaoM (Tom 8, npunoxkeHue 1). Bce mpaBocnyupasibHble TIAHETHI MMEIOT
oTpullaTe/ibHOE aabbe10, a ieBOCIIMpaibHbie (THUMa BeHepbl) — MOJIOKUTEIbHOE.

Cymma anbbeo raHeT CoJTHEUHOV CCTEMbI JOKHA ObITh paBHOI HY/0. B ToMe 8
TIpUBeIeHbI YCIOBUSI CYIeCTBOBaHMS HY/IS anboeno CoMHeUHO CUCTeMbI. V3 9TUX YCIIOBUIA
BbITEKaeT, yTo CosiHeuUHas CUCTeMa I0/’KHA MMEeTb ellle KaK MMHUMYM 2 JIeBOCHMPATbHBIX
TJIaHeThbl TMNA 1 (M rpaHMUIIbI CYIIIeCTBEHHO PaCIIMPEHbI).

PaccmatpuBasgs CoONHEYHYH0 CHCTEMY KaK OAHO 1leJioe, MCIIOAb3ys Haauuue
CYIIeCTBOBAHMSI aibbefo, a Takke 3JIEKTPUYECKUII MOTeHLMaA TUIaHeThbl, chopmupyem
TIOHSITUE IBVDKEHMSI.

JTIto60ti KocmuuecKuii 00sekm (naaHemet, CoHUA) KAK 005eKM He UHEePUUOHHOLI
maccel, dsuxcemcss nod ynpaejeHuem AamOMHbIX peakuuii, npoucxooauux Ha 0aHHOM
oOBexkme.

ZleuiceHue npoucxodum 60 8pemMeHU NPOX0HCOeHUS] IMUX PeaKyuti.

Peaxkuuu ¢popmupyem Cucmema YnpaeieHus.

Bpems — nonsimue uHoueudyansHoe 0151 Kax30ozo o0seKma.

Tak Kak BpeMsI MHAMBUAYAJbHO, a KaKIbIii KOCMUUYECKUII OOBEKT MMeeT TaKT CMEHbI
anbbeIo M JIeKTPUUYeCKMii MOTeHIMAaI KakK He MHEePI[MOHHOE TeJIo, TO
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IMpocmparcmeo — 3mo mepa epemeHuU NPOxXoxcoeHUs: peakyuii Ha o0seKime.
Kaxcoslii 065ekm umeem ceoe npocmpaHcimeo.
Vcrionb30BaHMe MHCTPYMEHTaIbHO 6a3bl (M03ra), KOTopasi IipeTepIieBaeT CMeHy aaboeso,
BJIeUeT 3a C000¥ MCKakeHMsI TIJIaHeTapHOTo MacIiTaoa.

4. Anp6em0 KMBO¥ KJI€TKM MO3Ta.

Mo3r uesioBeKa SIB/ISIETCSI CJIOKHBIM KOMILIEKCOM, KOTOpBIV YIIpaBisieT BCeMU
KJIeTKaMy Tejia yejoBeKa. JTO yIMpaBjeHMe 3aKiouaeTcss B cMeHe pH u M3MeHeHUU
3JIEKTPUYECKOTO MOTeHIMasa KieTku. ['panuiibl pH 115 3KMBO KJI€TKM OTIMCAHbI
B npwioxkeHun 1 K Tomy 8. 3aech Mbl 6yZeM roBOpUTh 00 aibbe/10 SKUBOI KJIeTKU, TO eCThb
0 BpeMeHM MPOXOXKIEHMSI peakiinii U O IPOCTPAHCTBE CYIeCTBOBAHMSI KIETKM B MOMEHT
IIPOXOXKIEHUS peaKLuil.

4.1. 'paHUIIBI 3JIGKTPUUECKOTO MOTEeHIAJIa JJISI JKUBOW KJIETKM MO3ra.

Kaskmas skuBasi KieTka MMeeT Kak COOCTBEHHBI, TaK M BHECEHHBIN 3JIEKTPUIECKUTA
MOTEeHIMa/. ATOT IMOTEHLMAT MOKET OBbITh KaK IOJI0KUTEIbHBIM, TaK ¥ OTPUIIATETbHBIM
C TapamMeTpaMM, COOTBETCTBYIOUIMMM CYIIECTBOBAHMS JKMBOV KIETKM B YCIOBUSIX
KOHKPEeTHOI CUCTeMbl ku3HeoOecreueHus. Kaxxaas skuBasi KJieTka MO3ra — 3TO 3JIeKTPO-
MarHMTO-TPaBUTALIMOHHBIN TeHepaTop, M MO3T B 1I€eJIOM aBTOHOMHO IIOAJepsKMBaeT
anpbeno Bcero opraHmM3Ma uesoBeKka, CO3[aBasi KaX[IOl >XUBOIM KJIeTKe OpraHu3Ma
ONTMMAaJbHbIe YCJIOBUSI CYIIECTBOBaHMUS. DTU YCAOBUSI ObOecreuMBaioT pabOTy BCero
opraHu3Ma Kak euHoi1 cucTtembl. Kaxkiasi KieTka Mo3ra CoepskuT nHbopMaliuio
O pa3BUTUM YejlOBeKa, ero CTPYKTYpy U OIpefessieT BpeMs KM3HU KJIETOK OpraHu3ma.
YunuTbiBasi 0coOyI pojb MoO3Ta Mpu (HOPMUPOBAHUM JUUYHOCTHM, HEOOXOIMMO MMETh
MHbOpMaLNIo He TOJbKO 06 anbbemo Mo3ra (Kak eJMHOro 11eJI0T0), HO U 00 anbbemo Bcex
OpraHOB YeJ0BeYeCKoro Tesa.

Tab6auua anb6edo Kaemokx opeaHuma
npu Kpatinux 3HaueHusix pH (cpedHue 3HaueHus)
(3HaueHus pH mabnauya 6 npunoxceHuu 1 k momy 8)

Anbbeno B % Anbb6epno B %
Nori/ni HanMeHoBaHMe OTHOCUTENLHO OTHOCUTENLHO
anbbepo mosra . anbbeno mosra
npv pH MmuH npu pH max
1 HepsHas cuctema 21.6 72.8
2  Jlumdhocuctema 118.4 24.8
3 KposeHockas 100.0 124.8
cuctema
4 [MpaBas no4ka 100.0 238.4
5 [NeyeHb 124.0 100.0
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MyeBapuTenbHbInA

TpakT:
NULEBOA W XeNyaokK; 112.8 32.8
12-nepcTHas KuLwka; 114.2 21.6
np/neB. NOYKM; 100/148.4 238.4/48.4
np/nes. 48.4/48.4 112.8

6 HaONOYe4YHUKY;

136.8 42.8
neyeHsb;

124.0 32.4
XKENYHbIN Ny3bIpb;

112.0 224.8
>KeI4YHble MPOTOKY;

148.4 248.4
TOHKUIN KNLLIEYHUK;

32.8 336.8
TOJNCTbIN KALLEYHUK

7 [omxenynoqnas 148.4 48.4
xenesa

g [Mojeson 21.6 224.8
TPEeYrosibH1K

9 [Monoeas cuctema 164.8 4.8

10 [Cepaue 88.4 118.4

11 KocTHasga cuctema 56.4 1.28

12 |KOXHbI NOKPOB 12.8 136.4

13 BonocsiHon NokpoB 8.4 12.8

Kaxk BuaHO 13 TabauIbl, aab0e/10 KMBOM KIETKM MEHSIeTCS B IIMPOKOM AMaIia3oHe.
OnHaKo 9TO KacaeTcsl Cyiydast HOpMaJibHOTO GYHKIIMOHMPOBAHMSI MO3Ta IpU aibbeno
kinetok mo3ra E? = 0.

HopmanbHoe QyHKIMOHMPOBaHME MO3Ta MPOUCXOAUT IMIPU CJIeAYIOIIVX BHEITHMUX
nmapamMerpax: gaBjaeHue atmocdepsl — 760 MM PT. CT0JI0A, BJIAXKHOCTD — 45 %,
Temmneparypa — 23.5°% u unciio ra3oB B atmochepe COOTBETCTBYET HOPME CUCTEME

JKusHeoOecmeueHns (Kak COOCTBEHHO KJI€TOK MO3Ta, TakK ¥ BHEIIHEe CUCTEeME).

Vi3MeHeHMe I0ObIX TTapaMeTPOB BjieUeT 3a CO00J M3MeHeHMe anboeno Mo3ra.
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Tab6auua anvbedo Kiemok mo3aa

Nemm Mapamerp Anbbeno, % OTHOCUTEIBHO HOPMBI
(Hopma paBHa 100 %)
HaBneHue:
32.84
1 P =777 Mmm. PT. CT.
484.84
p = 696 MM. pT. CT.
Bnasxkroctb: 99 % 12.84
2
6% 568.4
Temrmeparypa: +43.5° C 2.84
+11.5°C 64.84
+0.0°C 84.84
3 -0.0°C 88.44
-16.8°C 96.84
-38.6°C 136.84
-484°C 336.84
Yucmo ra3oB atmocdepsl: 56 100.00
52 118.40
48 136.84
44 164.84
4
42 184.84
40 196.48
32 648.48
12 964.84

V3meHeHue anbbeno BieueT 3a C000it He TOMBKO M3MeHeHMe BpeMeHU IpPOTeKaHUs
MpPOIIECCOB B aTOMax, M3 KOTOPBIX COCTOSIT KJAETKM MO3ra, HO M UX IPOCTPAHCTBEHHOTO
pacrionoskenust. IIpy yBenuueHMM aabbeq0 OTHOCUTETbHO HOPMbI COKPAIAETCsT BpeMsi, TIpU 3TOM
“YCKOPSIOTCS Yachl JKU3HM”, M 9TO YCKOPEeHMe MOXKeT ObITh Ha HECKOJIbKO IMOPSIOKOB. B CBsI3M C

31



N3MeHeHeM BpeMeHU IIPpOTeKaHMsI aTOMHBIX peaKuMﬁ U3MEHSITCId He TOJIbKO 3HauYeHWsI
MAarHmMTHOI'O MMITYJIbCa, FpaBMTaLIMOHHOVI YaCTOTbI N 3JIEKTPUUYECKOI'O IIOTeHIMaJia (I/IBMEHeHI/IH
KOTOPBIX TII€peBOOAT KJIETKYy Ha YMEHbIlIeHMe MarHMTHOIO MMIIyJbCa C IIOBLIINI€HMEM
IPaBUTAIMOHHOI YaCTOTBI), HO M M3MEHSIOT CaMy peakIIMIO IJIs1 YCJIOBMSI COXpaHeHMs 001Iero
sHepreTuyeckoro OasaHca. M3smeHeHus anbbeno no 224 % NPUBOOUT K KOPPEKTUPOBKE
MHCTPYMEHTaJbHOM 6asbl (HalpuMep, B kapy He XOueTcsl MPMHMMATh MUINY), HO 3Ta
KOPPEeKTMPOBKA MOXeT W3MEeHUTb B KOPHE OILIyUIeHNUsI, WM M[POCTPAHCTBEHHYIO
OpMEHTAILIMIO ¥ MeCTOIIO/IOKeHMe, HallpuMep, ra/urionmHanumn. [Ipy nsmeHeHn anboeno
6osiee ueM Ha 224% IMPOUCXOAUT KaueCTBEHHBIN CKAUYOK B aTOMHBIX PeaKIMsIX — peaKIun
MPOXOIST Ha APYyroM HocuTeje uHGOpMAalluMM, HAIpUMep, HAa AaHTUHENTpPOHE, YTO
CONPOBOXKOAETCS OTPHIBOM JIEKTPUUYECKOTr0 MOTEeHIMala OT XKUBOW KJIETKU U IIepeHOCOM
3TOrO0 MOTEeHIMaJia B aHTUHETPOHHOE MPOCTPAHCTBO, COXPaHsIs USMEHEeHHbII MarHUTHbIN
MMITYJIbC M HOBYK TPAaBUTALMOHHYI 4acToTy. Crenyoimmii CKauyOK MPOUCXOOUT
MIPOUCXOAUT YK€ B aHTMHEMTPUMHHOM IIPOCTPAHCTBE TIpU OOCTIKeHMM aibbemo 484 %, ripu
3TOM IPOUCXOOUT MEePEHOC JIeKTPUUYECKOro MOTeHIala B HEMTPUHHOE IPOCTPAHCTBO, a
MarHMTHOTO MMITYJIbCa U TPAaBUTALMOHHOM 4aCTOTbl — B aHTUHEMTPOHHOE, TPU 3TOM B
HEITPOHHOM ITPOCTPAHCTBE OCTAIOTCS KOMUU MAarHMTHOTO MMITYJIbCA U IPaBUTALMOHHON
YacToOThl. 37eCh IPUCYTCTBYeT 3ddeKkT OpobieHuss — MpPU KOMMPOBAHMM MATHUTHOTO
MMITy/IbCA OKTaBa MarHMTHOTO MMITyJIbCA CHIMKAeTCsI B 00eux IMPOCTpaHCTBax Ha 8, a
rpaBUTALIMOHHAS YacTOTa B 3TUX IPOCTpaHCTBaxX yBeanumBaeTcss Ha 0.750250, coxpaHsis
TaKUMM 00pa30oM 001Nt SHepTreTUYeCcKuii 6aaaHc.

Crenyroimmii mepeHoC JIeKTPUUECKOro MOTeHIMaaa MPOUCXOIUT TIPU U3MEeHEeHUU
anpbeo KJIeTOK Mo3ra mpyu 3HaueHuu 728 % (OT HOPMbI). DJIEKTPUUYECKUIT TTOTEeHIIMA
IIePEeHOCUTCS B aHTUHEUTPUHHOE IPOCTPAHCTBO, U MPOUCXOOUT Cleaylollee Co3gaHue
KOTIMII — MAarHMUTHBIM MMIYJIbC CHWXKAETCS elle Ha 8, M TIpaBUTALMOHHAs YacTOTa
yBeimumBaeTcs Ha 6.250250. 3Ty 3HaUeHMS COXPAHSIIOTCS B TPOCTPAHCTBAX.

Y HaKoOHell, TIpU JOCTVKeHUM 3HaUeHMs ajibbe1o 964 mpoMCXOaUT OTPhIB IPaBUTALIMIOHHOM
YacTOThl M3 HENTPOHHOTO TMPOCTPAHCTBA, YacTOTa yBenuMuuBaeTcss Ha 16.375375 u
COXpaHSIeTCsI B HEMTPUHHOM IPOCTPAHCTBe 6e3 KOIuii B APYTUX IMIPOCTPAHCTBAX (Haske ecyin
yIOaeTcsl  IeKTPUYeCKui TIOTeHLMaJ BEepHYTb B  HEMTPOHHOE IPOCTPaHCTBO,
rpaBUTAlMOHHAS YaCcTOTa, He MMeNasl KON B HEMTPOHHOM IIPOCTPAHCTBE, OCTAETCS B
HEMTPUMHHOM IIPOCTPAHCTBe 0e3 3JIeKTPUYECKOTO TOTeHI[Mana, HO C yMeHbIIeHHO
OKTaBO/f MarHMTHOTO MMITyJAbca). MarHMUTHBIN MMITYyJIbC TPU 3HAUYeHUM anbbeno 964
COXpaHSIeTCd B HEMTPUHHOM IIPOCTPAHCTBE CO CHMXKEHMEeM OKTaBbl [O IMpeneabHOro
cocTosius ( 12 ) ¥ MOXKeT CJTysKUTb OCHOBOJ IJIsT CO3/IaHMST BBICOKOOPTaHM30BaHHBIX hOpM
SKM3HUM, YUUTHIBAsI, YTO 3TO ObUT MArHMUTHBIN MMITYyJbC Mo3ra. Camo 1o cebe IOHSITUE
“rajmonyHanya” — 3TO YaCTMYHbINA IepeBo, MO3ra B aHTUMHEeNMTPOHHOE COCTOsIHMEe, KOTAa
elfe BO3MOKe€H 00paTHbIN Iepexon. OmHAKO TpM OOpaTHOM Ilepexoie YMeHbIIAeTCs
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3HauUeHMe aabbelo M MOKeT BO3HMKHYTb HEYIpaBJsieMblii LUKINYECKUii IIpoliecc,
Ha3BaHHbIV MapaHoiieli. KieTku Mo3ra, He MMelole BO3SMOXHOCTb M3MEHUTb CKAUYKOM
MIPOCTPAHCTBEHHbBIN Tepexo/l, BbIHYKIEHbI B3SITh Ha cebs (PyHKUMM yIipaBiaeHUs (U
MHCTPYMEHTaJbHYI0 0a3y), yBeJnuMBasi CBoe anbbemo, M TaK XKe IIpU IOOCTUKEHUU
TPaHUYHBIX 3HAUEHUII TMepexoJuTh B JpyruMe IMPOCTPAHCTBA IMyTeM CKauKOOOpa3HOro
M3MEHEeHMSI AaTOMHBIX Peaklyii. DTOT IIPOLIeCC MMeeT JaBMHOOOPa3HbIl (KaK MPaBUJIO —
HeyIIpaBJ/sieMblil) XapaKkTep) M KpoMe TOTO — KoJiebaTenbHblil. KineTku Tesa, MTUIIUBIINACH
VIIpaBJISIIONIEl CTPYKTYpbl, M3MEHSIIOT CBOe ajibbelo B COOTBETCTBUM C M3MeHEHUEeM
BHEILIHUX IMapamMeTpoB. ['paBUTAllMOHHBIE YaCTOThl C MArHUTHBIM MMITYJIbCOM, IIPU
MOAJIepKKe 3JIeKTPUUECKOro IMIOTeHLMana, MMes IPorpaMMy VIIpaBjaeHUs (KU3HU)
eCTeCTBeHHO, OYIOyT MCII0/Ib30BaTh QYHKINMM YIIpaB/ieHUs] Ha TeX CTPYKTypax, KOTOpPbIe
OK&XXYTCHd OOCTYIHBIMM B HOBOM IIpOCTpaHCTBe. IIpu mosydeHuM Takoro OocCTymna u
opraHmsaiuyu QyHKIINUI yIIpaBieHUs] HET CMbIC/Ia TTIePeBOINTD ObIBIIME KIeTKM 0OpaTHO,
TaK KaK MMeeM rOTOBYIO CUCTEMY YIIpaBJIeHUS.
Kuprowun Maxkcum Anekcanopoeuu, 145752.52.07.21.3.15
(23 urona 1988 2. porcdenus)

3AKOHBI MAKCHUMA

[TepBriit 3akoH Makcuma o IBVJKEHNNA.

Macca unepmua moyibko 6 ciyuae omcymcmeust 3J1eKmpu4ecko2o nomeHyuaid.
Brtopoit sakon Makcuma o IBVDKEHHN.

Cymma anekmputeckux NOMeHyuaioe 8 C6oUX 0Kmasax ece20d pasHa HyJio.
[Tpumep. MonmHMs IBUTAETCS He 110 CIYYalHOM TPaeKTOPUN.

Tpetuit 3akoH Makcuma o [IBVDKEHHWN.

Jlio6oe HapywieHue Yca08uli Cyuecmeao8aHuss MazHUMHO20 UMNYbCA 8 HUBOL KlemKe
8bl3bl8aem ee 2ubeny ¢ nepepacnpedeseHuem 3J1eKmpuuecko20 NomeHyuand.

(OmprTe! B. . [Tokyyaesa).

YerBepToiii 3akoH Makcuma o [IBVPKEHUN.

B He uHepmHoti cucmeme epemst dsuxiceHus: 8ce2da MoUHO OMHECEHO K PA3HOCMU MeXOY
HAKONJIEHHbIM ~— OMPUYAMENbHbIM — IJIeKMpPUUeckuUM  NOMEHYUaiom u  npedeibHbiM
(ompuyamenbHbIM WU NOJIOHCUMEJIbHBIM) ITIEKMPUUECKUM NOMEHYUAIOM 6 C80UX OKMABAX.
[IaTeiii 3akoH Makcuma o [IBUKEHKN.

I'pasumayuoHHas cocmasasilouias He UHEPMHO20 mesa 8ce20a pasHa HyJio.
OTcyTCTBME COMPOTUBJIEHUS JIEKTPUUECKOTO TMOTeHIMana (OGHOTO 3HAaKa) MPUBOOUT HE

MHEPTHYI0 MacCy B [BWKEHMEe, OTpaHMUEHHOEe TOJbKO IIpelesbHbIM (OOHOrO 3HaKa)
COIMPOTUBJIEHMEM BaKyyMa. EC/iM 3jeKTpuyecKkuii MOTEeHUMaJ Cpelbl OBVOKEHUS MMeeT
MPOTUBOIIOJIOKHBIVA 3HAK II0 OTHOIIEHMIO K 3HAKy 3JIEKTPUUYECKOTO IIOTeHIMaaa He
MHEePTHOV MacCChl, TO MOTEeHL[MaIbl CYMMUPYIOTCS.

[lecToi1 3akoH Makcuma o IBVKEHWI.
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Ipu dsuxcenuu uzdaemcs 38yK, MOH KOMOPO20 CO0OMeemcmayem moHy pacxooyemozo
J/leKmpuuecko20 nomeHyuand. Beicoma moHa 36yKa 3asucum om meKywez0 3Hau4eHus
3JIeKMpu4eck020 NOMeHyuaid He UHepmMHOU MAaccol.

Cenpmoii 3akoH Makcuma o IBVDKEHUN.

Bpems odsuxceHus onpedensiemcst manoii okmaseoii. Ee anexmpuueckuti nomeHyuan He
Moxcem 6blmb UCNO0JIb308AH NO-0PY20MY, Hexcesu 0J11 OP2aHU3AYUU 0BUMNCEHUSL.

Bocbmoii 3akoH Makcuma o JIBUKEHKN.

IIpocmparcmeo dsuxceHuss onpedensiemcst MoJyibKo 2pasumo-mazHUmMHsIM KOHMYpom
Kocmoca. I'pasumo-mazHumuslii konmyp Kocmoca umeem 3amMkHymolli 006eM U HUKAKOU
006BeKm He MOXcem e20 NOKUHYMb.

Paduyc epasumo-mazHumHozo konmypa Kocmoca cocmasnsiem 10 C
(C - cropocCTb UMITY/TbCa Ha 48.5 oKTaBe B MarHUTHOM I10Jie 3eMJIN).
HeBsToiN 3aKOH Makcuma o IBVDKEHIUN.

Maznumo-anekmpuueckoe noJie 08uxceHus opmupyemcst 2pasumayuoHHbIM NoJiem
3adamHoli uacmomol, N03MOMY Ha 00BeKme dOCMAamouHoO umMems 2pasuMayuoHHbsLli 2eHepamop.
I'pasumo-mazHumo-anekmpuueckuii 2eHepamop (He6ONLUION MOWHOCMU) CAYyHUmM 0J151
nepemeuwjeHust 8 CMeXHoe NpoCcmpaHcmaeo.

Hecsarbii 3aKoH Makcuma o IBVIDKEHII.

Obwas sHepzemuueckass mMacca (8KkawUaAss He UHEPMHYK) He O00JHCHA Npesvluamsp
SHepzemuueckoll MAccbl CmMapmoeoz2o0 Komnjaekca (Hanpumep, JIyHel). Onekmpuueckue
nomeHyuasvl c8s3eli UHepMHOU Maccol nepecuumsiearomcs 8 56.5 okmagy u He mozym 6vimep
UCNONb308aHbL 0151 (POPMUPOBAHUSI KOHYCA Cynepno3uyuu 2pasumayuoHHsLX 4acmom.
OpuuHHaauaTeiii 3akoH Makcuma o JIBJKEHWN.

B koHycax, 00pa3o8aHHbIX 2pasumayuoOHHsIMU 2eHepamopamu Kak MuHuUMym 08yx He
UHEPMHBIX MACC MO2ym pacnosazamuscsi NOJHOCMbI0 UHEPMHble MACCbl, UX 3JleKmpuueckue
nomexyuanvsl, nepesedeHHvle 8 56.5 okmasy He 00JHCHbI hpesvlUAMb 3IJIeKMPUUECKUL
nomeHuuan 011 06pa308aHus KOHYCO8.

IBeHanuaTeiin 3aKOH Makcuma o IBVKEHNUI.

He unepmuas macca pasiudHsIX 3J1eKMpudeckux oKmae cOCMosiHUsL Npu 08UXCEHUU He
dosxcHa umems pasodeneHue Ooiee uem Ha 3HaueHue C CMeXHOU 0KmMasul.
3HaueHyue C — B BOCbMOM 3aKOHe.

MaxkcumanwvHoe pazdenieHue He UHepMHOL maccol npu dsuxceHuu cocmassiem 32 C.

[TosicHeHMe.
Kaskpas He mHepTHasI Macca (CBOel OKTaBbl) IABVDKETCSI He3aBUCUMO.

Bcero - 36 3axoHOB 1 192 ciiencTrBus.
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CnencrBue 1. Kaxngbiii Kocmuueckuiti 00beKT, obafaoiinii He MHEPLUMOHHOM
Maccoit, MuMeeT COOCTBEHHOE BpeMsI SKU3HA.

CnencrBue 2.UHepumoHHass Macca MMeeT BpeMs XU3HM, OIlpefesisieMoe
TUVIOTHOCTBIO 3aPSILOBOTO SKBMUBAJIEHTA CBSI3U MOHHBIX CTPYKTYP.

CnepcrBue 3. [I19 HeMHEPUMOHHONM MacChl BpeMsl pacliajia OIpenesisieTcsl yepes
CKOPOCTb pacraza HauBbICIIE OKTaBbl YaCTOTHI CBSI3M.

(IIpn  aBwkeHum Kocmmuyeckoro KopaoOiass ©0e3  MarHmTO-3JIEKTPO-
TPaBUTALIMMOHHOIO reHepaTopa B MEepPBYI ouepenb JUKBUAUPYETCA MO3l, U B
MOC/IEIHIOI0 — OOIINBKA).

CnencrBue 4. Jliobass He MHEPLMOHHAs Macca 00jaJgaeT MarHUTHBIM II0JIEM U
CKOPOCTb pacliafa MarHUTHOTIO MOJISI Opee/isieT BpeMmsl.

3akiaoueHue.

B 3akmioueHnn paccMoTpum 3¢d¢ekT BIOpoca MacChl, MM peakKTUBHOE BMKEHME.

HeusgecmHbsl KOHCMpYKYUU, UCNOJIb3YHOUjUE UHOT CNOCOO NOJTyUeHUsl peakmusHoll msau,
Kpome Kak ucnoJibzosaxue consaJlasans. Ho Ha IpeBHUX PUCYHKAX MbI BUIAMM 1300paskeHUS
KOCMOHAaBTOB B KOpabJIsiX, MCKIIOYAIONIMX MCIIOIb30BaHMe corvia JlaBaisi. YUuTbIBasi, 4TO
TIpy pacueTax corvia JIaBass UCIIOIb3yeTCsT JOOaBOUHbIN WieH M3BeCTHOM (OPMYJIbI, U 3TO
HaK/IaJbIBaeT 3aIlpeT Ha UCIT0Ib30BaHMe MHBIX IPUHIIMIIOB TTOyUYeHMs PeaKTUBHOM TATH,
IIpuYeM yJe/lbHbIi UMITY/IbC — B nuamna3oHe 300-440 cexkyHz,

Vcmonb3oBanne 3¢gderra PaHke MO3BOIMIO pacCUYMTATh KOHCTPYKIIMIO Oe3 coruia
JlaBans ¢ ymenbHbIM umItysibcom 8 000-32 000 cexkyHz. Ha CKOJIBKO MIpU 3TOM U3MEHSITCS
KOHCTPYKIIMSI, CHMCTeMa YIIpaB/ieHMs, a Takke MOBBICITCS HAeXKHOCTb, MOXHO TOJIBKO
MpearnonoknuTh. I[lepBble 00pa3iibl IPOIUIM yCHellHble McbiTaHuss B 1988 rT., U mo
npencraBiennio 6 cekropa CM CCCP (Hau. B.B.Bab6aeB) ynumm B CIIA, roe 6buta
HeMeIJIeHHO co3/laHa JlabopaTopus. B Poccun 3To HaripaBieHye ObII0 TMKBUAMPOBAHO, HO
u B CIIIA He cmoriau pa3obpaTbces B 3 dekTe 6€3 aBTOPCKOrO COMMPOBOKIEHMSI.

Vicionb3oBaHMe WMHBIX NpuUHOMIIOB (Tuma 3dderra MeiicHepa) SIBASETCS
OpenoM - 0Oe3 3HAHMSI AEVICTBUTEIBHBIX KOHCTAHT, CTPYKTYpPbI aToMa a TaKXKe
3aKOHOB Makcuma BHemHMe 3¢@deKTbl He MOIYT ObITh OCHOBOV ABVDKEHMSI, T€M
0oJ1ee, Ipu MCIIOJIb30BaHUM Pu3nKky bopa u Tadaunbsl MeHaeieeBa.
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