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PELHEH3UA

Pa6ota FO.M.banpuna «YaaHo-BoJHOBas TepMOJAMHAMHKA. MexaHusm
IPAaBUTALMN.» — 3TO IUIOJ MHOTOJIETHUX TPYJOB U pa3gyMHUil aBTOpa Hal
YHUBEPCAJIbHBIMHA HEPEIICHHBIMU BOIIPOCAMU MHUpO31aHus. KHura mnocssiieHa
aHaJIM3Yy IMPOKOro CHEeKTpa MpodiieM Kak OOIEHAay4HbIX, TaK U
Y3KOMPO(PMIbHBIX, MPEJCTABISIOIUX HHTEPEC JIJIs1 OOJIBIIOr0 Kpyra yuTaTesnei
Pa3JINYHBIX KATETOPHIA.

Penrenne uccnenyeMbix 3a1a4d MPEACTABISAET B PABHOM MEPE KaK TEOPETHUUECKU,
TaK ¥ IPUKIAJHON UHTEPEC, a PE3YNbTAThl TAKUX PEIICHUN HAWIyT IPUMEHEHHE B
Pa3IUYHBIX 007aCTIX MPAKTUYECKON JeATeTbHOCTH YeI0BEKa.

Bonbioit uaTEpEC npeacTaBiIseT CBEXKUHN B3I aBTopa Ha Tabmuiy
MeHneneeBa, CyJIAIINANA TOTEHIHAIBHBIE BO3MOKHOCTH UCIIOJIb30BaHUS CBA3aHHBIX
C HUM JJIbHEHUIIUX HAYYHBIX OTKPBITUN B 00J1aCTU XUMUH, GU3UKU U HOBEHIINX
MPOJBKEHUN B cpepe HAHOTEXHOJIOTHIA.

JlanbHeliiee e UCIOIb30BaHNEe TOCTHXKEHU B 0071aCTH HAHOTEXHOJIOT U
MPUHECET KOPEHHbIE CABUTH II100aJIbHOTO XapakTepa B caMoM 00pase KU3HU
JIOJI€ HBIHEIIHETO MTOKOJIEHUS.

CuuTato He0OX0IUMBIM MOAJIEPKATH UCCIEIOBAHUS BO BCEX HANPABICHUSX,
HaMEUYEHHBIX aBTOPOM JJAHHOU paboThI.

JlokTOp QU3HKO-MaTEeMaTHUYECKUX HAYK,
npodeccop Manadeen O.A.



IHozHaHue Mmupa pU3NYECKUX SABJICHUM.

UenoBe4yecTBO XMBET B YAMBUTENbHOM MUpE OKpYXalowen npupogbl, W Bcerga
CTPEMUTCHA NO3HATb TaWHbl €r0 CTPOEHUS!, 3aKOHOMEPHOCTb PU3NYECKNX ABIEHNIA.

B kocmoce n Ha 3emne npupoga HenpepbiBHO CTPOUT MWUIIIMOHbI KOHCMPYKUUU:
3Be3abl, ConHue, nnaHeTbl, 3NeMeHTbl PaCTUTENBHOIO U XXMBOIO MUpa NpUpoabI.

Ho kak »xe co3gatoTcs U 4EeNCTBYOT 3TU KOHCTPYKLUKN, POXKAEHME KOTOPbIX HAYMHAETCH
yxe B kocmoce? Ewe B 1887 rogy Hukona Tecna 3assun: «A 3Halo, Kak paboTtaer
Kocmoc!» W oH gencrteutenbHo paboTaeT, Aa elle Kak!

B kocmoce — B MNanaktnke u BceneHHon, HEMpPepbIBHO MAET NPOLLECC COXpaHEeHUs
TEepMOANHAMNYECKOrO paBHOBECUA: MOSIBNIEHWE O4aroB Tenma ConpoBOXOaeTcs
BO3HWKHOBEHMEM LIEHTPOB XOrioAa; nepexon Tensa B LEeHTPbl Xoroaa ocyLlecTBnsaeTcs
C NOMOLLbIO NepeaaToO4HOro 3BEHa — MMKPOYacTUL,.

C 1795 r. MmpoBOE pasBMTME Hay4YHOro NMO3HAHWSA NPUPOAbLI LU0 NO BEPHOMY NYyTH —
LUMPOKMM NMpu3HaHneM Boree Beka Nofnb3oBanacb TeOpUs BENMKOro acTpoHoOMa
B. lNepwens: «ConHue — xonogHoe, TBepAoe Teno ¢ packaneHHon botochepon».

Hapo 6bino passuBaTh 3TO HanpaBreHne 3HaHWA, HO OTCYTCTBME KOHCTPYKTOPCKOro
MbILLSIEHNS, He cobniogeHne 3akoHa TEepMOAMHAMWYECKOro paBHOBECUMS — BCE 3TO
NpuMBENoO K TOMY, YTO B MO3HAHUWN OKPYXXaloWero Mmpa npupoabl YernoBevyecTBO ObINo
OTOpOWEHO B nponacTtb CpPeaHEBEKOBbS. CoBpemeHHas Hayka npogosrkaet
6eckoHeYHO 1 6ecnonesHo KPYXMTbCS BOKPYr packaneHHoro sapa B ueHTpe ConHua,
KOTOPOro HET, 1 HUKOrAda He cyuiecTBoBano B npupoge. B Hegpax 3Be3qg n ConHua Het
CVMHTE3a — CNUsHWS agep BooopoAa B renun.

B Hegpax 3Be3a, ConHua, nnaHeT, B XXMBOM W PACTUTENIbHOM MUpEe WAET XOSO4HbIN
TEPMOSIAEPHbIA MNPOLECC —  NPOTOHbI, 3fIEKTPOHbI, aTOMbl 3N1EMEHTOB BeLllecTBa
dopmMupyoTCA 4epe3 UX LEeHTpbl XOroda, Kyaa HenpepbiBHO MOCTynaeT Tenmno —
KOCMUYEeCKMe MMKpo4acTULlbl «MUPOBOro acmpar.

KocMmuyeckme MuKpoYacTuubl «MUPOBOro admpa» OTKPbU1 euwle BeK TOMYy Hasaj
reHnaneHbin [I. MeHgenees, Ha3BaB nx HbtoTOHUM 1 KopoHuK, 1 BBEN B cBOKO Tabnuuy,
B HYNEBYIO rpynny, Kak «OCHOBHbIE 3fIEMEHTbI» MOCTPOEHUS aTOMOB, MOJIEKYS, BCEro
MaTepuanbHOro mupa.

Ho, He BHWKHYB B CyTb MPUPOOHOro SBfieHUs, X yopanu n3 Tabnuupl.... 3a4em?

HeobxoauMo CpOYHO BOCCTAHOBUTbL UCTUHY YHUKANbHOIO MO3HAHMS OKpyXKaroLlen
npupoabl — N0 pacdyetam nonyyvaetcs, 4Yto 97,45% obbema ConHua — 3TO XonogHoe
Teno! XonogHoe CornHue c ropsyen ¢oTochepon He TOSMbKO OTKpbIBAeT MNyTb K
MO3HAHUIO CTPOEHUST MaKpO U MUKPOMMpPA OKpYXatowen npupoabl, HO U aAaet
BO3MOXHOCTb pa3obpaTbCsi C YHUKaNbHbIM SIBIEHMEM — MEXaHU3MOM rpaBuTaLum,
AENCTBYHOLLEE Ha OrPOMHbIX MPOCTOPax MMPOBOrO NPOCTPaHCTBA.

Bes rpaBuTaumm He BO3MOXHa »XU3Hb Ha Hawewn nnaHete. Bce Ha 3emne cBsszaHo C
TArOTEHUEM U OTKPbLITUE MeXaHu3ma AeNCTBUSA rpaBuUTaumMm — 3TO BO3MOXHOCTb
LarHyTb B NPUHLMNMANBHO HOBLIM MMP MO3HAHUSA OKpY>KakoLLen Npupoabl.

Uem Gonblie Oygem 3HaTb: Kakue CyLecTBYOT TepMOoAMHaMU4yeckme B3anMOCBS3U
Makpo M MUKPOOOBEKTOB OKpyXalolen cpedbl C Mex3Be3OHbIM MPOCTPaHCTBOM B
npouecce NOCTPOEHUS CBOMX KOHCTPYKLUM — Tem ObicTpee nongeT nporpecc BO BCEX
chepax [eATenbHOCTM 4YenoBeka, TeM HagexHee OyaeT coxpaHeHa aJKonorus
OKpYy>KatoLero mmpa.



Knura 1. X0JIOJHBIA TEPMOSIICPHbIN MMPOLIECC B HeApPaX 3Be3,
IJIAHeT, aTOMOB. MeXaHu3M rpaBUTALIUM.

InmaBa 1. Xo0JIOJHBIC U TEIVIOBbIEC TEPMOSIIEPHbIE MPOLECCHI.
Yacrs 1. NpeanbHble TennoBble CUCTEMBI.

1. XonogHoe mex3Be3aHoe NPOCTPaHCTBO M packaneHHasa dpoToccdepa 3Be3A.

«lMocmoTpuTe Ha HebO AcHOM HouYbl. MHOXECTBO 3Be3[ OKpyXatT Hac. OgHM spKo
MepualT, apyrme — easa 3amMeTHbl. LiBeT ogHux — ronyboBaTtbi, OpYrnX — XenTbin,
TPpeTbM UMEIT KpacHoBaTbI OTTeHOK». (3) B Hegpax 3Be3g HenpepbiBHO nayT
TepMoaMHamMuyeckme npoueccbl — Tam CO34alTCA aTOMbl 3fleMEHTOB BellecTBa. Ham
N3BECTHa Hapy)XHada Temnepartypa 3Be3 U TeMmnepaTtypa MexX3Be3HOoro NpoCcTpaHcTBa.
«BblsicHMnock, 4TOo Hawa BceneHHasa npeacTtaBnsieT cobon TepmocTaT, B KOTOPOM
nogaepxmBaeTcsa NocTosiHHas Temnepatypa Tr = 2,7K ». (28)

Ho ona cosgaHus TennoBoOro ManyyYeHus 3sesf, rariaktuk, NOCTOSHHOM TemMnepaTtypsbl
BceneHHon Heobxoamm matepuarnbHbI MUP — MUKPOYaCTULbI.

Bce npocTtpaHcTBO BceneHHow, B TOM 4ucCre U Mex3Be3gHOe MpOCTPaHCTBO
[[anakTuku, 3anofilHeHO MMKpovacTMUaMM — TOHYaWWWM MaTepuanbHbIM - MUPOM.
HenpepblBHOE OBWXEHME W TpPeHue MUKpo4yacTul, wmexgy cobon cospawT
TemnepaTypHbIA POH NOSIS, CO34aHHOE MUKpOYacTULaMM.

«TennoBoe u3nyyeHne BceneHHOW CO BCeX CTOPOH OAMHAaKoBO. B Kakyto Obl 4acTb
HebocBoga HM BbIT HanpaBneH pagnoTeneckon, OH NPUMET U3fyYeHne OOHOW U TON e
TemnepaTypbl C pasnuymMem B npegenax ThiCAYHbIX gonen». (3)

MonyyaeTtcda, 4TO Mex3Be3gHOe MNPOCTPAHCTBO [anakTuku UMeeT —  KakK HU3KYH0
TemnepaTtypy Tr = 2,7K, Tak 1 3Be3bl C packaneHHOW TemnepaTtypon goTocdep:
30 000K, 20 000K, 10 000K, 8000K , n ConHue ¢ TemnepaTypon NOBEPXHOCTH
The = 6000K . BcTaeT Bonpoc: kakMe TepMoanHaMmnuyeckmne npouecchl NPoMcxoasT B
3Be3gax npu TakoM pe3koM nepenage TemnepaTyp — MeX3Be3QHOro npocTpaHcTBa u
NoBEpPXHOCTU 3Be347?

2. UunKnbl XonogHbIX U TennoBbIX NPOLECCOB B 3aMKHYTOW CUCTeMe.
PaccmoTpum TemnepaTypHbIN peXxnM XonoaunbHuka, paboTta KOTOPOro onpeaensieTcs
pes3kuM nepenagom tTemnepaTyp. Ha puc. 1 — 1 npeactaBneHa cxema XonoausbHMKa.

Paboynm BewecTBOM CRyXUT ras, KOTopbIn
npeBpallaeTcs B XXMOKOCTb (KOHOEHcaT) npu
KOMHaTHOW Temneparype. Komnpeccop
g ; HarHeTaeT ra3 U3 ucnapuTensl B KOHOeHcaTop ¢
| J BbiCOKOW  TemnepaTypon T, , KoTopas

nogHMMaeTcs 3a c4YeT oXaTus U  TpeHus
yacTuu. B KoHaeHcaTope, TenmnoTa cxaTtus u
Tennota KOHAEHcauuu OTHUMaKTCA, W ras3
T NnepexoauT B XWOKOe COCTOsAHME — KOHEeHcaT C

Ucnaputens

Temnepatypon T, . [anee, koHgeHcar

noctynaetr B wucnapuTenb, r4e [OaBlieHue

’__ 3HAUYNTENBHO HMXKE W XKMOKOCTb 3aKkunaer,

npespawasce B ra3 . BspbiBHOM npouecc

KoHaeHcaTop nepexoga MONeKysn XUAKOCTU B rasoBble naet

Puc. 1-1 C 3aTpaTtoi Tenna — NPOUCXOAUT OXMaxKaeHue

MOPO3UITbHON  KamMepbl  XONoawsfibHMKa 4o
TemnepaTypbl Ty.
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U3 xonoduribHUKa 2a3 cHoga riocmyraem 8 KOMpeccop U Mpouyecc rnosmopsiemcs.
CnepoBaTernbHO, UMK TemnepaTypHOro nepenaja Tenno — Xonoj coBepliaeTcs B
XOnoaunbHWUKE Mo crnegyowen cxeme:

1. MNpouecc NOHWXeHUA TemnepaTypbl CXaToro ropsdero raza T, go obpasoBaHus
KOoHOeHcaTa ¢ TemnepaTtypon Ty .

2. lNpouecc cospgaHna xonoga c Temnepatypon Tx B ucrnaputene uaeTt 3a cyeT
B3PbIBHOIO nepexoga Morekyn koHaeHcarta T, B rasoBble. (CM. puc. 1 —2)

T Ecnu npoueccbl ayT ¢ 0AMHaAKOBbIM
Komnpeccop —> (cxatue rasa) OTHOLLEHWEM Nnepenaga Temneparyp,
Tr TO nonyyaem opmyny:

Tr/TK = TK /TX (1*)
Mocne npeobpa3oBaHus:

TS =T, T, 29

3. [1nsa noBTOpa UuMKna YactTuubl rasa
BO3BpaLLalOTCA B UCXOAHOE COCTOSIHME.
T, B naeanbHbIX cuctemax npouecc
TepMognHaMM4ecKkoro nepexoaa
MUKpOYacTUL, MPONUCXOONT 3a cHeT

T T T T nepenaga Temneparyp — AencTene
X K r

ucnapuTenb  KOHOEHCATOp  ropsYvi ras BTOPOrO 3aKOHa TepMOANHaMUNKN.
Puc.1-2 c6poc Tenna — NOHMXeHUe TemnepaTypbl

®opmynbl (1" 1 2%) aBNAOTCA YHMBEpPCanbHbIMU M NPUMEHAIOTCA ANs pacyeTa
naearbHbIX TENSOBLIX CUCTEM C BECKOHEYHO MOBTOPSAOLWNMCSH Yukiamu Tennoobmena,
C paBHbIMM OTHOLLUEHMSMU Nepenaga TemnepaTyp no cxeme: Teno / Xonoa.

N3BecTeH 3akoH BaHT-lNodda:

« Ecnn Temnepartypa cuctembl, Haxoasawencs B
paBHOBECUN, UBMEHSIETCS, TO, NPW M08bIWEHUU
memrepamypbl — paBHOBECUE CMELLAETCS B
CTOPOHY NpoLlecca, nayLwero ¢ rnoasouweHuem
merna, a Npy MoHWXeHUU memrnepamypsb| - B

Y o CTOPOHY NpoLiecca, nayLiero ¢ ebi0esieHuUeM

5 7 mernnia ». (8)

Banm-Togpeh (1852 — 1911)

Mex3Be3gHoe NpoCTpaHCTBO [ManakTnkn, npeacrasnsowas cobon paBHOBECHYHO
TemnepaTypHyto cuctemy ¢ Temnepartypon Tg = 2,7K , 3anonHeHa munnvapgamu
ropsumx 3se3q . Kak ke Torga cobniogaetca TemnepaTtypHoe paBHOBecUe,
conpoBoXxgatowee TenioobmeHom B ["anakTnke?

CornacHo 3akoHa BaHT-['odhda BbIXOOUT, UTO npouecc 8bidesieHUss mernna c
NOBEPXHOCTU 3BE3bl, B paBHOBECHYIO TEMMepaTypHY0 CUCTEMY LOSPKEH CMEeLLaTbCs B
CTOPOHY — MOHWXeHUs TeMmnepaTypbl BHYTpY 3Be34bl!

3HauunT, BHyTpu ConHua gormkeH 6biTb xonoguneHuk!  Torga, BelOpoc YacTumy
COJSTHEYHOW nna3mMbl ¢ noBepxHocTM CornHua A0MKEH ObiTb KOMNEHCUPOBAH YacTmuamMm
MEX3BE34HOro NpPOCTPaHCTBa, KOTOPbIe OOMKHbI 3aX0aAuTb B XonoaunbHuk ConHua.

Mpwn aTtom, obuiee memnepamypHoe pasHO8ecUe B MEX3BE3LHOM NPOCTPaHCTBE
coxpaHsieTcd. Torga, NPUMEHSAS LUKITOBYO CUCTEMY Nepenaga TemnepaTyp C
nomoLybio oopmyn (1*) n (2*) MoXXHO onpeaenuTb BCce TEPMOANHAMUYECKME PEXUMDI
ConHua — ngeanbHOW TENMOBOW CUCTEMbI B MEX3BE34HOM MPOCTPAHCTBE.
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Yactb 2. TemnepaTypHble pexumbl ConHua.

1. BbIxo4 CONHEYHOro Tensia B KOCMM4YeCcKoe NpoCTPaHCTBO.
PaccmoTtpum ConHue, Kak naeanbHy TEnmoBYyH MaLUUHY, MOCTOSHHO U3nyyawLuiee
Tenno, KoTopoe BbibpacbiBaeTcHa B MeX3Be34HOEe NPOCTPaHCTBO anakTuku.

BeixogHoe TemnepatypHoe none ConHua T.. nepegaeTr conHeyHoe Tenno B
MeX3Be3Hoe MPOCTPaHCTBO [anakTuku, rge uapcTByeT NOCTOAHHOE TemnepaTypHoe
paBHoBecue Tg= 2,7K. Torga, 3Haga Temnepatypy nosepxHoctn ConHua
Tne = 6000K , MOXHO onpefenuTb TemnepaTypy BbIXOAHOrO nonst Te; , C KOTOPOro
COJSTHEYHOE TEeNmo BbiOpacbiBaeTCs B MEX3BE3QHOE NPOCTPAHCTBO [[anakTuKu.

UTtobbl onpenenntb Temnepatypy BbixogHoro nons ConHua Tec — ConHeyHon cnctemel,
Bocnonb3yemca gopmynon (1*), no kotopont Tne / Tec = Toe / Tr ; CRegoBaTenbHO:
T% = TocTr = 6000K "2,7K ; nonydyaem T, = 127,28K

2. Temnepatypa xonoaunbHuKa B LueHTpe ConHua.

Pas ConHue nany4datens Tenna yepes dotoccepy, TO OHO AOSHKHO UMETH B LIEHTPE
XONOAWNBbHUK C TemnepaTtypon Ty, Tak Kak usnyyaTtb Tensio ConHue He MoxeT 6e3
NOCTOSIHHOW NOANUTKN TEMSIOM - KOCMUYECKMMU TeMnepaTypHbIMKU YacTuLaMKn, KoTopble
AOMKHbI 6ecnpepbIiBHO 3aX0AnTb B XONOAUIBbHUK LeHTpa sapa ConHua.

Mo popmyne (1%) , koTopas npumeT Bua: Te/ Tr=Tr/ Txc, MOXHO ONpenennTb

Ty - TemnepaTtypy xoriogusibHuka B UeHTpe CornHua, KOTopbi AaeT BO3MOXHOCTb
3agencTBoBaTb 0bpaTHbIN TENMOBOW Npouecc: ckornbko otaaeT ConHue Tenna B

T = 2,7k — B Mex3Be3gHoOe MpOCTpaHCTBO [anaktnkm yepes TemnepaTypHoe
BbiIxogHoe none T, = 127,28K, ctonbko pomkHO ConHue nonyyuTb Tenna B
XonoaunbHUK Ty, W3 MEX3BE3OHOro KOCMMYEecKoro npoctpaHcTtBa.  Onpegensdem
TemnepaTypy xonogunbHuka B LueHTpe ConHua: Ty = Tr 2 Tee

Ty = (2,7K) %/ 127,28K = 0,057275K = ~ 0,05728K

TeMmnepaTypHblM BXOA4 Tensla kKocMoca B xonodHbi  ueHTp ConHua u
TemnepaTypHbIA BbIXo Tensia ¢ noBepxHocTn ConHua B KOCMUYECKOE NPOCTPaHCTBO,
Yyepes BbIXOAHOEe TeMnepaTtypHoe none T..= 127,28K , npefcraBneH Ha cxeme
puc.1-3.

Mex3Be3gHoe npoCTPaHCTBO

COpoc conHe4yHOro Tenna

Temnepartypa
xonoaunbHUKa B LieHTpe

ConHua Ty = 0,05728K

BbixogHoe

Tec= 127,28K TemnepaTtypHoe none
ConHua - Temnepartypa
ConHe4yHOM cuctemsbl

Puc.1-3

3. TemnepaTtypHbI Ko3achduumeHT TennoodbmeHa ConHua.
ConHue penctByeT, Kak mersiogass MallnHa, rae eCTb  XO0/I00UfIbHUK €
TemnepaTypon Ty U UICTOYHUK MOLLHOIo merisia — noBepxHocTb ConHua.
Tenno mexsBe3gHoro npoctpaHcTea Tg = 2,7K noctynaet B xonoausnbHUK ConHua
Ty = 0,057275K —vyacTtoTa noctynneHus Tenna naet ¢ KoauUNeHTOM:
g= Tr /Txe = 2,7K/0,057275K = 47,14 .



Kocmunyeckne wmukpoyactvubl ¢ Temnepatypon Tz = 2,7K , Hanpaensscb wu3
MEX3Be3QHOro NpocTpaHcTBa B HU3KOTeMnepaTypHbin LUeHTp ConHua, BCTpe4varTcs
Ha npoTtuBoxode C Bbibpocom Tenna ConHua B MexX3Be3dHOe KOCMUYecKoe
NPOCTPAHCTBO — COSTHEYHbIMM YacTULaMu TemnepaTypHoro nons  Tq = 127,28K.
Ha rpaHuue BCTpeuM KOCMUYECKMX MUKPOYACTUL, W COSTHEYHbIX YacTuy obpasyetcs
yOapHasi 80sfiHa TemnepaTypHoro nepenaga.
a). C BHyYTpeHHeM - CONMHEYHON CTOPOHbI yOapHOU 80JIHbI WOET CryleHne CONTHEYHbIX
YyacTtuu, popmumpyeTca BoixogHoe none ConHua ¢ temnepatypon  Tqo = 127,28K .
6). C HapyXHOW CTOPOHbI yOapHOU 80JIHblI W3 MUKPOYacCTUL, MEX3Be3[HOro
npoctpaHcTtea Tg = 2,7K .

TemnepaTypHbIn KOIPPULMEHT BbIXOOa COSHEYHbIX MUKPOYACTUL, C MOBEPXHOCTU
ConHua B pennKToBoe nose KocMunyeckux Yactuy, Tg = 2,7K paBeH:

g = Tne/ Tee / TR =6000K /127,28K/2,7K = 47,14

Ha puc. 1 — 4 npefgcraeBneHbl TemnepaTypHble MOfs, CPopMUPOBaHHbBIE OKOJSIO

yp,apHoﬁ BOJIHbI BbIXOAHOIO TeMnepaTypHOro nosd COJ'IHLI,a.
Mex3Be3aHoe
BbixogHoe none NpPOCTPaHCTBO
MoBepxHocTb ConHua

Trec= 6000K

<«

. 4
Tec =127,28K| gc = 47,14

gc = 47,14

CryUJ,el-lﬂe

Tr=2,7K
conHeuHbix yactuy | [/

CryuweHue

KOCMMUYECKUX YacTul
TemnepartypHoe none

<
\ /
xonoaunbHUK
A —
yAapHasi BOsHa
BbixoaHoe TemnepaTtypHoe TeMnepaTypHoro nepenaaa

paHuua marHutocdepsbl -
Txc = 0,05728K
none T=27K Mepexon Tenna Tr =2,7K

Puc. 1 -4 B xonoaunbHuk ConHua T,.= 0,05728K

CornHue gencTByeT Kak mersiogass MalWuHa: C Kakum TemnepaTypHbIM nepenagom
OHO 3abupaeT TensoBYy AHEPTU0 U3 KOCMUYECKUX NPOCTOPOB [ranakTuku, ¢ Taknm xe
TemnepaTypHbiM nepenagoMm ConHue BblbpacbiBaeT TEMNMOBYHD  SHEPrU0 B
MeX3Be3gHoe NMpocTpaHcTBO. 3abop m BbIOpOC Tenna Bcerga nayt ¢ O4HOM U TOW xe
4acTOTOWN, paBHOW KOSPULMEHTY TemnepaTtypHoro TennoobmeHa CornHua: g = 47,14,

4. ConHue mn NanakTtuka.

«W3 ueHTpa B nnockocTu ManakTuku UCXoOaT cnupanbHble «pykaBay, rge NioTHOCTb
3Be3] CpaBHUTENbHO 0Oonee Bbicokasi. W3 ueHTpa [anakTmkm Kk Ham goxoauT
paguounanyyeHne n KOpoTKOBOSIHOBOE, PEHTreHoBCcKkoe manyyeHuney». (3) Ho Bce BuAabl
N3NyyYyeHns nayt N0 MarHUTHO-CUMOBbLIM JIMHUAM, KOTOpble CO34al0T MMKPOYaCTULbI

rpaBUTaLMOHHOIO nonsi ¢ temnepatypon T = 2,47107°K. {PacyeT MuKpoyacTuL
npeacTasfeH B rmaee «4acTtuvubl 1 MUKpOYacTULbl TeMNepaTypHbIX NOSien»}.
Kocmunyeckmne MukpodacTtuubl, co3garwolme MarHUTHO-CUSOBbIE  NIMHUK B

OKpyXarwuwieM MnpocTpaHCTBEe — rpaBuUTauMOHHOE ToJie, obnagawowime MUHUMaNbLHOW
Tennosoun 3Heprme|71 — KBAHT 3HGpFI/I€I?1, OCYLLECTBIIAOT:

- rpaBuUTauMOHHbIE Nepexodbl B LEHTPbI Xonoaa 3Be3a, ConHua, nnaHeT, Yactuu;

- CbOpMMpOBaHI/Ie AJ1IEKTPOHOB, NMPOTOHOB, HeIZTpOHOB, aTOMOB, 3J1IeMeHTOB BeLlEeCTBaA.



Kocmuyeckme mukpodactmubl Tg = 2,7K  noctynatot B xonoannbHuk ConHua
Ty = 0,05728K c oTHOoweHnem nepenaga temnepatyp: g=Tr/ Ty =47,14 .
C TakMm e OTHOLWEHMeM nepenaga TemnepaTtyp UeHTp [asmakmuku CBA3aH «CaMbiM
ANTVMHHBIMW HUTSAMWY, CO3A4aHHbIMM MUKPOYaCcTULLAMN MarHUTHO-CUITOBOrO Nons
Tue = 2,47107%K ¢ yeHmpom xonoda ConHua:
Tw= Tue /47,14 =247 1072 K/ 47,14 =524 107" K

Mepexon Tenna T = 2,47 107K

No CUNOBBLIM NUHUAM U3 [anaKkTUKK > CnupanbHasa TemnepaTtypHas

B LIeHTp xonoAaa M3rHUTHO-CUJIOBas NMNHUA

T=5,24 107 K IXo4a MUKpo4acTuL, T=2,47'10_12K

ConHua *

Y
HTp ManakTukm
T C LeHTpom xonoaa T=2,26' 102K

Puc.1-5

Mex3Be3aHoe npocTpaHcTBo T = 2,7K

CornHue, 3a cyeT CBOEW 3Heprun, pBeTcs K XonogHomy ueHTpy [anaktukn. B cBoto
oyepedb, A4p0 @anakTMKM CUNOBBLIMKM NMOTOKAMW MMUKpodacTul oTTankmsaeT ConHue.
3a c4yeT cBoen aHepruun, ConHue nogaepXxmBaeT NOCTOSHHY OpbuTarnbHY0 CKOPOCTb
aswxeHust Bcen ConHeyHon cnctembl 250 km/c BOKPYr LieHTpa [Manaktuku.

5. BHyTpeHHee cTpoeHue, XONoAHbIN TepMosiAepPHbIN nNpouecc B LeHTpe ConHua.
CyLliecTByeT coBpeMeHHasi Teopust BHyTpeHHero ctpoeHus ConHua.
«B ueHTpe ConHua Haxogutca £S0po, rae npu BbICOKOM AaBNEHUN U Temnepartype
NPOUCXOAAT TEPMOSIAEPHbIE peakLmm - CMHTe3a rennsa u3 Bogopoaa: 4YeTbipe NpoToHa
(sopa Bogopoaa) obpasytoT anbda-vyactuuy (agpo renvs).» (6 )
B ntore nony4aem Bonpochkl, Ha KOTOpble HET OTBETA:
1. OTkyga aHeprus ons Harpesa sigpa npotossesabl o 100 mnH. rpagycos Llenbcus,
4yTOObl 3apaboTan TepMOSIAEPHbIN pPeakTop, CUHTE3UPYIOLUN U3 NErkoro XMMm4eckoro
anemMeHTa — Bogopoda bonee TaKenbln - rennin?
2. Kak perynupyeTtcs NOCTENEHHbIN pacxod Bogopoaa, Kotopbii coctasnsetr 70% ot
Bcero o6vbema ConHua? Ecnu agpo ConHua, Kak cumtaroT, UMeeT TemnepaTtypy
15 mun. rpagycos, TO 3TO CNpPOBOLMPYET B3pbIB BCero sogopoaa ConHual
dakTu4eckn nony4vaeTcs, YTO COBPEMEHHOE NMpeacTaBneHne o ctpoeHmn ConHua -
370 abcontoTHO He paboTocnocobHast KOHCTPYKLMS.
UTto e npeactaBnseT cobon KoHCTpykums ConHua, koTopas paboTaeT B pexume
HenpepbIBHOro, MOCTOAHHOIO BOCNPON3BOACTBA M pacxofa MOLLHOW TEnnoBON SHEpPrum
N BELLECTBA — COSNTHEYHOM NNa3mbl?

1. ®yHAameHTanbHoe U LieHTpanbHoe aapo ConHua.

B ueHTtpe ConHua copmmupoBaHo gpyHOaMeHmasibHoe 50po C UeHmMpPOoM X0s100a.

CunosbIMN NUHUAMK OBUMXKYTCS, U3 LEeHTpanbHOW Yactu [FanakTuku, MMKpoYacTuLbl C
Temnepatypont T =247 10" K , obnapatoLime MUHUMATLHOW TENMOBON 3Hepruen —
KBaHT aHeprueii, B ueHmp xonoda ConHua Ty = 5,24' 107K , roe npovcxoauT npoLecc
paspblBa KOCMMUYECKMX MMKpPOYACTUL, A0 MUKpodacTuy LeHTpa xonoga ConHua, C
nepenagom: g=T/Tyw=2,47 10"2K /5,24 10K =47,14 .

Mpouecc paspbiBa — COMNPOBOXAAETCA MOrfoweHnemM Tenna, HoO B TOXe Bpems
NOsIBNSIETCS TMraHTCKOe KONMMYECTBO HOBbIX MUKPOYaCTUL, B pe3ynbTate — AaBrfieHue B
06bEeMHOM, 3aMKHYTOM LieHTpe xonoga ConHua yBennymMsaeTcs.

Ho Tak kak TemnepaTypa B LEHTpe xonoga OOShKHa ocTaBaTbCA MOCTOSAHHOW, TO
NPOUCXOAMT BbIOPOC NoA AaBNEHWEM «IULLHUX» MUKPOYacTUL, B 8bIXOOHOE rosie
LueHTpa xonoaa — xos00unbHuUk ConHua. Cm. puc. 1 -6 .
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B xonoguneHuke nget popmmposaHme vYactuy ¢ Temnepatypon T= 0,05728K, rge
B LEHTpe Kaxaon YacTuubl TemnepaTypa paBHa UeHTpy xonoga ConHua
T= 5,24 107K . 3HauuT, Kaxdas yacTuua, kak 1 LeHTp xonoda ConHua, cBsizaHa
MarHUTHO-CUMOBbIMU NUHUAMMU C MEX3BE34HbIM NPOCTPAHCTBOM ["anakTuku.

OcHoBoW @yHOameHmMasnbHo20 sidpa ConHua ABNAsSeTCa XOs100uNbHUK, KyAaa
BPbIBAOTCS KOCMUYECKME MUKPOYACTULbI PENIMKTOBOIO N3NYYEeHUs C TeMnepaTypomn
Tk = 2,7K, rae paspbiBatloTCs A0 MUKpoyacTuy ¢ Temnepatypon T =0,05728K .
lMpouecc paspbiBa KOCMUYECKUX MWUKpOYacTUL, MAeT C 3aTpaTamum Tenna, T.e. C
NOHWXEHNEM TemnepaTypbl. JTaByHHBIV npouecc obpasoBaHUs MUKpoYacTul, B
3aMKHYTOM 06bemMe, NPUBOAUT K NOBbLILLEHWIO 0as/ieHUs.

Tak Kak TemnepaTypHbIn BanaHc B ghyHOaMeHmaribHOM SiApe OCTaeTCsl CTabunbHbIM,
TO 00pasyoTCA OrPOMHOE KOMMMYECTBO «JIULLHUX» MUKPOYaCTUL, C TeMnepaTypon
T =0,05728K , koTopble BblbpackiBatoTCH 13 pyHaameHTanbHoro sapa CornHua vyepes
yOapHyto 80J/IHY — TpaHuua BCTPEYM C KOCMUYECKUMMM MuKpovactTuuamu Tg = 2,7K
HenpepbiBHO MOCTynawuwme B BbIXogHOe none dyHOaMeHTanbHOro sgpa  —
xonogunbHuk ConHua.

Ha ocHoBe kocMu4yeckux mukpoyactuy Tg = 2,7K u, BbIXOAAWMX NOA AABMEHUEM U3
BbIXOZHOro nons pyHaameHTaneHoro sgpa mukpodactuy T = 0,05728K cdopmupyrotcs
YacTuubl C (pyHOAMEHTanbHbIM SAPOM, NOAOOHbBIA COMHEYHOMY. OTU YacTuubl, Yyepes
XONOAHOE AOpP0 «HaKa4yMBaKTCA» KOCMUYECKMMN MUKpodacTuuamm T =2 7K n
T =2,47-10"K po maccbl NpoToHa, YTo NoATBePKAaeTCs pacyeTamu. {cM. rmn.3 }
CdopMnpoBaHHble MNPOTOHbI C  dyHOAAMEHTanbHbIM  XONOAHbIM  S4POM  CcOo3fatloT
chepunyeckyto rpPOMoOHHyt0 ydapHyro 80sIHy ¢ Temnepatypon T = 2,7K  mexay
¢gpyHOamMeHmManbHbIM U UeHmpasnbHbIM sgpoMm ConHua.
Kpome npoToHa B LieHTpanbHOM gape 06pasyltoTCa U YacTuLbl HENTPOHbLI:  BOKPYr Sapa
— npotoHa T; = 2,7K , Cc XONogHbIM LEHTPOM, rpynnMpyoTCa MUKpPOYacTuLbl C
Temnepatypon T, = 0,05728K . T[lpu cpbiBe C HEWTPOHA HAPYXXHOroO Criosi, U3
mukpoyactuy, T, = 0,05728K dopmupyeTtca anekTtpoH. M3 npoTOHOB, HEUTPOHOB U
HenpepbIBHO MOCTYNaLWMX B MX LEHTPbl XOrnoga W XONOAWUNbHUK KOCMUYECKMX
MUKpoYacTuy, ¢ Temnepatypon T = 2,47 10" K n T =27K co3galTcs aToMbl:
BogopoAa, renvn, yrnepog... lNpupoga HenpepbIBHO CTPOUT OAHOTUMHbIE KOHCTPYKLUK
aToMOB: (POpMUPOBaHME aTOMa KOCMUYECKMMW MUKpoYacTMuamMu NPOUCXOAUT 4Yepes
X0nogHoe (hyHaameHTanbHoe S4p0 — MAeT XONoAHbIM TepMOosSAEPHbIN MpoLecc.
N3 Bogopoaa c temnepatypon T = 2,7K bopmmpyeTca yeHmpanbHoe si0po CornHua.
3aTtBepaeBWwnin  Bogopon ueHmpasnbHoz2o <apa  ConHua HackBOo3b NPOHM3aH
«nayTMHOW» — rpaduToBbiMM HaHonopamMmu. [1pOTOHbI, BbIPbIBAACL W3  yOapHOM
NPOTOHHOW BONHbI C Temnepatypon T = 2, 7K ¢gpyHOameHmanbHo20 siOpa, NoA
AaBreHNEM 3axogaT B MUKPOCKOMNYECKME HAHOMOPbI-TYHHENN YeHmpasibHo20 sidpa.

N3BeCTHO, YTO akmusuposaHHbIlU y207b, WUMEEeT MUKPOCKONMUYECKME HAaHOMOopbl —
TYHHENU ¢ gMamMeTpoMm OT 9,210°m pmo 2,810° m. Ob6uas NOBEPXHOCTb 3TUX
nop, Hanpumep, B 1 2 aKTMBMPOBAHHOTO YrMs, MOXeT foxoauTb Ao 1000 m? . (8)

Mpogsurasice noa naBreHnemM Mo rpaduToBbIM TYHHENAM, YacTuubl — MPOTOHbI
CKMMAOTCA, YNNOTHAKTCA, MAET NPOLLECC TPEHUSA U yBENMYEHUs TeMnepaTypbl YacTuu,
koTopas nosblwaetca ¢ T =2,7K o T =127,28K ( c nepenagom g = 47,14).

Ho TtemnepaTypa B ueHTpanbHoM agpe ConHua pasHa T = 2,7K , cnegoBaTesibHO,
BOKpYr yactuupbl-npotoHa T = 127,28K copmupyeTcs obonoyka n3 Mmkpoyactuy, C
Temnepatypon T = 2,7K , T.e. NPOTOH NepexoanT B HEMTPOHHOE COCTOSIHUE.

Mpwn BbIXOAE NOA AAaBMEHMEM U3 LIEHTPAsbHOMo sAapa, HEMTPOHBI, rae SApo-NPOTOH
T =127,28K n obonoyka n3 mmkpovactuy ¢ T, = 2,7K , BCTpevaroTcsi C KOCMUYECKUMU
MukpoyacTmyammn Tg = 2,7K | ocywecTsnswowme  rpaBuTauMoOHHbIA nepexoqd B
XONoAunbHUK (pyHAamMeHTanbHoro sigpa. Ha rpaHuue BCTpeun cospaetca ydapHas
gosiHa. Cm. puc. 1 —6
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Mpn npopbiBe yaapHOW BOSHbI C HEUTPOHOB CpbiBaeTcsl 0605104Ka M3 MUKpOYacTuL, C
T, = 2,7K © BO3HMKalOWMe A4pa-NPOTOHbI  CO34al0T  COEPUYHECKYIO MPOMOHHYIO
yOapHyto 80s1Hy ¢ TemnepaTtypon T =127, 28K mexay uyeHmpasibHbIM U 8 HEWHUM
aapom ConHua. LleHTpanbHoe aapo ¢ Temnepatypon T = 2, 7K nmeeT TepmMo3alymTty ot
NPOTOHHOM yA. BofHbl T =127,28K — rpacdouToBbIN Crior — 0605104KY.

Mex3Be3gHoe NpoCTpaHCTBO

dyHaamMeHTanbHoe U LeHTpanbHoe aapo ConHua.

Bbixon noa AaBneHuem B HAHOMOPY 8HewHe20 aapa
npotoHoB T = 127,28K 13 ygapHOW BOSHbI

ueHmpasnbHoO20 agpa Bxon kocmuyeckux ©
Mukpoyactuy Tk =2,7K Bxon
llpomoHHas B xonoaunbHuk T, = 0,05728K MUKpoYacTuL
yaapHaa sBonHa T =127,28K ¢hyHOameHmanbHo20 sigpa T=24710"K
ueHmpanbHo2o sapa ConHuya B UeHmp xoJs100a
T=52410"K
MpoToHHasn © ConHua
YronbHasa obonoyka yAapHas BosiHa
M HaHonopa cpdeameHmaanoao MarHuTHo
appa T= 27K CuUnoBsble
NIMHUN
;%@v 3aTBep.quumu Bo.qopo.q
| [k . ({ @’ o
~— \ N /\ 00 &0 (@)

L C60 P‘lix‘@g’ o

®‘oo Ny

00000
oo )'

A A —— e~ Vy %) Pa3pbm
-~ Q ’(; © @ @' ukpouactunbl T =2,7K
\l @‘6’ @: "‘:‘A A o . p B X0I0AWJIbHUKE HA
o/ _
\ @ @ % MHUKPOYaCTHIbI
~ /D < T = 0,05728K
= N
Fr) LleHTpanbHoe saapo MpaBuTau. naBneHue
Mukpouactuy Ty =2,7K
BHewHee sagpo HentpoH:
Appo-npotoH T, = 127,28K MpoTtoH T =2,7K
MukpoyacTtuua ob6onoyka T, =2,7K BXOA nopa AaBrieHUWeM B HaHonopy
Tr =2,7K
Puc.1-6 Tepmo3sawmTa: rpacmtoBas o6onouka

2). KoHcTpyKuusi BHellHero siapa u nosepxHoctn ConHua.

B yronbHble HAHONOPbLI BHELLHErO SApa 3axXo4saT nog AaBreHneM 4YacTuLlbl-NPOTOHbI
c Temnepatypon T = 127,28K , BblibpacbiBaemble U3 NPOTOHHOM YOAPHOW BOSHbI
LeHTpanbHoro aapa .
B HaHonopax nget npouecc ysenuyeHus temnepaTypbl sgpa-npotoHa go T = 6000K
3a CYeT JaBreHns, TPEHUS, U HENPEPBLIBHOMO BXOA4a KOCMUYECKUX MUKPOYaCTUL, B LLEHTP
xonoga. Ho Tak kak TemnepaTtypa B HaHornopax BHewHero agpa ConHua [ommkHa
ocTaBaTbCA MNOCTOsSIHHOM paBHonm T = 127,28K, TO wugeT npouecc coxpaHeHus
TemnepaTypbl:  MUKpodacTuubl ¢ TemnepaTtypon T, =127,28K rpynnupytoTcst BOKPYr
agpa-npotoHa ¢ Temnepatypon T4 = 6000K - obpasyeTca HENTPOH.

10



N3BecTHO, 4TO ned M yrnepog — 9TO OCHOBHOW CTpPOMUTENbHbIA MaTepuan KoMmeT
CornHeyHoOM cucTeMbl. HangeHHble B aHTapKTUYECKUX JibAax MUKPOMETEOPUTHI
cogepxat ot 50% po 80% yrnepoga. ( 3akntoyeHne HaunoHanbHOro LeHTpa Hay4YHbIX
nccnegosaHun (PpaHums).

Ncxoasa na aTux AaHHbIX, KOHCTPYKUKNSA sHewHez0 agpa ConHua npefcrasnseT cobon
3aMKHYTbIM ~ 06beM,  3alULWEHHbIA  YrofibHOW  ODOMOYKOW; AP0 3arofiHEHO
3aTBepdeBlIMM BellecTBOoM ¢ Temnepatypon T = 127,28K wn NpoHU3aHO nayTuHOWM
YrofibHbIX HaHonop. 3aTBepaeBluee BeLwecTBO — 3To unv ammuak NHs  nmetowmin
TemnepaTtypy 3atBepgeBaHna T = 1955K , unn neg HO . ( MetaH nmeet Temnepatypy
3aTtBepaeBaHua T =89K). Puc. 1 -7

BHewHee s4po n noBepxHOocTb ConHua.

Mex3Be3aHoe npOCTpaHCTBo/>
BXoz KOCMUYECKIX MUKpOYacTyL
B LIGHTPbI XONOAA COMHEYHBIX YacTuL

lpomonHasi ynapHas BonHa T = 6000K

IpasumayuoHHoOe paBneHune eHewHezo saapa ConHua.
KOCMMUYECKNX lpomoHHasi ypapHas
umkpovactuy, T =2,7K BonHa T =127,28K
myactuy T =127,28K Anpo - NpoToH uyeHmpasnbHoO20 siapa
ConHua
Ha yAapHYH BOJIHY YacTtuua — HeMTPOH:
nosepxHocTtu ConHua aapo —npotoH T4 = 6000K;
T = 6000K HapyxHoe none T, = 127,28K
\ YronbHbIN Kapkac sgpa
C HaHonopamum

3aTBepAeBLUMNA NH3
,3 mm nen H,O

@ O ”" OQ

@
Fro N Tepmo3awmra

paBuTaLMoHHOE

AaBrneHne MuKpoyacTtuy, Bbixog
FpaHyna cdoTocepbl kocmuyeckux T=2,7K un apep—npoTtoHoB T = 127,28K

BbixogHoro nonsa T = 127,28K M3 LUeHTpanbHoOro sapa
30Ha KOHBeKLUn Cxatue npotoHoB T = 127,28K

Puc.1-7

B 1977 r. cotpyaHukn HUW Apktuku n AHTapkTuku, n B 1984 r. amepukaHckue
nccneposatenn obHapyxunu B obpasuax rnybokoBoOHOro fbAa, BO3pacT KOTOPOro
oueHmnBancs 20 TbicaY neT, TOHYanLme 30510Tble BOSIOCKN — HUTM.
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CnepoBaTenbHo, B rpacdMToBbIX HaHOMopax uaeT NpoLecc CTpoMTenbCTBa aTOMOB
BELLECTBA: BXOA KocMuyeckux yacty T =2,7K n T=2,47 107K B xonogHbii LEeHTp
agpa  atoma. ATOMbl 30Mn0Ta CcGOpPMMPOBaNMCb B TpaduMTOBbIX TYHHENsX,
BMOPOXEHHbIX B e — 3a CYET XONOoAHOro tepmosaepHoro npouecca. OT BHELLIHMX
BO34ENCTBUN rpacomT paspyLUnics, 30/10Tble HUTU OCTanuChb.

Mony4aeTtcqa, 4To B rpaduToBbIX NOopax BHewHero gapa ConHua, B pesynbrare
XONOAHOro TepMosiAEPHOro npouecca, POpMUPYOTCS Kak NpocTble (Bogopoa, renun),
Tak U CNOXHble aTOMbl 3fIEMEHTOB BeLlecTBa.

BoipbiBasicb nog [OaBneHMEeM peakTMBHBbIMW  MOTOKAMM W3 YroflbHbIX HaHOMOp
8HewHe20 Sapa, 4acTuubl — HEWTPOHbI, BCTPEYAKTCHA C MOTOKOM MWUKpPOYacTuL C
Temnepatypon T = 127,28K, Haxogawmxca nog rpaBUTauMOHHbIM [aBfieHUneM
KOCMMYECKNX MUKpoyacTml Tgr = 2,7K , OCyLLECTBNSAOLWMX rPaBUTALMOHHLIN NEPEXOA B
dyHaameHTanbHoe s4po — xonoawunbHuk ConHua. B pesynbtate, Ha rpaHuue
BCTpPeYM OBYX MOTOKOB, MPOMCXOOUT CXKaTue HENTPOHOB M UX TpeHne. C HEeWTPOHOB,
BbIXOAALLMX N3 HAHOMOP BHELUHEro siApa, CPbIBAETCS HAPYXKHbIA CION MUKPOYaCTUL, C
TemnepaTypoun T, = 127,28K ; nosBnalTCA sapa — MNPOTOHbl C BbIXO4HOW
Temnepatypon T, = 6000K , koTopble crywascb, CKuMmasicb 0b6pasyoT MOLLHYIO
MPOMOHHY YOAPHYIO BONHY sHewHez20 agpa ConHua c temnepatypon T = 6000K.

BHewHe sgpo, TemnepaTypa koToporo T = 127,28K , nmeet Tepmosawuty —
YrofibHy0 0605104KY, OT MPOTOHHOW YAApPHOW BOSHbLI ¢ TemnepaTtypon T = 6000K.

MoLlHble peaKkTUBHblE MOTOKM  MNPOTOHOB, MOA [AaBfIEHMEM BbIpbiBasiCb W3
MPOMOHHOU YyOapHOW BOJSIHbl BHEWHe20 sApa, BCTPeYasiCb C  OKpYXKatoLmm
MEX3BEe3OHbIM MPOCTPAHCTBOM, CO30AKT MPOMOHHYK yOapHyH 80JIHY MNOBEPXHOCTU
ConHua ¢ Temnepatypon T = 6000K . Crnepylowme MNOTOKM MPOTOHOB, MOA
AaBneHnem BblbpacbiBaeMble U3 MPOMOHHOU yaapHOW BOSHbI 8HewHezo sigpa ConHua,
nonagaroT B 30HYy KOHBEKUUU, KoTopas obpasyeTca Mexay yaapHOW BOSIHOW 8HeWHez20
aapa u npomoHHoU ydapHou eosniHou noBepxHocTy ConHua.

B 30He KOHBEKUMWM BO3HWMKAKT MOLLHbIE MOTOKM MPOTOHOB, BbIXOASALLUME CUIIOBLIMMU
NMHUSIMA M3 NPOTOHHOW YAapHOM BOSHbI BHELUHEro siapa, KOTOpble pacKpyvvMBaloT
NPOTOHHYI YyAapHyl BOMHy — noBepxHocTb ConHua. Ha nosepxHoctn CornHua
HabngalTca NSATHA, MMEKLWMe He OAMHAaKOBYH CKOPOCTb MEpeEMELLEHUs, KoTopas
yMeHbLlaeTcs Npu  ux yaaneHun ot akeatopa ConHua. (6) 3To cBuaeTenbCTBYET O
30HaNbHOM BpaLLeHNN yaapHOWN BOMHbI NnoBepxHocTu ConHua.

Tak Kak B 30HY KOHBEKLMM GecnpepbiBHO BpbIBAOTCA S4pa — NPOTOHbLI, TO B 30HE
KOHBEKLMN BO3pacTaeT AaBreHne N NpOUCXOAUT NPOpPbIB yAapHOW BOSHbI NOBEPXHOCTH
CornHua NpoToHHOW nfia3mMon, ¢ obpasoBaHueM NpoTybepaHueB; NPONCXOANT MOLLHbIN
BbIGpOC conHeyHou nnasmbl B COMHEYHYIO CUCTEMY.

3). OnpepneneHuve paguyca BHelwHero sapa ConHua.

OnpepgenvB pagnyc rnpomoHHOU YAAPHOW BOJSIHbI BHELWHeEro aapa, gakTudecku
CTaHOBUTCSA M3BECTEH paguyc BHewHero sgpa ConHua. YTo6bl onpefenutb paguyc
MPOMOHHOU YAAPHOWN BOSHbI HEOBXOANUMO BbIYUCIIUTL: 2pasumalyuoHHYH NMOCTOSHHYIO,
T.€. TeMNepaTypHyo NOCTOSAHHYO U Maccy ConHua.

TemnepaTtypHas NoCTosiHHas onpefendeTcs Yyepe3 pPaBEeHCTBO YPaBHEHUW 3HEPruu:
n3nyyaemom nopumsiMn (KBaHTamu) C ornpegeneHHoW 4acTtoToun E = hv wu
onpegensiemon no temnepatype E = KT , rge TOYHO BblMMCIEHHbLIE NOCTOSAHHbIE:

h = 6,626210*ax.c — noctosHHaa MnaHka; k = 1,3806610° ?° OwK — NOCTOSHHAs
BonbumaHa. v - yactoTa uanydyenusi. Takkak hv =KT , nony4yaem:

¥ = h/k =T/ =6,626210" x.c /1,3806610 % Ox/K

y =4,799310 " Kc - memnepamypHas nocTosHHas.

TemnepaTypHasi NOCTOSAHHAA — 3TO TeMNepaTypHbIN KOIPPULMEHT onpeaensatoLmn
TenmnoBoe U3ry4yeHne MMKpoYacTuL, C onpeaeneHHon YacToToN.
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Ho mukpovacTuubl UMeT: pa3mepbl, Maccy; CKOPOCTb NepeMeLLleHnNs U3 Tennoro
nons B XONoAgHoe, C onpeaeneHHoOn 4YacToTon U AfIMHOM BOSIHbI, T. €. COBEepLIatoT npu
nepexoge He TOMbKO mepmMoOuHaMu4yeckKoe nepemMelleHne, HoO N epasumauyluoHHOe
CUNOBOE AaBlieHMe.

[MoaTomy, YMcneHHoe 3Ha4YeHne TemnepaTypHON NOCTOSTHHOM MOXET UMEeTb U apyrue
eaVHULIbI U3MEepPEeHns, Hanpumep, 2pasumauyuoHHbie ( Hw?/kr).
Torga, memnepamypHasi ~ MOCTOSIHHAA MO BenWYMHE paBHaA, 2pasumauyuoHHOU
nocTosiHHOW, T.e. G = 4,7993 107" um¥kr? . CnepoBaTtenbHo, epasumauusi NPoucxoauT
3a cyeT TemnepaTypHOro nepexoda MWUKpoYacTuLl Mexgy nonsamMuM — u3 Tenron B
XONOAHYH 30HY (CcornacHo 2-ro 3akoHa TepMOANHAMMUKM), U UMEHHO MUKpOYaCcTULbl Npu
nepexoae co3narT epasumalyUuUoHHOEe CUNOBOE AaBrEHMe.

*** OnbiT KaBeHAMLWA ANs onpeneneHns rpaBUTaLMoOHHON MOCTOSHHOWN.

[ns 3Toro ncnonb3oBanuck KPYTUnbHble BeCbl, CM. puc. 1 — 8

Ha ToHKOM KBapueBOW HUTWU MOABELUEH FErkKUM CTEepPXEHb, Ha KOHLAxX KOTOpOoro Aga
CBMHLIOBbIX LUApuMka C mMaccoM m  Kaxabil. K HUM nogHocAT OBa CUMMMETPUYHO
pPacnonoXeHHbIX CBUHLOBbIX Wapa ¢ 6onbwmmn maccammn M.

B pesynbTate HUTb 3akpyyMBaeTCA Ha HEKOTOPbLIM yron A0 Tex nop, noka cuna
yNpyroctm 3akpy4YeHHOW HUTU He YpaBHOBECUT Cuny Fro  rpaButaumoHHOro
B3auMOAeNCTBMUS Mexay AByMs wapamu. CyTb 3KCNepuMeHTa 3akntoyanacb B TOM,
4YTO, U3MEPMB CUNY B3aMMOOEUCTBUA MO YIAy 3aKpyyuMBaHUS KBapLEBOW HUTW, 3Has
Macchbl LLAPOB U paccTosiHne Mexay ux ueHTpamu, 6bina onpegeneHa rpaBUTaunMoHHas
noctosiHHas: Gy= 6,67210~ " um¥kr?

Monpobyem pasobpaTtbea: MOXHO §KN TOYHO OMNpeaenuTb rpaBUTALMOHHYIO
NOCTOSIHHYIO C MMOMOLLBIO AAaHHOW YCTaHOBKW. Kocmuyeckme u ComnHeyHble
MUKpOYacTULbl, COBepLlasi rpaBUTAUMOHHbLIA Nepexod B XonodHble Hegpa 3emnu,
POPMUPYIOT BOKPYr LIApPOB TemnepaTypHble MO — HapyXHoe paspexeHHoe, a
BHYyTpeHHee 6oree nnoTHoe, T.K. aTOMbl LLapoB 0bnafatoT LeHTpamMu xonoaa.

KBapueBas HUTb HapyxHoe TemnepatypHoe

none Mmaccbl m

BHyTpeHHee TemnepaTypHoe
none Maccbl m

HyTpeHHee TemnepaTypHoe
none maccoel M
HapyxHoe TémnepaTypHoe

Puc. 1-8 none maccel M

l--|aCTI/1Ll,I:I HapyXHOro temnepatypHoro nossa Macchbl M «3aTdArmBaroT™», nornowarT
YacCTuubl HApy>XHOrFo TemMnepaTtypHoro nojada m , T.K. oonbLioe TeMneparypHoe norne
maccel M Ha Kakue-To aonn  no Temnepartype oTiindaeTca OT MaJieHbKOoro
TeMnepartypHoOro nond maccbl m.
Ha onpeperneHHoMm aTane conmxeHna macc HapyXxHble TemMnepaTtypHble Nosns
CJINBAkOTCA, 06pa3y;| eaQunHoe HapyXxHoe TemMnepaTtypHoe Tnorne. B pesylnbTaTte
noJsiydaeTcd, 4TO KBapueBad HATb 3aKpy4dnBaeTCA.
Yron 3akpyymBaHnAa HUTKU TMpeKpawaeTcd Ha TrpaHuue BCTpeYun Oonee nMNOTHbLIX
BHYTPEHHUX TEMMNEPATYPHbIX nonew LapoB Mmacc Muyum , MNP 3TOM yCTaHaBJIMBaAETCA
paccrtoAaHune d mMexay wapamu. Hanwvune TeMnepaTypHbIX noneu Mexay wapamm He
AaeT BO3MOXHOCTb MNOJ1y4nTb TOYHYHO CUIny rpaButTauMoOHHOIo B3aI/IMOD,eIZCTBI/IFI Frp .
CJ'Ie,D,OBaTeJ'IbHO, onpegenimte MOYHO rpaBUTalUNOHHYKO TMOCTOAHHYHO C MNMOMOLbIO
onbiTa KaBeH,D,I/ILua HeB80O3MOJIKXHO.
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PacueT paguyca BHeluHero siapa ConHua

B3aB 3a ocHoBy aBmxeHue 3emnu no opbute, no 3-my 3akoHy Kennepa:

rP/T’=const unm r*/T°=GM/4n* , Tk a=4n’r/T?,
0o M=arr/G ; onpegensieM  MPOMOHHY Maccy, KoTopas
BblOpacbiBaeTcss ConHuem B COSMHEYHY0 CUCTEMY — OHa paBHa Macce
MPOMOHHOU yOapHON BOSMHbI BHeLWHero sapa ConHua:

M, = aR?/ G, roe G- rpaBMTaUMOHHas NOCTOSIHHAS;

a = 5,93210°m/c? - yckopeHve 3emnu; R = 14,9610"°m — paccrosiHue
ot 3emnu go ConHua.

Horann Kenmep (1571—1630).

WoraHH Kennep

Torga, macca npomoHHoU yaapHon BonHbl sapa ConHua:
M. = 5,93210"m/c? - (14,96:10"°m)? /14,7993 10" " um?/kr® = 2,766'10%%r.
[MpoBepoYHOE pelueHne — onpeaensieM BbibpacbiBaemMyo NpoTOHHY0 Maccy ConHua
Yyepes maccy 3emnm m; = 8,307 10%* «r (pacyeT gaH B pasgene «[uHamuka ABMXEHUSNA

3emnuny). Tak kak macca ConHua 6onble macesl 3emnn Mg > m;,

B ~ 333000 pas, nony4aem, 4To Macca rnpomoHHoU yaapHoun BonHbl ConHua:

M. = m; 333000 = 8,307-10%kr- 333000 = 2,76610®  kr. PesynbTaTbl cOBNaaaioT.

B kauectBe npumepa, gokasaTenbCTBa paBEHCTBA MacC MPOMOHHbIX YOAPHbIX BOJH
ConHua, MOXHO BOCMONb30BaTbCs 3aKOHOM [@aycca, KOTOpbI yCTaHaBNMBAET, YTO
aneKkTpuyeckoe nose, CyLIeCTBYIOLLEE CHApPYXXW  paBHOMEPHO 3apsKEHHOro Lwapa,
TOYHO TaKoe Xe, Kak 1 B Crny4ae, Korga Becb 3apsii CKOHLEHTPUPOBAH B LIEHTPE Llapa.
To ecTb, U3 LEeHTpa wapa BECb CKOHLEHTPMPOBAHHbLIA 3apsd N0 CUMOBbLIM JIMHUAM
nepeLlen n paBHOMEPHO pacnpeaenuncs Ha cdepe Lapa. 3ameHsiem 3apsag Ha
NMPOTOHHYID Maccy CONHeYHOW nnasmbl.  [lonyyaem paBeHCTBO MaccC: MPOMOHHOU
yAapHON BONHbI yHOameHmarnbHo2o aapa Mgys, MPOMOHHOU yOApHOW BOJIHbI
ueHmparsnbHo20 sapa M, q; NMPomMoHHOU ygapHOW BOMHbI 8HewHez0 aapa ConHua Mgg;
MPOMOHHOU Macchl, BbibpacbiBaemon ¢ noBepxHocTn ConHua B COMHEYHY cuctemy:
Mgs= Mya= Msg= M= 2,76610%%r.

B cdepuyeckon npomoHHOU yaapHOW BOMHe cobnogaeTcs paBeHCTBO MMMynbca
BCEN Maccbl sa4ep - MPOTOHOB, COCPEAOTOYEHHbIX B yAapHOW BOSHE, C UMMYbCOM
NpOTOHa Npu CKOPOCTK CBEeTa:

Mvn = myCk (3*) — bopmyna paBeHCTBa Makpo 1 MUKpomMupa ,
roe M = M; — macca npomoHHOU yaapHOW BOSHbI paBHa rMpOMmMoHHOU Macce, KoTopast
BblbpacbiBaeTca ConHuem B CONMHEYHY cuctemy.

V — CKOpPOCTb NPOTOHAa B yAapHOW NPOTOHHOW BOSHe ¢ Temnepatypon T = 6000K .
CKopoCTb NpOTOHa onpeaensieM M3 paBeHCTBA OTHOLLEHUS TeMnepaTyp K OTHOLUEHUIO
ckopocteii yactuy : T/ T=C/v,rae  Tp=1,0888 10"°K - Temnepatypa npotoHa B
yOapHou BosHe npu ckopoctn ceeTa C (cMm. Tabnuuy Ne 2)

CkopocTb npoTOHa B yaapHou (nonepeyHon) BornHe npu Temnepatype T = 6000K
pasHa: v =T C/T,=6000K 2,997910%/c /1,0888 10K =1,65 10" mic;
n =g = 47,14 m/c* — yckopeHue BbIGpoca YacTuL, U3 NPOTOHHOW yaapHOW BOIHbI,

Mo BeNMYnHe paBHOe KO3 PULMEHTY TemnepaTypHoro TennoobmeHa ConHua;

mp = 1,67265 10" kr — Macca npoToHa.
k = S/sp — KOa(PPULMEHT OTHOLLEHUI: NNOLWaAmn cdepbl MPOMOHHOU YAAPHOW BOSHbI
ConHua S =4z R? knnowaan npotoHa s, == r* = 1,39 10°"'w? , roe

r=2,110"°m paguyc npoToHa.

Mnowanb cdepbl NMPomMoHHOU yaapHoW BonHbl paBHa: S = Mcgvn s,/ mpC
S =2,766 10%%r 1,65 10" mic 47,14 mic? * 1,39 107%'w?/ 1,67265 10" «r 2,997910%w/c ;
S =596,3 10w, T.k. S=41R?

CnepoBaTenbHO, pagunyc rMpOMmMoHHOU YAApHOW BOSHblI — pagvyc 8HewHezo sapa
paBeH: R?=S/4n =47,4810",> ; R =6,8910% .
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Tak kak rnpomoHHasi yoapHaa BosiHa ¢ Temnepatypor T = 6000K cospaetcs y
NMOBEPXHOCTN BHELLHEro sigpa, noaTomy, paguvyc agpa ¢akTU4ecku paBeH paguycy
npomoHHoU ypapHon BomnHbl. O6beM gHewHez20 sApa No NPOTOHHOW yAapHOW BOSHE
paseH V= 13,7 10%w°
Paguyc CornHua 6bin onpeaeneH no gotocepe U coctaensieT R = 6,95 108, .
Torpa o6bem ConHua paseH V.= 14,06 “10% w® Cm.puc. 1-9

Mony4yaetca, yto 97,45% om ecezo obrema ConHya - 3mMo xo/s100Hoe meJio.
N3BecTHO, 4TO 450 net Hasag BenuKUM acTtpoHoMm, puaunk WoraHH Kennep cumtan,
YTO «3B€3bl BMOPOXEHbI B HEMOABWKHYIO TBEPAb U3 Nbaax!

M3BeCTHLIN acTpoOHOM, yyeHbIn B. epluens paspaboTan Teoputo
cTpoeHus ConHua, KoTopas nofb3oBanacb LWMPOKMM NPU3HAHUEM
bonee Beka. CornacHo aton Teopumn «camo ConHue — xos00Hoe,
meepdoe, meMHoe mesio, OKPYXEHHOE ABYMSI 06NayHbIMU COsSIMN,
n3 Kotopblx, boTocdepa, KpanHe packaneH n Apok. BHyTpeHHuI
crnov obnakoB, kak cCBOe0Opa3HbIN 3KpaH, 3almLiaeT LeHTpanbHoe
510p0o OT OencTemns xapa». (12)

Bunbrenbm Mepuens

Kak yxe He pa3 6blBano B UCTOPUM — HEOBXOAMMO BOCCTaHOBUTH
NUCTUHY YHUKalrIbHOIo ABneHnda npnpoabl, KOTopoe NAeT No 3aKOHY COXpaHEHUA SHEPTUn:
C Kakum I'Iepel'laOOM mewmriepamyp  merisio I'IepeaaemCFI U3 Mexx38e30H020
ripocmpaHcmea 8 XOJ100HbIU ueHmp 36930bl, C maKum e I'Iepel'laOOM mewmriepamyp
38e30a uarsiydaem merisio 8 Mexx38e30Hoe rpocmpaHcmeo.

Nccneposanue ynbTpaduonetoBoro nanyyenms ConHua.( Uurepuer — doro)

Yacrota JlmuHa BOTHBI TABJINLIA A
10 T’y 10 m I'amMMa- n3mydeHue
10" I'n 10°m PenTrenosckoe nsiryyeHue
(~1,5107K)
10" I'm 1,5 107 M YabsTpaduosieToBoe uzaydeHue

koponsi Conna (1,0 10°K)

10" I'n 4107m - 810"m Bunumoe nznyuenue
(3,6 10°K - 1,8 10'K)
1,2510" | 24 10°m  IMoBepxnocrs Coanua (6000K)
10" I'm 1,15 10°M Hudpakpacuoe msnyuenue (1250K)

56210 | 5,33 10°m  PennkroBoe m3ayuenue (2,7K)
JITUHHOBOJIHOBOE HU3JTyUEHHUE
1,210° T 2,5 10" Xoaogmabuuk Comnna (5,7 107°K)

10° - 107 310°m HuskouactoTHbie
310" M (CBEpXTMHHEIE) BOJHBI
Puc. 1 - 8a 5,14 102 5,83 10°m Bounbl TPAaBUTALMOHHOI O MOJISA
(2,47 - 10"K)
N3nyuyeHne ConHua B peHTreHOBCKOM 2,210 | 1,3610"m Uentp xooxa Connua
(5,24 107°K)

cnektpe (poto NASA www. talks.su)

Y ConHua HeT gagpa c Temnepatypon B 15 mun. rpagycoB — 3TO MOLLHOE
peHTreHoBCcKoe n3nyyeHune,(cm. Tabnuuy A). Ha nosepxHoctn ConHua, rae T = 6000K,
obs13aTenbHO BbICBETUIIOCH Bbl TEMHOE sApo0. Ho ero HeT, cMm. puc 1 — 8a.

N3BecTHO, 4TO arpeccuBHOe ynbTpadMONeToBOE U3NyYyeHue MAET OT pas3peXeHHOM
nna3mbl KOPOHblI ConHUa 1 3agepxmBaeTca atmocdepon 3emnu.

Ho 4TO npousongeT, ecnn pPeHTreHOBCKOE M3MyvyeHue packaneHHoro sapa byaer
GecnpenaTCTBEHHO MNPOHWKATb K MOBEPXHOCTU NMaHeTbl? — Bce OyaeT BbIKOKEHO:
pacTUTENbHbIA N XNBOM MMP ByaeT NONHOCTLI0 OTCYTCTBOBaThL Ha 3emne.
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BHyTpeHHee cTpoeHue ConHua.

<|V|9>K33e3p.|-|oe npoc7qucD

Bxopn

MUuKpoyvactuy T = 2,47 10" K Bxopa kocmunyeckmx mukpoyvactuy Tg = 2,7K
MO MarHUTHO-CUNOBbLIM B XxonoaunbHUK CornHua - BbixogHoe none
JINHUAM B LEHTP xonoaa ¢dyHpameHTanbHoro agpa T, = 0,05728K

ConHua T=52410"K
®otocdepa - Trc = 6000K
noBepxHOCTHL CoONHua lMpomoHHas ypapHasa BonHa
T =6000K BHewHero sgpa

BHeluHee sapo u3
3aTBepAeBLUero BellecTBa:
ammuak NH; nunu neg H,0

LleHTpanbHoe sagpo

f 13 3aTBepAeBLIero
Bopgopona T = 2,7K

llpomoHHasi yaapHas
BonHa T = 127, 28K
LeHTpanbHoOro sgpa

<
dyHaamMeHTanbHoe AApo
c u¢HTpom xonopaa T =524 104 K
lpomoHHasi ypapHas
BonHa T =2,7K
¢yHaamMeHTanbLHoOro sapa
~O\TbIC. KM. BbixoaHoe none T,c = 0,05728K
¢yHpamMeHTanbLHOro sapa
3oHa
KOHBEKLUn
YronbHbIn Kapkac T = 127,28K
YronbHbIA KapKac BHellHero sigpa c rpadyuToBbIMM HaHONOpamMu
LeHTpanbHoro sgpa
C HaHonopamu. Tepmo3sawmTa — aneKTpoHHas 3oHa T = 127,28K
BbixogHoe none MarHUTHo-
CUIOBbIX JIUHUN Mpouecc rpaHynAuMmM Ha noBepxHocTu ConHua(BbIxon
T=247 10"K Tenna u3 ConHua 1 BCTPEYHbI MOTOK KOCMUYECKOro Xomnozaa)
Puc. 1-9 DdderT «xom0aH0r0» COJIHIIA MOKHO HAOIIOAATh, €CIU

HEOTPBIBHO CMOTPETH Ha 3axodauiee, yxe He spkoe CoiHue, TO
OykBasibHO uepe3 20 CeKyHJ| IMOCTENEHHO BO3HUKAET CIIEAYIOIee
apieHre: CoJiHIE MOCTENEeHHO MPEeBpaIlaeTcs B CIUIOUIHON
OeJbIN «XOJIOTHBIIN TUCK, BOKPYT KOTOPOTO OJIecTsIIee KOIBI0 —
(30Ha KOHBEKIMHU U (oTOCPepa); MOABIAIOTCS OeCIpepHIBHO
ucxozsmue or CoJiHIIa CBETOBbIE BOJIHBI KPaCHOBAaTO-pO30BATOI0
1BeTa — xpomocdepa, nepexosimas B kopony CoJiHIa .

Benplii quck - «xosoxHoe» CoHie

Wee OnecTAIEee KOIBLO — 30Ha KOHBEKIMU U BoTocdepa

Ucxopsmue BomHbl — Xpomocdepa u kopoHa CosHiza
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6. TemnepaTtypa KopoHbl ConHua.

«B BepxHux cnosix xpomocdepbl, Temnepatypa (¢ 20 000K) pesko BospacTaeT u
pocturaet 1mun. K. 3pecb HauMHaeTcs camasi BHELWHSAA U Hambonee paspexeHHas
YacTb COMHEYHOM aTMocdepbl — Co/THeYHas KopoHa. TemnepaTypa KOPOHbI pacTeT o
Tex Mnop, noka SHeprusi TENSIOBOro ABWXKEHUSI YacTUL, He MPEBbLICUT MOTEHUManbHY
3HEPru yaepxmBarwLlero nx rpasutaumoHHoro nons ConHua, nocne 4yero Ha4YMHaeTcA
ncTeyeHne CorHeYHOM nnasmbl B OKpyXKatoLee Mexs3Be3gHoe NpoCTpaHCTBO.» (14)
«TemnepaTtypa B KOpOHe nosblwaeTcsa 4o 2 MAH. K, a 3aTeM cHuxaeTtcs.» (15)

CnepoBaTternbHo, 4YTObbI onpeaenuTb Temnepatypy KopoHbl ConHua, Heobxoammo
3HaTb C KakMM KO3(P(PMLMEHTOM YCKOPEHMS YacTuubl Mnas3Mbl HAYMHAKT MNOKMAATb
COJTHEYHYIO KOPOHY.

«lMoTokn Nnasmbl, NOKNgarLmMe KOPoHy, YHOCAT ¢ cobon n marHuTHoe none ConHua,
KOTOpOe Kak Bbl «kBMOPOXEHO» B HUX». (14)

CnepoBaTtenibHO, 4acTuua COSIHEYHOW Mnasmbl, BbIXOASLWAS B MeXnfaHeTHoe
NPOCTPAHCTBO — 3TO MUHMATIOPHOE COSHLUE, UMeeT S4p0 C  TemnepaTypon yaapHoun
(nonepeyHon) BonHbl T4 = 6000K 1 0605104Ky U3 Mukpodactuy To = 127,28K .

«CnnoBble NUHUN MEXMNNAHETHOrO MarHMTHOMO Mossi, MO KOTOPbIM ABMXYTCA NOTOKU
nnasmbl, wMmewT BuL cnupanen Apxumena. Okasanocb, 4TO MNpPU CMNOKOWHOM
conHeyYyHoMm BeTpe y opbutel 3emnun B 1 cm® MMeeTcsa Bcero 1 — 2 YacTul, CONHEYHOW
nnasmbl, a ckopoctb ux asmwxkeHna 300—400 km/cek» . (14) 3HauuT, ABMXYLLMECS NO
crnvpanbHbIM CUITOBbLIM NIMHUAM, COJTHEYHbIE YaCTULbl HaXOOATCS Ha PacCTOSHUWM Apyr

OT Agpyra, Mmexay HAMUN HET KOHTaKTa.
3emns

Tee = 127,28K Mepkypuii

B [None conHe4HbIX
T = 6000K YyacTuy, Tg = 127,28K

MarHutocdepa 3emnu
Puc. 1-10

PeakTuBHblE MOTOKM COSMHEYHbIX YaCTUL, Ha rpaHuLe BCTPEeYM C MarHUTHbLIM NOsieM
3emnun crywarTcs 1 co3garoT yaapHyto BosHy. « ConHevHasa nnasma, Nnpoxoasa vyepes
yOapHYl0 BOJSHY, YNSTIOTHSAETCA N 3amMeanseT cBoe ABWXKEHWe. YNNOTHEHHas «ropsyasay
nnasma obTekaeT 3eMni0 M OKasblBaeT AaBfieHMe Ha reoMarHUTHoe nosie». 3HauwuT,
COMIHEYHble YacTuubl NnasmMbl CO34aldT BOKPYr MarHutocdepbl 3emnu none ¢
Temnepatypon T = 127,28K , paBHOW TemnepaType BHeLHen 060M0YKM CONHEYHOW
yactuubl. CneposaTenbHO, Ha BbixogHoe none 3emnun Tz = 26,5K , «paBut»
CONHeYHoe none c Temnepartypon T = 127,28K.

TennoobmeH mexgy ConHuem M nrnaHeTamu MNPOUCXOAUT MO CXEME COXpaHeHust
3HEeprun: C Kakum TemnepaTtypHbiM nepenagom ConHue nepenaeT Tenso nnaHetam ¢
TakMM Xe TemnepaTypHbIM nepenagomM Tensio u3 LeHTpa nnaHeT nepexoaut B bonee
xonogHbiv LueHTp ConHua. [Onga 3emnu koaduuneHT TeMmnepaTypHOro nepenaja:

g = 127,28K /26,5K = 4,8 , c Takum koapduuneHtoM u3 sapa 3emnu Tenno
nepepaetcsa B xonoauneHuk sapa ConHua Tx=0,05728K. TemnepaTtypa xonoausbHuKa
Bemmu: Ty, =Ty g =0,05728K 4,8 =0,275K .

3Hass TemnepaTtypy BbIXOOHOIO MOMsS MMaHeTbl, onpegensem  Ko3PUUNEHT
TemnepaTypHOro nepenaga mexay temnepatypon nosepxHoctn ConHua Tnc = 6000K n
TeMnepaTypon BbIXOQHOrO Nons nnaHeTol. Hanpumep:

1. TemnepaTypa BbIxogHOro nongd 3emnu paesHa Tg; = 26,5K , 3Ha4mT, Tenno, kotopoe
nonyyvaet 3emns oT noBepxHocTn ConHua T = 6000K,cooTBEeTCTBYET KOIMDPULNEHTY
TemnepartypHoro nepenaga: g = Tpe/ Tes = 6000K / 26,5K = 226,4

JTOT pe3ynbTarT Tak xe paBeH: g = 47,14 4,8 =~ 226,4
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Utobbl pasorHaTtb W [JOCTaBUTb COSIHEYHble YacTuubl K 3emnie, O0CTaTOYHO
Temnepatypbl KOPOHbl ConHua: Ty = Tre ™ g = 6000K 226,4 =1358400K. Pwuc. 1 - 11
2. na KOnutepa, roe Temnepartypa BbIXOAHOro nons Tgo = 19,44K | kKO3dhpUUMEHT
TemnepartypHoro nepenaga g = Tnc/ Tao = 6000K/ 19,44K = 308,6.

CnepoBaTternibHO, TeMnepaTypa KOpPOHbl ANS OCTaBKW COMHEYHbIX YacTuy K Konutepy
paBHa: Tyco = Tne ~ g = 6000K - 308,6 = 1851600K.

3. Ona CartypHa, roe TemnepaTtypa BbiIxogHoro nons Tg. = 14,7K |, koadppuumeHT
TemnepaTtypHoro nepenaga c nosepxHoctn ConHua 6yget g = 408 , cnegosaTternbHoO,

ANs pasroHa 1 JOCTaBKM COMHEYHbIX YacTuy, K CaTypHy TemnepaTypa KOpOHbl JOMKHaA
OblTb Oonee 2-x munnuoHos K.

TemnepaTypa BbIXOAHOIoO NonA nnaHeTbl

NMoBepxHOCTbL Toc = 127,28K, Mepkypui BeHepa 3emns Mapc OnuTtep
ConHua T=3286K T=2798K T=26,5K T=23,24K T=19,44K
Tne = 6000K _>;@ I 5> +® ~F@
/V g=226,4 7@ YcnoBsHas
SELIAT Ny ——— N S 7 nnakera X
""""""" "a30BbIN XBOCT 3eMnu T=21,89K
g=274

Puc. 1 - 11

4. CpegHun koahduumeHT Bbibpoca Yactuy ¢ noBepxHocTun ComnHua K «YCIIOBHOM»
nnaHete B ConHe4HoOM cucteme onpegensiem no gopmyne: Mg = ng / G, Toraa

g=GM: /R 2 rme M. - macca MPOMOHHOU yaapHou BofHbl ConHua wunu
rnpomoHHasi macca, BblbpacbiBaemas ConHuem B CONMHEYHYO CUCTEMY.
R. = 6, 95 10%v — paanyc noBepxHocTu ConHua - poTocdepbl; Toraa, KoadduUUUeHT
YCKOpPEHUS BbIXOA4a YacTuu ¢ noBepxHocTn ConHua :
g = 4,799310™ " um¥kr? - 2,766-10%%r /( 6, 95 10%m )* = ~ 274 2

Onpegenum TemnepaTypy BbIXOOHOIO MOMS  «YCMOBHOWY» MNNaHeTbl, K KOTOPOMW
HanpaenseTcs Tenno ¢ noeepxHoctn ConHua T, = 6000K ¢ koadpdmuneHToOM
nepenaga tremnepaTtyp g =274 . lNMonyyaem: Tq= Ty /274 = 6000K /274 =21,89K .
MnaHeTa C BbIXOOHLIM TemnepaTypHbiM nonem T, = 21,89K , ecnu 6bl OHa
cyuwlectBoBana, TO Obiia pacnonoxeHa wexgy opbutamm Mapca n HOnutepa.
KoadhpmumeHT TemnepaTypHOro nepenaga mexay remnepatypHbIiM nosiem

Tee =127,28K 1 TemnepaTypHbiM nonem T, = 21,89K paBeH:

g =127,28K/21,89K = 5,814.
KoadhpumumeHT Bbixoga Tenna c nosepxHoct ConHua: g = 47,14 5,814 = 274
CpegoHsas Temnepatypa KOpoHbl: Ty = Tre g = 6000K - 274 = 1644000K .
Mpn Takon TemnepaType CONHEYHOM KOPOHbI 3HEPrust TEMSIOBOMO ABMXEHUSA YacTul C
yckopeHnem g = 274 w/ce’ 3HAUYUTENbHO MPEBbILAET MOTEHLUMANbHY 3HEpPruo
yOEpXXMBaIoLLEro Ux rpaBuUTaumMoHHoro nonsa ConHua c yckopeHuem g = 47,14 wmicex® , 1
CONMHEYHble YacTuubl OecnpensaTCTBEHHO BbLIXOOAT B MEX3BE34HOEe MPOCTPaHCTBO,
cosfaBasi TepMogmHaMmmnyeckoe npoctpaHcTBo CofHEYHOM CUCTEMBI.
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YacTb 3. MexaHu3m rpaButauum Ha ConHue.

«ECTb TeMbI CTONb NpUTAraTenbHble...Ans dusmka noodon cneunanmsaumm. OgHa m3
Takux Tem — epaeumauusi. [lepBasi U3 U3BECTHbIX YenoBeKy yHAaMeHTanbHbIX CUrl,
camasa cnabas ”n OOHOBPEMEHHO Ccamas MOrywecTBeHHasd, BCenpoHMKatoLwas,
NOSTHOCTBLIO yCKOMb3awwas oT wuccrnegoBaHus. PU3KMKU-TEOPETUKU, CKagblBatoLme
MO3auKy 3KCNepuMeHTasbHbIX (PaKkTOB B €4MHYK KapTUHY MUPO34aHus, C Hagexaown
XOYyT HegocTalwmx oparMeHToB, KOTOpbIE, OblTb MOXET, OKaXyTCs KrtoyeBbiMu». (1)

Krnou K packpbITUo epasumayuu CBsi3aH C MNPOLLEeCCOM nepegadyn Tenna Mexay
TemnepaTypHbIMKU MNOMSAMK, MMelLWMe nepenag TemnepaTyp. 3a cyeT nepexoda
MuKpo4Yacmuy, N3 TeNNoro B XofiogHoe nosie (CornacHo 2—ro 3akoHa TepMOAUHaMUKN),
perynupyoTcs TennoobMeHHbIe NpoLecchl Mexay TeMmnepaTypHbIMU NOSISIMNA.

CnepoBaTtenbHo, epasumayuoHHOe aBreHne OCYLLeCTBNAeTCS MUKpoyacTmuamu,
coBeplUaLlne nepexoqd W3 MNofis BbICOKOWM TemnepaTypbl B none 6onee HU3KOM
TemnepaTtypbl.

TemnepaTtypHbIi Npouecc rpaBuTaummn Ha ConHue.

€X3Be3gHoe NpoCTpaHCTBO

Bxon Bxoa wmukpouactuy T =247 10" K
KOCMMYEeCKUX MMUKpouacTuy Tg =2,7K No MarHUTHO-CUNOBbLIM NIUHUSIM B ue|-rrp
B BbIXoAHOe none ¢yHaaMmeHTanbHOro xonoaa ConHua T = 5,24 107K
agpa T = 0,05728K
lpaBUTaLMOHHOE AaBneHue BbiGpoc nna3mbl B
® CornHe4Hylo cuctemy
CryuieHme KOCMUYECKNX i L T CryuieHmne KOCMUYECKNX
MUuKpouactTuuy Tr = 2,7K J Mukpouactmy Tg = 2,7K
0900 10 000 2p
&\o %5660 —11 ° ° [
T Of le) () OO
BbixogHoe
none T, =127,28K \ \ k_ Bbi6poc f f f\
Jdp= 47 14 nnasmsbl CryuweHune conHeYHbIX
pasumauyuoHHoe MUuKpouactuy T, = 127,28K
nasrneHue Kocmuqecxux\q % % 0000
MuKpoyactuy Tg = 2,7K MoBepxHocTbL ConHua
Ha MMUKpo4YacTulbl 3dHa KkQHBeKuuun Tre = 6000K
T =127,28K o) o]

o /O OOOO 00 000 oO lMpomoHHas ypapHas
o . f BonHa T = 6000K

MpaBuTaLMOHHOE p.aaneys?o
. MukpoyacTtiy, Ty, = 127,2W 3 eHewHezo Appa.
BHeluHee sppo

S TBepaoe teno T= 127,28K
. FpaBUTaUMOHHOE AaBNeHUe 0]

Mukpouactuy Tg = 2,7K llpomoHHas yA. BonHa
UyeHmparsnbHo20 agpa

/ NI e T = 127,28K

TBepabin Bogopon T=2,7K

UHeHTpanbHOro sigpa / /

MpaBUTaLMOHHOE AaBneHue
Mukpouactuy Tr = 2,7K

llpomoHHas ya. BonHa T= 27K
¢yHaamMeHTanbLHoOro sapa

!

BeixogHoe none T = 0,05728K
dyHpameHTanbHoro sgpa Ha
(xonogunbHuk ConHua)

Pa3pbiB mukpoyactuy, T = 2,7K
T=0,05728K B xonoaunbHuke ConHua

BbixogHOe none MarHUTHO-CUJOBLIX IMHUN LleHTp xonopa ConHua T =5,24 107K
Puc 1-12 T=24710"K
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[enctBue mexaHusma epasumauyuu Ha ConHue — 3170 6ecnpepbiBHbIA NpoLECC,
KOTOPbIA NPOUCXOAUT 3a CYeT AaBMNEeHWs MUKpoyacTuy (Ha Tena, 4Yactvubl) Npu KX
TepMoaMHaMM4yeckoM rnepexofge U3  “Tennoro” Mex3Be3gHOro npocTpaHcTBa C
Temnepatypon Tg = 2,7K B xonogHyto obnactb ueHTpa ConHua Ty = 0,05728K —
XONOAWNbHUK, BbIXOQHOE none ¢pyHOameHmarsrbHo20 a4pa:

gp = Tr/ T = 2,7K/0,05728K = 47,14

KocMmunueckne mukpodactuubl ¢ Temnepatypon Tr = 2,7K , npu CBOEM ABMXEHUM B
xonoaunbHnk ConHua Ty = 0,05728K, npoxogsaT CkBO3b BbIXOQHOE TemrepaTypHoe
nosie ConHua, cdopMmnpoBaHHOE M3 MUKPOYaCTUL, C Temnepatypon T = 127,28K.

MpoucxoanT epasumayuoHHoOe AaBfeHNne KOCMUYECKMX MUKpodacTuy, Tg =2,7K Ha
MUKpoYacTuUbl BbixogHoro nons ConHua, YTo cosfgaeT pasgefnieHMe TemnepaTypHoOu
30Hbl T =127,28K: BBepxy 6bixoOHOe TemnepaTtypHoe none Tq = 127,28K ; BHUS, K
nosepxHocTtn ConHua, OBUMXYTCS C 2pasumayuoHHbIM YCKOPEHUEM MUKPOYaCTULbI
Tp = 127,28K, KoTOpblE HaxoaaTca nof epasumayuoHHbIM [aBIIEHNEM CO CTOPOHBbI
KocMmnyecknx Mmkpodactuy, Tg = 2,7K ¢ KoacbdumuneHTOM nepenaga TemnepaTyp:
gp = T/ Tr=127,28K/2,7K=47,14 . Cm. puc. 1 -12

KoathpmumeHT TemnepaTtypHoro nepenaga 3aBUCUT OT MAOTHOCTM MUKPOYacTuL, B
TemnepaTypHOM rone. Uem panbwe ot ConHua — MUKpo4YacTuubl HaxoadaTcs B
Bbonee paspexxeHHOM COCTOSIHUW, MO3TOMY, Ha JanbHEM PacCTOAHUN 2pasumalUoHHOe
0assieHuUe MUKPOYacTUL, MUHUManbHO.

Uem 6nmxke k CornHUy MUKpoYacTuubl W YacTuubl CrywialTcd, epasumayuoHHoe
AaBrfieHne MMKpo4YacTUL, Ha YacTuubl, YyBennuMBaeTCcd, W [OOCTUrHET CBOEero
MaKCUMarnbHOrO 3HAYEeHUS! € wax = Tne / T = 6000K /127,28K = 47,14 . micek’ Ha
nosepxHocTtn CornHua wn NPOTOHHOW yOapHOM BOSIHE BHELLHEro siapa.

Mpn pBWMXKEHUMM K UeHTpanbHoM Yactn ConHua epasumauuoHHOe [aBfeHue
MUKPOYaCTUL, MOCTENEHHO YMEeHbLUaeTCA. CnepoBaTtenbHO, rpaBUTaAUNOHHOE
ycKopeHue B LieHTpanbHon Yact ConHua cxoauT K Hymo g =0 .

g m/cex’ MNosepxHocTbL ConHua paHunua BeIXOAHOrO NoONA -
A T = 6000K ¢ Te=127,28K

e CryuweHue
MuKpoydactuy Tr=2,7K

&

4 CryweHue MukpoyacTuu
Ty = 127,28K n Tg = 2,7K

T=127,28K
Ep +—

T = 6000K
—

YBenuuenue g,
2paeumayuoHHO20 AaBneHuns

Tee = 127,28K

MpoToHHan ypapHas

MpoToHHasn BonHa T = 6000K
yAapHas

BonHa T = 2,7K MpoToHHas

cdyHaamMeHTanbHoro yaapHas BonHa T = 127,28K
agpa LeHTpanbHoOro sapa

Puc. 1-13
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Yactb 4. TemnepaTypHblie pexumbl 3emnu.

M3BecTHO, 4TO Hawa nnaHeTta BMecTe C TennoBon a3Heprnen CornHua

nogaepxmeaeT NOCTOAHHY TemnepaTypy noBepxHoctn 3emnu Tq; = 260K. (3)

MnaHeTbl ConNHEYHOM CUCTEMBI ABNADTCS 00beKkTaMn MEeX3BEe34HOro NPOCTPaHCTBA U

UMEKT TEeNNoobMEH Kak C Mex3Be3aHbIM NpocTpaHcTBoM Tg = 2,7K, Tak n ¢ ConHuem:

Tenno naget oT ero noBepxHoctn T, = 6000K u BbixogHoro nons Te = 127,28K .

1. TemnepaTypa BbIXOAHOro Nons 3eMnu.
Mo bopmyne (2*) , onpegensem TemnepaTypy BbIXOAHOMO Nosis 3eMnu:
T%= Tna Tr; T2 =260K 2,7K; Te=26,5K.

Mpouecc Bbixoga Tenna 3emMnM B MeX3Be34HOE MPOCTPaHCTBO MAET C

KO3 pMUMEHTOM TEMNEPATYPHOro TennoobmeHa:

g = Tns/ Tas / Tr = 260K/26,5K /2,7K = 9,81 .

2. BbixogHoe TemMnepaTypHoe none LUeHTpa 3eMnu - XOoNoAuNbHUK NiaHeTbl.
Ckonbko Tenna nnaHeTa BblOpacbiBaeT B KOCMWYECKME  MPOCTOPbI C
KoapduumeHToM TemnepaTypHoro tennoobmeHa g = 9,81, ctonbko Tenna 3emns
AOIMKHA  nonyyaTb. TennoobMeH C  Mex3Be3gHbIM MNPOCTPAHCTBOM - C
TemnepaTypHbiM nonem Tg = 2,7K  unaeT 4Yepes BbIXOAHOE TemnepaTypHoe none
3emnu Ty = 26,5K .

Kocmunuyeckmne mukpodactuubl Tg = 2,7K nepexogat B xonogunbHUK 3emnn Ty, — B
BbIXOOAHOE none dyHA4aMeHTanbHOro sapa, YUCINEHHOEe 3HayeHne KOTOpOoro
onpeaensieMm no popmyne: Tg/ Tr = Tr/ Txs , NOAy4aem:

Twe= (T )% Tas = (2,7 K)?/ 26,5K = 0,275K.

3. Tepmonone 3emnu.

N3BecTHO, 4TO B aTMOCcepe 3emnun 3a cTpatocgepon, mesoccepon (BbicoTa

85-90km TemnepaTypa MuHyc 85°C (188K) — pacnonoxeHa Tepmocdepa 1 ak3ocdepa.

B atnx 3oHax c BbicoTbl 400 km Temnepatypa pacteT go ~1200K . (3), puc. 1 —14.

KM |

|
1000 — 3k3ocepa

300 4 Tepmocoepa )
100 _Mesoccbepar\

30 —

CTpaTocdepa

10
Tponocdepa
| i i i i | i i i i I
200 l 400 600 800 1000 1200 T,K
260K 1250K
Puc.1-14 3aBUCUMOCTb TeMnepaTypbl OT BbICOThLI B aTMocdepe 3emnu

ConHue Tqc = 6000K nepegaet Tenno NnoBepxHOCTM 3emnn Yepes Tepmonosne
nnaHetbl Tq; .  M3nMwKmn conHeYHoro Tensna ¢ NoBEPXHOCTN 3eMnn nsnyyarTcs B
TepMmocdepy, a Tenno TepmMononsa nogaepXmBaeT TemMmnepaTypy NoOBEPXHOCTN 3emnun
NOCTOSIHHOW, paBHON Tn;= 260K .
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Mo bopmyne  Tn/Trs=Trs/Ths  ONpegensem TemnepaTtypy Tepmonons 3emnu:

T%a= Toe Tna; T2 =6000K 260K ; Tr,=~ 1249K .

Mepepayva Tenna ot ConHua Kk 3emne Yyepes TepmMmonone naet ¢ KoaddUUMeHTOM
TemnepartypHoro TennoobmeHa : g = 6000K/ 1249K = 1249K / 260K = 4,8

Cuctema nporpeBa YacTMuamMm CONHEYHOM Nnasmbl Tepmonons 3emnu.

«TaK Kak CONHEYHbIN BETEP — CUINBHO NOHU3NPOBAHHLIN ra3, TO OH HE MOXET
npeoaoneTb MarHMTHoe none 3emnu, ABnNsLLEecs NpensaTcTBUemM Ans
CBEPX3BYKOBOrO NMOTOKA COMHEYHOM Nnasmbl. [1OCKONbKY CKOPOCTb pacnpoCTpaHeHNs
BO3MYLLEHUSA B MOTOKE COSTHEYHOrO BETPa MEeHbLLE ero COOCTBEHHOW CKOPOCTU, TO Npw
ob6TeKaHUn 3TOro NPensiTCTBUSA (BO3MYLLIEHMSI CONHEYHON nna3mbl), obpasyeTtcs
yOapHasi eosiHa. ConHeyHas nnasma, NPoxoas Yepes yaapHyt BOSHY, YNNOTHAETCA U
3amennseT cBoe aABmxkeHne. OHa oka3biBaeT AaBNeHne Ha reomarHMTHoe none,
KoTopoe cxumaeTcs. PacctosHne mexay opoHTOM yaapHOW BOMHbI U rpaHuLEen
MarHutocgepsbl, B HanpasneHun ot 3emnu k ConHuy, coctaenset 2-—4R.

PacueTbl nokasbiBaloT, 4TO NPU CKOPOCTU conHevHoro BeTpa 500xkw/cek M MNNOTHOCTM
2,5 vactu/cm® rpaHuULa marHuTocdepbl B TIOGOBON ToYke ByaeT HaxoAUTbCS OT LeHTpa
3emnu Ha pacctosHun 10R». (14) Cwm. puc. 1 - 15

Bxopn conHe4HbIX
YpapHas BonHa Mukpoyactuy T = 127,28K B marHuTocchepy 3emnu

Conuem . BHeLWHNN 3NeKTPOHHbIN NOSAC
BeTep =

e
400 ,/cex '\‘ MpoTOHHBLIN Nosic

14 10 6 6 10 14 18 22 26 R

—>| i‘p/ > MarHuTHbLIN XBOCT
‘ ~' Bbixoa yacTul BO3MYyLLUEHHOM Na3Mbl
‘/0 BHyTpeHHUI 3neKTPOHHbLIN nosic ( R = 2)
MarHuTonaysa ' Konbua nonsipHbIX CUAHUN
(BO3MYyLLIEHHas \ ‘

0obracTb COMNMHEYHON MiTasMb FpaHnua marHuTochepbi(BTOpas yaapHas BOJSHa)
ConHeyvHoe none 3emnu T = 127,28K\

BbixogHoe none 3emnu T, = 26,5K
Puc.1-15

«CocTaB conHe4HoM nna3mMbl onpefeneH eLe He 4OCTaTOuMHO HaaexHo. Bee xe ¢
NOMOLLbKO aMepPUKaAHCKOro KocMuYyeckoro kopabns «lMnoHep-6» 66110 yCTaHOBMAEHO, YTO
NPoTOHbI cocTaBnsAT 91,3% , 0AHOKPATHO MOHM3UPOBaHHbIE aToMbl renus 0,1% mna —
YacTuubl, T.e. ABaXObl MOHN3MPOBaHHbIE aToMbl renus — 8,6% . Nnasama cocTouT Kak
N3 NONOXUTENbHO, TaK U OTPULATESNbHbBIX YacTuL, — B LLeNIOM OHa HeuTpanbHay. (14)

CnepoBaTternbHO, YacTuubl CONTHEYHOM nria3mbl — 3TO 6onee 90% HenTpanbHble
NPOTOHbI — HEMTPOHBI, ABMXYLLUMECS B MEXMNNaHeTHOM npocTpaHcTBe. ConHeYHble
YacTuubl — HENTPOHbLI UMEIT TeMnepaTypy yaapHou BonHbl gapa T1 = 6000K u
000MN04Ky BOKpYr sigpa — U3 MMKpoyacTul, ¢ Temnepatypon T, = 127,28K .

[Mpwn BCTpEUMN YyNIIOTHEHHOW CONTHEYHOW NMfa3Mbl C BbIXOAHLIM TEMMNEPATYPHbLIM
nonem 3emnun Tg; = 26,5K — Ha rpaHuLe marHuTocdepsbl, co3gaeTcs HoBasi yoapHasi
80J1Ha, KOTOpas OKOHYaTEeNbHO onpeaenseT rpaHuLy MarHUTocepbl, Yepes KOTOPYHO
ngeT Npouecc NPOHMKHOBEHMS YaCTUL, COSTHEYHOWN Nna3mbl K 3emre.

22



«BbInn obHapyxeHbl ABe YeTKO pasaerieHHble 30Hbl paguaumm, KoTopble B BUAe
OrPOMHbIX KONeL, OXBaTbiBanun 3eMnto BOKPYr reoMarHMTHOro akeaTopa.

BHewHul 3nekmpoHHbIL Mosic — HAX0QUTCA B 3KBaTOPUanbHbIX paioHax Ha
paccTosiHuM OT 4 A0 6 3eMHbIX paguycoB R oT ueHTpa 3emnu . 3gecb npeobnagatoT
3IEKTPOHbI C SHEPIUSAMUN OT AECATKOB k3B a0 Heckonbkux MaB.

BHympeHHUU 351eKMPOHHbIU 05IC — HAXOANTCS BONN3N BHYTPEHHEN rpaHuLbl obnactu
3axBayYeHHON pagnaunm Ha pacctosHun 2R . 3gecb npeobnagatoT 3NeKTPOHbI C
3HEeprusMmn oT OecATKOB A0 COTeH KaB.

Mexay BHYTPEHHUM M BHELLHMM 3M1EKTPOHHbBIMM NOosicaMn Ha paccTtosiHun 3 — 4R ot
ueHTpa 3eMnun — npomoHHskIl nosic. 3aecb NpeobnaaatT NPOTOHbI C SHEPTUSAMU OT
150 kaB po 4,5 MaB ».(14) Cm. puc. 1 -15
CnepoBaTenbHoO, 9apa — NPOTOHbI CONTHEYHOM Nias3Mbl M3 MarHMTonay3abl
NPOpPbLIBAOTCS Yepes yaapHYH BOSHY B 30HbI pagnauun 3emnun: unu 3a cyet
NOSIBNEHMSI MOLLHbIX MOTOKOB NMia3Mbl B MEXMNSIaHETHOM NPOCTPaHCTBE Npu
BChblWKax Ha ConHue, unu 3atackupatoTcs meTeoputamu. pu 3ToM, ¢ apa-nNpoToHa
ConHeYHon nnasmel ¢ TemnepaTtypon Tq1 = 6000K cpbiBaeTca obonoyka 3
MUKpoYacTuy, ¢ Temnepatypon T, = 127,28K , n3 KOTopbIX POPMUPYIOTCS INEKTPOHDI.

Tak Kak KoapurLmMeHT nepeaaym conHevHoro Tenna Kk 3emne paseH g = 4,8, To
TemnepaTtypa siAep-NpPOTOHOB COSIHEYHOW NNasmbl OXNaX4alTca A0 TemnepaTtypbl

T =6000K /4,8 =1249K — npu hopmmnpoBaHnn nNpPOTOHHOrO MOSACa;
a COJSIHEYHble 3NEKTPOHbI ¢ TemnepaTtypon T = 127,28K HacbIWaOT BHELLUHUMA U
BHYTPEHHWI 3NEKTPOHHbIE nosica 3emnu.

4. BHyTpeHHUM TemnepaTypHbIX PeXUM U cTpoeHue 3eMnu.

UTO n3BECTHO B HaCTosLLEE BpeMS Hayke O TeMnepaTypHOM pexnumMe U CTPOeHUu
3emnn? «BHyTpeHHee CTpoeHue 3emnu, N0 MMEKLLMMCS B HaCTosLLEe BPeEMS
AaHHbIM, NpeacTaBnseT: 3eMHas kopa (TonwuHa B cpegHem 30 kv ) ; nog Hen
pacrnonaraeTcs MaHTusi, KoTopasi npocTupaeTcsa Ao rmybuHsl ~ 2900 km ; ewe rnybxe
HaxoAUTCs XUOKOe 8HeWHee AP0, BHYTPU KOTOPOro MMeeTCa MeHbluee — meepdoe
BHYyTpeHHee s4po».(14)

«lMo gaHHbIM cencmonorum ¢ 2885 km — 4980 km — XXnakoe BHeLIHee s4po;

¢ 4980 km — 5120 km — NnepexofHas 3oHa sapa; ¢ 5120 km — 6371 km — TBEPAOE
BHyTpeHHee aapo 3emnuy. (9) Torga, paguyc tBepgoro agpa R =~ 1250km
MepexogHada 3oHa ~ 140 km . BHyTpeHHUM pagnyc xugkoro sgpa R =~ 1390«m .
TonwmHa »xuakoro sapa ~ 2080 km. BHewHun pagnyc xugkoro sapa R =~ 3470 kw.
«Ha ocHoBaHun nabopaTopHbIX AaHHbIX TeMnepaTtypy nnasneHns Ha rnyovHe 100 km
nonaratoT paBHo ~ 1500°C ( unm 1800K) ...

Mo>HO nonaraTtb, YTO TeMnepaTypa MaHTUM Ha rpaHuue ¢ xngkum sapom ~ 3500K..
CuunTaloT, 4TO TeMnepaTtypa Ha rpaHuue MaHTUs — 94p0 HaxoauTca B MHTepBane -~
(4-5) 10° K, a aTo npmBOAUT Kk TemnepaType B LieHTpe 3emnn ~ 6 10° K ». (9)
CnepoBaTtenbHo, B ueHTpe 3emnu TBepaoe s4po ¢ temnepatypon T = 6000K
OTKyAa Tensio NnepexoauT Ha NoBepxXHOCTb nnaHeTbl. Tak kak 6000K — aTo
MakcumarnbHas Temnepatypa, KOTOpyto co3faeT rnpomoHHas yoapHasi 80J/1Ha BHELLHEro
aapa ConHua, ToO BHyTpPeHHee CTpoeHue aapa 3eMnn NOEeHTUYHO KOHCTPYKLUN
ConHua. Teepaoe 94p0 3emMnn — 3TO MUHU COJTHUE MEX3BE3OHOIro NPoCTpaHCTBa
["anakTukun, orpaHMyYeHHoe ygapHou NpoToHHoM BonHon T = 6000K.
0). Bxoa u Bbixoa Tenna 3emnu perynupyemoe ConHuem.

Tenno ¢ noBepxHocTn ConHua T, = 6000K cosgaeTt Tepmonone 3emnu
T+s = 1249K, ¢ KOTOPOro CofIHEYHOE TENNO NporpeBaeT NOBEPXHOCTb MMaHeThbl A0
TemnepaTtypbl Tps = 260K.
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Mpouecc nepexoaa conHeyHoro Tenna Kk 3emne naet ¢ KoadULMEHTOM TeMnepaTypHOro
TennoobmeHa: 2 =Tnc/ Tra/ Ths = 6000K/ 1249K/ 260K =~ 4,8
TennoBble NpoLeccsl BHYTPU NfaHeTbl Tak xe perynupyeT ConHue, No3ToMy — BbIXO4,
Tenna oT MPOMoHHOU yOapHOW BOSMHbI C TemnepaTypon Tg, = 6000K — TBepgoro sigpa
3emMnu uaeT ¢ TemnepaTtypHbiM TennoobmeHom g =4.8 . CnepoBaTtenibHO, 8HYmMpeHHee

TemnepartypHoe none Heap 3emnu: T3 = Tg / 2 = 6000K /4,8 = 1249K .

Tak kak TeMnepaTypbl NNaBeHVst NaB U3BEeCTHbI 1 paBHbl ~ 1200°C ( unm 1500K) , To

8HympeHHee TemnepartypHoe none T,; = 1249K pacnonoxeHo B TBEPLOM YacTu; C 3TOro

nonsi naeT BbIXOA Tenna Ha NoBepXHOCTb 3emnun: Tps = Ty / g = 1249K/ 4,8 = 260K .
lMepexoa Tenna nu3 xonogunbHWKa TBEPAOro sapa 3eMnun B BbIXOLHOE TeMnepaTypHoe nose

— B xonoaunbHUK CorHua nget ¢ KoaghpuumMeHToM TeMmnepaTypHOro TennoobmeHa:

g =T/ Tx =0,275K/0,05728K=4,8 .

B). Bxoa kocMu4yeckoro tensa v Bbixoa Tenna 3emMnu.

Bxog kocmuyeckoro tenna Kk 3emne  mnaeT n3 MexsBe3gHoro NpoCcTpaHCTBa:
KOCMUYeCcKne MMKpo4vacTulbl ¢ Temnepatypon Tg = 2,7K  HanpaBnsawTca B TemnepaTypHoe
none — B xonoaunbHnk 3emnun Ty, = 0,275K TBepgoro aapa.
TemnepaTypHOe OTHOLLEHME BXxo4a Tenna: g=Tr/Txw=2,7K/0,275K = 9,81

Tenno BbIXOOUT C NOBEPXHOCTM NNaHeTbl Tn; = 260K B KOCMUYeCcKoe NpOCTPaHCTBO Yyepes
BbIXOgHOE TemnepaTtypHoe none 3emnun Tg, = 26,5K.  [lonHbIM UKMKN BbIXoA4a Tenna u3
3emMnm B KOCMUYECKOe NPOCTPaHCTBO NMAET C KOIPULMEHTOM TeMNepaTypHOro
TennoobmeHa: g = Tps/ Tes/ Tr = 260K/ 26,5K/2,7K = 9,81.

3emnsa nony4yaeT n otgaet Tenno ConHuy € OTHoWeHnem Temnepatyp g=4,8.
O6wmin koathpuumeHT TennoodbmMeHa TBepPAOro sapa 3eMnn ¢ MeXx3Be3aHbIM NPOCTPaHCTBOM
n ConHuem: g =9,81x4,8 =~ 47,14 — coBnagaet ¢ koapduuneHTom TennoobmeHa ConHua c
npoctpaHctBoM [anaktukn. CnepoBaTenbHO, TBepaoe S4p0 3eMnu ABNsSeTca MUHU
COSHLEM C TemMnepaTypon NPOTOHHOW yaapHou BonHbl T = 6000K .

a). Teepaoe saapo 3emMnu.

3 3Be3aHOro npoctpaHcTBa [ManakTukm MukpoyacTuubl ¢ TemnepaTtypon T = 2,47 107K no
TeMnepaTypHbLIMU CUMOBLIMU NIMHUAMM ABWKYTCA K LieHTpy xonoaa 3emmmn T =2,5110"°K ¢
yckopeHueM g= 9,81 m/cex’ , rae ocyLLecTBNAeTCs Hayano opMUPOBaHUS TBEPAOTrO siapa
3eMnn — MMHM CosHUa C NPOTOHHOW yaapHOW BonHon ¢ Temnepatypon T = 6000K .

KoHCTpyKumsa TBepaoro sapa 3emMnm 1 ero TemnepaTypHble peXnmMbl, NOYTU aHaNOMMYHbI

CMPOEHUI0 U meMrepamypHbIM ripoyeccam, rnpoucxodsuwum eHympu CornHua, ¢

KoapduLmneHToM TemnepaTtypHoro tennoobmeHa g =47,14 .

Paccuntaem pagnyc npomoHHoOU yaapHOW BOMHbI meepdo2o sagpa 3emnu no dopmyne:
Mvn = m,Ck, rae m,— macca npotoHa . k = S/s, — KO3 PULNEHT OTHOLLEHWIA:
nnoLaam cdepbl MPOmMoHHOU yaapHoW BonHbl sapa S =4 R? k nnowaan npoToHa
sp=mn r°=1,3910°"w?, roe r=2,110"°w paguyc npoToHa.

v =1,6510" m/c - ckOPOCTb NPOTOHa NPU BbIXOAHOI TemnepaTtype sapa T = 6000K.
n =g = 47,14 m/c® — yckopeHue BbIGpOCca YacTuL, C MPOTOHHOW YAAPHOW BOMHbI, MO BENUYUHE
paBHOe TeMmnepaTypHOMY nepenagy, gencreyroulee Ha ConHue.
M =M, = 8,3110* xr macca npomoHHoll yOapHOM BOSHbI sApa paBHa mMacce 3eMnu.
Pagnyc R npomoHHoU ypapHOW BOSHbI TBEPAOro sapa 3emMnu:
R? =8,3110%*%r1,6510"wc 47,14 wic®*1,3910°%'w?/ 1,67310"kr 2,997910°w/c * 47 ;
Paguyc TBepgoro siapa paBeH: R =1,210% = 1200 km .
[MonyyeHHbIN pe3ynbTaT NOYTU COBNagaeT C CEMCMUYECKUMU AaHHBIMM:
cornacHo 3TMM gaHHbIM paguyc TBepgoro aapa 3emnm R =~ 1250 kwm .
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MonHas KOHCTPYKLUA TENNTOBOIro pexuma 3emnu

@SBGSAHOG MPOCTPaHCTBO Tg = M(?
—_—y, a

X04 Mukpoyactuy, T =2,7K

Bxoa no cunoBbIM SIMHUAM B TeMnepartypHoe none 3emnu T = 0,275K
Mukpouvactuy T =247 10" K
B LeHTp xonopa T =251 107K CryuieHme KOCMUYECKNX
MuKpovactuy T=2,7K
YpapHas BonHa MarHutonays
BbIXogHoro nons 3emn
T =26,5K Bxoa conHe4HbIX
Mukpouvactuy T = 127,28K
NMoBepxHOCTb / T = 1249K
3emnu T = 260K

£~ Tepmonone T =1249K

4

MaHTus T= 260K NMoBepxHOCTb 3emnu
T = 1249K <
dyHaamMeHTanbHoe
MepexonHas 30Ha - AOPO C LEHTPOM Xonoaa.
MarHMTHoe non \ XonoaunbHUK aapa
TB/Aapa ~190 km T=0, 275K

HapyxHas Teepnoe sapo 3emnu
rpaHMua Xuakoro T =127,28K
aapa T =3500K ~R=1200 km

LleHTp xonopa
T=25110"K LleHTpanbHoe siapo
3aTtBepaesLwni Bogopon

T=27K

MpoToHHasn yaapHas ManTuna T = 1249K
BonHa T =2,7K

MepexoagHas 30Ha

MpoToHHan
yoapHasi BOJfiHa BHYTpeHHsIA rpaHULIa KUTKOIO
T=127,28K agpa T=~(4-5)10°K; R=~1390km
MpoToHHasa yaapHas BonHa T = 6000K
Puc.1-16  Bynkan TBepaoro sapa 3emnu

3eMJIs U3 KOCMOCA CO CTOPOHBI CeBepﬂoro moJIroca.

/®oTo Kocmmdeckoro annapaTta «ESSA — 7»(CLWA) 23.11.1968r./

B aTo Bpemsi rona Ha CeBepHOM Montoce HOYb, CEBEPHOE

cusaHne. Ho Ha dOTO NOYTU OAMHAKOBbLIMA BUA KaK HOYHOWN, Tak

N gHeBHoM cTOpoH 3emnu. CnepoBaTenbHo, Habrrwoaemcs

yrbmpaghuoiemoegoe U peHmMaeHo8CKoe u3ydyeHue 3emru,

T.K. Hala NnaHeTa Haxo4MTCA B YNbTPadMoneToBbIX N MATKUX
= PEHTITEHOBCKMX fy4dax, nayLwmx oT pas3pexeHHON KOPOHbI

Puc. 1 - 16a ConHua, ¢ TeMnepaTypoit 40 2 MUM. rpasycoB.

OTHoweHne gnameTtpa 3emnu K guameTpy TEMHOro amcka d B LleHTpe nosntoca, no
pasmepam ¢ pomo: D,/ d =5,3. OTa BenuunHa paBHa OTHOLUEHUIO peanbHOro
AanameTpa 3emnun D; k gnameTpy TBepaoro sapa ds B LEHTpe NnaHeTbl:

D/ da=12,7410°km /2,4 10% km = 5,3.
CnepoBaTenbHO, TEMHbIA ANCK — 3TO TBEpAOE A4p0 3emnm ¢ NPOTOHHOW yAapHOW
BosiHon T= 6000K — 3emMHOe costHYe, Ha cBeTNOM TemnepaTtypHoM poHe T = 260K
NoBEepPXHOCTN 3emnu.
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5. MexaHu3mM rpaBuTauum Ha 3emne.

MpaBuTauus ocywecTBnaeTcs Ha 3emne KOCMUYECKMMM  MUKpOYacTMLamMm C
Temnepatypon Tr = 2,7K, npu nepexoge M3 Mex3Be34HOro0 MPOCTpPaHCTBa B BbIXOAHOE
TemnepaTtypHoe nosne T,; = 0,275K dpyHaameHTanbHOro sapa — B XoNogunbHUK sapa 3emnu.

KocMmuyeckne mMukpoyacTuubl 3axsaTbiBaloT YacTuubl ¢ T = 26,5K BbIxogHOro nongd sgpa
3emMnu 1 co3galT ¢ HUMK epasumayuoHHOe YCKopeHue g, = 9,81w/cex’ U AaBneHvne Ha Tena,
npwxmMmas nx K noBepxHocTn 3emnun, Temneparypa kotopoun Tq; = 260K . Cwm. puc. 1 — 17
MonHbIN pag TemnepaTypHbIX Nepexoaos:

2= Tns [ Tes [Te/ Tys = 260K/ 26,6K/2,7K / 0,275K = 9,81 m/cer’.

Mpn nepexoge kK 3emne MukpodacTmubl ¢ TemnepaTtypon Tg = 2,7K n T = 26,5K 3aTackmsatoT
C BHYTPEHHero anektpoHHoro nosica (2R) anektpoHbl ¢ T = 127,28K n cosgatoT BOKpYr
3IeKTPOHOB TeMmnepaTypHyto 00O0MoYKy - HapyxHoe TemnepaTtypHoe none T, = 26,5K
HenTpanuays S4po arpecCUBHOrO 3NIeKTpoHa ¢ TemnepaTtypon T = 127,28K.

TemMmnepaTypHble CUMOBbLIE NIMHUKU CTyLaTCa Ha4 MarHUTHbIMU MNONKCAaMU: C HEUTPAsbHbIX
31IEKTPOHOB MNPU TPEHUWN CpbIBAOTCH TeMnepaTypHble 060M04YKM U OCBODOXOEHHbIE 3NEKTPOHbI
CO3aloT CBETOBbIE pa3psabl — CEBEPHOE CUSHUE.

OTUM OOBACHSAETCA U MeXaHU3M JNeKTpusaumm TPEHUEM — MOSIyYeHUEe INEKTPUYECKMX
pa3psaoB Ha ANEKTPOCTaTUYECKUX YCTaHOBKaX.

Mex3Be3gHoe NpocTpaHcTBO Tg = 2,7

FpasumayuoHHbIlU Nepexod KOCMU4YEeCKUX

ConHeYHble HEUTPOHbBI © - mukpoyactuy T = 2,7K (nepexon B none sigpa T= 0,275K)

O
@ Maruutonaysa T, = 127,28K

BbixogHoe none 3emnu O

O TpaHnua marHutocdepsbl

\ T=2,7K Te.= 26,5K
T=26,5K © HapyxHbin
pasumayus ©© ANEeKTPOHHbIN nosic T = 127,28K
anekTpoH T =127,28K ©
%o MpoToHHbIN nosic T = 1249K
HeNTpanbHbIN INEKTPOH ¢ J =2,7K
T,= 26,5K T=26,5K © BHyTpeHHMiA
T4=127,28K pasumayus ANEKTPOHHbIN NOSAC
HENUTPOH T =127,28K
T, =260K
CunoBasi nMHUA \» T4= 1249K
Bblxop.
Tenna 3emnu NMoBepxHOCTb

T = 260K 3emnu T = 260K

HenTtpoH 3emnu T,=1249K
Puc.1-17 T.= 260K

C npoTtoHHOro nosica Bokpyr 3emnu (Ha BbicoTe 3R) nog rpaBUTAUMOHHBIM OaBflEHMEM
MukpoyactTuy, Tgr = 2,7Kn T = 26,5K ¢ OBMXYTCSA YacTuLbl MPOTOHbI K 3eMne ¢ TemnepaTypomn
T = 1249K . CnepoBaTenbHO, MPOTOHbI M CO34al0T U3BECTHOE MOBbILEHME TeMmnepaTypbl 4O
1200K B 30He 3k30cdepbl, HaymHas ¢ BbicoTbl 400 KM Tepmocdepbl.

Ho ¢ noBepxHOCTM 3eMnu BbIXOAUT TEnsio — MUKpovacTuubl ¢ TemnepaTtypon T = 260K |,
KOTOpble CO34at0T BOKPYr COMHEYHOrO arpeccMBHOrO MPOTOHA TemnepaTypHoe Mofe, U OHU
OBWXKYTCS K MOBEPXHOCTU YXKe Kak HelimpoHbl. B ueHTpe HENTPOHa NPOTOH C TemnepaTypomn

T, =1249K, BOKpyr KOTOpOro obono4ka n3 mmkpodactuy, T, = 260K . Cm. puc. 1 —17
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MakcumanbHoe u MUHUMalIbHOEe epasumauyuoHHoOe delicmeue Ha 3emne
Kocmunueckue MUKpPOYaCTULbl, HAYNHAKOT rpaBUTaLMOHHOE OBUXEHNE K 3emne ¢ OFpOMHOI?I

chepuyeckon nrowaan — ¢ ygapHowm BOSHbI MarHMTocdepsbl nnaHeThbl , ¢ pacctosHmsa ~ 10 R,
— c nonga Bbixoga Tenna 3emrm ¢ T =26,5K .

Mex3Be3gHoe NpoCTpaHCTBO

ConHeYHble HEUTPOHbBI Bxoa Mukpo4acTtuy
B MarHutonay3se 3emMsnu : T=247 10 2Ke LleHTp, Bxon
aapo T, = 6000K xonoga 3emnu KOCMMUYECKUX
HapyXHoe none o o T=25110"K /mukpovactny T=2,7K B
T, =127,28K , TeMnepaTtypHoe none
/ O/ 3emnun T =0,275K -
MpoTOHbI ) rpaBUTaLNOHHLIN Nepexoa.

OnNeKTPOHbI

/ o
O
MarHuTonay3sa
Te, =127,28K
©)

Bxog yactuuy
nnasmbl ConHua
\

el

FpaBUTALMOHHLIN
nepexon
Mukpoyvactuy, T =2,7K

grp= 9,81(makc)

T =260 A/

- 4__
4__

\\ : =
YnapHas
A 2R @ BOJIHa
COJIHeYHOro
BeTpa
\ BHeLIHWI 1 BHYTPEHHWUIA D
3NEKTPOHHbIE nosca
\ T=127,28K | *— rpaHuua
[MpOTOHHLIV Nosic | marHuTocdepbl R; = 10
Puc.1-18 T = 1249K T = 26,5K

Mpwn npm6nm>|<eHmm K MOBEPXHOCTWU MNaHeTbl ¢ paguycoMm R; , cunoBble NUHMK, MO
KOTOPbIM ABWXKYTCA KOCMUYECKME MUKPOYACTULblI K LIEHTpY 3emMnu -  crywarTca oo
MaKCUMMarbHOW BENMYMHBI FPaBUTaLMOHHOTO YCKOPEHUa g rp = 9,81m/c” .

KonnyectBo MMKpOYacTUL, yMeEHbLUAETCH NPU UX OBUXKEHUN K LEHTPY MMaHeTbl, TakK Kak
B AOpe nnaHeTbl uaoeT OecnpepbiBHbIA «pacxod» KOCMUYECKMX MUKPOYacTuL, Ha
XONI0AHbIN TepmosiaepHbin npouecc. CrnepoBaTenbHO, gpasumauuoHHOe [aBfneHue
MUKPOYaCTUL, B LEHTPE NnaHeTbl cxoauT K Hynto. Cm. puc. 1 — 18.

6. MarHuTHO-cMNoOBbIe — TeMnepaTypHble IMHUKN 3eMnu.

MukpoyacTuupsl T = 2,47 107K, coaaaBasi MarHUTHO-CUMNOBbIE, T.€. TeMnepaTypHble
NNHUKN — rpaBUTaUMOHHOE nore, cBAasbiBatloT 3emnto ¢ CONMHLEM M KOCMOCOM.

Kocmuyeckne mukpodactuubl Manaktmkm ¢ temnepatypon T = 2,47 10"%K,
CUNOBLIMU NIMHUAMMU Yepes3 OCb 3eMNN , 3aX04AT B LLEHTP X0sio4a nnaHeThbl C
KoadbpmumeHTOoM Nnepenaum Tenna g; = 9,81. Torga TemnepaTypa UeHTpa xonoga
nnaHeTbl 6ygeT paBHa: Tu = 2,47 10'2K/9,81 = 2,51°107 %K
B HacTosiLee BpeMsi MarHUTHasi ocb 3emnu pacnonoxeHa nog yrnom 11°
OTHOCUTENbHO OCK BpaLleHnsa 3emnu. [pouecc CMeLLeHns oCn MarHMTHOro Nons
3emnu npogormkaeTcs. Yron mexay ocbio BpaleHus 3eMnun n HanpaBreHnem Ha
MOMIOC AKMUNTUKU(NIIOCKOCTb 3€MHOMN opbuThl) — cocTapnsieT 23°27.
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Mo cnnoBbIM NMUHUAM, COeAMHSAOLWME MAarHUTHbIE Nonca 3eMnn, OBUXKYTCS
3axBayeHHble M3 pagMauUMOHHOIO Nosica CONHEYHbIe YacTuLbl 3NEKTPOHbI — C KOXKHOTO
MarHMTHOro nomntoca kK ceBepHoMy. CoONHeYHble 3MIEKTPOHbI, KaK U NPOTOHbI,
nepegaroT Tenno 3emre ¢ nepenagom temnepaTyp : g = 127,28K/26,5K = 4,8

B Toxe Bpemsi, Tenno ns xonoaunbHuka 3emnn Ty, = 0,275K , yepes MmarHUTHbIN
nontoc no TemnepaTypHbIM IMHUSM NEPEXoanT B xonoaunbHuk ConHua
Txe= 0,05728K ¢ Takum xe KoatppUUNEHTOM: g, = Ty / Ty = 0,275K/ 0,05728K = 4,8
Ob6uiee konn4yecTBo Tenna, Bxoasiiee B 54po 3emnun n3 kocmoca un ConHua:
g=g 2£=~98148=47,14. Cm. puc. 1-19.

Mex3Be3gHoe n pOCTpaHCTBO

Bxop no cunoBbIM NINHUAM
Mukpouactuy T = 2,7K
B xonoaunbHuk 3emnu T =0,275K
Bxop no cunoBbIM NUHUAM
Mepexon conHe4vyHOro Tenna KOCMMUYeCKNX
B nosne 3emnu Mukpoyactuy T = 2,47 107
B UeHTp xonopa T=2,5110" 13K
MarHuTHbLIN nontoc ﬂ
CeBepHOro nonywapus Ocb 3emnu
’ TBeppoe sapo 3emnu

ConHeyHas nnasma;
HeuTparnbHble

c ueHTOM xonoga.
‘ Maruutocdepa

NPOTOHbI agpa 3emnu
T, =6000K ;
T,=127,28
—_—ﬁ 3axBa4yeHHble
—} 3NEeKTPOHbI
YpapHas CUNOBbLIMU
BOJIHA NINHNAMU

PagunaumoHHbIe nosics

3NeKTpoHHble T = 127,28 \

M NPOTOHHBbIN T = 1249K

NEeKTPOHHbIN
y3en

2

aBUTaAUMNOHHAA NMNHUA

MarHuTHbLIV nonrc
FOXKHOIro nonyiuapus

/ Bbixog tenna 3emnu T = 0,275K
( B xonoaunbHkKk ConHua T = 0,05728K

Mex3Be3gHoe NPOCTPaHCTBO

Puc. 1 -19

3axBayeHHble N3 pagnaunoHHOro Nosica 3MeKTPOHbI NoA AaBNEHMEM KOCMUYECKMX
MUKpoYacTu, ¢ TemnepaTtypon T = 2,7K coBepLuatoT rpaBUTaLNOHHbIV NEPEXos C
yckopeHnem g= 9,81 m/c*> k 3emne .

[Mpn nepeceyeHnn rpaBUTaLMOHHBIX U CUMOBbLIX NIMHMIA, 0Opa3syeTcs y3en u3
3aPSHKEHHbIX YaCcTUL, — 3MEKTPOHOB. 3BECTHO, YTO CUNOBbLIE SNEKTPOMArHUTHbIE
NMHUKX CO3[JatoT CeTKy Ha noBepxHocTy 3emnu. Ecnu cosgaetcsa MOLHBIV C
nepenagom g = g; g, ANEKTPOHHbIV y3€en, TO 3TO HEraTUBHO BNUSIET HA 340POBbLE.

7. OuHamMmuKa OBMXEeHUNA 3emMnu .

TemnepaTtypa xonogunsHuka aapa 3emnu pasHa T = 0,275K , a y ConHua —
TemnepaTtypa xonoaunbHuka oyHgameHTanbHoro agpa Ty =0,05728K . 3emns
CTpemMuTCcA B XonoAHyto obnactb ConHua, HO NOTOKM COSTHEYHbIX YacTuUL, OTTankuBarT
Hawy nnaHeTy. 3a cyeT COSIHEYHOW M KOCMUYECKOW 3HEpPruun, co3naeTca npomoHHasi
yoapHas BosnHa ¢ temnepatypont T = 6000K TBepgoro sapa 3emnu.
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C npoToHHOM ygapHOW BOMHbI MOET HEMNpPEpPbIBHbIA BbIOPOC MPOMOHHOU MaccChl
YacTul, 3HEPrusi KOTOPbIX CO34aeT peakmueHhbIl ra3oBbi XBOCT NSIaHEThI.

M3BecTHO, YTO peaKTUBHbLIN ra3oBbI XBOCT 3eMnun OTKpbINv 6narogaps
PoOMUBOCUSIHUK, KOTOpoe HabntgaeTcs B 3Be3gHOM Hebe Ha paccTtosiHum 20Rs3 .(10)

Bxoa mukpouvactuy T = 2,7K
B xonoaunbHukK agpa T = 0,275K

MpaHnua marHutocdepbl 3emnu
10R; O6onouka 3emnu - craTop

Maruutonaysa T = 127,28K TBepaoe sQpo - potop

YpapHas BonHa -

Cvna oTTrankuBaHus NpPoTUBOCUSIHUE
0

ConHua FOTTaJ‘I.

Cuna Fpor

"“\ 3emnu PeakTUBHbLIN NOTOK
(ra3oBbIN XBOCT 3emMnu).
CnupanbHbie NOTOKU K A Cuna pewxeHusi 3emnu F
conHeuHbIx yactni™ no opbure
noaTtankuesaroT nnaug‘ry«"' ’1
noopbure “" Puc.1-20

R
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. .
......
-------------

B peakTMBHOM rasoBom notoke 3emnuv BOo3HUKaeT yOapHas BonHa. CrylieHne
YyacTuy, B NOTOKE — MPOMUBOCUSIHUE — ABNAETCA yOAapHOW BONMHOW peakTMBHOMO XBOCTa
3emnu. PeakTuBHbINA NOTOK, yNMPasAChb B YAAPHY BOSIHY, CTAHOBUTCS CUITOBbIM
notokoM. [losBnsieTcs cuna — ueHTpocTpemuTenbHasa cuna F ., koTopas
nogTtankmeaet nnaHeTy K ConHuy ¢ cunon Fuopr . MNonyvaem: Fpopr = Fye = ma |, rge
a=5,93210" m/c? - yckopeHue 3eMnu; m — BbIXogHas NPOTOHHAs Macca 3emnu.

[nsa onpegenenns 8bixoOHOU NPOTOHHOM Maccbl M, UCXOAALLAs C MPOTOHHON
yAapHOM BOMHbI A4pa 3emnu, Bocnonb3dyemcs paseHcTBOM myg = G mym/ r’, Torga
nonyyaem: m=gr?/ G, rae I - paguyc 3emnu; G =4,799310™" um?/kr? -
rpaBMTaLMOHHas NocTosHHas;, g = 9,81 wm/c?.

BbixoOHasi npoTOHHas Macca 3emnv paBHa:

m = 9,81 m/c? (6,375 10%w)?/ 4,799310™"" um?/kr? =8,307 10%* kr =~ 8,31-10% «r.
Onpepgensiem cuny noatankuBaHus Fropr 3emnu Kk ConHuy:

Froar= 5,932:107 m/c? '8,3110% «r = 4,93'10% H .

Ho cunbl 4encTBYOT Napamuy — 3HaAYUT, NOABNAETCA U cuna oTTankmBaHms  Forran, -
Ota cuna cosgaetcsa ConHuem — CofnHeYHble TeMnepaTypHble YacTuLbl, ABUrasChb
peaKkTUBHbIMU NOTOKAMMW, CO30AI0T yOapHbI€ 80/1HbI, KOTOPbIE M OTTANKUBAIOT MaHETY .

Cwuna oTTtankmBaHus nnaHeTbl oT ConHua onpegensieTcs 3 gopmynbl HoloToHa:

Forran = GMc m/R? ,rae M. = 2,766'10°%r — BbIxoAHast Macca NpOTOHHOM
yoapHoun BonHbl ConHua; R = 14,9610 — pacctosaHue ao 3emnu go ConHua;
m — BbIXO4HasA Macca NPOTOHHOW yAapHOW BOMHbI sigpa 3emnu;
Forran = 4,799310™"" um?kr? - 2,76610%° - 8,31:10%* kr / (14,96:10"°m)? = 4,9310% H .
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Cwuna nogrankusanus 3emnu K ConHuy paBHa cure oTtankuaHus nnaHetbl ConHuem:
Froar = Forran = 4,93:10% 1.

« Cunosble NNHUN MeXMNNaHEeTHOro MarHUTHOrO NMons, KOTOpble HAYMHAKTCA Ha
Bpawawwem ConHue, nvetoT Bug cnupanen Apxumeaa. Cunoeble JIMHUM CRyXaT Kak
Obl «pernbcaMmmy», Mo KOTOPbIM ABWXKYTCS NOTOKM nrasmbl» (14).

PeakTuBHbIE NOTOKM YaCTUL, COSTHEYHOW Na3Mbl, 3aKPYYEHHbIX B MEXMNSTaHETHOM
none B cnupans Apxumeza, BCTpeyascb C MarHuTocgepon 3emnu, npn TOPMOXKEHUN U
CryLLeHMW, Cco3aaloT: MarHuTonaysy — COfiHe4YyHoe none wu cuny aswxkeHunsa Fy
nnaHeTbl No opbuTe. Tak kak rasoBbIit XBOCT OTKMoHsieTcs Ha 3° k BOCTOKY, TO
cTabunbHoe ABMxeHne 3eMnu B 3anagHoOM HanpasneHu, C OOHUM U TEM Xe
YCKOPEHNEM, HAXOOUTCS TaK e Nog KOHTPONEM N BbIXOAHOW MPOTOHHOW Macchl
nnaHeTbl, KOTOpasa «JOMNOMNHAET U BblpaBHMBAET» COSTHEYHYIO cuny ABwxeHus Fj
3emnu no opbuTte, T.K. MOTOKN COSTHEYHOM MNa3Mbl HE CTabUNbHbI.

O6ono4yka 3eMnu BpallaeTcs 3a CHET SHeprum — OencTBUS MarHUTHOrO Nons
TBepgoro sgpa 3emnu. Teepaoe A4p0, Kak poTop, co3aaeT KpyTAWwmnn MOMeHT My B
OlHY CTOPOHY, a oborioyka 3emMnu, kak CTaToOpHOE KOfbLo, BpallaeTcs B MarHUTHOM
nosie potopa B NPOTUBOMOSIOXXHOM HanpaBSieHWUM C PaBHbIM KPYTALLMM MOMEHTOM

M; = Mg, Npy 3TOM BO3HUKAET MMPOCKONMYECKU 3dEKT CTabUITbHOIo NOMOXEHUS
ocn 3emnum B KOCMUYeckoM npocTtpaHcTee. Puc. 1 — 20

YacTb 5. TemnepaTypHble pexumsbl JIyHbI.

Temnepatypa nosepxHocTu JlyHbl Trn ~ 100K . (3)
1. Bbixog Tenna JIyHbl — TeMnepartypa BbIXOAHOro nons I gp

(Ten)?=Ton Tr = 100K  2,7K ; Torga Ten = 16,4K .
2. KoatbbmumeHT nepenaga temnepatyp copoca tenna JlyHbl B Mex3Be3gHoe
NPOCTPaHCTBO, PaBEH: g=Teg /TR =16,4K/2,7=6.
3. Bxoa Tenna B XonoaunbHUK - LeHTpa sapa JIyHbl U3 KOCMUYECKOro NpoCTpaHCcTBa
Tr = 2,7K ¢ k0oahpmUneHTOM TeMNepaTypHOro nepenaga paBHbIM TeMnepaTypHOMy
Koa(pdpuLmneHTy copocy Tenna B Mex3Be3HOe MPOCTpaHCTBO g = 6.
Torga, Temnepatypa xonogunbHuka — aapa JlyHbl:
T =Te/g =2,7K/6 = 0,45K.
4. Tennoo6bmeH JlyHbl ¢ ConHueMm; Tepmonore JlyHbl.
KoadbpumumeHT TemnepaTypHoro nepenaga: g= Tx, / Txe = 0,45K/0,05728K=7,85 .
TemnepaTtypa Tepmonons JlyHbl, co3gaHHoro ConHuem:
Tn=Tn / g=6000K/7,85=764K.

5. YTOo4YHeHue TemnepaTtypbl NOBEPXHOCTU U BbIXOoAHOro nons JlyHbl.
Tak kak paBHOMepHbIr nporpeB ConHueM NoBepxHOCTU JIyHbl MaeT ¢ ero Tepmonoss
C KoaddpuumeHTom g = 7,85, TO MOXHO YTOYHUTL TEMMEpaTypy NOBEPXHOCTU JTyHbI:
Ton= T/ g=764K/7,85=97,3K. Torga, yToyHeHHasi TemnepaTypa BbIXOQHOIO
nons JyHbl: (Ten )2 =T Tr =97,3K 2,7K , nonyyaem: Tg, = 16,2K.
Bbixoa Tenna JlyHbl naeT ¢ nepenagom temnepatyp: g =97,3K/16,2K/2,7K =6

6. BHyTpeHHee cTpoeHue JlyHblI.

JTyHbI UMeeT conHeYvHoe CTpoeHue sapa: yHOameHmarsbHoe 4pP0 C LLEHTPOM
xonoga wu BbIxogHoM Temnepatypon agpa Ty, = 0,45K , orpaHuMyYeHHOe NPOTOHHOM
yOapHou BonHon ¢ Temnepatypon T =2,7K; uyeHmpanbHoe A4p0 C NPOTOHHOM
yoapHou BonHon ¢ T = 127,28K ; eHewHee- meepdoe Sapo C rMpomoHHOU yaapHomn
BornHonm ¢ T = 6000K — MuHM conHue.
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Paccuntaem paguyc npomoHHOU ypapHOW BOMHbI meepdoco sagpa JlyHbl C
Temnepatypoit T = 6000K no cdopmyne: Mvn = myCk , rae M = 3,7710% «r
NpoToHHas Macca aapa JlyHbl (pacyeT gaH Huxe);
n=g=7,85"6=~47,14 — dpopmmpoBaHme NnpoToHHON yaapHon BonHbl T = 6000K.
R?=3,7710%%r 1,6510'm/c 47,14 1,3910°%'m? / 1,673 10"k - 2,997910° m/c" 4 ;
Paguyc tBepgoro agpa JlyHbl: R =255 km .
«Texacckas rpynna cemcmororoB BblgenseT B ueHTpe JlyHbl 44po ¢ pagnuycom
170 — 360 km ». (9)

CnepoBaTternibHO, NOMYyYEHHbIN pacYeTHbIN pe3ynbTaT — paguvyc TBEpAoro aapa
JlyHbI conocTaBuM C pe3ynbTaTtoM cencMosnoros n3 Texacca.
Bbixog Tenna ¢ TBepAoro sapa — MMHM CorHLUA Ha NOBEPXHOCTb JIyHbI:

g =6000K /764K / 97,3K = 7,85.

Y JlyHbl HET pacnnaBfeHHbIX Nopoa, T.K. HET A4ENCTBYIOLUMX BYNKAHOB. [IpOMOHHYH0
yOapHyo BOSTHY sHewHez0 agpa ¢ Temnepatypon T = 6000K u TBepable nopoabl Heap
JlyHbl ¢ Temnepatypon T = 764K pasgensieT 6onbluas razosasa 060s04ka, cm. puc. 1 — 21.

Mex3Be3gHoe NpoCTPaHCTBO
AN

Bxoa mukpouvactuy T = 2,7K

Bxoan no cunoBbIM NUHUAM B BbIXOAHOEe TemmnepaTtypHoe none -
MuKpoyvactuy, T =247 10" K xonoaunbHuk aapa Jlynbl: T = 0,45K
B LIeHTp Xonoaa
MosepxHocTb T = 97,3K
Tepmonone /3amopMo»(eHa - He BpaljaeTcs
Ten = 764K
MpoToHHasa yaapHas
BbixogHoe BonHa T =6000K sppa JlyHbl
none T =16,2K

TemnepatypHoe none T = 764K
Bonblwasa razoBasa 30Ha 3aTBepAeBLUMX NoOpoL

R =~ 1400 km ?!

MarHutocdepa sgpa
Teepnasa o6onoyka

Papuyc JlyHbl R = 1738 km

Paguyc Appa R =255 km

Puc. 1 - 21

7. MpaBuTaums Ha JlyHe.
C nomoLLblo rpaBUTaLMOHHOIO Nepexoga MMKpovacTuL, ¢ TemnepaTypHoOro nons
Tr = 2,7K 13 MeX3BE34HOro NPOCTPaHCTBA W COMHEYHbIX YacTuUL, OCyLLEeCTBNSeTCA
dopmmnpoBaHue TBepaoro aapa JlyHbl.
MpaBuTaumusa c yckopeHuem g, = 6 m/cex’ .

"paBuTaums ocyecTBAsSETCS KOCMUYECKUMM MUKpOYacTMLaMM C TeMNnepaTypon
Tr = 2,7K npu nx nepexoge n3 Mexs3Be3gHoro nNpoCcTpaHCTBa B HA3KOTEMMNEPATYPHYHO
30HY Txn = 0,45K — xonoaunbHuk agpa JlyHbl:

gp=Tr/ Txn =2,7K/0,45K = 6 s’

Mpn nepexoge KocMmnyeckne MMkpodacTuubl Tg = 2,7K BCTpeyaoTCcs ¢ BbIXOAHbIM
TemnepaTypHbIM nonem Tgn = 16,2K 1 ¢ nonem noBepxHocTu JIyHbl Tny = 97,3K

KoadbdmumeHT rpaBuTaumm Ha noBepxHOCTU JlyHbl: g = 97,3K/ 16,2K/ 2,7K = 6 v’
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Cxema rpaBUTalMOHHOIO nNpouecca Ha J1y|-|e.

Mex3Be3gHoe NpPoCTpaHCTBO
Kocmuueckue I

MukpouacTuupbl T = 2,47 10" K MpasumayuoHHbIii nepexon,
nepexopn B LIEHTP xosioaa KocMuyeckux mukpodactuy T =2,7K
o B TemnepatypHoe none T = 0,45K

HenTpoHbI MarHMTOI'Iay3bb
NyHbl T, =127,28K Q X
T+= 6000K T=27K

MpaHuua
BbIXoAHOIro nonsa
Tan = 16,2K <

T,=16,2K
T1=97,3K

Tepmonone T = 764K

NMoBepxHOCTbL _ T2 =97,3K
NyHbI T =97,3K™ T4=764K
TemnepaTypHoe
none T = 764K
Fa3oBas 30Ha NyHbI
MpoToHHasa yaapHas _—7 dyHpameHTanbHoe
BonHa T =6000K TBepporo sapa AQPO C LLeHTPOM Xxornopa
T=4,1210"K

Puc. 1 -22

8. Bsanmopeuncteue JlyHbl ¢ ConHuem, 3emrnen 1 KOCMOCOM.

a). Mukpoyvactuubl T = 2,47 107'%K, co3faBad MarHUTHO-CUMOBbIE, T.e. TeMnepaTypHble
nnHUK, ceasbiBatoT JIyHy ¢ ConHuem, 3emMnen 1 ¢ KOCMUYECKMMU NPOCTOPaMM.
Kocmuyeckme mmukpovacTtuubl ¢ Temnepatypon T = 2,47 10?2 K, cUnNoBbIMU NMUHUAMMU,
3axoasT B LeHTp xonoga JlyHbl Tw = 2,47 102K/ 6= 4,11107"°K
KoadhpumumeHT nepenana temnepartyp paseH rpasurtaummn Ha JlyHe g = 6.

0).BxogHou noToK Tenna ¢ TepMogMHaMUYEeCcKoro nons, CO34aHHOro CoHeYHbIMN
YyacTuuamu, K nosepxHocTu JlyHbl nget ¢ nepenagom g= T,/ Ton = 764K/ 97,3K=7,85;
N BbIXOAHOW NOTOK Tenna u3 xonoaunbHuka sapa JlyHbl K xonoannbHuky ConHua naet ¢
OOWHaKOBbIM TeMnepaTtypHbiM nepenagom : 2= T,/ Ton = 0,45K/ 0,05728K = 7,85

B). [lepexon Tenna ua xonoaunbHuka JlyHbl K 3emne:

g=Tuy/ Tys= 0,45K/0,275K = 1,635 .

Tenno BbIXogHOro nonga 3emMnu nepexogut B opbutansHoe nosne JIyHbl.

2= Tegs/ Ton = 26,5K/16,2K = 1,635

10. [OuHamuka aBuXKeHUs JIyHbl.

lMpomoHHas ypapHas BonHa eHewHez20 sigpa JlyHbl ¢ onpeaenieHHbIM LUKITOM
BblbpacbIiBaeT 8b/XOOHYH MPOMOHHYK MaccCy, 3a CYET 3HEepPrmm KOTOPON:
1. OcywectBngaeTcs TennoobmMeH ¢ KOCMOCOM.
2. N\geT MOLWHbIN peakTMBHbIN BbIBPOC YacTul, KOTOpble CO34atoT:

- cuny aBwkeHus JlyHbl no opbutam kak Bokpyr CorHua, Tak n BOKpyr 3emnu;

- cuny noartankusaHusa K ConHuy 1 cuny oTTankMBaHus ot 3eMnu.

OT ygapHoOW BOSTHbI peakTUBHOMO XBOCTAa AEWCTBYET cuna noarankuBaHna  Fuoqr
NyHbl k ConHuy, paBHasa LeHTpobexHon cune F . ; C Takon xxe CUNon CONHEYHbIN
NoTOK YacTuy, oTTankuBaeT Foran JIYHY:  Fropr= Forran = Fuc = may
JlyHa coBepluaet gsmkeHue Bokpyr ConHua no opbute 3emnu ¢ yckopeHnem
ay = 5,93107 mic?
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[ns onpeaeneHns 8bixo0HOU NPOTOHHOW Macchl sapa JlyHsl m , T.e. Mmacchbl JlyHbl,
BOCMOSb3yemMcs paBeHCTBOM mqg = Gmim/ r? , TOrga nony4yaem: m=g G, roe
r - paguyc Jlynel; G = 4,799310™" um?ir? - rpaBUTaLMOHHAA NOCTOSAHHAS;

g = 6 m/c® — yCKOpeHUe rpaBuTaLmmn, UMEHHO C 3TUM yckopeHuem JlyHa nonydaet
3HEepru 13 kocMmoca ans paboTbl CBOEro aapa.
BbixogHasa npomoHHas macca sigpa JlyHbl:
m =6 wm/c® (1,73810%)?/ 4,799310" um?? = 3,77-10% «r
Cuna nogTtankueanms JyHbl kK ConHuy: Froar = 3,77°10% kr - 5,93-107° mic? = 2,210%" 1.
Ho cunbl 4eNCTBYIOT Nnapamu — 3HaA4UT, NOABNSETCA cuna oTTankuBaHns Forran |,
koTopasi co3gaetca ConHeYyHbIMK YacTuuamm 1 onpegensietcst M3 gopmynbl HotoToHa:
Forran = G Mc m/ R?, roe Mq — BbIxogHasi rpomoHHasi macca ConHua;
R =14,9610"°v - paccrosiHve oT 3emnu fo ConHua .
Forran = 4,799310™"" um?kr?-2,76610% 3,77-10% «r / (14,96:10"w)? = 2,2:10%" H
MonyyaeM, paBeHCTBO cun: Froar = Forran = 2,2:10%" H.

JlyHa gBuxeTtcsa BmecTe ¢ 3emnen Bokpyr ComnHua co ckopocTblo V= 30 kw/cek .
B 10 e Bpewms, JlyHa BpallaeTcs BOKpyr 3eMnn co ckopocTblo Vi = 1,03 km/cek .
CnepoBatenbHo, JlyHa oTHocuTensHo ConHua, To yBenmymMBaeT CKOpocTb V + Vj
(npet yckopeHnune JlyHbl), T.K. CNYTHUK OBUXKETCSA MO X04Y ABWMXKEHUS NIaHEeTbl B
op6utansHom none 3emnu To; = 26,5K ; TO yMeHbLIAeT CKOPOCTb V — Vy , ecnu
INlyHa gBwxeTcsa B 06paTHOM HanpaBneHUn OBMKEHUS NnaHeTbl No opbuTte .

CnepoBaTternbHO, cpeaHasa CKopoCTb ABMXeHUsA JlyHbl Bokpyr CornHua octaeTtcs
noctosiHHon. Cm. puc. 1 — 23 . l

\" PeakTunBHbIN XBOCT JTyHbI

JlyHa noBepHyTa ogHon
CTOPOHOW K 3emnie, T.K.

3amennexve 3 .
obnapaeTt GonbLLIOW ra3oBomn

—

V= Vn 30HOW MeXay SAPOM U
> > AN TBEPAON 060N04KON;
— CnyTHUK obnagaeTt OBymSA
Forran peaKTUBHbLIMW ra3oBbIMU

BbIXO4aMWu nogtankmesatroLimne

HasneHue Yactuy TNMyHy k ConHuy u k 3emrie.

ConHua Ty, =26,5K

Puc. 1 -23

Mo koadpdbuumeHTy TennoobmeHa g = 1249K/ 764K = 1,635 mexay 3emnein u
JTyHOM MOXHO paccuyuTaTb CUy B3auMOOENCTBUS TeMNepaTypHOro nosisi CnyTHUKa

F'p= Mysa, c nnaHeTon. MNpu 3Tom GyaeT 3aaeliCcTBOBaHA TOMBbKO Yacmb BbIXOLHOWM
rnpomoHHou macchbl JTyHbl:

Man = g1 G = 1,635 mic* (1,73810°m)%/4,799310™"" um?/kr® = 1,02:10% kr .
LleHTpoBexHoe yckopeHue NyHbl — BpalleHne BOkpyr 3emnu: a, = 2,7210 m/c.
CunoBoe B3anmogencTane TemnepatypHoro nons JlyHbl ¢ 3emnen coctaBnser:

Fop = Manay = 1,0210% «r - 2,7210° mic? = 2,710 1 .

Cuna, ¢ koToporn 3emMnga CBOMM TeMnepaTypHbIM nosiem Bbixoga Tg; OTTaNkmMBaeT
CMyTHUK, paccyntaem no popmyne HetoToHa: F = G M; m IR? | rpe

M, = 8,3110%, - BbIXOAHAA Macca NPOTOHHOW yAapHOW BOSHbI 3eMnu;

R = 3,84410% — paccTosiHue oT JlyHbl o 3emnu.

Foorran = 4,799310™"" nm?kr? 8,3110% 1,0210%° kr / (3,84410%m)? = 2,710%°H .
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CunoBoe gencreune - NpOTUBOAENCTBUE TEMMNEPATYPHbIX Nonen JlyHbl n 3emnn paBHbI:
Fop = Forran = 2,7°10°°H , KOTOpPOE 3HAUNTENBHO MEHbLLE CMMNOBOTO B3aNMOAECTBMS
mexay JlyHon n ConHuem. [lo noruke nonyyaetcs, YTo JlyHa obnagaeT AByms
peakTUBHbIMM XBOCTaMW, TOrAa CUIbl AENCTBUS OT XBOCTOB B pa3HbIX TOYKax
NMOBEPXHOCTN €CTECTBEHHO CO34a0T MOMEHT TOPMOXEHNS MOBEPXHOCTU JTyHbI.

Korga —to 6binia 6e3nyHHas anoxa B UCTopumn 3emiun, 4To coobLiaeTcs u
ApeBHerpeyeckummn unocodamu.

CornacHo Teopumn Hobernesckoro naypeara laponsga HOpw, JlyHa B npowniom 6bina
nnaHeTon, T.K. OHa CIMLLKOM Benuvka Ansi 06bIYHOro CnyTHMKA, U nonana B «3€MHOM
NnneH» B pesynbTare HEKON rpaHaN03HOM KOCMUYECKOM KaTacTpodbl, KOTopas
npousowsia npnbnuantensHo 11 — 12 TbicaY NeT ToMy Hasag,.

Ckopee Bcero JlyHa korga-To Haxogunacb CO CBOMM BbIXOAHBbIM TemnepaTypHbIM
nonem Tg, = 16,2K Ha opbuTe mexay HOnutepom, y KOTOpOro BbIXogHOE none
Teo = 19,44K , n CatypHom, rae Tgc = 14, 7K. [1o BCeN BEPOATHOCTN,  Ha 3TOMN
opbuTte B Hegpax JlyHbl Wwnn 6ypHble TennoBble npoueccsl. JlyHa, BoibpackiBas
MOLLHbIV peaKTMBHbIN XBOCT, NepeLunia Ha opbuty 3emnu.

JlyHa nocteneHHO oTganseTtcsa oT 3emnn Ha 3,8 cM B rof. 3emns, B CBOKO
oyepeab, otoasuraetcst ot ConHua Ha 1 cm B roa. CnegoBaTenbHO, rpaHuLbl
Hapy>XHbIX TeMnepaTypHbix nonen ConHua, 3emnu u JlyHbl pacwupstoTtca. OTcroga
MOXHO cAenaTb BblBOA, YTO Hem HUKaKuX OQHOCTOPOHHUX CUIT TATOTEHNSA MeXay
KocMuyeckumm Tenamm 3emnen n JlyHon, koTopble co3gaBanu Obl NPUNUBbLI U OTNMBBI.

YacTtb 6. an/IJ'II/IBbI N OTNMBLI Ha 3emrne.

UeTblpecTa neT ToMy Hasag npou3oLro yamBuTenbHoe cobbiTne — bbina npuHsTa
3a OCHOBY acTposiornyeckasl uaes: NpupoaHoe siBfieHne — NPUnuBebl U OTNAMBbLI ABaXabl
B CYTKW MPOUCXOAST Ha NOBEPXHOCTM 3eMnn 3a cyeT Bo3aencTeus JlyHbi!?

Ho elle paHee anunen pesko BbICTYNNU NPOTUB JTYHHOTO
BNUSAHNA Ha NpUnMBbLI 1 OTNMBLIL. B «[lanorax o AByx cuctemax
MUpa» BESNMKUIN YYeHbIN rOBOPUT: @ « [lpu3Hamb, 4mo mym
oeucmeytom JlyHa u ConHye u 4Ymo OHU 8bI3bigatom MoOObHbIe
S18JTEHUST — 8C€ 3IMO CO8EPWEHHO rpemum moemy paccyoky».(11)
Manunen NpegnoXxus CBOK «YNCTO MEXaHUYECKYIO» TEOPUIO
NPUIIMBOB 1 OTNIMBOB, KOTOPbIE MPOUCXOAAT 3a CYET CNOXEHUS
CYTOYHOIO M roAMYHOro ABUMXEHU 3emMnu, cos3jaroLume
nepuoanyeckmne yCKopeHus u samensnieHns nepemeLleHmmn
OKeaHCKuX BOf.

Manuneo Nanunen

Teopm;l Fanunesa o npuinnBax n oTrinBax — 3TO OTKPbITUE HENMPEPbIBHO ,qe|7|CTByr0Lu,e|7|
KOHCTPYKUMK B NMNiiaHEeTapHOM mMacwitaoe.
3AMAL

Omnus

3ameaneHue 3emnu

(npn npunuee) /-

YckopeHue 3emnu
(npu oTnuee)

NMpunue CEBEP

3ameaneHue
(npu npunuse)

onebaHMe oKkeaHCKUX Boa
Ha NOBepPXHOCTU 3eMnu

Puc. 1 -24 e e



MoLLHble 3aKpy4eHHbIE NMOTOKM COSTHEYHOWN Nna3mbl, BblopacbiBaeMble ConHueMm,
noatankmeatoT Bce nnaHeTbl CONHEYHOM cncTembl No xoay BpalleHns ConHua.

Mpun aBmxeHnn 3emnu no opbute Bokpyr ConHua Ha NOBEPXHOCTM NIiaHeTbl NPUNUBHI
N OTNNBbLI MPOMCXOOAT CTPOro B HanpaBneHusax: Ha 3anage u BocTtoke nnaHeTbl —
BOJa OKeaHa yxoauT oT 6epera: nayT npouecchl 0TnmBea ; a Ha KOre n Cesepe Boaa
npubbiBaeT: naeT nogbem — NPUIMB BOA OKeaHa.
3emns BpallaeTcs BOKPYr CBOEN OCUM — NPUNMBbLI, Kak 1 OTINBLI, MPOUCXOAAT ABaXAbl
B CYTKM, Yepe3 12 yacos : Ha 3anage n BocToke nnaHeTbl — BOAA OKeaHa onycKaeTcs —
BCerga nponcxoguT npouecc otnuea; a Ha tore ( co ctopoHbl ConHua) n Cesepe( €
HOYHOW CTOPOHbI) — BOAA OKeaHa NogHMMaeTCcs — uaeT Npunme; cMm. puc. 1 —24
Kpome Toro, Bokpyr 3emnu 1 JlyHbl CONHEYHbIMM YacTULaMM Co3gaHbl TEMNepaTypHble
nons, rpaHnLbl KOTOPbLIX yAapHble BOMNHbI. TemnepaTypHble Nons oTAeNAT Apyr OT
apyra 3emnio 1 JlyHy B KOCMUYECKOM NPOCTPaHCTBE.

Torga BbIXOAUT, YTO AEUCTBME NPUMMBOB N OTIMBOB abCOMOTHO HE 3aBUCST OT
BnusaHus JlyHbl! OTctoga cnegyeT: HeT HU OAHOM TOYKM Ha NOBEPXHOCTM 3emnu,
KoTopasi ucnbiTbiBaeT cuny nputsxkenus JlyHol.  JlyHa HUkakoU epasumauyuoHHO-
Oeghopmupyrowieli curnbl Ha 3eMso He oOKa3bleaem.

BonHa lNMyaHkape.
Torga, rae e nckatb KoY K gokasaTenbCcTBy Teopun Nanvnena?
A OH, oKasblBaeTCsl, HaxoauTcs B nocTynate ppaHuysckoro unauka lNyaHkape: «Tena
cKumaroTcsa Boonb AswxkeHusi». O6 aTom noctynate cam [NyaHkape roBopwur:
«Teno npu ABMXeHUM UcnbITbiBaeT AedhopMaLnio B HanpasfeHUn ABMKEHUS. ..
NPUXOANTCA NPU3HaTb, YTO 3Ta rMNoTesa NpeBocxodHo noareepxaeHax».( 10 ) Toraa,
nosiBNeHne NpuInBOB N OTSIMBOB Ha NilaHeTe MOXHO OOBbACHUTL crneayowmnmMm obpasom.
Mpn gBwxeHUN Bnepe no opdbute, cornacHo Teopuun lNyaHkape, TeNO CXMMaeTcs;
3HayuT, TemnepaTypHble NoNa 3eMnm CXUMaroTCs Npu ABMXKEHUU No opbute ¢ cunon
F, 3a cueT gaBneHus 3akpy4yeHHbIX MOTOKOB COSTHEYHbIX YacTuy, . Ha cuny aBmxeHus
F, 4acTuubl okpyxatowiero npoctpaHcTea ConHEYHON CUCTEMbI OTBEYAKOT Cuiamm
ckatna Fex . [aBneHue cxaTtusa nepefaeTtcsa Ha MarHutocgepy, atmocgepy un Ha
nosepxHocTb 3emnu Fq n F2 .Cm. puc 1 — 25.

OBwxeHune ConHua 3ATMAL

no Heby — ¢ BocToka Fex

Ha 3anag

\ Mpunus OTnuB BOA OKeaHa
ConHue
or [ 4 \ CEBEP - Houb
F “=F
orTan. noaT

)
()
3
L
%
£
e
S
5
.ot

Puc. 1 -25

Mo xony ABwxeHNA NnaHeTbl No opdbute Bokpyr ConHua, nog gasneHnem cun Fq n Fa
Ha NOBEPXHOCTb 3eMsnu, BOAa OKeaHOB, Kak NOABWXHOE TENO, BbITECHAETCS C
NOBEPXHOCTU, KaK CO CTOPOHbI 3anaga, Tak n Boctoka — nponcxogut oTnme. B aToT
MOMeHT Ha KOre n CeBepe (Ha AHEBHOM N HOYHOW CTOPOHAaX) NMOBEPXHOCTU 3emnv BoAa
oKkeaHa npubbiBaeT, ypoBeHb BOAbI NOOHMMAETCS — 34eCb NOET NPUNuB.
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3emnsa BpallaeTcs NpoOTUB YacoBOKW CTPESKU: NOBOPOT Ha OAHY YeTBepThb - ¢ 3anaga
Ha tOr, k apkomy COnHLY — NPOUCXO4MT MPUNNB; eLle NOBOPOT Ha OAHY YeTBEpPTb — C
KOra Ha BOoCTOK — BOoa okeaHa yxoauT C NOBEPXHOCTU — MAET OTSIMB; NOBOPOT Ha
HOYHYIO CcTOpOoHY, CeBep — NpunMB; NOBOPOT Ha 3anaj — oTnmBe, cM. puc. 1 — 25.

Bpawaetca 3emnsa n Ha ee NOBEPXHOCTM BOAA OKeaHOB, UCMbITbIBAsA AaBrieHWe Mo
X0y ABWXKEHMWS NaHeTbl No opbuTe — onyckaeTcs, a B 3TO BpeEMSA Ha JHEBHOM U
HOYHOW CTOPOHaxX BoAa OKeaHOB — NOAHUMAETCS; hakTUYECKN BEXNT No nNnaHeTe
BOJSIHA OKeaHOB — «BoOJfHa lNyaHkape»!

LMknbl NpunuBoB U OTNIMBOB NO BPEMEHM.

Onpepgensiem Bpemsi BCEX TOYEK PU3MYECKOro npouecca npunmBoB 1 OTIIMBOB.
M3BeCTHbI TOYKM: 6 Yac yTpa — Makc. OTNuB — 3TO 3anag; cnegoBaTesibHo, Ha BocTtoke
B 18 yac Beyepa — makc oTnuB. Tak kak B 12 yac 15 M1H — Mmakc npunue; Toraa,

B 0 4ac.15 MnH — makc. npunus.

Kaxable 12 4ac 25 M1H ypoBeHb OT Makc. nogbemMa BoAbl Ha4MHaeT oTCcTynaTb, TO B
0 yac 40 muH (12 yac 15 m + 12 yac 25 M) — Havano oTNuBa; crnegoBaTerbHO,
25 MVH — CTONbKO BPEMEHW OEPXKUTCSA Makc. nogbem BoAabl; Toraa 12 yac.40 MuH —
Hayano oTnuea; cMm. puc. 1 — 26 .
Ha 3emne vayT ABa uukna CyTOYHbIX NPUANBOB: AHEBHOW-HOYHOW; HOYHOW-OHEBHOMN.

DBwxeHne ConHua 3anag

no He6ocBoay BocTok — 3anap
(oTcueT BpemeHn) Otnue

/ (yckopeHue)
1 12 \'

Makc. OTnuB

1 800

Mpunue

/(3amep,neHme))

12° 2490
HOr CesBep
Mpunue Otnue
(3ameaneHue) (yckopeHue)

OBuxeHne ConHuya
(oTcyeT BpemeHn)

Puc. 1 -26

BpeMﬂ MaKCMMalibHOro nogvema BoAbl CABUHYTO OT JINHUA }Or-CeBep Ha 15 muH.
MakcnmanbHoe gaBneHue cunbl oTTankmeaHus ConHua Forran — D,eﬁCTByeT C
FOXKHOW CTOPOHbI, 1 CUJlbl NOATANKMBaAHUA 3emnu FI'IOJ:lT - D,eﬁCTByeT C ceBepHoﬁ
CTOPOHDbI NNaHeThbl, YTO BIINAET Ha BbICOTY NPUJTMBOB: HA 3KBATOpPE — MEHblLLE, a B
IOXKHbIX N CEBEPHbIX LLNPOTAax — oonbue.

Mmasa 2. [lnaHeTbl 3eMHOU rpynnbl U nnaHeTbl TMraHTbI.
Temnepatypa nosepxHoct: Mepkypuss Tnw = 400 K; Benepsl Trg= 290 K ; Mapca Ty = 200K ;
tOnutepa Tro = 140K ; Catypra Tnc= 80K ; Ypana Tno= 55K ; Hentyna T, = 45K (3)

a. Temnepartypa BbIXOQHOrO NOJSIA NJflaHeT.
Onpepensietca no gopmyne: Tq/ To=Ta/ T3 (1%),roe Tr=2,7K.
Mepkypuit T/ Tew = Tew/ Tr; (Tew)?=Tow Tr=400K 2,7K; Teu = 32,86K.
BeHepa Tgs =28K. Mapc Tey =23,24K; KOnutep Tgo = 19,44K;
CatypH Tec =14,7K; Ypan Tg =12,2K; HentyH Tey = 11,02K.
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2. Tepmonorne nnaHer.
MoBepxHocTb ConHua nepegaeT Tenso TepMononto nraHeTbl Tpc/ Ty , TAKOE Xe Tenno
TepmMonorsie nepegaeT NOBEPXHOCTU NnaHeTbl T/ Thw -
Mepkypuih Toe/ Tom = Ton! Taw ; (T )2 = Tre” Trw = 6000K - 400K ;  Tru = 1550K.
Benepa T =1319K; Mapc Ty =1095K; HOnutep T =916,5K;
CartypH T« =692,8K; YpaH T, =574,45K; HentyH T,y =519,6K.
3. TemnepaTtypa xonoaunbHUKa NNaHeT.
‘paBUTAUNOHHbIE MUKpoYacTuubl T =2,47 102 K 3anycKkaroT X0s100HbIU MepMOsIOepHbIU
rpouecc B LEHTpe xornoaa pyHaaMeHTanbHoro sapa nnaHeTol. B cdpopmmpoBaHHoe
BbIXOAHOE none pyHOaMeHTanbHOro sapa — XonogunbHUK 3axodaT KOCMU4eckmne
MUKpoyacTuubl Tg =2,7K .
TemnepaTypa xonogunbHWKa — BbIXOQHOMO nons doyHaaMeHTanbHOro sapa:
Mepkypuit  Taw= (Tr)?/ Tew = (2,7K)?/ 32,86K = 0,2218K; BeHepa Ty =0,26K;
Mapca Ty =0,314K; HOnutep Txo =0,375K; CaTtypH Ty = 0,496K.
4. KoadpcuumeHT TemnepaTypHon cBA3U nnaHeT ¢ ConHuem.
MoBepxHocTb ConHua nepegaeT Tenno TepMononto nraHeTbl Tpc/ Ty , TAKOE Xe Tenno
xonoamnbHUk ConHua «OoTKauYnmBaeT» M3 XonoaunbHuKa nnaHeTbl Ty/ Txc .

Mepkypuint  Tne/ Tow = Txm/ Txe , € =6000K/ 1550K = 0,2218K / 0,05728K = 3,873
Benepa g = 4,55; Mapc g =5,48; lOnutep g=6,55; CatypH g =38,66.

BHyTpeHHUI TeMnepaTypHbIA PeXUM MraHeT: 3eMHOW rpynnbl U FTMraHToB.

@emme NPOCTPaHCTBO pasumauyuoHHbIlU
R Bxoa Mukpo4vactuy T = 2,7K
B BbIXOAHOE MNosie - XoNoaunbLHUK sigpa:
Mepkypusa T =0,22K ; BeHepbl T = 0,26K;
Mapca T =0,314K ; Onutepa T =0,375K ;
CarypHa T=0,496K ; Ypana T =0,598K .

Bxoa no cunoBbIM FIMHUAM
MuKpoyvactuy T = 2,47 10"2 K
B LIGHTP Xorioaa nnaHeTbl

Temnep. none Tepmonone
KOCM. YacTuL

T=27KN_

LleHTpanbHoe aapo

BbixogHoe BHeluHee sppo
T/none 3aTBepAaeBLUNIA
ammumak T =127,28K
(vwnn nep)

7

MpoToHHasa yaapHas

MpoToHHaA BonHa T = 2,7K
yaapHasi BofiHa
TBepAaoro aapa

T = 6000K
dyHaamMeHTanbHoe AApo
MNpoToHHasa yaapHas C LeHTpOM Xoroaa
BonHa T =127,28K
LeHTpanbHoro siapa TemnepatypHoe none
B Heapax: Mepkypusa T = 1550K
FasoBas BeHepbl T =1319K
30Ha Mapca T = 1095K
Onutepa T =916K ;
ATmocpepa ansa nnaHeT- rTMraHToB. CatypHa T =693K;
MaHTus 1 noBepXHOCTb ANA YpaHa T =548K.
nnaHeT 3eMHOM rpynnbl
Puc. 2 -1
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6. MpaBuTauusa Ha nNnaHeTax.

a). Kocmnuyeckaa epasumayus
pasumayuoHHoe faBrieHne KOCMUYEeCKNX MukpoyacTuy, Tg = 2,7K  ocylwiectenseTcs
npu uX nepexofe B XONOAUIMbHUK NiiaHeTbl — BbIXOAHOE TemnepaTypHoe none
dyHoameHTanbHoro sapa. KosdduumneHT TemnepaTypHOro nepenaga Mexay nonsiMmu
Mo Benu4MHe paBeH epasumayuoHHOMY YCKOPEHUIO:

Mepkypunt g =Tx/ Ty =2,7K/0,2218K=12,17 ,roe g, = 12,17 micex’

BeHepbl g = 10,38 micex’ ; Mapca gy, = 8,6 micex’ ; FOnutep gmp =7,2 micex’ ;
CatypH gp= 5,44 micex’ ; YpaH gp= 4,5 wicex’ ; HenTyH g = 4,08 m/cex’

6. OdnHamuka ABUXEHMA NNaHeT.
a). OnpepgeneHuve cunbl NoATankKMBaHUs NnaHeTbl K ConHuy.
[MnaHeTa HenpepbIBHO CTPEMUTCA K XoriogHoMy LeHTpy ConHua, kK TemnepaTypHOMY
nonto T =0,05728K. Ho ConHue HenpepbIiBHO OTTasnKMBaET NiaHeTy CBOUM MOLLHbIM,
BHELIHUM BbICOKOTEMMNepaTypHbIM noriem. Cwm. puc. 2 — 1

OBuXeHne nnaHeTkl
no op6ute

MarHuTtocdepa
nnaHeTbl

I:OTTaJ'I.

ConHua

AapHasa BOJIHA

HaBneHue ra3oBoro xBocCrta
COJTHeYHbIX

yactuy

Cm. puc.2-2

o
Q
o
»
o

OHeprusa npomoHHoU yaapHoW BOSNHbI meepdoao sapa nnaHeTbl co3gaeT cuny
noatankmeaHus nnaHeTbl K CoMHLy 3a CHET peakTUMBHOIO BblIGpoca YacTul, ¢
noBepxXHOCTUN NnaHeTbl. Cuna nogTankmBaHus nnaHeTbl Fhopr kK ConHuy — 3710
LeHTpocTpemuTenbHas cuna F ., paBHasi npov3BeaeHuio BolbpacsiBaeMoi
peaKkTMBHON NPOTOHHOM MacCbli M Ha LIEHTPOCTPEMUTENBHOE YCKOPEHME nnaHeThbl {a,}
Fronr= Fuc = ma,

Ecnn r — cpeaHun pagmyc nnaHeTbl, g — KoahduUUMeHT nepenaga temnepaTyp
BblOpoca YyacTuL, C NOBEPXHOCTU NNaHeTbl paBHOE KOCMUYECKOMY UITM CONTHEYHOMY
YCKOPEHWMIO rpaBUTaLMOHHOIO AAaBNEHUS, TO MOXHO MOACYUTATb, KaKyld MPOMOHHYH
Maccy BblbpacbiBaeT npomoHHas yaapHas BofiHa meepdozo sigpa nnaHeTbl Ans
co34aHnst CUnbl NPOTMBOAENCTBUSA CONTHEYHOMY AaBIEHMIO — CUMbl MOATAsNKMBaAHUSA K
ConHuy no dopmyre m=g r’l G:

Mepkypuit  m = 12,17 m/c* (2,44 10%w)?/ 4,799310"" um?ikr? = 1,57 10 kr
BeHepa m=7,9 10**«r ; Mapc m = 2,06 10**kr; Onutep m=7,3510%«r;
CatypH m=3,81 10%r.

LleHTpocTpemMuTenbHoe yCKopeHne ninaHerT :

Mepkypus a, = 3,96102 wm/c? , BeHepbl a, = 1,135 10? m/c?, Mapca a, = 2,55 10
m/c? . lOnutepa ay=2,210" m/c?, CaTypHa a, =6,5210° m/c?.

38



Cuna nogtankueaHusa Kk ConHuy:

Mepkypuit Froar = 1,57 10 kr 3,96'1072 mic? = 6,2 10%? H; BeHepa Fropr= 8,9 10% h;

Mapc Froar = 5,2 10%" H ; tOnUTEp Froar = 1,6 102 H; CaTypH Froar = 2,48 1102 H .
Ho cunbl AencTByoT napamu: ¢ Kakon cunon ConHue ottankusaeT nnaHeTy Forran.

C TaKoW e CUNoun nnaHeTa JormkHa noatankmeatbCa Fropr K COMHUY, YTOOLI

NOCTOSIHHO OCTaBaTbCs Ha CBOeW opbuTe.

CornacHo cdopmynbl HetoToHa F =G M, m/ R? | roe

m — BblbpacbiBaemasa Macca NPOTOHHOM yAapHOW BOMHbI s4pa
nraHeTbl, 3HEPINA KOTOPOW 3aTpaymMBaeTcsl Ha noartankuBaHue
nnaHeTbl K ConHuy;

M. — BblOpacbiBaeMasi macca NpoTOHHOM yaapHoOW BONHbI ConHua;
R — pacctosiHue nnaHeTbl oT ConHua

WUcaak HbloToH

Torpa cuna ottankmeaHnsa CornHUeM nnaHerT:
Mepkypuit For= 4,799310™ 'um?/kr? - 2,766'10°%r 1,57 “10%*kr / (5,79-1010@2 =6,2 10% H
tonutep For =4,799310™  um/kr? - 2,76610%%r 7,35 “10%%r / (77,810"%m)? =1,6 10% H
PesynbTtatbl cun coBnagatoT: C Kakow cunon ConHue oTTankmBaeT NiaHeTbl, C Takon
Xe cunon nnaHeta nogrankmeaeTcsa K ConHuy  Forran. = Frogr,
0). OnpeaeneHue cunbl ABMXKEHUA NNaHeTbl NO opouTe.

Yem panblie nnaHeTa oT ConHua, TeEM MeHbLUE Cua CONTHEYHbIX YacTul,
noatankmaroLlmx nnaHety no opburte. oaToMy nnaHeTa BbiGpacbiBaeT CBOO
NMPOTOHHYIO Maccy Ans co3gaHusa cTabunbHOro asmxeHust no opbute. CornacHo
0606wweHHoro HetoToHOM 3-ro 3akoHa Kennepa — ABWXKEHUS nnaHeT no opbutam,
BbIYMCIIEHO, YTO Macca nnaHeTbl cocTaBnseT oT macchl 3emnu: Mepkypun - 0,056
yacTb ; BeHepa - 0,817 ; Mapc - 0,107 yacTb ; FOnutep paBeH 318 maccam 3emnu;
CaTtypH —95,2.

BbIxoiHas Macca NPOTOHHOI YAapHOIi BOMHbI sapa 3emnu paBHa m, = 8,31°10% kr .

CnepoBaTenbHO, 8biXx00Hasi NPOTOHHAA Macca yaapHOW BOMHbI f4pa nnaHeTbl Ans
co3gaHus cunbl ABmxkeHna F, nnaHeTbl No opbuTe, paBHa :
Mepkypust m, = 4,6 10% kr; BeHepbl m, = 6,7810% kr; Mapca m, = 8,910 kr ;

lOnutep m, = 2,64 10%" kr; CaTypH m, =7,910% kr .

[aHHasa BbiIxogHas Macca rmpomoHHOU yaapHOW BOSMHbI siAapa NnaHeTbl co3naeT
peakTVBHbIi BLIBPOC YacTUL C NnaHeThl ¢ yckopeHnem g =G m/r?:
Mepkypuin g =4,799310™"" umik? - 4,610 «r / (2,44:10%)? = 3,7 m/c?
BeHepa g = 8,9 w/c*; Mapca g = 3,72 m/c*; FOnuTep g = 25,8 m/c*;CaTypH g = 11,3 m/c®
KoathpuumeHT Bbixoga y KOnutepa n CatypHa 3HauMTenbHO NpeBbilaeT
rpaBMUTaLMOHHBIN KO3 dULMEHT BXxoaa. B pesynbrate 6ecnpenaTtcTBEHHOro Bbixoaa
YacTuy y nnaHeT mowHas atmocdepa. Cwuna, Heobxoanmas npu ABMKEHUU
nnaHeTbl BOKpYr opoutbl F, , paBHa npon3BeaeHunto BbibpacbiBaeMon NPOTOHHOWN
Maccbl Ha yckopeHue nnaHetbl F,=ma,, rae m — BbibpacbiBaemasi NPOTOHHas
Macca, 3Heprus KoOTopor MAeT Ha co3daHne Cunbl ABMKEHUS NnaHeTbl BOKpyr ConHua:
Mepkypuit  F, = 4,6 10%r - 3,96102 m/ic?> = 1,82 10%°H ; BeHepa F,= 7,710%%H ;
Mapc F, =2,2710?"w ; lOnutep F,=5,810%°H ; CaTypH F,=5,1510%H

7. Atmocdepa ConHua u nnaHert.

CornHue nmeeT MOLHY aTMocdepy, T.K. CpegHUn KoadhdUUMeHT Bbixoaa
COJSTHEYHbIX YacCTuL, B MEX3BE3HOe NPOCTPaHCTBO paBeH g = 274 , 3Ha4uUTerbHO
npesblwanWmi KoadduumneHT rpasutauumn Ha ConHue g, = 47,14 .

MepKkypui npakTU4eckn He MeeT atMmocdepsbl, T.K. KOAPMUUNEHT rpaBuTaumnn
gp= 12,17 Gonblie kKoadpduumeHta g,= 3,7 BbIOpOCa YaCTUL, C ee NOBEPXHOCTU.

39



MowHasa atmocdepa y BeHepbl, T.K. B €e Hegpax nayT MOLHbIe TENSOBbIE
npouecchl. Ho atmocdepa BeHepbl cxxumaeTcs rpaBUTaLMOHHBIM MOTOKOM
MUKpoYacTuL, AencTBylowme ¢ koapduuneHTom nepenaga temnepatyp g,= 10,36 .
Cxatas go gaBneHna p = 90 atm, atmMocdepa BeHepbl BpawaeTcs ¢ 60nbLuon
CKOPOCTbLIO BOKPYT MlaHEThI, COBepLUasi MNosHbI 060poT 3a YeTBEPO CYTOK.

Ha Mapce cnabas atmocdepa: KoaddPUUMEHT rpasuTaummn g,= 8,6 npesbllLaeT
TemnepaTypHbIA KO3MULMEHT BbIXOAA YacTuUL, C MOBEPXHOCTU NNaHeTbl g, = 3,72 .

Ha KOnutepe mowHasa atMocepa: TemnepaTypHbIn KOIMOULIMEHT BbIXo4a YacTuy, C
NOBEepXHOCTW NnaHeThl g;= 25,8 Gornblue koddduLmneHTa rpasuTaumn gp,=7,2 .

CaTypH, YpaH Tak xe UMeT MOLLHYI0 aTMocdepy, aHanornyHo tonutepy: g, > gqp

TemMnepaTypHble ¥ cunoBblie nNokasatenu ConHua U NnaHer.

Tabnuua Ne 1

HanmeHoBaHue ConHue | Mepkyp BeHepa | 3emns Mapc | lOnutep | flyna * | CaTypH YpaH
TemnepaTypa 6000K 400K 290K 260K 200K 140K 97,3K 80K 55K
NMOBEPXHOCTHU
TemnepaTypa 127,28K 32,86K 27,98K 26,5K 23,24K 19,44K | 16,2K 14,7K 12,2K
opoUTHI. r—— | nep/xon | Tenna B | ConHed | cucteme >
TemnepaTypa 0,05728K | 0,2218K 0,26K 0,275K 0,314K | 0,375K | 0,45K 0,496K | 0,598K
xonoaunbHUKa < nep/xog | Tenna k | ueHtpy | ConHua | <
paBuTaumna Ha g =47,14 12,17 10,36 9,81 8,6 7,2 6 5,44 4.5
nnaHete M/c?
KoadhpumumeHt g=T./T, 3,873 4,55 4,8 5,48 6,55 7,85 8,66 10,44
TennoobmeHa B n pa3 P
nnaHet ¢ ConHuem <
BbiX. NPOTOHHas 2,76610" | 1,510® | 7,9 10* | 8,310 [ 2,110 | 7,310®° | 3,710 | 3,8 10 | 6,110%
macca Frogrank Kr Forran Kr €
nnaHet K ConHuy —
BbIX. NpoTOHHas
Macca Fuamen kr | 2.76610% | 4,610% | 6,78 10* | 8,310* | 89107 | 26107 |3,710® | 7,910° | 1,210%
no opburte
Koad. BbIxoga — g =274 3,7 HeT | 8,9 mowH 9,81 3,7 HeT | 25,8 1,635 11,3 9
opbuT. ABMXKEHNE Moly/atm | @tMocd | atmoced | atMocd | aTMocd | M/aTMm H/aT™M M/aTm M/aTm
Paguyc T8/ agpa
C yAapH. BonHon | 6,89 10% | 5,1 10° | 11,6410° | 1,210° | 5,9510° | 2,1310" | 2,510° | 1,1710" | 3,23 10°
T = 6000K
YckopeHue nnaHeT | m/cek’ 3,96 107 1,1310% |5,9310° | 2,5510° | 2,210~ - 6,5210° | 1,6110°

OBnxeHne komeTbl BOKpyr ConHua.

B npoctopax lanaktukn u B CoONMHEYHON cuCTeMe KomeTa [OBWXKeTCca 3a c4yeT
pPEeaKTUBHbIX CUII, CO3]jaBaeMble KOMETHbIM XBOCTOM — MOTOKOM PeakTUBHbIX YacTulL,
BblGpacbiBaeMbIX rONOBHON YaCTbi0 KOMETbI.

B ronoBHOM YacTy KOMETbI €CTb S0PO, B LIEHTPE KOTOPOro HM3KOTEMMepaTypHas 30Ha

- X0mo0usnbHUK, TemnepaTtypa KOTOPOro  3HAYUTENbHO Bblle TemnepaTypbl
xonogunbHnka CornHua Ty, = 0,05728K. B  HuskoTemnepaTtypHyto obnactb — K
xonoaunbHuky ConHua (kak MOLLHOMY BakyyMy) — HanpaBnsieTcs KomeTa.

TemnepaTypa opbuTanbHbIX Monen, KOTopble NPOXOAMT KOMeTa MNpu ABMXKEHUU U
npubnmwkeHmun k ConHuy, yBenuunmBaeTcs; MaeT WMHTEHCUMBHOE WCnapeHue neasHoun
rMblObl — rONOBbI KOMETbI; YBENMYNBAKOTCA PEAKTUBHbBIE CUIbl MOATANKMBAHUSA KOMETbI
kK ConHuy. B TOXe Bpemsi, B pe3ynbTrate MHTEHCMBHOIO MCMapeHus, oTgadnm Tenna,
Ha4yMHaeT NMOHWXaTbCA TemnepaTypa XOnoAusibHMKa sapa KOMETbl Mpu COMMXKEHUM C
ConHuem. Hanpumep, TemnepaTtypa XonoANNbHUKOB NITaHET, PacrnosioXXeHHbIX Onumke K
ConHuy: Mepkypusa Tyx.= 0,22K ; BeHepbl Tx.= 0,26K ; 3emnu T,.= 0,275K .
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B MoMeHT MunHMmanbHoro conmxexHmst ¢ ConHuem — TemnepaTypa B XONoAuNbHUKE
aapa KOMEeTbl Pe3Ko MOHWMXKAETCH U, B KOHLIE KOHLOB, CpaBHMBaETCA C TemnepaTypomn
xonogunbHuka ConHua T = 0,05728K .

HaunHaeTca npouecc B3aMMHOrO OTTaNKMBaHMSA: 4YacTuubl xonoaunbHuka ConHua
OTTarnkMBaKT YacTULbl XONoaunbHMKa sapa KOMeTbI.

Mog Hanopom cun OTTankMBaHWSA COSIHEYHbIX YacTUL, KOMeTa BbITankuBaeTCHa, U3
Gnvxkanwmx TemnepaTypHbiX nonen B 6onee otaaneHHble TeMnepaTypHbie Nons - Bce
panbwe ot ConHua. KomeTta otxogut B CONMHEYHOM cucTeME Ha MaKcumarbHoe
paccTosiHMe, KOTOpoe MO3BONSeT B HU3KOTEMMNEPATYPHbIN LEHTP KOMETHOro sapa
BHOBb «HabpaTb» Tenno, B pe3ynbTate MOCTYNfeHNs B XONOAMMbHUK sapa
KOCMMYECKMX MUKpoYacTuL, g = 2,7K 13 MEX3Be34HOro npocTpaHcTea. Toraa, a4po
KOMETbl CHOBa HauMHaeT BblbpacbiBaTb MOLLHbLIA PeaKTUBHbIA MOTOK YacTul, M KOMeTa,
3a CYEeT peakTUBHOWM TAMM, CHOBA HaunMHaeT npubnmkatbcsa kK ConHuy.

Me:k3Be31HOE MPOCTPAHCTBO

MeKk3Be31HOE IIPOCTPAHCTBO JBuxenne k Coauuy - Ty =2,7K
T=2,47 1072 K JIBOIHAsI peaKTHBHASA TATA
Komera IN'aniest
Opouta
Ypana O
/
Comnnue ®
«—
Opouta JBu:kernue komethbl 0T CostHIIA
Hentyna Puc. 2-3
maBa 3. ""laCTVILI,bI n MUKpo4dacTuubl TemMnepaTypHbIX nonew.

Yactb 1. 1.[ABUXeHMe 4YacTUL U MUKpPOYaCcTUL, B NPOCTPaHCTBeE.

M3BeCTHO, 4TO MOMeKynbl HaxoOsaTCA B COCTOSHUM  Henpekpaliarouierocs
Becnopsno4Horo 6poyHoBckoro asmxkeHus. Hanpumep, npu 20°C  cpegHsis CKOPOCTb
Monekyn sosagyxa: Bogopoga 1500 m/c ; aszota 450 m/c ; kucnopoga 400 wic ; T.e
MOMEKynbl ABWXYTCA HeNpepbiBHO B BO34YLLUHOM MPOCTPAHCTBE CO CBEPX3BYKOBOW
CKOpPOCTbHO!

MpumepHo 50% Bcen maccbl aTMOcepPbl COCPEAOTOHEHO B HXKHEM S km CIOE;

75% — B 10 km cnoe; 90% — B 16 km cnoe. Macchl Bo3ayxa Bbiwe 30km COCTaBMSAOT
Bcero nuwb 1% oT Bcen maccbl atmocdepbl. Kpome Toro, cnegbl atmocdepbl —
MOMeKyn Bo3ayxa obHapyXmBarTCa Ha KocMmnyecknx Bblicotax — 6onee 10 000 km . (14)

[na nepemelLeHnsa Monekyrbl B NPOCTPAHCTBE, C TaKOW CBEPX3BYKOBOW CKOPOCTLIO U
nogbeM MOMEKySibl Ha TaKyd KOCMMYECKYH BbICOTY, HeOobXxoaum HernpepbiBHbIN
peakTUBHbIN  8bI6BPOC Mukpodacmuy, w3 4actuubl, 4T0bObl ObGecneynTb cCBOEe
HenpepbIBHOE OBMXEHNE B OKpyXKaloLeM npocTpaHcTee. Npnyem, yactuua He TOSbKO,
AOIMKHa ObITb cgopmuposaHa U3 MUKpo4Yacmuy, HO W BCe BPEMS MOMOSIHAMbLCS
MUKpo4Yacmuuyamu U3 KOCMUYECKOro npoctpaHcTea. Pnc.3 — 1

PeakTuBHbIN BbIOpOC Bxoa kocMuy. MukpovacTul
Tenna
| MV — umnynbc ABMXKEHMUS
Puc. 3 -1 T
* yactuua



Tak Kak A0pPO YacTuua HernpepbiBHO NonoJiHAeTCA KOCMU4eCKMMn MmnKpo4vacTtmuamu, 1o
YacTula MMeeT. LUeHTpP Xonoada, Kyada 3axoauT TennoBad SHeprna KocmMmoca, u ropadee
TeMnepartypHoe none — ana peaktuBHOro Bbl6poca Tenna Aana co3gaHuna nMmnyrbca
OBUXEHUA YaCTulubl mv .

2.MapameTpbl YacTUL U MUKpOYacTUL,.
MapameTpbl YacTul, MUKpoYacTuu, onpeaenatTcs no oopmynam:
Yactota 4vactuubl, Mukpoyactuupl v = T/y , rae T =vy — Temnepartypa nons;
v = h/k = 4799310 " Kc — rpaBuTaLnoHHas TemnepaTypHasi NOCTOSHHaS.
h =6,6262 '10‘34}:|,>|<'c — noctosiHHasa NnaHka;
k =1,3806610"2 K - noctosiHHas BonbLmaHa.
[nuHa BonHbl YacTuubl, mukpodactuubl A=C/v; A=h/mC ; C - cBeToBas CKOPOCTb.
Macca w4actunupl, mukpodactuusl m=h/AC.
OHeprusa Yactuupl, mukpodactTuupl E=kT/126=kT/1,6 107" o .
b=T/Auax=2,8978 10" 3K /M - noctosiHHas BuHa.
TemnepaTypHas nocTosHHas BonHbl  f = AT =1,439 102 mK.

YacTtyua — npoToH.
[nuHa BONHbI NPOTOHa:

A p=h/m,C =6,6262 10"* fixc /1,6726' 10 kr 2,997910° mic =1,3214107"°um |
YacToTa: v,= C /A p=2,268710% 1/c. Paguyc npotoHa: r,=A,/2n=2,10510"°m .
TemnepaTypa yaapHoW BOMHbI NPOTOHOB NpKU Makc. Yactote v, = 2,268710 2 /e

T,= v,y =22687 10% 1/c 4,799310 " Kc = 1,0888 10" K .
TemnepaTypHas NOCTOAHHASI BOJIHbI:
f =\, T=1,321410""m 1,0888 10" K =1,439 10 K.
YacTuubl: 35IEKTPOH U HEUTPUHO.

[OnvHa BOMHbI 3NeKTPoHa: Ae = h/ meC = 2,427 107"%m, roe
Me — Macca anekTpoHa; YacTtora anektpoHa ve = 1,23510%° 1/c .
OnpegeneHue paanyca : R? = me r,”> /m, ; paanyc anektpoHa: Re =4,910"%w .
Paguyc BpaLeHmMa MMKpOYacTuLbl - 3NEKTPOHA BOKPYr NPOTOHa:

fe=Ae/2m =2,427 107""m /2 1 =3,8710"" m.

TemnepaTypa yAapHOii BOMHbI 3MEKTPOHOB NP Makc. yactoTe ve= 1,23510%° 1/c

Te=veh/k=v'y =1,23510% 1 "4,799310 " Kc =5,9310°K .
«CpaBHuMBas pacnpegeneHne aHeprum anekTpoHoB, npeackasaHHoe depmu, C
ONbITHBIMW AAHHBIMW, MOXHO 3aKMNO4YNUTb, YTO Macca HEMTPUHO AOSMKHa ObiTb OYEHb
Manoun — ropasgo MeHbLUe MaccChbl 3fieKTpoHa. Tenepb M3BECTHO, YTO Macca HEUTPUHO
He npeBbilwaeT 10™ Macchl anekTpoHa» (5). 3HaumT, Macca HENTPUHO cocTaBnseT
m =~ 9,110 . Bce napameTpbl HeTPMHO NpeacTaBneHsl B Tabnuue Ne 2.

3. Yactuubl u MUKpPO4YacCTUL bl MeX3Be34HOro npocTpaHCTBaA.

a). YacTtmua mex3Be3aHOro NpocTpaHcTBa — TeMmnepaTtypHoro nonsa T = 2,7K.
Yactota yactuupl v = T/y =2,7K/4,799310 " Kc =5,6310" 1/c.
OnuHa BonHbl A =C /v =2,997910%wm/ic / 562510 1/c =5,33107m .
Macca m= 6,626210™* Ox.c/5,3310m - 2,997910% m/c = 4,1510%«r .
Tak Kak OTHOLleHve nnowagen paBHO OTHOLLEHMIO Macc S/s,=m/ m, , unm
TRY o= m/ m,, rAe rp— paguyc NpoToHa; onpejenseMm paguyc 4actuubl:
R?=mr%, /m, = 4,1510 %% (2,1107"®m )* / 1,67310'kr , nony4aem R =1,0510"*m
OHeprua dactuupl ¢ T =2,7K paBHa E,=2,3 10™ 28 .
Tak Kak 4YacTuuya paboTaeT Kak TennoBasd MawnHa, NO3TOMY B LIEHTpe YacTuubl
Tr = 2,7K gormxkeH 6bITb yeHmp xornoda — HU3KOTeMnepaTypHoe norne, Kyaa
nocTtynaeT KocMuyeckoe «Tenno» anakTmkm no CUAOBbIM JIMHUSIM — MUKPOYacTULbI
T= 247 10" K — «TOnnueo» Ana X0nogHoro TepmMosifepHoro npouecca.
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Bxoa wmukpouactuy T =247 10" K
B LIGHTP XoJioAa Yactuubl

BbIxogHoe TeMnepaTypHoe nosne

T=2,4710"K

HuskoTtemnepaTypHoe

nosne - LeHTp BbixoaHas ypapHas BonHa T = 2,7K
xonopa YacTulibl S —

1 PaspbiB MMKpo4acTuL
v rpaBUTaLMOHHOrO Nons Ha
MMUKpoO4YacTULbl LLeHTpa xofoaa
Puc. 3-2 S— Buixog Tenna

6). Kocmmuyeckas mmkpovacTuua MarHMTHO-CUIIOBOIO MOJIA.

Onpegenve TemnepaTypHble NnapaMmeTpbl KOCMUYECKOW MUKPOYaCTULbI,
AEVNCTBYHOLLEN B MEX3BE3AHOM MPOCTPAHCTBE, MOXHO BbIMMCIUTL TemMnepaTypy
HU3KOTEMMNEepPaTYpPHOro Nons LeHTpa xos00a 3Be3f, NNaHeT, YacTul, MUKpOoYacTuL,.
CpaBHeHMue cun 3NeKTPUYECKUX U rpaBUTalMOHHbIX B3aMMOAENCTBUI 3NIEKTPOHA.

Cwuna anekTpun4eckoro nons:

Fon = Qi Q2 / 4TTE€ 1° (4*) , toe q:= q.=1,6 107" Kn - 3apsia aNeKkTpoHa;
€ =1/36m10° o/m - aneKTpuyeckasa NnocTtosHHas;, € =1 - ananekTpuyeckas
NPOHMNLAEMOCTb Cpefbl N0 CPaBHEHMIO C BakyyMoM (€ = 1 , T.K. cpefa, rae HaxoauTcs
3M1EKTPOH — BaKyyMm); €= 1/ 4Tk, , roe ko = 910% HM? / k.
Cwunosble AeNCTBNS B rpaBUTALMOHHOM MOJS1e OCYLLECTBISAETCA TeMnepaTypHbIMU
MUKpOYacTULamMm, KOTOpble CO34atoT Nose 1 ABMXKYTCS B HEM NO MarHUTHO-CUNOBbLIM
NNHUAM. Cwuna rpaB/MTauUMOHHOIro(MarHUTHO-CUNOBOr0) NONs:
Fp=Gm,m, /r* (5*), rae G =4,799310"""Hw?/? - rpaBUTALMOHHAS NOCTOAHHAS,
m;=m, = 9,11107" kr - Macca anekTpoHa.
OTHOLLEHWE CUN 3MEKTPUYECKOTO U rpaBUTaLMOHHOro nons: Fon / Frp = g ko /GM?
Fon/ Frp = (1,6 1107 kn)® 910° Hwm? / kn? / 4,799310™ " Hm? / kr? (9,11107" kr)?

Fon/ Frp = 5,78 - 10%.
MapameTpbl MMKpOYACTULIbI MArHUMTHO-CUITIOBOIO (rPaBUTALMOHHOIO) NoJs.

Tak kak OTHOLLUEeHME CUI paBHO KBaapaTy OTHOLLEHUS Macc 1 Temnepartyp

F./F,= (my/m, *=(T,/T,)?, TO MOXHO ONpeaen1Tb Maccy UCKOMOM
MUKPOYaCTULbl M TEMNepaTypy MarHMTHO-CUITOBOrO (FpaBUTaLMOHHOIO)NoNS .

Takkak (Me/m)? =Fon/Frp=57810% , 70 m =m/2,4 10”
Torga macca Mukpoyactvubl: m=9,1110""k/2,4-10*" =3,8 - 10%«r

Tak kak OTHOLLEeHMe KBaapaTa TeMnepaTyp BbIXOQHOIMo TemnepaTypHOro nons
3MEeKTPOHOB Te M  MUKpPOYaCTUL, rpaBMTaUMOHHOrO nonsi T paBHO OTHOLUEHWUIO
3MEeKTPUYECKUX U rpaBuTaumnoHHbix cun:  (Te/ T)? =Fon/ Frp = 5,78 10% |

Torga Temnepartypa MUKpPOYacTuL, MarHMTHO-CUITOBOro(rpaBUTaLMOHHOIO) NONs:

T =5,9310°K/ 2,4 10*' =247107K..
UacToTa Mukpouactulpl: v = Tye /y = 2,471072K / 4,799310" " Kc = 5,14 102 1/c
OnvHa BorHbl A= C/v =2,997910%w/c/ 5,14102 1/c = 5,83 10%w .

MukpouacTtuubl T = 2,47 107K no cunoBbIM AUHUSIM 3aX0asiT
HU3KOTEMNepaTypHble LEeHTPbI xonoga Tux 4YacTuy , 3Be3g U NnaHer.

B ueHTpax xonoga mMukpodactuubl T =247 10?2 K pas3pbiBalOTCS, JaBNeHNe B LeHTpe
Xoroga MnoBbILIAETCS, MUKPOYaCTULIbl BbIXOAAT Yepes BbIXOLHOE NOoSie U yaapHyo
BOJIHY, M CO34al0T BOKPYr 3BE3/, NNaHeT, YacTuL, MUKPOYacTUL, MarHMTHO-CUITIOBOE —
rpaBMTaUMoOHHOE none. Yem Huxke Temnepartypa LeHTpa xonoaa, Tem MoLiHee
anekTpomarHuTHoe none. bnarogaps MarHUTHO-CMMOBLIM ( FPaBUTALMOHHBLIM) JIMHUSAM
AENCTBYHOLME HA OTPOMHbIE PacCTosHNA, anakTuka AepXXUTCa Kak eanHoe Lieroe.
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4. TemnepaTtypa ueHTpa xonoga CosnHua, 3emnn 1 FanakTuku.

KocMuueckvie MUKpPOYaCTULbI FPaBUTALIMOHHOTO MONs ¢ TeMnepaTypon T= 2,47 107K
ASIMHHBIMW MarHUTHO-CUSTOBLIMU  JIMHUSIMU  YCTPEMAAIOTCS U3 BbIXOAHOIO Nons
[ManakTukun B LEeHTPbI Xonoga 3se3f, nnaHerT .
a). Kocmunyeckoe Tenno 3axoauTt B LeHTp ConHua, ¢ kKoadduumeHTom nepegaym

g=47,14 , Torga ueHTp xonoaa CornHua byaeT umeTb Temneparypy:

T =24710"2K /47,14 =524 107K
6). KoadpduumneHTt nepenaum Tenna 3emnn g = 9,81 , torga ueHTp xornopa 3emnu
nmeeT Temnepatypy: Tu=2,47-107%2K/9,81 =2,51-10 K
B). Tak kak BbIXOAHas TeMnepaTtypa U3 LeHTpa Manaktukn T, =2,47°107%K B
MeX3Be3Hoe NPOCTPaHCTBO € Temnepatypon Tg = 2,7K , Toraa no dpopmyrne
OTHOLLEHMUS TeMnepaTyp AN naearnbHbIX TennoBbiX cucTeM Ty / Tgy = Tey / Tk,
nosiydaem, 4To Temnepartypa LeHTpa xonoga [ranaktuku:

T = Ten?l To = (2,47 1072 K)? / 2,7K = 2,26 - 107 K

Takas xxe TemnepaTtypa LeHTpa xonoga y penmktoBon vactuubl Tg= 2,7K .
r.) ConHue HenpepbIBHO CTPEMUTCA B 30HY LieHTpa xonoaa [anaktuku. B cBoto
oyepenb, aapo Manaktuku ottankmeaeT ConHue. Cm. puc. 3-3

Opbuta ConHua MarHuTHO-cunosble NMHUK ManakTukn —

YacTuubl, ¢ TeMmnepatypon T = 2,47 102K

YpapHasa sonHa T = 2,7K

BbIXOQHOrO nonsi FanakTuku

T=2,7K (- 0,1%)

LleHTp xonoaa ManakTuku
T=226 10K

c/nbBa BbixogHoe none
T=2,7K(+0,1%) [FanakTukn
Vaser T=24710"?K

<\

Tenna m3 UeHTpa Xxonoaa
ConHua T=5,2410"K
B LUEHTp Xonoaa [[anakTukm
T=2,2610%K

BbIXOp. MUKpOo4acTuL,
T=247 10K
MarHMTHoO-cnnoBbiIMN NMTMHNAMU

Puc. 3 -3 Va6c = 600 KM/C HanpasreHve ABMKeHNs abComnoTHON CKOPOCTU ManakTuKkm

B LeHTp xonoaa Manaktuku, rae Temnepatypa T = 2,26°1072* K, HanpasnsioTcs
NOTOKN MUKPOYacTuL, 13 LLeHTpoB xoroaa 3ses3q ( ConHua T,,= 5,24 107 K ).

B ueHTpe xonoga MNanaktMknm 4actuubl paspbiBalOTCs — MAET NPoLEeCcc C NOHMKEHNEM
TemnepaTypbl 1 o6pasoBaHMEM OFPOMHOIO KOfM4yecTBa MUKPOYacTuL,.

3 ueHTpa xonoga NanakTnkmn nog AaBreHneM MUKpoYacTuLUbl C TeMnepaTypou
T=226 10K BbIXOOAT B 8bIXOOHOE rosie, rge bornee KpynHble MUKpoYacTuLbl C
Temnepatypont T =2,47 1072 K, koTopble BbIGPACHIBAIOTCH «ASMHHLIMM
TemnepaTypHbIMU AIMHUAMU» B MEX3BE34HOE NPOCTPAaHCTBO ["anakTukm n 9BnsaTCs
NepBbIMU «KUPMMYMKAMU MUPO3OAHUNAY .

«QKCnepuMeHT nokasars, 4To Temnepartypa TennoBoro nsnyyvyeHmns BecenenHon 2,7K Ha
0,1% Bbile, ecnu paguoTenieckon HanpaefeH K co3Be3auto J1bBa, U Ha CTONbKO Xe
HWXXe, eCcniv OH HanpaereH K co3se3auntio Bogones. AbcontoTHasa CKOpoCTb ["anakTuku
600 km/c » (3) ... UMeeT HanpaBfeHne B CTOPOHY, Noka3aHHoe Ha puc. 3 — 3 .

["anakTuka HanpaBnseTca K onpeaeneHHoOMy LIEHTPY Xofioda vyepes none, rae
TemnepaTypa TensioBoro nanydeHnsa BceneHHon Ha 0,1% Bblwe . Takux LeHTpoB
xonoaa Bo BceneHHon MHOro n bonbLluoro B3pbiBa HUKOraa He Obino.
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MI/IKpO‘-IaCTI/ILI,bI BCeX TeMnepaTtypHbIX noneu

Tabnuya Ne 2

YacTuusbl 1 MUKpoyacTubl | Macca kr Yacrtora Jdaunna Panuyc JHeprus Temneparypa
TeMIlepaTyPHBIX NoJei 1/c BOJIHBI M M 28 K mpu
ckopoctu C
4acTHIA — IPOTOH 1,6726 1077 [ 2,27°10% [ 1,32:10° [ 2,110 [ 1Mos 1,088'10"°K
4aCTHIA - 21eKTPOH 9,109510°" [ 1,23 10" [2.4310" [ 4,910 [5,110°¢ |35,93 10°K
HeliTpuHo ~9,1110°° [ 1,22°10" [2,4510° [4,910% |5,07°10 5,88 10°K
®oton — duoserosas muust | 5387 10°° | 7,307 10 [ 4,103 107 | 1,19:10°° | 3,2 3,507 10°K
®oToH — 3e1eHast THHHS 4547-10°° | 6,210 [4,861107 (1,09 107 | 2,56 2,97 '10°K
®0TOH — KpacHas JHHHSI 3,367 10°° | 4,56 10" |6,563°107(9,42107" | 1,98 2,192°10°K
Tosepxnoctn Coniua 9217107 [ 1,2510"™ [2.410° 49107 [5,210" 6000K
Henp 3eman 1,92°10° [2,6°10% [1,15:10° [22°10°" [ 1,110 1249K
TloBepxHocTH 3emin 3,99 10 [5,4210"” [55310° [1,010°7 [2,24'10° [ 260K
Brixoanoro nonst Comna | 1,955'10°° [2,65°107 [ 1,1310° [7,2°10~ [1,1'10° | 127,28K
OpGuTsI 3emn 407107 [55210" [54310° [33107 [2,2810° |26,5K
Yactuna memssestmoro | 4,147-10°° | 5,6210° |[5,3310° |[1,1'10% [2,33:10% | 2,7K
npocrpanctea 2,7K
Boixoanoe noe nentpa- | 422°10% [ 573°10° [5,23 107 [3310% [237°10° |0,275K
XOJOANJIBHUK 3eMJIHN
BbIX0HOE 10J1e LEHTPa - 8,798 ' 107* [ 1,19-10° [2,52710" [ 1,510 [4,9410° |0,05728K
xoaoanabHuK CoTHIAa
MarHHuTHO-CHIIOBOTO 3,810 514107 [58310° 99107 [2,13:10™ | 2,4710"K
(TpaBUTALMOHHOI0) TOJS
Lentp xoa01a 3emun 3,910 5310° [5710"° [3,210% [2,17-107 [2,5110 K
Hentp xonoxa Connna 8,17 10> 1,103 2,710 [ 1,46°10%° [4,52:10™ | 524 107K
Llentp xonona Famakrukn | 346 10% [4,710 " [6,3810°7 [0,9510°* |1,9510°° | 2,26 10 %K
u Mukpodactubl T = 2,7K

Mpadchmk BONHOBOrO ABMXXEHUSI MUKPOYaCTULL MPY TemMrnepaTypHOM nepenaae

A

T

1,088'10"°K

nporon A=1,3210"m

5,93 10°K

ytekTpon A =2.4310"wm

3,51 10°K

¢oToH — puoseToBaAA TMHUA

2,97 10°K

(¢oton — 3es1eHast IMHUS

2,192 °10°K

(oton — kpacHas JuHHUSA

6000K

Coanie

260K

3emirs

A=4,10310" m
‘\)\Haﬁn_ BuauMein cnekTp nanyvyeHus

2,410 m

A=5,5310"m

26,5K

opoura 3emiu

2,7K

MEK3BE3IHOT0 IMP-BO

2,4710 K

IrPaBUTAIIMOHHOE T10J1€

2,2610 K

1neHTp xoJo1a anakTuku

0

Puc.3-4

4,103 10~

4,8601°107

6,563 107

543107

5,3

3107

6,38 10" A m
5,83 '10°

[ANMHHOBOMHOBOE N3iyYeHne MMeeT MOSHbIN cBeToBOW cnekTp. CMm. puc. 3 — 4.
Bnarogaps aTomy fBNeHuo, Yepes Mex3Be3gHOe MPOCTPaHCTBO C TeMnepaTypown

T =2,7 K, nepegaetcs BUAUMbIN CBET OT 3BE3/ U ranakTuk.

,D,J'II/IHHOBOJ'IHOBOVI nMnynbc ObIn 3a(bl/|KCI/IpOBaH B MOMEHT HEOObIYHOIO SIBNEHUS:
nosiBfieHne XonoaHom nnasmbl —
YacTumubl XONo4HOM Nnasmbl C HU3KOMW TeMHepaTypoﬁ, crywadacb, nepexoadaTt nu3
OJTMHHOBOJTHOBOIO B KOPOTKOBOJIHOBOE U3Jty4eHune, T.e. XoriogHaa «He obxuratoLasn»
nnasma nepexoanT B BbICOKOTEMNEPaATypHOE COCTOAHUE.

45

BnaropaTtHoro orHs.




YacTtb 2. KOHCprKLI,I/IFI 4YacTunu;: HeIZTpOHOB, NPOTOHOB W 3JTIEKTPOHOB.

HelTpoH MMeeT $APO — NPOTOH C TeMnepaTypoit yaapHON BoMHbI Ty, B LEHTpe
KOTOPOro dyHAaMeHTanbHOE AP0 C LIEHTPOM xonoaa. Bokpyr sapa — npoToHa
rPYNNMUPYIOTCS MUKPOYACTHLIbI, KOTOPbIE CO3Aal0T 0BOMOYKY — HapYXHOE
TeMnepaTypHoe Mnomne HelTPOoHa C TeMnepaTypon T. Mpun cxaTu, TpeHUH
HENTPOHOB, T.e. MPU CcNabom B3aMMOAECTBUM, NPOUCXOAUT CPbIB 0BGOSIOYKM C siApa-
NPOTOHA — HAaPY)XHOrO TEMMEePaTyPHOro MOMs — MUKPOYACTUL, C TemnepaTypoit T, |
13 KOTOPbIX (POPMUPYETCS ANEKTPOH. M3BecTHO, 4To «npu cnabom B3auMomencTum
HeiTPOH NpeBpaLLaeTcs B MPOTOH, 3MIEKTPOH U B @aHTUHEMTPUHO: N=p + e +ve » (36)

HelTpoH, NPOTOH (hOPMUPYIOTCH KOCMUYECKMMU MUKPOYACTULIAMU U OENCTBYIOT,
KaK TenmoBble MaLUMHbI: CKOJIbKO TEMMOBOI 3HEPrM MONyYaeT YacTuLbl B
yHAaMeHTanbHOe SAPO, KyAa 3aX0AsT MUKPoYacTULbl ¢ TemnepaTypon T =2,7K , u B
LEHTP X0N104a, Ky/Ja 3axoAsdT CUMOBbLIMU NIMHUSIMU KOCMUYECKE MUKPOYACTULbI
T=2,4710"?K, cTonbKo 1 3aTpPa4MBalOT Ha paboTy:

—  Ha co3faHvie TemMnepaTypHbIX Noneit YacTuLb;
—  Ha [BWKEHMWe Y4acTul, , 3a CHEeT peakTUBHOIO BbIBpOCca MUKPOYACTWL, U3 yAApHOM
BOJHbI SApa.

Mmnynbe sapa - npotoHa My paBeH MMMyNbCy Macchl MukpodacTul, mC

BblbpacbiBaeMble C ygapHOM BomHbl gapa, T.e. Mv = mC
CKopocCTb nepemeLleHns NPOTOHa 3aBUCUT OT TeMnepaTypbl yaapHOW BOSHbI: YEM
BblLLe TemnepaTypa yaapHOW BOSIHbI NPOTOHA, TeM 6orbLle CKOPOCTb YacTulbl.

1. YacTuubl-HeMTpoHbI ConHua c nepenagomM Temnepatyp g =47,14.
a). Yactmua — HeMTPOH BHyTpeHHero sapa ConHua.

HeWnTpoH, y KOTOPOro 54po — NPOTOH C TemMnepaTypon yaapHou BonHbl T4 =2,7K
n obonoyka aapa —none ¢ Temnepatypon T, =0,05728K. Puc.3-5
To, 4TO A4PO HENTPOHA ABNSAETCS MPOTOHOM, MOATBEPXKOAETCHA BblMMCIEHNEM €0
Maccbl. Onpegendem maccy sigpa vyactuubl no opmyne: mC =Mv |, rge
m — Macca MUKpoYacTuLbl, BblbpackiBaemMasi CO CKOPOCTbIO CBeTa C y4apHOW BOJSIHbI
npoToHa ¢ Ty = 2,7K, paBHa: m = 4,147 10*%= (cm. Tabnuuy Ne 2)
V — CKOPOCTb YaCTuULbl 3@ CYET PeakTMBHOro BbIbpoca MMKpoYacTuL,:

vV =Ty C/T, =2,7K-2,9979 10°w/c / 1,088810"° K =7,433 10 w/c.

Torga macca agpa JYactuybl:

M =mC /v = 4,147 10*% - 2,9979 10°w/c / 7,433 10 wic = 1,6726" 10 kr
Macca agpa yacTuubl paBHa Macce npoToHa.

Pagnyc npoTtoHa octaeTcs NOCTOSAHHBIM, PaBHbIM Iy = 2,110 7"® m, npu nio6om
TemnepaType yaapHOW BOSTHbI BbIXOLHOMO NONs s4pa-npoToHa, HO paguyc MarHUTHO-
CUNOBOrO NOMsi MEHSIETCH B 3aBUCUMOCTW OT TeMnepaTtypbl yaapHOW BOSHbI:
MUKpOYacTULbl BbibpacbkiBalOTCA N3 NPOTOHA U CO3Jal0T HE TOSbKO CUMY TAMM, HO U
BOKpYr NPOTOHA MarHUTHO-CUSOBOE (rpaBuUTaLMOHHOE) None.

Mpunyem, 4Yem HMXKe TemnepaTypa yaapHOW BOSHbI, TEM MOLLHEE MarHUTHO-CUNOBOE
nosie BOKpYr NpoToHa, CM. puc. 3 -5
Onpegenvm pagnyc MarHMTHO-CUNOBOMO(rpaBUTaLMOHHOIO) NOSI MUKPOYaCcTULbl Ha
OCHOBE OTHOLLUEHNSA TeMnepaTyp U OTHOLLEHUS nnowazen ¢ NPOTOHOM:
S/sp= T,/ Ty ; Torga,

Slsp=TR%mr,> =R¥r,>= T,/ T, .

Monyyaem: R*=T,r,"/ T,=1,0888 10" K - (2,110 m)*/ 2,7K ;
Paguyc MarHUTHO-CUIOBOTO (FPaBUTALMOHHOIO) Nomst NpoToHa paBeH R =4,2 107w
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Me)K3Be3IJ.HO,e NMPOCTPAHCTBO

Bxoa kocmuyeckmx mukpouactuy T = 2,7K
B BbIXoAHOe none pyHaaMeHTanbHoOro sgpa

Mepexon
Mukpouvactuy T =247 102K
K LeHTpy Xxonoaa

BbixogHoe TeMnepaTypHoe nosne

HapyxHoe ¢hyH0amenmanbHozo agpa T = 0,05728K
nomne MMKpo4vacTuy, ¢
Temneparypom BbixogHas Temnepartypa - yaapHas
T, =0,05728K BOJSiHa sigpa-npotoHa T, =2,7K

PeakTuBHLIN BbIGpPOC Tenna sapa
MarHUTHO-CUOBOE MOSE
Lnpkynauua mukpoyactiu
BbIXOAHOro Nnonsa aapa LleHTp xonopaa paBeH LeHTPY xonoaa

ConHua T=5,2410"*K

Puc.3-5

0).YacTtmua — HEUTPOH € Nnepenagom Temnepatyp g=6000K/127,28K = 47,14

Onpepgensiem maccy agpa yactmybl no popmyne mC=Mv | rge
m = 9,217 10"k - Macca MUKpoYacTULbl ¢ TemnepaTypoint T;= 6000K (cm. Tabruuy Ne 2).
V CKOPOCTb YacTuLbl 32 CHET 3HEPrN yaapHOW BOSHbI ¢ TemnepaTtypon T,=6000K :
v =T, C/T, = 6000K 2,9979-10 ®wc / 1,0888 10" K = 1,652 10"'w/c .
Macca sgpa 4acTtuupbl:
M=mC/v=9217 10k 2,9979 10°w/c / 1,652 10 'm/c = 1,6726 10 kr
Macca sigpa YacTuubl paBHa Mmacce npoToHa. Cm.puc. 3 — 6

Bxon

MuKpoyvactuy Tr = 2,7K
B BbIXO4HOEe Mnone
T =0,05728K

Bxog mukpouactuy T = 2,47 102K
B LeHTp xonopa T =524 107 K

LleHTp xonona paBeH LeHTpy xonona CosnHua

YpnapHasa BonHa sigpa T, = 6000K

HapyxHoe TemnepartypHoe
none T, =127,28K HeTpoOHa

CpbIB MMKPO4YacTUL, C HapyXHOro
TemneparypHoro nonsa T, = 127,28K

PeakTuBHbLIN BLIOpOC Tenna

dyHaaMeHTanbLHoe AAPO € BLIXOAHON
Puc.3-6 Temnepatypon T = 0,05728K

[OnvHa BorHbl NpoToHa A= 2,4 10™°w 3a cyeT peakTUBHOrO BbIGpPOCaA C yoapHon
BOJSIHbI NpOTOHa ¢ Temnepatypon T = 6000K mukpoyacTuy ¢ umnynscom m~C .
Torga, YacTtoTa Bblbpoca 3apsaa (Macchl) ¢ yaapHOM BOSHbI MPOTOHA C TeMnepaTypomn
T=6000K: v=v/A=1,65210"wc /2,410"°m =6,88 10* 1/c

47



TO, 4YTO YacCTunua ABndeTcA HeIZTpOHOM, noareepxaaeTcAd BblHUCIIEHNEM ee MacCcChl.

CKOpOCTb Yyactuubl 3a cHeT BleO,D,HOI7I TeMnepartypbl 000MoYKN HeI7ITpOHaZ
V=T,C/T,=127,28K 2,997910 8wc / 1,09 10" K = 3,5 10>w/c ., rae

Macca yacTuubl paBHa Macce HeUTPOHa:

M=mC/v = 1,955 10"%r"2,9979 10%w/c / 3,5 10°wc = 1,675 10k
Onpegenvm pagnyc aneKTpoMarHMTHOro Nond NpoToHa C TemMnepaTypon yaapHOW
BonHbl T =6000K. R*=T,r,% T=1,0888 10K " (2,110 '® m)?/ 6000K ;
Paguyc marHMTHO-CMNOBOro nonis sapa— NpoTtoHa paBeH R = 8,945 1072 m.
|-|pl/1 yBEITM4YEHUN TemMneparTtypbl y,qapHof/'l BOJTHbI 44pa-npoToHa pagnyc MarHMTHO-
cunoBoro (FpaBMTaLI,I/IOHHOFO) nonga cXmMmaeTCd.

2. YacTnubl — HEUTPOHbLI 3eMnu.

YacTuubl — HEUTPOHLI C Nnepenagom Temnepatyp g = 1249K /260K =4.8
TemnepaTtypa ygapHou BOSHbI g4pa -npoToHa T, = 1249K 1 HapyXHoe
TemnepaTypHoe none T, = 260K - Tenno noBepxHOCTU 3emMnn.

Onpegenvm maccy sagpa Yyactuubl.
Macca MukpoyacTuubl ¢ TemnepaTypon yaapHon BosHbl agpa T, = 1249K paBHa

m=1,92 10" kr (tabn. Ne2) CKOpPOCTb YaCTULbl C TemnepaTypoii siapa T,= 1249K
paBHa: V=T, C/T, = 1249K 2,9979 10°wc/ 1,0888 10" K = 3,44 10" % wm/c
Torga macca agpa Yactuypbl:

M =mC/v = 1,92 10%kr2,9979 10%wic / 3,44 10°m/c = 1,67310%kr

CnepoBaTternibHO, Macca gpa YacTuubl paBHa Macce NpoToHa.

Paguyc rpaBUTaLMOHHOTO NOMst NPoToHa ¢ T1= 1249K paseH R= 1,96 10w .

N3 yacTuy, — HEMTPOHOB N NPOTOHOB (POPMUPYIOTCH aTOMbI AfIEMEHTOB BeLLECTBa Ha
NOBEPXHOCTU 3eMnKn, BKMNOYAsa pacTUTENbHbIA U MUP XXMUBOW Npupoabl. Puc. 3 — 7

Mex3Be3gHoe NpoCTPaHCTBO

Bxoa mMukpouacTuuy
T=247 10K B LeHTp
xonopaa sagpa

Bxoag mukpouvactuy T =2,7K B none T =0,275K

IpasumayuoHHOEe paBrneHUe KOCMUYECKNX
mukpoyactuy T =2,7K Ha mukpouvactuubl T = 26,5K

LleHTp xonoaa
dyHaamMeHTang
AApPO C BbiXoA
nonem T = 0,2
HapyxHoe TemnepaTypHoe
Bbi6poc none vyactuubl T, = 260K — Tenno 3emnu

Tenna

Aapo — NpoToH, yaapHas BOfHa
aapa T, = 1249K — temnepatypa Heap 3emnu
M NPOTOHHOrO nosca.

TemneparypHoe none T = 2,7K
Tenno 3emnu

Puc.3-7

OnvHa BorHbl NpoToHa A= 1,1510™°w 3a cyeT peakTUBHOrO BbIGpoOCa C yoapHon
BOJSIHbI NpOTOHa ¢ Temnepatypon T = 1249K mukpoyacTuy ¢ umnynscom m~C .
Torga, YacTtoTa Bblbpoca 3apsaa (Macchl) C yaapHOW BOSTHbI MPOTOHA C TeMnepaTypon
T = 1249K: v=v/A=3,4410"*mc /1,15 10°m =2,9910% 1/c

YacToTa Bblbpoca 3apsga € yaapHOW BOSIHbI HEMTPOHA C TelvlnepaT%/poﬁ paBHOM
Temnepatype 3emnn T =260K: v=v/A=7,1410">wic /5,53 10°m =1,29 10% 1/c
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3. Yactuua - aNeKTpoH.

Becb TennoBon o6MeH YacTuubl - 3NEKTPOHA C OKpYXXakoLMM NPOCTPaHCTBOM
perynupyeTcs BXOAOM KOCMUYECKMX MUKpPOYacTuL, ¢ Temnepatypoi T =247 102K
B LEHTp Xonoda sapa u MmkpodacTtuy, ¢ Temnepatypon Tr = 2,7K B BbIxogHoe
TemnepaTypHoe nose yHgaMeHTanbHoro aapa.

Ha puc. 3 —8 npefcraBneHa vYactmua — afeKkTpoH, Bxogsuwas B atmocdepy 3emnm
No MarHUTHO-CUSTOBbLIM SIMHUSIM N3 AMEKTPOHHOIO Nnosica ¢ Temnepatypon T = 127,28K.
Onpepgennm maccy 4Yactuubl no opmynie mC =Mv |, rage
m = 1,955 10%kr - Macca MukpouacTuLbl ¢ Temnepatypont T = 127,28K
V CKOPOCTb YacTuLubl, C BbIXogHOM Temnepatypon T.=127,28K, paBHa:

V=T C/Te =127,28K 2,997910 ®we / 5,93 10° K = 6,43 wic.
Torga nonyyaem, YTO Macca YacTuLbl paBHa Macce 3S1IeKTpoHa:

M =mC/v = 1,955 10°%kr2,9979 10%w/c / 6,43 m/c’ = 9,1110° "

Mex3Be3gHoe NpoCTpaHCTBO

Bxoa mukpouvactuy T = 2,7K
B none oyHAaMeHTanbHoOro sagpa.

Bxop
MUKpo4acTuy
T =247 10K
B LIGHTp xonoaa

Bbibpoc Tenna
PeakTUBHbIN XBOCT

BbixogHoe TeMnepaTypHoe none

YpapHasa BonH anektpoHa T=26,5K

T =127,28K
LleHTp xonopna
yHAaMeHTanbHoe A4po

Puc. 3-8

B marHutocdepe BOKpyr ygapHoum BomHbl ggpa T1=127,28K dopmnpyetca
TemnepaTypHoe none T, = 26,5K 1 anekTpoH npeBpaliaeTca B HENTPasbHbIN
3M1IEKTPOH, KOTOPbIE MO MarHUTHO-CUIOBbBIM JIMHUSIM HEMNPEPLIBHO ABUXKYTCS Nof
AasneHvem mukpodactuy, T =2,7K K ueHTpy sgpa 3emnu, puc. 3—-9.

Mesx3Be31HO€ IPOCTPAHCTBO
Bxon
mukpouyactuly T =2,7K B nojse p)yHagaMmeHTAIBbHOIO iApa

BXO)_I MHUKPOYACTHIY
T=24710"K B uentp
XxoJ1oaa siipa.

Hapy:kHoe TeMmepaTypHoe IoJie 3JIEeKTPOHA
DJIEKTPOMATHUTHOE u3 mukpovactun T, = 26,5K .
noJie
BeixonHoe TemnepaTypHoe

noJje sigpa jexkTtpona T =26,5K

TemnepaTtypa
yaapHoii BojiHbI dekTpona T, =127,28K

Hentp xo91
PeakTnBHBIN BHIOpPOC Temia

Puc.3-9 ®yH1aMeHTATIBHOE AP0
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4. ONeKTpu4ecTBO.

Tak kaKk ygapHas BOSIHA U3 3NEKTPOHOB NMPU CBETOBOW CKOPOCTN NMeeT
Temnepatypy T =5,93 10°K, cnegoBaTenbHO, ABUXEHWE 3MEKTPOHOB CO CBETOBOM
CKOPOCTbIO B NMPOBOAHMKE NONTHOCTBLIO UCKMOYaeTcs — Nobon matepuan ncnaputcs.
N3BecTHO, 4TO TemnepaTtypa monHum B npegenax 25 000K — 30 000K .

3HaunT, Nepenaya 3/1eKmpo3HepP2UU CO CKOPOCTbID CBeTa OT 3NEKTPOoHa K
3MEKTPOHY OCyLLecTBASeTCA MuKpoyacTuuamm T = 2,47 1072K, cos3garoLme MarHuTHo-
CWIoBblEe — TeMnepaTypHble NIMHUW.

Mpryem, aNeKkTPOHbI BbICTPANBAKTCS MO MarHUTHO-CUITOBOW JIMHUN B CrieAyoLLeM
nopsiake: CEBEPHbIN MOMIOC 3NEKTPOHA pacnonaraeTcsi NPOTMB XKHOMo Nnontca
NPOTUBOMONOXHOIO 3NEeKTPOHa; hakTUYECKU, BbICTPOEHHbLIE MO CUITOBOM NIMHUK
3NEKTPOHbI — 3TO MarHUT C MarHUTHO-CUIOBbLIM — FPaBUTALMOHHBLIM MONEM.

Bxog mukpouvactuy T =247 102K
CuiioBbie JMHUH
/ MHUKPOYACTHIl OT CEBEPHOI'0 K IO’)KHOMY
MOJIIOCY MAarHUTA.

IEKTPHYECKHIl TOK - 3TO ABHIKEHHE
412
mukpouactun 1T =247 10 “K,

Puc. 3-10 AneKkTpoH
Anekmpuyecmeo — 3TO Nepexon Co CKOPOCTbIO CBETA NOTOKa — 3apsiga
MuKpodactTuy, T = 2,47107"%K, co3garoLime MarHMTHO-CUNOBbLIE NIUHUKN, OT
oTpuUaTESIbHOIO NOCa ANEKTPOHA K NOSIOXUTESNTbHOMY NOSTHOCY NPOTUBOMOSOXHOIO
3NEKTPOHA. JJIEKTPOH SBMSIETCS KOHAEHCAaTOPOM — HaKonuTeneM MmkKpodacTtul,.

< MexaBe3gHoe npocTpaHcTeo T =247 102K u T=2,7K

Bxop SHEeprmm — KOCMM4eCKnx MUKpo4dacTumy
B LEeHTp Xxosfioga un (byH,D,aMeHTaﬂI:HOFO AQapa mapoaoﬁ MOJTHUU

LlWapoBas MonHwus.

3a cyeT 4Yero NpoAomKUTENbHOE BPEMSI CBETUTCA
LapoBasa MOSHMUSA, Npn 9TOM, 3aTpaymBaeTcs
KonoccanbHada aHeprua? Akagemuk Netp Kanunua B
cBoux Tpyaax coobuwan: «Ha ocHoBaHWMM 3akoHa
COXpaHEeHMs 3HEPrun NPUXOANTCHA NPUHATL, YTO BO BpEMS
CBEeYeHUs1 K LLapoOBOW MOMHUM HENPEPbLIBHO NOABOAUTCS
3HEeprus, 1 Mbl BbIHY>XAEHbI UCKaTb 3TOT UCTOYHUK
3HEprum BHe obbeMa LapoBON MOSTHUNY .

JHepr CBeTsLasicsi NOBEPXHOCTb LLAPOBOM MOJTHUMN — 3TO CFYCTOK
Puc. 3 - 11 3NEeKTPOHOB (yAapHasi aNeKTpoHHas BOJHa) ¢ TeMnepaTypou
B aTMmocdpepe — B npegenax T ;= 1250K - tepmonons 3emnu.

LiBeT WwapoBoi MOMHMUN N3MEHSAETCA(OT TEMHO-PMONETOBONO A0 SPKO-XKENTOro) B
3aBMCMMOCTW OT TEMMNEPAaTypbl ee Hapy>KHOW 060/104KN. ICTOYHUK SHEPrum LLIApOBOW 1
MOJHMUM — KOCMUYECKOEe TENMO, KOTOPOe HanpaBnseTcs K XONoAHOMY UeHmpy siapa
LLIAPOBOW MOJHUM, C NMOMOLLIbIO KOCMUYECKUX MUKPOYaCTULY
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Yactb 4. Kocmunyeckue MUKpoO4YaCTUlbl — OCHOBA CTPOEeHUA aTomMa.
McTOKM KBaHTOBOM CUCTEMbI rpaBuTalln.

KocMuueckvie MukpodacTuubl ¢ Temnepatypoit T=2,7K u T=247 102K -
ABNSAIOTCA HE TONbKO DOHOM — KMUPOBbLIM 3(OMPOM» OKPYKaOLLLErO KOCMUYECKOro
NPOCTPaHCTBA, HO U OCHOBOW B NOCTPOEHUUN HENTPOHOB, NPOTOHOB, 3NIEKTPOHOB,
cnefosaTtesnibHO, N aTOMOB 35IEMEHTOB BeLLleCTBa.

Beigatowmics yyenbin .. MengeneeB B cBoen paboTte (“IMNonbiTka XMMnyeckoro
NoHUMaHna muposoro adgupa”. 1905 r) coobwan:

«3adayy mszomeHus u 3adadyu ecell IHep2emMuUKU Heslb3s npedcmasume peasibHO
pewéHHbIMU 6e3 pearibHO20 rMoHUMaHUs aghupa, Kak Mupoeol cpeodkbl, nepedarouiel
9Hepauto Ha paccmosiHus. PearnibHO20 e rnoHuUMaHus aghupa Hesb3ss docmuyb,
U2HOpUPYs e20 XUMU3M U He cHumas e20 afieMeHmapHbim eeujecmaom”. (26)

«3nemeHm “y’(KopoHut), oOHako, Heobxo0um Orisi mo2o, Ymobbl
yMCmMeeHHO nodobpambcsi K moMy HauanagHeuwemy, a momomy u
Haubonee bbicmpo d8UXYUWEeMYyCS 3reMeHmy “x”, KomopbIt MOXHO
cqyumame 3¢hupom.

MHe 6bl xomersochk ripedsapumeribHO Hadgamb e20 “HbromoHuem”

— 8 yecmb HbromoHa ... (26)

Hsumputi Heanosus Mendesces
(1834—1907)

1. NMoanuHHasa Tabnuua O. U. MeHaeneeBa «lepuoanyeckasa cucrema
3N1IeMeHTOB NO rpynnam un psaaam»

YuntbiBass yHOaMEHTanM3M MUKpoYacTUL, «MUPOBOro 3ddmpa» B NOCTPOEHUM
anemeHToB BewectBa, [O.. MeHgoenees BBen HbloToHMM ©n  KOpOHMA B CBOKO
Tabnuvuy, B HyneByt rpynny.

Ho nocne cmept MeHgeneesa u3 Tabnvubl dyHOaMeHTarnbHble MenbyanLne
3IEMEHTbI B MOCTPOEHMN aTOMOB — MUKpoYacTuubl HbloTOHUM 1 KopoHun ybpanu.
(26) Tem cambim Oblna yTpayeHa CBsi3b TOHYANLLIErO MUKPOMMPA KOCMUYECKOTO
NPOCTpaHCTBa C MaTepuanbHbiIM MakpOMUPOM OKpY>KatoLLen Npupoabl.

KocMuueckvie MukpodacTulbl — HbloToHWiA ¢ TemnepaTypon T = 2,47 1072 K,
cosfaroLime MarHMTHO-CUMOBbIE NIMHMM FPaBUTALMOHHOIO NOMAS U MUKPOYacTULbI

T = 2,7K — KopoHuii, 3anonHsoLwme Bce MeX3Be3aHoe NpoCTpaHCTBO, CO34atoT
KTOHKYIKO MaTEpPUIO, MUPOBOM 3hUP», ABAAIOTCA PyHAAMEHTaNbHbIMU 3N1leMeHTamMu1 B
NOCTPOEHUN MaTepmnasibHOro Mmpa: NPOTOHOB, HEMTPOHOB, AIEKTPOHOB, aTOMOB,
MOSEKYNT — M3 KOTOPbIX U CO34aeTca yaAMBUTENbHbIA OKpYyXKatoLwmin mup Npupoab!:
3Be3/bl, NNaHeTbl, ropbl, PEKU, AONUHbI, PACTUTENbHbLIA N XXUBOW MUP.

bea kocmuyecknx mukpoyactuy, HbroTOHMA U KopoHus, HenpepbiBHO NOCTynatoLwune
B XONoAHbIN LeHTp sapa 3emnun, ConHua, Yyactuu, «3adady ms2omeHus U 3adaqu ecel
SHepaemuKu Henb3s npedcmasume pearibHO PeuEHHbIMUY. MMeHHO noaTomy
KocMmunyeckne Mukpodactuubl HbloTOHMA 1 KOpOHUKM BO3rMaBnstOT HyneByko rpynny.
OHn co3galT He TOMbKO  rpaBuMTAUMOHHbIE MONA M rpaBUTaLMIO, HO U SABNSAOTCSA
dyHOaMeHTaNnbHbIMM MUKPOYACTMLAMN B NOCTPOEHUN XUMNYECKUX SNTIEMEHTOB.

Tak Kak KkeaHm — 3TO (pmnandeckaa BeriMyMHa, cnocobHaa oTgaBaTb UM nornowaTb
HauMeHbLLEee KONMMYECTBO 3HEpPrnm, TO Torga KocMmyeckas yactumua rpaBUTaLUMoOHHOIo
nonst HotoToHui ¢ Temnepatypoit T = 2,47 1072 K , ABnNsieTCs KBAHTOBOW YacTULEiA.
Takume KBaHTOBble YacCTuLbl FPaBUTALMOHHOIO MOMS CO34alT CUMOBbLIE NUHMK, ONS
nepefayn sHeprmm Mexay LeHTpamu xoroga: TennoBas CBA3b LeHTpa [anakTuku ¢
ueHTpom CornHua, ¢ LeHTpoM 3emMiun, YacTuLbl, MUKpOYacTULbl.

MoxHo ckasaTb. 4To MeHgenees CTOsiN Y UCTOKOB CO34aHUS KBAHTOBOW CUCTEMBI
rpasuTaumn.
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MopnuHHaa Tabnuua [1. MenpeneeBa «lepuoanyeckasa cuctema 35fieMeHTOB MO rpynnam u psgam»

(0. U. MengeneeB. OcHosbl xumuw. VIl nspanme, CMN6., 1906 r.)

T P Yy n n bl ¢ ] Ja e M e H T (1) B
Psitb1 0 I I 111 v \% VI vl
0 HbtoToHUI
1 KopoHnun Bopopoa o o o o o o
H 1,008
2 Fenun Nntun Bepunnui Bop Yrnepoa Asor Kucnopog dT1op
He 4,0 Li 7,03 Be 9,1 B 11,0 C 12,0 N 14,01 0 16,00 F 19,0
3 HeoH Hatpun Marnumn AnoMUHUM KpemHuin Pocchop Cepa Xnop
Ne 19,9 Na 23,05 Mg 24,36 Al 271 Si 28,2 P 31,0 S 32,06 Cl 35,45
4 AproH Kanuin Kanbuun CkaHgun TwutaH Banaguin Xpom Mapraney, Xeneso
Ar 38 K 39,15 Ca 40,1 Sc 44,1 Ti 48,1 V51,2 Cr52,1 Mn 55,1 Fe 55,9
5 Megpb LinHk Fannui epmanuit Mbliwwbsk CeneH Bpom
Cu 63,6 Zn 65,4 Ga70,0 Ge 72,5 As 75 Se 79,2 Br 79,95
6 KpuntoH Pybuann CTpoHumii NTtTpui LinpkoHun Huobwui Monn6aeH o PyteHunn
Kr 81,8 Rb 85,5 Sr 87,6 Y 89,0 Zr 90,6 Nb 94,0 Mo 96,0 Ru
101,7
7 Cepebpo Kagmuin WHaonn Onoso Cypbma Tennyp oa
Ag Cd112,4 In 115,0 Sn 119,0 Sb 120,2 Te 127 1127
107,93
8 KceHoH Lleann Bapui JlaHTaH Liepun o o o o
Xe 128 Cs 132,9 Ba 137,4 La 138,9 Ce 140,2
9
10 o o o NTTepbuin o TaHTan Bonbdpam o Ocmuin
Yb 173 Ta 183 W 184 Os 191
11
12 . o Papui o Topuit o YpaH
Ra 225 Th 232,5 U 238,5

2. CtpoeHue aTtoma.

ATOMBI CbOpMI/IpyIOTCFI M3 NPOTOHOB, BbIXoaALLNe U3 I'IpOTOHHOIZ y,u,apH0|7| BOJIHbI A4pa
3eMnu 1 CONHEeYHbIX YacTuy, — HeﬁTpaHbeIX NPOTOHOB N 3NIEKTPOHOB, MOCTYyMNarLwmne K

NOBEPXHOCTU NNaHEeTLI. Kaxgbln atom nmeet LEeHTp XoJioda, Kyda HenpepbIBHO
NnoCcTynakT KOCMHU4eCckne MUKpo4acCTUlbl.
CDpr,ameHTaanoe AAPO aToMa.
Mo>xHO onpenennTb BbIXOOHYHO TeMnepaTtypy — beH}J,aMeHTaJ'IbHOFO A0pa aTtoMa
KaxKaoro arfieMeHTa BellecTtBa, Afid 3Toro BoCrnoJyibdyemMcsd 3aKOHOM Faycca.

«3aKoH Faycca yCTaHaBJIMBAET, YTO BE€Cb 3apAn 3J1IEKTPUHECKOro nosd, cyuecrteyrouiee

CHapYyn paBHOMEPHO 3apsXKEHHOrO Lwapa, paBeH 3apsiay, CKOHLEHTPUPOBaHHOMY B
ueHTpe wapa. CornacHo 3akoHy faycca, YMcno fMHUA NONS, BbIXOASLLMX HAPYXy
Yyepes 3aMKHYTYIO MOBEPXHOCTb, 3aBUCUT TOSLKO OT MOAyns 3apsida, 3aKnioYEeHHOro
8Hympu. INonNHoOe YNCNO NIMHMUIA HANPSXKEHHOCTU, BbIXOOSALWMNX Yepes3 NOBEPXHOCTb
paBHOMEPHO 3apsKeHHOro wapa, paBHo: E = 47kq .
B cnyyae rpasButauunn 3apsa, cosgarowun none - 3To macca. lNonHoe 4yncno nuHnn

HanpPsHKeHHOCTU, MPOXOASLLMNX Yepes NOBEPXHOCTb LWapa, paBHo E =4nGm.
Ecnn 4mk nuHWMIA SNeKTpUYecKkoro nons BbIXOAAT U3 KaXXA0ro e AMHUYHOro 3apsaa

q (1 Kn), T0 13 kaxxgon eanH4Hon Maccbl m (1 kr) BbIxogat 4nG  nuHUA
rpaBuTaumoHHoro nonsa» (31).
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Kocmunuyeckmne mukpodactuubl T = 2,47 1072 K , cosparolime MarHUTHO-CUMOBblE
NIMHUKN rPaBUTALMOHHOIO MNOSIS, MPOHM3bIBAKOT NSOWaAb NOBEPXHOCTHU Wapa — yaapHom
cthepuyeckon (nonepevHomn) BorHbl M BPbIBAKOTCA B LIEHTP Xonoaa sapa.

Torga NonHoe YUCOo NIMHUA HaNPSXKEHHOCTU rpaBUTALMOHHOIO NOMS PaBHO:

E=4nGm, rae G — rpaBuTaunmoHHasa NOCTOSAHHAS.

B LieHTpe xonoda KocMuyeckue MukpouacTuubl T = 2,47 1072 K paspbiBaloTcst Ha
MenbyanLne MMKpoYacTuULbl, YTO BEAET K MOBbLILWEHWNIO JaBreHNS B LLIeHTpe xonoga u
BbIBPOCY M3 HErO MOTOKOB MUKPOYaCTUL,, KOTOPbIE CO34al0T FIMHUN HANPSXKEHHOCTU
31IEKTPMYECKOro nong, BbIxogawue U3 nnowaaun wapa — ygapHom BOSHbI.

[MonHoe Yncno NMHUN HaNPSXKEHHOCTU PaBHO:
E =4nkq , rae k =9 10°Hw¥Kn? — anekTpuyeckas NOCTOSHHAS;
q =1,6 10"%Kn — anemeHTapHbIN 3apsaa.

Ha rpaHuue BCcTpeun AByX NPOTUBOMOSIOXHO HanpaBfieHHbIX NMOTOKOB MUKPOYaCTUL, -
NNHUIN HaNPsPKEHHOCTU rPaBUTaALMOHHOMO U SNEKTPUYECKOTO NOSsi BO3HMKaEeT yaapHas
(mnonepeyHasi) BoslHa ¢ Macco m — NOBepPXHOCTb wapa . Cm. puc.3 — 12.

Mex3BesgHoe n POCTPaHCTBO
_—

Bxoa kocmuy. mukpovactuy, T = 2,47 102K
rpaBMTaLMOHHOrO NOMsA B LEHTP xofoaa sapa

Bxon
MarHMTHO- CUNOBbIX
JINHUM rPaBUTaLUOHHOIO

nons , Bbixoa NMMHUI HaNpPs>XeHHOCTU
ANeKTpU4ecKoro nons

dyHpameHTanbHoe AApo atoma yrnepopa
c ueHTpom xonoga T = 1,25 10K ;
Temnepartypa BbixogHoro nons T = 1,36’ 10K
Temnepartypa yaapHou BonHbl T = 2,7K

Appo atoma

Puc. 3-12 MoBepxHOCTbL Wapa — yaapHas cgepuyeckas
nonepeyHasa BonHa I = 1,68 107"'m

Yncno NMHUIM HanpsKeHHOCTU SNEeKTPUYECKOro Nonsi, UCXOASALWMX U3 LIeHTpa xonoaa
A4pa aToMa Ha NMOBEPXHOCTL LWapa, T.€. BbIXoAALWMX No4A AaBNEeHNneM TeMnepaTypHbIX
MUKpOYaCTUL, 3apsiaa, PaBHO NUHUAM HaNPS»KEHHOCTU rpaBUTaLMOHHOIO NONs,
BXOOSALLMX B MOBEPXHOCTb LWapa npu ABMXKEHUM K LeHTpy xonoda: 4nGm =4nkq ,
T.e.  Gm=kq ; rae m= pnr’4/3 - o6bem Macchl;

P - MAOTHOCTb 3NleMEeHTa BELLECTBA; [ - paguyc wapa — yaapHOW BOSHbI.
Mo dopmyne r®=3kq/4Gpn BblMUCIISAEM paamyc LIapa, MO KOTOPOMY Ornpeaensem
ANWHY BOMHbI A = 27tr , ucxogsiiasi M3 oyHaameHTanbHoro siapa atoma.
T =y Vv - TemnepaTtypa BbIXOAHOro nonst yHaameHTanbHoOro sapa atoma, rae
y = 4,7993 107""Kec — TemnepaTypHast noctosiHHasA. v = C/A - YacToTa MUKPOYaCTULbI
Hanpumep, sgpo atoma yrnepoga:

a). NJIOTHOCTb yrnepoda pasHa p = 1,5 10° k/m® |, TOrAa

r3=3kq/4nGp =3 910°HMYKn? 1,6 - 10 %kn / 41 4,7993 10" "HM%k? 1,5 10%kr/m® ;
r3=4,77-10"w ; pagnyc yaapHoi BonHbl r= 1,68 10""m ; AnuHa BonHbl A = 1,055m.
Onpepensem TemnepaTypy BbIXOQHOIO Nons pyHgaMeHTanbHoro sgpa —
xonoaunbHWKa atoma yrnepoga:

Tun=%C/ A =4,7993 107" Kc 2,997 10% m/ic / 1,055 m =1,36 107K .

KoadhdpuumeHT nepenaga temnepatyp KOCMUYECKNX MUKpodacTuy, Tg=2,7K,
BXOOSALLMX B XONOAWIBHUK aToma yrnepoaa:
g= Ta/Tya=2,7K/1,36'10%K = 1,98 10°
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Mo koahpULMeHTy Nnepenaga TemnepaTyp, 4ENCTBYHOLLMIA B aTOMe yrinepoaa,
onpeaensieM TemnepaTtypy LeHTpa xonoda dyHaamMmeHTanbHoro sgpa atoma
yrnepoga, Kyaa 3axoAsT KocMuyeckue yactuusl T = 2,47 1072 K :

T =2,47 107K/ 1,98 10°= 1,25 107" K

PesynbTathl pacyeToB Ans psiaa 9NeMeHTOB BelwecTBa AaHbl B Tabnuue Ne 4.
OnemeHT MnotHocTb | Paguyc OnuHa TemnepaTypa | BbixogHas Mepenan
BellecTBa kr/m® wapa ™ BOMHbI M | UeHTpa TeMmnepaTtypa Temnepartyp

xonopga d/agpa atoma aTtoma

Bogopon 0,08988 43 27 1,15 10K 5,3310" K 5,06 10°
Cenui 0,1785 3,42 21,477 6,13 107° 6,710° K 4,03 10°
AsoT 1,251 1,79 11,24 1,210 1,2810° K 2,1110°
Kucnopon 1,429 1,71 10,74 1,23 10™ 1,3410° K 2,01 10°
Yrnepop, 1,5 10° 1,68 10" | 1,055 1,2510™" 1,36 107K 1,98 10°
TuTaH 4510° 1,16710"" [ 7,33 107" [ 1,8 10" 1,96 107K 1,38 10°
YKeneso 7,9 10° 9,68 10° [ 6,08107" | 2,17 10™ 2,3610°K 1,14 10°
Menb 8,93 10° [9,28107° |5,8210" | 2,2610™" 2,47107K 1,09 10°
Cepebpo 10,510° |8,810° |55310" | 2,37 10" 2,6107K 1,04 10°
YpaH 19,1 10° | 7,2110° [4,53 10" | 2910 3,1710°K 0,85 10°
3onoTo 19,31 10° | 7,1810° [4510" [29210™ 3,210°K 0,846 10°
MnatuHa 21,46 10° | 6,94 107 | 4,3610" | 3,0 10" 3,310°K 0,82 107

Kaxabih atoMm nmeeT dyHOaMeHTanbHoe S4po C LEHTPOM Xonoaa, Kyaa 3axoaar
MarHUTHO-CUITOBbLIMU SIMHUSIMW KOCMUYECKME MUKPOYaCTULbI C TeMNepaTypon

T=24710"K,as dyHOaMmeHTanbHoe a4p0 Mukpodactmubl T = 2,7K .
KocMmuyeckme mmukpovacTumubl, yHacTBysi B XONO4HO SiAEPHOM npolecce, hopMupyroT
aTOMbI C X TeMNepaTypHbIMU NONAMMU B 3Be34aXx, NfaHeTax, B pacTUTENbHOM U
Xneom mupe Ha 3emne. Camasi HM3Kasi TemnepaTypa LieHTpa xonoga y atoma
BOAOpOAa — NepBoOHavanbHOro atoma B nepuogmyeckon cucteme MeHgeneesa
3NeMeHTOB BeLLeCTBa.

3.CTpoeHue aTtoma xenesa.
ATOM Xenesa COCTOUT N3 MPOTOHOB N HEUTPOHOB.
« ATOMHas pelleTKa xenesa — TeTpasgp U ABnsieTcs Kpuctannom». (24)

ATOM Xenesa umeeT oyHAaMeHTanbLHoe S4po C LLEeHTPOM xonoaa, rae temneparypa
Tuwx = 2,17107"K , 1 Kyna ycTpeMnsioTcs KOCMUYECKE MUKPOYaCTULbl C
Temnepatypoit T, =2,47°107°K.  O6bem uyeHmpa xonoda AOCTAaTOUHO BENMK,
4YTOObI MPUTAHYTb K BLIXO4HOMY MOS0 PyHAAMEHTarbHOro sgpa To KONmM4ecTBo
NPOTOHOB U HEMTPOHOB, KOTOPbIE CO34al0T SAPO U aTOMHYIO peLUeTKy Xernesa —
Kpuctann B dopme TeTpasgpa, cMm. puc. 3 — 13.

Mex3Be3qHoe NpoCTpaHCTBO Bxoa kocMuyeckoi JHepPruu -
Bxon mukpouyactun T =247 107K
KOCMHUYECKHUX B eHtp xonoga T =2,17 10K
mukpoyactun T = 2,7K
B BBIXOJHOE IOJIe Ynapuas BojHa
¢yuna. sigpa.
___—TIIporonn! — co31210T NPOTOHHOE T0JI€
Lentp 44— ATOM Xenesa (kpuctann TteTpasap)
X0J1042
T=2,17"10"K \ DyHIaMEHTATbHOE SIAPO
\/ AN ¢ BBIX0/HOI1 Temmepatypoii T = 2,36 102K
Puc.3-13 ‘ BbIXoA4 HeiiTpoHbI — C031210T HEHTPOHHOE TOJIe

" ¢urypy Terpasgpa
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BbixogHasa Temnepatypa oyHOaMeHTanbHOro sapa — XonoAaunbHuKa atoma paBHa
Tua = 2,36 107°K Kyda HanpasnsTCsa KOCMUYeCKue rpaBuUTaLnoHHbIE MUKPOYaCTULbI C
Temnepatypon Tg = 2,7K .

B ueHTpbl Xonoga kaxxd0o20 NpoToHa N HEUTPOHA, Yepes LIEHTP Xonoda siapa atoma,
HenpepbIBHO MNOCTYNakT KOCMUYECKNE MUKPOYaACTULblI FpaBUTaLMOHHOIO Nons
Ty =247 102 K. Bux BbIXOAHbIE NONA — XONOAUNbHUKN NOCTYNaKT KOCMUYeckmne
Mukpodactuubl T=2,7K. WpoeTt xonogHo-saepHas peakums: KocMuyeckue
MUKpPOYaCTULbl (POPMUPYIOT INIEKTPOHLI, MPOTOHbLI U NOAOEPXKNBAIOT UX
ANeKTPUYEeCKu noTeHyman.

M3BecTHO, 4TO BHELLHASA hopMa KpucTanna aBnseTca oTobpaxxeHnem CKpbITOro
BHYTPEHHEro pacrosyioXXeHNs MoJiekysnli 1 aToOMOB, COCTaBNAOLWMX KpucTans.

Ctanb uMeeT Kpuctannmyeckyto cTpyktypy. Kaxabii kpyctann — 370 o6beamHeHne
aTOMOB erne3a BOKpyr obero gyHgaMeHTanbHoro gapa co CBOMM LEeHTPOM xoroaa.
Ecnn ctanb HaxoguTca B KpYNHOKPUCTANIMYECKOM COCTOSIHUKM, TO Bonbluas rpynna
aTOMOB >Xenesa rpynnupyroTcs BOKpyr oyHOaMeHTanbHoro sapa, MMeroLwmin 60mbLIon
LeHTp xonoda. Ecnu metann HaxoguTcsa B MENKOKPUCTaNIMYECKOM COCTOSAHNN, TO
MUHMManbHas rpynna aToMoB Xenesa rpynnMpyrTca BOKPYr MUHMMarbHOro ( no
ob6bemy) ueHTpa xonoga. Cm. puc. 3 —14 .

Mex3Be3gHoe NpoCTpaHCTBO

Bxon B ueHTp X0s1012
mukpouactun T =247 10712k

MeTajlIa N )A Menknii KpaCTALI

ATOM :Kejieza

Kpucrana Kpucrtani ¢ MUHMMAJIBHBIM
(o 60JIBI]II/IM HEHTOM XO0J10Ja OﬁheMOM HEHTpPa xoJ101a
Puc.3-14

Mepexon AByXxBaneHTHoro atoma xenesa Fe?’ B TpexBaneHTHoe cocTosiHue Fe’*.
B ctratbe [.H. lNeTpakoBuya «HeunssecTHoe xene3o» (24) coobuiaeTcs:
«B aTOMHBbIX pelleTKax xenesa CroHTaHHO, T.e. CaMOCToATeNbHO, 0bpa3syeTcs
HEeOObIKHOBEHHO BbICOKOW YaCTOTbl MEPEMEHHbIN INEKTPUHECKUIN TOK U
COOTBETCTBEHHO €MY — BbICOKOYACTOTHOE 3fIeKTpOMarHMTHoe none. M nponcxogut aTo
B Nto6OM KycCKe xenesa, ecnv ero 3aseMnuTb (NpuKonaThb).

UacToTa 3Toro HeobbLIKHOBEHHOTO 3feKTpoMarHUTHoro nonst v =6 10" (1/cex) .

Ha obpasoBaHMe Takoro BbICOKOYACTOTHOMO 351IEKTPOMAarHMTHOro nons TpebyeTcs
OrPOMHOE KOSNIMYECTBO 3NIEKTPOHOB, KOTOPbIE OTOMpalOTCs aToOMaMn 3a3eMIEHHOTO
xenesa y Gnmkanwmnx nobbix ApyrMx aToOMOB M MOSIEKYS 3eMX U axe y MONeKyn
BO3ayxa, npeBpallasi Ux TeM caMbiM B NOSNTOXUTENBHO 3apsPKEHHbIE UOHbI.

OTu npebbiBaloLMe B MOCTOAHHO 3apsPKEHHOM COCTOSIHUU MOHbI BOKPYT
3a3eMJIEHHOrO Xenes3a 1 NpUTArnBaroT K cedbe aHTUNoAbl — ANEKTPOHbI B BUAE
oTpuLaTernbHO 3apsXXeHHbIX MOMHNAY. (24)

[MosiBneHne HenpepbIBHOMO BbICOKOYACTOTHOIO NEPEMEHHOrO 3NIEKTPUYECKOro TOKa U
BUXPEBOr0 BbICOKOYACTOTHOMO 91IEKTPOMAarHUTHOro Nonsi cBsi3aHO ¢ 06MeHOM
3MIeKTPOHaMM MeXay aTtoMaMum xernesa Npu OKUCINTENTbHO-BOCCTAHOBUTENBHOM
npouecce: «[IByxBaneHTHbI aToM xene3a Fe** nerko otaaeT cBOI 9NEKTPOH,
npeBpaLLasicb TEM cambiM B TpexBaneHTHbI aToM xenesa Fe®*. Takoii
OKWUCMUTENBLHO-BOCCTAHOBUTENbHBIN NOTEHLMan npeacTaeneH popmynoit: Fe?' 4 Fe*
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A TpexBaneHTHbI aToM xenesa Fe®* ¢ cunoii nputsareaeT k cebe oTAaHHbI
3NEeKTPOH, cTaHoBACL Fe®* — nByxBaneHTHbIM aToMoM xenesa: Fe*'<=Fe?'» (24).
Cm. puc. 3-15

IIpeBpamaercst
IIpeBpamaercst
Fe** Fe’ | o
Fe’"
Ilepexon Py DJIeKTPOMATHUTHOE
3J1eKTPOHA % BBICOKOYACTOTHOE
k Fe’' [ nose
y

Fe'' g
e Monekyna Bogb!
| H,0 — 2H'u O*
Puc.3-15

«Kene3o B TpexBaneHTHoM cocTosiHun Fe®* Bcerna arpeccvBHO, HEYCTOMYMBO,
MOCKOSbKY OHO MOCTOSIHHO TpebyeT Ans cebs 3NeKTPOHbl U FOTOBO OTHATb UX Y No6oro
6nusnexatuero atoma unu monekynbsl. B Boge H,O , Npy OTHATUM 3NEKTPOHOB Y
aToOMOB BOAOpOAA M KMcropoaa, nocrieaHve NpeBpaLlarnTcsi B NOMOXUTENBHO
3apsixeHHble MoHbl Bogopoda H* (mpoToHbl) u kucnopoga O, koTopble cBOUMM
OOMHaKOBbIMM 3apsiiamMn HauMHAT B3aUMHO OTTanKMBaTbCsl OAMH OT ApYyroroy. (24)

masa 4. EAMHCTBO B3aMMoaenCTBUIN B OKpYXarlLlen npupoae.

1. EAMHcTBO cnn dpyHAaMeHTanbHbIX B3aMMoOAencTBUM.

CoBpeMeHHasa hunsunka yTeepxgaeT, 4TO BCe B3aMMoLeNCTBUSA B HabrogaemMblx
NPUPOAHbIX ABMEHUSIX CBOAATCH K YeTblpeM pyHOaMeEHTarnbHbIM CUnam:

cunbHas cuna ( paguyc aeiicteust 107°m) u  cnabas ( paguyc aeiicteust 10" v );

arieKmpomMazHuUmHas N gpasumauyuoHHasi C MaclTabHOCTbO OENCTBUSA — OT
MUKpoMmpa Ao OECKOHEYHOCTW.

EonHCTBO oencTBma cun B npupoae obbsAcHSAeTCa TemnepaTypHbIM paBHOBECUEM

B OKpYy>XatoLleM NpoCTpaHCTBe, KOTOpoe CobnogaeTcs 3a cHeT 4ENCTBUS BTOPOTO
3aKoHa TepMOAMHAMUKK — Nepexo Tensna B Xono4HY 30HY. [NepBUYHbIMU
HOCUTENAMMU Tenna SBMSITCA KOCMUYECKNE MUKpoYacTuubl ¢ TemnepaTtypon T =2,7K
mT=24710"%K, co3farolime aToMbl SNEMEHTOB BELLECTBA, MarHUTHO-CUIIOBbIE
nons 3eeaq, nnaHeT. Bce cunbl co3garoTcsa YacTmuamm ¢ pasHbiM YPOBHEM nepenaja
TemnepaTyp.
a) Cnaboe e3aumodelicmeaue.

Mpumepom cnaboro B3aMmogencTBna ABNAETCS CpbiB NPU TPEHUN Y HEUTPOHA C
a4pa - NpoToHa 060M0YKM — HaPYXKHOro TeMnepaTypHOro nNosisi MMKpo4vacTul, 13
KOTOpbIX 3aTeM hopMMpyeTCa YacTuua — 3SIEeKTPOH.

6) CunbHbIM e3aumModelicmeuem ob6nagalT MUKPOYACTULbI B SOpeE.
Hanpumep, y atToma Bogopoga — S4p0 UMeET BbIXOLHYIO TeMnepaTypy noss
T«=5,3310" K - XOnoaunbHuK a4pa, Kyaa yCTpeMnsoTca KOCMUYeckune
MukpodactTuubl T =2,7K .
MpaHuuen sgpa aenseTcs yaapHasi BonHa ¢ temnepatypon T=2,7K
OTHoOwWeHWe cun cuenneHus B agpe paBHO KBagpaTy Temneparyp:
F/F=(T/T)*= ( 2,7K/5,3310* K )? =5,06'10°
Takon orpoMHbIN Nepenag TemnepaTyp co3gaeT KonoccanbHy cuny
rpaBUTaLMOHHOIO CLEeNfEeHNa MMKpoYacTuL B sape — ybeautenoHasa KapTuHa cusibHO20
B3aMMOOeNCTBUA.
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0). AnekmpomazHUMHbIEe Cusibl BO3HUKAIOT: MEXAYy 3NeKTPOHaMN — CUnbI
OoTTankuBaHusi, Mexay NPOTOHOM M 3IEKTPOHOM — CUSbl MPUTSKEHUS.

Ecnn anekTpoHbl 3axBaTbIBAOTCA U ABWXKYTCSA MO MarHUTHO-CUNOBBLIM SIMHUSAM
TeMnepaTypHOro nosms, To NOABMSETCS 3NEeKTPOMarHUTHOE norse.

B). pasumayuoHHoOe 83aumoldelicmaue BO3HUKAET NpU nepexone KOCMUYEeCKMX
MUKpoYacTuy, ¢ Temnepatypon Tg = 2,7K 13 MeX3Be34HOro NPOCTPaAHCTBA B XONOLHYHO
obnacTb sigpa atoma, 3Be3abl, NnaHeTbl. Haxogack nog epasumayuoHHbIM
AaBNEHNEM KOCMMUYECKMX MUKpodacTul, ¢ TemnepaTtypon T = 2,7K — B rpaBUTaLMOHHOM
none, 4acTuupbl 1 Tena v NPMXMMalT K MOBEPXHOCTU 3BE3abl, NMAHEThLI.

KocMmnyeckne MukpodacTuubl coO3fatoT TemnepaTypHble Nons, T.e. MarHUTHO-CUIOBbIE
— rpaBUTALMOHHbIE MO aTOMOB, MOSEKYS, 3Be3/, NMaHerT.

Hanpumep, B LieHTp xonoaa sapa atoma Bogopoaa Tx = 1,15 107 '°K yctpemnsiotes
KOCMUYECKMe MUKpoYacTULbl ¢ Temnepatypoit T = 2,47 1072 K. 3Tu MukpoyacTuLibl
BOKPYT siApa atoMa co3galoT TemnepaTypHble — MarHUTHO-CUOBLIE JIMHUK, NO
KOTOPbIM ABWXXYTCS 3NEKTPOHbI, BO3HMKAET 31eKTPOMarHMTHoOe, rpaBMTaLMOHHOE rnone,
roe OencTBYIOT ANEeKTPUYECKME U rPaBUTALMOHHBIE CUTbI.

NnniocTpauus eguHcTBa AeACTBUA CUIT aToMa BOAopoaa.

@Be{moe npomp@ Bxox mukpouactun T = 2,47 1072 K

B IIEHTP Xosioga atoma 1, = 1,15 107K

Bxox kocMuIecKuX
mukpouactun T = 2,7K TemnepaTypHble — MATHUTHO- CHJIOBBIE
B BBIXO/JIHOE II0JIE + T=2,7K JIMHUAM — TPABUTALIMOHHOE TI0JIe
(pyHIaMeHTAIBLHOT 0 Inexmpomaznummuoe_s3aumoldeiicmeue
sipa MuKpouacTun 1 = 2,47 10 K
>
/ I'pasumayuonnoe naBjieHue
II I kocMuyeckux Mukpouactun T =2,7K
I'pasumayuonnoe g3aumodericmeue
oo o
@ ° -
CpbIB MUKPOYACTHII - T Paguyc sinpa atoma. O6o10uKa siipa — yiapHas BOJIHA
(¢ opmupyomux 3JeKTpoH ¢ h CunbHoe g3aumodeiicmeue MUKPOIACTHI
HAPY’KHOT'O MOJIsl AaTOMA. SIPA C HeHTPOM Xoa01a atoma T, = 1,15107°K
Craboe 3aumodeiicmeue
Puc. 4 -1

2. BsaumopeuctBue B npupopae.

BnaronpusaTHbIn TemnepaTypHbIA pexnm Ha 3emne obecnednBaeT MmosiHoe
g83aumodelicmeue gcex cus npu hopmMmpoBaHUN aTOMOB, MOJIEKYS, KIETOK XXUBOIO U
pacTUTENBLHOIrO MMpa Ha NOBEPXHOCTN 3emnu.

Brvonone xunBoro opraHmama NpoHn3aHo TemMnepaTypHbIMU — MAarHUTHO-CUNOBbLIMU
NMHUAMM, NO KOTOPbIM MAET KOCMUYECKasi 3HepPausi: KOCMUYECKMe MUKPOYaCTULbI
«3aKaunmBalTCs» B XONOAHbIE LLEHTPbI MPOTOHOB, HEMTPOHOB N 3NTEKTPOHOB KaXaoro
aToMa, KaXKgon MONEKyIbl, )XMBOW KINeTKK
dakTU4eckn kaxxaasi Monekyna, KneTtka XMBOro Mvpa npuponbl — 3To
MUKPOCKONMYeckasi Tennosas, TemnepatypHas cuctema, paboTatowas Ha
rpaBUTaALMOHHOM NPUHLMMNE. Nepexod KOCMUYECKOro Tenna — KOCMUYeCKnx
MMKPOYaCTUL, B XONOOHbIN LIEHTP 3MNEKTPOHA, NPOTOHA, aTOMa — OCHOBbI MOCTPOEHUS
6€enkKoBON N pacTUTENbHOW MOSEKYNbl, KNETKN.
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B3anmopencteue 4yenoseka ¢ npupoaon. Cm. puc. 4 — 2

Kocmuyeckas sHeprus
Bxoa mukpouactuy T,, =247 107 K

ConHeyHas aHeprus B LIEHTP XOriofa atoma, NpoToHa, HEMTPOHA, ANEKTPOHa
Bxoa T=26,5K Mexay ueHTpoM xonoaa siapa-npPoToHa u
MUKpo4acTumL T=2,7K yAapHOW BOJSIHOM siapa-NpPoToOHa —

CunbHoe e3aumodelicmeaue .

TemnepatypHbIN nepexon

& MukpouacTuy T=2,7K K ueHTpy 3emnu
T=0,275K g =2,7K/0,275K = 9,81
pasumayuoHHoe e3aumodelicmeue.

l l l IpasumayuoHHoe JdaeneHue.
oo

TemnepatypHoe nosne — 6uMonore YernoBeka —
co3aeTcs 3N1eKTPOMarHMTHbIMU /TemnepaTypHbIMu/
CUNOBbLIMU NMUHUAMU UCXOaALLME U3 KOCMoca U
ConHua. 3sekmpomazHuUmHoe e3aumodelicmeue.

Bbi6poc TeMnepaTypHbIX MUKpOYacTUL U3 Tena
no T/cunoBbiM NUHUAM. Cnaboe e3aumodelicmeaue.

Puc.4 -2  T=260K - temnepatypa 3emnu

Kocmunueckun nepexon KoCMM4eCKoro Tensa B LEeHTPbI Xorioga MOJIEKYJT, N3 KOTOPbLIX
CCbOpMI/IpOBaHbI OpraHM3Mm 4esioBeka, gaeT BOSMOXHOCTb NMOHATb BCHO CITOXHYIO
cucremy TepmMmogmMHamMmn4eckoro B3aMMOOENCTBUS YeroBeka C I'IpI/IpO,EI,OIZ.

CBepxXHaAHOTEXHONOIUA B XMBOW Npupopae.

«B kaXaoMm XMBOM opraHu3me COAEPXKUTCS XKerneso, U UMEeHHO B BUAe TeTpasapoB, HO
He Kak »eneso B YNCTOM BMAe, a XMMUYECKN CBA3aHHOE C pa3nuyHbiMn 6enkoBbIMy
monekynamu. Kaxgas 6enkoBasi Monekyna siBASeTCA KpUCTannoM — XXUOK1Um
KpucTanmnom, u aToMHas peLueTka xenesa — TeTpasap — TOXe ABNsSeTCA KpUcTannom, a
KpucTtann B Kpuctanne 6yaeT yxe Nbe3oKpucTaniioM, CoO BCEMU BbITEKAOLLMMUN U3
3TOro OTNUYUTENBHBLIMU OcobeHHocTaMU» (24). Puc. 4 — 3

Mbe3okpuctann — Mosnekyna remornoouHa

BenkoBasi MoneKyna — XXUaKuin KpucTann

Kocmuyeckas
3Heprus B LeHTp

AToM Xene3sa (kpuctann TeTpasgp)

xonopaa
MpaHuua knetkn T =~300K
~ 400 MuI. MOJIEKYJI BHYTPHU KIIETKU
Bbixon aHeprum
Puc.4 -3

Mbe3okpucTannbl 0b6naaaoT CBOMCTBOM: Nof, BO3AENCTBMEM 3NEKTpUYecTsa
U3MEHSATb ONVHY, LUMPUHY, TOMLLIMHY.

Ecnu nbesokpuctann cxaTb, pacTaHYTb, CKpyYMBaTb, CrubaTb — KOHBEPTUPYET
MEXaHNYECKYI0 3HEPIUI0 B 3NEKTPUYECKYIO.
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«B opraHname yenoBeka, Hanpumep, eCTb MHOXECTBO TakuUX Nbe30KpUCTannos,
KaXabl CO CBOMMU (DYHKLMSMW: B ApUTPOLMTAX — 3TO BCEM U3BECTHbIN reMOrfnobuH, B
nevyeHn — 6unnpyobuH, B Novkax — ypobunuH, B MblliLax — MUOTNIOOMH.

Bce monekynbl — nbe3okpuctansisl, MMeLWne o4MHaKoBble COCTaBHbIE YacTu B BUAe
TEeTpasapoB Xenesa n oTnnyarLmecst ToNbko 6enKoBbIMM COCTaBNALWMMU, MO
pasmepam sBNATCA NPMONM3NTENbHO OANHAKOBBIMU U YpEe3BblYaHO MENKUMM.

[locTaTO4YHO cKas3aTb, YTO B TaKoW HEBOMbLLOW KPOBSIHOM KNEeTKe, Kak 3pUTPOLMT,
cogepxutca o 400 munnuoHos (!) Monekyn remorriobuHa — Monekyn
nbe3okpucTannos. M kaxaasi U3 HMX cnocobHa BbINOSTHATL CBOK (DU3NOSNOMMYECKYHO
PYHKUMIO — BOT Kakasi CBEpX HAHOTEXHONOMSA CyLLEeCTBYeT B XXMBOW npupoae!» (24)

B kaxodol knemke hopmupyeTcsa onpeneneHHon BENUYNHbI 4eHmp xosooa,
No3BONSAKLWEE «CMSHYMb» MUJ/IUOHbI amoMo8 8 eOQUHYH Kiemky, puc. 4 —3a.

B ueHTpbl Xonoga kaXxgoro atoma, Yepes LeHTp xonoda aapa KneTku, HenpepbiBHO
NoCcTynatT KOCMUYECKMEe MUKpoYacTULbl rpaBuTaumoHHoro nona T, = 2,47 10 K.
B BbIxogHOE None LeHTpa xonoga NocTynarT KocMuyeckme Mukpodactmuybl T=2,7K

B pesynbtaTte xonogHo-a4epHbIX peakuum U3 KOCMUYECKMX MUKpPOYacTuL
POPMUPYIOTCA 3NEKTPOHbI, NPOTOHLI. TEM cCaMbIM, CO3[aeTCA U NOAAEPXKMBAETCA
3NEKTPUYECKU NOTEHLMAN aToOMOB, MOSIEKYNT Y CaMOW KINEeTKM.

——  T,=27K \ Mukpoyactuup! T, =2,47 10” K I

MOCTYNaroT B LLIEHTP XonoAa siapa KneTku,
M Yyepe3 Hero B LLeHTPbI Xono4a aTOMOB KITeTKW.

CunoBble NMHUKN

ANEeKTpoOMarHuTHoro BoIxoaHoe noJie HEeHTpa X0/101a, Kyaa

NOCTYNAT KocM. Mukpouyactunsl T =2,7K
Monekynbl KneTku
LleHTp xonoaa KneTku

Puc. 4 — 3a

«Ho KneTka XuBeT, MUTaeTCa U eXeCEeKYHOHO B KaXX0M KreTke npoucxogaT bonee
MUITIMOHA OKUCIINTENBHO-BOCCTAHOBUTENbHBLIX peakuun. [1pn aToM n3MeHsieTcs
3aNeKTpuYeckMi noTeHumnan Mmonekynsl. [pu oToaum anekTpoHa, Moriekyna Belectsa
3apsKkaeTcs NOSIOXKUTENbHO — NOET OKUCNUTENbHAs peakuus, npuyem, npu notepum
3NEeKTPOHOB MOfEeKyiaMu NpUBOAUT K MOCTENEHHOMY «3aKUCINEHUIO» KNeTKU, BeJeT K
NMOHWXEHMIO ee 3MeKTPUYEeCcKoro noTeHumnana, k sabonesaxHuio. HaobopoT, nony4yas
3NEKTPOHbI, MOMEKYIbI KNETKM 3apsXaloTca oTpuuaTeribHO — naeT BOCCTaHOBUTENbHAsA
peakunsa KNeTkn n ee HopmaribHoe (PyHKUMOHMpPOBaHue». (24)

Bosgencteys Ha «BonbHYO» KNeTKy, MOXHO A0OUTbCS ee UcLueneHns — oHa
Ha4YMHaeT CaMOCTOATENbHbINA «NPUEM» KOCMUYECKON — 3HEpPruu, BOCCTaHaBNUBaeTCA
€e€e 9JIeKTPUYECKMIA NoTeHunan.

Kpome Toro, Takasi cBepX HaHOTEXHOMOrMs NPONUCXOAUT U B PaCTUTENbHOWN KNeTke,
roe Morekyna — XuUOKuin Kpuctans cBa3aH ¢ Kpuctannimyeckum aToMOM Xenesa, unm
LUWHKa, MarHus, ceneHa, Meav v T.4., NOCTynarwLmMe B pacTUTENbHYIO KreTKy. B
3aBUCMMOCTU OT HanNu4us B KneTke DOMNbLUIMHCTBA BMAA aTOMOB, CO3atoLLNX «CBOE»
BOJTHOBOE U3ny4eHne, 1 opMUpYyeTCH LUBET KIEeTKN, 3HAYUT, U BCEro pacTeHus,
nnoa: KpacHbIW, 3eNeHbIN, XXeNTbin U T.4.

Co3paHue aneKTpoMarHUTHOro Nosns y pbio.
OueHb nogpobHo B ctaTtbe . MNeTpakoBuya «HenssecTHoe xeneso» (24) naHo
00BbSACHEHNE — NOYEMY HEKOTOPbIE BUAbI Pblib MOryT nniaBaTb CO CKOPOCTbO 140 km/uac
W Jaxe Bblle, M OCTaHaBnMBaTbCA MrHOBEHHO. «CyLlecTByeT yCcTon4YmMBoe
ybexxaeHue, 4To BCe BOAHbIE XUBOTHbIE, Abllallne xabpamu, BblLeXnBaroT
PaCTBOPEHHbIN KUCNOpoa 13 BOAb!.
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Ho oguH nsobpeTtatens n3 N3pamnga nonpobosBas ¢ NOMOLLbH CKOHCTPYUPOBAHHOMO
UM npudopa AoObITb 3TMM cnocobom Kncnopod 13 Boabl — 1 notepnen dumacko.
Kucnopoga 3a HeckosnbKo YacoB A406bI4M OH NONYYM TaKoe HUYTOXHOE KONNYECTBO,
YTO YeNnoBeKy, Hanpumep, XBaTtuno Obl ero NULb Ha OauH BOOX». (24)  W3BecCTHO, 4TO
Kncnopog Ans WmMpoKoro UCrnosfb30BaHNA NOMyYatoT U3 XXNOKOro Bo3ayxa, rae Xnakun
Kncnopop cogepxmtcsa B konuyectse 54% .(8)

«HeT, gbiwawue xabpamu XNMBOTHbIE NOSTyYaOT KACIIOPO HENOCPEACTBEHHO U3
BOAbl, pasnaras MOseKyny Boabl B CBOMX Xabpax Ha ee cocTaBnsiowme B BUae MOHOB:
Ha [Ba voHa Bogopogda (npoToHa) H' u noH kucnopoga O*. MpoussoasT aTo
AencTBre B XXabpax BCe Te e aTOMHbIe peLleTKn — TeTpasapbl Xenesa B MOMEHT
NPOXOXAEHUS MONeKyn BoAbl Yepes xabpbl. A Xabpbl, Kak MU3BECTHO, HACLILLEHbI
Xenesom — oTcoga 1 UX KpacHoBaTbIM LBET Y BCeX pbib.

CHumMag ¢ monekyrnbl BoAbl 3MEKTPOHbI M UCMonb3ys nx Ana obpasoBaHus
BbICOKOYACTOTHOrO 3fIEKTPOMarHMTHOro nong B xabpax, TeTpasapbl Xenesa pasnaraioT
BOOHYIO MOSEKYy Ha NPOTOH M MOH Kucropoda. Kucsiopod pbiba ncnonb3yeT Ans
XabepHOro AbIXxaHus, a MPOMOHbI «3axBaTbiBAOTCA BUXPEBLIM 3NIEKTPOMArHUTHbIM
BblcoKkoYacTOTHbIM (MBY — nonem) mn ctaHOBATCS ero paboyum Tefiom.
OpHoBpeMeHHo ¢ xabpamn MBY — none reHepupyeTcs 1 BO BCEX APYIUX KreTKax
Tena pblbbl BMECTE CO CBOMMM MPOTOHHBIMU M3Ny4YeHnamMu. W Bce anekTpoMarHUTHbIe
nons, xxabepHble 1 BHYTpUTENECHbIE, BMecTe C nx pabo4nmun Tenamu, B BUAE NOTOKOB
NPOTOHOB, CO3A4alT €AWHbIA MOLLHbLIN 3NEKTPOMAarHUTHLIN MeXaHu3M pblObl». (24)

«YckopsieMble NPOTOHBI, ... MPOXOAs BAOSb Tena pblbbl, MOHN3NPYIOT BAvxanwmne
Monekynbl Boabl (o6pa3syeTtcs noH H,O"), B peaynbTaTe Bo3HMKaeT adhdekT
OTTankuBaHusa oAHOPOAHBIX 3apsaaos (npotoHos H' Tena oT noHoB H,O' okpyxatowen
BOAbl), @ C HAM UcYe3aeT U TPEHNE O BOAY.

Pbiba cnocobHa asuratbcsa B BOAE C OFPOMHOM CKOPOCTLIO HE TOMBbKO MOTOMY, YTO
OHa He UCNbITbIBAET TPEHNE O BOAY, HO U NOTOMY, ... YTO NPOTOHLI, BbibpacbiBaeMble
N3 ee Tena, ABNATCA AN1S Hee MOHHbIMK ABmkuTenamMu. Poiba onupaetcs
NUCXOOAWNMN N3 Hee NOTOKaMM NPOTOHOB O BOAY M NETUT B BOAE KaK HacTodLlas
Topnega». (24) Cm. puc. 4 -4

AnekTpomarHuTHoe(TeMmnepartypHoe)
Bbicoko4yacTtoTHoe (MBY) - none
Bopaa (BTOpoOe Teno)
--------------------- Cuna otpaum Boabl

Fae + =)} Fi\ F2
___________ —- MNoTokn NPOTOHOB PbIGHI
( nepBoe Teno)

CunoBasl otgaya: nepBoro Tenia — notoka npotoHoB F,, oT BToporo Tena — oAbl F,

Puc. 4 -4
«3aMeHa HarnpaBrieHUs 3MeKTPOMarHUTHOro Nons Ha NPOTUBOMOMOXHOE — NPUBOAUT K
obpaTHOMY HanpaBIiEeHUIO ABMXEHUS NOTOKa NPOTOHOB, B pesyrnbTaTe, NpoucxoauT
6e3 MHepLUMOoHHOEe, MTHOBEHHOE TOPMOXeHWe pbibbl.  BokoBble NnNaBHMKKU pbIObI
npegHasHa4veHbl 4118 HanpaBneHus ABMXEHUS B BEPX-HU3, XBOCT ANS ynpaBreHus no
rOpU30oHTann, a CNMHHOM MMNaBHUK — 3TO Kunb. Bce aTo pynu Tena».(24)

C nomolLLblo BOMTHOBOMO ABMXEHNSA XBOCTOBOM YacTu, T. €. MeXaHuKK, pbiba moxeT
pas3BUTb CKOPOCTb NepeMeLLeHns [0 onpeaeneHHoro npegerna, ckopee Bcero, He
BornbLUe CKOPOCTU, KOTOPYIK pas3BMBalOT COBPEMEHHbIE MOABOAHbLIE JTOAKM.

[nsa aBmxeHus pblb co ckopocTbto — cBblwe 100 km/uac , KOHEYHO, HEODXOANM
3NEKTPOHHbIN MEXaHN3M OBWXeHUSs, 0 YeM 1 coobwaet . MNeTpakoBuy.
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3. CBerTeKyt-leCTb. «B »xuldkuti eenuti nogBecuUnn CTEKMNSAHHbIN cTakaH
OINbIT CBEPXTEKYUECTH. (puc 4 — 5) . Bckope 3ameyeHo, 4To CTakaH Hauan
HaMNOJSTHATLCA XNOKOCTLIO, YPOBEHb KOTOPOM
NoBbILLANCS A0 TeX NOp, NOKa YPOBHU BHYTPU U
CHapyXu CTakaHa He cTtanu oguHakosbiMn. Korga
CTakaH HecKomnbko nogHumanm, Habnoganoch
OBWXXEHME XXNOKOCTN B NPOTUBOMOSOKHOM
HanpasneHun. OnycToleHne N HanosHeHne
CTakaHa Bcerga npouCcXoauno ¢ O4HOW CKOPOCTbIO;
NnreHkKa XuoKo2o eesiusi okasanach...YMCTENLLM
NnPMMeEpPoOM cBepxTekydectun». (21)

MoLuHoe 00beaNHEHHOE AeNCTBUE ANEKTPOMArHUTHbIX NoSsie aTOMOB B 30HE
CBEpPXTEKyYeCTn noaTBepXaaeT IKCNEePUMEHT — «nepefaydn (8bImecHeHUs) Maccbly .
ATOMbI rennga Npy NOHWXEHUN TeMNePaTypbl HUKE KPUTUYECKON TOYKM
T = 2,2K co3pgaroT Bokpyr cebs anekTpomarHutHoe (TemnepartypHoe) rorse,
pasHOMMeHHbIMM nofntocamu.  O6beguMHEHHOe OeNCTBUE 3NEKTPOMArHUTHbIX MOnen
aTOMOB C pPa3HOMMEHHbLIMU MOMKOCAMM B 30HE CBEPXTEKYYECTU MNPUBOAUT K MOS8IEHUIO
cun npumsixeHus, AENCTBYIOLLNX B OAHOM HanpasfeHUn: cM. puc. 4 —7.

ITepeBopoT aTomMa
M €ro 3JIEKTPOMATHUTHOT O MOJIS.

PazHonmMeHHBIE MOJII0CA AaTOMOB COTHKAIOTCS
MOABJIAKTCHA CWIbI NPUTHKCHUA — CHJIbI,

BBITAJIKHBAKIIHUE ATOMBI )KHJKOI'0 reJiusl u3 CTakaHa

ypOBeHb JKHUAKOro reJinsd B CTakaHe
Tip = 2,2K

- =KAo T Puc.4-6

«Bo MHornx nabopatopuax 6110 3aMeyeHo, YTO MHorAa annapaTtypa C XXUAKUM
rennem bbifia coBepLUEHHO repMeTUYHa, Npn oxnaxaeHun Hmke 2,2K gasana
CUIbHYIO TeYb N CTaHOBMMNACb abCcornoTHO He NpUrogHon». (21)

Mpouecc paspbiBa EMKOCTU U XPYNKOCTb MeTarsia npu HU3KOM Temnepartype
NpoucxoauT B pesyrnbTaTe yBeNnuyYeHus pagmyca AencTemsi MarHUTHO-CUIOBOIO
(TemMnepaTypHOro) nons y atoma renus un rosierieHuss cusl ommarsnkugaHusi Mexay
MarHUTHO- CUMOBbLIMU SIMHUSIMW aTOMOB, UMEKLLNX HanpaBneHusi B O4HY CTOPOHY.

BsixogHoe moJie
HediTpona T = 2,2K

YBeanuenne
MATrHUTHO- CHJIOBOIO ITOJN

INPpA NOHUKCHUH TEMIIEPA

Puc.4 -7 CWiibl OTTAJIKHBAHUSA




aBa 5. BeckoHe4yHOCTbL BceneHHOM.

YacTb 1. OUEHKA BPEMEHW OO TANNAKTUK
YEPE3 MOAEPHW3VPOBAHHbIV 3AKOH XABB/A.

AMeEpUKaHCKNMN acTpoHOM Xabbn obHapyXusl 3aKOHOMEPHOCTb: fly4eBble CKOPOCTU
ranakTMk Bo3pacTanu npsmMo MNponopUMOHaNbHO PacCTOsSIHUAM A0 ranakTuk.  9ToT
npouecc 6bin 3auKcMpoBaH Yepes onpeaeneHHyto popmyny: V=Hr (6%),

V — flyyeBasi CKOPOCTb ranakTukK, yaaneHHbIX Ha pacCTOSHUN T ;

H — noctosiHHas Xab6na.

«CnekTpanbHble NMHUMM [anekux ranakTuK CMeLleHbl B CTOPOHY KpaCHOro KoHua
cnektpa. Ortcioga 6bin coenaH BbIBOA, YTO YEM Aarnblue HAaXOAMUTCA ranakTuka, Tem
Gonblwe ee ckopocTb. [lpousowen ruraHTCKMM B3pbIB, KOTOPbIA W Adan Havano
pa3suTuio BceneHHoOM B ee COBPEMEHHOM BUAE. Cenyac Hanbornee BepOSTHbIM
3HayeHneM NocTtosiHHon Xabbna cumntaetca H = 55 km/(c.Mnk). B pesynbtarte Bpems
t. - Bo3pacT BceneHHown oueHnBaeTcs BenuumMHon B 15 mnpa net.»(12)

TakoBa coBpeMeHHasi Teopus POXOEHNSA U CyLlecTBoBaHUS BceneHHom.

B coBpemeHHOM 0603pyMOM npocTpaHcTBe - MeTaranaktmke HacYuMTbiBaeTCH
nopsigka 100 mnpA. ranakTtuk n 60NbLUNMHCTBO U3 HUX ABMISOTCS CnabbiMn MCTOYHUKaMM
paguounsnyyeHusi. K HMM OTHOCMTCS M Hawa [anakTuka, ¢ NOCTOSAHHOW CKOPOCTbIO
aBxkeHnst 600 kw/c , 1 BNN3KO pPacnosioXKEeHHbIE K HaM ranakTUKK, CKOPOCTb KOTOPbIX,
Kak M3BECTHO, TO e BCe BPEMSA OCTaeTCs NOCTOSTHHOMN.

Ho 4To6bl yBENUUNTL CKOPOCTb A0 CBETOBOM ~310° kmic , HYHO YTOBbI SHeprus
ranakTuku nosbicunacb He MeHee B 510% pasa, T.e. Ha HECKOMNbKO MOPSAKOB
yBenuuunacb temnepartypa ee Mexs3Be3gHoro NpocTpaHcTBa.

Ho kak BuMAHO K13 HabnwogeHun, obwmn 3HepreTuyecknn ¢oH BceneHHon He
HapyLlaeTcs, TemnepaTtypa BCEro NpoCTpaHCTBa OCTaeTCcsl NOCTOSIHHOW, paBHon 2,7K.
Torga MOXHO C ©OMbLION YBEPEHHOCTLIO CKa3aTb, YTO OONbLUMHCTBO ranakTuk umeet
NOCTOSIHHYIO cKopocTb B npegenax 300 — 600 km/c. CnepoBaTtenbHO, abCOMNOTHO
TepsieT CMbICNT BEPCUS, YTO YyAaneHHble ranakTukM yBenuuMBaltoT CKOpoCTb. Bce
N3MEHEeHUs1 OSIMHHOBOJTHOBOIO W3MNyYeHUs, MCXOOSAWMX OT YyAaneHHbIX ranakTtuk, B
CTOPOHY KpaCHOro CMeLLLEHUS — 3TO onNTUYecKknin adpdoekT Jonnepa, nosasnsawowmnncsa 3a
CYeT yBenmyeHns HabngaemMbiX 4NVH BOSH U3MyYeHNs.

Torga, BbixoanT U3 popmynbl V = H r , 4TO eCnun CKOpoCTb ranakTukM NoCTOsIHHA, TO
KoacbpmumneHT H gormkeH 6bITb nepemeHHou genuduHod. MNoaTomy, BCTaeT 3ajada: Kak
onpegenutb koaduuueHt Xabbna — nepemMeHHy QYHKUUIO Mpyu  NOCTOSIHHOM
ckopocTu obbekTa - ranaktuku. [na atoro B popmyne (6*) 3ameHsieM CKOpOCTb V Ha
NMOCTOSIHHYIO BENIMYMHY, @ PaCCTOSIHUE I Ha NEPEMEHHYIO:

V = Awusn/t — ckOpOCTb paBHasi ANMMHE BOJSIHbl M3My4YEeHUS ranakTukM 3a eavHuLy
BPEMEHMU;

r = A Habn — 4fMHa BOMHbI, pernctpupyemasi Habnwogarenem.

MoacTtaBnAs AaHHble 3HadYeHus B popmyny (6%), nonyyaem: A wusn /t =H A wabn. (7%)

Toraa, koadhduuneHT Xabbna onpeaensercs:

H=(Awsn/Ana6n.) (1/1t), (8*) wnm H=(Awusn/Anabn.) v

Ecnn dpukcnupyembii MOMEHT BpeMeHu paBeH t = 1 cek , nonyvyaem:

H = (A van /| A na6n.) (I cex) (9%), T. €. k0adhhmumeHT Xabbna onpenensietca
4YacTOTOW PaBHOW OMHOWEHUK ONUHbI U3fy4aemou 60JsIHbl K OnuHe Habnwdaemou
B0J1HbI 2aflakKmuku. N3 dopmynbl (9%) BbIXOAUT, YTO YeM ONMHHEN Habngaemas
BOofHa A Habn., TEM MeHblUe Ko3adhdmuneHT Xabbna, a cnektp HabnwogaemMon BOSHbI
Bce Bonblue byaet cmewambscs 8 KpacHyr cmopoHy. Cm. puc 5 — 2
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N HaobopoT: yem Kopo4ve Habngaemasa BonHa A Ha6n., TeM 6onblie KoagPUUNEHT
Xabbna; npu aToM, cnekTp HabngaemMon BosHbl CMeLLaeTcs B PMONETOBYO CTOPOHY.

KoachpmumeHT Xabbna nnasHoO ybbiBaeT AN yaaneHHbIX ranakTuk 1 COOTBETCTBEHHO
Bo3pacTaeT y npubnmxarmwmxca ranaktuk. lNpamas B3anmocBAsb koadduumneHTa
Xabbna n acpdekra Jonnepal
Tak Kak eauHuubl n3MepeHus koadpduumeHta Xabbna npuHATel H — km/(cMnk),
cnegoBaTenbHO, MOXHO onpegenntb  Bpemsi npuxoga t, Habnogaemblx BOJSH
N3NyYeHUs N paccTosiHne OO0 yAaneHHOW ranakTuku.

1. YpaneHHast ranakTtuka.
Kaxxgas onvHHasi BoniHa UMeeT BECb CNEKTP BUAMMOIO U3rny4veHust, puc. 5 — 1.
CnekTp HabntogaeMon BosHbl A Habn Janekon ranakTuku MUMeeT KpacHoe CMELLIEHME:
Z = (Anabn.— A wuan.)/ Awusn. (10%)

YpaneHHas ranaktuka - KpacHoe CMeLleHune

A
t <
30Ha BUAMMOTO U3MyYeHus!
4000A° | 7600A"
anakTuka - CMNeKTp 13nyyeHus
NCTOYHUK > HabnogaTensb 3emns
N3ny4YeHns < AN
4 Avisq 5,301 107w A
" Mua6g|6,563 107m
A » "\ ONVHHOBOSTHOBOE U3y, R Puc. 5 -1

Uem panble pacctosiHMe [0 ranakTuk, TeM ANWHHEE HenpepbiBHbIM - Kackag
HabnogaemblxX BOMH A Habn. U3NyyYeHus.

a). OnpepneneHune KoacpdunumeHta Xabbna yaaneHHbIX ranakTuk.

1. Cnektp N-ranaktmkmn 3C171 C KpacHbiM cmeweHnem Z, = 0,238 , rge

HabntogaeTtca NnHus Bogopoda: Hq A vabn = 6563 A° (30)
Mo Habnwogaemon nuHuMM Bogopoda no dopmyne (9*) onpegenseMm  ANUHY BOJSHbI
nanyveHus: A wan.= A waén. /(Z «+ 1) = 6563 A°/( 0,238 + 1) =5301 A° Puc. 5 — 1
Mo bopmyne (9*) onpenendem koapgpuumeHT Xabbna :
H=(Auan/Anabn) ('/cex) = 5301 A%/ 6563A° (/ cex)= 0,81 km/(c Mnk).

2. Y kBasapoB C 605nblIMM KpacHbIM cMmeweHnem Z (= 3,5 no nuHuM Bogopoda
Ho A Habn = 6563 A°  onpeaensiem AnvHy BOMHbI nanyydenns: A usn.= 1458 A°,

Toraa, koadbduumeHT Xab6na: H = 1458 A° / 6563 A° ('/ cex) = 0,22 km/(cMni).

0). OnpeaeneHne BpeMeHU CyLeCTBOBAHUA ranakTuk:

- ons N-ranaktmkn 3C 171, rge koadppmumneHT Xabbna H = 0,81 kw/(cMnk) .

Bpems npuxona Habnogaemblix BOSH U3NYYEHUSA OT ranakTUKu:
ty=1/H=3,086 10" v /Mnk /0,81 m/(cMnk) = 3,8 10" cex;
roe 3,086 10" km/Mnk - YMCNIO KMMOMETPOB B Meranapceke.
Tak kak 3,16°10"cex - uncno CEeKyHA B rogy, nosiydaem:
t, = 3,8 10" cex/ 3,16' 10" cex. = 1,2° 10" net = 11pun.200 mnpa. net !
Y kBasapa c 60nblINMM KpacHbIM cMelleHnem Z = 3,5, rae koadppumumneHT Xabbna
H = 0,22 km/(cMnk) , BpemMsa npuxoga HabngaeMblX BOSH U3MyYeHUs:
ty=1/H=3,08610" km/ Mnk / 0,22 km/(cMnk) 3,16" 107 cex = 4,44 Tpun. nert !
Ho Takux ganekux ranaktuk munnuapapl B 6eckoHe4yHoM npocTpaHcTBe BeceneHHOM.
Monyynnn abcontoTHO HeconocTtaBumble Uugpbl ¢ 15 mnpa. net... Tak oueHuBaroT
Bo3pacT BceneHHon, skobbl co3gaHHasa bonbwnm B3pbIBOM?!
CnepoBaTternbHo, BceneHHas 6e3rpaHnyHa no BpeMeHu CyLLeCTBOBaHUA.

63



2. Mpubnunxarowmecs ranakTuKu.

ONuHbI M3ny4aembix BOSTH Y NpUONMKaIOLNXCS ranakTMK YMEHbLUIAKTCA, U UX NIMHUA B
noJsioce crnekTpa cOABUrarTCsa B KOPOTKOBOMHOBYHO (PMONETOBYIO) YacTb.

Z g = (Avan. — A nabn.) /[ A va6n.) (11%)

Onpegenvm nokasatenu y rpynnbl NpMbnmxaoLwmx ranakTuk K Hawen FanakTuke.
PacctosHue go ranaktuk: MarennaHoBbl O6naka r = 0,06 Mnk ;

TymaHHoCTb AHgpomeabl  r = 0,67 Mnk . CkopocTb ranaktuku v = 300 km/c .

Onpegensiem no copmyre (6*) koacppmumneHt Xabbna :

- ans MarennaHoBbix O6nakoB H =v [ r =300 kw/c / 0,06 Mnk = 510 km/(cMnk) .

- ana TymaHnHocTv AHgpomeabl H =300 kwm/c [ 0,67 Mnk = 447,8 kv/(cMnk)

Onpepgensiem Bpemsi npuxoga HabnogaemMbiX BOMAH N3yYeHns oT
TymaHHOCTM AHOpOMeb!:

ti= 1/H =3,086 10"%wm/ Mnk / 447,8 xw/(cMnk) =6,89 10"° ¢ = ~ 2,2 mnpg. neT
roe 3,086 10" km/Mnk - YMCNO KUNOMETPOB B Meranapceke.

Pesynbtatel pacdetoB, Ana yganeHHon N-ranaktuku 3C 171 wn ranakTukm
TymaHHOCTb AHOPOME LI, CBOAUM B €AWHbIN rpaduk; cMm. puc. 5 — 2

Tak kak koagppuyueHnm Xabbna — 3TO yacmoma B0/IHOB020 U3JIYHYEHUS,
npuxodswasi U3 2anakmuk, pasHasi OMHOWEHUK OrlUHbI 80JIHbI U3/1y4YeHUs K OfUHe
80/1HbI HabrrodeHusi, cnenoBaTenbHO:

— ANSA yaaneHHbIX ranaktuk koagguumeHtT Xabbna ymeHbluaeTcsd, T.K. MaeT npouecc
yBENUYEeHUs AnuH BONH HabnogeHus. B kaxgon ewe 6onee gnvHHon Habrogaemon
BOJIHE CNEKTp nany4vyeHns byaget Bce Gonblue cMeLwaTbCs B KPaCHYH CTOPOHY.

— Ans npubnuxarwmxces ranaktnk koadduumneHT Xabbna ysenuumsaeTcs, T.K. maet
npouecc yMeHbLUEHUS BOSTH HabnoaeHns.

[nvHa BOSHbI U3Mly4eHUsT OT MWCTOYHWKA 3aBUCUT OT €ero TepMoLMHAMUYECKMX
napameTpoB. locneayowme AnNnHbl BOSH Kackada Bcerga OyayT HauMHaTbCs C ASNUHbI
BOJTHbI U3MyYEHUSI UCTOYHMKA.

Mepenag TemnepaTypbl, Kak U Kackag HabnogaemblX BOSMH U3NyyYeHus, hakTnyeckm
«pacTarmBaroT», YOJSIMHSAKOT CMNEKTP BOJSIHOBOrO U3MyYeHUs B KPACHYH CTOPOHY — 3TO
BugHo s puc. 3—4 n puc. 5-2.

Mpubnuxarowme ranakTukm
duoneTtoBoe cmelleHne A Habn

3oHa BugumMoro ceeta -
4000 A° f CnekTp U3ny4eHus

» 7600 A°
0,81
™~ 6563 A°
2,2 > A
Mnpg. net YaaneHHble ranakTtuku
1,2 10° KpacHoe cmewieHune A Habn
A
Puc.5-2

Ho Kygoa ABWXKYTCA raniakTuUKu ¢ MOCTOSAHHOW ckopocTbio? Bo BceneHHom ecTb
XONoAHble LeHTPbl CO CBEPXHM3KOM TeMNepaTypon. OTo NnoaTBepxaaeTcs
aKcnepMMmeHTamu — Ta obnacTb, rge TemnepaTypa TenNoBoOro nanyvyeHns BceneHHon
oonble (2,7 + 0,1%) — Tam yeHTpbl xonoga 6yayT HMXe. K 3TUM XONOAHbIM LleHTpam
N OBWXKYTCS ranaktmkn, cm. puc. 3 — 3.
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Ho xonogHbIx Touek BO BceneHHOoM ThiCaun, 1 MUNNMapabl ranakTuk ABMXKyTCs K
Gnvwkanwen ceepx xonogHom obnactn 6eCKoHeYHOro NPOCTpPaHCTBa.

MoaTtomy HabngaeM: «ranakTuku pacnpegeneHbl B NPOCTPaHCTBE HEPABHOMEPHO,
BGONbLNHCTBO N3 HUX COBpaHbl B CKOMMeHUs ranaktnk. CKonneHus, B CBOK odepeap,
NMeT TEHAEHUMIO K 06beanHeHN0 B cBepxcKkonneHus.» (3)

BceneHHas 6e3 «nepekocoB» B OOHY CTOPOHY, OHa He obpa3soBanach B3pbIBOM 13
OHOM TOYKMN. BceneHHasa 3To He 3aMKHYTOEe NPOCTPAHCTBO — OHAa MOCTOSIHHA W
BGeckoHeuYHa, Kak No pasmepam, Tak M N0 BPEMEHU CYyLLLECTBOBAHMS.

CBeToOBbIl€ NTUH3bI.

CBeT OT UCTOYHMKA CO CBETOBOW CKOPOCTbIO pacnpocTpaHsieTca bnarogaps
CYLLLeCTBOBaHUIO B NPOCTpaHCTBE MUkpoyactuy, Tg = 2,7K; T, = 2,47 1072 K,
ABVXYLLMXCSA BONTHAMM CO CKOpPOCTb0 cBeTa. OT MCTOYHMKA — 3BE3[bl, ranakTukm
NCXOOUT 3HEPrmst 1 MMKpPOYacTuMLbl UICTOYHWKA, OBUrasicb NPOAOSIbHBIMY BONTHAMMU
n3nyyeHuns ¢ umnynbscom mC, Ha rpaHuLEe BCTPEUM C OKPY>KaKLMMM MUKpOYacTULaMu,
CO34aloT MOMepeYHyo BOSIHY C MMMYyrbCcoM cunbl ft, paBHbiIM: mC = ft

[MonepeyHas BonHa ABNSeTCS orpaHn4mMTENbHbIM 6GapbepoM Ansi CBETOBOW CKOPOCTH
MMKPOYaCTUL, CBbilLE KOTOPOM CBETOBAast CKOPOCTb HE HabngaeTcsa — 370
noareepxgaetcs onbiToM MankenbcoHa. CnegoBatenbHo, mC = ft = mC = ft = const .

Kak 6bIno ycTaHOBNEHO — Kaxaas BOSHa, BKNoYasi U camble AJIMHHOBOSHOBbLIE,
ncxogsiLme oT UCTOYHUKA CBETa, MMET NMOMHbIA CBETOBOW CMEKTP BUOMMOrO
n3nyyeHus, cM. puc. 3 —4 .

CnepoBaTternbHo, Yy Habnogaemon ¢ 3emnu 3Be3bl UCXogswmne npoaosibHbIe
BOJIHbI N3MNy4YeHMsI CO34at0T NonepeyHble BOJSIHbI CBETOBOIO CMEKTpa, KOTopble, Npu
nepeceYvyeHnn ¢ NonepeYHbIMMU BOIHAMU CBETOBOIO CnekTpa BCTPEYHbIX BOMH
oTpaxeHusi, oT MarHutTocdepsbl 1 ceeta ConHua, co3narT c8emosbie KOCMUYECKUe
JIUH3bI, cobupatowme cseT 3Be3gbl B okyc. Kackag CBETOBbLIX IMH3, CO34aHHbIEe
nonepeyYHbIMM BONTHaMU AaeT BO3MOXHOCTb BUAETb Aanekne 3Be3abl, ranakTuku,
Haxoaslmecs oT 3eMnNn Ha AeCATKN, COTHU, MUINTIMOHbLI CBETOBbLIX NeT. [lpuyem, Mbl
Habnogaem UBET OAHMUX 3BE34 — ronyboBaTbIv, APYTNX — XKENTbIN, TPETbU UMEIOT
KpacHOBaTbI OTTEHOK; 34€Cb BCE 3aBMCUT — B KAKOM MeCTe CreKTpa NosiBUNnChb
rnonepeyHble BOMHbI, (POPMUPYIOLLME CBETOBYIO SINH3Y.

Tonbko Gnarogapsi HAaNUYMKO Kackaga C8emo8bIX KOCMUYECKUX JIUH3 Mbl
Habntogaem 3Be3abl 3a ConHueM npu NOSIHOM CONTHEYHOM 3aTMEHUN.

Ha pwuc. 5 — 3 nokasaHo ycrnoBHas nepegava oT NMH3bl K IMH3Ee n3obpakeHne 3Be3f.

CBeTOBbBIE MONEPEYHbIE HaoJionenue 3Be3/
Kackag BOJHBI CoTHIA CosHeuHOe 3aTMEHnEe T'anakTnka
KOCMHUYECKHX JIMH3 TyMaHHOCTH
AHapoMebI

3

®

€3aa

N

71 4

?

CounHue
CBeTOBBIE MOTIEPEYHbIE CreToBasi monepevyHast - Jlunza
BOJIHBI 3Be3/IbI BOJIHA TAJIAKTHKH
Jlyna
(Co3naet cosiHeuHOe 3aTMeHHe Ha 3emute )

Puc.5-3
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MoncTtuHe npopoyeckn 3Bydat cnosa [k. Hapnukapa : «Cama BceneHHas MoxeT
ObITb rUraHTCcKkoun, 6esrpaHn4Hon 6enown asipon!» (23).
Ecnu 6bl He BbINIO CBETOBbLIX KOCMUYECKNX NUH3, TO [anaktuka Obina 6bl 6enon ot
cBeTa, u3nydaemoro MunnMapgaMmn 3esesf; Mbl Obl He Mornu HabnoaaTe n ConHue!
Hanuune ceemossix nuH3 nogTeepxgaeTcs cneayrowmm npupoaHbiM SBfIEHNEM:
korga JlyHa HaxoanTcs B6nmn3ko K ropu3oHTy ceemosasi SluH3a, cohOpMUpOBaHHas
paccTosiHUM A K13 nonepeyYHbIX BOSMH SIYHHOrO CBETa M CBETOBOMO OTpaXkeHusi ot bonee
NIoTHOM aTtMocepbl 3emnu, HaxoauTcea 6s1uxe K HabngaTento, 4YTo ysenuvyueaem
pasmMmepbl Habrogaemon JlyHbl Yepes NnNH3Y.
Paamepbl JlyHbl yMeHbwaromces, Koraa oHa HaxoAUTCS BbICOKO Hag, rOpU30OHTOM —
CBeTOBas NIMH3a, Yepes KOTOPYH Mbl BUAMM JlyHy, pacnonoxeHa Oasbwe oT
Habnwogartend, T.k. pacctoaHne B>A. Cm.puc.5-4.

NyHa
CeeToBas nuH3a
Ha6nronaemas JlyHa yepes nuH3y
Cnou atmocdepbl
Ha6nrwopatensb
\ A FopU30HT -~
‘ /AN >
Puc.5-4 Pasmep JlyHbl yBenuumsaetcsa: pacctosiine B > A

ToT e cambi adhdpekT Mbl Habngaem ¢ ConHuem: korga ConHue onyckaeTcs
GnnXKe K ropu3oHTY — pasMephbl ero yBesrmy4nBaroTCs.
Apknm nogTBEPXKAEHNEM NOSIBNEHNS MONEPEYHbIX COMHEYHbIX Jly4en — 3TO NOosiIBNEHne
pagyrn. Mukpoydactuubl — QOTOHbI, ABUrasicb NPOAOSIbHBIMW BOSTHAMMW, U3NyYaemble
ConHuem, BCTpevascb C MenbYanimMmmn Kanenbkamu BoAbl, 3a4epXXmBatoTcs,
cryliarTcs, co3aatoT nonepeyHble BonHbl. [lepBbiMy 3aaepXnBatoTcs u
NPenoMIATCA B Kanenbkax BoAbl ANVHHbIE BOMNHbI — NOSIBNAETCS KPpacHbIN CBET
rnonepeYyHon BOMHbl. 3aTeM 3agepXKMBalOTCA Kackagom Mo yObiBatoLlen BENNYMHE
bonee KkopoTkue npoaonbHble BONHbl. Co3gaeTcs cdepa M3 NonepeyHbiX BOSH —
NOsIBNSIETCS CNEKTP KPAaCOYHOM pagyru.

"""""" IMonepeunsbie BOJTHBI COJHEYHBIX Jyqeii —
CO3JAK0T CIIEKTP pPaayru

Puc.5-5
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rmaea 6. [lpakTuyeckoe nony4yeHue aHeprum n3 Kocmoca.

[Mo3HaHWe MexaHn3Ma HacbIWeHUs aTMocdepbl 3eMin 3apsKeEHHbIMU YacTuLamu,
OTKpbIBAET pearnbHY BO3MOXHOCTb NOSTy4YEHUST ANEKTPOIHEPTUM U3 KOCMUYECKOTO
npocTpaHcTBa.

OAHMM 13 NepBbIX, KTO NbITanca «0TKa4YMBaTb» U UCMNONb30BaTb KOCMUYECKYHO
3IEKTPUYECKYIO SHEPTUIO — ANIEKTPOHDI, OblN 3HaMeHUTbIN n3obpetaTtens H. Tecna:
«Haw mMup norpyxeH B OrpOMHbIN okeaH aHeprun. Mbl netum B 6€CKOHEYHOM
NPOCTPaHCTBE C HEMOCTMXMMOM CKOPOCTbLIO. BCe BOKpyr BpalaeTcs, ABUXKETCA — BCe
3Heprus. Nepea Hamu rpaHano3Has 3agadva — HanTu cnocobbl 4OObIYM 3TON SHEPTUN.
Torga, nsenekasa ee U3 3Toro HemcyepnaemMoro NCTOYHKKa, YernoseyecTBo byaer
npoaBuraTbCs BNepea rmraHTCKMMM Laramm.

OTKpbITVE AENCTBUS MEXaHM3Ma rpaBuTaumMm gaeT BO3MOXHOCTb pasobpaTbes:

1. MarHMTHO-CMNOBbIE MOTOKM CO34aKTCA KOCMUYECKMMU MUKpOYaCcTULLAMU C
Temnepatypont T =2,47 107 K, no KOTOPbIM ABUXYTCS! 3NEeKTPOHbI N0/ AaBneHneM
KOCMMUYECKNX MUKpovacTul ¢ Temnepatypon T = 2,7K, coBepLuaroime
rpaBMTaLMOHHbIN Nepexos K LeHTpy 3eMniu ¢ yckopeHuem g = 9,81 w/cek’

2. ['paBuTaUMOHHOE nosie 3eMnn HenpepbIBHO HacbIWaeTca vactuuamm —
3M1eKTPOHaMK, NPOTOHAMM, HEUTPOHaMM.

MocTaBuM cebe 3agady: CNPOEKTUPOBATb rPaBUTALMOHHBIN MOAYbHbIA 610K,
CMOCOBHBIN coBMpaTh 3NEKTPOIHEPTUIO U3 OKPYXKatoLLEero NpocTpaHcTBa Ans
notpeburens.

CornacHo gopmynbl ®apagess UsMeHeHMe MarHUTHOro NOToka co3daem B NPOBOAHMKE
(pamke) JOOC anekTpoOBWXKYLLYIO CUITY MHOYKUMN — pa3HOCTb NOTEHLManos B
Bonbtax (8). E=N®/t , rae E — HanpsxeHune (8); N — 4MCno BUTKOB Yy paMKu;
®/t — CKOpPOCTb U3BMEHEHUSI MArHUTHOMO NoToka; ® — MarHUTHbLIW NOTOK;

t —Bpema. @®=IS=SQ/t, rge |=Q/t—- ckopocTb Npoxoda noToka 3apsga
3M1eKTPOHOB, Yepe3 nnowaab S; Q — 3apsag anekTpoHoB (Kyn)*

{1(xkyn) paBeH 6,25x10"'® anekTpoHoB}

Mawnkn ®apagen — aHrmuMncku omsmk noctasmn cebe
3agady: «[1peBpaTUTb MarHETU3M B 3N1EKTPUYECTBOY.

A marHeTn3m 3eMnu — 3To epasumalyUoOHHbIU Nepexoq
3IIEKTPOHOB K €€ NMOBEPXHOCTU C NMOMOLLbH CUNOBbLIX
(TemMnepaTypHbIX) MOTOKOB - FIMHUI U3 MUKPOYaCTUL,
HanpaBnsOLWMXCS K LEHTPY xonoga 3emnu.

B npuHumne yenoBe4yecTBO Yyxe AaBHO NosiyvyaeT u
NCronb3yeT KOCMUYECKYHO AHEPTUIO — MOTOKN 3MEKTPOHOB,
UCnbITbiBas rpaBUTaLMOHHOE aBrieHne, HenpepbIBHO
NnocTynatT M3 KOCMoca K 3eMne. 3OneKkTpuYecTBO
HENnpepbLIBHO «4eprnaeTca» U3 MarHUMTHO-CUIOBbLIX MOTOKOB,
T.€. 3NEKTPOHbI NEPEXoaaT B BUTKN NPOBOOHUKOB
reHepaTopoB Mpu NepeceyeHnn UMM MarHUTHO-CUITOBbIX
NMHUIN HanNPsPKEHHOCTU B NOCTOSSHHOM MarHuTe.

A\

Mankn ®Papapen

30ecb NOCTOSIHHbI MarHUT BbINOSHAET (*)yHKLlI/I}O — «ycunutend, Cryctutena»
MarHUTHO-CUNOBbIX JTMHUN HarnpAaXeHHOCTU, MO KOTOPbIM nepemMeLlaroTCA 3J1IEKTPOHbI
mMexay noncamn MarHnuTa, co3gaBasd roaBUTallMOHHOE 3JIEKTPOMArHMTHOE rore.
OTKprTI/Ie MeXaHu3mMa rpasutTaunn gaet BO3MOXHOCTb YCTaHOBUTb, YTO NodABJIieHUe
ANEeKTPUYEeCKOro Toka B BUTKax NpoBOAHMUKA reHepaTtopa B pe3yrnbTraTe:
— UMNYNbCHOIo nepecevyeHnd rnoToka MaFHI/ITHO-CI/IJ'IOBbIX(TeMI'IepaTypHbIX) NUHUKA, NO
KOTOPbIM OBWXYTCA 3N1€KTPOHbI, MPOBOAHUKOM — 3TO CbaKTW-IeCKI/I nonyyeHue
KOCMU4YeCcKoun SHEepPrun.
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MoaTomy CTOUT 3agaya — co3aaTh rPaBUTALMOHHBIN reHepaTop, rae C HAaMMEHbLLUMMMK

3aTpaTaMm MOXHO NOsyYaTh NIEKTPUYECKYHO SHEPIMIO.
1. FpaBMTaUMOHHLIN reHepaTop.

AHanorom Hanbornee 6nNM3ko K NpegnaraeMomMy yCTPOMCTBY ABMSOTCS:

- 3NEeKTPOCTaTMYECKNE YCTAHOBKM MOSyYEHUS SNIEKTPOIHEPIMM NYTEM TPEHUS AN
CO34aHnNst MCKPOBOrO paspsiga B NabopaTopHbIX YCNOBUSX;

- TypboanekTporeHepaTopbl, BpaLlatoLmecs B NOCTOSSHHOM MarHUTHOM Mofne.

Ha puc. 6 — 1 npegnaraetcs KOHCTPYKUUS KOMMAKTHOrO afiekTporeHeparopa,
KOTOpPbIA OOSMKEH COCTOATb: M3 MOHWXKAaKLWEro TpaHcgopmaTopa 1 ¢ nepBMYHON
0OGMOTKOM NPOBOAHNKA 2 € B6ONbLUMM KONIMYECTBOM BUTKOB U MUHMMATbHbLIM
ceyeHneMm, 1 BTOpU4HOM 06MOTKON NPOBOAHMKA 3 C MUHUMAIbHBIM KONIMYECTBOM
BUTKOB C OOMbLUMM CEYEHNEM; BbICOKOHACTOTHOMO 3f1EKTPUYECKOro npepbiBatens 4,
KOTOPbIM NOLKITYAETCA K Hapy>XHOW KaTyllke 5 ¢ 60nblwMM KONMYECTBOM BUTKOB,
HaxogsALWasacsa B MarHUTHOM Mofe JIMHUI HaNpPsKEHHOCTU CUIbHOrO MarHuta 6.
Mpnyem, ans 3anycka B NOCTOSAHHYK paboTy BbICOKOYACTOTHOrO npepbiBatens 4
NCNONb3YKT aKKyMYyNAToOp 7, KOTOPbIA OTKIHOYAEeTCs Mpu 3NeKTPONOAKIIOYEHNN
Hapy>XHOW KaTywkn 5 oT npeobpasoBaTens 8.

Uem Gonblue CKOPpOCTb UBMEHEHUS — MPEpPbIBAHNS 3NIEKTPOMArHMTHOrO NoToka, TeM
6onblUe HanpsbkeHns ByaeT kak B BUTKaX KaTyLlku 5, Tak 1 B NnepBUYHON 0OMOTKE
npoBoAaHMKa 2 TpaHcdopmaTtopa. Ecnmyactota npepbiBaHMS MarHMTHOMO MOTOKA

v=d/t = 610"y, a KOnNMYecTBO BUTKOB Ha kKatywke N = 10°, To coznaBaemoe
HanpskeHue nepenyHol obmoTtkor E=N®/t = 610" ry 10°=6 10" (g).

MyTem nogbopa Konu4ecTsa BUTKOB M YBENMYEHNE CEYEHMSI NPOBOAHMNKA Ha
BTOpUYHON 06MOTKe 3 TpaHcdopmaTopa 1 , nonyvyaeM MNOHMXKEHME HaNPsKeHUs A0
E = 220 (8) n yBennyeHne cunbl TOka Ao ~ 6A, Heobxoanumoe ans notpebutens.

Mpn Nony4YyeHnn aNeKTpPMYEeCcKoro Toka Ha BTopnyHon obmoTke 3 TpaHchopmaTtopa,
npoucxoauT MepeknoyeHne, Yepes npeobpasoBartenb 8, anekTponuTaHus
BbICOKOYACTOTHOro npepbiBatena 4 ans 6ecnpepbiBHON paboTbl HA aBTOHOMHOM
pexume. BbicokoyacToTHbIN NpepbiBaTenb 4 MOXeT ObiTb M3roTOBMEH Ha Gase
addekTa oTKpbITbIM [. [eTpakoBu4em: nosiBNeHMe BbICOKOYACTOTHOIO NEPEMEHHOIO

3NEKTPUYECKOrO TOKA U COOTBETCTBEHHO €My — NEKTPOMAarHUTHoro nonst v = 610"y

NPY OKUCANTENBHO-BOCCTAHOBUTENBHOM NPOLIECCE, NPOVUCXOASLLMIA B Kenese npw
nepexoge ABYXBaneHTHOro aToma xenesa F.? B TpexBaneHTHblt Fe'.

NMnHumn HanpsxxeHHOCTH
KoCcMMUeckue (paspexeHHble )

NMvHanmn
HanpsXXeHHOCTH 6 1 3
CUINbHOro MarHuTa 2

! Ul 7
—
Bbixop
\ —== }~220v ~6A

. K noTpedburento
+ =
: | J Z

M

Puc. 6 -1
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2. JlazepHbIX rpaBUTaLMOHHbINA reHepaTop.

3Haga KoHCTpyKkumto agpa 3emnu n ConHua, 1 XxonogHo-a4epHble npoLuecchl
npoucxogsawme B Heapax sapa, co3gagmm HU3KoTeMnepaTypHbIn LEHTP Xonoaa B
NOJSIOCTU YronbHOro gapa — Ans Bxogda mukpoyactuy, T = 2,47 107"%K u
XONOAUNBHUK, Kyfa 3axogaT KocMmudeckme mukpodactuubl T = 2,7K .
Ha puc. 6 — 2 npeacraBneHa cxema co3gaHus rpaBMTauMOHHO-NIa3epHOro
reHepaTtopa C KackaZjoM NosiocTen B YroflbHOM siape 4SS Nofy4YeHns Heobxoaumom
TENNOBOW 3HEPrUM OT NPOTOHHOW YOapPHOW BOSHbI.

@Besnﬂoe POCTPAHCTBO >

Kocmuueckne
mukpodactunbl T =2,7K — nepexonsit B
XOJIOUJILHUK siApa

MuxkpoyacTuubl
rPAaBUTALMOHHOT O MOJISI

T, =247 107 K
YcrpeMiisiloTesi B IEHTP X0J101a sAPa

Jlazep

YroabHoe AAPO ¢ HEHTPOM XO0J10da

IIpoTronHas ynapHas
BouaHa ~ T = 500K

MonocTH sapa
Bb10poc peakTHBHBIX NOTOKOB

MMKPOYACTHI U3 HAHOIIOP
Jlazep YIOJILHOTO si/Ipa.

Puc. 6 -2 ZamuTHasA 060109Ka

Huskas Temnepatypa B yeHmpe xosio0a siopa MOXeT BblTb JOCTUTHYTaA 3a CHeT
3aMe[IeHns CKOPOCTU MMKPOYaCTUL, C MOMOLLBIO JS1Ta3epos. B pesynbTaTe npouecca —
paspbiBa Mukpouactul, T = 2,47 107 '?K, HenpepblBHO BXOASALUMX LIEHTP Xonoaa sapa,
co3faeTcd BbICOKOE JaBreHue B LeHTpe. MukpodacTuubl C HU3KOW TeMnepaTypon
BbIpbIBAKOTCA NOA AaBNEeHMEM U3 LeHTpa Xooda v 3axXo4aT B HAHOMOPb! YrofibHOro
s4apa, rae HauyMHaeTcsa XONoAHO-A4epPHbIN NpoLectc opMUPoOBaHUS YacTul, ¢ bonee
BbICOKOW TeMnepaTypoun, Hanpumep, ¢ «3eMHon» T = 0,275K , 3a cyeT KOCMUYECKMX
MukpodacTul,. CchopMmmnpoBaHHbIE YacTuLbl NOA AaBNEeHMEM 3anoSHAT NOMoCTb —
xonoauneHuk. B xonoguneHuke, Kyga HenpepbiBHO 3aX04AT KOCMUYECKUEe
MUKpoYacTuubl ¢ TemnepaTtypon T = 2,7K, npoucxoanT paspbiB KOCMUYECKNX
MUKpoYacTuy, ¢ nepenagom temnepatyp: T =2,7K/9,81 =0,275K

MukpoyacTtuubl ¢ Temnepatypoun T = 0,275K 13 nonocTtn nog AaBfieHMEM 3aX04saT B
HaHoMopPbLl YronbHOro f4pa, rae naeT XoNnoaHO-SAEePHbIN Npouecc OPMUPOBaHNSA
HEeNTpoHOB. 13 HaHOMOp A4pa BblibpackLiBalOTCA NOA AaBNEeHMEM B MOMOCTb
peakTUBHbIE MOTOKN HEMTPOHOB, KOTOPbIE, BCTPEYAACh KOCMUYECKMMMU
MUKpOYacTULaMn, 3aTOPMaXXMBaKTCS, CryLLAKTCA U Ha rpaHuLe BCTPeYn Npu cpbise
000N0YKM C HEUTPOHOB (POPMUPYETCS YXKEe MPOMOHHas yaapHas BosiHa €
Temnepatypon T= 2,7K. YronbHoe s4p0 MMEeEeT Kackag MonocTen, rae
nocrnegoBaTenibHO CO34alTCs NPOTOHHbLIE YAAPHbIE BOSTHbI C NOBbILLAOLLEN
TemnepaTypon. IKCNEepUMEHTUPYS XONOAHO-SAEPHLIM NPOLLECCOM Noslyvaem
NPOTOHHbIE YAapHble BOMHbI ¢ TemnepaTypon T =200°- 300° C — Heobxoaumoe
Tenno notpedutento.

69



KHura 2.
Yp.apHo-BonHOBoe a’lpoaunHamMmmnyeckoe M KocMmum4yeckoe
peaKTVIBHOG ,EIBVI)KGHVIe. MNMnaBHbLIN noaosbeM B KOCMOC.

BBepneHue.

[MNaBHLIN peaKkTUBHbIN NOABEM C MOBEPXHOCTUN 3eMin B KOCMUYECKOE NMPOCTPaHCTBO
— 3TO TEXHUYECKUI PbIBOK, OCYLLECTBUB KOTOPbIN, 4YE€NOBEYECTBO OTKPOET HOBYIO 3pY B
OCBOEHUN KOCMMYECKOro NPOCTPaHCTBa.
OkasbiBaeTcs, korga-To Ha 3emne CyLecTBOBasv BbICOKOPa3BUTLIE LMBUM3ALMN,
KoTopble 6e3 BCcAaknx Npobnem ocyLecTBNANN NONETbl B KOCMUYECKME NPOCTOPbI C
no6boM TOYKM NOBEPXHOCTU 3eMMn.

Ha ocHoBe apxuBHbIX AaHHbIX 18 Beka, rae coobLuanock, YTo Bo3ne gepeBHu YaHgap
B bawknpumn xpaHaTcsa kKameHHble Oenble NIUTbl CO CTPaHHbIMWU 3HAYKaMu, aKkcnegmumns
B 1999 roay, opraHmsoBaHHas npodgeccopom A. HyBbIpOBbIM, HaLLIa TPEXCIONHYO
KaMEeHHY NIUTY, rae BEPXHUI CNON — CBEPXMPOYHbLIN KanbumneBbin chapdop.

Okaszanocb, 4TO Ha NOBEPXHOCTU NNUTbI n3obpaxkeHa penbedHada kapta!  Hay4HbIMK
mMeTogamu 6biNo gokasaHo, YTo Ha YaHgapckon nnute npeacTtaBneH KOxHbIA Ypan, Ho
penbed MECTHOCTM YaCTUYHO OTIINYaETCs OT COBPEMEHHOTO, T. K. BO3paCT KapThbl — HE
MeHee 65 munnmoHoB net!  Ha kapTy HaHeCeHb! ropbl, pekn U Y PUMCKUIN KaHbOH,
KOTOPOro B Halle BpeMsi yXe HeT. Ho camoe yauBuTenbHOE — No 3aknio4eHuno
3KcnepToB, NogobHoe n3obpakeHne KapTbl MOXXHO MOMYYUTb TOSNbKO MPY NOMOLLN
aspokocmuyeckol cbeMKu. Ha kapTe oTMeYeHbl 'MApPOTEXHNYECKNE COOPYKEHUS;
cuctema kaHanoB.  Hepaneko oT kaHanoB 0603Ha4eHbl poMbuyeckme nnowagkm —
BUONMO, B3NE€THO-NOCaA04Hble Nonochl. (44)

Ckopee Bcero, OHW — kT0 Korga-To Xun v ctpoun Ha 3emne, siemasnu — [OPOr Ha
kapTe HeT. HecomHeHHO, OHW obnaganu Ans maccoBOro nepemeLLeHns Takumm
annapatamu, KOTopble MOIfM OCYLLECTBIIATL NOMEThI, KAk BO34YLLHOM NMPOCTPaHCTBE,
Tak U KOCMOCe C NnaBHbIM NOABLEMOM.

Penvednas xapra nHa Yanmapckoit

TUTATE
'—5,;;; BTl S = 4
I o’
\ < CoBpemeHHas Kaprta
P o

K coxaneHuio, coBpeMeHHOW Hayke He [OOCTyrMeH W OoHa faxe He paccMaTpuBaeT
BOMPOC — M/1a8H020 nodbema NUMoTUPYEMbIX annapaToB B KOCMOC U 1/1a8HO20 CrycKa
M3 KOCMWUYEecKkux npoctopoB. CriemoBaTenibHO, HET TOYHOMO Hay4YHOro peLleHust
BOMpOCa, YTO e NpeacTaBnsieT coboin peakTMBHOE OBMKEHME.

YnapHO-BONHOBAas TEOPUSI HE TONBbKO YCTPaHseT Npoberbl B 3HAHMSAX MO
aspoanHaMuKe U peakTMBHOMY ABVXEHUIO, HO 1 06beauHSIeT Bce npoLecchl noseTa,
Kak B BO3QYLUHOM MPOCTPAHCTBE, TaK U B KOCMOCE, YTO AaeT BO3MOXHOCTb caenaTb
PEBOSIOLIMOHHBIN MPOPLIB NO CO3A4aHMI0 annapaToB C NNaBHbIM NOABLEMOM U OTKPbITb
nyTb MUMTIMOHAM MaccaXXupam B KOCMUYECKUE NPOCTOPbI.
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ynapHO—BOHHOBoe adpoanHamMmmn4yeckKkoe U KOCMmn4yeckoe
peakTuBHoe ABUXeHue.

Moabem Tena, Kak B BO34YyLIHOE NPOCTPAHCTBO, Tak U B KOCMOC, MOXET
OCYLLECTBNATLCA TOMbKO NPU Hann4un oropsl. IMeHHO oropa faeT BO3MOXHOCTb
OTBETUTb Ha cuny aencteus tena F, paBHon cunon npotmsogencTeuns Fqp (npouecc
naeT no 3-my 3aKOHY MeXaHWKW) - nosiBnsieTcss cuna aswxkeHus tena Fyz - cuna
nogvema Fy .

Yactb 1. ASpO,EI,I/IHaMI/IKa noneta.

1. CoBpemMeHHasi asapoAuHamMuyecKas Teopus onpeaenseT nosiBrieHne nogbLeMHOM
CUNbl Y HECUMMETPUYHOIo Npodunga Kpbina npyu ero noctynaTenibHOM OBUXEHUN B
BO3YLLHbIX MOTOKaX, 00TEeKaLWNX KPbISIO CBEPXY U CHU3Y, CAEOYIOLNM:

HWXHSS NAOCKOCTb KpbISia, rAe CKOPOCTb MOTOKa MEHbLUE, UCMbITbIBAET AaBeHne
oonblwe P, , YeM BepXHss NAOCKOCTb KpbiSia, rae CKOPOCTb BO3AYLIHOMO NOTOKa BbILLE,
cnefosatenbHO, UCMbITLIBAET JaBreHne MeHblle Py . PasHoCTb gaBrneHuin Ha
nnockoctax P, > Ps —cosfgaeT nogbemHyto cuny kpbina Fy , cMm. puc. 1 —1.

F) - noavemuan cuna kpoina
V1 - CKOPOCTE NOTOKA HaA KPbINOM L = anc P

Sonswe

PB - nasneHne Han Kpeinom
MeMHbLIUS

— =
V- CKOPOCTE Kpbina ooz \_:\-\ et
— e
-~ b
e e -y
S ——

V2 - CKOPOCTE MIOTOKa NOA KPbinom —~——
MerHswe PH - aasnexnue nog Kpbiniom
Sonswe

Puc. 1-1

Mpouecc nocTynaTenbHOro ABMXEHNSA CKOPOCTHBLIX BO3AYLLHbLIX MOTOKOB
06TeKaroLLMX KPbINO CHN3Y 1 CBEPXY HarnagHo HabnoaaTes B aspoanHaMUYecKom
Tpybe, rae Kpbino HenoAswxHO. Ha camom gene, Npy ABWXEHUN camoreTa, He
BO3JYyLUHbIE MOTOKW, a KPbIIO UMEeem CKOpOCMb; KPbINIO camosieTa BpbiBaeTCcs B
OKpY)KaloLLy0 Maccy Bo3ayxa, NNoTHOCTb koToporo p = 1,293 kr/m® .

Kpome Toro, u3BectHo, 4to cuna genctenus mesna F, OygeT «nNposiBNATLCA», TOMNbKO

B TOM Crny4ae, ecrnv ecTb 8/mopoe meJsio, OT KOTOPOro u cosgaeTcsa cuna otaaun Fo, ,
T.e. nogbemMHas cuna. Ecnu cumtaTb KpbINo nepBbiM TENOM, TO rae BTOpoe Terno?

CkopocTHOM, 06TeKaroLWUIN Kpbino BO3AYLLHLIN pa3pexXeHHbI NoTokK byaeT umeTsb elle
MEHbLLYIO NAOTHOCTb, YeM HENOABWXHbIE MACChl BO34yXa, N HE SIBIISETCS TEOM.
MoaTomy, BO3OyLUHbIE YacTULbl HEODXOAMMO CryCTUTb, CXXamb 8 80JIHY, YTOObI
NMOSIBUIOCH ra3oBas NMOTHOCTb, «ra3o0BOe TeNo», Ha KOTOPOEe MOXHO BO3[eNCTBOBATb
cunown gencteusa F, , 4tobbl nonyynts cuny otaaum F,, , cuny nogbema..

CryuweHue yactuul Bo3gyxa -

Pa3pe:xkeHHBIH BO3IYIIHBIA NOTOK ra3oBoe TeJIo.
F=0 V =wmax F, )

lllllIIIIlllllllllllllllllllllllllll’

T

«— Puc. 1-2
FOT
OTCPO}J,a cnegyert, 4To, Teopuda noAasneHunsA I'IO,EI,'beMHOIZ CUInbl Kpblna npu ero
o0TekaHun CHU3Y N cBepxy BO3AYLIHbIMX MNOTOKaMn C pa3HbIMMU CKOPOCTAMU, HE
COCTOATEeSIbHA — KpbIJ1O 00J/TKHO UMemb oriopy, otTtarnikmBadachb oT KOTOpOI?I cunon
oTaayn FOT BO3HUKaET nNnogbeMHasdA Cuna Fy Kpbina.
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BTopoe, pa3 coBpeMeHHasi Teopus aspoamHaMmnkm — obTekaHne Kpbina Bo3ayLUHbIMM
NOTOKaMu C pasHbIMN CKOPOCTAMU, HE paccMaTpuBaeTCsa AENCTBME ABYX TEN, 3HAUUT,
Takasi Teopust UrHopupyeT oyHAaMeHTanbHbIN 3aKOH NpupoAbl (pmsmkn) —
cywiecmeosaHue cusn delcmeus u npomuesodeticmeausi. Mano Toro, Takon Teopuen
abCcontoTHO HemMb3sd 00BACHUTL HEe TOMbKO NOMET NTUL, 3aBUCalOLLMX B BO34yXe 3a cyeT
ObICTPOro B3amaxa CBOMX KPbINIbEB, HO M NOMET WMENS, U CTPEeKo3bl — BCEro
neTaroLLero X1MBoro Mmpa Nnpupoabl C NITOCKMM KPbISTOM.

2. Kak cospaeTcs Bo3fyluHasi onopa Ans NnogbeMHON cuUnbl Kpbina?

N3BecTeH cocTas Bo3gyxa: a3oT — 75,5% ; kucnopog — 23,2% ; npoyue rasbl — 1,3 %

OkasbiBaeTcs, BO3ayx B atmMocdepe obrnagaeT YHUKanbHbIM NPUPOAHbIM SBNEHNEM —

ero Monekysbl, HaXo4sCb B XaOTUY4ECKOM ABWKEHMUU, UMEIOT CBEPX3BYKOBYO CKOPOCTb.

«CpeaHsas KMHeTu4eckasi 3Heprust MoneKys He 3aBUCUT OT NPUPOAbI rasa, a 3aBUCUT

TONbKO OT ero TemnepaTtypbi». (40)

CpefHsist CKOpOoCTb YacTuL, BO3ayxa npu 17°C (T =290 K) cocrasnser:
V2=8RT/nx u= 88,31 o« mons K 290 K/ 3,14 29107 kr/ monb | roe

R = 8,31 OIx/ monb K - ra3oBas NoCTosiHHAaA;

= 2910 «r/ monb — CpeHsAs MONSIPHAs Macca BO3ayXa.

Monyyaem, ytoV =463 m/c (40)
Mpu 20°C cpeaHsAs CKOPOCTb MONEKYN BO3ayXxa:

— y Bogopoga 1500 w/c;
ﬁ y asoTa 450 wmic;
— y kucropoga 400 w/c.

CkopocTb 3ByKa B Bo3gyxe a =~ 330 m/c .

Tak KaKk OCHOBHblE afieMeHTbl BO3AyXxa: a3oT, Kucriopog obnagatrT ceepx3gykogou
CKOpOCMbIo, NO3TOMY, BO3AENCTBYS CUMOBLIM JaBfleHWeM Ha BO3[yLUHbIE Macchl, T.e.
co3faBas BO3yLUHbIV MOTOK B onpeAeneHHOM HanpasfeHnn, NpoONCXoauT YHUKanbHoe
hbunsanyeckoe siBreHne: XaoTU4YHOe ABWMXEHME MOMEKYN BO3yxa B BO3OYLUHbIX Maccax
nepexoguT B CBEPX3BYKOBOW, MPOSIbHO-BOSTHOBOW NMOTOK MOMEKYN asoTa, Kucnopoaa.

Ha rpaHuue BcTpeun CBepx3BYKOBOro NpOSibHO-BONIHOBOIO, Pa3pexXeHHOoro noToka
MOJieKyn Bo3ayxa ¢ MHEPTHOM BO34YLLUHON MacCcon, MPOUCXOAUT MIHOBEHHOE
TOPMOXeEHWe, CxXaTue CBepX3BYKOBbIX ra3oBbIX YacTuy notoka. Ob6pasyetcsa ppoHT
yo0apHoU 80/1HbI — O4eHb TOHKUI CIION, B KOTOPOM CKa4YKOM MEHSAIOTCS
TepMoAnHaMU4ecKkne napameTpbl rasa; Nnpyu CUNbHOM CXXaTuUW MOMEKYIbl raza cosgatoT
OonbLUYI0 NIIOTHOCTL, BbICOKOE AaBneHue u temnepatypy. (40)

®pOoHT cKayvka ynnoTHEHUs ra3oBblX YacTuL — 3TO nornepeydHas yodapHas 80JIHa,
KOTOpasi BO3HUKaET Npu nepexoge npoaosibHO-BOSTHOBOrO, CBEPX3BYKOBOIO ABMKEHUS
MOJIEKyn rasa B 3aTOPMOXEHHOE, CXXaToe, B NnornepeyHoe ABMKEHNEe MOSeKyr.

Ha nonepe4Hyto — ydapHyro 80/IHY MOXHO BO34eNCTBOBATb CUIOn aencreus F,
4yT1O6bI MONY4YUTL cUny oTaaun For , CM. puc. 1 —3.

Pe3koe TOPMOKEHHE MMOTOKA C(bepnquKaﬂ nonmepevYHasi yiapHas BOJIHA

Pa3peskeHHblii CBePX3BYKOBOIi CxaTue ra3oBbIX YacTHIL

BO3IYIIHBI MOTOK
Iponoapuasi BostHa V= Max

Bpi0poc razoBbIxX 4acTHIL
.................................... » u3 ynapHOﬁ BOJHLI
>

o
O .
®e

Puc.1-3

72



Mpupoaa nosiBNeHns chepmnyeckmx, nonepeyHbiX BOSTH CxXaTbiX BO3AYLIHbIX YacTuUL, —
yAapHbIX BOSH, HAYMHas OT yrbTpa crnabdbix (HECMbILHbLIX MPY MOMeTe XMBOro Mmpa
npupoapl), CPeaHNX, CUIbHbIX 00 CBEPXCUNbHOW yO4apHOW BOMHbI — O4HA U Ta Xe:
nonepeyHas — ygapHas BofiHa BO3HMKAET NPy pe3KOM TOPMOXEHMUM CBEPX3BYKOBOIO
NMOTOKa YacTuL, Ha rpaHnLEe BCTPEYM C MHEPTHOW BO34YLLHON MacCom .

Cdepunueckme, nonepeyHble — yaapHble BOMHbI MOXHO KrnaccuduumpoBaTth No
YPOBHIO 3ByKa: YynbTpacnabble (He CrbIWnMbIE U HXHUIA Npeaen YyBCTBUTENbHOCTU
4YesioBeYecKoro yxa); cnabble (TUXuin LWopoX); cpeaHne (pasroBopHas peyb); CUMbHbIe
(BbICTpEn, cunbHbIEe yaapbl rpoMa — 3ByKOBOW Bapbep).

Tak kaKk B OKpy)KatoLLieM BO3AYLIHOM NPOCTPAHCTBE MOJSEKYbl BO3AyXa ABMXKYTCS
XaO0TU4YHO CO CBEPX3BYKOBOW CKOPOCTbIO, TO BO34EeNCTBME B ONpeaenieHHOM
HanpaBrieHMM Ha MONEKYIbl BO34YLUHOrO NPOCTPAHCTBA CUMOBLIM MOTOKOM OT
NCTOYHMKA TYT XK€ CO34aeTcs CBEPX3BYKOBOW pa3peXeHHbIN MOTOK MOSIEKYN BO3ayXa C
nMnynbcom myv,. Ha rpaHuue BCTpeun CBEPX3BYKOBOIo NOTOKA MOSEKYN BO34yXa C
OKpYy>KatoLen MHePTHOW BO3AYLIHOW MacCoW, MAET NPOLLECC TOPMOXKEHMUS U CryLLEHNS
4yacTuu, KOoTopble Cco3aatlT chepuyeckyto, NoNepeYHyo — yaapHyH BOSHY,

obnagatwwaga nmnynscom cunbl fit; . OTOT NepBUYHLIN, BOMNBLLOW MMNYBC CUMbI
co3faeT Kackag UMMySibCOB ABWMXKEHUS U UMMYSTbCOB CUST:
myvy =f t > mpvo=f b, > mevs =31, > myy, Cm. puc. 1 —4.

BoJsna pa3pe:keHHbIX
YacTHil raza mv

Bpi0poc u3 cTBOJIa IPH BBICTPeEJIE
CBEPX3BYKOBOI'0 Pa3pe;KeHHOro
MOTOKA YACTHI[ raza M4V
Puc. 1-4. Cepuaeckast
monepeyYHasi yIapHasi BOJHA - CTyIlleHHe, cokaTue 4yacTtun raza fit

3a cyeT aHeprun MosIHUU UNn Tena, NeTsLwero B CBEPX3BYKOBOW 30He,

MOSEKyIbl BO34yXa CXMMAKTCA N CO34at0T PPOHT ydapHOU 80JIHbI — NONEPEYHYHO
yOapHYo BOJTHY, KOTopas ABNSeTCs 38yKo8bIM bapbepOM Ha rpaHuLe ¢ O3BYKOBOM
30HOWN, rpaHuLEN pe3Koro nepenana adaBfieHUN.

Mpn NpopbiBE MOMHWEN UM TENOM 3BYKOBOIro 6apbepa BO3HUKAET FpOMOBOM yaap —
MrHOBEHHbIV nepexon NOTEHUNanbHOM 3HePrnn cxaTbiX MOMEKy 13 nonepeyHoun
yOapHoU 80/1HbI B NMPOA0SIbHO-BOSIHOBOE ABWXKEHME, C KNHETUYECKOW SHEpPrnen
MOSeKyn B A03BYKOBOW 30He. CM. puc. 1 -5.

HOTBHHHaHBHaﬂ JHEeprusa - MrHoBeHHBIH NpPoOpPLIB YaCcTHUI -
CrymeHue, C;KaTue 4acTuil FpOMOBOﬁ Yaap 3oHa PA3PHKEHHBIX YaCTHUIY
e S

CBeToBas1 BOJIHA -

Mo.mmﬂ Jlo3BykoBasi 30Ha KuneTuyeckas 3Heprust
YacTHIX
CBepxsnYKonan S~———
30Ha 3BYKOBOI 6apbep — (PPOHT yAAPHONH BOJIHLI Puc.1-5

73



3. ®DpOHT cKa4yka ynioTHEeHMA YacTul Bo3ayxa.

Mpn pBwxXeHUM camorneTa B BO34YLWHOW Cpefie CO CKOPOCTbIO V , KPbIIO camorneTta
Bnepeam cebs co3gaeT CBEPX3BYKOBOW MOTOK MOMeKyn Bo3ayxa. Bcrpedvascs
HenoABMXHON MacCOM OKPY>KatoLLLEro BO3ayxa, CBEPX3BYKOBOW NOTOK MOSEKY
crywiaeTcs u co3gaeT nepep KpblioM cXXaTbl, BO3MYLLEHHbIV CITOM ra3oBbIX YacTul, C
UMMYNbCOM OBWXEHUS MV, OTOEMNEHHbIN Ha rpaHuLEe BCTPEYN OT HEBO3MYLLLEHHON
BO34YLLUHOWN Maccbl «PPOHTOM CKayka ynroTHEHNA» BO34YLUHbIX YacTuy, T.e.
nonepevHon ydapHol 80/HOU C UMNYNbCOM cunbl ft .

Ecnn Kpbino — 310 nepeoe mesio, TO OPOHT CKayka YNNOTHEHUSI BO34YLUHbIX
yacTuu, T.e rnornepeyHasi yoapHasi 80JIHa,— ABMSETCA éMOPbIM MeJsIOM.

Mexay KpblfioM (NepBbIM TENOM) U yOapHOW BOSHOW (BTOPbIM TESTOM) , B CXKaTOM,
BO3MYLLIEHHbIM CIl0€ BO3AYLIHbIX YacTul, MAET Npouecc 4ENCTBUSA U NPOTUBOLENCTBUSA:
UMNynbC cunbl Kpbina ft, , Yepea UMNynNbC cXaTblX MOMEKyn mv , BO3Oe/ACTBYeT Ha
yOapHyro 8oniHy. Wmnynbc yaapHow BonHbl  fty,, , Yepes umnynbc mv, cos3gaet
UMMNYNbC CUNbl OTAAYM Ha Kpbino  ft,, cm. puc. 1 — 6.

ft, = mv = ft,,,= mv = ft,

44 Fx Cuna conporusnenns

Cuma moxeema  Fy For Cuna ortmaun

Kpbino (nepsoe Terno)

. a
X \% H**\wmmm, BO3MYLLEHHbIN
crnov monekyn 6= 5-10mMm
®PPOHT — CKaYOK YNINOTHEHNS —
yaapHasi BosiHa (BTopoe Terno) MMnynbCbl cun gencTena m
Fus v G Bec NpPOTMBOAENCTBUSA

Cua neiicTBrs

Puc1-6

Cuna pencteus kpbina F ,; Ha nonepeyHyto yaapHyo BOMHY U cuna oTgauu ot
yOapHOW BOSHbI Ha Kpbino F,: paBHbl Mexay cobon: F=F,. , cM. puc. 1 — 6.
«[Toxa Teno ABMKETCS MEIJICHHEE, YeM 3BYK, MOJICKYJIBI BO3/yXa, OTPAXKasICh
oT HaberarIero Tena, emie OyayT ycrneBaTh OOTOHSATH €ro U coOOOIIaTh,
PacroJIOKEHHBIM BIIEpEAN MOJIEKYJIaM, O IPUOIIKEHUHU K HUM Tea.

36yKoeoil bapvep
— Cdepuueckne ¢ppormbi 36yK08bIX 80JIH, TOPOKICHHBIC
JBUOKYIIIAM TEIOM.
Bo3mymieHHbI Cl10M MOJNEKYIT

— M < 1 - uucno Maxa, paBHoe M =V/a , rue
/1o 3ByKOBOIi (PpOHT V — CKOPOCTb T€JIa; a — CKOPOCTh 3BYKaA .
CBepx3ByKOBas
30Ha @/ CKopocCTh ABMKEHUS T€Ia V paBHA CKOPOCTH 3ByKa 4 , T.C.

w M =1, nostomy Bce chepuueckre ppoHTHI 3BYKOBBIX

BOJIH KacaroTcsl IpYT JIpyra B TOUYKE Mepe] TEJIOM.

Teno nemwxkercs OvicTpee 3Byka: M > 1. Cdepuueckne GpoHTHI
3BYKOBBIX BOJIH, CO3/IaHHBIE B Ia3e TEJIOM, I[EPECEKAIOTCs C IPYT C APYTOM.
Kacarenbnpie muHUYN K 3TUM (HPOHTAM 3BYKOBBIX BOJIH COCTABAT KOHYc Maxa.
VY Tena BO3HUKAET CKATHIM CJI0M MOJIEKYI, OTACIICHHBIN OT HEBO3MYIIEHHOTO

ras3a, npsAMbIM CKA4KoM yniomHenus. B 3ToM ckauke — 3ByKOBOM Oapbepe

PE3KO MaJaeT CKOPOCTh JBMKEHUS raza, HO pe3K0 BO3pacTaeT MIOTHOCTh

MOJICKYJI, Temmeparypa». (29)
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Mpu ckopocTK CHapsifa CBbllle 3ByKOBOM, Nocre npeofoneHns 3ByKoBoro 6apbepa,

NPOUCXOAMUT €ro NosieT B CBEPX3BYKOBOW 30HE.

Ha cHumke, puc. 1 -9, ccoTorpadupoBaH nonet cHapsga ¢ ymucnom Maxa 2,67,
KOTOpPbIN HarnagHo nogTeepXaaeT NosiBeHne ckayka yriomHeHUs - nonepeyHbIx
yOapHbIX 80J1H, KOrga CHapsi[ ABUMXETCH CO CBEPX3BYKOBOW CKOPOCTLIO B
HEeBO3MYLLEHHbIX BO3AYLUHbIX NoToKax.(35)

HeBo3my1ieHHBIH OTOK BO3AyXa

Bo3smy1ieHHsI cloif ckaToro Bo3ayxa

CKayvoK yIJIOTHEHUH — monepevHast
yaapHasi BOJIHA.

YpapOnie BOJIHBI Pl OojeTe cmapsaa (dncio Maxa 2,67j. PMC_ 1 - 9

Takum obpa3oM, Npu nepexone NPOAOSNbHO-BOIHOBOIO ABUMXEHMS YacTuL, ABVXKYLLUXCS CO
CBEPX3BYKOBOI CKOPOCTbIO, B MOMNEPEYHO-BOSTHOBOE CO3[AETCS CKAYOK YMIOTHEHWUI —
nonepeyHas ydapHasl 80/1Ha — TOHYAWLLMIN CINON Pe3KO 3aTOPMOXKEHHbIX YacTuL, roe CKaykom
MEHSITCA TEPMOANHAMUYECKME NapaMeTpbl CryLLEHHbIX YacTul;: AaBneHne, NNoTHOCTb,
TemnepaTtypa.

4, MNOTHOCTb 3aTOPMOXEHHbIX ra3oBbIX YacTul,.

B cBepx3ByKOBOM ra3oBoM MOTOKE, rae CUMbHOE paspexeHne, MNIoTHOCTb
3HAYNTENBHO MEHbLUE NIOTHOCTMN OKPY>KatoLLEro BO3ayXa pPuyin < 1,293 kriv’.

P vin = Puin Vax roe. npu MakCUManbHOWM Vya.x — CKOPOCTM ra3oBOro MoTOKa,
Pwmin — MJIOTHOCTb NMNOTOKA YMEHbLUAETCA, m P min ~ AaBlieHne ra3a CMHXPOHHO YMEHbLLUaeTCA.
Takas MMHUManbHas NANOTHOCTb Pa3peXXeHHOro BO34YLLHOMO NOTOKA pyin HUKOTAA He
cosgacT cuny nogbema, T.K. CUINoBOe B3aMOAENCTBUE MexXy BO3AYLIHLIMA
yactTvuamu npubnmxaeTcs K Hymo.

Mepenan oaBneHus B OBUXKYLLMXCS MOTOKax onpenensercs 3akoHoM bepHynnu:
«[pu ysenu4yeHuu ckopocmu meyeHus XuOKocmu usnu 2al3a 0aerieHue yMeHbluaemcs,
u, Haobopom, yMeHbUWeHUe CKOpOCmMU romoka ebl3bleaem yeeriudeHue 0asieHus ».

[laHHbIN 3aKOH 06beanHsaEeT ABe cpenbl — XXUAKOCTb M ra3. XKnakocTb Nnerko
nepexoanT B ra3oobpa3Hoe COCTOsSIHME, a NPU KOHAEeHCaUMUN ra3a — OH NePEXoanT B
XnakocTb. Tak n B Nnpupoae — naeT HenpepbiBHOE UcnapeHne Boabl C NMOBEPXHOCTU
3emnu, T.e. BO3QyX HacbIWaeTcs napamm — MOsfieKyriamMmun Bofbl, KOTOpble
nepeHoCcATCs BO34YLLHOW Cpeion B XONoAHble obnactu atmocdepbl. Ha rpaHuue
BCTPEYM TensblX U XONOAHbIX (OPOHTOB NMOET KOHAEHCALMs NapoB — obpasyeTcs
NMOTHasi KOHLUEHTpaUusa Monekyn BOAbl B BO3AYLIHOW aTMocdepe ¢ obpasoBaHMeM
00nakoB 1 MOLLHbIX FPO30BbIE TyY; N NPOLECC 3aKaHYMBAETCS HU3BEPXKEHNEM MOTOKOB
BOAbl BO BpeM4 rposbil.

N3BecTHO, 4TO NNOTHOCTb Bo3ayxa p = 1,293 kr/m’, @ NNOTHOCTbL BoAbl B 770 pas
Gonblie v paBHa p= 1000 kr/m>. 3HaA4MT, MoOneKynbl BO34yxa, BMECTE C
MoJsiekynamu BoAbl, B pe3ynbTarte TeMmnepartypHoro nepenaga T v U3MeHeHus
AaBrieHus rasa, corrnacHo gopmynbl P=nkT (40), CKMMaKOTCA N KOHOEHCUPYHOTCA 00
NMOTHOCTU BOAbI; FAe n— KOHUEHTpaunsa Monekyn B O4HOM KyOnyeckom MeTpe;

k — noctosiHHas bonbumaHa.

[Mpy pe3komM TOPMOXEHUN CBEPX3BYKOBOrO BO3AYLUHOIMO NOTOKA, CUNIbHOM CXaTum
rasoBbIX YaCTUL, CO34aeTCsl CKavyoK yrniiomHeHUs — rioriepeyHas yoapHasi 80J/iHa C
MakCUMarnbHOW NAOTHOCTBLI: P yax = Puax v, unn nkT = Prax v, roe
V — 3aTOpPMOXEHHasi CKOPOCTb MONEKYN B y4apHOW BOJTHE;

Pmax — MIIOTHOCTb ra3oBbIX YacTul, Npu CxaTtnun, yMmeHbLUEeHNN 06bema, YBENNYMNBaAETCA,
P wax - 4aBneHue rasa pesko Bo3pacTaerT.
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Tak kak NMOTHOCTb MMKPOYacTuUL, cornacHo dopmynbl nkT =p v’ , npsMO
nponopuuoHansHo Temnepatype p~T , TO Ha rpaHuLe BCTpeYnm — CxaTblX,
CrYLIEHHbIX MUKPOYaCTUL, C MAOTHOCTLIO p ; U Temnepatyporn T, C NOTOKOM
paspeXeHHbIX MUKPOYacTUL, MMeKLWKUX NAOTHOCTL p, U TemnepaTypy T,
co3faeTca (PpPOHT ckayka ynrioTHEHUSA C nepenagom NIOTHOCTM paBHbIv Nepenagy
Temnepatyp: T,/ T,=p./p2

MnoTHOCTbL yAapHOU BOSHbLI B JO3BYKOBOMW 30HE.

«YpapHas BonHa genaert ras TBepbIM, Kak KyBarnaa, u yem 6onblue aHeprus rasa,
TEM TshKernee 3Ta KyBanga CTaHOBUTCS.

MeTopg npsiMon nepefayn aHeprum Mexay rasaMmm ¢ pasnuyHblM gaBreHnem
nocpeactsoM ydapHou eosiHbl 6bin 3anateHToBaH 1906 rogy 6pnTaHCKUM NHXEHEPOM
PobepTtom KHaydpdom». ( 27).

N3BecTHO, 4TO Hapsay € npoueccom napoobpasoBaHUs, NPOUCXOAMUT 0DpaTHLIN
npouecc KoHAeHcaunn — npespaLlleHns napa B xudkocms. [lap, Haxoasawuncs B
COCTOSIHUM ANHAMNYECKOro paBHOBECUSA CO CBOEW XXUOKOCMbHO — 3TO HACbILLEHHbIV
nap. (41) Tak e N3BeCTHO, YTO NPU CXKXaTuUK, NPU NOBbILLEHUN AABNEHUS
rmapoanHaMmnyeckmne KaButTaunoHHbIe Ny3bipy, 3an0SfTHEHHbIE ra30M, CXJ10MNbIBAKOTCS.
BblpbiBasgch nog 6onblwWMM gaBrieHneM U3 CXNOoMHYBLUErO Ny3blpsi, CBEPX3BYKOBbIE
NMOTOKM ra3oB cO30al0T yOapHyo 80JIHY.

CnepoBaTtenbHO, BENMYMHA NAOTHOCTU CaMOW MOLLLHOM rnonepeYHomn 38yKogol
yOapHOW BOMHbI, KOTOpas BO3HMKAET MpuU NPopbIBE TENOM 3BYKOBOro 6apbepa npu
CKOPOCTM 3BYKA Vyux =a =330 m/c, paBHa NIIOTHOCTU KOHLEHTPaLUN HaCbILLEHHOro
napa npu NepPexoae B XUAKOCTb, T.€. pyax = ~1000 kr/im® . (41)

MpopbIB TAKOM NMOTHOCTU pyax = 10° kr/m® —  DpOHTa ckayka ynnoTHEeHUs —
3BYKOBOro 6apbepa B atMocdepe MOSHUEN UIu netaTernbHbIM annapaTom,
ABVXYLLIMACSA CO CBEPX3BYKOBOW CKOPOCTLIO, CONMPOBOXAAETCA rPOMOBbLIM YAapOM.

3 cnpaBoYHbIX JaHHbIX U3BECTHO, YTO NPW rPOMOBOM yaape AaBfieHMe paBHO
Pyax = ~20wn . 310 B ~1000 pa3s Gonblue gaBneHus Tmxoro 3syka ~ 0,02 wnm’ .
Tak Kak gaBrieHue 3aBMCUT OT NAOTHOCTU U CKOPOCTU 3aTOPMOXXEHHbBIX MUKpPOYacTuL
P yax = Puax V-, TO NEPENa/ AaBNEHVS BANSIET Ha NNOTHOCTb MUKPOYACTUL, B BOSTHE.
3Has cuny 3Byka npu rpomoBoM yaape ;=120 g6, MOXHO onpeaenuTb Ha Kakyto
NMOTHOCTb yBENMYMBaETCH 3BYKOBasi — yAapHasi BOfiHa Npw NOBbILLEHUU CUITbl 3BYKa
Ha oaHy eauHuuy aeunben: p/f,= 1000 kr/m*/ 120 n6 = 8,33 kr/m° .

OnpepgensieM NAIOTHOCTU Py 3BYKOBBIX  yOapHbIX 80/IH MO U3BECTHLIM YPOBHAM
cvnbl 3ByKa B Aeumbenax, a CKoOpoCTb YacTuL, B yAapHOW BOSHE No hopmyne
P vax = Puax Vouin | BCE Pe3ynbTaThl CBOAUM B TabnuLYy YPOBHEN U3BECTHbLIX 3BYKOB (41).

Tabmuna A
VYPpOBHU pa3IUYHBIX Cuna D¢ dextuBHOoe naBnenune | [lnorHOCTH
3BYKOB (CIIPaBO4HbIC)™ 3Byka T 3(116) * sByka P (m/M ) * YOapHoUl 80HBL  Pyax (kr/nm’)
HikHuit mpesien 3ByKa 0-5 0,00002 1,3-41,65 *)
Tuxuil IOPOX JHUCTHEB 10 0,000065 83,3
Tuxuii ca 20 0,0002 166,6
Tuxas My3bIKa 40 0,002 333,3
PasrosopHas pedn 60 0,02 500
I'pomKkas pedn 70 0,0645 583
CuibHBIE yaapsl rpoMa 120 20 1000 — 3BykoBoii Gapnep
Bonesoii mopor — 3Byka HeT 130 — 1083

*) MNOTHOCTb NOMNEPEYHbIX — YNbTpa crnabbix BONH 06pa3yoLNXCS NOA KPbIOM
6e338yYyHO neTaloLWero Mmpa NpMpoabl HAXOAMUTCS B Npeaenax pya= 1,3 —41,65 (ki ).
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MNMnoTHOCTbL yAaapHOUW BOJHbLI B CBEPX3BYKOBOMU 30HE.

B Bo3gyLuHOM cpeae, HacbIWeHHOW MorekynaMmu asoTa, Kucnopoga, sogopoga v ap.
rasoB, Haxo4ATCsA M BOCXo4sLME Napbl — MONEKY bl BOAbI, KOTOPbIE€ MHTEHCUBHO
y4acTBYIOT B CO3[aHMM (PpOHTa CKayka ynrioTHEHUA — yAAaPHOW BOSTHbI.

a). Ecnu netatenbHbI annapaT Npu CBOEM OBWXEHUN JOCTUraeT 3BYKOBOW 30HbI, TO
Ha CKOpOCTU 3Byka M =v/a =1 annapaT co3gaeT CKa4yoK YNNOTHEeHUN YyacTul, B
aTMocdepe — yaapHyHo BOSTHY .

[Mpy TOPMOXEHNN KMHETUYECKast SHEPrUSt PeakTUBHOIrO NOTOKa MONEKyn B yAapHOWU
BOJSIHe nepexoauT B Temnosyw: '/, mv’='/,ma*M’= ¥,k T, roe
m — mMacca Monekynbl; k — noctosiHHast bonbumaHa .

T=~ma’M?/3k=p,a’ M* /3R , roe

R = po k/m = 8,314 JIx / (K mons) — ra30Basi MOCTOAHHas,

ANgA Bo3ayxa W, =29 107 xr/moms ; a=330wm/c; lam=1]x; T= o a>M?/3R.
Monyyaem Temnepatypy T =~ 130K. Ho Tak kak Temnepatypa 3emnu n ee
aTMocdepsl, corpeBaemasi ConHuem pasHa T =260K , To TemnepaTtypa ckayka
YNNOTHEHUS — yAAPHOW BOSHbI (3BYKOBOro 6apbepa) pasHa: T,; =~ 400K npu
NNOTHOCTU YAApPHOW BOJSTHbI — 3BYKOBOro 6apbepa p,; = 1000 kr/v’ .

0). Ecnu neTtaTenbHbIN annapaT NpubnuxaeTcsa K CKopocTn M =7, TO Nofny4yaem
TemnepaTypy ckayka ynrnoTHEeHUs — yo0apHOU 80JIHbI:
T= poa’ M? /3R =29 107 kr/moms (330 we )* 72 /3 8,314 i / (K moms) =~ 6000K . (29)
“TemnepaTtypa okasblBaeTCs Mo NOpSAAKY BENUYMHBLI TAKOW XKe Kak U Ha MOBEPXHOCTU
ConHua! ». (29) To ecTb, 3TO TeMnepaTypa COfTHEYHOM NNa3Mmbl.
« bbIno yctaHoBneHo, 4To NPOTOHbI cocTaBnAT 91,3% B conHevHon nnasmey. (14)

[MNoTHOCTb YacTuy, B yOapHOU 80/1HE — B 3aTOPMOXEHHOM MOTOKE HanNpsiMyto
3aBUCUT OT TemnepaTypbl yaapHou BomHbl: p,/p,=T,/T, (1), T.€. puw/pu=T/ T3
Torga NNOTHOCTb p,; — MPOMOHHOU yOapHou eosiHbl T = 6000K cocTtaBuT:

pur = 1000 krad 6000K /400K = 1,5 10* krive® .

B). Ecnn netatenbHbI annapat NpubnuxkaeTcsa K cKopocTu nopsgka M=10, 1o
nosiydaem TemnepaTypy ckayka ynnoTHeHnsa — yoapHou eosHel T =~ 10000K . (29)
N3BecTHO, 4TO T =~10 000K - TemnepaTtypa anekTPoOHHOro paspsga MOSHUM.
[Mpy TOPMOXXEHUN PEaKTMBHOIO NOTOKA YacTuL CO34aeTCcs CxXaTbIi CNon — nonepedHas
3eKTPOHHas ydapHas 80JIHa.

[MNOTHOCTb ANEKTPOHHOM yOapHoU 8osiHbI nNpu TemnepaTtype T =~ 10 000K
Puio = 1000 xr/m® 10 000 K /400 K =2,5 ‘10" kr/vd®

lMonyyeHHble pe3ynbTaTbl cBOAMM B Tabnuuyy b

Tabnmuna b
PeakTtuBHOE NBIKEHUE CxkopocThb Temneparypa [TnotHOCTB
ra3oBOro 3aTOPMOXKEHHOT'O yIapHOH
MIOTOKA MIOTOKA - BOIHBI KI/M’
KM/C yIapHOil BOJHEI
PeaktuBHOE ABMKEHUE Temna 1000
€O CKOpOCThIO 3ByKa M =1 ~ 0.33 ~ 400K
JIBmxenue tena ¢ M =~7 ~ 2,31 ~ 6000K 1,5'104
JBwkenne tena ¢ M =~10 ~ 8,25 | ~10000K 2,5°10°

BbiBOA: OKONO NOBEPXHOCTU, KPOME BO3OYLUHbIX YACTUL, HAXOOATCA HENTPOHBI,
HenTpanbHble 3NEKTPOHbI, MMKPO4YaCTULbl rPaBUTaALIMOHHOTO MONS, co3aarLme
CWIOBbIE NIMHMMW, 1 MUKPOYACTULbI, KOTOPbIE NOAAEPKMBAKOT NOCTOSAHHYIO TEMNepaTypy
3emnn T=260K.
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Ha puc. 1 — 10 npegcraBneH COBMELLEHHbIN rpadduk MUKPO BOJSIH, CO34aBaeMbIX
netalLwmM MUPOM NPUPOAbI; 3BYKOBbIX yOapHbIX 80/1H N yAAPHbLIX BOJH,
co3faBaeMble CBEpPX3BYKOBbIMW fieTaTesnbHbIMW annapaTamMmu.

4

Puiax (Kr/nr’) OneKkTpoHHas yaapHas BonHa
2,510
1,510 MpoToHHas yaapHas
3 BOSHa
1,010

\J'I WHUS yOapHbIX 80JIH,
co3gaBaeMble CBEpPX3BYKOBbIMU
netaTtenbHLIMW annapatamu

40

\

260K \ 400K 6000K 10 000K T
JINHMA MUKPO BOIH, JInHKA 3BYKOBBIX
co3faBaeMbIX Nog KpbIIom yAapHbIX BOSH 3ByKOBOI Bapbep — MoLLHas
netvatowero mupa npupogbl.  (MonepeyHbIX) yOapHasi BonHa B atmocdepe

Puc. 1-10
5. Cuna noabema Kpbina.

Kpbino, obnapas aHepruen W, = mV? /2, co CKOPOCTbIO V HanetaeT, 4aBUT Ha
BO34YLUHYIO Maccy, CKMMaeT ee, BO3HMKAeT CKayoK YNIIOTHEHUN — yaapHble
(mnonepeyHble) BOSHbI M KPLISIO MOfyYaeT Ccuny OTAauvn OT yAapHbIX BOSTH.

CxaTbIn ra3 B ckayke ynnoTHEHUN — yaapHOW BOSHE UMeeT aasrieHne: P = pV2/2 , roe
NAOTHOCTb CXaToro rasa p=m /SL, rae S —nnowaab Kpbina, L - Xo4 Kpbina .
[laBneHue — aT1o cuna aswxenns F,; Ha nnowanb kpbina: P=F,,/S |, Toraa,

cuna ABWXYLLEro Kpbina — cuna tarm: F/S=p V*2 , nonyyaem: F,=p S V?/2
MoabemHas cuna kpbina F,=C,pSV?/2 (28) CneposatensHo, F,=C,F,

p — MNNOTHOCTb YOAPHOW BOSHbLI — Or10pbI Kpbina.

Cy — aspoanHaMnyecKknii KO MPULUMEHT NOABLEMHON CUTbI, BENUYMHA KOTOPOro
3aBUCUT OT Yyrria ataku Kpbina o, — Yron Mexay nioCKOCTbIO Kpbifla U BEKTOPOM
CKOPOCTU, 1 yrna nogbema o — MEXKAY NMHUAMM TOPU3OHTa N BEKTOPOM CKOPOCTU
Kpblna — HanpasneHnem cunbl Tarm F; .
Yron ataku 1 yron nogbema BIUSIOT - HA KAKOM paccTosiHum hopmupyeTcs
yOapHas 80/1Ha Mo KPbITOM; OT 3TOr0 3aBUCUT MMMYILC CUMbI AENCTBUSA Kpbina ft

Ha yOapHYo BOMHY W UMMNYMbC cunbl otaaun ftor, ot ydapHol eonHbl Ha KpbIno.
[Mpu yBenuyeHuu yrna nogbemMa yBenuumMBaeTcsa AaBneHne curbl 4eNCTBUA Kpblna Ha
yO0apHy 80JIHY, 3HAYUT, YBENMYMBAETCA cuUria oTaaum ot yoapHoU 80/1HbI Ha KPbIo,
yBenuunBaeTcs NoabemMHas cuna Kpbina.
MNoabemHasi cuna Kpbina npu nosiBneHuu yrna nogsema o: Fy/ Fo=sina.
Monyyaem: F,=F,sina; wm F, =sinapSV?/2 , roe
C/yz sin o — a’poAMHaMMUYECKUA KOIPULMEHT NOABEMHOM CUIbI KpbISa, B
3aBMCUMOCTU OT BeNnYMHbI yrna nogbema.
MoabemHas cuna Kpbina npy NosBReHN yrna atakm o, ©  F'y/ F =tg a, .
Monyvaem: F',=F,tgo,; wm F'y =tga, pSV*/2 , rae
C”yz tg 0, — adpoANHaAMNYECKUIN KOIMPMULMEHT NOSBEMHOW CUMbI Kpbina, B
3aBUCUMOCTM OT BENMYNHLI yrna ataku. Puc. 1 —11.
CymMmmapHas cuna nogbema Kpbina:
F,=F,+F,=C, pSV*/2,1ne C,=Cy+C'y=sina+tga,.
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ITnockocTh Kpblia

JIMHUSA F(')pI/ISOHTa Cuna COIIPOTHUBJICHUA

Bexkrop cxopoctu -
HanpaBJeHue cwibl Taru  F,

VY napHas BonHa
G Cuna tspKecTH

Puc. 1-11

MakcumarnbsHoe 3HavYeHne aapoanHaMMyYecKon NoAbEMHON CUIbl Kpbina:
F,=0,77 (pV*/2)S (28)
M3BECTHO, YTO KpUTUYECKAs BENMYMHA YrNa aTaku Kpbina o, = ~ 15°.
Ecnu yron ataku kpbina o, = 12°, 1o tg 12°=0,2 .
Torga, sin o =0,57 . Nonyyaem, yron nogbema o = 35°
MuHumansHas aspoaMHamMuyeckas NogbeMHasi cuna Kpbina:
F,=0,77( pV*/2)S = 0,38 pV>S . Monyyaem, ecnvt yron atakn o, =5", o tg 5’ =0,08 .
Torpa sina=0,3 n yron nogbema a = 18°. O6was cymma yrnos ~ 23°
OTW AaHHble YrMoB Kpblfla COOTBETCTBYIOT yriiaM yCTaHOBKWU 3fieMEHTOB fionacTu
BO3/yLHOro BUHTa. O6Lias kpyTka nonacTtyi BuHTa ~ 22° (13).
Ha puc. 1 — 12 rpachmyeckn BugHa B3anmMocBsidb aapoanHaMmyeckoro kKoapuumeHta
NOABLEMHON CUMbI MPU U3MEHEHMM YIIa NogbemMa U yrna ataku Kpbina

Cy 4

0,6 NUHKUA yrna nogbema
0,51 | —

04— ____
0,3 | | NWHKUA yrna aTaku
0,2 P | — ]
0,1 ) !

v

e L
50 10° [ 150 20° 25° 300 35°
Puc. 112 Gap

Peskoe nageHne noabemHon cunsl Kpbina F, npoucxoauTt B pesynbtare JOCTUXKEHUS
KPUTMUYECKOTrO yrna aTaku o, -
BepTuKkanbHbIN B3NeT U FOPU3OHTalNIbHbIW NONET.
Mpun BepTMKanNbLHOM B3feTe cuna noabema, paBHasi cune Tari gpuratens
Fy=F,= pSV2/2 , AOJDKHbI NMpeBbIWaTh CUy TAXEeCT — Bec annapara:
F; = mg=P (s, rAe m—mMacca B ke, g = 9,81 m/c’ — yCKOPEHNE CUMbI TSHKECTU.
Mpw BepTukanbHOM B3neTe annapat BecoM P = 5000xz " 9,81 w/c? =510% 1 = 5000 &I
CO cKopocTblo V=1 w/c , annapaTy HeobxoaMma MOLLHOCTb:
W =PV (xI'm/cex) = 5000(xI'm/cex) / 75(xI'm/cex) = 66,6 z1ic
C yyeToM aspogmMHaMmn4eCKnX cusi CONpoTUBIIEHUS NMPU BEPTUKANbHOM nogbeme
annaparta BecomMm P =5000 xI', npuHumaem MollHocTb Asuratens: W =~ 100 zc. *)
Ecnn annapaT 6ygem nogHMmaTb CO CKOPOCTbO V =1 wm/c Ha onpefeneHHyH BbICOTY
nopa yrrnom K ropu3oHTy o= 24° ,roe sin 24° = 0,4, TO cuna nogbema noA yrrom pasHa
F, =F,=sin 24° pSV?/2, 1 MowwHocTb MapLuesoro asuratens: N = 0,4 - 100 zc = ~ 40 zc.
CnepoBaTtenbHo, annapat BecoMm P =5 TH, C HernpepbieHO pabomarowum 0guzameniem
MoLHoCTbo W = 100 ¢ O Helimpanu3auyuu gpasumauuu, MOXeT NoAHMMATbCA Nog
YrnoMm 3a cHeT MapLueBoro aAsuratens MoWwHoOCcTbo N =40 ¢ Ha TpebyemMyio BbICOTY.
Ecnn annapaT nogHsncs, Hanpumep, Ha BbicoTy H = 1000 m , TO BEpTUKanbHbIN
asuratenb nogbema MowHocTbio W =100 1c  Heumpanusyrwud epasumayuo n
MapLUeBbIN ABUraTenlb MOWHOCTBI0 N =40 ¢ obecnedynt eMy 20pu3oHmMasibHoe
0su)keHue Ha AaHHOW BbICOTE.
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Tak netaeT 1 XMBOW MUp NpUpoLbl, NOAHNUMAACh Ha BbICOTY cBbiwe10 kv (cm. pazaen
«Kax neraet )xuBOM MUP IPUPOIBI?»).

Bocxoasiwmne Bo3ayLHbIE MOTOKU — 3TO aTOMbI BO3JyXa U MOMeKynbl BOAbI,
npeogonesas rpaBMTaumio 3a CHeT COMTHEYHOro HarpeBa, HacbILWaT, yCUnMBarwT
CKaYoK YNMOTHEHU — yOapHble BOSHbI  BO3AYLUHbIX YacTuL, BO3HUKAKOLWNX Mo
obnakamu. Bocxogsiwme Bo3ayLHble NOTOKN «NOANUPAOT» (PPOHT ckadka ynroTHEHUS
1 rpo3oBble obraka, ¢ MUNNMoHaMM TOHH BOAbI, COBEpLUaloLne aspoanHaMmnyeckoe
nepemeLlleHne Ha Heboceoge.

YpaapHas BonHa
MpopbiB MONHWEN PPOHTA CKayka yNOTHEHMS YacTul, —

— 3ByKOBOro 6apbepa, yaapHoii BOSHbI @ﬁ

BoamyLeHHbIN
[po3oBble obnaka > 06BLEMHbIN Criom cnon vyactuu
CryLLEHHbIX YacTuL,

g\ 3ByKoBOW 6apbep — OPOHT ckayka
0OCXOZsILLME NOTOKM aTMOCEpPHOro YNNOTHEHMS

[MoBepxHOCTbL 3emMnn

Puc. 1-13

CunoBasi otaa4ya oT yaapHbIX BONH — (DPOHTA CKayka ynrioTHEHNSA YacTul,
AaeT BO3MOXHOCTb CaMOfeTy COBepLUaTh MaHEBPUPYOLLME OENCTBUSA B BO3AYLUHOM
NPOCTPaHCTBe.

Hanpumep, koraa pynb BbICOTbl OTKIIOHAETCS BBEPX, TO OH «HaneTaeT» Ha
HEeBO3MYLLIEHHYIO BO34YLLUHYIO Maccy, KoTopasa CxumaeTcs, crywaercsa u obpasyer
yOapHyto 80J1Hy y nNfiockocTu pyns. MNossnsaeTca cuna gencteusa F,, pynst BbICOTbI Ha
yOapHyo BOSIHY U cuna otgayum Fo, OT yaapHOM BOSHbI - AABNEHUE Ha PYJib BbICOTHI.
XBOCT camorneTta onyckaeTtcsl. Yron nogbema camorieta yBennimBaeTcs, ero
nogbemMHas cuna Bo3pacTtaeT — caMofieT HaunHaeT HabupaTtb BbICOTY; CM. puc. 1 — 14

Cuiia neiicTBUS M CWJIA OTAAYH

CryuieHue MoJIEKYJT BO3/IyXa,

Pysb BbICOTBI o0pa3oBaHue yOapHoil 6071HbL

Puc. 1 -14

BHesanHas BcTpeya ¢ npenaTcTBueM — yoapHoU 80/1HOU LWApPOBOW MOSTHUN UIA
BUXPEBbLIM BO34YLUHbLIM MOTOKOM — XXI'YTOM, MOXET MPMUBECTU HE TOMBbKO K TOPMOXXEHUIO
Kpblfna, HO U MTHOBEHHOMY YHUYTOXEHWIO yOapHOU 80JIHbI MO, KPLISTOM U NOABEHUIO
yOapHoU 8071HbI yXe Hafd KpbinioM, cM. puc. 1 —15.

Ynapuas BoJiHa
HaJl KPbLJIOM

Ynapuas BojiHa
nox kpeuiom K,

Puc.1-15

Ha KpbInbsix TyT e BO3HUKAKOT NPOTUBOMOSIOXKHO HanpaBneHHble cunbl F; n F, .
CamoneT MrHOBEHHO coBepLuaeT 2 — X CTyNeH4YaTbl KPYTALWUNA MOMEHT — BOKPYT
nonepevyHon 1 NpoLoNbLHOM OCeN, N KakK pe3yrnbTaT — OH BXOOMUT B LUTOMNOP.

*) MNogbemHas cuna byaeTt onpedenaTbCa NAOTHOCTLIO YAApPHOW BOSHBLI p, KOTOPYO CO34acT
BUHT ABUraTens, HENTpanuayoLmim rpasmuTaumio.
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6. AspoauHamMmKa BMHTA .

1). AspoanHamMuMKa BUHTa BepTosfieTa.
«B ycnoBusix BNIAHUSA CKMMaeMoCTN BO3ayxa KO3 ULNEHTbI NOgHEMHOWN CUMbl U
COMpPOTUBIIEHUSA 3aBUCAT HE TOSLKO OT Yyrfa ataku, HO 1 OoT Yncna M ceyeHns nonactu.
Hanpumep, npu ckopoctn asmxeHus Beptoneta 250 km/y (70M/C) OKpy>KHasi CKOPOCTb
BpaLleHus Hecywero BuHTa coctaenset 210 m/c, a obuiasi CKOPOCTb KOHLEBbLIX
nonacten BuHTa V = 280 m/c ; Kputnyeckoe yncno M, = v/a = 280/340 = ~ 0,83 .
B aTom cnyyae, KoHUeBble flonactu BUHTa paboTaloT B YCNOBUSIX BOFTHOBOIO Kpusuca.
"MyGokun BONHOBOW KPU3UC BbI3bIBAET pe3koe yXyAleHne aapoamHaMmuyecknx
XapaKkTepUCTMK HecyLLero BUHTa: pe3ko Bo3pacTaeT ypoBeHb BUbpauun ero
KOHCTPYKLUWUI, YTO CyLLEeCTBEHHO 3aTpyaHAeT noneT u genaet ero He 6esonacHbiM». (7).
F)’ F)’

CxaTne, yBeJHUeHHEe
~~ IJIOTHOCTH BO3/IyXa - 3aXBaT
.................................. KOHIIA JIONACTH
YAApHOIi BOJIHOM
CuiIbl 1eiiCTBHS U IPOTHBOAEHCTBHS Yaapuas BosiHa Puc. 1-15

Mpwv BpaLLeHUM HeCyLLIero BUHTa BepTomneTa, eClv CKOPOCTb KOHLIOB Nlonacrei
npubnuxaetcs kK My, TO NPOUCXOAMT NPOLECC CONMXEHUS, «3axBaTbIBAHUA» U
TOPMOXEHUS KOHLIOB NonacTeii yaapHbIMU BONHaMK; BO3HUKAeT Bubpauus. [dencrteune
yOapHbIX BOMH CO3[1aeT «BOJIHOBOW KPU3UC» U pe3Koe yXyAlleHne aspoanHamMmmnyeckmx
XapaKTepUCTUK HecyLLero BMHTa, puc. 1 — 15,

2.) AspoaMHamMMKa BUHTA, 3aKNHO4YEHHOro B KOJbL|O.

JlonacTtu BUHTA, BpaLaroLmecs B KonbLe, oTbpacbiBaloT peakTUBHbIE MOTOKU
BO3YLUHbIX YacTuL, 3a npedenbl kKonbLa. Torga, CKopocTb BpaleHusl fionacTen BUHTa
V > 340 m/c He BygeT 3aBMCeTb OT YCNOBUM NOSABNEHMSI BOSTHOBOIO Kpm3sunca.

Torga nog 1-m BUHTOM co3faeTcs cxxamas 8030yuwHasi cpeda C MUKPO-yAapPHbIMU
BOMHaMn ¢ 60MbLLION MIIOTHOCTBIO P .

CnepoBaTternbHO, ANs BTOPOro BUHTa NnogbeMHasa cuna — cuna Taru, Nnpyu BpalleHum B
nnoTHow cpefe cryweHHblx yactuu: Fy,=F,=C, pn2 D* (13),roe

D — onameTp BMHTA;, n — YacToTa BpalleHUsl BUHTa ¢

C, = sin a. — adpogMHaMNYECKUIN KOIPMPULMEHT NOABEMHON CUMbI BUHTA, 3aBUCUT OT
o — Yrra yCTaHOBKM FIONacTn BUHTA K NSIOCKOCTU BpaLLeHus .

p — MNOTHOCTb BO34YLIHOIO BUXPEBOro NOoTOKa C MUKPO-yAapHbIMU BOSTHAMM.

O Fy
MepBbIi BUHT F, T
a v F,

* MnockocTb BpalleHnAa BUHTa

KonbLuo BTopo#n BUHT

MnoTHas Bo3ayLIHas cpefa PopMUPYTCS
BHE KOMbLA B BUXPEBOM PEaKTUBHOM MOTOKE
Puc.1-16

Mpn p =~ 250 xr/™’ (NNOTHOCTL NOTOKA OT paboThl 1 BUHTA, Tabnuua A ); o = 18° , Sin 18°= 0,3;
YactoTa 060poTOB BMHTa n=35c¢" ; AuameTp BUHTA D = 1m ; nony4aem,

F:=0,3 250 ki’ " (35¢7)? 1M =91875u=9187,5«T.

BuHT aBnsaeTtca npeo6pasoBaTeneM QHEPInn, KOTOPYH OH nony4vaeT OT ABuratend, 1
nepenaetT ona aBuXeHua annapara.
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MoLwHoCTb ABuratensa ons BuHTa B Battax: N=gF, V/n (13),rae

F, — Tara BUHTa B kI ; g= 9,8 m/c’ — yCKOpeHune cBob6o4HOro nageHus.

CkopocTtb nogvema: V =hn (w/cex), €

h —noabem 3a oanH 060pPOT BUHTA B METpax 3aBUCUT OT NSIOTHOCTU cpeabl BpaLLeHus.
n=35c¢" yacToTa BpalleHUsl BUHTa;, OrpaHUYMM CKOpPOCTb noabema V =1 (w/cek) ;

n — KngBuHTa, n=~0,85 (12).

Torga, MOWHOCTL ABUraTens:

N =9,8 m/c* 9187,5 xI"" 1 (m/cex) / 0,85 =105926 r =~ 106 KBT

7. Kak netaeT BeCb XXMBOM MUP NpupoabI?

Mpun noneTte NTUL, N4Yenbl — BCEro XXMBOro Mmpa, Npu Bamaxax Kpbina obpasyetcs
LeneHanpaBneHHble CBEPX3BYKOBbIE MOTOKN BO3AYLUIHbIX YAcTuUL, KOTOPbIA Ha rpaHuue
BCTPEYM C OKpPY>KatoLLLEN MacCOW BO3ayxa CO34atoT nonepeyHble — MUKpoyOapHbie
80JIHbI C ONpeaeneHHON NIOTHOCTLHO.

Ha munkpoygapHbIX BONHaxX 1 netaeT BECb XMBOW MUP NPUPOAbI.

JleoHapgo ga BuHun, Habntogas 3a noneTom NTul, NpULLIEN K BbIBOAY, YTO BO34yX
no KpbifioM CKMMaeTCs, YNNOTHAETCA — 1 3TO noaaepueaeT NTUUy B NOmeTe:
«Kakas cuna coz0aemcs npedmemom (KpblrioM rpu 83mMaxe) rnpomue eo3dyxa, 4mo u
8030yxoMm co30aemcs npomus rpeoMmeman.

JleoHapdo da BuH4u

Tak Kak MOMeKyIbl BO3gyXa MMEIT CBEPX3BYKOBY CKOPOCTb, TO MPU ABUXKEHUN —
B3Maxe Kpblflo OCyLWecTBAAET PYHKUMIO CO34aHMUs MOTOKa MOJSIEKYS, KOTopble
BCTPEYaTCH C MIHEPTHOW BO34YLLHOM Maccon. Ha rpaHuue BCTpeyn Mosiekynbl
CBEPX3BYKOBOIO MOTOKa 3aTOPMaXKMBaKTCH, CONMXKaKTCA, CryLlatoTCs, YTO BreYeT 3a
cobon nosiBrieHne nonepeYHblx— MUKPOYyOapHbIX 80/1H C MNIIOTHOCTBLIO P .

To ecTb, N0 KPbINIOM CO3[aeTcs cxamasi 86030yWwHas cpeda ¢ MUKPoyaapHbIMU
BOSIHAMWK, rae AencTBYT cunbl gencteus kpbina F, (1 — Teno) Ha BornHbl (2 — Teno) u
CUnbl OTAA4YM OT MUKPOYAApPHbIX BOSMH Ha Kpbino F, .

Cwunbl oTga4m OoT MUKPOYOapHbIX BOMH CO34al0T Kak nogbeMHyto cuny F, Kkpbina, Tak
n cuny asmxenus F,,, cm. puc. 1 —17.

F, F, MoawemMHan cuna kpoina

- W' 4?"/ B

Fasosan onopa

«— YA3pHan sonka (2-e Teno)

cryuumue YacTuu Boaayxa

Puc.1-17

MoabemHas cuna Kpblfia y BCEro XXnBoro mmpa rnpu nogbemMe coBepLUeHHO He
3aBUCUT OT KOSCbeI/ILI,I/IeHTa yrina aTtaku Kpbliia Cy_, T.K. ITULUbI N HACEKOMbIE
coBepLiaroT konebaTenbHble ABMKEHNSA KpbIiOM C HeobxoanuMon 4YacToTon v U
amnnmy,qoﬁ B3Maxa kpbiia h gnga nogabema Ha BblcoTy H .
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MoaTomy, NnoabeMHas cuna Kpbifa y XXMBOro Mmpa onpegensercs no gopmyrne:
F, = pSV?2 ,roe S — nnowaab Kpbina; p — NAOTHOCTb NOMEPEYHbIX MUKPOYOapHbIX
80J1H, CO3aHHbIE KPbIITOM Npu B3aMaxe; V =v h m/c — CKOPOCTb NoAbemMa XUBOro

o0ObeKkTa, rae Vv -4acToTa B3MaxoB Kpblfla 3a CEKyHAY; h - BbicoTa nogbema
npu ogHOM B3Maxe Kpbina. Torga, nogbemHas cuna kpbina Fy= pS(vh) /2.
MoabemMHas cuna gosmkHa npesblwaTth Bec nTuubl G .

Y NTuUbl OBWXKYLLEN CUION ABNSIETCS KPbIO, NO3TOMY, NTUua opmupyeTt
MUKpOYyOapHble 80J1HbI N0, KPbISTOM, KOTOPbIE Aal0T BO3MOXHOCTb, NMPY B3Maxe Kpbina,
3a cyet cun genctena ft Ha MukpoygapHble BOMHbI, NonyvaTb OT MUKPOYAAPHbIX BOSH
cuny otgaynm Ha kpbio: Fo,, T.e. co3gaBartb U cuny nogbema Fy u cuny ABmxeHua F,
Bnepen. [lpu BepTMKanbHOM B3fieTe, Npy 3aBMCaHuUM - cuna oTgayun coBnagaeT C
HanpaBneHnem nogbemHon cunbl. Ha puc. 1 — 18 nokasaH nonet NTUUbI:

a) rOpM3OHTanbHbIN NOMNET 3a CYET CUMbl ABWKEHNsT F,= pSVY/2 =pS (vh)?/2

0) npu Habope BbICOTbI — NOJIOXKUTESbHBIN Yron nofneTa NTuubl o - yron nogbema
(yron mexay NMHWEN ropu3oHTa 1 BEKTOPOM CUSlbl ABUXKEHUS);

B) BO3BpaLLeHMEe C BbICOTbl — OTpULATESNbHbIN Yron nofneTta NTuubl o - Yron CHUXEHUS;

Cmna, 3aTpadnBaemMas rnpu Ha6ope BbICOTbI NOA YriioM o K JIMHUN TOPU3OHTA:
Fy=Fusina/2 = pS(vh)’sina/2

a) Topu30HTANBLHBIN TOJIET.

Kpbino oT6packiBaeT NOTOK BO3AyXa, I'IogeTﬂ -~
MoAABNATCA MUKPOYAaPHbIE BOSHBI. nebeas-kKnukyHa.
MakcumanbHasi
Cunbl AencTens U CUnbl OTAAYU Ha BblCcOTa noneta
KPbINO OT MUKPOYAAPHbIX BOMH. aTMX NTUL
H = 8,8 km

[MoasngaeTtca cuna ABMXEHNA:
Fi=pS(vh)7/2 G - Bec mTHIBI Fus

0) Ioser ¢ HAGOPOM BHICOTHI.
. 2 .
B) IMoaer co cumkeHHeM. Fy=Fgsina=pS(vh)'sina/2
Fy=Fsina
Feue V ,a Fy JIAHUA TOPH30HTA

JINHMA Fy 0 Fy

TOPU30HTA

Fy Cunbl meiictus ft G
W CWJIBI OTZauH ft oT MuKpogapHbIe BOJHbI
MuKpoIapHbIe BOJHbI MUKPOYIApHEIX BOJH Ha KPBUIO
) Topmoxkenune Fy Fo:

MpusemneHne NTULbLI - NOSBMAETCA
cuna Topmoxenua Fy .
Fy=pS(vh)*/2

Fx
Mpn TopMOXeHUn cuna noagbema Fy
PEe3Ko YMEeHbLLIAeTCA — CTaHOBUTCSA
paBHOW BECY NTULIbI, @ B MOMEHT
nocagku MeHbLue Beca ntuubl G .

Puc. 1 —-18
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nOABeMHaﬂ CcCuna wumerns.
IInockoe Kpbl.l'lo mMeJst.

Cwibl IeHCTBUSA M CWJIBI OTAQYH  OT
T y0apnoii 60/1HbL HA KPHLIO.

/—\ dopMupoBaHue yOapHOll 60Hb
1 CBEPX3BYKOBBIM MOTOKOM MOJIEKYJI MO/

Puc. 1 — 20 KpPbLJIOM NPH B3Maxe KpblJia.

MakcunmanbHas YacTtoTa konedaHum kpbina wmens v =~ 200 — 250 1/cex .

[MepBbIM B3MaxoMm Kpbifia LUMeSb co34aeT nonepeydHble — MUKpoyOapHble 8071HbI —
cXKaTylo BO34yLLUHYIO cpefy, a BTOPbIM B3MaxOM Kpblfla co3gaeT AaBfieHne — cuny
aencteusa F, Ha MuKpoyOapHbie 80s1HbI U nonyvaeT cuny otaadn F,, Ha KpbiSo.

OT AByX KpbInbeB — nogbemMHas cuna wmens Fy .

OddekTvBHaA NnoLaab OQHOMo Kpbina  S=3 107 o .

Mpn nepemelleHnn wWmens, Hanpumep, Ha 10mm BBEPX, T.e. h=~0,01 m , TYT Xe
naeT npouecc — nog CUITON TSHKECTU LUMENb Ha TaKyH Xe BENUYNHY pacCTOSIHUS
onyckaeTCcsl BHU3; MO3TOMY, LWMESb «BUCUT» HA MecCTe.

UTo6bl NOOHATLCA Ha OnNpeaesieHHY BbICOTY U3 HENTPAITbHOIO NOMOXEHUS, LUMEenb
yBenuunBaeT 4YacToTy konebaHum Kpbina, cregoBaTesibHO, YBENNMYMBAETCSH CKOPOCTb
nogbema. CpefHsis NAOTHOCTb YAAPHOW BOSTHbI MOA KPbIIOM LUMENS paBHa

p =~40 xr/mM — Ha rpaHnLE « HKHUI Npefen YyBCTBUTENbHOCTU », CM. Tabnuuy A.
Ecnu yactoTa konebaHus kpbina wmens v =~ 200 1/cex , BbICOTa Nnogbema npu ogHOM
B3mMaxe kpbina h=~0,01m , TO NnogbeMHas cuna wmens :

Fy=pS (vh)* = 40k’ 3 107 »* (200 1/cex 0,01m)° = 0,0048 1= 0,00048 xrc =~ 0,5 .

Mpn Bece wmena 0,1 r obecnevnBaeTca ~ 5 KpaTHbIM 3anac NogbLEMHOW CUIbl,
3HauuT, LUMENb NIerko cnpaBngeTcs ¢ rpy3oM: HabpaHHbIM HEKTApOM LBETOB U C
KanenbKamu pocbl, KOTOpble NPUIMNAKOT K ero Teny.

Mmes onopy - yaapHble BOMHbI, CO34aHHbIE NOA KPbIfbsiMn, U BONbLLOK 3anac
NnogbEMHOW CUMbI, LWUMESb, neTad, hakTnieckn kak 6ol «beraet» No MMKpOyAapHbIM
BOJSTHAM: MrHOBEHHO U3MEHSET HanpasfeHne nosietTa — OCyLLeCcTBNSAET ABWXKEHWNE B
nobylo CTOPOHY; B No6ON TOYKe NPOCTPaHCTBA 3aBUCAET B BO3AyXe.

MoabeMHasa cuna Kpbisia Yamku.
Pasmax kpbinbeB cepebpucton yamkm 123 — 148 em; Bec G=0,7 - 1,5«"; puc. 1 — 19
Fy - moxpemnas cuia

BoamyLeHHas 3oHa:

cuna genctems u

cuna otgaym ot
MUKPO(MonepeyHon) BOSHbI.

Mwkpo BonHa CBepx3BYKOBOM NOTOK MOMEKyn
BO34yXa OT B3Maxa Kpbina. Puc. 1-19

Hanpumep, ecnu 4actoTa B3MaxoB Kpbifna y Yanku npu nogbemMe paBHa v =3 i/cexk
a nepemeLleHue NTuUbl NP 0OHOM B3Maxe Kpbifla BBepX cocTaBuT h =~ Im , TOrAa,
CKOpoCTb nogbemMa ntuubl: V= vh=3wm/c .
IMNOTHOCTb MUKPO(ronepeyYHbIX) 80J1H MOA KPbINIOM NPU B3Maxe paBHa
p=~40 /™ ( AManasoH «HWXKHWUI Nnpeden YyBCTBUTEMNbHOCTU », CM. Tabnuuy A).
Mnowanb KpbINbeB Yamkn S =~ 0,2 m* .
Cwna nogbema uanku: Fy=pS (v h)*/2 =40k’ 0,2 v (3 mic)’ /2 =360 = 3,6 xT".

Mpu Bece vankn G =~ 1,2« obecneumBaeTca 3 KpaTHbIKN 3anac NOgbLEMHOWN CUIbl
M NTUUa Nerko B3MblBaeT B BO3OYX.
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NMoabemMHasa cuna ropHoro rycs.
MTnubl, Npyn nepenete Yyepes [(Mmananckmne ropeol, NeTaT Ha Bbicote H =10 000 m.
"OpHbIE rycun — pekopACMeEHbI MO BbICOTE MoreTa; BO BpeMsi Murpaumm dyepes [N'mvanau
OHM NeTAT Ha BbicoTax BMnoTb A0 10175 m (Mcrounuk: http/org.wiki/ Bar-headed Goose
Migrations).  [OpHbIN rycb: BeCc G = 2-3 «xI"; pa3Mmax KpbiribeB 150-165 cm.
Mnowanb kpbina S =~ 0,3 m* . CkopocTb noneta V = 70-80 km/gac = ~ 20 m/cex.
CnepoBaTternbHO, Npu noneTte nog yrinoMm o = 8°-9° co CKOpOCTb ~ 20 m/cex
BepTUKanbHasa CKOpPOCTb Nogbema NTULbl 3a CeKyHAay noneta Ha anvHe nytn 20 m
coctaBuUT: Vy=Vsino = 20wm/c 0,15= ~3wm/c.
MNOTHOCTb MUKpPOYOapHbIX BOMH NOA KPbIFTOM Mpy B3Maxe paBHa p =~ 40 kr/v’
Cvna nogbema: F,=pS (vh)*/2 = 40xrid’ 0,3 »* (3 we)* /2 =54n =54 «I
Obwas cuna nogbema ropHoro ryca Fy= 10,8 x/". , koTOpas npesbilaeT B ~ 4 pa3 BeC
nTuubl. MoOLWHOCTb, KOTOPYIO 3aTpaymBaeT NTuua npy nogbemMe Ha h =3 M paBHa:
E=F,h=10,8 «xI". 3 (m/c) / 75 x['m/c = 0,43 ac
BbixoguT, ecnn nogHATLCA NTUue Ha BbicoTy H =10 000m , TO He0BX0aMMa MOLLHOCTb:
W= F,H=10,8 «. 10 000m =108 "10° kim / 75 kv = 1440 ac
CnepoBaTteribHO, TOMBbKO NOsIBIIEHME MO KPbIFIOM OMOpbl — MUKPOYAAPHbIX BOMH, OaeT
BO3MOXHOCTb MTULE, TONbKO 3a CHET CBOEWN CUSbl NogbeMa, Lar 3a warom
nogHMmaTbCs Ha BbicoTy H =10 000m — 4TOOBLI NpeogoneTb ['MMananckme ropsbl.

NoabeMHana cuna nebepna-kKnuKyHa.
Pasmax kpbinbeB 205 — 230 cm ; Bec ntuubl 10— 13 kr ; gnnHa tena 1,4 - 1,7 m .
Mnowanb kpbinbeB S =1,6 v Habniogaemas BbicoTa noneta Ao 8800 m.
Cuna nogbema ntuubl: Fy= 40xrv® 1,6M (3 M/c)2 /2= 288u=28,8 kI’
Cuna nogbema, 3a cHeT 06pa3oBaHMs OMOpPbI - MAOTHLIX MUKPOYAAPHbLIX BOSH N0,
KpbISIOM, NpeBbIlWaeT B ~ 3 pa3a Bec NTULbl.

MoneTt NTuubl — 3TO HaArNA4HbINA, NeTalWwmn NPOTOTUMN annapara, C ONopow nosneTa Ha
MUKpoydapHble (rorepeyHble) 80s1HbI, KOTOPbIN HEOBX0AMMO co3aaTb A5 MaBHOro
nogbemMa Ha nobyro BbICOTY.

AneKTpoMarHUTHOE U YyNbTPa3BYKOBOE U3JyYeHue.

MTnubl coBepLlaloT ANUTENbHbIE NepeneTbl Yepes ropbl N OKeaHbl, NeTAT U HOYbIO.
Bo Bpemsi nepeneta ntuubl cBOH604HO OPUEHTUPYIOTCA B NpOCTpaHcTBe. Hanpumep,
YepHble CTPMXKU CASAT HOYbLIO B NosieTe, NpoBOAsAT B Hebe HECKOMbKO feT.

CkopocTb noneta YepHbIX cTpuxken gocturaeTt 120 kw/gac =~ 30 m/cex . [TNowagb
conpoTuBrieHus ctpwka S =0,001 »* . [lpu nonete co ckopocTbio 30 m/cek B BO3AyXe
Bnepeau CTpmxa Bo3HMKaeT BO3MYLLEHHbIW CNOW MOSeKyn Bo3ayxa ¢ MUKpoyaapHOu
BOJIHOW C NITIOTHOCTbLIO HE MeHee p = 40xr/v’.  [Nsi NnpeooneHns Takoro BO34yLLIHOro
COMpPOTUBIEHNS HeOBXoauMa cuna OeNCTBUA:

F,=pS V?/2 =40k’ 0, 002x> (30 wc)* /2 =361 =3,6 xI"

3aTtpaymBaemas MowHocTb: E=F,h=3,6 «x/". 30 wc /75 xl'm/c = 1,44 nc

Takon MOLLHOCTM Y NTULbI €CTECTBEHHO HET, 3HAYUT, NTULbI UMEm MexaHU3M, Kak
BOCMPUHMMAIOLLINI, TaK N CO34al0LLNN SNTEKTPOMarHUTHbIE N YNbTpPa3BYKOBbIE
N3nyyeHnd, KOTopble NOMOratT UM B MofeTe He TONbKO HENTPanNM3oBaTh CUMY TAXKECTU
N OPUEHTUPOBATLCH B MPOCTPAHCTBE, HO N pa3BMBaTb HEOOXO4MMYHO CKOPOCTb.

YacToTa anekTpoMarHMTHOro nanyvyeHnsa 3emnun v = 9,81 ri No BennymHe
coBMagaeT C yCKOpeHUEeM curbl Taxectn g=9,81 M/cex’, T.e. C TemMnepaTypHbIM
KOCMUYECKUM U3NyYeHMEM, BO3OENCTBYHOLLMI HA 3eMNI0.

CnepoBaTtesnbHO, Y NTULbI BO BpeMS NosieTa YacTtoTa 9f1IeKTPOMarHUTHOro U3nyyvyeHust
AO0IKHA BbITb Takon, YTO6bI CBOMMW BOSITHAMU 3MEKTPOMArHMTHOro nonga wm
YyNbTPa3BYKOBOrO M3My4YeHUs1 OTTanKMBaTbLCS OT BOSIH U3NyyYyeHus 3emnu.
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Bocxoasiuuii noTok

Bocxogawmm noTok Bo3gyxa — 3TO CBEPX3BYKOBOM MOTOK; OH UMEET CTPYKTYpPY: No
BCeW BbICOTE NogbemMa — obpasyeTcs 6ecnpepblBHbIV Kackag MUKpPOYyOapHhbIX,
rorepeyHbIX 80J1H — BO3OYLUHbIX OMOpP, Ha KOTOPbIX NapAT NTULbI U MaHepsbI.

- - Puc.1-21

O6wun BbIBOA:

AapoanHamnyeckas nogbeMHas cuna kpbina Fy cosgaeTca nmnynscamv cun otaaym
OT NnonepeyYHbIX MUKpoydapHbIX 80s1H. Be3 onopbl — Ha cXXaTble BO34YLUHbIE YacTULbl U
opoHTa cKavka YnnoTHEHUA — MUKPOyOapHbIe 8071HbI, He ByaeT n NogbLEMHOW CUrbl
Kpbina. Tak netaet BeCb XUBOW MUP NpUpPOabI.

OTO YHUKanNbHOE SBfeHne noseTta B BO34YLUHOM OKeaHe JaeT BO3MOXHOCTb Nogbema
annaparta ¢ MMHUManbHOM MOLHOCTBIO Ha HEOHXOANMYIO BbICOTY:

1. OcywecTBnATb BEpTUKasbHbIV NOABEM:
Fy, = pS(vh) 2 /2 , T.e.Ha npeogoneHune cunbl Tsbkectn: Fo= pS gH /2 ;

2. Togbem nop yrroMm a Ha Heobxoanmyto BbicoTy: Fy = pS(vh) * sina /2
BepTukanbHbIM noabLEM
F°, Moabem nop yriom
1 CnapeHHbI BAHT
MNoTHbIN BUXpeBOn
MOTOK

MMpO-y/J.aprle } %
BOJIHbI G

7 JIMHWS TOPU30HTA

Puc. 1-22

I'IpwmeHeHme cnapeHHbIX BUHTOB:
nepBblﬁ BUHT CO34aeT wapeBoﬁ peaKTMBHbIVI NOTOK, KOTOprVI crywaeTca, Bo3gyLwHble YaCTulbl B
BUXPEBOM MNOTOKE conmkalTCs, CXKMMaloTCS; co3aaeTcd NIOoTHOCTb YacTul Bo3ayxa.
an BpalleHMn BTOpPOro BUHTA B NIIOTHOM CIioe BO3a4YyLUHbIX YacCTuL, NoABMAKTCA Ct)pOHTbI CKa4KkoB
YNINOTHEHUA — MUKPO-yOapHbl€ BOJHbI, OTTallKMBaACb OT KOTOPbIX BUHT CO30aeT H606X0.D.MMyIO
noabeMHYIo cuny, ona 6bICTpOFO BEPTUKarbHOro noavemMa annapara.

anI Mepbl NleTavn WX annapaTtoB.

1. Jletarowasn nnarcgpopma

Fy Cuiia moaxnemMa

BoamyLLEHHbIR, CKaTbl CNOW BO34YLLUHbIX YacTuLy
Mexay nnatgopmon 1 yaapHeIMn BOSTHaMK, rae
OEeNCTBYIOT CUIbl 4ENCTBUA N NPOTUBOAENCTBMS,
cosgaroLme cuny BepTuKanbHOro nogbema:
Fy=F,=F,

®POHT cKayka YNnoTHEHVS — MUKPO-yAapHble
nonepeyHble BOSHbI.

Puc. 1-23
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«Jletarowas nnatdopmay, cnocobHa nogHMMaTLCA BEPTUKANbHO BBEPX C NMOMOLLLIO
BEHTUNATOPOB, puc. 1-23 . CBoen yCcTon4nBoCThLIO Nnatgopma obssaHa
rMpPOCKONMYeckoMy apdeKkTy OBYX BEHTUNATOPOB, BpaLLalLUXCH B NPOTUBOMNOSTOXHbLIX
HanpaBneHusx».(35)

Netarowan nnatdopma yaepxvmsaeTca Ha onpegeneHHon Beicote h 3a cuer,
CO3[4aHHOro nonactTaMm BEHTUNATOPOB, MOLLIHOIO BUXPEBOIro PEeaKTUBHOIo BO3AYLUHOMO
noToka, KOTOpbIN 3aTOPMaXXMBaETCH, CryLLaeTcs, NOABNATCA yaapHble BOSHbI.

B BO3MyLLEHHOM, CryLLleHHOM Crioe BO3yLUHbIX YacTuu, obpas3oBaBLUMMCA MEXaY
annapaTtom 1 PpOHTOM cKayka YrnrnoTHEHUS — MUKPO-YAAPHBLIMW BONHaMKN, OENCTBYIOT
cunbl gencteng F, n npotnsopencreus F, — nossnsertca nogbemHas cvna Fy ,
HenTpanuaywowasa rpasutaumio: Fy=F,=F,, .

Hanpumep, ecnu yactota 060poToB BUHTa n=15¢' ; anameTp BuHTa D=10,5 M ;
NNOTHOCTb yAapHbIX BOSH, co3gaBaemble asuratenem p =300« , C,=0,3, TOrga
BepTUKanbHasa cuna nogbema nratopMbl OT 2 —X BEHTUNSATOPOB:

Fy= 2C,pn®D*= 20,3500 xriw* * (15¢™)? *(0,5) m* = 4220 u =422 T .

lMnaBHbLIM NogbeM NNaTgopMbl Ha NpeaenbHy BoICOTY H 803MOXeH 3a cyeT
AEeNCTBUA MapLUeBbIX ABuraTtenen, obecrnedynBaroLMx BUHTOBOE UMW NPSIMOSNTIMHENHOE
ABWXeHWe nNnaTtopMbl NOA YriioM K FTOPU3OHTY.

Co3nanue aspomMooOuIs.

"epMaHo-6pUTaHCKo-LLIBENLIAPCKNIA
KOHCOpUWyM paboTaeT Haz NPOEKTOM
myCopter .(45)

3apava — co3gaTtb NEPCOHarnbHY0
BO34YLUHYIO TPAHCMOPTHYIO CUCTEMY,
KoTopasi n36aBuT >XMTENen MeranonmcoB
OT aBTOMOBWIbHbIX NPOBOK; KoNTep
OyneT neTaTtb BAOMb CYLLECTBYIOLLUX
Tpacc. (45)

MpoToTun aapomMoouns ¢ BUHTaMu.

Bec aBTomobuna — cuna taxectn Fg=~3000 . CMm. puc. 1 —25.
MNogbemHas cuna Heobxoamma He meHee F, = 5000 T .
[ns nogbema aBToMOOUNS NMPUMEHSIEM CNAPEHHbIE BUHTbI, NPU 9TOM,
cospaetca «3addekT bapTuHu», cMm. puc. 2 -5 .
[MepBbI BUHT CO3aeT BUXPEBOW NOTOK BO3OYLUHbLIX YACTUL, C MUKPO-YAAPHbIMU
BOJSTHAMW, BO3HUKAIOLNX B MOMEHT TOPMOXEHUS, CKaTUS, C NIIOTHOCTLIO p .
Torga, y BTOPOro BUHTa NOAbEMHAs cuna — cuna Taru, Npu BpaLeHum B NITIOTHOM
cpefe CryleHHbIx yactuy: F,=F,=C, pn°D* (13), rae
D — onamMeTp BMHTA;, n — YacToTa BpalleHUs BUHTa ¢
C, = sin a. — adpogMHaMNYECKUIN KOIPMOULMEHT NOABEMHON CUMbI BUHTA, 3aBUCUT OT
o — Yrrfa yCTaHOBKM SIONacTn BUHTA K NSIOCKOCTW BpaLLeHUs .
p — MAOTHOCTb BO34YLIHOMO BUXPEBOro NOTOKa C MUKPOYAAPHbLIMU BOSTHAMM.
Mpn p =~ 200 xr/v’ (MNOTHOCTL NOTOKA OT paboThbl oT 1 BUHTa, Tabnuua A ); o = 18° , Sin 18°= 0,3;
YactoTa 060poToB BMHTA n = 2100 o6/Mus =35 ¢ ; AMameTp BUHTa D = Im ; nony4aem,
F:=0,3 200 kr/v® * (35 c¢")? 1 m*=73500 u=7350 «I".
MowHocTb ABuraTens onsg BuHTa B Battax: N=gF, V/n (12), rue
F, — Tara BUHTa B kI; g= 9,8 m/c’ — yCKOpeHue cBob6O4HOIro nageHus.
CkopocTb nogbema: V =1 (w/cex); M — KNgBuHTa, n=~0,85 (12).
Toraa, mowHocTb aBuratensa: N = 9,8 m/c* " 7350 " 1 (m/cex) / 0,85 = 61225 Br = ~ 60 KBT
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an/I YCTaHOBKM BTOPOro KOMMiiekTa cnapeHHbIX BUHTOB Ha aBTomMobune, MOLLHOCTb

asuratenst cHmwkaem o N =40 kBT .
Toraa, obwas MOWHOCTL ANns npeogoneHus rpasutaunn: Ng = 40 kBt 2 = 80 KBT

Oeuratenun
HanpaeneHus [euratenn nogbema

Konbuo 1 F
C BUHTaMU

Mnatdopma KonbLo ¢ BUHTamMm

MoTop-koneco

MepBbI BUHT
OphekT BapTnHu
BTopow BUHT

MnoTHas Bo3ayLUHas cpeja p dopmupyeTcst
B BUXPEBOM peakTUBHOM MOTOKe OT 1 BUHTA.

AnekTpoasurartens (MOTOP-KONeco) Puc.1-25

AnekTpo3ByKoBOM ABuratenb tuna Loyapa. (46)

MarHeTpoH
reHepupyeT —— — »
MUKPOBOJTHbI

Bospgencteysa Ha AHO
Kopnyca pe3oHaTopa
3BYKOBbI€ BOSHbI CO34al0T TAry

Osuratens EmDrive 6puTtaHcKkoro nHxeHepa
P. loyapa npeactaenseT cobo KOHYCHbIN
pe3oHaTop C MOLLHLIM MarHeTPOHOM,
reHepupyoLL M 3BYKOBbIE MUKPOBOSHbI.

3BYKOBbIE BOSHbI OTPaXXarTCs OT HOKOBbLIX CTEHOK
MegHoro Kopnyca, BO30encTBys Ha LUMPOKUIA
KOHeL, ¢ B6orbLUEel CUNoW, YeM Ha Y3KUIA.

NASA npoBena ncnblTaHWs, KOTOpble Nokasanu cregyoLwime pesynstaThbl:
npu yactote 1,933 10° ry 6bina nonyyexa Tara 91 mH (~9 r).
Kutanckui geuratens Tuna LLoyapa B xoge ucnbitaHnin nokasan 1ary 72r.

LLikana HU3KOYaCTOTHbIX U BbICOKOYACTOTHbLIX 3BYKOBbIX BOJIH. (41)

YactotaB I'm Haunmenosanue Crioco0bl BO30YX1eHUsT
0,5-20 HNudpassyk Kosne6anus Bojpl B OOIBIINX BOIOSMAX
14 "
20-210 CapimmMebli 3ByK | T'ooc uenoBeka, NTHL, UHCTPYMEHTHI .
14 1
2:10* - 10" VY bTpa3Byk Marsuro 1 nbe303JIeKTpUYECKUe N3TydaTeNu;
BO30YKJIAIOTCS TAKXKE HEKOTOPBIMH KUBOTHBIMH U HACEKOMBIMH
(JIeTyure MBIIIH, OT/IENIbHBIMH BUIAMH IITHI, CBEPYKH, capaHya M T.J.).
1
10" u BbIIIE ['unep3Byk TemnoBble KoneOaHus MOJNEKYJ U KPUCTAITMYECKUX PELIETOK
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YacTb 2 . PeakTnBHOE ABMXEHME.

COBpeMeHHaFI Teopud yreepxgaeTt. UCTOYHUKOM TAlr'm peakTtMBHOIo annaparta
ABNAEeTCA CBer3ByKOBOI7I MOTOK ra3os, OT6paCbIBaeMbIIZ annapartomMm B

NPOTUBOINOJIOXKHYHO CTOPOHY. To ecTb, MMnNynbC CUINbl TATU Ft paBeH NMMnyrbCcy

KonuyecTea rasoB MV, otbpacbiBaembix U3 conna annapara: Ft = mv.

N3BecTHO, 4TO Ha cpese conna gasneHne Py, WM NAOTHOCTb puuw PEAKTUBHOIO
ra3oBOro NOToKa MUHUMAarbHbI — MPUOAMXKAIOTCA K HYNKO.  JTO 3HAYUT, YTO
CBEPX3BYKOBOW ra30BbIN NMOTOK pa3pbiBaeTCs HA OTAEMbHbIE YAaCTULbl M YEM BbILLE MX
CKOPOCTb, TeM BonblLUE pacCcTOsHNE MeXAy YacTuuamu ra3oBoro noToka.

N3 TpeTbero 3akoHa HbloTOHa — 3akOHa AeNCTBMSA U NPOTUBOAENCTBUS — crneayer,
YTO ecrnu OenCTBYeT cuna, To 4OMMKHO ObiTb ABa Tena: 04HO NPOU3BOAUT AENCTBME,
apyroe — npotusogencteyeT. Cusbl Oelicmeusi U npomueodelicmeusi NOSIBASETCA TaMm,
roe ecTb CMIOBOM KOHTAKT Mexay Tenamu. CunoBble BEKTOpa NPOTUBOAENCTBYOLLINX
Ten HanpaeleHbl B NPOTMBOMNOMOXHbIE CTOPOHbI.

B cBepx3ByKOBOM razoBOM MOTOKE NPU MaKCUMaribHOW CKOPOCTU Vyax , MOTHOCTb Py
n pasnenue Py, 6ecnpepbiBHO nagawoT, T.e. Py = P VZuax , CUMOBOE
B3aMMOOENCTBME MeXay YacTuuamm notoka npmbnmxkaetca k Hyrmo f =0.

N ecnu BCIO peakTMBHYO CUCTEMY paccMaTpuBaTb C TOW TOYKWN 3PEHUS, YTO pakeTa C
3anacom Tonnuea — 3TO NepBoe Teno, TO CBEPX3BYKOBOW pa3peXeHHbIN ra3oBblin
NOTOK — He ABMSAETCA MOHOMUTHBLIM 8MopbIM mesioM. PakTUYECKN Takasa peakTuBHas
cucTema pa3oMKHYTa, cM. puc. 2 — 1. W rae xe 3gecb cuna otaayum, cuna Tarm, ecrnu
HEeT CMIOBOro KOHTaKTa Mexay Yactuuamu B paspeXeHHOM peakTMBHOM NOTOKe?

Cucrema pa3oMKHyTa
IlepBoe Teno I'ne BTOpOE TE10?

C:xaTblii ra

___...---l""

hanmnnnn® ______....-----'

SULEL SELLLLEPTIYPET PP

A ..........................>

Cpes comia P CBepX3BYKOBOii OTOK >
Kamepa cropanus Foum Pa3pEKEHHBIX Ia30BBIX YACTHIL
Puun

Puc.2 -1

B TexHuke ecTb Nnpumep, rae cucteMa peakTUBHOIO ABMXKEHUS HarnsgHo
npocnexumBaeTca 13 AByX TeN: M3 TypOMHbI MOPCKOro, pe4yHoro katepa (repgoe mersio)
BblpblBaeTCH, 3a CHET cunbl aenctena F, , peakTMBHasa CTpysi BOAObI.

Ecnu peaktuBHas cTpys BoAbl HanpaeneHa B BO34yX, TO KaTep OCTaeTcsl Ha MecTe,
T.K. HeT onopsbl (Boabl).  HO kak TONbKO peakTMBHbIN NOTOK CTpyn OyaeT HanpaeneH B
BOAY MOpsi, PEKN (8mopoe mesio) KaTep TYT e HaYHET ABMXKEHME:

Ha cuny gencteusa F,, nepegaHHON CUNOBbLIM peakTUBHLIM MOTOKOM (YacTuubl BOAbI
peaKkTMBHOIO NOTOKA CXXanncb, HAXOOATCA B KOHTaKTe ApYr ¢ ApYyrom), peka, Mope
oTBeYaeT cunon otaaum For 1 kaTep, nonyyus cuny Tarm Fr, HauMHaeT aBmxeHme,
CM. puc. 2 —2.

&9



Karep (nepsoe meno)
[Ipumep HarmsagHO

— F. IOKAa3kIBAET, YTO O€3
[ S — émopo2co mena (peka) HeT
\ 256“34' — TBYOKCHHSI nepeo20 meid.
Ex

~

For Mope, peka (smopoe meio) Puc.2 -2

PeakTuBHas CTPyH BOAbI

Takas cuctema gencTems 1 NPOTUBOAENCTBUS NPOUCXOOUT N B CBEPX3BYKOBOM
ra3oBOM MOTOKe: 34eCb NpUpoAa co3fana yamBuTernbHoe SBfeHNe — NonepeYHyo
yOapHyto 80J1Hy (8mopoe merio).

N3BeCTHO, 4TO ecnn CBEPX3BYKOBOW MOTOK YaCTuL, BCTPEYaeTCs C 3aTOPMOXEHHbBIMMU,
CryLeHHbIMM YacTuLuamn, TO Ha rpaHuLe X BCTpeYn co3gaeTcs yoapHas 80/IHa.

Hanpumep, cBepx3BYyKOBOW MOTOK COfMIHEYHOro BeTpa BCTpeyaeT npensitcTeme -
reomarHuTHoe none 3emMnu; CofHeYHble YacTuLbl 3aTOpMaXuBaloTcs, crywatTtcda. Ha
rpaHuLe BCTPeYU, CryLLEHHbIX COSTHEYHbIX YacTuy, C NocreayowmmMm CBEPX3BYKOBbIMM
NMOTOKaMW CONHEYHOTO BETpa, BO3HMKAET nepes reoMarHuTHbIM nonem 3emnu ydapHasi
80J1Ha co cTopoHbl ConHua. (14)

IloTok CcBEpX3BYKOBBIX MarnuTtocdepa 3eman
COJTHEYHBIX YaCTHIL

I S
I S

T S

Ynapuas Bojifa
co croponbl CostHla CryuieHue COTHEYHbIX YACTHIL

Puc.2 -3

PaccmoTpum npumep nosiBNeHust nornepeyHol ydapHoU 80J1HbI, KOTOpasi BO3HMKaeT
npu BbIXOAE N3 CTBOSA CBEPX3BYKOBOrO PeaKkTMBHOIO NOTOKA BO34yXa, BbITECHAEMbIN
nynen. Ha cHumke (cMm. puc. 2 - 4) BUgHo, 4To hopma rornepeyHol yoapHOU 80JIHbI,
chopMMPOBAHHOW Ha rpaHULE BCTPEYM NMMNYSbCa PeakTUBHOroO NoToka C
HenoABMXXHON MaccoM OKpY>KatoLLero Bo3ayxa, axe Ha HebomnbLoM yaaneHum ot
cpesa cTBona, NpuHMMaeT cdepuyeckyto dopmy. ( 25)

Cdepuueckas nonepeunast
ylapHasi BOJIHA

Hmnynbc Bo3aymHoro
PEaKTHUBHOIO MOTOKA

Cdepuueckasi monepeynast
ylapHasi BoJIHA

SRS IV

B3pbIB 3apsaaa Myns

Puc.2 -4
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B kayecTBe elle ogHOro npumepa paccMoTpum «adpdekt bapTnHuy». Cm. puc. 2 - 5.

ABnakoHcTpykTop P.BapTuHu ykasbiBan, YTO BO34yLLUHOE CONpoTUBIieHMe BooOLLe
MOXeT He MeLlaTb, a MoMoraTb NOSIeTy: MOXET pa3BepPHYTbLCS Ha 180°; npeBpaTUTLCS
B JOMOMHUTESbHYIO TAry. B cneumanbHo cnpodunupoBaHHoe 605bLIoe KOMNbLO
YCTaHOBWNK ABUraTenn ¢ BO3ayLWHbIMM BUHTaMU. CHavana BKIIHYUIIY YKpensieHHble
BHYTPM KOfbLia MOTOrOHAOSMbI ABUraTenun, U OHW Janu HopMarsibHYyo, 3apaHee
paccynTaHHyto Tary. loTom HanpaBunu Ha 3Ty paboTatoLlyo CUMOBYIO YCTaHOBKY
MOLLHbI BHELLUHWUI PEaKTUBHbIN BO34YLUHbIA NOTOK OT a3poanHaMmUYeCcKon Tpyobl.
Bopyr, B HapyLLeHUn BCeX NPUBbLIYHbLIX NpeaCcTaBfeHWI, yCTaHOBKA pBaHynach
HaBCTpeYy peakTUBHOMY MOTOKY.

Tara BuHTOB, Nokasanu npmnbopsbl, nogckodnna Ha 30% ! MoLwHbIN BHELHWIA

peakTUBHbIN NOTOK yBENNYMN TAry pabdoTarlolmx BUHTOB. OTO yaANUBUTENBbHOE SiBlEHNE
HasBanu «aggektoMm bapTuHuy. (37)

PeakTHBHLINH MOTOK OT

BHemHuii peakTHBHBII MOTOK BHHTA JABULATE]IA
Ynapuas BojiHa
FBH R /
For

\

~
A S
P

)
«

/7\ F, AFH /
Comio i
Puc.2 -5 @—@

HenctBrne gaHHoro adpdpekTa ob6bACHSAETCA creayowmm obpasom. B peakTnBHOM
NoTOKe, KOTOPbLIN CO34aeTcsi BMHTOM, B pe3yrnbTaTe ero TOpMOXEHUS, BO3HUKAET
yoapHas BonHa. Ha yaapHyto BonHy ¢ cunon F, gencrtByeT CUNOBOW PeaKkTUBHbLIN
MOTOK, MCXoasaLWmn ot BuHTa. OT yaapHOW BOMHbI HA BUHT AENCTBYET paBHas cuna
otaaun For . Kak Tonbko 0o06aBuncst MOLLHBIA BHELLUHUA CUIOBOW peaKTUBHbIA MNOTOK
Ha yaapHyto BONHY Fgy , MTHOBEHHO BO3pOCa NAOTHOCTb NOTOKA U y4apHOW BOJSIHbI
W, cnefoBaTtenbHO, yBENMYMnach cuna otTgayn oT yaapHOM BOSHbI Ha BUHT Yyepes
CUITOBbIE NMOTOKM. MosiBunack 6onee MoLwHasa cymmupytowlasl cuna Taru:

F:- =Fs + Fgy Tak Kak cuna Tarv BUHTa apuratens pasHa: F;=pS V212, roe

S — nnowanb peakTUBHOro noToka; V — CKOpPOCTb peakTMBHOIO NOTOKA;

p — MNNIOTHOCTb 3aTOPMOXEHHOIO NOTOKA — NOMNEepPeYHON yaAapHOW BOSHbI;, Npw
yBenM4YeHnmn NII0THOCTM (406aBNATCA YaCcTULbl BHELIHErO NOTOKA B Y4. BOMHY), TyT
Xe yBenuuMBaeTcs cuna Taru.

B HacTosiee BpeMsi BeqyTcsa paboTbl N0 CO34aHMI0 BUHTOBEHTUNSATOPHbIX
ABuraTenen, rae npocnexvsaeTtcs genctene «addekra bapTuHmy.

Puc. 2 — 6a " Puc.2- 68

Ha pucyHke (2 — 6a) npeacraBneHa KOMMNbOTEPHAsS MOAESb
BUHTOBEHTUNSATOPHOIO ABUraTesnsi - OTKPbITbIA pPOTOP C ABYMS psgamMu paboumnx konec
(c cabneBuaHbIMKU TONACTAMM Ha KaXgoM), BpaLlatoLmecs: B NPOTUBOMNOSTOXHbIX
HanpasneHusx. (20)
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30ecb npocMaTpmBaeTcs criefyowas KapTuHa: K peakTUBHOMY BO34YLLHOMY MOTOKY,
co3gaBaeMblii IoNacTaMmn BUHTA, 400aBNSIETCA MOLLHbIN PeaKTUBHbIN BO3AYLLUHbIN
NOTOK, CO34aBaeMbIi floNacTaMmn BeHTUNsiTopa. [pn TOPMOXEHUN CYMMUPYIOLLINX
peakTUBHbIX NOTOKOB BO3HUKAET bonee MolHas ydapHasi 80/1Ha, OTTankmBasiCb OT
KOoTopou, ABuratenb TAHET annapaT. McnbiTaHus nokasanu, YTo ABuUraTesib HOBOW
KOHCTPYKLUMKX NO nokasaTensiMm TonSMBHoM addekTnesHocTn MmoxeT Ha 30 — 35%
npeB3onTn «TypboBeHTUNATOPLI». (20)

YamBuTenbHO, HO pe3ynbTaTthl UCNbITAHUA COBNaaatoT ¢ 6bonee paHHUM ONbITOM, B
pesynbTaTte KOTOPOro nosiydeH OLenoMnaWmnn «adgekt bapTuHmu» — ysennyeHuns
3KOHOMMUYHOCTU, MOLHOCTM ABuratens Toxe Ha 30%. Ha puc. 2 — 6B npeacrtasneH
NepCcrnekTUBHbIN MOLLHbIN TYPOOBUHTO-BEHTUNATOPHbIM ABuratens HK— 93 | rae
BUHTO-BEHTUNATOP 3akftoyeH B kopnyc. Ha ucnbitaHusx «asuratens HK — 93 Bbigan
Tary nog 20 TOHH, a cyuTanu, 4To Ans KOHKpeTHoro obpasua npegen 18 ToHHy». ( 16).

Taknm obpas3om, BbIXOAALWMIA U3 peakTUBHOIO annapata CBEPX3BYKOBOW ra3oBbii
NOTOK B CBOEW CTpye aBTOMaTUYECKU co3aeT nonepeydHyto — yoapHyro 8osiHy. OHa
BO3HMKAET Ha rpaHuLe BCTPEYM CBEPX3BYKOBOIrO NOTOKA ra30BbIX YacTUL, C
OKpYy)XatoLen HernoaABMKHOM BO3aYyLWHOM Maccon. [lonepeyvHast — yOapHas 80sHa
BMECTE CO CTyLeHMEM YacTul, SBMSIETCA BTOPbIM TENOM — «2a308bIM MESIOM» .
[lencTBys Ha yaapHYyO BOSIHY «ra30BOro Tefla» peakTUBHbLIM cusio8biM MOTOKOM V max
— 3TO KOraa 4YacTuubl BbICTPanBaKOTCA B O4HY NIMHUIO N MEXAY HUMW HET NPOMEXYTKa W
OT YacTULbl K YacTuLe nepenaroTcs cunbl aenctensa F, max — peakTuBHbIM annapar ¢
CUNon OTTasnknBaeTcs OT yaapHOM BOSHbI (BTOPOro Tena) u ABmxKeTcs Brnepea.

Cxkopocts V max Cuta F=0 Cropocts V max Cuna F, max
L T L L LL T T LELL L L LTI TS = >
d
CBepXx3BYKOBO# ra3oBblii CWwi0Boii MOTOK — YaCTHLbI
pa3pesKkeHHbIH MOTOK. HAXOAATCS B KOHTAKTeE C APYT € APYroM.
Puc.2-7 Cuiibl epealoTest OT YaCTUIBI K YaCTHIIE.

Ecnu peakTuBHbIN annapaT HaxoauTcsa B 6e38034yLLHOM NPOCTPAHCTBE, TO YacTuLbl
peakTUBHOW CTpyu pabouyero rasa, BbipbIBasiCb U3 COMMa, BCTpevasch C
MUKPOYaCTULLIAMM KOCMUYECKOTO NPOCTPaHCTBA, HauMHaloT CrylwaTthes (3aBUXpeHne u
CryLLleHVe NPONCXOaUT U B CaMOM CBEPX3BYKOBOM MOTOKE); MOAXOAAT HOBbIE NOpLIMM
CBEpPX3BYKOBOIO MOTOKa ras3oB U3 annaparta 1 Ha rpaHuLie BCTPEUN CryLLeHHbIX YacTul
obpasyroTcs nonepeyHble yoapHble 80sHbl.  Cw. puc. 2 — 8§ .

BTopoe Teao
ra3oBoe TeJIo

CuoBoii NOTOK -

Heﬁnoe TeJ0 cuna peiicteus F frymelme HaCbIHIeHHbIX,\
>m,v, BHXPEBBIX MOTOKO
e JleraTeabublii anmapar I

% .
Fpt 5™ PP PP TP T PP P TP PP hibrssssnirrssssairensssairrnsstatrrnnarirrnnnyy Fynt
<_FTt \ : ___._.___._._._._..::::::::::::::::: ..............................................
Cpe3 comna

Kamepa cropanus
PeakTHBHBIE TOTOKH
ra3oBbIX YacTHII IMonepéunnie

Puc. 2 -8 yAapHbIE BOJIHbI

CunoBoii noTok - cuia orqaun Ko,
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MocneaytoLwmi cBepX3BYKOBOW NOTOK paboyero rasa, BCTpeyasicb C yOapHbIMU
80/1HaMu, CTaHOBUTCS CMIOBbIM NOTOKOM, co3gaeT cuny gencteus F, , annapat
nony4vaeT OT yaapHOM BOMHbI cuny oTaaun For, 4TO co3gaeT cuny ABMXKEHUS — cuny
Tarm F; peakTuBHoOro annaparta

Becb npouecc peakTMBHOro ABUXEHUS NPpOUCXoauT B ABa 3Tana:

MepBbIK 3Tan — opMnpoBaHUe ygapHOM BOSHbI — BTOPOro Tena:

Fpt=ymv=Ft ,roe F,t - umnynsc cunel paboyero Tena yepes
nepegaTovHOe 3BEHO Y MV — CBEPX3BYKOBbIE NMOTOKN YaCTUL,, CO30AI0T MONEPEYHYIO
yOapHYH BOMHY C UMMYNbCoM cunbl - Fy,t .

Bropown aTan — nony4yeHue cunbl OTAaYN, CUMbl TAMM OT NONEPEeYHON YAapHOW BOSTHbI:

Fpt =Ymvy = F t=>Sm,v, = F t.

Mmnynbc cunel paboyero Tena Fyt yepes cusioesbie NOTOkM ymyv; nepedaoT Ha
yAAPHYI0 BOSIHY UMMNYIbC CUIbl AENCTBUS. YAapHasa BOfIHA Ha MMNYMbC CUIbI
pencreus Fit |, yepes cunosbie NOTokM Ym,v, , co3gaeT nMmnynbc cunbl otgayum Fyt ,
paBHbIA MMnynbey cunbl Tarm Frt annapaTta, cm. puc. 2 — 9.

1 — Teno 2 — TeIo
I'azoBoe Tes0 A
Annapar Cpes3 comia 4 N\
IMonepeunast
Pabouee Teso yAapHasi BOJIHA
CKAThIi ra3 CBepxBBYKOBbIe TMOTOKH Ta30BbIX YACTHUI pe ~

Fyt

v ymv D Fyat Hepseiii oTam —
@ Z pEaEEuEEEEEEEREEE co3gaHue
E § v >.1'l01'lepe‘lH0]7]

YAApHOH BOJIHBI

.......................-)
~ - Bropoii atam:

>m, Vv, Hmnynse cuiibl

)|

neiicreust Ft ma

N NN NNNNNNNN] \_  yaapHyio Boamy.
U VU | (

VUUVUVUVUV

Fit =Fqit ym,v, HUMnyane cuibt
Hmnyase ortmaun Ft or
CHJIBI TATH CunnoBoii moTok oraaum ~ YAApPHOIi BOJTHBI

Puc.2-9

Ha 1 - on ctagum gencTBna peakTMBHOIO NOToKa yOapHas 8osiHa hopMmnpyeTcs
MenKnmMu napabonimyeckumMmmn MUKpPO yaapHbIMW BOSTHAMU U UMeET hopMy rmnepoonsbl.

Yaapnan sonua fMeowapac

A TOTOK
CoepxseyroRon 1 -

v, sonua I pao
(2-an cragun)

- ~
: # NOTO!

apyHOBOR 133088

Cee®

Ha 1-om crvaguu yaapHaa “sonHa JleoHapao”, MENKUMK  NapabornuuYeckumu  BoNHamMu,
hopmMupyeTca B ronose "rasoBoro Tena” u umeeT hbopmy cermeHTa. [1oaTomMy. Ha 2-0l cTaavn
Henz6exeH Nepexon AaHHbIX HOMNH B eAuHYI0 yaASPHYIO "BonHy JleoHapao”, koTopas oxsaTbiaas
ronosy "raiosoro Tena”, NpuHUMaeT hopmMy NapaGon

«

* Puc.2-10
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Ha 2 — ctaguu HensbexeH nepexoq Menknx yaapHbiX BOSH B €4MHYI0 YOAPHYO BOSHY,
KOTopasi oxBaTbIiBaeT rofloBy «ra3oBoro Tena», npuHumMmas popmy napabonel, puc. 2 — 10

CosgaHHOe peaKkTUBHbBIM NOTOKOM, Kak CaMOCTOATESNIbHOE «ra3oBoe Ternoy ¢ ydapHou
80JIHOU B rorfioBe Tena, MMeeT 3a PPOHTOM yAapPHOW BOSTHbI 30HY CryLLEHNSA NoToKa
4YacTuL C NOBbLILWEHHOW NSIOTHOCTLIO. [Mpn BbIXO4E M3 30HbI «ra30BOro Tenay, NoTHbIN
rasoBbI NOTOK BLICTPO pacumMpsieTcss ¢ 06pasoBaHMEM 30HbI MOHWKEHHOIO AABMEHMS.
B aTy 30Hy yCcTpemMnsieTcsa okpyxatLwunn Bo3ayx, rae pesko oxnaxgaercs. [Napbl Bnaru
aTMocdepbl CTAHOBATCS NepeoxnaXaeHHbIMU 1 06pasyoT MernbYanwimne Kanensku
TymaHa. W kak pesynbTaT — 4YeTKUn creq, TpaekTopuu ABMXKEHUS camorneTa.

Ha puc. 2 - 11 MOXHO npocneanTb YCroBus NMpbbkKa - «pasderaHuney Yactuy n3

30Hbl MaKCMMarnbHOW MAOTHOCTN Pmax W TeMnepatypbl Tpax B 30HY, rae nNinoTHOCTb

rasoBbIX YaCTUL, MMHUMarnbHa Pmin W HU3Kas TemnepaTypa T

2 — Teno

1 — teno I'azoBoe | Te10
( \ HBepcnoHHBIN ciien

IMonepeunasi ynapHasi BOJiHa

v

pmax pmin Tmin
Tmax

Cpe3 comia

Puc. 2-11 CryuieHne 4acTui

N3BecTHO, 4TO WHBEPCUOHHLIW crned BO3HUKAeT Ha onpeaeneHHOM pacCTOAHUM d
OT Cpe3a corlJla — OKa3blBaeTcsd, TaM, B «rosfioBe crnega» — yOapHa,q 80JIHA.

Ha cHumke, puc. 2-12, 4eTKO BMAOHO, YTO MHBEPCUOHHbLIW crnep NosiBMsieTCcHa Ha
onpepneneHHoM pacCTtoAHUK OT Cpe3a conna aAsurartend, cnegoBatesibHO, yaapHad
BOJTHA, CbOpMI/IpyeTCFI B p€akKTMBHOM MOTOKEe Ha onpegersieHHoOM pacCTodAHUN OT Ccpe3a
conna gBurartens.

®dopmMupoBaHue
YapHOIi BOJIHBI,
Ha paccTosiHum d
0T cpe3a coIlIa, B
PEeaKTHBHOM
TOTOKe

Puc. 2 - 12

fABneHne peakTMBHOrO ABWXXEHWUSA 3@ CYET CUMbl OTAAYM OT YAapHOM BOSHbI, KOTOpas
BO3HMKaET CBEPX3BYKOBOM ra3oBOM MOTOKE, MOXHO CHOPMYNMPOBaTh CneayoLwmm
obpasowm:

B pe3ynbmame 3a8uxpeHusi U MOPMOXEHUS Yacmul, 8 C8EPX38YKOBOM 2a3080M
rnomoke, ucxodswuti om ucmoy4Huka(1-e mersno), ghopmupyemcs rnornepeyHasi yoapHasi
gosiHa( 2-e merio), so3delicmaysi Ha KOMOPY Curio8biM OMOKOM Yacmuy
UCMoYHuK(1-e merno) nony4yaem cusny omoaydu, cuny msau 0551 peakmueHO20
0suxxeHus (nonema).
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3BYKOBOW bapbep - aTO riorepeyHas yoapHasi 80JIHa, BO3HUKatoLWas B aTMocdepe Ha
rpaHunLe BCTPEYM MHEPTHOW MacChl BO34YLLUHbIX YaCTUL, C MOLLHLIM CBEPX3BYKOBbIM
NMOTOKOM, CO34aHHbIA TENOM, ABUXYLLMIACS CO CBEPX3BYKOBOW CKOPOCTLIO, T.€.

V > 340 m/c . [MogTeepxaeHnem Toro, YTo ygapHasi BofiHa popmupyeTcs B
peaKkTMBHOM MOTOKE - ABNSETCA MOLLHbIA 3BYKOBOW yAap, BO3HUKAKOLWLMIA B MOMEHT
npeoaoneHns caMoneTom 38yKo8o20 bapbepa. B 3TO MrHOBeHMe BCTpeyatoTcs aABe
yaapHble BOSHbI: ogHa chopMMpoBaHa B BO34yLLHOM aTMocdepe, apyras — B
peakTUBHOM MOTOKE.

B MOMeHT BCcTpeun ygapHOM BOSHbI - 3ByKOBOM Bapbepa W yaapHOW BOSIHbI,
Haxo4sLencs B peakTMBHOM NOTOKE camorieTa, NPOUCXOANT B3aMMHOE YHUYTOXEHUE
ABYX yAapHbIX BONH. Ha mecTe AByX pa3opBaBLUMXCS YAaPHbIX BOSH (pa3neTeBLunxcs
rasoBblX YacTuL) obpasyeTcst 30Ha NOHMKEHHOIO AaBMEHUS U HU3KOW TeMnepaTypbl,
CM. puc. 2 —13.

Bxoa B nonepe4Hy1o yiapHyI0 BOJTHY Betpeua 2-xX ynapHbIX BOJH
3BYKOBQro 0apbepa M UX B3aMMHOe YHHYTOKeHHUe

A%
—
‘71?
YnapHas BojiHa
PEAKTHBHOTO MOTOKA CaMOJIETA OO0pazoBanue 30HbI
HHM3KOT0 IABJICHAS H
Puc. 2 -13 HM3KO# TeMIepaTyphbl

Ha cHumke (13 xxypHana «Hayka v xu3Hb» N 2, 2000 r) o3arnaerieHHoro
«3BYyKOBOM Hapbep MOXHO BUAETb», CaMOSeT BblpbiBaeTcA 13 6enoro obnaka, BHyTpu
KOTOPOro 30Ha MOHWXEHHOro AaBMeHUs 1 HA3KOW TemnepaTtypbl, CM. puc. 2 — 14.
Kanenbkn atMocdepHOro BOASHOro napa MrHOBEHHO NpeBpaTUNUChL B 6enoe TymaHHoe
obnako, koTopoe o6pa3oBanocb Nocrne BCTpeyn ABYX YAapHbIX BOMH B MOMEHT
npeoforneHnsa camoneToM 3ByKoBoro 6apbepa.

TymanHoe 00J1aKQ — 30HA HU3KOT0 JaBJIeHHs

MrHoBeHHasi BCTpeua
YAApHOM BOJIHBI
PEAKTUBHOIO MOTOKA U
YAApHOM BOJIHBI
3BYKOBOI'0 6apbepa.

P »

<% >

3oHa cBepX3BYKOBOW Jo3BykoBasi 30Ha
CKOpOCTH
3ByKkoBOii 6Gapbep

Puc. 2-14

CwunbHbIN 3BYK CrbILIEH NPU BbICTPENe — NPOUCXOANT NMPOPbIB ra30B 38YKOBO20
bapbepa — rnornepeyHol yOapHOU B0JIHbI.
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Mpn xonoctom BbIcTpene cnabaga cunosas otaava Fo, MaeT oT nonepeyHoun —
yOapHOW BOSHbI (BTOpOE Teno), koTopasa hopmupyeTcs BHe CTBONa (nepsoe Tesno). Tak
Kak NoOpOXOBble rasbl, He BCTpeYasi NPensiTCTBMS, BblpbiBAOTCA U3 CTBONA, 4ENCTBYS C
cunon F; B pasHbiX HanpaBreHusix, GOpMUPYIOT NONEPEYHYIO YOAPHYHO BOSTHY M Nerko
ee npopbiBatoT, nonyyaem: F; > Fy;  Cwm. puc. 2 - 15.

IIpopsiB ra3os 38ykoBoro 6apnepa -
}\ TONEPeYHOI YAAPHOIl BOJTHBI

Fom|€ -2 N Al
~ A‘A&y\ljﬂ Puc. 2 - 15

HOpOXOB b€ ra3bl

B Heckonbko pa3 6onee cunbHasg oTAada, Yem npu XonocToM BbiCTperne, Koraa B
CTBOJE Nynsa U cHapsag: cuna aenctensa F, NopoxoBbix ra3oB Ha nynto (BTopoe
Teno) cosgaet cuny otaaum For - oOpaTHbIN CUITOBOM MOTOK ra3oB Ha CTPEensitoLWnii
annapart (nepsoe Teno), nonyyaem: F,=F, . OT cunbl B3pbiBa 3apsga nyns
COBepLUaeT CUNoBOe NepeMeLleHne co CKoOpocTblo V , cm. puc. 2 — 16. CnegoBaTensHo,

cuna otpgayu Bbictpena F,, = pSV2 /2 , rie p — IJIOTHOCTH IOPOXOBBIX Ta30B;
S — momane Topua mynu; V — cKOpoCTh CUIIOBOTO NEpEMELICHHS CHapsAa.

HMny/ibe CHI0BOI0 NepeMelleHus! myJau
OoparTnas h
Ll

oTaaya Cdepnueckas ynapHasi BOJTHA
3ByKoBoIi 0apbep

e ~
Fo: 7 F, ,'\ \‘ IIpopbIB ra3oB 3ByKOBOIro 6apbepa
o | \‘\:> >l x , \%/ CWIbHBI 3BYK.

B3pbIB 3apsaaa IMyass  Bbixoa BO3IYIIHOIO MOTOKA W3 cTBosia  Puc. 2 - 16

A

PeakTMBHOE ABMXeHUe NraHer.

B 1803r. y4eHbIh — ecTecTBOMUCHbITaTEND A. ['YMOONBAT B HOYHOM Hebe obHapyxun
TYCKIoe cBeveHue oBasibHOW oopMbl, MPOTUBONONOXHOE ComnHLUy, — «MPOTUBOCUSIHUE Y,
KOTOpoe 3aHMMano Ha Hebe nnowazab BoO MHOro pa3 60nbLUyo NOMHOM JTyHbI.

B nanpueiimeM, ObII0 OTIPEACIICHO A0 HETO PACCTOSIHUE — paBHOE MpuoOan3uTenbHo 20R3
(36MHBIM pa)II/chaM) — W IIPUIJIA K BBIBOAY, UTO K KIIPOTUBOCUAHHIO» OT IMMOBCPXHOCTHU ITJIAHCTHI
UJIET HENPEPHIBHO T'a30BbIN MOTOK.

Habmronaemoe cBedeHne — 3T0 CrylleHHe YacTUIl B Ta30BOM XBOCTe. Tak ObLI OTKPBIT ra30Bblil
XBOCT 3GMJ'II/I, HaHpaBHeHHBIﬁ, KaK U KOMCTHBIC XBOCThI, B CTOPOHY, ITPOTUBOIIOJIOKHYIO
CoutHIly, KOTOPBI HMEET OTKJIOHEHHE Ha 3° 10 X0y ABMKeHUs 1o opoure. (10)

Cunia geiicTBUS NPH CryLUIEHUH
PEaKTHUBHOr0 MOTOKAa ra3oBoro XBocTa

FL[ = FM = FOTTaJ'l.

Puc. 2 -17

YnapHasi BoJIHA Ta30BOro XBocTa 3eMIu(IPOTHBOCUSIHHE)

Bce nnaHeTbl CONHEYHON CUCTEMBI UMEIOT ra3oBble(KOMETHbIE) XBOCTbl. C NOMOLLbIO
ra3oBblX XBOCTOB MIl@aHETbl OCYLLECTBMSAT peakTuBHoe nogrankmeaHue Kk ConHuy u
ABwxeHue ¢ cunon F, no opbutam.
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YacTtb 3. [NnaBHbLIN NOABEM C NOBEPXHOCTU 3emnu B KOCMOC.

M3BeCTHO, YTO NOgBEM C NOBEPXHOCTN 3eMSIM B KOCMUYECKOE MPOCTPaAHCTBO
OCYLLECTBNSAETCS peakTMBHbIMM annapaTtamMmu - pakeTaMu, KOTopble NpeogonesatoT
rpaBuTaLMIO NNaHeTbl HA KOCMUYECKUX CKOPOCTSAX:
nepson V =~ 8 km/ic netopon V =~ 11,2 kv/c.

Moabem B 6e3B0O34YyLLIHOE NPOCTPAHCTBO CO ckopocTamu 25M — 30M BneveTt 3a
coboW He TONbKO OrPOMHbIE 3aTpaTbl SHEPTUN HA eANHULY BbICOTbI MOAbEMA, YTO
BuaHO 13 dopmynel E=mgH =F,,H , rae H — BbicOoTa nogbema; m — macca
annaparTa; g — yckopeHue cunsl TsxkecTn; F,= mg — cvna npeogoneHns rpasutauum;
HO 1 genaet abConTHO HEBO3MOXHbBIM MaccoBOe MUNOTUPYEMOE OCBOEHUE
KOCMMNYECKOro NpoCcTpaHcTBa.

YaapHo-BOMHOBaA TEOPUS peakTUBHOMO ABUXKEHUS MO3BONSAET KOPEHHBIM 0Opa3om
N3MEHUTb CKOPOCTHOW PEXUM NogbeMa annapaTtoB B KOCMUYECKOe MPOCTPaHCTBO —
OTKpbIBAETCS MyTb OCYLLECTBNATL MfaBHOW NogbEM C NOBEPXHOCTU 3eMin B KOCMOC.
Mpouecc nnaBHOro nogbema annaparta B KOCMOC UAET No CXeMe:

1. Co3gaHue cunbl TArM 4ng BepTUKanbHOro nogbema, Heob6xoanMom ToNbKO As
HeuTpanu3auun rpasutaummn: Fy = pSgh /2 .

2. CoaaHue cunbl TAMM AN nepemelleHns annapara noa yrrom: F, = sina pSV?* /2
Kak pelwaeTcs noctaBneHHas 3agada nnaBHoOro nogbema?

1. IlepBblii 3Tam - HeWTpanu3auns CuUnbl TAXECTU — rpaBuTaumoHHon cunsl Fy,

3a CYeT Cuibl TArM UMNYSbCHBLIX PeaKTUBHbIX ABUraTenien BepTUKanbHOro nogbema,

BepTukanbHbIM nogbem ¢ oMKCMpoBaHMeM annaparta Ha onpegeneHHoOn BbicoTe
OCYLLECTBNAT MMMYJIbCHbIE PeaKkTUBHbIE ABUraTenun ¢ onpeneneHHon, NoCTOsIHHOM
CUITON TAMM — NoAbeMHON BepTukansHon cunon Fy , Heobxoanmom TonbKo Ans
npeoponeHus rpasutaumMoHHon cunbol Fy =F,

Mpn BepTUKanbHOM NoAbEME NOAbEMHAs cuna paBHa:

Fy= pSV?/2 , wm F,= pSgh/2 , umu F,= pS(vh)*/2 , raoe

S —paboyas nnowagb NOBEPXHOCTU, UCXOOALMX PEAKTUBHbBIX NOTOKOB YacTuL;

p — NMOTHOCTb NOMEpPeYHO ydapHOU 80JIHbI, CO3AAaHHAS PeaKTUBHBLIMU NOTOKaMM
YaCTWL, NPYU TOPMOXEHUM;

V =vh mic — BepTMKanbHas cKOpoCTb NoALEMA annapaTa, rae

VvV - 4acToTa MMMYNbCOB CUMOBbIX PEaKTUBHbBIX MOTOKOB ABUraTensi:;

h - BblcOTa NogbeMa annaparta 3a OuH LIMKN UMNYnbca AeNCTBUS.

2. Bropoii aTamn - NPSIMONVHENHBIN U BUHTOBOW NOAbEM annapaTa noj 3agaHHbIM

yrnoM. Moabem annapata nof Yriom B KOCMUYECKOe MPOCTPaHCTBO — NO3BONSAET

3aTpaTUTb 3HAUYUTENLHO MEHBLLYIO MOABEMHYIO CUIY Ha eAMHULLY BbICOTbI. Puc. 1 - 42.

MpuyeM, MOLLHOCTb ABUraTenei He 3aBUCHT OT BbICOTbI NogbeMa.

MnaBHbIN NOABEM C MOBEPXHOCTW 3eMny NoA, YrOM OCYLLECTBNSET BECH KMBOW MUP
npuUpoAabl; OPMynbl pacyeTa NoAbEMHOI CUMbl ANst NNAaBHOrO Nogbema NleTaTenbHOro
annapara 1 XWBOro MUpa eauHbl.

MoabeMHast cuna npu NPSIMOSIMHEHOM UIM BUHTOBOM MOAbeMe annapata rnoj
yrmom:  Fy=pSV’sina/2  wmm Fy= pS (vhy’sina/2 , roe
V — CKOPOCTb [BWKEHWsI annapaTta npy NogbemMe nog yriiom d. .

Y
[ ‘T F, F, - cuna Tarm asuratens,

3aTpavynmBaemMmada Ha aBuxXeHwue
annaparta noj yrriom.
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T =2.7K - KocMOC MEX3BE3IHOI'0 IIPOCTPAHCTBA

Y H - BricoTra dukcanus anmnapara Ha
nojbeMa npeeJeHHol BLICOTE
(ocyLLEeCTBNAT UMMNYTbCHbIE

T =26.5K - opOuTanpHelii KOCMOC 3eMIIH ABUratenu eeptukansHoro
noabema C NMoCTOSHHOWN CUION

TAMM ANs NpeofoneHns
rpasuTauun).

BTopoii 3Tan — BKJIIOYeHHE
MaplIeBBbIX ABHUraTteseil s

1 | 2 IVIABHOTO TMOAbeMAa anmnapara Ha
77X Fy J100y10 BBICOTY MO YIJI0M O
T = 260K - Temnepatypa
0 3emiun > X
IepBbIii dTAN — MapiueBble JBUTATETH

BEPTHKAJBLHBIN MOIBEM almapaTa
YanapHbie BOJHBI

Puc.2 - 18

1. OuckoBbIN aBUrartenb.
[ns coxpaHeHnsa yCTOMYMBOCTU B MPOCTPAHCTBE, HA HWKHEN MioLwagn KOCMUYECKOro
annapaTa BCTPOEHO HECKOSbKO Bpallamowmxesa auckos. Cm. puc. 1 - 43.

—T000DO OO
(" [
B T i I I I

PeakTuBHBIE HUMITYJ/IbCHBIE CUJIOBBIC l 1 Hano-comnio
IIOTOKHM YaCTHUuI Y)]apm,le BOJIHBI

Bpamwaromuiics quck

Puc.2-19

MoHn3npoBaHHble YacTuLbl NoA4 AEACTBUEM SNEKTPOMArHUTHOIO Nonsi 3axoasT B
MUHMCOMNMA, PacrofioXXeHHbIe Mo BCeur NnoLwaan BpallatoLLero AMcka annaparTa.

PeakTVBHbIN MMNYMbCHBIN NOTOK YaCTUL,, BbIXOAALLMIA MO BbICOKUM AaBfEHNEM U3
MUHMCOMMA, Ha rpaHuLe BCTPEYM C OKPY>KaKLLMM NPOCTPAHCTBOM 3aTOpMaXuBaeTcs,
crywiaeTca n cosgaeT aunepbonuyeckyro ydapHyro 8osHy. IMnynbC npepbiBaHUSA
NepBMYHOIO PEaKTMBHOMO MOTOKA UM BpaLLaLWLMIACA ANCK NO3BONAIOT AenaTtb cosua
nocrneayLwero peakTMBHOro NoToka Yactuy,. epBuYHbIA, HavanbHbIA PEaKTUBHbIN
3aTOPMOXXEHHbIM NOTOK NPX MMMYbCe NPepbIBaHNS CTAHOBUTCS CaMOCTOATENbHbLIM
00BbEKTOM — «ra3oBbIM TENOM» OrpaHUYeHHbIN napabonudeckol ydapHoU eosiHoU,

KOTOpasa oTBevaeT Ha cuny Aencteua aunepbornudeckol ydapHou 8oriHbl Fp |
CO3aHHOM NocreayrL MM CUNOBbIM PeakTUBHBLIM MNOTOKOM, cunon otgaum For . 3a

CYeT cun oTaaum oT napaboruyeckux ydapHbiX 80/1H, CO3aaeTca nogbemHas cuna Fy
- crnegyeT NoAbeM Ha MUKPOBLICOTY BOMHbI, YTO obecneymBaeT npolecc
«BMOM3aHns» annapara no rpebHAM yaapHbIX BOSH Ha BbICOTY h npu ogHOM
obopoTe gucka. Puc. 2 - 20.
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Juck nBurares

: 1

" . — CunoBas BeTpeya
PeakTuBHBI Fit TFor ABYX YAAPHBIX BOJH
NOTOK F, ‘r Fo: W NPOTHBONOIOKHBIX (azax

¥ A4
Y
h
S 1
\ Muxponoxsem
» <« IMapadoanyeckast
Casur ¢a3 runep0ooIndecKux yAapHas BOJIHA 3aTOPMOKEHHOTI 0,
YAQPHBIX BOJIH(BpAIlEHHE JIMCKA) PEAKTHBHOIO NOTOKA YACTHIL Puc. 2 - 20

COTHUM UMMYNbCHbIX PEAKTUBHbIX NOTOKOB 4YacTuUL, BblpbiBasiCb U3 MUHUCOMSIOB MO
BCcen paboyen nnowaan cosgatoT eunepbosiudeckue yoapHble BOSHbI, KOTOpbIe, B
pesynbTate TOPMOXEHUS PeaKTUBHOIO NOTOKa, CTAHOBATCH CaMOCTOSTENbHbIM
obbekTaMn — NepexoadaT B «0nopbly» ¢ napabosiudeckumu yaapHbIMU BOSTHAMM.
Mocneaytowme MMNynNbCHbIE CUITOBLIE PeaKTUBHbIE NOTOKM YacTuL, co3faBas
aunepbonuyeckue yaapHble BOMHbI, OEWCTBYH, OnNupasicb Ha onopbl —
napabosiudeckue ygapHble BOSHbI, CO34at0T YCOBUA CUIOBOIO «BMOM3aHusy, T.e.
nogbema annaparta. Puc. 2-21.

YA I'mnepOoanyeckasi ynapHasi BOJIHa
A FOT A FOT
Mukponoabem F, F
L 4
Y
«Bnoazanue» mo
4
h! IS N rpedHAM
napadoIm4ecKux
H 4 p
YIapHBIX
|1l BoJH(cnaiinep-3¢dexr)
N SN
- X

[

JBmkeHue MO FOpI/I30HTVaJ'[I/I (cBur das)

Puc. 2 - 21

Mpumep pacyeTa AMCKOBOro ABuratens Angd nogbema fneTtatenbHoro annapara.

[[a3oBble YacTuubl, Haxogswmecs nog 0onbWNM AaBreHMeM, Yepe3 MUHKCONNA,
pacrnonoxeHHble B Ancke Ha nnowaan S =nr’ = 0,8 m? (omameTp aucka 1m),
BblOpacbIiBalOTCA peakTUBHLIMW NOTOKaMMU, KOTOPbIE, MPU TOPMOXEHUN, CO30at0T
yOapHhble 8071HbI. TyT Xe BblOpacbiBalOTCs, B UMMYSIbCHOM pexume, cnegyroume
peakTUBHbIE NOTOKMN YacTUL,, KOTOPbIE TOXe CO34atoT yAapHbIe BOSHbI.

B norpaHnyHoM 30He, Mexay yaapHbIMM BONIHAMX 1 NNowaablo ANcka, AeNCcTBYIOT:
cvnbl genctensa F, , cosgasaemble runepbonuyecknmmn(nepBuyHbIMK) yaapHbIMU
BOSIHAMK, UM cunbl oTAaum For Ha annapat oT napabonuyecknx(BTOPUYHbIX) yaapHbIX
BonH. [logbem annaparta npuv BpalleHun gucka 3a oguH obopoT, Hanpumep,
coctaensetr h=0,1m.

Mpu BpaweHun gucka N = 2100 o6/muH. , YacToTa BpaLLEHUSI ONCKA COCTaBWT :

v = 35 ob/cek. ; TOrga ckopocTtb nogvema: V= v h =35 o6/cek. 0,1m = 3,5 m/cex.
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Ecnu ckopoCTb peakTUBHbIX MOTOKOB YacTuL, HaxoamMTcs B gManasoHe M =3 Jucna
Maxa, TO ni10mHOCMb 3aTOPMOXEHHOIO NOTOKa — yOapHOU 80/1HbI — OMNOPbLI annaparta
oypet paBHa p=-~3,5 '10° ke, Npw Temneparype yaapHou BosiHbl T = 1400K .

BepTukanbHasa nogbemHas cuna, T.e cuna Taru F; Ancko-gsuratensi CocTaBuT:
F,=pSV?/2 =3,510% ke 0,8 > (3,5 mlcex)” /2 = 17,15 10> 1= 1,710 kre=~ 1,7 1
Ecnu annapat Becut P=F,,= 101, TO cymmapHas cuna Tarn n3 6 gucko-gsurarenemn
AoctatoyHa, 4tobbl yaepxusaTtb annapat Ha nobon sadukcmposaHHom BbicoTe H.

WTtak, ona nogbema annapata HeobxoauMm caBur ( C NOMOLLIbHO BpaLLEeHUs Nnn
NPAMOSIMHENHOrO nNepemMeLleHuns), YTobbl obecneynTs CUNOBOE OENCTBUE OQHOM
BOJTHbI Ha ApYryo — runepbonn4eckon BoSIHbI peakTUBHOMO NoToka Ha napabonnyeckyto
BOJIHY «ra3oBoro Tena». Takum obpasom, annapat, 3adUMKCMpPOBaHHbIN Ha
onpeaeneHHon BbiCoTe, TO ero nogbemM nog yrinom o Ha 6onbliyto BeicoTy H MoxeT
OCYLLECTBNATLCA C NOMOLLbLIO MapLUEBbIX ABUraTenen.

YBenunyeHne paboyen nrowaan S 1 NAOTHOCTU YAAPHbLIX BOMH P — SABNsSieTCs
MOLLIHbIM pe3epBOM yBenn4eHus NnogbLeMHOW Cusibl annaparTa.

2. PeakTMBHO-MMNYNbCHbLIN ABUraTenb.

UTO n3BECTHO O NPeoaosieHnn rpaBuTaLnmn?

a). [peBHeMHOUNCKME PYKONUCK COOBLLAIOT O nosfeTax annapaTtoB 3a CHET CO34aHus
MOLLHOIO peakTUBHOro pTyTHOro notoka. (JaHHble n3 VIHTepHeTa)

[encTBntensHO, B peakTUBHOM PTYTHOM MOTOKE CO3JaeTcd yaapHasa BOSIHA BbICOKOW
NIOTHOCTU. Ho pTyTb S40BMTa — ONACHOE BEeLeCcTBO 4SS 340POBbS.

0). Hanpumep, B KanndgopHun (CLUA) nateiw 3arapg JlvackanHuHLWL COBEPLLUEHHO
oAVH nocTpoun «KopansoBbi 3aMOK» - 3TO KOMMIIEKC OFPOMHbIX MHOFOTOHHbIX CTaTyw
n meranntoB obwmm Becom 1100 TH. Kak oH obpabaTtbiBan 10 — 50 TH 6510KuK, Kak
nogHuman 6noku sBecom 6oree 5 TOHH Ha MHOrOMETPOBYHO BbICOTY?

[aHHbIN KOMMMeKC oH coopyansn 6e3 ncnonb3oBaHUs TEXHUKW, BCe Aenanoch B TaHe.
Coceau ykpagkon Habnogann, kak 3arapg «Knan Ha KaMHU PyKu 1 nsgasan
NpoTsXHble 3BYKW». (JaHHble n3 MHTepHeTa)

Torga BCTaeT BOMNPOC, KAaKoW e 3BYKOBOW 3Heprven obnagan ctpoutenb 3aMKa,
4YTOObLI HEMTpPanu3oBaTb rpaBuTauunio? Kak oH cosgaBan AMHHOBOSTHOBOE U3MydeHne?

B). B HacTosiLee BpeMs HayyHble rpynnbl U3 MeXOyHapOAHbIX YHUBEPCUTETOB U TakuX
opraHusaumn, kak Boeing, BAE Systems, NASA BefgyTt paboTbl N0 aHTUrpaBMTaumu.

B anBape 2014 roga cneumanuctbl n3 TOKMNCKOro yHMBEpCUTETa 3acTaBuin ¢
NOMOLLIbHO 3BYKOBbIX BOSIH NapuUTb B MPOCTPaHCTBE HebomnbLUne npeamMeThbl pasHom
opMbl 1 Maccbl. KOHKPETHO, B 3KCMEPUMEHTaX MPUMEHANUCHL YeTbipe AUHaMuKa,
nany4aroLime 3ByKoBble BOSTHbl HacTOTOM cBbiwe 20 Kunorepl, KOTopble UCXOAST C
YeTbIpex CTOPOH, Nepecekadacb Mexay coborn B orpaHM4YeHHOM NPOCTPaHCTBE, TeEM
caMbIM cO3aBas «CTOAYY 3BYKOBYIO BOSTHY» U 3addUKCMPOBaTbL €€ MUHUMYMbI U
MakCUMyMbI B CTPOro onpefeneHHbIX TodKax npocTpaHcTBa. C NOMOLLBIO OQHOro Unn
OonbLUero KonnM4yecTea HanpasIEHHOrO 3BYKOBOIO U3NyYEHUS, UBMEHSATCA NapamMeTpbl
«CTOs14EN 3BYKOBOWM BOJSIHbI», N OHA NepeMeLlaeTcs B NPOCTpaHCTBE N0 HEOBX0aMMOWN
TpaeKkTopun, YTO N NPUBOOUT K NEPEMELLEHNIO YAEPXKMBAEMOro BOSTHOM NpeameTa.

OKcnepMMeHTaTopbl YBEPSIKOT, YTO Yepe3 HEKOTOPOE BPEMSI TOYHO Tak XKe CMoryT
MaHunynMpoBaTth nNpeameTamm nobbix Macc n obbema.

Heobxoanmo nckaTb BCe TEXHONOMMYECKMe BO3MOXHOCTU A5 CO3[aHUsS peaKkTUBHO-
UMMyNbCHOro ApuraTtens. 3ameHa 3aTpaTHOro, He 3(p(PEeKTUBHOrO HenpepbIBHOMO
BblBpoca peakTUBHbIX MOTOKOB M3 pakeTbl Ha MMMNYSMbCHLIN CUNOBOW BbIBPOC
peakTUBHOro NoToKa, 4aeT BO3MOXHOCTb OCYLLECTBIIATb NaBHbIN NO4HLEM
NUIOTMPYEMOro annapaTa B KOCMUYeCKoe NPOCTPaHCTBO.
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PeweHne npobnembl C HOBbIM BUAOM TOMMUBA.

CoBpeMeHHble aABuraTenibHble YCTaHOBKM KOCMUYECKUX annapaToB C 3adaqven
NnaBHOro NoAbemMa B KOCMOC HMKOraa He cnipaBaTcs. aeT HenpepbiBHOE cropaHme
TONnMBa B ABUraTene 1 MOLWHbIN NPSIMOTOYHbLIN BbIOPOC peakTUBHOro NoToka 13 conna.
Bce co3gaHo noa Teopumto CKOPOCTHOMO NMOTOKa: cuna nogbema F = ,8 p V? 3aBucuT
TONbKO 3a CYET MOLLIHOrO peaKkTMBHOIO NOTOKAa, BbiOpackiBaeMoro 13 conna co
ckopocTblo V ; rge pabovass nnowagb S orpaHMyeHa pasmepamu gpuratens;
rae p = 1,3 kr/ M® - NNOTHOCTU OKPYXKalOLLLEro BO3AYLLIHOrO NPOCTPaHCTBAa.

Kak n3BecTtHO, CKOPOCTb UCTEYEHUS N3 COMMa PeaKkTUBHbLIX MOTOKOB rasa
yBennyMBaeTCs, a JaBfieHne Temnepatypa W NO0THOCTb pas3peXXeHHOro NoToka rasa
CHMXAalOTCH, T.K. paCCTOAHME MexXAy YacTuLamMum ra3oBoro noToka Bce Bpems
yBenunymBaeTcs. Ha Bbixoge 13 conna nnoTHOCTb YacTuUL, CKOPOCTHOIO NOTOKa rasos
CTaHOBUTCA GNM3KUM K NIIOTHOCTU OKPY>KaKLLEro BO3ayxa.

Ho cunoBoe aenctene CBEPX3BYKOBOro NOTOKa rasa, BbipbIBaOLLErO U3 conna,
NponcxoauT TONbKO TOr4a, Korga YacTulpbl rasa, BCTpeyasicb C MHEPTHOW Maccom
OKpY>KaloLero Bo3ayxa, 3aTopMaxueatotcs. [1pn TOpMOXEHMM CKOPOCTHOIO ra3oBOro
NMoTOKa NPOMCXOANT CrylieHue YacTul, rasa, yenmumBaeTcs nioTHOCTb rasa.

B peakTMBHOM ra3aoBoM NOTOKE BO3HUKAET CKaYeK YNNOTHEHUS - PPOHT yaapHOWN
BONHbI. HeobxogmMma oyeHb NNoTHas yaapHasi BofiHa, paBHasi unm 6onblue nioTHOCTK
BoOfHOro koHgeHcata p = 1,0° 103 kr/ m®

U yem nnomHee 6ydem yOdapHasi eosiHa, meM xecmye 6ydem onopa
nodbema. Kak ynnoTHUTb, HACbITUTb MUKPOYaCTULLAMM YOAPHYH BOMNHY?

Hanpumep, ecnv B peakTUBHOM NOTOKE, BbIXOASALUM U3 COMnna, HaXoasaTcs

MUKPO3NEMEHTbI B3PbIBYATOrO BELLECTBA, CMNOCOOHbIE B3pbIBATLCA B MOMEHT

o6pa3oBaHNA yoapHOWN BOSHbI — 3TO PE3KO MOBLILWAET KN CUIOBOro ABMXKEHUS

peakTMBHOro 6noka — ngeT NpoLecc yCuneHus, NNOTHOCTM YAAapPHOW BOSTHbI.

CunoBoe gencreme pabo4yero TonnmMea ¢ MMKPO3NiEeMEHTaMM B3pPbIBYATOro BELLIECTBA
MOXHO NPeACTaB1Tb Ha CrieayoLLeNn cxeMe:

Tonnueo: TBepAoe - Kancynbl C MHEPTHbLIM
2o rasoM U MMKpOanemMeHTamMmm

B3pbiBYAaTOro BellecTtBa

Paboyuli 2a3 ebICOKOro AaBrieHusi
C MUKpPO3fieMeHTaMu
B3pbIBYaTOro BelwecTBa

PeakTMBHbIN NOTOK

—>1

C MUKpO3JieMeHTaMu
B3pbIBYaTOro

BelwleCTBa B norpaHN4HoOM crnoe

Minepbonuyeckasa yaapHas BOJiHa -
MOMEHT B3pbiBa

\ Mapabonuyeckas yaapHas BonHa
F, F, C MaKCMMarnbHOW NOTHOCTbIO

Bbl6pOC PeakTUBHOIo NnOToka ¢ MMKpoYacTuuamMmm B3pbiB4aTOro BeLeCTBa U3 Corsa
naeT 3a cYeT co3gaHusi B 30He B BbICOKOro gaBneHus B pa6oqu rase npun Hacpeee u
ucriapeHuu B 30He b TBGp}J,OI?I 0001104KM Kancys, Ha4YNHEHHbIX UHEPTHbIM
ra3omMm n MUKpoanemMeHTamMm B3pbiB4HATOro BellecTBa.

Kancyna Kancynbi
UHepTHbIN ra3 @
O HarpeBaTtenb
% UcnapeHue TBepaomn
MukpoaneMeHTbI 060no4ku Kancyn
BellecTBa B3pbIBYaTOro B 30He b RN
Puc. 2 - 22 Pyt

101



Ha rpaHuue BCTpeun peakTMBHOroO NOTOKa, BbIPbIBAOLEro U3 Cona, C OKpYXXatoLmm
NPOCTPaHCTBOM MosiBNAETCSA runepbonuyeckue yaapHble BosiHbl. MUKPO3fieMEHThI
B3pbIBYATOroO BELLECTBA, COAEPKALLMECHA B peakTUBHOM MNOTOKE, KAk MUKPO CHapsiobl,
OO0J1KHbI 83Pbl8ambCs NPU CTONIKHOBEHUN C YAAPHbLIMW BOSTHAMMW.

Mpwn B3pbIBE NOSABASATCA MUKPOYACTULbI, KOTOPbIE HAChILWAKT, YNSIOTHAKT yaapHble
BOSHbI, Nepexoasiune B napabonunyeckue.

Mpn aTOM peLlatoTca crneyowme 3agaydu:

- peskoe ycureHme nNnoTHOCTU yAapHbIX BOSH;

- MoLHoe gencteune Fy B norpaHnM4yHOM cnoe Ha NoTHbIE yAapHble BOSTHbI U
npotuesogencTeme F, oT napabonuyecknx yaapHbIX BOSIH Ha ABUXYLLMI annapar.

Hago oTMeTuTb, 4TO 346eChb HET HMKAKOro Npouecca CropaHusi TONMMBa B peakTMBHOM
asurartene, a BbIopoc peakTMBHOIO NOTOKa CO B3pbiBYATbIMM MUKpOYacTMLaMm
BeLleCcTBa M3 conna uaeT 3a c4YeT NoAroTOBMIEHHOrO AaBfeHus B paboyem rase,
HeobXo4MMOro TONbKO ANA CO34aHNSA YCTONYMBOM YOapPHOW BOSIHBI.

Pesko ynpolyaeTcsa KOHCTPYKUKUSA ABuratens, rae OCHOBHOW y3en — MUKpOocomnna ¢
fonbwon nnowaabpo paboyero AenNCTBUS.

Cuna nogbema F ='/,'S p (vh)? 3aBMCUT OT MakcUmanbHoii nrowaam S
AEeNCTBUSA yaapHbIX BOSH, KOTOpbIE CO34al0T MUKPOCONa; P — NIIOTHOCTb yAapHbIX
BOJTH, KOTOPbIE€ HACbILLLATCA MUKpOYacTULaMun npu B3pbiBe YacTul, BELLECTBA ;

(v h) — Mmukponoabem unu ygepxaHue annapata Ha BbICOTe, 3aBUCUT OT UMMyIibca
(konu4yecTtBa) N MOLLLHOCTU MUKPO B3PbIBOB MMKPOYaCTUL, BELeCcTBa.

Mo pacyeTtam, NnpeacTaBneHHON B TEOPUU, MAOTHOCTb YAAPHbIX BOSTH, AN1s Nogbema
annapaTa B KOCMOC, AOSPKHa HaxoauTbed B npegenax: p=1,5 10°=3,5 10> kr/m®
OcHoBHas xapakTepucT1ka TonnMBa ANs pakeTHOro ABuratens onpeodesissemcsi ero
CNoCOBHOCTLIO — co3aaBaTb HEOOXOAMMYIO MTOMHOCMb YOapPHOLU 8O0JIHbI.

2. BTopon BapuaHT MMMYNbCHOro ABUraTensi C HOBbIM TOMSIMBOM.

B kayecTBe pakeTHOro Tonnmea, CNocoOBHOro co3gaBaTth M/I0MHYH yOapHY 801IHY
naeanbHO NoAXoauUT — YncTasi Nepekncb Bogopoaa, becuBeTHasi XXMOKOCTb,
3aTBepaeBatowas npu — 1,7° C . Tak kak 3TO 04eHb HEMPOYHOEe BELLEeCTBO CNOCOBHOE
pasnaraTtbCH CO B3pbiBOM Ha Boay v kucnopog: 2H>0; = 2H,0 + O, , noatomy,
nepekncb Bogopoaa HeobxoaMmo XpaHUTb U MPUMEHSATL B Kancynax.

Takum obpasom, Npn HarpeBaHUM 0BONOYKM Kancynbl, Nepekncb Bogopoaa
B3pbIBaeTCs 1 BblbpacbiBaeTca U3 conna.

Tonnueo: TBepAable - Kancynbl C

/ nepekucbio Bogopoaa
30Ha A B 30He A
T 500000 00000000
000000 QOO
3oHa B O
\) C LI & /Pa60quuea3 8bICOKOro AaBneHus
B 30He b
| __Conno

PeakTMBHbIN NOTOK
—>;

I Minepbonuyeckasa yaapHasa BoJfHa
B NOrpaHM4YHOM croe >!< v ¥
-\

—

\ Mapabonuyeckasa ynapHas BoJiHa
F, F, C MaKCMMarnbHOW NAOTHOCTbIO

Bbl6pOC peakTMBHOIo NoToka W13 conia MaeT 3a c4eT co3aHnA B 30HEe B Bbicokoro

OaBJlieHNA B pa6oqu rase npw Hagpeese u ucrapeHuu TBepOon o6onoyku Kancyn, n
B3pbiBE NepeKkncun Bogopoaa.
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Kancynbi

Kancyna
/

HarpeBatenb
UcnapeHue TBepaomn

Mepekucb Bogopoaa 000s104KM Kancyn i'
B 30He b

Puc. 2 - 23

Tak kak nepekncb BOOOpOoOa CO B3pbIBOM pasfiaraetcd Ha BOoAYy U KMCopoa ,
crneposaTernbHO, U3 consa nof AaBfiEHMEM BblpbIBAETCHA peaKTUBHbIN MOTOK MOJeKyn
BOAbl, KOTOPbl€ Ha rpaHuLe BCTpe4n C OKpyXarkoLlnM nNpocTpaHCTBOM CcO34ark0T
YAAPHYIO BOJIHY C NMNOTHOCTbLIO HE HWMXKE MNMJITOTHOCTU BOAbI.

3. [pumep KOHCTPYKLMM annapaTa Ans NNaBHOro nogbemMa B KOCMOC

B KOHCTpyKUuiO annapaTta BXOAuT:

— AHTUrpaBMTaUMOHHaAs YCTaHOBKA — MOHU3aLUMs NOBEPXHOCTM annapara, Ytobbl
CBECTU K MUHUMYMY FpaBUTALMOHHOE AaBfieHNe CONMHEYHbIX YacTuUL — HENTPasSibHbIX
3NEeKTPOHOB, HENTPOHOB. (1)

— YcTaHoBKa MoHM3aummn paboyero rasa, ans co3gaHus MOHM3MPOBAHHBIX FA30BbIX
yactTuy.  OTO NO3BONSIET YBENUUMBATL TeMMepaTypy yAapHOW BOSHbI,
cnefoBsatenbHO, ee NIIOTHOCTL. B npupofe cywecTByeT BbiCOKasi NAOTHOCTb YAAPHbIX
BOJIH — COMIHeYHas nnasma, MonHus: ~ p=1,510*-2,5 10" xrar’

Uem nnomHee ydapHas gosnHa, mem xecmdye 6ydem oropa noovema —
OTKPbIBAETCS MOLLHENLINIA pe3epB AN OCYLLECTBEHNA MNNaBHOMo nogbemMa B KOCMOC!
— Komnnekc umnynbCHbIX ABuUratenen Ans BepTUKanbHOro nogbemMa annapaTta Ha
onpeaeneHHy nepBoHavasnbHyo BbICOTY, NOgbEMHAsA cuna KOTopbIX
Fy=F,=pS(v h)’/2 cnocobHa ypaBHOBECUTb CUMNY TSXKECTU — rPaBUTALMOHHYIO CUY,
AencTByloLas Ha annapar.

— MapuweBble gsuraTtenu ans nogbema annapaTta nog yrriom o npu
NPAMONUHENHOM UN ABMXEHWUW MO cnupanu ¢ nogbemHoin cunon Fy= pSVisina /2 .
Ha puc. 2 — 22 npefgcraeneHa cxema annapaTta Aafisi nfnaBHOro nogbema B KOCMOC.

Kaouna nuiioros Fy YcraHoBKa aHTUTPABUTALMOHHOIO JeiicTBUA (MOHU3ALMS
M MACCAKUPOB TMOBEPXHOCTH aNINapara)

Komnueke asuraredieii cmycka

MoJy/IH CKHIKEHHOTO ra3a + yCTaHOBKa
\ - HOHM3AUMH Ta3a.

_______ /HBHFaTeHI/I TOPU30HTAJBHOI'0O MEPEMEIICHUSA

CICKCkC, il

I/IMHyJIbCHbIe HOHHBIC ABUIaTE/IM NMMOAbEMA

I g
;é ><iI ¢T il >—<§L>-< Q\HMH}’HBCH cua peiicreust F; u cun otmaun Fop
= OT YJAPHBIX BOJH B NOrPAHUYHOM CJI0€

FI‘p Y)Iapnble BOJIHBI.

Puc. 2 -24
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CopepxaHue.

CouHue — X0/101HOe TeJ10 ¢ ropsiueid porochepoi.

KHura 1.

naBa 1.

Yactb 1.
YacTb 2.
YacTtb 3.
YacTtb 4.
YacTtb 5.

naBa 2.
naBa 3.

naBa 4.
naBa 5.
(naBa 6.

Kuaura 2.

Yactb 1.
YacTtb 2.
YacTtb 3.

MexaHu3M rpaBUTALUM.

X0/10AHBINA TEPMOSIACPHBIH POLECC B HeAPaXxX 3Be3/,
IUIAaHEeT, aTOMOB. MexaHu3M rpaBUTALUH.

XornoaHble u TensioBble TepMmoAaepHbie npouecchl.

MexaHu3m rpaButTayum.
MpaeanbHble TennoBble CUCTEMBI.
TemnepaTtypHble pexnmbl ConHua.
MexaHuam rpasutaumm Ha ConHue.
TemnepaTypHble pexnmbl 3emMrn.
TemnepaTypHble napameTpbl JIyHbl.

[MnaHeTbl 3eMHOW pynnbl U NSI@aHETbl TMraHThbl.

YacTtuubl 1 MMKpovacTulbl

TemnepaTypHbIX NONewn.
EOQMHCTBO B3aMOAENCTBUIM B OKpYKatoLLen npupoae.
BeckoHeyHOCTb BceneHHon.
[MpakTnyeckoe nosiyyeHmne aHeprum n3 Kocmoca.

YIJ,apHO—BOHHOBoe adpoanHamMmun4veckKkoe n
KOCMMNYeCKoe peakTuBHoe ABMNXeHue.
MnaBHbIM NOABEM B KOCMOC.
AspoanHamuka noneTta
PeaktnBHoe aBuxeHue.
[MnaBHbI NOOBEM C NOBEPXHOCTN 3EMIN B KOCMOC.
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u yﬂocmm;me*f " ToM, aT0 oH/oHa (oHH) mm {otes) exmucraenusi(E) mnpeutpm)
TEOPHH - <HAYAAO YIAPHO-BOAHOBOM KOCMOAOTHH»

Coznepxanne, HAeHTHOHNHAPYIOMEee NPOHA3BEACHHE
PackpeIBaeTCs a3po-AHEAMHYECKHH NPOMECC MOAETA TeA HA yAAPHBIX BOAHAX,
ob6'bscHAETCH NpHpoAa B3auMoneHcTBHS naadeT H COAHIA Yepe3 KOCMHYECKHE
yZapHBIe BOAHBI; YTBEPHKAAETCsA CyIIeCTBOBAaHHE CBETOBEIX yAAPHBIX BOAH, KaK

OrpaHHYHTeAeH CKOPOCTH cBeTa. YAapHO-BOAHOBEIE H TEPMOAHHAMHIECKHE
npomecch! (PHIHIECKHX ABACHHH. MeXaHH3M rpaBHTAIHH. :

Perucrpanus npaB opopMasieTcs: 10 COOCTBEHHOMY 3asiBACHHIO aBTopa (oB). ‘
Bce mnpaBa Ha pgaHHBIA OOBEKT HMHTEAAEKTYaABHOH COOCTBEHHOCTH IIpHHAzAEXaT

| HCKAIOYHTEABHO BbIlLIEYKAa3aHHOMY (bIM) AHLLy (am).
TIpu co3zmaHuM BBILIEYKA3aHHOTO obbekTa aBTopoM (aMu) He OblAM HapyIIEHBI IpaBa

‘ HHTEAAEKTYAABHOH COOCTBEHHOCTH APYTHX AHIL
CooTBercTByIoOlas 3aniuch B Peectpe 3a Ne 12.022002 A 02 or 12 despans 2002 roaa

Komua npousBeaeHust xpanurcsa B apxuse HOY «TUTTull

SAPETHCTPHPOBAHO
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baabun I0pnii MuxaiijioBud — npodeccuoHaNbHbIA KOHCTPYKTOP; YJICH-
koppecnionaieHT MAHOD ; unien IletpoBckoit Akanemun Hayk u MckyccTs;
n300peTaresnb, aBTOp naTeHTa «PeakTUBHO-POTOPHBIN JBUTATEIIbY.
ABTOp KHUT: «TanHCTBEHHAs BOJIHA»; «Y IapHO-BOJHOBASI TEPMOJIUHAMUKA.
MexaHu3M rpaBUTALIUN.
ABTOp OTKPBITHH:
MexaHu3m AercTBUs IPaBUTALIMM — UIET 3a CYET llepenaja:
IIOCTOSIHHOM TeMIIEpaTypbl MEX3BE3HOIO IPOCTpaHCcTBa Tr = 2,7K U
TeMIepaTypsl XxonoawibHuKa sjapa ConHna, 3eMiu: g = Tr/ Ty
YTOouHEHa rpaBUTAllMOHHAS TTOCTOsIHHAasE G = 4,7993 107" um¥kr?
Hannune neHTpoB xonoaa y 3Be€31, INIAHET, B ATOMaXx 3JIEMEHTOB BEILIECTBA,
Ky/la 3aXOJST MAarHUTHO-CUJIOBBIC JINHUY IPAaBUTALMOHHOIO I10J151, KOTOPbIE
Co3/1ar0TCsl MUKpouacTHiiaMi HeroToHui ¢ Temmeparypoit T =2,47 107K .
XOJIOAHBIN TEPMOSIAEPHBIN ITPOLECC, NEUCTBYIOIIUN B OKPYKAIOIIEM MUPE
IPUPOABI TPU GOPMUPOBAHUHU aTOMOB, KOTOPbBIE CO3AAI0TCS C TOMOIIBIO
mukpouactul] Herotonuit (T =2,4710"7K) u Kopouuii (Tp= 2,7K) ,
npenackasansbix 1. MeHneneeBbiM.
DopMUPOBAHUE CBETOBBIX JIMH3 B MEK3BE3HOM IIPOCTPAHCTBE.
Hannune cBeTOBBIX JIMH3 U BUJAUMOTO JHANIA30HA BOJIH B JNINHHOBOJIHOBOM
M3JTy4YEHUHU MO3BOJISIET HAOII0AATh 3B€3/1bl U TAJIAKTHKHU.
Monepuuzanus koadpunnenta Xad61a, KOTOpbIA onpefensieTcsi 4acToTou
paBHON OMHOWeHUo OrUHbI U3/ly4aeMol 80J1HbI K OruHe Habrirodaemol 801IHbI
eanakmuku  H = (Mysy / Aua6n ) (1/cex)
[lepemennas Xa66usa onpenensiet, uro Beenennas 6eckoHevHa, Kak 1Mo
pasMepam, Tak U 110 BPEMEHU CYLIECTBOBAHUS.
- Y1apHO-BOJIHOBOE a3pOAMHAMUYECKOE U KOCMUYECKOE PEAKTUBHOE
IBH)KEHUE. PeakTuBHOE NBMIKEHUE ITPOUCXOAUT 3a CUET JEUCTBUS OT

YIAapHBIX BOJH, BOSHUKAIOIUX B PEAKTUBHOM IIOTOKE.
Uem nnomHee ydapHas gornHa, mem xecmdye 6ydem oropa nodvema —
OTKpbIBaeTCA MOLLHENLUNA pe3epB A5l OCYLLECTBNEHUSA NMaBHOro nogbema B

kocmoc!  TIIOTHOCTE yIapHOM BOJNHBEI 3BYKOBOTO O0apbepa p = 1,0 10° ki .
[110THOCTB IPOTOHHON YAAPHOM BOIHBEL p = 1,5 '10* kvt .
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