
BO3MOXHAfl ACI{MMETPHfl
B OHTYPAX IIJIAHET

l. Aannnre acrpoHoMnqecKux sa6nrcAenuft crassr B Hacroquree
BpeMr nepeA reopueft ga4aqn, Koropbre HJrH coBceM He peuarorcs,
HJrH peualorcfl c rroMourbro cJrox(Hhrx rlrnoree. BHoer orKpbrBaeMble
FB.'ieHHq qacro oKa3hlBalorcfl Heo)KtrAaHHbrMH AJIff TeOplill. OCttO-
NOT? TCOPCTI,IqECKHX METOAOB HCCTEAOBAHUq flBJIflIOTCfl NPHHIIHNbI
MexaHHKE HUtOtOHa, noSToMy MOX(HO yCOMHHTbCT e 6esyc.lrosHoft
cIIpaBeAnIiBocrH STHX npHHUI'InoB' T. e' B crporocrH [pHMeHeHL{fl
r{x B acrpoHoMr.rqecKnx uacrura6ax [pocrpaHcrBa r{ BpeMeHH. IIO-
BHAHMoMy, yKJIoHeHI{t or 3aKoHos HrnroHa Hacrynalor 3Haqn-
reJrbHo paHbrrre, HHHM O6paSOrra H coBceM npu apyrux o6crosre.nr-
crBax, qeM nonpaBKH TeOpHH OTHOCnreJrbHOcrH 3finurefiHa. f lo-
3TOMY H3MEHCHHE NPHHqI{NOB MEXAHHKH AOJIX(HO 6Urr STTAqI,ITEJIbHO
6onee rny6oxnu n gaKrloqarbcr B r.r3MeHeHnI{ Bcex rpex ocHoBHbrx
aKcHoM Hrproua-farnnes. A.ns o6ocHoBaHHfl grofi roqxH 3peHHq
BecbMa cyulecrBeHso gafiru npocroe_ flBJreHr{e, pe3KrdM n nprMhrM
o6pasou nporHBopeqaruee uexasure Hrrcrona.
- Pg.q npHgHaKoB yKa3brBaer Ha ro, uro npo6;teMa BpaueHur He-
6ecxux rer'I He ncqepnhrBaerct o6nqnuuu 3aKoHaMH MexaHHKH-
K uHcay Hx Mo>KHo orgecrH orKpbrryro B TecHbrx AsofiHbrx cllcre-
Max HecnHxpoHHocrb op6nraarHoro H oceBoro BparqeHlrr 3Be3A,
cyulecrByrouyro BonpeKr.r npHJrHBHoMy rpeHurc. flo_ru4nuouy,
sBe3Abr Moryr supa6arunarb He roJtbKo gHepruro, Ho H MoMeHr
BPaUI€nus. oAnaxo qro6u BpauIeHHe MorJro noAAepx(r,rBarbcfl npo-
qeccaMH, HAyTTIHMH BHyrpIr reJra, AorxHa Bo3HHKHyrr, HeKOTOpa'
acHMMerpHr, 3aBuctr{ag 0T HanpaBJreHus BpauleHsg. Becrua Bo3-
Mox<uo, qro [pLl 3roM H Qarypa Bparqarcqerocq rera 6yaer acHM_
uerpuuHoft no orHorrreHr.iro K gKBaropr{a"rrHofi nlocrocrtt. lan nc-
cJteAoBaHHs sroro e$$exra uas6o.nee 6aaronpnrrHbrMn 6yayr
TeJra c 6oaruruu cxarneM u 6o.nruroro yr.rronoio Ar.IaMerpa, T. e.
IOnurep u CarypH. Ec.nu y 3rux reJr 6ya-er o6napyxena acHMMer-
pfiq, 10_ 3ro H 6yaer HcKoMbIM sBJIeHHeM, npornBopecarquM Mexa-
Hnre Hrrcrosa.

O6osHaqHN{ qepe3 p norqpHoe paccrofiHrie, r. e. yrJroBoe pac-
croffHHe TorIKLt Ha noBepxHocrH Te,'Ia oT rlod'roxtdTeJrbHofo HanpaB-
JIeHHs ocn BparqeHus. flontsyscb npaBofi cucreuofi KoopAEHar, Mbr
AOJTXHbT norqpHoe paccrorHHe orcqHrbrBarb or ceBepHoro noJrnca
[naHerbr. Acuuuerpufl TeJra cKax<ercs noflBreHueM B ypaBHeHHH
3 JIJI r{ ICOHAa AOnO JI HHTeJT bHOf O H erl eTHOf o r{JI e H a :
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3AeCb r-paAHyC-BeKTOp TOrrKn Ha noBepxHocra TeJIa, npOBeAeH-
HHft r.rs rorrKr.I [epeceqeHurr ocn BpauIeHHq c gKBaropua.nruofi nJloc-
Kocrblo, T. e. nJlocKocrblo gau6o.nuuefo cer{eHl,Ifl TeJra, a -paAuyc
gKBaropr{aJrbuoro cer{eHr.rr ,  e -cxarue n q -xoaQQuuHeHr acHM-
MerpHH. .[,onycruu, qro raKoe acuMMerpnqHoe reJro Ha6ltoAaercq
B noJIO)KeHHH, KOrAa OCb BpaqeHnfl [epneHAHKy,'IflpHa lytly 3pe-
HHn. O6osHa'{r.rM rrep$ x .nunefiHue paccrosgur xopA or ocn Bpa-
UIeHI{fl H rrepe3 y-paccroqHHe cepeAHHbr xopA or gKBaTopa, BbI-
pa)KeHHhre B Aonrx 3KBaropnaJlbHoro paAuyca. TorAa H3 ypaBHe-
uur ( l )  cJreAyer npu6nnxeuHoe paBeHcrBo

A:  - \ ( l  -  x ' ) .  (2 )

Taruu o6paaou, ttptl noJroxureJrbnoM I cepeAuHbr xopA c rlpn-
6luxenuenr K ueHTpy AHcKa AonxHbr yxoAnrb B lcxHoe rloJlytrra-
pne. Cauoe 6ucrpoe H3MeHeHae noJroxeHurr cepeAuHbr xopa 6y,uer
npoucxoAnrb Ha Kparc ALrcKa. rlpaxruvecxu noryqaerct BecbMa
yAo6Hblft cnoco6 uauepeunfi acLIMMerpHI{, npu KoropoM Her Hy)KAbI
crporo opneHrr.rpoBarb ocb r no 3KBaropy n.lraHeru. Heo6xoAI4Mo
JIHIIIb nOJ'ryqUTb CpeAHee H3 OTCqeTOB Ha KOHUaX XOpA BOCTOqHOTO
r.r 3anaAHofo Kpaff AucKa, B3srb H3 HHX cpeAHee H cpaBHHrb co
cpeAnrrM lr3 orcrreroB noJroxeHur KoHr{oB xopA B rreHrpaJlbHoft qa-

cTH AI.rCKa.
C Aocrato.rHoft roqHocrbro Mox(Ho cquTarb, rtro ocb lonratepa

BCefAa rrepneHAllKy/'rf lpHa ayqy 3peHur. f lponsBoAt H3MepeHHe J'II{-
uefixoli ony6nuroaaHHbrx B pa3rnrlHbrx nsAanatx penpoayxuttf i
yBerHr{eHnorx $ororpaQafi lOnurepa, q nonyquJr BrreqarJlenue, r{ro

r.icKoMaf acIrMMeTpHf cylqec"ByeT peaJIbHo H tITo rc>KHoe no.riyua-
pae lOnnrepa 6o.nee Bbrrrnyro,  qeM ceBepHoe:  q:  *0,0030:  e2.
HsuepeHuue .{,JIs KoHTpoJtff penpoAyKrlnr.r Mapca npn6nHaureJibHo
roro >Ke pa3Mepa groro aQQexra He [oKa3a"rn. f loc.ne raKl]x pe'
3yr'rbraroB yxe HMeJIo cMbrcJI nepefiru x nogpo6ttoMy H3yqeHHIo
OPHIHHAJ IbHb IX  CHHMKOB.- 

2. llpoQ. B. B. lUapouon nrc6esi*o rpeAocraBHJI MHe cHHMKH
CarypHa, noryrreHnble uu 7 orrn6pr 1937 r.  n Qoryce 30-lnf iuo-
eoro peQpaKropa lly,rxoecxoil o6cepnaropun ('repee ysxuft xen-
rur? Snnmp) u cHulrxu lOnHtepa 17-18 uro.nr 1939 r. ,  I lo, ' tyqen-
Hbre Ha HopMaJIbHoM acrporpa$e Taurxeurcxof i  o6cepsaropl la
c yBerr.rr{Hre,rsuoll ci.icreuofi n 3,2 pasa. VnouaHyrble cHLtMKr,r Ca-
TypHa no, ' IyqeHbI B MOMeHT IIOqTH I iOJIHOIO ]Icqe3HOBeHHs KO,l lbqa'

T. e. HaHBbrroAHeiiurero 4lr usuepeHul:t fioflox{eHHq Carypua,
KorAa ocb BpaureHrrfi [epflenAuKyJlfipHa flyqy 3peHHfl. Ha csuruxax
KO"TbIIO nO,lyrrH, ' IOCb B BHAe rOgXOit qeprbr, KOTOpaf He MOfJIa Me-

[rrrarb r.r3MepeHHsM. llsrr,repeuae n,racraHoK 6u,ro BbInoJIHeHo Ha
HsMepr.rreJrruou npu6ope Penco,uAa ceKropa acrpo$oronpaQnu
flyaxoncxofi o6cepaaropllu. Ocr x opueHrnpoBa,qacb napa!'L'IeJIbHo
JTHHHH KoJrbrra. flo.noxenue KoHrroB xopA, rreprleHAuKynnpHux srofi
JIHHHH, U3Mepq,IOCb AJIS TpeX XOpA Ha OAHOM Kparc, TpeX XOpA
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a cpe,uefi qacrn AHcKa H rpex xopA Ha ApyroM Kparo. OAIlHoquaq
r{HTb MnKpoMerpa $uxcuponana noJrox(eHue H3MepfleMoli xopAur,
a HaBe.q,eHHe na xpaft B ToqKe nepeceqeHnn AHcKa nJraHerbr c grofr
HHrbIo ocyulecrBJr.sJrocb,{sorlnorc Hr.rrbro. fioc.ne sroro n,'racruHKa
noBopaqnBaJracb na 180o, H H3MepeHHe noJrnocrbro noBTopflJlocb.
Kar seroropufi onruMyM AJrfl froJrolKeHus cpe4uefi H3 rpex xop,q Ha
Kparo 6H.[o esqro x:0,85. Buanrvrufi aKBaropnaJrrnurt 4uauerp
CarypHa paBHrJrcfl 20". Ha nJracruHKax n o6oporax MnKpoMerpa
Penco.naAa gror AHaMerp cocraBJrrrJr npu6.nnsureJlbHo 2,8, r. e.
1,4 un,t  (2 o6opora unxpouerpa- I  rur ' r) .  PesyJrbrar r .rsuepeuuf i
l2 Hso6paxeHuft CarypHa Ha rpex nJracrr{HKax B rbrcsrrHbrx Aorlflx
o6opora, r. e. B [onyMnKponax, oKa3ancr cneAyrorrruM: ,r (0,85) -
-A(0):*7 co cpeAHefi  orun6roft  +3. I IporcBeAfl  c noMolrrbto
Qopuy,ru (2) peAyKunro Ha norHuri a$Qexr, noryl{aeM
q': f 0,007, T. e. ontrb rIonolKHTeJIbHag Be.nHtnIHa, 6rHs-
Kaff x e2.

CHuuxu lOnnrepa oxa3aJrr.rcb MeHee y,u,aqHHMH: xpaa nso6pa-
xensft pa3MbrrH c o6qeri ByaJrbro Ha nJracrusxe. flogrouy 6u;ut
H3MepeHbr roJrbKo AeBrrb nso6paxeuufi sa AByx nJracruHxax. I(pn-
TepHeM or6opa uao6paxeuufi cnyxnnu KoHrpoJrbHbre H3MepeHHq
clr(arnfl Ar{cKa. B rHcr.rHbrx AoJrsx o6opora MnKpoMerpa pe3yJlb-
rar oKa3ancfl cJIe.(youtLIM: y (0,85) - A Q): +6+4. flocro.nlxy
gKBaropnamuurt paAuyc cocraBJrrJl 2,3 o6opora, npol,IsBoAs pe-
AyKqHro K KpaflM, HaxoAHM rl: +0,004 - pe3ynbrar, 6nusKtrir
K ToMy, xoropufi 6un no.nyueu npr{ ocMorpe penpo.u,yxunl?.

3. OsHaxoMJIeHHe c xor,rerquefi cHHMKoB focyaapcrBeuHoro
acrpoHoMHqecKoro HHcrnryra LrM. n. K. IIIrepn6epfa noKa3aJIo,
qro cpeAH 3rnx cHHMKoB LIMeIorct npeBocxoAHHe QororpaQnn
IOnrrepa, roryqenHble lI. K. IllrepH6epror'a 28 anpenfl 1910 r. Ha
lS-arofir*roeoM acrporpaSe Mocxoscxofi o6cepaaropux c noMoutbro
KaMepbil, yBerrlrruBasureft s 2,7 pasa. Ha grux cHLIMKax Kpas lr3o-
6paxeHuft oqenb orrpeAeJreHHbr H BHAHo Mnofo Aeta;Iefi, !,a>Ke ra-
KI{x roHKrix, KaK o6nacm Kpacsoro IItrHa. Kpoue roro, JIHHefinufi
uacurra6 3THx cHHMKoB [peBbILIraJI Macrura6 pauee Ir3MepeHiIbIx:
sKBaropr.ranrsnfi AI{aMerp floJlyquncfi paBHbIM 6,5 o6oporoe.*
6unu r{3Mepenbr l0 ;ryvulix nso6paxeHufi na qerblpex nJIacrHH-
Kax, u cpe4unfi p$yJrbrar noJryqn!'rcfl cne.(ypulllM: y(0,90) -
-  y(0) :  +9 +2. lTpu 3roM c yryqureHneM KaqecrBa nso6paxeunf i
aQSerr yBelrnquBalrcff, Lr cpe4uurt secoeoll pe3yJlbrar 6u.n npunar
paBHbrM +12. f lpoaseo4r peAyKrt i i rc K Kpaf lM, noryr laeM q:
:+0,0044, qro npaKrnqecKl.r  coBrlar,aer c e2:0,0042. f lnn tpo-
BepKH HaAexiHocrn H3MepeHuli ruecm r'ryqulHx cHHMKoB 6H.[u r.ts-
MepeHbr B noJroxeHnn, orJlnqalouleMcfl na 90o. Acnuuerpus noJly-
qHJIacb H B 3roM cr lyqae:  LA:*6*4 ;  4 : *0 ,0019 (sHax nJ lnc
yKa3brBaer, qro 3anaAHoe noJlyluapae 6o"rlee BhInyKJIo, qeM Bocroq-

* f lpo$. M. C. 3oepen alo6esHo
cHHMKaMr.r Aaa nsuepenufi.

pa3peuun MHe BocnoJrb3oBaTbcfi srHMu

noe). AcrpoHoMuqecKnr? exeroAsur l9l0 r. Aaer Ha 28 anpen*
y Ioni.rrepa Qaey KaK pa3 c BocroKa, rIoJIoBnHa xoropofi paBHa
+0,0023, qro HaxoArrrcr B npeKpacHoM coorBercrBuu c H3MepeH-
HbIM 3HATIEHI{CM.

l lpu cTorr roHKHx H3MepeHnflx Mo)Ker Hfparb poJlb JIHqHntfi eQ-

Qexr. floerouy noJlb3yrocb cJlyqaeM Bbrpa3Hrb rly6oryrc 6.naro4ap-
Hocrb A. O. Moxnauy 3a BtilrroJrHeHHbre nu c 6o;lrrullM HcKyccrBoM
KoHrpoJrbHbre rz3MepeHuff 12 neo6paxenrEfi IOnarepa Ha rex )Ke
n.naciusxax fl. K. I[IrepH6epra. Cpe.qunir pesy.nrrar .[,. O. Mox-
Haqa ronyquflcr cne4yiouqufi: y (0,90) - y (0) : * l0* l.

Xaparrepno, rITo c yBernr{eHueM MaculTa6a vt y,{ytlureHueM Ka-
qecrBa uso6paxeHuft eQQexr acHMMerpHH AeJlaercs 6onee 3a-
MerHbrM. Onacgue cr{creMarnqecKne ouru6ru Moryr Bo3HHKHyrb
ToJIbKo npI,t caMr{x rd3Mepenuflx H3-3a Aera,refi Ha ttoBepxHocrn
nJraHer. HsuepeHua xopA Ha Kpasx AHcKa Moryr I.icKa3larbct Ha-
JrHqr{eM noJloc, He CI,IMMerpHqHbIx no orHoIIIeHHIo K arsaropy. OA-
HaKo gro coo6paxeune ornaAaer, TaK KaK TeMHafl floJloca Ha
AI{cKe Carypna (rerrl xo,rnua) HaxoAHJIacb B ceBepuoM noayua-
pHH, a reMHafl sKBaropHaJIbHas noJloca lOnurepa Ha cHuMKax
B. B. [Iaponona BbIAeJIflJIacb B Iox(HoM [oJIyuapI.IH; BMecre c reM
acr{MMerpHq y gTHx nJIaHer noryrILUIacb oAHoro 3HaKa. flpn nsue-
peHnrx xop,[ cpeAueft qacru Ar,tcKa Mofyr Bo3HHKHyrb cucreMaru-
IICCKHE YKJ'IOHCHI]fl, CCJII{ TEMHbIC NOJIflPHbIE O6,NACTN IJIAHET E O6OUX

no, ' ryuapHtx Bblpax(enbl pa3JrHqHo. OAsaro HgBecrHo, qro y IOnu-
repa H Carypna 6onee reMHbIM tBJlsercs roxunfi noJIIoc, a 9ro
o6croqrerrcrBo Mox<er roJIbKo oc.na6utr, Ho He ycH,'IHTb safiAen-
nuli eQQexr.

4. Hafi,qenHaq ac[.IMMerprifl nJIaHer, BepofirHo, flBJIflercfl yHH-
BepcaJrbH[JM CJTeACTBHeM 3aKOHa CJIO)I(eHHfl rpaBHTaqHOHHOTO TIOJIf i

c nofleM BpauleHnq. TorAa u y 3eunn rcx(Hoe fioJiylfiapue 6y,aer
6o.nee BbrnyKJIbIM (npu6nusureJlbHo Ha 100 u) u n rc)I(HoM no4y-
uapun ycKopeHne rrlKecrll AoJIxHo 6url sa .u,ectrKu r',tfa.l
MeHbIue, r{eM B ceBepHoM. CpanHeune rpaBuMerpxqecKnx AaHHbIx
o6onx noryuraput? sarpyAHqercfl MaJIbIM r{HcJIoM rpaBLIMerpuqe-
CKHX nyHKTOB B IOX(HOM [OJIyIXapHH, a rJIaBHOe, nOqTI{ nOJIHti lM OT-

cyrcrBueM Hx B BbIcoKIrx IoxHbIx lxnporax. OAuaxo eule B 1899 r.
rpoQ. A. A. HsaHoB nbrraJlct onpe,[er'Il.trb ruI{pornuft xosQQnuneHT
acnMMerpHr{ B pacnpeAeJIeHHH rqxecrn. 3ro ucc.neAoBaHne noBro-
pf lJrocb (A. Deppor,  C. B. Toponnn, VI.  0, .Xonronoenu) r .r  npueo-
AHJro, s o6uleM, K cof.nacnoMy pe3yJlbrary. flo-eLIAltMoMy, Mo)KHo
n p n g f l r b :  A g : g r - g s : 2 5  u f a . n  n  L g l g : ( + 2 , 5 * 1 , 0 ) .  l 0 - 5 .
I{eHrp rfl)r(ecrn oAHopoAHoFo reJra, noBepxHocrb Koroporo onpeAe-
Jrffercq ypaBHeHI{eM (l), npn 4 } 0 cABHHyr K Iory Ha BeJIHquHy,
paBHyro (3lo)an, BcJreAcrBHe rrefo Bo3Huxaer Ag/g:q. C apyrofi
cropoHbl, Mo)I(Ho o>KHAarb, qro nptrqnHa, npHBoAnular x 6olrureuy
cxarnlo ceBepHoro notyuaptlq, 6yAet Aeftcrsosarb H Ha MatrHl"lK.
f losrouy roJrbKo qacrb (r l3 unu l lz)  H3MepeHHoro Ag/g Ao, ' IxHa
6urr npupaBHeHa I. Oroola cJleAyer, qro rl ^z + I . l0-5.
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,I[auuue ra6luriu noKasblBalor, rrro B [epBoM npu6nuxennn
Qurypa paBnoBecuq Bpaqarcuefics oAHopoAHoft rpaourupyrcurefi
Maccbl npe/LcraBnqercx Qoprrry.nofi

r - & ( l  - e cos'p - e2 coss p). (3)

B no.nrsy cyqecrBoBagus oco6ux [ptrrrnH, npnBoAttqnx K acHM-
-Merpur.r Qnryp nJraHer, roBopur ua6nrc4aeuaq acnMMerpnfl B pac-

noJroxeHr.ru Aera.tefi Ha noBepxHocrn nJraHer; HanpnMep, upe,q,noq-
TUTeJIbHOe paC[OJTOXeHHe Marepr.tKoB B ceBepHoM nonyuapH]r
3euan H Hx BbrrflHyrocrb K rory.

MH sr.rAerr{, qro ycraHoBJreHue acHMMerpHH .{HcKon lOnnrepa
r.r Carypna HMeer r.ny6oroe [puHunrruaJrbHoe 3HaqeHHe. Buecre
c reM eror eQ$eKr noflyrruflcr noqru Ha [peAeJre roqHocrH r{3Me-
peHaft. lloarouy coBepuleHHo seo6xoAnMa npoBepKa noryqennux
pe3yJrbraroB c noMoulbro KpyflHefirunx acrpoHoMnqecKnx r.rHcrpy-
MCHTOB.

O BHYTPEHHEM CTPOEHI, I I {  EOJIbI I IHX NJIAHET

Maaue nJrorHocrn 6o.nruux rrJraHer rn[a lOnurepa HaBoAqr
Ha MbtrcJlb, qro B orJrur{He or nJIaHer geuuoft rpyunbl B Hx crpoe-
HHH cyqecrBeHHylo poJrb Hfpaer BoAopoA. Ann peuleHxt eroro Bo-
[poca B nepByro oqepeAb ueo6xoAnlr.ro 3Harb $usuvecxne ycJIoBHr
BHyrpH flJraHerbr. Tax xax B rleHrpe npon3BoAHue $neuuecKlix Be-
JInqHH o6paulamcr B Hytb, To IIeHTpaJrbHbre AaHHbre: AaBJIeHHe pc
H nJrornoctl pc - qBrqrorcfl xapaKTepHbrMu AJrfl 3HaqHTeJIbHofi qa-
crn nJraHeru. 3rn BeJTHqHHbI Moryr 6urru paccqnTaHbr c noMoutblo
H3BecrHbrx us Ha6nroAesafr uaccat M n paryryca R nrasern. Aefi-
crBrireJrbHo, c roqHocrbro Ao 6espasrrrepHoro MHoxHTeJrt, 3aBLIcfl-
ulefo oT cTpyKTypbr rrr'raHeTbr, AaBJreHHe B rIeHTpe paBHflerct cIrJIe
rflxecrn, yMHox(eHHofi sa uaccy cron6a c ocHoBaHIieM B I cu2.
Toqno raK x(e qeHTpar'rbHas rrJrorHocrb orJlnqaercq or cpe.uHefi ua
ueroropufr apyrofi crpyKrypHbrfi uHoxurerr. 3ra crpyKrypHue
MHOXHTeJrr.r CpaBHHTeJTbHO MaJIO MeHflrOTCr AJIfl AOnyCTItMbIX Ba-
pr{aHToB crpoeHur n,raHerbr. Hanpuuep, trpeAnoJlarat, uro crpyx-
Typa urauerbr Moxer 6urr annpoKcnMHpoBaua floJllrrponofi x.nacca
n, T. e. npHHr{Mas BHyTpn rrJraHeTbr

r. l I \P  -  Q -  1 z : T -  r  / '

MoxHo flonyrrnTb A.[q lonurepa cJreAyloulne AaHHHe:

I

n P c

|  4 .  1 0 7  a r u

312 7,3 .  107 aru

Q " k
4,6 0,65

7,9 0,52

( l )

3,qecr & - orsoruesse MoMeHTa HHepIrI{H [JIaHerH K MoMeHTy
r{Hepun}r oAHopo.{Horo reJla rofi xe Maccbl H roro xe paAllyca.

B 3roM pacqere  npHHqro :  Ms lM:1047,  Ro/R:10,0  u  p :1 ,34 .
OnpeAe.resHafl, AJIr lOnnrepa BeJIHTIuHa ft:0,60 (no AsHxeuHIo

c[yrHHKoB H cxarllrc .uncxa) noKa3HBaer, qro Qnsnuecrne ycJlo-
BHr B ueHrpe lOnHrepa AoJIxHbI 3aKJMqarbcfi Mexry [pI{BeAeH-
Hb{Mu Bbrule 3HaqeHr,IflMn. 3rlt 3Har{eHHg HaHeceHbI B BHAe .(Byx
roqeK B nJrocKocrr.r rtpH,'Iaf aeMoro rparpr.rxa (cru. pllcyuox). [an
BbrscHenufl xnMusecKoro cocraBa IOnurepa ocraercfl Hafits, Anq
KaKoro BerrlecrBa KpHBas Qasoeoro cocroflHnx, T. e. KpHBafl 3a-
BHcHMocrH p (p), npofiAer qepe3 grn rotIKLI. !,lr noctpoeunfl srnx
KpnBbIx r,onycrnM, qro lOnurep xo,'IoAHblfi. Cnogo <xonognufi> 6y-
AeM y[orpe6,rsrl B roM cMbIcJIe, uro kTK.pln, rge n-qHcJIo qa-
crHrr B eAHHHTIe o6telta. flpr.r uHrepecyrcqux Hac AaBnesHqx oKoflo

K o g H o e s
AH CCCP. . I 95 I

160

H
T.

A. O nxyrpenHeM crpoesnn 6oanunx nnanerllEorJlanbt
79. l lb 2. c. 2t7-220.

1 0 , 6 .  1 0 - 3
4,2 .  l0-3
1 , 1 .  1 0 - 6

+7 .  l0- t+3.  l0-8
+4 ,4 .  l o -sEo ,o .  t 0 -s
+1 .  10-5+ 0,5.  lo-s



107 atu noBeAeHHe xoJloAHbtx BeulecrB MaJIo H3yqeso. OAuaxo AJItr
Haurux ue.rer:r Aocrarorluo cJleAyloqnx coo6paxesufi. flplt p >
>1010 arM, r .  e.  KofAa pln> 10-8=lOa eB, aroMbr 6ytyr noJrHo-
crbro pasAaBneHril AaBJIeHHeM H BeulecTBo AoJI)KHo I'IMerb ceofi-
c rsa  raga @epnau (n : t l z ) :

p : g,8gpe 5/ao6/s . 136, (2),.

rAO Fe - cpegHnfi MoteKyJlrpHufi aec, paecqHraHHuli Ha oAHH sJIeK-
TpoH. !,nn-ao.uopoAA We:1, Arq npor{Hx BeulecrB, BKJlPqas re.nnfi,

ILe:2. C Apyrofr cropoHbt, Alre
MaJrrilx AasreHufi (p < 10n) rJlor-
HOCTb BeUIeCTB npaKTHr{ecKH no-
crosHHa (n:0).  Ha pHcyHKe )KHp-
HbIC NHHHH NOKA3bIBAIOT I,I3MEHE.
HI{e COCTOflHr.rfl BOAOpOAa Id rfxe-
Jlbrx BerqecrB THna >Kere3a AJq
ynoMqHyTbrx r4HrepBaJIoB AaBJIe-
uurl. l lnorHocrb aroMHoro BoAopo-
[a B HopMaJrbHbrx ycnoBHqx npH-
Hflra paBHoft 0,07. f lpo,u.orxafl JIH-
HHIo nocrosHHoft n.nornocrH H
JInHHTO fa3a oepun, Mox{Ho BLI-
AeTb, qTo Alrs, npoMexyTor{Hblx
Aas.rreHr.rfi 6es ncsxofi reopuu ua-
Aex{Ho B[HCbIBaercg KpHBafl H3Me-
HeHHfl COCTOflHr4g, nOKaSaHHaf, HA
rpa$nr<e nyHKrripoM. Har.uou erofi
JILIHHL4 nOKa3btBaer, qro B 3HaqH-
re.nruofi Macce lOnnrepa | 1 n I
l  s lz .Cpeanee H3 noJlox{euuf i  4nyx
rouex  (1 )

Cary p u

6  t g p

P " : 5 , 2 '  1 0 t ;  p ,  - $ , 1

AoJIIKHo HauflyquruM o6pasou onucbrBarb ycJroBnff B ueHrpe IOnn-
repa. I{s rpaQuxa cpa3y BuAHo, qro lOnurep He Mo>Ker 6nrr qu-
cro BoAopoAHhrM. OqeHnm o,u,Ho3HaqHo rrpoqeHrHoe coAeplKaHue
BoAopoAa no eroMy rpaQuxy BpflA JrH Bo3Mox(Ho. Moxso pasrHrr-
HbIMfi MOAeJI'MLI, Ha[pHMep TIHCTO reJII{eBbrM COCTaBOM, yAOBJIeT-

Bopnrb noJroxeHulo rorrKn BHyrpeHHHx ycnonHfi lOnurepa. OAnaxo
BBr.rAy roro rrro no QopMyre (2) cpeaHnfi irronexy;rnpnufi Bec onpe-
AeJrflercs KaK cpeAHee rapMoHrlqecKoe us wi," 3aMerHoe orKnoHe-
HHe or xpunofi BoAopoAa Moxer noryr{Hrbcs roJrbKo npn 3HaqH-
TeJrbHoM KoJrr{qecrBe Apyrux BeurecrB. Cqnraq BepoflTHhIM, qro
cpeAuee [oJroxeHHe, Koropoe saHuMaer BeulecrBo lOnurepa, ue-
x.[y KpnBori aoaopola ]r KpHBorl rqxe.llsrx BeulecrB 6yaer coxpa-
Hf,rbcn Lr r,Jtfl. AasreHlrri, npnBoAflrrtnx K ypaBHeHrzrc @epuu, no-
Iyr{HM cJIeAyIoUyo oIIeHKy coAepxaHHfl BoAopoAai xx25 . 40 0lo.

Ha pncynxe noMHMo Ionnrepa HaHeceHbI roqKn qeHrpaJlbnblx
cocroqHllft Apyr[x [JIaHer. 3tu ro,Ixu o6osHa,IeHhl coorBercrBylo-
uII{Mr,r nJIaHerHbIMH cHMBoJIanH. florasaHo ranKe [oJIoxeHHe TH-
[r.rr{Horo 6enoro Kap,rvKa - cnyrHnKa Crlpnyca. flo-nu4ulvlolvty,
IOnnrep, Carypu u Vpan HMeIor npu6nuswreJlbHo oArHaxosnll co-
cras. nnaHerbl Ipyrofi rpynntt: JIyHa, Mepxypnfi, Mapc - cocroqr
r..r3 BeulecTB, nJloTHocrb KoTopblx IIpH HopMaJIbHbIX ycJIOBHtx
6nusra x 3. BHyrpeHHHe ycJIoBI4fi 3euas BbItIHcJIeHbI B npeAnoJlo-
xeHHH crpyKTypH n:t lz,  KOTOpas OrBer{aer sa6.uoAaeuoMy orHo-
crreJlbHoMy MoMeHTy HHepIraH f t :0,85. Hecuorpn Ha Bo3Mox(Hocrb
cKarrKoB B KpLIBoII cocroffHnfl Tfl>KeJlbtx BeurecrB, Ka)I(ercfl BepoflT-
HbIM, trro 3eMJIq orJll{qaerct no cBoeMy cocraBy or Apyrux n,qaHer
seruHoft rpynnbl H HMeer xeJle3Hoe qAPo.

Hcc,'rdiyeru renepb Apyryn Bo3Mox(Hocrb crpoeHnr lOnnrepa,
r. e. 6yAerr,t cqlITarb ero ropfitl ltu. flo.narafl, qro reMneparypa llr:
paer po;lr B o6pa3oBaHIIH BHyrpeHHefo AaBreHI'Iq, Hs sHa'{eHItft
(3) no 3aKoHy uAeaJIbHbIX fa3oB HaxoALIM

Tc : l , l  '  l 0 ' p  rpa4 . (4)

n yrH 11K
CupHyca

- J - 2 - 1  0

Ecril ras He H.[,eaJlbnurl, to reMneparypa Mo]Ker 6Hrn gH'{uc-

JIeHa no grofr >xe Qopuyne, ToJIbKo c ApyrHM MoJIeKyJIflpHbIM Be-
coM. Heo4norparHo noBropfllouluecfl paAI'IoMerpHqecKHe H3Me-
peHHff renJloBoro roroKa IOnurepa npuBo4ll K. re-Mgep_?Type no'
nepxnocrH lOnnrepa, paauott  -120",  - l30oC (x145 K)"srt lecro
-150'C (120 K),  roropaf l  coorBercrByer cpeAHeMy nofr louleHHoMy
noroKy, HAyu{eMy or ColHqa : 1,2 ' l}a spr/ (cuz ' c) .

Ha6.nroAaer',rufi norox renrta s Oa5ll20)ox2 pasa 6onrure pac-
crrnTaHgoro. Taruu o6paeou, co6creeHHoe H3ryr{eHne lOnnrepa
AoJIxHo 6ntrr  nopalxa 1'  lOa spri  (u '12'c).  Busctt l ' t l ' t  renepb, npu
KaKHx ycJIoBHsx reMneparypa (4) B qellrpe lOnurepa 6yler aa-
Barb Ha6.rrcAaeusIfi rennoeofr norox .F. B teopnu BHyrpeHHero
crpoeHnr 3B$A pacqer rloroKa B 3aBHcl{Mocrla or BHyrpeHHefi reu-
neparYpbr npLIBOAHT K 3HaMeHI'irOMy COOTHOIIIeHI'Irc <<MaCCa - cBe-
rui,roci l  (t i> [ l ] :

K:4pR'F n L M' ,  (5)

npHr{eM AJrf f  3Be3A pLlx:0,1.^ 
flpaueHafl sry Soprrlyay r lOnurepy n Co,rnuy, HaxoAHM

(u)

' l ,n  
n-J ra lv

Qt' l0nrrep

F -/  R" \ ' /  4-) '  .  lo .  I :  to-6 - ! , ' - .
4-:\-R:/ \7" / i'. ' ,t -

ro Fl F6:2' l0-7 u, cJIeAoBareJIbHo:

pa lx :0 ,2 .  (6 )

I 1 3axaa Ns 23 t6r 162
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flo.rryuaercr floqru ToT )Ke xoeQQuqueHT, KaK H y 3Be3A, r4 Mo_xHO CKa3arb, qro Ionnrep yAon.neieopfler coorHorueHHro <<Macca _
lrpKocrb>> L-M3. 3Haqeiu-e xos00uqueura (6) nDeAcraB,,rrer
llTy,o xapaKrepucr'Ky crpoeHr,n^Ionrrepa. ripi., oorio,urx nrror-Hocrrx u reMneparypax i lopq,[Ka 105 rpaa. nep,eaaqa-renJra cKo-pee B.efo ocyqecrBJrrercs renJrorrpoBoAH.Cr"ro. cpr"" uBafl, ypaB-HeHHe re[JIonpoBoAHocrI'I c ypanH-eH'eM JryqeHcnycxaHna, Mox'oBblrracrnrb a @ Q er<rnn nalli xoaQ Q rrIHeHT no..ltorqe-uns, rorop r,r ft .{,ol _xeH Bxo.{um n Qopr,,ryny uacca _ cBeruMocm 1b1: 

---' '^'

, *  -  2 '62T ' l '
p t

rye Z -noprlKoaufi Houep 3JreMeHra. Ora QopuyJra cnpaBe ArrHBaAflq HoHH3oBaHHoro u necanlHo BhrpolKAenHoro rasa. !,ln IOnn_repa norryqaeM z*=100. Taxun oOpasgM, 
-cor.rr;"* 

('O) rr:r,i,H, cJleAoBa".nonol_l_rreHrpe lOnnrepa f":2,S. 
- iOr'".pua.

- flocuorpnM Terrepr, n 
-raxofi 

creneur cocTosH,e fa3a B IonH-Tepe orJrarraercff or HAeaJrb-Horo. !,nn 3Tofo cpaBHr.rM kT:g,4Xx l0-11 c 3JreKrDocrarnqecroft euepileri, paccuilrauHofi ua oAHy rra-crr'rqv. corna.'ro reop'H Aeoaq:-x;d;;;";;"J"ui.r" r.rMeersHaueuue [3]

|  /  nZ3 (Z  +  |  )3  eoz+3 \ r /2-t 
\-- rmz-i ,

|Ae n+ -qf ic, ' ro HoHoB e cMs. I lo"naras n:2n*, Z: l  u n:4XXl0%, HaxoAr.rM

L t :  -  !  (  " f ' :  l ' / '  : 2 .  l 0 - , r .3 \  h r  )

- _ _Taxau o6pasou, ullauor cyu{ecrBeHHo cBq3aHbr , H A{rfl BoAo-poAa BMecro lt:11-2,_ Br.rArrMo,- cneayel 6parl p;'j.'Hi,ilen"iinBE{[re cpeAHnft MOJreKyJIrpHHrl sec 
-2,2, 

iepottt'"o, y"urorBaer Ha3HaI{HTerbHoe npHcyrcrBLie Apyfl.rx 3./IeMeHTOB n Ko.navectne, HeMeHbrueM 50 70.
3an4e.ratefirHax cofJlacoBaHHocrbc p aA'.o Merp aqecKrMr.r rr3 Mep eH" " ", ;:"rlfi li 

t:-fi 
": TIJ"ffi?:rep 4ericrnnreJrbHo ropauutt H cocroaT H3 ra3a, HaxoArurefocs Harpanalre Hapyrueunr saKoHa Eofi.ns_Mup"or"u. Atfi; 6o6urgenrraHerbr, BeporrHo, HMeror raKoe x" c"pbeu"e. T;;;;p;rypa er,xnJraHer He Mox<er [oAAepxHBarbc, fiAepHbrMH npeebaueg HflMH.Taxuu o6pasona, BHcoKar reMneparypa BHyrpH 6orrurax rrJraHernodrnepx4aer noryqeuuufi Hauu' Hs' a*a[r*3a B'yrpeHHefo crpoe-HH-fl 3Be3A BhrBoA O roM, rrro cBeqeH'e He6ec'"i lu" 

- 
n"eer co_BeprrreHHo oco6vrc npapoAy H He cBs3aHo c f lAepHbrMrz peaKuHflMH

I2l' BeponrHo,-r'r BHyTp-eHHflq sHepr'fl JeMJTH He Hcr{epnbrBaercspa4roaKrLrBHocrbro nopoA I{JIH MexaHH3MoM rpaeHrauuouHoft
l l *  

1 6 3

AHQQepeHttvar\HH O. IO. fllun4ra, a B ocHoBHoM HMeer ry xe<sBe3AHyrO IIpl{poAy).

V x  a s  a r e J r b  n  H T e p  a r y p  b r

I *. K o 3 bI p e " H..._4. Hcroqnnru snea4uofi 3_Hepr11n -H reopfirr BHyrpeHHerocrpoeHnr eaesa//Hsa. Kpur,rcx. acrpoQus. o6ce'pa. lg+g.'i.. ' i l i. s_+e.2*.  Kg3hrpeB.lJ._A j , lgg"r BHyrpeHrrero crpoeHH,3B$r n HcroqHuKH 3Be3A-
^ gofi e*epruvilvrgs. {purucx. dcrpoons. oo6.pa".is5t:?."0.'"t.'i+-sa.3' 

ln$.1 igJrln 
A. si rr'e inte"nai"-.otiiit,ition "i'*r. iiuri.'c.*uiiagu,



OCOEEH HOCTH OHSI{ t IECKOTO CTPOE HHf l
KOMnoH EHT ABO HHbrx 3BE3A

flpoaegexa Ar'rcKyccuq na6aro4are*Horo Marep[ana no ocHoBHHM xapaK-' ' IepH,crHKaM-cBerl lMocrb' 
Macca, paAl{yc-KoMnoHeHr BH3yanbHbrx H garMeHHHx

,q,aoriHrtx saea4. llora3aHo, qro a snegAtlrx rapax MeHee MacclrBHoe reno _
cuyrHuK - rBJlsercfi enee40fi c aHoMa.rrbHoft cseiH[,rocrrro. cnexrpauruufi rHucnyrHHKa' cBerl'IMocrb' a cJleAoBare.[bHo, H paAuyc npll6,ruxarcrca x coorser-
crByloquM xapaKTepl.tcrl'lraM raasuori snesAhr. 3ro o6irosreJrbcrBo Herles o6t-rcHHlb En SBOJrrO(HoHHblM pa3BHTHeM rrapbr, uu oco6eguocrrM[ HarranbHbrx ycno-nnfi o6re4uuexaa. CxogcrBo 3BesA noay,r'aerca 

-o"ii"l'iii"-irii""rl^ 
rnuu"o,i ru.-sAbr_ Ha crlyrHr'rK 3a BpeMr lrx coBMecrsoro cyulecrabBaHHs. Tarurr.r o6paaoru,

ASOliHbre 38e3abr flBJItrorcff acrpoHoMIrrIecK[M npriMepoM BO3MO}KHOCTi.T eogaefi-ciaufi oanofi cucreMbr ua apyriro He rrepe3 criJroBbre [oJrs, a nponcxoArulnMuo uHx Heo6parnMbrur{ npoqeccafua qepeg IIgMeHeuEe csoficre rperi."".

rlpo'aseAeHHbre_ JleosapAou Iu (Jlnxcrar o6cepaaropua) Hc-CJIeAOBaHUS CneKrpoB BH3yanbHo-Aeo-rinbrx 3Be3A H pasHocropoH-
HHC CTATHCTHTIECKLIC HCCJIEAOBAHHfl f. A. [IIAfigA I2i (TIYNTONO)
NPHBEJIH 9THX ABTOPOB K 3AKTIOqCHHIO, IITO ASCEINr, COCTABflflrc.
ulue Anoftsyn cHcreMy, re HMeror pe3KHx pasnuuuft c o6ilunsrrr.il.r,
o.{,nHot{HbIMH gBe3AaMu. 3rot Br{BoA o rox(AecrBeHHocrr.t AsorlHblx
E OAHHOTIHbIX 3Be3A nporrHo BxoAHJr B acrpoHoMHrrecKyro JrHrepa_
rypy. OanaKo B rlocJlerHee BpeMq Bo3HuKJIr{ HeKoropbre coMHeHHq
B ero IIpaBHJrbHOCrl.l. cefiqac Mbr pacnoJraraeM 3HarrHTeJtbHo 6ont_
rur'IM rrHcrorvt 60.ryee ror{Hbrx xapaKrepHcrnx AsoftHbrx 3Be3A. c apy-rofi cropoHbr, craJra 6onee qcHofi Qniavecxaq HHrepnperarrlr, 3rr{x
xapaKrepHcrHK. flOarouy eror seclNra aHrepecHurl' H r.ny60rnfi
Bonpoc c.rreAyer nepecMorpeTb 3aHOBO.

byAeM paccMarpHBarb cJreAyrcu{He ocHoBHbre xapaKrepHcrHKrr
3B*A: CBerHMocrb L, paa4yc R u vaccy r14. C nouor{bro srHX xa-
paKTepr{crr{K MOryT 6UTb paccqaraHbr $usHvecxue ycJroBr.rfl BHyrpr{
3Be3A. Hanpnrraep, npon3BoAuTeJrbuocrb aHeprHH eAgnuqerl Maccn
soes4uofi MarepHH E U TTJTOTHOCTb p B r{eHTpe sBe3A Aonxnu 6urn
IIpofiopuHoHaJrbHbrMH:

e - L l M ,  p - M l R ' .  ( l )

,[aq o6b{qHbrx 3Be3A, cocroql'l'x Ir3 HAeaJrr,Hofo, HeBbrpo)KAeH-
HOfo rasa' reMneparypa vJlw rrJrorHocTb .rtyuncrofi gHepfHH B Onpe-
AeItIOTct BbrpaxeHHqMH

T - p M l R ,  p - p o M a l R n ,  ( 2 \
rAe_p - cpeAunfi MoJreKyJrrpuuri sec raga.

B srux Qoprrlynax 6espaeuepnrre xoeQQuqaeHru nporopqso-
HAJIbHOCTI,I 3ABNC'T OT CTPYKTYPbI 3BE3Abr. I IP4 OAHHAKOBbIX CTPYK.
Typax n oAHHaKOBOM xHMHqecKoM COcraBe c Co.i lHrrena dnsnqecxue

H.
In.

A. Oco6enHocrl QnenqecKoro crpoerrHq KoMnoHeHr 4nofi_acrpoH. o6cep. a f lyaxoae. 1968. Ire lg4. C. l0g_115.

ycroBr.rq B 3Be3Aax rro orHoureguro K Co;rnuy 6y,u,yr onpeAersrbcs
CJIEAYIOUIHMH NPOCTbIMH BbIPA)KCHHSMH :

; :LIM, p:  lv l lRt ,  T:  I , I lR,  B:  A4nlRn (3)
3,u,ecr ueprorl cBepxy o6osHa,{eHbr xapaKrepncrr.tKtr 3Be3A, B3erbre
tro orHottreHHro K coorBercrByrolqHM xapaKTepHcrHKaM Coasqa.
Pea"nsnrue 3Be3Abr 6esyclonuo ne o6pasypi rouonofnqecKoro
ptr4a. Ho Aa>xe AJrr MHofHx pasuoo6pasnbrx uoAelerl HHrepecyrc-
xllre Hac crpyKrypHbre xoe$QnulreHrbr He AoJrx(Hbr criJrbno pa3JrH-
qarbcs, KaK 9ro 6ulo noApo6Ho noxa3aHo B nepoofi qacrn Hatuero
HccJrelu,oBaHuq no BHyrpeHHeMy crpoeHr.tro 3Be3A [3]. Boo6qe ro-
Bopt, ToJIbKo B HcKJrrorrurerbHbrx cryqaflx 6espaamepunfi xoaQQu-
IIueHr a Qusauecxoft QopuyJre Mox(er [pr.rn[r{rnaJrbHo H3MeHHrb
p$yJrbrar. O6uqno xe pe3yJrbrar Mo)KHo orleHnBarb npaBr4JrbHo
6es ro.rHoro peueHl{f ypaeHeHuft 3aAaqr{, r. e. 6es yqera sri{sHr.rfi
6espasuepHux xoeQ$HrIHeHroB. JIqul Hacrofiqusoe >KeJraHHe uafiru
a QnsnvecKoM crpoeHnr{ 3BesA rro.[TBep)KAeHr.re Innore3br repMo-
qAepgbrx r{croqHuKoB gnesAnoft gHeprHH MorJro 3acraBuTb reoperu-
KOB H3L{CKHBaTb ITCKJIIOTIHTeJIbHbTe CTpyKTypbt 3Be3A c l icK, ' Ircqu-
reJlbHbrMr.r crpyKrypHuuu xoeQQaqueHrauu. C roqru speHur )Ke
o6rexrusHofi nosullr-rtr cJreAyer noJrafarb, uro $oprr,ty"rru (3), rou-
Hhre Anq roMoJlofHrrecKux ronSnrypaquft, 4oaxHH AaBarb npr-r6.nra-
3HTeJrbHO rrpaBHJrbHbre pesyJrbTarbr H Afiq peaJrbHbrx 3Be3,(.

Bo nropofi tracru y[oMflHyrofi pa6orsi no BHyrpeHHeMy crpoe-
HHIo 3Be3A [4] nocnpon3BeAeHa ArrafpaMMa, paccquraHaan no Sop-
MyJIaM (3), noKasbrBaroillafl pacnpeAeJreHr.re 3Be3A B rrJlocKocru

(1gp, lgf1. Ha erof i  4narpaMMe BbrAerqercq HeKoropoe ocHoBnoe
HarrpaBJreHHe, oKoJro Koroporo rpynnnpyloTcff 3Be3Abt B rpoMa.(HoM
AHanagoHe cocroqHuft: ttocd{eAoBare,'IbHocrb fHraHToB, cpeAHqrr
qacrb rlansofi rrocJreAoBareJrbnocru u cy6xapnuKn rurra A. 3ro sa-
npaBJreHne yAHBHTeJIbHo rorrHo HAer noA yfJIoM 45o u, cJreAoBa-

Te,,rbHo, orBeqaer ycJIoBHIo E-p. Ha ocHoeHoM HanpaB,, IeHHH cy-
IrlecrByer ror{Ka (snee4u F4 rnaeHofi rrocJreAoBarentHocrn), ao-
Kpyr Koropolt  sne:au pas6pocaHbr Ha 66,r luue paccrorHnfl ,  qeM
o6rtuuo, Ir  3Aecb ux oco6eugo MHofo. Taxrru o6pasom, B [JrocKocrl . I

:-.
(tgp, tg b) rJlaBHaq [oc.[eAoBaTeJrbHocrb IIpeAcTaBflqeTcfl KpyfoM,
r{To roBopHT npocro o Bo3Mo)KHocrn 6onturoii 4llcnepcnn oKoJro He-
xoropoi l  ror{KH Ha ocHoBHoM Ha[paBJreHHr.r .  f ipn nepexoAe or Ha-
urefi nnocxocru K o6srr{Hofi n/IocKocrH Ar.IafpaMMbr Pecce,ra -
fepuurnpyHna Kpyr aecpoprtarapyercfl B cHJrbHo eurnuyruft aJr,rrHrrc-
llo.nyuaercfl BlrerrarJreHHe rpyrrnHpoBKH sBe3A BAor'rb npnuofi -
6oasruoli ocn gJrJrnnca. B nJrocKocru (mu, x), r1e mb - a6co.nnr-
Hafr, 6o.nouerpnqecKafl 3Be3AHas BeJII{r{HHa, x:10 l9 z.r, oTHoIlIe-
uue ocefi 3tJrr{[ca oKa3blBaercfi nopqAKa I : 9, a yr,ronofi xo:QQa-
I{HeHr 6onluroi t  ocu paBHbru -1,58. Cornacuo n. | I .  l lapenaro [5]
yrnonofi xoeQSuqueHr rJraBHofi nocneAoBareJrbHocru s grofi n,'ro-

l t | b

K o a u p e n
Halx saes4//Hsn
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cKocrr.r paBeH -1,62, qro yAHBLITe,'IbHo corJlacyerct c BbIqHc,leH-
HbrM HaMH 3Har{eHHeM. Taxuu o6pasou,  HanpaBJIeHHe raasHof l
nocJreAoBareJrbHocrl-r eABa .rtH I.{Meer Quenuecxatl cuuc.lt H nonyqa-
€Tca npocro H3-3a BbITqrHBaHHq raacuna6os, KoropbIMH nonb3y-
rcrcr B Ha6.nIoAarenuHoft acrpoQusure.

O6parnracr renepb K Asofinbl\l
3Be3AaM. CoeAIasnu orp$KoM npnuorl
KoMnoHeHTH AsofiHux gBe3A B IIno'
cKocrH ( lg p, lg 8).  Toraa, orpeAe-
JrHB HaKJIOH 3TI{X OTpe3KOB, MO)K}IO

nocrponTb e Hauleft n.tlocKocru nonflp-
Hyro AHarpaMMy, Ha xoropoft AnI{Ha
paAHyca-BeKropa nponopIIHoHaJIbHa
qucJry nap, HMeIouI,Hx AaHHoe Ha-
npaBJreHl{e B HeKOTOpOM LlHrepBane
yfJroB. flpH c.nyuafiuon,t o6reAuHe-
HwLt B rrapbr 3Be3A Kpyf a rJIaB-
nofi noc;re,4oBareJibuocrn,u,oJIxHo no-
nyqr.{Tbcq xaoTHqecKoe pacnpeAeJle-
HHe HanpaereHnfi .  3uauur,  B sroM
CIYIIAC NOTSPHAq AHA|PAMMA AOJI>KHA
BbrrJrrAerb nonyoKpyx{Hocrbro. fIpH
c.nyuaftHotvt xe o6reAHHeHHH co 3Be'
3AaMH OCHOBHOTO HanpaBJIeHI. l t  Ha

no.nrpHofi  AnarpaMMe Aonx{Ha o6pa-
3OBaTbCfl BbITflHyTOCTb B HanpaBJIe-

HwLr B-g, r .  e.  noA yfnoM 45'.
Sror garu nporHog coBepIIreHHo He
noArBepxAaercr QaxruuecxnM Mare-
DHAJ IOM.

Els BH3yaJIbHo Asof iHHx 3Be3A
HaMH 6ua HcnoJIb3oBaH KaTaJror

MofJra 6u sosHr.rxHyrb, HanpuMep, npa o6pasoBaHr.rH naphr nyreM
pa3pbrBa ueroropoft nepBoHar{alsuofi 38e3,(br. flpn erorrr flpouecce
gHeprHg 3Be3A MOXeT H3MeHHTbCs TOJIbKO 3a CrreT Ir3IyrteHHfl
c noBepxHocrn. Ho oru [orepu Hurrroxnbr B cpaBHeHHH c noJrHbru
sanacoM sHepfHH sBesA. llosrouy npouecc pa3pbrBa AoJrxeH [po-
HcxoAnrb a4na6aru'recKn, T. e. npn coxpaHeHur{ yAeJrbnoft anrpo-
nau. 3Hauur, B KoMnoHeHTax napH 3a BpeMrr r{x nepecrpofirn,
r. e. 3a BpeMr urKaJrbr fusnrro.uiqa-Kerlensa, Ao.nxiHo coxpa-
Htrbcfl paBencrBo yAerbHbrx aHrponxft 3Be3A napbr (sr:sz). C;re-
.4OBATCJIbHO, AJIS 3BC3A U3 VAEAJTbHOTO rASA AOJI>KHO BbITIOJIHflTbCfl
ycJroBHe

p t l P z : ( T , l T r ) ' ' ' ,  H r u l  A l g B : ( 8 / 3 ) A l g p .  ( 4 )

3ra npama.s nocroflHHori surponun c yfJroBrJrr,r xoeQQuuueHroM 8/s
noKasana Ha puc. L Ona He coBnaAaer HLI c oAHHM rr3 AByx <<rroro-
KoB> Ha AHafpaMMe, a fipoxoAnr Mex(Ay HHMH. 3uauur, pac[pe-
.{eJIeHLIe HanpaBJleHnfi xounoneHT rrap He rroATBepx(Aaer gaBr.rc}r-
MocrH (4). Ecnn AeoriHore 38e3Abr l.r o6pasonaJrHcb nyreM pa3pbrBa
rrepBoHaqa.lrnofi 3BesAbr, To BpeMfl, nporueAuree c rex nop, 6ontrue
IIIKaJIbT BpeMeHH lenlnrontqa-KentsraHa, HanpHMep AJrfl 38e3A
runa Conuqa 6orbrue AecrrKoB Ml.rJlnHiiHoe,rer.-flo;rb>KeHr.re AByx
MaKcHMyMoB - AByx <<noroKoB)> AnafpaMMbr (puc. I ) - oraeuaer
ycI.;roBnqM Q-T w Q-73. 3ru cooruouleHr.rfl BpflA JrH uueror Qn-
eH.recKrafi cMbrcJr. Cor.aacso xe Qopuyaan,t (3) uepnoe cooruorxe-
HHe paBHocr{JibHo ycJroBHro Rr:Rz, a Bropoe Mt:Mz. flosrouy
nafiAeHHoe pac[peAeJreHHe [pocro o3Haqaer, r{To rraqe Bcefo Bcrpe-
qaioTcfl  napbl c oAI{HaKoBbIMH MaCCaMU KOMITOHeHT HdtrK C OAr{HaKO-
BbrMH paAnycaMH. Cne4oeareJrbHo, ary ,(uatpaMMy r.rMeer cMbicJr
nepecrpourr ua o6uqHyp nJrocKocrb BeJrurrul M n R. B pe3yJrb-
rare norryqeHa AnarpaMMa c ocf lMH KoopAHHar A lg R:1g (Rr/Rz),
L , lg  M: \g  (M1 lMr)  v  Trp t4  ycJroBHH Mt  2  Mz (puc .  2 ) .  Ha
etoft AnarpaMMe raxAofi ABofiHofi 3Be3Ae orBerraer onpeAereHHaq
TogKa. f"rlaeHax nocJreAoBareJrbHocrb H nocJIeAoBareJlbHocrb fHfaH-
roB nso6paxeuhr coorBercrBylouluMu npffMbrMn. Hanpan,renue
rrasuofi nocJleAoBareJrbHocru onpeAeJreHo rro KaraJroraM flapena-
ro-Maceer. iu a t ly,aoBur{eBa: M-po' t .  , [narpaurua Ha pHc. 2 no-
KasbrBaer, r{To 3Be3Abr geficrnurelbno He cJIeAynT erHrrt Hau6oree
BepoqTHbtM HanpaBJIeHLlsM, a OTK,'TOH'IOTC9 OT HHX B CTOpOHy Ma-
ndx pas" 'ruuui l t  paruycoB npn 6onlruHx A lgM r{ MaJrbrx iaa.nHvnft
A lg M npn 6o"r i t ruux pa3Jrnqaqx B paAuycax.

O6paruuca rerrepb x rperler i  ocHoBHoi i  xapaKrepHcrHKe 3Be3A-
I{x cBerHMoctw L. I4ccleAyeu cHarraJla 3aBncHMocrb cBeruMocrl
or paAHyca , .Jrn KoMnoHeHr Asoi lHsrx 3BesA. 3ra saAaqa paBHo-
cHJIbHa Bonpocy o pacnpe4eJreHuu HanpaBJreHufi xounonesr Anofi-
HbIx sBesA Ha Anarpauue PecceJra - fepuunpysra. A;rs peueHuq
4auuoii 3aAaqlr AocrarortHo 3Harb cneKTpaJlbuhre ruflbr KoMrroHeHT
H I{x BHAnMbre 3Be3AHbre BeJrr,rqasrr. floeroMy 3,a,ecb uoxer 6urr
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Pnc. l. l lonapuaa ,q,narpaMMa
cBr3n Mex(ay $nsnuecrllMu yc-

l roBHtMrl  BHyTpH KOMnOHeHT

Asoi{ubrx gseeA (nu:yaarnux a
sarlreuHnrx).

f l yHKTnpoM noRa3aHa AEarpaMMa,  l lo -
crpoeHHat ro,rrbKo no BH3yatr,Ho-
lsofiHHlt cncreMaM. fIo oceu xoop-
. ILUHaT OTJIOXegbt ,o .ec tTuqHbte  ro ra '
puSuu naoruocrH MarepHH H nJ lo r -

HocrH "'ryqficroll 3HeprHH.

n. |I. flapeuaro u A. l. Maceeuc [6], AIrfl sarMeHHblx leofr-
HbIx - p$yrbrarbl peBLI3HH H. 14. 9y4onuuena. 3ru KaraJIofH
p,anr uaw6oJree noJlHyto H TurareJlbHo H3yrIeHHyIo cBoAKy AeoftHux
3Be3A c H3BecrHbrrv.u M, R u L. Bcero oKa3aJlocb 60 nap, AJIfl Ko-
ropbrx Mo>KHo 6u.no yeepeHHo paccquTarb HaKJIoH orpe3KoB no-
.napuofi AHarpaMMbI . ?Is swx JIHIUb l2 nap t{n,'Islorcfl BI'I3yaJIbHo-
AsoftHu$lu. Ha pnc. I  noxagaHa norqpHaq AHafpaMMa, BbIqHcJIeH-
HaR no groMy MarepHaJly. HHrepecHo, qro AJIfl B3flrblx orAeJIbHo
Br.r3yaJrbHo-AsofiHux cncreM no,'Iyr{Hrocb pacnpeAeJIeHHe (noxasaH-
Hoe nyHKrHponr), no,u,o6uoe o6uteuy pac[peAeJleHHto, B KoropoM
uau6o.nlruyn poJlb Hfpalor cneKTpaJlbno-AeofiHlte (saruenHble lre-
per'rennsre) 3B$AbI.

Pr.rc. I conepueHno orqerJluBo rloKa3blBaer, qto o6leAHHeHHe

3Be3A B napbl He utyuaftHo, a HaKJIaAHBaer HeKoropylo 3aBHcH-

MOCrr, Ha snsnvecKue ycJIoBI'Ifl BHyTpIr 3Be3A. TaXan 3aBUCHMOCTb
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r.IcnoJrb3oBaH gHarrnTe;lrno 6o.nee o6urnpnufi uarepnaa. flo Kara-
rory JIeoHapAa IJ ann 238 nap Bu3yarrbHo-asofiibrx saee4 6uan
BbrqHcd'reHbr 6o.uouerpaqecKHe nonpaBKH r.r onpeLeJIeHbr pa3Hocru

HaHeceHHaq npH ycnoBHw mbt 4.ff16r, o3H&(alOUeM, qro 6o'nee gla-

6ufi xorrluoHeit seerAa HaxoAgrcfl B HaqaJIe KoopAHHar..flpnuuult
JLIHHqMH Ha AliafpaMMe noKa3aHbl HanpaBJIeHHfl |J'IaBHOH IIOCJIeAO-

BareJrbHocru L-R5,  rHfaHToB L-R H oAHHaKoBbIx cr IeKTpoB

ar""a L-Rz, BepoarHocrb orKpblrntl napbl' n xoropofi o6leAlt-

HeHbr fHfaHT H 3B$Aa rnasHofr rrocJIeAoBaTeJIbHOCTH, MaJIa Ir3-34

6onrruoro pa3iluqafl HX qpKocretl. flosroMy ttpu c.nyuaftnou o6l-

0,5 A1"g,e

A t t

- 5

U

Pnc. 4. ,II,aarpauua
TOJrbKo no sBe3AaM C

(Lm6,  L  1g  R) ,  nocrPoeHHaq
H3BeCTHbIMH MaCCalvfH I-r napan-
JIAKCAMI-T.

Pac. 2. .[uarpauua saBncriMocrn paenocrefi lorapuQrrron Macc KoM[oHeHr .q,sofi-
Hbrx 3Be3A (AlgM) u paeHocrefi ,rrorapnQnon Hx paAr.rycoB (AlgR).

6o.nouerpnqecKHx 3BesAnbrx BeJrHtrLrH KoMrroHeHT napw Lm6. Oupe-
AeJIHB AaJree no crreKrpaJrbHbrM THnaM eQQertunubie reMfleparypbl
KoMiroHeHT ler, Mox(Ho 6ut"'ro sHqrzcJrHTb A IgRno Qopuyne

I t u

Alg  R

5 A lg  R:  -Lmo -  l0  A lg  I " t . (g)

pasHocreft 6o.nolrerpnuecKux 3Be3AHhrx BeJIET{IIH
u pasuocreri ;rorapurpuon Hx paAr.rycoB (A lg R).

eAliHeHHH 3Be3A B [apbl HanpaBJIeHHfl r,IIaBHOft noc'�reAoBare'� lbHo-

crn H rHraHToB lo.rrxuu 6uru nupa)KeHbI Han6o.lee orqerlIngo' Ha

caMoM )Ke aeJre 6orrutoe rluc.[o 3Be3A rpynnnpyercfl oKoJIo Ha-

npaBJIeHI.If l oAHHaKoBoro crieKTpa. 3ror nopa3HTe"Ibuufi peay"t-rraT

HeJIb3fl HI.IKaK orHecrg 3a cqer crarHcrll l{ecxofi ce.lterul{H' AeHcr-

BHTeJIbHo, BepoffTHocrb orl(pblrHq AeoI?Hb,Ix 3Be3A H nx ucc"IeAoBa-

HHs He MO)KeT 3aBr.rceTb or crreKrpaJrbHofo Tllna KoM[oHeHr. l lo-

groMy npeliMylqecrBenHoe o6leAuuenue B rlapbI 3Be3A oAIdHaKoBofo

cneKTpaJlbHoro rHna, T. e. 3Be3A C OAHHaKOeOft nJiorHocrbn noToKa

nyunciof i  3Hepf I {H,  qB,rqercf ,  peanlHof i  oco6esHocr ln1 'sof tHHx

cncreM. CorepureHHo noxox(ee pac[peAeJIeHHe Aaer' KaK [oKasbl-

BaeT AfiarpaMMa Ha pHc. 4, u 
^suaiuTeJlbHo 

6onee orpaunveHuutfi

MaTepHa,II, '  n:grrtf i Ir3 HCIO,'Ib3OBaHHbIX HaMH paHee KaTaJIOfOe na-

peuaio-MaceBHq n uyAoauueea.  AHa,rornqsue pactrpeAeJIeHHf l

noryqalorctl rI IIpH pasAe,'IeHHU MarepHaJla no cneKTpaM Ha ABe

fpynnbr -rro3AHee H'paHee G0. Moxno orMerr.lTb ro!'IbKO OAgo o6-

CTOfiTCJIbCTBO, TITO AJIfl 3BE3A PAHHHX CNCKTPAJIbHbIX THNOB HANPAB-

JIeHHe OAHHaK9B6TX C[eKTpOB BbIpaX(eHO eUle 6O.nee OTr{eTIHBO' qetr5

,u,rq no3AHItx.
f lpnuuu cJIeAcrBHeM paccMorpeHHblx HaMs Auatpa]dM <Macca-

pra"y" ,  (A 1g M, A lg  R) u <<cBernMocrb -  paAnyc> (A Ig L '

A lg  R) AoJrxHa 6urr  AuarpaMMa 3aBHcHMocrH <Macca -  cBer*-

170

r raf ?H)

-0,5 o

Puc. 3. .[,uarpauua saBrlcuMocra
touuoseur AsofiHHx snesg (Am6)

0,5 1 6'  
A tg ,e

Pesynsrar npor.r3BeAeHHbrx BIITIHcJIeHHfi noxagan Ha Aua-
rpaMMe (puc. 3). Ocsull KoopAHHar eroft AnarpaMMbl qBrflIorct
A lg R u L,mo, Kaxaoft Agofinort sBe3Ae coorBercrByer rol{Ka,

169



Mocrb>> (L,\gM, A lgf) .  f lepnan Hs srr.rx AHarpaMM noKa3bltsaer,
rrro npu 6o.irtrulrx pa3JrnqHrx B Maccax KoMrroHeHTH AsofiHbrx ca-
creM MaJro orrHqarorcn panrycauu. Vs nroporl AnarpaMMrr cne-
,q,yer, qro pa3rnque aprocreri KoMnoHeHr 3aBHcHT or pa3flHrruft pa-
.q,HycoB c HeBbrcoKHM noKa3areJleM cre[eHH: 2_�lns 

-esee,4 
oauHa-

KOBOTO CneKTpaJIbHOrO rHna u I - AJrff HanpaBJreHr{r rHraHroe. flo-
aroMy npla 6olrurou pasnuqnn
Macc He AoJr)KHo 6strs 6o,rtnroro
pa3ruqnff ceerfii l.rocrefi. flpq-
MOe nocrpoeHr.,re coorBeTcrByro-
uef i  AHanpaMMbr (puc. 5) norr-
HOCTbiO nOATBepX(AaeT 3rO 3a-
K,'IrcqeHHe. Ocsrr,ru KoopAHHaT
,u,HafaMMbt sBJrflIorcfl - Lma H
A lg i4. Toqrauu orMeqeHbl
IeoftHHe cncreMbt c KoMnoHeH-
TaMII OAHHaKOBOTO cneKTpaJ'rb-
HO|O rHla, a KpylKKaMH BCe Apy-
rHe cHcTeMbI. .[narpanarr,ra no-
crpoeHa npn ycrroBvru Llg M )>
> 0. flprrvrax rhr:Hvtr, ueo6pa-
)r(aer xopouo H3BecrHylo 3aBH-
cnMocrb L- M3, xoropoft c.ne-
IyIOT 3Be3AbI, BXOAff[ l ,He B pa3-
nHe AsoftHbre cucreMbr, T. e.  npn
orcyrcrBr.ru Queuvecxoil cessu
Melr{Ay HHMH. llo4 yrnon,t 45'
.qoJrlKHo npoxoAHTb HanpaBJIe-
vue L,- Mn. Kat< BHAHo Hs sroft
AuarpaMMbr, KoMnouenru 4eoii-
HbIX CI{CTeM COBepIIIeHHO He
cJreAyroT SrHM HaIIpaBJreHHflM,
a aeficrsnreJlbHo noKa3brBaIor MaJrbre pa3Jrr.rqHr apxocrefi npn
6o.nlurou DasJrHqHr4 B Maccax.

CooruorueHue <<Macca - cBernMocrb>) flBJrqerca QynaaMeHTaJIb-
ubIM coorHorxeHueM sa6rrcAarenrHoir H reopera'{ecxofi acrpoQu-
suxu. OHo orrpeAeJlffercfl ycJroBHffMH nepeAarrr.r aHeprHH H3 HeAp
3Be3AbI Hapyxy. floerorray Hapy[reHne gToro coorHo[IeHus roBopHT
o roM, rrro orMeqeHHbre Bbrule oco6engocru Qusnuecrnx ceorlcre
KoMrIoHeHr 4nor?uux cucreM Bbr3BaHbr He crreunaJrbHbrM or6opou
3Be3A rrpu HX o6reAsnenLrH, a Hapy[reHueM o6uquux yc"rroaufi paa-
HoBecLIt rIpH Hx coBMecrHoM cyutecrBoBa*vnl.. ,4.n9 o6ocHoBaHHt
groro gaKrroqeHns paccMorpuM noApo6see coornoureHue <<Macca -
,cBeTHMOCTb>> 38e3,U,.

Ha .qnarpaMMe pr{c. 5 s6flHsu Har{aJra KoopAHHar rpynrtnpy-
Iorcfl 3Be3AbI roJrbKo oAHoro cneKTpanbHoro rnna. 3Haunr, nptl
OAHHaKOBbTX MaCCaX f i  pAIHyCAX OAHHaKOBbI H CBeTHMOCTH 3Be3A.
3ro o6crosreJrcreo cnpaBeAnprBo He roJIbKo Anr KoMnoHeHr

AeoIiHHx 3BesA. Bn6pan 3B$Ay uexoropoli cBerr.rMocru c .lrrc6uur
uaccoli H paAr.rycoM, Mox(Ho yrBep)KAaTb, rrro BcrKafl 3Be3Aa c reM!t
xe uaccofi H paAaycou 6y.rer HMerb H ry xe cBernMocrb. OrcroAa
cJleAyer, qro cBerlrMocrb fBrqercs oAHO3Ha,rHori Qynrur.reft Maccbr
H pa[nyca. B ery 3aBucr.rMocrb paAuyc BxoAHr JrHrrrb s cna6ofi cre_rreHu, KaK sro cJreAyer H ng reoperHqecKr{x coo6paxenntl npfi
nepeAaqe renJla H3 HeAp 3Be3Abr ryreM JyrregcnycKigns. O6H.r;o

Puc. 6. .[aarpaurrla 3aBncr.rMocru L(M, R].
Bce Bearqnglt aaHbr B .lecsrl.Irrnbrx aorapxsuax. HeoOpaxeuHue .ruuuu npeacraBncror co-6ofi <Hso@orhr, - lnr,ui nocrorsnofi c""in"oii,i""- 

-''-

YIIET STOIO BJlHNHHfl PAALTYCA NPOH3BOAHTC' NYTCM NOCTPO€HE' H9:
cHJIbHo oTfiIrqapquxcfi Apyr or Apyra 3aBHcnMocreft <<uacca _ cBe*
THMocrb> r,Irfl pa3,rrqHbrx fpy[n 3Be3A Ha Auarpauue peccena_
l epquflpyHra. U reoperuqecxoft x<e roqKr.r speHH.E BecbMa BalI(Ho
ycraHoBHTb, cyulecrByer JIH 4eftcrnHre.nruo blunafl 3aBHCHMOCTb.
<<cBerHMocrb-Macca-paAnyc> ;  -

B uaruef i  pa6ore no BHyrpeHHeMy crpoeHnro 3BeaA [4] npnne-
AeHa AllafpaMMa' noKa3blBalou{at, tlro npoH3BoAHTeJIbHocrb Hcroq-
HHKoB snea4Hofi eHepfHH s qBrrercq oAuossaqsofi QyHxuaeft $usu-qecKHx yc.nonr.rrl BHyrpr{ 3Be3A - p H B. IIo Qopuy"iiu (B) or'croaa
gleAyer, rrro H I AonxHo 6urm o4HosHaqHbri Qynxuuifi M u R.
flocxolrry peqb_HAer o crarucr'r{ecKoM Marep,aJle, raKoe 3aKJIro-qeHHe AOJr)KHO 6UTb [poBepeHo HenocpeAcrBeHHbrM nocrpoeHHeM

AHarpaMMbI L1tta, n).  gfu a"r.paMMa, nocrpoeHHar no KaraJrofaM
llapeuafo -  Maceeuq, t{yAonuuena, uso6paxeua Ha puc. 6. 3ees.qbr
[oKa3aHbI TOTIKaMH. Sruu rorrKaM 6Unu npunHcaHbl coorBercrByrc-
I{He cBerfiMocrlr, no3BoJIHBIune [poBecrlr l.tso6paxeHHble c AecflTH_
Kp arH br M HHrepB aJrov,rora p uQ ua <<uso0orbr > - nr4HLrH oAHHaKoB brx .
r72

.  - 5  L^a

Puc. 5. ,(r.rarpauua 3aBHcHMocrH pas-
uocrefi 6orouerpuvecKr-Ix gBesArrbrx Be-
Jrl.iqr.ru KoMnor{egToB 4nofinux BBe3A
(Lmo) u pa:uocrefi norapuQruoa ux

uacc  (A  1g  M) .
ToqKaMH yKagaHbt  napbr  c  6a t lsxuMa cnex-
TpaMIt y KoM[oHenT, KpyxKaMu - Bce

OCTAIbHEIE NADbI.
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cBern Mocrefi . E nn ynpoulenilfl qeprexa I{H.u,HBIrAyaJIbHbIe cBenlMo-
cru 3Bes,u, He noKa3asn. Aucnepcnt 3HaqureJlbHa H roro xe no-
pflAKa, KaK Ha AHarpaMMe e (p, B) ItHrupoBaHHoft eHule pa6oru,
rAe HanucaHbr HHAr.IBHAyaJIbHbre gnaqeHH.rr roqeK. floctpoeHnat no-

BepxHocrb [1fr, n\ o6.na4aer yAsBllrerbsofi cnuuetpnefi. [eHrporra
cHMMerpHH flBJrnorcfl gBesAbI cneKTpaJlbHoro rl,ltra F4 r.lasHoft no-
cJIeAoBareJrbHocru. 3ro o6crotreJrbcrBo noArrepKuBaer xopouo H3-
BecrHoe pa3AeJleHr.re 3Aecb r.nasgoft nocJleAoBareJlbHocrH Ha ABe
qacru c npHHrIHn[aJrbHo orJIHtrHbIMLr QtrsuuecrnMlr H KuHeMaruqe-
cKlrMH xapaKrepncrnKaMn 3Be3A. Ans rsranroe nsoQorbl AHa-
rpaMMbr HAyr napaJrJreJrbno ocrl opALIHar. CneAoeareJrbHo, AJIfl rH-
naHToB crporo BH[oJlHflercfl cooTHoIIIeHLIe <Macca - CBeTHMOCTb>.
I{urepea.nlr Mex,q,y H3oQoraMH npn6nusnreJrbHo paBHbI, r{ HM coor-
BercrByer 3aBLIcHMocrt L - M3'2. Hax6oree cuJlbHafl 3aBucrlMocrb
cBerHMocrH or paAHyca nolyqaeTcs y 3B$A no3AHHx cneKrpanb-
HEilx TLrnoB r.[asHoIf nocJleAoB areJlbHocrg.

Bugcnnu renepb, KaKHe Agoftubre cucreMbr a KaKue H3 I{x KoM-
noHeHr Aalor Hau6orrurne orKJroHerrnr or cpeAHefi gasncuMocrl{

L(U, R1 a*u.prMMH Ha puc. 6, nocrpoeHHofi no BceMy MarepnaJry.
o60sHa,rraM qepe3 A1 pa3Hocrb norapnQuon na6"nrcAaeuoft ceerH-

MocrH H BhIqHcJIeHsof i  no ,(HarpaMMe A": lg 1o-lgLc. A.ns
Asofirrtlx 38e3,[, c KoM[oHeHTaMr.r oAHHaKoBbrx Macc u o.u,HHaKoBbIx

paAHycoB cpeAHee orKJroHeHH" Z":-x 
4!- :0,00. 

cpe,uuee KBaA-
n

parfirrHoe orKJroHeHHe, xapaKrepr{3yroqee roquocrb uaurefi 4ua-
rpaMMbI, flolyrlaeTcfl paBHbIM 0,25. A.irq KoMnoHeHT oAHHaKoBblx

Macc, Ho pa3Hbrx paAHycoB cpeAHee oTKfloHeHHe [r noJtyqaeTcs
raKx{e 6nnernu K HyJrro H paBHbIM *0,03 rax AJrfl KoMroHeHT
6oJrrruax, raK 14. MaJrbrx paAr{ycoB. H:ayto KaprHHy Aarcr AeorlHbre
cr{creMbl c KoMnoHeHTaMH pa3Hbrx naacc. .[,nn fJIaBHbrx, Maccr.rBHhlx

3Be3A cucreMbr cpeAHee orKJIoHeHHe r lo-npex(HeMy HeBennxo: A":
: f 0,07, Ho AJrfl Hx cnyrHHKoB no"'ryqaercff BecbMa cyu{ecrBeHHoe

orK, ' roHeHr{"r  Ar:*0,33. Oco6enno noArrepKuBaercs ero o6croq-
TeJrbcrBo Arq AsofiHbrx cncreM crreKTpaJIbHbIX THnoB, 6onee paH-

HHx, qeM F4. D,ns raKlIX cncreM y TJIaBHbIX gBe3A Ar. :  *0,08,

a y Hx cnyrHHKoB AL:*0,47. Tenepl MbI Mo)KeM yrBepxAarb, t ITo
oco6esriocrb AHarpaMMbr Ha pI{c. 5, noxagbrearcureii ue6o.rirurHe
pa3rnrrHff cBeruMocrefi npu 6onruux pa3Jrnrrarx B Maccax KoMrro-
Hesr Anor?Hblx cncreM, nponcxoArr LI3-3a aHoMaJIbHo sstcoxoli
cBerHMocrn y KoMnoHeHr uaaoft Maccbl. Ecnll 6u aror KoMnoHeHT
o6pasonunan napy c pannoft eMy rro Macce ssesAofi, oH 6sl Hnen

HopMaJrbHyro cBernMocrb, coorBercrByroqya 3aBHcuMocr^ T (tvt, R\.

Ocraercn 3aKrroqnrb, lrro rJIaBHar 3B$Aa sos,(eftcreyer Ha cnyr-
snx. B pe3yJrbrare Hx AJIr.{TeJrbHoro cocyulecrBoBaHns cnyrHHK Bbr-
xoAI{T lrs o6br.rHoro cocrornnr paBHoBecur r.r Haqr.rHaer no pn,{'y
Qnsnuecxirx csoficrs npu6ruxarlcs x csoficrBaM rJraBHofi ssegld.
OrcrcAa l..r noJryqarcrcfl orMeqeHHbre Bbrrle oco6essocru AHarpaMM
Ha pHc. 2, 3, 5._HHrepecno, rrro ocH pacnpeAeneHuii 3Be3A Ha AHa-
rpaMMax p*tc. 2, 5 ue cosnaAaror c ocbro opAHHar, a cABHHyrbr
BnpaBo, T. e.  B cropoHy yKa3aHHbrx raM HanpaeneHr.rr? o6u,rHoro
cocroflHnfl 3Be3A. 3to o6croflTeJrbcrBo HaxoALITcf, B nor'IHoM cooT-
BercrBHH c HatuHM 3aKrlorreHl.teM o roM, qro oco6ennocrn crryr-
HHKa BbI3BaHbI JIIZIITb oTKJIoHeHI' leM efo oT HopMa/rbHofo cocroffHHfl
B cropoHy c6;laxeuus c xapaKTepucruKaMr.r r,tasHoft ssesAH. Cr.rr\,r-
METPIITIHOC )KC PACNOJIOXCHHE 3BE3A OTHOCI,ITCJIbHO JIHHI,If i  OAT,IHAKO-
BbIx c[eKrpoB AHarpaMM Ha puc. 3 cBr3aHo, BeporrHo, c reM, qro
gro HanpaBJIeHHe Haxo,llHTcq MOKAy Ha[paBJreHnsun o6uqHoro co-
croffHllq 3Be3A-rJIaBHoft [ocJreAoBare.[bHocrn H rHraHToB. Pac-
cMorpeHHbre crarr.tcrHrrecKHe .[aHHbre no3BoJlfl]or erqe 3aKJIroqtITb,
qro BJIHflHHe fJraBHofi sees.(L{ Ha cnyrHr4K npoflBrqercff oAaHaKo-
nuu o6pasoM, KaK y 1nusxttx Apyr K Apyry inexrpa.nrno-4nofiusrx
3Be3I, TaK u y pa3AeJreHHux 6oatrrruM paccrofiHneM BH3yaJrbHo-
,q,eofiHHx.

Bepoaruo, B nocJreAHeM cryqae rpe6yercr roJrbKo 6o.nee
.q,JIHTeJlbHoe BpeMr AJrfl ocyuecrB.rreHr.rt 3Toro BJILtflHLrfl,. B sarnrc-
qenne npoBeAeHuofi Haun AucKyccr.rH ua6.nrc4areJrbHoro Marepr{aJra
Qopuy.nnpyeM BbrreKarouue rls Hee BbrBoAbr.

l. B asofiHbrx cncreMax, y Koropbrx Maccbr KoMloHeHT o,u,Hua-
KoBbI (Mr:Mz),  He saMer{aercs HHKaKHX oco6eHHocref i  s Ha6J}o-
AaeMbrx xapaKrepr.rcruKax L s.  R arnx KoM[oHeHr. f loxasauHas
AI4afpaMMaMV Ha pnc. I H 2 soslroxHocrb pasluuuft paAnycoB rtpn
MaJrbrx pa3ruqurx Macc yKa3brBaeT Ha Bo3Mox(Hocrb cyulecrBeH-
HbIx pag/'Iu,tutt u B Hx cneKTpaJIbHbIx rHnax,

2. tlpvt o6reAuseHnr{ 3Be3A c pa3HbrMH MaccaMH rrpoucxoAr{r
H3MeHeHHe xaparffepHcrux Lz H Rz MeHee Maccr{BHoro KoMnoHeHTa
(Mz 1 Mr\:

a) cnexrpanlHufi run cnyrHuKa BbrpaBHnBaercfl co cneKTpa,{b-
HbIM THnoM rraaHofi 3B$Abr;

6) palnyc cnyrHnKa npn6ruxaercn K paAuycy rraeHofi
3Be3Abr;
H3 3Tr.rx o6croqrerrcrB BbITeKaer:

n) rpxocrl cnyrnuKa c6luxaercfl c ffpKocrbro rJraBHofi ssesAu.
3. flepevncJreHHbre 3aKoHoMepHocrH BbrrrBrsrorcq 6oree orqer-

nHBo y 3Be3.u, paHHHX THnoB r.r cyulecrByror B panuofi Mepe KaK
y BH3yaJIbHbrx, raK H y c[eKTpa,rrbHbrx 4nofiHux 3arMeHHbIx nepe-
MEHHhIK .

Ovenuairo, a SusuvecKl{ cBr3aHHbrx napax nponcxoAxT BJrHfl-
HI.re oAsort 3Be3Abr Ha Apynyro. 3ro BrHflHHe s Han6onee cu.nruofi
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cTeneHH cKa3blBaeTcfl Ha MeHee MaccHBHoM KoMnoHeHTe, xoTfl, Be-
poflrHo, cyqecrByer n o6parHoe BJrHflHse efo Ha fJraBHyrc 3Be3Ay.
C yee.nnueHneu Maccbl crryrHuKa, ecrecrBeHHo, MolKer yBeJIuqH-
Barbcfi H ero conporllBnqeMocrb BJInflHHro rnasnoli 3Be3AE[. Tor.qa
npu paBHbrx Maccax aQQexr BJrHflHufl 6yaer HMerb MnHIrMaJrbHoe
3HarreHue H Moxer ue o6uapyx(HBarbct crarncrnrrecKHM HccJIeAo-
B A H H E M .

flpu raxnx 6oarurux paccrorHHflx MexAy KoMnoHeHTaMv., KaK
B Br.r3yaJlbHo-gnofiHux cucreMax, pa3yMeercq, coBeprrreHHo HeBo3-
MoxHo sosAefictaue srux 3Be3A Apyr Ha Apyra HH rpaBHraUHoH-
HbrM, HH .nrc6uu ApyrHM rroJreM, HH rroroKoM ayuncrori 3HeprHLI.
Taxxe HeBo3Mo>KHo o6rscnnrb BbrpaBHHBaHne cgoficrs 3BegA ,u,aori-
sofi cncren,Ibr Hx gBoJrroquefi. He ronopn yx(e o roM, rITo npn cBoeM

pasBnruu 3Be3Abr AoJr)KHbr ocraBarbcfl Ha rroBepxHocr' T(tvt, n),
SBOJTTOTInOHHOe BbrpaBHHBaHHe MOXeT npOnCXOAHTb B OCHOBHOM 3a
cqer 6o,ree cKopofo yMeHbIIreHHr cBeruMocrn fJraBHofr ssesArr r.r
y>r Hnr{aK He 3a crrer yBeruqeHnr eBernMocru clyrHnKa. C roqrn
3peHHr f Hrrore3br repMoflAepHbrx Hcror{Hr.rKoB ssesAHor? sHeprHH
y>l<e caM no ce6e Saxr npenMyulecrBeHnoro o6reAnHeHnfl sBe3A
c oAHHaKoBbIM cIIeKTpoM eABa JrH Mo)KHo o6rscsnrr Aax(e npu ca-
M brx Henp aeAonoAo6Hbrx rrp eArroJro)KeH Hsx o p a3J'r HriHH H aq a!'I bHof o
XHMHIICCKO|O COCTABA 38E3A.

CyuecreoaaHr{e noBepxHocrn L1U, i l  unw eit paeHociurnofi

€ (p, B) flBJrflercs orreHb cepbe3HbrM AoBoAoM rrporHB rHrrore3br
qAepHbrx Hcror{Hr.rKoa ssesAHofi gHeprHH. Taxaq noBepxHocrr 6n,ra
6u npu caMoperyJrupoBanuu npoqecca H3ryqeHnq, HanpnMep npf l
ocrbrBaHuu 3Be3A, T. e.  npu orAarre paHee ganacensol i  oHeprHH.
Sror sbrsoa o6 orcyrcrBug B 3Be3Aax cflerruaJrbHbrx HcroqHHKoB
sHeprHH, Koropble He 3aBHcqr or npoqeccoB TenJronepeAar{H, 6u.rt
no4po6uo o6ocnonan B HaITIHX pa6orax l to BHyrpeHHeMy crpoeHulo
3B$A [4]. flo.nyuaercfl, uro npo6neMa cBeqeHr.rfl 3Be3A ffBflqercfi
qacrHbrM cflyr{aeM o6utefr npo6.nelrlr - noqeMy so BcereHnofi or-
cyrcrByrol paBHoBecHbre cocrosHus. Ecnu so BceaeHuofi 4eficreyer
npr.IHunrr HeAocrHxHMocrH paBHoBecHbIX cocroflHlui, ro 3ro o3Ha-
r{aer cyu{ecrBoBaHne BcefAa H npn scex o6croflTerrbcrBax pa3JIH-
rrrfl. 6yayutero or flpouleA[Iero. Ec.nu 3ro pasnHqr-re pea"rbHo u
TeqeHHe BpeMeHr.r  rBJl tercf f  o6rerrnsHuu QasuuecKnM csoi icreor4
BpeMeHH, ro oHo Ao, ' r>KHo npoqBrf l rbcs eosAel lcrBneM Ha MarepH-
aJrbHbre clrcreMbr. 3ro sosAeficrsHe 6yler lrpenrrcrBoBarb ocy-
IqecrBJIeHHlo paBHoBecHbrx cocroauufi, npH KoropbIX Her orJrHrrnff
6yayuero or npoueArrrero, T. e. Her reqeHnq BpeMeHH. flpeuar-
crByq sBe3AaM nepeftrn B paBHoBecHoe cocro.rrHue, TerreHue Bpe-
ueHH 6yAer HcroqHHKoM Hx 3HepfHH. Bpeun HeJrb3ff paccMarpu-
Barb oropBanHo or MarepHH. Bce npoueccbr, nponcxoAqulHe B Ma-
TepHaJIbHbrx cHcTeMax Bce;resHofi, sBJrfirorcfl HcrorrHuKaMH, nHTaIo-
rrlxMr.r o6uufi noroK BpeMeHH, xoropuft B cBoro oqepeAb 4eficrayer

Ha Marepr.raJIbHE[e cucreMbr. llosrorrly cJreAyer o)KHAarb cyurecrBo-
Barnn cBs3r,r MexAy cHcreMaMH H Bo3Mo)KHocrI{ Bo3Aeftcrens oA-
sofi cncreMbr Ha Apyryp qepes BpeMr. BoeMoxHocrb raKux Bo3-
Aeftcrnuft, pa3yMeercr, AoJr>KHa 6Hrt s npocrpancrBe ofpaHr.rqeHa
HeKoropbrM paccrorHlleu. TorAa orMer{eHHbre cxoAcrBa KoM[oHeHT
AsoftHblx cncreM AoJIx(HbI noryr{urbcfl lt3-3a Bo3Aeftcrsnq rrpoqec-
con oAsoft sBes,u,br Ha rpoqeccbr B Apyroft vepes BpeMq npu 6o.nl-
unx cpoKax Hx cocyqecrBoBaHus H cpaBHurenrHo ne6o.irbtrrax pac-
crorHfiqx Me)KAy HI{MH.

CepreeHoe o6ocHoeaHHe Bbruren3.noxeHHofi KoHrIenqHH o Mare-
pHaJrbHbrx csoficrsax BpeMeHr{ Mo)Ker Aarb roJrbKo Snenvecxnfi gxc-
nepr.rMeuT seusoft la6oparopuu. Pa6ota, npoBeAeHHafl HaMH B groM
HanpaBneHHH, cocrosJra H3 cJreryrcuux eranoa [7].

l. flpanqr.rn npHrrHHHocrH no3Borqer onpeAeJrnrb xoA BpeMeHH,
T. e. TeMrI Ter{eHufl BpeMeHH KaK CKOpOCTb npeBpalqeHr..rfi npHqHHH
B cJleAcrBne. Tpe6onanne H$aBncnMocrn sroro onpeAeJreHr.rfl or
cHcTeM crreTa BpeMeHIr H npocTpaHcTBa ycTaHaBJIr{Baer, qro xoA
BpeMeHH npeAcraBJrffer co6ofi nceBAocKaJrffp, l.tuerculnfi pa3Mep-
Hocrb cKopocra. C.ne4onare,'tbHo, xoA npeueftu riMeer csoficrsa
nuner?Hofi cKopocrn noBopora. floerouy Mox(Ho oxnAarb, qro
B NPHqI,IHHbIX CBq3.f iX MCXAY NOKO'IUIHMCf, H BPAuIAI0UIHMCq TEJIOM
x o6uqnouy xo,ey BpeMeHH cz 6yler Ao6asflqrlcs .riunefinaq cKo-
pocrb BpauIeHHfl reJra u. B peeynlrare Mofyr rroffBuTbcr AonoJrHH-
TeJrbHbre cHJrbr, HanpaBJIeHHbre IIo ocH BpaueHHq, cocTaBJrsroulue
Aov'IIo uf cz ot o6rt,IHltx cr-t,T, 4eiicrByloulHx B cucreMe. Onrtrtt, npo-
H3BeAeHHbre c nflpocKonaMH, AeficrsHrerbHo noKasar.rH [oqBreHue
9THX AOnOJrHnTeJrbHbrX CHJr 'r nO3BOJrHJrr{ OnpeAenHTb B€JrHelrH} cz:
:*700 xu/c n neeof i  cucreMe KoopAHHar. B erux onbrrax AJrq
noryrreHufl npuuuunori cBq3H neo6xoAlauo 6rrno BBoAr-trb B cr,rcreMy
uerotopufi neo6parrauufi npouecc. !,antuefruue orbrrbr yAaJrocb
3HaTIHTeJIbHO ynpOCTHTb, npHMeHflq HenoABHx<HbIe TeJIa, HO HCTTOJIb-
3yt Bpalqeuue 3eu.lu. fleao B ToM, rrro Bec reJra cJraraercq Hg
npHTflxeHHft uacc 3eunn, Bparqarcq[xcg c pa3rurrHbrMu au:nefi.-
HbIMH cKopocrflMH. Taxnu o6pasou, Becy coorBercrByer HeKoropat
ycpeAHeuHar cKopocrb, orJruqHar or JrnHeftnoft cxopocrr.r AaHHofo
Mecra 3erra.[a, c xoropofi cBfl3aHbl ,4pyrne cu,'Ibr cHcreMH. BosHrl-
KarorrlHe AonoJrHHreJrbHbre cuJrhr, HanpaBJIeHHhte no ocH BpaueHHfl
3eurn, na6.nrc4a.nHcb Ha AJIHHHbTx MaflrHHKax, Kpyrr.rJrbHux u o6ur-
HoBeHHbIx pbIIra)KHhIx Becax. lloqsreHHe 3THx cHJI ogHar{aer, r{To
BpeMr AeftcrnurerrHo MolKer coo6ularr oHepfHro Marepr.raJrbublM
cr.IcreMaM. Bpeua eule Mo)Ker HsMeHHrb MoMeHT BpaIqeHHr, Ho oHo
He Moxer BJruflTb sa no.nnurl l.IMrryJ'rbc crlcreMbl.

2. Aa.nrnefiurne sa6.nrcAesuq [oKa3aru, rrro creneHb ueo6parn-
MOCTH npoqecca, BBoAHMOTO B Cl{CreMy A,'Iq yCTaHOBIeHHq pa3JrH-
vuft npnuuH H cJle,4crenfi, uacto MeHflercfl LI3-3a KaKHx-To BHeIuHr.Ix
o6croqremcrB, He cBq3aHHbIx c o6craHosrofi onrnon. OKasa.nocu,
qro no4o6nue H3MeHeHHff ycnonufi nosBJIeHHfl AonoJIHIrreJ'tbHbrx
CHJI Mox(Ho nofiyqnTb, ocyulecrnnsq s6rH3H cncreMbl pa3Jlnquoro
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poAa .(ocraroqHo sHeprnqHbre, Heo6parnMbre npoqeccbt. 3rn onurnr
flpffMo AoKa3HBaror BoSMO]KHOCTF, Bo3Aeftctefis oAuofi MarepHaJrb-
uofi cucreuH Ha Apyryrc c noMoulbro BpeMesa. flocroJrbKy BpeMfl
He nepeAaer r.rMnyJrbca, raKr.re sosAeficrsilrr He Mofyr pacnpocrpa-
gffrbcq H Hx cyqecTBoBaHne o3HaqaeT BO3MOX(HOCIA nrrHOeeHHOft
cBfi3u. flepe4ava sogAefrcrsuft vepes BpeMr noKa3brBaer, qro, flo-
MHMO IIOCTOqHHOTO XOAa BpeMeHH C2, y BpeMeHH eCTb eUIe II  I Ie-
peMenHoe caoricrno, Koropoe Moxer 6urt Ha3BaHo urorHocrbro
BpeMeHu. B orpecrnocrsx Heo6parnuoro npoqecca r.r3Megflercff
nJrorHocrb BpeMeHH, a 3ro o6croqrenlcreo AerlcrByer Ha Apyrue
npoqeccbr [r Apyrne cr.rcreMbr. HapyueHufl nJrornocrr.r BpeMeHH MeA-
.rIeHHo y6blBalor c paccroflHHeM, cKopee Bcefo, o6parHo nepaorl cre-
neHr{ DaccTofHHt.

lleperrHcfleHHble 3Aecb pe3yJrbrarbr .na6oparopnux HccJreAoBa-
Hntlr noxasbrBaror, r{To B fipapoAe Moryr [po]rcxoA]nr aos4eficreun
He ro.IIbKo qepe3 cH!'IoBble noJIfl. Hcro,iHl.{xoM TaKHx eosAeficrenrl
tBJIflIorcg ueo6patnnable npoueccbr, T. e. npHr{r.rHHo-cJreAcrBeHHbre
orHoureHnfl. AcrpoHoultqecKrrM npr.rMepoM sos.(eficrsafi sroro pola
rI qBJrqrorcs oco6enHocru SasavecKofo cocroflHnfl 3Be3A g ,u,sofiHHx
cncreMax. OcHosHofi ueo6parHlrutt npoqecc B 3Be3Aax 3aKrroqa-
ercfi B nepeAarre aHepfHH H3 HeAp 3Be3A HapylKy. llpouecc H3Jry-
qeHufi r.laeHofi 3Be3AbI, H3MeHqfl IIJIorHocrb BpeMeHH, Moxer BJII{trb
Ha noroK H3JryqeHufl cnyrHuKa u npu6nuxarb ero K noroKy r.r3Jry-
lIeHHfl r.[asHofi 3Be3Abr. Taxalr nyreM Moxer noflyrrHrbcfl BbrpaBHr.r-
BaHI{e CrreKTpaJIbHbIx THnoB KoM[oHeHT napbr, qTo coBepIIIeHHo
yAHBHreJrbHo co ncqKoft Apyrcft roqKr{ speHufi. Onuru [oKa3br-
Baror, rrro xoA BpeMeHr] nporBJrser ce6s Ha BparqarcqHxcfl TeJrax.
floarouy s@Qexr BilHflHLlfl. B fiapax ,qoJrxeH 6srm cu.nnHee y 6ucr-
poBpaqan[IHxcfl 3Be3A, T. e. y 3Be3A paHHHX CneKrpaJrbHbrx
TI,INOB.

3ra saxoHoMepHocrr.r ti 6ulu orMerreHbl ilpr4 a*a[rtse Ha6rroAa-
TeJIbHofo Marepr.{adra. C HgMeHeHHeM noroKa .tyvllcrofi sHeprnn
AoJrx(Ha npoucxoAr.rrb r.r HeKoropaq nepecrporixa 3BeaA. 6yAer, ua-
npuMep, H3MeHflTbcfl, HX pa[Hyc. BuacueHne arux o6ctoqrenrcrs
rpe6yer r,ry6oxoro osHaKoMJreHHfl co csoficrsaMn BpeMeHH. Ees
coorBercrByloueft sKcnepuMeinanluori pa6oru epn,4 Irw HMeer
cMbrcJr Aalluefiruee o6cyxgeHue noApo6nocrefi BITHTHHfl 3B$A
qepe3 BpeMfl .

Hanepnoe, BpauIeHHe 3BesA 6;raro4apx ilceBAocKaJrflpHbrM csorl-
crBaM xoAa BpeMeHr{ caMbrM recnbrM o6pasou cBs3aHo c Hx H3Jry-
qeH[eM. B nepeAaue >re gHeprHH H3 HeAp 3BesA Mo>Ker cyqecr-
BeHHyro poJrb Hrparb H nepeAarra Bo3Aelicrsuft c noMoxlbto Bpe-
MeHI{. Bosr\,IoxHo, qro yrler erux o6crosreJlbcrB no3BoJIr.IT rroHflTb
oco6ensocrn 3aBHcHMocru L(M, R),  nso6paxensof i  Ha AHarpaMMe
onc. 6.
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o cBf l3H TEKTOHT{qECKHX nPOUECCOB
3EMJIH H JIYHbI

B xaqecrse o6rexruagoro npH3HaKa reKrogngecKofi axrssxocrn 3enrar pac-
cMorpeEhl I.IHTeHCr.rBHbre 3eMJterprlceHrrq c o.r{aroM, pacno,'IoxeHHuu ray6xe aeu-
Hofi xopt't. [pasuarou xe reKToullgecxofi' axrunnocrn Jlynu Morvr c.rrv>Krrrb
lp_6T. gp€r.{eHnHe ffBJreHrrfi na JIyHe, Karanor Kor.opbrx c^b^craaaen'6. Mraa;r-
IgPcr. lllccJte.(oBaHHbrn_ Marepaar cocraB.rqer cnucoK 630 seunerpnceunfi u
370 _a_peueunux ssreuufi na Jlyne 3a BpeMr 1904-lg62 rr.

vcraHoeneHo cyuecroonanue 4nyi rHnoB cBs3r{ [rexAy reKroHuqecKHMr.r
tBJieH[rMIt 5eM.rI[ E JlyHbI:

l) cnycxosoft_ MexaHH3M nprlngBubrx nos4eftcrnuft qepe3 rpaBnrar{}roHHoe
sgauMoAeftcrnxe JIyHU u 3elran;

- 2) uenocpeAcrBennar npuqr.H*tafl cBr3b reKroH'qecKux [poqeccoB 3evau u
JlyHI, KOrOpafl Moxer ocyrqecrBnflrbcrr qepe3 MarepuaJrbHb{e csofictea BpeMeHH.

3ra cBr3aHgocrb npoqecc-oB no3Borqer cAeJrarb BbrBoA o clrHxpoHHocru
ropoo6pasoaareJrbHhrx r{riKJroB 3euau n .Ilynn,

3enaaerpaceHufl tBJrflrcrcq Han6oJree flpKHM, nogBoJrfllolrluM Ae-
Jlarb KoJrl{gecrBeHHbre orreHKH SU3UUeCXHM npH3HaKOM TeKTOHnqe-
cxofi axruBHocrlr 3enuil. ,[ar JIyHu raKHM npH3HaKoM Moryr
cny)Krrrb nrc6ue BpeMeHHbre sBJreHr.rfl, ua6nrogaenahre HHofAa Ha
ee noBepxHocrn. O6ruupHnft KaraJror srux qBreHuit 6tut HeAaBHo
ony6"raxonaH 6. Mnu.nxepcr [1]. Hecrr,rorps Ha KpnrurrecKoe or-
Ho[IeHr.re aBTopoB KaraJrofa x ony6.nnxoBaHnoMy Marepprar'ry, B HeM
BCC )KE MOIJIH OCTATbCg I{ OTUH6O'IHbIC CBCAEHI,Iq, OAHAXO AJI' I  CTA.
THCTITIIECKI4X I-]CCJICAOBAHHfi SrO O6CTOSTCNICTBO EABA JIH IIPCACTAB-
.[f leT cepbe3Hylo OIaCHOCTb. 3Haqnrel lHo Ba>Ki{ee nocroqH}Io HMerb
B BHAy upeseuuafiHyto ceJreKruBHocrb Marepaa,'ra grofo KaraJrora.
LeJIeKTHBHOCTb CBF3aHa C MeTeopor ' to r l4qecKHMH VC, IOBHtMH Ha-
6.nrcaesnft .Ilyuu, ee Qasaun, nuiorofi "a4 .opasbHroM ri Aa)Ke
npocro c HHrepecoM acrpoHoMoB K noAo6nur'r sa6,rrcAesusir.r. flo-
sTOMy COBepTUeHHO HCKJIrOqaercr Bo3MOIKHOCTb HeTTOCpeACTBeHHOTO
coIIocraBJIeHI.It Korur{ecrBa JIyHHbIx qefleHaft c Korur{ecrBoM H I.tH-
TeHcHBHocrblo 3eMJIerpaceunft .

B ornnqne or ceJreKTHBHoro xapaKrepa JryHHbrx ua6nrcAeHrlrt
Haqanaf l  c 1904 f .  npoucxoAaJra noJiHaf l  pefgcrpar{Hr 3eMrerpf l -
cesuft  no BceMy 3eMHoMy uapy. Cpean MHo)KecrBa 3eM,'rerpf lceHurl ,
3aperHcrpnpoBaHHbrx ceilcNtH,lecxHr\.{H craHqHrrMr.i, ueo6xo4rzuo
AbIAC,{I-tTb TC, KOTOPbIE CBflSAHbI C TEKTOHHIICCKI,IMII NPOqCCCAMH
uacurta6a, 6,rsexoro K n.rlaHerapnovry. [,ra grofi rIeJrH Mox(Ho
BHAeJrHrb 3eMJrerpflceHr.ts 6o.nttuoli ruarHaryAbr H c r.iry6oxurrl pac-
{roJro>KeHr.reM oqara. I4s xararora fyreu6epra H Pnxrepa [2],- co-
Iepxauero nolHurl cnncoK 3eMJrerpffcesaft c MafHnryAofi 6o"utrue
7, sa 1904-1946 rr. 6unn Bsflrbr roJrbKo AaHHbre, orHocqulaecfl
K rpoMex(yroqHhrM (r.iry6una or{afa 70<11<300 x*r) n uy6oruvr

K o s n p e e  H .  A .  O
I4se. fr. acrpon. o6cepe. a

l2*

cBr3r{ reKroHrrqecrnx npoueccoB 3euan n Jlyuwll
l lyaxoae. 1971. Ne 186. C. 8l-87.

(H>300 xu) servuerpsceHasM. nns nosAHefturux Jrer no l9O7 r_
BKJITOqHTeJIbHO H Arfl rex )Ke rHnoB 3eMJrerpscesnfi Aassue 6blJlr
nu6paHu H3 Me>KAyHapoAHbIx ceficilrg.recxgx 6p.nlereHefi. l lp"
sroft su6opKe qau{e Bcero MarHHryAy 3eMrerpqceHnfi npnxoAurocb
oIIeHHBaTb BecbMa npu6.nneureJlbHo, tro rlncry orMeTHBtrrHx Hx
ceftcilru.recKux craH[Hfi. fIo-sHAHMoMy, Hn]r{Hroro rpaHHqy MafHr.r-
TyA 3eMJrerpaceuufi noflyrreHHoro 3rHM or6oporrl cnHcKa cJreAyer
cqurarb pannofi 6,5. K cox<aJreHnro, n3Rruft ttpHHrrHtt or6opa ue
rapaHrnpyer noJlHory Marepr.{ana. fleftcrBaTeJrbHo, KpyrrHbre reK-
ToHHrrecKHe [poqeccbr Moryr 6uru csseaHbr H c Her.ny6oxnMu r.rH-
TeHCHBHbTMTE 3eMJreTpflCeHHrMr,r, oqar Koropbrx HaxoAHrcq BHyTpn
seunof i  xopn (h<70 xu).  OlnaKo onpaBAaHHeM Haruero or6opa
qBJrserct roqHocrb ero npH3HaKon, o6ecnerrHBaloulaq oAHopoAHocrb
trccJleAyeMoro uarepna.na. B pe:y.uurare 6un cocraBJreH cttr.rcoK
630 selr,'rerpRceHafi, npoHcueAtrrnx 3a BpeMs c lg04 no 1967 r-
B xara.nore xe E. Mnalnxepcr 3a sror nepnoA orMer{eHo oKoJIo
370 nperr,teHubrx flBr'reHufi na Jlyne.

3euls u JIyHa npeAcraBJrqror co6ofi clrcreMy reJr, HaxoArr-
[Inxcq noA cHJrbHbrM trpuJrHBHbrM, r. e. rpaBnrarruoHnhrM, sosAefi-
crBHeM Apyr Ha Apyra. llo.q aetlcrBHeM nyHHbrx npHJrHBoB 3eMHat
Kopa coBeprrraeT y[pyrne, 6es Sana3AbrBaHnfl, noJrycyror{Hbre KoJre-
6asus. c aMrrJruTyaofi nopraxa 20 cu. Ha /lyny xe rrpnnuBsoe lefi-
crBue co cropoHu 3eu.nn AoJrxHo 6Hm sua.rHreJrbHo 66nuruuu,
Bucora uplrnnBa onpe.(enrercr orHorrreHneM noreHr{HaJr a nplnl-
aoo6paeyrcqlrx cHJr K cnJre rrxecrn. 9ror noresrluan fiponoprrno-
HaJIeH KBaApary paAnyca reJra n Macce Apyroro, oos4eftcreynurero,
Tera. lloaroMy norenrlgaJr rrpHJIr{BHbrx cgJi Ha JiyHe B nflrb pag
6olrute, seM Ha 3eune. Cnla xe rq)Kecrn ua .Ilyne B ruecrb pa3
MeHb[Ie. OrcrcAa cJreAyer, qro ,qe$opMar{Hr noBepxHocrr.r "IIyHu
AoJIx<Ha 6urt s 30 pas 6o.nnure AeQopMauHH rroBepxHocrn 3errl.nu
H cocraBJlsm npu6nn3uTeJrbHo 6 rr,t. OaHaKo r.r3-sa cl{HXpoHHocrH
BpalIeHHq JIyHU a o6pauleuur ee BoKpyr 3eunn xo. ire6aHnq aH-
corbr [puJrnBHoro Bbrcryrra, r. e. xone6aHnfl JryHHofi xopu, Mofyr
nponcxoArrrb roJr[,Ko 3a cqer r.rsMeHeHHrr paccrorrHnq or Jlyuu 4o
3eu.nn. 3ro paccrosHne BcJreAcrBi{e sHaqr.rreJrbHoro 3KcueHrpucr{-
rera JryH-Hori op6nru Mo)Ker MeHrrbcfl Ha 50 000 xu, a B cpeaHeM
ya 40000 xv, qro cocraBJrf ler oKoJro 0,1 cpeAHero paccrof lHus.
I , ls l reHeHr.re [oreHrrHaJra [pHJrHBHbrx cHJr npoucxoAHr o6parno ry6y
paccrotHHri u 6yaer nogroMy cocraBJrflTb oKoJ'Io 0,3 ero cpe.[Hero
BHaqeHHq. f loarouy Mo)KHo oxHAarb role6auuf i  .nyHHori  Kopbr
c [epIIoAoM, paBHbrM aHoMaJrI4CTHrleCKOMy Mecqqy, u aun,ruryAofi
nopflAr{a 2 rrr. Ha Bo3Mo)KHocrb TaKHX 6onturux ro,re6aHHfi ;ryHHoft
r(opbr 4 HX 3HaqeHHe AJrr reKroHHKH .I IyHu BnepBbre yKa3aJr Axer
f pnu t3] Paaynreercs, cAeJraHHbre orleHKH ctrpaBeAJrHBbr Jrr]rrb
B cnyqae cxoAcrBa MexaHuqecKax csoficre .nynuofi r{ seNrnoft
Kopbr.

I4gueHeHHe neorleHrpHqecKHX paccrorHuft  JIyHu AoJrlKHo co3aa-
BaTb H g xo, ' re6aHurrx 3eMHoii  ropu H3MeHeHr.rr  Ha re xe 0,3 or r lx
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cpeAHero 3Har{esHq. caegoeareJrbHo, AOJTXHbT nponcxoAHrb AJll{-

"Ltron5;a, c flepttoAoM, paBHbIM aHoMaJIHcTt'IqecKoMy Mecfllly, KOne.'
'6;;;; 

seMHoir *opo,'i aMnrrnry.u,ofi nopxAra 6 crrl. ,[l.irq seMHofi

*opo, noutr.r raKoe xe H Aaxe HecKoJlbKo 6olruee 3HaqeHHe HMeeT

c o , I e r a H H " J I y H H b I X H c o I H e I { H b I x I I p H J I H B o B , B e . [ u t { I , I H a K o T - o p b l x
; ; ; ; ; ; ; ; t  El t t  o,  nvHHbIx npHnHBoB' B cr ' I3HrI ' Inx xore6aHns

Pnc. l. ,rl,narparr'rua o"**"fff;i-15;Tl';36;fif.l 'u"'""ocrn or Qaa Jlvnu

Kopbr Ao,rx(uu 6rtrt na 9 crra 6olrue, a B KBaAparypax ua 9 cu

MeHbrrre cpeAHHX xo.ne6aunfi' l lo"nyuaetcn apyrorl Anllsuufi tte-

pHoA, paenuft  [oJIoBIlHe cHHoAHqecKoro Mectua'  Bnolge Bo3-

MolKHo, r{To aru ABa nepHoAa B KaKoft-ro tr'tepe cKa3blBalorcfl Ha

rerrOHl{.IeCXOIi aXfi lngOCrU 3eUnn H, B r{aCTHOCTH, Ha I{aCTOTS

3eMJ'I erptceuuft.
,U,.rq eHscHeHHfl  srofo Bonpoca [ocrpoeHa AHarpaMMa (pi ' rc '  l ) '

ua xoroporl yKa3aHbr 3eMJrerprceHnrr B ias'clitrlocrll or Qasm Jlynu

1 8 1

H noJro>KeHr.rr ee ua op6ure. flpn nocrpoeHHr.r AlrarpaMr{bI MH noJI'

,Hocrbro orBJIeKaJIHcb oT Bcex HepaBeH'cts Asl'IxeHHs Jlynu. Duln

asflrbl cpeAHHe 3HaqeHHt cnHoAnqecKoro (29'5 nHa) I{ aHoMaJIH-

crnrrecKoro MecqueB (27.5 mnl. Ha .4uarpaMMe HaHeceHbI cpeAHHe

noJroxeHllfl cHenrl{ft H KBaAparyp, a anoreri (A) noKa3aH KaKcpeA-

uaft uouenr Mex(Ay coceAHtMu nepnneflMH (P)' A"us KaxtAoro seM-

JrerpsceHurr o[peAenflJrocb ero paccToqHlle BO BpeMeHU .qo 6.ut'�t '

xariurefi, orueqenHoft ua AuarpaMMe' Qasu Jl-yttu I'I Ao MoMeHTa

npo*o*A"nnr .Ilynu qepea nepilrefi H;tn anorefi. Bosu'raloulas oT

cAeJraHHbrx ynpor{ennri- H-eonpeAeJleHHocrb llocrpoeHnfl eABa iln

AocrHraer oAHHX CyroK. Ha nocrpoensoft AHarpaMMe KalKAOe seM-

.rerpqceHHe orrraeqeuo roqxofi. 3eulerpncennR, nonaAaIOu1HS Ha

paMKy AHarpaMMbI, orMer{eHbl no coceAcrny c nefi, BHyrpI{ AHa-

ipaurr,tu, u nonropeun y Ka)KAofi I{3 [porllBonoJloxHblx cropoH

paMKH.' 
[Oa"poeH'a.rr AHarpaMMa cOBepIueHHo OTqeTJIHBO [oKaSbIBaeT'

qro s6aHsH flepHrefl 3eMJreTpflceHl,Ifl qalqe Bcero npoHcxoAtTBCH-

3r.lfl.Igx, T. e. npH [oJlHoJIyHHH I{-HOBOJIyHrlr4, 14 HX B TO BpeMff nor{Tl'�I

ne 6nsaer oKoJIo KBaAp;ryp. Bropofi xopouo Brilpax(eHHofl oco'

6euuocrrp AI'IafpaMMbI flBJIfferct rpynnHooBKa 
-een,tnetprceHufi

BAoJIb Ha[paBJIeHnfi, n4yu1llx -noA yfJIoM 45" ot cH3IlrHeB B ne-

pHree.^ S r u H a n p a B I e H I , I q n p e A c T a B J I f l I o T c o 6 o f t [ o c J I e A o B a " e J I b H o c T b

4Ueft rex .lrynauuft, y KoTOpblx HoBOnyHHe HJII'I noJIHoJIyHI'�Ie CoBna-

nar 

 

^ nanunppM C.n"noshreJlbHo. 6flaronpnqrHblMH AJIff SeMJIe'
AaJIo c flepnreeM. CneAosateJlbl{o, p
ipncenut s'".rrsprcs He ToJrbKo AHLI MaKcHMaJIbHbrx 'pHJII'IB.B 3eM'

noft xopu, Ho H AHHr HeIIocpeAcrBeHHo cJleAyloqxe ga nnuu' Ta'

;; odt";oM, MaKcIrManbHbIe npIIJII ' lBbI s raxoft crerleHlr Hapy-

rIIapT cocrogHl{e Hapyxublx cJIoeB 3en,tan, qro B TeqeHHe BpeMeHH

nopqAKa Mecrqa idxpaHnnrcn ycJIoBI'If l '  6aaronpnnrcrBylouue

3eMreTpqceHHsM.
!.;ra nyurrblx qBfleHHIl lts-sa 6o.nlruoft ceJIeKTHBHocTI{ MaTepI4.

unf ,uu"tsqer? or $asr-t .IIyHu, Herbsq notl!911-:--,rHarpaMMy'
nollotyo paccoaorpeiuoft , i*, l,tt serta;rerpnceuHft' Bnpoueu
I IOcTpOeHI ' I eTaKoH.qna rpau r t t ueABaJ IH I lMeeTCMbICJ I I {3 -3aMaJ IOrO
3HaqeHI.{q corHetlHbIX npu.nuooa no cpaBHeHH'IO C 3eMHbIMH AJlfl

Hapyx{HbIX clroeB ,Ilynu.^ .[,. i ln eulcHeHnfl xe poJIH 3eMHbIx npn'

Jrr.rBoB AocraroqHo nbcrponrl rpa6ux 3aBHcl'IMOcrIt qUcJIa JIyHHbIx

"tn"""n or Aueft agoua.trucruqecKoro Mecfua' T' e' or norox(eHnq

It;; ;" op6nre' flocrpoeuuan raKHM o6p1:?y--:aB-HcnMocrr Aon'

-xHa 6mrr boeeprueuHo 
^ 
ceo6oAHofi_ or Crarucruqecxofi ceJIeKUI,lH'

rrocKoJlbKy ycJIoBHfl na6.nrcAesnx 'IIyHu He Moryr SaBncerb or He-

6onrurux tlsl\leHeHnfi paccroqHltfl ee Ao 3gr'r,nu' Bnepoue ora 3aBI'l-

ar*oato 6u,ra no,ry,{eHa B. Mull.nxepcr [4] Ha ocHoBe--ee nepBoro

;;;;;;;, isl. norvuHrlcs 3HaqHre'nrsuft MaKcI'{MyM riyHHblx tBJIe'

Htt f t  s f lepHree u nropoft ,  6o' lee cla6uf i '  MaKcHMyM B anofee'

Becnlta HnrepecHo cpinHram 3Ty 3aBucnMocrb c aHaJloraquoft sa-

BHcHMocrbIo AJIn ae"n"tpnceHnft' xoropylo MoxHo noflytluTs cYM'
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MapoBaHHeM r{Hcra 3eMnerpflceHnfi 
'blo.nb 

BepruKantuux cro.n6uon"
,4narpanauu l .

BepxHnn KpHBafl Ha pnc. 2 laer gaBncuMocrb qncJra 3eMnerps-
cesuft or pa3raqHhrx MoMeHroB rroJrox(eHnrr JIyHU ua op6nre.
3Aecl,  KaK H f ipn nocrpoeHuu pac. l ,  esrr cpeaHr. l i  aHoMarHcrnqe-
cxnfi Mecflu Id cpeAHee nolTo)KeHHe afloreq. HnxHng Kpt{Bafl Ha
puc. 2 Aaer qHcJro BpeMeHHbrx
JryHHblx nBileuril,, Ha6nrcAae- P
IUHXCq 3a TO )Ke BpeMf l ,  r .  e .  C
1904 no 1967 m., corJracHo Kara-
;rory [ ] .  B or.nHqvt e or pe3yrrbra- J0

roe b. Mnaanxepcr, noJlyqHJIHcb
MaKcHMyMbr He roJrbxo B nepH- 20
ree 14 arrof ee, Ho H e6nngu
MoMeHroB sau6o.nluref i  cxopo- 10
cru H3MeHeHHr feor{eHrpHqe-
cKoro paccrorHnfi ,Ilynu. Te xe
o c o 6 e s H o c r n  r . r M e e r H B e p x H s f l  p  A  P
KpHBat LlHcra 3eMJrerpecesul: i .  n-.^ -  ' .  YHC.  Z .  JaBHCHMOCTb q f iCna 3eMneTpr -
UOe KpHBHe HMeIOT OOJIbUOe ceur.rr i  (nepxHxn rpxeaa) H qHcna ryH_
CXOACTBO, npHqeM 3aMeqaeT- xux sgrensft (urrxnaa xpuoaa) or ro-
cF Henoropr,t f i  cABhr, Ha 1-2 aoxeHst Jlynu ua op6nre.

AHfl,  xpunoli  JryHHbrx qsreHHtl

B cropoHy onepelxeHua xpnnofi 3eMJrerp.sceHlrft. Ec.ns gTor cABHr
peaJIeH, ro oH Mo)r(er o6rscnsrlcq 6orruuM npHJrHBHlrrr{ nosAefi-
crBHeM 3eu.nn Ha Jlyuy, BbrsbrBaroxrnM 6o.nee 6ucrpyrc, rreM
y 3eu.nn, peaKrrnro Hapy)KHbrx cJroeB JIyHu. Maxcnuyna sereunir
B rrepHree, BepoqrHo, o6rqcHgercq ocra6neHneM rlpor{Hocrrl. Kophr-
npH MaKcHMa.rrbHoM rrpHnHBe. ,[,pyrue MaKcHMyMbr, orreBnAHo,
roxe cBr3aHhr c oco6esnocrrMu cocroffHnfl Kopbr r.r MaHTHH npn
6sicrpux ltsMeHeHurx npnnuBHbrx Harrpfl>r(esnft u npu MaKcHMaJrb-
HoM c)KarHu s6nnsu anorer. HegasHcr.rl,ro or o6tscHeHufl oco6es-
uocrefi KpHBbrx ux cxoAcrBo Mo)KeT cJry)Knrb yKa3aHHeM Ha cxoA*
crBo MexaHHqecKHX csoficre HapyxHbrx cJroeB 3eu,'rll r .Ilyuu.

llouarvto paccMorpeguofi crarucrHuecxofi cBfl3r.r reKroHurrecKnr
gsreHufi JIyHu Ii 3euru, Koropaq noflyrraercq r{3-3a rpaBuTarr[roH-
Horo nsauuo4er?crBHq gTHx reJI, MexAy reKToHI.rqecKuMH qBJre.
HHF,MLT .Ilynu s 3eru.nn cyulecrByer eue H npflMarr feHerur{ecKafl
cBrsb., [ ,ef icreHreJrbHo, paccMorpHM, Hanpr. tMep, rBJIeHHg, npoHc-
xoAI4BIIrrie s 1897 r. B sroN4 roAy npousourJru qerbrpe pa3pyrln-
TeJrbHbrx 3eMJrerprceHur c MafHHryAor? 6oarure 8.5: eenaxoe HH-
Auficxoe 3eMnerpflceHae 12 HroHfl H 3eMJrerpqceHHq 5 aorycra,
20 n 2l  ceHra6pn [6].  3a oror roA B nepBoM Kararrofe 6. Mua-
Anxepcr npr.rBeAeHo oAso coo6uleHue o flBJreHur.r Ha /Iyue 2l ceH-
rr6pn. Bo eroporvr KaraJrore coAepxarcs qerbrpe coo6uleHkq o sB-
reHnqx:  14  uroun,2 l  ceurn6pa,  c  8  no  15  oxra6pn a  9  aexa6ps.
llpe4no.nararr c;ryvafiHocrb coBnaAeHHft .nyuHux ssreHuft 14 HloHq
u 2l  ceHra6pa c 3eMJrerpsceHunMn 12 urovs, 20 s 21 ceHrr6pn

toBepueHHo HenpaBAOuOAO6nO. B raxofi x(e creneHH croJrb 6Jrlrs-
KOe coBnaAeHHe HeJrb3f o6tgcttnrl H craTHcrHqecKrrM cxo,4crBoM
Kpr'rBbrx puc. 2. Cropee Bcero, HMeercf nprMar npnqr.rHHaff cBs3b
MC)KAY SBJICHHSMH 3CU;rN N JIYUU, KOTOPYrc HAAJIEXHT H3YIIHTb
Ha ocHoBe Bcero oro6pauuoro Marepuana.

HaMe'reHuoe llccJreAoBaHr.re HaAo flpoBecrn rax, uro6u coBep-
I I ICHHO IJCKJIIOqHTb CCNEKTI'BHOCTb KATAJIOTA JIYHHbIX f lETCHITII.  CHA.
rIaJra paccMorpr{M npocrefiurnft cnyuaft, KorAa 3eM!'rerprceHl,rt
npoHcxoAflr B MoMeHrbr, AocraroqHo yAareHHbre Apyr oT Apyra. flo-
crpouM rpa$ur, B KoropoM Bce MoMeHrbr 3eMJrerpncenilfi coBMe-
-ulanrcs c HarraroM KoopAllHar. flo ocr.r a6cqucc 6yaerr,r orKnaAbr-
BATb NPOMCX(YTOK BPEMEHIT B AHflX OT MOMCHTA JIYHHOTO gBJIEHNS

Ao 6.uaxafiruero seMJrerprceHus. Taxurr,r o6pasorra, onpano 6yayr
'orJloxeHbl MoMeHTbl JIyHHbIX lBreuaft, cJIeAytoIIIHx 3a geMJlerptce-
HHeM, a BJreBo-npeArxecrByroulnx eMy. flo ocu opAr.rHar 6yaerrl
.orKJlaAbrBarb qLIcJro JIyHHbrx tnneHnfi, noAcqHTaHHoe AJIg coorBer-
'crByrorrlHx npoMex(yrKoB BpeMerrlr Me)KAy rBJieHHeM H 3eMflerpq-
'ceHHeM. llocxonrry ycnoBufl ua6ltoAennfi .nyuuux qsreHufi 

- 
He

SaBr'IcflT or 3eMneTprceHr-rr?, ceJreKTltBHOCrb KaraJlora 6yaer Bblpa-
)KATbC' JII I I I 'b NPONYCKOM HEKOTOPbIX NPOHCXOAHBUIHX ggJCHHfi.
flpu c.nyvafiHoM, HegaBHcHMoN,r or 3eMJlerprcenHli, pacnpeAeJreuuH
.JryHHbrx ssreHafi BeporrHocrll .nrc6ux npoMexyrxoB BpeMeHH Ao
3eMJrerpsceHufi oAlrHaKoBbr, u ira rpaQKKe Mbr Ao.nxnri noJryqnrb
npsMyro, napaJrJrerbHyro ocu a6cqncc. Hao6opor, npn nonuofi co-
ttacoBaHHocrr,r JryHHbrx sBJreHHft c ge[,urerprceHHrMH AoJrxHa IIo-
, l tyr{Hrbcf l  npqMafl ,  napaJraenbHat ocu opAHHar. Tarnu o6pasou,
uaur rpaSuK Aaer npocryro BogMox(Hocrb cyAurb o crefleHu cBqgn
JryHHbrx ssreHurl c 3eMJrerprceHHrMH.

B o6uleu cJryrrae, KotAa BoBMox(HbI KoporKr.{e HHTepBaJIbI
MexAy 3eMneTprceHr.rrMH, ouucaHHuft MeroA rpe6yer plsnecrgofi
KOppeKrIHr{,. Mn 6yaerr,I flo-rpexHeMy [oAcqHrbrBarb qr]cJro JryHHbrx
-s_eneHHr? y'y'r, yAafleHHbrx or 6nnxaitnero SeMJrerpffceHHfl Ha I luefi.
Ho renepl He Bce r.rHrepBaJrbr MexAy 3eMJrerprceHaqMH 6yayr ao-
nycKarb cyil{ecrBoBaHHe rBJreHHfl Ha srux paccroqHl,rrx r. flo.ity-
qeHHbre rrHcJra /Vi {oJr)KHbI 6Url nponopllnoHanbHbl qacJIaM ni,
orrpeAeJrffrorqaM HcrHHHoe pacnpeAeJleHue, u o6ueuy rrncry nHTep-
BaJroB, AonycKaroqux .rrBJreHHe Ha paccro.snwt i oT seM.[erpflcennfl.
O6osnaquu qepe3 va rrHCJIo r.rHTepBaJroB MexAy seMJlerpgceHnrMr,r
rlpoAoJr)KnTeJrbHocrbro d aueft . Torla

Ni,-  n i  i  no.
d : 2 i

f loneuna, coBrraAarouue c geMJrerpf lceHaflMu, AonycKalorcg BceMH
HHrepBaJraun. I losrouy

a
11

N o -  l l o  L  v a .
d -  I

l8& 184



Ecrecrnesso cAeJraTb npHBeAeHEe qHceJr N; K noJrHoMy qHcny
HHTepBanos. 3ro 3HaqHT, qro MbI 6yAeu cqllrarb No:tr$

Tor.qa H3 HanucaHHblx BbrpaxeHat? nofiyqaercn oKoHqareJrbHafi
Qopuy.na pacqera HcrHHHoro pacrpeAeJreurrfl

i " o
t l t :  N i  

o = '

X u u
4 :2 t

flpa c.nyuar:ruorrr pacnpeAeJreHr.ru JryHHbrx ssIeHr.rft pacqer
Qoprr.ry.ne AoJrxeH onsrb Aarb Ha HaueM rpaSnxe fipflMyro,
JreJrbHVp ocn a6cuucc.

,6aHxafiuero 3eMJrerprrceHur. flpu ucno.nbsoBaHnH eroro MeroAa 3a-
na3AbrBarolqee Ha HecKoJrbKo .qnefi rBJreHHe Mo)I(er oKa3arbcff
6rnxe K cneAyloueMy 3eMnerprceuuro u 6yaer rorAa ytlurblBarbcn
KaK flBneHHe onepe>Karoqee. oAnaxo npH paccToffHHH MaKcIrMyMoB
ua 2-3 AHfl or Hynt oTa HeonpeAeneHHocrb Mo)Ker cKa3arbct
Jrr,rrrrb npH MaJrbIx HHTepBaJrax, qHcJro Koropblx cyulecrBeHHo MeHb-

- t 5  -10  -5 5 1 0 1 5
Axn

Puc. 4. Kpnaaa qucra nyHHHx gsrentrfi ,qan Anefi, orcrruraHHux or 6;ruxafiutero
3eMnerpqceHns, [ocrpoeHuafl tto orpaHIiqeHHoMy laarepnaay (1948-1953 rn.).

rue o6uero quc,'ra 6olee Anr.rnHbrx LIHrepBaJIoB MexAy 3eMnerpfl-
ceHHrMH. t l ro6u y6eanrrcq B eroM, Ha pnc. 3 cHH3y noKa3aHa
KpHBafl pacnpeAeJIeHHt JIyHHblx flBJIeHHft, noAcr{HraHHat ToJIbKo
no 6onrurHM r{HrepBaJraM MexAy 3eM,'IerpflceHnqMn: d>30 Asefi'
A.rrq grnx nHrepBaJIoB pacrler Mo>rHo npoI.t3BoAHTb 6es scsxofi
KoppeKqltH: ni :N'  npr.r  l (15 asef i .  Vs-sa MaJIoro r lHcf ia raKHx
LaHHbrx pas6poc roqeK xpnaotl oqeHb BeJIHK, Ho, HeCMOrps Ha 3ro,
coBep[reHHo oTIIerrHBo BblcrynaloT Te x(e ABa MaKcHMyMa oKono
Hyrq. !,ea nraxcnMyMa noryr{arncb H B I(ax.u,oft tts rpex rpyttrt, Ha
xoropbre npr.r o6pa6orxe 6nu pas6nr Marepuar. .U,.nn nllncrpallnn
srofo o6crosre.nrcrBa Ha pnc. 4 noKasaHo pacnpeAeneHl'Ie JIyHHhIx
ssreHrifi A.ng cauoft MaJloquc,neHHoft lts fpyfln, oxBaTbtBalouleft ua'
repuaJr c 1948 no 1953 r.  Taxuu o6pasou, o6a uaxcnMyMa [oJIy '
qal,OTCfl COBepIIIeHHO pea,' IbHO, H HX CyqeCTBOBaHHe He MO>KeT

Bbr3brBarb cougeuufi. Marcuuyu qHcJIa JIyHHbIx ReleHnfi, Hacry-
naroulnx npn6.nHsnre,TbHo qepe3 2 utn nocJle 3eMJlerptcennfi, no-

Ka3brBaer, qro npoqecc B HapyxHbIX cJloflx 3elt.rlt ' t  HerlocpeAcrBeHHo
Bbl3brBaer aHaJlorHqHufi npoqecc H B Hapyx(Hblx cJlotx .I lynu, 9ro
Kacaercrr MaKcHMyMa JIyI{HbIX flnfieuufi, npeAIIIecrByloIIlHX 3eMJIe-
rprceHurM, ro ero cyulecrBoBaHne MoxHo o6tgcuqrl ABotKo.
MoxHo cr{Hrarb,  qro nepeA 3eMJIerpsceHHrMH BHyrpr I  3euln HaqH-

IJaroTct npoqeccbl, Koropble Mofyr cKa3bIBarbcff Ha noBepxHocrH
"rlyuu r.r npone.irarbcfl TaM paHblue, qeM Ha noBepxHocrr'r 3eu.nu.
floneAeHse xHBorHblx nepeA 3eMaerpflceHHflMI'I AeficrsHrerbHo yKa-

3brBaeT Ha cyulecrBoBaHHe KaKHX-TO npeABapHTenbHF,IX rS, ' IeHIr I t .

lpyroe xe,  6oree npocroe,  o6tscuesae 3aKJl loqaercf l  B roM, qro

cyulecrByer He roJIbKo BJIIItHHe 3enr.nu Ha JIyHy, Ho H BJlHtlHHe

"Iiynsr Ha 3er',rrto. TorAa npeAtrtecrBylourlft MaKcI{MyM 6y,aer He

MaKcHMyMoM JIyHHbIx senertuf t  nepeA 3eMf ierpqcel ln-nYu,  a MaKcI{ -

MyMoM rlltcfl a 3eM Jlerp fl CeHltft nocne JIyHH blx qeleHlaft . f lo.nyuarcrCn
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(*) '

no eroft
napan-

Pttc. 3. Kpreue qtrcna nynHbrx rB-
aesnft Aas Auer?, orcqnrasnux or
6.nrxafiueto no BpeMeHH seMJrerprr-

CCHI4R.

Bepxngs KpHBar flocrpoeHa no. Bcerdy
Marepuany (1904-1967 r f . ) ,  Hr {xHr f i  Kpn-
Ba{ nocTpoeHa IIo ToMy xe MaTepHary.
rro rorbKo .[nq 3eMterpqceHlri, Me)KAy
KoTopbrMH HHTepBan BpeMeHr.r 6O.ntrue

30 cyr.
-15 -70 -5 0 5 10 15

AHU

C 1904 no 1967 r. MareprdaJr oKa3aJrcfl oqeHb HeoAHopoAHbrM
B OTHOrrreHIiH pacnpeAeJreHHr HHrepBaJroB MexAy 3eMJrerpEce.
HHffMH. floeroray ou 6u.u paslur HaMH Ha rpa rpynnu. flo 

'Qop-

nayae (*') Ailr Ka>KAoft t,ts erux rpyrn BbrsucJrfiJracb orAeJrbHo 3Ha.
qeHHff tL;, H ILOTOttt 6ut.na cocTaBJIeHa lIX CyMMa, rrpeAcTaBneHHan
aepxneli rpunofi Ha pnc. 3. Ha paccroflHnfix cBbrure 

-10 
asefi roe$.

QuqneHr, Ha Koropbrfr  no Sopuyle (*)  yMHoxaJrncr 3uaqeHns /V,,
craHoBHJIcr or{eHb 3HaqHTeJIbHbrM, nopqAxa 4. Kpoue Toro. Harru-
Haira CHJIbHO CKa3brBarbcff  crarucrnqecxas ueaocraroqHocrb Ma-
repnana. I loerouy AaJbrxe l0 auef i  or HaqaJra KoopAHHar KpHByro
He! ' Ib3t_npoBecrt ' I  yBepeHHO, ia Ha rpaQHKe oHa noKaSaHa nyHKTH-
poM. l io.nyveuHoe pacnpeAe! 'reHHe coBep[reHHo f lBHo AoKa3brBaer
cyulecrBoBaHue cBfl3n r'ryHnbrx qereHufi c 3eMflerprrceHuflMH. Asofr-
HoIi n cpaBHHTerrrbHo pesxufi MaKcuMyM oKoJIo Hyrq noKa3brBaer,
rITo qHcrro r'ryHHbIX gs,leHlrfi yBernquBaercfl noqTH B TpH pa3a no
cpaBHeHr.rrc c Qouou, T. e. c qucroM grux sBJIeHnir Ans Auerl, orAa-
JIeHHblx or 3eMJrerDqceFrr-rfi .

Pas4eoeuue uaxcuuyMa ltHc,ra JryHubrx gsreHllfi no o6e cro-
poHbr Hyrq He,'rb3fi orHecrlt 3a cqer Hexoropofi HeorrpeAeJreHHocrH
guaxa, Koropas Moxer [oryquTbcq B MeroAe paccroaunfi Ao

d >-30 nueit
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np n6.n HsureJrbHo p aBH bre 3an a3AbrB a[vr, B np HqHHHo -cJreAcrBeHHbIr
orHoIIJeHurx 3eu.nn u .IIyHu.

9ro6n BbrflcHurb, KaKoe H3 AByx Bo3Mo)KHbrx npeArroJroxeunrl
qBrrercs npaBnJrbHbrl,r, o6paruucn x rpaQHKaM, npeAcraBneHHbrM
Ha pnc. 5. 3aect Ans rpex rpyltll JIyHHbtx sarenufi AaHo Hx pac-
npeAeJreHr.re B 3aBHcr{Mocrn or noJrox(enua JIyHu na op6ure. Bepx-
uufi rpaQnK nocrpoeH Arq flB-
reHnli, coorBercrByrounx npeA-
urecrByrouleMy MaKcHMyMy, Ant
Koropbrx i : l -2 AHrM. Cpe,a-
nnft rpaSuK Aaer qucJro flBJre-
ttHfi, coenaAaroulnx c 3eMJrerpt-
ceHHsMH B npeAenax oAHoro
.4ur: ' l:0. Huxnnft coorBercr-
Byer nocaeAyrouleMy MaKcfiMyMy
c tBteHHnMV, AJtfl, XOTOpUX l:
: *1 ,  {2  mn.  Ve g" rvx  rpa$u-
KoB ToJrbKo cpeauafi noKa3brBa-
er He cryqaftHoe pacrpeAene-
HHe, a pe3Ko BL'rpax(eHHyro rpyn-
nripoBKy RsneHr.rtl oKoJro repH-
neg. 3ua,{hr, coBnaAeHHe JlyHHbrx
qeteHrifi c 3eMJrerprceHHflMr.r
B OCHOBHOM MOlKer npOHCXO-

AHrb roJrbKo npH oco6o 6.uaro-
npHffTHbrx ycJroBHsx cHJrbHoro
ocla6;resun servrHofi n rynnoii
KOpbI rroA BJIHflHHeM npUJIHBHOTO
sosAerlcrsns. Ecan 6u [peA-
urecrnyrculufi MaKcaMyM 6u.n
cBr3aH co ceoeo6pa3HbrM npeA-
rryBcrBHeM seu.uerpaceHnfi, To
Alrfl coorBercrByr,orrlnx eMy ssreHufi norpe6oearucr 6u re
xe uJrH erqe 6olee 6naronpuaruue o6croflTeJrbcrBa. Ha camou
x<e AeJIe gTH rBJreHr.rfl lrpoHcxoArT norlTn B Tex )Ke ycJroBlrrx,
KaK r{ rrBJreHHrr nocJleAyuqero MaKcnMyMa. orcrola Mox(Ho
C YBCPEHHOCTbIO 3AKJITOqI{Tb, I ITO CIIPABCAJIHBbIM ffBJIfETCff HAUIE
Bropoe o6rscseuue, r. e. qro npeAllrectayrcqnfi MaKcHMyM noJry-
qaeTct IB-3a BJrr4nHHfl .rlyHHbrx npoqeccoB Ha cocToqHHe BHeIIIHHX
cJroeB 3enr.rin. O6a MaKcHMyMa Ha ocHoBHoft, eepxuefi, xpueofi
puc. 3 noqru oAHHaKoBbr. Kpoue toro, noqrll oAr{HaKoBbr H nJro-
rrlaAn, orpaH[rreHnue xpnnofi cnpaBa H cJreBa or Haqafia KoopAH-
Har. OrcpAa Mo>KHo cAe.rlarb BbIBoA, rITo BJTHfiHHe npo{eccoB, npo-
HcxoAgIqHX u .Ilyne, Ha 3eu.nro noqru TaKoe xe, KaK H B,'IHflHIIe
npoqeccoB 3eu.nu na Jlyuy.

Cnuuerpuunoe 3ana3AbIBaHHe ga 2-3 AHfl  Bo B3aIrMHoM BJIHS-
HHH rrpoueccos 3eMnu n Jlynu [oKa3blBaer, qro cBr3b JryHHbIx sB-
.nenuft c geMJrerpflceHnflMu HeJIbsfl ornecrli K HeKoropofi eHeruHell

npHqHHe, ,aeficraynqefi oAHoBpeMeHHo Ha JIyHy u ua 3euarc,
HanpHMep aKrHBHocrH Co.rnua. Kcraru cKaSarb, B pacnpeAeJIeHHI{
JryHHbrx ssreHufi He 6uao o6HapyxeHo BJIHTHI{e colueqHoft aKrnB-
HocrH [4], e craTucruKe x(e 3eMJlerpxceuufi 3ro BJII'lflHlIe yBepeIIHo
nporBJrrercq JII{IIIb B Mltxpoceficuax. OruerHl,r eule oAHo o6cros-
rerbcrBo, saMerHoe ua rpa$nxax pHc. 3 tt 4. [.nR Aar,3Ha'{HreJIbHo
orAa,'reHHblx or seMJlerpacenufi, HecMorps Ha 6o.rrlutofi pa36poc
BAecb roqeK, Ha Bcex rpex rpaQIIKax HaMeqa,Iorcr BTopHqHbIe yBe-
J?qeHHff rrncla JryHHbIx flereHnft, npnxoAtlllnect Ha l3-14-ft aeur
ro H IrocJIe 3eMrerpqceunft. Oco6enso 3aMerHo 3ro cnpaBa or Ha-
qaJla KoopAlrHar, T. e. Arq qsneHllfi, BbI3BaHHbIx sogAeficrgnelvt
3eu.nn na ,IIyHy. flo-et{An[,{oMy, 3rH BTopHI{HHe MaKcHMyMbI pe-
aJIbHbI, H, BeposrHo, He c.tyuafiuo, rITo oHH orcroflT or 3eMJlerpfl'
cenafi Ha noJioBHHy nepHoAa o6paqeHllfi .Ilynu. flocrpoeuuoe
pacnpeAeJleHue qucJla sereHllft B 3rux MaKcI'lMyMax B 3aBHcHMocrIl
6r n6aoxeunr Jlyuu Ha op6t{re He rIoKa3aJIo oco6ennoctefi, xoto'
pbre B coorBercrBuu c pnc. 2 uoxHo 6ulo 6u cBfl3aTb co craru-
crLIqecKHM rpelrMyilrecrBoM HeKoropblx no.noxenufi .Ilynu. 3navrt,
He3aBHCHMO OT TO|O, KOrAa npOH3OIIJJIO JIyHHOe tBJIeHHe HII-I 3eMJIe-

TpfceHue, rlep$ noJlMectqa cHoBa Hacrynaer MoMeHT, 6.naronpn-
flrcrBytorrlufr grnlvl TBJIeHHffM.- Cxopee Bcero 9To o3Haqaer' gro

BTOpHrrHbre MaKcHMyMbI, KaK H OCHOBHbIe, npnqHHHo CBg3aHbI

c 3eMJIerpflceHHtMH. flpupo4a xe raKoro noJlyMectqnoro 3ana3Abl-

BaHufl ocraercn cOBepIIJeHHo HeqCuofi. TpyAHo IIpeAcTaBI,lm St'ISll-
r{ecKHe o6croqrerrcrsa Bl{yrpH JIyHu u 3euJtl. l, Koropbne Moryr

co3AaBarb 3TOT pHrM.
TecHyr,o cBf f3b Me)KAy JIyHHbIMH 'BJIeHHSMH H 3eMrerpqceHHfMH

reJrb3fl b6tscHtlrl reM, qro npt JIHBHbIe esaan'IoAeficrBI'tf l  Jlyttu

u 3elr,ru Mofyr cosAarb noqrH oAHoBpeMeHHo ycJIoBHn, 6laronpu'

srHbre A.[q grHX co6ursfi. CxoAcrso Kpl'IBbIX pt'tc. 2 pacnpeAeJleHns
rtHC,Ia JIyHHbIx geIeHHIt LI 3eMJleTptCennfi B 3aBIICHMOCTH OT nOIO-

.)KeHr,rfl .IIynsr ua op6ure noKa3bIBaer, qro cnycronofi MexaHH3M

n p rr,'r HBHoro sg a HIt{oAefi crs t1s Aefi creurefl bHo cyillecrByer. !,eft crs ue
gToro MexaHH3Ma gaKflioqaercfl B oAHoBpeMeHHoM r.Jrr JlyulI

u 3enllu IOBIIUIeHHH BepOflTHOCTH CO6hITI' if i  n npotBJlflercq , 'Intflb

CTaTHSTHqeCKI.I npg COBMeUIeHH6 6OllUrOrO r{Hgfla aHOMaIHcTHqe-

cKr.rx nepno4oe. t{epeAa x(e cJIeAyloIIlHx Apyr 3a ApyroM 3eMJIe-

rpaceu"fi coBepueHHo He l{Meer ceMHAHeBHoro pI'IrMa' xoropufi

noKa3brBaer cTaTHcTHqecKat :rpnBafr. f lOerOlvry rpynngpgBKa JIyH'

HbIX H 3eMHbrX geneH1lfi Ha pHC. 3 ne UOXer 6Utl Cr'IeAcTBHeM

puc. 2 H Aaer HoeHfi He3aBl4cHMltfi pesy.ulrar. Taxxe He"lb3tl H

ooparHoe - Ha ocHoBaHHH p4c. 3 O6tqcHHTb cxoAcrBo KpHBbIX

puc. 2. AericrsHreJrbHo, pnc. 3 AaeT cBoro, Ho roxe roJIbKO crarH-

cT6qecKyro cBrr3b c 4nof inuu MaKcHMyMoM, pacTqHyTbIM nor{TH Ha

5 aHef i .  f lpa raxof i  AHcnepcHH oAHa KpHBan puc-  2 ue uoxer  r IoJIy-
qHrbcrr  ns apyrof i  c  coxpaHeHHeM r{epeAoBaHHr MaKcHMyMoB H MH-

HHMyMoB, paccroffHne Me)KAy KoropbIMH oKoJIo 3-4 anefi. C.nelo'

BareJrbHo,  HesaBHcHMO Apyr or  Apyra cyqegTBylor  O6a o6Croqrel l -
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Pnc. 5. Kpuaue 3aBHcHMocrH qncJra.
JryHHbrx ssneuufr or noJroxenrrs Jlvnn

Ha op6nre.
/ - tydnBre qBJreHrrr, npeauecrayrcxlue 3eM-
nemffcexutM B HHTepBane or 2 4o 3 aHeft;
z - nyHHrrle gBreHlI9, coBIIaAarcUlHe c 3eMJre-
TptceHI.rtMu B npeAenax I Ar{r; 3-JryHHbre'
rBJreHr.Ir, cneayIoulHe 3a 3eMneTpsceHHqME;

B tiHTepBaJ're or 2 .uo 3 ,[,Hefi.
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crBa:  H cxoAcrBo cnycKoBoro MexaHHsMa npnJI I lBHOro B3aI{MOAeU'
crBus Jlyuu H 3eu"nlt, H npfiMan cBfl3b MexAy reKToHItqecKHMH
npoueccaMn Ha 3rHX reJlax. B lsoliHofi nJlaHere 3eMJrq -.I lyna
,oqeHb orqerJruBo npoflBunacb Bo3Mo)KHocrs rofi cBfl3H,_ qpH3HaKH
xoropofi o6Hapyxanam n cncreMbl AeoftHbtx 3BeBA t7l. Aaxe
B AaJIeKI{x BIa3yaJIbHbIX napax, KOIAa HcKr'I l0qaeTcg BO3MOX(HOCTb
cBfl3H qepe3 rpaBHTaIIHoHHbIe IIJIH ApyfHe cHJIOBbIe nOJII, rJIaBHafi
gBe3Aa oKa3blBaer cnoeo6paanoe BJIHIHHe Ha cnyrHHK. CnyrHux
npno6peraer [oBbrrrreHuylo cBernMocrb, ero paAl{yc npr'r6;ruxaercfl
K paAliycy rraenofi sBe3AbI u ua6.urcaaercq BbIpaBHI'IBaHHe ctteK-
rpaJlbHblx rltnoB KoMIIoHeHT, T. €. nlotnoctefi [oroKoB sHeprltH'
3bIXOASUIHX C nOBepXHOCTH grl.Ix re!'I. Hntepecno, qro 3ro nocJIeA-
Hee csoftcrno o6napy)KuBaer H cncreMa 3euns - Jlyua. IllorHocrl
TenJroBofo noroKa, BblxoArqero c noBepxHocrtn, JIyuEI, uo H3Mepe-
rIHqM B. A. Kporurona n B. C. Tpouuroro paBHa 1,3'10 6 ran/
/ (cu'. c) [8], qro nor{Tn roqHo coB[aAaer c nJlornocrb]o renJloBoro
rroroKa 3eu.iru 1,4-10-6 r<anf (cu2'c). Bce sru o6crosreJlbcrBa yKa-
3bIBAIOT HA TO, IITO NPO6flEMA 9HCPIETHKH KOCMHqECKHX TCJI HC

peruaercs repMoflAepHblMI.l peaKul.IflMH B 3Be3AaX H pac[aAoM
paAUoaKTHBHbIX sJIeMeHToB B nJIaHeraX. 3rO 3aKIlOqeHHe HaIIIJI6
cefiqac gaMerlarenbgoe [oArBep]KAeHI{e B HerarHBHblx pe3yJlbrarax
onbIToB P. Agenca, He rloKa3aBluttx ox{HAaeMofo Koruqecrsa Heft'
TpHHo or Co.nHua.

O6rexrHeHHfi auanHs ocHoBHbIx xapaKTepucrltK 3Be3A: Maccbl'
CBeTHMOCTI,I,  paAHyCa - rIo3BoJIffeT SaKJIiOqHTb, qro B 3BeSAHbIX

xoHQnrypaqunx orcyrcrBylor orpaHuqeuhq, Koropble Ao.ltxHt't 6urs
npu ucrorrulrKax sHepfHH, He 3aBHcHMbIx or renronepeAar{H tgl .
BuAe.uesue gHepfHH H ee nepeAaqa oKa3aJlllcb B 3Be3Aax eAHHbIM
npoqeccoM, KaK ero 6Hsaer npu ocrbIBaHHL re.n. Ho 3Be3AbI He
ocTbrBaloT H TeM caMbIM He nepexoAtr B paBHoBecHoe cocroqHHe
c oKpylKaIoIIIHM HX [pocrpaHcraoM. Taxuu o6pasou, cBeqeHl{e
3Be3A oKa3blBaercfl rIacrHbIM cryr{aeM o6ulero H r{pe3BblrlaftHo rry-
6oxoro cBorlcrBa Bcelennofi, ncKJlloqarculefo Bo3MoxHocrb paBHo'
BecHbIx cocroxHHfi, T. e. BO3MOXHOCTb renJOeOfi CMeprH. orcyt-
crBHe paBHoBecHE{x cocrolHHft osHaqaer, lITo B cHcreMax Bceleg-
noft scerla cyu{ecrByer pa3JIHqHe Me)KAy nporreAluHrra n 6y,uyutlltrl.
Taxofi o6uafi rpttHlrun Bo3Mo)KeH, ecflH caMo BpeMf uueer o6t'
eKTHBHoe, He 3aBucturee oT Haluert ncHxoJloruu, ceoftctBo HanpaB-
JIeHHocrH, pa3rHqa,Ioqee npolueA[Iee or 6yayulero. Peanlsocrs
H o6texrueHocrb cyxrecrBoBarws. TaKLlx ceofictg BpeMeHH, KaK Ha-
rrpaBJIeHHOCTb, IIJIOTHOCTr, O3HaqaIOT, IITO eTH CgOftCrea AOJIXHbI
IIpoqBrrrrbcs B MarepHaJIbHhlx cncreMax. B_peun cTaHoBHTct He

npocro oAnofi H3 KoMIIoHeHT rlerblp-exuepHofi apeHbl, na roropoft
pa3brfpbrBarcrcq co6uras Bce.neuuofi, Ho H aKTHBHbIM yqacrHuKoM

arHx co6urnft. Hgu*tn cJIoBaMH, r{epe3 BpeMs Mo)Ker ocyuecrB-
JlflTbcfl CBfl3b MeX<Ay npoueccaMH, npoHcxoAflulHMH B paSnHr{Hblx
yAaJreHHbrx Apyr or Apyra cucreMax. tleu MeHbIIIe paccrotHnt

Mex{Ay cHcreMaMH, TeM 3aMerHee AoJI}KHbI 6utr ux ssaaMoAeli-

crBnfl. floerorvry acrpoHoMHqecxafi npHMep ssaul\,tHofr cBfi3aHHocrl'r
npoqeccoB yAaJlocb :r^aitru B cxoAcrBe SHsnuecxnx csoficrs KoMtlo-
HeHr AsofiHblx 3Be3A. Cefiqac B cncreMe 3eM.[q u ,Ilyua MbI Bcrpe-
THJrHcb c elqe 6onee flpKIlM npotBJIeHIIeM oTI'Ix cagseft.

Paccuarpnsas 6,'IHsroe no BpeMeHH rIoflBJIeHHe reKToHHqecKItx
co6nrnli ua 3eu.ue n Ha JIyHe KaK cJleAcrnne QnsuuecKoro 3aKoHa
cBrr3H MexAy npoqeccaMH, MbI npHXoAHM K BaX(HOMy BblBoay: IIo-
BbrlrreHlte aKTHBHOCTH OAHOTO H3 Ter AOJIXHO COnpOBO)KAaTbCfi no'

BbrrrreHrieM aKrIrBHocrI{ H Apyroro rena. Eule s 1949 r. nyreM Mop'

So.noruuecKoro aHaJIHsa A. B. Xa6axoB HaureJI, qro B Hcropull
pagBHTH.fl rynuofi [oBepxHocrn sa6.npAaercfl uliKrnr{Hocrb _opore-
He3a, HanoMllHaloulafl IruKnuqHocrb oporeHesa 3e[,lrn [10]. Tenepr
Mbr Mo)KeM cAeJlarb eIIIe OAHH Uian AaJbuIe !l yTBepxAaTb cHH-
xpouHocrb erl{x ut{KJIor. llo.nyuaercq Bo3Mox(Hocrb crpourb xpo-
HoJIorHIo reKToHHrrecKnx npoqeccoB Jlynu no AaHHbIM HcropI'Itl
3eu.npr. floc.ne,qnnft eerurnfi ropoo6pasosaremHt{fi repuoA anb-
nuficxofi crnaArrarocru Ha 3eune AoJIxeH xpoHonofuqecKn coBna-
,rl,arb c HoBefiIUHM KOnepHLKoBcKHM nepHoAoM llcropl{u .IIyHu.
CreAosareJrbHo, I(onepullx, THxo, Apncrapx I'I Apyrue Kparepbl
c ryqeBbIMH cI,IcreMaMH Bo3HHKJIII Ha .IIyHe o,(HoBpeMenHo c A.nr-
naMu, KaexaeoNI .H InIraa;Iaauu npn6.nH3HTeJIbHO 20 IVUH ner roMy
Ha3aA. Terronu,{ecKHe npoueccu 3eu.nu u JIyUEI cBt3aubl Apyr
c ApyroM B raKofi Mepe, KaK ecJIH 6u .IIyHa 6ura s He[ocpeA-
STBSHHOM KOHTaKTe C 3errt.neft, r. e. 6una 6u ee ceAbMbIM KoHrI{-
HeHroM. Srot KoH'raKr ycraHaBJIIiBaer HenpecraHHo reKyl{ee
BpeMfl, u arHM )Ke nyreM 3eMnq xar 6onee MaccHBHoe reJlo IIoA'

AepxuBaer oHeprerl{Ky .IIyHu I{ ee KocMl'IqecKylo xH3Hb'
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NPI , IPOAA 3BE3AHOH sHEPI -HH
HA OCHOBE AHAJIH3A

HA EJr TOAATEJT b H brx AA H H btx

flpnroArrca acrpoHoMaqecKr-re AaHHbre, Koropbre eABa nH Bo3MoxHo o6tsc-
Hnrb rHnoreeorl repuoa4epxoro nponcxoxAenr.ri aeeeAHofi sHeprnu. nonpoc
o llpupoAe ssesAHoft sHeprHH AOnXeH peftarbcs ne anpuopHbrru nferlnoaoxeHneM,
a npflMblM BbIBoAoM H3 QaKToB, co6pauHulx acrpoxor'luvecKr{Mr{ Ha6,rroAeuuqM[.
3rn 4aruue noKa3blBalor o6croqreaictno (pyir4anaeHTaJrbuoro ggaqeHsr: cBer1{-
MOCrb O*a3brBaercr o4uoaHavuofi QyHxu'eft Macc ,n paA'ycoB 3Be3A, H, CneAO-
aareJrbHo' Bbrxo.(ruar Ir3 3Be3A 3r{eprus flBJrrercq syuruirefi Quauvecrnx yc,no_
eufi B nexoroport o6racra aogMoxHbrx cocrosnuft sB;r4. npnioa"r." xapaKre-prrcrnKrr eroft o6aacra paBnoBecnbrx cocrosnnft saesA. Cyqe"irofr-rrn. ynoMsHy-
rofi sasflclrl{ocrH noKaSHBa€T, t116 B 3Be3Aax flpIIxoA 

-auepruu 
aBToMarr.rqecKH

coBrraAaer c pacxoAoM. 3UaVnr, ncrorlHIIKoB SHeprHr.r B 3Be3AaX Her, u Bc, ux
::.?l:l1.Ii _glfe.qerrrercr roJrbxo pacxoAoM. 3sesAa npeAcraBrrser co6ofi mauruHy,
BbrpaoarbrBaloqyro sHellulo 3a crrer npljxoAa ee ug-sHe. Ec.ru npelax [peAcra-
arqer co6ofi QasRvecxoe sBr're_Hr{e, ro oio r{ Moxer rrpr{Hoc'rb g'epr'ro, noAAep-
]Kr'rBaroIIIyIo cBeqeHHe snesA. coo6qarorcfl pesynbrarEr HeKoropux aa60iar<ip"oix
onbIToB, AOKa3brBalolqux Bo3MO)KHOCTA SsanubAeficrsuq nperieHu c Beulec?BoM.

Bonpoc o npoucxoxAeHnr.r aueprur.r Co.nHqa H 3BesA ,Bnflercfl
oAHr'IM I.r3 caMhrx r.ny60rnx Bo[pocoB ecrecrBo3Ha%tls.. B Hacros-
rrlee BpeMr rxrrpoKo pac[pocrpaueHo y6exAeHHe B TOM, qro Bonpoc
9ror perueH rnnoregofi repuor4epHofo caHresa, ocuoeor? xoropbro
?Pjrf-ercff cropaHr{e BoAopoAa - cJrHrrHr.re [poroHoB B flApo fe,rrHff.
rra ocHoBe rHrroTe3br cTpoHTcfl npeAcTaBJreHHe o xoae H cpoKax
SBOJTTOTIHH 3Be3A. Buecre c reM xpaiiue coMHrireJrbHo, 9ro6u iarorl
r.ny6oxai u cnoxHrrli..Bonpoc vroi.na peu'rb a[p'opHa' r'rrore3a,
xaxort  6u ocrpoyuuol i  u npaenonoAo6sori  oHa HH'6u.na. V6eau_
re.nruufi >Ke orBer Mo)Ker nprrHecrH roJrbKo npxrraofi BbTBOA r.re Qar-roe, co6 p a HH brx a crpoHoM KqecKau u Ha6,rrc.qelrHqr.{ H.

A.ryr sHaqHTeJrbHoro r{Hc,ra gBe3A B pe3yJlbraTe MHorotIHcJIeH-
Hux sa6nrcaeunft He oAHOTO noKoreHHq-acipoHouoe 6hurH noJry-qeHbl 3rH AaHHble' IIO3BoJIHBIIIHe cocraBHTb npeAcraBJIeHHe o Q;-3HrrecKHX ycJroBr.rsx B 3Be3AH.brx HeApax. Onpeaeneuufl napadTJraK_
coe, op6ur KoMnoHeHroa 4nof iHux ssesA, Qor-onrerpnqecKHe H c[eK_
rpoQorouerpuqecKHe r{3MepeHHr AaJ'rH BO3MO)KHOCTb ycraHoBHTb
3HaqeHHe Macc M, paAnycoB R H ceernuocreli L npl6iusareJrbHo
nrrr AByxcor 3Be3A. !,"rurenrHoe cyqecrBoBaHHe SBesa Bo3MoxHO
JIHIIIb [PI,I TCNJIOBOM PABHOBECHI', KOrAA B CPEAHCN,T XAX4Ufi IPAMM
SelqecrBa 3Be3Abr BbrAerqer B ceKyHAy KonHrrecrBo gHepfHH E,
xoMneHcr'rpyrcqee pacxoA ee rrepe3 H3JyqeHHe. 3ro SHaqsr. qro e
MOX{HO COCTTHTaTb I.t3 ycJroBriq

C apyrofi cropoHbr, sHaqeHnfl M u R no3BoJrrlor paccqnrarb
n QuanuecKne ycJroBufl B 3Be3Ae, cfie,uoBareJlbHo, nafiru o6croq-
TeJIbCTBa, np14 KoTOpbIx npOkCXOALIT reHepaUHfl 3HeprHI4 B KOrtl'Iqe-
crBe, onpeAeJrseMoM BbrpaxeHneM (l). Taroe corocraEJleHHe Mo-
)I(er npuBecr[r K 3aKrlorreHaro o npupoAe 3B$AHorl eHepnnn coBep-
ueHHo o6rexrHnHouy, 6ea npe4nsarofi Qrlsuuecxort nlea.

3uaqeuHs M u R no3Bonqror o[peAeJrnTb He roJIbKc cpeAHIoIo
TIJIOTHOCTb 38C3,U,H

3M
P:7;1=-' (21

e : L l M .  ( l )

j . f l"Roaa ones4uofi eueprr.{H Ha ocuoBe araru3a sa6ap_
r ryoJtHKyercr BnepBbre.

HO H3 yCJrOBHrr MeXaHHqecKOrO paBHOBeCLrf H xapaKTepHoe Ang ee
HeAp AaBneHHe p:

^  3G M2.p = spR = +i-, (3)

3a HcrrpqeHueM 6e.nux KapJIHKoB r{ ApyrHx cBepxnJlorHblx
o6rexrog cocroflHl{e BelllecrBa B 3Be3Aax yAoBnerBopter gaKogy
HAeaJrbH[ilx ra3oB. floarouy, pa3AeJrHB p Ha g, Moxno onpe,q,eruTb
eqe H xapaKrepHyro reMneparypy T c roqnocrbto Ao cpeAHero Mo-
neKyJlspHoro Beca p:

rae R - nocrorHHaq Knanefipona. llpu noruoft uouugauun

l /P  :  2X + (314)Y t  ( l2 l  z :  x  +Y {  Z:  r ,  (5)

X, y, Z npegcraBJltror co6ofi coorBercrBeHHo Ao.[,to coAepx(aHnfl
no Macce BoAopoAa, reruq LI Tflx(eJIbIX sJIeMeHToB. O6uqno B 3Be3'
4ax npeo6JraAaer BoAopoA, a rt)KeJIbIe aJIeMeHTbI cocraB,rlflIor JIITIIIb
MaJryro  npuMecb.  l loarouy  Z :0 ,X+Y:  I  u  l>X,>  l /2 .  Orcnaa
corJracHo (5) 0,5<p<0,7, H, cJreAoBareJrbHo, Aocraror{Ho yBepeH-
Has oueHKa'reMreparyp BHyrpH 3Be3A (4) l roxer 6urr no.tyueHa
6eg roqHoro 3HaHHq Irx xl{MnqecKoro cocraBa.

<Dopuy.na (4) aaer A,nr Connqa reMreparypy noprnra l0 rr,r.nn
rpaA. rpH cpe4uef i  r , ' IorHocru (2),  paenofr 1,4. B raxux ycJIoBHax
AoJI IKHa npoucxoAHrb teHepa l lHq 3Hepr I4H e :  1 ,9  apr / ( r ' c )  (  1 )  ,
qro no noptAKy BernqLIHbI coOrBeTCrByeT BO3MO>KHOCTH npoToH-
nporonuoft peaKqHH. floa6oportr rloAxoAflIrlefi uoAe.nn ltoxno 6st.tio
HaAefirbcfl o6rqcunrr aroft pearuneft cBeqeHue H Apyrnx 3Be3A
rraaHoft noc,'reAoBareJlbHocru. OAHaxo yx<e c caMoro Haqara pa3-
BHTLTfl HAer.{ TepMorAepHblx HcrorlHHKoB sees4Hoft gHeprHI-I Ka3a-
Jlocb crpaHHbIM, t{To y cBepxrHraHToB, rAe eupa6aruaaercq oco-
6euso MHofo 3HepfHH, BbIqHcJIeHHbIe no Qoprr,ry.rralr (2) u (+) cpeA-
HHe nJIOTHocTH LI TeMneparypbl LIMeroT Ha[IMeHbIIIHe cpeAH 3Be3A
gHarIeHHs. Taxaq x{e reHAeHung ga6;ltoAaercf I'I y 3Be3A r,rasHofr
nocJrer.oBareJlbHocru. ,[,la errx 3Be3A M-R. floerouy oHIl Aofl-

t92

(4)G Mr : F - F - . R - ,

K o s H p e r  H
"qaTeJrbHbrx naHHbrx.
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xHbI HMerb oAHHaKoBble IreHTpanb,Hble TeMneparypbl' fl;totnocrH

}Ke ux g-M-2 H yMeHbualorcq npu nepexoAe K ropqqHr\'I 3B$AaM

6o.nrruofi cseruir{oirn. B xpacnux cBepxf[raHTax reHepauHn gHep'

rHH B Trrcrr{H pa3 npeBocio.qnr conHeqHylo. Buecre c reM ux pa'

Al{ycbl 6olrrug corHeqHoro B Tblcffrly pT, a Maccbl B-cero J'lHIub

;'-i;;;"il pas 6o.nrru.-*r..r Co.truira. OrcpAa corJlac.o (4) ux

reMreparypbl AoJIxHbI 6urn uopnAKa coreH "":::-lq3-AycoB H Bo

BcrrKoM cryrlae MeHbuIe oAHOTO MI{JIJIIiOHa npu cpeAHefi uorsocru

oKo,lo OAUOfi Mr{JrJrHoHHoft n.uofirocru co.nnua 
- 

(2). flpn raKnx

vcJtoBHflX He MO)Ker 6url n peqH o repMoflAepuofi reuepauHl'I SHep-

iil. O;t- tpya"o.ro reopr,' cq'raerc' Bo3MoxHbtna o6ofirn npe,u'-

noJroxeHLIeM, qro cBepxruraHrbl HMelor coBepueHHo oco6yto crpyK'

T y p y ' I { T o o t t t , I c o c r o g r u s q e H T p a J I b I I o r o [ J I o T H o r o l , / , r c p f i q e r o
rApa, oKpyxeHHoro o6o,roqrofi 6o'nlruoro paAuyca' OAnaro ecm

onpeAeJIeHHble AaHHble' KOTOpble noKa3bIBaIOT' qro crpyKTypa

cBepxruraHToB He orrnqaercq or crpyKryp o6uuHux- 3Be3A'- 'Cpaar, 
3Be3A sblcoxoli cBerl{MocrH cylqecrByer Psa nepeMeH'

Hbrx 3B$A, H3MeHeHHe 6lecxa Koropblx npot{cxoAllr B pe3ynbrare

ux co6creeHHbrx KoJre6auuit. SrOr pna nyJlbclIpyloulHx 3Be3A Haqu'

HaeTcf oT IopgI{Hx 3Be3A rJlaeHofi IIocJIeAoBaTeJIbHocTI,I KopoTKo-

nap"oa"o.cxpil'nu lleoenaart'rv rLrna RR JIUpU H rlpoAon>Kaerct

*"iaano.a*nvu Ue06r{AaMH Ao [o3AHI{x cneKrpaJIbHbIx rl{noB co

csoftcrsaI,,t" .uup*irffi;;;. ' l lepno,n co6crgeuuux ro.ne6asuft

i"""lo II onpeae.trrerctr ycropeuneM c4Jlbd rflxecrH H He 3aBIIcHT

or aMnJrrrryAtr xo.ne6a'Hn. flbsToMy 3aBl'tcltl{ocrb f[ ot napauer-

DoB 3Be3AbI MoxHo no.'Iyqurb cpa3y x{e I{3 coo6paxenufi pasuep-

nocrn R/TIgx GM/R2, H, cJIeAoBareJIbHo'

TeoperuvecxNfi pacver. IIepHoAa. cso6oAuutx aAHa6aru'{ecKux KoJIe'

Oariitt rpanurupyrouefi rasosoft ̂ cQ-epu noKa3blBaer' tlro nonyqeH-

Hoe 3HaqeHHe llocroflHHofi c:0,045 coorBercrByer cpalHHTeJIbHo

uanoft KoHqeHrpauHH Marepwu p"f p:20 (p"--nlorHocrb B uenTpe

;;;;ili. Tarad crpy*rypa noryrlaercn upu 6o'nrurofi cocpe4oro-
qeHHocrH K UeHrpy'HCrOqngroe gHeprflI 'I, H3-3a qero raM BoSHlIKaer

so;; c"oooagoft rbnseKqurl. flpu plnnoMepnoM >Ke pacrpeAereHHH

HcrotIHHKoB eueprllu P"/p:50, u nocroflHHafl c yMegbl'l laerctl Ao

0,030. .II,.ira 3Be3AbI i ilapor"r plcrotlHI'tKH sHepfun Aonxnu 6um

D a c n o J I o ) K e H b I B H a p y x n n x c J I O f i X ' I ' � I 3 H a q e H I 4 e c c r a H o B l ' � l r c t e u l e
il;;;;;."Ha"Oo.rtuutee sHar{eHI-Ie c:0,115 nonyuaerca,rl,Jlt 3Be3A

noaro"n"ofi nnoruoctu, p"f p:\, Ho AJItr raroft xon$urypaql'IH rpe-

6yercx He roJIbKo cocpe4oroueHnocrb t'croI{HI'IKoB K u-euilp1',,:3

eule H CroK sHeprHa g HapylKHblx cJIOtlx' T' e' orpH[aTeJIbHbIH

3HaK t.
BseegAaxr . [asHof inocJ IeAoBaTeJIbHocTI {KoHqeHTpaqHHMaTe-

pri aa"u l" 
-6ono*t, 

rIeM B cBepxrqragrax' Ecnu >L{e MoAeJIb

cBepxrurauroe, uaft4eHuylo no ntp"oay co6crsenu-blx Jrone6anlift'

;;;il;;;;-*-bon"uv, to B efo uenrire noryqarct $usuuecrue
;5; ; ; ; ; ' ; . )25 ^ i"=t '17'10-6 rp-34' ,  HeAocraroqHble AalKe np'

6onrurou .oa.p*unr" i.n"" Y-:X (p:0{) ala -n-e1l6xoal'IMofo
Br'rxoAa 3HeprHI'I TepMofiAepnuu cnnresoM' 9ror BbIBOA o cpaBHH-

reJIbHo ua.noft KoHqeHrpallull Marepl{u BHyrpH -9q$u 
HaureJI

3aMerrareJibHoe rIoArBepxAeHI'Ie n HefarusHblx p$yJtbrarax orlbIToB

P. !,eeuca, He rloKasaeunx roro noroxa ueftrpaHo or CoaHqa'

xoroputft AoJI>I(eH 6ul 6u cotlyrcrBoBarb nporoH-nporoHHofi reue-

parIHH 3HeprItH.
B Hacroqqee BpeMfl Tor{Hocrb onblroB P' Asellca no3BoJlger

yrBepxAarb, qro ;Jp;;iltpq"n 
-91-nttt 

KoMne*c'pyer He 6o'nrure

iO % eHepfHH, I'I3JIyqaeMofi Coluueu'

,[,.tts tnnoreslt repMofAepHbIx peaxunfi -cBepxfufaurbl 
HecyT

etqe n Apyrylo oqeHb 6o.trluryro rpyAHocrb' fonopn npqMo' caMo-

cyurecrBoBu"r. "uJpi.;;;;;-;"-ffi.""to c aroft noiuuuH' Ec'nn

paccMarpHeaeNalll? sHeprerllqecxuft pecypc Mo>Ke-l- o6ecneqnrn

CyUeCTBOBaHue COnHUa H 3Be3A yrurepiUnOfi cBerI'IMOcTl'I B TeqeIIHe

AecfrKa H Aa)Ke corHH MitJIJIHapAon 'ner'� TO Arfl CBepxrHfaHToB

cpol{ }KH3HH fiory-qa-ercq CJIHIIIKOM- KOporKIiM - nop'{.lKa AectrH

MHJr,rrltoHOB .,rer. AeficrBl.Te!,lbHO' npu pacxoAe ?Heplx-u B AecgTKIl

tr cOTHlr Tbr.flq frnyUenUfi CO,'rUqi ni n,aCcu, a C,'IeAOBaTe"'lbHo'

I{ 3anacu gHepfnl{ arlurr B AecqrKH paa 6ollure corner{Hblx' no'

3TOMV BO3MOX{Hocrb cyulecrBoBaHl'It 3rHX 3Be3A H coKpaluaercfl

; ' ; ; ; i " ; ; "put" ipvano noBepHrb'  qro raK'e orpoMHble rer la xuByr

TaK MaJro - r"nitlG- qem A.ionn, KanKae u Apyrl4e MoJIoAbIe fopbl

;;;;ft 3.^a.tu. cropee Bcero, 3ror BbIBoA qBrflerc' pe3yJlbraroM

n""epriott nocbIJIKH, tlro SBe3AbI Moryr )KHrt' roJlbig^:u cqer pac'

xoAa 3anacoB 3HepfHI4' r' e' pacxoAa repB111?-x-^er'IeMeHroB'

IlpaunHa, no ,loropofi rltnoresa repMoflAepuofi reopun 3Be3A

Aep>Ka,'Iacb TaK AOJITo lI AalKe AepxHTCfl AO CHX nop'� 3aKJlloqaercfl
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Tlt /p:  c. (6)

l lepuoa fI 6yaeu Bblpa)Karb. B AHRx' a p paccqurblBarb KaK

cpeAHroro fl.loTHo_crb 3Be3Abr no Qopr'ryne (2). flocroqlHafl C rtyB'

cTBHTeJIbHbIM oopa3oM 3aBHCHT or pacnpeAeneHH: -BeulecrBa
B gBe3Ae, T. e. or ee crpyKTypu' ,U,auirue ua6;lpAeHufr nogBoJlflIor

cocqsrarb JIeByIo qacri 
- 
paneucrna (6),^ xoropafl B ocHoBHoM 3a-

BHCHr or lpHHflroro paaHyca 3Be3AbI. oruu6xn xe o[peleJleHnt

Macc MaJIO CyqecrBeHnu, a PaAHyc onpeAentercg AocraroqHo Ha-

Aexno no cBeruMocru H cneKrpy' Iloerorrly "uql?I:"'fl Aarcr

BO3MOIKHOCTb noJyr{I.ITb H XopoluHe oqeHKn nocroffHHoH C'

,U.nn paaultx KoporKotlepnoAl'IqecKl'tx 3Be3A rrlna RR 'Ilnpu nsl-

u".il""ir. no Qoprtly"rre (6) enaveH'fl c a6x361l&Iorcfl B rpeAeJlax

d,oi+-o,osl. flpdrrllqecKl' ror xe pe3yrlbrar roi-yqaercfl tr AJrfl

;;-;";;;;;* IIeQena Bcex cnexrpanlHnx rl'rnoB: 0'036{c€

iopso. c.ne4onaie.ntuo, cBepxruraHrL'I I{Melor crpyKrypbl' oAH-

HaKoBbIe co crpyKrypaun o6u'rnhlx 3Be3A' B uux Her flApa HnH

;;t;;;;."6enriocred, n QusuuecKne vcrloBHn BHyrpH 3rHX sBe3A

voryr 6url paccqnraHbl no teu *u Qopr*lylan'r i4)--" (2)' Ho

ToIAaAJI 'cBepxrHraHToBnof ly l {aeTc. f l ' noJ IHa ' IHecoBMecTHMocTbuX
c B e T H M o c T I { c r p e 6 o e a H H ' t M I , I T e p M o ' I A e p u o f t r e u e p a { u n g H e p r H H .
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B ToM, qro no Hec.{acrHori cnyuaftuocra peaJrbubre ycJroBlrfl BHyrpH
3Be3A MaJro ornurrarorcq or rex, Koropbrx rpe6yer sra rr.r[ore3a.
lloerouy npn pacqerax sBe3.qHbrx MoAeJreft 6uno Bo3Mo)KHo noAo-
6parr crpyKrypbl H xnMl.rqecxufi cocraB TaK, 'rro6H npu AaHHhrx
Maccax v pa4vycax rroJIyrIHTr Ha6arcAaeMbre cBeruMocrtr, nnn
orAeJIbHbIx 3Be3A srH BbrrrucJreHur He HMeror KoHTpoJIt. XHMH,{e-
cxnfi cocraB AJIfl MHorHx 3Be3A MoxHo noAo6parl rax. .Iro6bl

1 n

U
Cy6 xa plrxi,

Pac. '1.

yAoBJIerBopHrb HarrucasHoli crrcreMe ypaanennfi He3aBHCHMo or
Tofo, coorBercrByror HJIH Her 9TI,r ypaBHenng AeficrBuTeJlbHocrr{.
Buno.nneHHbre Bbrrrr{cJreHr.tr A.rrr HeKoropbrx rpynn 3BesA AaBailu
npaBAorloAo6Hufi xoA H3MeHeHHfl xuMuqecKoro cocraBa, roropufi
MoxHo 6uro uHrepnperHpoBarb KaK sBo,'rrcrlr4ro sBe3A BHyrpH srux
rpyn[.  Ec.na xe paccMarpHBarb He no rpy[naM, a cpa3y Bcro coBo-
KynHocrb 3Be3A, ro cneKyJrqrneHbrfi xapaKTep pacqera xHMHrre-
cKofo cocTaBa cTaHoBHTct oqeBHAHbIM.

llo ocsrrl KoopArrHar Ha puc. I ornoxeuu .rrorapn$vnr M -
Macc H -R - pa4uycoB 3Be3A, Bbrpa)KeHHbIe B AoJrfix nx gnaqeHuft
A,ns Co.unqa. Toqxaun orMerieHbr noJlox{eHrrs 3BesA, AJrff Koropblx
LI3BecrHbI grn BeJlltqugu. OxagaJlocb, rITo ecrn y xax4orl Tor{KH,
uso6paxarculeft ssesAy, Harrucarb ee cBernMocrb, To noJlyqlircfi
3aKoHoMepsufi xoA 3rHX 3anucer?, flo3eongrculufi nocrponTb H3o-
Qoru, r. e. JTHHLTH oAHHaKoBoft cserHr,rocru. Hso6paxeHHbre Ha
puc. I HaoQotu Aaror ./rofapu$uu cBeruMocrefi E, BhrpaxeHHbre
B .u,onqx cBernMocrn Co.nsua. flocrpoeHuafi cucreMa HsoQor eoc-
upor.r3BoAr4T noBepxHocrb cBernMocrr.r no4o6uo roMy, KaK Ha

reorpaQuuecKHx KapTax ropr.r3ortTanH BocnpoH3BoAfir rroBepxHocrb
3eurs. ftroayuu.nact caoeo6pa3rrafl rroBepxHocrb c rIeHTpoM cHM-
MerpHH, pacrroJroxeHHbrM y sBe3A cneKTpanbHoro rrina F rraguoft
nocneAoBareJrbgocrn. 3Havrlr, cBerumocrb 3BegA qB.ls€Tcfl oAHo-
euaqHoft Syrrxuueft Hx Macc H paAuycoB:

L:e(U', O e)
Cyu{ecreonaHne 3aBHcHMocrH (7) HMeer QyuaarvreHraJrbnoe

3HarreHr.re Ans ecefi npo6.neuu 3HeprernKr.t gBesA.
fopauee Beu{ecrBo BHyrpH 3Be3Abr ugJryqaer r.r 3rnM BHAoM

TpaHcnopra nepeAaer gHeprHro HapyxHhrM cJrorM 3Be3,ubr, oTKyAa
oHa H BbrxoAr.rr noroKoM .nyvncroft eHeprfiH o6rqefi uoIusocrlrc Z.
Taruu o6pasona, csernrr{ocir 3BegAbI orrpeAeJrflercff ee eHyrpennefi
reuneparypoft pr ycJroBrrrMn rpaucrropra, r. e. roaQ$nuueurorrr
norJIoqeHHH fiyttacrofi sueprun, xoropufi 3aBHcHT or IIJIorHocrH,
TeMrreparypbr rr or xuMr.rqecKofo cocraBa 3Be3Abr. KoeQQuuneur
nornolqeHuf, rJraBHbrM o6pasou gaBncr{T or rrpoueHrnofo coAepxa-
HHq B gBegAe rrlKeJrbrx 3JreMeHroBl. Z:l - X - Y. @HsuqecKrle)Ke
ycJIoBHt B 3B$Ae no Qoprrry.narr,r (2), (4) orpeAenffrorcr 3uarre-
HHrMU M, R, p, flosrouy AoJrxna cyqecrBoBarb 3aBucrlMocrb

L : f t ( M ,  R ,  X ,  Y ) ,  ( 8 )

onpeAersroqaq cBeruMocrb Z sosMoxuocrbro BbrxoAa sHeprHH,
r. e. ycJroB[eM ee pacxoAa.

flpu ren.noBoM paBHoBecHH 3Be3Abr r{croqHuKa gHeprrrn AoJrxHbI
roqHo KoMneHcr.rpoBarb pacxoA. [g3rqMy rroJrHar Hx rrponsBoAH-
reJlbHocrb paBHrercff cBernMocrr.r Z. flpousnoAr{TeJrbHocrb repMo-
tAepHbrx peaxuuft 3aBHcHr no cBolrM onpeAeJreHHbIM 3aKoHaM or
TeMrrepaTypbr H nJlorHocrH ra3a, a raKlKe, pa3yMeeTcq, or coAep-
x<aHar noaopoaa X. llocronrxy reMfleparypa 3aBHcHr or p, ro
B pacqeT eoftAer r.r coAepx(aHr.re re,'rnff Y. Taxurvr o6pasou, cBeru-
Mocrb AoJrxHa Bbrpaxarbcs eule r.r nropofi 3aBr.rcnMocrbro ,or rex
x(e napaMerpoB, Ho coBeprrreHHo Apyrofo rHIIa:

L:fr(M, R, 7,  y) ,  (g)

KOrOpafl onpeAe,'rfleT cBeTuMocTb ycJroBHeM npr.rxoAa 3HepfHH.
Kax,qas r43 AByx reoperur{ecKux 3aBr.{cuuocreft (8) n (9) ao.n-

>KHa coBnaAarb c gaBucnMocruro (7), noryr{eHHorl ns Ha6nrcAenufi.
Vs srnx AByx ypaBueuafi X u Y onpeAeJrflIorcf, KaK QyHxunn

or M a R. 3na,rvr, AJtfl couracoBaHHfl TepMoflaepHofi regepauun
3HeprHLr c ua6.nroAeyvtnrtu X, Y, a c,teAoBareJlbHo, u Z Aon>$r'st
3aBHcerb or M u R u.nr.r no Qopuy.naru (2) H (4) or Queuuecxnx
ycroaHfi BHyrpH BBeeA. 3anncHuocrb )Ke coAepxaHlta 3JIeMeHroB
oT rrJrorHocru H TeMrreparypbr Mo>Ker LIMerb Qnanuecrnft cuuc.lt
JIHlIrb rrpH paBHoBecHoM rrpeBparIIeHaH gJleMeHTOB, T. e. TO|Aa,
KO|AA MOIYT HATH NPOqCCCbI H NPOTHBOTIOJIOX(HOTO HAI]PABJIEHHS.
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Ho ecnu /laxe .(onycrllTb raKylo. Bo3Moxnocrb, To oHa Moxer
peanH3oBaTbcfl ToJIbKo npH reMneparypax B MHJInHapA[il rpaAycoB,
Koropbrx gaBeAoMo Her B gBe3Aax. 3HauHt, BbIIIoJIH.fleMbIe pacrlerbl
XHMHIICCKOTO COCTABA 3BE3A NPHBOAflT K HENPABHNbHOMY BbIBOAY

H, cJreAoBareJrbHo, npeAcraBnglor co6oft Qopttta.tuuyrc ollepallfirc,
c noMoulbro xoropoft ypaBHeHHe peaxunfi noAfoHtercq K AaHHbIM
sa6.nrcAenHft. floarouy ocHoBaHHbIe Ha fHnore3e repMoqAepntilx
HcroqHHKoB sHepfHH pacqerbl 3BegAHbIx uo4e.nefi, BbIBoAbI o6 seo-
JITOUHH 3Be3A H BCff OrpoMHaq Jlureparypa no gTIIM BonpocaM oKa'
.3brBarorcfl He coorBercrByro[LuMH Aefi crsHreJIbHocrH.

CyulecrnonaHue noBepxHocrH, Hso6paxarcu1eft cBerHMocrb
B 3aBECHMOCTH Or MaCC H paAHycoB 3B€3Ar nO3BO.[qer CAeJIarb He
TOJTbKO OTpHIIareJIbHbIe, HO H IIOJIO)I{HreJIbHbIe BbIBOAbI O npnpoAe

eaee4uofi aHeprnu.
flpu o6cyxAeHHH npHHI{HnHaJIbHoft cropoubl Bonpoca Aocra-

'TotIHo B coorBercrBull co c[eKTpaJIbHbIMH sa6.nrcAeHuffMu crlHTarb
xrrMuqecKl{fi cocras oAHHaKoBtilM y Bcex 3Be3A. Ho ror4a, cro6H
6es naparr,terpoB X n Y Kax{Aaq Il3 AByx reopernrlecKux 3aBHcHMo'
crefi (8) u (9) coaualaJra c noBepxHocrnro (7), ueo6xoAuuo rox('
AecrBeHHOe paBeHCrBO Hx Ap)m Apyfy:

f ,(lvl, F) - f, Gnf-, R). ( 1 0 )

3ro ogHaqaer, r{To BeIIIecrBo 3Be3AbI BcerAa rloAaer sHeprau
,croJrbKo, cKoJIbKo Mo)Ker LI3 HeFo eblfirn. flpnuepou raKoro Mexa-
Hr43Ma flBJrffercfl oceo6oxAeuHe BgyrpeHHefi eueprnn reJla npfi
.ero ocrbrBatnv. Bnpoveu, Mox(er 6utn u nporuBono.noxHuft cny'
.rafi, xorAa npHxoA eHeprltu onpeAeJlter pacxoA. Tax 6yaer B F49:
HOBeCHOM CoCrOflHllH rena npH KoHBeKTHBIIOM rpaHcnopre SHepfI{H'
.,I[,eftcrnureJrb,uo, B aroM clyqae KoHBeKqHt BcerAa lrepeHecer
3HeprHH croJrbKo, cKoJIbKo ee o6pasyercfl B rc.ne. OAHaKo B 3Beg-
.Aax nprd o6uquux ycJIoBHsx KoHBeKrHBnufi rpaucllopr He Hrpaer
'cyxlecrBeHuofi po.nu, noroMy qro ceo6oAHag KoHBeKIIHff Mox(er
pasBr4Barbcq flHurb s6Jrnslr IIeHTpa H B ToHKoM cnoe y noBepxnocrn
3BesAbr. floeromy cneayer o6parnrlcn K nepBoMy cJlyqarc, KorAa
pacxoA 3rIepfHLI AHKryer ee npI4XOA.

ToxAecrso (10) o3Haqaer, qro B 3Be3Aax Her HcroqHHKoB
3HeprHH. 3eeeAsI H3ryqaloT TaK, KaK ec.nIE 6u oHH B coorBercrBHl{
.c MexaHH3MoM fe.nnuronl[a - KerbBHHa pacxoAoBaJIH TeIIJIoByIo
H [oreHuHaJIbHyIo 3HepfHIo cBoux 3anacoB. Olsaxo 9TI'l 3aIIacbI
BecbMa orpaHl{qeH6. Tax, Hanpl'IMep, A.nq coJHqa npoAo,'I)KHTeJIb-
Hocrb )KH3HH noJlyqaercs Bceto JIHuIb oKoJIo 30 nr.nn JIer, qro pe'
[IHTeJrbHo nporLIBoperII4T AaHHbIM reoJIofHH I'{ KocMoroHul't. 3uauar,
Ha caMoM AeJIe norepfl oHeprHH He BeAer K nepecrpoftxe esesAbl.
B Heli soeHuKalor npoqeccbl, KoMneHcnpytoqre 3TL1 rIoreBH, npu
KOTOpbTX He MeHtercfl B cpeAHeM [o BpeMeHH .ee cocrofHlle, H
3Be3Aa oKa3brBaercfl MaurnHoft, nltpa6arblBaloulefi aHeprurc. Sror
BbrBoA HeHs6exHo BbITeKaer H3 aHaIIVga sa6arcAareJlbHblx AaH-
nbrx o 3Be3Aax. I-loarouy, HecMorps Ha ero napaAoKcaJlbHocrb,

ueo6xoAnnao npocn e.4r,rru Aa.nlseft urHe 3 aKJuoqeH Hff , Koro p ue H3 Hero
BbrreKaror. 3ru gaxarcqeHfiq AoJr]KHbr onnparbcr Ha 3aKoH coxpa-
HeHHq gHeprHH.

Orcyrcraue HcroqHHKoB gHeprHH noKa3brBaer, qro 3BegAa xH-
Ber He cBoHMH 3anacaMH, a ga crrer npr-rxoAa gHeprHlr HseHe. Sror
BhrBoA HanpaluHBancfl ylKe npu o6cyxAeHLru npoAonx[TeJlbHocrlt
)I<H3HH cBepxrlrraHros. BeAr Aaxe norHaq peaJ'ru3ar{ut Bo3Mo)I{-
uocreft tAepHoro cHHTe3a He o6ecuequBaer npHeMJIeMyIo npoAon-
)KHTeJrbHocrb Hx cyqecrBoBaHus. 3segAbr Bo Bce.neunofi cyluecrBy'
ror BcIoAy H BxoAflr B caMble pasnoo6pa3Hble crpyKrypbt floerouy
Bo3MoxHocrb npuxoAa gHepfHH AoJIx<Ha HMerb raKylo Ne o6ut-
HOCrb, KaKyro r4MeIoT ror'IbKo npocrpaHcrBo r.I BpeMfl. flpccrpaHcrno
naccnBHo - ono KaK apeHa, Ha roropoft nponcxoAtt co6urus.
Bperr,tx xe Mox(er 6urr tte flpocro qerBeprblM I{3MepeHLIeM, AotIoJI-
HrrorrraM rpexMepHoe npocrpaHcrBo, a flBJIeHHeM npHpoAhl. Ecnn
y BpeMeHH, KpoMe nacclrBHoro reoMerpuqecKoro csoftcrsa AJILITeJIb-
Hocrrr, HgMepqeMofi vacaMu, ecrb elqe H Apyrhe cnofictea, To oHH
AoJrx{Hbr npoqBr.flTb ce6q s Aeficrenn BpeMeHH Ha MarepHaJIbHbIg
cHcreMH. TOr,qa co6HrHq 6yayr npoHcxoAHrb He rOJIbKo Bo Bpe-
MeHH, Ho I.r npu efo yqacrtll{ B HHx. CyulecraoaaHHe aKTilBHbtx I,IJIH
$nsnuecxnx caoftcre BpeMeHIi AoJIxHo npHBecrH K B3aI{MoAeftcrsrlo
BpeMeHH H npoqeccoB, npoucxoAflurHx B MHpe. TorAa BpeMfi  KaK
HeKoropafl Qusuvecxar cpeAa Mox(eT eogAeficrsoBarb Ha BelrlecrBo,
Ha xoA npoueccoB H cBfl3blBarb Me)KAy co6oft qBJIeHHq, MelKAy Ko-
TopbrMH, Ka3aJlocb 6H, Her I.I He Molxer 6url HI.Iqero o6ulero.
Olnnm us npocrefinrHx QHauvecKux csoftcre BpeMeHH Mo)Ker 6uru
HanpaBneHHocrb ero xoAa. B roqsltx HayKax HanpaBv'IeHHocrb Bpe-
MeHH ycraHaBJrlrBaeTcfl pocroM 9Hrponafi H paccMaTpHBaeTct KaK
csoficrro Qusirvecrux cucreM, a He KaK ceolicreo caMoto BpeMeHlI-
EcrecrsosHaHr.re >Ke noJlafaer, I{ro pa3Jiuqne 6ylyutero or npo[IeA-
uero cyqecrByer BcerAa H cBfl3aHo c npHHuI{[HaJIbHbIM orJII{q}IeM
nDHrlHH or cJre.u,crBuri. Ec.trz V BpeMeHH 4erlcrnurelbHo ecrb 3To

Slrsnuecxoe cnoticreo, ro npn nosgeficrsun ua BelqecrBo BpeMs
Mo>l<er coo6qarl eMy gHepruto H 6urt HcroqHLIKoM, IIoAAepx(u'
BarouHM >KHSHb 3BesA. Bpeun Mox(er He roJIbKo nperlfircrBoBarb
cMeprH 3Be3A, r .  e.  repexoAy Hx B renJloBoe paBHoBecHe c oFpy-
x{alouluM npocrpaHcrBoM, Ho H npenqrcrtsoBarb o6Iileuy Hacry-
IIJIeHHrc reulosofi cMepru n 6url HcroqHHKoM lKH3HeHHoft cn,trr
Bceaeusoli.

Bpeun xax QnauuecKoe flBJIeHHe HItKorAa He l.r3yrlanocb B JIa-
6oparopHrl, BepoflTHo noroMy, rITo He 6lr.uo uafiaeHo HI{ oAHoro
CTpOTO|O OnbITa, nOATBepX(Aa'IOIqefO BO3MOX(HOCTb TaXOTO B3r"'I.fiAa
Ha BDer{q. Cefi. iac raKHM onbIToM oKa3aJIHcb AaHHbIe o cBeqeHHIt
ssesA. Beulecrso BHyrpr.I 3Be3A yAHBHreJIbHo xopotuo repMocrarH-
poBaHo. .[,ocrarovuo [ogToMy oqeHb MaJIofo np_HToKa oHeprHH,
qro6u noAAepxHBarb cyqecrBoBaHIIe 3Be3A, lUxala BpeMeHIr
fenturolrqa - KenseHua noKa3blBaer, qro BexlecrBo BHyrplr
Co;rsqa, Hafperoe Ao AecflTIt MHJIJIHoHoB rpaAycoB, rrpH ocrbIBaHI'tB
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6yaer cnuxarb reMneparypy Bcero Jrntrrb Ha oAHy rperb rpaAyca
B roA. floarorvry B xu3HH 3Be3A ocHoBHyro ponb Moryr srparb rB-
JteHufr., coBeprrreHHo HecyulecrBeHHbre n HesaMerHr{e B na6oparop-
rlblx orrbrrax. flolo6HbrM x(e o6pasou n na6oparopnn, oropnaunofi
or 3eraan H HaxoAflu(eficn s r.ny6nnax Kocubca, 

- 
6uno 6tr o'reHr

TpyAHo o6uapyx<urb cr{Jrbr rflroreHr{fl. Buecre c reM 9rH cuJrbt
ynpaBnsror ABHx(eHHeM KOCMHqeCKHX reJr H OupeAensrcT nx BHy^
TpeHHee cocTor{HHe.

EcrecrseHHo noJlafarb, qro BpeMq cBoHMH SnsuuecxnMn csoft-
CTBAMH NOAACPX(HBACT )KII3Hb HC TOJIbKO 3BE3A, HO U KOCMHqECKHX
re;r ua.noft Maccbr, KaKHMT{ tBJlglorcfl nJIaHerbI. C roqxu gpeHut
ro!'ryqeHHbrx BbrBoAoB o npnpoAe esesAHoft aHeprarl ueo6xo4nunu
ycJIoBHeM ee noflBJIeHHfl flBilfleTcff BO3MO)KHOCTb [poqeccoB, T. e.
MaKpocKonr,rqecKux nepeueuleunfi n Hs[,reHeHr.rfi cocroflHafl Beule-
crBa Bnyrpr{ KocMHqecKoro rena. lloeronay raKne 6ec$oprueHuue
KaMHH, KaK Mereopr,rrbr H ue6o.truue acreponAbl, He Moryr liMerb
co6creeHHofi xilsun. XnsHn HarlnHaercff ToJrbKo npH TaKHx pa3Me-
PAX TEJIA, KOTAA AABJIEHI,IE BHYTPH HErO CMO)KET PA3AABHTb KPI{.
crarfiHqecKyro peuerKy KaMHfl H craHer nosMoxHofi ero rrJlacrt{-
qecKar Ae$opMarrus. A.nr aroro Heo6xoArll,ro, qro6u AaBJreHHe,
rpfixoAfluleecq Ha oAHy qacTHrly, npeBocxoAHno sHepfHIO CBfl3H
B KpncraJrJrsqecxoft peilrerKe. flpunnuar ery eHepfurc paeuoft I sB,
.JrerKo coclrnrarb, qro ueo6xoAilMoe Anr paspyrrleHur peulerKu AaB-
JreHHe roryrrnrc.fl BHyrpH TeJra yxe npH paAr.ryce e 1000 xlr. flo-
.BHAHMOMy, 4esOprvrarlull BOsMOX(Hbr H B reJrax HecKoJrbKo MeHb-
,tuero paaMepa. Ha sro yKa3brBaror cQepHuecxue Qopruu caMbrx
r(pynubrx acreponAoB: I{epepu, llannaau, IOsouu u Becru, pa-
nnycbr Koropbrx noprAKa HecKoJrbKHx cor Kr{aoMerpoe. CSepHse-
cKafi xe Qopua [oKa3HBaer, qro B TeJre npoucxoAl{nn nepeMelrleHl]fl
noA AeficreHervr cprrbr rfi)Kecrn. flosrouy cfepuuHocru $urypsr
Mo)Ker 6um npusHaKoM, no3BorqFollr4M AyMaTb, qro Aa>Ke B TaKax
TeJrax, KaK KpynHbre acrepouAbr, rerrJrHTcfl co6crnessas xdsH6.
IIpuHaro clrlrrarb, rrro co6crBeHHafi gHeprHfl 3eunu noAAeplKra-
B aercfl ToJIbKo ecTecrBeHn oft o a guo aKTHB Hocrblo Ttx{eJIbIx 3,'reMeH-
ToB, BKpand'IeHHbrx B fopHbre nopoAbr Hapyx<Hbrx cJroeB 3eu.nn.
OAuaxo MoHoroHHbrfi xol srHx npoueccoB craBur reoJiorHro
B or{eHb recHbre paMKa, BHyrpH Koropbrx rpyAHo Hafiru o6.E,RcHenHe
paauoo6pasHofi acropau 3eu.ulr c ee qr{KJrr.lqHocrbro H orcyrcrBueM
MoHoroHHocru. Tenepr, xe Mbr Mox<eM cqaTarb, r{To npornso!,erl-
crBHe pocry 3HrporruH H opraHH3arIKro BHocHr He roJrbKo 6no-
cQepa, Ho H reKyulee BpeMfl, Koropoe, esauMoAeficrByr c rrpoHcxo-
AnrqHMH rlpoqeccaMa H BeqecrBoM BHyrpu 3ena.uu, ffBnsercfl Apy-
rr.rM, oqeHb BaxHbIM HCToTIHHKOM ee gHepruu.

flo-eu4auony, Bo3MoxHocrn nolyqeHHff gHepfHH H3 BpeMeHH
6.naronpnarcrByror HeKoropHe oco6ue cocroqHut BerrlecrBa, orBe-
qanulae Ha rrJrocKocrw M,,R (pnc. l )  souarr,r  nau6o.nlurer l  sanor-
fleH-Hocrr-r 3Be3AaMH. tlro6n BbrflcHnr.b srLI 6.naronpuarcrBytolrlne

,o6cro,flrerbcrBa, seo6xoAr.rrrro nepefiru or apryMeuron lg [i, lgR

K xapaxTepHcrHKaM $ugrvecxnx yc.nonufi, sa Koropbre MoxHo npH-
Htrrb rlJrorHocfb ra3a p H nnorHocrb fiycncrofi snepruu _B-, nnpa-
xegHbre B Aonrx Hx 3HarreHnit p,ls Co.rtsqa. flpn oannaKoBoM xH-
MHqecKoM cocraBe H oAHHaKoBbrx crpyKrypax 3BeaA couacHo (2)
H (3) no,uyuarorcq cneAyroqlre npocrbre Bbrpax(eHr.rr:

p-/Z/Rt; E-=Ta-=nnlRo.

3rn noaue apryMeuTbr lg o lg.F- 6u.rrH cocqnraHbr AJrt
3Be3A pl.rc. l, u coorBercrByroqee r{M pacnpeAeJreHne 3BesA
craBJreHo Ha pHc. 2. Ean xaxAofi sBegAbr HanHcaH lorapnQu
uefi nponsBoAureJrbHocru 3Heprnu I nsxroft no orso[reHnro
gHaqeHrrro lrg CorHqa:

e :  L lM .

( l l )

BCeX
npeA-
cPe.q-
K e e

( 1 2 )
To.{xa grofi sanHca H orMeqaer rroJloxeHr.re 3Be3Abr Ha pHcyHKe.

Perynrpur,rri xo.q sauncefi no3BoJrfler nocrpor.rrb cncreNfy llso6pa-
xerHbrx Ha pnc. 2 usoepr - ,nu:nnit oAHHaKoBofi npoasnoAnreJrbno-
crH 3HeprHn. 3ro nocrpoeHue BHoBb noArBepxAaer, qro He cyqe-
crByer JrHHLlr4 flepeceqeHnfl rroBepxHocreft npurora n pacxoAa aHep-
rHH. CreAosareJrbHo, sra loBepxHocrH cosnaAaror. flynrrnpou
noKasaHa KpHBafl,, no Koropofi Ao.nxnu 6wnn 6st pacnorararbcq
3Be3Abt npn o6pasoBaHran sHeprHH nporoH-rrporouHofi. peaxquefi.
flpu pacuere erori xpHaofi reMrreparypa s qeHrpe ConHua 6sna
[puHrra paeHofi 6.106 rpal. Ho ecr'rr.r Aaxe Aonycrurb, cro KpH-
Bafl  npoxoAHT r{epe3 HaqaJro KoopAHHar, T.€.qTO ycnoEHfl  BHyTpn
CoaHqa AocraroqHbr AJIrr nonoJIHeHHff pacxoAa grieprng nporog-
nporoHHofi peaxuueft, ro H rorAa pacnpeAeJreHr{e 3BesA 6yaer n pe-
IIIHTeJTbHoM npornBoperrnu c arofi rpueofi.

.[eSoprrlauux Macrura6oe, Koropafl npeo6pasyer nJrocKocrb
pac. I K nJrocKocrH QuanuecKnx ycJroBnfi, npunoAnT K BecbMa He-
o6uuHouy pacnpeAeJrenr{Io 3Be3A. Pasuuraq n oqeHb HeqerKafl Ha
Ar{arpaMMe Pecce.na - fepurunpyHra o6nacrt rnrauroB r.r cBepxrH-
faHToB npeBparHJracb B y3Kyro SoHy ocHoBHoro HanpaEJreH[fl, flo
KOTopoMy pacnoJrafarorcr 3Be3,u,br B orpoMHoM AHana3oHe cocTor-
gnfi or xoJroAHblx H pagpex(eHHbrx Kpacubrx cBepxrnraHToB .{o rrJror-
Hbrx r{ ropflqux cy6xapauxoB rura A. r{ro6n noAqepKFtyrb cyqe-
crBeHHocrb 3Toro HanpaBJreHuf,, Ha puc. 2 urrpuxonoft nonocxofi
HaHeceHo noJroxeHHe rHraHToB, Maccbr xoTopbrx otIeHeHbI rlo KOc-
BeHHbrM npn3HaKaM. 3ro uanpaBJieHne rrAer noA yraou 45o:

1g B : lg p + 0,58 u, 3Haqnr, Blp:3,8 (B/p).. ( 1 3 )

Bropylo oco6euHocrb AnarpaMrrau o6yc.rroBJrHBaroT rd'raBHafl no-
cJreAoBareJlbHocrb u 6.ung"nexaqne K Hefi seesAbl. OHH cosAalor
xpyrorofi pae6poc rorreK c rreHTpoM cHMMerpHH, JrexaqeM Ha oc-
HoBHoM HanpaBJreHHH npr lgB-:0 r.r, cJleAoBareJrbHo, KorAa lgp:
:-0,58. 3Aecr, orreBEAHo, cyuecrByror oco6o 6.naronpumHne
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ycnoBnfl AJrfl Bo3Aeftcrsnq BpeMeHH Ha BelqecrBo 3Be3AbI, u tto'
aroMy Bo3MoxHbr 3HaqI,ITeflbHbIe OTKnoHeHIIfl OT OCHOBHOTO HanpaB'

.qeHHf l .  PaeuonpanHocrb lgB * t  lg [ ,  exoanurnx B ycJIoBHe (13)
ocHoBHofo HanpaBJIeHHr, npI;IBoAHT K 'oAHHaKoBofi 4ucnepcllu no

fepuurnpyHra oKpy)KHocrb (14) npenpaqaerctt B BblrsEtyrufi sn-
JIr{InC C OTHoIIIeH[erU OCefi alb:8,3,6O;luraq OCb KorgpoiO HaKJIo"
HeHa 11oA yIJTOM 60o r OCn X B 3aMeqaTeJIbHOM COOTBSTCTBHII
c HaKJIoHoM r.nasuofi fiocreAoBareJlbgocru' paBHbIM 58'. Taxnu
O6paSonA, rJIaBHaq [ocJIeAOBaTeJIbHocrb nglyqaercq _B pe3yJlbTaTe
BIITflILIBaHLIt MaCIIITa6On, XOTOpbIMIt nO,'Ib3yeTCfl ga6.rttOIareJIbHafl

acrpoQnaHKa, H B ee HanpaBneHHocrH cKa3blBaercs B nepBylo oqe-
peAr aro o6croqremcrBo, a ue oco6essocrg crpoeHnq 3Ee3A.' 

I4nrepeCHO Teflepb naittn a6CO.nrcrsue 3HaI{eHHq nocroqH.Hblx,
xaparrepngyloulHx ocHoBHoe HarIpaBreHI'Ie H qeHrp AI'Icnepc14H'
OfasneieriR, vro grLI ABe oco6essocrg AgarpaMuu trloryr 6utu
Onpe4e.neHbI roJIbKo oAuofi nocrosnsofi. l lpnrt,1errt 4.nn s'eesl u Con'
HUa crpyKrypbr, no;yqegHble H3 pacqera co6crseHHblx KoJle6artwir
IIeSeui. foiaa npr cHJIbHoM nieo6naaauHll BoAopoaa -(p:0'5)'
n '  Uenrpa.ntHoft  o6, ' racrn ConHqa I :8,5'106 rpaA',  B-aTa:
:3,9.10i3 u g:25. l lepexoar or nJlorHocrH K qHcJly 9[eKrpoHoB'
a xy6uvecKoM caHrltMerpe t?e, no,{yqnM corJlacHo (13) ycroBue,

KOTOpOMy yAoBAerBopfler cocTotHHe BeulecrBa 3Be3A OCHOBHOTo'
HanpaBJIeHLl9:

B l n " : 9 , 4  '  l 0 - ' '  3 P t : 6  s B '  ( 1 5 )

.LI,ln ueHrpa Ancltepcvtu T:To Ia p:6,5, noeroMy oH onpeAe-
JIf leTCfl eqe AofIoJIHHTeJIbHbIM yc";IoBHeM, npI ' I  KOTOpOM

Uln " :3 ,2  .  l o - t t  3p r :20  eB , ( l  6)

rle IJ - nJlorHocrb 3Hepfnlr 3JleKrpocrarrrlecKoro 83a]IMoAeficrBuf
r{acrnu, paccquTanHat corJlacHo reopl'lH n e6ag- Xrcrx"ts:

u:(ryz-)"' (17')

B npe4e,rax BosN{o)KHofi seroquocTh o[peAeJi_eHHfl Qnsu.lecrltx
yc.tron4f i  BHyrpI{  sBe3A HaftAenslte 3HarIeHIl t  (15) u (16) voNuo

cqKTarb oAHHaKOBbltr l t{  f i  6r[sKi 'rMH K gHepfHI' I  I IOHI' I3aUI' IH aToMa

BoAopoAa: X:13,5 sB:mrc\l2, rAe c2 rIpeAcraBJIfler co6oii BeJII'{-
qr.rHy, HMeloulyrc pa3MepHocrb cKopocru' lloerorvry ycJIoEHt' 6naro'
flpgflrHbre AJIq B3aHMO4eficrslrs BpeMeHH c BeulecrBotnl, ntOryr 6u6
npeAcTaBJ'IeHbI BbIpa)KeHI4flMI,l, B KoTopbIX, Bepo'THo, 3aKJIIoqaeTcg
r,ry6oxnil Qusnvecxuft custc.n :

Bln" : *"r'rl2; (J ln" : m"c\fz; c2 : e2 I h. (  l8 i

Ec.nu erl t  ycnoBufl Aetl IcrsurelbHo cBr3aHbr c xoAOM BpeMeHH,.

TO B HHX AOJIXHbI COAep)KaTbcq He TOJIbKO xapaKTepHcrHK[l co-

croqH1lf i  BeIqeCTBa, HO I.{ BpeMeuu. f IOcrOfl,HHas, Cz fBJlf lQrCfi gAHH-

crgenHofr nocrof lHHofi ,  exoiqueft  s o6a BbIpalKeHI{f l  (18) u He cBfl-
saHuoft co ceoficrsaMr.r MaTeprrtr, Ho cB.fi3brBaIOUeft npocrpaHcrBo,
H BpeMs. l ioerouy BecbMa BepogTHo, r{To [ocrof lHHlr c2 xapaKTe-
pu3yer xoA BpeMeHIt Hauero Mnpa. C conepureHHo Apyroft  cro-

2A2

r{pesnuuafino HHrepecuo cocqHrarb, xaxoft BHA 6yaer HMerb
ypaBHeHHe oxpyxHocrn (14) Ha AHarpaMMe Peccena-fepu-
rutrpyHra c KoopAHHaTaMH ffla- 6o.nouerpuqecKaq 3Be3AHaq Be.tIH'
qHHa - n x:10 lg I . r ,  Tet -  ua6lrcAaeual sQQexrHBHaq reMnepa-
rypa 3Be3AH. Anq 3roro HaAo BocnoJlb3oBarbcf l  Bbrpa)KeHl{nun ( l l )
H or Macc ili nepeftru K cBernMocrstt L. AJrq seee.q r.raeHoft noc.[e'
IOBaTeTbHOCTH B COOTBeTCTBHI{  C pHC.  I  UOXHO npHHf iTb  E-p t ' � t .

Bunorsesnuf i  pacuer noKa3hlBaer,  I {ro Ha Al{arpauue Peccera-

, H
poq

E)'�

-2

- l

- . f

- 5

F,
h,r,
Il

f,
$
t:

' j .

- 1

3THM ABYM KOOPAHHATAM

$opnra KpHBbIx panuoft ne

(A lg

Pnc. 2.

3-3a qero u noJlyqaercfl KpyroBaff
THOCTH:

+( l le i l ' : r ' .  (14)
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poHbr, r,r3 na6oparopuux orIblroB Ha.[, BpauatolrlaMHct fupocKo-
rraMH B rrpnquHHblx cBf3sx yAaJIOCb OnpeAeJIHTb BeJlHgI'IHy xoAa
apeMeHrr, orasasueficq 6rugxoir t< c2, Il noArBepAHrb STHM npo-
.rHo3, cAer'raunufi Ha ocHoBe a*afivrca yc.noaHfi BHyrpH 3Be3A.

Ilptswa oAHHaKoBofi npousnoAureJlbHocrn sHeprHn (puc. 2) vl
.nHHLtrl oAHHaKoBofi cserl4Mocrn (pnc. l) o6paeyrcr cHMMerpHrIHbIe
crcreMbr c AByMt BerBffMH, KaK y rnnep6onu. Xorq o6e eru cucre-
un .nnHuft  cBr3aHbt npeo6pasoBatvLf l ,Mv ( l l )  u (12),  ua puc. I  u 2
H3-3a Bo3Moxuoft crarncrllqecroft ueonpeAe,leHHocrn oHH nocrpo-
eHbr He3aBHcHMo Apyr or Apyra. .[,ocrarouno xopouee cor,'Iac]Ie
c ynoMsHyrnu npeo6pa3oBaHneM roBopur o peanbHocrl l  nocrpoeH-
rrbrx Hgo.nr.lHufi. Eo.nee npocrylo KaprHHy Aaer cllcreMa nuuuk
oAHHaKoBofi cseruNlocrn Ha puc. l, [ocKonbKy HX acl{Mnrorbl rla-
panJreJrbHbr ocrM KoopAHHaT. flpu acuunrorHqecKoM yAaneHHH or
Bepr[aH noJlyqalorct ABe 3aKoHoMepHocru: L-M3 u l -R3. Bep-
rrrlrHaM )Ke KpLIBbIX AOJIX{HO COOTBeTCTBOBaTb HanpaBneHHe, yAo-
BnerBopffIoulee grI{M o6onu ycJIoBI,IffM, Anfl Koropofo' cneAoBa'
TeJrbHo, M-R. 3.qect paclloJlanarcrcfl sBesAbI rnaeHofi nocneAo-
BareJrbHocru, H oHt{ npu6lnsHreflbHo cJIeAyIor sToMy HanpaB-
JIEHHIO.

AcnmnroruqecKoe coorHoIIIeHue L - M3 uoxllo HenocpeAcrBeHno
floryr{Hrb r.r3 ycnoBI4s ryrleBoro rpagcnopra sHeprHI{. AeficreH-
TeJIbHO, B 9TOM C,ryqae AJIS noroKa 3HeprHI-l noJlyqaercff Bblpa-
)KCHHE

c  dB c  B  u4  M3
r : -  : -

^ A p d r - x p R x R ' '

C.lteAosareJIbHo,

L - -t- 1/1',

u rrpt4 nocroflHHoM xosQQtzqueHre rIof,IIouIeHHs x, paccquraHHoM

Ha e4HHHIIy Maccbl ,  L-M3.
Bropoe acl rMnrornqecKoe coorHolueHse L-Rs eABa JI I I  Mo)KHo

,o6rscuur l  ycJIoBHeM rpaHclropra sHepf  I ' IH,  Aa4e npH KaKoM-To

oco6ou cocronHua BeurecrBa BHyrpI' i sBe3AbI. Cropee Bcero' oHo

coorBercrByeT roMy cJlyqarc, KorAa cBeTHMOCTb onpeAeJlffeTcfl He

ycr'roBaffMr.i rpaHcfiopra, a yc,IIoBHflMH reHepauul4 SHeprI{H. C na-

ruefi noeuql,tu 9ro 6y4er 1pOHCXOAHTb npH TaKHX O6grosTeflbcTBax'

KOrAa B93MOXHO HenOCpeACrBeHHoe H nHreHcIIBHOe sosAeficrege

BpeMeHH Ha Beulecreo.  f locxorbKy BpeMr 3anoJluf ler  Bce npocrpaH-

crBo r.r BXoAHT B Hero He3aBHcHMo or HanpaBJeHI'Ift, To nppl STHX

o6crosrerbcrBax oHo cMox(er coo6urarl SHeprHro nponopuno-

HaJIbHO o6ten,ty, XOrOpttti 3aHHMaeT BeulecTBo. C.[eAOeareJIbHo'

CBeTT.IMOCTb MOIKeT OKa3aTbCs 11p6ttopUHOua,'I lHOft O6t,eUy SBe3AbI'

H,  3HaqHr,  e- l /p .  Tpaucnopt  erof i  :ueprHH K Hapy)KHbIM cJIof lM

BBe3AbI MOx(eT OcyuIeCTBJIflTbgtl KOHBeKIIHeft, eCnn OHa OKaX{eTCf

sogl{oxHofi npn }THx seo6uqHnx o6crosrelrcrBax, HnH xe rrepe3
csoficrsa BpeMeHH, ycraHaBJruBaroulue B3aHMocBr3b npoueccoB u
cocrornnfi BerqecrB B pasrnrrubrx cloqx 3BesAbr. flpr.l raxofi rpaK-
ToBKe xo4a usoQor cneAyer ox(HAarb, qro BpeMq Hrpaer oqenb
Baxnya ponb B 3BegAax, pacnono)KeuHbrx Ha puc. I e roft ero
qacrl{, r4e usoQoru HMenr reHAeHur{rc ilATH napanJrenbHo ocn
a6c[ucc. Taxre sBesAbr Moryr BbrAerqrb He roJrbKo ryrrHcryro
3Hepruro, Ho H BpeMq. Hauin AnHre.rrbHbre .na6oparopHbre l,rccJreAo-
BaHHfl. Qr.rsuvecrHx csoficrs BpeMeHH npr{BeJrr.r x eroii Bo3Mox(-
Hocru sa6.nrcAarn 3Be3AbI rlepe3 eoe4eficreue Hx Ha epeux. Vxe
flepBble onbrrbr noKa3aJrr.r, qro oco6esHo cHJrbHo esaHMoAeficrByror
co Bp_eMeHeu 6elue KapJTHKI,I H r.rcTorrHnK peHTreHoBcKoro H3.lyqe-
uur CygX- l ,  Bepof lTHo, H3-3a cBq3H ero c uepnori  aupoft .  O6uq-
HbIe x{e BBe3AhI, AJIfi Koropblx B ocHogHoM I -M3, He noKa3ar'Ilt
oco6esuocrefi e csoficreax BpeMeHH. Cpe1n Ha6.[rcAasuuxcs 3BesA
o6blrlnoro rHna roJrbxo q Cas o6napyxuna 3Haqr-rreJrrunft aQQexr
BpeMeHr.t, Beporruo, rroroMy, rITo oAr,IH H3 KoMIIoHeHToB rrorl ,ueorl-
gofi cucreubr pacnoJraraercq s6nusu llsoQoru l, TaM, fAe gra H3o-
Qota HAer napanJreJIbHo oclt a6cqucc H tAe, cJIeAoBarer'IbHo,
L-R3. Hexoropoe, Ho BnoJrHe orrpeAeneHHoe ssaHr{oAeftcrBne co
BpeMeHeM noKa3arr{ Co.uuue, Jlyna a nJranerbr.

3ru ua6.nrcAeHnq roJrbKo Haqarbl, r.r pe3ynbrarbr Hx coBepureH-
Ho npeABapnTenbHbr. Ho oua orKpbrBaror nepcneKTr{By HoBoro E
rny6oxoro npoHHKHoBeHHfl s csoftcrea 3Be3AHoro Mr.rpa. Bperrlr
He pacnpocrpaHqerct, a nosB,rrfiercfl cpa3y so nceft Bce.nenuofi, no-
3ToMy cBfl3b rIepe3 BpeMfl AoJI)KHa 6irrrt ntrnoseirHofi H tB!'IeHI.rq
Ha caMhrx AaJreKHx o6texrax Monyr H3yqarbcr 6ea sanagAHsa-
HHq, oAHoBpeMeHHo c HatuHMH Ha6lro4enuqr\ar.r. 3ra nepc[eKTaBa
He flporuBopeqnr cneqnaJlbHoft reopan orHocuTeJrbHocrH, noroMy
qro rrpn MfHoBeHHofi ceagn qepes BpeMfl Hurrro He ABH)Kercr H Her
HUKaKHX Marepr.raJrbHbrx nepeMeqenufi. Bpeur uecer s ce6e uenufi
MHp HoBbrx HeH3BecrHbIx gs,'renuft, rrogToMy, HecMorpq Ha 6orbuJoe
3HaqeHEe H Hnrepec acrpoHoMurrecKux sa6.nrcAeuuli, r.nannoli 3a1a-
,{efi cefi'{ac ocraercfl pa3HocropoHHee H3}zqeHlre eto cnoftcrs B QH-
sfl .recxofi na6oparopnu.
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