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[TPEINCJIOBUE

B cbopruk Bommm moxsansl I-it Hayunoit kondepeniun, nposenennoit B AQ “Hayuno-rexnosorngeckuil wh-
CTUTYT TPAHCKPUIINHN, TpaHcaanun u peryukanun’ 30 oktabpsa 1998 r.

Koudepenrusa nocpaiera pacCMOTPEHIIO HOBBIX HAIPABJIEHUH B MCCAEIOBAHIT OKPY JKAOIIEr0 MUpa, HAYNHAA
oT T100aTBHBIX CBOMCTB BeesleHHON Ha OCHOBe HETPAAUITMOHHOTO MPEACTABIEHN ODIIEl TEOPUH OTHOCUTETBHOCTH
U 3aKaHYMBag MUKPDOMHPOM Ha OCHOBE BO3DOKIEHHOIO MOHATHA >pUpa.

Obcy KHa0TCa OTKPBITHSA: TPABUTAIIMOHHON BAIKOCTH M T€OIe3MIECKON KPUBU3HBI BeeleHHOM, 3KpaHupYIOMHX
CBOMCTB MaTepnu, MOJAPUIANUOHHBIX BOJIH, TBYXKOMIIOHEHTHOCTH 3upa.

YacTh TOKIAIOB MOCBANIEHA PACCMOTPEHUIO TAKHX 3K30THYECKHX OOBEKTOB, KaK KBAa3apbl, TaK KaK MMEHHO
OHU B 3HAYNTEJILHOW CTEMEHN OMPENeNIAIOT KPYTHOMACHITAOHYO KAPTUHY MUPO3IAHUA.

WNmeercs moxsamn, sarparuBatoniuil mpobjieMy BHE3EMHBIX IIBAIW3ANAN U, B 9ACTHOCTH, BOSMOYKHOCTH UCITOJIb-
30BaHUA UMHU JIYHBI KaK MEPEBAJOYHOTO MyHKTA Ha MyTH K 3eMJIe.

He 06oiinén Bompoc 3KCIEPpUMEHTATBHOTO MOATBEPKIECHNSA HOBBIX MOJOXKEHUIT, OTpeIe/IeHNA IUCIEHHBIX Xa-
PaKTEPUCTHK OTKPBITHIX ABJIEHUHN, a TAK¥kKe MePCIEKTUBHOCTH TaKUX MCCIETOBAHUM.

B psame moxsmamoB mpocieXUBAOTCA KOHKPETHBIE MPEIIOKEHN MO TMEPCIEKTUBHOMY MPAKTUIECKOMY HCITOJIb-
30BAHWIO HOBBIX OTKPBITHI U pa3spaboTOK.

CIINCOK OJOKJIAJYMNKOB I TEMBI JOKJIAOOB

Ne | Jlokymamuuk Opranmsatms Tema moxmaama

1 Kyk HTU TTP Hoswie npencraBaeruns o Becenennoit u eé
Huxomait AnexceeBud 3aKOHAX

2 | Kommaxos XI'TYP2 Hopas dpusmka
Hukonait JImutpuerma HTN TTP

3 Banbibepoun XI'TYP2 IlepciekTHBE MOCTAHOBKU 3KCIEPUMeEH-
Bnanuciar Bacuiberuy, HTWN TTP HTWU | toB mo omnpeneseHuto cpenHeil MaI0THO-
Kyk TTP ctr BeesleHHOMN W CKOPOCTH TOJIAPU3AIII-
Huxomait AnexceeBud OHHBIX BOJIH

4 | KorToposuu PA1 HAH ChansgHus rajakTuK KaK TpHInHa (peHo-
Buktop Moiiceeruu MeHa KBa3apoB

5 Xondamx XTIy Kocmostorndeckue mepuoguaHOCTH B pa-
Muxauns @egoroud IWOCTIEKTPax KBa3apoB

6 | Apxumos PA1 HAH Apxeostorndeckas paspenka JIyHBI
Anekceit BukTopoBud

7 Bomauaenko XTIy O HOBOM TOAXOAE K MOCTPOEHWIO CIIEIN-
Amnarosmit [TaBnosud AJTBHOM TEOPHH OTHOCHTETBHOCTH

8 Bornanos HTU TTP IIpakTuvyeckne pe3yabTATHl  MOJEBOTO
HOpuit AnekceeBuu B3aUMOMEHCTBIA MPUPOAHBIX OO BEKTOB

9 Bamabaii HTU TTP XapaKTepUCTHKN (PU3HTIECKOTO BaKyyMa
Baseputi Usanosuu I MeTOIBI UX Wa3MepeHmit'

OTTocrep
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HOBLIE IPEACTABJIEHIIS O BCEJIEHHOI I EE 3AKOHAX

H.A. XKyx!

AO “Hayuro-mezHonroeuneckutl UHCTIUMYM MPAHCKPUNUUY, MPAHCAAUUU U penaukayun”
a/s 589, ya. Koaomenckas, 3, e. Xapwvros 61166, Yrpauna

30 okTabpsa 1998 r.

Bceenennas npencrasiiena oIHOPOOHON ¥ TUIOCKOH. DTO TTO3BOHIIO BHIOPATEH YpaBHEHNA DHUHINTENHA C KOCMOIOTHIE-
CKOM TTIOCTOAHHOW, 3aMKHYTh CHCTEMY YPaBHEHUI, TpeobpasoBaTh ee B MOJIEBYIO dpopMy U ynpoctuTh. Ha »Tolt ocHOBe
paspaboTaHa cTalMOHApHAA MOJIETb BcesleHHOI M oIy deHbl TONMPaBKM KO BCEM OCHOBHBIM 3aKOHAM (PM3WKM, OTBET-
CTBEHHBIE 3a TUI0HATBHYIO TPABUTAIMOHHYIO B3aNMOCBA3b BCEX ABJIEHUN puponbl. [lokasaHo, 9T0 KpacHoe CMETIEHEe
ABIAECTCA PEIYIHTATOM TAKOM B3aMMOCBA3M, & MUKPOBOJHOBOE (POHOBOE M3TyUeHME — PABHOBECHBIM WM3IIYIEHUEM
BCcex 00bekTOB Beemennotfi. JlokasaHo TOXKIECTBO MHEPTHOM W I'PABUTAIMOHHON Macc. BBIABIEHBI rpaBUTAIIMOHHAA
BA3KOCTH U TeO/Ie3MIecKad KPpUBM3HA BcesleHHol, a TakxkKe 9KPAHUPYIONINe CBOWCTBA MaTEPHH.

1. Bsenenue

WNsyuennem BeestenHol Kak eIMHOTO MEJOTO 3aHUMAET-
ca KocMmogiorus. VIMeHHO IeJI0CTHOe MpencTaB/IeHne O
Beesennoli craBUT KOCMOJIOTHIO B 0CODOE MOJIOKEHUE
O OTHOIIEHUIO K JPYTUM HAyKaM.

JleticTBuTeIbHO, ecu J0bad Apyrad HAyKa MOJKET
HCCJIETOBATE CBOM MPEIMET CO BCEX CTOPOH W B TOJTHOM
obbeMe, TO KOCMOJIOTHH JTOCTYIIHA TOJIBKO 9acTh Bce-
JIEHHO, T. €. TOJIBKO YacTh CBOETO IIPEIMeTa MCCJIe-
moBaHud. [losToMy mMcCiIeHOBATENIO TOHEBOJIE TTPHUXO-
IUTCHA OCYIIECTBJIATH OU€HD MAJIEKYI0 2KCTPATOIAIUIO,
pacmpocTpaHaa OTKPBIThIe B HebobINOH YacTu Beesen-
HO#t 3aKOHBI Ha BCio Beesennyro. Tak kak 1estoe Moxker
obJTagaTh TAKIMH KAa9eCTBAME, KOTOPBIX HET Y €ro Ja-
creif, TO CTAHOBUTCA TMOHATHBIM HAJUYUNE TE€X 3ATPY/I-
HeHUll, KOTOpPbIE KOCMOJIOTHA HCIBITHIBA/Ia BO BCE Bpe-
MeHa.

A CMBICST TUX 3aTPYIHEHUN BCerga CBOMMIICA K OfI-
HOMY: HUKakasd pusndecKasd TeOpUd He MOTJIa B TIOJTHON
Mepe oObACHUTH HabMIIOHaeMble CBolicTBa Bceesrennoii.
Ecau xe Teopmio kKakuMm-aub0 obpazoM MpuCIocabiIu-
BaJIM IJ1s OObACHEHUA OIHUX CBOMcTB Bcesenmoii, To
MOABJIAIONINECA TPU 3TOM CJIEICTBUA HE COTJIACOBBIBA-
JINCh C JPYTHEMHU U3BECTHBIMU €€ CBOWCTBAME WJIM BBI-
XOMMJTH 32 TIPEIETTBI 3MPABOTO CMBICIIA.

Yeyrybasser cuTyarumio u ToT GpakT, YTO TPABUTAIUA
B O01Iel TEOPUN OTHOCHTENBHOCTH (KOTOpasd SABJAETCA
TeopeTHIecKUM (PyHIAMEHTOM COBPEMEHHON KOCMOJIO-
[WH) OMICBIBAETCA NECATHIO MEPEMEHHBIMHU, B TO BpeMs
KaK caMa TeOPHsA MPeIaraer TOJIbKO IECTh HE3ABUCH-
MBIX ypaBHeHuil. [losToMy HEyIMBHTEIBHO, YTO Ha OfI-
HUX TOJBKO YPABHEHUAX HTOW TEOPUU OMHOSHAYHYIO U

le-mail: zhuck@insurance kharkov.ua

HETIPOTUBOPEUUBY IO KAPTUHY MUPA IO CHX TIOP HUKOMY
MTOCTPOUTH HE yAAJIOCH.

YTobBl W3YYUTH TEJI0e MO €ro dacth, Tpebyercs
HETPePBIBHASA WHTETPAIUA TPEICTABIEHU O TpemMe-
Te WUCCJENOBAHWSA C CAMBIX DPa3HBIX TOYEK 3pDEHUs Ha
KaKJIOM Talle ero W3y4YeHUs W HEPEPBIBHOE COTJIACO-
BaHme CJEACTBUI paspabaTbiBacMoii Teopuu ¢ 00bek-
THBHOI peasibHOCTBIO. Hecobiiomenne MpuHNIATA COOT-
BETCTBUA, MOABJIEHNE BHYTPEHHUX TPOTHBOPEYIUH, CHH-
ryJnapHOCTERl W MapagoKCOB TPH MPUMEHEHUN CO3IAH-
HOH TeOpHHU K OMUCAHUIO IEJOT0 YKa3bIBAET Ha JIOXK-
HOCTH TOTO MYTH, IO KOTOPOMY TONLIH HCCIIEA0BATEN.
Nmenno Takad CHTyallWa W CJIOXKUIACH K HACTOAIEMY
BPEMEHH B KOCMOJIOTHH, OUIMNATbHAS TEOPETHIECKad
OCHOBa KOTODO# AepkuTcs Ha uiee Bosabioro Baprisa.

Mexmy TeM pe3ysbTaThl PUIMIECKUX DKCIEPUMEH-
TOB W HaDJOIeHU BHETAJaKTHIECKOW aCTPOHOMUHU
yIKe MaBHO HAIOT BepHBIE KJIIOYH, HEOOXOMWMBIE 1A
MpaBUJIBHOTO BhIOOpa 1 perienns ypasuenuit OTO. Ho-
Bas mHTepuperarusa ypasueruit OTO B mosesoit popme
C yYeTOM BBIIIEYKA3aHHBIX (PAKTOPOB MO3BOJIU/IA 3a-
MKHYTBH CHCTEMY yPaBHEHUI, OITUCHIBAIONIAX TBU KEHIE
MaTepuu B HYeTHIPEXMEPHOM TIPOCTPAHCTBe-BPEMEHH,
pa3paboTarh CTAIMOHAPHY O KOCMOJIOTHIECKYTO MOIETh
1 00bACHUTDH Bee HabIIIOHaeMble cBolicTBa Beeernoit, B
TOM YHCJIe He Hallle[lline K HACTOANIEMY BDEMEHU yIO-
BJIETBOPUTEIBHOTO OObACHeHWA. KpoMe TOTO, BHIABHU-
JINCh W HEW3BECTHBIE DaHee CBOWCTBA: 3(bdeKT rpaBuTa-
IMHOHHOTO KPAHUPOBAHUS MATEePHH, I'DABUTAIMOHHASA
BA3KOCTB U Teoie3nmveckas KpuBu3Ha BeeqeHHOM.

Bce a10 cTaBUT Ha TOBECTKY [IHS BOMPOC O HEOO-
XOIUMOCTH CHOBA BEPHYTBHCA K CTAIMOHAPHOW MOIEIH
Bceesennoit, TpomoaKNTh TeOPETHIECKHE M OPTaHU30-
BaTh dKCIEPUMEHTAJIBHBIE HCCIETOBAHNA B MTPEIJIO JKEH-
HOM HAIIPABJICHUH.
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Puc. 1: Cucremsr orcuera

2. CkopocTb cBeTa — TEH30p

Kasajoch 6B, 9T0 MOKHO CKa3aTh HOBOTO O CKOPOCTH
ceera? OKasbIlBaeTcsd, UTO B HMPEICTABICHHN CKOPOCTH
cBeTa KakK BceoOuiell xoncranTel ¢ 1905 r.
cepbesHeiiniee 3a0JIy KIeHIE.

3aJI0KEHO

CKopocTh CBeTa TMOCTOAHHA TOJABKO B MHEPIHAJIb-
HBIX CHCTeMaX oTcdera. VIMeHHO B TaKHX CHCTEMax
CIpaBeIJIMBEI BCe OCHOBHBIE 3aKOHBI (PU3MKH B CBOEM
HammpocTefiiieMm Bume. M mMeHHO B cBoelt cobcTBeHHOIM
WHePIUAaJAbHOI cucTeMe oTCYeTa IO 3TUM 3aKOHaM OCY-
IEeCTBJIAETCA B3amMomeicTBHe Tioboro obbekTa ¢ apy-

T'MMH1 MaTe€pHraJIbHBIMUA Te€JIaMMU Bceenennoii.

IIpu mpoBemennm ke (PUBHIECKHX SKCIEPHMEHTOB
HCIONBb3YIOTCA, KaK TPaBIIo, JJabopaTopHbIe MacIITa-
OBbI TPOCTPAHCTBA M BPEMEHH, B TO BpeMA KaK B3aWMO-
HgeficTByolad ¢ JabopaToOpHBIMI OObEKTAMH TaCTHIA
epeMelaeTcsa OTHOCUTEJBHO HUX C OTPOMHOI CKOPO-
creio. Tak ¢ Kakoil ke CKOpOCThIO OHa B3auMoIeiicTBy-
er ¢ 9TuUMHU obbekTamMu’

11 Toro, 9T0OBI MpaBHABHO OTBETHTH Ha 3TOT BO-
MPoOC, pAaCCMOTPUM [Be MHEPIHAJIbHBIE CHCTEMBI OTCYe-
ra K m K’ w cBasaHHBIe ¢ HUMK JBe JHHEHKN, Kak
MmoKasaHo Ha puc. 1 (JH/IHeI‘/'IKa K' nBuxkercd ¢ mocrofH-
HOI CKOPOCTBIO ¥ OTHOCHUTEJIbHO JuHelKn K | KoTopas
HETOJBHKHA OTHOCHTEIHHO HAC).

IIycth B TOT MOMEHT, KOrma HadaJja JUHeeK ¢ U ¢
COBMAIAIOT APYT ¢ APYTOM (NPEIOIaraeTcs, 9To pac-
CTOsSTHIE MeKIAY HUMH TPeHeOPeKNMO MAJIO), 3aTOPUT-
cdA JlaMIIOYKa B TOYKe ¢, CBA3AHHON C HEMOABWKHOM
guHeltkol. Yepes HekoTOpOe BpeMa t CBeT MOCTUTHET
TOUKH S Ha 3To# nuHelike. 3a 5To XKe BpeMs MOIBU K-
Has JuHeiKa MepeMeCTUTCA W HAIPOTHB TOIKH S oKa-
xKerca touka S’. Ilpwm aTom paccrosmme, mpoiimeHHOE
CBETOM BHOJIb NMOJBUKHONW JIMHEHKN, Ha BeJAWYUHY v
OyIeT MeHbIe, UeM paccToAHNe, MPOHIeHHOE MO He-
mogBHKHON suHelKe. CiemoBarebHO, HabI0OIATEND,
HaxopAumiica B Touke S (T. €. B HENOABUKHOW cH-
cTeMe oTcUeTa), IO CBOMM MaclirabaM TPOCTPAHCTBA 1
BpeMeHH HOJKEH COeaTh BBIBOM, ITO (PPOHT CBETOBOI
BOJIHBI IOTOHAET TOYKY S’ BHOJB IBHKyINelcs JIHe-
KH CO CKOPOCTBIO ¢/ =c— v.

Ecau nuneiixa 6ymer gBurarbcsa B 0OpaTHOM Halpa-

Puc. 2: Tensop cxopoctu cpera

BJIEHWH, NIpK KOTOpoM Todka S’ Oymer cOMmKaThca C
JIAMITOYKOM, TO HaO/I0IaTe b MOJYIUT IPYyTroe 3Hade-
HWe CKOpoCcTH cBera B cucteme K': ¢/ =c+wv.

Moxer ju KTo-Tu60 OMPOBEPTHYTH PE3YJIBTATHI Ta-
xoro skcrepumenTa’ Her.

Bce BrIlIen3noxeHHOe HE TPOTHBOPEYUT TIOCTYIIa-
TY CIENMUATBHON TEOPUH OTHOCHTETHHOCTH O HE3ABUCH-
MOCTH CKOPOCTH CBETa OT IBUIKEHHA WCTOTHUKA (MW
IPHEMHNKA), TaK KaK CKOPOCTH CBETa MOCTOAHHA TOTb-
KO TOTHa, KOT/Ia OHA U3MEPAETCHA O COOCTBEHHBIM Mac-
mrabaM IJIMHB U BpeMeHH, a ¢’ — 3TO CKOPOCTh CBe-
Ta B OHOW WHepIma bHON cucTeMe OTCYeTa, W3MEDPEH-
Has IO MPOCTPAHCTBEHHO-BPEMEHHBIM MaclITabaM Ipy-
rofi uHEPIUAJIBHON CUCTEMBI.

JleticTBUTETBHO, IO CODCTBEHHBIM MaciiTabam Mpo-
CTPaHCTBA W BPEMEHW B MOABUIKHOW CHCTEME OTCUETA
OyIeM UMeTh

ot
t—/:i: = c. (1)

Bce BummensmoxeHHOE yKaskIBaeT, UTO CKOPOCTH
cBeta ¢’ (M, COOTBETCTBEHHO, CKOPOCTH B3aWMOmeli-
CTBUIi ¢ HEMOABUIKHOW CHCTEMOMN OTCUeTa) MPEICTABIIA-
er coboil TeH30p, BCe KOMIIOHEHTHI KOTOPOTO CBOWMH
KOHIIAMH B COBOKYITHOCTHU OY€PUYMBAIOT 1Iap paauyca ¢,
CMEIIEHHBI IO OTHOIIEHUO K ABUKYIIEMYCH OOBEKTY
BIEpe] Ha BEJIMYNHY CKOPOCTH IBUKEHHA v (puc. 2).

Hetpynao 3aMeTHTB, UTO B CTPOTO MOMEPETHOM HAa-
HpaBJIEHAN CKOPOCTh CBeTa ¢ paBHa

C mpyroif cTOpoHBI, cuja B3amMomeficTBusa F Me-
KAy ABYMA OObEeKTaMM, HAXOAAIIHMUCI B JABYX pas-
JUYHBIX WHEPIUAJbHBIX CHCTeMaX OTCYeTa, He ABJIA-

€TCA HNHBApPHUAHTOM. I/IHBapI/IaHTOM, KaK OKa3aJIoCh,
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ABJIAECTCA MMPOU3BEICHUE Fe. TOI‘,H& CIIpaBEdJINBO pa-
BEHCTBO

Fe=F'd, (3)

Ha OCHOBE KOTOPOTO MOIKHO 3aIlNcaTh BhIpaXkKeHUe T
BTOpOro 3akoHa HeroToHa
c 1

C
/
Fr=F-=mt——— =me———
c 1_1/2 1_1/2

B KOTOPOM 3HAMeHATe/lb He MMeeT HHKaKOro OTHOIIe-
HUA K YBEJWYEHWIO MACChl JIBHKYIIeroca o0bekTa, a
oObscCHAETCS YMEHBbIIeHHEM B3aUMOAEHCTBUS MeKIY
JBUKYIIUMHUCS CHCTeMaMu oTcueTa. Ho umenno B mo-
MEPETHOM HAIPABJICHUN OTKJIOHAIN ABUKYIINECA Ta-
CTHIBI MPH ONpefeeHnn 3aBucuMocTu (4) m Macca m
COBMECTHO € YKa3aHHBIM KO3(MPUIMEHTOM MOJIYIHIA
HasBaHWe “DEJIATHBUCTCKON Macchl’, BBedd B 3abiy-
KJIeHWE MHOTHE TOKOJIeHNA (DUSUKOB.

3. 3akoH BCEMHUPHOTO TATOTEHUA

Kak m3sBecTHO, DiHIITEH TPEIIOKUI ABA BIUIA YDaB-
HeHUll 0bIIelt TEOPUH OTHOCHTETHHOCTH]:

1
R — §Rgik = —a&l, (5)

1
R — §Rgik — Agir = —aTig, (6)

OTJIMYAONINXCcA APYT OT Apyra Ha cjlaraeMoe ¢ KOCMO-
JIOTHIECKOH MOCTOAHHOW A — HACTOJIBKO MAJION U He-
TMOHATHOMN, 9T0 O HEOOXOIMMOCTH €€ BBEIEHU A B TEOPHIO
HET ¢IUHOIO MHEHHA IO CUX TIOP.

N3 coBOKYITHOCTH BCeX yKa3aHHBIX XapaKTEePUCTHUK
Bceesennoit HykHO BRIOpaTh TaKyio, KOTOPad MO3BOJIH-
Jia OBl cesiaTh OMHO3HAYHBIN BRIOOp ypaBHEHUH DifH-
nrreiina. Takoft xapakrtepucTuroil ABAgeTCA TVIOOATD-
Hasd eBKJINIOBOCTH BceleHHOM, MaTeMaTnIeCKM BHIPa-
JKEHUEeM KOTOpOH ABJdAeTCA PaBEHCTBO

Rijp=Rix=R=0. (7)

ITockonbpky masa peanwbHON BceemeHHoll, 3amosiHeH-
HOMl MaTepmell ¢ HeHyJeBOW MmiIoTHOCTRIO, &1 # 0, TO
¢ yaeroM (5) cTAHOBHTCH OYEBHIHBIM (PAKT HEBBIMOI-
Henna pasercTBa (5). Taxkum obpasom, MIOCKYIO B
riaobanbHBIX MaciiTabax BeeeHHYIO MOTYT ONUCHIBATH
ToBKO ypaBHenud (6). TIpudem, OTKIOHEHNA OT MIOC-
KOT'O NPOCTPaHCTBAa-BpeMEeHU TOJ JelicTBUEM IpaBUTH-
PYIOIINX MacC MOXKHO IPEICTaBUTh (TOYHO!) TONBKO B
cocrase cyMMmbl [1; 2]

V=99" == (4" + ) (8)

KOTOpad COOTBETCTBYET 3aJaHWUIO TEH30PHOI'O I'paBUTa-
OHUOHHOTO IIOJIA hlk Ha (i)OHe IIJIOCKOT'O MaTe€pruaJIbHOTO
MHPpa B IPOU3BOJBHBIX KOOpAWMHATaX C MeTpI/IKOﬁ ")/Zk .

IpyruMm, He MeHee BaKHBIM cBoificTBoM Bcemennoit
ABJAAETCA €€ OTHOPOMHOCTH W H30TPOMHOCTH B 6OJIB-
nmmx Macirabax. MaremMaTudeckn 310 CBOWCTBO MOKHO
OTPa3uTh B BHIE PaBEHCTBA HYJIIO KOBapHMaHTHOW IIpoO-
W3BOAHON TeH30pHON IJIOTHOCTH \/—_gg““ " CJIeACTBHI
5TOTO PaBeHCTBA (B JIOPEHIIOBBIX KOOPIMHATAX ):

(V=) = (V™) = (V) =0 )

rie ToYKoil ¢ samaToll obosHaUYEHa KOBapHAHTHAA IPO-
M3BOIHALA, & 3aIATON — OBBIYHAL.

TMociie sToro ypasHeHus (6) ¢ MOMOIIBIO Mpeobpaso-
Bauus (6) u ycaosusa (7) - Hamomobue KaanOpOBOTHOTO
ycaopus JIopeHIa B 27AeKTpOANHAMUKE (3[eCh W TaM
obs3arenbHOTO!) — TPUBOOATCA K yPaBHEHHAM MO~
Boii (bopMyIMpPOBKH 06IIEl TeOPMU OTHOCHTETHFHOCTH:

th’k — %/\hzk = Q%Ti/k, (10)
roe T}, — TeH30p »HEpPTHH-UMIIYJIbLCA MaTepHH BMeCTe
¢ MaTepueil TpaBUTAIMOHHOTO TTOJIA.

Venous (9) o cBoeMy MaTeMaTHIECKOMY CMBICITY
9KBUBAJIEHTHBI HOOABJIEHUIO K TPAIUIIHOHHBIM ypaBHe-
HEAM OWHINTeHHa YeThIpeX HETOCTAIOUNX OO IIOJIHO-
THI CHCTEMBI YpaBHEHHH, Moc/e Tero 3amada obbiacHe-
HHUA peaJIbHBIX CBOHCTB BceemerHolt ctaHOBUTCA paspe-
MO 6e3 KakKuxX-aubo TOMOJHUTEJIbHBIX U HeOOOCHO-
BaHHBIX JOMYIIEHMIH.

Bonee Toro, yumreiBasg OTHOPOIHOCTH M H3OTPOII-
HOCTB MarepuajbHoii cpensl BeemenHoii (T. €. cuMMe-
TPUIO 3a7a4H), B CTATHIECKOM CJIydae I ceprdec-
KH-CHMMETPHTHOTO MaTepHaJbHOTO Tejla MAacChl 1M
ypasHerue (10) maer BHelIHee pellleHWe B BHIE MOTEH-
muaJjia IOKaBbl
G'm —r/Ro
S ’

(11)

B KOTOPOM BelWunHa [y HasBaHa paInyCcoM T'DaBUTa-
MUOHHBIX B3aWMMOIeicTBI I ompenegeTca Mo (hopMy-
Je

p=-
.

3

Ry =dy/———.
0 ¢ 47TGp0

(12)
ILHH ABYX K€ MaT€pHaJIbHBIX TEJI ¢ MacCaMM My "
mo IOJIyHaeTCcAa CﬂeﬂyIOH_[I/Iﬁ 3aKOH TATOTeHN A

mlmZe—r/Ru 1_|_ L ) (13)

F=0=5 Ro

N3 anannsa MoJy9eHHOTO 3aKOHA CAEMYET, UTO B pe-
abHOMN BeeneHnol Bce MarepnasbHble Tesa (TIaHeTH,
3BE3[IBI, TAJAKTHKN) B3aNMOIEHCTBYIOT APYT € APYTOM
cimabee, 4eM 3TO CJEAyeT W3 3aKOHa TATOTeHUs Hbio-
Tlocsenunii ke, B CBOW0O oUYepenb, MOTyIaeTCA
U3 PeaJbHOIO 3aKOHA TATOTEHHA MYTEM YCTPeMJICHUA
cpemHeit mmorHOCTH Beemennoit k¥ mymo. B sTom 3a-
KJa09aeTcda MPUHINI COOTBETCTBUA IPUMEHUTEIHBHO K
JaHHOMY 3aKOHY.

TOHAa.
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Puc. 3: Cpasnenne sakoHOB TATOTEHWA

4. ToxnecTBo MHEePTHOU U
rpaBUTAIMOHHON Macc

Ha nporsxennn 60stee vem 300 sieT BRISBIBAET HETOYMe-
HIEe OMBITHBIH (DAaKT 9UCIEHHOTO paBeHCTBA WHEPTHOM
u rpaBuTanumoHHOl Macc. Cuadasa Bepkusm, a 3arem
Max BBEICKa3aJu MPeAIoJI0KeHNe O TOM, ITO HHEPTHBIE
cBolicTBa MaTepUABHBIX TeJ ONpeNeafoTCa WX I'paBh-
TAIMOHHBIM B3aMMOIECTBAEM CO BCEMU APYTUMHE Mac-
camu Bcenennoit. /lanHad rumoTe3a MOJyUNIa HA3Ba-
Hue npuHuna Maxa u He OblJIa HU IOKa3aHa, HU OTPO-
BEPrHYTA HA TPOTAKEHIH BCETO 3TOTO BPEMEHH.
Crenyer OoTMETUTD, YTO B JIMHEHHOM TPUOINKEHUH
3aKOH BeeMupHOro tarotenns (10) mpuHnMaer Bui:

mims 1 7“2

F~dG 2 R—g,

(14)
KOTOPBI#l MOKa3bIBaeT, YTO BCE MaTepHuaJsbHBbIe Tejla BO
Bcenennoit B3anMoneficTBYIOT IpPYT ¢ IPYTOM TPaKTH-
YeCcKM TOJIbKO B IIpelesax pajuyca IDaBUTAIMOHHBIX
Bzaumoieiictuii, pasroro npumepro 102° m (s 20
MJIDJI. CBETOBBIX JIET).

Ecam cpapamBaTh 3aKkoH TaroTeHna HbioToHA W pe-
aJIbHBIN 3aKOH BCEMUDHOTO TATOTeHHsA (cM. puc. 3),
TO OKa3bIBAETCH, YTO IJIOMAMN S1 W Sz PaBHBI APYT
apyry. Crenoarenbho, 3akoH Tarorenus (10), copa-
BeITUBHIN yid peanbHOM Beemennoit, ¢ sHepreTndecKkoit
TOYKHN 3PeHNA MOXKHO 3aMEHHUTH 3aKOHOM TATOTEHUA
HruioTona, orpaHmvnB pagnyc AeficTBUA CUJT BeJIMINHOM
Ry. Hammbiii momxon mosBosiseT OBICTPO W HATVIAIHO
PEUInTh PAI 3aMedaTeJIbHBIX 3a7ad.

C yueToM BBINIEN3/IOKEHHOTO MPOAHATHIUPYEM,
KaK Oymer M3MeHATHCA 00JIACTh B3aUMOIENCTBHSA Ma-
TepHaAJBLHON TOUKH Macchl m co BcedenHo#t mpm ee
pasroHe /10 CKOPOCTH ¥ W K 4YeMy BCe TO IPHUBEIET.
Herpynno mokasarb, 9ro HOBad o0J1acTh B3aWMOMIEl-
CTBUA TOYKH CO CpeHoli TaKkKe OymerT MpPeICcTaBIATH

Puc. 4: Vsmenerne obmactr B3amMoelicTBII IpH pasroHe

coboit map pagmyca Ry, HO TepeIBUHYTHIA BIEPE MO
XONIy ee NBUXKEHUA Ha BennuwmHy 7. MOXKHO TakKe
oKas3aTh, YTO CIPAaBEIJIMBO COOTHOIIECHHE

v
r= ERO, (15)

Takum obpazoM, 00J1aCTh B3aUMOIEHCTBUA IBUXKY-
nieficad MaTepruaJIbHON TOUKM CMellaeTcs BIlepes, [0 XO-
LIy OBUYKEHHA IPOIOPUHOHAJIBLHO CKOPOCTU €€ IBHIKe-
HudA. B mpemesie xe, T. e. Korjga CKOPOCTH IBUYKEHHA
paBHa CKOPOCTH CBeTa, IBHKYLIAACH TOYKa HOJIKHA
HaXOOHUTLCA Ha I[OBEPXHOCTH CBOell 00J1aCcTH B3aMMO-
npeficreua. Ho »To Kak pa3s U BO3SMOXKHO TOJIBKO HJIA
cBeTa.

IIpu pasrone TOYKa M Tepser TPaBUTALMUOHHYIO
CBHA3b C 9aCThIO IPOCTPAHCTBa ¢ Ho3amu cebd U BCTY-
[IUT B IPaBUTALMOHHYIO CBA3H C YaCThIO IPOCTPAHCTBA
b Buepenn cebs (puc. 4).

Pasmephl objiacteit ¢ u b ONMHAKOBBI U 3aBUCAT
TOJIBKO OT CKOPOCTU ¥, HO MECTOIIOJIOKEHHE TOYKH 1M
CrenoBaresbHoO,
cymMMapHad paboTa IO HPeodoJIeHHIO CUJI I'DaBUTAIIIN
obJacTH @ W CHJI TpaBUTalum objacTu b He paBHa
HyJ10. ABTOpY yIajaoch HaliTH IIPHEMBI €€ OIpeiesie-
HudA. Ecim ydyecTs BO3MOKHYIO HAaYaJbHYIO CKOPOCTh
vy MaTepHaJibHON TOUKHU, TO paboTa oKa3aJach paBHOM
BeJIMYNHE

OTHOCHUTEJIBHO HHUX ACUMMETPHUYIHO.

mv mvg

2 2

(16)

Takum obpazom, MBI TOJYYHIN U3BECTHYIO M3 Me-
XaHUKH TeopeMy 00 W3MeHEHIN KUHETHIECKOH sHeprun
resia. Ecan mosydennoe Beipaxkenue npoandepeHiiu-
poBaTh IO CKOPOCTU W IO BPEMEHW, TO MOJYUYHUTCA BTO-
A ecm B OKa3aTeNbCTBE ellle
y4ecTb U yMeHbIlIeHNe B3anMoIeicTBIA MeXKIy IBUKY-
IUMUCA IPYT OTHOCUTEJILHO ApyTra cucTeMaMy OTcYera,
TO NOJIYYUTCHA PEJIATUBUCTCKOE BBIPaXKeHHe 3TOro 3aK0-

pott 3axkon HrioToHA.

Ha, aHagorndHoe (4).
XapakTepHoil 0COGEHHOCTBIO TOJIYUEHHBIX Pe3yJIb-
TaTOB ABJAETCA TO, YTO KaK B TeopeMy o0 M3MeHEeHHH
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KWHETUIECKOW 3HEPTHH, TaK W BO BTOpPoi 3akoH Hbio-
TOHA BXOJUT He MHepTHadA, a IpaBUTAllMOHHAd Macca,
MMOCKOJIBKY € caMOTO HadaJa paccMaTpuBaJjach TOJb-
DTUM caMBIM JIOKa3aHO TOMKIECTBO
WHEPTHOH W T'paBUTAIMOHHON Macc B HyXe NPUHIHUIA
Maxa # pacKkpbIT caM MeXaHW3M M3MeHEHUA B3aNMO-
HelicTBUA MaTepUAJTbLHBIX Tesl co BceerHoil.

KO TaKad Macca.

5. FpaBI/ITaI_[I/IOHHaH BA3KOCTb U
reoge3sndecCkKad KpUBHU3Ha Bcegennoii

TToste pasrona (IpeKpaleHns TefCTBHA JOKAIBHON ci-
JIBI) MaTepHaJbHOTO Teja BIOIb KOOPIWHATHL X €ero
cBOGOMHOE JIBUIKEHNE OMUCHIBAETCA ypaBHEHUEM

X + HdX =0 (17)
dt? a7
rone H — mocrosnnas Xabbsa, KoTopas onpeneageTca
mo dopmyie

47TGp0

H = ,
3

(18)

U UMeeT COBceM Apyrofi busmyecKuii CMBICII, YET 3TO
HPUHATO B TPAIUIUOHHON KOCMOJIOTHH.

Hapwgmem BTOPOTO (IWCCHIATHBHOTO) CJIAraeMOro
HOBHIIl 3aKOH CBOOONHOIO IBHUKEHHUA OTJNYACTCA OT
mepBoro 3akoHa Heiorona. B mesiom ke omHa w3 Hau-
6oJiee IPOCTHIX (POPMYJIMPOBOK 3TOLO 3aKOHA MOIKET
OBITH TAKOI: ec/ii Ha TeJIo He OeliCTBYIOT JIOKaJbHbIE
CHJIBI, TO IOJIOXKEHHE ero ObJIaCTU B3auMOAEHCTBHA CO
Beenennoii (o ypoBHIO Rp) co BpeMeHeM He MeHAETCH,
a caMO OHO aCHUMIITOTHYECKH CTPEMUTCHA K IEHTY 3TOM
obJracTu.

ITockoJIbKY yMeHBUIEHHE CKOPOCTH Tejia IIPOIOp-
[IUOHAJBHO CaMOil CKOPOCTHM, a He ee KBaipary, Kak
5T0 HabJIIOHAeTCA B adpOAUHAMUKE, TO TaKoe CBOMCTBO
HAa3BaHO TPaBHTAIMOHHON BA3KOCTHIO Beemennoi (mo
AHAJOTHHI ¢ BASKOCTBIO 060N Apyroii cpenst). Beumy
TOrO, 4YTO BeJMYMHA [OOCTOAHHON Xabbsa mMeer Io-
pamok 107'% ro majmume rpaBUTAIMOHHON BA3KOCTH
HpaKTUYECKH He CKa3blBaeTCd Ha JIOKAJbHBIX MPOIEC-
cax (mampnmep, B Macurrabax COJHETHON CHCTEMBI).
Ha paccrodHum Ke, paBHOM IIOJIOBHHE CPEIHEIO pac-
CTOAHUA MEKAY TajJlaKTHKaMU, CHJIBI I'DaBUTAIIMOHHON
BA3KOCTU CTAHOBATCH CPABHUMBIME C IeHTPODEIKHBI-
MH CHJIaMHU 1 OTBeYaioT 3a POPMUPOBAHKE CPEIHEMAC-
mrabHoOll cTpykTypel Beenennolt, T. e. 3a dopmupo-
BaHWEe TaJaKTHK (OHW Ke OOBACHAIT W WX CIHPATb-
HOCTB).

IlonsTHe rpaBUTAMOHHON BA3KOCTH BcesieHHOM
TEeCHBIM 0Opa30M HPUMBIKaeT K HOHATHAM adbdUHHBIX
mpeobpasoBanmii (TapailelbHOTO TePEHOCA BEKTOPA) B
HEEBKJIMIOBOI reoMeTpHl MHOIOMEDPHBIX IPOCTPAHCTE.
st nBMIKEeHUA HEKOHCEPBATHBHBIX CHUCTEM — T. €. B

caMOM O6H.[eM BUAE — HMMeEETCA COOTHONIEHNE OJidAd KpH-
BU3HBI IIPOCTPaHCTBA

L d* X7 cdXP dX* dXxJ

Cpenmee charaemoe c¢ cumbojamu Kpucrodbdens
nepsoro poza (addunnoii ceasuoctso) I, ykasbiBaer
Ha CTeNeHb KPUBI3HBI IPOCTPAHCTBA (HA30BEM €€ Teo-
METPUYECKOli), B KOTOPOM MPOU3BOIUTCS MAPAJIIEThb-
HBIfl TIepeHOC BEKTOpPa, a IMOCJelHee — Ha W3MeHEHHe
JIJTMHBI CAMOTO BEKTOPA, T. €. Ha CYIIECTBOBAHWE IIC-
cunanun sHeprun. OHO OIPENEIAET TaK HA3BIBAEMYIO
Teo/Ie3NdecKyo KPUBI3HY TIPOCTPAHCTBA

K =1/gi; K (t) K7 (1), (20)

0 KOTOpO#l JaKe B clleluabHOMN JIuTeparype mo KOCMO-
JIOTHH TTOYTH HE YIIOMUHAIOT.

Ina peanbHol BeesterHOMN reonesnydeckas KpUBU3HA
paBHa:

K = Ko (21)

roe Ko = Hc - mocrosunntit nia Beemenmoit koaddpn-
mment, papubiit mpumepro 10710 m/c?.

B 1esioMm aHaIM3 BCex pe3ysIbTaTOB MOKA3BIBAET, YTO
JBUKEHINE OTHOCHTETBHO BceeleHHOI HOCHMT xapakTep
abCOMIOTHOTO OBHKEHHA, HO 1O AeHCTBUIO JIOKAJIBHBIX
bUBHIECKIX 3aKOHOB 9TOTO 3aMETHTH HEBO3MOKHO (32
UCKJIIOYEHEM WHEPIMU U KPACHOTO CMeEIeHUA B CITEK-
Tpax W3JIyUeHHs APYTHX TAJTAKTHK ).

6. 3akKoH pacnpocTpaHeHHUs CBeTa U
auarpaMmma Xaboua

Ananus B3amMoIelicTBAA CBeTa ¢ MaTepHAJbHON Cpe-
nott Becenennoit mokasaJs, 9To Ha Hero IelficTByeT Tpa-
BATAIlMOHHEBIN ITOTeHITNAJT (—c2 ), IpuBOIAIINI K MOTe-
pH >HEprud W, KakK CJAeICTBUE, N3MEHEHNIO YacTOTBl V
IO OTHOUIEHUTO K MCXOMHON Vg 1O 3aKOHY

v = Voe_RLD. (22)

JlaHHBIN 3aKOH TOJHOCTBIO pasperraeT (pOTOMETPH-
qecKuil mapamgokc, obbACHAET MPUPOAY KPacHOTO CMe-
NIEHHA B CIEKTPAaX W3JIydeHWA IPYIUX TaJakTHK Oe3
npuBjedenns 3¢dpdexra Honmepa u npuBoauT K HOBOH
dopmyie onpeneenns pacCTOAHUN OO TaJaKTHK:

L=Ryln(l+z), (23)

rge 2 — IapaMeTPp KpaCHOI'o CME€IeHNn A 9acTOThHI CBETA.
C YYETOM HOBOT'O 3aKOHa PpPacCIIpOoCTpaHEHUA CBe-
Ta 3aBUCHUMOCTDH “BI/I,HI/IM&H 3Be3JHad BEJIMYUHa 1M —
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KpacHoe cMelenne z” (mmarpamma Xa66.a) mpnobpe-
TaeT BU/I:

m=>5lg[V1+zIn(1+z)] +21,68. (24)

B nmanasone HabII01aeMBIX 3HAYEHNI 3BE3IHBIX Be-
JUYUH JaHHAA 3aBUCHMOCTL NPAKTHUYeCKH JIMHeHHa 1
MIOJTHOCTBIO COBIAJAET € KCIEePUMEHTAIBHBIMI TaHHBI-
MU.

3akon (19) momHOCTBIO OOBACHAET TPHPOLY, HUH-
cJIeHHBIe XapaKTEePUCTUKHN M XapaKTep paclpelesieHu A
doHOBOTO MUKPOBOJIHOBOTO W3aydennsa. Ha camom me-
Jge 310 He pesmKT Bosbimoro BspriBa, a cymMmapHOe
n3IydeHne BcexX 3Be3n Bcesennoil. Fcam mpowHTerpu-
poBaTh Bce M3JIydeHue, Magaollee Ha eAUHUIHYIO T1JIO-
HIAIKY, IO TPOCTPAHCTBY OT HYJA T0 GECKOHEUHOCTH,
TO TEMIIEPATYPA HTOTO WIJTYUEHUA OYIET OMPEneTAThCA

dopmyoii

4/ LspoRo
Ty = ¢ Letofo, (25)
4o M,
roe My , Ly — cpemHAd Macca U TOJHBIN MOTOK M3JTY-
YeHn#A CpefHell 3Be3Abl (MM TaJakTuKK); ¢ — MOCTO-

annag Credana-BombiMana.

Boranciennsa mokassIBaioT, 9TO JaHHaA TeMIIEepaTy-
pa ¢ BBICOKOH cTemeHbIO TOUHOCTH paBHa 2,7 K, uto
COOTBETCTBYET M3MEPEHMAM PEabHOTO M3y ICHU .

Ha ocHoBe 3akona (19) MPEeNJIOKEHO HECKOJIBKO
CcXeM TpOBeHeHUA SKCIEPUMEHTa, KOTOPBIf OBl OKOH-
JaTeJIbHO MOATBEPON BCE TEOPETHIECKHE BBIKIAIKI
U OJHOBPEMEHHO TO3BOJINI OBl ONPEIESNTL CPeTHIONI0
IJIOTHOCTH Beesenuoil.

7. CranuoHapuasa Bcenennasn

Peasibublil 3aK0H TATOTEHUA UMeEET pang NpUuATHBIX OCO-
OeHHOCTEH. TaK, BBIYUCJIECHUE SHEPIUN CBA3U MaTEpHU-
aJILHOTO TeJja Macchl m co Bceesennoit JAET BEJINIUHY

Ey = —me?, (26)

KOoTopad B TOYHOCTHM paBHa BHYTPEHHelH sHepTruu TeJia,
B3ATON ¢ oOpaTHBIM 3HAKOM. B ormyimume ot »TOTO, 3a-
KOH Tarorenus HpioToHA Maer MUHYC OECKOHETHOCTD.
Bor nouemy ¢ mpumenennem saxora HeoroHa k Hecko-
HeuHOMN BeesleHHOMN 1 MOABMIICA TPaBUTAITMOHHBIN Tapa-
nokc 3eemurepa. B peanbroit Beesernoit ¢ peaabHBIM
3aKOHOM TATOTEHUA TAKOTO MapaloKca He CYIIeCTBYeT,
a Macca BBICTyIaeT Mepoil cBA3M JAHHOT'O MaTepHaIb-
Horo Tejia co BeemenHuoit.

B xitaccuueckoit pusuke nMmeercs crenuagbHAd Te-
opeMa, JOKa3bIBAIOIAA, YTO BHYTPH ChHePUIECKH-CHM-
MeTPHYHON MaTepHaJibHOW 0DOJIOYKH TIPaBUTAIIMOHHOE
moJie OTCYTCTBYET WMJIM, TOYHee, 4TO pPaBHOIeHCTBYIO-
nias, BCEX CUJI TATOTeHWA paBHa Hym0. O HCIOIB30-
BaHUEM peabHOTO 3aKOHA TATOTEHU:A OKa3aJaoCh, UTO

Takas obosouka (¢ Maccoli Mog) mpurArmBaeT Mare-
pHaJBbHYIO TOYKY MacChl m, HaxoOAIYICA B ee BHY-
TpeHHell IIOJIOCTH, ¢ CHUJION

GmMys Ry
Fog = ———-—=X
r?2 2R
Rtr r R—r r
X lem o [14+— ) —¢ Fo [1—— . 27
e + e e e (27)

Anamus dopmynsl (24) mokasbiBaeT, 9To YeM OJn-
Ke TOUKA HAXOOUTCA K 0bosouke (1 - 310 GamKaiitiee
paccrosHne MeXKIY TOUKON 1 06omouKoll), TeM cruibHee
oHa TpuTATHBaerca K Hell. WHBIME cloBamm, BCAKOe
VIUTOTHEHWE MaTepHaJibHOMW cpempl Bcesennoit B Bume
000JI09KY BefeT K majbHeliliieMy (GOPMUPOBAHUIO Ta-
xoit obosgouku. Bor moduemy Bcemennas B Gosbnimx
MacIHITabax UMeeT SYENCTYIO0 CTPYKTYPY (B BUIE MBLIb-
HOi TIEHBI), T/Ie CKOTJIEHNS TaJaKTHK HAXONATCA B TOH-
KHX CTeHKaX 3THX A9eeK, & CBEPXCKOIJIEHNA — Ha Iie-
pecedeHn X AUeeK.

B orromenun robasnpHol cTpyKTYyphl Bcesenmoii
aBTOPOM JOKa3aHa CIENIaJbHAsd TeOPeMa, MTOKA3BIBAO-
A, 9T0 TOABKO JIJIS TIOCKOH 1 CTaTHIHOM (B T106aTh-
HBIX MaciiTabax, pasyMeercs) BceelleHHON cmpaBenin-
BBl (POPMYJIHI CIIENUATBHON TEOPUH OTHOCHTETBHOCTH.
Bostee Toro, mokasano, 9T0 camMa »Ta TEOPUSA ABIAETCA
YacTHBIM cjiydaeM oOliell TeopUH OTHOCHTENIHHOCTH U
B Hell Tak ke, Kak W B 0OIlell TeOpUH OTHOCHUTETHHO-
CTH, TPOCTPAHCTBO W BPEMS ABJIAIOTCA HEOTIETUMBIMHE
OT MaTepum.

Wnarepecusniit dbusndeckuii cMBIC UMeeT U PAIRYC
rpaBUTAMOHHBIX B3anMoneiicteuii (9). OkaspiBaercs,
YTO OH B TOYHOCTHU PABEH PAJINYCy YepPHON ABIPHI, CKO-
pPOCTH cBeTa Ha TOBEPXHOCTH KOTODOW paBHa TepBOi
KocMuYecKol ckopoctu. Takum obpasoM, MOKHO cCKa-
3aTh, YTO MBI XUBEM B IIEHTPE YePHOH ABIPHI, HO 3TO He
Hallla TPUBUJIETHA, a CBolicTBO Beestennoit 06pasoBhI-
BaTh BOKPYT Jt000# TOYKH IPABUTAIMOHHO-3aMKHYTYIO
obitacth. Kcrarn ycKopeHue cHIbI TAKECTH HA MOBEPX-
HOCTH Takoil depHoif mpipbl pasHo 10710 m/c?.

8. O6benuneHue GpUBUIECKUX
B3auMoaeiicTBuil

Peanbubiii 3akon BcemupHoro tarorenus (10) mo dbopme
OKas3aJicd AHAJOTHYHBIM 3aKOHY ANEPHBIX B3amMOJIel-
crBuii. B aroM Kpoercs, mo-BumuMomy, eire oguH GyH-
JTaMEHTAJIBHBIN 3aKOH TPUPOABLI: BCe PU3NIECKIE B3a-
HMOMIEHCTBIA TOMOOHBI, TOJABKO MPOABJAIOTCA HA Pa3-
HBIX MaciiTabax W MPH Pa3HBIX MIOTHOCTAX MaTepHH
OHU O-PA3HOMY.

eficTBuTenbHO, ANEepHBIE B3aUMOIeiCTBUA CHIbHEE
TPaBUTAIMOHHBIX TpuMepHO Ha 40 mopankos. [Ipudem
3TO CpaBHEHWE OCYIIECTBAAETCA TO >HEPTUN B3AWMO-
neiicteusa. CiienoBaTe/IbHO, UCXOMA W3 3KBUBAJEHTHO-
cTH B3amMomdelicTBUil, Od cKOpocCTell cBeTa 3TO COOT-
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HOIIIEHNe yMeHbITaerca A0 20 MOpAIKOB, T. €. B aTOM-
HOM fA/Ipe CKOPOCTh PACIPOCTPAHEHNA B3aUMOIeHCTBUH
nomxkHa 661Th pasHa 10712 M/c. Bpems “mepecedenns”
MPOTOHA WK HeliTpoHa Ha Tako#l ckopocTu Gymer pas-
0 0,001 ¢, 9TO CpaBHUMO CO CKOPOCTAMHU MPOTEKAHNA
AMEPHBIX PEAKITAN.

Ecan rerneps BocnosabsoBarkes dopmynoit (9), to
I TPABHUTAIMOHHBIX B3aWMOIeificTBUil m yKasaHHOM
CKOPOCTH TIOJIYYaeTCsA PaJUyC T'DABUTAIHOHHBIX B3am-
MonelicTBU, paBHBIN 10%° M, 4TO COOTBETCTBYeT pas-
Mepy Hyksona. Croma ciemyer nobaBuTh U (HGOPMYITY
(29) s oupeneseHUs SHEPTUH IPABUTAINOHHON CBA-
31, KOTopasd elle OoJibille OObEMUHAET TPABUTAIIAIO U
AMEpHOE B3amMoelicTBIE.

C mpyroit CTOPOHBI, W3 BBIINIEM3IOKEHHOTO MaTe-
puaJa cjeayer, 4TO MEePEHOCUYMKOM TI'PaBUTAIMOHHOTO
U 3JIEKTPOMATHUTHOTO B3amMOeficTBIil T0KHA OBITH
OJHA M Ta JXKe YacTHUIA, YTO YKAa3bIBACT Ha BOBMOKHOCTD
OObeIUHEHNA W 5THX B3aUMOMIeHCTRUM.

Bce a10, a Tak ke 3aBUCHMOCTB paiuyca TPaBUTAIIH-
OHHBIX B3aumMozelicTBUil oT cpemHeil MJIIOTHOCTU CPEIHI,
B KOTOPOW 3TU B3aUMOAEHCTBUA OCYIIECTRBIIAIOTCA, CTa-
BHUT Ha MOBECTKY AHA BOIPOC O NMPUHIUIUAJIBHON BO3-
MOYXKHOCTH CO3[IaHWA TPABUTAIMOHHOTO »KpaHa W3 Ma-
TepHaJia ¢ 09eHb OOJBUIOH MIOTHOCTHIO (I/IJ'II/I MaJieHb-
KO# CKOpOCTBIO pacmpocTpaHeHusd CBeTa) W, COOTBET-
CTBEHHO, OYeHb MaJeHbKUM PagNyCOM B3auMoOeicTBui
B Helf.

Ecam kopmyc seraTelbHOTO ammapara OKPYXKHTH
TaKUM SKPAHOM, TO 3TO MPHUBEMET K (DAKTHIECKOMY
YMeHBIIEHWIO TTPOABJIAEMO BO B3aNMOIecTBHAX Mac-
cHI ammapata (M, COOTBETCTBEHHO, €0 MHEPTHBIX CBOM-
CTB) BO MHOTO pa3 — TeM 00Jblie, 9eM ToJIle Gyaer
skpaH. Tak, HanpuMep, Mpu TodImKuHe 3Kpana B 10 pa-
JAMYCOB B3aMMOJelicTBUll MpoABideMasd Macca amnmapa-
ta ymenbimurca B 2000 pas. A »T0 3HAYNT, BO-TIEPBHIX,
9TO TAaKOH ammapar MOKHO OBLIO OBl PA3TOHATE C 6OJTb-
IMTAMA YCKOPEHUAMHE C TIOMOIMBIO JaXke MaJOMOITHOTO
(HampuMep, GOTOHHOTO) JBUTATENA, a BO-BTOPHIX, UTO
YCKOpEHIe, KOTOPoe OYIYT OIIYIIATh MacCayKUPBl 3TO-
ro ammapaTa, Takxe Oymer ocjiabJieHO BO CTOJIBKO K€
pa3, BO CKOJBKO yMeHbllleHa Macca. CJiemoBaTesIbHO,
MOYKHO OYIIEeT He omacarThCsa 3a WX OE30MaCHOCTDH HaiKe
MPH CAMBIX PE3KUX MaHEBpPax.

Ananus pesyabTaToB MHOTOYHCJIEHHBIC HabJiome-
HA Tak HasBIBAEMBIX “JeTafolnx Tapeaok” [3] ¢ mo-
BUIAN BCETO BBINIEU3JIOKEHHOIO MaTepHaJa MoITBep-
EKIAET, YTO OHU BIIOJIHE MOTYT OLITH IPOABJICHIEM TeX-
HOKpaTHIeCKOH HeATeIbHOCTH IOPYTUX IUBHIIA3AITH.
C mpyroft CTOpOHBL, TOT ¥Ke MaTepHaJs IeTKO MoITBep-
XKIaeT NPaBUIIBHOCTL BLIOPAHHOTO IIYTH HCCIEOBA-
HUA ¥ BO3MOXKHOCTE CO3IAHAA JIeTAaTe/IbHLIX allllapaToB
IPUHIUNAAIBHO HOBOTO THIIA.

BriBoani

1. HoBoe mpencrapjieHHe CUCTeM OTCYeTa W pe-
lleHWe ypaBHeHUWH DiiHmITeliHA ¢ yIeTOM TI0DaTBHBIX
cBoiicTB BceesleHHO#W BBIABMIO HEKOTOPBIE (qpe3B1>1qa171—
HO MaJ’IbIe) M00aBKH K OCHOBHBIM 3aKOHAM (DUBHUKH, KO-
TOPBIe YUUTHIBAIOT TPABUTAIINOHHBIE CBA3W BCEX ABJeE-
HEH Tpupoabl B MacinTabax BeeseHHOi.

2. “Breikmaiodenne” 3THX cBA3el U Mepexoll K Tpaan-
IIHOHHBIM 3aKOHAM (DI3UKH OCYIECTBIIAETCA YCTPEMIE-
HHeM cpefHeil miaoTHocTH BeesleHHOM K HYJTIO, TeM, cob-
CTBEHHO TOBOPA, B 00ECIIEINBAETCA BHITIOJTHEHN TPHH-
IAIIa COOTBETCTBUA.

3. JaHHBIH TOAXOMA MO3BOJII pa3paboTarh HOBYIO
cTallMOHAPHYIO MoMAe b BeesleHHOM, He MMEONIYI0 BHY-
TPeHHUX TPOTWBOpeUril W COTIACYIONYIOCA CO BCEMU
0O BEKTUBHBIME XapaKTepUCTUKaMI peaJbHol Beemen-
HOil.

4. Ha ocuoBe maHHOI MoHe/J U HOKa3aHO TOXKIE-
CTBO WHEPTHON U rpaBUTAIMOHHON MacC M OTKPHBITH Pa-
Hee HeW3BeCTHBbIe cBoficTBa BceseHHOM: TpaBUTAIIMOH-
Had BA3KOCTD, reofiesnyecKas KPUBA3HA U 3KPaHUPYIO-
e CBOMCTBA MATEPUN.

5. Tlony4yeHnHbIe pe3y/IBTAThl MPEANOJIATAIOT TTOCTA~
HOBKY (byHIaMEHTAJIbHOTO KOCMOJIOTHYIECKOTO SKCIIE-
pUMeHTa O TIOATBEPKIEHNIO HOBOI KOCMOJIOTHYeCKOi
MOJIeJIN U ONpedesIeHUI0 cpenHell mioTHOCTH Beesen-
HOil.

6. Hosoe mampaBJjieHUe HCCIETOBAHUN B KOCMOJIO-
THU WMeeT pAJ MEPCHEKTUBHBIX TPUMeHeHU, B dacT-
HOCTW BO3MOYKHOCTH CO3MaHUA MPWHIUTNATHEHO HOBBIX
JleTaTeIbHBIX allllapaToB M BO3MOXKHOCTH pa3paboTKm
HOBBIX CITOCODOB TEpeMelleHns B MPOCTPAHCTBE W Bpe-
MEHH.
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30 okTabpsa 1998 r.

1. Heob6xoaumocTh HOBOM buU3UKU

CoBpeMennas (U3NKa HCIOBITHIBAET, MATKO BBIpAIKa-
ACh, 3aTPyaHEHNA B 0bbacHenun HabmomaeMbix B [1pu-
DPOlle W KU3HU ABJIEHAN.

CoBpemernnas HU3NKa TPUHIIUIHATBEHO HE B COCTO-
AHUN OOBACHUTH OCHOBY W OUHAMUKY YKU3HU - ABJIe-
HIE BOCIPOM3BOACTBA W BOJIOINUN KUBOTO:
TaeT CTPYKTYPHBIX 3JEMEHTOB CHCTEM OMOJOTHIECKON
MaMATH KJIETKH JIJId 3aliCh TepemaBaeMoii nHdopMa-
nmuu Tpu ee mejeHmn. Jleqo B ToM, WTO mporpamMma
I “KOHCTPYHPOBAaHUA OPraHW3Ma TeIIOKPOBHOIO
KUBOTHOTO IOJIKHa cofepikKaTh He MeHee 1072° 6mt
nrdopMammn. Kerka comepxut Beero ~ 1012 crpyx-
TYDHBIX J€MEHTOB TaMATH (MoJekysa-atromos). Ho
wHGOPMAIIA-TO Hepenaerca (W3 AWMEKTETKH BbIPa-
craeT OpraHm3M). 3HAYHT, CYMIECTBYIOT Dosiee MeJIKie
CTPYKTYDHBIE 3JIEMEHTHBI, YeM MOJIEKYJIa-aTOM.

He nmaxomar obbacHennsa dpeHoMeH OMOJIOTHIECKOI
CBA3W Ha OOJIBIINX PACTEHUAK, TeJeNaTusd, ABJIEHUE
HaOJTIOIeHN A 3BE3M OMHOBPEMEHHO MO, IBYMA yTJIaMU
(abdberT Kosbipena).

WsBecren panm apyrux “aHOMAaJbHBIX ABJIEHUN U
dbeHOMEHOB, KAYIUINX oObACHEHHH.

Bee »10 Tpebyer mepecMoTpa OCHOB (HAapaIirMbi)
COBPEMeHHON (DU3BUKHU, CO3MAHUA HOBOH MapaIuTMBI U
pPa3BUTHA HA €e OCHOBE HOBOH busmkm.

CoBpemennas usnka, B OCHOBE HapagUTMbI KO-
TOPOIi JIe¥kKAT MOCTYJIATHI TEOPHH OTHOCHUTETBHOCTH U
KBAHTOBOM TeOpUHU, MPEICTABAAET MATEPHIO COCTOATIEH
u3 BerecTBa u moJsieli. Takoe mpemcraBieHue u MpUBO-
JIUT K TMEPEYNCTEHHBIM BBIIE 3aTPYIHEHIAM.

Huxe npuBoauTcs aabTepHATHBHOE PEICTABIEHEE
MaTepUH, OCHOBAHHOE Ha CTOJIETHEM OIIBITE HCIIOJIB30-
BaHUA JEKTPOMATHUTHBIX TOJEd M APYTUX OMBITHBIX
JMAHHBIX: MATEPUs COCTOUT W3 BELECTBA W OOJiee TOH-
Kol Marepnu (>upa), a mosid - CyTh BOSMYIIEHH 5TOMH
TOHKO MaTepnuu cTpyKTypwl (adupa). Ha sroit Hase
pasBuUBaeTCA HOBadA PUINKA.

He XBa-

le-mail: first@author’s.email

2. Bakyywm - marepuajabHas
aJIeKTPUYEeCcCKU NoJdpusyeMad cpega

MarepruaJbHOCTh BAKYYMa M €r0 3JIeKTPUIeCKast MO~
PH3YEMOCTD CJICAYIOT W3 caMOTo pakTa CyIeCTBOBAHN S
5JIeKTPOMarHuTHOTO o (DMIT).

HeftictBureibuo, us ypabHerus MakcBesia njis
“cBOOOMHOTO” MPOCTPAHCTBA

rotH = ¢q0E /0t (1)
CJIEIIyeT, YTO £p €CThb €0 MOJIAPH3YEeMOCTh, a
SE=P 2)

HoApusanus (MOJAAPH30BAHHOCTS ).

Kpome Toro, Ha MaTepmaJabHOCTH BaKyyMa YKa-
3BIBAET ABJICHUE JIHMOOBCKOTO CIBUTA HHEPTETHIECKUX
VPOBHeIT aToMa BOIOPOIA U POKIEHNEe BAKYYMOM 3JIeK-
TPOH-TTO3UTPOHHBIX Tap.

CroifcTBa BaKyyMa KakK MaTepHaJbHON Cpembl m3-
yUeHBl UpesBBIYaiiHo cnabo (maxke, Kak yke OTMe-
9ajI0Ch, CaMO CYIIECTBOBAHHE KaK TaKOBOTO, OMUIH-
aJIbHOMN MapaganrMoli ecTeCTBEHHBIX HAYK OTPHUIIAIOCH).
OnHaxo HEKOTOPBIE ONEHKH €ro CTPYKTYPHI, CBOWCTB U
mapaMeTpPOB MOXKHO ClleJIaTh YKe B HACTOAIllee BpeM4.

EcrecTBeHHO mTpencTaBieHne BaKyyMa Tas3o0momod-
HoOlt cpenoii. Takoit KOHIENIUY TpUAepKUBAIHCEH JIXK.
Maxcsenm, Jdx. Tomcon, B. Tommcon, B. Munkepnd,
pasBuBaer ee B.Amokosckuii [2].

ITo 3Toit KOHIENTINY YACTHUIILI BEIIECTBA ABIAIOTCA
BUXPEBBIME 00Pa30BAHUAMHI 3TOH Ta30MOMOOHON CPEHI.

N3 uznoxkennoro B m. 2.1 ciemyer, 94TO YaCTUIIBI HE
TOJIBKO BEIECTBA, HO M YACTHIBI CAMOTO BaKyyMa (Tpa-
BEIIECTBA, TPAMAaTEPHN) ABIAIOTCS CJIOKHBIME 0Opaso-
BAHWAMH.

HeficTBUTeTBEHO, TTOCKOMBKY YaCTUIIBl BaKyyMa IO-
JAPUIYIOTCA, TO OHU COMEPKAT B CBOell CTPYKTYPe, KakK
MUHEMYM, sJeKTpudeckne 3apansl u IOMII. Hazsosem
5TH JaCTHIIBI BaKyyMa nosgpaMu. Jactuiisl 6osiee TOH-
KOl KOMIIOHEHTHI BaKyyMa, BUXPEBBIME 0Opa30BAHU A~
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—P
----------- ;

dn
e lT;__AL

Puc. 1: Tlonapusrii gunons lepia. dy - amamerp mosaspa,
q - TWIEYO JTUTOIA.

MH KOTOpOIl ABJAIOTCA MOJIAPHBIE 3JIEKTPUYECKHE 3a-
pansl u BHyTpennne DMII, nasoBem amepamu.

Bakyym, Takum obpasoMm, ecTh OCHOBAHUS MPel-
CTaBJIATH Ta30TOI00HON cpemoil HeHTPAJbHBIX JaCTHII
(aMepoB), B KOTOPOi Gosiee KPYNHBIMH “BKpPallJIeHH-
AME’  ABJAIOTCH CJIOKHBIE DJIEKTPUUECKH MOJIAPUIY-
emble gacTuipl (Hoapsl). (ITomyTHO oTMeTHM, 4YTO B
[2] BaKyyM HpeicTaBiisercs ONHOKOMIIOHEHTHBIM Ta30M
HefiTpaIbHBIX JACTHIL).

Bynem npencrasaars moagp aunosem [epra (puc.1)
C BJIEKTPUIECKUMHE 3apaaaMu (Jno U MaccaMu my .

W3 Takoro mpencTaBiieHus HETOCPENCTBEHHO CJIEILY-

eT
QH = QHOQ/dHa (3)
_ 4 Gn
1 4)

re Eq - HANpAKeHHOCTE 3JIEKTPUIECKOTO TMOJIA Me-
Ky TJIacTMHAMH 3KBUBAJIEHTHOI'O KOHJIEHCATOPA; E€p-
AusJIeKTpuYecKasd IPOHUIIAEMOCTh BHYTPEHHel cpembl
rnoJsidapa.

W3 ypaBHeHUA NBUKEHWA TUTOIA

mr{(.]. = —K 109, (5)
e,
Hin 7T6Hd§[’

ero cobCTBEeHHAS 4acToTa

)7, (6)

Macca IIOJIAPHOTO 3apdda MOXKET OBITH olpeaeJyieHa
13 COOTHOUIECHNM A

Whno = (ﬂln/mn3

My = pu/ N, (7)

re py - IJIOTHOCTH MOJIAPHON KOMIIOHEHTHI 2dupa,
Ny - 9UCJO TMOJIAPOB B eqUHUIE 0ObeMa.

Jumamerp moasapa MOKeT OBITEH OMPENeieH O BeJIH-
YHHE W3BECTHOTO JI3MOOBCKOTO CIIBUTA SHEPTETHIECKOTO

YPOBHA aToMa BOIOPOHA 2251/2 OTHOCHUTEJIBHO 22P1/2,
BBI3BIBAEMOTO B3aNMOIeICTBIEM aTOMHOI'O 3JIEKTPOHA, C
BAKYYMHBIMH 3JIeKTPUIECKUMU 3apATaMHA.

Ilonapel, sKpaHWpPyd 3J€KTPOH, YBEJIWIUBAIOT €TO
2PEKTUBHBIA pagIyC, TEM CAMBIM YMEHBIIAIOT €r0
e TUBHBIA 3apAd W COOTBETCTBEHHO 3HEPIHUIO €0
3JIEKTPUIECKOTO MO,

Ucxona u3 aToro gBIeHNA, TOJTyIaeM

1 e? 1 (e0 4 Ae)’

aan == . == .
871'60 rg + Ar 871'60 To

: (8)
rae 7o - KJIACCHIecKHil pauyc a/eKTpoHA,

A efeq = dy/2r0. (9)

dy = 2A  7rg. (10)

3aBUCHMOCTL HEPTHH ypoBHeil aToMa OT 3apsAma
BJIEKTPOHA OTPENETAETCA U3BECTHBIM COOTHOIIEHNEM
mZ2e*

E,=——-.
8n2h2e2

IJIA PACCMAaTPUBAEMOrO CIydasd (aToM BOIOPOIA)

4
me
)= ——s—. 11
? T T 32h%] (11)
TTomywaem

E2 + AEZ = _32/71”—253 (60 + A6)4 =

m 4 3
—33hee (60 + 460A6) ,

_ h2 2
Ae= "IN p,

meg
JIsMOOBCKHIT COBUT YPOBHA 2251/2 OTHOCHUTEJIBHO

22P1/2 (ypoBeHb 22P2/2 He CIBUTAETCH) SKCIEPUMEH-
TAJIBHO W3MEPEH 1 TTO YACTOTE COCTABIAET (CM., HAIIPH-

mep, [4])
AF, 2 10° T,

Torna

CooTBEeTCTBEHHO

1h32n
_ 6 EZTPA

d Fo=10"%" (12)

meg

Lhe Tnp - PajUyc IPOTOHA.

MoxkeT OBITH OIlEHEHO TaKiKe KOJHIECTBO TOJIAPOB
B eAMHHIHOM OObeMe “cBOOOTHOTO” MPOCTPaHCTBA.

IIpu KpuTHYecKO HAPpAKEHHOCTH BHEIIHEIO 3JIeK-
TPHIECKOTO O, KOTIA MOJAPHI JHCCOIUUPYIOT Ha MO~
JIOKUTEAbHBIE H OTPHIIATETbHbBIE MOJAPHBIE 3ap AL, I3
(2) n (4) momydaem
B = Qe

n(kp) a2
I

TEIL

EOEKP = Qnodnnna
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Puc. 2: Buxpepaa mopenp nporona. Vi - KoJblleBad CKO-
pPOCTb BUXPAL.

N3 sTtux coorHoUIeHMIT CJIeaYyET

tey 1
ny= =2 = (14)

meg d3

Jns onleHKN MU IeKTpHIecKoll TPOHUIIAEMOCTH (1o~
JAPU3YEMOCTH) BHYTpeHHel (aMepHoil) cpemsl monsapa
PacCMOTPUM CBA3b MEXKY IM3JIEKTPUIECKON MPOHMIIA-
€MOCTBIO BaKyyMHBIX CPEJl M X ILJIOTHOCTAMM, CJIEIyI0o-
IIYIO U3 BUXPEBOH KOHIEIIUHE CTPOSHUA YaCTUIl. XOTA
»Ta BEUXpeBad KOHIEMNIMA He ABJIAeTCA OOIIeNpHHATOM!,
OHa JTaeT apryMeHTUPOBaHHBIE TPEICTaBIeHNA O CTPYK-
Type 3JIEMeHTapHBIX YacTHIL.

ITo »Toif KOHIENIMKM TIPOTOH MPEICTABIACTCA BUX-
peBBIM ToponaoM (puc.2)

IMpupaBHUBad MeXaHMYECKYI0 M 3JIEKTPHYECKYIO
SHEPTHH 5TOl CTPYKTYPHI

9M = 99.}'{.’
0
v dr
= 2T PeTep / ) = 27p, VKZT.p,

— 2 2 o o
roe v = vk rnp/r - CKOPOCTH BHEIIIHEN aMEPHOU Cpe-
AbI, yBJ’[eKaeMOﬁ BpallaloMCA KOJIBIIOM aMEPHOI'o ra-

1 e?
San = : )
871'60 Tmp

P (ViSrp)? = €0 (e/20)°,

Spp = 4m rﬁp,
MOJTy 1aeM
P = E€on. (15)

N3 ycnaosud, 4To KpUTHYecKad TOTAPU3AINA MO A-
pa HacTyIaer OOHOBPEMEHHO C IUPAKOBCKOH “mosiapmu-
sannell Bakyyma” (a T0 ONUH 1 TOT e MPOTIECC)

En(ip) = Enep),
4 Qno
Butu) = 7= 20 (16)
1 e
E = —_— 1
AP drey  (2r0)° {n
noJiydaem
4 QHO 2ro
D= —" — = 40¢g. 18
T e dy £o £o (18)
Torna
o 4 o 1 ~ 61 -3
nn_ﬂ_~6n~dg_3~10 M7, (19)
My = pu/Mn = eo/ng =3-10773 KT.

Besmuanny 3apamoB QU0 TOJAPA MOKHO OIEHUTD
qepes KPUTHIECKYIO HAMPAKEHHOCTH 3JIEKTPUIECKO-
ro nond Fy(xp), TP KOTOPOil JIUCCONMUUPYIOT TOJIAPBI
1 HOPMHUPYIOTCA TAPHl 5JI€KTPOH-TIOSATPOH (ABJIEHIE
“nonsapusanun Bakyyma” ). TTomydaem

I 1 e I Quo
B(kp) — 471—68 (2ro)2 - 47761—[ d?[ ’
TOe €, E¢ - AMBJIEKTPUYICCKHE IIPOHUITACMOCTH Te-

JIa TIoJIdAdpa U 2JEKTPOHA COOTBETCTBEHHO.

IIpu ¢, = eg moaydaem
a0\ 2
Quo = ¢ 2—“ ~6.107°% K. (20)
To
Torna
Who = (uln/mn)l/2 >~ 10" pan/c. (21)

Yepes mosis cxaTud aMepHOW KOMIOHEHTBI KOC-
MHYECKOTO Ta3a (“3ByKOBBIe” BOJIHBI) OCYIIECTBIIAETCH
cBA3b MeXkAy mosagpavu. O mapamerpax W CBOWCTBax
aMepHON KOMIIOHEHTBI M3BECTHO ellle MEHbIIEe, 4eM O
monapHoit. OmHako HeOOXOMUMBIE JaHHBIE /18 0OOCHO-
BAHUA U OIMEHKHU TapaMeTPoB P-BOJTH MOKHO TOJIYIUTh.
HeobxomuMbiMu TaHHBIME ABJIAIOTCA MJIOTHOCTEH aMep-
HOW KOMMOOHEHTHI Ta3a W CKOPOCTH PACHpOCTpaHEHW s
BOJIH cKaTud B HeM. M3 ycloBusa paBeHCTBA TeMIepa-
TYP KOMIOHEHT KOCMUYIECKOTO Ta3a

Ta =T,

opn yCJIOBUM, 9TO K HUM IIPpUMEHUMBI COOTHONIEHN A
AJdd nAeaJJbHOTO rasa, CJIeayeT

myC?/2 > kT, T,=10"" K. (22)
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AMepHasd KOMIIOHEHTa KOCMHTECKOTO Tasa sIBJIAET-
cs cpemoii, obycaoBIMBaIONIeH B3anMOIeiCTBIE MEKIY
moJiApaMu U BHYTPeHHee B3auMOAelicTBIe MeXK Ay 3aps-
JaMu ToJiapa, MO3TOMY

my << My, ng >> Ny.

Torma us paBeHCTBA mAvi/Q = kT's cienyer
Vi >> (2T /mq)"? = C.

OrneHKH, cleayonme n3 THHAMAKHA B3aHMOaeCTBI A
TMOJIAPOB ¢ aMepaMu, TAI0T BeJIMINHY

Va(—e) = Vagss) & 10%° M/c. (23)

3. BakyyMHble noJAapu3alOHHbIE
BOJIHBI

MexaHuaM BO3OYKIeHUA W PACTIPOCTPAHEHUS BaKyyM-
HBIX P-BOsTH citemyromuii.

Kaxk BrIlile TOKa3aHO, MOJIAPHI - AUMOJIbHBIE CTPYK-
TYPBl U MOTYT BO3OYKAATHCA HAa COOCTBEHHBIX TaCTO-
Tax.

Konebanus mosispoB depe3 BO30YKIaeMble HME
BOJIHBI CJKATHA aMePHOTO rasa (aMepHble “3BYKOBBIE”
BOJIHBI) B CBOIO OYePelb BO3OYKIAIOT KOMEHAHUA B CO-
ceTHUX Tojsgpax. BosHUKaeT mepefada SHEPIrUH OT
MoJApa K MOJIAPY - BAKYYMHBIE TIOJIAPASATMOHHBIE BOJI-
HBI.

TeroBble CKOPOCTH TMONAPOB, KaK YacTHIl, objia-
JAfOTNX 3JIeKTPHISCKUME 3apAIaMu, He MOTYT TPEBbBI-
1IaTh CBETOBBIE, a TEIJIOBBIE CKOPOCTH aMepOB MHOTO
6oJiblile CKOPOCTH cBeTa. [loaToMy mpu aHam3e Mexa-
HU3Ma BO3OY KIEHUS U pacpocTpaHeHus P-BosH mosis-
PBI OTHOCHTEBHO aMEPHOTO rasa MOYKHO CUUTATH MOKO-
SAMAMUCS.

Cxopoctu pactipoctpanenust P-BoJiH ompenesiioTcs
HHEPIMOHHOCTHIO TOMAPHBIX AUHONEH (BpeMs pacmpo-
CTpaHeHW s ToJiell CBA3M MeXKIY MOJIApaMU MHOTO MEHBb-
1le TOCTOAHHON BPEMEHH TOJIAPHOTO AUIOJA), TO3TOMY
paccTosHue MeXIy ToJspaMu, 6e3 yiepba IJ1s KOHed-
HBIX PE3YJILTATOB, MOKHO MPUHATEH OMHHAKOBBIMHI, PAB-
HBIMU CpefHell IjinHe uX cBOOOTHOTO Tpobera.

Torna mexaruam P-BojH MoXeT OBITH paccMOTpeH
Ha MOJEJIM B BHJE MEMOYKH CBA3AHHBIX PE30HAHCHBIX
KOHTYpPOB.(puc.3).

CooTBercTByIOIIEe 3TON Mofesn ypaBHenne P-BoH
OyIeT UMEeTh BHI,

Mpqn = —MHin [QH + ks (QH—I + QH+1)] ) (24)
rac qn - IJIEY0 JUIIOJId N-TO IOoJApa,

4 2
Hin = —— =

ey d3

[ *|

Puc. 3: Monenb BakyyMmHOIT cpenbl, B KOTOPOil pacIpocTpa-
HsroTCsA P-BoIHBL

(em. (B)), my - Macchl 3apALOB HOJLAPHOTO AUIOJ,

kCB — /’LQH/I'Lll'I'

HpI/I OJINHE BOJIHBL A >>
THHYAJBbHOMY ONHUCaHUIO IIPOIECCOB pacIpocTpaHeHUd

an, IIepexoad K KOH-

BOJIH B IlelloyKe, HoJydaeM
3 2
Gn-1+ qny1 = aia—tzq (z) +2q (2).

Torna ypasrenue (24) npeobpasyercs K BHIY

o 2 1 a2
ﬁ—v—z'a—tz—ﬂg q(z,t) =0, (25)

=1/ (aZkes) -

Pemennsamu ypaBuenns (25) ABastorcs Oeryliime
BOJTHBI C 3aKOHOM JTUCTIEPCUHT

2 _ 2 2
Vi = aqweg “kes, po

we 2=V (o 2+ K7, (26)

rne k=27 m/(agN), N - 9ucI0 aTOMOB B II€NOY-
Ke, i ¢ TPYINOBEIMU U (ba30BLIMK CKOPOCTAMHE

1/2

Vi = Vark/ (F‘O “ kz) ) (27)

KonmiecTBeHHBIE OTIEHKH HAIOT CAEAYIONINE Pe3YTh-
TaThI.
YacroTel BaKyyMHBIX P-BoJH

40

Wi = wne A 10 paz/c. (29)

['pynmnoBele CKOPOCTH BaKyyMHBIX P-BOJIH HMEIOT

HECKOJIBKO KOMIIOHEHT €O 3HAYeHHAMH, KPATHBIMH HX
MEHAMAJIBLHOMY 3HAYCHIIO

VF(MHH) == VB(MHH) = VaT = apno = 1020 M/C.

(M7 TIOCKHUK BOJH kep < 1 ).

Hesto B TOM, 9TO KaKABIH HOJApP B3aUMOIeHCTBY-
€T, KpoMe OJIMKAMIINX, ellle U ¢ JaJbHAMEA COCEIAMIE.
[TosToMy MakcumMaJibHas TPYIIOBad CKOPOCTh P-BoJH
B BaKyyMe paBHa

VB(MaKc) = Nanwnoa



Hosas ¢usuxa

109

rome N - ompemensercs 3aryxXaHWeM “3BYKOBHIX’
aMepPHBIX BOJIH

102%M/c < Vu < N 102 w/c. (30)

Hapsany ¢ P-BommamM®, CKOpOCTH KOTOPBIX OIpe-
nengforcs coorHotienneM (30), Bosbyxkmatorcsa Goee
“MemIeHHBIE” KOMIIOHEHTHI P-BOJIH, BOJHAMMU CBA3M B
KOTOPHIX ABJIAIOTCA 3JIEKTPOMATHIUTHBIE BOJIHBI.

171 TUX KOMIIOHEHT BpeMs MPOXOKIEHI MeXKIY
COCEIHUMU TOIApaMI

ang ang
A t=—+—,
c W
I COOTBETCTBEHHO

Vel =Vem =C/ (1+C/Ve). (31)

ITockombky Vi >> C, To Vrll\g/[ =Viur C.

HazoBeM 5T KOMIOHEHTHI MEIJIEHHBIMHA, a KOMIIO-
HEHTHI, CKOPOCTH KOTOPBIX ONPEIEIAIOTCA COOTHOIIIE-
ureM (30), - 6picTpeiME, 1 GyaeM obo3HAYATE

Vi = Vae. (32)

OrMmeTumMm TaKXKe, 9TO 6I)ICTpI)Ie KOMIIOHEHTHI IIO I1O-
JIApU3alun E)J'ICKTpI/I‘IeCKOfI COCTaBJ’IHIOH_[eI'?'I ux mnoJeit
ABJIAOTCA MMPOAJOJBHBIMHA, a MEAJICHHBIE - IMOIIEPEYHBI-
MH.

4. OOcyxkaeHUe MOYyIeHHBIX
pe3yJbTaToB U BBIBOBI

YcraHOBJIEHHE MAaTepHAIBHOCTH “CBOOOXHOTO” ITPOCT-
pancTBa (5bupa) U ero sJIeKTPUIECKOl MOTAPH3YEMO-
CTH HAO CIWTATh HadajoM HoBoil dusuku. Bee mpy-
THe Pe3yJIbTAThl ABJIAIOTCA CJIEACTBHEM 3TOTO HOBOTO
OTKPBITHSI.

Ycranopyenne dpakTa CyIECTBOBAHIA YACTHIL C 3a-
PAIOM MeHBIIe 3apAla 3JeKTpoHa (HOJAPOB) - BTOPOii
dbyHIaAMEHTATBHBIN BBIBO/I.

[Tonapsr MOTYT ABIATHCA TEMU CTPYKTYPHBIMHE €11~
HUIAMHU CACTEM DHOJIOTHYeCKOH HH(POPMAIINY, KOTOPHIE
MepeHOCAT HHGPOPMAIINIO TPU AeJIEHUN KJIETKH.

Teoperudeckn v TpaKTHIECKN BAXKHBIM CIIEICTBHEM
ABJAAETCA OTKPBITHE HOBOTO »HEPTOMHMOPMAIMOHHOTO
HOCHTENA - TONAPU3aIMOHHBIX BoaH (P-Bosn). YHH-
KaJIbHBIE CBOJCTBA 5THX BOJH (OUeHb BBICOKHE TaCTO-
TBI, CBEPXCBETOBBIE CKOPOCTH, HOJIbIIad MPOHUKAKIIAL
CIMOCOBHOCTE) MO3BOJAOT CANTATH WX BEPOATHBIMI HO-
CUTEJIAME TMCUXOPU3NIECKON WHMOPMAIIAHT.
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1. Bsenenune.

OTKpBITHSA TPABUTAITMOHHON BAIKOCTHU, MeOIE3MIECKOMH
KpUBU3HBI BeeeHHON, »KpaHUPYIOUMX CBOWCTB Mare-
pum, TOJAPU3ANMOHHBIX BOJIH, IBYXKOMIIOHEHTHOCTH
busmuaeckoro Bakyyma (adupa) He TPEOYIOT CIelMATEB-
HOTO MOATBEPKACHU S, TaK KAK UMEHHO U3 UX CYIIeCTBO-
BaHUA CJIEAYIOT Te CBolicTBa BcemenHoil, KOTOpbie MBI
HabMoMaeM (MHEPIHA MaTepUaIbHBIX TeJl, THCIEHHOe
PaBeHCTBO WHEPTHON W rpaBUTANMOHHON Mace, medekT
Macc, »JAeKTPOMATHUTHBIE BOJHBI U T. I1.).

Onraxo HEOOXOAUMOCTH TPOBEPKH ITPABIIBHOCTH
HEKOTOPHBIX TEOPETHUECKUX BBIBOJIOB, YTOUHEHUS MOJIe-
Jeit pusuveckux ABJIEHUI W, B 0COOEHHOCTH, OMpee-
JIEHU S MABHO OKWAAEMBIX UHUC/EHHBIX XapaKTePUCTHK
(HampuMep, cpenHeii maoTHOCTH BeemenHol, cKopocTn
HOIAPU3ANHOHHBIX BOJIH) TPeOYIOT MOCTAHOBKH 9KCITe-
pumMenTOB. Eié Gosiee HEOOXOMUMBI DKCITEPUMEHTATE-
HBIE UCCJIEOBAHU B TPOIecce Pa3spabOTKM TEXHOIOTHH
U CO3HAHUU YCTPOUCTB, Ha3UpyIONMXCs HAa HOBBIX OT-
KPBITHAX.

2. TIlocranoBka (pyHIaMEHTAIHLHOTO
»KCIIepUMeHTa B KOCMOJIOTHUU.

3aBHCHMOCTE 9aCTOThI CBETA OT HpOﬁHeHHOFO paccToA-
HHA B COOTBETCTBHUU C 3aKOHOM

v = Voe_RLD (1)

le-mail: zhuck@insurance kharkov.ua
2e-mail:

CTABUT Ha MOBECTKY IHA BOIMPOC O MTOCTAHOBKE PYH-
IaMeHTAJBHOTO SKCIEPUMeHTa, CIOCOOHOTO JaiKe CKe-
OTHKaM J0Ka3aTh, UTO ¥Ke MpeAcTaB/iferT coboit COBUT
CIIEKTPOB M3JIyYeHHA IPYTHUX TaJaKTUK Ha CaMOM Jie-
Jle: pesyJibTar pacuimpenus BcenenHol uim pesyabTar
TTOTepPH PHEPTHUH CBETA 33 CUET NI06aJIbHOTO B3anMOIeli-
CTBHA 3TOTO M3JIYyUEeHHA CO BceMu Maccamu BeesieHHOT.

Cama 1o cebe perucTpalms CABHTa CIEKTpa W3JIy-
YeHUA TMPU MPOXOKJIEHUU KOHTPOJIBHOI'O PAaCCTOAHU A
MaJio 4YTO JacT TeM, KTO yXkKe ITOCTATOYHO SACHO OCO-
3HAJ MEXaHU3M B3aUMOIelicTBUA MaTepUaJbHBIX TeJ 1
dmsndeckux moseit co Beenennoit. Oamnako dmcieH-
HBbIe XapaKTEPUCTUKU PE3yJbTATOB 3TOI0 HKCIIEPUMEH-
Ta JIOJIKHBI OTBETUTH Ha JIPYTOli, He MeHee BaKHBINH BO-
[poC: KaKOBa CPeNHA MIIOTHOCTH BeestenHod (910 Tpo-
Giema Ne 1 B KOCMOJ’IOFI/II/I). Benr nmenno »sTa BeJimunHAa
BXOINT MPAKTHIECKH BO Bce PpOPMYJIBI, KOTOPBIE HOCAT
He TOJIBKO TTO3HABATEJBHBIN XapaKkTep, HO U OYAyT Hc-
OJIB30BAThCA Ha MPaKTUKE MPH Oojee TOTHOM OMpeae-
JIEHUU TIapaMeTpPOB ABUKEHHA KaK eCTeCTBEHHBIX, TaK
7 UCKYCCTBEHHBIX HEOECHBIX TEJI.

WNnes skcmepuMenTa, Ka3aJgoch OB, M He CJIOXKHAI,
ecan OB He OrpoMHasd BeJIMUWHA pPaglyca TPaBHTAIN-
OHHBIX B3auMOIelicTBuil

2
Ry= o (2)
47TGp0
Ha cerommsmnuii neHb OHa OIEHUBAETCA BEJIUYU-
Holt mopaaka 1026 m mmnm 20 Mapa. ceToBwIxX Jer. Ilpn
TaKOM paJuyce W KOHTPOJBHOE PacCTOAHWE HOJIKHO
OBITH OYeHB OOJBIINM, YTOOBI MOXKHO OBLTO 3aduK-
CHPOBATh XOTh KaKOe-TO W3MEHeHWe YacTOTHI CBeTa.
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Puc. 1: Cxema skcrepuvenTanbHoll ycranoBru Ne 1

[Mycts maxe He 9acToThl cBeTa, a ero daspl. [lpu
»TOM Tpebyercs Bbicodaiinias cTabUABHOCTD BETHINHBI
CaMOro KOHTPOJIBHOTO PACCTOAHUSA, YTOOBI He OBLIO WC-
KajKeHHUdA MOJYyIeHHOTO pe3yiabraTa. Takum obpazom,
€CJTH CMOTPETH C 3TOH CTOPOHBI, TO OKA3BIBAETCH, UTO
U YBEJIMYIHBATH-TO KOHTPOJIBHOE PACCTOAHUE OO OOJTB-
NIOH BeJIMYWHBI HeIb3sA. (CJeNoBaTeIbHO, IJIA MOy e~
HuA paboueit HOPMyIIBI PKCIEPUMEHTATBHON yCTAHOB-
K MOYKHO BOCIIOJIB30BATHCHA JIMHEHHBIM TPUOJIH KEHU-
eM 3akKoHa pacnpocrpanenns csera (1). TlomcraBus B
HETO BBIpAXKEHWE [Jifd PAguyca TPaBUTAIIMOHHBIX B3a-
umogeticTBuit (2), W BBIPasHB PasHOCTH YacTOT dYepes
nepuon 6uennti T, , mpuxoquM K paboteit dopmye (3)
ILJIA OTIpeeIeHNs CpefqHeli muoTHocTH Beesennoii:

3¢2 1 3)
e Tgygrz

po =

ITpuanmn geficTBUA yCTaHOBKU CBOANTCA K CJEMYIO-
meMy. M3aydeHne KBAHTOBOTO T'eHepaTopa HeMPepHIB-
HOTO meifictBusa | (cM. puc. 1) pasmensgercs Moaynpo-
3padHBIM 3epKajioM 3 Ha aBa MoTokKa. OIWH TOTOK,
OTPA3MBIINCH OT TIJIOCKOTO 3epKaJjia 2 m mMpoiiid depes
cobuparesibHyI0 AUH3Y 6, cpasy momamaer Ha oTope-
3ucTop 7. Bropoit moTok momanaeTr B CBETOBOITHOE BO-
JIOKHO 4, HAMOTaHHOe Ijid yaobCcTBa »KCIIEPUMEHTATO-
pa Ha KaTyHIKy D, TPOXOOHUT Uepe3 Hero, oTpayKaeTcsd
OT BTOPOTO TJOCKOTO 3epKaJjia 2, TMOBTOPHO MPOXOIHUT
IO BOJIOKHY B OOPATHOM HAIPABJIEHUH, OTPAXKAETCH OT
MOJIYITPO3PAIHOTO 3epKaJia 3, TPOXOIUT depe3 cobupa-
TeJIbHYIO JIMH3Y § U TaK¥kKe MOMagaeT Ha POTOPEIUCTOP
7. Taxad KOHCTPYKIHA YCTAHOBKU ITTO3BOJAET B NIBA
pasa COKpPaTUTh AJIMHY BOJOKHA IO CPABHEHUIO C OTHO-
KPaTHBIM MPOXOXKJICHNEM CBeTa IO HEMY.

B saBucumMocTu OT COOTHOIIEHNA IJIWH Ty Tell, mpoii-
JIEHHBIX ODOMMM CBETOBBIME MOTOKAMM, Ha (POTOpE3U-
CTOPe WX aMILTUTYIBI OyIyT CKIaIBIBATHCA UJIM BBIYU-
TarbCd, T. €. CYMMAapHBINH MOTOK OymeT ocsiabieH wian
YCHJIEH. DTOT CyMMapHBIil moToK mpeobpasyercs (hoTo-
PE3UCTOPOM B 3JIEKTPpHYECKUil cCUTHAT U HaJjiee PUKCH-

pyeTrca B YCHJINUTEJbHO-PETUCTPHUPYIONIEM YCTpoiicTBe
8. NapiMu caoBaMu, YKa3aHHBIM YCTPOWCTBOM HOMTKHO
duKrcrpoBaThCA W3IMeHEHNE PasHOCTH (Pa3 ABYX CBETO-
BBIX TIOTOKOB.

Paccmorpum, kakum TpeGoBaHWAM TOJIKHBL YIIO-
BJIETBOPATH OCHOBHBIE TIApaMeTPhl YCTaHOBKW. KEcam
OTHOCHUTEJIBHYIO TOYHOCTEH CTabuam3anuu a3kl TeHe-
paropa 3a BpeMid paclpocTpaHeHW:A CBETa IO BOJIOKHY
0603HaYNTL Yepe3 d,, TO HOTpedHAad OTHOCHTEIbHAL
TOYHOCTH CTAOMJIM3AIMH JaCTOTHI KBAHTOBOTO Te€HEPa-
TOpa JOJKHA OBITH PaBHA BeJIMIHHE

A
b, = 8,57, (4)

roe Ag - OJdHA BOJHBI M3Jy9eHHOTO UM CBeTa, a
[ =r/2 - nnuHa cBeTOBOMA.

Hampumep, npu mamHe BOJIHB Tereparopa 6,3-1077
M u gimHe cBeToBoma B H00 KM mepmon 6Guenmit 6y et co-
crapJiaTh 2 - 4 nud. Ecau nmHy cBeTOBO/IA YMEHBUINTH
B 10 pas, To mepuo bueHnlt yBEJIUIUTCA BO CTOJIBKO XK€
pa3. 3HAYUT, BpeMsd SKCIIEPUMEHTA TOXKE YBEJTHIUTCH.
Ho npu »tom npu 10% TounocTr crabmnnsammum dhasel
reHepaTopa B MEPBOM cjydae Tpebyercs cTabuIbHOCTD
ero gactoTH 6,3 - 107!'* B OTHOCHTENBLHBIX BeJIUTHHAX,
a BO BTOPOM - ToJbko 6,3 - 1073 1. e. B mecars pas
MeHbIIIEe (a 9TO HEMAJIOBAKHOE 0OCTOATENBCTRO!).

Takum 06paszoM, K yCTaHOBKE IPEIbABIAIOTCA BECh-
Ma mpoTuBOpedmBhie TpeboBanmsa. Croma ciegyer mo-
6aBUTHL €llle W TeMIEPATyPHBIE YIJWHEHHA CBETOBO/I-
HOTO BOJIOKHA (a [/ OJHO3HAYHOTO DPE3yJIbTara KC-
mepuMeHTa Tpebyercs, dYTOOBI TaKWe VIJUHEHHS He
TIPEBBITAA HECKOJBKUX MeCATHIX IJWHBI BOJHBI Te-
Heparopa). ClemoBarTebHO, KATYIIKY CO CBETOBOTHBIM
BOJIOKHOM I€JIECOOOPA3HO pPa3sMECTUTh B TEPMOCTATE.
Jlywiire, ecam 310 HyneT resimeBas BaHHA MPU TeMIIEpa-
Type kunenns requs 4K | MOCKOIBKY Tpu 09eHb HU3KOH
TeMITepaType YMEHbBITAeTCA MOYTH 0 HYJIA U Koahdu-
IUEHT JIMHEWHOTO pacliupeHns BOJIOKHA. B Tepmocrar
HE MEIAeT TMOMEeCTUTh B (POTOPE3UCTOP, ITOOBI MOBHI-
CHUTB €70 PA3PENIAIOIIY 0 CTOCOOHOCTE. B 1es1oM xe Bcio
SKCIEPUMEHTAIBHYIO YCTAHOBKY IEI€CO0DPA3HO pasMe-
CTUTH B 3a0pOIIEHHON MaxTe, 9TOOB MaKCHMAJIBHO WC-
KJTIOYHUTh BJNAHNE BHENTHUX (PAKTOPOB HA PE3YIIBTAT
DKCIIEPUMEHTA.

HemasoBaxkHaoe 3HaYeHWE WMEOT W CBOWCTBA BO-
JIOKOHHOT'O CBETOBOA, B YaCTHOCTH, ONTHIECKHUE TIOTe-
pu, 00yCJIOBIIEHHBIE TTOTJIOIEHUEM I PACCEAHUEM CBETA.
Emg B 70-x romax OBIIH CO3MAHBI BOJTOKOHHBIE CBETOBO-
[IbI, UMEIOIMe 3aTyXaHue curHaja nopagka 1ab/km.
MatepmagoM TaKuX BOJOKOH CJIYyKHT KBapIleBOe CTe-
KJIO. A HeobxommMble Pa3/IMYns MOKa3arTeell mpeso-
MJIEHU S CEPANEBUHBI U OOOJTOYKH TOCTUTAIOT JIETHPOBa-
HIUeM cTekna (6opom, repmanuem, docdopom). Muun-
MaJIbHO BO3MOYXKHBIE TIOTEPH B TAKUX CBETOBOHAX COCTA~
pasgior 0,2n6/km. Nmerorcs Marepuasibl, Takue, Ha-
MpUMep, KaK XaJbKOTEHUIHBIE U (DPIIIOPUIHBIE CTEKIIA,
a TaKiKe METOTHO-TAJOUTHBIE KPUCTAJIBI, B KOTOPHIX
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ONTHUYECKHEe IIOTEPU MOTYT OBbITH cHHXKeHBl mo 0,1 u
naxe mo 0,001aB/xkm [1].

B nro60M ciydae, MaTepraJl ONTHYECKOIO BOJIOKHA
IOJXKeH NMeTh KaK MOIKHO MEHBIINe ONTHYeCKHe IIOTe-
P, a ¢ APYIroii CTOPOHKI - obecnedynBaTh MUHIMAABLHY O
CTOMMOCTH IPOBEIeHNA sKcIepuMeHTa. Llo mpenpapu-
TeJIbHBIM PacdéTaM CTOMMOCTH SKCIepUMeHTa OlleHUBa-
erca B 100 Toic. mommapos CIITA.

3. SKCHepI/IMEHTa.TIbHOE olpeneJieHue
CKOPOCTH ITOJIAPU3AIIUNOHHbBIX BOJIH.

JI71s1 BBINIIEOTIMCAHHOTO 3KCHEPUMEHTA OTPEIETAIOIIAM
mapaMeTpoM SABJIAETCSA BEJMYNHA PAIAyca TPABHTAIH-
OHHBIX B3aUMOMENCTBUM, KOTOpad YPe3BHIYAHO BeJIH-
Ka. AHaJOrMYHO TpHU ONpeNesIeHUH CKOPOCTH IOJIs-
PU3ATMOHHBIX BOJIH IPe3BBIYAHO OOIBINON BeTmInHON
ABJAAETCA caMa CKOPOCTh 3THX BOJIH, KOTOpPAsd O TPE-
BApUTETBHBIM olleHKaM cocTapiger 102%m/c, 1. e. ma
12 mopankoB 6oJibIlle, YeM CKOPOCTH cBeTa. Ha srof
CKOPOCTH Ja¥e paccTosHue oT bankaiiniell K HaMm 3Be3-
OBI 70 HAC TOIAPU3AINOHHBIE BOJHBI TPEOIOEBAIOT 34
10~* (omHy HeCATUTHICAIHYIO) JOJIO CEKYH/IBI.

Crenyer oTMeTHTB, UTO TOJIAPUIAIMOHHBIE BOJTHBI
MOTYT 0OPa30BBIBATHCA B PA3JIUIHON Cpele, T. €. HOCH-
TeJIEM 9THX BOJIH MOTYT OBITH KaK aTOMBI BelllecTBa (To-
roa UX MOYKHO Ha3BIBATh BENIECTBEHHBIME IMOJIAPU3a-
[IMOHHBIMHI BOJTHAMHE), TaK W B “cBOGOmHOM” MpOCTpaH-
CTBe, HA3BIBAEMOM KOT/IAa-TO 3(PUPOM, a Temephb - pusu-
YeCKUM BaKyyMOM (TOTA UX CIIEIyeT HAa3BaTh BaKyyM-
HBIMH TOJTAPU3AMHOHHBIMI BOJTHAMHE). BelecTBeHHBIE
MO APU3ANMOHHBIE BOJIHEI Y ¥Ke TOCTATOYHO XOPOIIO W3-
VUYeHBI W MPUMEHAOTCA Ha mpaktuke. [IpoBommianck
SKCIEPUMEHTHI KaK 110 TEHEPHPOBAHUIO U PETUCTPAIHH
5THUX BOJIH, TAK U IO ONMPeHeseHno nx ckopoctu. CUxeMa
9KCIIEPUMEHTAIBHON YCTAHOBKY onmcana B [2] U He Hy-
KAaeTcs B MOBTOPHOM paccMoTpenuu. MOXKHO JIHINE
OTMETUTH, YTO 3KCHEPUMEHTHI TOATBEPIUIIA TEOPETH-
qecKoe ODOCHOBaHNE W TTapaMeTPhl 3TUX BOJIH B Bellle-
CTBe.

IIpyroe mesio - BaKyyMHBIE TTIOAPU3AITNOHHBIE BOJI-
Hel.  OHE pacOpoCcTpaHAIOTCA B MEKATOMHOM IIPO-
CTPaHCTBE, KOTOPOEe 3aMOJHEHO HEKOW MarepuajbHON
cpemoif, a He mycTOoTOl, KaK CIMTAIOCH paHee Ha OCHO-
Be mumeit oblielt TeOpMH OTHOCHTEILHOCTH DWHIITEH-
Ha. Ilpodeccopom KommakoBeiM mokasaHa IBYXKOM-
MOHEHTHOCTh (PU3UIECKOTO BaKyyMa, COCTOANIETO U3
BJIEKTPUIECKN TOJAPUIYEMBIX YacTHUIl - TOJAPOB M
HeHTPaJbHBIX YACTHI[ - aMepPOB, MacChl KOTOPBIX Ha
JNEeCATKU TOPAAKOB MeHbIIe MacChl 3JIeKTPOHOB [3].
Tak BoT, 0COOEHHOCTBIO BAKYYMHBIX MOJIAPUIAIUOH-
HBIX BOJTH ABJIAETCA HE TOJBKO UX OOJbIIAA CKOPOCTH,
HO W OTPOMHAA MPOHUKAIONIAA CIIOCOOHOCTD.

[TosTomy, Ha TepBHI# B3MVIAN Ka3ajoCh OB, 9TO pa-
Hee YIOMWHABIIAACH CXEMa 3KCIOEPUMEHTA MJId OIpe-
Henerna cpemHelt mmorHOCcTH BeesmeHHON myTéM perm-

Puc. 2: Cxema skcrepuvenTanbHOl ycTaHoBKH Ne 2

CTPAIIAN CIBUTA YACTOTHI CBETA P MPOXOKIEHNN KOH-
TPOJTLHOT'O PACCTOAHNA IO CBETOBOTHOMY BOJOKHY KakK
HeJIB34 JIydUllle TOOXOOUT W NI ONpeleJeHnA CKOpO-
CTH BaKYYMHBIX MOJAPW3ANNOHHBEIX BOJH. Ho BRICO-
qaiiias TpOHUKAONas CI0COOHOCTh 3THX BOJIH, HEBO3-
MOYKHOCTH UX (POKYCHPOBKH C MOMOIIBIO ONTHIECKHUX
JauH3 Oe3 MOTMOJHUTENbHBIX UCCIETOBAHUN CTABUT O
COMHEHIEe BO3MOKHOCTH WX MPOXOKIEHUA MO WU3OTHY-
TOMY BOJIOKHY.

JI71s1 TOCTAHOBKY 9KCIIEPUMEHTA O TOTOOHOMY CITO-
coby 6Gombiie momoinér obpazoBaHHE KOHTPOJIBHOTO
paccTodgHUA ¢ TMOMOINBIO NBYX 3€pKaJd W MHOTOKPAT-
HOe TPOXOKIEHWE 3TOTO PACCTOAHUA TMOJAPU3IAIMMOH-
Holt BOJTHOM, KaK MOKa3aHO Ha puc. 2.

(CxeMa yCTaHOBKH COCTOUT W3 T€HEPATOPA MOJIAPHU-
3aIMOHHBIX BOJH 1, MOJYTMPO3PATHOTO AJIA 3THX BOJH
3epKajia 2, IBYX NapaJieSbHBIX 3€PKaJl 3 W PETUCTPH-
pytorero yerpoiictBa 4. Takmm obpazom, 118 moaApu-
3aIMOHHON BOJTHBI 0bpasyercs ABa MyTH: OIUH - MP-
MOH, KOpPOTKHUI, a BTOpPOH - IJWHHBIA, IO JIMHUM 3a-
IePXKKU, 0Opa3s0BaHHON MapaslIeJIbHBIMU 3€PKAJIaMM.
IIpn BKITOUEHWN TeHepaTopa BOJH WU TIPHU MOCHIIKE
KOPOTKOTO UMITYJIbCa PETUCTPUPYIOIIee YCTPOHCTBO 3a-
duKrcupyeT pasHOCTH BPEMEHN MPUXOAa ABYX (PPOHTOB
BOJTH WJIH ABYX MUMITYJIBCOB, TIOCJE Yer0 W BRITUCAAETC
CKOPOCTH WX PACIPOCTPAHEHN.

TpymHocTH B »TOlt ycTaHOBKe CBA3AHBI C MOKA HE
VCTAHOBJIEHHBIMU XapaKTePUCTHKAMU JuarpaMM Ha-
TIPaBJIEHHOCTH YCTPONCTB, M3MYYAOUNX TOJAPUIAIN-
OHHBIE BOJHBI, U ONMATH ¥)Ke C HOJIBIION CKOPOCTHIO 3TUX
BomH. Tak, maxke mpu nauHe xoma ayda B 1000 xm
BpeMsA €ro pacnpocTpaHeHus OYIeT COCTABIATH BCETO
10~ ¢, 910 BechbMa IPOGIEMATHYIHO AIA TOUHON peri-
CTpAIlNH.

JlanHas ycTaHOBKa MOrjia 6Bl OBITH HCIIOJIB30BAHA
TaKXKe W IJid PETUCTPAINHU CIBUTA JacTOT CBeTa C IO-
CJTeMYIONTNM BRITUCIeHNEM cpenHelt ToTHOCTH Beemen-
HOM, OTHAKO MTOMOOHBIN SKCIEPUMEHT, KaK OBLIO cKasa-
HO paHee, IPENIOJIATaeT IIUTETBHOE €T0 TPOBEIeHTE, a
B TeUeHUE JIUTEIBHOTO BpeMeHU O0ECTIednTh CTabUITh-
HOCTb MapaMeTPOB MeXaHWdecKoil CHCTeMBI ¢ TaKUMH
pasMepaMu TaKKe BeCbMa MPOOIeMAaTHIHO.

Hpyrum criocobom oleHKN (ONEHKH, a He TOTHOTO
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OIpeNeseHN ) CKOPOCTH MOAAPH3ANMOHHBIX BOJIH ABJIA-
ercd ucnosb3oBanue sdpderra Koswipera. Kak uspect-
Ho, emé B 70-x myakosckuit acrpodpusux H. A. Koswsipes
OoOHApPY KWJI, YTO OIHU W Te ¥Ke 3BE3IMBI HaDIIa0TCA
MOl PA3HBIME YTVIAMEU, €CJIU WX HAOJIOIATh B TEJIECKOT
OOBIIHBIM CITOCOOOM U C MTOMOIIBIO TEIECKOTIA, ATIEPTYPa
KOTOPOTO 3aKPhITa aJIOMUHUEBBIM sKpatoM [4, 5, 6].

B mepBom ciygae muabOPMAIHIO O 3BE3MAX HECYT
3JIEKTPOMATHUTHBIE BOJIHBI, PacTPOCTPAHATIONINECA CO
ckopocrbio 300 Teic. kM/c. CilenoBaresibHO, MBI ¢ UX
MOMOIIBI0 MOYKEM HabIIaTh TOJBKO HAJEKOe ITPO-
IIJI0e 3BE3[, a He WX UCTHHHOE TOJIOXKEHNE B HACTOHA-
niem. Hamporus, ecan wHdOPMAIUO 0 3BE3MAX HECYT
BAKyYMHBIE TOJAPU3AINOHHBIE BOJHBI, CKOPOCTH KO-
TOPBIX Ha 12 MOpAAKOB OOJIBbIIE CKOPOCTH CBETA, TO
MBI JOJIKHBI HAOIIOIATh TPAKTHIECKH WX TeIepelrHue
mojpoxkenus. Oupeness YIJIbl MeXKTY TPOIILJIBIMEA U Te-
TEePENTHUMHY TIOJTOKEHNAMHA 3BE3M, MOYKHO PACCINTATH
CKOPOCTB TMOJiApu3aumonsasix BosH. Omraxo Koswspen
JIAJI COBEPITEHHO APYTYIO MHTEPIPETAINIO Pe3yIbTaTaM
DKCIIEPUMEHTA.

SHAYUTETBHO TO3XKe PKCIEPUMEHT OBIJT TOBTODEH
B Wacruryre maremaruku Cubupckoro otnenenunsa AH
CCCP akamemurom M. M. JlaBpenTbeBbiM. P derT
Kosbipepa noprsepauics [7]. B mambrefimem (B 1991
I.) HccaegoBaHnsA TOBTOpAAN B [UIaBHOW acTpoHOMN-
geckoii obcepparopun AH VYrpawmner (r. Kues) u B
Kpsivckoit actpodusudeckoit obcepsaropun (m. Ha-
YUHBIH) ¢ OnHOM 1 TOW Ke MPHEMHO-perHCTpupYoielt
anmaparypoii. Dddexr KospipeBa cHOBa MOATBEPIUII-

ca [8].

IIpr amaause Bcex 3TUX Pe3yJIbTATOB BBHISBIBAET
yauBjaeHne TOT PaKT, 9T0 HUKOMY M3 5KCIEPUMEHTATO-
POB M B TOJIOBY He MPHIIIO IIPOBECTH TOI0OHOE HADIIIO-
neame CojHITa. YUYUTHIBAA BpeMsA pPaCIpOCTpaHEHII
CcBeTa TopAAKa 8 MHHYT M YIJIOBOe BpallleHHe 3eMJIH,
MBI Habaomaem CosHie Ha 2, 25° mosamm ero MCTHH-
HOTO MOJIOKEHUA, KOTOPOe, B CBOIO OYepedb, MOIKHO
OIpPEHeNTh C TMOMOUIBIO 3HAYNTETHLHO Dojiee OBICTPHIX
MO APU3AITMOHHBIX BOJIH.

Taxkoit IKCIIEPUMEHT HE ITO3BOJIAET TOYHO OIlpeae-
JINTH CKOPOCTH MOJIAPU3aTMOHHBIX BOJIH - OITATH K€ M3-
3a e8 DOJIBIIOrO 3HAYEHUA U HOI‘peH.[HOCTeﬁ B ollpeaeJae-
HUW YTJIOBBIX BEJIMYIMH. Ho on mosposiger 3&(1)I/IKCI/IpO—
BaTb TOT (i)aKT, 4YTO OHa HE€ MeHee YeM B HECKOJIBLKO
AJECATKOB pPa3 NPEBBIITACT CKOPOCTH CBETA. A 510 6BLI
OBl HEMAJIOBAKHBIH APTYMEHT B IIOJIB3Yy TOI'0, 9YTO HaM
YK€ JaBHO IIOpa IIepecTaThb O6pa]_L[aTI) BHUMAaHHE Ha ab-
TOPUTETHI N HE IIPUIINCHIBATH CKOPOCTH CBETaA OOJIBIIETO
3Ha4YE€HN A, 9eM OHa TOT'O 3aCJIy ZKHUBAECT.

Ho maumbosiee TOHKWIT ¥ WHTEPECHBINH KCIEPUMEHT
MOYKHO TPOBECTH, WCIONb3yA ekt abepparuu mo-
JIAPW3AIUOHHBIX BOJIH, W3/IydaeMbix 3Bé3mamu. OmHa-
KO JJid TOTO TpebyeTca yiKe CIeNUaIbHBIN TeJIeCKOTI,
paboTaroniuii UMEHHO Ha THX BOJIHAX.
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CJANMAHNE TAJJAKTUK KAK ITPTYMTHA ®PEHOMEHA

KBA3SAPOB

B.M. KonropoBuu!

Hremumym paduoacmporomuu HAH Vipaunw, Kpacrosnamennas, 4, 61002 Xapvros, Yrpauna

30 okTabpsa 1998 r.

Paccmorpenst pactipenesierns mo MaccaM M MOMEHTAM, YCTAHABIUBAOIIMECH B Pe3yJIbTaTe CITUAHNN TamakTuk. O6-
CYKIAETCA B3PBIBHON XapaKTep »BOOINN TP CINAHUAX, (DOPMUPOBAHME 3a CUET CIAUAHUN PA3ITHIHBIX MOpPdoIIo-
TUYIECKUX TUIIOB, BOSHUKHOBEHME AKTUBHOCTH TATAKTUIECKNX Amep. O0bACHAETCA KaK POCT UMCiaa APKAX KBa3apoB

IIpu yoajJeHu B IIPpOULJI0oe, TaK 1 peSKI/If‘I CI1an X 9Irucjia Ha KPUTUYIECKOM 3HaAYECHUU Zcr .

1. Bsenenue

Jlosiroe BpeMs CYMTAJIOCH, 9TO TIOCTE CBOETO 06pas3oBa-
HUA B PE3yJIbTarTe PA3BUTHA IPABUTAIMOHHON HEYCTOMH-
IUBOCTH (M3 T'a30BOTO MPOTOTATAKTIIECKOTO 0bIaKa),
raJJAKTUKA  SBOJIIOIMMOHUPYIOT CYry0o WHINBUILYATIb-
Ho. Takasd ToYKa 3peHUs, Ka3aJoch OBI, MOATBEP KA~
Jlach KakK ~pasberanvemM’ rajlaKTHK B paclrmpsrolreiics
Beemennoii, Tak u mpocTeHIIUME Ta30KAHETHIECKAMHE
OTIEHKAM, COTVIACHO KOTOPBIM BEPOATHOCTE CTOJIKHOBE-
mus (P TunnaHbX” )’ cpenHnX” ) raJakTuK 3a Xab6.oB-
cKoe BpeMsA NpeHebpexmMo Majda — mopamka 1077,
B tom, 4WTO ®»Ta OlleHKA 3aHWKEHA, JETKO YOeIuThCH,
pasmesuB 4ncio (MeKyJIApHBIX, B3aNMOLeicTCBY IO )
06beKTOB B Katasore Bopomnosa-Beabamunosa u (1in)
Apma u Mamope — HECKOJIBKO COT — Ha 9YHCIO O0beK-
ToB B Katajore [pefiepa (NGC) — mecATox ThIcsd.
Tor xke pesyabrar (1072) Mbl HOJyYUM, HOACUUTAB
JIOJTIO TEKYJIAPHBIX TaJlaKTUK B Kartasiore Bokynepa u
ap. (RC3). Eme cymectBerneii ponb causaanii B Gosee
mwiroTHOH Beestennott Ha 60MBIINX KPACHBIX CMEIIEHUAX.
ObbscHeHWe CBA3aHO € HEOTHOPOMHON, KJIOUKOBATOMN
(Bo3MOXKHO, dbpaKTaabHON) cTpyKrypoil BeemenHoli u
HEIOOTEHKON KaK dmc/jia MaJJOMacCHBHBIX TaJIaKTHUK,
TaK W BO3MOYKHOW CKODOCTH CJOWAHWIH. BoJabuImHCTBO
rajJakTiK W cefigac HaxomATcsA B (MajblX) TPyNIax, B
TOM 9HCJTe, BXOHAANNX B HEMOJHOCTHIO BHPHATHIOBAH-
HBIE CKOIIJIEHU A, & B MPOIIJIOM HAXOIUJINCH B HUX B €Ile
6osbireM gncsie. OTMETHM, YTO TPHU CYIECTBEHHON PO-
JIV CAWAHAN, YMEHBIIAOUIX YHCIO TaJaKTHK, BOODIIE
TOBOp#A, UCYe3aeT MPUHIUNMHAIbHAA DPasHUIlA MEKIY
CKOIIJIEHWEM, TPYIIOH U moJIeM.

Habmrogarenbable OaHHBIE TOCTENHUX IBYX IeCH-
THJIETHH, B OCOOEHHOCTH, TaHHBIE KOCMUYIECKOTO TeJie-
ckorma Xabbia U KPYMHEHIINX HA3eMHBIX TEJIECKOTOB,

le-mail: vkont@ira.kharkov.ua

IaloT yOemuTeIbHBIE TOKA3ATEBCTBA ONpeHesdionieii
ponn cAMAHWH B COBPEMEHHOW KOCMOTOHUW TaJaKTHK.
Brixon o63opos Kenntukyra, [Iseitnepa u Bapuca [22],
MTOCBAIIEHHOTO B3aNMOIEHCTBUIO U CIAUAHIIO TaJaKTHK
1 BBEI3BAHHOMY WM WHIYITHPOBAHHOMY 3Be31006pa3oBa-
HUIO (OKOJ’IO 1000 ccoliiok u 6ogee 200 I/IJIJHOCTpaL[I/Iﬁ!)
MO3BOJIAET OIMYCTHUTH ONUCAHWE HADIOIATEbHBIX ap-
TYMEHTOB B MOJIB3Y CIUAHUA W COOTBETCTBYIONIeH Ou-
6anorpadun.

Koppensamnus mMexay akKTHBHOCTBIO TaJaKTHK W HUX
B3aMMOMEHCTBIEM U CJAUAHUAMHU TaKXkKe ABJIAeTCA Celf-
qac ykKe XOPOIIO YCTAHOBJIEHHBIM HabIIOHATeTHHBIM
dakrom [18, 25]. C opHoll cTOPOHBI, MaJias KOHIIEHTPA-
A KBAa3apoB, PAIMOTAJAKTHK TO3BOJIAET BOSHUKATH
UM JazKe 3a cUeT OUeHb PEAKUX COYIaPEeHWi WU CJIU -
uuit. C apyroit — akKTWUBHBIE TAJaKTHUKH MOTYT UTPaTh
POk YIOOHOTO MapKepa MPH MCCIEIOBAHAN BOMPOCA O
caugauax. I[IpuMepoM MOKeT CJIyKHUThH OOPBIB B pac-
npenesienun KBazapos[37, 38, 35] npu z. ~ 2 — 3, Ko-
TOPBIN MOXKeT o3HaYaTh MOMEHT ~ cOOPKH’ MaCCHBHBIX
raJJakKTUK I3 MeHee MAaCCHBHBIX OJIOKOB, COOTBETCTBY-
foruit ” B3pBIBHON 3BOJIIOIIH, CBOWCTBEHHON MpoIieccy
CAUAHUA TaJakTHK. Ha »ToM MBI ocTaHOBEMCHA OOJiee
monpobro. W mokaxem, UTO MOIENb CIAUAHUI ecTe-
CTBEHHO OOBACHAET KaK POCT YHCIa APKUX KBAa3apOB
B MIPOIILJIOE, TAK M PE3KUH CHal WX JHCIa Ha KPUTHYIe-
CKOM 3HaYEHUU Zcp .

2. BepOﬂTHOCTb C/INAHNA TAJIAKTHUK

ITockonbKy 3a HEYIPYTOCTH CTOJKHOBEHWA, TTPUBOIA-
NIy K CJAWAHWIO, OTBETCTBEHHBI OBICTPO YOBIBAIOIITE
NPUJINBHBIE CHJIBI B OEeCCTOIKHOBUTEIBHON 3Be3mHON
MOICUCTEME TAJAKTHK, JJIA CAUAHUA HEOOXOMMMO WX
TecHoe cHamKeHne (BIUIOTH 1O mepekpbitng). Ilpu
60JTBIIOH OTHOCHTETBHON CKOPOCTH TaJIaKTHKH ITPOii-
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OYT APYT CKBO3b Apyra JazKe IIPH IIOJHOM Iepecede-
HUN.

N3 uncieHHBIX 3KCIEPUMEHTOB CJIENYIOT YCJIOBUA
CIAUAHUA IJIs CKOPOCTH TIPH COMUIKEHUN V W IPHUIETh-
HOTO mapamerpa p (R — cymMMa paamycoB Ha yPOBHe
HOJIOBUHHOMN Macchl):

[(v/ave)* + (p/bR)*] < 1,

rae ko3 PunrenT a OIU30K K eAUHUTIE, a b BaApbUPYET
B 3aBHCHMOCTH OT HAJUYINA MOMEHTOB M WX B3aWMHOMN
OPHUEHTAINHN B TIPeeiaX MOPAIKA BO3JE €IUHUIBI CO-
raacuHo ganabiM Aapcera u @ossa, @apyku u [lammpo
U IpYrux aBTOpoB. Kpurepuit dyBcTBUTEIEH K pac-
MpPeeNIEHNIO BelllecTBa B rasiaktukax. Jljas cdepude-
CKUX TaJIaKTUK PABHBIX MACC MMIIYJIBCHOE TPUOJIHIKe-
HIe TPUBOAUT K AHAJUTHIECKOMY KPUTEPHUIO CAUAHUA
Tpumsiina. Obcyxknenne paga merajell m orpaHumdeHui
MOXKHO Halitu B MoHOorpaduax ['opbarxoro u Caciay u
IMUTHPYEMBIX B HUX UCTOYHUKAX.

Ucnonb3ya sTu maHHBble, CeUeHWe CIUAHUSA MOIKHO
MPENCTABUTH B BUIE

o =m(Ri + Ra)*(L+7)e(7), (1)

rae
N = vé Jv?

— mapamerp dorycupoBkn, a ¢(y) — lmopuy —
o0; ¢(y) — Ompuy — 0. Tlpoctefimuii Bapmant
KpPHUTEpPHA CAMAHNA, KOTOPBIM OyIeM IOJIB30BaTHCA B
IPUBOANMBIX MPHMepax, TaKOB (BIMAHWEM COOCTBEH-
HBIX MOMEHTOB OyzeM mpeHebperars): 1) MEHHMAIbHOE
paccToAHNe MeXKAY CTaJKWBAIOIIMMUCA TaJaKTHKAMK
MeHbIlle CyMMBI nX pagnycoB (R; + Rs); 2) orHocH-
TeJbHAA CKOPOCTH Ha OGECKOHETHOCTM MeHBIIE CKOPO-
cru yberanus vg. Ilocmenmee coorsercTByer BHIGODPY
GYHKINE 0 B CEYeHNH B BHUJIE CTYIIEHBKH, 9TO COOTBET-
cTByeT yOLIBAHIIO ¢ BHICTpee, TeM ¥~ 2. DT0 IPHUBOIUT
K CJIefyIolleMy BBIpajKeHWo I Koa(hhHuImenTa Koa-
rynaumn U = 00, The Yepra o3HaYaeT yCpemHeHHe I0
CKOPOCTAM:

_ ) ciyp(My + My Mlﬁ—l-Mzﬁ, a
v= 622—54(1-1-]\42)2,)( ! 26; 2)

a - bospIme Macchl, 6 - MaJIble MAacCCHI.

3mech pammyc TajakTuku R cBAzaH ¢ maccoit M
coornomenmem R = CMP? (3 = 1/3 coorserctByer
nocrosuHol miorHoctu, 3 = 1/2 — HabsogaeMbiM 3a-
konam Pabepa—/Ixexcona u Tanan—OPuiuiepa);

ey = (9/2)(3m) /2 G2)03,,

Clyp = 2(3#)1/ZCG/vrms.

Hna dynkmun U(My, My) ynobHO BBecTH ee cremeHb
OJHOPOJHOCTH ¢ U MOKa3aTesH 1 2, ONUCHIBAIOIIUE ee
ACHMITOTHKY TPU CHABHO OTJANYIAIONIIKCA Maccax:

Uo M{""My?, My < My, uj+us=nu.

OueBnnHo, mis (2)
Uy =0ug=u=2ngna M < My, m

1+ 6 ana M > My,

rme

My ~ (Cv2, /G (=P

pasmesisger obactn GONBITNX W MaJIBIX Mace. 3aMeTHM,
ITO HMEHHO IapaMeTPHL U1 2 (TO eCTh aCUMITOTHKE U )
OIPENEAOT aCUMITOTHKN ucrounnka [(L) B ypaBHe-
mn oA Gyrkmun ceetnmoctn (PC) kBasapos (cM. HI-
xKe).

TTockonbKY CKpBITad Macca (TeMHOEe BEIIECTBO),
TaKXkKe OecCTOJNKHOBAUTENBbHA, B IPOCTEHNIMX cXeMax,
MO-BUAMMOMY, MOXKHO HE OTAEIATH TEMHYIO MaTEpHIO
OT CBeTAMIeicA, eC/IN CANTATEH TaJI0 WHIABHLY A TA3NPO-
BaHHBIME JJIA TaJaKTHK. ECJIM MacCMBHBIE TaJakTHKH
pPEenMyIIECTBEHHO 06pa3yfoTCA B pe3yJIbTaTe CJIMAHHA
MeHee MaCCHBHBIX, TO 3TOT IIPONECC, HECOMHEHHO, OTPa-
JKaeT WX paclipefesieHne Mo MaccaM — (byHKIUA Macce
(®M). Boruncauts Takyio (GYHKIHIO MOYKHO, HANPH-
Mep, eClIH OTPaHUIHThCA MAPHBIMH CAMAHHAMHE, | pe-
B ONHCHIBaOlIee €8 KMHeTHIecKoe ypabHeHme CMo-
myxosckoro (YC):

% - / dM, dM:-
[Ui20pm f1 f2 — cycle — bicycle] (3)

3necy f1 = f(My,t) n rak manee | oy = (M — My —
Ms) — nmpaxoBckas J-QyHKIWA, BRIpaxkaiomas 3a-
KOH COXpaHEHHd MAacChl IpH CAMAHMAX. AHAJOIMYHO,
B carydae oboburerHoro YO (cM. HEXKe) MBI OymeM can-
Tarh BBIIOJHAIOIIMMCH 3aKOH COXpaHEeHUA MOMEHTA.
DT yCJI0BUA OTHIOAL He OYEBUIHBI, HO C YIOBJIETBO-
PUTEJIBHON TOYHOCTBIO MOATBEPKIAAIOTCA YHCJIEHHBI-
Mu skcrepuMenTaMu. Ocoboro paccMorpeHnsa Tpedyer
cnydaii Manbix Macc B (2) (60X OTHOCHTETBHBIX
CKopocTefi) peaqusyolnxcsa, HAIPHMED, B IEHTPaThb-
HBIX obOJiacTax ckomeHuil. CToJIKHOBeHUA Oe3 CJIu-
AHUH B »ToM Tperesie (cedenne o = mR?) npoucxo-
OAT 3HAYUTEIBHO dYalle, 4eM CO CJHAHMeM. IlosTo-
MY BaiKHO 3HATh, KaKOBO BJIMAHME 3THX 0OJIee 4acThIX
B3auMoelicTBuil. B 4acTHOCTH, CKOJIb BEJIMKH IOTEPH
maccel OM/M upu runepboMdYecKuX COyIapeHUIX.
Paszyimunple OpubiMKeHUA AT pasndHble OIEHKH

I Brixon 3a 3T paMKu TpebyeT HCHOIb30BAHMA 3HAYUTEIbHO
Goslee M30MIPEHHOTO MaTeMaTHIecKOro annapaTa, KOTOPbIH MpH-
MEeHHUTEIbHO K HHTEPECYIoNeMy Hac KpyTy 3a7ad eMie TOJIbKO pas-
BuBaerca (cp. [12]). B To ke Bpema, Kak XOpOIIO U3BECTHO, KU~
HeTHYeCKHe ypaBHEHHA XOPOMIO OMMCHIBAIOT CHTYAIHIO U ITHpe
dbopManbHBIX paMok mpuMeHIMocTH. OTMETHM, 9TO MesKIy TOI-
xomom Ilpecca u IllexTepa, HCIOMB3YIOMNUM PEHOPM-TPYTIIIOBYIO
MepeHOPMHUPOBKY MacmTaba, i KHHETHYEeCKHM MOIX0IOM TaK7Ke
umMeeTca cBA3b. C TOYKHN 3peHUA KHHETHKH, B 3TOM TOJIXOIE OTH-
CBIBAETCA pe3yIbTaT MHOTHX CIMAHMUI Gimskaiimmx cocemeii ¢ Be-
POATHOCTBIO He 3aBHcAIIeil oT Macc.
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mas OM/M w gaxe 4ducia mapaMeTpoB, ee OIpPEeesis-
fomnx (cM. ceeikn B [30]). Tlapamerp mHeympyrocTn
SE/E  v?/v? npm 61mu3KuX K JOGOBBIM COYTApeHIAX
il (vé/vz) nas panekux. Ecau M/M BosHukaer B
TOM K€ MOpAAKE TEOPHH BO3MYIIEeHWi, TO W TOTEpH
MacChl IPA TOM MOTYT OBITH BECbMa 3HAYNTENBHBI, HO
ObIcTpO YOBIBAIOT ¢ pocTOM ckopoctu. Ecou ke dM/M
BOBHUKAET B CJEMYIONINX MOPAJKAX, 9TO HAM KaXKeTCH
60oJ1ee BEPOATHHIM, TO TpeHeOpeKEHne MoTepeil Macchl
BIIOJIHE JOIYCTHMO.

3. ”BspbiBHas” 3BoOJIONUA TaJIaKTUK

B ciyuae ragakTHK BechbMa CYIECTBEHHON OKa3bIBAET-
cs 3aBUCUMOCTE [/ OT Macc, KOTopas IPUBOIHUT, B 4aCT-
HOCTH, K B3pbIBHOM sBommonuu MM. Crokmaiiepom 6bi-
JIO OTKPBITO, a 3aTeM TOC/IeIOBATETHHO MePeOTKPHIBa-
J0Ch B APYTHX obmactax Gusukn (cM. ccbliku B [1, 27])
HeobBIYHOE ToBefienne pentenns YO B ciydae, Koria
BEPOATHOCTL CJAUSHUA pacTeT OBICTpee MEpBOH crere-
HU MAacchl (TaK 3BYYHT 3TO YCJIOBHE B YHOOHBIX [Jd
Hac TepMuHax): u > 1. B sroM ciydae B cucreme
MPOUCXOMUT HEUTO HJIM3Koe K (HPasoBOMY MEPEXOIy: 3a
KOHEeUHOe BpeMs (fcr ) YyCTAHABINBAETCA KBA3HCTEIEH-
noe & o« M™% pacmpenesenue BIUIOTH A0 (opMab-
HO GeckoHeuHBIX Mace ("B3pwiBHasf” sBomonns). Ilpu
sToM B cucrteMe Ny rajakTtuk ¢ Maccamu My te =
Eu/(cu NoMy) [1], tme &, = 0.002,0.26,0.1 coorser-
crBenHo mag u = 2,4/3,3/2 [28]. Hocrarouno moapob-
HOE MCCIIeTOBAHNE B3PBIBHOM 9BOJIIONNH B CBA3H ¢ 0Opa-
sopaHueM cD-rajlakTUK B rpylmax, 3MoxXol poXKIeHWs
KBaszapoB, adpdexrom Byrdepa -DOmmepa u 1. 6BLTO
MPOBENEHO B paboTax PUMCKON W XapbKOBCKOW TpPYIII
[11, 3, 28, 13]. TlosiBjieHUue mpH TOM OTHOCHTEJILHO
KpPyTOil MpOMeXKYTOUHON acuMITOTHKN (o &% 2) JIETKO
MOKeT OBITH TOHATO W3 CJaedyfommx aprymerTos. Oba
HOJIydeHHbBle 3HAYeHnA NJiA WHAeKCOB (o &~ 1.9 mas
u=4/3 m a~~ 21 nag u = 3/2) HaXOmATCHA MEKIY
(u+2)/2m (u+3)/2. DM ¢ o = (u+ 3)/2 coorBer-
CTBYET MOCTOAHHOMY MOTOKY MAaCChl BIIOJIb CIIEKTPA 10
H6eCKOHEYHOCTH, TO ecTh K cD-rasakTuke B HallleM CJTy-
vae. (PerreHus ¢ MOCTOAHHBIM MOTOKOM COXPaHAIOMIEH-
cs BEJIMYIWHBI aHAJIOTHIHO KOJMOTOPOBCKUM CIIEKTPaM
B Teopun ciaboii TypbynentHoctn.) Omgnako, 6aaro-
HIaps HeJOKAJbHOCTH pacipenesieHuit ¢ |us — uy| > 1
(pacxommmocTh wHTerpasia B YC Ha CTEEHHOM pacipe-
JeJIEHUN ) TaKoe PElIeHe He Peansyercsa TOYHO B 000-
uX HalluX ciaydasix. HeJloKaJbHOCTh MPUBOAMUT K CY-
HIECTBEHHON POJIM B3aUMOJIeHCTRUN MeKIY TaJaKTHKAa-
MH MajJbix U Goabmmx Macc. I[lpum »ToM wmHCTO Mac-
CHUBHBIX TaJIAKTHK TPUOIM3UTETHHO COXPAHAETCS W IO~
CTOSHHBIN TMOTOK WX YHCJIA 1O CIIEKTPY COOTBETCTBYET
(u+2)/2. Tak KaK HI ONMH U3 9THX NPEHIETbHBIX CIIy-
JaeB He Peajim3yeTcs B TOYHOCTH WHIAEKC PACIOIOKEH
MeXIy »>TuMu 3HadeHuamu: 1.67 < a &~ 1.9 < 2.17

(u=4/3), 1.7T6 < o & 2.1 < 2.25 (u = 3/2) u Bech-

Ma OJIM30K K WX CpPemHeMY apupPMeTHIECKOMY 3Hade-
HIIO (KaK MOXKHO BHIETH U3 IUCIeHHOTO pemenns ¥ C).
M#i orpaHHYIHINCEH 37eCh 0OCY KAeHUEM caydas OOMThb-
ITpn mamsix Maccax HeJTOKaJBHOCTD ellle
cymecTBeHHell. B 3TOM caydae ecTecTBeHHON ABIAeTCA
MOTMBITKA Tepexofa K nuddepeHnnaaIbHOMY YPaBHEHIIO
OT MHTErPAJIbHOIO, YTO U ObLIO IpeanpuHATO B [3].
WNaTepec kK pacupenesieHNIO IO MOMEHTAM OTIPeNes A-
ercda (GOPMUPOBAHUEM PAITUIHBIX MOPQPOTOTHIECKUX
TUIIOB IIPU CANAHUAK, HO 3TUM He OTPAHMYNBACTCH:

ninmx mMacc.

CIUAHUSA TPUBOAAT K BOSHUNKHOBEHUIO aKTUBHOCTH T'a-
gakTudeckux fnep. OOUH U3 cmocobOB OMMCAHUA HTOTO
rPaHIMO3HOTO (DeHOMEHA, BKJIIOYAIONIETO PAIHOTATIAK-
THKH W KBa3aphl, COCTOUT B y4YeTe KOMIIEHCAIMH MO-
MeHTa TIPW CIUAHUE (CM. CAEIYIOUNH pasme).

Haiitu pactpenesienne mo MOMEHTAM, YCTaHABIHBA-
Iollleecs B PE3yJIbTare CAMAHWN rajJaKTUK, MOYXKHO Haii-
T, peus obobuientoe ypasuerue CMoJyXoBCKoro [2]:

9I(@M.8.7) /dl d2

ot
[WM|M1M2 f1 fo —cycle — bicycle] , (4)
dlZdMldsl, flzf(Ml,Sl;t),

Warimy v, = U(My, M) d-
(M — My — Ms)§(S — S; — S»)

AHaJUTHIECKN 5TO BO3SMOIKHO CHAENAaTh JIUIIb TPH
BecbMa YIPOINAIONNX JOMylieHnaX. 2 OTKasaBIINCh
OT HUX, MIPUXOIUTCA TPUOEraTh K IUCTEHHBIM METOIAM,
B YACTHOCTH, K MOIEJMPOBAHUIO C MOMOIIBIO METOIA
Mounre-Kapaio [11, 28]. Yepes HekoTopoe BpeMs B CH-
cTeMe CIMBAIONIAXCHA TATAKTHK ITPOUCKXOIUT aHAaJoT (da-
30BOTO Tepexona. Cucrema paszmesigercd Ha ABe (asbl:
TUTAHTCKYIO TAJaKTUKY, B KOTOPOH 3aK/io9eHa MaKpo-
cKolmyecKas 4acTb Macchl [11] 1 MHOTO MeJIKMX Tajiak-
TuK (B caygae f = 1/2 9107 mepexon BUIeH mydlie (cM.
puc. B [28]), wem gy B = 1/3, uro cBAsano ¢ 6SIBIMM
3HavYeHneM ). BOSHHKAIOINIYIO THTAHTCKYIO TaTakTHKY
MOYKHO OTOXKJECTBUTH C peajbHBIME cD-rasakTukamu
B IeHTpax Tpymnm u ckortenuit. Cpenn menkumx 6071k~
NIMHCTBO COCTABJIAIOT TaJaKTUKU, HU Pa3y HE MCIBITAB-
ne coanaang. OyHKIUA Mace, MOJMydeHHAS B PE3YIIb-
Tare YUCJAEHHOTO MOIETUPOBAHWA, HAXOAUTCA B XOPO-
nreM coryiacuu ¢ BbYHKIHER, TONYIeHHOW TPAMBIM pe-
menuem ypasaenus Cmosyxosckoro [11, 28]. Benen-
CTBHWE 3HAYUTEBHOIO BKJAHA CAUAHUNE MEXKAY OTHO-
CUTEJIBHO HEDOJIBIINM YHCJIOM MOABJIATONIAXCA MACCHB-
HBIX TAJaKTHK W MaJIOMACCHBHBIMHU TaJIAKTHKAMHI Bpe-
MA fer, COOTBETCTBYIOIEe “dazoBOMy Mepexomy”, Cy-
IECTBEHHO MEHbIIle XapaKTepHOro Bpemenm (ovn)~!,
Ioe 0 — cedeHWe CIUAHUA JJIA TUMUIHBIX TaJaKkTuK,

2B 4acTHOCTH, B T. H. aHH3OTPOIHOH MOIEH f(M,S) daxk-
TOpU30BaHO U uUMeeT BUA npoussenenna O®M Ha ocrpyro (rTmna
nenbTa GyHKIUHN) GYHKONIO OT MOMEHTOB [20].
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n — KOHIEHTPAIUs TAaKUX TAJAKTUK, U — CPEIHIT
CKOpocTh. BO3MOKHO COMOCTABJIEHHE TOTO MPOIECCa
¢ appekrom Byrdepa-Omiepa B CKOITEHNAK (M3MEHe-
HHEM TBEeTa, MO-BHINMOMY, OTPAKAIONIEMY H3MeHEHHe
MOPGOJIOTUH B OTHOCHTEILHO y3KOM HWHTEpBaJie Kpac-
HBIX cMeleHuil [16]; BupoueM, BO3MOKHBI 00bACHEHN s
s10T0 3hpekTa, He MpubeTafollne K niee CAUAHML), a
Takke ¢ HabMOTaeMBIM YKpYyUeHHeM (DYHKIIUN CBETH-
MocTu Ha ciaaboM Kouite PC rajakTHK B CKOIJIEHINAX U
nose (cM., HampumMep, [31]).

4. AKTUBHOCTb U CJAUSHUS

Xorst nmes BaamMmomnelicTBHA, a TeM GoJiee, CIMAHUA
rajJlakTHK, KaK OJHOTO M3 OCHOBHBIX (baKTOPOB X 9BO-
JTIOTTHAN, HATAJIKIBAIACH HA MHOTOYHCIEHHBIE BO3PaKe-
HAUS (CM., HaOpPUMep, CIHUCOK Hambojee HETPHBUATB-
HBIX B [22]), 33 HOCENHIE TOABI TPON3OUITIO H3MEHEHTe
BO B3IVIAJAaX 3HAUNTEIHHOTO YNC/Ia NCCTeqoBaTeseli Ha
nponcxoxaenue AT (cm. cewikn B [25] n Huke). O1-
BETCTBEHHOCTD 3a aKTHBHOCTE BO3JIATAETCA Ha CIIHAHUA
raJaKTHK.

CorytacHO TpaKTHYECKH OBIIENPUHATHIM MPEIcTa-
Brenusm AT'Yl mpemcrapssior cobolf BecbMa CJIOKHO
YCTPOEHHYIO aKKPEMUPYIONYIo CHCTEMY BOKDYT CBEPX-
MaCCUBHOW 9YepHOM HBIPHI, HaxXonsdiielics B MeHTpe XO-
safickoli ramakTukm [9]. (YmoMsaHeM aKKpelHOHHBIH
JUCK, 3aTEHANMHA TOP WM TOJCTHIA OUCK, 1O OCH
KOTOPOTrO HAIpaBJieH PAIHOBBIOPOC B cllydae Paguo-
IPOMKHX OOHEKTOB, CUCTEMY OBICTPO JIETSIIIX 00JIAKOB,
dopMEPYIOINK MUPOKKE, a Ha GOIBIINX PACCTOTHUIX
— yXe 3a TOPOM — y3KHe ONTHYECKUE SMUCCHOHHBIE
JUHUN U T.01.) XOTSA B CHITY Ype3BBIYaiinol sddexTnn-
HOCTU 3HEPTOBBIAECHUA TPU aAKKPEIWH /s THTAHW S
b6ompmnacTBa Al'Ad mocrarouro ”BHYTpeHHUX pecyp-
cOB” | OHHU, IO He BIIOJTHE TOHATHBIM MPUINHAM, He 0Dec-
MEYIUBAIOT HEODXOMUMYIO TOCTABKY TOIMJIHBA. Y TBEP-
ITUBIIAsCA Wed YHUBepcaabHOCTH (YHUMDHUITHPOBAHHAL
MOJIENTb) TIO3BOJIAET YIIOMUHATH TOJBKO KBa3aphl, HMes
BBULy u apyrue Tunbl AT (tak, B pagmoragakTHKax
3a 3aTEHSAIONIIM TOPOM, CKOpee BCEero, TaKyKe HaXOIUT-
¢ MUHH-KBaszap). laHHBIe MOCAEIHUX JBYX HeKal, B
0COBEHHOCTH, JaHHbIe KOCMHYECKOTO Tejieckona Xab-
6/1a, ybemuTes IbHO CBUAETETLCTBYIOT B MOJIB3Y TOTO,
9TO B3aMMOAeHCTBUE TaJlaKTHK M, B MEPBYIO OYepelb,
X CAMAHUA (5TO HEMOCPENCTBEHHO IOATBEDKIACTCH
HaDIIOMEHNEM XO3AHCKUX TaJaKTHK OJuKalimmx KBa-
3apoB [7]) OTBETCTBEHHBI 3a (DEHOMEH aAKTHBHOCTH, MO-
CTaBJIAA HeOOXoMUMOe s aKKPeIuu BelectBo. [Ipo-
Hecce CAMAHNUN MOXKeT HOCHTEH B3PBIBHON XapakTep (CM.
BBIIIE) T ”»H0Xa KBAa3apoB® MOXKeT COOTBETCTBOBATH
sm0xe cOOPKU MaCCHBHBIX TaJJAKTHK U3 CTPOUTETBHBIX
67I0KOB (KapJIMKOBBIX rasakThK). [lomobHas ”cHopka”
rajlakTHK AeHCTBUTETHHO HABIIOIACTCS ¢ TIOMOTIBIO Te-
Jeckoma Xabbja Ha KpacHBIX CMEIIEeHNAX TMopAmKa 2-3
([15, 34, 32]). D70 MO3BONAET €CTECTBEHHO OOBACHUTH

Kak ObICTpoe yOBIBaHME 4YMCJIa KBa3apoB OT IIPOLLIOTO
K HACTOAIIEMY, TAK W W3BECTHBI OOPHIB B WX paclpe-
JIeJeHNH Ha OOJILIINX KPAaCHBIX CMEIIEHMAX, ClesaTh
BBIBOJIBI O BHJE W 3BOJIOIMA WX (DYHKIMHA CBETHMOCTH
([4, 6, 14]) mw 1.n. PagmorpoMKkme KBasapbl B MOJe-
JIM CJIMAHMN eCTeCTBEHHO CBASHIBAIOTCA C BpalleHWEM
YepHOM JBIPBI, KOTOPOE MHAIMAPYETCA JINOO HETaBHUM
7 cHTBbHBIM CAIMAHUEM C TAJAKTHKON CPAaBHUMON MacChI
([39]), mubO OTHOCHTENBHO HEGOTBIINM KOJMIECTBOM
7 cnabbix” CAUAHUNE MACCHUBHOW TMaJIJaKTHKH C KapJInKa-
mu ([33]). MecronaxoXmeHne yIaJIeHHBIX KBa3apoB
B CKOILIEHHsAX, OoJiee GJIU3KHX — B IpyNIax — CIIO-
coberyer caugnuaMm [23]. Haubomee sksoTmdecKuit
W pPEBOJIIOIMOHHBI BapMaHT MOJENH — BO3MOYKHOCTH
cnuanus ragakTukn (nnn obaaka MI'C) ¢ ”romoit” mac-
cuBHOM 4epnoit gpipoit ([17]).

Mogenn aKTHBHOCTH, WMCIOJb3YIOUIME 3aKOHBI CO-
XpaHeHWA MAacC ¥ MOMEHTOB M MAEI0 KOMITEHCAIINN MO-
MEHTa /1A BOSHUKHOBEHNA aKKPEIMA Ha MEHTP U, COOT-
BETCTBEHHO, aKTUBHOCTH (CM. CCHLTKE B [6]), IpuBOIAT
K JOCTaTOYHO PasyMHBIM pesyJbraraM. KoJamdecTBo
AKTUBHBIX TaJaKTHK, TTOABJIAOIIAXCA B eIWHUIYY Bpe-
MEHH B 6IMHAYHOM MHTEpBaJIe CBETUMOCTEl, O4eBHTHO,
ONpeneNnAeTcs BHIpakKeHNeM:

1) = [ 0080702, 8200 (s, M) F@) <

S(L — L(My, Mo, 81,89, 3)) dMy dM> d*S; d>Ss d®J,

3meck f(M,S) — dbyHKUMA pacmpeneseHNsA Tajak-
THK TO MaccaM M MoMeHTaM wuMmnynbca; U (M, Ms)
— BeJINYMHA, XapPaKTePU3YIOIasd BEPOATHOCTH CJIHA-
HUS TaJakTuk ¢ Maccamu My uw Ma (Boobiie roop4,
U 3aBHCHT He TOJBKO OT MAacc, HO M OT MOMEHTOB);
F(J) — <dyuxmus pacupeneneHns opoUTaIBHOTO MO-
Bun byakuuu L ompenessercs MeXaHH3IMOM
BBIJIeJIEHU s HEPrUu. Takum obpasoM, 3HAA e€ro W 3a-
nas f(M,S), MOXKHO HAlTH CKOPOCTH BOSHHKHOBEHH
AKTUBHBIX OOBEKTOB, KaK (PYHKIUIO OT WX CBETHMO-
cru I(L). Ecam cBeTMMOCTH aKTHBHOTO 0ObEKTa, BO3-
HUKAOIIETO B PE3YJIbTATe CJAUAHUA OMPENESTAETCH W3-
onIToUHON “mmckoBoit” Maccoit Am = my + ms — m,
MOTePABITEl MOMEHT W TOJIYYUBIIEl BOSMOKHOCTE TTa-
naTh Ha HeHTp ° (MHOeKCH 1, 2 OTHOCATCH K CJIMBAIO-
HMMCHA TaJakKTuKaM, m 0e3 mHAeKca — K Pe3yJIbTaTy

causHus, Macca gucka m = S/VGMR, rme S —

MEHTa.

MOMEHT uMIyJbca, M — macca, R — pajuyc rajgax-
THKH), TO
L=B-Am, tme B= Encztgcl (5)

3B03MOKHOCTL MaleHHA BellecTBa Ha [eHTp HOpPH CIIMAHME
rajlakK THK IOITBEPKAATCA IHCIEHHBIMU KCIIEPIMEHTAMH (CM.,
Hanpumep, [19]). BosHukaromas npy cJIMAHNE CUIIbHAA CIINPAJIb-
HadA yoapHad BOJIHA TOPMO3HUT ra3, KOTOPBIH CIycKaeTcA OO pa-
Ouyca, COOTBETCTBYIOIIETO €0 YMEHBIIEHHOH KEIIIEPOBCKOH CKO-
pocru. llo-Bunumomy, TaKOB OCHOBHON MeXaHM3M, IPUBOIAIINN
K CYIIECTBEHHBIM PaIasibHBIM IBUKEHUAM B IIpoOIiecce CIIMAHUIA.
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(cooTHOlIeHWe " M3OBITOUHAA Macca — CBETHMOCTDH ).
Smeck € ~ 0.1 — addekTUBHOCTL AKKPEIWH, 1) — HO-
ag Am, monanatoinas Ha depryto asipy (U71) B menTpe
TaJIJaKTUKH, ac B npocreiimeit

Mogmenu [2]

— BpeMidA aKKpelnuun.

Am = K[M; + My — (M; + M>)*], (6)

Tle TPHU 3aBUCHMOCTH PAINyca TAJaKTHKHN OT €€ MacChl
puma R o< MP mapamerp A pasen (1 — §)/2. s
sakonoB Pabepa — [lxexcona u Tammm — Dumrepa
(Ly o v), mcronpsys TeopeMy BEpHasa W CIHTaA CBe-
TEMOCTb TaJakTuku L, o M, momydaem 3 = 1/2,
A=1/4.

Ecau BAm upeBblliaeT 3AIWHTTOHOBCKYIO CBETH-
MocTh (9C) Lgdd, TO aKKpenusa Oymer orpaHuIHBaTh-
cda. Yduer DC BBOIUT B TEOPHIO HOBBIN mapameTp —
maccy YU/l My, mprdeM BO3MOXKHA e€e KOPPeTAIHuA C
Maccoli xosgiickoii ramaktuku [36, 4]. Tlpemmosmaras
daKTOPU3AINMIO COBMECTHOTO pAacpeleeHIa TraJaKTHK
O MaccaM U MOMEHTAM HUMITYJIbCA W OCTPOE pacipeiie-
JIEHWE 0 TIOCTeNHIM ( “aHM30TpONHAA" MOIENH), MOJY-
qaeM

I = /dM1 d My d My (M) ®; Do U126(L — L12)(7)

3mecs O 5 = (M 2) — PM crankuBaroUIXCA rajlak-

ik, Uiy = U(My, M2) — TIOTHOCTH BEPOATHOCTH WX
CANAHUA,
le = min(BAm, LEdd) (8)

— CBETHMOCTH aKTHBHOTO O0beKTa, BOSHUKIIETO B Pe-
3yJbTaTe CIUAHNA, Y — HOpMEUpOBaHHasA Ha | PM mac-
cusubix 9JI (B ciyuae My = (M" oma mpespamaercs
B 6(Mu—CM")). B6osee obuiem cirydae HCTOTHIK BHI-
pakaeTcsa 4epes3 COBMECTHOE PacHpelesieHne o MaccaM
U MOMEHTAaM.

Tpu awannse uHTerpana (7) CyNECTBEHHYIO DOJIb
UTPaloT KaK CTeleHb OMHOPOIHOCTH KoadhuIimenTa
Uis ~ MY, Tak u ero acUMIOTOTUKHN TPU CUJIBHO pas3-
audamormnxcsa Maccax (cMm. 1. 2). PaccmarpuBaemas
cxeMa TPUBOANT K KBamparwarHomy mo ®M ramaxTuk
HHTerpaJibHOMY HCTOUHUKY [; B ypaBHenunm mias DPC
AKTHBHBIX 00bekTOB ¢(L,1):

K¢ =1IL(t). (9)

(B mpocreituiem cirydae K= % + i, rae tact — Bpe-
M AaKTHBHOCTH TaJakTHKA.) [IpW BEIYHCIEHNAX CBETH-
MOCTH B JaHHOW MOIEJH, 1O CYIIECTBY, HCIOJIb3YETCHA
To, uto L = BAm sABifercs OgHOPOIHON dyHKIH-
eit Macc CTATKNBAIONMXCA TATaKTHK M 2 CO cTemeHbIo
opropogaocTH A. ITpu stom acumnroruka L(M;, Ms)
npu My 3> My 3aBUCUT TOJIBKO OT MeHBbIIeil Macch:
L o« M}. O6a stm cpoiictea L(M;, M) asasiorcs
6ostee OBUMME, YeM “AHU3OTPONHOE” pacIpeaeseHue
IO MOMEHTAM W COXPAHATCA B Hojiee 0BIIIX MOIETAX
AKTUBHOCTH W TIPU ydeTe OPOUTAIBHOIO MOMEHTA, HO

3HaUYeHWe mapaMerpa A TpH 9ToM uaMensercsa. [lefi-
crBuTeNIbHO [26], cpemHuii MOMEHT MMIYJIbCA IAJIaKTH-
kxS o< M* rme k moBosbHO 6IM3KO K (3+23)/2. 910
SHAYMT, 4TO B cpemueM L o< M2 mpumueMm Aog 6s1ms-
ko K 1 [28] (tak xak m oc S/MUI+A)/2) B acummro-
TudeckoM caydae Mo 3> M) wsbeiTounas macca, TO-
TepsABIIasg MOMEHT U CIOCODHAsA K TAICHWIO Ha TMEHT,
MO-TIPeKHEMY, ONpEeAesIAeTCs Maccol MeHbIel rajak-
THKH.

3aMeTuM, 94TO 3HAK ~IedeKTa MacChl MOIKET OBITH
JIOOBIM B 3aBHCHUMOCTH OT COOTHOIIEHUS TapaMeTpOB.
[MofgoxuTeNbHBIN 3HAK COOTBETCTBYET aKKPEIUW, MTPH-
YeM B aHH3OTPOITHON MOMAENH 3HaK MedeKTa Beeraa mo-
goxuresieH. Jloss BemectBa NAm, aKKpemupyonias
Ha MEHTP MOKeT ObITh W OOJIBIIOW W Majoli B 3aBH-
CHMOCTH OT MapaMeTpoB KaK COYIAApEHWs, TaK W CTaj-
KMBAOIINXCA TagakTHK. (Bmpodem, T.K. aKKpenmpy-
eT, CKOpee BCero, ra3, TO ero AOJs 7) MOMKeT OBITh OT-
HIoOb He MaJoif, cp. puc.3 B [6]). [na nomamanus
MaJjioff MO BelecTBa B IMEHTD BooOIe, Ka3aJIoch OB,
He HyKHBI HUKaKne coymapenusa. Ho Habmonenus (cum.,
HATPUMED, CCHIIKH B [25]) OMHO3SHATHO HOATBEP K IAIOT
HaJIMY1e CUIBHOW KOPPEJANNN MeKIAY aKTHBHOCTBIO U
B3amMozetictBueMm. [lpemcraBienne o CAUSHUAX Kak O
MEPBOMPUINHE aKTHBHOCTH CTAJIO0 OCHOBHOW mapamamr-
MO B COBpEMEHHBIX HCCIEAOBAHWAX, a CJIOBO Merger
(merging) - ogANM u3 Hanbosee YacTO BCTPEUAIOIINX-
csg TepmuboB. Ho ecyim 1J1s BOSHUKHOBEHUST aKTHBHO-
CTH B MaJioll IeHTpaabHO# obmactu He 06OHTHCH Ges
CIAUSHWN, TO W MapaMeTpPhl, PeryJupyIoliue CIusSHUS,
JOJIKHBI B CYIIeCTBeHHON Mepe (Hapsamgy co cBocTBa-
MH CIMBAIONXCA OOBEKTOB - TAJaKTHK) ONPEIeATH
AKTUBHOCTh fIpa TaJaKTUKN, BOSHUKAIONEH B Pe3yih-
rare caugHug. TakuMu mapaMeTpaMu Kak pas u aBJisi-
IOTCS TTOJTHBIE MACChl M MOMEHTHI CJIMBAIONIUXCS TaaK-
k. * McmompsoBaHme 3aKOHOB COXPAHEHHA IIOMHBIX
MacC ¥ MOMEHTOB CPOIHE COKPAIeHHOMY OMUCAHWIO, &
MOIXOM, BO MHOTOM CPOJIHU (DEHOMEHOJIOTHIECKOMY. 3a-
METHM, 9TO KOTHA Pedb HAET O MPOIeccax, TPOUCXOI -
MHUX Ha MacimTabax MopAdKa pasMepoB TAJaKTUKH U
Gostbliie (HAPUMep, CANAHNA TAJAKTHK), TO [VIABHBIM
neticTByomuM (hakToOpoM ABIAIOTCT AAIbHOIEHCTBYO-
e TPABUTAIIMOHHBIE CHJIBI, 3 OCHOBHBIMHE MapaMeTpa-
MU — TJI06aIbHBIE XapaKTEPUCTUKHU TaJTaKTUKK, TaKWe,
KaK ee Macca, MOMEHT, KOJUYIecTBO Trasa B Heli. OM
BXOMUT MO/ 3HAKOM WHTETpaJjia Mo MaccaM, T.e. CyIe-
CTBEHHO YCPETHSAETCS, UTO JeJaeT Pe3yabTaT He CTOJIb
TYBCTBUTEJBHBIM K JEeTAaIaM PACIpeIeeHus.

B momenu cousHU xapakTepHas Macca TAJaKTHK
pacTeT, a CBeTHMOCTh KBa3apoB MOCJE 2MOXH UX oOpa-

‘TamaxTukn B obcysKmaeMoli cxeMe ABJIAIOTCA HOCHTEIAME
BosMowxHo comocTaBienrne Mopdosormye-
cknM tunam (4epes sdpdpexTusHbI MoMeHT, cM. [26]). Dim-
NTHYecKHe TaJaKTHKH ¢ 3ToH TOYKH 3peHMA MPUHINTHAILHO He
ornuyatoTca ot crmpadeii. Cymvapraa OM ABiAeTCA NIEXTEPOB-
ckoii [8], o eciu BeramcnaTs M B paMKax Momenu B OTAETHHO-
CTH I71A PAs3AUIHBIX MOP]OTOTHYIEeCKHX THIIOB, TO, KOHEYHO 7Ke,
oHa GyneT oT Hee oTanYIaTheA [2].

MacChbl 1 MOMEHTa.
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30BaHWA, KaK W3BECTHO, mafaer. lakmm o0Opazom,
KocMogtorndeckas spomonna ®(M) me Moxker OBITH
npuanHoO# sToro mamenuda. OmHO W3 BO3SMOXKHBIX 00b-
SACHEHWH YMEHBINEHNS CBETUMOCTH KBa3apOB 3aKJIIO-
qaercd B KOCMOJIOTHYECKOW ®BOJIIONME ITapaMerpa 1]
(monM BeleCTBa, peajbHO MOMATAIONIETO B HEHTP HPH
cnuAHuAX)[6].  YMeHBbIIeHHE 7)) HAa KOCMOJOTMYIECKHX
BPEMEHAX MOJKHO CBA3ATh C YMEHBIIEHUEM COIEPIKa-
HUA ra3a B rajakTukax. [leficTBUTEIbHO, TIPU CAUAHUT
B IIEHTD TIONANAET, B OCHOBHOM, a3 [22], a 3a cuer uH-
TEHCHBHOTO 3BE31000PAa30BaAHNA DU KaKIOM CJAUAHUN
€T0 HOJIA, ECTECTBEHHO, MTOJKHA YMEHBIIATHCHA, KAK 9TO
u HabsomaeTca. Bimser Takke »BOJIONNA KOHTPACTA
IJIOTHOCTH TAJAKTHK. PaccMOTpeHHAs BBINE MOJEIb,
B MIPUHIIATIE, B COCTOAHUN OMUCATH HAOIIOTAEMYIO 3BO-
sonuio PC kazapos [10]. TIpu sToM /15 HEIBOIIOIUO-
nupyiorieit @M mosisa BemecTBa 77, MOMABIIETO B TEHTD,
n3MeHAeTca ¢ & 0.12-0.3 mpm 2 &~ 2 mo ~ 0.025-0.043
npu z & 0.5, a cpegnmit Konrpact miaoraoctn 24 B Me-
crax obpasoBaHHA KBa3apoB — oT & 1.4-2.4 npu z & 2
oo &~ 4.5-7.2 pu z ~ 0.5 (3;1ec1> p — cpegHAdA IJIOT-
HocTh Bcenennoit, M — joxanpHasd MJIOTHOCTH Mac-
CBI, 3aKJIIOUEHHOM B raslakTHKax). B ciydae sBOTIONHN
®OM mapamerp 7 Ha OOJBIINX KPACHBIX CMENEHUAX MO-
KeT OBITH 3HAUNTEIBHO BBINIe (CM. obcyKaeHne B [6]).
Yder »IIUHITOHOBCKOTO OT'DAHUYEHUA MPUBOIUT, KaK
MPaBUJIO, K YBEJUYEHUIO 7} M KOHTPACTa TJIOTHOCTH.
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KOCMOJIOTMYECKUE ITEPUOANYHOCTN
B PAJNOCIIEKTPAX KBASAPOB

M.®. Xonauux"

Xapvroscrull HaUUoOHAALHBLY YyHUSepcumem, 2. Xapvkos, Yrpauna

30 okTabpsa 2998 r.

Paccunransr crrektpel momuOCTH Sy (W = 27 /T, e T -miepmomn) 3aBUCHMOCTH CIIEKTPAIBHBIX MHIEKCOB KBA3APOB OT
b
panuansHoil KoopauaatTsel ({0, 2) B COLyTCTBYIOLWIEM IIPOCTPAHCTBE. Y 5 MMKOB YacTOTHL B CHEKTPAX HJIA BBIGOPOK
OIM3KUX ¥ HAEKUX KBA3apOB COBITAIAIOT B MPeNesaX CHEKTPATBHOTO PaspelleHns IPH MapaMeTpe TIOTHOCTH (g =2
it p it pem & pasp p p P

0.15 wm pasaudaroTcA HpU JAPYTUX 3HadeHHAX $2o.

Haun6omee Bbicokme mmkm B S, ia Bcell BHIGOPKHM KBa3apoB

HafilleHBl Ha Tex XKe "acrorax (pemynupoBaHHBIX K {lo = 0) w = 32,71, 159, 204, 244. Ha uacrore w = 159 nepuoxn
(114h_1 Miic) 630K K IE€pUO/LY, BBIABIEHHOMY B PACIpPeNeIe Il TaJIaKTHK.

1. Bsenenue

[MepuonmyarocTs B pacipenesieHUu KBa3apoB MO apry-
merty I(n(l 4 z) 6bna obHapyxena Kapiacconom [1]
mo BeibopKe m3 159 xBazapos. I[losmaee mo Gosbuinm
BeIGopKaM (10 600 obbekToB) B [2-5] Takke GbLIa BBHI-
ABJIEHA NMUKJINIHOCTEH € MEPUOIOM (T o~ 0.2) o TOMY
xKe aprymenty. B paborax [5-7] mepuogmaHocTh 1pO-
CJIEKMBAJIACH W B 9ACTUIHBIX BHIDOPKAX C PA3THIHBIMA
MpefebHBIME BeTnInHaMu V.

B mociennee Bpems KaTaJIOTW KBa3apOB MOIMOJIH -
IOTCA B OCHOBHOM ciiabbiMu obbekTaMu. ABTOPHI 8]
He HaIIIW 3HaYUMON mepmogmvaHoctn ¢ T & 0.2 B BHI-
6opke w3 ~ 2200 xBazapoB. AHAJOTHYHBIN pe3yabTAT
Obl1 noayden gy Beibopku ~ 4200 obbexros B [9],
OTHAKO MU aHAaJM3e YaCTHIHBIX BRIOOPOK OBIITO Halime-
HO, 9TO MEPUONIHOCTh YBEPEHHO BBIABIAETCA ¥ APKHAX
(V < 18.5) u orcyrctByer y cuabeix (V > 18.5) kBa-
3apoB. Takas 3aBUCHMOCTH AMILJIUTYIBI TEPHOLITIHO-
CTH OT APKOCTU KBA3aPOB MPOTUBOPEYUT OObACHEHWIO
ee CeJIeKIMMOHHBIMT > deKTaMn.

C mepuomom 0.2 obHApYKeHBI MEPUOANIHOCTH TAK-
xe B omtmdeckux [10,11] u B pammocBernmoctsax [12]
kBazapos. B pabore [13] npoBoamiics creKTpaJbHbIl
aHaJN3 3aBUCHMOCTH CIEKTPAJBHOTO HHIEKCA KBa3a-
poB a (sp x v~ %) or In(1+%). Belin BRIABIEHB TNKN
Ha CIeKTPe MOITHOCTH Ha JacToTaX w & 33,53, 125,200
(w=2m/T = 27n, tne T- mepuon). IpucyrcrBue Koc-
MOJTOTHYECKUX MEPUOANIHOCTEH B (DUIMIECKUX XapaK-
TEPUCTUKAX KBA3aPOB MPEICTAB/IAET HECOMHEHHBIN WH-
Tepec U 3acyyKuBaer 60jiee NeTaJbHOTO NCCIEIOBAHUA
Ha Dosiee oTHOM Marepuasie. [1Jif BBIABIEHUA KOCMO-
JIOTHIECKUX TEPUOAMIHOCTEH B HacTodAllel pabore mc-

le-mail: edward@astron.kharkov.ua

IIOJB3YETCA METOJ CIEKTPAJBbHOI'O aHaJW3a KaK Bcell
I/ICXO,HHOI71, TaK 1 9YaCTUYIHBIX BI)I60pOK KBa3apoB. OI_[eH—
Ka COBMECTHOI'O BJIMAHW A HepaBHOMepHOCTeﬁ B pacIiipe-
ACJIEHNN KBAa3apOB N CEJICKITMOHHBIX 3(1)(1)CKTOB caeJsiaHa
Ha OCHOBE€ aHaJIM3a CIIEKTPAJIBHOT'O OKHAa.

2. OcHoBHbIe (POPMYJIBI

Apryment nepnoguanoctn [n(1+z) 6611 BBenen Kapi-
cconom [1] gmcro smuupudecku. B dbpummanoBcKux
Momenax BeesleHHOM O6/IM3KoM K HeMy BeJIMINHON ABJIA-
ercs pafuaJibHad KOOPOUHATA B COIYTCTBYIOIIEM IIPO-
crparctBe 7(€2,z). Tlpu GespasMepHON MIOTHOCTH
Q = 0 (Q = p/p.) BHMOAHAETCA PABEHCTBO
r(0,2) = In(1 + z). TlosToMy MMeeT CMBICT B Kade-
CTBe apryMeHTa MNEepUOAUYHOCTH HCIOIb30BaTh BEJIU-
anry 7(Q0,2). Tpm Qp < 1 mpencraBuM BeJHIHHY
7(Q0o, z) B BuzE

x—g 14g
I‘(Qo,z)zln<m q), (1)

rme

x=(1+Q2)Y2, g=(1-0Q)Y2

Paccmorpum mepuonmdeckyto dbyuknuno f(r) mpn
ompeneneHHoM 3uadennn {2y . [lycTs ee wacrora paBHa
w . Ilpu gpyrom sHadeHUM mapamerpa ILIOTHOCTH {2
9acTOTa COOTBETCTBYIOUIETO THKA W' B CIHEKTPe MOII-
HOCTH (DYHKITHH OYIAET OTIMIATHCA OT UCXOIHONW BCIIEI-
CTBUe W3MEHEHUsA CPETHEr0 MacliTaba, IYTo CyIeCTBEH-
HO OCJIOKHAET aHAJN3 CIeKTpoB. [losToMy 9acTOTH B
Hacrosmeit pabore mpuBomunuck K 29 = 0. s sto-
'O BMECTO T HCHOJIB30BAJIOCH MacIITabUpPOBaAHHOE pac-
croanme 77, OMpeneigeMOe C MOMOIIBIO MACIITabHOTO
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MHOXKHUTEJA [
" (Qo,2) = r(No,2)D(Qo), (2)

rae
D(Qo) = 1.5/I‘(Qo, Zl),

r(0,z1) =In(1+2z1) = 1.5.

Bemnanna (2, z) npm mobeix g mpuHEMaeT
dukcuposannbie sHadenna 0 u 1.5 mpu z = 0 u z =
z1 = 3.482 COOTBETCTBEHHO, TO €CTh CpeqHUil MaciTab
paccrogumit " He 3aBUCHT OT {)y. B mHTEpBAT MEKITY
STUMU 3HAYECHUAMHI Z MOMATaeT MOIABJIAIONEE OOITb-
NIMHCTBO KPACHBIX CMEIIEHNH KBa3apoB.

CIeKTp MOITHOCTH PAaCCYUTHIBAJICA KaK KJIacCHde-
ckag nepuogorpamma [lycrepa

N
1 -
S, = W[Z axexp(—iwri)]?, (3)
k=1

rle ap W 7] -CHeKTPAJbHBIN MHIEKC W MacIiTabupo-
BaHHOE PACCTOAHME k-TO KBaszapa COOTBETCTBEHHO.

B pabore ucnonbzoBaca TakkKe METOI, CIETHATE-
HO MpeHA3HAYEHHBIH /1A CIeKTPAIbHOIO aHAJIN3a He-
pPaBHOMEPHBIX PALOB, pa3putThbili Jlambom [14] u yco-
BepinencTBoBanubili Ckapriaom [15]. Pazsnuuus mexmy
CHEKTPAMU MOITHOCTH, PACCINTAHHBIMU STHM METO-
JoM u mo dhopmyre (3) oKasaduCh HeCYIIECTBEHHBI-
MW, TIO9TOMY HUKe TPUBOIATCA PE3YIBTATHI PACIETOB
mo meromy lycrepa. s oleHKW BAMAHUSA HEOTHO-
pomHOCTel B HaO/IOIAEeMOM paclpeleeHIN KBa3apoB
IO PACCTOAHUAM PACCIUTHIBAIOCH CIIEKTPAJIBHOE OKHO
W, takxke 1o dopmyie (3) npn ay = 1.

YPpoBeHb 3HAYMMOCTH THKaA ONPeNeadaicad (HPopMmy-
Joi

P(Xy >x)=1-(1-e )", (4)
roe X = <§W ~HOpPMHUPOBaHHAA CHeKTpaJbHAdA IJIOT-

HOCTB, M- 4mciio He3aBUCHMBIX 9aCTOT B HCCJIeayEeMOM
ANAITa30HE CIIEKTPA.

3. MWcxonmnasa Bbibopka

WUcrounnkom npu popMUPOBAHWE OCHOBHOI BBIOODKH
caty kug Kartasor Bepou-Cerru, Bepon [16], Bkirouaio-
nimii Bce KBa3apbl, W3BecTHBbIe HA OKTAOpL 1991 r. BoI-
Ji 0TOOpaHbl OOBEKTHI C PATUOWIIYIeHeM Ha A = 6 u
1lcm v HamEeXKHO onpeleJeHHBIME 2z, Bcero 906 KBasza-
poB. daaanx o = 0.32, ¢ = 0.54. Tlocne uckatodenna
OOBEKTOB ¢ CHIIBHO YKJIOHAIMECA oy (|(ay — @) >
250) mc z > z B BBOOpPKe ocrasock 894 KBasapa.
Habop crnexrpaibHBIX WHIEKCOB () NPEIBAPUTEIBHO
nenTpupoBajca. Ilpm mapabommdeckol ammpokcmMa-
mAn cpenredi sapucumoct « ot {n(l + z) mo cnocoby
HaWMEHBIINX KBAIPATOB OBIIIO HaliIeHO

a = (0.45+0.09) — (0.18 + 0.25)In(1 + z)+

+(0.01 + 0.16)[In(1 + z)]?. (5)

Kak BuaHO, BeJmumHa TpeHAa MaJja W CPaBHHUMA C
ommbkaMu ero ompemeacHusa. I[lpm pacdere ceKTpoB
MOIIHOCTH TPEeH[, UCKJIIoYaJiCd, TO eCThb W3 3HaYeHuit
CITEKTPAJIBHBIX MHIEKCOB KBa3apOB BHIUMTAJIACEH BEJIH-
quHa «

MHorve pagnoncTOYHUKH TlepeMeHHble. B kaTasore
9acTo MPUBOAATCA BEJIMYNHBI TIOTOKOB Ha ABYX IJIMHAX
BOJIH, UBMEPEHHBIE B Pa3HOE BPeMdA, UYTO NMPUBOJUT K
ommnbKaM B OIleHKaX BeJUIHH « . JIpyroit Bo3aMoKHBII
HCTOYHUK TOTPEITHOCTEH—OTKJIOHEHNE CTIEKTPOB OT CTe-
meHHBIX. OUeBHAHO W MePpEeMEeHHOCTh, W OTJIHIH CIIEK-
TPOB OT CTEIMEHHBIX ¥V OTAEIbHBIX 0OHEKTOB IPUBOIAT K
YBEINYEHNIO JUCTICPCUH 02 B CHEKTPAIBHLIX MHICKCAX
KBa3apoB M K 3aMBIBAHWIO PEATBHBIX TNKOB (eC/IM OHE
€CTh) B CHEKTPAX MOITHOCTI.

Ha crmekTpe MolHOCTH 1714 Beeil BHIGOPKY BBIABJIA-
ercd MUK Ha W3BeCTHOI paHee yacToTe w = 32. Bwuim
[HPOBEIEHBl PACYeThl [PH Pa3IMYHBIX 3HadeHUAX (2.
ITpu wsmenennn ) BbICOTA MHKA S§5 W3MEHAETCH, MO~
crurag Makcumyma mpu 2 = 0.15.

4. CnekTpbl MOIIHOCTU BbIOOPOK
OJIM3KUX U JAJTeKUX KBa3apoB

B obuactu € < 0.6 Gbuin npoBefeHbl Gojiee AeTasb-
Hble pacdersl. ITpnm kaxmom £, dopMmpoBasnch BbI-
Gopkn 6amsknx a (r'™ < 0.75) u namexux b (r™ > 0.75)
KBa3apoB U IJIA HUX PaCCINTHIBAINCH CIIEKTPHI MOIIHO-
CTH.

B6amsu ) = 0.15 Xopollo BHAHO CXOICTBO CIIEK-
TpoB BBIOOPOK a m b. B KadecTBe KpHUTepHms CXOACTBA
BBIOEpeM Koz dutnmeHT Koppesanun R cOeKTpoB S,
as omkHell 1 manbHell 30HBL [Ipn m3MeHeHnn mapa-
Mmerpa £ B cHeKTpax a u b IPOUCXOIUT OTHOCHTEJIb-
HOE CMeIlleHrne MHKOB IO 9acToTe, YTO JOJIKHO IpHBe-
CTH K M3MeHeHHIO KOo>PpHUIIMeHTa KOPPEAANNH CIIeK-
TpoB. KosdduimeHT Koppeaanun JTOCTUTAeT MaKCH-
MaJsbHON Beawaunsl R & 0.67 mpu Q) ~ 0.17 u npu
VAaJEeHIN OT 5TOT0 3HAUEHNA CTAHOBUTCA HE3HATNMBIM.
Tax Kak OCHOBHBIMHE CTPYKTYPHBIMHI 3JIEMEHTAMMI CIIEK-
TPOB MOUIHOCTH ABJAAIOTCA MHKH, MaKCHMaJbHOE 3Ha-
JeHne KoapPUIneHTa KOPPEIANHA COOTBETCTBYeT Hal-
JIYHIIIEMY COBIAIEHUIO IO YacTOTE MUKOB B CIIEKTPax a
n b. Bkioam nukoB Ha WacToTe w A 32 B KOBapHAIIHIO
IpH BRIYUCTEHNT R HesHadIHTeeH, MO3TOMY (hYHKIIIH
SEL(Qg) m R(S) mpw rumorese 6esoro myMa mpakTh-
JecKn He3aBucuMbl. OIHAKO MaKCHUMYMBI 9THX 3aBUCH-
MocTell HabIIomal0TCs MPUMEPHO TIPH OMWHAKOBBIX 2 .
Paccunraem crarucTuky

,_RVN-2 @
- V1-R2

noJiarad, 9To KOJIMYIECTBO TOYEK N B CIIEKTPE MONIIHO-
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CTH PaBHO YUCJIY HE3ABUCUMBIX 9acToT M u ucmospsysa
pacnpenenenne Crbiomenta ¢ v = N — 2 cTeleHAME
cBOBGOMBI, OMPENETUM YPOBHU 3HAYMMOCTH P BEJTUIUH
R upum HyneBoii rumorese (ajbTepHATHBHAA THIOTE3A
R > 0). BeposarHocth caydafiHOro HOABIEHWS Koppe-
namun ¢ R = 0.67 ouenb mama p ~ 107°. Ioapmerne
3HAYUMON KOPPEJIAIUN TPOTHBOPEYNT THIIOTE3E HEJTOTO
NIyMa U ¢ BBICOKOH JOBEPUTEIbHOM BepoaTHOCTBIO 1 —p
MOYKHO YTBEPKIATh, 9TO B HabOpe «j MPUCYTCTBYIOT
MEPUOTUIHOCTH.

B obnacru cnekrpa 270 < w < 600 xosddurment
KODPPEeJIANAY He AOCTUTAET 3SHAYUMBIX 3HAUEHUMN.

B cnekTpax obenx HemepeceKaromuxca BBIOOPOK «
u b BRIABIAIOTCA D TPUMEPHO COBIMAMAININX IO IaCTO-
Te NHWKOB (BKJIOYAA MUK Ha dactore w A& 32). Has
nHabopa 3HadeHuii {2 ObLIM pacCYMTAHBI PA3HOCTH -
(beKTHBHBIX JacToT MHKOB Aw; = wf — w!. B muke mHa
qacToTe w & 32 3aBucuMocTh Aw(£2y) He BHIABIAETCH,
B OCTAJIbHBIX MHKaX Aw; YMEHBIIAIOTCA C YBeJIUIEHIEM
Q1 . Ha puc.1 [17] mokasaHO n3MeHeHWe YaCTOTHI ITH-
Ka ¢ w & 204 B BeIOOpKax ¢ W b TpU ABYX 3HAYEHUAX
Q. Pasnocru Aw; npu ) = 0.15 He npeBBIIAIOT O
equuube Aw/2, rme Aw = 8.4 - crnekTpajbHOe pas-
pemienne. B cliekTpe a BBIIeNAeTcas BOCEMBb MHKOB C
MaKCUMAaJTbHBIMA BesqimauaamMu X > 2, B cieKTpe b Ta-
KX MUKOB YeThipe. Paanm KparkKocTu HA30BEM 9acTOTHI
wd m w? copmamaommmu, ecmm | wf — w? |< Aw/2.
IIycts B crekTpe @ mMeeTcsa m BBIIEJEHHBIX 9acTOT
wd, B CHeKTpe b 9HMCIIO BBIIETCHHBIX 9acTOT w! pab-
HO k, 9WCJIO HE3aBHCHMBIX YacTOT B CHEKTPE PABHO
M . TlpenmosoxXuM, 4TO COBHAMeHHe k BBIIETCHHBIX
9acTOT B CIEKTPax & W b CIy4YaifiHO W OTEHWM BepOAT-
HOCTH TAKOTO coOBITHA. PasmecTmm mocsenoBaTeIbHO
cmydatineiM obpasom k gacTor w? B cmekTpe a. Bepo-
ATHOCTH CJTYyHaffHOTO COBMAIEHNA 9ACTOTH WY C ONHOI
13 9acToT wf ITPH IIePBOM Pa3MelICHNN paBHa 1r , IPH
BTOPOM Da3MeEIIEeHNH OHA COCTABUT J"ﬁ[__ll
BeposatHocts k coBnamenuit 6ymer paBHa
_ S

Clx

1 TaK HaJiee.

P (7)
Hpu n =8 uw k = 5 momyunm p ~ 3 -107*. Ecianm
He YIUTHIBATH YaCTOTY w A 32, y Kotopoit X < 2, To
n=7,k=4mup~ 1073, I'umoresa 6eJoro myma oT-
Bepraercs ¢ JOBEPUTENTBHON BepOATHOCTHIO | — p. DTO
JTaeT OCHOBAHUE C JIOCTATOYHO BBICOKON HAIEKHOCTHIO
CYUTATH, YTO B CIEKTPATBbHBIX WHIEKCAX KBA3APOB MPU-
CYTCTBYIOT MEPHOIMIHOCTH Ha dacToTax m3 Habopa w!
U TIPOHOJIKUTE AeTATBHBIN aHAJINS BHIABIEHHBIX TUKOB.

AHaJOTHYHBI aHAJM3 CHEKTPOB OB TMPOBENEH B
obmact gactor w = 270 — 600, roe BeIMUNHA MepHOTA
ellle Ha MOPANOK MPEBBINIAET MOTPENTHOCTH U3MEPEHUA
z. Ilpm Tex xke KpuTepuax oTOOpa He BBIABIEHO HU
OITHOTO CJIydas COBHAIEHMA JacTOT MUKOB B CIIEKTPAX
BBIOOPOK a U b.

IMTpu 3anannoM ) OTHOIIEHKE MACIITAOOB B OJIM K-
Hell u majbHell 30HaX OyHeT OnpeneaThca OTHOIIEHHEM

qacToT

j=n
[’
&

wi
ul:_a:]'_
Wi

(8)

Hnsa nabopa suadennit Q) mo Beauwannam Aw; (tabm.l)
GBLTH BEIYHCIIEHBI OTHOLIEHNA MaciiTabos w; (§2f). Has
YeTBIpex MUKOB ¢ w > 60, Yy KOTOPBIX BHIABJIEHHBI 3aBH-
cumoctt Aw; (§2)), OBLAN paccInUTaHBl CpelHeB3BeleH-
Hble 3HadYeHnsa 4(£2)), TpUIeM Beca TPHHUMAIIHCE TTPO-
MOPIHOHATBEHBEIMI KBaJIpaTy 9acTOTHI.

Haiinem oraotrenne macimrabos u(§2g, £2)) mpu Guk-
cupoBaHHOM {Jg W mpomsBoibHOM (). BbiGepem Ha
JIyde 3peHUA TPH TOYKH ¢, C W b C COOTBETCTBYOIAMHE
KPacHBIME CMEIEHNAMHA 24 < Z. < 2zp. lorma pyHKIAA
u(Q0, ) Oymer paBHa

P(Q6a ZC) — I‘(Qi), Za)

I‘( 6’ Zb) - I‘(Q6, ZC) .

r(Qo, zb) — r(Qo, zc)
r(Qo, zc) — r(Qo, Za) (9)

OueBnnno, npu ) =y u(Qo, Q) = 1. Bennun-
HBI 24 W Zp OOJIZKHBI OMPENETATH 3(PPeKTUBHBIE TDAHU-
B B PACIpeesIeHnr KBAa3apoOB MO paccTodumam. [lasa
UX OTpeeNIeHn A PACCMOTPUM pachpenesenrne 00beKTOBR
no r = In(l + z). Tpanuma MexIy GIUSKHUMHI U Jaje-
KMMH KBa3apaMn cooTBeTcTByeT 7. = In(l142z.) = 0.75.
Breraucsinm cpentee paccrosrune OMUSKUX Ty U HAJTEKHX
Tp KBa3apOB W OMpenesinM >(pdeKTUBHBIE TDAHUIHI Ty
U T} COTVIACHO COOTHOIIEHUAM

u(QOa Q()) =

Ya =Trc— 2(rc —Ta)

(10a)

b =Trc+ 2(Tp —re) (10b)

COOTBCTCTByIOH_[I/Ie KpacCHBbIE CME€IIEHNA COCTaBUJIN:
za = 0.28, 2o = 1.12, 2, = 2.56.

Komeuno, omnmcaHHas Tpolemypa ITO3BOJIAET OIpeme-
JIUTH TOJILKO TMPHOJINKEeHHBIE 3HAYeHNA, OTHAKO BBICO-
KOJi TOUHOCTH 37ech He Tpebyercs, Tak Kak u({2g, 1))
olpeeNnAeTcs W3MEHEHIeM OTHONIEHNA JIJTHH OTPE3KOB
B sasucumoctn or £. IMombupas suadenne {ly, MOXK-
HO COBMECTHTH TeODeTHUeCKylo KpuByio ({2, 2)) ¢
HaOMOAeHHOM 3aBrcuMocThIo 4 (§))) HamIy<mmM obpa-
som. Takoe copmernenmne mocturaerca mpu 29 = 0.16
(puc.2 [17]). Xopouree cormacue 3aBucuMocTeii Teope-
THYecKOl W HaleHHOHW 110 OTHOWIEHUIO YacTOT IO3BO-

JigeT caesiaTh ONEHKY 2o = 0.161’8:83.

5. CnoekTp MOIIHOCTH BbIOOPKH BCeX
KBa3apoB

Haubostee BbICOKHE KM B CIIEKTPe BCell BRIOOPKH KBa-
3apoB (TPH B BBICOKOUACTOTHOW U MBa B HI3KOYACTOT-
HOJ 06JIacTH) PACHONOKEHBl B T€X ke TaCTOTHBIX WH-
TepBaJiax, UYTO W b MHUKOB B CHEKTpax BBHIOOPOK a U b
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(w2 32,71,159,204,244). YpoBeHb 3HAYNMOCTH HAH-
6oJlee BBICOKOTO NMHKa Ha dacToTe w & 204 mpwm ru-
noTese Gesioro myma coriacHo (6a) cocrasaser 0.05.
BeposaTHocTs cygalinoro mosBieHHA B CIEKTPE IBYX
nukoB Ha actotax 200 m 204 mpum X > 6.2 He mpeBoc-
xomut 0.01. JInsa nukoB Ha 9acToTax w & 71 m w & 159
YPOBEeHBb 3HAYMMOCTH OYeHb HU3Kwmit. [l nuka Ha us-
BecTHOH paHee WacToTe w A 32 mpum M = 1 mHailimem
p = 0.07. Hwuskme ypoBHW 3HAYUMOCTH TOJIYIAIOTCH
BCJIENICTBHE CJIaDOCTH CUTHAJA. Brillle mpu cpaBHEHUH
CIEKTPOB BHIOOPOK OIM3KUX U JAJEKAX KBA3APOB YPOB-
HU 3HAYUMOCTHU TIPU BBIABJIEHUH MEPHOIUIHOCTEN OKa-
3aJIICh TOpasao BhIIe: p A 1073 10=%. 9Dro mo-
Ka3bIBAET, UTO TP AeTeKTHPOBAHUN CJa0BIX CHTHAJIOB
BTOpOil Merom GoJiee apdekTHBEH.

MagkcumasbHble BEJIUIUHBI CIIEKTPAJIBHON MIOTHO-
cti B 0DJIacTH THUKOB CHJIBHO W3MEHAIOTCA B 3aBH-
cumoct or £}). 3HadeHma £, TPH KOTOPHIX 1O-
CTUTAKTCA MaKCHMaJbHBIe S5, B MHKaX Ha 9acTOTax
w > 100, ypepemHo ompenensiorca. Hesapucumbie
OTEHKW MapaMeTpa IJIOTHOCTH IO 3TUM ITHKAM COCTa-
Buan 0.14,0.17,0.18. Ocpemuss, momyunm 2y & 0.16.

6. Buausuue HeomHopomHOCTell B
pacripeie/ieHUU KBa3apoB

Crextp momtHOCTH S, HABJIAETCA CBEPTKON MCTHHHO-
o CHeKTpa paAfa ok C CHEKTPOM MOIIHOCTH pacipe-
JeJIeHUs KBa3apoB MO PAcCCTOAHHAM (CIEKTPATBHBIM
oKHOM). 7 OIEHKN BJINAHWUA CHEKTPAJIBHOTO OKHA
CHadYaJIa PACCMOTPUM TMpocTefimuii cayvait (mpu orcyT-
CTBUE 1IyMa), KOTZa TOJBKO OIMH NHK HPUCYTCTBYET
B MCTHHHOM CIeKTpe SO Ha 9acToTe Wy C MOIIHOCTBIO
S0 (wo) m B cekTpe okHa W, , KpoMme muka mpn w = 0
(W(0) = 1 mo ompeneseHUIO) MPUCYTCTBYIOT N THKOB
Ha YacTorTaX & = w; ¢ MomHocThio W(w;). IlIpen-
CTaBUB CTEKTphl MouHocTn SO m W, Kak KBaipaThbl
COOTBETCTBYIONINX CIIeKTPoB Pyphe, paccunTaeM CBEPT-
Ky 3THX cliekTpoB Pyphbe COTTACHO METOINKE, ONMMCAH-
Holt B [22], KBagpar KOTODOH openeauT HabJIogaeMblil
CHEeKTP MoIHOCTH S, . B obsacTu mosoKHUTeTbHBIX
9acToT B criekTpe S, OYIeT MPHCYyTCTBOBATH OCHOBHOM
UK TIPH W = Wwg C MOIIHOCTBIO S, = SO 1 2n BTOpUY-
HBIX MHKOB Ha YacToTaX |wp £ wj | ¢ MOIIHOCTBIO

Sw = S°(wo) - W (w;). (11)

IIpn W(w;) ~ 1, 4ro dacTo BeTpedaercs NPH aHAJH-
3€ MEePEMEHHOCTH 3Be3[, BTOPUIHBIE MUKKA MOTYT OBITH
CPAaBHUMHI 1T0 BBICOTE C OCHOBHBIM ITHKOM.

s mostHot BBEIGOPKY ipw w = 0 W, =1, pn
w > 6 peaumumaa W, mHe mpeBocxomuT 0.01. IloaTomy
B HallleM cjiydae .S, BTOPUYHBIX MHUKOB, BOSHUKAIOIINX
IpH HHTepQePeHINE Ha JacToTax | wy £w; |, Mo Besn-
UWHe OKAa3bIBAIOTCA HA JIBA MOPANKA MeHBbIe BeJTMIMH
S, OCHOBHBIX MHKOB. DT BBIBOIBI OBLJIN MOATBED K IE-

HBI P IUCJIEHHBIX 9KCIEPUMEHTAX.

Kak cienyer w3 mpoOBeIeHHOTO BHIIE aHAIN3A, BIIH-
AHME CIEKTPAJBHOTO OKHA B HAIIEM CJIyYae MaJio W UM
MOIKHO TpeHebpedhb Mo KpaliHell Mepe B MepBOM IpH-
U KEHNH.

CrekTpaJibHOE OKHO OINpEHeNAeTCs HEOTHOPOIHO-
CTAMHU B TMPOCTPAHCTBEHHOM DPACIPENeJIEHNN KBAa3apOB
u ceJeKIMMOHHbBIME 3] dexramu. Bimsanwne HeomHOPOI-
HOCTEH MOYKHO YMEHBIINTh, TPOU3BOIA OCPEIHEHHE IO
HampaBjaeHuaM. g uckmodenns »hdekToB ceek-
muu oTbopa CIEIyeT HCIOJIB30BATH MOJHBIE BBIOODKH
obbekroB. Ilpenmomoxum, ¥To OYIET CO3HAH IMOJ-
HBIH KaTajor, cBOGOMHBIN OT 3(heKTOB celeKuu TpU
OTKPBITUH KBa3zapoB. [lpu 3TOM HEOTHOPOIHOCTH B
pachpemeleHn KBa3apOB MO PACCTOAHWAM OYEBHIHO
B 3TOM KaTaJiore MOTYT NpPHUCYTCTBOBaTh. IlosTomy,
MpU CIEKTPAIBHOM aHaJju3e MOJTHON BBHIDODKHU OIEHKA
BJAUAHUA CIEKTPAJIBHOIO OKHA HA CIEKTDP MOIIHOCTH He
MeHee BajKHAa, YeM Ipu paboTe ¢ HEMOJIHBIMEU BHIODOPKa-
MH.

7. 3akamodenue

AHaJu3 CIeKTPOB MOITHOCTH 3aBUCAMOCTH CIEKTPATh-
HBIX HHIEKCOB KBa3apoB OT PacCTOAHWA B BBIOODKAX
OAUKHUX W JaJbHUX KBa3apOB IO3BOJIMJI BBIABUTH
KOCMOJTOTHIECKUE MEPUOMNIHOCTH HA D 9acToTax MpH
ypoBHe sHaumMocTH ~ 1073, Hammydimee coBmameHme
9acTOT TUKOB B CIEKTPaX 3TUX BHIOOPOK Hab/omaeTcs
IpH TapaMmeTpe MIOTHOCTH 2y = 0.161’8:83. Koad-
bUIHERT KOpPpeIANun CHeKTpoB BBIGOpPOK (a) u (b)),
00y CJIOBIIEHHON COBTAEHIEM YACTOT MUKOB, TOCTUTAET
MaKcuMaJbHOro 3Hadennd R = 0.67 sOmausu Qp = 0.17
IpH ypoBHE 3HaImMocTH ~ 107%.

MeTomoMm MakCHMWU3AIUN MUKOB HA KaXIo#h w3 da-
CTOT B CHEKTPe S, IJif MOJIHON BRIOOPKHT ClesiaHo b He-
3aBUCHMBIX OTIEHOK (¢, OKa3aBUINXCA OJIMIKIME 110 Be-
guuanne. [lo HEM MOIYy9eHO CPEMHEB3BENIEHHOE 3HAYE-
ane 2o &~ 0.16. CaemaHbl OIeHKY BIWAHIA CIIEKTPATIb-
HOTO OKHa, ONPENeIAeMOr0 paclpeleeHeM KBa3apoB
O PACCTOAHUAM, HA CIHEKTDP MOIIHOCTH S, . ITHM
BAUAHUEM, IO KpaliHeil Mepe B IepBOM MPUOJINKEHUN,
MOKHO TIpeHEOPEUD.

B pabore [14] cnesanbl OlleHKH HapaMeTpa MI0THO-
CTH TIPU aHAJU3€ PACIOJIOKEHNA MUKOB B Paclpeesie-
HUU KBa3apoB 1o paccrogauam (Qp = 0.28 +£0.14) u
IpH aHAJW3€e COEKTPOB MOIIMHOCTH 3TOTO PacIpemesie-
s (0.1 < Qg < 0.6).

HesaBucumbie TecThl Ajis OMpemesieHUs TapaMerpa
IJIOTHOCTH TPH aHAJIW3e KOCMOJIOTHYECKUX TTEPUOTTY-
HOCTeli TPUBOMAT K COBHANAIONNM B TpeHesax OIIu-
60k ormenkam {2y < 1. DTO COOTBETCTBYET OTKPBITOMY
Mupy B HmpeAmnosioKeHnn, IYTO KOCMOJOTHIECKHH dJIeH
A=0.

[lepuomwanOoCTH B CBETHMOCTAX W CHEKTPAJTBHBIX
HHIEKCAX KBA3aPOB MOKHO 000BIUTE KaK KOCMOJIOTH-
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JecKHe MEPUOANIHOCTH B CIIEKTPaxX KBazapos. llepmo-
JWYHOCTH B PACIpeesIeHNH KBa3apOB 0 PACCTOAHUAM,
coryIacHo [7], MOABJIAIOTCS BCJICACTBYE ePUOANIHOCTET
B CBETHMOCTAX KBa3apOB.

OnHolt U3 IPUYMH BO3PACTAHWA AKTHUBHOCTH KBa3a-
POB MOKET CJIyKUTh BO3NEWCTBIE COCETHUX TaJIAKTUK.
CrarucTuka WCTOYHUKOB B AIpaX TaJaKTHK TOKa3bi-
BAET, UTO €CTh KOPPEJANUA PATUOWIIYIEHUA C UJIEeH-
CTBOM aKTHUBHON raJlaKTHKHU B IPYIITE U B CKOTIJIEHUH
[19]. Koppessiuus u3jiydeHus ¢ IPUCYTCTBHEM OAHOIO
cocelia CHITbHEe, 9eM HECKOJIBKUX. BaumaHue okpyike-
HUS HAa aKTHBHOCTH OOBITHO O&bCHAeTCA: 1) yBenmde-
HUEM BEPOATHOCTH TIEPEHOCA MACCHI M3 OKPYKEHHA B
AKTHBHYIO TaJaKTHKY, 2) WHAIYINHPOBAHWEM TPHJIHB-
HBIME BO3MYIIEHUAMHI TeYeHUS Ta3a BHYTPb TaJlaKTH-
K. MOXHO TPEMMOIOKNATh, UTO COCEOHUE TaTaKTUKU
TaKKe MHATHAPYOT aKTHBHOCTH KBa3apa U eCJIl B pac-
MpeNesIeHAN TaJaKTHK MPUCYTCTBYET TMEPUOLIMIHOCTD,
TO CJIeyeT OXKUOATh W MEPUOIUIHOCTH B aKTHBHOCTH
KBa3apoB.

ITpu raybokux obzopax rajakTHK Ha HeOOJBIINX
mrommaakax Heba (~ 0.3°) Gblia BBIABICHA MEPHOTAI-
HOCTB B pacnpenesenuu rajgaktuk [20]. B nanpassienuu
000X TATAKTHIECKHX TIOJTIOCOB CPEIHUN MEPUOT B pac-
MpeNeNIeHAN TAJTAKTHK IO KPACHBIM CMEIEHNAM COCTa-
Busl Az & 0.041 mam mo paccrogrmaMm ~ 128h~1 Mmc
(rme h &~ 0.5—1 paBHO COBpEMEHHOMY 3HAUEHWIO TOCTO-
sauHolt Xabbma B emuaunax 100 kM/cex/Mmc). Kore-
PEHTHOCTH OCIIAJIIAIII MTPOCTPAHCTBEHHON MJIOTHOCTH
raJakTuK coXpaHdeTcd Ha Macimrabe ~ 1800h~! Mmc.
B nByx mpyrux modTwm OpTOrOHAJBHBIX HAIPABJIEHUAX
BBIABJIEHBI TepuoAnl 110 u 140h~ ! Mmc. Haubomee ger-
KO MepUOAMYHOCTH TposBisaoTes npu 2y ~ 0.1 [21].
Apropsl [22] HpULLIK K BBIBOLY, YTO UX DE3YJILTATHI HC-
CJIENOBAHU S KOPPETANNOHHONW (DYHKINN O KATaJIoramM
raJJaKTUK, CKOIJIEHUH U CYMEPCKOIJIEHUH HAXOMATCA B
XopolieM coryiacuu ¢ pesyiabraramu [20].

Ha gacrore w = 159 mpu €y ~ 0.16 u npu Magbix
Z TEePHUOM B CIHEKTPATBHBIX HHIEKCAX KBAa3apPOB pDaBeH
~ 114h=1 Muc [23]. Takue Ke OIEHKH IOJIydaloTCs
MpH aHaJu3e CIEKTPOB MOIIHOCTH 3aBUCHMOCTH CITEK-
TPaJbHBIX HWHIEKCOB KBA3apOB OT WX METPUIECKUX Pac-
crosumuii (proper distance) B obnactn z < 0.5. Kax
BUIHO, BBIABJIEHHBI B aKTHBHOCTH KBa3apOB MEPHO
moTaIaeT B MHTEPBAJ EPUOAOB, OOHADY JKEHHBIX B pac-
MpeNesieHnn TaJakTuK. BO3MOKHO 3/1eCh TPOABIAETCA
BANAHUE COCETHUX TAJIAKTHK HA aKTUBHOCTH KBAa3apOB,
TaK KaK B 00J1aCTAX ¢ MOBBINIEHHON MPOCTpaHCTBEHHOM
MJIOTHOCTHIO TAJAKTHK BEPOATHOCTH WX OJIM3KOTO CO-
CEeNICTBA C KBa3apaMU BO3PACTAET.
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APXEOJIOTNYECKAHA PABBEIKA JIVHBI

A.B. Apxunos!

Hremumym paduoacmpornomuu HAH Yipaunw, ya. Kpacnoswamernwas, 4, 61002 Xapvros, Yrpauna

30 okTabpsa 1998 r.

KpaTKO M3JI0ZKEHBI OCHOBHBIE PE3YyJIbTaThl apxeonornquKoﬁ pa3sBeIKM ﬂyHbI, BIIEPBBIC BBITIOJTHEHHOM aBTOPOM IIO

MarepuagaMm opbuTadbHON cheMku ciuyTHuKa ¢ 6opra KA ”"Kiementuaa”. OmmcaHbl OpUTHHAIBHBIE METOMBI KOM-

MBIOTEPHOTO TIONCKA ¥ 00pabOTKN m300pakeHnil aHOMANBHBIX OeTasell JTYHHOI MoBepXHOCTH. BhiACHeHO, UTO Ha

Jywe nmerorca pymHOonoGHbIE hOPMAITHNI TPAMOYTOIBHBIX OUEPTAHNIN, KOTOPBIe HE UMEIOT 3aMETHON CBA3H C TeOo-

JIOTHYIEeCKMMUI JIMHeaMeHTaMI Opr)KaIOH_[ef‘I MECTHOCTH, 11O (bpaKTaJIbHI)IM CcBOMICTBAM OTJIMYAIOTCA OT €CTECTBEHHOTO

poHa u GIM3KM K apXeoJornIecKuM obbeKTaM 3eMJIH.

1. Bsenenue

JlyHa 3aHUMAaeT CTPATErHYECKOe MOJIOKEHUE B OKOJIO-
3€MHOM IMPOCTPAHCTBE U 06JIalaeT HU3KOU CKOPOCTBIO
spo3un moBepxHOCTU. [losTOMY HaIl CIYTHUK CrocobeH
UTpaTh POJb aTTPaKTOpa W aKKyMyJasTopa apredak-
ToB [1, 2]. Hanuuwe y 3emMyu yHUKAJIBHONU KHUCIODOI-
HO# arMocdepsl - pe3yabTaTa CyllecTBOBaHUA Ouocde-
PBI - CIOCODHO TMPWBJIEYL BHUMAHIE BHE3EMHBIX ITHBU-
Jausanuii w3 Apyrux miaHeTHBIX cucTeM. COOTBETCTBEH-
HO, JIyHa ABJAETCA MHOANKATOPOM HHTEPECA BHEIEMHBIX
MUBUAN3ANNAN K 3eMJje Ha MPOTAKEHWe MOCHETHuX 4
MUJIJTAAPIOB JIET.

CocrogHame 3TOr0 WHAUKATOPA HEOOXOMMMO BBIAC-
HUTh HE3G6UCUMO 0m pe3yavmama. Benb pelreHune
»Toll 3aaYn BaXKHO He TOJBKO i (pyHIaMeHTaIbHON
HAYKW, HO U C TOYKHW 3PEHUA KOCMUYIECKON TMOJUTHKH
U HAIMOHAJBHON OesomacHocTu. Tem He MeHee cejieHO-
JIOTH He PEIlafoTca [ajKe CTABUTH TaKYIO 3aI1ady, UTO
00bACHAETCA WX MPOQECCHOHANBHONW OpHUeHTannell Ha
HCCIIETOBAHIE JINIIb €CTECTBEHHBIX 00pa30BaHMil 1 TPO-
meccoB. B cBoio odepenp MpakKTHKa apXeOJIOTHH OTpa-
HUYeHAa paMKaMU TOJbKO Hallell mianers. [lo-cytwm,
JIO CHX TIOP apXeoJiorus He 3aTPoHyTa peBosriorueii [Ko-
MEPHUKA W OCTAETCA HA TEOTEHTPIHIECKUX TMO3UNMuax. B
pesyJsibTare CJIOXKUIACH TapadoKCcaJbHAA CHTyallud —
qyKHe cJaenpl Ha JIyHe He WILYyT MOTOMY YTO HUYETO HE
HalieHo, a He HalIeHO MOTOMY YTO HE WIILYT.

[MomeITKE pazopBaTh 3TOT MOPOYHBIH KPYT IPEITPU-
HUMAJINCh JIWIIb B TOMyJaApHOW mpecce. Ho wHeommo-
KpaTHBbIe CEHCAIHOHHBIE COODIeHNA 00 ODHApYy KeHUH
“pyun” na JlyHe OTHOCWIINCEH JUIIb K €IMHUIHBIM Ha-
XOJIKaM HEPEIKO COMHUTETBHON HOCTOBEPHOCTH M ABHO
MpPeaB3ATON MHTEpIpeTAINH.

WcnpaBurh ToMOXKeHNe TPU3BAH JaCTHBIN MPOEKT,
ocylecTBAAeMBI aBTopoM ¢ 1992 roma. Hecmorpsa Ha

le-mail: rai@ira.kharkov.ua

OTCYTCTBHE TeJleBoro (pMHAHCHPOBAaHMA, YJAJOCh OITy-
6auKOBaTh P TeopeTndeckux pador (Hampumep, [1,2])
O JIYHHOH apXeoJOorMh W HPHCTYIUTh K CHCTeMaTHde-
CKHM TIOMCKaM MepPCIIeKTHBHBIX 0OhEeKTOB [IJIs JaJIbHeil-
mux uccaegosannii Ha Jlyne [3,4]. Huxe wsaoxeHb
HEKOTOPBIE Pe3yJIbTAThl 3TOi paboTHI.

2. Ilouck pyuHONogoOHBIX 00HEKTOB
Ha JIyHe

B ocHoBy apxeosiormueckoil paspenku JIyHB pasyMHO
OJIOKUTEH OIBLIT BO3AYIIHON apxeosorun 3emyn. Tax
b. B. Augpuanos ormedaer: “Ilepexond K ocBeleHMIO
BOIIPOCOB HeIlndPUPOBAHUA aPXEOJOIHIECKUX MaMIaT-
HUKOB, CJIEAyeT 3aMeTHTh, YTO OCHOBHBIM IeMAaCKHPY-
IOLIAM IPU3HAKOM O00beKTa, MPOUCXOKICHUE KOTOPBIX
Ha MECTHOCTH 00fg3aHO JeATeJLHOCTH 4ejoBeKa, ABJIA-
ercs (3a HeGOIBIINM NCKITIOUEHHEM ) NX T€OMETPHIECKH
npaBuibHas Kouduryparua” [5, ¢. 29].

3eMHBIE CTPOEHWHA, KaK MPABHUIIO, UMEIOT B ILIa-
He BUJ, MPAMOYTOJBHBIX pemreroK. CriemoBaTeibHO U
TIpH apxeoJoTndecKolt paspenke JIyHBI clenyer ncKaTh
MOMOOHBIE CTPYKTYPBI, TOKPBITBHIE CJIOEM TPYHTA 1A
3alUThl OT MOHUBUPYIOUUX W3JyUYeHU#l W MeTeopomu-
0B, KaK MPedyCMOTPEHO COBPEMEHHBIMH ITPOEKTaMM
Jgyuuo#t Oaspl. Jlaike mepBOHAYAJNBHO HEMOKPBITHIE
TPYHTOM KOHCTPYKIIMH 3a MHUJIJIUAP JeT 1Moj deficTBH-
€M MeTeOPOUIOB OBLIN OBl CKPBITHI CJOEM PETOJIUTA
romumaOf ~3 M. I[losTomy mHambosiee mepcreKTHB-
HBIM TIPEACTaBIAeTCA MONCK HU3KOKOHTPACTHBIX Npi-
MOYTOJIBHBIX PEHIETOK M3 HU3KUX BaJOB W MEJIKHX Je-
npeccuii, CBUAETEJBCTBYIOMINX O CYIIECTBOBAHWM IIOJ,
CJTOEM PEeTOJINTA TOMMHUHON ~ 10 M CTPYKTYDP TpaBUIhb-
HBEIX oduepranuit. Kpome Toro, BO3MOXKHBEI HAXOMKHU
3POIMPOBAHHBIX KapbepoB, MOCKOIBKY Kaphephbl CUNTa-
OTCA HeOOXOINM 3JIEMEHTOM JIYHHOW 6asbl, HYKIAK0-
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nielica B HOOBIYe M3 PEroJimTa KHUCIOPOIa U BOIOPOLA
718 KIsHeobecHeueHmd IepcoHata, “He m *H ana
TEPMOANEPHBIX PEAKTOPOB.

IMouck ocyurecTBaAACA MO CHUMKAM JyHHON TO-
BEPXHOCTH, TOJIYIYEHHBIX KaMepoll BBICOKOTO paspelire-
must (HIRES) ¢ 6opra aBroMaTn9ecKo MeXIIaHeTHOM
craanun Clementine B X0me COBMECTHOTO KCIIEPUMEHTA
Munucrepcrsa oboponst CIITA w HACA. C 19 derpa-
ad 1o 3 Mag 1994 r. craHmuA BBINOJHUJIA [VI00AJIBLHOE
xaptupoBanue JIyuer ¢ Beicorsr 400-2940 km. CHEUMKEH
kamepsl HIRES nMeror MakcnmasabHOe pasperierne (9-
30 M), u onmybamKoBaHsl B mudposom Bue [6]. Omraxo
Ha »TUX CHUMKAaX pesibed MOBEPXHOCTH JOCTYIIEH 1A
U3ydeHUsA JIUIIb B TMOJAPHBIX O0OJIACTAX, TIOe TeHH KOH-
TpacTUpyoT HeboJbline mepenaibl BuICOT. [losTomy
MOUCK OBIJI OTpaHWYeH MOJAPHBIMHU 30HAMH BILIOTH IO
napaJiieneit =759,

Jl71s1 aBTOMATHYecKOTo 0TOOpa MEPCIEKTUBHBIX H30-
6paxeHumit u3 HOJBIIOTO YUC/IA CHUMKOB B YKa3aHHBIX
soHax (~80 Thic.) ObLIN paspaboTaHbl OPUTTHAIBHBIE
AJITOPUTMBI, KPATKO ONMCAHHBIE HITKE.

PAMOYTOJIBHEI TECT. Cpapumsaerca sp-
KOCTh “OmopHOro” m “mpobHOro” mmKcesoB m300pake-
aug. “IlpoCueiii” mwKces BBIOHMpaercs Ha yIaJE€HUU
6 mmKces 0B OT “OMOPHOTO” HA MO3WIHMOHHOM YTJIE
OTHOCHUTEJIBHO TOPU3OHTAIBHON CTPOKH HW300pakKeHus.
[ToBTOpss 5Ty omepanuio Mo BceMy H300paXKEHUIO 11
Pa3HBIX (©, BEIYUCAAETCA BEPOATHOCTD COBIAIEHU AP~
KOCTH B IBYX TOUKaX KakK (DyHKIHA MOSUITHOHHOTO YIJIa
- W(p). Makcumy™mbl »Tofi (bYHKINE COOTBETCTBYIOT
MPEUMYIIECTBEHHBIM OPUEHTAINAM JIMHEAMEHTOB M30-
b6paxenuns. Jiada KOPPEKIMN WCKaKeHH# BHOCHMBIX,
HATpUMep, abeppanumaMn obbeKTHBa Kamepsl, W(y)
JIeJTIITACh Ha CPeHee 3HAUEHNE 3Tol Ke (PYHKIUU, Bhi-
YUCJIEHHOW TI0 MHOXKECTBY CHHUMKOB. M3obpaxkenue
CYUTAJIOCH 3aC/IyKUBAIONUM BHUMAHUA, €CJIW TPH Ca-
MBIX BBICOKHX TuKa W({) COOTBETCTBOBAIN B3aHMO-
HePIEHANKYIAPHBIM HaNPaBIeHHAM (C TOYHOCTBIO 11O
10 rpamycos).

OPAKTAJIBHBEIN TECT. PpakTaJabHBIT  MeTO,
MOMCKA MCKYCCTBEHHBIX OOBEKTOB Ha MJIaHETaX IIPE-
goxumm M.J.Carlotto m M.C.Stein [7]. K coxare-
HUIO, WX AJTOPUTM PEIyCMATPUBAET OUYeHb OOIBUIONH
00beM BBIYHC/IEHUN W MO3TOMY CJAUIMIKOM MEITHTEEH
myis 0030pa MHOTHX ThICAY W30Opakenwmit. Bor mowve-
My 6Bl paspaboran 6ojiee rpyObIif, HO OBICTpBIN aJ-
roputM. PpakTaJbHBE CBOWCTBA M300paKEHNA MOTYT
GuiTh omucanbl dbynknneil M(r), Koropas OBICTPO BBI-
qUCIAAETCA KaK paclpeleeHne DPACCTOAHUH T MeXKIY
MUHEMYMaM# APKOCTH B CTPOKe m3obpaxenus. Kak
MpaBUJIO, HA [JIMHHBIX IMTKAJaX 3Ty (PYHKIUO MOIKHO
ANMPOKCIMHUPOBaTh (bpaKTaTbHBIM 3akoHOM: M(r) ~
rv. OBBIYHO HUCKYCCTBEHHBIE OOBEKTH HECAMOITOIOOHBI
O CTPYKTYpe, Mo3TOMY (paKkTajbl - IJIOXHE MOIETH
JIJId UCKYCCTBEHHBIX 00bekTOB. (CileqoBaTesibHO, ap-
TedpaKTHl TOJKHBI YBEJUIUBATH HEBAIKH JIHMHEHHON
perpeccun In M(r) mo In r. Kommbiorep BBIYHCITA-

eT K03(MPUIUEHTH PETPECCHN METOIOM HAWMEHBIINX
KBaJPATOB U €€ CPEIHIOK KBAAPATHIHYIO HEBA3KY B
KaKJIOM W3 [IBEHAIATH PABHBIX JacTell n3obpaxkeHus.
CHIMOK CYNTaeTCA WHTEPECHBIM, TPU OTKJIOHEHWUW He-
BA3SKHW OT CPENIHEr0 3HAYEHWS TIPHU YPOBHE 3HAYUMOCTH
> 0,95, BerunciaeHHOMy 10 KpuTepmio CTHIOIEHTA.

WN30bpakenns, BeIIEpKABIINE BBIIEOTACAHHBIE Te-
CTHI, AHAJU3UPOBAJNCH BU3YAJBHO C IEJBI0 OTCEMBa-
HuA JTOKHBIX cpabarsiBanuii. [Ipu sTroM mcnombzoBa-
ca SAAM-recr.

SAAM-TECT nosBossgeT moKasaTh maxke Mpeae/ib-
HO HI3KOKOHTPACTHBIE [TeTaji W300paKeHus CTOJb XKe
YeTKUME KaK u Tiyboxkme tenu. Ilpm sTom msobpa-
JKeHMEe CIUIaXKWBAETCH B CKOJIB3AINIEM OKHE DPAINyCcOM
I W BBIUYMTAETCA W3 WCXOHHOTO m3obpawxenus. Jlao-
HBI TUKCceJ W30OpaiKeHWs camraercsa “OesibiM”, ecyiu
OH fApdYe CIVIAXKEHHOTO YPOBHA, WM “YepHBIM’ B IIPO-
THBHOM cJjiydae. B pesysbrare MoydaeTcs MPeaeabHO
KOHTPACTHOe m300pazKeHne, Ha KOTOPOM HMOTIEPKHY THI
OOBEKTHI, CPABHUMBIE C OKHOM CIVIAXKUBAHUA.

K macrosmemy BpeMeHu ymajioch obpaborarh OKO-
JIO 9eTBEPTH 3alJIaHNPOBAHHOTO 4ncja cHUMKOB. (O6-
pabotana ciydaiinas Beibopka 20 KOMIAKT-IUCKOB U3
88 mwnm mopanka 20 teic. m30bpaxenuti. MuTepecHbiMu
couarennl 86 canmroB Kamepsl HIRES.

3. AHaau3 HaxXoooK

BrisaBieHHbBIe HEOOBIUHBIE OETATN JTYHHON MOBEPXHOCTH
YMECTHO Ha3BIBATH PYUHOMOLOOHBIME (OPMATMAMA,
MTOCKOJIBKY OHHU HABJIAIOTCA MPAMOYTOJIBHBIMEA Y30pa-
MH U3 HIH3KIX BaJIOB JUOO AEMPECCHil MPAMOYTOIBHBIX
odepraHumil. DTHU 3JeMEHTHI BCTPEYAIOTCA KOMITAKTHBI-
mu rpynmamu nonepedrukoM (,8-10 kM. WHorma onm
00pa3yoT KBA3M3aMKHYTBIE KOHTYDPHI M HAIOMUHAIOT
a3pOoPOTOCHUMKN 3€MHBIX aPXEOJOTHIECKAX OOBEKTOB
(puc.1). Pacnomaratorcs pynHOIOTOOHBIE opMaIum,
KaK [MpaBUJIO, Ha MeXXKPaTepHOM IIPOCTpaHCcTBe. B Ha-
YVUHOI JIUTeparype TPaKTHIeCKH HE ONUCAHHI.

ITpu anamuze cammka “T'opoma” m “Jluma” wa Map-
ce U. ®ubar [8] cumran, 910 ecam Te IpeaNosarae-
Mble apTedakThl TapajjiebHBl JHHEAMEHTAM OKPY-
XKarolelf MeCTHOCTH, TO OHH CKODee BCEro ABJIAIOTCH
€CTECTBEHHBIMU TeOJIOTHIeCKUME hOpMAIUAMA.  XO-
THA TOCTPOHKEN JTfofelt Bce ke KOPPEIUPYIOT C JIWHe-
aMeHTaMH MECTHOCTH (HAlpUMep, ¢ HOJNHAMHU DeK),
KOHCepBaTUBHBIN Kpurepuit @ubara ObLT TpUMEHEH K
pyusomonobubiM dopmanuam Jlyuasr. as sToro mo
MeTONMKe OMUCAHHOTO BHINIE “TIPAMOYTOJBHOTO TecTa’
OTIPENETAINACH IPEIMOITHTETbHBIE HAIPABIEHU S JINHE-
aMEHTOB OKDYIKAIOIIeli MecTHOCTH (IO COOTBETCTBYTO-
niemy cEuMKy UVVIS-kamepsl, cieaHHOMY depes TOT
Ke cBeTodUIABTP, HO oxBarThiBaouuil B 196 pas Gomb-
HIYIO TIIOMAIE). YUnThIBAIUCH Mukn GyHkimnm W)
¢ ypoBaeM 3HaunMoctu > 0,9. Opuenranusa pyunHOIO-
MOOHBIX bopMaIuil OCYIECTB/IANACE BPYYHYIO — 3TO
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Puc. 1: Ilpumep pyunonomo6roii dpopmalyy - MpAMOYToIb-
HBle BAJIBl Ha BEPIIMHE JTYHHOTO X0iaMa. PasMepsr obbekTa
— 800x800 m. Takme M30aMpOBAHHBIE, KOMIAKTHBIE, 3a-
MKHYTbIE (bOpMAITHH TPYIHO MHTEPIPETHPOBATH KaK TEPe-
CeKaloleca CUCTEMBI PA3PBIBHBIX JIMHEAMEHTOB

nmaBaJio OoJiee BBICOKYIO TOYHOCTH. HampaBjeHus cum-
TaJUCh COBMAMAONIIMMEI, €CJIU PA3IUINe MEXKIAY HUMHU
He mpeBwlmago 10 rpagycos. PopMaJbHO 3TOT TeCT
BBIIepXKaIN 32 m3obpaxkenus. Ecam mocTpouts pac-
npenesierne w300paXkKeHnil O BeJIMYNHe MEHIMAJTBHOTO
OTKJIOHEHW A OPHEHTAINE OOBHeKTa OT JIMHEAMEHTOB, TO
MPU CTOJTh DEMHOM CTATHCTIKE OHO HEOTJIMINMO OT Pac-
MpeNesieHnsA CAYyIaiiHO OPHEHTUPOBAHHBIX O0BEKTOR.

WNszobpaxkenns, dbopMaabHO BeIIEpKaBiine TecT Pu-
6ara, OBITN TIOIBEPTHYTHI JETAJTBHOMY (DpPaKTATIBHOMY
anamausy. [lpum 3TOM m300paXkeHme MPEICTABIACTCA B
BUJIe TIOBEPXHOCTHU, T TPEThA KOOPIMHATA - APKOCTH
z(%,j). Cormacuo merony Kapmnorro-Creitna [7] BbIan-
CATACH TJTONIA/b OMUCAHHBIX BOKPYT 3TOMH TOBEPXHO-
CTH »JeMEHTAPHBIX KyDOB ¢ pebpoM-MaciiTaboM 1

A (i, 3) = (1208 Sv,. (i — ¢, 5 — 7)),

rie:
v (i, §) = [tr(i, j) — br(i, j)],

a t.(4,7) m by(4,J) BBIUMCIAAIOTCA MO PEKYPPEHTHBIM
dopmymam:

bH_l(i,j) = min{br(i,j) -1, br(i — i/,j — j/)};
tre1 = max{tr(i, j) + 1L,tr(i — 7,5 — j) };
bo(i,7) = to(i,j) = (i, j);

e || < |15 [57] < 1]

B merome Kapsorro-Crefina mepoii dppakTaabHO-
cTH OObEKTA ABJIAETCHA CPEIHAA HEBA3KA JTMHEHHON pe-
rpeccun In(A,) mo In r. Kak mokaseiBaeT mpakTHKA,

0.0+

‘0.1' O
-0.5 -0.4 P -0.3

Puc. 2: Tlapamerpbt o u 3, BEIMHCIEHHBIE OJIA CIIy9aiiHON
soibopku HIRES-cauMKoB s1yHHON HoBepxHOCTH (KDPECTEHI),
PyHHOIIONOOHBIX bopMannii (UepHble KBAIPATH), KOCMIIe-
CKUX CHUMKOB M a3pOoOTOCHUMKOB apXEOJIOTUIECKUX 00b-
exToB 3emuin (Besible KBaIparTs)

5TOT MapaMeTp HeyIoOeH TeM HUTO, pearmpysd Ha Te-
HU, maer “oxkHBIe cpabarebiBanna . OKasajock, ITO
®TOTO HEAOCTATKA JIUIIEH Apyroli mapaMerp - Koahdu-
[AEHT TPH KBaJpPaTHIHOM diieHe perpeccun: In(A,)=
a (lnr? + 8 (nr) + v EcrecTBeHHBEIM JIaHI-
nradpram cooTBercTBYeT « > (), a IPUCYTCTBHE UCKYC-
CTBEHHBIX OOBEKTOB MPUBOAUT K « < (. DTO XOPOIIo
BUIHO Ha PHUC. 2, TJle MyCThie KBAaIpPaThl COOTBETCTBY-
FOT apXEOJIOTHIECKUM OOBEKTAM 3EMJIHN - IPEBHEETUTIET-
cKuM 3axoponeHuaM B ['mze #a canmke UC3 “Crnun-2”
ocraTKaM apeBHepuMmckoro jiareps B El-Lejjun 8 Wop-
manun 1o cbemkam UC3 “KH-4B” | a rakxe aspodoro-
cHnMKaM apxeosorndeckux mamaTHHKoB CIITA (Pueblo
She’; Cerro Juanquena Trinchera).

[Mapamerpst o u [ GBLIM BEIYUCEHBI A1 BCEX 00D~
eKTOB, BBIIepKaBImX TecT Pubara (YepHble KBAIPaTHI
Ha puc.2), a TakkKe I ciaydaiinoro nabopa HIRES-
CHUMKOB JIYHHOH MOBepXHOCTH (KpecThl). Puc.2 memon-
CTPUPYET, UTO 1O cBouM (bpaKTajJbHBIM CBOWCTBaM He-
KOTOPBIE PYHHOTOHOOHBIE POPMAIIME ABHO OTJINYIAIOTCHA
OT TUIIHYHBIX CBONCTB moBepxHOCTH JIyHBI, nMes Dostee
HU3KWE 3HAYEHUSA (v, XapaKTePHBIE [JIA apXeOoJoTHye-
CcKuX 0OBEKTOB 3eMJIN.

4. BriBoabl

Ha ocaoranun IITPOBEICHHBIX I/ICCJ'IC,HOB&HI/Iﬁ MOZKHO coe-
JIATh CJIeAYIOUInEe BBIBOABI.
1. OTpa60TaHa METOAUKA AJId aBTOMAaTU3NPOBaHHO-
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ro TMOUCKA PYUHOTOMOOHBIX popMaluii Ha JYHHON TO-
BEPXHOCTH.

2. Tlokazsano, uto Ha JlyHe cylecTBYIOT HEOOBIU-
Hble pOpMAINK, BHEIIHE CXOOHBIE C APXEOJTOTHIECKUMHI
obbeKTaMU 3eMITH.

3. BBumy obHameRWBAOIINX Pe3yJIbTATOB, apXeo-
JIoTHIecKad PasBeaka JIYVHBI BBITVIAAUT MEPCIEKTHB-
HBIM HAIlPaBJIEHHEM HUCCJIENOBAHWI HAIIETrO CIyTHUKA,
HY XKIAOMIMCA B OpUIINAIBHOM cTaTyce W (DUHAHCH-
pOBaHUH.
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CpaBHHBAIOTCA YpaBHEHNA IBUKEHNA MATEPUATBHON TOYKM, COOTBETCTBYIOIINE MCIOIB30BAHNIO B OMHOM CIyYae
9TAJIOHHON €QUHUIB BPEMEHHM, B IPYIOM — OTJIMYaoelca oT sTaloHHON. YKasaHbel oTsndnd (IpeobpasoBaHus:)

KMHEMATUYIECCKUX U TMHAMWYIECKNUX BEJIMYINH, OIIPEOCTIAIONMNX IBUZKECHUEC 3TOM TOYKM, USMEPEHHBIX C MCIIOJIb30BaHUEM
TaKUX €IWHWUIL BpEeMEHI. HOJIy‘IeHHI)Iﬁ pe3yyabTaT UCIIOJIB30BaH B aHAJINM3€ NBUXKCHUA TOYECYHOTO TeJla C 3JIEKTpUYie-
CKHM 3apA00M B 3JIEKTPOMATHUTHOM ITIOJI€ M BBIABJICHO OIIpeneJIcHre €eMUHNUITBI BpEeMEH!, IIPWU UCIIOJIb30BaH KOTOpOfI
YpaBHCHMA OBUZKCHUA >TOTO TeJja MPUMHUMAIOT B1O, B KOTOPOM OHUW OIIpEOcJICHbI B peJIHTI/IBI/ICTCKOfI MeXaHUKe. HpI/I

ITOM PEIATUBUCTCKHNE YPaBHCHWUA IOBUZKCHWA TOYECYHOT'O TeJla OIPEeOcidroTCA KaK ypaBHCHMA, COOTBETCTBYIOIIME
HCIIOJIBb30BaAHUIO €OUHUITBI BpEMEHM, 3a.BI/ICH]_L[eI>‘I OT CKOPOCTH 3TOI0O TeJa.

1. Bsenenue

B ompenenenusx ypaBHeHU, chOpMYJIUPOBAHHBIX B
KJTaCCHIecKOl MexaHUKe, ¢ apryMeHTOM, O3HATAIONIIM
BpeMs, MPEANOJIAraeTCsi, 9TO ero 3HAYEHUA ABJISIOTCS
MOKa3aHU AME UAEATBHBIX YACOB TO €CTh, HIYIHX abco-
JIIOTHO PABHOMEPHO W TIOTOMY JIEMOHCTPUPYIOUIMX IO~
CTOSHHYIO eAMHUIY BpeMeHU. Bpewms, mpencrapBiennoe
HOKA3aHUAMU TaKuX 4acoB, HbroroH ompemesua B [1],
crp. 30, KaK “abCoOTIOTHOE, ICTHHHOE MaTeMaTHIecKoe”
B TOM CMBICJIE, UYTO OHO “TipoTeKaeT paBHOMepHO . Ha
MpaKkTUKe, OAHAKO, B KadeCTBe YaCOB HCIOJIb3YIOTCS
peasbHBIe mporecchl. Bcee omm, kKak oH orMmerua ([1],
crp.  31), “MOTYT YCKODATHCA WM 3aMelAThea” W
MOTOMY BpeMsi, OIpeleligeMoe MO TaKUM HdacaM, ‘OT-
HocurenbHoe” ([1], crp. 30), MOCKOMBKY B OTJIMYME OT
abCOJTIOTHOTO OHO U3MEPseTCsA eANHUIEl, He ocTaroleli-
cs MOCTOSHHOM. DTO 0OCTOATETLCTBO ABJIAETCA OMHOM
U3 IPUYWH OTJIUYIUSA PE3yJIbTATOB U3MEPEHUl oT BHIYUH-
CJIEHHBIX TI0 Y PABHEHU M, OTTUCHIBAIONIHM UCCIIETY eMBIT
mporece. OOYCTOBICHHON TOPTOMY OKa3BIBAETCS 3ala-
Ya BBIABJICHUS CJAEICTBUN 2TOTO 0BCTOATENBCTBA W UX
yuera. [lyTb pemienus sToff 3amadum yKasaH, MO CYyTH,
B cienytonieM KommenTtapun Heiorona ([1], ctp. 31):
“Abcoatomnoe spemsa PasIUIAETCad B ACTPOHOMHUH OT
OOBIIEHHOTO COJTHETHOTO BPEeMEHH YpaBHEHHWEM BpeMe-
uu. W60 ecrecTBeHHBIE COJIHETHBIE CYTKH, MPUHUMAE-
MBIe TIPH OOBIIEHHOM M3MEPEHUN 3a paBHBIE, HA CAMOM
nere MexXay coboit He paBHBI” .

le-mail: Volchenko@library.univer.kharkov.ua

2. YpaBHeHU: OBUKEHU:A
MarepuajbHON TOYKU B aGCOTIOTHOM
¥ OTHOCUTEILHOM BPEMEHMU
(Teopema)

Ecan mosaratsk, 4To »TajOHHBIE (ATOMHBIE) JacBl Jie-
MOHCTPUPYIOT NMOCTOAHHYIO CIUHMILY BPEMEHU, TO pe-
meHre »Tofl 3ajadmM CBOAUTCA K YKas3aHUIO Iepexona
(mpeobpasoBannii) oT ypaBHEHWH, OMMCBIBAIOUINX MNC-
cllemyeMBIit Tportecc B abCOJIIOTHOM BpEMEHH, IIPE-
CTaBJIEeHHOM MOKa3aHMAME i’ 3TaJJOHHBIX dacoB 17| K
YPaBHEHHUAM, ONNCHIBAIOUINM 3TOT IIPOIECC B MCHOJb-
3YeMOM B €ro HUCCJIeIOBaHUN OTHOCHTEJILHOM BpeMe-
HU, IPEICTaB/JIeHHOM 3HAYEHUAMU ¢, B IPEIIOI0KEHUN
bYHKIIMOHATBHONW 3aBUCHMOCTH

t=f(t), dt =df(t') = ~dt',y > 0, (1)

U 3aTeM B CDaBHEHWH TaKWX ypaBHeHU u Hburypupyio-
IUX B HUX BEJUYNH.

DTa 3amada OCTaeTcsd aKTyaJbHOW B aHAJMW3€ [IBHU-
KeHU TeJl, ompenesideMBIX KaK TodedHble. Ee pere-
HUEe TPUBOIUT K CJenyolieMy ymeepacdenuro. Ilycts
VpaBHEHUA OBUKEHWA TOUETHOTO Teja P, ompemeseH-
Hble B aDCOJIOTHOM BPeMEHU ', MMEIOT BT

dp dp dW

— =F, u— = = (u, F'), 2

dt’ dt’ dt’ ( ) )
THe p = Mmou — HUMIOYJIbC Tena P, ompemenasdeMblii
KaK TPOW3BEEHUE €r0 Macchl mgy = const Ha ero

ckopoctb u = dr/dt’ B TouKe, yKasaHHON pamuycoM-
BEKTOPOM ¥ B jlabopaTopHOil (HHePIHANbHOI) cHcTeMe
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K,a F=F(e, 'y u W = mou?/2 — nelicrByto-
masA Ha HETro CHJIa M ero KWHeTWdecKasd >Heprud. dro-
OBl mepeitTi, nenoab3sys (1), K ypaBHEHWAM JBUKEHIA
3TOTO Teja, OIpeleJieHHBIM B OTHOCHTETFHOM BpPeMeHN
t, JOCTATOYHO PA3NENINTh [MEePBOe U3 ypaBHeHUH (2) Ha
koaddunment v, a Bropoe — Ha 2. YpabHenus (2)
OPUHEMAIOT IPH 2TOM BHJL

dp dE

dp
—_ F, VE—E—(V, F), (3)

dt

B KOTOPOM OHWM ONIPeIeNAI0T OBUKeHNe Teja P B crucTe-

Me K Kak 0b/Iaafoliero UMIYJIbCOM P = My, Maccoit

m = ymyg, 3Heprueit F = fl/d(my) ¥ IpoucxoaAalee
r

CO CKOPOCTbIO V = ab = 'y_lu 1o HeﬁCTBI/IeM CHJIBL

F=F(rt)=~"1F(r,t()).

KomMMenTupys »to yTBepkIeHme, OyIeM MoJiararh,
9TO MCCITeAyeTcsa ABuXkKeHme Tesa P mo nabmaiogaemoil B
J1aboOpaTOPHOl crcTeMe TPAcKTOPHUH. ¥ Ka3aHHBINA yda-
crok AB 310# TpaeKTOpHH, OMpPEIeeHHBI BEKTOPOM
dr, oHO TPOXOIUT 3a HEKOTOPOE BPEM:, MPU OIPEIe-
JIEHWN KOTOPOTO (IIyTeM M3MepEeHHN WM BBITHCIEHH)
JIONyCcKaeTca ommbKa, KOTOPyIo OyIeM CUUTaTh CHCTe-
MaTU9ecKoil, cocrodmas B TOM, 9TO BMeCTO 3HAUYEHUIA
dt’ | ompemenAmIEro »TOT MPOMEKYTOK Mo dacam 17
npuHuMaeTca 3HadeHme di. BosMokHBI 1Ba BapmaH-
Ta Takol OMWOKM W WX codeTaHme. B omHOM w3 HEX
omubKa [TOMYCKAETCA TIPHU OMPEIESIEHHH MOMEHTOB IO
gacam T’, B KoTopwble Tejo P NTpoXomuT depes ToU-
ku A mw B. B apyrom 3T MOMEHTBHI ONPENEIAIOTCA
6e301MbOIHO, HO BpeMs M3IMePAETCA €IMHUIEN, OTIIH-
qafoleiica OT »TaJIOHHOW. B mepBoM ciydae paszsimd-
HLIMHE 3HadeHnAMEU dit’ n di onpemessioTcsa pasJInIHbBIE
MPOMEXKYTKH BPEMEHU, BO BTOPOM - OIWH W TOT ¥Ke€,
HO TIPEIOJaraeTcs, 4TO 3HadeHWe di W3MepeHo »Ta-
JIOHHOM enuuuieli. B KaXmoM m3 3THX cIydaeB uMe-
eT MecTO paBeHCTBO (1) W B 9TOM CMBICIE 5TH ONHOKY
HepasmuauMbl. [lamee mjs HarasmHOCTH OYIEM MOJIa-
raTh, 9T0 3HAYEHWA { ABJIAOTCH MOKA3AHUAME IaCOB
T. Tlpm omHOBpEMeHHOM MCIIOJIB30BaHMM YacoB 1’ m
T cxopoctsb Tejia P B T0UKe A OMpemenTca BEKTOPa-
Mu u 1 v, u = yv. [logarag opu »TOM, 4TO UMITYJIBC
Tesia P B »Tol TOUKe MOMKeT OBITH W3MEpPEH He3aBHU-
CHUMO OT U3MEPEHNA BPEMEHH, MPUXOINM K PaBEHCTBAM
p = mou = mv, m = ymg, M0 KOTOPHIM ONpeness-
ercd Macca Teja P | OKaspIBaoNIasiCd MPeACcTaBIeHHOM
3HadYeHUAME my U m. Ecawm teno P npuixkercs B cu-
JIOBOM TIOJTE W TIPW TE€PEMeEINeHnr 3 ToUkn A B TOUKy
B ero ummnysbce mogydaeT npupaiienune dp, OmpeaeeH-
HO€e KaK pasHOCTb UMITYJIBCOB, H3MEPEHHBIX B TOUKax A
u B, TO 10 M3MEPEHHOMY BPEMEHHU 3TOTO MEPEMEIEHH A
OTIPENEAETCA CHITa, OOYCJIOBHBIIAN TAKOE MPUPAIIEHTE
nmmyabca. [lo wacam T’ m T' 3T0 BpeMs onpenensercs
sHadeHnAMU dt’ m di. Tlpm »ToM B COOTBETCTBHH C pa-
BeHcTtBamu dp = F'dt’ = Fdt, F' = vF »ra cuna onpe-
JIeJAETCA Pa3JIMIHBIMU 10 BeJIMIAHE BeKTOopamu F’ u

F.

3. HpI/IMEHEHI/Ie TeopeMbl K OIIMCaHUIO
ABU2KE€HUNA 3apAada B 3JeKTPOMariHuTHOM
I1oJie

Hcronk30Balne 3TOTO YTBEPKIEHNA TPAMEHATEILHO K
caydaro, Korga Teso P obiamaer 3JeKTPUIecKAM 3a-
pAIOM € = const W OBHXKETCA B 3JeKTPOMarHHTHOM
HoJie, TPABOIUT K CJIEIYFOLUIMM 3aKJIIOUeHN AM.

Ecnm Testo P nBmkerca B MarHHTHOM IIOJI€ C WH-
nyknmeit B, o ypasHenus (2), (3) npuHUMAaoOT BHI

dp dp
P elu, B, e elv, B]. (4)

Wamtoctpupysa »1u ypaBHeHnA, oOpaTHMCsA K W3Me-
PEHUIO MacC MOHOB C HUCIOJB30BAHUEM MAaCC-CIEKTPO-
Merpa. B Macc-crmekTpomerp Tesio P BJeTaeT co CKO-
POCTBIO, TIEPIIEHINKYAAPHON HAIPABIECHIIO OHOPOIHO-
o MArHUTHOTO TIOJIA B HEM, W HABHUXKETCA MO OKPY K-
HOCTH, PAIuyc  KOTOpoii msMepsercda. MuTerpmposa-
HWe ypaBHeHHll (4) MPUBOANT TPW 5TOM K DAaBEHCTBAM
mou’r~l = euB, mvir~! = evB; p = mou = mv =
erB,

U3 KOTOPBIX CJIEAYET, UTO MO M3MEPEHHBIM 3HAYEHUAM
€, r U BeJIWYWHB B mHIyKInn B omnpenesisercs BeJu-
quHA p UMIYJbca Teqa P. A 9T00B OIpenenTs Mac-
cy Tena P HeobXOAMMO W3MEPUTH €r0 CKOPOCTH Tepe[
TeM, KaK OHO BJIETEJI0 B Macc-cueKTpomerp. I[lpm wmc-
nosibzoBarun 9acos 1’ w T 3Ta CKOpPOCTH ONMpeesaer-
cd BequunHamMu u u v. CooTBeTCTBeHHO, Macca Tejia P
olpeie/IUTCs 3HaUeHuAMU Mo = erB/u u m = erB/v.

Ecau teo P nBuiercs B 3JEKTPUYIECKOM TIOJIE, TO
ypaBHenus# (2), (3) mpuHEMAaOT BHI
d—p:eE/,d—p:eE;E/:'yE. (5)

dt’ dt

ITpu sTOM B OTNMYMe OT WHAYKIUU, KOTOPasd B Ka-
KJIOM W3 ypaBHeHNU{ (4) onpenenserca onHIM I TeM JKe
BeKTOpOM B (Tak Kak npeobpasopanue cuibl F/ = v F
B 3THX yPaBHEHHAX OCYIIECTBIIAETCS 3a CUET Mpeobpa-
30BaHUA CKOPOCTH % = <V, HANPAKEHHOCTh 3JIEKTPHU-
YeCKOro 10J1A IPU UCIoIb3oBanu Yacos 1" u T ompe-
JeJAETCA Pa3JINIHBIMU 110 BeJIMYAHE BeKTOpamu F' u
E.

DTO yTBEpKIAEHUE UJIIOCTPUPYETCH CJIELYIOIHM
SKCIEPUMEHTOM.

Tesio P BieTaer B MJIOCKWI KOHIEHCATOD MJIWHON [
C OMHOPOJHBIM 3JIEKTPIHIECKUM MOJEM B HEM CO CKOPO-
CTBIO, TEPIEHINKYJIAPHON HaTpaBJIeHUIO MOJsA. BHoab
KOHIIEHCATOpa OHO IBUIKETCH C IIOCTOAHHON CKOPOCTHIO,
HO TOn JefficTBHEM mMOJiA 0Operaer CKOPOCTh, MapaJi-
JIEJTBHYIO TOJIO, W OTKJIOHAETCH OT HePBOHAYAJIBHO-
o HANpaBJIeHHA Ha YTOJ ¢, KOTOpBI H3MepseTcd.
Ecnau Benmumaa HAIPAKEHHOCTH 3JIEKTPHYECKOTO TIO-
Jif B KOHIEHCATOPE HEM3BECTHA, TO OHA MOYKeT OBITh
BBIYHCJ/IEHA [0 3HAYEHWAM BEJUIWHBI P HMIYIbCA U
CKOpOCTH Tejia P, W3MepeHHBIM Tiepel] TeM, KaK OHO
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BJIeTeNI0 B KOHaeHcarop. Ilpm srtom, maTerpupys (5),
TTOJIYYUM

E' =pu/(el)tan b, E = pv/(el) tan b, E' = kE,

rie [/u u l/v - 3HaYeHUs BpeMeHH, 3a KOTOpoe Tejio P
MpoJIeTeNIO depe3 KOHIEHCATOP, COOTBETCTBYIONINE €To
nm3Mepenuto no wacam 1’ m T'. DTm paBeHCTBa M ITOKa-
3BIBAIOT 9TO YTBEPKICHUE.

Obbenunsasa 0ba ciaydad, 3alMulieM YPaBHEHNA IBU-
KeHudA Tejia P COOTBETCTBYIONINE MCIOJb30BAHNIO Ya-
coB T u 1", B BUOE

dp dp dbE .
VBT =T = E(©)
dp _ dp daw

gy = 1B+ v Blliumg = =5 = ye(w, E). (7)

4. PensATuBUCTCKNE ypaBHEeHUS:
JABUKEHUSA MAaTEePUAITIbHOU TOUKH

VYpasuenus (2), (3) UpuHAMAOT B, B KOTOPOM OHE
omnpeniesieHbl B PeJIATUBUCTCKON MexaHUKe, ecJiu IMoJia-
raTrb, YTO OTHOCHUTEJbHOE BpeMd { M3MepAeTcA cIUHU-
e, 3aBucAliell or ckopoctu Tejga P B raboparopHOit
CHCTeMe, U 3Ta 3aBUCAMOCTH TAKOBa, 9TO KO3pDUIIEHT
¥ W, COOTBETCTBEHHO, paBeHCTBO (1) MMeloT B

v=(1=v2H V2 dt = (1 = v/~ Y2, (8)

rie ¢ = const - CKOPOCTh CBETa B BaKyyMe.

VYpasuenns# (6), (7) ¢ yaeToM 3aMeHBl B HUX WHIYK-
nuu B HanpAkeHHOCThIO MarHUTHOTO mosA H TprHU-
MAaIOT IPH >TOM BHJ

dp _ 1 dE
at e(E+ - [V H); P =e(v, B); (9)
dp _ 2/ 2\-1/2 1 .
i = U =v /)T E+ Clv, H]);
T = (1=, B, (10)
p = mou = mr, m = mg(l — 1/2/02)_1/2’ U =

v(1=v?/)~ 2 W =mou?/2, E = mc?

B srom Buze ypaprenus (9) u mepBoe u3 ypaBHeHUH
(10) npusemensl, B wacTHocTh, B 25, toi. IT B [2]. A
BMecCTO BToporo 13 ypasrenuit (10) B [2] ykasaHo ypas-

HeHTe
dug e _
= (B = (1= A ()

ITpormBopeuns B »ToM HeT, TaK KakK >Heprua W B
(10) ompenensieTcsi ¢ TOTHOCTBIO 10 MPOWSBOIBHOMN MO~
CTOAHHOMN, KOTOPYIO MOJKHO OTpenenTh Kak moc?/2,
u ¢ yderoM Toro, uro npu stom W = (1/2)ymgc?(1 +
u?/e?) = (1/2)moc?(1 — v?/c?)~1 | Bropoe us ypashe-
muit (10) mepexomut B (11). OrMeTn™m enrie, 4To cormaac-
HO (8), (11) mMefoT MecTo paBeHCTBA

Adt' = Adt* — dr?, ¢* = ul — u’. (12)

5. dBneHue abeppaiuu cBeta u
npeobpasoBaHue KOOPIUHAT

WNsmepenne BpeMeHU eOWHWIIENH, NCTIOIB30BAaHME KOTO-
poii mpuBognr Kk paseHctBaMm (8), (12), obycmoBieHo
creayomnM o6cToATeIbCTBOM. 110 9TalOHHBIM (aToM-
HBIM) gacaM 7’ BpeMs H3MepAETCA B TOM MeCTE, B KO-
TOPOM OHHU YCTAHOBJIEHHI. Ecim cobBITHE TPOUCXOIUT B
APYTOM MeCTe, TO €r0o BpPeMsA ONpenesigeTcd IO 3THM
JacaM C Y9eTOM 3ala3IblBaHud WHMOPMAINMN O HEM.
W ecnm sroit mHbOpManmeil ABAAETCA CBETOBOH CHT-
Hat M (yabTPaKopOTKHM, ATHTEIHHOCTBIO B HECKOIb-
KO (PEMTOCEKYH/I, CBETOBOI UMITYJIbC, TEPEMETAIOTI -
CA BIOJB JIyda, UCXOMANIETO W3 MecTa cODBITHA), Mpe-
OIIOJIEBINH B BAKyyMe PACCTOAHUE T OT MECTA CODBITHA
JI0 9acOB, TO €TO 3aMa3IbIBaHNe ONpeeideTcd 3SHATEeHN-
em r/c. Tlpu 5TOM BpeMs u3MepsAeTCs eIUHUIEH, pas-
HOM ero MpPOMeKYTKY, 33 KOTOPHI 3TOT CUTHAJI MPOXO-
JUT paccTodgnme ¢ = const. Fcam 1Mo TaKWM cUTHAJIaAM
olpenenAeTcs JBUKeHHe Tejla P (HampuMmep, IBUKe-
Hie 6onma B HOUHOM Hebe), TO, KpOoMe 3amas3IbiBaHus,
HYJKHO YYUTBIBATH U WX abeppanuto, COCTOANLYIO B CJie-
nytoiieM. Ecom teno P, ompenendeMoe Kak TOUeTHBIH
WCTOYHHUK CBETOBBIX CHTHAJIOB, TOKOUTCA B TOUKe B B
smaboparopHoii cucteme K | TO W3JIydYeHHBIH UM CHTHAJ
M mocruraer mokosieiica B Helt Toukn O, B KOTOPOIi
OH PErUCTPUPYETCH, MPOHAa CKBO3b TPYOKY, OCh KOTO-
poit coBmerniena ¢ mpamoit BO. Ho ecan teno P npu-
KeTcd B cucteMe K | To curHaa M, mssiydeHHBIH UM B
HaIpaBJIeHUN, MapaJjieJbHOM npaMoit BO, nBuxercs
B cucteMe K BHOJE MpAMOi, cocTapaatolneil ¢ mpamoit
BO, yroa abeppauuu m moToMy MOYKeT MPOWTH depes
5Ty TPYOKY, ecsin ee ock cocTapygeT ¢ npamoit BO stor
yrod. Ilpu sToM Ha TpaekTopuu Tejga P ecth TouKa A
Takad, 9To curHaa M, msnydenuwiit Tesiom P B MoMeHT
MPOXOKIEHUA depe3 TOUKYy A B HampaBJeHWH, TapaJi-
sgenbHOM TipaMoit BO, mocturaer toukm (O, mpolims
gepes Ty TpyOKy, B MOMEHT, Korma Tejio P mocTuraer
toukn B. Ecam moaaratk, 9To B cucteme K Ttemo P
ABUIKeTCcd IPAMOJIMHEHO W paBHOMEPHO, IO KpaliHell
Mepe, B HEKOTOPON OKPECTHOCTH TOUYKMW B, BKIIIOUAIO-
nielt m TOUKy A, m 9TO TaKUM ¥Ke ABIAECTCA ABUKEHUE
curiana M B cucteme K m B cucreme K’ cBAsaHHOM
¢ TesioM P, To 3a BpeMsd, B TedeHWe KOTOPOTo Tejao P
npoxonut B cucteMe K nyts AB = dr, curaaa M mpo-
xomut B cucteme K myTth AQ, a B cucreme K’ - myTh,
paBubii BO. W tak xak pauasl cropor AO m BO
B TpeyrosibHuKe AOB | BOODIE roBOp#A, PA3JIUYHBI, a
ckopocTh curHana M B cuctemax K m K’ ompemens-
eTcda OIHOl ! To#l XKe BeIm4nHON ¢ = const, TO U3 ycJo-
Buit cdt = AO, edt’ = BO cnenyer, 9ro 3HadeHnA di
dt’ | ompemenAA OOWH M TOT e MPOMEKYTOK BPEeMEHHN,
pazmudHbl. 3 dero ciemyeT, YTO OHU W3MEPEHHBI pas-
JWIHBIMEA €TWHUIAMU BpeMeHn. [Ipm 3ToM 3HadeHWe
dt’ MOXKHO cUMTaTh M3MEpPEeHHBIM TaJJOHHON elmHNIIE
BPEMEHN TIPHU AOMOJHUTEIBHOM YCJAOBHU. A WMEHHO:



O rosom nodrode K NOCMPOERUIO CNEYUARALHOT MEOPUU OMHOCUMEALHOCITU 133

MPOMEKYTOK BPEMEHH, 3a KOTODBIH curaas M mpoxo-
JINT TIYTh IJUHONW ¢ = const, OMMHAKOB U HE 3ABUCUT OT
HalpaBJeHUA B KaX[IOl WHepIuaabHON cucTeMe, B KO-
TOPOI W3JTYYUBIIAN €10 HCTOYHUK MOKOUTCH, U 3ABUCHT
OT CKOPOCTH MCTOYHUKA B APYTUX CHCTEMAX.

Ecau neuxkenue trena P B cucreme K npamMosnHedi-
HO W PABHOMEPHO, TO YTOJI abeppanuu, ompeaeaaeMbIil B
Touke (J, 3aBUCHUT OT BEJIMINHBI CKOPOCTH Tesia P u or
yIvia MeXIy ero Tpaektopueit u npamoit AQ. Ita 3a-
BUCHMOCTB CTAHOBUTCA HATIAOHON, ecyin 0OPAaTUTh 3Ty
CXeMY TO €CTh IOJIaraTh, 9TO CHUTHAJ M wucxommT u3
touku O, a He TPUXOONT B Hee u3 Touku A. A mmenHo,
Tesio P manydaer curHan M B MOMEHT MPOXOKIACHUA
gepes Touky O. [Ipu aT0oM 3a BpeMs, OIPeIeAeMOe IO
vacam T’ sHadennmeM dt’, Teqo P IpOXOmMT B cHcTeMe
K nyte d = dr, a curman M oxaswiBaeTcs B KaKoOii-
6o toure A cdepwl ¢ pagmycom p = cdt’ ¢ meHTpOM,
COBMEIEHHBIM C TejioM P . Yroa a mpu Bepuimie A
B tpeyrosibHuke OAP - 310 W ecth yros abeppaiun.
DTOT YTOJ OCTPBIH, eciu p > d, W NPUHUMAET 3HAYe-
HUA OT HyJs 00 7/2, ecnu p = d, U OT HYJsA A0 T, -
ecau p < d. B uacruoctu, ecim p < d u o = w/2, 10
¢ yuerom omnpenenenns QA = cdt umeer MecTo paBeH-
ctBO - 2dt’? = 2dt? — dr?. Ecnm xe curnan M mgBum-
xeTcs B cucreMe K’ | cBAzaHHOIM ¢ Tejom P B Hampa-
BJICHWH, TEPIEHINKYIAPHOM HANPABJIEHAIO NBUKEHUA
Tesia P TO B KaXKIOM U3 3TUX CJAYyIaeB MMEIOT MEeCTO
TakXKe m paBeHcTBa (12), e g - CKOPOCTH CHTHAJNA
M B cucreme K, m3MepeHHas C WCIOJIB30BAHUEM 3Ta-
JIOHHOI enWHUIIBI BpeMeHu. [Ipm sToM mpeobpasoBanusa
IpH IIepexofe oT cucteMbl K’ K cucreme K MMeIOT BHI

r=d+2'=ut'+2' =vt+2,y=y,2=7,

t=t'(1-0v2/c?)~ 2 (13)

6. ObcykneHue pe3ybLTATOB

KoMmMentupysa st mpeobpasoBaHusa, OTMETHM CJIEIY-
fomiee. Kakoe-mmbo cobpITHE MOKET OBITH OIpeHIeacHO
B cuctemax K’ m K B oiuH W TOT 3Xe MOMEHT WJIH
B pasnn4dHbie. B mepBoM ciydae OHO OIpemeasercs B
Kaxkmaoil W3 HUX MpW OMHOM M TOM JKe 3HadeHun d cMme-
menna cucremMsl K’ B cucreme K, a BO BTOpOM - B
cucreme K’ npm sHadenum d; »TOro cMelleHHH, a B
cucreMe K - mpm sHadeHmu do. B »Toit cBA3m mpe-
obpasoBanms (13) cOOTBETCTBYIOT TEPBOMY CIIydalo, a
BTOpOMY - Tpeobpasopanu Jlopemma

r= (2" +vt')(1 - 1/2/62)_1/2, y=1vy, z=12,
=+ v/ )1 - v )eH)~H2 (14)

Takoe oramame npeobpasopanuii (14) or (13) ycra-
HABJIMBAETCSA IyTeM cpaBHeHNA mpeobpasosanuii (14) ¢
npeobpasoBaHAMK

r= (" +vr)(1 - 1/2/62)_1/2, y=1vy, z=72,

= (' 4 v/ ) (1 - /)2, (15)
=t —(efe)r, T =t + (e/c)x =t + (e/c)a;
e=8(1+(1-8°)"")"" B=v/e, (16)

Tle € - PKCIEHTPUCUTET SJIIAICONIA ¢ POKycaMu B Ha-
vyagax cucteM K, K, 3KBUBaJIEHTHBIMU ITpeobpasoBa-
auam (13), ecm 2’ € [—ct/(1 — )7 et/(1 —e)71]. A
MMeHHO, ecqii B cucrteMe K’ Kakoe-mbo coOBRITHE yKa-
saHo BeamumHamu ', y', z', t') 1o B cucreme K oHO
onpenenAeTcs BeJUWIMHAMA T, Y, 2, i’ wiam ¢, Halinen-
HeIMH 110 opmyaam (13) mam mo dopmymam (15), B
KOTOpbIe BMeCTO 3HaUeHWA 1’ MoAcTaB/IAeTCs SHATECHIE
7', onpenenennoe cormacHo (16). Ecan ke B TakoM Tie-
pexojie UCTOJB30BaTh Mpeobpasopanns (14), 1o B crucre-
Me K »T0 cobbiTHE GyHeT OMpenesieHO COIIACHO TEPBOH
w3 dhopmyn (16) B moment t) = t' 4 (e/c)a’ mo gacam
T’. To ecth c 3anasnplBaHUeM B CpaBHEHHH C | ecan
' > 0, n c onepexennem, ecim &' < 0. B pesynbrare
cobBITHA, ONpenesieHHble B cucteMe K’ B OommH W TOT
JKe MOMEHT ¢/, HO C pasjIMIHBIMI 3HATEHIAMHA KOOP/IH-
HATHl &', ompenendoTcs mocpenctBoM (14) B cucreme
K B pasnmdHble MOMEHTHI BPEMEHHU M, COOTBETCTBEH-
HO, TIPH PA3JIMIHBIX 3HAYEHUAX CMEIeHNs d CHCTEMBI
K’ B cucreme K. Otum m o0bACHAESTCA TaK HasbIBae-
Moe JIopeHIeBo cokpaiienne Az = (1— Vz/cz)_l/zAx’,
cnenytomee u3 (14) mpu ycaosun At = 0. Ecam xe
dz’ = 0, 1o mpeobpasopanus (13), (14), xak u (15), B
KOTODBIX IpH 9ToM coryacto (16) dr’ = dt’ | dr = dt,
IPUBOIAT K OJHOMY M TOMY e paBeHCTBY (8), B KOTO-
poMm dt’ m dt ompemesAOT OOUH M TOT e TPOMEKYTOK
BPEMEHN.

OrMeruM B 3TOl CBA3M CIIEAYIOIEe OOCTOATETBCTRO.
Omnpenesienne 9acoB, HEMOHCTPUPYIOMAX abCOTIOTHOE
BpeMs, Koropoe HbIOTOH MCIOIB30BA BO BCEX CBOHX
paccMoTpeHusx B [1], OH yBA3aJI CO CBOMM MEPBLIM 3a-
KOHOM. A mMeHHO, ecjim TodeuHOe Teqao M | Ha KOTOpOe
He MeHCTBYIOT CHJIBI, IBUIKETCA OTHOCHTETBHO Teja O,
Ha KOTOPOEe TaKiKe He HeHCTBYIOT CHJIIBI, TO HBUKEHUE
testa M B cucteme K | cBasanuoil ¢ Teqom O, mpamo-
JuHeltHo U paBHOMepHO. [locrarouno mosToMy ompesme-
JIITH MyTh KaKoi-anbo anuabl ¢ Tejaa M B cucreme K
B Ka4eCTBE €r0 CKOPOCTH B 3TOM CHCTeMe, 9TODBI TEM ca-
MBIM yKa3aTh 9achl B cucreMe K | maylue abCOIOTHO
paBHOMepPHO. B wactHOCTH, 3aKOHBI Kemsepa, Kak mo-
Ka3aJ HeoToH, ABIAIOTCA C/IEICTBHEM TAaKOTO OMpEie-
JleHus dacoB. Ilpyroe cjencTBue TAKOTO ONpeneIeHUsA
9aCcoOB COCTOUT B TOM, UTO WX HUCIOJIB30BAHNE TPUBOIUT
K JIBYM BapuaHTaM peobpasoBaHUil MpH TMEPEXOHe OT
OIHON MHePIMAJILHON cucTeMbl K Apyroit. B ognoM mu3
HUX CKOPOCTB Tejia M | OlIpeiesIEHHOTO BRIIIE, YKASBIBA-
eTcd B TAKWX CHCTEMAX PA3JIMIHBIMEU BeJIMYWHAMHE, CO-
IJIACOBAHHBIME TaK, 9TOOBI ONpeneadeMble O STUM Be-
JIMYWHAM CKOPOCTH €IUHUIBI BPEMEHU OKA3AJICh PaB-
weiMu. B gpyrowm - ckopocts Tema M ompenmesisercs B
TaKWUX CUCTeMax OJHOW m Tol XKe Bemwuwmnoit c. U To-
rIa eOUHUIBI BpEMEHU, ONpeNeJieHHbBIE B HUX MO 3TOMH
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CKOPOCTH, OKa3BIBAIOTCA Pa3JIMIHBIMEA. B IepBoM ciry-
Yae UMeT MecTo TIpeobpasopaans ['anmiies, Bo BTOpoM
- IpyTHhe, B 9aCTHOCTH, peobpasoBanns (13) wmm (15),
(16), a rakxe mpeobpasopanus Jlopenma (14).

7. 3akiro4deHue

YTBepKaeHne, W3TOKEHHOEe B M. 2, TPUBOAWUT, KaK
5TO MOKA3aHO BBINE, K WHOMY, HEXKEJW B CIENHATH-
HO¥i Teopnn orHOcuTenbHOCTH (CTO) [2,3], mcronkosa-
HUIO SKCIIEPUMEHTOB, YPABHEHUH DeJIATHBUCTCKON Me-
XaHWKW, nmpeobpazoBanuii JlopeHra u npuHIAIA OTHO-
curegbiocTu. OQmHA W3 TPUYUH TAKOTO OTIUYIUA 00-
YCJIOBJIEHA TEM, YTO eQUHUIA BPEMEHHU, OMpeaeaeMat
IO CKOPOCTH ¢ = const CBETOBOTO CHUTHAJIA B BaKyyMe,
cuuraerca B CTO onHoit u To#t xKe BO BCeX MHEPIHATE-
HBIX CHCTEMAaX, a4 HE TOJBKO B T€X, B KOTOPBIX W3/TyIUB-
Il €ro NCTOYHUK TMOKOUTCHA, KaK TO OMPEIETIEHO BhI-
1ile B COOTBETCTBUW C AHAJU30M ABJIeHNA abepparuu. B
pesyJbTare B OTJIUYHE OT TOTO, 9TO YTBEPKIAAETCH BbI-
1e, paBeHCTBO (8) M JOPEHIIEBBI COKPAIIEHNU A, CIEMYIO-
e n3 npeobpasosanuit Jloperna (14), ncroakoBbIBa-
forca B CTO kak ompenengolne 3aMelJIeHAe BpEMEHH
B cucreMe K B CpaBHEHWH CO BpeMeHeM B cucTeMme K’ m
COKpallleHNe pasMepoB TeJl B cucteMe K’ B cpaBHEHHH
¢ UX pasMepamu B cucteMe K. K ToMmy Ke, coryacHo
CTO cobeiTie cumTaeTca ONpENeEHHBIM OTHOBPEMEH-
Ho B cucreMax K’ m K, ecim ompenesdiouime ero B
TUX CHCTeMax 9eTBepKW BeqwdwH ', 3y, 2/ t' n =z,
Yy, z, t mpeobpazoBeiBatorca 1o opmymnam Jlopenia
(14), a e mo dopmynam (13) uwau (15), (16).

Takoro poma cpaBHEHHE OKA3BIBAETCA BO3MOKHBIM
OBOBIINTE C YIETOM CJISAYIONIETO 0OCTOATEIbCTBA. de-
TBIPEXMEPHOE TICEBIOEBKIIIIOBO MPOCTPAHCTBO EELLS)’
ompeesisieMoe KaK OObeKT ajredphl, MPEICTAaBICHO B
Hell apmdmerndeckoil peasgusanueil, 3JeMEHTOM KOTO-
poit ABsdeTCA yHOpAMOYeHHAA deTBepKa umcesn. Mun-
KOBCKUM YyKa3aHa WHAsd PEaJIm3aIud 3TOT0 MPOCTPAaH-
CTBa, 3JIEMEHTOM KOTODOI ABJIAETCA OOBEKT, MPEICTa-
BJICHHBIN BEKTOPOM, OIPENEIEHHBIM B CTEPEOMETDPUH
EBkanna, m oTpe3sKOM OCH, KOTOPYIO OH ONpPEIesTnJ
KaK OChb BpPEMEHH. OTa peaju3alns IO Ha3BAHUEM
npocrpancTBo-Bpems npuaaTa B CTO B KavecTBe mpO-
crpancTBa coObiTuii. OHA, OMHAKO, He ABJIAETCS BIIOJIHE
TeOMETPUYIECKOM, TOCKONBKY B Hell HWCIOIB3YyeTcs TO-
HATHE BpEMEHN, He ABJIAIIEEC OOBEKTOM T€OMETPHH.
UcnonbzoBanue m3oMopdusmMa MO3BOJIAET YKA3ATH AJTb-
TePHATHBHOE HUCTOJKOBAHME KAaXKIOTO DKCIIEPUMEHTA
W KaXmoro yTeepxkaeHmusa, caemannoro B CTO. Dto
yTBepXKIeHHe, COOCTBEHHO, W MPOUJIIIOCTPUPOBAHO B
ITaHHOM cTaThe.
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[TPAKTUYECKNE PESYJIBTATHI TTOJIEBOTI'O
B3AIMOIENCTBIIS IIPUPOIHEIX OBBbEKTOB

FO.A. Boraanos!

AO “Hayuro-mezHonroeuneckutl UHCTIUMYM MPAHCKPUNUUY, MPAHCAAUUU U penaukayun”
a/s 589, ya. Koaomenckas, 3, e. Xapwvros 61166, Yrpauna

MMocrynmuaa 30 okrabpsa 1998 r.

Hacrosamas pabora BrItodaeT B ceba pacCMOTpeHMe HEKOTOPBIX ABJIEHUN W MPOIECCOB, OOHAPYKEHHBIX IKCIIEPH-
MEHTAIBHO, KOTOPBIE OTPAXkKAT >HEPTOMH(MOPMAIMOHHBIE BO3HENCTBUA MPOCTPAHCTBEHHBIX MATEPUAIBHBIX HOPM

Ha BelIe€CTBO.

HOJIy‘IeHHI)Ie pe3yyIbTaThl B 3HAUYNTEBHON CTEIEHN CTAJH BO3MOXKHBI 6J1ar0napﬂ IIPpUMEHCHIIO pa3pa60TaHHOr0 aB-

TOPOM AUCTAHIIMOHHOTO 3JI€KTPOMATCHUTHOTO OOHAPYKUTEIA Hanpaxennii “Teseir”.

Brimosanenusre ¢ ero IIOMOIIBIO

HabJIIONEHNA 34 €CTECTBEHHBIM MMILYJIBCHBIM 3J1€KTPOMArHUTHEIM osteM 3emiu (EMT9MII3) nossosin BELABUTD U
U3Y9UTH UMILYJIBCHO-31eKTpOMarHuTHbl abdexr dbopmbr (IDMITDD) u ero mpoABieHNA, CBA3AHHBIE C TEXHOIEH-
HBIMU ¥ TIPUPOHHBIME O0pPA30BAHBAMU, a TAKIKE B3aMMOMEUCTBUA YKA3AHHBIX MOJell ¢ GHOTOTUYECKH aKTUBHBIMU

obbexTamm [1-5].

B mportecce nccienoBanuit BAMAHNA MaTepUATBLHBIX
dopM Ha pacTpene/leHua UMIYITBCHBIX 3JIEKTPOMATHUT-
HbIx mostelt (MOMIT) BBIACHUIOCE, YTO NCTOYHIKOM W3-
JiydeHus cayxuT jgurocdepa, a 3MAHUA W COOPYKe-
HUA TpeacTaBaaoT cobolt BoanoBoabl. KoToprie, nsme-
Hag xKouduryparnuio EUDMII3 B coorBeTcTBUE € Teo-
MeTPHYECKIMHI COOTHOIIEHUAME, (DOPMUPYIOT pacipe-
nmesterns UOMITOO.

Brausgmume stux ten 3aksrodaerca B mpeobpazoBa-
HUW pacupeneJeHNs 3>HEPreTHIeCKUX XapaKTepUCTUK
NDMII (obpasoBanie JOKAIbHBIX CTYNIEHUH WM pas-
PAKEHUI) MO aHAJOIHE ¢ HefiCTBHEM IHAJIEKTPUKOB.
DIEKTPOMATHUTHBIE BOJIHBI, DPACIPOCTPAHAIONNECT B
obbeMe 3HaHU U COOpYXKeHUil, co3MaT pasHOOOpa3-
HBle KapTUHBI TOJ4.

ITona moBEIIIeHHON U TOHWKEHHON 3HEPTeTUIECKOMH
TJIOTHOCTH CO3MAIOTCA 3JIEMEHTAMHU AaPXUTEKTYPHBIX
dopM U UX TPOTOPIIHAMHE.

BriepBhie BBIABIEHBI OCODEHHOCTH paclpeleeHus
MOIEBHIX 2(bPEeKTOB HA TEPPUTOPHH PABIUIHBIX TOPO-
1o (Jduemporerposck, Ceseponsunck, CeBacTomnomb
W Op.), WX B3aHMOEHCTBHE C I'PATOCTPOUTETHHBIMI
obbekTaMu u cucremamMu Kommynukaruii. [lokazama
CBA3b MeXKIY YPOBHEM WHTEHCWBHOCTH W3JIyUeHWH U
BO3HWKHOBEHUEM [IOPOKHO-TPAHCIIOPTHRIX ITPOUCIIe-
cTBull, aBapUilHBIX CHUTyallMii Ha TPEANPUATHAX 3O0H
pacmpocTpaHeHNd 3KOJOTUIECKUX 3arpA3HeHnil.

MaccuBBl TOPO[, TeHepUPYIONINe 3JIeKTPOMAaTHUT-
HYIO 9HEPTHIO, ABIAIOTCA UCTOYHUKAMU WHMOPMAIHN
O TPOTEKAONINX B HUX MpOIeccax, ABJAAIOTCA odaraMu

le-mail: rai@ira.kharkov.ua

ONACHBIX ABJEHUH M MO3TOMY TpPeOYIOT MOCTOAHHOTO
HaOIIOdeHUA.

leonormveckme CTPYKTYPBI 3eMJIH XapaKTepPU3y-
OTCA Pa3AUIHBIMU (DUSHIECKUME MOJAME KaK CTa-
OUJIBHBIME, TAK W MEHAIONMMUCST BO BPEMEHH W IIPO-
CTPAHCTBE OT TJIOBAIBHOTO (MJIAHETAPHOTO) XapaKTe-
pa 0 JIOKAJIBHOTO (HeGOMBIIOH yIacToK 3eMin, I0M,
KBapTupa). B saBHCHMOCTH OT MaciiTaboB W aKTHB-
HOCTH CTPYKTYDBI, (DUIMIECKUX MMOJel, OCODEHHOCTH
UX MPOABJIEHNA OYIyT pasnuanabl. V3BecTHO, 9TO HAU-
60BNl SHEPTEeTHIECKUH TOTEHITHANT CO3TAI0T TEKTO-
HUYECKWe IBUKEHUHA, ODYCJOBIEHHBIE TPABUTAIHMOH-
HOM, pOTAIMOHHON, paaloreHHON sHePTHAME, (PUS3HKO-
XUMUYIECKUMHU I MEXAHO3JIEKTPUIECKUME MpeobpasoBa-
HuAME BelllecTBa 3emyin. Kpome TekToHmIecKUX, 0OHA~
PYXHBalOTCA U APYyTHe IPUPOOHBIE dHeproaHoMaJIbHELe
BO3/AelicTBIA Ha KUBbIe OPTaHU3MBEL.

Yramoch 3adpuKcHpoBaTh (PaKTHI, ITO OpOreHETH e~
CKHe THKJB IJIAHETAPHOTO TopoobpasoBaHMA MOTYT
BBICTYIATh KOCMHYECKUMH PETryJIATOPAMH, KaXKIbIi
pa3 HaYMHAIOIIMMHI HOBYIO 3Py pacOpelesieHnsA Tpo-
CTPaHCTBEHHBIX MHMOPMAIMOHHBIX [IOTOKOB, KOAUPYIO-
IIX Pa3BUTHe OA30BBIX TeIHOOMOJIOTHIECKIX TIPOIECc-
COB Ha 3eMJIe.

[To-BupmMomMy, TpoucxogaT OudypKaImHOHHBIE ITe-
PEXOMBI, UCKIOYAIONIAE BO3MOIKHOCTh MpeacKasaHui
KOHKDETHBIX Onmxaiiiinx wmaMmenenuit. B ormeabHBIX
CIydasfx MPUPOAA TMO3BOJIAET TPOCIENUTE MOJIEBBIE W3-
MeHEeHUd 0 ¥ mocie OIdypKaNInOHHOTO Mepexoaa, Ha-
61101aTh BOSHUKHOBEHNE KAPKACHO-CETOYHOMN CTPYKTY-
poi. Hambosee spkummu mpumepamu OudypKamuOHHO-
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ro mepexofia MOYKHO CYUTaTh (PEHOMEHBI, CBA3AHHBIE
co Bcrpedeit maanersl FOnurep m komerst Hlywmetikep-
Jlepm-9, merom 1994 1., mau cosHedHOEe 3aTMeHme 11
aprycra 1999 r. DTo maeT BO3SMOMKHOCTH BOCIPOU3Be-
CTH TPUPOLHbie (DEHOMEHBI U MPEBPATUTHL UX B COBpe-
MeHHBIe TexHOJOTHH. Ilpemmoxken cmocob obpaboTku
U OYUCTKH BOMBI, 4 UMEHHO CIIOCOD OYUCTKH MHTHEBOMH
BOIBI B apTe3smaHCKuX ckBaxkmuax. llomexamime yma-
JIEHHIO MOHBI METAJIJIOB OCAXKAAKTCA B BUJME TBEPIBIX
rugpokcuoB. OCyIECTBIAIOT CIOCOD € TIOMOIIBIO pas3-
MeNIeHnA Ha TJIOMIAIKe MO 00e CTOPOHBI OT CKBAJKITHBI
He MeHee IBYX TeJ TaKUM o0pa3oM, YTOOBI PU UX TPO-
JIOJIKEHNHN B MIPOCTPAHCTBE 0Opa30BaIach reOMeTprye-
ckas opma, obaganias MUHIMAJIbHOW CHMMeTpHel
B IJIOCKOCTH WJIH TTPOCTPAHCTBE, & MAKCUMYM yCUJIEHUA
CUTHAJIa TPUXOMMIICA HA BOMOHOCHBIA ropmsoHT. Ot
HHTEHCHBHOCTH CHTHAJIOB, B CBOIO OYEpEb, BO MHOTOM
3aBUCHT CKOPOCTH XUMHUYECKUX PEAKIHil, B TOM YHCJe
PacTBOPUMOCTH MUHEDPAJJIBHBIX COJIEl, a CIIeI0BaTEIBHO
U TPUTOHOCTE BOJBI, TOOBIBAEMON M3 CKBAaXKWHBI 1A
MPOMBIIIJIEHHBIX U OBITOBBIX HYXKI. MccremoBanmamu
YCTAHOBJIEHO, YTO B MPOIECCE 3KCIOHMPOBAHUA HEKO-
TOPBIX BEIECTB B PA3JIMYHBIX apXUTEKTYPHBIX dopMax
WIN WX pa3MeEINEHnd B AKTHBHBIX 30HAX W3JIYIEHUA
HabJIoMaeTCA CIIeAyIoNIee:

1. CHmxkaercsa ypoBeHb TOKCHYHOCTH JTIOOBIX Be-
HIECTB, 9KCITOHMPOBAHHBIX JTajKe KOPOTKOE BpeM4, B T.4.
orpasisomux Beiects (OB).

2. CHuXkaeTcAa yPOBEHD PAINOAKTHBHOCTH BEIIECTB.

3. CHmxkaercs ypoBeHb MATOT€HHOCTH PAa3JIHIHBIX
GenKoBBIX 0OpasoBaHuil (BUPYCOB, GakTepwHil), sKCIO-
HUPOBAHHBIX B MUPAMU/IE.

4. B zone nupamuasl Jub0 B 30HE TMPEIMETOB, 3KC-
MOHWPOBAHHBIX B THpaMue, CHuXKaercs >pPeKTun-
HOCTBH JTIOOBIX BO3HEHCTBUIT MICHXOTPOITHOTO XapaKTepa.

5. Becbma oOHameXuBAOIINe JAHHBIE TOJIYYIEHBI B
cydafgx MpUMeHeHNs CTAHIAPTHBIX PAaCTBOPOB (TUIO-
K032, W30TOHWYECKNl pacTBOPp W Op.) BHYTPHBEHHO
U HAPYZKHO MPH AJKOTOJHW3Me W HAPDKOMAHUU TakKe B
OYeHDb 3aNYIIEHHBIX GopMax.

Ha puc.1 npoumatoctpupoBan 3ddekT n3MeHeHUA
dusnvecknx XapaKTePUCTUK OOBIYHON COMM HKCIOHU-
POBaHHON B 30He MOBBINEHHONW WHTEHCHBHOCTH CHUTHA-
JIOB €CTECTBEHHOTO U3JIyIeHUS.

Bce BrisBIeHHBIE beHOMEHB B pasHoil cremeHnm 06-
JagaoT 3HEPronH(MOPMAIMOHHON AaKTHBHOCTBIO, T.€.
CTIOCOOHOCTBIO BO3HEWCTBOBATH HA KUBYIO W HEKUBYIO
MaTeputo. OIHAKO HAIIN 3HAHUA O MOCJEICTBUAX TaKO-
ro BO3HEeHCTBUA U PE3YJIBTATOB B3aMMOMEWCTBUA Orpa-
HUYEHBI U SBHO HETOCTATOYHBI JJIdA ONTHMAJIBHOTO CY-
NIECTBOBAHUS YeJIOBEKA B MHUPE, HACHIIIEHHOM TaKUM
KOJIUYECTBOM U pasHoobpasrmeM B3auMOAelcTBu, ¢ KO-
TOPBIMHU Y€JIOBEK B TIPOIECCE CBOEH »BOIOIUN BOODIIE
He BCTpedasics.

Hayxa cmocoGcTByeT pacKpBITHIO CJIOKHBIX MeXa-
HHU3MOB CTPYKTYPHPOBAHUA NPOCTPAHCTBA OOWTAHUA

qeJIOBEKa. Ka}K,HOMy 13 HacC B OHpe,HeJ'IeHHOﬁ obcra-

Puc. 1. 9ddexr usmenenna dpusmaeckux xapakTepHCTHK
BEIECTBA

HOBKE WJIA ONpPEIEIEHHOM MeCTe TPUXOMUIOCH HUCIBI-
TBIBATh HEOOBITANHBIN MOIbeM WM CMYTHOE DECITOKOI-
crBo. Kaxk mpaBmio, He ocosHaercd, Kakme (ParTo-
DBl MOBIUAIN HA BOSHUKHOBEHUE TMOHOOHBIX Peakiuii.
KommonenTsr okpyxKarolieit cpeabl, 6yab TO 3JIeKTPO-
MarHUTHBIE MOJId, TeoPU3INIECKNe >HEPTUU WU JIPY-
rHe KadecTBa, CIIOCOOHBI H3MEHUTE JII000e TyBCTBEHHOE
BOCTIPUSITHE

B HOBOM ThIcAYesneTHH, yIKe MOCTATOYHO OUEBU/I-
HO, 9TO cO37aBaeMasd JeJIOBEYECTBOM TexHOChepa To-
JT00HO TemHON peakIuu MOPOKAAET HelpeABUIeHHbBIE
mobourble 3hdexThl, Tpedyer HeONpaBIAHHO OOIBIIMX
yeuauil Ajd MUHUMU3AIUA HETATUBHBIX MTOCJIEICTRBUH.
[Tpusnanue sToit mpobyieMbl HEOOXOMUMOE, HO HEAOCTA~
TOYHOE yCJIOBHE ee paspelilenns. 1 pebyercs cHCTeMHOe
OCMBICJTEHIE BCETO OIMBITA YeJIOBEYECKUX OTHONIEHUH C
OKPY KAIOINM MUPOM. YCKODEHHe Tporpecca He OCTa-
BJIAET BO3MOYKHOCTel mJif cTparermu mpob u omnmboK,
mpenjiaraeMble PelleHns HACYI[HBIX MpObJIeM CeTOmHA
JIOJIKHBI OBITH HE TOJBKO HAYIHO 0DOCHOBAHBI, HO TIPe-
JKJie BCETO YUUTHIBATH WX IEJIOCTHOE BOCIPUATHE 3THX
mpobJeM.

JIuteparypa

[1] 10.A.BormanoB. DJIeKTPOMATHWTHBI METON W Aamllia-
parypa i U3yYeHWs W [POTHO3UPOBAHWA OIAcC-
HBIX TEOJIOTHHYECKMX TMPOIECCOB W aABsermii./ Haywmo-
uHpopmarmonnbiii BectHuk MTAP-TACC m accorm-
amu  “OKosiorua HerosHaHHoTo”, “AHOoMasnma”, Ned,
1993 1.

[2] 10.A.Bornanos, B.H.Camomarum,
B.{d.Tkaudes, A.H.Onguuiios O mepcrekTuBax mpuMeHe-
mua meroma BIDMII3 B Houbacce./ Yroms YKpawHer,
Ne§, 1993 r.

[3] OneHka BAMAHMA TEOMATOTEHHBIX 30H HA AJIATITAITHOH-
HBIE TIPOIEeCCHl B KMBOM opraumsme.-Oruer mo HUP
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VkpHUN®S3, Xapwkos, 1993-Pykosogmrens HUP
A.H.I'mankosa.

Oruer 06 MHIKEHEPHO-TEOJIOTMIECKUX M3BICKAHUAX HA
y9acTKe TOPU30HTANIBHOTO OTCTOHHMKA N°2 KOMILIEK-
ca ouncTHbIX coopyxkerult B r.Komcomonncke [Toaras-
ckolt 06u1. - YKpBocTok'mumaTm3, 1993 r. PykoBogurenb
pabor Kpamapenko O.A.., Bormanos FO.A.

Wsayyenne npuurs m xapakrepa medopmaruii pesep-
Byapa 9ucToti Bompl. DKCIEPTU3A COCTOAHUA KOHCTPYK-
uuu pesepByapa ¢ paspaboTKoll PEKOMEHIAIINN 0 ero
Boccranobiieanio. - Order mo HUP, ®eomocus , 1992 r.,
pykoBomuTens HUP Bormanos 10.A.
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XAPAKTEPUCTUKHN OUBNYECKOI'O BAKYYMA

11 METOABI NX USMEPEHIA
B.A. Banab6ait!

AO “Hayuro-mezHonroeuneckutl UHCTIUMYM MPAHCKPUNUUY, MPAHCAAUUU U penaukayun”
a/s 589, ya. Koaomenckas, 3, e. Xapwvros 61166, Yrpauna

30 okTabpsa 1998 r.

B crarbe IIpUBENEH aHaJdW3 CYIECTBYIONMMWX METOIOB U3MEPEHNA OCHOBHBIX XapaKTEPUCTUK (1)1/13I/I‘IGCKOI‘O BaKyyMa.

Pe3yJIbTaTI)I aHalln3a IoKa3saJju, 4YTO (bI/I3I/I‘IeCKI/II7I BaKyyM O6JIa,D;aeT IHEPreTUICCKUMI XapaKTepUCTUKaM1, a €ro

HEOIHOPONHOCTH IIPENCTABILAIT COBOM MCTOYHUKY (CTOKN), CO3NArOLINe TeMIEpATyPHBIE IpaiueHThl U auddy3noH-

HbI€ ITIOTOKMH. B3aI/IMO,D;eI>‘ICTBI/Ie TE€JI B (1)1/13I/I(IGCKOM BaKyyMe OIIMCBHIBAIOTCA O6H.[I/IMI/I 3aKOHOMEPHOCTAMM, MMPUCY MMM

IIporneccaM B TepMOOWMHaAMUWKE, dJICKTPOAMHAMUWKE, T'a30 W THIPOIMHAMWKNM, KOTOPbI€ OIIMCHIBAIOT ABJEHUA IIepeHOCa

u auchbdysum.

1. Bsenenue

['paButanumontas cpefia ¢ TOYKH 3pEHUSA OOBIUHBIX (DU~
SUYECKUX TPEICTABIEHUT O cpemax — XKUIKHX, TBED-
JIBIX, Ta3000pa3sHBIX —- MPEACTaBIAeT CODON mmeasb-
HYIO CPeIy, BKIIOYAINYIO B ceba BCe MIeaTN3NPOBaH-
HbIe CBOMCTBA M3BECTHBIX (DUIMIECKUX CPESI.

Bo-mepBBIX, ee MOXKHO paccMaTpuBaTh Kak “abco-
JIOTHO TBepgoe Teso” [1], Tak Kak BO3MylIeHHs B Heil
IPUBOIAT K BO3HWKHOBEHHUIO TOMEPETHON BOIHBI (CBe-
TOBBIE KOJIebaH!#A), 9TO CBOWCTBEHHO TOJBKO TBEDIBIM
TeJTaM.

Bo Bropeix, ona obmamaer cBoificTBamMu mmeaabHON
HECKUMAaeMOl KUIKOCTH, CBORCTBA KOTOPOH OMUCHBa-
I0TCS 3aKOHAMU TepMoanHaMuku. JlaHHBIH TeopeTnde-
ckuii nopxon nosposua Makcsesy [2] BeiBecTH ypaB-
HEHUA 3JIEKTPOMATHUTHOTO MOJIA W TEOPETHIECKH BBI-
BECTH CKODOCTH BO3MYIIEHUT (CBETOBBIX KosebaHmii),
BOBHUKAMONIAX B TaKOH Cpelle, BeJIMIMHA KOTOPOH BIIO-
ciencTBUU Oblja MOATBEPXKIAeHA B (PUIMIECKUX DKCITE-
PUMeHTAaX IO OMpENeIEHNI0 CKOPocTH cBeTa. [lpu sToM
OH MCXOMUJI U3 CJIEAYIONUX OCHOBHBIX MPEIIIOJIOKEHUH

[2]:

7 — MAMEMAMUYECKUE 3AKOHB CTRAUUOHAPHO20 J6U-
JfceHUA menaa 8 00RopodnuT cpedaxr moscdecmeert
no opme ¢ 3akoHamu npumsascerull, 6ydy-u obpammo
NPONOPUUOHAABHBMY K8adpamy paccmoanud.  3ame-
HAA UEHMP NPUMANCEHUA UCTNOYHUKOM MENAQ, YCKO-
parwee Jdeticmeue NPUMANCEHUA — MENAOEHM NOMO-
KOM, NOMEHYUAA — Mmemnepamypoti, Mmul npeobpazyem
pewerue 3adav 0 NPUMANCEHUU 6 PEWEHUE COOMEEM-
cmeywur 3aday no MenaonposodHocmu;

—wmecma, ede scudkocms cozdaemes, muvt Oydem

le-mail: grav@insurance.kharkov.ua

HA3b56aMb UCTOKAMU, U UL UHMEHCUSHOCMbL 6ydem
onpedesamupea HUCAOM eJUHUY, KOAUNECTEA HCUTKO-
cmu, npoussodumoti umu 6 edunuuy epemenu. Te oce
Mecma, ede ocudrkocmds yHuwmModCaemes, Mmu 6ydem
Hazweamsv cmokamu. W me u dpyeue bydem Hasvsams
UCTROMHUKAMU.

B TpeTbux, gacTuIbl IpaBUTAIIMOHHON CpeIbl, M-
marompe eff yHUKaJbHBIE CBOWCTBA, OMUCBIBAIOTCS IMO-
HATHEM HEB3AUMOIEHCTBYIONIMX YACTHIL C HYJIEBOH Mac-
coli OKOsl, HAXONANIUXCH B HOCTOAHHOM ABUKeHUH [3],
JIJI KOTOPBIX OTCYTCTBYET B3aMMOIeHCTBIE TPU CTOJIK-
HOBEHUAX M KOTODbIe 10 runoresze Pumana [4] ” nenpe-
PUEHO YCMPEMAAIOMCS 6 GECOMBLE ANOMbL U MAM UC-
HE3ANM U3 0CAZAEMO20 MUPA, UTH KE, 6 6ECOMVLT AMO-
MAT MAMEPUSA U3 O0CAZAEMO20 MUPA NOCTNOAHHO NEPE-
Ipununy ucuesHoseHus Mma-
mepuu caedyem sudemn 6 Henocpedcmeenno npedue-
CMEYI0UEM BOZHUKHOBEHUNU 6 AMOMAT HEKOMOPOT Heo-

rodum 6 HeocAzaembill.

cA3aemotl cybemaHyuU, MaK 4mo 6eCoOMbe MeAd AGAA-
0MCA KAK Obl MECTOM CONPUKOCHOGEHUA 0CA3AEMO20 U
HEOCAZAEMO20 MUPOE (6 KadrcOwtl 6ecombiil amom no-
cmynaem 6 KaHcIwil MoMeHM onpedeacHHoE Koaude-
CME0 MAMEPUU, NPONOPUUOHAALHOE CUAE MAZOMEHUA,
u mam ucuesaem). Cyuwecmsyrouyio ... cuay yckope-
HUA A nulmarncs obsacHumb deudcenuem Hexoeti cyb-
cmaHyuU, HanoaAHswweld 6ce BECKOHENHOE NPOCMPAH-
Ccm60, a UMeHHo, Jdonyckalw, 4Mmo HanpasaeHue ee Jeu-
ceHusA cosnadaem ¢ HANPABAECHUEM CUAbL YCKOPEHU,
@ CKOPOCMb €€ NPONOPUUOHAALHA GEAUMUHE CUABL YCKO-
peruA. 9my cybecmanyuio moxncHo npedecmasumsb cebe
Kak usureckoe npocmpancmeo, mouku xKomopozo deu-
HCYMCA 6 2€0MEMPUNECKOM Npocmpancmee.”

B YETBEPTHIX, HaJUINE UCTOYHUKOB (aTOMOB, aJIe-
MEHTAPHBIX ‘IaCTI/IL[), CO3JaloInX HEOJHOPOOHOCTH B
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Pnc. 1: Crpykrypa HeonHOponHOCTEH Bakyyma (1 — cToK)

IPaBUTAIMOHHON Ccpefe, NPMBOANT K BOSHUKHOBEHWIO
HOTOKOB CPeJIbl, 001acTeli MOBBIIEHHON W MOHNKEHHOMN
IJIOTHOCTH CPeIBl (AaBiieHusA, TeMueparypsi). Iloro-
KW CPEIbl TPUBOIAT K BOSHUKHOBEHUIO CHJI WHEPIHH 1
TATOTEHNA, SJ€KTPUIECKUX W MATHUTHBIX TOTOKOB, a
06JIaCcTH TTOBBIIIEHHO W MOHNKEHHON MIOTHOCTH CPEIBI
BOCIIDUHUMAIOTCA HAMH KaK TPAIMEHTBI TeMIEPaTyp,
JAaBJIEHHH, IOTHOCTE!, Kak 9JIeKTPUIeCKHe N MArHHT-
HBle TMOTEHINATHI.

B naTex, Temmeparypa (MJI0THOCTE, TaBJIEHHE) TDa~
BUTAITHOHHON CPEIbl OTMpeIesaeT METPHKY (X0 Tede-
HHA BpEMEHW, MEPHOCTD, MPOTAKEHHOCTH) pusmIecKo-
ro MPOCTPAHCTBA [5].

2. BzaumocB:a3b PUBHUIECKUX
napaMeTpoB IIPOCTPAHCTBA

B manbreiinem mpocTpancTBoM 6yIeM Ha3BIBATEH pU3H-
qecKuil BaKyyM, BKJIOYAONUN B cebsa MOHATHE TDABH-
TAIMOHHOI cpellbl ¢ COBOKYMHOCTBIO HEOTHOPOIHOCTEMR.
Heonnopoatocts busndeckoro Bakyyma OyIeM Ha3bI-
BaTh MCTOYHUKOM, a COBOKYIHOCTH HEOOHOPOAHOCTE
— ceMelicTBOM MCTOUYHUKOB. Hanawmdnme mcTOUYHWKA, Xa-
PAKTEPU3YEeMOT0 MOHATHEM MHTEHCUBHOCTH WJIN TeMIle-
paTyphbl, co3gaeT B OKPYKalollleM IIPOCTPAHCTBE TPaii-
eHT TeMIlepaTyp WIN MJIOTHOCTel cpenbl. B cmiy Toro,
9TO MCTOYHUK TIPEICTaBIaAeT coboil CTOK U co3maeT mo-
HIKEHHYIO IJIOTHOCTH cpefbl (puc. 1) mam pasHocThb
rtemmeparyp AT, B OKpyXKAaoIleM HCTOYHUK MTPOCTPAH-
CTBE BOBHMKAET TPOIECC TEPEHOCA BEIECTBA (IHEPTHH,
HIMITYJIbCA)

IIpotiecc meperHOCa BelllecTBa XapaKTepU3yeTcd TIIOT-
HOCTBIO M DY3UOHHOTO MOTOKA U MPOABIAETCA B CIIO-
CODHOCTH TepeMelleHns MaTepHaJbHOl Maccel. Kpu-
TepueM TIOTHOCTH AuPY3HOHHOTO MOTOKA ABIAETCHA
HANPAXKEHHOCTh TPABUTAIMOHHOTO NOJA ¢, KOoTopad
paBHa cuJe, ¢ KOTOPOil MOTOK JeficTByeT Ha MaTepuaJsib-
HYIO TOYKY C Maccoy, paBHOI eAWHUIE W TTOMEIIeHHON
B JAHHYIO TOYKY IIPOCTPAHCTBA C PaJINyC-BEKTOPOM !

F(r)=mg(r). (1)

Macca BemtecTBa, mepeHocnMad Tpu audpysmn 3a

CIUHUIY BpeMEHU B CTOPOHY y6bIBaHI/IH IIJIOTHOCTH
(I/IJ'H/I TeMHepaTypr) BEIIECTBa OIIpeAe/ideTCcdad 3aKOHOM
HI)IOTOH&, OIIMCBIBAIOMIETO ABJICHUE ITEPEHOCA:

mM,
OTKYyHa
oT T
g(r):_GNW:GNT_z. (3)

rae koagPuyuenm duddysuu Gy HazBIBaeTcda 2pasu-
MAYUOHHOT NOCTNOAHHOM, & UHMEHCUBHOCMY UCTNOYHU-
ka My, co3mamoliero TeMIeparypHyo WU TJIOTHOCT-
HYIO HEOITHOPOLHOCTE CPEIBI, MOy YUJIa HA3BAHUE MAC-
Cbl MATEPUATBHOTO TeJIA.

YCcTaHOBUM B3aMMOCBA3b TEMIEPATYPHBIX U ILJIOT-
HOCTHBIX XapaKTEPUCTHK PpusndecKoro Bakyyma. OKpy-
KANIYI0 UCTOYHUK CPeNy MPEICTaBUM B BUIE UACATb-
HOTO Ta3a, COCTOAIIETO U3 ABUKYIINXCS HEB3aMMOJIEH-
CTBYIOIIU YACTHIL, KaXkIas CTeMeHb CBODOIBI KOTOPOi
B cpemHeM oOJTafaeT BIIOJIHE OIIPEIESIEHHON 3Heprueii
e. Cormacuo sakony Maxceeanra njs wmeaJbHOTO Tasa
SHEPTHUA JACTUIHI TTPOMOPIHOHATBHA abCOTIOTHOM TeM-
mepaType Cpefibl, IpuaeM KoadPUIueHToM ITPOHOPITHO-
HaJBHOCTH CJTy KUT MOJIOBUHA MocToAHHONW Bosbiimana,
KOTOpasd MpeACcTaBiIgeT coboll YacTHOe OT HeJIeHnsA YHU-
BepcaJbHOI ra30Boli MOCTOAHHON Ha YHCI0 ABOTamgpo:

k
= -7 4
c=1tr (1)
rie
R 3pr
E=—=1,38x10"10——, 5
Ny ’ ~ rpan ( )

C mpyroii CTOPOHBI SHEPTHA TACTUIIHI MPEICTABIIAET
coboit KTHETHYIECKYIO SHEPTHIO:

mV?
€= 2 ) (6)

roe m — “macca” gacTHmbl, V  — ee CKOpOCTb.

Tak Kak B cooTHouteHnAX (6) 1 (8) osHEprUA £ ABMA-
eTcs XapaKTepUCTUKONH OHOM M TOl Ke Y4acTHIbI, TO U3
paBeHCTBa TIPaBBIX YacTell 3THX COOTHOUIEHWI CJIeyer:

k my?
nJjan
N
T= 2V = 22AV2, (8)

YuaureiBad, 9To BequmauHA MNy = Nap - laem. =
M orobpaxkaer Maccy Moad, KOTOpad Ha3bIBACTCA MO-
aekyaaproti maccoti M ¥ OMHCBIBAET ILJIOTHOCTHYIO
XapaKTEPUCTHKY CPEIBI €TUHHIHOTO (MOJAPHOTO) 06b-
bes-

eMa; H — MOoAERYAAPHAA Macca BeWlecTBa —

pPa3MEpHad BeJIMYNHA, paBHAad OTHONIEHWIO MacCChI €ro
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Puc. 2: K onpenenenuto rpagmenTa TEMIIEpaTyp BaKyyMa

MOJIEKYJIBI K 11—2 Macchl szipa aroma 2C; (a.em.)  —
1

AMOMHAA eFUHUYA MACCH, DABHAA 15 MACCHI A7Ipa aTo-
Ma '2C; Moab — KONMIeCTBO BelllecTBa, cofepIiKallee
CTOJILKO MOJIEKYJI, CKOJIBKO aTOMOB COIEpIKNTCA B 12T
msoToma yriaepona 2C; V? — KBagpaT CKOPOCTH {a-
CTHIBI CPEMIBI, BHICTYMAET B POJIA MOCTOAHHOTO Ta30BOTO
koappumnmenra; R — yHuU6epcasbHas MW MOAAPHAA
eazosan nocmosannasa, R = 8 31441x/ (K - Moss),
IPUXOANM K BBIBOMY, UTO COOTHOIIeHMe (8) BBIpakaer
B3aMMOCBSA3hb TEMIIEPATYPHBIX M IJIOTHOCTHBIX Xapak-
TEpUCTUK CPeIbl U YKa3blBaeT Ha MICHTHYHOCTH TEM-
NepaTypHBIX M IJIOTHOCTHBIX MPeICTaBJICHNI.

3. BsaumocBsa3b pusuIECKUX CBONCTB
MaTepuaIbHBIX TeJl C TeMIeparypoi
dusuyeckoro Bakyyma

Ucxons w3 BBeOeHHONW TepMUHOJOTHEH nod NoHAMU-
eM MAMEPUANBHO20 Meaa bYdem NOHUMAMbL CO80KYN-
HoCcMb HEodHopodHocmel Pusuveckozo 6aKyyMa uUal
a1060e cemeticmeo ucmoHHUKO0S.

1. B cuay Toro, 4To MCTOYHUKH MOTLYT 06JIamaTh
Pa3IndHOl HHTEHCHBHOCTHIO, TO U TeJia, COCTOANLINE U3
HCTOYHUKOB PA3JIMIHON WHTEHCHBHOCTH, OymyT objia-
JaTh pas3jJndHOf TeMIlepaTypoil, OTJWYHOH OT TeM-
meparypel dusndeckoro Bakyyma. Ipyrumum cioBa-
MH 6 00BeME MAMEPUAALHO20 MEAG CO30AEMCA NOHU-
JCEHHAA NAOMHOCTL PUSUNECKO20 6aKyyma — zpadu-
eHm naomrocmeti uau memnepamyp. I'panmeHT TeM-
neparyp WM IJIOTHOCTEH XapaKTepusyeTcd NpeacTa-
BJIEHUAMHU O TOTeHINAaJie W >KBUIOTEHINAJbHBIX IO-
BEPXHOCTAX W ONUCHIBAETCA PA3HOCTBHIO IMOTEHINAJIOB
e(r)—¢(0) = %r, rfe € — OUAJIeKTPUYIEcKass mpo-
HUIAEMOCTb CPebl, MJjid (PU3MIECKOTO BakyyMma € = 1
(puc. 2). TlosToMy MOMKHO TOBOPHUTB, UTO MEKIY JIfO-
OBIMI MATEPUATBHBIME TeJJAMH, COCTOANIMMHI W3 WC-
TOYHUKOB Pas3/IMYHONl WHTEHCUBHOCTH, MJIN MEXKIY Ma-
TePUAJbHBIM TeJIOM W (PU3NIECKMM BaKyyMOM BCErna

CYIIECTBYET PA3HOCTH MOTEHNNAIOB (TPaBHTAIIMOHHBIX
WM 5JIEKTPUIeCKHX), [7].

2. WsmeHeHWe TMIOTHOCTH WM TeMIepaTypbl dbu-
BHYECKOTO BaKyyMa BBI3BIBAET COOTBETCTBYIOIIME W3-
MeHEHHs TeMIEpaTyphl MaTepHaJbHOTO Tefda U BCEX
ero MeTpUYeCKNX M (PU3MKO-XMMUIECKHX XapaKTepH-
cruk. Tak Kak usudeckas TeMImepaTypa sKBHBAJIEHT-
Ha TIOTHOCTH (DU3NIECKOTO BAaKyyMa, TO HW3MEHEHIe
BCEX XapaKTePUCTHK MAaTepPUAIbHOTO Tesa TPH TeMIle-
paTypHBIX TpajHeHTax OyIeT 5KBHBAJEHTHO H3MeHe-
HUIO TTOTHOCTH (DU3HIECKOTO BaKyyMa.

4. Metoabl usMepeHut 0OCHOBHBIX
XapaKTepUCTUK (PU3UIECKOTO
BaKyyMa

4.1. MeToapl U3MepeHUEe IPaATUEHTA
IIOTHOCTHA (PU3UIECKOTO BaKyyMa
(rpagmueHTa rpaBUTAIMOHHOR
TEeMIIepaTy pbl)

a) Memod usmepeHua 24€KMPUNECK020 NOMEHUUAAA.
OcHoBaH Ha TPEONOJOKEHHH O TOM, UTO B 0DJAaCTH
HCTOYHUKA M MEXKIY MCTOTHUKAMH Pas3JINIHON MHTEH-
CHBHOCTH BCeTrIa CYIIECTBYET 3JIEKTpHIecKas PasHOCTh
moTeHIHaJoB. Tak HampuMep, HaI MOBEPXHOCTHIO 3e-
MJIH, TpeAcTaBagoneil coboit COBOKYMHOCTh MCTOTHI-
KOB (ceMefcTB) pasnmaHOli WHTEHCHBHOCTH, KOHMDU-
Typalusa SKBHIOTEHIINAIBHON MOBEPXHOCTH aJeKBaTHA
UHTEHCHBHOCTH HCTOYHMKOB U CXEMaTHYHO HU300paKe-
Ha Ha pucyHke. HeomHoOpomHOCTH pachpemesieHns Mo-
TeHIIaJIa HaJl MOBEPXHOCTHIO 3eMJIH M3BECTHA C IPEB-
HeHINX BpeMeH U TPUMEHAETCA IJIA OIMpedeeHn A MOI-
[IOYBEHHBIX BOM, PYIHBIX 1 HE(PTAHBIX MECTOPO K AEHMI
C IOMOIIBIO JIO3BI WJIM TaK HA3BIBAEMOTO JIO30XOICTBA.
HemnocpencTeentoe yaacTue dejoBeKka B 9TOM MPOIECCe
OIpeHeansio ero obilee HasBaHme — OHosokanmma. Ms-
MepeHHe PAa3sHOCTH MOTEHINAJIOB He3 yIacTua JeJI0BeKa
HPOMBBOAMUTCS 3JIEKTPOHHBIM GHOJIOKaTOpoM [8], cxema
KOTOPOTO ToKa3aHa Ha puc 3.

OnuceiBaeMoe 3JIEKTPOHHOE YCTPOMCTBO IIpeacTa-
BJIAET YYBCTBUTEJbHBIH WHIMKATOD, pearupyouinii Ha
JIEKTPUIECKOe TOJIe, KOTOPOe MOIKHO YCHJIHTD, OMpe-
JeIUB TaKUM 00pa3oM 3ajieraHue TMOAMOYBEHHBIX BOJ,
WJIH HAJIMYIHE CKPBITON 3JIEKTPOIIPOBOAKHI B CTEHAX 3a-
amii. [lpm sToM msMepsAeTca MOTEHITHA SKBHIIOTEHIIH-
aJbHON MOBEPXHOCTH, KOTOPYIO MPHOOPETAET TEJIECKO-
nuvecKas aHTeHHa W3MEPHUTETBHOTO YCTpOHcTBa OT-
HOCHTEJIBHO “5TaJ0HHOTO” MOTEHIHAIa, CO3TaBaeMOTO
HCTOYHUKOM THUTAaHUA. Bxom msMepHuTeIbHOTO yCTpoii-
CTBa HOJIKeH obecledmBarb MaJiblii BXOOHONW TOK OJId
yCTpaHEHUA BIHAHUA “STAJOHHOTO  MOTeHIMAaIa Ha
TMOTEHIINAJT, CO3IaBAEMBIN B TEJIECKOITNYIECKOH aHTeHHe.

YeTpoi#icTBO m3roToBEeHO Ha Hase IBYX OIepalimoH-
HBIX YCHJIHTESIEH M TpexX sJIeKTPOHHBIX KJIIOUell ¢ mnTa-
HHEM OT IBYXHOJAPHOIO MCTOUHHKA. K BBIXOODY TEpBO-
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Puc. 3: Cxema anexTporHOTO 6MOMTOKATOpA

T'O YCUJIUTEN S, KOTOPBIH BKJIIOYEH B KAYECTBE TIOBTOPHU-
TeJid HANPAXKEHWA C BBICOKUM BXOIHBIM COMPOTHBIIE-
HUEM, TOICOEINHEHA TeJIECKONMIecKas aHTeHHa. Fe
MOTEHIINAJT OTHOCHUTEIHHO 3€MJIH 3aBHCHUT OT IapaMe-
TPOB 3JIEKTPUYECKOTO TIOJIfA. “YJIOBJIeHHBIE AHTEHHOM
MOJIOKUTEIbHBIE U OTPUIATE/IHHBIE 3APAAB H3MEHATOT
HapAKeHNe Ha BBIXOME TEPBOTO YCUJIUTENA, KOTOPOE
gepes ko9 K1 moctymaer Ha BXOJ BTOPOTO YCHIIHTEA
€ BO3MOKHOCTBIO DETY/INPOBAHNA KOahduimenra ycu-
JIEHU .

Hpa npyrux mioua — K2 m K3 — gefictByroT B
TaKT C 9acTOTOM, KOTOPYIO BRIpabaThIBAET MYJIbTHBU-
6parop Ha mHTerpasbHOM Talimepe DA2. Kuou K3,
MO/ICOETNHEHHBI K AHTEHHE, CBA3AaH C MOTEHITHOMeE-
Tpom R6, mpm sTom Hampsaxenue Ha xoumencarope C3
7 yIPaBJIAIONIEM BBIBOIE KJIOUYa MPUMEPHO PABHO ajl-
rebpamdeckoii CyMMe OT aHTEHHOTO HANpPAKEHUA U TO-
ro, KOTOpoe 3amaercsa norermumoMerpom R6. C mpyroit
CTOPOHBI, YYBCTBUTEJBHOCTH MEPBOTO YCHIUTENA OT-
HOCHUTeJIbHO aHTeHHBI 3aBUCHT OT YAaCTOTHI, ¢ KOTODOit
emrocth C2 paspsakaercd depes Kia0d K3.

Yacrory MyapTHBEOpaTOpa MOYKHO HW3MEHATH IIO-
rernrmoMeTpoM R1 u mepersrodaresieM S2, peryiampys
TakKUM 0bOpa3oM B OOJBUINX MPemeiaXx UyBCTBUTEhb-
HOCTH Tpubopa. Oblas IYyBCTBUTENBHOCTD 3JIEKTPOH-
HOTO OMOJIOKATOPA MOBHIMIAETCA W MPH 3AMKHYTOM TIO-
JIOKEHWN TEPEKTIoYaTeda S2.

Bzamen obosmaueHHBIX Ha cxeMe yeumuTeseir DAL.1

u DAL.2 MOXHO HUCHOJB30BATh JIOOBIE ONMEepaIlHOH-
HBbIe YCUJIUTEJW ¢ MaJibIM BXOIHBIM TOKOM. W3 ore-
JeCTBEHHBIX MUKPOCXEM MOIOMAYT omepallnoHHbIE YCH-
murenn K140V/8, K140Y113, K140Y18, K140Y122,
Kb44¥ /1. Haubosiee yaobeH B JaHHOR cxeMe OBYXKa-
HaJBHBIN OmepannoHHbill ycuaute b Tumna KH7T4VI2A,
b. Onnako mpm 3amene ycuanTesaell HEOOXOANMO IIPH-
MEHATH COOTBETCTBYIOIIME IENMM KOPPEKIHH, a TaKkKe
W3MEHHUTH IUTAHUE CXEMBL.

Murerpansuas cxema DD1 (4066) comepknT 4eThl-
pe aHAJOTOBBIX KJIf0Ua, TPU U3 KOTOPHIX UCIOIB3YIOTCA
B cxeMe. M3 oTedeCTBEHHBIX MUKPOCXEM HJIA 3aMeHBI
HamboJjiee TMOAXOMAT HABYHAIIDABIEHHBIE TEPEKJTIOTATE-
gu Tuna KP1561KT3. BmecTo mHTerpagbHOTO TaliMe-
pa DD2(7555) MOKHO HCIONB30BATH OTEUECTBEHHBII
amasior K1006BU1. N3smMepuTenbHad TOJOBKA PACCUU-
rtara #Ha TOK D0 — 500mA. Huomemt VD1, VD2 -—

JII0OBIE repMaHHUEBBIE.

ITpocToit mHAUKATOP MOCTOAHHBIX W TEPEMEHHBIX
sJIeKTpUdecKux moJjieli [8] Moxker GbITh cobpaH ¢ HC-
MOJB30BAHMEM B KAadecTBE PETYJIUPYEMOTO BHEIIHUM
DJIEKTPUYECKUM TOJIEM JEeJIUTENA HAPAKEHUA — pe-
sucropa R1 m KaHasa mojeBoro tpansucropa (puc. 4).
B kadecTBe ympaB/ifeMOro reHepaTopa MMITYJIBCOB HC-
TONIB30BaH TeHepaTop Ha MuKpocxemMe KI122TJI1. B
Harpy3Ky TeHeparopa HJId WHIANKAINH BKJIOYEHBI BbBI-
coKooMHBIe ToJioBHBIe Tesedonsl Tuna TOH-1 (TOH-
2). Tlpm HaJWYIWN BHEINIHETO TOCTOAHHOTO WJIW Tepe-
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Puc. 5: O6mennasn sueprus B deppomarterukax (cTpeikoi
TIOKa3aHo ee yBeJMIeHNe )

MEHHOT'O 9JIEKTPUIECKOTO MOJIs CUTHAJ, HABOAWMBIN Ha
AaHTEHHY, MOCTYHAeT Ha YIPABJIAONMN 3JIeKTPOJ MO-
JIEBOTO TPaH3MCTOpa (3aTBOP), YTO BBISBIBAET MOIYJIA-
IIHIO COTMPOTUBJIEHHUS KaHaJIa [MoJIeBOTO TpaHaucTopa. B
uTore MaleHne HAMPSKEHU Ha TeJUuTeNle Halps KeHW s
U3MEHSAETCA, UTO B CBOI OYEpElb BBI3BIBAECT TMOIBJIE-
HFe TeHePaIluN ¢ M3MeHdAollelica JacToToli (ModBIeHme
HaKeTa NMITYJIBCOB).

Jst ocyIliecTBIeHns “TIPENUSUOHHBIX W3MepeHui
rpaueHTa rpaBUTAHOHHON TeMmepaTyphl HEOOXOIUMO
3apUKCUPOBATh “DTAJIOHHBIH’ MOTEHNHWAT — WCKJITIO-
YUTH BJMSAHUE TeMIEPATypHOU HeCTaOUITBLHOCTH MaTe-
PHAJIBHOTO Tejla U 0beCHednTh TEeMIEeparypHyo cra-
GUIIHLHOCTD UCTOYHUKA.

6) Memod uzmepenus MmazHUMHOT NPOHUUAEMO-
Jas maMepeHus rpaBUTAIMOHHONW TeMIepary-
DBl TMPUTOAHBI BCe MaTepHaJibHBIE Teja, (pU3HIecKue
mapaMeTpbl KOTOPBIX (HANPUMED, JAM3JIEKTPUIeCKasd 1
MarHUTHA#A TPOHUIIAEMOCTE) PE3KO Pearnpyior Ha TeM-
mepaTypHbIil TpaIHeHT U KOTOPBIM MPUCYILa “BhICOKasd
TeMIeparypHas dyBcTBUTEIbHOCTL” . K Marepmasiam,
obJiaafoliM OYeHb BBICOKUM 3HAaYeHWEeM MarHUTHOM
MPOHUIAEMOCTH U BBICOKON TyBCTBUTEIBHOCTHIO K TEM-
mepaTypHbIM W3MEHEHUSM, OTHOCATCH (eppOMarHuT-
HBle MaTepraasl [11].

DeppoMarueTu3M CBI3aH ¢ KPUCTAJLTHIECKOH CTPYK-
Typoit BemectBa. MeXIy »JIEKTPOHAME COCETHUX aTO-
MOB KPHCTaJlIa UMeeTcs OOMeHHoe B3amMojelicTBue,
CTpeMslIeecss OPUEHTUPOBATH CIHHBI UX SJIEKTPOHOB
mapaJiieibHO WM AHTHATAPAJIeTbHO APYT APYTY, B

cmu.

3aBUCHMOCTH OT OTHOIIEHUA MOCTOAHHON KPUCTAJIJIH-
qecKoil peleTKu a K AunaMerpy OpOMTHI paccMaTpHBa-
eMoro »mekTpoHa d. Ilpm MOMOKUTENBHBIX 3HAYUCHU-
ax obmeHHBIX cuy (I) HECKOMIEHCHPOBAHHBIE CIWHBI
BJIEKTPOHOB COCETHIUX ATOMOB OPHEHTHPYIOTCA B OJTHOM
HaIlpaBJIeHUN, B PE3YIIBTATE YETO BEUIECTBO CTAHOBHUTC
dbeppoMarHeTHKoM, MpH OTPHIATEIHHBIX JKe 3HAUCHU-
ax o1ux cus (II) CUMHBI JeKTPOHOB OPWEHTHPYIOT-
cA aHTUMAPAJJIESbHO IPYT JIPYTY W TaKue BeEIeCTBaA
ABIAIOTCA aHTHdeppoMarHuTHEIME (puc. 5). M3mene-
HIe TPaBUTAIMOHHON TeMITEPATyPhI (MIOTHOCTH CPEIBI)
JOJIZKHO TPUBOANTL K M3MEHEHHWIO YPOBHA OOMEHHOTO
B3auUMOJIeHCTBUA 1, KaK CJIEICTBUE, K U3MEHEHHIO Be-
JIUYMHBI MATHUTHON MPOHUITAEMOCTH.

Haunsiit adpdexr peammsyercs ycrpotictBoM (puc.
6), mpeacTaBIARIIAM COBOH PAIHONPHEMHIK MPAMOTO
ycusienns B auanasone dactor ot Skl mo 80xT'm [12].
B manHOM ycTpoificTBe HHAMKATOPOM, pearupyIOIuM Ha
W3MeHeHNe TIOTHOCTH CPEIbl, ABIAeTCA (dpeppHTOBas
aHTeHHA, Ko>(PUIMEHT Mepegadn KOTOpoi, a, cemo-
BaTeJIbHO 1 YyBCTBUTEJBHOCTH MPUEMHUKA, OTPEIess-
IOTCA TIOTHOCTBIO cpenbl (busndeckoro Bakyyma). Ot
¢ PeKTUBHON MarHUTHON TPOHUIIAEMOCTH CEPACTHIKA
MaArHUTHOW aHTeHHBI [13] 3aBucuT ee nelicTByIoNas BbI-
coTa, ompenengeMas popMyoit

2rS
hvia = == papgw, (9)
rome S — IJoWAfb cedeHHA cepAedHUEA, M2, A  —

JJIMHA BOJIHBI, M; W — YHCJO BUTKOB aHTEHHOW Ka-
TYIIKH.

WN3zmenenne neficTByolneil BBICOTHI MaTrHUTHOW aH-
TeHHBI (PUKCHPYETCA O H3MEHEHHIO CPeIHeCTATHCTH-
qecKoll caydaiiHofl aMIJTUTYIBI BHEITHUX 3JeKTpoMar-
HUTHBIX ToJielt. B coctaB ycrpoiicTBa Bxomdar: — Mar-
HuTHad anTeHHa MA ¢ Karymikoif cBasm L, ycmanTesnb
noctogaHOTO TokKa YIIT, mumckpuMwmHATOD, CUETINK
UMIYJIbCOB. V3MeHeHHe YPOBHA >JI€KTPOMATHHUTHBIX
mosielt bukcupyerca mMarHuTHONW aHTeHHOW MA | yem-
JIUBaeTCA ycujmmresgeM nocroguaroro toka YIIT u npu-
BOJIUT K U3MEHEHNIO KOJHYECTBA UMITYJIBCOB Ha BBIXOE
JAUCKPUMHHATOPA, MOACYUTHIBAEMBIX CUYETUYUKOM HM-
MYJIBCOB 3a (PUKCHPOBAHHOE BpeMsA HADMIOOEHNA Tyacy -
JaHHOe YCTPOWCTBO TO3BOJIAET MPOU3BOIUTH TOUCK
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PI/IC. 7: Cxema YCTAHOBKHW OJIA M3MEPECHUA I'PaBUTAIIMOHHO-
'O IIOTOKa

reOMaTOreHHBIX 30H.

s mpoBefieHnA “IPENW3NOHHBIX W3MepPEeHUN He-
00XOIMMO TIepeliTH OT W3MepeHull CayJIaliHBIX CcpemrHe-
CTATHCTUYIECKUX U3MEHEHUH BHENTHUX 3JIEKTPOMATHUT-
HBIX TIOJTefl K U3MEPEHHMIO COOCTBEHHO MArHUTHOM mpo-
HUIAEMOCTH MAarHUTHOW aHTEHHBI MyTeM (bOPMHUPOBa-
HUA cTabUIBHOTO YPOBHA 3JIEKTPOMATHUTHOTO TOJIA U
obectiedeHns TepMOCTAOMIM3AIUT BCETO YCTPOHCTBA.

Omnpenesienne 31eKTPOMATHUTHBIX TTAPAMETPOB OCY-
HIECTBJIAETCA ABYMS METOAMHU: MOCTOBBIM U PE3OHAHC-
ueiM [14]. MocrtoBoil Meron nmpeaHasHaYeH [Jis OIeH-
KH Ka49eCTBA MArHUTOAM3JIEKTPUKOB HA OCHOBE aJIbCH-
depa m KapOOHUIBLHOTO XKejie3a W (PePPUTOB € TIPO-
Huaemoctbio Merbiie 100. [lna deppuror ¢ Hosee
BBICOKMM 3HAYEHNEM MPOHUIAEMOCTH TPUMEHAIOT pe-
30HAHCHBIH MeTom. s MocTa B3aMMHON WHIYKTUBHO-
CTH, TpeIHA3HAYEHHOTO Ijid paboThl B auama3oHe da-
crot 1o b0k['1r, OCHOBHBIMHE 3JIEMEHTAMY ABJIAIOTCH Ma-
rasuasl emkoctr Cp  Co U aKTUBHBIE CONMPOTUBJIEHUA
T9 W 71 BBICOKOH TOYHOCTH, paboTaioline TPH TOKE IO
100mA (puc. 7). TTo m3MepeHHOMY PE3OHAHCHBIM Me-
TONOM 3HAYEHUIO WHIYKTUBHOCTH TPOU3BOAAT MOACIET
MAarHUTHOH TTPOHUIIAEMOCTH M0 POPMYJIe

L' D., - 107
o=t (10)
4Sw?
rae le — MHIYKTHBHOCTH 0OpasIia ¢ yIeTOM TIOMpaB-

KW Ha ero coOCTBeHHYIO eMKocThb; [Dg, — cpenumit
amaMeTp obpasma; S — MJIOUALb MOMEPEeTHOTO ceve-
HEA 06pasla; w — YHCIO BUTKOB OOMOTKH.

4.2. HWM3mepeHue TPaBUTAITMOHHOTO MMOTOKA

1. Ilpamuvie memodvi usMeperuUa 2pasumayiloHHo20 no-
moka. K mpAMBIM MeTOmaM W3MEpPeHWA T'DABUTAITHOH-
HOTO MOTOKA OTHOCATCA METOJIBI HEMTOCPEACTBEHHOTO W3-
MepeHUA TaJeHNA MAaTePHAJJBHBIX TeJT Hal TTOBEPXHO-
CTBIO 3eMJTM U HA3BIBAIOTCH TPABHMETPHUECKUME Me-
K KoCBeHHBIM MeTOmaM OTHOCATCA METOMBI
W3MepeHu s Beca Ted.

3. Ksapuyeswvili undukamop 2pasumayuoHH020 no-
moka [5]. Meron ocHOBaH Ha IPEANOIOKEHUN 06 SKBU-
BAJEHTHOCTH ONTUYECKUX CBOWCTB TPaBUTAIMOHHOTO

TOJTAMH.

/i />

«Giatsint-M» «Giatsint-M»

No. 1 No. 2

- ——

Puc. 8: MocroBas cxema onpemeneHns 371eKTOMATHATHBIX
napaMeTpOB

MTOTOKA CO CBETOBBIM TOTOKOM. McXoms m3 3TOro mpe-
MOJIOKEHU A HOJTKHBI CYIECTBOBATH (DUBUUIECKHE TeJia,
obJragatoliie cCBOMCTBOM ONTHYeCKUX JUH3. B KadgecTBe
CODUPAOIINX W PACCENBAOIINX TTOTOK JIMH3 MOTYT MPH-
MEeHATHCA KPUCTATJIAIECKHE Tela — KPUCTAJIIIBI — OI-
HOPOIHBIE AHW3OTPOITHBIE TEJIA, B KOTOPBIX HCTOTHUKH
PAaCIoJIOKEHB B MPOCTPAHCTBE MPABUJIBHO TTOCTPOEH-
HBIMU TETOYKAMET, MJIOCKIMHI CETKAME U TPEXMEPHBIMHE
pemrerkamu. J[jid TpoOBEPKH 3TOTO MPEITOIOKEHU A ObI-
Jia CO3IaHa dKCIePUMEHTAbHAA YCTAHOBKA, JATINKOM
MOTOKA B KOTOPO# CJIYyKHUT MIACTHHA Mbe30KPHCTAI-
Jia, ABJIATONIAACA OCHOBHBIM 3JIEMEHTOM BBIMTYCKAEMOTO
MPOMBIIIIEHHOCTHIO OMOPHOTO TeHeparopa “I'marmunt-
M”. Cxema ycTaHOBKH TIOKa3aHa Ha puc. 8.

B ee cocrap Bxommr mBa msmenua “I'marmmur-M”,
dopmupyionire KonebaHnsa BBICOKOCTAOUIABHON dacTo-
o1 BMTn w magugarop (ocrmiiorpad), duKCHpyio-
i TEKYIYIo pasHoCTh has 3Tux KojebaHuit mo Me-
toay unrepdepenimonubix duryp [15]. Tlepen mpose-
JIEHNEM SKCIIEPUMEHTA MPOW3BOMMIIOCH BHIDABHUBAHUE
rTekymux ¢as3 KojgebaHuil 1A BBIMTOJHEHWA YCIOBUA

Af = f1 — fo = 0. Ilpu npoBeneHUEm 3KCIIEPUMEHTA
omus w3 “TmamuaTo” (Nel) BBICTYIAT B POJIH 9TATOH-
HOTO — ¢ 3adUKCHPOBAHHBIM B MPOCTPAHCTBE IIOJIO-

KenmeM. Bropoit “I'mamunt” Ne2 6plT TOABHIKHBIM I
JOomycKas Jioboe MepeMellieHne B ITPOCTpaHCcTBe. Pe-
3yJABTATH YKCIIEPUMEHTA MOATBEPINIIHN, YTO KBaPIEBad
IJTACTHHA, BXOAAIAsd B COCTAaB OIMOPHOTO TeHepaTopa
Ne2, orBeuaromias 3a (popMHpPOBaHME YACTOTHI KoJeba-
HuUll, pearupyeT Ha TPaBUTAMOHHBIN MOTOK U JeifcTBU-
TeJIbHO ABJiAeTCA mHAMKaTopoMm. Ha pmc. 9 mokasamo
U3MeHeHHe JacToThl KoJsebanuit A f omopHoro remepa-
Topa N2 oT moJIoXKeHuA ero KBapleBOl MIACTHHBI B
MPOCTPAHCTRE.

[Tepen mHagasoM 3KCIIEPUMEHTA, TPU BEPTUKAJTHHOM
PACIONOKEHNH KBapIeBoll IIaCTUHBL (INCKa), puc.
9b), FacTOTHl ONOPHBIX TEHEPATOPOB BBIPABHUBAIOTCS
(Af =0). TIpu BpalieHNn KBaPIEBOH MIACTHHBI PO~
THB YacoBoif, puc. 9a), u mo gacoBoii, puc. 9c), cTpeke
HabJTIOAIOCh W3MEHEHNE YaCTOTHI KOJeOaHmii OMOpHO-
ro reHeparopa Ne2. MamMeHeHme 9acTOTH MOKHO 0ObLAC-
HUTH ONTHIECKUME CBOWCTBAME KBAapPIEBOTO IUCKA 1A
IPAaBUTAIIMOHHOTO TOTOKA. B 3TOM cjydae OH BBIIOJ-
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Puc. 9: BapuanThl mpoBeieHrs sKCIIEpAMEHTA

HAET PoJib POKYCHPYIONIel M pacCenBarioOIiell MOTOK
JIMH3BI, YTO MPUBOAUT K YBEJIMIEHNUIO HITH YMEHBITEHUTO
IJIOTHOCTH CPEeIBl B €€ 0bbeMe U, KaK CJEACTBHE, — K
VBEJIMYEHNIO WM YMEHBIIEHNIO PESOHAHCHON YacTOTHI.
B KOHCTPYKTHBHOM HUCIIOJHEHUU OTOPHOTO TeHePaTOpa
MPENYCMOTPEHO MCKITIOUEHNE BHENTHUX MEXAHWIECKUX,
TEMITEPATYPHBIX U 3JIEKTPOMATHUTHBIX BO3HelicTBHUM,
9TO 06ECTeYNBAET TOCTOBEPHOCTE TOJIYYEHHBIX DKCITe-
PUMEHTAJIBHBIX PE3YIbTATOR.

PaBHOyCcKOpeHHOE HBUKEHNE BEPTHKAJIBHO PACIo-
JIOJKEHHON KBapIeBoll IJTACTHHB B TOPH3OHTAIBHOM
HaIpaBJIEHUN TaKKe MPUBOIUT K UW3MEHEHUIO IaCTOTHI
OTIOPHOTO TeHepaTopa, YTO TOBOPUT O eAWHOH dusn-
YeCKOl MpUpoe MOTOKOB, CO3IaBAECMBIX TPABUTAIMOH-
HBIM TTOJIEM 3eMJTH U B Pe3yJIbTarTe PaBHOYCKOPEHHOIO
IBUKEHUA TeJ, O €IUHON Tpupone “uHepTHBIX U “Tpa-
BUTAIMOHHBIX Macc.

5. BriBoanl

AHaju3 CyMECTBYIOUINX METONOB W3MEDEHUA OCHOB-
HBIX XapaKTePUCTUK (PUBHIECKOTO BAKYYyMa PUBOIUT
K CJIEIYIONINM BBIBOLAM:

1. @usmyeckuit BaKyyM obiagaeT sHePreTHIECKIME
XapaKTePUCTHKAMH.

2. HeomuopomHocTu (hu3MIecKOro BakKyyMma Mpell-
CTABIAIOT OO0 MCTOUHNKN (CTOKH), CO3TAOIINE TEM-
neparypHble TpaguenTs 0 A Y3MOHHBIE TOTOKH Cpe-
JIBI PUBUIECKOTO BaKyyMa.

3. BsammomeiicTBue Tesm B UIMUECKOM BaKyyMe
OTHUCHIBAIOTCS ODIIUMHU TTPOTIECCAME, MPUCYIIUMHE TTPO-
meccaM B TEPMOIMHAMUKE, 3JIEKTPOAMHAMUKE, Ta30 U
THAPOINHAMUKH, W ONUCHIBAIOT ABJIEHUA TEPEHOCA U
nnhdysmm.

4. HambHelilliee pa3sBUTHE METOHIOB U3MEDEHUA Xa-
PaKTEePUCTHK (DU3UTECKOTO BaAKYyMa OTKPBIBACT HOBBIE
MyTH WUCCJENOBAHNSA (PUIMIECKON CYIIHOCTH MaTepu-
AJTBHOTO MUDPa W HOBBIE NMYTH HPAKTHIECKOTO MpPUMe-
HEHWST SHEPTETHYECKUX XAPAKTEPUCTUK (DUIMIECKOTO
BaKyyMa.
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