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IIpexuciioBue.

Mup MatepuaieH (BELIECTBEHEH), €1MH U OECKOHEYHO MHOT0oOpaseH. YenoBek Beceraa
IIBITAJICS TIOHATBH €r0 BHYTPEHHIOIO KPAaCOTy U FapMOHMIO, HO BOT IIapaJlOKC: IPEBHUE
MIPEJICTaBJICHHUS B IIEJIOM ObUTM MHOTO OJIMKE K PeaTbHOCTH, HEKENIU COBPEMEHHBIE. JTO
o0bsAcHseTCA Oosiee TecHOH cBs3bio ipeBHUX ¢ [Ipuponoit u Kocmocom, HO nx moaBoanio
OTCYTCTBHE KOHKpPETHBIX 3HaHM. CoBpeMeHHas ouInanbHas Hayka Bce TIpekHee 00bsIBUIIA
IIPEIpACCYIKaMH U, U 10 IIyTH Pa3BUTHS KOHKPETHBIX 3HAHUM, BHaYaJle Y3aKOHUIIA
MEXaHUYeCKyIo (BcoMHHUM Jlamiaca), a Tenepb — 3J€KTPOMarHuTHYIO (BCIIOMHMM ODMHILTEIHA)
KapTHHY Mupa. OHaKo Ha ATOM HayKa He KOH4YaeTcs. bosee Toro, noay4eHHbIE MHOKO HOBBIE
TEOPETHUUECKHE U IKCIIEPUMEHTAIbHbIE PE3YJIBTAThl MIO3BOJISIFOT MPEABUIETH MOMEHT, KOTIa
IIPOU30MAET CIMSIHUE BEPHBIX MPEACTABICHUHN IPEBHUX ¢ COBPEMEHHBIMA KOHKPETHOHAYYHBIMH
3HAaHUSMH, TO €CTh KOIJa YyeIoBeUecKas [IMBWIN3ALNS TOHUMETCS /10 YPOBHSI CBsI3U ¢ Pasymom
Kocmoca.

Tynuk eBponeickoil TEXHOJOTUYECKON [IUBUIIM3AIMM OYEBU/ICH: 0€3lyMHOE YHUUYTOXKEHNE
pecypcoB 3emin, 0€3yMHOE HapalliBaHUE BOOPYKEHUI, HeNPepbIBHbIE CAMOMCTPEOUTENbHBIE
BOITHBI, TEPPOPHU3M, HACUIIUE, KECTOKOCTh, HAPKOTHKHU. Hac rHETYT HEBEKECTBO M OMMPAIOLIUECS HA
Hero TeMHble cuibl. Koneyno, Pazymy KocMoca Bce 310 BetoMo, He ciIy4ailHO IOITOMY ceidac
3eMJTI0 MTOCEIIAI0T JECATKY MHOMJIAHETHBIX LIMBUIIN3AllUH, HO (0, HAIllM HEBEKECTBO U
aHTPOIIOLIEHTPU3M!) MBI CMOTPUM Ha HUX U HE BUJUM UX — B TOUHOCTH 110 Tomacy Kyny.

311ech 5 IBITal0Ch TEOPETUUECKU U SKCIIEPUMEHTAIILHO MIOTOBOPUTH O MHOKECTBEHHOCTH
obutaeMblx MUpoB. OO 3TOM rOBOPHIIN U 110 MeHs, HanpuMep [[xopaano bpyHo, HO 51 HaJIeIOCh, YTO
Tenepb peaxius OyaeT nHou. PaHplie o kpacoTe U rapMOHUM MHUpa MOIJIa CYJIUTh TOJIBKO FOpPCTKa
N30paHHbIX, HA/IETIEHHBIX TAPOM SKCTPACEHCOPHBIX BOCIPUATHUH JIFO/IEH, HO C HEIO HE CUUTAIINCh, U
Jla’ke yCTpauBalid OXOTY 3a BenbMamu. Ceifvac s Xouy He OCYUTAThCS ¢ MHEHHUEM O(pUIHATIHLHON



HAyK{, HAJIETICHHON BCEM HEOOXOMMBIM, UTOOBI MMOHATH U MPOBEPUTH MEHS, HO HE
3aMHTEPECOBAHHOM B ATOM. Sl moTpaTui 35 JeT, U B pe3yibTare npejiarato npeiebHO NPOCThIE U
JOCTYTHBIE BCEM OIIBITHI, YTOOBI MOIO TEOPHUIO MOT TIOHATH U POBEPUTH «BCSIKUN CIIOKOIHO
paccyKIaroluil 4eJI0BEK, €CIIM TOJIbKO OH HE CJIENON U He COBCEM MAMOT», Kak roBapusai Mapk
Tsen. Oxora 3a BeAbMaMHu yke ObLIA...

I'maBa 1. IlocTanoBKka 3a1a4u.

Habmronenust mOKa3bIBalOT, YTO TaK HAa3bIBAEMbIE HEOMIO3HAHHBIE JIETAIOMINE OOBEKTHI
(HJIO), nnm neraromiye Tapeiaku, Wi JICTAloIIKe OIr0/Ia, YacTO CaATCs Ha 36MHYIO TTIOBEPXHOCTb,
3aBHCAIOT HAJ] HEIO0 Ha HEKOTOPO# BBICOTE, TM00, Kak U BCE, CO3JaHHOE PYKaMU pa3yMHBIX CYILECTB,
WHOT/IA MOPTATCA WIH 1a)Ke B3phIBAIOTCS. VICKITIOUMTENBHBINA TEOPETUUECKUN U MPAKTUYECKUN
MHTEpEC MpeCTaBIsIa Obl BO3MOXKHOCTh pacnoiararb 0ObeKTUBHBIMU METOJAMHU UCCIIEIOBAHUS, C
MTOMOIIbIO KOTOPBIX MOKHO ObLIO ObI C TOCTOBEPHOCTHIO YCTAHOBUTH (DaKT MOCAIKH WU 3aBUCAHUS
HJIO, naxe eciu OTCYTCTBYIOT HEOOXOAMMBIE B TAKHX CIIydasiX CBUACTENH, JINOO PaKT
MPUHAJICKHOCTH JAHHOTO MpEeMETa WM OCKOJIKa 00bekTy, uMenyemomy HJIO. Ecnu ipu aTom
OJTHOBPEMEHHO MOKHO OBIJIO OBl IOUEPITHYTh CBEICHHS O HEKOTOPBIX OCHOBHBIX XapaKTEPUCTHKAX
HJIO, To Takue MeToApI MPEACTABIISLIA OBl OCOOCHHYIO IICHHOCTD.

B xayecTBe KOHKPETHBIX IPUMEPOB MOXKHO COCIAThCsl Ha Iocaaky 9 urons 1984 rona
orpomaoro HJIO B paitone CamapkaHnza, ¢ MecTa TIOCaIKH OBLITM B3STHI TPOOKI TpyHTa. B nexabpe
1981 roga Ha ceBepe Konbckoro moiayocTpoBa MpoM30IIes B3PhIB YIABIIEro OOBEKTa,
npesmnoaraercs, 4ro 3tuM o0bekToM Okl HJIO, Ha MecTe B3pbIBa OOHApYKEHBI METaNINYECKHE
ockonku. Hakoner, cienyeT ynmnoMsiHYTh €llie B3pbIB TaK Ha3bIBAEMOro TyHI'yCCKOTO METEOpHUTa,
KOTOPBIM HAa CAMOM JIeJIe SIBJIACTCS HE METEOPUTOM, a moteprneBimuM karactpody HJIO. Xouy
00paTUTh BHUMAHUE HA TOT (PAKT, 4YTO BCE MOAOOHOTO poia KaTracTpo]bl pa3bIrphIBAIOTCS B TPYIHO
JOCTYITHBIX pailoHaX 3eMJIU, BN OT JIIOJCH, U MOTOMY HE HAHOCIT HUKAKoro yiiepoa. Hamo
OT/IaTh JOJDKHOE BHICOKUM MPUHIIMIIAM T'YMAaHHOCTH BBICOKHMX IIMBUIIM3AIINA!

Heo0xomumo cpasy *e 0roBOpUThCs, YTO COBpEMEHHasi opuiMagbHas HayKa He pacroiaraeT
MPECTaBICHUSAMH, 3aKOHAMHU U TEOPHSIMHU, C IIOMOIIBIO KOTOPBIX MOXHO ObLTO OBl pa3paboTaTh
MHTEPECYIOIINe HaC METObI UCCIE0BAHUS, WU AaXKe XOTS Obl MPUMUPUTHCS C CaMUM (aKTOM
cymectBoBanus HJIO. iMeHHO O3TOMY OHA KaTeropu4ecKd OTBEPraeT Bce OeCUUCICHHBIC
HaOmoieHus, Kacaroruecs: He Toiabko ¢peHomena HJIO, Ho u npyrux mogo0HbIX (EeHOMEHOB,
HanpuMep, Naparncuxonorndeckux u 1.4. [Ipusnats Gaxrt cymecTBoBaHus STUX (PEHOMEHOB - 3HAUHT
pacrnucaTthCcs B COOCTBEHHOM OeCCHIINHU, TTOIPYOUB CyK, HA KOTOPOM CHJIMIIIb.

UYrtoObl BEIPBATHCS U3 BOSHUKIIETO 3aKOJI0BAaHHOTO Kpyra, Hano, mo Tomacy Kyny [1],
chopMyIHpOBaTh HOBYIO MApaJUrMy HayKH, YaCTUYHO WIJIH MOJHOCTHhIO HECOBMECTUMYIO CO CTapoH.
Tonbko TakuM cIOCOOOM MOXKHO CO3/1aTh TEOPHIO, KOoTopasi Obl1a Obl criocoOHa OOBSICHUTD BCE
HabmoaaeMble (PaKkThl U MpeAcKa3aTh HOBBIE SBJICHUS, HEJOCTYIHbBIE JJIsl IPEKHUX TEOPUH.
CootBercTBytomias napagurma Osiia chopmyinupoBasa [2, ¢.7] 1 Ha ee OCHOBE pa3BUTa 001Iast
teopust (OT) mpuponst [3-5].

Cornacuo OT, B penomene HJIO, kak BripoueM B Maparcuxoiaoruu, JI030MCKaTeIbCTBE U
MHOTHUX JIpyTHX HaOII0IaeMbIX 3K30TUYECKUX (PeHOMEHaX, He MOAJAIOUINXCS OOBSICHEHHUIO C
COBPEMEHHBIX TEOPETHUECKUX MO3UIUHN, TIAaBHYIO POJIb UTPAET TaK Ha3bIBAEMOE XPOHAIBHOE
SIBJICHUE, CBS3aHHOE CO BpeMEHeM (ITO-TpevecKr XpoHoc — Bpemsi). [ToaTomy pa3paboTka MeTo10B
UCTIBITaHUs 00BEKTOB ¢ MECT MOCaIKHU, 3aBucanus u B3pbiBa HJIO (axkTuuecku n1omkHa CBOAUTHCS K
CO3/IaHUIO anmapaTypbl, HO3BOJSIONIEH (PUKCUPOBATH PA3IUYHbIE KOTMUYECTBEHHbIE XapaKTEPUCTUKHI
XPOHAJIBHOTO SBJICHUSI.



Celiuac elle He CyIIecTByeT MPHUOOPOB, AHATIOTUYHBIX BOJIBTMETPY U aMIIEPMETPY B
ANEKTPOTEXHHUKE, C TIOMOIIBIO KOTOPBIX MOXHO OBLIO OBI JIETKO ¥ TIPOCTO U3MEPUTH HEOOXOIUMBIE
napaMeTpbl XPOHAIBHOTO siBJIeHUs. Takue mpudophl KOHCTPYUPYIOTCS U HCTIBIThIBatOTCsA. Ho moka
MIPUXOUTCS JIOBOJIbCTBOBATHCS 00JIe€ TPOMO3KUMH U TPYAOEMKHUMHU METOJIaMHU U TIPHEMaMHU.
[Tpuuem 31ech OyayT paCCMOTPEHBI JIHIIL CaMble TPOCTHIE U JIETKO JOCTYITHBIE U3 HUX, HE
TpeOyrolue ISl CBOETO OCYIIECTBICHHS HUKAKOH 0c000# MpuOOpPHON TEXHHKH, -
COOTBETCTBYIOIIME MCIIBITAHUS MOXKHO BBITIOJIHUTH AK€ B JIOMAIIHUX YCIOBHSX, KaK 3TO JEJIaeT
aBTOP, P HAJTMIUHU KyCKa TOHKOW MTPOBOJIOKH, DJIEKTPOHHBIX HAPYUYHBIX YACOB M JIOCTATOYHO
TOYHOTO ceKyHAoMepa. OTPOMHOE MPEUMYIIECTBO MPEIaraéMoro MoaxoAa 3aKI04YaeTcsl He TOJIbKO
B €r0 JJOCTYITHOCTH JIsl BCEX JKEJIAIONINX, HO TAaK)KE U B OTCYTCTBHH B COCTABE amlmaparyphbl KaKuX
OBl TO HU OBLTO OMOIOTUYECKUX OOBEKTOB, SIBHO WJIM HESBHO HCIIOJIB3YEMBIX B KAUECTBE JATYMKOB
WU YCUJTUTENCH M3MEepsieMbIX CBOWCTB XPOHAIBHOTO sIBJICHUs. Pab0Tar0T TOIBKO YHUCTHIE MPUOOPHI,
YHCTHIE «KeNe3Kn». Takasi TOCTaHOBKA BOMPOCA JIOJKHA BBITYISAETh Hauboiee yoeauTenbHO IS
CKETITHKA.

Opnaxo, pex/ie 4eM IPUCTYIUTh K OMUCAHUIO SKCIEPUMEHTAIBHBIX METOJUK U
MOJTYYSHHBIX PE3yJIbTATOB, IIEIECO00PA3HO MOABECTH KPATKYIO TEOPETUUECKYIO 0a3y Mo/
XpoHanbHOE sBieHue, peHomeHn HJIO u npuMeHsieMbie criocoObl u3mMepeHuit. [{ist atoro mpumercs
Ha4aTh C TEPEUnciIeHUs OCHOBHBIX moniokeHnit OT, KoTopasi MO3BOJIIET OCMBICTUTH (PU3HUECKYIO
CYITHOCTb BCEX YIMOMSIHYTHIX ()€HOMEHOB M OTKPHIBAET MEPE/ MHKEHEPOM HOBBIE HE0003PUMBIE
MepPCIEKTUBBI. B CBOIO 0Yepesib oydeHHbIE HKCIIEPUMEHTATBHBIC PE3Y/IbTaThl JTUITHUHN pa3
MOATBEPKAAIOT cripaBeanuBocTh OT, B TOM uncie B 001acTIx, COBEPIIEHHO HEOCTYITHBIX JIJIS
TOCIOJICTBYIOIIEH OoulInanbHON HAYKH.

I'naBa 2. O6 ocHoBax oomeit Teopun (OT) npupoasbl.

OO61mast TeopHsi CTPOUTCS 110 METOLY EAYKIIUU — PACCYkKIEHUN OT OOIIETro K YaCTHOMY.
CBoe Hauvano oHa OepeT B pumocoduu, HOITOMY OTIMYACTCS MPENEIbHON OOUTHOCTHIO U
yHHUBEpcadbHOCTHIO. B ocHOBe OT Ne)kUT nocTynar-napaanurma, Onpeaeistonias riaBHble
KOHIIETITyalTbHbIe paMKu Hayku. [lapagurma OT BBITTSIIUT ClIeAyIOMUM 00pa3oM:

1. I'maBuas koHnenims Gumocopuu (IEPBUIHOCTD OBITHS U BTOPUYHOCTD MBILIUICHHS).

2. ®unocodckue KOHLIENIH TeOPHH (00bEKTUBU3M, IETEPMUHU3M, HEOOXOAUMOCTB).

3. ®mnocodcko-KOMMYHHUKATUBHbIE KOHIENIMU Teopuu (BeneHnnas, marepus 1 JBUKEHUE,
B3aUMO/ICHCTBHE).

4. KoMMyHUKaTUBHO-HAy4YHbIE KOHIETIIMHA TEOPUH (BEIIECTBO U €T0 MOBEIECHUE, B TOM YHUCIIE
BELIECTBO U NIOBEJICHUE B3aUMOJICHCTBHS).

Kak BuauMm, B mapagurmMe 00beKTHBM3M PaCIIM(PPOBHIBACTCS C TOMOIIBIO MTOHATHUS
BcenenHoli, 0XBaThIBAIOIICH BCE CyIllee U HE 3aBUCSINEH OT CBOMCTB CyOBeKTa — HAOMIOAATEIS,
W3MEpPUTETHLHOTO prbopa 1 T.1. JleTepMHUHU3M TpeycMaTpruBaeT yCIOBHOE (MBICIICHHOR)
pacuieHeHrne BeeneHHOM Ha MaTepuio U IBUKEHHE, BELIECTBO U €0 MOBEACHUE, MEXY KOTOPBIMU
CYLIECTBYET OHO3HA4Hasl 3aKOHOMEpHas (JeTepMUHHUCTCKasI) CBSI3b. (3amMeuy, 4TO KaTeropusMu
MaTepuu U IBUKEHUS COCTaB BceneHHOM He OrpaHn4nBaeTCs, OHAKO, J0OaBICHHE JTUITHEH
KaTeropuu HEM3MEPHUMO YCIIOXKHSIET BCE CBS3H U JieJIaeT 3ajjauy Ha JaHHOM 3Tale pa3BUTHS HAyKH
TPYIHO 0003pUMOI; HEKOTOPBIE MPEICTABICHUS O COOTBETCTBYIOIIUX KATETOPHIX MOXKHO
MOYEPIHYTh, HAPUMEP, B BOCTOUHOU (unocodun). HakoHer, He00X0aMMOCTh pean3yeTcs ¢
MIOMOIIBIO TIOHATHS B3aMMOJICHCTBHUS, B TOM YHCJI€ YHUBEPCAIBLHOTO, CBA3BIBAIOIIETO MEXKAY COO0M
BCE Pa3HOPOJHbBIE SBJICHUSI IPUPOLI. B MPOTHBOMOI0KHOCTE ATOMY, COBPEMEHHAs HayKa OTBEpraeT
(axT cymecTBOBaHHs YHUBEPCAILHOTO B3aUMOICHUCTBUS, a ee (PpriocoPpcKUMU KOHIETIIHUIMU
CIIy’KaT cy0beKTHUBU3M, HHAETEPMUHU3M U CIy4alHOCTb — BCIOMHUM T€OPUU OTHOCUTEIBHOCTH,
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KBaHTOBOM MEXaHUKH U HHPOPMAIIH, JIeXkKalie B OCHOBE COBPEMEHHOI0 €CTeCTBO3HAaHMUSA [2, C.7;
5].

B xone paccyxxnenuii Beenennast BHadase, B COOTBETCTBUY C €IMHCTBEHHBIM BO3MOXHBIM B
JAHHBIX YCIOBUSAX METOJIOM — METOJIOM aHaJIN3a, MBICIICHHO pacuJIeHsIeTCs Ha OT/IebHbIE (POPMBI
SBJICHUH, COCTOSIIIMX KaX/1asi U3 CONMPSKEHHBIX ()OpPM BellecTBa U ero nopeneHus. s
ONPEEIICHNS KOJTMYECTBA U Ka4eCTBA BEIIECTBA, M KOJTMYECTBA M KAYECTBA €r0 IMOBEJCHUS BBOJATCS
0co0ble KOTMUECTBEHHbIE Mephl. B mpenenax qaHHo# GopMbl SBIEHUS (PYHKIIMOHAIBHAS CBSI3b
MeX/1y YKa3aHHBIMU MEpaMU yCTaHABIUBACTCS C MOMOLIBIO ITIABHON KOHLENIUU (PUIOCOPHHU:
KOJIMYECTBO MOBEICHUS €CTh OJJHO3HAUHAas (PYHKIIMS KOJMUYECTBA BellecTBa. Tak cocTaBiseTcs
ocHOBHO€ ypaBHeHue OT.

Ha myTtu ananu3za ygaeTcst IpUHTH K caMoil mpocToi (31eMeHTapHON) popmMe SBICHUS —
abCOIIOTHOMY BaKyyMy, UJIH MapeHy, AJIsi KOTOPOTo BCE YIOMSIHYTHIE MEpPbI, KPOME MEphI
KOJIMYECTBA BEIIEeCTBa, paBHbI Hymo. [lapeH onuueTBopsier co0oii abCOMOTHBIHN MOKOH,
abcomoTHy10 cMepTh. KcTatu, MMEHHO T03TOMY 0€CCMBICIIEHHO MBITATHCS MOTyYaTh U3
aOCOJIIOTHOTO BaKyyMa SHEPIHIO, - €€ TaM HET; MapeH SBJISIETCS JIUIIb HEOrPaHUUYEHHBIM
MTOCTaBIIMKOM BemecTna [3, 4].

Jlanee mpUXOAUTCSI 0OPATUTHCS K NMPSIMO MPOTUBOIIOJIOKHOMY METOLy — METOY CHHTE3a, U C
ITOMOILBIO BBEJICHHBIX MEP CTPOUTH PA3INUYHBIE YCIOKHSIOIINECS 3BOIIOIMOHHBIE PSIbI, B KOTOPBIX
KaXJ10€ CI0KHOE SIBJICHHE BKJIIOUaeT B ceOs Bce 0oJiee MPOCThIE BMECTE C YIPABIAIONIUMHI UMHU
3akoHamu. [Ipu aTom r060€ siBneHHe psaa crienupuIHO U HEMOBTOPUMO, OO TOMHUMO 3aKOHOB,
XapaKTepHBIX JIsi 60Jiee MPOCTHIX SIBICHUM, €My IPUCYIIN TaKKe CBOU COOCTBEHHbBIE
cnieruduueckue 3akoHsl [3-5].

IlepBbIii (HayaIbHBIN) SBOTIOLMOHHBIH IIAT Pa3BUTHS BEIIECTBA — OT MMapeHa, Win
a0COIIOTHOI CMEPTH, K IPOCTOMY SIBJICHHIO — TEIIOBOMY, 3JIE€KTPUIECKOMY, MArHUTHOMY U T.JI. —
COOTBETCTBYET IIEPBOMY 3TaIly CTAHOBJIEHUS kKU3HU. OH M103BOJISIET AHAIMTUYECKUMU METOAAMU
BBIBECTHU M3 OCHOBHOTO ypaBHeHHsI OT ceMb KOMMUYeCTBEHHBIX IPUHLIMIIOB, UK Havan [3, 4]. B
pe3ynbTare ynaercs copMyIupoBaTh 3aMKHYTYIO LIEMOYKY PACCYKJIEHHH TEOPETUYECKOro MeTo1a
neaykiuu OT, MO3BOJSIONMIEro OT caMoro 001Iero — Guaocoduu, ee TIaBHBIX KOHIICTIIHA —
MEPEXOANUTD K CAMOMY YaCTHOMY — KOHKPETHBIM CBOMCTBaM M3y4aeMOTIO SIBJIEHMSI, TO €CThb K
KOHKPETHBIM YHCJIOBBIM 3HAYEHHSIM COOTBETCTBYIOIIMX KOIMYECTBEHHBIX Mep. Llenouka cocTout u3
MapagurMbl ¥ CIEAYIOUINX JOMOIHAOIUX €€ 3BEHbEB METO/IA N YKIINH:

5. KonnuecTBeHHbIE TPUHIUIIBL.

6. KauecTBEHHBIE TUIIOTE3HI.

7. KoHKpeTHBIE CBOMCTBA M3y4aeMOTI'0 SIBJICHUS.

Oco0bIil MHTEpeC MpeACTaBIAIOT ITIaBHbIE 3aKOHBI, WK Havyana, OT. I[lepBoe U3 HUX — 3TO
3aKOH COXPAHEHHUs IHEPIMHU, BTOPOE — 3aKOH COXPAHEHHMS KOJMYECTBA BelleCTBA, TPEThE — 3aKOH
COCTOSIHMSA, XapaKTEPU3YIOINI KOJIMUYECTBEHHYIO CTOPOHY B3aUMHOTO BJIMSIHHSI BCEX Pa3HOPOIHBIX
SIBJICHUH NMPUPO/IbI, YETBEPTOE — 3aKOH B3AUMHOCTH, OIIPEICIIAIOMNNA CUMMETPUYHBIN XapakTep
9TOrO BIMSHHUSA, IATOE — 3aKOH NMEePeHoca, TOBOPSIINN O B3aUMHOM BIIMSIHUM Pa3IMYHBIX TOTOKOB
BEILECTBA, IECTOE — 3aKOH YBJICYEHHUSI, ONIPEIEIAIOINNA CHMMETPUYHBIN XapaKkTep B3aUMHOTO
YBIICUEHHSI TIOTOKOB, U CEIbMOE — 3aKOH 0000IIEHHOTO 3apshKaHMs, WM SKPaHUPOBAHUS, ITH
AUCCHNAIUM, YIUTHIBAIOIINH 3(D(HEKTHI TPEHUS U ONPEIEISIOMINNA SHEPTUIO0 CUCTEMBI Yepe3 ee
BHYTPEHHHUE XapaKTepUCTUKH. [1epBbIil, MATHIN U 1IECTOM 3aKOHBI OBIIIM U3BECTHBI PaHEee,
ocTtanbHBIe HalineHsl B OT.

B nenom Havana OT — 3T0 aGCOMIOTHBIE 3aKOHBI IPUPOIBI, UM 0053aHO OAYMHATHCS BCE
cyluiee, 0O Bce HAUMHAETCS C MapeHa, U NepBbIi 3BOITIOIMOHHBIN 1Iar SBISETCS OOIIUM IS BCEX
9BOJIIOLIMOHHBIX [I1ATr0B.

W3 nepeyns Havan BUIHO, YTO NMPUPOJA 3HAET TOJBKO JIBA 3aKOHA COXPAHEHUs — YHEPTUU U
KOJIMYECTBA BellecTBa. Bce ocTanbHble Tak HAa3bIBAEMbIE 3aKOHBI COXPAHEHHS HA CAMOM JIEJIE HE



SIBIISIFOTCSL 3aKOHAMH, - OHU JIOJDKHBI HAPYIIAThCS B OTPEACTIEHHBIX YCIOBUIX. BechMa BakHOE
3HaUYEHHE UMEET TPEThe Havyaio, OHO OTBETCTBEHHO 3a BCEOONIYIO CBs3b siBiieHU. He MeHee
MHTEPECHO CeIbMOE Havallo [6, ¢.6], TomycKarolee BEeUHYI0 CaMOIIPOU3BOIbHYIO HE3ATYXaIOIIYIO
MaKpOCKONMUYECKYIO IIUPKYILINIO BemecTa [4, ¢.335]. HeTpymHo Takke 3aMEeTUTh, YTO CPEIH
Hayas OT HeT npecnoByTOro BTOPOro 3aKOHA Kilaccudeckoi TepmoauHaMuku Knaysuyca. 91o
3HAYUT, YTO OJHOBPEMEHHO OTITAJAIOT U BCE 3alPeThl YKa3aHHOTO 3aKOHA — HEBO3MOKHOCTh
WCTIONb30BaHUS TETJIOTHI OTHOTO UCTOYHHKA, HAIIPUMEP, 3€MJIH, BOJIBI UJIH BO3IyXa,
HEBO3MOYKHOCTb MPe00pa30BaHus TEIUIOTH B paboTy u apyrue Buasl sHepruu ¢ KI1J{ 100%,
HEBO3MOXKHOCTD CYIIECTBOBAHUS YIIOMSIHYTOW BBIIIE BEUHOH ITUPKYIISAIIUU BEIIECTBA U T.1., K YHCITY
3alpeToB CIIEAyeT TaKKe OTHECTH M yTBepkaeHne Kiay3myca o Hen30e:KHOCTH TEIJIOBOM CMEpTH
Bcenennoii. Bee 3Tu BBIBOJIBI-IIPOTHO3BI, IPOTHBOPEYAIIHE CYIIECTBYIOIINUM TEOPETHUECKUM
MIPEICTABIICHUSM, sl HCTIOIB30BaN [T SKCIIEPIMEHTAIBHOTO TToaTBepkaeHus OT.

B nacrosiieit pabote croxHble sIBISHHUS YBOJIIOIMOHHOTO psijia HAC MHTEPECOBaTh HE OyayT
(32 MCKITFOUEHHEM SIBJICHUS, CTOSIIIETO Ha CEBMOM MECTE ¥ IMEHYEMOTO TePMOIMHAMHUYECKON
1apoii, OHO COOTBETCTBYET BTOPOMY KapIMHAILHOMY 3Tally CTAaHOBJICHUS XKHU3HH, HOO 0oOecreunBaeT
CaMOTIPOM3BOJIBHYIO HE3aTyXArOIIYIO IIUPKYIHIIINIO BEIIECTBA, YPE3BHIYafHO BXKHYIO ISl BCEX
KM3HEHHBIX MPOLIECCOB), MBI OTPAaHUYUMCS PACCMOTPEHHEM JIMIIb IPOCTHIX. B cooTBEeTCTBHM €
W3JI0)KEHHBIM, HCTHHHO TPOCTOE SIBJICHWE COCTOUT M3 BEIIECTBA U €T0 TIOBEICHUS, U OTIPEIEIIETCSI
YEeTHIPHMsI TJIABHBIMH KOTMYECTBEHHBIMU MEpaMH — KOJTMYECTBA BEIIECTBA M KAYeCTBA BEI[ECTBA,
KOJIMYECTBA MOBEJICHNS M KaUeCTBa MIOBEACHHUS 3TOTO BellecTBa. Mepoii KoJmyecTBa BEMIeCcTBa
CIIY>KUT U3BECTHBII TaK Ha3bIBa€MBI (PaKTOP SKCTEHCUBHOCTH, WM IKCTEHCOP, MEPOIl KayecTBa,
WA CTPYKTYPBI, BEIIECTBA — eMKOCTh H MPOBOAUMOCTH. YHUBEPCAIHHON MEPO KOINYEeCTBa
MIOBEJICHHUS BCEX BEILECTB SBJIACTCS IHeprusi. Mepoii kauecTBa, WM CTPYKTYpBI, WK crioco0a,
MIOBEJICHUS CITY’)KUT TaK Ha3bIBAEMBIN ()aKTOP WHTCHCUBHOCTH, WM HHTeHcHaJ1. lHTeHcHan
OTIpe/IeTISIET AKTUBHOCTD, HAMPSKEHHOCTh TTOBEJICHUS, IO/ ICHCTBHEM Pa3HOCTH HHTEHCUAJIOB
MIPOMCXOIUT TIepeHoC BemecTna [3, 4]. [lepeuncinennsie Mepbl BXOAAT B ypaBHeHus cemu Hadan OT,
MPECTaBISIOMUX cO00M 3aMKHYTYIO CHCTEMY 3aKOHOB, HEOOXOIMMYIO U IOCTATOYHYIO JIJIst
OTIpe/IeNICHHsI BCEX TIABHBIX CBOWCTB JIFOOOTO TIPOCTOTO SIBJICHUSI.

B Hacrosmiee BpeMs MHE TIOKa U3BECTHBI TOIBKO CEMb HCTUHHO MPOCTHIX SIBICHUHN U
COTPSDKEHHBIX C HUMH BEIIECTB — METPHYECKOE, XPOHAJILHOE, POTAIHOHHOE, KoJIedaTe/IbHOe,
WIN BUJIOJIbHOE, TEMJIOBOE, WM BEPMUUECKOE, JIeKTpHYecKoe 1 MarHuTHoe. Bee TH BemecTBa
MIPEJICTABIISIFOT CO0O0M Te UCXOHBIE MMEPBOKUPIIMINKH, U3 KOTOPHIX TOCTpoeHa Beenennas n
KOTOPBIE CIYXHIIU MPEIMETOM JUIUTENBHBIX U O€3yCIENIHBIX TOMCKOB CO CTOPOHBI (hriocodon
JPEBHOCTH.

Kax10oe HCTMHHO MPOCTOE SBJIEHUE, KaK U JII000€ APYTroe sIBICHHE IBOJIIOIMOHHOTO psAa,
crnenru(UIHO, HEOBTOPUMO M B TIPUHIIUIIE HE CBOIUMO HH K KAKOMY JIPYyTroMYy SIBIICHHIO. JTa
creun(pUIHOCTh U HETIOBTOPUMOCTD €CTh CJIECTBHE CIEUU(UIHOCTH U HETOBTOPUMOCTH
00pa3yIoluX sIBIIEHUE BEIIECTB.

Ha ypoBHe Makpomupa Bce BemecTBa 001a/1al0T KOHTUHYaTbHBIMU, HETPEPHIBHBIMU
CBOMCTBAaMH, Ha YPOBHE MUKPOMHUPA — JTUCKPETHBIMH, TTOPITUOHHBIMH, 36PHUCTHIMUA, KBAHTOBBIMHU
(3TOT TepMHUH 51 yHOTPEOIISIO TOJIBKO B YKa3aHHOM 3/7IeCh cMbIcie) cBocTBaMU. CyIIecTBYeT elle 1
0oJtee TOHKHIA MUP, KOTOPBIH S HA3bIBal0 HAHOMHPOM, BEIIECTBO Ha TOM YPOBHE 00JIagaeTt
CWJIOBBIMH CBOMCTBaMH, IPUMEPAMHU MOTYT CIYKHTh TPaBUTALIMOHHOE U DIIEKTPOCTATHUECKOE,
TOYHEE OBLJIO OBl CKa3aTh AEKTPUUECKOE, HAHOMOJS.

B uncroMm Bujie oT/eNbHBIE BEIIECTBA (SIBICHHS) B IPUPOJIE OOBIYHO HE BCTPEUAIOTCS. DTO
00yCJIOBJICHO HAJIMYMEM YHHUBEPCAIBHOTO B3aUMOJICHCTBUS, 3aCTABIISAIONIETO OTAEIbHBIE
Pa3HOPOHBIE EPBOKUPITUYUKH O0BETUHATHCS, CIUMATHCS MEXKy cO00i B 0cOObIe aHCaMOIIH, WK
tena [4, c.31]. Ha ypoBHe Makpomupa 3T aHCAaMOJIM MPEACTaBISAIOT COOO0M MPUBBIYHBIE HAM Tela,
Ha YPOBHE MUKPOMHpPA — TaK HAa3bIBAEMbIC DJIEMEHTAPHbIE YACTHIIbI, aTOMbI, MOJIEKYJIbI. Takum



00pa3oM, dJIeMEeHTapHask 4YaCTHIIAa — 3TO CI0XKHOE 00pa3oBaHUE, COCTOsIIEEe U3 OOJIBIIOT0 MHOXKECTBA
KBAHTOB Pa3JIMYHbBIX BELIECTB, UMEHHO 3THUM OOBSICHSIOTCS BCe ee HaOmo1aeMble U He
nojyiaronecs o0bICHEHHUIO ¢ TPAJUIIMOHHBIX MO3UIINI CBOMCTBA.

Ot umca mopuMii ¥ posia NEPBOKUPIIUUHMKOB 3aBUCAT KOHKPETHBIE CBOMCTBA MAKPO- U
MHUKpPOTEN, 00 KaKJbIii HEPBOKHPIHUUK MIPUIAET CUCTEME CBOM O0COOBIE, MPUCYILUE TOIBKO EMY
OJTHOMY CBOMCTBa. EciM Tesi0 He COAEPIKUT KaKoro-1uo NepBOKUPINYMKA, TO OHO HE 001agaeTr
COOTBETCTBYIOLIMMHU CcBoMcTBaMU. Hampumep, mopuuu METpUYECKOro BEILECTBA IIPUIAIOT TEILY
CBOMCTBA NPOTSHKEHHOCTH M MOPSAKA MTOJIOKEHHUS, IOPIIUU XPOHAIBHOIO BEIIECTBA — CBOMCTBA
JUIMTEJIBHOCTHU U MOPsIIKA MOCIEA0BATEIbHOCTH, POTALIMOHHOIO BEIIECTBA — BPAILLATEIIbHbIE
CBOMCTBA, BUJIOJIBHOTO — BUJIOJIbHBIE, TN KoJeOaTeNbHbIe, CBOMCTBA, BEPMHUYECKOTO —
BEPMUYECKHE, UIIU TEIUIOBBIE, JIIEKTPUYECKUE — HIEKTPUUECKOr0, MArHUTHOE — MAarHUTHOIO U T.J.

Tena He 00s3aTeNILHO AOKHBI COJIEPKaTh BECh HA0OP MEPBOKUPIUUYUKOB OJHOBPEMEHHO.
Hanpumep, poToH He UMeeT MOPLUHU DIEKTPUUIECKOTO BEIIECTBA, KaK AIEKTPOH, T0OITOMY He
o0J1a1aeT PIEKTPUUECKUMU CBOMCTBAMH, BMECTE C TEM OH MOXKET OUEHb €1a00 B3aUMOJIEHCTBOBATh
C 2JIEKTPOHOM B CHJTy HAJIMYMS YHUBEPCAIHLHOTO B3aUMOACHCTBHSI; 0€33JIEKTPUUECKHE YaCTUIIbI
MIPUHSTO HAUMEHOBATh HEUTPAIbHBIMHU. AHAJIOTHYHO CYIIECTBYIOT Tejla 0€3 METPHUECKHX
MEPBOKUPITNYMKOB, TAKUE TeJIa HE 00J1aJal0T CBOMCTBAMH NMPOTSHKEHHOCTH U MOPSI/IKA OJI0XKEHHS.
Ecnm Teno He pacnionaraet XpoHaJabHBIMHU EPBOKUPIMYUKAMU, TO OHO HE IMEET CBOMCTB
JUTUTENTHOCTH U MOPsIKa MOCIeI0BaTeNIbHOCTU. ECin y Tena HeT BUJIONBHBIX (KoJeOaTelbHbIX)
MIEPBOKUPIIMYMKOB M CBOWCTB, TO OHO OKa3bIBAECTCA HEBUAMMBIM JUIS I71a3a U aHAJIOTHYHBIX EMY
npubOpOB.

3amedy KCTaTH, 4TO B IPUPOJIE HE CYIIECTBYET CAMOCTOATEIBLHOTO BOJIHOBOTO SIBJICHMS,
00€eCTe4eHHOT0 CBOUM CIelM(UIECKUM BEIIECTBOM, - BOJIHA 00pa3yeTcs TOIbKO OT B3aMMHOTO
HAJIOKEHUS JIByX UCTUHHO NPOCTHIX SIBICHUI: METPUYECKOTO U BUJIOJIBbHOTO. Cle10BaTenbHoO,
BOJTHOBOE — 3TO HE UCTUHHO, a YCJIOBHO MPOCTOE siBeHue. Y coBepiIeHHO 0€CCMBICIIEHHO UCKATh Y
YaCTHULIbI, HAIPUMED, Y PaIUOBOJIHBI, pa3Mep, paBHbIN ee anuHe. He MeHee OeccMbICIEHHO
MIPOTUBOMOCTABIIATE APYT APYTy YacTUIY U BOJHY, KaK 3TO JIEJaeTCsl B KBAHTOBOM MeXaHUKe, H0O
9TO KaTeropuy NPUHLIUINAIBHO PA3JIMYHOIO PAHTa: YACTUIIA €CTh BEIIECTBEHHOE 00pa30BaHuUE, a
BOJIHA — 3TO CUHTETUYECKOE, UCKYCCTBEHHOE, YCIOBHOE IIOHATHE, BOZHUKIIIEE HA OCHOBE
HaOIOACHUS ABYX JIBUKEHHUI OTHOBPEMEHHO — OCTYNATEIbHOIO U KOIe0aTeIbHOT0, OTHOCSIIIMXCS
K JIBYM Pa3JIMYHBIM SIBIIEHUSM — METPUUYECKOMY U BUIIOJIBLHOMY.

3/1ech YMECTHO TaKke 00paTUTh BHUMaHUE Ha CYIIECTBYIOIIYIO TepMUuHooruto. [1pu
0003HaYE€HUN MUKPOYACTHUI] OOBIYHO MTPUMEHSETCS OKOHUYAHHE «OH» — 3JIEKTPOH, MO3UTPOH, IPOTOH,
HEUTpPOH, POTOH U T.JI., IPUYEM B KQU€CTBE KOPHSI UCIIOJIb3YETCS KaKON-TO XapaKTepPHBIH MPU3HAK
YaCTUILbI, IEPBOHAYATILHO TAKUM IIPU3HAKOM CIIYXKUJI DJIEKTPUYECKUN 3apsa. BmecTe ¢ Tem, Kak MbI
BHJIENH, KQXK/1asl YacTULA CONEP>KUT MHOTO XapaKTEPHBIX MPHU3HAKOB, ONPEAEIIIEMBIX YACIOM H
POJIOM NEPBOKUPIUYUKOB, IOITOMY TaKas TEPMHUHOJIOTHS SBJIIETCS BeCbMa yciIoBHONW. OIHAKO B
COBPEMEHHOW HAYKE IHMPOKO MPUMEHSAETCS TAKKE TEPMUHOJIOTHS, KOTOpast HE TOJIKO YCIIOBHA, HO U
ry00Ko onmboyHa 1o cymiectBy. Hanpumep, Hellb3si CMEIIMBATh TaKUe pa3iIMyHble MOHATHA, KaK
BELIECTBEHHBI O0OBEKT U KOTMUECTBEHHAs Mepa. B yacTHOCTH SHEPruto, SBISIONIYIOCS MEPOH,
MIPUHATO OTOXKIECTBIIATH C (POTOHOM, TETJIOTON, KHHETUYECKOM SHEprueil; MpUHITO TOBOPUTH O
NeMCTBUM CUJIBI, XOTS CHJIa €CTh Mepa, OHa HE MOXKET JeHCcTBOBaTh, U T.I1. Bece 3T0 He cocobcTByeT
IIPaBUIILHOMY IIOHUMAHHUIO IIPUPOJIBI.

W3 npenpinymiero A0KHO ObITh SICHO, YTO M3BECTHBIE MOMBITKH MOAMEHATh U OOBICHATH
OJIHO SIBJICHUE JPYTUM HENPABUIILHO OTPaXkaroT PEAIbHYIO NEUCTBUTENBHOCTh. Hanpumep, Bonpeku
TPaJAULIMOHHBIM IIPEACTABJICHUM, TEIUIOBOE SIBJIEHNE HE €CTh XaOTUYECKOE ABUKEHUE YaCTHIL,
IIEPEHOC JIEKTPOHOB WJIM BOJIHOBOM IIPOLIECC, MATHETU3M HE MIOPOKAAETCS IIEKTPUIECTBOM, U T.J.
Tenora 00yciioB/IeHa HATMYUEM CaMOCTOATEIBHOTO BEPMUYECKOrO BEIIECTBA, & MATHETU3M -
MarHUTHOTO, KOTOPOE, KCTaTH, HUKAKOTro OTHOLIEHUs K MoHomnouo Jlupaka He umeeT. HaGmonaembie
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WHOTJIa COBMA/ICHUSI Pe3Yy/IbTaTOB KHHETUYECKOM, 3JIEKTPOHHOW U BOJTHOBOM TEOPUA
TETJIOMPOBOTHOCTH, DJIEKTPUUECKON TEOPHUU MarHeTH3Ma U T.JI. C OIIBITOM OOBSICHSIOTCS TPETHUM
HayanoMm OT, To ecTh CyIlIECTBOBAHUEM YHHUBEPCAIBLHOTO B3aUMOJICHCTBHUSA, IPUBOIAILETO K
OpPraHMYECKOM CBSI3M BCEX MEPEUMCIICHHBIX SBJICHUN. Beb B KaKI0M JaHHOM IMPOIECCE MEPEHOCca
y4acTBYeT He OT/IeTbHOE MPOCTOE BEIIECTBO, a aHCAMOJIb BEIIECTB, TaK YTO, HAIIPUMED, MPOIIECC
TETJIONPOBOIHOCTH TIOJT JICHCTBUEM PA3HOCTU TEMITEpaTyp 00sA3aTeILHO COMPOBOKIACTCS
nepeaayeil Kakoro-To KOJM4ecTBa METPUUECKOTO, AIEKTPUUECKOr0, BUIOJIBHOTO U IPYTUX BEIIECTB.
[TorTOMYy HETOMYCTUMO CMEIIMBATh OCHOBHOM MPOIIECC ¢ MOOOYHBIM M OMIPENETISATh TTapaMeTPhl
NIEPBOIO 0 XapaKTepUCTUKaM BToporo [3, ¢.79; 4, c.34].

N3noxxeHHOe HOBOE TOHMMAaHKNE UCTHHHO MPOCTHIX sIBJIEHUH, BhITeKatomee u3 OT, Oyner
MMETh MHOTO CepbE3HBIX MOCIEICTBUMN AJIs HAYKU U TEXHUKHU, OHO OBLITIO 0O00CHOBAHO
MHOTOYHCIIEHHBIMU IKCIIEPUMEHTAMH, YIIOMUHAEMBIMHU B CIIEAYIONIEH IJIaBe, UMEHHO C HUX
HAYMHAJIOCH OTBITHOE MOATBEPKICHHUE CIIPaBEATUBOCTH 001Iei Teopun. OcoOeHHBIN HHTEpEC IS
Ka4eCTBEHHOHN U KOJTMYECTBEHHOHN pacin@poBKH (GU3HMIECKOTO CMBICIIA BCEX YIOMSHYTHIX BBIIIE
9K30THYECKHX (heHOMEeHOB, BKItouas HJIO, mpencraBisieT coBEpIIEHHO HOBasl TPAKTOBKA
MIPOCTPAHCTBA M BpeMeHH. PaccMoTpuM 3TOT Bompoc Oosiee moapoOHO.

I'naBa 3. OcHOoBHBIE CBOIiCTBA IpOCcTPaHcTBa U Bpemenu, u HJ1O.

Co Bpemenn HploTOHA KaTeropuu MpoOCTPAHCTBA U BPEMEHHU MIPUHSITO paccCMaTpUBaTh Kak
HEKHe HEU3MEHHBIC a0COIOTHI, CYIIECTBYIOIINE CAMOCTOSATEIHPHO U HE3aBUCUMO OT 4ero Obl TO HU
OBLJIO BHEIITHETO, - 3TO BCEOOIIHe (OPMBI CYIIICCTBOBAHUS MAaTEPHH, «BMECTHIIUIIA CAMUX CEOS U
BCEr0 CYIIECTBYIOIIETO». B TEOPUN OTHOCUTEIHHOCTH MTPOCTPAHCTBO U BPEMSI BRICTYIIAIOT KaK
e/IMHbIe KaTeropuu, 3aBUCAIINE OT CBOWCTB HAOIIOATENs1, €r0 CKOPOCTH. B MpOTHBOMOI0KHOCTH
stoMy B OT TIpOCTpaHCTBO U BpeMs JIUIIAIOTCS CBOCH HCKIIIOUUTEILHOCTH, OHH MEPECTAIOT OBITH
BCEOOIIUMH U TeM 0oJjiee eMHBIMU KaTeTOPUSIMU, U HU3BOAATCA JI0 YPOBHS PSIOBBIX (hopM
BEIIECTBA M €r0 TOBECHUS, COCTABIISIFOIINX BCeIeHHYI0 U TOJYUHSIOMINXCS SMHBIM 3aKOHAM —
HavasaMm OT. B pesynpTaTe mpoCcTpaHCTBO M BpEeMsI BKIIIOYAIOTCS B OOIIMI KPYTOBOPOT Pa3IUIHBIX
SIBIICHUH TIPUPOBI, MPUYEM IIPOCTPAHCTBO B MIPOCTOM METPHUECKOM SIBIICHUU BBICTYIAET B POJIH
METPHUUYECKOr0 BELIECTBA, a BPEMS B IPOCTOM XPOHAJIBLHOM SIBJIEHHH — B poJin (hakTopa
WHTEHCHUBHOCTH, WIH XPOHAJIA, TO €CTh MPOCTPAHCTBO U BPEMSI CYTh crieliu(pruecKue, YacTHhIC
KaTeropuu, UMEIoIIre NPUHLIUITHATBHO PA3IUYHBIA PaHT.

WNHpiME ciOBaMH TTPOCTPAHCTBO U BPEMSI — 3TO HE MTyCTHIE SIIIUKHA 0€3 CTEHOK, THUIIA CTApOTro
06a0yIIKMHOTO CyH]TyKa, B KOTOPOM XPaHHUTCS BCAKHUI XJIaM, a COCTaBHbIE YaCTH PEaJIbHBIX UCTHHHO
MIPOCTHIX SIBJICHHI, METPUUECKOTO U XPOHAILHOTO, TOYHEE — 3TO METPUUECKOE BEIIECTBO U Mepa
aKTUBHOCTH TMOBE/ICHUS XPOHAJIBHOTO BellecTBa. KonnuecTBa METPUYECKOTO U XPOHAIBHOTO
BEIIECTB MOAYMHSIOTCS 3aKOHY COXPaHEHUS, 8 HHTEHCHAIIBI — CKOPOCTh U XPOHAT — OTCUYUTHIBAIOTCS
0T aOCOJIIOTHOTO HYJISI UHTEHCHAJIOB, TO €CTh OT MapeHa, ABJSIOUIerocsi abCOMOTHOM CHCTEMOM
orcyera. B 3TOM CMBICIIE MPOCTPAHCTBO U BPEMSI SIBISIFOTCSI KATETOPUSIMH a0COTIOTHBIMU, HO yKe
3aBHUCSILMMU OT BCEro BHeIHero. TakuM 00pa3oMm, He MPOIILJIO U CTa JIET, KaK MPOCTPAHCTBO U
BpEMSI IBKIBI B KOPHE H3MEHIIIU CBOM CTATyC: OHU MEPEIUTH OT OJHOW a0COMIOTHOCTH
(HE3aBUCUMOCTH OT YETO-IN0O0 BHEIIHETO) YePe3 OTHOCUTEILHOCTD (3aBUCUMOCTh OT CBOWCTB
HaOII01aTeNs1) K HOBOW aOCOIOTHOCTH (3aBUCUMOCTH OT BCETO BHEITHETO, KpOMe HaOIIoIaTeNs).
OcTaHoBHUMCSA Tenepb Ha HEKOTOPBIX KOHKPETHBIX CBOMCTBAX METPUUECKOT0 U XPOHAIBHOTO
SIBJICHU .

Mepoii konuecTBa METPUUECKOTO BEIIECTBA MOXKET CIIYKUTh Macca, a Mepor KauyecTBa
MOBENICHUS — KBaJIpaT ckopocTH [4]. B MakpoMupe 3TH BEIUYUHBI BCEM XOPOIIIO U3BECTHBI, TOITOMY
noJipoOHee OCTaHABIMBATHCS HA HUX HET CMbIcia. MeTpruecKoe, OHO K€ KHHETHYECKOe, OHO XKe



TpaBUTAIMOHHOE, BEIIECTBO HA YPOBHE MUKpPOMHUpPA 00JIaAaeT MOPLUHUOHHBIMHU, KBAHTOBEIMHU
CBOMCTBaMH, a Ha YPOBHE HAHOMHPA — CUIIOBBIMH, YTO COOTBETCTBYET I'PaBUTALIHOHHOMY
HaHOMOM0. TakuM 00pa3oM, METPUIECKOE BEIIECTBO MPHUIALT TellaM pa3Mepsl (IPOTSHKEHHOCTD),
MOPSAIOK MOJIOKEHUS, THEPIIMOHHBIE U TPAaBUTAILIMOHHBIE CBOWCTBA.

B cBeTe U310KEHHOTO IOJKHO OBITh SICHO, YTO CYIIECTBYET TOJIBKO OJIHA MEpa KOJIMYECTBA
METPHUYECKOr0 BELIECTBA — Macca, IOATOMY OECCMBICIIEHHO Pa3inyaTh MacChl MOKOS U IBUKECHMUSI,
KakK 3TO JIEJIAETCS B TEOPUU OTHOCUTEIIBHOCTH M KBAHTOBOM MEXaHUKE. JIMIIIEHO TaKKe CMbICIIa
TOBOPHTH O MEPEHOCE MACCHI, UOO MEPA HE MOXKET MEPEHOCUTHCS, O MPEBPAIICHUHN UITH
SKBUBAJIEHTHOCTU MACChI U DHEPTUH, U T.II.

HceruHHO mpocToe XpoHalnbHOE SIBJICHHE, KaK YK€ 0TMEYaJioCh, 00eCTIeYeHO
COOTBETCTBYIOIIMM XPOHAJIBHBIM BEILIECTBOM, MEPOM €TI0 KOJIMUECTBA CIIYKUT XPOHAJIbHBIN
SKCTEHCOP, WA XPOHOP. AKTUBHOCTh XPOHAJIBHOTO MOBEACHUS CUCTEMBI, WU TeJa, ONPEAEIAETCS
XPOHAJIBHBIM MHTEHCUAJIOM, WJIK XpoHaioM. [lox neficTBuEM pa3HOCTH XPOHAIOB MPOUCXOIUT
MEPEHOC XPOHAJILHOTO BellecTBa. MI3MeHeHne XxpoHaiia nmpecTaBisieT coboit xo Bpemenu. [Ipu
YBEJIIMYSHUH XPOHAJIA €ro IMpUpalleHue MoJ0KUTEIHHO, X0/l BpeMEHU HaIlelIeH B Oyayliee, Mpu
YMEHBIIEHUN XpOHAaJIa €ro MpupanieHue OTPUIATENbHO, X0 BPEMEHHU HAIIEJIEH B MPOILIOE.

CornacHo TpetbeMy Hauany OT, xo10M BpeMeHU MOKHO YNPABIISATh 110 IPOU3BOITY C
MTOMOIIIBIO TIEPEUYNCIICHHBIX BBIIIE MPOCTHIX SBJICHUH [4, 5, 7]. DTO Havaio yTBEPKIAET, UYTO KaXK I
WHTEHCHAJ €CTh OJJHO3HAYHAs (DYHKITUS BCEX IKCTEHCOPOB, MpHCyIUX cucteMe. CocTaBuUM
YpPaBHEHUE TPETHErO Hayalia, BKJIOYUB B HETO BCE CEMb U3BECTHBIX HAM UCTUHHO MPOCTHIX
SIBJIEHUI, HO JUISl HATJIIAHOCTH U BO3MOXXHOCTH IPOCTOM MHTEPIIPETALIMU PE3YIIBTATOB HEKOTOPHIE
HWCTHUHHO MPOCTHIE SIBJIEHUS MOJMEHUM yCIOBHO MPOCTHIMH, HAITPUMEP, POTALUOHHOE TTOJAMEHUM
KHHETOBpaIaTeIbHbIM, BUIOIbHOE — BHOPAIIMOHHBIM. B pe3ysbraTe HHTEpecyollee Hac ypaBHEHUE
COCTOSIHUS PUOOPETET CIACAYIOMIUNA BHI:

sz = A11dm + Alde + A13dZ + A14dh + A15d® + A16dq + A17dM +...

dt = A21dm + Azde + A23dZ + A24dh + A25d® + A26dq + A27dM +...

dz = Az;dm + ApdY + AszdZ + Azydh + Azsd® + Asedq + Az,dM ...

dH = Audm + ApdY + AgdZ + Aydh + Aysd® + A46dq + ApdM +... (1)

dT = Asidm + As;dY + As3dZ + Asqsdh + Assd® + Asedq + As7dM +...

dv = Amdm + Aﬁde + A63dZ + A64dh + A65d® + A66dq + A67dM +...

dW = A;dm + A»dY + A;zdZ + Andh + A75d® + A76dq + A77dM +...

31mech OTpakeHbl KHHETUUYECKOE, XpOHAIBHOE, KHHETOBpAIaTeIbHOE, BHOPAITMOHHOE,
BEPMHUYECKOE (TEPMUYECKOE), IIEKTprUuecKoe u MaruutHoe siBieHus; w, t,z, H, T, Vu W —
COOTBETCTBYIOIIIME UM MHTEHCHANB, M, Y, Z, h, ®, q u M — 3kcTeHCOphI; A — KO3(PDUTIUESHTHI
COCTOSIHUS (CTPYKTYPBI) BEIIECTBA, OCHOBHBIE M TIEPEKPECTHBIC. ¥ OCHOBHBIX CTPYKTYP MHIACKCHI
COCTaBIICHBI U3 OJIMHAKOBBIX IIU(P, 3TU CTPYKTYPHI CBA3BIBAIOT COIMPSIKEHHBIE MEXKTY CO00H
WHTEHCHUAJ U SKCTEHCOP, TO €CTh XapaKTepU3YyIOT JaHHOE KOHKPETHOE SIBJICHHE. Y MEPEKPECTHBIX
CTPYKTYP WHJIEKChI COCTABJICHBI U3 HEOAMHAKOBBIX (P, ITH CTPYKTYPHI OMPEICIISIOT B3aUMHOE
BIIMSIHUE SIBJICHUM, YTO 0OYCIIOBJICHO HAIMYUEM YHUBEPCAIHHOTO B3aUMOACUCTBUS, TIPUCYIIIETO
BCEM Pa3HOPOHBIM BEIIECTBAM, MPUYEM MepBast u(pa COOTBETCTBYET JaHHOMY SIBIICHUIO, a BTOpast
— SIBJICHUIO, KOTOPOE BIIMSACT Ha JaHHOe. Kak rmpaBuiio 3Ha4e€HUsT OCHOBHBIX KOA((DHUIIMEHTOB
COCTOSIHUS CYLECTBEHHO BBIIIE 3HAYECHHUI NIEPEKPECTHBIX, KOHKPETHBIE YUCIIOBBIE 3HAYECHUS
K03 (HUIIMEHTOB MTOKa HE U3BECTHBI. bojiee moapoOHbIe CBEICHHSI O TIEPEUNCICHHBIX SIBJICHUSX
MOKHO HalTH B paborax [4, 5, 7].

N3 BTOpOIi cTpoukn ypaBHeHus (1) BUAHO, 4TO X0a BpeMeHH dt B cCTeMe U3MEHSETCS MO/
JIEHCTBHUEM BCEX CEMHU BEILIECTB, MPU 3TOM KOJIMUYECTBO KAXKOTO BEIIECTBA (IKCTEHCOP)



NpecTaBisieT cOOON apryMeHT, 3a1aBaeMblii 10 ipou3Boity. CHiIbHEe BCEro, KOHEUHO, BelnunHa dt
3aBHCHUT OT KOJIMYECTBA XpOHAJIbHOTO BemecTBa dY, Tak Kak OCHOBHOU KO3(pPHUIIMEHT Aj; UMeEeT
MaKCHMaJbHOE 3HaYEeHUE, 03TOMY d((hEeKTUBHEE BCETO HA X0 BPEMEHU MOXKHO TOJIEHCTBOBATH C
nomoibio XpoHopa Y. Ho ¢ 1enbio ynpapieHus X00M BPEMEHHU BIIOJIHE MOYKHO BOCIIOJIb30BaThCA
TAKXKE IIECThIO IPYTUMH SKCTEHCOPaMH.

[Ipu kauecTBEHHOM aHaJIM3€ BTOPOM CTPOUKHU ypaBHEHUS (1) BMECTO U3MEHEHHI
9KCTEHCOPOB MOYKHO B3Th U3MEHEHUSI COIPSDKEHHBIX C HUMU MHTEHCHAJIOB. J[J151 3TOro SKCTEHCOPBI
BBIPAYKAIOTCS Yepe3 MHTEHCHAIIBI C MOMOIIbIO OCTAJIbHBIX CTPOUEK YPAaBHEHHUS U B TIOJYYEHHOM
BBIpQ)XKEHUH OTOPACBHIBAIOTCS CllaraeMbleé BTOPOTO MOPsI/IKa MaJIOCTU. B pesyibrare J1erko BUIETh,
4TO XOJI BPEMEHH PACTET C yBEIMYEHHEM KBajpaTa CKOpocTH (W?), grciia 060poToB (Z), 4aCTOTHI
konebanuii (H), remneparypsi (T), snekrpuueckoro (V) u MarHUTHOTO (W) IOTEHIIUAIOB CUCTEMBI,
Yy KOTOpO# Bce KO3(P(HUIIUESHTHI A TIOJIOKUTETHHBI.

VYpaBuenue (1) BecbMa mpuMeyaTeabHO, OHO TIO3BOJISIET CJIENIaTh OOJBIIOE MHOKECTBO
UCKJTIOYNUTEIHHO BaXKHBIX JIJIsl TEOPUU U MPAKTUKU BbIBOJIOB. Hampumep, O61arogaps BO3MOKHOCTH
YIPAaBIATh XOJOM BPEMEHHU, HETPYJHO HApyIIUTh TPETUH 3aKOH MexaHuku HproToHa (cuna
NeCTBYSI paBHA CHJIe IPOTUBOJECHCTBHSI) M 3aKOHBI COXPAHEHHS KOJTMYECTBAa 1 MOMEHTA KOJIMYEeCTBa
JBUKEHUS — UMITYJIbCA U CIIMHA. JTO JOCTUTAETCS IIyTEM MPOU3BOJIBHOTO U3MEHEHUS Ha
COyIapsIOLIMXCS Tellax XoAa BpeMeHH dt, BXOAAIIEro B 3HaMeHaTe b BTOPOTO 3aKOHA MEXaHUKHU
Herotona. OTcronia cienyer, 4To MOXKHO CO3/1aTh XpPOHAJIbHBIHN, MM TaK Ha3bIBaeMblil 0€30MOPHBIH,
JBUKUTENb, CIIOCOOHBIH, 0/100HO OapoHy MIoHXTay3eHy, HepeMenaThecsl «3a CUeT BHYTPEHHHUX
CHJI», TO €CTh 32 CUeT COOCTBEHHOI BHyTpeHHe sHepruu [4, ¢.178, 214]. Bnonne peanen Taxxe
XPOHAJIbHBIN JIBUraTes b, MPEBPALLIAIOLINI XPOHAIbHYIO (OPMY ABIKEHUS B MEXaHUYECKYIO paboTy
[4, c.103]. Emte oguH He MeHee JTI000MBITHBIN BBIBOJ: ITpH OeTa-pacrajie aToMOB U3 HapyIICHHS
3aKOHOB COXPAaHEHHUS UMITYJIbCa U CIIMHA M HETIPaBUIILHOTO IPUMEHEHUs GopMyJIbl AJIst
oTpeieNIeHHsI SHEPTHH OeTa-pacnaja cleIyeT, 4To B IPUpoJie OTCYTCTBYeT HeiTpuno [laymu [3,
c.388; 4, c.241]. bonee nogpoOHO 000 BCEX 3TUX U MHOTUX JIPYTMX BbIBOJAX FOBOPUTCS B paboTte
[5].

31ech OYeHb BaKHO MOAYEPKHYTh, YTO XPOHAIBHOE — 3TO PEaIbHO CYIIECTBYIOIIEE
¢busnueckoe sBICHUE, IPUCYILEE PA3TMYHBIM )KUBBIM U HEKUBBIM TeJlaM NMPHUPOJbL. X0 PeaTbHOro
(b13MYECKOro BpEMEHH MOXKET OBITh KaK MOJOXKHUTENbHBIM, BEAYLIUM B Oyayliee, TaKk U
OTpULIATEIBHBIM, BEAYIIUM B IPOIILIOE, MBI MOXKEM IO KEJTaHUIO BEIOUPATH I CUCTEMBI JTI000€ U3
yKa3aHHBIX HalpaBJICHUI.

B npoTuBONON0KHOCTE ATOMY Hallle IPUBBIYHOE BPEMS — 3TO YCIOBHOE, PEAIILHO HE
CYULIECTBYIOIIEE, CO3JJAaHHOE JIMIIB HAIlIUM BOOOpaKEHHEM, COIIMAIbHOE, STAJIOHHOE, a0COIIOTHOE,
HU OT Y€ro BHEUIHETO HE 3aBUCSALIEE HBIOTOHOBCKOE BPEMsI, KOTOPOE BCETAA TEUYET PABHOMEPHO U
TOJILKO B HApaBJIeHUH U3 MPOLLIOrO Yepe3 HacTosIee B Oyayliiee, TO eCTh €ro pHUpalleHrue Beeraa
IOJIOKUTENIBHO U ITOCTOSHHO I10 BEJINYMHE. YCIOBHBIM 3TAJIOHHBIM BPEMEHEM YIIPABIISATh B
MIPUHIIUIIE HEBO3MOXKHO.

OTcrofa JOKHO OBITh CHO, YTO CMEIINBATh 00a BpEMEHH — pealibHOe (PU3NYecKoe U
YCIIOBHOE 3TaJOHHOE — COBEPIICHHO HEIOMyCcTUMO. BMecTe ¢ TeM Ha mpaKkTUKe YacTo MOAMEHSIOT
OJTHO JIPYTHM, YTO IPUBOJUT K CEPbE3HBIM HEJ0PA3yMEHUSIM U OIINOKaM. XapaKTepHbIM IPUMEPOM
CIIy>KUT T€OPHUSI OTHOCUTEIBbHOCTH DUHINTEIHA, LIETUKOM IMOCTPOEHHAs Ha TAKUX OIINOKaX.

JlelicTBUTENBHO, B ypaBHEHUsI MakcBea, Kak ¥ B mpouue 3akoHa nepenoca (dypoe, Puka,
Japcu u T.1.), BXOAUT YCIOBHOE ATAJIOHHOE BPEMSI, OHO OY€Hb YJOOHO MH)KEHEPY AJIsi CPABHEHUS
MHTEHCUBHOCTH MPOTEKaHMs pa3InYHbIX nporeccoB. Ho B mpeobpazoBanusx Jlopenua,
MOJTyYEHHBIX U3 ypaBHEHUI MakcBesia, Xo1 BpeMEeHH, Kak U IPOCTPAHCTBO, OLIMOOYHO CUUTAETCS
BEJIMYMHOI NepeMeHHOH, TO €CTh YCIOBHOE ATAJIOHHOE BpeMsl (DaKTUUECKH MOJJMEHEHO PeaIbHbIM
¢uznueckuM. Ha npoxokax npeodpazoBanuii JlopeHiia nogHsiach Teopus OTHOCUTENbHOCTH



OiHIITeHA, CleI0BaTeNIbHO, B ATOM TEOPHH HAa OCHOBE MPEANOCHUIKH 00 aOCOIIOTHOM MOCTOSHCTBE
X0J1a BpEMEHH JIeJIaeTCsl BBIBOJ O €0 MepeMeHHOCTH. AOCYp.

DKCHepuMeHTaIbHO MOATBEPXkKAeHA Teopust DiHIITeHa O1aroaapst BTOpoi rpy0oil ommuoke,
100 B ypaBHEHUH BTOPOTO 3aKoHa HbIOTOHA BXOIWT peanbHOE (PU3NUECKOe BPEMsI, X0 KOTOPOTO 110
HEI0Opa3yMEHHIO MPUHITO pacCMaTpUBaTh KaK BEIMYMHY IMOCTOSHHYIO, 3TAJIOHHYIO, YCIOBHYIO. B
pe3yibTaTe B ONBITaX 3aBUCUMOCTH X0ZIa PEaTbHOTO (PH3HMUECKOrO BPEMEHH OT CKOPOCTH —
ypaBHeHHE (1) — OIMOOYHO MPHUMHCHIBAETCS MACCE, 3TO HE CYLIECTBYIOIEE B IEHCTBUTEIILHOCTH
M3MEHEHHUE MacChl CO CKOPOCThIO BOCIIPUHUMAETCS KaK YCIIEIIHOE IKCIIEPUMEHTAIbHOE
JI0Ka3aTeIbCTBO MPABUIIBHOCTH TE€OPUN DHHIITEHHA.

HcTrHHO MTpOCTOE XPOHAIBHOE SBJICHHE 00JIa1aeT UCKITIOYUTEIEHO HHTEPECHBIMHU
CBOMCTBaMH, KOTOpbIe OBUIM MOAPOOHO TEOPETUUECKH U dKCIIepuMeHTanbHO u3ydyensl B OT [4, 5, 7].
[Ipex e Bcero HAI0 YETKO pa3indaTh XpPOHAIBHBIE MUKPO- H HAHOMHP, TaK KaK OHH OYCHb HE
MIOXOXKH JIpyT Ha apyra. Ha ypoBHe MUKpoMHpa U3 MOPIHA XPOHATIBHBIX U HEKOTOPBIX IPYTUX
MIEPBOKUPITUINKOB (KBAHTOB) 00pa3yIOTCsi MHOTOUMCIICHHBIE YACTHIIBI, KOTOPHIE ST HA3bIBAIO
XpoHOHaMHU. EcTeCTBEHHO, YTO XpOHOHBI UMEIOT CBOWCTBA BCEX TEX BEIIECTB, U3 KOTOPBIX
cocTaBlieHbl. B 00111eM citydae JaHHBIN XpOHOH MOXKET o0Jafath pa3mepaMu (Maccoit),
POTAIIMOHHBIMHU, KOJIe0aTeIbHBIMU, TETJIOBBIMHU, JIEKTPUUYECKUMHU U MAarHUTHBIMU CBOICTBaMU —
ypaBHeH#ue (1). Eciin XpoHOH HE CONEPKUT IEKTPUIECKUX KBAHTOB, TO OH SIBIISICTCS YaCTUIICH
HEHTpaJIbHOM, IO CYIIECTBYIOLIEH TEPMUHOIOTHUHU, HO 3TO BOBCE HE POJHUT €T0 C
HECYIIECTBYIOIUM HeHUTpuHO. /{151 Hac HanboNbIIUI HHTEPEC MPEACTABIIAIOT XPOHAJIbHBIE
CBOMCTBa XpOHOHA, UMEHHO I10 3TOMY NPU3HAKY OH U MOJIY4MJI CBOE HAUMEHOBAHHE.

[lepeuncriieHHBIe CBOHCTBA XPOHOHOB MOYKHO HAOIIOIATh B PA3JIMYHBIX BECHMa MPOCTHIX
sKcriepuMenTax. Hanpumep, MeTpudeckne (KHHETHYECKHE, MAaCCOBBIE) CBOMCTBA MPOSIBISIOTCS B
OyMa)kKHOM WMJIM KapTOHHOM MOJIENT! TIMPaMHUIBI IPU 3aTOYKe OPUTB MTOTOKOM XPOHOHOB (maTeHT K.
Hp6ana Ne 91304, YUexocnoBakus, 1949), a Takxke B yCTPOUCTBE THUIIA PEAKTUBHOTO CETHEPOBA
KoJieca, rie BMecTo Bojbl uctekatoT XpoHoHbl (K.M. Parynesckuit, C.C. ConoBses, I.A. Tumodees).
PorarrionHbIe CBOMCTBA NPUBOJAT K BPAIIEHUIO JIETKUX MPEIMETOB, BUCAILIMX Ha TOHYANWIIeH HUTH,
HarpuMep, MayTHHKe. BUIIOTbHBIE CBOMCTBa COBMECTHO C METPHUYECKUMHE JTAFOT APPEKT BOIHBI, 3TO
HaOII0AI0T JI030MCKATENH, a TAKXKE OMUCAHO B paboTe [5], rie X0 4acoB U3MEHSIETCA C
paccTostHreM BoJTHOOOpa3Ho. TeroBsie 3(pPeKThl BOSHUKAIOT BOIM3M CKOMIIHII — AKKYMYJISITOPOB
XPOHAJIBHOTO BELIECTBA, CO3AHHBIX IMTOBCKUMH YUE€HBIMU. B3aumozaencTBIe ¢ JeKTpUIEeCKUM
nosieM HaOmonaercs B 3pdexre Kupnuan u T.1. DTOT nepedeHb MOKHO OBLIIO OBbI MPOIOJIKUTH
HEOrpaHUYEHHO.

OpHako camoe Ba)KHOE B XPOHOHE — 3TO XPOHAJIBHOE BEILECTBO, OMPEEIIAIONIEE €0
XpOHaJbHbIE CBOMCTBA, BCE OCTAJIbHbIE BELIECTBA AAal0T NOOOYHBIE, BTOPOCTENIEHHBbIE () ()EKTHI.
[TosToMy 3apaHee oOpedeHBI Ha Hey/iauy MOMBITKH TOBOPUTH O XPOHAIHHOM SIBIICHHH Ha BOJIHOBOM,
ANIEKTPUIECKOM, MarHUTHOM U JIPYTHX SI3bIKaX: YTOOBI ObITh BEPHOM, TEOPHUs JOJDKHA pa3roBapuBaTh
HE Ha TOOOYHOM, 2 Ha OCHOBHOM XPOHAJILHOM SI3BIKE.

3apspKeHHBIE XPOHAJIBHBIM BEIIECTBOM TeJla UCIIBITHIBAIOT B3aUMOACHCTBHE OTTAIKHBAHUS,
YTO MPSIMO TPOTHUBOIIOJIOKHO B3aUMOICHCTBHUIO TIPUTSKEHHS, XapaKTEPHOMY ISl METPUYECKOTO
(rpaBuTaniOHHOTO) ABNeHUS [S]. [IpMUMHOI OTTaTKKUBAHUS CIYKUT XPOHAIbHOE HAHOIIOJIE,
KOTOPOE pactpOCTpaHIETCs CO CKOPOCTSIMH, B MIJUTHOHBI pa3 MPEBHIMIAIOIIIMU CKOPOCTh CBETA, U
00J1a/12eT KOJIOCCATIbHON MPOHUKAIOLIEH CIOCOOHOCTHI0. A OTIIMYKE OT XPOHAIBHOTO OIS,
XPOHOHBI MOTYT SKPaHUPOBATHCS JaKe TOHKHMH CIIOSIMH, OCOOCHHO 3TUM OTIMYAIOTCS IJIaCTMACCHI.
B 3TOM cMBIcie XpOHATIbHOE SIBIICHHE MTOX0XKE HA METPHUUECKOE, B KOTOPOM I'PaBUTALIMOHHOE T10JIe
JKpaHUPYEeTCs IJI0X0, a Macca — XOpOILOo, U HE TIOX0XKE Ha AIEKTPUIECKOe, B KOTOPOM
ANIEKTPOCTATUUECKOE I0JIE SKPAaHUPYETCS TOHKUM CIIOEM METallia, a 3JIEKTPOHBI CBOOOTHO
MIPOXUIAT Yepe3 ero ciioi moboi ToamuHbl. BMecTe ¢ TeM XpoHanbHOE BEIIECTBO HE JIeTIaeT
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OO0JIBIIIOTO pa3IMYMsI MEXly MEeTaJllIaMU U HEMEeTaJUIaMH, II0ATOMY MHOTHE XPOHAJIbHBIE YCTPOHCTBA
BIIOJIHE MOYKHO JIeJIaTh U3 OyMaru 1 KapToHa.

XpoHaIbHOE BEIIECTBO MEPEHOCUTCS TIIaBHBIM 00pa30M B COCTaBE XPOHOHOB, HOO HAHOMUP
JUISL 3TOTO CJIMIIKOM TOHOK, HO IPUYMHON MEpEeHOoca CIIY>KUT CHIIOBOE XpOHAJIbHOE HaHomoue. B Tex
cllyyasix, Korjja HeT HaJJlOOHOCTH 0CO0O0 BBIJIENIATh OAWH U3 MUPOB, 5 Oy1y /Ul KPaTKOCTH
Ha0JI01aeMyI0 COBOKYITHOCTh XPOHOHOB M HAHOIOJISI MUMEHOBATh XPOHAIBHBIM I0JIEM. XPOHAIBHOE
BELIECTBO MOXKET YBJIIEKATbCS TAK)KE APYTUMU BEIIECTBAMHU, IEPEHOCUMBIMH I0]] IEHCTBUEM
COTIPSI’KEHHBIX ¢ HUIMH MHTEHCUAJIOB, OJTHAKO, 3TOT MPOLECC, O0YCIOBICHHbIN YHUBEPCAIbHBIM
B3aUMOJICHCTBUEM, ABISIETCS MOOOYHBIM U OTIIMYAETCS] MaJIOW MHTEHCUBHOCTBIO.

EMKOCTB 110 OTHOIIEHHIO K XPOHAJBHOMY BEIIECTBY CHIIBHO 3aBUCHUT OT CTPYKTYpHI T€Ja, €ro
nopucroctd. Hanbosp1eit eMKoCcThI0 00J1a/1at0T IOPHUCTHIE TeNa, - BEIIECTBO OXOTHEE BCETO
aKKyMYJIMpYEeTCsl B TOpax Ha MOBEPXHOCTH pasjiena cpel, IpuyeM 0COOEHHO CUIIBHO Ha TeX
MIOBEPXHOCTSAX, KOTOPbIE OPUEHTUPOBAHBI BAOJIb HAIIPABIEHUS XPOHAIBHOTO N3nyueHus. FIMeHHo
MO3TOMY TOCTIe YAaJeHHs] HCTOYHUKA HalpaBiIeHUE OCTAaTOUHBIX U3IyUYeHHUM coxpansercs. To xe
camMoe€ MPOUCXOUT C NMOMEIEHUEM, U3 KOTOPOTO yAajaeH UCTOUHUK M3TyUEHHs: BHAYaJle Ha MECTE
OBIBIIETO PACMOI0KEHUS HCTOYHUKA HAaOII0JaeTCs CUIIbHOE XPOHAJIbHOE T0JIe. 3aTeM, 110 Mepe
pa3BUTHUS IPOLECCA XPOHOIIPOBOJHOCTH B CTEHAX ITOMEILEHUS, OCTATOYHOE T10JI€ PACIUIBIBAETCS U
MIOCTETIEHHO 3aTyXaeT. Uepes mopHcThie Tena, Kak o0aaronye 600abII0i XPOHOEMKOCTHIO,
XPOHOHBI MPOXOJIAT MEJICHHEE, Yepe3 CIUIOIIHbIE Tella — ObIcTpee. AKKYMYJIUPOBaHHOE
XPOHAJILHOE BEIIECTBO OOBIYHO COJIEPKUTCS B TEJIaX OYEHb J0JIT0, MHOT/IA HECKOJIBKO JIET WIIH JJaXKe
JECATUIETUH, B 3TOM OTHOIIEHUN XPOHAJIBHOE SIBJICHNE HAIIOMUHAET MarHUTHOE.

[Ipu 06CyX1IeHUN CBOWCTB XPOHAJIBHOTO TOJISL HENb35l HE YIIOMSIHYTh €Il OJTHY €ro
YIMBUTENIbHYIO, YPE3BbIUaifHO HHTEPECHYIO M UCKIIIOUUTEIHHO BAXKHYIO OCOOCHHOCTH — OHO
oOnagaeT peHOMEHAIbHO CIIOKHBIM CIIEKTPAJIbHBIM COCTABOM, BKJIIOUAIOUIUM aMILTUTYAHYIO U
YaCTOTHYIO MOJYJISILMIO, U T.A. briaronaps Takoil ciokHOU CTPYKTYpeE, XpOHAJIBHOE T0JIE HECET B
cebe uCUepIBIBAIOITY 0 HHGOPMAIIHIO 00 U3ITyYarOIIeM €r0 OOBEKTE. ITO CIYKHUT IICHHEHUIIIEH
OTJIMYUTENIEHOW 0COOEHHOCTBIO XPOHAIBHOTO ABICHUS [5].

[TockonbKy XpOHaJIbHOE SIBJICHHUE CBA3aHO CO BPEMEHEM, MTOCTONIBKY CYIIECTBYET OONBIION
KOMILTEKC 3(p(PeKTOB, Kacaromuxcs Xoa peabHOro (U3NUECKOro BPEMEHH U €ro
B3aMMOOTHOIICHHH C XOJIOM YCJIOBHOTO 3TaJJOHHOTO BPEMEHHU. 3aTPOHY 3/1€Ch OJIUH U3 TTOI00HBIX
3¢ hekToB.

Ecnu xon peanpHOro pu3nueckoro BpeMeHH OIpeiesieTcsl ¢ MOMOIIbIO 4acoB, TO HAJI0
MIOMHUTb, YTO BCE TeJIa MPUPO/IbI, B TOM YHCIIE Yachl U 3eMJIsd, HECYT Ha ce0e TOT WM MHOH
XPOHAJIBHBIN 3apsi, UMEIOT TOT WIM HHOU XpoHal. Yackl, pacros0KE€HHbIE B ONPEACIICHHON TOUKE
3eMJIH, PaHO WJIM MO3IHO MPUOOPETAIOT XPOHAJI ATOM TOYKH, B pe3yJbTaTe Yyachl U 3eMIII0 MOKHO
paccMaTpuBaTh Kak XpOHAJIBHO CBA3AHHYIO CUCTEMY. X POHAIBHBIN 3aps]l 3€MJIM IOCTEIIEHHO
TEPSIETCS B OKPYXKAIOIIEM ITPOCTPAHCTBE, I0O3TOMY IIPHPAIIEHUE XpOHAJIa CUCTEMbI 3eMJsi-uackl dt,
oTpunarenbHo. [Ipu TakoM xoje peaabHOro (PU3MUecKOro BpEMEHH CUCTEMBI Yachl HACTPOEHBI U
MOKA3bIBAIOT XOJ1 YCIOBHOTO 3TAJOHHOTO BpeMeHH dX, MpUYeM OueHb BaXKHO OT/aBaTh ceOe SICHBII
OTYET B TOM, YTO Benu4HuHbBI dt; 1 dX HE IMEIOT MEXTy COOOM HUYETO OOIIETO.

Ecnu B paccMaTpuBaeMbIX yCIIOBUSAX MOABECTH K YacaM JOMOJIHUTEIbHOE KOIMYECTBO
XPOHAJIBHOTO BEILIECTBA, TO UX XPOHAJ MOBBICUTCS Ha BeNMYMHY dt, UMEIOIIYIO 3HAK ILIIOC.
CyMMmapHBbIi X0/] pealbHOr0 (PU3UUECKOro BPEMEHH YacOB COCTaBUT yke Bennuuny (-dt, + dt). Drta
BEJIMYMHA BXOIUT B 3HAMEHATEN b BBIPAXKEHUS I CKOPOCTH, Oy/lb TO CKOPOCTh ABMXKEHUS MasiTHUKA
MEXaHMYECKUX YacoB, YacTOTa KojeOaHUN KBaplIeBOM MITACTUHKH JEKTPOHHBIX MM pacraaa
aTOMOB PaJIMOaKTUBHBIX 4acoB. P pe3ynbraTe 3HaMeHaTe b YMEHBIIUTCS, a CKOPOCTh AEHCTBUS
MEXaHN3Ma 4acoB YBEJINYUTCS, TO €CTh BCE Yachl HAYHYT CIEIINTh HA OAHY U Ty JK€ BEJINYUHY 110
CPaBHEHUIO C 3TAJOHHBIM BpeMeHeM dX.
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Ecnu 0T yacoB AONOJMHUTENBEHO OTBECTH XPOHAIBHBIN 3apsi]l, TO UX XPOHAJ YMEHBIIUTCS Ha
BennuuHy dt, KoTopas Ternepb UMEET yKe 3HaK MUHYC. B pe3ynbTare 3HaMeHaTes b CTaHET OO0JIbIINM
(-dt, - dt) 1 yachl OTCTaHYT OT 3TAJOHHOTO BPEMEHH.

Takum 00pa3om, 3apssKaHUE YacOB XPOHAJIbHBIM BELIECTBOM COMPOBOXKIAETCS YCKOPEHUEM
UX XO0JIa, a pazpsbkaHue — 3ameuieHneM. Yem 0osiee rpOMO3/IKH U CIIOXKHBI Yachl, TEM BBILIE UX
XPOHOEMKOCTb M TE€M, CIIEZ0BATENbHO, TOJIBIIE OHU 3apsKAIOTCS U pa3psKaroTCsl, IPUYEM MPoLiece
paspskaHua 00BIYHO JJTUTCS 3HAYMTENBHO JI0NIbIIe, YeM Ipoliecce 3apsbkanus. Hanpuwmep,
Hapy4HbIE MEXaHUUECKHE U AJIEKTPOHHBIE YaChl 3apsKAIOTCS B TEUEHHE CYTOK - JIByX, OOJIbIINE
Yachl MOTYT 3apsDKaThCs B TEUEHHE MHOTHX CYTOK. DTO HaJ[0 YYUTHIBATh IIPU BHECEHUU YacOB B
30HBI C TIOBBIIIIEHHOHN WJIM OHWKEHHON XPOHAJIBHOM aKTUBHOCTBIO, YTOOBI N30€KaTh OIIHOOK IpH
MHTEpIpeTaluU NOTy4aeMbIX pe3yibTaToB. Henumne 06 3TOM MOMHUTE TaKkke Mpu padboTe ¢
JIpYyTUMHU U3MEpUTEIbHBIMU MTprOopaMu. HaprcoBanHast KapTHHA MOXKET ObITh 3aMETHO UCKa)KeHa
3 PEeKTOM cTapeHUs] MEXaHU3Ma U3MEPHUTEIBHOTO MPUOOpa, 0COOEHHO IEKTPOHHOTO, MO
NeificTBrEeM XpOoHaIbHOTo Nojsl. KOHKpeTHbIe 3KCcIIeprUMeHTalbHbIe JaHHbIE TPUBOAATCA B IIaBe S.

UtoObI 3aBEpIIUTH 00CYK/IEHUE CBOMCTB METPUUYECKOTO U XPOHAJIBHOTO, a 3a0/1HO U
OCTAJIbHBIX MIPOCTHIX SBJICHUH, IIeJIeCO00pa3HO 0OpaTUTh BHUMAHKE Ha CIICAYIOIICe
o0cTosTenbCcTBO. YeaoBeK 00BIYHO JIFOOUT «IIOTPOTaTh» CBOMMH pyKaMH HE3HAKOMYIO Bellb. Bee
YHIOMSIHYTBIE SIBJICHUS, KPOME XpPOHAJIbHOTO, YEJIOBEK HE pa3 «Tporam». Hampumep, HeTpyaHO
MOYYyBCTBOBATh MaJlblIaMH ITOCTyNATEIbHOE BM)KEHHUE, BpallleHne U BHOpanuio Tena. Kaxmprii
3HAKOM C OII[YIIEHHUEM TEIJIOBOTO 0KOTa, «yAapa» 3JIEKTPUUYECKHUM TOKOM U MPUTSHKEHUEM MarHuTa.
Ho ¢ XpoHaJIbHBIM SIBJIEHHEM MaJ0 KTO 3HAKOM, TO3TOMY MEHS YacTO MPOCAT JaTh €r0 «IOLIYIaThy.
DTO HETPYIIHO CAENaTh.

JU1st 03HAaKOMJIEHUS C XPOHAJIBHBIM SIBJIEHHEM C TIOMOIIIBIO OPTaHOB YyBCTB S PEKOMEH/IYIO0
CKJIEUTb U3 MATHU PUCOBATBHBIX YTOJIBKOB «IUK00pa3» ['pedbeHHNKOBa, N300paXKeHHBIN Ha puc. 1-a, u
MOJIep>KaTh €ro TPEMsI MajbllaMU B BEPTHUKAJILHOM MOJIOKEHUU. YTOIBKH U3TOTOBJIECHBI U3
000’ KEHHBIX BETOUYEK, CTPYKTYpa Y HUX HOPHUCTasl, KaWJUIAPhI MapaiebHbl MEXKIY co00ii, a
4yeThlpe OOKOBBIX YTOJIbKa UIPAIOT POJIb KOHLIEHTPUPYIOMIUX pedep MUpaMu/Ibl, BCe 3TO
CHOCOOCTBYET aKKyMYJHUPOBAHHUIO U HAMPABJICHUIO HAa PYKY XPOHAIBHOIO MOJIS (Ha PUCYHKE NS
OoubIIel HAMJIAHOCTH LIEHTPAJIBbHBIN yroJleK YCIOBHO M300paxeH Toile). Yepes MUHYTY Yy
OO0JIBIIMHCTBA JIFOJIEH BO3HUKAET OIIYIIEHUE XPOHAIBHOTO «y/Aapa»: BHaUaje XpOHaIbHBIM
BEIIIECTBOM 3apsDKAIOTCS Majblibl, 3aT€M KHCTh, pyKa U T.11., YeJIOBEK OLIYIIAeT «MYPAIIKI»,
MOKAJIbIBAHUS, TETUIOTY WM XOJIOJ, pyKa HauMHAeT HeMeTh U T.01. Ho 31moynoTpelnaTh 3TUM OIbITOM
HE CIIeyeT.

Beli111e HEOTHOKPATHO MOTYEPKUBATIOCH, YTO KaX10€ UCTUHHO MPOCTOE SBJICHHUE
cnietn(pu4HO U HemoBTOpUMO. [1o3TOMY CTOINB K€ crienn(UYHbBl U HETIOBTOPUMBI U BCE UX
MIPOSIBJICHMSI, BKJIIOYasi BO3HUKAIOIIME B OpraHu3Me ouryuieHus. Tenepp K MecTH U3BECTHBIM
OLIYIIEHUSM 100aBUIIOCH CeIbMOE, HOBOE — XpOHaJIbHOE. J{JIst TroOuTeNelt «IoTynaTh)» Takoi OTbIT
4acTO OKa3bIBAETCS PELIAIOIINM.

OnHaKo C LEeNbIO JYYIIEro MOHUMaHMsl (PU3MYECKO CyTH XPOHAIBHOTO SBJICHUS
1enecoo0pa3Ho Bce BpeMs MMPOBOAUTE aHAJIOTHIO MEXKIY HUM M XOPOILIO YCBOCHHBIM C JIETCTBA
IEKTPUUECKUM SIBIIEHUEM, Y KOTOPOTO TOXKE €CTh 3apsA.l (HO yXKE dJIEKTPUUECKUI), IOTEHIINAI,
€MKOCTb, TPOBOJIMMOCTb, CUIIOBOE HAHOMOJE U T.1., 3aps]] pacpoCTpaHseTcs Moj JeiicTBHEM
Pa3HOCTH MOTEHIIUAJIOB, ANEKTPUUECKUI TOK «ObET» HEOCTOPOKHOTO U T.I1. TakoBHI 0OIIME YEPTHI
BCEX MCTUHHO NMPOCTHIX ABJIEHUI, IMEHHO ITOATOMY OHH MOAYUHSIOTCS eAUHbIM 3aKoHam OT.
Bwmecte ¢ TeM Kaxk[10€ SBJIEHUE OKPAIIEHO B CBOM HEMOBTOPUMBIM LIBET — OZHO MPUAAET TENAM
crenu@uuecKe 3IeKTpUIecKrue CBOMCTBa, APYroe — XpoHaIbHbIE, TPEThE — TEIIOBBIE U T.JI.

Ha 3ToM MOXHO 3aKOHUMTH KPAaTKOE NepeurciieHne ocHOBHBIX nosoxkennit OT. Ho u3-3a
KpPaTKOCTH MOTYT BO3HUKHYTh KaKue-TO BOIPOCHI, TOTJa CIeAyeT 0OpaTUThCA K TOTIOTHUTEIbHON
JUTEpaType, CIUCOK KOTOPOM NpUBEEH B KOHIE. OJHAKO IIPU ITOM HaJl0 UMETh B BUJY, UTO B
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oIy OJIMKOBaHHBIX PaboTaXx s BEIHYKICH MOJIb30BATHCS H30MIOBCKUM SI3IKOM U3 IIEH3YPHBIX
COOOpaKeHUI, MEHBIIIE BCETO sI CJICI0BAIT D301y TOJIBKO B KHHTE [S5], TJIe €CTh TOJIBKO CaMOIICH3Ypa.
Bce ocnoBHble nonoxkenuss OT 6bu1M 000CHOBAHBI MHOIO SKCIIEPUMEHTANBHO. [ TaBHOE BHUMaHUE
YIIEJIEHO OMBITHOMY MOATBEPkKACHUIO porHo30B OT, mpoTuBOpeyamux CyniecTBYOUUM
IIPEJICTABICHUSAM U TEOPHUSIM.

B pa6orax [4, 5] noka3zaH ¢akT CymecTBOBaHUS NMEPEUNCICHHBIX BBIIIE CAMOCTOSTEHHBIX
IIPOCTHIX SIBJICHUN. YCTaHOBJIEHA TOXK/IECTBEHHOCTh KHHETUYECKOTO U IPaBUTALIMOHHOTO SIBJICHUN
[4]. HeckonbkuMu criocobamu HalijieHa BeIMYMHA MOPLUHU (KBaHTa) BEPMHUYECKOT0
(Tepmuueckoro) BemiecTna [3, 4]. TeopeTHUeCKU U SIKCIIEPUMEHTAIILHO MTOKA3aHO CYIIECTBOBAHHE
0Cc000r0 MarHUTHOTO BEIIECTBA B COCTaBE MUKPOUYACTHI] — CATJIIOHOB, OHU HOCATCS NMPUMEPHO 10
TEM K€ TPAEKTOPHUSAM, IO KOTOPBIM BBICTPAUBAIOTCSI JKEJIE3HbIE ONWIKH [2, 5, 8]; B onbITax
MCIOJIb30BaHbl U3BECTHBIN Mapagokc bbronu 1 oueHb ObICTpOE BpallleHue MarHuTa BAOJb €r0 OCH,
IIPU ATOM CaTJIOHBI, 00JIaIaloIINe pa3MepaMu (MacCcoi), M3MEHSIIOT CBOIO TPAEKTOPHUIO IO
JeCTBHEM LIEHTPOOESKHBIX CHII. DKCIIEPUMEHTAIBHO MOATBEPKIEH (DaKT CYIIECTBOBAHUS
YHHUBEPCAJBLHOr0 B3auMO/IelcTBUsI, HanpuMep, B padote [4, ¢.352] HaiineHa cua, CBA3BIBAIOIIAs
KBaHTbl BEpMUYECKOT0 M 3JIEKTPUUYECKUX BEIECTB B A1eKkTpoHe. U Tak ganee.

Ho ocobenHoe BrieyaTieHne Ha OPTOIOKCA JOJKHBI IPOU3BECTH pa3paboTKa TEOPUH U
MIPAKTHYECKOE OCYIIECTBICHHE peabHO AEHCTBYIOMIUX BEUHBIX ABUraTesieil BTOPOro pojaa. Toro
pona neurarenu (cokpameHHo [1/]) 3anpemens! I'ocynapcTtBeHHbIM KOMUTETOM COBETAa MUHHCTPOB
CCCP no nenaM n300peTeHU U OTKPBITHI, TaK KaK HAPYLIAIOT BTOPOI 3aKOH TEPMOJNHAMUKU
Knay3nyca. OHu npeBpanatoT TEIIOTy OJHOTO HCTOYHMKA, HAIPUMED, OKPYXKAIOIIEro HAaC BO3/1yXa,
BOJIbI MJTH 3€MJIM, B MEXaHUYECKYI0 padoTy miH aekTpudeckyto suepruio ¢ KIIJ{ 100%. B
YacTHOCTH Teopus ucnapurenbHbix [1]] onucana B padorax [5, 9], a KOHKpeTHbIE KOHCTPYKIMU
npuBeieHbl B paboTax [5, 10]. Teopust u KOHCTpYKIHs TepMoanekTpudeckux I1J] garorcs B crathe
[11]. B ucnapurensnom I/ nononuurensHO Hapymaercs ypaBHeHne Tomcona-KenbBuHa,
oTpeieNisioIee 3aBUCMMOCTD JaBJICHUS HACBIIIEHHOTO NTapa WM PaCTBOPUMOCTH OT KPUBU3HBI
MeHucka. B tepmoanextpruueckom 1] tononHuTenbHO HapylaeTcs 3akoH Bombra U1 3aMKHYTOM
Lenyu NpoBOoJHUKOB: cornacHo OT, npu HAJIMYKMK B LIETIH TPEX WK O0Jiee METalIOB, BOIIPEKH 3aKOHY
Bonbra, cymmaphsie 9/IC u cuna Toka He paBHBI HYJIIO.

Nwmerorcs u apyrue npuHuunel ocymectsiaenus [1/1. Bee atu [1]] cyTs
caMOo(yHKIMOHUPYIOIINE TEPMOANHAMHYECKUE Taphl, 3aHUMAIOIINE, KaK y’Ke TOBOPHUIIOChH, CEIbMOE
MECTO B 3BOJIOLIMOHHOM DsITy, OHH OJIMLIETBOPSAIOT OO0 BTOPOIl BasKHEHIIIMIM 3Tal HA My TH
CTaHOBJIEHMS JKU3HU. B Takoll mape npoucxXoauT BE€4Hasi CaMOIIPOU3BOJIbHAS MaKPOCKOIMYECKast
LUUPKYJIALNS BEIECTBA, IBIKYIIEH NPUYMHON IUPKYISLUN CIIY>KUT BbIIETSIONIAsICs TEeIoTa
TpeHus, KoTopasi TakuM o0pa3om u3 6uua Beenennoi, mo Kiaysuycy, npeBparuiack B CTUMYI €€
cyulecTBoBaHUA. FIMEHHO MO 3TOMY MPUHIUITY TPOUCXOIUT MEPEIBMKEHUE KUKOCTEN B KIETKaX U
MeMOpaHax KJIETOK, ceifiyac yueHble COBCEM HE TaM IbITal0TCS UCKATh MPUYHUHBI HTOTO
nepensrxenus. Keratu, konedarenbHble H KaTaTUTHYECKUE XMMHUECKHE PEaKLUu — 3TO TOXKE
TEPMOJMHAMUYECKHUE TIaphl, B KOTOPBIX HapyIlIaeTCs XMMUUECKUH aHajior 3akoHa Bosnbra [5].

Emie 6omnee 5K30TUYHO JOJKHBI BBITTISIETH AJIsl OPTOAOKCA TEOPHS M CO3JJaHHbIE Ha ee
OCHOBE peaJibHO JCHCTBYIOIINE XpOHAIbHbIE (TaK Ha3bIBaeMble Oe30mopHbIe) ABmxkuTean BM, Toxe
3anpenieHHbie ['ocymapcTBenHbpiM komuTeToM CoBeta MUHHCTPOB CCCP 10 nenam n300peTeHnit u
OTKPBITHH, TaK KaK OHM HapyLIAIOT TPETUM 3aKOH MeXaHUKU HbIOTOHA M 3aKOH COXpaHEHUs
KOJTMYECTBA JBMKEHUS (MMITYJbca), MO0 MO3BOJISIOT MEPEMENIATHCS «3a CUET BHYTPEHHUX CHID» 5,
12]. B xone o6ocHOBaHMs U OATBEPKACHUS TPOrHo30B OT ObLIM OTKPBITHI TAKXKE MHOTHE JpyTHe
HOBBIE siBJIeHUS U 3G dekThl [4, 5]. Bce 3TO BMecTe B34TOE OJJHO3HAYHO CBUJIETEIHCTBYET O
CIPaBEUIMBOCTH OCHOBHBIX NoJoxkeHuid OT.

AHanM3 MOKa3bIBaeT, 9To ¢ MOMOIIBI0 OT MOTYT OBITh J1€TKO OOBSICHEHBI BCE HAOIIOJaeMBbIE,
HO HE MOIAIONIUCS TOJIKOBAHUIO C TPAAMLIIMOHHBIX MO3UIUH, S9K30THYECKHE (DEHOMEHBI,
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kacatomuecs: HJIO, maparncuxonoruu, JI030MCKaTeIbCcTBa U T.4. BobIIoi KoMIieke moJoOHOro
pona dhenomeHOB omrcaH B padotax [3, 13, 14]. KpaTtko nmepeuncio 31ech HEKOTOPhIE U3 HUX, ITO
MO3BOJIUT JIy4Ille YSICHUTh BO3MOKHOCTUA OT 1 CMBICI IPUMEHSAEMBIX HUKE METOAUK ONPECIICHUS
XPOHAJIBHBIX CBOMCTB IrpyHTa U ockonkoB HJIO.

Bei1ie y>xe oTMe4anoch, 4TO Kaxk10€ IPOCTOE BEUIECTBO MIPUIAET TEJIaM CBOU
cnenuduueckre ceorcTa. Eciu Teno He coaepKUT KaKoro-amudo BEIIecTBa, TO y HEro HeT U
COOTBETCTBYIOUIUX CBOMCTB. HammpumMep, MeTpuuecKkoe BEIIECTBO HAAEIAET Tela NPOTKEHHOCTHIO
(pa3Mepamiu), TOPSIKOM TOJIOKEHUS, MHEPLMOHHBIMU CBOMCTBaMHU (Maccoil), rpaBUTalie U T.1.
Bce ocranbHble BemecTBa He 001aJal0T STUMU CBOWCTBAMHU, TO €CTh CYIIECTBYIOT HapalljiebHO C
MIPOCTPAHCTBOM, KaK Obl HAKJIQJBIBAIOTCSI HA HETO, «pa3Ma3aHbl» 10 HeMy. B 3ToM cBoiCTBE
MapajuIebHOTO MPOCTPAHCTBY MUPA OEpET CBOE HAYAIO U3BECTHBIN ()eHOMEH ronorpaduu: mo0oii
KyCOYEK TeJla COAECPKHUT ONpPeIesIEHHbIE KOIMYECTBA BCEX BEIIECTB, U3 KOTOPHIX COCTOUT JIaHHBIH
BHEIPOCTPAHCTBEHHBIN OOBEKT, «pa3MazaHHBIN» M0 MpocTpaHcTBY. CaMo cob010 pazymeeTcs, 4To ¢
YMEHBIIIEHHEM TaKOTr0 KycOUKa KOJIMYEeCTBA BELIECTB 00BEKTa YMEHBIIAIOTCA, ITO ACNAeT KapTHHY
MeHee 4eTKoW. BHenpocTpaHCTBEHHbIE OOBEKTH HE UMEIOT Pa3MepoB, TOITOMY CBOOOIHO
MIPOHUKAIOT CKBO3b CTEHBI U JIFOObIE IPYTHe MPErpaibl; OHU HE UMEIOT MAcChl, TO3TOMY JJIsl HUX HE
CYIIECTBYET NMPOOJIeMbl HHEPLIUHU, YCKOPEHUH U T.II.

Ecnu 00bexT He MeeT XpOHaJIbHBIX MEPBOKUPIIMUUKOB, TO OH CYILECTBYET BHE BPEMEHH, TO
€CTh BeUHO. Takue BHEBPEMEHHBIE, BHEXPOHAIbHBIE OOBEKThI IUIICHBI CBOWCTB JUIUTEIHHOCTH U
MOpsAIKa OCIEA0BaTEIbHOCTH, TO3TOMY I HUX €CTECTBEHHO JIOCTYITHBI HAIM MPOILIOE U
Oyayiee. UToObl MOTYYUTh MHPOPMAIMIO U3 MPOLLIOTO WK Oyayliero, J0CTaTOYHO HAYYUThCS
00IIaThCsl ¢ BHEXPOHATBHBIMH OOBEKTAMHU, MHOTHE JIFOJI YMEIOT 3TO JIEaTh.

Ecnu 00BbexT He pacmnonaraeT BUJIOJBHBIME (KOJIeOaTeIbHBIMI ) IEPBOKUPITUINKAME, TO OH
CTaHOBUTCS HEBUJIUMBIM JUIA IJ1a3a, oToarnmnapara, paguojaokaropa u T.4., 100 moJo0HOro poja
pUOOPHI pearupyroT B OCHOBHOM Ha BUJIOJBHYIO CTE€NIEHb CBOOO/IBI CUCTEMBI. Bripouem, 4ToObI
CTaTh HEBUJIUMBIM, OOBEKTY JIOCTATOUHO HE UMETh TOJIIBKO TE€X YaCTOT, KOTOPbIE BOCIIPUHUMAIOTCS
rrma3oM. COOTBETCTBYIOIINE OOBEKTHI 51 OyIy IMEHOBATh BHEBUIJIOIBHBIMHU.

B o6mem cityyae 00BEKT MOXKET OBITh JIUIIEH OJHOBPEMEHHO HECKOIBKUX BHJIOB
MEPBOKUPITUIUKOB, HAIPUMED, METPUUECKUX, XPOHATHHBIX U BUJIOIBHBIX. TOraa OH OObEAMHUT B
cebe MOYTH BCE MEPEUUCIICHHbIE CBOMCTBA — ATO UCKITIOUUTENIbHO HHTEPECHBIN U IIUPOKO
pacnpoCTpaHeHHBIH TUTl 00BbeKTa. BHEMPOCTpaHCTBEHHBIN (BHEMETPUUYECKUIA), BHEXPOHATHHBIH,
BHEBHWJIOJBHBIN OOBEKT BIIOJIHE CITOCOOEH 00IIATHCS ¢ OKPYIKAIOIIUM MHPOM, B TOM YHCIIC C
JOABMHU, TIOCPEACTBOM YHUBEPCAIBLHOTO U JPYTUX CeNU(PUUECKUX B3aUMOICHCTBUHN —
POTallMOHHOT0, TEIJIOBOT'0, 3JIEKTPUYECKOr0, MarHUTHOTO. Takoro poaa odiieHne HabmoaaeTcs,
HarnpuMep, B IIMPOKO U3BECTHOM (heHOMEHE MmoaTepreiicra, 3ToT (PeHOMEH OUYeHb HHTEHCUBHO
nposiBUiI ce0st B HOoAOpe u aexadpe 1982 rona B Mockse, B M3MaitioBe u B coBxoze «KoMmyHapkay.
CooTBeTCTBYIOLINI 00BEKT 0OBIYHO Be/lEeT ce0sl 0ueHb OYpHO — ObET MOCYy, JTIOCTPbI, KUJIAET U
JIOMaeT pa3Iu4HbIE MPEIMETHI, ONPOKUIBIBAET CTYNbS, CTOJbI, K], XOTOAUIBHUKH, HO Ha )KU3Hb
JIIOZIEN HE TMOKYIIAETCS.

K cooTtBeTcTBYIOIMM 00BEKTaM OTHOCHUTCS M TO, UTO B pabotax [5, 14] s HazBan
«TIOCIIETHUM 00pa3oM», MOKUIAIOIIMM YeJI0BeKa B MOMEHT cMepTH. O0 3Toro poaa ¢peHomeHe
noapoOHo ToBoputcs B kaure Paiimonga Moymu «XKu3ab nocine xu3am». IMEHHO Takoil 0O0bEeKT
nuarnoctupyet pykamu B.W. CadoHOB, Koryia ycTaHABIMBAET MIPUUMHY CMEPTH YEJIOBEKA WIIH
YKUBOTHOTO, KHUBIIIETO CKOJIb YTOHO NaBHO [5, 14]. [Ipu aTOM B mostHO#M Mepe nposiBisieTcs 3 ekt
ronorpaduu, 00 naxe OETreMOT JUATHOCTHPYETCS MO MaJEHBKOMY «KyCcO4Ky». HeoOxomumo Takxke
n00aBUTh, UTO Y HOTOB CYIIECTBYIOT 3()(DEKTUBHBIE METOIBI TPEHUPOBKH, TTO3BOJISIFOIITHE «00pa3y»
BBIXO/IUTh U3 TeJla U JakKe JIETaTh BHE TeJa €Ile MPH KU3HU YeJIOBEKa.

Kak BuauM, napamienbHO ¢ IPOCTPAHCTBOM (HO HE B PYTOM M3MEPEHHH, KaK MHOTa
JIYMAroT: JPyTUX U3MEpEeHHi B IPUPOJE HE CYLIECTBYET, MO0 pazMepaMH — U3MEPEHUIMU —
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00J1a/1aeT TOJILKO METPHUUECKOE BEIIECTBO) CYLIECTBYET OIPOMHBINA U YIMBUTEIbHbBIN MUP, MHOTO
Oomee OOMMPHBINA, OOTATHI U MHTEPECHBIH, Y€M TOT, B KOTOPOM MBI oOuTaeM. Panbiiie o Hem 3Hasa
TOJIBKO TOPCTKA M30paHHBIX, OAPEHHBIX 3KCTPACEHCOPHBIMH CIIOCOOHOCTAMU Moael. OcTanbHble
JIFOAM OBUIH BBIHYKIEHBI JOBOJILCTBOBATHCSA JIUILb TEM YOOTMM MPUMUTHBOM, KOTOPBIN MOCTABIISET
ounmansHas Hayka. Teneps OT M03BOJIIET MPOHUKHYTH C IIOMOIIBIO TPUOOPOB — UMEHHO C
MTOMOIIbIO MPUOOPOB, @ HE TOJILKO MOCPEICTBOM IKCTPACEHCOPHBIX BOCIIPUSITUN, JOCTYTHBIX
YIIOMSIHYTOH ropcTke N30paHHbIX, - B CEPBI, 0 KOTOPBIX paHee Hellb3s ObUIO U MeuTaTh. JTO He
TOJILKO PACIIUPUT U YIITyOUT HAIM 3HAHUS, HO HEM30EXKHO OTpa3UTCs TakKe Ha 00pase MbIcIeH, a
CJIEIOBATENILHO, U KU3HU YEJIOBEKA.

NckmounTenbHO CUIIBHOE BIMSIHUE HA BCE )KMBOE U HEKHMBOE OKa3bIBAET UCTUHHO IPOCTOE
XpoHaJIbHOE siBIeHMe. Kaxkas KieTka, Kak/Iplii aTOM MOIVIOLIAI0T U U3JTy4aroT XpPOHAJIBHOE
BEIIECTBO, B KOTOPOM OTPaXEHbI CTPYKTYpa U3JTydalolIero 00beKTa U XapakTep ero
¢ynkuuonupoBanus. [lpudyem Bce HaunHaercs ¢ Kocmoca, XpoHabHbIe H3TY4YEHUsT KOTOPOTO
OKa3bIBAIOT pellarolee BO3/IEHCTBUE Ha BCe 3eMHOE. B 4acTHOCTH Ha MOBEPXHOCTU 3eMIIn
o0pasyeTrcsi OpTOroHabHask CeTKa MAaTOT€HHBIX MOJI0C, OKA3bIBAIOLINX BPEJHOE BIMSHUE HA
MIIeKonuTaromux (monockl Kappu), uckiroueHue cocTapisoOT KOLUIKY, Ha KOTOPBIX OTpULIATEIbHbIE
MIOJIOCHI IEMCTBYIOT 61aroTBOpHO. [1o/1 YyIIoM K OTpHUIIaTeIbHBIM pacIojiaracTcs CeTka
MOJIOKUTEINIbHO BiIMAOMUX 1osnoc AnbOepra. Hanpumep, B UexocnoBakuu MeITaoTCs
KHBOTHOBOJIUECKHUE (pepMbl CTPOUTH BHE mojioc Kappu, 310 cHMXKaeT 3a0051eBaeMOCTh CKOTa U
TIOBBIIIAET MPUBEC MOJIOTHSAKA W Ha/loM MoJioka Ha 10-20%. B JlatBun Ha pepmax uHTEpECHBIC
onbIThl TpoBeieHb! C.C. ColoBbEBBIM, KOTOPBIM MOXKET HE TOJIBKO JUArHOCTUPOBATh, HO U CABUTATh
MAaTOT€HHBIE MOJIOCHI.

XpoHansHOE n3aydeHue Kocmoca moBUHHO Takke B TOM, YTO 3eMJIsl IIPEICTaBIIseT cOO0M
00JIbII0M MarHUT. DTO U3ITy4YeHHE 00JIa1aeT CIIOKHEHIIINM CIIEKTPAIbHBIM COCTAaBOM U
JIOKAJIN3yeTCs HE TOJBKO B MI0JIOCAX, HO U B OTAEIBHBIX TOYKAX; BO BPEMS COJHEUHBIX BCIBIIIEK
TIOJIOCHI, PACHIUPSISICh, MOTYT JIaJK€ CMBIKAaThCSI MEXIy coboii. Kpome Toro, oHO oTimdaeTcst
KpailHUM HETOCTOSIHCTBOM (HECTAIMOHAPHOCTHIO), TOATOMY KOIUYECTBEHHBIE U3MEPEHHS
peKoMeHayeTCsl IeaTh, €CJIU TOJIBKO MEpe]l ITUM I0JIe 0CTaBaJIOCh HEU3MEHHBIM T10 MEHBIIIEH Mepe
10 munyT (C.C. ConoBreB). HecraunonapaocTs nzinydenust Kocmoca city>kut oqHON U3 IPUUUH
TOTO, YTO MaparcuxXoJI0rMuecKue U Apyrue NoJoOHbIE ONbITHl OTIIMYAIOTCS CI1a00i
BOCIIPOM3BOAUMOCTBIO.

C noMmonibio XpOHaJIbHOTO SIBJICHUS OOBACHAIOTCS TakKue HAaO01aeMble B IPUPOJIE
(eHOMEHBI, KaK [1apoBasi MOJIHHUS, SJEKTPO(OHHBIE OO IBI, KOTOPbIE JIETAT CO CBEPX3BYKOBBIMU
CKOPOCTSIMHU, HO B TO %€ BpeMs OTIEPEKAIOTCS 3BYKOM UJIH 3JIEKTPOMArHUTHBIM HU3TTyYEHHUEM,
BO30Y’K/1aeMbIM XPOHAIBHBIM IOJIEM 3apsKEHHOT'0 XPOHAJIBHBIM BelllecTBOM Oonua. HTeHCHUBHBIE
XpOHAJIbHBIE T10JI1 BOZHUKAIOT HA TIOATOTOBUTEIBLHOM CTANH 3€MIIETPSICEHUM, UIMEHHO UX
BOCIIPMHUMAIOT KUBOTHBIE U PACTEHUS, IIOITOMY IIPOTHO3UPOBATH 3EMIIETPSICEHUS OIKHO C
MTOMOIIbIO XPOHAIBHBIX MPUOOPOB.

XpoHanbHOE 10JIE CUJIBHO BIIMSET Ha BCe Npolecchl. B uactHocTH 13 ypaBHeHus (1) BugHo,
YTO XPOHAJIBHOE SBJIEHUE BO3/IEHCTBYET HA METPUUECKHE, POTALIMOHHOE, KOle0aTeIbHOE, TEIIOBOE,
UIEKTPUUECKOE U MAarHUTHOE. B CBOIO 04epenb MeTpruecKoe (KUHETUYECKOE), POTALIMOHHOE,
KoJebaTesbHOe, TEMI0BOE, JIEKTPUUECKOE U MArHUTHOE COMTPOBOXKIAIOTCS XPOHAIBHBIM SBJICHUEM.
3TO BaXXHO 3HATh, YTOOBI YMETh UCIIOJIb30BaTh Ha MPaKTUKE. Bee xuMuyeckue peakiyu, BKIoYas
ropeHue, KpUCcTaJuIU3alys, IJIaBjlIeHrne, KOHJIeHC Calltsl, HCIIapeHre, paCTBOPEHHUE, aIcopOIus,
CMauMBaHME, Ja)Ke€ CMEIICHUE TOpAYEN U XOIOAHOM )KUIKOCTEN CONPOBOXKIAIOTCS U3ITyUEHUEM
XPOHAJIBHOTO TOJI. XpOHAIbHbIE Y3PPEKThI COMPOBOKIAIOT TAKKE BCE CIyuyau aKTUBU3ALUU BOJIBI,
KOI'JIa OHA MOJIBEPraeTcsi MarHUTHOM 00paboTKe, ANEKTPONIN3Y (HapUMeEp, «KUBas» U «MEPTBas»
BOJIa), MPOITYCKaHUIO Yepe3 MeMOpaHsbl, TassHuIO U T.A. [Ipu 3TOM mojIe3H0 UMETh B BUIY, UTO
OOBIYHO TeJa 3apsHKal0TCSl XPOHAIBHBIM BEIIECTBOM OBICTPO, a pa3pspKaoTCs MeUIeHHO. BenmomanM
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TaKXke I700aJIbHbIE ONBITHI IO ONPEENIEHUIO CKOPOCTH 00Pa30BaHMs U BBINAJACHUS B OCATI0K
TPYZHOPACTBOPUMBIX MPOIYKTOB XMMHUECKOH peakliiy, OHU JUIWINCH 15 JeT, U ObLIO cAeaHo
6oniee 300 000 moBTOpeHuii. Okazaaock, 4YTO CKOPOCTh PEAKIIUH U3MEHSIETCS CHHXPOHHO C pUTMOM
COJTHEYHOW aKTUBHOCTH OJHOBPEMEHHO BO BCEX YrojiKaxX 3eMJIM U 3aBUCUT OT CKOPOCTH MOCTeaHEN
B KOCMHUYECKOM IIPOCTPAHCTBE. M3 3THX ONBITOB CIEAYET, UTO 3eMJIs IPO3paydHa JJIsi XpOHAJIbHOTO
noJist, u3nydaemoro CosHIEeM, a 3aBUCUMOCTh PEAKIIMH OT CKOPOCTH 3€MJIM HETTOCPEICTBEHHO
JMKTYETCsl BTOpOM cTpoukoit ypaBHeHus (1). XpoHanbHOE M0JI€ CYIIECTBEHHO BIMAET Ha CKOPOCTh
SJICPHBIX peaKkuii, B TOM YHUCIIe Ha paJOaKTUBHBIN pacnaj aTOMOB, OTCIO/Ia CJIETYET BBIBOJ O
HETOYHOCTHU MPUMEHSEMBIX H30TOMHBIX METOOB IaTUPOBAHUS MPEIMETOB U coObITUH [4, ¢.150; 5]
Y U30TOMHBIX 3TAJTOHOB BpeMeHU. OHO BIUSET TAK)Ke HA XOJ] BPEMEHH JIFOObIX YacoB —
MEXaHMYECKHUX, DIICKTPOHHBIX, PJMOAKTUBHBIX U T.JI.; HA AJIEKTPOHUKY; Ha paboTy XpOHAJIbHBIX
JIBUTATENIeN U ABIKUTENEH — MocieHee 00CTOATEIbCTBO CITYKUT HEOCTIOPUMBIM J10Ka3aTeIbCTBOM
TOTO, YTO B MPOLIECCE YUACTBYET HMEHHO XPOHAJIbHOE SIBJICHNE, MO0 APYTUX MyTeH HapyIIUTh
3aKOHBI MexaHuku Hpl0TOHA, KpOMe KakK ¢ MOMOIIbI0 BPEMEHHU, OOT HE MPeLyCMOTpE.

XpOHaNbHOE SBJIEHUE YPE3BbIUANHO IMPOKO MIPEICTABICHO BO BCEX KU3HEHHBIX MPOLIECCax,
HauuHas ¢ GyHKUMOHUPOBAHUS OTAEIbHON KJIETKU U KOHYAas IOCTPOEHUEM KUBOU (HOPMBI
opranusma B 1enom. Kaxaas meMOpaHa KJIETKH — 3TO TepMOJMHAMUYECKasl apa, FOHSIoIast
KHUJKOCTh B HY’KHOM HarmpasieHud. O caMo(pyHKIIMOHUPYIOMIKX TEPMOAMHAMUYECKHX Tapax yxe
TOBOPHJIOCH, CPEAM HUX BaKHOE 3HAYEHUE UMEIOT XpOHAJIbHBIE Maphl, B TOM YHCie KojaeOaTeabHbIe
XUMHUYECKHE PEaKlny, 3TH Napbl CIyKaT OTIIMYHbIMU Onodacamu. [Ipu oOpa3oBanun KUBOH (HOPMBI
XPOHAJIBHOE SIBIIEHHE HECET B ceOe BCIO HEOOXOMMYIO MH(POPMAIHIO U OJHOBPEMEHHO
obecrieunBaeT HyKHBIE CUIIOBBIC BO3/IEHCTBUS. B 3TOM cMBbIciie oueHb nHTEepecHBI onbITh B.C.
I'pebenHMKOBa CO CBOOOIHO TUIABAIOUIMMHU KJIETKaMH — XJIAMUJOMOHAaMHU, KOTOPbIE CTPOSITCS B
ompeeeHHbIe (PUryphl, a o IEUCTBHEM XPOHAITBHOTO POJISI U3MEHSIOT CBOM cTpoi. Heckonpko
panee 310t 3pdext 6bu1 00HapyskeH FO.I'. CumakoBsiM Ha MecTax nocagok HJIO, Ho aBTOpY OBLIO
HEU3BECTHO XPOHAJIHLHOE MPOUCXOXKICHUE U3ITyYeHUH TpyHTa. OYHKIIMOHUPOBAHUE KaKIOM KIIETKH,
OpraHa U OpraHHU3Ma B LIEJIOM COIIPOBOXKIAETCS U3ITYYEHHEM XPOHAIBHOTO MOJISL, COAEPIKAIIETO
MOJTHYI0 HH(OpMAITHIo 00 3TOM QYHKITMOHUPOBAHUH, N0, KaK OBLIO OTMEUYEHO, KaXK bl
OTAEJIBHBIN MPOLIECC BHOCUT COOTBETCTBYIOIIYIO JIENITY B CYMMapHOE XPOHAIBHOE IIOJIE.

BecbMma cytiecTBeHHO, YTO BO BCEX MEPEUNCICHHBIX U MHOTUX JIPYTHX )KM3HEHHBIX
IIpoLEeccax y4acTByeT XpoHallbHOE n3inydeHne Kocmoca. OHO BOCIIpUHMMAETCS OPraHU3MOM,
COOTBETCTBYIOLINM 00pa3oM TpaHC(HOPMHUPYETCS U HCTIONIB3YETCSI CAaMbIMU PA3IIMYHBIMU
crioco0amu, HanpuMep, JUIs epeaadn HHPOPMaIUH, 3alUThl U HaraJAeHus, OOJIbIIOE YUCIIO
MIPUMEPOB COAEPKUTCS B paboTax [5, 13]. UenoBek mpMHUMaET XpPOHAILHOE I10JI€ BCEM TEJIOM, HO
0COOEHHO CHJIPHO BEPXHEH 4acThIO TOJIOBBI, IJIE PACTIONIOKEHBI aKTUBHBIEC KUTAWCKUE TOUYKU U T.1.
N3nmyuaet Toxxe BceM TenoM (aypa), KaXIbIM OpraHoM, Kax/10il kineTkoi u T.1. Kpome Toro yenosek
MOXKET IIeJICHANIPABICHHO U3JTyYaTh ONpeleIeHHBIM 00pa3oM TpaHC(HOPMHUPOBAHHOE XPOHAIHHOE
ToJie, 3TO JIeNaeTcs Iia3aMu, BKIIoUasi TPeTU Hepa3BUTHIH IJ1a3 BO JIOY, pyKamMH U T.A.
CooTBeTcTBYyIOIIEE N3TYYSHHUE UCTIONB3YETCS IS JISUSHHs, THITHO3a, TIepeaayr HHPOpMaIiH,
HACTPOMKHU Ha CTPYKTYPY U3IYUYEHUs MPEAMETa MOUCKOB B JIO30MCKATENbCTBE U T.I1. TakuM ke
CIOCOOOM OTIpEIeNIETCsI CKOPOCTh PACIIPOCTPAHEHHS XPOHAIBHOTO T0JIS, HAIPABJIEHHOTO Ha
JTAHHYIO 3BE3/ly, OTPAKEHHOI0 OT Hee U yyoBjieHHOro nHankaropoM C.C. ConoBbeBa, KOTOPBIN
3aMMCTBOBAJI K0 CBOETO MHIMKATOPA U3 IPEBHUX UCTOYHUKOB. [Ipu 3TOM Haz0 3HATh paccTOsHUE
710 3Be3/Ibl U U3MEPUTH BpeMsI MOJIeTa MOCIaHHOTO IJla3aMu CUTHaja TyJa U 00paTHoO.

B cBsI31 € N37105)KEHHBIM NIOJIE3HO YSACHUTH PA3HUILY, CYIIECTBYIOIIYIO MEXIY XPOHAIbHBIM
SIBJICHUEM U TEM, UTO OOBIYHO MOHUMAETCs 1o/ OuomnoseM. J[aBHO 3aMEUEHO, YTO KUBbIE OOBEKTHI
YTO-TO MU3TYYalOT, 3TO YTO-TO, UCXOAALIEE OT OMOIOTHUECKUX OOBEKTOB, €CTECTBEHHO OBLIO HA3BaHO
ouomonem. OTHU yY€HBIE IO CUX TIOp OTBEPraroT (PaxT CyIiecTBOBaHUS OUOMOIIS, HOO
OPTOAOKCAIbHBIE IPEJCTABIEHUS C UX YETHIPbMS B3aUMOJECHCTBHSI HE OCTABIIIOT MECTA JJIs1 KaKHX-
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7100 MHBIX B3aUMO/ICHCTBHM, APYTHe yUeHbIE HACTAUBAIOT HAa €TI0 PEaJIbHOCTH, IIPU 3TOM
BBICKA3bIBAIOTCS CaMbl€ PA3JIMYHbIE IPEAIOI0KEHNUS O PU3NIECKON pUpoJie OUOMOIS.

OueBUIHO, YTO B O0IIEM ciIydae OHOMOIIE - 3TO OMOBHUHETPET, BKITIOYAIONINI B ce0s
00J1b1110€ MHOXKECTBO Pa3IMYHOTO po/ia U3TYUYEHHM, K HUM MOKHO OTHECTH 3BYK, 3allax, CBET,
KoJie0aHMs, TEIJIOTY, JIEKTPUUECTBO, MAarHETU3M U T.J. Takoe 0OuiIne N3aydeHUi OYeHb 3aTpyAHsAET
MPaBWIbHYIO pacinpoBKy (HU3MUECKON CyTH HAOII0AaeMBbIX SIBJICHH, TeM OoJiee, 4TO UCTUHHO
MIPOCTOE XPOHAIBHOE SBJICHNUE paHee ObIJI0 HEM3BECTHO. Terneph SICHO, YTO CaMyl0 BaXXKHYIO POJb
CpeIy MEePEUNCIICHHBIX U3ITyUYEeHU UTPaeT XpOHAIBbHOE SIBJIEHHUE, COCTABIISIONIEE TIIaBHYIO
KOMITOHEHTY OMOTIONS M ONpeAesolee IIaBHYIO €ro CyIIHOCTh, UIMEHHO OHO MOPOXKIaeT
MHTEpEeCYyIOIINe Hac IK30THYeCKHe (PEHOMEHBI, BCE OCTaIbHOE — 3TO MOOOYHBIE, BTOPOCTETICHHBIE
U3TYYEHUs], He IPEeACTaBIIONe HHTepeca s HauXx 1eseid. CienoBaTenbHO, OMOIIONe BKIIOYAET
B CBOI COCTaB XpOHAJIbHOE SIBJIEHUE, HO 0€3 MOCIeHEro HU4ero B o0cykaaeMbIx (peHoMeHax
MOHSTH HENB34. B CBA3M ¢ ATUM IOJIE3HO €111I€ pa3 HAllOMHUTb, YTO XPOHAIBHOE SIBJIIEHUE
CHEeU(PUYHO 1 HETTOBTOPUMO, U €70 HEBO3MOKHO CBECTH HH K KaKOMY JPYyTOMY SIBJICHUIO, @ 3HAYUT,
U TEOPETHUYECKHU OIPEeTIUTh Yepe3 Kakoe-I100 APYroe siBICHHE.

XpoHanbHOE ABJIEHUE IIUPOKO UCIIONIB3YETCS B PACTUTEIHLHOM U )KUBOTHOM IIapCTBE,
HauMHas 0T MUKPOOOB M pacTE€HH U KOHYasl BBICIIMMU )KMBOTHBIMU. Harpumep, XpoHanbHOe 1oJie
MIO03BOJISIET UCLENATH JIIOJIE HaJIOKEHUEM PYK, TeleBpaueBanueM u T.1. CroJa *e OTHOCUTCS
GWIMIMHCKAsT XUPYPIys, TAe ToJie He TOJIbKO pa3BUraeT TKaHHU, HO U yOUBaeT MUKPOOOB,
3a)KUBJISIET paHbl U T.I1. B 030MCKaTeNbCcTBE XpPOHAIBHOE MOJI€ YeJIOBEKa KOHLIEHTPUPYETCS Ha
KOHIIE paMKH BCIIEICTBHE HANU4M 3 (eKTa OCTpusl, aHAJIOTMYHOTO MO100HOMY ke P PEKTy B
IPOMOOTBOAX, U CUJIOBBIM 00Pa30M B3aMMOJEUCTBYET C XPOHAIbHBIM MOJIEM HCKOMOTO 00bekTa. B
ncuxokrHese (lycuareM Bou») MoJie epeMeniaeT IpeaAMeThl U U3rudaeT MIIACTUHKH.

Becbma nHTEpECHBI SKCTPACEHCOPHBIE BOCIIPUATHS — TEJIeNaTus, BOCIPUATUS YIaJCHHBIX
NIPEMETOB U COOBITHI B JAHHBIH MOMEHT, B IPOILIOM U OyayiieM. OHU 00yCIIOBIEHBI TEM, UYTO
XpOHAJIbHOE MO0JI€ 00J1a1aeT KOJI0CCaIbHOW CKOPOCThIO M MPOHUKAIOIIEH CTOCOOHOCTHIO, a TaKkKe
COZIEP’KUT BCIO HEOOXOANMYIO HH(OPMAIIUIO O BCEX MpeaMeTax U coObITHsIX. CABUT BO BpeMEHHU
MIPOUCXOTUT HE Oe3 yuacTHsi BHEXPOHAIbHBIX 00bekTOB. [10100HBIMU cBOMCTBaMU O0JIafiaeT He
TOJIBbKO yenoBek. Hanmpumep, NTUIsl BUAAT Oeper B epHO/I aBOJKA U 3apaHee CTPOST FHe3/1a BHE
JOCSITa€MOCTH BOJIbI, KPbICHI BUISAT CBOM KOpabib TOHYLIUM U MOKUIAIOT €T0 Ha MpeAbLayLIei
OCTAHOBKE, PACTEHUS IPUYPOUMBAIOT [IBETEHUE K MPEACTOSILEMY ITOXOJIOJAHHIO U 3apaHee
COTJIacyIOT CBOIO MOATOTOBKY K OymyIIei 3uMe ¢ CypOBOCTBIO MOCIEAHEH, U T.J. COOTBETCTBYIOIINE
CMOCOOHOCTH HAOMIOAAIOTCS TAK)KE Y HACEKOMBIX M IPYTUX BUJIOB KHMBBIX CYIIECTB.

Uro kacaercs maen u oc, To B.C. ['(peGeHHUKOB c/ienaln 3amedaTeibHOEe OTKPBITHE: THE3/1a
9THX HACEKOMBIX KOHLEHTPUPYIOT U U3JIy4aloT JOBOJBLHO MHTEHCUBHOE 3aIUTHOE XPOHAIBHOE
noJie, youBaroree MHOTUX MUKpPOOOB 1 mipocTeimmx. B.C. ' peOeHHIKOB TakKe YCTaHOBUJI, YTO
COTHI 06€3 Mejia, Mo/iep>KaHHbIe HaJl TOJIOBON B T€UEHUE HECKOJIBKUX MUHYT, OKa3bIBalOT JIedeOHOe
NeicTBHE, - YCTPAHSIOT 00JIb, CHUMAIOT yCTaJIOCTh, OJIATOTBOPHO BIIUSIOT MPU COTPSICEHUH MO3Ta,
MIPUYEM COTBI MHOTIa MO’KHO 3aMEHHUTh OOBIYHBIM CUTOM. MM ke ObUIO HalIeHO, YTO J1BA YCHKA
HAaCEKOMBIX CIIy’KaT AHTEHHOW, yJIaBIMBAIOIIEH XpOHAIbHOE MOJIE [IBETKA. B KauecTBe MOAEIN TaKoi
aHTEHHBI MOXKHO MCIIOJIb30BAaTh JIBE MapalIeIbHO PACIOI0KEHHbIE TOHKHE CTEKIITHHBIE TPYOOUKH
WIHM COJIOMMHKH, UX HAJIO JIepKaTh MajbllaMu, KaK «JIMKoOpa3» Ha puc. 1-a, OHU CHIIBHO pearupyroT
Ha IIBETOK. TakK 4TO IBETOK «pa3roBapUBaET» C MUYEJION, OCOM, IIMEJIEM U T.1.

WU BoOOI11IE, HOKEH 3aMETUTh, YTO B OKPY’KAIOIIEM MUPE IPOUCXOIUT 0OMEH HH(popMarueii,
coJiepKallelicsl B XpOHAJILHOM I10JIE, MEXK]Ty CaMbIMH Pa3JIMYHbIMHU BUAAMHU KUBHOCTH. Hanpuwmep,
H.H. CoueBaHoBbIM 3a()MKCHPOBAaHbI CUTHAJIBI, TIOCIAHHBIE KIIyOHEM KapTodes, pelIbKoii,
MIOMHJIOPOM, STATIOM U T.1. [13, 1.1, ¢.154]. CurHainbl OeACTBUS UTIOT JE€PEBHs, YCTPHUIIBI, IIBETHI,
YIUTKYU U T.J., 1 BCE IPUHUMAIOT U TIOHUMAIOT 3TU CUTHAJBL. [ITHIIBI, pBIObI U TPOYME KUBOTHBIE
UCTOJB3YIOT XpOHAJIBHOE T0JIe JJIsl HAXOXKACHUs cBoero oma. Ho npu pacmmdposke
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COOTBETCTBYIOIIMUX SKCIEPUMEHTOB C KMBBIMH CYLIECTBAMHU HaJI0 0053aT€IbHO TOMHHUTD, YTO
BakHbIE (DYHKIIMM OpraHNU3Ma BCETJa MHOTOKPATHO TyOIUPYIOTCS, 3TO MOXKET IPUBECTH K
OIIMOOYHBIM BBIBOJIAM. XPOHAJIBHOE T0JI€ TOBUHHO TaKXe B HEECTECTBEHHO OOJIBIION CKOPOCTH
JBUKEHUS JeNIb(PHHA, KOTOPBIA K TOMY )K€ paclioyiaraeT elle U XpoHaJIbHOH «ITyIIKOi» BO 0y,
yCTpalIaoIel akyi. DTOT IEpeUeHb NPOSBICHNN XPOHAJIBHOTO 10JIs B )KUBOW U HEXKUBOM IPUPOE
MOXXHO OBLITO OBbI IPOAODKUTH HEOTPAHMYEHHO, MHOTO JIPYTHUX TIPUMEPOB CONEPKHUTCS B pabote [5].
Ho 31ech Hac 6onbie Bcero Oyner untepeconars penomern HJIO, moaTomy nepeiinem k ero
00CYXICHUIO.

B paborax [5, 14] noka3aHo, 4T0 OCHOBY HeE TOJBKO IMaparcuxojIoruH, JJI030UCKATEeIbCTBA U
T.1., HO 1 HJIO, cocTaBnser xpoHaibHOe siBieHre. Ha XxpoHanbHOM npuHIUIE 0a3upyroTes
nsurarenbHble cucteMbl HJIO, cucremel nanbHel cBa3u U T.4. HanpumMep, ¢ MOMOIIbI0 XpPOHAIBHOTO
nyya HJIO nmpozaensiBaeT Bce HabmonaeMble «(OKYChD) CO CBETOM: JEMOHCTPHUPYET MOJBIHA Ty, €T0
usrubanue, «sraruanue» B HJIO, naMeHeHne okpacku, rameHue, IpOHUKAOLIYI0 CIOCOOHOCTD U
T.1. [Ipr 3TOM XpOHaNbHOE MOJI€ U3MEHSET YacTOTy (POTOHOB, MIEPEBO/IS BUUMBIN CBET B
HEBUIUMYIO HH(PAKpaCHYIO 00JIaCTh, a MPOHUKAIOIINE PEHTI€HOBCKHE Iyl — B BUAMMYIO 00J1acTh,
M3MEHSET CKOPOCTh OTJENIbHBIX 30H ()POHTA JIyda, 3aCTaBJIsIs €r0 UCKPUBIISATHCS U T.II.

B ycnoBusix nonera co cBEpX3BYKOBBIMU CKOPOCTSIMHU C TIOMOILBIO XpoHaJIbHOTO Jiydya HJIO
3apsiKaeT nepes co0oi MOJIEKYIIbl Cpeibl, OHM PacTaJIKUBAIOT APYT pyra, U TakuM oOpa3zoM
co3JaeTcsl BaKyyMHBIH Kopuaop, oTciona 6e33Byunoe asmxenre HJIO B Bo3nyxe u Boae. Takoit xe
JIy4 UCTOIb3YeTCs AJI MEX3BE3/IHBIX U MEKTaJIaAKTUYECKUX TEPEIETOB CO CBEPXCBETOBBIMU
ckopocTsiMu. [Ipu MaHeBpax OCyILIeCTBISETCS 3Ur3aroo0pasHblii MOJIEeT, YTOOI HE 3aTPaunBaTh
W3IUIIHEN SHEPTUN Ha BAKYyMHUPOBAHHUE OJTHOBPEMEHHO OOJIBIINX 00BEMOB CPEJIbI.

IIpu nmocagkax XpoHaJIBHBIH JIyd UCIOJIB3YETCs MHOTOIIaHOBO. Hanpumep, ¢ ero nomomipro
o0e33apaKMBaeTCsi MECTHOCTh, MO0 yOMBarOTCs Bce MUKPOOBI. OH CITY>KUT 7S 3aIIUTHI OT
HaraJeHUH WIN Ha30MIMBOTO JI0OOMBITCTBA, IOCKOIBKY OTTAJIKUBAET BCE KHUBBIE U HEXKUBBIE TEIA,
CHIKAeT CKOPOCTbH IoJIeTa MyJb U CHApsAI0B, U T.11. [IpumensieTcs Takke AJi Onopbl Ha 3eMHYIO
MIOBEPXHOCTBH, - TOpMO3UT ckopocTs HJIO mpu nocajke, mo3BosiseT eMy HENOABUKHO 3aBUCHYTh
HaJl OIPEJEIIEHHON TOUKOH, JTMOO OTTOJNIKHYTHCS OT 3€MJIH C LIEIbIO B3JIETA.

IIpu B31€TE MOIITHOCTH OMOPHOTO XPOHAIBHOTO JIyya CIEUAIBHO YBETUYUBACTCS, YTOOBI
XpOHaJbHAs CHJIa Ipeozoena cuy Tsokectr, 1 HJIO B3MbIBaeT Hal OKpYXarOIUMHU NTPEAMETAMM.
[Tocne 3TOrO BKIIOYAETCsl XPOHAJIBHBIN JIyd B HAlPaBJICHUH 10JIETA U MapIIEBbIE XPOHAIbHBIE
(Oe3omopHBIE) ABMXKUTENH, KOTOPBIE HE Aal0T peakTUBHOM cTpyu. Bo Bpems B3iera u nosiera o
3UI3aroo0pa3Hol TPAeKTOPHU BEIUYMHA PEATbHBIX YCKOPEHHH JJOCTUTAET JIECATKOB THICSY 3€MHBIX
YCKOpPEHHH CHJIbI TsDKEeCTH 0e3 Bpeaa s Ouosnoruyeckux o0bektoB. C 310it nensio BHyTpu HIIO
BKJTIIOYAETCS XpOHAJIBHOE TI0JIe, OHO YCKOpsIeT X0/ BpeMeHH (dt pacTer), U, COracHO BTOPOMY
3akoHy HproToHa, feiicTBytomIas Ha anmapaT cujla YMEHBIIIAeTCS B COOTBETCTBYIOIIME THICSIYH Pas3.
Bce »tu u MHOTHE NipyTHE 3(h(PeKTh MOgPOOHO OMHUCAHBI U POUILTIOCTPUPOBAHBI
COOTBETCTBYIOUIMMH PUCYHKaMHU U (popMyiiamu B padbotax [5, 14].

XpoHabHOE B3aUMOJICHCTBHUE C 3eMJIeH IPUBOJIUT K TOMY, UTO HA MECTE MOCAJAKH OOBIYHO
OCTaeTCs LIEHTPAIBHOE 3apsKEHHOE XPOHAIBHBIM BEIIECTBOM IISITHO OT OCHOBHOTO OMIOPHOTO JIyYa.
OnHOBpEMEHHO HaOIIOIAIOTCS HECKOIBKO «JIETIECTKOBY BOKPYT — TAKUM CIIOCOOOM, C TOMOIIBIO
HAaKJIOHHBIX KOHUYECKHX JIy4YeH, JOCTUTAeTCsl TOPU30HTaIbHasA ycTOWUMBOCTh 3aBucmero HIIO.
WHoraa BMeCTO JIENECTKOB BOKPYT LIEHTPAJIBHOTO MIATHA PACIIONIATAI0TCS 1BA-TPU KOHIIEHTPUYECKUX
KOJTbIIa, 00Pa3yIOMIMXCS OT CTAOMIM3UPYIOIIMX MOJIBIX KOHUYECKUX JTy4eil. briBatoT ciydaun, korna
JIENIECTKU COYETAIOTCA C KOJbLAMHU.

Kak y»xe ormMedanocs, mopucTble MaTepuabl, K KAKOBBIM IPUHAICKUT TPYHT, 00JIaJat0T
OO0JIBIION €MKOCTBIO MO0 OTHOIIEHHIO K XPOHAJIBLHOMY BEIIECTBY M COXPAHSIOT IMOCIJIEHEE B TEUEHUE
JONTUX JIeT. biarogaps 3ToMy He cOCTaBiseT TpyAa ONPEAETUTh 10 OCTATOYHOMY XPOHAIbHOMY
IIOJII0 TpyHTa MecTo nocaaxku win 3asucanus HJIO. ITo nHTeHCHBHOCTH M XapakTepy
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pacnpeneneHuss OCTaTOYHOIO MOJISl MOXKHO COCTaBUTh MHEHHE O MOIIIHOCTH XPOHAIbHBIX
nznyuateneit HJIO, ero macce u HEKOTOPBIX KOHCTPYKTHUBHBIX 0coOeHHOCTsIX. Kpome Toro,
HECOMHEHHBIN HHTEepEC MPEICTABIISAIOT CAMU MO ce0e KOHKPETHBIE YHCIIOBbIE 3HAUECHHSI XPOHAIBHBIX
CBONCTB IPyHTa, TAKHE CBOMCTBA HUKOI/IA paHee He onpeaessuinck. Emte 6onee MHTEpeCHO HAalUTH
IJIaBHBIE XPOHAJIbHBIE XapaKTEPUCTUKH TEJ, OCTaBLIMXCS Ha Mecte B3pbiBa HJIO, oHn TOXKE MOTYT
AaTb ONPEACICHHYIO I/IH(i)OpMaHI/IIO O TEXHUKE, TEXHOJIOTUHN 1 CBOMCTBAxX B30pPBaBIICTOCS armapara.

I'naBa 4. Teopusi 1 MeTOANKH UCTIBLITAHNUS TeJI HA XPOHAJIbLHbIE CBOCTBA.

OcHoBHbIE XpOHAJIbHBIE CBOMCTBA JHOO0T0 TeNla XapaKTepU3yIOTCs TJIaBHBIMU
KOJIMYECTBEHHBIMU MEPAaMU XPOHAJIBHOTO SIBJICHUS — KOJIMUECTBA M KQUeCTBA XPOHAIBLHOTO
BEILECTBA, U KOJINYECTBA U KAYECTBA MTOBEACHMS 3TOrO BenlecTsa. KolmyecTBo XpoHanbHOro
BEILECTBA OIPEACIAECTCS XPOHOPOM, KAYECTBO — EMKOCTBHIO M MIPOBOIUMOCTBIO TeJIa [0 OTHOIICHUIO
K XpPOHAJIbBHOMY BEILIECTBY, KAYECTBO XPOHAIBHOIO MTOBEACHMS TEJIa — XPOHAJIOM, a KOJTMYECTBO
MOBEACHUS — XPOHAJILHOM COCTABJISIONIEH SHEPTUU, PAa3MEPHOCTh KOTOPOH paBHA Pa3MEPHOCTH
MIPOU3BEJCHUS XpOHaja Ha XpPOHOP.

Bce st Mmepsl Bxoadar B ypaBHeHus Hadasl OT. Bocnionb3yeMcest 3TUMH YpaBHEHUSIMH J1J151
CO3/1aHuUsl HEOOXOAUMBIX METOJMK IKCIIEPUMEHTAIBHOTO ONPEIEIICHNS TEPEUUCIICHHBIX MEp
IIPUMEHUTENBHO K IpyHTY M ockonkam HJIO.

Panee xpoHanbHOE siBIIeHUE ObLIO HEU3BECTHO, TO3TOMY Ceiuac He CYIIECTBYET HE TOIBKO
HY>KHBIX METOJMK, HO M €IMHUIl U3MEPEHUS COOTBETCTBYIOIINX BEJIMYUH, CJIEI0OBATEIbHO, HAUMHATh
MIPUXOUTCA C HYJIS. B 3THX yCIOBUSAX AU yCOEIMIHOIO PEMICHMS IOCTABICHHON 3a1a4u
1enecoo0pa3Ho Mpexk/ie BCero o0paTuTh BHUMAHKME Ha T€ CBOMCTBA XPOHAIBHOTO SIBIICHHSI, KOTOPHIC
JIerde BCEro MOIAI0TCSl TOYHOMY U3MEPEHUIO U Yepe3 KOTOPbIE MOKHO ITPOCTO BBIPA3UTh BCE
HMHTEpecyonue Hac Mepbl. K TakuM CBOIMCTBA OTHOCATCS CHJIa XpOHAJIBHOTO oTTajnkuBaHust P u xon
peanbHOro pu3nyYecKoro BpemeHu dt.

Cuiia B3auMOJIEHCTBUS MEXTY ABYMS TOUCUHBIMU XPOHAJIBHBIMU 3apsaMu ONPEIesIeTCs
CIeAYIOIUM ypaBHeHUEM [4, ¢.249]:

P=fY’Y’/r? (2)
rre f - HekoTopast XpoHayIbHAs OCTOsSIHHAS, Y’ U Y™ - KONMMYECTBEHHBIE MEPHI IBYX TOUCYHBIX
XPOHAJBHBIX 3apPsJIOB, TO €CTh UX XPOHOPBI; I - PACCTOSIHUE MEXY 3apsiIaMu.

Taxkoii ke BUJ UMEET YpaBHEHUE 3aKOHA BCEMUPHOTO TATOTeHHs] HbI0TOHA, @ UMEHHO:

P.=gm’m”/r?

I7I€ TPABUTALIMOHHAS TIOCTOSHHAS
g=6,67*10" H.m*/xr” ;
m’ ¥ m” — TOYEYHbIE MACCHI.
AHAJIOTUYHO BBHITJISIIUT YPABHEHUE B3aUMOJICHCTBUS SJEKTPUUECKUX U MAarHUTHBIX 3apsaoB KynoHa.

Jli1g ynoGcTBa cpaBHEHUS XPOHAIBHBIX 3apsIIOB PA3IMYHBIX TeJ XpoHOp Y 1enecoo0pa3Ho
OTHECTH K Macc m TeJja, MOJIYYUTCS YASIbHBIM MacCOBBIN XpPOHOP

y=Y/m.

VYpaBHeHue (2) MOKHO MCIIOJIb30BaTh JJIsl BHIBEACHUS €AMHUIIBI U3MEPEHHS KOJTMYECTBA
xpoHansHOoTo BemecTBa. [lomoxku P=1H, f=1,Y’=Y” =Y, r =1 M, nonydnm HEOOXOAUMYIO
eauauily. OHa paBHa TaKOMY KOJIMYECTBY XPOHAJIBHOIO BellecTBa Y, COCPEAOTOUEHHOTO B TOUKE,
KOTOPO€ B3aMMOJICUCTBYET C PaBHBIM €MY KOJIMYECTBOM, PACIIOIIOKEHHBIM Ha PACCTOSHUU 1 M C
cunoii 1 H. Oty enunuiy s Oymay Ha3bIBaTh XPOHOM.

Uro kacaeTcs XoAa BpeMeHH, TO JUIsl HETO 11esieco00pa3Ho BOCIOIB30BaThCS YxkKe
UMEIOIIIUMHUCS eTUHUIIAMH U3MepeHuil. X0l peanbHOro ¢puszndeckoro Bpemenu dt u xponan t s Oymy
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U3MeEpATH B cekyHaax (¢). C 1enpio oNIM4Ks yCIOBHOE 3TAJIOHHOE BpeMs 51 0003Hayaro X, ero
npupanienue (xon) dX Bcerna NoJ0KUTEIbHO U HEM3MEHHO.

J171s BOBJIEUEHHSI B PACCMOTPEHHE OCTANBHBIX MEp, TAKHX KaK €eMKOCTbh, IPOBOAUMOCTh U
XpOHaJ, HEOOXOMMMO IPUMEHHUTH ypaBHEHHUs TpeThero u msroro Havan OT. PacyetHsie hopmyItsr st
BBIBEY ISl IPOCTENIIIErO Ciiyyasi B MPENOI0KEHHH, YTO XPOHAJIBHOE BEIIECTBO PACIPEIEICHO B
TeJle PAaKTHYECKH PaBHOMEPHO, U CIIEIOBATEIEHO, XPOHAT HMEET OIMHAKOBBIC 3HAYCHHUS BO BCEX
Toykax oOvema. Takas kapTuHa HaOMIOAeTCs B TETIJIOBOM SIBJICHUH, KOTJIA TETIO OXJIAXKIACTCS UITU
HarpeBaeTcsl C MaJIOil OTHOCUTEIHHON HHTEHCHBHOCTHIO TEIUIOOOMEHA, YTO COOTBETCTBYET MAITbIM
3HAUYEHMSIM U3BECTHOTO KpHuTepus noaodus buo. /i1 npou3BOIbHBIX 3HAUCHUN ATOTO KPUTEPHSI BCe
(OPMYIIBI ¥ pacCUeThl CHIIBHO YCIOKHSIOTCS.

B paccmarpuBaeMbIX YCIOBUSX MaJIOTO 3HAYSHHSI XPOHAIBHOTO KpuTepusi bruo 3akoH oOMeHa
XPOHAJIBHBIM BEUIECTBOM Ha TIOBEPXHOCTH TeJa OTPEIEISIETCS CIIEAYIONINM YPAaBHEHHUEM TISITOTO
Havana OT:

dY = a(t - t.))FdX,
rae a — K03 PUIMEHT XpOHOOT/auu Ha MMOBEPXHOCTHU Tena; t - XpoHasl 1000 TOUKH, BKITFOUast
MOBEPXHOCTb, TeNa; t. - 3HAaUCHHE XpOHaIa OKpyKaromiel cpeabl; F - miomnaas moBepXHOCTH
XpoHooOMeHa Tena; dX - X0/ YCIOBHOTO ATAJIOHHOTO BPEeMEHH. DTO ypaBHEHHE aHAJIOTHYHO 3aKOHY
TerurooOMeHa HproTOHA Ha TOBEPXHOCTH Tea.

[ToTepst MOBEpXHOCTHIO XPOHAIBHOTO BellecTBa B KonudyecTBe dY CONMpoBOXKIAETCA
CHIDKEHHEM XpOHaJIa Tela Ha Bemn4nHy dt, 5TH MepBhI CBSI3aHBI MEKIY COOOH CIIEIyFOINM
ypaBHeHHEM TpeThero Havana OT:

dY =-bm dt
rae b - ynenbHast MaccoBasi XpOHOEMKOCTB Tella, paBHasi TOMY KOJMUYECTBY XPOHAJIBHOTO BEIIECTBA,
KOTOpO€ U3MEHseT XpoHan Tena Maccoit 1 kr Ha 1 c. [ToiaHas XpoHOEMKOCTh Tea (XpoH/C)

B=bm

[IpupaBHMBast ipaBbie YaCTH IBYX MPEIBIIYIINX BBIPAKSHUN, TTOIyInM audHepeHInanTsHoe
YpaBHEHHE C pa3AessIOIIUMUCS TepeMEHHBIMU, HHTETPUPOBAHUE KOTOPOTO JAET:

(t = t)/(t, — to) = exp[-e¢(X - X,)] 3)
r1e t, - Ha4albHBIM XPOHAN TeJla, COOTBETCTBYIOIIUI 3TATOHHOMY MOMEHTY X,; BEIMYMHA
¢ =aF/bm

N3 ¢popmymnsl (3) BUIHO, UTO B ATATOHHBIA MOMEHT X = X, XpOHaJl UMeeT 3HaueHue t = t, ,
mpu X — oo XpOHaJI TeJla CTAaHOBUTCSI PABHBIM XPOHAIY t. OKpYKalOLIEei Cpenbl.
YMHOXUB YUCIIUTENb U 3HAMEHATENb JIEBOW 4acTH BbIpaXkeHus (3) Ha XpOHOEMKOCTh bm ,
HapJIeM CJIEAYIONIYI0 3aBUCUMOCTb XPOHOPA OT 3TAJIOHHOTO BPEMEHMU:
Y/Y, = exp[-c¢(X — X,)] (4)
rie Y=bm(t-t) uY,=bm(t, — t.).
[Iponuddepenumpyem Boipaskerue (3) no X. Ilomydaem cBsI3b MEXTy XOIOM PEaIbHOIO
¢uznueckoro Bpemenu dt u ycnosHoro stanonsoro dX. Mmeem
v =dt/dX = - ¢(t, — t.) = exp[-c¢(X — X,)] (5)
IJIE V - CKOPOCTh U3MEHEHHSI peaibHOr0 (PM3UYECKOr0 BPEMEHH C ATATIOHHBIM.
Ecnu v > 0, To yackl crieniar, To €CTh ONEPEKAIOT YCIOBHOE 3TAJIOHHOE BpeMs, eciin v < 0,
TO OHU OTCTatoT. CyMMUpPOBaHUE BCEX OMEPEKEHUN MIM OTCTaBAHUN 4acOB, YTO COOTBETCTBYET
MHTErpupoBaHuIo BeipaxkeHus (5) B mpegenax oT X = X, 10 X — oo , 1aeT a0COIIOTHYIO BEITUUUHY
HayaJIbHOTO XpoHaua t, Tena. Pazymeercs, Bo Bcex Cilydasix UMEeTcs B BUIY XPOHaII, U30BITOUHBIN
10 OTHOLIEHMIO K XpOHATy 3eMJIU, KOTOPbIN TOKa HEU3BECTEH.
HauanbHast ckopocTh U3MEHEHUs XpoHaia omnpenesnsercs u3 Boipaxenus (5) mpu X = X,.
Nmeem

Vo = (dt/dX), = - ¢(t, — to) (6)
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BriBenieHHbIe pacueTHbIe (HOPMYIIbI CBA3BIBAIOT MEX Ty co0oii cuity P, xponop Y, emkocTs b,
MOBEPXHOCTHYIO IPOBOJIUMOCTb, WIH KOOPPHUIIMEHT XPOHOOT/IauH, a (BHYTPEHHSSI IPOBOIUMOCTb,
WA XPOHOIIPOBOIHOCTh, MOXKET OBITh HalJIeHa TOJIBKO B TOM CIIy4yae, €ClIi PaccMaTpUBaeTCs
HEPaBHOMEPHOE paclpe/IeIEeHue XPOHAIBHOIO BEIIECTBA, a CIEI0BATENLHO, M XPOHAJIa B 00beMe
Tela), XpoHal t, yCIIOBHOE 3TaJOHHOE BpeMs X M CKOPOCTh U3MEHEHUS XpOHAJIa C 3TAJIOHHBIM
BpeMeHEM V. 1IX MOXKHO HCIIONIBb30BaTh C LIEJIBIO ONPEACIICHAS OJHUX BEJIMYUH 10 3aMEPEHHBIM
npyruM. Ho ipy oCcyliecTBIEHNN ONBITOB CJIE€LYET IOMHUTD, YTO JUIsl HAXOXKJIEHUS EMKOCTH U
MIPOBOIMMOCTH HAJI0 00s13aTeNbHO pacroyiaraTb MUHUMYM JBYMS 3aMepaMu, OTHOCSIIUMHUCS K
Pa3UYHBIM 3TAJIOHHBIM MOMEHTaM Xi U X, . OTpe3ok BpeMeHu Xz — Xi JI0JDKEH OBbITh
JIOCTAaTOYHBIM, UTOOBI U3MEpSEMbIE ITapaMeTPhl YCIEIN N3MEHUTHCS Ha 3aMETHYIO BEJTMUMHY.
[IpuMeHHUTEIBHO K ABYM 3aMepaM KakJast U3 (hopMys1 3aliChIBAaeTCs JBaXKIBI — JJIs1 MOMEHTa X U
MoMeHTa X , ¥ 3aTeM JCIIATCS OJHA HA IPYTryro. B pe3ynprare mony4aroTcsi BBIpaKeHHsI, KOTOpBIE

MOTYT OBITb OObETUHEHBI B BUJIC PABCHCTBA!

vilva = dty/dt, = (t — t)/(t2 — to) = Y1/Y2 = yi/y2 = VPi/P2 = exp[c(Xz2 — X1)] (7)
DTHUM PaBEHCTBOM MOKHO TOJIb30BAThCA JIJISl IPaKTHUEeCKUX 1eneit. [Ipu aToM nienecooOpa3zHo
MIPUHSTDH CIEIYIONINIA MOPAIOK ONpeIeIeHHsI TIIAaBHBIX XPOHAbHAX Mep.

B ompbiTe, Kak y»e TOBOPHIIOCH, JIerde BCero uamepsitorcsi cuiibl Py u Py 11 ckopoct vi nv; .
[TprueM MOKHO OOOUTHCH J1axke TOIBKO TpeMsl BenndruHaMmu, Hanpumep Py, P> u v , ueTBepTas
HaieTcst u3 paBeHcTBa (7). [1o 3HaUYSCHUSIM CHJT BBIYUCISIIOTCS XPOHOPHI Y1 U Y2 € TTIOMOIIBIO
dhopmybl (2) 1 K0d(DPHUITUEHT ¢ C TOMOIIBIO MTPaBoit yacTu BeIpaxkeHus (7). CKOpocTh vy U
K03 PHUIMEHT ¢ UCTIONB3YIOTCS TS ONpeielieHust XpoHana t, 1o hopmyie (6) umu (5), mpu SToM
XpOHAJ OKpYy>Karo1e cpesl te , B U3BBECTHOM CMBICIIE COOTBETCTBYIONINI XpOHATY 3eMJIM B TaHHOU
TOYKE, MO’KHO YCJIOBHO TIPUHSTH PABHBIM HYIIO. 3HAsi XPOHOP U XPOHAJ, HETPYIHO OMPEIEIIUTh
eMKocTh b o ¢opmyite (4), a 3aTeM ¥ IPOBOAMMOCTH a 110 dopmyite (3), nbo Macca m Tella U ero
mwiomank F XxpoHooOMeHa H3BECTHBI.

UucnoBble 3HaY€HUSI HCKOMBIX XpPOHAIBHBIX Mep OyIyT Oojiee TOUHBIMH, €CIIA MTPOBECTU
OO0JIBIIIOE YMCIIO M3MEPEHUH B TE€UEHHUE JUTUTEIBHOTO BpeMeHU X. Pe3ynbraTel n3MepeHuit ynooHo
OCpEIHSTH IMyTeM HaHECEHHUs WX Ha Juarpammy ¢ Hoiynorapupmudeckoi mkanoit. s storo
(bopMyIIBI, COtepIKalIre SKCIIOHEHTY, JIOTapu(MUPYIOTCS, TOT/Ia TIOTy4YeHHBIN Tpaduk B GpyHKIIMN
ATAJIOHHOTO BPEMEHH JIaeT Ha IpaduKe MpsIMYI0 JTUHHUIO, KOTOpasi MPOBOAUTCS CPABHUTEIHHO
npocTo u ToyHo. Keratu, sKkcroHeHTa 00Ja1aeT erie 0JHIM HHTEPECHBIM CBOMCTBOM: YMEHBIIIEHUE
HEKOTOPOTO apryMeHTa, HanpuMmep t, , BABOE JUIUTCS B TEUEHUE BpeMEHU X, YMEHBIIICHHE
OCTaBIIICHCS TTOJIOBMHBI apTyMEHTa CHOBA B J[Ba pa3a 3aHUMaET TOT XK€ TIEpUOJl BpeMeH! X, U T.1.
Ortcrona 6epeT cBoe Haualo MOHATHE NIepro/ia Modypacraia paiuoaKTUBHBIX H30TOMOB, ATOT
MIEPHOJI €CTh BETMUMNHA TIOCTOSIHHAS.

Haiinennsie XpoHaabHbIE CBOMCTBA IPYHTA MOTYT OBITh MCIIOJIb30BAHBI [T OMIPEICIICHUS
HekoTopslx napameTpoB HJIO. C 31oif 1ieabto Haio IpoBeCTH OOJIBIIOE YUCIIO U3MEPEHUH IO Beel
TUIOIA/IM XPOHAJILHOTO MATHA U 10 ero niryonHe. CyMMUpPOBaHUE TOTYYEHHBIX JAHHBIX MTO3BOIUT
CYUTh O JEHCTBYIOIIMX CHJIaX, a CIE0BATEIbHO, O MACCE U MOIIHOCTH XPOHAJIbHBIX YCTAHOBOK
HJIO.

PaccMoTpum Teneps KOHKPETHBIE CXEMBI OTIBITOB, MTPETHA3HAYCHHBIX IS OTIPEACIICHUS
CHWJIBI XPOHAJIBHOTO OTTAIKUBAHUS U XOJa PEaIbHOTO (pU3NYecKoro BpeMeHu. Cxema ombITa AJis
OTIpeIeTICHHsI CHITBI HATIOMUHAET TO, YTO B CBOE BpeMs Jennan KaBeHauin npu onpeaeeHun
IpaBUTAIMOHHOTO NpuTsHkeHus. Ha puc. 1-6 monapHo B3auMOJIEHCTBYIOT MKy COOON YeThIpe
OJIMHAKOBBIX HAaBeCKHU 6 - rpyHT win ockosku HJIO. /IBe U3 HUX Mo/BENICHBI Ha BOJIb(PpaMOBO
Hutu 1 quamerpom 0,05 MM 1 JyIuHOM 2,66 M ¢ TOMOIIBI0 ATFOMUHUEBOTO MPOBOJIOYHOTO TIjIeda 5,
KOHTPOJIbHAS JJIMHA KOTOPOTO MEXKy IIEHTpaMH HaBecoK cocTtasisieT 280 mM. J[Be npyrue —
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HENOJBMKHBIE — [TOJIBEIIEHBI K IPO3PAaYHOMY JIUCKY 2 U3 OPICTEKIIA, PACCTOSIHUE MEX1y LIECHTpaMu
3TUX HABECOK TOe paBHO 280 MM. HaBecku ¢ rpyHTOM 3aBEPHYTHI B TOHKYIO QJIFOMUHUEBYIO
¢bomnbry, KOTOpas Mpo3padHa sl XpOHAIBHOTO TOJs, U 3a3eMJICHBI Uepe3 Mo Iep>KUBAIOIINE UX
TOHKHE MEJHbIE IPOBOJIOYKU U HUTH 1, 4TOOBI N30€XKAaTh ANEKTPUUECKOTr0 B3aUMOICHCTBHSL.
VYCTpONCTBO HE CONEPIKUT TAKKE MATHUTHBIX MAaTEPUAJIOB.

Pucl1-0.

Bcest aTa cuctema 3akitoueHa B HIMJIMHIPUUECKYIO KOPOOKY ¢ BHYTpEeHHUM auameTpoM 890 u
BBICOTOM 450 MM, HM3rOTOBIIEHHYIO U3 HECKOJILKUX CIIOEB KAPTOHA U MJIOTHOM Oymaru, 4ToObl
n30exkaTh BIMSHUS BO3MYIIHON KOHBEKIIMH. KOopoOKka HaKphITa MPO3paYHON KPBIITKOH 3 U3
OprCTEKJIa, KOTOpasi BO BpEMs MOHTaXHBIX PaOOT MOKET ObITh MPUIOHATA U 3aKpeTIeHa Ha
YeThIPEX KaPOHOBBIX HUTSX; MMPH YCTAHOBKE HETIOJIBUKHBIX HABECOK HUTH | C MOJIBUKHBIMU
HaBECKaMU MOXXET OBITh HE MOTPEBOXKEHA, JIJIL TOTO TUCK 2 UMEET PaIualIbHYIO MPOPE3b, KOTOpas
TIPU U3MEPEHUSX MIPUKPHIBACTCSI.

BHyTpeHnHsist TOBEpXHOCTh KOPOOKH OOKJIEEHa MUJUTUMETPOBKON ¢ HAHECEHHBIMU Ha HEe
BEPTUKAJIBHBIMU IITPUXAMHU, 0CO00 BhIIeNEeHbI TuHUU yepe3 5, 10, 50 u 100 MM, Bcero umeeTcs
2800 MUIIITMMETPOBBIX JiesIeHnH. BHU3Y K HUTH | IPUKPEIJIEHO MaJI€HbKOE 3€pKajblie, Ha KOTOPOE
MajaeT Jy4 CBeTa OT OCBETUTENS 7 U OTpaXkaeTcs Ha IIKaIy, IPUYEM KellaTelbHO MPETyCMOTPETh
BO3MOXKHOCTP ITOBOPOTA 3epKajblia (U IUieya 5) OTHOCUTEIHHO HUTH IS YI00CTBA TIOJIH30BAHHMSI
ocBeTHUTeseM U mKanoi. [Ipu 60abIIKX yriax HOBOpOTa IUieda 5 ¢ LEeNbl0 YIIPOILIEHHs OTCUeTa Mo
IKajJe MOXKHO MPUMEHHUTH TaKXKe CTPENKY 4 B BUJE OTpe3Ka TOHKOM MPOBOJIOKH, B3IJISiZ] COBMEIIAET
Ha OJJHOM JIMHUU HUTH 1, CTpenKy 4 1 COOTBETCTBYIOIIEE AeJIeHHE MIKaNbl. [Ipy ykazaHHBIX BBIIIE
pa3Mepax MOABECKH MOBOPOT CTPEJIKK Ha 1 MM miKajbl orBeyaeT cuie P = 2,3%10™ Mr/MM LIKaJIbl,
npuueM 1 mr = 0,981*%10° H. Cuna paccunrana mo ¢popmynaM conpomara. Eciu monb3oBarbes
CBETOBBIM 3aHYMKOM, TO 1I€HA OJHOTO JEJICHUS IIKAJIbl YMEHBIIIAETCS BABOE.

W3mepenus cuitbl MPOBOAATCSA B CIEIYIONIEH MOCIIe0BATEIbHOCTH. BHavaie HenoaBuxHbIe
HaBECKU MOJHUMAIOTCS, OJATATUBAIOTCS HA MPOBOJIOYKAX K JTUCKY 2, U ONPEIEISETCS CPEIHEE
MIOJIO’KEHHE KPYTUIIBLHBIX KoleOaHU MOABMKHBIX HABECOK. 3aTeM HETO/IBUYKHBIE HABECKH
OITYCKAIOTCS JIO BBICOTHI MOJIBMXKHBIX TaK, YTOOBI IJIEY0 HEMOJIBUXKHBIX ObLIO TPUMEPHO
MEePIEeHIUKYISPHBIM K TUIedy MOABUKHBIX B CPEIHEM UX mosioskeHuH. [Ipu 3ToM Bce HaBecKH
JIOJDKHBI PACTIONaraThCsl B OJJHON TOPU30HTAIBHOMN TUIOCKOCTH HA TIOJIOBHHE BBICOTHI KOPOOKH.
Jlanee auck 2 ¢ HEMOABWKHBIMHU HaBECKaMH IMOBOPAYMBAIOT HA KAaKOW-TO YToj, HapuUMep, MPOTUB
9acoBoil cTpenku. [1oABIKHBIE HAYMHAIOT YOEraTh OT HETOABIKHBIX, OTTAIKUBASICh OT TIOCIIETHUX.
[Tpu 5TOM 1O HIKANE PUKCUPYETCS CpeaHee MON0KEHUE TTOABMKHBIX U HEMOABMKHBIX HAaBECOK, U
OTIPEIEIISIETCS] PACCTOSIHUE MEXKY UX IeHTpaMu. Tak MocTynarT HECKOIBKO pa3, MOKa PacCTOsHUE
HE YMEHBIIUTCS JI0 KAaKOro-TO MUHUMAJIbHOTO 3HAYEHHs . 3aTeM BCE 3TO MOBTOPSETCS MPH
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MIOBOPOTE AMCKa 2 10 4acoBou crpeinke. Ilocne nocTuxkeHns NpexxHEro MUHUMAJIBHOTO PACCTOSTHUS
I OIBIT MIPEKPALAETCS ¥ ONPEEIIeTCS CyMMapHBIN YToil OTKJIOHEHUS IOJBMKHBIX HABECOK B 00€
cTopoHsl. I1010BHHA 3TOrO0 yIvla 3aKpy4MBaHUs JACT CUILY, IPUXOIALIYIOCS Ha JBE Iapbl HABECOK.
[Topenus 3Ty cuity nomnonam, MOJIyYuM UCKOMYIO BEIMUMHY P, OTHOCSIIYIOCS K paCCTOSIHUIO I
[IpomekyTOUHBIE U3MEPEHMS MOYKHO MCIIOIB30BATh I IIOATBEPKACHUS KBAAPAaTUIHON
3aBUCUMOCTH CHJIbI OT PACCTOSTHUS.

3aKkpy4yuBaTh HUTh MO U MPOTHB YACOBOM CTPEIKH HEOOXOAUMO ISl TOTO, YTOOBI HE
TpeOOBaIOCh TOYHON HayaJIbHOM (PUKCAIIMH CPETHETrO MOJI0KEHHS TOIBKHBIX HaBecok. Ha
MIPAKTUKE YCTAHOBUTbH ITO MOJIOKEHUE OYEHb TPYHO, NOO IPU UMEIOLIeHcs: BBICOKOM
YYBCTBUTEIBHOCTH KPYTHIIHHBIX BECOB H3NTydyaeMble KocMocoM XxpoHanbHbIe (DIyKTyaluu
3aCTaBJISIOT TJIEUO 5 HENpepbIBHO KoiebaTbes. [Ipu moBopoTe nucka 2 cuiia B3auMOJIEHCTBUS
BO3pacTaeT, U QUIyKTyalluu NpakKTUYeCKU NepecTaloT BIUATh Ha rpouecc. OTHOBPEMEHHO
NIPEeHeOPEKUMO CITa0BIMU CTAHOBSTCS U B3aUMO/ICHCTBHS JJAHHBIX HABECOK C HABECKaMH,
PaCIIOJIOKEHHBIMU Ha ITPOTUBOIOJIOKHBIX KOHIIAX IUIeYa.

Cxema ombITa JUIsl ONPEIeICHUs X0/Ja PeaIbHOTO (PM3UUECKOr0 BPEMEHH Ype3BbIYaiiHO
IIPOCTa, HO TPOMO3/IKa IO BBIIIOJIHEHHIO, ECIIU PACIIONAraTh TOJIBKO 3JEKTPOHHBIMHA HAPYYHBIMU
JacaMHM U ceKyHnomepoM c LeHoi aenenus 0,1 c. KoHTpospHbIe Hapy4HbIE Yachl HAKJIAbIBAIOTCA
Ha rpyHT win Ha ockosiku HJIO u onpenensieTcs X X0 M0 paJnOCUrHaIaM TOYHOTO BPEMEHH,
KOTOpOE TpeCTaBIsAeT cCOO0H ycinoBHOE 3TajJoHHOe BpeMs. C 3TOM LeNblo CeKyHJOMEPOM
3aCEKarTCs HAa4aJlo MIECTOr0 CUTHaja M 3aTEM COOTBETCTBYIOIIEE MTOKA3aHUE YacoB. Hackl
YMBIIUIEHHO PacCOTIaCOBBIBAIOTCS C paJIMOCUTHAIAMU MPUMEPHO CEKYH Ha 7, 4TOOBI ObLIO
JIOCTaTOYHO BPEMEHHU COCPENOTOYUTHCS M HAaXaTh KHOMKY BBIKIIOYEHHs CEKyHAOMepa. M3mepenus
MIPOBOAATCS KaxAbli yac 16-18 pa3 B cyTku B TEUEHHE UETBIPEX-TIATH CyTOK noapsia. Ilokazanus
CEKyHJOMepa 3a KaXKJIble CYTKH OCPEIHSIOTCS OTAEIBHO U HAXOIUTCS CKOPOCTh U3MEHEHUS X0/1a
4acoB B TEUEHHUE BCETO Nepruoaa usmepenuii. [Ipu takoil METoquKe yaaeTcst MOBBICUTh TOUHOCTD
PE3YJIBTAaTOB JI0 COTBIX JOJIEH CEKYH/bI, 3TOTO BIOJHE JOCTATOYHO JJI UCIIBITAHUS TAKMX MOLIHBIX
XPOHAJIBHBIX UCTOYHUKOB, KAKUMU SBJISIFOTCSI TPYHT € MecTa nocaaku u ockonku HIIO.

Crnenyer 3aMeTUTh, YTO Yachl JOJKHBI ObITh TIIATEIbHO MOJATOTOBJIEHBI K MPEACTOSIINUM
U3MEpeHUsAM. i1 3TOro ux Hal0 IPEeIBAPUTEIBHO IPOTAPUPOBATH I10 CUTHAJIaM TOYHOI'O BPEMEHHU
MIpH pa3IMyYHBIX TEMIIepaTypax, K00 MOocaeIHuEe CHIIBHO BIUSAIOT HA TOYHOCTH X0fa. Takum
Croco0OM HaXOAUTCS €CTECTBEHHBIH Jipeli) 4acoB MpH Temreparype UCIbITaHUs TPYHTa, ITOT
npeiid He TOoKEH MpeBbIIIaTh OAHON — ABYX JIECATHIX CEKYHJIbI B CyTKH. [lonmpaBky Ha
€CTECTBEHHBIH Jipeii) yunuThIBaIOT pu 00paboTKe pe3yabTaToB dKcepuMeHToB. HeoOxonumo
TaK)K€ MPUHUMATh BO BHUMAHUE CTapEHUE AIEKTPOHHOTO MEXaHNW3Ma YacoB 0/ JEHCTBUEM
XpOHaAJIBHOTO Nouisd. C 3TOMH LENbIO0 Yachl MOABEPrat0T IPOMEKYTOUHBIM TAPUPOBKAM B TEPMOCTATE C
Y4€TOM TOTO, YTO XPOHAIbHOE 3apsKaHHE MEXaHHW3Ma MTPOUCXOIUT ObICTPO, a pa3psKaHUe
MeieHHo. CreioBaTeNbHO, X0 PeabHOro (PM3NUECKOro BpEMEHH UCIIBITYEMOT0 OOBEKTa — IPyHTa
WJIM OCKOJIKA, - TO €CTh M3MEHEHHE XpoHaja dt, onpezensercs ¢ y4eToM JBYX ITONPABOK: Ha
€CTECTBEHHBIH Jipeii) yacoB M Ha CTapeHHe UX MEXaHHU3Ma.

Heo0xonumo MOMHUTE, 4TO B JAHHOM ClIy4ae peub HaeT 00 OCHOBHOM Ipoliecce
XPOHOOOMEHa MEXIy OOBbEKTOM M OKPY’Kalollel cpeoil, Kkorna XpoHaiisl 00beKTa U 4acoB
CPaBHSIITUCH MEXIY COOOW M MPEBBIMIAOT XpOHAJ cpeabl. [loa neiicTBueM nMeromencst pasHOCTH
XPOHAJIOB MPOMCXOIUT OTJa4ya B CPEy XPOHAIBHOTO BEIIECTBA CUCTEMOI 00BEKT-4achl B 11e10M. B
pe3ysbTaTe U3MEPEHHBIN XO/] BpEMEHHU YaCOB B TOYHOCTH XapaKTEPU3yeT UCKOMBIN X0/ BPEMEHH
UCTIBITYEMOT0 00BeKTa, MpuyeM BenndyrHa dt momyyaercs orpunarensHoi. OCHOBHOM mpoliecc
XpOHOOOMEHa MPOTEKAeT HACTOJIbKO MEAJIEHHO, YTO €r0 MOJKHO Ha3BaTh KBa3UCTAIIMOHAPHBIM, KaK
ObI cTarioHapHBIM. IMEHHO 110 3TOM NMpUYMHE OTPE30K BpeMeHH Xz — Xi MEXy JBYMS 3aMepamMu
MIPUXOAUTCS BHIOMPATH TOCTATOUHO OOJIBIIHM.
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OnHako B MOMEHT HaJIOXKEHUS Ha TPYHT WJIM OCKOJIOK Yachl CAMU CTAHOBSATCS 0OBEKTOM
3apsKaHMsI XpOHAIbHBIM BEIIECTBOM, TaK KaK MX HavyaJbHBIA XpOHAJ PAaBEH XPOHAIIy OKpY KaroLIei
Cpelbl, KOTOPBIN 3aMETHO HUYKE XpOHasa IpyHTa WK OcKosKa. [103ToMy B HauaJIbHBII NEpUOJ] Yachl
YCKOPSIFOT CBOM XOJI, u3MepsieMas BeinnurHa dt oka3bIBaeTCsl MOJOKUTENBHON U BeCbMa OOJIBIION.
ITo mepe 3apsixkanus xon dt yMeHbIIaeTCs 10 SKCIIOHEHTE, II0KAa XPOHAJI YaCOB HE CPABHSIETCS C
XpOHAJIOM HUCIIBITYeMOro o0bekTa. B Xo1e cBOMX M3MEHEHUH X0/1 BpEMEHU YacoB NEPEXOIUT Yepes
HYJIb U B KOHIIE KOHIIOB IPUOOpETaeT MHTEPECyIollee HaC OTPULIATEIbHOE 3HAYEHHE OCHOBHOTO
KBa3UCTAallMOHAPHOTO pexuma. HauanbHbIl OypHO HECTallMOHAPHBIHN MpOIeCcC MPOTEKAET
CPaBHUTEIBHO OBICTPO, €r0 HU B KOEM CIIydae HeJb3sl CMELINBATh C OCHOBHBIM KBa3UCTAIlMOHAPHBIM
IpOIECCOM, HHa4Ye OyIyT MOJTy4eHbl HECOITIACYIOLUECS MEX Ty cOOO0M pe3yNbTaThl, BBI3BAHHBIE
BJIMSIHUEM HECTAIl[HOHAPHOCTH, M BOBHUKHYT HESICHOCTH M OIIMOKHU B TOJMKOBAaHUX. Tak 0OOBIYHO U
CIIy4aeTcs.

Jlnist BBIXO/Ia HAa KBAa3UCTALIMOHAPHBIN PEXXUM JOJDKHO MPOUTH KaKoe-TO BpeMsi, HEOOX0IMMOe
JUIs 3aBEPUIEHUs] HECTALlMOHAPHOTO MpoLecca. DTO BPEMsI 3aBUCUT OT XPOHOEMKOCTH U
XPOHONPOBOAHOCTH MEXaHU3Ma YaCOB, U COCTABIIAET OOBIYHO HECKOJIBKO CYTOK.

Ecnu Bo3HUKHET *keNaHue crelraibHO ONpeAeTUuTh apaMeTpbl HECTAIIMOHAPHOTO peXuMa,
TOT/Ia CJIEAYET UCIIOJIb30BaTh €I11€ OJJHH JIEKTPOHHBIE YaChl, KOTOPHIE MO3BOJIAT JEIUTH YaCOBIE
MIPOMEXKYTKH MEXIY paJlOCUTHAIaMU TOYHOTO BPEMEHHU Ha Oosiee KOpoTkue oTpe3ku. [Ipu aTom He
clieyeT 3a0bIBaTh, UTO B XOJI€ ONbITAa TPeOyeTcs Kax bl pa3 AesaTh 10 HECKOIBKO JECATKOB
M3MEpEeHMI, HanpuMep, Yepe3 MUHYTY WIH Jaxke Yallle, 4ToObl MOIyYuTh Oojiee TOUHbIe
OCpEAHEHHbIE 3HauUeHMs BeNYUH. KOHKpETHbIE pe3yabTaThl N3MEPEHUM IPUBOJATCS HUKE, 10 HUM
MOJKHO TOJIYUYUTh MIpEJCTaBlIeHnEe 00 0COOEHHOCTAX HECTALIMOHAPHOTO PEXHUMA.

[Ipu Hanmuuuu y sKcriepuMeHTaropa 0oJiee COBepIIEHHOW U3MEPUTENHHOMN ammapaTrypbl, Yem
OINHCaHHAas, TPYJAOEMKOCTb U JUIUTEIBHOCTh OMBITOB MOKET OBITh COKpAIlIEHa B IECATKU U COTHU
pas3, Tak Kak JJOCTaTOYHO OyJeT JeiaTh OAHOKPATHbIE U3MEPEHUs X0/ja BpeMeHU. TOUHOCTh
PEe3yabTaTOB U BO3MOXKHOCTH HKCIIEPUMEHTUPOBAHUS BO3pacTyT. OJJHAKO 5 CIEUAIbHO
0TpabaThIBajl METOJUKY TaKUM 00pa3oM, YTOOBI €10 MOT BOCTIONIb30BATHCS KaXKIBIH JKEJIAIOIMNA TPU
HaJIMYUU MUHUMAJIBHBIX U JIETKO JOCTYTIHBIX CPEJICTB — 3Ta UJies 3aJI0’)KeHa MHOIO BO BCE
HKCIIEPUMEHTHI JaHHOU paboThI [5].

I'naBa S. Pe3yabTaThl 3KCHEPUMEHTAJIBHOIO ONPeAeIeHUs] XPOHAJIbHBIX
cBOMCTB rpyHTa ¢ mecta nocaaku HJ1O nmox Karrakypranom.

B Houb ¢ 8 Ha 9 urona 1984 rona, a umenno B 01:00 mo mectHOMY BpeMeHH, OOJIbIIOMN
smmncoBuHbd HJIO nuamerpom okoso 30 M u aimuHo# 60-70 M coBepIIniI OCAKY MO/ T.
Karrakypranom, uro Heganeko ot Camapkanga. ['pynt nog HJIO oxa3asicsi BAaBI€HHBIM Ha IIIyOHHY
4-5 cMm, mpoba rpyHTa Maccoit okono 1 kr 6suta B3sita C.I1. Ky3nonossim 18 aBrycra 1984 rona.
[Tonpo6HO Bce oOcTosiTenbeTBa HAabmoaeHuit HJIO 1 mecTa ero mocajku onucansl B otuete A.T.
baprenesa u C.I1. Ky3uonosa. A nonyuun ot C.I1. Ky3nonoBa HaBecky rpyHTa Maccou 126 r mist
XpOHaNbHBIX UccnenoBanuit 19 oktsa6ps 1984 1. (X = 102 cyT.), mepBast cepust CHIOBBIX U3MEPEHUI
Obna ciaenana 19 saBaps 1985 1. (X = 194 cyt.), Bropas — 6 anpenst 1985 1. (X, =271 cyt.),
CKOpPOCTh X0/1a BpeMeHHu Oblia HaleHa 4 ssaBapst 1985 1. (X = 179 cyt.); yCioBHOE 3TaJOHHOE
BpeMs U3MeEPSETCs B CyTKax (CyT.), HA4YaJIoOM OTcueTa CIykHUT MoMeHT noBajiku HJIO.
[TepeuncrneHHbIe JaThl BaXKHBI JIJIS ONIPEIEICHUsT HEKOTOphIX Xapaktepuctuk HJIO, ubo ycnoBus
XPOHOOT/Iauu TPYHTA HA MECTE MOCAAKH, OOJIBIION MPOOBI U MaJIEHPKUX HABECOK COBEPILIEHHO
Pa3IMYHBI, JaThl TO3BOJISIOT YUECTh IJTUTEIBHOCTh OTACIBHBIX MPOLECCOB. DTO JIETKO MOHATh, €CIIU
MIPOBECTH aHAJIOTHIO C MPOLIECCOM TEII00TAauu. bosee Toro, /uis pacueToB XpOHOOOMEHa MpH
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ornpenenennu cBoiictB HJIO MoxHO BocTonb30BaThes (hOpMyiiaMu, aHAIOTHYHBIMU TPUMEHSIEMbIM
B TEOPHUH TEIJI0O0OMEHA.

OO6cnenoBanue Mokasajio, 4YTo rpyHT He 00J1aJaeT MEKTPUIECKUMHU U MarHUTHBIMU
3aps/iaMd U UMEET JIUIIb CJIeBI pagunoakTuBHOCTH mopsiaka 0,01-0,02 mp/a. Beinenennas mue
nopius ObUIa pacuieHeHa Ha 4 HaBecKH Maccoif 1o 31,5 r kaxaas, KOTOpble NCTIOIb30BAINCH IS
CWJIOBBIX U3MEPEHUN U OTpe/ieTIeHHsI X0a pealbHOTro pu3ndeckoro Bpemenu. [Ipu pacunenennn
IPYHT YaCTUYHO PACKPOLIMJIICS, YTO JUIINIO BO3MOKHOCTH YETKO 3a()MKCHPOBATh HANpaBIEHHOCTh
AKKyMYJIMPOBAHUS U U3TYyYEHHUS UM OCTATOYHOTO XPOHAIBHOIO MOJIsI, 00 3TOM YK€ TOBOPHIIOCH
BBIIIIE, 3TOT BOMPOC MOJIPOOHO IKCIEPUMEHTATIBHO HCCIe0BaH B pabote [5].

CunoBble M3MepeHUs IPOBOIMWINCH HA ONMCAHHOM BbIIIE ycTaHOBKe (puc. 1-0).
[IpencTaBisiio UHTEPEC BBIICHUTD BIMSHUE PA3IHMYHBIX MPUBXOAALIINX (PAKTOPOB HA PE3YJITATHI
n3MepeHnid. HaiiieHo, 4T0 OrpOMHOE UCKa)Karollee BIMSHNAE Ha MTPOLIECC OKA3bIBAET DJICKTPU3ALIMS
Pa3IMYHBIX AeTalell YCTAaHOBKU. DJIEKTPU3allis BOZHUKAET, HAIIpUMED, IIPU IIOBOPOTE JUCKA 2 Ha
KpBIIIKe 3, MPUKOCHOBEHUH K HUM U HaBECKaM BO BpeMs MOHTaxka U T.1. OCOOEHHO CHIIBHO
ANIEKTPU3YIOTCS MOJTMITUICHOBBIE U OyMaXkKHbIe 000JIOUKH, €CIM B HUX YITaKOBaHbI HABECKHU.
DexTpuyecKuil 3apsij MOCTENEHHO CTEKAeT caM, POLECC YCKOPAETCs MPpH OOJIBIION BIaKHOCTH
OKpy>Karolero Bo3ayxa. OHako B HallMX OMNbITaxX MEKTPU3aLUs YCIEHO YCTPaHIach IyTeM
3a3eMJICHHUS BCEX AJIEMEHTOB YCTaHOBKHU.

JUist yakoBKM HaBECOK OBUIM MCIIPOOOBAHBI cCaMble pa3IMuHbIe MaTepuabl — Oymara,
MOJIMATUJIEH, allFOMUHUEBas (oiibra u T.A. B ciayuae anexTpounzonupyronieil 000J04YKH 3a3eMIICHIE
OCYILECTBIISIIOCH C MIOMOIIIBIO MEIHOM MPOBOJIOYKH, POMYIIIEHHONW BHYTph IpyHTa. Bee 06onoukn
OKa3aJIMCh OJIMHAKOBO MIPO3PAuYHbIMU IS XPOHAJIILHOTO HAHOMOJS, TaK KaK U3MEPEHHas cuila
OCTaBaJIaCh MPAKTUUECKHU HEM3MEHHOM MO BETMYMHE. AHAJIOTHUHBIE PE3yJIbTaThl ObLITH MOJTyUeHBI B
pabote [5] ¢ ICTOYHUKOM XPOHAILHOTO TIOJISI B BHJIE KAaCAaTEIIbHOTO «EKa» U IKpaHAMU U3
Pa3NUYHBIX MaTepPUaIOB, BKIIOYask METAITMUECKUE IIMIUHIPHI 000N ToamuHbl. [1o taHHBIM
C.C. ConoBbeBa, MONMMATUIICHOBAS TJICHKA 3a/iepkuBaeT 99% u3myuenuit. O4eBUIHO, YTO ITO
MOJKET OTHOCHUTBCS TOJIBKO K XpOHOHAM, IIPUHAJIEKAILIUM MUKPOMHUPY, U HE KacaTbCsl CHJIOBOTO
XPOHAJILHOTO HAHOMOJSI. DTH Pe3yIbTaThl XOPOIIO WILTIOCTPUPYIOT Pa3HUILY, CYyLIIECTBYIONIYIO
MEX]y CBOWCTBAMHM MUKPO- U HAHOU3ITYUEHHUH, UX HAJ0 CTPOTrO paziInyaTh MEXy COOOM.
HanowmHto, 4T0 oA XpOHAJIBHBIM MOJIEM S MIOHUMAal0 COBOKYITHOCTh XPOHAJIBLHOTO HAHOTIONS U
XPOHOHOB, KOHEYHO, 3TOT TEPMUH SIBJISIETCSA BECbMA YCIIOBHBIM.

Ouenb 00JbIIIOE BIMSHUE HAa MPOIECC OKa3bIBAET XPOHAIHHOE HAHOIIOJE SKCIIEPUMEHTATOPA:
JOCTaTOYHO MOAOMTH K HaBECKaM, CECTh OKOJIO HUX, YTOOBI TPOU30IILIO B3aUMO/ICHCTBHE
OTTAJIKUBAHUS, U IJIEUO 5 TOBEPHYJIOCH HA HECKOIBKO JAenMeTpoB. [103TOMy BO BpeMsi OMBITOB
Ha/10 HaXOUThCS BIAJIHM OT YCTAaHOBKH, ITOKa Ka4aHUs IJieya 5 3aTyXHYT, 3aTeM ObICTPO
MPUOJIM3UTHCS U ClIeNIaTh OYEPETHOM 3aMep.

[lepeiiny Tenepp K ONMCAHUIO KOHKPETHBIX PE3YJIBTATOB SKCIIEPUMEHTOB C TPYHTOM.
N3mepennst Cuitbl XpOHAJIBHOTO OTTAIIKUBAaHUSA B MOMEHT X; = 194 cyT. [Ipu r = 70 mm nanum
3Hauenue Py = 0,36 mr, B MoMeHT X; =271 cyT. — 3Hauenue P, = 0,04 mr. ITo dpopmyne (1) atum
CHJIaM COOTBETCTBYET KOJMYECTBA XPOHAIBHOTO BEMIECTBA, Witk XpoHOphI, Y1 = 1,3*10™ xpon n Y,
=0,44*10™* XpoH, U y/IeIbHbIE MACCOBBIE XPOHOPBI Y1 = 4,1*107 xpon/kr u y2 = 1,4*¥10 XpoH/Kr.
[Ipu X, — X, =77 cytok BenuunHa kodpduumenta ¢ = 0,014 1/cyTt. 3amennenue xoaa peaabHOTO
(u3nUecKoro BpeMeH! B 3TAJIOHHBIH MOMEHT X = 179 cyT., U3MEepEeHHOE ¢ TOMOIIbI0 HAPYUHBIX
4acoB «DJIEKTPOHUKA-5» M 4aCOB MUKPOKaIbKYJsITopa «AnekTponrnka MK-53», cocraBisier v = -
0,1 c/cyt. Ilpu aTOM XpoHa, HaliieHHbIH 1o hopmyre (6), t = 7 c. B MOMEHT oTneneHus MHe
HaBecku 1pu X = 102 cyt. Xponain t =21 cyT. 3Hast XpOHOPBI, XpOHAJIbI U KO3 ULIUEHT c,
HETPYAHO HANTH yJETIbHYIO0 MAaCCOBYIO XPOHOEMKOCTh U KOA(P(PUIUEHT XPOHOOTAAYN IPYHTA.
Nmeem: b = 7,6%10* xpon/(c.kr) u a = 1,7¥10~ xpon/(c.cyr.mM?).
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TaxkoBbBI OCHOBHBIE XpOHAJIBHBIE CBOICTBA IPyHTAa, B3sTOro ¢ Mecta nocaaku HJIO nox
Karrakypranom. Bce 3Tu BeTMUMHBI IPEICTaBISIOT OOJIBIION TEOPETHUECKHUM U MPaKTUUECKHM
UHTEpEC, TaK Kak MoJIy4eHbl Briepsble. Ho Moka ux ele He ¢ 4eM cpaBHUBATh, CPABHEHHE MOYKHO
OyzieT cienath B CIEAYIONIEH TIaBe, Korua OymMyT Mody4YeHbl fanHbie 11 ockonka HJTO.

HHTepecHO npocieIuTh 32 KOHKPETHBIM ITPOLIECCOM 3apskKaHHsl 4YaCOB MUKPOKAIBKYJISATOpA
«Onexkrponuka MK-53», HaJ0)K€HHOTO Ha TPYHT. DTOT MUKPOKAJIBKYISATOp uMmeeT Maccy 70 T,
rabaputsl 7x60x95 MM U cofepKuT OOJbIIYI0 HHTETpalibHyt0 cxemy Ha 35000 snemenToB. OH
MOJKET paboTaTh KaK KaJlbKYJIATOp, KaleH1aph, Yachl, CEKyHI0Mep ¢ 1eHoi nenenus 0,1 ¢ u
OyIMIIbHUK. B ombiTe BpeMs u3Mepsuioch KaXIyt0 MUHYTY MO HApy4YHBIM YacaM «DJIEKTPOHUKA-5»,
COTJIACOBAHHBIM C PaJIMOCUTHAJIAMHU TOYHOTO BpeMeHH. M3-3a HE0OXOAMMOCTH OCPEIHATh YHCIIO
M3MEPEHUI HaualbHbIe 3HaUeHHs X0/1a BpEeMEHH ObLIIM HailIeHbl C MHTEPBAJIOM B OJIMH 4ac, 3aTeM
MHTEpBaJ ObUT yBEJIWYEH /10 IBYX, ABEHA/IAaTH U ABAJLIATH YeThIpeX yacoB. Yepes yac nocie
KOHTaKTa ¢ TPYHTOM MHUKPOKAJIbKYJIATOP MOKa3al CKOPOCTh Xo/a BpeMenu v = +0,61 c/cyT. Yacel
3apsKAOTCS] XPOHAIBHBIM BEIIECTBOM, OHU YCKOPSIIOT CBOM X0JI, CKOPOCTh XOZa BpEMEHH!
MOJIOXKUTEIIbHA, TPUYEM HavalbHOE YCKOPEHHE MoTyyaeTcs HauOOobIINM, TaK KaK HadyaJlbHas
Pa3HOCTh XPOHAJIOB MEXAY TPYHTOM U YacaMH, O] IEHCTBUEM KOTOPOU MPOUCXOIUT NMEPEHOC
XPOHAJIBHOTO BEILLIECTBA OT I'PYHTA K yacaMm, UIMeeT MaKCUMaJIbHOE 3HaueHue. [lanee ckopocTh xoza
peanbHOro GU3NYECKOr0 BPEMEHH YMEHBIIAETCS C YCIOBHBIM 3TaJIOHHBIM 110 YKCIIOHEHTE.
Hanpumep, npu X = 2 1 ckopoctb v = +0,37 ¢/cyT., 9yepes ueTbipe yaca v = +0,33 c/cyT., uepes
BoCeMb - vV = +0,25 ¢/CyT. 1 T.J1. DKCIIOHEHTA MePECeKaeT HyJIeBYIO JTUHUIO CKOPOCTH Yepe3 CyTKH C
HEOOJIBIINM, a HAa TOPU30HTANIBHYIO MPSIMYIO BBIXOIUT MPUMEPHO Yepe3 IBOE-TPOE CYTOK CO
3HaueHueM v = -0,07+ -0,1 ¢/cyT. T0 MOCTOSIHHOE OTPHUIIATEIILHOE 3HAYCHUE CKOPOCTH
COOTBETCTBYET JOCTHKEHUIO YaCaMU XpOHaJIa IPYHTa, KOI/la X HECTALlMOHAPHBIN PEKUM
CMEHSIETCS] KBa3UCTAallMOHAPHBIM; B KBa3UCTAIIMIOHAPHBIX YCIOBUAX YaChl U TPYHT TEPSIIOT
XPOHAJIBHOE BEILECTBO B OKPY’KAIOLLYIO CpeAy KaK €UHas CUCTEMA, CIIEN0BATEIbHO, CKOPOCTh X0/a
BPEMEHH YacOB paBHA CKOPOCTHU X0J1a BpeMEHHU IpyHTa. M3Mepenus Obliin npekpalieHsl uepe3 12
CYTOK, IIPH 3TOM CKOPOCTb XOZ]a BPEMEHH 4acoB (M I'PyHTa) OCTaBAJIACh IPAKTUYECKHA HEU3MEHHOM.

B xoze onbiTa ObUIO U3YyYEHO CTapEHHE MEXaHU3Ma YacoB KalIbKYJISITOpA MOJ AEHCTBUEM
XpoHaJIbHOTO noJisd. CTapeHne Havyajio CKa3blBaThCsl HA PE3yJIbTaTaX 4epe3 HECKOJIBKO YacoB I10CIIE
Hayajia OIbITa U MOYTH MIPUOCTAHOBUIIOCH Yepe3 YETBEPO CyTOK. VcnbpITaHus IpH pa3HbIX
TeMIIepaTypax Ha eCTECTBEHHBIN Apeii() yacoB CBEXXKUX MUKPOKAIBKYJIATOPOB U COCTAPEHHBIX HA
IpyHTE MTOKa3all CMELIEHHE BCel KpUBOil ipeiida B cTopoHy yckopeHus xojaa Bpemenu Ha 0,1-0,2
c/cyT. B IpOTHBONONI0XHOCTD 3TOMY CTapeHHE HApyUYHbBIX YaCOB COIPOBOXKIAIOCH 3aMeUIEHUEM UX
xora.

IIpuBeneHHbIE SKCIEPUMEHTAIbHBIE JAHHBIE XOPOLIO WIUIFOCTPUPYIOT BbICKa3aHHbBIE BBIILIE
CO00paxKeHUs, OHU JOJHKHBI CIIOCOOCTBOBATH JIyUllIeMy OHUMAaHUIO XPOHAJIBHOTO SIBICHUS U
MOMOYb U30eraTh OMUOOK MPU U3MEPEHHSIX U TOJIKOBAHUAX MOJyUYEHHBIX PE3YJIbTAaTOB.

I'naBa 6. Pe3yabTarbl 3KCHIEPUMEHTAJBHOIO ONPeAeJeHUs XPOHAJIbHbBIX
cBoiicTB ockouka HJIO, B3opBaBuierocst Ha KosibckoM moJiyocTpose.

B nexaGpe 1981 r. B TpyaHOKOCTYTHOM paiioHe Ha ceBepe Konmbckoro momyoctposa
IIPOM301LIEN B3PbIB YIIABUIETO 0OBEKTA, IPUUEM YCTAHOBIIEHO, YTO 3TO HE ObUIO MajicHNe
TEXHHUUYECKOT0 00BEKTa, 3aIyIIEHHOT0 YeloBekoM. Ha MecTe B3pbiBa 00HApyKEHbI METAIIINUECKIE
ockonku. [IpenBapuTeNnbHbINA CIEKTPAJIbHBINA aHAIN3 METAJUIA IOKA3aJl HAJIMYUE B HEM CIIEAYIOIINX
AJIEMEHTOB (B CKOOKaX OTHOIICHHUE K MEJN):

Mens — 457400
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Huuk — 63244 (1/7)
Maprasnern — 20000 (1/23)
Hukens — 12500 (1/38)
Kenezo — 9700 (1/50)
XUMUYECKUI aHaJIN3 NTO3BOJINI BBISIBUTH TAK)KE DJIEMEHTBHI:
AmomuHnit — He Oonee 5%
Csunen — He 6onee 2%
Onoso — He 6oiee 0,5%

IIpu TakoM cocTaBe cruiaBa, OJIM3KOro K OpoH3e, ero IIOTHOCTh JOJKHA COCTaBUTH OKOJIO
8,4 r/cM’, a M3MepeHus nany Beauuuny 6,95 r/cm’. DTo ABIISETCA 3araaKoi CIulaBa.

Eme 6onee nHTepecHbIE pe3yabTaThl OBLIH MMOMYUYEHBI IPH XPOHAIBHOM 00CIeI0BaHUU
crutaBa. iIMeHHO XpoHanibHOE 00CIieIoBaHNE JOKHO J1aTh PEIIAlOINi OTBET Ha BOIIPOC, SBISETCS
JIM OCKOJIOK YacThio B3opBasiuerocst HJIO, n6o, kak y>xe HeoTHOKpaTHO roBopuiiock, B HIIO
IJIaBHOE — 3TO XPOHAJIbHOE SIBJICHHE, OTBETCTBEHHOE 3a CBSI3b, MOJIEThI, MAHEBPHI, IOCAIKH, B3JIETHI,
3aLUTY OT NEPETPY30K, 3aIIUTY OT BHEIIHUX HENPUATHOCTEHN U T.01. [ToaTOMY 311€MEHTHI
koHcTpykimu HJIO Hen3bexHO NOKHBI ObITh 3apsyKeHbl XPOHAIBHBIM BEILIECTBOM, OCOOEHHO MPH
B3pbIBe anmnapara. CienoBaTeabHO, HAIMYUE BBICOKON XPOHAJIBHOM aKTUBHOCTHU — TO NEPBBIH,
IJIABHBIM M PEIIAOIINN MPU3HAK IpUHAIIEKHOCTH ockonka HJITO.

Kycouek ockonka maccoit 140 r st momyuwmi ot B.W. I'oneria 8 anpenst 1985 r. O6¢cnenoBanue
MO0Ka3aJ10, YTO Y HABECKU MPAKTUYECKH OTCYTCTBYIOT JIEKTPUUECKUI 1 MarHUTHBIHN 3apsiibl U
panuoakTuBHBIE cBoicTBa. Ha craboe u cpeHee 1o HanmpsyKeHHOCTH MarHUTHOE TI0JIE CIIaB
MPAKTUYECKU HE pearupyer, Ha cuiibHOe — nopsaka 2000 spcren — pearupyet pe3ko. CTpykTypa
CIUIaBa JIUTas JEHAPUTHASL.

JIJ1s XpOoHaJIbHBIX CIIBITAHUN OCKOJIOK pa3pe3aH ¢pe3oil Ha 4 MpUMEpPHO paBHOM YacTH,
Macca KaxJ10i HaBeCKU cocTaBiisieT B cpenHeM 32,7 1. [lpoiie u GbIcTpee Bcero HyKHbIM OTBET
MOJKET OBITH MOJTy4€H MyTeM U3MEPEHHSI CUIIOBBIX CBOMCTB HaBecOK. OMbIThI OBbLIH MPOBEIEHBI HA
OIMCaHHOM BbIIIE ycTaHOBKE (puc. 1-0) B Teuenue 17 ampens 1985 1. u HECKOIBKUX MOCIIETYIOIIUX
nHeit (X; = 1100 cyt.) B Xxo1e onbITOB y HaBECOK OOHAPYKEHO MHTEHCUBHOE XPOHAIbHOE
B3alMOJEHCTBHE OTTAJIKUBAHUSA, IIPU ATOM IOIYYEHBI CIEAYIOINE KOHKPETHBIE 3HAUEHUS BEIIMUMH.

Brauane nogBuxkHBIN TUCK 2 TOBOPAYMBAIICS IPOTUB YACOBOU CTPEIKH O PACCTOSIHUS
MEX/1y LIECHTpaMH HaBECOK I = 2 cM. 3aTeM ITOBOPOT AMCKA OCYLIECTBIISUICA 110 YaCOBOM CTPEJIKE 10
TOTO K€ PACCTOSHUA 2 cM. B mepBoM cirydae MoABM>KHBIE HABECKHU MTOBEPHYJIMCH Ha yroi 3,32 1M 1o
MUJUIMMETPOBOI 1IKaJe, a BO BTOpoM — Ha yroi 14,48 nm. CymMapHBIii yroa oBopoTa mieda 5
coctaBuia 17,8 1M, a CpeTHUN yTOJI B OIHY CTOPOHY - 890 MM. DTOMY yIily 3aKpy4MBaHUs HUTH
COOTBETCTBYET CHJIa XPOHAIBHOI'O OTTAJIKMBAHUS, IPUXOIAIIASICS Ha OHY Napy HaBecok, Py = 0,01
Mr 1 BenmurHa XpoHopa Y1 = 6,3*10° xpon — popmyia (2). YaensHbIH MacCOBBIM XpOHAIBHBIH
3apsi ockonka yi = 0,19*107 xpon/kr.

B paccmarpuBaeMbIX yCIOBUSX CHJIa TPAaBUTAI[MIOHHOTO MPUTSHKEHUS MEXK/ly HABECKaMH,
HallIeHHas ¢ TIOMOIIBIO 3aKOHA BCEMHUPHOIO TsaroTenus Herotona, P, = 0,18*10™ mr, uto B 556 pa3
MEHBIIIE CUJIbl XPOHAJIBHOTO OTTAJIKUBAHUS.

YroOsl yOemuThcs B OTCYTCTBUH MOCTOPOHHUX BIUSHHUNA Ha MOJyYEHHbIE PE3yibTaThl,
HanpuMep, FMEKTPU3ALINN, OCTATOYHBIX XPOHAIBHBIX U3ITy4eHUN KOPOOKU OT MPEIbIIyIINX
UCTIBITAHUN TPYHTA U T.J., U3 OOBIYHOMN JIaTyHH OBLIM Hape3aHsl 4 TabneTku Maccoit 47,5 r kaxaas.
KonTpomnpHbIe HCTBITaHUS ATHX TAOJETOK JaJIu HyJeBOU pe3yibTaT. OTMEUYEHO TOJIBKO
IPaBUTALIMOHHOE CIUIaHUE TaOJETOK NpU MX COMMKEHUU Ha paccTosHUE 1-2 MM MEXTy
MTOBEPXHOCTSAMHU.

Takum oOpa3zom, HalJileHHAs CHJIa OTTAJIKUBAHUS CBUJETEIBCTBYET O €€ XPOHAJIHLHOM
MIPOMCXOXKAECHUM U NPUHAIEKHOCTH ockoska HJIO. O XpOoHaIpHOM HMPOUCXOXKIEHNUN CUIIBI
OTTAJIKUBAaHUS TOBOPUT TAKXKe (PAKT CYIIIECTBEHHOT'O BO3ICHCTBUS XPOHAIBHBIX H3ITy4YeHHUH
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HKCIIEPUMEHTATOpa Ha yroi MOBOPOTa Iieya 5, aHaJIOTHYHOE BO3/IEHCTBHE OBLIIO OTMEYEHO U IIPU
WCIBITAHUU TPYHTA, HO B OMbBITAaX C KOHTPOJIbHBIMU JaTyHHBIMH TaOJI€TKaMU HUYETO MOI00HOTO He
HabM01am0Ch. 3aMedy, KCTaTH, YTO OCKOJIKH M IPYHT, Onaroiaps HUINYMIO Y HUX OOJIBILIOTO
XPOHAJIBHOTO 3aps/ia, MOTYT OBITh HCIIOJIb30BAHbI B MPUOOpax, MpeJHa3HAUCHHBIX JIJISl ONpe/IeIeHUS
Pa3IMYHBIX XapaKTEPUCTUK XPOHAIBHOI'O MOJIsI, TOYHO TaK e, KaK Mbl MCIIOJIb3YEM IIOCTOSIHHbBIE
MarHuThl B 3JIEKTPOM3MEPUTEIBHBIX YCTpoicTBaxX. Pabora 3TuX npubOpoB, B OTIMYKE OT MHOTUX
JPYTHUX UHJMKATOPOB, KaK HAaIpUMEp, B JIO30UCKATENBCTBE, HE 3aBUCUT OT XpOHAJIa YEJI0BEKa, JaxKe
Ha00OPOT, OHH MO3BOJISIIOT ONPEENIATH STOT XPOHAJ.

HHTEepecHO CpaBHUTH XpPOHAJIBHBIE CBOMCTBA IPyHTa C MECTA MTOCAAKU U OCKOJIKOB OT
B3opBasierocss HJIO. I'pynt B MmoMeHT X, =271 cyt. nan cuny P, = 0,04 Mr u ynenbHbIN
XpOHAJIBHBIN 3apsa y2 = 1,4*107 xpon/kr. D cuna B 0,04/0,01 = 4 paza u yieabHbINA XpOHATbHbBINA
3apsan B 1,4%107/0,19%107 = 7,4 pasa npeBBIIAIOT TAKOBBIE U1 OCKOIKOB. Ho mpu 3TOM Hao
yUYeCTb, YTO B CIIydae OCKOJIKOB BPEMEHH MPOLLIO B 4 pa3a Oosblie. ITO 3HAYUT, UTO HaYaIbHas
MHTEHCUBHOCTh XPOHAJIBHOTO MOJISI OCKOJIKOB Obljla CYIIECTBEHHO BBIIIE, YEM Y TPYHTA, HOO MEJIKHE
OCKOJIKU TEPSIOT XpPOHAJIBHOE BEIIECTBO OBICTpEE, YeM I'PYHT, 0COOEHHO ero Ooublas Macca Ha
Mecte nocajku. [1o cyTu nemna Tak OHO U IOJKHO OBITh, TOCKOJIBKY XPOHAJIBHBIN B3PHIB U
HOpMaJIbHasl XpOHaJbHAsA paboTa HE MOTYT UMETh OJIHY U TY K€ HHTEHCHUBHOCTbD, B3PbIB JIOJDKEH
OBITh CUJIbHEE.

B HacTosmiee BpeMsi IpOAOIKAIOTCS AAJIbHENIIINE UCCIIEJOBAHNS XPOHAIBHBIX CBOMCTB
OCKOJIKOB ¥ TPYHTA M peakliy pa3IMyHbIX MaTepHalioB Ha XpoHaJIbHOE Bo3zaelcTBue. [1pu aTom
IJIaBHOE BHUMaHME yJessieTcsi 00beKTUBHBIM, IPUOOPHBIM, HE CBS3aHHBIX C YEJTOBEKOM METOaM
WCTIBITAHU .

I'naBa 7. O0cyxxaeHue pe3yabTaToB.

B pa6orax [5, 14] 6pu10 MOKa3aHO, U sl 3TO HEOJHOKPATHO MOTYEPKUBAI, UTO CAMOE BaXKHOE
B ipobieme HJIO — 3T0 XpoHanbHOE SIBIEHUE, UMEHHO Ha HEM OCHOBAHBI JIBUTaTEJIbHBIE CUCTEMBI,
CPEICTBA CBSI3U U 3aILUTHL, U T.I. XpOHAJIbHbIE UCCIIEIOBaHMs TPYHTA C MECTa MOCAJAKU M OCKOJIKa C
MecTa B3pbiBa HJIO nmumiauii pa3 moaTBep)kKJatoT BHICKa3aHHbIE COOOPAKEHUSI U OTHOBPEMEHHO
OCTaBJISIIOT BOJHYIOIIEE YYBCTBO COMPUYACTHOCTH K BEIUMKUM TaliHaMm Paszyma Kocmoca.
EctecTBEeHHO BO3HMKAET KelaHue ITyOxke ysICHUTH cede poib Pazyma Kocmoca B mpo6ieme HJIO.
Benp He MOTyYT k€ OBITH CITy4aliHBIMH MHOTOUMCIJICHHBIE TTOCEIICHHS 3eMJIM HHOTIAHETHBIMU
KOpaOsiMu, 0COOCHHO YYaCTUBIIKECS B TIOCIIETHHUE TOJIbI, KOTJa €BPOMecKas TeXHOIOTnYecKast
LUMBUJIM3AIMS 3all1a B IBHBIHM TyNHK, U TPeOyIOTCS KaKHe-TO CPOYHbIE U pPEeUINTEIbHbIE JeHCTBHS —
3TO MOXKET KacaTbCs Ha/IBUTAIOIEHCS SKOJOTMYECKOI KaracTpodbl, HAKOIUIEHHBIX 0€3yMHO
BOOPYXEHHI U, BO3MOXHO, YETO-TO €llle 0oJIee CyleCTBEHHOT0, Yero HaM He MOJI0KEHO 3HATh.
[ocemienns conpsiKeHbl C CEPhE3HBIM PUCKOM, 00 3TOM CBUAETENIBCTBYIOT HEOHOKPATHBIE B3PHIBHI
HJIO. Ilpumepamu MOTYT CIIY>KUTh paccMOTpeHHBIH 31ech B3pbiB HIIO Han Konbckum
II0JIyOCTPOBOM, 3HaMEHUTHIN B3pbIB TyHrycckoro HJIO, npousomenmmuii B 1908 1. u
pacnpoCTpaHUBILIUI CBOU CJI€/Ibl HA BCE KOHTUHEHTHI. Bce 3TO HE MOXKET He HaBECTH Ha CEphe3HbIE
Pa3MBIIIICHUS O CyAb0ax IIaHETHI.

Bomnpoc o poniu Pazyma KocMmoca nmMeer erie u Apyroi acrekT, BeCbMa BaKHBIN U KpailHe
uHTepecHbIil. Ceiluac MOKHO CUMTATh YCTAHOBIIEHHBIM, YTO 3€MJIsl HAXOAUTCSA 1101 HENPEPBIBHBIM
MTOTOKOM XPOHAJIbHBIX M3IyYeHUH, HAyIHX U3 rmyouH Kocmoca, 3Ti u3nydeHus ocoOeHHO
YCUWJIWJIMCH B nocsiegHee BpeMs. O HaTM4uK TaKMX U3IyYEHUH CBUETENbCTBYIOT XPOHAIbHbBIE
JEHUCTBUS MUPAMU/ U «JIMKoOpa3za» [ peOeHHNKOBA, aKKyMYJIATOPHI (CKOIMMIIUIIA) XPOHAITBHOTO
BEIIIECTBA, CO31aHHbIe B JIUTBE, pabOoTHI TAaTHIIICKUX YUeHbIX, nHAuKaTopsl C.C. ConoBbeBa,
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MosIBJIEHUE Ha 3emiie OOJIBIIIOTO YUCIIa JTI0/ICH, HaJIeIeHHBIX SKCTPACEHCOPHBIM J1apOM, M, HAKOHEII,
Jake IpsiMble HTHPOPMaIIMOHHBIE KOHTAKThI OTAEIBHBIX 3KcTpaceHcopoB ¢ Pazymom Kocmoca.

be3 xpoHanbHBIX W3IIyYEHH, KaK YK€ OTMEUYAJIOCh, )KHU3Hb U €€ Pa3BUTHE HEMBICIUMBI,
HaIpuMep, ¢ UX TTOMOIIBIO TPOUCXOUT KOAUPOBAHUE, TIepeIada, 3aKpEIUICHHE U pean3alus
HACJIEICTBEHHON WH(POPMAITNH, 9TO KacaeTcsl Kak OT/ENbHON KIETKH, TaK M OpraHu3Mma B 11eioM. B
CBOIO OYepE/Ib, )KUBOE BEIIECTBO CIIOCOOHO MEPEU3Tydarh U MPOrpaMMHUPOBATh CTPYKTYPY
MEePEU3Ty4aeMOro XpOHaJIbHOTO MOJIsl, B YaCTHOCTH MPHU JO030UCKATENbCTBE MOJIe onepaTopa,
CKOHIICHTPUPOBAHHOE Ha paMKe, MBICJIEHHO HACTPAWBAETCS HAa BO3ICUCTBUE C ONPEACICHHBIM
MPEAMETOM WJIM UCKOIIAEMBIM, IIPU BpaYeBaHUU CTPYKTYpa MOJIsI HACTPAaUBaETCs Ha JICUEHUE
MMEHHO JaHHOTO 3a00JeBaHus, JaHHOTO Oprana, U T.A4. O cnemuPpuIHOCTH CTPYKTYPhl XPOHATBHBIX
M3IIYYEHUI MOKHO CYIUTh TAKXKE [0 XapaKTepy BO3JIECHUCTBHS HA OPTaHU3M IOJI Pa3HbIX
HMCTOYHUKOB, HATIPUMEP «EKa», OIMMCAHHOTO B padoTe [5], M UCTIBITAHHBIX BBIIIE TPYHTA M OCKOJKA.
OueBuHO, YTO pa3HUIIA B XapaKTepe BO3ACUCTBUS HA JaHHBIM UHJIMBHUIYYM JIOJKHA
CBUJICTEIHLCTBOBATh O PA3IUYHMH CIICKTPAIIBHOTO cOCTaBa n3mydeHui. [lome «exay» BbI3bIBaET
MMOHMKEHHE KPOBSHOTO JIaBJICHUS, SKCTPACUCTOJUIO — BbINAJICHUE OTACIBbHBIX YAapOB MyJbCa,
CHaBJIMBaHUE, KaK B TUCKaX, TOJIOBBI, 3BOH B yIIIaX U TOJIOBE, 3aKJIabIBAaHHE YIIIEH, YCTAIOCTh U
M0/IaBJIEHHOCTh, CUJIBHYIO TOLIHOTY U T.I. [5].

OT rpyHTa TOXE OBUIO TONTHOTBOPHO M MYTOPHO, HO B JIAHHOM CJIy4ae BCE ATO UMEJIO
HECKOIIbKO MHOM U MATKUH OTTEHOK. AHAJOTHYHbIE, HO 00Jiee MHTCHCUBHBIE OLTYIIEHUS S HCTIBITAI,
MOOBIB HETIOCPEACTBEHHO Ha MecTaxX mocanok HJIO, ocobenno koraa pabora Jumiiiack Mo MHOTY
4acOB M MHE MPUXOJUIIOCH JIOKUTHCSA HA TPYHT, OMPEEIIsIs €ro XpOHAJIbHbIE CBOMCTBA.

Ockornok 06sagaeT CBOMMH CIEIIM(UIESCKIMHU COCTABOM M CBOWCTBAMH, TIOATOMY OH TIPEKIE
BCETO BBI3bIBAJI MOUTHYIO IKCTPACUCTOIMIO — KaXIbI BTOPOI1, @ UHOTIa M TPETUI yap Mmyjbca
OTCYTCTBOBAJ. ITO MOSBISIIOCH Cpa3y ke, KaK TOIBKO s JIOKWIICS Ha JTUBAH U TAKUM 00pa3omM
TMOTIa 1T Ha YPOBEHB TNIOCKOCTU PACTIONIOKEHUS YeThIpeX HaBecOK. OCTalbHbIE OUTYIICHHSI ObLITN
oueHb crnabpiMu. [locre yaaneHus ockoika U3 KBapTUPHl BCE MOMEHTAILHO TIPEKPATUIIOCH, U 5 CTal
YyBCTBOBATh CE0s 1aXke JydIlle, YeM JI0 UCTILITAHUINA: TTOSIBUIIUCH HEMPUBBIYHBIE OLTYIIECHUS
06oapoctu u jgerkoctu. [locnenelicTBre XpOHAIBHBIX TIOJIEH «EKa» M TPyHTa ObUIO 3HAYUTEIIHHO
0oee JUIUTETHHBIM U HETIPUSATHBIM. JTO MO3BOJISIET BBICKA3aTh MPEATOIOKEHHUE, YTO TIPHU BEIOOPE
KOHCTPYKIIMOHHBIX MaTtepuanoB ajist HIIO, BeposTHO, YYUTBIBAIOTCSI HE TOIBKO MPOYHOCTHBIE,
CTOMKOCTHBIE U T.JI., HO TAK)K€ M XPOHAJIbHBIE UX CBOWCTBA, HE OKA3bIBAIOIINE BPETHOTO BIMSIHUS Ha
OpTaHU3M.

Oco0eHHOCTH CTPYKTYPBI XPOHAIBHOTO TOJIS, U3Ty4aeMOT0 Pa3IMYHbIMU
HEOIYIICBICHHBIMHA U OTYIICBICHHBIMA OOBEKTAMH, B TOM YHCJIC TPOTPAMMHUPYIOIIHM MO3TOM
YeJI0BEKa, M0Ka HEM3BECTHBI. [103TOMYy caMOl I1aBHOM, HHTEPECHOW U BaXKHOM JUIS JIFOACH U
0011ecTBa B IEJIOM CJICYET CYUTATh 3a7ady paciiu@pOBKH CIIEKTPATBHOTO COCTaBa XPOHAIHLHOTO
nonisi. Pa3o0Opartbest B 9TOM — 3HAYUT, TOMYYUTh HOCTYI K HEOTPAaHHUYEHHOMY UCTOUHUKY
nH(pOpMaIUH, B TOM YUCII€ KOCMUYECKOM.

OpHako Ha4YaTh NPUIETCS C pelIeHus 0oJee MPocThiX 3a1ad. [Ipexae Bcero He0OX0IMMO
pa3zpaboTarh METOIbI MPOCTOTO M 3PPEKTUBHOTO MPUOOPHOTO TUATHOCTUPOBAHKS XPOHAITHHOTO
SIBIICHUSI, CPE/ICTBA 3aIIUTHI OT HETO, MO0 B OOMBIINX /103aX OHO BCET/Ia TYOUTENhHO JACHCTBYET Ha
OpraHu3M, U CITOCOOBI TTOYYECHHsI MOIIIHBIX XPOHAIBHBIX MOJIEH, YTO Cpa3y PEIInuT IK30TUIECKYIO
pobrieMy 0€30MOPHOTO XPOHAIBLHOTO JIBUKUTES, IPUTOAHOTO JIJIS MPAKTUYECKUX TTOJIETOB B
npejaenax 3eMid U B MEeK3BE3THOM MPOCTPAHCTBE. DTO HECOMHEHHO MPHUBE/IET K MOSBICHUIO HOBBIX
oTpacieil HayKd U TEXHUKHU.

Cunraercs, 4To caMblii TPYIHBINA — 3TO NMEPBBIH IIaT, U OH OBLJI ClieJaH — OTKPBITO HOBOE
XpOHAIILHOE SBJICHUE, CO3/IaHbI IPOCTEUIIIIE MPUOOPHI IS €r0 TUAarHOCTUPOBAHUS, YAAIO0Ch JTaxke
KOE B YeM MPOJABUHYTHCS B HANIPABIICHUH PEIICHUS TTOCTABICHHBIX BhIMIE 3a7a4. OHAKO B HAIITUX
YCIIOBHSIX OKa3aJI0Ch 3HAUUTEIBHO TPYIHEE JOBECTH CAEIAHHOE 0 CBEJIECHUS U CO3HAHUS JIIOJIEH.
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Ocraercs TONBKO HaJEK/1a Ha TMYHbIE KOHTAKTHI U Ha MOJIOZ0€ MOKOJIEHNUE, MO3TH KOTOPOTO €IIe HE
YTpaTWIX CIOCOOHOCTH BOCIIPUHUMATh HOBoE. Torja u JanpHele maru He 3acTaBsT ceds J0ro
KIaTh.

OAHOBpPEMEHHO C OCBOEHUEM COOCTBEHHO XPOHAIBLHOTO SBJICHUS IPUIETCSI HOBBIMU
IJla3aMHM B3MJIIHYTh U HA MHOTHE YCTOSIBIIUECS MPEJCTABICHUS U XOPOIIO U3BECTHHIE SIBICHUS U
(haKThl, HEKOTOPHIE U3 HUX 51 IEPEUNCIISUT BBIIIE. DTO Cpa3y BBHIBEJCT HAYYHOE MBITIUICHUE U3 TYIIHKA
Y TIO3BOJIUT MOJTYYUTh LEHHBIE JJIs IPAKTUKH pe3yibTaThl. B KauecTBe HAMISIHOTO IPUMEPA MOMKHO
cocnaTbesi Ha TYHTYCCKUM B3pbIB, U3y4€HHE KOTOPOTO JJAaBHO 3aIllJI0 B TYyNHK, UOO HU OJHA U3
JIECSITKOB BBICKA3aHHBIX THIIOTE3 HE OOBACHSET BCEX HaKomuBIInuXcs (pakToB. BMecTe ¢ TeM B
SMUIIEHTPE B3PbIBA JI0 CUX TIOP HAOIIOAIOTCS MHOTHE M3 OMTMCAHHBIX BBIIIE XPOHATBHBIX 2((HEKTOB,
YTO JMIIHUK pa3 noATBepkaaeT BbiBoabl OT.

B3psiB ObUT HACTOIBKO CHITBHBIM, UTO Jlaxe cycTs 70 JIeT BBICOKOTOYHBIC KBAPIICBHIC,
MeXaHu4YecKue (MOPCKOM XPOHOMETp) U IpyTHe Yackl, Mo uzMepenusm A.B. 3010ToBa, oTCTaoT Ha
2 cekyH[bl B CyTKH. J1J1 cpaBHEHMsI YKaxy, 4TO B3sTasi MHOIO npo0a rpyHTa ¢ mecta nocajaku HJIO
B CTpokuHO, 4TO 1o MockBoH, yepe3 6 net nana B 10 pa3 MeHblliee 3aMeIJIEHUE X0 BPEMEHH.
A.B. 30510TOB 0TMEYaET, YTO Yachl MOKA3BIBAKOT HE TOJIBKO 3aMEJIEHNE, HO U YCKOPEHHE XO0a
BPEMEHH, ITO JeNlaeT KapTUHY COBEPIIEHHO HEMOHATHOM. V3 mpeapIayiero 1o0mkHa ObITh BIIOJIHE
SICHA TIPUYMHA TaKOTo MOBE/ICHUS YacOB: BHAYAJIe OHU 3apsKA0TCsl XPOHAIBHBIM MOJIEM OT TPYHTA U
cremiar, 3aTeM HECTAIllMOHAPHBIN PEXUM 3apsDKaHUS CMEHSETCS KBa3UCTAIMOHAPHBIM PEXXUMOM
paspsbKaHUsg COBMECTHO C TPYHTOM, M Yachl HAUMHAIOT OTCTaBaTh OT 3TAJOHHOTO BpEMEHH. Y 4acoB
0O0JIBIIION XPOHOEMKOCTH HECTAIIMOHAPHBIN PEKUM MOXKET JJIUTHCS MHOTHE CYTKH.

3a01HO CKaXKy, 4TO Ha MecTe B3pbiBa TyHrycckoro HJIO HeT 3aMeTHBIX OCTaTOYHBIX
pPaIMOaKTUBHBIX U3TYUYEHUH. AHAJIOTHYHAS KapTHHA HAOMIOAAaeTCsl HA MECTaX MOCa0K U 3aBUCAHUN
HJIO. PagnoakTHBHBIMU U3ITyYEHHUSIMU HE 00J1a1at0T TaKXKe B3sIThIe TPOOkI rpyHTa 1 ockonku HIIO.
DTO IOKHO 03HAYATh, YTO JOCTATOUHO PA3BUTHIE [IUBUIIN3ALIUN, KOTOPBIE CYIIECTBEHHO YAAIUINCH
OT nemepHoro o0pa3a >KM3HH, HE TOJIb3YIOTCSI aTOMHOM dHEprueH, karacTpoduyecku
3arps3HAIONICH OKPY’KaIONIyIo cpeay. UeaoBeK MOXKET C/IeaTh U3 3TOTO MOJIe3HbIe Ui ceOs
BBIBOJIBI.

B 3axniroueHnN MHE XOTE€NOCh ObI BBICKA3aTh HECKOIBKO MPAKTHUECKUX 3aMEYaHUI,
KaCaroIIMXCs METO/Ia UCTIBITAHUHN TPyHTa M OCKOJIKOB Ha XPOHAJBHBIE CBOMCTBA, M MPUMEHSIEMBIX
JUISL TOM LIENIU YCTPOMCTB.

N3 Bcero u3noskeHHOTO J0KHO OBITH SICHO, YTO UCIIBITAHUS IEJIECO00Pa3HO HE 3aTSITUBATh.
D710 n30aBIAET IKCIIEPUMEHTATOPA OT U3JIHIIHETO O0TyUYeHHUsI XPOHATBHBIM 1osieM. O THOBPEMEHHO
COKpaIIaeTcst BpeMsl 3apsDKaHUsl XPOHATBHBIM BEIIECTBOM KapTOHHOM KOPOOKH YCTaHOBKH,
0COOCHHO €CJIM HAaBECKH JIOJITO MPeOBIBAIOT B OJTHOM U TOM K€ HETIOABIKHOM TOJIOKEHUH.
HepaBHoMepHO 3apspkeHHas KopoOKa B3aMMOIEHCTBYET C HABECKAMU, MEIIAET UX CBOOOTHOMY
Ka4aHUIO U TaKUM 00pa3oM MCKaXaeT pe3yabTaThl.

Bnusinue KopoOKY CHIIBHO YMEHBIIIAETCS, €CIIM BCE €€ Pa3Mephl, a TaKXkKe IJIeHo 5,
yBENUYUTH BABOE. HUTh 1 Toke menecoobpaszHo caenath nuametpom 0,1 MM, 1060 ¢ HUTHIO
nuamerpom 0,05 MM TpyaHO paboTaTh, - OHA BCE BPEMs JOJKHA HAXOIUTHCSA B HATSIHYTOM
COCTOSIHHH, YTOOBI HE COOMPATHCS B KOJICUKH, HE 00pa30BBIBAThH «Oapaliku», 3T0 Tpedyer
MOBBIIIEHHOTO BHUMAaHUS M OCTOPOYKHOCTU. YBEJIMYEHHE TUAMETPa HUTH BJIBOE COITPOBOXKIACTCS
POCTOM €€ KECTKOCTH M COOTBETCTBEHHO IIEHBI OJHOTO MUJUTMMETPOBOTO JEJIeHUs IIKaJbI B 16 pas.
Ho onHoBpemMeHHOe yBenuueHue rieya 5 1 uncia MUJUIMMETPOBBIX JIEJIEHUH B JiBa pa3a CHUKAET
LIEHY OJTHOTO JIeJIEHUs B 4 pa3a, B UTOre CyMMapHasi 1ieHa JeJICHUsI 1IKaJIbl BO3pacTaeT BCero B 4
paza. DTOro BIIOJIHE JIOCTATOYHO: /ISl XPOHAJIbHBIX HCTIBITAHUM IPyHTa U OCKOJIKOB 0OJiee BbICOKAs
YYBCTBUTEIHHOCTh YCTAHOBKH U HE TpeOyeTcs.

A yxe moguepKuBa, 4To Mpy OTPAOOTKE METOAMKH XPOHAIBHBIX UCIIBITAHUH 51 CTAaBUJI ceOe
L[EJTBI0 CO3/IaTh TaKKe MPUOOPHI, KOTOPbIE OBUTH OBl JOCTYITHBI BCEM JKETAIOIINM. JTO MO3BOJISET
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NpUOOIIUTECS K 00CYXaaeMoil mpobiieme GOIbBIIOMY YHCITY SHTY3HMACTOB, HE PACIIOIAraAtOIINX
CJIOHOW M TIOPOTOCTOSIIIEH armapaTypoil. biiarogapst 3Tomy perieHue mocTaBIeHHONW MPOOIeMBbI
IIEPECTAET 3aBUCETh OT Y3KOI0 Kpyra OpTOAOKCAIbHO MBICISALINX JIMILI, BOOPYKEHHBIX BCEMU
HE0OXOMMBIMU MaTepHAIbHO-TEXHUUECKUMH CPEICTBaMU, HO HE 3aMHTEPECOBAHHBIX B CMEHE
CYIIECTBYIOIIHX, YK€ JJaBHO U3KUBIIUX ce0s MPEICTAaBICHUH, U IOITOMY OTBEPrarolluX Jake cam
¢akr cymectBoanus HJIO.

Haxkonern, MHe xoueTcs cenaTh HECKOJIBKO OOIINX 3aMEYaHui O epCIeKTUBaX,
KacaloluXcsl pelieHus! YIIOMSHYThIX BbIIlIe IEPBOOUYEPETHBIX U OoJee najekux 3aaad. [Ipu Hanmuuu
HEOOXOIMMOM SKCIIEpUMEHTANbHON 0a3bl M 0011a/1asi HABBIKAMU KOHCTPYHUPOBAHUS 3JIEKTPOHHON
anmapaTypbl, ClIeAyeT 3aHIThCs pa3paboTKON CHeNUaIbHBIX JUarHOCTUYECKUX TPUOOPOB [T
OIIPENIETIEHNSI BCEX OCHOBHBIX XapaKTEPUCTUK XPOHAIBHOTO noJist. [Ipu 3ToM Hago BOCIIOIb30BaThCs
MHOTOYHCIIEHHBIMU 3¢ (eKTaMu B3aUMHOM CBSI3U (YBJIEUEHUS), COIEpKALUMUCS B ypaBHEeHUH (1),
OHU TO3BOJISIT OCYIIECTBUTD JAaTYUKHU CAaMON PAa3TUYHON MPUPOABI U MPUOOPHI, OCHOBAaHHBIE HA
CaMbIX pa3IMYHbIX MPUHIMIAX. bojee moapoOHO O CyIIECTBYIOUINX CBA3SIX U 3P PeKTax yBICUECHUS
roBopuTcs B KHUTE [5]. OHUM U3 YaCTHBIX MPUMEPOB yBIICUEHUs CIy X HT dpdext Kupnuan, rae
XpOHAJILHOE T0JI€ HAKJIAbIBAETCS HA BBICOKOYACTOTHOE JIEKTPUYECKOE, U COBOKYITHBIN
Kosie0aTenbHbIN mponecc Gukcupyercs porosmynbeueil. Ipyroit npumep - yBleueHHbIE
XPOHAJIbHBIM METPUYECKOE U BIIIOJIBHOE (KosiebaTenbHOe) IBJICHUS co3Aat0T 3((EKT BOJIHBI, 11O
KOTOPOM MO>KHO CYIUTh O CKOPOCTH PACIIPOCTPAHEHUS XPOHAIBHOTO I10JIsI, €CJIM U3BECTHA YaCcTOTAa,
100 YacToTe, €ClIM U3BECTHA CKOPOCTb.

Ha sToM jxe myT mpuOOpHO# TUArHOCTUKHU JIEKUT PEIICHHE OJHON U3 CaMbIX HHTEPECHBIX
3aJ1a4 — paciu@poOBKU CTPYKTYPbl XpOHaIBbHOTO nosisd. Celyac 3Ty CTPYKTYpy CIIOCOOHBI «BUIETH)
TOJIbKO HanboJiee OlapeHHbIEe HIKCTPACEHCOPHI, PUYEeM KaXK/Iblii U3 HUX BUJIUT €€ Ha CBOEM
WHAUBUAYAJIbHOM YPOBHE BOCIIPUSATHS.

UYro xacaeTcs 3alIUThl OT XPOHAIBHBIX U3JIyYE€HUH, TO 3[16Ch MHOITOMY MOKHO HAay4UThCS Y
camoii mpupo/ibl. YenoBek, Kak y»e roBOpUIOCh, BOCIIPUHUMAET U3IYUYEHHs BCEM TEJIOM, HO
BOXHEMIIMMU IPUEMHUKAMU CITy’KaT TOJI0Ba U KOHUMKH nanbles. [loaTomy, Hanpumep, W3BECTHBII
pUTYyal CKJIaJbIBaHUSI BMECTE JIaJJOHEH MalbllaMU BBEPX UMEET ITTyOOKHUI CMBICI: TAKUM CIIOCOOOM
YeJIOBEK 3apsKaeTcs MOJIE3HBIMU M3IydeHussMU. Ho npu 3TOM BakHO HE NEpe03UpOBaATHCS, - 5
3HAKOM C TAaKHUMHU 4YBCTBUTEIbHBIMU JIFOJIbMHU, KOTOPbIE MPHU BBIMOJIHEHUU 3TOT0 pUTYyasa rnepes
CHOM IIOTOM HE MOTYT 3aCHYTb BCIO HOYb.

JIst HamMX pacCykICHUN 0COOBIM HHTEpEC MPEACTABISIET TojIoBa. MUp KOJIOCCATbHO
HACBILLEH XPOHAIbHBIMU U3IYyUYEHUSIMH, HO Mbl BOCTIPUHUMAEM TOJIBKO HEKOTOPBIE U3 HUX, IPUYEM
B OOJIBIIMHCTBE CiIy4aeB Oecco3HATeIbHO. JTO 3HAYUT, YTO MIPUPOJA caMma M03a00THIIaCh 3alUTHTD
TOJIOBY OT M3NHIIHEH nHpopmanuu. Ho #orn ymeroT myTem crienualibHbIX TPEHUPOBOK JOOUTHCS
yIIaBIMBAHUA U BOCTIPUATHS HYKHBIX U3TyUYEHHH, HalIpUMep, B CEaHCax SICHOBUJIEHUS, TeJleNaTuu 1
T.11. Ce10BaTeNbHO, YEIOBEK CIIOCOOEH caMOINPOU3BOJIEHO HApyIIaTh MPUPOAHYIO 3amuTy. OTcrona
MOJKHO CJIEJIaTh BBIBOJ, YTO B OPTaHU3ME POJIb COOTBETCTBYIOIIETO XPOHAIBLHOTO SKpaHa JI0JKHA
UTpaTth KUJIKOCTh, OO BO BpeMs YIIOMSIHYTBIX CEaHCOB HUKAaKHe TBEp/bIE TeJla B FOJIOBE HE
MepeMeIatoTCsl.

Uro kacaeTcs *KHUIKOCTH, TO €€ IepeMELICHUEM B OpraHU3Me YIpaBIATh OYEHb JIETKO, 00
3TOM CBUJAETEIBCTBYIOT KJIACCUYECKUE SATTOHCKUE OMBITHI: YEJIOBEK JIOKUTCS Ha JIOCKY, OJTMH KOHEI]
KOTOpOM IMOKOUTCS Ha BECAaX, a APYror — Ha Apyrux. /J[ocTaTo4HO MBICIEHHO COCPENOTOYUTHCS Ha
roJIoBe, UTOOBI BECHI TI0J] HEW MOKa3alM yBEIMUYEHHE TSHXKECTH, €CIIU COCPEIOTOUNUTRCS Ha HOTrax, TO
TsDKEJIee CTaHyT HOTH, 9TO U3MEHEHHE TSHKECTH CBA3aHO C NepeMeleHneM KpoBH. Takum oOpaszom,
KpOBB ClieZlyeT 3a MbIcibio. KcraTu, 0Tcroia CTaHOBUTCS MTOHSTHOM Ba)kHAast pOJIb O0JIEBBIX
OLIYIICHUH, - Ha 00JIEBOI TOUKE COCPETOTAUNBACTCS MBICIb, IPUBIIEKAs TyJa U KPOBB, 3TO
WHTEHCU(DHUITPYET BCE MPOIIECCHl 0OMEHA M YCKOpSET 3axuBieHuHe. ONpeeIeHHYIO POJIb 31€Ch
UTPaeT TaK)Ke HAIPABIIIEMOE MBICIIbIO XPOHAJIBHOE IOJIE.
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OnucanHblil 2P PEKT YacTo UCTIONB3YETCS ISt CKOPOTO 3aChIaHMs: KPOBb MBICICHHO
OTBOJIUTCS OT TOJIOBBI Yepe3 TYJOBHILE K MalblaM HOT, B pe3yJibTaTe BO30yKIeHHE ocaaliseTcs 1
YeJIoBeK OBICTPO 3achinaeT. BechbMa HHTEpECHO, YTO IPHU MOATOTOBKE K BOCIIPOU3BEICHUIO
3¢ (deKToB SICHOBUIEHUS, TEJIENAaTUH U T.II. MO3T HEOOXOIMMO MPUBECTH UMEHHO B «CyMEPEUHOE»
COCTOSIHME, KaK IIE€peJl 3aChIIIaHUEM (C HYJIEBBIM 3HAUEHUEM DHTPOIINH, IO YTBEPKACHUIO
HEKOTOPBIX aMEPUKAHCKHUX aBTOPOB...) [5]. CienoBarenbHO, BCe AETO B KPOBU: IIyTEM OTBEJCHUS
KpPOBH OT I'0JIOBBI CHUMAETCS XpOHAJIbHAS 3alllMTa WIN KaKasi-TO €€ ONPENEICHHAs YacTbh, U YEJIOBEK
HAUMHAET yJIaBJIMBAaTh U BOCIIPUHUMATD U3JTyUYEHUs, HEIOCTYITHbIE B OOBIYHBIX YCIOBUSIX
60/1pcTBOBaHUA. A COCTaB KPOBH, KaK YTBEPXKAalOT OMOJIOTH, UMEET MHOTO OOILETO ¢ COCTaBOM
BOJIbI B MUPOBOM OkeaHe. CiieioBaTeIbHO, ONpeAeIeHHBIMU IKPAaHUPYIOIMMHU CBOMCTBAMU JIOJKHA
o0Jia1aTh MOpPCKasi BOJIa, €€ 3aracoB y Hac 0ojiee yeM JOCTaTOUHO.

3ameuy KCTaTH, YTO €CJIM Y YeIO0BEKa XpOHAJIbHAS 3alllUTa YAaCTUYHO WJIH MOJHOCTHIO
OTCYTCTBYET OT POXKICHUS, TO OH JIOJDKEH BOCIIPUHUMATH HEJOCTYIHYIO JUISL JPYTUX HHPOPMAIHIO.
TakoBbI HEKOTOPBIE SIKCTPACEHCOPHI, 00JIaAal0IINe ONPeAeIEHHBIM N3bSIHOM B SKpaHUpoBKe. 1
HEKOTOpbIE JIMIIA C ONpeAeTIeHHBIM 00pa3oM HapyIIEHHONW MCUXUKOH, KOTOPBIM MTOCTOSTHHO
MepelaTcst BCSIKME BUACHUS U CIBIIIATCS pa3inyHble rosioca. OTcro/ia HalpammBarTcs U
COOTBETCTBYIOIINE CIIOCOOBI JIEUSHUS YKA3aHHBIX JIUI] — MO>KHO BOCIIOJIb30BaThCsl HOTOBCKUMHU
METOJaMH «TPEHHPOBKU HA000POT», TUOO MPOCTO CAENATh MOAXOASAIINE SKPaHbl OT XPOHAIBHOTO
nosst. Ho mpu TOM, ckopee Bcero, mpuaeTcs: 103a00TUThCA 00 SKpaHUPOBAHUU TOJIBKO
OTIpE/IETICHHBIX XPOHAIBHBIX CTPYKTYp. DTO KaK pa3 TOT CaMbli CiIy4ail, Korja BayKHO yMETh
pa3duparbCs B CTPYKTYPE XPOHAIBHOTO MOJIS M CHIEIM(PUUECKUX 3alIUTHBIX CBOMCTBAX pa3IMYHbBIX
MaTepHaJIoB.

Pa3zymeercs, 4yTo Bce CKa3aHHOE OTHOCHUTCS TOJBKO K SKPAaHUPOBAHUIO XPOHAJIBHBIX TOJIEH
HeOO0JIbII0N MHTEHCUBHOCTH U OYEHB CIIOKHOM CTPYKTYphl. B ciiyyae MOLTHBIX XpOHAIbHBIX MOJIEH
noTpeOyIoTCs crierraibHble MaTepualibl. ONBIT MOKA3bIBAET, YTO HEKOTOPBIE TIACTMACCHI 001aAat0T
HeoOxomuMbIMu cBoricTBamu. Hampumep, mo nanuasiM C.C. ConoBbeBa, MOJMATUICHOBAS TUICHKA
otpaxaeT 99% u3nydeHui, 0qHaKO, BbIIEPKUBAET HEe 0oJiee MOIyro/ia, XOpOIUM H30JIATOPOM
CIIy’KUT TpaUT, YACTUYHO U30JUPYIOT [[BETHBIE METAIIJIBI U KOXKa, B CBOIO OYepeb MOIUXJIOPBUHIII
SBJIIETCS] IPOBOJHUKOM XPOHOHOB.

Jlj1g co31aHns MOIIIHBIX XPOHAJIBHBIX T€HEPATOPOB, KaK U Mpexk/e, Hallo 00paTUTHCS K
ypaBHeHu1o (1) u copepxanuMes B HeM 3¢ dexTaM B3aMMHOTO BIMAHUS (U yBieueHus). [Ipu stom
BaXXHO yY€CTh, YTO XPOHAIBHBIN 3PPEKT MPONOPIHOHATIEH OTHOBPEMEHHO Macce U KBaJpaTy
CKOpOCTH, CJIEJIOBATENIBHO, TOPa3a0 BBITOJHEE UJTH MO IYTH MOBBILIEHHSI CKOPOCTH, a HE MacChl.
[Ipupona BEIUKOIYIIHO MPEIOCTABISIET HAM B TOTOBOM BHJI€ HyXHbI€ Iiporiecchl. Hanpumep, kak
y’K€ YIOMHHAJIOCh, MAarHeTH3M 00YCIIOBJIEH JIBUKEHUEM I10 3aMKHYTOH TPAEKTOPUU OCOOBIX YaCTHIL
— CaTJIOHOB, 00J1a/1al0IMX HE TOJIHKO MAarHUTHBIM BELIECTBOM, HO U METPUYECKUM — Maccoil. Macca
CaTJIOHOB BEChMA MaJla, a CKOPOCTh BECbMA BEJIMKA, HO HU TOTO, HU JPYrOTr0 MbI IIOKA HE 3HAEM;
BEPOSATHEE BCET0, CKOPOCTh CATIIOHOB, KaK U XPOHOHOB, HEM3MEPUMO OOJIbIIIE CKOPOCTH cBeTa. YTo
KacaeTcs XpOHOHOB, TO HEKOTOPbIE M3 HUX TOXe 00JIaat0T Maccoif, 00 3TOM CBUIETENLCTBYET
MeXaHn4ecKoe Bo3/elicTBHE XpoHalbHOTO noss nupamuabl K. JIpbana Ha ne3Bue OpUTBBI, a TaKxKe
peakuus CTpyd XpOHOHOB, IpUBOZsILIAs Bo BpaeHue BepTymky K.M. Parynsckoro, C.C.
ConosneBa u I.A. Tumodeea. CkopocTh XpOHOHOB, H3MEpeHHas ¢ ToMmoIsio nHaukaropa C.C.
ConoBbeBa, MHOTOKPAaTHO MPEBBIIIAET CKOPOCTh CBETA, CIEA0BATENBHO, XPOHOHBI TOKE IIPUTOAHBI
JUIS HAallMX 1esied, TeM OoJiee, YTO OHM, COTJIACHO ypaBHEHHIO (1), onpenessstoT OCHOBHOM
XpOHAIBHBIN 3 PeKT uepe3 KodhHUIMEHT Ax;.

B cBere u3noxeHHOTro 110001 MPOBOAHUK, COJIEHOM/T, KaTyIlIKa U T.A., IO KOTOPbIM TE€YET
IEKTPUUECKUI TOK, SBJSIETCS T€HEPATOPOM XpOHAIBHOTO noiis. IIpocTeiimnii reneparop — 310
MPsIMON TPOBOJIHUK C TOKOM, BO3JI€ KOTOPOTO, B COOTBETCTBUU C MPABUIIOM OypaBUYMKa, HOCSATCS IO
KPYTy C OCIICHHBIMH CKOPOCTSIMH CATJIOHBI, IPUYEM BaKyyM Ul HUX IPEANOYTHTENIbHEE, HeXKeIH
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cpena. Jlist ToCTHKEeHUS BBICOKOM MOIITHOCTH M3JIy4eHHH 11e1eco00pa3Ho MOBBIIIATH HE CHITY TOKA,
a HarpsHKeHHe — JI0 IECATKOB U COTEH ThICAY BOJIBT, TOT/IA PY HAIWYUHU OYEHb Majoro
CONPOTHUBJICHUS TPOBOAHUKA TOTEPU U HATPEB I€HEPATOPA OKAKYTCSH HUUTONKHBIMH.

Ho oTKpBITHII MPOBOMHUK — ATO €IIe HE TeHepaTop, €ro HaJ0 KaKUM-TO 00pa3oM
OpPraHU30BaTh U JOKAIN30BaTh B KOHTpOIUpyeMoM oObeMe. [[ins BeiOopa Gpopmbl 3TOro oopema
1enecoo0pa3Ho 00paTUTh BHUMaHKE Ha KoHurypauuo HeOonbmx HIIO, koTopblie HCIIONB3YIOTCS
BHE KOPaOJIs-MaTKH JUIs ITOJIETOB B OKOJIO3eMHBIX yCIoBHsIX. OOBIYHO 3T0 — 11100 chepa, 1bo
YyeyeBHUIa C HEOOJBIINM KYIIOJIOM CBEPXY, TJI€ oMelatoTcs Tak HazbiBaemble HJIOHaBTHI, nin
rymaHouel. He Oyaer 6ob110it omubKoi npeanonoxkuTk, uto B Takux HJIO rmaBHBIN 00BeM 3aHIT
MMEHHO XpOHAJIBHBIM TE€HEPaTOPOM, OH K€ XPOHAJIbHBIM IBUKHUTENb, CIIEI0BAaTENBHO,
HabmonaeMast koHduryparms mansix HJIO — 370 1 ecTh uckoMasi ontuManbHast popma
XPOHAJIBHOTO TeHEPaTopa.

Ecnu Ha BHYyTpeHHEH MOBEPXHOCTH cephbl MU YEUEBHIIBI TIPOJIOKUTH B BUAEC MEPUIUAHOB
HECKOJIbKO ITPOBOIHUKOB M MOJIBECTHU K MOJIFOCAM BBICOKOE IMOCTOSHHOE HAIpsHKEHUE, TO TI0 IPABHITY
OypaB4MKa BOKpPYT IIPOBOIHUKOB MOMYaTCs camioHbl. [locneanue, HamogoOue poiabranra, yBiIeKyT
3a o001 cpey M 3aCTaBsT €€ BpalllaThCsl BHYTPU T'eHEpaTopa BOKPYT BEPTUKAIbHOM ocu. Jlyurie
BCET0, €CJIM ATOH cpeoit OyayT XpOHOHBI, U UX yAEP)KaHUs KOPITyc cepbl UM YeUeBHIIbI TOJDKEH
OBITh ClIeJIaH U3 HETIPOBOASAIIET0 XPOHOHBI MaTepHalia, IPU 3TOM CIIeAyeT NPEeAyCMOTPETh OKHA IS
MI0JIBOJIA 1 OTBOJA XPOHOHOB. C LIENbI0 YBEIMUEHUS IEKTPOCONPOTUBIIEHUS TPOBOJHUKOB HX
JKeJaTeJIbHO Pa3opBaTh BAOJIb SKBATOPA, 3TO MO3BOJIUT PE3KO MOBBICUTH pad0UyI0 Pa3HOCTh
noreHnuanoB. HerpynHo BuaeTh, 4To NOA0OHOE YCTPOUCTBO B MPUHIUIIE MOXOXKE HA OOBIYHBIH
MEXaHUYECKUN THPOCKOIL.

UTo0bI Tako# TreHepaTop MPEeBPATUTh B XPOHAIBHBIN TBUKUTEIb, TOCTATOUYHO 3aCTABUTH
Cpely coBeplIaTh KPyroBOM IMPOLECC U3MEHEHHSI COCTOSIHUS ABUKEHHUS, KaK, HallpuMep, B
MPOCTEHIINX MEXaHUYECKUX UTPYIIKAX, OMUCaHHBIX B cTathe [12] (BM-28) u xuwure [5] (BM1-28, 29
1 30). C momMoIIpio 3JeKTPUIECTBA U MarHETHU3Ma 3TO CENaTh 3HAUUTEIHHO MPOIIIE, YEM C
MTOMOIIBI0 MEXaHMUECKUX yCTPOUCTB. Takum 00pa3oM, MPUHITUIIBI PAaOOTHl MEXaHUYECKUX U
CaATJIOHHBIX XPOHAJBHBIX JABMXKUTENIEH MPAKTUUECKH OMHAKOBBI, TOJIBKO BO BTOPOM CiIydae
JOCTUTAIOTCSI B MAJUTMOHBI pa3 0oJiee BHICOKHE CKOPOCTH BpaleHus. MHe ObUI0 O4eHb MPHUSTHO
YUTATh O CBUJIETENILCTBAX HEKOTOPHIX OUEBUIIEB, Y KOTOPBIX CO3/IAJIOCh BIleYaTiieHue, OyATo
BHyTpu HJIO uTO-TO packpydnBaeTcs, HAUMHAET T'yAETh U BUOPHUPOBATH, IOCJIE STOTO amnmapaT
B3JIETAET...

C moMoIIbI0 MOIIHBIX XPOHAJIBHBIX TOJIEH MOXKET OBITh pelleHa He TOJIBKO Mpobiaema
0€30IIOPHOTO IBUYKEHHSI, HO TAK)KE SHEPTreTHYecKad, ...

B pykonucu muct 60 6e3 Texcra. Ha Hem nagnucs: «bYJIET 3AMEHEH».
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YHHUBEpPCUTETE TaTa BUP/KUHUS MOMYYHIT CTENEHb JOKTopa Guiiocoduu u ncuxonoruu. B
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