Du3uYeCKUue CBOMCTBA BPEMEHHU.

Koaropoii Hukounaii AnekceeBu4
K.}.M.H., Mockga.
e-mail: koltovoi@mail.ru , caiit: https://koltovoi.nethouse.ru

Coneprxanue:
1-OcHOBHBIE MPETOT0KEHUS.
2-Bo3nelicTBUe HA CKOPOCTh PaIMOaKTUBHOTO paciiajia u30TOMOB.
-BJIMSTHUE BPAIAIONIUXCsl OOBEKTOB
-BJIMSIHUE PA3TUYHBIX U3TyUYECHUN.
3-Bo3aelicTBUE HA X0 4acOB.
-BJIIMSTHAE BPAIIAIOIINUXCS OOBEKTOB
-BJIMSTHUE PA3TUYHBIX U3TyUCHUMN.
4-Bpewmsi, TpaBUTAIus, U IJIOTHOCTH ddupa.
5-BriBoabI.
6-Jlutepartypa.

OcHoBHAaf 1eJIb JOKJIa/1a COCTOUT B TOM, YTOOBI PACCMOTPETh Pa3IUYHbIE CIOCOOBI YIIpaBICHUS
BpPEMEHEM.

OcHoBHasi 3a1a4a COCTOUT B TOM, 4TOOBI HAalWTH HamOoJee A3 (HEKTUBHBIN CIIOCOO yIpaBIeHUS
BpEMEHEM (CKOPOCTBIO MTPOTEKAHUS MTPOIIECCOB).

BaxxHoCTh JaHHOM 3aJayd COCTOUT B TOM, UYTO pELIMB 3Ty 3a4ady, Mbl CMOXEM MPOBOJIHTH
JICAKTUBAIIUIO PAJUOAKTUBHBIX OTXOJOB 33 CUET CYIIECTBEHHOTO YBEIMYEHWS CKOPOCTH pacmaja
paarOaKTUBHBIX U30TOIOB.

1-OcHOBHBIE MPEANOJI0KEHMS.

1-Bpewmst onpezensieTcsi CKOPOCTHIO MPOTEKAHUS TIPOLIECCOB.
CkopocTh TeueHHs] BpeMEHH = CKOPOCTH NMPOTEeKAHMS MPOIECCOB.
CkopocTh MPOTEKaHHUsI MPOLECCOB, 00PATHO MPONOPIUOHAIbHA MJIOTHOCTH dupa.

2-bynem paccMarpuBaTh NPOLECCHI, IS KOTOPBIX MOKHO OINPEAEIUTh CKOPOCTh MX IPOTEKAHUs
(HampuMep, CKOPOCTh XO/a YacOB)

3-Bpemst —OHsTHE OTHOCUTEIBHOE, a He abcomoTHOe. [Ipu SKCIepuMeHTax Beera MCIoIb3yeTcs 1Ba
nporecca:

-3TAJIOHHBIH MPOIIECC, IJIST KOTOPOTO MPEOIaracTcs CKOpOCTh MpoIiecca MOCTOSTHHOM,

-TeCTUPYEMBI TPOIECC, CKOPOCTh MPOTEKAHHSI KOTOPOTO M3MEHSETCS TOJ NEHCTBUEM pPa3IMYHBIX
(hakTOpOB.

4-KOHEYHO, MOT'YT CYILIECTBOBAThH (haKTOPBI, KOTOPhIE OJHOBPEMEHHO U3MEHAT CKOPOCTh MMPOTEKAHUS U
3TaJIOHHOI'0, U TECTUPYEMOI'0 IIPOLIECCa, HO LEIb HKCIIEPUMEHTOB COCTOUT B U3yYEHUU BO3ACUCTBUSA
JIOKAJIbHBIX (DAKTOPOB, KOTOpBIE BIUSAIOT TOJBKO Ha TECTUPYEMBIM INpolecc, U HE BIMIIOT Ha
ATaJIOHHBIN Tporecc. M3ydatorcst pakTopsbl C JOKATBHON 00JIaCThIO IEHCTBHUS.

VYcKkopeHHe CKOpOCTH NPOTEKAaHUS pa3IM4YHBIX IPOLECCOB HE SBIsSIETCs 3K30TUKOM. Hampuwmep,
U3BECTEH IMPOLIECC YCKOPEHUs CKOPOCTH MPOTEKAaHUs XMMUYECKMX DPEaKUMH IMpHU HCIOJb30BAaHUU
KaTaJau3aTopoB. JDTO HE O3HAYaeT, YTO Mbl YCKOpPWIH Bpems. DTo 03HayaeT, 4To Mbl OCYLIECTBHIIH
HEKOTOpPOE BO3/IEHCTBUE HA NIPOLIECC, B PE3YJIBTATE YETr0 MPOLECC YCKOPUIICS.



CrpyKTypa U CBOWCTBA HERJEKTPOMAarHUTHOIO U3JIYyYEHHsI, KOTOPOE BIMSET HA CKOPOCTh IPOTEKAHUS
pa3IMYHBIX TpoleccoB. B ocHOBe paccmoTpeHust JeXUT noaxoj Beiinuka AWM. u TepmuHONOrUA
XPOHOHOB.

-IToTok BpeMeHu —3TO MOTOK 3¢upa (IIOTOK XPOHOHOB).

-O¢dup cocTOUT U3 IBYX THIIOB TOPOOOPA3HBIX YACTHII (XPOHOHOB), BPAIIAIONIUXCS B PA3HBIC CTOPOHBI
(+u-).

-B Ka)XJ101 JIOKaIbHOU 001aCTH MPOCTPAHCTBA HAXOAUTCS OMPEIETICHHOE KOJIMYECTBO YaCTHUIl, KOTOPOe
OTpeseNsieT MIOTHOCTh (Hpa B JAHHOHN TOUKE.

-IJIOTHOCTH 3(pupa MOKET MEHATHCS (3PHp BeAeT ceOs Kak CKUMaeMBbIii ra3),

-BO3MOYKHBI [TOCTyIaTeNIbHbIE, BUXPEBBIE U KoJieOaTenbHbIe ABMKEHUS 3upa,

-4aCTUIBl PA3IMYAIOTCS pa3MepoM (AJMHA BOJHBI) M YAacTOTOM BpAICHUs, HANpPaBICHUEM U
CKOPOCTBIO ABUKCHHUS.

-TIpH OTPAXKEHUH YACTULIBI U3MEHSIOT 3HAK (M3MEHSETCS HAPaBJICHUE BPAIICHUS )

-4aCTHIIbI IEPEHOCIT MOMEHT UMITYJIbCA.

-MCTOYHHUKHU SJICKTPOMArHUTHOTO H3JIyYEHHS M3Iy4aroT 3JEKTPOMArHUTHBIE BOJIHBI, KOTOPBIE NPH
CBOEM PACIPOCTPAHCHUH YBIICKAIOT 32 COOOM YacTUIbl Adupa

-€CJIM DJICKTPOMArHUTHAs MPH PACIpPOCTPAHEHUHM BCTPEYAET MNPEIATCTBHE, TO OHA MOIJIOIIAETCS, a
YyacTULbl 3pHpa NpoAOIKAIOT JETETh JaJIbLIE.

-4aCTHUIBI MOTYT HAKaIJIUBAThCS B 00BEKTAX,

-KaXJIbli1 00BEKT 00JiaZjaeT OMpEeesIEHHON €MKOCThIO, U MOKET HAKOINUTh TOJBKO OIpeIelIeHHOE
KOJINYECTBO YaCTHULI.

-4aCTHIIbI CBOOOJHO PACTIPOCTPAHSIOTCS M0 METAIIIMYECKH MTPOBOJIAM, 110 BEpEBKeE,

-JIF0001 0OBEKT P HOPMATBHBIX YCIOBUSAX UMEET KaKOH-TO 3aps (+ WiH -)

-3apAaa O6’beKTa OMPCACIIICT NPUTSAKCHUC NI OTTAJIKUBAHUC 06I:CKTOB Ha KPYTUJIBHBIX BCCaX.
-KaKJIBI MaTepuan 00Ja1aeT onpeaeIeHHONH XPOHOIIPOBOTHOCTHIO M XPOHOEMKOCTH,

-Ka bl MaTepual o01aiaeT onpeaeIeHHOW XPOHOIIPOBOIHOCTS,

-B pa3HBIX MaTepUaIax XPOHOHBI PACTIPOCTPAHSIOTCS C PA3TMYHONU CKOPOCTHIO,

-ecmu B 00beKTe mpeoliasaeT KOJIMYECTBO XPOHOHOB OIPEACICHHOrO 3HAaKa, TO CUUTAETCS, YTO
00BEKT UMEET COOTBETCTBYIOIIUI 3apsi.

-4aCTHULBI OJTHOTO 3HAKA MIPUTATHUBAIOTCS, & YACTULbI IPOTUBOIOJIOKHBIX 3HAKOB OTTAJIKUBAIOTCS,
Bomnpoc: nouemy Bce 4aCTULIBI OJHOTO 3HAKA HE CIAUIHYTCSA. XOPOIIUI BOIIPOC.

Buxpu ¢ oauHaKoBBIM HaIlpaBlIeHHWE BPAIICHUS MOTYT CIMITHYTCS TOJBKO MpH OOKOBOM CLETIJICHHH,
[P 3TOM 00pa3yeTcsl IITOCKOCTh U3 BHXPEH.

YacTuipl ¢ HPOTHBOMOJIOKHBIM BpAalIEHUEM MOTYT CIMIHYTHCS TOJBKO IIOCJIENIOBATEIbHO, C
gyepenoBanueM BpaiieHus. [Ipu stom obpazyeTcs cTpyHa.

-B 00J1aCTAX C MOBBIIIEHHON IVIOTHOCTHIO 3QUPa CKOPOCTH NMPOLECCOB BO3PACTAET
-B 00J1aCTAX C MOHUKEHHOM MJIOTHOCTHIO 3(pUpa CKOPOCTH MPOLECCOB YMEHbIIIAETCS.




2-Bo31eiicTBHE HA CKOPOCTHh PAJHOAKTHBHOIO pacnaaa
U30TOMOB.

OKCHIEpUMEHTBI 110 M3YYEHHIO CBOMCTB BpPEMEHH CIPYNIHUPOBaTh (Pa3jokUTh IO IOJIOYKAM)
CJIeTYIOIUM 00pa3oM:

-IIponecc, CKOPOCTh IPOTEKAHUS KAKOTO IpOLEcca U3y4daeTcs (X0 4acoB, CKOPOCTh PaJUOAKTUBHOIO
pacnaja, CKOpocTh POpPacTaHUsl CEMSIH, H JIp.)

-Bo3neiicTBue, BinusHue Kakoro ¢akropa usydaercs (u3nydenue CoJiHIIA, MOJE€ BpalarONIUXcCs
O0OBEKTOB, H JIp.)

IIpouecc 1-U3yu. 2-Uzayu. 3- 4-Uzimy4y. mnpu | S-OkcTpaceHc
CouHna 3emuin, TopcuoHHbI | BpaleHnu
'3 reHepaTop
A | PagnoaktuB | ITapxomoB | Kapasaiikun | KapaBaiikun | MenbHUK bykanos
Hblii pacnanx | [Tanuenrora [TapxomoB [Tanuemntora VYpu I'ennep
baypos Bausies Kpacuob6psrkeB | Sn Keun
Bonawipen Beiinuk VYmakos
Ps6oB ['opsiues Byrycos
XaBpOIIKUH 3aTenenud Jlynes
SIkoBiieB [Maxnaponos | Kpunkep
dumbdax [anpun XaBpOIIKUH
b | Hacsl YepHoOpoB I'pebennnkoB | 3aTenenuH Kynaruna
Bomncesa Belinuk CoboneBckas
I'oproxun JlaH4akoB 30710TOB
Kykymikua [IIxaToB VYpu I'ennep
[TapxomoB
B | KBapuesslii | [TapxomoB Kapapaiikun | BeitHuk Jlynes Belinnk
resHeparop [Tanuemntora Kapagaiikun
I' | Cemena I'pebennuxoB | Jlenckuit Macno6pon
Macno6pon Kyrunxo
VYpu I'ennep
Yoppemn
J1 | Cemena ['pebennnkoB Macno6pon
JlanuakoB
E | Cayuaiinbie Jlebenen
111 J0) 1 (V9 8| [Tonos
Kynukos
[TapxomoB
[IpuHCT. YHUB.

O630p PAa3INIHBIX METOA0B, NPCAHASHAYCHHBIX I USMCHCHUSA CKOPOCTU Pa3JIMYHBIX
MPOLIECCOB (CKOPOCTH TEUEHUS BPEMEHH ).

Ne | JlerekTop 1- 2- 3- 4-
N3nyuenue HN3ayuyenue TopcuoHHbIli | IKCTpPaceHe
Coanna 3emun reseparop
1 | PagmoakTuBHbIi K12,43,n2.4 | K12,u3,n2.6 K12,43,n2.2 K12,43,n2.5
pacnaj
2 | Yacnl K11,45-
03,16.1
3 | KBapuesblii K5,47,n13.8 K5,47,13.8 K5,411- K5,47,n13.8
reHeparop 11,n8.11




4 | Cemena K6,42- K6,42-04,n14.3 | K6,42-04,14.3 | K6,42-04,14.3
04,m4.3

5 | Kononun 6akrepuii | K547, rmaBa6 | K5,u47, rmaBa6 | K5,47, rnaBa6 | K5,47, rmaBa6

O6o3nauenue ccoutok: K8,410,m3.1-030auaet, 9T0 MaTepHaIbl IO JAHHOW TeMe HaXOISATCS B
Kuure 8, Yacts 10, maparpad 3.1.

Coneprxanue:
1. Bnusinue Bpamaronmxcs 00beKTOB Ha CKOPOCTh PaJIMOAaKTUBHOTO pacmaja.
2. Pe3ynbTaThl 3KCIEPUMEHTOB.
3. [TocTpoenue pusnyueckor MoaeH Il OOBICHEHUS PE3yIbTaTOB YKCIIEPUMEHTOB.
4. Paznuunbie (haKTOPHI, BIUSAIOMIAE HA CKOPOCTh PAIMOAKTUBHOTO pacmaja.

AHHOTAIHUA.
OmnuceiBaeTcss cnoco0 ympaBiIeHUsT CKOPOCTHIO PAJIMOAKTHBHOTO paclajga IyTeM BO3ACHCTBUSA Ha
PaMOAKTUBHBIN U30TOM U3TyYEHHEM BPAIIAIOMINXCS OOBEKTOB U PA3IMYHBIX UCTOYHUKOB U3TyUCHHUS.
[IpuBoguTcss (usuyeckas Monuenb Il OOBSICHEHUS MPOMCXOIANIUX TPpoIeccoB. ONMUCHIBAIOTCS
paznuaHbie () PeKThI, BOHUKAIOIINE TIPU TPOBEICHUH IKCIIEPUMEHTOB.

B HacTosimiee Bpemst OCHOBHOM CIIOCO0 YCKOPEHHUsI CKOPOCTH PaJOaKTUBHOTO Paciaa COCTOUT B TOM,
YTO B sJ[pa aTOMOB HAaKaYMBACTCSl SHEPTHS, siIpa aTOMOB IEPEXOIAT B BO3OYKICHHOE COCTOSHUS U
pacnaaaroTCs. I[HSI 9TOro IMpPOU3BOAUTCH 06J1y‘-ICHI/IC HU30TOINOB Ha YCKOPUTCIIAX 4YaCTULaMU
(mpoToHamu, DSJIEKTpOHaMH, aibda dYacTUIAMHU), WIH H3IydeHHEeM (PEHTTEHOBCKUM, TaMma
u3IydeHueM, Jazepamu). OHAKO 3TU CIOCOOBI TOCTATOYHO JTOPOTOCTOSIINE.

3ajaua CTaBUTCS CIEAYIONIUM 00pa3oM: pa3paboTaTh CIoOco0 Ie3aKTUBAIIMN PATUOAKTHBHBIX
OTXOJIOB, KOTOpBIH OBl TpH MHHUMAIBHBIX 3aTpaTax (MaTepHajbHBIX, (UHAHCOBBIX U
SHEPTeTUYECKNX) obecreuna Obl  mepepaboTKy MaKCHMAaJIbHOTO KOJHUYECTBA PaTUOAKTUBHBIX
HU30TOIIOB B MUHUMAJILHOC BPCMI.

Bo3moskHbI ABa 3G (eKThI TPU BO3ICHCTBUM HA PaIMOAKTHBHBIA 00paserl;
1-ckopocTh pacraga yMeHbIIaeTcs,
2-CKOpOCTh pacrajia yBeITHINBaCTCS.

l-yMeHbIlIEHHE CKOpPOCTH paclaja MOXXHO HCHOJb30BaTh IMPU TPAHCIOPTUPOBKE PaTMOAKTUBHBIX
obpaszioB. [lpm momemenun oOpaslia B crenUadbHBIM KOHTEHHEpP, W BKIIOUEHUH TEHEpaTropa,
WHTEHCUBHOCTh PAJMALlMOHHOTO H3JIydyeHUs yMmeHblnaercs. lIpu BBIKIIOYEHMHM TeHepaTopa-CHOBa
BOCCTaHaBJIMUBACTCA.

2-yBeIMUYEHUE CKOPOCTU pacrlaja MOKHO HCIIONIBb30BaTh I YTWIM3ALUU PaJAMOAKTUBHBIX OTXOJOB.
IIpn yBennueHUM CKOPOCTH pacmaga IMPOUCXOAUT BBDKUIAHUE, YMEHBIIEHHE KOJIUYECTBO sIEp
paaroakTuBHOro nM3oromna. Ho eciu Mbl yMeHbIIMM niepuo]t noiaypacnaga ¢ 180 go 170 net, 3To He Tak
uHTepecHO. [l MpakTUYeCKOro NPHUMEHEHHs HEOOXOJUMO CYIIECTBEHHOE W3MEHEHHE CKOPOCTH
pacnana. [Ipu yBenmmueHHH CKOpPOCTH pacmaja B JiBa pas3a, MEpHOJ Moiypacraga COKpaTHTCS B JBa
paza.

B AOKJIAAC pacCMaTpUuBacCTCA CII0CO0 H3MCHEHHMS CKOpPOCTH PAaJAUOAKTHBHOTO pacnaaa IIyTeM
O6Hy‘IeHI/I$I PaaOaKTUBHBIX HM30TOIIOB HEIJICKTPOMAIHUTHBIM HU3JIIYUCHUCM. O,Z[HI/IM U3 HUCTOYHUKOB
HCOJICKTPOMAIrHUTHOI'O U3JTYYCHUSA ABJIAIOTCA BpalllatOIIUCCA OOBEKTEHL.

PaCCMOTpI/IM HCKOTOPBIC 3KCIICPUMCHTEI, B KOTOPBIX U3MCHCHUC CKOPOCTH PAJUOAKTHBHOTO pacriaga
JoCTUrajaach O6J'Iy‘leHI/IeM C MOMOMIBI0 BpalllarOIIUXCs 00BEKTOB.

HeoOxonuMo momyepkHyTh, YTO CYIIECTBYET ABa MPUHIMIHMAIBLHO pPa3HBIX METO/a PEerucTpaiuu
HECTaOMIIBHOCTH CKOPOCTH PaIMOAKTUBHOTO paciaja:




l-maccuBHas perucTpanus, KOrja Mbl HE MOXKEM YIPaBISATh MPOIECCOM BO3ACHCTBHS Ha HM30TOI
(Hampumep, perucTpUpyeTcs 3aBUCUMOCTh CKOPOCTH PATUOAKTHBHOTO pacrajga OT WHTEHCHUBHOCTHU
CoHEYHBIX BCIIBIIICK),

2-ympaBiisieMasi peTUCTPAaLUs, KOT1a Mbl MOJKEM YIPAaBISAThH MPOIIECCOM BO3CHCTBYS HA U30TOII.

PaCCMOTpI/IM MCETOABbI ynpaBﬂﬁeMoﬁ perucTpaii MHTCHCUBHOCTH PAaJUOAKTUBHOI'O paclriaaa.

Biausinne Bpamammuxcsi 00beKTOB HA CKOPOCTH
PAIMOAKTHUBHOI0 pacnaja.
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Jlynes Bragumup UBanosuny, Tomck. 1995.

TreHEpAbHBIN JUPEKTOP HaydHO-uccieaoBarenbekoro rneatpa CuoHUIIAA. Tomck.

1995-JIynes B.M., Okynos b.B., Hapankun I'.C. O0napyxeHue 3¢¢exTa BO31eHCTBUS CIHUH-
TOPCHOHHOIO TMOJISi MaXOBMKa T'MPOMOTOPAa Ha MOKA3aHMS CUHUHTH/JISIHMOHHOIO JeTeKTopa
HOHU3HMPYIOLIero u3ay4deHusi. [loMcKoOBbIe SKCIIEpUMEHTAIbHBIE HCCIENOBaHUS B 00JAaCTH CIMH-
TOopcuOHHBIX B3aumoericTBruii. Tomck: CuOHUIIAS, 1995. ¢.86-90.

CxeMa yCTaHOBKH: |-pagiioOMMETp HMOHU3HUPYIOIIETO H3JydeHus, 2-rupomoTop Tuma ['MB-524,
nuamerp potopa 60mm, Bec 0,5kr, 3-aTIOMMHUEBBINA 3KpaH TOJIIMHONW SMM, 4-MeTauindyeckas TpyOka
JaTIYMKa paguoMeTpa, S-CHUHTH/LIATOP (KPUCTANI HOAUCTOro HATpusi), 6-pyKOosTKa AaTduKa, 7-
COCMHUTENIbHBINA KaOeb.

Menbnuk Urops Anaronsesny, Tomck. 2001.

JOKTOp T€0JIOTO-MUHEPATOTHYeCKUX HayK, 3aB. JabopaTopueld HWHTEpHpeTalud MaTepHajoB
reopu3nYecKux HuccieoBaHuil ckBaxuH Tomckoro ¢uwmana OI'YII «CHUUITuMCy». wu.o.
pykoBoautens OHJI UILTIP HU TITY. Tomck.



2003-Menbank M.A. IKcnepuMeHTAIbHbIE MCCJIEA0BAHUS BJIUSHHUS Bpamamomeicss KUIKOCTH
HA MHTEHCUBHOCTb M3JIy4YeHHUsl PaIHOAKTUBHOro u3oromna. 3pectus BY3oB. ®uszuka, 2003, NelO,
¢.56-59.

CxeMa 3KcIiepuMeHTa C BpallleHueM BoAbl: 1-cocyn Jlproapa, 2-nmoJynpoBOAHNKOBbII repMaHueBO-
JIMTHEBBIH JE€TEKTOP, OXJIaKAAEMbIN )XKUAKUM a30TOM, 3-paJuOaKTUBHBIA UCTOYHUK raMMa-KBaHTOB,
4-cTakaH ¢ BOJIOH, S-3nekTpoaBurareis (ckopocts Bpamenus ot 2000 qo 8000 06/muH).
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IMHoas Cumon JuneBu, Ilanuyemora Buxkrop AHaToabeBMY, MHCTUTYT TeopeTHueckod u
skcniepuMeHTanbHON onoduszuku PAH. [TymuHo. 2006.

VYnpoienHas cxema skcriepumenTa, rae Ch.1 u Ch.2 gBa kaHana perucTpupyroei CHCTEMBI.
OnuH KOJIITMMATOp YCTaHOBIIEH COOCHO BpalleHUIO (OH HE MOoKa3aja U3MEHEHHUH ), BTOPOH KOJUTMMATOP
YCTAHOBJIEH NMEPIEHINKYIISIPHO OCH BpallleHUs LEHTPU(PYTH, OH 3apETUCTPUPOBAT H3MEHEHUSI.

2006-I0uosmp C.3., Ilanuemtora B.A. DxcnepuMeHTa/IbHbIE HMCC/IeI0BAHUS BJHSHHSA OBICTPO
BPALIAIOIIErocsi MACCHBHOIO Tesla HA (popmy QYHKUUI pacnpeaeaeHus aMILTUTY uryKTyanuii
ckopocTH anbda-pacnaga. ['unepkomiieKcHble yucia B reomeTpun u ¢pusuke 3, 1(5), 2006, ¢.102-
114.
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KpacnoopsbixeB Bukrop I'eopruesuy, Kues. 2009.

k.T.H., HIII{ «IIpupona». Kues.

Pa3paboran reneparop CHHHOBOIO TOJISi HAa OCHOBE BPAIIAIOUIETOCS CIHUH-OPUEHTUPOBAHHOTO
MaTepuana.

2009-Kpacuo6psrkeB B.I'. CoiicTBa korepeHTHO# MaTepuu. TopcHOHHBIE MO U HH(POPMAITMOHHBIE
B3aumoaeicTBusi-2009. Kond. Coun, 2009. c.475-485.

BnustHue CIMHOBOTO IMOJIE HA QHU3OTPOINUIO M3IYYEHHUS PAaJUOHYKIUAOB: A-TeHepaTop CIIMHOBOTO
nosisi; B-cxema skcnepumenra: 1-matuuk ,,Ortec”, 2 -orpaHUYHUTENb, 3-paJuOaKTUBHBIN oOpasel, 4-
TeHEepaTop CIHWHOBOTO TOJIsA, S-’KpaH, 6 -crmektpomerp ~Nokia”; C-u3MeHeHHE aKTUBHOCTH
PaAMOHYKIIUIOB B HANIPaBJICHUH JE€TEKTOpa MpPU BO3ACHCTBUH CIIMHOBOTO TOJISL.




Biausinne pa3jiM4HbIX U3JIy4YeHHUH HA CKOPOCTH PAIHOAKTHUBHOIO
pacnaja.

Beiinuk A.nepT Hocudosuu (1919-1996), Munck, XpoHaIbHOE MOJIE U U3ITyYCHHE.

Mukpoanrennbl ConoBbeBa C.C. (3MEWKH M3 MEAHOTO MPOBOJAA). 3MEUKH pPACIOIATaloTCs MEXKIY
HMCTOYHUKOM U PaJMOMETPOM Ha PaBHOM PACCTOSIHMM APYT OT Apyra. M3mepeHus mokasblBaloT, YTO
KOJINYECTBO (PUKCHpPYEMBIX TramMMa-KBaHTOB IOYTH Ha MOpsAIOK mpesbimaer ¢oH. Kapronka c
MIPOIOJIBLHBIMM 3MENKaMHM, TOMEIICHHAs 110J] UCTOYHHK, YCKOpseT pacnal Ha 5,5%, a ¢ monepevyHbIMu
Ha 6,5%. 3Meilku, pacloloXEHHbIE TOJIBKO IOJ paJuOMETPOM, HarT BeauuuHy 5,5%, a mnon
HMCTOYHUKOM U PaIMOMETPOM OJHOBPEMEHHO OKOJIO 6,5%.

1991-Beithuk A.N., «TepmonnHaMuka peanbHbIX mpoieccoB», Munck. "Hayka u Texnuka", 1991.
576c.

Fnymko Baagumup I[MaBiaoBuu (-2019), Kaz['V, TOO «DPusuko-texHUYECKass J1abopaTopus
I'mymxo», Anmartsel, Peciyonuka Kazaxcran. CILIA.

I/I3J1yanenb reaeparopa npoA0JbHBIX 3JICKTPOMATrHUTHBIX BOJIH. I/ISJIyaneJIB QJICKTPHUYCCKUX BOJIH U
nerexktop yctaHoBku "KBanT C" pacnosiaranm TakuMm o0pa3oM, 4TOOBI MX ONTHYECKHE OCH OBLIN
MEPHECHIUKYIAPHBL APyl JApyry W H3JIYYEeHHE OT U3Iydarenas HE I[OIanajlio Ha JIETEKTOp.
HNHTEeHCHBHOCTD pacnaaa yBeauyuBasiach Ha 1,8-4 mponeHTa, HO U €ro MOKHO YCKOPHUTb, JJISI ATOTO
HaJ0 10100paTh COOTBETCTBYIONIYIO YACTOTY BOJH M MOIIHOCTh U3TydaTels.

2012-I'mymiko B.IL., TI'mymxo B.B., I'mymkxo B.B. U3MeHeHHe MHTEHCHBHOCTH PaJHOAKTHBHOIO
pacnajaa nox aeiicTBHMeM MPOJ0JIbHBIX 3JIEKTPOMATHUTHBIX BOJIH. 2012,
http://www.sciteclibrary.ru/rus/catalog/pages/12139.html




KapaBaiikun Auexcanap BuxropoBuu, r.)KenesHomopoxsbiii, MockoBckoil oOnactu. bpum
oOHapyxeHbl d(pdexTh Bo3aecTBUs HednmekTpomarauTHoro reHeparopa « HI'K-BEI'A» Ha mporiecc
pazMoaKTUBHOTO pacrmaja.

2014-KapaBaiikuH A.B. 3aKkOHOMEpPHOCTH CTATHCTHYECKOI0 AHAJIM3A JAHHBIX PErHCTPUPOBAHUSA
MHTEHCHBHOCTH MPOLECCa PAAMOAKTHBHOIO PAcnaja, NOJBEPKEHHOI0 BHEIIHEMY BO3/1eiiCTBHIO
HeYIeKTPOMATHUTHOW mpupoabl. 4-1 koHd. TopcuoHHele mongs u  HHOOPMAITMOHHBIC
B3auMoeicTBusa. Mocksa, 20-21 centsiops 2014. ¢.209-223.
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KunngepeBuu Amnaronuit  BaagumupoBuu (1952-), wieH-KoppecnoHAEHT MexayHapoIHON
akanemun wuH(popmatmzanmu. KueB. Pucynkum wu3 mnatenra A.B.Kungepeuua c onmcanuem
KOHCTPYKLIMU T€HEepaTopa M0 YCKOPEHHIO paJlnOAKTUBHOTO paclaja.

2008-Kinnepesnuy Anaromniit Bonogumuposud, [lopomenko Onekciit [TerpoBuy. Criocid mpuckopeHoi

Jie3aKTHBAlll] palloaKTUBHUX MaTepiajiiB 1 MpHUCTpii /uig Horo 3aificHenHs. [latent Ykpaunsr 83129.
2008.




KpacnuxkoB Urops UBaHoBMY, pannodusuk, 3aB. Jaboparopueit kadeapsl aBTOMATU3UPOBAHHOTO
yIpaBJICHUS] TEXHOJIOTHYECKUMHU TpolieccaM TaBpUUYECKOro HallMOHAIBHOTO yHUBepcuTeTa uMm. B.U.
Bepnanckoro. Cumpeponoib.

B skcnepumenTe BO3MeHCTBHE OKa3bIBAJIOCh HA PATMOAKTHUBHBIA 00pasel] -MpoOHPKY C PacTBOPOM,
conepxaium uzoron 137Cs, koTopasi nepuoOANYECKH MOMENAIACHh B T.H. «KaMepy NMOBbIIIEHUS
HHTEHCHUBHOCTH (u3HYeCKHX TpoueccoB». JlaHHOE yCTpONCTBO sABISETCS MOAM(UKAIHMEH
UUJTUHIPUYECKOTO KOHJEHCATOPA -3JIEMEHTAa KOHCTPYKIIMU «TeHepaTopa TOPCHOHHOTO moJjisi» A.E.
AKumMoOBa.

2010-Kpacuuko W.U., bepmanckuit M.U., bepmanckas O.B., Oropoanuk C.C., Ilanuenko A.A.,
[lleens B.H. UccnenoBanue BO3MOXHOCTH BO3IEHCTBUS HA MPOLECCHl PAIMOAKTUBHOIO pacmaja
(Hactsp 1). KBanToBast Marus, 2010. 1.7, Nel. ¢.1101-1123.+

Kpunkep Mapk C., (Mark Krinker), CIIA.

HccnenoBaiock Bo3zaciicTBME Ha aaTyuk paauamuu (matuuk [eiirepa-Mromiepa QUARTEX)
BPAILIAIOIIUMCS )JIeKTPUYECKUM MOJeM KBaIPYIOIHHOTO KOHACHCATOPA.

Cxema YCTAaHOBKHU KpI/IHKCpa C BpallaromuMcst BEKTOPOM MAarouTHOTO ITOJIA.

.JImleBntl Inun UBanoBuu (1949-), nzobperarens. BmaauBocTok.

le/l U3MECHCHUHN HAMNPHAXKCHHOCTH TI'pPaBUTAMA COOTBETCTBCHHO HU3MECHHAIOTCHA U KBAHTOBLIC
4aCcTOThl aTOMOB. rpaBI/ITaI_II/IOHHOC ojie 3eMJIM B COCTOSIHUM U3MCHHUTD YaCTOTY SJICKTPOMArHuTHBIX
KoJIcOaHWI JHIIh Ha OYCHB Malyr0 BCIUYHHY. O,Z[HaKO, €CJIM 3HAYUTCIIbHO YBCIWYUTL BCINYHUHY
HaMpsKCHHOCTU I'paBUTAllUU, TO HpOHBOﬁﬂéT U 3HAYUTENIbHBIN CABUT KBAHTOBBIX YacTOT aTOMOB. B
moJie rpaBnTaunn/nHepunn H3MEHACTCHA HE BpeMs, a TEMII BPEMEHH (I/BMCHHCTCH
OTHOCHTECJIbHAA CKOPOCTb HNUKJINIECCKHX npoueccon), 4YTO O3HAYACT UBMECHECHHE YaCTOT (l)OTOHOB,
(l)OHOHOB H MacCC MOKOHA 3JIEMCHTAPHBIX YaCTHIIL.



2013-JIuneBnu O.M. HeWrpanuzanus paauoaKTUBHBIX OTXOJOB MoJieM HHepuuM. Jlokimamx Ha
Mexnynaponnoit Kondepennuu no snepruu, Boje u Oymymemy okpyxaromiein cpenst (ICEWFE)
Jlonmon, 2013.
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ITapxomoB Anexcanap I'eopruesny, Mocksa.
[Tepuoanueckoe M3MEHEHHE CKOPOCTH PaIMOAKTUBHOTO pacnana 6eta uctouHukoB 60Co u 90Sr-90Y,
U3MepeHHas cueTunkamiu [ eiirepa, B 3aBucumMoctu ot nznydenus CosHua.

CemenroTnn A.M. U3yyasoch nosefaeHue UIyKTyanuid CTATHCTHKH PaJMOAKTHBHOIO pacnajga u
BJMsiHME HAa XoA (uykTyauuid ¢GakTopoB pa3iHu4YHOH NPHUPOABLI, 0CO00C BHUMAHHE YIEISIOCH
OeccuiioBoMy Bo3zeicTBHIO. Ha mepBoM 3Tare u3yyancs XxapakTep «ECTECTBEHHBIX» (QIIYKTYaIHid pu
CpeIHEH U OJITOBPEMEHHOM NTWHAMHKE (B TEUCHHE CYTOK W Toja). B pesynprare HaOMIOACHUN OBLITH
BBISIBJICHBI CYTOYHbIE M3MEHEHMs Xapakrepa (UIyKTyaluil B 3aBUCUMOCTH OT BPEMEHH CYTOK: YTpO,
JI€Hb, BEYEP, HOYb.

HcrouHnkamMy CTaTHYeCKUX MOJIeH CIIY)KUIU: MOCTOSHHBIE MarHUThl U 3JIEKTPOMAarHWTHI,
JJEKTPUYECKH TMOJISIPU30BAHHBIE JUAJIEKTPUKH, IPOCTPAHCTBEHHO IMOJISIPU30BAHHBIE CTPYKTYPBHI,
crienuanu3upoBannble TreHeparopsl TII, renepatopsl ¢opmbl (MUpaMUIbl, CHHPAIH, 3MEHKH),
YCTpOICTBa KOMIIEHCALIMM HEraTUBHOI'O M3JIyYE€HUS MOHHTOPOB THUIIA, pa3uyHble WHGOPMAIIMOHHbBIE
MaTpPHLIBI.

HcTouyHnkaMy mepeMeHHbIX MoJIell CIY)XWIN: KaTyIIKd WHAYKTUBHOCTH, BO30YXKIaeMble
pa3sHBIMH YacTOTaMH, BpaLIalOIIUecss OOBEKTHI, BUXPEBBIC CTPYKTYpPBI, aKyCTUUYECKHE KoJeOaHUs,
TepMoauHaAMHUuecKue (pu3ndeckne 1 XMMHYECKUE POIECChl, ONOIOrnYecKrne 00BbEKTHI.

2008-CementoTu  A.M. DOHTponWiiHBIE TOTOKH -OCHOBa OecCHIOBOTO B3ammojaercTBus. KoHp.
OcHoBsl puznyeckux B3aumozeiictsuil. Kues. 2008. ¢.315-326.+
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Topuurun Baaaumup IlaBiaoBuy, 1.17.H., B.H.c. UHCTHTYTa Tpobiem undopmatuku PAH, Mockaa.

2016-Topunrun B.I1. Ciocod yBesimueHHsi CKOPOCTH €CTECTBEHHOI0 PaJIMOAKTHUBHOIO pacnajaa u
yCTpOMCTBA Ui peanu3aiuu 3Toro cnocoda. [larent 2016118028. 2016.




AnaeB Yaiauxan Koagacoexosuu. IIInivkent. Ka3zaxcras.
2015-AnaeB Y. K. HoBble 1oka3aTenbCcTBAa B COBPEMEHHOW T€OpUHU rpaBurtaiuu. 4 toma. 2015.
8.3. BausiHue rpaBUTALIMU HA CKOPOCTHh PAJINOAKTHBHOIO pacnaja.

Maapun Baragumup Hukonaesuu (1948-2012) x.¢.m.H., Paboran 8 HUN AD 1976-1993. Crapuuit
Hayunsiit Corpynauk Cubupckoro Xumudeckoro Komounara. CeBepck.

2010-llagpurn B.H. B Cubupckom Xwumuueckom KomOuHaTe OCYIIECTBUI HWHAYHHPOBAHHYIO
TPAHCMYTALMI0 0eTa-aKTHMBHBIX H30TONOB, TIPEACTABISAIOIIMX HAUOOJBIIYI0 ONACHOCTh B
paZlMOAaKTUBHBIX OTXOJAX, COJAEPXKALIMXCS B 0TpaboTaHHBIX TB3JaX. [lomydeH ¢ ekt yckopeHHOro
yMeHbIIeHHs1 0eTa-aKTMBHOCTH  HCCIEAYyeMbIX PaJMOAaKTUBHBIX  00pa3uoB. BosxelcTue
OCYILLIECTBIISIIOCH C IOMOILBIO CIEUATbHOM SHEPreTHYeCKOl YCTaHOBKH.

B HekoTOpPBIX IKCNIEPMMEHTAaX MO0JYYeHO YCKOpeHHne pacnaga B 20 pas.

2009-IIagpun B.H. O BO3MOXHOCTH M crOcO0ax BIMSAHHS Ha CKOPOCTh pacraja pajnOaKTHBHBIX
anemeHTOB. MIHTepHET-TTyOmMKaius Ha caiite Tomckoro Atomuoro IlenTtpa, 2009. 23c.

2015-Ilagpun A.A. «IlepepaboTka paaMOAKTHBHBIX OTXOA0B ¢ TMOMOIILI0O peakTopa
A.B.BauaeBa Ha 6a3ze LENR». Jloknax Ha cemunape B BHUMADC. 5 mapra 2015.

Kak moxaszamu ucneitanus peakropa BauyaeBa A.B. ¢ PAO mepepaboTke moaBepraroTcs MUTaMbl
pacTBOpEHHBIC B BOJIE HAa SACPHOM ypOBHE, T.e. MyTEM MpeoOpa3oBaHMs PATUOAKTHUBHBIX S IO
CXEM€ HM3KO-2HEPreTUUeCKuX saepHbIX peakunii LENR.

ladgees I'eopruii AiiparoBuu, a1.¢p.m.H., UHcTuTyT 00mel ¢pusuku (MOD PAH), n.0. nupekropa
Hayunoro uentpa BoiaHOBBIX ucciaeaoBanuiit MO® PAH.
AnapeeB Ctenan HukonaeBu4, 1.¢.M.H., yueHslii cekpetapp MOD PAH.

Aabda-pacnang ypana-238 yckopsijicsl NMoJ JAedCTBHEM JIa3ePHOr0 M3JIy4YeHHMsl C OTHOCUTEIBHO
HEeOOIBIION MHUKOBOW MHTEHCHUBHOCTHIO 10B12-108B13 BT/CcM2.
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Figure 2. Actvity of two samples at 661 keV before and after laser ir-
radiation (counting time, 30 min). The samples were irradiated under
idennical conditions and had the same mitial activaty. The laser irradia-
tion time was 1.7 h for both samples.

Pe3ynbrathl 3KCiepuMeHTa.

2011-Cumakun A.B., [lladees I'.A. Biustaue nazepHoro o0aydeHUss HAHOYACTHI] B BOJHBIX PacTBOPax
COJIM ypaHa Ha aKTUBHOCTh HYKINA0B. KBanToBas snexrponuka. 2011, 1.41, Ne7, c.614-618.
2014-lladees I'.A., bapmuna E.B., Cumakun A.B., Jla3epHo -MHAYUMPOBAHHbIE PATHOAKTHBHBIC
pacnabl mpu abIsIuu B BOIHBIX pacTBopax. Jloknan Ha cemunape B MODAH 22 nexabps 2014.

26 o X & e

laxnaponoB WBan MuxaiinoBuy, Mocksa. [log BozaeiicTBHEM pa3pabOTaHHOTO TeHEpaTopa
CKOPOCTh PaJMOAaKTUBHOIO paclaja yBeIUYuIachk. 3a CyTKM HHTEHCUBHOCTh HICTOYHHMKA YMEHBIINIIACh
B JIBa pa3a, Kak OyJTO MpoIuIo 5 JIeT.

2000-1IaxnaponoB .M. B3aumogeiictBue uznyuenus: Kospipesa-/{upaka ¢ paguonykiaunamu. Koud.
CIIb., 2000, c.5-15.+

WuTepecHslit skcriepuMeHT: PazmennM oOpasen paauoakTHBHOTO W30TOMA HA JBE YacTH, M pa3HECeM
Ha OoJblIOe paccTosiHUE (HECKOJBKO KuiomerpoB). Kosebanusi CKOpOCTH pajiMOakTHBHOTO pacraja
OyayT M3MEHSThCS Ha HHUX CHHXpOHHO. Ecim Bo3meiicTBOBaTh Ha OJMH 0Opasem, TO CKOPOCTh
pPaMOaKTUBHOTO pacmaja OyeT MPOUCXOIUTh CHHXPOHHO Ha JIBYX pa3HECEHHBIX 00pa3Iiax.

3TO aHAJIOT KOT€PEeHTHOM CBS3aHHOCTH /IS MAKPOOOBHEKTOB.




2015-Ilagpun A.A. «IlepepaboTka paaMOAKTHBHBLIX OTXO0A0B ¢ TMOMOIILI0O peakTopa
A.B.BauaeBa Ha 6a3e LENR». Jloknax Ha cemunape B BHUMADC. 5 mapta 2015.

Kak moxaszamu ucneitanus peakropa BauaeBa A.B. ¢ PAO mepepaboTke moaBepraroTcs IMUTaMbl
pacTBOpEHHBIC B BOJIE HAa SACPHOM ypOBHE, T.e. MyTEM MpeoOpa3oBaHMs PATUOAKTHUBHBIX S IO
CXEM€ HM3KO-2HEPreTUUeCKuX saepHbIXx peakunii LENR.

2.3 Bansinue pa3iu4yHbIX (PAKTOPOB HA CKOPOCTH PAIMOAKTHUBHOIO pacnajaa.

Xaspomikud Ouier BopucoBu4, n.¢p.M.H., I.H.c. 1a00paToOpun CHYTHUKOBBIX METOJIOB H3y4EHHUS
reopusnyeckux mnpoueccoB (203), II otnenenme: Pa3BenoyHoil TeopHU3UKHM U TPUKIAIHON
reoauHamuku, Uacturyt ¢pusuku 3emun PAH, Mockaa.

HpimiiakoB Baagucnas Baagumuposuy, Uuctutyt ¢usuku 3emmu PAH.

2012-Xapomkun O.b., pimiako B.B. PaanoakTuBHOCTHL sifep B moJie HEHTPOOEKHBIX CHJI.
Nmxenepnas ¢uzuka. 2012. Nel0. ¢.45-50. PaccmaTpuBaeTcst posib IIEHTPOOSKHBIX, TPAaBUTAIMOHHBIX
CWJI B paIMOAKTUBHOM pacmae sijiep.

2015-Xaspouun O.B., Lpimako B.B. PaguoakTHBHOCTH si/iep U COJTHEYHbIe OCHMJIJIALMU: HOBBIC
skcniepuMeHThl// WmxkeHepHas ¢usuka. 2015. No2. ¢.48-60. DkcnepuMeHTaIbHOE OOHApYXKEHHE C
MPUMEHCHHEM pa3lIUMYHON anmaparypbl CKPBITBIX MEPUOJUYHOCTEH aKTUBHOCTH Pa3IUYHBIX
PaIMOAKTUBHBIX HCTOYHUKOB, COBITAJIAIONINX C TIEPUOaMU COOCTBEHHBIX ocruLIsinuii CoJHIIa.

3aBHCHMOCTH CKOPOCTH PAJIMOAKTHBHOIO Pacnaga oT MecTa MPOBeAeHNs IKCIePUMEHTA.

BorosiBiienckuii  Jleonna HuxonaeBuu (1880-1943), 3aBeayrommii  Paguosiormyeckoii
JlabopaTopun B I'naBnoii Ilanare mep u BecoB B Jlenunrpaze.

N3menenusa nepuoaa nonypacnaaa s pasHeix ropogoB CCCP. Usmepenus nposoaunuch Ilamaroi
Mep U BecoB mojJ pykoBoiacTtBoM borossnenckoro JI.H. IlomydeHHBIE pe3ynbTaThl MOKa3ald, 4TO
CKOpPOCTh pacrajia MoJOHUA JaJleKo HEe OJIMHAKOBA BO BCeX MyHKTaX. BennunHa mepuonaa konebaiach
ot 125,6 nust (Tudmuc) no 181,6 nus (KpacHomap). Cpennsisi kBaapaTUUHAs OMINOKA HAOIIOIEHUHN HE
npesbinana 0,7%.

1929-borosienenckuii JI.H. U3mepenue mepuoaa moJjypacnajga MOJOHUSA ISl Pa3HbIX NMYHKTOB
CCCP. Tpyas! uHCTUTYTA NPUKIATHON reodusuku. 1929. Beim.5. ¢.89-95.




3-Bo3aeiicTBue HA X0/ YaCOB.

Bausinue Bpamamuxcs 00beKTOB HA X0/ YacoB.

HemunoB K.b. [lebopmarus BpeMeHU TIPH BPAIIEHUH MaTepUATbHBIX TEJ.

3aTesienun Banepuii HMKoaeBUY. DKCIIEPUMEHTA 110 PETUCTPAIIMN WU3MEHEHHS X0/1a 3JIEKTPOHHBIX
KBapIIEBbIX YAaCOB B OKPECTHOCTH BPAIAIOIIETOCS Tea.

KoteasnunkoB Banepuii IlerpoBuu. BOim3u paboTaromiero TemioreHeparopa aBTopoM o0HAPYKEHO
3aMeJIJIEHHE X0Jla BpEMEHU Ha 3-8 CeKyH] 32 5 4acoB.

Jlunesuu Jasua UBanoBu4. O TEXHUYECKOM BO3MOKHOCTH YIIPABICHUSI TEMIIOM BPEMEHH.

JlyneB Biuagumup UBanoBuu. [lox nefictBueM Bpamaromierocs poTopa rupoMoTopa yBEITUUUBACTCSA
YyacToTa KojebaHuil KBapLeBOro reHeparopa.

IIkaTtoB Bukrop TepeHTheBuY. JleheKThl BpeMEHH B XPOHOIKCIEPUMEHTAX C BPAIAIOIIMMUCS
TeJIaMH.

Biausinue pasjMYHBIX H3JIYYeHUI HA X0/ YaCOB.

i ¢ :z JII,MHC E.Eilét,u!c

Beiinuk Annoept HocudoBud (1919-1996), Munck. Cxema 3KCIIepUMEHTA:

(a)-cxema reHeparopa «ex»,

(6)-cOou yacoB MUKPOKAIBKYJsTOpa «InekrpoHuka MK 53,

(B)-3aBUCHMOCTh YCKOPEHHMS XOJa Hapy4yHBIX 4acoB «OJIEKTPOHHMKA 5» OT PaccTOsiHUS (B) U OT
ATaJIOHHOTO BPEMEHH (T).

1991-Beithuk A.1. TepmonnnaMuka peaibHbIX npoueccoB. Munck. Hayka u texnuka. 1991. 576c¢.
http://www.veinik.ru/lib/books/article/4.html
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I'pe6ennuxoB Bukrop Crenanosuy (1927-2001), HoBocubupck.
JKCNepUMeEHT ¢ yacaMu. [ peOeHHIKOB 00paTuil BHUMAaHUE Ha TO, YTO B CUJIBHOM IoJie [lomocTHBIX
CTpyKTyp MHOT1a HAUMHAIOT 3aMETHO "BpaTh' 4achl, U MEXaHUUECKUE, U IJIEKTPOHHBIE.

IIpoBeneHbl MHOTOUYMCIIEHHBIE OIBITHI 10 IPOPACTAHUIO 3€PEH MIIEHHUIBI B CHJIBHOM IIOJIE IO
CPaBHEHHIO C KOHTpPOJIbHBIMU 3€pHAMM, PAa3BUBABIIMMUCS IPU TEX XKE TEMIIEpaType, BIaKHOCTH,
OCBEIIEHHOCTH.

e
ik

Brnusinue n3imydeHus Ha CKOPOCTH MTPOPACTAHHS CEMSIH.
1983-I'pebennukoB B.C. Moii ynuButensublit Mup, HoBocubupck. 3an. Cub. kH. u3a-Bo, 1983, 164c.

JmutpueB A.JI. DKcriepuMEHTaTbHO YCTaHOBHWII, YTO MEpUOJ KojeOaHHH OajaHca B BEepTHKAIBHOM
IJIOCKOCTH JOJDKEH OBITh OoJibIlle Tepuojaa KojieOaHWi OanaHca B TOPHU3OHTAIBHON IIJIOCKOCTH, TO
€CTh U/IeabHbIC MEXaHUUECKUE Yachl B MOJIOKEHUH “Ha peOpe” MIyT MeIUICHHEe, YeM B MOJI0KEHUHU
13 2

amms’ .

3o0s0T0B AJiexceii BacuiabeBuu (1926-1995), x.¢p.M.H. reodusuK, crapumii Hay4HBIH COTPYIHUK
Kanmununckoro otnenenus BHUUI'C. OpranuzoBan 3KCHeAUIMIO B 30HY HafeHus TyHryccKoro
Meteoputa. lIpoBoaun B OSNUIEHTPE XPOHOM3MEPEHHs C TOMOIIBI0 MOPCKOTO XPOHOMETpA.
3aukcupoBaT N3MEHEHHS X0/1a BPEMEHH.

1969-3on0toB A. "IIpobnema Tynrycckoit karactpodsr 1908 roma", Munck, "Hayka u TexHuKa',
19609.

!

= I

L]
2.0 ro

ﬂ:l'h

=)
_ d
I.5 8

E+

o

|

© 2
= L X
I.0

.
®
C.2 [
A
GpeMs BO3IelcTslig, MuH
5 IC [ 20 20 30



Ko3bipeB H.A. OtcraBanue 4acoB B pe3yJbTare MNPSIMOTO BO3ACHCTBHUS MpoOIEccCa HUCIAPECHUS
AKUIKOTO a30Ta B 3aBUCUMOCTH OT BpeMEHHU Bo3AeHCcTBUA: | — yackl Mmapku «PakeTay; 2 — cekyHaoMep
neyxcrpenounsbiit Il kmacca tuma C-11-16.

IManyvemrora B.A. "O BIUMSHMM MOIIHBIX HECTAlIMOHAPHBIX IMPOLIECCOB HA IMapaMeTpbl CTaHIAPTOB
BpeMEeHH U 4acToThl". VI3MEeHeHHme 4YacToThl YIbTPACTaOMWIBHOTO KBapUeBOr0 TreHepaTopa B
OKPeCTHOCTH MOIIHOTO 3J1eKTPUYEeCKOr0 pa3psijia.

2013-ITapxomoB Auiekcanap I'eoprueBmu. O (eHOMEHax, CBS3aHHBIX C BPEMEHEM, SHEpPrueil u
co3HanueMm. 2013.
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Xox 9acoB mocie nmpedbiBaHus B aHOMalIbHOM 30He. Yackl Nel jexxart B 1ieHTpe 30HbI, 9achl No2 jiexar
Ha pacctossHuu 12 M or neHrpa. IlyHKTHp HOpManbHBIM X0A BpeMeHH. [Ipu sKcrepuMEHTAIBHOM
pa3MEIICHUM YacOB B aHOMAJbHOW 30HE MPOMCXOAWIO 3aMEJJIEHHWE XO/a, NMPUYEM HE IJIaBHOE, a
CKayKaMH.

XappomkuH Oaer bopucosny, L{pimnakos B.B., Kazauox B.C.

HNucturyr pusuku 3emnu um. [lImuara PAH, Mocksa.

[loBeneHne aTOMHOTO W MEXaHMYECKOI'O OCLMIITOPOB BO BpeMsl COJHEYHOro 3aTMeHHs //
Actpornomuueckuit [lupkymsp. 943, 1977, des. 21.
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I'padux m3MEHEHHsT Pa3HOCTHOM YaCTOTHI BOAOPOAHOTO M PYOMIMEBOrO CTAaHAAPTOB BO BpeMs
3aTMEHHUSL.




Yepuoopo Baaum AuekcanapoBud (1965-2017) Oxkcnenumuu Ha MeaBeaUIKy0 Tpsgy
(Boarorpanckast 065acTs).

1997-Mensenuikas rpsaa. Benpmuna nonsina. IsMeHeHue xoaa BpEMEHH COCTaBUJIO S 4acoB.
2000-YepnoOopoB Bamum u benapycs-Kocmonouck. Oxcneaunuss Ha MeaBequuKkyoo rpsny.
PeructpupoBanu n3mMeHeHNE X0/1a BpEMEHH.

2006-YepuoOpos Bagum, I'onosuna Exarepuna. «Mensenuiikas rpsaa». M., Beue, 2006.
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IIxaToB Bukrop TepentbeBuu, Tomck. bruto nponsseaeHo HabmoaeHn (PeHOMEHA, CBSI3aHHOTO CO
«CKPBITBIM» HW3JIydeHHUEeM JIIocTpbl UYmkeBckoro. B kauecTBe «IETEKTOPOB» 3TOrO MU3IYYECHHS
WCIIOIb30BAJIMCh MexaHudeckue cekyHmomepbl mapku «CJIABA». B pesynbrare ObUIO BBISIBICHO
3aMCTHOC BJIMAHNUC U3JTYUCHUS JIFOCTPBI YumkeBCKOro Ha CKOPOCTh X04a MCXaHUYCCKUX YaCOB.

1999-lllkatoB  B.T. XpoHOMETpUUECKOE [ETEKTUPOBAHUE «CKPBITOTO H3JIYy4YEHHUS» JIIOCTPBI
Ymxesckoro. M3pectus BY3oB, ®u3uka. 1999. Ne7. ¢.85-89.

4-Bpems, rpaBuTalMs, U INIOTHOCTH 3(upa.

4.1 BpeMsi 1 ILIOTHOCTH Jupa.

Jlig ka0l TOYKM IMPOCTPAHCTBA MOXHO BBECTH HEKOTOPYIO CKAJSIpHYIO BenuuuHy P (TuioTHocTh
BpPEMEHH, IJIOTHOCTH 3(prpa), KOTopask XapaKTepH3yeT CKOPOCTh MPOTEKAHUS Pa3IMYHBIX IPOIECCOB.

V=C/n, cKkopocTb cBeTa B cpele OOpaTHO MPOMOPIHOHAIbHA IMOKA3aTENI0 MPEIOMIICHUS CpEJbI
(TUTOTHOCTH CpEIbI).

3raunt Y XN=CONSt.

V(CKOpOCTh CBETA B Cpejie, CKOPOCTh MPOTEKAHUS MPOIIECCOB) X N (TUIOTHOCTH dupa)=const

Bpewmst mpoxokaeHusl cBeTa BIOJb MYTH, T MUMEETCS HEOIHOPOMHOCTh IUIOTHOCTU 3dupa, Oymer
onpenenaTbes GopMyInon:

[
T ct+Ac’

e ,,IUTI0C” COOTBETCTBYET YMEHBIICHHUIO TUIOTHOCTH 3(Hpa, a ,,MUHYC — €€ YBEIUYCHHUIO.

t

4.2 I'paBuTanusi 4 IJIOTHOCTH 3(dupa.

DddexT rpaBUTAIIMOHHOTO TUH3UPOBAHUS —BOJIM3H MACCUBHBIX TEJ CBET OTKJIOHSETCS.
Bo3moskHBIE HHTEpIIpETALINN:



I-cBeT mpuTATHBAaEeTCS TPAaBUTALMOHHBIM MMOJIEM. DTOT BapHaHT OTIMAJAET, TaK KAaK CUYUTAETCA UTO
Mmacca ()OTOHA paBHA HYJIIO.

2-UCKPUBJISIETCS] IPOCTPAHCTBO???

3-TpaekTopus Jiyya CBETa HCKPHUBIAETCS H3-32 HEOJHOPOJHOCTH MPOCTPAHCTBA, HEOJHOPOIHOCTH
IJIOTHOCTHU d(upa.

3pe3ga - O

Ceer 3ee3fibl \
: (e 38342 HaXoQUTCA
» C TOYKH 3peHun
ConHye Q Habnogatena Ha 3emne
\ MyTs ceeToBOrO
@ 3emnn Ny4ya UCHaMaeTcA

npucyTcTeMem ConHua
['paBuTanimoHHOE  JNHMH3UPOBAaHHE, OTKJIOHEHHWE CBETa TI'PAaBUTALMOHHBIM  TIOJIEM,  MOXHO
MHTEPIPETUPOBATh KaK MCKPUBIICHHE Jyya CBETa IPHU PACIPOCTPAHEHUU B CpEAe C MEPEMEHHBIM
MOKa3aTesieM MPETOMIICHHUS.
3aBUCHMOCTH CKOPOCTH CBETa OT MOKAa3aTelsl MPeJIOMIICHHs: n=c/vV, vV=c¢/n.
Y noBepxHocTH 3eMJIH IJIOTHOCTH 3()HPA MOBBILIEHA, 2 CKOPOCTh CBETA MOHUKEHA, BpeMs TeyeT
Me/lJIeHHee.
Uem BbllIE MOKa3aTeNlb MNPEIOMIICHHS, TEM MEHbIIE CKOPOCTh CBETa, 3HAYUT, CKOPOCTb TEUCHHS
BpPEMEHH YMEHBIIIAETCS.

4.3 Bpems u rpaBuTanusl.

OOmrast Teopuss OTHOCHUTENBHOCTH  TpenackasbiBaeT A(P(exT, Tmpu  KOTOPOM  YBEIUYCHHUE
I'PAaBUTAIlMOHHOTO TIOTEHIIMAJa H3-3a BBICOTHI yckopser xona dacoB. To ectp YACBI HaA

00Jb1IEH BBICOTE THUKAIOT 6I)ICTpee, 4YeM dYachl Ha MOBEPXHOCTU 3eMJIH. DTOT
a¢dexT ObUT MOATBEPKACH BO MHOTHX TeCTax OOImeld TEOPUHM OTHOCHTEIBHOCTH, TaKHX Kak
skcnepumenT [laynna—Pebku.
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Yem cuiibHee rpaBuTaIlMA, TEM MeadJieHHee TeueT Bpemsi. Ha BbicoTe Bpemsi TeueT ObICcTpee.

JKCIEPUMEHTAJIbHAA  NPOBEPKAa  3aBHUCHUMOCTH  CKOPOCTH
TEYCHUHA BPEMEHH OT rpaBUTALMH (OT ILIOTHOCTH 3(Pupa).

IkcnepumenT Ilaynna u PeOku -nposepka 3ameyieHUs X0a BPEMEHH B T0JI€ TATOTEHUS.




2015-AnaeB Yanuxan KouanacOexkoBud. HoBble [0Ka3aTenbCcTBA B COBPEMEHHOM TEOPUU
rpaBuTanuu. BansiHue rpaBUTAIIMM HA CKOPOCTH PAAHOAKTHBHOIO pacnaja.

2005-I'epmreiin Cemen CosomonoBu4, JlorynoB A.A., MecrBupumBmim M.A. O rpanuue
JOMYCTUMOTO 3aMEIJICHHS] BPEMEHH TPaBUTALIMOHHBIM 1ojieM. [IporBuno. 2005.

2007-I'pumaeB Auapei AabOepToBUY. PETATUBUCTCKOE M TPAaBUTAIIMOHHOE 3aMEIJICHHE BPEMEHMU:
SKCHEePUMEHTHI U uHTepnpeTauuu // 3acenanue: 03 Anpens 2007.

2016-Uabsico @apan HazumoBuu. O «3ameqieHUn» M «yCKOPEHHUHM» BPEMEHHM MOJ BIUSHUEM
rpasutanuu. M. U1 Opuon. 2016. 7c.

2014-TumepoyaaTtoB Tumy. Coznanu KOMMIAKTHBIM HHTEp)EpOMETp M C TMOMOIIBIO a’pocTara
MOJHUMAJIK €ro Ha BbICOTY 0 2000 METpoB Hal ypOBHEM MOps. DKCIHEPUMEHTHI MOKAa3aliH, 4YTO C
YBEJIMYEHUEM BBICOTBI CKOPOCTh CBETA YMEHBILIAETCSI.

2009-SAnunaun Bacnimii Jleonngosnd. OOCyKIeHUE SKCIIEPUMEHTA C BBICOKOTOYHBIMU aTOMHBIMU
qacaMH, HaXOISIIUMKCS Ha pa3HbIX 3TakaX BBICOTHOIO 3[aHHUsA, JJS NMPOBEPKH HOBOW TMIIOTE3BI O
IIPOUCXOXKACHUN MTPOCTpaHCTBA U BpeMeHu. CeMunap no temnopoioruu. M. MI'Y. 24 mapra 2009, 22
nexabps 2009.

B cnywae cmaGoro rpaBUTallMOHHOTO TOJI E€AMHCTBEHHBIM, HO MPUHIUIHAIBLHBIM OTJIWYHEM
KBAHTOBOW TeOPpUH TPABUTALMU OT 001el TEOPHUU OTHOCUTEIbHOCTH SIBJISIETCS TO, YTO

-C TOYKH 3pEHHUsI 00IIel TEOPUU OTHOCUTEIIBHOCTH BOJIM3M OOJIBIION (TPpaBUTHPYIOIIEH) MacChl BpeMsI
“samenJisieTcss”’,

-C TOYKHU 3PCHHsI KBAHTOBOW TEOPUM TPaBUTAIIMH, HA000POT, — “yCKOpsieTcs” .

3KC]’[epI/IMeHTbI C aTOMHBIMM YaCaMHU

1977-N3mepenus, B KOTOPBIX €IMHCTBEHHBIM 3((eKTOM OBLJIO IpaBUTALIMOHHOE BO3JEHCTBHE, ObUIN
npoBenensl Mumxumonn u ap. mexay 1975 m 1977 romamu. OHM TEpPEHOCUTIM KOMMEpPYECKHUE
1[e3MeBbIe Yachl Tyda W oOpatHo u3 HarmonaneHOW acTpoHOMMYecKOW oOcepBaropuu SmoHuu B
Murake, Ha BbicoTe 58 M (190 pyToB) Hag ypoBHEM Mopsi, Ha cTaHIMio Hopukypa KOpoHa, Ha BBICOTE
2876 M (9436 ¢yToB) Hag yPOBHEM MOpSsI, UYTO COOTBETCTBYET nepenany BoicoT 2818 M (9245 ¢yToB).
Bo Bpemena, korma 4dacel ocTaBaauch B MuTake, X CpaBHUBAJIU C JPYTMMHU LI€3UEBBIMHU YaCaMH.
N3mepenHoe wu3MmeHeHue ckopoctu coctaBuiio (29+1,5)x10-14, yto coriacyercss ¢ pe3yJbTaToM
30,7x10-14, mpeacka3aHHBIM O0IIEH T€OPUEH OTHOCUTEILHOCTH.[22]

1976-bpuatope u Jlemrorra cpaBHWIM TOKa3aTeld JIBYX LIE3UEBBIX 4YacOB, OJHOr0 B TypuHe Ha
BbicoTe 250 M (820 ¢yToB) Hax ypoBHEM Mops, aApyroro Ha ruiato Posa na Bwicore 3500 m (11 500
¢byToB) Hag ypoBHeM Mops. CpaBHEHHE MPOBOAMIOCH MyTEM OIEHKM BPEMEHU IMPHXO0/a MUMITYJIHCOB
cunxponuszaimu YKB-tenesunenus u nenouku LORAN-C. Ilpenckazannas pasauna coctasuia 30,6
Hc/nmenb. Vcronb3yst 1Ba pa3HbIX pabovnx KpUTEpHs, OHU 0OHapyxuiu paznudus B 33,8 = 6,8 HC / cyT
u 36,5 £ 5,8 HC / CyT COOTBETCTBEHHO, YTO COTJIACYETCA C OOIIeH Teopueld OTHOCHUTENbHOCTH.[23]
@DakTophl OKpYXKAIOIIEH cpelibl KOHTPOJIMPOBAIKUCH rOpa30 TOUHEe, YeM B dKcrepumenTe Nnua3umel,
B KOTOPOM MPUXOAMIOCH IPUMEHSATh MHO>KECTBO CJIOXKHBIX TOMPABOK.[TpeOyeTcsi HUTHPOBaHHE

2005-Ban baak m3aMepusl TpaBUTALMOHHOE 3aMEJUIEHHE BPEMEHM B BBIXOJHbIE JHU Ha BelcoTe 5400
(GbyTOB Ha;m ypoBHEM Mops Ha rope PeiiHup, ucmons3ys ABa aHCaMmOJs W3 TPeX IE3UMHBIX JTyUeBBIX
yacoB HP 5071A.[24][25][26] On mnoBropun skcnepumeHT B 2016 rogy Ha rope JlemmoH st
TeneBu3noHHOTo moy "I'ennit" CtuBeHa XokuHra.[27]

IlnoTHOCTH 3(pupa U 3apsa.




Marnunkuii  Huxosailt Ajexkcanapoud. IlnoTrHocTe 3apsiza B TOYKe INPOCTPAHCTBA
onpeesisieTcss 4aCcTOTOM KoJIe0aHNil IVIOTHOCTH 3(Upa 10 BpeMeHH B IAHHOMN TOUYKe.
PazMepHOCTh BTOPOI YacCTHOI MPOM3BOIHON IO BPEMEHHU OT IJIOTHOCTH 3(Hpa B AIEKTPOMArHUTHBIX
€IMHHLAX COBNAJAcT C PAa3MEPHOCTBIO IUIOTHOCTM 3apsaa. OTcroga BO3HHMKAeT OJHA U3
MHTepHpeTanuii (PU3NYECKOro CMBICHA, COCTOAIIAasi B TOM, YTO KojJeOaHHS BO BPEMEHHU IUIOTHOCTH
3¢upa B JaHHON TOYKE IPOCTPAHCTBA ONPENENAIOT IUIOTHOCTD 3apsAAa B 3TOM TOUKE.

Cyxonoc Cepreit UBanoBuu. 'paBuTaAlINA KAK IPAJUEHT IUVIOTHOCTH 3dupa.

JlorunoB Biaagumup UBanoBu4. HanpsykeHHOCTh TPaBUTALIMOHHOTO MOJIS M IUIOTHOCTH 3(hupa.

B 3akmiouenue pazdepeM HEKOTOPBIN MapaaoKC.

C yBesm4eHreM BBICOTHI X0, Pa3HBIX YaCOB U3MEHAETCS 110 Pa3HOMY:
1-xon yBenuuuBaeTcs JUIsl MEXaHUYECKHX, KBAPLIEBBIX U AaTOMHBIX YacoB,
2-X0Jl yMEHBIIAETCS ISl MasITHUKOBBIX, IECOYHBIX, BOISHBIX YaCOB.

T = 2:47\/E
Ilepnon kadyaHus MasTHUKA g YMEHBILIAETCS C POCTOM TpaBUTAlMM, y 3€MIIM KadaeTcs
ObIcTpee. A KBapIEeBbIC Yachl y 3eMJTH TUKAIOT MEJICHHEE.
[Tomyuaercsi, uTo BpeMs BeAeT ceOsi 0 pa3HOMY AJISl pa3HbIX 00BEKTOB?
OTBeT: MBI paccMaTpUBaEM BpEMs KaAK CKOPOCTh MPOTEKAHUSI IPOLECCA.
I[JBI 4JaCoB IICpBOro TUIla CKOPOCTb XOJa HEC 3aBUCUT OT CHJIbI T'paBUTALlUHU, U CKOPOCTH XOIa
OTIpEIEIISETCS TOIBKO MIIOTHOCTHIO AUpa.
I[JBI 49aCOB BTOPOI'0 TUIIA CKOPOCTb XO0[1a HAIIPAMYTO 3aBUCUT OT BCIIMUYUHBI 'PAaBUTAIIUU.
Ecnu Mbl MasgsTHUKOBBIE Yachl MOAHUMEM Ha OOJIBIIYIO BBICOTY, TO OHM 3aMeuiaAThbes Ha 10 cekyHn u3
3a HU3MCHCHHUA T'paBUTAllMU, U YCKOPATCA Ha OJHY MHWIUIMOHHYIO CCKYH/JbI 3a CUCT YMCHBLIICHUA
IUIOTHOCTH 3¢ Upa, HO MBI 3TO MPAKTUYECKU HE CMOXKEM 3aMETHUTb.
Takum 00pa3oM, HUKAKOTO MMPOTUBOPEUUS HET.

5. BLIBOBI.

1-CKOpOCTh TEYEHHsI BPEMEHM B HEKOTOPOM TOYKE IPOCTPAHCTBA OOpPATHO MPOIMOPIHOHAIBHA
IUIOTHOCTHU 3(Upa B 3TOM TOUKE MpocTpaHcTBa. [Ipu yMeHbIlIeHNH TIOTHOCTH 3upa:

-YCKOpsIETCS BpEMS;

-YBEJIMYUBAETCS CKOPOCTh PACIIPOCTPAHEHUS 3JIEKTPOMArHUTHBIX BOJIH;

-YBEJIMYMBAETCS YACTOTa KOJeOaTEIbHBIX MTPOIIECCOB.

2-MOHO yHpaBisTh CKOPOCTHIO TEUEHUS MPOLECCOB B JIOKAIBHOM 00JIACTH MPOCTpaHCTBA (YCKOPSTH
WX 3aMeJIATh) NOCPEICTBOM Pa3IMUHbIX BO3IEHCTBUM.

3-Ilpunnun paGoThl YCTAaHOBOK JAJISL YIPABIEHUS CKOPOCTHIO TEUEHHS] BPEMEHHM COCTOUT B CO3/IaHUU
YCTPOMCTB, KOTOpBIE YIPABISAIOT IUIOTHOCTBIO 3(Hpa, CO3Aal0T OONACTH C MOBBIIMICHHOW WIH
MOHM>KEHHOM MJIOTHOCTBIO 3Upa.

OTnenbHO MOSICHSAIO, YTOOBI YCKOPUTH HEKOTOPBIM MHpolecc B HEKOTOPOM 00BeMe, HEeOOXOIUMO
c03/1aTh pa3psbkeHue 3Gupa, a He MPOCTO 0TKaYaTh BO31yX U3 3TOro oObeMa.

4-O0bsicHEeHHE BIUSHUS BPAIAIOLIUXCS T€Jl HA CKOPOCTh TEUEHUS BPEMEHH.

Bpamatomeecss Teno co3gaer BUXph B 3HpE, Y KOTOPOTO C OAHON CTOPOHBI IUIOTHOCTH 3¢upa
MOBBILIIEHA, a C APYroil CTOPOHBI MOHMXKEHA. B 3aBUCHMMOCTH OT TOroO, B KaKyl 00JIacTh MOMECTUTH
00BEKT, CKOPOCTh TCUCHUS BPEMEHU OyNIeT YCKOPATHCS, WIH 3aMEeTISATHCS.



5-MoXHO co37aTh YCTAaHOBKH, KOTOpPBIE MO3BOJATH OMNEPATUBHO JI€AKTUBUPOBATH PATMOAKTUBHBIE
OTXOJIBL.

6-JIuteparypa.

1-KonroBoit H.A. Kuura 5 (gacts 11-03) - MHOromMmepHoe npoCTpaHCTBO-BpEMSI.

2-Konrooit H.A. Kuawnra 5 (wacts 11-03) - Bpems u co3nanue. [lcuxomorust BpeMeHH.
3-Konrosoit H.A. Knura 5 (dacts 11-03) — MI3mMeHeHHE CKOPOCTH TEUEHUSI BPEMEHHU.
4-Konrosoit H.A. Kuwnra 5 (wacts 11-03) - HoBast ¢usuka. MammHa BpeMeHH.

5-Konrosoit H.A. Kuura 5 (acts 11-03) - HoBas ¢usuka. Teopust Bpemenu. O630p.
6-Konrosoit H.A. Knura 5 (wacts 11-03) - HoBas ¢usuka. Teopust BpemeHu.

7-Konrooit H.A. Kuura 5 (dacts 11-10) - JIuteparypa o npocTpaHCTBE U BpEMEHH.
8-KonToroit H.A. Kaura 5 (wacte 11-11) - HoBas ¢pusuka. CTpykTypa mpocTpaHCTBa U BPEMEHHU.

Kauru MmoxHO ckauaTts ¢ Moero caira : https://koltovoi.nethouse.ru




