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Pdu3HuKa, CO3HAHHE, )KH3Hb B BceleHHaA

Cyuwecmsyrouias pusuuecras Kapmuna mupa
npuryunuansHo  Henoamna. /o cux  nop  He  YOaloch
YO0BNEeMBOPUMENEHBIM  00PA3OM BNUCAML 8 DAMKU PUUMECKUX
npeocmagienuti  PeHomensvl NCUXUKU U COSHAHUA, d MaKice
CBA3AHHDBLE C HUMU ACNEeKMbL HCU3HU. HO umenHo ncuxurxa ynpaensem
HCUBLIM PUSUHECKUM MeNoM. H amom npoyecc ne nonyqul noka
aoexKsammo20 Pu3uueckozo onucanus. Kax noxaszano passumue
KBAHMOBOU MEXAHUKU, COZHAHUE HAOMO0AMENE HEeYCMPAHUMO U3
npoyecca HabmooeHUs. HHbMU C08AMU, UCCILEOYeMbBIIL MUPD CEA3aH C
KOHKpemHoimu — Haomooameniamu. Omcrooa, Kax  creocmeue,
BO3HUKACIN AHMPONHBILL BPUHYUN, CEA3BLBAIOUAULL HAUYUE HCUSHU U
naomooameneil ¢ puauneckumu - napamempamu - BcenenHotl.
Paccmompenue penomena 3emMHoll  HUSHU U CYUeCINBOBAHUA
BHE3eMMHBIX POPM ICUSHU, ZDAHULDBL MEHCOY HCUBHIM U HEHCUBHIM
MeCHO CEA3GHO C KOCMONOUMECKUMU napamempamu Kocmoca u
acmpoPU3ULEeCKUMU NPOUCCCAMUL .

Kypran "Qusuka COSHAMUA U IHCUHU, KOCMORO2UL U
acmpopuauxa"  noceAueH  8blPAbOMKe  HOBbIX  PUSUMECKUX
npeocmaenenuti 0 npupooe  COHAHUA, NCUXUKU, ICUSHEHHBLX
npoueccos He mobko 8 3eMHOM, HO U 8 KOCMUYECKom macuimaoe. 1100
IMUM Y2NIOM 3PEHUL DACCMAMPUBAIONMICA U HUSKOIHED2emu1eckue
B3AUMOOCLICMBUL 6 ICUBOM BeUEeCMEe, U GIUAHUE KOCMUECKUX
UIIYHeHULL U noaell Ha ouocgepy. Temamurxa Hauie2o ICYPHANLA
HanpaeneHa 8 nepeyro ouepeosb Ha UHMeZPauuIo CReyuUaIucnog U3
DpasHoix 00nacmeri 3HAHUA C UEIbIO BblPAbOMKIL HOBbIX HAYUHBLX
NPUHLUNOE ONUCAHUA HCUBOU MAMEPULL U COZHAHUA.

Kypran —omxpoum  0na  Henpeos3uno20  USNONEHUS U
00CYHCOCHUSL ~ HOBBIX — IKCHEPUMEHINAIBHBIX — UCCICOOBAHULL U
meopemuueckux Koxuenyuil. Tonbko maxkoil unmezpamueHubill
100X00 O0dCm BOIMONCHOCIL ONUCAMb  AGNEHUA, KOMOpbLe Yice
OOHapyHcervL 8 Ueaom pPace PAa3POSHEHHbIX UCCACO08ANHUL, HO He
VKAAObIBAIOMICA 6  pamxu cyugecmeyrouert KOHUenuuu
PyHOAMEHMANbHbIX — 83aumooelicmeuti.  Humezpayus — maxux
UCCNICOOBAHULL MOXNCEN U OOJICHA Npusecmit K Bbipadomre HOBbLX
HayuHblx npeocmasneruti o npupooe Mupa, a maxice o moii poau,
KOMOPYI0 BLINOJIHACII HCU3HD U NCUXUKA 6 Imom Mupe.

A. B. Byxanos, 00Kmop punrocogpuit, Oupexmop
MencoyHapoOH020 UHCIMUIYMA COUUOHUKU,
2NIABHBLLL PeOaKmop
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Du3uKa CO3HAHUA U HCUSHU, KOCMOSIOZUA U acmpoﬁusmca

PUINKA CO3HAHUA U KN3HU

VJIK 338.2+314
Ka3znauees B. I1.

MOHOJIOTI B «3EPKAJIAX KO3bIPEBA)>»
Ob UHTEJUVIEKTYAJBHOM BECCMEPTHUU YEJIOBEYECTBA

Meoicoynapoonviit HUH kocmuueckoti anmponosxonocuu (MHHUHUKA)
630117, Poccus, e. Hogocubupck, yn. Axao. Tumaxosa, 2

[IpencraBneHsl pa3MBIIUICHUS O XapaKTepe SBONIOIHMHM WHTEIJIEKTa YeJOBEYECTBa B
KOCMHYECKOM KOHTEKCTE.

Kntouesvie cnosa: WHTENICKT, 4eJIOBEYECTBO, HH(MOpMAIMS, pa3yM, KOCMOC,
LIMBHJIA3ALIHSL.

Ceronns g nocetui «3epkajia KospipeBay, pacnonoxxeHHble B HameM MHcTutyTte. 3agymancs
0 TOM COCTOSIHUH, B KOTOPOM MbI HaXOUMCSI, 0 HaluX mpodaemax. Ourymas BIUsHAE 3TOW CIMpalie-
BUIHOHM KOHCTPYKIIMH, 3aXBaThIBAIOIICH HEPABHOMEPHBIH OKOJI03eMHOM 3(Up, XOUETCsl CKa3aTh O TOM,
YTO BCE MBI, JIFOJIH, 10 CBOEMY MHTEJUIEKTY — JIMIIb YacTh OECKOHEYHOTO KOCMO(HU3NIECKOTO pa3yM-
HOT'0 MUpa. MHp 3TOT IBMXKETCS BOTHOOOPA3HO: OH TO THOHET, TO MOJTHUMAETCS CHOBA, U HAa Pa3iny-
HBIX YPOBHSIX KOCMHYECKOTO IMpocTpancTBa (00 3ToM mucan H.A. KosbsipeB u jp.) «Marepuanuzyer»
CBOM MOTOKH, KOTJa, KaK U B 3TOM «3€pKaJIbHOM» MHpPE, pa3yM CTaHOBHUTCS CHJIOH TBOpEHUs, o0manas
MOIIbI0, KOTOPYIO (DU3WYECKH TPYJHO H3MEpHUTh. Kaxkaplii dermoBek ¢ MiajgeHdYecTBa HeceT B cebe
KOCMHYECKH-IIPOCTPAHCTBEHHY) OPHUEHTALMIO, MPOXOAUT TOT SBOJIOLUOHHBIA IIyTh, HA KOTOPOM
NIEPBBIM NPU3HAK UHTEJUIEKTAa HA HalleH IUIAaHETE BO3HUK HE B OJHOU I'OJIOBE, a B «IIATHE» POAOBBIX
coo0mIecTB, KOraa MUJIHAPIbl HEHPOHOB OOBEIUHSINCH CBOMMH IMOJSIMH B TUTAHTCKHE (paxTaibl,
oTpakas, TIO CYIIECTBY, O3BOJIONHI0 KocModusnueckoro wuHrewiekTa. CyTh WHTEIUIEKTa, IIO-
BUJIIMOMY, OJITHa — OH OeccMepTeH. B HeM HeT TOro mpocTpaHCTBA U BPEMEHH, TIOHATHAMHU O KOTO-
PBIX MBI TOJIb3yeMcsl Ha 3emJie, B CHIIy €ro OCOOCHHOCTEH, OTpeAeisieMbIX MOTOKAMH COJHEYHOH
IIJIa3MBl M PEIUKTOBBIX KOCMUYECKUX U3Ty4eHUH. /{151 Hac 310 ocraeTcst TaitHOM.

Hamm opransl 4yBCTB HE CO3/aHbI IJIsl TOTO, YTOOBI BOWTH B 3TY 30HY. Kakapii MianeHer 10
OTIPEJICIEHHOTO BO3pacTa, OYeBHIHO, HAXOUTCS B OECKOHEYHOM OecCMEpTHOM MPOCTPAHCTBE MHTEIN-
JIeKTa, HO KOT/Ia MBI BBIHYX/IaeM ero o0ydarbesi B Hallled cUcTeMe KOOpAWHAT (BepX—HH3, MajIeHUE,
MUTaHUE), OH HAYMHAET Pa3/IBAMBAThLCS: C OJTHON CTOPOHBI, COXpaHSET MPOCTPAHCTBEHHYIO KOCMO(H-
3WYECKYK MPOHUKHOBEHHOCTb, & C JIPYTOil — TIOCTETICHHO «IIePEIIN(POBBIBACTCSI» B CBOM: 3HAHUSIX,
CJIOBax, JCWCTBHUAX, NEPEXO/sl B JIOTUKY NMPUBBIYHOW JJIsi HAC XU3HU. Bce MbI HeceM 3aaaTok Oec-
cMepTHs 0ECKOHEYHOTO KOCMO(U3UYECKOT0 HHTEIIIEKTa CO37aBasCh HE TOJILKO CaMOW MPHUPOJOH
POXIIEHHS, HO M POKIACHUEM KakK dcTadeToll KOCMHYECKOTO MHTEIIEKTa. 3aTeM Mbl IIEPEHOCUM €T0 B
JIPYTYIO PEAIBHOCTh, KOTOPAsl NEPEKPBIBAET MOIHOCTh IIPOLUIOTO, JIMIIAET HAC ITOU CBS3H, CO3/1aBast
yTpo3; BBIPOXkKAECHUA. TOJIBKO HEKOTOpPBIE MTHOBEHHS Y B3pOCIBIX JIIOJIEH, OBITh MOXKET JIUIIb TPU
YXOJ€ U3 )KHU3HU, BAPYT OCBEUIAIOT HAC BOCTIOMUHAHUSAMM, KOTOPBIE HE YKIIAIBIBAIOTCS B IIPUBBIYHBIN
ceMaHTH4YecKUi Mup (0 kotopom ropopuinn B.B. Haimmos u JI.C. JInmxadeB), ocTaBasich, yBbI, TOIBKO
MpoOIIeCKaMu.

[lorpyxasicr B OONBIION MOTOK MHTEIIEKTa Yepe3 «IpocTpaHCTBO Ko3pipeBa» s Bo3Bparia-
10Ch, OBITh MOXKET, K TEM MTHOBEHHSAM IIPO3PEHUS, KOTOPHIE OTPAXKAIOTCA HA BCEX KIETKAaX B MOEM
opraHusMme, rOJIOBHOM MO3Te, U3MeHsIsl HH)OPMAaIMOHHBIE TIOTOKH, TIPEJICTABICHNS U Pa3MBIIIUICHUS O
3emiie, HeOe, 3Be€3/1aX M OTKPBIBAs JIBEPH B IMOJICO3HAHME, KOTOPOE, MO-BUIUMOMY, BBIIIE CO3HAHUS.
BaxHo BOWTH B 3Ty JIBEph U YBHJIETh UCTUHHBIA KOCMUYECKHH MUP, IIOCKOJIBKY YEJIOBEYECKAs KU3Hb
Ha 3emiie, KaK MpaBUiIO, CBSI3aHa ATOM3MPOBAHHOW MayTHHOHM ObITa M phIHKA. Kak oTaymimHa, BaKHBI
MT'HOBEHUS KPAacoTHl, IIOOBH, MOJIUTBEL. DTy «IBEPh» HOBOTO BUJEHHS cedac OTKPHIBAIO U f.

Ecau Mbl HayuuMcsl BXOAUTH B 3TO IPOCTPAHCTBO U BBIXOAUTH U3 HETO, TO IIEPBBIM PE3YJIbTA-
TOM OyIeT mepecTpoiika CBOEr0 OTHOIIEHHUS K JIIOASIM, 3emiie, WH()OPMAITMOHHBIM T€HETHUECKUM
mporeccaM. B 3TOM U ecTh CyTh MCIIOBEM — OTKPOBEHHS C CaMHM CO0OH, KOCMUYeCKHM TBOpIIoM
Pazyma. Pe3ynbpraToM ogi00HOTO 1pe 00pa3oBaHms MOXKET OBITh B OYyIlleM HIIH CypOBOE HaKa3aHUe,
WIH OTIIYIIEHUH I'PEXOB U MIPOAJICHUE TMYHOU KU3HU.

Ilo cymectBy, 6GeccmepTie YeI0BEKa HAUMHAETCSl ¢ MUHYTHI BOCCTAHOBJICHHE MHpa B3aHMO-
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JeWCTBUIM, 0003HAYEHHOTO POXKACHHEM, OYHIIICHHOTO OT CJIOBECHO-JIOTHUECKON IISTyXH, BBOJISIIETO B
MEePBO3AaHHOCTD. BO3MOKHO, 3T0 1 ecTh (JOKYC WIIN SMULEHTP HOBOW HAYKH — KOCMHUYECKOW aHTpO-
[IO’KOJIOTUH, KOTOpasi YCTPEMIISIET HAC K B3aUMOJCHCTBUSAM C KOCMUYECKHM Pa3ymMOM, CO3[aBIIUM
HAaIlIM KU3HEHHbIE MTHOBEHUSI.

TakoBbl MOM OLIYIIEHHUs] OT 3TOTO MPOHWMKHOBEHUsS. TpyAaHO yBUAETH BIepea Oymyiiee, Tak
KaK ¥ MOI MO3T, U MO€ CO3HaHHUE TaK)Ke 3arpy>KEHbI ’KU3HEHHBIM OIBITOM 1 HEB3T0JIaMHU.

Ecnu He BepHYTBCS K YHCTOTE, a MPOAOJIKATH CKUTATh HAKOIUIEHHYIO B Onocdepe SHepruio u
WCTIONB30BaTh SIIEPHBIC PEAKTOPHI, TO «IICUXOJIOTHUECKAs TeMIlepaTypay IJIaHeThl OyJeT MEHIThCS, U
T0, 0 ueM roBopua B.W. BepHanckuii, 06 aBTOTpo(HOCTH, KOTJa B K&XKJON KIETKE MPUCYTCTBYET WH-
TeJJIeKTyallbHO-KocModr3ndeckuii pouecc, OyneT yracarb, a Mbl IPEBPaTUMCS B TPAMOTHBIX JTHKAa-
pen.

EcTh Hapoabl, HHTEIUIEKTyaJ bHbIE 00pa30BaHUsI KOTOPHIX HBOIIOLUOHUPOBAIN U OOBEIUHS-
JCh Ha 3eMIle, COCTABISUIM AeMorpadudeckue Xumepsl. K HIM OTHOCHTCSI M POCCHIICKUN WHTEIICKT,
TECHO COIPHUKACAIOIIMICS ¢ MPOLUIBIM U IPEABHIAIINKN Oyayliee, YTo OTpaxaaock B MU(ax, MECHSX,
MY3bIKE, YeMy CIIOCOOCTBOBaIM CMEHAa BpPEeMEH T0la, NPUOIIKEHHOCTh K CEBEPHBIM IIUPOTaM. MBI
JOJDKHBI IPUWTH K IOHUMaHUIO COOCTBEHHON 3BOJIIOIMH, TPOCBETICHNUIO POCCUHCKOTO MHTEIIEKTa U
00bEJMHEHUIO EBPOIIEHCKHUX U a3MaTCKUX HAPOJIOB.

S Haxoxych celduac, MO CyTH, B KOCMHYECKOM IPOCTPAaHCTBE, YCWIMBAIOIIEM HWHTEIUIEKTY-
aJIbHBIE TIPOCBETIICHUsI, KOTOPhIE B 3a4aTKe €CTh y BeeX Jrozei. [Ipeobnananme Sron3upoBaHHOTO <D
neopMupyer miaHeTy. IIpu yciaoBUH, YTO Mbl BEpHEMCS K ICTHHHOM KOCMHUYECKOW LWBWIIN3AINH,
YIS OT €€ HCKa)KEHHOI'0 3€MHOT'O BapHaHTa, B CO3HAHUU JIOJDKHA MPOU30MTH CMEHA UHTEIUIEKTYIlb-
HO-3MOLMOHAJIBHOIO CTEPEOTHIIA B OTHOILICHUSIX IPYr C APYTOM, K IPUPOJE, IUIaHeTe. Mbl TOIKHBI
y3HATh ce0s1 B KOCMHYECKOM JIOME.

XoyeTcs nepeaars 3TO OLIYIIEHWE MOUM KoJuleram, corpaxaasaM B Poccnu, Haxonsiencs B
THCKaX 3KOHOMHUYECKUX 3aBUCUMOCTEH, B ONTACHOCTH MPOSBIECHUIN CKPBITOrO IOBUHU3MA U pacuJIcHE-
HUS rocynapcTBa. Bpsn nu kocMUYecknid pa3yM HaJeT BO3MOXHOCTb JOJTO COXPaHATh 3Ty OecKo-
HEYHYIO CyeTy Ha TlaHeTe 3eMIIsl, OH MOXET MPUHSATH PEIIeHHne «He oOpallaTh BHIMaHHUE Ha rnepude-
pHIO», YTO COKpPATHT IMyTh K caMOyOWICTBY 4eJIOBEYeCTBa, K TOW KaTacTpode, K KOTOPOH MBI yiKe
CTPEMUTENIbHO MPHUOIIKaeMCsl.

3eMHOe BpeMsl, I3MEPSIeMOe B KATETOPHUSIX MPOTHKEHHOCTH, 110 CYIIECTBY, (DU-3MUECKU OTCYT-
CTByeT. JTo Bcero Jjuib HaHocekyHabl: H.A. Ko3bipeB roBopri 0 CKOpOCTSX, KOTOPbIE IECATUKPATHO
MPEBHIIAIOT B HHYOPMAIMOHHBIX MMOTOKaX CKOPOCTh CBETa. DTO ONpEAEseT U MHTEIICKTYaIbHYIO,
neMorpadudeckyto Oe3omacHOCTh Poccun, ee KoI0ruIo, pokaAeHHe U 3/0pOBbe OyoyIIUX IOKOJIe-
Huil. Eciin 9TH mokoneHust OyyT «ImepeKoUpoBaThCs» O TOW Ke cxeme, Kak W Hallle, TO JEeTCKas
CMEpPTHOCTh OyJeT HapacTaTh, YBEIHMYUBATHCS KOJIMYECTBO OOJIC3HEH, CTpPEMIICHHSI K CyHIUIaMm,
HapKOTHKaM, JIO)KHBIM JIEPUBATaM JKU3HEHHBIX YJOBOJBCTBUH ... U HALIUSI MOXKET UCUE3HYTh.

Omuyienus, UCTIBITEIBAEMBIE ceidac, COSAMHSIOT MEHS ¢ KOCMO(H3MYECKHMM MOTOKOM HH-
¢dopmanmu. MoxeT OBbITh, S IOTY4y OOpaTHYIO CBSI3b U BEPHYCh B MPOILIOE WM 00palrych K Oymy-
meMy? ... ITO MEUTbhl, HO OHU pealIbHBI, 3TO MEUTHI KU3HHU, KOTOpble ObUIM BO MHE MuazeHne. Ham
BHYTPUYTPOOHBIN W MIIaZICHYeCKUH MHTEIUIEKT Oojiee KOCMUYeH. BHYTpHyTpOoOHO MBI TPOJIeNIbIBaeM
KOCMO(HUIIOTEHETHUECKUH TyTh (DOPMUPOBAHUSI MHTEIUICKTA, a 3aTeM, MOCTIe POXKICHHS, €r0 HACHIIb-
CTBEHHOT'O MTPHUCIIOCOOJIEHHUS K BBDKHBAHHIO HAIIIETO OEITKOBO-HYKJIEHHOBOTO TENa, KOTOPOE 3aTATHBA-
€T YeJIOBeKa, MPUBOS K IPOTUBOPEUUSIM U KOH(IUKTAM.

IIpon3BeneHust NCKyCCTBa M PENUTHS YK€ 0003HAYMIIN MyTh K CIIACEHHIO, HO MBI YIIOPHO OT-
BEpPraeM €ro, BlYepuuBas IyTh KOHILIA — YEPe3 «30J0TOM MUJUIHap» K MepTBoil mianere. Ham Hano
BBIOMpATh, MBI Ha TPaHU CYPOBOTO BEIOOpA: )KU3HU B COYETAHUM C BETMKUM OECKOHEYHBIM OeccMepT-
HBIM KOCMHUYECKHM Pa3yMOM HJTH THOEIH.

Kaznatcheyev V.P.
Monologue in “Kozyrev mirrors” about the intellectual immortality of humanity
It is presented the reflections on the nature of the evolution of intellect of humanity in the cosmic context.
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CBoifcTBa BOJBI PAacCMaTPUBAIOTCA C PA3IMYHBIX TodeK 3peHus. IIpenmaraercs
MIPUMEHATh CUCTEMHBIN IOIXO/ MPU W3ydeHNH BoAbl. OMUCaHbl CTPYKTYPa BOABI M SBOJIOIHS
e€ CBOICTB. AHATM3UPYETCS POJIb BOJBI B OMOIOTHYECKUX CUCTEMAX, BIUSHUE €€ CTPYKTYPHI U
COCTaBa Ha KU3HEAESATEINbHOCTh OPraHM3MOB. PacCMOTpEHO BIMSHME MAarHUTHBIX IOJEH Ha
Boxy. OnucaHbl NPUHLMIBI aKTUBALMK BOABI 110 METOAMKE 3alOpOKCKOro NpO(UIIaKTHKO-
03/I0POBUTENBHOTO IEHTpa «310pOBbE». DKCIEPHMEHTAIBHBIE HCCIICIOBAHUS ITOKAa3bIBAIOT
BBICOKHE OMOTE€HHBIE ¥ 03/I0pPOBUTEJIbHBIC KAueCTBa MOJIy4aeMOil BOJIBI.

Kniouegvie cnosa: crpykrypa BoIbl, OHOQH3MKA, MarHUTHOE TOJE, 3J0POBbBE,
OMOTIOTMYECKUH OpPTraHn3M.

4.4. 3sontoyus ceolicmes 800b!

OO0beqMHUBIINCE MEXITy coboi, monekynbl H,O cpa3y mprnoOpenu criocoOHOCTh MPOSIBIIATH
OOJIBIIYIO YaCTh U3 UMEIOIIUXCS Y BOJBI CBOMCTB. JTH CBOIMCTBA OMUPAIHCH HA 0COOEHHOCTH MOJIEKY-
JspHOTO cTpoeHus Moiekyiasl HyO, a Takke Ha sHEpreTUYecKrue, MEXaHHUYECKHUE U JIp. XapaKTepUCTH-
KU BOJAOPOIHBIX CBSI3EH.

OTO TO3BOJIET BOJIE «TAaCUTh» Iepemnaabl BOJIH IHEPreTUYECKUX BO3AECUCTBUNA H3BHE 3a CYET
«OUIEJIOHUPOBAHHONW» CETKH BOJOPOAHBIX CBA3el. B3anMMOCBsi3b M 0OpaTHUMOCTh NEPEXOAOB INOTOKA
SHEPruil «BHEIIHUN MHUP — BOJOPOHAS CBA3b BHYTPHUMOJIEKYJIIPHbIE N3MEHEHH» TIO3BOJIMIIN Ha KaX-
JIOM 3Tare yBEeJIHMYUBaTh MHEPIIMOHHOCTH MPOTEKAHHS YHEPTETUYECKHUX IMPOIECCOB, a 3HAYUT YBEIUIH-
BaTh CTA0MIILHOCTh, OTHOCUTENILHOE JHHAMHYECKOE ITOCTOSTHCTBO, «BpEMsI )KU3HM». B Bozie u epe3 Bo-
JTy TIPOMICXOJIUT IIPEJIOMJICHHEY TEUEHHS SHEPTeTUIECKUX ITPOIIECCOB C 3aMEJICHHEM OJTHUX U YCKOpe-
HUEM JPYTHX.

B cBoro ouepens, 310 maér psag npeumyniectB. K IIOTHOCTH, TEMIOEMKOCTH, CIIOCOOHOCTH,
BCJIEJICTBUE TUIOTHOHM YITAKOBKH, COXPaHATh 00beM (IpaKTHyecKass HECKUMAEMOCTh BOJIBI) U JIp. 100a-
BUJIOCH HaJM4YWE y BOJBI CBOOOJHOW IMOBEPXHOCTH. DTO OJHA M3 HanboJiee MHTEPECHBIX 0COOEHHO-
CTel XKUAKOCTEH BOOOIIE W BOJBI B YACTHOCTH, MOPOXKIAIOIICH PsJl YAUBHTEIHHBIX CBOICTB, UTPatO-
[IMX OYEHb BAKHYIO POJIb VIS CYIIECTBOBAHUS KUBBIX OPTaHHU3MOB.

B3aumoneiicTBUE TOBEPXHOCTHOTO CJIOA C BHELIHEW CPENOW W BIMSHHUE 3TUX IMPOLIECCOB Ha
CBOWCTBA BOJIbI OBUTH TOATBEPKACHBI KCIIepuMeHTaMu B HHCTUTYTe pu3ukun HAH Ykpaunst [9]. B
9THX JKCIIEpUMEHTaX ObLTH 00HApyKEHBI M3MeHeHus mapaMeTpa pH (KUCIOTHO-IIETOYHOW aKTHBHO-
CTH) BOJIBI TI0]] BIIUSTHHEM T€OMETPUIECKO (HOPMBI COCYJIa, €ro pa3MepoB, CTEIIEHH 3allOIHEHHOCTH
BOJIOH, TUTOIIAJN BOJBI M €€ Macchl. JTO, B CBOIO OYEpE/b, OTPAXKAIOCh HA €€ OMOJIOTHYECKON aKTHB-
Hoctu [10].

[Tapamerp pH sBnsieTcst OMHUM M3 CaMbIX YyBCTBUTENBHBIX ITOKA3aTENEH, BEIPAXKAIOMUX B KO-
JMYECTBEHHOH (OopMe U3MEHEHHsI COCTOSIHUS BOJIBI IIPU BO3JIEHCTBUYM Ha Hee (pakTopoB BHEIIHEH cpe-
J6l. B cBsA3M ¢ TeM, 4TO BoJa IUCCOLMUPYET HA MOHBI

H,O =H++ OH”
OHa CHOCOOHA BBICTYIATh B POJM KaK KHCJIOTHI, Tak W Ienoud. CBOHCTBAa KHCIIOT ONPENENSIOTCS
HaJIMYHEM MPOTOHOB, CBOMCTBA € IIEJIOYEH B BOAHBIX PACTBOPAX OMPEIENIAETCS HAJIMYNUEM THAPOK-
CHJI-MOHOB, CITIOCOOHBIX MPUCOEIMHUTH NPOTOH. IloaTOMYy, ecinu B pacTBOpe coaepkutcs OoJble Ipo-
TOHOB, TO TaKOW PacTBOP HA3bIBAIOT KUCIIBIM, €CJIM THAPOKCHA-HOHOB — IIENOYHBIM. Ecnu ke KoH-
[EHTPAIlMN UX PAaBHBI, pACTBOP HA3BIBAIOT HEHTpaJIbHBIM. KOHIIEHTpAIlMK 3THX MOHOB, BBIPAXKAIOTCS
OOJIBIIMMY OTPUIATEIBHBIMU YMCIIAMH, YTO HE YJIO0OHO Ha PAKTUKE, TO3TOMY IS yJI00CTBa MPUHSTO
MOJIE30BATHCS ISl XapaKTEPUCTHUKU CBOMCTB pacTBOPOB TOKa3aTeneM BonopoaHbsix nonoB PH (potenz
H+), uncrneHHO paBHOMY OTPHUILIATENEHOMY JECATHYHOMY Jorapu(My KOHIICHTPAIMH BOJOPOJIHBIX
HMOHOB, BEIPAXKCHHOMY B I'paMM-HOHaX Ha jutp. Jms ancroit Bombl nmpu 22°C 3nadenue pH = 7, kuc-
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JIBIe PAcTBOPHI UMEIOT 3HaYCHUE MEHbIIE 7, OCHOBHBIE Oomnble 7. [Ipu n3mMenennn nokaszarens pH Ha
OJHY €IMHHMILY, KOHLIEHTpaNusi CBOOOAHBIX HOHOB MeHsieTcs B 10 pa3, COOTBETCTBEHHO MPHU U3MEHE-
HuM Ha fBe equauibl B 100 pa3 u T. 1. HopmanbHoii cuntaercs Boga ¢ pH = 6-8.

3nauenue pH nns Ku3HEAEATEIHHOCTH KUBBIX OPraHU3MOB Ype3BbIYaiiHO BaxkHO. KucimoTHo-
IISJIOYHOM OaaHC KPOBHU 3I0POBOTO YEIOBEKA KOJICONIETCS B O4eHb y3KuX npenenax pH = 7,35-7,45.
JltoOble OTKIIOHEHUSI B Ty WIHM HHYIO CTOpOHY — martojorus. Casur pH Hike 7,35 mpUBOAUT K 3aKHUC-
JIeHnIo (aumo3y), a Beie 7,45 — omenadnBaHuio (ankoion3y) opranmsma. Casur (amke 6,8 1 BbI-
e 7,8) IpuBOIUT K Cephe3HBIM HapyIIEHUSIM, BRI3BIBAIONUM Oose3Hu. KcTarn, i nutea Hanbomee
rmoyie3Ha Boja ¢ 3HadeHusMH pH (6-8), T. €. B pemenax, BKIFOYAIONTUX TOKa3aTelId 3J0POBOH KPOBU
YeloBeKa, XOTA U 37€Ch MOTYT OBITh OTKIOHEHHs. Boma ecTeCTBEeHHBIX HCTOYHHUKOB C ITOBBIIIIEHHBIM
coJiepyKaHNeM COJIeH, IIEI0Uei 1 KICIOT UCTIONB3YeTCs B JIEYEOHBIX IIETIAX.

Ha ¢usmaeckom ypoBHe nH(POpMAAI — 3TO Mepa OTKIOHEHHS BEIIECTBA OT COCTOSIHHS Tep-
MoanHamudeckoro paBHoBecus [11]. C mo3wmmu TEPMOIUHAMHKH, KOTOPOH UyXKIbl MOJEITHHBIE
MpeJCTaBICHUs] 0 MEXaHHM3ME IPOLECCOB B3aUMOACUCTBHA cpel, OOYCIOBICHHBIX MOTEHLIHUATBLHON
SHEpTuel, 3aBUCAIIEH OT B3aMMHOW OpUEHTAIMH YACTHIl, MOXXHO OOBSCHHTH M 0O€3 BBEACHUS, W3-
JIMIIHE TUCKYTa0eIbHBIX B HAyKe, OJICH, U3JIyYeHHU U B3aumoeiicTeuii [15].

CuIibl MOBEpXHOCTHOTO HATSHDKEHUS UTPAIOT OONBIIYIO poiib B 00pa3oBaHUH TUAPOPOOHBIX U
THIPOPUIBHBIX MOJIEKYJI, COCTABIISIONINX OCHOBY OHMONIOTHUECKMX MeMOpaH. BHyTpu o0pa3oBaBmInX-
csl, pa3lieIeHHBIX OT OCHOBHOW BOJIbI MEMOpaHOH, My3bIPHKOB CO3AaeTCsl TpaJueHT AaBieHus. Hanm-
Yyie IOBEPXHOCTH M CHJI IIOBEPXHOCTHOTO HATSHKEHHUS CO37]al0T OCHOBY HOBBIX CBOWCTB U XapaKTepH-
CTHK, TAaKHX Kak, HampuMmep, nasierre. C HUM CBSI3aHbI KaWUIIPHOCTh, OCMOC H T. II.

To e MPOUCXOIUT U B «aHOMAIBHOCTH» TOBEACHHUS PAaCTBOPUMOCTH Bozbl. Kazanock ObI, ¢
TaKOM XMMUYECKON aKTUBHOCTBIO IEPE] BOJOM HUUTO HE CMOXKET yCTOATh. OHA JOKHA PACTBOPATH
Bce C 00pa3oBaHMEM HEKOEro «0yJIhOHa» DIEMEHTOB Ha BOJHON OCHOBE. JTO OBLIO OBl Tak, €Ciu
yOpaBsu OBl 3TUM TPOIIECCOM TOJBKO 3aKOHBI paBHOBecus (mpuHiun Jle [llarense). Hamomuaum
€ro: B paBHOBECHOW CHCTEME IPU W3MEHEHHH OJHOTO W3 €€ MapaMeTpoB (TeMIepaTyphl, JaBICHUS,
KOHIIEHTPAIMH) TIPOUCXOTUT CIABUT PABHOBECHS B HAIIPaBIEHUH IPOIECCca, BEAYIIETO K OCcIabIeHHIO
MPOU3BEIAEHHOTO BO3JEHCTBHUS.

Ho Boma He mpocTo pacTBOpUTEINb, 3aITyCKAIOMINK MPOIECChl AIEKTPOIUTHIECKOH uccola-
LMY TIPU €€ B3aMMOJCHCTBUY C IPYTHMH BEIIeCTBAMHU.

MHOTOYHCIIEHHBIMU dKCIIepUMeHTamMu, HadaTeiMu emie B 30-¢ roasl XX B. b. B. [lepsrunpim
[4], GBLTIO YCTAHOBJIEHO, YTO HEKOTOPBIC KOJMYECTBA CBS3AHHOM BOJIBI, HAXOMASAIIEWCSA B MOPOAax B
BUJIE TOHKHX, TaK Ha3bIBAEMbIX, TPAHUYHBIX CJIOEB BOJIM3M TBEPIOi MOBEPXHOCTH, CYIIECTBEHHO OT-
JUYAIOTCS OT CBOWCTB OOBIYHOW BOJBI. JTH OTJIMYUS OOBSICHSIOTCS HMCKAKEHHEM W TepecTpoHKon
CTPYKTYPBHI CBS3aHHOM BOJIBI BOJM3U TTOBEPXHOCTH, N3MEHEHHEM W UCKPUBJICHUEM CETKH MEKMOJIEKY-
JISIPHBIX BOJIOPOJHBIX CBSI3€H B €€ CTPYKTYpE TOJI BIUSHUEM II0JISI TOBEPXHOCTHBIX CHIJI. AHOMAaJIbHBIE
O0COOCHHOCTH CBSI3aHHOW BOJIBI OBLIH, MTPEXKIE BCETO, YCTAHOBIEHBI /ISl TAKUX €€ CBONCTB, KaK IUIOT-
HOCTb, BSI3KOCTb, TUIJIEKTPUYECKAst POHUIIAEMOCTD U T. 1. [4].

MHorue BbIIaroImyecss ONOIOTH MPONIIOro o0paliaiu BHUMaHUEe Ha 0COOBIE CBOMCTBA BOJEI,
rpaHuvanme ¢ ouononmnmepamu. Amepukanckuii onogpusuk k. [lomrak mokasan, 4yTo Bona, TUApPA-
TUpYyIomas TUAPOPUIEHEIE MMOBEPXHOCTH (IOTpaHUYHAs BOJIA), HACTOJIBKO OTJIMYAETCS II0 CBOUM
CBOMCTBaM OT «OOBEMHOI», YTO €€ MOXXHO CUMTaTh XHUAKOKpUCTaumdeckoi [16]. Tommuua crios
TaKO! BOJIBI Y TUAPOPHIIBLHBIX TOBEPXHOCTEN MOXKET JOCTUTAaTh COTEH MUKpOMeTpoB. OHa oTiIndaeTcs
0T 00BEMHOW BOJBI MO BSA3KOCTH, IUIOTHOCTH, TEMIIEpaType 3aMep3aHus, IUAIEKTPUIECKUM CBOU-
cTBaM. MHO)XECTBO BEIIECTB, XOPOIIO PACTBOPHUMBIX B OOBIYHOM BOJIE B 3TOW BOZIE HE PaCTBOPSIOTCS,
u, mostomy lloyak Ha3Banm BOAy, MPHUIIETAONIYI0 K THAPOGWIHHBIM NOoBepXHOCTIM EZ-water (Boma
30HBI UCKITIOYEHNs1). Ha rpaHume cpen Boja MpOSIBIISIET HOBOE CBOMCTBO — IMOHMKAET CBOIO TUDJIEK-
TPUUECKYIO ITPOHUIIAEMOCTh B HECKOJIBKO pa3 MO cpaBHEHHIO ¢ 00beMHON BoAoi. Eciu myist o6praHON
BOJIBI TMAJIEKTPHUECKasl MPOHUIIAEMOCTh paBHA 81, TO JUIsl CBA3aHHOM BOJBI 3Ta BETMYWHA YMEHbBIIIA-
ercst 710 3—40, B 3aBUCUMOCTH OT TOJILIMHBI BOAHOM TUIeHKU. [1o mocaeAHUM NaHHBIM, OPOCIOUKH CBSI-
3aHHOW BoJbI TommuHOK 0,5-0,6 HM mmeeT aManeKkTpudecKyro NpOHWIAEMOCTh PaBHYIO Bcero 3—4.
Bbnaronapst sTuM cBoiicTBaM BOJIBI, KJIETKH JKMBBIX CYIIECTB HE HCIBITHIBAIOT HA ce€0€ CTOIb MOIIHBIX
PacTBOPSIOMIMX CIOCOOHOCTEN BOJBI, IO3TOMY BO3MOXHO M MX NPUHIMITHAILHOE CYIIECTBOBAHMUE.

CTpyKTypHBIE M3MEHEHHS CBSI3aHHOW BOZBI OOYCIABIMBAIOT M M3MEHEHHE €€ TeMIepaTypo-
MPOBOAHOCTH. OTKIOHEHHE TEMIIEPaTypONpPOBOJHOCTH CBSI3aHHOW BOJBI B CTOPOHY CHM)KEHHUS OT
3HAYEHUH, XapaKTepHBIX JUIA CBOOOJHOW BOABI, HAUYMHAIOT MPOSBIATHCS B BOAHBIX IUIGHKAX M MPO-
CIIOWKaX TOJITUHOW MeHee 1 MKM. UeM TOHBINE CIIOM CBS3aHHOM BOXBI, TEM B OOJIBIIICH Mepe IMOHHU-
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JKeHa ee TeMIepaTypOolpoOBOIHOCT. B mpocnoiikax TonmmHoi Beero 0,3 MKM TeMIEpeTypOnpOBOI-
HOCTh TIoHMXkeHa Ha 30% 1o cpaBHEHHUIO cO CBOOOIHOW BOMOH. [Ipy MOBBINICHUN TeMITepaTyphl Bsi3-
KOCTh CBSI3aHHOW BOJIbI CHIDKAETCS (KaK My CBOOOJHOM BOBI) U Iipu TeMreparype 65—70°C ona cra-
HOBHUTCSI TaKOH K€, KaK 1 'y CBOOOIHOW BOJBI, T. €. IPH HarpEBaHUU MIPOMCXOAMT TEINIOBOE pa3pylie-
HHUE CTPYKTYPBI CBA3aHHOW BOJBI, YMCHBIICHNE TOJIIUHBI €€ TPAaHUYHOH (ha3bl ¢ HCKaKEHHOM CTPYK-
TYpOH | miepexo1 B CBOOOAHYIO BOLY.

[Ipu noHMXEeHUH TeMITepaTyphsl MPOUCXOIUT 0OpaTHOE SBJICHHE — CTPYKTYPHUpPOBAHHE CBS-
3aHHOU BOJIbI. IMEHHO ¢ 3THM CBSI3aH U IPYTOH, SKCIIEPUMEHTAIFHO OOHAPYKEHHBIH, W Ype3BBIYAIHO
WHTEPECHBIN (DaKT — MOHMKEHHE TEMIIEPaTyphl 3aMep3aHus CBI3aHHON BOJBI IO CPABHEHHIO CO CBO-
ObomHo. M3BecTHO, 9TO (ha30BBIN MEpexor Boga — Jied B CBOOOIHON Boae mpoucxoauT mpu 0°C, ox-
HAaKO B IJICHKAX CBSI3aHHOH, CTPYKTYPHUPOBAHHOMN BOJBI OH OCYIIECTBIIAETCS MpH 00Jiee HU3KUX OTPH-
[ATeNbHBIX TEMIIEpaTypax, U YeM TOHbIIE IJIEHKa BOJBI, TeM IpH Ooliee HU3KOH TeMIlepaTrype oHa
3aMep3aer.

3TO sIBIEHUE UMEET OTPOMHOE 3HaUYEHHE U CIICICTBHEM KOTOPOTO SIBISETCS TO, YTO HAIIPUMED,
B MEp3JIBIX TOPHBIX MOPOJAX, HAXOAAIIMXCS IIPU TeMIiepatype HamMmHoro Hike 0°C, MOXeT CyIecTBO-
BaTh BOJa B ) KUJIKOM COCTOsSTHHH.

TBepaple TOBEPXHOCTH OOJBIIMHCTBA MUHEPAJIOB TOPHBIX MOPOJ] 00JIaAal0T THAPOPHIEHBIMU
CBOMCTBaMH, T. €. XOpOIIO cMaunBaroTcs Bojoi. C cepeaunnbl 30-X IT. U BIUIOTH JI0 HACTOSIIETO Bpe-
MEHH OBLJIO MPEIJI0KESHO MHOTO Pa3IMUHBIX KIIACCU(HKAIMA BOJBI B TOPHBIX Mopojax. [1o Hanbomee
000cHOBaHHOH KiaccuuKayi [7] BoAa B TOPHBIX MOPOAAX MOXKET OTHOCHTHCS K TPEM KaTerOpHsIM:
CBSI3aHHOM, MIEPEXOTHOTO THIIA U CBOOOIHOM.

Casi3aHHas BOZA YIEP)KUBACTCS B TIOPOJE 33 CYET XUMHUIESCKUX W (PU3MUECKUAX CHII CBSI3M, ACH-
CTBYIOIIIUX CO CTOPOHBI ITOBEPXHOCTH MHHEPAJIOB W M3MEHSIONINX ee CTPYKTypy u cBoiictBa [14]. Ona
OBIBaeT MBYX BHJIOB: BOJA, BXOJINAsl B COCTAB KPUCTAIUIMIECKUX PEIIETOK Pa3IMYHBIX MUHEPAJIOB (3TO
HeMoNeKysipHas (opma Boap! Tuma O-H rpymm, KpucTami3aioHHast BOIA Pa3TUIHBIX KPUCTAIDIOTH/I-
parToB U II. p.); U aAcCOpOLMOHHAs BOA, 00pa3yIOIasics 3a CUET aJICOPOIMOHHOTO «IIPHUTSHKEHHSD) MOJIEKYIT
BOJIbI K aKTUBHBIM aJICOPOIIMOHHBIM IIEHTpaM TOBEPXHOCTH MUHEPAIOB (BOJIa MOHOMOJIEKYIISIPHON U TT0-
JIMMOJICKYJIIPHO aJIcOPOLIUH).

CasizaHHast Bogia 00pa3yeT aJiIcOpOIHOHHbIE MJICHKH, TONIMHON B OJMH WJIM HECKOJIBKO MOJIe-
KYJISIPHBIX CJIO€B U B FOPHBIX IIOPOJAX COAEPKUTCS B ITOPAX WIM MUKPOTpEIIMHAX. Y 3TOrO THIIA BO-
JIbl (PU3UYECKHE CBOWMCTBA B HAaMOOJbINEH CTENEHH OTJIMYAOTCS OT CBOOOAHOH. DTO MOHWKEHHAs
TeMIieparypa 3aMep3aHusl ¥ MOHWKEHHAsl PacTBOPSIONIAs CIIOCOOHOCTh, CBS3aHHAs BOJIa B TOPHBIX
MopoJiax crocoOHa pacTBOPATH MEHBIIE COJIEH, UeM OObIUHAsI BOJIA.

Teopust HepacTBoOpsitoIIero o0beMa, OOBSICHSIONMAsT 3TH aHOMAaJIbHbIE CBOWCTBA BOJBI, ObLIa
BcecTopoHHE pa3paborana b. B. JlepsrunbiM, a camo sBIeHHE HAIIO MHOTO MPAaKTHYECKUX MPUIIO-
JKeHuil. B ToM umnciie, Ha HeM OCHOBaH OJIMH W3 MPSMBIX CIIOCOOOB OIPENIEIeHNsT KOJMYECTBA CBA3AH-
HOW BOJBI B TOPHBIX NoOpojax. Hanmume HepacTBOpsIOMIEro o0beMa CBS3aHHOUW BOJIBI UTPaeT OOIb-
IIYIO POJIb B MPOIECCaX T€OXUMHUIECKOW MUTPAIIMH BEIIECTB B 38MHOU KOpe.

IlonBenem HEKOTOPBIE UTOTH.

CBolicTBa BOABI, K&XKIOE B OTAEIBHOCTH H BCE BMECTE B3SThIE, HE €CTh HEUTO «3aCTHIBIIEEY,
CTaTHUYHOE SIBJICHHE. VIHTEHCUBHOCTh MX MPOSBICHUS PErYIMpPYET HE CTOJBKO CaMa BOJA, CKOJIBKO
BHEIHSAA Cpeaa.

Paznuunbie ypoBHHU cTpoeHust MoneKyiIsl H,O u opranusanum Bopl, KaKk €UHOTO IEN0TO, SIB-
JISIFOTCSI HEKUMU «TOMEOCTaTUYECKUMHU pPaMKaMU» ONTUMAJIBHOCTH IPOSIBIECHUS €10 CBOMX CBOMCTB.
OHa MOXKeT OBITh JKUBUTEIBHOW W TBOPSIICH, HO MOXKET ObITh pa3pylIMTENLHON 1 HEYsI3BUMOi. «Ilo-
CJIEIHUM PyOEK0OM», B KOTOPOM BOJa COXPAHSET CBOIO 1IeJI0CTHOCTD siBisiercst O-H cBsi3b.

CornacoBaHHOCTH CBOWMCTB HEC)KMMAaEeMOCTH BOIbI M yBEeNWYeHHS oObeMa MpH 3aMep3aHHr
JIOCTATOYHO JUISl 3alUThI BOJOEMOB OT MPOMEP3aHHUsl, I MPOPACTAHUSI POCTKOB CKBO3b acdaibT U
T. 1., HO HE JJOCTATOYHO JJISl pacKaJbIBaHUS TIOPOJ], UX BEIBETPUBAHMUSA U 00pa3oBaHus moyB. [l 3 Toro
HEOOXOIUMO TMOJKIIOUEHHE K YK€ MMEIOIIMMCSI CBOWCTBAM CBOWCTBA BBICOKOTO IMOBEPXHOCTHOTO
HaTSDKEHUS C SIBJIGHUEM KallWJUIIPHOCTH AJIS 3alI0OJIHEHUS MUKPOTPEIMH MOPOJ U aHOMAJIbHO HU3KOH
BSI3KOCTH, KOTOpasi BO3HUKAET TOJIKO Yy BOJBI NIPU €€ PAacCIIUPEHUH B IOCTOSHHOM 00beMe Kamluyuis-
POB C YBEIMYECHUEM ABIICHUS ITPU IIOHMKEHUU TEMIIEPATYPBI HUXKE HYIIS.

[lonagas B opraHu3Mbl XKHUBBIX OOBEKTOB, BOJa B HUX MpeTEepIeBacT JallbHEHIINE CTPYKTYp-
HbIe TIpeoOpas3oBanus. 1 eciim yuecTb, 4TO JIIOOOH KMBOM OpraHU3M MpPEJCTaBIseT COOOH HepapXuro
BOJIHBIX CTPYKTYD [8], TO ¥ BpeMs *HU3HH 3THX CTPYKTYP MHOTO BBIIIE, YEM CTPYKTYPBI KUAKOH BOABI
WY JIbJIA.
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Hanpumep, B uenoeueckom opranuszme Haxonutcs 50—60 autpoB Boabl (75% Beca). OHa He
CTEeKaeT BHU3, KaK 3TO MPOUCXOJIUT C OOBIYHOM BOJOH, a pachpeesicHa M0 BCEMy OpPraHH3MY 3a CUeT
TOT0, 4TO OONbLIasg e€ YacTh MpeICTaBlIeHa B HEM B BUJIE TOHKHX IUJIEHOK. [ TyOHMHa clost 3TUX TUIEHOK,
OMBIBAIOIIMX JKHUBbIE KJIETKH OpraHu3Ma B3pOCIIOTO YeJIOBEKa PaBHA TOJIIMHE CJIOSI BOABI 3TOTO KOJIH-
4YecTBa, BBUINTOW Ha Tose pa3MepoM | km2 DTa TOJIIMHA CPABHUMA C XapaKTepHOH ATUHOHN LEeTOYKU
BOJIOPOIHBIX CBsi3eil. Hale Teno coxpansieT cBoro (GOpMy M LEIOCTHOCTh Ofarogapsi TakKuM IIEHKaM
BOJIBI, CHJIaM THApaTanud. | MOKocTs eMy o0ecrieunBaeT THOKOCTH BOJIOPOIHBIX CBSI3EH.

B xuBBIX KJIeTKax OOBIYHAS BOJA, OyIydd CBSI3aHHOW C MeMOpaHaMU, MPEBPAIIaeTCs B BOAY
CO CTPYKTYpO# Jbia W €€ CBOWCTBA KOPEHHBIM 00pa3oM MeHSITcA. JWanekTpudeckasl MpOHHUIIae-
MOCTb, HampuMep, yMeHsInaercs B 10 pa3, a TerutonpoBomHOCTh Bo3pactaeT B 70 pa3 u T. 1. B atoit
CTPYKTYPHPOBAHHOH TUIEHKE, pa3MelleHHOW Ha TTOBEPXHOCTH MEMOpaHBI KIIETKH, TPOIECCH OOMeHa
MEXIy MOJIEKyJIaM{ BOJBI BO3PACTAIOT BJBOE IO CPABHEHUIO C OOBIYHON BOmOH. Takyio cTpykTypy
BOJIBI HAa3BIBAIOT <OKUAKUM JTbA0M» [1]. CTpyKTypa BOIHON Cpeapl YeiloBeKa TaKkKe WHINBHAYalbHA,
KakK ¥ OTIEeYaTKH ero naibues [6, 2]. OT Heé 3aBHCAT MOKa3aTeNid KPOBU, OHA BIUSECT HA MPOTEKaHNE
OKHUCIIUTCIIbHO-BOCCTAHOBUTECJIbHBIX IIPOIECCOB B OPraHu3mMe U T. [.

B kietke Bcerga AeHCTBYIOT ABa (akTopa, YINOPSAOYMBAIONINE CTPYKTYPY BOJIBI: JIeHCTBHE
HOBCpXHOCTCﬁ MAaKpOMOJICKYJI U OpUCHTUPOBKA I[HHOJ]Cf/i BOJbI B MArHUTHOM I10JIC, MIPEACTABIAIOIIINUM
CO60171 CHHTE3 I'€COMAarHuTHBLIX COCTABJIAIOIIUX U 6I/IOMaFHCTI/I3Ma, BBI3ZBAHHOTI'O HHpKYHHHHCﬁ IIOTOKOB
BCUICCTB U 3H€pFI/II>'I B Opranusme.

CriocoOHOCTE YIOPSIOYUBATE BOAY B 3HAUUTEIHHOMN CTENICHN 3aBUCHT OT CTPYKTYPHI IIOBEPX-
HOCTH MaKpPOMOJIEKYI, OT KOH(pUTypauu atoMoB. YeM Ooree 3Ta KOH(HUTypanws MOJ00Ha pemeTKe
TBAa, TEM CHJIbHEE BBIPAKEHA YIOPSIOYUBAIONIAs CIIOCOOHOCTH MOBEpXHOCTH. OTpOMHOE YHOPSI0-
yyuBaromiee BiwstHue Moiekynsl JJHK oObscHsercs Tem, uto e€ popma B BUAE CIIUpaU HIICATBHO
BITMCHIBAETCS B PEIIETKY Jbaa. OHAKO ATO BIUSHUE B OONBIIEH Mepe 3aBHCUT HE TOJNBKO OT (POPMBI
MaKpOMOJIEKYJbl, HO M OT PacCHOJOXEHHS B HEH TpymI, CIOCOOHBIX OpPTaHW30BHIBATH BOJOPOIHBIE
cBsi3U. Ecim 4mMcno BOMOPOMHBIX CBS3EH, KOTOPbIE MOTYT OBITh 00Pa30BaHBI MEXIy MOBEPXHOCTHIO
MaKpOMOJIEKYJIBl M BOAHON PEMIETKOM, Mao 10 CPaBHEHHUIO C YHCIOM CBS3€W MEXIy MaKpOMOJIEKY-
JaMH, TO BEIECTBO HEPACTBOPHMO, U HA00OPOT. YMOPSIIOUYECHHOCTh CTPYKTYpPBHl BHYTPHUKIETOUHON
BOJIBI TIPE/ICTABISIET co0OW €€ Hanbosee YCTOHYMBOE COCTOSIHHE B YCIIOBUSIX KJIETKHM M BITOJTHE COOT-
BETCTBYCT TCPMOJMHAMNYCCKUM MIPECACTABIICHUAM ITPOUCXOJAIINX B Hel IMpoeCCOB.

B XUBOTHBIX 1 PACTUTCIILHBIX OpraHrn3Max BOJa BBICTYIIACT, KaK OCHOBHOH Martepual XKUBO-
ro. B BoJie ¥ mpu ydacTuy BOJABI MPOTEKAIOT KU3HEHHO BaXKHBIE MPOLECCHI: (OTOCHUHTE3, THAPOIN3
0eJIKOB, MeTabO0JIN3M, JbIXaHHUE.

Cy1iecTBEHHYIO pOJib B )KM3HHU PACTEHUN UTPAIOT ONTHYECKHE CBOMCTBA BOASHOTO napa. Jlemno
B TOM, YTO BOSHOH Iap CHIILHO TOTJIOIIAET WH(PAKpACHBIE TyYH C UTMHON BOJHBI OT 5,5 10 7 MUK-
POMETPOB, YTO BAXKHO IS MPEJOXpaHEHUS MOYBHI OT 3aMOpO3KoB. Erie Ooree pelicTBEHHBIM Cpej-
CTBOM OT 3aMOPO3KOB SIBIISIETCS BBIITJICHHE POCHI 1 00pa30BaHKe TyMaHa: KOHACHCAIUS BJIard COMpPO-
BOXKJIAETCS BBIJISIICHHEM OOJBIIOTO KOJMYECTBA TEIUIA, 3aJ[ePXKUBAIOIIETO JabHEUIIee OXIIaKICHUE
TTOYBHI.

Y nuButenwsHo, yto npuHImTy Jle [llaTense moqunHsI0TCSA HE TONBKO MPOCTHIE BEIIECTBA, HO U
JKUBBIE, OMOJIOTUYECKHE CHCTEMBI TOTOMY, YTO B OONBIIIMHCTBE CBOEM (PH3HKA VX TIBITAETCS OMKCATH C
MO3HULIMI BTOPOro Havyasia TEPMOINHAMUKH.

B cucremax, npuHaIIe)KaIAX MUPY KHBOTO, LIENBIO JIFOOOT0 3JIEMEHTA SBISIETCS IOCTHIKEHUE
OTHOCHUTEIBHOMN CTa6I/I.]'II)HOCTI/I, KOTOPYIO IPUHATO HaA3bIBATb I'OMCOCTA30M. B TEPMOANHAMUKE ITO
Ha3bIBAIOT COCTOAHHUEM PaBHOBECHS.

B uem 0COOCHHOCTH TEPMOIMHAMUYIECKOTO PABHOBECHS U Y€M OHO OTIIMYAETCS OT TOMEOCTasa
JKUBBIX CHCTEM?

PaBHoBecue B TEPMOANHAMHUKE — 3TO COCTOAHHUE KOIr/la BBIPaAaBHUBAIOTCA CKOPOCTHU HpHMOﬁ u
06paTHOﬁ p€aKkiuru U MOTECHIHAJIbl BCEX KOMIIOHEHT MaKPOCHUCTEMBEI, ITPOLECC KaK OBl OCTaHABJIMBAET-
Cs1, JOCTHUTasi KOHEYHOT'O COCTOSHUSL. DTO PaBHOBECHE, B CBOIO OUEPEIb YK€ SBJISIETCS OTIPABHOM TOU-
KO, 3TanoM Ui TOCTMXKEHHSI CIICAYIOIIEro paBHOBECHs, LieJn Ui OoJiee CII0KHON CUCTEMBI (BKIIIO-
Yaromiel B ce0s MpeIbIIyIyIo).

l'omeocTa3 — 3T0 paBHOBECHE, HO PaBHOBECHE aKTUBHOE. AKTHBHOE IOAPa3yMeBaeT MoJ CO-
0ol paBHOBecHE, KaK JUHAMUYHO M3MEHSIOIIEECS] CBOWCTBO XMBOW CHUCTEMBI, OPraHU3YIOLICH CBOE
pa3BUTHE HA JOCTIKECHUE ONPEIeICHHOHN LEeH.

BHemHsis cpea M3MEHSIET CTPYKTYPY BOJBI; CTPYKTYpa BOJBI BHOCUT KOPPEKTUBBI B MOJICKY-
JISIPHYIO U CyOMOJIEKYIIAPHYIO €€ KU3HB; KaK CIIEZICTBHE, MHTEHCHBHOCTh MPOSBIICHUS CBOWCTB B KOM-
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TUIeKCe, CO3/IAIOIINX YCIOBHS WM JUTS Pa3BUTH KU3HEHHBIX ()OPM CYIIECTB, WIH JUIS MX OTpaHHYE-
Hus. Beqb M3BECTHO, YTO MHTCHCHBHOCTH JKHU3HEACATEIBHOCTH Y OONBIIMHCTBA PACTCHUN M YacTH
JKUBOTHBIX CYIIIECTBCHHO CHIKACTCS OCEHBIO M 3UMOM M YCHIMBAIOTCS BECHOM U JIeTOM. HacTh HUBBIX
OpraHU3MOB BOOOIIIE BIaJaeT B aHaOHO3.

Konebannss HHTEHCHBHOCTH CBOWMCTB BOJBI — €CTh Mepa MPOSBICHUS BIUSHHUS BCEICHCKUX
SHEPruii Ha 3eMHbIC (HOPMBI JKU3HH.

W3BeCTHO, 4TO MHOXKECTBO IPOIECCOB MPOXOIAT BOIMPEKH BTOPOMY 3aKOHY TEPMOIUHAMHKH,
MO/IaBJISOIIee OOJBITHHCTBO MX MPOSBIISIOT )KUBBIC CYIECTBA. B 4eM ke Torja mpuanHOHAIpaBiICH-
HOCTb, €CJIM HE B BOSHMKHOBEHUHU HOBOI'O CBOMCTBA, a 3HAYUT, CMbIcaa? BasKHBIM 3aKIIOYEHUEM, BbI-
TEKAIOIIUM U3 TO3MIIHIA IIejernojarais BTOPOr0 Havajia TEPMOJHHAMHUKH, MOKET ObITh, BO3MOXK-
HOCTb CYIIIECTBOBAHUSI B MPUPOJIC HOBOTO B3aMMOJICHCTBUS — B3aUMOJICHCTBUS 1I€JIM U CMBICIIOB: Ce-
MaHTHYECKOTO U Tejeonornueckoro [12, 13].

(mpopoJKeHHe cienyer)
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Water life

Properties of water are considered from the various points of view. It is offered to apply the system approach at
water studying. The structure of water and evolution of its properties are described. The water role in biological
systems, influence of its structure and a composition on vital activity of live organisms are analyzed. Influence of
magnetic fields on water is considered. Principles of activation of water in Zaporozhye profilactic-helth centre
«Health» are described. Experimental researches show high biogene and helthing qualities of this water.

Key words: water structure, biological physics, magnetic field, health, biological organism.
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[MpuMeHeHne TEOPUH CBEPXIPOBOJUMOCTH C YYE€TOM CTPYKTYyphl Bakyyma JaeT B
paMKax CBEpXIpPOBOMSIICH KOCMOJIOTMM HOBOE peEIIeHHE MPO0JIeMbl KOCMOJIOTHYECKOM
MOCTOSTHHOW ¥ TUIOTHOCTHM SHEpPruM Bakyyma. [lonyueHHas IUIOTHOCTh JHEPrHMH BaKyyMma
coctaBiiseT py~0,716 p. B Xoporiem coraacuu ¢ raHHsIMAd WMAP-9.

Kniouegvie cnosa: TIOTHOCTH JHEPIHU BaKyyMa, KOCMOJIOTMYECKasi IOCTOSIHHAs,
TEMHas SHCPIusd, KOCMOJIOTH, KBAHTOBas TCOPUS IMOJIA.

Kak HU3BCCTHO, B KBaHTOBOM TCOpUHU MOJA CYMMHUPOBAHUEC IO BCEM KoJIcOaHHSIM B BaKyyM¢e
MNPUBOAUT K PACXOAUMOCTHU INIOTHOCTU SHEPIHUU BaAKyyMa BHJad

szzsj.ofdco—)oo. (1)
€%

Beenenne MakcuMasbHOM IIAHKOBCKOM YacTOTHI ®,, = ®, JA€T 3HAYEHHE IJIOTHOCTH DHEP-
THH BaKyyMa, TpeBbImaroniee Ha 120 mopsakoB HaOIro1aeMoe.

NmeeTcst MHOKECTBO PabOT M MOAXOJOB B PEIICHUH 3TOW MPOOJIEMBI, TECHO CBA3aHHOU C
mpo0IeMoil KOCMOJIOTHUECKON MOCTOSIHHOM [1-3]. ABTOpOM, ¢ IPUMEHEHHEM KOHLEMILUN CBEPXIIPO-
BOJUMOCTH OBIJIO IOJY4YEHO 3HAUCHHME IUIOTHOCTH TEMHOM SHEPruH, COBIAJAIOIIEE CO 3HAYCHUEM
KOCMOJIOTHYECKOM ITOCTOSTHHOM [4].

CnapuBaHue MEpBUYHBIX (PEPMHUOHOB C TTApaMETPOM B3aUMOJACHCTBHS A AAaeT 3HAUCHHE SHEP-
TeTUYECKON IIeTH
ho,

8 o™ ’
3 4
3 s 3 o 1
*~~—Q2A) =——| = || = 3
Por 875( ) 8n cs[«/Snj (e“j ©)
rae ho, = mpc2 =(hc/Gy)"* — nnaHkoBckas yactora, o.,, =e’ /fic — MOCTOSHHAS TOHKOH CTPYK-

TYpHI.

2A = (2)

Ipu A=oa, /2=137/2=68,518 popmyna p, jAaeT 3HaUeHUE, 6IU3KOE K HAGMIOAAEMOMY

1 3ho;
pDE:_A:QA—Pfl’ (4)
&nG (87)> P
A =30, )" 8re®n L, (5)
rae L, — mnankosckas jumHa. Ilpu Q. =9/4n~0,716
27 hoy
Ppe - (6)

= -1
32m(8m)” 2% o5
DTO0 3HAUYCHUE HAXOJMUTCS B XOPOIIIEM COTIIacHH ¢ pe3yabrataMmu WMAP-9 [5].

OMIHUPHYECKH OYEBUIHO, YTO peajbHas TNIOTHOCTh BAKYYMHBIX (PIYKTyaluii BceX IMOJeH He
IPEBbINIAET 3HAYCHHS P, , 381aBa€MOT0 KpUBU3HOH A . UTOOBI HOHATH NPUYIHMHY 3TOr0, HEOOXOAUMO

pa3zobpartbcsa B mpUpoJe BaKyyMHOH 3Hepruu. OOBIYHO MY TMOJCUETe KOJIMYECTBA BAKYYMHBIX KOJIe-
OaHuii peanonaraercs, 4YTo 3TH KojeOaHus He3aBUCUMBL. IMEHHO 3TO 1 JaeT OECKOHEYHOE 3HaYCHUE
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TUTOTHOCTH 3Hepruu. TakoB OOBIYHBINA KiIacCHYecKHui monxoj. OJHAKO MPUMEHHMO JIK 3TO K BaKyy-
My? Benp BakyyM MOXXHO paccMaTpHBaTh Kak KOHAEHCAT YaCTHI] C HIDKHUM dHEPTeTHIECKUM COCTOSI-
HUEM. A B KOHJEHCaTe KBaHTHI BEAYT ce0s COTIacOBaHHO, IOITOMY HX KoJieOaHHs HEJb3s paccMaTpu-
BaTh KaK He3aBUCHUMBIE. B TakoM cirydae pe3ylbTHUpYIOIIas 9acToTa KoieOaHuid B KOHAEHcaTe OyaeT
3aBUCETh OT MMHHMAJIBHOH ®_, ¥ MAaKCUMaJbHOM ®_, YacTOTHI, BO3MOXHOW Ul BAKyyMHOI'O KOH-

fiencata. O4EBUIIHO, YTO B CITydae KPMBU3HBI A 3Ta 4acTOTa COOTBETCTBYET M, =®, = A", a Mak-

X

CHMasTbHas YacTOTa COOTBETCTBYET TIAHKOBCKOH wactoTe: o, =0, =(c’ /G,h)"*. Bzaumosmeii-

m
CTBUE BHPTYaJIbHON YaCTULBI C SHEpruedl E =hw,/2 ¢ KOHAEHCATOM IPHBOAUT K TOMY, YTO B yCJIO-
BUSIX 0OpaTUMOTo 0OMEHA YHEPrUel pe3yNbTUPYOMIas 4acToTa KoJeOaHUi COCTaBUT

D= oo, . (7

Torna popmyna it IIOTHOCTH YHEPTUU BAKYYMHBIX KOJICOaHUI UMEET BU:

2mc’ : 2nc”
0 0 (8)
2 2 2 2
_h (( )4/2 ~( )4/2)_ B O D — Qg Oy
= , Noxe =— .
STCCS max ~~min min CS 87'C

I 0, =0, 7 ©,, =0,, ® =0

2 2
_ I oy oy
5

9
Py . 87 )

Taxum 06pa3oM, HaIM4YKe 3HAYEHUH 9acToT ®,, =®, U ©® . =®, B YCIOBHUAX CyIECTBOBA-

HUSI KOTEPEHTHOTO BAKYYMHOI'O KOHJICHCATA PelIaeT MpoOieMy BBIYHCICHHUS CYMMAapHOI SHEPTHH Ba-
KYyMHBIX KOJIeOaHHUH.

[penoxkeHHbIH MOIX0/] COTIacyeTCs U ¢ TOOrpaduuecKuM TOAX0A0M [6, 7], Tak KakK dHEp-
s BakyyMa 3aBHCUT OT TpaHUIBL A TIOCKOJNbKY TpaHHIA 3alaeTcsl COOTHOIICHUEM

-1
A" =(3Q A)'“Sne“e"'Lp , TIOJIy4YEHHBIM U3 CBEPXIPOBOASAILIEH KOCMOJIOTHH, TO BBIYMCICHUS IIOKa-

3pIBAIOT, YTO PE3YIBTHPYIONIAs SHEPIUs BaKyyMa HE 3aBUCUT OT SHEPIMHU M3JIy4EeHHs KBAHTOB KaKoro-
70O MOJIA U ONpeaenseTcss TOIbKO o, M © . — MaKCUMaJbHOH M MHHUMAJIbHON SHEPTUeH BaKy-

n

YMHOI'0O KOHJACHCAaTa, OpeaACIIsIEMOI0o (1)PI3PI‘-ICCKI/IMI/I I'paHUYHBIMHA YCJIOBUSIMU.
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On a possible solution of the cosmological constant problem and the vacuum energy density

The application of theory of superconductivity with the vacuum structure in the superconducting cosmology
gives new solution of the cosmological constant problem and the vacuum energy density. The resulting vacuum
energy density is py=0,716 p. in good agreement with the WMAP-9.

Keywords: vacuum energy density, cosmological constant, dark energy, cosmology, quantum field theory
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OHTpOIUsT 4YepHBIX JbIp 1O bekeHmTeHHy-XOKHHTY Kak (YHKOHS IUIOMAaIN
TOPHU30HTA COOBITUH YEPHOH OBIPHI HE ABISETCA AIMUTHBHON BEIMYMHON, YTO MPOTHBOPEUHT
KJIACCHUYECKOMY OTpeleNieHNI0 SHTponuHy. [lokazaHo, YTO MpEeACTaBICHUE SHTPONUHU YEPHOU
JBIPBI KaK JTMHEHHONW (DYHKIMY IPaBUTALMOHHOTO PaJlyca MO3BOJSAET KOPPEKTHO ONPENEInTh
SHTPOIIMIO TAaKOH YepHOW IBIPBI, KOTOpas SBISIETCS aqAWTHBHON BeTHMYuHON. OOCyXIaroTcs
0COOEHHOCTH OJHOMEPHOTO KOJAMPOBaHHS HH(OpMALMU Yepe3 I'PaBUTALMOHHBIA Pauyc U
MOHATHE CI0XHOCTH o Konmoroposy.

Kniouegvie cnosa: uepHas apipa, s3HTponus, nHGopmanus, MmamuHa ThlOpUHTa.

1. BBepeHue

Kak HU3BECTHO, DOHTPOIKUA YCPHBIX ABIP I1O EGKCHH_ITGI‘/'IHy—XOKI/IHI‘ Y OIIpeACTIACTCA KaK OTHO-
MCHUC mjIomaau ropu3oHTa COOBITHIA 'IepHOﬁ ABIPEBI K KBaApaTy IJIAHKOBCKOM JUIMHBI

A TR

Sy = =—£ 1

Hanee BBOIUTCSA HTPONUS IJIsl YUEPHOW ABIpHI HaOmMromaeMoil Maccel M , BpallaTeIbHBIM MOMEHTOM
J u3apsanom Q. Ilo ananoruu ¢ TepMOAMHAMUKOI MpeIIoKeHbI 4 3aKOHA TEPMOJANHAMHUKHN YEPHBIX

1p1p [4]. [Tpu 5TOM 17151 YEpHBIX IBIP MPEUIOKEHA OIIEHKAa TEPMOANHAMHYECKOTO COOTHOILICHNUS
E=035" +Q"8J + d"50 ()
Temneparypa usnmydenus uepHoil abipsl 0 = fik / (2mcky ), Toie k — NMOBEepXHOCTHAS TPaBUTA-

mas: k=4nM? —Q* = J> I M? | 4

A=47(2M> = Q% + 2MM* = Q% = J* | M?), 3)

Q" =4nJ / (MA) — yrnoas ckopocts, ®” =4nQr, / A — >neKTpUYecKM MOTEHIUAT YEPHOH JBIPHI
[4-8].

[To anamoruu co BTOPHIM 3aKOHOM TEPMOIAMHAMUKH, IUIOIIAAb TOBEPXHOCTH YEPHOW JBIPHI HE
y6riBaet, 8S” >0, TouHee SHTPOMHSA YePHOH IBIPHI TUTFOC YHTPOIHS BEMECTBO, HAXOIANIETOCS B He-
KOTOPOH TPOCTPAHCTBEHHONW 00JacCTHM BMeCT€ C UYEpHON JBIpOH, T.e. 00O0OIIEHHAas JSHTPONHA
S=8"+S8" mukorna He y6bIBaeT.

2. HoBbi noaxopn K onpeaeneHno 3HTPONUKU YepHOU ObIpbl

OpnHako MpencTaBICHHE SHTPOIMHM KBaJpaTOM IPaBUTALMOHHOTO paguyca WIN KBaApaToM
Macchl YepHO# apipbl S ~ R; ~(2M)* Bneuer 3a coGoOll HEaATUTUBHOCTH SHTPOIHH, YTO MPOTUBO-

PEeYHT KIacCHYeCKON TepMOINHAMUKE!
S, =klnWw,, S,=klnW,, S=§+S,=kln(W,-W,) 4)
3TO 00CTOSITENECTBO YK€ OTMEYAIOCh HEKOTOPhIMH aBTopamu. Tak, b. Jlapenna mocie anamu-

3a MOHATHUS SHTPOMUH YEPHBIX ABIP JelaeT BBIBOJ, uTo ¢opmyna bekeHmTeiHa-XoKuHra o3Ha4yaeT
«4TO YTrOJIHO, KpoMe 3HTponum» [3].
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PaccMoTpuM Temepb SHTPOIUIO NPH CIUAHMH ABYX YEPHBIX OBIP OAMHAKOBOM Maccel M.

CyMMa JBYX SHTPOINUN WM CyMMa IUIOLIAAEH IBYX YEPHBIX IBIP COCTABISIET
2 2
Ry + R,

S=8,+5,=2S,=n
0 79 0 412

)

[Tpn 5TOM, Kak HMOKa3BIBAIOT PACUETHl, OTEPSI MAacChl B BHJE M3JIyUCHHS IPH CIUSHAU YEPHBIX JBIP
coctaBnseT Bcero AE =2,5-10° M [1]. Takum oGpa3om, cyMMapHas Macca 06pa3oBaBIIeiics 4epHOi

JIBIPBI TIPaKTHYeCKH paBHa M =2M . DHTpOTHs Takoif depHOi ABIpHI cocTaBut S =(2R,)* / L), uto
B /IBa paza MPEBBIIIAET CyMMY SHTPOIIHIL:

(2R,)> =4R; > 2R, . (6)

Ecam ke MBI pacCMOTPHM CHTYAITHIO, KOTIa B HEKOTOPOH MPOCTPAHCTBEHHOM 00JIacTH HaXo-
JIATCSL ABE YEpHBIC IBIPHI OJMHAKOBOW MACCHI, BEIIECTBO M W3IIyUYCHHE, CyMMapHas SHTPOMUs Bcei
CUCTEMBI COCTaBHT

S=8"+8"+8,+S, (7)

Y U3MEHSETCS He3HAYUTEIBHO.
PaccmoTtpum Teneps n3MeHeHNe SHTPOIHH B IBYX BapHaHTaXx:

R+ R} R, +R,))’
s —anfitR o g 4Bt R) g (8)
4L, 4L,
Takum 00pazom
S, =S, +2R; . )

OnHako Sz [OYTH ITOCTOAHHO. Takum 06pa30M
Sy =8,-2R; +S,,, =S, -85" +S,, .. (10)

DTO O3HAYaeT, YTO CIUSHHE ABYX UYEPHBIX IBIP MpPU HCIOAB30BaHUM (opMysbl bekeHrTeitHa-
XOKHHra yMEHbIIIAET SHTPOIUIO BEIIECTBA M M3JTyYCHHUS, WK CIIUSHUE YCPHBIX JbIP BbI3BIBACT MPH-
POCT HETAaTHBHOU SHTPOIUH — HH(POPMAIMH B OKPYXKAroIlleM IpocTpaHcTBe. Ho TOT BHIBOA SIBHO
omn0O0YeH.

CrenoBatensHo, popmyna bekeHmTeliHa- X OKMHTa OMMCHIBAET HE SHTPOITHIO, & APYTYIO BENH-
YHHY.

PaccmoTpum Temepp TepMOAMHAMUYECKYIO (OpPMYITy A MEPBOTO 3aKOHA TEPMOIMHAMUKH
YEPHBIX JIBIP:

SE =05S" +Q"8J + D750 (11)
JJ1 mpOCTOTHI paccMOTPUM cTalMoHapHbIi ciaydaii mpu J =0, O =0. Toraa

SE =05S" . (12)
OnHako

0 hk  he
2mcky, 4TckBRg’

(13)

2
# _ (OR) y
A 88" ~ , TIOCKOJIBKY J3HTpomnHMs, no bexkeHmTelHy-XOKHUHTY, NMPONOPLUUOHAIBHA KBaApaTry
AL
P
NpUpaIIeHUs] TPAaBUTALIMOHHOTO paguyca HiId mMacchl. T.e. He0OX0AMMO paccMaTpUBaTh M HpUpalle-

HUe TeMIeparypsl. bomee koppekTHo Oyaer
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) -
5 = k,50. 55" = kee 1 GR' _kyh ¢ SR _k;0, SR 14)
4n SR 4L, An L, 4L, 8m 2L,

B sTOM cirydae xapakTepucTHUecKasi TeMIepaTrypa paBHa IITaHKOBCKOM:

172

1 (ne
8nk, \ Gy

0,

b

Y SHTPONHS MPOMOPIIMOHANFHA HEe KBaJApaTy TPAaBUTALMOHHOTO Painyca, a TPAaBUTAIMOHHOMY pPajiy-
cy:
S R, 2M G,

" 2L, 2L, &

(15)

Takas OHTPOIIUA aJJUTUBHA U ITOJIHOCTBIO COTIaCy€TCsA C KIIACCUYECKOH TepMOI{PIHaMPIKOﬁZ
S=8+S, =M, +M,=R +R,. (16)

HpI/I 9TOM BTOpOﬁ 3aKOH TEPMOJWHAMUKHN TOXKE BBINIOJIHACTCA: PACTCT U FpaBI/ITaHI/IOHHHﬁ paauyc, u
IJIONIA (b TOPU30HTA COOBITHII YePHOU ABIPHI KaK KBAJPAaT 3TOTO pajHyca.

Takum 00pa3oM TUTAHKOBCKHE €IUHHIIBI SBISIOTCS €CTECTBEHHBIM BBIPAKCHHEM XapaKTepH-
CTUK YepHOU IeIpbl. OTCIOMA CIEAYET, YTO SHTPOIHUSA 110 bekeHmTeiHy- XOKHHTY SBIISETCS KBAAPATOM
aAIUTUBHON SHTponHs. Jpyrue popMyIbl He U3MEHSFOTCSI.

Wrak, B TUTaHKOBCKUX €IWHUIIAX YHTPOIHUS YEPHOU IBIPBI C Maccol, Omm3koi k Macce CoHIa

9 47
cocrapiuster S, =M, /m, ~10", uia TunuunOrO sAnApa ranaktuku S, ~10° M, /m, ~10", nna Bee-

NeHHoit B pajguyce Xa66ma S, ~10* . Toraa BTOpOii 3aKOH TePMOTMHAMUKHY ISl 9EPHBIX JIBIP MOYKHO
3aIucath B BUJE

SE=ky0, +85" + Q8] + D50 . (17)

3aMeTHM, YTO peajbHbIC 3HAYCHHS SHEPTUH HE U3MEHSIOTCS.
Otkyna Oepercs temmepatypa 0, =hc/(8nlyk,)? OueBHAHO, 3TO MaKCHMAaJIbHO JOCTIIKH-
Masi TeMIeparypa BHYTpH 4epHOi abipbl. Ee u3mepui Obl HaOM0AaTE b, HAXOMAIINICS Y CUHTYJISIP-

HOCTH, BHYTPH YE€PHOH JBIPHI, @ HE CHAPYXKH, Y IOBEPXHOCTH TOPU30HTA, KaK B (hopmyJsie bekeHrrei-
Ha-XOKHHTA.

R, R
kBGPEZkBeBH 'E) (18)
TaK KakK
2L
0,,=0,| 2= (19)

3. TpaBUTaLMOHHBLIN paguyc Kak napamMeTp SHTPONUK U MHdopMaLum

BaezeHne sHTpONNH, JIMHSHHO 3aBUCAIICH OT IPABUTALMOHHOIO paauyca Sy, ~ R, ~ M , no-

Ka3bIBaeT, YTO BCs peasibHasi HHQOpMalMs U SHTPOIUS B YEPHOH AbIpe onpenestorcs 3G pekTuBHBIM
IPaBHUTALMOHHBIM PAIyCOM, MM Maccoit My, . B camom perne, miommaas ropu3oHTa COOBITHI — 3TO
KBaJpaT rpaBUTALMOHHOIO paauyca. HoBol mH(OpManmu, Mo cpaBHEHUIO C PagUyCcoM, IJIOMAAb HE
Hecetr. Eciu comocraButh rpaButanoHHoMy pauycy R, =NL,, My, = Nm, — Habop IJIaHKOB-

CKUX MHTEPBAIIOB, H3 KOTOPBIX OH COCTOUT, TO TPAaBUTAIMOHHBIN PajiyCc MOXKHO HPEJICTABUTh B BHJIE
JIMHEHHOTO HEC)KMMAaeMoro Koja, Hanpumep B aBondHoMm Buxe R, =[010010100001110...]. Takum

0o0pa3zoM, JBIKEHHE O0BEKTa MO TPAaBUTALMOHHOMY paanycy (AaKTHYECKH SIBISETCS CUUTHIBAHUEM
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uHpopManu 000 Bcel dyepHOH (WM Oenoi) AbIpe, KOTOpas OTpaXKaeTcsl B TPAEKTOPHU ABHUKECHUS
3TOTO 00BEKTa. ITO 03HAYAET, YTO OJHOMEPHBINA MPUBEICHHBIN panyC OTPpaKaeT BCIO WH(POPMAITHIO,
COJICpIKaIIyIOCs B UepHOW MK OeJIol AbIpe M Ha TIOBEPXHOCTH ee Topu30HTa cobbituii. C mpyroii cro-
POHBI, 3TO HE YTO MHOE, KaK pealu3alys MalluHbl ThIOPHHTA, II€ B POJIH JIMHEHHOTO aJrOpUTMa BhI-
CTyHaeT TPaeKTOpHs IBI)KEHHs O0bekTa, 3amaBaeMas 3((GEKTHBHBIM I'DAaBUTALIUOHHBIM PaiLyCOM.
Kpome Toro, paccMoTpeHHEe OJIHOMEPHOTO paauyca U WHPOPMAIUKA MIPOUCXOJUT B CHCTEME OTCUETa
HaOmroaTessl BHYTPHU YEpHOW WM OeJI0 JbIpbl, TIOA TOPU30HTOM COOBITHI, B OTIMYME OT HAOMI0AA-
TeNst BHE TOpU30HTA coObITHIA [ 1, 4]. [Ipr 3TOM 0HOMEpHAsT KOOPAMHATA B YEPHOU JIBIpE UTPAET POITh

BpEMCHHU, X, =CT,, X, = Cfu . MHpOBaSI JIMHHUA IBHXXCHUSA 00BEKTA IO STOM KOOpAWHATE O3HA4YaCT CUU-

n
THIBaHWE WHGOPMAIINH, 3a1aBaeéMO CTPYKTYPOU Bcel depHOH mim Oenmoit apIpsl. TakuM obpazoMm ot
3-MEepHOIo U 2-MEpHOTro (ToJ0rpaguyecKoro) NpeACTaBIeHNs Mbl IEPEXOIUM K OJHOMEPHOMY KOAU-
POBaHMIO Ha MJIAHKOBCKOM MJM 0o0Jiee MAaKpOCKONMUYECKUX YPOBHSIX. MOXHO TaKkke paccMaTpuBaTh
ITOPUTM JBIDKEHHSI [0 TaKOH OZHOMEPHOHM TPaeKTOpPHM KaK MMEIOIHN MH()OPMALMOHHYIO CIIOX-
HOCTh 110 KosMOoropoBy. DTOT NTHHEHHBIN aIrOPUTM HECKUMAEM, TIOITOMY COJEPKHUT TaKOe XKe KOJH-
4ecTBO MH(OpPMAIMHY, KaK U IOBEPXHOCTh WIIM 00bEM YEPHOH IBIPHI.

Habnronatens BHYyTpH uepHOW OBIPHI HE MOXET (PUKCHPOBATH YIIOBOM MOMEHT J WU 3apsin
O, HO 3T napaMeTpbl BIUAIOT Ha 3PPEKTUBHYIO TPACKTOPUIO €r0 JBIKEHUS, UM IPABUTALIMOHHBINA

paauyc. BzaumonelcTBus MeXAy TelaMu, IBIKYIIMMUCS CUHXPOHHO, BHOCUT MHAMBUIyaIbHbIE BO3-
MYIICHHS B DBOJIIOIHMOHHOE JBIKCHHE OOBEKTOB. M Takue B3amMOIEHCTBUS MOPOKIAIOT UHIANBUIY-
ANBHYIO 3BOJIOIMOHHYIO TPACKTOPHIO OOEKTOB.
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Bukalov A. V.
The paradoxes of the entropy of black holes and their possible solution

The entropy of black holes by Bekenstein-Hawking as a function of the square of the event horizon of a black
hole is not an additive value, which contradicts the classical definition of entropy. It is shown that the representa-
tion of the entropy of a black hole as a linear function of the gravitational radius can correctly determine the en-
tropy of such a black hole, which is an additive value. The specific features of the one-dimensional coding of
information through the gravitational radius and the notion of Kolmogorov complexity are discussed.

Key words: black hole, entropy, information, Turing machine.
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O00CHOBBIBaeTCS HEOOXOMMOCTh U aKTYaJIbHOCTh (POPMHUPOBAHHSI HOBOTO HAYyYHOTO
HalpaBJeHUs] — OKCIIEPUMEHTAJIBHOW M IpaKkTHUecKoi Temnoposiorud. CymiecTByromue
¢yHnamMeHTanbHbIE (DPU3NUECKHE TEOPHUHM HE OTBEYAIOT Ha BOIPOC: YTO SIBISETCS HMPUIMHOU
MOHOTOHHOT'O HapacTaHHUs BPEMEHHOH KOOPIMHATHI Y BCEX MAaCCHUBHBIX (PU3NUYECKUX OOBEKTOB.
OTOT W Jpyrue BOIPOCHI, CBSI3aHHBIE C TIOHATHEM BPEMEHH, SIBISIFOTCS IPEIMETOM
UCCIICAOBaHMS (POPMHPYIOIICHC HAYYHON IAMCIUILUIUHBI — TEOPETUYECKOH TEMITOPOJIOTHH,
T. €. HAyKH O BpeMEHH. B To ke BpeMsi B paMKaxX pa3iIMYHbIX OoTpaciieil pU3nKu yxke HaKoIUIeH
SKCIIEPUMEHTAJILHBIH MaTepuall O CBOWCTBaX TeueHMs BpeMeHH. [lo psiy HampaBieHWH
TEOPETHUECKHE HWCCIICNOBAHUS BBIIUIM Ha MPAKTHYECKUH YpOBEHb, B YACTHOCTH IIpH
KOHCTPYHPOBAHUH YCKOPUTEIBHBIX CHCTEM B OKCIIEPUMEHTAIBHON (DM3UKE, OCOOCHHOCTH
TEYEHHs] BPEMEHH YUUTBHIBAIOTCA B KOHCTPYKIMAX aIlIapaToB KOCMUYIECKOTO Oa3MpoBaHUS AT
rJ00aJbHBIX HAaBUTAIIMOHHBIX CUCTEM. B CB3M C OSTHM YK€ BO3HHMKIHM YCJIOBUS IS
0000IIeHNsI TaKOrO0 Marepuaja B paMKax OOLIero Hay4HOTO HAarpaBjieHUs, YTO IO3BOJIUT
aHAJIM3UPOBATh €T0 C eIUHBIX HAYYHBIX No3uimid. @opMupoBaHe 0a3bl 3KCIIEPUMEHTAIBHBIX
HCCIIEJOBAaHUH B 3TOH 00JAcTH OKaXET IOJIOKUTENBHOE BIMSHUE Ha IUIAHUPOBAHUE H
NIPOBEJICHUE HOBBIX OKCIIEPUMEHTOB II0 HCCICIOBAaHMIO TEUYEHHS BPEMEHH H  €ro
MIPAaKTHYECKOMY HCIIOJIb30BAHHUIO, CTAHET OCHOBOM IJISI IOCTPOCHUS U IKCIEPUMEHTAIBHOM
MIPOBEPKH pa3padaThiBaeMbIX TEOPHH TEUECHUsI BDEMEHH.

Kniouegvie cnoea: Teopwsi OTHOCHTENILHOCTH; TEYEHHE BPEMEHH; YIIPaBJICHHE
TE4YECHHEM BPEMEHH; 9KCIIEpUMEHTANIbHAS u IIpaKkTHYecKas TEMITOPOJIOTHS;
SKCIIEpPUMEHTANBHAS (PI3UKA.

anIHLI,VIH COOTBETCTBUA B TeMmnoposnoruun

[Ipu popmMupoBaHHM TEMITOPOJIIOTUU KaK HAYKH BaKHBIM HMHCTPYMEHTOM SIBISCTCS TPUHIIHIT
cootBeTcTBHsI. Kak W3BECTHO, STOT MPHUHIIUI YTBEP)KIAeT, YTO Jt00as HOBas CaMOCOTIIAaCOBaHHAs
Hay4yHasl TEOPHUs HE JIOJIKHA HAXOJUTHCS B MPOTHBOPEUUH C KIIACCUUCCKUMHU TEOPUSMHU B 00J1aCTH HX
JIEHACTBUS, ¥ JIOJDKHA JaBaTh B TOM CIIydae Te )K€ CICACTBHUS.

OH sBHsSETCS yMOOHBIM WHCTPYMEHTOM, KOTOPHIA MOYKHO HCIOJB30BAaTh ISl CEJICKIIMH BBI-
JIBUTAEMBIX TEOPETUICCKUX IMOJIOKEHUN M 0TOOpa M3 HUX PE3yIhTaTOB, COOTBETCTBYIONINX NEHCTBU-
TeIHHOCTH. ETO prMeHeHHe TT03BOJISIET OTPAaHUINTh BBIOOP TEMHU TCOPETHUYCCKUMH TOJIOKEHUSIMA U
YpaBHEHUSMH, KOTOPBIE COOTBETCTBYIOT 3KCIEPHUMEHTAIHLHO MPOBEPEHHBIMHU TOJOKEHUSIMHA U COOT-
HOIIIEHUSAM KJIACCHYECKUX TEOPUH MPOCTPAHCTBA U BPEeMEHH (CHeHnaIbHON U 00IIei TeOpusMU OTHO-
CUTEIFHOCTH ¥ KBAaHTOBOM TEOPUH) B 0071aCTH MX IPUMEHUMOCTH.

Ecnu BEIIONHEHHBIE SKCIIEPUMEHTANBHEIE IPOBEPKU JEHCTBHUS U3BECTHBIX (DaKTOPOB BIHSIHHS
Ha TeUYCHHE BPEMEHH (PENATUBUCTCKOTO U TPABUTALIMOHHOTO) JAIOT TOYHOCTh, Hampumep, 0,00001%,
TO HOBAs TEOPUS MOXKET BKJIFOYATh HOBBIC (DAKTOPHI BIMSHUS NPU TeX Ke (PU3HMUSCKUX YCIIOBHUSIX HE
Oonee yem B mpeaenax tex ke 0,00001%. ApyruMu cioBaMu, TOYHOCTh MPOBEICHHBIX SKCHEPHUMEH-
TOB YKa3bIBaCT MPEJCIbl, B KOTOPBIX JINOO MOTYT OBITh M3MEHEHBI CTaphble TEOPUH, JINOO MOCTPOCHA
HOBasl.

UHcTpymeHTapui (npubopbl BpeMeHN)

OcHOBOI1 MHCTpyMEHTapHs MPHU MPOBEACHUU SKCIIEPUMEHTOB B OOJACTH TEMIOPOJIOTHUH SB-
JSIFOTCSL TPUOOPHI 111 U3MEPEHNST HHTEPBAJIOB BPEMEHH, T. €. 9achl Pa3lHUHBIX TUIOB. B MX ocHOBe
JICKUT HEKOTOPBI Nepuoauyeckuil mpouecc. IlorpenHocTs xona 4acoB 0OBIYHO XapaKTEPU3YIOT OT-
HocuTenbHOM BenmunHol AT/T (3neck AT — W3MeHEHHe X0Ja YacoB 3a BpeMst 1), WM aHAIOTUIHBIM
oTHoueHueM Av/v (3geck Av — yxoxa 4acToTsl v). YacTo MCHONb3yeTcs MOHSATHE MOTPELIHOCTU CY-
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TOoYHOTO X0/1a acoB: 86 400 A7/T cex.

«Hayano Hay4HOTO MBIIIJICHHS, U3BJIEKIIEro 4eJ0BeKa K3 )KMBOTHOT'O COCTOSIHHSA, CBSA3aHO C
M3MEpEHUEM BpPEMEHH» — OTMeual MCTOPUK aHTMYHOW TexHUKH I'. [lunbc. AcTpoHOMUS, 3apOauB-
masicsl elie B JOMCTOPUIECKHI IEepHo/], TI0 CyTH Jejia ObLIa IepBoi HayKoW O BpeMeHH. V3HauanpHO
XOJl BpEMEHH OTIPENIEISIICA €CTECTBEHHBIM CIIOCOOOM — IO CMEHE BPEMEHH rojia U 10 Yepe0BaHUI0
JHS ¥ HOYM, KOTOpbIE 33/1aBajlCh JBHXeHUueM 3eMiau BoKpyr CoJiHIIa U BpallleHueM 3eMJIM BOKPYT
CBOCH OCH.

BnepBeie gace! st m3MepeHUs] BpeMeHH OBUTH CO3JaHbl ETHIETCKUMU KXpPElaMH, BEPOSITHO,
MPUMEPHO OT TISTH 0 TPEX THICSAY JIeT Ha3aja B Erumre, u mpencraBisiin co0OH BepTUKAIbHBIE 00¢-
mucKu (THOMOHBI) Bo3ie XpamoB. OTOpackiBaeMasi UMH TeHb yKa3blBaja MO COOTBETCTBYIOIIUM OT-
MeTKaM TeKyIee Bpems. B mocmenyromiee Bpems OBUIO CO3MaHO MHOTO Pa3HOOOPa3HBIX THIIOB YacoOB.
B Erunre, BaBunone, I'penuu nosyduian pacopOCTPAHEHHME BOJSHBIE 4Yachl, KOTOPHIE JaBAJI BO3-
MO>KHOCTh Y3HaTh BpeMs B pe3yJbTaTe M3MEPEHHUs KOJIMUYECTBAa BOABI, BBITEKAIOUIEH M3 MaJEHBKOTO
otrBepctusi. B Munun n Kurae BomsiHBIE 9ackl paboTanu Mo oOpaTHOMY HMPUHLIMITY: BpeMsi MOKHO ObI-
JIO y3HaTh 1O TOMY, 10 KaKOW CTENEHM IOTPY>KaJCs B BOAY IyCTOH COCYIl € OTBEPCTHEM B THUIIIC.
CaM TepMHH «TeueHHE BPEMEHN», BHICKA3bIBAaHUS THIIA «MHOTO BOJBI YTEKJIO C T€X MOpP», «B JOKJIAe
MHOTO BOJBI» 00sI3aHBI CBOUM IIPOUCXOXKICHUEM BOJASHBIM dacaM. [locieHee BrIpaKeHIE MPUIILIO K
HaMm u3 JpeBHel ['pennu, Tak Kak perJaMeHT BBICTYIDICHUH Ha OOIIECTBEHHBIX COOPAHUAX B TO BpeMs
KOHTPOJIMPOBAJICSI C TIOMOINBIO BOASHBIX 4acoB. [Ipuuem HemobpocoBecTHBIE OpaTOPHI MOJKYHAN
paboB, 00CTYKMBABIINX TaKUE Yachl, YTOOBI T€ HE3aMETHO MOJUIMBAIM B HUX BOJY M TaKUM 00pa3oB
MIPOJIIeBAI UM BpeMsl [Tt BhIcTyIuleHus. [loxaiyii, Hanboee mpusTHbIE Yackl ObUTH B X0ay B Ku-
Tae: B IOMEIICHNUH TJeJla apoMaTHUecKas Majoyka ¢ HAaHeCEHHBIMH Ha Hee MOJIOCKaMH pa3HOro cOoCTa-
Ba. [1o Mepe cropaHus moMelleHne HaloJIHAI 3a1ax, COOTBETCTBYIOLIUI TEKyIIeMy BpeMEHH, U U3Me-
HAIOMIMICS KaXIbIH Yac, 4YTO MO3BOJIIO XO35IMHY HIOXOM YyBCTBOBATh TEUEHHME BPEMEHH.

3HaYNTENHFHOE PACIpOCTPaHEHHE B CPEJHHE BEKa TOJNYYWIM NMECOYHBIE Yachl B CHITy CBOEH
KOMITAaKTHOCTH M yCTOMYMBOCTH XO0Jia 10 OTHOIIEHHUIO K BHEUTHUM BO3JeHCTBUAM. OHM CTaJIH OJHUM
13 OCHOBHBIX MHCTPYMEHTOB JIJISi MOPCKOW HaBWTAIlMH Ha MapycHOM (IIOTe M UCIIONH30BAIHCH IS
OTIpeIeTICHHSI TeOTpaPIIECKON TONTOTH MECTOHAXOXKACHNS Kopaoud. /i1 3Toro cpaBHUBAIOCH MECT-
HOE BpeMsl, OlpeeNsieMoe 110 COJIHITY M 3Be3/laM, C BpeMeHeM 10 | MHBUYY, KOTOPOE OTMEPSIOCH 110
necoyHbIM yacaM. OIHAaKO TOYHOCThH OMpeACieHUs] KOOPAUHAT TaKUM CIOCOOOM ObUIa HEIOCTaTO4-
HOI1: omOKa B OIpeIe]IeHnH BPEMEHHU TOJIBKO Ha OJIHY CEKYH/Y JaBaja OIIMOKY IpU pacyeTe MecTo-
MOJIOXKEHUS cyaHa Ha skBaTope 10 400 merpoB. CTOUT OTMETHUTD, YTO MECOYHBIC YaChl 00ECTICUNBAIIH
TOYHOCTb U3MEPEHUH Ha ypoBHE + 1520 MUHYT B CyTKH.

[lepBBle MEXaHHUYECKHE Yachl MTPEANONIOKUTENBHO ObLIH M300peTeHsl B X Beke Pumckum [la-

ot CumsBectpoM II (BMecTe ¢ T€eM MMEIOTCS HEKOTOPBIC
CBEJICHHUS, KOTOpPBIE MOKHO HHTEPIIPETUPOBAThH KaK CyIIle-
CTBOBAaHME MEXaHMUYECKHX yacoB B Buzantuu). M3BecTHo,
yTo B 1288 rogy B AHIIMM YK€ OTCUUTHIBAIM BPEMS Ke-
ne3nbie BectmuncTepckue kypanTsl. B 1657 rommanackuit
yuenblii X. ['tolireHc n300pen MasiTHUK, YTO CYLIECTBEHHO
YBEJIMYMIIO TOYHOCTh XOJa MeXaHH4Yeckux dacoB. [locme
psAa yCOBEPILIEHCTBOBAHUM X MEXaHU3Ma yIaJIOCh TOHH-
3UTh MOTPEIIHOCTh X0Ja 10 HECKOJIBKMX CEKyHI B Hene-
JI0.

[IpoGiema MOBBIICHUST TOYHOCTH YacOB OCOOCH-
HO OoCTpo Berana nocne karactpods B 1702 rogay aHrimid-
CKOM 3ckazpsl moj KomaHaoBaHnueM aamupana K. [llose-
J1a. B pe3ynpTare HETOYHOCTH XOJa 4acOB BOZHUKIH IIO-
TPEIIHOCTH B pacyeTax MECTONOJIOKEHHS KopaOyied, u
ATh Kopaliel ScKaaphl B TyMaHe HajeTenu Ha [ micToH-
ckue pudbl. 1600 MOPSIKOB BMECTE CO CBOMM aJIMHPAIIOM
Puc. 8. CpeaneBeKoBble Yachl-KaJeHAaph | TIOTUIATHIIACH )XU3HIMHU 332 HECOBEPIIIEHCTBO HABUTAIIMOH-
¢ Haamucbio «Onu mokasbiBaloT Havano | ypix npu6opos. I[ToTpsceHHbI 3TOM Tpareauei, aHrIdii-
u Konen Bpemenn». CKUH TapiaMeHT OOBABIII KOHKYPC Ha CO3JIaHHE BBICOKO-
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TOYHBIX MEXaHHYECKHMX MOPCKHX XPOHOMETPOB, M000EIIaB HNOOETUTETI0 HMPEMHIO, SKBHUBAJCHTHYIO
150 xunorpammam 3010Ta (3TO ObLIA OJTHA U3 CAMBIX 3HAYUTENBHBIX NMPEMUH 32 HAYUYHO-TEXHUYIECKOE
OTKpBITHE, KOTOpas KOTraa-1u0o HazHadanack). 60 JeT UM MOMCKH PEIIeHNsT 1 OMTBa 3a KOJIOCCalb-
Hyto Harpany. Konkypc B 1735 roay Beiurpan Hopkmupckuit croisip J>kon I'appucoH, KOTOpH co-
3/1aJl YHUKAQJIBHBI MEXaHWUYECKHH MOpPCKOW XpoHomeTp. llocne ycoBeplmieHCTBOBaHUS OH MMeEI IIO-
rpemHOCTh 0,2 CeKyHIBI B CYTKH. VICHBITBIBaJ XpOHOMETpHI 3HaMEHHTHIM kanuTaH JDxeiimc Kyk,
JABIIMHA UM BBICOKYIO OLICHKY. XPOHOMETPBI KOHCTPYKLMH [ apprcoHa npuMeHsTuch Ha ¢uioTe 6onee
100 set. ITo cyTH OBLI TOCTUTHYT TPEACI TOYHOCTH X0J1a MEXaHUIECKUX JacoB.

IIpeomosners 3T0 mpezen cTaqo BO3MOXKHBIM C TOSBICHHEM 3JIeKTpHUECKUX 4dacoB. B 1840—
1847 romax aHrnwuaHuH Anekcanp beitH, co3aarens IeKTpOMeXaHn4ecKoro Tenerpada, CKOHCTPY-
MpOBaJl Yachl, OCHOBON KOTOPBIX CTal MasTHUK, PaCKauuBaeMblil ssiekTpomarHuToM. Konebanus ma-
STHUKA PETrUCTPHUPOBAINCEH C TIOMOIIBI0 KOHTAKTa, HMITYJIbChI C KOTOPOrO PETHCTPUPOBAIHNCH U CKIIa-
JBIBAJMCH AJIEKTPOMAarHUTHBIM CYETYMKOM, CBSI3aHHBIM KOJIECHOM Iepefadel co CTpeiakaMHu Ha Liu-
¢epbnare. Yacel ObIIIM yCOBEPILIEHCTBOBAHBI Y WiibsiMOM LIlopTTOM, KOTOpBIH JOOMIICS TOYHOCTH X042
C IIOTPELIHOCTHIO OKOJIO 1 CEKyH/BI B TOLL.

HoBplif ipopbIB B TOYHOCTH X0Za ObLT coBepiieH B 1918 roay ¢ mosiBieHHEM KBaplEeBbIX Ya-
coB. Ilox Bo3neicTBHEM 3IEKTPUYECKOIO TOKA YCTAHOBJICHHBIH B TaKMX 4Yacax KpHCTAI KBapLa
(KBapIIeBEIN PE30HATOP) HAYMHACT TEHEPUPOBATH KOJICOAHUsI ¢ IMMOCTOSIHHOM dacToTol. Ilpn momornu
AIIEKTPOHHOTO YMHOXKUTEISI BpeMsl KoeOaHui cyMMHUpyeTcsl u mpeoOpa3yercst B yIOOHBIN T BOC-
npusatust BuA. B 1937 romy kBapleBble 4ackl C TOYHOCTBIO X0Jla B JIBE MHJUIMCEKYH/IBI B CYTKU OBbUTH
ycTaHOBJeHbI B I'puHBHUCKOil oOcepBatopuu. Crienyer OTMETUTh, YTO COJHEUYHBIE 4achl HE UMEJH
MPEeUMYIIeCcTBa B TOYHOCTH X0/Ia Tiepes] KBapleBbIMU YacaMy BCIIEACTBHE TOTO, YTO BpalleHHEe 3eMITH
HEPABHOMEPHO — OHO MMEET ONpeIelIeHHYI0 HecTabumpHOCTs Ha yposre 10™. Kpome Toro, B mac-
mrabax CTOJETUH OKa3bIBaeT BIMSHHE INPWIMBHOE TPEHHE, KOTOPOE 3aMeIyisieT BpalleHue 3emian. B
pe3ybTaTe 3TOTO CKOPOCTh €€ BpaleHusl yMeHbIaeTcs Ha 2,3 Mc/cyTku/Bek. [29].

K 1967 rony ynaiaoce 3HAaUUTENFHO YMEHBIIUTH pa3Mephbl KBApLEBhIX YaCOB U BBIMYCTUTh UX
MepBbIe HAapy4HbIe Yackl Takoro Tumna. K HacTosiieMy BpeMEeHH MOTPEIHOCTh X0Aa OBITOBBIX KBaplie-
BBIX YaCOB HaXOIUTcsA Ha ypoBHe -10/+20 cek. B MecsiIl (3TOT MOKa3aTelb y OBITOBBIX MEXaHUYECKUX
yacoB mBernapckoii pupmel «Tissot» mocturaer -5/+15 cek. B cyTku). OHAKO y KBaplEBhIX 4acoB
00HapY’KWICS HEJOCTATOK: M3-3a BHYTPEHHHUX M3MEHEHUI B KpUCTAJLIE y KBaplia CO BPEMEHEM BO3HH-
KaloT U3MEHEHHsI 0a30BOM 4aCTOTHI, YTO CKa3bIBAETCA HA TOYHOCTH XOJa.
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Puc. 9. Poct TouHocTn xponomerpuueckux npudopos a0 1950 roaa. Ilo BepTukanu ykaszaHa MoOrpemiHOCTb
CYTOYHOTO XOJa.
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Du3urKa CO3HAHUA U HCUSHU, KOCMOTOZUA U acmpo¢u3mm

PeBOIOLIMOHHBIM TOCTHXKEHHUEM B J€JIE MOBBIIIEHUS TOYHOCTH U3MEPEHUS BPEMEHH CTAJIO CO-
3IaHUE aTOMHBIX 4acoB. B aTOMHBIX yacax (MOJIEKyJISpPHBIX, KBAHTOBBIX Yacax) B KA4eCTBE MEPHOIN-
YEeCKOTO TpoIlecca HCIONIB3YIOTCS COOCTBEHHBIE KoJieOaHUsI aTOMOB WJIM MOJIeKyn. Yacrora, morio-
maeMas Wil u3aydaeMasl aToMaMH IpU UX KBAaHTOBBIX MEPEXOAAX U3 OJHOTO DHEPreTHUYECKOr0 COCTO-
SIHUS B IPYTO€, PEeryIupyeT X0 9acoB. [Ipy 3TOM OHa OTIIMYaETCa BRICOKOH CTaOMIIBHOCTHIO U MTO3BO-
JSIET U3MEPATH BpeMs JIydllle, YeM acTPOHOMHUYECKHE METOAbI. BriepBbie yackl Takoro THia ObUIM CO-
3naHbl B 1949 rony AMepHKaHCKMM HallMOHAIBHBIM OIOPO CTaHAAPTOB.

B mepBBIX aTOMHBIX (TOYHEE MOJICKYJISPHBIX) YacaX CTaHAAPTOM YACTOTHI CIYXHJ MOJICKY-
JISIPHBIM FeHepaTop Ha IMy4Ke MOJIEKyJ] aMMuaka. OHAaKO OHU OKa3aluCh OYE€Hb IPOMO3JKUMHU U J0-
poruMHu, Ja M UX TOYHOCTh OCTaBJIsUIa JKeNaTh Jydiero. bonee ynaunoil okazanack KOHCTPYKIUS da-
COB, B KOTOPOH HCIIOJIB30BAJICSA aTOM ILie3usl. B maTuaecarsix rogax npouwioro seka Jbxon Ilepeyn u
Pobept MakKpakeHn co3zgany mepBblil Ie3UEBBIN ITyYKOBBIM PE30HATOP, U HA €r0 OCHOBE IMOSBIIIMCH
MepBBIE aTOMHBIE IIe3UeBbIe Yachl. KOHCTPYKIIUS aTOMHBIX YacOB OKa3aJlach HACTOIBKO YAAYHOU, YTO
OBLJIO PEIICHO HUCITONIB30BaTh MX IS ONPEACIICHNS SIUHUITBI H3MEPEHHUsT BpeMeHH — ceKyHabl. Ha XII
I'enepanbHOi KOH(DEpPEHIINH TT0 MepaM U BecaMm, a Taxke MeXTyHapOoJHBIM KOMHUTETOM Mep M BECOB B
1965 romy OBUTO MPUHATO BPEMEHHOE OTpEICIICHHE CEKyHIBI, OCHOBAHHOC HAa aTOMHOM CTaHIapTe
4gacToThl, a B 1967 roxy Ha XIII ['eHepanbHON KOH(EpEHINH IO MepaM B BecaM, ObLIIO YTBEPKICHO
omnpeJiereHle CeKyHAbl B caenyromeM Buae: «CekyHaa paBHa 9 192 631 770 nepuogam u3iaydyeHus,
COOTBETCTBYIOILIETO MEPEXOIY MEXKAY ABYMS CBEPXTOHKHMH YPOBHSIMH OCHOBHOT'O COCTOSIHUSI aTOMa
ne3us-133». B 1997 roxy 3to onpereneHrue ObUIO YTOYHEHO TO0ABICHHEM TpPeOOBaHMI KacaTelnbHO
TEeMIIepaTyphl U COCTOSIHUS TIOKOA aToMa 1e3usi. [I[puHaToe onpeneneHrne 3HaUUTeIbHO 00Jeryasio pa-
6oty Xpanureneii Bpemenu, Tak Kak HCITONB30BaBIICECs] paHee BpallleHne 3eMJIM MPpU ONpeAeiIeHUI
3TaJloHa BPEMEHM 0Ka3aJ0Ch HEPaBHOMEPHBIM.

Ha ceropnsiminuii 1eHb B Ka4eCTBE BPEMEHHOM MIKabl Ucnoib3yercss BecemupHoe Koopauna-
nunonnoe Bpems (UTC, Universal Time Coordinated), ocHOBaHHOE Ha ONpPECICHUN CEKYHIBI Yepe3
KBaHTOBBII pe3oHaHc B atome uesmst (Cs'). JlanHas mkana dopmupyercs MexmIyHapomHbIM 6I0po
Mep u BecoB (BIPM) nmyteM oObennHeHHs JaHHBIX XpaHUTee Bpemenn pa3nuyHbIX CTpaH, a TakkKe
TaHHBIX MexayHapoIHo# ciy>k0n1 Bpamenus 3emun (IERS).

Crenyetr oTMeTUTh, 4TO B 1983 romy OBLIO TaHO HOBOE ONpEIeIcHIE 3TajlOHa JTHHEL: «Metp
— JTMHA Ty TH, KOTOPBIA MMPOXOIUT CBET B BakyyMe 3a 1/299792458 cexynnpi». Takum obpazom, dTa-
JIOH BPEMEHHOU JAJIUTENBHOCTH — CEKYyHJA OKAa3bIBAETCS MIEPBUYHBIM 10 OTHOUIEHUIO K ATAJIOHY MPO-
CTPAHCTBEHHOM MPOTSKEHHOCTH — METPY.

s Toro, 9YTOOB! YIOBUTH AOCTATOYHO TOHKHE (P(EKTH MPU IKCIEPUMEHTAX CO BpEMEHEM,
HEO0OXOMMBI Yachl BRICOKOH TOYHOCTH, CIIOCOOHBIE U3MEPSTHh CBEPXMAaJble BPEMEHHBIC HMHTEPBAIBI.
Takum yacaMu B HACTOSILEE BPEMS SIBISIOTCS ATOMHBIE YaCHI.

3nech ciieyeT oOpaTuTh BHUMAaHHE Ha TO, YTO TOYHOCTh U3MEPEHHSI BPEMEHHU B XOJE DKCIIe-
PUMEHTOB IO OIPENENECHNUI0 HE MOXET INPEBBICUTH TOYHOCTH, 33aBa€MOM CaMUM OIpeAeIeHUEM
eAMHHULBI U3MepeHus. B nonaTun «cexynaa» B MexxayHapoaHoil cucteme enunun CU, nmpunsatom Ie-
HEpaJILHOW KOH(EpEeHIMeH Mo MepaM U BecaMm B 1967 roay, Gurypupyer M3iyueHHE aToMa LE3Hs.
[TosTOoOMy (hopManbHO HU OJTHH Yachl HE MOTYT OBITH OoJiee TOUHBIMH, YeM Ie3ueBbie. K Takoro poaa
yacaMm oTHOcAT 1e3neBbie yacsl NIST-F1 (o aum onpenenstor cranaapt Bpemenu B CLIA). OmmOky
B OJIHY CEKyHAy OHHU HakaruuBaioT 3a 100 MUITHOHOB JIeT.

OcranoBuMCH 8
Oosee HOHpO6HO Ha KOH- Kpapueobi# OCUMANRTOP Keaimossilt gpcxpumumaTop
CTPYKIIMM aTOMHBIX 4a- Cpaswerue VATOMAS, Montnyay)
coB. OOBIYHO OHH BKIIIO- AT o va
4aroT B ce0s CleAyIome ::) <:]
OJIOKW: KBaHTOBBIM JHiC-
KpPUMMHATOP, KBAapLEBBII Undepbaar
reHepaTop, KOMIUIEKC A =vo-va
3NEKTPOHUKH. €
KBapuessblii rene- |Puc.10. CxeMa aTOMHBIX 4aCOB.

paTop SBJSETCS aBTOTe-
HEPAaTOPOM, B KOTOPOM PE30HAHCHBIMH 3JIEMEHTAMHU SBIISIOTCS MIbE303JICKTPUYCCKUE MOIbI KBapIICBO-
ro kpuctauia. OH reHepUpyeT DIEKTPOMArHUTHBIC KOjeOaHus ¢ (UKCUPOBAHHON YacTOTOM, paBHOM,
Kak mpaswio, 10, 5, 2,5 MI'1, ¢ BO3MOXXHOCTBIO IepecTpoiiku B Hebompimux mpenenax [30]. C uensio
TOBBIIIICHNS €r0 CTAOWMIILHOCTH UCIOJNB3YIOT KOJIeOaHUsT aTOMOB WIIM MOJIEKYJI, JJIsl 4ero KoJieOaHus,
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TCHEpUPYEMBIE KBapIEBbIM TEHEPATOPOM C YaCTOTOU Vo, MOCTOSIHHO CPAaBHUBAIOTCS C TIOMOMIBIO Ya-
CTOTHO-()a30BOr0 KOMIIapaTopa ¢ 4acTOTONM aTOMHOM JIMHHH V,, PETUCTPUPYEMOH B KBAaHTOBOM JIKC-
kpuMmuHaTope. [Ipu mosBIIeHNH pa3HUIEI B (pa3e W 4acTOTE KoJiebaHUH, cxeMa 0OpaTHOM CBSI3W TOJI-
CTpamBaeT 4acTOTy KBaplIeBOTO TeHepaTropa 10 TpeOyeMOoro 3Ha4eHHs, YTO ITO3BOJISIET MIOBBICUTH CTa-
OMIIFHOCTH M TOYHOCTD XOJ[a TAKUX YaCOB.

Kpowme nie3neBbIX, 00JIbII0€ pacIpOCTPaHEHHE TTOMYYHIIH Yachl HA OCHOBE pyOHIMEBOTO CTaH-
JlapTa 9acTOTHI C ONTHYECKOW HaKauyKoi. B oTin4me OT 1e3ueBhIX, OHH MEHEee YyBCTBUTEIBHBI K BHO-
pamysiM, He HyXKJaroTcsl B KaTHOpPOBKe U OoJiee KOMIAKTHBI. VX MOTPEeIHOCTh HAXOIUTCS Ha YPOBHE
10"

[ToTpeOHOCTH HayKU M MPAKTUKU TPEOYIOT JabHEHIIEro HapalluBaHUs CTaOMIIBHOCTH X0Ja U
MOBBIILICHHUS pa3pelIaloneil CliocoOHOCTH aTOMHBIX YacoB, U3MEpEHH Bce OoJiee MajlbiX BPEMEHHBIX
HWHTEPBAJIOB U MUHHATIOPH3aLUK 000PYAOBaHMs, YTO MPUBEJIO K pa3paboTke WX HOBBIX Moaenei. Hc-
cienoBaHus B 3Tod obmactu BeayT yuenbie B CIIA, Poccun, ®pannuu, Kurae, U3paune, Kanane u
[IIBelinapuu.

AXTHBHO paboTaeT B 3TOM HallpaBJIeHUH AMEPUKAHCKUIA HAIIMOHANBHBI MHCTUTYT CTaHAAp-
toB u texHosoruii (National Institute of Standards and Technology, NIST). B 2006 roxy uccnemosa-
TEJIM U3 3TOTO WHCTUTYTA MMOJ pykoBoacTBoM JIkuma beprksucta (Jim Bergquist) paspaboranu gacsl,
nercTBytone Ha ogHOM artome prytd [31]. Ilpm mepexomax MeXAy SHEPTETHUYSCKHMH YPOBHIMU
MOHA PTYTH TeHepupyroTcs (OTOHBI BUAMMOTO AWANa30HAa CO CTAOMIBHOCTHIO B 5 pa3 BHINIE, YeM
MHKPOBOJTHOBOE M3MyueHue 1e3us-133. B apyroi Bepcuu 9acoB UCIIOIE30BANICS OCPYILIHIA.

B ¢erpane 2010 roga Obu10 OMyOJIMKOBAHO COOOIIEHVE O IMOSBJICHUU YIYUIIEHHBIX BEPCHIA
9KCIEPHUMEHTAJILHBIX 4acoB, B KOTOpoM yueHble 3 NIST 3ameHnnu pryTh U Oepiiuiiii Ha allOMUHUI
u marauit [32,33]. C. W. Chou, D. B. Hume, J. C. J. Koelemeij, D. J. Wineland u T. Rosenband co-
3amu Mojienb XpoHometpa «Quantum Logic Clock» Ha ocHoBe noHa amomunus Al’, KoTopas Mo3Bo-
Juia JOCTUTHYTHh OecHpeleIeHTHOH TOYHOCTH: OmKNOKa B OJHY CEKyHIy HakamjuBaeTcs 3a 3,7 M-
auapia jgeT. DTH Yachkl MOTYT U3MEPSTh BpeMeHHbIe HHTepBajbl mouTH B 100 pa3 MeHbIIUe, 4eM ero
NpEAIECTBEHHUK Ha OCHOBE aToma pryTu. CleayeT OTMETHTh, 4T0 oauH u3 aBTopos, D. J. Wine-
land, cran naypearom HoGeneBckoii npemun mo ¢pusuke 3a 2012 1011 32 «pa3BUTHE OCHOBOIOJIArak0-
MIAX SKCHEPUMEHTAIBHBIX METOJ0B M3MEPECHUSI M MAaHUITYJISUA HaJ OJUHOYHBIMH KBAaHTOBBIMH CH-
creMaMny. [lomydeHHBIe UM pe3yIbTaThl HEMOCPEACTBEHHO OTKPBUIM BO3MOKHOCTH CO3JIaHMS TAaKOTO
THUTIA CBEPXTOYHBIX YaCOB, YTO, B CBOIO OYEPE.lb, TIO3BOJMIO MPOBECTH YHUKAIBHbBIE 3KCTIEPUMEHTHI
10 WCCIIEIOBAHNUIO N3MEHEHHUI TEMITOB TEUCHHS BPEMEHH (CM. HIKeE).

HHTepecHas pa3paboTka aTOMHBIX YacOB Ha OCHOBE ITOJIOXKHUTEIBHOTO HOHA TOpHs-229 Oblia
ormrcaHa B xypHane Physical Review Letters B mapte 2012 roma. ABTOpHI pa3paboTku — BukTop
®nambaym (Victor Flambaum) u3 yauBepcurera HoBoro KOxHoro Yanbca (ABcTpaiusi) U ero KoJjure-
ru u3 TexHonormueckoro mHCcTUTyTa J[Kopmkuu (CLIA) u Yauepcutera HeBamer (CLLIA) monara-
10T, YTO MarHUTHO-AUTIOJBHBINA MEepexo] B AApe B 3TOM HOHE MOKHO HCIOJIB30BaTh AJISl OTCUETa Bpe-
MeHH. Ponb MasiTHHKa OyJeT BHIMONHATH HEUTPOH B siApe Topusl. B pe3ynbraTte TOro, YTO HaXOASIIHE-
csl B siipe HEHUTPOHBI MEHbLIEC MOJBEP)KEHBI BHEIIHUM BO3JEHCTBUSM, YEM BJICKTPOHBI B OOBIYHBIX
aTOMHBIX YacaX, OTKPBIBAETCS MyTh K CO3JaHHUIO YacoB C (paHTaCTUUECKOW TOYHOCTBHIO XOJa: UX HO-
IPEIIHOCTH OLCHUBAETCS B OJHY JBAJIaTYI0 CEKYyHIIBI 32 BCE BPEeMsl CyIIeCTBOBaHUS BceneHHoi, T. e.
npuMepHo 3a 14 muuapaos et [34].

B cBsI3u ¢ mpakTHUecKoil HEOOXOAMMOCTBIO OCHAIICHUSI MOOMIIBHBIX YCTPOWCTB U anmapaToB
KOCMHYECKOTO 0a3upoOBaHUsI BBICOKOTOYHBIMH YacaMH, BO3HHKIIA TPOOJIeMa CO3AaHUS TTOPTATHBHBIX
ATOMHBIX YaCOB.

AKTHBHBIE Pa3pabOTKH KOMITAKTHBIX aTOMHBIX YacOB BeAyTcCs B PU3NIECKOM MHCTUTYTE MIM.
I1. H. JlebeneBa Poccwmiickoii akanemuu Hayk. CorpymHukamu JlabopaTopuu CTaHIAPTOB YaCTOTHI
pa3paboTany KBaHTOBBII AUCKPHMHHATOP IS AaTOMHBIX 4acoB 00beMoM He Gomee 10 cv’. ITpu sTOM
3a CyTKH OHH HAaKaIIMBalOT OTKJIOHEHHE B OJHY MWIIHOHHYIO NOMIO cekyHzpl. [Ipenmomaraercs B
2012 roay 3aBepIIUTh OMBITHO-KOHCTPYKTOPCKHE PaOOTHI 10 CO3[JaHHUIO HAa STONH OCHOBE MMOPTATUBHBIX
ATOMHBIX YacOB, MTOCIIE Yero OJ{Ha U3 POCCUUCKUX KOMITAaHUI HAYHET UX CEPUHHOE MTPOU3BOICTBO.

B CIIA yuensie NIST, a Taxke momnsie komnannu Honeywell, Symmetricom u Kenko npu-
CTYNHJIN K pa3padoTKe TEXHOJIOTHH MacCOBOTO MPOM3BOJCTBA MaloradapUTHBIX aTOMHBIX 4YacoB. B
yactHOCTH B Hadasne 2011 r. aMmepukaHcKkas KOMIaHUsT Symmetricom 00bSBHIa O KOMMEPUYECKOM BbI-
MyCcKe MEe3UEBBIX aTOMHBIX YacOB pa3MepOM C HEOONbIIyI0 MHKpocxemy. MX cTaOMIBHOCTD —
510" macca— 35, noTpedsieMast MOIHOCTE — 115 MBT.

B nagane 2010 roga ObUT0 OOBSBICHO O MOINMCAHWW KOHTPAKTa SBPOICHCKONW KOMIAHHH
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EADS Astrium ¢ EBponeiickum kocmuyeckuM areHTcTBoM (EKA) o mocraBke Ha MexayHa-
poanyro kocMmuueckyr ctaniuio (MKC) aTOMHBIX 4acOB CTOMMOCTBIO 35 MHJIJTHOHOB €BPO
JUTSE IpOBeZicHHs (PU3MUYECKUX OMBITOB. KOHTpaKT mpeanonaraeT pa3padoTKy KOMILIEKCa KOC-
MHUYECKUX aTOMHBIX 4acoB (ACES — Atomic Clock Ensemble in Space) mist MKC u ee ycraHOBKY
Ha OOpT CTaHIMK IIPU ITOMOILH SITIOHCKOI'O I'py30Boro kocmuyeckoro kopadist HTV. Kpome toro, Oy-
JIeT cO3JaHa Ha3eMHasl cucTeMa MUKPOBOINHOBOM koMMyHUKaMu ¢ ACES. OcHOBOI cUCTEMBI CTaHYT
¢dpanysckue yacel Pharao, paboTaromyie Ha OXJIaKACHHOM LE3UH, 1 KOCMUYECKU KBaHTOBBIN I'eHe-
parop (Mazep) Ha Bomopoae (SHM), cozmanme xoroporo npodunancupoBano lllBelinapueii. B pe-
3ynbTate OyaeT oOpa3oBaH KOCMHUYECKWI aTOMHBIM aHcamOnb yacoB. IlokazaTenn 3THX COCTaBIISIO-
mux OyIyT COMOCTaBIIEHBI APYT C APYTOM, a TAKXKE C HAMOHATBLHBIMH STaJIOHAMH BPEMEHHU B Pa3HBIX
cTpanax. [Ipenmnonaraercs, YT0 MOTPEUTHOCTH ITON CUCTEMBI COCTABUT OJIHY CEKyHJIy Ha TPUCTa MHJI-
JIMOHOB JIET.

Co3znanne ACES — oauH u3 Hanbosee MHTEPECHBIX (QU3NYECKUX HKCIEPHUMEHTOB Ha OOpTY
MKC B ycnoBHSX MHKPOIpPaBUTaLlUH, KOTOPBIH MO3BOJINT IPOBECTH MHOXKXECTBO OIBITOB B cdepe
(yHIaMeHTanbHOM (PU3MKM, B TOM YHCIIE OIBITOB, IOCBAIICHHBIX MIPOBEpKE OOIIEil TeOPpHUH OTHOCHU-
TEJIBHOCTH ¥ TEOPUH CTPYH, SKCIIEPUMEHTOB, HENOCPEOCMBEHHO C8A3AHHBIX C NOHAMUEM U C8OUCEA-
Mu epemenuy. ATOMHBIE 9achl TIpeATIoaraeTcs BeIBecTH B kKocMoc B riepuon 2013 — 2014 romos. Ouu
OyZayT pa3MelleHbl Ha BHEIIHEH CTOpOHE eBpoIeicKoro HayqHoro Mmoxyist Columbus, cpok BeIOIHE-
HUSI 9KCIIEPUMEHTOB COCTAaBUT 110 MEHBILEH Mepe Ba roja.

B 2012 nossuiucs coobmenust NASA (CILIA) o pa3pabotkax B pamkax npoekta «The Deep
Space Atomic Clock» 60pTOBBIX BEICOKOTOYHBIX aTOMHBIX YaCOB Ha OCHOBE HOHOB PTYTHU AJISI KOCMH-
yeckux anmnaparoB. Co3JaHneM TakuX 4acoB 3aHUMAIOTcs ucciepoBarenu u3 Jlaboparopun HACA mo
u3yueHHuo peaktuBHOro apmwxkenus (Jet Propulsion Laboratory) B I[lacamene, Kamudopuus. Yacer
NpeArnoaracTcs UCIONb30BaTh B CHCTEMax AajbHEH KocMuueckoil HaBuranuu. [Ipaktudeckas peanu-
3alus IPOEKTa J0JDKHA 3aHATh TpH rojia. [lmaHupyercs BBIBOJ 4acOB B KOCMOC Ha O0OpPTYy OpOHUTaIBHO-
ro anmapara muccun «Technology Demonstration Missionsy. CTouMocTs TIpoekTa — mopsiaka 175
MUJIJTHOHOB J10JIJIAPOB.

BaxxapIM BOIpOCOM TIPH MPOBEACHUH IKCIEPUMEHTOB U NMPAKTHUYECKOM HCIIOIB30BAaHUH TEM-
HOpabHBIX 3()(HEKTOB SIBJISAETCS CHHXPOHU3ALMS U CPaBHEHHE MOKa3aHUH YAaJCHHBIX 4acoB. B aTom
HalpaBJICHUN YAAJIOCh AOOUTHCS 3HAYMTEIBHBIX YCIIEXOB B PE3yJIbTaTe NMPUMEHEHUS ONTOBOJIOKOH-
HOM CBSI3M MEXIy yacamu. B ceHTsa0pbckoM HOMepe xypHana Science 3a 2010 rox [33] coobmanock o
CPaBHEHHMHU XOJla JBYX aTOMHBIX 4acOB, CBSI3aHHBIX MEXIy cO0OH 75-METPOBBIM ONTOBOJIOKOHHBIM
kabeneM Bo Bpems mpoBenenus sxkcrepuMeHToB B NIST (CLHA). A B anpene 2012 roza B 3ToM ke
KypHaiIe coo0manock 00 NCHONb30BaHUK YUYEHBIMH U3 ['epMaHuy [T 3THX LesIei ONTOBOJIOKOHHOTO
kabens amHoM 6onee 920 kmtometpos [35].

UHTepBansI BpeMmeHu

B nacrosimee BpeMsi B 3KCIIEpUMEHTaxX C peajbHBIM yIpaBieHHeM (TpeoOpa3oBaHHEM) XO0/a
BpPEMEHH CYIIECTBEHHBIH WHTEPEC MPEICTABISAIOT Majible BpeMEHHbIC MHTEPBalbl, KaK MPaBUIIO, CO-
CTaBJISIOIIUE JIONH CEKYHJBL. B CBSI3M C 3TUM CTOWUT MPHUBECTH OOILENPUHSITHIE HAMMEHOBAHHUS TaKHX
BpeMeHHbIX MHTepBaioB. B cucreme CU enmnuieil BpemeHu siBiseTcs cekyHna. Ee moapasaenenus
MMEHYIOTCS CIIEIYIOIUM 00pa3oMm:

1. Munnucexynoa — 107 cexynasl. Cer ycnepaer npo6exars 300 k. IIpeaen BpeMeHHOro
UHTEpBaJa, KOTOPHIA MOXKHO OOHAPYKUTh C IOMOIIBI0 HEBOOPYKEHHOTO B3TJIS/Ia.

2. Muxpocexynda — 10 cexyrasr. CBer ycnesaer npobexats 300 MeTpoB.

3. Hanocexynoa — 107 cexynmsr. CBeT ycreBaeT mpodexats 30 cM.

4. ITukocexynoa — 107% cexynapr. CBet ycreBaeT mpobexats 0,3 MM.

5. @emmocexynoa — 107 cexymnmpr. CBer yenesaer mpo6eskats 0,0003 M.

6. Ammocexynoa — 10™"® cexynmpr. Cer ycrepaer mpo6exats 3-107 MM, win 3 aHrcrTpema.
3aMeTuM, 9TO aHTCTPEM — 3TO MPHONM3UTEIBHBINA pailyC OPOHUTHI ANEKTPOHA B HEBO30YKICHHOM
aToMe BOJIOpo/a.

7. 3enmocexynoa — 107" cexymmpl. Cer ycrmepaer npobexars 3:107'° mm, mwu 0,003 amr-
cTpeMa. THTUYHOE BpeMS SICPHBIX PEAKIIHIA.

8. Hoxmocexynoa — 10™* cexynnsr. CBer ycnepaer mpobexats 3-10™° mm. 3a Tpu itoxtoce-
KYHJIBI CBET COBUTACTCS HAa PACCTOSIHUE, COOTBETCTBYIOIIEE TUAMETPY MPOTOHA. TOm-KBapK, TsKenas
JJIEMEHTapHas YacTUla, pacuanaercs IpuMepHo 3a 0,4 HOKTOCeKYHBI.
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MpuHUMNBLI 1 KpUTEepUN POPMUPOBAHUS IKCNIEpMMEHTarNbHON 6as3bl

Jiist Toro, 4ToOBl CHOPMUPOBATH IKCIIEPUMEHTAIbHYIO 0a3y TEMITOPOJIOTHH, HEOOXOAUMO U3
OTIPEICIICHHOTO 00beMa CYIIECTBYIOIUX IKCIEPUMEHTAIBHBIX U HAOMIOAATENFHBIX JaHHBIX HAUTH U
CUCTEMATU3UPOBATL TC PE3YJIbTATBI, KOTOPLIC MOT'YT UMCTh TPAKTOBKY C TOYKH 3pPCHHA TCMIIOPOJIO-
THH, U B TaJTbHEUIIIEM MTOTIOIHSITH €€ HOBBIMH SKCIIEPUMEHTaMH U HAaOIIOICHUSIMHU.

Lenp ¢u3mdeckoro sKcneprMeHTa — TMOATBEPANTH CYIIECTBOBAHHWE 3aBHCHMOCTH OIpeIe-
JICHHOTO BU/A (BBIOpATh M3 HECKOJNBKUX JOITyCKAGMbIX aJIbTEPHATHB), WUIH TOJIBKO HAWTH (pu3ndeckue
KOHCTAHTHI JUISI U3BECTHOTO 3aKOHA, MK TO U JIpyroe BMmecte [36].

Besxmit ¢pusndecknii SKCIIEpUMEHT CBOJUTCS B KOHIIE KOHIIOB K HEKOTOPBIM u3MepeHusM. Ho
MoJTydeHHbIe MHU(PBI PEAKO SBISIFOTCS KOHEYHOW IIeNbI0 HCCieNoBaHMs. B OONBIIMHCTBE clydacs
[IeJTh PacYeToB — HE YMCIIa, a MOHMMaHue. Beerna crneayeT momymarb, €Clii H3MEPEHUsl JaayT 0KHU-
JAaeMBIN pe3yNbTaT, JOCTATOYHO JIK €ro JJIs J0Ka3aTeabCTBa aKTa, Ui OJHO3HAYHOTO YCTAHOBIICHUS
B3aMMOCBSI3U ABNeHUH? He momyckaeT nu 3TO pe3ynbTar elie M HECKOJBKO APYTHUX MCTOIKOBAHHNA?
Kakumu skcriepuMeHTaMH U OLIEHKaMU 3TH aJIbTEPHATUBHBIC UCTOJIKOBAHUS MOXHO OTBEpTrHYTH? He
OBLTO JI BCE PE3yJIbTaTOM HE UCKOMOTo 3¢ dexTa, a HeqoueToB Metoauku? HykHO deTko mpencra-
BUTb, KAKNE OJTHO3HAYHBIC BEIBOJIBI YIACTCS CAENATh, €CIIU OyIET MOYYCH 0KUIaeMbIil pe3yJIbTarT.

[Ipu oTOOpe M aHaM3€ SKCIEPUMEHTAJIBHOTO MarepHajia 0co00e BHUMaHUE JODKHO OBITh
YJENEHO YHCTOTE MPOBEICHHBIX KCIIEPUMEHTOB. B cooOmIeHusIX 00 dKCIepUMEHTaX BO3MOXKHBI TPU
OCHOBHBIX JIe()eKTa, KOTOPBIE MOTYT MOCTABHUTH T10JI COMHEHHE ITOJTyYeHHBIC Pe3yIbTaThl [36]:

1. HecooTBeTcTBHE 00CIIaHHON M (DAKTUIECKH TOCTYITHONH TOYHOCTH TPH JAHHBIX CPEICTBAX

W3MEpEeHH, B YACTHOCTH — HE YUTEHBI HEKOTOPHIE HCTOYHHUKH OIIHOOK.

2. He yuarens! mo6o4HbIe (PaKTOPHI, BIMSHIE KOTOPHIX Ha PE3YyJIbTAT COMOCTABUMO C BIUSHU-

€M OCHOBHBIX (haKTOpOB.

3. JledexTrl IOTUKH B BBIBOJIaX U OLIEHKAX MOJyYEHHBIX PE3yJIbTATOB.

Oco0oe BHUMaHHE HEOOXOAUMO yACIUTh CTAOMIBHOCTA M BOCIPOM3BOIUMOCTH TOTYYESHHBIX
Pe3yNIbTaTOB, B TOM YHCJIE UX MPOBEPKE HE3aBUCUMBIMHU HCCIIETOBATEIISIMHU.

BakHbIM 3TanoM MccIenoBaTeNIbCKOM pabOTHI SBISCTCS TPAKTOBKA BBIIOJHEHHBIX 3KCIICPHU-
MEHTOB M HaOmoJcHui. Bezne HY>KHO MPOBOAWTH YETKYIO IpaHb MEXIY OObsSCHEHHEM (OJHHM M3
MHOTUX BO3MOXKHBIX, KOTOPBIC IMOKa HE MPOTUBOpEYaT (hakTaM) M JOKa3aTeIbCTBOM (CIUHCTBECHHBIM
00BSICHEHHEM, MCKITIOYAIONIEM BCe aNbTEPHATHUBEI). B CBS3M ¢ ATHM KenaTeabHO MpH moJ0ope dKCIie-
PUMEHTOB BBIOMpaTh M IUIAHMPOBATH TaKWe, KOTOpBIE MOMOTNIM OBl CllenaTh OHO3HAYHBIN BHIOOP
MCXKY HCCKOJIbBKMMHU U3 HpaBZIOHO]IO6HI)IX 00BsICHEHHH. DTOT IOMOMKET MIpaBUJILHO OIIPEACIUTDH
HalpaBJICHHUA ]laJIbHeI\/’IHII/IX TCOPECTUYCCKUX U OKCNCPUMECHTAJIBHBIX ITOUCKOB.

Ecnn skcniepuMeHT MPOTHBOPEUHT CYIIECTBYIOIIEH W yOeAUTENbHO MOATBEPKIEHHON IKCIIe-
pPUMEHTaMHU TEOPHH, TO OH HYXKAAeTCs B 0c000 TIIATENFHOW MPOBEPKE HE3aBHUCHMBIMH JKCIIEPUMEH-
taTopamu. YToOBI HE YBSI3HYTHh B MHOTOUNCIIEHHBIX TEOPHUAX M TUCKYCCHAX, IIOCBSICHHBIX BPEMEHU U
MIPOJIOJDKAIOIIMXCS YKe Oosee 2,5 ThICSd JIeT, Mpu (HOPMUPOBAHUH HKCIIEPUMEHTATFHONW 0a3bl TEMIIO-
ponoruu Hac OyIyT MHTEPECOBATh TOJBKO OECCIIOPHBIC NOCTHIKEHUS SKCIIEPUMEHTAILHOW (U3UKH B
aToit obactu. Ha aToii ocHOBe 1 (hopMupyeTcst 6a3a IKCIIEPUMEHTATBLHON TEMITOPOJIOTHH.

JkcnepuMmeHTanbHas 6asa Temnoponorum

dopMuUpoOBaHUE U CUCTEMATH3ALUS SKCIEPUMEHTAIBLHON 0a3bl MPOBOJUTCS B PaMKax pabOThI
naboparopun-kadeapsl BHEIPOCTPAHCTBEHHOW MeXaHMKH MHCTUTYyTa McciaenoBaHUM NpPUpPOABI Bpe-
MeHHU. Ps11 95KCrIepUMEHTOB BIIOCIEACTBUN MPOBEPSUTUCH HE3aBUCUMBIMU dKCIIEpUMEHTaTOpaMHu. Takue
MPOBEPOYHBIE IKCIIEPUMEHTHI BKIIOYAIOTCS B 0a3y B TOM Cllydyae, €clid OHM Jalld pe3ylbTar, Oonee
HMHTEPECHBIN 10 CPAaBHEHHUIO C OPUTMHAIBHBIM 3KCIIEPUMEHTOM. BO BCeX 3KCIepHUMEHTaX BBIJIENIEH UX
TEMIIOPaIbHBINA aCTEKT.

I'pbynna skcrnepumeHmos A

[penmer uccaenoBanus: GakTop BIUSIHUS — OTHOCUTEIbHAS CKOPOCTb.

CyurHoCTh MCCJIeNYyeMOro SIBJEHHUSI: OTHOCUTENBHOE JBH)KCHHUE OOBEKTa BBI3BIBACT 3aMeE]l-
JICHHE TCYCHHUS BPEMEHHU B COOTBETCTBUH C PEIIATUBUCTCKOM (hopMyIioii (8).

IIporepsieMble CJIeACTBUS: B YaCTHOCTH, 3aMEJUICHUE TCUCHHUS BPEMEHU Jis ObICTpOpacma-
JIAIOIIMXCS YaCTHUIl BBI3BIBACT HAOJIIOJJaCMOE BO3PACTAHME BPEMEHH MX JKU3HU M CBA3aHHOE C 3TUM
YBEIWYCHHE JUIMHBI UX CBOOOJHOTO Tpobera (10 MOMEHTa paciana); MPOUCXOIUT CMEIICHUE CITeK-
TPOB B KPacHYIO CTOPOHY, TIPOSIBIISIIOTCSI PENSTHBUCTCKHI dQdekt Jloriepa ¥ CUTyallMy THIIA Tapa-
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JIOKCa OJIM3HELIOB.

ILeab 3KCNEPUMEHTOB: H3yYCHHUE TEMIIOB TEYCHUS BPEMEHH IBUIKYIIUXCS OOBEKTOB IIO
CPaBHEHHIO C TEMIIAMH TCYCHUS BPEMEHHU B JIAOOPATOPHOM CHUCTEME KOOPJMHAT U MPOBEPKA yKa3aH-
HOW 3aBUCHMOCTH MEXTy HUMHU.

1932 r.

Asmopst u mecmo nposedenus sxcnepumenma:. Kennemn P. (Kennedy R. J.), Toprmaiik 3.
(Thorndike E. M.)

Onucanue sxcnepumenma. OyHnameHTanbHblid 3kcnepuMeHT no nposepke CTO. Hynesoit
pe3ynbTart ornbitTa MalikenbcoHa-Mopiy, MPUBEAIINI K KPU3UCY B (DU3HKE, MOT OBITh OOBSICHEH WIIH C
MTOMOIIBIO TUTIOTE3b! JIOpeHIa 0 COKpaIIeH!H [UTMHBI IBUKYIINXCS IIPeIMETOB (JIOpEHIEBa TEOpUs —
JIT), nmu ¢ momometo CTO Ditamreitna. [Ipeanoxkenue JlopeHna coxpaHsmo runoresy 3¢upa, s
pemeHns DHHINTEHHA 3Ta TUIIoTe3a ObuTa He Hy)kHa. O0e Teopuu JaBajii HyJIeBOH pe3ybTaT B OMBITE
MaiikenbcoHa-MopiH H3-3a TOTO, YTO AJUHEI IJIed HHTEphEepoMeTpa B SKCIIEPUMEHTAIBHON yCTaHOB-
Ke ObuUTH paBHBL. OJHAKO MPU Pa3IMuMy JUTHH I1ed HHTepdepoMeTpa CHMMETpPHUS MEXIY STUMU TEO-
pHUSIMH Hapylanack: o tTeopun JlopeHna s uHTeppepoMeTpa ¢ HECUMMETPUYHBIMU TIEYaMU B pe-
3yJbTaTe BO3JCUCTBHSI 3(QUPHOTO BeTpa MOJHKEH OBUT BO3HHUKATH CIIBUT MOJIOC B HOYHOE BPEMS IO OT-
HOILIIEHUIO K JTHEBHOMY, B TO K€ BpeMs KaK TeopHus DWHIITElHa yuWThIBaja BO3ZHHUKAIOIIEE B XOJe
9KCIIEPUMEHTA 3aMeJJICHHE BPEMEHH, BCIIEJCTBHE YEro CABUT MOIOC OCTABAJICS HYJIEBBIM. BBIACHUTH
3Ty CUTYAIMIO U CTaJIo 3aj1auet skcniepuMenTa Kennenu-TopHaaiika.

MosHO cKa3aTh, 9TO 3TO Obla TIepBasi MOIMBITKA 3KCIIEPUMEHTAIFHO HCCIIEI0BATh CBOMCTBA
TEYEeHHS BPEMEHH, Pe3yIbTaT KOTOPOH /TaBajl BO3MOXKHOCTE CAETATh BEIOOP MEXKITy IBYMS PEBOIIONH-
OHHBIMH TeopusiMu Toro BpemeHn — JIT u CTO.

CBeT OT PTYTHOM Jammbl S MOPOXOIUI

yepes MIeb S, MOCle Yero — yepe3 KOLTUMaTop
L,. Tlony4yeHHBIH IIOCKONAPAIIIEIbHBIA My4OK
CBETa C IOMOINBIO MpuU3MBl P pasznaranci B
CIEKTp, U3 KOTOPOTO BBIJENANACH 3eJIeHasl TMHUSA
C BBICOKOW KOTepeHTHOCThIO. Ilyuok ¢okycupo-
BAJICS JINH30U L, MIPOILYCKAJICS YEPE3 CIOU BOMBI
C, nns OTOUIBTPOBBIBAHUS TEIJIOBOTO H3ITy4e-
HUS, 3aTe€M YTOOBI HCKIIOUUTH MOJSAPU3AIHOH-
Hble 3QQEKTH B UHTEPPEPEHIUN U OTPAKECHHH
nponyckaics depes noispuszarop N. Jlaiee npu-
TFOTOBJICHHBIM ITy4OK CBETa BXOAWJI 4yepe3 Ipo-
3payHO€ OKOILIKO B BaKyyMHYyIO Kamepy V u mo-
clie JIOTIOTHUTENHHOW (DOKYCHPOBKHM IMajmai Ha
MOJIYIIPO3PAYHYIO IIAaCTUHY M nox yriom bpro-
cTepa, MOJ KOTOPBIM MOJSPU30BAHHBIA CBET OT-
paxkancsi TOJIBKO OT MOCEPEOPEHHON MOBEPXHO-
CTH ATOM IJIACTUHKHU, HO HE OT €€ CTEKJISTHHOU
MOBEPXHOCTH. [IBa KOTEpeHTHBIX Jpyr ApYTy
Iy4Ka, TOJTy4YEeHHbIE MOCIe MPOXOXKICHUS uepes
M,, npoxoawiu myTu 10 3epkan M3 u My, nocie
Yero CHOBA OTPAXAJIUCh OT MOJyHpPO3pPAvyHOIl
IUTacTHHBL M. Jlasiee OHM BBIXOJAWIN U3 BaKyyM- |Puc. 11. CxeMa 3KCHEPHMEHTAIBHON YCTAHOBKH
HOU KaMephbl 4yepe3 OKOIIKO W n HHTGpd)epHPO- (pUCYHOK W3 OpHUTHHANBHOW craThui KeHHemn u
BaJIM, OCTaBIsAs clel Ha QoTomiacTuHke /. |Topupaiika).
O0osrouka BaKyyMHOH KaMmephl ObLTa 3aItojHeHa
BOJIOM, TeMIepaTypa KOTOpOH MOJJIEPKUBANIACH TIOCTOSTHHON ¢ TOYHOCTBIO A0 THICAYHON TOJIM Tpaay-
ca (4ToObI M30eXkaTh BIHUSHUS AchOpMaITiK ONTHYCCKUX DJIEMEHTOB KOHCTPYKINHA Ha WHTepdepeH-
LIHIO).

B Tedenue nomyrona Osuta nmomydena cepust n3 300 CHUMKOB HHTEp()EPECHIMOHHON KapTHHBI.

Pesynomamul sxcnepumenma: B skcniepriMeHTe OBUT MOJYYEH HYJIEBOH pe3ylsbTaT, MOATBEP-
KIAIONIUN CIIPABEIUIMBOCTD CIICIMAIBHON TEOPUU OTHOCHTENBHOCTH DHWHINTEHHA, B TOM YUCie (aKT
3aMeIJICHHs X0/1a BpeMEHH, cornacyroumiicsa ¢ popmynoi (8).

Hcmounuku: [37,38].
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1938-1941 rr.

Aemopul u mecmo nposedenus sxcnepumenma: Anise (Ives H. E.) u Ctuyamn (Stilwell G. R.).
Onucanue 3kcnepumenma. JKCIEPUMEHTATOPHI BHITIOIHUINA CIIEKTPAIBHBIE OIIBITHI C ITyYKaMU
BOJIOPOHBIX aTOMOB, HAXOJUBIIUXCS B BO30YKIICHHBIX AJICKTPOHHBIX COCTOSHUSIX. ATOMBI, BXOJIUB-
IIHE B COCTAB MOJICKYJISIPHBIX BOZOPOAHBIX HOHOB H) u Hj, yCKOpSUIHCH B CHIIBHOM 3IIEKTPUYECKOM
norne. Kak mpoaykT pacmana HOHOB 00pa30BBIBAJICS aTOMapHEIH BOoAopoa. CKOPOCTh ero aTOMOB ObLia
paBHa B =v/c=0,005. B xo1e SKCIIEpUMEHTOB OMpEeIsIach CMEIIEHHe CPeIHeN JTHHBI BOJIHBI OT-

,I[eJIBHOﬁ CHCKTpaHLHOﬁ JIMHHU, HCHyCKaCMOﬁ ABWKYIIUMHUCA aTOMAaMHU BOAOpOAA.

/

—

/ spectrograph

I/

Puc. 12. Cxema 3xcnepumenta AiiBca u CTuoayasiia.

Pesynvmamsl sxcnepumenma: aBTOpbl SKCIEPUMEHTA MOKA3aJIK, YTO YaCTOThI, UCITyCKAEMbIe
HMOHAMH, 3aBHCEIM OT UX JIBWXKEHHUsA. HaOnromaemoe cMelleHHe CPeAHEH JIMHBI BOJHBI OBLIO PAaBHO

0
0,074 A, B TO BpeMsl Kak MpU pacyeTe Mo PelITUBUCTCKON (opMylie AJi1 BETUYHHBL B, onpenensieMoi
[0 3HAYEHHUIO YCKOPAIOIIEro MOTEHIMala, MPUIIOKEHHOTO K MCXOIHBIM MOHAM, MOJIydaeTcs cMelle-

0
Hue 0,072 A . Otu pesynsraThl coracyrored ¢ CTO ¢ norpemHoctsio nopsiaka 1%.

HUcmounuku: [39,40].

Jlononnenue: 3HaunTeNnsHO O0JIee BBICOKAsi TOYHOCTH ObliIa JOCTUTHYTA B OOJIee TO3HHUX JKC-
MEPUMEHTaX C UCIONb30BaHKeM HOHOB nutus: Grieser ef al. 1994 r., ckopocts nonos 0,064c¢, moctur-
HyTas tounocts 107 [41]; Saathoff et al. 2003 r., ckopocTh HoHOB 0,064¢, TOCTHTHYTAs! TOYHOCTb
2,2:107 [42]; Reinhardt et al. 2007 r., ckopocts noros 0,064c, nocturayTas Tounocts 8,4:10™ [43];
Novotny et al. 2009 ., ckopocts noHoB 0,34¢, mocTurayTas Tounoctb 1,310 [44]. PesymnbraThi 9THX
9KCIIEPUMEHTOB He OOHAPYXMJIIM PACX0XKAECHUI CO CHEIUaTbHOW TeOpHe OTHOCHTENBHOCTH W IMOJ-
TBepIHIH 3P (DHEKT pENITHBIUCTCKOTO 3aMEUICHH S BpPEMEHH C YKa3aHHOW TOYHOCTBIO.

1940-1941 rr.

Aemopul u mecmo nposedenus sxcnepumenma: Bunbsmc (Williams) u Pobeptc (Roberts).

Onucanue sxcnepumenma. B xadecTBe OBHKYIIETOCS Tella B SKCIIEPUMEHTE HCIIOJIb30BAINCH
ME30HbI, HAXOJUBIINECS B JUBHE KOCMHUUYECKUX JIydeil. BpeMs KU3HU ME30HOB U COOTBETCTBYFOIIINE
MM TIyTH CBOOOHOTO MpoOera Mpu HEPEIATUBUCTCKOM PacueTe COCTABILIIOT:

— JUTST L —Me30HOB (MI00HOB) 70=2.2-107 ¢; [o= 600 m;

— I T — ME30HOB (ITMOHOB) T5=2,56" 10° ¢; Iy="7,68 m;

Me30HBI 3apOKIal0TCS B BEPXHUX CIOSIX atMocdepsl (MooHE — Ha BbicoTe H = 18000 M,
MOHBI— Ha BeIcoTe H = 46200 Mm). OOHapyKeHHEe HX B HIDKHUX CJIOSX aTMOC(hephl TOBOPUT O 3HAYU-
TEJIHHOM YBEIMUYEHHUH UX Mpolera (YTO CBA3aHO C YBEIMYCHUEM BPEMEHH JKU3HU JIBIKYIIHUXCS ME30-
HOB). Perucrpamuss ME30HOB JJaeT BO3MOXXHOCTH ITPOU3BECTH PACUETHI N0 YKA3aHHOM PENIITUBUCTCKON
¢dhopmyne. HabGmroneHus: caMoOnpon3BOILHOTO paciaia Me30HOB IPOU3BOIMIMCH B KaMmepe BuiibcoHa.

Pezynomamer sxcnepumenma: Pesynpratel cornacyrorcs ¢ CTO, 3ameyieHre BpeMEHH TMO/I-
TBEPKIACTCSL.

HUcmounuku: [45].

1940-1941 rr.

Aemopul u mecmo nposedenus sxcnepumenma: bpyno Poccu (Rossi B.) u Xonn (Hall D. B.),
SKCIIEpUMEHTHI TpoBoaminch B JlerBepe, Komopamo (CILIA).

Onucanue skcnepumenma. IIpoBoaMIIOCE UCCIIEOBaHUE PEISATUBUCTCKUX MIOOHOB, JABHMXKY-
muxcsa B atMocepe co ckopocTsmu Boie 99,94 % ckopocTu cBeTa, u u3ydaics ux pacnan. C nomo-
HIbI0 CUUHTHIISILMOHHOTO JETEKTOpa 3KCIIEPUMEHTATOPhl CPaBHUBAIN OTOKH MIOOHOB Ha BEpIINHE
ropsl BeIcOTOM 1,9 KM 1 Ha ypoBHE MOps. YHCIO 3aperucTpupOBAaHHBIX MIOOHOB Ha BEPIIMHE HAXO/AH-
JI0OCh Ha ypoBHE 560 MIOOHOB B Hac, BHU3Y — 422 MiooHa B 4ac. [lomydeHHEII pe3yipTaT cTam BO3-
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MOJKEH BCJICJICTBUE PEISTHBUCTCKOTO YBEIIMYCHUS BPEMEHH JKU3HU OBICTPOPACIAAIOIINXCS MIOOHOB,
YTO MO3BOJIMIIO UM MIPEOJIOJIETh TaKOE OOJBIIIOE PACCTOSHHUE MEXKITY IETEKTOPaAMH.
Pesynomamut sxcnepumenma: KadecTBEHHO MOJNTBEPXKICHO 3aMeUICHHE BPEMEHH, KOTOPOE
MPUBEJIO K PETUCTPAILIMH STUX YaCTUI] B HUKHUX cllosix atMocgepbl. Pesynbratsl cornacyrores ¢ CTO.
Hcmounuru: [46].

1940-1941 rr.

Asemopvt u mecmo npogedenus sxcnepumenma: Oxe u Maz (Maze); Ma3 u lllamunan
(Chaminade); ®peon, Mas.

Onucanue sxcnepumenma. IIpoBoANIOCH HCCIIEIOBAHNE ME30HOB B JIMBHIX KOCMHUYECKHX JIy-
Yel, peruCTPUPOBAIHCH TAPaMETPhI KX CAMOTIPOM3BOJIIEHOTO pacIaja.

Pezyremamut sxcnepumenma: Pesynbrathl cornacyrores ¢ CTO, 3amennenne BpeMeHH TO-
TBEPKIACTCH.

Hcemounuku: [47].

1952 r.

Asmopwr u mecmo nposedenusi sxcnepumenma: Japoun (R. P. Durbin), Jloap (H. H. Loar) u
Xesernc (W. W. Havens), skciepuMeHTHI IPOBOAMIINCE B PannarnmonHoii naboparopuu Jloypenca.

Onucanue sxcnepumenma. B naGopaTopuy 3aMejieHME BPEMEHH I ABMKYLIUXCH JI -
ME30HOB U T ME30HOB H3MEPSIIOCh METOJaMH, Pa3pa0OTaHHBIMHU ISl M3MEPEHUH BPEMEHHU >KH3HH
BO30YXK/ICHHBIX COCTOSHHI aTOMOB W simep. llyTeM OTKIOHeHHMS B MarHWUTHOM IIOJie W3 Ty4yKa -
ME30HOB BBIACISIUCH ME30HBI C OAMHAKOBBIM UMITYJIBCOM: 3Heprueit 73 Mas u ckopoctbio 0,75¢. Me-
30HBI IPOJICTATM C HE3HAYUTENFHON NOTepeil PHEPTHH CKBO3b TOHKUN CLHUHTHILISATOP, KOTOPBIA pPeru-
CTPUPOBAJ YUCIIO MPOILEAIINX ME30HOB Ny. Vi3Meps1ochk yucio pacnanoB Ha OTpe3ke MyTu X. B mabo-
paTOpHOH cUCTEME OTCUYETa ME30HBI UMEIOT BpeMsl KU3HH T;. OHU pacmagaroTcs 1o 3akoHy N(f) = N
exp(-#/t1;). Bpems ¢ BeIpaxkaeTcs uepes myTbh X, POIIEHHBIH cO CKOPOCThIO v. UnCiio Me30HOB Ha pac-
CTOSIHUU X paBHO N(x) = Ny exp(-x/vt;). DTO YHCIO PETUCTPUPYETCS CUSTUMKOM. [IpuHMMaeTCs, 4To
BEPOSATHOCTH MOMAIaHus [I-ME30HOB OT Paclajia m-MEe30HOB B CUETUHK MpeHeOpexnMo Maia. M3 cHu-
JKEHHSI YMCIa ME30HOB Ha OTPE3KE X OIpeNeNsieTcs CpelHuil MyTh Vviz, Ha KOTOPOM YHCIIO ME30HOB
yOBIBaeT B e pa3. JIns T -Me30HOB co cKopocThio 0,75¢ pacmajHas JUIMHA paBHA 8,5 M. PenstuBnctc-
Kkast (popmyia 3amemterns Bpemenn 1, = 1(1-vY/c?)"* mpoBepsiTach MmyTeM CpaBHEHHS H3MEPEHHOTO B
JTAHHOM OITBITE€ BPEMEHH KU3HHU T; C BpEMEHEM JKU3HH ITOKOSIIIIETOCs T-MEe30Ha T.

Pesynomamul sxcnepumenma:. OUBITEL C 1T -ME30HAMM, a TAKKe C T ME30HAMH IIPH DHEPrUH
73 M 56 monTBEpANIH PEISATUBUCTCKYIO popMyity (8) ¢ HOrpemHoCThI0 B ipeaeiax 8%.

Hcemounuku: [48,49].

1959 r.

Asmopbt u mecmo nposedenus sxcnepumenma: bappoys (H. C. Burrowes) ¢ xomreramu.

Onucanue sxcnepumenma. OTBITHL 0 M3MEHEHUIO BPEMEHM KM3HU IBWKymmxcs K u K
ME30HOB T0 cxeMe dKcnepuMeHToB lapouna npu sHeprun 1000 M 3g.

Pezynomamul sxcnepumenma: penatuBucTkas Gopmyna (8) Mo M3MEHEHHIO TEMITOB TEUEHUS
BPEMEHH JJIS ABIKYIINXCS ME30HOB ITOATBEPKICHA C TOUHOCTHIO 10 5%.

Hcmounuku: [50].

1960 r.

Asmopul u mecmo nposedenus sxcnepumenma: Xou (Hay, H. J.) ¢ konmeramu.

Onucanue sxcnepumenma. JI0ka3aTenbCTBO PEISATUBHCTCKOTO 3aMEICHUSI BPEMEHHU T10JTyde-
HO M3 SKCHEPHMEHTOB C BPAILAIONIMMCS UCTOYHUKOM MECCOaydpOBCKOTO M3imydeHus. M3ydanock mo-
TJIOIICHHE Y-KBAaHTOB, M3yYaeMBIX MCTOYHHKOM, ITOMEIICHHBIM B IIEHTP Bpararomierocsi aucka. Ilo-
TJIOTUTENh HaXoauics Ha o0oae. B pesynbrare npossisiics nonepeynslil a¢gext Jormnepa.

Pezynomamut sxcnepumenma: IloaTBEp:KICHO PENSTHBUCTCKOE 3aMeJICHHE BPEMEHH.

Hcmounuku: [51].

JlomonHeHme: 3KCIepUMEeHThI ¢ MEccOayIpOBCKUM H3NyueHreM OblTu mpoBeaeHsl Champeney
u ap. B 1963 u 1965 rr. [52,53], Kiindig B 1963 r. [54]. IX pe3yabTaThl He 00HAPYKHUIIU PACXOXKICHHIA
CO CIEIHAaNTBHOW TeOpHel OTHOCHUTENFHOCTH M MOATBEpAHIN d(P(EKT PeNsTUBUCTCKOTO 3aMeIICHUs
BPEMEHH C TOYHOCTBIO 710 107,
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1963 r.

Aemopul u mecmo npogederus sxcnepumenma: @pum (Frisch, D. H.) u Cmut (Smith, J. H.),
koiuemk Cmuta, Hopramnron, Maccauycerc (CLLA).

Onucanue sxcnepumenma. ATMOCHEpHBI dKCIEpUMEHT. MIOOHBI, BO3HHKAIOUINE KaK BTO-
pUYHBIC YAaCTHUIBI U3 B3aMMOJCHCTBUS MEPBUYHBIX KOCMHUYECKHX Jy4eH C BEPXHHMH CIOSIMH aTMO-
cdepsl, IepeMearTcs ¢ 04YeHb BBICOKOH CKOPOCThIO. M3ydeHne MIOOHHOTO MOTOKA Ha TOPe OTHOCH-
TEIbHO M3MEPEHHOIO BHU3Y
JlaeT BO3MOXXHOCTH H3MEPHTH
3aMeUIeHue  BpPEMEHU  JUIs
JBIDKYILUXCA MIOOHOB. B 3Kkc-

600 - I I | I | I 1
Without time dilation

With time dilation

500 — Measured —— —
TIepUMECHTE HCCIIEA0BAIINCH
MTyYKH MIOOHOB, JBIIKYIIHXCS
co ckopocthto 0,995¢, korto- 400 —

pble IepeceKaIn JeTeKTOPhl Ha
BoicoTe 1907 MeTpoB Ha rope
Bammarron nu B KemOpumxe
(Maccauycerc). H3zmepsumuch
LIECTh HOTOKOB C HHTCHCUBHO-
CTBbIO IPUMEPHO 563 MIOOHa B 200 —
gac, U3 KOTOpBIX OKomno 412
MIOOHOB B 4ac perucTpupoBa-
muck B KemOpumke. 3adukcu- 00 -
poBaH ¢akTop 3aMeIJICHUS
Bpemenn 8,8+0,8 B xopormem
COIVIACHH C TIPeACKa3aHHBIM
8,4+2.

300 —

Muons

oL I 1 | 1 I I J
0 1 2 3 4 5 6 T

Microseconds
Pesynomamer  sxcne-

pumenma: Pe3ympraThl corna-
cytores ¢ CTO.
HUcmounuku: [55].
Jlononnenue: TloznHee
ObUTH NIPOBEIEHBI aHANOrnYHbIE dKcrepumenTsl: B 1991 rony Easwar N., Macintire D. A. [56] u B
2006 rony Coan T, Liu T, Ye J. [57,58]. Ux pe3yibTaThl He OOHAPYKHUIN PACXOKIECHU CO CIICIH-
aJIbHOM TEOPHEl OTHOCUTEILHOCTH M TIOATBEP UM SP(EKT PEIATUBUCTCKOTO 3aMe/[JICHUS] BPEMEHH.

Puc. 13. 3amensieHue BpeMeHH B PEISTHBHCTCKOM ITy4YKe MIOOHOB.
BepxHsis TMHUST — 3KCIEPUMEHTANBHO MOATBEPKICHHAS C 3aMEIIEHIEM
BPCMCHHU, HUXKHAA KprUBasA — Jid Ciiydas, €CJIn 6])1 3aMEIJICHUA BPpEMCHU
He ObLIO.

1971 r.

Aemopul u mecmo npogedenus sxcnepumenma: Jlx. Xadene (J. C. Hafele) u Puuapny Kutunr
(Richard E. Keating).

Onucanue sxcnepumenma. B okrsaope 1971 rona Jx. Xadene n Puuapn Kurunr (Richard E.
Keating) nBaxp1 001eTeNIn BOKPYT CBETa, CHaYana Ha BOCTOK, 3aT€M Ha 3amaj], ¢ YeThIPbMsI KOMILIEK-
TaMH 11€3MEBBIX aTOMHBIX YacoB, IIOCJIE YETO CPaBHMIN «ITyTEHIECTBOBABILINE» YaChl C YacaMM, OCTa-
BaBmMuCcS B Boenno-mopckoit obceparopuu CHIA (BMO CIIA). Ilepenérsl BBINOTHSUINCH HA
OOBIYHBIX aBHAJIAHEpaxX pETyJISIPHBIMH KOMMEpuUecKMMH aBuapeiicamu. Ilepenér B BocTOUHOM
Hanpasnennn Hadancs B 19:30 UTC 4 oxkrabps 1971 u 3axonumncsa B 12:55 UTC 7 oxrs6ps 1971
(mpomomxuTensHOCTE 65,42 daca); mapmpyr BMO CIIIA — Bammnrron — Jlongon — @pank-
¢bypr — Crambyn — beiipytr — Terepan — Hpro-J/lemn — banrkok — ['onkonr — Tokno — ['oHO-
nyny — Jloc-Anmxkenec — Jlannac — Bammarron — BMO CHIA. CpeniHsisi CKOPOCTh OTHOCUTENIBHO
TTOBEPXHOCTH 3EMJIM COCTaBIIsIIa 243 M/C, CpemHss BBICOTA HAI YpoBHEM Mops 8,90 KM, CpemHss IIr-
poTa mo Mapmipyty 34° c. m. B 3amagaom HanpasiaeHnu nepeia€t oput HagaT B 19:40 UTC 13 okTsa0ps
1971, 3akonumics yepe3 80,33 vaca B 04:00 UTC 17 oxtsi6psa 1971. Mapmpyt: BMO CIIA — Ba-
mHrTOH — Jloc-Anmkenec — [ononyny — ['yam — OxunaBa — Taii6sif — ['onkoHr — bBanr-
kok — bomOeit — Tenb-ABuB — Adunabl — Pum — Ilapmwx — IllanHoH — BocTon — Bamusr-
ToH — BMO CIA. B sToM HampaBieHUH CPEeAHss CKOPOCTh cocTaBisia 218 m/c, cpeqHsist BEICOTa
9,36 kM, cpeanss mupoTa mo Mapmpyty 31° c. m. Bo Bpems nepenéTtoB BBINOIHSIICS MOHUTOPHHT
YCIIOBHM OKpY’Karollel cpenbl (TemrnepaTypsl, BIQXXKHOCTH U JaBJICHUS BO3/lyXa), a TaKkKe U3MEPAIOCh
MarHuTHOE 1noiie. B nanpHeiimem ObUIO TPOAEMOHCTPUPOBAHO, YTO H3MEHEHUE 3TUX YCIOBHUH B 1a00-
paTopum HE BIMAET B Mpezesax OmMOOK Ha X0 WCIOJIB30BaBIINXCS B 9KCIIepuMeHTe yacoB. HaBura-
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IIMOHHY0 HHGOPMALHIO O apaMeTpax KaxJI0ro nepenéra npeaoCcTaBiIsiii MHIO0THI.

CormnacHO crenuanbHOI TEOPUH OTHOCHUTENILHOCTH, CKOPOCTh XOZa 4YacOB HAMOObLIAS IS
TOTO HAaOIIOJATENIs, Il KOTOPOTO OHU HaXOAATCS B COCTOSHHU MOKOs. B cucteme orcuéra, B KOTOpOi
9achl HE TTOKOSTCS, OHU UAYT MEIEHHEe, H 3TOT 3((eKT mponopunoHazeH KBaapary ckopoctu. Cko-
pocTh  BKBaTOpa  3eMIH, o0yclOBIEHHass ~ ee  CYTOYHbIM  BpaIlleHWEM,  paBHa:
v, =2nR; / 244aca ~ 450M/c ¥ IO3TOMY CpaBHUMA CO CKOPOCTSIMU JBMKEHMS CaMOJIETOB OTHOCH-

TETHHO 36MHOM MOBEPXHOCTU. B cucTemMe oTcUéTa, MOKOSIICHCS OTHOCUTENBHO IIEHTpa 3eMIIH, Jachl
Ha OOpTy camoJera, JBHXKYIIETrocs Ha BOCTOK (B HANpaBlICHUH BpalICHUs 3eMJIH), HAYT MEJICHHEE,
YeM 4achl, KOTOPHIE OCTAIOTCS Ha MMOBEPXHOCTH, a Yackl HAa OOpPTy camoJjeTa, ABIKYIIErocs B 3ara/l-
HOM HarpaBJieHUH (TIPOTUB BpaIICHUS 3eMIIH ), UAYT OBICTpEE.

B pacuerax y4uTHIBANIOCH M3MEHEHHE XO0J/Ia YaCOB B CBSI3M C YBEJIHMUYEHHEM I'PaBUTAI[HOHHOTO
noternuana (OTO). IlockoapKy camoJeThl JIeTEIN MPUOIU3UTEIHFHO HAa OJHOW M TOW K€ BHICOTE B
000MX HampaBJICHUAXK, ITOT 3(PPEKT Mano BIUAET Ha PA3HOCTh XOJa IBYX «ITyTEIISCTBOBABIINX)» Ya-
COB, OJIHAKO OH BBI3BIBAET MX YXOJ] OT MIOKa3aHWH YacOB Ha TTIOBEPXHOCTH 3€MJIH.

Pa3HocTb Noka3aHui 4YacoB No CpaBHEHUIO ¢ 3emnen
Hanpaenexue B HAaHOCeKyHAax
noneTta TeopeTnyeckas n3MepeHHas
rpaBuTalMoOHHasA penﬂTMBMCTCKaﬂ CymMmMapHas
Ha BocTok 144114 -184+18 —40+23 -59+10
Ha 3anap 179418 96110 275121 2737

YpaBHEHUs, C TOMOIIBIO KOTOPBIX OMUCHIBAJICS SKCIIEPUMEHT:
PasHocTh moka3anmii vacoB AT:

At=At, +At, +At,.

Brustaue pensaruBucTckoro (pakropa Ha X0 BPEMEHH:
k

BnusiHue rpaBUTaMOHHOTO (haKTOpa HA XOJ BPEMEHH:
k
g
At, =53 (h —hy)Ar,.
C =
Db dexr Canbsika:
k
O 2 2
At = —C—ZZRi cos” @,AL,;.
i=1

31ech h — BBICOTA, V — CKOPOCTb, (0 — YIJIOBas CKOPOCTh 3eMiu, a AT, 1 AA, IPEICTABIAIOT COOO0M
HPOJOIKUTENBHOCTD -I'0 y4acTKa MOJETa U U3MEHEHUE reorpa@Myeckoi JOJITroTHl s Hero; R, —
paccTosiHUE OT LEHTpa 3eMJIM Ha 3TOM y4acTKe, ¢, — reorpauueckas IUpoTa; g — YCKOPEHHE CBO-

00JHOTO TAJICHUs, ¢ — CKOPOCTh cBeTa. D(H(HEKTHl CYMMUPYIOTCS B TEUCHHE BCEro MOJETA, TaK KaK
mapaMeTphl CO BpEMEHEM U3MEHSIFOTCSL.

Pezynomamul sxcnepumenma: TMOATBEPKAECHO M3MEHEHHE XOJa BPEMEHH B COOTBETCTBUH C
TEOpHUEH OTHOCUTENILHOCTU. HeCMOTpsl Ha OTIIMYUE B XOJI€ YaCOB MEHEE YeM Ha MHUKPOCEKYHIY, (-
(bekT BIOJIHE HAOJIIOJITaEM M HAXOAUTCS CHJIBHO BBINIC YPOBHS IlIyMa, MOCKOJBKY HAKaIUIMBAETCS C
YBEITUYCHUEM BPEMEHH, MTPOBEICHHOM B ToJieTe. BriepBrie OBIIO MONYYEHO MPSMOE TOATBEPKICHUE
TOT0, YTO CUTYAIlNH, IPHUBOIAIINE K TapaOKCy ONM3HELIOB, pEaTN3yIOTCS Ha MIPAKTHKE.

Hcemounuxu: [59,60].

Jlononnenue: DKCIIepuUMEHTHI TOBTOPSUTHCH B 1996 Tomy u B 2005 roxy. VX pe3ynbrathl He
00HAPYKHITN PACXOXKICHHI CO CIHENHaIbHONH Teopruel OTHOCHUTEILHOCTH M MOATBEPIMIH dPPEKT pe-
JSTUBUCTCKOTO 3aMeIJICHHS] BpEMEHH.

1974 r.

Asmopuwt u mecmo nposedenus sxcnepumenma: Komomm (Combley F.), [Tukacco (Picasso E.),
IHEPH (CERN) .

Onucanue sxcnepumenma. PelasTUBUCTCKOE 3aMelUIeHHE BPEMEHH OBIJIO YBEPEHHO 3aperu-
CTPUPOBAHO C TIOMOIIBIO [I-ME30HHOr0 HakonuTenbHoro kosbua B [IEPHe CobcTBeHHOE BpeMst )KU3HU
p-Me30Ha T = 2,2-10° ¢. B 1IepHOBCKOM 9KCIIEPHMEHTE «Z2%» [I-ME30HBI BBOJHIINCH B KOJIBLIO PAIHYCOM
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5 METPOB U YACPKUBAJIMCH TaM Ha IMOYTU KPYTOBBIX Op6I/ITaX MarHuTHBIM mosieM. OHuU HaxXoJuJIncCh
Tam 150 Mkc, cenas Gonee 10° 060poToB Ha op6uTe. M3MepeHHOE B 1aG0paTOPHK BPEMs KU3HH OKa-
3aj10¢h paBHbIM 26,37+0,05 MKC, 4TO MPAKTUYECKU MOJHOCTHIO COBIAJIO C pacueTaMu, CACIaHHBIMU B
cootBercTBHH ¢ CTO 1o dopmyie (8) — 26,69 Mkc. T. e. BpeMst )KU3HHA IBIKYIIUXCS [I-ME30HOB BBI-
pocno B 12 pa3. PacxoxneHne MexIy BBIYMCICHHBIM W IMONyYE€HHBIM B JKCIIEPHIMEHTE BpPEMEHEM
JKU3HU COTIIACYEeTCs ¢ pacueToM A QeKTa MoTepu [U-ME30HOB IIPH IBUKESHUHU TI0 OpOUTE.

Peszynomamul sxcnepumenma: IlonTBepKaar0T 3aMeJICHHE TEYCHUST BPDEMEHH B COOTBETCTBUU
¢ ¢popmyIoii (8).

Hcemounuku: [61,62].

1977 r.

Asmopbr u mecmo nposedenus dxcnepumenma: bovinmm (Bailey J.) m np. HEPH (CERN
Storage-Ring experiment).

Onucanue sxcnepumenma. B nuxknuyeckom yckopurene CERN MIOOHBI pa3roHsUIUCh 10 CKO-
poctu v = 0,9994¢. B pesynbrate ObLIO 3a(1>I/IKCI/I3p0BaH0, YTO BpeMs KHU3HU MIOOHOB B MpeEJeNax OT-
HOCHUTENLHOM SKCIIEpUMEHTaNBHOHM ommoOku 2-10™ 3amMeanuiock B 29 pa3 B COOTBETCTBHU C HopMyIIoi
(8). Ipu 7 METPOBOM pafHyce KObLa YCKOPUTEIs, YCKOPEHHE MIOOHOB JOCTUIaNo 3HaueHui a ~ 10'®
‘g, TIe ¢ — YCKOpeHue cBOOOTHOro MajeHusl. DTOT IKCIEPUMEHT MPOAEMOHCTPUPOBAJ TaKXkKe He3a-
BHUCHUMOCTD 3aMeJJICHUS] BPEMEHH 00BEKTa OT €ro YCKOPEHHSI.

Pezynomamul sxcnepumenma: IlonTBepxaaroT 3aMeJIeHHe TEYCHNSI BPEMEHHU B COOTBETCTBUU
¢ dhopmyoii (8).

Hcemounuku: [63,64].

Jlononnenue: Vavle sxcriepuMeHTs ¢ mwoonamu: Lundy 1962 r. [65], Meyer et al. 1963 1.
[66], Eckhause et al. 1963 r. [67], Balandin et al. 1974 1. [68]; ¢ kaonamu: Nordin 1961 r. [69],
Boyarski et al. 1962 1. [70], Lobkowicz et al. 1969 1. [71], Ott et al. 1971 . [72], Skjeggestad et al.
1971 r. [73], Geweniger et al. 1974 1. [74], Carithers et al. 1975 r. [75]; ¢ nuonamu: Eckhause et al.
1965 1. [76], Nordberg et al. 1967 . [77], Greenburg et al. 1969 r. [78], Ayres et al. 1971 1. [79] He
O0OHApPYKHUITN PaCXOXKICHHI CO CHEeNHaIbHONH Teopruel OTHOCHUTENEHOCTH U MOATBepaiIn P eKT pe-
JIATUBUCTCKOTO 3aMeJICHUS] BpEMEHH.

2007 r.

Asmopbl u mecmo nposedenus dIxcnepumenma: popoaun skcrrepumenT Gerald Gwinner, ¢u-
3WK U3 yHUBepcutera MauutoOsl, Kanana, ¢ koneramu, 3KcIiepuMeHT OblT IIOCTABJICH Ha yCKOPUTENe
yactull B MHCTUTYTe Makca [1nanka B I'etinens0epre (I'epmanus).

Onucanue sxkcnepumenma. VIcnone3ys ycKopuTenb 4acTull B UHCTUTYTe Makca Ilnanka B
I'efinensOepre (I'epmanust), ydeHble pa30THAIN HOHBI JIUTHA-7 10 CKOPOCTH, cocTaBisiomei 6,3% ot
ckopoctu cBeta (19 000 km/cex), mpUBETH UX MPU MOMOIIH Jia3epa B BO30YKICHHOE COCTOSIHHE U U3-
MEpSUTH YacTOTy U3ITyUEHHUs.

Pezynomamul axcnepumenma: I1onTBEpKACHO PENATUBUCTCKOE 3aMEAJICHIE BPEMEHU B COOT-
BercTBUM cooTHomeHus MU CTO. IlorpenrHocTs pe3ynbTaToB MO CPAaBHEHHUIO C TEM, YTO NMpENCKa3bl-
Baetr CTO, cocraBuna menee onHoit necsrumuummonHoi (v 0,00001%). ITo yTBepKaeHUSM HCCIe-
JIOBaTeNel, NX SKCIIEPUMEHT B IECATh pa3 TOYHEE JYUIIUX U3 TMPOBOIUBIINXCS paHee U B CTO THICSY
pa3 Tounee skcriepuMenTa 1938 rona (Aiteca u Ctuiuryaiia).

HUcmounuku: [80].

2010 r.

Aemopul u mecmo nposedenus sxcnepumenma: C. W. Chou, D. B. Hume, T. Rosenband, D. J.
Wineland., NIST (CILIA).

Onucanue sxcnepumenma. Cnerpanuctsl NIST (CILIA) mpoBenu cepuro IKCIEPUMEHTOB 10
PENSTUBUCTCKOMY 3aMEUICHUIO BpEeMEHH. B dKCTIIeprMEHTax MCIONB30BATUCH CO3/JaHHBIE B 3TOM WH-
CTHTYTE CBEPXTOYHBIC Yachl HA OCHOBE MOHA AMIOMUHMS. J[Boe 4acoB ObLIM PACIONOKEHBI B PA3IIHU-
HEIX JTabopaTopusx B NIST u cBsi3aHBI ONITHYECKUM BOJIOKHOM 75 METPOB JTMHOMW. DKCIIEPUMEHTATO-
pBI BpaliaJii HOHHYIO JIOBYIIIKY CO CKOPOCTBIO TOpsaKa 4 MeTpa B ceKyHAy (36 Km/9ac), 4ero okasa-
JIOCh TOCTATOYHO JTsl (PUKCAIIUH PEIATUBUCTCKOTO 3aME/UICHHS BPEMEHH U TIOATBEPKACHUS (POPMYJIIBI
(8) — cropocTh X072 YacoB 3aMeTMIACh Ha 2 (eMTOCEKYH/IbI 3a CeKyHIy. BriepBbie 6nar0na1i);{ uc-
TIOJIE30BAHHMIO CBEPXTOUHBIX aTOMHBIX YacOB (C OTHOCHTEIBHOH TOTpelmHoOCThi0 He Gonee 1077) 3a-
MEIJICHUE BPEMEHH ObLIO 3a()MKCHPOBAHO HA MAJIBIX CKOPOCTSX, COMOCTABUMBIX CO CKOPOCTBIO OBICT-
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poro GeryIiero 4ejoBeKa.

Pesynomamot sxcnepumenma: TTonTBEPKAAIOT 3aMeUICHUE TEUCHHSI BDEMEHH B COOTBETCTBUH
¢ hopmyoii (8). Cieayer OTMETUTE, YTO OJMH M3 aBTOpOB kcrnepumenta, D. J. Wineland., cran na-
ypearom HobeneBckoit npemuu 1o ¢usuke 3a 2012 ro «pa3BUTHE OCHOBOMOIATAIOIINX 3KCIIEPUMEH-
TAJILHBIX METOJI0B M3MEPEHUS ¥ MAaHUMYJISAIUN HaJ OJUHOYHBIMH KBAHTOBBIMH CHcTeMaMiny. [Tomy-
YEHHBIE UM PE3yJIbTAThl HEMOCPEACTBEHHO OTKPBUIA BO3MOKHOCTE CO3/IaHHS HCTIOIh30BAHHBIX B JIaH-
HOM JKCIIEPUMEHTE 4acoB.

Hemounuxu: [32,33].

lpynna skcnepumeHmos B

Mpeamer ucciaenoBanus: HaxkTop BIUSHUAS — IPaBUTAIHSL.

CylUIHOCTh MCCJIETYEMOTr0 SIBJIECHUS: IPABUTAIMS TOPMO3UT TCUCHUE BPEMECHHU.

IIpoBepsieMble cJieACTBHS: U3MCHEHUE XOJa YaCOB B TPABHTAIIHOHHOM IIOJIC, TPABUTAIHMOH-
HOE KpacHOE CMEIICHHE B CIIEKTpax u3nydeHui, s ekt Illammpo.

Lesab 3kcIepuMeHTOB: W3yYeHHE TEMITOB TCUCHHS BPEMEHH JJISI OOBEKTOB, HAXOSININXCS B
TPABUTAIMOHHOM TI0JIE, IO CPABHEHUIO C TEMIIAMH TCUYCHUS] BPEMEHH B JTAOOPATOPHOM CHCTEME KOOP-
JIAHAT.

1925 r.

Asmopst u mecmo nposedenus sxcnepumenma:. Yonrep Cuman Apamc (Walter Sydney
Adams), obcepatopus Mayur-Bunbscon (Jloc-Amxkenec, Kamudopams, CILIA), kotopyro Agamc Bo3-
TJTaBIISIL.

Onucanue sxcnepumernma: B 1925 mo npocebe A. DnauHrTOHa AaMc TIPOBeT HAOIOIEHUS
3a CMeIIeHNeM JIMHUH criekTpa Bogopoaa Oemoro kapiuka Cupuyc B ¢ menbio oOHapyXeHHs TpaBu-
TAaIlMOHHOTO  KPacHOTO  CMEMICHHs, TMPEACKa3aHHOrO OOmel  Teopueidl  OTHOCHUTEIHHOCTH
A. DiiHiTeitHa.

Pesynomamul sxcnepumenma: [1poBeneHHbIe HaOMIOACHUSA, Kak U OoJiee MO3JAHHUE HAONIOJC-
HUS 332 CMEIICHUSMU B CIIEKTPaxX JPYTUX OCNbIX KapiIuKOB, coBnaiu ¢ npeackazanusmu OTO, omHako
CIPaBeUIMBOCTh BHIBOJIOB OCIIApUBajach M3-3a BIMSHHUS KOHKypHpyrolero 3¢ dekra [Jomnepa, Takxke
BBI3BIBAOIIETO ONPEICICHHBIN CBUT YacTOT.

Hcmounuru: [81].

1959 r.

Asmopul u mecmo npogedenusi sxcnepumenma: Ilaynn Pooept Busuan (Pound R. V.), Pebka
I'nen Angepcen (G. A. Rebka Jr.). DxcriepumMeHT Obl1 ocymiecTBIEH B OamrHe GU3HMUECcKO 1adoparto-
pun Ixedpdepcona B ['apBapackom yHHBEpCUTETE.

Onucanue sxcnepumenma. VIzyueHmne rpaBUTallMOHHOTO KPACHOTO CMELICHHS B 3éMHBIX YCJIO-
BUSIX C TIOMOIIBIO MeccOaydpOBCKOH CHEKTPOCKOIMU B OTCYTCTBHH KOHKypupytomux 3¢ dekros. Hc-
XOJHas Wjesl OmbITa 3aKiioyanach B ciemyroneM. CorjacHo MONI0XKEeHUIM KBaHTOBOW MEXaHUKH, CH-
CTeMa IorjiomaeT (GOTOHbI TOUHO Ha TEX K€ PE30HAHCHBIX 4acTOTax, 4yTo M u3iy4daeT. I[loatomy do-
TOH, W3JIy4EHHBII aTOMOM Ha HEKOTOPOM BBICOTE HaJ ypOBHEM MOps, OyIeT Ka3aTbCsl «IIOKPAacCHEB-
IKM» TaKOMYy € aToMy, HaxOAslleMycs Hibke. B pesynbrare pe3oHaHC HE HACTYNUT, U HUKHUH
aToM He MorimoTHT (oToH. OFHAKO €CIM aTOM, PACIONIOKEHHBIM BBIIIE, HAYHET ABUraThbCsl BHU3, TO
BO3HHMKHET (PHOJICTOBOE CMELICHHE, KOTOPOE Ha OINpPElesICHHON CKOpOCTH HEHTpalu3yeT KpacHoe
cMenleHne, 1 (OTOHBI CHOBA HAYHYT HOTJIOMIATHCS HIPKHUM aTOMOM. [[pyrumu cioBamu, rpaBUTaly-
OHHOE YCKOpEHHE XOAa BPEMEHH Ul BEPXHEro aToMa OyJeT KOMIIEHCHPOBAHO PEJISITUBUCTCKUM 3a-
MeIUICHUEM BPEMEHH B Pe3yJbTaTe ero ABMKCHHS BHU3.

B skcnepumenTe ucnoiabp3oBaics 3pQeKT MarHUTHOTO saepHoro pe3oHanca (3¢ dext Mecbay-
9pa), O1arogaps KOTOpOMY LIMPHHA JHHUM W3ITyYEHHS/TIOTIOIEHHS YMEHBIIACTCS MPAaKTHUECKH 10
MHUHUMAJILHO BO3MOYKHOTO 3HAUEHHWS — ECTECTBEHHOH INMMpPUHBI. B pesynbrare OTKpBhIBaETCS BO3-
MOXXHOCTb COHACTPOUTH YaCTOTHI 00Pa3IOB, MEPEAAIONINX 1 NPHHIMAIOIINX ¢doronsl. B kauecTe 00-
Pa3loOB MCIIOIB30BANACh IUIACTHHA PaIHOAKTUBHOTO ele3a - Fe, TOMEIICHHAS Ha IOy 3IaHUS, U
TaKasl e JKeJIe3Has IUIACTHHA Ha BhICOTe 22,6 MeTpa Haj monoM. Sapa ° Fe u3nydaor GOTOHBI ram-
Ma-u3TydeHUs. 3a BepXHEH NMPHEMHOW IUIACTHHOW OBUT YCTAHOBJICH CIMHTWILIAIIMOHHBIA CUCTUHK,
KOTOPBI PETUCTPUPOBAN YUCIO HE IOIJIOUIEHHBIX IJIACTUHON (POTOHOB, HCXOMMBIIUX W3 IJIACTUHBI
Ha MOy — OIpeAessisl TAKUM 00pa3oM 4acTOTHYIO COHACTPOMKY IIBYX TpyIII siziep skenesa. Bepxuss
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IIacThHa ObLIa 3aKpelyieHa Ha yCTPOWCTBE, 3acTaBJIABIIEM €€ KoieOaThcs. VI3MeHeHHne CKOpPOCTH
JBUKEHUS] MPUEMHOM IIACTUHBI IOPOXKJIATI0 NEPEMEHHBIN TOIUIEPOBCKUNA CABUI, BBI3BIBAIOLIUI IIE-
PEMEHHBIN TOK B €N CUMHIWULIIMOHHOIO cuyerdrka. Onpenensiack CKOPOCTb IPUEMHOM IIacTH-
HBI, COOTBETCTBYIOIAs] HEUTpaIN3alliy IPaBUTALMOHHOIO KpacHoro cMmenieHus 3¢gdexrom [omiepa u
B UTOTE SIIEPHOMY PE3OHAHCY.
Pesynomamut sxcnepumenma: Y CTaHOBIEHO XOpOIIEe COOTBETCTBHE C BHIBOAAMH OOIIEH Teo-
pUU OTHOCUTENBHOCTHU. Pe3ynpTaThl H3MEPEHUIL:
Ao =—(2,5740,26)-107"

D0 Jexp

Pacuers! cornacao OTO:

Ao =—gA2h=—2,46-10’15
(DO theor ¢

OKCHEepUMEHTH! CTalli IEPBBIMH Ha3eMHBIMU IPOBEPKaMH IPAaBUTALIMOHHOTO KPacHOTO CMe-
LICHUS U CBSI3aHHOTO ¢ HUM U3MEHEHHSMHU X0/1a YaCOB.

Hcemounuku: [82,83,84,85].

Hononnenue: 3xciepuMenT 061 MoBTOpPeH B 1965 roay [86].

1960 r.

Asmopubt u mecmo nposedenus skcnepumenma: Kpauamoy (Cranshaw T. E.), uddep (Schiff-
er I. P.), Yaiitxen (Whitehead A. B.) — CIIA.

Onucanue sKcnepumenma: ACCIEN0BaNIOCh CMEIIEHNE CIIeKTpa ° Fe IpH H3MEHEHNH BEICOTHL.

Pesynomamul sxcnepumenma: MONYYCHO KaYECTBEHHOE COBMAJCHUE PE3YJbTATOB C MPEICKa-
3anasiMu OTO.

Hcemounuxu: [87].

1964 r.

ABTOpBI 1 MeCTO TIpoBeieHus dKcnepuMenTa: MenpaukoB C. A., [Tynkoso, (CCCP).

Omnucanue sxkcnepuMenTa: VcenenoBanuch rpaBUTalMOHHBIC KpacHbIe cIBUTH (payHrodepo-
BBIX JKE€JIC3HBIX JTMHUH B LeHTpe CosHIa.

Pesynbratel sxcnepumenta: IlomyueHo kauecTBEHHOE COBIAJCHHUE PE3yNbTAaTOB C MpeacKas3a-
HussMu OTO, cB3aHHBIMU C TPAaBUTALMOHHBIM 3aMEVIEHUEM BPEMEHHU.

Hcrounuku: [88].

1966-1967 rr.

Aemopul u mecmo nposedenus skcnepumenma: odcepparopus MaccadyceTCKOro TeXHOIOTH-
yeckoro uHctutyTta (CLLIA).

Onucanue sxcnepumenma. Vipsun lanupo mpeasioxkun 3KCIIEPUMEHT, B X0€ KOTOPOro Io-
CJIaHHBIE C 3eMJIM PAAMOBOIHBI OTPAXAIUCH OT MOBEPXHOCTH BeHepsl 1 MepKypusi U BO3BpaILlATHCh
Ha 3emmio. Beruucnenus Illanupo mpenckassiBajiv, YTO HMPU HEKOTOPOM PACIOJIOKEHHH 3EeMIIH,
Connna u Beneps! oxxugaeMoe BpeMs 3a1€p>KKU 3JIEKTPOMarHUTHOTO CUTHAJA B pe3ysbTaTe 3aMeie-
HUS BpEMEHH B rpaBUTAIMOHHOM 1oie ColiHIla OyayT HaXOaUThes Ha ypoBHE 200 MUKPOCEKYHI.

[lepBble ’KCHepUMEHTANbHBIE JaHHbIE, MONydeHHble B 1966—1967 romax B obcepBaTopuu
MaccadyceTcKkoro TeXHOJIOTHYECKOr0 MHCTUTYTa, coBHaM ¢ mpeackazanusmu [lanupo. s otpa-
JKEHHsI CUTHaJa, poxosmero Bomm3n ColHIa, HCIIOB30BAINCh TOBEpXHOCTH Beneps! 1 Mepkypusi.

Pesynomamor sxcnepumenma: Iloareepxkaen 3¢ dekt Illammpo, CBA3aHHBIN C TpaBUTAIIHOH-
HBIM 3aMeJJIEHHEM BPEMEHH C TOYHOCTBIO 110 5% .

Hcemounuku: [22].

1971 r.

Asmopubt u mecmo npogedenus sxkcnepumenma: JHx. Xadene (J. C. Hafele) n Pugapn Kutuar
(Richard E. Keating) — CIIA.

Onucanue skcnepumenma. I'paBUTAITMOHHBIN aCIIeKT OMMMCAHHOTO BBIIIE AKCIIEPUMEHTA. Y UH-
THIBAJIOCH U3MEHEHHE XO0/1a YaCOB Ha JICTSIIUX CaMOJIETaX B CBS3M C YBEIWYCHHEM TPABUTALMOHHOTO
notennuana (OTO). IlockonbKy caMoOJIeThI JIETENN MPUOTU3UTENFHO Ha OJHOW M TOW K€ BBICOTE B
000MX HampaBJIEHUAX, ITOT 3(PPEeKT Mano BIHAET HA Pa3HOCTh XOJIa IBYX «ITyTEIIECTBOBABIINX) Ya-
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COB, OAHAKO OH BBIZBIBACT UX YXOHI OT MMOKa3aHUM 9acoB Ha IMOBEPXHOCTHU 3CMJIN.

Pa3HoCTb NoKa3aHMM YacoB MO cpaBHEHUI ¢ 3emnen
HanpaBneHnue B HAaHOCeKyHAax
noneTa TeopeTnyeckas n3mMepeHHast
rpaBUMTaLMOHHAA | pensiTUBUCTCKas | cymmapHasi
Ha BocTok 14414 —-184+18 —-40+23 -59+10
Ha 3anap 179+18 96110 275421 27317

Pe3ynomamul sxcnepumenma: NOATBEPKACHO BIMSIHUAE IPaBUTALIMU HA XOJ BPEMEHH B COOT-
BETCTBHH C OOIIIel TeOpHei OTHOCUTEILHOCTH.

Hcemounuxu: [59, 60].

Jononnenue: DxciepuMeHTbl OBTOPANUCH B 1996 rony u B 2005 roxy. Mx pe3ynbTarsl He
OOHApYKHITH PACXOKICHUH ¢ 00IIel Teoprel OTHOCUTENFHOCTH | TOATBEPIIN 3P(EKT rpaBUTAII-
OHHOTO 3aMeJUICHUs] BPEMEHHU.

1976 r.

Aemopuvl u mecmo nposedenust sxcnepumenma: Anmu (Alley C. O.) u ucciaenoBaTeabcKas
rpynna Mapunenackoro yauBepcutera (CLLIA).

Onucanue sxcnepumenma. V3mepsiiach pasHOCTh BPEMEHHBIX TMOKa3aHWH aTOMHBIX YacoB,
pa3MeIIeHHBIX Ha CaMoJIeTe U B Ha3eMHOHU JlabopaTopuu. BpeMs mojieTa cocTaBisuio okoyio 15 9acos,
BbICOTA moJteTa ~ 10 kM (310 maer Av/v =~ 1072 mpotus Av/v =~ 107" B skcepumentax ITayrna). Camo-
JeT KypCHUpOBaJl B 3alaHHOM KBajpaTe Ha TMOCTOSHHON BBICOTE C MHHHMAIBHON CKOPOCTBIO, NS
YMEHBITICHUS PEIIATUBUCTCKOTO 3¢ deKTa 3aMeJICHUs BpeMeHH. | paBuUTaiMoHHBIN 3¢ GdeKT 3amerie-
HUSI BpEMEHHU cOCTaBNIsI +50 HAaHOCEKYH]I, TIPOTHUB PENATUBHUCTCKOTO 3aMEJICHUST BPEMEHHU -7 HaHO-
cekyHn. Ha GopTy HCIONb30BaNnCh HECKONBKO IIE3MEBBIX U PYOHIMEBBIX CTaHAApPTOB YaCTOTHI, B
HA3eMHOW JTA00PATOPUH JOTIOIHUTENFHO MPUMEHSUIACH BOJOPOIHbIE cTaHAapThl. ClarueHue dKCIepu-
MEHTAJIBHBIX YaCOB C OMOPHBIMH OCYIIECTBIISUIOCH CTICUAIbHON CHCTEMOH, pa3paOOTaHHOW I MPo-
rpaMM JYHHOH Jla3epHOW JOKauuu W oOnamatoumieid ToyHoctbio +0,1 HaHocekyHn. Yacwel Ha OopTy
CpaBHHMBAJINCH C HA3€MHBIMH 10, TIOCJIE M BO BpeMsl MOJieTa. DTO MO3BOJISUIO CICIUTH 32 AMHAMHKON
a¢dexTa, T. €. HAKOIICHHEM 3ara3pIBaHis Ha3eMHBIX 4acOB MO OTHOMICHUIO K 60pToBBIM. C ommnob-
Koit 1,6% HaOMIONEeHUSI COOTBETCTBOBAIN TEOPETHUYECKUM MPEACK3aHUSAM. ODTO HE BHIIIE TOYHOCTH
ombita [TayHna, HO 3aTO BIepBBIE HAOMIOAATACH JUHAMHKA MPOIIECCa BPEMEHHOTO 3ara3bIBaHHS.

Pesynomamut sxcnepumenma: TIoATBEPkKAEHO TPaBUTALIMOHHOE W3MEHEHUE XOJa BPEMEHH C
TouHOCTHIO 1,6%, HiccaenoBaHa TUHAMHKA HapacTaHUS BPEMEHHOTO 3aIa3/IbIBaHMS.

Hcmounuru: [89, 90].

1976 r.

Aemopvl u Mecmo npogedenuss KChepumenma: SKCIEPUMEHT IOoJ[ PYKOBOACTBOM Becco
(R. F. C. Vessot) o npoekty Gravity Probe A (GP-A), nposenen Smithsonian Astrophysical Observa-
tory u National Aeronautics and Space Administration (NASA) Ha anmaparype KOCMHUYECKOro 0a3u-
poBanus (CLLA).

Onucanue sxcnepumenma. OCHOBOM M3MEPHUTEILHON CUCTEMBI SIBJISIICS BOJOPOJIHBIA Masep,
IIPEACTABISIONINI cO6O0il BBICOKOTOUHBINH CTAHAAPT Y4acTOTHI (cTabmisHOCTh mopsimka 107% 3a 100 ce-
KYHIHBIN TIEPHOJ M3MEPEHHS ), KOTOPBIA MCIOIb30BANCS [T U3MEPEHHs BpeMeHU. Anmaparypa Oblia
pa3MelieHa B roJIOBHOW YacTH pakeThl «Scout rockety W mpeHa3HAvaNach Ui U3MEPEHUS pa3HHUIA B
X0JIc BPEMEHU B TOYKAX C PAa3HBIMU TPABUTAIIMOHHBIMU MOTEHIMATAMH HaJl MOBEPXHOCTHIO 3EMIIH.
Pakera monmHsIack BEpTUKANBHO BBEpX Ha BeIcOTy 10 273 kM, B TeueHue Bcero mosera (1 gaca 55 mu-
HYT) IPOBOIWIINCH U3MEPEHUSI, IOCIIE Yero pakeTa ynana B ATIaHTHUSCKH OKeaH.

Pesynomamut axcnepumenma: IlokazaHo, 4TO TpaBUTALMs BIHMSIET HAa TEUCHUE BPEMEHH B CO-
otBeTcTBUU ¢ OTO 1 moATBEPKIACHBI pacueThl U3MEHEHHUS X0/1a BpeMeHH ¢ TOUHOCTHIO 110 0,007 %.

Hcmounuku: [91].

1976-1982 rr.

Asmopul u mecmo npogedenust sxcnepumenma: HACA (CIIIA). Ucnons30oBaycs HaXosIIHiA-
sl Ha MMOBEPXHOCTH Mapca CIrycKaeMBblii arnmapar KocMudeckoi ctanmu «Viking — 1».

Onucanue sxcnepumenma. VlccnegoBaioch 3aMeAiieHHe BPEMEHH B TPaBUTALIMOHHOM IIOJIE
Counnana, npossisiroineecs B 3ddekre [llanupo. YueHbie MCMONB30BaIM CITyCKaeMBbIH armapar Jyis
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MIPOBEPKHU 3TOW THUIOTE3bI, OChUIAs PaJMOCUTHAN K anlapary W 3a/aBas HMHCTPYKIHUU JJIsl 00paTHOTO
OTBeTa. 3aMeUIeHUe BPEMEHH U3y4aioch MO MPOXOXKICHHUIO dTOTO CUTHAIA B TPABUTAIIMOHHOM TOJIE.
Pesynomamur sxcnepumenma: Ilomydennsie pe3yasTathl (3ddexT lamupo) HaXoTUINCh B CO-
rimacuu ¢ ipeackaszanusamu OTO.
HUcemounuku: [92].

1977-2007 rr.

Asmopwr u mecmo npogedenus sxcnepumenma: HACA (CHIA). Ucnonp3oBanuch KocMude-
CKH€ armaparbl MHCCHHU «Voyager.

Onucanue 3kcnepumenma. ViccieqoBaiaock 3aMeIeHHE BPEMEHH B TPaBUTAIIMOHHOM ITOJIE
Comama, mposisistrorieecss B 3ddekre lamupo. C 3ToM IENbI0 OCYIIECTBISIIACH PETPAHCIIAIUS pa-
JMOJOKAIIMOHHBIX CUTHAJIOB KOCMHYECKUMHU ammapaTraMu « Voyager», mpoxoaamuM no3anu ComHia.

Peszynomamul sxcnepumenma: NOAYUYSHBI TaHHBIE O 3aMEUICHUU BPEMEHH ISl TIPOXOIAIIETO
rpaBuTaonHoe noie curHana (3ddexr Llamupo).

Hcemounuku: [93].

1978 r.

Asmopwt u mecmo nposedenus sxcnepumenma: Unmsnma (lijima S.), ®ym3usapa (Fujiwara
K.), Tokwuiickast actpoHOMIUYecKast oocepBaTopus (SImoHwus).

Onucanue sxcnepumenma. ViccnenoBaTeny MOMECTHIIN OJTHH Yachl Ha TOPY, & APYTHE MOJ ro-
Py, ¥ M3MEPSIN Pa3HUIly Xoja 3TuX yacoB. [lepemnan BbIcOT cocTaBui 2818 M, BpeMs usMepeHus 3¢-
(bekTa — nBe HEJEu.

Peszynomamul sxcnepumenma: TouHocTh M3MepeHuii coctaBisina 5%. I[penckazanus oOmieit
TEOPHUU OTHOCHTEIBHOCTH O TPaBUTALIMOHHOM U3MEHEHUH X042 BpeMEHH ObUIN MTOATBEPKICHBI.

Hcmounuku: [94].

1979 r.

Aemopul u mecmo npogedernus sxcnepumenma: bpuatope (Briatore L.), Jlenryrra (Leschiutta
S.), ODnexTporexHudeckuii HHCTUTYT uM. [anuneo ®eppapuca, Typun, (Uranus).

Onucanue sxcnepumenma. ViccienoBaTtend CHHXPOHU30BAIM JBOE aTOMHBIX YacoB, 3aTEM
MOMECTHJIM OJHM 4Yachl Ha BepIuuHy ropsl [lnato Po3a, a BTopbie ocTaBuin Ha (GU3NUECKOM (PaKyib-
tere B Typune. Pasuuia B BeicoTe coctapisuia 3250 M. Bpems, 3a koTopoe u3Mepsiach 3aJepKKa da-
COB, coCTaBisuI0 66 mHei. M3-3a pa3ziauuus B MOTEHLMANE TPABUTAIMOHHOTO MO 3eMIIH, CKOPOCTH
XO07Ia YacOB OBUIH pa3IMYHbI, PACIIOIIOKEHHBIC HAa BEpIIMHE TOPBI Yachl yXOIUIH Brepea Ha 30 HaHO-
CEKYyH/I B JICHb.

Pesynomamut sxcnepumenma: ViamepeHust HOATBEPIMIN OOILYI0 TEOPUIO OTHOCUTEIBHOCTH U
M3MEPHITH 33JIePKKy BPEMEHH C TOYHOCTHIO 15%.

Hcemounuku: [95].

1991 r.

Aemopul u mecmo nposedenus sxcnepumenma: JIxosed Xoron Tetnop (Joseph Hooton Tay-
lor, Jr), Paccen Anman Xanc (Russell Alan Hulse), oTkphITHE cieaHo Ha paanoTeneckorne B Apecn0o B
ITyapro-Puko, uccnenoanus npoBoasaTcs Kopaensckum yansepcuteToM (CILIA).

Onucanue sxcnepumenma. B 1974 rony umu oTkphITa aBoitHas cuctema PSR B1913+16, co-
CTOsIIIass W3 HEUTPOHHOH 3Be3dbl W Iysbcapa. OmHa W3 3BE3] CHCTEMBl — HEUTpOHHAS, €€ TepHO
BpaiieHusi 17 o00poToB B ceKyHIy (MCXOHIsS M3 M3MEPEHHOTO MepHoja UMIyibca u3nydeHus 59,03
Mmc). [Ipu 3TOM cpenHsst CKOpoCTh IBMXKEHuUs 1Mo opoute okoio 200 kM/c. B 1991 roxy usmepenus co-
Kpamiarmieiicss opOUTHI 3TOW Mapbl 3BE3], 00pa3yONIUX ITyJIbCap, Jalld MOATBEPKACHUE PsITy TOJI0-
JKEHHH OOIIed TeOprH OTHOCUTENHLHOCTU. M3MepeHHoe 3aMeiieHre meprojia OpOUTaNbHOTO JBIKE-
HUS:

AT, =—76%0,3Mkc (3a 1 3emMHOI TOx).

Ha6n}oz[afomeec;1 IO pCIATUBUCTCKOMY 3aMCJICHUIO BPEMCHU YMCHBIICHUC MCPUOJA o6pa—
MICHUS XOPOLIO COTIACYCTCs € MPEACKA3aHUAMU 06meﬁ TCOPHUHU OTHOCUTCIIBHOCTH:

AT =—-75,8 mxkc (3a 1 3eMHO} TO).
Pesynomamul sxcnepumenma: Beuin n3MepeHbl 3aMeJIeHUE X0Jia BPEMEHH Ha JIBUKYIIEMCS
00bekTe (3B (hEKT crennanTbsHON TEOPHH OTHOCUTEIFHOCTH) U TPAaBUTAIIMOHHOE KPACHOE CMEIICHHE B
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MoJIe TATOTEHHUs (TPaBUTAlMOHHOE M3MEHEHHE X0/aa BpeMeHH). [loaydeHHbIe JaHHBIE COTIIACYIOTCS C
pacu€TaMu 10 M3MEHCHHUIO XOJia BPECMCHHU B paMKaX TCOpPHU OTHOCHUTCIHLHOCTH. ABTOpI)I MOJIy4YHnJIN
HobGeneBckyro nmpemuto mo ¢pusuke 1993 roma «3a OTKPHITHE HOBOTO THITA TYJILCAPOB, JaBIIIee HOBBIC
BO3MOKHOCTH B U3yUEHUH TPABUTAIII.

Hcmounuxu: [96].

2003 r.

Asmopwl u mecmo nposedenus skcnepumenma: Kocmuaeckuit sxcriepumenT HACA, EBponeii-
CKOTO KOCMHUYECKOT0 areHcTBa 1 Y TanbIHCKOTO KOCMHYECKOTO areHTCTRA.

Onucanue sxcnepumenma. B 1997 romy 3amyIneH aBTOMAaTHYSCKHH KOCMHYECKHH ammapar
Kaccunn-I'roiirernc (Cassini—-Huygens). Bo Bpems HaxokIeHHs armapara 0 JAPYTryl0 CTOPOHY OT
Comnra, a Taxke KOnurepa u CaTypHa MPOBOIMINCEH SKCIIEPUMEHTHI TI0 MPOBEPKE 00IIEH TEOpHH OT-
HOCHTENBHOCTH.

Pezynomamul sxcnepumenma: HaONIONANCS YaCTOTHBIM CIOBUT W 3a/iep)KKa CUTHaja, MPUXO-
JISIIET0 OT amnmapaTa, Kak CIeICTBUE 3aMeIJICHHUs X0Jla BpEMEHH B TpaBUTAIllMOHHOM Tone. [lomosxe-
Husgs OTO, cBsizaHHBIE ¢ OCOOCHHOCTSIMH TEUEHHUS BpPEMEHH, MOATBEPIUINCH C MOTPEUTHOCTHIO
0,002%.

Hcmounuku: [97].

2005 r.

Asmopul u mecmo npogederus sxcnepumernma: Maitkn Kpemep (Michael Kramer) u3 yauBep-
cuteta ManuecTepa ¢ kouteramu. Vcmonp3oBanack nH(QOpMAIUs, MOIYYEHHAS OT PagHOTEIeCKOIIOB
Lovell Telescope, Parkes radio telescope u Robert C. Byrd Green Bank Telescope.

Onucanue sxcnepumenma. B TedeHue ABYX C TOJIOBHHOW JIET MPOBOAMIMCH HAOIIOACHUS
nBoiHOH 3Be3aHOH cuctembl PSR J0737-3039, 06a koMmoHeHTa KOTOpOH — mynbcapbl. KOMITIOHEHTHI
CHCTEMBI OT/EJEHBI APYT OT Apyra paccTosHueM 0kojo 800 ThICSY KUIOMETPOB U ABUXKYTCS MO CBOUM
opouTaM co CKOPOCThIO MpuOIM3uTeabHO 300 KuoMeTpoB B cekyHay. Opouranbhbiii nepuon JO737-
3039 cocraBmusier 2,4 yaca — HAMMEHBIIIMHA U3 U3BECTHBIX JUIS MOJOOHOTrO poaa cucteM. Ilymscaps
00J1a/1a10T CHJIBHBIM IPaBUTAIIMOHHBIM MoJieM (mmpumepHo B 100 Thicsd pa3 6obiue, ueM y CoiHIa), U
OHH M3JIYYar0T PaJHOBOJHEI C OY€Hb CTPOTOW MEPUOTUIHOCTHIO, TIOITOMY JFOOBIE OTKIIOHEHHS JIETKO
3adUKCHPOBaATh U M3MepuTh. JuameTp mymscapoB cuctemsl PSR J0737-3039 — Bcero okoso aBania-
TH KHUJIOMETPOB, M3-32 YeTO WX MOYKHO CUHTATh He cpepamm, a MaTepHaNbHBIMH TOYKaMH, YTO CyIIle-
CTBEHHO ympomaeT pacd€Tbl. OOBEKTH TAKOTO PO/ia IMO3BOJISIOT BECbMa TOYHO MPOBEPSATH IpecKa3a-
HUSl TEOPUH OTHOCHUTENBHOCTH, TaK KaK PENATUBUCTCKUE IPPEKTHI OTPAXKAIOTCSI HAa BPEMEHHBIX WH-
TepBajiaX, C KOTOPBHIMH IPOUCXOAHUT W3IIyYCHUE ITyJIbCAPaMU DSJIEKTPOMArHUTHBIX HWMITYJIHCOB.
HeoObruatinast 61M30CTh KOMIIOHEHTOB CHCTEMBI U MaJIbIi OPOUTANBHBIIN MEPHOJ, a TaKkKe TOT (akKT,
YTO MBI BUJIUM CHUCTEMY MPAKTHUYECKU C pedpa — BCE 3TO MO3BOIMIIO HCCIEIOBATh TPOSIBICHUS Pesi-
TUBUCTCKUX 3PQPEKTOB ¢ BRICOYAMIIIEH TOYHOCTEIO.

Peszynomamur  oxcnepumenma: CoOpaHHBIE NaHHBIE CBUACTENBCTBYIOT O COOTBETCTBUH
HaOmronaeMbIxX 3 QeKToB ¢ Teopueid, B YaCTHOCTH:

- BO BpeMs COJM)XEHHUS KOMIIOHEHTOB HaOrogaercst yBenndenue (Ha 0,38 MKC) UX COOCTBEHHOTO
nepuoJia BpalleHuUs 3a CYET 3aMeJJICHUSI X0Jla BPEMEHH B CHIIBHOM IPaBUTAIIMOHHOM TIOJIE.

- KOTJa CHT'HAaJ OT OJHOTO M3 IyJIbCApOB HA IyTH K 3eMJiie IPOXOIUT B HEMOCPEACTBEHHOMN OIN30-
CTH OT JPYToro MyJbcapa, CUIBHOE WMCKPUBJICHUE MPOCTPAHCTBA-BPEMEHH M 3aMEJICHHE XO0Ja
BPEMEHH B OKPECTHOCTH TIOCIIETHETO BBI3BIBACT 3a/CPKKY IMPOXOXKIeHH curHaima a0 90 mMuum-
cexkyun (3ddexr lammpo).

Kax mokasanu BbUMCIeHuUs, caelannble rpymmoi Kpemepa, BO3MOKHBIE OTKIOHEHHS OT 00-
el TEOPUH OTHOCUTEIHHOCTH coCcTaBIsItoT He Oonee 0,05%.

Hctounuku: [98].

2009 r.

Asmopbl u mecmo npogedenus sxcnepumenma: Xonsrep Mromrep (Holger Mueller) ¢ xoime-
ramu, yauepcuteT Kamndopunn B bepkimm (CLLIA).

Onucanue sxcnepumenma. B Xojme sKcrepuMeTa aTOMBI I€3Hs, CKOPOCTh KOTOPBIX ObLia
HanpaBlicHa BBEPX MO OTHOIICHHUIO K TOBEPXHOCTH 3eMJTH, ACHCTBHEM JBYX Ja3€PHBIX MYyYKOB MEpe-
BOJIUITUCH B CYTIEPIIO3UIIUIO COCTOSTHHUIN C Pa3IUYAIOIIMMUCS UMITYJIbCaMu. BeliecTBIE TOTO, UTO CHia
TPABUTAIMOHHOTO BO3JCHCTBUS 3aBUCUT OT BBICOTHI HaJl MOBEPXHOCTHIO 3eMiTH, Haberu (a3 BOITHOBOM
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(PYHKITNH KaXX0TO M3 ITUX COCTOSIHUN MPH BO3BPAIIEHUH B HCXOJHYIO TOUKY pa3indyanuch. PazHOCTh
MEXIy 3TUMHU HaberaMu BbI3bIBaJla HHTEPPEPEHIINIO aTOMOB BHYTPU 00JIaka, TaK YTO BMECTO OJHO-
POIHOTO IO BBICOTE PACIpenesICHUsI aTOMOB HAOIIOAAINCh YePEeLyIOIIIECs CIYLICHUSI U Pa3pEeKeHUs,
KOTOpbIE U3MEPSUINCH JCHCTBHEM Ha 00JaKO aTOMOB Ja3epHBIMH IIyYKaMH U U3MEPEHHEM BEPOSITHO-
CTH OOHApYXEHHUS aTOMOB B HEKOH BBIOPAaHHOW TOYKE IPOCTpAaHCTBA. Ha OCHOBaHWHM W3MEPCHHS
KpPacHOT'0 CMEILICHHUS PaCCUYUTHIBAJIOCH IPABUTALIMOHHOE 3aMeICHHE BPEMEHH.

Pesynomamut sxcnepumenma: IloaTBepKOEHO TpaBUTALMOHHOE M3MEHEHHE XOAa BPEMEHH.
TOYHOCTD MOMYYEHHBIX Pe3y/IbTATOB HAXOAUTCS Ha ypoBHE 7-107°.

Hemounuxu: [99].

2010 r.

Aemopvl u mecmo nposeoenusi sxcnepumenma: C. W. Chou, D.B.Hume, T.Rosenband,
D. J. Wineland, NIST (CILIA).

Onucanue sxcnepumenma. Cnerpanuctsl NIST (CILIA) mpoBenu cepuio SKCIEPUMEHTOB 10
BJIMSIHUIO TPaBUTAIIMK Ha X0 BpeMEHHU. [|JIs 3TOT0 MCIOJIB30BANICS TPAIUEHT IPAaBUTAIIMOHHOTO OIS
3emiu. B skcrieprMeHTax MPUMEHSITUCH CO3IaHHBIE B 3TOM MHCTUTYTE CBEPXTOYHBIC Yachl HA OCHOBE
WOHa aTioMUHHUA. J[Boe JacoB OBLTH PaCIOIOKECHBI B pa3audHbBIX Jtaboparopusx B NIST u cBsa3aHbl
ONITUYECKIM BOJIOKHOM 75 METPOB ITMHOM. 3aMepsuIcs X0J] BpEMEHH 4acoB, PACIONIOKEHHBIX Ha pa3-
HOH BBICOTE.

Peszynomamul sxcnepumenma: IloaTBepKIal0T HM3MEHEHNE X0/1a BPEMEHU B TPaBUTAIMOHHOM
monie 3eMiu Jlake Ha HeOoubIoi pasHuile BICOT B coorBeTcTBUU ¢ OTO. [loHmkeHne nmoTeHIana
IPaBUTAIIMOHHOTO TOIS 3eMJIM TPU MOABEME Ha BBICOTY 33 CM OTHOCHTENHFHO KOHTPOJIBHBIX YaCOB
MIPUBOJIMIIO K YCKOPEHHUIO TEMITIOB TEYCHUs BpeMeHH Ha 4 (heMToCceKyH bl 3a ceKyHay. Bennuuna pac-
COTJIACOBAHMSI B XOJIC YaCOB COOTBETCTBOBAJA MPEICKA3aHUAM O0IIEH TEOPUU OTHOCUTEILHOCTH: TI0-
pAaKa 3 MUKPOCEKYH]T B TOJ Ha OJJUH KHUJIOMETP Pa3HUIILI B BEICOTE HAJ] IOBEPXHOCTHIO 3EMITH.

HUcemounuxu: [32,33]. [loaTBepKAaI0T HU3MEHEHNUE TEUCHUST BPEMEHH B COOTBETCTBHHU ¢ 0OIIEH
Teopueil oTHOCUTEIbHOCTH. ClleyeT OTMETHTD, YTO OAHMH U3 aBTOPOB dKcrepuMenTa, D. J. Wineland,
ctan JiaypeatoM HoOeneBckoit npemun mo ¢usuke 3a 2012 roa «pa3BUTHE OCHOBOIOJIATAIONIUX DKC-
MEPUMEHTAILHBIX METOJIOB U3MEPEHUS U MAHUIYJIAIUN HAJ OJJUHOYHBIMH KBAHTOBBIMU CHCTEMaMM.
[TomydeHnHBIe UM PE3yIBTATH HEITOCPEACTBEHHO OTKPHUIA BO3MOXKHOCTH CO3J[aHHS UCIIOTE30BAHHBIX B
JTAHHOM DKCIIEPUMEHTE YacOB.

I'pynna skcrnepumeHmos C

IIpeameT ucciaeq0BaHUS: TIPOIECCHl MUHUMAIBHO BO3MOYKHOH IIIUTEIHHOCTH (aTOMapHBIE
MIPOIIECCHI).

CylHoOCTh HCCJETyeMOro sIBJEHHUsI: €CIIH CYIIECTBYET CaMbIi KOPOTKHU TpOIlecC, TO Ha
MEHBILIUX BPEMEHHBIX MHTEpBANaX Y€ HUYEro HE MPOUCXOAUT, U BOMPOC CYLIECTBOBAHUS TCUCHUS
BPEMEHHU B IpeeNiax TAKUX UHTEPBAJIOB CTAHOBUTCS TUCKYCCUOHHBIM. [Ipy MOJIOKUTEABHOM PE3YJIb-
TaTe MOXHO OyJIeT JeaTh 3aKIFOYEHUS O CYIIECTBOBAHUH (PAKTHYECKOHN JITUTEIFHOCTH MTHOBEHbS,
unu MoMeHTa Hacrosimero. Pe3ynbratel ncciaenoBaHuil MOTYT JaTh ONpPEAEIEHHBIE apTyMEHTHI MPU
PaCCMOTPEHUY aIbTCPHATUBHBIX TCOPUI BPEMEHH — PEIIIIUOHHON U CyOCTaHIIMOHAIBLHOM.

Hens 3xcnepuMeHTOB (B JaHHOM CIIy4ae PacCMaTPUBAETC X TEMIIOPOJIOTHYSCKUI acIeKT):
AKCIIEPUMEHTAILHOE O0HAPYKEHUE CAMOT'0 OBICTPOIPOTEKAFOIIETO MPOIecca ¢ MUHUMAIBHO BO3MOXK-
HOH JJIUTEIBHOCTBIO.

1995 r.

Aemopul u mecmo nposedenus sxcnepumenma: xomnadopuun CDF u DO, sxcniepuMeHTHI mpo-
BOJWJIMCH Ha KOJBLIEBOM yCKOpHTelle — KoJutaiinepe Tasaron (Tevatron) B aMmepukaHCKol 1abopato-
puu uM. DHpuko Pepmu (r. barasus, mrat Unnunoiic, CILIA).

Onucanue skcnepumenma. B pe3ynbTare CTOJKHOBEHHI MPOTOH-aHTHIIPOTOHHOM Mapbl Ha
koJutaiiiepe TeBaTpoH Mo MpOoIyKTaM paciaa ObLI OTKPHIT t-KBapK.

Pesynbmampl sKcnepumenma; OTKPhITHE YaCTHIIBI — t-KBapKa cO BpeMeHeM Ku3Hu 107 cex.
TeMImopoIOruueckuii acmeKT ATOro pe3yibTaTa COCTOMT B TOM, YTO BPEMEHHOHN pasMmep (IIUTeNb-
HOCTB) TUITOTETHYECKOTO aTOMapHOTO IpoIlecca He MOXKET MPEBBIMIATh JECATHIX I0JIeH HOKTOCEKYH-
JBL.

Hemounuku: [100].
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2012 r.

Asmopvl u mecmo nposedenus sxcnepumenma (cepuu sxcnepumerimos): LUEPH (CERN),
Bonbmoit anponnstit konaitnep (LHC), sxcriepumentst ATLAS nu CMS.

Onucanue sxcnepumenma. B CTONKHOBEHUSX yIbTapesITUBHCTCKUX TpoToHOB Ha LHC obHa-
pyxuBaercsi 6030H XUITca, KOTOPBII AETEKTUPYETCS O IPOAYKTaM €To pacnaja.

Pesynvmamut sxcnepumenma: NpeAnoNoKUTEIbHOE OTKphITHE 0030Ha XHITCa CO BpeMEHEM
xu3au ot 1072 o 102 cek. TeMnoponoruuecKkuid acrekT — €ClIu NOATBEPKIAETCS HUXKHSSA OLEHKa
BpEMEHH XHU3HU 0030HAa XUITCA, TO OLEHKY JIUTEIFHOCTH aTOMAapHOTO Mporecca He0OOXOANMO CHH-
3WTH JI0 COTHIX J0JeH ifokTocexyHmbl (1072 cek).

Hcemounuxu: [101].

H>YY

_pandidate

Puc. 14. OaHo u3 coObITHI perucTpauuu 06030Ha XUITCA U €ro pacnajga Ha ABa (PoToHa, 3aperucTpupo-
BaHHBIX AeTekTopoM CMS (u3o0paxenue u3 goxnana 4 mrons 2012 r.). MckmouutensHas HeCTaOMILHOCTD
sToro 0030HA JIeNlaeT €ro CyNIECTBOBAHWE M paclaj KaHAWAATOM Ha OAWH M3 CAMBIX KOPOTKHX IIPOLIECCOB B
npupoze. Bpemst xu3Hu 6030HOB XUITCa I0IKHO HAXOAUTHCS B HHTepBae oT 1072 10 107 cex.

npaKTM‘leCKaﬂ TemMmnoponorua

Ilpakmuueckoe ucnonv3oeanue 3anycka U OCHAHOBKU MeYeHUs COOCMEEHH020 6peMenl.
Brnepsrie genoBek Hada IeJICHAIIPABICHHO MCIIOIB30BaTh CBOWCTBA TEUCHHUSI BPEMEHHU B CBOCH Ipak-
TUYECKON JEATEITHHOCTH MPEANOI0KUTEIHHO OKOJIO MOIyTOpa MIJIJIMOHOB JIET Ha3al, KOTJaa OH elle
obu1 TipencrasneH BugoM Homo erectus. [lommepxuBasi ecTecTBEHHBIE MEXAHU3MBI OCTAaHOBKH COO-
CTBEHHOTO BPEMEHH [UJIsl TOPIOYMX MAaTePHaJiOB B BUAE TOPEHHS KOCTPOB U (haKeIoB, IPOTOUYETIOBEK
TOJTy 9/ BO3MOXKHOCTh 000TPEeBaThCA M TOTOBUTH IMHITY 32 CUET CO3/IaBAEMOI'0 OTHEM ITOTOKA YaCTHUIT
C OCTaHOBJICHHBIM COOCTBEHHBIM BPEMEHHUM B MH(PAKPaCHOM JHana3zoHe (B COYETAHWHU C MOPOXKICH-
HBIM TEM JK€ OTHEM MpoIleccaMH TeIUI00OMeHa W KOHBEKIUH). [I0TOK 4acTull B BUAMMOM JHara3oHe
CIEKTpa JaBaJl €My BO3MOXXHOCTh OCBEIIECHHUS B TEMHOE BpPeMs CyTOK U B TIIyOWHE TeIep, a Takxke
WCIIONIBL30BANICA B KadecTBe opyxus. [lo3mHee (110 HEKOTOPBIM OlleHKaM — OT MuLTHoHa 10 200 ThIc.
neT Hazax) yenoBek (Homo sapiens) yxe cam HaydwWIiCs YIPaBISATh XOAOM BPEMEHH M CO3/1ajl TEXHO-
JJOTUHU OCTAaHOBKH CO6CTB€HHOFO BpEMCHU, HAYUUBUIUCH PA3KUTATh KOCTPHI. OcranaBiuBas TEUCHHUE
BpPEMEHH Ul BELIECTBA TOPIOYUX MaTEpHAaIOB M MCIONb3Ys MONYYCHHBIH TaKUM 00pa3oM MOTOK (o-
TOHOB B BHIUMOH M HMH(PAKpacHOH 4YacTH CIIEKTpPa, YEJOBEK BIEPBBIC MMOIYYHJ yIpaBIseMbId HH-
CTPYMEHT T'OCIOJICTBA HaJ OKPYXaroIlel Mpupo10H.

OCHOBHBIMH MEXaHU3MaMH yapaBJICHHUA XOOO0M COOCTBEHHOT'O BPEMCHU JIA HepBO6I)ITHOFO
YEJIOBEKA CTajO0 TOJMYyYCHHE OTHSI C MOMOIIBI0 TPEHUs (IITUPOKO MCIOJB3YETCS 10 CUX MOp MPHU HC-
MIOJIb30BAaHUU KOpPOOKa CO CIIMYKAaMMU), U IyTEM BBICEKAHUS HCKP MPH yrape (ITUPOKO HCIOIb3YeTCs
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IO CHX TIOp TIPH TOJTb30BaHUH Ta30BBIMH 32KUTAIKAMH).

Be3yciioBHO, TIEpBOOBITHEIH YEIOBEK HE OCO3HABAN, YTO, Pa3KH-
rasg KocTep, OH yNpaBlIsieT BpEMEHEM — HO 3TO HE MEHsIeT (U3MYECKOH
CYLIHOCTHU mporuecca. TakuM o0pa3oM, MPaKTHIEeCKas TEMIOPOJIOTHS MO-
JKEeT MPETeHI0BaTh Ha MEPBYIO TEXHOJIOTHIO, OCBOCHHYIO YeIoBeKoM. Het
JIpYroro TEXHOJIOTHYECKOrO Ipolecca, KOTOPHIA OBl OKazan Ooblice
BIMAHME Ha (opmupoBaHHe M pa3BuTHe Homo Sapiens, yem mporecc
yIpaBJIeHHs] TeYEHHEM COOCTBEHHOTO BPEMEHH.

C Tex mop MEXaHU3MBI 3aIlycKa 1 T€YCHH COOCTBEHHOTO BpeMe-
HU TIpU TPOIIECCax MINYYEHUH W TOTJIOUNICHUS MOMYYHIIN OO0JBIIOE pac-
[IPOCTPAHEHUE U CelYac UIparoT BaXKHEHIIYIO pOjib B Pa3BUTHUU YEJIOBE-
YecKOW NMBHUIIM3AINK. B KauecTBe cOBpeMEeHHBIX MPUOOPOB, (haKTHIECKU —* —
HCTIONB3YIOMIUX HPOLIECC YIPABIEHUs TeueHHeM cobcTBeHHoro BpeMeny, |Puc. 15. Ilpumenenne
MOKHO HAa3BaTh Ja3e€pbl M Ma3epbl, B KOTOPBIX HCMOJB3YETCS MPOILECC ycrpoiicTa JuIst ynpas-
OCTaHOBKH COOCTBEHHOTO BPEMEHH, CBSI3aHHBIN C M3JIydeHHeM (OTOHOB, |'IEHMS XO/IOM cOGCTBeH-
U COIHEYHBIE OaTapen KOCMMYECKHX alllaparoB, B KOTOPHIX mpoucxoaur |HOr0  BPEMEHH  MEPBO-
3aIlyCK TCYCHHUS! BPEMEHH IIPH TIOTTIONICHHHA [I0TOKA (POTOHOB CONHEUHOro | OPITHBIM UeI0BEKOM.
W3ITyUYESHHUS.

Ecnu paccMoTpeTs BOIpOC, BO3MOKHA JIM OCTaHOBKA TEUEHHS COOCTBEHHOI'O BPEMEHH IS
YeJI0BEKa, TO MOKHO IPUMTH K BBIBOAY, YTO TaKas BO3MOXKHOCTH €CTh, HO OHA BJIEYET 3a co0oi da-
TaJNbHBIE PE3yNbTaThl. Takue cay4ad JOCTATOYHO U3BECTHBI, CTOMT BCIOMHHUTH, HAIPUMED, CONOKEHHE
Ha koctpe Jlxxopnano bpyHno. B pesynprare aToi Tpareauu Mg 4acTH Tejla yUYEHOTO (XOTS U OYeHb
MaJIOii) TeYeHHe COOCTBEHHOTO BPEMEHH OBbIJIO OCTaHOBJICHO, YTO NMPHUBENO K YTpaTe €€ MACHTHYHO-
CTH, a OCTaBINAsCA YacTh ObLIa pa3pyllIeHa B pe3ybTaTe CaMOi XUMUYECKOH peakilFi ropeHus, oobec-
NeYnBaBIei uenyckanue (POTOHOB C OCTAHOBJIGHHBIM COOCTBEHHBIM BPEMECHUM.

MOKHO cKa3aTh, YTO OCTaHOBKAa TEUEHHs COOCTBEHHOTO BpPEMEHH, IMyCTh W HEOCO3HAHHO,
MPUMEHSIJIACH K KEePTBaM Kak CIIoco0 )KECTOKOM Ka3HH B INIAMEHHU KOCTpa.

Bce u3BecTHBIE HaM K HACTOSIIIEMY BpPEMEHH MEXaHU3MBI 3aIlyCKa MM OCTAHOBKH TEUSHHS
cOoOCTBEHHOT'O BpeMEHH UIsi 00BEKTa CBA3AHBI C yTpaTtoi ero uaeHTHIHOCTH. Cyns 1Mo BceMy, Hepas-
pymaromuM 00pa3oM OCYIIECTBUTH TAKOTO POAA ONEPAITUI0 HEBO3MOXKHO.

MoseT CI0XHUThCI MHEHHE, 9TO B Psijie IPUBEJCHHBIX 3/1€Ch MPUMEpax POJb TEUSHHsS BpeMe-
HU HE MPOSBISIETCS SIBHO, OTOMY HEJNb3sl OTHOCUTH MX K IIPAKTUYECKOMY HCIIOJIb30BAHUIO CBOMCTB
TedeHus BpeMeHHn. OHAKO ClieyeT BO3pa3uTh, YTO MPUHUMAs, HApUMep, TaOIETKY aCIUpPUHA, MBI,
KaK MPaBHJIO, HE MMEEM HHM MaJISHIEero MpeaCTaBICHHUS O TOM, KaKhe MMEHHO CBOWCTBA aKTHBHBIX
KOMITOHEHT 3TOTO JICKApCTBa MBI HCIOJIB3YEeM JIJIsl TOCTHXKEHHS KenaeMoro addekra. 1 tem He MeHee
HUMH TOJIb3yeMCSl.

Yuem 3ameonenun meuenusn epemenu 6 mexanuzmax yckopumenei r1eMeHmMapHviX 4a-
cmuy. 3HAUUTENIBHYIO POJIb B COBPEMEHHBIX MCCIIEIOBaHUAX (PU3UKH MHKPOMHpA UTPAIOT CIOXKHBIC U
UCKJIIOYHUTENBHO JIOPOTOCTOSIIINE HHKCHEPHBIE
COOPYXKEHUSI — YCKOPHUTEIH 3JIeMEHTAPHBIX
yactull. KoHCTpyKuuMM ycCKOpUTENei, pasro-
HSIOIIUE CTYCTKA YacTHI OO OKOJIOCBETOBBIX
CKOpOCTEW, OCHOBBIBAIOTCS Ha COOTHOIIEHHSIX
PESITUBUCTCKOM MEXaHUKHU, HEOThEMJIEMOU
YacThI0O KOTOPOH SABISETCS PENATHBHUCTCKOE
3aMeJICHUE X01a BPEMCHH.

B kauecTBe nmpuMepa MOXKHO MTPUBECTH
ycnemHo padoraromuii bospmol anpoHHBINH
komaiinep (LHC) 8 HEPHE. On npencrasis-
eT co0OH YCKOPUTEIBHOE KOJIbIO JJUHON 27
KM, B KOTOPOM Pa3TOHSIIOTCS U CTaJKHUBAIOTCS
BCTpPEUHBIE ITYYKd TPOTOHOB. [1y4oK MpoTOHOB
COCTOUT M3 CTYCTKOB 3THX YACTHII, KaXKIbIH U3
KOTOPBIX UMEET (OpPMYy «HUIJIBD» JUIMHOW 10
Puc. 16. CxeMa pacioJio:Kennsi NOI3eMHOr0 ycKopu-| ACCATH CAHTHMETPOB M TONIIMHON HECKOIBKO

TeabHOro koibua LHC na rpanune IllBeiinapuu u| MHKDPOH. B HOpMmanbHOM peykumMe Mmy9oK [up-
®paHIuH. KYyJIUPYET BHYTPU BaKyyMHOU Kamephl, He 3a-
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neBasi ammaparypy. Ecnu m3-3a HelpaBHIIBHBIX PacdeTOB KOHCTPYKIIMH MPOTOHBI COUAYT C KPYTrOBOH
OpOUTHI U HE yCIeeT cpaboTaTh cucTeMa cOpoca Imydka, TO BOSHHKHET OOJbINasi OMTACHOCTh: TIPOTOH-
HBII ITy4OK Ha MOJHOW PHEPTUM M MHTEHCHUBHOCTH O0JIafiaeT OONBINON pa3pyluTeabHON cuioi. He-
KOHTPOJIUPYEMBI Iy4YOK CBOOOJHO MPOXIKET CTEHKY BaKyyMHOH TpPyOBI, pa3pylINT MEXaHH3MbI
YCKOPHUTEISI © MHOTOMETPOBBIE OETOHHBIE CTEHBI KOJUIAWepa: ero 3Heprus COOTBETCTBYET dHEPTUU
JITSIIEro PEaKTUBHOTO caMoJleTa, CKOHIICHTPUPOBAHHON B MIONEPEYHNKE MEHbIIE MIJUITUMETPA.

[TosTOMy OT HpPaBUIBHOCTH WH)KCHEPHBIX PAacdeTOB 3aBHCHT COXPAaHHOCTh U PabOTOCHOCO0-
HOCTh JIOPOTOCTOSAIICT0 000pynoBaHMs (CTOMMOCTh KOJUIaljepa cocTaBiseT okono 10 muuimapaos
nosnapos). Eciau Obl pacueTsl 6a3upoBatich Ha KIACCHUECKONH MeXaHUKe, TO KoJulaiaep okaszajics Obl
HepaboTOCTIOCOOHBIM. TONBKO Oyiaromapsi peIsITUBUCTCKON MEXaHUKE, 3aJI03KCHHON B WH)KCHEPHBIX
pacuerax KOHCTpyKIu# yckoputens, LHC ycnemno BIOTHIET cCBOX (QyHKITHH.

HccnenoBarensckue 3a1a4u Ha KOJUTaifiepe TakKe PelIaloTcsl ¢ YIETOM PEeISITUBHCTCKOTO 3a-
MEIJIEHUSI BPEMEHHU. YIIbTPapEISITHBUCTKUI MPOTOH MOXXKHO MPEICTaBUTh B BHJIE OOJIaka KBapKOB,
AHTHKBApKOB W TJIIOOHOB, COBOKYIMHOCTh KOTOPBIX 00pa3yeT mapToHbl. B maGoparopHOii cucteme OT-
cdera BCsS AMHAMUKA MApTOHHBIX PACIIEIUICHWH BBITIISANT KaK OBl «3aMOpPOIKEHHOW» W3-3a PEIATH-
BHCTKOTO 3deKTa 3aMeTIeHHs BpeMeHH. B CBA3M C 3THM JKECTKHH MPOIECC CTOIKHOBEHHS IBYX
IIPOTOHOB MOKHO PacCMaTpHBaTh KaK CTOJKHOBEHHE JBYX OTICIbHBIX IIAPTOHOB, a OCTAJbHBIC Map-
TOHBI TIPOJIETAIOT MUMO, HE YYaCTBYS B PEaKIIHU.

If..

Puc.17. Mexanuzmbl bosbuioro agpoHnoro kosaiaepa.

PensTuBUCTCKOE 3aMe/UIEHHE BPEMEHH JISKUT B OCHOBE TEXHOJOTUH HOJNYYCHHUS Ha YCKOPH-
+ ot A0
TENSX BTOPUYHBIX My4YKOB HECTAOMIBHBIX wacTuii: 1t , K™, E *, A’u np. Hanpumep, B cocTosHun

- -10 -10
MOKOSsI z T-wm Z - TUIEPOHBI )KUBYT cooTBeTcTBeHHO 0,8 107" cex u 1,5 107" cek, HO yxe mpu Y

~10 oHHM, ABUTASICH CO CKOPOCTHIO V = ¢, UMEIOT JUTMHBI pacnaja 24 cM u 45 ¢M, 4TO JejlaeT BO3MOXK-
HBIM q)opMHpOBaHI/IeZ * -nyukoB. Emé cunmbHee MposBIseTCs 3aMelIeHHe BPEMEHH B MydyKaxX T -

ME30HOB, TJie jocturaercs y ~103 u Bhiie.

OrpomHBIE CKOPOCTH, AOCTUTaEMbIe Ha YCKOPUTENSX, C BHICOKOW TOYHOCTBIO MOATBEP)KIAIOT
CJICICTBUS TEOPUH OTHOCUTEILHOCTH. 3a BCe BpeMsl pabOThl HA YCKOPHUTEIISAX HUKAKUX OTKIOHEHUH OT
3aKOHOB PEJISITUBUCTCKOM (hr3uKu 0OHApYKEHO He OBLJIO.

Yuem ceoitcmeé meuenun epemenu ona nasuzayuonnvix cucmem. Hanbonee HarmagHbIM u
pacmpocTpaHeHHBIM PUMEPOM ydeTa 0COOCHHOCTEH TeUeHHs] BpeMEHH B MPAKTHYECKOH NEesTEIbHO-
CTH YeJIOBEKa SABJISIOTCS CHCTEMBI CITyTHUKOBOW HaBUTaLlWH.

B nacrosimee BpeMs pa3BepHYThl U HaXOJATCS B 3KCIUTyaTalluM JIB€ CITyTHUKOBbBIE HaBUTaIlU-
onnsie cucrembl — GPS (CHIA) u IJIOHACC (Poccust). OTu cucTeMBbl ONUPAIOTCS HA CITy THUKOBBIE
TPYNIHPOBKY, BKIIOYAIONINE JECSITKH JBIKYIIUXCS MO OpOWTaM CIyTHHUKOB, M Ha Ha3eMHOE 000py-
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noBaHre. CIyTHUKOBBIE HABUTAI[MOHHBIE CHCTEMBI B OCHOBHOM HCIIOJIB3YIOTCS B CIEAYIOUIMX OTpac-
TSX:

- BOEHHOE JIeJI0, B YACTHOCTH BBICOKOTOYHOE HaBeJCHHE OOEBBIX PaKeT;

- TeOHe3Us: CUCTEMbl HAaBUTAIlMM JA0T BO3MOXKHOCTB OIIPENENSATh TOUHBIC KOOPAMHATHI TOUEK

Ha TTOBEPXHOCTH 3EeMJIH;

- kaprorpadus: MOCTPOCHNE TOUHBIX KapT B TPayKAAHCKOW M BOGHHOW KapTorpadum;
- HaBWUTauus: MOPCKas M CyXOITyTHasl HABUTALMS JJIsl TPAHCIIOPTHBIX CPEJICTB;
-  CIIyTHHKOBBIH MOHHUTOPUHI TPAHCIOPTHBIX CPEICTB: MOHHTOPUHI 32 IIOJIOKEHHUEM, CKOPO-

CTBIO ABTOMOOMJICH U KOHTPOJIb 32 UX JBIKCHHUEM;

- COTOBas CB3b, [TO3BOJIAIONIAS TOYHO ONPEAETUTH MOJIOKEHNE 3BOHSIIETO YEIOBEKa, B 4acT-

HOCTH C LIETIBI0 OKa3aHMsI SKCTPEHHOH oMoy,

- TEKTOHMKa: HaOJIOJEHHE 32 ABMKCHUEM M KOJICOAHUSIMH TEKTOHUUECKHUX IUIUT, B YaCTHOCTH B

WCCJIEIOBAHUSAX 110 MPEACKa3aHUsIM 3eMIIETPSCEHUI.

NmeroTcs psin Apyrux NepcrneKTUBHBIX BO3MOKHOCTEH MCIOIB30BAHMS CITyTHUKOBBIX HaBUTa-
IIMOHHBIX CHCTEM, B YaCTHOCTH TNpPH pa3pabOTKe CHUCTEM aBTOMATHYECKOH MOCaIKH TSDKEJBIX aBHa-
JaifHEPOB B SKCTPEHHBIX CUTyalHsX, U T. [I.

To4HOCTB OnpeneneHnss MECTOHAX0XKIEHUS OOBEKTa ¢ OMOIIbIO CIIyTHUKOBBIX CUCTEM HaBH-
TaITuy TP OJIATOTIPUSATHBIX YCIOBHSIX MOXKET OBITH JoBeneHa 10 ypoBHA 3 — 6 metpoB (IJIOHACC)
u 2-4 metpa (GPS), a mpu coBMeCTHOM HCIIONIB30BaHNM 00enXx cucteM 2-3 Merpa. C HCIIONb30BaHUEM
muddepeHnanbHOro METoAa TOUHOCTh MOXKET OBITh JJOBEAEHA 70 1 MM Ha OJMH KHWJIOMETpP PaccTos-
HUS MEXIy CTaHLMSIMU.

[Tonmy4enue Takoil BBICOKOI TOUHOCTH OBIIIO OBbI HEBO3MOKHBIM, €CIIM OBl HE IPUHUMAIIUCH BO
BHUMAaHHUE PEIATUBUCTCKUE M IPaBUTALIMOHHBIE OCOOCHHOCTH TEUCHHSI BPEMEHH JUIS HAXOASAIIUXCS Ha
opOuTe COyTHHKOB. B OOpTOBYIO IIKaldy BpEeMEHH KaKIOTO M3 CIYTHHKOB BBOJHTCS TEPECUETHBIN
K03 PULIUEHT, OTIpeeNsieMblii BRICOTOW OPOUTHI U YUUTHIBAIOIIUHA PENITUBUCTCKUI, U TPABUTAIIMOH-
ubiit 3 dextsr. B uactHocTH, 1 cuctemsl TJIOHACC on pasen 1-4,36-107' (penstusuctekas mo-
npaBka Ha 37,7 MKC B cyTKH). CTOUT MOJYEPKHYTH, UTO 3TU MOMPABKH BBIYUCIAIOTCA Ha OCHOBAaHUUH
COOTHOIICHUH CIIeIUabHOM M OOIIel Teopui OTHOCHUTENBHOCTH, U JOCTUTHYTas B UTOTE€ TOYHOCTH
paboTHl HAaBUTAIMOHHBIX CUCTEM CITY>KUT UX HaJIeXKHBIM noaTBepxaeHuemM [102,103].

[IpakTuka paboThl cyTHHKOBOW cucteMbl GPS moaTBepkaaeT peiasTHBUCTCKUN dQQeKT 3a-
meanenus Bpemenn (CTO) ¢ TogHOCTBIO 0KOIIO 3%, 9 (EKT H3MEHEHHST TEMITOB TEUEHHSI BPEMEHH H3-
3a rpaButannu (OTO) — ¢ TounocThio mopsnka 0,7%. Xom gyacoB Ha cnyTtHuKax GPS, ¢ omHoif cTO-
POHBI, 3aMEIJISETCS U3-3a PEIATUBUCTCKOTO d(dekTa mpumepHo Ha 7200 HAHOCEKYH]T B IEHb, a C APY-
roif — yckopsiercs Ha 45900 HaHOCEKYHI B JICHb M3-3a TOTO, YTO CITyTHHUKH HaXOAATCS B Ooiree ciia-
00oM TpaBUTaIMOHHOM TI01E [104].

OnnuM u3 (akTopoB, BIUSIOIMX HA TOUYHOCTH CIyTHHKOBBIX CHCTEM HaBHUTallMH, SBISIETCS
HEOJHOPOIHOCTh PABUTALIMOHHOTO IOJIST 3€MIIM, BIUSIOIIAS Ha OPOWTHI CIYTHHKOB 3THX CHCTEM.
I'paBuMeTpuuecKkue U3MEpEHUs MO3BOJISIIOT YUECTh TAKOE BIUSHHUE.

Temnopanvnoe none u 603M0ICHOCIU HPAKMUYUECKO20 UCNOIb306AHUA PE3YTbMAMOE €20
uzmepenuii. TeMnopanbHOe MO TOPOKAAETCSA TPABUTALMOHHBIM KaK pe3ylbTaT TOPMOKEHHUS B HEM
X0Za BpeMEHH. B cBs3u ¢ 3TUM BO3ZHHMKAeT BONMPOC — €CTh JIM MPaKTHYeCKass HEOOXOAUMOCTh B U3Y-
YEHUHU TEMIIOPAILHOTO TIOJIS, €CIH YXKE BEAyTCs MAcCIITaOHbIe TPaBUMETPHUUECKUE N3MEPEHHSI TPaBH-
TAI[MOHHOTO IOJIS HallleH TIaHeTHl U MaHeT COoIHEYHOH CHCTEMBI.

I'paBumeTpust GazupyeTcs Ha U3MEPEHUAX OIS CHIIBI TSDKECTH. ba3oBBIM METO/I0M HabIIoIe-
HUS SIBISIETCS TpaBUpa3BellKa, OCHOBaHHAsg Ha M3MEPEHHUSX yCKOPEHHsS CBOOOJHOTO MajeHHs U ero
MEPBBIX U BTOPBIX NIPOU3BOIHBIX. | paBUMeTprYecKrne HAOIIOACHNUS BBIIOIHIIOTCSA C IIOMOLIBIO COOT-
BETCTBYIOILEH anmaparypsl — I'PaBUMETPOB U aKkcenepoMeTpoB. [IpuHIMIbBI eHCTBHS TaKUX MPHOO-
POB OCHOBaHBI Ha UCIIOJIb30BAaHUU MAsTHUKA, IPYKUHHBIX BECOB MJIM MAJAOLIETO Tesa. B HeKOoTOphIX
KOHCTPYKLHSX B KaueCTBE 4yBCTBUTEIBHOI'O 3JEMEHTa I'PaBUMETpa HCIOJb3YETCs CTPyHA, Ha KOHIE
KOTOPOH 3aKpermieHa ompeesieHHas Macca. M3MeHeHus: 4acToThl KoJIeOaHUH CTPYHBI XapakTepU3yeT
HW3MEHEHUS! YCKOPEHHUsI CBOOOAHOTO MajieHus. B psne KOHCTPpYKLH IT'PaBUMETPOB HCIOIB3YIOTCS U3-
MEpPEHHsI CKOPOCTH NPELECCHU TMPOCKONMUYECKUX MPHUOOPOB, KOTOpas YyBCTBUTEIbHA K CHUJIEC TSKE-
cti. TOYHOCTH H3MEpEHH il FPaBMMETPOB MEPEUHCICHHBIX THIIOB HAXOAUTCS Ha ypoBHe 107 107,

3HaunTeNFHO 0OJiee BBHICOKOW TOYHOCTBIO 00JanaroT Ja3epHble TpaBUMeETphl. [IpuHnum nei-
CTBHS JIa3ePHOTO I'paBUMETPa OCHOBAH Ha M3MEPEHUHU YCKOPEHHUSI CBOOOIHO MalJarollero Tenia, KOTo-
pO€ YCTaHOBJICHO B BEPTUKAIBHOM IUIeUE JazepHOro uHTepdepomerpa. OTHOCHTENBHAS TOTPELIHOCTD
J1a3ePHBIX IPABUMETPUUECKHX IPUGOPOB HAXOAUTCA Ha ypoBHE 107,
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Jnst mpoBeZieHNs] TPAaBUMETPHUUECKIX M3MEPEHHUH C MOMOIIBIO CITyTHUKOB 3€MIM M IUIAHET
UCTIONIL3YIOTCS M3MEPEHHUS TIapaMeTPOB UX OPOUT C TIOMOIIBIO JIa3ePHBIX NAILHOMEPOB, B YaCTHOCTH
3aMEepSIOTCS PACCTOSIHUS MEXIY ABYMS IBIDKYIIMMHUCSA IpYyT 3a JOPYrOM CIYTHUKaMd (TIPOEKT
GRACE).

Takum o0pazom, HanOosee UyBCTBUTENbHAs COBPEMEHHAs TIpaBUMETpHUYEcKas ammaparypa
MOYET 06ECIeunTh OTHOCHTENBHYIO TOrPEUIHOCTh H3MepeHuii He ayume 10°, Toraa kak mefcTByo-
€ aTOMHBIE Yachl, KOTOPHIE MOTYT OBITH HCIIOJNIB30BaHKI I HAONIOACHUH TEMIOPAILHOTO MO,
yiKe ceifuac B COCTOSIHUHM MPOBOANTH M3MEPEHHS ¢ OTHOCHTENBHON MOrpermHocThio mopsiaka 1077 u ¢
XOpOIIeH MepCHeKTHBON JalbHEHIIIero MOBBIIICHHS TOYHOCTH. Kpome Toro, Hanbolee TOYHBIE J1a3ep-
HbIE TPaBUMETPHUUECKHE HW3MEPUTENBHBIC CHCTEMBI BKIIOYAIOT B CBOW COCTAaB CTaHAApPThI YacCTOTHI,
T. €. TO-CYTH HX pa0oTa CBsi3aHa C M3MEPEHHUEM BpPEMEHHBIX HHTEpBajoB. [103TOMYy HMX TOYHOCTH
NPUHIMITHATBEHO HE MOXET NPEBBICUTh TOYHOCTh U3MEPEHHS TAKMX HHTEPBAJIOB.

Taxkum 00pazom, OTBET Ha IOCTABJICHHBIN BBILIE BOIPOC 3aKII0YAECTCS B TOM, UTO aIllaparypa,
UCIIONIb3yeMasi B TPaBUMETPHH, HE JIOCTUTIIA TOH CTENIEHW TOYHOCTHU, KaKOH yAaloch JOOUThCS B KOH-
CTPYKIHMSX aTOMHBIX 4acoB. B CBSI3U C 3THM pe3ynbTaThl HCCICAOBAHHN TEMITOPAIBHOTO TIOJISL C HC-
MOJIb30BaHUEM JJISl 3TOTO CBEPXTOUYHBIX ATOMHBIX YaCOB MOKET HECTH OoJibllle MHPOPMAIMH, YeM
0OBbIYHAs TpaBUMETPHYECKas Pa3BeaKa.

Bonee ObIcTpHIii TpoOrpecc B MOBBIMIEHNH TOYHOCTH U3MEPEHUS BPEMEHH U yCIIEXH B 00JIaCTH
MUHHUATIOPU3AIlU TIPUOOPOB BPEMEHH 0 CPAaBHEHHIO C TEMITAMH COBEPIIEHCTBOBAHUS TPaBUMETPH-
YECKOW ammaparypbl AelaeT MpuOOphl BPEMEHU MEePCIEKTHBHBIM WHCTPYMEHTOM JIJIsl MCCIIEIOBaHUI
TPaBUTAIIMOHHOTO W TEMIOPAILHOTO TOJNel 3eMii U TulaHeT. BMmecte ¢ TeM clieayeT OTMETHTh, YTO
JUTSE U3MEPEHUI TEeMITOPaJIbHOTO MOl MOTYT B IPHUHITUIIE MCIIOIB30BaThCs 00a BUIa U3MEPHUTEITHHON
anmapaTypsl, B 3aBUCHIMOCTH OT IIE€JIH UCCIIEOBAHUN U C YI€TOM SKOHOMUYECKHUX (PaKTOPOB.

MOXHO BBECTH MOHATHE Memnomempuyeckas pazéeoxa (MO aHAJOTHU C TEPMHUHOM TpaBH-
MeTpuueckas pa3Benka). OOBEKTOM H3MEPEHUH IJIsl Hee SIBISETCS TeMIIOpalbHOE IMOJie, B YACTHOCTH
ero TemnopanbHbli noreHuuan Ug(x,y,z,f). LlenecooOpa3zHo cornacoBaTh MapaMeTpbl CHCTEMbI TEMIIO-
METPUUYECKOH Pa3BeJKH C TapaMeTpaMH €IUHOH MHPOBOW OMOPHOM TI'paBUMETPHYECKOH CeTH
International Gravity Standardization Net (IGSN).

B03MOXHOCTh MUHHATIOPU3AIMH BHICOKOTOYHOH HM3MEPHUTEILHOW ammapaTypbl ITO3BOJSET
pasMemarp ee Ha CHCTeMaX MOOWIIBHOTO U KOCMHYECKOTO 0a3MpoOBaHHs. A 3TO OTKPHIBAET BO3MOXK-
HOCTh HaONIOJICHHS 32 AMHAMHUKON TEMITIOPAILHOTO T0JIsl, BOSHUKHOBEHNEM aHOMAIIUI X0/1a BpeMEH!
¥ B COYETAHWU C APYTUMHU METOJaMHU HUCCIIEIOBaHNH (B YaCTHOCTH T€OMAarHUTHBIMH H T. JI.) JIOKAJIA30-
BaTh M HACHTH(PHUIINPOBATH UX UCTOYHHUKH.

TemmomeTpudeckast pa3Befika COBMECTHO C JAPYTUMH METOJaMH, B TOM YHCIIE B C TPaBUMET-
PHUYECKO# pa3BeKOM, MO3BOIUT 00Jiee TOYHO H MOJTHO PemaTh P MPAKTHIECKUX 3a/1a4.

B 4ucio Takux 3amad MOKHO OTHECTH BEISBICHHE W HCCIENOBAaHUE TITYOHMHHBIX Pa3lioOMOB
3eMHOI KOpBI U TTIO0ANTBHBIX TEKTOHHYECKUX CTPYKTYP U UX JIBIKSHHH, MTPOIECCOB Iepepacnpeerne-
HUS Macc B 3eMHBIX Heapax. Oco0o clieyeT OTMETUTh MTOTEHIIMAIBHYI0 BO3MOKHOCTh UCTIOJIh30BATh
TEMIIOMETPUYECKYIO pa3BelKy MpPH MOMCKE M pa3BEAKEe MECTOPOXKICHHU TOJIE3HBIX MCKOMaeMblx. B
YaCTHOCTH, PEYb UAET O HEPTEra30HOCHBIX H YTOJIBHBIX MECTOPOKACHHUSIX, KEJIE3HBIX Py, XPOMOBBIX
¥ METHOKONYETaHHBIX PyIl, a TaKKe MECTOPOXKICHUN KAIMHHBIX cojieid, bopaToB, KOpyHIa, Oapura,
anatuToB. lHTEepecHOH BO3MOXHOCTBIO SIBIISIETCSI TIOMCK BOAOHOCHBIX CJIOEB U W3YyYEHHS TITyOMHHOTO
CTPOCHUSI apTEe3UaHCKUX 0aCCEHHOB, CKPBITHIX BOJHBIX ITOTOKOB.

B coBpeMeHHBIX yCIOBHUSX 0COOYI0 BaXXHOCTh HMPHOOpETaeT MOHUTOPUHT TassHUS OTPOMHBIX
Macc JbJa B [ peHnanaium 1 Ha TOJI0CaX, CBI3aHHOTO € YTrpo30i 00IIEro MOJHATUS YPOBHS MHPOBOTO
OKeaHa W yTrpo30# 3aTOIUICHUS MPUOPEKHBIX oOnacteil. Habmronenws 3a popMupoBaHHEM W JBYKE-
HUSMH BOJHBIX TIOTOKOB B MHPOBOM OKe€aHe, B TOM YHCJe TTyOWHHBIX, ABMDKEHHH OOIBIINX aTMO-
c(epHBIX Macc MOYKET OKa3aThCS BEChMa MOJE3HBIM IS JTOJTOCPOYHOTO MPOTHO3UPOBAHUS COCTOS-
HUS aTMOc(epsl 1 KITMMAaTHYECKUX M3MeHeHnid. VccnenoBanue ABIKEHU TEKTOHMYECKUX TUTAT COB-
MECTHO CO CTaHIAAPHTHIMU METOJAMH CEMCMOPa3BEeIKH MOXKET OKa3aThCsl MOJIE3HBIM JIJIsl TPOTHO3UPO-
BaHUS 3eMJICTPSICEHUH.

MOHHTOPHHT TEMIIOPAIHLHOTO TOJS B OKOJIIO3EMHOM TPOCTPAHCTBE U HA TIOBEPXHOCTU 3eMIIH
OTKPOET BO3MOXXHOCTH BBISBICHHUS 00JacTeil ¢ BBHICOKOW HANPSXKEHHOCTHIO TEMIOPAJIbHOTO MO U
MO3BOJIUT HAYaTh UCCIIENOBAHUS BIMSHUS M MOTEHIHATLHONW OMACHOCTH TaKuX oOmactel 1iis duocde-
pBI 3emin.

Bnuanue memnopansnozo nonsa na ouocgpepy nnamemsl. PaccMOTpUM BaXXHYIO OCOOEH-
HOCTh TEMITOPATBHOTO TOJS, UMEIOIIYI0 HEMOCPEICTBEHHOE MPAKTHISCKOEe 3HAYCHUE IS )KU3HEIes-
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TENBHOCTH 4enioBeka. OHa 3aKIH04aeTCs B TOM, YTO MPUCYTCTBUE TPABUTAIIMOHHON aHOMAJIUU C PE3KO
BBIPQ)KCHHBIMH TPaHUIIAMU (HAITPUMEP, TSKTOHUYECKOIO pa3jioMa) MOPOXKIACT JIOKaIbHBIC 00JaCTH C
BBICOKOW HANPSKEHHOCTHIO TEMITOPATLHOTO OIS

JIt000#t 00BEKT, B TOM 4YHCIIE OMOJIOTHMYCCKOW TPUPOJBI, OKA3aBINMUHCS B 30HE C BBICOKOM
HaNPSHKEHHOCTBIO TEMITOPATBLHOTO OIS, OyJIeT UCIBITHIBATh HA ceOe BIMSHUE IMepenaja TEMIIOB Te-
YEeHUS BpEeMEHH sl Hero. Kak moka3aHo BBIIIE, 3TO MOKET UMETh HETATUBHBIC TIOCIIECTRHS.

HyxHo oT™MeTHTh, uTO [IpHpoaa B 3HAYUTENBEHOU CTEMEHH 3aIUTHIIA HAC OT Pa3pyUIUTEIBHO-
IO BO3JCHCTBUSI TEMIOPAIBLHOTO rpaaueHTa. J[eiicTBUTENbHO, pa3HUIla B TEMIaX TEUCHUS BPEMEHU
AU, cBa3aHa ¢ pa3HUIIeil PaBUTAIIMOHHBIX OTEHINATIOB Ag CICAYIONIMM COOTHOIICHHEM:

1
AUz = — |Agl. (12)

CrnenoBaTenbHO, Jaxe 3HAUUTENbHAS eOopMaIisi HCTOYHUKOM aHOMAIIMU TPaBUTAIIHIOHHOTO
TOJIS CriIaKUBaTecss Kod(QHUIHEHTOM ¢, [eas INepenanbl B TEMIaX TEYeHHs BPEMEHH JUIi MaKpo-
000BEKTOB MPAKTUIECKH HE Oy THMBIMHU.

OpHako cuTyalusi MEHSeTCs, €CIM pacCMaTphBaTh OOBEKTHI MUKpOMHpa. V3MeHeHue Bpe-
MEHHBIX MacHITabOB COOBITHI AUl HUX MPUONMKAET Pa3HUILy B TEMIaX TeUeHHUS BPEMEHH K TeMIam
MIPOTEKaHUs MPOIECCOB B MUKpomupe. Tak, HanpuMmep, GyHIaMeHTaIbHbIe Ui Onochephl MPOIeCcChl
(hoTOCHHTE3a BKIIIOYAIOT MPOIECCHI, JITUTEILHOCTh KOTOPBIX UMEET MOPSAJOK OT COTeH (heMTOCEKYH]I
10 1-2 MUKOCEKYH/I, 4TO yKe BITOJHE CPABHUMO C BEIMYMHAMU BPEMEHHBIX 33/IePIKEK, IIOPOKIAEMBIX
TEMIOPAILHBIM TPATUEHTOM B €CTECTBEHHBIX YCIIOBHSAX. B 3THX BpeMeHHBIX MacmiTabax mepemnana B
TEeMIaX TEYCHUS] BPEMEHH MOXET OKa3aTh HETaTUBHOE BO3ACHCTBHE HA KHUBBIE OpraHU3Mbl. [laToren-
HOE BJMSHHUE TEMIIOPAJIbHOTO IpaJMeHTa MOXHO CBSI3aThb C JCCHHXPOHM3ALUEH CIOKHBIX aTOMHO-
MOJIEKYJISIPHBIX MPOILIECCOB B OMOCTPYKTYpax, KOTOpbIe MOTYT MPUBOIUTH K WX AE30praHU3alNHd U
OIIpEeICHHOMY YTHETCHUIO )KU3HEACATEILHOCTH.

[TockonbKy BO3MOXHOE NATOT€HHOE BIMSHUE HANPSHKEHHOCTH TEMIOPAIbHOTO MOJIS CBA3aHO
C KOHKPETHBIMH y4acTKaMU TEPPUTOPUH, MOKHO FOBOPUTH O T€OIATOTCHHBIX 30HaX. 3/1eCh IMOJ| I'eo-
MATOTEeHHOMN 30HON MOHMUMAaeTcs y4acTOoK Onocdeprl, Ha KOTOPOM MPOCIEKUBAETCS yCTOHUMBas Teo-
rpaduueckast TIOKaIH3amus NaTOreHHOTO BIUSHUS JIe(OpMaIiil TEMIOPAIBHOTO TOJIS, TOPOXKIAEMBIX
re0JI0r0-TeKTOHHIECKHUMH OCOOCHHOCTSIMH CTPOEHUS JIUTOC(Ephl, Ha OMOIOTHYECKIEe OPTaHU3MBI TPH
OTCYTCTBUHY TEXHOTCHHBIX (haKTOPOB, CITOCOOHBIX BBI3BATh aHAJIOTUIHBIC d(h(DEKTHI.

B cBs13u ¢ 3THM CyIIeCTBEHHBIM aCIIEKTOM MPAKTHYECKOH TEMITOPOIIOTHH MOXKET CTaTh H3yde-
HUE HETAaTHBHOTO BJIMSHUA JAe(opMaluii TeMIOpPAIbHOTO TMOJS Ha JKU3HEACSITEIbHOCTh YelOBEKa U
(hopMupoBaHUS B pe3ylbTaTe T'€OMAaTOTCHHBIX 30H, C TMOJYYEHHEM PEKOMEHAANWH, MO3BOJISIOIINX
YMEHBIIUTh UX HETATHBHOE BO3JICHCTBHE.

Yrpo3a MOKET BOZHUKHYTH Il CBEPXOBICTPOICHCTBYIOMIEH IEKTPOHHON amnmapaTypbl, eCiTH
BpPEMEHHBIE MAacCIITa0bl 3JIEMEHTAPHBIX aKTOB €€ JEATEIBHOCTH MPUOMU3ATCA K MaciuTabaM BpEeMeH-
HBIX 3aJepiKeK, TOPOXKIAEMBIX BBICOKOH HANPSHKEHHOCTHIO TEMITOPATBEHOTO TOJA.

[IpencraBnseT nHTEpEC U3ydeHHE MOCIEICTBUI CONHEUHBIX 3aTMEHHM, IPH KOTOPBIX BO3EH-
CTBHs TpaBUTAMOHHBIX moiei JIynbl u ConHna Ha 3eMit0 CyMMHpPYIOTCS, AeQopMUpYs TIpH STOM
TEMIIOPAJILHOE I10JI€ HALLEH IIAHETHI.

Haobnwoenus u uccinedosanus codblmuil UH020 6PEMEHHO20 MACWIMAdA ¢ NOMOWBIO GU-
0eo/kuno cvemku. Opraibl BOCIPHITHS YeJIOBEKa CHOPMHUPOBAINCH B MPOIIECCE IBONIONUN TAKUM
o0pa3zoM, 9TOOBI MOIy4YaTh TONBKO Ty HH(OpPMAITHIO 00 OKpYXaloIeM MHpe, KOTopas HeoOXoamma
JUTS BBDKUBAHUS B TIPOIIECCE IBOIOINH, HE TIEperpyskasi ero M3NHuIIHeH nHpopManueid. DTo MPHBEIO
K OTPaHWYEHHOCTH YEJIOBEUECKOTO BOCIPHUATHS KaK B IMPOCTPAHCTBE, TaK M BO BpeMeHH. BpemeHnHoit
JMama30H HEMOCPEICTBEHHOTO BOCHPHUATHS OBUI OrpaHUYEH IMPOIECCAMH, WMEBIINMHA JTUTEITHHOCTD
He MeHee HECKOJIBKHX MHUIUTHCEKYHI, T. €. oT 10™ CeK M BbIIIE.

C xonna XIX OblIa OTKPEITa BO3MOXHOCTh HAOIIOaTh OBICTPOIPOTEKAOIINE COOBITHS C TIO-
MOIIBI0 YCKOPEHHOW WIIH 3aMEe]ICHHOW BHIC0-KHHOCHEMKH. DTOT METO/I ITO3BOJII MPE0OPa30BEIBATh
BpEeMEHHbBIE MacIITaObl IPOTEKAIOMIMX MPOLECCOB TaK, YTO OHH MPUILIM B COOTBETCTBHE C JHAaIa3o-
HOM BO3MOKHOCTEH BOCTIPHSITHS YeJloBeKa. ECTeCTBEHHO, YTO MPU STOM BpeMs Ul CAMHX HCCIemye-
MBIX IIPOLECCOB TeUET OOBIYHBIMU TEMIIaMH, H3MEHEHHS 3aKII0Ual0TCs JIMIIb B HCKYCCTBEHHOM pac-
LIIMPEHUH JWana30oHa BOCIPHHUMAEMBIX YEJIOBEKOM BPEMEHHBIX WHTEPBAJIOB, HW)KHSS TPaHHUIIA KOTO-
PBIX OTOJBMHYJIACK 0 ypoBHS mopsmka 107 cek.

[Ipu 3TOM BO3HMKAeT WILTIO3US PEaTHLHOIO 3aMeJUICHUS X0/a BpEMEHH, a B ciiydae ¢oTorpa-
($upoBaHUs — OCTAaHOBKH TeueHHs BpeMeHH. OJHAKO CIeyeT OTMETHTh, YTO MOJyYSHHBIC TIPH pea-
JHM3alUU TaKUX TEXHOJOTHH Pe3ysbTaThl aJIeKBaTHBI pealbHOMY M3MEHEHUIO XO0Jla BPEMEHH ISl HC-
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ClIelyeMbIX 0OBEKTOB TOT/Ia M TOJBKO TOT/A, KOTZIa B OTHOIICHHH MCCIEIYEMBIX MPOIECCOB BHIMOJI-
HsieTcsl TpeOOBaHNE BPEMEHHOW MacIITaOHONH MHBapHaHTHOCTH. BO3MOXXKHOCTH MOJENHMPOBAHHS ITH-
MH METOJIaMH PEaTbHOTO YCKOPEHHS WU 3aMeJICHIs TeUeHHsI BpeMEHH! OyeT OnpaBIaHHBIM TOJIBKO
B TaKOM ciy4dae. JleCTBUTENbHO, IPU HATMYUY BPEMEHHONW NHBAPUAHTHOCTH U3MEHEHUE BPEMEHHOTO
MacmTada He TOIHKHO CKa3bIBaThCS Ha MPOTEKaHUHU (PU3NIECKHUX MIPOIECCOB, M OYAET UMETh MECTO HX

(hmsnueckoe momodue.
-
Habnromarens (denoBek)

Puc. 18. Cxema MacmTaGHbIX npeodpa3oBanuii HA0/0aeMbIX IAPAMETPOB 00bEKTOB K COOTBETCTBYIO-
UM /IMANIa30HAM BOCHPHUSATHS 4YeJ0BeKAa ¢ MOMOIIbI0 TEXHUYECKHX YCTPOMCTB: TEICCKOMOB U MUKPOCKO-
MOB — JUIsl IalTAl[Md K WHBIM MPOCTPAHCTBEHHBIM MAaclITadaM U CHUCTEM YCKOPEHHOW M 3aMEIJICHHOW BH-
JICO/KUHO ChEMKH JUIsl a[IalTallii K MHBIM BPEMEHHBIM MacIlITa0aM.

Ha6mronaTens (uemoBek)

YcTpoiicTBa, TO3BOJSIONINE MPOHUKATh B MUP MHBIX BPEMEHHBIX MAacCIITa0O0B, HAILIA IIHUPO-
KO€ IPYMEHEHHE B MMPAKTHIECKOH NeATEIbHOCTH YeIOBEKa, B TOM YHCIIE B HCCIIEIOBATEIBCKUX LENSX,
WCCKYCTBE U T. ..

3aknouyeHne

MBI TOJDKHBI HAYYUThCS YIPABISTh TEUYCHHEM BPEMEHH W HCIOJIB30BaTh €ro CBOWCTBA B
NPaKTHYECKUX IIeJsIX. B OmpesieneHHOW CTENeHN 3TO yXKe MPOUCXOAUT, XOTS O IeJCHANPABICHHON
paboTe B 3TOM HAMpPAaBJICHUU TOBOPUTH MOKA HE MIPUXOUTCS.

Heo6xomumo ciomath npeayOoekaeHue 0 TOM, YTO 3KCIIEPUMEHTHI CO BPEMEHEM B MPHHITUIIC
HEBO3MOXKHBI WJIM HaXOJATCS 3a MpeeiaMH HAIIMX BO3MOXHOCTEH. DKCIIEPUMEHTHI B O0JIACTH TEM-
IIOPOJIOTUU CTAHOBATCS BO3MOXKHBIMHU 0JIarojiapsi BIICYATIISIONIEMY POCTY TOYHOCTH aTOMHBIX 4acOB U
WX MHUHHUATIOPU3AIMH, Pa3BUTHIO JPYTUX CPEICTB JJIs MPOBEACHUS HCCIENOBaHUN. MOIEIUpoBaTh
O0COOCHHOCTU TEMIOPAJILHOTO IOJISI, B YACTHOCTH OOJIACTH €TI0 BBICOKOHN HampshKEHHOCTH, B Jabopa-
TOPHBIX YCJIOBUAX IMOKa HEBO3MOXKHO. BLIXOI[OM ABJIACTCA NEPEMCUHICHUE SKCIICPUMEHTAJIBHBIX 00-
Pa3loB 00OBEKTOB B €CTECTBEHHBIC 00JIACTH HA 36MHOM MOBEPXHOCTH HIJIM B KOCMOCE, B KOTOPBIX TaKas
HAMPSHKCHHOCTh UMEET MECTO.

[lockonbKy TeMmmopaibHBIE SBICHHS B pEaNbHBIX JTa0OPATOPHBIX YCIOBUSAX MPOSBISIIOTCS
TOJILKO B MHUKpPOMAcIITa0ax, MPeJCTaBIsIeT 3HAYUTEIBHBIA HHTEPEC MTOUCK YCTPOUCTB U TEXHOJIOTHIA,
MO3BOJISIFONIMX BBIIOJIHUTH «YCHIICHHE» 3THX 3QPEKTOB 10 YPOBHS, HA KOTPOM HUX MOXHO YBEPEHHO
PETUCTPHUPOBATh U MCCIC0BATh — MOJOOHO TOMY, KaK MPOUCXOJUT BU3yallM3alns JBHKCHUS U pe-
AKIMI DIIEMEHTAPHBIX YaCTHII C TIOMOIIIBIO MTY3BIPHKOBBIX Kamep.

MOHO TPEANOI0KHUTh, YTO C ITOU IENbI0 YI00HO OyIET UCIOIh30BaTh OUOJIOIMISCKUE MaK-
POMOJIEKYJIbI, CIIOCOOHBIE K CAMOBOCIIPOM3BOCTBY. [lonanacHue Takoil «paboTaromiei» MakpoMore-
KYJIbI B 00J1aCTh BBICOKOW HAMPSKEHHOCTH TEMITOPATLHOTO TMOJSI MOXKET MPUBECTH K «aeheKTam» B
HUX, TIOPOXKITACMbIM TIeperajiaMyi B TEMIIaX TEYCHUS BPEMCHU UIsl Pa3IMYHBIX €€ YaCTeH, U ATH «Jie-
(beKThI» MPU CAMOBOCHPOU3BOJICTBE TAKHX MOJICKYJI OYAyT YMHOXKATHCS, YTO MMO3BOJIUT UX PETUCTPH-
pOBaTh C TOMOIIBIO COOTBETCTBYIOIICH SKCIIEPUMEHTAILHON aInaparyphbl.

OcoObIli MHTEPEC MPEACTABISIOT CO00¥ HCCIICAOBAaHUS MMOBEACHUS TEI KaK OMOJOTMYCCKOM,
TaK M TEeXHOT€HHON IMpUpOabI, MOMAaBIINX B 00J1aCThb C BBICOKHMH 3HAYEHHUSIMHU HaIpsKEHHOCTU TEM-
IMOpaJIbHOI0 MMOJIsA, UX YCTOﬁHHBOCTL K TaKUM BOS}Z[GfICTBI/ISIM.
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Kos¢durment ¢ B cootHourennn (12) mepeBoauT TeMIOpaIbHbIE IPOLECCH B CYIIECTBEHHO
WHOW BPEMEHHOW MacuTad 1o CpaBHEHHIO C MPHUBBIYHBIMU MAacHITa0aMHU OKPY)KaIOMIMX HAC MpoIec-
COB, TIODTOMY IIOTBITKH IPOIAraHANpPOBATh BCAKHE «TEOPHUU» M «IKCIIEPUMEHTH» BO BPEMEHHOM
Macmrade OT AECATKOB MUJUTMCEKYH]I M BBIIIE B 3€MHBIX YCIOBHUSX MPH OTCYTCTBUH CBEPXCHIBHBIX
TPaBUTAIIMOHHBIX TOJEH U CyOCBETOBBIX CKOPOCTEH HCCIenyeMbIX 0ObEKTOB MOTYT BBI3BATh TOJBKO
coxaneHnue. TemmopanbHOe mMoyie «paboTaeT» B CYHIECTBEHHO MHOM BpEMEHHOM MaciiTabe, 4em
HEMOCPeICTBEHHO HAOI0JaeMbl HAMU MUD, ¥ 3TO HAJ0 YYUTHIBATh.

DKCIIePUMEHTANBHO JI0KAa3aHO CYyIecTBOBaHUE A(H()EKTOB PENATUBUCTCKOTO M TPABUTALIMOH-
HOTO 3aMeJICHHSI X0/1a BPEMEHH C YKa3aHHBIMHU BBIIIE MOTPEITHOCTAMHU. ClenoBaTeNbHO, KaKue-I10o
WHBIC TeMIIOpaibHbIe 3()(EKTHI, CBI3aHHBIC C M3MCHCHUEM X0J1a BPEMEHHU B aHAJIOTUYHBIX YCIIOBHSIX,
MOTYT UMETh MECTO TOJILKO B MpPEENiaX yKa3aHHBIX BEIHYWH. DKCICPUMEHTAIBHBIN MOWCK I'PaHUI]
MIPUMEHUMOCTH TEOPUU OTHOCUTEIHLHOCTH ITOKA PEe3yJILTATOB HE Jaji. Bo3M0OXKHO, Takue rpaHHIbl 00-
HapyXartcs MPH BO3JICHCTBHHM HEU3BECTHBIX HaM (PaKTOPOB, MOJOOHO TOMY, KaK TPaHUIIBI KllaCcCHYe-
CKOM MexaHUKHA HproToHa 0003HAYMIINCE IIPpU BBICOKHUX CKOPOCTAX U 3HAYNTEIILHOM rpaBUTallN.

JlaHHas cTaThs UMEET IEeNIbI0 COACHCTBUE B CYIIECTBEHHOM PacIIpeHUH c(hepbl IKCIIepUMEH-
TaJIbHOM JCATCIIBHOCTU B 06JIaCTI/I TEMIIOPOJIOTUN U TPAKTHYCCKOr0 INMPUMCEHCHUA MNOJTYUYCHHBIX pPE-
3yabpTaToB. CHHTE3 HAKOIJICHHOTO SKCIEPUMEHTAIFHOTO MaTeprala M ero aHaju3 MO3BOJIIET MOCTPO-
WTh TBEPJ0€ OCHOBAHME IS ABMKEHUS K TOHUMAHHUIO CaMOTO ()eHOMEHa BPEMEHH.

PaboTa mo hopMupoBaHNIO SKCIEPUMEHTAILHON 0a3bI TEMITOPOJIOTHH BEACTCS B paMKaXx Jia-
Oopartopun-kadenpsl TeMIopaabHOW MeXaHUKA MHCTUTYTa uccienoBanuii mpupoasl Bpemenn. Xoday
BBIpa3uTh OnaromapHOCTh 1. 0. H. A. I1. JleBuuy 3a mpempocTaBlieHHYIO BO3MOXXHOCTh OOCYKIACHUS Ma-
TEpHaJoB CTaThH HA POCCHIICKOM MEXIUCIUILIMHAPHOM ceMuHape 1o Temmnoposoruu (MI'Y).
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Necessity and urgency of formation of a new scientific direction — Experimental and Practical Temporology is
proved. Existing fundamental theory in Physics does not explain the cause of the monotonic increase of time
coordinate in all of the massive physical objects. This and other issues related to the concept of time are the sub-
ject of an emerging scientific discipline — Theoretical Temporology — i.e. the study of time. At the same time,
experimental data on the characteristics of the time flow was accumulated in various branches of Physics. In a
number of areas theoretical research moved on to a practical level, particularly in the constructing of the acceler-
ating systems in experimental Physics. Characteristics of time flow are taken into account in construction of the
space-based global navigation systems. Thereby we now have the possibility to generalize this material within
general research, and that will allow analyzing it under common scientific grounds. The foundation of experi-
mental research in this area will have a positive impact on the planning and conducting of new experiments on
time flow and its practical usage and will be the foundation for construction and experimental testing of the de-
veloping theories on time flow.
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BonpPocChbl NONYYEHUSA SHEPTUU

VJIK 532:536
®engorxknn U. M.

MEXAHM3M BO3HUKHOBEHUE U3BbITOYHON DHEPTUU
INIPU KABUTAIIUUN
N OCOBEHHOCTHU PABOYHUX INTPOLOECCOB
B DOHEPI'OT'EHEPATOPE U. M. ®PEJOTKHUHA

AHanu3upyercsi THUIOTE3a aBTopa O BO3MOXKHOCTH 00pa30BaHMsi W30BITOUHOMN
TEIUIOBOM SHEpPrHMM 3a CYeT IIPEBPAIllCHUs] BELIeCTBAa HKUAKOro pabodero Teila B
PAIMOAKTHBHYIO SHEPrHI0 (3MaHAIMK BEIIECTBA) M OOOCHOBBIBACTCS HOBBIA B3IUIAN Ha
MOJTy4eHHe M30BITOYHON TEIUIOBOW M BpAILATEIbHOW SHEPTHH 3a CUYET BHYTPEHHEH SHEpruu
Tela IyTeM NPHUBJICUSHUS CHII YIPYTroi nedopManuu, cuil nHepunu, cui Kopuonnca, siBineHus
pe3oHaHca, IpH HEOOXOAWMOM YCIOBHM BBEJICHUS HECTALMOHAPHOCTH (IyJbcalMi |
THIPOYIAPOB).

Knrouesvle crnosa: reHepaTop, SHEPTHs, KaBUTALMs, paboduii poriecc.

BBepneHue

0030p KOHCTPYKITHH KaBUTAIIMOHHBIX TEIJIOTEHEPATOPOB, CYIIECTBYIOMINX, 3aITaTCHTOBAHHBIX
U CepUITHO M3rOTOBISIEMBIX, KOTOPBIC IPUBENICHH B padoTax [3, 4, 14, 15, 25, 35, 36] u mareHrax [5—
13], mo3BoJII€T KOHCTATUPOBATh, YTO B HU OJHOM M3 HUX HE OCYILIECTBIISETCS BO3BpAICHUE Bpalla-
TENBHOM SHEPTUH, BBEJICHUS HECTAIIMOHAPHOCTEH M 3aKUMAHUA, JISTKOKHUIISAIIEH KOMIIOHEHTHI OUHap-
HOI pabodeil cmecu. Bee 3TH TerioreHepaTopsl SHEPTro3aTpaTHLI M HEKUTIAIINE, TaK KaK KATICHUE HC-
KIIIOUAeT KaBUTAIMIO. DHEProreHepaTop, pacCMaTpUBAEMBbIil B CTaThe, SHECPTrOBO3BPATHBIA U KHUIIS-
LU,

[IpemiokeHHBIE THTIOTE3BI K MEXAHU3MBI BBIJICIICHUS TEIlIa MTPH KaBUTAIUH HE TAl0T BO3MOXK-
HOCTH PacCUYUTATh BBIICISIONIEECS KOMMUYECTBO YHEPTHUH, ONITUMAIILHBIC PEKUMBI BEACHHUSI TIpoIecca U
OIICHUTH CTEIICHb BIUSHUS Pa3HBIX (pu3nuecKkuXx 3((EKTOB, a TAKXKE PACKPHITh MEXaHU3M UX BIIUSHUS.

OTtMedeHHBIC 1Ba 00CTOSATENIBCTBA TOOYAMIN aBTOpa K IMIPOBEIECHUIO IEIEBBIX TEOPETHICCKUX
1 DKCIIEPUMEHTAIIBHBIX HCCIICIOBAHMM.

CyLI.I,eCTBYI-OLIJMe rmnoTesbl U OCBeLleHHbIE MeXaHM3Mbl BO3HUKHOBEHUS TEMJIOBOMN SHeprun
npuv KaBuTaumm

CriocoOHa 71 KaBUTALMs HarpeTh KUAKOCTh CBEPX MUCHITATUBHOTO HarpeBa OT THJIPaBIINYe-
ckoro Tpermsi? Hamr otBet: crmocoOHA. DTO BUIHO XOTs OBI M3 TOTO, YTO B HEMOABIKHON >KHIKOCTH,
rae TUAPABIMYECKOE TPEHUE OT ABMKCHUS JKHUIKOCTH OTCYTCTBYET, YJIBTPa3BYKOBas KaBUTAITUS
HarpeBaeT >KUIKOCTb.

OTHOCUTENHHO MIPUYWH TaKOTO HarpeBa ObLT OMyOIMKOBaH PSJT TUIIOTE3:

Bnusaue cumsl nputsokenns JIyasr [2];

Bnusnue snexTpudeckoro mois 3emiu [5];

XonoaHbIN AnepHbIN cuHTE3 [3, 4];

Buxpesoe apmkenne xxuakoct [3, 4, 6-10] — 1O. C. [loranos, A. Y. Kuaneposuu (KITN);
Teopwus mosst HyneBoit Touku (Zero Point Field — ZPF);

. Pagnonus Boaw! [12].

I'mmoresa xomomHOTO simepHOTo cuHTe3a npuoautcs JI. 1. domunckuMm [3, 4], ee cTOpOHHU-
kamu sBistioTcs yueHsle CLIA. XonoaHbIi sIepHbIi CHHTE3 MPOUCXOIUT B MPUPOJE B KUBBIX Opra-
HU3MaxX, B T. 4. ¥ y YEIIOBEKa, MOJ JCHCTBUEM SH3UMOB, (DEPMEHTOB, KaTaIM3aTOPOB, TOPMOHOB, ITPH
y4acTUHM BCEX CHUCTEM OpraHM3Ma, ¥ HAIlPaBIICHHBIA Ha MPEBpAIleHUE OJHUX XUMHUYECKUX COECIHUHE-
HUI 1 JIEMEHTOB B IPYTHX, HA CHHTE3 CIOXHBIX OEIKOBBIX coennHeHuil. TakuM 06pa3om, BOSHUKHO-
BEHHE XOJIOJHOTO SIIEPHOTO CHHTE3a B YMCTOM BOJIE HEBO3MOXKHO, — IPHU €r0 MPOTEKAHUU TOSBIIS-
JUCh ObI KaKHe-TO HOBBIE AJIIEMEHTHI MM COeHeHUs. HuKkaknx pacyeToB cyb0BI BKJIaga XOJIOAHOTO

R
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SIICPHOTO CHUHTE3a B KaBUTALUMHHWN HarpeB M CBEACHUH O MEXaHU3ME €ro OCYILECTBICHHS aBTOPHI
TUIIOTE3bI HE HABOAT.

BuxpeBoe nBmkeHHE B CKMMaeMOM KHUJIKOCTH (BO3yXe) JaeT 3HEPruio Terja u xojoja. Ta-
KH€ TIPOIIeCcChl MTPOUCXOAIT B BUXpeBod TpyOe Panka [21], pabodeii cpenoli B KOTOPOH CITY)KHT CHKH-
Maemasl XKHUIKOCTh — BO34yX. lIpy Hanu4yuu B BOAE KaBUTALIMOHHBIX Iy3bIPHKOB MAapO->KUIKOCTHAs
CMECh CTAaHOBUTCS C)KUMAaeMOM, U Tpoliecchl BUXpeBol TpyObl Panka [21] cTaHOBSATCS BO3MOXKHBIMHU.
OpHako, NMpexJe BCEro, AOJKHA BO3HHUKHYTh KaBHTAllMsS B BUXPEBOM IOTOKE, KOTOpas MOPOXKIAET
KaBUTALMOHHBIC ITy3BIPHKH M JIEJIACT KUAKOCTh CoKUMaeMoi. To ecTh MEepBHYHON B 3TOM Ipolecce
OyZIer KaBHUTaIUs, BOSHUKAIOIIAS Ha TPAaHUIIE C AAPOM BHXPEBOTO MOTOKA, BPAIAIOUINMCS KaK TBep-
J0€ TeNo, U nepudepuiiHbIM MPUCTEHHBIM CIOEM, IBUKYIIUMCS MOTEHIUAIBHO.

[Tocnenuss runoresa (0 paguonn3e BOAbI) KOHCTATUPYET (aKT HANUIUA PAAUOAKTUBHOTO H3-
JIy4eHUsI, OTHAKO HE PACKPBIBACT €r0 NPHUHH.

OTHOCUTENBHO THIOTE3BI MOJS HyJIeBOH TOYKH, BOT UTO yKasbiBaerca B padote [1]: «Mortop
Knema npousBoaut 350 nomraguHbIX cHi U OOJBIIOE KOJMYECTBO TEIUIOBOW 3HEPTHH, HE TOTPeOsis
HHAKAKOTO TOIUIMBA M BHemHeH sHeprun. OTKyma OepeTcsl Takoe OrpOMHOE KOJMYeCTBO dHepruu? Ot-
BET MOXKET YKa3aTh Teopus MoJsi HyseBoi Touku (Zero Point Field — ZPF), xotopas pazpabarbiBaert-
Csl B paMKaX COBPEMEHHOW KBaHTOBOI MEXaHUKHU ». Jlanee npuBoasATCs BBIIEPKKU U3 cTaThu bepHap-
na Xanmu, Ansdonca Pysna u Taponsia ITyTxoBa «3a npenenamu E = mc®» [37]: «B Hameii pabote
HWHEpLHs pacCMaTPUBAETCsl KaK Pe3yJibTaT Oe3rpaHWYHOr0, paclpoCTPaHEHHOI'O Be3Je, 3JEKTpoMar-
HHATHOTO TIOJIS. DTO TOJIe Ha3bIBaeTCs mojeM HyseBor Touku (ZPF). Ilo cytn, 310 TOT %e 3dup (dhu-
3UYECKUH BaKyyM) ».

[lepBbie nBE rUITOTE3bl HE UMEIOT HAYYHOW OCHOBBI, TPEThsI THIIOTE3a MAOBEPOSTHA, YETBEP-
Tasi — BO3MOJKHA, HO Iepes BUXpeBbIM 3¢ dexTom PaHka moykHa, IPEXIe BCEro, MOSIBUTHCS KaBUTA-
LU, KOTOpast MOPOXKIaeT KaBUTAIIMOHHBIE My3bIPhKH, JENAIOINe KUIKOCTh CKUMaeMoll U o0ecreun-
BaloIre Bo3HUKHOBeHUE 3dekra Panka. [1aTast runoTesa caMIIKoOM CI0OKHA, MEXaHU3M JCHCTBUS HE
PaCKpBHIT.

B [2] yxa3bIBaeTcsi 0 BO3MOXKHOCTH TpeX Hanbosiee BEPOSITHBIX HCTOUHUKOB JOIIOJHUTEIBHON
SHEPIrUH:

- 3HEeprusi TOPMOXKEHUs, BO3HUKaoMIas 3a cueT 3¢ dexra Kopuonmca;

- 3HEprus B3aHMMOJEHCTBUS 3JIEKTPOMArHUTHOTO IOJs 3eMJIM, KOTOPOE BpaIlaeTcs C
KUIAKOCTHIO (BOIOM);

- JHeprus, BO3HUKAIOLIas 3a CUeT JECTPYKIMH U CUHTE3a THAPATHBIX KJIaCTEepPOB.

VY aBTOpa e€CTh CBOS I'MIIOTE3a, KOTOPAs MO3BOJIIET PACCUUTATh KOJIMYECTBO BhIpaOaThIBaEMON
TEIJIOBO SHEPTUH, PACKPBITH MEXaHU3M JICHCTBUS (HU3NUECKUX (HAKTOPOB, YCTAHOBUTH ONTUMAIILHBIE
PEKUMBI KaBUTAIMOHHBIX MPOLIECCOB M OLEHHUTH CTENEHb BIUAHUS (DAaKTOPOB, MOBHILAOINX 3] dek-
THUBHOCTH KaBUTALIUH.

M'wnotesa aBTopa 0 MexXxaHu3Me KaBUTauMOHHOIro HarpeBa XMOKoCTu

Teopernueckue pacuetsl o (hopmyiie Panes mporiecca CXJIONbIBAHUS KaBUTAIMOHHOTO ITY-
3bIpbKa TOKA3bIBAIOT, YTO CKOPOCTh PaJMAIbHOTO JIBMXKCHUS 00O0JIOUKH ITy3bIphKa OOpaTHO MPOIOp-
[MOHAJIbHA TEKYIIeM paauyca My3bIpbKa B TPEThel CTEIeHW M Ha 3aBEpIIAOIIECH CTaIiH CXJIOMBIBA-
HHS JOCTUTaeT cKopocTu cBeTa [16, 17, 32]. BemencTeue 3TOTO MpHCOSAMHEHHAST Macca JKHIKOCTH
TP JOCTIKCHUH ITy3BIPHKOM KPUTHYCCKUX PasMepoB R, =2 —3 MKM (MMKpOH) MIEPEXOTUT B DHEP-

THIO U HU3JIYy4acTCsa B BU/IC pa,Z[I/IoaKTI/IBHOﬁ OHEPruu. KomnuectBo BLIHGHXCMOﬁ npu 3TOM TEIIOBOM

SHEpPTHH OTpeJIeNseTcs W3BeCTHOH Bopmynoit A. Ditamreitna E =mc”, Tae m = inR. py, c=3- 10°

3
Kp
M/C — CKOPOCTb CBETA, R,, — KPUTHYECKUN PAIUyC My3bIPbKa, KOTOPbIH ONPEAENSETCS IPH JOCTH-
XKEHUU 00O0JIOUKOH Iy3bIpbKa pagualbHON CKOPOCTU CXJIONBIBAaHMS, PABHONW CKOPOCTH CBETa, p —
IDIOTHOCTE XHAKOCTH, ¥ = 1,5 — K03 dHUTTHEHT IPUCOSTMHEHHOW MacCHI.

B sToM cyTh runoTess! aBTopa.

MeToguka pac4yeToB TEMNSIOBOM 3HEPrum, BbigensiemMmomn npu KaBuTaymm, no runotese aBtopa

Hepr,Z[HO BBIYHCIIUTB, YTO SHCPIUA, KOTOPAsA pacXoAyCTCA Ha POCT KaBUTALITMOHHOT'O ITY3bIPb-
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Ka OT KpUTHUYCCKOr'o paanyca Rxp J0 KOHCYHOI'O RO , B IIOJIHOM COOTBETCTBHUHU 3aKOHY COXPAaHCHUA

SHEPTHUH, BO3BPAIAETCS MPH CXJIONBIBAHMNH KaBUTALMOHHOTO ITy3bIpbKa OT, Ha ceil pas, y)Ke Hadallb-
HOTO pajiiyca K KpuTHieckomy R, (cm. [14-16]).

[Hoaromy amst 0OBsICHEHUS, OTKyAa OepeTcs HarpeB >KUIKOCTH MPH KaBUTAIlUH, MaTeMaTH4e-
CKHM 00OCHOBAaHO BBEJEHHME TMIIOTE3bI aBTOpPa O TOM, YTO TOCJE JOCTHKEHHsS CKOPOCTH CBETa paju-
AIBHOW CKOPOCTH ABHMKEHMSI 00OJOYKH My3bIPbKa Ha 3aBEPIIAIOIICH CTaIuM CXJIOMBIBAHUS BCS MpPU-
COEIMHEHHAsT Macca JKHUIKOCTH, BOBJIEYCHA 00O0JIOUKON IMy3bIphbKa B PaguallbHOE JIBHKEHHE, MTPeBpa-
IaeTCs B SHEPTHIO PATHOAKTUBHOTO U3ITyYeHHS 110 hopMye A. DWHINTEHHA.

Maremarndeckass HEOOXOIUMOCTh BBEICHHS TaKOH TMIOTE3bl OOOCHOBBIBACTCS CIEIYIOLIMM
oOpazom.

DHeprusi, KOTopas pacxoxyercs MpH aauadaTHdeckoM pPaCHIMpEeHHH KaBUTAIIMOHHOTO ITy-
3BIPBKA OT R, 710 R, ompexnensercs:

Ruyin R

4 ) T 26\(R,Y" 25|,
E=2m | p(R3R*dR=4r | e R
Ry Ry

RN _ p3=n R _R3
= 4n(p0 an—GjRgY —min_____ 04 4np, 00 —§Trc5(R§ﬁn -R; )
R 3(0-7) 3 3

Jlnst p, =30000 kr/M>, 6=70-10" kr/™, y= g:

40°
100°

nonydaem: E =-2,95-10"krm.
Ecnn mo aTo#t ke Qopmyie moacuMTaTh SHEPIHIO, BBIICIAIOUIYIOCS NPU aanadaTHYECKOM
CXJIONBIBAaHMU (CKATHM) KaBUTALIMOHHBIX IMy3bIPbKOB paauyca R, 10 R, , HCHONb3ysl 3TH K€ YHCIO-

P, = 10000 = 4000 kr/mM>, R . =0 uR,=20-10"m,

min >
BbIE€ JaHHBIE, TO, ECTECTBEHHO, MOJIYyYUM:
E=+2,95-10"xrM,

T. €. IMEET MECTO MOJIHOE COOTBETCTBUE 3aKOHA COXPAHEHHS SHEPTHH, U HUKAKOTO Harpesa IpHu KaBU-
TallUH HE JOJDKHO BO3HUKATh, 4 HATPEB BO3HUKACT.

B dopmyie, mpuBeieHHOM BbILIE, p, — JaBJICHUE N1apa BHYTPH ITy3bIPbKa, G — MOBEPXHOCT-
HOE HaTSDKEHHUE XKHUIKOCTH, Y — [OKa3aTeNb CTEICHH aanadaThl.

Ecnu B34Th Apyroe ypaBHEHHE ISl PACHIMPEHHUS M CKATHS (CXJIOMBIBAHUS KaBUTAIHOHHOTO
My3BIPbKA):

4nR® (1 7
=——| —p2 -—pO(We+1),
(y-O/y\2 r 3
26
rae We= 2 — uuncno Bebepa, To, TOJICTAaBUB TE€ KE YUCIOBBIC 3HAUCHUS, IOy IHM:
PRy

E=43,86-10"krm,

ONU3KOE K PEABIIYIEMY 3HAYCHHUIO.

DHeprusi paclIMpPeHHs paBHA DHEPTHH CXJIONBIBAaHMS (CKaTHs), a KaBUTAIMOHHBIN Harpes
JKUIKOCTH BCE-TaKH MPOMCXOINUT, HIMEET MECTO.

Temneppb ucmonb3yeM TMIIOTE3y aBTOpA, OCHOBAHHAS Ha TPEXKOMIIOHEHTHOH 3aKOHE COXpaHe-
HUS SHEPTUH, MAaTePUU U UHPOPMAIINHU, BBEJICHHOW aBTOpoM [15]. Brruncnenue Oygem BECTH IO Me-
TOJIMKE aBTOpPA OMpe/esIeHUs] N30BITOYHON SHEPTUN HArpeBa MpH KaBUTAMU. Vcrons30BaTh TEOpETH-
YyecKoe peleHne Panest ¢ menbio onpeeneHns KOJMMYecTBa N30BITOYHON SHEPTUH MOXKHO IO CIEIy-
rouieMy aiaroputMy. s Bapuanuu napamerpa p, =3,5,10,15, 20,30 amu. — naBiaeHue okpyxaro-
e cpessl (cM. TabJ1.), UMEeM:

1) 3amaem HacTosMi 00beMHBIN TTapocoaepxkanue: ¢ = 0,1.

2) 3aj1aeM HavaNbHBIH PaaHyc KABUTAIMOHHOTO My3bIpbKa: R, =25-10"°M.
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3) OnpeienseM KOIMYECTBO KABHTAIMOHHEIX ITy3bIPHKOB B 1 M’ JKHIKOCTH:
©-ZV

4 7
3™
rae ¢ = 0,1, z— 4acTp (I07151) KABUTAIIMOHHBIX MY3bIPHKOB, CXJIOMYIOTHCS OJHOBpEeMEeHHO. [IpumeM z
= 0,5, Torma:

N =

N=7,64.10”i.

3

1) Ompenensem mapametp f3:

3aNMCaHHOH B TEXHHYECKOH CHCTEMe eIMHMIL, T Y — YJIENbHBIH Bec )uakoctn, g =9,81m/c® —
YCKOPEHHUE CHJIBI TSDKECTH, R, U R — HavanbHBIN U TeKymMi paguychl Iy3blpbKa, p, — JaBICHUE

OKpYKaroIIeH KUKOCTH.
2) IlpupaBHuBas B 3TOM (hopMyJie paJuaIbHYI0 CKOPOCTh CXJIONBIBAHUS K CKOPOCTH CBeTa ¢ (v, =¢

), OJTy4aeM KPUTHUECKHH PaJiyC KaBUTALIMOHHOTO My3bIphKa:

2gpo
v
2,2

ot + 28

Y

= f(p,) =BR, pu R, = const .

Kp =

3) Omnpenensem mapameTp a=§n1w=640,16, rae y = 1,5 — k03 PUIHESHT TPUCOCTUHCHHOM
g

MAacChl XKHIKOCTH.
4) IlpucoeanHeHHas Macca )KUIKOCTH:

m= OLRf,p .
5) Omueprus, BRIACTAIONIASCS MPH CXJIONBIBAHUU OJHOTO KaBUTAI[MOHHOTO ITy3BIphKa!
E, =mc” xrm,
e c=3-10m/c — CKOPOCTb CBETA.
6) DHeprus B 1M’ KMIKOCTH:
E =NE,.
7) Crenens HarpeBa IM’ KMAKOCTH OT SMaHAIMH JKMAKOCTH 3a CUeT MpeoOpa3oBaHHS MATEpHH B

OHCPIrUI0 PAAUOAKTUBHOI'O U3JIYUCHHA CBEPX 3dKOHA COXPAHCHUA DHCPIrUu:
E

JC pV

At

rae J = 427 KIM/KKal — MeXaHMYECKHMil 3KBUBAJIEHT TEILIOTHI, pzl — IUIOTHOCTB KHUJIKOCTH,

C, =1,0 kkan/kr °C — Temnoemkocts, V =1n’.

8) KonnvecTBo BhIgeNsieMOil H30BITOYHOH SHEPTHU:
_ C,pV At

860

w kBr/™m* .
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YcnoBue BO3HMKHOBEHUA U30bLITOYHOM 3Heprum no chopmyne Panes

2
_ dR _ 2gp0 Rg 1 . R _ ‘;75/70
= [ S |5 Ry =Ry
dt 3y R S
(B TeXHUUYECKOH CUCTEME €IUHUIL Oy IeT &P BMECTO P B cucteme CH).
Po
OnpeneseHHbIE MOKA3ATEIH IIpuHsATHIE NapaMeTPhI
JleiicTBUTENIBHOE OOBEMHOE — 0.1
apocoiepKaHue =0
HauaneHbiit pagnyc R, =25- 105 um
KaBUTAIIMOHHOT'O MY3bIPbKa
CxuonsiBaetcst 50% My3bIpBKOB:
KonruecTBO KaBUTAIIMOHHBIX .01-05.
My3BIPEKOB B IM° KHIKOCTH N= 3010 613 =7=64'10”L3
4m-(25-10) M
Jlaperine okpykaroimei 30000 | 50000 | 100000 | 150000 | 200000 | 300000
JKHIKOCTH, KI/M
28p0
B=3 23—Y2, 107 1,29 1,53 1,93 2,27 2,43 2,78
g
Ry, =B-R,, 10""m 3,23 3,83 4,83 5,67 6,08 6,95
4y
o=—T=\y 640,16
3 g
m=aR;,, 107°kr 2,09 3,56 7,21 11,6 14,3 21,5
E, =mc’, 10”krm 1,39 3,2 6,48 10,4 12,8 19,35
E = NE,10° 1,44 2,44 4,95 7,94 9,77 14,78
At = E ,°
Cpr 3,38 5,72 11,6 18,6 28,9 34,7
J =427 krm/kkan, ’ ’ ’ ’ ’ ’
V=M, C, =1
C pVAt 3
W= ”87, kBt Ha IMm 0,393 0,665 1,35 2,162 3,360 4,03

ITpoBepsiem napameTp ¢, (AEHCTBUTENBHOE MApOCOJEPIKAHUE), UCIONB3Ys JAHHBIE NPEIbI-

nymeit Tabmuusl: ¢, =0,1;0,2;0,3;0,4;0,5, R, =25- 10wm.

Bblqncﬂeﬂnu?pnmnme CxaonsiBaercs 100% my3bIpbKoB
0, 0,1 0,2 0,3 0,4 0,5
N, 1/m 15,28-10" | 30,56-10" | 458-10" | 61,12-10" | 76,4-10"
p, =3amm,, E =1,89-10"krm
NE, 2,88-10° 5,77-10° 8,65-10° 11,55-10° 14,44-10°
At,°C 6,76 13,5 20,2 27,0 33,8
P, =5at™., E =3,2-10"krm
NE, 4,89-10° 9,78-10° 14,6-10° 19,55-10° 24,4-10°
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At,°C 114 | 229 | 342 | 458 | 571
p, =20atm., E, =12,8-10" krm
NE, 19,55-10° | 39,1-10° 58,6-10° 78,2-10° 97,8-10°
At,°C 45,8 91,6 137.2 183,1 229
ITposepsiem pasmep myssipekoB: R, =10, 15, 20, 25, 30, 45 mxm npu ¢, =0,1.
Bblqncneﬂnblgpnﬂﬂnﬂe po =3amm, a=640,16, B=129- 107
R,, 10°m 10 15 20 25 30 45
R,=B-Ry, 10°m 1,29 1,93 2,58 3,20 3,87 5,80
m=a-R;,, 107 kr 1,37 4,6 11,0 20,9 37 125
E, =mc?, 10" "krm 1,23 4,14 9,9 18,9 33 112
N, 10”1/
~3.0,1-1-1 0,024 24 7,1 3 1,53 0,889 0,263
~ 4mnR: R
N-E,, 10’ krm
2,95 2,94 2,97 2,89 2,93 2,94
(N -E, =const)
At,°C
(At = const) 6,9 6,9 6,95 6,8 6,87 6,9

[Tonyyaem, uTO0 Af=const HE3aBUCUMO OT Pa3MEpPOB IIy3bIPpbKOB B MpeAenax
R, =10-10°+45-10° u.
HHTepecHbI BBIBOJ: OT pa3Mepa NEpBOHAYAIbHOIO pajuyca R, CTEIEHb HarpeBa Af He 3a-

BHCHUT.

OOBsiCHEHME: 3TOT BBIBOJ MOATBEPIKIACTCS OYCBUIHOW OJHO3HAYHON 3aBHCUMOCTHIO — KO-
JITYECTBO KAaBUTAIMOHHBIX ITy3bIPHKOB O0paTHO MPOMOPIHMOHATFHA HAYalbHOM pPaguyca Iy3bIPbKOB
R, B TpeTbeli CTENEHN, a SHEPrHsl CXJIONBIBAHUS IPSAMO NPONOPLUHOHAIBHA TPEThEH CTENEHU TOTO Ke

Ha4YaJIbHOT'O paanyca, IMO3TOMY HPOU3BCACHUC 3TUX BCIWYUH IIPpHU I000M JAaBJICHHUH B XXHUIAKOCTH PD,

HEU3MEHHO.

IIpenoctepexenue: ofHAKO MpeAen pa3Mepa IEpBOHAYAIBHOIO pajuyca Iy3blpbKa >KECTKO
yCTaHaBIMBAeT QU3MKA MPoIlecca, B OTIINYHE OT MATEMAaTHKH.

[Ipn pOCTHKEHMM HAYalbHOTO paJnyca KaBUTALIMOHHOTO Iy3bIpbKa BENMYWHBI, KOTAA €ro
000J104Ka TepseT yCTOMYMBOCTD [14], my3bIpeKk BBIBOPAYMBAETCS B TOP C 00pa30BaHUEM KyMYJISITHB-
HOMW CTpYHKH, KOTOpasi pa3MbIBa€T TOUEUHYIO 3HEPIHIO CXJIONbIBaHHUE, U OHa Tepsercs. [losTomy He-
3aBHCHUMOCTD SHEPIHU CXJIOMBIBAHHE OT pa3Mepa MEpBOHAYATIBHOTO PaaWyca CIpaBeAMBa JIUIIb 10
npeznena JOCTHKEHUS My3bIPbKOM pafuyca, IPH KOTOPOM OH TepsieT ycToitunBocTh. Ho 1 mpu Takom
OTPaHMYCHHUHU BBIBOJ O HE3aBHCUMOCTH KOJIMYECTBA YHEPTUH CXJIONBIBAHUE OT pa3Mepa epBOHAYaIIb-
HOTO pajyca My3bIpbKa UMEET OONBIIOE MPAKTHIECKOE 3HAUCHHE.

Ob6ocHoBaHMe rMnoTe3bl aBTopa

[[Inpoko M3BECTHBI KOCBEHHBIE TOKAa3aTeNLCTBA B MOJIB3Y THIIOTE3BI aBTOPA, & MMEHHO:

1) HebombIIOe YMEHBIIICHIE MACChl BOJBI B TIpoliecce pabOThl KaBUTAIIMOHHBIX TEIUIOTCHEPa-
topoB (KTT);

2) panuoaktuBHbie u3nydenus KTT, f-u y-u3nmydeHus, 3HAYUTEIHHO MPEBBIMIAONINE (OHO-
BbIC B 2 (eKTHBHBIX peknMax padotel KTT'.

OTHU SIBIIEHUS 6I)IJ'II/I 3aperuCTprupoOBaHbl 1 OTMCHYAIOTCSA MHOTMUMU UCCIICAOBATCIIAMMU:

- KmagoBeim A. ®@. — mpoBeneHsl (QyHIaMEHTABHBIC HCCICIOBAHHUS H3Iy4YCHUS (- V-
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Ty4yed mpu kaBuTauuu [12];

- TloramoBemMm 0. C. — MHOTOKpAaTHO OTMEUaNach HaTU4HE - Y-U3TyICHUH U YMCHBIIIC-
Hust macchl Bogel B KTT [6-7];

- ®owmmuckuMm JI. 1. [3, 4] — B cBA3W C HECOMHEHHBIM HAMYHeM [-H Y-U3Ty4YSHHH, BHI-
JIBUHYTa KOHIICTIIIUS XOJIOJHOTO SIIEPHOTO CHHTE3a;

- XanaroBeiM A. A. [34] — Habmomanoch -u Y-U3MYYCHHUS C TOPIIOB BHUXPEBOU TPYyOBI
KTT Tloramoga 1O. C., koTOpoe 3HAYHTEIHHO TPEBHIMIANI0 (POHOBOE.

Ywmensmenue oobema Boabl B KT B mpormiecce paboThl He3HAYUTETHHOE, TIOTOMY YTO C OJTHOM

Karum Bozpl paauycoM R, =0,001.w mpu sMaHaIMK BEIIECTBA BRIACIAETCA DHEPTHU:

E =mc® :§1ngp\y-c2 =

:%-3,14-(103)3 10°-1,5-(3-10°] / (427-860)=10'" / (427 -860) = 2723 KBr .

D710 Gonbire, ueMm Ha ADC.

[loMumO yKa3aHHOTO BBILIE, YHUKAIBHOCTh CHUTyallUH, KOTOpash BO3HUKAET MPH KaBUTALUH,
00yCJIOBJIEHO YPE3BbIUAIHO BHICOKMMH JaBICHHEM W TEMIIEPATypOH, BOSHUKAIOIINE B TOUKE CXJIOMBI-
BaHMUSL.

OneHuM SHEPTUIO, BBIACISAIONIYIOCS NPU CXJIONBIBAHUM OJUHOYHOTO KaBUTALMOHHOTO Iy-
3pIpbKa  pammycoM R=20-10°M mnpu J1aBneHMHM OKpyKalomleld Iy3bIpek cpedbl  (BOJIBI)
P, =30000 Kr/m> .

I cmoco6: Cuna JAAaBJICHHA, pa3BUBACMOTI'O IIPU CXJIOIIBIBAHWUHU T10 Panero:

. R
P=PR=v, 1)
rae ¥ = 1,5 — koo UIHEHT IPHCOCIUHEHHOH Macchl, a R — yckoperne. CKOPOCTb CXJIOMbIBAHMS
Oyner:
2 2z R,
R =="011--2 1, 2
(R) 3o ( RJ )

rae R, — HadalbHbIA paanyc MMy3bIpbKa, R — TeKyIuii.

B (2) z, = p, + p, — NpH PaCIIMPEHUH ITy3bIpbKA, Z, = —p, — IPH €ro CKATUH, p, — JaB-
JICHWE HACBIIIEHHOTO Mapa.

Juddepeniupys (2), moiyyaem yCKOpEHHE:

3
J =Z—°R—3. 3)
p R
U3 (1) u (3) umeem, MoICTaBUB YKCIIOBbIE 3HAYEHHUS:
3
. R} — 20-107°
J I 30000 3) =2,4-10"w/c?, 4)
p R 1000 (1.1()—6)
. R .107°
pszTO\V =1000-2,4~1o”%-1,5:1,2-10"1@&42 =12000at™ , (5)

YTO COOTBETCTBYET OKCIICPUMCHTAM.

II cnoco®: Jlns my3bIpbKa, KOTOPBIH YMEHBIINUTCS OT HaYaJIbHOTO paauyca K paauycy R, co-
3/1aeTCsl IaBJICHUE:

(6)

R
- -1
rae f — CKUMaeMOCTh KUAKOCTH. UTst BoAsl 3=50-10 S amm , 1 ?0 =20 . Ilocime moaCTaHOBKHU B

(6) mommywgaem: p =10000 atM — TOT Ke pe3yibTar.
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B Touke cxJoneiBaHus 00bEM JIMCCOLMUPOBAHHON MOJIEKYJI BO/IBI OIIPEIEIAETCA:
4
_ 33
V= gnrm =nc;Na, (7

rae N — 4ucio MOJeKyld, o — KOIQ(QUIHMEHT, YUUTIBAIOMINI ITyCTOThl, G, — KHHETHYECKUH aua-
METp MOJIEKYJI BOJIBI IIPH TeMneparype 7, B LIEHTpe Iy3bIpbKa, onpeaensercs GopMyIoi:
a
2 _ 2 0
c; =0, |1+—|, (8)
m
3neck 6, =2,27A, a, =961°K .

Temmneparypa 7, B UEHTpE CXJIONBIBAHUS ONPEAECIACTCA:

R

3 0
T, =T,+—— [ p(R)RdR, )

‘]Cp Rinin

3y
20 |( R, 2c
rae p(R)= +— = +p,——, 10
P(R)=| p, R\ R Pi= (10)
C
34€Chb G — MOBEPXHOCTHOC HATAKCHUEC KUAKOCTH, Y = £ IIOKa3aTejib IMMOJIUTPOIIEI, P, — JaBJIC-

vV

HUE HACBIILEHHOTO Napa, R,, R — Ha4daJIbHbIA U TEKYLIUHA paanycChl IIy3bIpbKa.
Beraucnenns no gpopmynam (9) u (10) naror 3nadenus 7, ~3200°C npu p =12000 at™ .

Takum 0Opa3om, IpH KaBUTAIIMH OCYIIECTBIISIETCS OMUH U3 C(HhOPMYIMPOBAHHBIX MHOO TPHH-
IIUTIOB MTPOU3BOJCTBA M30BITOUHOM SHEPIHM: KOHIEHTPAI[MsI SHEPTUU BBICOKOW IUIOTHOCTH B TOYKE
[15].
Takoe BBICOKOE JaBlieHHE M TeMIlepaTypa B TOYKE CXJIONBIBAHUS MOTYT CIIOCOOCTBOBATH CO-
3/IaHUIO TIJIA3MBI U TIEPEXO0/Ia BEIIECTBA B SHEPTHUIO.
Jlyis ycunieHus KaBUTAIIMOHHOTO Harpesa B pabotax [14-20, 22-33, 35, 36] pa3paboTaHbl paz-
JMYHBIE METOJIBI, PU3NIECKHE BO3ACHCTBUS U YCTAHOBJICHBI HOBBIE (pr3mueckue 3pPexTsl:
- TeHepanus THAPOYAAPOB;
- TeHepallusi aBTOKOJICOaHHUI;
- THUApaBIWYECKHE ITyJIbCAIUH;
- WCHOJB30BaHHE TEIIOBOTO THCTEPE3NCa, MPH KOTOPOM BBIAPWBAHUS MPOBOAUTCS MPH
JIABJICHUU 00JIee BBICOKOM, YeM KOHJICHCAIIMs KaBUTAI[MOHHOW IMapa JaeT pa3HHIly TeIuio-
ThI Tapo00Opa30BaHUs U KOHJICHCAIINY;

- nojJaBnuBaHue KaBUTaUMOHHOro Tpakra KTT';

- WCIOJB30BaHWE B OJTHOM arperare HECKOJIbKUX THUIOB KAaBHTAIMM — CTaTHYECKOW MPH
00TEKaHUM HEJBMKMMOTO KaBUTATOPA, TUHAMHYECKOHN C MOMOIIBI0 KPBUTLYATOK, BpaIlla-
IOIUXCS; BUOpAIMOHHAS, ITyJIbCAIlMOHHAS, BUXpEBas, IEHTPOOeKHasI, IIeIeBas B 3a30pe
MEXIy pOTOpPOM H CTaropoM, COIUIOBas, CTpyHHas, yJapHO-CTPYyWHas, BCTPEYHO-
CTpyHHas1, TapoBas, BEIHYKICHHAS, TEPMHUUECKAS U JIP..

- HWCHOJb30BaHHE DICKTPUUECKOTO MPOOOS OT HAMPSIKCHHS BHEIIHETO AJIEKTPOCTATHYECKO-
ro nojis ¢ Hanpspkeanem 60—120 kB, mpo0oil MPOUCXOMUT BHYTPH KaBEpPH C JIFOMHHEC-
LIEHTHBIM CBEUCHUEM;

- MYJBTUIYJIbCALIUU B PEKUMAX, PE3OHUPYIOMINX C OCHMUIALKUEH KaBUTAMOHHBIX ITy3bIPh-
KOB;

- PpE30HaHCHBIE PEKUMBI aBTOKOJIEOAHHIHA.

OTO TONBKO YACTh DHEPIHH, KOTOPAs BBIACISCTCS KaBUTAIIMOHHBIMHU ITy3BIPHKAMH, CXJIOTIBI-
BaOIUMHUCS COTJIACHO 3aKOHY COXPaHEHHS SHEPrHH A0 OCTHKEHHS 00O0JIOYKOM IMy3hIphKa CKOPOCTH
CBeTa.

[Tocne mocTmwxeHUs paaralbHON CKOPOCTH CMBIKAHHS 00OJIOUKOM ITy3BIPhKa CKOPOCTH CBETA
3aKOH COXPAHEHMsSI PHEPTUH HE AEUCTBYET, TaK KaK, COTJIACHO FHIIOTE3€ aBTOPa, YHEPTHUS BOSHUKACT 32
CYeT MPEBPALICHHUS] MacChl NMPUCOSAMHEHHOW K O0OJOYKE ITy3bIphKa JKUIKOCTH W NPUBICUYEHHOU ee
000JIOUKOH B paaualibHOE JBH)KCHUE B JHEPIUI0. DTa YaCTh SHEPTUU MOXKET OBbITH OILICHEHA COOTHO-
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nieHueM A. DUHIITeHHa MEXAYy MacCoOi U SHEpPTUeH:
E =mc*,
8
rae ¢ =3-10° M/c — CKOpOCTh CBeTa.

3TO COOTHOIICHUE KBUBAJICHTHOCTH MEXKAY dHEprueit u maccoit. s toro, 4toObl OHO Jeii-
CTBOBAJIO KaK WCTOYHWK SHEPTHH W MPHUBOIWIOCH B JEHCTBHE MPH KaBUTAIMH, TPeOyeTcs BBEICHHE
psina ¢pusnveckux (GpakTopoB M BOCIIPOU3BEACHUS CIEHU(PHUSCKON CHTyallud NMPH Pa3BUTHU KaBUTa-
OUOHHBIX MporeccoB. O cnenupruecKol CUTyalny Ipy KaBUTALUK YK€ YKa3bIBaIOCh BBIIIE: B TOUKE
cxJIonbIBaHMs AaBieHue qoxoaut 1o 12 000 atM., a remneparypa — no 3200 ° C.
Kpome toro, yaensimu P® u CIIIA 65110 YCTaHOBICHO HAIMYHUE CIEAYIONINX MPOIIECCOB MIPH
KaBUTaIUH:
- JIOCTM)KEHHUS KPUTHUYECKUX TEeMIepaTyp W JaBJICHUS Ha 3aBepIIarollell CTaJud B TOUYKE
CXJIOTIBIBAHMS;

- JUCCOIMaNMsg MOJIEKYJ BOJBI, pacIIeIJIEeHHe MOJIEKYJ BOJABI C BBIAEICHUEM THIIPOKCHUIb-
HoMi rpynmnsl OH ™ ;

- BO3HHMKHOBEHHS JJICKTPHUECKHX 3aps0B Ha 000JIOUKE My3bIpbKa C MOCIEAYIOINM dJIeK-
TPUUYECKUM POOOEM U Pa3psIOM B TIOJOCTH KaBEPHEI,

- pa3ioXeHrWe BOABI Ha BOAOPOJ M KHCIOPOJ C IOCIEAYIONINM BOCIAJICHHEM CMECH OT

3NEKTPUYECKOro paspsaa u ap.
ABTOpPOM HCCIIEIOBAHO BBEACHUE IIEJIOT0 Ps/la MHTEHCUPUIMPYS KaBUTAIUIO (akTopoB [14—
20, 22, 24-33, 35, 36]. Cpenun HuX:
- THAPOYAAPHI;
- TUAPABINYECKHUE IyJILCALNY;
- CTaIMOHapHOE AJIEKTPOCTATHUYECKOE TOJie HANPSIKEHHOCThI0 Oonee 60 kB, 3HaunTeNnbHO
YCHJIMBAET pa3psii BHyTPU KaBUTAIIMOHHBIX MTy3bIPHKOB;

- MYJBTUIYJBCAIMH C BBICOKOHM 4acTOTOM, KpaTHOM 4acTOTe OCHMIUIALMN oObeMa KaBHTa-
LIMOHHOTO My3bIPbKa, BBI3bIBAIOLIUE PE30HAHCHBIN NPUTOK BHELIHEN 3Hepruu [16];

- KamMOpOBKM KAaBHUTAI[MOHHBIX IMTy3BIPHKOB ONTHMAIBHBIX pa3MEpoOB KaBHTATOPOB-
KaJIuOpaTopoM;

- DJIEKTPOMAarHUTHBIE U TOPCHOHHBIE TIOJS M UX CITMHOBAS MOJISIPHU3AIHS U APYTHE.

brun WcmbITaHBl KOHCTPYKTHBHBIE PEIICHWS, HAlpaBlIeHHbIE HA YCHJICHHE KaBUTAIMOHHO-
KYMYJISITUBHBIX BO3JEHCTBUI:

- yCTaHOBIJIEHHE Nep(OPHUPOBAHHBIX KOJIEI] B CTATOPE U POTOPE LIEHTPOOEKHOTO HAcOca;

- 3acachIBaHHWA Mapa B HACOC (TMapoBas KABUTAIH);

- TpHBIIYCHHE B OJHOM arperare n0 10 BHIOB KaBUTALINN;

- OTBOJA YacTH MOTOKA IS CO3JIaHHs BCTPEUHO-CTPYHHON KaBUTALMH;

- HCIONB30BaHHUE THAPOYAAPOB U MYJIbCAIIHIA;

- HWCIOJB30BaHHE CTAIMOHAPHBIX KPBUIHYATOK IIPABO-JIEBOTO BPAIIEHHS C YTJIOM YCTaHOBKH

nonacteit 3045 °, UMeroUIX Maoe CONPOTUBICHNE U OOJBIIYI0 KABUTAIHOHHYIO aKTHB-
HOCTb, U JIp.

Otkyna 6epeTcs TOMOHUTEIbHAS YHEPTHS IIPH BBITIETICPEUNCICHHBIX (haKkTopax?

Bo3HukaroT aBa BUIa JOMOJHUTENBHBIX 3Hepruil. OAuH BUA SHEPTHH 00YCIIOBIEH BIUSHUEM
9THX (AKTOPOB HAa SHEPTHIO CXJONBIBAHME KABUTALMOHHBIX My3BIPHKOB, a BTOPOM BHUJ SHEPIUHU CBS-
3aH C U3BATHEM YHEPTHH U3 BHYTPEHHEW dHEPruH paboUero Tena.

JomomHuTensHas SHEPTHS OT BIUSHUS yKa3aHHBIX (hr3udecKuX (PaKTOPOB HA SHEPTHIO CXJIO-
NBIBAaHHE KaBUTALMOHHBIX ITy3bIPHKOB BBEIYUCIISIETCS C TIOMOIIBIO THIIOTE3bI aBTOPa C UCIIOJIb30BaHUEM
MIPHUBEJIEHHBIX (POPMYIT U METOAMKH.

l'unpoynapsl — 3TO KpaTKOBpEMEHHBIE HMITYJIBCHI TTOBBIIIICHNS TaBICHUS, KOTOPBIE MTOYTH He
BJIMSIOT Ha 3aTPaThl SHEPTHHA HACOCOM, HO CYIIECTBEHHO BIHSIOT, KaK BHIHO M3 MPHUBEICHHBIX (QOp-
MYJI, HA CKOPOCTb CXJIONBIBAHMS M BEIUYMHY DHEPTUH, KOTOpas MpH 3ToM BhiAessiercs. Bee aTo 6e3
TpyJa BEIYHUCIISETCS 0 MIPUBEICHHON METOTUKE.

OpHako, KpoMe 3TOM 3HEPTUH, 00pa3yeTcs elle JOMOIHUTEIbHAS SHEPTHS 32 CUET BHYTPEH-
HEW SHEpruy BEIIECTBA >KUAKOTO pabovero Tesa, KOTopas M3bIMAeTCs JEHCTBHEM CHIJI YIPYTOCTH U
BBIUUCIISIETCS CIISAYIOIUM 00pazoM.

Ne4,2012 55



Physics of consciousness and life, cosmology and astrophysics

Hepenaﬂm JaBJIEHUS OT KUHETHYECKOH OHEPI'MH IMOTOKaA:
_| X
ApKiH e >
g

rzie W — CKOpPOCTb IIOTOKA.
ITo popmyne H. E. XKykoBckoro ot ruapoynapa:

pr: i wce,

IZie ¢ — CKOPOCTb PaclpoCTPaHEHUs! YIIPYTUX BOJIH B KUAKOM paboueM Tene, Ui Boabl ¢ =1550m/c

— CKOPOCTh paclpOCTpaHCHHA 3BYKOBBIX BOJIH.
CKOpOCTL TCUCHUS KUJAKOCTHU IIPU 3aTaHHOM Ap .

Y

Kunernueckas CKOpPOCTBb ITOTOKaA:

T. €. paBHAa CKOPOCTH IIOTOKA.
Jnist tuApoyiapa CKOpOCTh TEUEHHUS TTOCIIE OTKPBITHS KaHawa:

27g-Apy(, = 2—glwc =+2wc ,

w, =

WU
w, =2c,

2c
T. €. CKOPOCTh ITOTOKA BO3pacTaeT B — pa3 u it w=10M/c coCTaBiIseT:
w

W _2e 21500 o0
w,w 10

am w=2M/C:
&=£=M=1500pa3.
woow

DHeprus pacTeT NPOMOPIHOHATIBHO KBAJIPAaTy CKOPOCTH U BBIYUCIAETCS 0 hopMmyJie:

o =%(w§ —wf),

rae O (M’/rom) — 3aTpaTHas IPOM3BOAUTENHFHOCTH TPYOONpPoBoaa (Hacoca), T — MPOMEKYTOK Bpe-
MEHHM NepeKphIThs TpyOorpoBoaa, 7 — mepuos THAPOYAAPOB — MPOMEXKYTOK BPEMEHH MEXIY ABYMS
TEKyILUMU TUAPOYIapaMHu, w, =2c¢, w; =w. Takas Oosbluas SHEprus M3bIMAeTCsl U3 BHYTPEHHEH
9HEPTUH KUIKOTO paboyero Tena ruipoyiapa yepes HOCPEeACTBO AEHCTBHS CHII YIIPYTOCTH.

Takoe ke TMONOXEHNE ¢ TUAPOMyJIbcarusaMu. [Ipu dacTore THApPOMyILCAITUi, OMU3KOW WITH
KpPaTHOW YacTOTe OCUMWLIIIMK OO0beMa KaBUTALMOHHOTO ITy3bIPbKa, BO3HMKAET PE30HAHC, KOTOPBIA
YBEJIUUUBAET aMIUTUTYAY KojeOaHui 000JI0UKY My3bIpbKa U NPUOIIKAeT JOCTHKEHUE CKOPOCTH CBE-
Ta, yBEJIMYUBAs BEIUINHY KPUTUIECKOTO pajuyca:

R —R. 2gp, /3y
kp Y0 3 2 ’
(C - vny,'thc ) + 2gp0 / 3Y

=A4-f,A— ammuryaa, f— 4actora myJibCarui.

e v

v
C npyroil CTOpOHBI, W3BIMAETCS SHEPIrHs M3 BHYTPEHHEW SHEPrUH JKUIKOCTU IeHCTBHEM

MyJIbCALMOHHBIX CHJI HHEPLUH, KOTOPBIE CTAHOBSTCS ABMXKYIIMMH CHJIAMH Tpolecca Ojaroaapsi BBe-

JIEHUIO HEeCTAIlMOHAPHOCTH (KoJIeOaHui).

Ilynbcanyy JaBiIeHUS U CKOPOCTH yracaroT BAOJb TPAKTA. B KaKJIOM NpeaplIylieM Ce4eHUU
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[lynscanmoHHast CKOpOCTh OoJbIEe, YeM B CleAylomeM. Bo3HHKaeT MHEPLMOHHBIN ITyJIbCAallMOHHBIN
HAarop, KOTOPbIi KOMIIEHCUPYET MOTEPH JABJIECHHUS Ha IPEOOJIEHUE THAPABINYECKOTO COINPOTHUBIIE-
HUS ¥ TeHEPUPYET JOMOIHUTENbHYIO 3HEPTUIO TIOTOKA.

[TynbcanmmoHHBI HATIOP MOXKET OBITh onpez[eneH o popmyne U. M. ®enorkuna [26, 27, 35]:

_ A I o) Wo 2
Apn}nvbc_W(Bj(l+5Sh j 2 ( i ni+1)’

A N N .
roe y=1,1+1,3, D OTHOILIEHUE aMIUTUTYIbl A, U3MepsAeMOi JUIMHOM IyTH, KOTOPBIA MPOXOIUT

KHUIKOCTB 3a moymepuona myiscauuii 7'/ 2, k tuamerpy D TpyOompoBosa, w, — CKOpOCTb TEYECHUS

KUJIKOCTH B TPYOOMPOBOJIE, ¥ — y/EbHBIN BEC KUIAKOCTH, g =9,81M/c’ — ycKOpEHHE CHITBI 3eMHO-
w, Re, A,

n

ro NpuTsDKeHus, Sh=—"= Re A k — uaucno Ctpyxansd, w, — IyJIbCallMOHHON COCTaBIISIO-
w, e
0 0 0

IIeH CKOPOCTH JKUJIKOCTH, KOTOPAs ONPEAENIACTCS CIIEAYIOIUM 00pa3oM. MrHOBEHHOE 3HaYeHHE JIeH-
CTBUTEJILHON CKOPOCTH CPEJIbI:
Wp =W, =W, + W, -sinot,
rac w, — CpCaHss CKOPOCTb JXUAKOCTH, W, — aMIIJIUTYJHOC 3HA4YCHUEC HyﬂbcaHHOHHOﬁ COCTaBJIA-
FOLIEH.
Cpenuss nynLcauHOHHas{ CKOPOCTB OIIPEAENACTCS BBIPAKCHUEM:

=

=—JwTdt

ITocne uaTerpHpOBaHUs TOTy4aeM [26, 27, 35]:

&zg(arcsin%+\/k2 —lj ,

w, =

rae k = Sh — uncmo CTpyxas.
Wo

Koaddumuent 3aryxanus mynabcaluii 1) onpeaessieTcs: BeIMuuHoit [26, 27]:

e _ éﬂizem{_gli,

rae B= f(%, s Wy, D] =[(a—bwy)—(c—dw,)f], Ap,;> Ap,, — TyIbCALMOHHEIC HATIOPEI HA Pac-

CTOSTHHH | ¥ Ha BXOJIe COOTBETCTBEHHO.

I'mapaBnuyeckre mynbcayi KOMIIEHCUPYIOT THAPABINYECKOE CONPOTUBIICHHUE, YBEIMUNBAIOT
CWIIy PEaKkTUBHBIX CTpYH, cuibl Kopuonuca, nHTeHCHDUIMPYIOT KaBUTALMOHHBII HAarpeB >KUIKOCTH,
00pa3yIoT JOTMOIHUTENbHBIE HECTAIMOHAPHBIE CHIIBI I MHEPIIMOHHO-ITYJIbCAIIHOHHBIE HATIOPHI.
B pabote [40] skcneprMEHTaIbHO MOATBEPKACHO YBEIMYEHHE IYJILCALUSMH CHJIBl PEaKTHBHBIX
CTpyH B 2,5 pa3za.
YBenuueHne CHibl PeaKTUBHBIX CTPYH MOXHO OI€HHWTb, YUHUTHIBAs JOMOIHUTEIBHYIO HECTallMOHap-
Has TUAPOJMHAMHUYECKas CHITy, KOTOpas BO3HMKAET MpH Imynbcanusx [35, 40]:

2j+1 2j
o io
y *J/

F oS | B o R S

[
-

A€ v — KUHEMaTHU4eCKasd BA3KOCTb, P — IIJIOTHOCTD XUJAKOCTH, t— BpEMs, 0 — YacCToTa Hynbcaum‘/i,
S =~ — MOBEPXHOCTh CTEHKH, KOHTAKTUPYIOIIEH C TOTOKOM, I =+/—1 .

cm
I'unpaBnuyeckre MmylbCalUU TAKXKe CYNIECTBEHHO YBEIUYUBAIOT BBIPAOOTKY NTUCCHUTIATUBHOM
TETJIOBOU DHEPTUU OT TUApaBiIndeckoro Tpenus. Hamu B padorax [35 u mp.]. Ilomyden ciemyromuit
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TEOPETUYECKHIA pe3yibrar. FiMeem, 4To SHEprusi AUCCUIIAIUMKE B OJHOMEPHOM JIAaMUHAPHOM ITOTOKE
MIPOIOPIHOHANbHA!
2
ow
— | =(gradw, )Z ,
oy

E~

X

rie

— IPajiMEeHT POJIOJIBHON CKOPOCTH IIOTOKA.

B CTAlMOHAPHOM U MYJIbCAIMOHHOM IMOTOKAaX JHEPTHUA AUCCUIIANU COOTBETCTBCHHO 3allv-

IECTCA:
2

E, = M uk, -~ aw—"0+6—Acoscot ,
oy ) o o

yYCpEeAHCHHAsA 3a YCTBCPTh NNEpHUOaa HyJ'II:C&L[Hﬁ.

OHeprus AUCCUIMALNH MyJIbCUPYIOIIEro MOTOKa Oy IeT:
T/4

4 2
— I Acosotdt =—A(y).
T i

2
[ToacraBuB — A(y) B BBIpaKEHHUE JJIS AUCCHUIIAIIMH SHEPTUU ITyJIbCUPYIOIIETO MOTOKA, IMOTY-
e

YUM:
[, 204)
e dy moy)
B cimyuae paBeHCTBa aMIUIUTYAbI MyJbCcallMil CKOPOCTH ee cpelHel ckopoctu A(y)=w ,(¥),
HMeEeM:

2 2
Enyﬂbc ~ awa (1 + gj >
oy

T

T. €. BCJIMYUWHA AUCCUIIALMN SHEPTHUU IO CPAaBHCHUIO CO CTAIMOHAPHBIM MOTOKOM IpU NYJbCAlUAX
BO3pacCTacT B:

EnV"le 2 :
——=|1+—| =2,68 pa3s.
E yi

cm

OTOT HaIll TEOPETHUUECKUI Pe3yJbTaT HaIllesd IOJHOE 3KCIEPUMEHTAIbHOE TOATBEPKACHNE B
pabote C. A. becrmanbko [41].

Temnno, BeIAETsIOMIEECS PH TUCCUNIALMN YHEPTUM IIYJIbCUPYIOIIMX TEUCHHUH, TOIydaeTcs 3a
CUeT IepexoJa B TeIUIO BHYTPEHHUX ABMKEHUH KUIKOCTH, ITyJbCALUI IIOTOKA, U IPU YCIOBUH HAJIU-
4yus 00paTHBIX TEUSHUH BO3SHUKAET JONOJIHUTENbHAS SHEpTus 0e3 3aTpaT SHEPTUH U3BHE.

MeTonpl peKUMHOM WHTEHCHU(UKALUKN TEINI00OMEHa, HaJl KOTOPBIMHU JOJIroe BpeMs padoTai
astop [17, 18, 19, 20, 24, 26, 27, 28, 33], B caydae, KOT/Ia HX HCIIOJIH30BaTh TSI IPOMU3BOJICTBA TEIlIa
3a CHeT JMCCHUMAIUK 3HEPTHUH, MOTYT JaBaTh M30BITOUHYIO dHepruto. Hampumep, 1id modydeHus Ao-
MOJTHUTENILHON M30BITOYHON SHEPTHH IPU KaBUTALIMN

A. B. Kopnauenko [5] ucronb3oBan pa3paObOTaHHBII HAaMH METOJ WHTEHCU(PUKAIUN KOHBEK-
THUBHOTO TEIUIOOOMEHA BIyBast BO3yX WJIM YTJIEKUCIIBIN Ta3 B MOTOK XKHUIKOCTH [26, 27].

MopnaBnuBaHue TpakTta KT

IonnasnuBanue tpakta KTI' Y. M. ®enoTknHa MOKHO OCYIECTBIATH B TAPOBOM IPOCTpaH-
CTBE pe3epByapa, B KOTOPOM BpAIaeTCsl pOTOP C PEaKTUBHBIMHU cOIUIaMU. OCyINECTBIATh MOIABIIHU-
BaHHME MOKHO OT OajUIOHA CO CXKAaTbIM BO3JYXOM 4Yepe3 pa3AeiIUTEeNIbHbIN HUIMHIP €O CBOOOIHO yCTa-
HOBJIEHHBIM HOpIIHEM. IIpu 3TOM clieyeT uMeTh B BULY, UTO B IIPEAEIBHOM CIIy4ae MOXKHO IEPEUTH
Ha pEKHM CaMOIOJAABIMBAHUA, KOTOPBI BO3HHMKAET, €CIIM HE KOHACHCUPOBATh Map OT BCKUIAHHSI
JIETKOKHITAIIEY KOMIIOHEHTHI B PEAaKTUBHBIX COIJIAX POTOpA.

B pabouem pexxuMe MoagaBIuBaHNs MOXKHO JIOCTHYB 0€3 UCTIONB30BaHUs OAIOHa CO CKATBIM
BO3JlyXOM 32 CUET YMEHBIIECHHs KOHACHCALMY I1apa U MOAJIEPKKHU €ro NaBJICHUS Ha YPOBHE JABICHUSA
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MOAABIMBAHUSA, PETYIHUPYs NOJaUy OXJIaXKIalollel BOAbl HA 3MEEBUKU KOHAEHcaTopa mapa.

Uto maer mommasnuBanue Tpakta KTT'? JlaBneHue B TpakTe YBEIMIUBASTCS, YTO MIPUBOIUT K
YBEIUYCHHUIO KOJIMYECTBA MPOU3BEICHHON TEIJIOBON SHEPTUH OT CXJIOMBIBAHUS KABUTAI[MOHHBIX ITY-
3BIPHKOB TP yCIIOBHSIX, KOTOPBIE OMPEAEIAIOTCS pacdeTaMu U Hanmaakoi padorer KTT. OnHOBpEeMeH-
HO YBEJIMYMBAETCS 1aBJICHUE HA BXOJE U BbIXOJE U3 HACOCA, a NIepenas IaBJIeHUs Ha HACOCE OCTAETCs
HEU3MEHHBIM U OIpEeseTca BeIMYMHON TUIpaBInyeckoro conpotusienus kontypa KTT'. Ilepenan
JABJICHUSI HA PEAKTHUBHBIX COILIAX TAKXKe HE U3MEHSETCS, TaK KaK Hapsay C yBEIHMUYECHHUEM MPOTHUBO-
JABJICHUS TIEPE]l COMIOM TaKOM K€ CTEIEHH BO3PACTAET JaBJICHUE HAa BXOJE U HATHETAHUM Hacoca.

Kak ObUIO TIOKa3aHO BBIIIE, PACYET KOJMUECTBA YHEPIMU OT MPeoOpa3OBaHUs MPHUCOCAUHEH-
HOM MacChl J)KUKOCTH, BOBJICUCHHOW B paJMajbHOE JIBUKCHHE 000JIOYKOH My3bIphbKa MPHU CXJIOTHIBA-
HUU, BBITIOIHSETCS C UCIONb30BaHueM (HOpMyIbl Pames [ CKOpOCTH CXJIOMBIBAHUS, PABHOW CKOPO-
CTU CBETa V,, =C, OTKyJa ONPEJENSeTCs PaauyC My3bipbka R, , HA KOTOPOM 000IOYKA JOCTHIaeT

ckopoctu cBeta. [locne yero amst 0IHOTO My3bIpbKa OMpPEAEseTCsl YHEPTHUsl, BBIICTSIONIASACS 32 CUET
MPEBPALLEHUS MAaCChl B SHEPTHIO:
4 57
E =—nR —vyc’,
3 g

" paCCUYUTBIBACTCA HATPEB KUAKOCTU:

ar=—"E ,
JC pV
3 Y ©-zV
rae J =427 xrm/kkan, V =1m", Cp =1,0kkan/kr-rpajg, —=p — IDIOTHOCTh )KUJKOCTH, 1 :W
3 U,

— KOJIMYCCTBO MY3LIPHKOB B V= IM3 KUJAKOCTU IIPHU HACTOAIIEM 00BEMHOM napoCcoACpiKaHue ¢ 1

CyIbOBI y3BIPHKOB CXJIOMYIOTHCS OJJHOBPEMEHHO, Z.
KonuuecTBo sHepruu, BBIACISEMOi NIPH CXJIONBIBAHAHN My3bIPBKOB OT pajuyca R, g0 R=0

B €IMHHUIIAX MOIIHOCTH:

C pVAt
C/x =L,KBT Ha V =1m".
860
Taxum o6pazom, KIID Temmoreneparopa OyeT BBIpaxKaThCs BETHIUHOMN:
. C,pVAt
/ L
wigy =N+ N 860
N, kyAp
.z 2
me  A=—E_ yond, E=2mRpye, a=2ZV g g | S8/
JC pV 3 4 R ¢ +3gp, /2y
3 0
Rpg) ¥, 1 L 4 Y
k=0,25-10'0,015\°| P& | Do o~ g :(Z&+x_jl |,
D, D, 3600-102n,1n, d)2g\3600nd
ky=kV .
3nech KIID onpeneneHsl ¢ yueToM MOJJABINBAHUA TPAKTA ( P, ), JOTIOIHEHUE
Ko = Nes _ K00
Ny kAp

¥ C YUeTOM BBIPAOOTKH SHEPTUH OT MPEBPAIICHHS MPUCOSTUHEHHON MacChl XKUAKOCTH TI0CHE JOCTH-
KEHUsI paJUaIbHOM CKOPOCTH CMBIKaHUS 000JIOUKH CKOPOCTHU CBETA:
!
KITS = N C,pV At /860
N, kk,Ap
Hapsiny ¢ OTMEYeHHBIMH TTOJOKUTENBHBIMU TIPOLECCAMU IPH MONABINBAHUU TPAKTa TIPOSIB-
JNAeTCs MPOIecC, KOTOPhIH MOMKET HPH ONpENENeHHBIX YCIOBHUSAX HEraTUBHO BIUATH HA BBIPAOOTKY

SHEPrun, — I3TO HNPOLCCC CXKATUA KABUTAIMOHHBIX ITY3bIPBKOB, YTO IMPUBOAUT K YMCHBUHICHUIO HX
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pasMepoB RKP nu RO . Kak ObL10 MOKa3aHo BBIIIC, KOJIUYCCTBO DHCPTHUH, BLIpa6aTBIBaeMOfI HC 3aBUCHUT

OT pa3MepPOB KABUTALIMOHHBIX Iy3bIPHKOB B IIPE/EIIAX 10 BEIUYHUHBI PAINYCOB, IPU KOTOPBIX ITy3bIPEK
TepsieT yCTOMYHUBOCTh. DTOT BBIBOJ CIIPaBEAJIUB TOJIBKO IIPU HEM3MEHHOM Napocojepkanuu. Ecnu xe
[pU NOAJAaBIMBAHUU NapOCOAEPKAHUE YMEHBIIAETCS, TO ATOT BBIBOJ HE JACHCTBYET.

[ToaTomMy paccMoTpuM, Kakue MOTYT OBITh MOTEPH JHEPTHH OT C)KaThs 00beMa Iy3BIPHKOB
IIPU O AABJIUBAHNH.

PacueTtbl nogoaBnvBaHus
3arpaThl 3HEPrUM Ha Hacoce N, oIpelensaoTcs ruapasindeckumu omnopamu tpakra KT,
3TOMY COOTBETCTBYET Tepernaj [aBlIeHHs Ap TIpH pPacXOgHOHW MPOW3BOIMTENHFHOCTH Hacoca

V, ™ /ron

“Ap =k;Ap,

H

~3600-1021 1,
rae m,, 1, — KILJI Hacoca u 3iekTpoMoTopa.
B cBoto ouepens, cornacHo 3akony [apcu:

L 2
Ap = Z<§+7»— Wy ald

s = 2
d,, ) 2g 3600nd,,,
O6benunsist 5TH HOPMYIIbI, OTY4aeM:
N, =kkV>,
2
L 4
rne k, ! k= Y e+n— L

360010201,

OT cXJIONBIBaHUS KABUTAIIMOHHBIX ITy3bIPHKOB BBIICISICTCSA SHEPIHS B CAMHUIIAX MOIIHOCTH:
N =knp,,

2
d,, )2g\3600nd,,

mp

3 0,3
rIe k:()’25.1034n_R0 Rpg ’ il
p, 47R;

¢ — paelicTBuTenbHoe napocogepxkanue ot 0,1 no 0,5, R, — HauanbHbIN paauyc My3blpbKa, M; z —

— KOIIMYECTBO IMy3bIPHKOB B 1M’ kmakocT, V =1m’,

JIOJISI KABUTAITMOHHBIX ITY3BIPHKOB, CXJIOMYIOThCS OJJHO4Ya-CHO, z> 0,3 + 0,5.
Koaddunuent &k nonyden uz GopmMyIibl [Uisi CXJIOTBIBAHUS SIUHUYHOTO Iy3bIPhKA JI0 JOCTH-
JKEHHUS ero 000J0YKON CKOPOCTH CBETa:
0,3
1

By _005.10° 0,915 K& | L,
.V s s

rne p, — JaBJICHHE HACBILECHHOIO Iapa Ipu { ={,.

9HCpI‘I/I$I, KOTOpas BBIACIACTCH IMMPU CXJIONBbIBAHWUU, UMECT IBC COCTABJIAIOIINC. HGpBaH — 3TO
OHEprus, KOTopas BBIACIACTCA IMPU CMbBIKAHUA 000I04KHU IMy3bIpbKa OT HA4YaJIbHOI'O0 paauyca RO a0

KPUTUYCCKOI'O R IIpyu KOTOPOM CKOPOCTH paAvuaJIbHOTO ABMIKCHUS ITY3bIPpbKa JOCTHUIacT CKOPOCTU

Kp
CBCTA.

Ota IepBasd COCTABJIAIOMIAA SHEPIrUM OJHO3HAYHO 3aBUCUT OT HaBJICHUA 0pr>1<a}omel71 ITy3bI-
PCK KUJAKOCTU B nepBoﬁ CTCIICHU

N. =nE =knp,,
R 0,3
rne k=0,25-10°V, oPE , N — KOJMYECTBO ITy3bIPHKOB, M C POCTOM JaBIIEHHUS OKPYKAaIOIIeH
Dy

JKHUIKOCTH 3Ta COCTABJIAIONIAS SHEPTHH YBEIMIUBAETCS BO CTOJIBKO pa3, BO CKOJIBKO YBEITUIHUBACTCS
JaBJICHUE.
KIID ot nepBoii cocTaBistoLIEH COCTaBUT:
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_ ch(pO) _ knpO _ knpO
= = - = )
N,..(Ap) kkV:  kAp
Oty yacth KIID M0OXHO yBenmM4MBaTh MpH MOAJIABIMBAHUN BO CTOJBKO pa3, BO CKOJIBKO yBe-
JUYMBAETCS JIaBJICHUE B TPAKTE, 3a BHIYETOM YMEHBIIICHHS SJHSPTUU OT YMEHBIICHHSI — IEPBOHAYAIIb-
HOTO 00BeMa My3BIphKa. DTO YMEHBIIICHUE YIUTHIBASTCS CIICTYIONTIM 00pa3oMm.

YyeT cxxaTmsa o6bema KaBUTaUMOHHbIX nNy3bIPbKOB MNMpPU NOoBbILWLeHUN OAaBleHus B TPpakTe

Coxatue KaBUTAllMOHHOT'O ITy3bIpbKa IIOJ HeﬁCTBHeM IMOBLINICHHOI'O AAaBJICHUSA IIPUMEM I10-
JIATPOIIUYHBIM. HpI/I Ha4YaJIbHOM [aBJICHUU B IIOTOKE p, = latm , IIOCJIC IOBBIMICHUA €0 JO BECINYNHBI

p, =10arm , uMeeM yMeHbLIEHHEe 00beMa my3bIppKa ¢ V) 1o V.

p =pVy,
Cp
rae y = vl =14.
YMeHbIeHue 00beMa My3bIphKa COCTaBUT:
1y
Ni_|R| _ 10"+ =10 = 5,18 pas.
K, \R

IlepBas cocraBisiomas HEPTUU CXJIONBIBAHUA IIPU MOBBIIEHUM JaBiieHus oT 1 atMm. mo 10
aTM. yBenuuunack B 10 pa3, a OT yMeHbIIeHH 00beMa ITy3bIPHKOB BCIIEICTBHE HX CHKATHA — YMEHb-
mmiack B 5,18 paza. B pesynbprare mepBas cocramisromas Beipocna B 10 / 5,18 = 1,93 = 2 pa3za.
CroxxHee co BTOPOH COCTABIISIOIIEH 3Hepruu cxJomnbpiBaHus. OHa 3aBUCHUT OT BEIMYMHbBI KPUTHUECKO-

Tro paauyca RKp, BpEMCHHU CXJIONbIBAHUS T, CKOPOCTHU CXJIOIBIBAHUA V. OT NOBBIIIECHUS JaBJICHUS

Rxp BO3paCTacT HE3HAYUTCIIBHO, BPEMA — CYIICCTBCHHO YMCHBLIIACTCA, U CKOPOCTH 3HAYHUTCIBbHO

Bo3pacTaeT. [1oaToMy 3Ty BTOPYIO COCTABJISIIOIIYIO SHEPTHH CXJIONBIBAHUS CIIEAYET Pa3iudarh U Kak
MOTEHIMANLHYI0 (TI0 opMmyse A. DUHIITEHHA), U KaK KHHETHYECKYIO (110 (OpMysie KHHETHYECKOM
SHepruM cxJomnbiBaHus). [loTeHIManbHas 071 BTOPOW COCTAaBIISIOIIEH BO3pacTaeT HE3HAYHUTENHHO,
OJIHAKO KMHETHYECKAs YBEJINYUBAECTCS CYILIECTBEHHO.

B HameM mnpumepe OLIEHKa SHEPreTHYECKMX HM3MEHEHUH BTOPOIl COCTAaBISAIONIEN SHEPTUHU
CXJIOTIBIBAHUSI MPU MHITUCHEHHU TpakTa oT 1 atm. mo 10 aT™. BBRITISAUT cienyromuM obpasoM. Ms3-
MCHEHNE HAYaJIBbHOTO R, M KPUTHYECKOTO R, PajiyCoB Iy3bIPbKa B:

R, =V"? ~5,18"" =1,73 pasza ymenbmaercs,
3p,/2¢ 102,15
> +3p,/2¢g 1,73 1,73

duznyecku 3T0 OOBSCHACTCA TEM, YTO MPH MOBBILICHUH IABJICHUS OKPYXKAIOLIEH XKHUIKOCTH
3HAYUTEIBHO BO3PACTAECT CKOPOCTHh CXJIONBIBAHUS, M, HECMOTPS Ha yMCHBIIEHUE R, KPUTUYECKUU

=1,24 paza yBeJIMYHUBAETCA.

pajMyc nocTUraeTes cKopee Ha Gonbuiem pasmepe R, .

VYBenuueHue HOTCHHHaﬂBHOﬁ OHEPruu CXJIOIbIBAHUEC BO BTOpOP'I COCTaBJ]}I}OLL[eﬁi
4
E= gnlefppwc2 ~1,24° =1,91 pas.

BpeMH CXJIOIIbIBAHUA yMeHBH.IaeTCSI B.
p 0 316 _
po 1,24 124

Cpenssist CKOPOCTb CXJIONbIBAaHUS B MHTepBaie R, —0 Bo3pacraer:

T= 0,915Rkp 2,55 pas.

R
v=|—21-1,24.2,55=3,16 pas.
T

Bosiee TOUHO CpeTHIO CKOPOCTH CXIIOMBIBAHHS PACCUUTACM Yepe3 TEKYIYIO:
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2
R? :[dRJ :gﬂ 1_&

dt 3p R )
R 3
= 1 2p, ¢ 4p
2 K,
el | el L v
Kp p 0 p

IT?=2 5—°~\/E=3,16 pasis,
P

TO ecTh B 3,16 pa3 yBenu4uuBaeTcs, IMEEM Ty K€ YHCIECHHYIO OIICHKY.
Kunerndeckast sHEprust CXJIONBIBAHMSI BO BTOPOW COCTABIISIONIEH BO3pacTaeT B:
=2
A%
=YY 316 =10 pas.
2g
[Tpu yBenuuenunn nasneHus B Tpakte B 10 pa3 KHHETHUECKas! SHEPTHsI BTOPOH COCTaBIAIOLICH
SHEPTHUH CXJIONBIBAHUS yBeNMIuBaeTcs Takxke B 10 pa3, a MOTeHIMANbHAS YHEPTHUS CXJIOMBIBAHUS BTO-
poii cocraBmstomeii yBenmmunBaercs B 1,91 pa3. OTH olleHKW Ka4eCTBEHHO MTOKA3bIBAIOT X0/ IPOIIecca.
KII3’ ot pocta BTOpO#i COCTABISIONMIECH YHEPTUN CXIIOTBIBAHUS OyeT:

KiH

=2
N, +N, "t yzva
R‘Ha/ — mex Kon g ,
cneo kSAp

u Bo3pacraer B 1,91 + 10 = 11,9 pa3 no cpaBuenuto ¢ KI1D0' npu maieHuu 1 aT.
O6mwmii poct K115, Oyner:
KIID, = KIID + KIID'=10+11,1 = 21,1 pa3.
Poct naBnenus B 10 pa3 npakTuuecku AOCTUYb TpyAHO. Eciu npuHATH poCcT AaBieHus B 2 pa-
3a, TO cleayer oxunarh yBenuuenusa KIIO B:

KITD ~10 +3/10 =3,16 + 2,15 pas,
MakcumyM 21,1 /5 =4,2 paza.

BbiBoabl

1. BoigBuHyTa U TeopeTHdecKn 000CHOBaHA HOBAs TMIIOTE3a MEXaHW3Ma BOSHHUKHOBEHUS MPHU
KaBUTAIIMU JIONOJHUTEIBHON U30BITOYHON TEIUIOBOW M BpamiaTelbHOU dHeprur. CKOPOCTh paaualib-
HOTO JIBIDKEHUSI 00OJIOUKH ITy3bIPhKa MPH CXJIOMBIBAHUK OOpPATHO MPOMOPIIMOHANIBHA TEKYIIEMY pa-
IUyCy B TpeTbed cremeHu. JJid 3TOro Ha 3aBeplIArOlIed CTaAuM CXJIONBIBAHMS, KOTJa KPUTUUECKUN
palnyc JOCTUTAET HECKOIBKUX MHUKPOMETPOB, CKOPOCTh CXJIONBIBAHUS JIOCTUTAET CKOPOCTH CBETA, U
BCsl MIPUCOCIMHEHHAsT Macca JKUIKOCTH, BOBJICYCHA O0OJIOUKOM B pajinaibHOE JIBUXKCHHE, TIpeBpalla-
€TCsI B PaIMOAKTHBHOE U3TyUYCHHE, KOTOPOe 3apUKCUPOBAHO MHOTUMH HCCIIEIOBATEIISIMIL.

2. Tloka3aHO, KaKk C IMOMOIUBIO IMPUHATOW I'MIOTE3bl BBIUKCIATH JONOJHUTEIBHYIO SHEPIHUIO
IIPU KaBUTAIUU M JCHCTBUU WHTCHCUDUIIUPYIONIMX KAaBUTAIMIO (AaKTOPOB: FHAPOYAAPOB, I'HIIPABIIH-
YeCKUX MyJibcanuit, nogaasnuBanuu Tpakra KTT', pe3oHaHCHBIX SBIEHUN U Ap.

3. IIpoBeneHa 4nciIeHHAs OIEHKA JACUCTBUS WHTCHCHU(DHIIUPYIONINX KaBUTAIUIO (DH3MUECKUX
(hakTopoB.

4. JlokazaHo, 4TO 00pa3yrTCs JBE COCTaBisronMe dHepruu. [lepBas — B pe3yapTare CXJIo-
IIBIBAHMS OT HAYaJIBHOIO pajuyca R, 10 KPUTHYECKOro R, IPU KOTOPOM v, =c — 000I04Ka 10~

CTUraeT CKOPOCTH cBeta. Bropas cocrasisifoliasl BOSHUKAeT IPH CXJIONBIBAHUN B UHTEpBae R=R,

u R=0. DOra cocraBiusiomas UMeeT MOTCHIUAIBHYI0 U KHHETHUECKYI0 YacTH, OT IO AaBIMBAHUS
3HAYHUTENILHO YBEIMYMBACTCS, YeM 00YCIIaBIMBaeTCs pocT Kod(huImeHTa npeoOpa3oBaHus SHEPTHH.
[IpakTrueckn OTKPHIT MyTh K Tr000My pocTy KIID.

5. Pacueramu moka3aHO, YTO MOXKHO IOJIy4YaTh JIOMOJTHUTENBHYIO H30BITOUHYIO AUCCUIIATHB-
HBIX TEIJIOBYIO M BpaIllaTEIbHYIO SHEPTUIO U3 pa3iIMyHON BHYTPEHHEH dHEPTHH Cpeibl (KUAKOTO pa-
Oouero Tena) 3a CUET MPUBICUCHHUS] CHUJI YIIPYTOCTH C TIOMOIIBIO THAPOYAAPOB, 33 CUET IPUBJICUECHUS
CHJI MHEPIMU C TIOMOIIBIO THAPABINYECKUX MyJIbCALUi, 32 CUET MPHUBJICYCHUS CHUII JaBJICHUS C IIOMO-
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b0 NOAAABIMBAHWSA — IMOBBIMICHUEC JABJICHUS B KABUTAlIUOHHOM TPAKTC KTF, 3a CUCT CUI KOpI/IO—
JIica 1moCpeacTBOM IIPUBJIICUCHUA CUJI MHEPUUN ABUKCHUA IIEPEHOCA, 3a CHET PE30HAHCHBIX SIBJICHUH
3a CYET CUJI MHEpIHUU IIpU KOJIEOaHUSIX U ap. Bo Bcex atux Cllydasax HGO6XOI[I/IMI)IM YCIIOBUEM SBJIACT-
CA BBEICHUC HECTAMOHAPHOCTU U PE30HAHCHBIX PEKHUMOB.
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Fedotkin 1. M.
The mechanism of occurrence of excess energy at cavitation
and characteristics workflows in power generator by I.M. Fedotkin

Excess heat energy is generated as over expended during cavitation at the expense of emanation of working sub-
stance (liquid) i. e. at the expense of matter transformation into energy. It completely meets the law of conserva-
tion of energy and matter.

Emanation of matter happens because radial velocity of collapse (closing) of cavitation bubble’s cover is in in-
verse proportion to third power of current radius. In consequence of this the radial velocity of collapse of cavita-
tion bubble’s cover at the final stage of closing reaches the velocity of light when the radius of the bubble is sev-
eral microns. As a result the attached mass of liquid turns into heat energy. It is confirmed by the presence of y-
and B-emissions, fluorescence and leak of liquid during cavitation.

Cavitation can heat the liquid of over hydrodynamic heating by hydraulic friction of moving liquid. It is con-
firmed by the heating of motionless liquid of ultrasonic cavitation.

One of the versions of heat-generators which are being under construction is considered to be the heat-generator
by Ukrainian useful model patent Ne 31861 of 25.04.2008 / I. M. Fedotkin. In heat-generator which is being un-
der construction many kinds of cavitation are used with the help of which excess heat is generated and such prin-
ciple is performed according to which both heat and rotational energies are produced which unload electromotor
till its complete cutoff. During such periods heat-generator can change to the regime of autorotation and work as
energy-generator.

In the final analysis all kinds of cavitation listed above lead to overheating of working liquid. Working liquid as
to the technical project has high-boiling component along with low-boiling component which boils in nozzles
which results in extremely high speed of jets and generation of supersonic stream. It can be expected from this
moment that heat-generator changes into automotive regime and works as energy-generator. None of known
methods of receiving energy and heat-generators working with it has such reversion of rotational energy.

Keywords: generator, energy, cavitation, workflow.
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