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1. 3AXOIU, MNPUCBAYEHI JHIO KOCMOHABTUKHN

Kpyrnuit crin, npucsuennii 57-i piununi nonsoty FO0.0. I'arapina B kocMoc Ta 50-piuyto
tpariunoi 3arudeni FO.O. T'arapina ta B.C. Cepborina miJl yac TPeHYBAJIbHOTO MOJLOTY Ha
mitaky Mil-15YTD».

IIpuiiHAmM y4acTs:

- Inpuenko Muxaiino FOxumosuu — npopekrop 3 HaykoBoi podotu KIII im. Irops Cikopcbkoro,
akanemik HAH Ykpainu;

- Ky3uenoB Enyapn IBanoBuy — pannuk ['onoBu Jlep»aBHOro KOCMIYHOTO areHTCTBa Y KpaiHu;
-AzapckoB Banepiit MukonaiioBuy — 3aBinyBau Kadeapu aepoOKOCMIYHMX CHUCTEM YIPaBIiHHS
HarmionansHOTO aBiaIiifiHOTO YHIBEpCUTETY, A.T.H., mpodecop, naypear JlepaBHOi mpemii Ta
npemii im. M.K. furens HAH Ykpainu, BeTepan KocMiuHOi rany3i YKpainu;

- MamkoB Omner AnpOepTOBHY — TPOPEKTOp 3 HaykoBoi poboTu JlepkaBHOI €KOJOTidHOT
aKajeMii MiCIsAUIIIIOMHOI OCBITH Ta YHPaBIiHHA, JI.T.H., Ipodecop, 3aciy>KeHUH Iisi4 HayKH Ta
TeXHIKM YKpaiHH, TOUYEeCHUH MpaliBHUK KOCMIYHOI rayty3i YKpaiHu;

- CepreeB Mukona KocTSHTHHOBUY — BifICBKOBHUI JTbOTYHK, TOJIKOBHHUK, 3aCTYITHUK KOMaHIUpa
aBlaIiifHOTO TIOJIKY, SIKUW Mae 7 THCSY TOAWH HAIBOTY B SKOCTI JIbOTYHMKA-THCTPYKTOpa Ta 2
TUCSAYl TOJIWH - HAa HAJI3BYKOBUX JIiTakax, 3akiHUMB bapHayibChbke BUIIE BiliCHKOBE aBiailiifHe
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yunnuie y 1971 p. ta Axkagemito BIIC im. FO.O. TI'arapina y 1985 p., mpoxuBae y M. Jlamrac
(CIIIA) — 3B's130K 10 CKaif1y;

-IIpycc Omner IopdupiiioBuu — Berepan kocmoapomy Kamycrun fp, 3acimyxenuil BunpoOyBau
KOCMIYHOI TEXHIKH;

[pucyrhi:

- BeTepanu kocMoipomiB baiikonyp, Kanyctun Sfp, [Ineceupk;

- cryaentu KIII, yuni minero KIII, yuani CIL Ne 36 im. C.I1. KoponboBa.

Bucrynu yuacuukiB Kpyrioro cromy:

Iarapin }0.0. — nepmmii kocMoHaBT rianet 3emist;  14.50-15.05  Aszapckos B.M.
}O.0. I'arapin — kepiBHUK 3aroHy kocMOoHaBTiB. Bepcii  15.05-15.20 Mamkos O.A.
3aru6eni FO.O. I'arapina;

3aru6enp F0.0. I'arapina — HenonpaBHa BTparta Juist Bcboro  15.20-15-40 Ceprees M.K.
monctea. Bepcis 3aru6eni FO.O.I'arapina ta B.C. Cepborina;

Ocrtanniit BuiiT FO.O.I'arapina ta B.C. Cepborina Ha mitaky 15.40-15.55 Ilpycc O.IL
Mil-15VTI.

3akJIr0uHe CI0BO 15.55-16.00  lnpuenko M.IO.

Opranizaropu: Jupexrop JAMII npu KITI H.B.ITucapescobka, Biamnosigansuuit O.C.bonteHko.

[poBigamii excnepr YHJIIA, 3acmykeHuil BuUIpoOyBad pakeTHOi TEXHIKHM, 1 ToOJoOBa
BETEpPaHChKOro KomiteTy pakeroramysi Ilpycc O.I1. mpencraBuB anbTepHAaTUBHY TillOTE3y
mono AAS y poni ocrannbomy BuiboTi FO.O.I'arapina ta B.C. Cepborina Ha miTaky, i3
BarOMUMH JIOKa3aMH.

Puc.1. O6’sBa po kpyrauii Ctin Ha Kopryci Ne6



Puc. 2. Ilposenenns Kpyrmioro cromny

Puc. 3. YuacHuku 1 BiJIBiIyBaul KpyIrjioro CToNy y IUIIJHUX OOTOBOPEHHSX MICHs 3aX01y
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Puc.4. Ilposignuii Excnieptr YHJLIA 3aciyxenuil BUpoOyBau pakeTHOT TEXHIKH, 1 FOJI0Ba
BETEpaHCHKOT0 KoMiTeTy paketo-rany3i Ilpycc O.IL. i3 cBoiM aApyroM, XyJOXHHKOM-
KOCMICTOM 1 HOT'0 KapTUHAMH, IpeIcTaBIeHuMHU Ha KpyrioMy crodi.

2. BIABIJAHHS MY3EIO AEPOKOCMOHABTUKH
ITin gac BigBiguH orisHyto creHan YHJ/UUA «3onm» B My3sei, mpucBsdeHi TUTaHHIO 1
BUBUYEHHIO AAS y CBITi.

3. 3ACIJAHHA-CEMIHAP 13 BUBUEHHS AASI Ne06 (256) YKPAIHCBKOI'O
HAYKOBO-JOCJIZITHOTO IEHTPY BHWBUEHHS AHOMAJIH «3OH/»
(OPTAHIBAIIIMHI I HIOTOYHI IATAHHS 13 BUBUEHHS ASl).

3.1. CJIYXAJIM: IToBinomiienns npo AASL

3.1.1. Yepe3 ocHOBHUI 0]iliiHUI KaHAJ MTOBIAOMIIEHb — METEOCTaHIIi YKpaiHU HaIiiIII0

MOBITIOMJICHHS BiJl ipariBHuIl Banentunu H.
Opurinan noBiqoMIEeHHS T0KIaaaeThes Hibkue. [TyHTyarttis 1 opdorpadis 30epexeHi.
« Bpewmst cozmanus: Mon, 26 Mar 2018 10:08:10 +0300 Tema: xomsopoBl omaam
BHOY1 24 BEPE3HS 2018 POKY 3A JAHUMMU CHOCTEPEXEHb METEOCTAHIIIM
3AITOPYXKS, TTIPUIINE, MEJT1TOIIOJIb CIIOCTEPITAJIUCH KOJILOPOB1 OITA Y.
BEPXHIM IIIAP CHITOBOI'O TIOKPOBY TA MAPJIS HA TUIAHIIETHOMY CTOJIMKY
3ABAPBJIEH1 JXOBTUM KOJIbOPOM. BIJIIBPAHI TIPOBM HA XIMAHAJII3
pH=7.56=41».
MOCTAHOBWIN:
OdiuiitHo mojskyBaTH 3a HajaHi cBideHHs. JKOBTUH Kousip 3a0apBJie€HHS IMOBIPHO
MOB’SI3aHUM 13 MIIMIAHUMHU 1 MJIOBUMH OypeBisIMHU, 10 Ha OJU3BKOMY CXOJl Ta B A3ii
MOTJIM 3JIMHATH y TOBITPSI YACTUHKH, 1110 3a(hapOOBYIOTH OMA/IH.
BiamideHo 110 BiZTHOCHO HEIIO/IaBHO aHAJIOTIYHUN, YePBOHUM CHIr BUmaB y [ pysii.
[Toxazuuk pH=7.56 cBiAUUTH NPO MOMIPHY KUCIOTHICTh OTA/I1B.

3.2 CJYXAJIM: Apxis Lentpy
[IpoBigaum excneptrom C.IlerpoBum (XapkiBcbka Mepiia peajlbHO IMpanboBUTA (ilis
YHAUA «3ona») — 310paHO MOAaTKOBI apXiBHI MaTepiaid BiJl BiJJOMOTO JOCIITHUKA
O.Binenpkoro (rapHux NoAopoxel oMy y Beix cBiTax) i nepeaano y Llentp.
MOCTAHOBWJIN:
[IpuiinaTi apxiBHi MaTepiann y ApxiB LleHTpy, 3a0e3neuyuTH ydacTb Y HPOEKTI
«Cmamoxy. I[letpoBy C. BUTOJIOCUTH TTOASKY 13 3aHECEHHSIM B ITPOTOKOJT.



4. CIIYXAJIM: KocMmodizuuHuii orJsia

4.1. Pe3yabTaTel 3kcniepuMenTa NASA ¢ 6JM3Henamu
Mapk u Ckorr Kemnu — Onu3HENbl ¢ WACHTHYHOH (u3noiorueid u 0e3 HMHIMBHIYaIbHBIX
IICUXOJIOTHYECKUX OCOOEHHOCTEM. Ka)K,Z[BIfI npomesi OAWMHAKOBYIO ITIOATOTOBKY aCTPOHABTOB,
Tobko Mapk ocrtanics Ha 3emie, a Ckort npodsut Ha MKC 6 mecsueB. [lo Bo3BparieHuto
OKCIIpeCCust rcHoB (BHI/IFGHGTI/IKa) CkorTa nmomeHsuiach Ha 7% M He MEHsJIach B T€UYEHHE Kak
MUHHUMYM 6 MecsIeB Ha 3emiie
HOHHTHO, 4qTO Cpcda r'OHUT 3BOJIFOIIUIO, HO 4100 HA CTOIBKO 6BICT]I)O...
OIII/IH N3 O4YCHb INOBCPXHOCTHLIX BBIBOAOB, KOTOpBIfI HalpamuBacTCsa — 9TO TO, 4YTO JIOIAHU
HHUKOI'/IA He MIOKOPST JIPYrHe IVIaHeThl B TOM 0M0J10rHYeCKOM BH/I€, KOTOPbIl eCcTh ceiyac.
Opurinan marepiany:
«NASA Twins Study Confirms Preliminary Findings
Editor's note: NASA issued the following statement updating this article on March 15, 2018:
Mark and Scott Kelly are still identical twins; Scott’s DNA did not fundamentally change. What
researchers did observe are changes in gene expression, which is how your body reacts to your
environment. This likely is within the range for humans under stress, such as mountain climbing
or SCUBA diving.
The change related to only 7 percent of the gene expression that changed during spaceflight that
had not returned to preflight after six months on Earth. This change of gene expression is very
minimal. We are at the beginning of our understanding of how spaceflight affects the molecular
level of the human body. NASA and the other researchers collaborating on these studies expect
to announce more comprehensive results on the twins studies this summer.

The Twin Study propelled NASA into the genomics era of space travel. It was a ground-breaking
study comparing what happened to astronaut Scott Kelly, in space, to his identical twin brother,
Mark, who remained on Earth. The perfect nature versus nurture study was born.

The Twins Study brought ten research teams from around the country together to accomplish one
goal: discover what happens to the human body after spending one year in space. NASA has a
grasp on what happens to the body after the standard-duration six-month missions aboard
the International Space Station, but Scott Kelly’s one-year mission is a stepping stone to a three-
year mission to Mars

If the results of the Twins Study are like a play, Act 1 began at NASA’s Human Research
Program(HRP) 2017 Investigators’ Workshop (IWS), where the ten teams presented
their preliminary findings. Reports included data on what happened to Scott Kelly,
physiologically and psychologically, while he was in space, and compared the data to Mark
Kelly, as a control subject on Earth. The 2018 IWS is Act 2, where findings from 2017 were
corroborated, with some additions. Researchers also presented what happened to Scott after he
returned to Earth, again while making comparisons to Mark. Act 3 will be debuted later in 2018
when an integrated summary publication is expected to be released.

By measuring large numbers of metabolites, cytokines, and proteins, researchers learned that
spaceflight is associated with oxygen deprivation stress, increased inflammation, and
dramatic nutrient shifts that affect gene expression.

After returning to Earth, Scott started the process of readapting to Earth’s gravity. Most of the
biological changes he experienced in space quickly returned to nearly his preflight status. Some
changes returned to baseline within hours or days of landing, while a few persisted after six
months.

Scott’s telomeres (endcaps of chromosomes that shorten as one ages) actually became
significantly longer in space. While this finding was presented in 2017, the team verified this
unexpected change with multiple assays and genomics testing. Additionally, a new finding is that
the majority of those telomeres shortened within two days of Scott’s return to Earth.

Another interesting finding concerned what some call the “space gene”, which was alluded to in
2017. Researchers now know that 93% of Scott’s genes returned to normal after landing.
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However, the remaining 7% point to possible longer term changes in genes related to his
immune system, DNA repair, bone formation networks, hypoxia, and hypercapnia.

Increasing mission duration from the typical six-month ISS mission to one year resulted in no
significant decreases in Scott’s cognitive performance while inflight and relative to his twin
brother Mark on the ground. However, a more pronounced decrease in speed and accuracy was
reported postflight, possibly due to re-exposure and adjustment to Earth’s gravity, and the busy
schedule that enveloped Scott after his mission.

For additional detail on preliminary findings, visit NASA Twins Study Investigators to Release
Integrated Paper in 2018. All of these findings are being integrated and summarized by the
research teams; researchers are also evaluating the possible impact that these findings will have
on future space travel beyond low Earth orbit. The next step for Twins Study investigators is Act
3, as referenced above. An integrated summary paper will be published later this year. A series
of smaller papers grouped by related research areas will also be released.

The Twins Study has benefited NASA by providing the first application of genomics to evaluate
potential risks to the human body in space. The NASA Twins Study also presented a unique
opportunity for investigators to collaborate, participating in a team approach to HRP research.
Observations guide development of future hypotheses. Research from the landmark Twins Study
will inform NASA’s Human Research Program studies for years to come, as NASA continues to
prioritize the health and safety of astronauts on spaceflight missions

NASA's Human Research Program (HRP) is dedicated to discovering the best methods and
technologies to support safe, productive human space travel. HRP enables space exploration by
reducing the risks to astronaut health and performance using ground research facilities, the
International Space Station, and analog environments. This leads to the development and
delivery of an exploration biomedical program focused on: informing human health,
performance, and habitability standards; the development of countermeasures and risk mitigation
solutions; and advanced habitability and medical support technologies. HRP supports innovative,
scientific human research by funding more than 300 research grants to respected universities,
hospitals, and NASA centers to over 200 researchers in more than 30 states.

Monica Edwards, Laurie Abadie/ NASA Human Research Strategic Communications
Last Updated: March 15, 2018, Editor: Timothy Gushanas
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Puc. 5. Graphic illustration of the path the individual Twins Study research takes from research
to integration to one summary paper to several companion papers. Credits: NASA

Puc. 6. Identical twin astronauts, Scott and Mark Kelly, are subjects of NASA’s Twins Study.
Scott (right) spent a year in space while Mark (left) stayed on Earth as a control subject.
Researchers looked at the effects of space travel on the human body. Credit: NASA.Credits:
NASA»
https://www.nasa.gov/feature/nasa-twins-study-confirms-preliminary-findings

OO6roBoepHi pe3ysbTaTH eKcliepuMeHTY. BUHMKIIA j)KBaBa TMCKYCis MIXK YYaCHUKAU ceMiHapy.
BigznauuTtn, mo camMa reHeTHYHA MIHJMBICTH HE € IO CYTI CYTTEBOIO MPOOJIEMOIO, TaK SK
BIJIOMO, IO JIFOJJMHA 1 TaK pefarye CBI JTHK KOJA BIPOJOBX JKUTTS. AJle MOXKE NMUTAaHHS HE B
eKpaHyBaHHI, a B 130JIAIll Ta PO3HECEHHI Ha BIACTaHb IO MPU3BOAUTH JI0 TOCIA0ICHHS
KBaHTOBO-MEXaHIUMX- MEXaHi13MiB 010JIOTTYHOT0 30€pe’KeHHs FTeHETUYHOT 1IEHTUYHOCTI.
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IMNOCTAHOBWJIM: [Ipuiinatu 10 BioMa, BiJICIIKOBYBATH JaHi JOCITIKEHHS 1 aHaIi3yBaTH 3
TOYKH 30pYy AOCSTHEHHS KOCMIYHOTO MalOyTHBOTO JIFOCTBA.

4.2. IIporpama Copernicus sik nepcneKTUBa KOCMOMOHITOPUHIY ASI/AAS
B 2014 p. €spomeiiceke Kocmiune ArenctBo (ESA) mpuctynmwio k peanusanuu BecbMa
am6unno3Hoit mporpammel Copernicus. Ee menb — co3gaHue ceTd CIYyTHHKOB, PErYJISIPHO
COOMPAIOIIMX MAaCCHUB BCEX JOCTYIHBIX JaHHBIX O TEKYIIEM COCTOSHUU Hamiel rianetsl. [locme
00pabOTKH W COMOCTAaBJICHHS] OHU JaAyT BO3MOXKHOCTH COCTaBUTh MAaKCHMAJIbHO MOAPOOHYIO
KapTUHY W3MCHCHHM, MPOMCXOMAIIMX HA 3E€MHOW TOBEPXHOCTH W B TMPUOPEIKHBIX BOIAX.
CobOpannas uHpopManus OyneT OecIIaTHO MPeIoCTaBIATbCA BceM kenamomuM. Ee cmoryr
UCIIOJIb30BaTh (hepMEpBI, CrIacaTelu, SKOJIOTH, YACTHBIC ¥ TOCYJapCTBEHHBIC KOMITAHUH.
Ha nannbiit MOMeHT B pamkax nporpammbsl Copernicus 3amyIeHo yxke MsITh CIIyTHUKOB Sentinel.
[IpencraBnennslii kanengaps Ha 2018 r. BKiIrO4aeT B ce0sl M300paskeHUs, MOTyYEHHBIC STHMHU
annaparamMmu. Ha HUX MOXHO YBHUIETh pa3iMyHble YroJku Mupa — ['pennannuio, AJbIbL,
Bepunroso mope, bonbmioii 6apsepHsbiil pud, aensTy FOKoHa, a Takke HEKOTOpPhIE CTUXUNHBIC
OelcTBUA BpOJIe yparana XapBH U CUIIMIMAHCKHUX JIECHBIX MOXKapOB.
[[Bera nzoOpaxenwuii ycioBHble. CiyTHUKH Sentinel CHUMaIOT 36MHYIO TTOBEPXHOCTh B OOJIBIIIOM
KOJIMYECTBE CHEKTPAJIbHBIX JUAMA30HOB, YTO MO3BOJIAET MOJYYUTh MAKCUMYyM BO3MOXKHOM
UH(POPMALIUHU O €€ COCTOSTHHH.
http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Copernicus_Sentinels 2018
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Puc. 7. Onun 13 kaapiB podotu nporpamu Copernicus

IMNOCTAHOBWJIM: IlpuiiHaTn 10 BiJOMa, BBaXaTH CYMYTHHUKOBHH MOHITOPUHI PEXUMY
peabHOTO Yacy i e)eKTHBHI aJTOPUTMHU TOCTOO0OOKH - OHHMM i3 HAWOUIBII TMEPCIEKTUBHUX
HamnpsIMKIB aBTOMAaTHU30BAaHOTO 3HAaXO/PKEHHS 1 BUBYeHHA AS/AASl B HaBKOJIO3€MHOMY
npocTopi, atMocdepi 1 Ha 3eMHI/BOIHIHI MOBEPXHi.

4.3.NASA 3anycTujia CynyTHUK MO MOLIYKY iHONJIAHETS H

16 ampeasi cnenuajucThl opoutaabHoii odcepBatopuu TESS (Transiting Exoplanet Survey Satellite)
HAYHYT padoTy MO NMOHMCKY 3JK30MJAaHeT M u3ydyeHHs uX arMochepbl. CiyTHHK OyaeT MCKaTh
IK30IIaHETHI ¢ kM3HbIO0. [1o manHBIM Science Alert, ammapar HO3BOJUT yYCHBIM HAXOIWThH MPHUTOAHBIC IS
MHOIUIAHETHOH JKU3HH CKAINCTHIC TUIAHETHI, HAXOASIINECS B 30HE OOMTAeMOCTH POIUTEIECKUX 3BE31.

Takum obpazom, Teneckon NASA Oyner HaOmoznats 3a 200 ThICSYaMU SIPKUX 3Be3Jl, KOTOPhIE HaXOAATCS B
otHOcuTenbHOM Omu3ocT oT Comuna. Coobmaercs, yro ammapar TESS obmamaer 3epkanom nuamerpom 6,5
METpa, 4YTO IMO3BOJIIET €My coOMpaTh HAMHOTO OOJjbIlle CBeTa, YeM MOXeT ynaBimuBath Hubble Space
Telescope. C ero moMoIIbI0 yYeHbIE CMOTYT M3ydarh Oonbiume obnacth Heba, arMochepa 3eMid CHIBHO
OTpaHUYUBAET KaYeCTBO IONydaeMbIX UMK MaHHEIX. "llpaBma.Py" panee coobmana, uto NASA mnanupyer B
Omkaiiiee qecATHIETHE BEIBECTH B KOCMOC TPH HOBBIX TEJIECKOIA, YTOOBI HATH BHE3EMHYIO IIMBUIIN3AIIHIO.
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Taxke areHTCTBO pa3pabaThiBa€T HOBEWINHWI TENECKOI, KOTOPBIA oOTmpaBsAT Ha opbuty B 2035 romy,
coobmaercs Ha caiite NASA. Peus uaer o teneckomax Transiting Exoplanet Survey Satellite (TESS), James
Webb u (Wide Field Infrared Survey Telescope) WFIRST. 3agada mepBoro - BeIIBUTH OMKaiiiime K 3emiie
TJIaHETHBIE CUCTEMBI, moxoxue Ha ConHeunyro cuctemy. Ero 3amyctst B mapte 2018 roma. Bropoii Teneckon
YHHUKaJIeH TeM, 4TO OH OyJeT caMbIM MOIIHBIM B UCTOPHH YelloBedecTBa. Ero 3amyck 3araHupoBaH Ha MapT-
utoHb 2019 rona. TpeTuii Teneckon OTIPaBAT B KOCMHYECKOE TIPOCTPAHCTBO JIJIs MTOMCKA KU3HU B 2024-2026
roqel. OH OyneT coOupaTh HHPOPMAIIHAIO O TEMHON MaTepPHH, CTPOSHUY H BOJIIOIUH BceneHHO.

Macmrab oxsata WFIRST B cTo pa3 6onbie, yem y Hubble. [Ipennonaraercs, aro Hubble 3amennT nmeHHO
James Webb.

Puc. 8. CynyTHUK 10 MONIYKY 1HOTIAHETSH (KOJIax)

B pamkax pa3paOOTKH TEIECKOIa CICAYIOIIEro MOKOJICHHUsI PACCMATPHBAIOTCS YETHIPE MPOCKTA.
Omuun u3 mmx Large UltraViolet, Optical, and InfraRed observatory (LUVOIR, Boxapmas
yabTpaduoneToBas ONTHYECKas WHQpakpacHas oOcepBaTopHs) C TUaMeTpoM 3epkama 15
metpos. http://m.kontrakty.ua/article/116646

5. CJIIYXAJIU: HoBuHM i nepcneKTHBH KBAHTOBOI (pisukn
5.1. Yuenble 100MIMCh KBAHTOBOH 3aNyTAHHOCTH MaKPOCKONMUYECKUX 00bEKTOB
NP KOMHATHOM TeMIeparype

B o6mactu kBaHTOBOM (U3MKM MOJIy4eHHE KBAaHTOBOW 3allyTaHHOCTH YacTull, Oosee
CJIOJKHBIX, Oojiee OONBIIMX U Ooiee TKENbIX, HEeXXeTH (POTOHBI CBETA, CONMPSKEHO CO MHOTMMHU
TPYAHOCTSMU M 3TO JOCTHTaeTcss B OOJIBIIMHCTBE CIIy4aeB IpU TeMIleparypax, OJIM3KUX K
Temreparype aOCOIIOTHOTO HYJs, B MPUCYTCTBUU CHIBHEHIIMX MarHUTHBIX mnojeil. OnHako,
yuyeHble U3 Yukarckoro yHuBepcutera W HarmonanbHOW sabopatopuu AprosHa yCIenrHo
MOJIYYMJIM 3TO CJIOKHOE KBAHTOBOE COCTOSIHME NPU KOMHATHOW TemmepaTrype. Kpome a3rtoro,
KBaHTOBasl 3allyTaHHOCTh ObLIa CO3/aHa MPHU MOMOIIU JIOCTATOYHO CJIAa00ro MAarHUTHOTO TOJIS
MEX/y YacTSAMH IOJyIPOBOJAHUKOBOIO YHIIa, B COCTaBE€ KOTOPBIX HACUUTHIBAIOCH OOJBIIOE
KOJIMYECTBO aTOMOB.

Korna nBe yactuipl, Takue Kak (POTOHBI, 3aITyTHIBAIOTCA Ha KBAHTOBOM YPOBHE, OHU KaKoe-
TO BpeMs MPOJIOJKAIOT B3aUMOIEHCTBOBATh JaXKe €CIIM UX YJAIUTh APYTr OT Ipyra Ha OoJblioe
paccrosinue. Eciii M3MEHNTh KBaHTOBOE COCTOSIHME OJIHOM YacTHIIbI, K IPUMEPY, MOJIIPU3ALIUI0
¢dboTOHA, TO COCTOSIHME BTOPOW YaCTHUI[bl MOMEHTAILHO U3MEHUTCS COOTBETCTBYIOLIMM 00pa3oM.
SIBieHME KBAaHTOBOM 3aIlyTaHHOCTH OYE€Hb PEAKO BOZHUKAET €CTECTBEHHBIM ITyTEM, CIIMILKOM YK
B 9K30TUYECKUX YCJIOBMSX JIOJKHBI HAaXOJIUTHCS 3allyThIBa€Mble 4YacTHUIbl. BO3HMKHOBEHUIO
3allyTaHHOCTH  MEIIAeT MHOXKECTBO  (paKTOpPOB, OCHOBHBIM M3  KOTOPBIX  SIBISETCS
TEPMOJMHAMHYECKask SHTPOIHKS, a KOTJla YHCIO BOBJIEUYEHHBIX B 3TOT MpOIleCcC YacTUll (AaTOMOB



MakpoOOBEKTOB) YBEIMYUBAETCS, TOJTYYEHHE 3alyTAaHHOCTH CTAaHOBUTCS IPAKTHUYECKU
HEJOCTH)KMMBIM.

"MakpOCKOITMYEeCKUI MUP, KOTOPBIH MBI BUTUM BOKPYT c€0s1, YIIOPSIOUEH TOJIBKO C IIEPBOTO
B3risga. Ho Ha camMom Jiene, Ha ypoBHE aTOMOB B HEM LIAPUT HACTOSIIIMM Xaoc" - paccKa3blBAET
[Ton Knumos (Paul Klimov), yuensiii u3 MHcTUTyTa MOJEKYyIspHBIX paspadoTtok (Institute for
Molecular Engineering), - "3akoHbl TEPMOJWHAMHMKH, MPOSBIISIONIACCS HA MaKpOYPOBHE,
MOJTHOCTBIO TPENSITCTBYIOT BO3HMKHOBEHHIO W HAONIOJEHUSM KBAaHTOBBIX SIBICHUH Ha 3TOM
ypoBHE".

[TonnMmas npakTHUECKy0 LIEHHOCTh pealn3alii KBaHTOBOW 3allyTaHHOCTU HAa MAaKpOYPOBHE,
KOTOpPasi MOXKET CTaTh OCHOBOW HOBBIX 3JIEKTPOHHBIX YCTPOMCTB, YYEHbIE HALLIM JOCTATOYHO
VHUKQIBHBIA MOAX0A K 3TOH mpobneme. Mcnonbs3ys uH(pakpacHbIN Jiazep, OHU BBIPOBHSUIN
MarHUTHbIE COCTOSIHHMSI (CIIMHBI) MHOTHMX TBICAY OJJIGKTPOHOB M siIep aTOMOB W Havalu
3alyThlBaTh MX, BO3JEHCTBYS Ha BCE€ 3TO KOPOTKMMM HMIIYJIbCAMU 3JIEKTPOMArHUTHOIO
u3ny4deHus, GopMa u Apyrue napaMmerpbl KOTOPHIX MPAKTUUYECKH MTOBTOPSIOT (OPMY UMITYIIHCOB,
UCTIONB3YyEeMBIX B CTaHJIAPTHOW MAarHUTHO-PE30HAHCHOM ToMorpadguu. B  pesynbrare
"OoMOapaupoBKH" UMIyJIbCaMH B OOJACTH BO3ACUCTBUA 00pa30BaJIOCh MHOXKECTBO TMap
3allyTaHHBIX fAJ€p aTOMOB U D3JIEKTPOHOB. JTH 3alyTaHHble Mapbl HaXOAWJIHCh Ha
NMOBEPXHOCTH MOJYINPOBOAHMKOBOI0 4YWNA M3 KapOuaa KpeMHHs, a 3aHHUMaeMasi MMH
o0JacTh MMesa pa3Mepbl U 00beM, CONOCTABHMBbIE ¢ pasMepaMu H 00beMOM KPaCHOM
KPOBSIHOM KJIETKH, IPUTPOIUTA.

A . R S o =

Puc. 9. ExcnepumenTH 13 3aruryTanocti MakpooO’exTiB (2016 pik)
"Ham W3BECTHO, 4YTO CIUH-COCTOSIHHMSI SJep aTOMOB, CBSI3aHHBIX C JAe(eKTaMH peleTKu
MIOJTYIIPOBOJTHUKOBOTO MaTepHaia, o0JaJaloT MPEBOCXOJHBIMH KBAaHTOBBIMH CBOWCTBaMH,
NPOSBISIONIMMUCS JJa)ke NpU KOMHATHOW Temmeparype" - pacckasbiBaeT mnpodeccop [IaBun
Omanom (David Awschalom), - "Takue KBaHTOBBIE YAaCTHIIBI SIBJISIOTCS CTAOMIBHBIMH,
JIOJTOKUBYIIUMH M MMM JIOCTaTOYHO IPOCTO YIPABIATh, WUCHOJIb3YySd METOJbl (OTOHUKU HU
ANEKTPOHUKHU. VICTONB3ysi STH YaCTHUIBl BIIOJIHE MOJYKHO TIIOJIYUYUTh COCTOSTHHE KBAaHTOBOW
3alyTaHHOCTH, U MBI JI0Ka3aJIM 3TO TEOPETHUECKOE YTBEPKICHHUE Ha MPAKTHUKe".

B mpunnune, Metojbl, UCNOIb30BaHHBIE YYEHBIMU JJISi TOJYYEHHs 3allyTaHHOCTH oOyacTel
erMHHﬁ-Kap6H}1HOFO TIOJIYITPOBOAHUKA, MOXXHO HCIIOJIB30BAaTh M IO OTHOIICHHIO K APYIUM
MOJYIPOBOJHUKOBBIM MaTepuanaM. A Ha OCHOBE ITHX MaTepUaloB B HeAaJeKoM Oynyliem
MO>XHO 6y21€T CO34aTb HOBBIC THIIBI JATYMKOB, B KOTOPBIX [JISA YBCIWMYCHHA HUX
YyBCTBUTEIBHOCTH U pa3peuiaromieil cnocoOHoctn OyaeT MCHOIb30BATHCS 3allyTaHHOCTb. U,
MOCKOJIbKY TaKasl 3allyTaHHOCTh pabOTaeT MpH HOPMAJIbHON TeMIIepaType OKpYy:Karollel cpeasbl,



a Kap6m[ erMHI/ISI SABJIACTCA 61/IOJIOI‘I/IHGCKI/I I/IHepTHBIM MaTepI/IaJIOM, TO HOBBIC KBAHTOBBIC
JaT4YUuKHU MOT'yT 6I>ITI> IIOMCUICHEBI MIPAMO BHYTPB KHMBBIX OPraHU3MOB JJIs1 KOHTPOJISI COCTOSAHUS
nux 3I[OpOBBSI. Hy a CaMbIMH OYCBUIHBIMU OGJI&CTSIMI/I HpI/IMeHCHI/ISI BLICOKOTCMHepaTypHOﬁ
KBAaHTOBBIM 3aITyTAHHOCTU CTAaHYT 00JIACTH KOMMYHHKAIlUA, 0OpaOOTKHM WHGOpPMAIUU U Pl
Ipyrux Ooiiee dK30THYECKUX TexHojorui. https://dailytechinfo.org/news/7809-uchenye-dobilis-
kvantovoy-zaputannosti-makroskopicheskih-obektov-pri-komnatnoy-temperature.html

Ille panime, B 2011 poumi, BYeHBbIM YyAaJ0Ch 3aNyTATh HAa KBAaHTOBOM YPOBHeE /Ba
KPHCTALIA 2JIMa32a MUWIJTHMETPOBBIX Ppa3MepoB:

«UccnenoBarenu n3 OKCPOPACKOro YHUBEPCUTETA B3SJIM JBa aJIMa3HBIX KPUCTAJUIA, pa3MepamMu
3 Ha 3 wMWuUmMMeTpa W OKOJO MWUIUMeTpa TommmHoi. OO0a KpucTamia OCBETHIIN
KpaTKOBpeMeHHbIMH, 0k0Ji0 100 demMTOCeKyH I, BCOBIIIKAMHU JIa3epHOTO cBeTa. Takoii ke MeTo.
HNPUMEHSETCS IPY TPOBEICHUH CIIEKTPOCKOIINHU CO CBEpXOBICTPOil Ta3epHoii Hakaukoi (ultra fast
pump probe spectroscopy). To, 4yTo 3areM HPOM3ONUIO C KpUCTAIIaMH ajiMma3a JO0CTaTOYHO
CJIO)KHO OIIHMCAaTb HNPOCTBIM A3BIKOM. I/IMHYHI)CI)I JIa3CPHOI0 CBCTAa 3aCTaBUJIA BI/I6pI/IpOBaTI)
[EMOYKH aTOMOB KPUCTANIMYECKON PEIIeTKH ajaMas3a. JTU KoyieOaHUs M3BECTHBI B (PU3UKE Kak
(OHOHBI, KBaHTbl KOJIEOAHUI aTOMOB KpHUCTAJUIMYECKOM pemieTku. OJIUH UMIYJIbC JIA3EpHOTO
cBeta Bo30yaun Ba (GOHOHA B JIBYX aJMa3HBIX KpHUCTaNIaX U MPOM3BEIM 1Ba (OTOHA CBETa,
KOTOpBIE C MOMOILBIO JOCTATOYHO TPAAMIIMOHHBIX CIOCOOOB ObuIM 3amyTaHbl. OKa3aloch, 4TO
3alyTaB Ha KBAaHTOBOM YpOBHE JBa ()OTOHA y4yeHbIE MOMYYWIM KBAaHTOBYIO 3alyTaHHOCTb
($hOoHOHOB, KOJIeOaHUI aTOMOB YTJIEpO/ia KPUCTAIIJIOB ajiMasa.

Bo Bpemst onbITOB 3TH JIBa KpUCTalIa aiMasa pa3ielisjio paccTosiHue okoso 20 CaHTUMETPOB, HO
BCC UBMCHCHHA KBAHTOBOI'O COCTOSAHUSA OJHOI'O KpHCTaJlJIa TYT KE OTpaKaJiIuChb HAa COCTOAHUU U
BTOpOTo KpucTaiuia. KBaHTOBas 3amyTaHHOCTh (DOHOHOB B ATHX KpUCTaJIaX MPOJIUIACH BEChbMa
KOPOTKOE BpEMsi, OKOJO 7 MHKOCEKYHJ. DTO BpeMs SBIISICTCS CIWIIKOM KOPOTKHUM, YTO ObI
MCIIOJIb30BATh ATO SIBIICHWE B KBAHTOBBIX BBIUMCICHHSIX U KOMMYyHHKanusx. [lo kpaiineit mepe
J0 TEX IOP, ITOKA YUCHBIC HC HaﬁILYT croco0 YBCIUYUTDL 3TO BPEMS 10 IIPUCMIICMBIX BCJIUYHH .
L.-M. Duan, University of Michigan / Science https://www.dailytechinfo.org/news/2359-
vpervye-lyudyam-udalos-uvidet-yavlenie-kvantovoj-zaputannosti-nevooruzhennym-
vzglyadom.html

IIle onHa mnoni0Ha HOBMHA: BIEpPBbIe YIAJ0Ch 3alyTaTb HAa KBaHTOBOM YPOBHe
MakpomaciuTadHblie 00beKkThl / 2018

HaMm, xMByIIMM B MakpOCKONMYECKOM MHPE, MHOTO€, MPOUCXOASAIIEe B MUKPOCKOIMUYECKOM
MUpE, TJI€ apsAT 3aKOHbI KBAHTOBOW MEXaHWKHU, KAXKETCS CTPAHHBIM M O€CCMBICIICHHBIM. B3sTh,
K TpHUMepy, KBAaHTOBYIO 3allyTaHHOCTb, SIBIIEHHE, MPH KOTOPOM JBa OOBEKTa MOTYT OBITh
CBSA3aHbl JpPYT C JPYrOM TakK, YTO HM3MEHEHHE COCTOSHHS OJHOr0 OOBEKTa MOMEHTAJIbHO
OTpa)kaeTcs HU3MEHEHHMEM COCTOSHUS BTOPOTO OOBEKTa, HEB3Wpas Ha pasfelsioliee Hx
paccTtosiHue, KOTOpO€ MOXKET OBITh CKOJb YTrOAHO OOJBIIMM. 3ITO, KakK IMOKa3bIBAIOT
SKCIIEPUMEHTHI, BO3MOKHO Ha YpOBHE (DOTOHOB, aTOMOB M Ja)K€ OTIEIbHBIX MOJIEKYN, HO
HEJAaBHO Yy4YeHbIM W3 YyHuBepcurera Aanbro, DUHIAHANS, yIaIOCh NEPEHECTH KBAHTOBYIO
3alyTaHHOCTh Ha YpOBEHb OobIlero Maciitada, ypOBEHb, KOTOPBIM YK€ HaYMHAeT
nepeceKkaTbes ¢ MUPOM, B KOTOPOM MBI KUBEM.

HecmoTpss Ha TO, 4TO KBAaHTOBas 3alyTaHHOCTh MPOUCXOJUT B COOTBETCTBHUU C 3aKOHAMH U
BBIUMCJICHUSIMH, TIPOU3BEACHHBIMU B CBO€ Bpems AnbOepToM OWHIITEHHOM, OH cam
O0XapaKTepU30BaJl 3TO SBJIEHUE, KaK <«IIpU3payHOe JeHCTBUE Ha paccTossHum». CrycTs
npuoim3uTenbHo 80  JIET mocie  TEOPETHYECKOTo OOOCHOBAaHUS JTO SIBICHHE OBLIO
BOCITPOM3BEJICHO JKCIIEPUMEHTAIbHBIM myTeM. W celiyac KBAaHTOBAasl 3allyTaHHOCTb SIBISIETCS
KJIFOY€BBIM MOMEHTOM Dsifia HOBBIX TEXHOJOTHH, TAKUX, KaK KBAHTOBBIC BHIYMCIICHHS, KBAHTOBOE
mu(poBaHUE ¥ KBAHTOBBIE KOMMYHUKAIIHH.

Tem He MeHee, 10 TMOCIEIHEr0 BpPEMEHM KBAaHTOBAas 3alyTaHHOCTb MPOJOJIKala ObITh
OTPaHUYEHHOH JIMIIIb MUKPOCKOIUYECKUM ypoBHEM. OHAKO, KaK YIIOMHUHAJIOCh BBIIIE, TPYIIE
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YUYEHBIX, HAaKOHEll, YyJaJoCh 3allyTaTh Ha KBAaHTOBOM YPOBHE OOBEKTHI, KOTOpPbIC 00JaaaTeNnu
OYE€Hb OCTPOTO 3PEHHS YK€ CMOTYT Pa3MISIAETh HEBOOPYKEHHBIM TJIa30M. OJTO JOCTHKEHUE
ABJIACTCA 60JIBLHI/IM oraromMm K HpﬁKTH‘-ICCKOfI pcain3an HCKOTOPLIX KBAHTOBBIX TGXHOJIOFI/If/i, n
uTO SBISAETCI Oosee HHTCPCCHbBIM, 3TO TO, YTO YUYCHbBIM YyAaJIOCb ,Z[O6I/ITBCH COXpPaHCHUA
COCTOSIHUSI KBAHTOBOM 3allyTaHHOCTH Ha NpOTsLKeHUU 30 MUHYT, ropa3fo 0oJblle, YeM T JOJIU
CCKYHbI, HA KOTOPbIC YAAaBaAJIOCh IIOJIYUYUTh KBAHTOBYIO 3aIllyTAHHOCTBE paHEC.

3amyTaHHBIE MAaKpOOOBEKTHI MPEICTABISIIOT COO0N BHOpHUpYIOIIHE MEMOpaHbI PE30HATOPOB,
HN3TOTOBJICHHBIX M3 MCTAINIMYCCKOI'O0 aJllOMUHHSA M YCTAHOBJICHHBIX Ha KPEMHHUCBOM YMHIIC.
,Z[I/IaMeTp OOHOI'0 pe€30oHaTopa OIM30K K TOJIIIMHE YC€JIOBCYCCKOI'O BOJI0OCA, TEM HE MCHEC, 3TO —
caMble OOJIbIINE O6”beKTBI, KOTOPBIC YAaBaJIOCh 3allyTaTb Ha KBAHTOBOM YPOBHC. OTMeTI/IM, qToO
B MNpCAbIAYHIUX OSKCICPUMCHTAX 11O CO3TaHHIO MaKpO-KBaHTOBOﬁ 3aIllyTaHHOCTHU, YYCHBIC
HCIIO0JIB30BaJIN 06I>6KTBI, COCTOAIIUE M3 JJICKTPOHOB M ANCP aTOMOB, KOTOPLIC (bOpMI/IpOBaJ'II/I
00BEKTHI C pa3MepaMu, COMOCTABUMBIMU C pa3MEePaMH KIETKU-3PUTPOIIUTA.

Bo BpeMs sKkcneprMEHTOB MEMOpPaHBl PE30HATOPOB OBUIA OXJIAXKIACHBI 10 TeMIeparypsl -273
rpaayca HGJIBCI/ISI 414 YMCHBIICHUSA BJIMAHHMA Ha HUX TCIUIOBOI'O ABUKCHUA COGCTBCHHBIX
aTromoB. Ilocne sToro IBEC MeM6paHBI ObLIHN 3allyTaHbl IPpHU IMOMOIIU KBAHTOB MHUKPOBOJIHOBOI'O
U3JTYYECHUS.

«Kpome smoeo, eubpupyrowue obvekmvl ObLIU YACBIO MUKPOBOIHOBOU CXeMbl, KOMOPAsL
noseojiiem  ynpaejiAaAmsv ux COCmMosAHUeM npu  nomowu  SaAeKmMpOoOMAcHUMHO2O  U3TYYEeHUS
coomseemcmayloueco ouanazona» — pacckazvieaem npogheccop Muka Cunnannaa (Mika
Sillanpaa), eedywuii  uccneooeamenv, — «CneyuaniovHvle 31eKMPOMACHUMHbIE N0,
yupkKyaupyrowue 6 2Motl cxeme, ydaﬂmom U3 Hee nobvie mennogvie nomexu, ocmaenAas moJjlbKo
KOeOAHUA K8AHIMOBO-MEXAHUYECKOU npupodbl».

I[aHHoe JOCTHXKCHHUC, CO CJIOB I/ICCJ'IG,I[OBaTeJ'IeI‘/'I, OTKPLIBACT MACCyY HOBBIX BO3MOKHOCTEH JJIs1
0ojiee TOYHBIX MAHUIYJALMUNA CO CBOMCTBAMU MaKpO-OOBEKTOB, KOTOpbIE, B CBOI OUYEpEllb,
MOTYT ObITh HCHOJB30BAaHbl B KAueCTBE AKTHUBHBIX KOMIIOHEHTOB pa3IM4HbIX OAaTYHUKOB,
KBAHTOBBIX [1€PEIaTYMKOB, MAPLIPYTU3ATOPOB U T.I. A B OipkaiiieM OyAyIieM UcciieoBaTean
IJIAaHUPYIOT HUCITIOJIB30BaTh TEXHOJIOTHIO KBaHTOBOM TCICIIOpTAalIH I/IH(bOpMaI_II/II/I,
3aKO/IMPOBAHHON B BHJE KojeOaHWH MeMOpaH pe30HaTOpOB, KOTOpble OyAyT 3amyTaHbl Ha
KBaHTOBOM ypoBHe./ CTaTes ony0inkoBana B xypHaie Nature
https://www.nature.com/articles/s41586-018-0038-x

Stabilized entanglement of massive mechanical oscillators

Quantum entanglement is a phenomenon whereby systems cannot be described independently of
each other, even though they may be separated by an arbitrarily large distancel. Entanglement
has a solid theoretical and experimental foundation and is the key resource behind many
emerging quantum technologies, including quantum computation, cryptography and metrology.
Entanglement has been demonstrated for microscopic-scale systems, such as those involving
photons2:34°5, ions6 and electron spins7, and more recently in microwave and electromechanical
devices89'10. For macroscopic-scale objects89:1011'12:13-14, however, it is very vulnerable to
environmental disturbances, and the creation and verification of entanglement of the centre-of-
mass motion of macroscopic-scale objects remains an outstanding goal. Here we report such an
experimental demonstration, with the moving bodies being two massive micromechanical
oscillators, each composed of about 1012 atoms, coupled to a microwave-frequency
electromagnetic cavity that is used to create and stabilize the entanglement of their centre-of-
mass motion1516-17. We infer the existence of entanglement in the steady state by combining
measurements of correlated mechanical fluctuations with an analysis of the microwaves emitted
from the cavity. Our work qualitatively extends the range of entangled physical systems and has
implications for quantum information processing, precision measurements and tests of the limits
of quantum mechanics.

IMMOCTAHOBWJIU: Ilpuiinatu A0 BifoMa, BIICTIAKOBYBATH JaHi JTOCIIKEHHS 1 aHai3yBaTH
iX MPHUIATHICTH JIO MOSICHIOBAJILHOTO acnekTy ASl, 30kpema 11010 MoOyA0BU 3arajbHOi TEopixX
nposiBy AASL sik MaKpOOOEKTHUX KBAaHTOBO-3aITyTaHUX B3Aa€EMOJIH, MYJIbTUBCECBITY TOLIO.
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5.2. YdeHnble NOATBEPANJIM CYLIECTBOBAHHE HOBOI'0 BH/Ia MAaTEePHH: KPHUCTAJLIIOB
BpeMeHH. [TocTosiHHO B IBM>KEHUM 0€3 3aTpaT SHEPTHH

VYXKe HECKOJBKO MECSUEB MIYyT DPa3rOBOPLI O TOM, YTO MCCIEAOBATENSIM YJAloCh CO3/1aTh
KpUCTAJIJIbl BPEMEHU - CTpaHHbIE KPUCTAJUIbl, aTOMHasi CTPYKTypa KOTOPBIX IOBTOPSIETCS HE
TOJIBKO B IMPOCTPAHCTBE, HO U BO BPEMEHHU, YTO O3HAYAET, YTO OHU MOCTOSHHO JBHUrarTcs 0e3
3arpar >HEpruu. Temepp 3TO OPUIMAIBHO MOATBEPAMIN: MCCIIEIOBATENN TOJBKO HEIABHO
pacckasanu B JeTalsiX, Kak co37aTh U U3MEPUTh 3TH CTpaHHbIe KpUcTaiuibl. M Be HE3aBUCHMBbIE
IPYNIbl YYEHBIX YTBEPKIAIOT, UTO UM JAEUCTBUTEIBHO YJAJIOCh CO3/1aTh KPUCTAIUIBI BPEMEHU B
71a00paTOPHBIX YCIOBUSX, IMOJIb3YSACh IPEIOCTABICHHON MHCTPYKLIMEW, TeM CaMbIM OHHU
MOJATBEPIMIIN CYILIECTBOBAHUE a0OCOIIOTHO HOBOT'O THIIA MAaTEPHUH.
OTKpBITHE MOXKET IMOKa3aTbCsi aOCOITIOTHO aOCTPAaKTHBIM, HO OHO SIBJISETCS IMPEIBECTHUKOM
Hayaya HOBOW 3pbl B (hU3MKE, Bellb MHOTUE JCCATUIIETUSI Mbl U3y4alld JIUIIb MAaTEPUI0, KOTOpast
0 OIpe/IeTICHUIO ObljIa ‘B PaBHOBECHHU : METAJIBI M U30JATOpbl. Ho 3Byuann mpeanonoxkeHus o
CyLIECTBOBaHMM BO BcelleHHOW caMbIX pa3HbIX CTpPaHHBIX BUAOB MaTEpUM, KOTOpas He
HaxOJIUTCSd B PaBHOBECHU U KOTOPYIO Mbl JaXK€ HE HAyajld €€ W3y4yaTb, B TOM YHUCJIE U
KpPHUCTaJUTBI BpeMeHHU. Teneps Mbl 3HaeM, YTO 3TO He BeIAyMKa. CaMm (akT TOro, 4To y Hac Terephb
€CTh NEPBBIM NpUMEp ‘HEPABHOBECHOW MaTepUU, MOXKET IMPUBECTH B MPOPHIBY B HALIEM
NOHMMAHUU OKPYKAIOIIET0 MUpPa, a TAKKe TaAKUX TEXHOJIOIMH KaK KBAHTOBBIEC BBIUMCIICHHUS.
“OT0 HOBBIM BUJ MaTepuu, U Touka. Ho KIaccHO W TO, 4TO 3TO OAMH M3 NEPBBIX 3K3EMIIIPOB
‘HEpaBHOBECHOM MaTepuu,” AEIUTCSA BIEYATICHUAMHM Beyinil uccienaosarens Hopman o uz
Kamudopuuiickoro yHuepcuteta B bepxin. “Bcio BTOpyHO MOJOBHHY MPOIUIOTO BEKAa MBI
U3y4aJd MaTepUi0 B PAaBHOBECHUU, TAKyl0 KaK METaUlbl M M30JATOpbl. M ToNbKO ceifyac Mbl
CTYNWIHA Ha TEPPUTOPHUIO ‘HEPABHOBECHOM MaTepuu.”
Ho naBaiiTe caenaem nay3y U OIJIsHEMCS, BEJlb KOHILIETIT KPUCTAUIOB BPEMEHU CYILECTBYET YiKE
HECKOJIbKO JieT. BmepBble ux mpenckasan HOOeleBCKHM jaypear TeopeTuk (usuku DpoHk
Bunbuek B 2012-Mm rogy. Kpucraniasl BpeMeHH -3T0 CTPYKTYpPbl, KOTOPBIE, KAXKETCsl, HAXOATCS B
JBWKEHUM JaKe IpPHU MajeilllleM ypOBHE 3HEPruu, MU3BECTHBIM KaK OCHOBHOE COCTOSIHUE WU
COCTOSIHUE TOKOS.
OObIYHO, ecau MaTepusi HaXOAMUTCA B OCHOBHOM COCTOSIHMM, TakK)X€ W3BECTHBIM Kak
COCTOSTHUE HYJIEBOW SHEPIUU CHUCTEMBbI, 3TO O3HA4aeT, 4YTO [JBUKEHHE TEOPETHUYECKU
HEBO3MOXXHO, BEIb Ha HEro TpeOyroTcs 3arpaThl >Hepruu. Ho Buibyek yTBepxkaan, 4To
KPUCTAJIJIOB BPEMEHHU 3TO HE KacaeTcsl. Y OOBIYHBIX KPUCTAJIJIOB aTOMHAs pelleTKa MOBTOPSETCs
B IIPOCTPAHCTBE, COBCEM KakK YIJIOpoJHasl pemeTka anmasza. Ho, kak pyOMH Wim u3ympyJ, OHH He
JBUITAIOTCSA, MOTOMY 4YTO HAaXOASATCS B PaBHOBECHMM B CBOEM OCHOBHOM COCTOSHUU. A 'y
KPHUCTAJIJIOB BPEMEHU CTPYKTypa MOBTOPSIETCS €1LIE€ U BO BPEMEHH, HE TOJIBKO B IIpocTpaHcTBe. 1
MI03TOMY OHM B OCHOBHOM COCTOSIHUM HaxofsTcs B ABwxeHHU. [IpencraBbre cede xene. Ecnu
€ro TKHYTb HaJblleM, OHO HauHeT KoiebaTbca. To ke camoe MPOUCXOAUT M B KpUCTAJIAX
BPEMEHHM, HO OOJIBIIIOE OTIMYHE B TOM, YTO UM Ha JIBYKEHUE HE TpeOyeTcs SHeprusl.
Kpucrann BpeMeHH - 3TO Kak MMOCTOSIHHO Kosie0aroleecs Kejie B CBOEM IMPUBBIYHOM, OCHOBHOM
COCTOSTHUM, U MMEHHO 3TO JeJIaéT €ro HOBBIM BMJIOM MaT€puu - ‘HEPAaBHOBECHOW MAaTEepHUHU.
Kortopas mpocro He MoxeT ycuaetb Ha Mecte. Ho oqHO neno mpeackasaTh CyIIECTBOBAaHUE
TaKUX KpUCTAIJIOB, M COBCEM JApPYroe IACHCTBUTENBHO HX CO3/4aTh, YTO M MPOU3OILIO B
HOBEHILIEM HCCIEeI0BaHUU. Sl0 U €ro KOMaHJa CO3Jalld JIETAIN3UPOBAHHYIO CXEMY, B KOTOpPOM
NoJPOOHO OIMHUCANH, KaK CO3AaTh M M3MEPUTh XapaKTEPUCTHUKU KpUCTaljla BPEMEHM, U Jlaxke
MpelcKa3aTh KaKUMU JOJDKHBI OBITh pa3iuuHbie (a3bl, OKPYXKAIOUIME KPUCTAI BPEMEHH,
JIPYTMMHU CJIOBaMH, OHU OMKCAIN 3KBUBAJIEHTHI TBEPJIOTO, )KUIKOTO U ra3000pa3HOro COCTOSHUMN
HOBOT'O TUIIA MaTEPHH.
OnyonukoBanHyro B Physical  Review  Letters  crartsio Slo Ha3Bag “MOCTHKOM — MEKIY
TEOPETUYECKON HAEEH M JKCIIEPEMEHTAIBHBIM BOIUIOIIEHHEM . M 3TO BOBCE HE CHEKYJIALHU.
Cnenys wuHcTpykiuu Slo, [Be He3aBUCHMMBbIE TpYyNIbl - OJHA U3 YHUBEpPCHUTETA
Mepunenna, apyras u3 ['apBapaa - cyMenaH CO3/1aTh CBOM COOCTBEHHbIE KPHCTAJIbI BPEMEHH.
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Pesynprathl 00oMX wuccnenoBaHHWi ObUTH OOBSIBIEHBI B KOHIIE NPONIUIOrO TojAa Ha caiite
arXiv.org (tyr ¥ TyT), ¥ OBLIM OTIPABICHBI Ha MyOJMKALUIO B PELEH3UPYEMbIC KypHAbL. S0
CTaJl CO-aBTOPOM 00E€uX CTaTei.

IToxa MBI k€M IyOIMKaLKN, CTOUT OCTaBaThCsl CKENTUYECKH HACTPOCHHBIMU K 3asBiIeHUsIM. Ho
caMm (akT, YTO JBYM HE3aBHCHMBIM TpYIINaM YAAJIOCh MO OJHOM CXeMe CO3[aTh KPUCTAJUIbI
BpeMEHU B aOCOJIOTHO pa3HbIX YCIOBMSX, 3BYYMT MHorooéemarome. B VYHusepcutere
Mepunienaa KpucTauibl BpEMEHU ObUIM CO3JaHbl U3 1eno4yku u3 10-Tu MOHOB UTTEPOUS, BCE C
3allyTaHHBIMU CIIMHAMM JIEKTPOHOB.

Puc. 10. JIanmroxku 13 10-TH i0HIB iTTepOito, BCi 3 3aITyTAHUMU CIIIHAMH €JIEKTPOHIB
(Chris Monroe, University of Maryland)

Kinrouom K mpeBpalieHHI0 3TOW OCHOBBI B KPUCTAIJI BPEMEHHM OBLIO COXpAaHEHHE HOHOB B
HEpPAaBHOBECUHU, M JJIs 3TOr0 IO HUM IO OYepeau YyJapsiud U3 AByX JjasepoB. OauH mnazep
CO3/aBaJl MarHUTHOE IIOJIE, BTOPOW Ja3ep YaCTUYHO pPa3BOpayMBall CHUHBI aToMoB.Tak Kak
CIMHBI aTOMOB OBUIM W3HAYaJIbHO 3allyTaHbl, OHM BCKOpPE BONUIM B CTAaOWIBHYIO,
MOBTOPSIOUIYIOCS CXEMY ITOBOPOTA CIIUHA, KOTOpasi U ONpeAesieT KpUcTall.
D10 ObUIO HOPMAJIbHBIM, HO 4YTOOBI CTaThb KpPUCTAJLIOM BpPEMEHH, CHCTEMa JOJDKHA Oblia
CIIOMUTh CHMMETPHUIO BO BpeMmeHH. [Ipu HaOmOgeHWM 3a I[EMOoYKoi aToMOB HUTTEpOus,
HCCJIEIOBATEeIM 3aMETWJIM HEYTO HeoObIuHoe./[Ba nazepa, MEepUOJUYECKH YAApsAOIIUX IO
aToMaM UTTepOus, BHI3bIBAIN MOBTOPEHHUE B CUCTEME C MEPUOJIOM B JIBa pa3a OoJblIe Mepuojaa
‘TOJTYKOB’, @ 3TO ObUIO KaK pa3 TeEM, YTO HE MOIJIO BO3HUKHYTh B HOPMaJIbHOU CUCTEME.
“He npaBna au, Obl10 OB OYEHBb CTPAHHO, €CIHM ObI BbI TKHYJH K€€ M OOHapYXWJIH, YTO OHO
pearupyer Ha 3TO C pa3HBIMU BPEMEHHBIMHU Tepuogamu?” - oOnsicuser fo. “Ho B aTom u ecTh
IpUpoOJia KpUCTaJlIa BpeMEHHU. Y Bac €CTh KaKoi-To BO30yauTenb ¢ mepuoioM T, HO cuctema
KaKUM-TO 00pa30oM CHHXPOHU3HMpYETCA, M Bbl HaONIOJAaeTe €€ JBWKEHHE C IEpUOOM,
npeBblmarommM T.” B 3aBUCMMOCTH OT MAarHUTHOTO MOJSI M IYNbCAllUU Ja3epa, KPUCTaJI
BPEMEHH ITIOTOM MOT U3MEHHUTH CBOIO a3y, KaK TaroIINi KyOUK.
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Puc. 11. Kpucranu gacy. (Norman Yao, UC Berkeley)
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https://arxiv.org/pdf/1610.08057v1.pdf
https://www.eurekalert.org/pub_releases/2017-01/uoc--sun012617.php

Kpucrann u3 [Napeapia 6si1 apyruM. HMccnenoBarenu co3ainy €ro, UCHOIb3Ys IIOTHBIE a30THO-
BAaKaHCHOHHBbIE LEHTPHl B ajMa3e, HO MNPUILIM K TOMYy ke pe3ynbraTy. “Takux cxoxue
pe3yJbTaThl, MOJyYCHHbIE B JBYX OYEHb PA3HBIX CHCTEMaX, MOATBEPXKAAIOT, YTO KPHCTAJLIBI
BPEMEHU - IMIMPOKO paclpocTpaHeHHas (opMa MarepuM, a HE Kakas-TO JIHOOONbITHAS
0COOEHHOCTh, HaOIoJacMas JIMIIL B HEOOJBIIOH, OCOOCHHOM cucTteMe,’- 00bscHseT Duj
Pudepmu u3 YauBepcutera MHAMaHbl B CONyCTBYIOIIEH K paboTe 3aMETKe, OH HE Y4acTBOBAJ B
UCCIICIOBAaHUH, HO pELEeH3UpoBal craThlo. “HabmiogeHue 5TOro OTHENBHOTO KpUCTajlia
BPEMEHHU... MOATBEPXKIAET, YTO CJIOM CHUMMETPHUM MOXXKET IPOUCXOIUTh B BCEX OOIACTAX
IPUPOIBI, @ 3TO OTKPBIBAET HOBBIE Cepsl ais uccnenoBanuil.” Cxema Slo Obiia omyOiaMKoBaHa
B Physical Review Letters, a co crarbeir u3 ['apBapaa o KpucTallax BPEMEHH BBl MOXKETE
O03HAaKOMMTBCS TYT, CO CTaTbel YHUBEpcuTeTa Mepunenaa TyT.

IMOCTAHOBWJIM: Ilpuiinatu 10 BigoMa, BiICTIAKOBYBATH AaHi JOCHIJDKCHHS 1 aHATI3yBaTu
iX MPUIATHICTH 10 MOSCHIOBAJILHOTO actekTy ASl.

6. CJIYXAJIMN: Bignocno HactynmHoro 3aciianHs. 3anpornoHOBaHO MPOBECTU HACTYITHE
3acimanns Lenatpy 25.04.2018.

MOCTAHOBWJIM: Oprani3aiiifHo miaArotyBatu MmpoBeAeHHs deproBoro 3acimanHs Llentpy
25.04.2018.

["onoBa koopauHariitHoi pagu Llentpy
K.T.H., J01l. binmuk A.
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