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Keanmoesas mexaHuxka ¢
8blCOMbL NMUYbE2o Nnojienda

* Beaukuu 3akoH [Ipupoas

Beenenue. HoBbll TUIl 3HaHUS: aJITOPUTMBI
KBaHTOBasi TeOpHs Kak COOpaHK€ MPOCTHIX PEIENTOB
Cget, poTOHBI M UHTEPPEPEHITUA

BizaumoneiicTBue BelniecTBa U CBETA

* Bemuknu 3akoH [Tpupoasl 1S CII0KHBIX CUCTEM

Marpuunas GopMyIMpoOBKa KBAHTOBOM Teopuu. UTo AenarT (GpU3UKU

* Yro maetr Ham Benukun 3axkon [Tpuposbl

KBanTOBBIN KOMIBIOTEP. KBaHTOBAS IIpHpo1a OMOIOTHUH



. CBETA M BEILECTBA

- DeitHMaH



KaK KOPITYCKYJIbI

point wise particles



JI0 OTPAXKAET YacTh CBETA



HpOXO)KI[@HI/IG CBCTA UCPC3 BCIUICCTBO

.~ [[5}i | BEpOATHOCTD
OTpAsKeHIs] CBeTA

ME al

TOJIIHHA CTERJIA



A MOXXET, B CTCKJIC €CTh MAJICHbKUE
OTBEPCTUA




[MYEro He OOBSCHSIOT!
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Because I can polish the glass



OJiiH (POTOH: BOJIHA MJIM YacTHUla?

* DOTOH NEPEMENIAETCS 10 MHOTUM TPACKTOPUIM
OJHOBPEMEHHO!

* OauH GOTOH = POK BOOOPaKaEMbIX TOYCUHBIX
gacTull. Kaxkaas n3 HuUX UMEET CBOIO COOCTBECHHYIO

TPACKTOPHUIO.




aCTHIIA = POl CBOMX
.-BGMHJI}IPOB

Cs TOJILKO €CJIM BEMYMHA €€
\J1a (MaJia SHEpPTrUs UM KOPOTOK

* JlericTBUE HOKHO OBITh CPABHUMO C ITIOCTOSIHHOM
[Tmanka (mpumepuo 1027 spr cex)



Y Ka)XJI0r0 dK3eMIlIsIpa (OTOHA €CTh
CBOM YacCkhl CO CTPEIIKOM

* Crpelika IOBOPAaYMBACTCA HA ONPEICICHHBIA YTOJI
d@ mocie MpoXoXKACHUS ONPEACICHHOTO NyTH ds




MBI MOKEM BBEIYUCIUTH TOJIHKO
BEPOSITHOCTH COOBITHI, HO HE
[IpEJICKa3aTh KOHKPETHOE!

* IlyTam COOTBETCTBYIOT CTPEJKHU

* KBagpar quHBI CTPENKHA = BEPOSITHOCTh

BePOATHOCTE =
KBaJdpaT oT TJTHHBI
CTPeJIKH

IPUCYTCTBUS (POTOHA

* Koraa 1 KaK B TOYHOCTH IIPOUCXOAUT
epexod OT CTPEJIOK K BEPOSTHOCTSIM,
Mbel HE SHAEM CTpeJIKA
* CTpelKu TOYHO CKJIaJbIBAIOTCH,

KOTJa Mbl BUAUM (1)OTOH




IHpoXoXKIeHnE CBETA YEPE3 CTEKIIO

AN

pe3syIbTHPVIOIIAA
CTpeJIKA

€CTh CYMMA CTPeJIoOK IO
PAIHBIM IIYTAM

30ech IPOUCXOONUT oTpakeHne Ha 180
rpagycoB

Vi

\El 3[0cCh CTPEJIKa
HC MCHACTCA




Hepe3 TOHKOE CTEKIIO CBET IIPOXOAUT
[IOYTH 0€3 OTPAKCHUS

I @
pPe3yIbTHPYIOIIAS

CTpeJIKA - 0YUeHb
MAJeHbKAH

TOHKO0€ CTeRJI0

Hepe: TOHKOE CTERJIO CBET IMPOXOTHT
MO'UTH 0e3 OTPpAReHHA




CTEKIO0 ITOTOJIIIE — OTPAXKECHUE PACTET!
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KBaJIpar
pe3VIbTHP VIOILe i
cTpenku = (0.04+0.04=0.08

CpeldHee CTERJIIO




Ipu TOMIMHE = OJHA YETBEPTH AJIMHBI
BOJIHBI ()OTOHA OTPAKCHHUE

MAKCHUMAJIbHO




3aBUCHMOCTb BEPOATHOCTH
IMHBI — CJIEJICTBUE BPAIICHHS
/T W CIIOKEHUI CTPEIIOK JIIst
IIyTEN

yIET CHOBA I1a/1aTh!



SaBUCHUMOCTh BEPOSITHOCTH OTPAKCHUS
OT TOJIILMHEI CTEKJIA

BEPOATHOCTD
OTpakeHHs CBeTA

CHHHII CBeT KpACHBIII CBeT

TOJINIHA CTERJIA



Iloguemy yroJii nmageHus paBeH yriny
OTPAKECHMUSI !

LX)=L1(X)+L2(X)




KaHOHWYECKUU IIYTh — KpaT4YanIlIum, HO
KaK CBET 00 3TOM y3HAECT?

LO=L1(X)~L2(X)

S e
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TE=T1{X)-T3(K)




KaK npoucxoganT oTpaXkeHne oT pa3HbIX
yacTten 3epkana?

LX)=L1(X)+L2(X)




Pazo0beM poll HA IIVUKHU

JIeCTPYKTABHAA

/AK HHTephEPSHITH

KOHCTPYKTHBHAS
HHTEphEepeHITUS




MOXHO AOOUTHCS OTPaKEHMUS OT PA3HBIX YaCTEH
3epKajia, mporaparas €ro

MMOBPEeRKIACHHDBIE YIACTRKH 3€pRaJia

VAN

R T =

00JIbIIAS Pe3VIbLTHPYIOIIAST
cTpeJIKA




MOHOXpOMaTHYECKHUH CBET

* MOXHO HE Bpallarb CTPEJIKY, & YCTaHABIUBATh €€
(PMKCHPOBAHHOE I0JIOKEHHUE B 3aBUCUMOCTHU OT
BPEMEHHM BblIETa (POTOHA M3 NCTOYHHUKA: PAHbIIIC
BBLIET — OOJIbIIIEE BPEMSI OHA ITOKA3BIBACT.

* BzaumonencTBre (POTOHA C DIECKTPOHAMU CTEKJIA —
ITOBOPOT CTpenku Ha 90 rpaaycos.

* DddeKkT OyaeT TakKuM XkKe, Kak U P CTapOM METOJIE,
HO MBI U30aBJIsIeMCsl OT UCKYCCTBEHHOI'O IpHEMa:
IIOBOpOTa CTpeiaku Ha 180 rpamycoB mpu OTpaKEHUU
TOJIBKO OT IEPEAHEN IIOBEPXHOCTHU CTEKIIA.



YYeT B3auMOACHCTBUS ()OTOHOB C
9JEKTPOHAMU B CTCKIIC

cTapad BepcHA

[

HOBadA BepcHA

@ OOC



A 1109€MYy (DOTOH JIETUT 10 IIPSMOM?

* OT0 — TOXKE CIEICTBUE UHTEP(DEPECHIINU CTPEIIOK!

éﬁ pe3VIBTHPYIOIIAS CTPeKIa

AJIH TIPAMOTO IIVTH

pPe3VIALTHPYIOIIAS CTpPeJiKa
JJIs1 HEMPSAMOT O IIYTH



MoxxHO 11 "oOMaHyTh" (POTOH?




HIPOXOXKICHNE YaCTULIBI Yepes 2 1ICIn




1M Ha [IEIAX

wesnm

~ Ha gsyx wensx
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SaBUCHUMOCTH OT IIUPHUHEI IICIICH
* Ilens mmpokas — nHTEpPEpeHIMS MaJjia

) ,I[H(I)E;':I.KHHH




3aBUCHUMOCTH OT IIMPHHBI 1SN

ICJIb IITHUPOKAad -
HCOIIPCACIICHHOCTD
Majia

ICJIb Y3KaA -
HCOIIPCICIICHHOCTD
BCJIIMKAa




I I puHINUII HEONIPEAECICHHOCTH — CIIEACTBUE
"CBOOOHOM BOJIH" SK3EMILIIPOB POs

* dx dp = h — yem TouyHee n3BeCTHA KOOpAMHATA, TEM
MEHBIIE MbI 3HaeM 00 nmmnynsce (bop, I'eizendepr).

Imo credyem u3 bonee ooueco 3aKoHA:

* DK3EMILISIPBI POSi HE MOT'YT HAaXOOUTHCS B OHOU
KJIETKE IIPOCTPAHCTBA.

* VYV KaXJI0T0 3K3eMILIIpa €CTh ''CBO0OAA BOJIM': €Tr0
IIyTh U3BECTEH TOJILKO €EMY CAMOMY.



Benukun 3akoH 1 1prupoasl

B Ka)X0¥ KJIETKE MPOCTPAaHCTBA — HE 00JIEE OTHOIO
3K3EMILIAPA PEATBHON YaCTHIIBI

Crpelika Ui KaXKI0ro 9K3EMILISIPA pPealibHOM
YaCTHIIBI IIPU JBUKEHUHN BIIOJIb CBOCTO MYyTH
[IOCJIEAOBATEIILHO [TOBOPAYUBACTCS U COKUMAETCS.

Crpeliku U1l pa3HbIX SK3EMIUIIPOB, OKAa3aBIINECS B
OJIHOM KJIETKE IIPOCTPAHCTBA, CKIadbIBAFOTCHI.

BepoATHOCTh YaCTUIIBI ITONACTh B IAHHYO KIIETKY
€CTh KBaJApar JJIMHBI CTPEIIKHU.



CTpeiIKi KaK KOMILUICKCHBIC YHCJIa

Crpenka = KOMIUIEKCHOE YHCIIO

[ToBOPOT CTPEIKK HA YIOJd ( U CXKAaTHE B I' pa3 = YMHOKEHHE Ha
KOMIIJIEKCHOE YMCJIO T €',

CnoxeHue CTPCJIOK = CIOKCHUC KOMIIJICKCHBIX YHUCCII.

Bce anredopanyeckue mpaBuiia CipaBeJIMBbI U 1151 KOMITJICKCHBIX YUCEIT
(TaM HET TOJIBKO OTHOIICHUS TTOPSJIKA).




DEJIMKUHN 3aKOH 1 Ipupoabl

* COCTOSIHWE YaCTHIIbl = pacIpeaclICHUE
AMILIATY]I €€ HaXO0XKJICHUS B PA3HBIX TOUKAX —
9TO HA3bIBAETCS BOJIHOBOMW (PyHKIMeH uin W
— (byHKIIHECH.

* AMILUIATYIbI BAOJb OQHOIO ITyTH
IIEPEMHOXKAIOTCA (IIOCIEI0BATEIbHBIC CoKATHUS
M IOBOPOTHI CTPEJIKH )

* AMIUIATYOBI BJIOJIb BCEBO3MOXXHBIX ITyTEH,
BEAYIIUX B OJIHY TOYKY, CKJIQJIbIBAIOTCS

DTO HA3BIBAIOT IIPUHIIMIIOM MHTEP(EPECHIUU
WJIN [IPUHIIAIIOM CYNEPIIO3ULIUHU



Beaukun 3axkoH 1Ipupoml

BIOOJIb ITYTH - YMHOZKacM I10 BCEM ITYTSIM -

CRJIIaIbIBAcM
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CBeTOBOH KOHVC
t

x=t "Tpaekropus"
TPACKTOpHUS ¢oToHa
YaCTUIIBI ¢

MacCcoHm \

\ X
SK3EMIUEIPBI (bOTOHa, ABITKYIIHECA HE
CO CKOPOCTBIO CBETA, NECTPYKTHUBHO

nHTEepQEepupyIoT




[Iepexoa (hoToHA U3 TOYKH B TOUKY B
[IPOCTPAHCTBE-BPEMECHU

* P(A— B)=1/1, rne

o [= (X, X))+ (v,-y,) H(z,-z,) - (t, -t,)* KBa3m-
PaCcCTOSHUE B IIPOCTPAHCTBC-BPEMCHU,
(CKOpoCTh cBeTa c=1)

* 1/I obpalaeTcss B 06CKOHEYHOCTh Ha HOBEPXHOCTHU CBETOBOTO
KOHyca!

* |IpuumHa B TOM, YTO MBI IIPEATIOIAra€M OIPOCTPAHCTBO
HETIPEPHIBHBIM.

* Hano BBecTH 3epHO paspenieHus d mo mpoCcTpaHCTBY, YTOObI
yCTPaHUTh 0COOCHHOCTH B HYJIE.



AMILIUTY/IA IIEpPEXO0/Ia dIICKTPOHA

* E(A— B)=P(A— B) + X, P(A — C)»'P(C — B)+
2.5 P(A — C)v*P(C — D)v’P(D — B)+...




B3anMoaencTBre 3JIEKTpOHa ¢ (POTOHOM

V — Macca “rojoro‘ 3JICKTpOHa

J — 3aps “ToJIoro‘ 3IeKTpPoHa

] - ammnTyna
B3aMMOACHUCTBHSA (DOTOHA C
3JEKTPOHOM




Jlmarpammvel deriHMaHa

PA'H TIPOM3BEACHNE aMILJIUTY BCEX €€

P(A — B)E(1—-A)E(A—1")E(2—B)E(B—2")j;



B Juarpammax BpeMsi MOKET T€Ub BCIIATH, A
SHEPIrus JOJDKHA COXPAHATHCA TOJIBKO BO BCEH
AUarpaMme, HO HE B KaXKJIOW €€ YaCTH.




PeajibHbIN JICKTPOH — BCEraa 'ogeT’ B
00JIaKO M3 BUPTYAJIbHBIX YaCTHII




KaXX b1 mar B "IIyTH'' CIIO)KHOM CUCTEMBI —
(peMHMaHOBCKAasl AuarpamMma

t

* Paccesnue porona

aTOMOM BOAOPOAA




KBaHTOBAas 2JICKTPOAMHAMMKA CIIOCOOHA J1aTh
OTBET C TOYHOCTHIO OKOJIO JIECATHU 3HAKOB MOCJIE
3aIIsITOU

* 3ajaeM 3Ha4Y€HUE 3epHa d IPOCTPaHCTBEHHOTO
pa3peIicHus.

* [logbupaem maccy u 3apsia v u j "'rojoro"
9JIEKTPOHA, BBIYUCIISIEM BEPOSATHOCTH IIpoliecca U
CPaBHMBAEM C DKCIIEPUMEHTOM.

* bere, Baiickond (1949): npu ymeHsiienuu d
apaMeTPhI V ¥ ] U3MEHSATCS, HO aMILUIUTYIbI —
TOJIKO YTOYHSITCS !

* ®dennmad, llIBuHrep, TomoHara: BEIYUCICHUS
(byHIAMEHTAIbHBIX IIPOLIECCOB U XapaAKTEPHUCTUK
3JIEMEHTAPHBIX YaCTHL] ¢ ToMOIIbI0 KI/I.



COCTOsIHIE POsI KaK CTOJIOCL] aMILIUTY/I




Benukuu 3axkoH 1 lpupoasl B MaTpuyHOM

o J HOJIO)KCHI/IC
U_i ]- AMIUTUTY1a OCPCX0aa U3 | B 1 | CTPCIKHU B KJICTKE l ‘

[B MOMeHTt P
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Benukuu 3axkoH 1 lpupoaer B MaTpuuHOM







Yto OyaeT, eciu yacTuil MHOTO?

* PasMEepHOCTH IIPOCTPAHCTBA COCTOSAHUI OyJIET pAaCTH KaK SKCIIOHEHTA

OT 4YHnCJia 4aCTHUIL]

1000 xyOukoB

IUTSI OJTHOTO
3IIEKTPOHA

1000 xyOukoB

I OPYTroro
3JEKTPOHA

Bcero 1000 000
COCTOSIHHUM UII
IIapsbl 3JICKTPOHOB




A MOXET OBITEH, 0001 geMcH
OTHEIbHBIMU YaCTHUIIAMM !

* Torma 3KCIIOHEHTHI HE OYJIET.

* Ho He OyaeT u rIaBHOro KBAaHTOBOTO SIBJICHHUS: 3aITy TAHHBIX
COCTOIHUH!

* 3anyTtaHHOCTb cocTosiHuA ¥ nByX wactull o3Havyaet, uto 'V Henb3s
[PEACTABUTH KaK IPOU3BEACHUE COCTOSTHUU IIEPBOM U BTOPOU YACTHLI;
Y=Y Y, .Hampumep, mycts kaxaas 4aCTHIIA MOKET HAXOAUTHCS

TOJILKO B JBYX Toukax: 0 (cocrosHue |0> ) u 1 (cocrostaue |1>).
Torna cocrostaust Buaa |00> wiau Buga |11> win Buga

(|00>+|01>+|10>+|11>)/2 OyayT HE 3anyTaHHLIMH, IIOTOMY YTO OHU
pPacKJaabIBalOTCS B MPOU3BEICHNE OJIHO-UACTUYHBIX (HaIIpuMep,

nocaennee ectb (|0>+1>)/4/2 (|0>+1>)/4/2 ).

* A cocrosaue (|00>+11>)/4/2 - 6yner 3anyTaHHbIM!



KBaHTOBasi 3aIIyTaHHOCTH — OCOOBIU
(pu3nyecKkul peHOMECH

Ero peructpupyror B SKCIEPUMEHTAX

3aIyTaHHOCTh 03HAYAET KOPPEJISIIMIO B TOBEICHUH HECKOJIBKUX YaCTHII,
3aBUCSIIYIO OT UX OKPY>KCHUSI.

YacTuilel, HaxXoAsIuecs 3a COTHU KUJIOMETPOB APYT OT APYra, MOTYT OBITh B
3allyTAHHOM COCTOSTHUH.

3amyTaHHOCTh HEBO3MOXXHO BOCIIPOU3BECTH, CHA0Kash YACTUIIbI BHYTPEHHEN
MaMSATHIO.

3anmyTaHHOCTh O3HAYAET HAIMYME BHYTPEHHEH CBS3U MEXY yAaJCHHBIMHU
00BbEKTaMHU, KOTOpasi 00JIaaeT MPAKTUYECKU MIHOBEHHBIM JiclicTBUeM. Ee
HEBO3MOKHO BOCIIPOM3BECTH B paMKax KJIaCCUUECKON (DUBUKH.

BaHYTaHHOCTB O3HAYaCT HCJIOKAJIbHOCTh MHpPaA.

MBI HE MOXKEM HCITOIb30BaTh 3ayTAHHOCTH IS IIepeaaun 3ayMaHHOM
HaMU HH(pOpPMAIIUKU CO CBEPXCBETOBOM CKOPOCThIO. [Iprpoaa yauBUTEIbHBIM
o0pa3oM cornacoBaHa!



KBaHTOBas HEJIOKAJIHLHOCTD

OIIP- mapa JIBE€ BO3MOKHBIX
00>+ 11>  opuenTraumm nerekropa B

TIBE BO3MOKHBIX
OpHCHTAMHU ACTEKTOpa A

a,b X,Y

- =
100 kM

PE3YIBTATHI N3MEPEHHUS
nosipu3anuu (POTOHA




AIKs HEJIOKAILHOCTH

* Ee nsmepenue naet 2y/2 B TOYHOM COOTBETCTBHH C KBAHTOBBIM
pacyeTom!

° BrIBOI: BennunHa B J1E€MCTBUTEILHOCTU €CTh
aX +bX+aY-byY

neTekTop A (mim oToH ?) Kak-To "y3HaeT" 00 OpUEeHTAIUM JETEKTOpa
B!

* 3710 "y3HaBaHHE" MPOMCXOJUT MTHOBEHHO, a HE PACIIPOCTPAHSIETCS CO
CKOPOCTBIO CBETa, Kak (DOTOH!



Recent result

* Entanglement at room temperature

< Prev | Table of Contents | Next »
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REPORT

Entangling Macroscopic Diamonds at Room Temperature

K. C. Lee™", M. R. Sprague_, B. J. Sussman?, J. Nunn, N. K. Langford", X.-M. Jin"Z, T. Champion-, P. Michelberger-,
K. E. Reim®, D. England”, D. Jaksch™2, I. A. Walmsley T




TPAHCTBO KBAaHTOBBIX
[YECKasA peajIbHOCTh!

BIOTEP HE CMOXKET OIEPUPOBATH C

)YEMBIX BBIYMCIUTENLHBIX
EIATCTBHE JJIS KIIACCUUECKUX
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Benuknu 3akoH 1 Ipupoab! 11 ClI0KHBIX
CHCTEM: KaK €TI0 IIPUMECHSITH?

* PeajibHasa yacTUlla = CUCTEMAa MHOTHUX YaCTHUIL

* Pou 3K3eMILIAPOB = BCEBO3MOXKHbBIE
IIPOCTPAHCTBEHHBIE PACIIOJIOKEHUA CUCTEMBI

() _>S KkBaHTOBbIii MUP
(basncHoe cocToAHNE)

‘peanbHan YacTiya



TepPepeHIINN: KaK €ro
HSTh PAKTUYECKU?

HO H30JIMPOBATH CHCTEMY OT

TIPABIISITE?

- * KOHTAKT ¢ OKpY)KEHHEM HE JOJDKEH IPUBOIUTH K
BKJIFOUEHUIO OKPY>KEHHS B PACCMATPHUBAEMYIO
CUCTEMY!



M€ MHTEPPEPEHIH
eBEPOSATHA



OCTh CHCTEMBI BEJICT K
3EPOSITHOCTH BCTPEUU






Hajio co3/ath KBAaHTOBBIN KOMIIBIOTED!

3allyTaHHBIE COCTOSHUS PEAIbHBI, NX HEJIb3S
UTHOPUPOBATh.

Hano moaemupoBarh noyiHyw V¥ — pyHkIuo Been
CHCTEMBI N YaCTHII.

J171s1 3TOTO HE XBATUT MaMATH HUKAKOTO
CYHEPKOMIIbIOTEDA.

3acTaBUM pa0OTaTh caMy KBAaHTOBYIO MEXaHHUKY!

Co3maauM KBAaHTOBBIM KOMITBKOTEDP: KBAHTOBOE

YCTPOUCTBO 10 KJIACCUYECKHUM YITPABICHUEM
(P.®eitaMan)



CxemMa KBaHTOBOTO KOMITBLIOTEPA

YOPABIISFOLINE KITACCUUYECKUAE PETUCTPHI

Kmaccuueckas
4acTh (3a0a€T

MaTPHULLY
3BOJIFOLIMA BO

BPCMCHU uij )

(o —

KBanTOBas 4acTh - padoUuce COCTOSTHUC \l/




KBAaHTOBOTO KOMIIbIOTEPA

Tayns
¢ IK03e()COHOBCKHUE TEPEXOIbI
AIKOCTH U TBEPJIOM TEJIe

~ * DIEeKTPOHHBIE CIIMHBI IPUMECHBIX aTOMOB B
ITOJIYIIPOBOTHUKAX

* CoCTOSHHS OTACIBHBIX (POTOHOB (DUKCHPOBAHHOU
MOJIbI



KBaHTOBBIM KOMIILIOTEP HA MOHAX B JIOBYILIKE [lays

Knaccudeckoe
anekTpudyeckoe none

nasepa \
® O

BpEMA NeEpeEXoia MeEXKIY OCHOBHEIM W EDEﬁ}f}I{,EI,EHHI::IM
COCTOAHWAMKW 3aBUCUT OT ..F'l_\. = - Iony4aeTCcA

3anyTaHHOE COCTOAHNE EDEEWEHHDI’D COCTOAHMA K
kKonebaTtenbHoOM MO4bl: COCTORHWNE B NPOCTPaHCTEBE

H_{osc} & H_{exc}

BelyucneHne nponcxogut B H_{exc}
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Hesmnennbii (pa3oBblii CABUT (DOTOHHBIX COCTOSIHUM B ONTHYECKOM MOJOCTH:
0> — |0>, |[1> — |1>, 2> — 2>

O
' entangled

\I__

_walls

-

Hjc =weaata+weo./2+~(c"a+oat)




C-S1gn reut Ha ()OTOHHBIX COCTOSHUSIX:
B -1)"x,y>

(af = af)" |0, 0).,




A MOXKET, Bce ke 00oiaeMcs
OTHEIbHBIMU YaCTHUIIAMM !

[Touemy Heab3s IIPOCTO XPAHUTD B ITaMSITH KOMIILIOTEpPaA
COCTOSIHME BCEX aTOMOB KMBOI'0 CYILIECTBA, BEIb
CYIIEPKOMITBIOTEPhI CKOPO MO3BOJIAT ATO CACIaTh, TEM
0oJiee, UTO XpaHUTh B MaMSITH HAJ0 JaJCKO HE BCE.
Escherechia Coli cocTtout us He 0ostee ueM HECKOJILKUX
TpuianoHoB (10'*) a yenoBek u3 10~ atroMOB?

A 3alyTaHHbBIE COCTOSIHUS — TOXKE XPAaHUTh OTACIBHO, KaK
penkne GEHOMEHBI?

M Torma — Mbl 0OpeTeM IIOJIHYIO BIACTh HaJl )KUBBIM!
BmecTe co Bcert ero ¢cBo00 10 BOIH!

CIIMIIIKOM IIPOCTO, YTOOBI OBITH IIPABIOM. ..



CucreMa n 9aCTHI] — 9TO HE KOP3HHA C
ppykramu!

* COCTOSIHHE KOJJIEKTHBA HE €CTh IIPOCTO HA0OP
COCTOSSHUU €T0 YJIEHOB, IIOTOMY YTO €CTh KBAHTOBbIE
3aIyTAHHBIE COCTOSHUA.

100> + |11> mm (001> + |010> + |100> nunm gpyrue,
0O0JIEE CIIOXKHBIE.

* Ecii y4uThIBaTh BCE KBAHTOBBIE COCTOSIHUS, HE
XBaTUT HUKAKOI'O CYIIEPKOMITBIOTEDPA.

* MBI IIpETEHAYEM HA ONMUCAHUE KUBOTO?

MOXET M OHO HAXOAUTHCS B CYIICPIO3UIINH !



KBaHTOBOE COCTOSHUE YIMBUTEIBHO
HaIIOMUHAET KHUBOE CYIECTBO

* He cymiecTByeT cnoco0a KIOHUPOBAHMS
IIPOU3BOJIBHOIO0 KBAHTOBOI'O COCTOSIHUA ‘Y

* ECcTh cxema, MO3BOJILIOIIas [epeaaBarb Ha
paccrosgHue cocrosinue VY, He y3HaBas €ro. 910 —
TEJECTIOPTALUS.

* YtoOnl y AHCHI BOBHHUKIIO cocTosiHME Y, OHO
JNOJKHO OBITh YHUUYTOXXKE€HO boOOM B pesyibrare
U3MEPECHUS.



Y - 20> + bj1>

_ - OIIP- >+|11>
3TO - He IIpoBoX  3T0 - DIIP-mmapa |00 11 AHca

COCTOJAHHC, KOTOPOC
MBI ITE HeHOPTpreM TAUHCTBCHHBIHA /

KBAaHTOBEBIM KaHal

3TO - OOLIYHAaA
ImouTta

COCTOAHHUC MOZKCT CYIICCTBOBATH TOJILKO B OJJTHOM Mecte!




€K Ty OCTPOBAMM




CJI0KHBIE CHCTEMBI TPEOYIOT HHOM
MaTeMaTHKH

* M&bI HE CMOXKEM HaOpaTh CTATUCTUKHU 151
KBaHTOBBIX COCTOSSHUI MHOTHX TEJI B OOIIEM
ciay4dae. Kak cTaBuTh 3KCIIEPUMEHTHI

* 13 TOr0, 4TO CEnYacC U3BECTHO, JIYYIIIE BCETO
MOJAXOASAT aJIrOPUTMBI, HO HE (POPMYIIbI

* AJITOPUTMM3M OPEAINOIAracT WHANBUAYAIBHOE
HAIIMCAHUE KOJIa IPOrPaAMMBbI; MOTY JIA 1 CUUTATh
YyKOU KOJ CBOUM, TaK €, KAK MATEMATUYECKY IO

dopmyny?



MOIEIUPOBATH
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KBaHTOBBIN KOMIILIOTEP KAK PE€ATIbHOE
YCTPOUCTBO

* Ham He yaacTcs noiay4yuTh Biaacth Haja Ilpupoaoun,
CTPOsA KJIACCUYECKUE AJITOPUTMUYECKUE MOECIIH,
IIOTOMY YTO BO3MOXXHBI IPOLIECCHI, HE
YKJIQJBIBAIOIIAECS B HUX.

° OTtn IMPpOoHCCChI — 6BICTpBI€ KBAHTOBbLIC AJITOPUTMBI.

* VX yHUKaJIBHOCTH JI0OKa3aHa TOJILKO JIJII MOJAEIIEN C
"YyepHBIM SIIUMKOM'; B a0COJIFOTHON MOJEIU
BBIYMCJICHUN BCE CBOUTCS K HEPEUICHHBIM
npoonemam, tuma P = NP (?).



MITLIOTEP PA0OTAET B IOJIOBE
, HaJ10 TOJIBKO ITOHATH, Kak!
{.A.Bannes)




Y710 Takoe OBICTPHIM KBAHTOBEIM
aJTOPUTM

BCPOATHOCTH IIOJIYHHUTE HYKHOC OazucHOe
COCTOAHHC ITOCJIC USMCPCHHUA HCI«I-(I)YHI{HHH

\|/ (t) - COCTOAHHE KBAHTOBOU

HqaCTH KOMIILEOTCPA

t

quant < tclass

KBAHTOBOEC YCKOPCHUE
KJIACCHYCCKOTO
alIropuTMa




3QHTOBBIE aJITOPUTMBI

Ha MPOCThIE MHOKHUTEIH

Tposep, 1996)

IB( IOLIMUA COCTOSIHMS KBAaHTOBOI
mbl (K.3anka, C.Buznaep, 1999)






Anroputm I poBepa

GSA (Grover search algorithm) npeaHazHadeH JJis IIOMCKa
KopHeW ypaBHeHHUs f(x)=1 OyneBckou @yHKkuuu f oT n
nepeMeHHbIX . OH UMEET CII0KHOCTD

n/2
jr 2 - KOPCHb U3 KJIACCHUYCCKOI'O BPCMCHHU

4

OyHKIUA T MOXKET OBITh 3a/JaHa B BUJIE CXEMBI KJTACCHYECKUX
BECHTHUJICH.




GSA (cxema)

e - COCTOSIHUE, Y KOTOPOT'0 aMIIJIUTyda pacIipeiciIcHa
PaBHOMEPHO I10 BCEM 0a3MCHBIM COCTOSIHUSIM




POCT aMIIIUTYIbI 1IEJIEBOIO COCTOSAHUSA
34 CHET BCEX JAPYTUX

aMILIUTyIa
1

HCJICBOC
COCTOAHHC




3QHTOBBIE aJITOPUTMBI

Ha MPOCThIE MHOKHUTEIH

Tposep, 1996)

IB( IOLIMUA COCTOSIHMS KBAaHTOBOI
mbl (K.3anka, C.Buznaep, 1999)



KBaHTOBEIN AJITOPUTM — IIPOU3BEICHUE
MCKYyCCTBA!

* BOJBIIMHCTBO KJIACCUYECKUX AJITOPUTMOB HE
JNOMYCKAET KBAHTOBOTO YCKOPEHHS, OOIBIIETO YEM
I'POBEPOBCKOE.

* BOJIBIIMHCTBO KOPOTKHUX KJIACCUYECKUX AJITOPUTMOB
BOOIIIE HE JIOITYCKAE€T KBAHTOBOI'O YCKOPEHU!

* AnroputM I'poBepa HENb3S YIAYUIIUTh HA A1
KaKOIr'o, XOTh CKOJIbKO-HHOYIb "BeCOMOro'" Kiacca
"gepHbIX SIMUKOB" f. KOHCTAHTY HEB3S YIyUIIUTh
oosiece ueM Ha 3%.



1cTuka GSA

SA B OTCYTCTBUH YEPHOTO AIAKA
) CBOIUTCS K HEPEIIEHHON

- ®dusnKa BTOpraeTcs B 001acThb "aucToii”
~ MareMaTruku?

* KBaHTOBBIN KOMIIBIOTEP CIIOCOOEH MOJICITUPOBATH
pPEAIbHOCTh — HA KBAHTOBOM YPOBHE.



JIEKOTE€pEHTHOCTH

CIIOHTaHHOE pa3pyIICHUE CI0XKHBIX KBAHTOBBIX
COCTOSIHUU JIJIE MHOTHX YaCTHUIl — [TIaBHOE
[IPENATCTBUE Ha IMyTH co3aanusd KK, He 3aBucumo
OT TEXHOJIOTUH.

KBaHTOBBIE KOABI KOPPEKIIMY HAYMHAIOT padO0TaTh
ToabKO ¢ 1000 KyOUTOB MK OOJIBIIIE.

JIEKOr€pEHTHOCTH CBS3aHa C KOJJIAIICOM BOJIHOBOU
(GyHKIHH

A Bpar JiM I€KOr€pPEHTHOCTD?



Example of quantum eftfect: conductivity of
excitations by a chain of bacteriochlorophyll
molecules




Fenna-Matthews-Olson complex 1n bacterial cell (from
S.F.Huelga, M.B.Plenio, arXiv1307.3530

FIG. 3. A schematic picture of the transport network such
as the one realized in the Fenna-Matthews-Olson complex.
Molecules, such as Bacteriochlorophyll a (BChla), are ar-
ranged in space giving rise to specific distances and relative
orientations between individual BChla thereby adjusting the




Conductivity in FMO complex
(bacteriochlorophyll molecules)

1 2 3
Log(Dephasing rate)

FIG. 4. Plot of the conductivity of the FMO complex where
excitations enter the FMO complex at site 1 and exit at site




Computer classical models of Life do
not work as 1ts prototype
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Processes
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M. genitalium cell with its charact
like shape. Submodels are connec
common metabolites, RNA, prote
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a derstand the Life?

'f living matter:

ter model of living cell (GEM), by [1]
el in computer modelling of living;
re still very far from predictive power

e Use :\Déskfop\Documents\biology\mmc5.mp4

[1] J.Forster et al, Genome-Scale Reconstruction of the Saccharomyces cerevisiae Metabolic

Network, Genome Res. Feb 1, 2003; 13(2): 244-253.


http://www.ncbi.nlm.nih.gov/pubmed/?term=F%26%23x000f6%3Brster%20J%5Bauth%5D
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stand the quantum
nputer?

What | cannot create, | do not understand.

(Richard Feynman)



Example of quantum eftfect: conductivity of
excitations by a chain of bacteriochlorophyll
molecules




Fenna-Matthews-Olson complex 1n bacterial cell (from
S.F.Huelga, M.B.Plenio, arXiv1307.3530

FIG. 3. A schematic picture of the transport network such
as the one realized in the Fenna-Matthews-Olson complex.
Molecules, such as Bacteriochlorophyll a (BChla), are ar-
ranged in space giving rise to specific distances and relative
orientations between individual BChla thereby adjusting the




Conductivity in FMO complex
(bacteriochlorophyll molecules)

1 2 3
Log(Dephasing rate)

FIG. 4. Plot of the conductivity of the FMO complex where
excitations enter the FMO complex at site 1 and exit at site




How this superposition can survive?
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41. Central Dogma implies physical irreversibility

Vasily Ogryzko, Quantum information processing at the cellular
level. Euclidean approach arXiv:0906.4279
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14. Ground state

Vasily Ogryzko, Quantum information processing at the cellular
level. Euclidean approach arXiv:0906.4279
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Quantum worlds can meet 1n living
because the Life can be realized by
huge number of ways

o world 1
(8) world 2
O

quantum worlds

quanting T

O *l@ o
a particle

ensemble

what we see



Quantum worlds can meet 1n living
because the Life can be realized by
huge number of ways

we have to sum amplitudes over all paths

Quantum Kernel

cage where we
sum up 1s HUGE







ntum selfish gene
1e genome € arying TIUSE be the

function ¥(¢,, . ) =¥l exp (1¢)

jarying’| O e number of creatures with v.p. of the
- genome & warying V@ 18 the intention of the genome to
change itself

arXiv: 1402.4713 Y.1.Ozhigov, Quantum selfish gene

(biological evolution in terms of quantum mechanics)



HTOBAsi MUCTHKA

IPOB IPEBPAILAETCS B OIHY
gKy? (KOJIJIaIC BOJIHOBOM

~* PIlenpoys: . KOJUIAIIC BOJHOBOM (BYHKIUU = aKT
CaMOCO3HAHMS

* C.Xamepo(d®: KoJU1ariC BOJIHOBOU (DYHKIIUHU
IPOUCXOAUT B MUKPOTYOyJIaX HEPBHBIX KICTOK!



JIEKOr€pEHTHOCTh KaK OTPAHUYEHHOCTD
[IaMATHU KJIACCUYECKOI0 KOMITbIOTEPA

* MBI MOXEM IIPEACTABIIATH ICKOIEPEHTHOCTD KaK
OI'PAHUYEHHOCTH IIAMATU KJIACCUYECKOIO
KOMITBKOTEPA, MOACIIUPYIOIIETO KBAHTOBYIO
IUHAMHUKY.

* Takas TpaKTOBKa JEKOTEPEHTHOCTU OTKPHIBACT
COBEPIIEHHO HOBBIE BO3MOXXHOCTH JIJIsI HIOHUMAaHUS
AKHUBOTO

* Hy»xHO nnporpaMMuUpOBaHHUE HOBOTO THIIA



