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IIpenmnos;xeHa cxema U3 KBAaHTOBBIX 3I€MEHTapHBIX JOTMUYECKUX ONEPaTOPOB Ha KyTPUTax A cyMMaTopa B
Tpon4Hoii cucteMe cuncienusa. HaiineHa nociefoBaTelbHOCTh MMITYJIECOB PagH04acTOTHOIO MarHMTHOTO HONfA
JUIfl er0 pealn3aliy MeTOJ0M AJePHOr0 MarHUTHOrO pe30HaHca Ha IeNoYKe KBaJPYNOILHBIX ANEP CO CIMHOM
I = 1. BeinonHeHo YKMCIeHHOe MOJeIVpoBaHUe PaGoThl CyMMaTOpa.

PACS: 03.67.Lx

Beegenne. Tponunas cuctema cuucnenus [1,2] —
MO3UIMOHHAA CUCTeMa CUMCIeHua ¢ ocHoBanueMm 3. Cy-
ecTByeT B ABYX BapuaHTax: HecuMMmerpuuHas (uud-
pet 0, 1, 2 wau 0, —1, —2) u cummerpuunasa (UPpsI
1, 0, 1, agech u nanee 1 osnauaer —1). B cummer-
pUYHOM cHCTeMe TPOMYHOEe UMCIO 3alUChiBA€M B BUJE
(Ap... A3 Ay Ay), rae A, = {1, 0, 1} — BeluucnuTens-
Hbli 6a3uc. CBA3L TPOMYHOrO YUCIA C AECATUUHBIM:

A=A,3""1 4+ .+ 4337+ A3V + A:3°. (1)

CuMMeTpuYHasA cUCTeMa MO3BOIAET U300paMarh 0T-
puuaTenLHbIe YUCIa, He UCONbL3YA OTAeNbHbIH 3HAaK MU~
Hyca U MO3TOMY HauGolee BKOHOMHA ¢ TOYKU 3PEHUSA
npeacrasnenus yucen. Oua o6i1agaeT MHOTUMH JPYyTH-
My gocrouHcTBamu [2,3]. IlpaBuna cymMmupoBaHuf B
TPOUYHO! JIOrUKe ABYX OAHOpa3pAnHbIX uncen A u B [1]
npeacTaBieHsl B Ta6. 1.

Tab6numa l
Cio:xxeHue IBYX TPOMYHBIX yncea A u B

BA | -1 | 0 | 1
_______________ g g (S

-1 | -11 | -1 | 0
______________ g S

0 b 0 ; 1
--------------- s e

1 | 0 | 1 | 1-1

TpOI/I‘{Haﬂ umbpoaaﬂ TeXHHKa BbI3bIBajla UHTepeC C
caMoro Havdajia pasBuUTuf III/I(ppOBbIX MalllH B CBfI3U C
apnq)Me'mqecpmMn cBOiCTBaMu CUMMETPUYHOro KoJa
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yucen. TpouuHasa cucTeMa Ha TPeXCTaGUIBLHBIX 3Ie-
MeHTax mamMATH (TpuTax) ucnoiab3obanack B IBM “Ce-
TyHb”, BBINYLIEHHBIX HEGONbIION cepueit [2].

B nocnennee BpeMsA GbLIM OTKPHITHI KBAHTOBBIE BbI-
YUCIUTENbHBIE TNpOLECChl, o6elaloNue T'PaHIUO3HbIN
IPOPBIB B BBIYMCIUTENbHOM TexHuKe [4]. OcHoBHas Mac-
ca uccieJoOBaHUi MOCBALIEHa KBAHTOBBIM KOMNBIOTEPAM
Ha JBYXYDOBHEBBIX KBAHTOBBIX CHUCTeMax — KybOuTax
(xBaHTOBBIX aHanorax GUTOB), BHINOJHAIOMIUX BbIUKCIIE-
HUA B ABOUYHOI cucTteme. B cBA3M ¢ TeM, 4TO Tpouu-
Hafd JOTMKa UMeeT PAJ NPEeUMYIIecTB MePe] JBOMYHOI,
KBaHTOBbIEe KOMINKLIOTEpHI, paGoTaiolue Ha TpexXypoBHe-
BBIX KBAHTOBBIX CHCTEMax - KyTpuTax (KBaHTOBBIX aHa-
Jorax TPUTOB), MOT'YT OKa3aTbcA Gojiee NepCrHeKTUBHbI-
mu [5,6], uem paGoraiomue Ha Ky6utax. OnHaKo 3TO
HalmpaBlleHHe U3yuYeHo HelocTaTouHo. B HacToAImeil cTa-
The pacCMOTPEH CyMMAaTop Ha KyTpuTax, pabora KOTO-
poro, HacCKOILKO HaM W3BECTHO, He u3yudanacb. Torpa
KaKk CyMMarop Ha LelMoyKe U3 KyGHUTOB JOCTATOYHO XO-
pouio usyuen teoperndecku [7—9]. PaccmoTpenuslii an-
FOPUTM CYMMHPOBaHUA He ABIAETCA KBAHTOBLIM alro-
put™MoM [4], a ABIAETCA NIPUMEPOM KIACCHYECKOr0 alro-
pUTMa, BBINOIHAEMOr0 Ha KBAaHTOBOM KoMIbloTepe. Xo-
TA KBaHTOBBI CyMMAaTOp He YCKOPAET IO CPaBHEHUIO
¢ KJIacCUYeCKMM IIpoliecC CIOMeHHUA, TeM He MeHee, OH
fIBIfleTCA BaKHBIM 3JIEMEHTOM JII060ro KOMIbIOTEpA.

daeMeHTapHbIe JoruyeckKue omnepaTopsl (BeH-
THIM) U cXeMa cyMMaTopa Ha KyTputax. PaGo-
Ta cymmaTopa Ha KyGuTax oprauusyerca [7T—9] ¢ mo-
MOIILIO JBYXKYOGUTHOro BeHTUIA KoHTponupyemoro HE
(CNOT), u tpexry6urHoro Bentuna Toddonu — BeH-
TundA, nBaxasl kKoutpoaupyemoro HE (CCNOT). 06-
o0lIeHNEM yKa3aHHBIX BEHTHUIEH Ha cliydyail KyTpUTOB
AIBIAIOTCA, COOTBETCTBEHHO, JABYXKYTPUTHBIN BEHTUIb
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SUM u tpexryTputHsiii Beutuns C'SUM [10]. lpasuna
pa6otsl Beutuneit SUM u CSUM npuseneHs! B Ta6m1.2
u 3 (B MUpPHBIX paMKax BbIfeNeHbl 3HaYeHUsA paGounx

Tab6numa?2
Oneparop SUM, 5
ma | o | o | i
-1 1 E -1 E 0
"“E)“" -1 ; 0 ; 1 B
B
Tabnuna3
Pesyabrar geiicteus oneparopa CSUM z- HaC =10
B\A E -1 ; 0 ; 1
-1 -1 E 0 E 0
““E)“" 0 ; 0 ; 0 C
““i“" 0 ; 0 ; 1

KyTPUTOB MOCHe NeiCTBUA COOTBETCTRYIOIIEro onepaTo-
pa); A, Bu C, kar u B Ta6u.1, 03Ha4aloT OAHOPA3pPAIHbIE
TPOUYHBIE YHUCIA.

PaGory cymMmaTopa Ha KyTpUTax MOMHO OpraHU-
30BaTh W3 TUX BEHTHIEH MO cXeMe, MOKa3aHHON Ha
puc.1l. T'opusoHTankHbie TUHUN COOTBETCTBYIOT COCTOA-

Ay S,
Bl
¢ —PD
A JaA JAA
2 GV U
B2
C N D
2 N N
A JaA JAA
3 GV U
B3
C N N
3 U U

Puc.1. Jloruyeckasa cxema paGoThl CyMMaTopa Ha KyTpH-
Tax

HUAM KYTPUTOB B pa3pfifiax CKlIaibiBaeMbIx uucen (Aj,
As, A3) u (By, By, B;), a Tarme KyTPUTOB, UCNONB3YeE-
MBIX [JIfl epeHoca B caeayiomue paspagsl (Cp, Ca, C3).

BenTunu o6o3HaueHbl BEPTUKANLHBIMHU JTUHUAMU, CBA-
3bIBAIOIMMY JTUHUU-COCTOAHMA ABYX KyTputoB (SUM)
unn Tpex rytputoB (CSUM). Ha puc.l, B kauect-
Be IpUMepa CyMMMpPOBaHUA, B3ATO IBa TpeXpaspAIHbIX
yucna (pa3pazx 0603HayaeTCA HUMHUM UHIeKcoM). KyT-
puThl 00beauHeHbI B GI0KK ([0 TPU KyTpUTa), KOTOpPbIE
COOTBETCTBYIOT paspAlaM OBYX CYMMHpPYEMbBIX YHCE
A, u B, a Takxe gytputy C,,. BenTunu neiicTByiot mo-
ouepelHO Ha Kam bl pa3pAx uucen A, u B,,. Utorosas
CyMMa 4ucel 1-T0 paspfja 3anuchbiBaeTCA B COCTOAHUU
kyTputa A,. CymMMupoBaHue B n-HOM paspfje, coriac-
HO cXeMme Ha puc.l, mpeacraBifeTca clenylomeil mocie-
noBaTelbHOCThIO BeHTUiIeit SUM u CSUM:

F,1 = SUMCn_lA.. CSUMCn_lA,.C,, X

xSUMg, 4, CSUMy4_ 5. c.- (2)

B yHuBepcanbHoil norudeckoii cxeme puc.l He KOH-
KPETHU3NPYETCA PACcNoliosieHre Ky TPUTOB B IPOCTPAHCT-
Be. PaccMOTpUM CyMMAaTop Ha LeNoYKe KyTPUTOB, B
KauecTBe KOTOPBIX MOTYT GbITh B3ATHI KBaAPYNOIbHEIE
Anpa co cnuaoMm I = 1, ynpaBasemble MeTofaMu ffep-
Horo marHuTHoro pesonanca (IMP) (cm. crepyromuii
paszen). Cxema pacmolo;eHHUl KYTPUTOB U COOTBET-
CTBYIOWNX UM pa3panoB A, u B, IByX cyMMHpyeMmbIX
TPOUYHBIX YKCEN UMeeT CIeNyIOWuii BUL:

A1 B1 Cl Az Bz Cz A3 B3 C3 An Bn Cn.

Anpecanuio, Heo6X0AMMYIO IJIA U30MPATENbHOI0 YIpaB-
NeHUA ¢ moMoulbio paguodactoTHoro (PU) MaruuTHOrO
HOJIA HY#HBIMM COCTOAHHMAMM CIIMHOB, MOKHO obecre-
YUTh, HapUMep, IpU U3MEHEHUH BEIMUMHbBI IOCTOAHHO-
ro MarHUTHOIO MOJIA BAOJb Henoyku. JIjiA BhINOJHEHUA
YCIOBHBIX Omepanuii mpeamnoinaraeM, Kak M B paborax
[7,8], HanMMu¥e CNUH-CIMHOBOrO B3aMMOAEHCTBUA MeH-
oy GnumailiiuMu coceafAMu.

Insa peamusanuu cyMMaTopa Ha IENOoYKe KyTPUTOB
OpY HaIWYMHU B3aMMOJENCTBUA TONbKO GiMKainx co-
cefleil BOZHUKAET HEOGXOAUMOCTh CMeHbl MecTa paboue-
ro cnuHa B onepatope CSUM. C 3Toii neibio HeoGXoau-
MO [ONOJHUTEL CXEMY OllepaTopaMy MepPecTaHOBKU Mec-
TaMU COCTOfIHMIA ABYX PAJOM CTOALIMX CHUHOB (omepa-
Topamu SWAP, npaBuiio paGoThl KOTOPOro MPUBEIEHO B
Ta6n.4). C y4eToM HOBOW ONEpaly BMECTO BhIPAMKEHUSA
(2) momyuaem cieaylouyio MOCIe0BaTEILHOCTE ONepa-
TOpPOB:

Fn = SUMCn_lA,. SWAPBHC" SWAPB"An X

XCSUMC'"_IB"A" SWAPAnB" SWAPC"B" X

xSUMg, o, SWAPg, c.,CSUM4. ¢, 5, SWAPG. B, .
3)
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Ta6nuna4
Oneparop SWAP
oA | 0 o |
-1 —1,—15 0,-1 E 1,-1
““E)““ —1,0; 0,0 ; 1,0 B,A
-"“1““ -1,1 : 0,1 : 1,1

IlnA cyMMHUpOBaHMA Bcero uucia onepatop Fj, Hy#HO
OPUMEHUTDb K KamJOMy paspfAfy cllaraeMbiX.

AMP peannsanua J0oruyecKHX ONepaTopoB U
cymMaTopa. Bo3dbMeM nenouyky KBafpylONbHBIX Afep
co couHoM I = 1, B3auMoAelcTBYIOIUX C aKCHAlbHO-
CUMMETPHUYHbIM TPaAMEHTOM KPHUCTANLINYEeCKOro MHOIA.
C opHOl CTOPOHBI, TaKkafd CUCTEMa JOCTATOYHO MPOCTA,
¢ apyroit ctoporsi, AMP Ha cerogHAmHWI JeHb TUIU-
PYeT Mpu 3KCIepUMEHTalhHOM MOAEIMPOBAHUM KBaHTO-
BbIXx BhiuucineHuii. Hawxowen, Taras cucrtema SBIAETCH
OpAMBIM Pa3BUTHEM paHee M3yUeHHON Mogenu cyMMma-
TOpa Ha uenouke Ky6urtos [7,8]. T'amunbToHuaH cucre-
MbI uMeeT B [11]

N N 9 N
_ 2
Hy = - kE_l win:"‘qu:l (Iiez - 5) —’?:1 Tl Igyq, (4)

rie wy = Byy+kgy— napMopoBcKas 4yacToTa Mpeneccuu
B CHMJILHOM NOCTOAAHHOM MarHuTHOM none Bg, v — rupo-
MarHuTHOE OTHOLIEHWE, g-TPafMeHT MarHUTHOrO MOJf,
k — HOMep cnMHA, ¢ — KOHCTAHTa KBaJpyNoJbHOT0 B3au-
MogeiicTBuA, Ji — KOHCTaHTa CIUH-CIMHOBOTO B3aMMO-
meficTBusA Gnusmaiimux cocefieit, I —onepaTop NpoeKIUH
cnuHa k Ha ock Z. dHepruio GyaeM U3MEPATH B €AUHU-
1[ax yrioBoil yacTOoThl U npumeM h = 1.

Kaxnoe Agpo paccMaTpuBaeTcA Kak OTAENbHBIN Ky T-
PUT, a B KauecTBe BBIYMCIMTENbHOr0 6a3uca UCMONb3Y-
IOTCA COCTOAHNA C Pa3NNYHOlN NpoeKNMell CIMHA Ha BBI-
JEIeHHYIO oCbh Z:

I =1) = [1); |[I*=0)=0); |I?=-1)=T). (5)

Basuc AByX CHMHOB OpraHusyercs Kak NpAMoe Mpo-
u3BeNeHne Ga3MCHBIX COCTOAHMI KaM/OTO U3 CIUHOB —
lij) = |i) ® |j); 4,5 = {1,0,1}. Cocrosnus, coor-
BETCTBYIOIME NEBATU HEIKBUIMCTAHTHBIM yPOBHAM £
ABYXKYTPUTHOH CHCTEMbI, MPOHyMepyeM Cle/youuM
obpa3oM:

[4) =[01), ..., [8) = [10), [9) = [11).
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B Tarom G6asuce coCTOAHME CHCTEMbl ONUCHIBAE€TCA
BEKTOp-CTONGIOM (CTPOKO{), a ABYXKYTPUTHBIA BeH-
Tunk SUM;, Gynet npefcTaBIaTh cobGoit MmaTpuny 9 x 9,
UMeIoIy10 GIOYHBIN BUJ

A 0 O 0 01
SUMlz = 0 F 0 , rae A= 1 00 )
0 0 4 010

(6)
A' - TpaHcnoHMpOBaHHaA Marpuua, a E — eIMHUYHaA
Marpuna.

Insa nonydenusn onepatopa SUM;, Heo6xogumo PU
MOJIEM OCYIIECTBUTE CENeKTUBHLIE IEPEXOABI MEHAY CO-
CTOAIHUAIMU KY TPUTOB, KOTOPbIE CBA3aHbI OTIUYHBIMU OT
HyJfl MaTPUYHBIMY 2eMeHTamMu B Matpule (6) [12—14].
Beutuns SUM;s nomyuaercs B pe3yibTaTe [elcTBUA
crenyioueil nocinegoBaTenbHocTH uMnyiancoB PU mona
[13,14]:

L e U S e S () S () S N ()]
CTpenky yKasbpIBalOT MOPANOK CIEIOBAaHUA HUMITYJILCOB
BO BpeMeHHU. JTa [0C/Ie0BaTelbHOCTEL CEIeKTUBHBIX 110-
BOPOTOB Ha yrol 7 Bokpyr ocu X oGecrednBaeT MOBOPO-
ThI HE TOJbKO HA paspelleHHbIX, HO U Ha 3alpeleHHbIX
nepexonax 7-9 u 1-3. Pe3onancHrle yacToTs! w PY um-
nynbcoB B (7) IPUHUMAIOT CleAyIOle 3HaYeHU:

W 8=w—qg—J; VB OV=wy+qg—J; )
8
WP 2Z=ws+q+J; Wwl=wy—gq+J
Bo Bpamatomeiica ¢ yactoroit PU nona w cucreme
KOoOpAUHAT JeiicTBue oTaenbHoro PY umnynsca 3anaet-
cA omepaTopoM 3Bomonuu [11]

U(t) = e~iHt 9)

C He 3aBHCALIMM OT BpeMeHU 3¢ (HEeKTUBHBIM raMUIbLTO-
Huanom H:

N N
H=Hy+w) IF+0Q> LY (10)
k=1 k=1
3neck ) = By7y, B; — amniaurtyna PY nons, I,g{ — omepa-
TOp npoeknuu cnvHa k Ha ocb X. CeneKTUBHBIN 7T-UM-
nynbc nonyvaeM u3 (9) npu BREIIOYEHUM MONA C MOCTO-
AHHOU ammnTygoi )} < d ¥ 4acToTOi w B TedyeHHe
KOHEYHOro BpeMeHu t, = 7//2Q (t, > 1/w).

Marpuua Bentuna CSUM;3s (cnuubt 1 u 3 — KOHT-
poaupyiomye, ciud 2 — pa6ounii) B Gasuce TPex CIMHOB
lijk); i,5,k = {1,0,1} umeet paamep 27 x 27 u BbIrIA-
OUT CIeAYIOUUM 06pa3oM:

o O

CSUM132 =

o o n

0
E
0

©«
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000000 1
0100000
0010000

S={100000 0], (11)
0000100
0000010
(000100 0]

rae E — equnuunaa matpuua pasmepom 13 x 13, S' -
TpaHcnoHupoBaHHasa martpuna. Beuntuns CSUM;3, mo-
Iy4yaeTcfl B pe3ylbTaTe JeiicTBUA clefyloleil nocueno-
BaTenbHOcTU PUY mMnynbcos:

M 2 {m >y o Y (12)

Hywmepauus yposueit Hauunaetcs ot |1) = |111) u 3a-
KaHumMBaeTcA |27) = [111).

Beutuas SWAP;2 B Gasuce 2-x cnMHOB |ij), ¢,j =
= {1,0,1} onuceiBaerca crexyomel MaTpuLei:

100000O0TO0O0O
000100000
00000O0TI1UO0O0
010000000

SWAP>=|0 0 0 0 1 0 0 0 0 (13)
00000O0TO0TO
001000000
0000071000
00 00000O0TO0T1)]

NMnynbcHas mocieqoBaTelbHOCTh [JA MONy4YeHUA BeH-
tuna SWAP;, Gyner cnenyiomas:

O PR s AR (i
S B o T o (Y o T
S A o Y o T o
S S M . ()

Ha ocHoBe mony4yeHHBIX pPe3yIbTaTOB, C UCIOIb30Ba-
HUEM MaTeMaTUUYeCKOro makera, Gblia cllelaHa 4ucieH-
Hafa mojenk kBaHToBoro IMP cymmaropa. Cinaraemeie B
n-M GlI0Ke pa3pAga KoOAMPYIOTCA HaYalbHBIM KBaHTOBO-
MeXaHUYeCKUM COCTOfIHMEM (BEKTOpP-CTONGLOM), obpa-
30BaHHBIM NPAMBIM NPOU3BENAEHUEM BEKTOPOB COCTOA-
HUI OTJENbHBIX KyTPUTOB ¥ BEKTOPOM COCTOAHUA KYT-
pHUTa nepeHoca paspfAfa B NpeAbIaylieM OI0Ke:

{[¥c._) ©¥a.) ® [¥B.) ® [¢c.)}- (15)

BexTop cocToAnuA Gioka npenacrasiserca “1” Ha co-
OTBETCTBYIOIEM MecTe B 3°-KOMIOHEHTHOr0 BEKTOpa-
cronbua, rae 1 = 4. CyMMmupoBaHue MPOM3BOAUTCA B

pesynbTare geiicTBuA omepaTopa (3) Ha KamAblii Bek-
TOp cocrosanuAa Ginoka (15) mocnenoBarensbuo. Coraacuo
Takoil cxeMe, MpU CIOMEHUU paspAaa HeoGXxoquMo pado-
TaTh C YeThIpbMA ANEpHbIMU cnuHamu. IloaToMy mart-
pUIbI, UCMONb3yeMble B BBIYMCIEHUAX COOTBETCTBYIO-
KX ONEePaToOpOB, UMEIOT pa3MepHocTh 81 x 81. Benrtu-
m SUM, CSUM u SWAP nonydaloTci B pe3ylbTaTe
NpUMEHEHUsl TPUBEJEHHBIX BhIIIE UMIYIbCHBIX MOCHE-
JOBaTelbHOCTE, JOMONHEHHBIX C YUETOM B3aUMOMAEHCT-
BuA ¢ noGaBieHHbIMU cnuHamu. Ilocie cymmupoBaHus
BCeX pa3pAloB YKcla, ToNydYaeM BEKTOpP-CTONOLbI Kan-
JOro paspfiia ¢ U3MEHEHHBIM COCTOfHHEM, PAaCKOAMPO-
BaB KOTOphIe, MONyYaeM UTOTOBYIO CYMMY OABYX 4ucel
B TPOWYHOM 3anucu.

IeitictBue wrammoro PU umnynbca paccuuThiBaeTcA
no ¢opmynam (9), (10). PY none geiicTByeT He TOIBLKO
Ha KOHKPETHO BhIGPaHHBIN NMEPEXOA OTIElNLHOr'0 CIHMHA,
HO U Ha COCeJHHe K HEMY CIHHbI, a Tak#e GIu3Kue no
YacTOTe MEepexoibl, N03TOMY B pe3ylbTaTe yMHOMEHUA
MaTpUIbI BONIONNYN HAa BEKTOP COCTOAHUA MONYYaeTCA
CyIepHo3ulOHHOE COCTOAHNE. B 3TOM cocTofAHUY, C Of-
HOIl CTOpOHBI, C Maloii BEpPOATHOCTBIO MOABIAIOTCA He-
BepHbIE OTBETHI, C JPYrOil CTOPOHBI, HA MECTE BEPHOI0
oTBeTa GyleT CTOAThH BelWYWHa, OTIM4HaA ot “1”. 3a
BepoATHOCTh (P) Toro, 4To gBa YMCia OPOCYMMUPOBa-
Hbl BEpPHO, BO3LMEM KBaipaT MOAYJIf MAaKCMMAalbHOT0
ANeMeHTa B BEKTOp-CToNOIle, TOrAa omubKa CIOMEeHUA
G6yner 6 = 1 — P. Paccuurannasa Tak omuGKa 0JHOTO
610Ka U3 yeThIpex fAfep npuBeneHa Ha puc.2. Ilog6upan

0.015¢
)
0.011
0.0051
0 | 1 | 1 | ! |
0.002 0.004 0.006 0.008 0.01
Q/J,

Puc.2. 3aBucuMocTh OMUGKY CIOHEHUA OJHOTO pa3pAaa §
ot ammautynsl PU mona Q@ mpu Jo = 7.333J1, Js = Ji,
q =100J1, g = 11.5J1

napaMmeTphl, Mbl MOEM YMEHBIIUTE OMUOKY 10 BETUYU-
HbI, HYKHOI 1A paboThl cymMMaTopa. BBuay mamoctu
omu6KY oTaenbHOro 6i10Kka, omnbra cyMMIPOBaHUA BCe-
ro TPOUYHOrO0 4Kcia (Bcex ero pas3panoB) GyeT ABIATh-
¢l CyMMO#1 olING0K OTAENbHBIX GJIOKOB, TO eCThb OynIeT
pacTu NpPONOPLUOHANIBHO YUCIY PaspAaoB (YHCIy CHOH-
HOB B nenoyke). Takad 3aBUCMMOCTb AIfi CymMMaTopa
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Ha KyOGUTax MOATBep:KJAeHa YNCIEHHbIM PAacYeToOM B pa-
GoTe [8].

B sarmioueHue 3aMeTHM, YTO NOMyYeHHbIE KBaHTO-
BbIe CXEMbI OTKPBIBAIOT BO3BMOH{HOCTb DKCIEPUMEHTANb-
HOJi pealnusanuu cymMMmaTopa Ha KyTpurtax. Ilpmuem
B KauecTBe pabouero KyTpMTa, BMECTO TPeX yPOBHei
KBaJPYMNOILHOrO AMpa, MOKHO UCIONb30BaTh TPH dIIEK-
TPOHHBIX yPOBHA HOHOB, aTOMOB MM MOIEKYJ NP Ha-
JMYMU COOTBETCTBYIOIIE/l CHMMETPUN raMUIbTOHMAHA.
Jlaa TUX cucTeM B yHHBepCalbHOM KBaHTOBOH cXeme
Hajo GyneT 3ameHNThb PY MMIynbchl HA MHUKPOBOMHO-
Bble MM Ja3ePHbIE UMITYJIbCHL.
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