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ITokazana BO3MOXKHOCTH KOAUPOBaHUA ABOUYHBIM KOIOM OTKJIMKa OT SHQKTPOHHO-ﬂI[epHOfI CHUCTEMBI Da-

JAUKaJIa TeTPAIUAHOITUICHA IIPU MUKPOBOJIHOBOM HNMITYJIBCHOM BO3,ZL€IL/'ICTBI/II/I B COYE€TaHUU C UMITYJIbCHBIM I'Da-

JAUEHTOM MarHuTHOI'O II0JIZ B HAHOCEKYH/JIHOM JHalla30HE. ,Z[IIH 3TOro ObLI MCIIOJIB30BAaH paauKaJl TeTpalua-

HO3THUJICHA, KOTOprfI nMeeT XOpoIio paspemeHan‘/‘I SKBUIUCTAHTHBIN CIIEKTD JIEKTPOHHOI'O ItapaMalrHUTHOI'O

pe3oHaHCa 3a CUYeT B3aMMOJIENCTBUS JIEKTPOHA C 3KBUBAJIECHTHBIMU MAalrHUTHBIMU dJdpaMU. B pa60Te He OBLIO

3aJa41 3aKOAUPOBaTh MaKCHUMaJIbHO JJIUHHYIO IIOCJ/IENOBATEJIbHOCTDb, a IIOKa3aHa BO3MOXKHOCTb d)HBI/I‘{eCKOI‘/'I

peaiu3anuy TaHHOM MIPOIEY PHI.

DOI: 10.31857/S1234567823230064, EDN: msozfy

1. BBenenwue. JIponunas cucreMa KOIUPOBAHUS 3a-
PEKOMEeHI0BaJia cebsi B KadecTBe HAJEeKHOTO HHCTPY-
MEHTa, JJIsi UCIIOJIb30BaHUs B JIOTHIECKUAX JJIEMEHTaX U
BBIYUC/IUTENILHBIX YCTPONCTBAX: MPOIECCOPax, MUKPO-
cxemMax u Jp. DTO CBA3AHO U C MAJIBIM KOJIUIECTBOM CO-
crosianii (na/Her, “17/“0”), Gosblieil moMeXOyCTOHINBO-
CTHIO, MEHBIUMU TPEOOBAHUSIMU K YCTPONCTBAM U T.II.
HemanoBaXHbIM acmeKTOM TIpU pas3padbOoTKe M@ pPOBBIX
YCTPOHCTB sIBJIsI€TCs PA3PSIHOCTD JIBOMIHOTO Koza. Ko-
JIMYECTBO Pa3PsIOB OIPeIeIsdeT TUAa30H IUCes, KOTO-
pBIif MOYXKeT OBITH MPEJACTABJICH B JaHHOM Kojme. Kaxk-
Iast mudpa B IBOUIHOM KOJE SIBJISIETCS OUTOM MHMOP-
Manuu. Hampumep, Kom AjuHON 8 OUT MOXKET IIpej-
craByarh udncia ot 0 mo 255. CoBpemeHHBIE TPOIEC-
COpPBI UMEIOT pa3psAaHoCcTb B 64 6ura, T.e. B OJUH MO-
MEHT BpeMeHu OHHu obOpabarTbiBaioT 3HadeHust or 0 10
18446744073709551615.

B nociiegaue necstuiernst ak TMBHO uiy T pabOTHI IO
UCIIOJIb30BAHUIO U BHEJIPEHUIO KBAHTOBBIX OUTOB (KyOu-
TOB (2 COCTOSHMS ), KyTPUTOB (3 COCTOSIHHS ), KYyKBapPTOB
(4 cocrostaust) u np.) [1-3]. PaspabarbiBalorcs Kak Ma-
TeMaTHIeCKAe OCHOBBI OIEPUPOBAHUSI C ITUMHU COCTOSI-
HUSIME ¥ KOPPEJIMPOBAHUS UX C KJIACCHIECKUME OUTaMu
[4-6], Tak u bUBHKO-XUMUTECKTE TTOXOIBI CO3AHUST Ta-
Kux cucreM [7,8]. B 910ii curyalmn 2jeKTpOHHbINA CIIUH
SIBJISIETCST OJTHUM BO3MOXKHBIX KAHJIUIATOB Ha POJIb KY-
Gura [9]. U3BecTHO, 4TO B MArHUTHOM II0JI€ 38 CUeT -
dekra 3eeMaHa CHUMAETCS BBIPOXKICHIE M MOYXKHO Ma-
HUILYJIMPOBATH JIBYMsI COCTOSTHUSIME 3JIEKTPOHHOTO CITH-
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Ha. CyIecTByeT MHOXKECTBO IMPOOJIEM B 9TOM HAIPaB-
JIEHUH, PEIeHNEeM KOTOPBIX SIBJISIIOTCS YCTPAHEHHE ITPO-
[IECCOB JIEKOT€PEHINN, yMeHbINeHe (Hha30BbIX IIIYMOB,
MacCIITabUPyeMOCTD U JIp. 1eM He MeHee 3JIEKTPOHHBIE U
sIIEPHBIE CIIMHBI 00PA3YIOT HEIJIOXUE MOJICIbHBIE CHCTe-
MBI JiIsi OTPabOTKM Te€X WU WHBIX UJeil B pean3alun
KBAHTOBBIX JIOTHYECKHUX OIE€PAIIHIA.

2. CrieKTp 3/1€KTPOHHOI'O [IapaMarHuTHOTO pe-
30HAHCA TETPAIMAHOITUJIEHA. TeTpanuaHodTHIEH
(TCNE) npeacrasiser coboil OpraHmYecKoe COe/HHe-
aue ¢ dopmynoit (NC)aC=C(CN)s. 1o GecuperHoe
TBEP/I0e BEIECTBO, BAXKHBIN YIEH IIUAHOYTJIEPOIOB. V13-
3a CBOEl IJIAHAPHOCTH U CIIOCOBHOCTHU IPUHUMATD JJIEK-
rpoubl TCNE ucnosnb3yercs 1715 oty 9eHusi MHOXKECTBA
OpPraHMYECKUX CBEPXIPOBOJHUKOB, OOBITHO B KadeCTBE
OJTHORJIEKTPOHHOTO OKHUCIUTE/IsI OPraHMIECKOrO JIOHOPA
9J1eKTpOoHOB. B paborax [10, 11] 66110 MOKA3aHO HCIIOJIb-
30BaHME JJAHHON CHCTEMBI /IS PeAJU3AluU AJrOPUTMOB
KBAHTOBOI MAMSITU Ha 3JIEKTPOHHBIX CIIMHAX. B JaHHOM
COEJIMHEHUN 3JIEKTPOHHAS IJIOTHOCTH OJHOIO HECIIAPEH-
HOI'O 3JIeKTpoHA co cnuaoM S = 1/2 paBHOMEpHO pac-
Ipejie/ieHa OTHOCUTENIbHO 4 sajep azora 14N ¢ aaepHbM
cimaom I = 1. Bcee sapa a3oTa B JaHHOM COEIMHEHUN
MOKHO CUATATh MAIrHUTHOSKBUBAJICHTHBIMHU.

UccnenoBanca xuakuit pacrsBop TCNE B tomyo-
Jie, 9TO MO3BOJISICT He YUYUTLIBATL AHU30TPOIIHYIO 9aCTh
CBEPXTOHKOTO B3aUMOJIEHCTBUS 3JIEKTPOHA C SJIPAMH.
NsBectHo [12], 9To B KUAKUX PACTBOPAX HUTPOKCUIIb-
HBIX DaJMKAJOB OHA YCPEIHSETCA B Pe3yIbTaTe pas-
JIMYHBLIX BPAIATELHBLIX JBUXKEHUI U He JaeT BKJIaJ, B
dopmy criekTpa. DKCIEPUMEHTHI TPOBOAMIACH HaA CIIEK-
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tpomerpe Elexsys E580 dupmer Bruker B X-nuanazone
gacror (9.8ITn) ¢ ncronb30BaHEEM JIIEKTPHYECKO-
ro pezonaropa ER4118X-MD5W1 (Bruker) u cranmapr-
HOTO MUKPOBOJIHOBOI'O yCUJIATENsS MOITHOCTH Ha 1 KBT.
MuKpoBOJIHOBOIT UMITYJIBC CO3/IaBaJICS T€HEPATOPOM M-
yJIbCOB pou3BosIbHOIM hopmbl Keysight 33622A. Tene-
PATOpP CUHXPOHU3UPOBAJICSI C MUKPOBOJIHOBBIM TPAKTOM
gyepe3 nporpammarop PatternJet IT (Bruker). Bo Bcex
9KCIIEPUMEHTAX Pe3yJIbTaT 3alMCHIBAJICS C HCIIOJIb30Ba~
HueM 4-1maroBoro ¢a30BOro IUKJIA.

B pmammoit pabore Hapsiigy ¢ MUKPOBOJHOBBIM KM-
[yJIbCOM Ha HCCJIEYEMYI0 CHCTEMY HEOOXOIUMO OBbLIO
BO3IEICTBOBATH UMITYJIbCHBIM I'PAJIMEHTOM MATHUTHOTO
noJsig. Ilocjie nepBoro MUKPOBOJIHOBOIO T/ 2-UMILy/IbCa
(IymTesbHOCTBIO 16 HC) B OLpe/ie/ieHHbIe MOMEHTHI Bpe-
MeHHU (MCXO/sl U3 TONO KaKue CHI'HAJIbI Tpebyercs Io-
JIABUTDH WJIM BOCCTAHOBUTD) IIOJABAJIUCH UMILYJILCHI, CO-
3Ja0lye I'paJueHT MArHUTHOI'O II0JId TONW WJIM WHON
HAITPABJIEHHOCTH. [OCKOJIbKY KOMMEpPYECKHUil CIIeKTPO-
MeTp He OCHAIEeH OJIOKAMU It CO3JaHUSA TPaUEHTA
MAarHUTHOTO TOJIsl, 9TO OBLIO Pean30BaHO CBOMMU CHJIa~
mu. ['pajinenTHbIe KATYIIKA OBLIN HAMOTAHBI Ha KBap-
IEBYI0 TPYOKYy IuaMerpoM 4 MM IO THUIY OOpPATHBIX
karymek (anrukarymek) LesbMrosbua. B ary TpyOKy
[TOMEIAJICS KAIMJLISIP JIHAMETPOM 2 MM C PacTBOPOM
TCNE. IIpu nporekannn KpaTKOBPEMEHHOTI'O MMITYJIbC-
HOT'O TOKa, KATYIIKA (GOPMUPYIOT IPAJUEHT MATHUTHOTO
TOJIsI, KOTOPBIA IO3BOJSET “pa3dMas3aTh’ JIEKTPOHHYIO
CIIHOBYIO KOT€PEHTHOCTh. AHTH-KaTymika [eabpMrosib-
[[a COCTOSIa M3 JBYX BUTKOB MEJHOW ITPOBOJIOKU JiHa-
merpoM 0.05 mm. [Inst yobeTBa coryiacoBaHus KaTYIIEK
U reHepaTopa MOJHOE COITPOTUBIIEHNE TPOBOJIA IO IOUPa-
s 6mm3kuM 50 Om. TosmuHa TPOBOIOKK BHIOUpaJIach
JIOCTATOYHO MAaJIoil, YTOOBI HE MOPTUTH PACIIPEEICHIe
9JIEKTPOMATHUTHBIX BOJIH B PE30HATOPE U IIPU ITOM IO/l
XOJAMIEH JIJIsT IPOTEKAHUSI TOKA ¢ TeHEPATOPA.

CrexkTp CTAIMOHAPHOIO 3JIEKTPOHHOIO ITapaMarHuT-
Horo pesonanca (DIIP) rerparuanosTiIeHa B KUIKOM
PacTBOpPE MOXKHO OIUCATH CIIMH-TAMUJIBTOHUAHOM:

H = wyS, + AS. I, + AS. I, + AS.I5, + AS. I, (1)

rae S, u I, (i € [1..4]) — omeparopsl HpoeKkIuii Ha
OCh Z CIIMHA JIEKTPOHA W CIIFHOB SiJIep a30Ta COOTBeT-
CTBEHHO, W) — 36EMAHOBCKAsl YaCTOTa JIEKTPOHA B II0-
CTOSIHHOM MAIHUTHOM 10jie By, HapaBIeHHOM BZIOJIb
ocH z, A — BeJIMUMHA CBEPXTOHKOIO B3aMMOJIEHCTBHUSI
(CTB) saekrpona ¢ simpamu asora “*N. Yucso Jm-
unit CTB B criekTpe B cilydae MArHAUTHOIKBUBAJIEHTHBIX
anep pasuo 2nl + 1, rme n — yucino anep, I — Ben-
yuHa cnuHa sapa. Popma CHeKTpa TeTpanuaHOITHIIe-
Ha IpejcTaBiser coboil 9 koMmmonent (puc.l), mMero-
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e pacipeie/ieHue aMILIATY/] COIJIACHO KO MUIIEH-
ram: 1:4:10:16:19:16:10:4:1.

Experiment E

3516 3518 3520 3522 3524 3526 3528 3530
H(G)

Puc. 1. (Ilsernoii onnaitn) Cuexrp DIIP »kugkoro pacrso-
pa TCNE B X muamnazone npu temueparype 298 K B ¢op-
Me npousBogHoii. CpaBHEHHUE C pe3yJsibraTaMu MOJIEINPO-
BaHUSsI

Ilo BemuuwHe pacHierIeHusT MEXK/Iy JTUHUSIMEA MOXK-
HO OIEHUTH BEJUYUHY CBEPXTOHKOTO B3aMMOJEHCTBUS
A B TCNE. Ona umeer 3uauenue okosio 1.6 ['c. Ha pu-
cyHke 1 mokasaH pe3yabTaT MOJIEJIMPOBAHUS CIEKTPa C
ucrosb3oBanneM ramuibrorrasa (1). Bugxo, uro mo-
CTHUraeTCsi XOPOIIlee COTJIacue ¢ KcrepuMenToM. /lanHast
CTPYKTYpa CIIEKTPa CBUIETEILCTBYET O HYKHOM HAOO-
pe 9acTOT CIIMHOB C PA3HBIMUA CTATUCTUIECKUMU BECAMU,
YTO sIBJISIETCS OCHOBOU CHTHAJIa CBOOOIHON MHIIYKIIUU B
BUjie OuMeHuii.

3. MoaeaupoBanue curHajia cBOOOJITHOI WH-
ayknun. Ha HagagpbHOM 3Tame paboThbl OBLIO IIPOBeE-
JICHO MOJIETUPOBAHUE CUTHAJIA CBOOOTHONW MHIYKIINKA OT
pagukasga TCNE B KUKOCTH B IPUCYTCTBUH UMITYJIBC-
HOTO T'paJIMieHTa MarHuTHOrO mojs. MomenupoBanue
CUTHAJIOB WHIYKIMU [IPOBOMMJIOCH B paMKax ¢dopma-
JII3Ma MATPHUITHI INTOTHOCTH JJIsT U30JIUPOBAHHOTO JIEK-
rponnoro ciuua S = 1/2. Marpuua mwioTHOCTH 1IpeI-
CTaBJISLJIACH B PACYETAaX BEKTOPOM, a OIEPATOPHI B BUJIE
JIMYBUJLTHAHOB. JIaHHBIM MOAXOM OB HEOOXOIUM JIJTst
ydeTa MpoIeccoB (pa30BOil U CIIMH-PENIETOTHON PeaK-
CAIM B XOJle BOJIIOIUU CIIMHOBOI CUCTEMBI.

MuKpPOBOJTHOBBIIT UMITY/IBC MATHUTHOTO TIOJISA, WHH-
[AJIA3UPYIOMINNA KOIePEHTHOCTh CIMHOBONH CHUCTEMBI,
CUNTAJICSI HECEJIEKTUBHBIM. DTOT HUMITYJIbC IefiCTByeT
B1oJib ocu x. OH MOBOpaYMBaeT MATHUTHBIIT MOMEHT Ha
YTOJI /2 M HATIDABJISIET BCE 3JIEKTPOHHBIE CIIUHBI CHCTE-
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MBI BJIOJIb OCH —%. B KadecTBe BEKTOpa HAYAJIHHOTO CO-
CTOSIHUSI CUCTEMBI p, B IpOCTpaHcTBe JIMyBuiLis B3dTa
MaTpUIA IJIOTHOCTHU JIJId PAaBHOBECHOI'O COCTOSIHUA CHU-
crembl. JIo sieficTBUg mEpBOro 7 /2-UMIlyJIbCa CIMH Ha-
IIpaBJIeH BJOJIb BHEIIHEr0 MArHUTHOI'O IIOJIsS, KOTOPOe
HAIIPABJIEHO BJIOJIb OCH Z, U XapPaKTEPU3YeTCsd BEKTO-

poM:
1 1
.=(=00-2). 2
p (200 2) (2)

Ormeparop moBopoTa CimHA BOKPYT ocu X Ha yroia ¢
(HECEJIEKTUBHBIN UMITYJIbC) BBINISIAUT CJIELYIOIUM 00~
pa3oM:

Uz(p) = (3)
COS(%)Q tising —Lising sin(a‘g)2
| gising cos(%)2 sin(ﬁze)2 —lising
T s () cos($)® Sising
sin(2)° —lising Lisnp cos (%)’

ITocuie aeficTBus T /2-UMILYJIbCA CIUHBI IIPEIIECCUPYIOT B
IUIOCKOCTH XY BOKDYI OCH Z, II0 KOTODPOIl HALPABJIEHO
BHelHee MarauTHOe nosie By (puc. 2).

B,

[N

X

Puc. 2. (Ilsernoit onnaiin) IIpeneccus: ancam6ieil ciuHOB
B IUIOCKOCTU TY IOCJE JeHCTBUS WHUMAIU3UDYIOIIErO
7 /2-uMImysibca

CHuH-TaMIIBTOHUAH IBOJIIOIUHA CHCTEMBI BBITJISIJIAT
CJTEIYIONIM O0Pa30M:

H = OJQSZ, (4)

1/2 0

e S, =0, x1—-1x0' 0, =
0 -1/2

€JIMHUYHAS MATPUIA 2-T'0 TOPSIKA.

B xose sBosonuu yuuThBascs mporiece (hazoBoit
U CIUH-PEHICTOYHON peslaKCaluii ¢ IIOMOIIBIO OllepaTo-
pa L:

1 1
—s; 0 0 o7
1
I 0 -2 01 0 |
0 -5
1 1
o 0 0 =57

rae T7 u Th — BpeMeHa COUH-PENeTOYHON u (Ha30Boii
peslakcallii COOTBETCTBEHHO.

B wurore omeparop ’BoJIIOIUY CIUHA BO BHEITHEM
MAarafTOM IIOJIE C YIE€TOM IIPOIeccoB (ha30BO U CIIMH-
PELIeTOYHON peJlaKCAlil BBITVIAAAT TaK:

Ulwo,t) = ()
14 le_Til 0 0 1_ le_Til
2 2 . ) 2 2
B 0 e T it 0 0
- 0 0 ¢~ T3 Hiwot 0
% — %67%1 0 0 % + %67%1

MaTpuily MmJIOTHOCTH CUCTEMBI B XOJE IBOJIOIUN B Te-
YeHUW BPEeMEHU t MOXKHO ONUCATH BHIPAXKEHUEM:

p(t) = Ulwo, )Us(p)p:- (6)

CuUrHAJ CHCTEMBI BJIOJIb OCH Y MOYKHO MOJIyIHTD U3 CJIe-
JLyIomiero Bbipazkenust [13]:

SigY = Tr[p(t)S,], (7)

rae Sy — CyIeponepaTop, 0Ly YeHHbIH C IIOMOIIBIO MaT-
pur [aysu ananoruaso S, B (4).

Curnan coboanoit unaykiuun TCNE npencrasisier
coboit buennsi. VI3BecTHO, ITO OMEHUST BO3HUKAIOT IIPHU
CJIO’KEHUHU TAPMOHUK C KPATHO OTJIMIAKOIUMUCS IaCTO-
Tamu. Takas CUTyalusi peajin3yeTcss B dKCIEPUMEHTE,
TaK KakK MOCJe JeHCTBUS WHUIUAJA3UPYIONEro MepBo-
IO UMITYJIbCA B ILUIOCKOCTHU XY MPENECCUPYIOT aHCAMOJIN
CIIHHOB, 9aCTOTHI KOTOPBIX MOYKHO IIPEJICTABUTDH B BUJIE
wo+nA, tme wg > A, n=—4,-3,...,3,4. Jaunyio upe-
[ECCUI0 YI0OHO PaCcCMATPUBATH B CHCTEME KOODIWHAT,
BpAIAIONIENCca CO CpeJHell JacTOTol wp. JacroTa wy
OTIpeJIeJIsIeT HECYIIYI0 YacTOTy OMeHuil, He BJIUss Ha UX
orubaroryio. B JaHHOM cucTeMe KOOPAUHAT OHA 010~
BUHA CIIMHOB OyJIeT BPAIATHCH B INIOCKOCTU TY ITPOTUB
YaCOBOW CTPEJIKH, & Jpyras [oJIoBUHA — IpoTuB. Ilpn
9TOM ecTb aHcaM6Jiu 60Jiee MeJJIEHHBIX CIMHOB (“‘crHue”
cuuHbl Ha puc.2) u Gosee ObicTpoix (“KpacHbie” cru-
Hbl Ha puc.2). Crarucruyeckue Beca ITUX aHcaMOJiel
cooTHOCATCH KakK KoddpdurmenTs! 1:4:10:16:19:16:10:4:1.
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YacToTel mpeneccuu wg + NA s KaxkJa0ro ancamoJis
(B ciiygae TCNE wncito amncambireii paBHO J€BATH) JI€r-
KO onpezeants u3 cruekrpa P (em. puc. 1). Hecymas
YaCTOTa MHUNIUAJIN3UPYIOIIEr0 MUMIIYJIbCA TOXKE HMEeT
3HaYeHne wq I Hambosiee 3(pPEKTUBHOTO BO3OYK 1€~
HUsI BCErO CIEKTPa. PerncrpupyeMblil OTKJINK KT HA
YacToTe Wy, HO Uepe3 JIeTEKTOp OHa He IpoxouT. [le-
TeKTOp (pUKCUpyeT OrubaroIyio JIMHUK, KOTOPas IMpo-
XOJIUT Yepe3 MHUKU OueHnit. ITo 06CTOATETHCTBO O3B0~
JITeT HAaM MHTEPIPETUPOBATL PE3YJIbTATHI BO BPAIIAIO-
IIeiicsl cCucTeMe KOOPJIMHAT, B KOTOPoit wy = 0.

4. Tlukm OueHUl KakK pas3psaabl ABOUIHOTO
4yucjia B MaMATH. B curHajie MaHHOW CIWHOBOHN CH-
CTeMbl INKKM OMEHUNl MOXKHO HCIIOJIH30BATH I XPaHe-
HUSI 3HAYCHUs Pa3psja JIBOUIHOIO ducyia. Makcumaiib-
HOE YUCJIO OMEHUil JaeT MaKCHMAJbHBII Pa3psij] THCJIa
U, CJIe0BaTEHHO, MAKCUMAJIHHOE 3HAYEHIE YNCTIA JIJIst
XpaHeHnss B KBaHTOBOH mamsTu. Ha mpaktuke HabJio-
JlaeMoe YHCJIO TUKOB OMEeHnil OrpaHnInBaeTCs BpeMeHa-
MU PeJIaKCAIlUU CUCTEMbBI, B JJAHHOM CJIydae BPEMEHEM
dazoBoit penakcanun. PazoBas pegaKcaIus TakKe 13-
BECTHA KAk II0IepevHas PeJaKCaIlUs U XapaKTepu3yeT-
cg BpeMeneM Ts. [lonepeunast penakcarust — 3TO IKCIO-
HEHIUAJIHHBII 110 BpeMeHH Iporiece j1eda3upoBKU CIIH-
HOB IIOCJIe IIPUMEHEHHUsI IIepBoro mmirysibca. OHa onu-
CBIBAET IIPOIECCHI BDEMEHHBIX U CJIYYaHBIX B3aMMOIEii-
CTBUII 3JIEKTPOHHBIX CIIUTHOB, IPUBO/ILAINNE K 110Tepe dha3
7 00IIel TIoTepu CUTHAJA B UX HEMOCPEICTBEHHON cpe-
ne (mosiekysax). IIpoosibHas PeIAKCAIUs OIPEJIeIsieT
YCTAQHOBJICHHE DABHOBECUA MEXKJY CIUHOBOW CUCTEMOI
U OCTAJIbHBIMU MOJIEKYJISPHBIMU CTEIEHSIMU CBODOIBI
(pemierkoit). Ee Ha3bIBAIOT BpeMEHEM CIIMH-PEIIETOIHOMN
penakcanyu 17 . B manHOi paboTe IMMATUPYOIIUM IIPO-
IIECCOM [[JIsl OIIE€PAIVil KBAHTOBOW MH(MOPMATUKY SIBJIs-
eTcsI rorrepevnast pesakcanus. Iloaromy npu mozesnpo-
BaHUU CAT'HAJIOB IoJiaraJjioch 17 > T5.

Ilo mMepe yMeHbIIIeHNs] BPEMEHH IIOIIEPEIHON PeJIaK-
canuy, aMIUIUTYIbl OMEeHMil a/1al0T SKCIOHEHIINATIBHO.
IIpu BbIGOpPE MUHIMAJIHLHOTO 110 AMILIUTY/IE CUTI'HAJIA OIl-
TUMAJIBHBIM CYUTAJICS NUK, Ybsi AMILIUTY/a HE MEHb-
nre npubamsurenbro 10 % or aMImmTyasl caMoro mep-
Boro. Ilpu sToM, B KadecTBe I€PBOrO NHKa, T.e. IEP-
BOI'O pa3psijia YHCJIa, BLIOUPAJICS TOT CUTHAJ, KOTOPDII
UJIET Cpa3y 3a CIIQJIOM IOCJEe JEHCTBUA T /2-UMITyJIbCa
(t =~ 0). Dror cuax umeer HOPMy [OJOBUHBI IUKA OU-
€HUs U JI0JIKeH ObITh BCErJia, BHE 3aBUCHMOCTH OT TO-
ro, KaKoe 4ucjIo OyJieT 3alMChIBATLCS B HaMdaThb. Hike
[IPUBEIEHBI PE3YIbTATHI MOJleupoBanusd s 10 mukoB
Omennit, uTo coorBercTByeT 10 paspsmaMm JJis 3aIlUCU
JIBOMYHOrO 4ucya (puc. 3). DTO COOTBETCTBYET MAKCH-
MajgpHOMY umeimy 1111111111 wmm 1023 B mecatwaHol
CUCTEME MCYUUCJIEHUS.
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Puc. 3. Mogenuposanmne cBobonuoit naaykiun TCNE mo-
cJle AefCTBHsST MHUNMUATU3UPYIONIEro 7 /2-uMiyanca (ce-
PBIit IPSIMOYTOJIBHUK ). JIJIUTEIbHOCT BPEMEHHOIO MHTEP-
Bajia JUIsi HaOJIIOAEeHUsl IMUMKOB OWeHuil O00O3HAYeHa IIa-
pamerpoM ts. JIauTeIbHOCTD MEXKCUTHAJIBHBIX HHTEPBA-
JIOB 0b603HadeHa MmapaMeTpoM tq. BpeMeHHbIE HHTEPBaJIbI
JIJ1s1 XpaHeHWsI 3HAYeHUsT pa3psi/ia MOMeYeHbl YePHBIMU OT-
pe3kamu. Hurke oTpe3KOB pUBE/IEHBI 3HAYEHUST PA3Ps/Ia.
Hawuublit curaaj coorsercryer ymcay 1111111111

Tak KaK J1sT KOJAMPOBAHUS IHCJI UCITOIB3YIOTCSI TTH-
K1 OuMeHwuit, BayKHO TOYHO OUPEIETUTH X BPEMEHHYIO
JUIATETbHOCTD U mHTepBasbl Mexkay Humu. as TCNE
B X jgumanasone mHTepBaJ ty = 100 HC, JAIUTENTBHOCTH
ts = 130 mc. MaTepBajinl Ay HaOIIOMCHUS 3HAYCHIH -
T'0 PErUCTPa YUCTIA C KOJTUIECTBOM Pa3psiaoB N gatrcs
rnapom

ts . ts )
<5+(td+ts)*(z—1)—|—td; 5+(td+ts)*z),

i € [1...N]. 8)

[TpucyrcrBue curHaJia OueHUsi B 9TOM UHTEPBAJIE COOT-

BETCTBYeT 3HaUeHUIO “1” B COOTBETCTBYIONIEM i-OM Pa3-
pszne, ero orcyrcrsue — 3uadenuo ‘0”7 B paspsge. Wu-
TEPBAJIBI MEXKTy HAOJIIOIEHUSIME [THKOB:

<%+(td+ts)*(i—1)§ %+(td+ts)*(i—l)+td>,

ie[1..N]. (9)

MezkcuraaJibHbIe HHTEPBAJIBI UCIIOJIB3YIOTCS JIJTsl TIOJIa-

YU WMITYJIbCHOTO TPajeHTa U aHTUTDAIMEHTa MATHUAT-
HOTO TIOJIS.

5. I'pagueHTHBIII W aHTUTPAAUEHTHBLIA WM-
OyJbebl. [l 0OHy/IeHnsT cUTHAJIA B 3a[aHHOM HHTEP-
BaJte HabJIroIeHus t; HEOOXOAMMO MOAATH UMILYJIbC IPa-
JIMEHTA MATHUTHOTO T0JIsI B MEXKCUTHAJILHOM HHTEPBAJIE
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B, Gradient B, Antigradient B,
N % S N S N v S
B £ g
TCNE TCNE TCNE
(a) (b) (c)

Puc. 4. (pernoii onnaiin) CxeMaTnyHOe H306parkeHne TPEX PEKUMOB BHENIHEI'O MATHUTHOIO II0JIsl JJIsl PEFUCTPAIMN CUTHA~
g0 TCNE. (a) — nmocrosinHoe MaruuTHOe 10Ji€; (b) — rpagueHT MArHUTHOIO OJIs; (C) — AHTUIPAJAUEHT MATHUTHOTO II0JIst

tq mepe]; cUrHasioM. I'paiueHT MArHUTHOTO [OJIst IIPe/l-
cTaBJIsIeT cO0OI HEOIHOPOJHOE MArHUTHOE I0Jie, MEHs-
IOIIIeeCs. MOHOTOHHO BJIOJIb OJJHOIO HAIIPABJIEHUS B [IPO-
crpancrse (puc.4b), B orTmM4YMe OT IIOCTOSHHOIO MAar-
HUTHOTO 110J15 (puc. 4a).

B xwuakom pacreope TCNE Bce ancambiu 3j1ek-
TPOHHBIX CIIMHOB, IPENECCUPYIONUX € YaCTOTON wo,
PACITIOJIOXKEHBI PABHOMEPHO CJIyYaiiHO B IPOCTPAHCTBE.
WMiysibCHBII IpaiieHT MEHSIET 3€eMAHOBCKYIO YACTOTY
IIPEIECCUPYIOIETO BOKPYT OCH 2 3JIEKTPOHHOI'O CIIMHA
B pajukajsie TCNE na Beqmumny , KoTopasi 3aBUCHT
OT BEJIMYUHBI IPAJINEHTA U KOOPAUHATEI Ha ocu z. [lpn
9TOM T'DAJMEHT JOJKEH OBITh JOCTATOYHO OOJIBIINAM,
4TO0BI § ObLIA He MeHbIe O0Iell MUPUHBI CIeKTpa. B
9TOM CJIy4ae MPOUCXOJIST MEPEXObl CIIUHOB M3 OJHOTO
arcaM0Jis B JIpyToif, 9TO paspyinaer Ouenus. B skcie-
PUMEHTe BeJIMYNHA I'pajueHTa MATHUTHOTO IOJisd ObLIa
upuMepHo paBHa 8 'c/MM IpH IMTEIBHOCTH UMITYJIb-
ca 100 Hc. IIpenmonaraercsi, 9T0 3a HECKOJIBKO MHUKPO-
CeKYH/Jl BpeMeHU AedCcTBUA BCedl MMILYJILCHOHR IIocseno-
BarenpHocT MoJieKysibl TCNE B xkumakom pacrBope ne
[IEPEMEIAITCS Ha, PACCTOSTHUE, IPUBO/ISIIEe K 3aMETHO-
My OTKJIOHEHHIO B BesiniuHe §. B pesysnbrare Bce ancam-
6JI1 9JIEKTPOHHBIX CIIMHOB IIPEIECCUPYIOT C YaCTOTOMN
wo~+3, Te 0 HUKaK He KOPPEJUPYET € Wpy. DTO TPUBOIUT
K HapYIIEHUIO COOTHOIIEHUsI HaOupaeMbix (a3 “ObiCcT-
puIx” 1 “MeJIJTEHHBIX” CIIMHOB B XOJI€ TPEIEeCCUN B TIJI0C-
KOCTH Ty Ha puc.2. Bce Omennst mocse JeHCTBUS M-
IIyJIbCHOT'O TPaJIneHTa ucde3aror. [[jist BoccraHOBIIEHUS
CHTHAJa B 33JaHHOM MHTEpBaJe HAOJIOIECHUS HEOOXO-
JIAMO TOJIATh UMITYJIbCHBIM AHTUTPAIMEHT TIOJIS B MEXK-
CUTHAJILHOM UHTEPBAJIE NEPEeJ CUTHAJIOM. AHTHUrpaJiu-
€HT TI0JIsi [0 CYTH SIBJISIETCS TE€M XK€ I'PAJIMEHTOM II0-
Jisl, HO HAIIPABJIEHHBIM B IPOTUBOIOJIOKHYIO CTOPOHY,
BI0Jb — 2z (puc. 4c). Takum 06pa3oM, aHTUI DA MEHTHDIL
UMITYJIBC [P BCEX TAKUX K€ XapPAKTEPUCTUKAX, UTO U
IPaJIUEHTHBIN, OTJIIMIAETCS OT HETO JIUIIH MOJISPHOCTHIO:
[PSIMOYTOJILHBIN UMITYJIBC TOJIOKUTETHHON TOJISIPHOCTH
CO3/IaeT TMOJIOYKUTE/IBHBI I'PAJINEHT MATHUTHOTO IIOJIS,
a MMILYJIbC OTPHUIATEILHON MOJISTPHOCTH — OTPUIATE b
HBIA I'DaJMeHT MarHuTHOro nouid (anrurpasuent). On

MEHSIET YACTOTY IIPEIECCUN IJIEKTPOHHBIX CIIHOB Ha Be-
JIMIUHY —6. DTO UPHUBOJIUT K BOCCTAHOBJIEHHIO COOT-
HoIeHusT HabupaeMbix da3 “ObICTPHIX U “MeJJIEHHBIX
CIIMHOB B XOJI€ IIPELeCCHU B IIOCKOCTHU Yy (puc. 2) K To-
My COOTHOIIIEHUIO, KAKOE OBLIO JI0 MOJAYU UMILYJILCHOTO
rpajuenta. Curaasn cBOOOIHOM HHIYKITUH BOCCTAHABIIH-
Baercst. OTHAKO 9TO TPOUCXOJUT IIPU YCJIOBUH OJIMHAKO-
BOIl JIIUTEILHOCTH JIEHCTBUS IPAIUEHTHOrO U aHTUTDA-
JMEeHTHOro NMITyIbcoB. Ha pucynke b mpemcraBieHo Mo-
JIeJINPOBAHIE CUTHAJA C FPAJAMEHTHBIM HUMITYJIHLCOM IIe-
D€l IeEPBBIM PA3PsI0M U BOCCTAHOBJIEHHE CUTHAJIA HA 8

pas3pse.

1.4
1.2-
1.0
0.8
0.6
0.4
021

0-

021

SigY

2500

Puc. 5. (IIernoit onmnaiin) Mozxesuposanue paspyIiieHus
CUTHAJIA CBOOOJHON WHIYKIMH JEHCTBHEM HMILYJIbCHOTO
rpaJiieAaTa MArHATHOTO TOJIs (IIPAMOYTOJBHUK C 3AMOJTHE-
HUEM B BUJIE IPSIMOTO CJISIIA) U TOCIEIYTIOIIEEe €r0 BOCCTA-
HOBJICHAE WMMITYJTbCHBIM AQHTUTPAIUEHTOM (IIPAMOYTOJb-
HUK C 3allOoJHEHUEM B BUJE OOpaTHOro cisma). Jlamabrii
curHas coorBeTcTByeT umcxy 0000000111

6. AaroputTM Oy KOOWUPOBAHUSA JBOUYIHOTO
gyucia. Miysibcable rpaueHT U aHTUTPATUEHT MOXKHO
UCIIOJIB30BATH JJjIsi KOJAUPOBAaHUS B BUJE IMMKOB OHEHUsI
JIFOOOTO IBOUYHOTO YUCJIA C PA3PSAIHOCTHIO, PABHOM IUC-
Jy 9tux nukoB. llociieroBaTeIbHOCTD OIIEPATOPOB HM-
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IIYJI6CHON TIOCJIEIOBATEILHOCTH JIJIsl KOJUPOBAHUS IIPO-
u3BosibHOrO uucia (by...b;...by) ¢ MakcumasbHON pas-
psanocthio N, Te b; — 3HadeHue ¢-ro paspsijia, MOXKHO
[IPEJICTABATD B CJICIYIONIEM BU/IE:

N
[TV (wo, ta)U (wi, ta) R, (10)

i=1

rie w; = wo + 5F(bi,1,bi); F(].,O) =
F(0,0)=F(1,1) =0, by = 1.
IIpoussenenne GepeTcss TOJBKO IO OIEpaTopaM B
KBaJpaTHbIX cKOOKax. CumBoJ F' ompejiesisier 3HaK I1e-
pell BeJIWYUHOW & W 3aBUCAT OT TOTO, IOJAETCS JIU

1, F(0,1) = —1,

UMITYJIbCHBIM T'PaJIMEHT U Kakoil Hampasiennoctu. 1o
ornepaTropoM R mompasymeBaeTcsi OnepaTop WHUAIIAAJIH-
3UPYIOIIEr0 7/2-UMIyJIbCa U CJICIYIOmEeil 38 HUM IBO-
JUOLIUY B T€YEHUU BPeMEeHHU tg/2:

R =U(wo, ts/2)Us(7/2). (11)
3aBUCHMOCTD JJ1s MaTPUIBL INIOTHOCTH g, (t) JJIsA j—FO
CIInHa JO MOMEHTa t3/2 MO2KHO IIpE€JICTaBUTHb B BUJE:

Gj U(WOJ‘, t)Uz

po,;(t) = (7/2)pe, (12)

rae G — CTATHCTHYECKHUN BeC CIMHOB C YacTOTOH wo j
(em. puc. 1).

Marpuity mIoTHOCTH p}’ ;(t) ng j-ro cimna B MeK-
curHaJbHOM uHTepBaJie (9) nepe i-M pa3psaIoM MOKHO
IPEJCTABUTDL B BUJIE:

ls
pzl,j(t) = U(Wi,jvt)pi—l,j (5

—l—(td—Fts)*(i—l)) ,
(13)
e wi; = wo,j + (SjF(bi,hbi); F(l,O) =1, F(O, 1) =
—1, F(0,0) = F(1,1) =0, b = 1; i € [1...N].
Marpuity mI0THOCTH pf ;(t) s j-ro cimna B mATEp-
Bauie HaOJozeHus (8) 4-r0 pa3psijia MOXKHO IIPEJCTABUTh

B BUJIE:

§2,0) = Ulengot)oly (5 + ot ) G- 1+ )
(14)
Besmunma ¢; paBHOMEPHO CJIy9aifHO pacipe/iesieHa B
unrepsade [0, ], ee aBCOTOTHBIE 3HAYEHUS] HE MEHSIIOT-
¢ co BpemeneM. CielyeT OTMETHTD, 9YTO B HHTEPBAJIAX
HabJII0/IeHNsI CUTHAJIOB (8) BCe CIMHBI IPEIECCUPYIOT CO
CBO€il HAYaJIbHON 9aCcTOTOI Wy, j, TAK KaK B 9TUX MHTEP-
BaJlaX HUKOTJA HE JeHCTBYIOT UMILYJIbCHBIE TPAIUEHT 1
anTurpaguent. CUrHAJ Ha Hy?KHOM §-M Y9aCTKe MOJIy-
JaeTCsA CyMMUPOBAHUEM 110 aHCAMOJIIO CIIMHOB:

Sig; (t) ZTT p” t)Sy]. (15)
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Beipaxkenusi (12)—(15) MCIOJIB30BAIUCH JIJIS IUCJIEH-
HOTO MOJIEJIUPOBAHMS] CHUTHAJIA CBOOOIHONW WHIYKITUH
TCNE B Bume Hamepej 3aJaHHOIO JBOUYHOIO YHUCJIA
(b1...b;...bN).

7. Peanuzanus KomupoBaHusi duceJsi. Pazpabo-
TAHHBIN AJTOPUTM MOCTPOEHUS] MMITYJIbCHBIX ITOCJIEI0-
BAaTEJILHOCTEH IpajueHTa U aHTUTDAIMEHTa MATrHUTHO-
ro 1oJist ObLI IpUMeHeH B 3KcuepumMente. Jls koxupo-
BaHUA WHPOPMAIUMH B BHJIE JBOMIHOTO YHCJIa OBLI WC-
[IOJIb30BAH KUJKUI PACTBOP TETPAIMAHOITUIIEHA B TO-
JIyoJie.

Citestlyer OTMETHUTH,9TO I “pasMal3bIBaHUs’ CIIH-
HOBOIl KOTE€PEHTHOCTU MPUMEHSLICS UMITYJIbLCHBIN I'pa-
JINEHT MArHUTHOTO ITIOJISI [IOJIOXKUTEIbHON HOJISIPHOCTH
(em. 1. 5). Just Toro, 4robbl “BOCCTAHOBUTE KOI'€PEHT-
HOCTh IIPUMEHSIJICS] UMILYJIbCHBI I'PAJIUEHT MArHUTHO-
IO 110Jisi OOPATHON OJSPHOCTH (AHTUTPATUEHTHDBIH UM-
nysibe). Bee m3aMepeHus NPOBOAUJIACH IIPU KOMHATHOM
Temmepatype. MI3Mepenns mpu 06oJjiee HU3KUX TEMIIEPa-
Typax J0 TOUKH 3aMep3aHus He JaBaJjy 0cobOro OTJiv-
qus B curnasie. Ilocsie TouKn 3aMep3aHusi CUIHAJBI B
BHjIe OMEHUI NCYe3aI0T, TaK KaK IMOSBJISETCS aHI30TPO-

must CTB B ciekrpe D1IP.
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Puc. 6. (Ilpernoit onsaiin) DKCHepUMEHTAIbHAS 3aBHUCH-
MOCTB ¥ T€OPEeTHYeCcKasi 3aBUCHMOCTb CUTI'HAJIA CBOOOSHOMN
naaykiuu TCNE B pabouem naTepBase spemenn or 0 10
2400 uC

Brina mpoBesieHa oreHKa BpeMEHU MOTEPEYHON pe-
nakcanuu 15 JaHHON CHUMHOBOII CHCTEMBI METOIOM all-
IIPOKCHAMAITIH aMIUIATY] OUeHnit MOHOIKCIIOHEHIHAJIb-
HOHM 3aBUCHMOCTBIO B BUJE Bef%z, rane B — Bennmuu-
Ha mepBoro muka. Bemmuwmaa Th cocTaBisieT mpuMep-
Ho 1250 uc. Wcxona u3 KpUTepus, COIJIACHO KOTOPOMY
BEJIMYMHA, [TOCJIEIHErO TIMKa Pa3psijia JOJKHA OBITH He
MenblIie npumepo 1/10 or B, ouTUMaJIbHBIM SIBJISIETCS
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Puc. 7. (IlBeTHO# OoHNa#iH) DKCIEPUMEHTATBHAS 3ABUCAMOCTD U TEOPETHIECKAsi 3aBUCUMOCTD CUTHAJIA CBOOOIHON WHLYKITH

TCNE B pabouem nnrepsaje Bpemenu oT 0 qo 2400 Hc. BpeMmeHHbIe MHTEPBAJIBI JIJIsI XPaHEHUsI 3HAYEHUS Pa3psiia TOMeYeHbI
YepHBbIMU OTpe3KaMu. Huke oTpe3KoB MpUBEIeHBI 3HAYEHUST Pa3pAaa

BBIOOD MEPBBIX JIECATU ITNKOB OMEHUst [1JIsi KOJIUPOBAHIS
nBowdHOTO yncya. Ha pucyrke 6 mpecraBiieH SKCIepu-
MEHTAJbHBIA U MOJIEJbHBIA CATHAJ CBOOOIHON WHITYK-
uuu TCNE ¢ nepBbIME J1€CATHIO MMKAMH 10 MOMEHTA
Bpemenn t = 2400 uc. JIaHHBI CUTHAJ COOTBETCTBYET
MaKCHMAaJbHOMY JBOMIHOMY YHCILY € Pa3psaHOcThIo 10,
r.e. ancay 1111111111, Dro gucmo 1023 B gecaTudHOi
CUCTEME MCUUCIIEHUS.

Jlajiee puBeIEHBI IPUMEPHI KOJUPOBAHUS HEKOTO-
PBIX JIBOMYHBIX uncesi. ljist 3ammcu Kojia MCIOJIb30BaI-
cd onmcaHublii Boime agroput™ (10). B kadecrse mpu-
MepoB ObLu BeiOpanbl dncsaa 0000000010 (B mecarud-
HOIl cucreme wucuuciaenus sro 2), 0111000010 (450),
1010010000 (656), 1111011111 (991). Bwibop takmx
4qucesl O0yCJIOBJIEH HEOOJBINUM KOJIMIECTBOM €JIMHUIL,
OOJIBIIMM KOJIMIECTBOM HYJIel, & TAKXKE pa3HOOOPA3HBIM
[TOJIOYKEHNEM eIMHUI. DTO BAXKHO JJIsl IPOBEPKU HAEK-
HOCTHU BOCCTAHOBJIEHUS OMEHUIl MMILyJIbCHBIM aHTHUIDA-

JINEHTOM HE3aBUCHMO OT IOJIOXKeHWsT paspsiia. Ha pu-
cyHKe 7a—d 1oKa3aHbl 3aKO/IMPOBAHHBIE 10 AJTOPUTMY
(10) umcia B Buje MUKOB GUEHHMIT, a TAKXKe UX MOJIEJIH-
poBaHUe.

W3 pucynka 7 BHIHO, YTO KOMOWHAIUS HMIIYJIbC-
HOI'O T'paJINEHTa U AHTUIPAJMEHTA, COCTABJIEHHAS II0
asropurmy (10), II03BOJILET YCHEIIHO KOAUPOBATH B 9KC-
[IEPUMEHTAJIBHOM CUTHAJIE CBOOOIHOW MHIYKIINU DaJiu-
kajga TCNE ngowunbie umcia. KadecTBo BoccTaHas-
JINBAEMbIX CHTHAJIOB HHUKAK HE MEHSETCS B 3aBUCH-
MOCTH OT BBICTABJISIEMBIX 3HAYEHUN DPa3psJioB U UX
[OJIOXKEHUH. DTO CBUIETETHCTBYET 00 3(DPeKTUBHOM
JIEICTBAN HMMITyJIbCHOTO TI'DAJIMEHTa W AHTUIDAJIUEHTA.
C Jpyroit CTOpOHBI, HEJIb3sT HE OTMETHTH TO, YTO
13-33 HEWJIeaJbHOCTU I'PAJUEHTHBIX MMITYJIHCOB MaJasi
YaCcTh CATHAJA OT CIIMHOBOW CHCTEMBI BCE K€ OCTAeT-
csl. DKCIIEPUMEHTAJIbHbIE CUTHAJIBI JIETKO BOCIPOU3BO-
JISITCST MOJIEJIMPOBAHUEM, YTO TOBOPHUT O XOPOIIEM CO-
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OTBETCTBUU BBLIODAHHOW TEOPETHUIECKON MOJEIN U ee
HAJIe?KHOCTH.

8. 3akmroyenue. Pazpaboran ajropurm mOCTPO-
€HUsI WMILYJIbCHBIX ITOCJIEI0BATEIBHOCTENH C HCIIOJIb30-
BaHUEM TDAJUEHTa W AHTUTPAIUEHTa MATHUTHOIO II0-
JIsl JIJI 3AIUCH JIBOMYHBIX YUCEJI B CUTHAJ CBOOOJHOM
WHIyKIIUU TeTpaIuaHodTuiIeHa. [[poBegeHo Momempo-
BaHUE CUTHAJIA B PAMKaX (pOpMaJim3Ma MATPUIIHL TLJIOT-
noctu. OTieHeHO BpeMsi TOMepedHoil pejakcaruu Ty =
= 1.25 mkc B )kujrom pacrBope TCNE npu komHaTHO
TeMmreparype. Bpemst momepedHol pelakCaiu 1 BeJIu-
quHa cBepXTOHKOro B3aumo/ieiicrsus B TCNE mo3Bosis-
10T HAOJIIOIATH CUTHAJI CBOOOIHOM MHJIYKITUY B BUJIE MU~
KOB Omenwuit. /laHHOE XMMUYECKOE COEIMHEHNE OTHOCH-
TEJILHO JIENKO CHHTE3UPYEeTCsi U He TOKCHIHO. J[jist yBe-
JUYeHns 00'beMa IIaMsITH Ha OCHOBE CUTI'HAJIa CBOOOIHOI
WHyKITMU HEOOXOIMM CHHTE3 COeIUHEHUIl C XapaKTep-
HBIMU BpeMeHaMu pejakcanuu 6ojee 1-2 MKC Ipu KOM-
HATHOH Temrieparype. bouto mokazano, uro TCNE mpu
KOMHATHOI TeMIepaType MOYXKeT ObITh UCIIOJIb30BaH JJIsi
KOJIMPOBAHWS JIBOMYHBIX UHUCEJ C MAKCHMAJIBHOW pa3-
psagaocThio 10. Db heKTUBHOCTH aJropuTMa IPOJIEMOH-
CTPUPOBAHA TEOPETUIECKH U IKCIEPUMEHTAJIBHO. Pas-
BUTHE JIAHHOW TEXHOJIOIUU ITEPCIEKTUBHO JJIsI PA3BUTHS
KBaHTOBOI HH(DOPMATHKHY.

Wccnenosanue
ta,  Poccuiickoro Haydnoro donIa
https:/ /rscf.ru/project /22-72-10063 /.

ABTOpHBI BhIpaxkaroT bsiarogapaocts Mopososy B.1.
3a mpenocrasiaeHHblil obpazernr TCNE. DkcmepuMeHTb
OLLIN BBIMOJHEHBI Ha 0a3¢ KOJIEKTHUBHOTO CIIEKTPO-

BBITIOJIHEHO 3a caer rpaH-

££929.72-10063,

aHauTIIecKoro IleHTpa PU3NKO-XUMUTIECKUX UCCIIET0-
BAaHUH CTPOEHUS, CBOIICTB U COCTaBa BEIIECTB U MaTepu-

asios OUIIL KasHII PAH.
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