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MAJIOHOBOI'O TUAJIBJAETUIA
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Hanvuux

[IpoBeneno wuccrnenoBanre CBOOOTHOPAAMKATBHOTO
MIEPEKMCHOr0 OKHCIIEHUS JIMMUAOB Ha TpPHMEpe MaJlOHO-
Boro aeanpaeruna (MJIA) y 6onbHbIX poxxeid. [Tocnenauit
HaKaIIMBAeTCsl B KPOBH NPHU CHHAPOME HWHTOKCHKAI[HH.
[Tpn BBICOKOM cOep>KaHWM aHTHOKCHIAHTOB B OpPraHM3-
Me 00pa3yeTcsl JIMIIb HeOOJbI0e KOIUYECTBO IPOAYKTOB
CBOOO/THOPAJMKAIBHOIO OKHCIICHHUS, YYaBCTBYIOIIMX B
peryisiiui  MHOTMX  (DM3HOJIOTHUECKHX  IPOLECCOB.
YMeHbIIIeHNE K€ COJepPIKaHNsl aHTHOKCH/IAHTOB B TKaHIX
TOPUBOIUT K ToMY, uTO npoaykTel (ITOJI) HauuHAtOT mpo-
W3BOJUTH BMECTO (DPU3HOJIOTMYECKOTO MAaTOJIOTHYECKUN
s dexr.

[{enblo paOOTHI SIBUJIOCH U3YyYEHUE COCTOSIHHS MPO-
OKCH/IaHTHOW CHCTEMBI KPOBH Y OOJBHBIX POXKEHl B 3aBU-
CHUMOCTH OT IIepHoJia 3a00JieBaHHUS M CTETICHH TSDKECTH
MaTOJIOTMYECKOro Tpoliecca.

Marepuasnsl u Meroasl. [lox HabIrOIEHNEM HaxoaH-
nock 47 6ombHBIX poxei ot 40 no 72 ner. U3 Hux y 12
YeJIOBeK 3a00JIeBaHNE IPOTEKAJIO B JIerkoi ¢opme, y 31-B
cpenHeTsKeNoN U 'y 4 obcneayeMbIX B TshKeIoi ¢popme. Y
OoNbIIMHCTBA OOJNBHBIX MATOJIOTHYECKUH TPOLIece MpoTe-
KaJ B DPUTEMATO3HOH (opMe C IPEHMYIIECTBEHHBIM I10-
paKeHHEeM HIKHUX KOHeuHocTeW. KpoBb OONBHBIX 00-
cleioBaHa B Tepuojie pasrapa 3a0oJeBaHMs, yracaHus
KIIMHUYECKUX CUMITTOMOB M PaHHEH peKOHBAJICCIICHINH.

PesynberaThl U 00cyxnenus. B mporecce 3abomneBa-
HUS pOXKel OTMEYEHO JAOCTOBEPHOE MOBBIIICHHE YPOBHS
MJA, ¢ MakcuMallbHBIM 3Ha4€HHEM, B TMEpUOJIe pasrapa
3aboneanus (3,7 + 0,08), ocobeHHO MpH TAHKEIOM Tede-
HHUM TIpoliecca. B mepnoj yracaHusi KIMHHUYECKUX CHUM-
NITOMOB, IAPAJUICIBEHO TTOJIOKHUTENFHON JHMHAMUKE 3a00-
JIeBaHUsI, HAaOJIIO1AIOCh TTOCTENIEHHOE CHM)KEHHE YPOBHS
aktuBHOCTH mokaszarens (2,5 + 0.07), npuxozsiero x
HOpME B Tiepuof panueit pexousanecueniuu (1,4 + 0,08).
Wzyuenne ypoBHs MJIA y OOJBHBIX pokel B 3aBHUCHMO-
CTH OT TSDKECTH 3a00JIeBaHuUs BBISIBUIIO OoJiee 3HAUUTENb-
Hoe Bo3pactanue MJIA mpu cpegHeTsKenou U TaKeIou
¢dopmax 3aboneBaHusl. YPOBEHb N3y4aeMOTO MOKAa3aTels
BO3BpAIAICS K HOPME B MEPHO/I paHHEH peKOHBAJIECICH-
LINH TIPY JIETKOM TE€YEHWU M OCTaBaJICSI JOCTOBEPHO BHIIIE
HOPMBI NIPH TSDKEJIOM U CPEAHETSIKENIOM TEUEHHH.

Takum 00pa3oMm, B pe3ynbTare MpOBEJICHHBIX HCCIIe-
JIOBaHUI OOHAapyXCHa 3aBHUCUMOCTH ypoBHA MJIA ot
MIepro/ia U CTEIIEHN TSHKECTH MaTOJIOTHYECKOro Ipolecca
npu poxe. [Ipy 3TOM He MPOUCXOAUT BO3BPALICHHS U3Y-
YaeMoro IToKa3arelisi K HOpMe B IIEpHoJie paHHEH PEeKOH-
BAJICCIICHIINY, Y OOJBHBIX C TSIKCIIOW M CPETHETSHKETION
(bopMoli pOXKH, YTO CBHIETENHCTBOBAIO O HE 3aBEpIICH-
HOCTH TATOJIOTMYECKOro IpOIiecca B 3TOM IIEpUOIE Y
HaOmroaBIMxcst OonbHBIX. [loyueHHbIE JaHHBIE O 3a-
KOHOMEPHOCTSIX W3MEHEHHs YPOBHS MaJOHOBOTO JHajb-
JIerTna y OOJNIBHBIX pOXKeH, MO-BUIUMOMY, CBHUJIETENBCT-

BYCT O Ba)KHOU PO IPOLICCCOB NMEPEKUCHOI'O OKUCIICHUA
JIMITUIOB B IMATOrE€HE3e 3TOr0 3a00JIEeBaHUS.

STATISTICAL DESCRIPTION OF CONTROL
SYSTEMSIN NANOLITHOGRAPHY
Borisenok S\V.

Herzen Sate Pedagogical University,

S. Petersburg

Here we present the application of control methods
to nanotechnology. This special technology is used in
mastering of real objects with the space sizes of few na-
nometers. It allows operate with such objects for the pur-
poses of the modern technology, for example, in the field
of nanolithography, then the beam of cooled atoms pass-
ing through standing laser wave(s) to be concentrated on
the so-called “mask”. In this sense the method itsdlf is
very similar to ordinary lithography but with the opportu-
nity to get nano-scale of the objects (microchips etc.).

Every atomic beam in nanolithography consists of
many quantum particles, and for every atom from the
beam we have the second order ODE based on the
Schroedinger equation. The coefficients of this eguation
depend on the laser field (consisted actually of two fields:
basic and additiond modulated). Because of the field
modulation they are changed and they are time-
dependent, it influences on the atomic dynamics, and we
get the opportunity to realize a feedback, i.e. to express
the process in the terms of control theory and to apply
control methods to the dynamical differential equations.
Heretheinput is the beam characteristics and the output is
the space digributions of the particles on the mask.

Standard speed gradient method, however, is not
very productive in nanotechnology. From one side, it al-
lows achieve the selected level of energy (the eigenfunc-
tion of Hamiltonian for dynamical differential equation).
But for the practical purposes of nanolithography we need
to prepare an atomic beam with the very narrow spatial
distribution. Thus, it is logical to include the parameters
of the desired distribution in the goal function of the con-
trol process. For this purpose we have to re-formulate the
mathematical task and introduce the new type of con-
trolled systems. We demand the achievement of the nar-
row spatial distribution of the dynamica particles as the
main goa of the control. Additionally we investigate the
statistical properties of the particle dynamics but not the
behavior of the single particle. Statistical approach is very
natural if we discuss the dynamical properties of a quan-
tum system, but this problem was not formulated in the
frame of classical control theory of real systems. At pre-
sent only separate cases of atomic beam dynamics are
investigated.

Let’s sum up our main results:

1. The statistical description of the system (the en-
semble of N particles) isrealized.

2. The closed control equation for proportional
speed gradient feedback is presented.

3. The possibility of statistical control application
to the purposes of quantum beam focusing is demon-
strated.
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Thus, the statigtical scheme can be successfully ap-
plied in the models of quantum beam control.

CTBOJIOBBIE KJIETKU - CK:
HN30BPETEHUS, TATEHTHI, ®UPMbI
boposckas T.A.

Capamos

K Hacrositiemy BpeMeHH yiKe BBISIBIICHO Oosee Tpéx-
COT M300peTeHnH, 3amaTeHTOBAaHHBIX TOJNBKO B Poccum
KaK OTEYECTBEHHBIMH, TaK U 3apyOS)KHBIMH 3asiBUTEJIs-
mu. Cpeay HUX €CTh U IOpHAMYeCKHe JUIa — KPYIHbIe

Tab6auna 1. 3anareHTOBaHHBIE N300pETEHHS

MEIUIIMHCKHE [IEHTPbI, YHUBEPCHTETHI U JPYTUE YUPEK-
neHus Kak 3apyoexsbix crpan CIHIA(US)*, T'epma-
uusA(DE)*, ®panumu(FR)*, Wcnanuu(ES)*, [danum
(DK)* u np., Tak u Poccun(RU)* u ¢puznmueckue auna, B
TOM YHCJIC CPEU MOCIEHUX - aBTOPBI U3 Pa3HbIX CTPaH.
ITockonbky B Hactosmee Bpemss CK paccmaTtpuBaroTcs
KaK YHHBEPCAJbHBII CTPOUTENBHBIA MaTepuan, u3 KOTo-
poOro MoXHO cHOpMHUPOBATH JIHOOBIC KIETKH OpraHu3Ma,
UH(OPMAIMOHHAS aKTyallbHOCTh HM300PETEHUI BBICOKA.
@parmeHT OfHOWH M3 TaOJMIl NMAaTEeHTHOro o030pa naér
HEKOTOpbIC MPEICTABICHUS O TEMaTHYECKHX HaTpaBe-
HUSX TATEHTYEMbIX NOCTXeHuil 3a nocnenuue 30 ner B
aToM obnactu (Tabi.l).

Jara my6J. Ha3sanue uzobperennii

20.07.1976 | CnocoO BBISIBIEHHSI CTBOJIOBBIX KPOBETBOPHBIX KJIETOK KOCTHOT'O MO3Tra

26.12.1977 | CTUMynSTOp MUTPAILIMK CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta
Crioco0 ompeienieHns CTBOJIOBBIX JTMM(OUTHBIX KJIETOK Ha THCTOJIOTHYECKOM Ipenapare
PacTBop Ju1s 3aMOpakuBaHUsI MO3Ta

15.08.1994 | Cnocob BOCCTaHOBIICHHSI CTBOJIOBOM KPOBETBOPHOM KJIIETKU OOITY4IEHHBIX JKUBOTHBIX

27.01.1995 | Cnoco6 uHrnbnpoBanus nponrgepaly CTBOJIOBBIX KPOBETBOPHBIX KJIETOK KOCTHOTO MO3Ta

20.09.199 Cr-0 monmy4eHus KOCTHOMO3TOBOI'0 HHTHOUTOpPa Mposidepaniy CTBOIOBBIX KPOBETBOPHBIX KII-K (2
u300p.)

27.09.1996 | Cnocob neueHust GOJIBHBIX C OXKOTaMH

20.03.1997 | I'omonornueckue (HpakToOphl U HEHPOHAJIBLHBIE CTBOJIOBEIE KIIETKH

20.09.1999 | JlekapCTBEHHBIN NpenapaT IMMYHO3aMEHSIOIIETO JICHCTBUS HA OCHOBE KJICTOUYHOW CYCIICH3HH. ..

20.02.1999 JlekapcTB. mpen-T IMMYHOKOPPEKTHPYIOIIEro ASHCTB. Ha OCH. KJIET. CYCIIEH3HH U CI-0 JIEYeHUs! cax.
nuabera

27.06 YcTpoiicTBO T 3aMOpaXMBaHHS U XpaHEHHs KJIETOK TKaH!

10.12.2000 | Cnocob npuroToBIeHHs KJIETOYHOr0 TPAaHCIUIAaHTaTa U3 (PeTaIbHBIX TKaHEeH

27.03.2002 | Crioco0 mOBHINICHUS YPOBHEH CTBOJIOBBIX KJIETOK B Mepu()epHIeCKON KPOBH

27.07.2002 | HelipoTrpaHCIIaHTaNusl C HCIOIB30BAHUEM IUTIOPHUITOTEHTHBIX HEHPOATIUTENNAIBHBIX KIIETOK

10.08.2002 | Varuburop npoiudepayiy CTBOJIOBBIX KIETOK U €r0 HCIOIb30BaHNE

20.10.2002 KynbTypa HEepBHBIX CTBOJIOBBIX KJIETOK, broTpaHCIUTaHTaT I QJUTONIEpECaaky U CI-0 ero IpUroTOB-
JICHUS

10.11.2003 | Cnocob nony4yenus: HenndhepeHINPOBaHHON KIETKH

20.11.2003 | TpancnyaHTanysi TEMOMOITHYECKHUX KIIETOK

27.03.2004 | Crnoco0 sedenus J1ro/iei SMOPHOHATBHBIMHU KJIETOUHBIMH CYCTICH3HSIMHU

20.05.2005 | CnocoO BbIJIETICHUS] ME3EHXUMAIIBHBIX CTBOJIOBBIX KJIETOK

20.03.2005 | Kommo3urust u Cioco0 yBEIMYCHUS KOJMMYECTBA CTBOJIOBBIX KIICTOK. ..
Criocob MMITJTaHTallMK CTBOJIOBBIX KJIETOK B MHOKApP]l B 9KCIIEPUMEHTE
Kommozuimu 1 cioco0bl JOCTaBKK I'eHeTHYECKOro MaTepraa
Cri-0 mosy4. KJIOHMPOBaHHBIX SMOPHOHOB YeJIOBEKA ITYTEM MPUM. CI-0a MEXBHIOBOW TpaHCIUIAHTa-
LIUH S171ep

[Ipennonaranock, 4T0 ecTh PHUCK IpPeBpalICHUS
CK, n3BJIeYéHHBIX U3 3apoabllleii, B pakoBbie. OHU
MOryT (hOPMHPOBATH y T€X, KOMY BBOJSITCS, arpECCUBHYIO
¢dopmy paka — TepaTtomy. B mocienHee Bpems, B pe3yib-
TaTe OMyOJMKOBAHHBIX PA0OT KOJUIEKTHBOB HMCIAHCKHX U
JIATCKUX YYEHBIX, BHECIIMX CEPbE3HBIM BKIAA B HAyKy
oTHocHuTeNnbHO Oe3zomnacHocTH B3pociabix CK, u3Bieuén-
HBIX, HAIIPUMeEP, U3 CIMHHOIO MO3ra, IPEACTaBICHUI
CHELMAINCTOB PaCIIUPUINCh. «Tepamnusi, OCHOBaHHas Ha
Pa3MHOXKEHHUM MAaJoro KOJIMYECTBAa KJIETOK BO MHOTHX
MOKOJIEHUSIX WM C UCTIONBb30BaHUEM KJIETOK, XPaHAIIHUX-
cs1 nonroe BpeMms B Oankax CK, yxe co3maHHBIX BO MHO-
T'HX CTpaHax, He MOXKET CUMTAThCs Oe3zomacHoi». Vcman-
CKHe Y4€HbBIE NpeAIoararoT, 4To Tpenes Oe30MacHBIX
nenennit kierok — 60 renepanmii. [Ipexne, yem HauHETCS
mmpokoe ucronb3oBanne CK B menuiae, Heo0OX0AUMO

emé U emE M3ydeHHe MX 0e30MacHOCTH, U3y4YEeHHE BCEX
cropoH mpobiiemsr CK. Bbicokas komMepueckas CTOH-
MOCTh KJIETOYHBIX TEXHOJOTHH TOJKAaeT HEKOTOPBIX
M0JIb30BaTENeN ropas3io paHblie, yem 3apepiiarorcs HUP
[0 UX HU3YYEHUIO, Ha MCIOJIb30BAHUE WX IS JIEUEHUS
O0NBHBIX. BOKPYTr HEKOTOPBIX W3 HUX MHOT'O CIIEKYIISINHI
n HapymieHuil. B CIITA cymecTByeT 3anmpeT Ha HCIOIb30-
BaHue aMOproHanbHbIX CK. EcTh cTpansl, B TOM 4ncie u
Poccust, rie 6e3 momkHON arpobanuy U pa3peluTeNbHBIX
JIOKyMEHTOB (B YaCTHOCTH JHIICH3UI) «OMOJa)KHUBATh»
KJIMEHTOB IBITAIOTCSI HE TOJBKO B KJIMHHUKAX, HO U B KOC-
METHUYECKHUX cajoHax. [IpakTudyeckoe npuMeHEeHHue MeTo-
JIOB, B TOM 4YHCII€, MCIOJb30BAHHE HOBBIX KJIETOYHBIX
TEXHOJIOTUH BO3MOXKHO TOJBKO MOCTE MX O(HUIMATbHON
TOCYIAApCTBEHHOW perucTpaiuy, JULEH3UPOBaHUs, KOTO-
pele npoBogasaTca Poc3apaBran3opom. Hckmrodenue co-
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