ITPUT OTOBJIEHUE 3AITY TAHHBIX (CHEIUIEHHBIX) COCTOAHHUM
AJIA BBIITIO/IHEHW A PEKOHBAJIECHHEHITMN HO30/IOT'MYECKHUX
®OPM (HA ITPUMEPE PACCESTHHOTI'O CKJIEPO3A)

Biacos fIn Biagumuposuu'’, Apaaros Cepreit Bragumuposuy’, I'aBpuios
Baagumup IOpnesny’, AuTunosa TarbsHa AnekcanjposHa’, CHHeoK

EBrenus BuranneBna®, Apaaroa Anacracus CepreesHa’

' ORCID: 0000-0002-9471-9088 ®epepaibHOe rocyJjapCTBeHHOE OIOPKeTHOe
o0pa3oBaTe/sibHOE YyuYpeXAeHHe BbIcIero ooOpa3oBaHusa «CaMapcKui
rocyapCTBeHHbIN Me/JUIMHCKUH YHUBEPCUTET» MuHHCTepCcTBa
3jpaBooxpaHeHus Poccuiickoii ®ejepanuu, JOKTOP MeJUIMHCKHX HayK.
IIpodeccop kadeapbl HeBposiorMd U  HeWpoxupypruu. IIpe3upaeHTt
«O01epoccuiickol  00IIeCTBEHHOM OpraHu3alui  HWHBA/IMA0B-00/IbHBIX
paccessHHbIM cKJiepo3om» (OOOU-BPC).

> ORCID: 0000-0002-2644-5353 deaepaibHOe rocyAapCTBeHHOE GH/KeTHoe
o0pa3oBaTe/ibHOE YyuYpeXAeHHe Bbiciero ooOpa3oBaHusa «CaMapcKui
rocyJapCTBeHHbIU MeUIMHCKUH YHHBEpPCUTET» MuHuCcTepcTBa
3nqpaBooxpaHeHus Poccuiickon ®ejepanyu, KaHAMAAT MeANLMHCKUX HayK.
JoieHT Kadeapbl TPAaBMAaTO/IOTUH, OPTOINEJUN M 3KCTPeMa/IbHON XHUPYPruu
uMeHu akajemMuka PAH A. ®. KpacHoBa. 3aBeaymwouiuii oTje/ieHHUEM

TPAaBMaTo/IorTud M oprtoneaud Nel K/JIMHMKHA TPAaBMATO/IOTUM U OpPTOMeAUM
kKInHUK CamI'MY

> ORCID: 0000-0001-6964-6086 Camapckas perMoHa/JbHasA 00IIeCTBeHHAs
opraHu3anus HWHBA/IMI0B — OO/JIBHBIX paccessHHbIM ckiaepo3om (COPC).
I'naBHBIM Hay4YHbIM KOHCY/JbTaHT. Y/eH — KOPpeclnoHJeHT AkajeMuu

MeJUKO-TeXHuUeCcKuX HayK Poccuiickon ®@eepanyu

* ORCID: 0000-0001-5499-2170 deaepanbHOe roCyAapPCTBEHHOE OH/PKETHOE
o0pa3oBaTe/ibHOE Yy4YpeXAeHHe BbIcIiero ooOpa3oBaHusa «CaMapcKui
rocyJapCTBeHHbIU Me/JUIMHCKUH YHUBEPCUTET» MuHucTepcTBa

3/ipaBOOXPaHeHUA Poccurickoin depepanuu, KaHAuAaT ¢usuko-



MaTreMaTHuecKux HaykK. [lomeHT Kadeapbl MeJUIMHCKOH  (HU3MKH,

MaTeMaTHKH U UH(POPMaTUKU.

> ORCID: 0000-0002-3390-0553 deaepanbHOe rocyjapCTBeHHOE 0IOpKeTHoe
oOpa3oBare/ibHOe yupeXjAeHHe Bbiciero obpa3oBaHusi «Camapckuit
rocyJAapCTBeHHbIU Me/JUIMHCKUH YHHBeEpCUTeT» MuHucrepcrBa
3nqpaBooxpaHeHus Poccuiickon ®epepanyu, KaHAMAAT MeANLMHCKHUX HayK.

Jouent Kadeapsl riaa3Hbix 0os1e3Heir uHcTuTyTa UTIO CamMI'MY.

® ORCID: 0000-0003-3329-9427 depaepaibHOe roCyAapCTBeHHOE GH/PKETHOe
o0pa3oBare/sibHOe YyuypeXAeHHe Bbiciero oOpa3oBanusa «CamMapcKui
rocyapCTBeHHbIN MeAMLIUHCKNU YHHBEpPCUTET» MuHucTepcTBa
3apaBooxpaHeHusi  Poccuiickoit ~ @epepanuu  opguHaTop  Kadeapbl
MeJUIMHCKOW peadWIUTaIUM, CIOPTHBHOM MeAWIMHBI, ()M3HOTEpaNnuHd H

KYPOPTOJ/IOTHH.

*ABTOp-KOoppecnoHjeHT: BiacoB Sl BaaaumupoBuu - @epepanbHoe
rocy/apcTBeHHoe Oo/pKkeTHOoe oOpa3oBaTe/lbHOEe YupeXAeHHe BbICIIero
obpa3oBanus «CamMapcKuili rocy/JapCTBeHHbII MeAHMIMHCKHI YHHBepPCHUTEeT»
MuHucTepcTBa 37paBooxpaHeHusi Poccuiickon @epepanum, AOKTOP
MeqUIIMHCKUX HayK. IIpodeccop kadeapbl HeBpoIOTUM M HeHPOXUPYPrHUH.
IIpe3upeHT «OOIIEPOCCHICKONW O00LIECTBEHHOH OpraHu3aliid HHBAJIH/0B-

00/IBHBIX paccessHHbIM cKJiepo3om» (OOOU-BPC). Camapa. Poccusi. E-mail:

sams99@inbox.ru

AHHOTADIUA

B ,Z[&HHOIZ pa60Te PaCCMaTPpUBAOTCA THUIIOTETUYECKHME OCHOBBI KBAHTOBBIX

TeXHOJIOTUM — OCHOBAHHBLIX Ha HOBBIX (bI/IBI/I‘—IECKI/IX IMPpUHIIATIaX ,Z[EﬁCTBHH.

[TpegnoxkeHa HOBasi (u3HOTeparieBTUUeCKass METO/0JIOTHS W MeTOAUKa [ijIs
roBbIleHNs 3G @dEeKTUBHOCTH PeKOHBa/leClieHI[M HOo30/10ruueckux ¢GopM Ha
TIpUMepe JIeueHUs PacCessHHOTO CKiepo3a. [JaHHOoe HaripaBieHWe MOXKeT ObITh
pacCMOTPEHO - TakKXKe [MJid MOJe/JMPOBAaHUS yCTOMUMBOM DPEMHUCCUM - Kak

BCIIOMOr'aTe/IbHOe CpeACTBO IIpU JTFOOBIX TepdalieBTUUECKHUX CXeMadX JIeUeHHdA


mailto:sams99@inbox.ru

paccessHHOrO CKjeposa. B yc/10BUsIX NPakKTUYeCKOro NpUMeHeHUs MeTO[ MOXKHO
Obuto  6b1  OTHeCTM K  (U3MOTepameBTUUYECKMM MpoleAypaMm  ¢dopmaTa
mMexxaucturimHapHoit HBUK — konBepreHiyy. HekoTopeii AoCTaTOuHbINM 0630p U
repeyeHb LUTUPYEMOrO CIIMCKA JIMTepaTypbl M0 COOTBETCTBYHOLMM aBTOPCKUM
nyo/vKalMsaM - KacaeMo HCCAe[loBaHMM, TpoxoauBimiix ¢ 1989 roma -

paccMaTpHyBasiCcsl HaMu paHee B [1, 2].

K/TFOUEBBIE CJ/IOBA: Ho3o/s0ruueckue (GopMbl, peKOHBasaecleHIus,
paccesiHHbIN CKJ1epo3, dbusroTepanus, 3BYKOTeparus, dboToTepanus
(cBeToTepamnusi), TPUTOTOBJEHWE  3alyTaHHbIX COCTOSIHWMM, TeJeropTaLys
KBAaHTOBOW WH(OpPMaLMM KPUCTa/IOONTHKA, KPUCTa/Iorpadus, aKyCTOOITHKA,
aKyCTO3JIEKTDOHMKA, (POHOH, SKCUTOH, (GAYKTYOH ((a3oH), KpHUIITOXPOM,

MarHurtopelentusi, BoyiHbl JIyu ne Bpoiins, pe3oHaHck! [lymaHa
OCHOBHOE COJEP)XAHUE

[TpurotoBieHWe 3aMyTaHHbLIX (CIEIVIEHHBIX) COCTOSTHWM TpeOyeT He TOMBbKO WX
KOPPEKTHOT'O TIPUTOTOBJIEHUS], HO UTO 0COOEHHO Ba’KHO JIJTUTE/THHOTO COXPAHEHUS
TaKUX COCTOSIHUH. VIMeloTcs B BHJy COCTOSIHHSI, KOTOpble MO/eTUPYIOT
HeoOXoMMbIe OHOXUMUUECKHe B 0o H3rUecKe TIPOLeCChl B OpraHHu3Me 00bIUHO
CBOWCTBEHHbIE U TIPOTEKAol[die B OpraHu3Me Ha (OHe COOTBETCTBYIOLIEH
dapmakorepari. B 3TOM cC/ilyuae He TMpeACTaB/sSe€TCS HAYEro WHOTO, Kak
CO3/laHre 3TUX COCTOSTHMM in Vitro U coxpaHeHWe WX B BHUAe AU(PPaKIMOHHBIX
peleTok B KprcTamiax. C MocaeyroIUM UCTIOIb30BaHHEeM 3THX MepPCOHATbHBIX
XPaHU/HILL J7IST HY>KJ, TIPeIUKTUBHON MeIUWIMHBI C UHIUBUAYATbHBIM ITOAXO/I0M.
TexXHOMOTWSI TIPUTOTOBJIEHWS] TAaKWUX 3alyTaHHbIX COCTOSIHUM — B BHjE

TMIOTEeTUYECKON MO/Ie/Id — MOTJ1a Obl BBIT/ISIIETh C/IeAYIOIIMM 00pa3oMm.

MO,I[EJII) TEeXHO/JIOTNYeCKHX pEIJ.IEHI/Iﬁ A TIPUTOTOBJ/IEHHUA M AJIUTE/IBHOIO
XPdHE€HHUA 3dIIYyTAHHbIX COCTOSIHUM B BH/Ie ,I[H(bpaKHHOHHle perieToxK

(«#I1oro1Me KpUCTA/L/IBI»)

PaccmatpuBaemass Mogens [3, 4] 06asupyercs Ha TeOpHH KPHUCTA/I/IOB

KPUCTA/IVIOOIITUKHU W KPHUCTa/1JIOT pa(bI/II/I, dKYCTOOIITHUKK KW dKYCTO3J/IEKTPOHUKH,



OMUCHIBAS TI0 CyTU B3aUMOZENCTBUE MeXX]y KBa3UuaCTUl[aMWd B KpUCTa/ljiaX TIpU
BO3/IEMCTBUU  3JIEKTPOMAarHUTHOTO U3/ydeHUss (B TOM 4KC/ie, CBETOBOTO
Jvara3oHa) ¢ o0pa3oBaHUEM TIepPUOAUYECKUX CTPYKTYD IJIaCTUUECKUX [1e(heKTOB-
aucnokaiuil («IudpakiMOHHbBIX DPeLIETOK»), HeCYL[UX TOJIHYH0 UH(POPMALUI0 O
bU3nUecKuX, XUMHUYECKUX, OMOJIOTUUeCKUX W WMHBIX CBOMCTBaX MaTepUa/bHbIX
O00BEKTOB B3aUMO/IEHCTBYIOIUX B CHUCTEME «HU3JyueHHMe — KPUCTa/UTbl —
aKTHBHasi CyOCTaHIUsI», COTIaCHO (M3NUeCKMM MeXaHH3MaM, TIpe/ICTaB/IeHHbIM Ha
cxemax — (1) u (2) (pucyHku 1, 2 cOOTBeTCTBeHHO). Mojie/ib OCHOBaHa Ha
CrieliuaJibHOM criocobe 00pabOTKM  KpUCTasIOB, TIOJMYTIPOBOJHUKOB U [IP.

aKTHBHBIX Cpe[,.
TexHosiOrHI0 HE06X0IMMO pa3/ie/IUTh Ha /iBa YCIOBHBIX JTarla:

1. Ipouecc peructpauyu vHGOpPMaLUKU O GHU3UUECKUX CBOKMCTBAX MaTepUAbHOTO

o0BeKTa (aKTUBHOM CcyOcTaHIK) (PUCYHOK 1).

2. Tlpouecc BocmpoW3BefieHUSI M TpPaHCAALMKA MH(GOpPMaLMu O (U3UYEeCKUX

CBOMCTBAxX MaTepUaJbHOTO 00BbeKTa (aKTUBHOM CyOCTaHI[MH) (PUCYHOK 2).

KpaTkoe paccmMoTpeHHe COZiepKaHUsI TeXHOJIOTHYeCKOro Ipoiiecca, Ha TpuMepe

KPUCTAJIJIOB NPYBE/IEHHBIX Ha cXeMe (PUCYHOK 1).

1. Ilponjecc perucrpanuu wuHpopManuu o0 (U3UYECKHMX CBOMCTBAxX

MaTepHa/JIbHOro 00beKTa (AKTUBHOM cyOcTaHI[un) — (PHCYHOK 1).

1 — KorepeHTHOe MOHOXpOMaTHUUYeCKOe UMITYJ/IbCHOe HU31ydyeHue B YD, BUAUMOM
1 VK guamnasoHax. MoOIIHOCTE UMITYJIbCA I JaHHLIX aKTUBHBIX cpef (15) 10-107

MBT.

2 — Wsnyyenue VK nauamnasoHa.

3 — M3nyuyenue BUAMMOro AuarnasoHa.

4 — Nsnyuyenve Y@ auaria3oHa.

5 — Konebanust aToMOB ¥ (/1) HMOHOB KPUCTA/UTUUECKOU PEITETKH.

6 — DJIEKTPOHBI NTePUOANYECKOM aTOMHOM PEIIETKU.



7 — MDOHOHBI KPUCTA/ITTMYECKON PEIIETKH.

8 — DOkcutoHbl ®peHKesnss (Bo30y)K[JeHHE 3TeKTPOHHON CHUCTeMBI OT/ebHBIX
MOJIEKYT).
9 — Hepaspymaromuii 1poboii KpHUCTa/ijla TUTAaHTCKAM J1a3€PHBIM HUMITY/TbCOM

BbI3bIBAIOIIIUM Y/JaPHYI0 UOHU3ALIUIO.
10 — ®nykTyoH (pa3oH).

11 — YpapHast Bo/iHa, BO3HUKILAsA B pe3yJibTaTe yAapHOM WOHU3alMU B MOMEHT

(12).
12 — da30BbIM epexos, B IJla3MEHHOe COCTOSIHUE.

13 — ®OHOH, pOXXAEHHBIM MPU Tepexo/ie YAapHOU BOJIHBI B aKyCTUUECKYIO MpU

yAa/leHHWHU OT MeCTa (1)(:130BOFO rnepexona.

14 — OO6/acTh B3aMMO/IEMCTBHS KOJJIEKTUBHBIX MPOLIECCOB, (DUKCHpyeMasi B BU[e

T71IaCTUYeCKOoro AedekTa (AUC/IOKaLUN).

15 — Kpucramibl (Hanpumep, caripup Al.Os c ripumeckio Fe; jkene30UTTpreBbIi

rpaHar YsFesOq,; kBapry SiO»; Huobat sutust LiNbO; u T.11.).
16 — AxTuBHas cybcTaHLusl.
17 — 3a30p mMexay KpUcTasiaMu.

IIBa 3epka/lbHO-0TOOpa)KEéHHbIe KpHrcTa/uia (15) coeAUHSIIOTCS KOHTAKTHO TaKUM
obpa3oM, UTO MeXIy HHMH HMEeTCS BO3AYIIHBIA 3a30p (17) MMpUHOM
COU3MEpPUMON C [JMHOW BOJIHBI TMAJAIOIIEro M3/JyueHus, T[IOMeLaloTCs B
KOHTeMHep 3allo/IHeHHBbIA aKTUBHOW cybcraniumert (16) wu  obmayuaroTcs
KOrepeHTHbIM, MOHOXpOMaTUueCKuM u3nydeHuem (1), mpuuem Kaxkjas TrpaHb
O/IHOTO U3 KpPHUCTa/UIOB TMO/IBEpPraeTcsi BO3JEUCTBHIO B HWH(pakKpacHoOM (2),
BugumMoM (3) u ynbTpaduoneToBoMm (4) auarnazoHax. O6myueHWe KaK[oW TpaHU
HeoOX0AUMO B CBSI3U C TeM, YTO KpHCTa/sl o0jafiaeT aHWU30TPOIMEN U ero

¢)H3H‘IECKI/IE CBOIICTBa B PA3/IMYHBIX HAIIPdAB/IE€HUAX HE TOXAECTBEHHLI. KpI/ICTaJIJI



Jo/DKeH ObITh OrpaHéH TakuMm oOpa3om, uToObI ABe /00ble ero rpaHd ObLTH

OpTOTOHAJIbHBI.

Pucynok 1. TexHosiorusi perucrpanuy nHgopmanumn

0 (pu3HYeCcKNX CBOMCTBAxX aKTUBHOM Cy0CTaHLINHU



[Tpu mafieHny KOTepeHTHOTO0 MOHOXPOMaTUUeCKOTO U3/MydeHust HH(PaKPaCHOTO U
BUMMOIO0 ONTUUECKOTO /uaria3oHa Orpefile/IEHHOTO CTeKTpa B KpHUCTasle
BO30Y)K/JalOTCST BOJTHBI CMeIlleHHs aTOMOB (MOHOB) W MOJIEKYJl KpUCTa/la U3
TIOJIOXKEHUsI PaBHOBECHs, COMPOBOKZAOLMecss 00pa3oBaHWeM KBa3WUaCTHUL]
doHOHOB (7). B CBsI3K C XaOTHYHOCTLIO HarlpaB/eHUl KojiebaHu aTOMOB (HOHOB)
KPHCTA/I/TMUECKOH peIméTki (POHOHBI MOTYT HMHTephepupoBaTh MeXAy co0oi C
obpa3oBanueM crostunx BojH (7). CorsacHO sIBJIEHUIO paccestHUs MaH/e/bIITaM-
BpwintosHa, Tajaroilas CBeTOBas BOJIHA  MOJAYJIUDYETCS Ha  CJIOXKHOU
TIepUOANUECKON CTPYKType, 00pa3oBaHHOW wWHTepdepupyromyumMy (HoHOHAMHU.
MogyiupoBaHHasi CBeTOBasi BOJHA, B CBOIO oOuepeb, BO30Yy)KJaeT BOJIHEI
cMmellleHusi W.T.A. B pe3ynbrare QopmMupyeTcsi C0XHasi TepuojuueckKas
CTPYKTYypa,  KOTopasi  3akKperuisieTcss  oOpa3oBaHHeM  COOTBETCTBYIOLIUX
nacTuueckux JedekToB. Ha 3THUX [AUCIOKaI[MsAX pacCerBaeTcs, MOJY/IUPYSCh
TIOPLUSI KBAaHTOB CJIeAYIOIIero UMIlysibca. Tak roiaroBo uzget obpa3oBaHue Bce
bosiee CJIOKHBIX TIEPUOAUUECKHUX CTPYKTYD — JedekToB, (UKCHUPYIOLIUXCS B

KpUCTaJljie B BUZie IUC/IOKAIL[UH.

[Tpu naZieHu1 KOr€peHTHOI 0 MOHOXPOMAaTHUYeCKOI0 V3JTyYeHuUs
y/IbTPa(MONETOBOrO  ONTHYECKOr0 [Juara3oHa Orpejie/IeHHOro CreKTpa B
KpUCTa/isie BO30Y)KZAIOTCS  3/IeKTPOHHbIE  CHUCTeMbl  OT/E/IbHbIX  MOJIEeKYJI,
MUTPUPYIOLME TI0 KPUCTa/ly, HO He CBs3aHHble C MEPeHOCOM 3/1eKTPUYECKOro
3apsila ¥ MaccChl, TO eCTb KBa3W4aCTULIbl, Ha3biBaeMble 3KCUTOHaMH (8), KOTOphbIe
uHTepdepupyroT Mexay coboii ¢ obpa3oBaHHEM C/IOKHBIX TePUOANUECKUX

CTPYKTYP MeHblLIero Maciiurada.

OKCUTOHBI, B3aUMOJENCTBYSI C ()OHOHAMM, BHOCAT CTPYKTypHbIe IIOTIPaBKH B
oOpa3oBaHMe  C/IOXKHBIX  TEPUOAUUYECKUX  B3aUMOCBSI3aHHBIX  CTPYKTYP,
YMCJIEHHOCTh KOTOPBIX BO3pacTaeT MNPy KaXAOM CJIeJyHOLIeM I[Iare HOBOTO
BO30Y)KZIeHUs, UTO [OIOJIHUTeNThbHO YC/IOKHsSeT KapTUHY o0pa3oBaHUSI U

(dbuKcalyu AUC/IOKaIUH.



Kpome TOro, B KOJIJIEKTHMBHbIE TPOLIECChl B KPHCTaslaX, IMOJIYIIPOBOJHUKAX U
JPYTMX aKTUBHBIX CpefaX BHOCSIT COOTBETCTBYIOLME TIOMPAaBKU CJAeAYIOIINX

BU/IOB B3aUMO/IeHiCTBHUH, He OTpakaeMble B OIMMCAHUU W Ha CXeMax:
— cnuMH-0pOUTaNbHOE B3aMO/IEHCTBIE;
— cnuH-()OHOHHOE B3aMO/IEHCTBYE;
— 9JIeKTPOH-()OHOHHOE B3aUMO/IeNCTBUE;
— (boToH-(POHOHHOE B3aUMO/IeliCTBUE;
— (hOTOH-2KCUTOHHOE B3aUMO/IeHCTBHE;

- MaFHOH-Cl)OHOHHOE n.T.II. KBAHTOBBIE BBaHMOAEﬁCTBHH HaCTulj nu

KBA3W4YdCTHL].

[TepeunciieHHbIe  B3aUMO/IEHICTBUSI BHOCSIT  JIOTIOJIHATE/bHBIE  TIOMPAaBKU B
CTPYKTYPHYIO CJIOXKHOCTH O00pasymoIUXCsd C KaKIbIM CJeAYIOMIAM I1aroM

TJIaCTUUeCKuX Jie(heKkToB.

[Tpu Hepa3pymaroiieM poboe (9) KpucTasyia TUTAaHTCKUM Jia3epHBIM UMITY/IbCOM
B 3a30pe MeX/y KpHUCTa/l/laMM aKTHUBHasi CyOCTaHIMs CKauKOOOpa3HO Mepexo/iuT B
Jpyroe arperatHoe coctosinve (ra3my (12)) ¢ BO3HMKHOBEHUEM Y[ apPHOUW BOJIHBI
(11), smuLeHTp KOTOPOM pacrosioxkeH BOIM3M TpaHUIlbl pa3jienia MeXIy ABYMs
KpuctauiaMu. [lo Mepe yzaieHHs OT SMUI[EHTPA KBa3WUaCTULIbI BO30YKZeHUs
(pnykryonsi-thazonsl (10)) npeBpaitiaercss B poHoHBI (13) (aKycTHUYeCKre BOJIHBI).
OTHU BOJIHBI, B CBOIO O4Yepeb, UHTep(depHUPYIOT CO CJIOKHBIMU TE€PUOIAYECKUMU
cTpyktypamu (14) (Bo30yKAeHHsAMH, HaXOAAIAMHUCST BOJM3U AUC/IOKAI[UK U
OTMMChIBaeMbIMH KBa3WYacTHI[aMH, Ha3biBaeMbIMHU Jle(eKTOH), 00pa30BaHHLIMH B

KpUCTaJ/lJIe paHee B Iponecce BOBAEﬁCTBHH.

C mocseAyroLUUM 11aroM HKMITYJ/IbCHOTO JIa3epHOTO W3/yueHHsi B KpHUCTasje
dbopmupytoTcs eiije Oosiee C/IOXKHBIE CTPYKTYphI (TlacTA4YecKue zedopMaliuu
(14)), Hecymme wHbOpMaui0 0 (GU3NUECKHUX CBOKCTBAX aKTHUBHOM CyOCTaHIAU
(16), sBastolMecs MO CYTA TOJOrpaMMaMU BHYTPHM KpUCTa/ija, HeCyIIUMU

MOJIHYIO HH(i)OpMaL[I/I}O 0] (1)I/IBI/IUIECKI/IX, XUMHNUYECKHUX, OMO/IOTUUeCKUX U MHBIX



CBOMCTBAaxX aKTHUBHOH cyOcTaHIuu (16), KOTOpble He 3aBHCAT OT arperaTHoro
coctosHus BemectBa (16). Kpome Toro, mocse sasepHoro rmpobosi, C
BO3HUMKHOBEHHMEM YJJaDHOM BOJIHbI, CyMMa KOJIJIEKTUBHBIX MPOLIECCOB U
obpa3oBaHue [edeKTOB, HapacTaeT JiaBUHOoOpa3Ho. OOpa3yeTrcsi HeKOTopas
CyMMa KOJIIEKTUBHBIX B3aWMO/IECTBHM, KOPPEKTHO OINUCaTb KOTOPYK B

HaCTOSALEM M3/I0KEHHUHN HE TIPDeNCTAaB/IA€TCA HU BO3MOXXHBIM, HAU HEO6X0,Z[I/IMLIM.

[Tocne ¢uHanbHOrO I1ara oOpabOTKKM KPUCTa/sl TOTOB K YMOTpeO/ieHUI0 Kak
YCTPOMCTBO /ISl TPaHC/ISLMM TIOTHOW WHGOpPMAllMM O CBOMCTBaX aKTUBHOM

cy6cranimu (MaTepranbHOro o6bekta) — (16).

4. TIponecc Bocnpou3BeJeHNsl U TPAHC/IALMU UHPopMaIuu o Pu3uvecKux
CBOWCTBAX MaTepPHA/ILHOT0 00beKTa (AKTUBHOM CyOCTaHIMH) (PUCYHOK

2).
1— HEKOFEPEHTHOE eCTeCTBEHHOE WM/IM NCKYCCTBEHHOE HU3/TyYeHHe.

2 — W3nyuenne WK puamna3oHa (B TOM uyucC/e CIHeKTpe HeKOrepeHTHOIo

V3/Iy4YeHUs]).

3 — I/IBJ'[y‘—IEHI/Ie BUJUMOT'O OK1dIId30HA (B TOM 4YHMC/IE€ B CIIEKTPpE€ HEKOI€pEHTHOT'O

W3/TyUeHusl).

4 — WN3nyuyenve Y@ guamna3oHa (B TOM UUC/IEe B CIIEKTpe HEKOTrepeHTHOTO

V3/Ty4YeHUs]).

5 — Inactruueckue fedeKThl (AUCIOKal[MKA) OPraHU30BaHHbBIA KakK MepruoAnudecKast
cTpyKTypa («audpakijMoHHasl pelléTKa»), Hecylljas UHPOpMaI10 0 (PU3NUeCKuX,
XUMUUECKHUX, OUONOrMUeCcKUX W WHBbIX CBOWCTBAaX AaKTHMBHOM CyOCTaHI[UM U
B0O30y’KZlaeMble CBETOBbLIM TIOTOKOM KBa3W4acTHI[bI — (DOHOHBI, SKCHTOHBI,

IIOJIAPOHBI, ITOJIAPUTOHBI W.T.II.

6 — ®doHoHBI, 0Opa3oBaHHBIe B pe3y/bTaTe B3aUMO/EHCTBUS HEKOTrepeHTHOTO
W3/IyueHHUs C TJIaCTUYeCKUMU JieheKTaMU U SIB/ISIFOLIMeCs] KBaHTaMU MH(OpMaLiuu
0 (U3NUECKHX, XWMHUECKHX, OHOJIOTMUeCKMX W HWHBIX CBOWCTBAX aKTUBHOM

cybcTaHLuu.



7 — MarepuasbHbIi 0ObEKT.
8 — I'unep3ByKOBbIe BO/IHbI, CO3/laBaeMble (hoHOHAMU(6).

9 — Kpucramibl (HaripuMmep, canpup ALO; c npumeckio Fe; >xene3ouTTpueBbIii

rpaHaT YsFesOi,; kBapiy SiO»; Huobat autus LiNbOs u T.11.).

Ha noaroroBnensbiyi kpuctami (9) (cM.m.1) mafiaeT HeKOrepeHTHasi eCTeCTBeHHast
WM WCKYCCTBEHHasl 3jieKTpoMarHuTHasi BosHa (cBet) (1). B sToli BoHe
cofiep)karcsi crieKTpanbHble coctapmstoie UK (2), Bugumoro (3) u YO (4)
nvaria3oHoB. BosiHa (1), B3auMMopeMcTBYsl C 1uiacTudeckon gedopmainuent (5)
(aucnokalyeii), copepykalrier IMoMHy0 HHGOpMaIio 00 aKTHBHOM CyOCTaHIUN
(16) — Ha cxeme 1, ¥ 110 CYTH SIB/ISIFOLLENCS 3aPETMCTPUPOBAHHOM OJIOTPaMMOM B
KpUCTaJlsie, CO3JaéT BTOPUYHbIE aKyCTHUUeCKHe BOJIHBI (8) (rurep3ByK), KOTOpPbIe
B3aMMOJIEMCTBYIOT C MaTepuajbHbIM 00bekToM (7), MHAYLMPYS HeoOXOoguMYHo

MH(OpMaLUIO [I/I1 MTHULIMAL[MY COOTBETCTBYIOIIUX MPOLIECCOB.
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PucyHok. 2 TexHosiorus BoCIpou3BeieHUs U TPAHC/IALUH

uHopmanuu o puU3NUeCKHUX CBONCTBAX aKTUBHOM CyOCTaHIUM

Bxktoyasick B MexaHW3Mbl OTPa’KeHUsI, pacCesiHusl, MOTJIOIeHUs Y TIpeJIOM/IeHUs], C
BO30Y)KZIeHIEM BCeM CYMMbI KOJUIEKTMBHBIX TIPOIIECCOB TIPOTEKABIIHMX B
KpUcTasule Ha ¢uHaIBbHOM Ilare o0paboTKM, B MOMeHT (ha30BOro rnepexo/a
akThBHOM cyOcraHiuu (16) — Ha cxeme (1) u naBMHOOOpA3HOTO HapacTaHUS

KOJUTEeKTUBHBIX ~ TpPOLIECCOB, CyMMa  CJIOKHbIX  Juciokauui  (5), 1ipu



audparupoBaHMd Ha HUX CBETOBBIX Jyuel, TIOJHOCTbIO BOCCTaHAB/IUBAET
BOJIHOBOM (poHT, orubaroijasi KOTOPOTO, YC/JIOBHO TOBOpPS, paBHa CyMMe
MaTTePHOB CHEKTPaTbHOI0 COCTaBa BCEX KOJIJIEKTUBHBIX MPOLIECCOB, POXKEHHBIX B
KpPHCTaJl/ie B MOMEHT y/lapHOM MOHMW3aI[M BellleCTBa akTUBHOMN cybcTanimm (16) u
B3aMMO/IeHMCTBUS C KBa3UUACTULIAMU, POXKAEHHBIMHU YapPHOW BOJTHOM U HECYIIIUMU
vHbOpMaIio 0 (GU3NUECKUX, XUMUUYECKHX, OHMO/IOTHUeCKUX M MHBIX CBOMCTBAX
Bell[eCTBa aKTHBHOW cyOctaHiuu (16) — Ha pucyHKe (1), B COOTBETCTBHM CO

CrieKTpa/ibHbIM cocTaBoM (16) B MOMeHT (pa30BOro nepexoza.

Peructpaiiiss ¥ BOCCTaHOB/IEHWe BOJTHOBOTO (PpPOHTa HAXOAUTCS B TIOTHOM
COOTBETCTBUM C TIPUHIMIIAMHU rosiorpaduu, C TOW /ML pa3HUllel, YTO pOJib
OTIOPDHOW BOJIHBI WrpaeT BO30y’Kjarolllee HW3/IydeHWe, a TpPeAMeTHOM —
OTpakeHHbIe, pacCesiHHble W Tpe/loM/IeHHble BOJIHBI CBETOBBLIX Jyueli B Tese
KpHrcTasuia. Ponb oropHOM BOJIHBI B TOM UKCJ/Ie, UTPAeT CIEKTP eCTECTBEHHOTO WU
HCKYCCTBEHHOT'O HEKOTepeHTHOI 0 OCBelleHUS], MO/1y/IMPOBAHHOT O
KOJUIEKTUBHBIMM ~TIpoIieccaMd B KpuCTa/iie, (opMupys, TakuMm obOpa3om,
JBYXOTIOPHBIA PEXUM Toiorpadiueckoil TeXHOJIOTHH, TIPUUEM OTIOpPHBbIE BOJTHBI

SIBJISIFOTCSI B TOM CXeMe Tak ke 1 npegMeTHbIMH.

TakuMm o6pa3oM, BO3/eiCTBHe Ha MaTepuaibHbIM 00beKT (7), TIPOMCXOAUT Kak
TOCPe/ICTBOM  BOCCTAaHOBJIEHHOTO  BOJIHOBOTO  ()pOHTa  CBETOBbIX  BOJIH
COOTBETCTBYIOLLIEI'0 JMaria3oHa, COZEep’Kallerocss B CIEeKTpe eCTeCTBeHHOTO M
(W1M) UCKYCCTBEHHOTO Tajaroiero oceerleHus (1) MOAYIMPOBaHHOIO CIIEKTPOM
(YHaMBHOTO 11ara KOJUIEKTUBHBIX TIPOLIECCOB, TaK U TOCPEJCTBOM BTOPUUHBIX

3BYKOBLIX BOJIH (8) MOAY/IMPYHOIIHUX CBETOBLIE BOJ/IHLI.

OO6pa3Ho BbIpaXkasiCb, KPUCTa/I ocae 06paboTKu, 1o, BO3/|eliCTBUEM CBETOBBIX
nydeld, BOCIPOU3BOJMUT «MY3bIKaJbHYI0 KOMITO3UIIMIO C I[BETOMY3BIKOH» Ha
3a/laHHYI0 B TIporjecce 00OpabOTKM KpUCTa//la TeMy | BOCHPUHMMAETCS
OpraHUYeCKUMU TIOYTIPOBOAHUKAMH U OMOJOTMUeCKUMU KPHUCTA/I/IaMH JKHUBOTO
BeIlleCTBa B TOM CJIyuae, ec/iv T10/] MaTepraabHbIM 00heKTOM (7) TI0/[pa3yMeBaeTcst

OMOJIOrHYeCKUi 00OBbEeKT.



B TexHOMOrMM MOTYT OBITH TIPUMeHeHbI Apyrve aKTHBHbIe Cpefbl, HallpUMep,
nosiynpoBogHUKU Tuna: Si, Ge, a Takxe coeguHeHus Tuina — As; Bs — (In Sb)
W.T.IL., a TakKkKe HUX pa3HooOpasHble coueTaHWs. B 3THX c/ydasix MeTO/bI
00pabOTKM ¥ TpUMeHeHWs, PaBHO KaK U CyMMa KOJUIEKTMBHBIX ITPOL[€CCOB,
TIPOUCXOASIIMX B MaTepuanaX B WX B3aUMOJeHCTBUM, OyAyT OT/IAYAThCS OT

BBIIIEOMMCAHHBIX U MPEe/ICTaB/IeHHbIX Ha pucyHKax (1), (2).

TexHosoruss MoKeT ObITh TIPUMEHeHa B  3aBUCHMOCTU OT  CBOMCTB
B3aMMO/IEUCTBYIOIIE C KPUCTA/IJIOM aKTHMBHOM CyOCTaHI[MH, BO BcexX cdepax
MpaKTUYeCKOM JesiTeTbHOCTH, Kacarollelcss TpaHOIALUUM UH(OpMaluu o
bU3NUeCKUX, XUMHWUECKHUX, OMOJIOTHYeCKMX W WHBIX CBOWMCTBAaX OT OJHOTO

MaTepuaabHOro 06beKTa APyromy U Tmojipas3zesisieTcsi yCJI0BHO Ha 4 ¢a3bl:

1. ®aza Bo30yKJeHHUSI KO/UIEKTUBHBIX ITPOLIeCCOB B MaTepuase (15) npu mazeHun

BO30yKzaroriero u3nyuenusi (1) — Ha pucyske (1).

2. ®a3a BO30YKAEeHUs KOJIZIEKTUBHBIX TIPOI[ECCOB B aKTHBHOW cyOctaHiuu (16)
npu JlazepHoM mipoboe (9), C mMepexoJOM aKTHWBHOW CyOCTaHIUM B TIIa3My
(yoapHas wonHm3auusi) — (12) W BO3HMKHOBEHUMEM YJApHOM  BOJIHBI,

PacIipoCTPaHSIOLIEKCS B Te/I0 KpUCTasia — Ha pucyHKe (1).

3. da3a mepeHoca WH(OPMAIMM O CBONCTBaX aKTHBHOW CyOCTaHIMHA B TeJIO
KpUCTa/l/la, 3a CUeT BK/IHOUeHHUs (DOHOHOB pPOXKAEHHBIX yAapHoW BomHOW (13) B
KOJUIEKTUBHBIE TIPOLIeCChl B KPUCTa/l/ie ¥ KOJUPOBaHWe AaHHOW WH(opMaluud B
CTPYKType IJIaCTUYeCKUX [e(eKTOB KPUCTA/VTMYECKOM pelleTKh — AUCIOKALUM

(14) — Ha pucynke (1).

4. da3a CudThbIBaHUSI U TPAHCUISLMM 3aperuCTpUpPOBaHHOW WHGOpPMaLUU B
auciokaiusix (5), B BUie TUIIEP3BYKOBBIX BOJH (8), Ha MaTepuabHbIN 00BeKT (7),
KOTOpasi MPOMCXOAUT Kak MOCPeACTBOM BOCCTAaHOB/IEHHOTO BOJHOBOrO (PpOHTa
CBETOBBIX BOJIH COOTBETCTBYIOLLErO /[Mara3oHa, COJep)Kallerocsi B CIEeKTpe
eCTeCTBEHHOT0O M (WIM) WCKYCCTBEHHOrO majarolmiero ocseileHus (1)

MOJYy/IMPOBAHHOI'O CIIEKTPOM CbHHaHbHOFO Illdr'a KO/UIEKTUBHBIX TIPpOLIeCCOB, TdK U



TIOCPEe/ICTBOM BTOPUUHBIX 3BYKOBBIX BOJIH (8) MOAY/IUPYIOLIUX CBETOBbIE BOJIHBI

— Ha PUCYHKe (2).
OBIIIASI CXEMA TEPATIEBTUYECKOI'O BO3JIEMICTBUSA:

O06o00611leHHasi cxema TeparieBTUUeCKOTO BO3/eHCTBHUS, OCHOBAaHHOTO Ha HOBBIX
¢bu3nueckux TNpPUHLIUMNAX [eWCTBUS TIpe/icTaBjieHa Ha pucyHKe (3). 37ech
rpolieypa Ayt 00beKTa Bo3zeicTBysA 1 (TMaleHTa) HauWMHAeTCs C TOro, UTO U3
KOCTHU 2 TIpOU3BOJUTCs 3ab60p KOoCcTHOTO Mo3ra 3. [lasee, 10CTaTOYHOE KOTMYECTBO
JaHHOTO oOpa3iia 4 roMelraeTcsi B aKTUBHYIO MMUTAaTeNbHYIO Cpefly 5, rze rociie
nobaByieHUs TyJa 3MUZepMa/ibHOTO pocToBoro dakropa — Hanpumep Epidermal
Growth Factor (EGF) u KynbTyphl rManbHbIX KaeTok 6, Oyzer cdhopmupoBaHa
TpeOyemasi CTafisi pereHepaliyd B pe3y/bTaTe KOTOPOH, Ajisi AvddepeHIMpOBKU
OJIUTO/IeHJPOLIUTOB HeoO0X0oauMo, UToObl HeKoTophle M3 nx MPHK mozaBeprammichk
ocoboli MoaudUKaIMK, U3BECTHOM Kak mMO6A-MeTwivpoBaHue (TO eCThb
TpUCcoe/lMHeHWe MEeTWIbHOW TPYyIIbl K IIeCTOMY aTOMy a3oTa aJjeHO3MHa,
Bxogsiero B coctaB MPHK). Ota Moaudukaius HeobxomuMa Jijisi TIPABU/ILHOTO
crtaiicudara MPHK, kogupyrormeii 6esiok HebipodacuyH 155 — BakHbIN (akTop
pa3BUTHS KJIETOK HeWlporjuu. [lanbHellllasg AWHAMUKA MpoLlecca MpoA0KaeTcs
BIUIOTh /10 IOCTHKeHUU TpeOyeMol CTaiui, @ UMEHHO — MOCTTPAaHCKPUIIIMOHHBIX
Moaudukaumii MPHK B KieTkaX. A 3TO — eCThb KOBa/IeHTHOe MNpUCOeJWHeHHe
MeTtwibHOU rpynmnbl (-CH3) K aroMy a3oTa Ng B cocTaBe a30THCTOIO OCHOBaHMSI
aZleHO3WHAa, W3BEeCTHOe Kak mO6A-MeTwivpoBaHWe. Torfa TO B pa3BUBAIOLLIEKUCS
JUHaMHUKe TIpollecca W TPOM3BOJUTCS pPErvMcTpaiusi CUrHaga C TIOMOILBIO
MYJIbTUS/IEKTPOHOM cucTembl — Haripumep (Multielectrode Arrays /MEA/) [5, 6],
rZle CUCTeMa B TeUeHWH HEKOTOPOr'0 BPeMeHHM, uepe3 YCU/IMBAIOLYIO arrapaTypy
7, obpabaThiBaeT [aHHbBI CUTHaA/I B BHZE HEKOTOporo anroputma 8. [lanee,
TOJIyYeHHbIA CHTHa/I TepefaeTcsi Ha MOAYISATOpP 9, KOTOpbIA B CBOKO Ouepe/b
yepe3 u3nydarenb 10, 06/yuaeT 0OBEKT CBEPXKOPOTKUMU MMITy/IbCaMu (TIOpsiiKa
1 HC) CBEPXIIMPOKOIOIOCHBIM (IIIMPHHA TMOJIOCHI TOPsIKa HECKOJIbKUX Tyrarepiy)
OMU CBU-guamna3zoHa. Kortopwiii u 6yzseT reHepupoBaTb CTHUMYJIHPYIOIIee

Bo3zelictere 11 [10 — 12 — pucyHok (5)]. Oco6eHHOCTBIO HOBOTO (hH3UUECKOTO



TIPUHIIWIIA IeHCTBUS, B JaHHOM C/lydae OyJeT sIB/IAThCS Hamuuuve 0J/1arorpusSTHBIX
(hopcrUpoBaHHBLIX YC/IOBUM, MO/IeTUPYIOI[UX eCTeCTBEeHHbIM TeOMarHUTHBIA (hOH
rlaHeTbl — B BUjle pe3oHaHcOB lllymana [7 — 9] — nana Bo3meucTBUST B BUJE
571EKTPOMarHMTHOrO moJisi 12, co3maBaeMoro B MecTe Bo3ZeWcTBUS 16. A Takxke
co3fanus 1onss BomH Jlyu fge Bpoiinsi, KaKk WCTOUHMKA OO30HOB SIBJISTFOIIUXCS
TePeHOCUNKOM  To/ie3HoM  uHpopMmanyy, TpebyeTcs U3ay4aTesb MATKOTO
pPeHTreHOBCKoro wu3nyueHuss 13. B obmactu Bo3geicTBusi 14 MozenIMpyemMoro
ycrporictBoM 15 [10 — 12 — pucyHok (5)] ¢ nomompro usnyuatens 16 takxke
CO3/laeTCsi 3/eKTpOMarHuTHoe rmose 17 c¢ vactotod pe3oHaHcoB Illymana [8].
YHUBepCanbHOCTh AAHHOW CXeMbl BO3/eWMCTBUs 00ecrieunMBaeTCsl TeM, UTO [Jis
VH(OPMALIMOHHOW TlepeZiauv CTUMYJ/IMPYIOLIEro peraparyio BO3JeHCTBUSI MOKHO
WCII0/Tb30BaTh BeCh CYLECTBYIOIIUM CIEKTP BO3AEUCTBUM (OT LLIMPOKOIOIOCHOTO
CBY u KBY 3/1eKTpOMarHUTHOTO HM3/ly4eHUsl 10 MeXaHWUUeCKUX BO3/IeUCTBUN B
aKyCTUYeCKOM [Maria3oHe), KOTOpble MCIOJB3YKTCS B  CYLIeCTBYHOLEeH

MeULMHCKOM MpPaKTHKe.

PucyHnok 3. O0mjas cxeMa CTUMYJISIIIMA HA OCHOBe HOBBIX (DHM3HUeCKUX

MPUHIAIIOB AefCTBUSA



BAPVAHT PEAJIN3AIINN TEPATIEBTUUYECKOI'O BO3JIEVICTBUSA

[IpyHUMI ~ OpraHu3alMd  TepareBTUYeCKOrO  BO3[EMCTBUS, B  BapuaHTe,
TIpe/ICTaB/IeHHOM Ha pPUCyHKe (4) — peanu3yeTcst ciefyromyM obpasom. OOBeKT
BO37eNcTBUs 1 (B JaHHOM C/ydae TalleHT) [/ BO3/EeMCTBUS Ha perapaTUBHBIN
OCTeoreHe3, IIOMeLllaeTCsi BHYTPb HEKOTOPOTO YCTPOMCTBA. Y CTPOUCTBO
HeoOXoauMO /ISl COo3/aHusi  O/IarornpusiTHOM  37IeKTPOMAarHWTHOW  Cpefibl,
MO/Ie/IUPYIOIlel  eCTeCTBeHHbI TreOMarHUTHbIM (OH TIaHeTbl B BUJE
BOCCO3/IaHHOTO TOCTOSIHHOTO 3/71eKTPOMAarHUTHOIO moJisg pe3oHaHCcoB IllymBHa 3
BOKPYr o0ObeKkTa Bo3ZieMictBus 1. BHyTpu  2/IeKTPOMarHUTHOTO  TIOJISI
UMUTHpYIOITlero pe3oHaHchl [llymMaHa HeoOXoAuMoO co37aTh 6aronpUsATHYO
cpelly /s JeKOTepeHIIMW — TIpU TeseropTalui 00bekTy Bo3jelcTBus 1
MH(OPMAILIMOHHOW COCTaB/IsitOIIer. Po/b 3TOM COCTaB/SIIOLEN WrpaeT MSTKoe
PEHTTeHOBCKOe H3/ydeHue 4, sBsitoleecss MepeHOCYMKOM BO/H Jlyu ae Bpouns
[13 — 16], kak ucTouHUKA 0030HOB. U ABAAIOTCS KOMIIOHEHTOM eCTeCTBeHHOI'O
BapyaHTa TeYeHHs MajoBepPOSITHbIX COObITHM B (OPCMPOBAHHOM DeKHMe,
KOTOpBIN TIpeArosaraeT CTaTUCTUYECKUM KBAHTOBBIM CKAuOK COOBITUM Masioi
BEPOATHOCTH K COOBITUSIM CTaTHCTHUeCKU Oomee mocToBepHbiM [17,18].
PeHTreHOBCKMM WM3/IyuyaTenb 5 yIpaB/iseTcs ycrpouctBom 6. Camo ke
CTUMYJIMpYIOLLee BO3/IeHiCTBUE 7 OCYLLECTBJISIETCS MOCpPeJCTBOM
3/7IEKTPOMarHUTHOTO TIOJIsI, U3/Ty4aeMOro IMIMPOKOIMOJIOCHBIM u3nydaTesnem 8 [10 —
12 — pucynok (5)], pabora KoToporo yripaBsieTcsi MOAYasiTopoM 9. Moy isaTop
BKJ/Ia/IbIBA€T B U3/TyYyeHUE WH(POPMALIMOHHYH) COCTaBJISIOLIYIO, TOJyYeHHYIO T10

OMMCaHHOUW paHee CxeMe.



PucyHok 4. BapuaHT peann3anum TepaneBTHYECKOro BO3/jeHCTBUS,

OCHOBAHHOT'0 Hd HOBBIX Q)HBH‘JECKI/IX NpUHLOMUIIAX ﬂEﬁCTBPl

Pucynok 5. I'eHepaTop CBepXKOPOTKOUMITY/IbCHOTrO (mopsaka 1 He)
CBepXIIUPOKOMO0/JI0CHOT0 (IIMPHHA M0/10CHI MOPA/JKa HeCKO/IbKUX rUrarepi)

OMMU CBY-auana3oHa — nmo padoram [10 — 12]



ITopTanom /st Te/enopTranuu WHGpoOpMaIUu MOXeT ObITH JIFO00H perenTop
OpraHu3sMa WIM HEKOTOpasi HUX COBOKYNMHOCTh. Takum moprTasoM — [JiA
Te/IeNnopTalU¥ KBAaHTOBO#M WH()OPMALIMU — BIIOJTHE MOT ObI OBITH 3pUTE/TLHBIH
a”Hanmu3atop. Ha HmwKe TmNpuUBeJeHHOM T@puMepe 3T0 SICHO CO BceH

OYE€BHU/JHOCTHIO.

Oka3biBaeTCsi M TakOe TMPUBbIYHOE BCEM SIBJIEHWE, KaK HaBUraLusi y MTUL,
OIMMCBIBAETCS 3aKOHAMU KBAaHTOBOM MeXaHUKH. CIIOCOOHOCTH JJOCTAaTOYHO JO/ITO
COXpaHSTh HecriapeHHbIe 371eKTPOHBI (POTOPeLieNTOPOB B 3allyTaHHOM COCTOSIHUU U
TPUBOJUT K TOMY, UTO TTUL[bI MOTYT BUJETh JIMHUMA MarHuTHOro moss. Ckopee
BCETO, He TOJbKO OHM OJHU — BO3MOXHO, BHYTPEHHUM KOMIIAaC MHOTUX
HAaCeKOMBIX, MUTPHUPYIOIIUX PbI0 W [a)ke HEKOTOPBIX MIIEKOMMTAIOIIUX TOXe
pabotaer 1o Takomy ke mpuHiumny [19]. IIpuuyamuseni rma3Hoii 6emok Cry4d
OTHOCUTCS K Kjaccy Oe/KoB, Ha3bIBaéMbIX KpPUIITOXpOMAaMH —  3TO
(doTopelenTopbl, YyBCTBUTE/IbHbIE K CHHEMY CBETY, KOTOpble BCTPEUarOTCsl KakK y
pacTeHWM, Tak U Y KUBOTHbIX. OHU TaK)Ke UrParOT KIKOUEBYIO POJib B PETY/ISILIAU
I[UPKAJHbIX PUTMOB — IMKIWUYECKUX KoyiebaHW WHTEeHCHBHOCTH Pa3/TMUHbBIX
OUMoNOrMYecKrx TIPOLIECCOB, CBSI3aHHBIX CO CMeHOW [HA W Houu. M3yuanoch
3peHue NTHUI] TaKUX BUJOB, KaK 3apsiHKa (Ma/TMHOBKA) M 350/TMK-3e0pa, U IOy YrIH
JlaHHble, CBUJIETEJbCTBYIOI[ME O TOM, YTO KPUIITOXPOMbI B T[Jla3ax MTHI]
OTBETCTBEHHBI 3a CIIOCOOHOCTH OPHEHTHUPOBATLCS B T0JIeTe MyTeM OOHapy>KeHUs

MarHUTHBIX T0JIe. DTOT MpoLiecC Ha3bIBaeTCsl MarHUTOPeLeTiei.

M3BeCTHO, UTO ONTUL[bI MOTYT OIIYILIal0T MarHUTHbIE T0/15, €C/IU JOCTYIHbI BOTHBI
CBeTa orpejefleHHON J/IMHBL. B yacTHOCTH, MCCe0BaHUs MOKa3aau, UTO MTUUbS
MarHUTOpeleLys, TTI0X0Ke, 3aBUCUT OT CUHEro cBeTa. ITOT (aKT MOATBep>KIaeT,
YTO /I TITHL] MeXaHW3M OO0Hapy)KeHHsI MarHUTHBIX JIMHUN SBISETCS BHU3YalbHBIM
M OCHOBaH Ha KPHUNTOXpOMaX, KOTOpble MOTyT OOHapy)XMiBaTh IO/ W3-3a
KBAaHTOBOM KOTepeHTHOCTH. YUT0ObI HalTH 3TH KPUITOXPOMBI, [1Be KOMAaH[bI
OuvonoroB TpUCTYMWIA K pabore. MccienoBaTenu u3 YHuBepcutera JIyHia B

[IBeru wu3yuanu 350/MKOB-3e0pa. V3mepsiiach 3KCTIpeccuss TEHOB Tpex



kpuntoxpomoB, Cryl, Cry2 u Cry4, B MO3ry, MbIII[aX W T/a3ax 3s0/1KOB.
'Mnore3a  3akiroyanacb B TOM, UTO  KPUIITOXPOMBI,  CBfI3aHHblIE  C
MarHuTopeLeniue, AO0/DKHbI — TIOAJEp)KWBaTb  TOCTOSIHHOE  BOCIIPUSITHE
MarHUTHOTO TIOJII B TeueHWe CYTOK. OOHApy>KWUIOCh, UTO, KaK W OXKWUJAJIOCh,
1upKagHele puTMbl KpuntoxpoMm Cryl u Cry2 komnebanuch B TeueHHHU JIHS, B TO
Bpems Kak Cry4 ObUT akTWBEH MOCTOSIHHO, UTO Jle/laeT ero Haubosiee BEPOATHBLIM
KaHJUJATOM, OTBETCTBEHHbIM 3a MarHWATOpELeNLUIi0, a UCCaefjoBaTen U3
YuuBepcuteta Kapna ¢don Occuiikoro OnbaeHOypra B ['epmaHuu H3yvaaud
eBPOMNeNCKyr 3apsHKy. Kak okasanoch, kpuntoxpom Cry4 KiaacTepusyeTcs B
o0/acTd CeT4yaTKW, KOTopas I0oydaeT MHOTO CBeTa, UYTO WMeeT CMBIC/ [Jis
CBETO3aBUCUMOM  MarHuTopelieniud. EBpomelckasi 3apsiHKa  yBeJUUMWBaeT
skcripeccuro  Cry4 BO BpeMss MMIPallMOHHOIO Ce30Ha, II0 CpPaBHEHUIO C

HEMUTPUPYIOLUMU NTULIAMHU.

Tak 4TO MMEHHO BUJWT IITHLIA BO BpeMs I10jieTa, KOrja OHa KOPPeKTUPYeT CBOU
KypC 10 MarHUuTHOMY T0/1t0 3emyin? I1o MHeHHIO ncciefoBaresiell TeOpeTUYeCKou
Y BBIUMC/IATETEHON OMoMU3HMKU U3 YHUBepcuTeTa mrTara VinmHoiic B YpOaHa-
[lammeiiH, 6sarozapst 6enky Cry4 aBTOMaTU4YeCcKW HaKIaJbiBaeTcsl «(UabTp» U3

MarHUTHBIX JIMHUMN HaJ 11oJjieM 3peHKs IITHULbI — KdK I[M0Kd3dHO Hd W/VIIOCTPpAIlUuHA

).
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TakuM 00pa3oM — UTO OueHb aKTya/IbHO, UCXOZ 13 cXeM Ha pucyHKax (3) u (4) —
BO3MOXXHO HKCIOJIb30BaHWEe JIMILIb TOJBKO aKyCTO- ONTHUYECKOW CTUMyJsAnuu. U
TOMIBKO B [IAarna30oHe CJ/IbIIMMBIX aKyCTUYeCKUX W BUJUMBIX CBETOBBIX BOJH U
VW3MEHHB TOJIbKO TPUPOJY WCTOUYHUKOB TI0JIe3HBIX CHUTHAJO0B. A HMEHHO:
WCTIO/b3ysi  OOBbIUHbIE  aKyCTUYeCKHe  CHUCTEMBI M pacCessHHbIM  CBeT
IITMPOKOITO/IOCHOTO O€e/1oro Jjiazepa HU3KOW WHTEHCUBHOCTH. VMM make — CBET He
KOrepEeHTHOI'0 UCTOYHUKA W3/TyYeHUsT — JIaMIl HaKa/luBaHusl, (OTOJUO/bI — BMECTO
ob6o3nauenuii 9, 10, 11, 12, 13, 14, 15, 16, 17 — Ha pucynkax (3)u 4, 5,6, 7, 8,9 —
Ha pucyHke (4). C wucnosib3oBaHueM pe3oHaHcoB lllymaHa u ¢doHa MSrKoro
pPEeHTreHa eCTeCTBEHHOT0 reo(U3n4yecKoro MPOUCXOXKIEHUS. WcTtouHuku —
MOJy/IMDOBaHHbIE TOJIe3HBIM CUTHA/IOM — [IO/DKHBI MOBTOPSITH PUTM U CHEKTP
raTTepHa TI0JIe3HOTO CcurHasa. Ho BuauMMO — 3T0 OyjeT Bce ke  MeHee

(dopcupoBaHHbIN U 3O (PEKTUBHBIN PEKUM BO3/IeUCTBUSI.

BbIBO/bI:

IIpu noJroTroBKe K BbIIIEONHUCAHHOMY THIIOTETHYECKOMY TepaneBTHYeCKOMY
BO3/IeliCTBUIO —uHpopmarusa 0 TAKOM BO3/IeMiICTBUH MOJKeT
IPUIrO0TaB/JIMBaeTCd U COXPAHATHCA B KPHUCTa/Ulax B BHJE YCTOMYUBBIX
puopManuM KpHUCTAa/UTMYecKod pemietkd. VHdopmanus  xpaHuTca B
KpHCTa/l/IaX KaK My/JbTH- U KBa3H- 4YacTUYHasA AU(PpaKIUOHHas pelieTkKa
«3aKOHCEePBHPOBAaHHBIX» 3alyTaHHBIX cocTosiHuM. KoTopas 3arem — Ha 3Tamne
BO3/IeICTBHA — M BOCIPOHM3BOJUT He00X0AuMyK HaMm roJiorpadguueckyro
KapTHHY B BHAe HH(OPMAIMOHHOM MaTpMIlbl MOJe/JIMpPYyeMOoro mnporecca.

HEKOTOprE TEXHO/JIOTUHU TAKOI'0 B03,l[el‘/’ICTBl/Lﬂ H paCCMOTpE€HbI HAMM BBbIIIIE.

JIrok Monrtanbe, jaypeat HobOeneBckoin mpemun 2008 ropa, oTKpbIBIIMIA
paHee, uto BUY npuBoaut K Bo3HUKHOBeHUI0 CIIV/la, caenan 3asaBienue. C
ero TOUKH 3peHHs, eCThb BCe OCHOBaHUA moJsarath, uro JHK cmnocodHa
MOChLIaTh "MpU3pavHble’ 3/IeKTPOMAarHUTHBIE OTIEYAaTKH Ce0si 0T/ a/IeHHbIM

KJ/IeTKaM H )XUJKOCTAM. A 3H3UMBI MOryT OIIM00YHO INPHUHATD 3TH O0TIIEYATKH



3a peasibHylw /[IHK u HayaTeh HMX KONMUPOBATh /i BOCIIPOU3BEJeHUA

opuruHana. Ilo ¢akry 3To kBaHToBasa Tenenopranusa [JHK, coolmiaercsa B

[22, 23].

MaremaTnuecKMid anmnapar 1o BbIlIen3/10)KeHHO! TeMe Mpe/AcTaB/ieH B [24].
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