13. ®YHAAMEHTAJIbHOE HAYYHOE BUJEHUE TAHEMAHA.

DynoamenmanvHolM  6K1A0OM  oOcHosamensa 2omeonamuu Camyuna
I'anemana 6 pazeumue zomeonamuu, A611emca pa3padomKa u npumeHeHue
MHO20CMAOUIHOU OYaAlbHOU MEXHON0ZUU CHYNEHUAMO020 NOMEHUUDPOCAHU
(TCII) npu uzzomoenenuu I'JIII ¢ >«cuokoit ghopme.

IN'aneman npemsioxkus ocyuiectBisiTh peanuzanuio TCII B crenyromieit
MOCJIEIOBAaTEIbHOCTH: Ha KaXKJOW CTYINEHHU
MmoTeHIIMpoBaHus B 9 dacteld oobeMa (mecsaTudHas mkaima) mwim 99 gacrei
o0beMa (CoTeHHas IIKajia) JUCTUWUIMPOBAHHOW BOJbI BIUBATh 1 (OIMH)
00beM  «OyJbOHa»  BOJHO-CIIMPTOBOro  pactBopa aromoB ADC,
oOpa3oBaBIIerocsi Ha NpeablAylleld CTyneHu noreHuupoBaHus. IIporecc
MMOTEHUMPOBAaHUS B JaJibHEHIIEM OCYIIECTBJISTH AaHAJOTMYHO /10
TIOCTHXKEHUsI Tpedyemoro ypoBHs noteniuu ['JII1.

I[Touemy I'ameman npu wusroroBnennu [JIIl mmenHo Tak, 0o -
CTyHE€HYaTo, mpeajiarajl OCyluleCTBIATh CHIKEHHE KoHlleHTpaiuu ADC ¢
JTUHAMHU3aMen? ODTO HEYTO OHDMIIUPUUYECKOE WM PE3YJIbTaT HEKOro
OpO3pEeHUs TeHUAJIbHOW JU4YHOCTH? CKOpee BCEro 3TO HEKOE €ro
npo3peHue, IMoToMy 4YTO BO BpeMeHa [‘anHemana He Oblla H3BECTHa
KBaHTOBasi ¢u3uka, a (oroH (KBaHT) OBUI OTKPBIT TEOPESTUUYCCKH
Maxcom IInankom (1858 — 1947), xoropwiii 14 nexabpst 1900 roxa
BBIJIBUHYJI TUIIOTE€3y O KBAHTOBAHUH SHEPTUU U3IIyUCHUSI.

I'aneman Oe3ycJIOBHO MOHMMAJ, YTO MUMEHHO MPU MHOT'OCTaIUWHOM
(MHOTOCTYIIEHYaTOM) MOTEHIIMPOBAHUHU, B PACTBOPE IPAKTUUYECKU HE
ocTratoTcsa MoJeKysbsl (atombl) ADC, ckopee Bcero K OSTOMY OH
SMIIUPUYECKHU, CTPEMUIICS Mpeodpaszys HUX, HOCPEACTBOM JIUHAMH3AIIUHU
pactBOpa, B HA3BAHHYKD UM <(OKHU3HEHHYIO CHIIY», 4 B COBPEMEHHOM
NOHUMAHUM — HAChIlass MUKpodacTUllbl atoMoB ADC, Ha Kaxaou
crynenu peanuzauuu TCIL, sHeprueit n(nHaMu3auuu.

I'anemaH, Kak BCECTOPOHHE M BBICOKOOOpa3oBaHHasl JINYHOCTD,
obnanaromiass  MPOJABUHYTBIMH  3HAaHUSAMU U CIIOCOOHOCTSIMH K
F€HHUAJIbHBIM IIPO3PEHUSIM I10 €ECTECTBEHHBIM IPOILECCaM, IPOUCXOISIINM
B IIPUPOJHOM Cpele, BHUIAMMO HCXOAWJI U3 TOrO, YTO ATH IIPOLIECCHI
Iy JIbHBI. Hanpuwmep, CYILLECTBYET JyaJlbHbIN
TEeMIIEpaTypHBIH TIpoIlecC B TPUPOAE C TMOJOKHUTEIbHOU (+) u
OTpHULIATEIBLHOM (-) TeMIIepaTypamMu U JpyTHe.

Crnenys sToil nyanpHOHW aHanorumu, ['aneman Mor mnpeamosararb, YTO
MOXET CYLIECTBOBATh B IPUPOJHOMN Cpede: «ILUIFOCOBAs IIKaJIa



- BTO MOJIOKHUTEIbHAS KOHIEHTpauusi atoMoB BemecTsa (10%3; 10*%; 10%°
u m. 0. Mo 6eweCMeeHnas — alIONAMUYECKas WKala), TIPU KOTOPOM
MOKET BO3HUKATh OOJIE3Hb, CO3/aBas ONPEICIICHHLIE OTKIOHCHHUS B
Oouomnpoleccax OpraHM3Ma, a «KMHUHYCOBas IIKAJIa» - 5TO OTPHUIATElIbHAs
KOHIEHTPALHsg aTOMOB BEHIECTBA, B COBPEMEHHOM IIOHUMAaHUHU, HX
nonesas koHnenrpauus (103; 10°% 10° w m.0. smo nonesas -
2oMeonamuyeckas wKaia) dTOro e BeNleCTBa, NIPHMMEHEHHE KOTOpPOi
MOXET JIeYUTh OTy XK€ OoJie3Hb. Omcroda, nooooénoe evumcs
HOO000OHbBIM.

CoBpeMEHHBIE TIEPEIOBBIE YUE€HBIC, CKIIOHSIOTCS K TOMY, YTO HPUYUHOMN
Bcex OoJie3HEeW SBIISIIOTCSI DHEPreTHYECKHE OTKJIOHEHUsI B Ouorosie
OpraHusMa, KOPPEKIHsI KOTOPBIX U OcyllecTBisieTcs onpeneneHHbiMu [T,

SIBIISTFOIIIUMUCS KBAHTOBBLIMU KOPITYCKYJISIPHO- BOJIHOBBIMH
SHEPTOHOCUTEJISIMHA, CBOETO  poOJa, «OTPHUIIATEIIFPHOW KOHIICHTpPAIIUU
BEIIECTBAY, a TaKKe MOJIEBBIX (pU3UKO-XMMHUYIECKHUX  CBOWCTB

(xapakTepuctuk) atroMoB ADC, U3IydeHHBIX INPU HUX JUHAMU3ALIHUU.

OcHOBBIBasICh Ha COBpeMEHHBIX mpeacraBieHusax, TCII — 3to nyanpHas
TEXHOJIOTUS, MpPH peaau3alud KOTOPOH OCYLIECTBISIETCS CTyNEHYaToe
CHIDKEHHME  BEIIeCTBEHHOW  coctaBisitonied  (koHnentpauuu) ADC wu
JUHAMHU3alHsl €€ BOJHO-CIIMPTOBOIO pacTBOpa B JUCTHJUIMPOBAHHOW BOJE,
IIyTEM MHOTIOKPAaTHO- WHTEHCUBHOI'O MPHWIOXKEHUS BHEIIHEH MEXaHWYEeCKOU
SHEPTUMU.

B pesynprare nuHamMu3auu 0Opa3yroTCsi KBAHTOBbIE (KOPITYCKYISIPHO
- BOJIHOBBIE€ DJIEKTPOMArHUTHO — 3HEProMH(OpPMAIIMOHHBIE) COIPSKEHHbIE
n3iaydyeHuss Mukpodactul arToMmoB APC — KCUMHUOHBI U OJITHOBPEMEHHO, B
COOTBETCTBHUM C 3aKOHOM COXPAaHEHHUsI SHEPIruM, IOBBILIAECTCS U YPOBEHb
SHEPIrUM Ha Ka)KAOW CTYIEHU MOTEHLUPOBAHUS, BBUJIY HNPUIOKEHUS HOBOU
MOPLIMU BHEUIHEH YHEPIUU.

I'aneman, npumenenuem TCII obecneuuean yckopenHoe CHUdCEHUE
eeujecmeennon cocmagnaouwein (konyenmpayuu) ADPC u ocywecmenan
npeodpa3zoéanue 6eujeCmeEeHHbIX MUKPOUACMUY, ee amomMo6, 6 noJesoe
KOpRYCKYIAPHO - 601HO60€ IJIEKMPOMAZHUMHO
— IHEPZOUHPOPMAYUOHHOE COCMOAHUE, NPEOSIONHCUE:

» 80-nepevix, OCYUIECTBIATh CTYIIEHYAaTO€ NOTEHIIMPOBAHUE pPacTBOpa
moJiekysl (atroMoB) ADC 1o AecATUYHOM WIM COTEHHOMW IIKajdaM, YTO
MO3BOJISIET YCKOPEHHO CHUXXAaThb MX BEIIECTBEHHYIO COCTaBJISIIOIIYIO,
MOBBIIIAST TIPU 3TOM, B COOTBETCTBHUU C 3aKOHOM COXPAaHEHUsI SHEPIrUHu,
SHEPreTUUYECKHUN YPOBEHb MX MOJIEBOW COCTABJISIIOILICH;

» 60-6MOPBIX, WCIIOJIH30BAaTh HSHEPrOHACBHIIICHHBIH pPAacTBOP MOJIEKYJ
(atomoB) ADC u3 npeapl Iy e CTyIeHU HOTSHIIMPOBAHUS, YTOOBI Ha KaXK10H
MOCJIEIYIOLIEN CTYNeHU UX AUHAMU3ALMU, IyTEM NPUWIOKEHHUSI HOBOU TOPLIUU



BHEIIIHEH MEXAaHUYECKOM DHEPIUH, IIOBBIIIATH JHEPreTUYECKUM YPOBEHB
pacTBopa, IMOJYYEHHOrO Ha NPEAbIAYIINX CTYIEHSIX IOTEHIUPOBAHUS.

Teopemuuecku 000CH06AHO U RNPAKMUYECKU YCHMIAHOGIEHO: HYeM
O0onbue cmyneneii NnOmMeHUUpPosanus (eviuie YPOGEHbL NOMEHUUL)
mukpouacmuy amomoé ADPC npu peanuzayuu TCII, mem evlue
Inepzemuueckuii  ypogenv IJIII u, coomeemcmeenno, ypoeeHv e20
IHEP2eMUUECKO20 UACMOMHO - PE3OHAHCHO20  6030€iicmeus  Ha
MUKPONOJA OUOKIEMOK ONPeOeeHHbIX COCMABNAIOUWUX OP2AHUIMA C
nOOO0OHBIM OUANA30HOM YACHIOM.

lNanemany npunuioce cMUPUTHCS ¢ TeM uTo Inpu peanuszauuu TCII, nus
YCKOPEHHOTO CHHMIKEHUS BEIISCTBEHHOW KOHIEHTpannuu artromoB ADC,
MPUIIJIOCH «IIOKEPTBOBAaTh» moTepsiMu npu u3rotossnenuu [JIIT: 9/10 mpu
necsitnunod  mkane wian  99/100 mpu  COTEHHOWM mIKane, 4YacTH UX
BEIIECTBEHHON COCTAaBJISAIONIE M MPUOOPETEHHON SHEPruM JUHAMHU3AIUH,
OCTAIOIIHNXCSI B PACTBOPE MPEAMIECTBYIONIEH CTYNEHH TTOTECHIIMPOBAHUSI.

Ho npum sToM Hamo umers BBUAY, uTO Tipu peanuzauuun TCII, u3
MPOMEXYTOUYHBIX (OCTATOYHBIX) PACTBOPOB OMNPEACIICHHOW TOTECHITUH,
COCTOSIIICH, NPEeaNnOJIOKUTEIBHO, u3 KJIaCTE€pPOB K/B,
cpOopMHUPOBABIINXCA HA MOPEABIAYIIUX CTYNEHSIX M[MOTEHLHUPOBAHUS,
BO3MOXKHO wm3roraBiuBarh napyrue [JIII, moBomss mx m0 HEoOXOoaUMOU
MOTEHINH.

lN'anemanoMm u ero mnocienoBaTelssMH OBIJIO YCTAaHOBJIEHO, YTO
qyBCcTBUTEIBHOCTh K ['JIIT 1 peakuusi Ha HUX y pa3HbIX JIIOJCH pa3IUudHbI
u Je4eOHbI 3(Pdext nmocturaercs, Kak MPaABWIO, IOBBIIICHUEM
sHepreruueckoro ypoBHs ['JIII, mocpencTBoMm yBelIuueHUsI CTyIEHEU
MOTEHIIUPOBAaHUS (IIOTCHITUH).

TexHonormyeckuii  mporecc wm3rororienuss [JIII Obu1  Ha3BaH

l'anemanom - mnoreHuupoBanueMm. KaxIyro «CTymeHb» pealu3aluu
TEXHOJIOTUM TIOTeHIMpOBaHWs [aHemMaH  Ha3BaJl MOTEHIMEH, m.e.
“603MO02ICHOCMb, cnocoorocms ”, KOoTOpast XapaKkTepu3yeT B

COBPEMEHHOM IMOHUMAaHUU, 10 CYTH, dDHeprerudeckuit yposens ' JIII. I'JII1
n3 HepacTBopuMoi APC HU3roTaBaMBaETCs MO CHEIUATBHOU TEXHOJIOTUH
IMyTEM JUIMTEJIBHOTO PAaCTUpAaHUs, KaK MHpaBuio, B ¢papdopoBoii CTyIKe,
IIyTEM MHOTOKPaTHOI'O IPHWJIOKEHHUST BHEIIHEH

MEXAaHUYECKOI PHEPTrUU B TEUEHUE JUTUTEIBHOTO BPEMEHU.

Cucmemoit nomenyuposanuna npu peanuzayuu TCII sBsiercs
COBOKYIMHOCTH MoOJiIeKyJl (atomoB) ADC, a Takxe Moiekya (aToMOB)
CIIMPTOBOTO pacTBOpa M JHUCTHWUIMPOBAHHONW BOABI (NMpakTUUECKH Oe3
npuMecen), SBJSIOIMMUCS YYaCTHUKAMHU TEXHOJIOINMYECKOro Mpolecca
CTYNEHYATOr'0 MOTEHIIMPOBAHUS, IIPU KOTOPOM MPOUCXOIUT (POPMHUPOBAHHUE,



B COBPEMEHHOM TMOHUMAHHUU, KBAHTOBBIX KOPIYCKYJISIDHO - BOJHOBBIX
AJIEKTPOMAarHUTHO — SHEPTrONH(OPMAIIMOHHBIX COTIPSIKECHHBIX U3ITyYCHUM.

Texnonozua cmynenuamozo nomenyuposanus (TCII) — 510
MHOroOCTaguiiHasg JAyajabHasg TexHoaoruss wusrorosienus [JIII, myrem
CTYIIEHYAaTOr0 CHIKEHUS BelIeCTBEHHOW KoHIeHTpamuu ADPC u ee
MHOTOKpPAaTHO - HWHTEHCUBHOW JWMHAMH3AIMEd IIyTeM IPUIIOKCHUS
BHCITHCH MEXaHUYSCKOH JYHEPTrHUH, B Pe3yjbTaTe KOTOPOTO OO0pa3yrTCs
KBaHTOBBIC KOPITYCKYJISIPHO-BOJTHOBBIC COTIPSI>)KEHHBIC U3JTyYCHUS
DJICKTPOMAarHUTHO -  DHEProMHGOPMAIIMOHHOTO  IOJICH MHKPOYACTHII
atroMoB ADC u, OJHOBPEMEHHO, B COOTBETCTBUU C 3aKOHOM COXPaHCHUS
SHEPTHUM, TOBBINIAETCS WX JYHEPreTHUYECKUN YPOBEHBb Ha KaXKIOW CTYyNECHU
MOTEHITUPOBAHMUSI.

Kunemuueckasn ynepeus nomenuyuposanus amomos ADC (K3I1)
— DTO DHEPrusli ABWXCHUS B BUJE BOJH, KOTOPBIE MOTYT Il€peaaBaThbCsl OT
onHOro ¢usnuyeckoro ooOvekrta K aApyromy. Ilpm peanuzauuun TCII,
U3JIyYeHHAs] KWHETHYeCKas JHeprusi mnepemaercsi oT artomMoB ADC B
MPOBOJTHUK BOJTH, KAKOBBIM SIBIISIETCSI S(UPHOE MEKATOMHO
- MEXMOJIEKYJISIPHOE MPOCTPAHCTBO, IIOCPEACTBOM KOTOPOI'O 3Ta IHEPIHUs
nepeaaeTcs, MOrJIoMAeTCs, aKKyMYJIUPYETCsl M YIJIOTHSIETCA B KOT€PEHTHBIX
JIOMEHax BOJIbI, a B JalibHeumieM norjoiaerca ocHoBou [JIII u myrem
YaCTOTHO-PE30HAHCHO B3aUMOJEUCTBUS MEPEAAETCS B MUKPOIIOJIsI OUOKJIETOK
OIpeIeICHHBIX COCTABJISIONINX OpraHUu3Ma C MOJI00OHBIM JUAMTa30HOM YacTOT.

Mnozocmaouiinaa oyanvnas TCII ocywecmenaemces 6 ciedyrwuieil
nociedosamenvHoOCmu:

» CmyneHuamovimM CHUMNCEHUEM KOHUEHMPAUUU pPACMEopa MoaeKyJl
(amomoes) cucmemvt ADC nipu uzrorosaeuuu ['JII1 u ocymecTBiennem, kak
MpaBUJIO, MO AECATUYHON WM COTEHHOW IIKajlaX, C YyKa3aHHeM B UX
MapKHUpPOBKE YPOBHSI noteHuuu  APC  (KOIMYECTBO  CTyIEHEH
MOTEHIIMPOBAHUs), KOTOPasi XapaKTepU3yeT ero YHEPreTHYECKHI YPOBEHb;

Cmynenuamoii oOunamuzayueil pacmeopa MoJeKy1 (amomos)
cucmemovt AD@C npu nsroroBiieHnu ['JIII MHOrokpatHO MHTEHCUBHBIM
NPUJIOKEHUEM BHEIIHEH MEXaHMYECKOW DHEPryuM, IyTEM JSHEPTrUUYHBIX
BCTPAXUBAHUM BOJHO — cnupToBOoro pactsopa ADC. B mpouecce 3Toro,
HWCXOJIsI W3 COBPEMEHHBIX MPEJCTAaBICHUN, OOpa3yroTCs KBAaHTOBBIC
CONPSI)KEHHbIE KOPITYCKYJISIPHO-BOJTHOBBIE AJIEKTPOMArHUTHO-
SHEepronH(GOpMaIMOHHBIE JTHUCKPETHBIE U3IYy4YeHUs, C OJHOBPEMEHHBIM
MOBBIIIICHUEM YHEPTeTUYECKOr0 YPOBHsI BO30YKJISHHBIX aTOMOB BOJHO-
couproBoro pacrsopa ADC oT npeabIaylieil CTyneHU MOTEHIIUPOBAHUSI.

*kkkk



TI'omeonamuueckasa ounamuzayusn pacmeopa amomoe ADO®C (I'MJ]) —
3TO COCTABJISIIOLIAS AYaJbHONM TEXHOJIOTMHM CTYNEHYaTOro0 MOTEHLMPOBAHUS
aroMoB  A®C, npencraBisonmii coOOM TEXHOJOIMYECKUH Ipolecc,
peanu3yeMblii B IIPOLIECCE MHOIOCTYIIEHYATOM MHOTOKpaTHO-MHTEHCUBHOM
nuHamuzauun (MMJI) nyreM [OpuiIoK€HMsT BHELIHEH MEXaHUYeCKOM
sHepruu nuHamu3zanuu (BO/).

Ha xkaxnol  crymeHM  HMX  OOTEHUMPOBAHUs, TEM  CaMbIM
obecrieunBaeTCsl MEpPexXo]] ATHUX aTOMOB B 3JIEKTPOHHO-BO30YXKIECHHOE
cocrosiane (OBC), B mpormecce KOTOporo oOpa3yroTcs KBaHTOBBIC
CONpPSDKEHHbIE M3JIy4YEHUs, TaK Ha3blBaeMble cBepxmaljible 1036l (CMJI)
atroMoB A®C u TakuM 00pa3oM OCYMIECTBISETCS KBAHTOBAHUE ITUX
aTOMOB.

I[Ipu peanuzaumu I'MJ] ¢opmupyroTcsi cBoiicTBa (XapaKTEpUCTUKH)
rOMEeONnaTuYecKoro JIEKapCTBEHHOI'O npernapara, 00J1a1aroero
TEepaneBTUUYECKHUMU CBOMCTBAMH, COIPSDKEHHBIMU C OIIPENEJIEHHBIM
YPOBHEM €ro MOTeHLUUPOBaHUS (IOTEHLIUH ).

Ha ka>ticoon cmynenu nomeHyupoeanus modxcem NPUMEHAMbCA 00UH
U3 C1edyruuUx cnocodoes:

» pyuHas OUHAMU3AWUA, KOTOpas OCYIIECTBISETCS MHOTOKPAaTHO -
WHTCHCHBHBIM BCTPSIXUBAHHEM, ITyTEM PYYHOTO MHOTOKPATHOTO YIapeHUs
CTEKJITHHOM €MKOCTH C PpacTBOpPOM MoJieKys (atomoB) cuctembl ADC 06
PE3UHOBYIO TTOAYIIIKY;

»  MexaHudeckas  OUHAMU3AUUA, KOTOpas  OCYIICCTBIISIETCS  C
MMPUMEHEHHEM  TOPU3OHTAIIBHO  PACIIOJIOKEHHOTO  JUHAMU3aTopa, C
pasMenieHueM B HEM IHWJIMHJIPUYECKOW CTEKJISTHHOH EMKOCTH C BEpXHEH
TOPJIOBUHOW  JUUII ~ 3aJIMBKM  pacTBOpa, MNPUMEHSIONICTOCS IS
MHOT'OKPATHOTO yJIapeHHUsI pacTBopa MoJiekya (atromoB) cuctembl ADC
00 BHYTpEHHHUE JTHUIIA JAHHOW €MKOCTH.

TI'omeonamuueckaas nomenyus — 3T0 pesynbrar peanuzanuu TCII,
KOTOPBINA XapaKTepu3yeT dHepreTudeckuii ypoeHb [ JII1: uem BbIllIe OTSHIHS
(ctynens noreHuupoBanusi atoMoB APC), Tem Bblle ypoBeHb sHepruu [JII1,
KOTOpasi YacTOTHO-PE30HAHCHO IIEPEHOCUTCS B OHMOKJIETKH OIPEdeICHHBIX
COCTABJISIIOIIIMNX U B 1IEJIOM Ha OPTaHU3M.

B obuxooe nonamue «nomenyuposanue» 4acmo noomeHsemcs NoHsmuem
«paszeedenuer, 4mo s61i1emcs HeoOOCHOBAHHBIM, 88UOY MOS0 YMO OMpPaicaem
mMoabKo 00HY cmopoHy oyanvrou TCIT
— omo cmynenuamoe cHudcenue eewjecmeennou cocmasensiowen ADC,
HO He ompadicaem Opy2yl0 CMOPOHY MOl MEXHOI02UU
— CMYneHuamyro OUHAMUZAYUIO PACMBOPA MOAEKYIL (AMOMO8) CUCEMbL
ADC, npumenernuem Komopou 0Oyclo81eHo U obecneuusaemcs HeooxooUMblil

yposens neuebnHozo eoszoevicmeus 1 JII1 na cocmasnaowue opeanuzma.



Beudy moco umo nouamue «pazéedeHue», MmMOAbKO  UYACHMUYHO
xapaxkmepusyem oyanvhyto TCII, mpebyemcsa KoppeKuus mepmuHoI0Zuu 6
2omMeonamuu u 3aMeHa NOHAMUA «PA36€O0eHUE» HA (NOMEHUUPOBAHUE», UM O
6 NOJIHOU Mepe Oyoem Oompaxcamov He MONALKO CYMb IMOU MEXHOI02UU, HO U
npupooy oopazoeanusn
mepaneemuueckozo I¢ppexma I'JI1I.

Canum I'AJIH/THH
13 2nasa, 89-95 cmp.
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