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~ romrn C.A. 

DNA is the beginning and the end. 

M . Simic 

1. OEIIINI XAPAKTEPMCTHKA PAEOThl 

AKTJdhhHOCTh npo6AeMhl. Bo3Aeii:cTBHe Y<I> H3Ayqemu1 Ha OAHY HJ caMh!X 

BaJKHblX 6HOMOAeI<yA. Ae30KCHpH60HYJCAeHHOBYJO KHCAOTY (AfiK), npl!BAexaeT 

BHHMamte HCCAeAOBaTeAeH HeCKOAhKO AeCJITHAentH (Wang S.-Y., 1976). 

DOAdBIUlIO~ee 6oAbWHHCTBO pa6oT IlOCBl!~euo HCCAeAOBaHfflO cpoTOXHMHH H 

¢OTo6HoAorHH HyxAeHHOBhlX KHCAOT rrpH o6AyqeHHH pT)'THOH AaMllOH HH3Koro 

AaBAeHID!. Aiu!Ha BOJUlbl Y<I> H3A)"IeHIDI npH 3TOM (254 HM) JlOildAaeT Ha rrepsyro 

3AeKTpoHHyro llOJl.OCY norAo~eHHll, 'ITO npirnOAHT K BOJ6y)KAeHH!O nepsoro 

3AeKTpomi.oro cHHrAeTHoro ypoBHll St (Fisher GJ. and Johns H.E., 1976, Patrick 

M.H. and Rahn R.O., 1976, Patrick M.J., 1976, Jagger J., 1976, Harm W., 1980, 

Mitchell D.L. and Nairn R.S., 1989, Helene C., 1987, Sage E., 1993). DollBAeHHe 

MO~X HaHO- H IlHKOCeKyHAHhIX Aasepos reHepHpyro~HX B Y<I> AH~a301Je 

ll03BOMIJ\.O JHa'lHTe.l\.bHO paCUIHpHTb cneKTp HCCAeAyeMhlX 3cpcpeKTOB (Nikogosyan 

D.N., 1990, Cadet J. ea, 1987, Schulte-Frohlinde D. ea, _ 1990, Angelov D.A. ea, 

1991). B qacTHoC'l'H, npH Bhlcoxmc HHTeHCHBHOCTHX Aa3epHoro Y<I> H3A)"Iemm 

(AJl.HHa BOAHhl 248-266 HM) npoHCXOJl,HT AByxC'fYileH'IaToe llOfAO~eHHe H3A)"IeHlIB 

c B036YJKAeHlleM BhlCOKOAeJKammc 3AeKTpOHHb!X ypoBHeH SN MOACKYA OCHOBaHHH 

H)r'KJl.eHHOBhlX KHCAOT H llOCAeAyrome:ii: HOHH3a.a;He:ii: (Angelov D.A. ea, 1980, 

Gurzadyan G.G. ea, 1981, 1982, Zavilgelsky G.B. ea, 1984, Nikogosyan D.N .. 1982, 

1990). vlcnO.l\.b30BaHHe 3KCHMepHOfO ArF Ad3epa (AJl.HHa BOJUlbl 193 HM} 

rro3BOMeT OAffOKBaHToBo IWHH3oBaTh AHK H ee KoMnoHeHThl (Candeias L.P. ea, 

1992, Gomer ea, 1992, Gurzadyan G.G. and Gomer H., 1992). TaKH"M o6pa3oM, c 

IlOMO~b!O Ad3epHoro H3A)"IeHH.SI llO.SIBJl.lleTCll B03MOJKHOCTh peaAH30BhlBaTb 

XHMH'leCKHe H 6HOAOfH'IeCKHe npo.a;eccbl, CBOHCTBCHHhle HOHH3Hpyro~eH 

pdAHaWfH. CAeAyeT 3~eniTh, <rro B CA)"Iae y-o6A)"IeHIDI lldAaIO~dll 3Heprnll 

norAo~aeTC51 KaK 6HOMOAeKyAaMH, TaK H BOAOH; 6oAee Toro, 3cpcpeKT KOCBeHHOro 

AeHCTBIDl (3a C'leT HOHH3~HH H AHCCO[(H~HH BOAb! H )"IdCTHll o6pa3YJOU\HXCll 

pedKIJ;HOHHOCllOC06Hb!X PdAHKdAOB B XffMH'leCKHX IIpespa~eHHSlX) B CA)"Iae 

H)'KAellHOBhlX KHCAOT llBAfleTCll l'AaBHhlM. npH Aa3epHOM JKe 06A)"IeHlill 

npoHCXOAHT H36HpaTe.l\.bHOe B036y)KAeHHe xpoMoct>opoB HyxAeHHOBhlX KHCAOT -

d30THCThlX OCHOBd!QfH, C TIOC.i\eAyro~eii: HOHH3aD;HeH. npHHD;HIIHdAbHhlM 

OTJl.H'IHet.o. Aa3epHoro B036y)KAeHIDI (OAJIOKBaHTOBoro c 193 HM H ,l\ByxKBaHTOBoro 

c 248-270 HM) llBIUlCTCJI BOJMOJKIIOCTb HanpaBAeHHoro B03ACHCTBIDl B•KJl.eTKe Ha 



H)'KAeHHOBhle KHCAOThl, He 3aTparnaasr IlpH 3TOM APyI'HX KOMl!Ullt'lll (6eAKll, 

AHIIHAhl). 

KaK H3BeCTHO, y·pdAffOAH3 AHK npHBOAHT K 06pa3oaau1110 l\el\uro PHAd 

noapeJKAeHHH BTopwmow CTPYKTYPhI AHK: OAHO- H AB}'HHTCB1>1x pd'.lpwnos, 

pa3pwaoa N-r.11.HK03lfAHOH CBH'.lH, MeJKmrreah!x CUJHBOK (von Sonntag C., 1987). 

fHAPaTI!pOBdHHhlK 3AeKTpOH H KdTHOH PdAHKdi\ OCHOBdHlUI, B03HID<a!O!l1He npH 

Aa3epHoM B036YJKAeHMH AHK, MOl)'T np1rnecni K aHdi\OrIPIHh!M 3cpcpeKTaM. B TO 

JKe BpeMH, Ae3dKTHBd~ltll RhlCOKO.M!JKdl~HX 3AeKTpOHHblX • ypOBHe}f IIOCJ\C 

no36YJKAem·rn: c BY<l> (n Cl\)"HlC 193 UM: S2) np11neAeT K 3aceAemuo nepsoro 

B036yJKAenuoro S1 yposHJI c nocl\CflYKlll\HM oflprnonattHeM "KAaccgqecKHx" 

cpOTOilpOAYKTOB, cne~HcPH'!Hh!X AAll BO:J6y)l(/\P111HI (' 254 HM' IIHpHMHAHROBhlX 

A}!MepoB ~HKA06yraHOBOro TIU!a (5,6-Ntmtp11MltNll1Ull), cpoTOfJ.IAPdTOB 11 

I1HpHMHAHH(6-4)mrpRMHf\OH dAAYKTOB ((6·4)<1><rronpol\YKTon). TaRWM ofipa:ioM, upu 

B036YJKAeHHlf c AAJ.IHOH BOJ\Hhl 193 HM OYl\YI' 0CiprlJOllhlll11TbCH Alld KAclCCil 

cpoTonpoAyxToa: crrel\RcpH'rnhIX ~ y·pi\AHOAH'.la 11 KA<tecwwcKoro Y<l> 061\y<H'lllHI 

lllHpoKoe rrpHMeHeHRe ArF Aa3epoR n M<'flHl\HW' H XHpypnrn aKTyi.1Afl:mpo11d.1'0 

H3}"1eI!He MeXaHH3MOB B03fleHCTBHJl J\a:Jepnoro H3Ay<leHHJi c AAHHOH BOAHhl 193 

HM (6.4 38) Ha AHK, nAa'.lMJiAbI, 6aKTepHH (Johnson-Tompson M. ea, 1984, 

Winckler K ea, 1988, Rasmussen R.E. ea, 1989, Kochevar ea, 1989, 1990, 1991). 

3-ra npo6AeMa HdXOAJ1TCll Ha CTh!Ke KBaHTOBOH :lAeKTpOBHKH, Ad3epHOH 

cneKTpOCKOillUI, MOAeKyMlpHOR 6HocPH3RKH, cPOTOXliMHH H cpoTo6noAOfHR. 

Bhl!ICHem!:e MOAeKyMlpHhIX MeXaHH3MOB B03AeikTBIDI HOHH3HPYJO!l1Cro Aa3epHoro 

U'.lA}"leHHll Ha AHK OTKph!aaeT Hoaoe HanpaaAeHHe B Aa3epHoli 6noMeAH~HHe 

CBH3aHHOe c HCIIOAh30BaHHeM "tteKAaccnqecKHX" KCTO'IHHKOB HOHH3Hpyrornero 

H3A}"lemrn - Y<I> H BY<I> Aa'.lepoa. 

CAeAyeT TaKJKe OTMeTHTh, 'ITO AAHHd BOAHhT 193 HM IIOIIdAaeT Ha KpaH 

rrorAO!lleHI.rn KaK BOAhl (Bee 3cpcpeKThl HCCAeAyroTCH B HeWrpaAbHOM BOAHOM 

paCTBope), TaK H HC110Ah3yeMhIX OJJTH'leCKHX 3AeMeHTOB (.11.HH3hl, IIpH3Mhl, 

KpHCTaAAhl). B TO JKe BpeMH, IIOA AeHCTBHeM MO!llHOfO Ad3epHOfO H3A}"leHIDI 

UHKOCCK}'HAHOH AAHTeAhHOCTH c AAHHOH BOAHhl 210-270 HM B npo3pa'lHhlX CpeAax 

MOJYI' HMeTh MeCTO pa3AH'IHhle HCAHHeHHble 3cpcpeKThl (narrpHMep, AByxcpoTOHHOe 

IIOfAOU~eHHe). l13}"1eHRe )'Ka3aHHhlX 3cPcPCKTOB rrpeACTaBAJleTCll 'lpe3Bhl'IaHHO 

aK'fYaAhHh!M AAll KOppeKTHOH HHTeprrpeTaIJ,HH JJOA}"leHHhfX pe3yAhTaTOB c 

6HOMOAeKy.11.aMH, B qacrHOCTII, c H)'K.11.eHHOBhIMH KHCAOTaMH. 

UeAb HCCAeAOBaHRli: BCeCTOpOHHe HCCAeAOBdTh cpoTocj:m3HKY R cj>oTOXHMHlO 

HyKAeRHOBh!X KHCAOT R HX COCTaBNilO!llHX B ycAOBWIX HOHR3aUHH IIOA AeHCTBHeM 
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Aa3epuoro Y<l> H3A)"leHIDI c MHHaMH BOl\H B AHaJia3oHe 193-270 HM H rrpoBeCTH 
0 

CpaBHWreAhHhIH aHaAH3 IIOA}"leHHhlX pe3yAhTaTOB c TaKOBhlMH KAdCCH'lCCKoro 

HH3KoIDITeHCHBHoro Y<l> o6A)"ICHHH (254 HM). AJ\ll 3TOH ~eAH: 
- C03AaTI> HCTOqttHK Aa3epHoro H3A}"leIDUI JJHKOCeKYHAfiOH MffTeAhHOCTII B 

YAhTpa¢Ho.11.eTOBOM AJ1aIIa3oHe cneKTµa c Kom·poAHpyeMhIMH napaMeTpaMH 

reHepHpyeMoro H3A}"leHm1; 

HCCACAOBaTh HeAHHeRHhle 3cp$eKThl B BOAe IIOA AeHCTBHeM MO!llHOro 

IIHKOCeKyHAROfO Aa3epHOf0 H3A}"leHlUI; 

- HCC.11.eAOBdTh cpoTocPH3RKY B03AeHCTBHll J\a3epHoro H3A}"leHHll 'Ha eyKAeHHOBhle 

KHCAOThl, R3MepHTb KBfillTOBhle BhlXOAhl HOHH3a~H IIpH 01\HO· Ji( AByxKBdHTOBOM 

B036YJKAeHHH; 

- BhlllBRTh H HCCAeAOBaTh cpoTOilPOAYKThl H cPOTOJJOBpeJKAeHJUI, o6pa3)'10JI\HCCll 

npH HOHH3aUHH AHK; H3MepHTh KBamoable BblXOAhl HX cpopMHpOBaHHll; 

- Me1'0AOM cpoTOJ\.HJa orrpeAe.11.HTh 3$cpeKTHBHOCTh 6e3hl3A}"laTehbHOH BH)'TpeHHeH 

KOHBepCHH co BTOporo Ha JiepBhlH B036YJKAeHHhlH CIUITAeTHhlR ypoBeHb 

JIYK)\eHHOBhlX KHCAOT; 

orrpeAe.11.HTh npoMe)f(YTO'lllhle 3BeHMI B ~eilH o6pa30BaHHll ACTaA.hHhJX 

rrospe)KAeHHH B IIAa3MHAdX; 

- BhlHBHTh MeXaHH3M HliaKTHBdUHH JIA.a3MHA H 6aKTepHH npH B036YJ1<AeHHH c 

AAHffOH BOAHhl 193 HM, orrpeAe.11.HTh 6HoAorw.1ecKyro poJ\h pa3ph!BOB uenei:\: AHK; 

BhlHBHTh pa3AH'lHe npoTeKaHWI perrapa~HOHHhlX npoqeccoB B JIA.a3MHAdX H 

6aKTepHHx; 

Ha)"IHCUI HOBH3Ha. 

.- BbIBeAeHhl HOBhle rrpH6AHJKeHHhle cpopMYAhl AAfl pac'leTa yrAOB c1mxpOHH3Ma B 

HeAHHeHHhlX KpHCTdAAdX; HX TO'lHOCTb npeBhlJllaeT TO'lHOCTb APYfHX HMCIO!llHXCll 

B AHTepaT)'Pe aHaAOIWIHhlX <t><>PMYA; 

- o6HapyJKeH HOBhlH 3cpcpeKT HeAHHeHHOH AecpoKycHpOBKH Aa3epHoro R3A}"leHHll 

B HeAHHeHHO IlOfl\OlllalO!llHX CpeAax; 

- '3blllBAeH OAHOKBaHTOBh!H MexaHH3M HOHH3aUHH MOAeKyA H)'KACHHOBhlX KHC.11.0T 

IIpH IU!.3epHOM B036YJKAeHHH c 193 HM; ' 

- cHcreMaTH'leCKH HCCAeAOBdHa ¢oTOXHMWI H cpOTo6HOAOfH!I H)'Kll.eHHOBhlX 

KHCAOT IIpH 06.11.}"leHHH c 193 HM; BhlllBAeHo o6pa3oBaHHe ~eJ\OfO KAacca 

cparonpoAyxToB/ cpoTorroapeJKAeHHH: (pa3ph1Bhl uerreli AHK. Me>KIDITeBh!e 

CUJHBKH, pa3phlBhl N-rAHK03HAffOH CBll3H, AOKdi\hHhle AeHarypnpoBaHIIhle 

}"laCTKH) c BhlCOKHM KBalITOBhIM BhIXOAOM; BhlJIBAeH HOHH3aUHOHHI:!H MeXaHH3M 

cpopMHpOBdHHll 3THX cpoTOIIpOAYKTOB; 



BIIepBb!e HCCAeAOBaHa HHaKTHBal'.(mr qeTIJpex lllTaMMOB 6aKTepm'.i E. coli c 

pa3!\H'IHhlMH Ae<tieKTaMH B penapau;HOHHOH cacTeMe rrpH Aa3epHOM o6AyqeHHH c 

Al\HHOH BOAHbI 193 li 216 HM, BblllCHeH MexaHlif3M RX HHaKTliBau;HH; BblflBJleHo, qTo 

octtoBHOH MmrreHhJO HBAH~TcH AHK; OCHOBHhIMH AeTaA.hHbIMH cpoTorrpoAyKTaMH B 

CAyqae o6AyqeHHH E. coli K12 AB2480 (uvrA recA), Ae<tieKTHo:H OTHOCHTeAbHO 

3KCD;H3HOlfHOH H IlOC1'peIIAHKaTHBHOH penapal\HH, llBAfl!OTCll IIHpliMlfAHHOBhle 

AJl:Mepbl; B CA}"Iae )Ke 06Aj"rem1.11 AB 1157 (AHKHH THII) OCHOBHblMH JleTiL\hHblMH 

cpOTOIIpoAy-KTil.MH llBAHIOTC!l IIPOAYKThl HOllH3au;~rn: OAHOHHTeBble pa3pb!BPI u;erreii 

AHK, pa3pb!Bhl N-rAHK031iAJIOH CBHJH, pd:3pyuw1rne HJKAe-OTHAOB; 

- m1epsble H3Mepetta ::ict>Q>eKTHBHOCTh S2 ·---> 51 11epex0Aa Ahlf plfAa MoAeAhHbIX 

KoMnoHeHTos 1ryKAeH110BbIX KHC.llOT: TpT, UpU, CpC, CpU, dCpT; 

npaKn1qecKaH UCHIIOCTb pa60TI>i: 

1. HoBblH MeTOA HJMepemm qHpna rrHKoceKYHAHoro H3A}"leHHll. 

2. HoBble cpopM)'.llbl Ahlf pdC'leTa yrAOB CHHXpOHHJMa B HC.ll.lfHeiiHblX KpHCTdAAdX. 

3. HoBblH MeTOA orrpeAeAeHRJr KOJ<i><PHu;HeHTa AByx¢oTOHHoro norAOU\e1rn11 c 

£IOMOU\bl0 ::icpcpeKTa HCAHHeHHOH Ae<floKycHpOBKH Jla3epHoro H3A}"leHHll. 

4. MoHH3dIJ,Hll MOJleKyA ttyKACHHOBblX KHCAOT c IIOMOU\blO MOU\Hb!X Y<D Aa3epos. 

5. Aa3epHO-HHAYIIl!POBaHHoe 3cpcpeKTHBHoe o6pa3osaHHe OAHO- H ABYHH'resblx 

pa3pb!BOB u;eneii AHK. KoBaAeHTHbIX MeJKHHTeBblX CWHBOK, cso60AHbIX 

OCHOBaHHH, AOKdAbHblX AeHaTYPHPOBaUHhIX yqacTKOB. 

6. MexaHH3M HHaKTHBaD;HH TIAa3MHA H 6aKTepnH: E. coli rrpn: .11a3epHOM 06Ayqemn:1 

C AAJl:HOH BOAHbl 193 HM. 

7. BhlllBAeHn:e poAH pa3phIBOB l.\ene:H AHK KaK octtoBHoro 3Betta B u;errH 

o6pa30BaHHH .lleTa.llbHbIX IlOBpe)l<AeHJl:H rrpu 06.11yqeHHJI: c 254 li 193 HM. 

8. MeTOAJ!:Ka onpeAeAeHHH 3<j>cpeKTHBHOCTH BHyrpeHHei-1 KOHBepCHH co BToporo 

Ha rrepBhIH BOJ6yJKAeHHb!H CHHrJleTHbIH JAeKTµOHHblH ypoBeUb c noMoID;blO 

AaJepHoro <PoTO.ll.lf3a. 

npaKTH'leCKaJl D;eHHOCTb pa6-0Tbl TaK)Ke o6yCAaBAHBaeTCH WHpOKHM 

HCTIOJlb30BaHHeM ArF ::>KCHMepHbIX Aa3epos B MeAHu;HHe (B '!aCTHOCTH B fAd3HOH 

XHpyprnH) li Heo6XOMfMOCTblO }"IJITb!BdHHH HMeIOU\HX MeCTO npH JTOM 

HeJKeJlaTeAbHblX 34JcpeKTOB (UOlIH3dIJ,HOHHbie nospe)l(AeHlill: pa3pb!Bbl u;enew 

AHK, ClllHBJrn H TA). Pe3yAhTaThl noAyqeHHhle B rrp1rneAemro:H pa6oTe HaWAH 

WHpOKOe rrpHMeHeHlie B pa31\.li'lHb!X Ha}"!Hb!X Aa6opaTOpHHX MHpa (Wellman 

Laboratories of Photomedicine, Massachusetts General Hospital, USA; Max-Born 

Institute for Nonlinear Optics and Short Pul&e Spectroscopy, Berlin; Humboldt 

University of Berlin, Germany; CEA-Saclay, Gif-sur-Yvette, France; Trinity College, 
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Dublin, Ireland; Science Applications International Corporation, Ohio, USA; HAP.), 

'!TO TaIOKe IlOATBep)f<AaeTCff HaJ\JNHeM MHOJKeCTBa u;HTHposaHHH Ha ny6JU:1Kal.(HH 

aBTOpa (OKOJlO 100 3a nepHOA 1990-95). 

Anpo6aUHH pa6oTbl. OcHOBHble IlOAOJKeHHH H peJyAbTaTbl 6blJlH AOJlOJKeHbl Ha rv 
Internat. Symp. "Ultrafast Phenomena in Spectroscopy" (GDR. 1985); Peen. 

KOHcpepeHI.(HH MOAOAhJX yqeHblX H cnel.(., T6H.ll.lfCH, 1986; 4 KOOPAJl:H. ceMHHapa 

"Afitta.MHKa li dKTHBHOCTb 6HOJl.MdKpOMOAeKJA: Aa3epHb!H H, KOM!lbIOTepHbIH 

3KCIIep1meHT", EpesaH, 1988; 5th symposium on optical spectroscopy, SOS, 

Eisenach, GDR 1988; 3rd Congress of the European Society for photobiology, 

Budapest, 1989; 4th National Conference "Laser and their applications", Plovdiv, 

Bulgaria, 1990; Internal. Conference on Laser in the Life Sciences, Guangzhou, 

China, 1990; 4th Congress of the European Society for photobiology, 1-6.9.91. 

Amsterdam, 1991; 5th Congress of the European Society for photobiology, 19-26. 9. 

1993, Marburg; Radiation chemistry annual meeting, Munchen, 1993; 

13.Vortragstagung der GDCh, Berlin, 1993; XV IUPAC Symposium on 

Photochemistry, July 17-22, 1994, Prague; 6th Congress of the European Society 

for Photobiology, 3-8. 9. 1995, Cambridge, 1995; International Conference of 

Radiation Chemistry, Sept. 1995, Wurzburg; Ha ceMHHapax s Max-Planck Institute 

fiir Strahlenchemie, Miilheim an der Ruhr, Germany; CEA Saclay, France; 

Humboldt University of Berlin, Germany; Max-Born Institute of Nonlinear Optics 

and Short Pulse Spectroscopy, Berlin; Institute of Radiation Biology, DLR, Cologne, 

Germany; s Hno Aa3epHdll TeXHHKa, Epesatt; Ha Kact>eApe MoJ1.eKyAflpttoH: cjJHJHKH 

ErY, EpesaH; s MHcTHTYTe 3KcrrepRMeHTaA.hHOH 6HoAonm AH ApMemm, Epesan; 

·HAP· 

CTy6ARKallHH. PeJyAhTaThl H noAoJKeHHll MfCcepTal.(Hli ony6AHKOBaHbI s 44 

pa6oTaX, BKA!OqaJ-OID;HX 2 MOHorpacpHH H 26 CTaTeH B JKypHaAax (15 B 

MeJKAynapOAHbIX). 

CTPyKTypa AHcceprnuHH. AficcepTau;HH HJAOJKeHa B BHAe uayqttoro AOKJ\aAa. 

2. 3KcnepHMeHTaAbHhle MeTOAhl. li MaTepHaAbl 

2.1 CTHKOCeKYJW!LIH Nd:YAI03 Aa3ep c rrpeo6pa3oBaHHeM .113.11yq:eHHf! n 4 H 5 

rapMOHHKy 

3KC!IepHMeHTd.llbHO liCCAeAOBaAaCb rettepau;HH rapMOHHK - H3A}"leHHH 

TIHKoceKynAHoro Nd:YAI03 Aa3epa 1'peMH pa3.llH'lllbIMH cnoco6aMH s KpHCTd.11.1\ax 
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KAP H neHTa6opaTa KdJ\Jlll (KB5). Aa:.iep coCTOllA H3 reHepaTopa c 11accHBHOH 

CHHXp0Hl13dl.l,HeH MOA Ha KpacwreAe 3274y, CHCTeMbl Bb!AeAeHIDJ OA.HHO'IHOro 

HMrryll.hca H AByxKacKaAHOro youUi.TeAll Ha KpHCTaAAax Nd:YAJ03 . Ha pHc. I 

npHBeAeHhl cxeMhl ycraHOBOK /l/IJI reHepaxvm llllTOH rapMOHHKH. 

J-O-C-at~D·"(3~ 
1 w, ~ w, J 7 "'• ~ 5~ 

a w, 

r"" ,w, o' ·1 a ,-u- · ·~ o, 2 "'•. 5 
"' w. Il!~~· 

I Wz f ( w, 

!°'' ,w, !w, tw• ~I w, 
I w1 f 1 w, i, ~ o, D o, ~ 

6 W) 

PHC}'HOK ] . 

B nepBOM cAyqae 3Hepnrn H3AY'JeHRJi IDITOH rapMOHHKH 216 HM COCTaBAl!Aa 40 

MKA>i<. 3Hepr IDi H3MepRAaCb KaAH6pOBdHHhIM IIHponpJieMHHKOM. Bo BTOpoH 

cxeMe 3HepniH 'leTBepTOH H Ill!TOH rapMOHHK COCTaBAl!AH, COOTBeTCTBeHHO, 1,6 

MA>K H 50 MKA>i< npH Cy-MMapHOM K03<j:>q:m1weme ITpeo6pa30BaHHll B ITl!TylO 

rapMOHHKY 0,08%. TpeThll cxeMa, HaH6oAee OilTHMaAbHdll, l'Ae BMeCTO KpHCTaAAa 

KB5 HCITOAb30BaACll KAP. IT03BOAlleT reHep11poaaTb H3AYlJeHHe c 216 HM AO 0,45 

M/vK IlpH K03<j:><j:>Jll.l,HeHTe ITpeo6pa3o8aHIDJ 0,75%. 3<j:>Q>eKTHBHOCTh AOCTHraeTCH 

JCaK 6oAbIIIHMH tteARReHHOCTllMH KAP H yrAonoli: UIHpHHh! CHHX.poHH3Ma AAll 

reHepa1.1,1rn IUITOH rapMOHHKH, TaK H MeHhllllfM norAoILJ,eHJleM KAP Ha 216 HM ITO 

c paBHeHH!O c KB5: 0 ,07 H 0, 12 CM-1 COOTBeTCTBeHHO. 

2 .2 reHeJ)aUKH BTQPO.if raPMOHHKH B KPHCTaAAe BBO 

KpHCTaAAbI P-6opaTa 6apHll P-BaB204 (BBO) 06AdAalOT MHOfHMH 

3aMe'JaTeA.hHbIMH CBOHCTBaMH, 1103B0All!Oll.\HMH 3<j:><j:>eKTHiiHO JIX HC1101\h30BaTb AAll 

npeo6pa3oBaHID!. 'laCTOTbl n neARHeHHhlX y cTpoucrnax (Chen C. ca, 1981) . 

3<j:><j:>eKTHBIIhIH K03<j:>QJHl.l,HeHT rettepau.wH BTopoli: rapMOHHKH BBO n 5-6 pa3 

awwe, 'IeM y MOROKpHCTdl\AOB KAP (Cheng L.K ea, 1988) . KpHCTaAAbI HMeIOT 

lllHpOKyio o6AaCTh npo3pa'IHOCTH 190-3500 HM, BhICOKHH nopor pa3pyweHHJ!. c 
HCilOAbJOBaJIHeM 3AeMCHTa HJ MOHOKpHCTaAAa BBO TOAILJ,HHOH 1.6 MM 

HCCl\eAOBaAdCh reHepdl.l,llJI BTOpmi: rapMOHHKH ITHROCeKyttAHOfO ,rn3epa Ha 

Nd:YAJ03 c nacCHBHOH Cl-1HXpoHH3dl.l,HeH MOA: AARHa BOAHbl 1.08 MKM, 

Al\HTeAhHOCTh HMnyAbca 15 ITC, 3HeprHJ! OAHHO'IHOro HMnyl\hca I M/vK. /vl5l 
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cpasHeHIDI. 3QJ<j:>eKTHBHOCTH npeo6pa30BaHIDi TaKJKe JICCAeAOBaAdCh renepal:lHll 

BTopoli: rapMOHHKH B KpHCTdl\Aax Lil03 (L = 6.4 MM) H KAP (L = · 14.6 MM). 

Y!CIIOAb3YH npH61\IDKeHHe 3dAaHHOro IIOAJ! ITPH He60l\hlIIHX rrpeo6pa30BdHIDiX H 

l\.IITepa"fYPHble 3Hd'IeHID! HeARHeHHh!X K03cpcpm~HeHTOB IlOAYlJeHbI COOTHOilleHHH 

MeJKAy K03Q:lQ>HllHeHTaMH npeo6pa30BaHIDI B HCCAeAyeMhIX KpHCTdl\Aax: 

i (Li I 03)/i rnso) ~ t.1. i (l<J>P)/1 (B&o)-:= ~. ~ 

'ITO AOCTdTO'IHO xopowo corAaCOBbIBdl\OCh c 3KCnepHMeHTdl\hHhll)fH pe3YJ'4>TdTaMH. 
0 . 

Ko3cp<j:>H1.1,HeHT ITpeo6pa3oBaHHH B BBO npH HHTeHCHBJJocrsrx H31\}"IeHIDI 2 

fBT/ CM2 COCTaBNll\ 6.1 % (c yqeTOM cppeHeAeBCKHX noTeph H ITOfAOl.l.l,eHJIH B 

KpHCTaMe· 9%). 3KcnepHMeHTaAbHO H3MepeHHdll yrAOBdll IIIHpHHa CHHXpOHH3Md B 

BBO (1.6 MM) paBHHAach 3.AB = (3.07±0. 15) MPilA· Dopor nonepxHOCTHhIX 

ITOBpeJKAeHHH npH B03AeHCTBHH OAHHO'llihIX Ad3epHhlX HMnyl\hCOB IIPH 1.08 MKM 

COCTdBAllA 250-350 fBT/cM2, a npH 0.54 MKM - 120-150 fBT/cM2. 

2.3 Hoshle <booMVAhl AAll pac'IeTa YfAOB CliHXPOHH3Ma 

B Cl\YlJae .CKdAllpHhlX B3aHMOAeHCTBHH THIId eoe, oee H eeo HdXOJKAeHJre 

yrAOB CHIIXpORH3Ma CBOAHTCH K peweHH!O ypaaHeHHH 'IeTBepTOH CTeneHH 

OTHOCHTeAhHO t~10c' II03'fOMY 06hl'IHO pac'IeT yrAOB CHHXpOHH3Md llpOH3BOAHTCH 

MeTOAOM IIOCAeAOBdTE',J\hHblX npH6AIDKeHHH Ha 3BM. /vl5l yrAOB CHFIXpOHH3Ma 
tJIM (lot'e 
Ot. ~ C7e B ARTepaJ"YPC HMeIOTCll IIpH6AJIJKeHHhie cpopMyAhl, HO OHH oqeIIh 

rpoM03AKH H He Ad!OT Heo6xOAHMOH TO'IHOCTH !AMHTpHeB B.f. H Tapacoa AB. 
neoe eoee B.uc 1982). HaMH IIOAYlJeHbI npH6AHJKeHHble <j:>OpMYAb! AAll 17. ' ' H 

L")()()e BOetJe eooe c 
TO'IHhle aHaAHTH'IeCKHe BhipdJll:eHHH AAll D'e , c , (Jc . B Ta6ARI.{ax 2 

u 3 IlpHBeAeHLI COOTBeTcTByioILJ,He QJOPMYAhl AAll ONIOOCHbIX H AByxocHbIX 

KpHCTdAAOB. 

Ta6AH1.1,a 1. <I>opMYAb! AAll pacqeTa yrAOB CHHXpOHHJMa B OAHOOCHhIX KpHCTaAAax. 

.OTpHqatt•JU .. llblt' '1 ~'\H0•1 .;H t.ie Kpt1CT<tl1Jlbl 

t~· U'; ,,. I - U 
\t - 1 

1-· u 
tg• e~·"' F., \\'" .. . R 

tg•O"" ,-~~ , ir· - v 

nOJIO lKHTeAbHblC.• 0.Q,llOOCHNe Kp HCT8nJlbl 

tg•~'· = I - U 
U-S 

tg' 0""' - I - V 
c •. V-Y 

tg•O'•• ·- l-T 
c ·- T-l 

06o3Ha•eHHH: U (A+ B)2/C2; W =(A+ 8)'/F'; R = (A -I B)'f(D + 8)', Q =(A+ + 8)'/(A + £)'; S =· (.4 · B)'f(D + £)': V = 8 1 /(C - A)1 ; Y = (8/£)'; T = A1/ (C - B)'; 
l = (~/8J 2 ; A= nj ii 1, 8 ~ n';/"A~: C = n~Jl,,3 ; D = n~ /1. 1; E = n~f)..2 ; F = n~ / /.3 • 
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CAeAyeT OTMeTIITh, 'ITO OllIH6Ka COCTaBJUieT 0.1-0.2°, '!TO HaMHOfO rrpeBbllllaeT 

o6w'!ttyro oum6Ry swpe3aHID! KplKTaAAa no nanpaB.11emno c1rn:xpOHll3Ma. 3To 

06ycAaB.11.HBaeT rrpaKTWieCKyJO l_\eHHOCTb IIOAj"leHHhl:X BblpaJKeHllR. 

Ta6.lllit1a 2. <DopMy'Ahl M5l pac'leTa yrAoB orn:xpoHH3Ma B ABy:xocHhlX KpttcT<L\.11.a:x. 

<PopMYA"' OAR pac"ma y2 AOB CUHXPOHU3Ma • i!ByxocHW: 1<pucrnaAAax npu pacnpocrnpaHe1< uu 
U3Ay~eHUJI 8 l.Aa81'blX nAOCKOCmR.X 

~ ~ .. 
3 . 
0"" 
I:" 
0 • 

c " u= 

0 

i N 

"" 3 . 
0 "' ;: " 8 .H 
<.J<' 

H 
c: ,, 
~ 

c: 
/\ 
.,;: 

I 

u 
0 a 
~ 

XA 
:;t; ,o .... 

XY 

YZ 

xz 
e < v, 

xz 
6> v, 

0 . s. .. I '1>opwy.nw I Q60lH3 11tHllll "• . ,_ 
c~ =· ..... 

I I 1- U n:t nu ~~·. F 
n,,, 

ooe tg•<1·=w-1 A=~.B~T~·c , .. "I; 

'-U n,..-1 n:d 
I t!CJL' I lg''l'""w-R 

A = ~!. B " n,,' C ~o n_vo [) 
/. 1 }., A, T.°'' F = T; 

1-U "z1 ny2 , 1ly3 ~~ F-~~ 
oee I tg'tp""W-Q A=T,· B=T,· C -°I;. E "·. - i., 

I 
~ I I 

I 
4>011:-4)'.1>\:.I 0tiOlll3 .. t' llHl'f 

~ 
:( 

I I 1-U "tit nys n:s:s nz1 nu 
eeo lg' 0 = U ·- S A= T,· B = T;· C T;·l>=T;.E=T, 

1-\i nx• n,. 
I oeo I lg' 0 ~ \I _ y 

A -· n., B = n., C 
- A1' "" 

T,·£ T. 

eoo I lg' 0 = -T _ z A = T, . B ~- T," C = T,, D = T, I - T I ny, nx1 "·'' n., 

ooe 

eve 

oer 

eeo 

oeo 

eoo 

1-U 
tg•O= W- I 

1-U 
tg'0 - 11''-R 

1-U 
tg'O=w-Q 

I - /J 
tg•G=u-s 

1-V 
tg'0 V- y 

1-T 
lg'0 = T-Z 

ny1 nu! ~XI. F n,, 
A=T,·B=T,·C T. A, 

A=~·•. 8 ny, C -~ "xs Ii nu "o "· . }.,' 
-:;;.F ~ T. 1., 

A = !"_Yi• 8 = ~i2 • C ~ n., • E ~!.f_n:n 
A1 At A3 J.,' - Ao' 

n,.,1 "xs A=T,.Bc-T,,C 
ny, D - nz1 E - n:t 
A3' "• - A., 

ny1 flxt ny3 nu 
A = T., 8 ~- T; , C = T, , E = T, 

n.:n "111 rly3 nz1 
A=T.·B--r;-.C=~:;·D·--:;; 
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M 
c: 
/\ 
"' c: 

/\ 
H 

" 

·= 3 . 
~ ::::-. 
0 
O H 
Uc 

.,;: 
/\ 
,,,~ 

/\ 
c:" 

1-U 
eeo I tg' q ,,_. U _ 5 

1-V 
XY I oeo I lg' q = 1. _ y 

1-T 
too I lg'<f= T-Z 

1-U 
ooe tg'0=1\7-1 

1-U 
YZ eoe lg'0= W-R 

1-U 
oee tg'O= \V-Q 

u 
1-U 

etD I lg' 0 = U _ S 

xz I I . 1-V a-· oeo lg' 0 = --< V, V-Y 

~ 
~ 
; .. 
:': t •O .... 

xz 
0 > v, 

1-T 
eoo 1 tg' e = T _ z 

e 
2 

;~ 
~~ 

i~ ,_.., 

ooe 

eoe 

ore 

dtor 1o1y11w 

1-U 
tg'0 ~ W- l 

1-U 
tg'0 = 11''-R 

1-U 
tg•O= W-Q 

A 
"vt ny2 nu nx1 nX2 
T;, 8 = T,, C = i>.a, D = T,· £ = T; 

A = ~. 8 = ~~·, C = ~. E = nx> 
"·1 Ai >~s Ai 

11 v1 nu tlza n:u 
A =T, ,B~ -x;-.c~~T,-.D ~ )." 

11;(1 - ~ , - nus -~ ~ A ~· )., , 8 - At , C - i., , F - I,. 

n
111 

rixs ny3 nz 1 n0 

A =;;;-.B o i,. ,C= l .•. o~T,.F=>; 

A = "xi fJ = ny2 C = nu• E = n,. F = "za 
A

1 
' J., ' J., ' 1-s ' As 

11).l n;..2 tly3 nz1 f1za 
A =-i:;-· a~-:;;· c~-:;:;.D~-r;· E=-r; 

n.111 ll~d ny3 na 
A=T,·B= i. .. C=-y;.E=T, 

U.x1 ny, llys n:1 
A=T;_·B=T,·C= i.,'D=T, 

A "=""' '~!JI I B 
'-1 

060:Hl3'1CUllM 

nua C ~ nr3 F = 1iz3 

J., ' ' ' ' 1', 

"xi . ny, "x3 na n::s 
A=~·B=T,·C ·~ ;.,.D=T,,F' T; 

A =:: ':111. B -,.: """z' C :-. ".x3 • E ::.== nu' F = ~z:J 
Ai l..1 f.3 Ai /1.3 

06u,11e 060.JJtatteH HM U=tA+n1t/C1 . w-·""'tA-;-8) 1/F'. R-=tA-\1J1:ftD+B)
1

• Q·='A-1-
+Bl'/I.• f El'. S- IA" {l)'/(D ~E)'. V=B'/IC AJ'. \ '= IB/£)'. T ~A'/ I C-BI' · Z=(A/D)'. 

2.4 HOBbIR MCTOA H3MepeHH.H qHpna H3A)"!eHIDl IIHKOCCKyHA!lOfO Aa3epa 

C noMOJ.JJ,hlO ueJUrneil:Horo AJ:!HaMH'l.ecKoro cneKTporpacpa c BpeM:eHJthIM 

pa3peUieHHeM 0. t IIC H cneKTPa.llhHhlM 0.02 HM ll3MepeH qHpII IlllKOCeK)THAHWX 

HMrryJ\hCOB Aa3epa na cpoccpaTHOM CTeKAe c HeOAHMOM Ha AJ\HHC BOhHbJ l .054 MKM. -
CxeMa 3KcrrepuMeHTa.llLHOR ycrauoBKll rrpuseAeua Ha pttc. 2a. 
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PHCYHOK 2a. 

inn 0E~ o,f- n' ..., Ao-~ -~~ 
1LJD , ~ J T 
L -· - -· - - ~-

CJ 
7 

6 A-. s 
o. TT I 

v~~· 
I 

~-tr . 

4 

9-0-R-!7 

Aa3ep l Ha cpoccj:>aTHOM CTeKAe c rracCHBHOH CHHXpOHH3aD;HeH MOA reHepHpOBaA 

o;yr HMIIYJ\hCOB, OAHH H3 KOTopb!X BhlAeAflAcH c noMO~hJO lf'leliKH DoKKeAI>ca 2 H 

ycHAHBaACH B ycHAHTeAft 3. TeAecKOIIOM 4 JIY'IOK pacmHpHACH AO 15 MM B 

AHaMe1"pe H HanpaB.iUIACH Ha aBTOKoppeAHD;HOHHhlH H3MepwreAb AJUITe./\bHOCTH 

yALTpaKopoTKHX HMIIYAhCOn 5 coBMe~eHHhIH co crreKTporpa<t>oM 7. DpHHo;Hn 

Ae:HCTBHH aeAHHeliHoro AHHaMH'lecKoro cneK1"porpacpa HMJOC1"pHpyeT pHc. 26. 

PHCVHOK 26. B3aHMOAeHCTBHe IJY'IKOB B HeAHHeHHOM KpHCTaAAe. 

Ha pHC. 3 H 4 npHBeAeHhl pacqeTHLie H 3KCIIepHMeHTaAbHO IIOAyqeHHLie 

AHHdMll'IecKHe crreKTporpaMMhl B CAyqae cneK1"paALHo-orpaHH'leHHblX HMIIYJ\hCOB 

(a) H HMIIYJ\hCOB c 'llipnoM 3a C'IeT cj:>a3oBo:H MOAYAHD;HH (6, B, r) . l13MepeHHLle 

3Ha'IeHID! 1IBpna YALTPaKOpOTKHX HMny.l\hCoB B6AH3H l{elITpaAbHOH '!acTH 

Aa3epHOH 'IdCTOTLI AAH IIpHBeAeHHhIX AHHaMITTeCKHX cneKTpOrpaMM COCTaBAHJOT 

COOTBeTCTBeHHO, 1.21, 0.37 H 0.15 HM/nc (pHc. 4 6, B Hr). 

12 

a 6 a 

PHcyttoK 3 
PHCyttOK 4 

2.5 1-faMepeHHe '!HJ)IIa naxocexyHAHoro KOHTHHYYMa 

HeAHHeHHO-AHHaMWieCKHH cneKTporpacj>, onHcaHHhlH B rrpeAbIAYu~eM 
rraparpa<t>e, HCITOAh30BaACH TaKJKe AAH HCCAeAOBaHHll cneK1"paAhHO-BpeMeHHblX 

xapaKTepHCTHK mo111.oce11.yttAHoro KOHTHHyyMa. PHcyttoK 5 J1AAJOCTpHpyeT 

3KcnepHMeHTaAhH0 IlOAy•-ieHHYJO AHHeHHYJO 3aBHCHMOCTh qaCTOTbl H3AyqeHIDI 

ffHKOCeKyllAHOfO KOHTHH}l¥~!a B6AH3H qacTOTbl HaKa•rKH OT BpeMeHHOH 3aAepJKKH. 

OrMeTHM, •ITO B N!aila30He t.01 - 1.17 MKM B 3aBHCHMOCTII OT napaMeTpOB 

HMnyALca ttaKa'IKH 'IRpn H3MeHHeTCH oT 250 cM-1/rrc AO BOO cM-1/nc. Pe3yALTaThl 

yxa3h!BaJOT Ha TO, 'ITO OCHOBHb!M MeXaHH3MOM reHepao;HH crreKTpaAhHb!X 

KOMITOHeHT TIHKOCeKyttAHOfO KOHTHlryyMa B6AH3H qacTO'fhl Hfil{a'IKH B HallleM 

CAyqae HBAHeTCH cj>a30BaH CaMOMOAYAHD;Hll. 

w,-"' ,·IOCJC!' 

PHcynoK 5. .. 

3 • 

't, nc 
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2.6 AsvxcboTOHHOe norAome1rne Y<I> R3AY'leHHH B KPHCTaMax 

OcHOBHb!M MeXaHH3MOM HeAHHeHHhlX noTeph B oITTH'leCKHX 3AeMe1rrax 

(AHH3ax, rrpH3Max, KpHcTaAAax) HBAHeTCH A,ByxcpoTOHHoe rrorAoUJ,eHHe. HaMH 

H3MepeRhl K03QJQJRIJ;HeHTbl AByx¢OTOHHoro IIOfAOU\eHHH KPHCTdi\AOB. 

MffHApOcpoccpaTa KaAIDI (KAP). neIITa6opaTa KaAIDl (KB508 • 4H20), 

KpHCTaAAH'!eCKOro H IlAaBAeHHOro KBapr1a Ha Ai\HHdX BOAH 270 H 216 HM. 

HeAHHeil:noe rrorAOll\eHI-rn onpeAeNIAOCh no JaBHCHMOCT.H 06paTI1pro rrporrycKaH.Hn 

o6pa31\0B OT .HfITeHCHBHOCTH ITC!,AalOll\ero H3A)"leHHH. B Ka'lecrne HCTO'IHHKa 

Aa3epHoro Y<I> H3Ay'!eHHH HCTlOAh30BaACH Aa3ep Ha YAl03:Nct3+ (l.08 MKM) c 

nacCHBHOH ClrnXpo1IH3al\HeH MOA H c rrpeo6pd30BaHHeM 'ldCTOThl B '!CTBepTy10 

(270 HM) H ITHTYIO rapMOHHKY (216 HM). npol\eCC A,ByxcpoTOHHoro norAorn;ettlHl 

OilHChJBaeTCH CAeAYfOll\HM ypaIIHeHHeM: 

JI/J?: = -o1.I -1I 2 

rAe d. H j COOTBeTCTBeHHO, K03cpcpHl\HeIITbl AHHefuwro H AByxcpoTOHHoro 

norA011~eHHJ'.f, I HIITCHCHBHOCTh rrC!,AaIOll\ero H3A)"leHHH. B Ta6AHqe 3 rrpMBeAeHhI 

pe3yAhTaTb1 3KCIIepHMeHTOB AA5J. 270 H 216 HM B IIpeAflOAQ)l(eHlfH fayccOBCKOH 

qmpMhl HMrryAhca; AA5J. cpaBHeHHH npHBeAeHhl TaKJKe AHTepaTYJlHhle 3Ha•1eH1rn 

Ko3<j:Jcpm.\HeHToB AD na ,11pyrHX AAfl.Hax BOAH (Liu P. ea, 1978, 1979, Ross 1.N. ea, 

1989). 

.. - -
-· 

KAP KB5 IlAaBACHilhIH KpHCTaAAH'!ec 

KBaPl\ KHH KBapl\ 

1355 HM 0.059 - 0.0125 -

1270 HM 2.8 3.5 <0.2 <0.15 

266 HM 2.7 - 0. 17·-0.45 0.45 

L 216 HM 6 6.5 5 4 

I l a pHc. 6 npHBeAeH coorneTCTBYIOll\HR rpaqrnK MJ! KAP. KaK BHAHO, KpHBaH 

AByxKoMnoHeHTHa: RMeeTc11 Ha'!aAhHhlH KPYTOH ITOAbeM c rrcpeXOAOM Ha noAorRH: 

HaKAOH. 3-ro J'.fBAeJme o6'bHCIIJ'.feTCH CAeAYIOll\HM o6pa30M: AByxKBaIDOBOe 

norAOll\eH.He KpHCTaAAa CAeAyeT paccMaTPHBaTh KaK KOM6RHal\HlO AByxcpoTOHHOro 

norAOll\emrn KpHCTdAAH'l:eCKOH peUieTKH H A,ByxKBaHTOBoro IIOl'AOil\eHl-111 

Upl!Meceii, HMeIOil\HXCH B KPHCTaAAax. AnyxKBalITOBOe IIOfAOil\eHlie B 3TOM o6U\CM 

CA)"-lae OIIHChJBaeTCH CAeAYlOil\HM ypaBHeHHeM: -1 -1) 2 

dI/cle== -~1 IN0 (~+(0-2I-r) )/(1+(Ci'2IT) -jl 
I'Ae N0 H N,, HaceAel!HOCTH Ha'laAhHoro H npoMeJKyro'IHOro ypostteii 
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T 
-I 

2.0 

1.5 

1.0 L • __ _,_ __ _..___, 
0 0.2 0.4 0.6 0.8 1.0 

! , fBT/cM2 

PHCYHOK 6. 
rrpHMecef!, 0-1 H Q 2. - ce'!eHHH rrepeoro H BTOporo 3AeKTpOHHhTX rrepeXOAOB, 

COOTBeTCTBeHHO, 1'.' - BpeMH JKH3HH rrpoMeJKYTO'IHOl'O ypoBml. Pem<IB ypaBHem1e 

11HCAeHHhlM MeTOAOM CO!'Aac:He c 3KCnepHMefITOM noAyqaeM rrpH f> = (3.4 ± 
0.4) 10-IO CM/BT H 62'f = (6,5 ± 3) 10-26 CM2 c. CACAYeT OTMeTIITh, '!TO rrepBhlH 

'!AeH B ypa11HeHHH OTBeTcTBeHeH 3a Ha'ldAhHyrO KpHBH3lfY KpHBOH, a BTOpOH -

3a o6rn;Kii HaK110H. 3-roT cpaKT YKa3hJBaeT Ha To, 'ITO AAf!. 11.oppeKTnoro 

orrpeAeAeHIDI K03cpcpHll;HeIITa A,ByxcpoTOHHOfO IlOI'AOil\eHID! Heo6XOAJ!Mhl 

AOCTaTO'IHO 60A.hll1He HHTeHCHBHOCTH H3A)"-leHIDI: > 0,5 fBT/CM2. 

2.7 APvrHe HCTO'IHHKH Y<I> H3AyqeHHH: Nd:YAG Aa3ep, 3KCHMepHhIM ArF 

Aa3ep, pmttasr AaMIIa 

B 3KCnepHMeHTdX B OCHOBHOM HCIIOAh30BaAOI KOMMep'leCKHH 3KCHMepHhlH 

ArF Aa3ep (Lambda Physik, EMG 200), rettepHpylOll\HH Ha A<Urne BOAHhl 193 HM 

HMrryAhChl AJ\HTCAhHOCThIO 10 HC. 3HeprID! 011,HHO'IHOro HMrryAhca cocTaBNIAa 

0.01-10 MJvK, 'ITO cooTBeTCTBOBaAO HHTeHCHBHOCTH H3AyqeuHJ'.f 103 - 106 BT/cM2. 

3neprID1 OAJlHO'IHbIX lfMITYAhCOB H3MepHAaCh c IlOMOJl\hlO OTKaAH6poBaHHOf0 

AeTeKTopa (Laser Instr., 14 NO). 

B 3KcrrepHMemax no A,ByxKBaHTOBOMY B036yJKAeJIHIO AHK HCHOAh30BaACS! 

IIHKOCeKyfWihlH Nd:YAG Aa3ep c rrpeo6pa3osam1eM H3A)"-lel!Hll B 11eTBepTyrO 

rapMOHRKY: 266 HM, 30 nc, 10 M/vK {KplOKOB n.r. H AP· 1978). B HC<MeAOBaHHHX 
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HHaKnmaIJ;HH 6aKTepHli: HCIIOAb30BaAaCb TaKJKe IIJITilll rapMOHHKa HaHOCeKYIWIOI'O 

Nd:YAP 11.a3epa (216 HM, 3Heprm1 0.01-1 M.fvK, HHTeHCHBHOCTb 0.005-0.5 MBT/cM2). 

B Ka11.ecrae HCTO'l.HHKa HHJKOHHTeHCHBHoro Y<I> HJA}"l.eHHH Hcnoi\..b3oBaAacb 

JITYTHM 11.aMIIa HH3KOro A<IBll.eHIDI c $Hll.bTpOM, OTCeKaJOJ.qHM AJ\HHbl BOl\.H MeHbUie 

200 HM, AAffHa BO.l\HLI HJA}"l.eHIDI 254 HM, HHTeHCHBHOCTb 0.1 - 1 MBT/cM2. 

0611.yqeHHe 11penaparoB AHK H BOAHbIX paCTBopoB KOMilOHeHToB 

I£YKAeHHOBbIX 

To1.uurnoii 1 

HCKl\.1011.eHHe 

KHCll.OT npoBOAJUl.OCb B KBapn,eBblX KlOBeTax c OIITH'l.eCKOH 

CM. 0ITnl'l.eCKaH lli\.OTHOCTh paCTBopoB CoyTaBNlll.a 0.2-0.8; 
- . l 

COCTaBJ\JleT Cl\.}'11.aH onpeAell.eHIDI Aa3epHO-HHAY1\lfPOBaHHbIX 

CBOOOAlfhlX OCHOBaHHH npH o6Ay'leHHH IIOAHHyKAeOTffAOB: B 3TOM c11.yqae 

OIITH'l.eCK(ij{ IlAOTHOCTb Ha MHHe BOAHhl 0611.yqeHH.!l COCTaBl\..!li\.a A = 4 - 8 B 1 CM. 

AMi a6cop6D,HOHHbIX H $11.yopecn,eHTHbIX H3MepeHHH HCilOll..b30BaAHCb, 

cooTBeTcrBeHHo, cneKTpo$OToMeTp Perkin-Elmer 554, C<I>-46 (J\OMOJ H 

cneKTpo$11.yopHMeTp Perkin Elmer, LS5. Bee HCCAeAOBaHHH npoBOAHJIHCb B 

JleHTpa.11.hHOM BOAffOM paCTBope npH pH 6.6-7.2 npH 23 ± 2°C. 

2.8 MeToAW onpe4eJ1.eHW1 <boTonoBpeJKAemm AHK 

AeTeKTUpOBaHHe HenoBpeJKAeHHblX ocHOBaHHH npoBOAJUl.OCb nyreM 

H3MepeHH.!! nor11.ow;eHID1 Ha 260 HM IIOCl\.e pa3AeJ\eHH.!l CB060AflhlX QCHOBaHHH OT 

ocraALHOro MarepHaAa c MOAeKyMpHLIM secoM 6011.ee 3000 A 

u;eHTpHcpyrnpoBaHHCM (Beckman J2-21) B n,eHTpHKoHe 3 (Amicon, Danvers, MA) H 

Aall.ee JKRAKOCTHOH xpoMarorpa<f>HeH ()KXBAJ . AM >KXBA HCIIOJ\bJOBa11.acb 

KOll.oHKa Nucleosil 5-C18 c 5 MM KH2P04 M06Hll.bHOH <PaJoH + 1 % MeTaH011. H 

Shimadzu SPD-6AV AeTeifrop. KBaHTosblft Bb!XOA pa3pb1Ba N-rAHK03IWIOH CBH3H 

Bhf'IHCAfL\C.!l H3 OTHOUiemra KOAH'l.eCTBa AeTeKTHpOBaHHbIX CB060AHblX CB060AJlbIX 

OCHOBaHH.li H KOl\.H'leCTBa nor11.ow;eHHhlX KBaHTOB. 

Pa3pyweHHe eyKAeoTHAOB HCCAeAOBaAOCb nyreM npoBeAeHIDI >KXBA Y<I> 

0611.yqeHHbIX npenapaTOB AHK (A = 1 Ha 260 HM) noCAe fHAPOAH3a c HyKAeaJoli 

Pl npH 37° C s Te'leHHe 2 qacos. 06pa3YIOJ.WfeCH 5-MOHotj:>oc<f>aTLI 

AeTeKTUpOBall.HCb Ha MHHe BOl\.Hbl 260 HM, KBaHTOBhle BblXOAbI BbI'IHCl\.Hll.HCb c 

yqeToM nor11.ow;eHID1 Bcero AHK. DOTepH xpoMo<Popa perncTpHpoBaAacb no 

YMeHbllleHHIO nor11.ow;eHIDI Ha MaxCHMYMe nepBoli 311.eKTpOHHOH rro11.ochl (250-270 

HM). CooTBeTCTBYIOUJ;HH KBaHTOBblH BbIXOA paCC'IHTh!Ball.Cl'l B npeAUOll.OJKeHHH 

OTcyTCTBIDI norAow;emra o6pa3YIOUJ;HXCl'l <PoTonpOAYKTOB Ha MHHe BOAHhl 

perncrpaD,HH. 

AMi OIIpeAeAeHIDI OAJIO- H ABYHHTeBbIX pa3pbIBOB AHK IWl3MHAhl 

HCIIOJ\b30BaACH I'eJ\.b 3AeKTpo$ope3 cpHpMhl Pharmacia (GNA-100); reAL 
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OKpaimraaACH 6poMHAOM 3TffAIDl (0.5 MKr/Mh.), HeraTHBhl IIONlpoffAa 

CKaHHpoBaAHCb Ha AeHCHTOMeTpe Sigma, FfR-20, AaAee KOAH'l:eCTBa TpeX ipopM 

IIll.a3MffAhl H3MepHA.HCb c HCDOAb30BaHHeM KOMIIbIOTepHOH nporpaMMhl (Aboul­

Enein A and Schulte-Frohlinde D .. 1988). 

BbVKHBaeMOCTb llll.aJMHAhJ onpeAeAlLlliiCb no TpaHccpopMaD,HH 

6axTepHa.ll.hHhlX Il!TaMMOB_E. coli K12 AB1157 (AHKHH THII rro penapaD,HHj, AB1886 

(uvrA-), AB2463 (recA-) H AB2480 (uvrN recA-) CaCl2 MeTOAOM c He6o.ll.bIIIOH 

MOAH$HKaD,Hefl: (Cohen S.N. ea, 1972, Gurzadyan G.G. ea, 1993). , 

KoAH'l:eCTBO MeJKHHTeBbIX CUIHBOK H AOKaAbHbIX AeHaTYPHpoBaHHbIX 

yqaCTKOB onpeAeAHAOCb c HCllO.ll.b30BaHHeM cpAyopecn,eHTHoro MeTOAa c 

KpaCHTeJl.e:M aKpHAHH opaIDKeBblH (3asHll.breJ\bCKHH r.fi. H AP.. 1964). 

AeTeKTHponaHHe (6-4)<PoronpOAYKTQB npoBOAH.AOCb MeTOAOM <PAyopecl\eHTHOH 

cneKTpOCKOIIHH. OIITH'leCKH TOACThle paCTBopbI Y<I> o6AyqeHHOH AHK TffMYCa 

TeJl.eHXa (A = 6 B 1 CM) B036YJKAa11.HCb Ha MffHe BOAHbl 330 HM H cpAyopecl\e~HH 

AeTeKTHpOBall.aCb B paHOHe 420 HM. 

B HCCAeAOBfillHfilt BOJHHKHOBeHHH pa3phlBOB n,eneii AHK B npareHHOBOM 

3KcrpaKTe H3 E. coli K12 ABl 157 HCilOll..b30Bai\.Cll MeTOA BhlAeJ\eHHH 3KCTpdKTa 

cor11.acHo Lu AL. ea, 1983 c HeKOTopoii MOAHcpHKan,Hefl: (Ventur Y. 1992). 

noAPo6Ho yCAoBHH npoaeAeHHll 3KcnepHMeHTa OIIHCaHbl B Gurzadyan and 

Schulte-Frohlinde, 1994. Il!HaKTHBaD,Hl'l 6axTepHli: E. coli K12 HCCAeAOBaAaCb 

MeTOAOM MHKpOKOAOHHH, cpoTopeaKTHBall,IDI npoBOAHAaCb c HCIIO.ll.b30BaHHeM 

H3A}"l.eHHH c 366 HM (cpAyopecf(eHTHaH MMna Osram L c cpHAbTpaMH). 

2.9 11cnoAb3yeMble MaTepHall.hl 

HCDO.ll.b30BaAaCb lli\.a3MffAa pBR322 (4360 11ap OCHOBaHHli:) H pTZ18R (2871 nap 
0 

OCHOBaHHli:) OT Boehringer (Mannheim) H Pharmacia (Freiburg), COOTBeTCTBeHHO. 

AHK THMYCa TeAeHKa 6b!M OT Serva (Heidelberg) (B 3KcnepHMeHTax no 

BblCBOOIDK.1\eHH10 OCHOBaHHH) H Merck (Darmstadt) (BO scex OCTaAbHbIX CJ\}'11.aHX). 

I1cno.11.b30Ball.HCb TaKJKe poly C, poly A, poly U H3 Boehringer, poly G, poly dU HJ 

Pharmacia, MOHOMepbl eyKAeHHOBbIX KHCll.OT (OCHOBillfIDI, ffYKAeOJHAbI, 

ffYKAeO'I'HAhl) HJ cpHpM Merck, Reidel-de Haen, Sigma RAH Aldrich/EGA. Bee 

HCII0.11.b30BaHHble A:lfHYKll.eOTHA-cl>occpaTbl (UpU, TpT, CpC, CpU, dCpT) 6hlAH HJ 

<!>HpMbl Sigma. BaxTepHaAbHble UITaMMbI E.coli K12 ABl 157 6hlAH OT 

E.A.Adelberg ('1epe3 B.Bachmann, Genetic Stock Center, Yale University); AB 1886 

OT Devoret ('1epe3 W .Wackemagel, University of Oldenburg); AB2463 OT 

W.Wackemagel, AB2480 OT B.D.Michael (Gray Laboratory). BoAa 6h1Aa OT 

CHCTeMbl Millipore (Milli Q). 
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3. He.l\HHeHHI>Ie 3cbcbeKTI:.I B BOAe 
~.1 A.Byx<t>OToHHoe IIOrAOilleHHe 

TipH Bb!COKOIDITeHCHBHOM IllfKOCeK)'HAHoM o6Ayqemm c 266 - 316 HM BOAa 

rrorAOJ.J.{aH ABd Y<I> KB<iHTa npHo6peTaeT :meprnro 7.9-9.3 38, '!To AOCT-ilTO'IHo MH 

ee HoHH3<mHH H AHCcoqmu:um (Anr&oB AA H AP· 1981, Nikogosyan D.N. and 

Angelov D.A., 1981. HHKoroorn A.H., 1987): 

H20· -----> H20+ + e· 

Hzo· -----> H" + oH·. 

3a speMH 3·I0·13 c 3AeKTpOH r.ifAPaTIIpyeTc.sI (Wiesenfeld J.M . and Ippen E.P. 
1980): 

e· -----> eaq • 

AMee 3a speMH rrop.sJAKa 10: 13 c KarnoH PCIAHKaA BOAhl pearnpyeT c MOAeKyAoi1 

BOAhl (Swallow A.J., 1973): 

H20+ + H20 -----> H30+ + OH•. 

3KcrrepHMeHTdAhHO OilpeAeA.sIAaCb 3dBHCHMOCTh KBaHTosoro BLIXOAa 

AByxcpOTOHHOH HOHH3allHH BOAbI (o6pa3oBaHIDI I'll'ApaTHpORaHHoro 3Ael<TpOHa) OT 

MHHhI BOAHhl Aa3epHoro Y<I> H3Ayt1eHH.sI (Gurzadyan G.G. ea, 1982): Ha MHHe 

B0.11.Hhl 266 HM OH paseH <Di = 0.15 ± 0.02 H YMelib1.1IaeTc.sI B 10 pa3 rrpH nepexoAe 

K Ml!He BOAHbI 316 HM. Dopor HOHH3aq.il:H )KHA.KOH BOAbI paBeH 6.5 ± 0.5 38 

(Nikogosyan D .N. ea, 1983), 'ITO 6oA1>nre 3HeprnH KBaHTa H3AyqeHH.sI c 193 HM (6.4 
0 

38} . KBdHTOBhIH BbIXOA AHCCO~Hd~HH BOAL! Ha AAHHe BOAHLI 266 HM panen 0.13 ± 
0.07 (Nikogosyan D .N . ea, 1983). DTMeTHM, 'ITO MaKCHMdAhHb!R KBaHTOBLIH BbIXOA 

HOHH3di.Um H AffCCOqffallHH B CAyqae AByxcpoTOHHoro rrorAOJ.J.{eHH.sI MO:>KeT 
PaBIDIThC.sI 0.5. 

TilKHM o6pa3oM, 3a speMJJ Aa3epHoro IIHKoceKYHAfforo HMrryAbca 

o6pa3YJOTC.sI eaq · , HJO +, H" H OH~ Bo3HHKaeT "KocseHHhlli" KaHaA cpoTOAH3a 

ffYKAeHHOBhIX KHCAOT, KOTOpb!R Heo6XOAHMO ytlHThIBdTh B 3KCilepHMeHTax no 

cpOTOXHMHH c HCl10Ab30BdHlleM IIHKOCeKYHAfforo Y<I> H3AytleHH51. 
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3.2 HeAHHe:iiHM Ae<boKYCJ!lt>OBKa M3et>Horo Y<I> H3AV'l:emui 

TiorAOJ.J.{eHHe Aa3epHoro H3AytleHIDI (AHHe:iiHoe RAH HeAHHeHHoe) B 

oTCyTCTBHe rrpo~eccos rrepeH3Ayt1eHIDI (<f>AyopecqeHqHH, <j:>oc<f>opecqeHqH51) 

IIPHBOAHT B KOHe'l:HOM C'l:eTe K HarpeBaHHIO cpeAU. TioKa3aTeAJ> IIpeAOMAeHH.sI 

CpeAJ>l B 3TOM CAyqae MO]KHO npeACTaBHTb B BlfAe 

n.(T) = n0 + (ch1/c3T).~.'r 
rAe no DOKa3aTeAh DpeAOMAeHH.sI HeB03~eHHOH cpeAU, Alf .. B03~eHHe 
TeMIIepaTYPhI B IIOAe BOAHhl. B CAyqae oYl/oT>Q HMeeT MeCTO C~~WQJOKYCHpoBKa, 
npH '{rn/oT <O pacQ:loxycHpoBKa (HAR AeQJOKYCHPOBKa) (Chiao R. ea, 1964). 

HaMH o6aapY:>KeH H HCCAeAOBaH 3tj:lcpeKT HeAHHeHHOH Ae<j:>oKycHpOBKH 

IIHKOCeKyHAHoro Aa3epHoro Y<I> H3AytleHHll c MHHOH BOAHhI 216 HM B BOAe 

BCAeACTBHe HeAHHeHHoro (AByx<j:>OTOHHoro) norAol.l.{eHIDI. HaMH npeMdl"aeTc51 

HOBb!H MeTOA H3MepeHH.sI Ko:i<PQ:lmi;HeHTa AByxqmTOHHOro rrorAOJ.J.{eHH.sI Ha OCHOBe 

3QJ<f>eKTa HeAHJieliHoH AecfloKyCHpoBKH H3AytleHIDI. Bo36y:>KAeHHe ocyiqeCTBA51Aocli 

c IIOMOJ.J.{hlO II.IITOH rapMOHHKH H3Ayt1eHH.sI IIHKOCeKYffAHOro Aa3epa Ha ilAIOMHHaTe 

HTTPIDI 216 HM, 15 nc; BH3YaAH3aqH.II 3QJcpeKTa AOCTHrMaCh c IIOMOJ.J.{blO rryqKa 

He-Ne Aa3epa THna J\.f-72 c AAlfHOH BOAHhI 633 HM HP= 1 MBT (pHc. 7a). 

•'w~ 

PHcyaoK 7a. 

AA.II oqeHKH yrM pac<t>ot::ycHpOBKH B reoMeTpHqecKOM IIpH6AIDKemm noAyqeHa 

CAeAYJOl.l.{a.sI cpopMYAa: 

4=-1 ;m"t: If d.. } 
A C7 "' -Q.l'lo 6 T c J . 0 ! - } Io ( e"'t - 1. ) + ri. e r1.e 

rAe GI(. H } K03cpQJHqHeHThl AHHei1Horo H AByxcpOToHHoro rrorAol.l.{emrn, I-
HHTeHcHBHOCTh nyqKd, l -MHHd B3aHMOAeHCTBH.II. B OTCYTCTBHe AByxcpoTOHHOro 

HOrAOJ.J.{eHH51 3aBHCHMOCTh A (} OT HHTeHCHBHOCTH AHHeHHaJf, a HdAH'l:He 

IlpHBOAHT K HeAHHeHHOH 3dBHCHMOCTH, npH'l:eM rrpH d.l « 1, } -# 0 3Td 

3aBHCHMOCTh KBaAPdTH'IHaH, 'ITO xopol.IIO COrAacyeTCH c IIOAytleHHhIMH 
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3KCnepHMeHTa AbHhlMH KPHBhlMH MR 3TaHO!\.a H BOAhl • vfa ypaBHeHHH 

peep~ c yqeTOM TeMnepaTYJ>HOH 3aBHCHMOCTH IlOKa3aTeAH npeAOMAeHHH 

IlOA}"leHa <i><>PMYAd AAfl H3MeHeHIDI HHTeHCHBHOCTJif 30HAHP}'10~ero nyqKa: 

J(l) { 4 on t [ I ( ex ) ]} 
J(O) =exp n0a2 oT-;(i /J+cx/l~ l 0[(/J+cx//0)exp(cxl)-tii-t -lol ' 

fAe J(!)/J(O) HOpMHpOBdHHall JifHTeHCHBHOCTb AecpoKyCHpOBaBlllero H3A}"leHHH B 

oceBOH lJaCTH. B CA}"lae pac¢oKYCHpOBKH B BOAe (pHC. 76) HdliA"¥tJIIIee CO'!'AaCHe c 

3KCIIepHMeHTOM HMeeT MeCTO rrpH J = (2±0.5) 10-tO cMIBT. 

lt)/J(O) r-------~ 
·· I 

O." 

o"a 

0,'7 

0,9' 

o,,,L__,r--~--r-4-r-; 
11 2 3 't I f'BT/cM2 

01 

~ 

PHCVJ!OK 76. 

3.3 TenAOBhle 3cbcbeKThl npH MOIIlHOM Aa3epHOM o6Ay'leHHH AHK 

0AHHM H3 BilJKHhlX acneKTOB Aa3epHOH tj:>OTOXHMHH H cpo!Q!}HOAOrHH 

HBMieTC.ff BhIBBAeHHe poAH TeIIAOBhIX 3cj:icj>eKTOB. 3cp<j;JeKT HeAHHeHHOH 

AecpoKycHpoBKH Aa3eplioro H3A}"leHIDI Il03BoAHeT onpeAeAlrI'h Bapmrri;1m 

IIOKa3aTeAH npeAoMAeHHH An. )if AOKaAbHOe H3MeHeirn:e TeMnepaTYJ>hI AT B 

o6AyqaeMOM yqacTKe BOAffOH cpeALI. npn I = 5 f'BT/cM2, MR An. IlOA}"leHa 

BeAH'IHHa 10-5 H A/l5I AT = o.12°c. 3TH pe3yA.hTdThl AOCTHfHYTbl B 'IHCTOH BOAe 

npH AByxcpOTOHHOM IIOfAO~eHHH H3A}"lemm (50% IIOrAO~eHHOH 3HeprHH). 

CAeAyeT oTMeTIITh, '!To -ti CAyqae o6Ayqemm AHK B BOAHOM pacTBope c A=0.4 

npHBeAeHHble on;eHKH MR TeMTiepaTJPHLIX Bapnau;HH: 6YAYT Ta.KHe JKe, KaK MR 

CAy<Ia.ll--BOAhl. TaKHM o6pa30M, npH BhICOKOHHTeHCHBHOM nnKoceKYHAffOM 

Ad3epHOM o6AyqeHHH 6HOMOAeKYA B BOAe TeMrrepaTYJ>HhIMH 3cpcpeKTaMH MOJKHO 

rrpeHe6pe'lb BIIAOTb AO HJITeHCHBHOCTeli B HeCKOAbKO f'BT/,cM2. 
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4. J\.a3epHas1 rt>oTod>H3HKa AHK 
4.1 OA.Ho- H AByXcryneH'laToe B036yJK.A.eHHe 

npH BblCoHHTeHcHBHOM nmwceKYHAHOM Aa3epHoM o6Ayqemm ( I = 1-10 

IBT/cM2) c MHJIOH BOAHLI 216-270 HM npoHcxoAHT AByxcryneHtJaToe 

so36yJKAe:ime BhICOKOAeJK~ cHHrAeTHhIX 3AeKTpOHHhIX ypoBHeli SN MOAeKyA 

OCHOBaHHH lfYKAeKHOBhlX KHCAOT 'lepe3 npoMeJKYTO'IHhIH ypoBeHb St (Nikogosyan 

D.N. and Letokbov V.S .. 1983, Zavilgelsky G.B. ea, 1984) (pHc. Ba). npn 

HaHoceK)'lWlOM o6AyqeHHH c I= 0.1-1 MBT/cM2 npoHCXOAHT ,AByxcT)'IleWiaTOe 

B036YJKAeHHe BLICOKOAeJKamHX -rpHIIAeTHhlX ypoBHeft TN qepe3 · npoMeJKYTO'IHhIH 

ypoBeHh Ti. DpH 3TOM 3Heprmi AByx KBaHTOB (8-10 3B) BblIIIe nopora HOHH3aD;HH 

OCHOBaHHH lfYKAeHHOBhIX K.RCAOT B BOAHOH cpeAe, 5~5-6.8 3B (Rubin LB. ea, 1981), 

'ITO npHBOAHT K ero HOHH3au;HH H peaMi3aD;HH XHMR'leCKHX peaKD;HH c BbICOKHM 

KBaHTOBhIM BhIXOAOM. 
noA KBaHTOBbIM" BhIXOAOM cporopeaKD;HH (KaK OAHOKBfilITOBOH, TaK H 

AByxKBaHTOBOH) IlOAPa3JMeBaeTCJi OTHOIJie:ime •mCAa npopearHpOBaBIIIHX MOAeKyA 

K 'l.RCAY norAomeHHhlX KBaHTOB H3A}"leHHH. TipH TaKOM onpeAeAeHHH CTaHOBHTCH 

B03MOJKHblM cpaBHHBaTb MeJKAY co6o:if KBaHTOBbie 3cp<j:>eKTHBHOCTH 

OAffOKBaHTOBOH H AByxKBd:HTOBOH cpoTOpeaKD;HH, a TaIOKe Bbll'IBAflTb mt 

OTHOcHTeAbHhlH BKAilA no HX 3aBHCHMOCTH OT mrreHCHBHOCTH o6AyqeHHH. 

Xopomo H3BecTHo, lJTO B KAaCCH'lecKOM CAyqae HH3KomrreHCHBHoro Y<I>­

o6AyqeHIDI KBaHTOBhlli BhIXOA cporopeaKD;HH SIBAHeTC.ff BeAH'lHHOH IlOCTOSIIIHOH, He 

3aBHcHm;e:if oT HHTeHCHBHOCTH o6AyqeHHll (3aKOH ByH3eHa-PocKo, cM. CM.RT K., 

X3HeyoAT, 1972). B TO JKe BpeM.!1 KBaJITOBLIH BLIXOA AByxKBaHTOBOH cpoTOpeaKD;HH 

B03pacraeT nponopD;HOHMbHO pocry HHTeHCHBHOCTH BJJAOTh AO HacblmeHIDI 

·oAHOH H3 cTYfieHeii: AByxcTYIJeH'laTOro npou;ecca B036YJKAeHHH (Nikogosyan D.N. 

ea, 1982). 
Airneil:HaH 3aBHCHMOCTh KBaHTOBOfO BbIXOAa pa3Ao~emrn OCHOBaJiHH 

lfYKAeHHOBhIX KHCAOT OT HHTeHCH.BHOCTH 216 HM TIHKOCeKyHAHOfO Aa3epHOfO 

H3A}"leHH.ff c IlOCAeA}'lO~ HaChJID;eHHeM (rrpHMep 11,iUl aAeHHHa IlOKd3aH Ha pHC. 

86) yKa3blBaeT Ha AByxcryneHtJaTOe B036yJKAeHHe qepe3 npoMeJKYTO'IHhIH 

yposeHb S2. KaK 6bIAO yJKe yKa3dHO BhIIIIe, :meprHH OAfIOro KBaIITa Aa3epHoro 

H3A}"leHH.ff c MHJIOH BOAHhl 193 HM (6.4 3B) AOCTaTo'!Ha AJUl HOHH3aD;HH AHK H 

KOMilOHeHTOB (Ho HeAOCfPTO'IHa M51 HOHH3aD;HH BOAhl, CM. pa3AeA 3.1) . TaKHM 

o6pa3oM, o6AyqeHHe c 193 HM npHBOAHT K OAHOKBaHTOBOH HOHH3aD;HH AHK 
(IIOAP06Hee B pa3AeAe 4.2). 
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PHCVHOK 8a. 

PHcyHOK 86. 

10 

9 

8 

1 

6 

s 

4 

"3 

2 

1 

0 

M 

~ 

£,~B 
-

,,fl e 
SN l. K;~M 

s2 

e 
~I 

Sz---rf--~\ T~ 
Kx11M kxw111 

noPor ------
\.10tiw3A4-"'"' 

S1 , I I J T I ': " '"\ 

~isc.~110 2 

vS1 
"J<UM 

m 
~(::1~S" 

So
21

~r1 r u l II 

I ,,/ 

\,1\ 
KT, 

xii ... 

.ct 6 216 HM 
0 

~ s 
Ill I Q 

>:S: :a . aAeHHH 
Ill 
0 

~ ' 
Ill 

::.:: 2 

-~J 
' ' 11HTeHCHBHOCTb, rBT/cM2 

DpH AByxcryneHqaToM B036YJKAeH.H.H AHK c AJWHOH BOAHhl 266 HM 

Ha6.1UOAaeTCSI TaIOKe CAeAyrom;ee llBAemte: HHTeHCHBHOCTH Hac1>1m;eHHS1 

ABYJCKBaHTOBLIX 3Q>cl>eKT<?_B (HanpHMep, o6pa30BaHIDI OAfIOHHTeBhIX pa3pLIBOB) B 

6HorroAHMepax AHK 3Ha'lHTeJl.hHO MeHLIIIe TaKOBhlX B CA)"lae OTAeALHhlX 

KOMIIOHeHT AHK: OCHOBaHHB, nyKAe03ffAOB, nyKAeOTHAOB (fYP3ilNIH r.r. H 
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HmcorOOIB A.H., t984). 3ToT 3qxpeKT ofrhllcHS1eTcS1 3Q>cpeKTIIBHOH cHHrAeT­

CHHr AeTHOH MHrpan;HeH 3AeKTpOHHoil: 3HeprnH BAOAL n;eITH AHK. noCAeAyrom:eil: 

aHHHrHJUID;HeH H, KaK CAeACTBHe, o6pa3oBaHHeM AByxKBam'OBO-B036YJKAeHHOH 

MOAeKyAhl. 

flpH BhlCOKHX KHTeHCHBHOCTSIX Aa3epHoro H3h)"JeHIDI (> rBT/cM2) 

KBaHTOBhle BhlXOAhl OAfIOKBaBTOBhlX $OTOpeaiaµill c ypoBHeii: St H TI Ta.IOKe 

Ha'IJOlaIOT 3dBHCeTh OT HlfreHCHBHOCTH, a HMeHHO, }'MeHhlllaIOTCSI o6pamo 

nponopD;HOHaALHO IDITeHCHBHOCTH OOA)"Jemra. 3To IIPOlfCXOAffT, ,icorAa KOHCTaHThl 

CKopocre:R onycromeHwr ypoBHeH St H Tt 3a cqeT nepeXOAOB Si ---->SN H Tt -­

--> TN Ha'!HHaJOT npesocxoAffTh no se.l\H1DfHe C)'MMY KOHCTaHT CKopocreH· 

Ae3aKTHBdll;HH yposaeil: St H T t · YMeHLUieHHe KBaJITOsoro BbIXOAa 

OAffOKBa.HTOBhIX Q>OTonpoAYKTOB, IIHpffMHAHHOBhIX AlfMepoB, 6b1AO HaMH 

IIpOAeMoHcrpHp<>BaHO npH IlHKOCeKYBAffOM Aa3epHOM B036pKAeHHH poly dT 

(HHKorocsi:H AH.HAP·· 1983). 

4.2 <I>oToHOHH3arrHll AHK H ee KOMnoHeHToB 

J.1oHH3aIJ;IDI'. AHK Hee cOCTaBAS110m;HX AeTeKTlipOBaAa.CL nyTeM pemC'rpan;mr 

06pa3~erocS1 npH 3TOM l'ffAPCiTHp<>BaHHOfO 3AeKTpoHa no ee xapaKTepHOMY 

cneKTPY norAom;eHHSI c MaKCHM)'MOM B6AH3H 710 HM (pHC. 9). 

PHCyHOK 9. HaseAeHJihlM crreKTP norAOID;eHHSI B BOAffOM paCTBope OAHOBHTeBOIJ 

AHK qepe3 O. t (o), 3 (.A ) H 10 MKC ( 0) noae so36yJKAa10rn;ero HMnyALCa c 193 

HM. 
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.l\JrneHH<Ul 3aBHCHMOCTh HaBeAeHHOH OllTH'leCKOH IIAOTHOCTif Ha MHHe BOAHhr 700 

HM OT HHTeHCHBHOCTH H3.ll)"leHIDI (npHMep AMI YPHAHHa, poly u H poly dU 

npHBeAeH Ha pHC. 10) YKd3:biBaeT Ha OAJIOK.BallTOBhIH MeXaHH3M HOHH~ npH 

193 HM. CpaBHeHHe pe3yJ\bTaTOB c KBr (<l>e = 0.34 H3 Iwata A. ea, 1993) 

Il03BOAfleT OilpeAe.AHTb a6coAIOTHble 3Ha'leHH5I KBaHTOBhlX BhlXOAOB HOHH3ill\HH 

(Ta6AHD;a 4). 020.---~~-~~----
M,. 

0.16 

0 02 

Pm:yHoK 10. 

KBr 0 

YPHAHH 6 
poly(U) 0 

poly (dU) 

l93 nm 

04 06 0.8 
•111~ 

10 

Ta6AHn;a 4. KBaHTOBble BhlXOAhl ( 10-31 HOHH3an;HH H BhlCB06o;>KAeHHH OCHOBaHHH <P1r 
-i--- - - - - --~ -- - --- - .--,- - · -- 93 -- - - ---- - - - --- -

CoeAHHeHHe ct>.- <l>tr 10?) !/>tr (Ar) ¢1r (N20) 

ypan;HA 44 - - -
YPHAJIH 50 9.7 1.8 3.5 

5-UMP 53 7.5 4.3 >4 

polyU 50 12 4.3 >4 

polydU 45 1.7 0.53 1.8 

aAeKHH 42 - - -
aAeH03HH 31 1.4 1.1 3.3 

5-AMP 40 0.5 0.29 0.68 

poly A 35 1.6 1.1 3.3 

polydA 31 1.8 0.8 2.2 

poly G 34 0.73 0.45 1.2 

ABYHHTeBaH AHK 21-36 0.3-0.6 0.3-0.6 0.9-1 

B pe3yl\bTaTe HOHH3aWffi o6pa3}'IOTCH KaTBOH PaAHKaA OCHOBaHIDJ H 

rJIAPaTHpouaHHLIH 311.eKTpoH (Candeias L.P. and Steenken S .. 1992, Candeias LP. 

ea, 1992, Gomer H. ea, 1992, GurLadyan G.G. and Gomer H., 1992): 

n;enb AHK-ocHoBaHHe -----> n;errb AHK-oCHoBaHHe + + e.;'q· 
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B CBOJO O'IepeAL rHAJXiTHpoBaHHhlH 311.eKTpoH MOJKeT pearHpOBaTb c OCHOBa.HIDIMH 

(K = (0.9-1.5)•1010 M·lcl) c o6pa3oBaHHeM aHHoH paAJIKaAOB (Schulte-Frohlinde 

D. and Bothe E .. 1991, Steenken S. ea, 1992): 

e~q + l\ellb AHK-ocHOBaHHe -----> n;enb AHK-ocHoBaHHe· ·. 

B npHCY'fCTBHH KHCA.OpoAd 3AeKTpoH Tpa.HccpopMHpyeTCH a MeHee 

pe~OHHOCIIOC06HbIH 02-(von Sonntag c .. 1987): 

e:iq+ 02 -----> 02-. 

PaAHKaAbl pe3yJ\bTHP}'IO~e OT PaAHKaA KdTHOHa IIHPHMHAHHOBbIX OCHOBdHHH 

pearnpyroT c KHCA.opOAOM c o6pa3oBaHHeM nepoKCHA paAHKaAOB (von Sonntag C., 

1987): 

AHK-caxap(-H) -----> AHK-caxap(-H)-02 ----->-----> OAJIOHHTeBhle pa3phIBhI. 

B npHCY'fCTBHH N10 3Ael<TJ>OH 3<1>cpeKTHBHO TPaHccpopMHpyeTCH a pea~oHHo 

crroco6HLIH OH paAHKaA (von Sonntag C., 1987, Steenken S., 1989): 

e~q+ N20 + H20 -----> oH· + OH" + N1. 

B Adfl.hlleIDueM OH0 

paAHKi!AbI yqaCTBYJOT B o6pa3oaaHHH pa3pb1BOB 11eneH: AHK H 

pa3pb1BOB N-rAHK03HAffOH CBH3H. 

flpH B036y;>KAeHHH c ,11,1\HHOH BOAHbl 193 HM J'HAPiiTHPOBaHHbIH 311.eKTpoH 

MOJKeT IIO}IBHTbCH, B npHHn;HIIe, H OT B036y;>KAeHBoro caxapo-cpoccpaTHoro ocraTK? 

(Gut LG. and Kochevar I., 1992, Kochevar I. and Buckley L.A., 1990). 6011.ee Toro, 

KBdHTOBblH Bb!XOA HOHH3all;HH (BblAeTa 311.eKTPOHa) O'leHb BbICoKH:ii:: AAfl pH6o3o-5-

<t>occpaTa <l>e = 0 .24-0.47 H cpoccpaTa <I>e = 0.33-0.52 (Candeias L.P. and Steenken 

s .. 1992). 0AJldKO, H3·3d O'leHb MaAeHbKOH 3KCTHHKD,HH 8 < 150 M·lcM-1, 

cyMMapBbIH BblXOA 3AeKTpoHa OJ:\eHHBaeTCJl B Meru.we, 'leM 4.10-3 (Gomer H. ea, 

1992). 

4.3 AenonyAflnHH BblCOKOB036YJKAeHHblX CHRrAeTHhIX ypoaHe:it 

vlcCA.eAOBdAOCb o6pa30BaHHe cpOTOAJiMepoe ypan;HAa H opO'I'H'lecKoR. KHCA.OThI, 

cpoTOraApaTOB 5-UMP, cpOToAffMepoa H (6-4)<t>oTonpoAyKTOB TpT, cpOTorHAPaTOB H 

(6-4)cpoTOnpoAYKTOB dCpT, cpOTOrJIApaTon UpU. CpC H CpU B BOAJIOM pacTBope 
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npH KOMHdTHOH TeMnepaT}'Pe npH B036YJKAeHHH c MHHOH BOAffhl 254 HJ\H 193 HM 

(pHC. 11). 

PHC\THOK 11. 
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B Td6AH1'ax 5a, 6, B IIpHBeAeHLI KBaHTOBLie BLIXOALI pa3pyUieHHJI AHHYJCAeOTHAOB (,,cc.), 

o6pa30BaHIDI rffApaTOB ( q,~ ), <l>OTOAlfMepoB ( <P ..... ) H (6-4)cpOTOilpOAYJCTOB lcP,~~> 
IIpB o6AyqeHHH C 254 H 193 HM. 

Ta6ARqa 5a. l<BaHToBLie BhlXOALI o6pa30Ba.HIDI cpOTonpOAYJCTOB npH o6AyqeHHH c 

254 HM. 
CoeAffHeHHe <I> dee cI>hyd <I> dim t1>6-4 

TpT 0.023 (0.023) - 0.017 0.0059 

UpU 0.032 (0.025) 0.016 O.Ql5_ 0.0004 

CpC 0.0045 (0.003) 0.0038 9 0.0006 

CpU 0.010 0.0093 § 

dCpT 0.010 0.0053 § 0.0014 

Ta6AHqa 56. KBalrroBLle BLIXOAbl o6pa30BaHIDI <P<>TOIIPOA}'KTOB npH o6Ayqemm c 

193 HM. CoeAffHeHHe Cl> t1> <t> . <I> dee hyd dim 6-4 

TpT 0.043 (0.043)t - 0.012 0.0032 

UpU 0.069 o.oosg: 
CpC 0.014 0.0023 § 

Cp'l;l 0.037 0.0054 § 

dCpT 0.031 0.0057 § 0.0011 

Ta6~a 5B. KBaJrrosLle BLIXOALI o6pa30BaHIDI 'le'l'Llpex TirnOB rHAJ>aTOB B 

AHH}'KAeOTHAax npH o6AyqeHHH c 254 H 193 HM. 

CoeAlfHeHHe >..irr (nm) Hl Hi H3 H4 sum 

UpU 254 0.0044 0.0044 0.0043 0.0032 0.016 

CpC 0.0010 0.0012 0.0010 0.0006 0.0038 

CpU 0.0047 0.0014 0.0006 0.0026 0.0093 

dCpT 0.0035 0.0018 0.0053 

UpU 193 0.0041 0.0025 0.0013 0.0009 0.0088 

CpC 0.0008 0.0007 0.0004 0.0004 0.0023 

CpU 0.0017 0.0019 0.0011 0.0007 0.0054 

dCpT 0.0022 0.0035 0.0057 
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OmoUiemi:e KBaHTOBLIX BbIXOAOB COOTBeTCTB)'IO~ cpoTOllpoAYKTOB 

(Ta6~a 5 r) BO Bcex HCCAeAOBaHHI>lX CA}"laHX < 1, 'ITO l103BO.ll.lleT CAeha.Tb Bhl'.BOA 

0 TOM, 'ITO YKa3aHHhl'.e cj)oToIIpoA)'KThl'. o6pa3)'IOTCH c ypoBHll 81 ' HO He c ypoBHll 

S2. /'.J:JyrnM BhlBOAOM fill./UleTCJI B03MoJKHoe ~ecTBol3aHHe AByx nyTeft: 

Ae3a:KTHB~ BhlcoKoBo36YJKAeHHhlX 3AeKTpoHHHX yposHeft:: Sz ----> S1 H S2 -'> 

-----> So. 

CorAacHo npaBHAY Kama (Kasha M., ea, 1950) MOAeKyAbI AIOMHHecD,Hp)'IOT 

c HH3Wero B036y)KAeHHoro ypOBHll, T.e. Ae3aKT~IDI BhlCOJ<OB036YJ11AeHHhlX 

cocroJIHHH npoTeKaeT qepe3 St HAR T 1 · OAffaKo, B HecKOAhKHX coeAHHemurx 

5LIAa 3aperncrpHpoBaHa AIOMHHec~eH~ c S2 B So (McGimpsey W .G., 1989, 

Kobayashi H. and Kaizu Y., 1986). BBHAY npeAeAhHO MaAeHbKoro BhlXOAa 

ct>Ayopec~e~ HYKAeHHOBLIX KHCAOT (<10-5, Wang Y.S., 1976, Daniels M ., 

1976) H cy6mucoceKyHAHLIX BpeMeH.·· JKH3HH S2 ypoBIDI (speMH JKH3HH S1 yposrui:, 

HaIIpRMep, nopMKa 1 nc; Nikogosyan D.N. and Letokhov V.S., 1983), H3MepeHHe 

3cPcPeKTHBHOCTH S2 -----> So nepexoAa MeTOAaMH csepx6blcrpoft: Aa3epHoft: 

crreKTpoCKOIIllH (KaK a6cop5D,HOHHOH, TaK H clJAyopeCI\eHTHOH) rrpeACTaBMleTCJI 

qpe3B~aHHO 3aTpyAHHTehhHblM:. 

Ta6~a 5 r . OmomeHHe KBaHTOBLIX BbIXOAOB rrpOAYJ<TOB rrpH o6AyqeHHH c 193 H 

254 HM. 

CoeAHHeHRe ~ rHAP 'lAHM ri 5:4 

ypa~HA 0.94 

opoTWieCKaJI KHCAOTa 0.55 

yPUAHH 0.67 

5-UMP 1.0 

TpT 0.71 0.54 

UpU 0.55 

CpC 0.61 

CpU 0.58 

dCpT 1.08 0.79 

5. Aa3ePH<i5I <boTOXHMIDI A.HK 
5.1 CTHpHMHAJIHOBhl.e AHMephl'. 

OcHOBHhle cj)oTonpoA)'KThl'. HH3KOHHTeHCHBHOfO Y<I> o6Ayqemui: 

IfYKAeHHOBhlX KHCAOT c 254 HM, llHPHMHAHHOBhle AHMepbI, o5pa3)'IOTCJI c 

KBaHTOBhlM BhIXOAOM 2.6•10-3 .(Rahn R.O and Patrick M .H ., 1976, Cadet J. and 
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Vigny P .. 1990, Garces F. and Davila C.A., 1982) . ./\.wrepaTYPHhle AdHHhle AAJ1 

AffaIIa3oHa MHH BOAH 190-290 HM ll03BOAJllOT CAeMTb !IblBOA. 'ITO KBalITOBhlH 

BhIXOA HX o6pa30BaHHJI rrpaxTH'leCKH He 3aBHCHT OT AAHHhI BOAHhl B036)'JKAeHliJI 

(Kochevar I. and Buckley L.A, 1990, Rahn R.O and Patrick M.H., 1976). 

Pe3yAbTaTbl HHa.KTHBfilVlH 6aicrepHH, IIOAy<1eHHble HaMH AAJI ,lV\HH BOAH 193, 216 H 

254 HM (CM. HHJKe) TaIOKe yKa3blBalOT Ha 3ct><PeKTHBHOe 06pa30BaHHe 3THX 

q)oTorrpOAYKTOB APJl{e npH B036YJKAeHHH B BY<I> AHaIIa3oHe. flpHBeAeHHhle Bhlllle 

pe3yAbTaTfi( (pa3AeA 4.3) ll03BO.llJIIOT yrnep)KAaTb, 'ITO ,BhlCOKOAeJKamHe 

3AeKTpoHHhie ypoBHH He NJKYf BRJ\.aAii B o6pa3oBaHHe AffMepos." 6oAee Toro, rrpH 

HHTeHCHBHOCTiil ITHKOCeKYHAHOfO Aa3epHoro H3A}"leHHll 1 - 10 fBT/cM2 yposeHb 

St 3cJ>eKTHBHO orrycromaeTcH 3a cqeT rrepexOAOB S1 -----> SN, H, KaK CAeACTBHe, 

BhlXOA AJfMepoB pe3KO llMaeT. 31'0 6.blAO IlPOAeMOHCTpHpoBaHO Ha poly{dT), 

dTpdT K 11Afl3MHAHOH AHK (HHKorocll.H A.H. KAP· 1983, EceHaAHeB P.O. HAP· 

1987). 

5.2 fMQiiTbJ 
<I>orofHAPaThl ~o3HHa o6pa3YIOTCH B AHK K ee KOM:IJOHeIITax c BhlCOKHM 

KBaHTOBblM BhlXOAOM, OAffaKO BBHAY HX Heycroft:q}{BoCTH H 6blCTpoH AefHAP<iT~HH 
o6paTHO B IJ,HT03HH, 6HOAOfHqecKaH poAb 3THX npoAYJ<TOB He3HaqHTeAbHa 

(Grossman L. and Rodgers E., 1968, Vanderhoek J.Y. and Cerutti P.A., 1973). 

YqHThlBaJI, 'ITO nOTepll xpoMo<t>opa BKAIOqaeT B ce6JI Bee cPOTOilp0A)'KThl'. c 

He6oAhllIHM norAOII\eHHeM Ha 260 HM, a pa3pymeHHe IfYKAeOTBAOB (H3:MepeHHaH 

110CAe fHApoAH3a AHK K llOCAeA)'IOII\ero aHaAH3a c IIOMOII\bIO xpoMarorpa<l>HH) 

BKAIO'laeT B ce6H Bee IlpoA)'KThl'. KpoMe fHAPaTOB (fHApaThl CMP 6hlcrpo 

nepeXOAJIT o6paTHo B CMP), TaKHM o6pa3oM pa3HOCTh 

COOTBeTCrBYeT J<BalITOBOMY BbIXOAY o6pa30BaHHll. fHAPa.TOB. 

5.3 (6-4)cbOTOllpOAVKTbl 

06pa30BaHHe {6-4)ct>oTorrpoAYKTOB 

<PAyopec~effl\HH B M_@a3oHe 400-420 HM 

{Hauswirth W. and Wang S.Y., 1973, 

pemcrpupyeTcH c IlOMOII\blO 

llpH B036y;iKAeHHH C 320-360 HM 

Wang S.Y., 1976). 3asHCHMOCTb 

HHTeHCHBHOCTH ct>AyopeCI\effl\HH Ha 420 HM OT A03bl o6hyqeHHH c AAlfHaMH BOAH 

254 _H 193 HM 11pHBeAeHa Haa pHC. 14a. I1pH o6AyqeHHH c 193 HM HaMH 

o6HapyJKeHa 3aBHCHMOCTb KBaHTOBOfO BbIXOAa HX o6pa30BaHIDI OT ra30BOH cpe,Md 

H yBeAH'IBBCleTCH B nopMKe Cl>5.4(02) < <l>fi-4(Ar) < Cl>5_4(N20) (Ta6~a 6) . 

Boo6II\e rosopH, yB~eHHe rrpH N10 yxa3bIBaeT Ha AOllOAHHTehhHblH KaHaA 

o6pa30BaHHJI IIOBpe~eHHH (IIOMHMO St ypoBIDI) - qepe3 HOHH3al\HIO; B Il0Ah3Y 
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3TOfO rosopHT TaIOKe tPaKT B03pdCTaHIDI BhlXOAd (6-4)$0TOIIp0AYJCTOB npH 

nepexoAe OT 254 K 193 HM o6Ayqemuo. 

I~20 1.o OAJIOHHTeBaH AHK 0 

I:; o.s 
ABYHHTeB<UI AHK 

193 HM 

0.6 

0.4 

0.2 

0 
0 20 40 60 80 

AoJa, l<MKJM2 

PHcmoK 14a. 

Ta6~a 6. KBalrroBhle BhlXOAhl (lo-4) o6pa3osamrn (6-4)q}oTOnpoAYJ<TOB 

fa3 193 HM 254 HM 

0AHOIDm!BaB AHK N20 20-30 

02 22 

BOJAyx 2.9 

Any1rn:TeBfilI AHK Ar 7.7 

N20 12 

02 4.8 

B03Ayx 1.4 

THMHH Ar 1.4 

N20 2.1 

02 0.7 

B03AVX 0.08 

5.4 Pa3pymeHHe cy6crpaTa 

KBalrroBblii: BhlXOA pa3pymeHIDI cy6crpaTa (HYJ<AeOTHAOB) B OAHOHHTeBOH 

AHK onpeAEWIACH no KOAH'l.ecTB}' 5-MoHo$oc$aToB c rroMO~blO JKHAKOCTHOH 

xpoMaTorpa$HH (noCAe IlfAPOAH3a Hy:KAeaJo:ii: Pl H HHKy6a~ee npH 37° C). 

AHaAOrH'IHhIH 3$$eKT - noreps xpoMo$opa - onpeAeAll.llaCL no y6hlAH 

norAo~eJrn:H Ha 250-270 HM B npeAIIoAoJKemm, qTo 06pa3yio~e01. 

cpO'l'onpoA}'KThl He norAOl.l.\aIOT Ha MHHe BOJ\Hhl perncrpal(HH (Ta6~a 7). 
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Ta6AJ{Qa 7. KBaBTOBLle BhlXOAhl BLICBo6oJKAeHHH HenoBpeJKAeHHhlX OCHOBaHHH 

<!>so• pa3pymeHHH H}'KAeO'l'HAoB B AHK <l>pH H norepH xpoMo$opa <I>nx npH 

OOAyqeHKH c 193 H 254 HM, a TaIOKe 3Ha'leHHH BeAH'IHH G AAH pa3pymeH11H 

OCHOBaHHH npH B03AeHCTBHH HOHH3HP)'1011\HM H3A}"leHHeM {3Haqemm. G H3 

Cerutti, 1976). 

193 HM (10-4) 254 HM (l0-4) 

Ocuosairne <!>so <l>nH ~ <I>so <l>n~ ~ G 

TIIMHH 3.4 140 - 0,02 9.6 - 0.64 

I J1HT03HH 7.7 110 - 0.15 5.3 - 0.38 

ClACHlm 6.3 80 - 0.03 4.4 - 0.39 

I ryrurn:H 0.2 150 - O.D3 2.1 - . 0.26 

I T+L{+A+f 17.6 480 - 0.23 21.4 - 1.67 

LP,HK - - 530 - - 31 

Or'MeTHM, 'ITO npH 254 HM o6Ay-qemm tt>aropa3AoJKeHHe nHpHMHAJIHOB 6oAee qeM 

B 10 pa3 BhlIIIe, qeM AAH nypHHOB. B CAyqae JKe 193 HM, pa3H~a B 3Haqemmx: 

<l>pH 3Hd'IHTeALHO MeHLWe (Meeee qeM B 2 pa3a); c MaKCHMdALHLlM 3HaqeHHeM AAH 

1yaHHHa. IloBTOpHM, 'ITO pa3HOCTL '1>rnc - <l>pH cOOTBeTCTB}'eT BhIXOAY f'HAPdTOB 

(CM. pa3AeA 5.2). 

5.5 OAHo- B ABymrreshle va3ph1Bhl nerre:ii AHK 

IlpH o6Ay-qemm lll\a3MHA pBR322 H pTZ18R c 193 HM KOAH'leCTBO 

cynepcKpy-qeHHOH cpopMbI }'MeHLWaAOCL c A030H, OAffOBpeMeHHO KOAH'IeCTBO 

KOALIWBOH OTKphITOH H AHHeH.HbIX cpopM )'BeAH'IHBaAOCL (pHC. 146), 'ITO 

YKd3hlBaAo Ha o6pa3oBaHHe OAffO· H ABYHHTeBLIX pa3ph1Bo~ (OP H AP) I(eneH: 

AHK. 
06pa30BaHHe pa3ph1BOB HCCAeAOBaAOCL B npHcyTCTBHH B03A}'Xd npH 

pa3AH'IHL1X HHTeHCHBHOCTHX H3A}"leHIDl H pa3AH'IHLIX KOHI(effTP~ TE 6y¢epa 

(TpHc-EATA B MOAllpHOH nponopl(HH 10:1, pH7.5). B OTC}'TCTBHe 6yipepa 

KBaHTOBhIB BblXOA o6pa30BaHHll OAffOHHTeBLIX pa3pLlBOB COCTaBAHA l.5•10-3, 

AB}'HHTeBhIX pa3phIBoB - 6·10-5. 3aBHcHMOCTL KOA:H'ieCTBa AHK 6e3 pa3pLIBOB OT 

ll,03hl BO scex CJ\}"I(lj[X HBAltMCL MOH03KCilOHeHIJ;HllAbHO:li:, 'ITO CBffAeTeA:&CTBOBaAO 

06 OAffOYAapHoM MexaHHJMe Bo3HHKHoBeHHSl OP. B oTAffqffe oT OP, N' HBAHIOTcH 

CAeACTBHeM HaKOIIAeHHH AOCTaroqHoro KOAH'lecTBa OP. C }'BeJ\WfeHHeM 

KOHI(eHTp~H TE 6y¢epa B Affdlld30He 0.1 - 10 MM A03a Heo6xoAffMcUI MJf. 
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PHcyuoK 146. 
o6pa30Balllffi onpeAeA.eHHoro KoAH'leCTBa OP H AJ' pe3KO }'B~ch, 'ITO 

cBHAe'reAhC'fBOBaJl.O o 3iill\HTHOM ~icre 6yQ>epa: 3a cqeT norAoru;eHIDI 

H3Jl.y<1eHID1, HOHHOH CHAhl, H B03MOJKHO, 3ax:sa.Ta paAHKaAOB, B03HHKiUOill;HX H3 

KaTHOH P<WfKaM AHK. 
MexaHH3M o6pa30BaHIDI pa3phl.BoB AHK BKAIO'laeT uoHH~ oceosaHIDI 

c o6pa30saHHeM KaTHOH paAHKaM: 

AHK-oceosaHHe ----> AHK-OCHoBaBHe+ + e~q 
CAeAYJ.01.$1.M 3BeHOM B n;elIH o6pa30BaHHSl pa3phIBOB CAeAYf!!r paccMaTpHBaTh 

OTAeA.eHHe H-aTOMa OT C-4 Il03Hll;HH caxapa HeWrpaJU>HhIM paAHKaAOM OCHOBaHH.Sl 

c nOCAeAYIDJ.$1.M pa3phlBOM caxapo-Q>ocQ>aTHoli n;enH (Schulte-Frohlinde ea, 1989, 

1990, 1991): 
AHK-ocHosaHHe+ -----> AHK-ocaoBaHHe ---> --->caxap-paAHKaA --->--->OP 

PoJ\h rffA?aTHposaHHOTO 311.eKTpOHa eaq B o6pa30BaHHe pa3pbIBOB He3Ha'UITeAbHa, 

TIOCKOAbKY KBCUITOBhIH BhIXOA OP OAiJHaKOB B IlpHcyTCTBHH aproHa H KHCll.OpoAa -

B KHCll.OpOAe eA.eKTpOH npeBparu;af!!rC.Sl B MeHee peaKD;HOHHOCilOOC06w.W_02": 

e;q + 02 ----> 02· . 

oHOJ\OrH'leCKaSl poJ\h pa3pblBOB AHK o6c)'JKAdeTCSl B c11.eAYJ.Oill;HX pa3AeA.ax, 

nocB.srru;eHHhlX HHaKTlfl\9AHH Illl.a3MHA H 6aKTepHH. 
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5.6 BhICB06o.?KA.eHHe OCHOBaHHH 

DpH 193 HM .l\il3epeoM B036YJKAeHHH AByxmrresoli AHK npH noMo~ 

xpoMaTOrpacpHH IlOCJ\e pa3AeAeHH.Sl <I>~ c MMeHhKHM MOJ\eKYJl.j!PHhIM BeCOM 

OT OCTaJ\hHOro, perHCTpHpOBall.OCb o6pa30BaHHe Bcex 'leThlpeX OCHOBaHH:lt H 

HH'Jero HHOro IlOf.l\Oill;aJOru;ero Ha MBJle BOJl.Hbl perHCTpfil\HH 260 HM, HanpHMep 

MOHOfIYXJ1.e03ffAOB H MOHOeyKAeOTHAOB. DpHMep xpoMaTorpaQ:>HH, IIOKa3aH Ha PIK. 

15 (BCTaBKa). 
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PHcyHOK 15. KoffI\e1rrpan;WI BblCBOOOJKAeHHoro OT AHK THMHHa B 3aBHCHMOCTH 

OT A03hl o6Ay<leHIDI c 193 HM-

YKa.JKeM, 'ITO eeo6J1.yqeHHble o6pa3D;hl AByIDITeBOH AHK, B OTAH'l:He OT 

bAHOHHTesoli AHK. He coAep.IKaAH cso6oAHhIX ocHOBaHHH. OIITH'leCKaH IIAOTHOCTh 

BO Bcex CAyqasrx 6blM IlOCTOIDUIOH H paBHJIAflCh A = 3.0 B. 1 CM. Ko~eHTpa.I\H.Sl 

CB060AHOfO TH.MHHa B paCTBOpe IlpH o6AyqeHHH c IlpOKd'IKOH KHCJ\OPOAOM 

yBeAH'IHBdeTCH AHHeiiHo c A030H (AO 4 AJK/cM2) npH 193 HM Aa3epHOM 06J1.yqemm 

(p1o1c. 15). He Ha6AI<>AiiJ\OCb 3aBHCHMOCTH KBaHTOBoro BhIXOAa o6pa30BaHH.Sl 

CB060AHOro THMHHa <!>no OT HHTeHCHBHOCTif .l\il3epHoro H3J\yqeHIDI npH 

l13MeHeHHH nOCAeAffero B AffaJJa30He 0.02 - 0.8 MBT/cM2 . 3TO yxa3hIBaeT Ha TO, 

'ITO <l>ao He 3aBHCHT HH OT A03hl H HH OT HHTeHCHBHOCTH H3AyqeHH.Sl. B paCTBopax 

c npoKa'JKOH aprOHOM 6blAH no1i.yqeHhl IlpaKTffqeCKH TaKHe JKe KBaHTOBble 

ahIXOAhl o6pa30BaHHll CBOOOAfforo THMHHa. B paCTBopax Hachl~eHHhIX N20 

K:mn;eHTpa~ THMHHa B 3aBHCHMOCTH OT A03hl HMeeT HeCKOAbKO Ha:oe ·noBeAeHHe 
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npoHCXOAWf HaCbIID;eHHe npH A03ax 1 /JvK/cM2 ('I'fO COOTBeTCTByeT 1 % 
npeo6pa30BaHH10) H OCTaeTCH HeH3MeHHOH BilAOTh AO 4 /:vf</cM2. Tio.11.)"leHHUH 

c .11.HHe:imoro )"laCTKa 3aBHCHMOCTH <1>80 B N20 C)'ll\eCTBemm oo.11.hwe, qeM 

TaKOBOH B 02 H.11.H Ar (Ta~a 4). 

/\a3epHO-HIJA~poBaHHL1H: Bhl.11.eT J:VIT03HHa c ABymrresoii AHK noKa3aH Ha 

pHc. 16: 3aBHCHMOCTH B Ar, 02 H N20 HaCbl~eHHhIX pacTBopax OllHCaHHhle 

Bh!Ille npaKTl{qeCKH Te JKe. ~o MH THMHHa, T.e . .11.HHeHHLie 3aBHCHMOCTH B Ar H 

02, H HacLI~eHHe B N20· OAHaKo, BeAH'IHHhl <l>so MH D;IIT03HHa, npHMepHo B AB3 

pa3a 00.11.hllle, qeM COOTBeTCTByx>~e 3HaqeHWl MH THMHHa (Ta6..um;a 4). 

AHMOrffqHLie :o1¢cpeKThl Ha6J1.IOM.11.HCh H MH BhlCBOOOJKAeHWl 3AeHHHa, c TOH 

.11.Hlllh pa3~eli, ~o .11.HHeIDn.Ie )"13CTKH KpHBhlX AOXOAfl.11.H AO 60.11.hlllHX A03. 

HaHMem.nIHH BhlXOA npH ¢HKcHpOBaHHOH A03e Ha6.11.IOA3.11.CH MJf. ryaHHHa (pHc.17). 
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rya.HHH 

NfJ 
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<l>so MH rya.HHHa B 10 - 50 MeHbIIIe, qeM COOTBeTCTBYJO~e <l>so MH OCTa.11.hHhlX 

-rpex OCHOBaHHH. c APyrOH CTOpoHhl, IlpH nepeXOAe OT 02 K N20, yneJl.HlleHHe 

3HaqffTe./l.hHO oo.11.hme. CAeAyeT OTMeTHTh, ~ :o1ct>cpeKTHBHOCTh pa3phIBa N­

r.ll.HK03HAffOH CBH3H npH AByxKBaRTOBOM B036YJKAeHHH c 266 HM H IlOC.11.eAyx>~eH 

o6pa6oTKOH ~e.11.oqhJO, - B o6paTHOM nopHAKe. T.e. HaH00.11.hlIIaH MH ryaHHHa H 

HaHMeHhIIIaH MJi D;HT03HHa (Budowsky E.I. ea, 1986). 
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5. 7 MeJKHHTeBble KOBa.11.eHTHhle CIIIHBKH 

06pa30BaHHe MeJIUIHTeBh1X CIIlHBOK H .11.0Ka.ll.hHhlX AeHarypHpoBaHHhIX 

)"laCTKOB B AHK npH 06.11.)"leHHH c 193 HM onpeAeAHAOCh c Hcno.ll.h30BaHHeM 

KpacHTe.11.H aKplfAHHa Opa.EVKesoro KaK cp.11.yopecn;eHTHoro HHAHKaTopa 

(3aBH.11.breJILCKHH r.E. H AP·· 1964). J.faBeCTHO, ~o aKPHAHH opaHJKe.BbIH 

npHKpell.11.HeTCH K ABYHHTe~li AHK B BBAe MOHOMepos H K OAflOHHTeBo:H AHK B 

BBAe AHMepoB. MOHOMepbl H AHMepbI xapaKTepH3YJOTC.ll ¢11.yopecn;elfl\He:A: c 

MaKCHMyMOM, COOTBeTCTBeHHo, Ha 530 H 640 HM. TIOCJ\.e Y<I> ?6J1.)"leHlUI qacTb 

rrpenapaTOB AHK AeHarypHpoBaMCb npH 95 C H 3aTeM 6hlcrp0 OXAfilKAClJ\.aCh BO 

Ah/J\f. AHK c OAflHM H 6011.ee MeJKHHTeBh!MH ClllHBKaMH nOCJ1.e 3TOH npon;eAyphl 

AeHaT}'Pdl:tHH-OXMJKAeHH.11 no.llHOCTbIO peHaT}'PHpoB<Wl. 3aTeM 3TH npenapaThl 

AHK BMecre c TeMH He npoweAilllfMH TaKoH: rrpon;eAyphl OKpaIIIHBaAHcb 

aKplfAHHOM OpaIDKeBblM H pemcrpHpOBMHCb cneKTphl ¢111.yopecu;elfl\HH. 

06pa30BaHHe MeJKHHTeBhlX CWHBOK H Jl.OKd.11.hHbIX AeHarypHpOBaHHbIX yqaCTKOB 

pemcrpHpoBMoc1>, cOOTBeTC'rBemm, no yne.llH'lemno H YMeHhwemuo oTHoweHHH 

HHTeHCHBHOCTH cp11.yopecn;eHu;HH Ha 640 H 530 HM OT A03hl Y<I> o6AyqeHHH (pHc . 

18). BepXH.11.11 KpHBaH OTHOCHTC.11 K MeJKIDITeBblM ClllHBKaM, HlVKHIDI - K 

Jl.OKd.11.hHI.lMH AeHarypHpoBaHHhlM yqaCTKaM. 
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Pe3y.ll.hTaThl H3MepeHHH (Ta6.11Hn;a 8) noKa3LlBaIOT, ~o B CJ1.yqae HcnoJl.b30BaHID1 

KOHKpeTHoro ra3a o6a 3cpcpeKTa, o6pa30BaHHe MeJKHHTeBblX CllIHBOK H Jl.OKaJ\.bHhIX 

AeHarypHpoBaHHbIX yqacTKOB, KOPpe.11.HpYJOT. OrcyTCTBHe 3aBHCHMOCTH OT 

HHTeHCHBHOC'fH ll3J\.)"leHHJI }'Kd3LlBaeT Ha OAflOKBaHTOBblH MeXaHH3M o6pa30BdHJUI 

yxa3aHHblX ¢oronospeJ1tAeHlrH. B TO JKe BpeMJI, Ha6J1.IOAaeTcH 'IeTKHH :o1ct>cJ>eKT OT 
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HCIIOAb3yeMoro ra:ia (}'BeAH"leHHe KBaHTOBOro BhlXOAil B N20), 'ITO yxa3hlBaeT Ha 

TO, 'ITO 3TH 3<PcpeKThl HHH~}'lOTCl! <l>oroHOHH3amfeH, T.e. OHH MOryT 6LITb 

CAeACTBHeM o6pa30BaHIDI CB060AffhIX ~KaJl.OB. B IIpHCyTCTBHH 02. KaK 

H3BeCTHO, rHAPanq>OBaHHbIH 3AeKTpOH TpaHc<t>opMHPYeTCH B 02-. 

Ta6~a 8 

J1HTeHCHBHOCTb fa3 0 fl>clIIHBKH (10-4) fl>AOK.AeH.)"I. ( 10-4) 

MBT/cM2 

3.0 aproa 0.12 0.14 

0.15 aproH 0.45 0.26 

N20 1.6 2.3 

B03AVX 0.9 0.8 

06pa30BaHHe MeJKHHTeBLIX KOBaAeHTHh!X ClllHBOK Ta!OKe HCCAeAOBaJl.OCb IIpH 

MOW:HOM mra:oceKYffAHOM 06A)"leHHH c MJIHaMH BOAH 216 H 270 HM. qeTKaH 

3aBHCHMOCTb KBaHTOBOro BhlXOAil o6pa30BaHIDI CWHBOK OT HHTeHCHBHOCTH 

o6A)"leHIDI CBlfAeTeAbCTByeT 0 AByxKBaHTOBOM MeXaHH3Me HX o6pa30BaHHH (pHC. 

19) . 

.,.. 
~ 1.0 

~ 
ID 

. >Is: 
~ 0.5 

~ f, 
~ 

0 
10° 107 \08 109 10

10 

YiHTeHCHBHOCTb, BT/cM2 

PHcyuoK 19. 

5.9 KBaHTOBhle BhlXOAhl o6pa30BaHHH Q>OTorrpoA)'KTOB 

B Ta6AHn;e 9 npHBeAeHbl KBaRTOBhle BhlXOAhf (lo-4) o6pa30BaHIDI 

pa3AH'lHhlX <PoTOIIpOAYKTOB/<PoronoBpe}RAellHH B ABYHHTeBoH: AHK B 
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IIpHCyTCTBHH B03Ayxa (B CA)"lae H3MepeHHll pa3pynreHID1 HyxAeQTHAOB 

HCllOAb30BaAaCb OAHOHHTeBaJI AHKJ. 

Ta6AHn;a 9 

noou;ecc 193 HM 254 HM 

MeJKHHTeBhle cnrnBKH + AOKaAbHLie 1.7 0.021 

AeHaTYPHPOBaHHhle )"laCTKH 
' 

ABYHHTeBhle pa33ph1Bhl 0.6 0:014 
.o 

0AHOHHTeBble pa3pb1Bhl 15 0.4 

BhlCB060}RAeHHe OCHOBaHHH 18 0.23 

(6-4)4>0T6npoAYKThl 4.8 1.4 

flHpHMHAHHOBhle cpOTOAHMephl 17-26 26 

YiHaKTHBan;IDI IIAa3MHAhl B K12ABl157 14 1.6 

l1HaKTHBan;Hll nAa3MHAhl B K 12 AB 1886 21 4.2 

YiHaKTHBall;Hll lJAa3MlfAbl B K 12 Af\2463 - 4.1 

'1HaKTHBall;Hll IlAa3MlfAbl B K 12 AB2480 30 31 

<l>OTOrlfApaThl - to 

Pa3pynreHHe HyxAeOTHAOB 480 21 

flarepH xpoMo<l>Opa 530 31 

<l>OTOHOHH3an;IDI 200 -

CpaBHeHHe KBaRTOBhlX BhlXOAOB Ha AByx MlfHax BOAH B YCAOBIDIX HaJUAHH 

HOHH3au;HH ( 193 HM) H ero OTCyTCTBIDI (254 HM) ll03BOAHeT BWIBHTL KJlaCC 

<POTOnpoAYKTOB, HBAHIOw;HMCH CAeACTBHeM HOHHJall;HH: pa3ph1Bhl n;eneH: AHK H 

N-rAHK031fAHOH CBll3H, MeJKHHTeBUe ClllHBKH H AOKaAbHhle AeHaTYPHpoBaHHble 

)"laCTKH H narep.R xpoMO<tJopa (3a C'leT pa3pynreHH.R ffYKAeoTlfAOB). 

3<PcpeKTHBHOCTb o6pa30BaHHH yxa3am1h1X <t>oTOIIpOAYKTOB B03pacraeT B 10-100 

pa3 rrpH rrepeXOAe c 254 K 193 HM o6AyqeHHI-O. B TO JKe CaMOe BpeMll KBdHTOBble 

BhlXOAhf KAaCCH'leCKHX Y<I> noBpeJRAeHHH (AHMepoB, rffApaToB H (6-

4)<t>oTOnpoAynoa) npaKTH'leCKH He MeHlllOTCH (CM. pa3AeA 4.2) . 

TaKHM o6pa30M, npH o6AyqeHHH c 193 HM 66pa3yIOTC.R ABa KAacca 

$OTOilPOAyxTOB: HOHH3aD;HOHHblX H KAaCCH'leCKHX Y<l> (254 HM-cneu;mt>H'IHLIX). 

KacaTeAbHO 6HOAOrH'leCKOH poAH HOHH3aD;HOHHbIX <PoTonpOAYKTOB, OTMeTHM, 'ITO, 

B ttaCTHOCTII, HHaKTHBaJ.\.IDI IWl3MlfA H 6aKrepHB: E. coli K12 AHKOro IDTaMMa 

AB! 157, cnoco6Horo perrapHpoBaTh IlHpHMlfAHHOBble AHMephl, HMeeT Mecro s 

ocHOBHOM 3a cqeT OAHOHHTeBhIX pa3pblBOB n;eneH: AHK (IlOAP06Hee B pa3AeAe 7) . 
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6. <DoTopeaKUHH B MOAe.JU>HhIX KOMIIoHeHTax AHK 
6. t U HT03HH H er o IIJ>OH 3BOAHJi!e 

<I>aropa3AoJKeHHe ~3HHa H poly C npH B036YJKAeHHH c 193 HM 

HCCACAOBaAOCb no H3MeHeHHIO OilTH'lecKoro cneKTpa nor.11.oII(eHIDI H c llOMOII(blO 

JKHAKOCTHOH xpoMaTOrpacpHH. OAHHM H3 OCHOBHHX nyreii pa3ApJKeHHll . poly c 
HJWleTCH BbICB06o)KAeHHe OCHOBaHIDI (Ta6~a 10). 

Ta6~a 10 

CoeAHffeHHe ra3o </:> pa3A cp polyC--->cyt 
10-2 10-2 

polyC 02 2.6 1.0 

N20 2.4 1.3 

Ar 0.7 0.7 

IJ.HT03HH 02 3.5 

N20 3.5 

Ar 1.3 

OcHOBHblM cpcrronpoAYKTOM IJ.HT03HHa H ero npoH3BOAffbIX npH 05.11.yqeHHH c 

MHJIOH BOAHLI 254 HM HJWleTCH 5,6-ABJ'HAP0-6-fHApoKCH-If.HT03HH (cpOTOntAJ>aT) 

(Rahn R.O and Patrick M.H., 1976). npH o6.11.yqeHHH c 193 HM noCAe J1,e3aKTHBdIJ.HH 

S2 --->St TaJOKe 06pasyion:.11 f'HAPdTbl· 0AHaKO, B 3TOM CAyqae 3Ha'lHTeAbHbrii 

• BKAaA B cpOTOpa3AOJKeHHe HMeeT <t>OTOHOHH3dif.HH, IIpHBOJl,jflIJ.aH, B 'ldCTHOCTH, K 

o6pa30BdHHIO OAffOHHTeBbIX pa3pblBOB H BbICB06o}l(Jl,eHHIO OCHOBaHHH. BKAilA 

ntAJ>aTOB IIpH o6.11.yqeHHH polyC c 193 HM He .llBAlleTCH OCHOBHhIM, IIOCKOAbKY 

KBaHTOBhtii: BblXOA ntAJ>aTCU(HH polyC IIpH 254 HM MeHbwe 0.003 {CpdBHH "c Td6A. 

10). 3Ha'lH'l'ehhHoe y-BeAH'leHHe KBa.HTOBoro 
0

BbIXOJ1,a pa3J\OJKCHHH polyC H 

IJ.HT03HHa B npH<:yrCTBHH N20 06'b11cHHeTCH o6pa3oBaJIHeM peaKIJ.HOHHo­

cnoco6aoro paAHKaJ\a OH nyTeM 

e~q + N20 + H20 ----> OH. + oH- + N2 . 

OH paJ!,HKdhbl H3BeCTHhl KdK 3<P<tJeKTIIBHO B3dHMOJ1,eHTCBYJOII(He c OCHOBaHHHMH 

HyKAeHHOBhIX KHCAOT. npHMOH Q>o'I"oAH3 N20 BepOlITHO He HMeeT CyII(eCTBeHHOfO 
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BKAaJl,a IlOCKOAhtcy KBa.JITOBbIH BbIXOA pa3pbIBd N -rAHK03ffAHOH CBH3H He MeHHeTC!t 

npH yseAH'leHHH KOHIJ.eHTpdif.HH poly c B 3 pa:m. 

OpH o6AyqeaHH poly C c 193 HM KOHIJ.eHTparr.IDI cB060J1,Horo ~03HHa 

y-BeAH'IHBdeTCH c Jl,030H, AOCTHraeT MdKCffMYMd H npH A03dX 6oAbwe 1.8 A;K/cM2 

YMeHbrnaeTcH (pucynoK 20). 3TOT 3cp¢exT ofrhl!:cHHeTe» OAHOBpeMeHHbIM 

yqaCTHeM Jl,Byx nporr.eccos: cpoTopa3AoJKeHHeM cBo6oAHoro If.HT03HHd H QHT03HHa 

B cocrase poly C. 3KcnepHMeHTaAbHble pe3yALTaTbI AMI CAyqrur 02 cpaBHHBaJ\HCb 

c pac'leTHOH KpHBOH, no.11.yqeHHOH H3 ypaBHeHHK: 

}'. 
\Cl 

S12F ~-----, 
~ I •. o... I 

~4l·/[f) . 
~ -,'-----:_! 

:x: 0 _ _l_ -----~----------1J 
0 2 4 6 

Ao3a, A;K/ cM2 

PHC:)'HOK 20 . 

d[cyt]/dD = N(Cl>polyC--->cyt EpolyC [polyCJ - Cl>d(cyt) Ecyt[cyt)l 

d[polyC]/dD = -N(cl>polyC--->cyt + Cl>d(polyC))Epo!yC [polyC] 

rAe D - A03d 06.11.yqeHIDI (B KBaHTax Ha KBaJl.PaTHblH CaHTHMeTp). epolyC H &cyt 

MOAHpHhie Ko3¢<l>~eHTDI 3K~ polyC H cyt, COOTBeTCTBeHHo, Ha AJl.HHe 

BOAHbl o6AyqeHHH 193 HM, N = 103 lnlO/NA (NA -'IHCAO A:sor(lApO). IlepBblH 

'lheH B nepBOM H3 ypaBHeHHH OllHCbIBdeT o6pa30BaHHe CB06oJ1,Horo IJ.HT03HHa 3a 

C'leT pa3phIBd N-r.l\HK031fAHOii: CBH3H. H BTopoli 'IJ\eH - ¢0Topa3AOJKeHHe 

If.HT03HHa. BTopoe ypaBHeHHe OIIHChIBdeT pa3.11.0JKeHHe polyC 3a C'leT KaK B.blheTa 

OCHOBdHHH, TdK H IIOTepH xpoMocpopa. Cll.11.0IIlHrul KpKBdH Ha pHc. 20 IIOAyqeaa 

IlOACTdHOBKOH B ypaBHeHIDI 3HaqeHH:ii: KBauTOBbIX BblXOJl,OB H3 Td6.l\.HIU.I 10. KaK 

BffAllO, corMcHe c 3KcnepHMeHToM AOCTaTO'IHO xopowee, 'ITO YKa3bIBaeT Ha 

llpaBH.11.bHOCTh BbI6paHHOH MOJl,eAH. 
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6.2 Yparrn.\ H ero nooH3BO'fRNe 

TipH o6A}"leHHH IIHpHMHAHffOB (B qacrnocm ypaI\HM. H ero npoH3BOAlfhlX) 

c 254 HM OCHOBHhIMH <t>oronpoA}'KTaMH .lllWIIOTC9. rHAJ>dThl H AHMephl (pHC. 11) 

(Swenson PA and Setlow R.B., 1963, Pearson M. ea, 1966, Brown I.H. and Johns 

H.E., 1968, Fisher GJ. and Johns H.E., 1976). fu KBaHTOBhle BLIXO/\hl HdXOAH"fCH B 

AHdlla30He 0.006-0.05. fv.B YPHAHHd H 5-UMP OCHOBHLIM cporonpOA'fKTOM 

RBJIJleTCSI rHAJ>dT. MMeHhKHH BKAaA AHMepoB noATBepJKMeTCB. He3Ha1IHTeAhHhlM 

KHCAOPOAHhlM 3cp<t>eJ<TOM Ha peaK~ IIOTepIO xpoMocpopa. 

~:6: ~H H h ~· R',R'': H,CH, 

R R hv2 R H H ' 
'A.f 'A., 

0 

PHcynoK 21a HMIOCTpHpyeT 06pa3osam1e AHMepoB npH o6AyqeHHH c A 1 H 

peBepcHH c A2 . 

0 
oo a 0 

OO /lA A A 

0.8 
~~ ~ 0 A 0 /l 

•0 A Az 

A 

A 

0.7' A 

Au.o 
0.6 

I 
ypaIµfA 254 HM 

A 

A 

A 

<>i 
0 0 0 0 

193 HM 

OjL-~~_J_~~~.L---~---,1f-"-~--'-~__._~_._. 
0 10 20 0 0.1 0.2 0.3 

Ao3a, A;K./cM2 

PHc}'HOK 216. nepBOHa'laJ\hHoe YMeHhweHHe H IIOCAeAyromee yseJl.HqeHHe 

IIOTJl.OI~eHHB. Ha 250 HM npH OOA}"leHHH BOAHOro pacTBopa ypaIµfAa B 

rrpHCYTCTBHH aproHa, COOTBeTCTBeHHO, c 254 H 193 HM. 
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B OTCYTCTBHe KHCAOPOAd OCHOBHhlMH cpOTOIIpoAyKTaMH ypaIµfAa JIBJIJIIOTCll 

AffMephl; RX OTHocwrei\bm.lli BICJl.aA MOJKeT 6hlTh o~eHeH UYTeM o6J1.}"leHID1 c 193 

HM, 'ITO npHBOAHT K pa3p:blBy AHMepoB H o6pa30BdHHIO MOHOMepoB (pe~ 

cpoTOpeBepcHH c KBdHTOBhlM BhlXOAOM 1) (pHC. 21a, 6) . 

HaMH o6HapYJKeHO o6pa30BaHHe CB060AHhIX OCHOBaHHH 3a cqeT pa3phlBa 

N-rAHK03HAffOH CBll3H npH OOA}"leHHH c 254 HM. l<BaHTOBhle BhIXOAJ>I 3TOro 

rrpo~ecca (lQ-5) B IIpHCYTCTBHH pa3Jl.HqHLIX ra30B npHBeAeHhl B Ta6AH~e 11. 

Ta6~a 11 

CQeAHHeHHe 0'] AI N?O 

YPHAHH 6 2-4 6 

5-UMP 3 2-3 4-5 

poly u 3.5 1.5 

poly dU 2.1 2.4 

dAeH03HH 3-5 3-8 1 

5-AMP 2 1.3 2 

poly A 2.5 1.6 2-3 

nolv dA 3.5 0 2.0 3.5 

KBalrroBble BhlXOAbf oqeHh MaJl.h[ (MeHhwe 10-4), H qyscTBHTei\bHhl K npHCYTCTBHIO 

KHCAOPOAa, B qaCTHocm Ah.ff ypHAHHa. 

TipH 06J1.}"leHHH c 193 HM BhlWeYKa3aHHhle cpoTOIIpoAYKTbl TaJOKe 

o6pa3YJOTCB., OAffaKO, He o6B.3aTeALHO c TOH JKe 3cpcpeKTHBHOCThIO. B Ao6aBoK, 

o6pa3YJOTC9. cpOToIIpoAYKThl pe3yhbTHpYJO!IlHe OT OAffocpOTOHHOH HOHH3~1ill 

R-ocaosaHBe ----> R-ocHoBaHHe+ + e~q 

3AeCh R OTHOCHTCll K caxapo-cpoccpaTHOMY OCTdTKy. B Heli:TpaJl.hHbtX BOAHhlX 

paCTBopax KaraoH J>i!AHI<Mhl 6HCTpo B3aHMOAeHTcBYJOT c BOAOH HAH 

AenporoHHpYJOTCJI: 

R-ocHoBaHHe + + H20 ----> R-ocHoBaHHe-OH + H + 

R-ocHoBaHHe+ ----> R-ocaoBaHHe(-H)+ tt+. 

fffApaTHpoBaHHhlH 3AeKTpoH MOJKeT TaJOKe B3aHMOAeHCTBOBdTh c OCHOBaHHeM c 

o6pa3oBaJmeM aHHOH J>i!AHI<ilha 
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eaq + R-ocHoBaHHe ---->· R--ocuoBa.HHe­

R-ocHoBaHHe- + H20 ----> R-ocHoBaHHe-(H) + OH· 

Asa npo1wcca pe3yAhmpyio~e OT KamoH pilAHKMa, BhlhEIT OCHOBa.HHH H 

pa3phIBbl D,eneH: AHK. BKAIO'latOT B ce611 P<IAHKa.J\.bl caxapa, cor.11.acHo: 

Rt-OCHOBaHHe-OH + R2-0CH0Ba.HHe---->R1-ocHOBaHHe/H20 + R2-(H)-ocHOBaHHe 

Ri-ocHoBa.HHe(-H) + R2-ocHoBa.HHe ----> Ri-ocHoBaHHe + R2-(H)-ocHOBaHHe 

R2-(H)-OCHOBa.HHe ----> ----> Bbl.AeT OCHOBaHHH H pa3pbIB D,eIIeH 

B npHcyTCTBHH NzO o6a 3TllX npoD,ecca 3Hat{HTeAhHO 6oAee ::ilj;><}>eKTHBHhl 

3a cqe'f peaKD,ml TpaHclj;>opM~ J'HAPilTilpOBaHHoro ::iAeKTpcma B OH paAHKM 

(cM. pa3AeA 6.1). I-fa pCWfa.D,HOHHOH XHMHH (von Sonntag C., 1986) OH P<IAHKaAhl 

H3BeCTHhl KaK ::icpcpeKTHBHO B3aHMOAeHCTByt<>J.D,He c OCHOBaHHIIMH H)'XXeHHOBhlX 

KHCAOT. TaKHM o6pa30M MOJKe'J' 6b!Th ofuffcHeHo AByxKpaTHoe yBeAH'leHHe 

3<l><PeKTIIBHOCTH pa3phlBoB D,ene:H. (cM HHJKe) H N-rAHK03HAffOH CBff3H B 

npHCY'fCTBHH N20 (cM. Ta6AHI.zy 4). 

6.3 AAeBHli H ero npoH3BOAHhle 

Ilpu 06.11.yqeHml a.t\eHHHa H ero npoH3BOAffblX c 254 HM o6pa3yi<>TCSJ 

HeCKOAhKO <t><rrorrpoAYK'fOB (HarrpHMep, B e.11.yqae aAeH03HHa 11, Arce R. ea, 1993). 

Asa OCHOBHbIX AffM:epHbIX Q;>ororrpOAyxTa 06HapyJKeHhl H HAeHTH4>HWf POBaHbl 

(Porschke D., 1973, Kumar S. ea. 1991). l13MepeHHLiii HaMH CyMMapHhlfl 

KBfilITOBhlH BhlXOA <t><rropa3AO]l(efilfil aAeHHHa H npoH3BOAHJ>IX (norepll 

xpoMo<}>opa e pa3pymeHHe H}'KAeOTHAOB, CM. pa3Ae.11. 3xcnepHMeHTilAbHble 

MeTOAl>I), TaK JKe KaK H pa3phlBOB N-r.ll.HK03BAHOH CBSJ3H O'leHh MM H COCTaB.11.HeT 

IIOp.ffAKa (3-15) 10-5. 3<P<l>eKTHBHOCTh YKa3aHHLIX peaKD,HH He 3dBHCHT OT 

llpHcyTCTBH.11 HAH OTCyTCTBH.11 N20, 'ITO yxa3b1Ba.eT Ha OTcyrCTBHe HOHH3all,HH rrpH 

254 HM. B TOJKe BpeMSI, IIpH 193 HM 06.11.yqemre B llpHcyTCTBHH NzO Ha61\IOAaeTCH 

AByxKpaTHoe yBe.11.H'leHHe KBaHTOBoro BhIXOAa pa3pymeHHSJ H}'KAeOTlfAOB, 'ITO 

SJB.11.He'l'Cll C.11.eACTBHeM HOHH3all,HH H yqaCTitSJ peaKD,HoHHo-cnoco6Horo OH 

P<IAHBa.ha B cpOTopa3AOJKeBlle (CM. peaKD,HH B pa3Ae.ll.e 6.2) . KBa.ffToBhle BhlXOAhl 

pa3pymeHIDI H}'KAeQTHAOB (H norepH xpoMocpopa) 6o.11.ee 'leM B 10 pa3 BUI.Ile IIpH 

193 HM o6AyqeHHH B CpaBHeHHH c 254 HM. TaKHM 06pa30M, B e.11.yqae aAeHlifH 

COAepJKa.IWfX CQeAHHeHHH OCHOBlil>lMH lj;>OTOllpOA)'KTaMH llpH 193 HM o6.11.yqemnm 

llB.ll..llJOTCSJ TaKOBble pe3yAhmpyi<>~e OT HOHH3aD,HH. 
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6.4 ryauHH e ero npoH3BOARhJe 

B cpaimeHHH c y-PaAHOAH30M, HH<t>opMaD,H.11 o <t>oroXHMHH ryaamia H ero 

npoH3BOAffhlX c 254 HM H, TeM OOJ\ee c 193 HM, o'leHh CKYAHM (Steenken S., 1992, 

Vieira A.J.S.C. ea. 1993). 3-ro, B qaCTHOCTH, SJB.11.HeTcSJ C.11.eACTBH:eM ero BblCOKo:H 

cj:>OTOXHMlf'leCKOH ycroH<nmocnr. <l>OTOHOHH3aD,liSJ Ha6.IUOAdJ\i!Cb c 
HCI.l0Ah30BaHlieM MOIIl,Horo Aa3epaoro B3J\yqeHHSJ c 266 HM (B YC.11.0BHIIX 

AByxcryIIeH'laToro B036pKAeHHJI) H 193 HM (OAHOKBaHTOBOe B036y;JKAeHBe) c 

KBaHTOBLIM BLIXOAOM 0.034-0.051(193 HM, Candeias L.P. ea, 199~, Gurzadyan and 

Gomer, 1992). Ha.MM TaKJKe HCCJ\eAOBa.11.0Ch o6pa30BaHHe CBOOOA,lihlX OCHOBa.HBH B 

poly G 3a C'leT pa3phlBOB N-rAHK03HAffOH CB.113H: c/>1r = 4.5; 7.3 H 12·10-4 B 

II.pHcyrCTBHH aproHa, KHC.11.0poAa H N20, COOTBe'l'CTBeHHO. 

7. J\.a3epHasi: cpoT06HOAOI'IDI A.HK 
7 .1 J1HaKTHBaIDfH II.M3MH,A 

MoH03KCIIoHeHI(HaA.hHall 3aBHCHMOCTh BhlJKHBaeMoCTH llAa3MHAffOH AHK OT 

A03hl o6J\yqemrn c 193 HM npH TpaHccpopMa.D,HH 6aKrepHfl E.coli K12 AB1886 H 

ABl 157 (pHc. 22) yxa3hIBaeT Ha OAffOYAapHhlH MeXaHH3M HHaICTBBaIJ,HH llAa3MHA. 

AP 
NtNo 

0 

w-• 

···~-.... 
OP 

AB 1886 

10-2 

0 50 100 150 

PHCJHOK 22. Ao3a, A;JK./M2 

Pa3HKD,a B HaK.11.0Hax 3TIIX AByx KpHBhlX COOTBeTCTByeT BKJ\aAY AHMepoB B (6-

4)cpOToIIpoAy-KTOB B J\eTdAhHhlH <t><rronpoAyxT. /ViJl AB2480 H3BeCTHo, 'ITO KiiJKAh!H 

AHM:ep SJIWleTC.11 J\eTa.11.bHblM (Howard-Flanders P. and Boyce R.P., 1966). 

06HapyJKeHo, 'ITO AHMepbl npH 193 HM, TaK JKe KaK H IIpH 254 HM 06.1\yqeHHH, 

SJBJUIIOTCff OCHOBHblMH .ll.eT8ALHLIMK cpOTOllpoA)'KTaMH; KBaHTOBbie BblXOAhf 

OCTdAhHhlX <t>oTonoBpeJKAeliHH 3Ha'l.H"J.'eAhHO MeHhUie KBaHTOBoro BhlXOAa 

HHaKTIIBaIJ,BH. B e.11.yqae E.coli K12ABl157, 3$cpeKTHBHo perrapBpyt<>J.D,HM AHMephI 
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H (6-4)cpOTOIIpoAyxTbl, OCHOBHblMH AeTaAbHblMH IIOBpe;JKAeHIDIMB S!BMIIOTCll 

OAffOHHTelihle pa3ph1Bbl qeneii: AHK H ocso6o;JKAeHHhle oceoBaJUIH. BKAaA 

ABYJUITeBbIX pa3phlBOB B HHaICTHBar(HIO ABl 157 MeHI>me 15%. B CAyqae AB1886 

30-40% AeTaALHbIX n~~JKAelilfii jlBMJ:IOTC.li AJIMephI H (6-4)cpOT01IpoAyKTbl, 

OCTaALHoe - OAffOJilITeBble pa3ph1Bhl H pa3phIBhl N-rAHK03lfAHOH CB.li3H. 

7.2 PoJ\b pa3pblBOB neneH AHK B HHaKTHBaIUIH IWl3MRA 

TipoqeccbI, npoTeKaIO~e B KAeTKax MOAeAHpOBaAHCb c BCIIOAb30BaHHeM 

rrpOTeHHoeoro aKcrpaKTa H3 6aKTepHaJ\hHbJX 1maMMOB E.coli AB1157 (AHKHH THil 

no pena~B) H AB2480 uvr- rec -. TIAa3MHAHaJI AHK pBR322 noCAe o6Ayqemrn 

c 254 HM lfHKy6HpoB&'l.aCb B npoTeBHOBOM 3KCTpaKTe rrpH 37° c H 3aTeM c 

IIOMOJI:(blO reAb-3AeKTpocpope3a HCCAeAOBaAaCb Ha o6pa30BaHHe OAHO- H 

ABYJUITeBhlX pa3phIBOB. Ha6AJOAMOCb cpepMeHTaTHBHaJI Tpaec¢opM~ 254-HM­

BH,!l,~poBaHHblX cpOTOIIPOA)'KTOB (IIHpHMffAHHOBhlX AffMepoB H (6-

4)cpOTOIIpoAYKTOB) B OAHOHHTeBhle pa3ph1Bhl (pHC. 23). 

OP/MoAeKyM 
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PHC:yHOK 23. 
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BpeMji BHKy6ar(HB, MHH 

OrMeTHM, 'ITO B YCAOBHHX 3KcnepHMeHTa He Ha6AIOAMOCb o6pa30BaHHe 

AByeHTeBhlX pa3pbIBOB. 6e3 HHKy6ar(HH B 3KCTpaKTe (eenoCpeACTBeHHO IIOCAe Y<I> 

o6AyqeHHH) rrpaKTIAeCKH He o6pa3yeTC11 pa3phIBOB. TipB BHKy6ar(HH JKe npB 

BpeMeHax MeHI>me 3 MHH KOJIHlleCTBo OP yseA.H'lHBaeTcll H 3aTeM nepeXOAHT Ha 

eacbllr(eHHe. 3aBHCHMOCTb OP OT A03bl Y<I> o6Ayqemrn yKa3hIBaeT Ha 

¢epMeHTaTHBHoe TpaHccpopMHpoBaHHe Y<I> rrospe;JKAeHHH. 

MoH03KcnoHeHI:(HaALHaJI 3aBBCBMOCTL KOMl'leCTBa c pa3pblBOB OT A03hl (pBc. 24) 

CBHAeTehbCTByeT 0 TOM, 'ITO OAHJi cpoTOilpoAyKT TpaHCcpOpMHpyeTC11 B OAHH 
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pa3phlB. }113 pBC. 24 BHAffO, 'ITO KBaHTOBble BbIXOAhl 6HOAOI'H'leCKOH BHaKTHBdr(HH 

.JIP.H TpaHccpopMar(BH 6aKTepHH E.coli ABl 157 H 3H3BMamqecKH-HHAyr(HpOBaHHhIX 

pa3phIBOB OAHHaKOBbI (o6a KpBBbIX napaA11.eJ\bHbl). OrMeTHM, 'ITQ...KBaJITOBbIH 

BbIXOA JIHPHMffAHHOBbIX AHMepoB npBMepeo B 20 pa3 MeHbIUe KBaHTOBoro BbIXOAa 

HH~r(HH B E.coli ABl 157. TaKHM o6pa30M, 6oAee 90% AffMepoB 

penapHpyi<>TCH B 6aKTe_.P!UfX c IIOMOlr(blO uvr CHCTeMbl. 0CTaBIIlaJIC.li 'ldCTb (10%) 

He penapHpyeTCH uvr cBcreMoii: H ocraeTCH KaK eepenapHpyeMhie OP. TipHpoAa 

3THX eeperrap11.pyeMhlX OP CAeAyi<>lr(aJI: B npoqecce 3H3HMaTHqefKOH pen_apar(HH, 

KaK_ npoMeJKYTO"'IHoe 3BeHo, o6pa3yeTcH OP Ha MecTe AHMepa. O<ieBffAHO, TaKOH 
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50 

OP penapHpyeTcH 3H3HManrqecKoli CHCTeMOH penapaqHH. OAHH THII 

IIOBpeJKAeHHH TpYAHO penapepoBaTb, 3TO-ABYHlITeBhle IIOBpeJKAeHBH. Bo3MOJKHOe 

o6'bllcHeHHe B HallleM CAyqae MOJf!;.eT COCTOHTb B CAeAyiom;eM: OAfiOHHTeBoii: 

pa3phIB HAH npo6eA B AOqepHeil: HlITH HanpoTIIB cpoTOAHMepa. O'leBHAffO, TaKOH 

nm OAffOHHTeBOro pbl3phlBa He MOJf!;.eT '6hITb penapHpoBaH uvr CHCTeMOH 

penapal\HH. 

npH o6AyqeHHH IlAil3MffAbl c MHHOH BOAflhl 193 HM, KaK 6mo IlOKd3aHO 

BbIIIIe, 3<l><PeKTHBHO o6pa3)'IOTC11 OAHOHHTeBble pa3pblBhI. M1ayt>aqID1: 193 HM-
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0611.}"IeHHo:H IL'\a3MffAbl B nporeHHOBOM 3KCTpaKTe Il3 E.coli ABl 151 npIIBOp,HT K 

noJIBAeHHIO AByHHTeBhIX pa3phIBOB. CpaseeHHe HHilKTHB<ll\HH IIA.a3MHAhl c KpIIBO:H 

COOTBeTCTBYJO~eH: AByHHTeBbIM pa3pbIBaM lI03BOJUieT BLUIBHT:b 6HOll.OI'Il'leCKYJO 

pohh 3H3HMaTH'JeCKH o6pa3yeML1X /JJ': HX BKMA COCTaRJUieT 20-30%, OCHOBHOH JKe 

BKJ\ilA B IIH~HIO IIAa3MHA HMelOT eenocpeACTBeHHo (M3epeo) 

HHA~YeMhte OAffOHHTeBbie pa3phIBbI. 

1.3 Hua1crmww11 6aKTepd E.coli 

B 3TOH qacm npHBOAffTC.11 pe3yADTaTLI no11.yqeHHhle npH HenocpeACTBeHHOM 

o6AyqeHHH 6aKrepHii E.coli K12 AflHHaMII BOAR 193 H 216 HM. VicCheAOBaAHCb Y<I> 

HHaJ<'l11JlaqHH H qxrropeaKTHBaI(Hll 'leTLJpex urraMMOB c pa3AH'IHb1Mll. 

pena~OHHLIMH MfTaIUffiMH, pe3yhhTaTbl cpaBHll.BaAHCb c TaJ<OBhlMH npH 

o6AyqeHHH c 254 HM. 0AHHM H3 OCHOBHbIX pe3yhhTaTOB .llBA.lleTC.11 TO, 'ITd 
6aKrepHH E.coli IIpH 06.11.yqeHHH c 193 HM HHaKTIIBI!pYJOTC.11 3a C'leT IlOBpeJKAeHIDl 

AHK. HO He 6euoB MeM6paH, Kaic HMeeT MeCTo B CA}"Iae KAeToK MAeKonHTaIOII\HX 

(Cadet J. ea, 1992). 6e11.KH TOAbKO AHIIIb 3a~illOT AHK OT BaK)'YMHoro Y<I> 

aor11.o~a11 'laCTb H3AyqeHIDl. fiJ>yro:H oceoaeo:H pe3yAbTaT: IIITaMM E.coli ABl 151 

penapHpyeT cpOTonoBpeJKAeHIDI xpoMOCOMHOH AHK 3Ha'lHTeAbHO 3<t><PeKTHBHee 

apH 0611.yqeHHH c 254 HM, tieM npH 193 HM. 

KpHBhle ahlJKHBaeMOCTH AJU1 'leThlpex IIITaMMOB 6aKTepH:H E.coli K12 

AE1157 (D) , AB1886 (O), AB2463 (ll.) H AB2480 (V) nOChe 0611.yqeHIDI c 193 HM 

apHBeAeHbl ea pHc. 25 (AJUI CAyqa11 AB1151 AOJa AOAJKHa YMHOJKaTbCH ea 10) . 

3aaHCHMOCTH N / N0 OT IlilAdJO~eH AOJhl AHHeHHhl AJU1 AB 1886, AB2463 H 

AB2480 yxaJbUl<Ul Ha OAffOYA<lPHhlH MeXaHH3M, H eeJHa'IHTeAbHO BbireyTLI AJUI 

AifKOro urraMMa AB 1151. <I>oropeaicTHBaI(Hll, Kaic H3BeCTHo HBA.lleTcH 

BhlCOKOceAeKTHBHhlM npo~eccoM AJU1 o6eapYJKeHHH AifMepoB (Heelis P.F ea., 1993, 

Sancar A and Tang M.S., 1993). CeKTop <t>OTopeaJ<THl!aqHH AJUI Tpex MHH BOAR H 

'leTblpex IIITaMMOB 6aKTel9Hii IIPHBeAeH B Ta6~e 12. 

Ta6AHilQ 12. 

AAHff<l BOAHhl, ILJ\i AB1151 AB1886 AB2463 AB2480 

254 <3 85 ± 3 81 ± 3 88 ± 3 

216 <3 63 ± 8 68 ± 8 80 ± 3 

193 <3 61 ± 3 70 ± 3 70 ± 3 
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PHCYHOK 25. 
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KaK BHAJIO, HCKJUO'lilli AHKHH unaMM ABl 157 (KoTopwli 3cp$eKTHBHO penapRpyeT 

AHMephl TeMHOBOH CHCTeMOH penap~HH KAeTOK), B Tpex OCTaAbHblX IIITaMMax 

ceKTop tj:>oTopeaKTI1Ba1µrn 60Ab10e 60%. 3To yKaJbIBaeT ua o6pa30BfilfHe AHMepoa 

B xpoMocoMHOH AHK Aa:JK.e npH 193 HM. KBaHToBbIH BhlXOA HHaKTHBa~1n1 

xpoMocoMHOH AHK pacc'IHThlBMcH no c11.eAYJO~eli cpopMyAe 

<Dina = (330 x Na)l[D37 x T(A.irr) x i:(A.irrl x MW(AHK) x Jn10] 

rAe Na 'IHCAO AsordApo, T(A.irr)-onTHtJecKa11 npo3pa'IHOCTh KAeToK Ha AaHHOH 

AAHHe SOAHbl, E(Ajrr) - MON!pHbIH K03cpcpHI.\HeHT IIOl'AO~CHWI. AHK H MW = 2·1 o9 

r/MOAb, MOAeKyAHpHbZH sec 6aKTepHaAbHo:il: AHK; 330 - cpeAffHH MOAeKyAHpHhlH 

sec eyKAeOTHAOS (Ta6AH11a 13). 

Ta6AH11a 13. c1>ina. ( 10
4

) 

Ai\.HHa BOAHbl, HM T AB1157 AB1886 AB2463 AB2480 

254 0.80 0.032 0.90 1.9 29 

216 0.48 0.027 0.34 0.91 15 

193 0.30 0.077 0.59 0.99 12 
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CpastteHHe KBaHToBhlX Db!XOAOB HHaKTHBaIJ;HH AAfl AB 1157 noKa3b!BaeT ocaosnoif 

DKAdA HOID!3al.\HOHHblX noBpeJKAeHHH llpH 193 HM (OAHO- H ABYJUITeBble pa3pb!Dbl, 

pa3pymeHHe ttyKAeOTHAOB H ocBo6oJKAeHHble ocHoBaHHS!). B CA)"Iae AB2480 npH 

scex Tpex AAHHdX BO.l\.H AHMepbi S!BNIIOTCll. OCHOBHblM AeTa.hbHblM ¢oTOllPOA)'KTOM. 

7.4 Pa3pymeHHe 6eAKOB 
lrbBeCTHo, 'ITO oCHOBHOH MHIIleHhIO rrpH HHaKTHBaq1rn 6aKTepHli E.coli K12 

npH o6A)"IeHHH c 254 HM lfBAll.eTCH AHK (Howard-Flanders P., and Theriot L., 

1966). CTpR uepexoAe c 254 K 193 HM 3Ha'fl!TeAhHO yseAwnrnaeTcH norAom;emi:e 

6eAKOB COAepJKal.lV{X apoMaTH'IeCKHe aMHROKHCAOTbl, TaK AAfl apoMaTH'IeCKHX 

aMHHOKHCAOT MOAf!pHbIH Ko3¢<\>HqHeHT norAom;eHIUl CTaHOBHTCll. B 100 pa3 

60AbUie, H B 2-3 pa3a 6oAbUie 'IeM TaKOBOH AAfl H)'KAeOTHAOB (Repeyev Yu.A. ea, 

1992). Y'IHTb!BaH Bb!COKHH KBawroBbiH BhIXOA pa3pymeHHH aMHHOKHCAoT npH 193 

HM (0.1-0.24) npoH3BeAeI!He <f>_, • b (3¢¢eKTHBHOCTb RHaKTHBaqHH 6eAKOB) 
aec 

CTaHOBHTOI Ha 193 HM 8 1000 pa3 60AbUie, •reM Ra 254 HM (Nikogosyan D.N. and 

Gomer H .• 1992). CpasHemre cpeAHHX AeTaJ\bHblX A03 AAfl Tpex AAHH BOA.II 

o6Ay'IeHHH B cA)"Iae AB2480, OAHaKO JKe, yKd3b!BaeT Ha npeHe6peJKHTeAhHO 

MaJl.)'IO poAb BKAdAa pa3pymeHW! 6eAKOB B HHaKTJ.l:BaqHIO 6aKTepHH: Ha AJ\HH~ 
BOAHbl 193 HM A03a B 8 pa3 6oJ\hllle, 11eM Ha 254 HM. OcHOBHM cpyHKI.\IUI 6eAKOB H 

APYfHX I<AeTO'IHhlX KoMnoHefITOB, TaKHM o6pa30M, siBAS!eTCH AHIIIh 3am;HTa 

sttyTPHKAeTO'IHOH AHK OT o6A)"IeHHH c 193 H 216 HM, HO He RHaKTHBaIJ;HH. 

AorroAHHTeAbHblMH apryMeHTaMH B noAl>3Y JToro BbIBOAa l!BMlOTCH: 

a) HaNi'IHe 3¢¢eKTHBHOH <t>OTopeaK'flo!Bdl.\HH Ha AJ\HHdX BOAR 216 H I 93 HM; 

6) cym;ecTBeHHaH paJHHl.\a B KBaHTOBb!X BbIXOAdX 1rnaKTHBal.\HH AAfl uvrA + H 

uvrA· CHcTeM, yKa3blBaIOm;aH Ha 6oAee 'IeM 90% BKAdA nospeJKAeHHH AH.K 

(AHMepoB H (6-4) cpoTOilpOAYKTOB) B HHaKTHBaqino 6aKTepHH. 

7 .5 CpaBHeHHe HHaKTHBaUHH Il.hd3MHA H 6aKTepHH 
Ha MffHC BOAHbl 254 HM KBaHTOBblH Bb!XOA 1rnaKTHBaqHH E.coli K12 AB2480 

AAf1 llAd3MHAHOH, H xpoMOCOMHOH AHK OAHHaKOB B npeAeAax <t>aKTopa 2 (Ta6AHI.\a 

14). 3TO )'Ka3b1BaeT Ha TO, 'ITO BO scex 3TRX cA)"-IaHX AHK HHaKTHBHpyeTcsi 3a 

C'leT eA1UIW!HOf0 ¢oTOAHMepa Ha reHOM. Bee ocraJ\bHble ¢oToilpOAyKTbl HMe!OT 

MeHhUIHe KBaHTOBble sifx:OAbl (CpaBHH AaHHble Td6A. 9 Ii 14). OaKTepHa.hbHblH 

UITaMM AB2480 He MOJKeT penapHpoBaTh <t>oTOAHMepbl uvrABC cHcreMOH 

penapawm. a TaKJKe ABYHHTeBble pa3pb!Bhl, so3IrnKa10m;He KaK npoMeJKyroquoe 

3seHO npH HeyAa'!HOH nonhlTKe peIL'\HKdl.\HH AHK coAepJKam;eli AHMep. 
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Bbl)1arnaeMocrh IIAa3MRAHOH H xpoMocoMHOH AHK s E.coli K 12 AB2463 

OAHHaKoBa; KBaHTOBble BblXOAhl HHaKTKBdl.\lIB H3MeHHlOTOI B rrpeAeAax 1.8 • l 0-4 -

2.7·10-4 AAfI E.coli HOT l.2·10-4 AO 4.0·10-4 AAfI paJ.llH'IHblX cparos H IWl3MffA. TaK 

KaK perrapdl.\IUl ABYHHTeBblX pa3pbrnos B )'KaJaHHOM IIITdMMe (rec-) OTcyrcrnyeT, 

MOJKHO JaKAIO'!HTb, 'ffO 3H3HMaTH'leCK<UI'. penapaI~IUl uvrABC CHCTeMOH B o6eHX 

nmax AHK npaKTH'IecKH OAHHaKosa. YKa3aHHoe 3aKAIO'ieHtte OTHOCHTClf K 

nHpHMHAHHOBhlM AHMepaM. 

Ta6AH~a 14. KBaHTOBhle BblXOAbl (l0-4) RHaKTRBa~HH AAli pa3Hh!X fomo6'beKTOB 

Ha AJ\HHe BOAHhl 06A)"IeHHH 254 HM (BhI'IHCAeHlJ c HCll0Ab30BaHHeM 3Ha'leHHH 

cpeAHHX A03 HHaKTHBa!.\HH A03a37 H3 Gurzadyan ea, 1993, Radman ea, 1970, 

Ogawa ea, 1968, Tyrrell, 1979, Nikogosyan ea, 1986, Howard-Flanders ea, 1966, 

-Hodges ea, 1980, Webb and Brownn, 1976, Strike and Lodwick, 1987). 

6Ho06'beKT MoA.Bec (106) AB2480 AB1886 AB2463 AB1157 

pTZ18R 1.89 31 4.3 4.0 1.6 

pBR322 2.88 27 - - 1.8 

<Dar A. 33 4.9 2.3 1.3 0.4 

- 6.3 - 1.3 

- 5.9 - 0.85 

18 - - -

6.8 5.2 1.8 1.1 

<Dar Tl 31 - 8.2 2.6 2.1 

E. coli 2000 28 0.7 1.9 0.012 

14 0.37 - -
28 - 1.2 -

- - 12.8 0.023 

27 

I ~.7 I ;.8 

-
- 0.045 

B IIITaMMe AB1886, uecnoco6Hoif perrapHposaTh AHMephl H (6-4)¢0TonpoA)'KThI, 

HHaKTHBa~HH xpoMocoMnoii AHK s 10 pa3 MeHhUle, 'leM UAa3MHAHOH. 

06HapYJKeHa TaKJKe cym;ecTBeHH<UI pa3HH~a B KBaHTOBblX BhlXOAdX HHaKTHBaqHH 

Ha scex Tpex MHnax BOAR 193, 216 H 254 HM Al'UI E.coli K12 AB1886 R oco6euuo 

ABl 157 AAf\ IIAa3MHAHOH 'ii xpoMocOMHOH AHK; TaK AM 193 HM <Pina.- s 35 H 180 

pa3, cooTBeTcrBeHHO Bh!Ule AAl! IIAa3MHAHOH AHK. 3ToT ¢aKT o6'M!CHHC'l'Cll 

49 



HeAOCTaTO'IHOH 3¢cpeKTHBHOCThIO recA CHCTeMbI penapan;m1 A/\JI IIJ\a3MHA 

CAeACTBHe eAHHH'lHOfO aKTa HHQJHqlipOlliUlHH KAeTOK. 

3AKAIOllEHJ1E 
OcHOBHhle BhlBOAhl. 

1. npeMOJKeHbl HOBble IlpH6AHJKeHHble cPOPMYJW MJ! paC'leTa. yr.11.0B 

CHHXpOHH3Ma B OAlfOOCHhlX H AByxOCHhIX HeAHHeHHhlX KpHCTaAAax. 

2. TeopeTH'!eCKH H 3Kcnepn:MeHTaAhHO n:ccAeAOBaHo AByxKBaHToBoe norAoll\etrne 

B KpHCTaAAaX npH HaAH'lHH AByx<t>OTOHHOfO IlOfAOll\eHlUl KpHCTaAAH'leCKOH 

perneTKlf H AByxcryneH'laToro norAOll\emrn MOAeKyA npHMeceH:. YKa3aHo, 'ITO MJ! 

KOppeKTHOfO onpeAeAeHHH K03<P<PHn;HeHTa AByxcjJoTOHHOfO IIOf.l\Oll\eHHH 

He06XOAfiMO HCll0.l\h30BaHHe HHTeHCRBHOCTeH Aa3epHoro H3.l\y<IeHHH > 0.5 

fB-r/cM2. 

3. 06HapYJKeH H TeopeTWieCKH H 3KCllepHMeHTaAhHO HCCAeAOBaH 3cpcpeKT 

pac¢oKycHpoBKH .11.a3epttoro Y<l> H3Ay<IeHHH B He.hl1Hei%no norAoIIt;aIOll\HX cpeAax 

(AByx<!>OTOHHOe IlOfAOll\eHI!e B BOAe). npeMOJKeH HOBb!H MeTOA H3MepeHHH 

K03<P<Pm.weHTa AByx<t>oTOHHOfO IIOfAOIJ~eHHH H AOKaAhHOro H3MeHeHID! 

TeMrrepdTYPbl B 06AyqaeMOM yqaCTKe cpeAbl. noKa3aHO, 'ITO TeIIAOBb!MH 

:>cpq>eKTaMH npH IlHKOCeKYlfAHOM Aa3epHOM o6A)"Iemrn 6HOMOAeKyA B BOAe 

MOJKHO rrpeHe6pe'lh. 

4. npeMOJKeH HOBblH MeTOA H3MepeHIDI '!Hpna YAhTpaKopoTKOfO HMnyAhca C 

IIOMOll\hIO HeAHHeliHoro AHHaMH'leCKOro crreKTporpacpa c BpeMeHHb!M 0. 1 nc H 

cneKTpaAbHh!M pa3peUJeHHeM 0.02 HM. Yl3MepeH '!Hpn OAJiHO'lHoro 

IIHKOCeKYHAlfOfO HMnyAhCa .ll.a3epa Ha <PoccpaTHOM CTeKAe H H3Ay<IeHHH 

IIHKOCeKyHAHOfO KOHTHffYYMa. 

5. CHCTeMaTWieCKH HCCAeAOBaHa epOTOXHMHH H cpoT06HO.l\OfHH 1fYKAeHHOBb!X 

KHCAOT H HX KOMIIOHeHTOB npH .ll.a3epHOM o6Ayqemrn c f0..l{HOH BOAHbI 193 HM. 

TioKa3aHO, 'ITO Aa3epHoe H3Ay<IeHue c 193 HM HOHH3YeT MOAeKYJW IfYKAelfHOBhIX 

KHCAOT no OAHOKBaHTOBOMY MexaHH3MY· Yl3Mepen KBaHTOBLIH BhIXOA HOHH3dll;HH 

AAH pHAa MOAeAhHhIX MoAeKyA HyKAeHHOBhIX KHc.11.oT. 

6 . npeA,\OJKeH MeTOA orrpeAeAeIDIH 3cpcpeKTHBHOCTH nepeXOAd c 

BblCOKOB036y)KAeHHOf0 Ha nepBhIH B036yJfY\eHHb!H 3AeKTpOHHhIH ypoBeHh 

M0.11.eKy.ll. C IIOMOll\hlO QlOTOAH3d. CTOKd3dHO, '!TO B M0.11.eKyAaX HyKAelrnOBhIX KHCAOT 

AHMepb!, l'lfAPaTbl, (6-4)¢oToIIpOAYKThl o6pa3YIOTCH TOAhKO c HH3KOAeJKall\ero 

ypoBHH S1 (HAM T1). HO He c S2. YIJMepeHa 3cpcjleKTHBHOCTh 5e3bl3Ay<IaTeAhHoro 

50 

S2 ----->S1 rrepexoAa AAH PHAa KOMilOHeHTOB nyKAeHHOBhIX KHCAOT: TpT, UpU, 

CpC, CpU, dCpT, ypan;HA, ypHAJiH, .opoTI!'leCKaH KRCAoTa, 5-UMP. Otta HdXOAHTCH 

B AHanaJoHe 0.5 - 1. 

7. BcecropOHHe HCCAeAOBalla <PoTOXHMHH I\HT03RH, ypan;HA H aAeHHH 

COAepJK~HX HyKAeHHOBhIX KOMilOHeHT, H3MepeHh! KBaHTOBble BbIXOAhl no-repH 

xpoMoq>opa, pa3pyrneHHH ffYKAeTOHAOB, o6pa30BaHHH fHApaTOB H AffMepoB (A/\JI 

nHpHMHAHHOB) B pa3AH'lHhlX ye.11.oBJIBX 3Kcnep11MeHTa (ra3, MffHa BOAHbl, 

HHTeHCHBHOCTh H3Ay<IeHIDI). 

8. Bb!HB.11.eHo 3cpepeKTil.BHoe 06pa3osam1e OAHO H ABynHTeBb!X p<i3pb!BOB ~erreli 

AHK. pa3pbIBOB N-rAHK03ffAHOH CBH3H, MeJKHHTeswx crnRBoK, AOKa.\l>Hb!X 

AeHaTYPHpoBaHHbix yqaCTKoB, pa3pymeHHH cy6cTpaTa (rIYK.11.eOTHAOB) np11 

06.11.yqeHHH AHK c J 93 HM. 

9. Bh!HBAeH MexaHH3M HHaKTHBa~HH IIAd3MHA 11 6aKTepHH E.coli Kl2 npH 

o5Ay<IeHHH c 193 HM. OcHOBHOH MHWeHhIO, aHaAOfH'l:HO c 254 HM, B 6aKTep1rnx 

E.coli K 12 HB.l\HeTcll AHK. Asoi1Holi MYTaHT AB2480 (uvr- rec-) HHaKTHBHpyeTcll B 

OCHOBHOM 3a Ct(eT !IHpHMlfARHOBhIX AffMepoB (KaK II.11.a3MHAHaH, TaK H 

xpoMocoMHaH AHK) . /MJt ARKoro lllTBMMa E.coli K12 ABl 157 ocHoBHh!MH 

ACTdAhHLIMH JlOBpeJKAeHRHMH HB.l\HIOTCH HHH3a~HOHHL!e cjJOTOIIpOAYKThl, 

OAlfOH:lrreshle pa3pbIBbl, pa3pbIBhl N-rAHK03lfAHOH CBH3H a rrospeJKAeHHble 

nyKAeOTlfAbl. 

I 0. BhlHB.11.eHa poAh OAHOHHTeBblX pa3phIBOB n;eneli AHK KaK npoMeJKYTO'l:Horo 

3BeHa B n;em1 o6pa30BdlUIH AeTaJ\hHhlX noapeJKAeHHH B Il.ll.a3M1fAe npH o6AyqeHHH 

c AJ\HHOH BOAHbl 254 HM li, COOTBeTCTBeHHO, ABymtTeBbIX pa3pb!BOB B CAy<Iae 193 

HM. 
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Gagik G. Gurzadyan 

LASER PHOTOIONIZATION OF DNA 

Summary 

New formulas for calculation of phase-matching angles in uni and biaxidl 

crystals are presented. Two-photon absorption peculiarities of KDP crystal at 216 

nm are studied. A new method of nonlinear dynamic speclroscopy for 

measerements of the picosecond pulse chirp is offered. Nonlinear thermal 

defocusing of laser radiation in water due to two-photon absorption is detected. 

Action of laser radiation of nanosecond and picosecond duration with 

wavelengths of 193, 216, 248, 266 and 270 nm, as well as of low-power UV light 

from conventional Hg-lamp on DNA. nucleic acids constiluents, plasmids and 

bacteria E.coli with different repair defficiencies was studied. Formation of single­

and double-strand breaks, covalent interstrand crosslinks, localy denatured sites, 

base release, destruction of ·nucleotides with high quantum yield was observed. It 

was shown that above mentioned photoproducts/photolesions are the consequence 

of ionization. 

Biological inactivation of plasmid (transformation of E.coli bacteria strains 

ABl 157 wild type, AB1886 uvrA. AB2463 recA, AB2480 uvrA recA) was studied 

upon irradiation at 193 and 254 nm; the monoexponential survival curves in all 

cases show that a single damage site leads to inactiwtion (one single hit). The 

biological consequences of different photoproducts are outlined. Inactivation of 

E.coli upon irradiation at 193 and 216 nm was demonstrated to be due to damage 

of intracellular DNA rather than to membrane or protein damage. 

Depopulation of highly excited electronic states of DNA model compounds 

was studied. Quantum yields of photodimers, (6-4)photoproducts and 

photohydrates in pyrimidine monomers and dinucleoside monophospates after 

excitation of the first and second excited states (254 and 193 nm, respectively) 

were measured. The efficiency of the internal conversion S2 ---> S1 was found lo 

be in the range of 0.5 - I for UpU, CpC, CpU and dCpT. 
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