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3anporoHoBaHa MOMENb Gl1OCHHTe3y puOoduaBiHy 1 (IaBIHOBHX Koxpepmem mo Oasyerbes Ha
EKCIIEPMMEHTATEHIAX  JIAHIX POOIT IO JOCIIHKEHHFO maﬁonnMy puCoduIaBIHY y APDKDEKB, Moeib BPaXOBYE
PIBHSIHHS (epMEeHTaTHBHIX peaxmﬁ i KiHeTWuHi HapaMeTpd. [laHa Mozenb YacOBMX 3MIH Bl:IIBo-pIOE’.
eKCIIepUMEHTAITBHO BUMIPSHI 3MIHHA Komempamﬂ MeTaboMTIB Ha IIPOTA31l pocTy KIITHH npmcmmx Pichia
quilliermondii. TecroM Ha pealbHICTH MOZET € ii 3IATHICTH KOPEKTHO Iepef0adudrd eQeKTH 3MIH YMOB
CepeIoBYIIla Y MyTAlll{. 3arpoTIOHOBaHA MOJIETb EMOHCTPYE TaKy MOXJIHBICTE. PesyJIbTam TIOKA3YEOTE,
1[0 MOJIETb BpaXxoBye 6araTo acliekTiB MeTabomi3My in Vivo i JomomMarae spozmm 1 OLIHUTH Heskd TIOMii,
[0 MalOTh MICIIE B IPOLIECI POCTY KIITUH APLKDIIB.

KJIFOYOBI CJIOBA: mofens MeTabomi3My, JuHaMiKa O10CHHTe3y prboIaBIHy.

JIuHaMiyHa TOBEMiHKA MeTabONIYHOI CHCTEMH € HAO3BHYAMHO CKJIAZHOK 1 TOMY HaWJacTime
HEMPOrHO30BaHa. TOMY, MOPAA 3 METOZaM¥ MOMEKy/IIpHoi 0iomorii Ta OioXIMIli, IIHPOKO BUKOPHCTOBYIOTHCA
3acO0M MOIEMFOBAHHA, fKi JO3BOJAIOT, mepenbadaTe pesynbratn momudikamii meraGomismy 30Kpema.
Po3poOnsaroThcs HOBi, 34ATHI A0 AOCHDKEHHA AMHAMIKM T4 NPOrHO3YBAHHA METONM MOZICIIOBAHHA, IO
3aCTOCOBYIOTBCA 1A BH3HAYCHHA METa00MIYHMX TOTOKIB, KOHUCHTpAIld Ta OIGHKHA PEryIMTOPHHX
BJIACTMBOCTEM cucTeM [1-6].

Pubodnasin, BitaMin B,, € nomepearukxoM (IaBIHMOHOHYKICOTHIY Ta cbnaBiHazeriHmvmeo'rm -
ko(akTopis A LIMPOKOTO KJ1ACy depmeHTIB METabOM3MY, MAE KOM&IJI[]HHV LIHHICTD AK H00aBka B Xap4OBiH
MPOMHCIOBOCTI 1 KUIBKA BHIIB (DIaBIHOTEHHMX MIKPOOPraHi3MiB, 30KpeMa J[deSKi BHOM APDKIDKIB,
BHKOPHCTOBYFOTbCA B MPOMMCIOBOCTI ANA BﬂpO6HHIITBd pubodmaBiHy wixoM (epmenTauwii. 3 ormwigy Ha
BKIMBY POMb AAHOTO MeTabomiTy MM BBaKATM 3a AOHiIbEe mopsx 3 GloxiMiunwMu [7-9] Ta reHeTHUHHMHU
aocmimkerHsaMu [10-12] 3acTocyBaTH METOZONOTIE KOMI FOTEPHOTO MOACTFOBAHHSA A0 JOCHI/HKEHHS JHHAMIKE
merabom3My pudbodaaBiHy. -

Jauna pobora He nmpereHaye OyTH 3aBEpPIICHOI BEPCICH0 MOACTI Memﬁommy pubo(naBiHy y APDKIKIB.
Hine poGotH mBuanie y ToMy, mob TPUBCPHYTH YBArY /0 npoﬁneMu 1 MOKA3aTH AKMM YHHOM MOJEIb MOXKE
OyTu cnoncrpynosaﬂa Ha OCHOBI BiZOMOCTEH npo perynsaTopHi 1 KiHETHYHI TAapaMeTpH CHCTEMH (4K B
CTaliOHAPHOMY CTaHi TaK i OpH 3a[aHuX JUHAMIYHHX YMOBAX). Pe3y/mbTaTd MOCHIOBAHHA B NOAATBIUOMY
MOXYTb OyTH BHKOPHCTAHI JIf IHII{iFOBAHHA 1 AK BKA3IBKM B HOBHX SKCIICPHMEHTANBHHX HOCTI/DKEHHAX (TAK
3BaHAM CKCIICPUMEHT HA OCHOBI MOJEIHI), PE3YILTATH JKUX (B ifeani) B CBOX YEPry JOMOBHATH MOZCNE —
THTOBHH ITEPAMIHHUHN WHKT CHCTEMHOT ieHTHOIKAIIT CRITAMHAX CHCTEM.

| METO/H
Mamemamuynuii  onuc memaboniynoi cucmemu. OYHIAMEHTANLHMMH PIBHAHHAMM /I c}rmcy
METAOO0JIMHHX CUCTEM € PIBHAHHA Klpxm(pa, Bmom sK PIBHAHHA MAcoBOro OaaHCy:

-—-._: z :Cf,._fav'}; "':1:29-"9"3 (1)
J=1 |

ne S; — KOHUEHTpanii MeraGomitis; v; — mBuEKOCTi peaxulﬁ WO KarajmsyroThca (epmenramu Fj,
G, cremomerpmna MATPHIIA, YTBOPEHA MATHMH LMY lmcnamn, TEPEBAXKHO 1, -1, 0, 1 QaxTHaHO MICTHTH

6mbme HyJB, OCKifbKM GimbHICTe (JEPMEHTIB UEPETBOPIOE INMIHE KibKA Me'raﬁmlma y CHCTeMl, IO
CKJIAJAETBCA 3 n MeTaboniTiB Ta m (pepmentis, C,; Oymen xm ManI{lZ[eEO |

Audepenmiambae piBHAHHA (1) AONOBHIOETBCA KiHSTHIHHMM pmmuum (bepmenris:
ViR V8, ByiProw  Byd 0 (D

b% 3arajibHOMY Bunam V; — He MIBHAKICTH peaxmi HA ONWHY

0 KiMBKOCTI /-1 (hepmenty BiaHOCHO 10
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OMHOTO 3 HOro MpoxaykTie (S,). Tomi C;v; BiamoigHo OyAe IMBHMAKICTIO peakuii j-ro (JEpPMEHTY aaa i-ro
MeTabomTy.

[lizcrasusmm Bupa3s (2) y pimmum (1) orpumyemo:
—f (Sl’ H’pl’ ’pm) 1 =]-)2"“’n$ (3)

Koruentpairii merabomiris (S;) 1 moroxu (vJ) € CHCTeMHMMHM 3MIHHHMM, SKi O0THCIIOIOTHCA 32 MOACTbHUMU
piBHAHHAMME (1-3), KiHETHYHI KOHCTAHTH (Py) BIMITPAIOTS PONb MAPAMETPIB, BOHH HE BH3HAYAKOTHCA B MOJe, a
OepyThCA 3 EKCEPUMEHTANIBHO M AHAJTITHIHO OTPHMAHKX KiHETHIHMX JAAHKMX i307bOBAHKX ()EPMEHTIB.

[MTapamerp pi Moke HaGyBaTH Pi3HOTO BHIILAY, HANPHKIAL, e MOXe OYTH KOHLUEHTpais (epMenTin (E)),
MaKCHMAIIbHA aKTHBHICTS (/,,), KoHCTaHTH Mixaemca-MeHTeH (K,,), KOHCTAHTH iHriGyBaHHs: (K;), KOHUEHTpaImi
30BHIIMMHIX eQEKTOPIB, aKTHBATOPIB (4) uM iAriGiTOpiB (I) TOIIO.

PiBranna (3) QopMyroTE CHCTEMY 3aJleXXHHX BiJ MAPAMETPIB 3BHYANHHX m@epe}mianbﬁnx PIBHAHD
NEPLIOro MOPAAKY, M0 ONMHCY€ MOBEAIHKY MeTabosmiunoi cucreMn. DyHKIiA / € HEMHIMHOK0 3aBIAKH Mepebiry
0i- Ta TPHMOTCKYIPHIX peaxuii -y MerabomaHOMY JIAHIROTY TEPETBOPEHb 1 HEMIHIHOMY Xapakrepy
KIHETHYHHX PiBHAHL ()epMEHTIB, TOMY, Y GLIBIIOCTI BUNAAKIB, PO3B’A30K TAKOI CHCTEMH PIBHAHbL HE MOME OyTH
OTPHMAHMH AHATITHIHMM OUIIXOM, 8 MOTPE0YE BUKOPHCTAHHA YHCEIbHUX METOIB.

Cmayionapnuii cman cucmemy BH3HATAETBCS YMOBAMH, 33 SKMAX 4YaCOBA TOXIAHA CHCTEMH 3MIHHHX
JOPIBHIOE HYJHO, TOOTO

f(Sp)=0. (4)

BinmosizHOo 10 OCHOBHOrO BU3HAYECHHS CTANIOHAPHOCT] JAHAMITHIX CHCTEM CTAIIOHAPHMM CTAH POSLIAIAECTHCA
SIK CTAOLIbHAM, SKIIO MC/1 NePTypOalii CHCTEMA IOBEPTAETHCA IO BUXIHOIO CTaHy. S0 CHCTEMA MOBEPTAETHCS
JO CTaOLIBHOCTI NPH /—> 00 , TO TaKa CHCTEMA HA3MBAETHCA ACHMIITOMATHIHO cTabimbHOkO [13].

Hunamivni sminu. s 00IMCICHEA THHAMIYHHX 3MiH HeOOXifHO PO3B'SA3aTH CHCTEMY Au(EepeHIiaTbHUX
PIBHAHS (3) 1A 33JaHUX 3HAYCHb NMApaMeTpiB. 3arajioM YacoBa 3aMEXKHICTh CHCTEMHHX 3MiHHHMX BH3HAYAETHCA
OIIAXOM YHCEIBHOr0 IHTErPyBaHHA KOHOCHTPalli# MeTabOIMITiB YH IIOTOKIB AK ()yHKIiH Bix 4acy.

MonenbHuM €KCHEPHMEHT IPOBOAMBCA 3 BMKOPHCTaHHAM 3aco0iB Gepasi 3.1 [14;15] (mporpamu MS
Windows g MOAEIIOBAHHA CTALIOHAPHUX CTAHIB i YacoBoi MOBeMiHKHM GioXiMivemx peakiii). Kierwdmi
3MIHH] Ta MAPAMETPH. HEOOXITHI U1 PO3PAaxyHKiB, B34Ti 3 JocTynHuX 6a3 manux (INTERNET) i 3 mitepatypHux
JaHHUX 1O NpobeMi JOCKIDKEHHA Gi0CHHTE3y puGoQnaBity ApLKIKAMH.

MOJAEJIb

CyxymHiCTs peaxiii, sxi 6epyTh y9acTs Y MeTabomi3Mi (PnaBiHiB y APIKIDKIB i Gymu MOKIAAEHI B OCHOBY
Mopeni, mpuBezieHo B Ta6nm 1 ITyprHOBI HmOmEpeXHMKH NMEPETBOPIOIOTECA y PHOODMABIH i Mami v draBiHOBi
xopepmerTy ®MH i @PA/l, miamaroThCA CKIATHOMY PETYIATOPHOMY BIUIHBY AK 30BHILIHIX, TAak i BHYTPilIHiX
epexropiB [16-18]. Crpykrypa Merabomigroi cHCTeMH Ta KiHeTHKa ii (pepMEHTIB Ormmcami BiNOBIZHO IO
EKCMEPUMEHTATLHUX AaHUX [19-22]. Ha oCHOBI gaHuX NMpO KIHETHYHI BJACTHBOCTI AOCTIKYBAHOI CHCTEMH
CKJIAZICHA CHCTEMA MH(pepeHIianbHUX PIBHAHD, OIMCAHUX BLIIOBIAHO A0 PiBHAHE MacoBOro Gamaxcy (1):

dGTP

TR (5.1-5.11)
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BpaxoByr4# CKMAIHICTh OTPHMAHOI CHCTEMH 1 KOPCTKI YMOBH, AKAM MOBHHHA 32A0BOILHATH CHCTEMA,
o6 HOCATHYTH CTAIOHAPHOCTI, 3HAYEHHA KIHCTUYHHX MAPaMETPiB (epMeHTaTHBHUX peakiii mizbpani
OBiTLHO HA OCHOBI AHAMI3Y 3I6PAHMX EKCIEPUMEHTAIbHAX IAHAX i TAKAM THHOM, 00 BiATBOPIOBATH XapaKTeD
3MIH B 94Ci KOHLEHTPAUi#f MPpoAyKTiB HiocunTe3y omucanux B poborax IlaBnoscekoro i crisp. [23-24].

- Tabmwua 1
Onuc (epMEHTATUBHUX PEaKUii AKI NMPUAMAKOTh Y4aCcTh ¥ METab0ai3M1 pHOODIaBIHY ¥ APIKIAIB _
3§ ;o [
Homep K® Ha3ga depmenTy Cxema peaxuii |
peaxuii |
R1 35425 GTP-mMIIori Aposiasa a GTP + 3H,0 = HCOO+ PP; + 2,5-muamitio-4-0kCH-6-
" . pHGO3FTAMIHOTUDI MAIIH-5 -(ocdaT
¢ 2,5-mMaMiHO-4-0KCU-6-pHOO3 M IAMIHOTIMPIMUIAH-5 - i
e bt S ¢ocar + NADPH = 2, 5-mamiHo-4-0K cH-6-prbiTHI- |
| amiHomprMl-IH-3 -pochat + NADP™
R3 35496 A D 2,5-miamMiHO-4-0KCH-6-pUOI TIIaMIHOTTIPUMI TUH-5 »
Hes docdat + H,0=5-amizo-2 4- THOKCH-6-pACI TWIAMIHO-
mpuMiIHH 5 -docdat + NHi |
R4 313 Docarasa® 5-aMiHO-2 4~ TUOKCU-6-PUCITUIaMIHOTH UM THH-5 -
- - docdar = S-aMir0-2 ,4- THOKCH-6-DHAOI TATAMIHOTT PAMI THH
RS o 3, 4- T APOKCH-2-6 y TaHOH-4- Pubymnozo-5-pocdar (S2) = 3,4-muriapokcr-2-GyTaHOH-4-
dbochat curTaza’ | docpar + HCOOH
R6 |.519 6,7- TAMETHN-8-pHOITWLTIOMAsME- | >-2MIHO-2,4-TIMOKCH-O-PUGITRIAMIHOMIDAMUIAH + 3.4-71
' W | rizpokcm-2-6yrano-4-pocdar = 6,7-mAMeTHI-8-pUGITLT
moMasuH+ P, - *
R7 2519 PuGodasitcuaTasa © 2 6,7-myverin-8-pubiTwrnoMasuH = PuGoduasin + 5
. aMIHO-2 4~ THOKCH-~6-pHOI TAIaMIHOIT PHMI HH.
R8 2.7.1.26 .| PubodnasinkiHaza ° PuGodumapin (RIB) + ATP = FMN + ADP
: RY: “-f 2972 ®:OMH- ageninwrrparcdepaza ¢ | FMN +ATP =FAD +P;

MexaHi3MH Oii HaBeNeHUX Y Tabuui (DJePMEHTIB OMMCYFOTHCA TAKMMH PEAKLIAMHE:

Yoy =VSK 1+ VK +S/K (14 VK
by VS/K,+S)
© — v=V{(AB-PQ/K ;)/(AB(1+P/K;p) + Ko (A+ Kia) + KsB+ VYV K oy K P 1+ /K i)* QK o1+ K usB/K o) + P(1+ B/K )
— V=V (AB-P/K ;)/(AB+ KA+ VYV K oo Komp+ P(1+A/Ko))

~fe V — MakcuManbHa IUBHAKICTH peakilii, § — KOHIEHTpallid cyGeTpaTy peakuii; / — KOHIEHTpalis iHTiGiTopy
peaxiii, K; — KOHCTaHTa IHriOypamHf, K, — KOHIEHTpamis cyGcTpary, mpu ki v=V/2 mng =0 (koHcTaHTa
Mixaentica), V- MakcHManbHa [MBMAKICTb IPAMOI peakifi; b, - MakcUMalbHa IBUHAKICTD 3BOPOTHOI peakuii;, A, -
KOHCT4HT4 DIBHOBard, K,4 — KoHcTaHTa Mixaenmica mis mepuroro cySerpaty, K,p - KOHCTaHTa Mixaenica mis
Apyroro cy6eTpaty; Kyp - KOHCTaHTa Mixaemica Ui IEPINOro HpoAyKTy; K,.p - KoHcTanTa Mixaemica mis Apyroro
NpoAykTy: K4 - KOHCTaHTa IHTi0yBaHHs IIepIMM CyGeTpaToM mpaMoi peakiii; Kz - KOHCTaHTa IHT10YBaHHS APYTHM
CyOCTpaTOM NpSMOI peakilii; Kyp — KOHCTaHTa iHT10yBaHHS 3BOPOTHOI peakui.

(=9

PE3YJIBTATH TA OBT'OBOPEHHS

B upomy posni_.rri OIMCAHO KIHCTHIHY NOBEAIHKY MONENi OTPUMAHY B PE3YIAbTATI IPOBEACHOTO MOAETBHOTO
CKCHCPHMEHTY, MOPIBHIOKOTHCA PE3YNbTATH MOJCTEOBAHHA 3 JAHMMMU JOCTIMKSHHS 0COOIHBOCTEH MeTabomisMy
pubo(nasidy y ApbKIKiB Pichia guilliermondii otpuMarumum in vivo. [lokasaso, mo Monems GioCHHTEIV
pubodmaBiHy 1 ¥HOro MOXiAHMX 3JaTHA BiATBOPIOBATH CTaH CHCTEMH NpH PISHUX 3ATAHHX Bny’rpimzii{
napamerpax. Lo mocmimuTh BiATBOPIOBANBHI MOMUTHBOCTI MOAENI, 3MIHFOBANH OKpeMi NAPAMETPY CHCTEMM i
MPOBOAMIIH Hom_ﬂ‘i PO3PAXYHOK CHCTEMH PIBHAHB (5.1-5.11). OTprMani pe3ybTaTh MOPIBHEOBAMN AK 3 JAHUMMU
BHX1IHO! MOAC, TAK 1 3 CKCMCPHMCHTANBHO OTPUMAHMMY JAHUMH. 3 METOI0 AHAN3Y BIUIMBY 3MiH BHYTpinmHix
TTApaMETpP1B CUCTEMH, BUMIPIOBAIA 3HAYCHRS KORUCHTPAIIH MeTaboniTiB y KiHueBil Toumi isTerpysanms. s
aHamsy BHOpaHA CaMe WA CTajid, OCKINBKM L€ KPMTHYHA TOYKA, B AKiH MOJKHA BHMIDATH 3HAYCHHA
KOHUCHTPAUIH AK MPOAYKTiB Gi0CHHTE3y, TaK 1 iX MOMEPE THUKIB.

B Pe3yNbTaTl YHCEIBHOTO [HTErPYBAHHA OTPHMANM AMHAMIKY HAKOMMYEHHS OPORYKTIB OiocuHTE3y -
pnﬁqqmasmy Ta (nasinoBux kodepmentip. TTokasano, mwo BMicT duiasinis TMOCTYROBO HAPOCTAE 3 BHXONOM Ha
CTAUIOHAPHHMH PIBSHB, 4 KOHUESHTPALiA (PNABIHOBUX HYKNCOTHIIB HOPIBHAHO 3 TAKOIO pubodnasiny Gyna suauHo
MEHIIOW (puc.1a,l,2). TlprmyoMy crmiBEigHOINEHHS puOodmapin/@rasiHosi HyxmeoTHIM Ha lﬁaiarénx eranax
30LIBIIYBANOCA A0 PIBHA B 5.9 pasiB Ha CTamioRapil CTAZ], IO Y3TODKYEThCA 3 SKCTICPHMEHTA T HHMY NAHVMA
[23]. OTpHMam pesyimbraTi € momibHuMu Ko onucanux lanoscekuM i cnisp. [23] mamux np-o aamrmwax
¢napinis B KyNbTypambHik pimmi. 1 B KNTHHAX OPH BHPONIyBamHi APDIKIB Pichia guilliermondii wa
CEPEAOBHIN] 3 BUCOKMM BMIiCTOM 3aii3a. |
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Pric.1 JluHamika HAKOITAYEHES (NIABIHIB B MO/ IPH HM3BKAX 3HAYCHHAX MAKCHMATHHOI IBHAKOCTI peakwyi (V)
a: 1 — }naBiHOBI HYKIeoTHIM, 2 — puboduaBiH, 3 — JMHAMIKA HAKOIMYEHHS pHO0(IaBiHy TPY HaCHYEHH1
depmenty (R6) cyberpatom (S2)
6: I - O®MH, 2 - pubo¢nasir; 3 — PAJL; 4 — cyMapHIit BMICT (JIaBiHIB B KIIiTHHI.

IToxasaro, 10 AMHAMIKA YTBOPEHHS MPOAYKTIB 3HAYHOK) MipO0 3a€XUTh BiX AOCTYMHOCTI cyGCTparie.
30KpeMa, 3HATHE HAKOMMHYCHHA pnﬁoQ)namny MOPIBHAHO 3 ()IABIHOBHMH HYKICOTHIAMM B MOJEN 00YMOBIEHO
MOPIBHAHO HHU3BKOK KOHIEHTPALICI0 APYroro cyﬁmpaTy ma pubo¢pnapinkinasy - AT®. Ha Puc.16
MPEACTABICHI JaHi MPO BMICT OKPEMHX (PaBIHIB OTPHMAHI HA MOJENI NpH MiABMIIEHI KoHueHTpamii AT® B 10
pasiB, sAKi BIANOBIJANOTH AMHAMII HAKONMYCHHS ()IABiHIB KIITHHAMH ONMHKCaHi B po6oTi [23], 3rifHO 3 IKHMU B
¢asi croBimsEeHOTO pocty (30-60 roa.) BMICT (haBiHiB 3pOCTAB FOOBHUM YHHOM 3a paxyHok DA/l KiNbKiCTh
BUIBHOrO pHOO(QIABiHy Oyma HAMBHMINOW HA MOYAaTKy ()asH CIOBLIBHEHOrO pOCTY, 4 Hepel I0YaTKOM
CTAamIOHAPHOI (pa3u 3HAYHO 3MEHINyBajNa¢h. TakOXK NMOKA3aHO, IO NPH HACHYEHHI (PEPMEHTY 6,7-IUMETHI-8-
pubiTnmoMasuncrHTasa (R6) CyOCTpaToM, CHOCTEpIracThCs 3HAYMHE 3POCTAHHS IMBMAKOCTI yTBOPCHHA
MMPOAYKTIB O10CHHTE3Y. 30kpema pubodnaginy (puc. 1a,3).

Y ApLKIDKIB BHUABJICHO /1B MEXaHI3MHM perymimii GiocuHTe3y puOOQIaBiHy: peTpoiHriyBaHHA 32 YYACTIO
¢masimie [7.17.26] i penpecia Ha piBHI TpaHCKpHMIi 3amisomporeinom [16-18,20]. Pax swais Apixmkie npw
BHPOIMYBAHI HA CEPEAOBHINAX 3 HU3BKHM BMICTOM 3aTida 3AiHCHIOIOTH HAACHHTE3 puOodmasiny. IToxazaHo, mo
MpH HbOMY Y APDKIDKIB BiAOYBA€TBCA Ag¢penpecia pamy (PepMEeHTIB y MeTaboNiTHOMY MAHIFOry GiOCHHTE3Y
pubodaasiny [20]. Tomy, Ham O6ya0 HIKaBO MOCHIAUTH MOBEAIHKY MOIENI MPH PI3HUX 3HAYCHHAX AKTHBHOCTI
(QepMeHTIB. 3 HIEH0 METOF0 MU NPOMOJEIFOBAIA 3MiHHM AKTHBHOCTI, 3MIHIOFOYM 3HAYEHHA V' B KIHETHUHHX
PIBHAHHAX ()CPMEHTIB, i CIIOCTEPITa/lK 32 3MIHAMHM, IO MPH HBOMY BiAOYBamHCa. BHABHIM, MO i3 30iMbIMEHHAM
3Ha4eHHa ' B 10 1 Outemme pasiB MpH HE3MIHHMX 3HAYCHHAX KOHIEHTpAIli CyOCTpaTiB, NOCATAETHCA HE3HAYHE
MABMILEHHA KOHLEHTpAuwii CHHTe30BaHOro puboQmariny. Toai Ak y NOEAHAHHI i3 3POCTAHHAM
KoHueHTpawi I'T® - cyberpaty Ana mepmoi peakuii GiOCHHTE3Y, CROCTEPIrA€TbCA 3HAYHE 3POCTAHHA
WBHAKOCTI YTBODEHHS 1 KOHOeHTpamii pubodiaBiHy, Ha (OHI HE3HAYHOTO HAKOMHMYECHHS KIHIEBHX
npoAykTiB 6iocuHTE3y — ®MH 1 DAJ] (puc.2).

100 - 2 ﬂg 8 1
% 80 / % 6 |
3 o %
. Q 4 -
[
E 2 2
e 20“ g 2 -
i £
0+ —— r - e = 0 1 T T T T I ;
0 20 40 g 60 80 100 0 20 40 g, 60 80 100
Puc.2 JluHamika HakorMeHHS (aBiHiB B MOJENI NPH Puc.3 JluHamika \TBOpEHHS MPOMIXHUX MeTabo TR
BUCOKHMX 3HAYEHHAX MakCUMAIBHOI INBUIKOCTI peakani (V). GiocuHTesy pubodiaBiHy

! - QuaBiHOBI HYKICOTHIM, 2 ~ pUGOQIIABIH.
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OTtpuMaHi pesyabTaTh Jo0pe y3rofAyroThCs 3 ONMCAHUMH B poborax {23,25] i MOTBEPAAYHOTh TOH tbam
o (epMeHTH (raBiHOreHe3y WMOBIDHO HE TMOBHICTIO HACHYEHI cy6-01paframn [26], Hepe3 KOHKYpEHINIO 3
iRMMMY peakiisMu OOMIHY 3a JTONICPEAHUK — rvaninoei wykreoTaan. KpiM TOTo mMOKa3aHo. mo mpw HAABAOCTI
10CTATHBOI KIJILKOCTI CyGcTpaTy i3 3pOCTAHHAM MAaKCHMATbHOIL msraxocti (V) peaiam R1, R6, R7
CHIOCTEPIracThCA 3HAYHE HAKOITHYCHHA OOHOrO 13 nponykrie Merabomismy. pubobnasiHy, Tom AK YTBOPEHAA
xinueeux npoaykris, ®MH 1a ®A]Jl, 1iMITOBAHO KOHUEHTPALIE APYroro C}:Eicrpa'r}‘ pﬂﬁ(.)(lhmmﬁﬁﬂ'd:jﬁm
peakuii — AT®. Taxok, Ha Mozeni nocHigAnM OuHAMiKy Tepebiry TNpOMUKHAX peakumi B«fﬁ’fﬁ@(}mj.m
pubodiasiny (puc.4), WO HEMOMNCIHBO HOCATHYTH B EKCIIEPUMEHTAX (71 Vivo 9M in vilro 4epe3 HAA3BHUARHY
126GiTbHICTb MiPUMIAHHOBMX MOMEPENHUKIB prOO(pIaBiHy [26].

BACHOBKH

Bepyun X0 YBATH BAsIUBY POJb (IABIHOBAX HYK/ICOTHOIB AK B MeTab0:1i3Mi KITHH MIKPOOPTaHi3MiB Tak I
MpH 3aCTOCYBAHHi B TEPANEBTHYHUX UiNAX, BUAAFOTHCA AKTYATbHHUMH MOJATbIl AOCTLDKCHHA MOICKY LIPHAN
ocHoB peryjuuii ¢nasinoreHesy. PesymbraT NpeACTaBNEHI B OaHiH pobOTI € CBUTYCHHAM TOro, IO
KOMIT FOTEPHE MOJETEOBAHHA MOYKE OYTH OQHIM 13 IUIAXIB MOFAIBIION0 MPOCYBAHHA B LbOMY HAMPAMKY. I x0ta
TEOPETHYHI AMCKYC 1 MATEMATHYHE MOJCIIOBAHHAA {HKOIH 1 AEKOMY BUIAIOTHCA BIAJANICHUMHE BiJ PEabHOCTI.
TIPOTE aHai3 iCHYFO4WX B Wik 061acTi podiT HO3BOMAE CTBEP/UKYBATH, IO IOCHKEHHS KOHTPOJIEO METabomi3My
3ac00aM¥ KOMIT IOTEPHOTO MOIEIIOBAHHSA CTA€ HEOOXITHMM KOMITOHCHTOM B PO3YMiHHI TOrO K MeTaboTIvHa
cvicTeMa ceG¢ TIOBOMMTH. MO B CBOM depry Moke OYTW BHKOPWCTaRO At Momwdikamii il TOBCHIHKH B

KOHKPETHUX MEAUYHHX Ta O10TEXHOIOTTHHMX L1/IAX.
' !
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FTIR spectra of DNA isolated from low-dose irradiated epididymis of rats from Chernobyl NPP Exclusion Zone
have been investigated in the 500-4000 cm™. The total absorbed doses were as follows: after 12 months
irradiation (12-month rats) - 5.7 and 57 cGy, and after 4 months jtradiation (4-month rats) - 0.7, 2 and 25 cGy.
Only slight random changes have been observed in the DNA from 4-month rats. More changes have been
observed in 12-month rats. Deconvolution and curve decomposition of complex bands as well as an algorithm of
neural nets has been applied to the evaluation of the DNA specira. The probability of the right recognition the
irradiated DNA spectra was more than 80%. No correlation of the total absorbed doses with the changes in the
spectra has been observed. A modification of bases and sugars as well as a rearrangement of H-bond nets, which
can be connected with arising changes in the spatial structure of the DNA, takes place in the irradiated DNA.
The FTIR data are in the accordance with the data of UV melting curves obtained on the same samples.
KEYWORDS: DNA molecule, FTIR spectra, UV melting curves, Chernobyl NPP Exclusion Zone, low-dose
combined irradiation, Kohonen neural net algorithm.

A study of genome damages and modification of the structure of the DNA molecules isolated from the
low-dose irradiated tissue is a subject of great interest. That is due to the fact that a lot of people are living now
under the action of permanent radiation in the territories polluted with radionuclides after Chernobyl disaster [1].
Genetic abnormalities lead to different diseases, including tumours. Last years, optical and vibration
spectroscopy, along with traditional methods, is widely used in the genetic investigations for the analysis of
nucleic acid. Earlier we have applied optical methods for observation of damages in DNA induced by the low-
dose irradiation [2] and vibration spectroscopy for diagnostics of brain tumour nucleic acids at different stages of
malignancy [3,4]. High sensitivity of vibration spectroscopy to DNA conformational state was demonstrated
earlier by the observation of drastic differences in the FTIR spectra of the DNA from breast cancer tissues [5]
and the manifestation of the creation of new forms of DNA under the exposition of fishes to environmental
chemicals [6]. In this paper we present the FTIR spectroscopy data and their comparison with UV melting curves
for DNA isolated from irradiated epididymis of rats, which have been exposed to irradiation in the Chernobyl
NPP Exclusion Zone during a long period of time (from 4 months to 12 months).

MATERIALS AND METHODS
DNA preparation and experimental methods

DNA was isolated from frozen epididymis of Wistar rats according to [7]. The rats lived under the
permanent influence of external radiation 40-60 pR per hour in Chernobyl NPP Exclusion Zone. The animals
took food and drink (from 4% block of Chernobyl NPP) with radionuclides Sr *® and Cs ">"*'** contamination in
different levels. As it was shown in [8], an accumulation of radionuclides in certain organs and tissues leads to
an increase of irradiation doses inside the living organisms. The DNA isolated from epididymis of the
experimental rats of the same ages, which lived in the Kiev and got pure water and feed, was taken as the
reference DNA. Protein and RNA impurity content of the DNA were less than 1%. Gel-electrophoresis data did
not show low-molecular fragments in the DNA under study. The total absorbed radiation doses were as follows:
after 12 months irradiation (12-month rats) - 5.7 and 57 cGy, and after 4 months irradiation (4-month rats) - 0.7,
2 and 25 ¢Gy. Reference and irradiated DNA for all samples were taken from group of 5-7 rats and averaged.

The DNA has been cast on the transparent in the IR region CaF, substrate for FTIR measurement and
dried liophilically. All samples of DNA kept in the closed boxes with P,Os water adsorbent. FTIR spectra have
been registered with IFS-48 Bruker instrument in the 500 - 4000 cm™. UV melting curves were obtained with the
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spectrophotometer Specord M40 and quartz thermostable cuvette of 10 mm length. A solution of the reference and
the irradiated DNA and its mixture with anomalous nucleosides (NUC) below referred to as ligands were
investigated in the 35° - 70°C temperature region. The cytosine arabynoside (Ara-C) and 6-aza cytidine (6AZC) of
concentration C=(6-10)x10"M of ligand and C,=(7-10) x10°M of DNA as recalculated to phosphate moles, were
used. The DNA and ligande concentration were estimated with the following extinction coefficients: Ue0(P)=6400
M cm” for DNA, 07,=9440 M cm™ for Ara-C and a,65=9690 M cm™ for 6AZC. We have obtained that the
absorption spectra of the NUC in 0.01 ISSC buffer solution (1SSC contain 0.15 M NaCl + 0.015 M citrate Na, pH
7.2) did not change in the 35° - 70°C range. So, we could monitor the changes in DNA-nucleoside mixture absorption
without any corrections for absorption of free ligand.

We estimated the AT,,, which is equal to the difference between Ty, and T, and characterises the changes in
melting temperature of DNA-ligand mixture (Ty), in comparison with the melting temperature of free DNA (To).
The T,, and T, are chosen as points which correspond to 6=0.5, where (1-6) is a portion of broken pairs in double
DNA helix. Here (1-6) is determined as (A1~ Anin) / (AmaX-Amin), Where At -absorbance at current temperature, Apa
and A, - higher and lesser absorbance of the DNA or DNA-NUC mixture. FTIR and UV spectra were registered on
the same DNA samples.

FTIR spectra evaluation

After the registration of FTIR spectra we made a deconvolution of the bands with Opus-2.0 program. This
option performs a Fourier-self-deconvolution of the spectrum. The aim of this operation is to enhance the apparent
resolution of a spectrum or decrease the width of all lines contributing to the investigated spectral range. Positions of
the bands have been estimated with the use of the method of the second derivative. The bands have been assigned to
the certain molecular groups in RNA and DNA according to [9-16]. For the estimation of halfwidth, integral
intensity and real frequencies of overlapping bands, the complex spectral bands in the regions 3800-2300 cm™
(region of the OH-NH-CH stretching vibrations), 1800-1550 cm™ (region of base vibrations), and 1350-1000 cm’
(region of phosphate vibration) were decomposed with the option «Curve fit» of Opus 2.2. Shapes of different
spectral bands under decomposition have been approximated with sums of Lorenz and Gauss functions. For
statistical evolution of DNA spectra we used the algorithm of neural nets.

Algorithm of neural nets
- We know about great variability of living organisms, that is why we tried to apply the algorithm of neural nets
to isolate the changes in the spectra due to irradiation or cancer transformation from the random insignificant
changes. We used Kohonen algorithm with gradient learning [17] to estimate spectra differences and recognition
efficiency. The Kohonen algorithm is based on a rule of competitive training for a neural network, for which a
portion of excessive information about the arrangement of neurones in a target layer is entered. For this purpose
neurones of a target layer are ordered, forming a one-dimensional or two-dimensional grid.

It was offered to enter in the original algorithm the information concerning initial initialisation of neural
weights, or to conduct the so-called gradient initialisation. It is meant to initialise neural weights separately for every
component of an entry vector in a precisely established range with a certain digitisation factor, reducing (or
increasing) each new value by this digitisation factor. |

After network initialisation, the spectra of samples of different nature were presented on network input, pair
by pair - reference and irradiated spectra, as two classes of input objects. Due to the ideology of the network the
result of processing of given spectra was obtained on the network as Kohonen maps, and then the efficiency
parameters were calculated as indicated above. |

A feature map of the size of 1000x1000 neurons for spectral samples was built and trained under chosen
learning algorithm. For the further analysis we have calculated the following parameters of spectra recognition -
efficiency, sensitivity and probability of right recognition. Sensitivity is the probability of reference spectra
recognition and it defines the deviation between given reference spectra and average reference specira. Formally,
from probability theory, the sensitivity could be defined as a sum; : '

ZPs,. |
i |
2. Ps+) Ns
| | | i < -
_ where Ps; is the probability of right recognition on the given set of points (spectra samples) of initial spectra

and Ns; is th.e probapility of false recognition of initial data. In the case of contiguous and differentiable data the sum
could be written as integral. For our needs of finding a deviation of two reference spectra we have to use:

Se=
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| Dse = 1- Se
The specificity could be defined as the probability of non-reference spectra recognition and it shows the deviation
between average and given non-reference spectra.
> Nn,

Sp:ZPI;+ZNh,. ’

where Nh; - is the probability of right recognition on the given set of points (spectra samples) of initial spectra (non-
reference) and Ph, is the probability of false recognition of initial data. In the case of conti guous and differentiable
data the sum could be written as integral. For our needs of finding a deviation of two non-reference spectra we have
to use:
Dpe=1-Sp

Parameter of probability of right recognition (comes from medicine and recognition method efficiency assessment)
could be named as cumulative efficiency of right recognition and it defines deviation between reference and
deflective spectra. In the simplest form it could be defined as:

De =Y (Ps, + Nh)/P,

where P; - is summed probability for given set of spectra. -
The above-mentioned parameters comes from probability theory and medical diagnostics and have to perform
the recognition of some data, in our case, it is FTIR spectral data.

RESULTS AND DISCUSSION
FTIR data

We based on the statement (hypothesis), that the changes (1 - 4 cm™) in the position of the bands of the same
molecular groups of DNA molecules reflect rather normal variability of the biological samples than the influence of
the irradiation. That is why we pay more attention to the integral intensities of the molecular groups than the
frequency positions, and try to use correlation data obtained by different methods for the same DNA samples.

Complex band at 3800-2300 cm™ which corresponds to stretching vibrations of OH, NH and CH groups (Fig.
1, a, Fig. 2, a and Tables 1 and 2, as well as the vibration bands of bases, sugars and phosphates group (Fig. 1, b, F ig.
2, b and Tables land 2) in the 1800-1000 cm_’l region, have been investigated for all DNA samples. We have not
registered drastic changes in the samples under study. However some changes in the distribution of the integral
intensities of the stretching OH, NH and CH vibrations as well as in their frequencies and changes in the integral
intensity and frequencies of the PO,", C=0, C=N stretching vibrations and C-H and NH deformation vibration have
‘been observed.

DNA from 4-month rats

For all irradiated DNA samples we have registered an increase in the integral intensities of the bands of the
CH vibrations relative to those of the OH vibrations (Fig. 1 a, b, ¢, Tabl. 1 (the empty cells in the Tables 1 and 2.
mean that the data had not been measured). The changes in the fine structure of CH bands and in the intensity and
frequencies of the NH bands for 4-month rats have been observed0, too. So, for the sample of 4-month rats irradiated
by 25 ¢Gy, a maximum of NH band is 3327 cm (integral intensity I=3,78), for the sample of 2 cGy dose it is 3329
cm™ (I=3.18) and for 0.7 cGy dose it is 3330 cm™ (I=3,49). So, the contribution of asymmetrical NH is greater for 25
¢Gy DNA than for other samples, the same is observed for the symmetrical NH vibrations. In its turn, the
contribution of OH near 3406 became less in 25 ¢cGy DNA. We have not observed the same tendency for OH
vibration close to 3327 - 3225 cm™. We think that this is due to the fact that we have not taken into consideration a
possible Fermi resonance of NH vibration in this region. We have observed the increase of NH intensity ([=2.28) at
2754 cm™ in 25 cGy sample in comparison with DNA irradiated with 0.7 cGy (I=1.94) and DNA irradiated with 2
¢Gy (I=1.94). The same tendency was observed for NH intensity at 2831 ecm™ (1=1.02) of 25 ¢cGy, compared with the
2 cGy at 2826 cm™ (I=1.08) and for 0.7 ¢Gy at 2823 cm™ (1=0.8).

For CH stretching modes in the sample with 25 ¢Gy, the band positions in the DNA are as follows: 2955 ¢cm™
(2948 cm™ in 2cGy and 2952 cm™ in 0.7 ¢Gy); 2923 cm™ (2917 cm” in 2cGy and 2921 cm™ in 0.7 ¢Gy); band at
2848-2850 cm™ (practically remains unchanged for all samples) and 2889 cm™ (2886 cm™ in 2 cGy and 2889 cm™ in
0.7 ¢Gy). Usually in the DNA samples we could not resolve so much CH bands in this region. These changes
correlate with the changes in the frequencies of NH and CH in-plane deformation vibration near 1415 cm™ (Fig. 1, b)
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and arising of a new band at 669.6 cm™ in the sample irradiated with 25 ¢Gy (Fig. 1, ¢). It seems to be connected
with possible changes of sugar conformations due to rotation of the bases relative to g]yc051de bonds [14]. Taking
into account these facts and increasing in the intensities of CH bands in the 2800-3000 cm™ region (Fig. l a), we
could suppose that some modlﬁcatlon of the bases or sugars appeared in DNA.
In the 1800-1000 cm’’ region, changes in C=0 vibrations of thymine, guanine and cytosine (near 1715 ¢cm™
1682 cm™ and 1653 cm™); adenine (1602 cm™), ring vibrations of all bases, and in-plane CH vibration at 1414 cm
have been observed (Fig. 1, b, Tabl. 1). The intensity of adenine vibrations at 1602 cm™ increases in the irradiated

DNA.

Table 1. Frequencies of vibration bands (in cm™) for DNA isolated from 4-month epididymis of low dose

gamma-irradiated rats.

2 cGy 25 cGy

Assignment
110.2 | Str. O-H
154.1 | Str. O-H
187.9 | Str. O-H asym.
122.1 | Str. N-H asym. _
149.3 | Str. O-H sym. -
151.5 | Str. N-H sym. Sy
125.9 | C-Hring
80.1 | C-Hring .
572 | Str.C-H
38.8 | Str. C-H
45.6 | Str. C-H
172 | St. C-H
176.3 | Str. N-H
295.0 | Str. N-H ,
27.1 | C=0 Thymine, B-form.
37.1 | C=0O Thymine, A-form.
43.1 | N-H Thymine, .
C,=0 Guanine
Cz“'o CYtOS!Be
40.1 | C=N Adenine, C=C, C=0
' Thymine, N-H Guanine

33.0 | C=N Cytosine, Adenine
22.5 | C=N Adenine -
222 | Cytosine
19.9 | N-H Thymine
62.7 | Str.PO,asym. (P])
64.6 | Deoxyribose

TS 7o

- Str.

- | Str.

[ C-0 Deoxyribose, C-C
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Fig. 1,a

FTIR spectra of the DNA (on the CaF, ) from 4-month rats in
the 3800-2400 cm™ region. Total absorbed doses: 1-0.7¢Gy,
2-2¢Gy, 3-25¢Gy. ( Here and in all Figs. RMS is residual root
of mean square error under the decomposition of the band).

" i i 1 i I o I L ] L ] L 1 i L i 1 i 1 i i
950 900 850 800 750 700 650 600 550 500 450
Wavenumber (cm™')

Fig.1 (c)
FTIR spectra of the free DNA (without substrate) from 4-month
rats in the 1000-450 cm™ region. Total absorbed doses: 1-25¢Gy,

2-0.7¢Gy
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Fig. 1,b

FTIR spectra of the DNA (on the CaF,) from 4-month

rats in the 1800-1000 cm™ region. Total absorbed doses:

1-0.7¢Gy, 2-2¢Gy, 3-25¢Gy.

The band intensity of the C=0 vibration of thymine,
guanine and cytosine have a tendency to be changed in
the irradiated samples. The contribution of C=0
thymine at 1715 cm™ (0.59) that characterise the B-
form became greater for 25 cGy DNA than for other
samples - in the 2 c¢Gy - [=0.13, for 0.7 cGy - I=0.21,
and the contribution of C=O thymine at 1701 cm’
(I=1.56) (A-form) become less than for 2 ¢cGy DNA
(I=1.73) and 0.7 cGy (I=1.88). It could be explained
by the fact that in the irradiated samples new H-
bonded C=0 bonds can arise, or old ones can break.
No changes are observed in the Phosphate I vibrations.
Some changes have been observed in the fine structure
of Phosphate II vibration, and more changes occur in
the position of this band lower the 1090 cm™. So, one
can suppose that we observe the initial changes in the
structure of irradiated DNA. It is possible that they
have random and reversible character as well as they
could be restored by the reparative mechanisms of the
cells.

DNA from 12-month rats

In the DNA from 12-month rats we have observed similar changes with more pronounced character that in the
DNA from 4-month rats, excluding a region of the CH stretching and deformational vibrations (Fig. 2), where the
changes are more pronounced for DNA from 4-month rats. In the 3800-2400 cm™ range for the DNA from the rats
from Chernobyl zone we have observed the greatest changes. The spectra for the reference and irradiated DNA with
decomposition are presented in Fig. 2 a, b and the assignment of vibration to the molecular groups is given in the
Tabl. 2. For all irradiated DNA samples, we have registered an increase in the intensities of the bands in the region of
CH vibrations. Namely, the sum of integral intensities of the CH bands in the reference DNA (2850, 2886, 2918, -
2953 cm™) is less than in the DNA sample irradiated with 5.7 cGy (2850, 2890, 2919, 2951 cm™) or in the sample
irradiated with 57 cGy (2850, 2887, 2918, 2947 cm’"). All these sums were normalised by the total integral intensity



G.1.Dovbeshko, E.B.Kruglova, O.P Paschuk et al.

of the OH-NH-CH vibration complex band (Fig. 2, a, Tabl. 2). Using the decomposition, we come to the following
results. In the reference DNA, the intensities of stretching asymmetrical OH bond at the 3396 cm™ {15] are greater
than those for NH stretching vibration at 3330 cm™. In the irradiated DNA, the contribution of NH bond at 3327 cm’’
[18] for 5.7 cGy and for 57 cGy DNA became greater and the contribution of the above mention OH band became
less than in the irradiated samples. In the irradiated DNA, the contribution of high frequency OH bands (3500 - 3600
cm’') increases also. The increase of intensity and low-frequency shift of the band near 2769 cm™ (reference sample)
assigned to NH vibration, to new positions- 2727 cm™ for 5.7 ¢cGy and 2731 cm™ for 57 cGy was also observed in
the irradiated samples. All above mentioned OH and NH bands belong to H-bonded OH and NH bands. So, in the
irradiated DNA we have observed the decrease of the intensity of strongly H-bonded OH at 3410 cm™ and increase
of both weakly H-bonded OH (at 3499 cm™ and 3482 cm-1) and both weakly (at 3327 and 3166 cm™) and strongly
(at 2727 cm™ and 2731 cm’™") H-bonded NH. The same tendency, namely, the decrease of the strongly H-bonded OH
at 3406 ¢cm' and increase of strongly H-bonded NH at 3300 cm™ took place in the 4-month rats.
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Fig.2,a Fig. 2,b _
FTIR spectra of the DNA (on the CaF,) from 12-month FTIR spectra of the DNA (on the CaF,) from 12-month rats
rats in the 3800-2400 cm™' region. Total absorbed doses: in the 1800-1000 cm™ region. Total absorbed doses: 1-
1-reference sample, 2-5.7¢Gy, 3-57¢Gy. reference sample, 2-5.7¢Gy, 3- 57cGy.

In the 1800-1000 cm™ region, changes in the C=0 vibrations of thymine, guanine and cytosine, as well as
C=N, C=C, NH ring and non-ring bands of all bases (near 1716 cm™, 1706 cm™, 1655 cm™, 1639 cm™, 1601 cm™,
1575 cm™') have been observed (Fig. 2, a, Tabl. 2). The band intensity of the C=O vibration of thymine at 1716 cm™
(B-form stacking) has a tendency to be increased in the irradiated samples. The intensity of the bands at 1655 cm’,
1639 cm™, 1601 cm™, 1575 cm™ are increased in the 57 cGy irradiated DNA. This fact could be considered as
disruption of stacking of bases or protonation of bases [1 9]. This could be explained by the fact that in the irradiated
samples new H-bonded C=0 bonds could arise, or old ones could disappear. This means, that new type of stacking
could be formed under the irradiation.

Other important feature of the spectra of DNA from 12-month rats as compared with those from 4-month rats
is that there are changes in the symmetrical and asymmetrical PO, vibrations (Tabl. 2). We have registered 2 cm™
low frequency shift in the DNA from 12-month irradiated rats for asymmetrical PO, vibration and 5-6 cm™ shift for
symmetrical PO,’ vibration. As in 12-month DNA, we have observed the increase of N-H of thymine at 1276 cm’
(A-form) from 1=0.04 in the reference DNA to 0.22-0.23 in the 5.7 and 57 cGy samples. So, they probably manifest
the initial changes in the tertiary and secondary structure of DNA. -
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Table 2. Frequencies of vibration bands (in cm™) for DNA isolated from 12-month epididymis of low dose
gamma-irradiated rats.

Reference | _5.7¢G 57 cG Assignment

105.9 | Str. O-H

147.0 | Str. O-H

164.3 | Str. O-H asym.

133.1 | Str. N-H asym.

168.3 | Str. O-H sym.

141.9 | Str. N-H sym.

108.8 | C-Hring
89.3 | C-Hring
50.4 | Str. C-H
26.2 | Str. C-H
34.8 | Str. C-H
164 | Str. C-H
199.6 | Str. N-H
288.3 | Str. N-H

29.2 | C=0 Thymine, B-form.

40.2 | C=0O Thymine, A-form.

42.6 | N-H Thymine,
_Cy=0 Guanine

52.8 | C,=O Cytosine

51.6 | C=N Adenine, C=C, C=0
Thymine, N-H Guanine

27.3 - C=N Cytosine, Adenine

224 | C=N Adenine

23.6 | Cytosine

42.8 | N-H Thymine.
57.6 | Str.PO,asym., (P I)

48.8 | Deoxyribose

- Stl'.POQ- Sym. (P H)

- | Str. PO, sym. (P II)

= | Str. C-O Deoxyribose

_-.. .| Str. C-O Deoxyribose

- | C-O Deoxyribose, C-C

‘We could not find direct connection between all observed changes in the DNA structure and the increase of
the total absorbed doses, however we can say that the spectral changes in the irradiated DNA are more pronounced
for 12-month samples with 57 cGy. So, duration of the irradiation is important factor of influence together with
applied doses. Our FTIR data demonstrate the spectral manifestation, which are connected with H-bonded OH, NH

and CO-groups and lead to the rearrangement of the H-network.

~ Neural net recognition of FTIR spectra of DNA.
The results of evaluation of FTIR spectra of DNA for 12-and 4-month rats, and determination of sensitivity,
specificity and probability of right recognition for these spectra are given in Fig. 3 a, b. As one can see on Fig. 3, a

and Fig. 3, b, the probability of right recognition for all samples is more than 0.86, sensitivity (for reference spectra)
is more then 0.91 and specificity (for irradiated spectra) is more than 0.84. In general case, the recognition for DNA

rcfermm!sgmmm thnse for the irradiated DNA, andme recognition for the spectra from 12-month rats
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4-month rat DNA spectra

Fig. 3. Sensitivity, specificity and probability of
right recognition for FTIR spectra of the DNA,
estimated with Kohonen neural net algorithm for
4-month and 12-month rats.
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is better than for those for 4-month rats. It could be
explained by the fact that the variability in the
irradiated DNA increases inthe comparison with the
reference DNA, and the variability in the DNA from
4-month rats is greater than those for DNA from 12-
month rats. We have obtained different probability
and specificity in different spectral ranges. We
observed the best recognition in the 2700-3800 cm™
region, and not good recognition in the 980-1400 075

cm™. The last fact is probably due to the limitation of 80 ises

tfansmittance by CaF, substrate lower 1000 cm™, and Raige e 1400t

this situation does not reflect the real recognition of B Sensitivity 1400 — 1800 1/cm
DNA of this spectral region In the case, when we use & Specificity

more wide range 980-1800 cm™, the parameters of E1Probability of right recognition
recognition increase. Good recognition is observed in the 980-1800 cm™ region for all samples. So, we can determine
the probability of right recognition for the reference and the irradiated DNA spectra with Kohonen neural net
algorithm with gradient learning and use for this purpose the 2700-3800 and 980-1400 crn™! spectral range.
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Water in DNA films |
Using the methods applied in [12], we estimated the number of watér molecules per 1 nucleotide of DNA. For
the DNA from 4-month rats it is as follows: 0.7 and 2 ¢Gy samples — 4.6 H,O molecules per nucleotide, and in 25
cGy sample - 4.8 H,O. For DNA from 12-month rats, it is 5.36 molecules per nucleotide in the non-irradiated
samples and in the irradiated samples - 4.2 H,0 molecules in the 5.7 ¢Gy sample and 4.1 H,0 in the 57 c¢Gy sample.
So, in the irradiated samples, the number of water molecules has a tendency to be less than in reference ones. One
could suppose that in the irradiated molecules of DNA, some of the sites of binding, which earlier were occupied by
water molecules, now are occupied with other active groups. Usually water molecules prefer to couple with sugars so
any decrease in their numbers mean that the sugar conformation seems to change. The starting changes in the spectra
below 1000 cm™ (Fig. 1, ¢) for the DNA from 4-month rats show this. This supposition is also in agreement with the
data obtained on the melting curves of DNA in UV region in the presence of active nucleosides. 5

- UV melting data
- The data on melting curves of DNA and its mixtures with biologically active nucleosides showed that melting
curves and Ty, for the free reference DNA differ very slightly from melting curves of the reference DNA in amixmre
with: the nucleosides (AT less than 0.5°). The displacement of melting curves of irradiated DNA with nucleoside
mixtures relatively to melting curve of free irradiated DNA to the region at high temperatures (AT=2-~5°) is observed.
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These changes can be explained by greater accessibility of old or appearance of new bounding sites, for example, as
a result of modification of the bases or conformational changes in the DNA molecules. Because of this, the bounding
of the ligands with the irradiated molecules seems to be increased [2]. We have registered that 6AZC is more
sensitive to changes in the structure of DNA molecules in comparison with Ara-C, which expressed in the greater
values of ATy, at the same concentrations of DNA and ligand [20]. For 4-month DNA even maximal damages of the
irradiation dose of 25 c¢Gy reflect themselves in melting curves less that those (5,7 ¢Gy dose) for 12-month DNA. As
it was told earlier, in FTIR-spectra of DNA samples from 12-month rats, the tendency of structural changes in basgs
and sugarphosphate backbone is more pronounced. This fact, probably, is the main reason for observed differences in
melting of DNA-NUC mixtures.

| Thus, it can be concluded, that the comparison analysis of melting curves of free DNA and their mixture with
Ara-C and 6AZC allows to find differences in conformation state of DNA molecules, from cells, that were subjected
to action of prolonged irradiation of low doses. The changes in melting curves correlate to changes in infrared
spectra of observed samples and one could conclude about initial modification in spatial structure of DNA molecules
and redistribution of hydrogen bonds net.

| CONCLUSION

These data of a preliminary character showed that some changes in the structure of the DNA isolated from
low-dose gamma-irradiated samples have been observed for both 4 month and 12 month rats with FTIR and UV
spectra. Only slight random changes on initial stage have been observed in the DNA from 4-month rats. More
changes have been observed in 12-month rats, which can be connected with arising changes in the spatial structure of
the DNA. No correlation between the total absorbed dose and the changes in the spectra has been observed. The
modification of bases and sugars as well as a rearrangement of H-bond nets in the irradiated DNA seems to take
place. Comparison analysis of UV melting curves of free irradiated DNA and its mixture with NUC allows one to
find differences in the conformation state of DNA under the prolonged irradiation of low doses. The algorithm of
neural nets has been applied for the evaluation of FTIR data. The probability of right recognition of all spectra under
study was more than 80%. |
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JIIA OI3HYHUX PAKTOPIB HA BIOJIOITYHI OB € KTH
VK 577.125.33:57.043:57.017.6

BIMSHUE OCTPOT'O OXJIAXIEHUS HA CBOBOAHOPATHKAJIBHOE
OKHACJIEHUE JIMIOAAOB B OPTAHAX MOJIOJBIX U CTAPBIX KPBIC

10.B. Hukutuenko, C.E. OBcanHHKOB
Xaporosckuii nayuonanohviil yrusepcumem um. B.H. Kapasuna, 61077, 2. Xapexos, n1. Ceoboowi, 4
Huemumym npobnem Kpuobuono2uu i KpuoMeouyunbl HAH Ykpaunvi, 61015, 2. Xapvros, yr. llepescaasckasn, 15

[Toctyrmana B pegaxipzo 20 okTa0ps 2000 1.

Ha kpbicax juEMM Buctap 3-X M 24-MeCSYHOTO BO3DacTa M3YHCHO BIMAHHE OCTPOTO OXJIAXICHWS OpraHuMsMa A0
COCTOAHMSA TIVOOKOH TUITOTEPMUM Ha MHTEHCUBHOCTh XEMILIOMUHECLCHIMM ¥ CKOPOCTD HAKOIDICHMA MATOHOBOTO
IMaTgbJerua B roMoreHarax Ie4eHW, cepiua M TOMOBHOIO MO3Ia. [Toka3aHo, YTO K 3-My H 24-My €acy
TIOCTXONONOBOTO TIEPHMO/A MMeeT MeCTO aKTMBaIlid CBOGOFHOPAIMKATLHOTO OKHC/ICHWA THIIAIOB BO BCEX
HCCIE/IOBANBIX OPTaHaX JKMBOTHBIX OOCHX BO3DAacTHBIX TPYINL YCTAaHOBICHa JKeCTKAd KOpPPETIIAL MEXKIY
pe3yibTaTaMu, MOTyYeHHbIMU ABYMS HE3aBMCHMBIMH MCETOLAMH. [TomydyeHHble TaHHbIE WCCIEHOBaHMI O Oonee
BLIPAXKCHHOM aKTUBALM ICPEKUCHOTO OKUCICHMS JMIMOB Y CTaphiX FHHBOTHBIX - CBUUCTEIIECTBYIOT O
HACTOSITETTbHON HeoOXOMMMOCTH Y4eTa BO3DACTHOTO acriekTa IpH pa3paboTke CIIoCO00B U - CPEICTB JICYSHMA
XOJIOZOBOr) TICBPEKACHUA OpraHu3Ma. “

KJIFOUYEBBIE CJIOBA: ¢B0o6OHOpaMKATHHOE OKHCIICHHE JIMITMJIOB, OCTPOC OXTANICHUE, BO3PACT.

B pasee HNPOBEICHHBIX HCCIEIOBAHHAX YCTAHOBJICHO, MTO NPH OCTPOM OXJNAK/ICHHH, ¥ TOCISAYIOMEM
CaMOCOTPEBAHMA OPraHU3MA KPhIC YBEIMYMBACTCA MHTCHCHBHOCTh NEPCKMCHOrO OKHCICHHMA JIHIHI0B (TIOJD)
GroMeMOpaH TEYEHH, CepAUa | roOBHOrO Mo3ra. Haubouee 3aMETHRIC H3MCHCHIA HHICHCHBHOCTH I1OJI GsumH
oTMEueHH uepes 3 u 24 uaca camocorpesanus xkuBoTHBIX [1]. Axtusampma IIOJI B pane *W3HCHHO BAXKHBIX
OPTaHOB KphIC Obuta OOHApY)XCHa M TPH ICHCTBHM PANa APYTHX 3KCTPEMABHBIX (haxTOpOB, 32 HMECHHO!
rOJIONANYMY, WIIEMHY, BBEJCHHH OONBIMNX 03 TETPANMKIMHA, (eHoOapOWTana, THPOKCHHA H IP. [2-4]. Ilpm
yroM OBUIO HOKA3aHO, YTO OTHOCHTEIbHAA akTupamis [10J] B OpraHax CTapbIX *HBOTHBIX ObUId 3HAYHTEIBHO
BHIIIE, YCM Y MOJIOABIX.

PaGoT, KAcAIOMMUXCA BO3PACTHONO AaCIeKTa M3MEHEHHA CBOOOJHOPAIMKANBHOTO OKMCICHHS JHITHIOB
GuomeMOpaH MpH OCTPOM OXJIAKACHHHM H OCOOCHHO MPH MOCHCAYIOMEM CAMOCOTPCBAHWM OpPraHM3Ma Kpa#nHe
Mano. HeaoCTaToMHOCTs M3YYEHHOCTH BO3PACTHOM CrienuuKy COCTOSHHA CBOOOIHOPAIHKATILHOIO T1OJI mpwm
OCTpOM XOJOZOBOM TOBPSKIACHUH OOBACHACTCA €IIE H TeM 0OCTOATENHLCTBOM, YTO HA CETOMHANEAA JCHE J0
KOHIIA HE ACHBI MOJIEKYIPHO-KICTOYHBIE MEXAHM3MBI XOJIO0BOT0 MOBPEKACHNA OPraHmu3Ma.

[lenpi0 HWCCHACHOBAHMA ABUIOCh H3YYCHHE JCHCTBHA OCTPOr0 OXNKACHWA HA HHTCHCHBHOCTH
CBOGOIHOPAAKAIBHOTO OKHC/ICHHS JHMITHIOB MEMOPaH OpraHu3Ma TeIIOKPOBHBIX KUBOTHBIX PA3HOTO BO3PACTA.
B nacrosmci paboTe AByMS HE3ABHCHMBIMHM METOJAMH - N0 HAKOIICHHIQ MAJIOHOBOTO AMANLACTHAA MIA) u
HHTCHCUBHOCTH XEMUTIOMHHECIICHIIM, HCCIEN0BAMM YpoBeHb criontanHoro, HAJI®H- u ackopbar3aBECHMOTO
T1I0JI B TOMOreHATaX NEYEHH, CEPALA M TOJOBHOTO MO3ra KPhIC-CAMIOB JIMHHHM Wistar 3-X H 24-MeCAYHOro
BO3PACTA B MEPHO X CAMOCOTPEBAHHSA MOCTE OCTPOrO OXIAKACHHA 10 COCTOSHASA TyOOKO#H HIIOTCPMHH. -

MATEPHAJBI 1 METO/{bI

. JKMBOTHBIE OXTXIATUCH B TIPOLECCE CBOGOMHOTO IIABAHMS B BOXE C TEMIIEPATYpoll +7 °C B TEUCHHE 6-
7 MuH 0 pekTanbHoi Temmepatypsi 19-20 °C. Cxopocts oxnaxncHus cocrasmana 2,4-2,8 °C/mmn. Ilocne
OXJIAXKICHMA KPBICH CaMOCOTPEBAACH TPH TEMITEPAType OKpyxaromero Bosayxa 18-20 °C B teyenme 3 m 24
uyacoB. KOHTPONEM CAYXXHUIM MHTAKTHBIC >KHBOTHBIC COOTBEICTBYIOmEro Bospacta. Kpeic 3a0msamu
JCKAATALMEH, H3BJICKAMM NEYeHb, cepaue, Mo3r u oxnakaam ux B 100 MM tpuc-HCl-Oydepe (pH 7,4).
Hapecky 0XJIaKACHHOM TKAHH MPO/IaBIHBAIH Yepe3 mpece, romMorenusnposamd B 100 MM tpuc-HCl-6ydepe (pH
7,4) 1 GUILTPOBANHM Yepe3 HEHIOHOBYIO TKaHb. COOTHOIUEHHE HABECKH TKAHA M 00BEMa CPE/bl FOMOTCHH3AIMM

-1:3. |
Ipu usyuennu criorrassoro T10J] cpena maxybamun conepxana 100 MM tpuc-HCl-6ydep (pH 7,4) u 3,5-
4,2 Mr Genka uccnexyemoro romoreHara B 1 mu. Ilpr ackopbarmaaynuposannom [TOJI cpena nonomsaTebHQ
comepxana 0,5 MM ackopGara u 12 MmxM coym Mopa, a B ciydae HAJI®H-unaymaposansoro IO - 1 MM
HAJI®H, 4 MM AJID u 12 MxM comm Mopa. Peaxkuuo npoBoAnIH Ha BoAAHOU 6ane npu Temneparype 37° C ¢
HenpepbiBHLIM 0apOOTHPOBaRKEM BO3XYXOM, YPoBeH: MJIA H CBETOCYMMY XEMHTIOMHHECCHCHUME QUPEAC/BUIH
3a 10 mun urkyOamuu B ciayyae HAJIOH- u ackopbaranaymuposarroro [10J1, a B cnydae cnoxransoro - 3a 30
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BrusiHue ocTporo oxnaxaeHus Ha CBOGOHOPAAUKANIBHOE OKMCIIEHME . .

mir. Crexrpsl noraomenns MJIA 3amackBaid Ha JBYIY4EBOM PETHCTPHpPYIOmEM criekrpodoToMerpe Specord
UV Vis T IIP) a ero KOJMHMICCTBO PACCUMTHIBAIN HCTIONB3YA KO3(QOUIMEHT MOIAPHON IKCTHHIIMM PaBHBIA 1,56
10° M oM. B kxavecTBe XCMITIOMHHOMETPA HCIONB30BANA NMPOMBIILICHHEN ramMma-cueTduk 22024-RET
(I'IP) ¢ HEKOTOPHIMH KOHCTPYKTHBHBIME H3MeHeHmaMH [5]. Benox ompeaemsum no Jloypu B mMomnbuxarmm
Mnuiepa [7]. TTonyuenssie Janabie 00pabaThiBANA CTATHCTHYECKH.

PE3YJBTATHI B OBCYXIAEHHME

Ipeacrasnennsic B Tabn. 1 JaHHbIC CBAACTEILCTBYIOT, YTO Y HHTAKTHBIX JKHBOTHBIX CKOPOCTH HAKOTUICHHS
MJA B rOMOI€HATaX NEYCHU M CCPAUA MONOABIX 3-MECAYHBIX KPIC IPH BCEX criocobax maaykmmm 110J1 6sip
BHONE, Y€M Y CTapsix, 24-mecsaunnix. CXOaHbie, HO HECKQOJBKO MEHEC BBIPAKCHHBIC BO3PACTHRIE M3MEHCHHA
ypoBHA ciioRTanHoro, HAJI®H- n ackopOaTHEAYIMPOBAHHOI0 CBOOOTHOPAIUKANBHOTO OKHCIICHWA IHMITANOB B
NEYCHH W CCPANEC KPHIC Ha0MOAAmMCh | PH PErUCTpall MHTCHCHBHOCTH XEMM/FOMUHECHCHIH (Tabm. 2). Jtu
Pe3yBTaThl COITIACYIOTCA C PAHEC MONYYCHHBIMH JAAHHBIMH B TOMOTCHATaX, METOXOHAPHAX H MHKPOCOMAX
HEYCHH U CePALIA JKUBOTHRIX [2-5].

Tabmma 1. Hakonnesme MJIA npu nepeKMCHOM OKMCNICHHMM JIHOMIOB MEMOPAH NEYCHW, CEPANA M TOJIOBHOIO
MO3Ia KPBIC 3- ¥ 24-MECAYHOT0 BO3PACTa B KOHTPOJIE MOCJIE OCTPOro OXIaKACHHA opramn3mMa (aMoms MIA Ha 1
MT 0eJIKa rOMOI¢HATa; I= 5-9)

Opraa | Bpems mocrie ocTporo Haxorrerme MIAA mpu ITOJ1
OXJTAXKICHHA, Yac CHOHTAHHOM NADPH- ackopbar-
3aBHCHMOM 3aBHCHMOM
IMeuens 3-MeCSYHBbIE |
| KOHTPOIH 0,42 + 0,03 7,05+ 0,61 8,93 +0,53
3 0,52+0,04 6 7,30 £ 0,64 10,51 £ 0,32%%
| 24 0,58 + 0,05%* 9,02 £ 0,54** 11,41 £0,74%*
' 24-MECAYHBIE
KOHTPOID 0,34+ 0,032 5,26 £ 0,46* 6,45 +0,63*
3 0,57 + 0,05%* 6,17+ 0,29 8,07+0496
24 0,56 £ 0,04%* 7,43 £ 0,25%* 9,85 £ 0,67**
Ceprue 3-Mecs4YHBIe
KOHTPO/Ih 0,29 + 0,04 1,26 £ 0,14 0,81 +£0,12
3 0,31 £0,05 1,371 0,15 0,95 £ 0,28
24 0,34 £ 0,07 1,70 £ 0,12%% 1,26 £0,196
| 24-MeCaIHbBIC
| KOHTPOJB 0,10 £ 0,03 0,82 +0,07* 0,32 +0,04*
3 0,11+ 0,05 0,90 £ 0,15 0,40 + 0,08
24 0,14 £ 0,02 1,08 +0,08** 0,50 + 0,06**
Mosr 3-MECTUHBIE |
KOHTPOJIb 1,32 10,25 4,37 +0,24 2671022
- 3 1,37 £0,11 5,47 £ 0,24** 3,18 £ 0,49
| 24 1,45+0,10 538 D21 3,88 £0,31%*
24-MECSTUHBIE
KOHTPOJIb 0,74 £0,08 3,24 +£0,49 0,41 +0,08*%
3 0,91 £0,19 3,95 10,08 1,05 £0,10%*
24 1,16 £0,12%* 5,07 £0,47** 2,26 + 0, 48%*

- p < 0,05 OTHOCHTEIBHO 3-MECAMHBIX KORTPOBHBIX JKHBOTHBIX;

*¥ _ p< 0,05 OTHOCHTEHHO KOHTPOIBHBIX KHBOTHBIX COOTBETCTBYIO-INEI0 BO3PACTA,
a - 0,05 <p<0,1 OTHOCHTEMHHO 3-MECTTHLIX KOHTPOIbHbIX KHBOTHBIX;
6 - 0,05 <p<0,1 OTHOCHTENHLHO mmmsmm AMBOTHBIX ooo-mer-cmyiomem BO3pacra.

B TOJIOBHOM Mosry mramux MHBOTHBIX CKOPOCTh HaxomaeHus MJA y MOAOBIX KpBIC 651313 BbILIC
mnxﬂ npn YBAHHOM [1OJ1, 3 EETCHCHBHOCTH XEMMHOMHMHCCLUCHIMH - TPH CHOHTAHHOM H

' ommm u mcmmomee CaMOCOTPEBAHHE B TCHEHWE 3-X YACOB MPHBOJHIO K HCKOTOPOMY
BOBLIMCHUID (ﬂ 954’" 1) CKODOCTH HZ JICHHA. MﬂAB OCYCHH 3-MECTUHBIX KpPbIC (Taﬁjl 1) npH CNOHTAHHOM
HOJ1. Tlocse 24 4acos CamMOCOrPEBAHNA ¢ HETCHCHBHOCTH cromTaEHoro ITOJ] ysemwumsanack B 1,4 pasa, mno
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CPABHCHMIO C MWHTAKTHBIMM JKMBOTHBIMM. Y CTapbiX, 24-MECAYHBIX  KPbIC AOCTOBEPHOC TOBBILUICHAC
MHTCHCUBHOCIM  croHiasHoro [1OJT B neyemu Ha0MOJAIOCh KAk NMOCAC 3-X, Tak H TOCHE 24-X 4aCoB
camocorpepanus. Tlpu 3TOM HEOOX0JUMO OTMETHTB, 4YTO OTHOCHTE[BHOC MOBBIHMICHHE CKOPOCTH HAKOILICHHA

MJIA y CrapsIx KHBOTHBIX Obii0 Gonee BeIpakeHHsM (T20/1.1).

Tabsmua 2. UATEHCHBHOCT XEMUJEOMHHECUCHLUMN OpH MEPEKHCHOM OKHC/ICHUH JTHITHIOB MeMOpaH TEYCHH.,
CepAia M TOMIOBHOTO MO3T2 KPbiC 3- U 24-MECAYHOTO BO3PAcTa B KOHTPOIC H NOCIE OCTPOTO OXIAKICHHA

opranu3ma (umil, HA IMr Genka romoreHara, = 5-9)

Opran | Bpemsa mocie ocTporo MurencuBHOCTE XemunomuHecueHyH mpu [10]]
oxnakacHuA, (4ac) CIMIOHTAHHOM NADPH- ackopoart-
3aBHCHMOM 3aBACHMOM
[Teuens 3- MECAYHBIE
KOHTPOJIb 506 + 55 6945 + 615 7298 + 488
3 6751 S2%* 7071 £ 670 8711+ 5466
24 809 £ 79** 0256+ 828** 7999 + 1352
24-MeCaIHbIS
KOHTPONb 418 + 58 4762 + 541%* 6031 £ 437 a
3 664 + 33%* 5026 499 8709 + 404**
24 732 + 38%* 7033 £ 636** 10409+ 632%%*
Cepaue 3-MECIYHBIC
KOHTPOITb 428 + 62 940 + 125 1066+ 127
3 458 + 81 1376 L 12]1** 1175+ 109
24 582+ 5406 1455 +191%* 1790 £ 150**
24-MECTYHBIC ~
KOHTPOIIb 247+ 60 a 870 £ 199 517 + 96*
3 310+ 112 301+ 41 1051 + 182%*%
24 314 £38 942 + 194 1054 + 157**
Mosr 3-MECUHBIC
KOHTPOJTb 250 + 88 4834 + 897 1822 = 308
3 1374 £ 185 5340+ 407 2302+ 30
24 1619 + 152 5229 + 564 2727+ 238
24-MeCAIHBIE
KOHTPOJIb 562+ 39* 2865+ 199 a 549 + 111%
3 899+ 1766 3823+ 4796 1357+ 41%*
24 1165 + 37 3980 + 385** 1473 £ 172%*

* - p<0,05 OTHOCHUTENBHO 3-MECAYHBIX KOHTPOILHBIX JKHBOTHBIX,
¥ - p<0,05 OTHOCHTELHO KOHTPOJBHBIX KUBOTHBIX COOTBETCTBYIO-MIEN0 Bo3pacra
a - 0,05<p<0,1 OTHOCHTENBHO 3-MECTYHABIX KOHTPOIbHBIX JKMBOTHBIX,
0 - 0,05<p<0,] OTHOCHTEIbHO KOHTPOIbHBIX XKMBOTHBIX COOTBETCT-BYIOIIETO BO3pACTa.

Ilpn  HAJI®H-mrgyimposansoMm I[IOJI ckopocts makoruierms MJIA B DEUYCHM JKMBOTHBIX — OOCHX
BO3PACTHRIX TPyIUl MOBBIIALACH TONBKO K 24 -My 4acy MOCTXOJIOZOBOTO mepuoza. Ilpn 3170M, Kak H B Ciy4ae
crorTarHOro [10JI, otHocuTembHas axrueauma HAJIOH-aaxymmposaasoro ITOJT 6mna CymecTBCHHO BhIMIE Y
24-MECAYHBIX KPBIC.

AHanorrHHbIC BO3PACTHBIC 0coOeHHOCTH akTHBammm [10J1 B roMoreHaTax meuYeHW HMEIA MECTO M TPH
ARaykuuy ackopbarom. Ilocne 24-X 4acoB CaMOCOTPEBaHMA CKOPOCTh HAKOIICHUA MJIA v 3-MECAYHBIX KPBIC
MOBBINIANACH B 1,3 pa3a, a y CTapsIX XKMBOTHBIX - Oosiee, ueM B 1,5 pasa.

Cxonmbie BO3PACTHBIC H3MEHEHHA CBOOOIHOPAAMKANBHONO OKHCIICHHA mumnoa [CYCHE KPBIC B OTBET HA
XOJIOZOBOE BO3ACHCTBUE HAOMIONANOCH H TIPH M3MEPEHHM MHTCHCHBHOCTH cronTamnoM, HAJZI®H- u ackopbar-
MHAYLMPOBAHHON XeMmEOMHHECTICHIMH (Ta0it. 2). Tlpu 3TOM HHTCHCHBHOCTS xemwnounaccueﬂm XOpOo
koppemposana ¢ yposeem MJIA ( r=0,92 £0,1; p<0001) . -

B cepane KpeiC 006X HCCNCAOBAHHBIX BO3PACTHBIX TPYNN H3MCHCHHSA cmpncm nammem MEA H
HHTCHCHBHOCTA XEMEIOMUHECUCHIM B OTBET HA XONOAOBOE BOIASHCTBHE GBLUIO MCHEC BBIPAXKCHO, €M B
neucHd. OHAKO, MPH ACKOPOaT-HHAYIMPOBAHHON XCMHIOMHHECUEHIMM OTHOCHTCBHOS YBCIHYCHHS JAHKOTO
NOKas3areNs 4epe3 3 | 24 4aca CaMOCOTPEBAHMA Y MOJIOABIX XMBOTHBIX COCTABILUIO 10% u 68%, a y crapmix -
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3% m 4%, coorsercreento (tabm. 1 w 2). Kodspdwumment KOPPCIIAIUAN MEXAY H3YYCHHBIMH MOKA3ATEIAMMU
vaTeHcaBHOCTH TTOJ] cocrasman 1=0,81+ 0,15 (p<0,001).

B romoBHOM MO3IY MONOABIX KpPBIC CKOPOCTh HAKOIUICHHAS MJIA B otBer HAa AEHCIBHME XOJIOHOBOTO
(axropa AOCTOBEPHO MOBBINANACH TOBKO pu HAJIOH- u ackopGarurxyuaposarsom [T0JL. Y CTapPBIX KPBIC
HOBBIICHAE CKOpocTH Haxomnenus MJIA Habmozanocs npw Beex criocoGax mugykmuu TTOJL Tlpn  3tom
orrocHTenbHaA akrupamid 110J1 6smia Gonee BbpaXena y CTApHIX KUBOTHBIX. Tak, B MO3TY MOJOABIX KPBIC
CKkopocTs HaroweHAs MJIA mocne 24-X 4acoB CaMoCOrpesanms yBemmumBaiace B 1,1, 1,2 u 1,5 pasa, a y
Crapeix - B 1,6, 1,6 u 5,5 pasa npu cnosrarsoM, HAJI®H- i ackopbaruraymaposarsoM [10J1, COOTBETCTBEHHO.
AHAJIOTHYHBIC, W CTOMb K& BHIPAKCHHBIC BO3PACTHHIC W3MEHEHHS AKTHBAIME CHOHTAHHOTO, HAJI®OH- u
ackopbaruraymuposasHoro ITOJ] 6bum 0GHAPYKEHBI TIPH ONPEACICHAN HHTCHCHBHOCTH XEMITFOMHAHCCIICHIARA
(Tabu. 2). Mexay m3yueHHBME MOKA3aTeIaMH HETeHCHBHOCTH [10JT B roNoBHOM MO3I'Y TaK K€, KaK M B TICUYCHU
H cepane, Habmoaanacey crporas xoppermmmus (1=0,91+ 0,10; p<0,001).

Taxwmm oOpazom, Hamu OBIIM BBUBICHBI BO3PACTHBIE W TOATBEPKICHBI PaHEE 00Hapy KECHHBIC
TKAHECHeMpuIeckue SPPEKTH BIMAHHT HWSKAX TEMICPATyp HA OPTaHM3M KpBIC B NCPHOJ BHIXOLA W3
COCTOAHMA IJyOOKOH rumoTepmMum (depe3 3 uyaca) W ma Oojiee OTAQICHHOM 3Tale Pa3BHTHA XOJOLOBOTO
HOBPEKACHIA (Yepes 24 4aca). Trasvecnemmpraeckue 0cobennocTa cocroaumua [TOJT B 3THX yCHOBHAX, KAk yKe
oTMeuaiock pamee [1,6], MOryr OOBACHATECA pA3IHYMAMHE KAYCCTBEHHOTO M KOMMYCCTBEHHOTO COCTABA
JWIPZOB, COCKTPOM AHTHOKCHIAHTHBIX (EPMEHTOB M HEPECPMEHTATHBHEIX AHTHOKCHIAHIOB, a4 TAIOKE
rsmooruyecKkEME M OHOXMMHMECKHMA MEXAHH3MAMH TEPMOPETYJILAA, BO3pacTHEE PasIMdMsi AKTHBALIKH
I10J1 B opranax axCHEPHMEHTANBHLIX KMBOTHBIX COTJIACYFOTCA C PAHEE NOJYCHHBIMY JAHHBIME TPH H3Y4CHHH
ACHCTBHA APYTHX IKCTPEMANbHBIX (PAKTOPOB HA OprammsM [4] W, WO-BHAMMOMY, CBA33HBI CO "CpPBIBOM"
(EePMCHTATHBHOM AHTHOKCHIAHTHON 3aNTHTEL

BhIBOABI

HoayucHHBIC JAHABIE CBHACTENBCTBYIOT O TOM, YTO MHTCHCHBHOCTh CBOOOAHOPAIMKATBGHOIO OKHCICHHA
JMITHAOB B TICHUCHH, CEPIOLC M FOJIOBHOM MO3TY KpPbIC B OTBET Ha XOJNOAOBOC BO3ZACHCTBUC YBEIMYHBANACE K 24~
My 49aCy MOCTXOJIOAOBOIO IIEPHOAA B 00SHX BO3PACTHEBIX IPYyIIaX KuBOTHEIX, OrHOCHTEIbHAL akTusamud [10J1
Onuia 00JICE BBHIPAXKESHA ¥ CTAPHIX, 24-MECAYHBIX KABOTHBIX.

KoppesmuoHssil aHAIM3 PE3yAbTATOB, MONYYCHHBIX ABYMSA HE3ABHCHMBIMH METONAMHA HCCIISIOBAHMA
CBHACTENBCTBYET 00 anexsaTHOCTH m3MeHEHEA yposHa [1OJI npu mEAyRIMM CBOOOIHOPATHKATHHBIX PEAKIHi
oxucicHas o HAJI®H u ackopfatoM B rOMOTCHATaX H3YUCHHBIX OPTAHOB B IPOLECCE CAMOCOTPCBAHMUA
NOCTIC OCTPOTC OXJADKACHUL OPTaHH3Ma.

Tor daxr, uro orHOCHTENbHAAZ aktmBamms [IOJ1 mOCHE XOMOAOBOTO BO3ACUCTBHA YBEIMUMBAICTCA C
BO3PACcTOM, OIPEACIIACT HEOOXOMMMOCTs JOMOJHMTCABPHOM AHTHOKCHAAHTHOM KOPPEKIMH NPH JICUCHHM
XOJIOAOBOH TPaBMEI y JEOACH MOXKHAIOTO BO3PACTA.
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Mecnemosato OPOCTPAHCTBEHHOE DACOPEACHCHHE CMCEINCHHM B MOJEMAX MSTKMX TKAaHCH, BBI3BAHHAX
PAAMALAOHHEM JARICHIEM (OKYCHPOBAHHOIO HMITY/ILCHOTO YISTPA3EYKOBOTC H3MydeH S, SBAMOMErOCH OCHOBOH
paspabarsisacmoro SWEI MeToza ompeieneHMA YOPYTHX CBOHCTS Tkamu. [lomyuemsl IByMepHEIC npodumm
AMIUIMTYZ TOKANbHBIX CMCHISHHN CPeibl B MIPOCTPAHCTBCHHON AMHAMHKY DaCHPOCTPAHEHHS CABHTOBHIX BOJH.
Tloka3am0,970 AN KCIONL30BABIIMXCA 3HAYCHUNM HHTCHCHBHOCTH H JLIHTEIABHOCTH BO3OYNRAAIOMEX HMITYJIHCOB
TIOMYIEHHBIE AMIUIMTY A6l CMCIICHH Cpeel B (PAHTOME TKAHH HAXOAITCS B XOPOMIEM COOTBETCTBHM ¢ HMEIOMEMUCS
TCODETUMECKIME  OUCHKAMH. VI3MepeHMA aMIMATY[ CMEICHME TKAHW TPOBOAWMHCE € WCTIONB3OBAHHEM
VIIbTPa3BYKOBOTO AOIUIEPOBCKOTO METOAA.

KJIIQOUYEBEIE CJOBA: (danroM MArkuX TKaHeH, CABHTOBad BONHA, (JOKYCHPOBAHHLIN YIBTPA3BYK, CMCILICHHE
TKaHH, AOIEp, ynpyrocts, SWEL

[IpobneMa HEMHBA3WBHOTO OMPEAENiCcHUSR YNPYTHX XapakTePUCTHK MAIKMX TKaHeH B MEAMIMHCKOH
IMATHOCTHKE SBAAETCA HauOoNee aKkTyanbHOM M HCCHEAYEeMOH B mociefHee BpemMs. M3MeHEHHS yIpyrocTH
MSITKMX TKaHeli 4acTO CBS3aHO ¢ Pa3jMyYHOrO POAa MX HaTonormyeckuMy usMeHenwsmu {1} Tpamiimonnas
yIIbTPa3BYKOBas AUATHOCTYKA, OCHOBAHHAA HA TOCTPOSHUH u300paXkeHus TKaHell N0 HX YXONeHHOCTH, obnanas
PAIOM TIPEUMYLIECTB W ITUPOTON ARATHOCTUYECKUX BO3MOXHOCTEH MO CPABHEHUIO C APYTHMK METONAMM, B TO
Y€ BpeMs HE NO3BOJISET YBEPEHHO AUArHOCTHPOBATH Pas3judHe B ympyrocTu TkaHell. OnHako H3BECTHO, 4TC
pasnu4ue B YOPYrocT# MEKOY TKaHAMH MOXET OBITh O4YeHb CYIIECTBEHHLIM IPH HEOOALIWX PasNHYHAX B
MOMyJNiEe 00beMHOM YIPYTOCTH, SIBJIIONIIMCS OCHOBOM 7Jisi OOBIMHOIO VILTPa3BYKOBOIO ¢riocoba Busyamm3anum
tranei [2,3]. [ns paspemerns 370k mpoOnemMbl MEAMKH YaCTO UCTIONB3YIOT HANLNAUMIO KaK Haubonee npocToit
¥ TPanMOUOHHLIA ciocod onpenenenus ynpyrux coicTs. OnHako ecnu o0NACTb NOKaNW3aliiy NATONOrMYEeCKIX
H3MEHEHNH PacnoNoieHa ryOboKO B TKaHAX WIM MMEET HeOONbIllHe TeOMETPUYECKHE pasMepbl TakOd MeTon
craHoBuTCa HedpdexTusHEM. KpoMe TOro, Takoif crmocod ABiseTcs CyIeCTBeHHO CYObeKTHBHEIM,

Pa3pabareiBacmbie B MOCHERHES BPEMsi HOBLIC METOAB! YALTPA3sBYKOBOH 3jacTorpaduu #MMEIOT CBOCH
LEJIbIO NOJiyueHUE KOJIMYECTBEHHBIX XapPaKTEPUCTHK YNMPYrocTh TKaueil. OOmUM MOAXOROM B 3THX METOHA3X
SIBJIACTCA W3MEPEHHE IBIDKEHHUA TKAHW B OTBET HA BHEINHE WIM BHYTPEHHE NPWIOXKEHHYI0O CHIY H
NIOCHEAYIOLIYI0 PEKOHCTPYKIHMIO yIPyTrux mapaMerpoB. Jmsa sTuX nenell MCTIONB3YeTCA KaK CTATHYECKH, TaK M
AMHAMMYECKH MPHKIANLIBACMbIC BHEIIHHWE CHubl [4-6]. MeTompl HCCACAOBaHNS, HCTIOAL3YIOUIHE CTATHYECKME
BHEIIHME CWbI AJA CXXATUA TKAHM M TOCHEAYIOErO W3MEPESHHS BOSHUKAIOHINX HATIPUKEHWIA C TIOMOMIBIO
yALTPa3BYKOBLIX METOZIOB OONAAAOT PANOM HEROCTaTKoB. IIpunoXkeHue BHeNMIHEH CIUIbL, BHI3LIBACT HIMPOKOE
MPOCTPAHCTBEHHOE PACHPENECHHE MOJIS HAMPSHKEHHUH B TKAHAX. AHAIH3 OTBETHONO OTKIHKA B 3TOM CIy4ae
YCHOXHAETCA M3-32 YaCTO HEMPECKAa3yeMbIX H3MEHEHMIH CTPYKTYPhI NOJisl HANPDKEHHH Ha pasaudHoi ruyOnHe
BCNICACTBUE HEONHOPOAHOCTH HCCIEAYEMOH TKAaHH €ImMe AO TOTO, KAaK 3TO TONE AOCTUIHET MCCISHYyeMOH
obnacru.

AnbTepHATHBHOW CTpaTerueli MCCHENOBAHUS HABAAECTCH NPHUIOXNKCHHE JIOKANW3OBAHHEIX HANPSDKCHMIH
HETIOCPEACTBEHHO HIH PANOM ¢ uHTepecyromedi obmacteio [7-8]. Omrum 13 cnocoboB moCTIDKEHHS 3ITOrO
ABNAETCA WCTIONb30BAHWE PANMALMOHHON CANbi (POKYCHPOBAHHOTO YILTPa3BYKOBOTO myuka. B Takom cayuae
UMIYJILCHOE YNIbTPA3BYKOBOE H3JyueHue OONbIION HHTOHCHBHOCTH, CO3AaBAs PANUANMOHHOS NABJCHHE B
oxyce NPUBOIMT K BOSHMKHOBEHMIO JNOKANBHBIX fedopManmii Tkanu. PesymsTupyomue nepexonmEbie
AedopMaliy M3MEPSIOTCA Kak (yHKHuA BPEMEHM C TOMOIIbIO YILTPA3BYKOBLIX AOIUICPOBCKHX METONOB.
Opnwoli U3 pasHOBMAHOCTEH 3THX METONOB ABJETCA CNOCO0 moNyyeHusi u30OpakeHmii yHmpyrux CBOHCTB C
MOMOLIBIO YAANeHHON reHepaupy cABHUroBbix BoJH — Shear Wave Elasticity Imaging (SWEI), Bossmxaomux B
obnactu ¢oxyca npeobpazosarens. YjanewHas TeHEpPaUHs NAET PAA TOTCHUMANBHEIX TIPE
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CPaBHCHMIO C APYIrHMH METOAAMH, BKIIIOYAS BO3MOXKHOCTH JIOKANBHO TECTHPOBATh COKUMAEMOCTh TKAHU C
MHHHMATBHBIMH TTOCHEACTBIVIMA OT apTe(axToB, BLI3BAHHLIX PAa3MYKEM YIPYroOCTH OIMsIeKamux Tkaseld u
NOTEHLHANbHBIME BO3MOXHOCTAME peanmalmn JAGHHOTO C1I0c00a BU3YaTu3ali B PEaIbHOM PEXIME BPEMEHH.
Hccnenosanue OTKIMKA Marepuana TKAHeH Xapakrepusylomerocs TaKuMu NapaMeTpaMK Kak aMInuTyZa
CMEINCHWH, BPeMs PefakCalliil W CKOPOCTE PACIPOCTPAHEHHs BO30Y)KIAEMBIX CHBHIOBBIX BOJH IIPEACTABISET
BOSMOXHOCTL Ui KONHYSCTBEHHOINO ONPENENCHHs JIOKANbHBIX KOHCTAHT YNPYTOCTH TECTHPYEMOH 06macTH.
Baxcuoii sanaueii, Tpebyromeli OTAENLHOTO IETANBHOTO HCCENOBANMS ABJAETCA BHIGOD MeTona perucTpauun
CMEIIECHMH 1 MaTeMaTHIeckas 00paboTka MoNyyaeMBIX NAaHHbIX.

MATEPHAJIHN H METOABI

Teopernaeckme acnexter SWEL, nosBHBIIErocs HECKOIBKO JeT Ha3al ObLU MPOAHANHIMPOBAHEI B paboTax
Capsassna c coasropamu [9-13]. Tlpusumnmanshas Bo3MOXHOCTH Meroaa SWEI Geura  pamee
OPOAEMOHCTPHPOBAHA B SKCHCPHMCEHTAX [0 pPErUCTpallid CMEIICHWT Cpenbl METONAMM  OHTHYECKOH
PETHCTPaLMK M C MNOMOIBIO SCPHOIO MarHuTHOrO pesoHanca [8]. IlpenBapurenvHbie pesynabTaThi NO
YILTPa3BYKOBOH JAOIUIEPOBCKON PEriCTpaliuyl CABHMIOBBIX CMEMIEHWE CpeZibl U AMHAMMKE DACTIPOCTPaHEHMs
BO30YXHaeMbIX CHBUIOBbIX BONH Oblla MpONEMOHCTPEpOBaHA Hamu B pabore [14]. Llensto mammO#M paboTbi
ABNIANOCH UCCHENOBAHUE IPOCTPAHCTBEHHOTO PACTIPEASIICHNSA aMIUIMTYA CABUIOBhIX Aedopmanmii B dantomax
Ouonoruueckux Tikauell ucnoms3ys SWEI — Meron renepanms cHBUroBbX Bo36Y i aeHmiL.

AKyCTHYECKas paJHailOHHAs CWNIa MPEACTABIAEeT COOOH ABACHWME CBI3AHHOE C PACIPOCTPAHEHHEM BOJH
qepes aucCHUAaTHBHEIC Cpemnl. OHa BbI3BAHA HANMYMEM TIPANHEHT2 [UIOTHOCTH aKyCTHYECKOH 3SHEPrum
HaOMmOAAIOMUMCS B CPe/ie, BOSHUKAIOUWIETO BCISACTBHE MOTJIOMEHNS] WiH OTPAKEHNS aKYCTHUECKUX BOJH [9].
Hamrmie rpaguenta mpuUBOAMT K MOSBICHHIO ONHOHANPABICHHON CHIbI B HATIPABJICHWMH PAaclpOCTPAHEHNSA
BONHLL. B mormomaromeli cpefie ¥ B OpHOMVDKEHHH IIOCKUX BONH T4 CHMIa MOXXET OBITH MpENCTABJCHA
CreRyIOmuM ypaBHenueMm [15]:

o 4 _2a: I M
c ¢

rae: F — akycruueckass papuanmoHHas cuna, W — MOTNOINEHHass MOIIHOCTL B CPefie B NAaHHOW TOYKE
NPOCTPaHCTBa, & - ko3pduumesT abcopbuuu cpennl, I — ycpeaHeHHas no BpeMEHH MHTEHCHBHOCTL BOJIHBI B
HaHHO# TOUKE MPOCTPAHCTBA, C — CKOPOCTH MPOXOABHEBIX BOJIH B CPEHE.

Ilpu Bo30yXeHW: CHBMIOBBLIX BOJIH C MOMOIIBIO HMIYAbCHOW MONYISIMH YLTPA3BYKOBOIO IMMyuKa
BHIPKEHHE /U1 BEIHYMHDI CMEICHUHI TKAaHH Ha OCH My4YKa B (POKAILHON IIFOCKOCTH MOKET ObITh MPEACTABICHO
B Buze [8]:

Jr ad?i R
S = 0 exp(-2ad)(—-) —2° @
2 pege aD 14+( “t 2 t2
| aD
CBoero MakCHMaNbHOTO 3HAYCHWA, PABHOTO
@'l
S=‘£—“ (2ad)(-—-—) ®3)

€
3Ta BENWYMHA HOCTHUraeT, O9eBHHO, npH = aDfc,

rae; 2a- aneprypa GOKyCHpYIOMEro YbTPasByKOBOTO NpeodpasoBaTes Hakauky, d - pauyc KPUBH3HbL
AKTUBHOTO 3MeMeHTa npeoOpasosarens, I, = P / 2- p-¢ - HATEHCHBHOCTD BOJIH HAKAUKY Ha OCY Myuka BOIM3u
TIOBEPXHOCTE mpeobpasoBatens, f,- ANWTENLHOCTb MOJYIMPYIOHIETO uMIyJbca. Benwuuna D sBisierca

obparnoii x napamerpy Goxycuposkw: D =y=I.[d, tme I, =ka’[2=na*[A - nnuna ®penens, c,-
CKOPOCTL CABUIOBbLIX BOJH B Cpefie.

Yro6bi BHMUCTUATL BeauHy 1 “HCTOMB3YH 3HAYEHUE WHTCHCHMBHOCTH BOJIH HaKadky B QOKYCe, MOXHO
BOCHOIL30BATHCA H3BECTHHIMH COOTHOWCHWIMYU MCEXAY ITHMH BCIMYHHAMH JA MyYKOB BOJH C rayCCOBCKHAM
pacnpeneacm aMITIHTY AbI meﬁam Ha m3nyJaioime#i nosepxuocty [18]. B stoMm ciayyae

2
I, 1-;5-. | | @)

F
Iionmm (4) H (3) H y-mnﬂ:aa npeﬂeﬁpe}mm MATYIO BEJIMGMHY MOTJIOMEHHA YIbTPa3Byka B BOJe, I'e
¥ ¥ BHOCTH. HIYYKOB HAKAYKH, 110 CPaBHEHMIO C TOTMOHICHUEM B MaTrepuane
W upmw K ommamuy nupa:ccamo JUIS BETWYHMHBI cuemeﬂaﬁ
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rae f — Hecymasi 4acToTa BOJIH HAKAYKH.

IMpoBenensbie B JaHHOMH paboTe nccaeoBasns ObUTH BLINONHEHB! Ha 0a3e YKPaHHCKOTO KOMMEPIECKOro
yALTPA3BYKOBOTO JAMarHocTHaeckoro ckanepa TH628A, kotopsiit Osui paspaboran B Vipause (OAO Hayuno-
HCCTIENOBATENLCKMI MHCTUTYT PaAMOTEXHIHECKNX u3Meperuit, T. Xapbkos). Hcnomasyemerii obpaseu cxaHepa
Gein nepepaboTaH B aNMApaTHOH W NPOTPAMMHOA YacTy AJi NMONY4YEHUA BO3MOXHOCTH KOHTPOJIA U H3MCHEHI
XapaKTEPUCTUK MOIIHOTO YIbTPa3BYKOBOIO Myuka — UIMTE/IbHOCTH, AHTEHCHBHOCTH ¥ 9YaCTOTHI [OBTOPEHMA
yuMnynbcos[16]. B kauecTBe 30HAMPYIOIIMX NPUMEHSINCH CTAHAAPTHBIC HAMITYyJAbCHl HCMOMB3YEMBIC Uit
susyanuzauuy B oOmenpuuaTom B-pexaime. IlapameTpbi 30HIUPYWOIIHX HMIYIBCOB WMENH CIEAYIOMHAES
3HaueHns — Hecymas yacrora 3,5 MI'u, 4actoTa NOBTOPEHHA UMITYNILCOB 3,66 KI'Ll, JUMTENHOCTE HMITYJILCOB —
1 mxc, dokycnoe paccrosume — 80 mm. Hcnonm3oBamich Cliefylomue TNapaMeTpbi UMIYALCOB MOIIHOTO
npeobpasoBatens Hakauku — Hecymas vacrora - 1 MIL, JUIMTENbHOCT> HMITYJECOB HAKAYKH — 1,08
MUIUTMCEKYHb, MHTEHCHBHOCTH B (okyce mpeolpasosarenss Igppy = 145 Br/cM’, 9acTOTa MOBTOPEHHS
umiyiscoB 14,59 I'u, goxycHoe paccrosuue — 70 MMm.

Vi3MepeHHe HMHTEHCHBHOCTH YJIbTPasBYKOBOrO E3NyueHHs [, mpeoOpasoBarens Hakauk¥ B (QOKyce

MPOBOAVANCE C MOMOIBI) M3MEPHTENBHOTO TWApOQOHa, OTKAIHOPOBAHHOIO MO METONy B32HMHOCTH B
cootBercTuM co crangaprom IEC 865 (International Electro-Technical Committee). Korcrpyxims ruapogosa
NIPEACTABNAET CO0OM Mbe3okepaMuuecKuil eNeMeHT TaMeTPOM 1 MM, 3aKpenNeHHbIN Ha KOHLE MIbl AJHOH 50
vMM. Vi3MepeHHas 4yBCTBUTENBHOCTh ruapodona B nojyoce gactot 0.8 - 1.2 MI'u cocrasuna 2+0.2mxB/I1a.
M3sMmepenns WHTEHCHBHOCTH YIBTP23BYKOBOTO NOJMA HAKa4YKH ¢ MOMOINBI0 IMAPO(QOH2 NPOBOMMIHCE B
AMCTUITUPOBAHHOM BOAE MPW KOMHATHO! Temnepatype. Bo Bpems mpoBeneHusi W3MEpEeHHH MHTECHCHBHOCTH
npeobpazosarTeb Haka4yky paboTal B peXyuMe U3NYy4eHUsS KOPOTKUX MMIYJLCOB JUIHTENBbHOCTHIO 200MKe. 310
3HAYCHHE [UIMTEIPHOCTH ObLIO BBHIOPAHO HNs HMCKFOYEHHS BO3MOKHOCTH BO3HUKHOBEHHMS CTOSYMX BOJH B
thoxyce mpeoOpasoBarens 1, KPOME TOIO, IR BLIOPAHHOIO 3HAYEHUS AJMTENHHOCTH AMILTUTYAA MPHHSATOTO
aKyCTHYECKOrO curHama ruapodoHoM Obiia MOCTOSHHOM H HE 3aBHCENa OT ANWTEABHOCTH HU3AYYSHHOIO
AMITYAbCA.

B kauectse hanToma Ouonoruueckoi TkaHu ObLI KCTIONL30BAH BOAHLIN PACTBOP XKeNaTuHa ¢ nodasnenneMm
TIMLEPUHA IS MONCIUPOBAHUS TIOTNIOLICHNS YIbTPAa3BYKOBbIX BOJH, aHAJNOMMYHOIO MOTJIOIIEHMIO B MSTKHX
TrkaHszx. Cocrae cMecu: Boga — 2500 mu, raunepun — 500 mn, xenatun — 240 r. OOvem panToMa cocTaBmsin
mpubmu3uTensHo 1500 . VisMepenns npoBOaMIKCh NPU TeMIiepaType MaTepuana panroma 16 °C.

B xozne nposeaenus 3KCNEPUMEHTA

mm e doxampubie TOuKM mnpeoOpazosarens
RAKaTkA HAKAYKH H SOHTMPYIOUIEro
COBMEIATHCH C NOMOIIBIO

IOCTHPOBOYHOIO YCTpO#CcTBa, (aHTOM

pacnonaraics HETNIOCPEACTBEHHO

BHepenn COBMELICHHAIX

npeoOpasoBaTeneii TakuM - o0pasom,
- 9T00BL doxanpras obnacts
pacnonaranach BHYTpH (aHTOMa, KaK
nokasaso Ha Puc.1.

Hamepenuss aMmiwTyR CMeHeHHH
TKauu u BPEMEH 3anePIKeEK
pacrpOCTpaHeHMs  CHBUIOBBIX  BOMH
BHIIONHAUINCE  [OCHACHAOBATENLHO B
TOYKAX PACHONONEHHBIX B ILIOCKOCTH
CKAHUPOBAHMA.

O6paboTka nanHbIX TPOBOAKMIACH B
peXHME  peanbHOro
BBITIOJIHANACH SBITHBIM
aBTOKOPPENALMOHHBIM METONOM,
SBAMOMAMCH  QOWenpuHATLIM  JUIN
HBETHOTO  JOTLIEPOBCKOTO
‘Puc.1.Cxema nposeexun usMepenuii | kaprupoBanus.  [luw yBeaHeH s

) TOYHOCTH H3MEPSHHI HHAYUMPOBAHHLIX
CMCIICHHH TKaHW W BPEMCH 3a/IEpXKEK PacnpOCTPAHEHHA IEHEPUPYEMBIX CABHIOBBIX BOJIH NPHMEHINIOCH
HAKOTUIEHWE JaHHBX C MOCACAYIOMMM yopenhenuem 1o 30-40 u3MepeHusM Ha OBHy TOuKY. Bpems,
33TPAuHBAEMOE HA TIOJYHEHHUE JAHHbIX N0 KAKAOH TOIKE COCTABIANO OKONO 4-5 Cok. - |
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Haxonnenue NaHHBIX 10 KDKAOH TOYKE OBIIO BO3MOXHBIM BCJICACTBHE TOT0, YTO 4acTOTa MOBTOPEHHA
3OHIUPYIONIMX HMIOYAbCOB Obila KpPaTHA YaCTOTE MOBTOPEHWS MMIYJIBCOB HAKAYKW. BCHENCTBHE 3TOrO
M3MepeHus aMILIMTY/ CMEINEHNUIE TIOC/E OKOHYAHHMS KXKAOTO UMITYJIbCa HAKAYKY HAYMHANKCH ¢ ONHON 1 TOH Ke
dasul npouecca penakcauin MHAYUMPOBAHHBIX CMEINEHRAI TKAHN.

PEIVIIBTATHL H OBCYKJIEHHAE
Ha Puc.2 npencrasnena TumuuHas NWHAMMKA DENAKCallil NOKANBHOTO CHBMIOBONO BO3MYLGEHMWS,
NOJIy4EeHHAA B TOUKE, Haxomsmeica BOmsn doxyca npeobpa3oBarens HAKA4YKU HA PACCTOAHUH OKOXO 5 wmm. [To
oci X — Bpems, mo ocu Y — aMIUIHTyJa CMeINEHWil TKaHW (aHTOMAa B MHKpOMETpax. bosnes Temmas
BEPTHKAIBHAA 0I0CA 0003HAYaET OKOHYAHNE ASHCTBHS MMITYIbCa HAKAYKU. PaCHIpOCTPaHIIOMAACs CABUIOBas
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Puc.2. iumaMuika pelakcayy CEBHNOBOTO BO3MYIICHHST

BOJIHA, MAKCHMYM CMEIRCHUN Cpeibl B KOTOPOH Haxommurcesa B Goxyce mpeoOpa3oBatelis, HO Mepe YOaNeHus ot
TOYKH BOSHMKHOBEHHA IMOIMIOIACTCA, 9TO PETUCTPUPYETCS 0 YMEHBLICHHIO aMILIMTYRB! CMeLnenul cpemnl. 1o
Meépe yrmameHus OT (QoKyca MaKCHMyM AaMIIHTyABl CMEIEHMH Cpemnl mocruraerca ¢o Bce Oonee
YBEJIMYUBAIOMIEHACS 3a7epKkoM BO BpemeHH. llosnyueHHOe BpeMms 3aREpXKKH pacnpOCTPaHEHHMA CHBUIOBOH
BOJIHEI, ONpEJeNsIeMOe M0 BPEMEHH NOCTIDKEHUS MaKCHMyMa CMemjeHus (Ha PHCYHKE IIOKas3aHO CTPeNKoi) B
TOUKE TNPOBENCHUA H3MEPEHUI, COBMECTHO ¢ W3BECTHbIM pPACCTOAHMEM H#O 3TOM TOYKH MOXKET Obith
HCTIONBb30BAHO Vs ONPEAEJICHNsA CPefHel CKOPOCTH PaclpOCTPaHEHUs CABMICBOM BOJIHBLI HA JAHHOM Y4acTKe
TKaHH. XapaKTepHBIC 3Ha4€HUS CKOPOCTH CABUIOBBIX BOJH B MarepHaie HCIOJL3CBABIIEIO (PAHTOMA KMEIOT
BeanuuHy nopsaaka 1,5 m/c. Cnexyer oTMeruTh HOCTATOYHO MEMJICHHYIO CKOPOCTH PENAaKCALUHM CMEIUCHMS
TKaHH, CO BpeMeHeM mnopaznka 30 MWUMCEKYHA ¥ Hajgume ocuuaumii ¢ Oompmium nepuonom. [Jims

NOCTPOSHMSA ABYMEPHOIO PACTIPEACHEHNS YIIPYTHX XapaKTepucTuk Tkanu (Puc.3.) namepenns aMnuryx
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CMELEHMIT ¥ BPEMEH 3aliepeK PACITPOCTPAHEHUS COBHTOBON BOJIHBI ObUTH BBINIOJIHEHE! B MaCCHBE TOIEK BOKPYT
(pokanbHON 001aCTH B MIOCKOCTH CKaHMposauus. Ha pucyHke nokasaHo MONYYEHHOE MPOCTPAHCTBEHHOE
pacnpenencHiue aMnITYAbl CABUTOBBIX BO3MYIIEHHH B OKDeCTHOCTH (okyca npeoOpaszoBaTens HaKadIKA. Ha
pucyHke OcCb X HanmpaBneHa BAONL OCH TpeoOpas’oBaTens HAKAYKH, OCb Y, COOTBETCTBEHHO, B
ePeHMKYTTPHOM HaNpaBIeHNUH.

Crenyer OTMETHTh, YTO NMPEACTABIEHHBIE HA PUCYHKE aMIUIHTY/Ibi CMEIIEHH 0TOOPakKAIOT MaKCHMANBHEIS
3HAYEHUs CMELIEHWN TKAHU B TUIOCKOCTM CKaHupoBaHusA. Kak BHUAHO M3 TMPEACTaBICHHOTO pPHCYHKA,
MAKCUMATbHOE 3HAYeHUe aMIUIMTY[b! CMElmeHuil TKaHM jaocTuraercs B obnactu doxyca npeobpazosarens
Hakagky. I1oCTeneHHOe YMEHBIIEHHE aMILIMTYAbI TI0 MEpe yaaneHus oT (okyca oOyCIOBNEHO NOTNOMeHHeM
CHBMIOBO#i BONHbI B Matepuasie panroma. HabnrogaeMble I0CTATOYHO Pe3KHE OTIHYHSA aMILIMTY CMEIIEHAHA B
CMEXHBbIX TOYKAX, B OTAMYME OT OXMAAEMOr0 MX [UIaBHOTO YMEHBIIEHHWs, OTPAXKAKT CTEKIOBbIA XapaKTep
TIONYMEHHOTO JIBYMEPHOTO M300pakenus, 00yCNOBAECHHDBIH KOTEPERTHOCTBIO YILTPA3BYKOBOIO uanyHdenHus. [l
YCTpaHEeHUs MONy4aeMbIX apTe()akToB CHeAyeT HCIONBE30BATh Pas/IHYHEIE KOPPEIALHOHHbIE METOAB 00paboTKH
n300pakeHNi, Tak Ha3bIBAEMYIO TeXHHKY speckle tracking.

Cnenywoiium napameTpoM, HeOOXOIMMBIM Il ONPEAENCHUS YIPYTHX CBOWCTB TKAHK ABIACTCA CKOPOCTH
CABUTOBBLIX BOJIH, KOTOPYIO MOXXHO OLIEHWTb N0 BPEMEHW MX PaCTPOCTPaHEHUA Ha OTHACNBHBIX YYaCTKaX TKAHU.
Ha Puc.4. npeacraBiacHO MNPOCTPAHCTBEHHOE pacCnpeAcjiceHHEe BPEMEH pPAaCcnpOCTPaHEHWd COBHIOBOIO
BO3MYIIEHHNS JUId JAHHOIO (paHTOMa B IUIOCKOCTHM CKaHWpOBaHWs. B HIDKHEH 4aCTH PHCYHKZ AOMOIHMTEIBLHO
TI0K@3aHkI YDOBHH PaBHbIX 3HAYECHHI BPEMEHH 3a€PXXKH PACHPOCTPAHEHUS CABHIOBOH BOJHBL
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Puc.4. JlsymMepHbIi npodim BeMauH 3anepm PaCIPOCTPAHEHNMS CABATOBOM BOITHE

W3 pucynxos 3, 4 BUIHO, 9TO PaCTIPOCTPAHSIOMASCA CABUIOBAS BOJIHA MMEET OCEBYI0 cuMMeTpHI0. Kpome Toro
Ha0JFOAAETCS PACHPOCTPAHEHHE CABHIOBO#H BOJHBI BIOJL OCH NPeoOpasoBaTens KaK B APIMOM, TAK U oﬁpzwoa;
HampasieHwsix. Kaxymascsi pasHulia B CKOPOCTH PACHpPOCTPaHEHUs BOJNHBLI B MOMEPEHHOM W HPONOALHOM
HamnpaBleHuu oT (okyca npeobpa3oBaTens Bbi3BaHA, NO BCSH BHAMMOCTH, HE aHH3OTPONHEH CBOHCTE nmwmm
hanToMa, a HOCTATOMHO NpPOTKEHHOW (okamsHOM 0GmacTei0 npeoGpasoBarens HAKAYKE, HMEIOLNEH
- OPOAOIBHYIO NPOTSDKEHHOCTb Nopsika 2 cM. FIMEHHO yTHM (aKTOpOM, CKOpee BCero, OBYCIOBNeHE MERbITHE
BpeMEHa 3aJiepXeK TPUXOA2 MAKCHMYMa BOJNHBI 1O TOYEX, HAXOAMMMXCA HA ONMHAKOBOM Dac or
doxyca, HO pacnoNONEHHBIX B AKCHWIIBHOM U PaAMAlIbHOM HANIPABACHHH OTHOCHTENBLHO OCH TIDEOBDA3OBATENs
K coxanesnmio, u3 NpeACTaBNEHHBIX MaHHLIX Ha Puc.3. Hemsss onpenennTs npocrpmmn
PaclpeneneHue amiyIuTy[ MEPBHYHBIX CMEIIEHMH CPenBl, Cpasy mnocne OKOHYAHHS HMIOYALCA HEKAYKH,
OCKOJIbKY HAMM TIPOBOAWJIMCH U3MEPEHNUS TOJILKO 3aJEePXKEK BPEMEHH OT MOMEHTA OKOHUAHHA MMITYJIBLCA IO

-
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AOCTIDREHHMA MaKCHMANLHOTO 3SHA9YeHMs CMEUICHMH Cpenb, T.€. A0 Npuxona MaKCHMyMa BOJHBI CHBHTA.
Ounpenenenuss aMIUMTYA NEpPBHYHBIX CMemIeHHii Cpenni mactT Gojee MONHOE NpexcTaBieHHe o mpodue
BO30YXZAEMBIX CABUNOBBIX BOBMYLICHMIA Cpeabl ¥ JMHAMIKE UX PENaKCaliiu.

BLIBOJRI

Tonyuentbie B HacToAmeli paboTe IKCHEPHMEHTANBHBIC PE3YNHTATHE MPOCTPAaHCTBEHHOTO PaChpeReNneH s
CABWIOBBIX BOSMYWICHWH B TKAHAX ABJSIOTCA NpONOKenueM pabor mo paspaborke meroma SWEI —
AMATHOCTUKN yTIPYTMX CBOWCTE TKAHEH C WCTIONLIOBAHUEM YNBTPA3BYKOBONO JOIUIEPOBCKOTO METONA
nsmepenni| 16]. Jror meTon, HanGosee 4aCTO NPHMEHSEMbil NpH HBETHOM HOIUIEPOBCKOM KapTHPOBAHHUH B
YABTPa3BYKOBOH MEAHIMHCKON AMATHOCTUKE, PEACTABIAETCS BECHMA IIEPCIIEKTUBHLIM C ITPAKTHYECKON TOUKM
SPCHUA 1N N3MEPEHHU BA3KOYNPYTHX CBOHCTB TKaHe# BBHAY CBOEH OTHOCHTENBHOM MPOCTOTH 1 BO3MORKHOCTH
peamusaiyu B peanbHoM Macmabe spemenn. [locnennee 0cOGEHHO BaXHO, HANPHMEP, TPH HEOGXOAUMOCTH
TONYYCHAA ONCPATHBHOH MHGOPMAMK O COCTOSHHA MBILCYHBIX TKaHEH B JOKAWBHON OBJACTH.
Ilpencrasniennsie B manHoli paGoTe pesyasTaTE YKA3HIBAIOT Ha TO, wro SWEI — METOJ, PeaNn3OBaHHEI B
peaNbHOM MaciiTa0e BPEMEHH MMEET 3HAYMTENIbHBIC TOTEHLUANLHBIE BO3MOKHOCTH DPUMEHUTENbHO K
MEIMIIMHCKOM NpaxTyKe.

HMannas pabota Osina BemosteHa mpu momnepxke HTLTY, rpant Ne865.
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NPOTPECC TEXHUKHU BUOMEINIIUHCKOI'O MACC-
CHEKTPOMETPHYECKOI'O SKCIIEPUMEHTA KAK IPUMEP
BJIUSIHUS IOTPEFHOCTEN OBIECTBA HA PA3BBUTUE HAYKH

M.B. Kocesnu, B.C. llleaxkoBcknii |
DuzuKo-mexHudeckuil uHcmumym nuskux memnepamyp um. b.H. Bepxuna HAH Yrkpaunbi,
np. Jlenuna 47, Xapexos, 61164, Ykpauna, e-mail: mvkosevich(@ilt. kharkov.ua, shelkovsky@ilt kharkov.ua
[Tocmynuna ¢ pedaxyuro 11 oxkmabpa 2000

Llensio gaHHOro 0630pa ABWIOCH Ha NMPUMEPE OXHOTO W3 aKTUBHO MPOTPECCHPYIOUIMX METOROB MONEKYIAPHO-
GUONOTUYECKMX U OMOPU3UYECKUX HCCIIENOBAHUH - MACC-CTIEKTPOMETPUY - NMPOAHATU3UPOBATE B3AMMHOE BIWSHUE
pa3BUTHs OOWIECTBA M OTAEBHBIX oOnacrel Hayku. [IpuBoaurcs kparkuid 0630p 3BOMIOLMY TEXHHKH MacC-CIIEKTPO-
METPHUYECKOTO OSKCTIEPUMEHTA Ha MpOTsAXEHUMH XX BEKa B 3aBUCHMOCTH OT COLMAABHOINO 3aKas3a, OpHEHTAUMA
KOTOPOTO cMelnanach OT npeobiagaHusd BOCHHOTO 3aKa3a B CEPE/IMHE BEKa K HCCNEAOBAHUAM, 00SCMEIUBAIOMINM
310pOBbIN 00pa3s xu3Hu mojei B 90-e rofel, 0T YHCTO QyHAAMEHTANLHBIX GH3AYECKUX 3a1a4 K 3a7a4aM MeIuko-
Guonoruueckum. [TepeHuCstOTCs OCHOBHBIC HOCTHXKEHHS METOAd, CPENH KOTOphIX Haubonee 3HaUYUMbIM SIBIHICTCH
peanu3aiii BO3MOXHOCTH M3Y4EHHs BBICOKOMOJEKYJSPHBIX OHOMONMMEDOB. B pe3ynsTare aHajiu3a TEHACHUM
Pa3BUTHS METOAA [ENAIOTCS 3aKMIOYECHUSA O HaUOOIEe NEPCNEKTUBHbIX HAMPABICHUAX UCCICHOBAHNMN ¢ MCTIOB30Ba~
HHEM COBPEMEHHBIX AOCTH)KEHUH TEXHUKH MACC-CIIEKTPOMETPHYECKOro 3KCnepuMeHTa, [IpuBOAUTCS CUCTEeMaTH3a-
LMA TUTEPATYPHBIX AaHHBIX, 00Nerdaiomas OpueHTauuio B 6ypHoM HHMOPMALMOHHOM [TOTOKE 10 pacCMaTpUBacMOi
npobueme. -

KJFOYEBLBIE CJIOBA: macc-cnekTpomerpus, 6Modusnka, TEXHHKA SKCIIEPUMEHTA, HCTOPUSA HAyKU

B nocrnenxue romel 0COOEHHO OCTPO NPOSABIAETCS MOBBINIEHUE HHTepeca 00mecTBa K MPaKTHIECKOMY
BLIXOMY HOCTIKEHMH coBpemeHHON Hayku [1]. Ilpmyem, B oTiHdMe OT NPEAMIECTBYIOMIMX JET, AKUEHT
CMELIAeTCsl C pa3sBUTHSA TEXHUKW Ha TakdHe OGJNACTH, HENOCPEACTBEHHO KacaloMecs KM3HW Jmomel, Kak
3[paBOOXPaHEHNE, 300POBOE NMUTaHKE, 3a60Ta 0 YHCTOTE OKpyXKalouiel cpensbi. B pamkax Hayk#l kKak TakoBO
MOJIOXKHUTENLHYIO POJIE MIPAET CBOEro poja obpaTHas CBfA3b: BOIUTOUICHME HOCTIKSHUI ONPERCNCHHOrO 3Tala
(pyHmaMeHTaNbHBIX HCCIENOBaHUM B HOBLIE TEXHONOTHH, MPUOOPHI U METONBI CIYKHUT ABIKYINEH CHION
NEpeXoNa Ha CNERyIOLIHH, 3a4acTyi0 - KaYeCTBEHHO HOBBIM BHTOK PasBHTHS (yHIaMeHTamisHOM Hayku [1].
Pa3paboTka NpAHUMNKANBHO HOBBIX THIIOB 3KCTIEPUMEHTAILHBIX MPUGOPOB, MOBBIMIEHNE MX YYBCTBATE/ILHOCTH
U pa3pellaromel CiocoGHOCTH OTKPBUIN BO3MOXXHOCTD TIPOBOAUTH HCCIEAOBAHNS HEAOCTYIHBIX PaHEe 00BLEKTOB
H ABJICHUH U obecneyiuii HeObIBaNbIN Nporpecc PyHAaMEHTaIbHOH HayKu BO BTOpo# monosuue XX-ro Beka [1,
2]. AHanuz B3auUMHOM CBs3U MOTpeGHOCTeH OOLIECTBA U Pa3BUTHA ONpPEAENCHHLIX 00jacTel HAYKH M TEXHUKH
MOXeT OBITh MOJIE3HBIM NPH BEIGOPE HaubOJIEe aKTYANBHBIX | NEPCHICKTUBHbIX HANIPABICHUI HCCHEXOBAHMIL.

B pmawuom o030pe Opina nocTaBiieHa Lenb MpOAaHAM3WPOBATH MEPEUHCICHHbLIC 3aKOHOMEPHOCTH Ha
npuMepe OOHOro U3 OypHO PasBUBAOMIMXCA METONOB QU3NIECKHX, XUMUIECKMX, OHONOTHYECKIX HCCNEAOBAHMI
- METOA MacC-CIIeKTPOMETPHH. ByoyT KOPOTKO MepeducleHbl OCHOBHBIE UCTOPUYECKME 3Talbl CTAHOBICHHN
A@HHOTO METO[a, MPUBEACHL! OCHOBHBIC NOCTIDKCHNUA B 00J1aCTH aHANM3a U MCCENOBAHAS HEKOTOPBIX CROMCTR
OHOMONEKYNl M OTMEYEHB! akTyalbHEIC HAMPABNECHUS OPUIOKEHUS COBPEMEHHOM MATKOMOHU3AUOHHON Macc-
CIEXTPOMETPHH B OMOGMH3MYECKHX, MONEKYNAPHO-GHONOTHYECKUX, GHOMEIHIIHHCKIX uccnenosanuax. Tawxe
OymyT MpUBENCHBI JaHHBIE, KACAIOWMECS TIONCKA HAYYHO-TEXHUIECKOH MHOPMALIEAH 10 3a'rpaﬂy'r5m BOIMpOCaM.

HCTOPUYECKUN OYEPK

OnHAM U3 MOUIHEIX IKCTIEPHMEHTANbHBIX METONIOB, IPUMEHAEMBIX BO BCEX 06macTsX @mamemmx "
- [PAKJIA/IHBIX HayK, KOTOPhIE TPEOYIOT uHGOpPMAaLkK O CBOMCTBAX BEIIECTBA Ha MOJICKY/IAPHOM YPOBHE, ABAACTCH
macc-cnekTpomeTpust. OTMEYEHHBIC BO BBCACHHM TEHASHLMM APKO MPOSBIINCH B €6 SBOJHOHAK OT CHOKHOTO U

ManopacnpoCTPaHEHHOTO BUAA SKCHEPUMEHTa B aTOMHOW U sjxepHoli (usuxe [2-4] po ofimenocTynroro w
WMPOKO MPUMEHAEMOT0 BRICOKONH(OPMATABHOTO METO/A Hcc.rrenosamzﬁ {3-661.



lTporpecc TeXHHKN GHOMEANLMHCKONO MACC-CIIEKTPOMETPUUECKOTO SKCTIEPUMEHTA.

Macc-criekTpoMeTpys Kak METOJ TOYHOro M3MEPEeHHst MAace aToMOB M MOJIEKYJ1 OCHOBaHa Ha pa3[iesieHuu
HOHW3UPOBAHHBIX YACTHU C Pa3HBIM OTHOILEHMEM MacChl m K 3apsAy Z B MAardMTHOM M IEKTPUMECKOM TOJISX.
MpaxTiyeckas peanmsauus [aHHOTO MeTOJa ONMpELENSeT COCTAB MacC-CIIEKTPOMETPHUYECKOH  KCrepH-
MEHTJIbHOH YCTAHOBKH WM KOMMEpPYECKOTo npuGopa. [IprHLMIMAibHEIMA GII0KAMH SBISIOTCH CHCTEMA BBO/a
o0pa3slia, MCTOYHMK MOHOB Ul mepeBoja obpasiua B WOHH3NPOBAHHOE COCTOSHUE, MacC-aHAIM3aTop, I[e
COOCTBEHHO W MPOMCXOIHT Pa3feieHie HOHOB B COOTBETCTBHHY C MY/Z, CHCTEMA ACTEKTUPOBAHUA U PErHCTPALIUH.
KommbroTepusupoBanHas cucTeMa ynpaBieHus Heo6XOauMa [Uis OCYIIECTBJICHUSA ABTOMATHU3UPOBAHHOTO
ynpaenenus pabotodl npubopa M mpoBefeHus c6opa, 06paboTKH XpaHeHUS nauHeiX. Mctopus passurtus
MCTOMa CBAi3aHA C KAYCCTBEHHBIM M KOJMYECTBEHHBIM COBEPLICHCTBOBAHMEM MapaMeTPOB MEpEvHCIEHHBIX
COCTaB/LIOLIMX MAcC-CIIEKTPOMETPHYECKOM YCTaHOBKH.

B ucropuu CcTaHOBNEHHS Macc-CEKTPOMETPUH JOCTATOYHO SIPKO MNposiBUNAach 001as TeHIEHUUA
HePaspbIBHOH CBA3W PasBHTHA HAyKH C 3alpOCaMH M MOTPEOHOCTAMH PasBUTHS YeOBEYECKOTO OGIIECTBA.
OCHOBHBIE 3Tamnbl 3TOrO MyTH OTPAKEHHI B CXEME, PeACTaBIeHHOM Ha Puc. 1.

OO6Hapyxenue (Gu3M4ecKUX NPHHUMIOB, JETIIMX B OCHOBY METOJA, NMPUXOLUTCS Ha MNEPUOA BEJIMKHX
OTKpbITHI B dusnke Ha pyGexe XIX-XX B.B. K HAM OTHOCATCS OTKDPBITHA MONOKNTENbHBIX HOHOB (1886 r.),
KaTOAHBIX JIydeH, snektpona (1897 r.) [2, 4]. Ilepswiit macc-criektp 6bln momyued k. TOMCOHOM {J.J.
Thomson) B 1912 r. Ha npocToii n1aGopaTopHO# BaKyyMHOIA YCTQHOBKE W 3apErMCTPHUPOBaH B BUAE Mapabon Ha
dayopecunpyromem 3kpade [S]. TOMCOHOM BnepBble GBUIM IOMyYEHDI Macc-cniekTpel O,, N,, CO, CO, u
OTKPBITB! M30TOME! HeoHa “'Ne u “’Ne. IlepBble 1a60paTopHbIe Macc-CIEKTPOMETPHYECKHE YCTAHOBKY GhLIH
CKOHCTpYHpoBaHbl A.Jlx. emncrepom (A.J. Dempster, 1918) u @.B. ActoHoM (F.W. Aston, 1919) [4, 6].
IIpakTidecku 10 cepeauHbl Beka Macc-CIEKTPOMETPHS OCTaBajdach METOAOM (yHIaMEHTaNbHBIX pu3zngecKkux
HCCIE10BaHNY B OTPaHUHEHHOM 4ucie abopaTopui. TleuanbHbiM napanokcoM HcTopun XX-ro Beka sBASETCS
TO, YTO Haubonee aKTHBHOE (UHAHCHPOBAHHE HAyYHO-TEXHUUECKHMX pa3paboTOK GBUIO CBA3AHO C pa3BUTHEM
BOCHHOH TEXHHMKH. METONbI pasfeneHus W HCCIENOBAHMA M30TONOB GbUTM BOCTPeGOBaHBI NpH pa3paboTke
SLEPHOTO OpyXus B nepron Bropoit MupoBoii BolHb! (M30Ton ypana U seigenen A.O. Hupom (A.O. Nier)
1940 r.) u nocneBoeHHOH romnke BoopykeHni. B GpiBmem Cosetckom Corose mepBbie MacC-CIIEKTPOMETPH-
YECKHE YCTAHOBKHM OTHOCHJIMCH K 3aCE€KpEUYCHHBIM 00BekTaM [6], a B pedpepaTHBHBEIX XYPHaNax METOH Macc-
CIIEKTPOMETPUH 10 CHX [OP HaXOIMTCA B paszelie «SlaepHas Gusnka». B TOT ke BOEHHBIN MepHON BO3PacTaro-
s TOTPEOHOCTH OO0EBOM TEXHHWKH B TOILIMBE CTHMYJHMpPOBANA WCCIENOBaHUA HedTenepepabaThiBAIOLLIX
KoMmaHuit, B ocobennoctu B CILA, rae nepBblli KOMMepYECKHi Macc-CHEKTpOMETp ObUT cozmaH mns Atlantic
Refinery Company [3, 4]. B nocnesoenHsie roasi HedTsHOM GyMm, MOgbEM XMMWUECKOl MPOMbIIJICHHOCTH,
CHHTE3 HOBBIX MaTepHaJIOB N0TPeOOBaIi pa3BUTHS METOOB OpraHMYeckoro ananusa [14, 16, 23, 29-32, 37, 39],
HO TONBKO O4Y€Hb Oorathbie (QUPMBI MOITIA MO3BONMTE Cebe JOPOroCTOALIME MAacC-CHEKTPOMETPb. BaXHBIM
MOMEHTOM B pa3BUTHM Macc-crnektpoMeTpun B ClIIA, nmo oueHkaM aMepHKAHCKMX CITELMAIACTOB, ABHIACH
nepefaya psga MNEpBBIX YHWKANLHBIX MacC-CIIEKTPOMETPUYECKUMX YCTAHOBOK HE(TAHBIMM KOMIAHMSAMH B
OIO/UKETHBIE YHMBEPCUTETBI, YTO CIIOCOOCTBOBANO GBICTPOMY OCBOCHMIO ¥ Pa3BUTHIO METOAA MIUPOKUM KPYroM
yyeHbIX. [Ipn mepexome K MUPHOM XXKH3HM MHOTME BOCHHBIC pa3palOTKW Hayalk BHEAPATh B PaxIAHCKYHO
MPOMBINUIEHHOCTh. Ilocie mpeononenus nocnenctsuii Bropoit MupoBoit BoiiHel B EBpone Gonbiuoe BHUMaHuUE
CTaJIO YAENATLCA KaYeCTBY XKHU3HH, PasBUTHIO MEIWLIMHLI, (apMaKOJOTHH, BHEAPEHHIO NTPOrPECCUBHAIX METOLOB
BEICHHs CENBCKOr0 XO3AHCTBA U NEPEPAOOTKH MPOXYKTOB MUTaHUA. B CBI3M ¢ 9THM CHOpMUpOBANCS COLUAb-
HBIA 33aKa3 Ha pa3BHTHUE COOTBETCTBYIOLMX 00/1aCcTel HaykU U 3a JOCTATOYHO KOPOTKH rnepuos B 70-80-¢ roms
Macc-CTIEKTPOMETPUS W3 METONAa QYHIAMEHTAIBHBIX PU3MKO-XMMUUECKUX Wccienosanmii [8-14, 18-21, 26-35,
41-43] npespaTwnach B 3(deKTUBHOE CPeACTBO OHOXMMHYECKHX, (DapMakOJOTHYECKHX, GHOMeEIMLUUHCKUX
uccnenopanuit [7, 23, 34, 36, 40, 44-46, 48-52, 54-59]. OxoHyaHue XOJOAHOM BOMHBI B KOHLE 80-X - Hayane 90-
X rofoB XX-ro Beka 03HaMEHOBAJIOCh PE3KHM COKPALIEHHEM PacXOAOB Ha OOOPOHHBIE HayYHbIE UCCIIENOBAHM,
OOHAKO MOJOKUTEJBHON €ro CTOPOHOM CTaja KOHBEPCHSA, U NPOTPECCHBHO HACTPOEHHAs MHUpOBas HayuHas
06IIeCTBEHHOCTh B ITOJIHOH Mepe BOCNO/b30BaATIaCch OTKPHIBILEHCA BO3MOXKHOCTBIO «MIEPEKOBATh MEYH HA Opajiay
¥ MepeKI0OYria HAKOIUIEHHbIH HayYHO-TEXHHYECKUH MOTEHIMA C 3a[1a4 BOEHHBIX Ha NMpOoOJIEMbl, CBA3aHHbIE CO
340pOBhEM M OarococTosHUEM uYenoBeka [36, 4, 45, 49-51, 54, 55, 58, 59]. B cBa3u ¢ 3TUM, B TeyeHue nocnen-
Hero necaTwieTHs Habmomaercd cBoeoOpasHslii OyM B pa3BUTUM OHOMEIMLIMHCKOW MacC-CIIEKTPOMETPHHU.
Kpome ToOro, xonoccanbHbI} IpOrpecc Hayku B 11€]10M OKa3blBACT BAHSHME Ha KaXKIyt0 U3 ee 00nacTel, U HOBbIE
BO3MOKHOCTH TOHKUX TEXHOJOTMH M KOMIbIOTEpH3auya o0ecrneyHuBalOT KayeCTBEHHO HOBLIM YpOBEHb Macc-
CTIEKTPOMETpYYECKOH TeXHHKM. OTMETHM, 4TO INATh OTKDLITHH, HampAMYIO CBA3AHHBIX C Da3BUTHEM WU
NpUMEHEHUEM MacC-CHeKTpoMeTpuH, otMedeHsl Hobenesckumu npemusmu [45]: k. [hk. Tomcon (1906), @.B.
Acron (1922), B. ITaym (W. Paul, 1989), P.A. Mapkyc (R.A. Markus, 1992), I'. Kporo, P.E. Cmoniu, P.O.
Kepn ( G. Kroto, R.E. Smally, R.F. Curl, 1996).

CymiecTBeHHBIH NPOrpecc Macc-CEKTPOMETPHH CBA3aH, B HanboNblIeH CTENEHH, C 3aompuneﬁ METOLOB
NEpPEBOA MOJIEKYR HCC/IeyeMOro BELIECTBA B ra30Byl0 (azy B MOHU3MPOBAHHOM COCTOAHUM. FIMEHHO 3TH /B2
MOMEHTA - He0OXOAMMOCTE MepeBoJia B ra3oByio a3y 6e3 TepMHUYECKOH Aerpagaltu U HCINOJIb30BAHHE MATKOTO
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O6mccTBEHHO-3HAYUMBbIE COOBITUA - JTamn Pa3’BUTHA MacC-CIEKTPOMETPHH

Bpems byHaaMEeHTaTbHBIX OTKPBITHH
1910 B ATOMHOM U a71epHON QU3MKE |

1913 JIx. ToMCOH - pa3fiesieHHe U30TOIMOB HEOHA

1918-1919 co3pmanue NepBhIX MAcC-CIIEKTPOMETPOB

MunurapusM, pazpaboTka

M30TOrMHBIE MAaCC-CIEKTPOMETPBI B BOSHHBIX YUPEKIEHHUAX

‘ He(b'rﬂnon OyM, NOTpeOHOCTE B
1950 roprouem, pa3BHTHe HehTEXUMHH

1940 A[EPHOrO OPYXKHA

Boratbie HedTaHbIe HDHUPMBI IEPBbI€ HAYMHAIOT
MCITOJIb30BaTh MACC-CINIEKTPOMETPHI

Pazsutne QUMK U
1960 XMMHUYECKOM TPOMBIILIEHHOCTH

| OyHnaMeHTanbHbIe UCCIeNOBaHUS B 001acTH QU3NKU, XUMHUH
| bym B MosiekynsapHo# Guonoruu

PazpaboTka mepBbIX MATKOMOHH3ALUOHHBIX METOAOB
U1t U3y4YEeHHUs OUOMOJIEKY T

1980 DKOHOMHMYECKHH NOABEM
MC npuMeHseTcs BO BCEX OTpac/iaxX HayKu

Koneu xonoaHow BOHHBI, KOHBEPCHS,
1990 GHOTEXHOOT U, KOMITBIOTEPH3aLHS

1970

HoBble MeToas anannsa 6uononumepos

[ToBBIIIEHUE «KAYECTBA KUZHUY,
2000 | osxomoruueckuit KOHTPONb

Puc. 1. ComnoctasiieH#e 3BOJIIOLKHN NMOTPEOHOCTEH 06MIeCTBa U OTBETHOrO Pa3BHUTUS OJHOTO W3 Me'ronoa
Hay4YHbIX UCCIIECHOBAHUM - MacC-CIIEKTPOMETPUH.
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(Hepaspywiatomero) cnocoba HOHM3aLUMH, 06ecreunBaonEero MMHUMAJIbHYIO (QparMeHTauuo - SBASUTHCH
OCHOBHBIM ~ KAMHEM TIPETKHOBEHHMA B MPHIOXKEHUH MAcC-CHEKTPOMEPHUH K TIONAPHBIM, TEPMONaGHIILHBIM
coeanHenuaM [15, 17, 58, 62]. TBopuecknii NOUCK UIMEHHO B 9TOM HanpasJieHWH BBI3Basl OOJIBLIIOE OKUBJIEHUE B
MacC-CHEKTPOMETPHYECKOM COOOUIECTBE, MOCKONBKY OTKPBIBAJ MEPCIIEKTMBLI anpobary LLIMPOKOr0 Kpyra
I(PpexToB, NPUBOAALIMX K MEPEBOLY BEWIECTBA B MOHU3UPOBAHHOE COCTOsIHME. B pesynbTaTe ObLIO MPEMTOKEHO
HECKONIbKO NECATKOB CMOCOOOB MOJYYEHHS MOHOB, OCHOBAHHBIX HA Pa3sHOOGDA3HBIX (pH3HMYECKMX TPHMHLMIIAX
[6, 15, 17, 26, 32, 34-37, 39, 44-49, 55, 58, 59]. Ha3BaHus OCHOBHBIX METOAOB MOHH3AUMHU HA PYCCKOM H
AHITIMFCKOM fA3bIKaX CyMMHUpOBaHbl B Tabm. 1.

[lpakTryeckn oAHOBPEeMEHHO pa3pabaThiBaniCh JBAa OCHOBHBIX IOIXOMA: EPeBOJl HEMTPATBHBIX MOJIEKYI
B ra3oByl0 (azy ¢ HOCNemyloIledl MOHM3AuMel M MEPeBOJ BEIIECTBA W3 KOHOEHCUPOBAHHOIO COCTOSHHSA B
rasoByI0 a3y, COMPOBONKAAOUIUICST HOHH3ALMEN (IECOPOLMOHHbIE U BTOPAYHO-IMUCCHOHHBIE METOIBI).

Hcropuyeckn nepeeiM (¢ 1918 roma [59]) B kauecTBe MeTona MOHM3ALME WCHOJNB3OBAIMA 3JIEKTPOHHBIM
yaap (3Y), KOTOpbIii MpOAO/DKaeT OCTaBaThCs B apCeHasleé METONOB Kak Hambolee 3¢ PEKTUBHBIN B CBOE
00MacTH MPUMEHMMOCTH K ra3000pasHbEIM M JIETKOJETYUHM BELIECTBAM [7, 9, 18, 22, 29, 30, 37]. Jlerkocts
BOCITPOM3BEACHHA SKCIEPUMEHTANBHBIX MapaMeTpoB DY Ha OBIX YCTAaHOBKAX 00ECIeYMBaeT BO3MOXKHOCTD
CTaHApTU3ALHH, B CBA3M C YEM MMEHHO U1 OY CO3MaHBI KOMIBIOTEPHBIE 6aHKK MaCcC-CTIEKTPOB; HA €r0 OCHOBE
YCTaHOBJICHBI 3aKOHOMEPHOCTH (parMEeHTALUN [T MHOTHX KJIACCOB JIETYYHX OPTaHMYECKHX M HEOPTraHUYeCKHuX
coenuuenuit [8, 21, 22, 29, 30, 32, 35, 53, 60]. OCHOBHBLIMU HEAOCTATKAMH MeTOAa DY MO OTHOLICHIIO K
NAOWIBHBIM COSAUHEHHAM SABNSIOTCH, BO-NIEPBBIX, HEOGXOAMMOCTH WMCTapeHns obpasua H, BO-BTOPLIX, TakK
HA3bIBACMas (OKECTKOCTB: B XOAE MOHM3ALMK MOJIEKYJIbl [P €€ CTOJKHOBEHHU C 3EKTPOHOM CO CTaHJapTHOM
sHeprued 703B oOpasyromemycsi MONEKYNSAPHOMY HOHY MepelacTcsi SHEprus BO3GYXKHEHHS B HECKOMBKO
3IEKTPOH-BONIBT, YTO MPUBOANT K €r0 UHTEHCUBHOMN QparMeHTaLuH.

Ko BTOpOMY mOIXODy OTHOCHMTCS METOA PACMBLICHHS WOHOB W3 KOHJEHCHPOBAHHBIX 00pa3uoB mnox
BO3JCHCTBHEM BBICOKOIHEPIeTHYECKHX (C SHEPrued 10 HECKONbKUX JECSATKOB KUN03IEKTPOHBONBT) HEPBUIHBIX
MOHOB - BTOPWYHO-NOHHAA Macc-cniektpomeTpus (BUMC) [27, 28, 35, 41]. Oauako on Taxxke ObLT JOCTATOYHO
KECTKUM U MPUMEHSICS B OCHOBHOM B HCC/ICIOBAaHHHM HEOPTaHMYECKUX MATEPHAOB - METANIOB U JIU3JEKTPH-
koB. CnekTpel BUMC oprasnyeckux o6pasioB ynaBanoch NofiyuqaTh M3 TOHKUX IUIEHOK, OJHAKO CHEKTPHI B
OonBUINHCTBE CBOEM ObLiM HeCTaGMIIbHBI M3-3a GBICTPOro paspyuieHus obpasua [35, 46, 63].

B cBs3u ¢ 3THM LIen mnowuck Gosnee MArKHMX, HE pa3pyINAIOIIMX BELIECTBO, METONOB BO3JEHCTBUS. BbIIH
mpeuIoxeHs! XumMuyeckas nonmsauusa (XH) (@.X. @unn (F.H. Field), 1966) u dpotouonmsanus (ON) [26, 32,
39]. ManHbie meTonpl ofecreuuBany OOJbLIMI BBIXON MOJEKYNSAPHBIX HOHOB, OJHAKO TaKkke TpeGoBaid
ucnapeHns o0pasua 1 OblIM TPUMEHMMBI JIAIb K OTAEIbHbIM IPYNNaM BEeLIECTB.

BaxxHo# Bexoit, 0603HauuBILEH NPUHIMIIAANLHYIO BO3MOXHOCTh MATKOW MOHHM3ALMK, ABWIACE pa3paboTka
X.-J. bekku (H.-D. Beckey) metona noseBoit wonmsauun (ITH) [33, 34], 0CHOBaHHOIrO Ha TYHHENHHOM YXOJE
3MEKTPOHA U3 MOJIEKYJIbl, IPH KOTOPOM SHEPIHs BO30OYXKIEHNUA HE NPEBBILIAET AECATBIX JIEKTPOHBONbLTA [11, 15,
33]. Bropyro mpoGneMy - Hepaspyllaromuii crnocod rnepeBojia MONEKY/T B ra3oByio (asy - YAanoch pelluTh B
paMKax 3TOro ke Crocoda HOHHU3ALMHK ITyTeM NMPUHUKMNHUAIBHOM MOAMHKaLMH crocoba BBOAA KOHIEHCHPOBAH-
HOTO 00pa3sia - HAHECEHWsA €ro HEMOCPE/ICTBEHHO Ha MOBEPXHOCThb MOJEBOTO SMHUTTEpPA C Pa3BUTOM MOBEPX-
HOCTBIO THIa MHKPOACHIPUTOB MM BHCKepoB [34, 57, 64]. MeTon noy4yun Ha3BaHue nosieBoii necopbumu (I171)
(X.-[. Bexku, 1969 [64]) u c ero nomowbi BHepBble ObUIM TMONYYEHE! MacC-CMEKTPhl MHOIMX KJIAaCCOB
TPYAHOJIETYYHX BBICOKOTIONIAPHBIX COeAUHEHUH [34, 65, 66]. Henoctatkom ITH w I1/] stBuuch He kakue-nubo ux
MPUHIMIUAJIbHBIE OMPaHUYEHNUSA, a CIOXHOCTh 3KCIEPUMEHTAIBHON TEXHUKHM, B CBS3M C YEM OHU MOIJU OBITH
peaiu30BaHbl TOJIBKO B CHELMAIM3MPOBAHHBIX MaccC-CEKTpoMeTpuyeckux Jaboparopusx. Ilossnenne 3Tux
METOAOB HE TOIBLKO PacIidpuio 00JacTh YMCTO AHAIMTWYECKOTO NPHUMEHEHUS MacC-CMEKTPOMETPHM, HO H
MO3BOJMWIO CTAaBUTh M DENIaTh HOBbIE (H3KO-XUMHYECKHE W OHodusuueckue 3amaud (GyHAaAMEHTATbHOrO
xapakrepa. Tak, B DU3UKO-TeXHUIECKOM HMHCTHTYTe HM3KMX TeMnepatyp (DTHUHT) HAH Vkpannsl Ha ocHoBe
[ 6pu1 pa3paboTaH METOA M3Y4YEHHSA TEPMONMHAMHYECKMX XapPaKTEePUCTHK MajbIX KJIACTEPOB, B TOM YHCJE
accoumatoB O6uomonexyn [62, 67-71], a meton IIJl ucnonp30BajicCAs NpPH YCTAHOBNEHHH MOJIEKYJIPHBIX
MEXaHH3MOB AEHCTBHA HEKOTOPhIX JIEKAPCTBEHHBIX NpenapatoB [72, 73]. HecMoTpa Ha TO, YTO HOBBIE METOJBI
HOHM3AIMH B TOCJEIHee BpeMA 3HAYMTENbHO MoTecHun [1]], oHa nmpoao/kaeT MHTEHCUBHO MCIIOJIB30BATLCS B
MCC/IeJOBaHUH OpraHMYeCKHX MOMMMEpOB [74].

Bropas monoBuHa XX-ro BeKa 0TMEY€Ha OBICTPBIM BHENPEHUEM HAYYHBIX pa3paboTOK B MPOMBILLICHHOE
OPOM3BOJACTBO, HO3TOMY, Kak TOJIbKO OblIa HOKa3aHa NPHMHUMIMANBHAA BO3MOXHOCTH aHalu3a TepMONabuIb-
HbIX COCHMHEHWH ¢ MOMOUIBIO METOAa Macc-CNEeKTPOMETPUH, BCTal BONPOC O pa3paboTke CpPaBHUTENbHO
MPOCTBIX KOMMEPIECKHX NpUOOPOB A KOHTPONSA XHMHUKO-TEXHONOTMYECKUX MPOLECCOB, KOTOPhie MOTJIH Obl
IKCIUTYaTHPOBATHCA TEXHUMECKMM TEpCoHanoM 0e3 AOpOrocToAlned MOAroTOBKH. BaKHBIM LiaroM B 3TOM
HanpasleHuH ABHWIACh paspaboTka metoaa ¢ 6omGapanposko 6sicTpeiMu aTomamu (BBA) [75-77]. Metox BBA
MOXCHO paccMaTpHBaTh Kak pa3BHTHE BbllieHa3BaHHoro meroga BUMC [78), oaHako OH nmepeBesi BTOPUYHO-
IMUCCUOHHBIE MCCHCAOBAHUA Ha Ka9ECTBCHHO HOBbIY ypOBeHb Onarojaps ABYM HOBOBBENEHHAM: HCIOAb30Ba-
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IHporpece TexHIKY GHOMEIMIMHCKOTO MaCC-CIEKTPOMETPRISCKOTO SKCTIEPUMEHTA | .

HHIO HEHTPaNbHBIX 6OMOAPAUPYIOIIMX ATOMOB ¥ KUIKOM MaTpuubl. Maest 6omGapanuposku o6pasua He noxamu,
a HeHTPANbHBIMKM aTOMAMM C LIENbIO M3GEXAHHUS HAKOTLIEHUS 3apAN0B Ha MOBEPXHOCTH AMIIIEKTPUKA BIIEPBbIE
Oblia peanu3oBaHa COBETCKUM WCCnegoBateieM I M. TanupipeBbim  [79], omHako OCHOBHOE HOBIIECTBO,
obecreunBlIee CTpeMUTENBHOE BHeApeHue BBA B OpPraHMYeCKUN aHAJIM3 M COCTOSABIUEE B MCMOJIL30BAHUM
KHAKON MaTPUUB! W3 BA3KUX KHAKOCTEH ¢ HHU3KOM YTIpPYTOCTbIO Mapa (B OCHOBHOM, [JIULEPHHA), MPUHAIEKANA
M. BapGepy (M. Barber, 1981) c coaBTopaMH [75], koTOphle M cuuTaOTCA paspaborurkamu BBA 3a pyoexom.
JlaHHbIN METON OKa3alCs AOCTATOYHO MPOCTHIM U OBICTPO MoMTy4mn wMpokoe pacnpoctpanerue [36, 39, 49, 54,
55, 63, 76, 83]; xoMmepueckue MPUOOPBI, YKOMIIEKTOBAHHbIE UCTOYHUKAMH MOHOB C BBA, nauuny mmmpokuii
pbiHok cbpiTa [80]. Meton BBA mossonun B kopoTkuit CpOK NpOaHaNIM3UPOBATh MPAKTHYECKH BCE KJACCHI
OPTaHMMECKHX COCNIMHEHUH, NONAalOMX B MACCOBbIN Ivana3oH MpuMepHo xo 10° Ha. Hapsangy ¢ ananmutudec-
KNM TIDUMCHCHUEM, NAHHBIM METOX BECbMAa aKTHBHO HAayajl WCMONB30BATHCS KAK OAUH W3 WHCTPYMEHTOB B
MOJIEKYIAPHO-OHOTOTHYECKMX, (HapMaKONTOTHYECKUX, GHOPUIMYECKNX, BGHOMEIULIMHCKIX HCCIIEIOBAHUAX LISl
YCTAHOBIIEHUA MOJIEKYIAPHBIX MEXaHU3MOB PasNINYHbIX GHONOTHYECKKX NponeccoB [49-51, 54, 72, 81, 82].

IJockonbky OTKpBIIACh BO3MOXHOCTH MPHMEHEHMUS MacC-CIICKTPOMETPUH B OMOMEIMUMHCKIX WCCen0Ba-
HIAX, 3anpOChl YHEHBIX TYT X€ BO3POCIH M, B YaCTHOCTH, BCTal BONPOC O NpUOMKEHHH YCIOBMH Macc-
CNIEKTPOMETPHIECKOT0 IKCIIEPUMEHTA K, MO KpalHEH Mepe, MONENbHEIM YCIOBHAM GHOXUMHYECKUX OMBITOB.
Takas HeoGxomuMocTs Gbia 06yCNOBNEHA TeM, UTO, €CAH IS CPABHUTENHHO MPOCTHIX OPraHUYECKUX BEINECTB
NEPEXON MEXIY TBEPAOH, KUIKOH U ra30BON (azamMy B GOJBLIMHCTBE CITYYaeB HE OKA3HIBAET CYIECTBEHHOIO
BIMAHHA HA CTPYKTYpY MOJIEKYN, TO I CTAaBIOMX JOCTYMHBIMH UL MAcCC-CTIEKTPOMETPMYECKOr0 aHATHM3A
OHOMONNMEPOB MX B3aUMOIEHUCTBHE C BOAHO-THIPATHBIM OKDPYXXCHHEM Kak Cpefiod (YHKLMIOHNPOBAHHS MIPaEcT
BECbMa BAKHYIO POJIb. B CBA3M € 3TUM HEKOTOPbIE HAPYLICHHS HATHBHOM CTPYKTYpBI OHOITOJMMEPOB BO3MOXHbI
YK€ Ha CTaauM NPOOOMOATOTOBKM, BKJITIOYAIOLIEH BBICYIIMBAHWE WM JIEPEHOC B BA3KME matpuusl. [ToaTomy
CICAYIOWIMM JIOTHHYECKUM LIaroM CTall MOMCK MOJAXOMOB K PAaclbUIEHHIO HOHOB M3 pacTBOPoB. Brino npemioske-
HO HECKOJIbKO TakWX METONOB, CPENM KOTOPBIX MOXHO OTMETMTh TepMocnpeit (H.L. Vestal, 1980) [83],
snextpocnpedt (J.B. Fenn, 1984) [17, 44], coBerckue pa3paGoTKu 371€KTPOrHAPOAHHAMHYECKOM HOHM3ALMUM U
[IOJIEBOTO McnapeHus WoHOB W3 pactBopos (IIMHP), (B.E. Cxypar, H.B. 3onorou, I'.B. Kapnog) [6, 12],
SKCTPaKLMH HOHOB M3 pacTBOPOB MpH atMocdepHom Aasnenud (OPUAJ), (JI.H. I'awns, M.JI. Anexcannpos)
[12, 84, 85]. B 90-e romm! Bce mydmne HapabOTKU STHX METONOB GBUIH OOBEIMHEHB! B METO/, IOSYIHBLIKN
0600mIeHHOe Ha3BaHKe MeKTPOCTIpelt [44], KOTOPBIH B PEKOPAHO KOPOTKHE CPOKH GbiNl BHEAPEH B MPOMBILUIECH-
HOE IPOU3BOACTBO ¥ 00ECMeYN Ka4ECTBEHHO HOBBIN YPOBEHD HCCAENOBAHUMN: OH CHENaN JOCTYITHBIM U3YYEHHE
GHOMONHMEPOB, B YaCTHOCTH, 6ETKOB ¢ MOJeKy/IApHbIM Becom 1o 200 000 Jla [55, 59, 86, 87].

HT0 KacaeTcs pacnblIeHHs MOHOB W3 TBEPAOTENbHBIX 00pas3loB, B 3TOH 06JacTH Takxke Gbu JOOCTUTHYT
3HaYMTENIbHBIA Mporpecc. B pe3ynbraTte KOHBEPCHK B MPUKIAJHBIE UCCIIEAOBAHMS NMPUILET METOJ INIa3MEHHOI
necop6mau ockonkamu generus - -Cf (ILJ7°Cf) (R. MacFarlane, 1974) [63, 88], omnako, B CBs3M ¢ oOmac-
HOCTBIO pabOThl C palHOaKTUBHBIMK M30TOITaMH, OH ObLI BCKOPE BHITECHEH METOIOM JlazepHol necopbuwu (JIJI)
[17, 55]. KayecTBEHHO HOBBIN YPOBEHb 9TOr0 METOJA, TAKXKe 0OECMEUMBIINI BO3MOKHOCTD aHANM3a GHONOJNH-
MEpOB, MpiieM (akTiHiecku 6€3 OrpaHHYEHHHA 1O MOJEKYJIIpHOMY Becy [45, 59], 6bin1 JoCTUrHYT 6aaromaps
paspabotke ©. XuwurenkamnoM (F.H. Hillenkamp, 1985) metona MatpuyHoil lazepHOi AecopbLMM/MOHH3ALHIN
(MAJIZIN) [89]. Ycmex MpemToKEHHOTO METONA ONpENENUICA OPUTHHAILHBIM CIIOcO60M Mpo6ONOAroOTOBKY:
MCCIIeQyeMOe BEMECTBO CMEIIMBAIOCh C BELIECTBOM-MATpULEH, XapaKTepu3yrowmMcs 3(G(exTUBHBIM
MOTJIOLIEHHEM JIa3e€PHOro M3JTy4eHUd 3aflaHHOM MyuHbl BoNHEL. Ilpy Bo3zelicTBUM NlazepoM Ha Takoi obpaseln
HOCTHTanach BhICOKas 3(PQEKTUBHOCTL nepeBoa Gonsummx Guomonexyn (zo 150 000 - 300 000 [Jda [86]) B
rasoByro ()asy B HOHHU3MPOBAHHOM COCTOAHHMH. Meton MAJIZIM 6bICTpo 3aBoeBan MONMYJIAPHOCTL B M3YYEHUH
PasAMYHBIX THIIOB BEICOKOMONEKYNAPHbIX coeaunenuit (87, 90-91], Bkmouas Guonosumepst.

OtnensHO CHEQyeT BBIACIUTH CEPHUIO METONOB MOHM3ALMM, TPAAMLMOHHO MPUMEHSIOIMXCS B HEOPTaHU-
4EeCKOM aHanu3e, OONBIIMHCTBO M3 KOTOPBIX BKIIOHAeT paspyuieHue ((HakTHYECKH CKMTaHWe) HMCXOIHOro
obpasua. K HUM MOXHO OTHECTH MUPONUTHYECKYIO, TEPMOHOHU3ALMOHHYIO, HCKPOBYIO MacC-CIIEKTPOMETPHIO,
METOJi MHIyKTUBHO-CBA3aHHON mnasmel (inductively coupled plasma, ICP) [20, 45, 56]. CunsHOl CTOpOHOM
HEKOTOPBIX W3 HAa3BaHHBLIX METOHOB ABAACTCA BBICOKAS YYBCTBUTENBHOCTh K MOHAM META/UIOB; 3TO CBOMCTBO
MOXeT ObITh BOCTPEOOBAHO P HPOBEACHUM SKOJOTMHECKOr0 KOHTPOIS ¥ MEAUIIMHCKON IMArHOCTHKH.

AHanu3 Macc-CleKTPOMETPHYECKHX PaboT, BBINOJIHAEMBIX B MOCHEIHME TOMbl, MO3BOIAET 3aK/IOYUTh, 9TO
B HacTofAllee BpeMsA Hanboliee NOmyApHBIMA M NEPCIEKTUBHBIMHE B MOJIEKYISPHO-OMONOrHUecKuX U 6uodu3n-
YECKUX HWCCICHOBAHUIAX ABIAIOTCA METOAbl WOHHM3aUWH anekTpocnped u MAJIJIH, a B npuiiokeHUMn K HU3KO-
MOJIEKYJIAPHBIM COCAMHEHUAM MPOYHEIC TOSHIIFH NPOJNOIDKAET YAepXuBaTh MeTol BBA. CpaBHEHHE OCHOBHBIX
mapaMeTpoB METOA0B HoHU3aumK DY, BBA, MAJIJIU u anextpocnepii npuseaeHo B Tabn. 2.
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TaGiauna 2. CpasHeHUe NapamMeTpOB OCHORHBIX METOAOB MOHU3ALIMK, UCTIONB3YEMbIX 414 aHaIn3a

Guomonexyn (no aanusiM [45, 59, 87]).

Meroa MaccoBbit YyectBH-
MOHM3a- | [OMAma3oH ' | TeJbHOCTb [Ipeumyuiectsa Henoctatku
LMK (Mons)
Iy ~1000 Jlerkas ctaHmapTU3aLMg U Beicokue rHeprus Bo30yKaeHIS
(500) 107" HATVYHe HaleKHbIX GAHKOB U CTeneHb GparMeHTaHT
JaHHbIX, UTMPOKOE pacnpocTpa- | HOHOB; HEOOXOAMMOCTE HCITa-
HeHUeE, NOSyYEeHUE CTPYKTYp- pATL 00pasels; AOCTYNHE! JETY-
HOM MHpOpMaLIUA YHE HEMOJAPHLIE BEIIECTBA
B o JU0 107 MATKOCTb; MPOCTOTa K ObicTpo- | QoH MaTpuiel, 3G deKT moaas-
(7000) Ta aHa/1u3a, WHUPOKOE pacIpo- JIeHUA, BIUIHUE COJIeH, CpaBHU-
CTpaHeHuE, NOCTHKUMO BBICO- | TENbHO HU3Kas yBCTBHTEb-
KO€ pa3peleHue HOCTb; OFpPaHHUYEHUS 0 MaccaM,
pPacTBOPUMOCTH, OOJAPHOCTH
MAJI AN >300 000 10712 MArkocThb, aHaJIM3 BLICOKOMO- DOoH MaTpHllkl, MaTasg TOTHOCTD,
(150 000) 10 NEKyNApHbIX OMONONMMEPOB U HU3KO0€ pa3pelicHue,
CMeCeH, TepIUMOCTD K MpHMe- | BO3MOXKHOCTE (POTOMMCCOLMA-
CAM COJIeH LMY BEIIECTB
Onektpo- | ~200 000 10"%- | Camplit MATKuit MeTOR s aHa- | [IpoGeMbl co CMeCIMU:
Cripei (70 000) 1072 nu3a GMOTIOTMMEPOB U UX BIIMSTHUE COJIEH; BEICOKHE
| KOMIUIEKCOB; NOTy4Y€HHEe MHO- | TpeOOBaHUA K YUCTOTE CHCTEMBI
ro3apsAaHBIX HOHOB; Jierkas BBOJI2
CThIKOBKaA ¢ XXX mns aHanu3za
cmeceit 1 MC/MC nna ctpyk-
TYpHOU MHQOpPMALMY; HET
BJITHUSA MATPUIIb

l o4 o
YKa3aH TeOPeTHYECKH AOCTYTHbIH M JOCTHIHYThIi Ha IPAKTHKE BBICIIMH Npefel AUaNa3oHa Mace

CoBepuieHCTBOBaHKE OCHOBHOTO GJI0Ka MaCcC-CHIEKTPOMETPHYECKHX YCTAHOBOK - MacC-aHaJIU3aToOpoB - He
IMEET CTOJIb OYPHOH HCTOPHH, KaK OMUCAHHOE BhIlle H306pETEHHEe Pa3HOOGPA3HEIX HCTOUHMKOB HOHOB, OJTHaKO
OHO TaKKe 00ECHeYmIO0 KaYeCTBEHHBIN Mporpecc Macc-criekTpoMmeTpuu [92, 45, 59]. B macrosmee BpeMs
CYUIECTBYET HETHIpE OCHOBHBIX CIOCO0A pa3feNeHus MOHOB IO MaccaM M NATh PasAMYHBIX THIOB Macc-
aHAIM3aTOPOB. OTO MAarHMTHBIC W 3EKTPOCTATHYECKHUE, PaAMOuACTOTHBIC (MOHOMOABHBIE, KBaApYIOJIbHEIE),
BPCMATIPOJIETHEIC, aHANN3ATOPb! HA MPUHLIMIE HOHHO-IMKIOTPOHHOTO pesoHaHca (MLIP) ¢ dypre-npeobpazosa-
HHeM; ONM3KMMU 10 MpUHLMITY aedcTsua k VL{P, Ho wamHOro Goee NPOCTBIMH ABNAOTCA HOHHEIE JIOBYIIKH.
Heob6xoamMmocTs cocyIecTBoOBaHMA pa3iUuHBIX CIOCOOOB pa3feneHus mo maccaM Haubonee APKO OMMCaHA B
0030pe CTapeHIIero COTPyNHHKA W3BECTHOH (DUPMBI-TPOU3BOIUTENS Macc-cnektpoMeTpos Finnigan MAT
K. bpronne (C. Brunnee) «VineanbHelit Macc-asanusatop: $paxt wau uxuua?» [92]. OcHosnas npo6rema
COCTOHT B TOM, 1TO, HCTO/IE3YA TOJBKO OUH H3 NEPEYHMCEHHEIX BhILIEe IPUHIMATIOB, HEBO3MOMKHO CO3XATh MACC-
aHAIN3AaTOp C ONTHMANbHBIM 3HAYEHWEM BCEX TEXHWYECKHX MapaMeTpoB, NpH4YeM B GamaHce ¢ IPUEMIIEMOiH
CTOMMOCTBIO MPUOOpPa U UBMEPEHMH C €ro MOMOLILO. [TosToMy BEIGOp Macc-aHanM3aTOpa MpuU paspaborke win
MpUobpeTeHnH NpuGopa OMpenenseTcs KpyroM oGhekToB U 3a/ia4, KOTOpbIe MPENCTOMUT peiiaTh. BaxHble I8
Takoro BeIG0pa NapameTpsl Macc-aHAIM3aTOPOB NpHBeAeHs! B Taby. 3. T

Ha npubopax ¢ MarHMTHBIMM aHATM3aTOPaMM TPAJMIMOHHO NPOBOJATCS CaMble PasHOOGpa3Hble PHIHKO-
XUMHWHECKHE HCCIICNOBAHNS U TOHKHE IKCIICPUMEHTBI C XOPOIIUM Pa3pPELICHHEM, OHAKO AOCTYNHBIH MaccoBBIi
AMATIa30H U BpEM3 CKaHUPOBAHMA CMEKTPOB ONPEAE/AOTCA MapaMeTpaMH HCTIONb3yEMOTO MATHHTA ¥ HMEIOTCA
MOBBLILEHHbIE TPEOOBAHUA K BakyyMy B cucTeme. [Ipeumymectom PaiMOYaCTOTHBIX AHAIM3ATOPOB ABJIAETCH
JICTKOCTL aBTOMATU3ALMK yNpaBICHUS W PETHCTPALWH, CPaBHHTENbHAL HPOCTOTA M ACUICBW3HA npubopos.
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HMpwuGopsr ¢ ULIP oTnM™atoTes BEICOKOM CI0KHOCTBIO M JODOTOBU3HOM, OIHAKO MpefoCTaBigeMasn UMH, a Takke
MOHHBIMHA JIOBYHIKAMH, BO3MOXHOCTh YACPXKUBAThH YACTUL! B MOHM3UPOBAHHOM COCTOSHMH JOCTATOYHO IUTH-
TENBPHOE BpeMA JCNIACT HX MEPCINCKTHBHBIMU B WCCIIENOBAHUAX JONTOXUBYIIUX MOHOB U MX B3aUMOJEHCTBUIA C
APYrMMH HacTAaMH. Xopomias COYeTaeMOCTh BPEMSAMPONETHBIX aHANM3aTOPOR C MEePCNEeKTUBHLIM METOHOM
MAJIIN ofecriednna MOBBILIEHHBIA MHTEPEC K HUM B MOCHEAHHE TombL MX NPEeUMYyIIEeCTBaM¥ ABJAOTCA
MPAKTHIECKN HEOTPAHMYCHHBIH AMANa3soH MacC M BBICOKAs CKOPOCTb DErMCTPALMHM CHEKTPa, a8 OCHOBHBIM
HCAOCTATKOM - HHM3KaA pa3spemarollas CroCOOHOCTL JIMHEHHOro THIa aHanusaTopa. I MPEeoZONEeHHs 3TOro
HENOCTaTka B HACTOANICS BPEMs MCMOJB3YIOTCS TaK HasbiBaeMble Macc-peNeKTPOHBI U BEAETCA MOMCK APYTHX
MHXCHEPHBIX PEIICHUH T TOBBILIEHUA Pa3pelieH s,

TaGymua 3. CpaBHeHHIEe OCHOBHLIX TAPAMETPOB PA3IMYHBIX THIIOB MacC-aHalIN3aToOpoB
(no maunbM [45, 59, 92])

 Tem Macc-aHanuzaropa Marautheit | Ksaupy- Bpems- Honnas HLIP
. | [IOJIbHBIA NPOJIETHBIA JIOBYIIKA
ITapameTp
MaccoBebiit uamna3oH, 20 000 3000 HEOrpaHUYEH 2000 10 000
Ha (cpeHmit) (HE3KUA) (HU3KHit) (cpenuir)
Paspeuienue 10 000 2000 350 (um3koe) 1500 500 000
(BBICOKOE) (cpenHee) (1500 ¢ (cpennee) (oyeHs
peIeKTPOHOM) BbICOKOE)
CkopocTs HU3Kas BBICOKas OYEHb BBICOKAS BBICOKas OY€eHb
CKaHUPOBaHUA BBICOKas
IIpocrota CIIOXKHBIA NpOCTOH NPOCTOM NpocToH CIIOKHBIT
CroumMocTh BBICOKAS HU3Kas HHU3Kas HU3Kas OYEeHb
BbICOKAA

Onmaum 3 3G GEeKTUBHLIX NPHEMOB YIIYUNICHUA TapaMeTPOB MaCC-CIEKTPOMETPA, B TOM YMCJIE CYIMIECTBEH-
HOTO TOBBILICHHS Da3PEIICHHs, SBJIACTCS [OCHENOBATENBHOE COSAUHEHNE HECKOJIBKMX MacC-aHaM3aTOpOB B
TaH[eM, OTKyZ[a OPOUCXOONT HA3BaHUE TaHAeMHAA MacCc-cieKTPoMeTpus, 0003HaYaeMas TaKKe, B 3aBUCUMOC-
TH OT uyucna asamizatopoB, MC/MC wnun MC" [38, 42, 43, 48]. ITo HEKOTOPHIM OLEHKAM, VCIIOJIb30BAHME
taHaeMa B 1000 pa3 noBeimraeT HHQOPMATUBHOCTL METOAA [22], Tak Kak OHO TO3BOJISET BHIOMPATL OTHE/ILHBIE
EpBAYHBIE MOHBI (MONEKYTAPHbIE, PParMEHTHbIE, KIIACTEPHBIE) U NOC/IEOBATENBHO U3Y9aTh X NalbHEHIIYIO
dparMeHTAIIO, MOMY4as TAaKUM 06pa3oM HMHOOPMALMIO O CTPYKTYpe H 06 3HEpretmke mpouecca pacriaaa
ucXoxroTo uoHa {32, 43, 45]. V HOHOB CPaBHUTENBHO CTaOWITLHBIX MOJIEKYNl U KOMIUIEKCOB YPOBEHb CaMOIPO-
M3BOJIBHOIO (MeTacTabmiIbHOTO) pacnana MOXKeT ObITh HEBBICOK, B CBSI3U C Y€M JUIT YBENIHYEHUS CTeIIeHH
dparmMeHTalMK HEPBUYMHBIX HWOHOB MEXOY Macc-aHAAM3aTOpaMHM NOMELIAlOT TaKk Ha3blBaeMylw STYEHKY
CTOJIKHOBEHMUH, B KOTOPYIO HAMyCKAIOT WHEPTHBIN ra3. JIaHHBIH NpHEM MOJSYYWT Ha3BaHUE CTOJKHOBUTEJIHHO-
urgynposannoii auccommaimy (CH], «collision induced dissociation», CID B anmmiickoit u «collision
activated dissociationy, CAD B amepukaHckoli HayaHoll nureparype), [38, 42, 45]. PasnudHbie BapHAHTHI
TAHAEMHON MACC-CIIEKTPOMETPHHU HCTIONB3YIOTCA B UCCICHOBAHUAX CTPYKTYPhl OHOMONEKYIL.

Yro Kacaercs CHCTEMSI pPerHCTPauUHN HOHOB, TO B HACTOfILEe BPEMsS MCMOJb3YHOTCI B OCHOBHOM
BTOPUYHbIC JMEKTPOHHBIC YMHOXKWTENM DasIW9HbIX TUIIOB H MHKpOKaHalbHble ruiactudbl [20, 59].
CyHieCTBEHHBIM HEAOCTATKOM MHOTHX JeTEKTOPOB ABMNAETCS NMCKPUMHHALMA O MaccaM, M BEpXHMH mpejen
YyYBCTBHTENHHOCTH OTPaHUHCH MUUTHOROM [a/bTOH.

BypHslif nporpecc TeXHUKY MACC-CHEKTPOMETPUUYECKOro, paBHO KaK M MHOIUX npymx METOJIOB HAYy9IHBIX
Hec/Ie KoBaHuMH, 00ycaoBaeH oOHIMM TPOTPeccOM HayKH B LIEAOM M MaccOBOM pa3paboTkol HOBBIX TEXHONOTHM.
BechMa CBOGBPEMEHHEIM 3M€Ch OKA3&IOCh PA3BUTHE KOMALIOTEPHON TeXHHIH. Ec'rectaeuuo, KaK H B OPYTHX
obnacTaX, BHEAPEHUE aBTOMATUIUPOBAHHBIX METOAOB YNPaBACHHA SKCICPUMCHTAILHOM _ycraﬂo_uxoﬁ,_ cOopa u
06paboTky JaHHBIX TO3BONWIC HA HECKONBKO NMOPAAKOB yBEAWYUT NPOUSBOAMTENBHOCTE U maq;()pmamnuocn
Macc-ceKTpoOMETpHYeckoro aHanusa. Kpome Toro, camo QyHKUMOHHPOBAHHE NMPUOOPOB C BPEMANPONETHHIMH
Mmacc-asanmaropamu 4 WLIP npakTuyecky HEBO3MOXKHO 0e3 KoMmbIoTepH3aliny. Mexanuueckas perucTpaimsa
crexTpos B GOMBIIOM [MANIA30HE MACC B «PY4HAD» 0GPaBOTKA CNIEKTPOB B MPAHLMIE HEBOIMOKHEL B PEATbHOM
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macuitabe spemenu. CopemeHHbie MHYOPMALUOHHBIE TEXHONOTHH, CO31aHHe KOMMbIOTEPUIMPOBAHHBIX HaHKOB
Macc-CriekTpoB M 6a3 JaHHBIX, AOCTYMHBIX uyepes VIHTEpHeT, 3HauuTesbHO 007€r4aeT M yCKOPAET NOUCK U
MACHTU()MUKATIMIO HEU3BECTHAIX COCTMHEHUH.

BaxHbiM HanpasB/ieHUEM SBISETCS Takike COYETaHUE MACC-CNIEKTPOMETPOB C APYTUMH BUOAMY MCCIIEA0BA-
TenbCkKx NpubOpOB, B YAaCTHOCTH, C XpomaTorpadamu pasmuyHbIX TUIOB [23, 31, 32, 39]. BO3MOXHOCTS TPOBO-
AUTb aHAIW3 KOMITOHEHTOB pa3jiefideMblX CMECEH B PEKMMC pealbHOro BpeMeHH («on line») 3HaYHUTENBHO
noBbitiaeT >GHEKTUBHOCTh KaK MacC-CMEKTPOMETPUYECKOH, Tak ¥ XpomaTorpaguyeckod TexHHKU. CodeTaHue
MacC-CMeEKTPOMETPOB C ra3odasHbIMU METONAMH MOHHU3ALMHM C ra30BbIMM XpoMaTorpadamu ObLIO OCYMECTBIIe-
no pocratoyHo nerko (F.W. McLafferty, 1956 [59]), a coyeranue ¢ HAKOCTHbIMU XpomaTorpadamu yaanoch
peanu3oBaTh UL ABYMA AecsaTuieTuamu noszxe [61]. CosepmeHCcTBOBaHKE TEXHUKM XpoMaTorpaduy mpuseno
K pa3paboTke METOJa BbICOKO3((PEKTUBHOM KUIKOCTHOU XpoMaTorpapuu, KoTopas Obljia yCTIELTHO COETHHEHA C
METOAOM 3JekTpocnpes (HaHocmpei). OQMEKTUBHBIM ABIAETCA TaKKE COYETAHHWE C YCTPOWCTBAMH A
KanWUISIPHOr0 30HHOTO 3EKTpodope3a.

M3 npuseneHHoro 0630pa cliefyer, YTO B HACTOALIEE BPEMsS CHATHI NMPAKTUYECKH BCE OFpaHWYEHUA Ha
arperaTHoe COCTOSIHHE, XUMUYECKHMI TUI, MAcCy UCCIETYEMBIX COeAMHEHUH. BO3MOKHOCTE PErUCTpaly OUEHb
GONbIWIKMX MacC JTUMUTHUPYETCA Ha JAHHOM 3Tane TOJBKO DEabHO AOCTHTHYTHIMU TIapaMeTpaMH pasTidHBIX
TUTIOB MaCC-aHaIU3aTOPOB U PErUCTPUPYIOLIUX YCTPOMCTB.

OTtMeTiM, 4TO METOA MAacC-CIIEKTPOMETPMU MO PacOpOCTPAHEHHOCTH B HAYYHBIX HCCIENOBAHHIX H
NPOMBIIUIEHHOM KOHTPOJIE 3aHWMAET TPEThE MECTO IIOCJE CHEKTPAlbHBIX M XpOMAaTOrpadyecKnx METOLOB.
MecTo 3T0 OfpefeNsaeTcs N0 SKOHOMUYECKOMY TMOoKa3aTe/no 00beMa MPoAaK COOTBETCTBYOMMX mpubopos. ITo
oneHkam amepukaHckoro Oropo «Scientific Directions Internationaly [45] HenpepsiBHO pacTymuit o6bema
TPOJaXXK Macc-CIIEKTPOMETPUUYECKON TeXHUKU cocTaBiawt: § 579 000 000 B 1990 r., $ 1 100 000 000 B 1995 r.
u$ 1300 000 000 B 1998 r. IIpon3BOACTBOM MAcC-CIIEKTPOMETPOB M KOMIUIEKTYIOUIMX K HUM 3aHUMAETCS B
HacTOsAIUEE BpeMs 6oJiee COTHHU PasiIMIHbIX GUPM, CIIMCKU KOTOPBIX PEryaspHo myGnukyrotes [80].

OCHOBHBLIE JOCTUXXEHUA U HEPCIIEKTUBBI UCITOJIb30BAHUSA
METOIA MACC-CIIEKTPOMETPUU
B MOJIEKYJSIPHO-BUOJIOT HUMECKUX H BUOPU3IMYECKUX HCCIEIOBAHUSX

Onucanuro pasHooOpasHeNUIMX NPUMEHEHHH METOJa MacC-CIIeKTPOMETPUH B MOJIEKYISPHO-GHOIOTAYEC-
KUX, MEIMUMHCKUX, (DapMaKONOTHUECKHX WCCNENOBAHUSIX TMOCBAMIEHO 3HAYWTENBHOE KONHWYECTBO EXETOIHO
myOnuKyemMblx 0030poB ¥ MoHOrpadwmii 3, 7, 32, 34, 36, 39, 40, 44-46, 48-52, 54-59, 62, 73, 76, 84, 86-89].
B pamkax Kkpatkoro o03opa naxe MPOCTOE NEpeuucieHHe HaubGosiee 3HAUMMBIX PE3YJIbTATOB NPAKTHYECKH
HEBO3MOJXXHO, MO3TOMY MBI OTPaHMYUIIM HalTy 3afauy OOmel OLEHKOM OCHOBHBIX HaHGO/IEE NEPCNEKTUBHAIX HA
CErOQHALHMY ICHb HaNpaB/eHUA NPUIOKEHUT METOA MACC-CTIEKTPOMETPHH B GHOJIOTHH.

1. M3HauanbHBIM NpefHa3HAYEHUEM METOJIa Macc-CIIEKTPOMETPHH ObLIO U OCTAETCA MPOCTOE «B3BEIIVBA-
HUE) MONCKYJI, TO €CTh OMNPENENEHUE UX MONEKYNApHOA Maccel. OnucaHHad B MpeAbIAYIUEM pa3fiefie FOHKA 3a
«B3ATHEM HAaHGOJBILEIrO BECA» YBEHUANACh YCIEXaMH, O KOTOPBIX elle NBa AECATHIETHS Ha3a] MCCIeNOBATENH
HE peIIaiuCh Naxe MeyTaTs. Beipaxascs Gojiee TOUHO, Ha paHHHX 3Tanax He GbUIO YBEPEHHOCTH B CYHIECTBOBA-
HUM PU3MIECKHX MEXaHU3MOB, KOTOpbie Gbl [TO3BONUIM MEPEBECTU B ra30BYIO (asy B CTAGUILHOM COCTOSHHE
MOJIEKY/TbI HENETY4UX, TEPMUYECKM HECTaOMIIBHBIX, CPABHUTENBHO GONBIIMX GHOMONEKYN H GHOMONUMEDOB.
Briarogapsi ctaHoBieHM¥0 MeTONOB anektpocnpes ¥ MAJIZIU B Hactosimee BPEMs YHAETCS PEruCTPUPOBATH
MOJNEKYJIIPHBIE HOHBI OENIKOB, HYK/IEMHOBBIX KHCIIOT, YIJIEBOAOPOJOB, OPraHHYeCKUX NOJHMEPOB C MaccaMH /0
HECKOJTBKMX COTEH THICAY JanbToH (cM. Tabn. 2). OTMEeTHM OAHY H3 MHTEPECHBIX BO3MOMXKHOCTEH perucTpaiuu
BBICOKHX MacC: OOHApYXMBLIAsACA B METOAC NEKTPOCIHpPe BO3MOXKHOCTH MOMYYEHUS MHOI03apsAHbIX HOHOB
M-H," (¢ n @0 HECKONBKHX NECATKOB) MO3BONAET PETHUCTPUPOBAaTh BLICOKOMOJIEKYAPHBIE COSAMHEHMUS Ha
MpUOOpax CO CPaBHUTENBHO HEGOJNBLIMM MMAMa3oHOM Macc, TIOCKOJIBKY OTHOLICHHE M/Z YMEHBIIAETCH C
BO3PAacTaHUEM Z=N.

B kauecTBe mpuMepa MOXHO MPHUBECTH HEKOTOPbIE 3HAYCHUS MACC OHOMOMMMEPOB, HCCIIEOBABIUMXCS B
nocneaxnee spema. C nomomsio MAJIJIN 3aperncTpupoBan HMMYHOTIOGYIHH YenoBeka ¢ Maccoit 982 000 Ha,
C IIOMOILBIO 3EKPOCMpEs - MIHKOTIPOTEUH M3 KJIacCa MOHOKJIOHANILHBIX aHTHTEN CO cpefHeit Maccoil 149 599 +
12 JTa B BU/Ie MHOTO3apATHBIX MOHOB BILIOTH A0 n = 72 [59]. [ HYKJICMHOBBIX KHCJIOT METOJOM 3NEKTpOCHpeit
U3YHaIUCh OJIMTOHYKJICOTHABI, COMepXaliue no 14 ocHoBanuil; MmetomoM MAJINIU - onHOHWTEBLIE ONUTOHYK-
neotbl U3 10-67 oCHOBaHMM; PEKOP/ COCTABWIA OMMIOHYKICOTHA w3 150 ocHOBaHuil Boex YEeTBHIPEX THIIOB,
monu-A payuHod B 420 ocrHoBaHuit, nonu-T - B 130 ocHoBaHHii [87]. Otmeuaercs, yto Gonbm-m'mmexyﬂﬂ

HatuBHO# JIHK, wmerowmwme nnuny Gomee 8 MM, paspeiBaroTcs FTUAPOAMHAMHYECKMMH CHNAM¥ BO BpeMs
UCTIapEeHKA, 9TO ACNIAaCT NPUHUMNHATLHO HEBO3MOXKHBIM MX HE€TEKTHPOBAHUE B MHTAKTHOM BUIE [87].
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TounocTe onpeneneHns Macchl ¢ MOMOLIBIO METOMNA anekTpocnpert coctasaser +0,01%, ¢ nomouso
MAJIIN - £0,01-0,1%. Tlpu ucnonszosakun MAJIIM B COYETAHMM C JIHHEHHBIM BPEMANPONETHBIM Macc-
CNEKTPOMETPOM pa3pelaioias cnocodHOCTh COCTABIAET B cpeniHeM Beero 150-500, a mpu nepexoze k pednekr-
pody noseiaercs g0 2000. Cpeanee paspelieHne npy UCHONB30BAHUM BNEKTPOCHpEss B COYETAHUHN ¢ MArHWT-
HBIMH M KBaJpYMOJILHBIMM Macc-anHau3aTopamu coctasiser 2000, a ¢ MIIP ananmu3aTOpamMy OHO NOCTHraeT
160 000 [45, 59, 87].

2. OCHOBHBIM MPHMEHEHWEM MacC-CIIEKTPOMETPHH TIO oburemy o6beMy BBIMONHSAEMBIX paboT ocTaeTcs
AHATTUTHIECKOE NMPUITOXEHUE, TO €CTh MACHTU(PHUKALIKA PAa3HOOOPA3HbIX BELIECTB. BaXKHBIM JOCTHIKEHUEM B 3TOM
0bnacTy sB/IsETCA pa3paboTka MOLXOAOB K MACHTH(PUKAINY BEUICCTB, OOPA3YIOMUXCS B pa3sNnMYHbIX Mporeccax,
B PEXHME PEaNbHOro BpEMEHH. Brlllle yxe 0TMeyanacs BO3MOXHOCTb «on-line» kOHTposs pasfenenns cMmeceit
MCTONaMH JKMAKOCTHON XpomaTtorpaguy. ITepCrieKTUBHBIM SBIAETCS NPAMOi KOHTPOJb 33 MPEBPALICHUAMMU B
XONE XMMWYECKMX ¥ OMOXMUMHYECKMX PEaKUMH; B KauecTBE MPUMEPa MOXHO MPUBECTH YCHELIHbIE MOMBITKH
MOHHTOPUHIA NIPOLICCCOB SH3UMATHYECKOT0 paclieIUieHus 0enkoB. YTo kacaeTcs KOJIHYECTBEHHOTO aHAM3A, TO
€ro METOAMKY TP UCTIONB30BAHHH MATKOHOHH3AUMOHHBIX H JECOPOLHMOHHBIX METOIOB BEChbMa TPYAOEMKH, He
OTJIMHAKOTCA BBICOKOH TOYHOCTBIO ¥ TpeOYIOT AaibHEHIIEro yCOBEPIEHCTBOBAHMA.

3. Baxwol 3apaueli MoneKyIspHOH GHONOTHN ABMSETCHA YCTAHOBJICHHE MOpSIKA MOHOMEPOB B OUOIMOJH-
M€pax - TaK Ha3blBaeMO€ CCKBeHHMpoBaHHe. Haubonee 3Ha4MMBIM B MEXIYHAPOAHOM MacliTaGe NMPOEKTOM B
3TO# 00macTy ABIANIACH pacluMpOBKa FeHOMa YeoBeka. Macc-CeKTpOMETPHYECKHE METOAMKH UCTIOIB3YIOTCH
Ha Pa3/IMIHBIX 3TanaX yCTAHOBJIEHNs NEPBUYHON CTPYKTYphl OnononumepoB. Hapsamy co cpaBHUTENBHO MPOCTOl
3aja4yell WICHTHOUKAUMM MOHOMEPOB HIH ONMIOMEPOB, BBIAEJEHHBIX COOTBETCTBYIOLIMMH XUMMWYECKUMH
METOZaMH, pa3pabaThIBAFOTCS MOAXOMBI K OJHOMY PELICHHIO 3aauli CEKBEHUPOBAHHA B PaMKaX €JUHOIO Macc-
CIIEKTPOMETPUYECKOTO dKCnepuMeHTa. C 3ToM Lenbio 0TpabaThiBalOTC METOAMKH «APOOIEH ) GHONIOIUMEPOB
HEMOCPEACTBEHHO B MaccC-CIEKTPOMETPUHYECKOM YCTAHOBKE C HCITOJIb30BAHMEM METONA CTOJIKHOBHTEILHO-
MHIYUMPOBAHHON AMCCOLMALMK W aBTOMATM3UPOBAHHBIE METOMBI BOCCTAHOBIIEHMs MEPBMYHOM CTPYKTYpHI Ha
OCHOB2HMH aHaNIH3a THITOB o0pasyromuxca pparmentos [40, 44, 45, 59].

4. Tlocne nepsoit >H(pOpUH OT OTKPLIBIIEHCA BO3MOXKHOCTH MEPEBOLMTH MOJEKY/bI GHOTIONHUMEPOB B
ra3oBYIO (ha3y OCTPO BCTaN BOMPOC O TOM, KAKY0 XKe ellle MHPOPMALMIO KPOME JaHHBIX O MOJEKYJISPHON Macce
MOXHO NOJTy4aTh U3 MacC-CNEeKTPOMETPUYECKHUX 3KCIepuMeHTOB. OMH M3 BONPOCOB, UMEIOLMX (yHIaMEH-
TaJIbHO€ 3HA4YEHUE, OTHOCUTCA K KOH(POpMaLy 6HOMOIEKY: BOIMOXHO JIi COXpaHEeHHE BTOPWYHOM, TPETHYHOH,
CTPYKTYpPBI OMOTIONMMEPOB TIPH MEPEBOJE MX U3 PAacTBOpa B ra3oByl0 (asy u moTepe ruapaTHo# obomouku. Ha
MpHUMepe psiaa OeKOB yaanoch NoKa3aTh, YTO MPH COOMIONSHUN ONpPeNeeHHBIX YCI0BUM IoBYaspHble 6ENKU B
ra3oBoi (ha3e COXpaHAIOT CBOIO TMOOYNAPHYHO CTPYKTYpY, 4TO caMo o ceGe SBJSETCS BeCbMa MHTEPECHBIM
daxrom [3, 4, 59]. 1a perienus 3ajauu pasid4eHns CBEPHYTOM, KOMIIAKTHOM ¥ Pa3BEPHYTOH, pa3ynopsaaoyeH-
HOH CTPYXTyp OMONOAMMEPOB MO ONpENENEHHbIM pasNMYKsIM B IapaMeTpax HX Macc-CIEKTPOB B HaCTOSILEE
BPEMS UCITO/Ib3YIOTCS TPH OCHOBHBIX MMOAXOJA: CpPaBHEHHE TIOABWKHOCTH WOHOB, aHAIM3 MHOT03apsIHbIX
IMPOTOHUPOBAHHBIX UOHOB M OCOOEHHOCTEHN NeiTepooOMEHa U aHanU3 MeTacTabMIbHOTO pacnajga MHOTO3apsj-
HBIX UOHOB [44, 45, 59]. B pamkax repBoro MeTofa - HOHHO¥ MOABIXHOCTH ~ CPABHMBAETCS BPEMS JABIKEHUS
HOHOB OJHOT'O M TOTO € BEIIECTBA (TO €CTh MMEIOIIMX ONUHAKOBYIO MACCy), HAXOAAMIUXCA B Pa3jIMIHBIX KOH-
bopMau¥sx, B CPaBHUTEIBLHO IUIOTHON ra3oBOM cpele; MoKa3aHo, YTO BPEMS ABWKEHHUA Pa3BEPHYTHIX MOJIEKYJI
32 C4ET TOPMOXKEHHUA Ha AONIM MWUIUCEKYHI NPEBHIINAET BPEMA, XapaKTepHOe ANA r1oOYJIApHBIX CTPYKTYp. Bo
BTOPOM METOJE CPaBHMBACTCS 3apsiNOBOE COCTOSHMA HOHOB, ONPENENIAEMOE KONMIECTBOM NPUCOETUHAIOLIMXCS
IPOTOHOB: Y MOJIEKYJIbI B CBEPHYTOHN KOH(POPMALMH YUCIIO MPOTOHOAKIENTOPHBIX IEHTPOB Ha MOBEPXHOCTH, KaK
MpaBWIO, MEHbINE, 9YEM Y MOJIEKY/Ibl B Pa3BEPHYTOM JIUHEHHOM COCTOAHMM. TpeTu# mMeTon Hanbojee CIOXKEH,
TaKk Kak TpeOyeT HCMOJIb30BaHUS TAHAEMHBIX MAacC-CIIEKTPOMETPOB M TPYHOEMKMX KaJIHMOpOBOK; OH ObLu
NPeUIOKEH paHee s MPOCTHIX OPraHUYECKHX MOHOB [42, 43], a B NPUIOXKEHUN K OHOMNONIMMEPaM HaXOAMTCS B
HacToOslIee BpeMs B cTanuu paspabotku [93]. B ocHOBY MeTOna MONOXKEHO N3MEPEHUE KHHETUUECKON IHEPIiH,
BBICBOOOXKAaroIeca MpyU pacnae ABYX- WIH MHOI03apAJHOTO HOHA, MOJIaraeTcs, YTO 3Ta SHEPrus NpakTHJyec-
KM paBHA HEPrMH KyJIOHOBCKOTO OTTaJKHBaHWA MEXIY 3apsKEHHbIMHM LEHTpaMHW. 3Has MeCTa JIOKalIu3aluH
3apAI0B B MOHE M SHEPrHIO, MOXKHO JIETKO OLEHWTh PACCTOAHUE MEXIY 3apAfaMH U N0 WX yAAJIEHHOCTH CAeNnaTh
BBIBOJ O KOH(pOpMALWHM JEXKANIEro MEX Iy HUMH y4acTKa Lienu nojuMepa.

S. Eme oaHo¥ UHTEpeCHOM 3afiadeil, kKak ¢ TOUKH 3peHud pyHaaMeHTanbHON GHOGU3UKH, TaK U NIPAKTAKK
SABIAETCA M3YUCHHE HEBAJIEHTHBIX MEXMOJNEKYNAPHLIX B3auMOneHcTBui 6uomosnekyn. B 70-80 e roast Takas
[IOCTAHOBKA 3aJauy GBUIA AOCTATOYHO 3K30THYECKON B CWIY TOro, 4TO He ObINI pelied BOMNPOC O COXPaHEHHH B
ra3oBoif hasze B HEPA3PYINEHHOM COCTOSHUH OTAENbHBIX MOJIEKYJ, HE FOBOPA Yxe 06 MX accoumarax, CTabHIH-
3UPOBAHHLIX CNA0HIMU HEBAICHTHBIMHU B3aUMOMACHCTBUAMM. YHHUKANBHBIMM B 3TOM TUIAHE ABJIAIMCH MCCIIENO-
BaHMA TEPMOJMHAMHYECKMX XaPaKTEePHCTHK B3aHMOICHCTBHA KOMIIOHCHTOB HYKJIEHWHOBBIX KHCIOT JApPYr ¢
ApYroM, C BOJZOH, ¢ HEKOTOPHIMH OHONOTHYECKH AKTHBHBIMU COENMHEHUAMHU, C HCTONIB30BARMEM METONA
Temnepartypro-3asucumoii TTM macc-cnextpomeTpun [62, 67-71]. UccnenoBaHue accoLMaToB OMONOrMYEcKH
AKTHBHBIX COEIMHEHMH CTano OOGIMEeAOCTYNHBIM MOCJ]E COBEPIIEHCTBOBAHUA Ppa3fiHYHBIX N€COPOIMOHHBIX
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meroauk [90, 91, 94]. 3naunTensHbl nporpecc B TOH 00fACTH CTajd BO3MOAKHBLIM, ONAThL TakM, Onarosaps
pa3BUTHIO METOA2 3nekTpocnpeit. KauecTBeHHO HOBBIH YPOBEHb ObLT ZOCTUTHYT HOC/E CPABHUTENBHO ObICTPOTO
KOHCTPYKTUBHOTO pelieHUs Ka3aBLIEUCS MpakTHYeCKM HEBBIMNOJHMMOM 3aJaqyy CoYeTanud crnocoba nogydeqHus
MOHOB 3JIEKTpOCTIpeeM ¢ Macc-aHanuzatopamu tuna MILIP, a Takke pa3sBuTUEM TEXHUKH TaHIEMHOTO JKCTepu-
MEHTa, HAnpuMmep, CO3JaHWeM TPOHHBIX KBaApynoabHbIX MpubopoB. C MOMOLIEI0 TaKOTO aNapaTHOTO
obecrneyeHus B HACTOALIEE BPEMs MCCIAEHYIOTCS KOMIUIEKChI pasHooOpasHbIXx GuomMonekya. PaccmarpuBaeTca
CTa0WIBHOCTh YETBEPTUYHON CTPYKTYPhI OEJIKOB, MOCTPOEHHBIX W3 HECKOJBKHUX CYOBENMHUIL, CBA3AHHBIX HEBa-
JEHTHbIMU B3aUMONEHCTBUAMM, HaNpUMep, MHCY/IMHA. C MOMOLIBIO METOMa 3eKTPOCHpel 3aperuCTpUPOBAHL
HEKOBAICHTHO CBA3aHHbIE NWMMEpHI anKkoroipAeruporeHassl w3 rnedeny gowagu (80 000 [la), Terpameps
ankoroibaeruaporenasst apoioxei (147 000 [a) u nupyBaTKHHA3bl U3 MYCKyJ10B Kposuka (232 000 [a) [87].

Wner mouck myTeit u3y4eHHs MOJIEKYNApHOro y3HaBaHuiA: Oenok-6enkoBoro (hepmeHT-CyGCTpaT), GEnoK-
HYKJIEMHOBOTO,  aHTHOWOTHK-MONEKY/MAPHbIA  peuentop  OGakTepualpHOM  KIETKU. Y CTAaHaBIHUBAIOTCA
MOJIEKYNISPHBIE MEXAHM3MbI JEHCTBUS JIEKAPCTBEHHBIX BeleCTB. CpefH HOBBIX MOIXOZOB MOXHO OTMETHUTE
oMnpefesieHNe CKOpOCTel MPOTOHHOTO 0OMeHa U JIeTepo3aMelieHus ¢ UCTIONL30BaHUEM BO3MOXKHOCTEM MeTONa
HILIP. Mines mpuema COCTOMT B TOM, YTO IMPH 00pa30BaHUM KOMILIEKCOB MOCPEACTBOM BOAOPOIHALIX CBA3EH YacTh
MOABIKHBIX IPOTOHOB IMOJHOCTRIO WIM Ha HEKOTOpOEe BpeMsi BbIObIBa€T M3 mpolecca OOMEHa, ¥ IO
OMPEAENIEHHEIM XaPAaKTePUCTHKaM 3TOr0 MPOLECCa MOXKHO HENaTe BHIBOABI O CTPYKTYpe KOMILIEKCOB.
OpurvHaibHbIM TIOAXOAOM ABJAETCA TAKKE U3YYCHME BIMSHAI M3MEHEHUS HEKOTOPHIX (PU3UYECKHX YCIOBHUH
METO[A INEKTPOCHpeH - TeMNepaTypbl, SNEKTPUYECKOro MOTEHLHMaNa Ha pPaclbULAIOIEM KalmULIApe - Ha
CTaGMIBHOCTB U paciiaj KOMIUIEKCOB; METO HAXOAUTCA B CTAAUH Pa3pabOTKH U OT HEro B OyaymeM OXUIZAETCS
BO3MOXXHOCTE OLEHKH TEPMOAMHAMUYECKHMX TapaMeTpOoB B3aMMOIEHCTBHH B KOMIUIEKCAX CPABHUTEILHO
Bonbmux 6GMONOTUMEPOB.

B pamkax opraHu4eckof XMMHHU MONOOHBIE HCCIEAOBAHHA OTHOCATCA K 061aCTH GhICTPO pasBHBaMOMEHC U
HanpaBlIEHHOW Ha CO3MaHMEe HOBBIX THIIOB COCAMHEHMN CynNpaMONEKyNAPHOM XUMHHM; B pamKax (H3UKO-
XUMWIECKHX HMCCJIE/IOBAaHMN M3Y4YEHHE BLICOKOPA3SMEPHBIX KJIACTEPOB OPTaHWMECKUX H HEOPraHHIEeCKHX
COSIMHEHUH TaKXKe MPEACTABIIAET CAMOCTOATEIbHYIO JOCTAaTOYHO GosbLIyI0 06nacTs [95, 96].

6. BaxxHbIM 115 MEAUKOB ¥ (hapMakoIOroB ABNAETCS paspaboTka METOROB MPSMOro MOHHTOPHHIA nponec-
COB B JKHBOM OpraHH3Me KaK C UENbI0 AMAarHOCTHKM, TaK M W3YYeHHS IPOLECCOB MeTaGoau3Ma TECTUPYEMbIX
JIEKapCTBEHHBIX NPENapaToB B OpraHU3Me JJaOOpaTOpHBIX XMBOTHBIX. [Ind 3Toro paspabareiBactcs CrELMalb-
HEIH Knacc mpubopos ¢ MeMOpanHsM BBOAOM. [lomynporunaemas MemGpana Jo/kHa 06eCTIedUTh TIEPEKaTKy
OMpE/Ee/IeHHbIX OPraHIYECKUX COEMHEHUH U3 pacTBOpa B rasoByio dasy. MeM6panHbIil UHTEpdeitc yCTaHaBIIH-
BaeTCcA Ha TPYOKe, 4epe3 KOTOPYIO NPOKaYUBAETCA XUIKOCTh, HANIPHUMED, KPOBB Na6OPATOPHBIX KPHIC, KOTOPHIM
ObuT BBENECH HEKMH Tpemapat, 4YTO MO3BONAET B PEXXHME PEANLHOIO BPEMEHH KOHTPOIHPOBATH NpeBpaleHUT
npemnapaTa HEMOCPEACTBEHHO B XXHMBOM Opranusme. IIpubopsl ¢ MeMOpaHHBIM BBOJIOM Takke BeChbMa 3 deKTHE-
HBl W TICPCNICKTUBHBl B 3KOJIOTM4ECKOM KOHTpOJIC ANA aHATM3a BOJBI; Ha MX OCHOBE pa3pabaThiBaroTCs
OPTATUBHBIE [10JIEBbIE MPUOOPBI.

7. IlpomomkaeTcs MOMCK MOAXOAOB, KOTOPhIE 6bI MO3BOIANY, C OTHOM CTOPOHBI, COXPaHATh OHOMOIEKYJIbI
B Cpelie X QYHKUMOHUPOBAHUS U, C APYTOM CTOPOHBI, NIOBBIIATH YYBCTBHTEMBHOCTE aHanu3a. B pamMKax MHOTHX
METOMK K BOAHBIM PacTBOpaM OHOMOJIEKY)] IPUXOIMTCA JOOABNATh OPTAHWYECKHE PACTBOPUTENH H KUCJIOTHI,
TOKCHYHBIC N1 )KUBBIX OPraHU3MOB B NPUPOAHBIX yeIoBX. C Lenbio yaepxanus 6UoMoreky B BOJHOM cpele
b1 ompoGosan Meton MAJIZIM ¢ BOAHBIM JIbIOM B KAa4eCTBE MaTPHLIBL [97-100]. Oxcrnepumentst 6biaM
- TPYOCMKH, DPE3YNbTAaTHl IUIOXO BOCHPOM3BOAMINCE, M JIMUIL B HECKONBKHMX CNy4asX YAanoch MOTYIUTH
MOJIEKyIAPHbIC HOHBI OHOTONMMEPOB M3 3aMOPOXEHHBIX pacTBopos. Tak, B pabote [97] B rasosyio ¢azy Geunu
nepeseeHb! Monexysbl JIHK ¢ Maccoit oxono 6 M]la, conepixarue 10 9400 nap ocHoBaHmi. Hockoasky cTons
TANEIBIC MOHBI YK€ HEBOSMOXHO 3apErMCTPUPOBATh C MOMOIIBIO BTOPHYHO-JIEKTPOHHEIX AETEKTOPOB (CM.
Taloke MyHKT 9), uneHTHduKaums cobpaHHoli Ha kosviektope JJHK 6bifia BBINOHEHA ¢ HOMOLIBIO anekrpodo-
pesa. | |

~ Ha pannoMm stane Hu3koTeMuepaTypHas Macc-CrieKTPOMETpHA He ompaBjana cebs B 061acTH aHATUTHKY,

OlHaKo, B psne pabor Oblia 06OCHOBaHA BO3MOXHOCTh €€ HCTIONB3OBAHUA B KPHOGHMONOIHYECKHX U KOO~
rigeckux uccnepopanuax [101-106]. Beuio mokasaHo, 4To mo THMAM HOHOB-aCCOLIMATOB, PErUCTPUPYEMBIX B
HA3KOTCMIICPATYPHEIX  BTOPUIHO-IMUCCUOHHBIX (BBA/BUMC) Macc-criekTpax 3amMopoiKeHHbIX pacTBOpOB
GHQMone_xyn, MOXHO ZIENaTh BBIBOJBI O XapakTepe CBA3eH GHOMONEKYN ¢ HOHAMH META/IOB U MOJEKY/IAaMM&
PacTBOPUTE/IA B KOHACHCHPOBAHHOM COCTOSHMM MNPH HU3KHX TEMIEPATypaX, HCCEHOBATH MOJEKYIAPHbIS
MEXaHA3MbI KpUONIOBPEX/ICHHH 1 OLEHUBATE MONOXKHUTENBHOE, BIASHIE KPHONPOTEKTOPOB. MeTox s dexrusen
TAKKE B MACHTH(UKAUVH HEOPraHHI eCKHX 3arpA3HEeHMI BOIHOrO JbAa [106], 4T0 MOXKeT GbITh HCNOIL30BAHO B
3KOJIOrHYESCKOM KOHTPOJE.

8. Pa3palarbiBarOTCsA MOMXOAbI AHAIU3A HE TONBKO OTAENbHBIX MOJICKYJ, HO M POANBLHBIX GHONOTHHECKHX
OOBEKTOB - KIETOK U TKaHEH - C UCTIONL30BAHUEM Pa3NHIHEIX ACCOPOLUMOHHBIX METOOB, B 0CHOBHOM BHMC u
JII. B cuy nNCHXONOrMM HeNOBEHECKOrO BOCHPHATUSA, GO/TBIION WHTEPEC TNPEACTABNIACT BHIYANHIALMA
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(«imaging») pe3ynbTaToB IKCTIEPUMEHTA, [JIS YEro MPUMEHACTCS TaK Ha3blBaeMOe KapTUpoBaHue («mappingy)
obbvextoB [107]. Cyrs nomxoma COCTOMT B CKaHMPOBAHUM HMOHM3MPYIOMUM ITy4KOM (MOHOB WJIM J1a3€pPHOTO
M3NYYeHHsT) MAaKpPOCKONHYECKOro obpasua Guomatepuana, perucTpaumnm B Kaxaoi TOYKE, B 3aBUCHMOCTH OT
3afa9M, OO TONHOrO CcrekTpa, G0 BBLIGPAHHBIX MOHOB W MOCNEMYIOWIEro MOCTPOEHUs! KapThl 06BEKTa ¢
YKA3aHWEM [POCTPAHCTBEHHOIO pACpeNENeHHs pa3NMYHbIX BElmecTB. Takol MOAXOA BechMa TPYLOEMOK,
OIHAKO 32 pyOeKOM MCCIENOBAHWSA B JAHHOM HANpaBJIEHUHM MOCTATOYHO AKTHBHO (punancupyroTcs Meaukamu,
TMOCKOJIBKY OT HHX OXHIAETCA paspaboTka HOBBIX 3()(PEKTUBHBIX METOAOB JMArHOCTHKH, HalpUMep, npsAMOoe
YCTAHOBJICHHE HAKOMIEHHMA M paCOpeiesieHus BpPEeOHbIX BELIECTB, MOHOB TKENbIX METAUIOB B OpraHusme,
HOABEPTIEMCS HEONAroNpUATHEIM BO3NEHCTBHSM BHEWHEH CpeMbi, CpaBHEHHeE pacnpeneneHus pasiuIHbIX
BCILICCTB B TKAHAX B HOPME M MaToNOruu. B kauecTse noGONMBITHON AEMOHCTPAIMK BO3MOXHOCTEH MeTONA Ha
OOHOH W3 KOHQepeHuMi OBUIO TPEACTABNEHO H300pAKEHHE pacnpenenenuss BEWECTB B TeJie MYypaBbi,
MIOABEPrHYTOTO MACC-CINEKTPOMETPHYECKOMY KapTupoBaHuio [108].

9. Temy anHanm3a MakpoCKOMHUECKMX GHOOGBEKTOB MPONOJIKAET MCCIeIOBaHue OakTepuii U BHPYCOB.
3ajada GbICTPOro 3KCHpecc-aHanu3a M MACHTH(MKALMAY BO30ymuTeseil pasauYHbIX 3a00JieBaHuii MpoIOmKaeT
OCTaBaTbCs AKTYaJILHOH UIA OBICTPOrO yCTAHOBJICHUS NMPUYWHBI HH(PEKLUOBHOro 3a60seBaHud ¥ HaMCKOpei-
mero noabopa HeoOXONMMOTO METONA JIEYEHHs, MOCKONBKY CYIIECTBYHOLIHE MHKPOGHONOTHYECKHE METO/IbI
focesa Nal0T pE3yNbTaT 3a BpeMA nopAnka AHEH. B 3Toi obnactu Taxxke NOCTHIHYT ONpeneneHHsIH mporpece.
Cremyer 00paTuTh BHUMaHWE HA KAUECTBEHHO MHYIO HIEOJIOTHMIO MCIOJb30BAHMS MacC-CIIEKTPOMETPHIECKOrO
METONA VI TaKHMX CNOXHBIX CHCTEM. SICHO, YTO CIIOXKHBIE MAcC-CNEKTPbI, IOYYEHHBIE HE TONBKO Ui KIETOK,
HO ¥ IPOCTO IJIA HEPA3ACIEHHBIX CMECeH MOJIEKY, MPaKTHYECKH HEBOIMOXKHO pactuudpoBaTh, U Takas 3a1aya B
MPARHLMIE HE CTaBUTCA. ORHAKO 06K XapaKTep CNEKTpa HOJDKEH BOCIPOM3BOAUTECA TS CXOKUX 06HEKTOB, U
HX OTHECCHHE MOXHO NpPOHM3BOAMTL, HCTONB3YS KOMITbEOTEPU3MPOBAHHbIA MOAXOA PAaclO3HAaBaHHA 06Pa30B.
OmmcanHas metoponorns Gblta mpenoxeHa ewe B 70-¢ TOAbl B NPUMEHEHHH K METOMMKE NUPOJTUTHIECKOM
MacC-CeKTPOMETPHH, BKIItOYarOILell ObICTpoe CxxuraHne GakTepuanbHbIX KIETOK (M m060ro Guomarepuana) ¢
TIOCNIEAYIOIEeH HOHM3aLuel o0pasyrowerocs Habopa IPOLYKTOB nuposiu3a nocpeactsom DY wiu [TU. Ha stom
3Tarne MeTO/ He TMONyTHIT 0C000ro PacnpoCTPaHEHHs, CKOPEE BCETO, B CBS3K C HU3KUM YPOBHEM KOMIBIOTEPHO
TEXHUKH, He 00ecreynBaBieil BO3MOXKHOCTH paboThl ¢ GONBIKMMHU 6a3aMu HaHHBIX. B MOCHEIHHME FONBI 3TOT
METOA BO3PO’KAACTCA HA2 HOBOM YPOBHE C MCIOJIb30BaHUEM BO3MOXHOCTeH JIJI; OCHOBHas mpoblieMa COCTOMT B
cosmaHyM GaHKa JAaHHBIX U Pa3paloTke HAZEKHBIX aITOPUTMOB OTHECCHHS PAsNMUHBIX KIACCOB Oaxtepuii 1o
XapaKTepUCTUUECKUM criekTpamM [109, 59].

CoBpeMeHHBIE BO3MOXHOCTH 3/IEKTPOCHpES NO3BOJIAIOT MEPEBOANT B ra3oBylo (asy i IogBeprath pasje-
JICHHIO IO MacCaM HE TOJIbKO OTHENIBHbIE MaKpOMOJIEKYJIbI, HO W TakHe MmpocTeifiive 61M00GBEKTEI KaKk BUPYCHI
[59]. B 10 Bpems Kak 3a5aua paseneHus TaKHX Macc CTalla IPaKTHYECKH BBINONHUMOM, CYIIECTBEHHbIE 3aTPY/l-
HEHMs BO3HHMKAIOT C COBPEMEHHBIMU ACTEKTHPYIOLIMMH YCTPOHCTBAMM, KOTOpBIE B MPUHLIKAIE HE YYBCTBHUTEb-
Hbl K HOHaM C Maccou 0ojiee MAJLIMOHA IaJIbTOH. B CBSA3M C 9TUM pa3feiieHHbIE BUPYChl COOMpaIM Ha KOJIeK-
TOpHBIE TUTACTHHBl ¥ MACHTU(QUUUPOBANH C [IOMOIIBIO JEKTPOHHON MHKpOCKOonMH. BecbMa mpuMedaTeNsHo,
YTO BUPYCHI, MPOMIEAIINE YePe3 MacC-CIIEKTPOMETP, MOJHOCTBIO COXPAHANHU CBOKO CTPYKTYPY, YTO YKa3biBaeT Ha
COXpaHeHUE YETBEPTHIHON CTPYKTYphl OHOMOIHMEDPOB B ra3oBoi (a3e U Ha BOZMOXXHOCTh BbDKMBAHHS BUPYCOB
B YCJIOBUAX KOCMHUYECKOTO NpOCTpaHcTBa [59]. |

10. Ormmcannbie HWCCAENOBAHUA HaXOMATCA «HA YPOBHe HCKyccTBa» («state-of-the-arty), omnako, Kkak
TOKa3bIBaET MPHMEP TOrO K€ METOJa 3MEKTPOCHpPEH, KOTOPbIA B TeYeHHE psla JIeT paccMaTpuBalics Kak He
Oonee 4em 3K30THUECKAs UIEs, NPH HAJIMYUM CIpOCa Ha KakKOH-IMOO METON COBPEMEHHBIR TEXHOJIOTMHECKHIA
YPOBEHb T[I03BOJSIET B KOPOTKWE CPOKH JOBECTH [0 TPOMBILUIEHHOTO BbIMYCKA IIPAKTHUYECKU JHOOYHO
OpUTHHAIBHYIO pa3paboTKy.

B nacrosmee Bpems Ha 6ase Macc-criektpoMetpoB ¢ MAJIJIM co3paercs HOBOe MOKOJieHHe NMpUOOPOB A
MEIULIMHCKONW AMArHOCTUKH, HA3bIBAEMBbIX KIMHWYECKMMH MOJNEKYJNAPHBIMH CkaHepamu (clinical molecular
scanners) {110, 111]. ®ynmxameHTanbHON OCHOBOM pa3pabaThiBaéMOro METOAa AUarHOCTHKHY ABJsIeTCA GOpPMHUPY-
foLIascsa B IOCNEAHME ToAbl HOBas OUCLMIUIMHA - TIPOTEOMHUKa (proteomics) - NpeAMETOM KOTOpPOH ABIAETCA
YCTAHOBJICHHE BCeil COBOKYMHOCTH 0enkoB (TpoTeoMa, proteome), XapakTepHOM I KaKIOrO BUAA XKHMBBIX
oprasmsMoB. [Ipeamonaraercs, 4T0 MOJIEKYJIAPHbIE CKAHEPBI MIO3BOJISAT MPOBOJAMTE 3KCNPECC-aHANM3 OETKOBOTO
COCTABa KIETOK M TKaHeld U Ha ero OCHOBE AeJaTh 3aK/IF0YEHU] O HAJIMYUN WIM OTCYTCTBHM B OPTaHHU3ME TEX WIH
uHBIX marosnorui. [Tporenypa BHICOKOCKOPOCTHOTO M BbICOKOI(G(PEKTUBHOIO aHaiu3a cMeCH OenKoB, BblIE/EH-
HbIX U3 HHOMATEpHaa, COCTONT W3 MOCAEAOBATENbHBIX [aroB pa3fe/IeHus CMECH ABYMEPHBIM Tefib-2J1eKTpo(o-
PE3OM, SH3UMATHHECKOTO TMPOIN3a, NIEPeHOCa BEIIECTB € refld Ha CMICMaNbHYIO TIOANOXKKY-MeMOpaHy, CKaHHU-
poBauus 3ToH mowioxku nocpeacTsoM MAJINIH, unentudukaunn 6enko B MAJIJIU-criextpax no npuHummy
«OTTIEYATKOB NANTBLEBY C HCIIOML30BAHUEM COOTBETCTBYIOLUMX OankoB NaHHbIX [110, 111].

- Takum 06pa3zom, BO3MOKHOCTH AaTbHEHINETO Pa3BATHS METO/a MacC-CIIEKTPOMETPUHN W pa3pabOTKH HOBbIX
NOAXOJ0B JUIA peleHMs pasHoobpasHemiX GHONOTMYECKHX 3a/ja4 NPAKTUYECKH HE OTPAHHYEHbI H COCTABIAIOT
NEPCNEKTHBHOE HANPABJICHAE AEATEIBHOCTH ANA UCC/IeI0BaTeNeH PAasIHYHBIX CTIELHANILHOCTEH.
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B cBA3M ¢ LIMPOKOHN pacmpOCTPaHEHHOCTHIO METOAa MACC-CTIEKTPOMETPUM U, COOTBETCTBEHHO, OFPOMHBIM
00bEMOM MOJTY42EMOM C €ro MOMOIUIBI HAay4dHOW WH(POPMALMK, B COBPEMEHHBIX YCIOBUAX OCOOEHHO pPE3KO
BcTaeT Bonpoc uHpopmaioHHoro noucka [112-114]). OcHoprpie MOHOrpaduH, TOCBAUICHHBIE PA3THIHBIM
BOTIPOCaM TEXHUKU M TPUJIOKEHUN MacC-CIIEKTPOMETPHH, yke ObL1n nepeuncieHs! Boiime [6-62]. DTOT CIMCcoK
MPAKTUYECKHU E€XErOQHO IOMONHACTCA HECKONbKMMU MoOHOrpapusamm {114, 115], B KOTOpBIX OTpaxkaroTcA
MOCHeAHNE AOCTHXKEHUA MeToda. Texymas HHPOpMauusa myONMKYeTCa B BOCBMH, MO COCTOAHMIO Ha 1999 r.,
CIIeLMATU3UPO-BAHHBIX KypHAax:

«International Journal of Mass Spectrometry» (xo 1998 - «International Journal of Mass Spectrometry and
lon Processes», no 1983, mo 53-i Tom BraovyuTenpHO - «International Journal of Mass Spectrometry and Ion
Physicsy; BBIXOIUT 110 HECKOJIBKO TOMOB B [0/, HEKOTOPbIE TOMa HE NMOAPa3fe/AOTCS Ha HOMEPa);

«Journal of Mass Spectrometry» (o0bequnuBmuii B 1995 r. xypranst «Organic Mass Spectrometry» #u
«Biological Mass Spectrometry», paHee Ha3piBaBlIMiicA «Biomedical and Environmental Mass Spectrometry»);
«European Mass Spectrometry»; «Journal of the American Society for Mass Spectrometry»;

«Journal of the Mass Spectrometric Society of Japan» (XypHaisl, KypUpyeMblie Macc-ClIEKTPOMETPUIECKAMH
o01IecTBaMU pa3IMYHbIX CTPaH);

«Rapid Communications in Mass Spectrometry» (111 yCKOpEHHBIX ITyOIAKaLWA);

«Mass Spectrometry Reviews» (0030p&bI);

«Mass Spectrometry Bulletin» (pedeparuBusiit xypHan).

Tatoke peryNsapHO M3MAKOTCA COOPHHKU TPYAOB MEXIYHAPOMHON KOH(EPEHLMH M0 Macc-CIIEKTPOMETPHUN,
npoxojsimeil pa3 B Tpy rofa (oyepenHas, 15-4, cocrostnacs B 2000 roxy B Bapcesnonre), o0bequHEHHbBIE HA3BaHN-
eM «Advances in Mass Spectrometry», n cOOPHUKM TPYOB €XKETOAHON KOH(DEPEHIHN AMEPUKAHCKOTO Macc-
criekTpoMeTpudeckoro obmectsa «Proceedings of the nth ASMS Conference on Mass Spectrometry and Allied
Topics» -

B HacTtosimee Bpems, B CBS34 C Pa3BUTHEM KOMIBIOTEPHOM TEXHUKH U JEKTPOHHBIX CPEACTB KOMMYHUKa-
MY, B TIPAKTUKY HAYWHAIOT BXOOUTH JJICKTPOHHAIE BEPCHH MPAKTUYECKU BCEX JKYPHANIOB; TE3UChI MHOIMX KOH-
epenupii myOMKYIOTCA B ceTH VIHTEpHET; TaM e MOMEIAIOTCs TeKCThl y4eGHEIX MOCoBUil o Macc-CIeKTpo-
MeTpUH, GUPMEI-NPOU3BOAKTEM PAa3MEIIAIOT ONUCAHHE CBOMX MPHOOPOB M KOHKPETHBIX MeToauk [113].

B MuTepHET OTKpBITH CriEUHaN3MPOBAHHEIE CTPAHMIIBI TIO MACC-CIIEKTPOMETPHH, HAIIPHMED:
http://www.base-peak.wiley.com, http://www.hdscience.com, http://www.asms.com ¢ BeIXOHZOM Ha
KypHaJlsl, MOHOrpaguy, 6a3bl AaHHBIX OTAENbHBIX JabGopatopui, GaHku Macc-cnekTpos [113, 114]. B pazne
3apyOexkHBIX MyONMKalMil y)ke HAYMHAIOT 1aBaTh CCHUIKYM HE Ha MeYaTHEIE MCTOYHWKH, 2 Ha ajzipeca 3JIeKTpOH-
HbIX MyOnukauuii B cetu Uuteprer [113]. Taioke nproGpeTaeT pacnpocTpaHeHHe myOAUKaUs MaTepHanoB Ha
JIa3CPHBIX KOMIAKT-AMACKaX: TaK, MaTepHalibl 04epeHOro 14-ro ToMa TpyNoOB MEXIYHAPOIHBIX Macc-CIEKTpo-
METPHYECKUX KOHpepeHLwmH Oblnu omyOIuKOBaHEl B BUIE OTAEILHOTO ToMa [3] i ToMa Ha CD-mucke. B ¢Bs3m ¢
STHM BO3HHMKAIOT HEKOTOPBIE CIIOXHOCTH C LMTHPOBaHWEM JIMTEPATYPHBIX MCTOYHHMKOB M HeoOXOxuMa paspa-
0orka B camoe birkaiimiee BpeMsa NPaBHI CCHUIOK Ha SMEKTPOHHbIE HAYUHbIe ITY6IHKALI,

JAKJIIOYEHUE

[To oneHkam 3apyGexHBIX CTICHUANMCTOB, MACC-CIIEKTPOMETPHS B HACTOAINEE BPEMS 3aHHMAET AU XAPYIO-
HIee MONOKEHHE Cpear BCEX NPYTHX SKCNEPUMEHTaNbHBIX METONOB Mo TeMnaM passuths [45]. U3 npusenen-
HOT0 0030pa CIIE/yeT, YTO B HACTOSIIEE BPEMS CHATHI IPAKTHIECKHU BCE OTPaHWICHHA Ha arperatHoe COCTOSHHE,
XUMHWYECKHUN THII, Maccy UCCIEHYEMbIX COeNUHEHMNA. OCHOBHBIM HOCTIDKEHUEM COBMECTHEIX ycunul uccneno-
BaTeNied, HHXKCHEPOB U MPOU3BOAUTENIEH MacCC-CTIEKTPOMETPUYECKON TEXHUKU B MOCHIEOHEe gécgmme CTal0
obecneyeHne BOIMOXHOCTH UCC/IEN0BATE ¢ MOMOIIBIO METona Macc-CleKTPOMeTprM OoNbiide OHOMONEKY B!
- Ouomonumepni. Yemex 3ToT 6bi1 06ECHeUeH B OCHOBHOM 6naromaps paspaGotke # OBICTPOMY BHERPEHWIO B
IPOMBINLICHHBIH BBIMTYCK METOMMK 3fieKTpocnpedt u MAJIIH, a Take COBEPHICHCTBOBAHHIO TEXHUKH BpemMa-
TponeTHeIX, MILIP, TaHAEMHBIX Macc-CIIEKTPOMETPOB U, HECOMHEHHO, HIMPOKOMY BHEAPEHAIO MOCHEHHMX
JOCTKEHUM KOMITBIOTEPHOM TEXHUKH. | | | | '

[lo oueHkam HamGoNiee NEPCTIEKTMBHBIX HANDABNCHUM pASBUTHS, BLITONHEMHLIX CHOLMATHCTAMY
aMEpPUKAHCKOro. areHTcTBa - «Strategic Directions Internationaly, B o6nactu MACC-CIIEKTPOMETPHE HaeTCH
CIERyIOMUH MPOrHO3 Ha OmwKaiiie ro;sl: B NEPCHEeKTHBHBIX uccnefoBanuiX B 00nacTH OGMOTEXHONOTHK
HauOOMBIIUHA YCIIEX OXKHMAACTCA UISl BPEMATIPOJETHOrO THNA MacC-CrIeKTPOMETPOB; OXKUAACTCA Takie Gonbwol
COpOC AJ1A NPOMBILINIEHHONO ¥ 3KONOTHYECKOTO KOHTPONS HA HACTONBHBIC NPUBOPHI, COYETAIOMME MACC-
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CMEKTPOMETP W >KUAKOCTHBIH Xpomartorpad (MC/KX) M nopraTuBHbie TpaHcrioptabensHble npuGops! g
paboThl B NONEBBIX YCHOBHAX [45].

B obnactu ¢yunamenTanbHbIx MOJIEKYNAIPHO-OMOIOruueckux, 6uodusndecknx, GUOTEXHONOMMUECKUX K
MEUKO-ONONOTHIECKIX HCCIIEOBAHHI OCHOBHBIMHU HAMPABIEHHAMY B HACTOSILEE BpeMs ABJAIOTCA YCTAHOBJIE-
HUC MOJNEKYIAPHBIX MEXaHWU3MOB Pa3HOOOPa3HBIX GHONOrMYECKUX MPOLECCOB, B TOM YHCIE WX MOHUTOPHHT B

PEXAME PEATLHOTO BPEMEHH, U3y9ECHHUE CTPYKTYPhl GHONOTMMEpPOB B ra3oBoi (ase U MpoLeccos MOJIEKYJITPHO-
IO Y3HaBaHuA, pa3paboTka METONOB MEAMLIMHCKON AUATHOCTHKY U 3KOJOTHYECKOTO KOHTPOJIS.

braropaproctu. Paborta Bbimonsena mpu monnepxkike AO «SELMI» (panee TIO «3nektpon»), Cympl,

B paMkax 3ajaud BeIPAOOTKM NEPCEKTHBHBIX HANPABICHWN PasBUTHS HayYHOTO NpUOOPOCTPOEHUS, a TaKKe
4aCTHYHO B paMKax rpaHta INTAS-99-00478.
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HOBLI METO/ OTIPEJEJIEHVA CPEAHETO BPEMEHH TPAH3UTA
PAITHOPAPMIIPENAPATOB B NOYKAX

B. I'. Kuuraexo, B.H.JIecosoii, E.b.Pamsumenckas, H.A.ITamnenko, A.B.Apcenses,

A.B.Knurasko
Xapvrogcruti 2ocydapemeennviil MeOuyurcruil ywueepcumem, np. Jlenuna. 4
Hrcmumym meduyuncxoii paduorozuu um. C.I1.Ipuzopveea AMH Vxpaunst, ya. Iywwuncxas, 82
9 oxrabpa 2000 r.

B crathe pemaeTcs 3aAa9a TIOBRIICHNA NHOOPMATABHOCTH NHHAMPIECKON PaANOHYIMAHOH JHATHOCTHKA Ucnoms-
30BAHBl METOAL MOASIHMPOBAHMS NPOLECCOB TPAHCIIOPTA PAZHOAKTHBHONO HMHIMKATOPA B OPraHIDME GCHOBCKA.
TTpennoneH HOBBIH HOAXOJ AIS OTPEACTICHHS CPEAHETO BPEMEHH TPAH3UTA PATAOPAPMITPETIAPAT B HOTKAX.
IIpeanaracTea TPEXASTEKTOPHAA (A% OXHON NOYKH) H IATHACTEKTOPHAT (11 JBYX NMOTCK) METOAHKA PETBCTPAIMH.
JleTeKTOpSI HO3UIHOHMPYIOTCA Hag 00MACTHIO TOIOBHOIO MO3T3, 4 TAaloKe B 30HC HHTEPECa CIICPe Y M €334 OT Halld-
euta. PeaymbTaTel m3MepeHuii 00padaTHIBAIOTCS 1O METOLY HAUMCHLIIAX KBAJPATOB.

KJIQUEBBIE CJIOBA: musiaMuvecKas PajuOHyKITTHAS JUATHOCTHRA, MATCMATHICCKOS MOACTHUPOBAHIS, TPAHC-
nopt panuodapumpenapatos, pagucHeqporpadus.

B nusaMu9eckOll pagHOHYKNHEAHOM AHATHOCTHKE JUIA PAacdera CPENHETO BPEMEHU TPAH3UTA PanuopapM-

npenaparos (P®IT) B oprasax (! ) ncnonesyercs {1, 2] popmyna |

” S | |

f= - . )

kA’ |

rae § - MIOIANb MO KPHBOM 3aBHCHMOCTH CKOPOCTH CU€Ta ) -WM3jiydeHHs, Co3naBaemoro POLI, Haxomunum-
CA B MCCICAYEMOM Oprase, OT BpeMeHK, A4 - aKTHBHOCTD NMpenapara, NPOHISAINero Yepes opray; k - koaddu-
LMEeHT NPONIOPLUHOHANBHOCTH MEKTY CKOPOCTBIO CYETa ¥ -H3NYYEHUA U aKTMBHOCTHIO NIPEnapara, CO3NaBIiero
3TO H3TYYEHNE.

IMpaxTrueckoe npumenerne dopmyis (1) npu paguonedporpaduaeckinx Hccnenoaaam cBA3aHO ¢ HeoO-
XOAMMOCTBIO paspemmerus nsyx mpobnem. Ilepsas u3 npolnem COCTOWT B TOM, 9T0 PErUCTPHPYEMOE IPH pa-
nuonedporpapun usnyueHue cosgaercs Kak POIL 3axpaueHHBIM BLIBOOAHICH CHCTEMOH Touxi (HMEHHO 3Ta
COCTABJIAIOINAA ¥ HY)KHA NPH BbluMcHeHuu [ ), TaKk U HPENapaToM, HAXOMHMIUMCH B COCYHaX MOYKH W OKpY-
XAWOMHUX MOYKY TkawaAx. Bropas mpobGneMa COCTOHT B HEOOXONMMOCTH ONPENEICHHS YMCACHHOTO 3HAMCHUSA
xosppuuuenta k . Pemenmo >tux npobieM NpH panuoOHyKIMIHOM OTNPENENCHHH CPSIHEr0 BPEMEeHH TPAH3UTa
POII B nouke nocesmieHa 1a padora.

MATEMATHYECKASA MOJEJH

ITyets R(z) - cxopocTs cuera, peructpupyemas Han obnacteio noyxs. Torna
R(t)= R, (D) + R, (1), @
rae R, () - coctasmsmowas obmed R(7), co3nanBas NpenaparoM, 3aXBaYEHHLIM BHIBOAAMEH CHCTEMOH noY-
Ki, & R_(f) - COCTAaBNAIOIAs, CO3LAHHAs NMPENapaToM, HAXOMMIUMCH B TKAHAX, OKPYKRIOUIAX BBISIATE b
HYI0 cuCTeMy mouku (B mone spemus aerexropa). Ilpennaraemas METOmMKA BHNENCHHA R (¢) 13 oGme#
R(t) npencrasiier co60# ycOBEPIIEHCTBOBAHME METORMKH, omucanno B [3]. O6brHO CHITaeTC , 9TO B nep-
BBiE 1,5 - 2 MuHyTH NOCHe BBeZieHus POII B opramism npenapar, 3aXsaTkiBaeMBlil BRIBOZSIIEH CHCTeMOM nog-
Kil, HE BHIBOJWTCA M3 Hee, a TONbKO HaKamnueaercs. Torna B 510 BpeMA Benwwuna R (1) NPONOPUHOHATbHA

BXOIHOM QYHKHUN Oprana, KoTopas, B CBOK oqepm upamplmonmna KOHUECHTPALIHH npena;ma B KPOBH
Bxopsumeii B oprad. Ilostomy

R,() =k, ] c(tydr, : e
o - - - .
rae (1) - kounenrpauns POIT B kpoBy, pacoMarpupaeMas kak QyHiums oF npm ak, - motmpuﬁ KO-
3 HUHEHT APONOPHUOHATBHOCTH.
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Hoswiid MeTon onpenenenus cpessero BpeMeHu TPAH3UTA ...

B nepsuie 1,5 - 2 MHHYTHI BBHIXOOOM npenaparta U3 COCyOB B TKaHM €L1e MOXHO ripeHebpeun. Vuurwisas,
HTO Bpema TpansuTa POII B okoonodeunbix cocyaax ( Az ) HAMHOTO MEHbIIE X3PaKTEPHBIX BPEMEH UIMEHE-

HHS BEJIMUHHB (), MOXHO CYMTATh, YTO KOHIEHTPALHSA npenapaTa Ha BeIXOZE U3 cocyna pasha c(f — Af) .

Bemrauna R (7) mponopuUMOHANLHA BelUMMAHE j' c(dt - J’ c(t - A)dt = c(t)A1. 1losTomMy s paccmar-
0 0

PHBAEMOrO WHTEPBAJIA BPEMEHU PErUCTPAIIMH MOXKHO 3aMHCaTh
R,(1)=k, -c(1), (4)
rae k,, - HeKOTOpHIl k03dduuMEnT NPONOPLHOHANBHOCTH.

Teneps ¢ yuerom dopmyn (3) u (4) 3amumem
t

R(t) =k, - [ c(t)dt + K, c(p). (5)
: 0
Kpusas ¢(f) obbraso cuuraercs MPONOPLHOHANLHON KPUBOH WIHDEHCA KPOBH, ONPEAEIIAEMOM Hal Cepli-

uem. Ilo mpuuunam, o koTopsix Gymer ckasaHo Fanee, Mbl CuuTaeM Bonee KOPDEKTHBIM UCIIONB30BAHUE BMECTO
KpHBOM XIHMPEHCA, PETHCTPAPYEMOH Hajl CePALIEM, KPUBOI 3aBHCHMOCTH CKOPOCTH CYETA OT BPEMEHH, 3apeTi-
CTPHPOBaHHOH Hax 001acTHI0 ronosroro Mosra ( R, () ). Torma MoxHO 3anmucars

RO =k, [R,(0)d + K, - R, (1), (6)
0

rme k, H k, - HEKOTOPhIe KoID(BANHEHTEL.

Peructpupys B nepssie 1,5 - 2 MunyTsi kpussie R(7) u R, (1) (obbrmo co Bpemenem otcuera 10 - 12
CEKYHR HAa TOYKY), M3 38PETHCTPMPOBAHHBIX JAHHBIX MOXHO ONPSAENUTH, MCIOAL3YS METON HANMEHBINIX
KBafPaTOB, 3Hauerus Kosddunuentos k, u k.

Co spemenem npenapar Bce Gomblile MEPEXOMUT U3 COCYHOB B TKaHK. IT03TOMY HU KPHBYIO KIMPEHCE KPO-
BY, PCriCTPUPYEMYIO Haj CEpAUeM, HU KpUBYIO R (f) HeNb3s NPU 3TOM CUMTATh NPONOPLMOHANLHON KOHICH-
Tpaluy NPEnapaTa B KPoBH. B TO e BpeMs BCAEHCTBHE CYIMECTBOBAHWS reMatoosuedammieckoro 6apbepa
BBIXOZa NIPENapaTa B MO3TOBYIO TKaHb HE MPOUCXOAMT M KpuBYI0 R (/) MOXHC ¢ X0opomel TOYHOCTBIO Cuu-
TaThk nponopunoHanbuoil ¢(1). [ing pemenus 3anaum onpenenenya ! HEOGXOAMMO MCKIIOHMHTD BTOPOE Cna-

raeMoe B popmyne (2). Jina 3TOro OpeniaraeTes CASAYIOHMIE Noaxon,

BynaeM perucTphpoBaTh u3NyueHHe u3 0ONACTH MOYKM C IOMOLIBIO NBYX JETEKTOPOB, ONHH H3 KOTODHIX
PacTioiOXeH C3a4M OT MAIHEeHTAa, a APYroH - cnepenu. [lycre B panbHelimeM uHACKC 1| OTHOCUTCS K HaHHbBIM,
NOJyEHHBIM C HCHIOJIb30BAHMEM LETEKTOPA, PACTIONOXKEHHOTO C3a4H, 4 UHIAEKC 2 ~ CIIEpei.

Torma

R() =K, [ R, (@)t + Ky - R, 0,

2m

R, (1) = k;, - [ R, (dt + k,,, - R, (9).
0

OuesumHo, uto BemumHa &k, - R (1) — k,,, - R, (f) He COIEPXHT BKJIaja , CO30aBaEMOr0 NperapaTom,

HAXOAAMMMCS B TKAHSX, OKPYXKAIOINUX BHIBOZSLIYIO CHCTeMY nouku. OMEBUIHO TaloKe, YTO 3T BENUYUHA NPO-
nOpLMOHaNbHA BenuuuHe R (), T.6. CKOPOCTH Cue€Ta M3Jy4eHHs, CBA3aHHOH C NpENapaTtoM, 3aXBa4YCHHbIM

BeIBOAAINEH cucTemoii mouku. Ilycts

R,(1) = ky,, - R(1) — Ky, - R, (D). (7)
Torna B xagecTse BenMduHBI S B dopmyne (1) MOXKHO NIPUHATD
S=[R (vt (8)
0

Ecnu 6bl mpenapar He BHIXOAWI M3 JIOXAHKM NOYKM (TONBKO Hakamiusaics Obl B MOYKE), TO BENWYMHA
R. (1) n npn Gombmux sHaueHUsX [ paBHsUIack Gbl

R (1) = (k;, Ky =Ky, i) - | R, (1)1, | ©)
. , 0
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C apyroit CTOPOHbI
R () =kA (10)
Torpa us dopmyn (9) u (10) cregyer, 4TO
kA = Ky, Ky = Koy - K )+ | R, (. (1D
-9

Moncrasiss reneps S u KA w3 dopmyn (8) u (11) B popmysy (1), oxoHIaTenEHO NOTYREM
[, - R©®~ ki, - Ry(D)dt
[=—" - , (12)
iy Koy — Ky - Ki) - [ R, (D)
0

BEIBOJBI

Vi3n0)KeHHas Bhile MOENb IO3BOJAET 3aKII0YUTh, YTO, HCMONL3YA TPEXOCTEKTOPHYIO (TIPH OTPEACACHIN
CPEIHEr0 BPEMEHH TPaH3HTA B ONHON MOYKE) WIH MATHAETEKTOPHYIO (opu onpeneneHUH ! ans xaxnol w3
MOYEK) METOMMKH PErHCTPALIHH ¢ PACTIONOKESHUEM NEeTeKTOPOB KaK 5TO OTMCAHO BHIE, obpalareiBas pe3yib-
TaThi ¥3MEPEHUH N0 METOAY HAWMEHBIINX KBaJAPATOB M NPOBOAA BRIYHCICHHA 1O dopmyie (12), MOXKHO OTIpe-

NEHTE TAKOH AMATHOCTHYECKH BAXXHBIH MOKa3aTeNb, Kak cpenHee Bpems Tpansura POII 8 nouke (B moukax).
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VK 621.373.826: 772.99 METOJIH BIOPIBUYIHUX JJOC/IIJDKEHB

INPUMEHEHWE METOJIA TOJIOTPA®UYECKOI HHTEP®EPEHIIMOHHOM
MUKPOCKOIINH IS N3YUYEHUA BIINSAHUSA O30HOTEPAIINT HA ®OPMY
IPHTPOIIATOB KPOBH YEJIOBEKA.

T.B.Tuumixo, B.ILTuraps, T.M.Bapxorkuna*, A.M.HaGoka, B.A.Hekpacos,
AA Kyap**

Xapukosciuli nayuonansnutii ynusepcumem um. B.H. Kapasuna
Yxpauna, 63077, Xapvkos, m. Ceoboowt, 4
*Xapuvioeckuii 2ocyoapemeennviii meduyunckuii ynusepcumen
Yxpauna, Xapvkos, np. Jlenuna,4
** Xapuvkoseckas obnacmuas xnunuveckas 6onvhuya
VYxpauna, Xapvxos, np .Ilpasowi, 13
Crates noctyrmna B pefaximo 29 ceHTsGpst 2000 r.

HccnenoBano BiusHIe 030HOTEpAIMU Ha M3MeHeHHe (POPMbI SPUTPOLIATOB KPOBH Y 3OPOBOrO Ye/IOBEKA 1
GONMBHBIX ¢ HEHPOCEHCOPHOIT TYTOYX0CTHI0. OGHAPYKEHO, YTO BHYTPUBEHHOE BIMBAHHE 030HMPOBAHHOTO (GHU3HOMO-
THYECKOro pacTBOpa GOJILHEIM IPUBOJWT K Ka4ECTBEHHOMY U3MEHEHHIO (OPMBI PUTPOLIMTOB KPOBH B HANPABIICHHM
e¢ HopMamu3aipu. VisMenenue GpopMbl IUTOCKOr0 MCKa Ha SBHO BBIPAXKEHHYIO JBOSKOBOTHYTYIO $OpMY SpPUTpOLH-
TOB IIPHBOJIUT K YBETHHYEHUIO OTHOIIEHHS NOBEPXHOCTH/00HEM Y 3PUTPOLIMTOB, K TIOBBILIEHHIO MX §yHKI[MOHAILHEIX
BO3MOXHOCTEH, YTO MPOSBIISETCS B JOCTMIHYTOM KinHHYeckoM S¢dekre. ITokazaHa LelecooOpa3HOCTh MpUMEHe-
HIS METO/Ia rofforpaduyeckol HHTepdepeHIMOHHON MUKPOCKOITMM IS OTIEPaTHBHOM MeHIMHCKOM THArHOCTHKH.

KJIFOYEBBIE CJIOBA: o3oHoTeparmsi, ronorpapus, MHTepHepOMETPHs, MMKPOCKOINHUS, 3PMTPOLMT,
HEHPOCEHCOPHAS TYTOYXOCTb.

B mocnexmme mecstwierss B Ykpaune, Poccuu u apyrux crpanax (epmamms, KyGa, Mramus, Ascrpus,
CIIIA) ana HOpMa/M3amMM KHCIIOPOAHOro 00ECIeYeHUA TKAHEH NPH PAa3AHYHBIX NATOMOTHYECKUX COCTOSHMAX
HCIIOJIB3YETCA O30HOTEpanusia. IlapeHTepansHO BBOAHMBIA 030H CHOCOOCTBYET MOBBINICHHIO 3ACTHHHOCTH
3PHTPOLMTOB, YBCIAHYCHHIO NApLUHAIBHOIO JABJCHHA KUCIOPOAA B apTEPHASIBHON KPOBH, O0JETYECHHMIO OTHAYM
KHCJIOPOAa OKCHIEMOTIIOOHHOM, 0COOCHHO B ouare mmemu [1-6]. BrimeckasarHoe moOyauio HAC anmpoGupo-
BaTh MPHMCHCHHE CHCTEMHON O30HOTEPANHH y MAUMECHTOB C HCHPOCEHCOPHOH TYrOyXOCTBH). AKTYaJIbHOCTb
TpoOnIeMBI HEHPOCEHCOPHOM TYTOYXOCTH ONPEACTACTCA €C CONHANBHON 3HAYMMOCTBIO, OTCYTCTBHEM J0CTATOY-
HBIX JAHHBIX O MAaTOrcHese 3aboneBanus, MATOH 3()(PEKTHBHOCTHIO CYMECTBYIOIIKX B HACTOAMIEE BPEMA METO-
J0B JICYCHHAL.

HelpoceHCopHasa TyroyxocTs (HLT) HapAay ¢ HIIEMUYECKOH OONE3HBIO CepALA M THIICPTOHUEH OTHOCHT-
cA K 3200/ICBAHMAM, BOSHUKHOBCHHE KOTOPBIX OOYCIOBICHO OTPULATEBHLIMHA NOCACACTBHAMH IWBHIH3ALMH,
ITo marmevM BeeMEpHOI OpraHA3aIMy 30PaBOOXPAHEHIS B HAcTOsIee Bpems Gosiee 450 MIH. 4EIOBEK, TO ECTh
Gonee 7% HaCceNCHHA 3¢MHOTO IIapa CTPAAa0T HapPyIICHHEM CyXa M 3TH MOKA3aTeNH HEYKJIOHHO YBEIMYHBA-
FOTCAL..

CornacHo COBPEMEHHBIM TIpeACTaBNeHUAM, B ocHOBe pa3eutus HCT BHe 32BHCHMOCTH OT €€ 3THONOrHYe-
cxoro (axTopa , JEXKHT HAPYLICHHEC MUKPOLMPKYJALMH, KOTOPas NMPHUBOAUT K ACQHIMTY KHCIOPOAA, MHUTATEb-
HBIX BEIIECTB HOHHOTO M KHCIIOTHOr0O-OCHOBHOTO auc0anaHca HA TOM JHO0 MHOM YPOBHE CIyXOBOrO aHAJTH3a-
TOpa ¢ MOC/IEAYIOIHM OTPHUATENBHEIM BIMSHHEM HA (QYHKUMIO 3BYKOBOCTpHHMMAarOmEro anmapara K nopaxe-
HHIO TOCJICAHETO NPHBOAAT TAIOKE M3MEHEHHA DPEONOrHYECKHX CBOHCTB KPOBH, B (JOPMHMPOBAHHH KOTOPBIX
GonBIIOe 3HAYCHHE MPHAAIOT 3PUTPOLIUTAM H HX CMOCOOHOCTH K arperauun. OYEBHAHO, B 3THX YCIOBHAX 3PHT-
POLMTEI TEPAIOT CBOI0 HOPMAIBHYIO 3ACTHYHOCTH M (OPMY , YBENMYHMBAS BA3KOCTh KDOBH H arperHpOBaHUE,
COKpAIICHHE TPHTOKA KHCIOPOJA K SPHTPOLTAM.

W3BECTHO, YTO OCHOBHOM MMIICHBIO OHOMOrHYECKOro ACHCTBHA 030HA HA KIICTKY BBICTYNAOT IUIA3MaTHYC-
ckue MeMOpansl, Braroaapsa ToMy, YTO 030H H3MEHAET CTPYKTYPY JMNMAOB MeMOpaH, yBEeIMYMBAETCA Aedop-
Ma0ETPHOCTD 3PHTPOLMTOB, YTO MOKET ABIATHCA OJHHM M3 CAHONCHETHYECKMX (DaKTOpOB 030HOTEpamuu. B
JMTEpaType MOCHEAHUX JIET BCTPEHAIOTCA JaHHble 00 MCCAeJoBaHMAX AeopMabeNbHOCTH SPHTPOLTOB. Tax
A H3MEPEHHA BA3KOCTH JHIHAHOTO CNOA MEMOPaH HCCNE0BAM CTIEKTP (yopecueHIuy TeHEH IPHTPOLUTOB
[6], m3yuamm usndeckne mapaMeTpsl AePopMabenbHOCTH METOAOM MHKPOCKONHYECKOH aCHHpAlHH MeMOpaH
3PHTPOLMTOB, NO3BOLTOMCH aHATM3HPOBATh XapaKTep pacipeencHuA 1o napauerpam IIA KICTOK OAHOH mpo-

7
s C};maxo naHHbie 00 H3MCHEHAM (OpMBI 3prrrpoumon NOA BO3ACHCTBHEM MEIMUMHCKOIO 030HA B Opra-

HU3ME 4EJI0BCKA OTCYTCTBYIOT.
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B nawHoii pabote MCTOA0M ronorpapu4eckoi UHTEp(EPEHILIMOHHOR MHUKPOCKOTIHM HCCIICA0BATOCE HIME-
seuue GOpMBI IPUTPOLHMTOB in VIVo NOJ BO3JEHCTBMEM MEIMLMHCKOrO 030HA NMPH O0C/ICHOBAHAN MALUMCHTOB C
HCT. |

MATEPHUAJIBI U METO/IBI

UccneaosaHus mMpoBOAUAUCh HA Gase 1abopaTOpuH paauo- M onruyeckoi ronorpadhuu XHY u xadeaps
OTOPHHONAPHHIONOrMK XapbKOBCKOTO rOCYAApCTBCHHOTO MeauuuHcKoro ynusepcutera u JIOP-oTaeneHHA
XapbKOBCKO#M 06N1aCTHOH KIIMHIYECKOH OO0MBHHLEL

Jlna u3yveHus GopMbl IPUTPOLIMTOB HCTIONB30BAIICA ronorpadueckniit HHTEP(HEPEHUHOHHBIH MHKPOCKOTL.
Meroas! ronorpaduueckolt HHTEP(HEPEHLUHOHHOH MHKPOCKOMHU ABJLAOTCA Hauboslee ONMTHMAIEHBIMHA U4 0T~
penenetua Gopmel (PasoBeX OHONOTHUECKHX MHUKPOOOBEK-
10B. VX 3)pexTHBHOCTD UL H3ydeHHA (OpPMEI SPHTPOLIATOB
KpOBH yenoBexa mokasana B [9 - 13] . OmnmirieCkas cxema
ronorpauueckoro  HHTEPPEPSHUMOHHOTO  MHKPOCKONA
npeacTaBicHa Ka puc.l. B ronorpadirieckoM HHTEpHEpEH-
LHMOHHOM MHKpOCKone (opMHpOBAamHCE HHTCPHEPOrpaMMBEL
HCCEAYEMBIX MHKPOOOBEKTOB 33 CHET MHTCPQCpCHIHHK He-
BO3MYLICHHOM MHKPOOOBEKTAMK BOJIHEI ( 3T BONHA C MOMO-
IO OTOPHOI BOJIHBI PETHCTPHPYETCA M BOCCTAHABIHBACTCA
1O roJorpamMme) H BOJIHBI , MPOLIEIIUEH 4epe3 HCCNCTYEMBIC
MHKPOOGBEKTHL. B KauecTBe MCTOMHMKA H3Jy4CHHA HCHOJb-
soBasica He - Ne nasep ¢ amuHoi BOHBI H3TyYeHHS 0,63MKM.
HHtepdeporpaMmbl OMYy4ATH B PEAbHOM MacmTabe Bpeme-
HM. B 3KCIEepUMEHTE MCHOMB30BANIKCh HATUBHBIC MA3KH KpO-
BH. H300pakeHHs 3PHTPOLHTOB H MX HHTEpdeporpaMMel

13 < ¢ororpadupoBan Ha MNCHKY MPH HCMONB30BAHHH MHKDO-
\/ o6sexTuBa 40™ u oxynapa 7°. I[To urTepdeporpammam ¢ mo-
MOLIBKY KOMIBIOTEPA CTPOWIMCh TPEXMEPHBIE H300PAKCHHA
SPUTPOLIHTOB. |
| 14 Bruio 06cnenosaHo 60 MAHEHTOB C HEHPOCCHCOPHOM
TYTOYXOCTBIO Pa3sAH4HOrO reHe3a (BHpYCHas 3THOJIOTHA, CO-

_ - - CYHHCTaA, TOKCHMECKAdA, MOCTTPABMATHHCCKAA H HEACHOTO
guc.l OrrTuyeckast CXeMa rofiorpadHyeckoro MHTEp-  repesa). Vi3 mux 33 Myxuus u 27 skennuy. Bospact nauueH-
ePEHLIAOHHOI0 MUKPOCKOTa _ >
Ls1a%p; 2.3.4 -3epKana; S-TIOTYTPOIAHOE IEPKAIO; ;c;s ot 18 no 67 neT. B 23 cayyasx nmpouecc OLT OCTPHIH, a B
6,7,8-nionsipusaTopsl; 9-komumarop; 10-nipenapar, B oo o
_ Bcem maumeHTaM BOZMJIACH MO | -
11-MuxpooGbekTHB; 12-ronorpamma; 13-oxynsp; 14- e KPOROIIENRCD - MOHOTCPAIE CEKINON.
670K PErrMCTpaLyy H300paKEHHUS. OsonupoBaHue (usHonoTHUecKOoro pacreopa (O®P) ocyme-
CTBJAIOCH HA 030HATOPHOM ycTaHOBKE QupMbl "Meaoson" (T.
Mockga). JIit u3MEpeHns KOHUSHTPAUHM 030HA MCIO/Ib30Ba/Iach HOJIOMETPHUECKAA METOMMKA, pa3paboraHHas
. yHCTHTYTOM 3nexTpoxumun AH PO coBMecTHO ¢ Qupmoii "Menoson". Kypc neueHH A BKIOYAT 5 BHYTPHBEH-
HBIX KAMEMbHBIX MHQY3mit no 200,0 MA 030HMPOBAHHOTO (PM3HONOrHHECKOro pacTBopa. KOHUEHTpauua 030Ha
0,48 Mr/mu.
| BceM GONBHBIM NMPOBOMMIOCH AyAKONOTHYECKOE 00C/CAOBAHHE. Y AYdIICHHE CIYXOBOH (QYHKIHH B pe-
' 3yMBTATE NIEYCHHA MOMYYEHO Y BCEX MAUMEHTOB. B rpymmy KoHTposs Boumuio 18 3M0pOBBIX JOHOPOB M3 “MCNA
‘cryaentos XHY, XTMY, a tawke opaunatopos JIOP-oraenenus XOKB. |
MaskH KpoBH Gpanu 10 HaYana Je4YeHus, Cpasy e Nocjie NepBoro BHyTpHBeHHOro Bansamys OOP (3abop
KPOBH TPOM3BOIWICA W3 KyOHTANBHON BEHBI ), 2 TAIOKS N0 OKOHYAHHM Kypca Jevenus ( 3a00p KpOBM MPOM3-
BOJIbHBIM).

PE3VJIBTATEI M OBCYXIEHHE

| . B pe3ynsTaTe MCCNEAOBAHMA BBIABJICHO, YTO Y BCEX MNAIMEHTOB, BHE 3aBHCHMOCTH OT TCHE3a 3a00/1CBAHMA
" OMPEACTUIMCH C/ADKHPOBAHHBIC JPHTPOLMTH, BCTPEUANHCE MHKPOTPOMOBL. JPHTPOLMTEI MMEIOT IUIOCKYIO
~ (opMy, YTO HECOMHEHHO CHWKACT HX (YHKIHOHAJIBHBIE BO3MOXKHOCTH. [T0C/E BBEACHHA 030HUPOBAHHOrO a-
‘3HONIOTHYECKOTO PACTBOPA YMEHBILACTCA 4MCMO MATONOTHYECKM M3MEHEHHBIX NCCTPYKTHBHBIX (opMm, arperu-
PYIOIHEX KJIETOK, 3PHTPOIHMTHI MPHOOPETAOT BHIPAXKECHHYIO JBOSKOBOTHYTYIO (POpMY, MpHUEM TEPANCBTHYCCKHI
- 3¢ dexr Gonee BEIPOKEH NMPH MAKCHMANBHBIX NEPBOHAYAMBHBIX NATONOTHYECKUX OTKIOHCHUAX B opme Ipur-
“pOIHTOB. V ‘3J0pOBBIX JOHOPOB C BHIPKCHHON ABOAKOBOTHYTOH dopmoii Jpurpormrtos BBeAcHHe ODP e

BimseT Ha (opMy mocnegHuX. B kauecTse npuMepa Mbl RPUBOAHM HECKOMBKO KIIMHHYECKMX HAOMONCHHHA.
Ha puc.2 nmpeacTaBieHBI Pe3yNbTaThl BOCCTAHOBNCHHA (JOPMBI IPUTPOLMTOB KPOBH 310POBOrQ MENOBEKa
(naupenTka M., 18 ner) go u cpasy nocne seeacHus (OOP). Ha puc.2 (a, 6) - Muxkpodororpaduu 3purpousTos,
Ha puc.2 (B, T) - MX UHTEPPEPOTPaMMBI, a HA PUC.2 (I, € ) - BOCCTAHOBNCHHKIE C NOMOWIBI0 KOMIBIOTEPA 0O
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Puc2. Muxpodotorpaduy, ¥TcpdeporpaMMid ¥ PEKOHCTPYUPORAHHLIE [0 MM H306PakeHs SPUTPOLIATOR
KpoB# 41opoRoll nageirTist M., 181€T, fio BBEISHiiA 030NMpPOBAIIIIOre BHIHATIOTHAECKOro pacTBOpa (8, 6, 1) U cpaty TIoGIe
peeacioi (6, T, €). Yeempsesme 2500". *
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Ppion e TR S
; . o
L QJY..\’.JJ,'_I&. gy

~ Puc3. Qororpadia, wiepdeporpasaiii u. pEKOHCTpYMpoBANHIE 1io: ik HgoBpANCHIA SPHTDOL
Goyioro 1., 27 ne, fio Havaita neversis (a, B, X) u cpady tocne pucactii ODP (6,1, e). Vaenusene 3000
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Puc.4. ©ororpadpum MasKoB KpOBU
GomsHoit J1., 67 net, Ao Havana neyeHud () U

cpasy nocine BBeficHus OOP (6). Dororpadum

Ma3KkoB kpoBu GombHoro K., 46 nert, Ao Hayana
neyenus (B), cpa3y nocne seefiermst OOP (r) u

mociie Kypca JeyeHus (). Yeemuuenue S00™
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Gosmsrioit JL., 67 ner, Ao Havana JigueHus (a, B;
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1) ¥ cpasy nociie ppeaeHHs ODP (6.

3



109

ITpumenenwe meroza ronorpaduaeckoi HHTEPHEPEHIMOHHON MAKPOCKOTTHH . ..

e

’p#ﬁ‘l'l""r:'_

L~
Y

e
Tl

L

B DR e T e 31T MR RGN0
FOTd Rl pms Bk RIB AW W IGP
Rl ToRORagab ors ™ AT RN G Ny, 3
B3 s Eode i v oy A E i T ey
TE e wei T R WO ROl A, N X TS R
i ‘-"_‘ r T, | gt S e i v N ,_‘-,.' et
; W’.s-.-!l.-,,'.

Sois M 0 B

e
R gy s
s o X REVGPA S,

""-“-h o . a2k
§ et > il o

o AT ar

n

MMLL ¥ PEKOHCTPYMPOBAHHEIC TIO HMM M30OpaXeHHs SPUTPOIMTOB KDOBH

Goisaoro K. 46 er, o Hasaia 1eveHns (, T, %), cpaty nocrie ssegeis ODP (6, 1, 3) u nocne Kypea neueris (B, €, 1)
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oun(poBaHHbLIM HHTEP(CPOrPaMMaM TPEXMEPHBIC HU300DAKECHHA IPHTPOUMTOB. K3 CpaBHCHMA MPHBCACHHBIX
(ororpadmii BUAHO, 4TO Y 3A0POBOM NAUHMEHTKA KAHECTBCHHBIX U3MCHEHAH (HOPMEI IPUTPOLMTOB NIOCHE BBEIE-
mua ODP we npounsouuio. Kak a0, rak u nocie secacHuas ODP 3pUTPOUNTE! HMEIOT YETKO BHIPAKEHHYH) HABOA-
KOBOTHYTYHO (POpPMY, YTO COOTBETCTBYET (PH3UONOTHYECKOH HOPME.

Ha puc.3 nmpeactaBieHsl pe3yabTarhi uccaeaoBanud kposu Gomeroro 0., 27ner. [inarnos: ocrpas HCT
BHPYCHOro rere3a. Mis cpaBucHMA mpuBeACHHBIX (QoTrorpaduil BUAHO, YTO A0 HA4ANA JICYCHHA IPHTPOLHTEI MHa-
UMCHTA MMeTn (POPMY IUIOCKOTO JMCKA, a cpaly mocne BeeacHua ODP 3puTpountel NPHOOPETAIOT ABOAKOBOT-
HYTY10 (POPMY, COOTBETCTBYIOLIYHO HOPME,

Ha puc.4 npeacrasnenst Mukpodororpadn Ma3koB KposH G0mbHOK JI.,6711€T, CTpafalomeH XpOHHIECKOH
HCT cocyaucroro reHesa (gaBHocTh 3a00neBauus Gonee 10 ner). Ha puc.4 (2) u3oOparker Ma30K KPOBH 10 Ha-
Yasa JiedeHuA , a Ha puc.4(6) - cpasy nocne peeacHua OOP. Yke Ha Qororpaduax BHAHO, YTO NOC/IE BBCACHHA
O®P c >puTpounTaMu MPOU3OLLTA CYHICCTBCHHBIC H3MCHCHHA, OAHAKO, CACNATh 3AKTHMNEHHAE O XapaKkTepe 3THX
H3MEHECHHHA HE OPEACTABIIACTCA BO3MOMKHBIM.

Ha puc.5 mpeacrasneHsl pe3ysibTaTsl, NOJYyHCHHBIC MO HHTEpPeporpamMmMaM 31o# nauucHTkd. OHM ACHO
NOKa3bIBAKOT, YTO ¢ (opMoit 3puTpounToB nocne BeeacHKs O®P npousouuu kauecTBeHHbIC H3MCHeHHA. Ecim
JI0 Ha4yana JeYeHHs 3PKTPOUUTHI uMeTH (PopMy IIOCKOTO AMCKA, TO mocie BeeacHus ODP onu mpuoOperaor
ABOSAKOBOTHYTYHO (hopMYy.

Ha puc.4 npeacrasaensl Mukpodotorpaduu maskos kposu 6omsHoro K., 46 ner, crpanaromerc HCT mo-
CTTPaBMATHYECKOrO reHe3a (AaBHOCThH 3a0oncBaHuA 3 roja), A0 Hauana jacucHmA (B), cpa3y MOCHE BBCACHHA
O®P (r) u nocne kypca neveHus (x). Ha Mukpodororpadusax Maska KpoBH A0 NCHCHHA ORPESACIAFOTCA CNADKH-
POBaHHBIE 3PUTPOLMTHI, BCTpeHaroTca MukpoTpomOsl. [Tocne BeeacHus ODP yMeHpmaeTCa YHCI0 HATONOTHYE-
CKHX H3MEHEHMH AECTPYKTHBHEIX (JOPM, arperupyromux KIEToK.

Ha puc.¢ mpeacraBicHbl pe3yabTaTsl AA 3TOr0 MALMEHTA, NONY4CHHbIC no uATEpdeporpammam. Poro-
rpauu(a, r, %) COOTBETCTBYIOT pe3y/ibTaTaM A0 Hauana neyenud, (6, 4, 3 ) - cpady nocne Beeaerua ODP, (B, ¢,
n) - mocne Kypca geveHud. Kak u B cinyvae npeasiayinX NauueHTOB, 3PUTPOIMTEI 3TOr0 GONMBHOIO A0 Ha4ana
NICYCHHA UMEIOT (hopMy TLIOCKOTO AUCKA, nocne BeeAcHHA ODP - aBosaxoBorHyTyIo (opmy.

Ha puc.3 -6 npeacTaB/icHsl pe3ynbTaThl Aji1 GOMBHBIX, NPSACTABMIOUMX PA3AMYHEIC BO3PACTHLIC IPYIHIbL
Takwue xe pesynsTaThl HAOMOAAMMCE Y BCEX 00CNCAOBAHHBIX MALHEHTOB. [IPOBEACHHbBIE HCCNENOBAHNS TIO3BO-
JUIOT CACNATH ABA OCHOBHBIX 3AKJIHOMEHMA : Y BCEX OOMBHBIX [0 HAYANA JICHCHHS 3PUTPOLMTH HMEKT (opMmy
TUVIOCKOTO AUCKa, ¥ BCeX GonbHEIX nocne BBeacHHA OQP HaGmozacTcs OQHOTHIHOS KANECTBEHHOS H3MEHCHHE
(hopmet 3pUTPOUNTOB, NOCACAHNE MPHOGPETAIOT ABOAKOBOTHYTYIO (JOPMY, COOTBETCTBYIOMIYIO HOPME YTO, O4e-
BH/IHO, MPHBOAHT K YBEIHMCHHIO MX MOBEPXHOCTH NPH JAHHOM 00BEME H MOBBUHEHMIO HX (YHKUHOHAIBHBIX
BO3MOYKHOCTEIA.

ITonmy4eHHBIE PE3YMBTATEI N0 H3MEHEHHIO (POPMBI SPHTPOLHTOB Y GOMBLHEIX NOC/E OJHOKPATHOTO BBEACHHSA
O®P mocraBwmM BONPOC O ANHTENBHOCTH COXPAHCHHA SPHTPOLHTAMH ABOAKOBOTHYTOH (opMmsl. JUis BEACHE-
HUA JUHAMHKH 3TOT0 mpouecca y 17 GoNbHLIX MPOBOAKICA 3a00p KPOBU M3 KyOHTANBHOM BEHBI CPa3y MOCTE
BBefcHIs ODP, uepes 1, 2, 12, 24 vacos. HccnenoBanus nokasajis, ¥To yke uepe3 [Ba Haca NOcle OepBOTO
BeZicHHsi OOP B Maske KPOBH MPHCYTCTBYIOT TOMBKO ILIOCKHE 3PHTPOLHUTHL. OXHAKO, NPH MPOH3BONBHOM 33-
Gope KpOBH Y NALHMEHTOB MOCHE Kypca JieHeHus (5 BHYTPHBEHHBIX uE(py3uii ODP) SpHIPOLATS HMEIOT ABOSKO-
BOTHYTYIO0 (opmy (pHC.6 (B, €, u ). Ouernano, YTO NPH OAHOKpaTHOM BBeAcHun OOP AclicTRIIO 030Ha noasep-
TacTCsl JIMIIb 4aCTh SPHTPOLHUTOB, A NOMHBIH KYPC JICHCHHS TI03BOAET KAMECTBEHHO HIMEHHTH BECh 00BEM IHD-
Kynupyromei kposu. OHAKO, AMHAMHKA 3TOTO MPOLECCa TPpeOyeT CHEUANBHOTO. HCCICAOBAKHS. '

B mamem ciyuae 030HMPOBaHWE MPHMEHANACh AuA nevenus 60menbix ¢ HCT. HMccneaosanus nokasamu,
. YTO CHCTEMHAsA O30HOTEPANKA OPHBOAMT K H3MCHEHMIO (Gopmsl 3pHTPOLHUTOB Y GOMBHBIX B CTOPOHY €¢ HOpMa-
JIA3ALUH, “ITO O/IArOTBOPHO CKA3BIBACTCA HA COCTOSHMM BCEro opraHmsma, ITosromy 3 dexTUBROCTE MpHMEHE-
HHA 030HOTECPANHKH BBIXOAUT 32 paMKH JieueHus Toyibko HCT.

BhIBOARL
Taxum 0Gpasom, mpAMEHEHHE METOAA roiorpaduueckoil MHTEPHEPEHIMOHHON MUKPOCKONMH AL H3y1e-
A BIUAHHA NAPCHTCPANBHELX METOAOB 030HOTEpamiu Ha dopmy spurpouutos Gonsueix HCT mossomano yc-
TaHOBUTD, YITO TIOCNE BBCACHHA 030HHPOBAHHOTO (PH3UONOTHYECKOrO PACTBOPA IPHTPOLMTEI Y BCEX MALMEHTOB
NMPETCPNCBAIOT ONHOTUIHBIC KAYECTBEHHBIC MIMCHCHHS, MPUOGPETAs YETKO BHIPAKEHHYIO NBOAKOBOTHYTYIO
(bopmy, xoTOpaZ COOTBETCTBYCT HOPME. ITO NPHBOUT K MOBBINEHMIO (YHKIMORATLHBIX BOIMONKHOCTEH IPHT-
POLIHTOB, “TO MPOAB/ICTCA B NOCTHTHYTOM NiedeGHOM 3¢ dexre. V 340POBOTO YENOBEKA KAYECTBCHHBIX HIMEHE-
~ Hui (JOPMBI SPHTPOUMTOB NOC/E NPOBEACHNSA 030HOTEPANKH HE BEABICHO. |
TIpoBeAennbic HCCICAOBAHNA NOATBEPMIIH, YTO SPUTPOLMTEL KPOBH ABSIOTCE KICTKAMU ODraHSMA, He
TOLKO DHOXHMHECKHE XaPAKTEPUCTHKA KOTOPHIX, HO W (JOPMA ONPEAETACT H OTPAKACT (DHIHONOTHMECKOE
COCTOAHME BCEro opranusma. Qupesenenne HopMBI KIETOK KPOBH M HX HIMEHORMI NPH PA3NHUHEIX 32601683
HHAX MPEACTABCT HE TONBKO HAYHBIH MHTEPEC, HO M MOXET ABUTHCA METOHOM THATHOCTHK]
AOTIOTHAIOLIMM YHKE M3BCCTHBIC METOABI KIMHUYCCKHX Hecnenoranuit. Ionorpadu
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[lprvenenne Metona ronorpadirueckoii MHTEPPEPEHLMOHHOH MUKPOCKOTIUH

MHKPOCKOT, NO3BOJIOIIHA HCCIIE0BATh HATHBHLIC NPENAPaTEl B PEaTbHOM MACLITA0E BPEMEHH, BO3MOYKHOCTh
TPOBCACHHUA KOJIHMCCTBCHHBIX H3MCPCHHH MApaMeTpOB MHKPOOOBEKTOB MOXKET M IOJDKEH CTaTh ONEPATHBHBIM
NPHOOPOM B Pa3THYRBIX MEAMIMHCKMX MCCHIEIOBAHMAX.
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K 70-nemuro co ona pocoenus

Baagumupa SixkoBiaeBnua MasieeBa

Hu ooun 6razopodnuviu ym

He OCMAHOBUMCS NO CBOCU
80JI€ HA YJice OOCHIUSHYMOM.
OH 8Ce20a CMaHem npuma3amso
Ha bonvuiee

U guibUBaAMbCA U3 CUT,

U pBAMBCA K HENOCMUNCUMOMY.

Moumens

®omo: MioHxeH 2000 2

Ha py0Oexe TeicaueneThii, B KOHIE XX CTONETHS, KaYECTBEHHO H3MEHUBIIETO
IIPUOPHUTETH] HAy4HOIO IIOMCKA YEOBEYECTBA, WCIOJHMUIOCH CEMBIECST JIeT BiamuMupy
SxosneBmyy MasieeBy, yYeHOMY, ¢ UMEHEM KOTOPOrO CBS3aHO CTAHOBJICHHE H Pa3BUTHE B
osBmeM CCCP u ocobGenHo Ha YKparHe HOBOM HayKH - OHOPU3NAKH.

On pomunca 30 mapra 1930 roga B Pocrope-Ha-IloHy. Bekope cemps mepeexana B
XappkoB, rae ¢ 1932 roma ero oTen, U3BECTHRIH NWHXEHEP-CTPOUTENh, PYKOBOIMI CO3IaHHEM
TaKUX TPAHOUO3HBIX COOpPYXEHUH KaKk X 13, HOBBIE KOpIyca 3aBoAa UM. Manbnnesa, 31aHHe
LK KIIY. CBoe o6pasosanue Bosons ManeeB nHavan B 1937 rony B HemHemHed 5-H
XapbKOBCKOM mikose. Ilocie sBakyanuu OH IpOAOIDKHN y4eOy B 36-#f cpepmHed mIKOTe T.
XapbKoBa, KOTOPYI0 OKOHUYMJI B 1948 romy ¢ Memaaplo M TNOCTYIHI Ha (QH3IHEKO-
MaTeMaTHYeCKHH (akynpTeT XapbKOBCKOTO [OCYAApPCTBEHHOro yHHBepcHTeTa. (OcBauBas
CIIEUAIbHOCTE Ha Kadenpe TEXHMUYECKOW (DU3MKH, OH ‘HapaUIe/IbHO MOCEIIAai NEKIHU 1O
KypcaM TEOPETHUeCKOM (U3MKH M K OKOHYAHHMIO YHHBEPCHTETa YKe CHOPMHpPOBAICS Kak
(HU3UK-TEOPETHUK.

C 1953 roma B.[. Maneer mo HanmpaBieHHio Hayax paboTaTs B XBAI/IBY rz(e
IpenojaBai Kype TEOPETHYSCKON MEXaHHKH. B 9T0 e BpeMs OH Haual [OoCelaTh HaydHBIC
CeMUHapel B YHHBEpcHTeTe. Torna BIOEpBElE Y HEro IOSBHIOCH JKeNaHHe OOBACHHUTDH
HEKOTOPBIE OCOOEHHOCTH JKUBBIX CHCTEM (U3HICCKUMHE 3aKOHOMEPHOCTIMH.

B 1956 romy Brnagumup SxoBneBuy nepexonuT Ha pa60'ry B UBCTHTYT pagnodu3nkn
n neKTpoHuKd AH Yxpanusl. 1lon pyKkoBoACTBOM 3aBeAyIOMIEr0 TEOPETHUECKHM OTHEIOM
MHCTUTYTa Ipodeccopa I'epmana B.JI. on 3aHumaercs TEOPETHIECKUM H3YYCHHEM PEKHUMOB
paboThl MarHETPOHHBIX IE€HEPATOPOB. OTH WICCIEJOBAaHUS 3aBepmmiuch B 1961 roay
YCHEMIHON 3alllUTOM KaHAUJATCKOM [WccepTalyy B cneux«xanmﬂpoaaﬁﬂom coBETEe IO
(usuxo-mareMaTudeckum Haykam YOTU, xoropemv pyxonozmm TaKue ma&!oumeca
yaenbie kak Cunenpauxos K.J1. u Bamstep A K.

Ho Mbiciin 0 packpeiTiy QE3MYECKUX TaliH KM3HH HE JaBaM TMOKOS. Maﬂeez -
FPYNHOHA COTPYIHUKOB HAYMHAET HCCICIOBAHUE BIUAHUS MOCTOSHHEIX MAMHUTHBIX TIONEH Ha
OTHOKJICTOYHbIE OPraHu3MBl B OTJENIE IOIJIOIEHHSA PAJUOBONH, PYKOBOJUTENEM KOTOPOTO
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Oblt nupekTop uHctutyta Al YeuxoB. Otu pabothi, mNokazaBime UCKITIOYUTENBHYIO
CIOKHOCTDL KHBBIX OPraHU3MOB, MOATONKHYIM MOJIOAOIO YHEHOIO NEPEHTY K PACCMOTPEHHIO
IPOLECCOB HAa MOJIEKY/IAPHOM ypoBHE. Kak pa3 B 3T0 BpeMs CTaNH MUPOKO U3BECTHEI PAGOTHI
Yorcona u Kpuxa, u B.SI. ManeeBa 3axpaThiBaer (hanTacTHueckas npobneMa pacuppoBKu
PEHETUYECKOrO KOa.

BOT 3nech W Hammu CBOE NMPHIIOXEHWE €r0 3HAHMA U XapaKTep MbILLICHHS (pu3uKa-
Teopetrka. Hcemons3ys ofparnyro samauy Illtypma - JluyBunms, oH BrepBbie paszpaboTan
TEOPETUIECKYI0 MEXAHMYECKYI0 MOJENb, OMUCHIBAIOMIYIO CBI3M MEXIY HYKJISOTHAAMH B
onnomepHor uenouke JTHK. HerpusuanbHbli MOOXON K PEIIEHUIO GHOJOTMYECKON 331a4n
BbI3BaJl MHTEPEC y mnoceTuBIiero HMHCTHTYT npeswgeHra AH CCCP M.B. Kengpmua,
Hesanonro no storo Bnamumup AxosneBuy no npurnamexuro npesuneHta AH YxpauubI
b.E. Tlarona Bmepsele cmenman goknaz O CBOMX paboTax HAa CEKLWM GHOHMKH Hayunoro
COBeTa AKaneMMHU Hayk 1o mpobnemam snekrponuxn. B 1964 roxy no pemenuo Mpe3unuyma
AH YCCP wu mpun axtupHod nonmepxkke bBE.Ilarona B UacTutyre panmoduzuxm u
SJIEKTPOHMKH ObL CO3/1aH OoTaen Ouodu3uk, KOTOpsiii Bosrnasun B SI. Manees.

C sTux mop BCA Hay4dHas XKu3Hb Bnagumupa SAkoBnesuya Gbiia IOTUNHEHA PA3BHTHIO
buodusmku. Ilpexnoxennas ManeeBeiM TIuUIOTE3a ONpPENCHEHUS MOCNENOBATENLHOCTH
HyKneOTUnoB B MoJiekyne JHK nHa oOCHOBaHMM aHalu3a HM3KOYACTOTHRIX KonebaHwii B
LEMOYKE YIPYT'C CBA3AHHBIX 3JIEMEHTOB NMOTPeOOBaa IKCIEPUMEHTAIBHOTO NOATBEKIECHYS.
PaspaboTtannas nnasd >Toro (usMyeckas MOMAENb CBSI3aHHBIX JJIEKTPUYECKUX KOHTYPOB HE
cMOrjla pemutk 3Ty 3anady. Ilostomy coBmectHO ¢ Jlenusrpangckumu dusukamm ObLIo
MPOBEAECHO 3JKCIEPHMEHTANbHOE U3ydeHMEe KojebaHMii B  KPUCTAIAX MOHOMEPOB
HYKIEHHOBbIX kuciaor B panpHed WHK-obnmactu. B npouecce wuccienopamumii  ObLIO
O0OHapy>K€HO CUJIbHOE TOTJIOIEHUE MOJIEKYJ1 BOARI B 3TOM Auanasone. Torna y B.A. Maneesa
M TOSBWJIOCH IIPENTIOJIOKEHHUE O BaXHOM POMM BOAH B CTaOMUIM3alUiU CTPYKTYPLI
OHOIOTUYIECKUX MAKPOMOJIEKY/I.

Hauunas ¢ cepenunnl 60-X rogoB ruapatalys OHOMONMMEPOB CTEHOBUTCS OTHUM W3
OCHOBHBIX Hay4HbIX Hampas/iecRuit DBnaaumupa SkoBieBu4a © BO3TNABIEMOTO UM
koJuekTuBa. Crana pacimupsAThCA 3KCIEpUMEHTANIbHAg 0a3a oTnena, ObUld OCBOSHBI METOIbI
HK-cniextpockonmy, kagopumerpuu, CBY-nusnekrpomerpuu. B konue 60-x u 58 70-¢ rozmmi
OCHOBHBIMM HAyYHbIMH HaIlPaBJCHWSIMH OTHENAa CTajld WMCCHACHOBAHUA CTPYKTYPHBIX
IEPEXOHOB B PacTBOpax OHOMONMMEPOB M TWAPATHO-3aBUCHMBIX HPOLECCOB U3MEHEHW
KkOHpOpManMK HYKJIEWHOBBIX KMCHOT. Ilo pesynbratam 3THX uccnenosaHmid B 1976 romy
B.A. ManeeB yCmemHO 3aIHyINacT HOKTOPCKYIO AuccepTrauuio "CTPYKTypHbIE MNEPEXOMbI
HYKJIEMHOBLIX KMCJIOT B pacTBopax" MO CHenHalbHOCTM MONeKymipHas ¢usuka. Ero
onmoHesTamu ObUIH akagemuk Jinpumn UM, u nokxropa Hayx Jlasypkun I0.C. u baaroi
FOI1, a oT3hiB Benyimed opraHu3almy ObUT MOANKCAH H3BECTHREIM Onodusmkom JLA.
BbomeHdenpaoM. )

C mnauvana 80-x romoB B OTHOENE IPOBOAATCS MCCIEAOBAHUA B3aUMONEHCTBUA
HYKJIEHHOBBIX KUCJIOT ¢ OHOJNOTMYECKH aKTHBHBIME BemecTBamu, a ¢ koHua 80-x u B 90-¢
roapL, nocyie YepHoObUTECKOM KaTacTPOQbL, MCCENOBAHNS BIMAHMA pafHaLidi Ha CTPYKTYDY,
koMIuiekcooOpa3osanue u ruaparanmo JTHK.

3a roasl HayuHO# HesTensHOCTH Y B.A. Maneesa nossujioch MHOIO y4eHHKOB, 17 u3
KOTOPBIX 3aQLUUTIM KaHIUAATCKHE ANUCCEPTalMW U JIBOE - JOKTOPCKUE. Ho xpome Hux
NECATKHA YYEHBIX B pPasHbiX CTpaHax Mupa cuuraioT Bramumupa Slkosnesuda CBOUM
YUUTEIEM.

C 1964 roma B XapsKOBCKOM I'OCYAapCTBEHHOM YHHUBEPCUTETE Hadajach MMOArOTOBKA
CTYHEHTOB 0[O CHENMAILHOCTH OnOdH3MKA, B CTAHOBICHUM KOTOPOH AKTMBHOE y4acTHe
npuruMan 1 Bragnvup Sxopneswd. B 1978 rony B yHUBEPCHUTETE OTKpPLIBACTCH kadenpa
MOJIEKYJIAPHO#H W mpuknansHod OuOQH3MKM MOJ PYKOBOACTBOM akajeMukKa b.W. Bepkuna,
xOTOpBIi MpATIack Masieesa /1A YTHHS JEKLHiA N0 CIELHaNbHBIM AHCLITLINHAM, C sroro
BPEMEHHM HAaYMHAeTCA MEJArorudecKas AeATeNbHOCTh Bianumupa SlkoBneBuya B 00AaCTH
6uodmsnueckoro obpasosanus. U Bot yxe 22 roaa fonbinas 4acTh €r0 JXKU3HM CBA3aHA C
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xadeupoii Guodumznku XapLKOBCKOTO yHMBEpCHTETa. 33 3T0 BpEMA 1M pa3padoTaHbi
OpUrMHaNbLHbIe Kypehl Nekumi: «Mertoan 6uOGM3MYECKHX HCCNENOBAHUAY, «Obimas
6uoduzmkar, «dusnka Guonomimeposy. OH SBAETCS aBTOPOM NACNOpTa CHCLMATBHOCTH
«6rOGU3MKa» ¥ YNEHOM JKCIEpPTHOrO coBeTa MuHuCTEpCTBa 00pa30BaHysA, aBTOPOM DAna
METONMUYECKUX paboT W JOKNad0B Ha HAy4HO-METONUYECKHMX KOH(QepeHLmAX. bomee
NOJTYTHICAYH CTYIEHTOB U3 25 ¢TpaH Obutk GrarogapabiMy Cirywatensmuy ero nekmi. C 1992
rona B S, Masees Bosrnasisier kadeapy MONEKYISPHOM ¥ NPUKIaAHOA OuODU3NKH, KOTOPas
6aaroapsi ero SHTY3Ma3My ¥ BHICOKOMY Hay4HOMY MPO(ECCHOHANN3MY CTajla LEHTPOM HE
TOJIbKO XapbKOBCKOM, HO ¥ YKPaNHCKOM OHOPHU3UKH,

OpraHu3aTopcKkas AEATeNbHOCTh Braaumupa JSIKOBeBUYa HE OrPaHHIMBACTCA
otzenom 6uodmusuku UPD u xadenpoii B yausepcurere. Eme 8 1971 rony o opraHn3osai B
Xappkose [-10 Bcecio3Hylo KOH(EpEeHIMIO TO CHEKTPOCKONMM OHOTIONMMEPOB, KOTOpasA B
teyenue 20 JeT peryisipHO NpOBOAUNACH MOM €r0 NPEACEeNaTeNbCTBOM 1 Oblnia MKOJIOU BCEX
monexynsipHbx 6uoduzuxos CCCP.

C cepenurn! 70-x ronos B.SI. Manees — wien 6ropo HaydHbix coBeTOB 1o mpodiemam
6uonornueckoii dmsuxku Axagemuii Hayk CCCP m YCCP, rme OH aKkTHBHO OTCTaWBacT
MPHOPUTET OMOQU3NIECKUX UCCIIEA0BAHNH B COBPEMEHHOM €CTECTBO3HAHHUY.

Bnagumup AxoBieBUY NPUHMMAI Y4aCTHE B CO3JaHUM TAKMX HAY4YHBIX XKYPHAIOB KaK
«Buonomumepsl u Kietkay, «[Ipobremer kpuobuonorum», «Pagnodusuka v SMEKTPOHUKR) H
ABNSIETCA YWIEHOM MX PelakUMOHHBIX kojuneruil. B 1998 rogy Gnaromaps ero uHMIMATHBE U
[0l €r0 PYKOBOACTBOM CTaJl M3[aBaThCs IMEPBbIM HA YKpauHe OMOQH3utecKui XypHAN —
«B1o(i3uHuA BICHUK.

B .. Manees - npencenarenb XapbKOBCKOTO OTHCNEHMA U BHUC-IPE3UNEHT
Ykpaunckoro 6uodusmieckoro obmecrsa, B co3naHuU KoToporo B 1993 roxy oH mpuHAMAN
akTHBHOE y4acTe. C 3TOro BpeMEHH NOJ €ro PpyKOBOIACTBOM IIPU YHHBEPCHTETE HaUuMHAET
paboty XapokoBckuil GMOPU3MYECKHH CEMHHAP, HA KOTOPOM MOXHO YCHbINAT: HAYYHBIE
nokazabl OMohU3HKOB BCEX pernoHOB YkpawnHel. B 1998 rony Bnepsbie B XapbKOBE TPOIIEN
peKkpacHo oprasuzoBaHHblii Chesn Ykpausckoro Guodusmueckoro oOmectsa, HayIHBIM
KOODPAMHATOPOM U mpeAcenareneM pabo4ero oprkomMurera koroporo osii B A1 Manees.

B Teuenmne mHOrux Jjietr Bnamgumup SkoBneBud OblT WICHOM CICHMANTH3HPOBAHHBIX
HAY4YHbIX COBETOB M0 CTIELUANbHOCTAM "MOJNIeKyJisipHas pushka" u "xpuobuonorus”’, a B 1995
rofy 1o ero uHuUMaTuse ObUI CO3NaH €NWHCTBEHHBbIH HA YKpawuHe CHCHMATM3HPOBAHHBIA
COBET MO 3al(UTe [IOKTOPCKMX M KAHAUAATCKMX JUCCEPTaliMd M0 CNeHHAIbHOCTH
"6Guodusuka" PUIMKO-MATEMATNYECKHX HAyK, MNPEACEeHaTeNieM KOTOPOro OH sBjseTcA. 3a
HECKOIbKO JieT pabotei coBera 30 yueHBIX U3 Pa3HBIX TOPONOB YKpawHblI CTajlM
obamaTensIMy JUIVIOMOB IOKTOPA WM KaHAMNATa HAyK O 3TOM CTIEHUaNbHOCTH, -

Pesynprarel uccienoBanuii npodeccopa B.S. ManeeBa, ero Koier W Y4eHHKOB
MMPOKO M3BECTHBI Y TPU3HAHBI BO BCEM HAYYHOM MUpE, a HEKOTOpbie U3 250 ero Hay4HbiX
TPYZOB NABHO Y€ CTaiM KiaccuueckuMu. Ho He CTONBKO IuMppPbl H NEPEUUCACHHBIC
peramuy, a TrIyOOKOEe YBaXKEHHWE U UCKPEHHss OnaromapHoOCTh, KOoTOphlie Baamumup
SIKOBJICBUY HEM3MEHHO BbI3bIBACT y CONBUIMHCTBA JIOAECH BO MHOIHMX CTPaHaxX MHMpa,
OTPOMHbBIN ABTOPUTET ABJISIOTCS VMCTHHHOHM OHEHKOH €ro JesTelbHOCTH. Bo MHOTMOM 310
ompernenaeTcs xapakrepom nuuHoctd B.SL Maneesa, coueraiomiel BHICOKMM HHTEMIEKT H
IUPOKYI0 OSPYAULMI0O ¢ MCKIIOMHTENbHO TEMNBIM M BHAMATENLHBIM OTHOIEHHEM K
OKPY KAIOIIHM. - I | |

HMmvs B.J. Maneesa nNaBHO yeé HEpaspbiBHO CBS3aHO C OBOMOLMEH pasBUTHA
6uodu3nKKU, HO HE TOJNLKO €ro Hayusbie, 4 H OOHICYECTIOBEUECKHE HWHTEPECH
PAcrpoCTPaHAIOTCA Ha MHOTHE 00NacTH To3HaHKs. Bes NpeyBenHueHus MOXKHO CKa3aTh, YTO
Bnaguvup fAxoBnesud - oOpasen UCTUHHON HHTE/UIMTEHTHOCTH, BBICOKOINQ SCTETHYECKOTO
BKYCa, TOHKOTO FOMOPa ¥ HCKJIFOUMTEILHOTO 00asHuS. - .

Jpysea, xoinern, ydeHuku u pegxosierus "biogisuusoro BicHHMKA" TOpAYO
noszpasiaoT Bragumupa Sxosnesuda ¢ HOGuneeM u Xkenar0T Kpenkoro 3A0posbs, AONIHX
IET aKTUBHOM TBOPUYECKOH NEATENBHOCTH, YCTIeXa U CYAaCThit BO BCEX chepax KusHu.
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ABSTRACTS

MODELING LARGE-SCALE STRUCTURE DYNAMICS OF DNA MACROMOLECULES
S.N.Velkov
Bogolyubov Institute for Theoretical Physics, National Academ y of Science of Ukraine, Metrologichna str 14-b,

| Kiev, 03143
Bas_.mg on the four-mass model approach developed earlier for the description of the low-frequency vibrations of the double
helix and taking into account the peculiarities of the macromolecule structure. The possibility of the adequate model
construction for large-scale dynamics of DNA structure transformations such as conformational transition and meliing is
shown. For the possible trajectories of the structure transformation the expressions for the conformation excitation energy
are obtained in the two-component form. The kinetic energy parameters and the potential functions view are determined for
the modeling of the DNA large-scale motions. It is shown that the kinetic energy of the conformational excitation of the
heterogeneous macromolecule may be put in the homogeneous form. The conclusion is made about the existence of the two
types of DNA conformational mobility sensitive and insensitive to macromolecule heterogereity.
KEY WORDS: macromolecules, DNA, heterogeneity, conformational dynamics, modeling

PHYSICAL MECHANISMS OF INTERACTION OF ACTINOCIN DERIVATIVES WITH DNA.
2. SPECTROSCOPIC STUDY OF INFLUENCE OF WATER ON INTERACTION OF

ACTINOCYL-BIS-(3-DIMETHYLAMINOPROPYL) AMINE WITH THYMUS DNA
M. A.Semenov, N.N.Sagaidakova, T.V.Bolbukh, A.LGasan, E.B.Kruglova, E.G.Bereznyak, V.Ya Maleev,
E.N.Glibin', D.V.Ovchinnikov’, A.N. Veselkov?
Institute for Radiophysics and Electronics Nat. Acad. Sci. of Ukraine, 12 Ak.Proskura si., Kharkov, 61085, Ukraine
e-mail: maleev@ire.lkharkov.ua
'Sankt-Peterburg State Technical University, Russia

*Sevastopol State Technical University, Ukraine
The investigation of influence of water on interaction of actinocyl-bis-(3-dimethylaminopropyl) amine (ligand L1) with
DNA in wet films and solutions has been performed using the methods of IR, UV, visible spectroscopy and
piezogravimetry. It is shown that formation of two kinds of complexes (both external binding and intercalation) between
DNA and ligand L1 are possible. Interaction of phenoxazine rings of ligand into Watson-Crick pairs takes place, probably,
selectively for AT- and GC-rich parts of DNA. Thermostability of the DNA - ligand complex is higher than that for pure
DNA. The obtained values of physical parameters of interaction of DNA with ligand L1 differ from results obfained earlier
for the complex DNA — derivative of actinocin with crown-group.
KEY WORDS: DNA, complex, hydration, spectroscopy, actinocin.

THE EFFECT OF GAMMA-IRRADIATION AND TEMPERATURE ON BLOOD PLASMA AND
SERUM BY MICROWAVE DIELECTROMETRY
0.A. Gorobchenko, O.T. Nikolov, S.V. Gatash, V.P. Berest
V.Karazin Kharkov National University, 4 Svobody Sq., 61077, Kharkov, Ukraine;
e-mail: Viadimir.P.Berest@univer.kharkov.ua

The effect of gamma-irradiation and temperature on structural changes of blood plasma and serum components has been
investigated by means of microwave dielectrometry. The temperature dependencies in range of 0 — 70 °C of the reai and
imaginary parts of permittivity of biood plasma and serum irradiated with doses 10-80 Gy have been obtained. The values
of water molecules dipole relaxation activation energy have been calculated. It have been supposed that observed structural
transitions in 30 Gy uradiated blood plasma at 37, 42 and 52 °C, which was accompanied by the change of activation
energy, are concerned with fibrinogen conformational transitions. |
KEY WORDS: blood plasma, serum, y-irradiation, temperature, dielectric permittivity, activation energy, microwave
dielectrometry

QUANTUM MECHANICAL STUDY OF THE STRUCTURE OF HYDRATED
BISQUATERNARY AMMONIUM COMPOUND DECAMETHOXINUM
V.A. Pashinskaya, M.V. Kosevich, S.G. Stepanian
Institute for Low Temperature Physics and Engineering, NAS of Ukraine, 47 Lenin ave., Kharkov 61164 Ukraine
e-mail: pashinska@ilt.kharkov.ua
Semiempirical quantum mechanical study of structure of complex of the dication of antimicrobial bisquaternary ammonium
compound decamethoxinum with 36 water molecules have been carried out by AMI method. It is shown ﬂ:{at the structure
of hydrated decamethoxinum dication is similar to the most favourable geometry of dication in vacuum, whth corresponds
to the extended conformation of the central alkyl chain between quaternary nitrogen. The total energy of mtennolef:ular
interaction in the decamethoxinum +36 H;O complex is —1361,4 kJ/mole. The interaction energy Ww11 degamethquum
dication and water molecules is —528,3 kJ/mole. The calculation of hydrated complex of decamethoxm_um dication in bent
conformation has shown that the change of geometry of organic dication, corresponding to the bending of cgntral alkyl~
chain, leads to increase of the total energy of the system. The results of study allowed us to suggest that the main factor of
mmzmg of the extended structare of decamethoxinum dication both in the absence of water solvent and in water



DY

Bic. Xapk yH-Ty, Ne 497 BIO®13UYHUA BICHUK. Bun. 2(7) 2006

-

surrounding is the electrostatic repulsion between positively charged quaternary ammonium groups.
KEY WORDS: decamethoxinum, hydration quantum mechanical calculations

Ca’* IONS ROLE IN REGULATION OF SMOOTH MUSCLE CONTRACTION AND RELAXATION
N.P. Semenova, T.L. Davydovska, LB. Phylippov, K1 Bogutska, M.S. Mireshnichenko
Taras Shevchenko Kyiv National University, 64 Volodymirska str., Kyiv, 01 033, Ukraine

The data on calcium ions (Ca®") role in functional activity of smooth muscle cells (SMC) are reviewed. The mechanisms of
Ca® influx, efflux and translocation inside the cell were considered as well as the mechanisms of above processes
modification under the influence of different factors, that helps us to indicate the peculiarities of SMC functional activity in
normal and pathological conditions

KEY WORDS: calcium ions, sarcoplasmic reticulum, smooth muscle cell, calcium-induced release of calcium, sparks,
spontaneous transient outward current

THE HEAVY METAL ION INFLUENSE ON THE TRANSMEMBRANE

POTENTIAL OF THE FISH EMBRYO
N.M. Boyke, D.L Sanagurski
Departinent of biophysics and mathematical methods in biology Ivan Franko National University of Lviv,
4 Hrushevsky st., Lviv, 79005, Ukraine

We have investigated the influence of heavy metal ions on dynamics of transmembrane potential of loach (Misgurnus
fossilis L) embryos at early stages of development. It is shown that presence of ions of such heavy metals, as cobalt, nickel,
manganese, chromiwm, zinc, tin, cadmium, led to general depolarization of embryo membranes, and also led to decrease of
fluctuation frequency of transmembrane potential, that means decrease of frequency of blastomer division, so - delay of
embryo development. The amplitude of potential fluctuations also decreases under influence of heavy metal ions and these
changes are appeared more expressed with increase of concentration of heavy metal ions in environment of incubation.
KEY WORDS: transmembrane potential, loach embryo, blastomer division, heavy metal ions

TEMPERATURE INFLUENCE ON PROTONS TRANSPORT

IN SULFATE-LOADED ERYTHROCYTES
E. B. Almazova, M. H. Rumiekh, V. V. Ramazanov, V. A, Bondarenko
Kharkov National University, 4 Svobody sq, Kharkov, 61077, Ukraine,
Institute for Problem of Cryobiology and Cryomedicine, NAS of Ukraine, 23 Pereyaslavskaya st., Kharkov, 610135,
Ukraine

The temperature dependence of proton transport into a cell and out of a cell in sulfate-loaded erythrocytes is investigated. It
was shown that the input of protons into the cell was less sensitive to temperature variation than the output. The activation
energy of the protons influx is 1,2 kcal/mol, the activation entropy is negative and makes - 64 kcal/(mol degree). Such
differences in values of thermodynamic parameters indicate that transports into the cell and out of the cell are realized by
different mechanisms. The obtained results allow to assume that in the first case transport is not accompanied with
conformational changes of a carrier, whereas m the second case positive value, of the entropy points at conformational
conversions in the carrier structure, which are characteristic to the exchange type of transport.
KEY WORDS: sulfate-loaded erythrocytes proton transport, activation energy

OPTIMAL REGIMEN OF RAPID TWO-STEP FREEZING OF MICE BONE MARROW CELLS
M.V. Ostankov, E.A. Gordienco '
Institute for Problems of Cryobiology and Cryomedicine, Na_tiondl Academy of Sciences of Ukraine,
23 Pereyaslavskaya St, Kharkov, 61015, Ukraine |
Supercooling of intracellular solution of mice bone marrow cells when coiling cellular suspension with a constant rate and
at rapid two-step freezing was theoretically calculated. Optimal conditions of low temperature preservation of these cells
under dimethvlsulfoxide protection were proposed on the base of conducted calculations.
KEY WORDS: rapid two-step freezing, supercooling, intracetlular crystallization, dimethylsulfoxide

AN OXYGEN DIFFUSION IN A MALIGNANT TUMOUR AT THE ELEMENTARY STAGE

OF ITS DEVELOPMENT (SPHEROID STAGE)
V. G. Knigavko, M. A, Bondarenko, V. G. Buts
Kharkov State Medical University, 4 Lenin ave., Kharkov, 61001, Ukraine

The work is devoted to the mathematical modeling of an oxygen diffusion into the malignant tumour at the elementary
stage of its development when tumour can be considered as a spheroid. The purpose of the work was to determine me
oxygen distribution m the tumour in dependence on a distance from the spheroids center. Making use of the
equation and the mathematical modeling methods we has obtained three models. They are based on the different
suppositions about the way of the oxygen consumption by the tumour. These models let us estimate parameters which
characterize the state of the tumour cells, such as the oxygen distribution m the tumour, the radius of the hypoxygen zone,
the radius of the spheroid under which the zone forms, etc. |

KEY WORDS: mathematical modeling, oxygen diffusion, malignant tumour
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SIMULATION OF THE PATHWAY OF RIBOFLAVIN AND FLAVIN COENZYMES
BIOSYNTHESIS UNDER THE VARIOUS INTERNAL PARAMETERS
A. Tsymbryk, D.Sanagurski
Department of biophysics and mathematical methods in biology,
Ivan Franko National University of Lviv, 4 Grushevsky st, Lviv, 79005, Ukraine

A model of the transitional changes in biosynthesis of riboflavin and flavin coenzymes is constructed based on experimental
data collected from investigations of riboflavin metabolism in yeast Pichia guillienmondi. Input to the model includes
enzyme mechanisms and constants. This transition model reproduced experimentally measured changes in metabolite
concentrations over the yeast growth. The real test of a mathematical model is its ability to correctly predict the effects of
an altered of environment or mutation. This model demonstrated that ability. The results imply that the model represents
many aspects of metabolism in vivo and will provide a means of examining events during of yeast growth.

KEY WORDS: model of metabolism, dynamic of riboflavin biosynthesis

FTIR SPECTROSCOPY STUDIES OF DNA FROM LOW-DOSE IRRADIATED TISSUES
G.I Dovbeshko', E.B. Kruglova’, O.P. Paschuk’, M.Yu. Alesina®, N.A. Karpenko®, A.Mysnyk*, M. Novoselets*
i-Institute of Physics of National Academy of Sciences of Ukraine, 46 Nauki ave., Kyiv, 03039, Ukraine;
2-Institute of Radiophysics and Electronics of National Academy of Sciences of Ukraine, 72, Academika Proskury str
310085, Kharkov, Ukraine; 3-Chernobyl Scientific and Technical for International Research, 6 Shkolnaya str
Chernobyl, 255650 Ukraine,; 4- Kiev Taras Shevchenko Uni versity, 6 Glushkova ave., Kyiv, 01127, Ukraine, e-mail.
gd@iop kiev ua

FTIR spectra of DNA isolated from low-dose irradiated epididymis of rats from Chernobyl NPP Exclusion Zone have been
investigated in the 500-4000 cm™. The total absorbed doses were as follows: after 12 months irradiation (12-month rats) - 5
7 and 57 ¢Gy, and after 4 months irradiation (4-month rats) - 0 7, 2 and 25 ¢Gy. Only slight random changes have been
observed in the DNA from 4-mounth rats. More changes have been observed in 12-month rats. Deconvolution and curve
decomposition of complex bands as well as an algorithm of neural nets has been applied to the evaluation of the DNA
spectra. The probability of the right recognition the irradiated DNA spectra was more than 80%. No correlation of the total
absorbed doses with the changes in the spectra has been observed. A modification of bases and sugars as well as a
rearrangement of H-bond nets, which can be connected with arising changes in the spatial structure of the DNA takes place
in the irradiated DNA. The FTIR data are in the accordance with the data of UV melting curves obtained on the same
samples.
KEY WORDS: DNA molecule, FTIR spectra, UV melting curves, Chernobyl NPP Exclusion Zone, low-dose combined
irradiation, Kohonen neural net algorithm

AGE PECULIARITIES OF ACTIVATION OF BIOMEMBRANE FREE RADICAL LIPID

OXIDATION UNDER ACUTY COOLING OF WHITE RAT ORGANISM
Yu.V. Nikitchenko, *S.E. Ovsyannikov
V. Karazin Kharkov National University, "Institute for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine

Effect of acute cooling to state of extreme hypothermia on chemiluminescence intensity and rate of malone dialdehyde
accumulation in liver, heart and brain homogenates was studied on male Wistar 3- and 24 - month - old rats. Activation of
free radical lipid oxidation in all studied organs was shown to take place by 3 and 24 hours of postcooling period. Strict
correlation between date obtained by two independent methods was established. Obtained results about more expressed
activation of lipid peroxidation in old animals testify to urgent necessity of taking into account the age aspect during
elaboration of methods and means of cooling trauma treatment.

KEY WORDS: lipid peroxidation, rapid cooling, age.

DOPPLER ULTRASOUND DETECTION OF SHEAR DEFORMATION
IN SOFT TISSUE INDUCED BY FOCUSED ULTRASOUND
E.A. Barannik, S.A. Girnyk, D.A. Tolstoluzhskiy, V.V. Tovstyak, A.L Marusenko*, S.Y. Emelianov**,
A.P.Sarvazyan***
Kharkov National University, Physical-technical department, 31 Kurchatov av., Kharkov, 61108, Ukraine;
*Biomedical Engineering Department, University of Michigan, 2350 Hayward Street, Ann Arbor. MI 48109,
% JSC Research and Development Institute of Radio Engineering Measurements, 271 Acad Pavlov str., Kharkov, 61054,
Ukraine: ***Artann Laboratories, 1 Riva Avenue, North Brunswick, NJ 08902 o

Spatial distribution of displacement in soft tissue models caused by radiating pressure of focused pulse ultrasor}ic. radlgtwn,
being by a basis developed SWEI a method of definition of tissue elastic properties is .mv_esngatedn B1d11}1enuOﬁ§1
structures of amplitudes of local displacement of media and spatial dynamics of shift waves dlstflbuUOn are received. It is “
shown that for used values of intensity and duration of stimulating pulses the received amplitudes of displacement of
environment in the phantom of the tissue are in good conformity with available theoretical estimations. Measurements of
amplitudes of displacement of the tissue were earned out by ultrasonic Dopple_t method. N
KEY WORDS: soft tissue phantom, shear wave, focused ultrasound, tissue displacement, Doppler, elasticity, SWEI
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PROGRESS OF MASS SPECTROMETRIC TECHNIQUE FOR BIOMEDICAL EXPERIMENTS AS
AN EXAMPLE OF INFLUENCE OF SOCIAL DEMANDS ON THE ADVANCEMENT OF SCIEN CE
M.V. Kosevich, V.S, Shelkovsky
B. Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of Ukraine,

47 Lenin Ave., Kharkov, 61164, Ukraine, e-mail: mvkosevich@ilt. kharkov.ua, shelkovsky(@ilt. kharkov.ua
The aim of the present review was to analyses the mutual effect of the development of human society and progress of
certain branches of science on the example of mass spectrometry as one of the rapidly evolving methods of molecuiar
biological and biophysical research. Brief overview of the evolution of the technique of mass spectrometric experiment over
the XXih century in dependence of social demands which orientation has been shifted from a predominance of the military
needs in the middle of the century to research which provide human welfare and health in the nineties, from purely
fundamental physical problems to medico-biological tasks. The main achievements of the method are listed, among which
the most significant is the realization of a possibility to study high molecular weight biopolymers. On the basis of analysis
of the tendencies of development of the method the conclusions concerning the most promising directions of investigations
employing up-to-date achievements of mass spectrometric technique are made. A systematization of literature sources on

the problem in question is presented to promote information search. .
KEY WORDS: mass spectrometry, biophysics, experimental techniques, history of science

NEW METHOD OF DETERMINING THE MEAN TRANSIT TIME OF RADIOACTIVE
PHARMACEUTICAL PREPARATIONS IN KIDNEYS
V. Knigavko, V. Lesovoi, E. Radzishevskaya, N, Pilipenko, A. Arsenyev, A. Knigavko
Kharkov State Medical University, 4 Lenin ave., Kharkov, 61001, Ukraine,
Grigoviev Institute for Medical Radiology, 82 Pushkinskaya st., Kharkov, 61024, Ukraine
The problem of increasing of information capacity for radionuclide dynamic diagnostics is considered. Methods of
mathematical simulation of radiopharmaceutical transportation m the human body are used. A new method of determining
the mean transit time of radioactive pharmaceutical preparations in kidney by the method of dynamic radionuclide
diagnostics is dealt with m the article. A three-detector (for one kidney) and five-detector (for two kidneys) method of
registration are suggested. The detectors are positioned above the area of brain, as well in necessary zone in front of and
behind the patient. The results of measurements are proceed on a method of the least squares. '
KEY WORDS: dynamic radionuclide diagnosis, mathematical simulation, radiopharmaceutical transportation,
radionephrography

APPLICATION OF A HOLOGRAPHIC INTERFEROMETRIC MICROSCOPY METHOD
FOR INVESTIGATION OF OZONE THERAPY INFLUENCE
ON SHAPES OF BLOOD ERYTHROCYTES
Tishko T.V., Titar V.P., Barhotkina T.M.*, Naboka A.M., Nekrasov V.L, Kud A.A.**
Kharkov National University, 4 Svoboda sq, Kharkov, 61077, Ukraine
*Kharkov State Medical Umversity, 4 Lenin ave., Kharkov, 61061, Ukraine
**Kharkov Regional Clinical Hospital, 13 Pravda ave., Kharkov, 61001, Ukraine

Experimental results on application of a method of holographic interferometric microscopy for investigation of ozone
therapy influence on shapes of blood erythrocytes of a healthy person and patients with neurosensor hardness of hearing are
presented. It is shown that ozone therapy causes normalization of erythrocytes shapes of patients and gives positive medical
effect. It is shown that the method is effective for the purposes of biomedical diagnostics of different diseases.
KEY WORDS: ozone therapy, neurosensor hardness of hearing, holography, interferometry, microscopy, erythrocyte
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