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IMPEJUCJIOBHUE JI. A. OCTEPMAHA

PasBuTure GOJIBIIMHCTBA COBPEMEHHBIX HAYUYHBIX AUCIIUIIINH
HaIpAMYIO CBA3aHO C Pa3BUTHEM IPUMeHAEeMBbIX UCCIeL0BaTeIAMU
MeTOZ0B. B mocnenHuMe fecATUIeTHA UMEHHO HOBbIe METOAUYECKIE
TOAXOABI OIIPENEJIANN IIPOPHIBBI B O0JIACTH OMOXUMUU U MOJIEKY-
JAApHOM reHeTuku. IIpu sToM noOHMMAaHNeE CyTU UCHOJIb3yeMBbIX Me-
TOLWK BCerja ABJISAJIOCH HEOOXOAUMBIM ycjaoBrueM 3(h(eKTUBHOIO
SKCIEePUMEHTAJIbHOro noaxoga. OfHUM U3 TAaKUX METO/[0B, II03BO-
JIUBIIINX TeHETUKAM U MOJIEKYJIAPHBIM OMOJIOTaM ClleIaTh cpady He-
CKOJIBKO OI'DOMHBIX IIIATrOB BIlepef], 6e3yCJI0OBHO CTaJI0 N300peTeH1e
MeTo/ja IOJINMePasHO! IIeITHOM peaKkIuu.

Hecmorpsa Ha To, uto npuHinun IIIIP moHATeH GOJBITNHCTBY
IIKOJBbHUKOB II0CJIe KPATKOT'O €T0 UBJIOXKEHNUA, 9TOT MeTO/| obJrafa-
eT MacCcol HIOAHCOB, O CYI[eCTBOBAHUU KOTOPBIX IIOJ03PEBAIOT Ja-
JeKO He BCe HCCJIeJoBAaTeJN, NCIOJIb3YIOe eT0 B IIOBCEJHEBHOMI
npakTuke. Tak, JajleKo He KaKIbI 9KCIIePUMEHTATOD YUUTHIBAET
BausaHue sddextuBHocTu IIIMP Ha pesynbrarT aMnam@uUKamuu.
A Mexny TeM ZaHHBIN ITapaMeTp OIpejesseT BOBMOKHOCTh CPaB-
HEeHUS pe3yJIbTaTOB IJIf pPa3HbIX peaknuii. [Ipyroi npumep TUINY-
HOTO «3a0JIy:KIeHus» — OTOXKAecTBiIeHWe HakomiaeHus NHK u
HaKoIJIeHUA (PJIyopeceHTHOro curuasa npu nposegernuu III1P «B
peaslbHOM BpeMeHU», XOTd eCcTh Macca IPUMePOB U3 IIPaKTUKU,
KOTJla 9TU IIPOILECCHI UAYT HE3aBUCUMO.

IIpennaraemaa uuraTeslio KHUTa HallpaBjieHa, B IIePBYIO oue-
penb, Ha OOBACHEHNE TOHKOCTEH MeToJa IIOJIMMePasHOM IIeITHOH
peaKIuu ¢ perucTpalueil pe3yabTaToOB B PeKUMe «PeaJbHOTO Bpe-
MeHU». ABTOPHI IIOCTapaInCh PACCMOTPETH BCe HIOAHCHI METOJa,
IIO3BOJIASA YHUTATEJNIO0 pasobdparhcsa B CyTH IIpoliecca. PabGora BvI-
CTpoeHa II0 IPUHIIUNY ucnoab3oBanusa Mmerona IIIIP «B peanbHOM
BpeMeHU» IJIs pellleHUus Pa3JInYHbIX 3a1ad. IIpu aToM aBTODHI I10-
CTapajuch creyiaTh TaK, YTOObI MCCJIe0BATE]Ib MOT 00pATUTHCA K
KasKJJOA OTJIeJIbHOMU IyIaBe, IIOHAB OCOOEHHOCTY JAHHOTO BapMaHTa
OpUMeHEeHUs MeTo/ja Jaske 6e3 IPOUTEHUA BCE KHUTHU.

JI. A. Ocmepman



INPEJUCJIOBHE E. /1. CBEP1JIOBA

ITonumepasHasa nenuaa peakmnusa (IILIP) «B peaJdbHOM BpeMe-
HU» — MeTOAUKAa, IIPOUYHO BOIIIEAINIAas B IIOBCEJHEBHYIO IPAKTUKY
WCCJIeAOBATEIFCKUX U KINHUYECKUX JIab0paTOPUil 110 BCEMY MUDY .
CrekTp 3amadu, AJsd pelleHns KOTOpbiX npumMmensercsa IIITP «B pe-
aJIbHOM BPEMEHU » , YBEJIMUUBAETCA C KaKAbIM gHeM. Cio1a MOMKHO
OTHECTHU KaK cepy HayUHBIX UCCIETOBaHUN (OnpeneeHe YPOBHA
SKCIPECCUU I'eHOB, aHAJIU3 KOJUUECTBEHHOT'O COOTHOIIIEHUA ajlb-
TepHATUBHO ciutaticupoBanubix Gopm MPHEK u T. 11.), Tak u chepy
OPUKJIATHBIX IPUMeHeHUH (ompeiesieHre YPOBHA OaKTepUaIbHOMN
WJIN BUPYCHOU HAarpy3KU OpraHa, IIONCK CJIeI0B FeHHO-MHIKEeHEePHBIX
KOHCTPYKIIVI B MPOAYKTAX MUTAHUA U T. J.).

Hecmorpsa Ha TO, uTO umcyio 0630poB u MoHorpaduii (A—Z of
Quantitative PCR; Real-Time PCR (BIOS Advanced Methods)),
nocBameHHbIX IITTP «B peaJbHOM BpeMeHU», IIOCTOSHHO pPacTeT,
omTyIlaeTcsa 3HAUNTEJIbHAA HEXBATKa IOTO0OHBIX PAa0OT HA PYCCKOM
asbeike. [TosTromy kumura 1. B. Pe6pukoBa ¢ coaBTOpamu, ABJIAIONA-
sACs IepBOii paboTOM TAKOTO YPOBHSA, IOCBAIEHHON Pa3INYHBIM ac-
nextaMm IIITP «B peasbHOM BpeMeHNI», BHe BCAKOIO COMHEHUs,
aKTyaJIbHA U C yCIeXOM 3alOJIHUT CYIIeCTBYIOIIUI BaKyyM COOT-
BETCTBYIOIIINX PYCCKOSA3BIYHBIX YUEOHBIX IIOCOOMIA.

KHura HanncaHa KOJIJIEKTUBOM aBTOPOB, HE IIPOCTO MCIIOJIb3Y-
tomux ITTIP «B peaJibHOM BpeMeHU » B IIOBCEIHEBHOI IpaKTUKe, HO
ABJAIOIINXCA BeIYIITUMU B HAIIIeH cTpaHe padpaboTunKaMu 060py-
noBaHUA u peareHToB AJisa IITIP B «peasibHOM BpeMeHU» . PagHocTOo-
pOHHee U TBOPUYECKOe MOHUMaHUe (hU3UUECKON 1 6MOJOTUUECKON
COCTABJIAIONINX HAYYHOU OCHOBBI MeTOJa IIOMOIJIO aBTOpPaM B IIO-
JHOI Mepe ocBeTUTH ocobeHHOCcTU IIIIP «B peasbHOM BpeMeHU» U
IaTh YUTATEJIIM TOUHYIO, HATIMCAHHYIO TOCTYIIHLIM A3IKOM KapTHU-
HY IIPOIIECCOB, UAYINUX B PEAKIIMOHHOI IPOOUPKeE.

ITo cBoeil CTPYKType M TJIyOMHE ONMMCAHUA ITUX IIPOIECCOB
KHUTa HalleJieHa, B IIePBYIO ouepelb, Ha COTPYAHUKOB HAYUHO-UC-
cJIeIoBaTeIbCKUX JIA0OPATOPUM U CTYIEHTOB, CTPEMSAIIINXCA Pa300-
patbca B (pyHIaMeHTAJbHBIX IPUHIIUIIAX ¥ HIOAHCAX MeTOoja.
BwmecTe ¢ TeMm, Kaykada raaBa COLEePIKUT MHOTO KOHKPETHBIX ITpaK-
TUYECKUX pPeKOMeHIaIuii, Jejiag KHUTY IeHHONM TaK/Ke MJIisd
IPaKTUKYIONINX CIIeUaINCTOB.

E.]Jl. Ceepdnos
Axademux PAH u PACXH, coeemnux PAH



CIIMICOK COKPAIIEHMIT

AMYV — Bupyc Mueao6JiacTo3a ITHIL]
dANTPs — gesoxkcupuboHyKIeo3uarpudochaTs
DTT — pguruorpeiiTon
EBV — Bupyc duiureitna—Bapp
FACS — (oryopeciieHTHBIN KJIETOYHBIM COPTUPOBIIIUK
FLASH — (QayopeciienTHast geTeKIiius pesyabraTros mocie IIITP
FRET — dayopeciieHTHO-Pe30HAHCHBII TePEHOC S9HEPTUU
GFP — seseHblil (hiryopeciiupyoIui 6eJI0K
HBV — Bupyc renatura B
HCV — Bupyc renatura C
HIV — Bupyc ummyHOqehUIINTA YeTIOBEKA
HSV — Bupyc npocroro repreca
LCR — nurasHas 1menHas peakiiusa
LNA — nuHeiliHas HyKJIEeMHOBas KUCJIOTA
MGB — cBsa3bIBaTeJb MaJIOi 60PO3IKY
MMLV — Bupyc neiikemuu mMbiieit MosoHu
NASBA — ocHOBaHHAas Ha ITOCJIEL0BATEIHHOCTH HYKJIEHHOBBIX KUCJIOT aMILIA(DUIKAIIIA
pPH — BomopomHBIi MOKa3aTelb
Tm — TeMuepaTypa «IJIaBICHUI»
TMA — omocpemoBaHHAs TeMIIEPATYPO aMITIN(PUKATIHAS
BCA — 6bIumii CBIBOPOTOYHBIH aIbOYyMUH
BKO — BHYTpeHHUI KOHTPOJILHBIN 00paser]
T’'u®A — rubpugusanmoHHO-(QepPMEHTHBIA aHAINS
I'M — reneTnyecKu MOAU(MUIUPOBAHHBIN
I'MU — renetnyecku MoguGUIIMPOBAHHBIN UCTOYHUK
I'MO — renermuecKku MOAUDUIITUPOBAHHBIN OPraHU3M
IMCO (DMSO) — gumeTuicybhOKCUL
IMTHK — ne3okcupubOHYKJIENHOBasI KUCJIOTA
KXBI (HPLC) — sxugrocTHas XxpoMaTorpadusi BBICOKOTO IaBJIEHUS
UKII — nuHBepTUPOBAHHBIN KOHIIEBOI IIOBTOD
k/la — KuIomanbTOH
k[ IHK — xomninemenrapaas [JHK
KIIII — xKoaddunueHT I0IE€3HOTO AeCTBUA
MKM — MHKDPOMOJIb
MM — MUIIUMOJIB
MPHK — marpuunaa PHE
HK — HyKJenHOBas KUCJI0Ta
OE — omnTuuecKas eIUHUIIA
OHII — ofHOHYKJIEOTUAHBIN ITOJIUMOP(HU3M
OT — obpaTHas TPAHCKPUIIIIUSA
OT-IIIIP — o6paTHas TPaHCKPUIIUA-TIOJIUMepPasHas IelHasd PeaKkIus
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I'JTIABA 1

4YTO TAROE IIITP

1.1. U”3OBPETEHHUE IIIIP

B mocaegume roas Bce 60JIbIE MOJEKYISIPHO-0MOJIOTUUECKITX
MEeTO/I0B HaXOM AT IIPAKTUUECKOe IPUMEeHeH!e B PA3JIMNYHbBIX 00J1ac-
TSIX MEIUIIMHBI, IIPOMBIIIIJIEHHOCTH U CEJIbLCKOro Xo3sticTBa. Onquu
U3 TaKUX METOA0B — moJsimMepasHad 1enHasa peaknusa (III1P), mo-
3BOJIAIOIASA HapabaThIBATE B IIPOOUPKE ONpPeIeIeHHBINA YIaCTOK MO-
JIEKYJIBI Te30KCUPUOOHYKIenHOBOM KucaoThl ([[THK) mpakTuuecku
B HEOIPAHWUYEHHBIX KOJNUECTBAX.

B mepgunuue 1P npuMeHAIOT IpU AUATHOCTUKE NH(DEKITNOH-
HBIX U HACJEICTBEHHBLIX 3a00JIeBAHUI, NPU AUATHOCTUKE paKa u
uMMyHHBIX matojoruii. [IIIP mcmonab3yoT Aisa uaeHTUGUKAIIUN
JUYHOCTH W OIIPeAeJIeHUs OMOJIOTMUYECKOro POJACTBA WHINBUIOB.
CaHuUTapHO-3TTUAEMUOJIOTHUECKUE CAYKOBI ncrmosb3yioT IIITP g
KOHTPOJISA 38 MUKPOOMOJIOTUYECKUM 3arpsi3sHEHUEM OKPYIKAIOIein
cpenbl M IPOAYKTOB MUTAHUS, 4 TAKIKe IJIS BbISABICHUS FeHETH-
yecKU MOAUPUITUPOBaHHBIX ncTOUHUKOB ntuinu ('MU). B HayuyHo-
uccaegoBaTeabcKux sadboparopuax [IIIP ucmonb3yoT Ayisa nsyde-
HUSI HYKJIEMHOBBIX KHCJIOT U IIPOBEJEHUA MAHUIYIAIUNA C HUMHU.
Hamnpuwmep, 6smarogaps ITIIP cramo BoOBMOKHBIM OBICTPOE HOJyUe-
Hue ucciaenyembix yuactTkoB [JHK B uncToM Buze 1 B JOCTATOYHOM
KOJINYEeCTBe.

OTKpBITHE IIOJUMEPA3HON IEeNHON peaKIHU CTAaJ0 OTHUM U3
HanboJIee BRIAAIOIUXCA COOBITHUIH B 00JIaCTH MOJIEKYJIAPHOI 0110J10-
T'UH 34 MOCJIeJHNE AeCATUIETUA. ITO MO3BOJIUJIO HOAHATEH JaHHYIO
o0JacTh HAYKU HA KAUYeCTBEHHO HOBBIN YPOBeHL. BHeapeHMe moJin-
MepasHOH IeIHOM peaKIiuy B MEIUIINHY OTKPBIJIO HOBOE JUATHOC-
Tudeckoe HanmpaBiaenue — [[THK-guarsoctuky.

OcHOBHBIE IPUHITUIIBI IOJNMEPa3HON peaKIU 1 COCTAB peak-
IMUOHHOM cMecH AJis monydenusa Konuit [[HK Bmepssie Ob11u omtuca-
uel Kleppe ¢ coasr. B 1971 rogy [Kleppe et al, 1971]. Onuako
nccJenoBaTeIAMU He OblLIa MPOJeMOHCTPUPOBAHA IJIaBHAS UepTa
ITIIP — skcmoHeHIIMAJIbHOE YBeJINUYeHNEe KOJInyecTBa Konuii (par-
menTa ucxoxuou JJTHEK.
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Murepecyommuit 4-f nuen
dparmenT —_— IKCIIOHEeHI[NATbHAA
<3'“ HHEL aMILIMpuKaIIa
2-1 UK
< <
<
— —(1-#gugx === » 40 nukios = 10" xomuit
OGpasers < <
OTHEK
< Muxa IIITP:
< 94 °C — 10 ¢ (menarypanusa [[HK)
< 64 °C — 10 c (oT:xuUr npaiimMepos)
< 72°C — 10 ¢ (curTes THEK)

Puc. 1.1. IIpunanun skcnoHeHInaabHoM ammiuduranuu [JHK B xoxe IIITP

B 1983 roxy corpynuuk pupmsel «Cetus» Kary Mullis npezJio-
SKUJI METOJ, CTABIINI B AJbLHEHNIIIEM N3BECTHHIM KaK IIOJMMepas-
Had menHas peaknuda. CyTh MeToa 3aKJIIOUAETCA B MHOTOKPATHOM
KonmupoBaHUU (aMIIuGUKAIUY) B IPOOUPKeE ONpeeIeHHBIX yUac-
k0B [IHK B mpoiiecce mOBTOPAIONINXCA TeMIEPATYPHBIX ITUKJIOB.
Ha kaxgoMm nmukJie aMinuKainy CHHTEe3UPOBaHHBIE paHee hpar-
MEeHTHI BHOBB Konupyiorca pepmerntTom [JHK-nmonumepasoii. Bia-
romaps 95TOMY IIPOUCXOAUT MHOTOKPATHOE YBeJUYeHUEe UYHCcja
onpeneneHHbIX (pparmentos [[HK (puc. 1.1).

CienyeT OTMETUTH, UTO IMUPOKOMY pacmpoctpaHeHuio IIIP
COIIYTCTBOBAJIO PAa3BUTHE HEKOTOPBIX TeXHOJOTWil. B uacTHOCTH,
HOsBJIE€HNE TPUOOPOB, MO3BOJIAIOIINX aBTOMATUYECKU CUHTE3UPO-
BaTh ofHOIIennoueunble hparmenTsl [JJHK (onuronykieorunsr). B ToT
JKe mepumoj, ObLIu OOHAPY'KeHBbl YHUKAJbHbIE MUKPOOPTaHU3MBI,
JKUBYyIIIHe B reiizepax. Ix ¢hoepMeHTATUBHAA CUCTEMA, B YUaCTHOCTHU
depment [[HK-monmnmepasa, BEIIEPIKUBAET BHICOKIE TEMIIEPATYPHI
TOPAYUX MCTOYHUKOB M COXPAHAET CBOIO OMOJOTHMUECKYIO aKTUB-
HOCTB 1ocJie HarpeBaHusa 1o 100 °C. Hcmoab3oBaHMe IIPOrPaMMUPY -
€MBbIX TEPMOIIUKJIEPOB, U3MEHAIOIIUX TEMIIEPATyPy PEeaKIMOHHOMN
cMecHu IIO 33JaHHOM ITUKJINYEecKO! Iporpamme, u (epMeHTOB U3
TepMOMUIBHBIX MUKPOOPTaHNU3MOB, CYII[ECTBEHHO YIIPOCTUJIO IIPO-
BeJleHUE PeaKIlNl, CeJIaB ee PYTUHHOM IIPOIeIyPOI.

Pesgynabpratom orkpbiTua IIIIP crano mouytu HeMeAJIeHHOE
mpaKTuueckoe mpuMeHenue meroma. B 1985 roxy Saiki ¢ coasr.
OIIy0JINKOBAJIU CTATHIO, B KOTOPOIi ObLIa ONMCcaHa aMILIN(MUKAIIIA
yuacTka resa B-ruiobuna [Saiki et al, 1985]. C aToro MmomMeHTa KOJIN-
YeCTBO IIyOJUKAIUH, B KOTOPHIX aBTOPHI COOOIIAIN O IPUMEHEHUN
ITITP B cBOMX paboTax, CTAJIO YBEJIUYNBATHCA B TEOMETPUYECKOM IIPO-
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rpeccuu. MeTos mproOpes TaKyIo MOMYyJIIPHOCTD, UTO CETOTHS yiKe
TPYIHO IIPECTABUTH PabOTy B 00JIaCTH MOJIEKYJIAPHOI 61rooruu 6e3
ero ucnosbi3oBauus. Ha ocHoBe III[P 6bLiy co3maHbI COBpEMEHHBIE
TeXHOJIOTUU CeKBEeHUPOBaAHUA (OIIpeleseHUsa mocief0BaTeIbHOC-
™1 HyKJeoTunoB B [JHK). B HacTosaIee BpeMs CyIeCTBYeT MHO-
skectBo Momupuranuii II11P, ogHON M3 KOTOPBIX U HOCBAIIEHA
naHHadA pabora.

1.2. U3BOBPETEHUE IIIIP «B PEAJIBHOM BPEMEHM! »

ITockoJIBKY B X0OZie ITOJIMMEPAa3HO IeNIHON peaKIIuu IIPOUCXO0-
nuT HapaboTka onpenenenHoro yuactka [[HK, mo okonuanum pe-
aKIIMU MOXKHO 3aperuCTPUPOBATH HOJYUEHHBIN (parMeHT IPU
TOMOIIY PAZA METOIOB, IIEPBHIM 1 HANOOJI€€ YACTO UCTOJIb3yEeMbIM
"3 KOTOPBIX ABJIAETCA MeTo[ dyaeKTpodopesa moserys JHK B rese
C OKpaIlluBaHUEM OpPOMUCTHIM dTuareM. OQHAKO perucTpanusa pe-
3yJbTaTa PeaKIIuu [0 ee 3aBepIIeHnU He gaeT nHopmaiuu ob s¢h-
(dexTUBHOCTHU mpollecca (ecjm He WCHOJB30BAaTh CIEIMAILHYIO
TOCTAaHOBKY 9KCIIEPUMEHTA), CHIUKAA TEeM CaMbIM IIOTEHIIMAIbLHYIO
naopmatuBHOocTh III[P. IIpuMmeHeHMe MeTOoma OBLIIO OTPAHUYEHO
3aJlauaMy, B KOTOPBIX OBIJIO JOCTATOYHO OTBETA «Ja»—«HET».

B mauase 90-X rogoB IPOIILIOTO CTOJIETUA UCCIEJOBATEIU IPE-
JOXKUIN perucTpupoBaTh HakomiaeHue [JTHK HemocpencTBeHHO B
xone IIIIP [Higuchi et al, 1992]. K aT0ii naee ux moATOIKHYJIO JKe-
JaHue ucnoab3oBaTh MeTon IIIIP nyia KosudecTBEHHOTO OIIpefe-
JeHUA WCXOLHOTO YMcjia MaTPUI], IOIAaBIINX B PEAKI[MOHHYIO
npobupkry. Hecmorpsa Ha To, uto III[P 1 paHee ncrnoab30BaIu AJid
KOJIMYECTBEHHOTO OIIPeeIeHUs HYKJIEMHOBBIX KUCJIOT, M300peTe-
"ue II1P «B pealbHOM BpeMeHI » CYIIeCTBEHHO YIIPOIIAJIO TEXHUKY
u3MepeHus U Jejajio moaxos 6osee TounsiM [Higuchi et al, 1993].

C sTOr0 MOMeHTa HavyaJioch OypHOEe pasBUTHE KaK IPUOOPHOI,
TaK U peareHTHOU 6a3bl 414 BeimosiHeHuA I[P ¢ perucrparmnuei Ha-
KOILJIEHUS IPOAYKTOB aMILIN(PUKAIINY HEIIOCPEeACTBEHHO B XOJIe Pe-
akmnuu (puc. 1.2). Vixe B cepenute 90-X TogoB IOABUINCH IePBbIE
IeTeKTUPYIoNue aMIIn(PUKATOPHI (TEPMOIIUKJIEPHI), & K HACTO-
IIeMy MOMEHTY WX pasHooOpasue mepeBaamio 3a 30 (ma pbIHKe
npucyTcTByeT 6oJee 10 KoMIaHMii, TPOMBIIIJIEHHO BEIITYCKAIOIITUX
OpubGOPHI JAHHOTO TUIIA).

MoKHO ¢ YBEPEHHOCTH KOHCTATHUPOBATH OBICTPOE 3aMeIlleHue
o6bruHOI ITIIP MeTonmkamu ¢ (hyryopeciieHTHOI perucTpanuei Ha-
romneHusa [JHK B o6s1acTy BEIABIEHUA 1 KOJIUUECTBEHHOTO OIIpeie-
JeHUA HYKJIEMHOBBLIX KHCJIOT. B IepByI0 ouepenb 3TO CBA3AHO C
yA0OCTBOM IIPOIEIYPHI 3a CUET OTCYTCTBUA OTAEJIBLHOMN CTaiuu Je-
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W3o6perenue «kmaccuueckoii» ITITP

Pacuser «kaaccuueckoir» IIIIP,
usobperenue «payopecrenTHoii» ITITP

Pacuser «duayopecuenTroii» ITITP
A

e 32 cEeT J

- - -
L_ NN

1983 1993 2003

Puc. 1.2. 9rans pazsutus merozna [11TP

Texiuu pesyabraTtos IIIIP. Kpome Toro, hyiyopeciieHTHbIE MEeTOIbI
T03BOJIAIOT U30UPATEIbHO PETUCTPUPOBATH aMIIIN(MUKAIIUIO JIUIIh
onpenenenubix GparmernToB [JTHK (3a cueT mcmoab30BaHUSA OJIUTO-
HYKJIEOTUIHBIX ITP00), MOBBIMIAA TEM CAMBIM JTOCTOBEPHOCTH MCCJIE-
noBaHUus. Bmecte ¢ TeMm, oobiunad I[TI[P coxpansaeT cBOU TO3UIUU B
MeTOoquKaX, Tpebyromux Hapaborku ¢pparmenTos [[HK c mennio nux
IanbHEMIero NCHoJb3oBauuA (KJIOHMPOBAHUA, OIIPEAEJIEeHUA I10-
CJIeI0BATEIBHOCTU U T. I.). 3eCh HOIOJHUTEJIbHBIE KOMIIOHEHTHI
peaknuu (MHTEPKAJUPYIOIINE KPACUTEJIU, IMPOOBI) MOTYT IIOMe-
IIaTh IOCJEAVIOINMM IIPOIeypaM UM MX JIyYIlle UCKJIIYUTH U3
cocTaBa peakI[MOHHOM cmecu (puc. 1.3).

1P
IToxyuenne nupopmanuun IToxyuyenne maTepuu
— aHaJIu3 yPOBHA IIPeJCTaBJIEH- — kJyiorupoBanmue [[HK
HOCTU TPAHCKPUIITOB — BBIYUTAOIAA TUOPUAU3AI U
—in situ IIITP — nuddepeHIATbHBINA JUCILIE
— MTHK-1uaraocTuKa B MeJUIIAHe — in vitro myTareses u ap.

— I'€HOTHUIIMPOBaHUEe

Puc. 1.3. Paspenenue III1P no npurnuny pemraemoit 3agauu. IITTP «B pe-
aJIbHOM BPEMEHW» HAWJIYUYIINM 00Pa3oM MOAXONUT JIA «TH(GOPMAI[MOH-
Hoit» ITITP
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1.3. OTJINYUE AHAJIU3A ITPOAYKTOB IIIP
«I10 KOHEYHOM TOYKE» ! «B PEAJIbHOM BPEMEHH »

Perucrpuposats pesyabrat [IIIP moxHO 1160 110 3aBEpIIeHU T
aMnauGUKaIun («II0 KOHEUHOU TOUKE»), JUO0 Ha IIPOTIKEHUN
Bcell peakmnuu («B peaJbHOM BpeMeHU»). «HKiaccuueckas» IIIIP
IpeaIojgaraeT aHajanus pPesyJbTaTOB PEaKIMU «II0 KOHEYHON TOU-
Ke». I[J1d 9TOTO MCIOJB3YIOT METOABI dJaeKTpodopesa B reje, rub-
punusanuoHHo-PepmMeHTHBIN aHanusd (FT'ud®PA), payopeciieHTHYIO
nereknuio nocJte [IITP (FLASH) u ap. Bee aTi mogxo61 moKkasbIBa-
IOT KOJIMYECTBO IIPOAYKTA PEaKIIUU B ONPeNeJeHHBINT MOMEHT Te-
yeHUA mpoiiecca (0OBIYHO — IO 3aBepINeHUU IMpoliecca), maBas
WCCJIeIOBATEJI0 JIUIIh CTATUYHYI0 KAPTUHKY TWHAMUYHOTO IIPO-
mecca. diaeKkTpodoperpaMMy arapo3HOro reJis 1o uH(GOPMaTUBHOC-
TH IJIS UCCJIeI0BATeJISI MOYKHO CPAaBHUTE (poTorpadueit purypucra,
IO KOTOPO¥ CyAbU AOJI)KHBI BLICTABUTDH OIEHKM 34 TeXHUKY U ap-
TUCTUYHOCTH BCErO BBICTYIIJIEHUA.

ITpu perucrpanuu HaKOMJIEHUA TPOAYKTOB aMIITUMUKATINY HA
OPOTAKEHUU BCETO ITPOIlecca, MCCJIeIOBATE b IIOJydyaeT ropasmio
6oabIitie nHGOpPMAaIU 00 0COOeHHOCTAX peakiiuu. IIpomoikas aHa-
JIOTHUI0, MOJKHO CKas3aThb, uTo III|P «B peasrbHOM BpeMeHU» — 3TO
KWHOChEeMKAa BBICTYILIeHUA (GUryprucra. 3Had KUHETUKY IPOIec-
ca, MOJKHO yiKe OIleHMBATh HauvaJIbHbIe MapaMeTphl PeakKuu u
CpPaBHUBATH PeaKIU MeXXKIYy CODOI.

IIpuBemeMm Taxkoil mpuMep: cpeou HccaemoBaTeseii, UCI0Ib3Y-
formux [IIIP nnsa omeHKW ypoOBHSA IIPEACTABJICHHOCTU TPAHCKPUII-
TOB, YACTO MOYKHO BCTPETUTH CYKIEHIE, UTO YeM OOJIBIIIE TPOAYKTA
peaknuu BUAHO Ha 3JIeKTpodoperpamMme, TeM OOJbIIIE MATPUIL
ObLI0 HOOaBJIEHO B peakI[uio Ha crapTe. Ha pucyuke 1.4 npusBeneu
pesyJbTaT SKCIePUMEHTa, B KOTOPOM B IapaJljesibHble PeaKIuu
ObpLI0O MO0OABJIEHO OAWMHAKOBOE KOJMYECTBO CTAPTOBBIX MOJIEKYJI
IOHEK. Aunanus sineKTpodoperpaMMbl ITOKa3bIBAeT, UYTO B PeaKITu-
AX TMOJydYeHO pasdHoe KoamuecTBo mpoaykra ITIIP. Ogmako xkpu-
BbIe HAKOIJIEHUA NPOAYKTA aMILIU(PUKANUU SIPKO JeMOH-
CTPUPYIOT CXOXKYI0O HAUaJbHYIO KOHIIEHTPAIIUIO MATPHII.

1.4. PASBUTUE IITIP «B PEAJIbBHOM BPEMEHM! »
KAR JUATHOCTHYECROI'O HHCTPYMEHTA

ITepexon m1060r0 MeTOA U3 HAYYHO-UCCIEL0BATEIbCKOM Ja60-
paTopuu B JIaGOPATOPUIO TUATHOCTUUECKYIO CONPSIKEH C PSIIOM BO3-
HUKAWOIMX Ha 9TOM OyTH MpobJsieM: YPOBEHb CIIEeINaJbHOMN
THOATOTOBKHU COTPYAHUKOB JUATHOCTHUUECKOU J1a00paTOPUU IPUHITH-
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Puc. 1.4. IIpumep rpadmKOB HAKOIJIEHUA IPOAYKTOB aMIIUMDUKAIIUY I

YeTHIPEX PEAKIIUil ¢ OZUHAKOBLIM HAYAJBHBIM KOJIUYECTBOM MaTPUUYHON

JOHEK. Ha Bpeske moxkasaHa sjieKTpodoperpamMma Tex ke peakiuii. Bugso,

YTO, HECMOTPA Ha Pas3janyne B KOHEUHON KOHIEHTPAIIUY IIPOAYKTOB PeaK-

IUU, IOABJIEHNE PETUCTPUPYEMOr0 IPUOOPOM CUTHAJIA AJIA BCEX IIPOOUPOK

TPOU30IILJIO OJHOBPEMEHHO, UTO CBUAETEIHLCTBYET O CXOXKECTU HAYATIHEHOTO
roauvecrsa JHE

OHUAJTBHO OTJIMYAETCS OT MOATOTOBKM COTPYAHUKOB HAYUHO-MCCIIEN0-
BaTeJIbCKOT0 WHCTUTyTa. B MEIUIIMHCKONM AMarHOCTUKE TOopasmo
BBIIIIEe TPeOOBAHUA K BOCIPOU3BOAUMOCTH IIOJIyUYaeMbIX Pe3yJibTa-
TOB, TPAKTOBKAa Pe3yJIbTaTOB HCCJIETOBAHUA JOJYKHA OBITHL CTaH-
IapTU30BaHA U aBTOMATU3UPOBaHA U T. [I.

B sT0i1 cBA3H MOMKHO chOpMYyJIMPOBATL OCHOBHLIE HaIIpaBJe-
Huda passutusa [P B 6amikatiniem 6yayIem.

1. ITosnIlIeHne O0IIIEl HALEKHOCT METOAA.

2. JanpHeliIee yIpPoOIleHNe TPOIeAyPHI aHAJIN3A.

3. CokpallieHre BpeMeHU UCCIeTOBAHNIS.

4. IITupokoe BHegpeHUE KoauuecTBeHHOM ITITP.

9Tu TeHJAeHIINU OyAyT peajin30BaHbl 3a CUET HCIIOJb30BaAHUS
dJIyopeciieHTHBIX METOIOB AeTEeKIINU IIPOAYKTOB aMILIu(puKaIuu,
aBTOMATU3AIMU U IPUMEHEHUs KOMIILIOTEPHBIX METOIOB PEruc-
TPaIUU U TPAKTOBKYU PE3yJIbTAaTOB UCCJIEIOBAHUS.

V:xe ceffuac TeXHUKA BLIMOJHEHU S IIPOIEAYP P IIPOBEIeHU
ITITP-muarsocTuK M JOBOJILHO IpocTa. B KamHMYEeCKO# tabopaTop-
HOM AUATHOCTUKE MCCJeOBaHUe IMPUHSTO IOAPAa3AeaTh Ha TPU
srana: npobomoaroroBka (ouuctra [JTHK nnu PHK uccaegyemoro
00'beKTa OT IpuMeceii), aMILTAPUKAIIA OIPeaAeIeHHOr0 (pparmMmeH-
ta JHK u perucrpanusa pe3yabTaToB ammauuranumu. Passurue
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MEeTOAUK IPOOOIOATOTOBKY MOYKHO ITPOTHO3MPOBATH B HATIPABJIEHU
IIOBBIIIIEHU A S(b(l)eRTI/IBHOCTI/I JIM3UCa U YOAaJIeHUA I/IHI‘I/I6I/ITOpOB " aB-
ToMaTusanuu mnpoiiecca. Hekoropblie 06pasIiibl GmoMaTepuasa comep-
JKaT areHThI, CYIIIeCTBeHHO CHIMKAoIe 3((PeKTUBHOCTD PEaKITNN.
ITpu npoBenenuu konudectBeHHOro IIIP-ananusa orauuue B -
(PEeKTUBHOCTU AaMILIN(PUKAIIUU MOXKeT BHECTH CYIIeCTBEHHYIO
omnobKy, MIOATOMY C PACIPOCTPaHEeHUeM KOJIMYECTBEeHHOTO aHAI3a
TpeboBaHUA K unucTore moayudaemoii [JTHK moBeitmatoresa. [ sTama
aMOIu(PUKAIUU CTOUT OTMETUTh TeHAEeHIIWIO K IIepeXony OT HC-
TOJIb30BAHUA OT/IEJIbHBIX PEAKITMOHHBIX ITPOOUPOK K CTAHIAPTHLIM
dopmaTaM CKpPeIIeHHBIX TPOOUPOK (8- niu 12-TyHOUHBIE CTPUIIBI
u 96- i 384-1yHOUHBIe MIAHINETHI). IIpy 3TOM BO3BMOYKHOCTD UC-
TOJIb30BaHUA MHOTOKAHAJNBHBIX ITHUIIETOK U JO3aTOPOB YCKOPAET
IpOoIeAy Py IPUTOTOBICHUA PeaKIINOHHON cMecu. KpymHbIe quarHoc-
TUYECKHNE IEHTPBI, IIPW MCIIOJBb30BAHUU IIJIAHIIIETHBIX q)OpMaTOB,
MOTYT NPUMEHATH POOOTHM3UPOBAHHBLIE TO3UPYIOIIUE CTAHIIUU,
CHUIKAIOIIIie BEPOSTHOCTD OIINOKYM JabopaHTa.

JlocTOBEepHOCTH MCCIEeIOBAaHUA B 3HAUNTEJIHHON Mepe CBA3aHa
Cco cImocoboM meTeKIuu U mHTepnperanuu pesyabratoB IIIIP (cMm.
Tabs. 1.1). B HacTosIee BpeMsi MOYKHO BBIIEJIUTH UEThIPE CUCTEMBI
nerexiiuu pesyabratos [TI1P, Hanbosee yacTo mMpuMeHAEMbBIX B IU-
arHOCTUYECKUX JabopaTopusax: Tresb-ajaeKTpodopes, rubpumamusa-
nuouHO-pepMeHTHBIHN aHanus (TudPA), payopeciieHTHAA JeTeKITUI
pesyabraToB nocJe [P (FLASH) u ¢payopeciieHTHAaA TeTEKITNU BO
Bpema TP (ITI[P «B peaxbHOM BpeMeHM» ). [locaeqnue gBa MeTO-
Ia OTJINYAIOTCSA TEM, UTO MPOAYKT aMILITU(pUKAIIUU AJIA omrpeaese-
HUSA He W3BJIEKaeTcs U3 MPOOMPKU, a Perucrparus pes3yJbTaToB
(usmepenue QryopeciieHITNN) UAET B 3aKpbITOM mpodbupke. Tewm ca-
MBIM peIrraeTcs OHAa 13 KJIIOUeBbIX Ipobaem BHeapenus [P B me-
TUITMHCKYIO JJa00pPaTOPHYIO IPAKTUKY — IIPo0IeMa KOHTaMUHAIINI
(c™. i, 2).

IIpumenenue cucremsl neTeKnuu pesyabTaToB IIIP B perxume
«peaJibHOTO BpeMeHM!», HAapAIy C OTBETOM HAa BOIIPOC O HAJUUYUU
WJIW OTCYTCTBUU B UCCJIEIyeMOM 00pasiie MUIIIeHU, II03BOJIAET OIle-
HUTb €TI0 KOJIUYECTBO, YTO B pAle CAydaeB II03BOJIAECT YTOUHUTD AU~
ar"os 1 BeIOpaTh 6oJiee aJeKBaTHBINA MeTO/ JIEUeHU .

CoBpeMeHHBbIe KOMOBIOTEPHBIE ITPOTPAMMBI B KOMOWHAIIUU C
npuMeHeHuEeM (GJIYOPECIIeHTHO-MEUEeHHBIX THUOPUAM3aIMOHHBIX
OJIUTOHYKJIEOTHUAHBIX P00 AJId Busyasusanuu pedyabratoB [P
(metoner FLASH unnu IIIP «B peanrbHOM BPEMEHM!») IIO3BOJISAIOT
OPaKTUYECKU IOJHOCTBHIO MCKJIIOUNTH HEBEPHYIO TPAKTOBKY pe-
3yJAbTaTOB. ABTOMaTU3NPOBAHHAS CHCTeMa (PMKCHUPOBAHUS JaHHBIX






KonnekTns aBTopoB — COTPYAHUKN HAY4YHOTO
nogpasgenenus 3A0 «HIMN® OHK-TexHonorus»,
BeAyLLEro B Hawen cTpaHe paspabotyumka
obopynoBaHua n peareHtos anga MLP

«B peanbHOM BPEMEHN .

B KHuUre B NOnHOM Mepe ocBeLlarnTcsa 0COBEHHOCTH
MeToda 1 AaeTcd TOYHas, HanncaHHasa JOCTYNHbIM
A3bIKOM KapTuHa NpOLECCOB, UAYLLINX

B peakumnoHHoun npobupke. B nepsyto oyepenb,
KHUra npeaHasHaYyeHa CoTpyaHuMKkam
Hay4HO-MccnegoBaTenbCkux nabopatopui

1 CTydeHTaMm, cTpeMalmmea pasobpatbes

B (byHOaMeHTanbHbIX NpUHLMNAX 1 OCOBEHHOCTAX
MNLP «B peanbHoM BpemeHn». BmecTe ¢ Tem,
KaXKaas rnaBa CoaepXXUT MHOTO KOHKPETHbIX
NPaKTUYECKNX PEKOMEHOALNN, YTO AENaeT PyKON1Ch
HACTOSbHbIM PYKOBOACTBOM COTPYAHMUKA
MEOULIMHCKOM auarHocTuieckon nabopatopun.





