


[ exxerogHan BCEPOCCUIMCKAsA MONOAEKHAsA KoHpepeHLUMa
no meToAam n npnbopam A aHanmsa 6Monornyecknx o6 bLEKTOB

AHaAnunTbuollpnbop-2022

CH60pHUK
Te3UCOB AOKAQAOB

8 nexkabpsa 2022 r., CankT-NeTepbypr






Ananumbuollpubop-2022

Opranuszaropsl KoH$epeHun
HNHcTuTyT ananuTrdeckoro mpudopoctpoeHus Poccuiickoi akageMun HayK
Cankr-IlerepOyprekuii nonurexunyeckuid yausepeutet [letpa Benukoro

HNuaycTpuajabHbIA APTHEP
Hayuno-npousBoncrennas komnanust OOO «CuHTom

IIporpaMMHBIH KOMHUTET
A. A. EBctpanoB — npedcedamens, n.7.H., aupexkrop MAIT PAH

A. C. bBykatut — cekpemapb, K.¢.-M.H., JOLEHT, 3aM. JUpeKTOpa 1o HayuHoi pabore MAIl PAH

B. E. KypoukuH — 1.T.H., Ipod., pyKOBOJIUTEIIb HAYYHOTO HAMpaBiIcHHs « METOIbI U IPUOOPHI

reHeTuueckoro ananuza» MAII PAH
A. U. AnekceeB — k.0.H., qupektop mo Hayke OO0 «CuHTODY
I1. H. MenentbeB — K.¢.-M.H., 3aBeyomui tadopatopueit MactutyTa cnekrpockonuu PAH
A. U. IlerpoB — k.T.H., Beayuwmii uwxxenep MAIl PAH
A. 1O. 3aiiuesa — k.¢.-M.H., 3aBeaytouias sadopatopueit MAIT PAH
. C. MyxuH — 1.¢.-M.H., JIOIEHT, TupeKTop Bricmiei nmkenepHo-pusmueckoit mkons CII0ITY
A. B. Bacun — 1.0.1., mpodeccop PAH, aupexkrop NHCcTUTYTAa OHOMEIUIIMHCKUX CUCTEM
u ouotexnosoru CIIOITY

OpraHu3anMOHHbIA KOMUTET
A. C. bykatus — npedcedamerns
B. B. Pomanosa — cekpemapbo
A. B. Kpernanna
IT. K. Aponnuena



Ananumbuollpubop-2022

IIporpamma koH(pepeHUUHU

9.30-10.00
Perucrpanusi y4acTHUKOB

10.00 - 10.30

IlsieHapHbIH TOKIA]

DjeMeHTHAs 0a3a AJISE OMTHOMOJICKYJAPHBIX ONITHYECCKUX CCKBCHATOPOB

Poamnonos Unbs AHaTonbEBUY

K.M.H., O0YeHm, OUpeKmop COBMEeCMHO20 UCCIIe008aAMENbCKO20 YeHmpa « PYHKYUOHAIbHbLE
Muxpo/Hanocucmemory MI'TY um. H. 3. baymana u @I'VII « BHUUA um. H. JI. /[yxosa»

'K «Pocamomy

10.30 - 12.00
Cexusa Ne 1

MCTOI[I)I BBICOKOYYBCTBUTECJIBbHOI'O A€CTCKTUPOBAHUA 0eJIKOB

10.30-10.45
10.45-11.00
11.00-11.15
11.15-11.30
11.30-11.45
11.45-12.00

N HYKJICMHOBBIX KUCJIOT
Mooepamop: 0.m.n. A. A. Eescmpanog

Pa3paGoTka MeTOAUKYN TECTHPOBAHUS ONITHYECKOI0 AeTEeKTOPa
cexBenaropa JITHK

KanmeixoB Anekceli CepreeBuu

Maaowull HayyHolti compyorux Mucmumyma cnexmpocxonuu PAH
HccaenoBanue HOHHOTO TPAHCIIOPTA B TBEPAOTENbHBIX
HAHOMOPAX, MOJYy4YeHHBIX METOI0M YJIEKTPOHHOI JUTOrpaduu
Jlebenes Jlenuc BnagumupoBud

K.(h.-M.H., cmapwiutl HayuHwlil compyoHux Uncmumyma ananumuye-
ckoeo npubopocmpoenus PAH u Angeposckoeo ynueepcumema
HNHuTerpajibHblii TpaHCHBEP HA OCHOBE MUKPOJIHCKOBOIO Jia3epa
U oToAeTeKTOpA

Kpsrxanosckas Hatanss BoragumuposHa

0.¢h.-M.H., 3a6e0y0uas MesHcOyHapoOHo 1abopamopuet
keanmosotl snexkmponuxu HUY BIIID, 3asedyrowasn kageopotl
@omonuxu Angheposckozo ynusepcumema

KBaapynoabHblii Macc-ciekTpomerp Mc7-200 a1st anaamn3a
€OCTaBa ra3oBbIX cMeceil

Tutos KOpuit AnexkceeBuu

HAYYHblll compyOHuK Mucmumyma anaiumudeckoeo
npubopocmpoenusi PAH

Texnosorus Jlenrmwopa ajs aHaJan3a OM0JOrH4eCKH AKTHBHBIX
BellecTB

Kanuuns fIna KoncraHTHHOBHA

MAaOwull HayuHell compyonux Hayuno-knunuueckozo yenmpa
moxkcuxonozuu um. axao. C. H. I'onuxosa ®MBA Poccuu

CuHHTe3 MeTAJIOPraHUuYeCKUX coeJUHEHUIl B HelpepbIBHOM
NMOTOKE /ISl NOBbILIEHHOH MOJIEKYJISIPHOI 3arpy3KH

Apabynu Koncrantun BaxranroBuu

acnupaunm UTMO
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12.00 - 12.30
Kode-opeiik

12.30 - 14.10
Cexnusa Ne 2
Muxkpodonanbie u point-of-care ycrpoiictsa
JIsi OMOMEIMIIUHCKUX MPUMEHEHNH
Mooepamop: k.¢p.-m.n. A. C. Bykamun

12.30-12.55 IlpuraameHHbIH TOKJIAT
AHaauTHYecKass MUKPO(IIOHINKA OMOT0THYeCKUX NPOod
B CJIeYIOIeM MOKOJeHUHN U3MepuTesieil sKUBOH MPUPO/IbI
beno6pos I[lerp MiBanoBuu
0.¢h.-m.1., npogh. Cubupcroeo hedepanrbroeo ynugepcumema
12.55-13.10  OmnbIT pa3padoTKu U BHeAPEHHUsI NOPTATHBHBIX
AUATHOCTHYECKHMX CHCTeM /ISl BbISIBJICHUSI BO30yuTe el
HH(eKIUOHHBIX 3200/1eBAHNH METOI0M M30TePMUYECKOM
ammiimpuKanum Ha npuMepe aHajausaTopa «3ackpuH-8»
bacmanos JImutpuii BukropoBuu
pykogooumens Llenmpa mexnonozuii u muxkpogadbpuxayuu @HKI]
DXM OMBA Poccuu
13.10-13.25 CpeacrTBa ynpapjieHHs IOTOKAMHU KHJAKOCTell B KaHAJaxX
MHUKPO(IIONIHBIX NIPUOOPOB
PooxkoB Butanuii ButanseBuu
Hayuuvlli cCOompyoHux yeHmpa « CyHKyuoHaibHvle
Muxpo/Hanocucmemory MI'TY um. H. 3. baymana
13.25-13.40 KapmaHHbIil aMILIM(PUKATOP IS BBISIBJICHUS NPOCTHIX
MM IIEHUI
[Tayne Ctanucnas FOpbeBruy
unacenep-uccinedosameny OO0 « Tpouyxuii uHCeHepHbIL YeHMP»
13.40 - 13.55  Point-of-care ycTpoiicTBa Ha OCHOBE METOJ0B ONITHYECKOMH
TKaHeBOM OKCUMETPUM
3aiiueBa AnHa FOpbeBHa
K.(h.-M.H., 3a8edyiowutl 1abopamopueit MeouKo-aHaiumu4ecKux
Memo008 u npubopos Hucmumyma aHaiumuiecko2o
npubopocmpoenusi PAH
13.55-14.10 MukpodaronaHbie TPUOOPHI U NPOrPAaMMHOE O0ecredeHue
AJISl U3MepeHusi MapaMeTpPoB OMOTIOMHHECHEHTHBIX pPeaKIuii
HenncoB Ban AHzipeeBruY
Hayunvlll cCompyonux Kagheoput ouoghusuxu Cubupcrkoco
¢edepanvroco ynusepcumema

14.10 — 15.00
Oo0en
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15.00 — 16.00
Kpyrasii croa
OnbIT HCMOJIBL30BAHMS POCCUICKOT0 000PYA0BaAHUA

JJIA pelICcHUsA OMOJIOTHYECKHUX U MCAUIIMHCKHUX 3ada4d
Mooepamop: «.0.n. A. U. Anexcees , oupekmop no nayke OOO « Cunmony

16.00 — 17.30
CrenpgoBas ceccusi + Koe-Opeik

1. Meroauka vcciaea0BaHNs HOHHOTO TPAHCIIOPTa B €IMHUYHBIX TBEPAOTEIbHBIX HAHOIOpAaX
Bayinn Hukura BacuibeBuu
acnupanm Angeposckozo ynugepcumema

2. HWccnenoBanust BIUSHUSA KOHLEHTPALUH 3JEKTPOIUTA HA IPOBOJAUMOCTb TBEPAOTEIBHON
HaHOTIOPBI
Ad¢onuyena [loamna KoncTaHTUHHOBHA
MAAOUWUL HAYYHBLU compyOHUK Mncmumyma anarumuyecko2o npubopocmpoenus PAH

3. HanocTpykTypupoBaHHBIC OMO3JIEKTPObL. JIOCTOMHCTBA U HEIOCTATKH
Jdyouna ®@ununn MuxaiioBud
Mazucmpaum Angheposckozo ynugepcumema

4. HccnenoBanne MUKPOIUCKOBBIX Ja3€POB C ONTHYECKH CBA3aHHBIM BOJTHOBOJIOM
®omunbix Hukura AnapeeBnu
maaowuti nayunvii compyonux HUY BIIID

5. Br16op cnoco6a 3arpy3ku komiuiekcoB JJHK-nonmnmepasa B HAaHOKOIOAIIBI
AJI1 OAHOMOJICKYJISIDHOTO CCKBCHUPOBAaHUA B pCaJIbHOM BPEMCHUA
SAmanosckast AHacTtacusi FOpbreBHa
undcenep Uncmumyma ananumudeckozo npubopocmpoenus PAH

6. Hcnonp3oBanue nudpoBoii 00pabOTKK CUTHATIOB ISl aHATTN3a JTFOMUHECIICHIINN
oT stueek ZMW onHoMonekysgpHoro cekBenaropa JJHK
Jdy0oBUK AHHA AJIeKCaHAPOBHA
oakxanasp Cankm-Ilemepbypeckozo norumexuuyeckozo ynusepcumema Ilempa Benukozo

7. llepBuuHBIN aHAW3 AJaHHBIX OJTHOMOJEKYJApHOro cekBeHaropa JJHK
CapaeB Anekceit CepreeBn4
acnupanm HUncmumyma ananumudeckozo npubopocmpoenuss PAH

8. OnTumuzamus METOAUKHU IPsIMOTo u3MepeHus pH yuacTKoB KOXH
IMonomapés Hukura JIMmutpueBuy
undicenep Uncmumyma ananumuuecxkoeo npubopocmpoenusi PAH

9. Pa3zpaboTka MUKPODIIOUTHON CUCTEMBI CO BCTPOCHHBIMH ITHEBMATHYECKUMU KJIallaHAMH
1 MeMOpaHHBIM HACOCOM
Haymos EBrenunii Uropesuu
Mmazucmp Angheposckozo ynueepcumema



Ananumbuollpubop-2022

10.

11.

12.

13.

14.

[Tonyuenue u orieHKa KU3HECTIOCOOHOCTH MHKATICYJIMPOBAHHBIX KJIETKaMHU C(HEPUIECKUX
MUKpOTeJIeH ¢ TOMOIIBIO KaneabHoi Mukpodmtonauku s 3D-0noneuatu

IInemaxos IlaBen CepreeBu4

acnupanm Angeposckoco yHusepcumema

Pa3paboTka MeTo/1a AIMEKTPOKOATIECCIECHITNH JIJISl ONIPEICTICHHSI CTENIEHU MOJTNMEPU3aIun
TUIPOTENIEBBIX MUKPOYACTHUIl B MUKPO(IIIOUIHBIX YCTPOUCTBAX

TomkeBuy AHapeii AHApeeBUY

Mmazucmp Angheposckozo ynueepcumema

ManoMoIIHBII aBTOKOPOHATOP /ISl H3TOTOBJICHUS MUKPO(IIIOMIHBIX YCTPOMCTB
®uiatoB Hukura AsiekceeBu4
K.M.H., MIAOWUL HAYYHbIU cOMPYOHUK Angheposckozo yHusepcumema

MeTo 3KCIpecc-01EeHKN OTKIIOHEHHW coCTaBa MOJIOYHOM MPOYKITUU
OT 33JIaHHOTO 3TaJloHa ¢ MpuMeHeHneM meTo10B MK-cniekTpockonuu
3aneBckass Mapus IOpseBHa

oakanasp Cankm-Ilemepbypeckozo 2ocyoapcmeenno2o yHugepcumema
A3POKOCMUYECKO20 NPUOOPOCIPOEHUS.

HccnenoBanue coctaBa BbIBIXaEMOI0 BO3AyXa € TIOMOIIBIO

Macc-CIEKTPOMETPUYECKOTO aHATIN3a

Bypaaka Kapuna CepreeBna

oaxanasp Cankm-Ilemepbypackozo nonumexnuueckozo ynueepcumema Ilempa Benuxozo
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IJIEMEHTHAS BA3A VIS OJHOMOJIEKYJIAPHBIX
OIITUYECKHUX CEKBEHATOPOB

B. B. PeixkoB !, A. A. ITummumosa 2, JI. A. Baknsikos 2, T. Koncrantusosa !, E. C. JlotkoB ',
JI. H. Mypassésa !, P. I11. Anu6ekos !, A. K. Kyryk !, E. C. Kpacko !, A. P. Anekcauapos 2,
A. A. Bap6amesa !, U. A. Prixukos ! u U. A. Poguonos "

YMITY um. H. 3. Baymana, Mockea, 105005, yn. 2-a Baymanckas, 0. 5, k. 1
>2@I'VII « BHUHA», Mockea, 101000, Mocnoumamm, a/s 918
* irodionov(@bmstu.ru

TexHoI0ruM CEKBEHUPOBAHMSI TPETHETO MOKOJIEHUS MPEAOCTaBISAIOT BO3MOKHOCTh CUMTHIBA-
Hus umHHBIX (Oonee 20 000 map ocHoBanwmii) monekyn JIHK u c6opku renoma de novo, 4ro nos-
BOJISIET C BBICOKOH TOYHOCTBHIO MOJYYUTh HOBBIM I'€HOM Ha MajioM KoyindecTBe MpoObl. OHUM U3
HanboJjee MEepCrHeKTUBHBIX MOAXO0J0B K PEIICHUI0 aHHOW 3aJayu SIBISETCS OJHOMOJEKYJSpHOE
ONTUYECKOE CEKBCHHPOBAHME, B KOTOPOM MO CHEKTPAIbHBIM XapaKTEPUCTHUKAM BCHBIIICK (IIF00-
pEeCLIEHIIMH, BO3HUKAIOIIUX PU JOCTpauBaHUM KoMIuieMeHTapHou nenodku JJHK u3 Hykineotnaos,
MEUYEHHBIX KPacUTENIEM, ONPEENSIETCS OCIEN0BATENBHOCTh HYKIEOTUOB. Y HUKAIBHOCTh METO/1a
3aKJII0YAETCs B BO3MOKHOCTH CHWKEHHUSI CITy4alHOM MOTPENIHOCTH 33 CYET MHOTOKPATHOTO Iapaj-
JICNILHOTO CYMTHIBAaHUS KOJbLEeBBIX Mojekyn JIHK, 4ro mo3BosiseT MoCTUYh TOYHOCTH COOPKHU
99,9 %. Ilpu 3TOM CEKBEHHMPOBAHHME IMPOBOAIT HA MHUKPOYMIIE C BOJHOBOJAMHU HYJIEBOW MOJbI
(ZMW), cchopMupOoBaHHBIMH B METAJUTMYECKON TNIEHKE HA KBAPIIEBOM IJIACTHUHE.

B noxnane npencTtaBieHbl pe3ynbTaThl pa3padO0TKU TEXHOJIOTHMH U3TOTOBJIEHUS MUKPOUYHUIIOB
C BOJTHOBOJAMH HYJIEBOW MOJBI. B X0/1€ paboT M3roTOBJICHA MAPTHUS YUIIOB MO TexHOJIOTHH «1F» ¢
onHocnoasiMu ZMW nuamerpamu 75, 100, 150 am B mienke amromMunus ToimuHo 100 HM Ha
KBapLEBbIX MOIOKKaX. [ yBenuueHus 3(HEeKTUBHOCTH 3arpy3Ku JUIMHHOIIETIOYEUHBIX MOJIEKYJT
JHK paspaborana texnonorust «3F», B koropoii maccuB ZMW chopmupoBaH B TPEXCIONHON
CTPYKType MeTaI—audiekTpuk—Meramt (MJIM). DTo mo3BosIeT OCYIIECTBIATh aKTUBHYIO 3arpy3-
Ky OTpULATENBHO 3apshkeHHbIX MoJieKyl JJHK mpu nmopade nonoxurenbHOro nNoTeHnuana Ha JJeK-
Tpol. Ha kBapleBoi mi1acTUHE OCAXKIEH 3JIEKTPOJ U3 MHEPTHOTO MeTailia ToamuHon 10 HMm, KoTo-
pIit oTaenéH auanekTprudeckuM cioeM 30 HM ot mieHkH amomuaust 100 aM. B pabote usrotose-
Ha MapTus YumnoB mo TexHomoruu «3F» ¢ ZMW muametrpom 100 HM, a Takke pazpaboTaHa peakiiu-
OHHas sYeiKa JUIsl JTaHHBIX YUIIOB.

baaropapHocTu

PaGora BbIMONHEHAa C WCIONB30BaHHMEM MaTepuanbHO-TexHudeckoi 6a3pl LIKIT Hayuno-
oOpa3zoBatensHOTO MeHTpa «DyHKIHoHANBHBIE Mukpo/Hanocucrembry MI'TY uMm. H. D. baymana
(ID 74300).
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PABPABOTKA METOJAUKHU TECTUPOBAHUSA OIITUYECKOI'O JETEKTOPA
CEKBEHATOPA JHK

A. Kaambikos!", A. I'puruenxo’, JI. Kynpssues?, H. Baynuu®*, JI. Jle6enen®*, 5. Anekcees’,
A. bykarua®*, B. bansikun', I1. Menentses!

1HHcmumym cnexmpockonuu PAH, 108840, Mocksa, Tpouyxk, yn. @uszuueckas, 0. 5
2Uncmumym 6uoopeanuyeckoii xumuu um. akademuxos M. M. Illemaxuna u FO. A. Osuunnuxosa,
117997, Mockea, ynr. Muxnyxo-Maxnas, 0. 16/10
3Cankm-Ilemepebypeckuii HAYUOHANLHBLI UCCTIe008amenbeKull Akademuyeckuil yHugepcumen
um. XK. U. Angpéposa PAH, 194021, Canxkm-Ilemepoype, yn. Xnonuna, 0. 8, k. 3, aum. A
Uncmumym ananumuueckozo npubopocmpoenus PAH,

198095, Canxm-Ilemep6ype, yn. Meana Yepuvix, 0. 31
SHayuno-npouseodcmeennas komnanus « Cunmony,

127434, Mockea, yn. Tumupsizesckas, 0. 42, k. b, og. 316
*kalmykov_100@mail.ru

Onrtuueckoe omHOMONEKy sipHoe cekBeHupoBanue JIHK B peampHOM Bpemenu (Single
Molecule Real-Time — SMRT) [1] siBisieTcss COBPEMEHHBIM TOXOI0M, MO3BOJISFOIIIUM BOCCTaHO-
BUTH TOCJEI0BATENBHOCTh HYKJICOTUA0B oguHouHOo JIHK Momnekymnsl ¢ TouHocThio Gonee 99 %.
CexBeHMpPOBaHUE MTPOUCXOJNUT B TIPOLIECCE CHHTE3a KOMIUIEMEHTapHOU mocieaoBarenbHoctu JTHK
¢ nomombio JIHK-momumepassl, kotopas noctpauBaer JJHK ¢ ucnons3oBanueM derbipex Quryo-
PECLIECHTHO MEUYEHHBIX Hykieozuarpudocdaro. Ou3nyecku MpoUECcC OMpeeeHHs MOCiIe0Ba-
TEJILHOCTH CBOJUTCS K PETHUCTPAIMU CUTHAIA €IUHUYHOTO (hiryopodopa U ONpeaeseHHIO ero CIieK-
Tpa. [Iporiecc cekBeHUpPOBaHMSI TPOUCXOIUT € UCToNb30BaHueM 100 HM HUIMHIPUYECKON anepTy-
pel (m3rotoBrmeHa B 100 HM TUICHKE alOMHUHUS), HA3bIBAEMOW BOJIHOBOJOM HYJICBOM MOJIbI
(puc. 1, 6). Ucnionp30BaHre HAHOAMIEPTYP MO3BOJISIET PEUIUTH Cpa3y HECKOIbKO 3amad: 1) pabota ¢
€AMHUYHBIMU MoJieKynaMu; 2) 3QPeKTUBHOE CHUKEHHE CUTHAJa 3aCBETKH OT 00beMa >KUIKOCTH C
MEUYEHBIMU HYKJIEOTHIaMHU PACTIONOKEHHBIMU HaJl IUIEHKOW alTFOMUHMUSL.

3amada 1aHHON paboTHl — CO3/JaHUE METOIUKU TECTUPOBAHMS U pa3padOTKa ONTHYECKOHN da-
cTU cekBeHaTopa enuHuYHbIX Mosekyn JIHK. /lanHas 3amada sBISIETCS TEXHUYECKU CI0KHOM, TaK
KaK TIOTOK (DOTOHOB B peasbHBIX yCIOBHAX SIBISICTCS KpaiiHE HU3KHM M HEOOXOAWMO PEUINTH IPO-
6meMbl 3(pPeKTUBHOTO BO3OYXKACHHUS U cOOpa M3MyuYeHHUs, MUHUMHU3AIMU Tapa3suTHON (iayopec-
LEeHIUH, (PUKCcAIlMKN UCCIeNyEMbIX OOBEKTOB Ha JHE BOJIHOBOAOB HYJEeBOIl Mojbl. [IpogemoncTpu-
POBaHbBI PE3yJBbTATHI PA0OTHI C OAMHOYHBIMU (hIyopodopaMu, TETEKTUPOBAHUE YIBTPAHU3KUX CHUT-
HaJIOB, OMpEeNEeJeHHe CIEKTPaJbHOrO cocTaBa w3nydeHus. lIpomemMoHCTpupoBaHbl 3¢ (EeKTHBHBIC
MIPOIIECCHI TTACCUBAIMH ATIOMHUHHUEBOH TUNICHKH U (YHKIIMOHAIU3AIMH KBapILIEBOTO JTHA BOITHOBOIOB
HyJIeBOU MOJIBI 1Tt 9(pPEeKTUBHOM NMPUILUBKU UCCIeayeMbIX Guryopodopos. [IpogeMoHCTpUpOBaHO
(yHKIIMOHMPOBAHHE ONTHYECKON CXEMBbI C TOMOMIbIO AMYJISILIUKU PabOThl MOJUMEPA3bl MO HUCIOJb-
30BaHUIO U3JIyYEHUsl CBETOIMOMAOB CO CIIEKTPAJIbHBIM COCTABOM, AHAJIOTUYHBIM CIIEKTPAM H3JIyde-
HUSL COOTBETCTBYIOIIHUX METOK TPU(POPCATOB, UCTIOIB3YyEMBIX NMPU CEKBEHUPOBaHUU (puc. 1, 0).

Bwadg

Puc. 1. U300paxxeHne BOTHOBOAA HYJIeBOM Mobl quameTpoM 100 HM, H3TOTOBIEHHOTO
B IJICHKE aJTFOMUHUS (a); Pe3yIbTaThl IMYJISIIIUN CCKBEHHUPOBAHUS (0)

9
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baarogapuocTu

Pabora BbImonHeHa npu (UHAHCOBOHM Mojaaepx ke MUHHCTEPCTBA HAYKU U BBICIIETO 00pa3o-
BaHusa Poccuiickoit @enepannu B pamkax npoekta deaepaibHON HayYHO-TEXHUYECKOM Mporpam-
MBI pa3BUTUSI reHeThYecKux TexHojaoruid Ha 2019-2027 roast (Cornamenne Ne 075-15-2021-1057).

Jluteparypa

1. Eid J. et al. Real-time DNA sequencing from single polymerase molecules //Science. — 2009. —
T. 323, Ne 5910. — C. 133-138.
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NCCIEIOBAHUE NOHHOT'O TPAHCIIOPTA B TBEPAOTEJIbHBIX HAHOITOPAX,
HOJYYEHHBIX METOJA0OM 3JIEKTPOHHOU JIMTOT'PA®UHN

1. B. Jlebenes’ >3, H. B. Baymuu'?, I1. K. Aponnuena'”, A. C. Bykarun':?

"Unemumym ananumuuecxozo npubopocmpoenus PAH,
Canxkm-Ilemepoype, 198095, yr. Heana Yepnuix, 0. 31-33, aum. A
2Axaoemuyeckuil ynusepcumem um. XK. 1. Angpéposa,
Canxkm-Ilemepbype, 194021, yn. Xnonuna, 0. 8, k. 3, rum. A
3Canxm-Ilemepbypeckuii 20cyoapcmeennblil yHusepcumenn,
Canxkm-Ilemepbype, 199034, Ynusepcumemcxas nabepesxicuas, 0. 7/9
* polina.afonicheva@gmail.com

DKCMEPUMEHTAIBHOE U TEOPETUUECKOE MCCIIEAOBAHUE TPAHCIIOPTA B MUKPO- U HAaHOKaHajax
MMEET He TOJIbKO (PYHIaMEHTAILHOE, HO U MPUKJIAJHOE 3HAUCHUE IS Pa3IMIHBIX 00acTell HayKu
U TexHUkH [1]. K HUM MOXHO OTHECTH pa3lieJICHHE CMECEW M MOJIyYEHUE YUCTBIX BEIIECTB, AJICK-
TPOXUMHUUYECKOE MTPeoOpa30BaHKUE YHEPTHH, Pa3pab0OTKy OMOXUMHUYECKUX CEHCOPOB.

Lenpto maHHOM pabOTHI SIBISIIOCH UCCIIEAOBAaHNE 3aKOHOMEPHOCTEH TPAHCIOPTa HOHOB B MHUK-
po- u HaHomopax. [ peanu3au JaHHOM e HEOOXOIUMO MPOBECTU MCCIIEIOBAaHUE HOBBIX Me-
XaHU3MOB CEJICKTUBHOTO pa3/eNieH!s] KOMIOHEHTOB PacTBOPOB MPU HAMYUU HEOJHOPOJHOTO DIIEK-
TPOMArHUTHOTO TOJISI BHYTPU HAHOKAHATIOB. METOIbI 3JICKTPOHHOW M MOHHOU JIMTOrpadu IO3BOJIH-
JIM CO3/1aTh HAHOMOPHI C 3a/IaHHBIMU T€OMETPUEH U AIEKTPONPOBOJAHBIMU CBOMCTBaMU. Takue cTpyk-
TYPBI SBJIFOTCSI ONTUMAIBHON MOJEIBHON CUCTEMOM JIJISl UCCIICOBAHMS TPAHCIIOPTA HOHOB.

m 1 6 MnasmoxumMmuyeckoe
TpaBneHue
100 Hm SiO,
T okncnenne NN
OKuCrieHue . 2 7 AHU30TpONHOE
100 Hm SiO, TpaeneHue Si
40 um Si,N,
c¢hoTopesucTta
- 4 g “ Mnasmoxumuyeckoe
®dotonuTorpadus thoTopesuct ThaBnenme

5 10 "‘ MNEM-chopmupoBsanme
T eAUHUYHOW HaHOMNOopPbI
Puc. 1. Cxemaruueckoe I/1306pa)KeHI/Ie 3TAIoOB (bopMI/IpOBaHI/ISI TBEPAOTCIbLHBIX HAHOIIOP

B pamkax paboTsl ObuTa MpeIokeHa METOANKA (JOPMHUPOBAHUSI HAHOOTBEPCTUH (HAHOTIOP) B
CBOOOHOIO/IBEIIEHHOW MOIYIPOBOJIHUKOBOM MeMOpaHe. CxeMaTHUYeCKH JaHHas METOAMKa Ipel-
ctaBieHa Ha puc. 1. Ha mepBom 3Tane HeoO6xoaumo chopMHUpoBaTh CBOOOTHOIIOIBEIIEHHYIO TTOJTY-
IIPOBOJIHUKOBYI0 MeMOpaHy B KpPeMHHUEBOW Mojyuiokke. Iy 3Toro Obula mpojenaHa IOoCienoBa-
TeJIbHOCTH AelicTBuil. Ha nByxcTopoHHe nonupoBaHHy!o muactuHy Si (100) MeTonoM peakiimoHHO-
r0 MarHeTPOHHOTO HaNbUICHHs ObLIO HAHECEHO MOKphITHE U3 SixNy TommuHoi ~300 M. MimMeHHO
TOJIIIMHA ATOTO CJOS OyJeT B JajbHEUIIEM ONpEeAeNsATh JIUHY MOpbhl. AHAIOTUYHO SixNy ObLI
HaHeceH Ha 00OpPOTHYIO CTOPOHY KpEMHHMEBOH IutacTHHBI. [{anee Ha oHON K3 CTOPOH OblIa criena-
Ha ¢oromuTorpadus s GOPMHUPOBAHUS PUCYHKA MACKH NPH JalbHEHIIEM aHU30TPOITHOM TpPaB-
neann SixNy. Mcnons3oBaics ¢oropesuct AZ 3027, HaHECCHHBIH W SKCIIOHUPOBAHHBIN TI0 CTaH-
napTHOU MeTomuke. B pesynbrate poromuTorpadum Ha moBepxHocTH SixNy OblIa MOTyYeHa MacKa
CO BCKpPBITBIMH 00JacTsMu B (popMe KBaapatoB. Ui yJaneHHsl «BCKPBITBIX» OKOH M3 SixN) Hc-
MOJTK30BAJIOCHh TUIA3MOXHUMHUYECKOe TpaBiieHne. Pabounm razom sBisuics CF4. Jlanee Obuto mpoBe-
JICHO >KMJIKOCTHOE aHM30TPOIIHOE TpaBiieHHe KpeMHueBou mactulbl B 20 % KOH npu temnepary-
pe 85 °C. Bpems TpaBnenust coctaBuiio 4 4. Mackoit 1uist TpaBineHus sBisuics SixNy.
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Puc. 2. Tunnunsie POM-n300pakeHust MoTy4eHHBIX TBEPIOTEIbHBIX HAHOIOP

Ha ¢unanbHO# cTaguu B noaydeHHONH MeMOpaHe (hOpMHPOBAINCH EAMHUYHBIE HAHOIIOPHI Me-
TOJOM TpaBiieHUs B cokycupoBaHHOM HoHHOM myuke (FIB). Ilpm sTOoM wHcmonb3oBajics My4doK
NOHOB rajuns ¢ 3Heprueit 30 k3B. TpaBieHue Mpou3BOANIOCH B TOUKE NP ToKax nopsaka 10 nA n
BpemeHax 0.5 c. Ha puc. 2 mpuBeeHbI THITMYHBIE U300paXKEHUS TIOTYyYaEMbIX €IMHUYHBIX HAHOTIOP.

Jlist OIIeHKH 3aBUCUMOCTH IPOBOJUMOCTH HaHOKaHaJIa OT KOHLIEHTPAIMH 3JIEKTPOJINTa ObLIa
MIPUMEHEHAa METOJMKA, MOAPOOHO omnucaHHas B [2]. [Ipy HM3KMX KOHIEHTpAIUSAX MPOBOJAUMOCTD
MOpBI pacTeT cliabo, Toraa Kak MpH BBICOKMX KOHIIGHTPAIMSIX POCT CTAHOBHUTCS CYIIECTBEHHBIM.
Takoe moBezieHHE MOHHON MPOBOJMMOCTH MOKHO OOBSICHUTH TIEPEKPHITHEM JABOWHBIX AJIEKTpHUC-
CKHX CIIO€B MPU HU3KUX KOHIICHTPAIUSIX IEKTPOIIUTA.

Takum oOpa3zom, B pamMkax paboThl OblIa pazpaboTana MeToArKa (POPMUPOBAHUS OJUHOUHBIX
HaHoOIop B cBoOOJHOMoABeImeHHOH SiN-MemMOpaHe NpoU3BOJIbHON TOMILMHBL. CHHTE3UPOBAHBI
enuHUYHBIC TTOpHI quamerpoM 30...50 aM u mmuHOM 300 HM. Kpome Toro, OBLIM WCCIEIOBAaHBI
TPAHCIIOPTHBIE CBOMCTBA MOTYUYEHHBIX MOP B PACTBOPAX MOAEIBHBIX JIEKTPOIUTOB.

BbaarogapHocTn

Pabora BeImmostHEHA Npu (UHAHCOBOU mMoayepkke Poccuiickoro HaydHoro Qonma (TpoexT
Ne 20-74-10117).

Jlureparypa

1. Pourcelly G. et al. Applications of Charged Membranes in Separation, Fuel Cells, and Emerging
Processes // Tonic Interactions in Natural and Synthetic Macromolecules. Hoboken, NJ, USA:
John Wiley & Sons, Inc., 2012. P. 761-815.

2. Lebedev D. et al. Focused ion beam milling based formation of nanochannels in silicon-glass mi-
crofluidic chips for the study of ion transport //Microfluidics and Nanofluidics. 2021. Vol. 25,
Ne 6. P. 1-10.
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UHTET'PAJIbHBIA TPAHCUBEP HA OCHOBE
MHUKPOJUCKOBOI'O JIABEPA 1 POTOAETEKTOPA

H. B. Kpbikanosekas'? *, D, M. Moucees!, ®. U. 3y60s'2, A. C. Jlparynosa'?, K.A. MBanos',
M. B. Makcumos?, H. A. Kamoxusrit®, C. A. MunTaupos®, M. M. Kynaruna®, 10. A. I'ycepa’,
A. U. JIuxauer?®, A. E. XKyxkos'

'Hayuonanvuwiii uccnedoeamenvcxuii ynueepcumem «Bvicuias wikona 5KOHOMUKULY,
Canxkm-Ilemepoype, 190121, yn. Coro3sa Ilewuamnukos, 0. 16
2Anghépoeckuii ynueepcumem, Cankm-Ilemepbype, 194021, yn. Xnonuna, 0. 8/3
3DTH um. A. . Hoppgpe, Canxm-Ilemepbype, 194021, ITorumexnuueckas yi., 0. 26
* nataliakryzh@gmail.com

[TonynpoBOAHMKOBBIE PE30HATOPHI C AUCKOBOM I€OMETpPUEH, MOIIEPKUBAIOIINE MOJbI IIET-
gyeit raepen (ML), sBIsIOTCS MEPCTIEKTUBHBIMHU JJIS1 CO3[aHUS HA UX OCHOBE SHEProd((HeKTHB-
HBIX U MajorabapuTHBIX UCTOUHUKOB KOI'€PEHTHOTO HM3JIyYEHUs, IPUTOAHBIX JUISl Pa3IUYHBIX MPH-
naoxeHUH. [l psiia mpakTHUECKMX MPUMEHEHMH JKeslaTeabHO OOBEIMHUTH MOJTYyTNPOBOJIHUKOBBIN
MIITI-mukponazep ¢ poroperexropom (D), chopmupoBaB TpaHCHUBEP, 3aHUMAOIIHA MaJyIO TUIO-
I1aJib ¥ CIIOCOOHBIN K BBICOKOMY OBICTPOAEHCTBHIO. Takue TpaHCHBEPHI C OTKPBITHIM ONTHYECKHM
KaHAJIOM MEXJIy MHUKPOJIa3epoM M JETEKTOPOM, JOCTYIHBIM [yl BHEIIHETO BO3ACUCTBUS, MOTYT
OBbITh UCIIOJIb30BAHBI B KAYECTBE PA3JIMUHBIX TUIIOB MUKPOCEHCOPOB (OMOCEHCOPHI, 00HApYKEHUE Ha-
HOYACTHII), TAIbBAHUYECKON pa3Bsi3kh, OECKOHTAKTHOTO YIIpaBJieHUs U T. 1. B Hacrosimen padote
UCCIIeIOBaHbl ONTHYECKHUE XapaKTEPUCTUKU WHTErPAJIbHBIX TPAaHCHUBEPOB PAa3HOM KOH(UIypaluH,
cocrosimmx U3 Mukpoauckoro (M]I) nazepa ¢ akTUBHOM 00JIaCTBbIO HA OCHOBE KBAHTOBBIX SIMA-TOUYEK
(KAT) InGaAs/GaAs u @/I, chopMUpOBaHHOTO U3 3TOHM € I'eTepOCTPYKTYphL. ['eTepocTpyKTypbl
JUIs CO3JIaHMsI TPAHCUBEPOB Noiy4eHbl MeTooM MOC-ruapunnoii snurakcuu Ha nojuioxke GaAs. B
KauecTBE aKTUBHOW o0yacTH ciryxuin 5 cinoeB InGaAs/GaAs KBaHTOBBIX siMa-Touek. s popmupo-
BaHMs TPAHCHUBEPOB C PA3IMYHON KOHUTrypauuei (poToaeTeKTOPOB HCIOIb30BaNach (PoToImTOrpa-
¢bus 1 mIa3sMOXMMHMUYECKOe TpaBieHUe. B kauecTBe nepenardyuka ucnosiab3oBanuch M/JI-naszepsl qua-
MeTpoMm oT 30 1o 50 mxm. CBeTouyBcTBUTENBHAS IpaHb /] HaxoaUIaCh Ha PacCCTOSIHUU ~13 MKM OT
M3JTy4arollel MOBEPXHOCTH MUKPOJIa3epOB. MeTauIn4eCKUue KOHTAKTHI K CJI0SIM T€TePOCTPYKTYPBI p-
1 n-tuna 6su chopmupoBansl ¢ momoubio AgMn/Ni/Au- u AuGe/Ni/Au-meraumzaiu (puc. 1).

Photodetector

Puc. 1. U306paxxenue, NogyyeHHOE € IOMOIbIO0 CKaHUPYIOLIEH
3EKTPOHHONW MUKPOCKOIIUY MHTETPAIbHOTO TPaHCUBEpa

B pabote ucciaenoBan otk ®J] Ha curHanm MuKposasepa Juisl KaKI0H U3 KOHPUTYparuii
TpaHcuBepoB. [lokazaHa BO3MOXXHOCTb JETEKTHUPOBAHUS M3TYyUEHUsT MUKPOJIMCKOBOIO Jlazepa Jaua-
METPOM C TOMOIIbIO OJIU3KOPACTIOI0KEHHOTO UHTErPAIbHOTO (DOTOJETEKTOpA C aHAJIOTUYHON aK-
TUBHOU 00JIaCThIO.

baarogapHoctu

PaGota BemosnHeHa rpu nojyiepskke rpanta PH® 18-12-00287, https:/rscf.ru/project/18-12-00287/.
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KBAJIPYIIOJbHBIA MACC-CHEKTPOMETP MC7-200
JJIs1 AHAJIM3A COCTABA I'A30BbBIX CMECEHN

IO. A. TutroB*, A. I'. Ky3pmun, B. B. Manoiinos, 1. B. 3apynxkuii, H. A. EcukoBa

Hncmumym ananumuuecxkoeo npubopocmpoenusi PAH,
Canxm-Ilemepbype, 198095, yn. Ueana Yepnwix, 0. 31-33, aum. A
*- titov.uriy@gmail.com

B UncturyTe ananutudeckoro npudopoctpoenuss PAH paspaboran manorabapuTHbIN TpaHC-
nopTabenbHbIN KBaJAPYIOJBbHBIA MacC-CIIEKTPOMETP € MPSAMBIM KamwUIipHBIM BBogoM MC7-200
JUTsl aHanmu3a Ta3oBbIX cpell. [Ipubop mmeer nuamazon macc 200 a. e. M., paspemiaromnas Crocoo-
HOCTh — | a. €. M. ¥ 4yBCTBUTEIHHOCTh MO0 HEKOTOPHIM KOMITOHEHTaM [0 JECATKOB ppb. Macca
npubopa 15 kr. Taxke ms npudopa Obla paspaboTaHa adbTepHATUBHAS CUCTEMA MPSIMOTO BBOAA,
Ha OCHOBE CHJIMKOHOBOM MEMOpaHBI C CEIEKTUBHOW MPOHHUIIAEMOCTHIO, KOTOpasi MO3BOJISET yBEIU-
YUTh YyBCTBUTEIBHOCTD 110 OTACIbHBIM KOMIIOHEHTAM.

OcHOBHBIE IpeuMylIIecTBa Ipudopa:

— OJJHOBPEMEHHOE HM3MEPEHHE B PEXUME pPEaJbHOIO0 BPEMEHU KOHLEHTPALUN Pa3IMYHBIX
npuMeceil B atMocepe U ra30BbIX CMECSX;

— BO3MOKHOCTb MCIIOJIb30BAaHMSI B IEPEIBIKHBIX JTA00PATOPHUSIX ISl OTIEPATUBHOTO KOHTPOJIS;

— He TpeOyeT pacXoIHBIX MaTePUAJIOB;

— HE UMEET OTEYECTBEHHBIX aHAJIOTOB.

C nomomsto Macc-criektpomerpa MC7-200 yxke Oonee 10 net BeayTcs UCClieIOBaHUS COCTaBa
BBIJIBIXa€MOI'0 BO3/lyXa MAallMEHTOB MEIUIMHCKUX KIMHUK. K HacTosmeMy BpemeHn HapaOoTaHa 00-
HmMpHas 6a3a Macc-CIEKTPOB BBIABIXAEMOI'0 BO3/yXa MAallMEHTOB C raCTPO3HTEPOJIOrMYECKUMH, OH-
KOJIOTUYECKHUMHU U OCTPHIMU MH(EKLIMOHHBIMU 3a00ieBaHUSIMU. J1J11 TOCTAaHOBKH MPEABAPUTEIHLHOIO
JIMarHo3a pa3paboTaHo MPOrpaMMHOE 0OeCTieueHre Ha OCHOBE METO/A IMIaBHBIX KOMIIOHEHT. B kaue-
CTBE 3TAJIOHa CpaBHEHUs c(hopMHpOBaHa 06a3a Macc-CIEKTPOB 3I0POBBIX JtoeH. B HacTosmmii Mo-
MEHT MPOJIOJDKACTCS pacIIupeHre 0a3bl Macc-CIEKTPOB U OJHOBPEMEHHO pa3paboTka MaTeMaTHye-
CKOT'O METO/1a 00pabOTKH JTAHHBIX M0 TIPOMUITIO MACC-CIIEKTPa BBIIBIXaeMOTO BO3/IyXa.

B Boenno-meaununckoi akagemun um. C. M. Kuposa, npubop MC7-200 npumensiics st
orpenesneHus: Ko3((UIMEeHTa JISTOYHOTO ra3000MeHa BO BpeMs I'a30BO W BHYTPHBEHHOW aHecTe-
3ud. B pe3ynbraTe 3TUX HCCIIEAOBAHUM OBLIM OOHAPYXKEHBI KOPPEISLUU MEXIY KO3PPHUIHEHTOM
JIETOYHOr0 Ta3000MeHa U Hanbosee O0NIEe3HEHHBIMU 3TallaMM OTlepaluid.

Macc-cneKTpoMeTp HUCHONb30BajiCs MpPHU HUCClIefoBaHUsIX B MHcTuTyTe (DU3MOIOTMU HM.
. I1. TTaBnoBa. OOBEKTOM HCCHAeAOBaHUS OBUTH KPBICHI, 3a00p Ta3a OCYIIECTBISJICS HETOCpe-
CTBEHHO U3 TpaxeH, KOHTPOJIUPOBAIUCH YIVIEKUCIbIN ra3 u kuciaopoa. [lpu 3Ttom ObicTponeiicTBue
npubopa MO3BOJISIIO YETKO MPOIUCHIBATH AbIXaTeNIbHbIE MPO(UIH, HECMOTPS Ha TO YTO KPBICHI MO-
TYT JBIIATh CO CKOPOCThIO 10 180 BIOXOB B MUHYTY.

C Bcepoccuiickum nHCTUTYTOM 3amuThl pactenuit (BU3P) B pamkax mpoexta PODU Benet-
csl paboTa MO M3YyYEHUIO I'a30BbIIEICHUS SHTOMOINATOTCHHBIX IPUOOB, MPUMEHAEMBIX B KaueCTBE
aNbTEpHATUBBl XUMUYECKUM MECTULMIaM JJIs 3alllUThl pacTeHUI OT Bpenuteneil. B pamkax uccie-
JIOBaHMsI BIEPBbIE OBLIM ONpPEAEICHbl HEKOTOPhIE COSAMHEHHUS, BbIAENIsAEMble TPUOAMHU, TaKUe Kak
OKcH[ cepsl, menTaH. [lomyyen psin npoduiei, xapakTepHbIX ISt KOHKPETHBIX BHIOB IPUOOB.

31ech MepeurciieHbl JIMIb OCHOBHBIE paOOoThl, Kacarouiuecss OMOJIOrn4ecKuXx OOBEKTOB, BbI-
MOJIHEHHBIE Ha Macc-criekTpomeTpe MC7-200, HO ¥ OHM MMOKa3bIBAIOT BOCTPEOOBAHHOCTH MTPHOOpa U
IIUPOKUN KPYT 00JacTe ero nmpuMeHeHus. KpoMme Toro, Macc-CeKTpoMeTp MOKET HCITOJIb30BaThCS
B DKOJIOTUU JUTS OTIPENEeNICHUs U HACHTU(DHUKALINY 3arps3HEHH OPraHMYECKOTO W HEOPTaHUIECKOTO
IIPOUCXOKICHNS B BO3/LyX€e, B T€0JIOTUH JJIsl aHAJIM3 T'a30B, BBIIEISIEMBIX B IPUPOJIHBIX Mpolieccax, B
CaHUTAPHO-3IHMJIEMUYECKOM MOHUTOPHHIE, B IPOMBILIUICHHOCTH JUIs KOHTPOJIS BPEIHBIX BHIOPOCOB
IIpU MIPOU3BOJICTBEHHBIX MpolLeccax, HATMYUS B BO3IyXe TOJIyosa, OeH30i1a, CTUpOJIa U Ip., a TaKXKe
JUIs1 KOHTPOJISI COCTaBa Ta30BbIX CMECEH B TEXHOJIIOTHUECKUX ITPOLieccax Ha MPOU3BOJICTBE.
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Jluteparypa

[Tat. P® Ne 94763. Kanpymnonbabrii macc-ciektpomerp / A. I'. Ky3emun. 15.12.09.
N3mepenune koddduimenta erouHoro razoooMena Bo Bpems anectesuu / A. HO. Enmmzapos,
A.T. Ky3smun, A. B. Ilonexaes, 10. A. Turos, B. }0. Uepebusio // buomeauuuHckas pajauo-
anektponuka. M., 2015. Ne 8. 6. C. 10-15.

MeTo Macc-CIeKTPOMETPUIECKON IKCTIPECC-TUArHOCTUKHU 110 COCTABY BBIABIXAaEMOTO BO3IyXa
/ A. T. Ky3pmun, E. U. Tkauenko, JI. C. Opemiko, FO. A. Turos, A. C. banabanos // Meaurun-
ckuif akagem. xxypH. 2016. T. 16, Ne 4. C. 106—-112.

DKcrnpecc-IuarHocTuka 3a00JIeBaHUi 10 BBIIBIXa€MOMY BO3JyXy Ha OCHOBE KBaJPYIOJIbHOIO
Mmacc-ciektpometpa / JI. B. HoBukos, B. B. Mawnoiinos, A. I'. Ky3smun, 0. A. Tutos,
. B. 3apyukwuii, A. O. Hedenos, A. B. Hedenoa, A. 1. ApcenneB // Hayu. mpubopoctpoe-
Hue. 2020. T. 30, Ne 4. C. 94-105.

Macc-creKTpoMeTpuiyeckie MCCaeI0BaHusl COCTaBa JETYYHMX OPraHMYECKUX COCIUMHEHMM, BbI-
JeNseMBIX pa3IMYHBIMU BuaaMmu rpuboB poga Lecanicillium / A. I'. Ky3smun, FO. A. Turos,
I'. B. Mutuna, A. A. Yornokosa // Hayu. mpubopoctpoenue. 2021. T. 31, Ne 4. C. 71-78.
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TEXHOJIOI'US JIEHI'MIOPA JIUISA AHAJIN3A
BUOJIOI'MYECKHN AKTUBHBIX BEHIECTB

S1. K. Kaauuns'', A. C. Fnaz[qyxl’z, E. IT. TTogonbckas

' Hayuno-xnunuueckuti yenmp moxcuxono2uu um. akao. C. H. onuxoea ®edepanviozo
Meduxo-buonoeuveckozo aceumemea Poccuu, Cankm-Ilemepoype, 192019, yn. bexmepesa, 0. 1
2Canxm-Ilemepbypeckuii 2ocyoapcmeennniii ynusepcumem, Canxm-Ilemepbype, Poccus
3 Uncmumym ananumuyeckozo npubopocmpoenus PAH,
Canxm-Ilemepbype, 198095, yn. Heana Yepnuix, 0. 31-33, ium. A
*kln.yana.k@gmail.com

Texnonorus JIeHrMiopa, OCHOBaHHAsl Ha MOMYYEHUH MOHO- WJIM MYJIbTUMOJIEKYJISPHBIX TLIe-
HOK aMpUuPUIBHBIX COSJIMHCHUN Ha TpaHMIle pa3zaeiia a3 KHIKOCTh—BO3AYX C MOCISAYIONUM HX
MIEPEeHOCOM Ha TBEPIYIO MOAJOKKY, aKTUBHO MPHUMEHSETCS B ANEKTPOHUKE, ONTHUKE, MPUKIATHON
XMMHWH, METUIIMHE U T. 1. AIanTanus TEXHOJIOTUH TIOIYYEeHUSI MOHOCIIOEB K TOIyc(hepudecKon mo-
BEPXHOCTH KaIlJIM TMO3BOJISIET TOTy4YaTh MOHOMOJIEKYJSIPHBIE CTPYKTYPbl HEMOCPEICTBEHHO Ha
TBEPIOW TOMJIOKKE, B KA4YeCTBE KOTOPOH MOMKHO HCIIOJNB30BaTh MUIIEHb [UII MaTpPHYHO-
aKTUBHUPOBAHHOM Ja3epHoi necopounu/uonuzanuu (MAJIJIN), ymnpomias Tem caMbiM mpoOOnoaro-
TOBKY mepel Mmacc-cnekrpoMerpuueckuM (MC) aHanmuzom, cokpaiasi 00beM HCIONIb3yEMbIX pea-
TeHTOB U MOBBIIIAS YYBCTBUTEIHHOCTh METO/Ia. bbIIIO MOKa3aHO, YTO MPH HAHECEHUHU PacTBOpa CTe-
apUHOBOI KHUCIIOTHI B H-T€KCaHE Ha KAaIlJII0 BOJAHOIO pacTBOpa COJNM MeTajuia oOpa3yeTcsl KoJular-
CUPOBaHHBIM MOHOCIION, UIEHTHUYHBIN MO cTpykType mieHke Jlenrmiopa. [lomydeHHbie MOHOCIION
OTBEYAIOT BCEM TPeOOBAHMSAM, MPEIBIBISAEMBIM K MeTaul-apGUHHBIM copOeHTaM, TIpU ITOM, U3-
MEHsIs METall B COCTaBe BOAHOM cyOda3bl, MOKHO PETyJIUPOBaTh CPOACTBO K PA3IUYHBIM (PYHKIIU-
OHAJBHBIM TPYIIaM, BXOAAIIMM B COCTaB aHaJIUTOB. Hamu ObUIO MOKa3aHO, YTO MCIOJIb30BAaHUE
pacTBopa HUTpaTa JaHTaHa B KauecTBE BOJHOHN cyO(da3bl Mo3BOJIAET MOMyYaTh MeTaul-ahppuHHBIC
copOeHTBI, MPOSBIAIONINE creM(PUYHBIE CBOMCTBA K aToMaM xJyiopa. [Ipu MCronb30BaHUM CTPYK-
Typ, COCTOSIMX M3 6 MOHOCJOEB cTeapaTa JiaHTaHa, YJaJloCh HMPOBECTH AKCTPAKIMIO aJJTyKTOB
XJIOpCOAEPKAIMX KCEHOOMOTUKOB C TIIOOMHOM YeJIOBEKa, IIPUYeM Ipeaest 0OHapyKeHUs aJlTyKTOB
MOXET cocTaByATh 110 1:12 000 (MOIBPHOE COOTHOIIEHHE KCEHOOMOTHKA U OeKa).

C npyroii cTopoHBI, HCHOJB30BAaHUE PAcTBOpa aneTrara Oapusi B KauecTBE BOJHOM cyOda3zbl
MO3BOJISIET MIPOBOJIUTH JIEPUBATH3AINIO CBOOOTHBIX )KUPHBIX KUCIOT (CXKK) ¢ oOpazoBanuem Gapue-
BbIX couieil HenocpeactBeHHO Ha MAJI/I-mumenn. COKK xapakTepu3yroTcs III0X0H ClIOCOOHOCTHIO
K MOHM3AIIMH, YTO CHJIHO 3aTpyJHsET aHajlu3 JAHHOTO Kilacca coequHeHui ¢ npumenenuem MC c
MATKHUMU METOJaMU MOHU3ALIMHU, TIPU 3TOM HCIIONb30BaHUE CTaHAapTHBIX MaTpull At MAJIJIU npu-
BoauT K mepekpriBanuio curHanoB COKK curnamamu matpudsbsix nmukoB. [lomydenne GapueBbIX co-
Jel KHUPHBIX KHUCIOT CIIOCOOCTBYET, BO-TIEPBBIX, MOBBIIICHUIO YyBCTBUTEIFHOCTH aHAU3a 32 CUET
YBEJIMUEHUS BBIX0/1a HOHOB, BO-BTOPHIX, caBuraeT CXKK B o6macts 601bIIMX Macc.

C ucnonbp30BaHUEM MPEITI0KEHHOTO0 MeTo/1a OblIa MpoBeeHa MeTauT-ad(pUHHASL SKCTPAKLINS
aJTyKTOB TJI00MHA YeJIOBeKa C MPOAYKTaMU OKUCIICHUS TUKIo(eHaka, a Takke mpoduiupoBaHue
cocraBa u uaentTudukanms CXKK B o0pasmax OMoJoruueckoi mpuposl.

Takum 00pa3om, TexHosorus JIeHrmMiopa, mepeHeceHHas ¢ IMIOCKOM MOBEPXHOCTH Ha chepu-
yeckyro (karuo) Ha moBepxHocTd MAJIJIV-Mumienn, mo3BOJsieT CYNMIECTBEHHO PACHIMPUTH 00-
nacts npuMmeHeHuss MAJIJIU-MC. OnucanHblii TOAXO0/ MO3BOJISET JOOMBATHCS BHICOKOW YyBCTBH-
TEJHHOCTH aHaJN3a MPYU MHUHUMAIBHBIX 3aTpaTaX KaK pEearcHTOB, TaK U aHAIUTA, a TAKKe OTINYa-
€TCsl HKCIPECCHOCTHIO M IPOCTOTOM BhINMONHEHUs. [IpenoxkenHas MeTouKa MOXKET UCIOJIb30BaTh-
Csl TIpH MTOMCKE OMOMAapKEpOB Pa3IMUHBIX 3a00JIEBAaHUM MIIM MHTOKCHKAIMHA, B (papMalieBTHYeCKUX
HCCIIEIOBaHMX, a TAKXKE /ISl KOHTPOJIS Ka4eCTBA MUIIEBBIX MPOTYyKTOB.
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AHAJIMTHYECKASI MUKPO®JTIOUIUKA BHOJIOT'MYECKHUX ITPOb
B CJUEAYIOINEM ITIOKOJEHUU UBMEPUTEJIEN ’KUBOU INTPUPO/1bI

I1. 1. Benoopos”

Cubupckutl ¢hedepanvuviii ynusepcumem, 2. Kpacnosipcx, 660041, np. Ceo600nwiii, 0. 79
* peter.belobrov@gmail.com

OCHOBHBIM METOJIOM B ’KHMBOHM IIPUPOJIE, KOTOPBIM OJHA KJIETKA U3MEpsIeT caMa cedsl, Ipyrue
KJICTKH, TKAHU U BECh OPTaHU3M, SIBJISIETCS IOCTOSHHOE UCIYCKAHUE U TOTJIONIEHHE BHEKJIETOYHBIX
Be3UKy1. OXujaeMoe Co3/1aHue aHAIUTHYECKOro MPUOOPOCTPOEHHs Ha Oa3e 3TOro METO/a CTaHO-
BUTCSI BO3MOXKHBIM Ha MHUKPO(DIIOMAHBIX MIaTdopmMax, e HCIOIb3YIOTCS OMOJIOTHYECKHE MEph
JUIS aHAJIN3a KUBBIX KJIETOK B OMOJIOrMYECKHX NepeMeHHbIX. [IpUHIUMNBI aHATUTUYECKOW MHUKPO-
(GIIONIUKY B IPUPOJIE paHee pacCMaTpUBAINCh KpaTko B [1].

buonornueckas mpoba — 3TO JaleKo HE >KMBas KJIETKa, T. K. JIF0Oasi KJIETKa mepecraeT ObITh
KHUBON M CTAHOBUTCS HEKUBBIM (TIOJTY>KUBBIM, YMHUPAIOIIUM) OOBEKTOM, KaK TOJIBKO OHA W3BJICUYEHA
13 OMOJOTUYECKOW TKaHW. DTOT NMPHUMEP YIAYHBIA KakK JJIs ONpenesieHrss OMOJIOTHYECKON TPOOHI,
TaK YU JUIS U3y4YEHHs NIepEXO0/I0B KHUBasi—HE)KMBasi KIIETKA, JJISl MOHUMAHUs HENPEPHIBHOCTH HHUTHU
KHU3HU U 71 aHaJIM3a Beel MpoOIeMaTHKH KIIETOYHBIX JIMHUHN U KyJIbTYp B MUKPO(IIIOUIMKE.

B Ouonoruueckux nepeMeHHbIX HE CYIIECTBYET 3JIEMEHTAPHBIX COOBITHI, BCe COOBITHS U BCE
00BEKTHI (KJIETKH, TKAHW, OpTraHbl) UMEIOT COJAEpI)KaHWe, MPEABICTOPHIO, TIPONUIoe U Oyayliee B
HacleayeMoM reHomMe. [103ToMy TONBKO YHMCIIOBBIE XapaKTepUCTHKH (quantity) HEJOCTATOUHBI IS
CO3JIaHMsI TOYHOTO 00pa3a KUBOW KJIETKU B YCJIOBHUAX BBICOKOH pa3MEPHOCTH KUBOT'O COCTOSHUS U
OTPaHUYEHHOTI'0 BPEMEHH XM3HU B MUKpodtonaHoM uure. KonndecTBeHHast MeTposorusi padora-
€T C HOMUHAJIbHBIMU CBOMCTBaMU (Ka4eCTBEHHBIMH NIEPEMEHHBIMH), TOJTHOIIEHHOE MCTIOIb30BaHUE
KOTOPBIX BO3MOXKHO TOJIBKO ITPH BBEAECHUHU O0Pa3HbIX (KAPTUHOYHBIX) YCIOBHBIX MEp. Y CIOBHOCTh
(OTHOCUTETBHOCTH) OMOJIOTHUECKUX MEp PEaTM3yeTCsl ¢ MOMOIIBIO IIaT(opM, Tie MBI H3MepsieM
XapaKTEPUCTUKH BCTPOCHHBIX B YMIT KJIETOK OTHOCUTEIBHO OJTHOTO MUKPO(IIOMIHOTO U3MEPUTEIS.
«M3MepeHne KapTHHKaMI) Pealin3yeTcs ¢ MOMOIIBIO0 JOCTATOYHO XOPOIIO pa3paboTaHHOTO aHAIU-
3a 00pa3oB (image analysis).

Jlsisi MOHMMaHUsT OTBETOB Ha BONPOCH: «YUTO MBI m3MepsieM?» u «UTo ciemyer u3Mepsars?»
OCHOBaHHBIMH Ha 00pa3zax Mepamu (image-based measures) pacCMOTPUM MOKa3aTeIbHbIE IPUMEPHI
KITIOYEBBIX TEXHOJIOTUH TEHOMUKH OTJIEJIBHBIX KJIETOK, KOTOPBhIE HCIOIB3YIOTCS IS MPO(UIHpPOBa-
HUS KJIETOK WJIM KJIETOYHBIX SIJIep YeloBe4ecKoro tena [2]. BoabIMHCTBO U3MEPUTEIBHBIX TEXHO-
JIOTHH SIBJISIOTCS YHUMOJAIBHBIMHU, OXBAThIBAasi MOJICKYJISIPHBIE MOJAIEHOCTH, TAaKUE KAaK SMUTEHO-
MHKa, TPAHCKPUIITOMUKA M MPOTEOMHKA, U3 CYCIIEH3UHN OTJENIBHBIX KIETOK WM siaep. TexHonorun
MPOCTPAHCTBEHHOW «OMHKH» MOTYT MPO(HINPOBATH TPAHCKPHUIITOM W/WIIA TIPOTEOM B Cpe3ax HH-
TaKTHOM TKaHHU, BCTPOECHHBIX B YUM. MyJbTUMOJANIbHBIE MTOAXO/bI, Takue Kak Multiome u kierou-
HO€ WHAEKCHPOBAHUE TPAHCKPUNITOMOB M 3MUTONOB myTeM cekBeHupoBanus (CITE-seq), moryt
OJTHOBPEMEHHO 3aXBaTbIBaTh HECKOJBKO MOJAIBHOCTEH M3 OAHOM KIETKM wid sjapa. Multiome
¢bukcupyer m3mMepeHus Kak cekBeHnpoBanue ogHosiepHoir PHK (snRNA-seq), Tak u ogHOKIIETOU-
HBI aHaJIU3 JOCTYIHOIO JUIsl TPAHCHO3a3bl XpoMaTHHA ¢ cekBeHupoBaHueM (scATAC-seq), Torna
kak CITE-seq ¢ukcupyer nm3mepenust cexkBeHnpoanue omgaokiaerounoir PHK (scRNA-seq) u Gein-
KOBBbIE MapKephl U3 OJHOM M TOW e KJIETKU. DTH METOJIbl BMECTE C MPUMEHEHUEM KOJMPOBAHUS
unaekcanueit (CODEX), pacmienieHuss OJMHOYHBIX KJIETOK TOJ MHIIECHAMH W MEUEHUS
(scCUT&Tag), MyabTUILIEKCHON BHU3yanu3auuu HoHHOro myudka (MIBI) u GucynsdurHoro cexse-
HUPOBAHUS OTIEIBHBIX KJIETOK (scBS-seq) mo3BomnsioT co3marh mpaBuiibHBIM 00pa3 COBPEMEHHOM
aHAJTIUTUYECKOW MUKPOQIIIOUIUKY OMOJIOTHIecKuX mpoob [2].

BcerpanBanue Omonormueckux mpod B MHUKPO(DIIOWIHBIE YHITBI, KOTOPOE Ha aHTIUICKOM
*KaproHe B 3Toi ob6mactu HasbiBaioT «Programming Living Cell», «Programming Organs» etc.,
1o/ipa3yMeBasi Ipyu TOM HEKOTOPOE MEPENpOrpaMMUPOBAaHNUE )KUBBIX KJIETOK U OPraHoB B yure [3],
CTaHOBHUTCS CTPATErMYECKUM HalpaBI€HUEM MHUKPOQUIIOUIUKU OpraH-Ha-uyure. B nokmane OyayT
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paccMOTpeHBb! MOAPOOHO HECKOIBKO MHUKPOQIIOMIHBIX IIAT(HOPM IS «IPOrPAMMHUPOBAHUS HKH-
BBIX MaTepUaJIOB HA OCHOBE KJIETOK» clieays pabote [3], A7 U3MEHEHUs XapaKTePUCTUK Pa3BUTHUS
KJIETOK C TIOMONIBIO MHKEHEPHBIX HAHOMATEpHAJIOB [4] U Ap.

«KuBbIe» MUKPOTKAaHHU UCIIOJIB3YIOTCS BO MHOXKECTBE MPUIIOKEHHUH, TTOCKOJIBKY OHU OOJIbIIe
HallOMUHAIOT (U3HOJOTHUIO HATHBHBIX TKaHEH 1O cpaBHEHHIO ¢ 2D-kynbTypamu. MukpoTkaHH
OOBIYHO COCTOST M3 KOMOMHAIIMM KJIETOK U MAaTE€PHUAIOB B PA3IMUHBIX COUETAHUAX, KOTOPbIC TUK-
TYIOTCs TpeOOBAHUAMU K qU3aiiHy nmpuiaoxeHuid. O0JacTh UX NPUMEHEHHUs HIMPOKa: OT (QyHIaMEH-
TaJIbHBIX OMOJIOTMUECKUX HMCCIICAOBAHHM, TaKMX Kak UcclenoBaHue AU(QepeHIrpoBKH, A0 MPO-
MBIIIJICHHBIX NpUMEHEeHNH. OHAKO MX MEPEBOJ B IPOMBIIIICHHBIE U KIMHUYECKHUE YCIOBHS 3a-
TPYAHEH U3-32 OTCYTCTBUSI MacIITaOUPYEeMOCTH METOOB IPOU3BOACTBA MUKpOTKaHel. Hermpepris-
Hble MUKPOQIIIOUIHBIE MPOLECCHl AaI0T BO3MOXKHOCTh MPEOJOJIETh 3TO OTPAHUYEHUE, OCKOJIBKY
OHHU o0ecrieynBaroT 0oJjiee BBICOKYIO NMPOM3BOAUTEIBHOCTh MO CPABHEHUIO C TPAAMIMOHHBIMHU IIe-
PHOINYECKUMHU METOJIAMH, COXPaHss IIPU 3TOM BOCIIPOU3BOJUMBINA KOHTPOJIb HAJl COCTABOM M pas3-
MEpOM MHUKpPOTKaHU. B 3TOM 0030pe mpecTaBieH BCECTOPOHHUN 0030p COBPEMEHHBIX MOAX00B K
WH)XEHEPUU MUKPOTKAaHEH C aKIIEHTOM Ha MpEeHMYIIecTBa U HEOOXOAMMOCTb HUCIOJIb30BaHUS HE-
MPEPBIBHBIX MPOIECCOB ISl MPOU3BOACTBA MUKPOTKaHEH B OOJBIIMX KoindecTBax. B nokmane Oy-
JIET TIPEICTABJICH 0030p HEOOXOAMMBIX Pa3paboTOK Il 0OecTedueHrs] KPYIMTHOMACIITaOHOTO U3T0-
TOBJIEHNSI MUKPOTKaHEN € MCIIOJIb30BaHUEM HEMPEPBIBHBIX ITPOLIECCOB [5].

B snoxy perenepaTuBHON MeIMIIMHBI UCIIOJIB3YETCS OMOIOrHUecKasi, XuMUuecKas u ¢pusuye-
ckast TpaHcdexmus (npouecc BeereHus RNA/DNA B KJIETKH 3yKapHOT HEBUPYCHBIM MeTosioM). [Ipu
BHEJPEHUN MEXIUCIUIUIMHAPHONW OMOJOTHH U TEXHUYECKUX HAyK B TepaneBTUUYECKHE MOAXOJbI K
BOCCTAHOBJIEHMIO, 3aMEHE WJIM PETeHEpaluy KJIETOK, TKAaHEW WM OPraHoB AJIi BOCCTAHOBJICHMS
HapyuIeHHON (QYHKIIUU POXKJIAl0TCs HOBBIE MOJIX0/Ibl. briomMaTepuanbl Ha OCHOBE KJIETOK MPUBIIECKIIN
BHHUMAaHUE BCETO MMpA M3-32 UX MOTEHLUUAIBHOI'O IPUMEHEHHUSI B PET€HEPALINN U UHKEHEPUH TKa-
Hel. beimu pa3paboTanbl pa3nIuyHble THUIBI KJIETOYHBIX OMOMAaTEpHUaIoB, BKIKOYAs OTACIbHbIE KIIET-
KH{, KJIETOYHBIE TIOJIMMEPBI, KIIETOUHBIE JIUCTBI, OPraHOMIbI U OpraHsl [6].

[lpu coznannm MHXKEHEPHBIX «OKUBBIX» MarepuanoB (Engineered Living Materials — ELM)
aKTUBHO ucmonb3yercss 3D-O6uoneuars. J{M3ailH MHXKEHEPHBIX «KUBBIX» MaTepuanoB ELM — sto
pa3BuBaroIasicsi 001acTb, OCHOBAHHAs HA MPUHIMUIAX CHUHTETHYECKOW OMOJIOTMU M MaTepHuajioBe-
nenusa. ELM npencraBnsior co6oii 00beMHbIE MHOIOKOMIIOHEHTHBIE MaTepUalbl, KOTOphIe code-
TAlOT B ce0e CBOMCTBa CAaMOBOCCTAHOBIICHHSI M TTPUCIIOCOOIISIEMOCTH OpraHU3Ma ¢ pa3paboTaHHBIMU
(U3NKO-XUMHUYECKUMH WM MEXaHUYECKUMHU CBOMCTBAMU AJIi (PYHKLIHMOHAJIBHOTO NMPUMEHEHUS B
Pa3IUYHBIX 00JIACTAX, BKJIIOYAsl TEPAIUIO, MIEKTPOHUKY M apXUTEKTypy. Cpeau MHOTHMX METO/0B
poeKTHUpoBaHus U npousBoactBa ELM tpexmepHas (3D) Ouoneyars BbIIENIAETCS CBOMM TOYHBIM
KOHTPOJIEM HaJl CTPYKTYpPOM U3rOTOBJIEHHBIX KOHCTPYKLUH U IPOCTPAHCTBEHHBIM paclpe/IeIeHuEM
KJeTokK. B 0030pe [6] cymMMupoBaH nporpecc B 3Toi 061acTy, BEIOOP THUIIA KJIETOK U MaTepHajoB, a
TaKke rmocieanne npuMeHneHust 3D-Ononevarn st npousBoactBa ELM, a Takke WX MpeuMyIie-
CTBa U OTPAHUYEHUS, C HAAEKA0H yriayOuTh Hallle IOHUMaHKUE U 1aTh HOBOE MIPECTABICHHE O KOH-
crpykimu ELM. Cuautaercs, urto 3D-0ronedaTs cTaHET Ba)KHBIM HAIIPABICHHEM PAa3BUTHUS U BHECET
00JIbIIION BKJIAA B 3Ty 001acTh [7].

Tabmuua 1. CpaBHeHMe yKcaa OMyOJIMKOBaHHbIX cTaTeil no 3D/4D-0HONpUHTHHTY

KnroueBoe ci1oBo Konmnuectso crateit B Google Scholar
Bcero B 2000 B 2010 B 2020 B 2022
"3D bioprinting" 30 300 43 128 4 630 4 800
"4D printing" 12 600 2 17 2060 2890
"4D bioprinting" 1 340 1 5 240 327

Caymarensm Oynet pacckazaHo o 4D-nedaTtu, uziess KOTopoi Obuia BIEpBbIe IpesacTasieHa 10
JIeT Ha3a/1 U BbI3BaJia OecrpeleIeHTHbIN HHTepec. MeToa ocHOBaH Ha TexHosioruu 3D-neyatu, HO Tpe-
OyeT JONOJIHUTENBHBIX CTUMYJIOB U MaTE€pUaIOB, PEarnpyroIUX Ha CTUMYJIbI, KOTOPbIE BECbMa YCIIOB-
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HO Ha3bIBAIOT <OKUBBIMI». Ha OCHOBE OmpeesieHHbIX MEXaHU3MOB B3aUMOJICHCTBHS MEXKITy CTUMYJIOM
U MHTEJUIEKTyalIbHBIMM MaTepHaIaMi, a TAKXKE COOTBETCTBYIOIIETO IIPOEKTUPOBAHUS CIIOKHBIX CTPYK-
TYp Ha OCHOBE MaTeMaTHYEeCKOro MOojenupoBaHus 4D-neyaTHble CTPYKTYphl pa3BUBAIOTCS B 3aBHUCH-
MOCTH OT BPEMEHHU U JIEMOHCTPUPYIOT «pa3zymMHoe» noseaeHue. B omimune ot 3D-nevatu 4D-neuats
3aBUCUT OT BPEMEHM, HE 3aBUCHT OT TPHUHTEpa, MpeJckadyemMa W HalleleHa Ha 3BOJIIOLUI0 (op-
MBI/CBOMCTB/(DYHKIIMOHATIBHOCTH. DTO TO3BOJISIET OCYILIECTBISATH CaMOCTOSTENBbHYIO COOpPKY, MHO-
royHKIMOHAILHOCTh M CaMOCTOSTENIbHBIN peMOHT. B fokmane Oyner mpeacrasieH 0030p mpoiiecca
4D-neyatyt ¥ 000OIIECHBI TPAKTUYECKUE KOHLIEIIMKN M CBA3aHHBIC C HUMU HHCTPYMEHTBI, KOTOPBIE HT-
paroT BaXKHYIO pOJib B MUKpO(IIOUINKe 3T0i obnactu [8]. MaTtepuanbl «CTUMYII-PEAKIHsDy UIParoT
pelamlyo poib B oOTHoweHMH 4D-nedatu. Pearupyromme Ha CTHUMYJIBl  XapaKTEPUCTHKH
4D-neyaTHBIX KOMIIOHEHTOB B OCHOBHOM 3aBHCST OT CBOMCTB MCIOJIb3YEMbIX MAaTepHAaJIOB, pearupyro-
[IMX Ha CTUMYJIBI,  TAKKE UX KOMOWHALIMK U PACTIONIOKEHUSI B TPEXMEPHOM IpocTpaHcTBe. OIHAKO 110
CHX TMOp ObUTO pa3zpaboTaHO JIUIIIb OTPAaHUUEHHOE KOJIMYECTBO MAaTepUalioB, PearupylouxX Ha pa3ipa-
xutend, g 4D-medatd, YTO CHIBHO OrpaHMYMBAECT HCIOJNB30BAaHHE MPHUKIATHOTO MOTECHIHANA
4D-neuatu. Takum 00pa3oM, UyBCTBUTEIbHBIE K pa3fApakuTesIM Marepuansl i 4D-nedat ctanu
KJTFOUEBBIMU HATPABJICHUSIMU UCCIIEIOBAHNH B HAYYHBIX KPyTaX M MHKEHEPHbIX o0nacTsx [9].

3aBepIuaeTcs OKJIaj] IPUMEPOM HEJABHO CO3/IaHHOTO UAEaIbHOTO MOJTHOCTHIO NepecTpanBa-
emoro (reconfigurable) MUKpO(IIOMIHOTO YCTPOWCTBA, KOTOPOE MOXKET AMHAMUYECKU W3MEHSThH
CBOIO (opMy U (PYHKIIMOHMPOBAHUE, MO3BOJISAS HACTPOMTh MUKPOMACIITAOHBIM 3KCIIEPUMEHT, J1a-
0L BO3MOYKHOCTb HUCCIIEI0OBATEINIO IPUHUMATD PELICHUS B pealibHOM BpeMeHu [10].
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OIIBIT PABPABOTKHN U BHEJIPEHUS IOPTATUBHBIX ITUAT'HOCTHYECKHUX
CHUCTEM JIJIS1 BBISABJIEHUA BO3BYIUTEJEN HHOEKIIMOHHBIX
3ABOJIEBAHUI METOJIOM U30TEPMHUYECKON AMILIM®UKAILIUA
HA ITPUMEPE AHAJIN3ATOPA «U3ACKPUH-8»

. B. Bacmanos”, K. A. TIpycakos

DedepanvHoe 2ocyoapcmeenHoe 0100xcemHuoe yupedicoenue « DedepanvbHulil HAYYHO-KIUHUYECKULL
yeHmp QuuUKO-Xumuueckou meouyunvl PedepanrbHoco MeouKo-oU0I02UYEeCK020 A2eHMCmaEay,
Mocksa, 119435, yn. Manaa Ilupocoeckas, 0. 14
* dmitry.basmanov(@niithm.ru

CeroiHsi BO MHOTUX CTpaHaX IMPOBEIECHUE MOJIEKYJIIPHO-T€HETUYECKOT0 TECTA, I03BOJISAIOLIE-
IO YCTaHOBUTH (PaKT MPUCYTCTBUA B MPOOE F€HETUUECKOr0 MaTepuaia BO30yIUTeNs, BISETCS He-
00X0UMOM TPOIEAYPOH [JIsl TIOCTAHOBKM JHMAarHO3a KaK ¢ MEIUIIMHCKOM, TaK U C IOPUAHUYECKOM
touku 3penus. [lannemust koponosupyca SARS-Cov-2 BeIsiBHIIa HEOOXOIUMOCTH IPOBOJUTH TaKHE
aHaJU3bl B SKCIIPECC-PEKUME U B IIOJIEBBIX YCIOBUAX». [l yIOBIETBOPEHUS 3TOM NOTPEOHOCTH
IpymnIoi pa3paboTuynKoOB OBLI CO3/1aH MOPTATUBHBIN aHanmu3aTop «M3ackpuH-8». ITOT MpudOp 1mo3-
BOJISIET IIPOBOJUTEH MOJIEKYJIIPHO-TEHETUYECKUI TECT METOJOM IETIEBOM N30TEPMHUYECKON aMILIN-
(buKanuu ¢ JIeTeKIel B «peaJbHOM BpeMeHW». AHalIM3aTop COBMENIAaeT B cebe PpyHKIMM mpenu-
3MOHHOT'O TEPMOCTaTa M BBICOKOUYBCTBUTEIBHOIO JETEKTOpa (IyopecUeHTHOro u3nyudeHus. Kpo-
Mée TOro, MpuOOp UMEET BCTPOECHHYIO aNIapaTHYI0 BO3MOXHOCTh MPOBEIEHHSI SKCTPAKI[MH T€HETH-
YeCKOro MaTepuasia u3 OHMOJOTHYECKOW MPOOBl TEPMOKOATYIISIIMOHHBIM MeToaoM. IletneBast u3o-
TepMHUUECKasd aMILUTM(UKALNS — OUH U3 MEPCIEKTUBHBIX U aKTUBHO Pa3BUBAIOIIMXCS METO/IOB aM-
IIA(UKALUU HYKJIEHHOBBIX KHCIOT KakK JUIsl HAy4YHBIX MCCIIEOBAHUM, TaK U Ul IUAarHOCTUKU MH-
(dexmoHHBIX 3a00seBannii. KiroueBoit 0COOEHHOCTRIO 3TOTO METOAA SBISETCS BOZMOXKHOCTH IPO-
BOJIUTH aMIUTM(UKAIUIO TIPH TIOCTOSSHHON TEeMIIepaType, YTo, C OJHOW CTOPOHBI, TIO3BOJISIET COKpPa-
TUTb BpEMs MIPOBEJICHUS aHaIM3a Mo cpaBHeHUIO ¢ MeTonoMm IILIP, a ¢ 1pyroi cTopoHsl, IPUBOAUT
K YNIPOLICHUIO TPUOOPHOH 6a3bl. J{Jsl JeTeKIMK KOJUYECTBa MPOAYKTOB M30TEPMUUYECKON aMILIH-
¢buKkanuy B JaHHOM pa3pabOTKe MCIOIb3yeTCs perucTpanus GuyopeclieHTHOIO U3JIy4eHHs] HHTep-
KaJIUPYIOLIEro KpacuTess B cnekTpaibHOM auana3zoHe 520...560 um. Ananuzarop «M3ackpun-8»
MO3BOJISICT OJTHOBPEMEHHO IPOBOIUTH aMIUTH(PUKAIMIO W JeTeKIuio B 8 cranmaptHeix [1L[P-
npobupkax kKoHycHou popmer oobemom 0,2 mki. [IpubGop ocHamieH AByMs HE3aBUCUMBIMU TEPMO-
cTaTaM¥ aMIUTM(UKALNKU, B KOKIOM U3 KOTOPBIX PACHOJIOXKEHBI 4 HE3aBUCHMBIX CJIOTA JETEKIIUU.
Takast KOHCTPYKIHUsI OOYCIIOBJIEHA TEM, YTO JJISi MPOBEICHUS JTOCTOBEPHOTO M BAIHIMPOBAHHOTO
aHaJM3a OJHOBPEMEHHO ¢ aMIUTMpuKaIuei 61uonornyeckoi mpoOsl, B 3aBUCUMOCTH OT Habopa pea-
TeHTOB, YaCTO HEOOXOAMMO MPOBOJUTH aHAIU3 HECKOJIBKMX KOHTPOJIBHBIX pacTBOPOB. Takas KOH-
CTPYKLHMsI aHaJIu3aTopa IO3BOJSET OJHOBPEMEHHO IPOBOJAUTH BaJIMIMPOBAHHBIN MOJEKYJISIPHO-
TeHETUYECKUH aHaJIu3 MUHUMYM JABYX IIPO0.

Takum o0Opa3oM, CO31aH KOMIAKTHBIM, MOOWIbHBIN, UyBCTBUTENIbHBIN aHAIN3aTOP, KOTOPHII
IpoIea Bce HEOOXOJUMbIE TEXHHYECKHE M KIMHUYECKUE HCIBITAHMA, MO pe3yJsibTaTaM KOTOPBIX
npuOOp MOJIyYMJT PETUCTPALIMOHHOE YAOCTOBEPEHHE HAa MEIUIMHCKOE M3Jeine «AMIUH(UKaTop
nzorepmuueckuil «M3ackpuH-8» N7 BBISBIECHUS HYKJIEMHOBBIX KHUCJIOT C JAeTeKIueil (iayopecuen-
UM B peasbHOM BpeMeHW» (PY @DenepanbHoll ciaykObl 1Mo Haa3opy B cdepe 3ApaBOOXpaHEHUs
Ne P3H 2022/17322). Takxke B ®PenepanbHOil ciy’k0e MO MHTEUIEKTYaJbHOH COOCTBEHHOCTH Ha
aHaJIM3aToOp TOJYYEHBl MATCHTHI Ha IIOJE3HYI0 MOJZIeh W Ha MPOMBINUIEHHBINH obpaser [1, 2].
«M3ackpuH-8» MOXET UCIOJIb30BaThCs € pa3IMYHbIMU HaOOpaMU PEareHTOB AJIs U30TEPMUYECKOM
amMITuGUKay (C pa3InYHBIMH TECT-CUCTEMaMH) U MOXKET NMPUMEHSATHCS JUISl JTUATHOCTHKHU Kak
COVID-19, tak u apyrux nHOEKIIMOHHBIX 3a00IeBaHUH.
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Jlureparypa

[Tar. Ha nmone3nyro Mozaenb Ne RU210215U1. Ananuzatop Uit OpOBEAEHUS M30TEPMUIECKON am-
MpHUKaluy HyKJIeHHOBBIX KucioT / A. B. Mesun, C. A. Haymos, K. A. IIpycakos, K. A. Haza-
penko, K.I'. AnmapoB, M. H. baxyroB, A. }O. Haymos, E. H. Unsuna, B. M. T'oBopyH,
/1. B. bacmaHoOB.

[Tat. Ha mpombmuteHHbId o0paszer; Ne 130747. AnanuzaTop Uil IPOBEICHUS M30TEPMUUYCCKOM
ammmudukammy / A. B. Mesun, K. A. Hazapenko, C. A. Haymos, A. I1. Kansirun, /1. B. bacma-
HOB, B. M. ['oBOpyH.
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CPEJICTBA YIIPABJIEHUA IOTOKAMH XKUJIKOCTEN
B KAHAJTAX MUKPO®JIIOUJIHbIX IIPUBOPOB

B. B. Puizxkos !, B. B. Euencros !, A. B. 3sepes !, T. Koncrantunosa !, JI. A. baknbikos 2,
E. C. Jlotkos "2, P. I1I. Anu6ekos !, A. K. Kyryk !, E. C. Kpacko !, A. P. Anekcanapos 2,
A. A. Bap6amesa !, I1. . Pasannes !, U. A. Prokuxos !, M. A. Poguonos !

YMITY um. H. 3. Baymana, Mockea, 105005, yn. 2-a Baymanckas, 0. 5, k. 1
>2@I'VII « BHUHA», Mockea, 101000, Mocnoumamm, a/s 918
* vv.rizhkov@gmail.com

JlaGopatopus Ha uune (JIHY) cocraBisier OCHOBY MOPTATUBHBIX aHAIUTHYECKUX CHCTEM HO-
Boro nokxosieHus. JIHY nmo3pomnser ynpasisaTh MHOIOCTYNIEHYaTBIMA XMMHUYECKMMH PEAaKIUsAMU Ha
MUKPO(DIIONIHOM YHUIIE, YTO TPeOYeT HAJEKHOTO U TOYHOTO MHCTPYMEHTA JJIsi KOHTPOJIS TIOTOKOB
KUIKOCTEH B MUKPODIIOMIHOM yCTPONCTBE.

Haubonee vacto g 3THX Iefell NPUMEHSIOT MEPUCTAIBTUYECKHE HACOCHI, INMPULIEBBIC
Hacocel U KoHTposuieps! aasieHus (KJI) ¢ oraensHbIMU ceHcopamu noToka. HInpunessie Hacocs
IIMPOKO HCIOJIB3YIOTCS B MUKPO(DIIOMANKE M3-3a UX MPOCTOTHI B IKCIUIyaTallMd U CIIOCOOHOCTH
HanpsMyI0 KOHTPOJIHUPOBAaTh OOBEMHYIO CKOPOCTh IOTOKA. TeM He MEHee CyIIECTBEHHBIMH HEIO-
CTaTKaMU TaKUX CHCTEM SIBJISIFOTCS BBICOKOE BpeMsl OTKJIMKa M (UIyKTyauuu noroka. [lepucranbru-
YeCKHe CUCTEMBbI TaKXKe YIOOHbI B MCIIOJIb30BaHUH, HO HU3Kas TOUHOCTh U CUJIbHBIE ITyJIbCALIUU TO-
TOKa JKUJKOCTH CYIIECTBEHHO OIpaHHUYMBAIOT oOyacTh ux npuMmeHenus. KJI ¢ cencopamu moroka
o0ecrneynBaroT BBICOKYIO TPOM3BOAUTEIBHOCTD U IUIaBHBIM MOTOK. OHAKO AJIs NOJKIIOYEHUS AaT-
yrkoB noTtoka Kk JIHY tpebyrorcs moaBosme TpyoKH, KOTOpbIe JOOABIAIOT «MEPTBBI» 00beM, B
JeCATKH pa3 OOJbINNK, YeM BHyTpeHHH 00beM JIHY.

B noknane mpencraBieH MUKpO(IIOMIHBIA TerioBoi ceHcop motoka (MTCII), xoropsiit
MO>KHO MHTETPHUPOBATH B OMOCOBMECTHUMBIN MUKpodronHbid uur. Pa3zpadorannasiii MTCII otnm-
4aeTcsi BO3MOXHOCTBIO NMPOBEJCHUs 0e3MeMOpaHHBIX M3MEpPEHHH MOTOKa JKUAKOCTH B KaHaje U
TEXHOJIOTHEH «KPEMHUI-HA-CTEKJIE», UTO MO3BOJISIET MCIIOJIB30BaTh CEHCOP C arpeCCHBHBIMH OHO-
JIOTMYECKUMHM >KMJIKOCTSMU U Ipu BbICOKMX naBieHusx B JIHU. bosee Toro, TexHoNOrUs moaHO-
CTBIO COBMECTHMA C CEpUHHBIM IIPOU3BOACTBOM YCTPOMCTB. TeKyIas BEpCHsl CEHCOpa IO3BOJISAET
U3MEpSTh NOTOK B fuanaszoHe 2...30 MKJI/MUH ¢ TOYHOCTBIO 5 % OT U3MEPEHHOTO 3HAUCHMSL.

CeHcop npeaHa3Hauy€H JUIsl IIHPOKOrO CIEKTpa MEpEeOBbIX NMPUMEHEHUH, BKIIOYas aBTOMa-
TU3UPOBAHHYIO MMOATOTOBKY P00 Ha yuIe AJisi TeHOMHBIX HCCIEI0BaHUM, XpoMaTorpaduio Ha 4u-
e, FeHepalui0 MUKPOAIMYJIbCUN, MUKPOQIIOUAHBIE YCTPOUCTBA JUIsl HE(PTEXUMHUU, MEIULIUHCKNE
AQHAJIUTUYECKUE YCTPONCTBA.

BbaarogapHocTn

Pabora BbIMONHEHAa C HKCIOJIB30BaHHMEM MaTepuanbHO-TexHu4yecko 0as3pl LIKII Hayuno-
oOpa3oBatenbHOro 1eHTpa «PyHknuonansHble Mukpo/Hanocuctemsr» MI'TY um. H. O. baymana
(ID 74300).
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KAPMAHHBIN AMIININ®UKATOP JJIS1 BBISIBJIEHUS ITPOCTBIX MUIIEHUM
C. 10. Nayas", E. B. lopckuii

00O «Tpouyxuii unsceneprolii yenmpy, Mockea, e. Tpouyx, 108840, yn. Akademuxa ®@panka, 0. 16
* paul@trdc.com

Ha mpumepe mnannemMun KOPOHABUPYCHOW HH(EKIMH YEIOBEYECTBO OCO3HAIO BAXKHOCTD
OBICTPOrO U TOYHOT'O BBISIBIICHUS MTATOTEHHBIX OMOJOTHYECKUX areHToB. [Ipnyém nmopraTuBHbBIE CU-
CTEMbI B TaKOM Cilydae 00Ja/aloT MPEUMYIIECTBOM B CKOPOCTH IMPOBEACHHUS aHAIN3a, MPH 3TOM
MUHUMU3HUPYETCA KOHTAKT MOTEHIIUAIBHO HHPHUIIMPOBAHHOTO YeJIOBEKA C APYTUMHU JIIOJIbMHU.

B nacrosimiee BpeMs Ha phIHKE OMOAHAIMTUYECKOTO O00OpYyIOBaHMS HAONIOJAETCs PE3KUN
CKAauOK HOBBIX pa3pabOTOK B 00JIACTH MPUKPOBATHOW MUArHOCTUKH (aHIII. point-of-care testing —
POCT), xoTopble UCHONB3YIOTCS Uil OBICTPOTO BBISBICHUS ONPEACICHHBIX 3a00JeBaHUN BHE Ja-
6opartopun. [Ipu 3TOM MOI00HBIE YCTPONUCTBA HE TPEOYIOT BRICOKOKBATH(PUITUPOBAHHOTO TIEPCOHA-
7a sl paboThI C HUMM.

B 2022 romy B kommanuu «Tpouwikmii WH)XCHEPHBIH IIEHTp» OblIa pa3zpadoTaHa
MOJTyaBTOMAaTHYeCKas cuUcTeMma JUlsl mpoBeneHHst yckopenHoro ananmusza JIHK/PHK-mumeneit B
oOpasmax Ouomarepuana M3 CIW3UCTOM OOOJIOYKH HOCOTJIOTKH YEJOBEKAa C HCIOJIb30BAaHHUEM
KOJIOPUMETPUYECKOH HM30TEpPMaJIbHON aMIUTU(UKAIIMK, [O3BOJSIONICH MPOBOAUTH JAETEKIHUIO
MUIIEHEH BU3yallbHO B PEAIbHOM BPEMEHHU.

Puc. 1. [lonyaBTOMaTH4eckas cucrema,
COCTOAIIAA U3 KapTPU/PKAa U CTAHIIUN

[TomyaBrOMaTHyeckass cucTeMa COCTOMT M3 KapTpUpKa C peareHTaMH Uil aMIUTU(GUKALIH.
CaMm KapTpUIK COCTOUT U3 JABYX OCHOBHBIX KOMIIOHEHTOB: MUKPO(DIIOMIHON MIaT()OPMBI C JIHO-
(WIM3MPOBaHHBIMU pEAareHTaMH U JIEKTPOHHOM IUIaThl, KOTOPasi MPUKpEIieHa K MUKPOQIIIOUTHON
wiargopme. Tlocie B3sTHS Ma3Kka U3 HOCOTJIOTKH 30H]I-TAMITOH ITOMEIAETCsl B MPOOMPKY C PACTBO-
poM u oOpe3aercss WM BpalaeTcs B pacTBope Ha mpotsbkeHue 10...15 ¢, mocie yero yaansercs.
KunkocTs ¢ 00pa3oM MEPEHOCUTCS B KAPTPHUIK M CAMOTEKOM PACXOAMTCS 10 PEAKIIMOHHBIM JTyH-
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KaM, B KOTOPBIX PacroJ0KeHbl TUO(PUIN3UPOBAHHBIE PEeareHThl AJI1 NU30TepPMabHON aMITuuKa-
uuu. Kaprpux nmomemaercss B CTaHIMIO, IIOCIE YETO 3allyCKaeTcsl MPOLEcC U30TEPMAIbHON aM-

TUTU(PUKAUY, THIWKALKS pe3yIbTaToB KOTOPOU MpeAcTaBiiseT co00il N3MEHEHUE OKPACKH peakiiu-
OHHOM cMecH 3a cueT usmenenus pH [1].

I

T"

Puc. 2. TectupoBanue kapTpumKa

OCHOBHBIE TIPEUMYIIIECTBA CHCTEMBI:

1. BO3MOXHOCTB I€TEKTUPOBATh OT 1 10 6 MaTOreHOB B OJTHOM KapTpHJIKeE.
2. PesynbTat yxe yepes 20 MuH.

3. Cuctema He TpeOyeT BbICOKOKBATU(HUIIMPOBAHHOTO EPCOHAA.

4. Beicokuii ypoBeHb MOOHIIBHOCTH.

5. JlemeBr3Ha cHCTEMBI Ae€TaeT €€ JOCTYNHOM 11 IpUOOpETEHHMSL.

Jluteparypa

Nathan A. Tanner, Yinhua Zhang, and Thomas C. Evans Jr. Visual detection of isothermal
nucleic acid amplification using pH-sensitive dyes // BioTechniques. Febr. 2015. Vol. 58. P. 59-68.
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POINT-OF-CARE YCTPOUCTBA HA OCHOBE METOJ0B
ONTUYECKOM TKAHEBOH OKCUMETPUU

A. 0. 3aiinesa ", 1. B. Cugoposckuii 2, A. A. Uepeanukosa !, M. C. Masunr!

"Unemumym ananumuueckozo npubopocmpoenus PAH, Canxm-Ilemep6ype, 198095,
va. Meana Yepnuix, 0. 31-33, num. A
2UTMO, Canxkm-Ilemepbype, 197101, Kpoueepxckuii npocnexm, 0. 49, aum. A
* anna@da-24.ru

C yBenu4eHneM pUTMa )KM3HU BO3PACTAET aKTyalbHOCTh MCIIOJIb30BaHUS METOJIOB SKCIIpECC-
JIMAarHOCTHKH COCTOSIHUS 3/I0pOBbsl uejoBeka. Hambosblee npeanoyTeHne Nnpu peanu3alnuu Iua-
THOCTHKH (DyHKIIMOHAJILHOTO COCTOSIHUS YEJI0BEKA OTIAETCsl OECKOHTAKTHBIM METOAAaM, OCOOEHHO B
Clly4asiX MHAMBUIYAJbHOTO X MCIIOIb30BaHUs BHE MEIULIMHCKOTO yUPEXKIEHUS, TaK Ha3bIBAEMbIM
point-of-care yctpoiictBam [1].

AHau3 napaMeTpoB MHUKPOIMPKYJISAIUH SBISETCS HEOOXOIMMOM Mpoueaypoit U 00s3aTelb-
HBIM YCIIOBHEM [UI JJOCTOBEPHOM OLIEHKH TEKYLIEro (PyHKLIHMOHAIBHOTO COCTOSHUS 4YeJIOBEKa U
IIPOrHO3a Pa3BUTHUS MATOJIOIMUECKUX COCTOSHUN. B HacTosiee BpeMs A MCCIeA0BaHUS MUKPO-
LIUPKYJISIIAN aKTUBHO Pa3BUBAETCSI METOJ| ONTUYECKON TKaHEBOM OKCUMETPHH, KOTOPBIA coyeTaeT
B ce0e HEMHBAa3MBHOCTb M CPaBHHUTEIBHO HU3KYIO CTOMMOCTh. OJHAKO CYNIECTBYIOIIME TEXHUYE-
CKHE pealn3alii JaHHOTO METOJa BCe CIlE SBIAIOTCA HEHJCATbHBIMHU, YTO CYIIECTBEHHO 3aTpy/I-
HSET TOJIy4eHUE JOCTOBEPHOM MH(OPMAIIUK O MUKPOLUPKYJISIIUY U HE TIO3BOJISIET OLICHUTH o0I1Iee
COCTOSIHUE 3/10pPOBbSI YEJIOBEKA.

Jlnist perieHust pacCMOTPEHHBIX MpobieM Hamu Obliia pa3paboTaHa cuctema point-of-care s
HKCIPECC-TUArHOCTUKN COCTOSTHHSI 3[I0OPOBbS YeJoBeKa. B kauecTBe 0a30BOro MpWHIMIIA PaOOTHI
pa3pabaTbIBa€MOro anmnapaTHO-IPOrpaMMHOI0 KOMILIEKCa OblJ BHIOpaH HEMHBA3UBHBIN METO] ON-
TUYECKOW TKAHEBOM OKCUMETpPUH, (PU3UUECKHI NPUHLMUII pabOThl KOTOPOrO JIEKUT B pa3ivuyuuu
CHEKTPAJIBHBIX XapaKTePUCTUK Pa3IUUHBIX (OpPM reMorioduHa. Y cTpoilcTBO mpencTaBiseT coooi
MHOTOKaHaJIbHYI0 ONTHYECKYIO CUCTEMY CO BCTPOEHHBIMU MCTOYHUKAMHU W3ITy4EHUs, KOTOpas pa-
00TaeT B HMIMPOKOM JAMara3oHe onTuyeckoro usnydeHus ot 410 go 940 um. DOTONETEKTOpP peru-
CTpUPYET 00paTHOPACCESHHBIA B OMOJIOTHYECKUX TKAHSAX CBET, YTO MO3BOJISIET IPOU3BOAUTH U3MeE-
PEHMS Ha pa3HBIX Yy4acTKax yesoBedeckoro teia. Kpome Toro, Hanuume HECKOJIbKUX ONTHYECKHX
(OTOIETEKTOPOB B KOHCTPYKIMHU ONTHYECKOTO OKCHMETPa Ha Pa3HOM PACCTOSIHUM OT MCTOYHHUKA
MO3BOJISIET OLIEHUTh MUKPOLMPKYJIALUIO TKaHEH Ha pa3HOM IiyOHHE, YTO SBJIAETCS OOJBIIUM Ipe-
MMYIIECTBOM METOAMKH [2].

ITpu pa3paboTke cuctemsbl B paboTe MPUMEHSUIUCh KaK COBPEMEHHbIE HAYKOEMKHE TeXHUYE-
CKHE PEUICHHs, TaK U CIeIHUAIN3UPOBaHHBIE HH(POPMAIIMOHHBIE TEXHOJIOTHH, METOBI (aJITOPUTMBHI,
MoJienn) 00paboTKH U aHaiu3a JaHHBIX (B T. 4. IPUMEHSUIUCh COBPEMEHHbBIE METO/bl MAIIMHHOIO
oOyuenns). Takum 00pa3oM, CTPYKTYPHO ONITHYECKas CHCTEMa COCTOMT M3 JIByX OCHOBHBIX MOZY-
Je — BIIEKTPOHHO-CEHCOPHOIO (M3MEPUTENIHOr0) M HH(POPMALMOHHOTO (BBIYUCIUTEIBHOTO).
B kauecTBe BbluMCIUTENS (BHEIIHETO KOHTPOJUIEPA) MCIIOJIB3YETCS MEPCOHANbHBIA KOMIIBIOTED,
BBITOJIHAIONINN CIIeUaNbHO pa3paboTaHHbIE TPOrpamMMBbl Ui cOopa, XpaHeHUsI 1 00pabOTKH MHO-
TOMEPHBIX JIAHHBIX.

B skcnepuMeHTaIbHBIX UCCIEA0BAaHUIX YYacTBOBAJIM YEThIPE UCHBITYEMBIX BO3pacTa C Jua-
THOCTHPOBAaHHBIM JIMAaTHO30M «CaxapHbIi quabeT». 3MepeHns mpoBOAMINCH OJTHOBPEMEHHO JBY-
Msi MeToJuKamH. Mcnomb3oBaicss pa3pabOTaHHbBIM HaMU anmnapaTHO-NPOrPaMMHBINA KOMIUIEKC OIl-
THUYECKON TKaHEBOW OKCHMETPUH M HE3aBUCHUMBIH MEIHKO-OMOIOTHYEeCKH MeTol. B kadecTBe He-
3aBHCUMOT0 MeToJia OBl BBIOpaH TpaHcKyTaHHbIH okcumeTp Tina TCM4, onpeaenstomuil ypoBeHb
YPE3KOKHOTO HANpsHKEHHs Kucinoponaa. McmeityembiM Oblla MpeiokeHa (QYyHKIMOHATBbHAS
Harpyska B BUJI€ OKKJIIO3MOHHOM 1poObl. [IpoBoaunock Hab0AeHEe 32 BOCCTAHOBICHUEM TOHUYE-
CKOT'O COCTOSIHMSI COCYJIOB MPEATIIICYbSI.
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Pe3ynpTarsl aHanM3a MUKpPOLUUPKYJSALUN MO KJIACCUYECKONM MEIUIMHCKOW METOAMKE KOoppe-
JUPOBAIM C pE3yJbTaTaMU IPEII0KEHHOIO HAMHU ONTHYECKOIO aIlapaTHO-MPOrpaMMHOIO KOM-
IUIeKca. Y UCHBITYEMbIX Ha0Jt0Jallach pa3Has TEHAEHIMs B BOCCTAHOBIEHUN KPOBOCHA0XKEHUS T10-
CJIe OKKJIFO3UM, YTO CBUIETEIBCTBYET O Pa3HOM PEaKIMM OpraHuW3Ma Ha OKKJIIO3MOHHBIA CTpecc, a
TaKXe O MPOSIBIICHUH Y MCIBITYEMbIX Pa3HbIX TUIIOB MUKPOLMPKYJIALUH. TakuM o0pazom, pe3yib-
TaThl KCIIEPUMEHTAIBHBIX UCCIEI0BaHUN MOKa3anu 3((EKTUBHOCTh MPEATIOKEHHONH METOAUKU U
MO3BOJISIIOT PEKOMEHJ0BATh €€ NIl BBIABICHUS WHAMBUIYaJIbHO-TUIIOJOTHYECKUX OCOOEHHOCTEH
MUKPOILUPKYJISIIAN KPOBU M OLIEHKH 00IIero ()yHKIIMOHATIBHOI'O COCTOSHUS OpraHu3Ma 4elloBeKa.

baarogapHocTu

WccnenoBanue BeimonHeHo B paMmkax ['ocymapctBeHHoro 3amanus Ne 075-00280-21-00 mo
teme «HoBbIe OAX0BI K pa3paboTKe aHATUTHYECKUX CHCTEM HAa OCHOBE T€HETHYECKHX, (HU3MKO-
XMMHUYECKHX U IMMYHHBIX MeTOJ0B HccaenoBanus» CY HUP 0074-2019-0013.

Jlureparypa

1.  Development of a multi-sensor analytical trainable system for non-invasive evaluation of
adaptedness status of hazardous occupation specialists / A. Yu Zaitceva, L. P. Kislyakova,
Yu. Ya. Kislyakov, S. A. Avduchenko // J. of Physics: CS. 2019. Vol. 1400. P. 033022.

2. Monitoring of Oxygen Supply of Human Tissues Using A Noninvasive Optical System Based
on A MultiChannel Integrated Spectrum Analyzer / M.S. Mazing, A.Yu. Zaitceva,
Yu. Ya. Kislyakov, N. S. Kondakov, S. A. Avdushenko, V. V. Davydov // International J. of
Pharmaceutical Research. 2020. Vol. 12, Ne 2. P. 1974-1978.
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MUKPO®IIOUIHBIE IPUBOPBI U TIPOT'PAMMHOE OBECHHEYEHHE
IS UBMEPEHUSA ITAPAMETPOB BUOJTIOMUHECIHEHTHBIX PEAKIITUHU

H. A. Jlenncos”, K. A. Jlykesinenko, B. B. Copokun, A. C. AAxkumos, I1. U. beno6pos

Cubupckutl ¢hedepanvuviii ynusepcumem, 2. Kpacnosipcx, 660041, np. Ceo600mwiii, 0. 79
*d_ivan@mail.ru

Jlis pemieHus MpoOsieMbl OLIEHKH KaueCTBEHHBIX XapaKTEPUCTUK BOABI HAXOIUT MPUMEHEHUE
peareHT Ha ocHOBE (DepMEHTOB OHMOIIOMUHECIIEHTHBIX OpraHu3MOB [1]. MHOTHe MEeAUIIMHCKUE TECTHI
TaKKe OCHOBaHbI Ha OMOJIFOMUHECIICHTHBIX CUTHAJIbHBIX CHCTEMaX, IJie B X0J/i¢ OMOXUMHUECKUX pe-
Ak IPOMCXOIUT UCIIyCKaHUE KBAHTOB cBeTa. J{J1s MpoBeAeHUs aHaIM3a [IapaMeTpOB TaKUX Peak-
Ui B IIUPOKOH MpaKkTUKE AJIS 3a7a4 MEAULIUHCKOTO TECTUPOBAHUS U SKOJIOTHYECKOT0 MOHUTOPUHTA
HEOOXOJMMbI TOPTATHBHBIE aBTOMATU3UPOBAHHBIE TPUOOPHI U MIPOrpaMMHOE 00ECIIeUCHHUE.

Kpemuunersie (orosnekTponHbie yMHOXUTENMH (Si-ODY) mpu MEHOBOW JOCTYITHOCTH COYe-
TAIOT 4yBCTBUTEIBHOCTH BhIlIe 4eM y [13C- u KMOII-wampuy u MeHbIIHE TabapuThl, 4eM y Kilac-
CHYECKUX (POTOAIEKTPOHHBIX yMHOXHTENEH. Si-DDY mocTeneHHo HaXOosIT MPUMEHEHHE B OHoMe-
TUIMHCKUX Tipubopax [2—4]. OCHOBHOM HEIOCTATOK TaKOTO POJia NETEKTOPOB — Majiasi oMb U
HaJM4Yue BBICOKOTO YPOBHS Mapa3uTHBIX cpaOaThIBaHWM, 00YCIOBIEHHBIX TEIJIOBHIMU LIYMaMH B
MOy IPOBOTHUKOBOH cTpyKType Si-DDY.

[Tocne psana vccnenoBaHUi HAMH OBLIO MPEAIOKEHO TEXHUUYECKOE pelIeHHe Il U3MEPEHUS
napaMeTpoB OMOJIIOMUHECHIEHTHBIX peakiuii (puc. 1) B Buje MUKpOQIIIOUIHBIX YUIOB [5] U mopTa-
THBHOTO JIIOMUHOMETPA Ha OCHOBE JIeTeKTOpoB Si-DDY [6]. Hebompimas miomaas AeTeKTopa ObLia
KOMIICHCHPOBaHa NMPUMEHEHUEM ONTHYECKOTO JIEMEHTa B BHJIE CBETOCOOMpAIOIIeH yCeUEHHOM MH-
paMuUJIbl, a YPOBEHb TEIUIOBBIX CpadaThIBaHUM JETEKTOpa ObLIT CTAOMIM3UPOBAH IIJISl JAJIbHEHUIIIETO
y4éTa C MOMOIIIBIO AIEKTPOHHOU CUCTEMBI KOHTPOJIS TEMIIEPATYPHI IETEKTOPA.

Puc. 1. [TneBMaTHUYECKMI CHITMKOHOBBIH 1po603abopHuK (1),
OJITHOPA30BbIE MOJIMMEPHBIE YHITbI ¢ UIMMOOUIM30BaHHON
cucTeMoii ()epMEHTOB U3 OMOIFOMUHECIIEHTHBIX OPTaHN3MOB (2)
Y TIOPTaTUBHBINA MUKPODIIOUTHBIN OHoTroMUHOMET (3)

CpaBHenue npubopa ¢ uMmnoptHeIM aHamoroM GloMax 20/20 (Promega, CIIA) mokasaino
CpaBHUMBIE XapaKTEPUCTHKH (pHUC. 2), YTO TMO3BOJISIET CACTATh BBIBOIBI O BO3MOXXHOCTH IIHPOKOTO
PUMEHEHHS NPEITI0KEHHON CXeMbI U3MEPEHUSI.
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Puc. 2. CpaBHEeHNE U3MEPEHN HHTEHCUBHOCTH
OMOJIFOMUHECIICHITUH B YHIIaX, MOJYYCHHBIX Ha pa3paO0TaHHOM Mpubope
u momuHoMetpe GloMax 20/20 (Promega, CIIIA)

BxoaHble HEMPOHLI [BMONIOMUHECLEHTHAsA KUHETUKA]

2 CKPbITBIX CNOA

BbixoaHble HEWPOHBI [BEKTOP TOKCUYHOCTH]

Puc. 3. I'paduueckoe npeacraBieHre HelpoceTeBOW UMUTALMOHHONW MOJIENN
st GYHKIUU OTOOPaXKEHHUSI KUHETHYECKOW KPHBOM OMOIIOMUHECIIEHTHOM PEaKIy B YHCIOBOM
KOJi HAJINYMS OTHOTO U3 TPEX MOJENbHBIX 3arPsA3HAIONIMX BEIECTB («BEKTOP TOKCUYHOCTH)

Jlyist cOopa u aHanmM3a JaHHBIX ObUIO pa3padoTaH HAOOP aITOPUTMOB, B TOM UHUCJIE C PUME-
HEHUEM METOJIOB MAIIMHHOTO 00yd4eHws. [Ipy HaMMYUU TOCTATOYHOTO KOJUYECTBA IKCIEPUMEH-
TAJIBHBIX JIAaHHBIX JUIA YCTAHOBJICHHS KOPPEISIIMOHHOW 3aBUCHUMOCTH HEHpoceTeBass MOIEIhb
YCHENHO KJIaccu(UIMpoBana OJUH U3 TUIOB 3arps3HUTENCH ((PEHONBI, XUHOHBI, COJIA TSKEIbIX
METaJUIOB), C MOCIIEAYIONIAM OTPEICICHNEM KOHIICHTPAIIMH BEIIECTBA, €CIIM OHO OBUIO €IMHCTBEH-
HBIM 3arpsI3HUTENIEM B IPoOe.

B noknanme Oynmer mpeacTaBiieHbl JTaHHBIE O MPOJODKEHUM WCCICAOBAHUHA MO pa3paboTKe
ONTUYECKUX MPUOOPOB U IIPOrpaMM AJist cOopa u 00pabOTKU JaHHBIX.
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CHUHTE3 METAJLJIOPTAHUYECKHUX COEJIVUHEHUM B HEIIPEPBIBHOM NIOTOKE
JJIAA HOBBIINEHHOU MOJIEKYJIAPHOU 3AT'PY3KH

K. B. Apadyiu ', 1. T'. Kopsakuna !, C. B. bauunun !, E. H. T'epacumosa !, M. B. Tumodeesa !,
C. A. Hlununosckux ', A. C. Bykarun >3, A. Caxarckuii 4, A. C. Tuvun '°, B. A. Munnuxo 5,
M. B. 3to3uH

Y\ Dusuueckuii paxynomem, ynueepcumem UTMO, Canxm-Ilemepbype, 191002, yn. Jlomonocosa, 0. 9
2CII6AY PAH um. XK. . Anghéposa,
Canxm-Ilemepoype, 194021, ya. Xnonuna, 0. 8, k. 3, rum. A
3 Uncmumym ananumuyeckozo npubopocmpoenus PAH,

Canxkm-Ilemepoype, 198095, yn. Heana Yepnuix, 0. 31-33, aum. A
*Canxm-ITemepbypackuii 20cyoapcmeentblil yHusepcumenn,
Canxm-Ilemepoype, 199034, Ynusepcumemcrkas nabepesicnas, 0. 7—9
3Cankm-Ilemepbypackuii norumexnuueckuii ynusepcumem Ilempa Benuxozo, Canxm-Ilemepbype
8 Yuusepcumem Jlomapuneuu, Hayuonanouwiii yenmp nayunwix uccreoosanuii (CNRS),
Hnuemumym Kana Jlamypa (IJL), F-54000 Hancu, @panyus

AHHoTanus. TpaaulunoHHBIE METOABI XMMHYECKOTO CHHTE3a JJIsi U3TOTOBJICHUS HaHOMATe-
pHUaJIOB HE BCeraa 00ecTeunBalOT TOYHBIA BOCIIPOM3BOAUMEBII CHHTE3 C KOHTPOJIUPYEMBIMH (DU3H-
KO-XMUMHUYECKUMU MapameTrpamu. JIydimuit KOHTposib Ha/l pe3yIbTUPYIOIIMMU CBONCTBAMU HAaHOMa-
TEPHUATIOB MOXKET OBITh JOCTUTHYT 32 CYET YMEHBIIEHUS MaciTaba CHHTE3a 10 MHUKPOYPOBHS. DTO
MOXET OBITh PEaTM30BaHO C TIOMOIILI0 MUKpOQuIronauku. B manHoi pabore ObUT MPOIEMOHCTPH-
poBaH MUKPOQIIIOWIHBIA TOAXOJ [UIsl yHPaBIsEMOr0 CHHTE3a MHKPOKPUCTAIUIOB METalll-
opranndeckux KoHcTpykiuii (HKUST-1) ¢ moBbImeHHBIM KOJM4YecTBOM aedekToB. [Ipomecc cun-
Te3a OBbLJI ONTUMHU3UPOBAH IS TMONYYCHHUs PAa3BUTOU MOBEPXHOCTU y CHUHTE3UPYEMBIX CTPYKTYD,
KOTopasi o0ecreunBaeT MOBBIMIEHHYI0 MOJIEKYJIsipHyIo 3arpy3ky (CyS). CTpykTypHas XapakTepu-
3alUsl YaCTHUL] BBIIIOJHEHA C IIOMOLIBI0 CKAaHUPYIOIIEH 3JIEKTPOHHON MUKPOCKOIIHUH, PAaMaHOBCKOU
CHEKTPOMETPHHU, TOPOIIKOBOI PEHTI€HOCTPYKTYPHOU Iupakiuu.

BBenenue. 3a mocienHue HECKOIBKO JCCATUICTHN OONBIIOE BHUMAHUE YACNSETCS U3rOTOB-
JICHUIO HOBBIX HAHOCTPYKTYpPHUPOBAHHBIX MaTepHalioOB C peryjaupyembiMu cBoiictBamu. Ha cero-
THSIIHUNA JIEHh Ha CMEHY TPAJAWIIMOHHBIM METOJIaM IMPHUXOMAAT HOBBIC, KOTOPBIC MO3BOJIIOT Ooliee
TOYHO HacTpauBaTh (PU3UKO-XMMHUYECKHE CBOMCTBA CHHTE3UPYEMBIX MaTEpHUajOB, a UMEHHO MUK-
poduItONIHBIE TEXHOJIOTUU TPEAaraloT aabTEePHATUBHBIA MOIXOJ K KOHTPOIHPYEMOMY CHHTE3Y
HAaHOMAaTEPHAJIOB C KeJIaeMbIMHU CBOMCTBAMU. MUKPOQIIIONIHBIN CUHTE3 HAHOYACTHIl 00JIafaeT ps-
JIOM TIPEUMYIIECTB 10 CPAaBHEHHUIO C TPAJIUIIMOHHBIMU METOJaMH CHHTE3a, CPEIU KOTOPHIX dPdek-
TUBHOE CMEIIMBAaHUE, MOBBIIICHHBIN TEIJIO- U MacCOOOMEH, yIpaBisgeMas HyKJealus U pocT, a
TaK)Ke BO3MOXKHOCTHh MACIITAOUPOBAHMS PE3YJIHTATOB CHHTE3a. DTH CBONCTBA B COUYCTAHHH C BO3-
MO>KHOCTBIO aBTOMATHU3allMM HECKOJIBKUX MPOLIECCOB HA OJHOM MHUKPOUHIIE AENAI0T MUKPO]IIon-
UKy TPUBJICKATENbHON MIaTGOpMOii JJIsi M3TOTOBJICHUS HAHOYACTHI[ C 3aJaHHBIMU Pa3MEpPOM,
(dhopmoii U IPyruMu CBOHCTBAMH.

B a710i1 pabore mpuMeHsIeTCs METOI MUKPOQIIFOMIHOTO HEMPEPBIBHOTO CHHTE3a JJIsI JEMOH-
CTpallMd BO3MOKHOCTH TOJyYEHUS MHUKPOKPUCTAINIOB METaUIOPraHU4YeCKOH KOHCTPYKIIUU
(HKUST-1) ¢ noBbIlIeHHBIM KOTUYECTBOM JAE(PEKTOB IS TOCIEAYIONIETO MCIIONh30BAHMS MX KaK
3arpy304HbIX IIEHTPOB, TJI€ B KAUE€CTBE 3arpy’KaeMbIX MOJIEKYJI HCIOJIB30BaJICsl BBICOKOMOJIEKYIISIP-
HbIi 1ianuH 5 (CyS), KOHBIOTMPOBAHHBIN C OBIYBMM CHIBOPOTOYHBIM abO0ymMuHOM (BSA).

MarepuaJibl 1 METOAbI

Mamepuanet 05 uzeomosnenus Mukpoghirouornoeo yuna (M®PY): doropesuct SU-8 u momu-
numetuncunokcan (ITIMC, na6op cunukoHoBbiX 3mactomepB SYLGARD ™ 184, Dow Corning,
CIIA), cocrosiiuit U3 ABYX YacTei: OCHOBBI CHUIMKOHOBOTO 351actomepa (ocHosa [IJIMC) u orBep-
nutens. CreknsaHas moioxkka (Menzel Microscope Coverslips).
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Mamepuanet onsi cunmesa wacmuy HKUST-1: nuraniom siBIsieTCs TPUME3HHOBAsT KUCIIOTA,
TaKk)Ke M3BecTHas Kak OeHson-1,3,5-tpukapbonoBas kucinora, HiBTC, TMA (95 %), B kauecTBe
conu Metasuia ucnonb3oBaiics CuSO4+—5H20, B kauecTBe pactBoputeins — N,N-aumeTunhopmMaMug
(DMF).

B kauectBe 3arpykaeMbIX OHMOMOJIEKYJ HCIIOJIb30BAJICS BBICOKOMOJIEKYJISIPHBIM IUAHUH 5
(CyS), xoHBIOTHPOBaHHBIN ¢ ObIYbUM CchiBOpoTOUHBIM aibkOymMuHoM (BCA). (BSA, 66 k/la), rae B
Ka4eCcTBE paCTBOPUTEISI HCTIONB30BaICs nuMeTwicynbhokreun (DMSO, MW = 78,13).

Memoowr: nnst uzrorosiennss M®Y Obuna crienana mactep-opma MetooM (otonmurorpaduu ¢
HCTIOJIb30BaHUEM KpeMHHEBOH TutacTuHbl B poTopesucta SU-8. lanee neotBepsknennsiii [IJIMC c co-
otHoteHueM 10:1 3macToMepHOI OCHOBBI K OTBEPAUTEIIO CMEIIMBAIH U 3AIUBAIN B MacTep-popmy, a
3areM nosmMepuzoBaiu nipu 80 °C B Teuenue 2 4. [locne atoro B perwmuke [1JIMC Obutn mposienaHsl
BXOJIHBIE/BBIXOAHBIE 0TBepcTUs U perumka [1JIMC Obina 3amedaTana Ha CTEKIISTHHON MOJJIOKKE C TI0-
MoIibio 00padboTku Oz-mazmoit. Janee 1,67 mmons CuSO+—5H20 (98 %) no6asmsimm B 10 mn DMF u
MOJIBEPrajii yJIbTPa3ByKOBOMY IEpEMEIIMBAHUIO B TeueHue 15 MuH. AHanoruyso, 1,13 mmons HsBTC
no6asysmi B 10 M DMF u Taxoke mojsepraiy yjapTpa3ByKOBOMY MEPEMEITMBAHUIO B TeUeHUE 15 MUH.
st 3arpy3ku 6uomonexyn 77 mr BSA cmemmBamu ¢ 20 M gocdarnoro 6ydepa, 3atem 5 mr Cy5 pac-
TtBOpsuK B 2,2 mu1 DMSO. [anee >t 1Ba pactBopa cMmemmBai B Teuenue 24 4 npu 40 °C. Iocnennum
I1aroM sIBIISUTOCH To0aBiieHre 2 Mit Boabl Ha kaxabie 10 mxn Cy5—BSA.

Onucanue yCTAaHOBKH /JJIsl CHHTe3a. YCTaHOBKA JUIsl CUHTE3a COCTOMT M3 HarpeBaTEIbHOU
Tl (1), Ha KOTOpOH OBLIO TOMENIeHO MHUKpodItongHOe yeTpoiicTBO (2). B MukpodmrongHoe
YCTPOWCTBO OBLIM BCTaBJIEHBI KaMWUIAPHI (3), KOTOpHIE, B CBOIO OYEpe/Ib, ObUIA MOIKIIOYCHBI K
mImpuUIeBbIM HacocaMm (4). CHHTE3HpOBAHHBIA MaTepuan cOOUpayics B CHEIUAIBHBIN SMeHA0P)
(5), koTopeIi pacmosiarajics COOKy OT HarpeBaTeabHOU TutacTuHbL. LllTatuB (6) ObUT OCHaIEH Ka-
Mepoi (7) Ui ONTUYECKOW PETUCTPALMU MPOIECCOB, MPOUCXOIANINX BHYTPH MUKPOQIIIOMIHOTO
yCTPOMCTBA. YBEIMYCHHOE H300paKeHUE MUKPODITIONIHOTO yCTpoiicTBa (8).

Puc. 1. DxcniepuMeHTalIbHas YCTAaHOBKA C YBEJIIMYEHHBIM H300paKeHHEM
MHUKPODITIOMIHOTO YCTPOHUCTBA

PesyabTaTsl M auckyccusi. CTpyKTypbl ObUTH HOJYYEHBI C MOMOUIBI0 MHUKPOQIIOUIHOTO
MOJX0Aa IyTeM M3MEHEHHUs pacxXoJl0OB PEaKTUBOB B KaHallaX MHUKpPOQIOUAHOTO ycTpoicTBa. Mc-
MOJIb30BAJIaCh TOTOJOTHS C ABYMS COCIUHSAIOIIMMUCS KaHaitaMmu. B Tekymieit pabore ObuM moso-
OpaHbl ONTUMaJIbHbIE TApAMETPBI ISl CUHTE3a: PAacXoA AJIs OpraHUYEeCKOro JUraiaa 3,5 MKI/MUH,
pacxon ains conu Meau — 3 Mxsi/MuH [1]. OnTumanbHOe MOJIBHOE COOTHOIIIEHUE MEXK/Ty peareHTaMu
3:2 [2]. [na uzyueHus MOpQOJOTHH TOTYYEHHBIX CTPYKTYp OBLI MPOBEIEH aHAIHM3 C ITOMOIIBIO
CKaHHUpYyoIel 31eKTpoHHON Mukpockonuu (COM), KOTOpBIH MOKa3al, YTO MOJyYEeHHbIE MUKpPO-
KPHUCTAJUTBI UMEIOT (pOpMy MKOCadIpa ¢ XapaKTePHBIMH JHHEHHBIMU pazMepamu 0,14 10 2 MKM.

[TopoIKoBbIN PEHTI€HOCTPYKTYPHBII aHAIM3 MOKa3all, YTO C MOBBIIICHUEM TeMIIepaTyphbl CKO-
pocTh 00pa3oBaHMsT MUKPOKPHUCTAJUIOB 3HAYHUTEIHHO YBEIMUYMBACTCS. BakHBIM (hakTOpOM, MOCieno-
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BaBIIIUM 34 3TUM, CTaJIO TO, YTO MOHOKPUCTAIITMUECKHE CBOICTBA 3HAUUTENLHO CHIDKAIMCH U HAOMIO-
Jlanach arjaoMeparys Moiay4eHHbIX cTpyKTyp. Ilpu noBeinennu temneparypsl cunresa 10 110 °C mpo-
HCXOAWIO YIIMPEHHE M YMEHbIIICHHEe MHTEHCHUBHOCTH THKOB (200) u (220) BCieacTBue yBEIHMUSHUS
aMOp(HBIX CBOUCTB CUHTE3UPOBAHHBIX CTPYKTYP M YBEJIMUCHHUS KOJIMUECTBA AS(DEKTOB.

B cBs3u ¢ TeM 4TO JedeKThl B METAIOPTaHUYECKUX CTPYKTYpax SIBISIFOTCS HEOTHEMIIEMOM
9acThI0, HEOOXOUMO BBISICHUTBH MOJIOKHUTEIbHBIE M OTPULIATENIbHBIC AaCMEKThl UX BIHMSIHUSA HA pe-
3yJIbTHPYIOIINE CBOWCTBA MUKPOKPUCTAIIJIOB U PACCMOTPETh BO3MOKHOCTh MCIOIb30BaHUS Jedek-
TOB B HKCHIEPUMEHTAX 10 CTAOUIBLHOCTH U MOJIEKYJISIPHOU 3arpysKe.

Jl1s mpoBepKH BO3MOKHOCTH HCTIONIB30BaHMsI 1€(PEKTOB KaK aKTHUBHBIX IIEHTPOB JJII MOJIEKY-
JSIPHOW 3arpy3Ku ObUI UCTOJIB30BaH MeTo/ (hu3ndeckoil agcopounu. BaxkHOCT BO3MOXKHOCTH 3a-
Ipy3KH ABJsieTCsl GyHIaMEHTAIBHBIM (DaKTOPOM JUIsl OLIEHKH MPUMEHUMOCTH METaNIOpraHN4eCcKUX
CTPYKTYp B 00JIACTH LIETICBOU JOCTaBKH JieKapcTB. Bricokomonekymsapubliil uanud 5 (CyS), KOHb-
FOTUPOBAHHBIN C OBIYBUM CHIBOPOTOYHBIM aabOymuHOM (BSA), mcmonb3oBaicst B KauecTBe 3arpy-
XKaeMbIX Mosiekyl. J{ns ouenku 3¢dexkruBHOCTH ancopOuuu cuntesupoBanHoro CuBTC-1 mukpo-
KpUCTaJLIBl MHKYOupoBaiu B pactBope Cy5—BSA npu paznuuabix kKoHueHTpanusax (0,6...3 MKr/mi)
B TeueHue 1 4. M3oTrepMbl ancopOiun ObLTH MOCTPOCHBI C UCIIOIB30BaHUEM ypaBHeHHs JIeHrmiopa.
CoracHo mosrydeHHOW u3otepMe JIeHrMropa MOXKHO 3aMeTHUTh, 4TO OoJibioe KoaudectBo CyS—
BSA moxer ObiTh ancopOupoBaHo Ha moBepxHOcTH MHUKpokpucramioB HKUST-1. B kauecte
KOHTPOJIbHBIX CTPYKTYp, ObLIM MCIOJIb30BaHbl METANIOPraHUUECKHE KapKachl, MOTyYEHHbIE CTaH-
JApTHBIM COJIbBOTEPMUYECKUM CHHTE30M. [loiyueHHbIe TaHHBIE TOKa3ajH, YTO 3arpy304Has CIO-
COOHOCTh METAJIOPraHUYECKUX KAapKAacOB, MOJYYEHHBIX OOOMMH METO/aMH, YBEIMYMBAETCS 10
MOMEHTA HACHIILEHUs] CHHTE3UPOBAHHON CTPYKTYpbl. CpaBHEHHUE 1O 3arpy3Ke IMOKa3bIBAaeT, YTO /-
COpOILIMOHHBIE CBOMCTBA JJII MUKPOKPHUCTAJIOB, MOIYYEHHBIX MUKPODIIOUIHBIM METO/IOM CHHTE-
3a, BBIIIE MPUMEPHO B 2 pa3a, 4eM JUIsl METAJUIOPTraHUYECKHX CTPYKTYP, MOJYUYCHHBIX C TIOMOIIBIO
COJIbBOTEPMUYECKOTO METO/IA.

3akiaoueHue. beuio co3naHo MUKPOQIIIONIHOE YCTPOMCTBO AJisi OBICTPOTO CHUHTE3a METalll-
oprannyeckux ctpykryp HKUST-1. Muxpoxpuctramnst HKUST-1 Obuti cuHTE3MpOBaHbI 1O/ BJIH-
STHUEM Pa3M4YHBIX TemmepaTyp. CTpyKTypHas XapakTepH3alus MOJTy4YeHHbIX CTPYKTYp Oblia mpo-
BeJieHa ¢ noMmotpio COM, NopoLIKoBOi pEeHTI€HOBCKOW THU(paKLUy U PAMaHOBCKOM CIIEKTPOMET-
pun. PamaHOBCKHME CHEKTpPHI MOKa3aiu Halu4ue 1e(eKTOB B CTPYKTypax, YTO Jajiee HCIOJIb30Ba-
J0Ch IS MOBBILIEHHON MOJIEKYJISIPHOM 3arpy3KH.
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METOIAUKA UCCJIEJOBAHHMA NOHHOT'O TPAHCIIOPTA
B EJUHNYHBIX TBEPJTOTEJIbHbIX HAHOIIOPAX
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MukpodJronIHbIE TEXHOJIOTHUH TIO3BOJISIOT MAHUITYIMPOBATh MaJIbIMU 00BEMaMU KHUIKOCTEH
C NOMONIbI0 HAHOCTPYKTYp. lcmonb3oBaHHe HAHOPA3MEPHBIX KaHAJIOB U TOp MO3BOJIIET OCY-
IIECTBIIATh ACTCKTHPOBAHUE U aHAJIN3 MaJbIX KOHIeHTpanuid aHanmuta [1]. [TomoOHbIe HAHOCTPYK-
TYpbl Tak)Ke MPUMEHSIOTCS B 00JIACTAX XMMHUYECKOIrO pa3/iejieHHs] pacTBOPOB U MpeoOpazoBaHuUs
sHepruu [2]. BaxkHOi 0COOEHHOCTHIO JETEKTHUPOBAHUSI C IMOMOIIBI0 HAHOMOP SIBIISETCS BO3MOXK-
HOCTb OOHAPY’KEHUS OTIEIbHBIX MOJEKYJ [3], 4TO MO3BOJISIET MIUPOKO MPUMEHATH MUKPOQIIIOHI-
HbIE TEXHOJIOTUH B npuioxkeHusx s cekeHuposanus JJHK [4]. [IpuHuun HaHOMOPOBOTO JI€TEK-
TUPOBAHUS 3aKIIOYAETCsl B JBIKEHUHM Yepe3 IOpy pacTBOpa aHAJIWTAa Malloil KOHLIEHTPALHU.
OOBIYHO B KAa4eCTBE PACTBOPA HCIIOJIB3YETCS AJIEKTPOJIUT, YTO MO3BOJISIET YIIPABIATH JBHKEHUEM
AKHUJKOCTU Yepe3 MOopy MOCPEACTBOM NPUIIOKEHUS K He pazHocTH moTeHnuanoB. [Ipu npoxoxnie-
HUHU KMJIKOCTH Yepe3 HAHOMOPY MOJIEKYJIbl aHAJIUTA MEPEKPHIBAIOT €€, MPENATCTBYSI TOTOKY HOHOB
anekTponuTta. B pesynbrare yero pukcHpyeT Tak Ha3bIBa€MbI TOK OJOKaabl — CKauKoOOpa3HOe
W3MEHEHUE BEIMYMHBI TOKA. UeM Oike TuamMeTp MOJIEKYJbl aHAIUTA K TUAMETPy HAHOTIOPHI, TEM
Oonplie pUKCUpyeMoe U3MEHEHUE TOKa. Takum 00pa3oM, C MOMOIIBIO U3MEPEHUS TOKA, TEKYIIEro
4yepe3 HaHOTOPY, CTAHOBUTCS BO3MOXKHBIM JIETEKTUPOBAHHE U aHAIIU3 OTAEIBHBIX MOJIEKY L.

Jlist rccnenoBaHusl HOHHOTO TpaHcopTa B TOHKUX (40 HM) SiN-meMmOpanax Obutd chopMHu-
POBaHBI HAHOMOPHI AuaMeTpoM 5 HM. [Iporiecc U3roToBICHMSI HAHOMIOPHI COCTOUT U3 JBYX JTAIlOB:
Ha TIEPBOM dTare ¢ MOMOIIBI0 MHOTOCTYNEHYATOro0 TpaBlieHUs (HOPMHUPYETCS TOHKas «CBOOOIHO
Bucsmias» SiN-MeMOpaHa; Ha BTOPOM 3Tarne B MeMOpaHe MeToA0M JuTorpaduu choKyCUpOBAHHBIM
3JIEKTPOHHBIM IMy4YKOM (opmupyercs HaHoropa. llepen mpoBeaeHHEM HU3MEPEHUN HCCIIETyEeMbIid
oOpaszer] ¢ HaHOMOPO#l MoABEpraeTcsi OUUCTKE B PACTBOpPE MHUPAHBU U ACUOHU30BaHHOU Bone. Cxe-
Ma MPOBEACHUS IEKTPUUECKUX U3MEPEHUN HAHOTIOPHI MPE/ICTaBIeHa Ha puc. 1.

Pl
KCI electrolyte n

SiN\

/7

Si =

Puc. 1. Cxema s3kCiepuMeHTaIbHON YCTaHOBKHU

JIBa 00BEMaA AIIEKTPOIUTA COCAMHEHBI uepe3 HaHomopy B SiN-meMmOpaHe. B kaxapiii 00bEM
JIEKTPOJIMTA TIOMEINACTCS U3MEPUTENBHBIN 1eKTpol. OOBEMBI NIEKTPOJINTA MPEJICTABIISAIOT COOOH
MOJIOBUHKN  (DOTOTIOJTUMEPHON M3MEPUTEIBHOM sYelKH, HameyataHHOW Ha 3D-mpunTepe
(FormLabs). /Ing repmeTnyHON (pUKCAMKU HAHONOPHI MEXKIY TOJIOBUHKAMH SIUCHKU U U3MEPSIEMbIM
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obpasnom BcraBisioTcss PDMS-nipokmanku. Jlanee MOJIOBUHKH SIMEUKH KPETATCS IPYT K APYTY €
MIOMOIIBIO0 OONTOB, @ 00BEMBI 3aMOTHAIOTCS PACTBOPOM IIEKTPOINTA. M3MepuTebHbBIC 3IEKTPOIH,
npeacTasstone coboit AgCl/Ag-npoBosiokH, TOMEIIAIOTCS B CIIEIUAIbLHBIC OTBEPCTHS B STUCHKE.
U3Mmepenus nmpoBojsTcs B BogHoM pacTope KCI, B nuanasone xonuentpaumii or 10*M mo 1M.
Jlyig yny4nieHus cMauiBaeMOCTH OBEpXHOCTH HaHomopbl B pactBop KCl nobasnsercs uzomnpomnu-
nosbiii cuptT (IPA) B mponopuuu 1:1. IPA BbicTynaet B pojiy HOBEpPXHOCTHO-aKTUBHOT'O BEIIECTBA,
YMEHBIIAIOIIEr0 NOBEPXHOCTHOE HATSKEHHE pacTBOpa.

Jnis vccnenoBaHusl HOHHOTO TPAHCIIOPTa B HAHOMOPE HEOOXOAUMO MPOBECTH U3MEPEHHUS TO-
Ka B MOTEHIMOCTATHYECKOM JBYXDJEKTPOJHOM pexkume. M3MepeHus: mpoBOAsSTCS B AHana3oHe
Hanpsbkenuid ot —0.3 go 0.3 B, ¢ marom 0.1 B. B Teuenune 5 MuH K cucTeMe MPUKIAIbIBAETCS 3a-
JTAaHHOE HaIpsDKEHUeE, pU 3TOM (QUKCUpPYEeTCs 3HaYeHHe TOKa HachleHus. [lo momydyeHHbIM aaH-
HBIM CTPOSITCSI BOJIBT-aMIIepHbIe XapakTepucTuku (BAX) 1 [aHHOM KOHIIEHTPAIMH ICKTPOJIHTA.
[Tocne nomyuyenus BAX 15 Bcero nuana3oHa KOHIEHTPALIMN CTAHOBUTCSA BO3MOKHBIM PACCUUTATh
3aBUCUMOCTD ITPOBOJIMMOCTH HAHOTIOPHI OT KOHUEHTPAIUHU AJIEKTPOIUTA.

[TpuBeneHHBI METOA HCCIENOBaHHs MOHHOTO TPAHCIOPTAa B €AMHUYHBIX TBEPAOTEIbHBIX
HAHOIOPaX IMO3BOJISIET JIyYIle MOHITh XapaKTEPUCTUKH JBOWHBIX SJICKTPUUYECKUX CIOEB BOIM3U
CTEHOK MOpBL. DTO HEOOXOAMMO JUIsl JaJIbHEUIIEro MCCIIEeNOBaHUs MOJIEKYJISIPHOTO TpaHCIOPTa B
HaHOIOpaX.

BbaarogapuocTu

PaGoTa BeImosiHEHa TIpU (UHAHCOBOW mojziepkke Poccuiickoro HaydyHoro ¢doHaa (TpoeKT
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NCCJIEJOBAHMA BIIMSIHUSI KOHUEHTPAIIMU 3JIEKTPOJIMTA
HA IMTPOBOJUMOCTD TBEPJOTEJIBHOMN HAHOIIOPBI
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Hanonops! 1 HaHOKaHaJbI IPEJCTABISAIOT COOON YHUBEPCAIBHYIO CTPYKTYPY, KOTOPYIO MOX-
HO HAalTH KakK B )KUBBIX CUCTEMAX, TaK U B UCKYCCTBEHHBIX MaTepuaiax. MaHumya1MpoBaHUe HaHO-
o0beMaMU JKUJKOCTH 00J1aZ]aeT PSAAOM YHUKAIBHBIX CBOMCTB, TAKMX KaK CBEPXBBICOKOE OTHOILLIEHUE
MOBEPXHOCTU K 00BbEMY M MaclITalbl, CONOCTaBUMBIC C AMANIA30HOM pa3IMUYHBIX MOBEPXHOCT-
HbIX/Mex(pa3HbIX cui u pazmepoB ouomoutekyn (JAHK, PHK, 6exxu). D10 mo3Bosser uccnenoBarb
HOBBIE SIBJIEHUS IIEPEHOCA, KOTOPBIE IPOUCXOAT TOJIBKO Ha HAHOYpOBHE [1].

Hanomnope! ucnons3yrorcs 1y 0€3METOYHOr0 OOHApy>KEHHs M aHAJIN3a HYKJICHMHOBBIX KHCIOT
(IHK, PHK) [2] u 6enkoB [3], a npuMeHEeHUEe MOKET BapbUPOBATHCS OT OMOIATYUKOB A0 CEKBEHHPO-
BaHus. [Ipu aeTekTMpoBaHUM OJMHOYHBIX MOJIEKYJ HAHOMOPOM IOJYYaroTCs JJIMHHBIE IPOYTEHUS
nocnenoBarenbHocTy JJHK u uckimouaercs stan npensapurenbHoi ammmudukanmuu Mmetogamu [P,
obecrieunBasi BBICOKYI0 CKOPOCTh HMcciefioBaHus. OTHOMOJIEKYIIPHOMY METO/IY XapaKTepHa BBICO-
Kasi YyBCTBUTEIBHOCTh U CHELU(UUHOCTD, YTO MO3BOJISIET OOHAPYKUBATH OJMHOYHBIE MOJICKYJIB Ha
YPOBHE OJHOT'O HYKJICOTHA, ITOBBIIAsl TEM CaMbIM TOYHOCTb MCCIIEOBAHUA. Tak, TEOpETUUECKUE U
9KCIIEPUMEHTAIbHBIE UCCIIEIOBAHUS TPAHCIIOPTa B HAHOMOpax (HaHOKaHalax) MpeCTaBIAOT (PyH-
JAMEHTAJIbHBIA HHTEPEC U MOTYT ObITh MPUMEHEHBI B pa3padO0TKe MPUHIUITNAIBEHO HOBBIX IPUOOPOB.

Jnis uccrnenoBaHus epeHoca HOHOB B TBEPOTENIbHBIX HAHONOPaX OBUIM CHHTE3MPOBAHbI 00-
pasipl, coqepkamue ToHKkne MeMOopansl SiN ¢ HaHomopamMu. MeToAbl JIEKTPOHHON U MOHHOM JIH-
Torpaduu Mo3BOJISAIOT CO3AaBaTh HAHOMOPHI C 3aJaHHON reoMeTpuell U 3alaHHBIMU TPOBOIAIIMMU
CBOMCTBaMM. Takue CTPYKTYpBI SBIISIIOTCS ONTUMAIbHOM MOJEIBHON CUCTEMOM I U3Y4YEHHUs IIe-
peHoca HOHOB.

JU1 SKCIEpUMEHTOB, MOCBALIEHHBIX U3YYEHMIO HOHHOTO TPAaHCIOPTa, pa3paboTaHa U3MEpH-
TenbHas suyeiika. Syeiika pacneyarana Ha 3D-npuntepe FormLabs ¢ ucnons3oBanuem ¢otomnonu-
Mepa clear v4. Sdeiika cOCTOUT U3 IByX 00BEMOB IJISl DIIEKTPOJIATA, Pa3JIeNICHHBIX HEMPOHUIIAEMON
MeMmOpaHno#t SiN ¢ eIMHUYHOW HaHOTIOPOH.

W3Mepenus npoBoauiuch B BogHoM pactsope KCl, Bapbupys koHuenTparuu ot 10 10 1 M.
Jnist ompesiesieHrss HOHHOM MPOBOJMMOCTH MOPbI ObUTH U3MEPEHBI BOJIbT-aMIIEPHBIC XapaKTePUCTH-
KM CHUCTEMBI B MOTEHLIMOCTATUYECKOM JIBYX3JIEKTPOAHOM pexume. [IpunoxkeHHoe HanpsKkeHUe Ba-
peupoBanochk ot —0,3 1o 0,3 B B TeueHure 8 MUH Npu 3aJaHHOM HanpsbkeHud. Jlanee, coryiacHo mo-
JTyYECHHBIM JaHHBIM, ObUIM TOJYYEHbI 3HAYEHHs MTPOBOJMMOCTH HAHOIMOP JUIA AHAra3oHa KOHIICH-
Tpauuii anexkrponuta (puc. 1).

CornacHo pe3yJbTaTaM B quanaszoHe koHredTtparmii 1074...10> M npoBoanMocTh mpakThye-
CKH He M3MEHSETCS M ocTaeTcs Ha ofHOM ypoBHe. IIpu konnenTpamuu 107°...1 M IpoBoaUMOCTS
YBEJIMYUBAETCS C YBEJIMUYEHUEM KOHIIEHTpAIMH, TaK MPH JTOCTHKEHUU KOHIeHTpanuu 1 M npoBo-
JUMOCTb yBEIMUMBAETCS Ha JBa MOPAAKA. JTO CBSA3aHO C TEM, YTO IPU HU3KUX KOHLEHTPALUAX pa-
604ero pacTBopa JIBOMHbIE HJIEKTPUUYECKHE CIIOU MEPEKPhIBAIOTCA BHYTPHU Mopbl. PacueTHas mupu-
Ha JIBOMHOIO 3JIEKTPUYECKOTO CIIOS JUIS JAHHBIX KOHIIEHTpaluii sBiusercsa nopaaka 1077...107% m.
OpHako Nnpu BBICOKMX KOHLEHTPALUAX pabouero pacTBopa NpoBOJAUMOCTb YBEIUUUBAETCS, IOTOMY
YTO TOJIIMHA JBOWHBIX AJIEKTPUUYECKUX CJI0€B yMeHblIaercs (i1 1M pacTBopa ToIMHA ABOWHO-
r'0 3JIEKTPUYECKOTO CJI0sI 2 HM) U EPEKPHITUE UCUE3AET.
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Puc. 1. 3aBUCHUMOCTH 3KCIEPUMEHTAILHO
U3MEPEHHON MPOBOJUMOCTH HAaHOIIOPBI U TEOPETHUECKOM
00BpeMHOI TTpoBoMMocTH pactBopa KCl
OT KOHLIEHTPAIH JIEKTPOJIUTA
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HAHOCTPYKTYPUPOBAHHBIE BUOJJIEKTPO/IbI.
JOCTOHMHCTBA U HEJOCTATKHA
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BypHoe pa3BuTHEe OMOAIIEKTPOHUKU B MOCJIEIHHE TPH JECATUICTUS NMPUBEIO K HE MEHee
OypHOMY BHEAPEHUIO €€ JOCTH)KEHUN KaK B MPUKIAIHYIO OHMOJIOTHIO, TaK U B MPAKTUYECKYIO Me-
munuHy [1-4]. B gacTHOCTH, Ha CETOAHSIIHUN 1eHb OMOAIEKTPOHHBIC JaTUYMKH Ha TIIIOKO3Y (TIIH0-
KOMETpHI), 3aMETHO OOJIETYalOT KU3Hb MallUEHTOB, CTPAIAIOIINX caxapHbIM nuadeTom [3], a peTu-
HaJIbHBIE MTPOTE3bI MO3BOJIAIOT YaCTUYHO BEPHYTH 3PUTEIBHBIE OLIYLIECHUS NALMEHTaM C IOpaKke-
HusMu cetdaTtku [4]. Kpome Toro, mosiBieHrne 6M03JIEKTPOHHBIX IATOCEHCOPOB [ 1, 2] OTKpBLIO HO-
BYIO HUILY B OMOJIOTMYECKHX HCCIEAOBAHHIX W MO3BOJMIO MPOBOAMTH HUCCIEIOBAaHUS B 00JacTh
(hapMakoJIOTUM, OHKOJIOTHH W BHPYCOJIOTHH Ha MPUHIMITHAIBHO HOBOM ypoBHE [1, 2]. O4eBumHO,
YTO AabHEHUIIHNA mporpecc B 001acT OMOAIEKTPOHUKHU OYyAET BO MHOT'OM ONPEACTATHCS UCCIIEN0-
BaHUSAMHU, HANPABJICHHBIMU Ha MOUCK ONTHMAJIbHONW KOH(PUTYypallly TaK HA3bIBAEMBIX OHMO3JIEKTPO-
JI0B, IPEJICTABIIAIOMNX cO00i MHTEepdeiic MeTalul/>KuBbIe KIeTkH. B HacTosmei paboTe MbI mpoBe-
JIM CPAaBHUTENBbHBIN aHAIU3 KOMMEPUYECKH JOCTYIHBIX OMO3JIEKTPOI0OB, YAaCTh U3 KOTOPBIX 00agana
HaHOCTPYKTypupoBaHHbIM mokpeiTueM (HCII), a yacte — HeT. B pesynbrare Mbl OOHAPYXKHUIIU, YTO
ucnonbs3oBanue HCII, ¢ ogHON CTOPOHBI, MO3BOJSET YBEIMUUTh YyBCTBUTEIBHOCTh U IIOMEX03a-
IIUIIEHHOCTh UMIIEAHCHBIX OMOCEHCOPOB HA UX OCHOBE, a ¢ ApYroi ctopoHsl, mpumenenue HCII
YCIIOXKHSIET 3KBUBAJIEHTHYIO CXE€MY OMOAJIEKTPO/IOB U TEM CaMbIM 3aTPYAHIET UHTEPIIPETALIMIO T10-
Jy4aeMbIX C MX TOMOIIBIO JaHHBIX. B TO ke Bpems HaMH OBLJIO YCTaHOBJIEHO, YTO TUIaHAPHBIC
3JIEKTPOJIbI 00JIaIal0T MPOCTONW HKBUBAJICHTHOM CXEMOM M OOJBIIEH COBMECTUMOCTBIO C ONTHYE-
CKHMHU METOJaMH uccienoBanusi, yeM 3nektpoasl ¢ HCII, a mpobnemy BIUSHUS IIyMOB Ha HX pa-
00Ty MOXHO pelmuTh IMporpaMMHbIMH MeTonamu [1]. Takum oOpazom, UCXOAS U3 PE3yIHTATOB
JaHHOW pabOThI MOKHO CJENaTh BBIBOJ O TOM, YTO ISl CO3JaHMsI y3KOCIEIIMATIN3UPOBAHHBIX OHO-
CEHCOPOB MPEANOYTUTENBHO UCT0Ib30BaTh 31ekTpo bl ¢ HCII, B To Bpems kak ajisi co3gaHusi MHO-
ro(pyHKIIMOHAIBHBIX OMOJATYUKOB PAIIMOHATILHO IPUMEHSThH IJIaHAPHBIE, MJIOCKHE SJEKTPOAbL. MBI
Ha/IeeMCsl, UYTO Pe3yJIbTAaThl HAILIETO MCCIIEOBAHUS MIOMOTYT CJeJIaTh HOBBIE Iaru B o0iactu Omo-
CEHCOPHOU MXCHEPUU M PEIINUTH PsI/i aKTyaIbHBIX 33/1a4 3]PaBOOXPAHEHUSI.
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[TomynpoBOAHUKOBBIE MHUKPOJIA3€Phl C PE30HATOPOM JTMCKOBON (DOPMBI SBISIIOTCS TEPCIEK-
TUBHBIMHU KaHIHMJATaMU JUIsl CO3/IaHUs HA UX OCHOBE 3HEProd((heKTUBHBIX U MATIOra0apUTHBIX HC-
TOYHUKOB KOrepeHTHoro m3nydeHus [1]. Moas! menuymei ranepen (MILIY), nognep:xuBaemble B
pe30HaToOpax MaHHOW T'€OMETPUHU, 00JIAIal0T BBICOKOM JTOOPOTHOCTHIO (110 JECSITKOB MHJIJTHOHOB
mns Si MIIT -pesonaropos, 10 10° a1 A3Bs-MuKpoIa3epoB JUaMeTpoM 0Koso 30 MKM) U MajIbIM
obbemoM monbl [2]. ITpu sTom MILI-uyyBCTBUTEIBHE K W3MEHEHUSM W BO3MYIICHHUSIM CPEIbI,
OKpY’Kalollel pe3oHaTop, a UX moJie Gyarogapsi pacCupoCTPaHEHUIO 32 OOKOBBIE MPeeNIbl MUKpOpe-
30HaTOopa Ha auctaHuuio 10...100 HM ngemaeT BO3MOXXHBIM B3aUMOJIEHCTBUE C MaTepUallaMu BHE
npenenoB pe3onaropa [3]. Takum oOpazom, MII-MHUKpope3oHATOPEl KpaiHE MpHUBIEKATEIbHBI
ISl cO3AaHusl ceHCopoB Omomapkepos, JJHK 1 0enkoB B HU3KMX KOHIIEHTPAIMX, a TAaKXKe IS Je-
TEKTUPOBAHUS BUPYCOB U HAHOYACTHIL C OJHOYACTUUHBIM Pa3pEIIECHUEM.

3a cyeT akcHaJbHOW CUMMETpUHU pe3oHaTopa MHKpoauckoBsie (M/]) maszepsl He obnmagaroT
BBIJICJICHHBIM HalpaBJIEHUEM B JUarpaMMe HalpaBICHHOCTH BBIXOJHOIO M3IydeHus. VX BbICOKas
JTOOPOTHOCTH MPUBOJNUT K CHIIBHOM JIOKAIM3ALUU MOJT B 00BbEME pe30HaTOpa M MaJIBIM TOTEPSIM Ha
BBIBOJ M3NyuyeHMs. [l ycnemHol peanusanuy NpuOOpoB Ha MUKpOJIa3epax ¢ pe30HaTOpPOM JHUC-
KOoBOM (hopMbl HE0OX0aMM 3 (HEKTUBHBIN HAPABICHHBIA BBIBOJ M3Iy4eHUs. Takoil BBIBOA M3ITy-
yenust MIII-mMukponazepoB MOXKET OBITh JOCTUTHYT pa3NudyHbIMU  Moauduxarusmu  MJI-
PE30HATOPOB, HATIPUMEP MaJIbIM TAPMOHMYECKUM BO3MYIIEHHEM MOBEPXHOCTH pe3oHaropa [5] wnu
UCIOJIb30BAHUEM CKBO3HOI'O OTBEPCTHS B pe30HAaTOpe BOIM3HU ero kpas [6]. OqHako JaHHbIE MOAM-
(duKay TaKke MOTYT HETaTHBHO BIIMSTH HA TAaKWME XapaKTEPUCTHKH MHUKpOJa3epa, Kak Mmopor Jia-
3epHOM r'eHepaluuu U A00pOTHOCTh. D(P(HEeKTUBHBIM COCOOOM peai3aluy HalpaBIEHHOIO H3ITY-
yenuss M/I-na3epoB TakKe SIBISETCS ONTHYECKAs CBA3b C OPYTMMHM ONTHYECKUMHU DJICMEHTAMH,
HampuMep € MarucTpalbHbIM BOJHOBOJIOM (AMAJIEKTPUYECKUM WM HOJIYIPOBOIHUKOBBIM) [7].
[Ipu 3TOM naHHasg KOHQUrypauus sBISETCS MJIaHAPHOM M JOCTATOYHO JIETKO peaau3yeTcs Ha UHTe-
IpaJbHOM MUKpOCXEME.

B nanHoli paboTe BBINOIHEHO HCCIEA0OBAHNE BBIBOJA U3JIyUEHUS MOJYyNPOBOIHUKOBBIX MJI-
Ja3epoB B CONPSHKEHHBIH BOJIHOBOJ, CPOPMHUPOBAHHBIA U3 TOH K€ MUTAKCHAIBHON TeTepOCTPYK-
Typbl B IUIaHapHON reomerpuu. Mccineayemble reTepoCTpyKTYphl MosiydeHbl merogoM MOC-
TUPUIHOMN SMMTAKCHU Ha MOMIOKKe N -GaAs. B KauecTBe aKTUBHO# 00acT ObLIM HUCIIONIB30Ba-
HbI 5 ciioeB InGaAs/GaAs KBaHTOBBIX sSIMa-TOUYEK. DJICKTPOHHAS JIUTOTpadus U TUIA3MOXUMHUIECKOE
TpaBJICHUE NPUMEHSIIUCh Ui (OPMHUPOBAHMS BOJHOBOAOB M MJI-pe30HAaTOpOB (IMamMeTpoM
15...40 MkM), a Tarke y3kux 3a30poB Mexay HUMHU (0...200 um). M3ydancs BbIBOA M3Iy4eHUsS B
NPSIMOYTOJIbHBIE BOJIHOBOJIBI C Pa3IMYHOM BEJIMYMHOM 3a30pa, U BOJHOBOJBI C CEKIMEH, orubdaro-
et M/1-nazep (yribl orubanust coctasisuin 20 u 45°). BeINoOMHEHO UCCIeI0BaHUE CIIEKTPOB JJICK-
TPOJIFOMUHECIICHIIMH U [I0pora Ja3epHOoi reHepaly Npu KOMHATHOW TeMIlepaType B 3aBUCUMOCTHU
OT MapaMeTpoB MPUCTHIKOBAHHOTO BOJIHOBOA. [IpoBeneHo nccienoBanue 3pPpeKTHBHOCTH BBHIBOIA
U3Ty4YeHHUs] B BOJHOBOJI B 3aBUCMOCTH OT IapameTpa cBsi3u M/I-BOJIHOBO/I.
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HccnenoBanue BRIMOTHEHO 3a c4eT rpaHTa Poccuiickoro Hayunoro ¢gonma Ne 18-12-00287,
https://rscf.ru/project/18-12-00287/.
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BbIGOP CIIOCOBA 3AT'PY3KH KOMIIVIEKCOB JHK-ITIOJINMMEPA3A
B HAHOKOJIOAbI 1151 OJHOMOJIEKYJIAPHOI'O CEKBEHUPOBAHUSA
B PEAJIBHOM BPEMEHMU

A. 10. SImanoBckas >*, JI. A. Benos 2

' Canxm-ITemepbypackuii nonumexnuuecxkuil ynusepcumem Iempa Benuxozo, Cankm-ITemep6ype
2Uncmumym ananumuuecko2o npubopocmpoenus PAH,
Canxm-Ilemepbype, 198095, yn. Heana Yepnuix, 0. 31-33, num. A
*a.yamanovskaya@gmail.com

OnHOMOJIEKYJISIPHOE CEKBEHUpOBaHWE B peadbHOM BpemeHHu (Single molecule real time
sequencing, SMRT) BnepBbie OBUTIO 3aMaTEeHTOBAHO W KOMMEPIMAIU3UPOBaHO KoMmmaHuei Pacific
Biosciences of California, Inc. (PacBio) [1, 2]. CexkBeHupoBanue — 3T0 omnpejeeHue Mocaea0Ba-
TETBHOCTH PACTIONOKEHHSI a30THCTHIX OCHOBaHMH HykJIenHOBBIX KuchoT (A, T, G u C) B monuHyK-
neotuae. OTHOMOJIEKYJIIPHOE CEKBEHUPOBAHUE OTIMYAETCS OT KJIACCMUYECKUX METOJIOB TEM, YTO HE
TpeOyeT 3Tana aMIuTMQHUKaIud Ipyu MPOOONOATOTOBKE M TIO3BOJISIET aHAIM3WPOBATH CIMHUYHBIC
mounekyns! JIHK.

B Texnonorun SMRT kommiekcs! JIHK-nonumepasa 3arpyxarorcst Juisl HOCAEAYIOIErO aHa-
JU3a B HAHOKONOALHI (zero-mode waveguides — ZMW), npenctasinsiomye co0oit CBETOBObI HYJIe-
Boi Moabl riayounoi 100 um u muamerpom 70...150 am [3—7]. Ux ocBemaroT gazepaMu o CTOPO-
HbI MIPO3PAYHON MOJIOKKH, MPU ATOM MHTEHCHBHOCTbH M3JIyY€HHS HKCIHOHEHLHUATIbHO 3aTyXaeT U
MIPOHUKAET B HAHOKOJOJEI] Ha BbICOTY Okojo 20 HM [3]. B mepBbIX BBINYIIEHHBIX MPOTOYHBIX
sueiikax a1 SMRT konmuectBo ZMW nocturano 150 teic. (2000 Ha 1,6 MxMm) [5], B HOBeHIIUX
MOJEeNAX ueeK KoauuecTBo ZMW mocturaer 8 MIIH.

[lenbto qanHON pabOTHI sIBIIsSIETCS BBIOOP criocoba 3arpy3ku komruiekcos JIHK-monmmepasa B
HAHOKOJIO/ILBI /1711 IPUMEHEHHUsI B pa3zpabaThiBa€MOM almnapaTHO-MPOrPAMMHOM KOMIUIEKCE OJTHO-
Mosnekyssipaoro cekBenupoBanus (AIIKOC), peanusyromniero Texnonoruto SMRT.

CyImecTByeT HECKOJIBKO CIOCOOO0B 3arpy3Ku: MyTeM naccuBHOU auddysuu, snexkrpodopeTn-
yeckas 3arpyska [3, 8—10], Merox ¢ ucnosbzoBaHueM KancuaoB [11] 1 MarHUTHBIX MIAPUKOB (mag-
netic beads) [11].

VYenemnoe SMRT-cekBeHnpoBaHue mpenrnonaraeT COOMIOJCHHE CIEAYIONIMX YCIOBHH 3a-
rpy3ku komiuiekcoB JJHK-nmonumepasa B Hanokonoaus! [12]:

1) obGecrieuenne BBHICOKOH 3(h(PEeKTUBHOCTH 3arpy3KH (CHIDKEHHE BPEMEHH 3arpy3KH M KOH-
uenrparuu ¢pparmenron JJHK);

2) 3arpy3ka enquHcTBeHHOro koMiekca JIHK-nonumepasa B HaHOKOMIO1E1T;

3) obecnieueHrne MaKCUMaIbHON JOJIH 3arpy>KEHHBIX HAHOKOJIOIICB;

4) HanexxHoe 3akperuienne komruiekca JJHK-nonmnmepasa Ha mHe HaHOKOIOIIA.

Cpenu npeacTaBIeHHBIX BBIAENSETCS CIOCOO 3arpy3Ky C MCIOJIb30BAaHMEM MAarHUTHBIX IHa-
PHUKOB, T. K. OHH IPOCTHI B NPOU3BOACTBE, MPEMATCTBYIOT 3arpy3ke KopoTkux (parmentoB JJHK
JUIMHOW MeHee | ThIC. map HYKJIEOTHUIOB M TO3BOJIAIOT MCIIOJIB30BaTh 00pasiel ¢ Oojiee HU3KOU
KOHIIeHTpanuel (3arpy3ka 3a 60 MuH ¢ koHuentpauueid monekyn JIHK 3...30 oM nmo cpaBHeHHIO €
3arpy3koi myteM naccuBHOUM auddy3uu 3a 30...60 mun ¢ konnerTpanueit 80 M) [9]. B matenTax
kommanuu PacBio onucanbl OCHOBHBIE IPUHIIUIIBI 3arpy3KH HaHOKooAteB [2, 11, 13]:

1) marauTHBIE mapuku nepeHocsaT Gparments! JJHK, 3akpernsieHHbIE 1O MPUHIMITY KOMILIE-
MEHTApHOCTH U CBSI3IMU OMOTHHA U cTpenTaBuauHa [117];

2) 1OJ] TOBEPXHOCTHIO YHIIA JOKEH OBITh PACHOI0XKEH MarHuT;

3) TpaekTopus BpallleHUs MarHuTa JOJHKHA O0ecreunBaTh IMJIaBHOE MEpPEMEIICHNE IapUKOB
10 TIOBEPXHOCTH YHIIA.

Takum 00pazoM, yCTaHOBJIEHO, UTO criocob 3arpy3ku komruiekcoB JJHK-monumepasa B HaHo-
KOJIOJIbI C TOMOUIbI0 MATHUTHBIX LIAPUKOB SBJSETCS MPEANOUYTUTENBHBIM JUIsl pealn3allii B pas3-
pabatsiBaemoM komiuiekce AIIKOC, u BBISIBICHBI OCHOBHBIE NMPUHIIMUITBI 3arpy3KH HAaHOKOJIOALEB
3TUM CIIOCOOOM.
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HCIHOJb30BAHUE IIU®POBOM OBPABOTKHN CUTHAJIOB
JJIAA AHAJIN3A JIIOMUHECIHHEHIIUA OT AYEEK ZMW
OJHOMOJVIEKYJISAPHOI'O CEKBEHATOPA JHK

A. A. lly6osux !*, A. 1. ITerpos 2

' Canxm-ITemep6ypackuii nonumexnuuecxkuil ynusepcumem Iempa Benuxozo, Cankm-ITemep6ype
2Uncmumym anarumuyeckozo npubopocmpoenus. PAH, Canxm-Ilemep6ype, 198095,
va. Meana Yepnuix, 0. 31-33, num. A
* chernay2001@list.ru

C pa3BUTHEM TEXHOJIOTUI CEKBEHHUPOBAHMS BO3HUKACT MOTPEOHOCTh B aHAJIM3E M UPPOBOU
00paboTKe MOJIY4YEHHBIX NAHHBIX. OJTy 3aJady IMpeajaraercs peuuTbh MpU IMOMOIIU BEHBIET-
aHaym3a [2] Win MoJIocoBOro GuibTpa.

OcobeHHOCTh KOHCTPYKIMH ZMW-siueliki T03BOJISET HAOMIOAATh JIFOMUHECICHIIMIO €I1H-
HUYHOU (IyOpPECICHTHONH METKH, NPUIINTOH K HYKICOTHAY B MOMEHT BcrpamBaHus JIHK-
nosiuMepazoif. COOTBETCTBEHHO, K YETHIPEM THUIIAM HYKJIEOTHIOB MPHUILUTHI pa3Hble (IyopecieHT-
HBbIE METKH, YTO MMO3BOJISET pa3nnyaTh ux. Takum obpa3om, npu nonumepusanuu nemu JJHK mox-
HO TOJYYHUTh 3aBUCUMOCTh MHTEHCHUBHOCTHU (hiIyopecleHIuu oT BpeMeHH. V3 aHanmm3a Takux Bpe-
MEHHBIX PSAJIOB 10 BCeM KaHajaM (IyOopeclEHIMH MOIy4aeTcs MOCIeI0BaTeIbHOCTh HYKICOTHI0B
B mouiekyne JIHK [1].

3a 0CHOBY OBUIM B3SThI JaHHBIE, NTOJTy4YaeMble Ha OJJHOMOJIEKYJISIPHBIX CEKBEHAaTOpax (pUpMbI
PacBio. /Ins monenupoBanus mono0Hsix curHanoB B MAIT PAH Obputa paspaboTtana mporpamMma
Project SMRT, nmoiaHOCTBIO UMHUTHpYIOIIAas pabOTy CHUCTEMBI PETUCTPAIIMM CUTHAJIOB JIIOMHUHEC-
neHuuu ot siueek ZMW. IIporpamma BbIAAET YEThIPE BPEMEHHBIX IOCIEI0BATEIBHOCTH, COOTBET-
CTBYIOILIME KaHAJIaM PErMCTPalliU JIOMHUHECIICHIIMN HYKJIEOTUIHBIX OCHOBaHUM. PaccmaTpuBaercs
HE BCS IOCJENI0BAaTENbHOCTh, @ TOJBKO OJMH M3 KaHAaJOB, Ha MpuMepe 0OpaOOTKHU CUTHAJIOB I10
MepBOMY KaHaly — afieHuHy (puc. 1. a), mpuBeAeH MOCIeaY 0NN aNrOpUTM GUIBTPAIIH.

B cpene MathLab moctpoen ¢ypbe-ciektp (puc. 1, 6). [lo BHemHeMy BHIYy TOIYYCHHBIN
CIEKTP MUMEET CXOXHe C Pyphe-CIeKTPOM MPSMOYTOJIFHOTO CUTHAIA XapaKTepHbIe MUKHU Orudaro-
LI, HO TPU ATOM «IJIaBHBIM» MUK pa3/elIeH Ha HECKOJIbKO B Iosiocax mpuodausutensHo 1...100,
350...650 u 1200...1400 I'm.

br110 mpoBesieHO MOJENMpPOBaHUE TPEX MOJOCOBBIX (uiIbTpoB Tuma «barrepBopT». s 06-
paboOTKU CUTHATIOB OBbLT MPUMEHEH CIEAYIOMINA anroputm [3]:

1. Pacuer pypbe-criekTpa BXOAHOIO CUTHaja (OHOTO U3 KaHAJIOB PETUCTPALIUN).

2. Pacuet ypne-o6paza monocoBoro GpuibTpa.

3. IlpumeHeHune 1moIocoBoro GUiIbTpa ¢ MOIyYeHHEM Qyphe-CIeKTpa BHIXOAHOTO CUTHATIA.

4. O6patHoe npeodpazoBanue Pypre A MONTYYCHHUS BPEMEHHOU MOCIEeI0BATEIILHOCTH BBI-
XOJIHOTO CHUTHAJIA.

Bboutu npoBepens! Tpu pumbTpa.

[epBorit mocTpoeHHBIH (UIBTp UMeeT monocy mpomyckanus 1...1400 I'm. Bemwumna ot-
(UIBTPOBAHHOTO CUTHAJNIA YMEHBIIIAeTCs, HO Bce paBHO mpeBbimaeT 50 %. Onnako uz-3a addexra
CTJIa)XKMBaHMs JBa MUKA MOTYT CIUTBCS APYT C APYTrOM, YTO MPUBEAET K OIIMOKE MPU CUYUTHIBAHUU.
VYpoBeHb IyMa B CUTHAJIE TOKE BEIHUK.

Bropoit punbtp umeer ase mosockl npomyckanus: 1...1400 u 2800...3100 ' u yuuTsiBaeT
HE TOJIBKO «TJaBHBIM» MUK, HO U CIEAYIOIIUHN 32 HUM. DTO MO3BOJSET «00OCTPUTHY (DUIBTPALIUIO,
HO MCXOJIHBIM CUTHAJI 3alIyMJISI€TCS] BBICOKOYaCTOTHBIMU IIOMEXaMH.

Tpetuit punbTp ¢ momocamu npomnyckanus 1...150, 400...700 u 1100...1500 I'u. Ordunb-
TPOBaHHBIM CUTHAJ W30aBJIEH OT YaCTH HU3KOYACTOTHBIX TomeX (puc. 1, 8). [lpuuem no cpaBHEHHUIO
¢ MepBbIM (UIBTPOM BEJIMYMHA CUTHAJIA YMEHBIAETCS HE3HAYUTEIHHO, YTO MO3BOJISIET BBIACIUTH
13 IIyMa OCHOBHOM curHaj. [lomydeHHbIN ClIeKTp MPeICTaBICH Ha puc. 1, 2.
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Puc. 1.

Pabora BeImonHEHa npu GUHAHCOBOH Moaep)Ke MUHHCTEPCTBA HAYKU U BBICIIETO 00pa3o-
Banus Poccuiickoii ®enepanun B pamkax npoekta PeaepanbHON HayYHO-TEXHUYECKON Imporpam-
MBI pa3BUTHsI reHeTndeckux TexHomoruit Ha 2019-2027 roast (Cornamenne Ne 075-15-2021-1057).

1. Tlokonenust meronoB cexkBenupoBanus JJHK (0630p) / A. I'. boponunos, B. B. Manoiinos,
. B. 3apyukwii, A. U. Tlerpos, B. E. Kypoukun // Hayd. mpubopoctpoermne. 2020. T. 30, Ne 4.
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2. Cucrema ¢unpTpanuu JaHHBIX MuKpomaccuBa JJHK Ha ocHOBe BeiiBreT-aHanm3a U KpUTEpUs
suTpornuu / C. A. babuues, Xennayi Anb, Amu FOzed, B. U. JlutBunenko // Bectn. XHTYVY.

2015. Ne 3 (54). C. 203-209.

3. Uudposas obpadorka curHamoB / mon pea. JI. M. Tompmenbepra, b. JI. MartiomkuHa,

M. H. Ioasgka. M.: Paguo u cBsi3b, 1990. C. 74—138.
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MEPBUYHBIN AHAJIN3 JAHHBIX OJHOMOJIEKYJISIPHOI'O CEKBEHATOPA IHK
A.T. Bopoaunos, A. C. Capaes’, A. U. [Terpos

Hucmumym ananumuueckozo npubopocmpoenus PAH, Cankm-Ilemepoype, 198095,
ya. Meana Yepuvix, 0. 31-33, ium. A
* alex.niispb@yandex.ru

B Hacrosiiiee BpeMsi KOHCOPIUYMOM BO TJiaBe ¢ HCTUTYTOM aHaTUTHYECKOTro MPHUOOpOCTpo-
enns Poccuiickoii akanemun Hayk (MAIT PAH) pa3pabarbiBaercs anmapaTHO-IIPOrpaMMHBIN KOM-
meke ogHomouekyspHoro cekBenupoBanus (AIIKOC). [Tpubop npegHazHaueH s OnpeaeeHus
IIOCJIEI0BATENBHOCTU HyKIeoTuA0B Mosiekybsl JJHK B peansHOM BpemeHnu. B ocHoBe meTona e-
JKUT MCTIOJIb30BaHUE HaHOKOJIOAIEB Zero-mode waveguide (ZMW) — yrinyOneHuii 1uameTpom He-
CKOJIBKO JIECSITKOB HAHOMETPOB, KO JIHY KOTOPBIX MpUKpeIuieHa eauHudHas Mmosekyna JIHK-
MOJINMEPA3bl.

Oran nepBuyHoro ananusa (Primary Analysis) 3aHUMaeT MECTO MEXIY CTAIUsIMH PErHCTpa-
nuu ontrdeckoro curHaia B AITKOC u npoBeneHne Tak Ha3pIBA€MOT0 BTOPUYHOTO aHainm3a (Sec-
ondary Analysis) ais pemeHus 0MOMH(GOPMALMOHHBIX 337]a4 HA OCHOBE IOJIyYEHHBIX NMPOYTEHUI
(pumoB). Dram nepBuYHOrO aHaynm3a (puc. 1) BkiarodaeT B cedst [1]:

— 00paboTky curnanoB Ha craguu Owibma (Movie) ans coxpaHeHUs B BUAE TpaccCHpPOBKU
(Trace) nyst kaxaoro kosnoana ZMW B peanbHOM BPEMEHH;

— Boigenenne apredaxtoB IlynbcoB (Pulses) u3 TpaccupoBku (Traces) B kauecTBe uH(pOpMa-
AU JUTS] WACHTH(UKAIIMA HYKJICOTHAHBIX OCHOBaHM (cTanus Trace-to-Pulse);

— ctanuto base calling s onpeneneHus TOCIEA0BATEIPHOCTH HYKJICOTHIOB U3 TTOTyYEHHBIX
[TynbcoB (cramust Pulse-to-Base);

— YTOYHEHHE [MOCIEOBATEIbHOCTH HYKJICOTHUAOB TMPU PEKHUME LUKINYECKOTO YTEHUs
Circular Consensus.

Movie-to-Trace
£
E
[==]
o
]
. ~100 GB ¢
E
[ Trace-to-Pulse
b ~30GB il
c
E
= Pulse-io-Base
=)
A
J
L : Circular Consensus

£ log (size/GB) =

Puc. 1. Ctaguu nepBu4YHOro aHaiusa

43



Ananumbuollpubop-2022

Ortan nepexona ot @unbma k TpaccupoBkam (cramus Movie-to-Trace) MoaenupyeTcs mpo-
rpammoi, paspabotannoii B IAIl PAH, Ha BeIxoae KoTOpoii nmosydaem Habop TpaccupoBOK B paz-
JMYHBIX KaHajaX (IyopecleHIuu A 3aJJaHHON HYKJIEOTHIHOM 1MOCIeI0BaTeNbHOCTH.

Lenbto paboOTHI SABIAETCS PACCMOTPEHUE aJITOPUTMOB M MApaMETPOB ik 00PaOOTKH JaHHBIX
Ha ctaausx Trace-to-Pulse u Pulse-to-Base. Knacc paccMoTpeHHBIX anroputMoB Ha cTaauu Trace-
to-Pulse mpunamnexxut obnactu change detection (craTucTrueckuii aHaIu3 OOHAPYKEHHSI U3MEHE-
Huii) [2]. B kadecTBe OCHOBHOT'O METO/1a BhIOpaHa KOMOWHAIIMSI CTaHAAPTU3UPOBAHHOM Z-OIEHKH —
Mepbl OTHOCUTENILHOTO pazdpoca HaOII01aeMOro MM U3MEPEHHOTO 3HAUCHHS U SKCIIOHEHIMAIBHO
B3BEIIEHHOTO CKOJIB3SIIIETO cpeaHero [3].

Ha Beixone u3 cragum Trace-to-Pulse momydaem HaGop IlyiabcoB mo kakaod M3 YeThIpex
TpaccupoBok ¢ HAOOPOM MapaMeTpPOB (MHTEHCUBHOCTb, IIMPUHA U PACCTOSIHUE MEXTy TuKaMu). Ha
CJICAYIOUIeH CTaJuy HaM HEOOXOIUMO CHHXPOHH3HPOBATH ATy MH(DOPMAIUIO IO BCEM TPACCHUPOB-
KaM W BBIHECTH CYXJICHHE O TOMUHUpYIoIIeM KaHane (iayopecuennnn (cramus Pulse-to-Base). B
KauecTBE KPUTEPHs KauecTBa padOThI aJIrOPUTMOB CITyKaT MEepPbl OJIM30CTH HYKICOTUIHBIX MOCIIE-
JIOBATEILHOCTEH Ha BXOJE MPOrpaMMbl MOACIIMPOBAHUS U Ha BbIXoJie (cTaaus base calling).

baarogapHocTu
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OIITUMM3AIUA METOJUKHU ITPAMOI'O UIBMEPEHUSA PH YYHACTKOB KOKH
H. JI. lonomapés, A. M. Iapimykos™, B. B. Pomanosa, A. IO. 3aiinesa

Hncmumym ananumuueckoeo npubopocmpoenusi PAH,
Canxkm-Ilemepoype, 198095, yn. Heana Yepnuix, 0. 31-33, aum. A
* Anton.Parshukov(@spcpu.ru

C nauvana 2000-x rogoB pH noBepXHOCTH KOKHU U €T0 MOAAECPKAHUE CTAJU CBI3bIBATH C BaX-
HOHM POJIbIO B LIEIOCTHOCTH M CUEIJICHUU POTOBOTO CJIOSI, @ TAKXKE B PETYJSIIUU FOMEOocTas3a 3u-
JIepMabHOTO Oapbepa U MEXaHW3MOB aHTUMHKPOOHOH 3amuThl [1, 2]. U3BecTHO, uTO pH moBepx-
HOCTH KOXH BIIMSET HA pPAaCTBOPEHUE U PaA3/IEJICHUE XUMUYECKHUX BEIIECTB U MOKET OKa3bIBaTh BO3-
JeiicTBUe, KOTOpOE MPUBOAUT K KOXKHBIM 3a0osieBaHusAM. OHAKO B paHee MPOBOJUMBIX HCCIIEI0-
BaHUSAX METOAMKE u3MepeHus: pH Koxu He ObUIO yIIeIeHO JOCTATOYHOTO BHUMAHMSI, a caM MPOLIeCcC
CHSITUS JAHHBIX SBJISIETCS JOCTATOYHO TPYJIOEMKUM |3, 4].

[IpoBenén mouck Hamboee MPOCTON METOIUKHU MONYYCHUS JAHHBIX O COCTOSHUU KOXH de-
JoBeka. bplia B 3HAUMTENIBHON CTETIEHH YIPOIIEHA KIAaCCHYEeCKas METOJUKA, YTO TMO3BOJIUT H30e-
JKaTh TPYyOBIX OMMOOK TP u3MepeHun pH KoXH.

BBenenue. Y kiaccuueckoi MpsiMOil METOJIUKU U3MEPEHUS €CTh PsiJl HEAOCTATKOB:

1) TpyAHOCTh HaHECEHUS BOJBI TOJIHKO HA UCCIEIyeMYI0 00JacTh KOXKH B HEKOTOPBIX aHATO-
MUYECKHUX MOJOKEHUSAX;

2) HEBO3MOXKHOCTh 3a()MKCHUPOBATH TOJOKEHHE HCCIENYEMOTO ydYacTKa ISl YCTpaHEHUs
JIBOKEHUH TeJla, BIUSIOMIUX HA TOYHOCTh U3MEPEHUI;

3) obs3aTenbHOE MPUCYTCTBUE UCTIBITYEMOTO MIPU MPOBEACHUH HETIOCPEICTBEHHBIX N3MEPEHHH.

Lenbto uccnenoBanus ABISIETCS pa3padOTKa METOAMKH, KOTOPast 3HAUUTEIHHO yIPOCTHIIA OBl
cOOp JaHHBIX O COCTOSTHUM y4acTKa KOXKM YeJIOBEKa W IPU 3TOM JlaBaja Obl aHAJIOTHUYHbIE KJIACCH-
YECKOW METOIUKE UCCIIECIOBAaHUS PE3YIbTATHI.

3ajauu uccae0BaHMS:

1. Pa3paboTraTh TEXHUYECKOE PEIICHHUE, MO3BOJSIONIEe HAHOCUTh (PUKCHPOBAHHBIA 00BEM JTU-
CTUJUIMPOBAHHOM BOJBI HA U30JIMPOBAHHBINA yYACTOK KOXKH.

2. Pa3paboraTh METOUKY YIAIIGHHOTO CHATHS MTPOO ¥ TATBHEHINETO aHATN3a B TJa00PaTOPHH.

Pemenue 3Tux mpoGieM Mo3BOJIUT NEPEKITIOUNUTHCS Ha UCCIIEOBAHNE KOHKPETHBIX (PAKTOPOB,
BIMSIONINX Ha pH KOXH, U YBETUYUTh BEIOOPKY JIFOIEH, MPUHUMAIOIINX YYaCTHE B UCCIIETOBAHUU.

OcHoBHast yacTh. J[151 U3MEpEHUI UCIIOJIB30BAJICS CTEKIITHHBINA 3JIEKTPOJ U 3JIEKTPO]] CpaB-
HEHUs, 3aKpeIUIEHHbIE Ha IITaTUBE, MPEIBAPUTEILHO OTKATMOpOBaHHBIE B Oy(depHBIX pacTBOpax
pH = 4,01, pH = 6,86 [5]. Ilepen kaxapiM U3MEPEHHEM HMCCIEAYEMBIM y4aCTOK KOXHU OUYHIIAJICA
cyxoi puibTpoBambHOM Oymaroi. [Tocie kKaxmIoro u3MepeHus: UCIOIb3yeMbIe TPUOOPHI TPOMBIBA-
JUCHh AUCTUJUIMPOBAHHON BOAOW U MPOTUpANUCh (PUIBTpOBaNbHOM Oymaroit [3, 4]. Uccnenyembie
Y4aCTKH KO>KM HE MOJIBEPraJIiCh BO3AECHCTBUIO BOJBI B TEYEHUE 2...3 U 10 HAa4yajla U3MepeHui [5].
Jns n3onupoBaHUs M (UKCAIIMHM Y4acTKa KOXH ObUT MCHOJIB30BAaH IJIACTMACCOBBIM MOJBIA IIH-
JUHJP, B OTBEPCTHE KPBILIKKA KOTOPOro noaaércs Boaa. bbuio mpoBeeHo ABE Cepuu UCTIbITaHUM:

1. JuctumpoBaHHas BOJa HAHOCUJIACH IIMPUIIEM B TIPUOOP, 1O MPOIIECTBUU 1 MUH Ha KO-
Ky TIOMEIIAINCh AJIEKTPOAbI U B TEUEHHE 2 MUH (PUKCUPOBATIMCH MTOKa3aHUs pubopa.

2. JlucTuinpoBaHHasi BOAAa HAHOCWIIACh ILITPHLIEM B IPUOOP, 1O MpoIecTBUM 1 MUH mpoda 3a-
Oupanach YMCTHIM LITPHLIEM U UCCIIEAyeMast KUAKOCTh aHATIM3UPOBAIACH C TOMOLIBIO 3JIEKTPOJIOB.
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J1J1s1 KOpPEKTHOCTU CpaBHEHMSI AIBYX CEpUN UCTIBITAHUN OpaUCh COCETHUE YUACTKU KOXKH Jie-
BOT'O MPEAIICUbS.

Cpennee 3HaueHue pH uccnenyeMbIx yuyacTKOB B JIByX CepHsX sKcrnepuMeHTtoB 5,73 + 0,15 ex.,
YTO TOBOPUT O BBICOKOM TOYHOCTH pa3padaThIBAEMOW METOIUKH [6, 7].

3akiro4enue. Pe3ynbTaTel 3KCIEPUMEHTOB FOBOPST O MPUMEHUMOCTH METOAMKHU Ha NPaKTH-
ke. [Tockonbky e€ BHenpeHue He TpeOyeT CephE3HBIX TEXHUYECKUX YIIYUIICHUH 10 CPAaBHEHUIO CO
CTapoi METOAMKOM, a pa3auyus MEKAY MOJYyYEHHbBIMH pa3HbIMHU CIIOCOOaMM 3HAYCHUSAMHU HE3HAUU-
TEJIbHBI, OHA MOXET OBITh HCIIOJIb30BAaHA B JIIOOBIX MCCIIEOBAHUSX HA H3MEPEHHE KHCIOTHO-
niesioyHoro OamaHca koxu. Ilpeanosiaraercss BO3MOKHOCTb MCIIOJIB30BaHMS WM MOAM(DUKALAN
JAHHOM METONWKHU JUIS ONpe/esieHUs] KOHLIEHTPAIMH IPYTruX MOHOB, 00ECTIEUMBAIOIIUX HOPMAJb-
Hoe (P)YHKIIMOHMPOBAHUE OpraHU3Ma.
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PA3PABOTKA MUKPO®JIIOUJHON CUCTEMbI CO BCTPOEHHBIMHU
ITHEBMATHUYECKUMH KJIAITAHAMU U MEMBPAHHBIM HACOCOM
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BBenenue. OHON M3 IIaBHBIX TEXHOJOTMUeCKUX TeHAeHUMM XXI Beka siBisieTrcs CTpeMu-
TeJIbHas MUHUATIOPU3ALIUS CUCTEM, MEXAHW3MOB U YCTPOMCTB, B PE3YJIbTATE YErO CTaJ0 aKTyallb-
HBIM HampaBJIeHUE pa3paOOTKU XUMUYECKUX U OMOTEXHOJOTHUYECKUX CHCTEM, MCIIOIB3YIOIUX KaK
MOKHO MEHBIIMHA 00BEM XKHUIKOCTeH MM peareHToB. KitoueBoi 3amavei Uit pa3pabOTKH TaKHX
CUCTEM SIBJIICTCS CO3JaHHUE YCTPOMCTB, CIIOCOOHBIX C OMPEIEICHHON TOYHOCTHIO KOHTPOJIHPOBATH
MIOTOKH KUAKOCTEH B MUKpOKaHanax. Pa3paboTku B 3TOM HampaBiIeHUH MO3BOJIST CO31aBATh HOBBIE
nokoJienus [1I{P-cuctem, cucTeM KIE€TOYHOTO aHajau3a U APYTruX CUCTEM MUHUATIOPHOTO aHAJIN3a U
nabopaTopuu Ha yune. MUKpO(IIONIHBIE CUCTEMBI YK€ UMEIOT IIMPOKOE MPUMEHEHHE B XUMUU U
OMOTEXHOJIOTHH, HO OTKPBITOM OCTAaeTCs 3a/laya yIpaBJICHUS ABUKEHUEM >KUIKOCTEH B MUKpPOKa-
Hanax. J{ns perneHus Takod 3a7a4u BHYTPU YHIIA CYNIECTBYET KOHIEHINS MUKPODIIOUIHBIX KIla-
MaHOB U MEMOpaHHBIX HacocoB [1]. DT QyHKIMOHAIBHBIE AIEMEHTHI CITIOCOOHBI HHUIIMUPOBATh U
MpephIBaTh MOTOK XKUJIKOCTH B KaHaie. B manHoil pabote pa3paboTaHa coriiacoBaHHasl U yIpaBlis-
eMas cucTeMa MeMOpaHHBIX HAacOCOB M KJIAllaHOB, CIOCOOHAs MPOKAYHMBATh >KHIAKOCTh BHYTPH
MHUKPOKAHAJIOB B ONPEICICHHBIX 3aJaHHBIX 00beMax.

JKcnepuMeHTaIbHAasE YacTh. B manHo# paboTte ObUHM pa3pabOTaHBl U UCCIEIOBAHBI CBOM-
CTBa pa3HBIX TOMOJOTHM CUCTEM MUKPODIIONIHBIX KJIaNaHOB U MEMOpPaHHBIX HACOCOB, a TAKXKE UX
B3aMMOJICHCTBHS C BHEITHUMH CHCTEMAaMH YIPABJICHHUS, TAKUMH KaK MUKPODIIOMIHBIA KOHTPOJI-
Jep AaBICHHUS U aBTOMaTHU3UpOBaHHAsA cucTeMa Ha 6aze Arduino. YcTpoiicTBO npenacTaBiser cooon
MUKpOGIIONAHBINA uun ¢ 3 win 5 cnosmMu PDMS, oTauThIME 1O IPEABAPUTEIBHO CIIPOSKTUPOBAH-
HBIM M U3TOTOBIIEHHBIM Ha JTa3€pHOM cTaHKe MacTep-(opmam. Cliou 4umia CoeTMHEHbl TAKUM 00pa-
30M, YTOOBI TPHU TOMOIIM CHCTEMBbl ITHEBMATHYECKUX KaHAJIOB Bo3jciicTBOBaTh Ha PDMS-
MeMOpany tosmuHoW 100 MkMm. MemOpaHa, B CBOIO OYepeib, B3AaMMOICHCTBYET CO CIIOEM KHJI-
KOCTHBIX KaHAJIOB TaKUM 00pa3oM, 4TO >KMJKOCTh CHauyaja HaOMpaeTcs B CHELMAIbHYIO KaMepy B
MeMOpaHHOM Hacoce U 3aTeM UCITyCKaeTcs U3 Hee Ha BhIXo[ unna. Ciou ynmna ObUti 00bEJMHEHBI C
MeMOpaHO#l MpH MOMOIIM MOBEPXHOCTHOH OOPaOOTKH KHUCIOPOAHOW TMIIa3MON C MOCIeAyrome
TepMUYeCcKol 00paboTkoi. B kiramanax m Hacoce 0O0pabOTKa MiIa3MO HE MPOBOAMIACH C IIEIBIO
M30€XKaTh CIUTIAHUS CIIOSI C MEMOPAHOM.
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INOJTYYEHHUE 1 OHEHKA )KU3HECIIOCOBHOCTHU UHKAIICYJIMPOBAHHBIX
KIIETKAMU COEPUYECKUX MUKPOT'EJIEN C IIOMOIIBIO KAIIEJIBHOU
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Jnst 5ddexTHBHON pa3pabOTKH JIEKAPCTB HEOOXOMMBI KaueCTBEHHBIE MOJIENIN UCKYCCTBEH-
HBIX OpPraHoB W TKaHed. 3D-OmormeuyaTh — TEXHOJOTHS ITOCIOHHOTO ()OPMUPOBAHUS CIIOKHON
CTPYKTYyphI oprada [1]. MaTtepuanom ciykaT OModepHUIa — CMECh M3 KUBBIX KJIETOK, OMOCOBMeE-
CTHMOTO THIPOTENISl K BCIIOMOTATEJIbHBIX BEIIECTB. BOJIBIIMHCTBO NCTIOIBb3YEMBIX OMOYESPHUIT JIUIITH
YaCTMYHO COOTBETCTBYIOT TpeOOBaHMSIM, HEOOXOIUMBIM JUIsl MOJYYEHHsI OpraHa C JIOCTaTOYHO
CJIO’)KHOM CTPYKTYpPOM M MPUMEHUMBIM B KIIMHUYECKOW MpakTuke [2]. buouepHuna U3 rugporene-
BBIX MUKPOYACTHI] (MUKpOIeJeBble OMOYepHIIIA) B OTIIMYME OT )KUJIKUX OMOUYEpHUII MOTYT obecrie-
YUTh OMOIeYaTh ¢ 0ojiee BBICOKMM MPOCTPAHCTBEHHBIM Pa3peIIeHUEeM C COXPAaHEHHUEM BBICOKOYIIO-
PAIOYCHHON BHYTpeHHEH CTPYKTYpHI [3]. OnHuM u3 HanboJiee MOAXOASAIINX CIIOCOO0B sl TIOJTY-
YeHUsT MHUKpOTesel sIBIAIOTCS MUKPO(DIIOUAHBIE TeXHOJIOrMU. Mukpodaronanka Oiaaronaps KOH-
TPOJIMPYEMOMY YIPABICHUIO MHUKPOMOTOKAMU KHUIKOCTEH (0OBEeMBbI HAHOIUTPBI — (PEMTOIUTPHI)
JlaeT BO3MOKHOCTB CO3/1aBaTh MUKPOKAILIH/MUKPOUYACTHIIBI M3 PA3IMIHBIX MAaTEPUAIIOB C yIIPaBIIS-
€MBIMHU CBOMCTBaMH (pa3mep, 00beM, cocTaB, MOPGOJIOTHS ), B TOM YHCJIE U TIOJyYeHUE OMOYEPHIIL,
COCTOAILINX U3 THIAPOTENeBbIX MUKpoyacTull [4]. B nanHON pabore Mbl pa3BUBAIN MUKPOQIIOHI-
HYI0 TEXHOJIOTHIO T€HEPALNU THAPOTeNeBbIX MUKPOYACTHUII, COAEPKAIINUX KIETKH, U U3y4alu KU3-
HECIIOCOOHOCTh U PAa3BUTHE KIETOK BHYTPU MUKPOTEJIEH.

Jlnis BHEApeHHs: B MUKPOT'€ITN MCIIOJb30BaJI KIETOUHYIO JIMHUIO KAPIIUHOMBI TOJICTOM KHILIKH
Mei CT 26, skcnpeccHpyrollyio B IUTOIUIa3My 3elieHbli (yopecteHTHblii 6enok EGFP. B ka-
4eCTBE TUAPOrelis MCIOIb30BaJIM aJbIMHAT HATPHsl, KOTOPBIM coueTaeT B ce0e OMOCOBMECTUMOCTh
U CIIOCOOHOCTbH K OBICTPOI HOHOT€HHOW NOJAMMepHU3auH [5].

K nenrpansHoit BogHo# (aze moasoaunu cpeny RPMI 1640 ¢ conepxamummucs B Hell KIeT-
KaMu. 3aTeM IeHTPaIbHBIN OTOK 0OBEIUHSIICS CO BTOPOM BOTHOH (hasoil, cocTosmiet u3 mnpemiie-
CTBEHHHMKA aJbIMHATHOIO THUIPOTEIIsl, KOTOPBIA COCTOSUT U3 pacTBopeHHoro B cpeae RPMI 1640
2,5 %-ro anpruHaTa HaTpus, K KoTopomy nobasuiu 20 %-ii Boguslit pactBop Ca-EDTA. O6wvenu-
HEHHBIN MOTOK BOJHOM (pa3bl 3MyJIbIMPOBAIN B MOTOKE NMEePPTOPYTIEPOJAHOIO Macia B MOHOAMC-
MEPCHBIE KAIUIM C MOMOILBIO MUKPOQUIIOUTHOTO TeHepaTopa ¢ (POKyCHUPOBKON MOTOKA, MOCJIE YEro
BBOJIWJIM TOCJICAHUN MTOTOK B CIUIOLIHYIO (pa3y nepdTopyriepoJHOro Macia ¢ yKCyCHOM KUCIOTON
u 1H, 1H, 2H, 2H-nep¢drop-1-okranon (IT®O). Mousl BogopoJa u3 YKCyCHON KHCIOTHI CHUYKAJIN
pH u BeBBIBaNM mucconuanuio komruiekca Ca-EDTA ¢ mocnemyromuyM BBICBOOOXKIEHHEM HOHOB
KaJbIMs, YTO MPHUBOAMIO K clIMBaHUIO anbruHara. [IPO cmyxkun B kadecTBe aecTaOuinsaropa
SMYJIBCHUHU JJIS TIEPEBOJIa MUKPOTeNei U3 MaclIsiHOM (ha3bl B BOAHYIO.

[Tocne BbIXOMa M3 MUKPODIIOMIHOTO YHITAa MUKPOTENN TTONAIald B CIMBHYIO TPOOUPKY, CO-
nepkaimryo OydepHbIii pacTBOp, KOTOpbI coctosii U3 cpeasl RPMI 1640, 25 MM pactBopa
HEPES, nosenennoro no pH 7,4 u 1 MM CaClo. HEPES cnyxun ans HeWTpanu3aluu BpeIHOTO
BO3/ICHCTBUSI YKCYCHOM KUCIOTHI Ha KieTkd, a CaClz — uist mpupaHusi MEKpOYACTHIIAM JOTIOTHH-
TEJIbHOW MEXaHUYECKOM MPOYHOCTH.

KneTku, nHKancynMpoBaHHbIE B MUKPOTENsIX, MHKyOuposanuck B cpeae RPMI 1640 ¢ no6as-
nenueM 7 MM CaClzanipu 37 °C u 5 % CO2 B Teuenue 21 cyT. J{s OLleHKH KU3HECTIOCOOHOCTH HC-
T10JIB30BAJICS. MOIMCTBIA MPONUAUN JJI OKpalllMBaHUS MEPTBBIX KIETOK (KpacHblil), 6enok EGFP,
coJiepKaluiics B IUTOIUIa3ME KIIETOK, [T0JICBEYMBAJ 3€J€HBIM BCE KIETKU. [ OLIEHKH TMHAMHKH
Pa3BUTHS KJICTOUYHBIX KJIACTEPOB MCIOIBH30BAJICS MOJCUET IJIOIAIU MOBEPXHOCTH OOJIACTH C 3ele-
HOM (piryopeciieHIIMel Ha CHUMKE C ITOMOIIbI0 TporpaMMbl Imagel.
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Puc. 1. KondoxkansHbie MuUKpockonudeckue noodpaxenus kiaetok CT26 EGFP,
WHKAIICYJIUPOBAHHBIX B aJIbTMHATHYIO0 MUKPOYACTHILY,
B pa3HbIE MPOMEKYTKH BPEMEHH Pa3BUTHS In Vitro

B pesynbraTe ObLT yCOBEpPLICHCTBOBAH U OTPabOTaH METOJ MeHepaluu aJbIMHATHBIX cepu-
YecKuX MHKporeneil pazmepom 200 MKM C MHKANCYJIUPOBAHHBIMH KJIETKAMH C TTOMOILIBIO MUKPO-
(barouaHOrO yCTpOoiicTBa, ObUIM OIEHEHBI KU3HECIOCOOHOCTh KIETOK M AMHAMMKA Pa3BUTHS UX B
KJIACTEpax BHYTPU MHKPOTENEBOM YacTUIbl. Pe3ynbraTel paboThl TOKa3ajaH, YTO JAHHBIN MOAXOT
MO3BOJISIET MOJIy4aTh allbIMHATHBIE TUAPOTeNieBble MUKPOYACTUIIBI, TJ€ KJICTKU MOKA3bIBAIOT KU3-
HECMOCOOHOCTh M MPOJIUQEPATUBHBIN MOTCHINAN, JATBHEHUIITNE UCCIeI0BaHUs OyAyT HAPaBICHBI
Ha 6oJiee JeTalbHYI0 OLIEHKY ATHX Ka4eCTB U BIUSIOLUIMX HA HUX (PaKTOPOB.
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PABPABOTKA METOJA 3JIEKTPOKOAJIECHEHIIUU A1 ONIPEAEJIEHU A
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B MUKPO®JIIOUIHBIX YCTPOUCTBAX
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BBenenue. B nociennee BpeMs akTUBHO pa3BUBAETCS 00JaCTh MPOU3BOJCTBA THAPOTEIEBBIX
Mukpoyactull [1]. MukpoyacTuilbl HAXOASIT MPUMEHEHHE B KAU€CTBE KOHTEHHEPOB ISl TAPreTHOU
noctaBku JiekapcetB, MPHK-Bakiuh, a taxoke 6uodepum qis 3D-nevatu TkaHeit u opranoB. OaHo
U3 TEPCTIEKTUBHBIX TEXHOJIOTUH (OPMUPOBAHUS MHUKPOUYACTHI, MO3BOJISIIOIICH YBEIUYUTH KOH-
TPOJIb 32 CHHTE30M IMYJIbCHH, SIBIIACTCS KarelbHas MUKpoQuIronanKa [2]. DTa TEXHOJIOTHS TI03BO-
JISI€T TEHEPUPOBATH M MIPOU3BOAUTH OMEPALIMH HAJ MOHOAUCIIEPCHBIMU KAaIUISIMU BOJHOM 3MYJIbCUU
HAHOJIMTPOBOTO U MUKOJIUTPOBOro oObema. Takue Karuim cily>kaT 1mablioHaMH JJis IPOU3BOJICTBA
MOJIMMEPHBIX MHKPOYACTHUIl Pa3HOTO COCTaBa, CTPYKTYpHI U GopMbl. B 3aBUCHMOCTH OT mIprOOpe-
TEHHBIX B IMPOLIECCE CUHTE3a CBOMCTB MOJUMEPHBIE MUKPOUYACTHUIIBI MOTYT UCIOJIb30BaTHCS B IH-
IEBOM U KOCMETUYECKOW MPOMBIIIJICHHOCTH, OUOJIOTHH, MEAWIIMHE U HAayKe O MaTepuanax [3—4].
OpHako MPOU3BOJACTBO MUKPOYACTHUI] METOJOM MOTOYHOM 3MYJIbCHM Ha 0a3e TEXHOJIOTHIl Kamelb-
HOW MUKPO(IIOUIUKHA CTATKUBACTCS C MHOXXECTBOM MPOOJIEM U OTpaHWYCHHA, HAPUMED, TAKHX
KaK MoJep>KaHue CTAOMIBHOCTH SMYJIbCUU M TPOHUIIAEMOCTh BEIIECTBA Yepe3 MOBEPXHOCTh Ka-
nenb. BenencTBue uero BOZHUKAIOT OMIMOKHU M 1e(heKThl, BIUAIOMINE KaK Ha (PU3UKO-XUMUYECKUE
XapaKTEPUCTUKA MUKPOYACTHUIl, TaK W MPEMATCTBYIOIIME MPOIIECCY TeHEpalMK Kameilb B MUKPO-
¢bmrouaHOM yctpoiictBe. [ToMmumo 3Toro mpu (GOpMHUPOBAHUU MUKPOUYACTHI] C HOBBIMH (DHU3HUKO-
XUMUYECKUMH CBOMCTBAMH BO3HHKAET BOMPOC ONTUMHU3AIMH MTapaMETPOB U 3a7a4a KOHTPOJIS Mpo-
1[ecca MmoJIruMepHU3allii pacTBopa rujaporens. B ganHoi pabore pa3paboTaH METOH, MO3BOJISIOIINN
OIICHUBATH COCTOSTHUE MUKPOYACTHI] in situ B MEKPODITIONTHOM KaHaJIe C TIOMOIIBIO SBJICHHS 3JICK-
TpoKoaneclueHuuu. MeTo ocHOBaH Ha 3(dekTe AecTabuIn3aiy cliosi TOBEPXHOCTHO-aKTHUBHOTO
BEILIECTBA HA MOBEPXHOCTH Karlelb AMYJIbCHH B JJIEKTPUUECKOM I0JI€, YTO MPUBOAMUT K MX IOCTe-
ayolieMy ciusHuio. [TomHOCThIO MOTMMEpPU30BaHHbIE MUKPOYACTHUIBI MPU 3TOM HE OyAyT Ciu-
BaThCS JAPYT C APYTOM B CBSI3U C GOPMUPOBAHUEM KECTKOTO KapKaca.

JKcnepuMeHTalbHAsA YacTh. B manHoi paboTe MBI pa3paboTaiy METO OIIEHKH MOJIMMEpPH-
3alMy TUAPOTeNeBbIX MUKPOYACTHII B MPOIIECCE UX CHUHTE3a B MUKPO(DIIOUIHOM YCTPONCTBE C MO-
Motisio dhdekra smekTpokoanecueHnuy. [Ipy HalOKEHHH TOHKOTO aIFOMUHHEBOTO 3JIEKTPOJA C
00paTHOM CTOPOHBI YCTPOMCTBA, B 3aBUCHMOCTH OT HAIPSHDKEHHOCTH CO3JaBaeMOT0 AIIEKTPUUYECKO-
T'0 TOJISA, YIA€TCs JOCTUTATh JIOKAJTBHOM 3JIEKTPOKOAIECIICHIINH KUAKUX Kareilb SMYyJIbCHH. MeTon
anpoOHpoBaH HA MUKPOYACTHUIAX W3 CIEAYIOIIUX THIPOTeNel: MOMHaKpUuiIaMu, MOJIUITUICHIIIN-
konp nuakpuinata (PEGDA), anprunar. BeisiBiaeHHBIE pa3iudusi B OTKJIMKE MOJTUMEPH3OBAHHBIX
MHUKPOUYACTHUI] Ha 3JIEKTPUUECKOE T0JI€ B 3aBUCUMOCTH OT CTEIEHH MOJIMMEPH3AIUH Tl T03BOIIS-
IOT KAYECTBEHHO U KOJUYECTBEHHO OMPEEISATh COCTOSIHUE TTOJMMEPHU3AIINK TeJisi BHYTPH MUKpOYa-
ctuil. [l Bcex moIuMepoB UcCiIeIoBaHa CKOPOCTh U 3((HEKTUBHOCTh CIIMBKHU B KaIlJISIX SMYJIbCHU.
Jlst anpruHaTa OnpeiesieHbl ONTUMAIBHBIE XapaKTEPUCTUKHA CUHTE3a MUKPOYACTHI] JUAMETPOM OT
30 no 45 MKM: KOHILIEHTpauus UOHOB Kanblusd 4.5 wt %, KOHIIEHTpaLKsl YKCYCHOW KHCIIOTHI B He-
npepeiBHOU ¢aze 0.75 vol %. J{ns MukpodacTurl u3 noauakpiamuaa auamerpom 20...50 MKM Ba-
ppupoBanuch KoHIeHTpauuu naunuaropa APS ot 0.3 1o 2.7 %, npu 3TOM 3HaUNTENBHON pa3HULLBI
BO BPEMEHU IMOJIMMEPHU3AIUH TeJisi O0HAPYKEHO He ObuT0. OCHOBHBIC PA3IUYHS BBISIBICHBI IIPH W3-
MeHEeHUU TemrnepaTypsl cpeabl ¢ 20 10 45 °C, yTo NMpUBeNo K YCKOPEHUIO CUTUBKU THAPOTENS BHYT-
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pu Mukpoyactuil ¢ 3 4 1o 20 muH. s muxpouactunr u3 PEGDA BeisiBiIeH mapa3uTHbIN 3P GeKT
i dy3un KUCIOpoAa yepe3 KameabHYyI0 000JIOUKY. YMEHBIICHUE JIMHEHHBIX pa3MepoB Kamelb
BEJIET K yBEJIMYEHHUIO OTHOLIEHUS IJIOAAN MOBEPXHOCTU KaIuld K €€ o0beMy, BCIEICTBUE YETO
noBbItaercs 3¢ dekTuBHOCTh AUPPYy3Un KUCIOPOAa, YTO, B CBOIO O4Yepeb, MHTHOUPYET MpoIecce
MOJMMEPU3ALIUN TelIsl 1)1l AIMyJibcun nuamerpom MeHee 100 mxm. Kpome Toro, majist MUKpOUYacTHIl B
nuanaszone nquaMetrpoB oT 40 10 150 MKM BBISIBIIEHBI ONTHUMAaJIbHbIE COOTHOLIEHUSI KOHIICHTPALIUMA
(dboToMHUIIMATOPA U paCTBOPAa MOHOMEpPA TUCIIEPTUPOBAHHOM (a3bl sl MOTUMEPU3ALIMU THAPOTENs
BHYTpu Karum. OTIENbHO PACCMOTPEHO BIHMSIHHE T€OMETPUU KaHala M TUIOTHOCTU YIAKOBKH Ka-
neiab Ha 3((EeKTUBHOCTh MOJUMEpU3alK. BBISIBICHO BIUSHUE I€OMETPUU KaHala U IUIOTHOCTH
YIIaKOBKH Kamenb Ha 3((EeKTUBHOCTh MOJUMEPHU3AINH, a UMEHHO IpU Oojiee IIOTHOM YIaKOBKE
Karesnb B HOTOKE 3((eKTUBHOCTH MOJTMMEPU3ALNN MUKPOUYACTHI] CYIIIECTBEHHO YBEIUUYUBACTCA.

baarogapHaoctu

Pabora BeImONHEHa mpu (UHAHCOBOW mojaep)kke Poccuiickoro HayyHoro ¢ospga (mpoekt
Ne 20-74-10117).

Jluteparypa

1. Li W. et al. Microfluidic fabrication of microparticles for biomedical applications // Chem. Soc.
Rev. 2018. Vol. 47, Ne 15. P. 5646-5683.

2. Ding Y., Howes P. D., deMello A. J. Recent Advances in Droplet Microfluidics // Anal. Chem.
2020. Vol. 92, Ne 1. P. 132—149.

3. Tran V.-T., Benoit J.-P., Venier-Julienne M.-C. Why and how to prepare biodegradable, monodis-
persed, polymeric microparticles in the field of pharmacy? // Intern. J. of Pharmaceutics. 2011.
Vol. 407, Ne 1-2. P. 1-11.

4. Duncanson W. J. et al. Microfluidic synthesis of advanced microparticles for encapsulation and
controlled release // Lab Chip. 2012. Vol. 12, Ne 12. P. 2135.

51



Ananumbuollpubop-2022

MAJIOMOIIHBINA ABTOKOPOHATOP AJISA U3TOTOBJIEHUS
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Mukpo¢onIHbIe TEXHOJOTHH OKa3aJHCh MEPCIEKTUBHBIM U MHOT00OCIIAIONINM HHCTPY-
MEHTOM B OMOTEXHOJIOTMUECKMX M XUMHUYECKHX HuccienoBanusax [1]. TenaeHus moaTBepKaaeTcs
COBPEMEHHBIMM KOMMEPUYECKUMHU MPOAYKTAMU JUIsl JETEKTUPOBAHUS U aHAJIN3a CBEPXMAJIbIX KOJIU-
yecTB oOpasma. Hampumep, cucrema QX100/QX200 nmnst xamenpHOM HU(PPOBON MOJIUMEpPa3HOU
nenHoi peakuuu (Bio-Rad, USA); texnonorun Chromium u GemCode ot 10X Genomics, Naica
system for Crystal Digital PCR (Stilla), u 1. 1. [ToMrumMo OMOMEIUIIMHCKUX TIPHIIOKEHUHN TaK)Ke Be-
JYTCSl UCCIICAOBAHMSI IPUMEHEHUSI MUKPODITIOUANKY TSl IPOU3BOJCTBA MPOILYKTOB MUTAHUS, OMO-
YEepHWI, KOCMETHUKH, 3JIEKTPOONTHUYECKUX NPUOOPOB, CEHCOPOB, KATAIUTHYECKUX CHCTEM, IS
KHUJKUX KPUCTAJIJIOB, MUKPOJIUH3 U T. 1.

[Iupoko pacpocTpaHEHHBIM METOJJOM NPOTOTUIIMPOBAHUS B MUKPOQIIIOUIUKE SBISIETCS U3-
TOTOBJICHHE MHUKPOQIIIOUIHBIX YUIIOB METOAOM MATKOW JIMTOrpaduu M3 MOJIMIUMETUICUIIOKCAaHA
(ITAMC) no mpenBapuTEIbHO U3TOTOBIEHHON MacTep-popme. MacTtep-popMy ¢ MEKPOCTPYKTypa-
MU, TOJY4YE€HHYI0O MeToJaMH (oTroauTorpaduu, 3amuBaroT >XuiakuMm pactBopoM I[TJIMC. 3arem
OCYUIECTBIISIIOT JEera3aluio MOJUMepa, yCcTpaHss Iy3bIpbKHM pacTBOpeHHOro rasza. Ilocie storo
IIPOUCXOJUT €ro oTBepkacHue npu temmeparype 60 °C B teueHue 4 4. IlomyueHHble perumku c
MHUKPOKaHAIaMHU OTIENSIOTCS OT MacTep-QOpPMEI, TIOCIIE Yero UX COSAMHSIOT CO CTEKIOM WIIH JIPY-
rum cioem IIJIMC. B pesyinbrate mosmydaercss MUKpoQuitouIHbI uun. B olmem ciydae uya-
CTEli/CII0eB YnTia MOXKET OBITH OOJIBIIE TBYX.

CoenuHenue yacteit MUKpO(DIIOMIHOTO YnIa, KaK MPaBUIIO, IPOUCXOIUT Ha CUET aKTHUBALUU
UX TMOBEPXHOCTEN myTeM 0OpabOTKM B KHMCIOPOJAHOH MJla3Me NMpU NOHWKEHHOM JaBJICHUM — IpPHU-
3HAHHBII METOJ CO3JaHMs MPOYHOTO KOBAJIEHTHOIO coeAuHeHus Mexnay ciosmu [IJIMC mexny
co0oil mnu co crekiaoM [2]. OgHako i 3TOro TpedyrTCs BaKyyMHO-IUIa3MEHHbIE YCTAHOBKH —
0OBIYHO TPOMO3JKHE U JOPOrOCTOsIINE, TPpeOyIoIre 0cOObIX MpaBuiI paboThl U HATUYKs OAJJIOHOB
C arpecCUBHBIMU U MOKapOONACHBIMU razaMu (Hampumep, Kuciaopon). Jiist moBbleHus: JOCTyITHO-
CTH TEXHOJIOTUH MHUKPOQUIIOUIUKA M CHUXKEHUS CTOMMOCTH TOTOBBIX YCTPOMCTB BO3HHUKAaeT IO-
TpeOHOCTH B 00JIee MPOCTHIX W SKOHOMHUYHBIX METOJaxX W MpuOOpax IUIisi aKTHBAIUN MTOBEPXHOCTEH
I[MAMC u crekna. s 3TOoro 06bU10 NPEAIOKEHO 3aMEHUTh 00pabOTKy KHUCIOPOAHOM mia3Moi Ha
KOPOHHBIH pa3psn. st aToro pa3paboTaHbl pydHbIE KOMITAKTHBIE TIPHOOPEI, KOTOPBIE XOPOIIIO 3a-
pEeKOMEHOBaIM ce0sl B XOJle HAay4HBbIX HccleoBaHMM [3], ofHAaKoO mpolecc OCYIIECTBISETCS B
PYUHOM pEXHUME, YTO MPUBOJAUT K IJIOXOM BOCIPOU3BOJMMOCTH pe3ynbTaroB. [losToMy mepcrek-
TUBHBI pa3pabOTKH KOMIAKTHBIX aBTOMAaTHU3MPOBAHHBIX YCTPOMCTB IO 00pabOTKe MOBEpXHOCTEH
MIOJINMEPOB U CTEKOJI KOPOHHBIMU pa3psiiaMHu.

B nanHOli paGore OBLIO MPEIIOKEHO MCIOJIB30BaTh MaJOMOILHBIA HCTOYHHMK BBICOKOTO
HanpspkeHus 10 20 kB ¢ uacrortoit cienoBanus madek umiysibcoB 100+£10 I'n, MomHOCTBIO
<120 B-A ans o6pabotku nosepxHocteit IIJIMC u crekia KOpoHHBIMU pa3psaaMu. beumu nmpose-
nenbl uccnenoanus coenuHeHus [TIJIMC-cnos u [TJIMC-cnos unu ITIJIMC-crost m cTekiia Ha uc-
neltaTenbHol MamuHe Shimadzu EZ-L-5kN universal testing machine Ha npeameT oTpbiBa Ci0s OT
CJIosl TIocie 00pabOTKM KOPOHHBIMU pa3psaaMHu H Iociie 00paboTKM B KHUCIOPOIHOW IIa3Me Ha
ycraHoBke Plasma Finish. Pe3ynbraTsl mccnemoBanmii mokaseiBaioT, 4yto cuia cBsizu [TAMC-
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crexsio u [IJIMC-IIJIMC, nony4deHHOM Tociie 00pabOTKH KOPOHATOPOM HE YCTYIAeT CHUJIE CBS3H
nocsue o0pabOTKU KUCIOPOAHOM IIIa3Moi B BakyyMHOU kaMmepe. Takxke OblT pa3paboTaH MPOTOTHIT
aBTOMAaTH3MPOBAHHOI'O YCTPONWCTBA MO 00PabOTKE MOBEPXHOCTEH MOJIMMEPOB U CTEKOJ KOPOHHBIMHU
paspsamu Ha 6aze Takoro MaJloMOIIHOro reHepatopa (puc. 1). O Ge3omaceH B UCMOIB30BAHUU U
He TpeOyeT MOAKIIOYEHUs arpeCcCUBHBIX I'a30B. ABTOKOPOHATOP MPOCT B MCIIOJIb30BaHUM U MO3BO-
JSeT J000MYy COTPYIHHMKY IOCIE KOPOTKOTO HMHCTPYKTaka H3TOTaBIMBATH MUKPOQIIOHIHBIC
yerpoiicta u3 [IJIMC. Bpemst 06paboTku MOBEpXHOCTEH HE MPEBHIIIACT 2 MUH, TTOCJIE Y€T0 MOXKHO
MPUCTYTIATh K CIEAYIOLIMM IIaraM MPOU3BOACTBA MUKPOQIIONIHBIX YCTPOUCTB WIN HKCIIEPUMEH-
TaM. JlaHHBIH NPOTOTUN OBLI NPOTECTUPOBAH B M3TOTOBJIEHUHM HECKOJIBKUX COTEH MMKPOQIIIOUI-
HBIX YCTPOUCTB JUJIS IPOBOJUMBIX DKCIIEPUMEHTOB 110 ITpoekTaM rpanToB PH® u PODU.

Puc. 1. M300pakeHne SKCIIEpUMEHTAIILHOTO MTPOTOTUIIA aBTOMATU3UPOBAHHOTO YCTPOUCTBA
1o 00paboTKe MOBEPXHOCTEH MOTUMEPOB U CTEKOJ KOPOHHBIMU Pa3psiiaMu
JUTSL U3TOTOBIIEHUSI MUKPODITIONTHBIX YUIIOB
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METO/ SKCITPECC-OIIEHKM OTKJIOHEHUI COCTABA MOJIOYHOM
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C pacnpocTpaneHueM siBieHus (pambcuduKanmy MOJIOKa MOsSBUIACh HEOOXOIUMOCTh B paspa-
OOTKE HOBBIX JKCIIPECC-METOAOB OIICHKH KayeCTBA MOJIOYHOW MPOIYKIMU, KOTOPHIE OTIMYAIOTCS
OBICTPOTOM M TOCTyMHOCTHIO. OTHUM M3 TaKUX METOOB SBJIsIETCS criekTpodoTomerpus. Meroa oc-
HOBBIBACTCA Ha HU3YyUYCHUU BSaHMOHCﬁCTBHH BCHICCTBA C BOJIHAMHU S3JICKTPOMArnuTHOI'O H3JIyUCHUH,
JUIMHA KOTOPBIX MOXKET BapbUpPOBATbCS B PA3HBIX JAMANA30HAX: BUIUMOIO CBETOBOTO CIEKTpa —
B nipenenax 350...800 um, Ommxnero uadpaxpacuoro — 800...2500 uM, cpenHero HHPPAKPACHOTO —
2500...25000 uM, u T. 1. [Ipoxoas yepe3 BEUIECTBO, U3TYUYEHUE BBI3BIBAET KOJICOAHNE MOJIEKYI, KO-
TOPOE BBIPAKACTCSI B OOJIBIIIEM MM MEHBIIIEM TOTIONIEHUH TTOTYYSHHON SHEPTHH UMITyJIbca. [1]

Jnsa pemieHust mpo6ieMbl KOHTPOJISI KauecTBa MOJIOUHOM MPOIYKIUU OBLIO MPOBENEHO HC-
CJIeIOBaHHUE C HMCIIOJIb30BAHUEM pa3pabOTaHHOW ONTHYECKON CHUCTEMBI — COBPEMEHHOI'O MHOTOKa-
HaJLHOTO aHaJU3aTopa CIEKTPOB, KOTOPBHIM MMEET MaccuB u3 18 ObICTpoACHCTBYIONUX (POTOUYB-
CTBUTENLHEBIX DJIEMEHTOB U 3 MCTOYHUKA HU3JIyUYCHHA. ﬂaHHBIe TCXHUYCCKHUEC XAPAKTCPUCTUKU I103-
BOJISIFOT MpuOOpy MeHee yeM 3a 10 cekyH moyYuTh 1aHHbe 00 oOpasie. [2]

boun uzydensl 10 BUOB epMEepCKOTO MOJIOKA, CPEA KOTOPBIX MACTEPU30BAHHOE U CHIPOE.
Kasxnpiii oOpaselr 3a11MBajcs B CIICHHAIBHYI0 €MKOCTh, H3TOTOBJICHHYIO Ha 3D mpuHTEpe, YSPHOro
1uBera. Bece monydeHHble JaHHBIE TMEpeNaBajiCch Ha KOMIBIOTEP AJS MOCIEAyomeld 00paboTKH.
Ha nmepBoM aTane aHanm3a Bce NaHHBIC ObLUTH CTaHAapTH30BaHBI METOIOM Z-o1ieHKH. CTaHaapTu3a-
1Ms JAHHBIX OCYIIECTBISIACH C LIETbI0 MPUBENCHUS JAHHBIX, MOMYUYEHHBIX C KaXIOTO JaT4hKa, K
€IMHOMY YUCJIOBOMY JMAra3oHy.

PesynpTaToM 00pabOTKHM JaHHBIX SBISETCS BOCIPOU3BOIUMBIN «IU(POBON 00pas3» UcCClIeqy-
eMoro odpasiia B BUJe KOMOWHAIIMYU MIOKa3aTeNlel ONTUYECKUX CEHCOPOB.

Obpazen 2¢ Ob6pazen 4¢

1 1
180,15 2 14E-13 2
17 0,1
0,05

w

17 SE-14 3

11 9
10 10

Puc. 1. [Tudposeie «obpa3b» ceiporo (odpasen 2¢) u mactepuzoBanHoro (obpaszen 4¢) Mosoka
Ha puc. 1 npencraBieHsl yCpeIHEHHBIE 10 MATH U3MEPEHUSIM «IH(PPOBBIE 00pa3b» MacTepu-

30BaHHOTO M CHIPOro Mojoka. OueBHIHO pa3anyue B 00pasax, YTO CBHUAETEIBCTBYET O PAa3HOM CO-
CTaBe MOJIOYHOH MPOIYKIMH, BO3MOXXHOM HaJIMUnH (panbcudukannii, BKyCOBBIX J0OABOK B MOJIOKE.
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Takum oOpa3om, sKcIIpecc-MeTo1 HHPPAKPACHON CIEKTPOCKOMHUH JAET BO3MOXHOCTh MEHEe
gyeM 3a 10 cexyHa nmoiaydarh «U(ppOBbIE 00pa3bl» MOJIOYHON MPOIYKIIMU U TIO3BOJISIET BECTH YUET
W3MEHSIIOIIMUXCS TapaMeTPOB MPHU CPAaBHEHUH UX C 3TAJTOHOM MPOTYKIHUH.
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B coBpeMeHHOM MHpe Ha 3J0POBBE YEIOBEKA OKA3BIBAIOT BIMSHHUE PA3NIUYHBIC (AKTOPHI
OKpYy XKarollel cpeipl, TaKue Kak: SKOJIOTHs, 00pa3 KU3HH U pexuM AHs. Llenpio nanHOM paGoTh
SIBJISIIOTCS CpaBHEHHUE U 00paboTKa MaccC-CIIEKTPOB BBIJOXOB KYPCAHTOB U CTYJIEHTOB, UMEIOIINX
Pa3JIMYHbBIA TEMII )KU3HHU.

Jliist oTOM 1erm paHee ObUT pa3paboTaH METO IMAarHOCTUKK COCTOSTHHS 2 TPYII JIFOJICH Ha OCHOBE
MAacC-CIIeKTPOMETPHUYECKOTO aHAIM3a COCTaBa BBIIBIXaeMOro Bo3ayxa. [IpumeHeHwe 3Toro Meroma odec-
TIEYMBAET BHICOKYIO TOYHOCTh aHAIIN3a U OBICTPBIi pe3ynbrar. OCHOBHBIE JOCTOMHCTBA METO/A 3aKITFOYa-
FOTCSI B IPOCTOTE 3a00pa MPOObI ¥ OTCYTCTBUM HEOOXOMMOCTH €€ TIPEIBApUTEIHHON MTOATOTOBKH [1,2].

B skcrepuMeHTanTbHOM HMCCIEOBAHUM TPUHUMAIO ydacThe 52 dYelloBeKa, KOTOphIe ObLIU
paznenensl Ha 2 rpynnbl. [lepBas rpynmna — 31 kypcanT BoeHHO-MEIUIIMHCKOM aKaJeMUuu B XOPO-
mei ¢usnueckoit popme. Kpureprem Hauama BOCCTAHOBJICHHS OBUIO OTCYTCTBHE KIMHHUYECKHX
CUMIOTOMOB 3aboseBanus. Bropas — 21 yenoBek, cocrosimas u3 CTyIEHTOB B Bo3pacte oT 21 mo 23
JeT. Y KaXJA0ro UCIBITYEeMOTO B COCTOSIHUU (PU3MYECKOTO TMOKOs OB MPOM3BENCH 3a00p MPOOBI
BBIJIBIXa€MOT0 Bo3ayxa [3].

HcnpiTyeMpiM OblIa MpeAsioKeHa CHelHralbHas TEXHUKA BbIIOXA: TIIyOOKHUH BIOX, 3a/IepiKKa
neixanusa Ha 10c, MeIICHHBIA BBIZOX B MP0003a0OPHOE YCTPOMCTBO € 3a/eiCTBOBAHUEM HUKHHX
OTZEJIOB ABIXaTEJIbHBIX IMyTeW. J[aHHAsA MOCIIeI0BATENBHOCTD IEUCTBUNA MO3BOJSAET MOJYYUTh TOY-
HYy10 HHpOpMaIHUIo 0 QyHKIIMOHAIBHOM COCTOSIHUM 00CeyeMoro, Tak Kak B HE y4acTBYIOT BCe
OTZIENbI AbIXaTeNbHOU cucTeMbl [4,5]. 'a3000MeH MPOUCXOAUT B ajbBeojax JIETKUX U HAMpaBlICH
Ha 3aXBaT KHUCIOPOJa M3 BBIIBIXa€MOTO BO3yXa W BBIACICHUE BO BHEIIHIOIO CpPEely YTICKUCIOrO
rasa v Jpyrux BEIIeCTB, 00pa3yroNIuXcs B opraHusme [6].

Jlis aHanmm3a B KauecTBE MPU3HAKOB OBUTH BRIOPAHBI MACCOBBIX MMUKOB B MacC-CHEKTpax ¢ 53
o 70 a.e.M u OGnmxaiimue Kk HUM 3HadeHus. OO6paboTKa pe3yIbTaTOB MOKa3aia, YTO B BBIJOXE HC-
MBITYEMBIX COJIEPXKATCS CIEAYIONIME BEIIeCTBA B OMPEAEIEHHOM COOTHOIICHHH KOHIICHTPAIIUMN:
alleToOH, YKCyCHas KHCIIOTa M H30MpeH. B Xojae uccienoBaHus OBUIO YCTAaHOBIEHO, YTO MPHU
53 a.e.M. pa3HUIIa MacCOBBIX NMHUKOB MEX]y KypCaHTaMU U CTYJACHTaMH B CPEIHEM COCTaBJISET
2,63E-12, ipu 56 a.e.m — 1,93E-12. IIpu 58 a.3.M B BbIIOXE KypCaHTOB COJIEpKaHUE BEIIECTB HA
6,3E-12 Bbile, yem y ctyieHToB. [Ipu 60 a.3.M. coaepkaHue BEIIECTB B MACC-CIIEKTPaxX KypCaHTOB
oompiie Ha 5,26E-12, a pu 67 a.5.m. — Ha 1,3E-11. CnenoBarensHO, MOKHO CIelaTh BEIBOJ O TOM,
YTO KOHIEHTpPAIUS BEIIECTB B BHIJOXaX KypcaHTOB BOEHHO-MEIUIIMHCKOW aKaJeMUU IMPEBBIIIACT
MOKa3aTedn CTYJEHTOB, YTO JIOKa3bIBAeT MPEUMYIIECTBO B COCTOSIHHH 370POBbS U (pusmueckoit
MOArOTOBKE 1-# rpynIbl HCHBITYEMBIX Mepes 2-ii.

300E-11
250611
200811
150611

100611 / \ i

50002 //\\ AT \ \\__ //\/\‘ ooVl
0,00E+00 ‘ Ao —- Qv-ﬂA—-%y—l——-.—— —\WWL ‘ AP ‘ — AN p s
-5,006-12 4925k AV V7 \/ 52 ‘\vf\/':zl s /X _55__5'-/'57 :sz 5 0 MoA J_}I\/J‘f:a\f‘/v AL \{a‘\[’\s}s\/ e V\iﬂ’_\fﬁm

-1,00E-11 —
-1,50E-11
-2,00E-11

—— CTygexTsl 4oro kypea KypcaHTs! 8 Xopoweii duanyeckor dopme

Puc 1. CpaBHeHHE MacC-CIIEKTPOB KOMITIOHEHTOB BBIJIBIXaEMOT'O BO3TyXa TUITUYHBIX
NpeCTaBUTENEH 00eHX IPYII UCIBITYEMBIX. 3elieHast TUHUS — KypPCaHThl B XOpOLIeH
¢buzmveckoit hopme, CUHSSI IMHUS — CTYICHTHI 4-T0 Kypca
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Takxe HE0OOXOIMMO OTMETUTH, YTO CAMOUYYBCTBUE U HOPMaJIbHOE (PYHKIIMOHHUPOBAHUE Opra-
HH3Ma YE€JI0BEKa TECHO CBS3aHbI C €ro NCUX03IMOIMOHAIBHBIM cocTosiHueM [4]. B mporiiecce uccne-
JOBaHMsI ObUT MPOBEICH OMPOC UCHBITYEMBIX 00 UX MCUXOJIOTMYECKOM (POHE U €ro COCTAaBIISIIOIINX:
pEeKUME CHA, KOJIMYECTBE CTPECCOBBIX CUTyalui, (PU3NYECKON HArpys3Ke U T. JI. Y CTaHOBIIEHO, YTO
y KYpPCaHTOB, BeAyIIMX aKTUBHBIA 00pa3 >KU3HU, COONIONAIONINX PEXKUM JHS U MOAECPKUBAIOIINX
CBOI OpraHusM B TOHYCE, IMOLIMOHAIILHOE COCTOSIHUE SIBIISIETCS 00Jiee CTaOMIBHBIM, YTO OKA3hIBAET
037I0pOBUTEIBHBIN A(D(PEKT U BIUIET HA UX KaUECTBO XU3HU. B oTimume ot 1-i Tpymibl UCIIBITYe-
MBIX, CTYJICHTHI, HIMEIOIINE TUIABAIOIINN rpaduK, HEJJOCTATOK CHA M CHIIBHBIN CTpecc, MpeTeprieBa-
FOT HEKOTOPOE OTKJIOHEHHE OT HOPMBI. JTO JOKAa3bIBAET, YTO BCE MPOLECCHl OPraHM3Ma B3aUMOCBSI-
3aHbI, TOATOMY KpaiiHe Ba)KHO TOJJCPKUBATH CTAOMILHOE TICMXO3MOIMOHATLHOE COCTOSIHHE ISt
Jy4IIIero Ka4ecTBa KU3HU U 310pOBbs [7,8].

TakuM 00pa3oM, HCIONB30BAHKUE MPEAIAraéMOro METO/Ia MHOTOMEPHOTO CTaTHCTUYECKOTO
aHaIM3a A7 KJacCU(pUKaUU JaHHBIX MacC-CIEKTPOMETPUUYECKOT0 aHaJIN3a COCTaBa BbIIBIXaeMOT0
BO3/TyXa MO3BOJISET BBISIBUTH MTUPOKUIA CIIEKTP (PU3NOIOTUISCKU 3HAYMMBIX KOMIIOHEHTOB.

Jlureparypa

1. Crenanos E. B. MeTozp! BBICOKOYYBCTBUTENFHOT'O T'a30BOT0 aHAIM3a MOJIEKYJI-OMOMapKEpOB B
HCCIIEOBAHUAX BBIJBIXa€MOT0 BO3lyXa. Tpyasl nHCTUTYTa o0men pusuku uMm. A. M. TIpoxo-
posa, 2005, 61. C. 5-47.

2. Di Francescoa F., Fuocob R., Trivellaa M.G., Ceccarinib A. Breath analysis: trends in tech-
niques and clinical applications. Microchem. J., 2005, 79, 405-410. https://doi.org/10.1016/
j.microc.2004.10.008.

3. Buszewski B., Kesy M., Ligor T., Amann A. Human exhaled air analytics: biomarkers of dis-
eases. Biomed. Chromatogr., 2007, 21, 553-566. https://doi.org/10.1002/bmc.835.

4. Lourenco C., Turner C. Breath Analysis in Disease Diagnosis: Methodological Considerations
and Applications. Metabolites, 2014, 4, 465-498. https://doi.org/10.3390/metabo4020465.

5. Meroa Macc-CIeKTPOMETPHYECKOM SKCIPECC-AUAarHOCTHKH 10 COCTaBY BBIIBIXaeMOT'0 BO3lyXa
/ A. T. Ky3emus, E. 1. Tkauenko, JI. C. Opemko, FO. A. Turos, A. C. bara6anos // Menuius-
ckuil akagemuueckuit xxypHain. 2016. Ne 16(4). C. 106-107.

6. Ky3pmun A. I'. KBagpynonbsnseiii macc-ciekrpometp. I[latenr RU 94763 Ul. 15.12.09; omy6u.
27.05.10. Bron. Ne 15.

7. Phillips M. Breath Tests in Medicine. Sci. Amer., 1992, 74-79. https://doi.org/10.1038/
scientificamerican0792-74.

8. Phillips M., Herrera J., Krishnan S., Zain M., Greenberg J., Cataneo R. N. Variations in volatile
organic compounds in the breath of normal humans. J. Chromatograph. B. Biomed. Sci. Appl.,
1999, 729(1-2), 75-88. https://doi.org/10.1016/s0378-4347(99)00127-9.

57


















l7l ®ENEPAJIbHOE TOCYAAPCTBEHHOE BIOAXETHOE YUYPEXAEHWE HAYKMU
-~

MHCTUTYT AHAJTIUTUYECKOTIO NPUBOPOCTPOEHNA PAH

KBAAPYMNOJbHbIW MACC-CMEKTPOMETPAJIA AHAINU3A
COCTABA N'A30BbIX CMECEN «<APOMACC-2»

KsagpynonbHbii  Macc-cnektpometp «APOMACC-2»
npeaHasHayeH ANS aHanusa MOMeKynsapHOro cocrasa

rasoBblX CMECEen npuv arMOCEepHOM AaBMNeHWU B
peXxumMe pearnbHOro BpeMeHN.

OBNACTU NMPUMEHEHWA

e MeauymHa e buonorus
e Dxkonorus e [eonorus
e  CaHUTapHO-3NMAEMUYECKAIA MOHUTOPUHT.
® [IpOMBILLUNEHHOCTb
® [IponsBoOACTBO OCOBOUMCTBIX rasoB (KOHTPOIb
cocTaBa NpUMecen).
NPEUMYLLECTBA
® BbICOKas  YyBCTBMTENbHOCTb  aHanu3a o
npumecsm - 1o 0,01 ppm (Mr/m3);
® BO3MOXHOCTb ONEPaTUBHOW HEVHBA3MBHOW AMArHOCTUKN COCTOSIHUS 340POBbS MNaLUEHTOB;
® ONHOBDEMEHHOE U3MEDEHUE B DEeXUMe DeanbHOro BDEeMEHU KOHLUEHTDhauud DasnUyHbIX



AN®EPOBCKWUIA YHUBEPCUTET

MHCTUTYT AHAJIMTUYECKOIo NPUBOPOCTPOEHNA PAH

KPEMHUEBBIE MACTEP - ®OPMbI
AnA N3rotoBrieHUsa MUKpocgnrouaHbix yunos ns PDMS

O
|

@)
)
=1

g
m
x
p
U
T>
A

Pasmepbl ymnoB oo 50x75 mm
"my6uHa mukpokaHanoe 1 — 200 Mkm
LLnpuHa kaHanos OT 2 MKM
MHorocnonHbln An3anH KaHanoB
MHTerpaumnsa nHeBMaTMYECKUX KIanaHoB,
MUKPO3NEKTPOAO0B, MUKPOAa3epoB n Ap.

e e 0 0 O

e I

-~ i - o, o7

N.A. Besedina et al. Commun Biol, 5, 659 (2022). DOI:10.1038/s42003-022-03620-52022

MUKPO®NIOUAHBIV KOHTPONNEP OABITIEHUA
ANA BBoAAa XNAKOCTeNn B MUKpodniongHble ycTponcTea

® 4 KaHana AaBreHus:
0 —100 kl'a nnmn 0 — 500 klla
Bakyym oo —90 kla

OnekTpomarHUTHbIE pene ans
NOAKITOYEHMS BHELLHNX YCTPONCTB

Lindposbie npotokonsl 12C n UART
AHanoroBble BXoabl
LindpoBbie Bxoabl/BbIXOAb!

OCHOBHBbIE NMPMEHEHWA

e KanenbHasa mukpodronauka
e CYHTE3 NUNOCOM M HaHOYacTuL,
e Lindpposas kanenbHas MNLP

N. Filatov et al. IEEE Tr. on Instr. and Meas., 2022, DOI: 10.1109/TIM.2022.3158383

WA PAH CaHkT-lNMeTepbypr, 198095, yn. MiBaHa YepHbix, 31-33, nuT. A.

AndepoBckun YHuepcurtet Cankr-lNetepbypr, 194021, yn. Xnonuxa, 8, k. 3, nut. A '7|
e-mail: microfluidic@yandex.ru labonchip.ru youtube.com/@pbiotechlabs




[Tonnucano B nevats 05.12.22. @opmar 60x84 1/16.
bymara odcernas. [lewars mudposas. [leu. . 4,25.
INapuutypa «Times New Romany. Tupax 50 sk3. 3aka3 163.

OTnevaraHo ¢ TOTOBOTO OpUTHHAI-MaKeTa
HznarenscTBo CIIGIDTY «JIDTH»
197022, C.-IletepOypr, yia. [Ipod. Tlonosa, SO





