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Microfluidics, as an interdisciplinary field of science, studies the behavior of liquids at microscales and is closely related to the
development of micro- and nanotechnology. Modern trends in microfluidics are aimed at modeling the processes of natural systems;
analysis of biological objects; study of the toxicity of substances and mechanisms of action on living organisms; development of
optical biosensors, etc. As part of the course, students are invited to familiarize themselves with microfluidic technologies as a modern
interdisciplinary tool for solving a wide range of problems in physics, hydraulics, dynamics, chemistry and biology. As part of the
course, students will get acquainted with current trends, achievements of microfluidic technologies, develop skills and abilities in
conducting research in miniaturized microfluidic systems - microfluidic chips, including the design, calculation and manufacture of
microfluidic chips with subsequent experimental formulation.

MukpolouanKa, Kak MexxancLumnanHapHas o61acTb Hayk U3yvaeT NoBeAEeHNE XUAKOCTEN Ha MUKpoMacluTabax U TECHO CBsA3aHa C
pa3BUTMEM MUKPO- M HaHOTEeXHoJorMin. COBpPEMEHHble TEHIAEHUUM MUKPOGIIOMAMKY Hamnpas/ieHbl Ha MOAENIMPOBaHME MPOLLECCOB
NMPUPOAHBLIX CUCTEM; aHasn3a 6UONOrnyecknx 06bEKTOB; M3YHEHUIO TOKCUYHOCTM BELLECTB U MEXaHW3MOB BO3AENCTBUSA Ha >KVBble
opraHu3mbl; Ha pa3paboTKy onTuyecknx 6roceHcopoB ¥ Ap. B pamkax Kypca CTyAeHTaMm Mpefsjiaraetcss 03HaKOMUTbCS C
MUKPODIOUAHBIMYA TEXHOMOTUAMY, KaK COBPEMEHHBbIM MEXAWCLUUMINHAPHBIM MHCTPYMEHTOM [/l PELUEHWs LUMPOKOro CrekTpa
3apay  PU3UKK, TUAPABJMKA, AUHAMUKKU, XUMUM U Buonorum. B pamkax Kypca CTyAeHTbl O3HAaKOMATCA C COBPEMEHHbIMU
TEHAEHUMNSIMUN, LOCTVIKEHUAMU MUKPOMIONAHBIX TEXHONOMMA, BbipaboTaloT HaBblKM M yMEHWS B MPOBEAEHUN WUCCAeLOoBaHUN B
MUHNATIOPU3NPOBAHHBIX MUKPOXKUIAKOCTHbIX CUCTEMAx - MUKPOMIIOUAHBIX Yunax, BKJOYas MPOEKTUPOBaHUe, pacyeT wu
N3roToBJIeHNEe MUKPO(IIONAHbBIX YUMOB C NOCneAyloLLell MOCTaHOBKOW 3KCMepnMeHTa.


https://physics.itmo.ru/ru/personality/anatoliy_otroschenko
http://physics.itmo.ru/ru/personality/konstantin_arabuli
http://physics.itmo.ru/ru/study-program/2980
http://physics.itmo.ru/ru/study-program/3936
http://physics.itmo.ru/ru/study-program/2979
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/study-program/8729
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CTpyKTypa Kypca

Topics Lectures | Seminar
(ac.h.) (ac.h.)

1. History of microelectromechanical systems and microfluidic devices.

1.1. History of microfluidic technologies. 2

2. Theoretical foundations of physical and chemical processes in microfluidic devices.

2.1. Features of fluid motion at small Reynolds numbers. 2

2.2. Diffusion in microsystems. 2 2

2.3. Capillary phenomena, multiphase fluid flows in microfluidic devices. 2 2

2.4. Magnetophoresis and magnetic methods of sorting micro and nanoparticles theory, examples. 2 2

2.5. Pneumonics. Streaming logistics. 2 2

3. Modeling of physico-chemical processes in microchips.

3.1. Basic methods of numerical solution of a system of partial differential equations. Application of

software packages. Comsol Multiphysics for solving systems of differential equations describing 2

physicochemical processes in microfluidic devices.

4. Microfluidic device manufacturing technologies

4.1. Introduction to the basic materials and their properties for the manufacture of microfluidic chips. >

Criteria for the selection of materials.

4.2. Methods of manufacturing microfluidic chips from polymer materials: familiarity with the technological 5

route, its features and limitations. "Soft" lithography.

4.3. "Simple" microfluidic devices. Multilayer microfluidic devices, design and manufacturing features. 2 2

Applications of multilayer microfluidic chips.

4.4. Methods of manufacturing microfluidic chips from various materials (polymers, glass, ceramics, metal). 2 2

4.5. Methods and features of integration of microfluidic chips, valves, microelectrodes, optical elements 2 2

and control electronics into a microfluidic device.

5. Methods of chemical, biological and medical research in microfluidic devices

5.1. Isolation and sorting of biological objects (cells, bacteria and biomolecules) in microfluidic devices. 2 2

5.2. Organ-on-a-chip devices and methods of screening drugs on cell cultures in microfluidic devices. 2 2

5.3. Conducting biochemical reactions in microemulsions. 2 2

5.4. Personal medicine devices based on microfluidic technologies. POC. 2 2

5.5. Features of chemical processes (synthesis) in a microfluidic chip. 2 2

porel vy

1. UcTopus MUKpPO3JIEKTPOMEXaHUYECKUX CUCTEM U MUKPOQTIOMAHBIX YCTPOUCTB

1.1. UcTopna MUKPOMIIONAHBLIX TEXHOIOM NI 2

2. TeopeTnyeckue oCHOBbl (hU3NYECKUX-XUMUYECKUX NPOLLECCOB B MUKPOM NIONAHBIX

yCTpOMCTBaX

2.1. OCOBEeHHOCTU ABVXXEHUS XUAKOCTU NpY Manbix Yucnax PenHonbpaca 2

2.2. Dnddy3sna B Mukpocnctemax 2 2

2.3. KanunnsipHble SiBNeHNS, MHOroa3Hble MOTOKUN XXUAKOCTEN B MUKPODIIONAHBIX YCTPONCTBaxX 2 2




2.4. MarHuTodopes 1 MarHUTHbIE METOAbl COPTUPOBKM MUKPO U HAHOYaCTUL, TeopUs, NpUMepsbl. 2 2
2.5. [THeBMOHWKa. N0OTOKOBasA NOrNCTUKA. 2 2
3. MopenupoBaHue (HpU3NKO-XMMUYECKUX NPOLLECCOB B MUKpOUYMNax

3.1. OCHOBHble MeTOAbl YNCJIEHHOIO peLleHna CUCTeMbl AnddepeHLanbHbIX YPaBHEHU B YaCTHbIX

npounssoHbIX. NpnuMeHeHne NporpaMMHbIX NakeToB. Comsol Multiphysics ona peweHns cnctem 2
onddepeHLmanbHbIX YPaBHEHUI, ONMUCLIBAOLWNX (PU3NKO-XUMUYECKNE NMPOLECCHl B MUKPOMIONLHbBIX

yCTpOMCTBax

4. TexHO/I0rMmn U3roToBJIEHMA MUKPOM NIOMAHBLIX YCTPOUCTB

4.1. 3HAaKOMCTBO C OCHOBHbIMW MaTepuaJsibl U UX CBOMCTBaAMU A1 U3FOTOBIEHUA MUKPO(PIIONLAHBIX YUMOB. 2

KpuTepun Boibopa MmaTepuanos

4.2. MeToAbl N3roTOBJIEHNA MUKPODTOULHbBIX YAMOB U3 MOJIMMEPHbIX MaTepmnasioB: 3HAKOMCTBO C 2
TEXHOI0rMY4EeCKMM MapLLUPYTOM, €ro 0COBeHHOCTAMU N orpaHnYeHnsaMn. «Markasa» antorpadus.

4.3. «lpocTble» MUKpodlonaHbIe yCTpocTBa. MynbTUCTONHbIE MUKPOMIIONAHbIE YCTPONCTBA,

0COBEHHOCTN NMPOEKTUPOBAHUA N N3roTOBAEHUA. O6NacTN NPUMEHEHNS MY IbTUCIONHbBIX MUKPOMIIONAHbBIX 2 2
4MMOB.

4.4, MeTOoAbl N3roTOBAEHUA MUKPOMIONAHBIX YNMOB N3 Pa3InYHbIX MaTEPMaNoB (NoOaMMepsbl, CTEKNO, 2 2
KepaMmuka, metann).

4.5. MeToAbl 1 0COBEHHOCTN NHTErPUPOBAHNA MUKPOMIIOUAHBIX YMMOB, K/arnaHoB, MUKPO3EKTPOA0B, 5 2
OMTUYECKMX 3JIEMEHTOB 1 YNPaBAAoLWen 31eKTPOHNKN B MUKPOIIOMAHOE YCTPONCTBO.

5. MeTopabl NnpoBefeHNA XMMUYECKUX, Buonornyeckmx m MeaMLMHCKMX uccnenosaHum B

MUKpPOd NIONAHBIX YCTPOUCTBAX

5.1. BolgeneHune n copTupoBka bruonormyecknx o6sekToB (knetok, 6akTepuin n buomonekyn) B 2 2
MUKPO(IIONAHBIX YCTPONCTBAX

5.2. YcTponcTea «OpraH-Ha-4mne» n MeToAbl CKPUHHUHT IeKapCTBEHHbIX MpenapaToB Ha KNeTo4YHbIX 5 5
KyJbTypax B MUKPOIIONAHbIX YCTPONCTBAX.

5.3. MNpoBeneHne BUOXNMUYECKUX peaKLnii B MUKPOIMYbCUAX. 2 2
5.4. YcTponcTBa NepcoHasbHON MeanLUuHbl Ha 6a3e MUKpodIlonaHblx TexHosnorum. POC 2 2
5.5. OcobeHHOCTN NpoBeLEeHN XUMNYECKUX NMPOLLECCOB (CUHTEe3a) B MUKPOMIIOMAHOM Yune 2 2

PekoMeHpayeMble pecypchbl

1. BBepeHue B rugpoanHamumky: [y4eb. nocobuel/[. B. AnekcaHapos, A. 0. 3ybapes, J1. 0. ickakoBa. — EkaTepuHbypr : 134-B0
Ypan, yH-Ta, 2012. — 112 c.

2. Fundamentals and applications of microfluidics / Nam-Trung Nguyen, Steve Wereley. —2nd ed. — Artech House integrated
microsystems series, - 2006. - 497 P.

3. Fabrication, Implementation, and Applications / Sushanta K., Mitra Suman Chakraborty. —Taylor and Francis Group LLC, — 2012.
— 642 P.



