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1. Общие сведения

1.1. Тема научно-исследовательской работы: «Разработка компактного модуля для цифровой голографической микроскопии на основе интерферометра общего пути».
1.2. Научный руководитель: Мачихин Александр Сергеевич, к.ф.-м.н., с.н.с.
1.3. Год поступления в аспирантуру: 2018.

2. Научные публикации
Приводится список научных публикаций с полными выходными данными. В приложении выкладываются отсканированные копии статей с титульными страницами источника, в котором опубликована статья. В конце списка дается ссылка на номер приложение (например, «Копии публикаций приведены в Приложении 1»).
Статьи
1. А.С. Мачихин, В.Э. Пожар, О.В. Польщикова, А.Г. Рамазанова. Получение спектральных голографических изображений прозрачных объектов на основе акустооптической фильтрации излучения в интерферометре Маха–Цендера // Учен. зап. физ. фак-та Моск. ун-та. 2015. № 4. 154324.
2. А.С. Мачихин, О.В. Польщикова, А.Г. Рамазанова, В.Э. Пожар. Регистрация цифровых голограмм оптически прозрачных объектов в произвольных спектральных интервалах на основе акустооптической фильтрации излучения // Письма в ЖТФ, 2015, том 41, вып. 19. – С. 17-22.
3. A. S. Machikhin, O. V. Polschikova, A. G. Ramazanova, and V. E. Pozhar. Recording digital holograms of optically transparent objects in arbitrary spectral intervals based on acousto-optic filtration of radiation // Technical Physics Letters, 2015, Vol. 41, No. 10, pp. 926–929.
4. Machikhin A.S., Polschikova O.V., Ramazanova A.G., Pozhar V.E., Bulatov M.F. Spectral holographic imaging of transparent objects in Mach-Zehnder interferometer using acousto-optic filter // Physics of Wave Phenomena. 2016. Т. 24. № 2. P. 129-134.
5. A.S. Machikhin, O.V. Polschikova, A.G. Ramazanova, V.E. Pozhar. Multi-spectral quantitative phase imaging based on filtration of light via ultrasonic wave // Journal of Optics. 2017. Vol. 19. № 7. P. 075301. DOI:10.1088/2040-8986/aa72a7.
6. O. Polschikova, A. Machikhin, V. Batshev, A. Ramazanova, A. Belov, V. Pozhar, "AOTF-based optical system of a microscope module for multispectral imaging techniques," Proc. SPIE 10592,Biophotonics—Riga 2017, 105920H (7 December 2017); doi:10.1117/12.2297614.
7. A. Machikhin, L. Burmak, O. Polschikova, A. Ramazanova, V. Pozhar, and S. Boritko. Multispectral phase imaging based on acousto-optic filtration of interfering light beams // Appl. Opt. 57(10), C64-C69 (2018). DOI 10.1364/AO.57.000C64.
8.  O.V. Polshchikova, A.S. Machikhin, A.G. Ramazanova, I.A. Bratchenko, V.E. Pozhar, I.V. Danilycheva, O.R. Katunina, M.V. Danilychev. An acousto-optic hyperspectral unit for a histological study of microscopic objects. Optics and Spectroscopy, 2018, Vol. 125, No. 6, pp. 1074–1080. DOI: 10.1134/S0030400X19020188.
9.  О. В. Польщикова, А. С. Мачихин, А. Г. Рамазанова, И. А. Братченко, В. Э. Пожар, И. В. Данилычева, О. Р. Катунина, and М. В. Данилычев. Акустооптический гиперспектральный модуль для гистологического исследования микрообъектов // Оптика и спектроскопия. 2019. Т. 126 (2). – С. 237-244.

Тезисы докладов

1. A. Machikhin, O. Polschikova, A. Ramazanova, V. Pozhar. Spectral holographic imaging of transparent objects in the visible range based on acousto-optic filtration of wideband light // Proc. of the XIX International School for Junior Scientists and Students on Optics, Laser Physics & Biophotonics. – Saratov, 21-25 September 2015.
2. Мачихин А.С., Польщикова О.В., Рамазанова А.Г. Цифровая голографическая интерферометрия с непрерывной акустооптической перестройкой по спектру // Сборник тезисов докладов VIII Международной конференции «Акустооптические и радиолокационные методы измерений и обработки информации». – Суздаль, 20–23 сентября 2015. – С. 239.
3. А.С. Мачихин, В.Э. Пожар, О.В. Польщикова, А.Г. Рамазанова. Получение спектральных голографических изображений прозрачных объектов на основе акустооптической фильтрации излучения в интерферометре Маха-Цендера // Труды школы-семинара «Волны-2015». Спектроскопия, диагностика и томография. – Можайск, 1-6 июня 2015. – С. 85.
4.  А.С. Мачихин, В.Э. Пожар, О.В. Польщикова, А.Г. Рамазанова. Визуализация и измерение фазовой структуры объектов в произвольных спектральных интервалах на основе двойной акустооптической монохроматизации излучения // XXV Съезд по спектроскопии: Сборник тезисов. Троицк, Москва. 3 – 7 октября 2016 г. – Москва: МПГУ, 2016. – 444 с.: ил. ISBN 978-5-4263-0368-3
5.  Мачихин А.С., Польщикова О.В., Рамазанова А.Г. Измерение пространственного распределения фазовой задержки, вносимой оптически прозрачными микрообъектами, в произвольных узких спектральных интервалах // Акустооптические и радиолокационные методы измерений и обработки информации: Материалы 9-й Международной научно-технической конференции / Российское НТОРЭС им. А.С. Попова. Суздаль. Россия. 2016. ISBN 978-5-905278-28-0
6.  O. Polschikova, A. Machikhin, A. Ramazanova. Tunable spectral full-field quantitative phase measurement based on acousto-optic filtration of light // International Symposium “Optics and Biophotonics IV”. – Saratov, September 27 – 30, 2016.
7.  A.S. Machikhin, O.V. Polschikova, A.G. Ramazanova. Combined laser and spectral holographic microscopy for investigation of phase objects // Proceedings 2016 International Conference Laser Optics – St. Petersburg, Russia. June 27, 2016 – July 1, 2016. ISBN: 978-1-4673-9735-3.
8.  A.S. Machikhin, O.V. Polschikova, A.G. Ramazanova, L.I. Burmak, V.E. Pozhar. Multispectral quantitative phase imaging based on common-path interferometry with acousto-optic filtration of light // 13th School on Acousto-Optics and Applications. Program and abstracts book. – Moscow, 19 – 23 June 2017.
9.  O. Polschikova, A. Machikhin, V. Batshev, A. Ramazanova, V. Pozhar. Optical system of a microscope module for multispectral quantitative phase imaging based on acousto-optic filtration of light // 2nd International Conference “Biophotonics - Riga 2017”. Program and abstracts book. – Riga, Latvia. 27–29 August 2017.
10.  Д.Д. Хохлов, А.С. Мачихин, В.И. Батшев, А.Г. Рамазанова, Ю.В. Пичугина. Гиперспектральная эндоскопия на основе акустооптической фильтрации излучения// X Международная конференция «Акустооптические и радиолокационные методы измерений и обработки информации». – Суздаль, 1–4 октября 2017.
11.  А.С. Мачихин, О.В. Польщикова, А.Г. Рамазанова. Мультиспектральная дифракционная фазовая микроскопия прозрачных микрообъектов на основе перестраиваемой акустооптической фильтрации света // ХХХ Международная школа-симпозиум по голографии, когерентной оптике и фотонике : материалы школы-симпозиума / под ред. канд. физ.-мат. наук И.В. Алексеенко ; БФУ им. И. Канта. - Калининград, 2017. - 221 с. ISBN 978-5-9971-0464-1.
12.  О.В. Польщикова, А.С. Мачихин, А.Г. Рамазанова, В.Э. Пожар. Компактный модуль для мультиспектральной количественной фазовой микроскопии // Сборник докладов XV Всероссийского молодежного Самарского конкурса-конференции научных работ по оптике и лазерной физике. 14-18 ноября 2017.
13.  A.I. Lyashenko, I.V. Dmitriev, O.V. Polschikova, A.S. Machikhin, A.G. Ramazanova. Parametric-light-generator-based laser system for pulsed three-wavelength illumination // Proceedings 2018 International Conference Laser Optics – St. Petersburg, Russia. June 4-8, 2018.
14.  Рамазанова А.Г., Мачихин А.С., Польщикова О.В., Пожар В.Э.  Мультиспектральная цифровая голография на основе акустооптической спектральной перестройки в интерферометре общего пути. В сборнике: Волновая электроника и ее применения в информационных и телекоммуникационных системах. XXI международная молодежная конференция. 2018. С. 60-64.
15.  O. V. Polschikova, V. E. Pozhar, S. V. Boritko, A. S. Machikhin and A. G. Vlasova Ramazanova, "Multispectral Digital Holography Based on Acousto-Optic Spectral Tuning in a Common-Path Interferometer," 2018 Wave Electronics and its Application in Information and Telecommunication Systems (WECONF), Saint-Petersburg, Russia, 2018, pp. 1-4. doi: 10.1109/WECONF.2018.8604356
16.  Польщикова О.В., Мачихин А.С., Рамазанова А.Г., Пожар В.Э., Данилычева И.В. Расчет сопрягающей оптической системы микровидеоспектрометров на основе акустооптических фильтров. В сборнике: Информационные технологии и технологии коммуникации: современные достижения. Вторая международная молодежная конференция: материалы. 2018. С. 15.
17.  Польщикова О.В., Мачихин А.С., Рамазанова А.Г., Дмитриев И.В., Ляшенко А.И. Установка для записи трехцветных цифровых голограмм. В сборнике: Акустооптические и радиолокационные методы измерений и обработки информации. Материалы 11-й Международной научно-технической конференции. Российское НТОРЭС им. А.С. Попова. Москва, 2018. С. 135-136.
18. Мачихин А.С., Рамазанова А.Г., Польщикова О.В. Компактный модуль для количественной фазовой микроскопии биообъектов. Сборник трудов X Международной конференции «Фундаментальные проблемы оптики – 2018». Санкт-Петербург. 15-19 октября 2018 / Под ред. проф. В.Г. Беспалова, проф. С.А. Козлова.– СПб: Университет ИТМО, 2018. С. 435.

Копии публикаций приведены в Приложении 1.

3. Участие в научных конференциях, семинарах
Приводится список научных конференций (семинаров), в которых участвовал аспирант с докладом. По каждому пункту указывается название конференции, даты и место проведения, название доклада, соавторы, вид доклада (устный, стендовый и т.д.), можно дать ссылку на сайт конференции, на котором есть подтверждение участия аспиранта. В приложении размещаются копии программы конференции, с отражением участия аспиранта.
1. Устный доклад «Измерение пространственного распределения фазовой задержки, вносимой оптически прозрачными микрообъектами, в произвольных узких спектральных интервалах» (Мачихин А.С., Польщикова О.В., Рамазанова А.Г.) // IX Международная конференция «Акустооптические и радиолокационные методы измерений и обработки информации». – Суздаль, 2–5 октября 2016.
2. Стендовый доклад «Анализ качества изображений в схемах мультиспектральной цифровой голографической микроскопии на основе акустооптической фильтрации света»//VII Конгресс молодых ученых университета ИТМО. – Санкт-Петербург, 17-20 апреля 2018. 
3. Устный доклад «Создание компактных модулей для количественного исследования свойств оптически прозрачных объектов на основе интерферометров общего пути». Семинар Лаборатории акустооптической спектрометрии НТЦ УП РАН. – Москва, 8 августа 2018.
4. Устный доклад «Мультиспектральная цифровая голография на основе акустооптической спектральной перестройки в интерферометре общего пути» (А.Г. Рамазанова, А.С. Мачихин, О.В. Польщикова, В.Э. Пожар) // XXI Международная молодежная  научная конференция «Волновая электроника и ее применения в информационных и телекоммуникационных системах» (WECONF-2018). – Санкт-Петербург, 1-5 октября 2018.
Копии программ конференций приведены в Приложении 2.
4. Участие в грантах
Приводится информация об участии аспиранта в научных грантах: указывается название и номер гранта, учредитель, страна, тема гранта, роль аспиранта (руководитель, ответственный исполнитель, исполнитель).
1. Грант РНФ 17-19-01355 (2017-н.в.), «Разработка аппаратно-программного комплекса для измерения геометрических спектральных характеристик труднодоступных элементов промышленных объектов» (исполнитель).
2. Грант РФФИ 18-38-20057 (2018-н.в.) «Разработка метода и аппаратно-программных средств для исследования спектральных свойств и амплитудно-фазовой структуры микрообъектов на основе акустооптической фильтрации излучения в двухкомпонентном интерферометре общего пути» (исполнитель).
3. Грант РФФИ 18-38-00869 (2018-н.в.) 	«Разработка метода и его аппаратно-программного обеспечения для эндоскопического исследования амплитудно-фазовой и спектральной структуры труднодоступных объектов» (исполнитель).

5. Участие в конкурсах, олимпиадах
Приводится информация об участии аспиранта в конкурсах, олимпиадах с указанием названий мероприятия, места, сроков проведения, вид участия. В приложении размещаются копии дипломов, грамот, свидетельств и т.д.
Не участвовала.

6. Участие в работе научных кружков, научных коллективов, творческих коллективов
Приводится информация об участии аспиранта в работе научных кружков, научных коллективов, творческих коллективов с указанием: названия кружка, подразделение в котором функционирует кружок, период участия, роль в работе кружка. Если возможно, в приложении размещаются подтверждающие документы.
Не участвовала.
7. Стажировки
Приводится информация о стажировках, пройденных аспирантом с указанием темы стажировки, места прохождения, периода прохождения. В приложении размещается копия документа, подтверждающего прохождение стажировки.
Не участвовала.
8. Участие в выставках
Приводится информация об участии аспиранта в выставках с указанием названий выставки, места, сроков проведения, названия экспоната. В приложении размещаются копии дипломов, грамот, свидетельств и т.д.
1. 20-й Международный Салон изобретений и инновационных технологий «Архимед» (Москва, 2017) - Серебряная медаль за проект «Добавочный модуль к микроскопу для спектральных фазовых измерений» (Мачихин А.С., Польщикова О.В., Рамазанова А.Г., Пожар В.Э.).
2. 13-я Международная специализированная выставка лазерной, оптической и оптоэлектронной техники «Фотоника. Мир лазеров и оптики-2018».  Акустооптический видеоспектрометр для проведения мультиспектральных микроскопических исследований. Мачихин А.С., Рамазанова А.Г., Польщикова О.В. 27 февраля – 2 марта 2018, Москва.
Копия диплома приведена в Приложении 4.
9. Патенты, авторские свидетельства
Приводится информация о патентах и авторских свидетельствах, полученных аспирантом. В
приложении размещаются копии патентов и авторских свидетельств.
1. Пат. 2626061 Российская Федерация, МПК G 02 B 21/00. Способ регистрации изображений оптически прозрачных фазовых микрообъектов в произвольных узких спектральных интервалах / Мачихин А.С., Польщикова О.В., Пожар В.Э., Рамазанова А.Г., Михеева Т.В.; патентообладатель НТЦ УП РАН - № 2016140353; заявл.13.10.2016; опубл. 21.07.2017, Бюл. № 21.
2. Пат. 2673784 Российская Федерация, МПК G01B 9/02 (2006.01) G01N 21/45 (2006.01). Двухкомпонентный интерферометр общего пути / Мачихин А.С., Польщикова О.В., Рамазанова А.Г., Пожар В.Э., Батшев В.И; патентообладатель НТЦ УП РАН - № 2016140353; заявл.08.02.2018; опубл. 29.11.2018, Бюл. № 34.

10. Именные стипендии
Приводится информация об именных стипендиях, получаемых аспирантом, указывается за какие заслуги назначена стипендия, период начисления стипендии.
Не получаю.

11. Награды, премии, дипломы
Приводится информация о именных наградах, премиях, дипломах, полученных аспирантом, указывается за какие заслуги они получены, дата получения. В приложении размещаются копии подтверждающих документов.
1. Конкурс научных работ молодых сотрудников НТЦ УП РАН, 2016 г., 2 место. http://ntcup.ru/news_ru/26-dekabrya-2016-g/ 
2. Премия Акустического общества Америки для поддержки студентов и молодых ученых, 2019 г. Тема проекта: Multi-spectral holographic imaging based on acousto-optically tunable common-path interferferometers. https://acousticalsociety.org/cire-grant-recipients/
3. Серебряная медаль за проект «Добавочный модуль к микроскопу для спектральных фазовых измерений» (Мачихин А.С., Польщикова О.В., Рамазанова А.Г., Пожар В.Э.).   20-й Международный Салон изобретений и инновационных технологий «Архимед». 16-19 мая 2017, Москва.

Копии подтверждающих документов приведены в Приложении 5.
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Fig. 1. (a) Optical s
system, (3, 6, 8, 10—13) mirrors, (4) AO monochromator,

heme and (b) appearance of the experi

imental setup: (1) broadband light source, (2) collimating

17) semitransparent mirors, (7) neutral light filter, (9) object,

(15) objective lens, (16) pinhole, (/8) array detector, and (19) computer.

9 and the reference wavefront are spatially aligned
by beam splitter /7 to form an inferference pattem,
which is recorded by monochromatic array detector
18 with a pixel size of 2.2 yum and a number of pixels
2592 1944. To exclude background illumination, a
longpass filter is installed before detector /8. Chang-
ing the density of neutral filter 7, one can equalize
the interfering beam intensities and increase the in-
terference pattern contrast. The significant excess
of the light intensity in the object channel above the
reference-beam intensity is caused by the difference
in the shapes of their wavefronts (plane and spheri-
cal, respectively). Tuning of interferometer working
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wavelength Ais performed by changing programmat-
ically the ultrasonic irequency applied to the AO cell.

The informative +1st and — st difiraction orders
and the background zero order are spatially separated
by changing the tilt angle of semitransparent mirror
17. Thus, the ofi-axis DH scheme is implemented 2}

4. DATA PROCESSING

The intensity distribution in the recording plane
(€7)of hologram I is determined by the interference
of the complex amplitudes of the object (O(¢.n)) and
reference (R(€, 7)) waves:
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H(En) =0 n) + REN)|* = 06> + [RE [ +0En) B (€.n) +0"(En) REn), (1)

where O and R* are complex-conjugate values. Recorded hologram H(&,n) can be considered as a
transparency, on which reference wave R(€,n) diffracts. Object wave O(€,7) is reconstructed by numerical
caleulation of the electromagnetic field in the abject plane (z, y), which is formed by field R(€, ) H(€,n) in the
hologram plane (€,77).

Numerical reconstruction of recorded digital hologram is performed in correspondence with the scalar
diffraction theory within the Fresnel approximation for the Rayleigh—Sommerfeld difiraction integral, Electric

field E at the point (z,y, z0),
hologram recorded in the reference plane (= =0), is s

Elav) =~ explika) [ [ a6 Rien) exp{r‘ [e-92+- 17)2]} dedn,

s a resultof Fresnel diffraction of reference wave R(, n) from object H (€,7) (the

el by the integral 1, 2]

(2)

where k=27/X is the wavenumber and A is the light wavelength. The field intensity is determined as

I=|E(¢,7)[? and the phase is (€, 1)

For a spherical reference wave R(&,
(see Fig. 1, inset), the following expres
(€2 +%)/220): R(&m)= (1/2) exp(—ikzo) exp|
obtain

o, aiter simple transformations,

E(e,y) = CF~ [H (i )] —CHi(z,y),
Xz

where C'=(—i/2mk) expl—(ik/22)(@2 + 4?)] is a
complex constant and F~! is the inverse Fourier
transform. Thus, the calculation of field E(z,y) at
the distance =) behind hologram H (€, 7)) is reduced to
finding its inverse two-dimensional Fourier transiorm
FUH(E ) [2).

The informative +1Ist and —1st difiraction orders
and background zero difiraction order of the light field
are spatially separated by changing the tilt angle of
semitransparent mirror /7. The image of the zero
difiraction order is located at the center, while the twin
images of the + st and It orders are symmetrically
shifted. In accordance with the Nyquist criterion,
each period of interference pattem should correspond
to 1o less than two counts (pixels) of the digitized
image. Therefore, some limitations are imposed on
angle a between the reference (R(€,7)) and object
(O(&,m)) waves. Pixel size A limits the maximum
angle for the interference of the reference wave and
the spherical secondary waves from each object point
by the value qmax =arctan()/2A), which is 10.2° at
A=790nm for the experimental setup described here.

The zero order, which partially overlaps the ob-
ject image and introduces distortions into the recon-
structed amplitude and phase of field E, is suppressed

"

(@ +97)

arctan{Im(E(¢,1)]/Re[E(, m)]}-

exp(—ikp)/p propagating from the axial point (z =0, y =0, —z)
ion is valid in the Fresnel approximation (p= /&2 + 72 + 23 ~ 20 +
ik(€% +n?)/220] . Substituting this expression into (2), we

ik

(3)

} f ]SH(& ) exp

[

by subtracting the mean value of recorded hologram
H(€,n) from its current value. To improve the re-
sult, one can record separately the object (O(€,7))
and reference (R(€,7)) waves, blocking, respectively,
the reference and object interferometer arms, cal-
culate the distribution [O(¢, )| + |R(¢,n)[? in the
zero diffraction order, and subtract it from hologram
H(&n)[15]

To periorm joint analysis of spectral holographic
images, one must compensate for the difference in
their scales, which arises for the following reason:
the holograms recorded at the same distance but
at difierent wavelengths X yield images of different
sizes as a result of numerical reconstruction based on
Fresnel transform (3). To overcome this limitation,
the sizes of digital holograms H(€, n) are equalized by
complementing them with zeros beyond the perimeter
to the image of maximum size when processingjointly
these holograms.

€+ yn)} dédn,

5 RESULTS

Figure 2(a) shows a digital hologram obtained
with the above-described setup at A=790nm. The
test object was a line test patterm. Any part of a
hologram is known to contain information about the
entire object field; therefore, the result of image re-
construction from some fragment of a hologram is the
total object field although of lower resolution. The
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Fig. 3. Spectral digital holograms of a rat muscle cut (colored by
()790, and (¢)810nm.

digital holograms obtained on the scheme reported
here demonstrate clearly this property. lustrations
are Figs.2(b—d), which show the results of pro-
cessing (by the above method) the entire hologram
(Fig. 2(b)), a hali(Fig. 2(c)), and 1/10 hologram area
(Fig. 2(d)). It can be seen that the spatial resolution
of reconstructed object field amplitude decreases with
a decrease in the area of the iragment chosen for re-
construction. When the entire hologram is used, the
reconstructed amplitude reproduces fairly accurately
the amplitude structure of the object (see Fig. 2(b)).

Figure 3 shows a digital hologram of a 5-pm-
thick cut of rat muscle, colored by Mayer's hema-
toxylin and eosin. Digital holograms were obtained at
wavelengths of 770, 790, and 810 nm (Figs. 3(a—c),

ively). Enlarged iragments of holographic im-
show the presence of an interference pattern
with rather high resolution. It can be seen that these
holograms are characterized by significantly different
structures of fringes formed as a result of interference
of the reference spherical beam and the plane waves
diffracted from the object under study. These differ-

PHYSICS OF WAVE PHENOMENA  Vol.24 No.2 2016

'y Mayer's hematoxylin and cosin) at wavelengths of (a) 770,

ences ean be caused by the change in the amplitude-
phase structure of the object with wavelength.

6. CONCLUSIONS

It was shown that Fourier holograms of optically
transparent objects can be recorded in arbitrary nar-
row spectral intervals using a low-coherent broad-
band light source with an optically conjugate tunable
AO filter at the input of Mach—Zehnder interferome-
ter. Holograms of a test pattern and a real biological
sample at different wavelengths in the near-IR range
were experimentally obtained in a system designed
with the use of a superluminescent diode and a wide-
angle noncollinear AO flter.

The above-described approach s expected to in-
crease the informativeness of holographic images due
o the use of high spectral contrast of elements with
different physicochemical properties. At the same
time, it does not call for several coherent sources, as
in some problems of color holography. The proposed
scheme can be used when the amplitude-phase and
spectral structures of transparent objects must be
investigated simultaneously.
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Tonyuenue crieKTpaabHBIX ronorpagpuyecknx u3obpaeHnii NPo3payHbIX 0GHEKTOB HA
OCHOBE aKYCTOONTHYECKOH (UIbTPaLMK H3nyyenns B nHTepepomerpe Maxa-Llenaepa

A.C. Mauwxin,* B.3. Moxap,' O.B. Monbuukosa,! A.T. Pawasanosa®
Hayuno-mexnoroeuneckuii yenmp ynuxaawnozo npuGopocmpoenus PAH
Poccus, 117342, Mocksa, ya. Bymaeposa, 0.15

Pacenorpena npoGiiena noayuenks UHPPOBHX TOTOTPAGHIECKHX 3OOPANEHHIL ONTHYECKH NPO3paI-
HHX OGLEKTOB B NPOM3BOLHHX CMeKTpabHHX HiTepsasax. [IpefcTaBena ONTHUECKAS CXeNa Ha OCHOBE
nnepepomerpa Maxa-Llezepa ¢ aKyCTOONTHYECKOfi CReKTpabHOf (HALTPaLMeH! WHPOKONOAOCHOTO

WAy et

PACS: 42.40.Kw VIIK: 681787

Kaiovensie c108a: unposas 1010rpauyeckan MHKPOCKOHA, MHOTOBOIHOBIS FOT0TPaHS, aKYCTOONTHYCCKaR i

Tpaunn, whrepepoerp Maxa-Lewnepa,

B HacTORIliee BENs B GHOMEAHLHHE, HaYNHBIX HCCTA0-
BAHWSX 1 HePaIpYLIAIOLIEN KOHTPOTE HAXOLHT WIHPOKOE
npuveriee widposas rosorpadua (LIT) [1]. Ee uenoa-
3YIOT A BOCCTAHOBAEHHS MMKpopenbda, anaimsa ga-
3080/ CTPYKTYDH, BHSBICHHST BHYTPEHHAX HanpsKeHMii
W pewteis MOTHX ApyruX sanau. Llndposas romorpan-
Ma CONEPAHT MOHYIO HHGOPMALHIO O TPEXMEPHOM pac-
TIpeie/ieHiH ONTHIECKOTO 1017 OGHEKTHO/ BOHH B BiAe
HHTEP(EPEHIIOHEIX 1010¢, OGPA3YIOWMXCS TpH ee cy-
TIeprOSHLMH ¢ H3BECTHOI oNOpHOW Boaoi. MosTomy 13
3DETHCTPHPOBAHHOTO. LH(POBOTO HIOGPAKEHHs HHCIEH-
HBIMH NETOZAMH BOIMOXHO BOCCTAHOBHTH HH(OPMALHIO
06 ammAKTYz H (hase 0GbeKTHOI BOH.

Muorosonsosas LII, nossonsiomas monyuars HaGop
LHQPOBLIX TOOTPANM Ha HECKOASKHX LAHHAX BOH, Aa-
eT BOSMOXHOCTE MOTYaTh JOTOAHHTEbHYIO HH(pOpMA-
LHI0 06 HCCIYeMOM OGBeKTe 3a CHET CNeKTpabHo-
TO KOHTPACTA €10 91eMEHTOB, 0GIANAIWIMX PAsTHIKbI-
MM (H3HKO-XHMHUECKHMH cBoicTRaMM. [Tpn SToM Ham-
Gobiii WHTEpeC NPEICTABAIOT METOMH PETHCTPAILH
ClIEKTpA/IBHEX FO0rpAQHYECKHX H300paMeEHNi, e fe-
PECTpOiiKa 10 CNEKTPY MOFA@ Gbl OCYULECTBAATECS M0
UTH HETPEPHBHO B HEKOTOPOM AMANZ3OHe ATHH BOH.
B wactonuteii pagoTe npeicTasiena cxema A1 monyte-
S CEKTPATBHHIX WAQPOBHIX rOTOTPANM «Ha mporyc-
KaHie», KOTOPAs MOKeT GHTb HCTOb3OBAHA 1A aHa-
{1H32 ONTHYECKH NPOIPAIHBIX OGHEKTOB B NPOHIBONLHBIX
Y3KHX CNEKTpATLHEIX HHTEPBATAX.

B ocHOBe peal30BaHHOi CXEMBI NeAKHT CXeMa HHTEp-
deponerpa Maxa-Llenzepa (MMLI) (prc. 1). B ocsern-
TE/IbHOM KaHaJe PACTIONOKEHH LIMPOKONOMIOCHHI HCTON-
WHK coeta |, OnTdecKas cHcTema 41 (OpMMpOBaHS
KOMIMMHPOBAHHOTO CBETOBOTO MydKa HYKHOTO AHAMETPA
2 u akycroontuueckuit (AO) MOHOXpOMATOp H3OGpaxe-
Hiil, COCTORUIMIY 13 ABYX CKDeLIeHHbIX TI0AAPH3ATOPOB 3,
5 W YCTAHOBIGHHOH MeAAY HHMH HeKonnMHeaphoh AO

“E-mail: aalexanderrmail.ru
1E-mail: v_pozhar@rambler.ru
#E-mail: polschikova@gmail.com
SE-mail: alina.r333@mail.ru

2015 Y300

suediki 4. B AO siueiike 0IHa CrieKTpasbias KoMIoHeH-
Ta BXOIFILIETO AMHEIiHO NIOAAPH3OBAHHOTO CBETOBOTO Myd-
Ka, AHHA BOAHb KOTOPOii ONpEEARTCH HACTOTOM yitb-
TpasyKa, AMGPATHPYET C H3MEHEHHeM HaMpaBeHus no-
ASPUIALMH HA ODTOTOHATLHYIO M OTK/IOHEHHEM Hanpas-
AeHHS PACTIPOCTPAHEHHS, @ OCTATbHOE, HeNH(PATHPOBaH-
HOe W3IyeHHe 3aepAKHBAETCA BHXOIHHIM NOJSPH3ATO-
pom 5 woHoxpowatopa. Mocse AO MOHOXpoMaTopa y3Ko-
nosocKoe uaaydenie nosaetes Ha sxon MMLL, rae ne-
AWTCH CBeTONeATeNeM 6 Ha NBa MyuKa M HAnpabaseT-
sl B OGBEKTHOE W OOPHOE NAeuH. B obhekTHOM mieue
MMLL, kpome iccaeayenoro oGvexa 10, pacnionaraet-
cs ciictema wetsipex sepkan 7-9, 11, mossoasoman we-
HATH JIMHY ONTHYECKOTO MYTH M3JYSeHMS B SHAuHTEb-
HbIX Mpefienax. B OMOPHOM Tifievie MOMHNO ZBYX 3epKa
12, 13 ycraoBien MHKpOOGEKTHB 14 ¢ ToueuHoli ana-
parnoit (muixon) 15 B hokabHOl nIOCKOCTH, (opMHPY-
1ol ONOPHYIO BOAKY CO CPEPHHECKHM BOTHOBBIM (POH-
oM. BOHOBbE (POHTE JBYX KAHATOB NPOCTPAHCTEEHHO
coBMewalTCs creToneMTe en 16, cosnasas uHTEpdepeH-
UHOHHYIO KaTHHY, PETHCTPHPYEMYO MaTPHUHBIM mpHeM-
HUKOM u3aytenns 17. JLHHb ONITHIECKOTO NyTH H3Tyte-
HiUs B OGBEKTHOM M ONIOPHOM NI€4aX BHPABHHBAIOTCS 110~
CPJICTEOM MPEINSHOHHOTO MepeMeLlenHs ABYX nap 3ep-
ka1 8, 9 u 12, 13. Peructpauusi WH(pOBLX rodorpans
NPOBONHTCA Ha NPOHSBOABHHIX AHHAX BOJH B AHANazole
nepectpoiikn AQ (HIBTPa, COCTABIAIOULEM B COGPAHHOM
makete 740-900 . TpocTpancThentoe pasneseriue M-
GopmatuBHbX 1-r0 4 —1-r0 # oHOBOrO 0-ro MopRAKOB
AM(PAKLIH OCYULECTBARETCS 34 CHET H3MEHEHHS HAKAOHA
noaynpospautoro sepkaza 16.

Tip BbuMcaeHMA NOIA OGBeKTa B SToil cxeme 0Gpa-
60TKa 3apETHCTPHPOBAKHOTO CTIEKTPATLHOTO. Tosorpadi-
HeCKOro H306PAKeHHA CBONHTCS K 0GPATHOMY Meospaso-
Bannio Pyphe 3aperncTpupoanHoii rosorpavmsi [2]. Ha
PHC. 2 NOKA3AHb 3aPETHCTPHPOBAHHAS HA AAHHE BOAHH
750 1M WH(POBas roorpaMMa WITPHXOBOH MHPHI (puc. 2a)
u annauTyza ee npeoGpasosarns Pypve (puc. 26). Moay-
“eHHOe H300PaKelHe J0CTATOUHO TOUHO OTOGPAKAET ant-
IIMTYAHYIO CTPYKTYPY 00beKTa

154324-1




image8.jpeg
XV BCEPOCCHUICKAS ILIKOJIA «®WU3UKA U IIPUMEHEHHUE MUKPOBOJTH» V30d 4. 154324

[(me———————————————

12

4

16 17

Pic. 1: OnTideckan cxena NaKkeTa YCTaHOBKH A1 MHOrosoaHosoit LUT. | — WHPOKONOAOCHIH HETONHHK CBeTa, 2 — KoATHMHpyIoULas
3,5 — ckpewenne nospusatopyi, 4 — AO seiika, 6, 16 — noaynpospaunsie sepkana, 7-9, 11-13 — sepkasa, 10
i, 15 — Toueuan Avabparsia, 17 — NaTPHANLH NPHENIHK W3Ry eI

it 06beKT, 14— MikpooGbe)

a 6

Pic. 2: 3aperucrpuposanoe crextpastoe (750 Hu) roorpaie
JEHHOTO H30GpaRelHs 00beTa ()

O€ H3oGpaeHHe WTPHXOBO MMpH () H aMNANTYAa BO

Paor.
nenta MK

BRNOAHEHa MK nowtepikke rpanton Tpesn- 08696, 14-00-10420_Hp)
96.2015.8 u PO®H (13-02-12210, 15-08-

[1] Kim M.K. Digital holographic microscopy. Principles.
techniques and applications. (Springer, 2011).

[2] Picart P, Li J. Digital holography. (Wiley, 2012)

2015 Y30® 1543242




image9.jpeg
XV BCEPOCCHIACKAS LIIKOJIA «®W3HKA Y TIPUMEHEHWE MUKPOBOJIH» V30d 4, 154324

Spectral holographic imaging of transparent objects in Mach-Zehnder interferometer with
use of acousto—optical tunable filter
A.S. Machikhin®, 0.V. Pozhar’, 0.V. Polschikova“, A.G. Ramazanova’

Scientific and Technological Center of Unique Instrumentation RAS, Moscow 117342, Russia
E-mail: "aalexanderr@nail.ru, “o_pozhar@ambler.ru, “polschikova@gmail.com, *alina.r333@mailru

The problem of digital holographic imaging in arbitrary spectral intervals is discussed. Optical scheme based on Mach-Zehnder
interferometer with use of acousto-optic filtration of broadband light is presented

PACS: 42.40.Kw

Keywords: digital holographic microscopy, multiwavelength holography, acousto-optic filtration, Mach-Zehnder interferometer.
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Recording Digital Holograms of Optically Transparent Objects
in Arbitrary Spectral Intervals Based
on Acousto-Optic Filtration of Radiation
A. S. Machikhin*, O. V. Polschikova, A. G. Ramazanova, and V. E. Pozhar

Scientific and Technological Center of Unique Insirumentation, Russian Academy of Sciences, Moscow, 117342 Russia
e-mail: aalexanderr@mail.ru
Received April 7, 2015

Abstract—The problem of obtaining digital holographic images of optically transparent objects in arbitrary
spectral intervals is considered. A Mach—Zehnder interferometer based optical scheme with acousto-optic
spectral filtration of the broadband radiation is presented. The spectral selection allows one to increase the
informativeness of digital holograms due to the choice of spectral channels in which clements with different
physico-chemical properties have a sufficient contrast. Examples of recorded spectral holographic images of

a test object and real objects arc presented.

DOI: 10.1134/51063785015100107

At present, digital holography (DH) has wide
spread application in biomedicine, scientific investi
gations, and nondestructive testing [1, 2]. It is used for
reconstruction of microreliefs, analysis of phase struc-
ture, revealing intemal stresses, and solving many
other problems. The absence of contact, compactness,
relatively low demands on the alignment accuracy in
elements of the system, broad options in digital pro-
cessing of data, and other advantages, set DH apart
most methods for solving similar problems. DH con-
tains complete information about the three-dimen-
sional distribution of the optical field of the object
wave in the form of interferences fringes forming in the
process of its superposition with a known reference
wave. Therefore, using numerical methods, one can
obtain information on both the amplitude of the
object wave and on its phase.

Acolor DH permitting one o obtain a collection
of DHs at several wavelengths makes it possible,
first, to increase the accuracy of reconstructing the
amplitude and phase of the object wave and, sec-
ond. to obtain additional information due to the
spectral contrast. The most widespread schemes of
obtaining color holographic images are based on
using several coherent light sources producing
monochromatic radiation at different wavelengths
[3]. However, much more interesting methdos for
recording spectral holographic images are those, in
which the reconstruction over the spectrum could
be done almost continuously in a certain range of
wavelengths and the number of spectral channels

would be at least several tens. Such an approach was
realized in the reflective scheme baswed on the
Michelson interferometer with the illuminating
channel involving a broadband light source and an
acousto-optic (AO) tunable filter [4].

In this work, a scheme for obtaining transmissive
spectral digital holograms is presented. The scheme
can be used for analyzing optically transparent objects
in arbitrary narrow spectral intervals.

The implemented scheme is based on the scheme
of the Mach—Zehnder interferometer (Fig. 1). At the
input of it, broadband light source 7, optical system 2
for the formation of a collimated light beam with a
given diameter, and an acousto-optic (AO) mono-
chromator are arranged. The monochromator consists
of two crossed polarizers 3and 5 and wide-angle [3]
AO cell 4 mounted between them. The latter is a crys-
tal in which a traveling ultrasonic wave is exited. The
period of this wave is specified by frequency /supplied
to the acoustic radiator of a high-frequency electric
signal. In AO cell 4, the linearly polarized light beam
component corresponding to the Bragg condition dif-
fracts with a change in the linear polarization direction
1o orthogonal and deviation of the radiation propaga-
tion direction and is extracted by polarizer 5 retarding
the nondiffracted radiation. Nondiffracted radiation is
retarded by output polarizer 5. After the AO mono-
chromator, the narrow-band radiation is supplied to
the input of the Mach—Zehnder interferometer, where
it is divided by beamsplitter 6 into two identical beams
and is directed to the object and reference arm. In the
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object arm, mirror 7and sample are mounted. The
reference arm contains a replaceable neutral density
filter 70, mirror 1, microscope objective lens 72, and
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Fig. 1. Optical scheme of the experimental setup and coordinates used.
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pinhole aperture 73 mounted in its focal plane. After
the aperture, a reference spherical wavefront is
formed. The wavefront from object § and reference
spherical wavefront are spatially matched by beamsplit-
ter 9 and detected by monochrome digital camera /4.
Neutral density filter /0 is used for equalizing the
intensities of the interfering beams. The path differ-
ence between two arms can be varied by inclining the
filter. Operational wavelength A of the interferometer
is specified in software by varying ultrasound fre-
quency fsupplied 1o the AO cell.

For a light source in the experimental setup, a
superluminescent diode with a range of 750820 nm is
used. The AO cell of the monochromator is made of
TeO, and provides the wide-angle diffraction geome-
try and tuning range of 740900 nm with a transmis-
sion band of ~2 nm (at .= 800 nm). The diameters of
the entrance and exit pupils of the AO cell determining
the transverse size of beams in the interferometer are
equal to 10 mm. For the radiation detector, a CCD
matrix with 2592 % 1944 elements and pixel size A =
2.2 pm s used.

The determination of the amplitude—phase struc-
ture of the object is based on the following calcula-
tions. In the plane of the object reconstruction, the
light wave field £at a point (x, y, z,) can be represented
as a result of the Fresnel diffraction of the reference
wave R(E, n) on the recorded hologram H(E, 1)
located in the reference plane (z = 0) [6]:
TECHNICAL PHYSICS LETTERS
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ik > 2
xexn[ (-9 + (v’ e,
2y
where / is the imaginary unit, k = 21/A is the wave-
number, and 2 is the wavelength. The field amplitude
is defined as /(E, n) = |E(E, n)| to the power of 2; the
phase, as p(g, n) = arctan(Im(£(E, n))/Re(E(E, n))).

In the case of a spherical reference wave R(E, n) =
exp(—ikp)/p propagating from the axis point (x = 0,
»=0.2=—7,) as in the scheme shown in Fig. 1, the
following expression is valid in the Fresnel approxima-
2+ (€ +n’)/2%: RE )=

Lexp(—ikzy)exp(—ik(€ + 1?)/2z,). Substituting this
2

onp= e+t +

expression into (1), we obtain

ik ik (2
ol 00)

E(xy)=-5"5
2y 22y

- ) o
1 H(emeo( (x5 ) dten

or, after simple transformations, £(x, y) = CF to the
power of —1 {HE, W)} = CA(x, y), where C =
i ik 2, 2
———exp|-—=(x"+ is a complex constant and
(el +71)) e com
FU{} is the inverse Fourier transform. Thus, calcula-
tion of the object field £(x, ) is reduced to its inverse
Fourier transform F-{H(E, M)} [7].
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Fig. 2. Examples of recorded holographic images (a) of a test chart and (b) thyroid specimen at’ = 800 nm.

The spatial separation of informative + 1 and —1
diffraction orders and the background zero diffraction
order of the field £(x, y) is implemented due to varying
the inclination of semitransparent mirror 9. The max-
imum inclination angle is determined from the
Nyquist criterion At = arctan(}/24), which amounts
10 9.6° for the setup at = 750 nm. To suppress the
zero order that partially overlaps the object image, the
mean value of the hologram intensity is subtracted
from the recorded hologram H(E, 1). For a better
result, one can separately detect the object and refer-
ence waves by blocking the reference and object chan-
nel of the interferometer, respectively, and then calcu-
late the zero diffraction order hologram and subtract it
from the hologram H(E, 1) [8].

Figure 2 presents holographic images of a test chart
(Fig. 2a) and of a thyroid specimen (Fig. 2b). The
images were recorded at a wavelength of 800 nm. Sim-
ilar images can be obtained at any wavelength within
the AO monochromator readjustment range of 740—

TECHNICAL PHYSICS LETTERS

900 nm. The magnified fragments of the images show
the presence of an interference pattern of a sufficiently
high quality. Processing of these images allows one to
reconstruct the amplitude and phase of samples.

In this work, it has been experimentally shown
that tunable AO filters can be effectively used for
solving the problem of obtaining holographic
images of optically transparent objects in arbitrary
narrow spectral intervals. This approach permits
one to increase the informativeness of a holographic
image due to the spectral contrast of elements with
different physico-chemical properties and avoid
using several coherent sources in some problems of
color holography.
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Tocrynuno & Penakumo 7 anpens 2015 1.

Paccnorpera npoGviera HOyNCHHS IHBPOBHX TOIOTPAGHIECKIX HSOGpaKCHIi
OITHYCCKH NPO3PAUHEX OOLCKTOD B MPOHIBOTHHbX CIICKTPAIBHBIX HITCPBATAX.
Tpeacramiena ofrmeckas cxema Ha ockope miTepdepoverpa Maxa—llenicpa
© AKYCTOOTHYCCKON CHICKTPATBHOM (HABTPAIICHE UHPOKOIIOTOCHOTO Iy YEHHS.
CHEKTpIbHAR CIEKINS IOIBOTHET MOBHCHTE MPOPMATHBHOCTS IABPOBLIX roo-
PAMM 3 CHeT BHOOPA CTIEKTPATLHBX KAHATIOB, B KOTOPHLX ICMEHTH € PAyTHIHHNI
UHKO-XiMIECKIn CEONCTBAMM HMEIOT HeoOXoMMMI KorTpact. ITpmencit
PHACP 0PETHCTPHPOBAIHIX CIICKTPATBIAIX TOIOrPAISCCKI. H0GpaAcHmi Te-
CTOROTO I PeATHHOTO OGHEKTOB.

B Hactosiiice BpeMs B GHOMCUMIUIHC, HAYSHHX HCCICIOBAHHAX It
HEPAIPYIIAIOIEM KORTPOTE HAXOIHT WHPOKOE MpHVeHeHHE idpOBast ro-
sorpadsi (L) [1,2]. Ee nenomsayior iums occTanon e MHKpopetsa,
ana/m3a Ga3osoit CIPYKTYDBL, BLSBICHHA BHYTPEHHUX HANPSKCHNI W petlie-
HISE MHOTIX APYTIX 3121, BeCKOHTAKTHOCTS, KOMNIAKTHOCTb, OTHOCHTETbHO
HIIKHE TPEGOBAHIS K TONHOCTH I0CTHPOBKI D/ICMEHTOB CXCMB, IIHPOKHE
BOSMOKHOCTH 110 LHPOBON 00PAGOTKE JANHKX i JpYTHE MpeAMyIECTSa
Bhromio ormraior LI oF GOMBIIHETBA MCTOI0B A1 PeLICHIS NOI00HbX
3agas. LT CoNEpIHT NOTHYI0 MHPOPMAILNIO O TPEXMEPHOM pacTpeiesieriii
ONTHYCCKOTO MO OGHCKTHO BOTHA B BITIC HATEP(CPCHINIOHHX MOOC,
0GpaIyIONIXCS TP €¢ CYNEPTOSHIIN ¢ HIBECTHO OMOPHOH BOTHOI.
TI05TOMY HHCICHHBIIH METOIaMH BOIMOKHO NOTYCHHE HHPOPMALI Kk
05 aMIHTYAC OBBCKTHOI BOIHA, TaK It O c¢ dase.
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Puc. 1. Ommricexan cxewi IKCTICHMCHTATHHON YCTANODKI 1 HCTOBIyCNt

cHeTema KoopauaT.

Lperosas LI, nossonsiomas nomysars Habop LI ma mHeckomskix
JUNHAX BOH, JGCT BOIMOKHOCTS, BO-TICPBX, MOBKCHTS TOMHOCTh BOC-
CTAHOBTCHIS AMILTHTYIH 1t ($asi OBBCKTHOI BOTHH 1, BO-BTOPEIX, MOTy-
4aTh IOMOIHNTEIBAYIO HHPOPMALIIO 33 CYCT CHCKTPATHHONO KOHTPACTA.
HanGoriee pacTipocTpaHCHHbe CXeMs NOTYSeHHs WBCTHBX To70rpaite-
KX HI0GPAKCHINiT OCHOBAHN Ha HCTIOMB3OBANINH HECKOTBKIIX KOTCPCHTHbX
HCTOMHIIKOD CBCTA, AQIOUUIX. MOHOXPOMATHHCCKOC MATYMCHIC Ha PAdibix
wntiax B [3]. OHaKo Gobuii HHTEpEC MPEICTARISIOT METON per-
CTPALUNI CICKTPATBHBIX FOTOrPAUUECKIX H300pIACHIi, Te nepecTpoiika
110 CTICKTPY MO Gbi OCYICCTRIATCS MONTH HEMPEPHBHO B HEKOTOPOM
MATIAsoHE A BOIH, A WHCIO CTICKTPATHBIX KAHA/IOD COCTABSLIO XOTS! Obi
necsTin. W3ecTHa PeaTHIAILIS TAKOTO NOIXOMA K CXEMe ,J1a OTpakeHie”,
e nenomsayeTest mkTepdepomeTp Maiikerbeora, B OCBCTHTETbHOM Karane
KOTOPOFO YCTAHOB/ICHE! LIMPOKONIONOCHEL! HCTOHIK CBETA W ICPECTPanBa-
enit axycroommeckii (AO) bt [4].

B nantioli paboTe MPEACTARTCHA CXCMA LTS MOTYCHIST CTICKTPATHHbX
IKBPOBHIX TOTOTPANM 3 POMYCKAHHE", KOTOPAs MOKET GBITH HCMIOb30-
BAHA VIS AHATIZ ONITHAECKIE POIPATHBIX OGBEKTOR B IPOIIBOTBHBIX YIKIX
CHICKTpATBHKX HHTCpBANAX.

B ocHope peamiopaioii CxeMb eANT cxeva HHTepepoverpa
Maxa—Ilenaepa (puc. 1). Ha ero prote pacnonaractes mmpokononociiii
WCTOSHNK CBeTa ], ONITINCCKast CHCTeMA 2 /U (POPMHDOBANMS KO-

Mucema 8 XT®, 2015, Tom 41, sein. 19
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MHPOBAHHOTO CBETOBOFO MTy¥KA JAZAHHOTO JAMETPA I AKYCTOONTHHCCKIL
(AO) MOHOXPOMATOP, COCTOAILI 13 ABYX CKPELICHHHIX TIOMAPH3ATOPOB 3,
5 W ycTawoB7eHOI MeALy WHMH umpokoyromsioii (5| AO-ueiiki 4.
Tocnemss npeIcTaBAseT coboii KPHCTAL, B KOTOPOM BO3GyIacTs
Gerylas yISTPaBYKOBAS BOTHA, NCPHOX KOTOPOIl 3A1ACTCH HACTOTO [,
N0TaBAEMOli HA AKYCTHYECKHii HATYSATEb BHCOKOMACTOTHONO SIEKTPH-
seckoro curwana. B AO-sueiike 4 KOMIOHEHTa JMHeilHO MoMspIOBaN-
HOTO CBETOBOrO MydKa, OTbewalomas ycropmo Bporra, mpparupyer ¢
M3MCHCHMEM HANPABTCHIA JMHCHHON MONAPH3AINI Ha OPTOTOHATHHYIO W
OTKIIOHCHHEM HATDABICHA PACTIDOCTPACHI WATYCHMHA 1 BHUCTAETCH
TOAPHIATOPOM 5, 3aepAHBAIOLIM HepparupoBaroe ianyserie. Hean-
(PArNpOBAHIOE WATYHCHHE JAICPANBACTCA BHXOIHHM MOTAPHIATOPOM 5.
Tociie. AO-MOHOXPOMATOpA Y3KOMIOTIOCHOE IATYHCHHE MOTACTCH HA BXOX
nirepepomerpa Maxa—Lleiicpa, me ACTHICH cBeTORCTHTCCM 6 Ha ABa
WISHTHYHbBX MySKa, W HANDABISETCH B OGHEKTHOE M ONIOPHOE UIEWO.
B 0GLeKTHOM ILIede YCTAHOBICH 3ePKAN0 7 M HCCTeayeMbiit 00bexT 8.
B ONOPHOM 1UIcHe YCTAHOBCHE (UILTP CMEHHBI HEHTPAbHOIN MI0THO-
10, 3epkanio 11, MAKPOOGBCKTIHE 12 1 YCTAHOBICHHAR B €ro (GOKATSHON
ntockoeTH TowesHas adparsa (mirxon) /3, nocie KOTOpoii oGpasyercs
onopusii cepieckiit BoHoBON (pporT. Bonosoii dporT ot obbekTa §
W onopHbil chepiccKiii BOTHOBOI (BPOHT NPOCTPAHCTECHHO CoBMENa-
10TCH CBCTONCTMTENCM 9 W PErHCTPHPYIOTCS MOHOXPOMHEIM MATPHSHHM
npuesmiKoy matysenns 14, Heirpansisiit Guistp 10 nenonssyetes wis
BHPABHHBANIS WHTCHCHBHOCTEIH HHTEP{EPHPYIOILIX 1YHKOB, 3 C MOMOLIBIO
€10 HAKIOHA MOKHO IIMHSITH PA3HOCTH Xota Mexy . Tlepectpoitka
paGoscii /UIMHN BOMH A HHTEPGEPOMETPA OCYIIECTRIACTCA NPOTPaNM-
HO NOCPEACTBOM HIMCHCHAS HACTOTH YISTpassyka f, moasacsioii Ha
AO-sseiiky.

B IKCrIepHMEHTATbHOI YCTAHOBKE B KAYeCTHE HCTONHHK CBETa HCTIOTh-
ayeten cynepoMunecten bl o1 Awanasona 750820 nm. AO-mucitka
MoHOXpOMaTOpa H3roTORTeHa 13 TeO) W OGCCTICUMBACT MHPOKOYTOTBHYO
reoveTpmio mppaku, manason nepectpoiiki 740-900nm ¢ monocoi
nponyckanis ~ 2nm (npit 4 = 800 nm). JIHaMETpi BXOIHOTO It BXOLHOTO
3paukon AO-seiiKH, ONPEICAAONIE MONEPeNHi PAIMEP MYHKOB B HHTCP-
depoverpe, paisi 10 mm. B KauecTse MPHCMHIKA 13Ty9CHIS HCTOMbYeT-
ca I13C-vatpiuma ¢ wmesom a7iemenos 2592 x 1944 1 pasmepos nukcens
A=22um.

Onpezenienite aMmHTYAHOha30B0ii CTPYKTYPH OGBEKTA OCHOBAHO Ha
crlenylomuX pacdetax. B 110CKOCTH BOCCTAHOBTEHHS 00BeKTa N07le CBe-
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ToBoii pomis E B Touke (r.y,z0) MOKHO NPCICTABHTH Kak pesylstar
anpakimn ®penensi onoproii BotHH R(£,7) Ha 3aperncTpHPOBAHHOI
ronorpaxme H(&, 1), pacnionoentioli b iockoeTi otesera (2 = 0) (6]:

Esy) =~ g keo)

X//H(é.n)R(g-n)cXP(%((xfé)“r(,vfﬂ)z)>d£dn~ m

e i — MumMas exm, k = 27/2 — BOTHOBOE WHC0, A — /UTHHA BOTHb
waysenis. AMnunTyza nons onpeaensercst kak (£, 7) = |E(&,n)], a dasa
@& n) = arctg(Im (E(£, 1)) /Re(E (£, 1))).

B caywae chepnveckoii onophoit Bomss R(E,n) = exp(—ikp)/p,
pacnpoctpansiomeiica w3 ocenoii Toukn (x =0, y 20), Kak
b nokaamnol wa puc. | cxeve, B npuGmokenm ®pewers p =
= /& +n2 + 2}~ z0 + (62 +1?)/220 cnpasenmBO CEnyIONCE BLpaKe-
e R(€.n) ~ Lexp(—ikzo) exp(—ik(€2 +1)/2z0). ToncTannas 510 v
paxenie 8 (1), nonysum

ik 5
E(x.y)=— Z'Ticxp (—E(J + w))
3

—

et (@

o0

x
3 ~—p

7 H(én)exp

WK nocrIe NpocTBIX npeodpasoannii E(x, y)=CF ' {H(&,n)} =cH(x, y),
e C = —5ir exp (4 (x? +y?)) — Kommiekchan Kouctana, F~1{} —
oGpatioe npeobpasopanme dyphe. Takini 0GpasoM, BMMCICHHC IO~
a9 E(x,y) ofbeKkta CBOMMTCA K e 0BpaTHoMy npeoGpasonaniio dy-
pee F-' {H(E )} (7).

TMpoctpancrsentoe pasienchme midopmarnsibx 10 1 110 poro-
Boro 0-ro mopsakos mudpakim nons E(x,y) ocymectaisercs 3a cuer
HIMCHCHHS HAKTIOHA TIOTYNPOIPAHHOro 3epkana 9. MakcuMambibii yron
oTKroReRNs onpeneneTes 3 Kpiepis Haiiksnera Ay = aretg(4/2A), wro
npi A = 750nm cocrapnsier s cobpanHoli yetanonkn 9.6°. JLia noxas-

Achin 0-T0. NOPAAK, HACTHAHO NEPEKPHBIOUICTO WIOGPUACHHE OOBCKTA,
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Puc. 2. TIpnMepis SapericTpHPOBAIIIX Totorpadiecki iobpaeiiii Tecr-
oGtexTa (a) 1 npenapara nuronof Keeaw (b) mpit A = 800 nm.
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HCTOMbYCTCs BHITANIC 3 3aperiCTpHpOBaHHOi ronorpavss H (€. 1)
CPeIHEro HAvCHNs ee MHTCHCHBHOCTH. JUIs IySUIEro PesybTaTa MOAKHO
3aPCTHCTPHPORATS PAVICTBHO OGHEKTHYIO 1 OTIOPHYIO BOTHH, G/10KIPYS
Onopikii 1 OGbEKTHBIH KaHa1 HHTEP(EPOMETPA COOTBETCTREHHO, @ 3aTeM
BHMHCIHTS TOOTPAMMY HY/ICBOTO NIOPAIKA MMPAKIU 1 BHYCCT €e i3
ronorpasit H(&. ) [8].

Ha pic. 2 MpeACTABICHE! 3aperieTpHPOBaHHBC Ha e poris 800 nm
roorpadteckie WIOGPIKEHIE TeCT-00bEKTA B BILIE WITPHXOBOH MipHI
(pic. 2,a) 1 Gionpenapara uTOBIHOI skecan (pic. 2, b). Anatoriric
II0GpaACHIIS MOTYT GHTh MO/yNCHbI Ha oGOl MUK BOHH B MpeiCnax
manasona nepectpoitiin AO  MoHoxposaTopa 740-900 nm.  Vaennser-
HbiC (pparMenT I30BpaKcHIti NOKA3BAIOT HATIYIHE HHTCPCPCHILIONHOI
KapTHiB JOCTATONHO BHCOKOTO Kavectsa. OGpAGoTKa STHX H300paReHiti
TI0IBOACT BOCCTAHOBHTH AMILIHTYLY 1 a3y HCC/ICIYCMBIX O0BEKTOB.

B nanioii paGoTe IKCTEPHMEHTATSHO NOKAIHO, O MEPECTPANBACMHE
AO-GIBTPH MOTYT GhITh HbdEKTHEHO HCTIOMBIOBAH JUTA PeIICHNs 3a1a4N
noMyscHs ronorpadieCKin H30BPAKCHIT OMTICCKH MPOIPATHHX 00h-
CKTOB B NPOIROTHAIX Y3KIX CCKTPAbHBX MiTeppatax. Takoil moTxox
T03BOICT TIOBKCHTh MHGOPMATHBHOCTS FOOrPAHNECKOr0 HI0DpaKeHIts
32 CNCT CHCKTPAIBHOTO KONTPACTA SICMCHTOB ¢ PATHHBMM (H3IKO-
XIMIHCCKIMI CBONCTBAMH 1 HCKTIOMHTS HCMOT5IOBAMME HCCKOMBKIX. KO-
FEPEHTHbIX HCTOHHKOB B HEKOTOPBIX JQI24aX LBETHOI roorpadii.

Paota  BNOTHEWa  NDH  MONIEpAKE  IDAHTOB  MpEMIEHTA
MK-4296.2015.8 u PODH (13-02-12210, 15-08-08696, 14-00-10420_Hp).
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B cGopunke npecTas sl MatepHambi 25 Chessia 0 cnekTpockomun, Chesst IPOXOLT B me-
puoz ¢ 3 1o 7 oxrabps 2016 B r.0. Tpomuk r. Mockesi Ha Gase InctutyTa crexrpockomun PAH.
B cOOPHHK BKITIOM eHbI TAKKE Te3NCHI A0Ka0B MOTOZIe/KHOM HAyHOM MKOJLI 0 OTTHKE H CIIeK-
TpocKomuH, npoBenenHoii B pamkax ChesZla IPH OPraHHIANMORHOM Y4acTHH MOCKOBCKOTO Hesiaro-
THYECKOTO TOCY/IapCTBEHHOTO YHHBEPCHTETA.

Che3l 10 CHEKTPOCKOMUH — PeryTApHbI HayHbII CHMIIO3HYM, KOTOPBIH I OXOJINT pas B IATE
JIeT 1 coBHpaET G0BIIOE KOHIECTBO YIaCTHHKOB H3 POCCHH H CTpaH GITIKHEro 3apyGesms B pam-
Kax 25 Che3a GbUIH Npe/ICTAB TeHL! MPUIIAIIERHbIe JeKIHA B IOKTabl, TeMATHKA KOTOPHIX OXBA-
THIBAET M HPOKHI KpYT CAMBIX AKTYAJI> HIX BONPOCOB ONTHKH H CHEKTPOCKOMHH, B 4aCTHOCTH, B 06~
nactH (yHAaMeHTaIb HOH aTOMHOH, MOJIEKYJIIPHOH CIEKTPOCKOIHH, CIEKTPOCKOIHH KOHIe HCHPO-
BAHHLIX CPefl, IIA3MEL, CIEKTPOCKOTHI I MHKPOCKOMIH eINHIFHbIX HAHOOGLEKTOB 1 HAHOCTPYK-
Typ. PACCMATPHBAIOTCS BONPOCE COBPEMEHHOTO CHEKTAhHOTo IPHGOPOCTpoeHHs. B mporpane
Che3sia IpeCTaBIeHb! HOBbIE ME/KIHCIHIUTHHAD Hbie HAYTHbIE HANPABJICHHA: KBAHTOBAs HH(oOpMa-
THKA, HAHOIUTASMOHHKA H MeTaMATEpHAIL!, HAHO ONITHKA, (OTOHUKA, MPHKIATHAT CTIEKTPOCKOHS B
6HO- H MeTHITHHCKOH (H3HKe.

MarepHam:1 cGopHUKa MOTYT NpEICTaBJIATS HHTepeC ZUTA CIENHATHCTOR, PAGOTAIONIX B 061acTH
ONTHKI 1 CHEKTPOCKOIHH PA3IHTHLIX BEleCTB, BH3IHKH H HIMIECKOH XHMHH KOHJICHCHPOBAHHOTO
COCTOAHRSI, HAHOTEXHOJIOTHt, (PHIAYECKOTO MATEPHATOBEICHHS, A TAKKE CTYCHTOB H ACIHPAHTOB,
JKEMAIOMIX N0y HTb D E/ICTaB TeHHe 0 HAHGOJIee AKTYATLHBIX POGIIEMaX B IAHHO 0B1ACTH ecTe-
CTBO3HAHHA.
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BH3VAJIMBALS U M3MEPEHHE ®A30BOI CTPYKTYPBI OBBEKTOB B
TIPON3BOJILHBIX CITEKTPAJIBHBIX HHTEPBAJIAX HA OCHOBE
JIBOIHOI AKY CTOOII THYECKOI MOHOXPOMA TH3AIMH H3JIYYEHHS
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Pacemorpena upoGiena oMy exis HATEPGEPEHIHOMNLX HI0GPAKEMIH ONTHIECKH NPOIPATHLLX MHKPOOSH EKTOR
Ha pazmbx A BoML. TIPELIOKEHO HCNOMI0BATS AKYCTOONTHYECKYI0 MGPAKINIO HUTYERMS B JBYX OUDENE-
eHHbIM 05PA3OM OPHEHTHPOBAHHbIX AEAKAX K BXOJ (B OCBETHTEIN: HOM KANAIE) H BLIXOE (B IPHEMHOM Kaiaste)
untepdeponerpa Maxa-I[eunepa. Iokazao, M0 510 NOBOMET 0BECHENT MHOKECTEO YIKIIX CHEKTPATE HBIX Ka-
HATIOB PENCTPAIII ¢ HCOS30BAHHE BCErO OHOTO WIMDOKONONOCHOO HCTOUHHKA CBET, YCTPAHKTS POCTPAH-
CIBEHHO-CHIEKTPAIHLLX HCKAKCHHS H30GPAEHILE U HX IPENIHORHORO POCTPANCTB EHHOTD COBMEI CHHS, I0BLL-
CHIL CHEKTPAT Holll KORTPACT, CHIE3HTS 4YBCTBHTE/LHOCTS K BHEIIHHM 30CBETKAM, IOBLICHTS CTAMILHOCTS PAGOTEL
yerasos it

Komowenkie c:10Ba: HHTepdEPOMETPHS, AKYCTOOMTHMECKAR (ITLTPANHS, I OMHAT MOHOXPOMAT H3AHS
TyeHEs, pA30BAT MEKOCKO IS

MeTozm1 ha080ii MEKPOCKOHH 3pbeKTHBHO HCIOYIOTCS /U HeHHBATHR HOH JWATHOCTHKH GHOOGLEKTOB
U HEPAIpYIIAIOIIX HCC/IeOBAHHI TEXHINE CKIIX 0% EKTOB H MaTepHaion. MHOrOBO/IHOBbIE METOLL B KOTO-
PBIX PETHCTPHPYETCs! psiZt HHTep(EpOTpAMM HA PATHEIX UIHHAX BOIH, 03B OILIOT, HOMHMO (azoBoil CTpyKTypI,
HOJYHTE Z0NOJHATE bRy HEGOPMANIIO 06 0GheKTe, B YACTHOCTH, CIEKTPATBHBIE XAPAKTEPHCTHKH MOLI0~
MEHRS W NPO3PATHOCTH. PerHCTPANI HATEP(EpEHINONNEI H30GPAKERMIE 06EEKTOB, HMEIOINX CTEKTPAT-
HYI0 3aB HCHMOCTS ONTHYECKAX CBOFCTS, B IO H3BOJLHBIX CHEKTPATHBIX HOOCAX TI03BOTIAET KOHTPACTHO Bhi-
HeTATH IeMEHTLI TIEX 5% EKTOB, MMEIOILIE PAdHLIe BHIMKO-XHMIIECKHE CBOHCTRA, il ONp EACTITH HX HOT0Ke-
HHe H F€OMETPI ecKie XapaKTep HCTHKH, [105T0MY HEOJHOKPATHO HPEUIATAHCH METO/b H HPEAPHHHMATHCH
"HONBITKN L0y {€RHS MEOTOUBETHBIX H CHEKTPATLHBIX TO/I0rPAQHIECKAX H300PAKEHHI, HAIPHAMEP, IyTeM He-
HOJbI0BAHHA HECKOJBKIX HCTOUHHKOB CBETA, JAIOUINX MOHOXPOMATHYECKOE HUTYSCHHE HA PASHBIX JUIHHAX
BOH. OZHAKO (0 CHX 10 He CYIIECTBYET METOZIOB, I(e CHEKTPAHAT e eCTPO KA MOTJTA 651 0CYII ECTRIATECS
HOSTH RENPEPHIBHO B HEKOTOPOM ANANAI0HE JUTIH DO, TO €CTh € WIATOM, He NPERLIIAINIIN MPRAY CHeK-
TPATLHOI MOIOCH! KAATOTO KaHATA. [UIA PEATHIANMA 5T0T0 HA NPAKTHKE 'HCTO PAIP EMHMBIX CIEKTPATHHBIX
HOJIOC R0JDKIHO COCTABIATE XOTA Gbl HECKOJTBKO AECATKOB.

Axycroontieckne (AO) mepecTpaHBAEMBIe (HILTPBI ABIAIOTCS ONHHMH H3 HAHGOIEE EPCHEKTHBHEIX
CHEKTPAL HIX 5/IeMERTOB ZUN e pecTp OiKH paGoueil JUTHHEI BOJTHEI INHPOKO IO/IOCHOTO Ry eRns. OHH 06/ma-
JAIOT IETBIM PAZOM BAKHEIX I0CTORHCTE: OTCYTCTBHE O IDKHLIX /IEMEHTOB, GHICTPAT MePECTPOFKA 10 CIiek-
TPY, HOCTATOMHO BHICOKE CBETOCHIA, IPOCTPANCTBERHOE i CIEKTPATHHOE PAPEIEHIE, BOIMOKHOCTS MO LA~
wmn n cuuTesa anmaparoit dymkuun. IlpAMenenie TAKIX GHBTPOB B HHTEPPePCHUIORMLIN CXeMAX Takke
HOIBOJISIET UCKPETHO C JAAMMBIM IATOM HepeCTPANBATE PAGOYIO UIHHY Bo/IHI AT epdeposerpa. IIph sToM
HIBECTHO, TO HPHMeHEHHE 0XHHOYHEIX AO (HIBTPOB BEJeT IPOCTPAHCTBEH HO-CIIEKIPATS HbIM HCKKCHISM H,
B YACTHOCTH, K CZIBHTY H30OP@KeRHS IPH NepecTpofike Mo JUTHHE BOJHEL, A TAIKE 3aMeTHOMy (~20%) npomyc-
KAHNIO MY TEHHS BHE NOJIOCH NPONYCKANTA (ICHTPATHHOTO MAKCHMYMA) BCTECTBHE TOF0, 10 KIACCHICCKAT
ymkns nponycasus AO $mTpa omickm acTes dy Hkimeit sinc’(x)=sin’(x)/x%, KOTopast HMeeT JMAHTEBHBIC
Goxonnie Makcmyysss. Ecim ogn AO (IUBTP HCHOMLIYETCS B OCBETHTE/LHOM KAHATe HHTepepoMeTpa, To
ClyaliHBIe BHEIHEE JACKETKH, BOIMHKAIOIHE B HHTEpepOMETpE, IPHBOZAT K YXyZUICHAIO KOHTPACTA B HH-
Tep(hepeRIORROI KApTHHE H CHIKEHHIO CTADIIBHOCTH PAGOTH YCTAHOBKH.

B HACTOSIIeii pAGOTE MBI BIIEpBEIE MPECTARTACM NOIIXOX, CBOGO/HAII O AAHHBIX HENOCTATKOB. OH 0CHO-
Ban na npmyenermE AO (BIBTPAINE HITYTEHI HA BXONE (B 0CBETHTCBHOM KAHATE)  BHIXOZE (B TP HEMHOM
Kaiate) HHTEPGEPOMETPA, TO €CTE PAIMEIIEHHH HHTEPEPOMETPA BRYTPH ABOIHOr0 AD MOHOXpOMATOpA.

Ha pucyHke NPEACTaBI0RA MPEUIATACMAT OITHYECKAS CXeMA U PErHCTPAIIH CICKTPATIBIX HI0BPKe-
sl $a20BLIX MEKPOOGEEKTOB. OHA COCTONT H2 OCBETHTENLHOTO Kanana, nuTepdepomerpa Maxa-Lienzepa
MpHEMHOTO KaHATA. OCBETHTEBHBI KAHAT BRITIOYAET B CeG3t IIHP OKONOIOCHIH HCTOUHAK CBeTa 1, KoUTHMH-
pysomyio onTieckyio cucreny 2 i AO TP 3. AO GHIHTP 3 COCTONT H3 NOTIPHIATOPA 34 H MIHPOKOYTOH-
Hoii AO staeitin 3b. Tloce AO iTTpa yIKONO ToCHOE HATyMeRTe MOAACTCS HA BXOA MATEpdepomeTpa Maxa-
L{enztepa, coxepammii Ha BXofe H BLIXOXE HACHTH'HLIC CBETOACHTEN (I0JyNpoIpat bl 2epkana) 4 u 14,
CheropesmuTesms 4 Ae/liT Ko/THMHPOBARHbIE MYMOK H JBA H HANIPABIIAET HX B 06LEKTHOE H OHOpHOE wiewn. B
omopHoM wiewe pacnookens! sepkana 10, 11, MuxpooGhekrin 12 n Tovennas anadparya (mamxox) 13, moce
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KoTopoii 06pazyercs onopuas ciepirieckas BoaA B 06heKTHOM KaHATe yCTAROBTERb! Jepkara S-7, 9 H Hece-
AyemBrit 00hexT 8. Lapa 2epKan 6-7 PAcCTIOT0kena Ha MOJBIKHOM OCHOBANIIE i MOKET IEPeMEMATh ¢l MOCTy-
HATEHRO, ¥TO NOIBOTET PeTy M 0BATE PATHOCTS X0A B ONIOPHOM i 05H EKTHOM IIETAX HHTep(epoMeTpa v
KOMIICHCAINH ONTHECKOfi TO/UHHEL HCCIEAYeMOro 0BbeKTa 8. CBETORbIE MYWKH U3 0BLCKTHOTO i ONOPHOTO
ILtevtefi HETEPEPOMETPA IPOCTPANCTBHKO COBMEINAIOTCS CBETOREINTE IeN 14 Takitat 06pazoM, HT0GLI HANpaR-
JIeHEA PACTPOCTpANERHS BOHOBLIX GPOETOB HX coBATATH. JJalee OCYIIECTBIIETCA NOBTOPHA ClIEKTPALHAL
umTpamis ¢ iomomsio AO ¢iTpa 15, COCTOSMIEr0 M3 CKemIeRKBIX Mo;PAIATOPoR 15a 1 158 1 pactoro-
sKeRRof Mexty mime AO seiikn 156, DuBTp 15 RACTpANBAIOT WA Ty e JUTHHY BOTHBL, K10  NEPBBII PRIBTD.
CertekTiB O npoZR(PATHPOBABIINH CBETOROF MyOK PErHCTPUPYIOT HA MATPHHBIIi IpHEMHAK myTyemms 16
3aperNCTpHPOBAMNAA HHTePdEPEHIHORNAR KAPTHNA B 11D CKOCTH GOTONPHEMHHKA IPEACTABIET COBO td-
PoBYIo ro7lorpany 065 ekra Ha AU BOHLL, Ha KoTOPYI0 HacTpoeusi AO b Tpbt. AO stteiix GrmTpos 3
i 15 pazBepHyTHI OTHOCHTEMbHO APYT AYTa Ha 180° i HMEIOT MOIHOCTBIO HCHTITIHYI0 reoMeTpHio AQ B3ail-
Mozeitcrms. Takimy oBpasom, HnyseRne MpoxoART AO TP 13 B IPOTHBOMONIOATOM HAADTERH B cpan-
semmn ¢ AO GWILTPOM 3, i HCKWKEHAS, BIBANAbIE Meprbi AO (HUBTPOM, KOMICHCHPYIOTCS BO BTOPOM
TonTOpH®! (AT TPAIIS ChETa TAICKE NOTBOACT MOBKICHT CIIEKTPATHRBI KORTPACT 100D WKEHIS 30 CHeT CHIL-
JKeHIA 0T HATYMeRI BHE OCHOBHOTO MakcuyMa dymkimn npomyckanmi AO dumrpon. [ nosyenns
W306pwKeRis Ha APyrofl JUIHHE BOI OCYINCCTRIAIOT CHEXPORHYIO Nepectpoiicy AO dwnrpos 3 1 13 wa
TpeGyeyIo ZUIHRY BOIHb HOCPECTBOM ANAHHS COOTBETCTRY IO KX HACTOT YIISTPAIBYKA.

Cxea ycTanopki. 1 ~ MAPOKONOTOCHI HCTOTHAK chera, 2 — KosmmaTop, 3, 15 - AO dumtpt (3a, 15, 15
~ noxspmaropst, 3a, 36 - AO stieiikn), 4,14 — nonynpospamie sepxana, 5-7, 9-11 - sepiana, 8 — mecneny eMbiii
06bekT, 12 — MuKpooBH exTHB, 13 — Towetnas Auadparsa, 16 — PHEMHAK HITyeRNA

‘Taxast 0Bpaso, OMHCAHHAS CXeMa NOIBOACT OJYWATH FoOrpadiieckre mOSPwKERNil B YINIX cllek-
TpaRbIX Kananax (down to 0.1 nm) B AOCTATONHO WPOKOM AHANAIORE vk Boyta (for example, 450-750 nm)
TIpi 3TOM 0fecTeTABACTCS yMERbIICRTE HCKMWKeRTH 200PHKENAI 10 YPOBHSL, JOMYCKAINIEND X NPOCTPAR-
CTREHHOE COBMEIIEHC, TyBCTRUTEBHOCTS K BHCIIHIM JACHET KAM I MOBSIIICHHE CICKTPATHHOTO KORTPACTA 312
cuter. JUms miuoCTpANEH b eKTHE HOCTH TAKOTO MOZXO0XA HAMH GhUI COGPANA YCTAHOBKA H HCC/IEOBANEI HEKO~
Tophie 06k eKTHI.

Jlureparypa
1. Kim MK. // SPIE Rev., 2010. V. 1. P. 018005-1-50.
2. V.I Pustovoit, V.E. Pozhar, M.M. Mazur et al. // Proc. SPIE. V. §953.2005.
3. AS. Machikhin, V.E. Pozhar, A.V. Viskovatykh, L I Burmak. // Appl. Optics, 2015. V. 54(25). P. 7508-7513.
4. A S. Machikhin, O. V. Polschikova, A. G. Ramazanova, V. E. Pozhar, M.F. Bulatov. / Physics of Wave
Phenomena, 2016. V. 24. Ne 2. P. 124-129.
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Cekuus 3. Du3nu eCKNE OCHOBEI NPHGOPOCTPOEHNHS

HU3MEPEHUE IPOCTPAHCTBEHHOTI' O
PACHPE/IEJIEHUA ®A30BOM 3ATEPKKH,
BHOCUMOM ONTUYECKHU MPO3PAYHBIMU
MHUKPOOBBEKTAMM, B TIPOU3BOJIBHBIX

Y3KHUX CIIEKTPAJIBHBIX MHTEPBAJIAX

K.¢p.-M.H. Maunxur A.C., acn. lMoneumkosa O.B., cTysn. PamasaHosa A.l.

'HayuHO-TeXHONOTHUECKIT LICHTP YHHKATLHOTO PHGOPOCTpocHisi PAH
polschikova@gmail.com

‘PaccuoTpena MposieMa HIMEpEHIT CIEKTPATHOIl ZABHCHMOCTH IPOCTPANCTBEHHOTO pacTpexerems dasopoii
SUIEpAKI, BHOCHMOL OIITITIECKI IpOTpATHEDMH MHKpOOSh ekTayi. TIpeIVIOeHa CXeMa HA OCHOBE Ky CTOOTH-
“ecKoit (ImTpAIN WU NI Ha BXO7E HATEpdeponerpa Maxa-Llennepa, CROGOMA HEIOCTATKOR HIBECT-
HBIX pEenT H 03B 0JITOMIAS PETHCTPHPOBTS HHTepdepeHIIIONI:Ie H30OpMKCHIA (BajOBLIX MIKPOOGHEKTOB
B IDOIIBOJBHBIX YIKIX CHEKTPATLHBI HHTePBAUTAX B DT ZI0CTATOMHO IHPOKOTO JHAIAONA. O3 HeTlor-
30BN IOZBIDKSAIX. H IPOMOZIKILX OITHKO-3/IEKTPOHMBIX I MEXAHIMECKIDX KOMIOREHTOR. IpiBesten npuyiep
OTTHOTO 113 HATEphepe RINOHBIX M3OGPALHHI: 5HTPOLITA KPbICh1, 3 CTHCTPHPOBARHOTO HA JAHHOT Y CTAHOB-
Ke, HBBHCIIEHHOE 1A €10 0CHOBE MPOCTPANCTR o€ PACTDEE/IENAE BHOCHMOT HM (ha10BO ATEPAKIL.

MeTozs! (pa30B0fi MHKPOCKOIHH ABMAIOTCA ONHIMI 113 HAHGOJIEE PACTPOCTAHEHHBIX TIPH HCCIIEHOBAHHIH OTI-
THUECKH MPO3PAUHBIX 0OBEKTOB B GHONOTHH I MeJHUHE. OCOObIT HHTEPEC NPEACTABIAIOT NPHGOPI, [103B0-
JIAIONIHE HE TOJIbKO BH3YATH3HPOBATh, HO H H3MEPHTH NPOCTPAHCTBEHHOE PACTIPEIE/eHHE ()a30BOii 3a7IEpHKKH.
BHOCHMOF TAKHMH 0GT,EKTaMH. [ 5TOr0, KAK NIPABIUIO, HCTIOMB3YIOTCA HHTEP(EPEHUHONHbIE, B YACTHOCTH,
ToNIorpagHueckiie ONTHIECKHE CXEMb.

MHOTOBOMHOBLIE METOIbI (a30B0ft MHKPOCKOIHHL, B KOTOPHIX PETHCTPHPYETCA PAt HHTEP(EPOTpaMM Ha pa-
HLIX JUTHHAX BOTH, TI03BOAAIOT, TIOMITMO (b30BOI CTPYKTYPEL, OMYUHTh JOMOTHHTEbHYIO HH(OPMAIITIO 06
00beKTe, HAPHMEP, CTICKTPATbHbIE XaPaKTEPHCTHKH MOIOMICHHS WIH NPoITyckaHHs. CYMECTBYET HECKOMbKO
TIOXO/I0B K PEMICHIIO 3TOIl 3AatH, HO BCE OHH OGIATAIOT TEMH HIH HHBIMH HEIOCTATKAMH: HEOGKOTHMO-
CTHI0 3aMeHbI | 1], MepemetieHis 00pa3ua 3 OFHOIT HMMEpCHOHHOI CPEBI B ZIPYTYIO (2], HCMOb30BAHI 10~
TIOJIHATENBHOTO  IOPOTOCTOSIIET0  CIIEKTPOMETPHYECKOT0 060pyHoBaHma [3]. MeTofbl, HCIONb3yOIIHE
HECKO/ILKO HCTOUHHKOB CBETA, OTPAHHUEHDI, KAK NIPABIJIO, 3-6 JUIHHAMH BOJIH H [103TOMY MOIYT GBITh HCTIOIb-
30BAHBI JUIA KOMHYECTBEHHOTO AHANH3A TOLKO MPOCTBIX CTPYKTYP [4,5]. TakHM 06pa3oM, HEJOCTATKAMH 3TO-
TO MOJXONA FBIAIOTCA JNCKPETHOCTh W OIPAHHYEHHOCTh BHIGOPA JUIHH BOJH, CIOKHOCTH IOCTHPOBKH,
JIOCTATOMHO GOTBIIIOE BPEMS PETHCTPALIHH H HCTIONb30BARHE O/IBIAHBIX HTEMEHTOR.

TI03TOMy NIpH HCCTIE/IOBAHITH GHOOGHEKTOR NPECTARTIACT HHTCPEC COIAHHE TPOCTHIX, KOMIAKTHBIX H HATCH:
HBIX CHCTEM, 0GCCTICUHBAIOIIK BHIYATH3ALHMIO H H3MCPEHHE MPOCTPAHCTECHHOTO PACTPEEICHNA (ha3z0Boil
37ICPAKKH B TPOIBBOTBHBI Y3KIIX CTICKTPATBHBIX HHTCPBATAX, B HACTOAIICH paGOTe MPCCTABICHA CXEMA,
CBOOO/IHAA HEAOCTATKOB H3BECTHBIX PELICHMIL, MO3BONAIOMIAA PETHCTPHPOBATh HHTEP(EPEHIHOHHBIE H300pa-
JKEHHA (a30BbIX MHKPOOGHEKTOR B MPOH3BOIbHBIX Y3KHX CHEKTPANbHBIX HHTEPBATAX B NIPEAE/AX A0CTATOUHO
IIHPOKOTO HANA30HA G€3 HCTIOTh30BAHHA MONBHAHBIX, IPOMO3IKHX H JOPOTHX OITHKO-M/ICKTPOHHBIX H Me-
XAHHUECKHX KOMIIOHEHTOB. ITH(pOBas 06paGOTKA TAKHX H30GP@KEHHH NIOBOIAET BHIHCIHTH CIICKTPATLHYIO
3ABHCHMOCTS (a30BOIT 3a71EPIKKH U1 KaKJIOT0 NHKCES.

Pa3paGoTaHHAs OMTHYECKAS CXeMA NPE/ICTABIEH HA PHC. 1. OHA COCTOT W3 MHPOKOMONOCHOTO HH3KOKOTe-
PEHTHOTO HCTOUHHKA CBETa |, KOMTHMHEPYIOMICH CHCTEMBI 2, TIGPECTPAHBACMOTO AKYCTOOMTHUECKOTO (AO)
(unbtpa 3-5, nHTepdepomerpa Maxa-I[ciepa 6-18, perHCTpUpyIomeii OMTHUCCKOl CHCTeMbI 19-20 1 MAT-
PHUHOTO TIPHEMHIKA W3TyUeHNA 21, B KauccTBe MHPOKOTIONOCHOTO HCTOUHHKA HATYHCHHA | HCTOMb3yeTcs
CYTIEpIOMUHECLICHTHBIIH JHOJ, H3Tyuaiomit B qiana3one 770-810 HM. KoTHMUYIOIan CHCTEMA 2 CO3TAcT
MApAIETLHbII MYHOK JyIei, KOTOpbIii MoNagacT B AO (HIBTP, COCTOSMIIT 13 BYX CKPEMIEHHBIX NONAPH3A-
TOPOB 3,5 H 3KIOUEHHOI MEAITY HHMH HEKO/LTHHEApHOIT MHPOKOYTo/bHOf AO sueiiku 4. Tlocennss npexu-
CTaBiser coGOii KPHCTALL, B KOTOPOM MPOHCXOAMT An(paKiys Bporra CBETOBOro myuka Ha 0GbeMHOI
pemeTke, 00pa3oBaHHOI 3a CYET PACIPOCTPAHEHHA YILTPa3BYKOBOI BONHBI, BO3GYANAEMOlt Ibe30NPeospaso-
Batesiem, FI3vienenne BLIEIIEMOi AO (ILTPOM JUIHHB BOTHL OCYIICCTRIAETCA TIOCPEACTEOM H3MCHEHH
UACTOTHI YIKTPABYKA, TIOIABACMOI HA ITEC30TPEOOPA30BATED.

Tlocne MOMAPH3ATOPA 3 IHHCIHO-TIOTMPII30BAHIIT CBCT HGPATHPYCT, H3MEHSS HATPABTICHIE TIOAPHALII
Ha OPTOTOHATBHOE, 1 OTKIOHACTCA OT HATIPABICHHS PACTIPOCTPAHCHNS H3TYUCHNA, He HGPATHPOBAHHOE H3-
JTYUCHIE 3ATEPAHBACTCA BBIXOTHBIM MOMAPHIATOPOM 5. [locie AO HIBTPA Y3KONONOCHOE HATYUEHIE TOTIa-
71aeT Ha BXOZ HHTepdepometpa Maxa-LleHiepa, A€ ACIMTCA CBETONGTHTENEM 6 Ha ONOPHBIIT 1 OGHEKTHBII
TydKH. B 06BEKTHOM ITYUKe CHCTEMA JIHH3 BMECTE C OKY/SPOM 19 peaiu3yloT cXeMy MHKPOCKOMA JUIs TOJTy-
YeHHs H306PAKEHHs MPO3PauHOro o0pasta 14. B OMOPHOM IMyuKe pacnofiaractcs HefftpanbHbii dunstp 11
JUIA BHIDABHHBAHNA HHTEHCHBHOCTH JIBYX MMydKoB. OGA MydKka ¢ MOMOIIbIO CBETONE/NTEN 18 CBOIATCA 101
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Cekunn 3. GHanueckne OCHOBHI NPHGOPOCTPOCHNS

HEGOTBIINM YITIOM B TUIOCKOCTH PErHCTPALIHH HHTCPEPOTPAMMEL, IIe PACTIONIOKCH TPHEMHIIK HaTyueRHs 21,
TlomyueHHoe B pesynbTaTe HHTEPHEPCHIMH OTOPHON H OOBEKTHOH BOTH H30GPAKEHHE PETHCTPHPYETCS
H 06PAGATHIBACTCA C LETbIO MOTyUCHNS (Ba30BOil CTPYKTYPBI HCCTETYCMOTO MHKPOOGHEKTA. TI0CT¢OBATE b
Has mepectpoiika AO (IBTPA aCT BO3MOKHOCTL 3ADCTHCTPHPOBATH PJi MHTCPGECPCHUHOHHBX KapTiH
B Y3KHX CHEKTPIBHBIX HHTEPBATAX, HA OCHOBE KOTOPBIX MOTYT ObITh TOJYUEHBI CHEKTPATbHBIE
3ABHCHMOCTH (pa30BOI 3a1CPIKKIL.

12 13 14 15 16 17

Puc. 1. Onmirieckas cxema SKCnepuMeHIATsHOIL YCIMGHOGK L | — WPOXONOIOCHSI UCIOHIIK Ceema,
2 - KorumupyIoujas cucmema, 3, 5 — ckpeujentsie norspusamopu , 4 — AO sueiixa,
6, 18 - ceemodenumenu, 7-10, 12, 17 - sepxaza, 11 - neimpanshtii ceemoduasmp, 13 — aursa,
14~ uccredyeswuit obpasey, 15 — obvexmue supockona, 16— mybycras aunza, 19— oxvasp,
20 - obvexmnue xavepsi, 21 — npuessux usnyienus.

Ha pHc. 2 NPEJICTaBIEN TIPHMED OJHOTO H3 HHTEPHEPEHIHOHHBIX H30GPAKEHHI IPHTPOLHTA KPBICHI, 3aPETt-
CTPHPOBAHHOTO HA JAHHOH YCTAHOBKE, Ha JUTHHE BOMH 800 (a) H BBIMHCIIGHHOE HA OCHOBE €ro LH(pPOBOIi 06-
PaboTKH NPOCTPAHCTBEHHOE pacrpesienee $asoroit 3a71epiKKH (G), BHOCHMOE JIaHHBIM MHKPOOGHEKTOM.

a) )
Puc. 2. Sapeucmpuposannas unmepgepozpasva spumpoyuma na 800 (a)
U esIICIEHHOE HA €€ OCHO B2 IpOCIPaHCIMEeHHOe pacnpedeneriie (asoeoil sadepeku (6).
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Cekuus 3. Du3nu eCKNE OCHOBEI NPHGOPOCTPOEHNHS

MEASUREMENT OF SPATIAL PHASE DELAY DISTRIBUTION
INDUCED BY TRANSPARENT MICROOBJECTS
IN ARBITRARY SPECTRAL INTERVALS

Alexander S. Machikhin, Olga V. Polschikova, and Alina G. Ramazanova

«Scientific and Technological Center of Unique Instrumentation» of the Russian Academy of Sciences
polschikova@gmail.com

‘The problem of measurement of spectral dependence of phase delay spatial distribution induced by optically
transparent microobjects is discussed. A scheme based on acousto-optic filtration of light at the input
of Mach-Zehnder interferometer is proposed, free of drawbacks of the existing solutions. The scheme allows reg-
istration of interference images of phase microobjects in arbitrary spectral intervals within a broad waveband
without usage of moving and bulky opto-electronical and mechanical components. The rat red blood cells inter-
ference images and their reconstructed phase delay spatial distribution are presented.

MOJIEJIMPOBAHHUE CIIEKTPA
TEPMOCTHUMYJ/IMPOBAHHBIX NH®PAKPACHBIX
IMOBEPXHOCTHBIX IIVIASMOH-IIO/JIAPUTOHOB,

JAETEKTHPYEMBIX HA PEBPE

METAIYIMYECKOTO OBPA3IIA

A.T.H. Hukutun A.K.', acn. Ta Txy YaHr?, k.¢b.-M.H. XacaHos W.LLI."

"HayuH0-TeXHONIOTHYECKHIT L{EHTP YHHKAIBHOTO MPHOOpocTpoeHs PAH,
*Poccniickii yHHBEpCHTET JAPYKGbl HAPOZIOR
khasanov@sci.pfu.edu.ru

TIpEACTABIIEHBI Pesy b TATHI SHCTEHHOTO MOZETMpOBANIL CIIEKIPA TepMOCTHMY TIpOBAHHBIX [OBEPKHOCTHBIX
1wiaznon-nompuTooe (TTIIIII), ACTEKTHPYEMSE: Y PEGPA IIOCKOTPAHHOrO METATUIFIECKOT0 TeA, VCTaHoRITe-
HO, MO CIICKTP HMeET MAKCHMYM, CMeIAIOIITCA B ATTHHHOBOJTHOBY1O 067ACTS M0 MEpe YBE/TFICHIT THIb!
IpANK 0GpasIA; 7O CMEIENHe 0BBACHAETCA yMeRbIenHeM 3aTyxamin TIITIT ¢ yBeMrieHien X JUTHHbI Bor-
s Tlokaaso, "IT0 HHTErpAThHas HepreTirieckas caernmocts TLIII (xak 1 cernvocts TIIII na Aausoit
MACTOTE) Y PeGpA rPANH CTPEMITCS K HACKINICHHIO C YREIFICHHEN NP OTSAERHOCTH TPOROAHMKA. O5A aTh (akTa
MOKHO HCIOTH30BATS TIDH BBIGOPE ONTHMATBHOTO PAzMepa ‘IyBCTBTETHOTO vieMenTa macciBHoro TIIIITI-
CIIEKTPOMETpA 1 IHpOMeTpa.

Baejiene

Ha ceroqHAWNKI JIeHh Pa3spacoTaHbl OCHOBbI TEOPHH TEPMOCTHMYIHPOBAHHBIX JNEKTPOMATHHTHBIX moneit
TBEPBIX e [1]. Ho OrpoMHOE KOTHECTBO MPHKJAJHBIX MPOGEM, CBA3AHHBIX C ABTCHHEM TCHEpALH 110~
BEPXHOCTHBIX 37ICKTPOMATHHTHBIX BOTH TCIUTOBBIMH KOTICGAHHAMH HOHOB KDHCTAIITHUCCKO! PEIIETKH IPOBO-
JIIETo 0OpA3A OCTAIOTCA HE PACCMOTPEHHBIMH. OCHOBHOI HEPEIIERHOI NMPOG/IEMOI OCTAETCH KOPPEKTHAS
PCTHCTPALHA  CTICKTPA  TCPMOCTHMYJHPOBAHHBIX  TOBEPXHOCTHBIX  IUIA3VOH-TIONAPHTOHOB  (TIIIIIT),
Tak, HanpHMep, B pBofi paboTe M0 AcTekTHpoRaHMIO yucks MK ITIIIL, TepMOCTIMyIHpOBAHHBIX B
IWIERKe CemmHiza LHKa (2], mpivensuics Meton HITBO. Ojiako npivenentie npisv HITBO, Kak i camoro
MeTona, i onpezenenns xapakrepuctk HK TIIIIL uMeeT psjt CYMECTBEHHBIX HEIOCTATKOB: 1) BHEAPEHHE
npu3mbl B note TIIIIIT HekakaeT cam 0GbeKT HecenoBanii; 2) Meroa HITBO He M03BO/ISET H3MEPHTb JUIHHY
pacnpoctparenns MK TIIIIIT, HeoOX0AHMYIO JUlst OLleHKH 3aTyxaHns TIITIIT 1 BeJHYHHA KOTOPOIi, KAk mpa-
BIUIO, TPEBBILIACT PA3MEp MPH3MBI; 3) ONTHMATLHBIT 3230p MEATY MPHIMO H 0OPA3LOM 3ABHCHT OT UTHHEI
BOJHBI HATYUEHI (1), UTO CIVIBHO CKAZBBACTCH HA PE3Y/BTATAX I3MEPEHHL I OTPAHIUNBAET HX UACTOTHBITL
AuanasoH; 4) HEOGXOMMO YUHTHIBATH CIEKTP MOITOLICHHS MATepHATA NPH3MBI H CHEKTPAIBHYIO TUIOTHOCTH
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Combined laser and spectral holographic microscopy
for investigation of phase objects

AS. Machikhin, O.V. Polschikova, A.G. Ramazanova

Laboratory of acousto-optical spectroscopy, Scientific and Technological Center of Unique Instrumentation,
Russian Academy of Sciences (STC UI RAS), Moscow. Russia
e-mail: polschikova@gmail.com

Abstract — A quantitative analysis of spectral dependence of
phase delay distribution introduced by transparent microscopic
objects is discussed. Experimental setup based on Mach-Zelnder
interferometer with acousto-optic of wideband fow-
colierence light is used for calculating the phase delay distribution
by means of digital processing of interferograms. Au example of a
calculated phase delay distribution is shown.

Keywonds — digital lolography, phase microscopy, acousto-
optical tunable filter, Mach-Zehnder interferometer

1 INTRODUCTION

Optically transparent samples (e, polymer films,
biological specimens, etc) are objects of investigation in
biology, medicine, microelectronics. Their visualization is
complicated becanse they scarcely change the intensity of light
transmitted through them, only the phase, thus methods
allowing registration and calculation of local phase delay
introduced by the sample are important. Digital holography and
optical coherence microscopy are used in order to calculate the
phase delay distribution Ao(r.y) [1]. Full-field systems that
allow this analysis in narow spectral intervals and calculation
of phase delay spectral dependence Ao(x.y,%), and, therefore,
refraction index (), are of great interest.

In this paper, we discuss an optical scheme for
implementation of such an approach. It is fiee of some
drawbacks of existing experimental setups and has significant
advantages: abitrary spectral access within a quite wide
spectral rge 450-760 nm, fast spectral scanning, and absence
of mechanical scanning elements

IL EXPERIMENTAL SETUP

The optical system is presented in Fig. 1. It consists of a
wideband light source (halogen lamp) 1 spectrally tuned by a
wide-angle  acousto-optical filter,  Mach-Zehnder
interferometer with a phase object & in one of its arms, and a
CCD camera 14 for interferogram recording [2]. Acousto-
optical filter includes two crossed polarizers 3 and 5 and
acousto-optical cell 4 between them. Neutral filter 12 is
introduced in order to equalize the intensity in the arms of the
interferometer. The He-Ne laser 15 is used for calibration and
alignment of optical system. Operational wavelength A of the
interferometer is fned from PC by varying ulfrasound
frequency fsupplied to the AO cell 4

Fig. 1. Experimental setup (1~ halogen lamp; 2 — collimating
system; 3. 5 — crossed polarizers; 4 — acousto-optical tunable
cell, 6,13 — beam splitters, 7, 9 — telescopic system: § —
inspected sample; 10, 11, 17 —mirrors: 12 — neutral filter: 14 —
CCD camera; 15 - laser; 16 - beam expander; 18 ~ flip-flop
‘mitror)

I EXAMPLE OF PHASE VISUALIZATION

Fig. 2 shows a recorded digital hologram of immersion oil
in water ot A=633 nm which was used to imitate a phase
object. The calculated phase delay distribution Ao(s.y) is
shown in Fig. 2b. The measured phase difference between oil
and water corresponds well to the expected vale ~(n,-n,)d.

Fig. 2. Obtained holographic image (a) at 1
caleulated phase distribution A(x.y) (b)
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THE PROBLEM OF DETERMINING THE PROBABILITY OF CORRECT
IDENTIFICATION OF SUBSTANCES FROM SPECTRA

A.N. Morozov, N.S. Vasil'ev, and 1.S. Golak

nickliamg@gmail.com

During the nonlaboratory rapid analysis of substances without sampling the registered power of noise in spectrum
can be comparable with the power of the desired signal. The application of dircct statistical methods is
complicated by the fact that the experimental conditions during operation in non-laboralory environmens are
contimuously changing and difficult to control. In the present study we determined ways fo calulate the
probability of false positives and true positives based on the known values of error variance in the registered
range. SAM similanty measure used o determine compliance with the registered and reference spectra. The
method of idenifying substances by their fluorescence spectra recorded is used. Using lincarization and
approximation normally distributed random noise analytical cxpressions for similarity measurcs as a random
function was determined. The theoretical and experimental calculated values of true positives probabilities was
compared. A satisfactory agreement with experiment was established.

-—

NUOPOBAA 'OJTOTPAO®UYECKAA
UHTEPO®EPOMETPHUA C HEIIPEPBIBHOU
AKYCTOOINITHYECKOU NEPECTPOUKOM 11O CIHEKTPY

K.@.-M.H. MaunxuH A.C., acn. Monewmkosa O.B., cTy4. PamazaHosa A.l.

Hayuno-TexHOA0rIHeCKitii LCHTp yHHKaTbHOTO npiGopoctpocins PAH, Mocksa
polschikova@gmail.com

MHOrOBOAHOB& UHBPOBAA TOOrPAdIA NOJBOICT NOMYHATH LBCTHBIC WIOOPQKCHIS OGBCKTA MyTeM
BOCCTAHOBACHILI  COBMCLLICHITA HECKOTBKIL 11300PAKCHHTL, 3pETHCTPHPOBAHHBIX. HA PAZHBIX ATHHAX. BOTH.
Jlas 5TiX e, Kak IPABILIO, HCMIOTB3YIOT HECKOIBKO KOTCPCHTHBIX HCTOMHMKOB CBETA (KPACHBIA, e1eHbiii
W cunnii nasepst) [1]. [l NOTYNCHIS LBETHORO H30GPAKCHIS NPHt LPOBOI OGPAGOTKE TAKIIX FOAOTPAMM
TPCOYETCH  MPCABAPHTCIBHOC  MACUITAGHPOBAMIC  KWAION  FOAOTPAMMbL  MOCKOIBKY  PA3pellicIC
BOCCTAHOBACHHOTO W300PQKCHIS 3ABUCHT OT ATHHB BOTHbL 3QHACTYIO BAXHOI ABIACTCH BOIMOKHOCTH
BbIG0pA MPOI3BOTBHOI UTHHEL BOAHBI PErHCTPALINI 113 A0CTATOMHO WHPOKOFO CTICKTPATSHOFO AUANAOHA.

B zannoii paGoTe MPCLIOAKCHA ONTHMCCKAN CXCMA A1 NOMYNCHISE LU(POBBIX TOTOTPAMM AMILTHTYHO-
(pa30BbIX OGBEKTOB «HA NPOITYCKAHHE) B MPOHIBOBHAIX YIKIX CTICKTPATBHBIX HHTCPBATAX C HCTIONb30BARICM
LIPOKONOTOCKOrO. HCTOMHIKA CBCTA 1 MEeCTPAHBACMOrO akycroomTiieckoro (AO) giastpa. B ocose
npeararacyoii cxevsl ekt miTepdeposetp Maxa-Llenacpa. Tlepea MHTCp(CPOMCTPOM  pacnionosich
OCBCTHTCBHBI KAHAL, COCTOALIT 113 HCTOUHIKA H3TYNCHI — CyTICpIIOMIHECLIEHTHOTO amoaa | (puc. 1),
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NpM6OpOCTPOEHUA

imyaaiomero B auanazone 770-810 r. Koammupyiomas cerena 2 €o31aeT napaie bl myok ayveii,
KOTOpHIii ¢ NOMOWbIO %pKata 3 Hampaisercs B AO QUIBTP 4, COCTOAUUM 13 ABYX CKPEIICHHbIX
HO7PHATOPOB 1 JAKTIOMCHHOF MEAAY HIMH HEKOLTHHCAPHOIE Ay CTOONTHICCKOF ACHHKIL
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Puc. 1. Onmueckas cxema sxenepusenmaisoi yemanoexi. 1 — uupoxonoiocnsii ucmounux ceema,
2 konmwsmpyiowas cucmeva, 3, 6,8, 10-13 - sepana, 4~ AO monoxposamop, 5, 17— noaynpospasiie
seprana, 7 neiimpazsiiii ceemogutomp, 9 — uccedyexiit ovexm, 15— ukpooGuexmus, 16— moveunas
Ouagppazna, 18 — mampusnoiit npuesinuk uszysenus, 19— xoxnviomep.

Tocae AO diisTpa 4 y3KOMOTOCHOE HITYCHIE MOAAETEA HA BXOA HATepdepovierpa Maxa-Llerepa. rae
JICUTCH CBCTOJCTNTEION 5 HA JBA NYKA H HANPABISCTCH B OGBEKTHOC H ONOPHOE Meun. B osexTHOM
TACHe YCTAHOBACHb! 36PKATA 6 11 8. HIMCHAIOUIHE HANPABICHIC PACMPOCTPAHCHIL WITYNCHILL, CMCHHBIi
CBeTOdILTP 7 HEIITPATbHOIi ILIOTHOCTL BHPABHUBAIOUIT UHTCHCHBHOCTH B MCHAX. MHTCphepOMCTpa, 1t
nceneayeniii oGmext 9. B omoprow macse pacmomaraiores seprata 10-13, umpooosextie 15 m
VCTaHOBACHAA B €r0 (OKATBHOI MIOCKOCTI ToueuHas Auapara 16, mocae KOTOPOit OGpA3yCTes ONOpHLE
Cepircciii BoHOBOT dporT. 3epata 111 12 yeranoscHs: Ha mmeiinoM TpacasTope 14, uro nossomiet
NIPCLUIBHONHO MIMCHATH PASHOCTH XOAA B ABYX ILICuax. MHTCpepoMeTpa. Boamosoii (GpoHT ot oGseira 9
OnOpHBiii  BOTHOBOI  (OMT MPOCTPAHCTBEHHO  COBMCWAIOTCH  cperosemreaen 17,  coszasas
WHTCPACPCHIIIONHYIO KAPTIHY, PETHCTPHPYEMYIO MOHOXPOMHBIM MATPHMHBIM MPHCMHIKOM HITyHCHIH 18.
s nckoucHin (OHOBOF JACBETION MEpe. MpHCMHMKOM 18 yCTamapmsactes (masTp, oTpesaioumii
Iy sieHIe BILUIMOrO Aanadora, TlepecTpoiika pagoUeil ATHHbL BOHBI ). HHTCP(EPOMSTPA OCYLICCTBISCTCS
NPOTPANMHO  MOCPEACTBOM  IMCHEHIIA  MACTOTH  YAMTPAIBYKA, MoAaacvoii wa AO  sweiiky.
TpoCTpaHCTBEHHOC PAzICeHIC HHGOPMATHBHBIX +1-r0 1 -1-To NopaKos Andpaktum 1 $oHoBoro 0-ro
NOPALIKA OCYLICCTBISCTCH 32 CHCT MIMCHOHIL HAKIOHA MOMYNpO3pautoro sepiaia 17. Taki oGpazom
peammyeres scocesa exena LI 23]

HCACHHOC  BOCCTAHOBICHHE SAMMCAHHOH LBPOBOI FOTOTPAMME MPOMIBOANTCA B COOTBCTCTBHH €O
cKapHOIi TeopHei AMppAKLIT B MpHOMIKCHI DpeHes A UHTCrpaTa uppakwi Paes-3omvepderaa.
B cayuac cpepiicekoii onopHoii Bomst R(E,n) = exp(~ikp) /p. pacnpocTpasiouciica 13 0ceBoii Touki
(x =0,y = 0,~20)., kak noKasaHo Ha BPE3KE K piC. |. B NPHOMIKCHII DPeHEIs CIPABEATIBO ClCIYIOUEe
supaxerme: R(§,m) ~ T exp(—ikzg) exp(—ik(§? +1?)/22). B s1om caysae smexrpiacckoe mone £ 5
Touke (x,y,25) B pesyrsrare anpaxum Ppenes onoproii cepirieckoii sommsi R(§,7) Ha obexre
H(&,7). npeACTaB1IOMIeM COGOIi 3aPeTHCTPHPOBAHHYIO FOTIOTPANMY. PACTIOIOKCHHYIO B ILIOCKOCTH OTCUCTa
(z = 0). saxactes mrrrerpanoy 2]

ik

E(x,y) exp (~%(xz + yz))ﬁf::‘m H(E ) exp (— (x - yn)) dgdy,

2nz?
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WA T0G1E MPOCTEIX MpeoGpasoBaNii

E(x,y) = CF{H(§/(Az0), 1/ (Az0))} = CH(x, ).
tae € = —shexp (~ G2+ %)) - xowniencnan woneranra, F1{ ) - obpamoe npecSpasonae

@ypre. Taxin oBpasom, Bhmcachne nom E(x, y) Ha paceronmimi 2 3a rororpavvoii H(¢,17) ceoantes k ee
oGpaTHoMy ABYMCpHOMY Mpeobpasoaiio Byphc (2]
Ha prc. 2 MpeACTARTCHE! INGPOBHIC TOIOTPANMb TPENAPATA, MPCACTABAIOUICTO COGOTi IIMETBHCHHHC KOCTH
Kphicht. LIGpOBHIC TOOMPAVMBI MOTYNCHb ¢ TIOMOIbIO OMHCAHHOI BHUIC YCTAHOBKI Ha JTHHAX BOTH
770 v (pic. 2a). 790 v (piic. 26) 1 810 v (pc. 28).

a) 6) B)
Puc. 2. Crexmparsbie yughyposbie 20102passibt npenapama usveIsentbix Kocmeit Kpbichi,
sapeaucmpuposannsie na daunax 6o 770 i (a), 790 nv (6) u 810 n ()

Ha ysemmacnmbix parveHTax ro7orpadieckny mioGpaKcHHi BIAHO PAsTHMMC B CTPYKTYPE TOTOC,

OOpaIoBAHHBIX B Pe3yTaTc MHTCPQCPCHLMH OMOPHOTO CCPHUCCKOrO Mydka H ANGPArMpoBAHHOI Ha.

HOCICAYCMOM OGBEKTS TLIOCKOi BOAHBL, WO MOCT OBTb CACICTBHCM DAl B AMIINTY AHO-pasoBoit

CTPYKTYpe OGBCKTA HA STHX JLAMHAX BOAH. OMHCAHHAI CXCMA MOKCT HAITH MPHMCHCHIC B JA1auaX, ri¢

HEOGXOAMMO HCC/ICA0BATH OAHOBPEMEHHO AMILIHTYAHO-(A30BYIO M CMICKTPATBHYIO CTPYKTYPY MPO3IPAuHBIX

0BneKTOB. JlaHHbl MOAXOA HE TPEOYCT HCMONBIOBAHNS HCCKOTHKIX KOTCPCHTHbIX HCTOMHHKOB, KAk 3TO

HMECT MECTO B HEKOTOPBIX 3Q1a4aX LBETHOI rosiorpadmum

PaBoTa seinosmena npu noaaepskke rpanta [Npesnacura MK-4296 2015 8.
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DIGITAL HOLOGRAPHIC INTERFEROMETRY WITH CONTINUOUS
ACOUSTO-OPTIC SPECTRAL TUNING

Alexander S. Machikhin, Olga V. Polschikova, and Alina G. Ramazanova
polschikova@gmail.com

Digital holography is an efficient technique used in a varietv of nondestructive testing applications both in
scientific and industrial rescarch. Multispectral digital holography is beneficial in many wavs, Wavelensth tuning.
can help enhance the resolution of reconstrucied ficld's amplitude and phase. The right choice of working
wavelensth can increase spectral contrast of visualized features.
Color digital holography is currently presented mainly by works in which three coherent lisht sources (e.2.. red.
sreen and blue lasers) are used. However, ambitrary wavelenth selection from a broadband spectrum is often
‘We propose a method and scheme for digital holographic imaging of transparent amplitude-phase obiects
in anbitrary spectral regions. The optical scheme is based on Mach-Zehnder interferometer with use of acousto-
optic filtration of broadband light. Digital holograms of test charts and biological objects are presened.
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TTostyuenne CrieKTPaJbHBIX roJl0rpaduueckux H300pazkeHuii
NPO3PAYHBIX 00BEKTOB HA OCHOBE AKYCTOONTHYECKOiT GHILTpaIIN
uijryqenns B uuTepdepomerpe Maxa-Ilenaepa

A.C. Maunxnu, B.9. [oxap, O.B. [onsuikosa, A.I'. Pamasanosa
Haysno-mexnonoauneckuii yenmp ynuaionozo nputopocmpoenus PAH
lexanderr @ mail.ru

B Hacrosiniee Bpems B GHOMEIMLIMHE, HAY4HBIX MCCIENOBAHMAX M HEpaspylIaioLlemM
KOHTPOJIE HaXOAMT LHpPOKOe npumeHenne undposas ronorpadus (L) [1]. Ee ucnonssyror
JUIsi BOCCTAHOBJIEHHsA MAKpopenb(ha, anamnsa (ha3oBoil CTPYKTYpBI, BIABICHNS BHYTPEHHHX
HanpsUKeHWIT 1 peenns MHOTHX Apyrux 3amad. Lndposas ronorpamMma comepkut nonnyio
HMH(OPMALIMIO O TPEXMEPHOM PACMpe/IeieHHi ONTHYECKOrO NOJs 0ObEKTHOI BOJHBI B BijE
HHTEP(EPEHLHORHBIX N1010C, 0GPAsyIOLHXCA TPH ee CyNepro3HLi ¢ H3BECTHOIl ONOPHOIT
Bonmofi. [109TOMy W3 3PErHCTPHPOBAHHOTO WU(POBOrO M3OGPAKEHIA UIHCICHHBIMI
METOZIaMi1 BO3MOKHO BOCCTaHOBHTB HH(OpMALITO 00 aMminTyze i (hase 00beKTHOI BOTHDL

MsuorososnHosas LI, no3sossomas nojxyyar HaGop LH(POBBIX ronOrpaMm Ha
HECKOJIBKHX JUIMHAX BOJIH, Ia€T BO3MOKHOCT 110JIy4aTh JONOJIHUTENbHYIO HH(OpMALIIO 00
HCCneyeMoM 00beKTe 3a CueT CNEeKTPAaNbHOr0 KOHTPACTA €ro 3JIeMEHTOB, 00Jajaloiix
pasimunbiMu pu3MKO-XiMutecKiMi  coficTeai. Ilpi 5Tom  HamGonbwumii mHTepec
NPEACTABIAOT METO/bl PErHCTPALIH CTIEKTPAbHBIX rojorpauuecknx n3o0pakeuii, rae
TepecTpoiika Mo CNEKTPy MOrna Gbl OCYWECTBJATECA MOYTH HENPEPHIBHO B HEKOTOPOM
nnanasone anMH BonH. B mactosmeii paGoTe mpenctaBnena cxema AmA MOJMydeHHs
CHIEKTPAbHBIX  LH(POBBIX FOJOrPAMM  «HA MPOMYCKAHHE», KOTOPAs MOXKET ObITh
MCTIONB30BAHA JUIS AHANM3a ONTHYECKH MPO3PAuHBIX OOBEKTOB B MPOM3BOJBHBIX Y3KHX
CHIEKTPAIbHBIX HHTEPBANIAX.

B ochose peanm3osamHOli Cxemb nexuT cxema mntepdepoverpa Maxa-Llennepa
(UML) (puc. 1). B ocBeTnTenbHOM KaHase pacrionokeHbl WHPOKOMONOCHbI HCTOYHIK CBETA
1, onTuueckas cuctema Ui hOPMIPOBaHHS KOUIMMHPOBAHHOIO CBETOBOIO Myuka HYKHOIO
nnaverpa 2 i akycroonTiuecknuii (AO) MOHOXPOMATOP H30GpakeHIii, COCTOAMT 13 ABYX
CKPCLICHHBIX MOAAPU3ATOPOB 3, 5 H YCTAHOBAGHHOI MEKLy HUMH HeKOAmHHeapHoii AO
smeiicn 4. B AO sueiike OHa CNEKTPaTbas KOMIOHEHT BXOJALIEr0 JIHHEHHO
TOJIAPH3OBAHHONO CBETOBOIO 1yuKa, JUIMHA BOJHBI KOTOPOI ONpEAENACTCA HacTOTOli
yabTpasByka, Andparupyer ¢ H3IMEHEHHEM HaNpaB/IeHHs NONAPH3ALUN HA OPTOTOHATBHYIO 1
OTKJIOHEHHEM HaNpaB/IeHHs PAaCTIPOCTPAHEH IS, a OCTAIbHOE, HeAN(parnpoBaHHoe H3Tyenie
3a/1ePKUBACTCA BBIXOAHBIM MONAPU3ATOPOM 5 Monoxpomatopa. [Tocne AO mMonoxpomatopa
Y3KOMOJIOCHOE M3Nyuenne noxaerca Ha sxon MMLL, rae nenntes ceronenutenem 6 Ha 1sa
yuKa 1 HAaNpABJAETCA B OOBEKTHOE M ONOpHoe mieun. B oGvexTHoM miede MMIL, kpome
ucenenyemoro odbekta 10, pacnonaraercs cuctema deTbipex 3epkan 7-9, 11, mossonstomas
MEHATH JUIMHY ONTHYECKOTO MyTH H3MyueHHs B 3HAYMTEbHBIX npesesax. B onoprom nieve
nomuMo aByx 3epkan 12, 13 ycramoBeH MHKpooOwekTHB 14 ¢ ToueuHoii muadyparmoii
(nuuxon) 15 B okanbHoil nuockocT, GopmupyroLIie ONOpHYI0 BOIHY €O cepuyeckum
BOMHOBLIM (JpOHTOM. BOHOBLIE (PPOHTHI IBYX KAHATOB MPOCTPAHCTBEHHO COBMELIAIOTCH
ceeronenmTenem 16, co3nasas HHTEPEPEHINOHHYIO KapTHHY, PETHCTPHPYEMYIO MaTPHHHBIM
NpHEMHIKOM H3yuerits 17. JUIHHbI ONTHYECKOTO MyTH H3TyUeHHs B OGLEKTHOM H OMOPHOM
TIeyax BHIPABHHBAIOTCA MOCPEJICTBOM NPELN3HOHHOTO NepeMelieH s ABYX nap 3epkan 8, 9 u
12, 13. Perucrpausi iupoBLIX roOrPaMM NIPOBOMNTCA HA NPOUIBONLHBIX IHHAX BOAH B
amanasone nepectpoiik AQ (unbTpa, cocTapnsiowem B coGpantom Makere 740-900 Hu.
TlpocrpancTeenHoe pasaesnenue nHGOpMATHBHBIX 1-r0 1 -1-ro 1 (poHOBOro 0-ro NOpsIKOB
JM(PAKLIN OCYLIECTBIIAETCA 33 CYET H3MEHEHHs HAKJIOHA Ty NPO3payHOro 3epkana 16.
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Pitc. 1. OITINCCKAs CXCMA MAKTA YCTAHOBKIE 215 MHOTOBOHOBOI LT

1 LIHPOKOOIOCH i HCTOMMIK CBETa, 2 ~ KOZLTHMHPYIOUIAS CHCTEMA, 3, 5 — CKPILICHHBIC MOTPHSATOPEL
4~ AO sueiika, 6, 16— nomynpospasmsie seprata, 7-9, 11-13 ~ sepkama, 10 - nccneayemsii 0GbexT,

14~ MuKpOOGBEKTHB, 15 — ToNCUHAs THAPArNA, 17 ~ MATPIHbIIi IPHEMHIIK 3Ty YCHI

Ilpn BEMUCTeHHH NONA 0ObEKTa B 9TON cxeMe 0BPAGOTKA 3aPErHCTPUPOBAHHOTO
CHIEKTPATbHOTO TOMOrPA(IIECKOro H30BPAKENNA CBOANTCA K OOPATHOMY TPEOOPA3OBaHIIO
®yphe 3apericTpipoBanHoii rosorpammbi [2]. Ha pic. 2 nokasansl 3apericTpHpoBaHHas Ha
e BOAHbI 750 HM UM(POBAA rONOrPAMMA LITPHXOBOI MUpBI (PHC. 22) 1 aMIINTYIa ee
npeoGpasosanns  Dypwe  (puc. 26). Ilonyuentoe H300paKeHHe [OCTATOUHO TOMHO
0TOGpaskaeT aMILTHTYAHYIO CTPYKTYPY O0BEKTa

a) 6)
Pic. 2. 3apericTpuposantioe cnexrpabioe (750 i) rororpadirieckoe 0GpIACHIC IITPHXOBOi MBI (2) 1
AMILTHTY 1 BOCCTAHOBICHHOTO HIOGPAACHIS 00BEKTA (6)

PaGora Bemonuena npu noanepyxkke rpautos Ipesnnenta MK-4296.2015.8 n POOH
(13-02-12210, 15-08-08696, 14-00-10420_Hp).
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Abstract—The problem of digital holograp
intervals is discussed. An optical scheme bas
filtration of broadband light is props
test patters and real biological obje:

DOI: 10.3103/51541308X16020011

1. INTRODUCTION

Currently, digital holography (DH) is widely used
in biomedicine, research, and nondestructive m
toring. Application of DH opens wide opportunities
for qualitative and precise quantitative analy:
properties of various objects in microprofile recon-
struction, study of the phase structure, monitoring
stressed state, investigation of particle trajectories,
microscopy, optical coherence tomography, ete. [1, 2],
DH has a number of advantages over many other
methods for solving these problems: absence of con-
tact, compactness, not very strict requirements to
the accuracy of scheme elements alignment, wide
opportunities of digital data processing, etc. Com-
puter reconstruction of holograms allows one to per-
form full-fledged digital processing and provides en-
hanced opportunities for analysis in comparison with
a conventional optical process; in particular, makes
it possible to filter off image background noise and
remove zero difiraction order. The spatial resolu-
tion of reconstructed object field can be improved
by fitting the parameters of hologram reconstruction
algorithm, thus compensating for the lower (in com-

“-mail: aalexanderr@mail.ru
-mail: polschikovadgnail. con
mail: alina. r3330mail. ru
mail: v_pozharGranbler .ru
nail: bulatov_agu@mail.ru

imaging of optically transparent objects in arbitrary spectral
d on Mach—Zehnder interferometer with acol
ed, and an experimental setup is described. Digital holograms of
are presented.

sto-optic

parison with a photographic plate) spatial resolution
of array detector.

Although a digital hologram is an amplitude im-
age, it contains (as well as a material hologram) com-
plete information about the three-dimensional distri-
bution of the optical field of object wave in the form
of interference fringes produced by its superposition
with a known reference wave. Therefore, numerical
methods provide information on both the amplitude
and phase of object wave,

The possibility of observing samples in arbitrary
narrow spectral ranges is of great importance for
studying many objects [3] because it yields additional
information about an object studied due to the spec-
tral contrast of its elements having different physic-
ochemical properties; e.g., certain materials can be
identified against the background of others. There-
fore, DH schemes making it possible to record such
spectral digital holograms are especially promising for
solving analytical problems in biomedicine

Currently, spectral tuning in DH schemes is used,
for example, to increase the accuracy of reconstrict-
ing the amplitude and phase of object wave [4]. In
this case, one performs small-step scanning of the
spectrum of a broadband light source to record a
spectral digital holograms; the latter are process
reconstruct a three-dimensional image of the object
under study with a high resolution. Combining the
principles of DH and optical coherence tomography,





image2.jpeg
2 MACHI]

one can reconstruct the internal three-dimensional
microstructure of an object performing its transverse
scanning, recording a series of spectral holograms,
and carrying out their reconstruction and joint analy-
sis [5].

Multispectral holographic images are recon-
structed using schemes based on several coherent
light sources, which provide monochromatic light
beams at different wavelengths [6]. Numerical re-
construction of spectral holographic images based
on the Fresnel transiorm and their alignment (with
allowance for the scaling caused by the difierence in
the wavelengths) provide color images. The set of
operating wavelengths in these systems is generally
limited, and one cannot choose an arbitrary wave-
length. At the same time, it is of interest to study
a sample in a rather wide spectral range in many
cases. Therefore, an urgent problem is to develop
methods for recording multispectral holographic
images involving quasi-continuous spectral {uning
and using at least several tens of spectral channels,
This approach was implemented in a scheme in
reflection geometry, where a broadband light source
and tunable acousto-optic (AO)filter were installed in
the illumination arm of Michelson interierometer (5],

In this paper, we report the results of experimental
approval of a scheme of AO filtration of broadband
light, operating in transmission geometry and de-
signed to form digital holograms of optically trans-
parent objects in arbitrary narrow spectral infervals.

2. APPROACH

The scheme proposed is based on a Mach—Zehn-
der interferometer with an object under study located
in one of its arms. Narrow-band selection of light
from a broadband source is periormed at the input
using a tunable AO filter. Acousto-optic filters, which
are characterized by arbitrary spectral addressing in
a rather wide spectral range (for example, 400 to
800 nm), high spectral resolution (< I nm), absence
of moving elements, short tuning time (< 1 ms),
and some other advantages [7], are widely used to
solve various technical, medical, and other problems
[8-10]. Currently, commercial AQ filters are turn-
key compact program-controlled devices, which can
be integrated into e S to supply
them with additional analytical possibilities.

The wide-angle AO diffraction geometry provides
a large angular aperture (several degrees), a large
input pupil diameter (up to 1 em), and, correspond-
ingly, a high optical throughput. The spectral shit
and spatial distortions [11] of filtered radiation can be
efficiently corrected using optical methods [12, 13] or
removed with the aid of digital processing based on
the data of preliminary calibration [14].

KHIN et al,

Acousto-optie fitration of light at the input of
Mach—Zehnder interferometer allows one to choose
(with high accuracy) operating wavelength X in order
o record a hologram H (€, 1) with maximum contrast
for individual elements. In addition, arbitrary spec-
tral addressing makes it possible to obtain multicolor
holographic images, which do not correspond to fixed
wavelengths but allow for arbitrary arrangement of
spectral components.

3. EXPERIMENTAL SETUP

Figure 1(a) presents the optical scheme of the
experimental setup, which makes it possible to in-
vestigate optically transparent objects in arbitrary
narrow spectral intervals in the near-IR range. The
broadband light source was superluminescent diode
1 with a fiber output, emitting in the range of 770 to
810nm. The low coherence of this source excludes
formation of speckles, thus reducing noise in recorded
holograms. The fiber output end face is aligned with
the front focal plane of optical system 2 {o form a
collimated light beam, which is transmitted by mirror
3 to the inpul of AO fiter 4, composed of two crossed
polarizers and a noncollinear wide-angle AO cell be-
tween them. The AO cell is based on TeOj crystal,
in which a traveling ultrasonic wave is excited; the
wave period is set by the frequency of RF electric
signal applied at the acoustic transmitter. A linearly
polarized light beam diffracts in the AO cell so that
the light component with wavelength A determined by
the ultrasonic-wave period changes the direction of
linear polarization to orthogonal and deviates by some
angle. The nondifiracted light component is delayed
by the output polarizer of the monochromator. The
AO cellin use has a noncollinear wide-angle geome-
try and provides a tuning range of 740 to 900 nm and
a spectral resolution of about 2nm (at A=800nm).
The diameters of the input and output pupils of the
AO cell, which determine the {ransverse size of beams
in the interferometer, are 10mm. After AO fiter 4,
the narrow-band light beam arrives at the input of
Mach~Zehnder interferometer, where it is divided by
beam splitter 5 into two beams, directed into the
object and reference arms. The object arm contains
mirrors 6 and 8 (serving to change the laser beam
propagation direction), removable light flter 7 of neu-
tral density, and analyzed object 9. The reference
arm contains mirrors /03, objeclive lens /5, and
pinhole /6 (located in the focal plane of the objective
lens), after which a reference spherical wavefront is
formed. Mirrors // and /2 are installed on linear
translator /4, which makes it possible to change pre-
cisely the path difference in the interferometer arms.
Objective lens /5 has a magnification of 5x and a
numerical aperture of 0.1. The wavefront from object
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