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Abstract

Mankind is tirelessly working on improving existing devices, developing new
devices for studying the brain, for assessing the cognitive and psycho-emotional state
of a person. Currently, to study the functional activity of the brain, devices are used
which combine the concepts of PET / CT, fMRT, fNIRS. These methods use X-rays,
powerful magnetic fields, infrared rays, and visible light rays.

The purpose of this study was to try to use a heat infrared chamber to visualize
the processes of functional activity of the human brain. Several types of infrared
cameras were used in our studies, among which the FLIR thermal camera in the
CATS62Pro cell phone became the main research hardware. More than 500 thermal
images of the head and about 50 thermal video recordings of the head were filmed with
it. A comparative analysis of images and video recordings showed a significant
advantage of the method of thermal video recordings for studying the functional
activity of the brain.

Video recordings of the heads of six men aged 32-85 formed the basis of this
study. All six men were united by one sign - the absence of hair on their heads or the
fact that they shaved their head hair. In men, non-contact imaging of five parts of the
head was made: parietal, frontal, occipital, right and left temporal. Five static frames
were cut from each video recordings, respectively, the 1st, 6th, 11th, 16th and 21st
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seconds. The arrangement of these static images in a row and their comparative
evaluation made it possible to carry out a more detailed assessment of brain activity.
During filming, the men sat in a chair and looked at a dimly neutrally painted wall
from a distance of about two meters. Filming was carried out in a moderately lit room,
at a temperature of 20 degrees Celsius.

Based on the analysis of thermal records, the following results were obtained.
Video recordings of the head with a thermal imager make it possible to obtain
information of a qualitatively new level compared to thermal photographs and,
therefore, video recordings should become the basic method for studying the functional
activity of the brain using thermography.

The thermal camera detects and registers the occurrence, presence, movement,
extinguishing of warm foci and fields that correspond to functionally active areas of the
grey matter of brain.

The functional activity of the brain is observed in all five parts of the head:
parietal, frontal, occipital, in both temporal regions. In the simple sitting test used in
this study, brain activity is more pronounced in the parietal and occipital parts of the
head, which can be explained by the work of the sensorimotor zones of the anterior and
posterior central gyri of both hemispheres of the brain, and the cerebellum, to maintain
body position.

The movement speed of the active zones on the surface of the head is very high,
however, they are completely captured and recorded by the thermal camera due to the
high frame rate in infrared video mode (30 frames per second).

A relatively long video recording made it possible to detect an unexpected
phenomenon that was remained undetected in thermal photographs [8]. We are talking
about "“flashes" of infrared radiation, which have different distribution over the area
and different intensity. Flashes illuminate the entire or almost the entire head of the
subject.

It was found that the frequency of outbreaks varies in different men: from one to
five outbreaks in 30 seconds. Preliminary data indicate a possible connection or
relationship between the frequency of outbreaks, on the one hand, and the general state
of the body, brain functional activity, on the other hand.

To date, the method has three disadvantages: a) the impossibility of recording
radiation from the cortex of the lower and inner parts of the brain, including the
hippocampus and amygdala, b) the inferiority of thermal images of the head in persons
with thick hair on the head, especially in women, c) the need to have at your disposal
five of the same type of thermal imaging cameras, since in some studies of the brain it
may be necessary to synchronize video recording of brain activity in all five of the
above-mentioned sections of the head at the same time.

However, along with its shortcomings, the method has broad prospects for being
applied due to its advantages. The advantages are: no contact with the body of the
subject during recording or video filming, high spatial, temporal, temperature
resolution of the thermal camera, relative cheapness, absolute absence of influence of
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the thermal camera on the body, high autonomy from external power sources. Thermal
video recording, along with director transcutaneous electroencephalocorticography,
allows getting a picture of the “thought construction” in the brain even before these
thoughts are realized by a person. And in comparison with the method of
electroencephalocorticography, which is excessively traumatic and fraught with
complications, thermal video recording has an important advantage, which gives a live,
direct picture on-line. In addition, in the case of corticography, obtaining a picture is
mediated through the transformation of electrical impulses into a color picture, through
image reconstruction programs. Already today, the use of thermal video recording of
the head is able to independently solve a number of problems in the areas of clinical
resuscitation, neurosurgery, neurology, psychiatry, psychophysiology, for the early
detection of autism in children, in the field of lie detection, in assessing the condition
of astronauts in spaceships and stations. Undoubtedly, with all its limitations, the
presented method of thermal videography is a valuable addition to the well-known
widely used methods for studying the brain.

Keywords and phrases: brain, visualization of dynamic brain activity, infrared
radiation of human brain.
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Cwdwnnunwighp

Uwpnynieiniut wutunug wpfuwwnud £ gnynipyniu niubignn uwppbipp
Ywuwwpbugnpddwu UL unp  uwppbpph  dowldwu  ninnnugjwdp nnbinu
nwnuwuppbnt,  dwpnnt dwuwsnnwywu W hngbhniquwu  dhéwyp
qguwhwwbint hwdwp: Lbplwjnwu ninbinh - $niuyghnuw|  wynphyniye)niut
nuntduwuhpbnt hwdwp oguwgnpdynd Gu uwnpbip, npnug dhwynpnud Gu
PET/CT, fMRT, fNIRS hwulwgniejniuutipp: Wu dbennubpp ogunwagnpdnid
Gu nbungbujwu GwnwquwjeUbp, hgnp JwqUhuwlwu nwownbp, hudppw-
Ywpdhp dwnwgwplubn W wmbkuwubih Ywpdhp (nyuph dwnwqw)ubn:
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Wu hbGunwgnuniguu  uywwwlu £ oquwgnpdt  obipdwihu
hu$bpwlwpdhp wnbuwfughyp' dwpnne ninbinh $niuyghnuw; gnpdniubinyejwu
ghpdpupwgubipp  npubnpbint hwdwp:  Ubp  nwnwuwuhpnigniuubpned
ognwgnpdyti Gu hupwlwnpdhp wbuwfughlubiph dh pwuh wnbuwyubp,
npnughg CATS62Pro poowjhu htnwfunuh FLIR obipdwjhu wnbuwfughyp
nwnpdb] £ hhduwlwu hbGwnwgnunwlwu uwppwynpndp: “Hpwuny  ulw-
pwhwuyb| Gu gfup wytih pwu 500 9bipdwjht wwwybiputp W gjfuh 2nipe 50
obpdwjht  wnbuwgpnyeniutbp:  Mwwytpubph L wbuwagpnieiniuutiph
hwdbdwwnwlwu  dbpindnyeyniup gnyg £ wdbp  ninbinh - $niuyghnuwg
wywnhynipjwt  nwniduwuppdwt obipdwiht wbuwuwpwhwudwu  dbennh
Uowuwlwihg wnwybniejniup:

Wu hbGwnwgnuinigjwu  hhdpnud  puywé Gu  32-85 wwpblywu yYkg
wnnwdwpnyuwug gntfuutiph wbuwagpnieniuutipp: Pninp ybg tnnwdwpnywug
dhwynpnd £ dbYy upwt' qfup dwgbph pwgwlwnieniup: Ywwwpdb £
nnwdwpnyuwug gjfuh hhug dwubiph ng Ynunwyunwihu mbuwuwpwhwunud'
gwgwpwihu, Gwlwwwhu, ondpwywihtu, we L ASwfu pniipwjhu
hwwnywdubtiphg: Stuwgpniejniutubphg Ywpybp Gu hhug unwwnpy Ywnpbp,
hwdwwwuwwufuwuwpwn' 1-hu, 6-pn, 11-pn, 16-pn L 21-pn. Jwypywuubpp
ubpywywgunn: Wu unwwnhy ywwnybiputph owpptipny nwuwynnpbp b npwug
hwibdwwnwlwu quwhwwnnudp htwpwynpnienu Gu iyt hpwywuwgubnt
nintnh gnpdnwutinejwt  wybjh  Jwupwdwut  quwhwwnnd:  Lhwpwhw-
unuwdubph dwdwuwy wnnwdwpnhy tunwé Gu tntp wennhu L dnn Gpyne
dawnp  hGnwynpniejniupg  twjp Gu wnnun  skignp  ubpywd  wwunhpu:
Ljwpwhwunwu  ppwywuwgyb £ swihwydnp  nuwydnpdwd  ubuyuynud®
8tupniup 20 wunpbwu gbipdwunpbwunid:

Qbnpdwjhu  gpwnnudubiph  ybpndnigjwt hhdwtu  dpw  unwigytip  Gu
htwnlWw| wpryntupubipp:  Yjuh  wnbuwgpnieniuutpp  stpdwihu  fughyny
huwpwynpnieniu GU wwhu  unwtwint npwlwwbu unp  Jdwlwpnwyp
wnbnbywuwynieniu obipdwiht  (nuwulwpubph hwdbdwwn, U, hGunbwpwn,
obpdwunbuwgpnieniuupp - wbwp £ nwnuwu  ninbinh  $niuyghnuwy
wywnhyniejwt nwuniduwuhpniejwu hhduwlwu dbennp:

Qbpdwjhu wnbuwfughyp hwjnuwpbpnd b gpwugnd £ ninbinh
$niuyghnuw] wynhy hwindwdubpht hwdwwwwnwufuwunn wmwp ogwfuubinh
U nwawbiph wnweowgntdp, wnywyniegintup, gwndnidp, pnywgnidp, dwpnwdp:

Nintnh $niuyghnuiw] wlhwhynipyniup nhuynd £ qifup pninp hpug
dwubpnud'  ququpwhu, Gwlwwwihtu, &ndpwlwhu, bGpynt  pniupwyhu
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opowuubtipnud: Uju hGnwgnunigjwu dbe oguwgnpdywd pliunwihtu thnpdh
dwdwuwly ninbnh  wywnpynyeniut - wybih  wprnwhwwwsd £ gifup
guwgwpwihu U dndépwywihu hwwywdubpnwd, husp Ywpbih £ pwguunpb
dwpduph nhppp wywhwwubiint hwdwn ninbinh Gpynt Yhuwgunbiph wnwow)hu
L htwhu YGunpnuwlywu qujwpubph qqujwywu W swndhs ghwnhubph W
nintnhyh wouwwnwupny:

Yfuh dwybpunyph ypw wywnhy gnunpubph 2wpddwu wpwgnyeniup
owwn pwnpdp b, uwlwju npwup wdpnnonipjwdp $hpuynid b gpwugynid Gu
sbpdwjht  wbuwfughynd’  huppwhwnpdhp  dhnbin - nbdhdnud  Ywnpbiph
gpwugdwu pwpép wpwgnijwu gunphphy (Juwjplyywunud 30 Yunp):

Yjuh hwdbdwwnwpwp nbwlwu sbpdwnbuwgpnieniup huwpwynpnt-
RN nytig hwynuwpbiptint wuuwwubh dh Gpunye, npp spugwhwjngwsd tp
duwgt) obpdwihtu (nuwuwpubpnid: Funupp hubpwlywpdhp dwnwqu)jEdwu
«pnuynuwdubiph» Jwupu k, npnup wwppbp  pwofudwdniginiu niubl' puwn
mnwpwdniejwu W hunbuuhynipjwu: Pwytpp [ntuwynpnid Gu hGwnwgnunynnh
wdpnne Ywd gpbeb wdpnng gnttup:

Muwpqyt; £, np  wwppbp  nnwdwpnwug  dnn pnuynudubipp
hwlwluwywuniyejniup  nwwnwudnid £ deyhg Jdphusk hpug pnuynd 30
qujpyjwunwd: Lwhbwywu ndjwubpp funund Gu dh Ynndhg pnuynidubiph
hwlwluwywunypjwu, dnw Ynndhg' dwpdup punhwungp Jh6wyh, nunbinh
$niuyghnuw| wywnhyniejuu dhob huwpwynp Yuwwh wnlwjniejwt dwuhu:

Wuopdw npnipjwdp dbpnnu niuh bpbp pbpnygine’ w)  wnwydd
wuhuwp £ gpwugt) ninbinh unnphu b ubpphtu hwwnywdubph Yenuhg, ubipwn-
Jup opwadhnt quijwnubiphg b ughlubiphg hudpwlwpdhp Swnwqujenup, p)
dwqwnww  gjfjuny Jdwpnwug dnn  gfup  obpdwhu  wwwnybpubpu
wupwywpwp npwyh Gu, g) Gppbidu wbwp £ niubuw] unyu tnbuwyh dh pwup
stipdwwnbiuwlughyubip, pwuh np nintinh npn2 nwunwduwuhpnieniuutiph nbw-
pnud Jwpnn £ wuhpwdbnnyeniu wnwowuw| hwdwwwwnwufuwubigubint
nintinh gnpdnwibngjwt  dhwdwdwuwly wbuwgpndp gifup’ Jbpp updwsd
pninp hhug hwwunydwdubpnud:

Wunwwdbuwjuhy, pbpnugniuubpng hwunbpsd' dbpnnu hp wnwybint-
pIntuubinh 2unphhy nwh Yhpwndwu jwju hbnwuwpubip: Unwybnyejniuubnu
Gu' |nwwgpdwt Ywd  nbuwuwpwhwudwu pupwgpnd  hGunwgnuynnh
dwpdup htwn Ynunwlwh pwgwlwnieiniu, otipdwjhtu wnbuwfughYh pwpép
wmwpwdwywu, dwdwlwwihu, otipdwunpbwuwiht |ndwpnd, hwpwpb-
pwlwu tdwunieiniu, dwpduh Ypw obipdwjhtu wnbuwfughyh wgnbgnipjwu
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pwgwndwy pwgwlwnieynu,  LGYunpwkubpghwingd  utdwu  wpunwphu
wnpnipubiphg  pwpdp  hupuwydwpnigyniu: - Repdwihu - wnbuwgpnieniup,
ninnuih - Yuwd  dwplwpwihwug  EiElupwtugbdwiny - npunhlngpwdhwih
Gnwuwyh hbwn dbyntn, pny £ vnwhu ywnybpwgnd Yuqdb) nintnnd
«dwnpbiph wnnigdwu» gnpdpupwgh dwuptu unyupuy bwjupwu wyn dnpbpp
dwpnnt Ynnuhg ghwwygbp, hdwuwip: Rbpdwihu uywpubph nhuwdhlywu
dunpbiph nhuwdhywihg wnwe £ pulunid, huy swihwquug npwydwnhy W
pwnnnueniuubpny hnh Ynpunhyngpwdhhwih dbennh hwdbdwn  obipdwyhu
wnbuwulwpwhwunwt nuh Ywpunp wnwybinyeniu.  wwihu £ yeunwuh,
ninhn wwwnytip (on-line): Pwgh wyn, Ynpnhyngpudhwih ntiwpnud uljuwn
uinwuw|p dhounpnynud £ EGYwnpwlwu pdwyniuubpp gniuwygnp wywwnybiph
Jbpwstnt gnpdpupwgny ' wwwbph epwlwnnigdwu dpwagpbph dhongny:
Upntu wjuop qqtup obipdwjhu inbuwgpdwu oguwgnpdndp h hbwyh L
hupuntpnyu [ndtint dh 2wnp fuunhputp Yihupyuywu Jbpwybunwuwgdwu,
Ujwpnwyhpwpnidnigjwt, Ujwpnwpwunyejwu, hngbpnidniejwu, hngbdhghn-
(nghwyh, Gpbjuwubph  dnn wnunphqdph Jwn  hwynuwpbpdwt,  uwnp
pwgwhwjndwt puwgwywnubipnd, whbgbpwuwybpnd b npbgbpwywu
Ywjwuubpnud  whbgbpwquwgutph  dhéwyh quwhwwndwtu  dwdwuwy:
Uulwulywsé, hp pninp uwhdwuwthwyndubpny hwunbipd, obpdwjhtu nbuw-
uywpwhwudwu ubplwjwgywsé dbennp wpdbpwynp hwdwpn L nintinh
nuniduwuhpdwt dwdwuwwyhg wjunpbu Yhpwnynn dbennubph owppnid:
Pwuwih pwntp b punwluwwygnipyniuubp. nintin, nintinh nhuwdhy
wywnhyniejwt nbuwgpnid, dwpnnt nintinh huppwywpdhp dwnwguw)EnLy:
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AHHOTAIHSA
UenoBeuecTBO HEyCTaHHO pabOTaeT Haj YCOBEPIICHCTBOBAHHMEM CYIECTBYIO-

KX YCTPOICTB, pa3pabaTbIBacT HOBBIE AamIapaTsl JUId HCCIEIOBAaHUS T'OJIOBHOTO
MO3ra, JUIsl OLIEHKH KOTHUTHUBHOTO M ICHUXO3MOIMOHAIBHOIO COCTOSIHUS uesloBeka. B
HACTOSIIEEe BpeMs M HCCIEeJOBaHUS (YHKIMOHAIBHOW aKTHBHOCTH MO3Ta
MPUMEHSIOTCS anmapatsl, Kotopsle oobeaunsior nouatus PET/CT, fMRT, fNIRS. Otu
METOJIbI HCTIONIB3YIOT PEHTT€HOBCKHE JIy4H, MOIIHBIE MAarHUTHBIE 110JIS1, HH(pPaKpacHbIE
JIy4U U BUAUMBIN KPACHBIH CBET.

Llenpio HACTOSIIETO HCCIENOBaHMSA SABSUIACH IIONBITKA  MCIOJIB30BATh
TEeTIIOKaMepy AJIsI BU3yaln3alyy MPoIeccoB (PyHKIIMOHAIBHON aKTHBHOCTH TOJIOBHOTO
MO3ra 4eJjoBeKka. B Hammx HcciaeoBaHUSX OBUIM MCIIOJIB30BaHBI HECKOJBKO THIIOB
WHppPaKpacHBIX KaMmep, cpead KoTophix Teruiokamepa FLIR B cotoBom Temedone
CATS62Pro crama OCHOBHBIM amNmapaTHbIM CpeACTBOM HcciepoBaHus. C  ero
IOMOIIBI0 3acHATEl O0osiee 500 TErIOBBIX CHUMKOB T'OJIOBBI U OKOJIO 50 TEIUIOBBIX
BHUJIe03aICceN rojioBbl. COMOCTAaBUTENILHBIN aHAIN3 CHUMKOB U BUAECO3AIINCEH ITOKa3all
CYIIECTBEHHOE MPEUMYINECTBO CIOco0a TEIUIOBBIX BHJICO3AIMUCEH IS MCCIIEIOBAHUS
(YHKIMOHAIBHONW aKTUBHOCTH MO3Ta.

Bupaeozanucu ronossl MECTH MYXUYUH B Bo3pacTe 32-85 jeT neriau B OCHOBE
HACTOSIIET0 HCCIEOBaHUS. Bcex mecTepplx MYXKYMH OOBEAWHAT OAWH NPU3HAK —
OTCYTCTBHE BOJIOCSHOI'O MOKPOBAa Ha rojOBE WJIM TO, YTO OHM COpUIM BOJIOCHI Ha
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rojoBe. Y MYXYHH IPOU3BOIMIN OCCKOHTAKTHYIO CHEMKY IITH YacTeH TOJOBBI:
napueTanbHOM, JOOHOHW, 3aTBUIOYHOM, MpaBod u JIeBOW BHCOYHOM. U3 Kaxmon
BHJICO3AMMCH OBUIH BBIPE3aHbI ISTh CTATHUHBIX KaJIpOB, COOTBETCTBEHHO 1-0i, 6-0H,
11-oi1, 16-0it u 21-0ii cexkyHapl. PacriosoxkeHue B psili 9TUX CTATUYHBIX CHUMKOB U UX
CpaBHUTEJBbHAS OTICHKA TI03BOJIMJIA OCYIIIECTBUTEL 00JIee MOIPOOHYIO OTICHKY MO3TOBOM
aKTUBHOCTH. BO BpeMsi CHEMOK MYXYMHBI HAXOTUIUCHh B CHJSIEM ITOJIOKCHUU Ha
CTyJie U CMOTpPENIM Ha HESAPKO HEUTPaIbHO OKPAIICHHYIO CTECHY C PACCTOSHUS OKOJIO
IBYX MeTpoB. CHEMKH MPOW3BOAWIACH B YMEPCHHO OCBEIICHHOM ITOMCIICHUH, TIPH
temmnepatype 20 rpagycoB Llenascus.

Ha ocHoBaHWMM aHaiM3a TepMO3aIlUCeil TOJIYYEHBbI CICAYIONIHNE pPEe3yJbTaThl.
Buneosanucu ToJOBBI  TEIUIOBM30POM TMO3BOJIAIOT TOJy4aTh IO CPaBHEHUIO C
TeMmI10()OTOCHUMKAMH Ka4eCTBEHHO HOBOTO YPOBHS MH(OpMAIUIO W, CJIEIOBATEIBHO,
BHJIMCO3AIMCH JIOJDKHBI CTaTh 0Oa30BbIM, OCHOBHBIM METOJOM HCCJICOBaHHS
(YHKIIMOHALHOW aKTUBHOCTH MO3Ta METOJIOM TepMorpaduu.

TepMokamepa BBIABISICT W PETUCTPUPYET BO3HUKHOBEHHE, HAJIMYHE,
nepeMelieHrue, TalleHHe TeIUIbIX O4YaroB M TMOoJIeH, KOTOpble COOTBETCTBYIOT
(YHKIIMOHAIILHO aKTHBHBIM yJacTKaM MO3Ta.

OyHKIMOHATBHAS AKTHBHOCTH MO3Ta OTMEYAETCS BO BCEX IMATH YACTSAX TOJIOBBIL
MapueTaibHOM, JIOOHOHM, 3aThUIOYHOH, B 00eux BUCOYHBIX oOmactax. Ilpwm
UCTIOJIb30BAHHOM TECT-OKCIIEPUMEHTE B JAHHOM HCCIICIOBAHUU AKTHBHOCTH MO3Ta
Ooniee BhIpaKCHA B MApHETAIBHOM W 3aTBUIOYHOW YaCTSAX TOJIOBBI, YTO MOYXHO
O0O0BICHUTH PabOTOH CEHCOMOTOPHBIX 30H TEpeIHEH, 3aTHel IIeHTPAILHBIX WU3BUINH
000X MOJyIIApUI MO3Ta U MO3)KEUKa JUIA TOIep KaHusl MOJI0KEeHHUS Tela.

CKOpOCTh TIEpEMEIICHUI aKTHUBHBIX 30H Ha IIOBEPXHOCTH TOJIOBBI OYCHB
BBICOKasA, OJIHAKO OHM TIOJIHOCTBIO YJIaBJIMBAIOTCS U PETHCTPUPYIOTCS TEPMOKaMepoit
Oylarojapsi BHICOKOW YacTOTE 3allMCU KaJapoB B WH(pakpacHOM Buueo pexume (30
KaJIpoB B CEKYHY).

[IponomkuTtenbHas  BHICO3AKMCh  TO3BOJIWJIA  BIEpPBbIE  OOHAPYKUTH
HCOXXHJAHHOE SIBIICHHE, KOTOPOE OCTABAJIOCh HEBBIABICHHBIM HA  TEILIOBBIX
¢otocHuMKax. Peds uzeT o “Bemblmkax’ MHPAKPACHOTO U3IYUYEHUS, KOTOPhIE UMEIOT
Pa3HyI0 PacHpOCTPAHEHHOCTh IO IUIOMIATHM W Pa3HyH WHTEHCHUBHOCTH. BCTbIIKH
OCBEIIAIOT BCIO HJIH MOYTY BCIO TOJIOBY UCCIEIYyEeMOTO.

Beu10 00HapYXEeHO, YTO YacTOTa BCIBIIEK BapbUPYET Y Pa3HbIX MYKUYHH: OT
omHOTO N0 It Bembimek 3a 30 cexyna. [IpenBapuTenbHbIC TaHHBIC YKa3bIBAIOT Ha
BO3MOJKHYIO CBSI3b WU 3aBHCHMOCTh M@Ky YaCTOTOM BCIBIIICK, C OJJHOH CTOPOHBI, H
00IIMM COCTOSIHUEM OpraHW3Ma, MO3TOBOW (DYHKIIMOHAIEHOW aKTUBHOCTBIO, C IPYTOWM
CTOPOHBI.

Ha ceromusmiHMid JeHb y MeETOJa TPH HEJOCTaTKa: a) HEBO3MOXKHOCTh
pPETUCTPANINH U3ITYICHUH U3 KOPBI HIDKHUX M BHYTPECHHUX OTJEIIOB MO3Ta, B TOM YHUCIIC
W3 THITIOKaMIIa U aMUTJalibl, 0) HEMOJHOIEHHOCTh TETUIOBU3UOHHBIX KAPTHH TOJIOBBI Y
JUIl C TYCTBIM BOJOCSHBIM TIOKPOBOM TOJIOBBL, OCOOCHHO Yy JKCHIIHH, B)
HEOOXOJMMOCTh UMETh B PACTIOPSHKEHUU TISITh OJTHOTHUITHBIX TEIJIOBU3MOHHBIX KaMep,
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TaK KaK IPH HEKOTOPBIX HCCICIOBAHUSIX MO3Ta MOXKET BOSHUKHYTh HEOOXOIUMOCTE B
CI/IHXpOHI/ISI/IpOBaHHOﬁ BHUJC€O3aIlMCHU MO3TOBOM AKTUBHOCTHU BO BCEX IIITH
BBIIIEYTIOMSHYTBIX OT/AENaX TOJOBEI OJHOBPEMEHHO.

OpHako HapsAy HENOCTaTKaMH Yy METOJa IIMPOKHE TEePCHEKTHBBI OBITh
MPUMEHEHHBIM OJaroaps €ro mpeuMyIiecTBaM. [IpenMymiecTBaMy SBISTIOTCS: MTOYTH
MTHOBCHHOE TOJIydCHHE KapTUH M BHUJICO3AIMUCH, OTCYTCTBHE KOHTAKTA C TEJIOM
HCCIIelyeMOr0 B MPOIIECCE 3allMCH WM BHICOCHEMKH, BBHICOKOE MPOCTPAHCTBEHHOE,
BPEMEHHOE, TEMIIEPATYPHOE pa3pelieHne y TepMOKaMepbl, OTHOCUTENbHAS JICIIEBU3HA,
a0bCOJIFOTHOE OTCYTCTBUE BIMSHUS PabOThI TEpPMOKaMepbl Ha OpPraHM3M, BBICOKas
aBTOHOMHOCTH OT BHEITHIX UCTOYHHUKOB DJIEKTPONHUTAHUA. TepMOBHICO3AINCH HAPSIITY
C METOJIOM MpPSMON MM YPECKONKHOW 3IIEKTPOIHIE(PaTOKOPTUKOTpadueii Mo3BoIsIeT
MOJIY9UTh KapTUHY ‘‘CTPOUTENHCTBA MBICICH B MO3TY €€ A0 TOTO, KaK 3TU MBICIH
MOTYT OBITb OCO3HAHBI YENOBCKOM. J[MHAMHKA TEPMOKAPTHUH OIEPEkKaeT OCO3HAHHE
MBICIH. A TI0O CpPaBHCHHIO C METOJAOM KOPTHKOTpauu, KOTOpas dYpe3MEpHO
TpaBMAaTHYHA, MOXET OBITh BBHITIOJHCHA B BBICOKOCTICIIHAM3UPOBAHHON KIMHUKE U
YypeBaTa OCJI0XKXHCHUAMH, TEPMOBHUICO3AINNUCH o6nax[aeT BaXHbIM NPEUMYLICCTBOM, YTO
BBIZIaeT on-line >XMBYIO TpsMyr0 KapTHHY. Bno0OaBok B ciiydae KOpPTHKOrpaduu
MOJIy4eHNE KapTUHBI OTIOCPEAOBAHO Yepe3 MPEBPAIICHHUS IEKTPHUECKUX UMITYIbCOB B
[BETHYI0O KapTHHY, 4Yepe3 MporpaMMbl image reconstruction. VYjke ceromHs
MPUMEHEHUE TEPMOBHUICO3AMKCH TOJIOBBl B COCTOSHUM CaMOCTOATENBHO PellaTh Psij
3amay B 00JacTsX: KIMHUYECKOH PEaHMMATONOTHH, HEUPOXUPYPTUH, HEBPOJIOTHH,
TICUXUATPHH, ICUXO()U3UOTIOTHH, JJIsl PAHHETO BHISBIICHUS ayTH3Ma Y IETEH, B 00JIaCTH
JCTCKIMHU JDKH, B OLCHKE COCTOAHHA KOCMOHABTOB B KOCMHUYCCKHX 1<opa6n;1x u
cTaHnusax. HecoMHEHHO, MpH BCEX CBOMX OTPAHUYCHHAX MPEACTABICHHBIA METOX
TepMoOBHCOTPaUU SIBISCTCSA IIGHHBIM JOMOJHEHHEM JIIsl W3BECTHBIX, IIHPOKO
MIPUMEHSIEMBIX METOJIOB UCCIICIOBAHUS MO3Ta.

KiaroueBble cjioBa M CJI0BOCOYETAHUS: TOJIOBHOM MO3r, BH3yallu3alus
JTUHAMHUYECKON aKTUBHOCTH MO3Ta, HH(YPAKPACHOE U3ITyUCHHUE MO3Ta YEIOBEKA.

Introduction

The desire of mankind to somehow read the thoughts of another person or
animal, to predict his actions, has always tormented the minds of people. This desire
initially gave rise to all sorts of magical techniques, now recognized as pseudoscientific
research methods, in particular, for example, phrenology [1, 2]. According to the
theory-positions of phrenology, based on craniometric data, it is supposedly possible to
judge the mental and cognitive characteristics of a person [1, 2]. The development of
neurophysiology supplanted phrenology and society lost interest in it.

In recent decades, the list of methods for radiation, radiological, and field vital
studies of the brain has been significantly expanded. Objective methods for studying
the brain and its function have emerged and rapidly developed. These methods include
X-ray (RG), computed tomography (CT), and magnetic resonance imaging (MRI).
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These methods make it possible to visualize the structural organization and structural
disorders of the brain. Improvements in these methods have made it possible to create
methods of positron emission tomography (PET), PET in combination with CT
(PET/CT), and functional magnetic resonance imaging (fMRI).

These last three methods are already able to visualize functionally active foci,
and zones of the brain. Along with the above-mentioned methods, the method of
electroencephalography is widely used in the study of the brain for diagnostic and
research purposes. Sometimes, during craniocerebral operations, open corticoen-
cephalography is performed. Recently with special diagnostic purposes in patients with
epilepsy, sometimes forced to resort to transcutaneous electrocorticoencephalography
(TC ECOEG). These last two methods make it possible to trace the activity of the brain
to the greatest extent, and, first of all, the gray matter of the brain in the cortex and the
subcortical gray nodes.

Each of these methods has its advantages and disadvantages. X-ray radiography
and computed tomography, conventional MRI is not able to reveal or provide karting
about the functional state of the brain (of course, according to the structural picture,
one can, to a certain extent, judge the health and pathology of the brain). PET/CT scan
method - mainly aimed at the visualization of oncological substrates - volumetric
formations in the brain.

Functional MRI is an expensive research method, the equipment necessary for
its implementation is always installed only permanently, the method reveals a generally
static picture of the activity of the gray matter of the brain, i.e. it is slow and not always
suitable for solving diagnostic and research problems.

The electroencephalography method (EEG) can demonstrate all the electrical
activity of the brain, but it is also a stationary method, inexpensive like an MRI, but not
cheap either. Today's EEG devices allow you to convert different electrical activities
into a multi-colored picture projected onto a brain model. However, at the same time, it
remains a stationary method, with a certain cost of research, which consists of the costs
of employees, premises, and equipment.

The transformation into a color map of the image of the electrical activity of the
cortex, which is obtained by transcutaneous direct electroencephalo corticography, is
very informative. However, the method is very traumatic, a rare patient agrees with
this. Transcutaneal electroencephalo corticography can be made only in stationary
conditions in specialized clinics. It is fraught with serious complications.

In 1977 F.F. Jobsis [3] was the first to demonstrate the possibility of non-
invasive optical measurements of blood flow to the brain. In the last few decades after
its publication, a technique called functional near-infrared spectroscopy (fNIRS) has
been applied to study various areas of the brain, including the frontal, visual, motor,
auditory, and somatosensory cortices. FNIRS is a non-invasive brain imaging
technique that uses near-infrared and visible (red) light to visualize changes in oxy- and
deoxyhemoglobin using sensors placed on the surface of the head [4, 5, 6, 7].
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The fNIRS signal is based on changes in the optical absorption of oxygenated
and deoxygenated forms of hemoglobin in tissue. This provides functional contrast
similar to the MRI BOLD functional signal (depends on blood oxygen level); reflecting
changes in regional blood flow in brain areas involved in the processing of functional
tasks. Several previous studies (reviewed in [4, 5, 6, 7]) have shown a close match
between the TNIRS and fMRI signals, with temporal and spatial (linear) correlations up
to R=0.98 and R=0.86, respectively.

Thus, fNIRS can provide functional information about the brain that is directly
related to fMRI.

As will become clear from the further presentation of the article, the fNIRS
method, along with its advantages, also has several serious disadvantages, especially
compared to our method, which will be described later. The first serious drawback is
that with fNIRS, you have to expose the brain to radiation - electromagnetic waves:
infrared rays, the visible spectrum of red light.

No matter how minimal this effect was, anyway, to a certain extent, it can make
changes in the metabolism of the nervous tissue, the functioning of neurons, and even
itself will affect the characteristics of blood flow. The purity of the experiment is
violated.

Since this is an impact on a person, therefore, a preliminary written agreement
of the person who will be subjected to such a study is necessary. The second drawback
of fNIRS is that with this method, the sensors respond to changes in blood flow in the
brain tissue. At the same time, it is well known that the blood flow has certain inertia,
that is, changes in blood flow occur slowly.

It will take some time for the blood flow to change, at least a few seconds, while
the "thoughts" in the brain are very fast, they don't wait, they can't wait, and electrical
activity precedes changes in blood flow. It is also impossible to exclude that sometimes
the blood flow is delayed, and sometimes it does not have time to turn on, since the
areas of brain activity “jump” from one place to another very quickly. The blood flow
response can be significant when the same area of the brain works for a certain period.

In the last decade, the method of thermography has appeared, which in medicine
and biology is gaining new areas of application every year. One unexpected case
helped us to see the thermography method at work and quite quickly imagine in
our minds the serious prospects for using thermography in brain research.

Theoretical and methodological foundations of the developed method.

To visualize and record the electrical activity of the gray matter of the
cerebral cortex (until we can talk about the subcortical nuclei, about deeply located
areas of the gray matter), a thermal camera (recorder - detector of infrared rays)
is used, which registers the infrared rays that arise in the gray matter of the brain
during its activation. During the work of the gray matter, blood flow to this area of
the brain increases, and the metabolism of neurons in this area increases, which is
accompanied by increased heat generation.
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The released heat is partially carried away by the bloodstream, partially
transferred to the surrounding intercellular substance, and then to the environment
through convection, and part of the heat is irradiated again into the environment in the
form of electromagnetic waves, in particular, also in the form of infrared rays. We
assume that some of the energy is also emitted in the radio wave range. Part of the
electromagnetic waves with a length of 0,7um -1,4 um can be fixed by thermal
imagers. These infrared rays are caught by a thermal camera, which visualizes - and
depicts a picture on a screen [8].

The heat camera must be sensitive to the wavelength range 700nm-1400nm, be
highly sensitive: at least <0.1 ° C, be fast to register a video image (frame rate — not
less than 30/sec), that is, have a high spatial and temporal resolution. The picture on the
screen is represented by colored thermal zones - areas.

Registration of own thermal rays of the human brain has not been previously
performed. Registration can be carried out as separate photo frames and in the form of
video filming. The following parameters are derived from the thermal picture:

The thermography method, compared to other methods of brain radiography, has
one or more serious advantages! We used to be fond of photographing the brain with
an infrared camera [8]. We did not immediately switch, did not immediately begin to
use the biggest advantage of the infrared camera. This advantage lies in the possibility
of high-speed video recording of changes in the activity of the cortical substance, the
cerebral cortex, while the recording is made at a high speed (30 frames per second) and
simultaneous recording is made from the entire head.

If there are 5 cameras, the parietal region, and two temporal regions, the frontal
region and the occipital region are recorded simultaneously. Then the records from all
five sections are placed on the display in the form of a cross.

This deployment is tempting as it achieves a coherent picture, but there are
difficulties in making measurements. We do not yet have information on whether there
are computer-software methods for measuring the characteristics parameters of a video
recording and, if they exist, what parameters can be or should be pumped out, extracted
from a dynamic picture. We know that morphometric and possibly stereological
methods can be used to measure a static picture.

For now, thoughts come to mind. that perhaps a video picture can be turned into
several static pictures, more precisely, from the entire video picture, make copies of a
certain number of frames, for example, take out-cut frames from a 30-second video
recording (from the 1st, 6th, 11th, 16th, 21st seconds). It is also possible for studies
that do not require high accuracy to take two frames with minimum and maximum
characteristics-values of the studied parameters - for example, area or intensity-
brightness, i.e. temperature.

One of the goals of making a thermal photo or thermal video recording is to
identify: the functional activity of the cortex, identify areas of the cortex involved in
the implementation of a specific cognitive, psycho-emotional, psychomotor task,
determine the number of fields, their topography, the chronology of their activation,
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area and the brightness of these areas, the duration of their activity, the speed of their
appearance-emergence, the duration of existence, the rate of changes.

Material and research methods.

Almost 800 photographs and video recordings of the head, face, and limbs of
more than 70 people of both sexes, different nationalities, and different races were
subjected to a multilateral study. Some participants had to be filmed multiple times,
which was based on the requirements for the development of different sides of the
method. The age of the participants ranged between 2 years and 86 years. Filming has
been carried out since 2009 with five types of thermal imagers: a NASA thermal
imager installed in the Washington Museum of Aeronautics and Astronautics, thermal
imagers presented at other exhibitions, thermal imagers FLIR installed on mobile
phones CAT 60, CAT61, CAT S62pro.

The head video recordings used for this study were made with the CAT S62 Pro.
Since the aim of the study was to find out whether it is possible to make high-quality
video recordings of the activity of the cortical substance of the brain and collect
preliminary basic data on the cortical activity of the brain in relatively calm conditions,
we made video recordings of five parts of the head of people: parietal, frontal,
occipital, right and left temporal parts. The distance between the scalp and the camera
was kept at a distance of 25-30 cm, and the duration of the video recording was 30-35
seconds. Video recording was started 10 seconds after the screen stabilized.

The shooting was carried out both in the dark and in a uniformly lit room with a
temperature of 20-210 degrees Celsius. A comparison of the results did not show
significant differences in the quality of video recordings made in the dark and under
lighting, therefore, in the future, video recordings were made in a uniformly lit room.
In order not to distract the subject's attention from any fluctuation movements in the
subject's room, he sat facing the wall, painted monotonously in a gray general
background, at a distance of two meters.

Naturally, this did not guarantee the complete exclusion of external, and even
more so internal influences on the brain, since as long as we are not able to turn off the
thoughts that arise spontaneously in the head of the person, especially when his eyes
are open, he is passively awake. There were no active movements. In addition, all
examined persons were sitting on a chair, which implies a certain tone of the muscles
of the legs of the back, abdomen, and arms.

The videos were transferred to a computer and using Movavi Video Converter
22 Premium and Video MASTER, they cut out the first five frames of 30 seconds of
each video, respectively the 1st, 6th, 11th, 16th, and 21st seconds.

The results of the study and their discussion.

As a result of repeated viewing of video recordings and 150 images of the head
of six adult men aged 32-85 years cut from the video recording (Fig. 1), it was noted
that gray matter activity varies throughout the entire recording (30 seconds) in all parts
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of the brain. Relatively high activity is noted in the parietal and occipital parts of the
head. Obviously, in the parietal part, the motor zones of the parietal lobes of the brain
are projected, which provide efferent impulses for the work of the muscles of the legs,
the back of the chest of the neck at least.

Neighboring sensitive zones are in permanent activity due to afferent impulses
from the proprioreceptors of the muscles, and tendons of the aforementioned parts of
the human body. Therefore, foci of permanent activity are observed in the parietal part
of the head. At the same time, in one observation, when a man's left hand did not work
actively for a long time due to illness and surgery, there was a decrease in activity in
the sensorimotor part of the right hemisphere of the brain.

In second place in terms of activity, judging by the area and transparency of the
light areas in the occipital part of the head. Two types of activity occur here, in some
cases, the light area is located more centrally, in other cases, the light area is separated
by a middle relatively “cold isthmus”. Here, in all
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Fig. 1. Infrared images of different parts of the head of a man aged 74 (J.S.).
Snapshots are “cut” from head videos after every 5 seconds, vertical columns: on 1-st,
6-th, 11-th, 16-th and 21-st seconds. From above, horizontal rows: parietal part, frontal
part, occipital part, right temporal part, left temporal part.

likelihood, there is a permanent activity of the cerebellum, which ensures
balance and tone of the muscles involved in maintaining balance.

The frontal part, almost in all examined patients, is relatively passive, “cold”,
which can be explained by the peculiarity of the experiment: the examined men sat on
a chair, without tension and looked at an empty wall, as far as possible observing or
following our advice not to burden themselves with thoughts or thinking.

The temporal parts have their own peculiarity to appear in the paintings. In the
lateral projections of the head, the anterior part of the head is well visualized, which,
firstly, is mainly devoid of hair and
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Fig. 2. Infrared images of the parietal part of the head of four men: (AB) at the
age of 41, (HG); (CD) at the age of 32 (SM), (EF); at the age of 65 (KP); and (GH) at
the age of 85 years (JS). On the left are pictures in the normal state-mode, on the right
are pictures at the time of the flash.

Corresponds to the projection of the lateral surface of the frontal lobes. In almost
the majority of those examined in the back half of the lateral part of the head, the
hairline prevented obtaining clear images.

It is worth dwelling separately on one phenomenon that became visible only
thanks to the possibility of video recording. We are talking about a phenomenon that
can be conditionally called a flash (Fig. 2). This is when an instant, very short-term
enlightenment of the head occurs. We observed this phenomenon in all six bald men
whose heads were filmed in video mode. It was noticeable that the intensity and
frequency of the outbreak varied in different men, sometimes reaching full
enlightenment of the head, face and neck. The frequency of outbreaks also varied
widely, ranging in 30 seconds: 1 time, 2 times, 2 times, 3 times, 3 times and 5 times in
six men respectively. From the anamnestic data of men, a possible positive correlation
emerged between the pulse-heart rate on the one hand, and, on the other hand, with the
frequency and intensity of outbreaks. In outbreaks, not only parts of the brain are
involved, but also the face and neck. This phenomenon requires a separate study and
interpretation. For now, it suffices to note that the neck, covered with clothing, is able
to retain additional heat.

In some pictures you can see (Fig. 3) with the naked eye that flashes also affect
the environment, causing
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Fig.3. Pictures cut from the video of the examined. In pictures marked with (a),
activity-warmth corresponds to the average level of activity. In the pictures marked (b)
the moment of the flash. The outbreak spreads differently in different people: in some
surveyed, the warm area expands, as for example in frames: 7b, 11b; in others, the
outbreak spreads to all parts of the head, as for example in frames: 9b, 10b it to become
lighter - “warm”. Warming is expressed by the acquisition of a light blue or bluish
color of the environment, which is especially noticeable, for example, in photographs:
2a-2h, 8a-8h, (Fig. 3).

For obvious reasons, we could not notice these flashes on static images taken
with the same FLIR camera CAT S62Pro, since the frequency of flashes is low: from 1
to 5 flashes per 30 seconds. And the first flashes noticed at the beginning of the
research were regarded by us as a malfunction of the apparatus, errors in filming, non-
compliance with all the rules, that is, they were considered errors, interference. We
began to think more about the cause of their occurrence when we found out that there
are no such or similar flashes when shooting a heat source of inanimate objects, for
example, a heating radiator with a temperature of up to 60 degrees.

Conclusion

The first application of head thermography and the preliminary data obtained
indicate the ability of human head thermography to detect the activity of the gray
matter of the brain. A thermal video recording made it possible to follow the dynamics
of changes in active areas of the brain surface in the mode of high temporal, spatial,
and temperature image resolution: Video recording frequency 30 frames per second, 16
MB for the chip, thermal sensitivity < 0.1 °© C made it possible to obtain both color
images and video color films of sufficient duration, with fixation of all configuration
changes, spatial movements of active fields on the surface of the head. A video
recording of infrared radiation was made from projections of five different parts of the
brain on the head: the parietal part (corresponding to the parietal lobes of the brain), the
face and frontal part of the head (corresponding to the anterior part of the frontal lobes
of the brain), the occipital part of the head (corresponding to the posterior parts of the
occipital lobes and the cerebellum ), right and left temporal parts of the head
(corresponding to both temporal lobes of the brain). Practically, the lower surface and
deep parts of the brain remain uncovered.

In a relatively calm, sitting position of a person, a relatively large activity of the
brain is observed in the parietal and occipital parts of the head, which corresponds to
the sensorimotor zone of the anterior and posterior central gyri of the parietal lobe of
the brain and the two hemispheres of the cerebellum.

In the course of the research, a new, previously unknown phenomenon of
“flashes-emissions” of infrared rays of the head was discovered, creating the
impression that, as it were a “discharge” of excessive energy stress on the head. This
phenomenon was found in all 6 men examined by videotape. It can be assumed that
this phenomenon is widespread in humans, or even it is possible that it is common to
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all people. The answer to this question requires further targeted research. No less
interesting and important is the fact that the frequency of these “flash discharges” is
different for different individuals. We have so far counted from one “flash” (minimum
number) to five “flashes” (maximum number) in 30 seconds. A picture is also
emerging of the presence of a direct correlation between the degree of brain activity,
the state of the human cardiovascular system, on the one hand, and the frequency of
flash discharges, on the other. The number and intensity of “flashes” from the head can
probably become additional parameters characterizing the activity and speed of the
brain of a particular person.

Comparison of existing information on the functional activity of the brain,
obtained on the one hand by already known methods (PET/CT, fMRT, fNIRS, direct or
transcutaneous electroencephalocorticography) and the method presented in this study,
on the other hand, clearly demonstrates certain advantages of the method of thermal
video recording of brain activity: simplicity, high spatial, temporal and temperature
resolutions in video filming of very fast processes of highly variable brain activity,
obtaining direct on-line life images.

The CATS62Pro thermal camera keeps up well with changes in activity in the
brain tissue since the frame rate of the CATS62Pro thermal camera video recording is
30 frames per second, which is much higher than the same indicator for fNIRS (4Hz).
For other methods, this figure is even lower. When you try to increase the frequency in
PET / CT, fMRT, fNIRS, the quality of the images drops sharply. Thanks to this, the
slightest and even very fast changes occurring in the cerebral cortex are recorded by
video thermography in online mode, in a live image, without the need to create a
virtual image, to do image reconstruction, and the resulting video is immediately ready
for further analysis and study. And in comparison with the method of corticography,
which is excessively traumatic and fraught with complications, thermal video recording
has an important advantage, which gives a live, direct picture online. In addition, in the
case of corticography, obtaining a picture is mediated through the transformation of
electrical impulses into a color picture, through image reconstruction programs.

Another area of application and implementation of the developed method may
be astronautics. | believe that there are certainly certain, proven methods for assessing
the general condition of astronauts who are in a space flight of different prescriptions:
in a spacecraft, in a space station. The video thermography method will be a worthy
addition to several existing methods. The assessment of the cosmonaut's condition will
become especially relevant during long upcoming interplanetary flights.

This method also has significant disadvantages or limitations, and among them:
a) the impossibility of recording radiation from the cortex of the lower and internal
parts of the brain, including the hippocampus and amygdala, b) the inferiority or low
quality of thermal images of the head in persons with abundant hair on the head,
especially for women, c) the need to have five of the same type of infrared cameras at
their disposal, since in certain studies it may be necessary to simultaneously record
brain activity from all five of the above-mentioned sections of the head. The last

188



limitation is more of a financial problem and can be resolved more quickly. It seems to
us that over time we will either be able to find existing suitable methods or develop
original approaches ourselves that will eliminate these limitations. Already today, the
application of the method presented in the work can independently solve unique
problems in the fields of clinical resuscitation, neurosurgery, neurology, psychiatry,
psychophysiology, for the early detection of autism in children, in the field of lie
detection, in sports and sports medicine. Undoubtedly, with all its limitations, the
presented method of dynamic and continuous thermal video recording is a valuable
addition to the well-known widely used methods for studying the brain.
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