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PYHKUMNOHAAHN MPU




PYHKUNOHAAHA MPU

BA3WPAH HA PASINYNTUAM YTULAIUMA OKCU- I OEOKCUXEMOIMOBMHA HA MPW CUTHAR -
BOLD (BLOOD OXYGEN LEVEL DEPENDENT KOHTPACT):

*  OKCUXEMOTITIOEMH —ONJAMAFHETWK

* [EOKCUXEMOTITIOEVH - MAPAMATHETUK

BU3YENHA, TAKTUNHA, AYONO... CTUMYNALINJA OOBOAN OO AKTUBALIMJE HEYPOHA U
NOCIEANYHO OO

* [1OBERAHA KOHLIEHTPALINJE OEOKCUXEMOITIOEMHA

* [1OBERAHKE MPOTOKA U 3ANMPEMUHE KPBU (CBF 1 CBY) Y KAMMNAPVMA KOJV CE HAJA3E
Y HEMOCPEOHOJ BN3VHW AKTUBVPAHE OBJTACTY

* [1OBPATAK Y HOPMAJTHO CTAHSE (BA3HA NIMHNJA)

OETEKUMJIA: T2* EPI CEKBEHLWMJA — MOTEHLMPA NOKANHE BAPUJAUWJE Y MATHETHOJ
CYCUENTUBUNNHOCTM



BOLD KPMBA

BOLD curHan y nojeagMHa4yHomMm BOKCesny

Pozitivnhi BOLD odgovor

poststimulansni

inicijalni pad / \ "undershoot"

/'_'A‘ﬂ

"overshoot"

©
c
o
W
s
2

oHb/dHb

PaBH. | | N T ! PaBH.




CTAHAAPAHWU MPW EKCIEPUMEHT

* HAJHELIRE CE PMPIU CTYANIA U3BOAN Y OBAMKY.
BAOK AM3AJHA (EHFA. BOX CAR DESIGN), CA
CYKLECUBHMM BAOKOBUMA (MEPUOAMMA)
MUPOBAHSA M BPLLIEHA 3AAATE PAAHSE. [TPOMEHA Y
PMPU CUTHAAY KOJA JE NMOCAEAULA NOJEAUHAYHOT
AKTA PAAHSE (PELIMMO JEAAH AOTABAJ AOAUPUBAHSA
NAALA U KAXUNPCTA) CE MOAEAUPA MPEKO TAMA
PYHKLMJE.

* OYEKMBAHA MPOMEHA PMPU CUTHAAA Y BAOK
AN3AJHY JE 3ATIPABO KOHBOAYUNIA TAMA PYHKLNIE
N BPEMEHCKOTI TOKA BAOK AU3AJHA.

* PACMNOPEA AOTABAJA Y BAOK AM3AJHY HA3MBA CE
[MTAPAANTMOM.



FMRI EKCIEPUMEHT

[loje AMHOYHU OATOBOP HO CTUMYAQHC CE MOAEAMPA MPEKO rAMA ADYHKLLM|jE

eeeee (s)
10 15 20 25 30

off off

MpomeHa y curHany 1-5% (1,5T), do 20% (3 T)

 ——



[locTynak y aHaAM3n GOMP CUTHOAC

® KOPEKLIMJA HA MOMEPAHE

¢ KOPEKUWNJA HEXOMOIEHOCTW NOKANHOI MAFHETHOTI MOJBA

* [1PMKA3 ®YHKLIMOHANHO AKTUBHUX PEFMJA CE OOBWJA TAKO LUTO CE BOKCEI MO
BOKCEJ MNMOPEAE CIIUKE Y ®A3N MUPOBAHA N AKTUBALIMJE

* 3HAYAJHE PA3NUKE CE YTBPBYJY NOMOTRY HAMPEOHOI CTATUCTUYKOI MOLOENA —
rEHEPANHOI IMHEAPHOI" MOOEJA



O 00asS OIIxX=<Ayv



KOPEKUMIA HA TTOMEPARE

Y Toky IOMPU nperaeAa npakimyHo je Hemoryhe
1M30ehn NOTNYHO MOMEPAHE TAOBE CYDjeKTa.
OHO |e Y NPUHLMNY HAjBehe Y NeEPUOAMMA KOAC
OH U3BPLUABA HEKM 3AAATAK LLITO MOXE AQTH
MOUBUA AOXKHE OKTMBALLMIE.

Kopekumja HO MoMepare ce OBMYHO M3BOAM
NPEeKOo permcrpaumje cenx OMP cHUMAKAO HO
NEBM Y HU3Y (MEPUOA MUPOBAHC) U PAYYHAHY
NAPAMETAPA TPAHCAATOPHOT U POTALLMOHOT
NOMeEPHA.

T NOpAMETPU Ce KOPUCTE 3A KOPEKLIM]Y CBUX
MMULIA HO MOMEPAHE



Kopekuuja Ha nomepame

Cpeare nomepamne: anconytHo=0.46mm, penatusHo=0.15mm

MCFLIRT estimated rotationz (radians)

— ah=zolute

— relative

[Tomepare Koje je Behe OA AMMEH3Mje BOKCEAO CE HE MOXE KOPUTOBATK.
Takee dOMPU cepuje ce He aHaAmM3npdajy, Beh ce oADaLLy]jy.



KOPEKUMIA HA HEXOMOTEHOCT [TO/ASA

Y 30HOMAO MO3rA Koje Cy BDAM3Y TPAHULLA M3MENY NPOCTOPA MCMYHEHMX
BA3AYXOM U MOXXAQHOT TKMBA AOAQ3M NOCTOjU AOKAAHO HEXOMOTEHOCT
MATHETHOT NOAA KOJA YTUYE HA T'YOUTAK CUTHOAQ HO OMPU
CHUMMLUMAQ.

AQ 01 ce TO AEAMMMYHO KOPUIOBAAO MPUMEHY|E CE METOAQ
MAMMPAHA MATHETHOT MOAG KOJA OMOTYhaBA BM3YEAM3ALLM]Y TMX 30HQA.

OHe ce y3umajy y oo3mp npu permctpoBary dMPU HO aHATOMCKE
CHUMKE.

Edoekar HEXOMOreHoCTM Nosd



PETMCTPALMIA HA AHATOMCKE CHUMKE

* PMPU CHUMUM UMAJY HUCKY PE3OAYLIMIY Y PABHU (2X2 MM MAU AOLLIMIY). AA
B/ CE OBE3BEAMAO MPELM3HMIE AHATOMCKO AOKAAM3OBAHE 30HA AKTVBALLMJE
NPUMEHY JE CE PETMCTPALIMIA @MPU CHUMAKA HA AHATOMCKE MPW CHUMKE
NOMORY CETA TPAHCPOPMALMIA KOJE YKASYHYIY TPAHCAALMIE. POTALMIE U
CKAAUPARSE.

Pernctpaumja PMPUN CHUMOKA HO QHOTOMCKE



[NTOCAE FNPEMNPOLIECHIA

Yo4yaBajy ce pasamke mimeny
NEPUOAQ AKTUBHOCTU U
MUPOBAA. Y MPUHLLMMY |e
30HE QKTMBHOCTU Moryhe
AOOUTU OAY3IUMAHEM OMPU
CHUMOKA AODU|EHUX Y CTAMY
MMPOBAHA OA OHUX AODMJEHUX
Y AQKTMBHOM MEPUOAY.

[TOLUTO CYy MPOMEHE Y CUTHAAY
MOAE, NOTPEDHA je HaNpeAHA
CTATUCTMYKA AHAAM3A MOMONY
reHEPAAHOT AMHEQPHOT
mMmoaeAa (GLM).

GLM ynopehyje doMPU curHaa
Y CBOKOM OA BOKCEAQ CO
npeABheHN TEOPUJCKUM
OATOBOPOM U AQjEe
KoedoULIMjEHTE KopeAaaLlmje 1
rpeLuKy domra.




[EHEPAAH AMHEAPHWU MOAEA

[loeTnoCTaBKA: AKTMBALM|A |€ AMHEQPHO
NPONOPUMOHAAHO CTUMYACQHCY | ecbuimient kopeaaLe

/
Yij = PjiXj t B

DOMPU cUrHaA OAcTynare/rpellka

= cope partial model fit




Bji t Mmana

tfreshold

L HOKOH MOCTABAAHA [lpekAaanawe ca
Z mana npara AHATOMCKMM MPU



+ anatomija =

- -

2D-map 3D-map



LLITA CE HAJHELLIRE UCTIATY JE?

MOTOPHE ®YHKLNJE
AYOUTOPHE ®YHKLINJE
TAKTUNHE ®YHKLNJE
BM3YENHA NEPLEMLNJA

PA3YMEBAHE JESVKA 1 TOBOP
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COMATOCEH3OPHW KOPTEKC — TAMOM BULLIET
[PAAYCA
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PYHKUNOHAAHN MPU Y

CTAY MNPOBAHA
(RESTING STATE FMRI)




PASAUKE...

Pozitivhi BOLD odgovor

/_Aﬂ.
inicijalni pad \
"overshoot"

——— ¥

stimulus

poststimulansnhi
"undershoot"

fMRI Signal




OCHOBE RESTING STATE FMRI
* Lnrs: MCIIUTUBARSE PYHKLMOHAAHE MOBESAHOCTM Y MO3TY

® BPEMEHCKA 3ABMCHOCT OEPA3ALA AKTMBAUNJIE HEYPOHA
Y AHATOMCKN OABOJEHMM AEAOBMMA MO3TA

¢ KAKO?

* OAPEBMBAHFSE CTEMEHA KOPEAALIMIE M3MERY BPEMEHCKMX
TOKOBA BOLD CHUTHAAA 3A PASAUYUTE, AHATOMCKU
OABOJEHE PETMIOHE ¥ CTAKBY MUPOBAHA

® 3AYETAK TEXHUKE 1997 (BISWAL)

* [TPUMAPHA MOTOPHA MPEXA JE AKTVIBHA U CTAHY
MHNPOBAMA



EKCMNEPUMEHT BISWAL-A

BOLD

d
K-S
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AA AU REMRIMIMAMO N Y TOKY KAACUHHOTI FMRIe

Ruw duts
Y

Low frequency
“noise’

Fun of timecou

Signal of

vasomotion

heart rate

braathing rate

IPower{ HbO,}i

04 0.6 08
Frequency (Hz)




AA A1 REMRI SAUCTA TNTOTUHE OA MOXAAHE
AKTNBHOCTN?

* [IPOMEHE Y BOLD KOJE NOTN4Y. OA MYACALIMIA KPBA (CPYAHM
PUTAM) U PECIIPATOPHU EPEKTM UMAJY. TAKOBE MMAJY HUCKE
PPEKBEHLIMJE...

> AOKA3M 3A

> BUCOK CTEMEH KOPEAALMIE BOLD M3MERY AHATOMCKM BAMCKMX
CTPYKTYPA (MOTOPHA, BIM3YEAEHA, AYAUTOPHA MPEXA)

» MEPEHbA CY MOKA3AAA AA JE OCLIMAALMIE YCAEA CPYAHOT PUTMA U
PECMMPATOPHUX OCUMAALIMIA UMAJY PPEKBEHLIMIY >0,3 HZ 1 AA JE
HMXOB YAEO Y OBAACTM OA UHTEPECA (0,01 — 0,1 Hz) BEOMA MAAU

» BUCOKA CTEMEH KOPEAAUMJE M3MERY CUTHAAA U EEG 3ANUCA 13 AATOT
PETMOHA

MNAK... CHUMAHSE CE BPLUM Y3 EKG 1 PECTIMPATOPHM OKUAAY



METOAE OBPAAE REMRI

* [IOAEAA TEXHUKA
* PETMOHAAHA AHAAM3A
* ALFF AHAAM3A
® REHO TEXHUKA

* AHAAU3A MPEXA

® ,SEED" (MHUMIAAHM BOKCEA UAM PETMOH OA
MHTEPECA) TEXHMKA

* |CA TEXHMKA
* AHAAM3A TPADPOBA



ALLF 1 REHO TEXHWKE

* ALLF KOPUCTU Y AHAAMU3W KOPUCTH ABA MAPAMETPA
* AMNCOAVYTHY AMIAUTYAY HUCKOSPPEKBEHTHINX PAYVKTYALIMIA

®  PEAATUBHY AMIOAUTYAY HPDP KOJA JE KOAMYHUK AA U MHTETPAAHE AMIOAUTYAE 3A CBE
PAYKTYAUMIE

* REHO KOPUCTM MAPAMETAP KOJM JE MEPA CUHXPOHMUMTETA CUTHAAA M3MEBY
BOKCEAA YJEAHOM PYHKUMOHAAHOI PETMOHY

+13.15

+6.11

> ALFF Map

+18.34

+4.55

@ ReHo Map



METOA MHUMIJAAHOI PETMOHA OA MHTEPECA

s

seed

® JEAHOCTABAH METOA

* [lOCTYNAK

{5
2.

[TOMORY KAACHUYHOT FMRI YTBPAMT MOYETHY (“SEED") 30OHY

»RESTING STATE" BOLD CUIHAA CE NMOPEAM CA CUTHAAMMA U3 CBMX OCTAAUX
PETMOHA Y MO3Iy

PE3YATAT CY KOJE MPUKA3YJY 30OHE Y KOPTEKCY
M3MEBRY KOJUX NMOCTOJIN BUCOKO 3HAYAIJHA KOPEAALNIA



METOAA HESABUCHUX KOMIOHEHTU (ICA)

,/AOLLA" KOMIMOHEHTA

AOOPa KOMMOHEHTA




CYBOPIAHU3ALMIA RS MPEXA

®* MEPEHA / MOPEREHSA HA HUBOY BOKCEAA YKA3AAA CY HA NOCTOJAHE
CYBOPIAHM3ALMIE Y MPEXAMA

* MOTOPHA MPEXA OPTAHMU3OBAHA Y CKAAAY CA COMATOTPONMHOM OPTAHU3ALINIOM
MOTOPHQOTI KOPTEKCA

* BUM3YEAHA...

* [OBOPHA ...

® DEFAULT MODE MPEXA

®* CNOHTAHO OKMAAHSE HEYPOHA U MPEHOC MHPOPMALMIA KA OCTAAUM HEYPOHUMA Y
MPEXW AA BM CE OAPXAAA ,,EOPBEEHA TOTOBOCT MPEXE"

®* AKIMBHOCT Y OBOJ MPEXM JE MOBE3AHA CA OCHOBHUM KOTHUTMBHUM MPOLEECUMA,
YKAYHYIYRA U UTETPALUNIY KOTHUTMBHOT 1 EMOUMOHAAHE OBPAAE, MOHUTOPUHI
OKPYXEHA N AYTAHE MUCAN

* NCNUTMBAHA KOHEKUMIA Y OKBUPY OBE MPEXE CY 3HAYAJHA CA CTAHOBULLTA
PASMATPAHA AUCPYHKUMIA Y KOTHNUMNIN KOA PASAUINUTNX HEYPOAOLLKNX M
NCUXNIATPNICKMNX BOAECTA



RESTING STATE MPEXE

primary extra-striate insular-temporal/ACC
motor visual
left right default mode network frontal
parietal-frontal parietal-frontal

B
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KoebULHUjeHT KapaktepuctuyHa

KAQCTepusaumje - AYXHWUHA NYTA — eC(PUKACHOCT
rA06aAHE KOMYHUKALMje

AOKAAHQ NOBE€3AHOCT

LLEHTPAAHOCT Pea 4BopUWITa MoAyAapHoOCT



DMN, KOF'HULLMJA N 1Q

regularna "mali svet" nasumiéna mreza
mreza

neuredjenost




HEYPOAOLLUKE U NICUXNIJATPAICKE BOAECTIA
* AALIXAJMEPOBA BEOAECT 1 REMR]

®* (CMAHEHA RESTING STATE AKTUBHOCT Y. PETMOHY XUMOKAMMYCA

.. - |I- MOCTEPMOPHOM UMHTYAATHOM TUPYCY
e - |I- DEFAULT MODE MPEXW

* CMAHEH KOEPULIMIEHT KAACTEPU3ALIMIE HA TAOBAAHOM HUBOY

* CXM3OPPEHMIA
°* CMAHMEHA KAACTEPU3IALUMIA Y DEFAULT MODE MPEXI
* CMAHEHA EPUKACHOCT MPEXE
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