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Mupnvik6g MayvnTtik6g Zuvtoviouog (NMR)
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Puoikd @aivouEVO OTO OTIOIO0 TTUPHVEG EUPIOKOUEVOI PECT OF
éva  poyvnTikG  TTEdi0  OTTOPPO®OUV KAl  ETTAVEKTTEUTIOUV
NAEKTPOUAYVNTIKF  OKTIVOBOAIQ, O€  MIO  OUYKEKPIUEVN
guxvoTNTa CUVTOVIGUOoU, n oTroia e§apTdTal aTTd TNV 1I0XU TOU
payvnTiKoU TTEdiou Kal TIG hayvnTIKEG 1I810TNTEG TOU 100TOTTOU
TWV ATOUWV

Mupnvik6g MayvnTtik6g Zuvtoviouog (NMR)

EuaioBnta oo meipapa NMR
€ival Ta I0GTOTTA TTOU TTEPIEXOUV
£vav TePITTO apIBUG TTPWTOVIWY
A/Kal VETpoViwv yIaTi £Xouv un
UNOEVIKG TUVOAIKO

spin (15100TPOYOPN)

YT. «IdiooTpogoppr» Sev eival akpIBrig 6pog

Mupnvikég MayvnTikég Zuvroviouog (NMR)

Spin (1B100TPOYOPUR):

Eival pia kBavropnxavikn 1816TnTa, Xwpig 4
avaAoyia oTnV KAQGIKF) JNXAVIKA

Z€ JIa UTTEPATTAOUOTEUUEVN TTPOCEYYION, \’
TO VOUKAEOVIO gpgaviCeTal va l

TTEPIOTPEPETAI YUPW aTTO TOV GEova Tou
WG aTTOTEAEOUA TNG IBIOOTPOPOPHAS

Mupnvik6g MayvnTtik6g Zuvtoviopog (NMR)

Otav uttdpxouv {euyn VOUKAEOViWY Ta Spins Toug
aAAnAoggoudeTepuovovTal
2UVOAIKG spin TTupAva: s = 0




Mupnvik6g MayvnTtik6g Zuvtoviouog (NMR)

338

2UVOAIKO spin TTupAva: s # 0

Mupnvik6g MayvnTtik6g Zuvtoviouog (NMR)

Muprivag pe ouvoAiké s # 0

$-Cy

O TTUpAvag pe TTEPITTO # VOUKAgoViwy €xel spin & dnuioupyei éva
MIKPO HayvNTIKG TTESIO (CUMTTEPIPEPETAI TAV £VAG MIKPOOKOTTIKOG
payvATnG), oTroTE UTTOpEi va avixveuBei ae éva treipapa NMR

A6 TOU TTpOoépXETAl TO OAHA oThV AMEZ;
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Kupiwg atmé pépia H,O (ta otroia atroteAolv 1o 65-80% K.B.

A6 TOoU Tpoép)eTai To ofjpa otnv AMZ;
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Triglyoeride mdecule

...0AAG K1 o176 H 0TIg 0AuaiBeg NITTaPWV 0§EwV SIapopwv
euKivnTwy AImdiwv (Kupiwg Twv TPIYAUKEPIDIWV)

MayvnTikog ZuvToviIouOg
Nupnvag 'H

/)

» O muprivag "H (TTpwTovio) éxel spin %2

+ O muprivag 'H éxel uwnAn euaiobnaia \’
oTo Treipapa NMR I’
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MayvnTiKOg ZuVTOVIONOG
Nupnvag 'H

» H mapouaia nAekTpikou
POPTIOU KAl YWVIOKAG
OpuNAG 0dnyei otV
ePQAVION PayvnTIKAG
potng, W

. O TTUPAVOG GUUTTEPIPEPETAI
WG UIKPOOKOTTIKO
MayvnTikd ditTroAo
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MoAAoi Truprveg 'H:
Tuxaia TpooavaTtoAiopéva payvnTika SitroAa

0® @@
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» Otav o€ éva UNIKO (TT.X. I0TOG) Oev EQapuOleTal EEWTEPIKO
HayvnTIKS TTEdio, N dIATagn auTwy TWV JayvnTIKWY dITTOAwWV
€ival TuXaio oTov XWPO Kal N cuviaTapévn Toug givar undév

KAaoik6 MovTtélo aAAnAemidpaong ditroAou &
1o0XUpoU payvnTikoU trediou

BOA
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Avdarrtuén Potriig Tou odnyei o MetdmTwon

MayvnTiKOG ZUVTOVIONOG
Merdmrrwon: Mia mrepitrAokn Kivnon

BOA
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Metdamtwon pe ouxvotnta Larmor (fy)

fo=vx B,

H o1aBepd vy KaAgital yupouayvntikés Abyos
Kal gival XapaKTNPIOTIKA yia KB TTupAva

MerdmrTwon pe ocuxvornta Larmor (f;)

MupRvag 1H 13C 31p
Y 42,58 10,7 17,24
(MHz/Tesla)

fo=yxB,

* Ta ouykekpipévn TR Bo, SI0QOPETIKOI TTUPFVEG EKTEAOUV
METATITWON PE OIAPOPETIKA UXVOTNTA

* AuTA Tn dloQopPA gival TTou XPNOIYOTToIoUV Ta cuoTrAparta MT yia
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va TTApAyouV €IKOVEG BACIOUEVEG OTOUG TTUPAVESG UdPOYSVOoU

18
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MepioTpe@oOeEvo oUCTNHA AVAPOPAS

OAikAy MayvriTion Trpiv z ﬂ B
Tov RF TraApd 0

X

To TePIOTPEPOUEVO OUTTNUA aVAPOPAS, TO OTTOIO UETATTITITEI YUpW aTTO
10 Bo pe ™ Larmor ouxvérnta (6mwg kai 1a spins), armoreAsi éva
ouoTnua ava@opdgs 1o o1roio SIEUKOAUVEI va KaTavoroouue Tn oUveETn
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MNupnveg 'H og 10xup6 MayvnTiké Medio

——

%:$¢ x
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To. vorowa 'H Sratdocovror mopdAinio | aviuwapdAinia pe to Bo
Amarteiton Atyotepn evépyeta Yo Ty TapdAANAn, o€ Gxéon He TV
avTimopAnAn, evfuypdappon

OAIKH
MAINHTIZH
Mo
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Adpaveloké oUoTNHA ava@opds (oUCTNHA EPYACTNPIOU)

MetamTwon o apyn kivnon ZTHY TPAYHATIKGTNTA, N )
METATITWON TOU JayvnTIKOU
BITTOAOU g auxvoTnTa
TTOANWV MHz kaBiotd Tnv
Kivnon autrf BoAepn
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Nupnveg 'H o€ 1I0xup6 MayvnTiké Medio
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opéva

by =
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IToAd 'H, eEoutiag tmv Oeppikdv Kivijcemv, 8ev SLUTACCOVTOL O TPOG
70 Bo, aAAG S1otnpovv Tov Tuxaio TpocavaTOMGHO TOVG Kot 1)
GUVIGTOUEVT] LOYVITIGN IOV STHLOVPYOVV Eivar undév
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MNupnveg 'H og 1o0xup6 MayvnTiké Medio

T

G

IMeovaovv 'H mov eivar I ‘ )
SrateToypéva TapoAAnAc Q > | ﬁ
[

OAIKH
MAINHTIZH
Mo
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Nupnveg H og 1I0xup6 MayvnTiké Medio
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>10 1.5T ot mheovalovteg mupriveg 9 etvat 96 ota 10.000.000 Toprive
I

z

OAIKH
MAFNHTIZH
Mo

By
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MNapaywyn MR oRuarog

H dnuioupyia Tou onparog MR trepiAapBavel 2 Brpara:

* Aiéyepan

« Emavagopd
(atTodI€YyEPON)
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Nupnveg 'H o€ 1I0xup6 MayvnTikoé Medio

=
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H oAikr) payviATion Mo avTioToIXei 010 dlIavuouaTIKO ABpoIoua TwV
TTAEOVAOVTWY JayvNTIKWY POTTWY TTou euBuypappifovtal TapdAAnAa pe
10 Bo & kaBopidel TN YEyIOTN TIUF) GAPATOG TTOU PTTOPEi va dnuioupynOei

z

OAIKH
MAPNHTIZH
Mo

Bo

Napaywyn MR oRuarog
Aigyepon

Bogee | [—————————————

Padio-
TUXVOTATWY|

lMa Ta payvnTikd media TTou XpnoipotrololvTal oTIG KAIVIKEG epappoyég (1-3T),
o1 ouxvoTNTEG Larmor BpiokovTtal oTnv TTEPIOXT TwV PadIoKUPGTWY (Bpaxéa)
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MNapaywyn MR oRuarog
Aiéyepon

Zuxvotnta Aiéyepong =
Zuxvortnta Larmor (fy=y By) =

ZuxvoTnTa ZUVTOVIOHUOU
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Napaywyn MR oRuarog
Aiéyepon

e —
S N =8

>) O O ©
e —

Padio-
GUXVOTATWYV|
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Adpaveloké oUoTNHA ava@opds (oUoCTNHA EPYACTNPIOU)
& NepioTpepodpevo ouoTNUA avapopdg

MNapaywyn MR oRuarog

Aiéyepon
OAikAy MayvriTion Trpiv H B,
Tov RF TTaApd
Mo
B, field ’
(11 4 — Y
X
, . . he B, medio €ival 0TaTIKO Kai i) OUVOAIKN

TZ %’,:ZéloMraﬂip ’gsr Kg’ gﬁ;‘ﬁg’ﬁ’ payvimion, M, apxier pia HeTariwon

H Y "mon, M, TepIoTOEP: yUpw amé 1o B, ue ouxvornra f,=y B; H

ypnyopa UETATTTWON OUTH ovoudderal veuon

31 32
MNapaywyn MR oRuarog MNapaywyn MR oRuarog
Aiéyepon Aiéyepon
E@appdletal o ﬂ B, E@appdletal o ﬂ B,
RF mraApog RF TraApog
M, Mo
B, Y B4 Y
X X
v npdén, epappoletor éva ypovikd petafaiiopevo payvntikd nedio, To évuopa g payvitions M aAkniemdpd pe to B, kot extedel
B, (padomaipdg, RF pulse), kGbeto oty dtevbuvon tov B, petdntmon, onote model va etvor TopdAinio pe o By
33 34

Mapaywyn MR ofpartog Napaywyn MR ofjparog
Aiéyegpon Aiéyepon

35 36



Napaywyr MR orfjparog
Aiéyepon
Nadon epappoyng z ﬂ B,
RF mraApou
———
|
Y
M
X
37

MNapaywyn MR oRuarog
Aiéyepon

Madon epappoyng ﬂ B,
RF mraApou Zi

Mo

_— y

H yovia mov oynpatilet to M pe v apykn tov 8éon (M) ovopdleton
yovia vevong (Yovia Siéyepong, flip angle) kot n tiun g eéoptdrtot and
™V £VTAoT Kot T POVIKT StdpKeLo EQapUoyng Tov B,

MNapaywyn MR oRuarog
Aiéyepon

Mavon epappoyrig ﬂ B,
RF 1raApou 90°
* Awpirng payvition, Mz=0 M
* Eykdpowa poyviition Mxy=M, ’

X

H yovia mov oynpatilet to M pe v apyikn tov 8éon (M) ovopdleton
yovia vevong (Yovia Siéyepong, flip angle) ko n tiun g e&aptdron and
™V £VTAoT| KOl TN XPOVIKT| SLdpKeln epappoyng tov B,
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MNapaywyn MR oRuarog

H dnuioupyia Tou oApatog MR tepidapBdvel 2 BripaTa:

* Aigyepon

« Emavagopd
(atrodiéyepon)
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MNapaywyn MR oRuarog

Aiéyepon
Madon epappoyig ﬂ B,
RF mraApou 180°
* Awpnng payvition, Mz=M, M
0

* Eykdapoio poyvition Mxy=0

H yovia mov oynpatilet to M pe v apykn tov 8éon (M) ovopdleton
yovia vevong (yovia Siéyepong, flip angle) kot n tiun g e&optdrton and
™V £VTAoT Kot T POVIKT StdpKeLo EQapUoYnG Tov B

40
Mapaywyn MR oRuarog
Emavagopd
e ——
T 0070 B
- - —@ )= \‘, RF mnvio
)) i Ar’wnz
Exmopmio P —| v
Padio- Padio-
TUXVOTATWY| OUXVOTATWY
lwvia veuong 90°
42



Napaywyn MR oRuarog
Etravagopd

f f
RF Tmnvio

EkTroptog Aékng

Padio- Padio-
OUXVOTATWV OUXVOTATWY|
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Auo diadikaoieg ETravagopdg
(4 AmrokardaoTaong | XaAdpwong)

« Etmavagopd T2
- Eykdpoia emavagopd
(oTo emiTredo xy)
- Mxy a6 Mo og 0 (atréoBeon)

« ETmavagopd T1
- AlapAkng eTavagopd
(katd Tov z d&ova)
- Mz am6 0 og Mo (avdkTtnon)

47

XapakTnpioTikd MR ofuarog
Emavagopd

ZHBO

44

BAZIKEZ APXEZ
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* A6 10 Qaivéopevo Tou NMMZ otnv AMZ
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XapakrtnpioTikd MR orjparog

* To perpolpevo onua MR dev givai
Tirota GAAO TTapd eTTAYOUEVO PEUU]
aTo Trnvio Aqung Adyw
, H B METABAANOUEVNG HayVNTIKAG PO
My (véuog Tou Faraday)

« To ofua MR trpoépyeTtal yévo atoé
TN ouvioTwoa Mxy (n cuvioTwoa
Mz dev oupBAaAAel oTO PETPOUUEVO

M, onua)

time

48




XapakTtnpeioTikd MR oparog
* To Mxy gival XpovoeEapTwUEVO
(OnA. TepIoTPEPETAN YUPW ATTO TO
Z) Kal, CUVETTWG, ETTAYEI PEUPA OTO
2 (] & Tmvio Afyng

* To Mz dev TrepIoTpEQPETA,
eTmopévwg dev dUvaTal va ETTAYEI
aAAayr) oTn payvnTiKA por} eviog
Tou TTnviou AfYng

Xy

time
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Eykdpoia (T2) eravagopd:
Améofeon Tng Mxy cuvioTwoag

ZUBQ

Mo

time
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Alapikng (T1) eravagopd:
Avdktnon Tou Mz

time

Eykdpoia (T2) eravag@opd:
AmooBeon Tng Mxy ouvioTwoag

time

50

Xpovog Eravagopdg T2:
H xpovikn otaBepd otnv amréofeon Tou Mxy

e = /T2
M,,= Mee

(exBeTIKA KAPTTIUAN amooBEONG)

\\_T2
| T2

37%1
LA
IS

T2 gival o xpdvog TTou aTraITeiTal yia va
HEIWBEi n eykdpala payvATion, Mxy, ato
37% (1/e) TNG apxIKAG TNG TIUAG
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Ailapikng (T1) eTravagopd:
Avadktnon Tou Mz

Mo My

time

53
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Xpoévog ETravagopdg T1:
H xpovikn oTtaBepd oTnVv avdktnon Tou Mz

M=M,(1-e*T)

(exBeTIK) KapTTUAN avaTTugng)
z ﬂ Bo

My

63%

<

time
T1

T1 eival 0 XpdVog TTOoU aTTaITEITAl IO TN
Slapnkn payvATion, Mz, va avakTioel 1o
63% Tng PéyioTng TIUAG TNG, Mo
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XapaktnpioTikd MR ofpartog
Xpovog diaunkoug eravagopdg T1

T1 ENANA®OPA

2]
N
z
z
<]
53
N
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<
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[rveims]
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Free induction decay (FID)/Free induction signal (FIS
ZAHa eAe0BepPNG ETTAYWYIKAG ATTOOREONG

Amplitude

nfL’T_

Free Induction Decay (FID)

To ofjua eAeUBEPNG ETTAYWYIKAG ATTOTRECNG MEILVETAI
€KOETIKG PE O0TABEPA XpOVou ion ue T2*

®aivépeva ETravagopdg

* T1 Emavagopd (T1 relaxation): ammwAeia evépyelag HEow
AAANAETTIOPAONG TWV TTPWTOVIWV HE TO YEITOVIKO HOPIAKO
mePIBAANOV (spin-lattice relaxation)

* T2 Emavagopd (T2 relaxation): aTTwAEI0 CUPPATIKOTNTOG
METAgU Twv dITTOAWV (aU&non evipoTriag CUGTANATOG HECW
aANAemdpdoewy spin-spin)

O1 xpovol T1 kai T2 givai diakpiToi
yia éva opoloyevEg Seiypa

56

Free induction decay (FID)/Free induction signal (FIS
ZAPa eAe0BEPNG ETTAYWYIKAG aTTOORECONG

e MAAAR
T

FID
Signal 4f\/\/\/vv—~t

To oApa eAe0BePNG ETTAYWYIKAG ATTOCREONG €ival TO OrUa TTOU
eTTayeTal apéowg PETA Tov TTaApo digyepang (RF)
(®nAadn, N payvATION OTO ETTITTESO Xy TNV OTTOIA HETPAME)

58

Avopoloyéveieg kai T2*

¢ Mikpég avopoloyéveleg OTO TOTTIKO payvnTiké Tedio (dnA.
aTnv TTEPIOX TToU KaToAapPdvelr 1o deiypa) odnyolv o€
AVOOTPEWIPN ATTWAEID  CUPQACIKOTNTAG TWV  MAYVNTIKWV
POTTWV, TTOU TTPOCOMOIAZEI TNV HMN OVOOTPEWIMN OTTWAEIA
OUP@ACIKOTNTAG AOYw TNG eTTavagopdg T2 (n otoia oeileTal
oTnv aAAnAemtidpaaon PETAgy Twv TTUPAVWY)

« Edv 10 AHo dnAwvel 10 péyeBog TNG dlakUpavaong Tou TOTTIKOU
HayvnTikoU Trediou, T0TE TOo T2* cuvdéeTal Ye To T2 cUUPWva
ME TN oxéon:

. :L-F]/AHO

T T

59

60
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Fpa@ikn cuoxéTion YeTadu T2* kai T2

TISSUE CHARACTERISTICS (T2)

FIELD INHOMOGENITY
USCEPTIBILITY EFFECTS

b
TS5 5
36
"

w
~J
°
S~
IMAGE BRIGHTNESS

BAZIKEZ APXEZ
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* Anpioupyia MR ofjparog
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+ E@appoyig

TIME (mSec)

61

62

IxnHaTiouog Eikévag

Eikéva = TTAnpogopia TNG XWPIKAG KATAVOUAG TWV I0TWV

}

Avaykn xwpIkAG KwdikoToinang Tou AauBavouevou ofPaTog

|

Emriteugn pe T xprion Babuidwv trediou (field gradients)

BaBuida ediou (field gradient)

H ypapuIkr HeTaBOAR Tou oTATIKOU payvnTikou Trediou Katd
Hia dievbuvon

BaBuida G,

Aig0Buvon z

63

Emidpaon Badbuidag mediou:
Xwpikn BadBuidwon ouyxvorntag Larmor

YynAotepn cuxvornTta
HETATITWONG

TuxvoTNTA HETATITWONG =
TuxvotnTa diéyepong

XaunAdtepn ouxvornTa
HETATITWONG

Gz
Babpida
mediou

O TraApog diEyepong dlEyeipel OVO TOUG TTUPAVEG HIAG TOUAG TTOU
UETATTITITOUV OTN OWOTH guxvéTnTa: MOvo autoi «avTiAauBavovTai» Tov
TTaAPS Kal OVO auToi «avTaTTOKPIVOVTaI» Yia va TTapdyouv To ofjua MR

65

64

Z0oTnua Badpidwy mediou

Tpeig Babpideg ediou o€ I0GPIBUEG KATEUBUVOEIG OTO XWPO:
X, Y ka1 Z field gradients

¥ Coil,
N

Transceiver
Patient
* 1n BaBuida: emmAoyr) TOPAG
¢ 2n BaBuida: KwdIKOTTOINGN oUXVOTNTAG
* 3n BaBpida: kwdikotroinon edang

66
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EmiAoyR 8éong Toung

RF nu)\pég_m fo
diéyepang

améoTaon

Babpida mediou
£mIAoyng Topng

EmiAoyR 8éong Toung

RF TaApog f;
Sigyepong _MNM_

Babuida mediou
£mAoyng Topng

67

68

EmiAoyn 0£ong Toung

RF mraAuég f,
Biéyepong _M_
BaBpida mediou
emhoyrg 1our'1§_/_\_

amméoTacn

EmiAoyn 0£0ng Toung

H kevTpIkA cuxvotnta
kaBopiel Tn Béon
(KEVTPO) TNG TOMAC,
£V 10 £0POG JUIVNG
OUXVOTATWYV KaBopidel
TO TIGX0G TNG

Slice
thickness

69

MpooavaTtoAiIopu6g TOuARg

RF Tra)\pég_mm fo
Siéyepong

AigvBuvon FH

P

71
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MpoocavaTtoAiIopu6g TOUARg

Siéyepong

_-":"-~.\ QAig0Buvon AP
‘ Iﬁ .
o
b 3

72
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MpoocavatoAiou6g TouRg

RF ﬂuAuég_M@ fo
Sigyepong

AievBuvon RL

73

Kwdikotroinon ouxvoeTnrag

KwdIKoTToinang

BaBpida mediou Bofl— — ——

auxveTnTag

MR onfpa W

Ta TpwTévIa €Xouv
TNV idia f yeTdmmTwong
KOTA MAKOG TOU X

—
AiguBuvon kwdikotroinang
auxvoTNTag

75

Kwdikotroinon gdaong

BaBpida kwdikotoinong ¢dong:

AigBuvon
KwdIKoTToinong
@daang

CICICICIC

Gy=0

Ta TpwTévIa €xouv
v idia f
METATITWONG KOTA
UAKOG TOU Y Kal
TTEPIOTPEPOVTAI
ouyxpoviopéva (o€
oupgwvia eaong)

MpocavaToAiouég Topng Conmutpioe

Ztnv AMZ, o€ avTiBeon We TNV
YT, utropoUv va Angbouv
dedopéva yia avaouveeon
EIKOVWV O€ OTTOIOBNTTOTE
opBoywvio () TTAAyIo) eTTiTTESO

74

Kwdikotroinon ouyxvoetnrag

Babpida mediou Bo /
KwdIKoTIoiNoNg __j_\_

ouxvoeTnTag

MR oripa WW»—

Ta TpwToVIa £XOUV
SiaopeTikA f peTdmTwaong
KAT@ MAKOG TOU X KAt Ol
OUXVOTNTEG TOV ONpATOG B
«QmoKaAVWoLv» Tn Béan Toug

—
AigBuvon kwdikoTroinong
auxvoTNTag

76

Kwdikotroinon gdong

BrApa kwdikotroinong @dong:

Ta TTpwTOVIa €XOUV

AigvBuvon Sla@opeTikh f
KWBIKOTIOINONG H METATITWONG KATA
paong

HAKOG TOU Yy Kall
QaTTOoUYXPOVidovTal
(amwAeia NG
OUPPACIKOTNTAG)

JOICI0XOiili

77

78
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Kwdikotroinon @dong

BaBpida kwdikotroinong gaong:

Gy=0

AigvBuvon
KwdIKoTToinong H
pdong

SIOICIORS)

‘Otav n Babyida aTrevepyoTTOIEITAI Ol TTUPAVEG ATTOKTOUV
gavd tnv idia f HETATTTWONG aAAG TTapapévouy ekTdG @aong

Kwdikotroinon @dong

BApata kwdikotroinang ¢dong:

AigvBuvon
KwdIkoTToinong
@dong

GCOG CUOD
OICIOXSiilil
©CO LD

OO

E@appolovral ToAAaTTAG BripaTa KwdikoTroinang eaong
(ME dlagopeTik £viaon Tng Babuidag ediou ae KGBe

Brpa) yia TTOANOTTAEG HETPAOEIG

79

80

Kwdikotroinon ouxvoetntag Kai @aong

Ev téAel, péow NG
KwdIKoTToinong Tng
ouxvOTNTAG KaI TNG

AigBuvon J ]
KwdikoTToinong Qaaong, EMTUYXAVETAI N
aong XWPIKA KwdIKoTToinan

TOU OfPaTOG OTO
eTTiTedo Xy (yia TNV
€MAEyUEVN TOURA)

=—

AiguBuvon kwdikotroinong

k-XWpog (XWPOG CUXVOTATWYV KOl PACEWV)

I M -128

Topvotntd = k

X

Ot MAnpoopieg auXVOTNTAG KAt PAaNG Tou orjpatog MR
ATIOTEAOVV Ta TTpwTOyEVH SeSopéva TIpLV Ao TNV
QAVOKATAOKEVN TNG EKOVOG KAL KATAXWPOUVTAL GTOV k-XWwpo:

ouxvoTnTag
81
Aedopéva k-xwpou
X i MR S ‘
MI =: AAPA SIKOVA « @m
—I L AW \\ //

j Ny pipata kod. gaong Asdopéve k-ydpov

N e WYYV filfflj:iliili T“y

.............. AVTIGTPOQOG
Metaoynpotiopds

Ny rouppis L
N oties  ky Fourier

+ Kd&Be ypappr oto k-xwpo avtiotolel og éva Pripa
kwdomoinong paong pe Nx onpeia pétpnong ouxvoTnTog

* Ny prpota kwdikomoinong Aaong XPnNOLHOTIOLOVVTAL YIX TN
CUMTARPWON OAWV TWV YPAUUWY Tou k-Xwpou

83

‘Evav €1Koviko 2D XWwpo Tov TIEPLEXEL Vv THIVOKA apLlOpwV

82

Aedopéva k-xwpou

G G Nx onpeia MR 1
- |

L ARAA axcive B e
T L ANVVW . {
T

j Ny prinora ked. paong Aedopéva k-ydpov

L Anan ffllfiﬁf::ifl T"y

.............. AvticTpogog
Metaoynpatiopog

Ny Tpopnés -
R kx Fourier

* Xwpkn Slakprtikn avotnta otn Sievbuvon ouxvodTnTog (X):
MNedio amekdviong (FoV) atov x / Nx

o Xwpkn Slakprtikn avétnta otn Stevbuvon eaong (y):
Medio amekoviong (FoV) atovy / Ny

84
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Napadadeiypa

Eykdpota topn, kabeta otov GEove 00 PLIADY YELATOV LE VEPO

85

AvokaTaokeun gikévag MT

Tgdio yopikdv
@ ovyvoritev
v

@

X

K-ydpog

ty

H tehucn ewova (I') mapdyeton pe avtiotpogo petacynuoticpd Fourier
TOL 3163146 TOTOV PAGHATOG YWPIK®V cuyvoTHTOV (B)

Avakataokeun gikévag MT

Medio yOpKOV
@ cvvoTiTOY

K-xépog

A

ty

Ta dedopéva Tov k-xdpov (A) ¥PNCLULOTOLOVVTAL VIOt TV OVOKATOGKELT
TOV JGSIAOTUTOV PAGHATOG XOPIKAOV GLYVOTHTOV TNG £1KOVIGS (B)
(M Y0Pk TANPOPOpio. 0VOKATACKEVALETUL GTO «TESIO GUYVOTHTMV»)

87

MARpwON TOU k-XWPOU Kal TToI0TNTA ATTEIKOVIONG

oo . .| HdeiyparoAnyia Tou KévTpou
s e e e e e el T0U K-XWPOU (XAMNAEG XWPIKEG
Ceee . .- ouxvoTNTEC) KaBOPIEl TNV
avTiBeon TnG €IKGvag

89

86

MARpwoN TOUu k-XWPOU Kal TToI6TNTA ATTEIKOVIONG

Koepuer: Gt & D
T

*  H 1éA€ia avoKaTAOKEUR £VOG avTIKEINEVOU Ba aTTaITOUCE
HETPNON OAWY TWV BETEWVY OTOV K-XWPOo (ATTEIpEG NETPATEIG!)

*  Ta dedopéva AauBdavovTal onueio TPog onueio atov k-xwpo
WOTE VO KOAUQBET ETTAPKWG (ETTAPKAG OEIYPATOANWI)

88

MARpwon Tou k-XWPOU Kal TToI6TNTA ATTEIKOVIONG

H deiypatoAnyia Twv akpwy

; - . ool Tou k-xwpou (UWNAEG XWPIKESG
ol .. . I < < ouxvdTnNTEG) KABOPICEI TN
coeciiiiiii) o i) xwpikn avdAuon Thg eikévag

90
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AiodidaoTarn AMZ
(Multi-slice MRI)

N

AigyepBeioa
Topr

‘OAeg o1 Topég dieyeipovTal kal Ta dedopéva Toug AauBdvovtal
EEXWPIOTA Kal SIABOXIKA YIO TNV AVAKATATKEUR TWV QVTIGTOIXWY
EIKOVWV

Tpiodiaotarn AMZ
(«TrpaypaTiké 3A»)

AlgyepBeig 6ykog

3DFT readout

* OASKANpog 0 6yKog evdIapEéPovTog (OAES ol TOUEG) digyeipovTal
TAUTOX POV

* MAQpwaon Tou k-XWpPou TTou TTEKTEIVETAI O€ 3 DIACTACEIG
* 3D petaoxnuaTiopdg Fourier yia avakaTaoKeur OAWY TwV TOPW

91

AMZ: ZOvoyn

* To deiypa TotTroBeTEITON OE UPNAS OTATIKO HAYVNTIKO
medio

» EmiAekTikA Si€yepon Toung (RF TaApég + Badbuida
mwediou emMIAOYNAG TOUNG)

* Aqyn OAPATOG HE TAUTOXPOVN EQPOPHOYH
BaBUidwvV KWdIKOTTOINONG PAONG KAl CUXVOTNTAG

* MoAAatrAég peTpRoelg, HECW TTOAAATTAWY BnHATWV
Kw3IKoTroinong paong, yia eTapKN delypatoAnyia Tou
k-xwpou

* AvtioTpo@og petaoXnuation6g Fourier Twv An@eéviwv
5eSopéVV IO TNV AVOKATAOKEUR TNG £iIkovag MT

93

Ymepaywyipog MayviATng

* Mepighigeig €101koU kpdapatog (Nb-
Ti) péoa og uypd RAIo ( -269° C)

YNEP
— loxup6 payvntikd medio
— E&aipeTikn opoloyéveia Trediou

— MeydAn otaBepoTnTa
—
”1{ KATA
K — YynAdTepo K6OTOG ayopdc -
EYKATAOTOONG

— Xpron kpuoyévwyv

95

92

BAZIKEZ APXEZ
AMEIKONIZHZ MAFNHTIKOY ZYNTONIZMOY

* A6 10 @auvépevo Tou NMMZ otnv AMZ
* Anpioupyia MR ofparog
+ Xpovol eTavagopdg (aTokaTdoTacng)
* ZXNMATIOMOG EIKOVOG
* YAIkd pépn, Bioloyikég emidpdosig & ac@dAsia

* Avrifeon gikévag

* Eg@appoyég

94

Anpioupyia MayvnTikou MNediou

H pof NAEKTPIKOU peUPATOG O€ £V OWANVOEISEG ONUIOUPYEI
dayvnTiko Tedio Bo

Bo

-

1

H évraon Tou Trapayodpevou payvnTikou Trediou, Bo, €ivai:

* AvdAoyn Tou nAekTpikoU peupatog, |

* AvTIoTpO®WG avaioyn Tng SIAUETPOU TOU CwWANVoEIdoug, R

96
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Kpuoyova

* To uypo He £xel Beppokpaaia ¢éong eAdxIoTa TTAVW OTTO TOUG
-269°C

* Av 0 JayVvATNG apxioel va «XAVE» TNV UTTEPAYWYILOTNTA TOU,
uypd He Trepvd oTtnv aépia katdoTtaon kal aéplo He
atreAeuBepwveTal. ATTOTEAET PaIVOUEVO XI0VOOoTIBASAG TO OTToI0
Siapkei Tepitmou 20 sec (quench)

* To 'HAio ival apkeTd KpUo yia va uypoTToIaEl TO 0§uyovo,
YEYOVOG TTOU OTTOTEAET HEYAAO KiVOUVO Yia TTUPKAYI&

Kpuoyéva

¢ H emava@opd Tou payvATn O€ UTTEPAYWYIUN KOATGOTOON
KOOTICEl akpIRa

* MiéoTe 10 KOUPTTI ao@aAeiag (TTou TTpokaAei quench) pévo
yla TTOAU onpavTikd Adyo.....

QUENEH BUTON:

(Use onl M cY
to kill the eld)

99

"‘EkOeon o€ HM mredia otnv AMZ

Nedio Eupog Zuxvornta | Aidpkeia
ZTOTIKO HayvNTIKO 02-7T 0Hz Zuvexng €kBeon
medio (By)

XwpIikd 0-25T/m |0Hz MNavta evepyd
peTaBaAASpevo

Kpuoyova

* To aépio 'HAio gival doapo,
Axpwpo Kal dlacTéAAETA
TayuTtara

+ Av Oev dloxeTeuBEi apéowg o€
eEWTEPIKO XWPO Ba
QVTIKATAOTAOEI TO TTIEPIOTATEPO
atrd 10 0§uydvo oTo dWUATIO,
pE Kivduvo aopuéiag

98

Ymepaywyipol MayvATeg vEag yeviAg
ME eAdxiIoTO UYPO6 He

+ Xwpig avaykn yia
avayéuwaon

* Xwpig aywyd diaguyng
aépiou He (kavévag
Kivduvog yia quench)

+ priyopog xpovog
avodou Trediou

PHYSICS TODAY

THEMAGAZINE LATEST COLLECTIONS v  WEBINARS & MORE ~  PHYSICS JOBS ©  ABOUT]

Volume 76, Issue 9

Helium prices surge to record levels as shortage continues @0
1 September 2023

The shontall may end if a new supply from Russia reaches the market. Growing numbers of universities and
labs are recycling their supplies

Acupperpo Medio

* To payvnTiko medio £€w atré Tov
HayvATN, TO OTTOIO €ival ONUAVTIK&
uYwnAGTEPO aTTO TO TTEdIO TNG YNG
(fringe / stray field)

HayvnTikS Tedio
(aoUppeTpO TTEDIO)
(dB/dx)

MeTakivnon eviog autoU Iooduvapei Pe
£va XpoVIKa (apyd) peTaBarAdpevo
Tedio

(B4)

Xpovika 0-66 mT/m | 0- >10 kHz | MoAAatTAoi Tpatreoeideig TTaAuoi

peTaBarAdueva Sidipkelag Aiywv ms

HayvnTIKG TTedia

(BaBuIdwtd Tredia) YynAdg kUkAog AeiToupyiag

(dBrdt) Xpoévog avédou 0.1-1 ms
PuBpog petaBoArg éwg 220 T/m/s

Medio 0-50 uT 8-300 MaApoi dlapdéppwong peyéBoug

PadIOTUXVOTHTWYV MHz eNAXIOTWY Ms

XapnAdg KUkAOG AeiToupyiag

Tpononotnuévog Mivakag and McRobbie, BJR, 85 (2012), 293-312

101

* H évtaon Tou Kal n XWpPIKA
KOTAVOUK| TOU £€aPTWVTAI OTTO
o Tnv évTaon Tou oTaTIKOU
dayvnTikoU Trediou
o Tov TUTTO TOU PayVvATN
» MayvnTeg xwpig Bwpdkion
£XOUV 101aITEPA EKTETAPEVO
aoUppeTpo Tedio

distance, x

AiokUpavon payvnTikou Tediou
KOTE PrKog Tou dgova evog

KUKAIKOU TTNnViou

102
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AcuUpperpo Medio

e To payvntiké edio £§w atd Tov
MayvnATn, TO OTTOIO €ival ONUAVTIKA
uwnAoTEPO aTrd TO TTEBIO TNG YNG
(fringe / stray field)

« H évtaon Tou Kal n XWwpIKA

o Tnv éviacn Tou aTaTIKoU
Tediou
o Tov TUTTO TOU payvATn
» MadnTikr) Bwpdkion

KOTAVOWH TOU EAPTWVTAI aTTO .

Acupperpo Medio

* To payvnTiké 1medio £€§w atd Tov
dayvnATn, TO OTTOIO €ival GNUAVTIKA
uwnA6TEPO aTTd TO TTEdIiO TNG YNG
(fringe / stray field)

« H évtaor Tou Kal N XWpIKNA
KOTOVOWRA TOU £EAPTWVTAI OTTO
o TNV éviaon Tou GTaTIKoU
Tediou
o Tov TUTTO TOU HOYVATN
» Evepyn Bwpdkion

103

104

OpaCTIKA TO ACUUUETPO TTEDIO

Evepyrl OQwpdkion MayvnTtikoU lMediou

EvowpdTtwaon €vog TITTAEOV UTTEPAYWYIHNOU TTNVIOU TO OTTOi0
Onuioupyei éva avtippoTro payvnTikd edio, Bs, kal peiwvel

Katoyn tov acoppetpov mediov (1oopayvntikég
ypappég o mT) Yo cvoTnpae otaTikoV wediov 1.5T

Fringe field in mT

'
'
'
'
P PR .
'
'
'
1

H(m)
0
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Acupperpo Medio

« [pokerral éva Xwpikd diapgop@oluevo
BaBuIdWTO payvnTikd TTEdio

e To BaBuIdwTS auTd TTEdIO AVOPEPETAI OTO
PUBUO pE TOV OTTOI0 TO OTATIKO PAYVNTIKO
medio peTaBaAAETal Ye TNV atrdoTaon i
aTov XWPOo

* Exopaletal wg dB/dx (Tesla/meter)

*  Oewpeital 6Tl N Kivnan (TNG KEPAANG) evidg
TOU XWPIKA dlapop@ouuevou Trediou
TIPOKOAEI KATTOI0 ATTIO AIoBNTNPIOKG
@aIvopeva

107

108
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BpayxiUpieg Emidpdoeig

daivéueva TTou £Xouv avagepBei oe oxéon PeE TNV Kivnon eviog
IOXUPWV HOyVNTIKWV TTEdIWV:

* Nauria

* ‘TAiyyog

* [MovoképaAog

* ZA4An

* Alpwdieg

* MeTaAAIKr yeuon

» OmmiKéG dlaTapayég

* EpeBiopdg mepipepikwv velpwy (€wg TTOVO)

Ta @aivéupeva autd eival TTOPodIKE Kal £apTwWVTal ATO TO
ATOpO, EVW OI OTIOIEG ETTIOPACEIG TTAUOUV PETE TV ££000 TOU
atéuou aTd TNV aiBouca Tou YayvATn

Eyke@alikn AsiToupyia & Kivnon evrog Tou
Ao UPMETPOU TTESiOU

* Mpoogateg HEAETEG pE €BEAOVTEG KATADEIKVUOUV OTI ETTIOPACEIG
gival MBavEG a€ avTEPESG EYKEPAAIKEG DECIOTNTES, OTTWG
TTPOOWPIVEG dlATAPAXEG OTn/OTOV

— Zuykévipwon

— MNpoooxn

- Mviiun

— ZuvTtoviouog kivnong o@BaApwv

* H euaiobnaoia diagépel atrd aTopo o€ ATouo

Kivnon eviog Tou aCUUPETPOU PayvNTIKOU TTediou

INTERNATIONAL COMMISSION ON NON-IONIZING RADIATION PROTECTION

* Ta @aivéueva eAaxioToTrolouvTal ) e€agavifovtal ge TToAU apyn

109

110

ZraTiké MayvnTiké Medio & Eyke@alikn AsiToupyia

JOURNAL OF MAGNETIC BESORANCE BUAGING 18912 4% (200

©riginal Research

Randomized Comparison of Cognitive Function in
Humans at O and 8 Tesla

Donakl W, Chakerés, MD.'* Robert Bomstein, Ph
Qriginal Research

Safety of Human MRI at Static Fields Above the
FDA 8T Guideline: Sodium Imaging at 9.4T Does
Not Affect Vital Signs or Cognitive Ability

lan C. Atkinson, PhD,'* Laura Renteria, PhD.? Holly Burd, BA,? Nell H. Pliskin, PhD.? an
Keith R, Thulbom, MD, PhD

Sev emnpedlouv TV avBpWILVN YWWOTLKA LKOvOTnTa

Mehéteg urtoSnAwvouv OtL n €kBeon tou eykedalou oe meSia 8 & 9.4 T

Yuokeuég | Epguretpata / Zéva UAIKA

NAEKTPIKWY, HAYVNTIKWV KAl UNXAVIKWY CUCKEUWV (TT.X.,
BnuaToddTEG, aVTAIEG IVOOUAIVNG, KATT)

« O1 repioadrepol kivduvol GXETICovVTal UE TNV PETAKIVNGN
EPQUTEUPATWY N EEVWV UNIKWV PE G10NPOPAYVNTIKES IBIOTNTEG

| think | am allergic to
MRI's. Everytime | get
one, | suddenly have
the uncontrollable
urge to itch and
scratch everywhere
violently.

som@cards

user card

¢ To payvntiké 1edio YTTopei va dIakOWEl TV KAvVoVIKR AEIToupyia

111

112

Emidpaon o€ ZidnpopaynTikd AVTIKEiJEVA

Ymdpxouv dU0 KATNYOPIEG CUVETTEIWV TNG £KBETNG
O10NPOHAYVNTIKWY AVTIKEIMEVWY OTO HAYVNTIKO TTESIO

« Merardmion: “projectile” or “missile” effect

THegRpeDICTIONARY

projectile effect

missile effect A tem referring to the abilty of an MR scanner to

materials—which are core structural components of fire extinguisher, gas cy

o Zrpéywn/mepiaTpo@r): The “rotational” effect

The Projectile Effect

* To QVTIKEINEVO EAKETAI TTPOG TO ICOKEVTPO KO HETATPETTETAI OE
«BAApa» KaBwg emTayuveTal o€ TaxUTNTEG WG 70 km/hr

* H duvaun petatomiong kabioTatal PéylioTn GTTou To ACUPPETPO
Tedio eival p€yioTo Kai gival axedOv uNdEVIKA GTO ICOKEVTPO

* To avTikeipevo BETel o€ KivOUVO TOV AoBevh KI OTTOIOVONTTOTE
BpeBei oTnv TTOpPEia TOU

113

114
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Mnv §exvdre 611 TO HayvnTIKO edio
gival ouveXwg o€ 1I0XU

OTroI08ATTOTE AVTIKEIMEVO PE CIBNPOMAYVNTIKEG
1516TnNTEG PTTOPEi Vo peTafAnBei os BAua

115

The Rotational Effect

MpoéBepa aveupuopatog (eikdva CT):

Mia payvnTik Togoypagia
avTevdeikvuTal o€ évav aoBevr) Je éva
TPéBea aveuploPATOG, OTTWG AUTO
TToU aTTeIkovideTal (B€A0G), yia To
0TT0i0 0 aKPIPAG TUTTOG BEV UTTOPET va
TEKUNPIWOET

Evdelexég 10TopIkS atraiteital révral

The Rotational Effect

* To avTIKEIYEVO TTEPIOTPEPETAI £WG OTOU O PEYAAOG GEovag Tou
€UBUYPONMICTE PE TIG HAYVNTIKEG YPOPMEG

* H dUvaun oTpéyng kabioTaTal YEYIOTN GTO IGOKEVTPO

* H dUvaun otpéyng oe olotnua 3T eival 41TAacia TnG duvaung
oe ouoTtnua 1.5T

* O ouveTrayduevog Kivouvog agpopd Kupiwg egeuTeluaTa

116

BaOuideg mediou

MpokerTal yia XpovikKd JeTaBaAAOueva payvnTIKA TTedia

« Mapdayouv nAekTpikd TTEdia Ta OTTOIC PTTOPET Va DIEyEipOUV TO
VEUPIKO ii/Kal TO PUiko oloTnua

o O1 EmMTITWOEIG KUPaivovTal aTTd €va ATTIO aioBnua Kaloou Kai
Muikn) oUoTraon £éwg To aiobnua Tou TTévou
- To avridpaoTiké aiobnua eéaprarar ammd 10 GTouo

117

BaBuideg mediou

* H mipni katw@Aiou yia Tnv avTtiAnwn
NG JIEYEPONG TWV TTEPIPEPIKWIV
veupwv kupaivetal atéd 20 wg 50
T/sec

« AioBnua Tévou ugioTaTtal oe

Emrayopeva nAekTpikd media OXEDOV BITTAGOIEC TIHEC

EVTOG TOU CWHATOG KATA TN
BIGPKEIA HIOG TUTTIKIG Odpwong | AIéyEpOn TOU PUOKApSiou

(appuBuieg) utropei va cupei yia

118

AkouoTik6g O6puBog: MNMnyég

Aldpopeg TTNy£G aKouoTIKOU BopUBouU UTTAPXOUV GTO XWPO TOU
HayvnTikoU Topoypa@ou

* [Mnvia BaBuidwv tediwv (AOyw TNG TTPOGKPOUCTG TOUG TTAVW
oTa TAaiola OTAPIEAG TOUG, TTOU OPEIAETAI OTIG DUVAUEIG TTOU
avaTTuooovTal Katé TNV ypriyopn evaAhayn peUpaTog
Trapouaia Tou By)

RF 86puBog (fxog TTou yivetal avTIAnTTdg, Adyw
BepUOEAATTIKAG ETTEKTAONG, OTAV N KEPAAN UTTOKEITAI O€
TaApIk RF akTivoBoAia ouykekpipévwy ouxvotitwy, 2.4-170
MHz)

* Bon®nTikd cucTAipaTa (T1.X., KPUOYEVVATPIA, AVEUICTAPEG)

http://www.mrisafety.com/Safetyinfov.asp?SafetyinfolD=252

- | - . . v - TINéG >60T/sec (TreipapaTdlwa)
p #“Zb * Koihiakr pappiopuyi 8a ropouoe
A ‘ iy‘ | va oupPei yia TipEg 50x
- ‘ - - \ - ¢ Ta Beomopéva 6pia acparolg
AgIToupyiag pag TpooTaTelouv
ETTAPKWG
119

120
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AKouoTIKOG O6puog: EEapTnon

* Ta etrireda BopuBou augdvouv pe To puBPOS PETABOAAG TwV
Babuidwyv Trediwv Kal ye TNV £€vVToon TOu payvnTikou Trediou

—
S
E =
by g . .
g S Tomki KopoTopope
£ N Badpidag nediov
<
E <
2 °
£ i
& <
= =
< —
Xpovog avodov Xpovog kafddov

» Ta emimeda BopuPou eCapTwvTal aTréd Ta UAIKG €PN Kal Thv
KATAOKEUAOTIKF) SOMI TOUG, EVW) TTAPOUTIAZoUV Kal XWPIKH

ggaptnon

» H mapouaia Tou agBevr, kaBwg kail To péyebog kai n Béan Tou,

€Tmiong emrnpedadouyv Ta emieda BopURou (~10dB)

AxouoTik6g O6puBog: EmmrTwoseig

* MpoBAAuaTa TTou oxeTidovTtal pe 10 B6puPBo otnv AMZ
« AuokoAia oTn ouvevvénon
« EvoxAnon
* Avnouxia & ayxog
* MapodikA aTTwAEIa aKorg

¢ MOviun €KTITWON OKOAG

121

122

AkouoTIk6G O6puog: MpooTacia

* QroaoTideg f/kal aKOUOTIKA
TIPETTEI TTAVTA VA
XpnoiygotrolouvTal (Meiwon 10-
30dB)

* EIBIkég «abopuBeg» akoAoubieg

« Karaokeun mnviwv pe
KATAOTOAR TWV KPadaouwy Kai
TOU OEPOYEVOUG fXOU

Mnvia PadiocuxvoTATwy

* JUOKEUEG TTOU EKTTEUTTOUV ) AdpBAvVOUV padloouxVOTNTEG

* ZUVTOVIOPEVO O€ OUYKEKPIPEVN OUXVOTNTA AgIToupyiag

» XpnoigotroloUvTal oTnv ekTTouTr) RF TTAAPWY Kail aTnv
Ajyn Tou MR onuarog

* ‘Exouv oxediaon kal yewpeTpia KatdAANAn yia
OUYKEKPIPEVEG EQAPUOYEG — AVATOUIKEG TTEPIOYES
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Mnvia AQyng ZAuarog
RS
=3 5 B

"“"lz*

Mnvio Ekmoptrig RF
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KAwpo6g Faraday

+ ATTapaitnTog yia Tov
atrokAeiop6 RF
TTapePBOAWY aTTd TO
€CWTEPIKO TTEPIBGAAOV,
péoa atov xwpo Tou MT

* 2uvABwg dnuioupyeital
atrd eTMIPAVEIEG XOAKOU
ouvOEdEPEVEG PE OTTOAUTN
akpiBela yia «RF
oTeyavoTnTa»

* MepihapBavel Tapdbupo
ME KaTAAANAO TTAEypQ
Bwpdkiong yia B€aon Tou
E£0WTEPIKOU

127

Specific Absorption Rate (SAR)

O €101K6G pububdGg atToppdPnang (SAR) ekppddel TNV
evatroTiBépevn evépyeia (W) ava povada pacag (kg) iotou
SAR =0.50¢ E E emayopevo nAekTpiké medio,
p O aywyIuotnTa, p TTUKVOTNTA

- SAR ~ Bo? x (FA)2 x (RF duty cycle)
FA: ywvia veuong (Siéyepong)
Duty cycle: 1o moo00T6 TOU XpOVOU OGpWaOnS TToU eKTTéuTTeTal RF

- To uéyeBog Tou aoBevr Tailel poho: To SAR aufdvel e 1o (r2)
r, EVepyn aktiva

129

Aoc@adA&ia otnv AMZ:
AuUo karnyopieg oQAApATWY

YTrepekTiunon YTroekTignon
KIVOUVWV KIVOUVWV
Mtropei va odnynoel Mrropei va
o€ amoppIyn odnynael og
aoBevwv TTou Ba ouppavta n
w@elolvtav atrd atuynuaTa

TNV €§€Ta0N

Medio PadioouyxvotATwy (RF)

* To peyaAUTepo Pépog TnG ekrepTTONEVNG RF evépyeiag
UETATPETTETAI OE BEPPOTNTA PECA GTOUG IOTOUG AOYW TwV
WHIKWYV ATTWAEIWY

*  ZUVETTWG TO Kupiapxo BioAoyikd atroTéAeopa atd Tnv €kBean
oe RF mredia ogeileTal oTIG BepuoyOveG IBIOTNTEG TOUG

H RF oiaBeppia  (1-100 MHz)
Xpnoiuotrolei  NAEKTPIKG  TTapayduevn
Bepuotnra yia BeparreuTikoUs OKOTTOUS

128

Medio PadioocuxvoTATWYV Kal OgpuoTnTa

* H emaywyn NAEKTPIKWY TACEWV Kal PEUPGTWY gival TTIOAvH 0€ NAEKTPIKG
aywyiga UAIKG

*  Zeg autd TrepIAapBavovTal Ta KaAwdia yia Tov Kapdiakd ouyXpovioud Kai
GAAa cuoTAPaTa 1aTpIKAG XPriong

* Katoia Tatoudd, KaAAUVTIKA, KOOUAUATA UTTOPET VO TTEPIEXOUV
a1dnpopayvnTIKG UAIKG Ta oTToia uTTopEi va BepuavBoly f va TTpokaAéoouv
oidnua

*  AKOpn kal Bpdxol TTou oXnuaTiovTal aTré To OWHA Kal Ta dKpa Tou
e€eTalduevou Propolv va ayouv BeppoTnTa

130

BAZIKEZ APXEZ
AMEIKONIZHZ MAFNHTIKOY ZYNTONIZMOY

* Ao 10 Qaivépevo Tou NMMZ otnv AMZ
* Anpioupyia MR ofuarog
+ Xpovol eTava@opdg (arokardoTaong)
* ZXNMATIONOG EIKOVOG
* YAIkda pépn, BioAoyikég emidpdoeig & ac@daAsia
+ Avrifeon eikévag

* Eg@appoyég

131
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MapdyovTeg TTou eTTnpediouv
TNV avriBeon €ikévag otnv AMZ

H évraon ofuatog kaBopiceTal atmo:

» ‘Evraon payvntikoU trediou

» Evdoyevn xapakTnpIioTIKA I0TWV

* Mapapérpoug armreikévions (Aqung)

» E&wyeveig TapdyovTeg

Nupnveg 'H o€ 1I0xup6 MayvnTikoé Medio
A e —
i I f
l
w
]

OAIKH
MAINHTIZH
Mo

Bo

H at&non tou Bo odnyei otnv adgnon Tou
afuaTog (Kol Tou Adyou oApa-TTpog-86pufo) Kal,
OUVETTWG, ETTNPEACEI TNV avTiBean TNG €IKOVOG

133

i
P't0 1.5T o1 mheovalovteg muprveg givan 96 ota 10.000.000 mupnvey

MapdyovTteg MOV eTnpediouv
Tnv avribeon gikévag otnv AMZ

H évraon onuarog kabopiletal ato:

» 'Evraon payvnTikou Trediou

« Evdoyevr) XapakTnpIioTIKA 1I0TWV

» TMapapétpoug atmeikéviong (Ayng)

» E&wyeveig TapdyovTeg

134

Evdoyevi XapaKTNPIOTIKA ICTWV

Ta KUpIa EVOOYEVT) XAPAKTNPIOTIKA
TWV ICTWV TTOU KaBopidouv To Gripa
Kol eTrNPedgouv TNV avtieon
€IKOVaG gival

* MukvoéTnTa TTPWTOVIWV
* Xpoévog ETravagopdg T1

* Xpoévog ETravagopdg T2

135

Evdoyevi) XapaKTNPIOTIKA I0TWV

loTé¢ Mukvotnta . | T1 (msec) \T2 (msec) |
Aitrog 100 260 85

MueAdg ooTwv |40 400 60

/Aeukn ougia |85 790 90

Paid ouaia 80 920 100

Aiua 95 1200 100

ENY 100 >4000 >2000
Qo106 <10

Aépag <1

Z1nv AMZ, AapBdavoupe €ikéveg pe otdBuion T1, T2 A MM:

H avTtiBeon petagu Twv I0TWV GTNV €IKOVA KABOoPIZETaI KUPIWG
atro TIG IAPOPEG TWV 1I0TWV WG TTPog 10 T1, T0 T2 1) TNV
TTUKVOTNTA TTPWTOViwy (M), avrioToixa

136

Evdoyevi XapaKTNPIOTIKA IOTWV & avTiBeon

T2-ot@Bpon  Tl-ot@bon  III-otdBpion

137

138
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MapdyovTeg TTou eTTnpediouv
TNV avriBeon €ikévag otnv AMZ

H évraon ofuatog kaBopiceTal atmo:

» ‘Evraon payvntikoU trediou

» Evdoyevr xapakTnpIioTIKA I0TWV

* Mapapérpoug arreikévions (Aqung)

» E&wyeveig TapdyovTeg

MapdueTPOI CUCTAHATOG

= Eidog akoAoubiag padioTraApwyv

EmavaAauBavouevn akoAoubia amé RF maAuoug
O1€yepONG, CUVOSEUOUEV ATTO QUSOUEIWTEIS TWV
Babuidwrwyv mediwv Kai Ao delyuaroAnyisg

= XapaKTnpIoTIKE akoAouBiag TTaApwy

139

140

Aidypappa AkoAouBiag PadiomraApwy

180° 180
90° H 90° H
RF maApoi . /\. J\

MR ofipa FIS (FID) ﬁ echo FIS (FID) echg
1t 1

G —\ ~ AgiyparoAnyia —\ AglypatoAnyidg
Toprg

G suxvémnrac

o | A

\ Y

Eravaiaufavopsvy axolovbio ano RF naiuovs oiéyspaoie,
GOVOOEVOUEVY] ATt QVEOUEIDGELS TV falBuidwTdy mediwy

Free induction decay (FID)/Free induction signal (FIS
ZAHa eAe0BePNG ETTAYWYIKAG ATTOOREONG

. Mo
¢ — A4 N

Iipa —@/\/\

* TMa TNV KwdiKoTroinan cuxvaeTnNTag XPEIAZETAl VO GUANEEOUNE TO
oAua €XOVTAG EVEPYOTTOINOEI TN OXETIKN Baduida Trediou

* AAAG n BaBuida dev utTopei va evepyoTroinBei akapiaia

¢ ZUVETTWG, TTOAUTIUN TTANPOQ@OPIa TTOU aPOPE OTO APXIKO THAUO
Tou €AeUBepoU eTTaywYIKoU orjpatog (FID) &€ Ba kataypagei

Kal Amo OsIyuaToinyies

141

Free induction decay (FID)/Free induction signal (FIS
ZAHa eAe0BepPNG ETTAYWYIKAG ATTOOREONG

. Mo
¢ —/ N

Signal /\/\/\

i
AgiyparoAnyia

eyl

H deiypatoAnyia tou FID dev '\‘\ *x 7 r,h /t,.
P , [ N g
ATTOTEAET ATTOTEAETPATIKNA ,_”_;. @ * =
TIPOCEYYIO o 4 e
POTEVYION ',, P ELA QW

143
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Avtiixnon (echo)
90°
re — L

s — AAA——— AN ———

FID Echo

+ Xpeiddetal va kaBuaTepAcoue Tn SelypaToAnyia £éwg 6Tou
n Babuida trediou €xel oTaBEPOTTOINOEI

+ Anpioupyoupe éva orjua aviixnong (echo), To otroio ev
TéANel cUAEyoupe (avTi yia To FID)

144
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Avtiixnon

Emituyxaveral yéow TnG MEPIKAG ETTAVAKTNONG TNG
OUHPQACIKOTNTAG TWV PAYVNTIKWY POTTWV
o€ éva PETOYEVETTEPO XPOVIKO OnUEio

1 T T T T

0.5 4
0 4\/\/\[\/\————
05 -
1 1 | 1
0 5 10 15 20 25
time [ms)]
FID (T,*) Xepiopog echo
145

AxkoAouBia padiomraApwy spin echo

|

* E@apudletal padiotraAudg 90°

* H payviTion peTaTmitTel 0TO €TTITTEDO XY B,

< y

147

AkoAouBia padiomraApwy spin echo

°[ | MaAuoég emavaxkmong
OUPQACIKOTNTAG

TE/2

—

* "Evag padiomraApdg 180° epapudletal etd atmod xpdvo TE/2

«  O1 yayvnTIKEG POTTEG QVTIOTPEPOVTAI

. B
aTo eTmitedo X'y’ !

AvTiixnon

* Spin Echo: H pepik €mavaktnon oup@acikétntag Twv
HayvnTIKWV poTTwV (AvTAXNON) ETITUYXAVETaI JE TN XPAON EVOG
RF traAuou 180°

1 T T T T

05 )
0 4\/\/\/\/\————
05 E
1 1 1 1
0 5 10 15 20 25
time [ms]
FID (T,*) Xepiopog spin echo (T,)
146

AxkoAouBia padiomraApwy spin echo

|

N
I

* Metd 1o Tépag Tou padioTraApou
emayeTal To onjua FID

* ApxiCel 0 aTTOOUYXPOVIOHOG TWV PATEWV
TWV PAYVNTIKWY POTTWYV (OTTWAEIQ
OUPPAOIKOTNTAG) KABWG apxifouv va =
atrokAivouv Adyw Tng atrokatdoTaong

T2

~

148

AkoAouBia padiomraApwy spin echo

180°| | MaAuodg emavaktnong
OUPPaCIKOTNTAG

* 'Evag padiomraAuég 180° epapudletal petd atmod xpdvo TE/2

* O1 yayvnTIKEG POTTEG QVTIOTPEPOVTAI KAl {
apxifouv va eTTavaouyxpovifouv Tn @acn Toug
KaBWG TTAEOV GUYKAivOuv

149

150
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AkoAouBia padioTraApwy spin echo

MaApoég emavaktnong
OUPQACIKOTNTAG
T2

p

TE/2 1 TE/2

—_——

* To kévTpo Tou spin echo avTioToIxEl OTNV TTARPN
ETTAVEUBUYPAUNIOT TWV MAYVNTIKWY POTTWV

+ To kévTpo Tou spin echo oruaTtog (avtixnon)
Onuioupyeital o€ Xpdvo TE PeTd TOV padIoTTaAud
Siéyepong (90°)

151

MapdPeTPOI CUCTANATOG

= Eidog akoAoubiag TTaApwyv
= XapakTnpIoTIKG akoAouBiag TTaApwy
— Xpovog gmravaAnyng (TR, repetition time): 1o xpovikd

SigoTnua petagl duo diadoxikwy padlioTTalpwy digyepong (90°)
Snuavrikés otnv T1 Emavagopd

— Xpoévog avrixnong (TE, echo time): 1o xpoviké SidoTnua atméd
Tov padioTraAud diEyepang (90°) Péxpl TO KEVTPO TNG AVTAXNONG
2nuavrikés otnv T2 Emavagopd

- Xpovog avtioTpo@nig (TI)
— Twvia digyepong
— MpotraApoi

153

AxkoAouBia padiomraApwy spin echo kai avriBeon

b H avtiBeon e§aptdral amd TV MM (TruKvOTNTA TTPWTOVIWY), Tg
T1 ka1 T0 T2 TwV IOTWV TTOU ATTEIKOVIoVTal

b Me xprion Twv KAatdAAnAwv Xpovikwv Trapauétpwy (TE, TR
ETTITUYXAVETAI N €TMOUPNTA OTABUION OTNV avTiBeon eIkOvVag

T1-o1d8pION MNr-otépion

T2-c1d6pion

H ord6uion 1y Baputnta umodnAwver To xapaktnpiotik6 (T1, T2 r 1)
TOU ETTNPEGLEI TTEPITOOTEPO TNV avTiBean LETaU TwV ATTEIKOVI(OUEVWYV I0TWV

155

AkoAouBia padiomraApwy spin echo

MaApég emmavakTnong
OUPPACIKATNTAG
T2

TE/2 il TE/2

T ——

* ATTWAEIO CUPQACIKOTNTAG TWV HAYVNTIKWY s
POTTWV KaI aTTOWEIWAN Tou spin echo
KkaBwg apxifouv TTaAI va atrokAivouv

152

Klpieg xpovikég TTapdueTpol akoAouBiag (spin echo)

< TR >
180 180
90° H 90° H
RF moApoi  _/\,
+—TE——+>
MR o FID echo FID

1
AgiypatoAnyia

Enavalapfavouevy axolovbio ané RF waluois digyepons,
GUVOOEVOUEV aTto AVEOUEIDGEIS TV PabuIdwTOY Tedimy
Kal amo OElyUaToinyiss
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AxkoAouBia padiomraApwy spin echo kai avriBeon

- 150
135
120
- 105
- 90
- 75 *TE(ms
- 60
45
- 30
L 15

r | DL VUL
D 500 1000

UL LU T
1500 2000 2500

*TR (ms)
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AkoAouBia spin echo v

» TMAeovekTApaTa: Q

« IkavoTroInTIKA avTifeon

* AvtavakAd Tnv Tpayuartikr amwAeia edong (T2) Tou
deiypaTog KaBwg avTioTadpigel TNV atrwAeia @dong Adyw
TOTTIKWYV HAyVNTIKWV QVOUOIOYEVEIWV

» MeiovekTApara:

* Apyn diadikacia pétpnong (Aqwng dedopévwy)
» EuaioBnTn diadikaoia uETpnong o€ WeudelkOVeG Kivnong

[l
T s xps
A LEKPOS.XROVOS..
AD SE
TE

IR
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AkoAouBia gradient echo

AvdkTnon @dong pEow TNG AVTIOTPOWPNG TNG TTOAIKOTNTAG TNG
Babuidag Tediou KWBIKOTTOINONG CUXVATNTAG

159

AxoAouBia gradient echo

IXeTIKG pIKpO TE (epappoyn pévo evég RF TaApou)

AvTiixnon

* Gradient Echo: H pepikr) €mavaktnon oup@pacikotnTag Twv
MayvNTIKWV ~ POTTWV  (avTAXNon) ETITUYXAVETAl HE TNV
avTIoTPO®r) TNG Babuidag Tediou KWAIKOTTOINONG CUXVOTNTAG

1 T T T T

05 4
0 .z\/\/\/\/\_—__

05
1 1 1 1
0 5 10 15 20 25
time [ms]
FID (T,*) Xepopog gradient echo (T,*)
158

AxkoAouBia gradient echo

levikd, RF < 90°

160

AxkoAouBia gradient echo

(62 a
L ; |
! l I
1 I
| 1 1
g I I
=§=n=l
g ] I
: —— i
P =
l

Mikpé TR
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AkoAouBia gradient echo

0] a

H T U

! [} [}

o — i

g l l
e

g l l

, —— I

=

[}

i
o~

H avtixnon «@épe» TAnpogopia T2*, agol n avTiIoTPOPA TNG
BaBpidag avTioTabuifel pévo TNV aTTWAEIO @ATNG TTOU OQEIAETAI
oTtnv idia TN Babuida (ki X1 auTr) Adyw TOTTIKWYV OVOMOIOYEVEIWV)

SE # GE

Aev TTpOKeITal yia 800 eVOAAOKTIKEG SladIKATiES
TT0U 08NYOUV OKPIBWG OTO idI0 ATTOTEAET A

spin echo
RF moAuog 180° (Ty)

1 [ - T T T

05 4
0 ‘z\/\/\/\/\.—__

163

SE # GE

O moApdg 180° avtiotaBpiler (dnh. akvpdvel) v amrdAiel
GLUPACIKOTNTOG, 1) OT0i0 OQEILETAL OTIG IKPEG AVOULOLOYEVELES TIESTOV

F H avtiotpopn g Pabuidag mediov kwdikomoinong cvyvomrag de
avtiotaBpiler (dnh. dev aKLPOVEL) TV ATOAEW GLUPACIKOTNTOG,
onoio OQEILETOL OTIG LKPEG OVOLOLOYEVELEG TEDTOV

0.5 1
1 1 1 1
0 5 10 15 20 25
time [ms]
FID Avniotpoei fabuide gradient echo
(T,*) (T;)
164
THE SPIN ECHO PROCESS
0" TE
; -
E -
f SIGNAL

DEPHASING REPI;ASIN(;

EXCITATION REPHASING

spin echo
RF moApog 180° (Ty)
1 1 f T ! '
05 ]
U ‘/\W\/\"_—
15 ]
1 1 L L
h 5 10 15 2 ®
time [ms]
FID vTioTpon Bobuida gradient echo
(Tz*) (Tz*)
165

GRADIENT ECHO

GRADIENT
EXCITATION

5 N

v

SIGNAL

TRANSVERSE MAGNETIZATION

SE cik6va # GE gik6va

167
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MapdyovTteg Tou eTnpeddouv
TNV avriBeon €ikévag otnv AMZ

H évraon ofuatog kaBopiceTal atmo:

» ‘Evraon payvntikoU trediou

» Evdoyevn xapakTnpIioTIKA I0TWV

* [apapéTpoug atreokoviong (Awng)

» E&wyeveig TapdyovTeg

IKIOypoa@IKaG péca otnv AMZ

* Kupiwg 16vTa Tou xnuIKou aToixeiou yadoAiviou, Ta oTroia gival
I0XUPa TTapauayvnTiké 16T S108€Touv 7 acUleukTa e (4f shell)

» To eAelBepa 16vTa TOU yadoAiviou gival 1d1aiTepa TOgIKA, oTToTE
deopevovTal og peydAa popia (1r.x. DTPA) xnAIKwv evwoewy,
XWPIG va xavouv Tnv TTapapayvnTikh Toug 100

» To Gd eival éuueca opatd otnv AMZ, pIog Kai eTTITaXUVEl TN
XaAdpwon Twv yerrviadoviwy H. Tuvemwg peitveral 1o T1 Twv
IOTWYV OTOUG OTTOIOUG CUCCWPEEUETAI KAl ATTEIKOVICOVTal JE
uynAn évraon o€ ikéveg T1-014OUIONG

169

170

BAZIKEZ APXEZ
AMEIKONIZHZ MAFNHTIKOY ZYNTONIZMOY

* Ao 10 Qaivopevo Tou NMZ otnv AMZ
* Anpioupyia MR ofuartog
+ Xpovol eravapopdg (aToKaTdoTACNS)
* IXNMUATIOMOG EIKOVAG
* YAIkd pépn, Bioloyikég emidpdoeig & ac@daAsia
* Avtifeon gikévag

* E@appoyég

‘Eva apddeiypa:
H MT otnv ameikévion Tou KNZ

* H MT armroteAei epyaleio yia Tn HEAETN EVOG peyGAou eUpoug
TTaBroewv Tou eyke@daAou kail Tou KNZ yevikoTepa
(loxaipia, Ayyelomabeieg, NeotrAacieg, ATTOMUEAIVWTIKEG
aogbéveieg, EmAnyia, KATT)

171

H MT otnv Ameikévion Tou KNZ

ZupBartikég MéBodol
* Avaropia eyke@alou / Mop@oAoyikry Atreikovion £

* MayvnTikA Ayyeloypagia

A&iToupyikég (TrogoTikég) péBodoi:

» Oykopetpia (Voxel based morphometry)

« Ameikévion Aidxuaong (Diffusion Imaging)

» Ameikévion TavuoTr Aidyxuong (Diffusion Tensor Imaging)

« Ameikévion Kiptwong Aidxuong (Diffusion Kurtosis Imaging)
» Ameikévion Aipdtwong (Perfusion Imaging)

« Aeiroupyikn) Atreikévion (fMRI, BOLD Imaging)

* MayvnTikr) Pacpuarookotria (MR Spectroscopy, CSl)

« Ameikévion pong ENY (CSF flow)

173

172
H MT otnv Amreikévion tou KNZ
| ;2“' - N
2UuvOUQCTIKA TTPOCEYYION
174
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MNari xpelalopaoTe TOAAEG & SIOQPOPETIKEG TEXVIKEG;

*  Kd&Be péBodog avTikaToTrTpidel TN dlapopoTToinan YETAgU
10TWV/0PYAVWY WG TTPOG Hia QUAIKH 18160TNTA

* loToi TTou €ival 6polol wg TTPOG dUO PUOIKES IBIOTNTEG UTTOPEI
va dIaPEéPOUV WG TTPOG Wia TPITN...

175

Agitoupyikn Atreikévion (fMRI, BOLD)

ATTEIKOVION TTEPIOXWV EVEPYOTTOINGNG TOU PAoIoU
TTOU OXETIOVTAI ME OUYKEKPIMEVEG AEITOUPYiEG

o ZxedIAOUOG XEIPOUPYIKAG AYWYAS
— Mpo-xelpoupyikn
XapToypaenaon Tou eAoiol
(6ykol, AVM’s)
— EKTiuNON METAXEIPOUPYIKWV
KIVOUVWV
* MeAETN EKQUAICTIKWV VOOWV
* Wuyiatpikn, MaidioTpikr,
dPappakoroyia
* NeupovonTIKEG ETTIOTHAMES

177

Mnxaviopog avri@eong BOLD
(Blood Oxygen Level Dependent)

+ Prolein = Deoxyhemoglobin (paramagnetic) ~ § 7>

+ Prowin + 0, = Oxyhemoglobin (diamagnetic) 4 T,

* H o&u-aipgoyAoBivn ivar SiapayvnTikn

« H deofu-aipoyAopivn eival TTapapayvnTikh & HEIWVEI TO GUa TOTTIKE,
o€ akohoubBia pe aTaBuion avriBeong T2*

179

Texvikég MoooTIKAG ATTEIKOVIONG
otn MT Tou KNZ

» Oykoperpia (Voxel based morphometry)
» Ameikovion Aiaxuong (Diffusion Imaging)

» Amreikovion TavuoTh Aiaxuong (Diffusion Tensor
Imaging)

» Ameikovion Koptwong Aiaxuong (Diffusion Kurtosis
Imaging)

» Amreikoévion Aipdtwong (Perfusion Imaging)

» Aeiroupyiki Atreikévion (fMRI, BOLD Imaging)

» MayvnTikl ®Pacuarookotia (MR Spectroscopy, CSl)
» Amreikovion pong ENY (CSF flow)

176

Mnxaviopog avri@eong BOLD
(Blood Oxygen Level Dependent)

ApTnpiakd
aipa
DAePIKO
HPEMIA ENEPIOrnoIHzH aipa

looppotria Hb/HbO, MAeévaopa HbO,

A— \%
* H veupogualohoyikr Aeitoupyia odnyei o€ Totrikr avgnon aipdrwong ~ 30 %

* AGgnon ~ 5% Tou ToTTIKOU pETABOAIOHOU
* Augnon Tng ofu- o€ oxéon Ye Tn Seogu- aipoyAoBivn
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Mnxaviopog avri@eong BOLD
(Blood Oxygen Level Dependent)

ApTtnpiakd
aipa
DAeBIKO
HPEMIA ENEPIOMOIHZH aipa

looppoTria Hb/HbO, MAedvaopa HbO,
[To®0 00 6%%° 003 °80 %] | [[To®0 ©0° 6%°%° 005 °80%] |
A— \% A \%
* H oxerikn mepioogia SiapayvnTikoU aipatog o€ oXE€on YE TO TTAPAUAyVNTIKO
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BOLD fMRI: Aqyn & Etre§epyacia Aedopévwv
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fMRI ka1 ZuvaiocOquara

Evepyotroinon S10QopEeTIKWVY TTEPIOXWYV TOU EYKEPAAOU
avaAoyd e To ETTIKPATECTEPO CUVAITONUA
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Emeepyaoia dedopévwv BOLD fMRI:
KivnTik6g @A0166: XTUTTNHa SaxTuAwv
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A€ITOUPYIKA ATTEIKOVION O€ KATAOTAON
npeyiag (resting state fMRI)
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AikTua dlaouvdeong oe
KATAOTOON NPEMiag
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