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PUCKH 4peCKOXHOM IIepeaayrd SHEPTUH

* [TpsaMbIe(BKIIIOYAIOT OCTPOE U XPOHUYECKOE MOBPEKICHUE TKAHEH, A
TAK)K€ CTUMYJISILIMIO HEPBOB W/WJIM MBIIIILI).

* KocBeHHBIE(BKIIOYAOT BMEIIATEIbCTBO cucTemMbl TETS B npyrue
MMILIAHTAPYEMbIC MEIUIIMHCKUE YCTPOMCTBA. )



JIBa OCHOBHBIX cnoCcO0a peaan3anuu
OCCIIPOBOJHBIX CUCTEM IECPEAAYN SHCPT UM

* UHIYKTUBHO PE30HAHCHBIN

* IHIYKTUBHO BBICOKOPE30HAHCHBIN



2.0nepanus 4peCKOKHOU epeaadr SHEPTUn

OTHoOlLIIEHUE MCKIAY 3aXBAYCHHBIM MAI'HUTHBIM

o
IIOTOKOM BTOPHUYHOHN KATYIIIKOU U TTIOTOKOM, ° K M
TEHEPUPYEMBIM IEPBUYHOM KATYIIIKOM, CB —
Ha3bIBACTCS KOIPHUIMEHTOM CBSA3M. \/ L 1° L 2

Tunuyspie KO3(POUIMEHTHI CBSA3U 111 CUCTEM
TETS Bapsupytorcs ot 5 10 30%.



HaHpH)KGHHOCTB MAI'HUTHOTI'O ITOJIA OJIA
I'OPHU30HTAJIBHBIX KATYIICK

XapakTEpUCTUKA HAMPSKEHHOCTH MarHATHOTO
T10JIs1 CUJIBHO 3aBUCUT OT :

pacctosinus d OT MEPBUYHON KaTYIIKH
gacToThl f pabOThI

.3aTyXaHWMe MarHUTHOTO IOJISl B 3TOM 001acTu

IPOITOPIIMOHAIHEHO ig Figure 1: Magnetic field strength for horizontal TETS coils separated by 3

cm, higher strength field represented by lighter color
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(P (HEKThl MArHUTHOTO I10JIs

Thermal Non-Thermal
Direct tissue heating Nerve/muscle stimulation
Coil resistive losses ‘Noise’ mnjection in IMD
Suppressed or unexpected
Inductive heating of IV operation of IMD

Table 1: Summary of Magnetic Field Effects




3.YCTaHOBJIICHHBIC IPEACIIbI 0€30IIaCHOCTH.
YaenbHas CKOpOCTh noromieHus (SAR)

* JlJIs1 IPSAMBIX PUCKOB.

(SAR cunTaeT, yto GazoBas
CKOpOCTb MeTabonnama
yenoBeka coctaBnsieT 1 Br/kr.)

*J1JI1 KOCBEHHBIX PUCKOB.

(IMD gomKHbl BblOepXmUBaTb
NOKpanHEN Mepe TaKoe Xe
KOSTMYECTBO BO3OENCTBUSA, KaK
N OpraHmn3m 4yernoseka.)



CraHaapThl

EBponenckuit ctaggapt EN 45502-1 orpaHnduBaeT temMneparypy HOBEpXHOCTH
UMILUIAHTAPYEMOTO yCTporCcTBa Ha 2°C BbIme Temmeparypsl tena 37°C

US.FDA | EU AIMDD Int’]

IMD (AAMI) (EN) ISO
General L% 45502-1 14708-1
Cardiac Pacemakers 14117 45502-2-1 14708-2
Cardiac Defibrillators -- 45502-2-2 14708-6
Circulatory Support -- -- 14708-5
Neuro stimulators -- -- 14708-3
Infusion Pumps 14708-4 -- 14708-4

Table 2: IMD Standards




IloporoBeie 3HaYECHM A

EU
U.S. FDA ATMDD Int’l
H-field H-field H-field
IMD A/m rms A/m rms A/m rms
General - 15000/ 15000/
Cardiac
Pacemakers 15000/ 15000/ 15000/
Cardiac
Defibnillators - 15000/ 15000/
Circulatory
Support < 2 15000/
Neuro 1590/f (A)
stimulators = e 15900/f (B)
Infusion 1590/ (A) 1590/f (A) 1590/ (A)
Pumps 15900/f (B) 15900/f (B) 15900/f (B)

Note: f= 100 kHz — 30,000 kHz

A-level: Exposure 1s probable. frequent. and unavoidable.
Operation 1s expected to be normal.
B-level: Exposure 1s possible, infrequent and for short duration.
Operation 1s free from damage and unacceptable risk.

Table 3: DIMD H-field Limits
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4. MeToabl U pe3yJIbTaThl

CpaBHEHME BBICOKOYACTOTHOM WU HU3KOYACTOTHOM cucTeMBbl TETS ¢ TOUkM 3peHus
IPSMBIX U KOCBEHHBIX PUCKOB O€30ITIaCHOCTH, OIIPEICTICHHBIX OrPAHUYCHUSIMHU B

CTaHOapTax.
U 1s8 Simulated | Pnmary Secondary Coil Spacing
. - en System Current (A) Current (A) (cm)
W=20B1 650 kHz 3.2 -~ 2
13.5 MHz 0.7 1.1 0

Table 4: Primary and Secondary Curents
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MopenupoBanue TETS

klapamMeTphl KaTyllIEK:
* dpyemxar. = 82 MM

* dopyrscar, = 44 MM

e r=20MM
[TapaMeTpbl «KOXKN:
 Koka = 2 MM

e Mbimubl = 10 MM

* Koctu = 10 MM

e JleroyHad TkaHb = 30 MM

Figure 2: Finite element model for TETS simulation
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Pesynbrarel MoageanpoBanua E- u SAR noseun

ICNIRP Measured Measured
Simulated 2010 E-Field E-field IEEE 2005 SAR
System Limit Result SAR Limut Result
650 kHz 83 Vrms/m 32 Vms/m 2 Wikg 02 Wkg |
13.5 Mhz n'a n'a 2 Wkg 16 Wikg

Table 5: E-field and SAR. Results

N3mepenus SAR ObLun JIokanu3oBaHsl B npeaenax 10g.

OrpaHudeHus AIEKTPOHHOIO TOJISI IPUMEHUMBI TOJIBKO JJIs

Mopaenu ¢ yactorour 650 kI'm. JInsg yactor 6onee 10 MI'
YUYUATBHIBAETCS TOJBKO SAR, MOCKOJIBKY HA 3TOW 4aCTOTE
AIEKTPUUECKAS CTUMYJISIIUSA HEPBOB U MBIIIII] HE

MPOUCXOJIUT
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MogaenupoBanue njia H-1moaen

®)
Figure 3: H-field simulation for (a) 650 kHz and (b) 13.5 MHz
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1000

PesynrpTarel H-mmoss mist o0enx Moaesen

Peak H-field along axial line

— 13.5MH2 -  B50RHz mee GS0KHZ e 13SMH2 - -— 650kRH2 - - = 13.SMH2
Actual Actusl At A-lmit 8-4imit B-limet

Figure 4: H-field Results for both models.
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be3onacHoe paccTosHne Oanga KaXXaoro

NNpmMepa

H-Field Applicable 650 kHz Safe 13.5Mhz Safe

Limits Standard Distance(mm) Distance(mm)
A-level ISO14708-3 140 190
B-level ISO14708-3 68 116

Table 6: H-field Results
Resistance Surface Heat Flux

Model Secondary Area Secondary
650 kHz 00790hm | 353cm’ | 94 mW/em’
13.5 MHz 1.3 ohm 353cm” | 22.3 mW/cm®

Table 7: Heat Flux Results
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3aknyeHue

B 31O CTaTbe Mbl paccMOTpPEnn cTaHaapTbl AN NPAMbIX U
KOCBEHHbIX PpUCKOB ©6e30nacHOCTH, CBA3aHHbIX C cuctemamm TETS.
Mbl npogeMOHCTpMpOBanmu NoTeHUManbHble NPobnembl,
CBsi3aHHbIe C pasnuU4yHbIMK peanu3aunsamm 6ecrnpoBOaHOM
nepeaadun sHepruu.
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