202090433 Al

(19) EBpa3unckoe 2 202090433 13 A1l
naTeHTHOEe
Be4OMCTBO
(12) ONMMUCAHME U30BPETEHUSA K EBPASUICKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. HO5B 6/10(2006.01)
2020.07.22 A24F 47/00 (2006.01)
(22) [ata nonaum 3aaBku
2018.09.03
(54) Y3EJ UHAYKIIMOHHOI'O HAT'PEBA J1JI51 YCTPOﬁCTBA, TEHEPUPYIOLIEI'O ITAP
(31) 17189678.0 (72) Waobperatens:
(32) 2017.09.06 I'mnn Mapk (GB)
(33) EP _
(86)  PCT/EP2018/073617 7 ?ITEEE: M:(J::A B., CoxoJioBa M.B
(87) WO 2019/048380 2019.03.14 p A . A U
(71)  3aseutens: IIyTuHues .g., Yepkac JI.A., iIFHaTbeB
Jikeii Tn MHTEPHEIIHJT CA (CH) A.B., Buasik A.B., Imutpues A.B. (RU)
57) IlpexncrasieH y3eil HHAYKIHOHHOIO HArPEBa IJIs YCTPOMCTBA, FCHEPUPYIOLIETO [ap, IPUYEM y3eil Harpesa
(57) p y y Ip yctp pupy p, Ip y P

COJEPKUT UHAYKLMOHHYIO KaTyLIKYy U 3alIOMUHAIOLIEEe YCTPOUCTBO. THAyKIIMOHHAsI KaTy1lIKa BBIIIOJIHEHA
C BO3MO)KHOCTBIO HAarpeBa, IIPU HCIOJIb30BAHMM, TOKONPUEMHHMKA M MHIYKLIHMOHHAs KaTylIKa TaKKe
BBIIIOJIHEHA C BO3MOXKHOCTBIO IIEpefayy U MIPUEMA, IIPU UCIIOJIB30BAHUU, IEKTPOMArHUTHOIO OIS JJIS
nepeavy IaHHBIX Ha BHEIIHee HH()OPMAIHIOHHOE YCTPOWCTBO U OT HETO.
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V3EJ HHAYKIIAOHHOT' O HATPEBA JIUISI YCTPOWMCTBA, TEHEPHPYIOIIETO
ITAP

Hacrosituee nzoOpereHne OTHOCHTCS K y3Jy MHAYKLHMOHHOTO HarpeBa Ui YCTPOWCTBA,
TeHEePUPYIOIIEro map. Y CTPONCTBA, B KOTOPBIX MPOMCXOAUT HATPEB, a HE CrOpaHUe, BEIIeCTBA
1u1st 0Opa30BaHUs BABIXAEMOI'O Tlapa, CTaJIU MOMYJISIPHBIME Y MIOTpeOUTENel B MOCIEIHIE TOIBI.

B Takux ycTpoWCTBaX MOKET HCIOJBb30BATHCS OAMH M3 Psifa PA3IUYHBIX MOIXOIOB JJIs
NoABOA TeIuia K BemecTBy. OIMH TakOW MOAXON 3aKIF0YAETCsl B YCTPOWUCTBE, TEHEPHPYIOLIEM
map, B KOTOPOM WHCIHOJIb3yeTCsl CHUCTeMa WHAYKIIMOHHOrO HarpeBa. B Takom yCTpoHCTBe
WHAYKIHOHHAS KaTylmka (ajgee Takke Ha3blBaeMasih HWHAYKTOPOM) TMPEAyCMOTpPEHa C
YCTPONCTBOM, M TOKOMPHEMHHK TPEAYCMOTPEH C BEIIeCTBOM JJisi TeHEPUPOBAHUS TMapa.
DNEeKTPOSHEPTUsl TMOAAETCS Ha HMHAYKTOP, KOTZa TOJIh30BATeNb AaKTHBUPYET YCTPOWMCTRBO,
KOTOpOE, B CBOKO OYepenb, CO3/AET 3JEKTPOMArHUTHOE rosie. TOKONPUEMHUK CBS3BIBAETCS C
NOJIEM U T€HEPUPYET TEIUIO, KOTOPOE MEePENaeTcsl BEECTBY, U M0 MEPe HarpeBaHUs BEIIECTBA
oOpasyercs map.

Takoit moaxox MMeeT OMpeAeNIeHHbIH MOTEHINAI AJisi 00EeCIeYeHHs! JIyUIIero KOHTPOJIsS
3a HarpeBOM, M, CJIE€0OBATENIbHO, 32 reHeprupoBaHreM napa. OnHaKO Ha MPAKTHUKE TAKOM MOAXON
MOJKET TIPUBECTH K TMOJYYEHHIO OTHOCHUTENBHO TPOMO3JKOrO YCTPOWCTBA € OOJBIIUM
KOJINY€CTBOM KOMIIOHEHTOB. DTO MOKET CAeNIaTh €ro JOPOTHM JJIsi U3TOTOBIIEHHS U HEYJOOHBIM
IUTSI TIOJIb30BAaTENIeH, KOTOpPbIe PACCUUTHIBAIOT HA MPOCTOE U KOMIAKTHOE yCTPOICTBO.

Kpowme Toro, y nmonb3oBaTeneii pacTeT CIpoc Ha MOJy4yeHHe BO3MOKHOCTH OTCIICIKUBAHHSI
UCTIOJIb30BAHUSI UMHU 3TUX YCTPOMCTB IJIsI KOHTPOJISI U OLEHKH TEHAEHLUH MX HCIOJb30BAHUS.
ITockonbKy 3TH yCTPOMCTBa CTAaHOBSTCS OoJiee 3(h(HEeKTUBHBIMU U OCHAIEHHBIMH BCe OOJIBIIUM
YUCJIOM (PYHKIMOHATBHBIX BO3MOXHOCTEH, TaKkKe CYyIIeCTBYeT pacTymias NOTpeOHOCTh B
MEPUOANYECKOM OOHOBJIEHUU BHYTPEHHEr0 MPOrPAMMHOTO O0eCredYeHusl Uil BHECEHHsI
UCTIPABJIEHUI W yIydlleHWd B paboTy ycTpoiictBa. Takke skenaTelbHO U3BJIEKATh
OTpe/eNieHHbIe JTaHHbIE, OTHOCSIINECS K yCTPOWMCTBY, YTOOBI MOXKHO OBLIO KOHTPOJHPOBATH
COCTOSIHHE U CTaTyC yCTPOHCTBA.

OpHako oOMeH Takoi wH(poOpMaIHel ¢ yCTPOHCTBOM TpedyeT HaIu4usi CpencTBa AJis
WH(POPMALIMOHHOTO COEAMHEHHs, KaK IMPAaBWIO, IMOAKJIOYEHHS K YKa3aHHOMY YCTPOWCTBY
BHEITHET0 MH(POPMAIMOHHOTO YCTPOMCTBA MOCPENCTBOM COENMHHUTEIBHOTO Kabessi, KOTOPBI

npru HUCHOJb30BAHUU C TCUCHUEM BpPEMCHU YaCTO HU3HAIIHUBACTCA, KPOME TOI'0, pPa3beM, K



KOTOPOMY  TOJCOCOUHSETCS COCNMHUTENbHbIH Kabedb, W3HAINMBACTCS WM IOJy4YaeT
NOBPEXIEHUEe H3-3a MOMAJaHHUs BHYTPb BHELIHUX IPEAMETOB, TAKUX KaK IPsi3b M IbLIb, YTO
YCJIOXKHSIET TePMETHYHOE 3aKpblBAaHHE YCTPOICTBAa. DTO Takke MNPUBOOUT K YBEIUYEHHIO
KOJIMYECTBAa KOMIIOHEHTOB ycTpoiicTBa. Kpome Toro, HeoOXxoauMoe MOAKIIOYEHHE yCTPOHCTBA
ANl COEAMHEHMs MOXKeT 3aHMMaThb MHOTO BpPEMEHM M HaJOelaTh MOJIb30BaTeN0. Takum
o0pa3om, CcylecTByeT HeOOXOMUMOCTh B YCTPOHCTBE, FEHEPHPYIOLIEM Iap, KOTOPOE BBIOJIHEHO
C BO3MOYKHOCTBIO TIPOCTOM ¥ HAaJI€KHOM Tepeav JaHHbIX, a TAK)Ke UMEET HU3KYIO CTOUMOCTD U
MOAXOMT ISl CTIOJIb30BAHUS B PYKE.

Hacrosiiiiee n3o0peTeHne CTPEMHUTCSI HUBEJIUPOBATH MO MEHbLICH Mepe HEKOTOphIE M3
BBILIEYKA3aHHBIX MPOOJIEM.

KPATKOE OIUCAHUE U30BPETEHUSA

CormacHo TepBOMy acHeKTy HACTOSINEro HM300peTeHHs Ipeajaraercs — ys3elnl
WHIYKLHMOHHOTO HarpeBa Ui YCTPOMCTBA, TEHEPHUPYIOIEro IMap, MpU4YeM y3el Harpesa
COEPKUT MHAYKLHOHHYIO KaTYLIKy M 3allOMHHAOIIEe YCTPOHCTBO, MPU 3TOM HHAYKLHOHHAS
KaTyIIKa BBIIOJHEHa C BO3MOXKHOCTBIO HArpeBa, MPH HCIOJb30BAHUM, TOKONPUEMHHUKA, MU
WHIYKLHMOHHAs KATylIKa TakK)Ke BBIIOJHEHA C BO3MOMKHOCTBIO MEpeAayd W MpHema, IMpH
UCMONIB30BAHUM,  SJEKTPOMArHUTHOTO MOJIsl [l NepeJayd  JaHHBIX HA  BHEINHee
H(pOpMALMOHHOE YCTPOHCTBO W/UJIU OT HETO.

Mcnonp3oBaHUE 3JIEKTPOMArHUTHOrO Tonsi oOecnednBaer OecrpoBOXHON —0OMeH
uHpopmManmeii Mexny y3JIO0M HHAYKIMOHHOTO HArpeBa M BHELUIHUM YCTPOMCTBOM. ITO
yCTpaHseT HeOOXOAMMOCTh B (PU3MYECKOM COSUHEHUN U 00ecreunBaeT ObICTPBIA M HAIEKHbIH
KaHaJ Ul repefavu AaHHbiX. Kpome TOro, 3a c4eT MCIOMb30BaHHS KATYIIKH MHAYKIIMOHHOTO
HarpeBa B KAauecTBe MepelaTdyrka M MPUEMHHKA JJIEKTPOMAHUTHOIO TOJs AJsl Mepenavu
IaHHBIX, MOJKHO HaJIeKHBIM 00pa3oM o0Oecrne4uTh HWHAYKLUHOHHBII HarpeB ©u OOMeH
nH(bOpMAaLHMel MOCPEICTBOM OJHOTO U TOTO K€ 3JIEMEHTa B YCTPOMCTBE, T€HEPUPYIOIIEM Map.
DTO MPUBOAMT K YMEHBIIEHHOMY KOJMYECTBY KOMIIOHEHTOB, YTO YJy4IlaeT pa3sMepbl, BeC,
ce0ecTOMMOCTh U OE€30MTaCHOCTh YCTPOHCTBA.

CornmacHo BTOpPOMY  acCIEKTy  HACTOSILEr0  M300peTeHHs  Ipeylaraercst  y3el
WHIYKLHMOHHOTO HAarpeBa Ui YCTPOWCTBA, TeHEPUPYIOLIEro map, MNpUYeM y3el Harpesa
COEPKUT MHAYKLHOHHYIO KaTYLIKy M 3allOMHHAOIIEe YCTPOHCTBO, MPU 3TOM HHAYKLHOHHAS
KaTyIIKa BBIIOJHEHA C BO3MOXHOCTBIO HAarpeBa, MPH HCIONb30BAHUH, TOKONPHEMHHKA, H
WHIYKLMOHHAs KaTyIIKa TaKKe BBIIOJHEHA C BO3MOXHOCTBIO B3aUMOACWUCTBHS, IPU

UCTIONb30BAHUH, C BHEIIHUM HH(OPMAIMOHHBIM YCTPOWCTBOM IOCPEINCTBOM HENPSIMOMN



BHGKTpOMaFHHTHOI‘/’I I/IH)IYKI_II/IOHHOI\/'I CBA3U [IJid I[epeaavy HAaHHBbIX OT 3allOMHHANOLICTO
yCTPOICTBAa Ha BHEIIHEee WH(POPMAIMOHHOE YCTPONCTBO, W/WIM Al TpPUeMa JaHHBIX OT
BHEILIHEro MH(POPMALMOHHOTO YCTPOHUCTBA.

[IpeamouTuTeNbHO  WMHAYKLUMOHHAS  KaTyIIKa  BBIIOJHEHA C  BO3MOXKHOCTBIO
B3aUMOJICHCTBUS, TPH MWCHOJb30BAHWM, C BHEIIHUM HH(POPMAILMOHHBIM YCTPOHCTBOM
MnoCpeacTBOM Hel’lpﬂMOﬁ BHGKTpOMaFHHTHOﬁ I/IHI[YKL[I/IOHHOI\/'I CBA3U IJIA nepeaavu 1500501051 npuema
JaHHBbIX Ha W/WIH OT BHEIIHErO YCTpOfICTBa C HCIOJIb30BAHHEM MHOXKECTBA PA3JIMYHBIX
croco0OB mepefayy, NMPH 3TOM y3el HarpeBa H/WIM BHELIHEEe YCTPOHCTBO BBINOJHEH WU
BBIMIOJIHEHBI C BO3MOXKHOCTBIO BBIOOpa TOTO, KaKOW W3 MHOMKECTBA PAa3IMYHBbIX CIOCOOOB
nepeaadn UCIoJb30BaTh, HA OCHOBAHUHU TOI'O, UCIIOJIB3YETCA UM HET MHAYKIIMOHHASA KaTyllKa
IUI BBIOJIHEHUS] JIPyroil (yHKIUH OJHOBPEMEHHO C Tepenadeil MaHHBIX, U, Haubosee
NPEANOYTUTENIPHO, €CJIM 3TO Tak, BbIOOpAa ONHOrO M3 MHOXKECTBA Pa3HMYHBIX CIOCOOOB
nepeaadn  ajisdi  UCIOJb30BaHUA Ha OCHOBAHHWM TOr0, B HYEM 3aK/IFOYACTCA YKa3aHHas
OOHOBPEMEHHO BBITOJIHACMAast q)YHKL[I/Iﬂ.

PasauyHble CcIOCOOBI nepeaadn MOryT BKIIHOYATb MOAYJALIMIO HECYLHEro CUTHaJIad, MpU
KOTOPO# COIJIACHO PA3IMYHBIM CIOCOOAM MPOUCXOIUT MOAYJISILHS HECYIIUX CHTHAJIOB Pa3HbIX
yacToT. Hanmpumep, cornacHo mepBoMy crnoco0y mnepenadd MOXKET MPOHCXOAMTH MOIYJISLIMS
HECYILero CHrHaJla, MMEIOLIEro 4acTOTy, BBIOPAHHYIO IUIA OOECIIEeUeHMs >KETaeMOro YpPOBHS
HarpeBa TOKONPHEMHUKA (KOrJa HeCYLIHi CUIHAJ MOAAeTCsl Ha MHAYKIMOHHYIO KaTYLIKY), TIPH
5TOM COIJIACHO BTOPOMY CHOCOOY MOXKET MHPOUCXOAMTh MOAYJISILMS HECYIIEro CHUTHAA,
UMEIOIEr0  YacTOTy, BbIOpaHHYWO i obecniedeHus 5pdexkTuBHOro  BO3OYKAEHUS
WHAYKIMOHHOW KAaTyIIKH TOCPEICTBOM BHEIIHEro YCTpOMCTBa (KOrga HECyIIUd CHUrHA
nogacTCsd Ha KaTylKy, HaXOAAILIYHOCA BO BHEIIHEM YCTpOfICTBe) u T. 1. HOHOJ’[HI/ITGJH:HO,
Ppa3JIMIHbIC CII0COOBI nepeaadu MOryT BKIIKOYATb MCIIOJIB30BAHUEC METOIUKU Hany30qHOﬁ
MOAYJIALIMUA U T. 1.

HpeI[HOLITI/ITeJIbHO y3€J1 Harpe€sa JOIOJHHUTCIBbHO BBINIOJHEH C BO3MOXKHOCTBIO
NOJIYYEeHHUSI SJIEKTPONUTAHHUSI OT BHEIIHEr0 WH(POPMALIMOHHOTO YCTPOHCTBA MOCPEICTBOM
HETIPSIMON 3JIEKTPOMArHUTHOH WHAYKIMOHHOW CBs3W. B TakoM ciydae ynoOHO, ecim y3en
Harpe€sa BBINMOJIHEH C BO3MOXHOCTBIO MEPECAAYN AAHHBIX OT 3alIOMHUHAROIICTO YCTPOﬁCTBa Ha
BHEIHee WH(POPMALMOHHOE YCTPOHCTBO C MOMOIIBI0 METOIUKU HArPy30YHOH MOXYJISLUH C
NOJIy4€HUEM TIPU 3TOM IUTAHUS OT BHEIIHEro HHpopMaunoHHoro ycrpoiictea. Takum oOpaszom,
HE Tpe6yeTC${ HUCIIOJIb30BAHUE OOIIOJIHUTCIIBHOTO ITMTAHHA JIOKAJbHBIM HCTOYHHKOM IIHUTAHHA,

CBA3aHHBIM C Y3JIOM Harpesa, U TOK, I/IHI[YLII/IpOBaHHI:Jﬁ B KaTYHIKE, MOXET TJIaBHBIM o6pa30M



UCTIONIb30BAThCSl Uil 3apSOKA TAKOrO JIOKAJTBHOTO HCTOYHHKA TMHUTAHHS OJHOBPEMEHHO C
nepeavell JaHHBIX OT y3Jia HarpeBa Ha BHELIHee (3apsigHOe) YCTPOHCTBO.

B kauecTBe anbTepHATHBBI WM B JOMOJHEHUE y3€J HarpeBa MOKET ObITh BBINOJHEH C
BO3MOXKHOCTBIO ~ Tepelayd  JaHHBIX OT 3allOMHHAIOIIEr0 YCTPOICTBA HAa  BHEIIHEe
UH()OPMALIMOHHOE YCTPOMCTBO MOCPEICTBOM MOAYJISILHKM HArPEBAOIIEr0 MEPEMEHHOrO TOKa,
MOJAaHHOTO Ha HWHAYKIHOHHYI KATYIIKy, MPUYEM HArpeBaroIluil TMEPEMEHHBbI TOK HMEET
YacTOTy, BHIOPAHHYIO TaK, YTOOBI MO CYIIECTBY ONTHMHU3MPOBATH MPEOOpa3OBaHUE MMUTAHUS U3
SJIEKTPONIUTAHMS, TMMOJAHHOTO HAa HMHIYKIHMOHHYIO KAaTYIIKy, B TEIJO, TE€HEPUPYEMOE
TOKOMPUEMHUKOM. JTOT Ciy4ail OCOOEHHO IesiecooOpaseH, €Ciid BHEIIHee YCTPOWCTBO He
npeaHa3HaYeHO IS 3aPsIIKU JIOKAJIBHOTO HCTOYHHMKA MTUTAHMS, CBSI3AHHOTO C y3JIOM Harpesa, HO
€CJTH JKeJlaTeJIbHO OJHOBPEMEHHO HarpeBaTh TOKOMPUEMHHK (HAMPUMED, Ui T€HEPUPOBAHUS
a’po30Jisi) U MepeaaBaTh JaHHbIE HA BHELIHEE YCTPOICTRO.

B xadecTBe erile OHOI anbTEPHATHBBI UM B JOIMOJHEHHE, y3€]l HAarpeBa MOKET ObITh
BBIMOJIHEH C BO3MOXKHOCTBIO TMEpPefayvd MaHHBIX OT 3alOMHHAIOINIET0 YCTPONCTBA HA BHEIIHEE
UH(POPMALIMOHHOE YCTPOHCTBO TMOCPEACTBOM MOIYJSIIUM TMEPEMEHHOTO TOKA HECyIIeW st
nepenayd JaHHBIX, MOAAHHOTO HA MHAYKIHOHHYIO KATYIIKy, MPUYEM TOK HECYIlel HMeeT
YacTOTy, BBIOPAHHYK Tak, 4YTOOBI MO CYLIECTBY ONTHMMHM3MPOBATH IMepedady MHTAHUS OT
WHIYKIIHOHHON KATYIIKH HAa BHEIIHee MH(OPMAIIMOHHOE YCTPOHCTBO. DTOT MOIXOA OCOOEHHO
ynoOeH, eciii y3eJI HarpeBa J0JDKEH MPOCTO MepeiaTh JaHHbIe Ha BHELTHee YCTPOHCTBO (T. €. Oe3
HEOOXOIMMOCTH B ONHOBPEMEHHOW 3apsake OT BHELIHEro YCTPOMCTBA WM Harpese
TOKOMpHEMHHUKA). [IpeuMyIecTBo 3TOro MOAXOAa 3aKJFYAeTCss B TOM, YTO HEOOXOIHMO
HCTIOJIB30BATh TOJBKO OTHOCHTENHHO HEOOJIBIIOE KOJHUECTBO SHEPTHH IS TIEPENavM JaHHBIX B
cBsi3u ¢ 3((EKTUBHOCTBIO MEPENavr MUTAHKSI TIOCPEACTBOM JIEKTPOMATHUTHON MHIYKIIHOHHOM
CBSI3M Ha BBIOPAHHON YacToTe. MOKET UCIIOIb30BAThLCS JII00Ast K3BECTHASI METOIMKA ISl BEIOOpa
MOJXOMAIIEH YaCTOThI, HATIPUMEP, MPOCTON aHAIH3 JUANa30Ha YaCTOT U COBMECTHBIN BHIOOD B
npezenax yKa3aHHOTO IHama3oHa YacTOThbI, KOTOpas Ka)KeTCs ONTHUMAbHOW (IUisi OCHOBHOM
LEeNTd — HAMpUMeED, JUIS TIOJYYEHUs] SHEPTHH ISl 3apsIIKK, HAPUMED, JIOKAIbHOTO MCTOYHHKA
TTUTAHWS).

B kadyectBe eme ONHON AajbTEPHATUBbI WKW B JOMOJNHEHHE, Yy3€Jl CHCTEMBI
WHIYKIIHOHHOTO HarpeBa MOXeT ObITh BBIMOJHEH C BO3MOKHOCTBIO TIpHEMa JIaHHBIX
3aMOMHUHAKOIINUM YCTPOWCTBOM OT BHELIHEr0 HMH(GOPMAIMOHHOTO YCTPOMCTBA MOCPEICTBOM
JIEMOMYJISLUN 3apsIIHOTO TIEPEMEHHOTO TOKa, MHAYLMPOBAHHOTO B WHAYKIIMOHHOW KaTyIIKE,

npudeM 3apsAaHbIA MEPEMEHHbI TOK MMEeT 4acTOTy, BBIOPAHHYIO TaK, YTOOBI IO CYIIECTBY



ONTHMHU3UPOBATh MEpefavyy MHUTAHHs OT BHEINHEro HWH(OPMAILMOHHOTO YCTPOWCTBA Ha
UHAYKIMOHHYIO KaTyIIKy. ODTOT MOAXOA OCOOEHHO ya00eH, €Ciu BHEIIHee YCTPOICTBO
NpeHA3HAYEHO AJIS 3aPSIIKHU JIOKAIbHOTO MCTOYHHMKA MUTAHMS, CB3aHHOTO C Y3JIOM HAarpeBsa, u
OHOBPEMEHHO y3€JI HarpeBa JOJDKEH NMPHUHATh JaHHbIE OT BHEIITHETO YCTPONUCTBA.

ITpeamnouTHTENBbHO y3€N HarpeBa JOMOJHUTENBHO COAEPIKUT MOLYJISITOP IJI MOAYJISLIUH
HECYLIEero CUTHaJa MOCPEICTBOM CUTHAJA Mepefavy JaHHbIX IS [epeadd OT y3jia HarpeBa Ha
BHEILIHee WH()OPMALMOHHOE yCTPOiCTBO. [IpennouTuTeIbHO HECYIIUI CUTHAT MMEET YacTOTy,
paBHYIO WM OJH3KYK0 PE30HAHCHOW YacTOTe KOMOHMHALMM Yy3jila HarpeBa M BHELIHETO
UH(OPMALIMOHHOTO YCTPOHCTBA.

AJIbTEepHATUBHO WK JTOTOJHHUTENBHO Y3€J HarpeBa MOXKeT COIepIKaTh JEMOAYJISITOP ISt
BOCCTAHOBJICHHS] ~ CHTHajJa  JAaHHBIX,  MOIYJHMPOBAHHOTO  MOCPEIACTBOM  BHEIIHEro
MH()OPMALIMOHHOTO YCTPOKCTBA, € MOJYYSHHEM HECYLIero CUrHaja, MPUHSATOrO MHAYKIIMOHHOM
KaTYIIKOH y3Jia HarpeBa, MPUYEM HECYLIHil CHIHAJ, OIMSTb-TaKH, HauOoJiee MPEenrnOYTUTETbHO
HAaXOIHTCsl HA PABHOW WM OJNM3KOW K PE30HAHCHOM 4acToTe KOMOMHALMM y3jia HarpeBa U
BHEIIHEr0 HMH(pOPMALMOHHOIO yCTpoiicTBa. Hambonee mpeamouTHTENbHO y3el HarpeBaTes
CONEP’KUT MOJEM, BBINOJHEHHBII C BO3MOKHOCTBHIO BBITIOJHEHHSI KaK BBILICYIIOMSHYTOM
(YHKLIH MOAYJISLUH, TAK U BBILIEYTOMSIHYTOH (QYHKLUH JeMOIYJISILIAH.

B ompeneneHHBIX BapuaHTaX OCYIIECTBJECHUS MOIYJIILMS MOXKET HPENCTaBISATh COOOH
IPOCTYI0 AMIUIUTYAHYIO MoAayysiiuioo. OQHAKO, KaKk OYEeBHUAHO AJsI CHELUAIUCTOB B JAHHOW
00JIaCTH TEXHUKH, MOTYT HCIIOJb30BAThCs OOJIee CIOXKHBIE CXeMbl MOAYIISILIUH, €CIIU Tpedyercs
OoJbIIasi IMPUHA TOJIOCHI MPOMYCKAHUS s Iepeaul JaHHbIX, K OoJbiuasi 3((EeKTHBHOCTh
nepenavyd dHepruv W T. 1. Hampumep, B HEKOTOPBIX BapHAHTaX OCYIIECTBJIEHHS MOXKHO
UCMOJIB30BATh ~ YACTOTHYK) — MAHMIYJSIIMIO Ui TepeJadyd  JaHHbIX ~OT  BHEIIHEro
UH()OPMALIMOHHOTO YCTPOWCTBA HA y3€J HarpeBareNii M HArpy304HYI0 MOAYJISILMIO IS
nepenayvd JaHHBIX B MPOTHBOIMOJIOKHOM HAMpPABICHUH.

Cremyer OTMETUTDb, YTO B LI€JIOM BCE U3 BAPHAHTOB, OMHMCAHHBIX BbILIE B OTHOLICHUU
nepenadd JaHHBIX OT y3j1a HarpeBa Ha BHELIHEe YCTPOICTBO, MOTYT HCIOJIB30BAThCS (IO
MEHbIIEH Mepe B HEKOTOPbIX BapHAHTAaX OCYILIECTBJIEHHUs) B OOpPAaTHOM HampaBlICHUH JUIs
npueMa JaHHBIX Ha y3Jie HarpeBa OT BHEINHero ycrpoiictBa. Takum 00pa3oM, eClid JaHHbIE
IOJKHBI OBITh MPUHSTBI, HAMMPUMEDP, OT BHELIHErO YCTPOHCTBA C HU3KUM 3HEPronotpediieHreM
(HampuMmep, 4Yachl), MOKET ObITh LeIecOoOOpa3HbIM HCIOJIb30BAHUE BHEIIHHM YCTPOWCTBOM
HArpy304YHOW MOZYJISILUHM YNPABISIIOIEr0 TOKA, CreHEPHUPOBAHHOIO VY3JIOM Harpesa (wiu

YCTPOWCTBOM, B KOTOPOM YCTAHOBJIEH y3€Jl HAarpeBa), MPUYEeM YKa3aHHBIM YIPABISIOIIUNA TOK



NPEATIOYTUTENIBHO MMEET YacTOTy, BBIOPAHHYIO TakK, YTOOBI MO CYINECTBY ONTHUMH3UPOBATH
3¢ (eKTUBHOCTD Nepeaavn MUTaHUs OT UHAYKIMOHHON KaTYIIKH y3Jla HarpeBaTess Ha BHEIIHee
YCTPOMCTBO.

C nmpyroii CTOpOHBI, €CJH BHEIIHEeE YCTPONHCTBO COEIMHEHO C UCTOYHMKOM IMTAHHS C
U30BITOYHOM KOJHMYECTBOM 3HEPruu (HampuMep, HUMEIOIIMM COENUHEHHE C 3JIEKTPOCETHIO),
MOJKeT OBbITh JKENATeNIbHO, YTOOBI BHEIIHEE YCTPOHCTBO CONEPIKAIO MHAYKIMOHHYIO KATYIIKY,
KOTOpasi MOJKET HEMOCPEICTBEHHO HarpeBaTh TOKOIPHEMHUK. B TakoMm ciydae maHHbIE MOTYT
OBITh TPUHATBHI Y3JIOM HArpeBaTeNisi TMOCPEACTBOM NEMOAYJSIIMM TOKa, HHAYLHUPOBAHHOTO
(BO3MOXXHO B HEKOTOPOH Mepe Hed(pPEeKTHBHO) B MHAYKLMOHHOW KAaTyIIKe y3Jla Harpema, JJIs
BOCCTaHOBJICHHSI CHUTHAJIA JaHHBIX, MOIYJIHPOBAHHOTO BHEUIHUM YCTPOMCTBOM C TOJYYECHHUEM
Harpeparoiero toka. Cienyer OTMETHTb, YTO B TaKOM CJIydae YacTOTy HArpeBaroIIero TOKa
(Hecyiei) BBIOMPArOT TaK, YTOOBI MO CYIIECTBY ONTHMHU3HPOBATH HAIPEB TOKOIIPUEMHUKA, a HE
ONTUMH3UPOBATH MEpenadyy MUTAHHUS OT BHEINHEro yCTPOHCTBa Ha MHAYKLUHUOHHYIO KaTYIIKY
y3J1a HarpeBa.

B otnmume ot 3TOT0, €CNu AaHHBIE TOJDKHBI ObITh IEPEIaHbl OT BHEIIHErO YCTPOICTBA HA
y3€J1 Harpesa C OJHOBPEMEHHOW IOAAYeN MNUTaHUsA MOCPEACTBOM  HMHAYKLMOHHOMN
3JIEKTPOMArHUTHON CBS3M MEXJy BHEIIHHM YCTPOMCTBOM M Y3JIOM HarpeBa (Hampumep, AJs
3apsAAKU  JIOKAJIBHOTO HCTOYHMKA IHTAHUS, CBA3AHHOTO C Y3JIOM HarpeBa, TaKOro Kak
nepesapspkaemasi Oarapest), MOXKeT ObITh LeJecOOOpa3sHbIM MOAYJUPOBATH CUTHAN JAHHBIX,
KOIMPYIOIIMH MIaHHbIE, MOJUIEXKAle Iepeaayde, C IONydYeHHEeM TOoKa HeCylleH, uMmerolei
YacTOTy, BBIOPAHHYIO TaK, 4YTOOBl ONTUMHU3UPOBATh 3(PPEKTHBHOCTb Mepenavyud MHUTAHHUS OT
BHEIIHETO yCTPONCTBA Ha MHIYKIIMOHHYIO KaTYIIKY y3Jia HarpeBa.

TokonpueMHHK MOKET COAepKaTb OJHO WM HECKOJbKO, HO Oe3 OrpaHHuYeHUs, U3
AFOMUHUS, KeJie3a, HUKEJs, HEPXKABEIOIEeH CTalll U UX CIUIaBOB (Hampumep, Huxpoma). Ilpu
NPUMEHEHUN 3JIEKTPOMATHUTHOTO TOJs BOJIM3M HEr0 TOKONPHEMHUK MOXET T€HEpUPOBATh
TEIUIo Oyarofapsi BUXPEBbIM TOKAM M TMOTEPSM HA MArHUTHBIN THCTEPE3UC, MPHUBOASIIUM K
npeoOpa30BaHUIO SHEPTHH U3 HJIEKTPOMArHUTHOH B TEILUIOBYIO.

[IpennmoyTuTeNnbHO y3€J WHAYKIHOHHOTO HAarpeBa MOXKET JOMOJHHUTENBHO CONEpKaTh
YCTPOWCTBO YIpABICHHUS HWHAYKUMEH, HAXOAALIEeCs B JJIEKTPUYECKOM COCJUHEHHH C
WHAYKLIUOHHOM KaTyIIKOW W 3alOMHMHAIOLIMM  YCTPOWCTBOM, BCJIEACTBHE 4Ye€ro, IpHu
UCTIONIb30BAHUH, HMHAYKLMOHHAS KAaTYyLIKAa MOJKET HCIIONb30BaThCA Ul HarpeBa BHEIIHETO
TOKOTIPHEMHUKA WM U30UpaTeIbHOro oOMeHa JaHHBIMU Ha MHIYKIMOHHOH KaTyiuke B (opme

QJICKTPOMArHuTHOI'O ITOJIS.



YCTpoHCTBO ympaBieHUs] WHAYKIUEH NpPeqoCTaBsieT BO3MOXKHOCTb H30HUPAaTENbHOTO
YIPaBJIEHUS Y3JIOM HHIYKIMOHHOIO HarpeBa sl oOecreueHs] MHAYKLIHMOHHOTO HarpeBa WU
CIIOCOOCTBOBAHMsI Tepefadye AAHHBIX IIOCPEIACTBOM BHELIHErO YCTPOWCTBA. IJTO IO3BOJISET
HOJIb30BATENIO YIPABISITh CTENEHBbIO (DYHKLMOHAIBHBIX BO3MOXHOCTEH Kak HarpeBa, Tak H
nepenavn AaHHBbIX MOCPEACTBOM MHAYKIIMOHHON KaTyIIKH, a TAaK)Ke MOAABATh 3JIEKTPUUECKUI
TOK TOJIbKO KOT/Ia 3TO HEOOXOAMMO. 3a CHET MCIOJB30BaHHUs OJHOTO OJIOKA YIpaBlIEHHs IJIs
yOpaBICHUS JABYMS (PYHKIHMOHAJBHBIMH BO3MOXKHOCTSIMU TOCPEICTBOM  HHAYKIHOHHOM
KAaTyUIKA JONOJHUTENBHO YMEHBIIAETCsl KOJIWYECTBO KOMIIOHEHTOB, a TaKK€ IOBBILIAETCS
0e30MmacHOCTh y3J1a HarpeBa.

XoTs y3en WHAYKIMOHHOTO HAarpeBa MOKET padoTaTh C IMOCTOSHHOH mepenadyed u
NPUEMOM JAaHHBIX, MPU TMOCTOSHHOM NOAAEPKAHUM 3JIEKTPOMATHUTHOIO TOJISI MOXKET
noTpednATbCsl OONBIIOE KOJMYECTBO 3>HEPruu. Takke MOryT OBITh CHTyallUH, B KOTOPBIX
3JIEKTPOMArHUTHOE TOJIE HE COAEPKUT HUKAKOTO IMOJIE3HOrO CUTHana (T. €. Cy4au, B KOTOPBIX
OTCYTCTBYIOT MOJIE3HBIE JaHHBIE, MOAJIEXKAINUE NMepeaade MeXAy Yy3JOM HarpeBa U BHELIHUM
UH(QOPMALIMOHHBIM YCTPOHCTBOM). IlpeamodruTensHO y3en HarpeBa MOXKET IOIOJHUTEIbHO
COZEepPKATh NETEKTOP JAHHBIX, BBINOJHEHHbIH C BO3MOKHOCTBIO OOHAPY)KEHHUS NaHHBIX, KO/
3JIEKTPOMArHUTHOE IOJI€ OT BHELIHErO yCTPONCTBA MPUHUMAETCSI MHAYKLIIMOHHON KaTyIIKOM.

3a cYeT UCHOJBb30BAHUS NE€TEKTOpa AAHHBIX AJI ONpelNeseHHs TOro, KOrjaa MPUHATHI
NOJIE3HbIE JTaHHbIE, MOXXHO YMEHBIIUTb W3JIMIIHEEe MOTpeOseHne MOIMHOCTH B pPeXHUMe
OKUJAHUS, KOTJa JaHHble HE TMepefaroTcs Ha HHAYKLUMOHHYIO KaTyIIKy. OTO TakXKe
1enecooOpa3Ho UIsl yCTpaHeHHsi TpoOJeM, BbI3BAHHBIX OECCMBICIIEHHBIMH CUTHAJaMU, HE
COAEPKALTUMH TOJIE3HYO HHPOPMALIUIO.

XoTs y3e11 HarpeBa MOKET MPUHUMATD JIFOOYI0 (JOpMY M BHII, y3€JI HarpeBa MOKET ObITh
BBINOJIHEH TaK, YTOOBI MMETh MO CYIIECTBY BHJ MHAYKLHMOHHOW KATYIUKH JUIsI YMEHBIICHUS
YpEe3MEPHOI0 HCIONb30BAaHUA Marepuana. lIpeanodTurenbHO MHAYKLMOHHAS KATYyLIKA MOKET
UMETH MO CYIIECTBY LMIMHAPUIECKYIO (PopMy.

Kpyrnoe nonepeyHoe cedeHue LUIMHAPUYECKON HHAYKLMOHHOW KAaTYLIKW SIBJIAETCA
ONTUMAJIbHBIM ISl BCTABKU OJIOKA, TOAJIEKAIIEr0 HHAYKIHOHHOMY HarpeBy, 1 PaBHOMEPHOI'O
HarpeBa OJIOKa, U JaeT B pe3yibrare (popMy y3jia HarpeBa, KOTopasi yaoOHa sl yAEeP )KUBAHUS
MOJIb30BATENEM.

IIpu pabore C BHEIIHMM YCTPOHCTBOM sl OECIpOBOAHON Iepenavd IaHHBIX,
MHYKIIMOHHAs KaTyIIKa MOKET BXOAUTh B CBSI3b C BHEIIHUMH YCTpoiicTBaMu JIr0O0H (HOpMBI U

Buaa. OObIUHO BHEIIHEE YCTPOWCTBO MOKET CONEpPKaTh BHEIIHIOI MHAYKLHUOHHYIO KaTYIIKY



IUIA TIpUeMa U Iepefaddl 3JEKTPOMArHUTHOrO mnojst. IlpeanodrurenbHO y3en MHIYKIHOHHOTO
HarpeBa MOXKET OBITh BBINOJIHEH C BO3MOXKHOCTBIO NEpefadyy M IpHeMa JaHHBIX OT BHEIIHEro
MCTOYHHUKA, KOTOPBIHA UMEET 10 CYINECTBY LIMNIMHAPHUECKYIO (hopMy.

V3en HarpeBa MOKeT OBITh BBIIOJHEH ¢ BO3MOKHOCTBIO Mepenavr JaHHBbIX Ha BHEIIHUH
MCTOYHHK 32 CYET Pa3MEINEHHsI BHEIIHEr0 MCTOYHMKA PSIAOM C MHAYKIMOHHOHM KaTyLIKOH ISt
CBSI3bIBAHUSI MX TOCPEICTBOM 3JIEKTPOMArHUTHOTO TOJsi. XOTS BHEIIHWUH HCTOYHUK MOXKET
B3aMMOEICTBOBATh C HMHAYKLIMOHHON KATymIKOW JOOBIM 00pa3oM, OOBIMHO y3eJ Harpesa
BBINOJIHEH C BO3MOJKHOCTBIO TMPHEMa, MPH UCIOJIb30BAaHUH, 110 MEHBINEH Mepe YaCTH BHEIIHEro
HCTOYHHUKA 3JIEKTPOMArHUTHOTO IOJIS B TIPENieNax CBOEro oopema.

3a cuer pa3MeIleHUs YacTH BHEIIHEro HCTOYHHMKA BHYTPU y3Ja HArpeBa, MOXKHO
obecrieunTh 0Oe30MmacHOE W KOMIIAKTHOE OECNPOBOIHOE COCOUHEHHWE MEXAY BHEIIHUM
HUCTOYHUKOM U HWHIYKIIMOHHOH KAaTYyLIKOW y3Jla HarpeBa. JTa KOMIIOHOBKa CIIOCOOCTBYET
MOANEPKAHUKD CHJIBHOM 3JIEKTPOMATHUTHOW CBS3H MEXKJIYy HWHAYKLUUOHHOM KaTyIIKOW U
BHEIIIHUM HCTOYHUKOM JUTS TIOBBILIEHUS 3PPEKTUBHOCTH M TOUHOCTH Nepenayn JaHHbIX. Kpome
TOTO, B TAKOM KOMIIOHOBKE y3€J HarpeBa AEHCTBYET KakK 3KpaH OT IPYTUX 3JEKTPOMArHUTHBIX
IOJIEH BO BpeMsl NTepeAauy JaHHBIX.

ANbTEPHATUBHO 10 MeEHbIIEH Mepe 4YacTb Yy3Ja MOXET OBITh BBINOJHEHA C
BO3MOXKHOCTBIO ~ BCTaBKM, IIPH  HUCIOJB30BAaHUM, B O0OBEM  BHEIIHEIO  HMCTOYHHUKA
3JIEKTPOMArHUTHOTO TOJsI. BHEIHUI HCTOYHMK MOXXKET MMETb OTBEPCTHE U YacThb CBOErO
BHYTPEHHEro 00beMa, BHYTPU KOTOPOTO MOKET OBbITh BCTABJICH y3€l. AJIbTEPHATUBHO BHEIIHHH
UCTOYHMK MOXXET MMETh CKBO3HOE OTBEPCTHE, HAXOIsIleecs B HEM, BCIEICTBHE Yero ero
BHYTPEHHHUI TEPUMETP IMO3BOJIIET BCTABUTH Yy3€J Yepe3 Hero. 3a CYeT HAJIWYMs 4YacTh Y3IIa,
KOTOpasi MOKET OBbITb BCTaBJICHA BO BHYTPEHHHH OOBEM BHEINHEr0 HMCTOYHHMKA, MYHIINTYK
MOJKET OBITh OTKPBIT MPH PA0OTE COBMECTHO C KOMITAKTHBIM BHEITHUM HUCTOYHHKOM.

IIpu CBsI3BIBAHUM y3Jla C BHEIIHUM YCTPOMCTBOM BHYTPU WJIM CHAPYKH BO3MOJKHBI
CHTyallud, B KOTOPBIX Tpedyercs yCTOW4YMBOE (PU3MUYECKOE COETUHEHHE. YCTPOWCTBO MOXKET
OBITH OCHAIIEHO CPENCTBAMH Uil (PUKCALMU TOJIOKEHHsI BHEIIHETO MCTOYHUKA OTHOCHTEIBHO
y3J1a MHAYKIUOHHOTO Harpesa. IIpeanoyrurensHO MOTYT OBITH NPEAYCMOTPEHBI CPENCTBA IS
¢ukcanM TOJOXEHHWs BHEINHEH KAaTyIIKW OTHOCHUTENIbHO WHAYKIMOHHOW KaTYIIKH Y3JIa,
HAapUMep 3alleNKMBAIOIIUICS MEXaHH3M. JTO MOMKET IO3BOJUTH (PU3NYECKH CBS3aTh IBA
YCTPOWCTBA TakuM 00pa3oM, 4TOOBI MOXKHO OBLIO TaKKe IMOANEPKHBATH 3JEKTPOMATHHUTHOE

CLCIIJICHHC.



MoryT BO3HUKaTh CUTYaLlMH, IIPU KOTOPBIX MPEUMYIIECTBEHHBIM SIBISIETCSA OOecreueHue
CBA3U C 3JICKTPOMArHUTHBIM IIOJIEM IS TIEPEAAYN NaAHHBIX U3BHE obobeMa y3Jj1a HHAYKIUOHHOI'O
HarpeBa. Hampumep, Moxker ObITh  JKeNAaTENbHBIM  HCIOJNB30BaTh  OJHOBPEMEHHO
(yHKIIMOHAIBbHBIE BO3MOXKHOCTH KaK HarpeBa, TaKk M Iepeayvd AaHHBIX y3Jla WHAYKIHOHHOTO
HarpeBa, B CJIydae 4e€ro BHEUIHMH HCTOYHHUK, KOTOPBIH OXBaThIBAET y3€J HHIYKLIHMOHHOIO
Harpesa, ABJSICTCA NPECUMYILICCTBCHHBIM. 3a cuer HaIUYHUSA Yy3Jia Harpe€sa, BBIIIOJIHEHHOTO C
BO3MOXKHOCTBIO BCTaBKHM BO BHEIIHEE YCTPOWCTBO, MOXKHO OCBOOOAUTH BHYTPEHHEE
NPOCTPAHCTBO Y31, KOTOPOE AOJUKHO OBITh 3aHATO HArpeBacMbIM BELIECTBOM. BHyTpeHHee
NPOCTPAHCTBO MOKET ObITh 00Pa30BAaHO PATUAIBHO BHYTPH WHAYKLIMOHHOW KATYLIKH M MOKET
OBITb BBINIOJIHEHO C BO3MOXHOCTBIO INpHeMa OJIOKAa, COAEPIKalero HCIapseMoe BEIeCTBO U
HHAYKIITUOHHO Hal"peBaeMbe/'I TOKOIMPUEMHUK.

Xorsa Y3€JI MHAYKIUOHHOI'O Harp€Ba MOXKET OBITD CO€AUMHEH C BHCHIIHUMM HCTOYHHKOM
NMUTaHUA, OPEANOYTUTCIIBHO Y3€JI MOXKET COACPKATb nepesapﬂncaeMbn‘/'I HCTOYHUK IIHNTaHUA,
BBITTIOJTHEHHBIA C BO3MOXHOCTBIO, IpPU HCIOJIb30OBAHUHU, MOAAYN MUTAHHWA Ha UHAYKIHUOHHYIO
KaTyLIKy ¥ 3a[IOMUHAIOLIEE YCTPONUCTBO.

XoTs mepe3apspkaeMblii HICTOUYHUK IMTUTAHUS MOJKET 3apsiKaTbCsl MPU MOMOINU JIFOOOTO
CpeacTBa, MNPCANOUTUTECIIPHO HUCTOYHUK TIIHUTAHUSA MOKET OBITh CO€IUHEH C yCTpOﬁCTBOM
YIpaBJICHUA I/IH,I[yKLlPIeﬁ, BCJIICACTBUEC YCTO, IIPpU UCIOJIBb30BAHNUH, BJIeKTpI/ILIeCKI/II‘/'I TOK MOXET
u30UpaTeNbHO TMOAABaThCS HA HWCTOYHHMK IHTAHUS, KOTZAa TMTAHWE NPUHUMAETCs Ha
MHIYKLMOHHON KaTymke B (popMe 3JeKTPOMArHUTHOIO NOJs, CTeHEPUPOBAHHOTO BHEIIHHM
yCTPOMCTBOM, Ul HMHAYKLMOHHON 3apsiikM MCTOYHMKA MNUTaHusA. B nemsix ypoOcrsa
nepesapsaaka MOXKET IMPOUCXOAUTb IIpU IHepeaavye HdaHHbIX MEXOY VY3JIOM W BHCIIHUM
YCTPOUCTBOM.

brut0 0OHApYKEHO, YTO BO BpeMs Mepeavr JaHHBIX Ha BHEIIHEE YCTPOMCTBO HEKOTOPAst
HaCTb, HIJIIM BCC JJICKTPONHUTAHUEC, IIPUHATOC Ha PIHI[YKLIPIOHHOP'I KaTyIlIKE, MOXET OBITH
HaIlipaBJICHO Ha nepe3apﬂ>1<aeMbn‘/'1 HUCTOYHUK IMUTAHUA IJIA PIHI[YKLIPIOHHOP'I 3apsAAKH UCTOYHHKA
IMUTaHUA. Ota KOH(I)I/IpraLII/Iﬂ o0ecrneynBaeT BO3MOKHOCTb HCIOJIB30BAHUS CHCTEMBI
6eCHpOBOI[HOI>'I 3apsAAKu U Mpu 3TOM CBOAUT K MHUHHUMYMY KOJHUYECTBO HCO6XOI[I/IMI:;IX
KOMITIOHEHTOB.

[TuTanne, MpUHUMaeMOe Ha WHAYKLIMOHHOM KATYIIKE, MOXKET ObITb Pa3NeNEHO MEXIY
TOKOM [IJis1 nepeaavyn HOaHHbIX W AJid 3apsaAKd HUCTOYHHUKA I[MUTAHUA (HaanMep, 3a CUET
UCIIOJIB30OBAHUSA METOAUK MHOXECTBCHHOrO A0CTylla C€ 4YaCTOTHBIM WKW BPEMCHHBIM

pasnenenuemM (FDMA unu TDMA)). ATbTepHATUBHO TOT K€ TOK, UCHOJB3YEMbIH IS 3apsAaKu
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nepe3apsskaeMoro MCTOYHUKA THTAHMS, MOJKET MCIONB30BAThCS B KAueCTBE HECYINeW i
JaHHBIX. OJTO TIO3BOJIAET TOKY BBINOJHATD MHOXKECTBO (DYHKLHUH, TE€M CaMbIM IOBBIIIAsS
3¢ (eKTUBHOCTD U CKOPOCTb 3apsiiIKM Iepe3apsskKaeMOro HMCTOYHUKA IMUTAHUA. JTO TaKKe
obecrieunBaer >(PQEKTUBHBIH MEXaHM3M Ul 3apsOKd YCTPOMCTBA, TEHEPHPYIOLIEro map, C
OJTHOBPEMEHHBIM OOMEHOM HH(pOpMAIUEil.

B03MOXHOCTD Mepeaun JaHHBIX y3J1a WHAYKIHOHHOTO HAarpeBa MOKET HCIIOIb30BAThCS
s mepepayn  JroOoro Tuma uHGOpPMAIMM, B YACTHOCTH HWH(OpPMALuH, CBSI3aHHOW CO
CBOHCTBAMM yCTPOICTBa, TreHepupymoolero map. JlaHHble, mepenaBaeMble C IOMOLIBIO
WHIYKIIMOHHON KaTYLIKH, B LEJAX YA0OCTBa MOTYT BKJIFOYATh OJHO HJIM HECKOJIBKO U3 HCTOPHH
UCTIOJNIb30BAHUST  YCTPOWCTBA, OCTABIICrOCS 3apsga MCTOYHHKA TUTAHHSA, OOHOBJIECHUH
NPOTPAMMHOTO OOECTIeYEeHHUsI [UIsI YCTPOIMCTBA, TEHEPHPYIOLIEro Map, BBIYHUCIEHHOIO OCTATKa
UCTIapsieMOro BEINECTBA, YPOBHS HANPSDKEHUS Tepe3apsukaeMoOro HMCTOYHMKA IMUTAHMSA, €CIU
nepe3apsbKaeMblil HCTOYHHK ITUTAHUS IPEACTABIsIeT cOO0il mepesapsikaeMyro OaTtapero, U T. 1.

3a cuer mepenaun WHGPOPMALMH, CBSI3AHHOH C YCTPOICTBOM, T'€HEPHPYIOLIUM IIap,
MIOJIb30BATENb MOXKET OTCJIEKHBATDH OINpPEIENICHHBIE ACTIEKThI, KOTOPbIE MOTYT OBITh 3HAYUMBIMHU
AJis mosb3oBaTesns. Hanmpumep, UCTOpUs UCTONB30BAHUS YCTPONCTBA MO3BOJISIET MOJIb30BATENIO
OTCJIEKUBATh YaCTOTy HCIIOJNIb30BaHMUA YCTPOWCTBA, YTO MOXKET IPUBECTH K OIpPEeNeHHBbIM
yao0CTBaM B MCHOJb30BAaHHM A Mojb3oBarens. Kpome Toro, nanHele 00 HCHONBb30BaHUU
BMECTE C BO3MOXXHOCTBIO YCTAHOBKM OOHOBJIEHHH NPOTPAMMHOIO OOECIEeYeHUs] BEAyT K
YJIYYIIEHHbIM pa0OYMM XapaKTePUCTHKAM U YBEJINYEHHOMY CPOKY 3KCIUTyaTallUd yCTPOMCTBA,
reHepupyroLero nap. Bo3sMokHOCTh MPOBEPKN OCTABIIETOCs 3apsiia UCTOUHHKA MMUTAHUS TAKXKe
SBJISIETCS]  TIPEMMYLIECTBOM, IIOCKOJBKY IIO3BOJISIET IOJIB30BATENII0  ONpPEAETHTh, KOIJa
ycTpoiictBo TpeOyer 3apsaku. JlomomHuTenpHO, mnepenada HHGOpPMAUIMKM O COCTOSIHUH
UCTOYHMKA MUTAHUS TIO3BOJISIET BHEITHEMY 3aPsSITHOMY YCTPOHMCTBY 3a/1aTh KOJUYECTBO SHEPTHUH,
KOTOpPO€ OHO WUCIyCKaeT BO BpeMsl 3apsakd, 4YToObl ONTUMH3UPOBATh 3(P(HEKTHUBHOCTH
UCTIONIB30BAHUS SHEPTUU B TpOLecce 3apsiiku (T. €. YMEHBIIUTh MHUTaHHUE, 3aTpavyuBacMoe Mpu
3apsiAKe, KOrja WCTOYHUK MUTAHUS MPAKTHYECKH TOJHOCTBIO 3apsDKeH, M TTOJHOCTBIO
NPEKPATHTh €ro MOCTYIUICHUE, KOT/1a UCTOYHUK ITUTAHUS MTOJIHOCTBIO 3apsDKEeH, U T. 1.).

V3en Moxker ObITh BBINOJHEH C BO3MOXHOCTBIO PaOOTHI, TPU HCIONB30BAHHUHU, C
NEPEMEHHbIM 3JIEKTPOMATHUTHBIM IIOJIEM, HMMEIOLINM IUIOTHOCTD MAarHUTHOTO IIOTOKA OT
npubnusutensHo 0,5 Tecma (Tm) mo mnpubmusurensHo 2,0 Tn B Touke HamOombimeil

KOHUCHTpPAL .
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HcToyHMK NMUTaHMA U CX€Ma MOTYT OBITh BBIIOJHEHBI C BO3MOXKHOCTBIO PabOTHI Ha
BbICOKOW dYacTtore. OOBIMHO HCTOYHMK IHUTAaHUA W CXE€Ma MOTYT OBITh BBIMOJHEHBl C
BO3MOJKHOCTBIO PabOThl Ha 4acToTe oT mpudbmmsurenbHo 80 kI 1o mpubmmsurensHo 500 kI,
npeanoyTuTenbHo or npubnusurenbHo 150 k['m no npubmmsurensro 250 kI, Oonee
npeanoututenbHo 200 k'

XOTs MHOYKIMOHHAs KaTylIKa M MOXKET COAEpKaTh JHOOOH MOAXOISINUN MaTepuan,
OOBIMHO HMHAYKIMOHHASI KAaTYIIKAa CONEP’KUT BBICOKOYACTOTHBI OOMOTOYHBIN MPOBON WM
BBICOKOYACTOTHBI OOMOTOYHBIHN Kabelb.

CornacHo npyromy acrekTy HACTOSIIEro H300PETeHUs TaK)Ke MPEAJIaraeTcsi yCTPONUCTBO,
reHepHpyIolIee map, coxeplkaiiee y3el MHAYKLHMOHHOTO HarpeBa COTJIACHO IMEPBOMY acCIEKTy
HACTOSIIIETO N300PETEHNs], HarPeBaTENbHbIH OTCEK, BBIOJHEHHBIN C BO3SMOYKHOCTBIO BMEIIECHUS
OJloKa, comepKallero MCrapsieMoe BELIECTBO M MHAYKIMOHHO HArpeBaeMbIil TOKOIPHEMHUK,
BITYCKHOE OTBEPCTHE JUI BO3/1yXa, BHIMOJIHEHHOE ¢ BO3MOXKHOCTBIO TIPEIOCTABICHHS BO3/IyXa B
HAarpeBaTeNbHbIA OTCEK, BBIMYCKHOE OTBEPCTHE U BO3IyXa, HaXOAsAIeecs B COOOIIEHUH C
HarpeBaTebHbIM OTCEKOM.

3a cuer HCMONb30BAaHUS y3Jla HArpeBa, KOTOPBIH ONTHMU3MPOBAH IJII MHOMKECTBA
¢$byHKUMH HarpeBa W Mepesayvd JaHHBIX, MOJKHO NMPEAOCTaBUTh KOMIIAKTHOE, JIETKOE U YA0OHOe
YCTPONCTBO, T€HEpUpPYIOLIee Map, ¢ BO3MOMKHOCTSIMHU O€CHpOBOAHON Iepefayd AaHHBIX |
3apsAAKH.

biok Moxer mpencTaBisTh COOOH Karcyiy, KOTOpas COAEPKUT, IPU HMCHOJIb30BAHMU,
UCrapsieMOe BEIIeCTBO BHYTPH BO3IYXOMPOHHULAeMOi 00onouku. Bo3ayxonpoHuLaembIil
MaTepHrall MOJKET MPECTABISATh COOOM MaTepuas, KOTOPBIA SBJSIETCS SJIEKTPOU3OSIIMOHHBIM U
HEMAarHUTHbIM. Marepuaa MOXKET HUMETb BBICOKYIO BO3AYXOMNPOHUIAEMOCTb, YTOOBI J1aTh
BO3MOXKHOCTh BO3AYXY MPOXOAHMTH 4Yepe3 MaTephal C CONPOTHUBJICHHEM K BbICOKUM
TemnepatypaMm. lIpumepbl MOAXOASIINUX BO3AYXOIMPOHHUIIAEMBIX MATE€PHAJIOB  BKIFOYAKOT
LIEJUTFOJIO3HBIE BOJIOKHA, OyMary, XJIONMOK M INeNK. BO3ayXOnmpOoHHIAaeMbli MaTepuans MOKET
TaKXKe NeHCTBOBaTh B KadecTBe (PuibTpa. AJBTEPHATHBHO OJIOK MOXKET MPENCTABIATH COOOH
ucrnapsieMoe BeIecTBO, 00epHyToe B Oymary. AJbTepHATUBHO OJIOK MOXKET MPEACTABIISATh COOOM
UCTapsieMOe  BEINeCTBO, yIep)KUBaeMOE€ BHYTPH MaTepHaja, KOTOPBIH He  SIBISIETCS
BO3AYXONPOHULIAEMBIM, HO KOTOPBI COAEPKUT COOTBETCTBYIOIUE TMepOopanuo HIu
OTBEpCTHUS, 0OECIIeUNBAIOIINE TPOTEKAHNE BO3yXa. AJIBTEPHATUBHO OJIOK MOJKET MPENCTABIISATh
co0oli cOOCTBEHHO HCTapsieMoe BelecTBO. biiok MokeT ObITh 00pa30oBaH 1o CyIiecTsy B (hopme

PYUKH.



12

Hcnapsiemoe BEINECTBO MOXKET IMPEACTABIATh CO00H JrOOOH THUI TBEPHOTrO WM
NOJNyTBepAOro marepuana. lIpuMepHble TUIIBI TBEPAbIX BEINECTB, TIE€HEPUPYIOIIMUX Map,
BKJIFOYAKOT MOPOIUOK, TPaHyJjbl, 3€pHA, CTPYXKKM, HUTH, MOPUCTBIM MaTepual WIH JIUCTHI.
BemecTso MOXET BKIIOYAaTh MaTe€pUal PACTUTENBHOTO MPOUCXOXKAEHUS, U, B YaCTHOCTH,
BEIIIECTBO MOJKET BKJIFOYATh TabaK.

[IpenmouturenpbHO HCHapseMOe BEIIeCTBO MOXET COAepXKaTb  BEINeCTBO IS
oOpazoBaHusi a’po3odisi.  Ilpumepbl BemecTB [JIsi  OOpa3OBaHUS  adpO30Ji  BKJOUAOT
MHOT0aTOMHbIE CITUPTHI U UX CMECH, TaKue KaK MIMLEePUH WK MponuieHrukons. Kak npasuo,
UCTIapsieMOe BEIIECTBO MOXET COAEPKaTh BEIIECTBO JJISi 0OpPA30BaHUS adpO30Jisi, COAEpPKAHNE
KOTOPOTO COCTaBJsieT OT mpuOam3uTenbHo S % no mpudmusurenbHo 50 % 1o cyxomy Becy.
[IpenmoyTuTeNnbHO HUCHAPSiEMOE BEINECTBO MOXKET COAEP)KaThb BEINECTBO sl OOpa3OBaHMUS
a3p0o30JIs1, CONIEPKaHNE KOTOPOTO COCTABIIsIeT MpuOIM3UTENbHO 15 % 1o cyxomy Becy.

Hcnapsiemoe BemecTBO MOXET ObITb COOCTBEHHO BEIIECTBOM JUII OOpa3OBaHUS
a3po30is1. B 3TOM citydae ucnapsieMoe BEIEeCTBO MOXKET OBITh KHIKOCTBIO. B 3TOM ciydae O5ok
MOJKET MMETh BEIIECTBO, YAEPIKUBAIOLIEE SKUAKOCTh (HAmpuMep, NMy4OK BOJOKOH, TOPUCTBIN
Marepual, TakOil Kak KepaMHuKa, U T. I.), KOTOPOE€ YAEPKUBAET >KUAKOCTb, IOAJIEKAIIYIO
UCTIAPEHUIO UCTIAPUTENIEM, TAKUM KaK HarpeBaTelb, 1 00eCIeunBaeT BO3MOKHOCTb 00pa30BaHUs
U BbICBOOOXKIIEHMSI HWJIM BBIIEJEHUS IMapa M3 BEINECTBa, YAEP)KUBAIOLIET0 >KUAKOCTb, B
HaIpPAaBJIEHUH BBIITyCKHOTO OTBEPCTHUSA AJI BO3AyXa AJIsl BABIXAHUS MOJIb30BATENIEM.

IIpu HarpeBe ucCmapsieMoe BEINECTBO MOXKET BBICBOOOXIATh JIETyUHEe COEIUHEHUSL.
JleTryune coenquHeHUsI MOTYT COAEP>KaTh HUKOTUHOBBIE WM aPOMATHUECKUE COEANHEHUs, TAKNE
Kak Taba4HbIN apOMATU3ATOP.

ITockonbKy MHAYKLMOHHAS KaTymka mpu paboTe co3maer Tmojie Uil Harpesa
TOKOIIPHEMHUKA, JIIOOOW 3JIEMEHT, COAEepKalluil MHAYKLHMOHHO HArpeBaeMblil TOKONMPHUEMHUK,
Oyzer HarpeBaTbCs MPU PA3MELISHUH PSIOM ¢ pabOTAOIIMM yCTPOMCTBOM, U, TAKUM O0pa3oM,
OTCYTCTBYIOT OTrPaHHYEHHs] OTHOCUTENbHO (OpMBI HM Buaa OJOKa, pa3MeIaeMoro B
HArpeBaTeJIbHOM OTceke. lIpeamodTuTeNnsHO HarpeBaeMblii OJIOK HMeEeT LMIMHAPHYECKYHO
¢dopMy, BCIENCTBHE YEro HArpeBaTENbHBIH OTCEK MOXKET OBbITh BBIMOJHEH C BO3MOXKHOCTBIO
BMELIEHMs 110 CYIIECTBY LIMIMHAPUYECKOTO UCTIApsieMOr0 U31ETIHSI.

CriocoOHOCTh HArpeBaTENbHOTO OTCEKa BMEIATh IO CYIIECTBY LIMJIMHAPHUYECKUN
HarpeBaeMblil 3JIEMEHT SBJISIETCS NPEUMYILECTBEHHOH, IOCKOJBKY, 3a4acTylo, HCHapseMble
BellecTBA U TabayHble TMPOAYKTHI B YAaCTHOCTH YIIAKOBBIBAIOTCS U TPOJAIOTCS B

LWIMHAPUYIECKOH popme.
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CornacHO npyroMmy acrekTy HAaCTOSLIEro M300peTeHusl mpeajiaraercs crocod obOmena
uHpopMaLeil ¢ YCTPOWCTBOM, TE€HEPUPYIOIIUM IMap, MPUYeM CIOCO0 BKJIFOYAET OSTarlbl
pa3MelleHuss BHEIIHEro HWH(POPMAILMOHHOTO YCTPOWCTBA PSAOM C Y3JIOM HHAYKLHOHHOTO
HarpeBa yCTPONCTBA, F€HEPUPYIOLIEro Map, MpU 3TOM y3eJ UHAYKLMOHHOTO HarpeBa COAEPIKUT
KaTYLIKy UHAYKLIIMOHHOTO HArpeBa M 3allOMHUHAIOLIee YCTPONUCTBO; U Nepeiayr JaHHbIX B (hopme
3JIEKTPOMArHUTHOTO TOJIS MEXKAY KATYIIKOW MHAYKIIMOHHOT'O HarpeBa y3Jia HarpeBa U BHEIIHUM
UH(POPMALIMOHHBIM YCTPOHCTBOM.

3a cYer WCMOJB30BAaHMS  KATYIIKH  WHAYKIIMOHHOTO  HarpeBa  yCTPOMCTBA,
TeHEePUPYIOIEro map, Ui Mepefadd U MpuemMa 3JIEKTPOMArHUTHOTO TMOJIsI, MOXKHO O0eCIeYuTh
OecrnpoBOAHYIO Tiepenady WHGOPMALIUU MEXKAY YCTPOHCTBOM, T€HEPUPYIOIIUM IMap, U BHEITHUM
yCTpoiicTBOM 0e3 HeOOXOMUMOCTH B OTAEBHOM BTOPOM UHIYKIIHOHHOM WJIH UHOM YCTPOWCTBE
ISl BbINaYX TAHHBIX.

Xotsi BHemHee WHPOPMALMOHHOE YCTPOHCTBO MOXKET OBITh  BBIIOJHEHO C
BO3MOJKHOCTBEO ~ B3aUMOJCHCTBUSI €  WHAYKIHOHHOW  KaTymkoi  JmoObiM  oOpa3om,
MPEIIOYTUTENIbHO YaCcTh BHEITHEr0 WH()OPMALIMOHHOTO YCTPOHCTBA MOXKET OBITh MO MEHbINEH
Mepe YaCTHYHO BCTaBJIeHA B OOBEM y3Jla WHAYKIHMOHHOIO Harpesa. JTO obecrednBaeT
MO JepKaHUe HaJJIeKAIIero COSIUHEHNsT MEXKy BHEITHUM HH()POPMAIIMOHHBIM yCTPOWCTBOM H
KaTyIIKOW WHAYKLUMOHHOTO HarpeBa st oOecrieueHUs O€30MacHON M HAeKHOW CBSI3U JJIst
nepenavnd JaHHbIX MEXIy JBYMsl YCTPONHCTBaMHM. DJTO TakKe O3HAYaeT, 4TO Y3€J HarpeBa
NENCTBYET KaK 3KpaH OT APYTUX HEXKENATEIbHbIX JIEKTPOMArHUTHBIX MOJIEN BO BpeMsl iepenadu
JAHHBIX.

AJbTEpHATUBHO YacTh y3jla MHAYKIIMOHHOTO HarpeBa MOKET ObITh MO MEHBIIEH Mepe
YaCTUYHO BCTaBJieHa B 00beM BHEITHETO MH(POPMALIMOHHOTO YCTPOMCTRA.

3a cyer pasMelleHUs] BHEIIHEr0 MH()OPMAIIMOHHOTO YCTPOWCTBA CHAPYIKU YCTPOMCTBA,
TeHEPUPYIOIEro Map, MOKHO OCBOOONHTH MPOCTPAHCTBO BO BHYTPEHHEM OOBEME yCTPOMCTBA
U Pa3MELIaeMOro HCIapseMOro BEINEeCTBA, BCIEACTBHE YEro YCTPOHCTBO MOXKET ObITh
BBIIIOJTHEHO C  BO3MOXKHOCTBIO  OJHOBPEMEHHOTO  HCMOJIB30BAHUS  (PYHKIIMOHAJIBHBIX
BO3MOXKHOCTEH HarpeBsa U nepenayvu JaHHBIX.

KPATKOE OIUCAHUE T PAOUYECKHUX MATEPUAJIOB

Hacrosimee n3o0perenne OyeT OMUCaHO TOJBKO MMOCPENCTBOM MPUMEPOB CO CCBIIIKAMHU
Ha COOTBETCTBYIOIINE rpadMueCcKie MaTepHabl, TE:

Ha ¢ur. 1 cxemarnuecku u3o0pakeH y3es MHAYKIHOHHOTO HarpeBa COTJIACHO MPUMEPY

HACTOSIIETO U300pETEeHNUS.
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Ha ¢ur. 2 cxemarndeckn n300pakeH y3es MHIYKIMOHHOIO HarpeBa COTJIACHO JPYroMy
INPUMEPY HACTOSIIEro H300peTeHus.

Ha ¢ur. 3 cxemarnueckn n3o0pa’keH IpUMep TOTO, KaK y3esl HHAYKLHOHHOTO Harpesa,
NOKa3aHHBII Ha (Ur. 2, B3aUMOAENUCTBYET C BHEIIHUM YCTPOHCTBOM.

Ha ¢ur. 4 cxemarudeckn nM300paXkeH APYrod MpUMep TOrO, KaK y3es MHAYKLHOHHOTO
HarpeBa B3aUMOJEHCTBYET C BHELIHUM YCTPONHCTBOM.

Ha ¢ur. 5 cxemarnmuecku w300pa)keH TOKOMIIOHEHTHBI BHJI  YCTPOWCTBA,
TeHEPHUPYIOLIETO Map, COrJIACHO MPUMEPY HACTOSIIIETO H300PETEHMSI.

Ha ¢ur. 6 cxemarudyecku n300paKeHO yCTPOHCTBO, TEHEPHUPYIOLIEe Map, MOKA3aHHOE Ha
¢ur. 5, mpu UCIIOTB30BAHUH.

Ha ¢ur. 7 cxemarnyeckn n300pakeH NMpPUMEpP TOrO, KaK YCTPOWCTBO, IE€HEPHPYIOLIEe
nap, mokaszaHHoe Ha ¢ur. 5 u 6, B3aUMOAEHCTBYET C BHEIIHUM YCTPONCTBOM.

HOAPOBHOE OITNCAHUE

B Hacrosimem n300peTeHnH npeasaraeTcst yCTpOHCTBO, TeHEPUPYIOINee Mmap, B KOTOPOM
HCIIOJIB3YETCsl CUCTEMAa MHIYKIMOHHOIO HarpeBa M KOTOPOE BBIOJIHEHO C BO3MOXKHOCTBIO
OecripoBoHON Tmepenayn MHOOPMALMM Ha BHEIIHEE YCTPOMCTBO. IJTH (YHKIMOHAJIbHBIE
BO3MOXKHOCTH ~ ODECIEUMBAIOTCSl  Y3JIOM MHAYKLHMOHHOTO HArpeBa, YCTAaHOBJIEHHBIM B
YCTPOMCTBE.

Ha ¢ur. 1 cxemarnmuecku wu300pakeH BUA B TMOMepeuyHOM paspese y3nma 10
WHIYKIMOHHOTO HarpeBa COIJIaCHO MpPUMEPy Hacrosimero u3oOperenus. Y3en 10 Harpesa
COIEPKUT MHIAYKLUMOHHYK KaTywiky 12 u 3anmomunHaromee ycrpoiicto 11. MuayknumonHas
KaTylmka 12 U 3amoMuHamolee ycTporcTBO 11 HaxomsaTcss B 3JEKTPUUECKOM COEIUHEHUH,
BCJICZICTBHE YE€r0 CHUTHAJ MOXKET OBITh IMOJIAH MOCPENCTBOM TOKA HECYLIEH MEXKAY STHMH JIBYMsI
KOMIIOHeHTaMu. B 3ToM mnpumepe UHAyKUMOHHAas KaTymka 12 SBIsSeTCS MO CYIIECTBY
LIUIMHAPHYECKOH, Tak 4to ¢opma y3na 10 MHOYKLUMOHHOTO HAarpeBa SIBJISETCS TaKXKe I10
CYLIECTBY LWJIUHPUYECKOM.

ITpu pabote ayis mpreMa JaHHBIX OT BHEIIHErO UCTOYHHKA BHEIHEE 3JIEKTPOMArHUTHOE
nojie, NMPHUHATOE HAa WHAYKIHMOHHOW Karymke 12, mHOyuupyer TOK (TIEPEMEHHBbIH TOK) B
KaTymke. OJTOT TOK oOpadaThiBaeTCs ¢ IMOMOINBI0 TPAAUIHOHHOTO CpencTBa 00paboTKH
CHTHAJIOB, TPEAYCMATPHUBAIOINErO NEMOAYJBILHUIO IOCPEACTBOM Moaema (He TIOKa3aH) s
BOCCTAHOBJIEHUsI NT€PEIaHHbIX JaHHBIX U3 MPUHATOrO TOKA, & 3aT€M BOCCTAHOBJICHHbIE JaHHbIE
IepefaT Ha 3allOMHHAKoIIee YCTpoicTBo 11, rae oHM XpaHATcs (BO3MOXKHO IOCHE HEKOTOPOH

00paboTKu Mocye mpuemMa, Hampumep, OOBEAMHEHUS MPUHSTHIX JAHHBIX C CYIIEeCTBYIOIIHNMHU
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MIPENABAPUTENILHO COXPAHEHHBIMU JAaHHBIMH, YK€ XPaHALIUMUCS B 3alIOMUHAIOIIEM YCTPOUCTBE
11).

Jlns mepemaun wuH(pOpMaumu 3anoMuHaroImee ycrpoiicteo 11 y3ma 10 Harpesa
OTHpaBJIICT JAaHHBIE, MOIJIeXAIINE Nepenade, Ha MoxeM (He MOKa3aH), KOTOPBI reHepHpyeT
CHUTHaJIBI B (JOpME MOAXOISIINM 00pa3oM MOAYJHMPOBAHHOIO TOKA HECYINEH sl MHAYKIHOHHON
KaTylmku 12, mpudeM »>JIEKTPOMArHUTHOE TIOJ€ CO3haercss BONW3M OT Karymkud 12
DNEeKTPOMArHUTHOE TIOJI€ 3aTeM MOXKET ObITh MPUHSTO BHEIIHUM yCTPOWCTBOM M 00pabOTaHO
IUIE  M3BJICYCHUS] JAHHBIX, 4YTOOBI TEM CaMbIM OCYIIECTBUTh OECIPOBOIHYIO Tepenaqy
uHpopmauuu oT y3ia 10 MHAYKIIMOHHOTO HArpeBa Ha BHEIIHEE YCTPOWCTBO. AJIBTEPHATHBHO
MOJEM MOXKET paboTaTb C OCYLIECTBIEHHEM MOIYJLSIIMH HArpy3KH, TMPHJIOKEHHOH K
UHIYKIMOHHON KaTyIIKe, TakKuM o0pa3oM, KOTOpPbI MOKeT OBbITh OOHApPY>KEH BHEIIHUM
YCTPOWUCTBOM B COOTBETCTBUHU C XOPOILIO M3BECTHOM CXEMOW HArpy304HON MOAyJsLUH. Takum
o0pa3oM, MUTaHKUE HE 3aTPAuNBAETCS MePe3aps’KaeMbIM HCTOYHUKOM MUTAHUS B YCTPOWUCTBE IS
nepenayn JaHHBIX Ha BHEINHEE YCTPOWCTBO MpPHU BO3OYKIEHHUHM WHAYKIMOHHOW KAaTYIIKH, a
BMECTO 3TONO MUCTOYHMK NMUTAHUS MOXKET MPOJAOJIKATH 3apsiKAaTbCsl BHEIIHUM YCTPOUCTBOM C
OIHOBPEMEHHOH Nepenade JaHHbIX HA BHEIIHEE YCTPOMCTBO.

DNeKTPOMAarHUTHOE M0JIe, MCIyCKaeMOe WHAYKLMOHHON KaTyIIKoW 12, Takske MOXeT
OBITh NPHUHATO HHAYKLMOHHO HAarpeBaeMbIM TOKONPUEMHHKOM. TOKONpPHUEMHMK, IpU €ro
pasMerneHnH BOJM3M OT MHAYKIMOHHOW KaTyIIKU 12, MPUHUMAaET 3JIeKTPOMATHUTHOE IOJie
KaTyIIKH 12, KOTOpOe MHAYLUPYET BUXPEBbIE TOKU B TOKOIIPUEMHHUKE C TeHEPUPOBAHUEM TEILIA.
IIpennovyTuTenpbHO BHEIIHUN TOKONPUEMHUK U3TOTOBJIEH U3 MaTe€pUasa ¢ BBICOKUM YJEIbHBIM
COIPOTHBJIEHUEM JJIsl YBEIMYSHHSI HATPEBaTEIbHOTO () eKTa HHIYKIIMOHHOTO HarpeBa.

Takum oOpasom, y3en 10 UWHAYKIMOHHOIO HAarpeBa MOXKeT O0OeCleYuTh Kak
OecripoBOHYIO Mepenady MHGOPMAIMH, TAK U MHAYKLHUOHHBIH HarpeB MOCPEICTBOM OJHOTO U
TOTO € 3JIEMEHTA.

B TakoMm ciydae NpPEANOYTHUTENBHO, €CIM WHAYKLHUOHHAs KaTyIlKa BO30yKIaercs
(mocpencTBOM mepe3apsikaeMoro UCTOYHHMKA 15 MUTaHMS, KaK OMHMCAHO HIDKE) Ha 4YacToTe,
KOTOpasi ONTUMallbHa [UIsi oOecreueHus] MHAYKUMOHHOTO HAarpeBa B TOKOIPHEMHHUKE
(TOKOTIPUEMHHUKAX) U KOTOPast MOKET OBITh HE TAK ONTHUMAJIbHA Uil TIEpeNayy MUTAHUS MEXITy
y3JIOM Harpesa W BHEIIHHM YCTPOMCTBOM. /[l mpueMa JaHHBIX OT BHEIIHErO YCTPOMCTBA C
OJHOBPEMEHHBIM HArpeBOM TOKONPHEMHHKAa (TOKONMPHUEMHHKOB) MOXeT ObITh yAOOHO
nepenasaTb JaHHbIE C  HCIOJIB30BAHMEM  HECYLIEro CUIHajlla, MMEIOLIEro  4acToTy,

OTVIMYAKOILIYKOCST OT YacTOThl, HCHOJIB3YEMOH WHIAYKIMOHHOM KATYIIKOM [Uisl Harpesa
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TOKOTIPHEMHUKA (TOKOIIPUEMHHKOB), UJIM OCYIIECTBJISATh 5TO B pa3Hble MEPHOABI BPEMEHH (T. €.
¢ ucnonb3oBaHueM aymekcHoro noaxoga FDMA unu TDMA npns cBeneHuss K MUHUMYyMY
MIOMEX ).

B mpumepe, nokazaHHOM Ha (ur. 2, y3ea HHAYKIMOHHOIO HAarpeBa IOMOJHUTEIBHO
COZIEPKUT YCTPOMCTBO 13 ympaBieHuss MHAyKLUeH. YCTpolcTBO 13 ympaBieHuss MHAyKLUEH
BBIIIOJIHEHO TaK, 4YTO OHO HAaXOAUTCS B OJEKTPUUECKOM COEAMHEHUU C 3alOMHUHAKOLIUM
yCTpOUCTBOM 11 M MHAYKUMOHHOW KaTymkon 12 ans ynpaBlieHUsl 3JIEKTPUUECKHUM TOKOM,
NPOXOAAIIMM MEXAy JABYMsl KOMIIOHEHTAMU. YCTPOMCTBO 13 ympaBneHuss WHAyKLUEH
BBIITOJIHEHO C BO3MOJKHOCTBIO YIPABJICHUS TOJb30BATEIEM BPYUHYIO ISl BbIOOpA 3HAYEHHSI
HAarpeBa W YIPaBJCHUS BHIAOM M MaciiTaboOM Imepenadyd NaHHBbIX. B KadecTBe aJbTepHATHBBI
ycTpolicTBO 13 ympaBieHuss HMHAOYKOMEH MOXeT OBITh  3alporpaMMHUPOBAHO  JUIS
ABTOMATUYECKOI'O PEryJUpPOBaHUs TOKA MEXAY KaTYIIKOW 12 M 3aIOMUHANOIIUM YCTPONCTBOM
11 (v cBA3aHHBPIMM KOMITOHEHTAMH TIepeavyy U MpHeMa JaHHbBIX, TAKUMU KaK MOJIEM) COTJIACHO
3aJaHHBIM [TApaMEeTPaM.

MoryT BO3HHUKAaTb CUTyallUH, B KOTOPBIX TOK B y3JI€ MHAYKLHUOHHOIO HarpesBa JOJIKEH
OBITh WM3MEHEH MEXAYy IOCTOSHHBIM TOKOM U II€PEMEHHbIM TOKOM (Hampumep, A
npeoOpa3oBaHusl MOCTOSTHHOTO TOKAa B LEJSIX HCIOJNb30BAHUS IPH 3apsiike HUCTOYHHMKA 15
MUTAaHUS WIM MOAAYM OT MCTOYHUKA 15 mUTaHUsA HA MHAYKLUMOHHYIO KAaTYILIKYy JJI Harpesa
TOKONPUEMHUKA (TOKOIPHEMHHKOB), U T. A.). YT0OBI yuecTh 3TO, B y3Jie HarpeBa MOXKET ObITh
YCTaHOBJIEHA Mapa U3 UHBEPTOPA U BBIIPSMUTEIIS.

Ha ¢ur. 3 cxemarnuecku uzoOpakeH mpumep TOro, kak ysena 10 HHAYKLHMOHHOTO
HarpeBa, MOKa3aHHbIN Ha (UT. 2, B3aMMOAEWUCTBYET C BHEIIHUM HHIYKIIHOHHBIM YCTPOHCTBOM
30. BHemHee MHAYKIMOHHOE YCTPOHCTBO 30 COAEPKUT BHELIHIOK KATYIIKY 32 U COEIUHEHHE
33 ¢ BHemHUM 0a30BbIM MoxayJeMm 34. B atom mpumepe B obbeme y3na 10 MHOYKIHMOHHOTO
Harpesa pasMelleHa 4YacTb 31 BHEHMIHEro MHAYKLUOHHOro ycrporictsa 30. B wuacTHOCTH,
BHEIIHEE MHAYKLIUOHHOE yCTpOoNCTBO 30 BCTaBiaeHO B y3ea 10 MHAYKIIMOHHOIO HAarpeBa TaKUM
o0pa3oM, YTO TEepUMETpP BHELIHEH KaTymKH 32 1O CYIIECTBY OKPYKEH HWHIYKIHOHHON
katymkoil 12 y3na 10 HarpeBa, U LEHTpajbHblE OCH JBYX KaTylIEK IMEpPEeKpbIBAIOTCA. JTa
KOMITOHOBKA 00€CTIeUnBAET YIYUIIEHHYIO 3JIEKTPOMArHUTHYIO CBSI3b MeKAy y3JioM 10 HarpeBa u
BHEITHUM ycTpoiicTBoM 30 nmist 6osnee Hame:xkHOU U 3¢ (eKTUBHON nepenayu JaHHbIX. Y3en 10
HarpeBa TaKKe NEHCTBYET KaK 3KPaH OT APYTUMX HEKENATEeNbHBIX 3JIEKTPOMArHUTHBIX MOJIEH BO

BpeEMs niepeaaiu JaHHBIX.
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Bremnee MHAYKLIMOHHOE YCTPOMCTBO 30 COEAUHEHO MOCPEACTBOM COEIUHHUTENBHOIO
kabens 33 ¢ BHemHUM 0a30BbIM MoxyJem 34. IIpu pabore nist ornpaBku UHGOPMALMK OT y3J1a
10 MHAYKIMOHHOrO HarpeBa Ha BHEINHUN 0a30BbIM MoOnynb 34, CHUrHAN, YIpPaBIsieMblil
yCTpOWUCTBOM 13 ympaBieHus MHAYKLUEH, IepenaeTcs OT 3alOMUHaloIero ycrporcrea 11 Ha
WHAYKLIUOHHYIO KaTymky 12 B y3ne 10 HarpeBa, Kak yKa3aHO CTPEJIKOM, MPOXOIsILEN uepes
ycTpoiicTBO ynpasienus Ha ¢ur. 3. Tok, mpoxopsuiuii yepe3s WHAYKIHUOHHYK KAaTyIIKy 12,
NPUBOAUT K CO3MAHUIO 3JIEKTPOMATHUTHOTO TMOJii BOJMW3M OT KaTrymwku 12, KoOTopoe
IIPUHUMAETCSl HA BHEIIHEN KaTyuike 32 BHEUIHEro MHAYKUHOHHOro ycrpoiictsa 30. Ilone nHa
BHEIIHEH KaTyuke 32 MHAYLUHMPYET TOK, KOTOPBIA AEHCTBYET KakK TOK HECyIleW IJis CUTHaJa,
KOTOPBIH 3aTe€M Mepenaercs 4epe3 COeAMHUTENbHBIA Kabenb 33, Kak yKa3aHO CTPENIKaMH BO3JIe
kabens 33 Ha ¢ur. 3, Ha BHEIIHUH 0a30BBIN MOAYJb 34, HA KOTOPOM CHrHas oOpadaTheiBaeTCs U
COXPaHSETCH.

Takum obpazom, mHpopMauus mnepenaercss oT y3na 10 MHAYKIMOHHOIO HarpeBa Ha
BHeIHee yCTPorcTBO 30 6e3 HeoOXOOUMOCTH B (PM3MUYECKOM COCAMHEHUH. [[pyrumMu cioBamuy,
nocturaercs OecrpoBoiHAs Mepenada JaHHBIX.

V3en 10 HMHAOYKUMOHHOIO HAarpeBa TakK)Ke BBIIOJHEH C BO3MOXHOCTBIO IpHEMA
MH(QOPMALIMK OT BHEIIHEr0 MCTOYHMKA. B 3TOM mpumepe CUrHan OTHPAaBISETCS OT BHEIIHETro
6a3oBoro mMoaysi 34 Ha BHEUIHIOIO KAaTYIIKY 32, KaK YKa3aHO CTpeJKaMu Bozjie kabens 33 Ha
¢ur. 3, npuyeM 3IeKTPOMArHUTHOE MOJIE CO3AaeTCsl BOJMM3U OT BHEIIHEH KaTymKu 32. DTO moJje
UHAYLUPYET TOK HECylLlell Ha WHAYKUMOHHOW KaTywke 12 B y3ne 10 HarpeBa, KOTOpBIi
BBIOOPOYHO MOAAETCS Ha 3aIIOMUHArOIIee YCTPOoicTBo 11.

ITonb3oBaresnb MOKET MPOCTO BCTABUTh BHEIIHEE MHIYKLMOHHOE YCTPOHCTBO 30 B y3en
10 HarpeBa nns 3amycka nepenadyu JaHHbIX. BHyTpeHHuil nepumerp y3na 10 HarpeBa MOKeT
OBITh OCHAIIEH OrPAaHUYUTENSIMU I yAep:kaHus JacT 31 BHeurHero ycrpoiictsa 30 Ha mecTe
nocne BcTaBku. [locne cBsA3bIBaHUA Iepenada AAHHBIX MOKET HA4aTbCsl WIM IO KOMaHAeE
MOJIb30BATENs], WM ABTOMATUYECKH, MPEANOYTUTENIBHO C HCMOJIb30BAHUEM BHYTPEHHETO
NE€TEKTOPA JAHHBIX.

Hpyroii mpumep TOro, kak ysen 10 MHAYKIMOHHOIO HAarpeBa COIJIACHO HACTOSALIEMY
U300pETEHNI0 MOXKET B3aWMOJEHCTBOBATh C BHEIIHWM HHAYKLUUOHHBIM yCTponcTBOM 40,
n3o00paxkeH Ha ¢ur. 4. Kak onmcaHo BbIlIe, BHEIIHEE WHAYKIIHOHHOE YCTPOHCTBO 40 comep KuT
BHEITHIOK KaTywmKky 42 u coenuHeHne 43 ¢ BHEIIHUM 0a30BbIM MonysieM 44. B atom mpumepe
yacTh 41 BHEIIHEr0 HWHAYKIIMOHHOTO ycTpoiicTBa 40 MMeeT MO CYLIECTBY 4YamieoOpa3HYIo

¢dbopmy, u dacTh y3na 10 HarpeBa BCTaBJIsAETCA B OOBEM BHEIIHETO MHAYKIIMOHHOTO YCTPOMCTBA
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40. B wactHocTH, y3en 10 HarpeBa BCTaBIISIETCS] BO BHEIIHEE YCTPONUCTBO 40 TakuM 00pa3oM, 4To
NEePUMETP KaTylWKH 12 MHAYKIUOHHOIO Harpesa Mo CYLIECTBY OKPYXKEH MEPUMETPOM BHEIIHEU
KaTylIKU 42 BHEIIHEro0 MHAYKLUUOHHOrO ycTpoucTsa 40, U LEHTPAJIbHbIE OCH ABYX KaTyLIEK IO
CYLIECTBY NnepekpbiBatoTCsA. Kak onmmcaHo Bbllle, 3TO NEPEKPHITHE MO CYLIECTBY ABYX KaTyLIEK
o0ecrieunBaeT CHJIBHYKO JJIEKTPOMArHUTHYIO CBSI3b MEXKIY VY3JIOM HarpeBa W BHEIIHHM
YCTPOWCTBOM JUJIsl HAQAEKHOTO coenuHeHuss U 3¢ @dexkTuBHONW mnepenaun aaHHbIX. Crhemyer
OTMETHTb, YTO B 3TOW KOH(UTYpaluu BHYTPEHHHIH 00beM y3ya 10 MHIYKIIMOHHOTO HarpeBa He
UCIIONB3YETCsl, U WJUTFOCTPATUBHOE HCIIOJIB30BAHME 3TOrO NPOCTPAHCTBA JAjie€ OMUCAHO CO
CCBUIKOH Ha ¢wur. 7.

Kak omucano Beie, OOMEH HaHHBIMH MOXKET TNPOUCXOAWTH MeXAy y3jioMm 10
UHIYKIIMOHHOTO Harpesa W BHEUIHUM 0a30BbIM MoaysieM 44, Kak YKa3aHO CTPEJKOH,
NPOXOJAIIEH yepe3 YCTPOHUCTBO 13 yrpaBieHHs, U CTpeKaMu psaoM ¢ kabenem 43 Ha ¢ur. 4,
MOCPEACTBOM 3JIEKTPOMArHUTHOIO MOJIs], CBA3BIBAKOLIEIO JBE MHAYKLHMOHHBIE KATYLUIKH APYT C
IPYrOM.

B ostom mnpumepe y3en 10 HMHAYKIMOHHOIO HAarpeBa AONOJHUTEIBHO COAEPIKUT
nepesapsikaeMblii UICTOYHUK 15 muranus. McTounuk 15 nurtanus coenvHeH ¢ yCTPOHCTBOM 13
yIpaBICHUs] MHAYKLUUEH U BBINOJHEH C BO3MOXKHOCTBK) MOAAYM NMUTAHUS HA MHIYKLHUOHHYIO
karymky 12 u 3anomunHaromee ycrpornctso 11. Korga mHayknuonnas karymka 12 npuHuUMaer
NHUTaHKUE, HJIEKTPUYECKUI TOK MOXKET ObITh BBIOOPOYHO NMOAAH HAa MCTOYHHUK 15 muTaHus Ui
WHIYKLMOHHON 3apsaku ucTouHMKa 15 nuranma. Takum oOpasoM MOXET NPOUCXOIUTH
WHAYKLUOHHAs 3apsiika MCTOYHUKA 15 muTaHus npu mepenade JAHHBIX Mexay y3jioM 10 u
BHEIIHUM ycTponcTBOM 40. XOTs 3apsAnka U IepeAada JaHHbIX MOXKET MPOUCXOAUTH IO
OTZEJIbHOCTH, TOK, UCIIOJIb3YEMBIH ISl 3apsAAKH UCTOYHUKA 15 MUTaHus, MOKET UCTIOIb30BATHCS
B Ka4€CTBE HECYLIEH AJIs NepeaaBaeMbIX TaHHbIX.

Ha ¢ur. 5 cxemarnmuecku wu300pa’keH MOKOMIOHEHTHBIM BHI ycTpoiictBa 20,
TeHEPHUPYIOIIEero Tap, COIJIACHO MpHMEPy Hacrosmero wuzodpereHus. B 3ToM mnpumepe
ycTpoiictBo 20, reHepupyroliee map, coaepkuT y3ea 10 HMHAYKIUMOHHOIO Harpesa W
JNOMOJIHUTENIBHO COAEPKUT HArpeBaTeNbHbI OTCEK 21, BBINOIHEHHBI € BO3MOXKHOCTBEO
BMeIeHus1 Oyioka 22, conmepiKamero UCmapsieMoe BeIecTBO 23 M MHAYKLHOHHO HarpeBaeMbIid
TokonpueMHuk 24. HarpesarenbHblli OTCeK 21 1O MeHbUIEM Mepe YaCTUYHO MPUIIEraeT K
WHAYKIHOHHOW KaTymke 12 wiu Haxogutcs B ee oObeme. ByckHoe oTBepcTHe 25 st BO3AyXa,
PAacIIONOKEHHOE PSAIOM C HarpeBaTelbHBIM OTCEKOM 21, obecreunBaeT mojady OKPYIKAroIero

BO3JlyXa B HarpeBaTesbHbIM OTCek 21. BrimyckHOe oTBepcTHe 26 md BO3AyXa HAXOAUTCS B
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coOOILIEHNN C HarpeBaTelbHBIM OTcekoM 21 u obecrnedynBaeT CpPEeACTBO BbIBOAA Iapa,
00pa30BaHHOIO BHYTPH HarpeBaTesibHOro orceka 21. Bce miam HEKOTOpbIE M3 KOMIIOHEHTOB,

IMOKAa3aHHBIC Ha (I)I/Il". 5 BBITIOJIHCHBI C BO3MOXKHOCTBHO M3BJICHCHHA, a Ha (I)I/Il". 6

>
MPOWITIOCTPUPOBAHO, KaK pa3jiMyHble KOMIIOHEHTBI yCTpoicTBa 20, TeHepUpyroLiero map,
NOKa3aHHbIe Ha (ur. 5, cCOOpaHbI BMECTE MPU UCTIONb30BAHHH.

B sTOoM mpumepe yCTpOWCTBO OCHAINEHO MYHIIITYKOM 27, KOTOPBIH cooOLIaeTcst C
BBIIYCKHBIM OTBepcTUEM 206 111 BO3Ayxa. MyHamTyk 27 NpenocTaBiseT IOJIb30BATENIO
BO3MO>KHOCTB JIETKO BTATMBAaTh F€HEPUPYEMBII nap U3 ycrpoicraa 20.

HarpeBatenpHblii oTcek 21 BBIIOJHEH € BO3MOJKHOCTBIO BMeEIIEHUs Oyioka 22,
cozep Kalllero UcnapsieMoe BeleCTBO 23 M WHAYKLHUOHHO HarpeBaeMblil TOKONPUEMHUK 24.
[MpennouyturenpHO OJIOK 22 WMeeT CJIOW WM MeMOpaHy, B KOTOPYIO 3aKJIIOUEHO HCHapsieMoe
BEIIECTBO, MPH 3TOM CJIOH WM MeMOpaHa sIBIISIIOTCS] BO3AyXonpoHuuaeMbiMi. Hanmpumep, 6ok
22 MOXKeT TMPEeACTaBJIsATb COOOW ONHOPA30BYIO KAmCyly, COmepikamyro Tabak M MO MeHbIIeH
Mepe OAMH 3JIEMEHT B BHUJE MHAYKLMOHHO HAarpeBaeMoro TOKONpHUEMHHKA. TokonpueMHuk 24
MOKET HAaXOAWUTbCS B HENOCPEACTBEHHOM WM ONOCPEAOBAHHOM KOHTAaKTe€ C HCHapseMbIM
BELIECTBOM 23, BCJIECTBUE 4€ro, KOraa MPOMCXOAUT MHIYKLHOHHBIN HarpeB TOKONPHUEMHHUKA
24 wHAYKUUMOHHOM KaTywkon 12 y3ma 10 MHAYKLIMOHHOrO HAarpesa, TEIUIO MEPEenaeTcsi OT
TOKOTIpHEMHUKa 24 K wucmapseMoMmy BemectBy 23 nis oOpasoBanus mnapa. lMcmapenuro
ucrapsieMoro Bemectsa 23 crocoOCTByeT noOaBiIeHHe BO3AyXa U3 OKPY’KAIOLIEH Cpeasl uepes
BIYyCKHOEe oTBepctue 25 nmist Bo3ayxa. Ilap, oOpasoBaHHBIM mHyTeM HarpeBa HCIapseMOro
BELECTBA 23, 3aT€M BBIXOAWT U3 HArpeBaTEIbHOIO OTCeKa 21 depe3 BBIMYCKHOE OTBEpCcTHE 26
IJIs1 BO3JlyXa U MOJKET BIBIXaTbhCs MOJNb30BaTeNeM ycTpoiictBa. [IpoxoxkaeHuto nortoka Bo3ayxa
yepe3 HarpeBaTeNIbHbIM OTCEK 21, T. €. U3 BIyCKHOrO OTBEPCTHs 25 U BO3AyXa depe3 oTcek 21
1 U3 BBIITYCKHOI'O OTBEPCTHs 20 IJI BO3AYXa, MOXKET COAEHCTBOBATh OTPULIATEIBHOE AAaBJIEHUE,
CO37]aBa€MO€ MOJIb30BATENEM NPU BTATMBAHUM BO3AyXa CO CTOPOHBI BBITYCKHOIO OTBEPCTHS 26
1151 BO3Ayxa ycrpoiictsa 20.

Ha ¢ur. 7 cxematudyeckn H300pakeHO Kak MOKeT paboraTh ycTpoicTBo 20,
reHepupyloliee nap, nokasaHHoe Ha ¢ur. 5 u 6, 1id mepenayd JAaHHBIX M HUHIYKIHOHHOTO
Harpeea ucnapsieMoro BemiectBa 23. BHelmHee MHAyKLIMOHHOE ycTporcTBO 50, comepskaiuee
BHEIIHIOKO KaTyIIKy 52, OKpy»KaeT nepumMeTp y3ia 10 HHOYKIMOHHOTO HarpeBa TakuM o0paszom,
YTO LIEHTpPAJbHblE OCH KaTylIKu 12 Harpesa M BHEWIHEW KaTyWKuH 52 MO CYLIECTBY
nepekpoiBaroTCa. B 3TOM mnpumepe BHEIIHEe HHAYKLIUOHHOE ycTpoucTBOo 50 umeer naBa

OTKPBITBIX KOHIA, 4Y€pPE3 KOTOPBIC MOXKET OBITb BCTaBJIEH y3€i1 10 WHAYKIOUOHHOI'0 Harpena.
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MoryT ObITH NPEnyCMOTPEHBI CpencTBa IJisi (PUKCAIUHM TOJIOKEHUS BHEIIHEH KaTymkh 52
OTHOCHUTENIbHO MHAYKLMOHHON KaTymiku 12, Hampumep 3allleJKUBAIOIUINCA MEXaHU3M. JTO
MO3BOJISIET YCTPOUCTBY 20, reHepUpyHOLIEMY ap, ONHOBPEMEHHO HarpeBaTh TOKONPUEMHHUK 24
1 OOMEHMBATBCS JTAHHBIMU C BHEIHUM YCTPOHCTBOM S50.

Kak Oyzer mOHATHO U3 BBIIIECKA3aHHOTO, HAcTosiee H300peTeHue, 3a Cuer
NPEAOCTaBNeHHs] (PYHKLMOHAJIBHBIX BO3MOXKHOCTEH WHIYKIMOHHOTO HArpeBa W Mepenadu
JaHHBIX  0e3  HeoOXoAMMOCTH B (DU3MYECKOM  COCOUHEHMHM WM OTAEJIBHOM
NpUEMHHKe/TIepejaTuiKe, 00eCIeYrBaeT MPEAOCTABIEHUE YCTPOMCTBA, T€HEPUPYIOIIETro Mmap, C
BO3MOXKHOCTSIMH ~ O€CIpOBOAHOW paboOThl C JaHHBIMH, KOTOpPOE SIBJIIETCS HEAOPOTHM,
KOMIIAKTHBIM U TOAXONSALIUM JUJIsl MOPTAaTUBHOIO HCIOJB30BaHUS B pyke. B Hacrosmem
n300peTeHNH TpeayiaraeTcs 3JeKTPOHHOE YCTPOICTBO, reHepupyromiee map, ¢ Oe3omacHoi u
s¢exTuBHON cuctemoil oOMeHa uMHpoOpManMel M HU3KUM KOJHYECTBOM KOMITOHEHTOB IJISI
YMEHBIIEHUs pa3Mepa, Beca M CTOMMOCTH M3IOTOBJICHHs, a TakXke MO-NPEXKHEMY
oOecrieunBaroTCss  (YHKIMOHAJbHBIE  BO3MOXKHOCTH ~ HAarpeBa  TakOro  YCTpPOICTBa,

TeHEepUPYIOLIEro nap.



®OPMYVYJIA H30BPETEHUA

1. VY3en MHAYKLUHUOHHOIO Harpesa AJjisi yCTPOMCTBA, TEHEPUPYIOLIEro map, Mpu 3TOM

y3€JI HarpeBa COIEPKUT:

UHAYKLMOHHYIO KaTyIIKy U

3allOMUHAIOLIEe yCTPOICTBO,; NPUYEM

UHAYKLMOHHAs KaTylIKa BBINOJHEHa C BO3MOXHOCTBIO HAarpeBa, IpHU
UCIIOJIb30BAHUH, TOKONPUEMHUKA, W UHAYKIMOHHAs KaTyllKa TakK)Ke BBIIOJHEHA C
BO3MOKHOCTBIO  B3aMIMOJEHCTBHSI, TPU HKCIIOJB30BAHUM, C BHEIIHUM HH()OPMAIIOHHBIM
YCTPONCTBOM TMOCPEACTBOM HEMPSIMON 3JIEKTPOMArHUTHON MHIYKIIMOHHOW CBSI3U ISl IEpeaadyun
JAHHBIX OT 3a[IOMHUHAIOIIEr0 YCTPOICTBA HA BHEIIHEe HHYOPMALIMOHHOE YCTPONCTBO, W/ WM IS
npreMa JaHHBIX OT BHEIIHETO WH(POPMAIIMOHHOTO YCTPONUCTRA.

2. VY3en nHAYKLMOHHOIO Harpesa Mo I. 1, OTIWYaronuiics TeM, YTO UHAYKLIUOHHAs
KAaTylIKa BBINOJIHEHA C BO3MOXKHOCTBIO B3aUMOJEWCTBHS, MPU HCHONBb30BAHUH, C BHELIHUM
UH(QOPMALIMOHHBIM YCTPOHCTBOM TOCPEACTBOM HEMPSIMOH 3JEKTPOMArHUTHOW WHIYKIIMOHHON
CBSI3M Ul Tepefadd WWIM TpHeMa [aHHbIX Ha W/MIM OT BHEIIHEr0 YCTPOWCTBA C
UCTIONb30BAHUEM MHOJKECTBA PA3JIMUHBIX CIOCOOOB IEpenayy, MpH 3TOM y3eJ HarpeBa H/wiu
BHEIIHEe YCTPOMCTBO BBIMOJHEH WJIHM BBIIOJHEHbI C BO3MOJKHOCTBIO BBIOOpA TOrO, KaKOH W3
MHOYKECTBA PA3JIMYHBIX CIIOCOOOB IEpeaayvu MCIOJIb30BaTh, HA OCHOBAHUHU TOTO, UCIOJIB3YeTCs
WIM HeT WHAYKIHOHHAs KaTyIIKa JJIsl BBINOJHEHUs APYrod (QYHKUUH OJHOBPEMEHHO C
nepenavel JaHHbIX.

3. VY3en MHAYKLMOHHOIO Harpesa mo m. 1 mmm m. 2, OTIMYaroLuics TeM, 4TO y3el
HarpeBa JOMNOJIHUTENIBHO BBIMNOJHEH C BO3MOXHOCTBK TIOJY4Y€HHUs] 3JIEKTPOIMUTAHUS OT
BHEIIHEr0 MH(OPMALIMOHHOTO YCTPOHCTBA TMOCPEACTBOM HEMPSIMOM  3JIEKTPOMArHUTHOM
WHAYKLMTOHHOW CBSI3U.

4. VY3en MHAYKLMOHHOIO Harpesa Io I. 3, OTJIMYAIOLINICA TeM, 4TO y3ell Harpesa
BBINIOJIHEH C BO3MOJKHOCTBIO IMEPENadd AAHHBIX OT 3allOMHHAIOLIErO YCTPOMCTBA HAa BHELIHEE
UH(POPMALIMOHHOE YCTPOICTBO € MOMOIIBIO METOAMKH HArPY30UHOW MOAYJILHU C TIOJTYYEHUEM
IPY 3TOM MTUTAHUS OT BHEIIHETO HH(POPMAIIOHHOTO YCTPONUCTBA.

5. V3en WHAYKUMOHHOTO Harpeea MO JIIOOOMYy W3 MPEObIAYIIMX IYHKTOB,
OTJIMHAKOLUNACA TE€M, YTO Y3€J1 HarpeBa BBIIOJHEH C BO3MOXHOCTBIO MEPEAadd NAaHHBIX OT
3aIlIOMHHAKOLIETO YCTPOHCTBA Ha BHEIIHee HWH(POPMALIMOHHOE YCTPOMCTBO MMOCPENCTBOM
MOAYJSILUM HArpeBarOLIero MEePEeMEHHOr0 TOKA, MOJAHHOIO Ha HWHAYKLUUOHHYKO KaTYLIKY,

NpUYeM HarpeBarOIIMN MePeMEHHBIH TOK UMEET YacTOTY, BBIOPAHHYIO TaK, YTOOBI IO CYIIECTBY



ONTUMH3UPOBATH NMPe0Opa30BaHNE MUTAHUS U3 3JIEKTPOIIUTAHUS, TOJAHHOTO Ha WHAYKLHUOHHYIO
KaTYLIKY, B TEIJIO, TEHEPHPYEMOE TOKOITPHEMHUKOM.

6. V3en cucteMbl HHAYKIIMOHHOIO HarpeBa o JroO0OMy W3 MPenbIIyLINX MyHKTOB,
OTJIMYAIOIIUNCS TEM, YTO y3€Jl HarpeBa BBIOJHEH C BO3MOXKHOCTBIO IEpeNadd AAaHHBIX OT
3alIOMUHAIOLIET0 YCTPOICTBA HAa BHEUIHee HWH(POPMALIMOHHOE YCTPOMCTBO IOCPEICTBOM
MOJYJISILIMU MEPEMEHHOT0 TOKA HECYLIeH [T mepenavu JaHHbIX, MOJAHHOTO HA MHAYKIIMOHHYIO
KaTyLIKy, MpHYeM TOK HECyIlell MMeeT 4YacTOTy, BbIOPAHHYKO TakK, 4YTOOBI IO CYLIECTBY
ONTUMH3UPOBATh  Tepenadyy MUTaHUA OT WHAYKIUOHHOW  KAaTYIIKH HAa  BHEINHee
UH(OPMALIMOHHOE YCTPOICTBO.

7. Y3en cucTteMbl MHAYKIMOHHOTO HarpeBa Mo JIOOOMY W3 TPEABIAYINUX IYHKTOB,
OTJMYAIOIIMUNACS TEM, YTO Yy3€J HarpeBa BBINOJHEH C BO3MOXKHOCTBIO TIpHEMa JaHHBIX
3aIIOMHUHAKOIINM YCTPOWCTBOM OT BHEIIHErO HH(GOPMAIMOHHOTO YCTPOMCTBA MOCPEICTBOM
AEMOAYJISILUU 3aPsITHOTO TIEPEMEHHOTO TOKa, WHAYLHMPOBAHHOTO B WHAYKIMOHHOW KaTyIIKE,
npuYeM 3apsOHbIA MEPEMEHHbI TOK MMEET 4acTOTy, BBIOPAHHYIO TaK, YTOOBI MO CYIIECTBY
ONTUMHU3UPOBATh Nepefady IUTAHUS OT BHEIIHEro WH(POPMALMOHHOTO YCTPOHCTBA Ha
MHIYKIHOHHYIO KaTYIIKY.

8. V3en WHAYKUMOHHOTO HarpeBa MO JHOOOMY M3 MpPEbIAYIIUX IYHKTOB,
OTJIMYAIOIMUNCS TEM, YTO JIOMOJHUTENBHO COMAEPXKHUT YCTPOMCTBO YIpPAaBICHUsS HHIYKIHEH,
HaxoJslIeecss B 3JEKTPUIECKOM COEAMHEHUH C MHAYKIHOHHON KaTYHIKOW M 3aIOMUHAIOIIUM
YCTPOWCTBOM, BCJIEACTBHE YEro, IPU HCIOJIb30BAHUHM, HHIYKIMOHHAs KaTyIIKa MOXET
UCIIONIB30BAThCS  JJI1 HArpeBa BHELIHEIO TOKONPUEMHUKAa WM W30HMpaTenbHOro oOMeHa
JaHHBIMHM Ha MHAYKLMOHHOW KaTylIKe B (POpMeE 3JIEKTPOMArHUTHOTO TMOJIS.

9. V3en WHOYKUMOHHOTO HAarpeBa MO JEOOOMY M3 MPEIbIAYIIUX MYHKTOB,
OTJIMYAIOIIUNACS TEeM, YTO IOIOJHHUTEIBHO COIEPKHUT IETEKTOP IAHHBIX, BBIMOJIHEHHBIA C
BO3MOKHOCTBIO OOHApY»KEHHUSl JAHHBIX, KOrna KoJeOaTeNbHOE 3JIEKTPOMArHUTHOE IOJIe OT
BHEIIHETO YCTPOMCTBA MPHUHATO HA MHIYKIIMOHHON KATYIIKE, PH 3TOM y3€J HarpeBa BBIOJIHEH
C BO3MO)KHOCTBIO TIpHeMa JaHHbIX, EPEaHHbIX Ha Y3€JI HarpeBa BHELIHUM YCTPOHCTBOM.

10.  VY3en WUWHAYKUMOHHOTO HarpeBa IO JIIOOOMY W3 MPEABIAYIIUX MYHKTOB,
OTJMYAIOIIUNACS TEM, YTO HMHAYKLHUOHHAS KAaTyIIKa HUMEET MO CYIIECTBY LIMIMHAPHYECKYIO
dbopmy.

11.  VY3en WUWHAYKUMOHHOIO HarpeBa IO JIFOOOMYy W3 MPEAbIAyIIHX TMYHKTOB,
OTJMYAIOIIUNACS TEM, YTO BBIIOJHEH C BO3MOXKHOCTBIO MEpefayd U IpHeMa HaHHBIX OT

BHEIIHETr0 UCTOYHHKA, KOTOPBIA UMEET IO CYIIECTBY LMINHAPUYECKYIO popmy.



12.  VY3en WUWHAYKUMOHHOIO HarpeBa IO JIEOOOMYy W3 MPEAbIAYIINX TyHKTOB,
OTJIMYAIOIIUNCS TEM, YTO Y3€JI BHIIOJHEH C BO3MOXKHOCTBIO BMELIEHHUS, IIPU UCIIOJIB30BAHUH, 110
MEHbBIIEH Mepe 4YacTH BHEINHEro HCTOYHUKA 3JIEKTPOMArHUTHOTO IOJIA B TIpPeesax CBOEro
obbema.

13.  V¥Y3en WHAYKIMOHHOTO Harpesa I0 JOOOMYy U3 NPEAbIAYIIUX ITyHKTOB,
OTJIMYAIOIIUIACS TEM, YTO MO MEHbIIeH Mepe YacTh y3Jia BBIOJHEHA C BO3MOXKHOCTBIO BCTaBKH,
NPU UCTIOJIb30BAaHUH, B 00bEM BHELITHETO UCTOYHHUKA HJIEKTPOMATHUTHOTO TTOJIS.

14.  VY3en WUWHAYKIMOHHOIO HarpeBa IO JIIOOOMYy W3 MPEAbIAYIINX TMYHKTOB,
OTJIMYAIOIIUNACS TEM, YTO IOIMOJHHUTEIBHO CONEPXKHUT Iepe3apsKaeMblii MCTOYHHK IMUTAHUS,
BBIITOJIHEHHBIN C BO3MOKHOCTBIO, TPU HCIOJB30BAHUH, MOJAYN MUTAHUS HA HHIAYKLHUOHHYIO
KaTyLIKy ¥ 3a[IOMUHAIOLIEE YCTPONCTBO.

15. VY3en MHAYKUMOHHOIO HarpeBa mo m. 12, OTIUYAKOIIUNCA TE€M, YTO HUCTOYHUK
NUTAHUS COEOUHEH C YCTPOWCTBOM VIPABICHWs WHAYKIHMEH, BCIEACTBHE 4Yero, IpHu
UCTIONIb30BAHUM, SJIEKTPUYECKUH TOK, NOJYYEHHBIH OT WHAYKLIHOHHOW KATYIIKH, MOXKET
M30MpaTeNbHO IMONABaThCsl HAa MCTOYHUK MUTAHUS, KOTrJAa IIUTAaHWE MIPUHUMAETCs Ha
MHIYKIIMOHHON KaTylike B (OpMe 3JEKTPOMATHUTHOTO IIOJIs, CT€HEPHUPOBAHHOIO BHEIIHUM
YCTPOWCTBOM, ITOCPEICTBOM 3JIEKTPOMArHUTHON HHAYKLMOHHOW CBS3H, ISl WHAYKIHOHHOW
3apsAAKA UCTOYHHMKA MTUTAHUS.

16.  V3en WHWHAYKUMOHHOTO HarpeBa MO JHOOOMY M3 TMPEIbIAYLINX IyHKTOB,
OTJIMYAIOIIUNCSA TEeM, YTO JaHHbIE, IepeaBaeMble C IOMOLIbI0 WHAYKIMOHHOW KAaTyILIKH,
NPEeNCTaBISIIOT COOOW ONHO WJIM HECKOJNBKO M3 HMCTOPHM HCIOJNb30BAHUS  YCTPOMCTBA,
OCTaBILIErOCs 3apsia UCTOYHHKA MUTAHUS WM OOHOBJICHHMH MPOrPaMMHOIO OOECTedeHus st
YCTPOMCTBA, FTEHEPUPYIOLIETO Map.

17. Y CTpolicTBO, reHepupyrolLIee Map, KOTOPOE CONEPIKUT:

y3eJ1 HHIYKIIHOHHOI'O Harpera o Jirodomy u3 mim. 1-16;

HAarpeBaTeNIbHbIA OTCEK, BBIMOJHEHHBI C BO3MOXXHOCTBEO BMEINEHHUS OJIOKa,
COZEPIKALIETO UCTIAPSIEMOE BEIECTBO U MHAYKLMOHHO HArPEBAEMbIl TOKOTIPUEMHFIK;

BIlYCKHOE€ OTBEPCTHE ISl BO3[yXd, BBIIOJHEHHOE C  BO3MOXXHOCTBIO
NPEAOCTABIEHHS BO3[[yXa B HArPEBATENbHBIN OTCEK; U

BBITYCKHOE OTBEPCTHE JJIsI BO3AyXa, HAaxonsmieecss B COOOLIEHHH C
HarpeBaTeIbHbIM OTCEKOM.

18.  VYcrpoiictBo, reHepupyrouiee mnap, no n. 17, orauyaromeecs TeM, 4YTO
HarpeBaTeNIbHbIA OTCEK BBIMOIHEH C BO3MOXKHOCTBIO BMEIIEHUS 110 CYILIECTBY LIMIMHAPUIECKOTO

UCTIApAEMOro U3acius.



19.  Cnocob obmena nHpopmanmel ¢ yCTpOHCTBOM, T'€HEPUPYIOLIUM Iap, MPH 3TOM
Croco0 BKIIIOYAET CAEAYIOLINE 3Tl
pasMelleHne BHEUIHEro HH(POPMALMOHHOIO YCTPOMCTBA PSAOM C  y3JIOM
MHYKIIHOHHOTO HarpeBa yCTPOWCTBA, MEHEPUPYIOIIEro map, IpU 3TOM y3el HHAYKLHOHHOIO
Harpesa COAEPIKUT KaTyLIKy HHAYKIIMOHHOTO HAarpeBa M 3allOMUHAIOLIEE YCTPONUCTBO; U
nepenady MAaHHBIX ITOCPEACTBOM 3JIEKTPOMATHUTHOH WHAYKLHOHHOHW CBSI3U
MEKIy KaTYLIKOW MHAYKIMOHHOIO HAarpeBa y3jia HarpeBa M BHEUIHMM HH(POPMALHOHHBIM
YCTPOUCTBOM.
20.  Cmnocob mo m. 19, oTIMYarouuiicss TeM, 4TO 4acTh BHEIIHETO WH(OPMALIMOHHOTO
YCTPOWCTBA 10 MEHbIIEH MEPe YaCTUYHO BCTABJIEHA B 00bEM y3J1a HHAYKIMOHHOTO HarpeBa Win
9acTh y3Jla HHAYKIIMOHHOTO HarpeBa Mo MEHbIIEH Mepe YaCTUYHO BCTABJICHA B 00BEM BHEIIIHETO

UH()OPMALIMOHHOTO YCTPOHCTBA.
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