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OTBEpCTHE [UIsi TUTAHMWS, BBIMTYCKHOE OTBEPCTHE JJIsi BEPXHEro MPOAYKTa, HUXKHEE pPa3rpy304HOE
OTBEPCTHUE VTS PA3rPY3KU HIDKHETO MPOAYKTA, BEPXHIOK YaCTh, COSTUHEHHYIO C BITYCKHBIM OTBEPCTHUEM
JUTS TIMTAHUS U C BBITYCKHBIM OTBEPCTHEM JUTS BEPXHETO MPOIYKTa, KOHWIECKYIO YaCTh, PACIIONOKECHHYTO
MEXKIY BEpXHEH 4YacThIO M HIDKHHUM pPa3rpy30YHBIM OTBEPCTHEM, W 3JICKTPOABI JUIS H3MEPCHUS
3HeKTpOHpOBOﬂHOCTH BHyTpH FHHpOHHKﬂOHa JJIA 06HapymeHHH O6p330BaHHH COCTOAHUA yHHOTHeHHH
[IOTOKA B THAPOIHUKIOHE. DJICKTPOIBI PACIIONOKEHBI 10 OKPYKHOCTH B KOHHYECKOH YaCTH Ha OCEBOM
paccTosHUH (dpe,) OT HIDKHETO PA3TPy30YHOTO OTBEPCTHS, THE dpes COCTaBIACT HE MeHee 5% OT
PACCTOSIHUS TI0 OCH MEXIY HIDKHHAM Pa3Tpy30YHBIM OTBEPCTHEM W BepXHEH JacTeio u He Oonee 50% ot

PAaCCTOAHUS IO OCU MEKAY HUXKXHUM PA3rpy304HbIM OTBEPCTHUEM U BGpXHeﬁ YacCThHO.
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I'mAPONMUKJIOH IJIAA OBHAPYKEHUA ®OPMHUPOBAHUA COCTOSHUA
YIUIOTHEHHUA TIOTOKA

OBJIACTH U3OBPETEHUA

Hacrosimee n3oOpeTeHne OTHOCHTCS K TIMAPOLMKIOHaM. B wactHOCTH, M300pereHMe
OTHOCUTCSI K YCTPOWCTBY M CHOCOOYy OOHapyKeHHs OOpa3OBaHHs COCTOSIHUS «BEPEBOYHOTOY
VIUIOTHEHHsI TOTOKa (roping state) B THAPOLMUKIOHE MyTeM HM3MEPEHHs 3JEKTPONPOBOAHOCTH

BHYTPU FUAPOLMKIIOHA.

YPOBEHb TEXHUKHU

I'mapolMKIOHEl — 3TO COPTUPYIOLIME YCTPONCTBA, WCIIONb3yeMble Ui pasfeleHus
MIUTAHUS, TAKOTO KaK cMeCH MUHepasioB. OHM 9acTO UCTIOIB3YIOTCS TPYIIIAMH, TaK 4TO OOJIbLINE
KOJIMYECTBA 3arpy’kaeMoro marepuana MOXKHO Pa3AesuTb Ha HECKOJbKO TMIPOLMKIJIOHOB AJIs
COPTUPOBKH. [ MAPOLMKIIOHBI HCHONB3YIOT LEHTPOOEKHYIO CHIY MAJIi YCKOPEHHs] CKOPOCTH
OCaKJI€HMs YaCTHLl, BbI3bIBAsI 0Opa30BaHUE BO3AYLIHOTO CEPIEYHHKA, KOTOPBI MMEET BaXKHOE
3Ha4eHue U1 paloThl ruAporukioHa. OOHAKO THUAPOLUKIIOHBI CTPANAlOT OT COCTOSHUS,
U3BECTHOTO KaK YIUIOTHEHHE II0TOKA, KOIZa BO3AYLIHBIA CEpACUHUK paspyllaeTcs IpH
NPEBBIIEHUH TPOITYCKHON CITOCOOHOCTH OTAEIBHOTO I'MAPOLIUKIIOHA.

HecoBepimennoe  oOHapy)keHHe  YIUIOTHEHHsI ~ IOTOKa  3aTpPyAHseT  paboty
TUAPOLIMKIIOHOB, HATIPUMEp, M3-3a COKPAILEHHUS] BpEMEHHU PalOThl OTACIBHOTO THAPOLMKIIOHA U
YBEJIMYCHHUS] KOJHYECTBA TUAPOLMKIOHOB, HEOOXOMUMBIX AJISl MONAEPKAHUS JIFOOOW 3aaHHON

MIPOMYCKHON CIIOCOOHOCTH JJIsl TPYIIITBI THIPOLIMKIOHOB.

IEJIb U30BPETEHUA

L{enb COCTOUT B TOM, YTOOBI YCTPAHHUTD WJIM CMSITYHUTD 110 MEHBIIEH Mepe HEKOTOpPbIE U3
YIOMSIHYTBIX BBILIE HEJJOCTATKOB.

B uacTHOCTH, LieNb COCTOMT B CO3JAHHMM THIPOLMKIIOHA M CIOCO0a, KOTOPBIE MOXKHO
UCTIONIb30BaTh JUIsI O0Jiee TOUHOrO OOHAPYKEeHUSI 00Pa30BaHMsI COCTOSIHUS YIUIOTHEHHUS NIOTOKA B
rUAPOLMKIIOHE. Ele OqHON LeNblo sIBIseTCs CO3JaHNe MMAPOLUKIIOHA, KOHCTPYKLHS KOTOPOro
NO3BOJISIET OOHAPYXMBAaTh OOpPAa30BaHHE COCTOSHUS YIUIOTHEHHs MOTOKA OO TOTO, Kak 3TO
COCTOSSHUE BO3HHKHET, TaK 4YTO pPabdoTy TUAPOLMKIOHA MOXHO pPeryjJupoBaTh I

npeaoTBpalCHNsI BOSBHUKHOBCHUS COCTOSAHUSA YINIOTHCHUS ITIOTOKA.



CYIIHOCTDb U30bPETEHM A

IMunpounkiioH (HIDKe TakkKe KLMKJIOH») MPEeNCcTaBisieT coO0H COpTHPYIOIee YCTPOHCTBO
AN pasfesieHusl 3arpy’kaeMoro Marepuana, HalpuMmep, Ha OCHOBAaHMM Da3jIMYUil B pasMepe
W/WIM YOEeNbHOM Bece YaCTHIl B 3arpy’kaeMoOM Marepuane. B kauecTBe ajabTepHATHBBI WIIN
JOTIOJTHUTEJIBHO, pa3/iesieHue TaK)Ke€ MOXKET MPOHCXOIUTh B 3aBHCUMOCTH OT (POPMBI HACTHII.
CkopocTs momauu - 35TO CKOPOCTb, C KOTOpPOM 3arpykaeMmblii MaTepuajl BBOAMUTCS B
rUApOUMKIOH. VCXOmHBIM MaTepuan (HMXKe TaKkKe «IMUTaHHE») MOXKET MPENCTaBISTh COOOW,
HanpuMmep, nyibny. [lutaHue MokeT comep:kaTh TBEpIble BEIECTBA, TaKUe KaK MHUHEpaJbHbIE
gacTulbl. OHO Takke MOXKET COJEepKaTh >KUIKOCTb-HOCUTENb, Takylo Kak Boja. Hampumep,
ObLIO OOHApPYKEHO, YTO, KOTJla BEC TBEPAOrO BEUIECTBA B MUTAHUU COOTBETCTBYeT OT 10 nmo 85
IPOIIEHTOB OT OOINEro Beca MUTAHUS, TO €CTh MUTAHWE MMEET TBEPIOE BEIIECTBO, COAEPIKAHNE
KoToporo cocrasisier ot 10 mo 85 mpOUEHTOB, NPEACTAaBICHHOE W300PETEHHE MOXKET
o0ecreynTh yJIy4YLIeHHOE OOHAPYKEHHE YIUIOTHEHUs MOTOKa. B kauecTBe Apyroro mnpumepa
OblI0 OOHApy)XKeHO, YTO HacTosimee u300peTeHHe MOoXKeT O00ecneyuTh YIIyYIIeHHOE
oOHapy>KeHHe YIUIOTHEHHs TIOTOKA, KOT/Ia yIeNIbHBIM BEC TBEPIOTO BEIECTBA COCTABISAET OT 1,5
10 7,0 TOHH Ha KyOU4eCKUil MeTp.

ITutanue MoxeT ObITH pa3feNieHO MO MEHbLIEH Mepe Ha BEpXHUH MPOAYKT U HUKHUN
NPOAYKT, MEpPBbI M3 KOTOPBIX COOTBETCTBYET MEJIKOAMCIIEPCHOMY IPOAYKTY, a BTOPOH -
KPYIHO3EPHUCTOMY NPOAYKTY. MeNKOAuCHepCHbI NPOAYKT MOXKET COAEpKaTb, IO MEHbLIEH
Mepe B cpeqHeM, Oojiee MeNIKUe YaCTHLbI W/WJIH YaCTHIIbI, UMEIOIINE MEHbLINHA YISIbHbIA BeC,
YeM YacTHLbI B KPYIMHOAUCIIEPCHOM MpPOAyKTe. Pazmep orceueHus: onpenensercs ¢ MOMOIIBIO
YacTHI] pa3Mepa OTCEUeHHs, HWMEIOINUX pPAaBHYK) BEPOSTHOCTh TMOMAAaHus JHOO B
MEJIKOJTUCTIEPCHBIN, JIUOO B KpymHOAUCHEPCHBIH mponykT. OceBol pasmep THIPOLMKIOHA
onpenenseTcss Kak pa3Mep, COOTBETCTBYIOIIMI BbicoTe LUKJIOHA. COOTBETCTBEHHO, OCEBOM
pasMep MOXeT OBITh BBIPAKEH TaKXe Kak BepTUKaNbHBIA pasmep. [lom HacTyruieHuem
COCTOSIHUS YIIJIOTHEHHUS MOTOKA 371eChb MOHUMAETCsl MOMEHT, KOIrZla THAPOLMKIIOH MEPEeXOaUT B
COCTOSIHUE YIUIOTHEHHs moTtoka. [lox (opMupoBaHHEM COCTOSIHUS YIUIOTHEHHS MOTOKA 311EChH
NOJPa3yMeBaeTCsl JIIOOOH M3 MPOLECCOB, CBS3aHHBIX € MEPEXOAOM THAPOLUKIIOHA B COCTOSTHUE
VIUIOTHEHHsT ToToKa. llo ompeneneHMo WX MOXHO HIASHTHQULIUPOBATH A0 W/WIM TIOCHE
HACTYIUICHUsI COCTOSIHUS YIUIOTHEHHs notoka. Ilox ompenenenunemM GopMUpPOBaHHS COCTOSHUS
YIUIOTHEHUsI TOTOKA 3[€Ch MOAPA3yMEBAETCsl ONpPEAEIeHHE TOro, 4TO MEepPexXo] B COCTOSHHE
YIUIOTHEHHUs IOTOKA MPOU3OLLUEIT UIIU €70 CIEAYET OKUAATD.

B coorBercTBUU C NEPBbIM AaCIMCKTOM, THAPOLMUKIIOH IJIA Pa3sACICHUA NUTAHUA Ha



BEPXHHUI MPOAYKT M HWKHHUI NPOAYKT CONEP’KUT BIYCKHOE OTBEPCTHE Ui MUTAHUs. ITO
o0ecrieynBaeT BO3MOXHOCTh IOAAYM MHTAHUS B LMKIOH. | MAPOLMKIOH TakXe CONEPIKUT
BBIITYCKHOE OTBEPCTHE I BEPXHEro IpOAYKTa, OOEeCreunBarollee BO3MOXKHOCTb YAJICHUs
BEPXHEro MPOAYKTAa W3 LUKJIOHA, U HIDKHEE Pasrpy30uHOE OTBEPCTHE AJIST BBIMYCKAa HIDKHEIO
NPOAYKTa W3 IMKJIOHA. [ MAPOLMKIIOH JONOJHUTEIBHO COAEPKUT BEPXHIOK  YacTh,
COEMHEHHYIO C BITYCKHBIM OTBEPCTUEM JJIsl TUTAHKSI M BBITYCKHBIM OTBEPCTHEM IUISi BEPXHETO
NPOAYKTa, U KOHUYECKYI0 YaCTh MEKAY BEPXHEH YaCTbl0O U HIDKHUM Pa3rPy304HBIM
OTBEPCTHEM. DTa KOHCTPYKLHMS TO3BOJISIET LEHTPOOEKHOH CHiie pa3felsiTh NMUTAHUE BHYTPHU
LUKJIOHA. [ MAPOLUKIIOH MOXKeT paboTaTh KaK HacTh IPYIIIbI THAPOLUKIOHOB. JTO MO3BOJISET
paznensTh OONbIINE KONUYECTBA MTUTAHUS Ha HECKOJIBKO THAPOLMKIIOHOB JUJIsl COPTHPOBKH.

JUisi M3MepeHHst 3JIEKTPOIPOBOIHOCTH BHYTPH THAPOLMKIIOHA C LENBI0 OOHApPYKEHHS
0o0pa3oBaHMUs VYIUIOTHEHHs] IOTOKA B THUAPOLMKIOHE THAPOLMKIOH COINEPXKHUT 3JIEKTPOIBL.
OnHako, x0T [UIsI OOHAPYKEHHUS YIUIOTHEHHs TOTOKA IOCNIe HACTYIUIEHHUS 3TOrO COCTOSIHUS
MOXET HCIIOJIb30BAThC IPOCTOE BKJIIOYEHHE M3MEPUTENbHBIX SJEKTPOJOB U HU3MEpPEHUe
3JIEKTPOIIPOBOIHOCTH BHYTPH THIAPOLHMKIOHA B MOIXOISIINX MecTaxX, ObUIO OOHApPYKEHO, YTO
TOYHOCTb OOHApPyKEHHs MOXKeT OBbITb 3HAUWUTENBbHO VIIy4lleHa TNpu HU30UpaTeNbHOM
pacrionokeHMH 3JekTponoB. (ClenoBaTenbHO, B OMHUCAHHOM THAPOLIUKIIOHE 3JIEKTPOABI
PacCIOIOXKEHBI 110 OKPYKHOCTH B KOHUYECKOW YaCTH Ha OCEBOM PACCTOSIHUU (eas) OT HUIKHETO
Pa3rpy304HOrO OTBEPCTHUS, II€ dmeas COCTABISIET HE MEHEE 5 MPOLIEHTOB OT PACCTOSHUSI MO OCH
MEXy HIDKHUM pa3Trpy30YHBIM OTBEPCTHEM U BEPXHEH YacTbIO, U dmeas COCTaBIISAET HE Oonee 50
NPOIIEHTOB OT PACCTOSIHUSL MO OCH MEKAY HIKHUM Pa3TPy304HbIM OTBEPCTHEM M BEpPXHEH
qacThto. DaKTHUECKH, PACCTOSHHE IO OCH MEXAY HIDKHHUM pasrpy30uHbIM OTBEPCTHEM U
BEPXHEW YaCThIO MOXKET COOTBETCTBOBATh BBICOTE KOHMYECKOW 4acTH. BbUIo 0OHAPYKEHO, UTO
pa3MeLIeHHe 3JIEKTPOAOB, KaK OMPENENCHO BBIIIE, MO3BOJSIET 3aMETHO MOBBICHTH TOYHOCTb
U3MEpEeHUs, OCOOCHHO IUIsi OOHAPYKEHUs YIUIOTHEHHs MOTOKA, YTO MOXKET JOIMOJHHUTEIBHO
o0ecreynTh BO3MOXHOCTh  3a0JIArOBPEMEHHOIO  ONpPENEeNIeHUs] HACTYIUIGHHUS COCTOSIHUS
VIUIOTHEHHs TOTOKAa MJIM OXXHIAHHS TEepexo/a B COCTOSIHME YIUIOTHEHHs! motoka. Crenmyer
OTMETHUTb, YTO TMOBBILIEHHAs] TOYHOCTh MOJKET COOTBETCTBOBATH MOBBIIEHHON BEPOSITHOCTH IS
o0ecriedeHrsl TPAaBUIBHOTO OMNpeneieHuss B JOOOH MOMEHT BPEMEHH, [0 WJIH TOoCie
HACTYIUICHUST COCTOSIHMSl YIUIOTHEHHS MOTOKA, JEHCTBUTENbHO JIM BO3HHUKJIO COCTOSIHUE
YIJIOTHEHHsI TIOTOKA. B KadecTBe ajbTepPHATHBBI MJIH JOMOJHUTEIBHO, MOBBIIIEHHAs] TOYHOCTb
MOXET COOTBETCTBOBATH CIIOCOOHOCTH OMPEAETATh C MOJHON MIJIM MOPOTOBOH AOCTOBEPHOCTHIO
B OoJlee paHHUI MOMEHT, KOTr/ia BO3HUKJIO HIIK OyZIeT BO3HUKATh COCTOSIHUE YIIOTHEHUS ITOTOKA

BO BpeMst pabOThI LIMKJIOHA.
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[ToguepkuBaeTcsi, 4TO, XOTSI MOSIBJICHHE YIJIOTHEHUs MOTOKA TaK)Ke MOKHO HaOJIFOaTh C
TIOMOIIBIO APYTUX YCTPOMCTB, BKJIIOYEHHBIX B TMAPOLMKIIOH, JJIsi OOHApPYKEHUs YIUIOTHEHHS
NIOTOKA W/MJIH Ja’ke HEMOCPEACTBEHHO MyTEM BH3YaJbHOI'O OCMOTPA, OOHAPYKEHUE YIUIOTHEHHS
IOTOKa B COOTBETCTBUH C HACTOSIIIMM HM300pEeTEHHEM MOXKeT OBITh YHPEXTAOUINM. ITO
KOHTPACTUPYET CO CIOCO0aMU M YCTPOWCTBAMH, KOTOPbIE MOTYT OIPEAENIATh BO3HHKHOBEHHE
COCTOSIHMSI YIUIOTHEHHUS MMOTOKA TOJIBKO IMOCJE TOro, KaKk OHO YK€ BO3HHKJIO, MJIH KOTAA YiKe
CITUIIKOM TIO3[JHO, 4YTOOBI TMPENOTBPATHUTb €ro TOsiBjieHHe. B KOHTEKCTe HACTOSIIEro
U300peTeHust CleayeT OTMETHTb, YTO YIUIOTHEHHUE TMOTOKA HE SIBJISIETCS JIEMKO OOpaTHMbIM
sIBJIEHHEM, a umeeT Oonblnoil rucrepesuc. Ilpu HeympesknaromeM OOHApyKEHHH, IOCNE TOrO,
KaKk ObUIO OOHapY)KEHO COCTOSHHE YIUIOTHEHHSI IMOTOKA, MOXKET MOTPeOOBaThCS BBIBECTH
TUAPOLIMKIIOH U3 SKCIUTyaTallud Ha MPOAOJIKUTENbHBIN MEPUOA BpeMEHH, YTOObI BOCCTAHOBHUTH
BO3IYLIHBINA CEPACYHUK. XOTS ITOT HEAOCTATOK MOKHO OOOWTH, BKIIFOUMB OJUH HJIH HECKOJBKO
pe3epBHBbIX T'MAPOLMKJIOHOB B TPYINY THIPOLMKIOHOB, yIpexknaroliee oOHApPY)KEHHE MOKET
KaK YMEHBIIUTh KOJIUYECTBO TPeOYeMbIX T'MAPOLMKIOHOB B IPYINE, TAK U YBEIUYUTbh BPeMs
paboThl Tpymnmbl. XOTs JJsl MOAAep:kaHus OOIiell MPONyCKHOW CHOCOOHOCTH TPYIIbI MOXKET
UCIIOJNIb30BAThCS OAMH MJIHM HECKOJIbKO PEe3ePBHBIX T'HAPOLMKIOHOB, Oak€ €CJIU OIWUH WU
HECKOJIbKO THAPOLMKJIOHOB BPEMEHHO HE pabOTaro0T MOCie TOro, Kak B HUX ObUIO OOHApY’KEHO
YIJIOTHEHHE MOTOKA, TPEPbIBAHUE HOPMAJIBHOIO X01a paboThl MOXKET COKPATUTh BpeMsi paboThI
IPYIIIbI, HATPUMEP, U3-32 00SI3aTENbHOIO TIePEHATIPABICHHS TUTAHMS.

Jlnst ynpeskaaromero oOHapy»KEeHUs! YIUIOTHEHHSI [TOTOKa B COOTBETCTBHU C HACTOSIINUM
n300peTeHneM NPEenCTOSINUIl Mepexox B COCTOSIHWE VYIUIOTHEHHS IIOTOKa MOXeT OBbITh
OTpeziesieH 10 HACTYIJIEHHS] COCTOSIHUSI YIUTOTHEHHMS TIOTOKA. JTO TAK)KE MOJKET 03HA4YaTh, YTO
NPEACTOSIIIUI MEPEXO B COCTOSIHIE YIUIOTHEHHSI TIOTOKA OMPEAENSIETCs TOPOrOBbIM BpeMEHEM
peakiuy Mepea HACTYIUIEHHEM COCTOSHHS YIUIOTHEHUS MOTOKa, KOIZa I[OPOrOBOE BpEMs
peakuMyd JOCTaTOYHO BEJIHMKO Ui TOro, 4YroObl padoTa THAPOLHMKIOHA MOrja OBITh
OTperyJMpoBaHa AJisi MPEAOTBPALICHUS MTEPEeX0Aa B COCTOSIHUE YIUIOTHEHHUS MTOTOKA, HATIPUMED,
YMEHBIIUB CKOPOCTh MOJAYH MUTAHUS B LINKJIOH.

'MapOLMKIIOH MOKET COZepP KaTh OAMH HJIM HECKOJIbKO KOHTPOJLJIEPOB, BBIMIOJHEHHBIX C
BO3MOJKHOCTBIO BBINIOJIHEHHSI HM3MEPEHHs] /WM omnpeneneHus (HOpMHUPOBaHHs COCTOSHHS
YIJIOTHEHHsI TOTOKA. M3Mepenue u/unu oOHapy KeHUEe MOTYT BBITIOIHSATHCS aBTOMATHUECKH.

B onHOM BapuaHTe BBIMIOJHEHMS SJIEKTPOMAbI BKJIIOYAIOT MO MEHbINEH Mepe HeBSITh
SNEKTPOROB. BbIIO OOHAapyk€HO, YTO 3TO MHHHMAIIBHOE KOJHYECTBO 3JEKTPOIOB, KOTOPOE
MOJKHO HCIIOJIB30BaTh AJIsI MOCTPOEHUS PE3yJbTATOB IBYX HIIM Oosiee HW3MEpeHHiH, KOTopoe

rofuTCsl sl OOHApYKEHUsl YIUIOTHEHHsI MOTOKA M, TaKMM 00pa30M, NO3BOJSET elne OoJblie



HOBBICUTh TOYHOCTh OOHAPY’KEHUs, B YACTHOCTH, AJsI OOHAPYKEHHUsS YIJIOTHEHHUsS] IOTOKA.
DneKTPOIbI MOTYT OBITh BBINOJIHEHBI C BO3MOKHOCTBIO MOCTPOEHHSI Pe3yJbTaTOB TOMOrpaduu
snexTpudeckoro conporusienus (ERT) u/unu romorpadun snexrpuueckoro umnenanca (EIT).

B onHOM BapuaHTe BBITOJHEHHs TOJINMHA 3JIEKTPOAOB COCTABJSET MO MEHbLIEH Mepe
2,5 mmwummerpa. bputo 00Hapy»KeHO, YTO 5TO MOBBILIAET TOYHOCTb OOHAPYKEHHs, OCOOEHHO
npu OOHAPYKEHUH YIIOTHEHUS [TOTOKA.

B onHOM BapuaHTe BBIMOJHEHUS] SJIEKTPOIbI PACIONOKEHBI BHYTPU KOJbLEOOpPA3HOM
npokJaaku. ITo obecrieunBaeT pasnuvHbie 3P(eKThl, Takue Kak OoJiee MPOCTOW M HAIEKHBIH
MOHTX, VJYYIIEHHYI 3alIUTy 3JEKTPONOB U, CJEIOBATEIbHO, TAKKe IOTEHLIHUAIBHO
YIAYYIIEHHYI0 TOYHOCTh M HAAEKHOCTh OOHapykeHWs. B JIpyromMm BapuaHTe BBIMOJHEHUsI
NPOKJIAZKa BBIMOJHEHA M3 PE3WHBI WM M3OJSIIUOHHOTO MOJHMEpa, 4YTO OOecreymBaeT Kak
ANIEKTPUUECKYIO0 M3OJBILHIO, TAK U YIPYroe COSOUHEHHE ¢ KOHMYECKOW YacThI0 THAPOLUKIIOHA
il o0ecTiedeHnsl KOHTaKTa C JKUAKOCTbIO. B Ipyrom MOMONHUTENbHOM BapuUaHTE BBITIOJTHEHUS
KOHMYECKass 4YacTh pasfelieHa B OCEBOM HAIpPABICHUHM HA OTHENbHbIE BEPXHIOK YacTh M
HIDKHIOKO YacTb, NMPHYEM MPOKJIAJKA 3aKaTa MEXIy BEPXHEH YacThiO M HIDKHEH YacThio. JTO
MO3BOJISIET TOYHO M JIETKO MO3MIMOHHMPOBATH 3JIEKTPOABL B elle OgHOM AOMONHUTEIHHOM
BApUAHTE BBIMOJHEHHs TOJIIMHA MPOKJIAAKH COCTABJIAET IO MEHbLIEH Mepe 5 MHIUIMMETPOB.
OTO NO3BOJET YCTAHABJIMBATHL B IMPOKJIAAKE SJEKTPOABI TONLIMHON OKOJO 3 MHJIJIMMETpPOB,
Hampumep, 3 MWUIMMeTpa IUnoc-MuHyC O-1 MWIIMMETp NpH COXPAaHEHUH HAAEKHOTO
M30JISILIOHHOTO CJIOSI Ha 3JIEKTpozax. B eme oJHOM TOMOIHUTENBHOM BapHaHTe BBIOJHEHUS Ha
HApY>KHOH mepudeprn Ka)Xaoro 3JEKTPOAa BBIMOJHEH BBICTYI. JTO MO3BOJSIET 3aKPENUTh
NPOKJIAAKY B THAPOLMKIOHE MEXIy OJJIEKTPOAAMU, OJHOBPEMEHHO pPACLIMPSs 3aIUTY
ANIEKTPOAOB,  OOECIeYMBAEMYyI0  TPOKJAAKOW. BbIcTymbl  MOryT  OBITb  BBITIOJHEHBI
WHIUBUAYAIBHBIMU JUJIST KQXKJIOTO 3JIEKTPOA, WIIH XKe J1BA WK OOJbIIee KOJTHMYECTBO SJIEKTPOIOB
MOTYT UMETh BBICTYII.

B coorBercTBMM €O  BTOPBIM  aCMEKTOM, TMPENJIOKEH CHOCO0  HM3MEpeHHUs
3JIEKTPONIPOBOIHOCTH BHYTPH THAPOLMUKIIOHA il OOHApysKeHUs: OOpa3OBaHHUsI COCTOSIHUS
VIUIOTHEHHUsT TOTOKAa B THUAPOLMKIOHE. [ MAPOLMUKIIOH COAEPKHUT BIYCKHOE OTBEPCTHE IS
IIUTAHUS, BBIITYCKHOE OTBEPCTHE JIJIs1 BEPXHETO MPOAYKTA, HIDKHEE Pa3rpy304HOE OTBEPCTHE IS
BBIMYCKA HIDKHETO MPOJAYKTA, BEPXHIOK HaCcTh, COSNMHEHHYIO C BIYCKHBIM OTBEPCTHEM IS
NUTaHUS W BBIIYCKHBIM OTBEPCTHEM i BEPXHEro IMPOAYKTa, U KOHHUYECKYIO 4YacTb,
PACIIONIOKEHHYIO MEKAY BEPXHEH 4acThI0 W HIDKHUM Pa3TPy304HbIM OTBepcTHEM. JIroOble min
BCE MPHU3HAKH, OIMMCAHHbIC BbILIE B OTHOIIEHHH MEPBOrO aCMeKTa, MOJKHO PaCCMAaTPUBATh Kak

OTHOCAIMUECA TAKXKE K THUAPOLHUKIIOHY BTOpPOIro acCIICKTa. Cnoco0 BKIIIOYAET N3MEPECHUC



3JIEKTPONPOBOAHOCTH BHYTPHU THUAPOLMKJIOHA C MOMOUIbIO 3JIEKTPOAOB, PACIOJIOXEHHBIX IO
OKPY’KHOCTH B KOHHYECKOW YaCTH Ha OCEBOM PACCTOSHUU (dmeas) OT HIKHETO Pa3rPy30YHOTO
OTBEPCTUS, TIPU 3TOM dpeas COCTABIIACT HE MEHEE 5 MPOLEHTOB OT PACCTOSIHUA IO OCH MEXIY
HIDKHUM pa3rpy30uHbIM OTBEPCTHEM M BEPXHEH YacThblO, U dmeas COCTaBIACT HE Oosee 50
IPOLEHTOB OT PAcCTOSIHUSA MO OCH MEXIY HIKHUM pasrpy304HbIM OTBEPCTHEM M BEpPXHEU
4yacThlo. V3MepeHue BBINOJHAIOT sl OOHapyKeHUs: OOpa3OBaHUSl YIUIOTHEHHWs] TOTOKA B
ruapounkyione. OOHapykeHHe (OPMHUPOBAHUS COCTOSIHUSL YIJIOTHEHHSI MOTOKA TAKXKE MOXKET
BBIMOJIHATBCST HA OTAEJIbHOM 3Talle, HampuMmep, C TOMOIIBI0 OTAENbHOIO YyCTpPOMCTBA.
Usmepenne n/unm oOHapykeHHEe MOXKET OBITh ONpPENeeHO KOHTPOJUIEPOM, KOTOPBIH SIBISIETCS
4acTel0 ruapounkioHa. OpHako 00O winM o0a 3Tama Takke MOTYT  BBIOIHATHCS
KOHTPOJUIEPOM, OTIENBbHBIM OT THAPOLMKIIOHA, TOTJA KaK LIUKJIOH MOXET OBITh BBIMIOJIHEH C
BO3MOYKHOCTBIO TTOJICOCIMHEHUS] UM COCOMHEHHUs] C TaKUM KOHTpoJuiepoMm. M3mepenue w/wnmm
OOHapy’KeHHE€ MOTYT BBINOJHATECA aBTOMarndecku. OOHApyKEHHE MOXKET BBITOIHATHCS
yIpeXAarolle, Kak ONMCAaHO BhILIE.

Korna obnapykeHo (opMupOBaHHE COCTOSIHUS YIUIOTHEHHUS IMOTOKA O W/WJIMA TOCHe
HACTYIUICHUsST 3TOTO COCTOSIHHS, MOXeT OBbITh Cr€HEpHUpOBAaH CHUTHAJ TPEeBOrH. B kauecTse
aNbTEePHATHBBl WM JONOJHUTENbHO, pPa0OTOW TIHUAPOLMKIOHA MOXKHO YIPABIATh IS
NPENOTBPALICHUs] WM YyCTPAHEHUs] COCTOSHMA YIUIOTHEHMsI IIOTOKA, HampuMep, MyTeM
CHIDKEHHUS CKOPOCTH MOAAYU MUTAHUS B TUAPOLIMKIIOH.

IIuraHue BBOAAT B IMAPOLMKIIOH Yepe3 OJHO WJIM HECKOJIBKO BIYCKHBIX OTBEPCTHH IJIs
nutaHus. [Iutanne MOXeT COCTOSATH M3 TBEPIOIO BEIIECTBA U JKUAKOCTU-HOCUTENS. BO Bpewms
paboThl THIPOLMKJIOHA MaTepUasl, COOTBETCTBYIOIIUI NHTAHUIO, OTAEJSIETCS, HAlpUMep, Ha
OCHOBAaHUHU PA3IMYUil B pa3Mepe W/HWIN B YAEIbHOM Bece 4YacTul B nutaHuu. Korma BHYTpH
TUIPOLUKIOHA H3MEpPSIETCs] 3JIEKTPONPOBONHOCTb, MaTepuaj, COOTBETCTBYIOIIUN MUTAHUIO,
3JIEKTPOIIPOBOTHOCTD KOTOPOTO H3MEPSIETCSs, YK€ MOXKET OBITh IMOJHOCTBIO MM YaCTUYHO
OTJEJIEH.

B onHOM BapuaHTe BBIMOJIHEHHS BEC TBEPAOrO BelleCTBA B IMUTAHUHU, BBOJAMMOM B
THAPOLMKIIOH, cooTBeTcTBYeT OT 10 mo 85% ot obmero Beca nurtanus. COOTBETCTBEHHO, BEC
JKUIKOCTU-HOCUTESI B MMUTAHUM MOXKET COCTaBJATh OT 15 mo 90 mpoueHToB OT obmero Beca
MATAHUS.

B onHOM BapuaHTe BBINOJHEHWs] TBEPAOE BEIIECTBO B IUTAHUM, I1OAaBA€MOM B
THIPOLUKIIOH, UMEET yAeNbHbIN Bec OT 1,5 10 7,0 TOHH Ha KyOU4YecKuil MeTp.

Cnenyer mOHMMATh, YTO ACHEKThl U BAPUAHTHI BBIOJHEHUS, OMMCAHHbBIE BbIIIE, MOTYT

UCTIONIb30BaThC B JIOOOH KOMOWHAaImu Apyr ¢ apyrom. Hekoropble acmekTbl M BapHaHTHI
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BBITTOJIHEHUST MOTYT OBITh OOBEAMHEHBI BMeCTE, 4YTOObI C(HOPMHUPOBATH AOTMOJHHUTEIBHBIHN

BAapUAHT BbINIOJIHCHUS.

KPATKOE OIIMCAHHWE YEPTEXEM

ComnpoBoauTeNbHbIE YEPTEXKH, KOTOPBIE BKIIIOYEHBI I OOecredeHHs albHEHIIero
MOHUMAHHUSI U COCTABJSIFOT YacTh 3TOrO OMHUCAHUS, WUTIOCTPUPYIOT BAPUAHTHI BBIMOJHEHHS U
BMECTE C OMHCAHUEM ITOMOTAIOT OOBSICHUTh MPUHLIUIBI H300peTeHus. Ha ueprexax:

@ur.1 wmzobpakaer Ha BHUAE COOKY CXEMATHUECKYI0 HMIUTFOCTPALMIO THAPOLMKIIOHA,
BBITTOJIHEHHOTO B COOTBETCTBHUHU C OTHUM BaPUAHTOM BBITIOJIHEHUS,

@ur.2a u 2b n300paxkarT, COOTBETCTBEHHO, B aKCOHOMETPHH U Ha BUE COOKY HUKHIOKO
9YaCTh T'MIPOLUKIIOHA, BBIOJHEHHOTO B COOTBETCTBUH C OJJHUM BAPHAHTOM BBIITOJIHEHHS,

@ur.2¢c m3o0paxkaeT Ha BUAe COOKY MOMEPEeUHbI pa3pe3 HIDKHEH 4acTH TUAPOLUKIIOHA,
BBITTOJIHEHHOTO B COOTBETCTBUH C OJTHUM BaPUAHTOM BBIITOJIHEHUS,

@dur.3 wuzobpakaer Ha BuAe COOKYy CTPYOLMHY THAPOLMKIIOHA, BBIIOJHEHHOTO B
COOTBETCTBHUH C OTHIM BaPUAHTOM BBIITOJIHEHHS, U

®ur.4a u 4b n300pakarOT MPOKIAAKY TUAPOLIUKIIOHA, BHIIOJHEHHOTO B COOTBETCTBHH C
OJTHIM BapPUAHTOM BBIITOJIHEHHS.

ITonoOHbIe HOMEpa MO3MLUN HMCIONB3YIOTCA JJIs1 0O0OO3HAYeHUsl SKBHUBAJEHTHBIX WM T10

MEHbIIEH MEpEe (l)yHKI_[I/IOHaJ'[bHO SKBHBAJICHTHBIX YacTel Ha npujara€MbIX 4€pTExKax.

I[NOJAPOBHOE OITMCAHUE

[TonpobHoOe omucaHWe, TPEACTABICHHOE HIDKE B COYETAHMHM C MPHIaraeMbIMU
YepTesKaMH, MPEeIHA3HAYEHO KaK OMMCAHWE BAPUAHTOB BBIMIOJHEHHS M HE MPEAHA3HAYCHO JJIS
NPEACTABJICHUS] €IUHCTBEHHBIX ()OPM, B KOTOPBIX 3TOT BAPHUAHT BBITIOJIHEHUS MOXET OBITh
CKOHCTPYHMPOBAH WJIM UCHOJB30BaH. OMHAKO ONHU M T€ K€ WIM 3KBUBAJECHTHBIE (DYHKIUH U
KOHCTPYKLIMU MOTYT BBITMOJHATHCS B PA3HBIX BAPUAHTAX BBITIOJHEHUS.

IManpoumkIioH (majgee Takke KIHUKJIOHY) - 3TO YaCTh TEXHOJOTHYECKOro 0OOpyAOBaHUS,
BBINTOJIHEHHAST C BO3MOJKHOCTBIO COPTHUPOBKM IUTAHHUS, TAKOrO Kak IyJibla, B OOJNBIINX
oObeMax. B 3aBHCHMOCTH OT pa3Mepa LMKJIOHA, CKOPOCTb IOTOKAa MOXKET AaKe IMPEBbIATH
KyOnMueckuii MeTp NMUTaHWUS B CEKYHAYy, TOrZa Kak THUIWYHBIE 3HAYEHHUS KOJeOmoTcs oT 25
KyOMYeCKHX CaHTUMETPOB B CEKYHAY A0 2 KyOMYecKMX MeTpoB B CekyHay. llpumepsl
KOHCTPYKIUH U paOOThl TMAPOLMKIOHA PACKpPBITHI, Hampumep, B 8-m usnanuu Wills’ Mineral
Prcessing Technology (I'nasa 9.4).

Ha ®ur.1 cxematuyno mnokaszaH ruapouukjioH 100, BBINOJIHEHHBIM B COOTBETCTBUU C



OIHMM BapuaHTOM BbINoOJHEHUsA. LlukiaoH 100 BBINOIHEH C BO3MOXHOCTBK) COPTHUPOBKH
NUTAHUS MyTEM pas3ZeNieHus] €ro Ha HIKHHUH NMPOAYKT U BEPXHUH MPOAYKT, U OH MOXET OBITh
JOTIOJIHUTEJIbHO BBINOJIHEH C BO3MOXKHOCTBIO OCYLIECTBJIEHUS KOHKPETHBIX LEJIEH, TaKUX Kak
nepepaboTKa MOJIE3HbIX MCKOMmaeMbixX. i momaun nmutaHusi B UUKJIOH 100 LIUKIOH CONEPIKUT
BIyCKHOe oTBepctue 102 nansi mHUTaHMS, KOTOPOE MOXKET OBITh BBINOJHEHO W3BUJIMCTBIM.
BnyckHoe otBepctre 102 st mMUTaHMS MOXKET OBITh BBIIOJHEHO C  BO3MOXKHOCTBIO
MHUHMMHU3aUUH  TypOyJIGHTHOCTH TIOTOKA THTAaHWs, Hampumep, Onarogapsi HAKJIOHHOMY
HATpPAaBJIEHUIO TIOTOKA W/WJIK OTCYTCTBHIO OCTPBIX YTJIOB.

Jns ynanenus BepxHero npoaykra u3 nukjioHa 100 nuknon 100 comepsKUT BBITyCKHOE
orBepctue 104 nist BepXHEro MPOAYKTA, KOTOPOE MOXKET COxepkaTb TPyOy wWim ObITh
BBINIOJIHEHO U3 Hee. BrllyCkHOE OTBepCTHE A BEPXHErO NPOAYKTA MOXKET COAEPKaTh CIUBHYIO
Hacanky 106, mpoxomsimyro B mukjgoH 100. CnusHas Hacamka 106 MoxeT OBITH CHEMHOH.
Brmycknoe oreepctue 104 nns BepxHEro nmpoaykTa M, B 4aCTHOCTH, CIMBHas Hacaaka 106,
MOXeT ObITh PacHoJIOKEeHa Ha LeHTpasbHON ocH 1ukioHa 100. Beimycknoe orBepctue 104 ms
BEPXHEro NPOAYKTa U, B YaCTHOCTH, CIMBHAas Hacaaka 106, moxkeT npoxoauTs B LUKJIOH 100 B
OCEBOM HAIPABJICHUH 34 HI>KHUM Kpai BIyCKHOTO oTBepcTHst 102 niis muTaHus.

JInst BBITPY3KH HIDKHEro mnpoaykra u3 uukjgoHa 100 LMKIOH COAEPKUT HHUXKHEE
pasrpy3ouHoe otBepctue 130 (Takke H3BECTHOE Kak pasrpy3ouHyro TpyOy). Humxnee
pasrpy3ouHoe orepcTre 130 00bIMHO 00palleHo BHU3, TAK YTO HWKHUI MPOAYKT BBI'PYKAETCS
u3 uukiaona 100 Buu3. Hmxuee pasrpy3ounoe orepctie 130 MoxkeT OBITH pacroiOXeHO Ha
ueHTpanbHOW ocu nukioHa 100. Kax npasuno, ruapouukyioH 100 comepuT pOBHO OAHO
HIDKHEE pa3rpy30o4Hoe oreepcTre 130 u poBHO OIHO BbIMyCKHOE OTBepcTHe 104 1mis BepXHEro
NPOAYKTa, HO TaKkKe CYLIECTBYIOT KOHCTPYKUUH C OOJBIIMM KOJUYECTBOM HWKHHX
pasrpy3ouHbix orBepctuil 130. [[na Takux KOHCTPYKLHMN OJHO BIyCKHOe orBepctue 102 nms
NUTAHUS] W/WIN BBIMyCKHOE oTBepcTHe 104 nmisi BEPXHEro MpOAyKTa MOTYT COOTBETCTBOBATH
OO0JIBLIIOMY KOJIMYECTBY HUKHHUX Pa3rpy304HbIX oTBepcTHii 130.

Imppormkinon 100 comepkut BepxHIOI0 4actb 110, koTtopas Moxker ObITh
LWINHAPUYECKON WM MO CyllecTBy UMIuMHApuUdeckod. OIHAKO B HEKOTOPBIX BapHaHTax
BBITTOJIHEHUSI OHA MOJKET OBbITh, IO MEHBIIEH Mepe Clierka, HaKJIOHEeHa, Tak 4To ee (opmy, B
LIEJIOM, MOXXHO CUMTaTh KOHH4YecKoW. [mapouumkioner 100 mpomsBomsTcs anst OONbLIOrO
KOJIMYECTBA PA3JIUYHBIX MPUMEHEHUMN, U, COOTBETCTBEHHO, UX pPa3Mepbl U IJIMHBI, TAKHE KaK
BeIcOTa (/1p) BepxHel wactu 110, mMoryt BapbupoBaTbes. XoTs nuamerp (D) BepxHeW dacTu
TaKXX€ MOXKET BapbHPOBATBHCS, B OJHOM BAPHAHTE BBINOJHEHMs, OCOOEHHO MOAXOISAINEM IS

00pabOTKH MUHEPAJIOB, TUAMETP MOKeT cocTaBJiATh OT 50 mo 1400 mm. Kak mpaBuiio, MeHbLIHIA



OUaMeTp COOTBETCTBYET MEHbLIEMY pasMepy OTceueHus. BaxHblM napameTpoM it
onpeneneHust Gopmel BepxHeil yactu 110 sBaserca xoadouiment ¢opmel (fp/D), KOTOPBIH
MOXET COCTaBJATh, Harpumep, 0,6-2. Bepxusist yacte 110 nmpoxonuT BHU3 1O YPOBHS dyp IHA
BepxHel yactu 110. Ha 3TOM ypOBHE B IJIOCKOCTH, NEPIEHAUKYIAPHON OCEBOM AJIMHE, BEPXHSs
yacth 110 MOXKeT UMeTh KOJIbLIeOOpa3HOe BHYTPEHHEE TIOMEPEYHOE CEUCHUE.

I'mppouuknon 100 Takke MMeeT KOHUYECKYH) 4acThb 120, pacnojiOKEHHYI0 MEXIy
BepxHel yacTbio 110 u HKHUM pa3rpy3ouHbiM oTBepctueM 130. Boicota (Mcone) KOHMYECKOH
gyactu 120 Moxer wusMmeHsATbesa. Konudeckas yacte 120 BbINONHEHa C BO3MOXHOCTBIO
o0Opa3oBaHUs MIPOCTPAHCTBA ISl OCEaHUsl MUTaHUs, BBoAuMOro B uukjion 100. B wactHOCTH,
muKJIOH 100 BBIMOJNIHEH € BO3MOJKHOCTBIO OOECIIEHYEeHHS OCENaHHsl HW)KHEro MPOAYKTa B
KoHN4eckor 4actu 120, 4TOOBI €ro MOKHO OBLJIO BBITPYKATH M3 HIDKHETO Pa3rpy304HOTrO
orBepctus 130. Jna sToro koHuveckas 4actbh 120 CykaeTrcss K HUKHEMY pasrpy304HOMY
otBepcTuro 130, mpu 5TOM Cy’keHHe MOXKET ObITh HerpepbIBHBIM. KoHnueckast gacte 120 MokeT
UMETh OJIUH WJIM HECKOJBKO CErMEHTOB B (pOpME yceueHHOro KoHyca. Kaskaplil M3 HHX Takxke
MOXKET Cy>KaTbCsl K HIDKHEMY pasrpy3oduHoMy orsepcturo 130. Konmueckas dacts 120 mumeer
yron HakJOHa (@) TO OTHOIIEHHIO K OCEBOMY HAIpPABIEHUIO, KOTOPBIM MOXET OBITh
(UKCHPOBAHHBIM WJIM MO CyLIecTBY (uKCUpoBaHHBIM. OIHAKO B HEKOTOPBIX BapHAHTaX
BBINIOJIHEHUsI YIOJI HAKJIOHA MOJKET M3MEHATHCS HENPEPBIBHO WM C Pa3pblBaMU, B OCEBOM
HarpasJeHuN KoHuueckor yactu 120. B moGoM ciydae yros MOXKeT COCTaBISITh, HATIPUMED, OT
10 mo 30 rpamycos. bonbline yribl MOTYT HCHOJb30BATbCS AN Pa3sMEPOB OTCEUEHUs,
COOTBETCTBYIOIIMUX 0OoOJee KPYIMHOAMCIEPCHBIM YaCTHIAM, TOTAA KaK MEHBIINE YIJIbl MOTYT
UCTIONB30BAThC JJIST  Pa3MEPOB OTCEYEHHUS, COOTBETCTBYIOIIMX Oojiee MENKOOHCIEPCHBIM
yactuiaMm. Korza yrosi HakjIoHa H3MEHSIETCS, THAPOLMKIIOH MOXKET OBITh BBITIOJIHEH TaK, YTO OH
BCeraa MMeeT OOJbIIWI yroj Haja MeHbHM yrioM. Crenyer OTMETHUTb, YTO Yrojl HakKJIOHA
OTHOCUTCS K YKJOHY Ha BHYTPEHHEWU MOBepXHOCTU HukioHa 100 um kxoHuveckoil uvactu 120,
TIOCKOJIbKY 3TO HAKJIOH, ONpeNeNsioInii paboune xapakrepuctuku mukioHa 100. Konwueckas
gacth 120 coenuHeHa ¢ BepxHel 4acThio 110, yToOBI OOECMeYnTh MUTAHUIO, TIOJABAEMOMY B
TUPOLMKIIOH, BO3MOXHOCTh NMEpPEMElaTbCsl MEXIY ABYMs 4acTAMH. JJis1 3TOr0 KOHHYECKas
gacTh 120 1 BepXHssl 4acTh MOTYT OBITh COENMHEHBI HEIOCPEACTBEHHO, TAK YTO KOHHYECKas
gacTh 120 mponmoikaercst mpsiMo BHU3 OT BepxHeit uactu 110. B aTom ciyuae obmast Beicota ()
rukJioHa 100 MoxkeT ObITh BbIpakeHa Kak H = Ay + Fcone.

Kak xonmueckas wacte 120, Tak u HIKHee pasrpy3odHoe otseepcrue 130 moryt
comepxkatbcsi B HIpkHeW uactu 150 runmpoumkinona 100. Hwxusasa dgacte 150 moxker ObITh

coennHeHa ¢ BepxHell dacTeto 110 CHM3Yy M MOXXeT OBITb HampsSIMyl0 COEAMHEHAa C BEpXHeM



10

yacTeio 110. BepxHss yacth w/mnu HUKHAA 4acTh 150 MOryT OBITh BBINOJHEHBI W3 METaJLIA.
AHanoru4HbIM 00pa3oM, KOHHYecKast 4acTb 120 MOKeT ObITh BBINOJIHEHA U3 METAJUIA.

Bepxnss wacts 110 coenunena ¢ BIyCKHBIM OTBepcTHeM 102 nns mUTaHUsA, Tak 4TO
MUTAaHUE MOXET MOoJaBaThCsi B UUKJIOH 100 U, B 4aCTHOCTH, B BepxHIOK 4acTh 110. BnyckHoe
orBepcrue 102 nua nurTaHus ObITh COENMHEHO C BepxHed uyacTbio 110 mo kacaTenbHOM,
obecreyrBasi BO3MOXKHOCTD MOJJA4X MTUTAHUS IO KaCaTeJbHOMW, TPUIaBasi MUTAHUIO 3aBHUXPEHHOE
neuxkeHrue BHyTpH LMkaoHa 100. [{uknon 100 BBINOSHEH ¢ BO3MOXKHOCTBEO MTOAAYH MUTAHUS O]
JaBJIeHHEeM dYepe3 BIyCkHOe oTrBepctue 102 myisd muTaHus, a CKOPOCTh (Vix) NMUTAHHUS BO
BIYCKHOM OTBEPCTHH JUIsl TUTAHUSI MOXKET COCTABIIATh, Hampumep, oT 2 1o 10 m/c wmm ot 6 1o
10 m/c nnst uksionoB 100 MeHbIIeTo pasmepa.

Bepxnsas yacte 110 Takke coeamHeHa ¢ BBINYCKHBIM OTBepcTHeM 104 nns BepXHEro
MPOAYKTA AJIs YAAJICHUS BEPXHEro NpoaykKTa u3 HukjaoHa 110 u, B 4aCTHOCTH, U3 BEPXHEN 4acTu
110. Tlockonbky BbIMyckHOE oTBepcTHe 104 nust BepXHEro NnpoaykTa OOBIMHO TPOXOIUT B
BEpXHIOK0 4YacTh 110, Hampumep, B KadecTBe CIMBHOW Hacanku 106, cBoOomHast BeicoTa (Hy)
rukjioHna 100 moxker ObITh MeHblne, yeM obmasi Beicota (/) mukiaona 100. Jlns BapuaHTOB
BBITTOJIHEHUSI W300peTeHUs1 CBOOOIHAS BBICOTA MOXKET OBITh MPEUMYIIECTBEHHO BBIPAKEHA IO
OTHOLIEHMIO K JuaMeTpy BepxHed wactu 110, m B sTOM ciyuae mapamerp HyD Moxer
cocTaBnsATh, Harnpumep, oT 3 no 10. Crnemyer oTMETUTh, 4TO OOIIAsi BHICOTA M3MEPSIETCS OT
HIDKHEro pasrpy3ouHoro orsepctust 130 no Bepxa BepxHenm dvactu 110, kxak mnokasaHo.
CootBeTcTBEHHO, CBOOOIHASI BBICOTA H3MEPSIETCSI OT HUIKHETO pa3rpy304HOro orsepcrusi 130 no
HU3a BBIMYCKHOTO oTBepcTusi 104 myist BepxHero mpoaykra. Takke cieayer OTMETUTh, 4TO AJIs
HAIPaBJIECHUs] BBIMyCKA HUXKHEro npoaykra HUKJIOH 100 MOXeT Takke NPOXOAUTh HUXKE
HIKHEro pasrpy3odHoro oreepctusi 130, Hampumep, B kadecTBe t0Oku. Kpome Toro, xots
HIDKHEe pasrpy3o4dHoe oreepcTre 130 MoxkeT OBbITh PaCHONIOKEHO B CAMOM Y3KOM OTBEPCTHH
IUTsl BBITPY3KH HHMXKHEro mpoaykra u3 nukiaona 100 nmox xonmdeckoi dactero 120, Takxke 3TO
caMO€ Y3KO€ OTBEPCTHE MOXKET MPOXOAUTh BEPTUKAIBHO C MOCTOAHHOM IIMPUHOM.
CnenoBaTenbHO, BCE U3MEPEHUs, BBINOJHSAEMbIE C HIKHUM pasrpy30uHbIM oTBepcTueM, 130
3/1eChb ONpENENeHbl Ha YPOBHE dapex, COOTBETCTBYIOLIEM BEpPXY HIDKHETO Pa3rpy304HOrO
otBepctus 130.

Pabora nuknona 100 moxer ObITh onmucaHa cienyromum oopazom. Ilo cytu, ukinon 100
MOXET OBITb BBIIOJHEH C BO3MOXKHOCTBIO pPAa3/eIeHUs TNUTAHUS IyTeM HCIIOIb30BAHUS
LEHTPOOEKHOU CHJIBI, KOTOPasi CO3AETCsl MUTAHUEM, BXOASIIUM B IIUKJIOH 100 mox naBieHueM.
IlenTpoOesxkHasi cuyia 3aCTaBlIsI€T KPYIHbBIE YACTHIBI «OTOPACHIBATHCS» K BHYTPEHHEH CTEHKE

rukjoHa 100, Torga kak MeNKHe YacTHIbl OCTAIOTCS OJMKe K LEHTPY LHKJIOHA. BhIMyckHOE
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orBepctre 104 mysi BepXHEro MPOAyKTa WJIM CJMBHas Hacagka 106 BTsArmBaer BOAY W/WIH
MEJIKUM MaTepuas B BEPXHUU MPOAYKT, TOTAA KaK KPYIHbIA MaTepHasl BBIXOAUT YEPe3 HUKHEE
pasrpy3ouynoe orsepctue 130 B HykHeN yactu nukiaoHa 100.

ITutanue GoOpMUPYET CIOXKHYIO CXeMY IOTOKA, COCTOSIIIYIO U3 IBYX CHHPAJBHBIX MyTeil
U paJualIbHOTrO NyTH. BHEIHUI criupaibHbIN MyTh HA BHYTPEHHEN cTeHke [ukioHa 100 uner no
cnupanu K koHudeckod yactu 120 nwmxnona 100, a BHYTpeHHUH CIHMpAJbHBI OyTh - K
BBIITYCKHOMY OTBepcTHIO 104 nys BepXHEro mpoaykTa, Hampumep, K CIMBHOM Hacanke 106.
Kornma nutanue nomaercst B uukion 100, oOpa3yercsi TAHMeHUHUAIBbHBIA MOTOK, HANPABJICHHBINH
BOBHYTpPb. B 3TOM ©OTOKE BOBHYTPb COOTHOLIEHHWE TAHIEHLUAJIbHOW CHJIBI U  CHJIBI
COTPOTHBJIEHUs], INEHCTBYIOIIMX HA YacCTULbI B TMUTAHWUW, OYIET ONpenessiTb, B KaKOM W3
CIUPAJIBHBIX MOTOKOB OKAXXKYTCsl 4aCTULbl. TaHreHLUaapHas CUja NPONOPLUOHAIBHA TPEThEN
CTEMEHN XapaKTePUCTUYECKOH Mepbhl YacTHUbl (HApUMEp, Macce YacTUIlbl), a CHJa
COIPOTHBJIEHHsI TIPOTIOPLIOHAIbHA TOJIBKO BTOPOH CTENEeHH (HarmpuMep, IUIOLIa1 OMEPEYHOro
ceueHMsI 4acTHLbl). [3-3a 3TOro TOJMBKO MEJKHE HYacTHLbI OyIyT MepeMeInaTbcsi BOBHYTPb
CIUPAJIEBUIHOIO IOTOKA, KOTOPBIA HAMpaBIsieT MX K BBIIYCKHOMY oOTBepcTuro 104 nnd
BEPXHEro NPOAYKTa WU K cuBHOM Hacanke 106. KpynHble 4aCTULIBI OCTAKOTCSl B HUCXOASILIEM
NOTOKE M OyOyT HampaBieHbl K HIJKHEMY pas3rpy3odHomy oteepctuio 130. BHyTpeHHuit
BpALIAIOLIUICA TOTOK HMMeeT ABe BakHble ocoOeHHocTH. Camasi BHYTPEHHsSI 4acThb IOTOKA
COXpAaHSIeT YIJIOBYK CKOPOCTh. JTO NMPHUBOAUT K OOPa3OBaHMIO I'paHMLBI CBOOOAHOrO rasa u
KUAKOCTH (HAampuMep, BO3AYLIHOrO cepaedyHuka). CrienosarenbHO, IMKIOH 100 BBIMOJIHEH C
BO3MOJKHOCTBIO (POPMHUPOBaHMS BO3AYIIHOIO CEPIeYHNKA B OCEBOM HaIlpaBieHuH nukioHa 100.
DTOT BO3AYLIHBIN CepleyHHK BaxkeH it padorsl mukioHa 100. Tloka BO3OYLIHBIN CepAeuyHUK
MIPOHUKAET BO BeChb LUMKJIOH 100 oT BhImyckHOro orsepctus 104 nysg BepXHEro NpoAyKTa WU
cnuBHOM Hacanku 106 no HwkHero pa3rpy3zounoro orsepcetust 130, uukiaon 100 moxer paboraTh
crabmibHO. Torma BO3AYIIHBIA CEPACYHUK TaKKE MOXKET OBbITb OTKPBIT K HIDKHEMY
pasrpy3zouHomy otBepcTuro 130. CKOpOCTH MOTOKAa Y HUXKHETrO pasrpy304Horo orsepctust 130
OTHOCHTEJIbHO BBICOKH, M HIDKHHH MPOAYKT MOXKET OBITh C(OPMHPOBAH B BUAE KOHUYECKOM
CTpyH.

Korma B wmukimon 100 mnomaercs 4Ype3MEpHOE KOJMYECTBO KPYHMHOAUCIEPCHOTO
Matepuaia, OH MOXKET meperpy3utbes. [lonnep:kaHue MOCTOSHHOM YIJIOBOM CKOPOCTU Tpelyer
Bce Ooublne u OOJblIe SHEPTHH, IMOCKOJIBKY Macca BPALIAOIIErocsi MOTOKAa yBeInduBaercs. B
pe3yibTaTe yrioBasi CKOPOCTb YMEHBLIAETCS, YTO MPUBOIUT K HECTAOMJIBHOMY BO3AYLIHOMY
CepACYHMKY, KOTOPbIM HaunHaeT KonedaTbcs. Ecnu meperpyska coxpaHsiercs, T.e. Upe3MepHOe

KOJIMYECTBO KPYMHOAMCIIEPCHOIO MaTepuaja MNpOoAOJDKAaeT mnoctynare B LUKJIOH 100,
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BO3AYLUHBINA CEPACUYHUK MOXKET MCYE3HYTh U3 HWDKHEW yacTu uukioHa 100. B 3ToT MOMEHT B
uukiaoHe 100 3apoxpaeTcs yIUIOTHEHHE MOTOKA. YIUIOTHEHHME IMOTOKA - 3TO COCTOSHHE, NMpU
KOTOPOM CKOPOCTH IOTOKA YaCTHUI[ OY€Hb CHJIBHO 3aMEIJIAIOTCS, a MPOMYCKHasi CIIOCOOHOCTH
IUI.  HWDKHErO TMIPOAYKTa YMEHbINAETCA. IJTO M3MEHseT CTPYKTYpy BpalaroIlerocss u
panuanbHOro MOTOKa. B pe3ynpTate KpyNMHOAUCIEPCHBbIE YaCTHULIBI MONAAAIOT BO BHYTPEHHUM
BPAILAOLINICS MOTOK, a 3aTeM IMONAAaT B BEpXHUN NpoAyKT. Pasmep orceuenus uukiaona 100
CTAHOBHUTCS HAMHOTO OOJibIlle, YeM MpH HOPMaNbHOW pabote. Paboumit pasmep orcedeHus
MOJKET yBenMuuBaThcs OT MeHee 100 MkMm 1o Gosee 200 MKM, €CIM B MUTAHUH COHEPIKHUTCS
BBICOKMI NPOLEHT TBEPAbIX 4acTull. IIOCKONBKY CKOPOCTH CHUJIBHO 3aMENJICHBI, YILIOTHEHUE
NOTOKA HE SBJISETCS JIETKO OOpaTUMBIM SIBJIEHHEM, a HWMeeT OOJIbLIONH THCTePe3uC.
CrnenoBarenbHo, BO3BpaT uwukioHa 100 k HopmanpHOH pabore MoxkeT mnoTpedoBaTh
3HAYUTEJILHOTO COKpALIeHUs] NOa4u MUTAHUS.

OpnHoll U3 XapakTepUCTHK YIJIOTHEHUs MOTOKA SIBJISETCS HU3Kas CKOPOCTh BpAlLLEHUS U
BBICOKUM MPOLIEHT TBEPAOro Marepualia B HIDKHEM MPOAYKTE. DTO MPUBOAUT K TOMY, UTO
HIDKHUHI NPOAYKT BBIMVIIAUT KaK BEPEBKA, BBIXOMALIAS W3 HUXKHErO Pasrpy304HOrO OTBEPCTHUS
130. Ipyroi XxapakTepuCTUKON YIIJIOTHEHHsI IOTOKA SIBJIAETCS YBEIMYECHHUE pa3Mepa pa3AcsiCHUs
U YMEHBIIEHHE KOJUYECTBA MEJIKOAMCIIEPCHOIO MaTepuana B HubKHeM npoaykre. Huknee
pasrpy3ouHoe otBepcTre 130 MOXKET UMETh ITOPOTOBYIO IPOIYCKHYIO CIIOCOOHOCTD, TaK YTO MPHU
NPEBBIIIEHUH TIOPOTOBOH MPOMYCKHOH CIOCOOHOCTH MOKET BO3HUKHYTh COCTOSIHUE YIUIOTHEHHS
notoka. [Ipu HopmanbHOH padore nukioHa 100 HIDKHUA NPOAYKT pa3OpbI3rHBAETCS U3 HIDKHETO
Pas3rpy304HOro OTBEPCTHS, KaK MPAaBHIO, KOHUYeCKUM 00pazoM. OQHAKO B HaYaje 3apOXKIAEHHS
VIUIOTHEHHUsI NTOTOKA BO3AYIIHBIA CEPAEYHUK BHYTPU HUKHETO pasrpy3odHoro orsepctust 130
CXKMMAETCs, TaK YTO CIUPAJIEBUAHOE NBUKEHUE HIDKHETO MPOAYKTA B 3HAUYMTENILHON CTENEeHU
WM TOJIHOCTBIO TepsieTCs. YIUJIOTHEHHE NOTOKA MOXKET [aKe€ NMPUBECTH K 3aKyNOPUBAHUIO
nukiaoHa 100. XoTs 3aKkynmopuBaHUE LMKJIOHA CIYYaeTCs PENKO, 3TO MOXKET MPOU30UTH, €ClU
KPYIHBIE YaCTHIBI, MEJIKHE MEJIOINNEe Tejla WM KaKOH-TMOO APYrod MOCTOPOHHUM MpenMeT
3aKyNOPUBAIOT HIKHEE Pa3TPy304HOE OTBEPCTHE.

I'mppouuknon 100 copepsxut 3nexTponsl 140, KOTOpBIE BBINOJHEHBI C BO3MOXHOCTBIO
NOJaYu M3MEPUTENIbHOrO curHana. Jns oOHapy’KeHHsl YIUIOTHEHHS NOTOKa 3JeKTponbl 140
CIELUAJIbHO BBIMTOJIHEHBI ¢ BO3MOXKHOCTBIO M3MEPEHUs 3JIEKTPONPOBOAHOCTH BHYTPU LIMKJIOHA
100 ¢ uenpro OOHapYyKeHUs 3apOXKACHUS COCTOSIHUS YIUIOTHEHUs! MoToKa B mukioHe 100. J{ms
3TOM 1enu Bce dJekTpoabl 140 MOryT ObITh PacIoIOKEeHBI B OCEBOM HampaBlieHuH 1ukiora 100
O CyLIeCTBY Ha OAHOM YypoBHe. Hampumep, OHM MOryT OBITH PAcHOJOXKEHbBI B OCEBOM

HampasjJieHuu B mpenenax or 1 no 5 cm apyr or apyra. Kpome toro, snekrpoabst 140
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pacrionokeHbl B KOHWYeckod dwactu 120 mo okpykHocTH. Onektpoasl 140 moryt ObITh
PaCIONIOKEHBI MO CYLIECTBY HA PABHOM PACCTOSHUM IO OKPYKHOCTH KOHMYEeCKOW yactu 120.
DNexTpoAbl MOTYT MPOXOAUTh Yepe3 CTeHKy ruiapouukyiiona 100, Hampumep, OT BHYTpPeHHeEH
MOBEPXHOCTH KOHMUecKkol yacTu 120 k BHeLIHeN NMoBepXHOCTH ruapouukiona 100. Dnexkrpoasbt
140 moryT conmepraTh TOKOMPOBOAAIINE OONTHI MM COCTOSATh U3 HHUX. DiekTpoas! 140 moryt
COZEeP>KaTh METAJUT UK ObITh BBITIOJHEHHBIMU U3 HEro. DekTpoasl 140 MOTyT OBITh KECTKHMHU.
Bbbu10 00HAPYIKEHO, UTO, KOTrJa KaX/IbIi 3JIEKTPOJ UMEET TOJIIIUHY OT 2 10 3 MILIMMETPOB WU
Oosee, TOYHOCTb U HAJIEKHOCTh M3MEPEHHsI MOTYT OBITh 3aMETHO YJIyYIIeHbl. JJeKTponsl 140
MO>KHO PaCIMOJIOKUTh MO CYIIECTBY FOPU3OHTAJIBHO, TO €CTh NEPHEHANKYJIIPHO 110 OTHOLICHHIO
K OCEBOMY HaIlpaBJICHHIO. DyekTpoasl 140 MoryT comep:kaTh pe3b0y, HapuMep, U KPETUIeHHsI
snektponoB  140. JIOMONHUTENHPHO WJIM B Ka4deCTBE AallbTEPHATHUBBI, pe3bda MOXKET
UCIIONIb30BATbCsl U1 KPEIUIEHWsT MPOBOJHUKOB K syekTpojgam 140 nna  nepenaym
U3MEPUTENILHOTO CUTHAJa OT 3yekTponoB 140. B kadecTBe mpumMepa, MPOBOAHUK MOXKET OBITH
3aKpeIUIeH MEXKy IBYMs pe3bOOBBIMU TalikaMu Ha pe3b0oBoM siekrpose 140.

BaxxHo oT™MeTHTB, 4TO 35eKTponbl 140 HEOOXOOUMO pacmoiaraTb B OCEBOM HAIPABICHUU
CHELUANBHO TaK, YTOOBI UX OCEBOE PACCTOSHUE (meas) OT HUIKHETO PAa3TPy30UHOTO OTBEPCTHS
130 cocraBnsuio MO MEHbIIEH Mepe 5 MPOLEHTOB OT PACCTOSIHUS IO OCH MEXAY HIKHUM
pasrpy3ounbiM oTBepcTueM 130 u BepxHel yacTero 110, T.€. 3HaUeHUS dup - dapex. B TO 3x€ Bpems
dmeas HE TOJDKHO TpeBBIIATh SO MPOLEHTOB OT 3HAYEHUS dyp - dapex. Korma BepxHss yacte 110 u
KOHM4YecKast 4acTb 120 COeOMHEHBI HEMOCPENCTBEHHO, 3HAueHHe dup - dupex COOTBETCTBYET
BbICOTEe KOHHMYeckor wyactu 120. bbuto OOHapyKeHO, YTO pa3MelleHHe »JJIEKTPOIOB B
BBILIEYNOMSIHYTBIX TpeAeNiaX JaeT 3aMETHOE YJy4IIeHHe TOYHOCTU OOHAPYKEHHE YIUIOTHEHUS
MOTOKA, MPUYEM JAaKE€ B TAKOW CTENEHH, 4YTO 3JeKTpoAbpl 140 MOryT MCHOIB30BATHCS IS
YIOPEXKIAOIIEr0 ONpeNeseHusl IMepexona B COCTOsHHME YIUIOTHeHus noroka. Kak Tonbko
snekTpos! 140 pacnooKeHbl BBIIIE HUYKHETO YPOBHS, KaK ONMHCAHO BbIIIE, ObUIO OOHAPYIKEHO,
YTO BO3AYIUHBIA CEPACYHUK B THUIUYHBIX CHTYalMsAX H3MEPEHHs CTAHOBHUTCS 3aMETHO Oosee
YCTOMYUBBIM IJI1 TOYHOTO U3MEPEHUs], UTOOBI OOHAPYKUTh 3aPOKIACHUE COCTOSIHUS YIIIOTHEHUS
notoka. C Apyroit CTOPOHbI, OBLIO OOHAPYIKEHO, YTO KaK TOJBKO 3JeKTpoAbl 140 pacmonoskeHsbl
BBIIE BEPXHErO0 YPOBHSA, KAaK ONHCAHO BBIIE, B TUINUYHBIX CUTYaLMsIX HW3MEPEHHUs
NPOTHO3UPYIOLIHH 3¢ dekT OpicTpo yMmeHblnaercsi. COOTBETCTBEHHO, Pa3MEIEHUE 3JIEKTPOIOB
140, kak ommcaHO BbILIE, MO3BOJISIET ANANTUPOBATH TMAPOLMKIOH 100 mus ympexaaromero
OOHapy>KeHHs 3aPOXKIEHUSI COCTOSTHHSI YIUIOTHEHHS ITOTOKA.

Crnenyer orMeTuTh, 4TO HUKIOH 100 MOXKET comepskaTh OIUH WJIM HECKOJBKO HAOOPOB

snektponos 140, Hampumep, nBa, TpU U Aaxke Oosbiie Habopos. Kaxnbeiit Habop MokeT OBITh
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pAacIoNoKeH MO OKPY)KHOCTH KOHWYeckoi wactu 120. HaGopel MOryT OBITH pacrojioKeHbl Ha
paccTosHUM APYr OT JApyra B oceBOM HampasieHHMH. OpgHako Bce HaOOpBl MOTYT OBbIThH
pacrionokeHbl B mpepenax oT 5 g0 50 mpoLeHTOB OT 3HAu€HUs! duyp - dapex OT HUDKHETO
pasrpy3ouHoro orsepctusi 130, H3MEPEHHOro B OCEBOM HaIpaBJIeHUU. DJeKTponbl 140 B onHOM
HaOope MOryT OBITh PACIOJIOKEHbI IO CYIIECTBY HA OJHOM YPOBHE B OCEBOM HAIPABJIECHHH
uukiiona 100. Hanmpumep, B 0CEBOM HAIpaBJICHUH OHH MOTYT OBbITh PACIIONOXKEHBI B IIPEeNiaxX OT
1 no 5 cMm apyr ot apyra.

@DopMUPOBAaHUE COCTOSHUSI YIUIOTHEHHS TOTOKA MOXET OBITh ONPEeAeseHO IMyTeM
U3MEPEHUs] HJIEKTPOIPOBOJHOCTH C TIOMOLIBIO OOOpPYIOBAaHMs, OIHUCAHHOTO B HACTOSIIEM
IOKYMEHTE, W COIOCTABJIEHHs HW3MEPEHHBbIX 3HA4eHUH ¢ (QOpMUPOBAHHEM COCTOSHUS
VIUIOTHEHHs TOTOKa. Hampumep, ¢ MOMOIIBIO OMUCAHHOTO OOOpPYIOBaHHUS MOTYT OBITh
BBITMIOJIHEHbI TIOBTOPHbIE H3MEPEHMs I BbIIBJIEHMSI 3aKOHOMEPHOCTEH, COOTBETCTBYIOLIUX
(OPMHUPOBAHUIO COCTOSIHUSL YIJIOTHEHHs NOTOKa. POpPMHpPOBaHME COCTOSHUS YIUIOTHEHUS
MIOTOKA MOJKET OBITh OIpPENEeNeHO W3 W3MEPEHUH 3JIEKTPONPOBOAHOCTH HA OCHOBAHHMH TOTO
¢akTa, 4TO MPUCYTCTBHE BO3MYIIHOTO CEPACYHUKA CO3MaeT oOnacTh BHYTpU IukjoHa 100, B
KOTOPOH 3JIEKTPONPOBOAHOCTh HE3HAYUTENIbHA WM 3aMETHO CHIDKEHA. Mcronb3yst onucaHHbIN
ukiIoH 100, MOKHO MAEHTH(QHULINPOBATh 3aKOHOMEPHOCTH, COOTBETCTBYIOIINE HCUYE3HOBEHHIO
BO3yIIHOro cepaeyHnka. Kpome Toro, Obuio OOHapyKeHO, 4TO, Koraa snekTpoas 140
COoZepIKaT AEBATh WM OOJbIIee KOJMYECTBO JIEKTPOJOB, MOKET OBITh MOJTYyYEHO TOCTATOUHOE
paspemieHue i MOCTPOCHHUS IBYMEPHOrO M300pa)KEHUs BO3AYIIHOTO CEPACYHHMKA, YTOOBI
OOHapYXUTh 3apOXKIEHHE COCTOSIHUSA YIIOTHEHUs motoka. Kpome Toro, 6110 0OHapyskeHO, 4TO
C JBEHAALATHIO WM OOJNBLUIMM KOJHYECTBOM 3JIEKTponoB 140 paspemnaromasi CroCOOHOCTb
MOKeT OBbITb TOTIOJIHUTENIbHO YJIYYLIeHA, TAK YTO MOXKET OBITh MOJIyUYE€HO 3aMETHOE YIIy4LICHHE
KaK TOUHOCTH, TaK U HaJ(€KHOCTU U3MEPEHMUSI.

B kauectBe mpumepa s onpenesneHus: GopMUPOBAHUS COCTOSHUS YIUIOTHEHUS ITOTOKA
MOYKHO HCTIOJIb30BaTh TOMOrpaduro siekrpudeckoro conporusienus (ERT) u/unu Tomorpaduro
snekrpuueckoro mmrnenanca (EIT). Oro cmocoGel Tomorpadum mpouecca, KOTOPbIE MOXKHO
UCTIONIb30BAaTh /ISl HaJIEXKHBIX OMNEPAaTUBHBIX M3MepeHuil MuorogasHon cpensl. B ERT onenka
3JIEKTPOIMPOBOAHOCTH O0OBEKTa KaK (DYHKLIHMHM MECTOMOJIOKEHUST MOKET ObITh paccuuTaHa Ha
OCHOBE M3MEPEHHBIX HANpsDKEHUIH M M3BECTHBIX IOAABAEMBIX TOKOB (MM HaoOopoT). Pacuersr
OCHOBAaHbl HA MAaTEMAaTHYECKOM MOJENH, OMNpPENEsIOIed OTHOLIEHUS MEXIy TOKaMH,
pacmpeneneHueM 3JIEKTPONPOBOAHOCTH BHYTpU ruapouuknoHa 100 u HanpsbkeHUsMH Ha
anektponax. [Ipeumymectsa ERT 3aknrouaroTCs B TOM, 4TO OHA OCHOBaHA HA MaTEMAaTHUYE€CKON

MOZAECIN, KOTOpas TAKXKE YUYHUTBIBACT HUMIICAAHCBHI 3JICKTPOAOB, IPU 3TOM U3MCPCHUSA MOTIYT
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BBITTOJIHATBCS OueHb OBICTPO. Clem0BaTeNbHO, 3JIEKTPOABI MOTYT OBITh BBITIOJTHEHBI TaK, YTOOBI
HIDKHUH npoayKT nukioHa 100 Mor ObITh BU3yalu3UPOBaH B PEKUME PEAIbHOTO BPEMEHH.

EIT B 3nauutenbHO#l ctenenu coorsercTByeT ERT, 3a nckimoueHuem TOro, 4to oHa
UCIIOJIb3YET KaK aKTUBHOE CONPOTUBJICHHE, TAK U PEAKTUBHOE COINPOTHUBJIEHUE H3MEPSIEMOrO
CWTHAaJa, W, TaKUM 00pa3oM, BhllIeyka3aHHoe Takke npumeHumo k EIT. Jlnst oOnapyskeHus
3apOKACHUS] COCTOSIHUs YIUIOTHEHUs MMOToka B ruapoumkioHe 100 rugpouumknon 100, B
YaCTHOCTH 3JIeKTPoAbI 140, MOTYT OBITH BBIMIOJHEHBI ¢ BO3MOKHOCTBIO OCYIIECTBJICHHUS JIFOOOTO
u3 usMmepenuii, ERT u EIT, unu oboux u3mepeHui.

He3aBucuMo OT HCHONB3yeMbIX CHOCOOOB aHajim3a, 3yeKkTponsl 140 moryt ObITh
BBITTOJIHEHBI C BO3MOXKHOCTBIO OOECTIeYeHHMsT HM3MEPUTENbHOrO CHUTHANa sl OOHapy KEeHHUs
3apOKACHUS] COCTOSIHMS YIUIOTHEHHSI IIOTOKA, HAMpuUMep, MyTeM OOHAPYKEHUS HaJMIus
BO3/IyIIIHOIO CEPACUHHUKA MEXAY dJekTpoaaMu 140 nimu nmyrem usMepeHus pa3Mepa BO3IyLIHOTO
cepAcuHUKa Mexay asnexktpogamu 140. B kauecTBe ajbTEpHATHUBBI WJIM AOMOJHUTENBHO,
snektponsl 140 MOryT OBITH BBINIOJHEHBI C BO3MOXKHOCTBIO OOECTIEUeHMs H3MEPHUTEIbHOTIO
CHUTHAJIA JJIsI ONPEAENIeHUsI TOro, cOOMpaeTcsl JIM BO3AYIIHBIA CEPASYHUK HCUE3HYTh, TaK UTO
BO3HHKHOBEHHE BO3AYIIHOTO CEpAEYHUKA M, TAKUM 00pa3oM, COCTOSHHE YIUIOTHEHHs MOTOKa
MOXeT ObITb OOHApYXKEeHO 3apaHee. DneKkTpoasl 140 MOryT OBITH BBINOJIHEHBI C BO3MOKHOCTBIO
o0ecriedeHrsT HU3MEPUTENBHOIO CHTHajla JUIs CO3JaHus AByX- (wiau  Oojee) MepHOro
N300pakeHHUsT HIDKHEro Npoaykra. Onektponbl 140 Takke MOTyT OBITh BBINOJHEHBI C
BO3MOJKHOCTBIO ~ OO€CII€YeHHUs]  M3MEPHUTEJbHOIO  CHUIHaja, MO  KOTOPOMY  MOXKHO
UIeHTU(ULHPOBATH XaPAKTEPUCTUKU HIKHETO Pa3rpy304HOro orsepctust 130 ninm mo kotopomy
MO>KHO BU3YaJIU3UPOBATh BO3AYLIHBIN CEPACUYHUK B PEXKUME PEATLHOIO BPEMEHH.

UsmepurenbHbIl CHTHaJ  MOMKET HCIOJNb30BAaThCS ISl YIpaBlIeHWs  paboToi
runpouukiaona 100. M3MepurenbHbIi CUTHAT MOXKET, HAIIPUMEp, UCIIOJIb30BAThCS ISl CO31aHUs
ONEPaTUBHOIO MPENyNPEKACHUs A onepaTopoB LukiIoHa 100 naike 10 TOro, Kak BOSHUKHET
COCTOSIHME VIUIOTHEHHsI TIOTOKa. M3MepuTenbHBII CUTHal MOXKET HCHONb30BAaTbCA JIA
aBTOMATUYECKOro ynpasieHuss UUKJIOHOM 100, Hampumep, A aBTOMAaTUYECKOIO CHUKEHHUS
CKOPOCTH TOJIa4YM MUTAHUS, KOrna OOHAPYKEHO 3apO’KICHHE COCTOSHUS YIUIOTHEHUS MOTOKA.
310 MOXeT OBITh CHENaHO, HAmpuMep, Korma OOHapy)KEHO, YTO YCTOWYHBOCTH BO3AYLIHOTO
CepAeYHMKA TOTEepsiHA eIle A0 TOro, KaK MPOUCXOMUT YIUIOTHEHHWE MOTOKA, M CTA0MIIBHOCTH
MOXeT ObIThb BOCCTaHOBJIEHA O€3 mepexofa B COCTOSHUE YIUIOTHEHHMs NoToka. s aHammsa
U3MEPUTENIbHOTO CUTHANAa W/WIM yrpaBieHus HUKkIoHOM 100 Ha OCHOBE M3MEPHUTEIHHOIO
curHana nukJIoH 100 MoxkeT OBITh BBITOJIIHEH C BO3MOYKHOCTBIO TIOAKIIOUEHHsI K KOHTpoJuiepy. B

HEKOTOPBIX BapUaHTax BBINOJIHEHUs caMm LUKJIOH 100 MOXeT make compeprkaTb KOHTPOJIIEP s
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aHamM3a M3MEPHUTENbHOTO CHUTHAja W/Win ynpasieHus 1uKiIoHOM 100 Ha OCHOBaHHUH
u3MepuTenpHoro curiana. Konrpossep Takske MOXKET ObITh BBIIIOJIHEH C BO3MOKHOCTBIO TIOAAYU
CHUTHAaJa TPEBOTM HAa OCHOBE H3MEPUTENIBHOIO CUTHAJa, Hampumep, koraa (popmupoBaHue
COCTOSIHMSI YIUIOTHEHHUSI NOTOKa OOHAapy»KMBaeTcs OO W/WIM IOocjie Hadaina (OpMHPOBAHHS
COCTOSIHMSI YIIJIOTHEHHMsI IIOTOKA.

@ur.2a-c n300pakar0T HUXKHIOW HacTh 150 rugporwkiaona 100, BBIMOJHEHHOTO B
COOTBETCTBUM C OJHUM BapUaHTOM BbINOJHEHUs. HukHsAg gacte 150 comep:kUT KOHMYECKYIO
yacTh 120 ¥ BHEIIHIOK NMOBEPXHOCTh 152. BHemHss nmoBepXxHOCTh 152 Takke OOBIYHO MMEET
KOHMYECKYI0 (POpMy, MOCKOJNBKY OHa MOXET COAEp:KaTb OAMH WM HECKOJbKO CErMEHTOB B
¢dopme yceueHHoro koHyca. OnHAKO, €CTECTBEHHO, BO3MOXKHBI U apyrue popmbl. Konndeckas
yacTh 120 mMeeT BHYTPEHHIOK MOBEpXHOCTh 122. Yrona («) HakjoOHAa KOHWYecKoi vactu 120,
KaK OMHCAHO BBIIIE, COOTBETCTBYET YUy HAKJIOHA BHyTpeHHelN nosepxHocTH 122. Kak ykaszano
BBIIIIE, STOT YrOJ MOXKET M3MEHSThCS BIOJIb JJIMHBI KOHHYECKOW dacTu 120 uiu MOKeT ObITh
¢dukcupoBarubiM. Kormnueckast uacts 120 MoskeT OBITh pa3aesieHa Ha ABe WK 0oJiee OTAeIbHBIX
gactenn 126, 128, copepkamux OOHY HJIM HECKOJBKO BEPXHMX 4acTed 126 u omHy uiu
HECKOJIbKO HIDKHUX 4acTted 128 konmueckoil wactu 120. IlogoOGHbIM 00pa3oM, BCsS HIKHSSA
gactb 150 moxker ObITh pa3menieHa Ha ABE WM OOJbIIee KOJUYECTBO OTHEJbHBIX 4YacTeH,
COOTBETCTBYIOLIUX OTAENbHBIM HacTsaM 126, 128 konuveckoii yactu 120. Dnextpoae! 140 moryt
OBITH PaCIOJNIOXKEHBbI MEXAy cOocenHell mapoi, cocrosimedl u3 BepxHeil yactu 126 u HIDKHEH
gactu 128. Jlna kperieHus BepxHeil vactu 126 u HkHeln vactu 128 apyr k apyry nukiaos 100
MOXKET COIEepPKaTh OJHY WM HeCKoJbKO cTpyOuuH 300. Huknss yacts 150 MokeT conmepikarh
OIVH WM HEeCKONbKO (uanmes 154, 156 mist nognepskku cTpyOruHbl 300, 4TOOBI MPUKPETUIATH
BEPXHIOIO 4acTh 126 1 HIDKHIO YacTh 128 npyr k npyry. Hanpumep, HrokHss gacte 150 moxer
coziep KaTh OJUH WIN HECKONbKO (pyanueB 154, cooTBeTcTBYIOIUX BepxHEH dacTH 126, w/wian
OIIMH WJIM HECKOJIbKO (praHueB 156, cooTBeTcTByOIUX HIbKHEH 4dacth 128. Yka3aHHBIA OOuH
WA HECKOJIbKO (anueB 154, 156 MOryT OTCIeKHBaTh BHEIIHIOK MOBEPXHOCTh 152 HIDKHEH
gactu 150 B MIIOCKOCTH, MEPNEHAUKYISIPHOW OCEBOMY HAIPABICHUIO. Y KA3aHHBIM OJWUH WU
HeckoJbko ¢ianueB 154, 156 moryt umerhb KojbLeoOpa3Hyr ¢GopMmy. YKa3aHHBI OIHWH WU
HeckoJbko (uannes 154, 156 Moryr mnpoxXoauTh, HENPEPHIBHO WIM C pa3pblBaMH, I10
OKpPY>XHOCTH HMkHeW 4actu 150. JInsd xaknmoil mapbl, COCTOsAIIEN M3 BepxHeW yactu 126 u
HwkHerW vactu 128, mukyion 100 moxkeT comepskath oTnenbHyro crpydumny 300. Kpome Toro,
snekTponbl 140 mexny cocenHel mapo, COCTOSLIEH U3 BEpXHEW 4acTu 126 M HUKHEH 4acTH
128, moryT ObITh pacnonokeHbl BHYyTpH npoknaaku 400. Tlpoxnaaka 400 moxer ObITh 3akaTa

MEXKIy COCEIHEN MapoM, COCTOsAIIEN U3 BEpXHEN YacTu 126 u HUKHEH JacTtu 128, ¢ mOMOIIbIO



17

cTpyOumHbI 300.

Kak noka3aHo, HU>KHee pa3rpy304Hoe OoTBepCcTHE 130 MOXKET UMETh HEHYJIEBYIO JUIMHY B
oceBoM HampasieHud. lllupuHa HUXHEro pasrpy304Horo orsepctust 130 MokeT ocTaBaThbCs
NOCTOSIHHOM 10 Beeit anmune. [ukmon 100 Moxer comepskaTh 100Ky 160, pacmonoKeHHYO HIKe
HIDKHETO pasrpy3zouHoro otsepctust 130. FOOka 160 mosker ObITh 4acThiO HIDKHEH wactu 150.
FOGka 160 BbINONIHEHAa C BO3MOKHOCTBIO HAIPABICHHS BbIMYCKa HUXKHEro npoaykra. O6ka 160
MOXKET OBITh KOHMYECKOW W MOXET COIep’KaThb OAMH HWJIM HECKOJbKO CEerMeHTOB B (hopme
yceueHHOro koHyca. FOOka 160 moxeT OBITh BBIMOJHEHA TAK, YTO OHA CTAHOBUTHCS IIHPE,
HEINPEPBIBHO WM C Pa3pblBaMHM, NPU YAAJIEHUU OT HUXKHErO pasrpy3odHoro orsepctus 130 B
OCEBOM HAIPABJICHUM.

@ur.3 nzobpakaer oguH npuMep cTpyormHbl 300 11 KperuieHust IpyT K APYTY BEpXHEH
yactu 126 u HwkHel yactu 128 konmdeckoii yactu 120. Ctpybumna 300 MokeT comepikaTh
MeTalT Wi ObITh BbIMOJMHEH W3 Meraiuia. CtpyOuuHa 300 MOKET MMETh KOJbIEOOpasHYHO
dopmy. Ctpybumna 300 moker comep:katb xomyT 310, 312 misi TpPUIIOKEHUS 3aKUMHOTO
yeunust K HwkHedl dactu 150 mumkmona 100, mampumep, k ¢raanuny 154, 156. B kadectse
npumepa, xoMyT 300 MOXKET comepkaTb OAWUH WM HECKOJIIBKO XOMyTOB 310 st mpuiioKeHus
3QKMMHOIO YCUJIMS Ha CTOPOHY HIDkHeW dactu 150, cooTBeTcTByrOLIENd BepxHEW 4dactu 126
KOHMYeckol gactu 120, n/unm OuH MM HECKOJIBKO XOMYTOB 312 1715 IPUIIOKEHUS 38KUMHOTO
YCWJIMSI Ha CTOpOHY HukHel wactu 150, coorBercTByromiei HuxHel 4dactu 128 xoHu4eckoun
yactu 120. Yka3aHHbIH OMH WM HECKOJIbKO XOMyTOB 310, 312 MOTyT UMETh KOJIbLIEOOPA3HYIO
dopmy. YkazaHHBIM OAMH WJIM HECKOJbKO XOMyTOB 310, 312 MoryT OBITh BBITIOJHEHBI C
BO3MO>KHOCTBIO ITPOXOXKIIEHUsI, HEIIPEPBIBHO WIH € Pa3pblBaMH, IO OKPY>KHOCTH HMKHEW 4acTH
150. Ctpybumnra 300 MOkeT conmepkaTh OJUH WJIM HECKOJIBKO KPEMEeKHBIX 3J1eMeHTOB 320,
HaTpuMep, YeThIpe WM OOJIbLIee KOJUYECTBO, TAKUX KaK OONTBI, JJIsl KPETUIEHHs CTPYOLIMHBI
320. Yka3aHHBIN ONUH WM HECKOJBKO KPEMesKHbIX 3J1eMeHTOB 320 MOTYT OBITh BBITIOJTHEHBI C
BO3MO>KHOCTBIO, HAIIpUMED, KperuieHus AByx XxoMmyToB 310, 312 apyr k apyry. Yka3zanHbelil OquH
WIA HECKOJIbKO KPENeKHBIX 3J1eMeHTOB 300 MOryT OBbITh BBINOJIHEHBI C BO3MOKHOCTBIO
NPWIOXKEHUs] 3aKMMHOIO YCHJIMS IO CyLeCTBY B OCEBOM HampasieHuu LukiaoHa 100.
CrpyOrmHa 300 MoxeT OBITh BBIMOJHEHA C BO3MOXKHOCTBIO BOJOHEMPOHHLIAEMOTO KPEIUICHUs
KOHHU4ecKkoH yactu 120.

Qur.4a u 4b m3oOpakaror npumep npoxmanku 400 It 3amUTH 3JeKTpoaoB 140,
HarpuMep, MOCPENCTBOM MEXaHHYECKOH W/miu snektpudeckod m3oisiuuu. Torma xak Pur.4a
WITIOCTPUPYET TMpuMep B akcoHomerpuu, Pur.4b wmumocrpupyer TOT ke mnpumep B

AKCOHOMETPHH, 1€ KOHTYPHI 2J1eKTpoaoBs 140 BHyTpu nmpokianku 400 nmokasaHbl IyHKTUPHBIMU
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JIUHUSIMU.

ITpokmanka 400 moxker ObITh ympyroi mis oOecrnedeHHs] TepPMETHMYHOrO KOHTAaKTa.
ITpoknanka 400 MokeT OBITH BBIMOJHEHA U3 M30JSILIMOHHOIO MaTepuala, HalpuMmep, U3 pe3uHbI
win nonuyperana. Ilpokmaaka 400 moxer ObiTh muiockoil. Ero moxkHO mpucmocoOuth muist
pa3menienus mo ropusonrtaiu. IIpokianka 400 mMoxeT uMmeTb KojbleoOpasHyr ¢opmy. OHa
MMEET BHYTPEHHIOIO rpaHully 410, BBIIOJHEHHYH) C BO3MOXXHOCTBIO KOHTaKTa C MUTAHUEM
IOCJIe TOTO, KaK OHO ObLIO mojaHo B LUKJIOH 100, v BHEMHIOW rpaHuly 412, KoTopas MOXeT
OBITh BBIMIOJIHEHA C BO3MOKHOCTBIO OBITh OOpallleHHOW Hapy»Ky OT HiskHed uactu 150.
BayTpennsist rparuna 410 w/unu BHeIHsAs rpanuna 412 MokeT UMETh KOJIbIleoOpasHyro Gopmy.
IMpokmanka 400 MokeT OBbITH BBIMIOJHEHA C BO3MOMKHOCTBIO OXBaTa, MO MEHbIIEH Mepe
4acTU4HO, 3JekTponoB 140. IIpoknanka 400 MOKET UMETh OHO WM HECKOJIBKO OTBEPCTUHN AJIA
snekTponoB 140. YkazaHHOe OAHO WM HECKOJIBKO OTBEPCTUHM MOTYT MPOXOAUTH 4YeEpe3
npoknaaky 400, Hanpumep, OT BHyTpeHHeH noBepxHOCTH 410 x BHeIHeH noBepxHOCTH 412.
IIpoknanka 400 moxeT OBITh BBIMONHEHA TaK 4YTOOBI 3J€KTpoAbl 140 ObUIH 3JEKTPUYECKH
usonupoBanbl Apyr ot apyra. [lpoxmamka 400 MokeT OBITh BBIMOJHEHA C BO3MOXKHOCTBIO
3JIEKTPUYECKOTO M30JHPOBAHUS 3JIeKTPonoB 140 oTHOCHTENPHO KOHMYECKOW 4actu 120 w/wnu
HwkHel yactu 150. Dnexktpoast 140 MoryT ObITh mpHKperuieHsl K npoknaake 400 oqHUM HIIH
HECKOJIbKUMHM KpeneXHbIMU djieMeHTaMu 420, Takumu kak raiiku. Tommumzaa npoknaaxku 400
MOKeT OBITb TaKOW, YTO Kaxblid 3J7ekTpod 140 ¢ Kakaol CTOPOHBI M30JIMPOBAH MO MEHbIIEH
Mepe cinoem npoknanku 400 tommuHON nmo MeHbweidl mepe 0,5-1,0 munnumerpa. Bremnss
rpanuna 412 npoxknaaku 400 MoOeT comepskaTb OAWH WM HECKOJbKO BBICTYNOB 430 naus
3amuThl 35ekTponoB 140. HecmoTps Ha NOTEHLMANbHBbIE TOYKH KOHTAKTa, 3TO IO3BOJISET
snekrponaM 140 ObITh 3aKTFOUEHHBIMH BHYTPHU NPOKIaaku 400 mo cyImecTBy Mo BCEH UX JJTHHE.
OnHO WM HECKOJIBKO BBICTYTIOB 430 MOTYT OBITh BBINOJIHEHBI ¢ BO3MOKHOCTBIO Pa3MELICHHUS B
MIPOMEKYTOUHBIX IMPOCTPAHCTBAX MEXKAY OJHHMM WM HECKOJBKUMHU KPENEKHBIMU 3JIEMEHTAMU
320 crpybumner 300. DT0 ofecmeumBaeT BO3MOXKHOCTb 3akperuieHus cTpyouuHsl 300
BEPTUKAJIBHO, TOrJa KaK KOHLBI 3JEKTpoAoB 140 OCTalOTCA OTKPBITBIMU [JIs1 KOHTaKTa C
BHEIIHeH rpanunei 152 Hwkaed yactu 150 umknona 100. Jpyrumu cnoBamu, ctpyOruHa 300
MOKET COZAEpkKaTb OAHO WJIM HECKOJBKO OTBEPCTHH AJIsl YKA3aHHOTO OJHOTO MM HECKOJIBKUX
BbICTYNOB 430, KOTOpbIE BBIMOJHEHBI C BO3MOXKHOCTBIO oOxoma crpyOumubl 300 uepes
oTBepcTUsl. OJTO 00eCmeunBaeT BO3MOXKHOCTb MEXaHWYECKOW 3alHThl 3JeKTponoB 140,
HanpuMep, OT BOJABbI U TPsi3H, OAHOBPEMEHHO obecreunBas MX AOCTYMHOCTb Ul KOHTAKTa,
HaImpumep, OT KOHLOB 351ekTponoB 140. B gomonHeHue K BBIIECKA3aHHOMY, YKa3aHHOE OJHO

HUJIn  HECKOJIBKO BbICTYIIOB 430 MOTYT OBITb BBIMIOJHEHBI C BO3MOXKHOCTBIO YKa3aHUs



19

MPABUJIBHOTO NOJIOKEeHUs npokaaaku 400 u, cienoBaTeabHO, 3J1eKTponos 140.

Paznuunbie oOcyknaeMble B HACTOSINEM AOKYMEHTE (PYHKIMH MOTYT BBINOJIHATBHCS B
Pa3HOM MOPsAAKE W/ UIN OHOBPEMEHHO JIPYT C IPYTOM.

JIroOoli nuama3oH WM MapaMeTp YCTPOWCTBA, NMPUBEIEHHbIE B HACTOSIIEM OIHMCAHMY,
MOT'YT OBITh PACIIMpPEHBl WJIM M3MEHEHbI 0e3 morepu kenaeMoro >¢pdQexTa, eciu He yKa3aHO
obpatHoe. Takske MOOOH BapuUaHT BBITIOJHEHUS] MOXKET ObITh OOBEAMHEH C APYTUM BapHUAHTOM
BBITIOJIHEHHSI, €CJI 3TO SIBHBIM 00pa30M HE 3aMpereHo.

Hecmotpss Ha TO, 4ro m300pereHue OBLIO OMHCAHO HA SI3bIKE, XAPAKTEPHOM IS
KOHCTPYKTUBHBIX TNPU3HAKOB W/MJIM JEHCTBUH, ClIeAyeT IOHHUMAaThb, YTO H300peTeHue,
ompeneNieHHOe B TmpuiaraemMoil Qopmyne wu3o0pereHHs, He O00s3aTENBHO OrPAHHYEHO
KOHKPETHBIMH TpPU3HAKAMU MJIM JEWCTBUSIMH, OMUCAHHbIMU Bbile. CKOpee, KOHKpPETHbIE
NpU3HAKM W JAEHCTBHS, OMHCAHHbBIC BBILIE, PACKPBITHI B Ka4yeCTBE MPHUMEPOB peaNn3aliu
dbopmybl n300peTeHus, a IPyrue SKBUBAJICHTHbIC PU3HAKU U ACHCTBUS, KaK MPEATIONaraercs,
HAXOMSTCS B mpeneyiax odbema 3aimuThl GOpMYJTbI U300 PETEHUSI.

Crenyer MOHUMATh, YTO OMUCAHHBIE BBILIE BBITObI U MPEUMYILECTBA MOT'YT OTHOCHTBCSI
K OJHOMY BApPHAHTY BBINOJHEHUS MM MOTYT OTHOCHTBCSI K HECKOJbKHM BapHUaHTaM
BBITTOJIHEHNS. BapuaHThl BBIMOJHEHUS HE OTPAHUYHMBAIOTCS TEMH, KOTOPbIE PELIAIOT KaKyro-
au00 WM BCE 3asBJIEHHbIE NPOOJEMBbI, WIM TEMH, KOTOpblE HMEIOT Kakue-Iubo WM BCe
3asiBIEHHbIE BBITOJbI M NpeuMylnecTBa. Jlanee cienyer MOHMMATh, YTO CChUIKA HA «3JIEMEHT)
MOXET OTHOCUTBCS] K OTHOMY MJIM HECKOJIBKUM U3 3THUX 3JIEMEHTOB.

TepmuH «comepkaliuit» KCIONb3YETCS B JAHHOM JOKYMEHTe MJisi OOO3HAauYeHHs
BKJIFOUEHUS] UACHTU(PHUIMPOBAHHOTO CrIoco0a, OJIOKOB HITH 3JIEMEHTOB, HO YTO TaKue OJIOKH WIIN
SJIEMEHTBl HE COCTABJSIIOT MCYEPIBIBAIOIIMN CIHCOK, a CIocod WM yCTPOWCTBO MOTYT
COZIePKATh TOMOJHUTENIbHBIEC OJIOKH WIJIH 3JIEMEHTHI.

Crnenyer mOHMUMATh, YTO MPUBEACHHOE BBILIE OMHCAHUE MPHUBEIEHO HCKIIOYUTEIHHO B
Ka4eCTBE MPHUMEPA M YTO CHEIHAIUCThI B JAHHOH 00JIACTH TEXHUKHU MOTYT BHOCHUTD Pa3JIMYHbIE
monudukanuu. [IpuBeneHHbIE BBIIIE ONMUCAHHE, PUMEPHI U JAHHBIE MPEIOCTABISIFOT IMOJIHOE
ONMHUCaHWe KOHCTPYKLUH U HCMOJB30BAHUS HIUTFOCTPATUBHBIX BAPHAHTOB BBINOJHEHHS. XOTS
pa3NuYHbIE BAPHAHTHI BBHIMOJHEHUS] OBUIM OIMMCAHBI BBINE C OINPENEICHHOW CTENEHBIO
KOHKPETHOCTH HMJI CO CCBUIKOW Ha OJMH HJIM HECKOJIbKO OTIENbHBIX BAPUAHTOB BBITOJHEHMUS,
CHELMANNCTBl B JTAaHHOH OONACTM TEXHHUKH MOTYT BHECTH MHOTOYHCIICHHbIE W3MEHEHHs B
PaCKpBIThIE BAPHAHTHI BBITIOJHEHUS, HE BBIXOMS 32 PAMKH CYIIHOCTH MJIM 00BEMa 3aIUThl 3TOTO

n300peTeHusl.



®OPMYVYJIA H30BPETEHUA

1. I'unpOouUUKIOH 1l pa3feNeHus NMUTAHUS Ha BEPXHUN NPOAYKT U HWKHUH IPOAYKT,
conlep KaIlInm:

BIIYCKHOE€ OTBEPCTHUE JUIS IUTAHUS,

BBIITYCKHOE OTBEPCTHUE JIs1 BEPXHETO MPOAYKTA,

HIDKHEE Pa3srpy304HOE OTBEPCTHUE AJIS BBIITyCKA HUKHETO MPOAYKTA,

BEPXHIOI0 4YaCTh, COEIUHEHHYIO C BIIYCKHBIM OTBEPCTHEM Ui MUTAHUS U BBITYCKHBIM
OTBEPCTHUEM JUJIs1 BEPXHETO NMPOAYKTA,

KOHUYECKYIO YaCTb MEXAY BEPXHEH 4aCTh) U HUKHUM PA3rPy304HBIM OTBEPCTUEM, U

3JIEKTPOABI JUIsl HW3MEPEHUs OSJIEKTPONPOBOJHOCTH BHYTPU TUAPOLMKIIOHA IS
oOHapy>keHHst 00pa30BaHUs YIUIOTHEHHUS MIOTOKA B THAPOLMKIIOHE,

OTJIMYAKOLUNACA TEM, YTO 3JIEKTPOAbl PACHOJIOKEHBl MO OKPYKHOCTH B KOHHMYECKOU
YaCTH HA OCEBOM pACCTOSHHUU (dmeas) OT HIDKHETO PAa3TPy30UHOTO OTBEPCTHUS, TH€ dmeas
COCTaBJIIET HE MEHEe 5 MPOLEHTOB OT PACCTOSAHMS MO OCH MEXKAY HUKHHUM Pa3rpy304HBbIM
OTBEPCTHUEM U BEPXHEH YaCTbIO, U dmeas COCTABIAET He Oosee 50 MPOLIEHTOB OT PACCTOSHUS MO
OCH MEXIy HHDKHUM Pa3rpy304HbIM OTBEPCTHEM U BEPXHEU YaCThIO.

2. I'mapouMkioH 1o m.1, B KOTOPOM 3JIEKTPOABI COAEPKAT IO MEHbIIEU Mepe HEBATH
SJIEKTPONOB JUIsI TOCTPOEHHsT H300paskeHUs TOMOrpaduHu BIIEKTPUUECKOrO CONPOTHBIICHUS
(ERT) w/unu Tomorpaduu snexrpuueckoro nmnenanca (EIT).

3. I'mapouukyion mo m.l unum 2, B KOTOPOM TOJIIIMHA 3JIEKTPOAOB COCTABJSAET MO
MEHbIIEH Mepe 2,5 MIILIUMETpa.

4. TuApOUUKIIOH MO JIIOOOMY M3 MPENUIECTBYIOIIUX MYHKTOB, B KOTOPOM 3JIEKTPOABI
PAacCIIONIOKEHBI BHYTPU KOJIbLIEOOPA3HON MPOKIIATKH.

5. T'mppouukiaoH no m.4, B KOTOPOM IMpPOKJIaAKAa HW3rOTOBJIEHA W3 PE3UHBbl WU
W30JSIUOHHOTO MOJUMEPA.

6. I'mapouukioH no m.m.4 win 5, B KOTOPOM KOHUYECKasl 4aCTh pa3/iesieHa Ha OTAENbHbIE
BEPXHIOI0 4aCTb M HWXKHIOIO 4YaCTb B OCEBOM HAIPaBIEHUHM, M MPOKJIAJKA 3aXaTa MEXAY
BEPXHEU YaCThIO U HXKHEH YaCThIO.

7. T'uapouuKIIoH 1o JTF0O0MY U3 I.11.4-6, B KOTOPOM TOJIIIMHA MPOKJIAIKA COCTABJISIET 110
MEHBIIEH Mepe 5 MUJUIMMETPOB.

8. I'maponuKIIOH 1o JMo00My U3 MM.11.4-7, B KOTOPOM BHEINHSS OKPY)KHOCTb IPOKJIAIKU
COIEP2KUT BBICTYII AJIs KaXKI0TrO 3JIEKTPOIA.

9. Cnoco0 wu3MepeHus: 3JEeKTPONPOBOJHOCTH B TMAPOLMKIOHE UIsI OOHApY>KEHUs
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0o0pa3oBaHUs COCTOSIHMSA YIUIOTHEHHMsS IIOTOKAa B THAPOLUKIOHE, NPU 3TOM THAPOLMKIOH
COJIEPIKUT:

BITyCKHO€ OTBEpPCTHUE [JIsl TUTAHMUS,

BBIITYCKHOE OTBEPCTUE IJIs1 BEPXHETO NMPOAYKTA,

HIDKHEE Pa3rpy304HOE OTBEPCTUE AJIS BBIIYCKAa HUYKHETO MPOAYKTa,

BEPXHIOI0 YaCTh, COEIMHEHHYIO C BIIYCKHBIM OTBEPCTHEM JUISl MUTAHUS U C BBITYCKHBIM
OTBEPCTHEM JJIs BEPXHETO MPOAYKTa, U

KOHUYECKYIO YacTh, PACIIONIOKEHHYIO MEXy BEPXHEH 4acThiO U HIXKHUM Pa3rpy30UHbIM
OTBEPCTHEM,

OTJIMYAIOIIUNCS TeM, YTO CIIOCO0 BKJIIOYAET M3MEPEHHUE SJEKTPONPOBOAHOCTU BHYTPH
THAPOLMKIOHA JUIE OOHapyXeHusi oOpa3oBaHMsA COCTOSIHUSI  YIUIOTHEHHsI IIOTOKa B
T'HPOLUKIIOHE C TIOMOIIBIO 3JIEKTPOJIOB, PACIIONOKEHHBIX 110 OKPY>KHOCTH B KOHUYECKOH 4acTH
HA OCEBOM PACCTOSHUU (dmeas) OT HIDKHETO PAa3TPy30YHOTO OTBEPCTUS, TIE dmeas COCTABIISIET HE
MeHee 5 TMPOLIEHTOB OT PACCTOSIHUS MO OCH MEXJy HIKHUM pPasrpy304HbIM OTBEPCTHEM U
BEPXHEW YaCThIO, U dmeas COCTABISIET He Oojiee SO MPOLIEHTOB OT PACCTOSIHUSA MO OCH MEXIY
HIDKHUM Pa3rpy304HBIM OTBEPCTUEM U BEPXHEH HaCTbIO.

10. Croco® mo m.9, B KOTOPOM Macca TBEPAOIO BEIIeCTBA B IMUTAHWUH, BBOIHUMOM B
TUAPOLMKIIOH, cOOTBETCTBYET OT 10 10 85% OT 001ero Beca nmuTaHus.

11. Cnocod6 nmo m.9 wiu 10, B KOTOPOM TBEpAble BEINECTBA B MUTAHWUH, BBOJUMOM B

TUAPOLIMKIIOH, MMEIOT yAeNbHbIH BeC OT 1,5 10 7,0 TOHH Ha KyOHuecKHii MeTp.



N3MEHEHHAS ®OPMYJIA U30BPETEHUA

(mnst paccMOTpeHUsT Ha PErMOHAIBHON CTaIuN)

1. I'uapouuKIOH 1y pa3AeseHus NMUTaHWs HAa BEPXHUH MPOAYKT U HIDKHUN NPOAYKT,
Conlep KaIlnm:

BITyCKHOE OTBEPCTUE JJIsl TUTAHUS,

BBIITYCKHOE OTBEPCTHE IJIs1 BEPXHETO NPOAYKTAa,

HIDKHEE Pa3srpy304HOE OTBEPCTHUE AJISA BbIITyCKA HUKHETO MPOAYKTA,

BEPXHIOI0 4YaCTh, COCIUHEHHYIO C BIIYCKHBIM OTBEPCTHEM JJIsI MUTAHUS U BBITYCKHBIM
OTBEPCTHUEM JIJIs1 BEPXHETO NPOAYKTA,

KOHUYECKYIO YaCTb MEXAY BEPXHEH 4aCTh0 U HUKHUM PAa3rPy304HBbIM OTBEPCTUEM, U

3JIEKTPOABI JUIsl HW3MEPEHUs OJJEKTPONPOBOJHOCTH BHYTPU TUAPOLMUKIOHA  IJIA
oOHapy>keHHst 00pa30BaHUsl YIUIOTHEHUS IMOTOKA B THAPOLHUKIIOHE,

OTJIMYAKOLUNACA TEM, YTO 3JIEKTPOABbI PACHOJIOKEHBI MO OKPYKHOCTH B KOHMYECKOU
4aCcTU Ha OCEBOM pAacCTOSHUU (dmeas) OT HMIKHEIO Pa3rpy304HOrO OTBEPCTHSl, TA€ dmeas
COCTaBJIIET HE MEHEe 5 MPOLEHTOB OT PACCTOSAHMS MO OCH MEXKAY HMIKHHUM pPa3srpy304HBIM
OTBEPCTUEM U BEPXHEH YacCThO, U dmeas COCTABISAET HE Oosee SO MPOLIEHTOB OT PACCTOSHUS T10
OCH MEXIy HIKHUM pPasrpy30YHbIM OTBEPCTUEM M BEPXHEHW YaCTbIO, MPUYEM 3JIEKTPOIbI
PacoJIOKeHbI BHYTPH KOJIBIIEOOPA3HOM MPOKJIAIKH.

2. I'mppouukioH no m.1, B KOTOPOM 3JIEKTPOABI COAEP>KAaT MO MEHbIUEH Mepe AEBSITb
SJIEKTPONOB JUIsI TOCTPOEHMsT H300paskeHUs TOMOrpaduHu BIIEKTPUYECKOrO CONPOTHBIICHUS
(ERT) w/unu Tomorpaduu snextpudeckoro umnenanca (EIT).

3. T'uppouuknoHn mo n.l wiu 2, B KOTOPOM TOJIIMHA 3JIEKTPOJOB COCTaBJISET IO
MEHBLIEN Mepe 2,5 MIILTUMETpa.

4. TuapOUMKIIOH MO JIOOOMY M3 MPEAIIECTBYIOIIMX MYHKTOB, B KOTOPOM MPOKJIAIKa
W3rOTOBJIEHA U3 PE3UHBI WU U3OJSILIUOHHOIO MOJIUMEDA.

5. I'uapouMKIoOH Mo JEOOOMY W3 MPEAIIECTBYIOLINX MYHKTOB, B KOTOPOM KOHHYECKAs
4acTb pas3fieieHa Ha OTHAENIbHBIE BEPXHIOK YaCTb U HUIKHIOK 4acTb B OCEBOM HAINPABICHUH, U
MPOKJIAJKA 3aXKaTa MEXXy BEPXHEH 4aCThIO U HUJKHEH YacCThIO.

6. I'moponukioH mo moOOMy W3 TPEALIECTBYIOIIMX MYHKTOB, B KOTOPOM TOJIIIHHA
MPOKJIAKH COCTABJISIET [0 MEHBbLIEH Mepe 5 MUJIJIUMETPOB.

7. TuapoLuKIOH 1Mo JOOOMY M3 MPENUIECTBYIOIIUX ITYHKTOB, B KOTOPOM BHEIIHSS
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OKPY>KHOCTb MPOKJIAJKH COAEP>KUT BBICTYII AJI KasKAOTO AJIEKTPOAA.

8. Cnoco® wusMepeHHsI 3JEKTPONPOBOAHOCTH B TUAPOLMKIOHE Uil OOHApyKEeHUs
0o0pa3oBaHUsl COCTOSIHMS YIUIOTHEHHMs IIOTOKA B THAPOLUKIOHE, NPU 3TOM THAPOLUKIOH
COIEPIKUT:

BITyCKHO€ OTBEPCTHE JJIsl TUTAHUS,

BBIITYCKHOE OTBEPCTHE Il BEPXHErO MPONYyKTa,

HIDKHEE pa3rpy304HOe OTBEPCTHE JIS BBIMYCKa HUKHETO MPOAYKTa,

BEPXHIOI0 YacCTh, COEIMHEHHYIO C BIIYCKHBIM OTBEPCTHEM IUIsl MUTAHUS U C BBITYCKHBIM
OTBEPCTHEM JJIs BEPXHEro NMPOIAYyKTa, U

KOHUYECKYIO YacTh, PACIIONIOKEHHYIO MEXly BEPXHEH 4acThiO U HIXKHUM pPa3rpy30UHbIM
OTBEPCTHEM,

OTJIMYAIOIIUNACS TEM, YTO CIOCO0 BKJIIOUAET M3MEPEHHUE 3JEKTPONPOBOAHOCTH BHYTPH
TUAPOLMKIOHA JUIi OOHapyXeHusi oOpa3oBaHMA COCTOSIHUSI YIUIOTHEHHsI TIOTOKa B
T'UIPOLUKIIOHE C TIOMOIIBIO 3JIEKTPOJIOB, PACIIONOXKEHHBIX 110 OKPY>KHOCTH B KOHMYECKOH 4acTH
Ha OCEBOM PAaCCTOSHUU (dmeas) OT HIDKHETO Pa3TPy304YHOTO OTBEPCTHS, TAE dmeas COCTABISIET HE
MeHee 5 MPOLIEHTOB OT PACCTOSIHUS MO OCH MEXAy HIKHUM pPasrpy304HbIM OTBEPCTHEM U
BEpXHEH 4YacThiO, U dpeys COCTaBIsieT He Oosee SO MPOLEHTOB OT PACCTOSHUSI TIO OCH MEXKIY
HIDKHUM Pa3rpy304HbIM OTBEPCTUEM M BEPXHEW 4YaCTbIO, IPU 3TOM 3JIEKTPOABI PACIOIOKEHBI
BHYTPH KOJIbLIEOOPA3HOM MPOKJIAAKH.

9. Cnocob® mo m.8, B KOTOPOM Macca TBEPJOTO BelIeCTBA B MHUTAHWUH, BBOAMMOM B
TUAPOLMKIIOH, cooTBeTCTBYET OT 10 10 85% OT 001ero Beca MUTAHUSI.

10. Cnoco6 no m.8 muiam 9, B KOTOPOM TBEpIbIe BEIIECTBA B IMHTAHUH, BBOJUMOM B

THIPOLUKIIOH, UMEIOT YAENbHbIN Bec OT 1,5 10 7,0 TOHH HAa KyOU4YeCKuil MeTp.

3AMEHAIOIIMM JIMCT
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