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. KAK PABOTAET PAIIMOJIAMIIA

OsHakoMJIeHHe C HCTOpHEH H300peTeHusi pajHoJaMIbl BO3Bpa-
maer Hac K 1881 r., korga u3BecTHHIE H300perarenp Tomac DIH-
COH OOHApYKMJI fIBJICHHE, IIOJIOXKEHHOE BIIOCJIECTBHH B OCHOBY
MeficTBUSL HOYTYH KaXAOH pafuosaMIbl. 3aHUMasch OINbITaMH,
UeJbI0 KOTOPHIX ObLIO YJyullleHHe IIepPBBIX 3JJIEKTPHYECKHX Jiamil,
SNUCOH BBEJ BHYTPb CTEKJISHHOH KOJIGBHI JJaMIbl METAJJIHYECKYIO
INIACTHHKY, pacmoJioX#B ee MNoOGIH30CTH OT HaKajuBaeMoH
YroJbHOH HUTH. JTa IJIACTHHKA COBEPIUEHHO HEe COeAUHAJach C
HUTBIO BHYTpH KOJIOb (¢ur. 1). Meranauyeckuil cTepreHb, Ha
KOTOPOM Jlep3Xanach IJIACTHHKA, MPOXOMAMJ CKBO3b CTEKJO Hapy-
xy. Uto6bl HHTb HE IIeDEropesia, BO3AYX H3 KOJOHI JlaMmbl ObLI
poikayaH. M3oOperatelsib Obljl BeCbMa yAUBJIEH, 3aMETHB OTKJIOHE-
HHMe CTpeJIKU 3JICKTPOU3MEPHTENBHOIO NpHOOpa, BKIIOYEHHONO B
IIDOBOAHHUK, COENMHSIOIME MeXny co0o#f IMEeTa/uIHYecKyio Iuia-
CTHHKY ¢ TIOJIOXKHTEJBHbIM MOJIOCOM (mimocoM) GaTtaped Hakasia
suTH. Vicxomss M3 OGBIYHBEIX IO TOMY BpeMEHH mpe/ACTaBJICHHH,
HeJIb351 ObLJIO OXKUAATh MOSBJEHHS TOKa B LENMH <«IJIaCTHHKa—eOe-
IVHHMTEJBbHBIA NPOBOJ — IVIOC OaTapeW», Tak Kak 3Ta LENb He-
saMKHyTa. TeM He MeHee TOK IO LenH npoxoiuJ. Koraa .xe co-
eJMHUTEJIbHBIE TMPOBOA MNPHK/IOYHJH He K IUIOCY, a K MHHYCY
Gatapen, TOK B LeNW IIaCTHHKHM HpeKpallajcs. DNMCOH HE CMOT
LaTp OOBSICHEHHS OTKPHITOMY #M SIBJCHHIO, KOTOpOe BOHIIO B
HCTOPHIO PAAHOJIaMIIbl Nof, Ha3BaHueM 3¢ PpoKTa DAUCOH A.

O6bsacuenne adderty aucoHa ObIIO JaHO ropasio f03Ke,
yxe mnocae Toro, kak B 1891 r. CromeeMm u TomcoHOM OblIH
OTKpPBITHL  3JIEKTPOHH! — MeJpuaiiie OTPHUATENbHbIE — 3apsibl
snexktpuyectea. B 1900—1903 rr. Puuap/icoH mpeanpuHs Hayd-
HbIE HCCJAENOBaHuf, pe3yJIbTATOM KOTOPBIX SIBHJIOCH ONBITHOE H
TEOpEeTHYECKOe TIOATBEPIK/eHHEe BhiBoNAa ToMCOHA O TOM, YTO pac-
KaJleHHAsi TOBEPXHOCTb HPOBOZHHMKOB HCIYCKAET, SMHTTHpYeT
ssekTpoubl. OKa3asioch, 4To €rnocob HarpeBaHHsi IPOBOJAHHKA Oe3-
pasjipyeH: pacKaJleHHbIH Ha TOPAINMX YIVISX TBO3Ab 3MUTTHPYET
3JeKTpoHBl (QHr. 2) Tak Xke€, KaK U HaKaJiMBaeMasi 3JIeKTpuye-
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" Que, 1. fiBnenHe DpucoHa.

: 7
 CKHM TOKOM HMTb 3JlekTpuueckoii Jammel. UeMm Thime TeMne-
‘patypa, TeM 6GoJyee HHTeHCHBHA 3JEeKTpPOHHAH
smMuHccus. Puuapmcor rayboko HCCIefOBaJi  3JEKTPOH-
* HYI0 3MHCCHIO H Tpemsioxui ¢opMyinl AJs pacueTa KOJHUeCTBa
SMHUTTHPYEMBIX  3JIEKTpOHOB. MM ke OBUJIO YCTAaHOBJIEHO, UTO,
- 6yZy4Yd HarpeThiMH IO OAWHAKOBOM TeMIlepaTyphl, pasHble IpO-

BOIHHUKH SMHTTHPYIOT 3JIEKTPOHH B pas3jHYHOM €TemneHH, yto Obl-
- JIO TMPHUIMICAHO CTPYKTYPHBIM CBOHCTBAM 3THX IPOBOJHHKOB, T. €.
- 0COGEHHOCTSIM HX BHyTpeHHero ctpoeHHs. IloBbllieHHBIMH SMHC-
. 'CHOHHBIMH CBOMCTBAMHM OTJIHUAIOTCsl L|€3HH, HATPHil, TODHH U He-
. KOTOpbI€ JipyTHe MeTaJUlbl. DTHM BIOCJEACTBHH BOCIOJIb30BAJIHUCh
NpPH KOHCTPYMPOBAHHH HHTEHCHBHEIX SMHTTEPOB 3JIEKTPOHOB.

. -OpHako, YCTAHOBJIGHH@ ONHOrO JHUWL (pakTa CyILIecTBOBAHHSA
'QNEKTPOHHOH SMHCCHH C MOBEPXHOCTH pPacKajIeHHbIX IPOBOAHH-
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Quz. 2. HakaneHHulH rBo3ab SMHTTHPYET SAECKTPOMEL

KOB (TaKass SMHCCHS1 Ha3bIBAETCS TEPMOHOHHOA naH TepMO3JNiex-
TPOHHO#) He OOBACHSET euie MNOABACHHA TOKAa B LN MJACTHH-
KH JiaMnn Snucosa. Ho Bce cTaHOBHTCS COBEPILEHO NOHATHHIM,
ecsiM BcnoMHUTHL ABa of6crositenbcTBa: 1) pasHOHMeHHbie 3J€K-
TPUYECKH® BapAAbl CTPEMATCH NPHTRHYTHCH, 4 ONHOHMEHHHIe —
OTTOJIKHYTbCS; 2) MOTOK 3JE€KTPOHOB obOpasyer cobofi 31eKTpH-
geckufi Tok TeM Gonblueli cuinl,-yem OoJibliee KONHYECTBO 3JIEK-
Tporos nepemewaerca (¢ur. 3). IlnactuHka, coenuHsgemas ¢
naocom 6aTapeH HaKaJia naMinbl, 3apAXKaeTcH NONQXKHTeNbHO H
fIOTOMY NPHTATUBAET K cebe 3J€KTpOHLl, 3apaAl KOTOpbIX ~ OTpH-
narenes. Takum o6pasoM, Kaxywufica paspnlB Nend BHYTPR
JaMNbl OKasbiBaeTC 3aMKHYTHIM H B LIeNH ycTaHaBJHBAaerTcsH
BJIEKTPHYECKHE TOK, KOTOphifi MPOXOAMT Hepe3 3JIeKTPOH3MEpH-
TenbHblf npubop. CTpenka npubopa OTKNOHsEYCH.

Ecnan nnactuHKy 3apsiniiTh 0 OTHOWEHHIO K HHTH OTpHL3-
TEJbHO (3TO EMEHHO M MNOoJyYaercs, Koraa oHa HRpHcoenmHeHa K
MHHycy OarapeH HaKana), To oHa Oyner oTrankeBaTe oT cefs
SJAEKTPOHBl. XOTH paCkajieHHas HHTb H GyNer NOonpexHeMy SMHT-
THPOBaTh 3JEKTPOHbI, HO HA NAACTHHKY OfAH He nonanyT. Huka-
KOTO TOK2 B LENH NNACTHHKH HE BO3HHKHET, H cTpeaka npnbopa
noKaxer Hynb (¢gur. 4). Packaneynas HuTb OKaXXercd OKpYy-
XMeHHOf €o0 BceX CTOpOH OGOAbLLIHM KOJIHYecTBOM OGecnpepuLiBHO
SMHTTHPYEMbLIX HHTLIO H BHOBb K HCH BO3BpaL@OLIHXCH SJEKT-
POHOB. JTO «3JIEKTPOHHOE O0JAaKO» BOKPYr HHTH CO3laeT OTpH-
NaTeNbHb] MPOCTPAHCTBEHHHWH 3apAn, Koropuh
fIpENATCTBYET BLIAETY H3 HUTH 3JIEKTPOHOB. ¥CTpaHHTh NPOCTPaH-
CIBeHHHWR 3apslx («paccocaTb 3SJNEKTPOHHOE ©O6M3KO») MOXKHO
AeficTBHEM MOJIOXKHTENbHO 3apsxeHrofi naactumkn. [lo wmepa
YBEONHYOHUS TNONOKHTEJLHOrO 33apRia NPHTArHBAIOay
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Quz. 8. lNonowntenshufl aNEKTPON NPUTATHBAET 3.4EKTPO-
HEl, — B He(H: HUTLb JaMnu — RASCTHHKA — OaTtapes—npo-
XORHT TOK.

ENEKTPOHN CHJa MNACTHHKH BO3pactaeT, sce Goabiuee H GONb
Wee KOJHYECTBO 3JIEKTPOHOB MNOKHOAeT «O6Jiakos, HaNpapisschk
K nnacTHHKe., T1pocTpaHCTBEHHLIA OTpHUATeNbHHl 3aps; BOKpPYr
HHUTH ymeHbliaetcs. ToK B UemH NJacTHHKE Bo3pacrtaer. Crpen-
ka2 npubopa OTKJAOHAETCH MO WIKaJj€ B CTOPOHY GOJIbIUIHX nOKa-
3anui. Takum o6pa3oM TOK B8 HE€NH NJACTHHKH MOX-
HO MEHATH HIMEHEHHEM MNOJIOXUTENbLHOro . 3a-
PRAa NAAaCTHHKH. JT0 — BTOPas BOSMOMKHOCTL YBEJHYEHHS
TOoKa. O mepBOH BO3MOXHOCTH Mbi yXK€ 3HAeM: YeM BhLile TeM-
nepatypa pacKaneHHoll HHTH, TeM cuabhiee smuccus. Onnako,
MOBLIIATL TEMMEpaTypy HUTH MOXKHO JHUIb KO M3BeCTHHIX Tipe-
RENOB, MOCJe KOTOpPbIX BO3HHKAET ONacHOCTb NeperopaHHsi HHUTY.

-



Puz, 4. OrpunarensHufl 3JACKTPOA OTTAAKHBAECT SAEKTPOHH, —
B HefNH: HHTh JaMnbl — IUIACTHHKa — Oarapes — TokKa HET.

Ho u BOBHIIIGHHO HONOKHTEALHOrO 3apAna Ha MIACTHHRKE TaKXe
uMeer npenesel. YeM cuiibHee 3TOT 3apsn, TeM Gosblue CKOPOCTH
JeTAHIEX K NAacTHRKe 3aeKrpoHoB. Ilosyuaercsi sJeKkTpoHHas
GoMGapaApOBKa NNACTHHKH, XOTs SHEPTHs YHAapa Kamxmro
3JIEKTPOHA H Maja, HO 3JIEKTPOHOB MHOro, M OT yHapoB mnJia-
CTHHKa MOXeT CHJBED HAKaJMThtA H NaXe paclNaBHThCH.
Veemuuenue JOJNOKHTENBPHONO 3apAfa IJIaCTHHKH [OCTHIaeT-
csl BRJIOYEHHEM B ee lenb fatapeH ¢ GOJbWIHM HANDAXKEHHEM,
npHyes Ioc 6aTapeH MPHCOSAMHAETCH K NJacTHHKE, 8 MHHYC —
K HuTH (K TMOJOXHTENBHOMY HOJIOCY Hakanbhod Garapex,
our; 5). Ocrasnas TeMNeparypy HHTH HEU3MeHHOH, T. €. IOA-
NOpIKHUBAY HEH3MEHHLIM HANpAXeHHe HaKaja, MOXHO onpene-
JHTH XapaKTep HSMEHEGHHS TOKA B LeNn TJNAaCTHHKH B 3aBH-
CHMOCTH OT HGMEHEHHs HWANPMIKSHH <IJIACTHHOYHOH» OGaTapew.
BTy 3aBHCHMOCTb NPHHATO BHIPAXAaTbh rpaduyeckH NOCTPOCHHEM
MUNKY, NMJaBHO COGNMAMIOUIEfi TOYKH, COOTBETCTBYIOLLHE NOKa3ja-
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QDuz. 5. Kak HsMeHsercs ToK B LENH HAacTHHKUW B SaBu-
CMMOCTH OT HanpfMeHHs B 9TOH nenH.

—
;

AuAM apuOopa. Ilo ropasoHTaNLHOA OcH caeBg& HanpaBo OGHIYHO
OTKJIAAbIBAIOTCA BO3PACTAIOLING SHAYEHHA MNOJIOKHTENLHOTO Ha-
npsUKeHHs Ha N[JacTHHKE, 3 NO BEPTHKaJbHOd OCH CHH3y BBEpX—
B03pacTalOlllRe 3HAUYeHHs TOKa B Lenu nJyactuakd. [lonyuen-
Hoill rpapuk (xapaKTE@pPHETHKA) INOBOPHT O, TOM, YTO 33-
BHCHMOCTh TOKa OT HalPHXEeHHS NOJNYJaeTcs NpONMOpPLHOHANLHOR
TOJBKO B OrpaBHYeHHLIX fipenenax. [lo mMepe ymesHyeHHs Banps-
JKeHHsi HA IMJIACTHHKE TOK B €6 LENy BO3pacTaeT cHauaja Mes-
JIEHHO, HOTOM OLICTpE® H 3aTeM paBHOMEpHO (JNHHEedHHA ywacTox
rpa¢pnka). Hakomen, Hacryriaer vakol MOMEHT, KOria BO3pa-
CTaHMe TOKa WmpeKpaulaercsl. ITO~—~H acChilll @ B H 8: TOK HO MO-
}er craTh GoJblile: BC8 SJI6KTPOHH, SMHTTHpPYeMbL &
HHTHIO, NOJHOCTHI0 HCHOOJABB8OBAHK. <«INEKTPOHHOE
Oo0J12KO» HCHE3JIO.

Llenr naacvueke Jamiei obnanaer CBOACTBOM OXZ HOCT O-
POHHEro TMpONycKaHH: 9JEKTPHUECKOro TOKa. DTa OOHOCTO-
POHHOCTE OIPEAENSACTCA TeM, YTO SJIEKTPOHLI («IepeHOCYHKH
TOKa») MOryT MPOXOAHThE B TAKOH JlaMNe TOJbKO B ONHOM Ha-
NpaBJieHHH: OT paCKaJeHHOR HHTH K mjacTuuke. JYxony Puie-
MRHTY, Korga oH B 1904 r. sannMa/iCa ONLITaMH 1O NpHEMY CHI-
HanoB GecnpoBoJiouHoro Tenerpada, Heobxongum O6bll A OTeE K-
70 p— npr6op € ©IHOCTOPOHHHM HNponyckanueM TOka. Pxe-
MHHET OpHMEHAJ B KayecTpe HeTeKTOpa S/HeKTPOHHYIQ Jiamny.
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Duz, 6. lNpunukn meiicTBHs perexTOopa.

Tak a¢pdert Saucona Obls1 BlEpBhE NPAKTHUECKH NPHMEBER
8 panHotexHuke. TexHHKa oforaThiach HOBbLIM AOCTUKEHHEM —
€3JIeKTpHYECKHM KnanaHoM». MHTepecHO CONOCTaBHThL IBE CXEMbi:
cxeMy npHeMHoro yctpofictea ®yempHra, onyGAHKOBAaHHYIO B
1905 r., 1 coBpeMeHHYI0 CXeMy npocTefliero NpHEMHHKA ¢ KpH-
CTAJUIHYECKHM NETEKTOPOM. ITH CX€Mbl MO CYIUeCTBY MaJio 9eM
OTINYAIOTCS OOHA OT npyrofi. Posb nerekropa s cxeme PeMunra
BRITIOJIHAN «3NeKTpHyecKHii Knanan» (BeHTHsb). HMemno 3ToT
<RJanan» H ABWICA Nepeofl H npocrefiuedl pagnonamnoi (¢ur. 6).
Tak kak «xkjanad» NpoNycKAeT TOK JHIIb Npd NOJOKHTEb-
HOM HalpsKeHHY Ha HJACTHHKE, a 3JEKTPOAH, coejuHseMbie C
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MJIOCOM HCTOYHHKOB TOKA, HASHIBAIOTCH 2 HO X aMH, TO MMEHHO
TaKQe HasBaHpe H JaHO IJIAaCTHHKe, Kakylo Obl ¢opMy (UHNHHLI-
PHYECKYIO, NPH3MaTHYECKYyl0, TJIOCKYI0) efi HM npunamd. HHTh,
NpHCOeMHsIeMas K MEHYCY auoAHOH GaTaped («IJIaCcTHHOYHOR
OaTapeH», KaKk Mbl €¢ HMEHOBAJI4 paHee), HasbiBATCH Ka T O L O M.

«Knanagn» QaeMHHra WHPOKO NPHMEHFIOTCA W TOHLIHE, HO
ROCAT JpyrdHe HaspaHufl. B KaXnoM COBpeMEHHOM PpalHONpHeM-
HUKe C MHTAHHEM OT CEeTH IEePeMEHHOF0 TOKa HMeeTcs YyCTpo#é-
cTBO, npeobpaz0oBhiBalOlilee Nep&MEERHbIfi TOK B HEOOXOHHMBIR
045 IpUeMHHKA DOCTOSHHLIE TOK. IDT0 npeobpa3oBaHH® OCYLIecT-
BJISeTCA HOCPEHNCTBOM <«KJIATIAHOB», HA3bIBaeMblX KEHOT p OH a-
™ H. YCTPOHCTBO KEHOTPOHA B NpHHIHIE COBEPIIEHHO TAKOE XKe,
K2K # npHbopa, B KOTOPOM JOHCOH HA(/IORaN BNEepBLiE fBIEHIe
TepMOSNEKTPOHHON 3MHCCHHU: KoJiGa, H3 KOTOpOf BHIKayaH BO3NYX,
8HOQ, H HaKaluBaeMbli SJIeKTpHYECKHM TOKOM katon. Kenortpou,
fIpONyCcKasy TOK JIHIIB O[HOro HalpaBJeHHs, peo(pa3oBHIBaeT
nepeMeHHELIA TOK (T. €. TOK, NONepeMEHHO MEHAIOILUNH HafNpaBJIeHHE
CBOErO NMpOXOXKAEHUS) B TOK MOCTOSHHLIA, NPOXOAALIHE BCce Bpems
B OAHOM Manpasyiedud. [lpomecc npeobpasoBaHudg KeHOTPOHa-
MH [IepeMEHHOro TOKd B I[IOCTOAHHWIA MOJNYYH; HA3BAaHHE B H-
OpsAMJIeHH N, uTO clenyer, BHIAHMO, O6BbACHHTL (OPMAJIbHBIM
NPA3HAKOM: rpadHK IepeMeHHOro Toka oObLIYHO HMeeT (OpMYy
BOJHH (CHHYCOH/H), TOrA& KaK rpa¢uK NOCTOSHHOTO TOKa — Ips-
man JauHHA. [losnywaercs Kkak Obl «BHIIpsAAMJIEHHE® BOJHUCTOrO
rpaduka B npamosuneiinnfi (¢ur. 7). Ionwoe ycrpoiictso, cay-
daulee nOJsi BHINPAMJIEHHS, HA3bIBACTCH BHINpAMHTEJEM.

OO6wmee Ha3paHHe IJA BCeX PajHONAMI C OBYMS SJEKTpPO-
0aMH — AHOAOM H KaTOAOM (BATb XOTA H HMeeT [Ba BhIBOAA H3
KoAGnl, HO npenciaenneT coOOH OAHH 3JeKTpon)—IBY X 3 Ji e K-
TPOAHA® naMOa WIH— COKpalleHRO — aAHoOA. Jluonm
TIPHMEHAIOTC He TOJBbKO B BHINPAMHTENAX, HO # B CAMHX pajHo-
NpHEMHHKAX, FHE OHH BHINOJHAIOT - PyHKUHH, OTHOCALLHECH He-
OOCPEACTBEHHO K TIpHEMY pPAJHOCHTHANOB. TaKHM IHOIOM,
B YacTHOCTR, fABAsieTcs Jamna tuna 6X6, y kKortopoii B o6wei
Kos6e noMmelieHo [Ba HE3aBHCHMhIX HOpYr OoT Apyra auona (ra-
KHe JIaMNbl HA3LIBAIOTCA [ABOHHbIMA HHOAAMH HJH ay6ab-mHO-
namu). KeHOTPOHH wacTo #iMEOT He ONHH, a JBa AHOKA, 4TO
o0 BACHACTCH OCOOEHHOCTSAMH CXEMB BHOpsMuTens. AHoxaw Jau6O
pacnoJarafprcsi okoJio o0imero Katofa BAOJb HUTH, JHGO Kax-
Buifi aHOR OKpy’kaer OTAeNbHufi Katog. [lpuMepom opnoason-
HOIO KeHOTpoHa sBJsiercs Jamna tana BO-230, a neyxaHon-
HbiX — pamnn  2-B-400, 5L14C, BO-188 um np. I'paduk, Bhipa-
RHAOIMHA 3aBHCHMOCTb AHOMHOINO TOKAa [HONA OT HaHpsKEHHA
HE SWONE; BASLIBICTCS XS PAKTUPWETHREH HHOXA



_ @Quz. 7. Pasunie THDW AWMOQOB. -

han -F g

B 1906 r. JIs ne-dopect nomecTHa B NpPOCTPABCTBO MEXALY
KATOLOM K aHOKOM TPETHR SJEKTPOA B BHAE NPoBOjOuHOR
ceTKH. Tak Obuta co3fana TpexsfiekTpoAHan namoa
(TpHO ) — NpOTOTHN NOYTH BCEX COBPEMEHHLIX PpALUOAEMIL.
HasBanue «ceTka» CcOXpaHHNOCh 33 TPeTbHM 3JEKTPOLOM
H NOHbIHE, XOTH B HacTosllee BpeMs OH NaNeKO He BCerya
EMeer Bull ceTKH. BRyTpH namim ceTKa He COeAHHARTCH HY C
KakuM IpyruM 3MekTponoM. JIpoBONHHK OT CETKH BhiBelieH B3
KOG Hapyxy. Bxiioyas MeXIy BbIBOAHEIM NPOBOAHHKOM CeT
KH H BhIBOOOM Karoja (HHTH) ceTouHyio 0aTapeio, MOXHO 3apu-
KaTb CETKY MNOJOMHTENBHO HJH OTpHUATEABHO oTHOCH‘rEJfbHO
Katona. s 3aBUCHMOCTH QT MOJSIPHOCTH BKJIIQYEHHS Gal;apgu

bo : ;
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Quz. 8. Mexny cetkoii "M KaTonoM HeT HanpsimeHHg:
CETKA HE MellaeT SNEKTPOHAM NPOXOAMTL K aHoay.

Korna nonoxutensunii nosoc (nyog) cerounoll Gatapen mpm
coeHHeH K CeTKe, a OTPHUATENbHui NOMIoC (MHHYC) — K KaTo-
Ay, ceTka nipuofpeTaer MOJOXKMTENbHWA 3apsal B TeM GonbLinil,
wem Goablle HanpsikeHHe Oatapen. Ilpu oGpaTHOM BKJIIONEeHHR
Garapen ceTka 3sapsixkaerca orpuuatensHo. Ecam  npopoammk
CeTKH HENOCPEACTBEHHO COCOMHHTL C KartoaoMm (C XaKHM-Ju6o
BLIBOAOM HHTH), TO ceTKa npuoGpeTaeT Takofi e NOTeHOHad,
Kakoii uMeer KaTof (60Jiee TOYHO — KaKoii UMeeT T4 TOYKA LelH
HaxkaJa, K KOTOpDOH NPUCOSNHHSEICs cerka). Moxno cun-
YATb, YTO IIPH STOM CE€TKa HOJYYAeT HyJieBOoH nOTEeHLHaJl OTHO-
CHTE/IBHO KaTOAa, T. €. 3apAf CeTkH pased Hymo. Haxomsco nop
HyJEBLIM HANpAXEHHeM, CeTKa HOYTH He BJAHAET Ha& HOTOK
YCTPEMASIIOWHXCS K aHORY 3j1eKTponoB (Pur. 8). OcnosHas HX
pacca HPOXOAHT CKROML OTBEPCTRA OBTKN (COUTHOUNEHS MENCAY
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Guz. 9. OtphuaTenbHufi 8apan CETKH OTTaNKHBAET SJEK-
* TPOHEl K KaToJly H MEIN2eT MM fPOXOoauTb K aHOLY.

pa3MepaMH SJIOKTPOHOB A OTBEDCTHAMH CeTKH UpHOIHSHTeNLHO
T3KOBO, KaK MEXIY pa3MepaMH YeJOBEKA H PACCTORHUSIMH MEXNY
pebecHbiMH TeJIJaMH), HO HEKOTOpas YacTb 3JEKTPOHOB BCO KO
MOJXeT nonacTe Ha ceTky. O1ciona 5TH NeKTPosbl N0 APOBOAHHKY
HRNpaeATCcs X Katony, o6pasys ceTOYHHW A TOK.'

[Tonygue 3apan Toro WaH HHOro 3Haka (NJIOC HAH MHRYE),
¢eTKa HauHHaeT AZKTHBHO BMELUHBATHCH B 3JJEKTPOHHWIE Mpoifec-
‘ctl BHyTpH siamnbi; Korma sapfn oTpuuatesem 'TO
¢eTKa CTPEMHTCH OFTOJKHYTYL 07 caebs Sner-
TPpOHRH, WMEIOUIHNE 3apall TAKOro Xe 3Haka. A Tak KakK cetKa
patnosioXeHa Ha DYTH NPOXOXACHHH SNeKTPOHOB OF KAaTOXA K
SHONY, TO OTTAJKHBaHWEM CeOTKa Oyler BO3BPaliaTh SJEKTPOHH
ofpatHo k kKatony (¢ur. 9). Ecau nocTenenHO yBeNHUMBATHL OF-
pruaresbHEIfl 3apsill CeTKH, TO OTTasKkuBalollee pefictBHe Gyner
BOSDACTEEh, BCILACIDNG WOFD UPH HOUIMOEHOM HOBONKETENSBOW
12



HANPAXKEHUN Wa AHONE M REHSMEHNMOM MANpSIRCHAN HaXana #MTH
a0 OyAeT mNOJyuarbh BCE MEHLIIE® KOJHYESCTBO SJEKTPOHOB.
HHuaye roBopsi, aHogHufi ToK Oynmer yveHbulatbes. [lpu Hekoro-
pOM 3HAYeHHWH OTPHUATEJLHOTO 3apsiia HA CeTKe THOAHHR TOK
MOXKET [a)ke COBEPIIEHHO NPEKPATHTHCH — BC@ BJIEKTPOHb Oyny?
Bo3sBpalileHnl O6paTHO K KaTtoay, HecMOTPA HA TO, YTO aHOX
AMeeT noJioXKHTeabHbuifi 3apsg. Cerka cBouM 3apsinom Gyner npe-
omoneBaTh AeficTBHe 3apajia aHoAa. A TaK KakK ceTKa HaXONHTCA
6aHixKe K KaTtolly, UeM aHOA, TO €€ BJIHSIHHEe HA fIOTOK 3JIEKTPOHOB
3HaYuTeNbHO CHnpHee. JlocTarouHo H3MeHHTH JIHINL HEMHOro Ha-
NpsAmeHHe Ha ceTKe, ¥TOOLl aHOOHAIA TOK H3MEHHJICA OY€Hb CHJILHO,
Takoe ke u3MeHeHHe aHONHOIrO TOKA MOXHO, KOHEUHO, MOJyYHTh
B 33 CYyeT H3MEHEeHWs! aHOAHOIro HanpsiXXeHHsl, OCTABUB HAmnpaXe-
HHE Ha ceTke HeusmeHnbhiM. OnHako, Ans NOAyYeHHS TOYHE TAKOro
€ H3IMEHCHHA TOK3a B INlenH aWoaa notpelyercs sHauH-
TeJbHOE HEMEHEHHe AHOLHOTO HallpsixeHusi. B coBpeMeHHHIX
TPHORAX H3MEHEHHWE CETOYHOrO HANpPsXXEHHT HA OOMH-IBA BOJBTA
BbLISLIBAET TAKOE KO U3MEeHeHHe aHONHOro TOKA, KAK M H3MEeHe-
HHE aHOAHOTO HANPSMEHUst Ha NECATKH K NaXe COTHH BOJBT,

[lonoxHTenNpbHO 3apsXKeHHas CETKa He OTTal-
KHBaeT, a npuTAruBaetT K cefe 33JeKTpPpOHL, TR
caMuM yckopss Hx npober (¢ur. 10). Ecnam noctenenno ysen-
YHBATh MNOJOMUTENbHOE HANPSXKeHHe HAa CeTKe, HauuHaA OT HyJH,
70 MOXHO Habmonartb cJenyiouiee. CHauasa cetka Oyner Kak
Onl nomorath aHoOAy: BblJIETas H3 paCKaJIeHHOro Kartoja, 3JIeKT-
pOHB HcnbiTalT OGonee CUIBHO® YCKOPHIOUIEe BO3NEHCTBHE,
OcnoBHAan Mmacca 3JleKTPOHOB, HANpPaBAsACh K dHOAY, NO HHEPLHH
NPOJETHT CKBO3b OTBEPCTHR B CETKE W MOAANeT B «3aCETOYHOM
npocTpaHCcTRe» B fl0J4€ YCHJIEHHOTO HANpPAXKeHHS aknona. ITH
BJEeKTPOHEl nonaayTt Ha aHoa. Ho mekoTopas 4acTh 3/E€KTPOHOB
NoNafgaer HenoCpeaCTBPHHO Ha CETKy H obpazyer ceTOuYHbfi TOK.
3ateM npm BO3PaCTAHHH NOJNOXKHTEJBLHOrO 3apsila CeTKH CeToY-
Rbi ToK Oyner yBeJHYKHBATbLCR, T. €. Bce Oonbuiee KOJHYECTBO
8JEKTPOHOB OT OOLUEro 3JIeKTpDOHHOro foToka Oyner 3anepiKu-
BaTbCA cetkoii. Ho u. aHomubii Tok Oymer yBenHMuMBATHCH, TaK
KaK CKOpPOCTH 3JieKTPOHOB BO3pactaior. Hakounen, Bcs 3MHCCHS
OyAeT MNOJHOCTHIO HCNOJIL3082HA, NPOCTPAHCTBEHHLIA 3apsn go-
Kpyr Karoaa YHHYTOXMTCH, H AHONHLIA TOK NepecTaHer BO3pa-
eratb. HacTynaT HachillleHHe, 3MHTTHPOBAHHbIE INEKTPOHH Ppas-
NeNsiTCA MEXAY aHOOOM H CEerkoH, npHyeM O606ablIas HX YacTb
npHOeTcs Ha nono asona. Ecau eule 6onbule yBeNHUHBATH NOJIO-
_XKHTeJIbHOe HANpFMEHHe Ha CeTkd, TO 370 APHBEAET K BO3pACTa-
HHIO CETOYHOro TOKA, HO MUCKJIOYHTENBHO 33 CY€T YMEHbLUICHHS
TOK@ avoja: ceTka Oyler nepexpaThiBaTth BCe GoJblues Koapue-
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@Puz. 10. MNMonowurenuHu#t 8apsn CeTkw npUTArHBaeT
, SJEKTPOHbl # NOMOraeT WM [IPOXOAWTL K aHoay.

CTBC 3JIEKTPOHOB H3 HANpPAaBJIAIOIErocs K anoAy notoka ux. Mpx
OueHb GOJILIIHX MOJIOKHTEIbHLIX HAlpfAKEHHsX Ha ceTke (GOAb-
UIHX, 9E€M HANPAXKEHH® Ha AHONE) CETOWMHHIA TOK MOMET NaXKe
NpEeBbICHTL AHONHBIA TOK, CEeTKAa MOXKET «NepeXBAaTHTL® y aHOAA
BCE BJIEKTPOHH. AHOMHLIE TOK YMEHbWHTCS [0 HYAs, A CeTOY-
Hbfi BO3PACTET A0 MAKCHMYMa, paBHOIO TOKY HACHIUCHHA JJAMOLL.
:Bce sMMUTHpyeMble HUTBHIO 3/JEKTPOHBl MONANalOT Ha CETKY.
XapakrtepHbie CBOACTBA TPeX3JEKTPOOHHIX JAaMil HArJsAHO
oToGpaxkaloTcsl rpapHKOM 3aBHCHMOCTH GHONHOTO TOKa OT Hanps-
AKeHHsl Ha CeTKe NPH HEeH3MEHHOM IMOJIOMHTENbHOM HanpsIKeHuH
Ha aHofle- JTOT rpadHK Ha3hBaeTcd XapaKTepHCTHKOR
aamns (¢ur. 11). Ilpn HEKOTOPOM OTPHUATENLHOM HANPHNE-
HHH HA CEeTKe AHOMHLIAi TOK COBEpIIEHHO IMpPeKPal3eTcH; I3ToT
MOMEHT OTMEYEH Ha rpauke CIUAHHEM HHIKHErc KOHIA Xapak-
TEPUCTHKH € FOPHBOHTAJILHOH OCbIO, BIOIb KOTOPOH OTJIOXKEHH Be-
JIHYHHEI HanpsikeHudi Ha ceTke. B 3TOT MOMEHT siaMna «sanepra»:
BCe 3JIGKTPOHB!I BO3BpaulalTcsa ceTko# obpatHo Ha Katon. Cer-
Ka npeofoJieBaer AelcTBHe anojia. AHONHBIR TOK paBeH MHYJno.
Tlpr ymeHbieBHH OTPHIIATEJLHOTO 3apsALa <eTKH (/BHIKEHHEe 1D
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HATIDOKE ""E KA CETHE
Que. 11. XapaxTeprucTHEa TpHoOna.

FOpPH3OHTAJILHON OCH BIPaBO) JaMna <«OTIMHPAETCH»: [OSBJIRETCA
aHOAHbLIA TOK, cHauana cnaboifi, a notoM Bce GoJjiee GLICTPO BO3-
pacratownii. 'paduk ycTpeMnsiercs kBepxy, oTiansiich OT IOpH-
3oHTalbHOR oOcH. MoMeHT, KOrAa 3apAn CceTKH NOBENeH MO
HyJsi, Ha rpa¢uké oTMeueH NepeceveHHeM XapakTepPHCTHKH C Bep-
THKAJBLHOR OCbIO, BJOJb KOTOPOW OT HyJis KBEPXY OTJOXEeHH!
BenMyHHbL» aHOAHOro Ttoka. HaunnHaéMm nocTeneHHo- yBenHYHBaTh
fIONOXHTeNbHLIA 3apAJ HA CeTKe, BCJIEACTBHE Yero aHONubill TOK
MpoAoJKaeT BO3pacTaTh M, HAKOHeNl, NOCTHraeT MaKCHMAJLHOrO
3HayeHus (TOK HACHILIECHHA), NPH- KOTOPOM XApaKTePHCTHKA 3arH-
GaeTcsi m IaJlee CTaHOBHICA NOYTH ropusoHTaJsbHoll. Bes sMmHccus
9JIEeKTPOHOB MOJHOCTBLIO HCNOJb3oBaHa- [lanbweliniee ypenHueHHe
NONOXKUTEJILHOrO 3apAjla CeTKH MPHBeleT JHUIbL K nepepacnpe-
JeJ/leHHIO 3JIEKTPOHHOrO NOTOKA: Bte OGoJbillee KOJHYECTBO 3JEKT-
poHOB GyAeT 3aj€PKHBATLCS CETKOH H, COOTBETCTBEHHO, MeHbllee
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Quez, 12. Yewu BHme aHOIHOE HaNpIKCHAE, TEV JeBEe
CIBHAYTAa XapaKTEPHCTHKA.
Hanloctpanns kosQruuenTa yCHACHHSA JIAMNEL.

¥X KOJNHYECTBO MpuIeTcR BEa posio anona. OOLYRO pamronaMie
Be paGoTaT NpH CTOJb GONBUIHX MOJOXHUTENbHLIX HANpAMeHHsX
Ma CeTKe, H NO3TOMY [YHKTHPHBLIH y4aCcTOK XapaKTepHCTHKW
aHOMHOTO TOKa MOXHO He paccmatpuBath. Ob6paTuTe BHHMAHHE HA
XapaKTepHCTHKY, HAYHHAIOIYIOCA B ToyKe nepeceyends ocefl.
370 — XapaKTepHUCTHKa ceToyHoro Ttoka. OTpuuatesnHO 3aps-
JeHHasy ceTKa He NpuTAruBaer kK cebe 3JMEeKTPOHBbl, H TOK CETHH
paBen HyJo. Ilpn BodpacTanuy MOJOXKHTENBHONO HaNpPAXEHNN HA
CeTKe TOK B €€ IleNH, KaK MNOKa3hBaeT tpadHk, yBEJIMMHBAETCA.

IHo cux nop Mbl npenycMaTpuBajy NOCTORHCTBO HATIPAIKEHHR
na anoze. Ho npu yBeJIMYERMH 3TOTO HANPRXKEHHS AHONHBIA TOK
BO3pacTaeT, a NP AOHMIKEHHH — YMERblIaeTcs. DTO APUBOLAMT
K 1eo6XOIUMOCTH CHHMAaTh H, CNENOBaTeIbHO, BHIYEPUYHBATh HE
OIIHYy XapaKTePHCTHKY, a HECKOJBKO — M0 OOHOM LN Kaaoro
BLIGPAHROrO SHAYEHES AHOAHOTO HanpsKeHWs. TaK monyuaerca
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ceMeficTBO xapakTtepucTHk (bur 12), B KoTopoM Xa
PaKkTepHCTHKH, COOTBETCTBYIOLIHE Gonee BHICOKHM aHONHHIM Ha:
NpsKeHUAM, pacnoyararTcs Boliie, JieBee. Ha GoJsblueidt yacTk
CBOEH MJIMHBI XapaKTepHCTAKM OKa3blBAIOTCH MNapaJuieSbHLIMH.
Hrak, ecTh aABE BO3MOXXHOCTH BJIHSITL Ha BEJNHYHHY auojmopo TO-
Ka: H3MeHeHueM HanpsKEHHMS HAa CeTKe W H3MEHeHHEM Halpaxe-
uua Ha aunojie. IlepBasi BO3MOXKHOCTL TpelyeT MEHALIIMX H3MeHe-
HUH, TAK KaK CeTKa HaxomuTcs Oamxke K KaToOmy, YeM aHol, H Io-
STOMY H3MeHEHHsl ee NQFCHIHAJa 3HAYUTEJIBHO CHJbHEE BJIHSAIOT
Ha 3JEKTPOHHLIN TOK. YucnoBol kosdpHIlHEeHT, yKasbiBAOLIMH, BO
CKOJIbKO pa3 BIHSHHE CEeTKH MPH COBEpIUEHHO ONHHAKOBHIX YCHO-
BufX OoJiblue BJAHAHHUS aHoAa, HasbiBaeTcd KO3 ¢ ¢ Ui ueH-
TOM ycHJeHHA nawmnb, llpegnosioxuMm, uyro yBejHueHHE
aHoHOTO HampsizkeHHs Ha 20 8 okKasbiBaeT Ha aHOAHBLIA TOK Ta-
KOe e BJHSAHHE, KaK H3MEHCHHEe CETOYHOTO HanpsiKeHHS BCero
JUIIb Ha 1 6. 3T0 3HAYNT, YTO KOHCTPYKUMSA NAHHOH naMmpl Ta-
KOBa, YyTO B Hell BJMfIHHe CeTKH Ha aHOAHBLIH ToK B 20 pas cunbHee
BJIHSIBUSA aHopa, T. €. Kos(buiueHT ycunenus naMnbel paBeH 20.
3Has BEJINYHHY KO3(}(QHUHEHTa YCHJIEHHH, MOXHO -OLE€HHTL YCH-
JIUTeJSIbHLEIE €BOHCTBA JlaMibl, OnMpeiesHTh, BO CKoOAbKO pas Gosee
CHIbHBIEe KOJleGaHHA SNEKTPHUYECKOTO TOKA BO3HHKHYT B aHONHON
LenH, €cJH K ceTKE MOABeCTH OTHOCHTeJIbHO cnalble 3JeKTpuye-
ckue kosebannsi. TONBEKO BBENEeHHE CETKH B JaMny [O3BOJHJIO
co3gaTh nNpubop, yCHIHBAIOMA 3JeKTpHYECKHe KoJeGaTenpHbie
TOKH: AHOMLI, PaCCMOTPEHHble HaMH*PaHee, YCHIMTENbHbIMH CBOH-
ctBaMH He obnaparoT- CyuecTBeHHOe 3HAYEHHE INPH  OLEHKE
cBoiicTBa JaMIbl HMeeT KPYTH3HA (HAKJIOH) XapaKTEPUCTHKH.
JlamMna ¢ Gonbitolt KpyTH3HOH BeCbMa YyBCTBHTEJIbHA K H3MEHEHHSM
HanpsieHUs1 Ha CeTKe: IOCTATOYHO H3MEHHTb CeTOYHOe Hampsixke-
HHE B OYeHb MaJioH creneHH, yToObl aHOOHLIH TOK H3MEHHJICS
B 3HAYMTENBHBIX npenenax. KonuyecTBeHHO KpyTH3HA oOlieHMBa-
€TCH BeJIMYKMHOH H3MeHeHHsT aHOJHOrO TOKa B MHJUIHaMnepax IpH
H3MEHEHHH CETOYHOTrO HarpsiKeHus Ha ! BOJDLT.

Karox g pamuosamne mpeicrapiser coGoil HAKaNIHBAEMYIO TO-
KOM TOHKYIO MeTaJlIHyeCKyo npoBonoky (uuth). Ecau Ha-
Kall TakKoH BHTH OCYLIECTBASTb TNOCTOSHHLIM TOKOM, TO H
SMHCCHL 3JleKTpoHOB Oymer cTporo 1nocrosiHHa., Ho noYtH
BCe COBpeMeHHble pajfHoBellaTeslbHble [PHeMHMKH paccyuTa-
Hbl Ha 1NHTaHHe OT NEepPeMEeHHOro ToKa, a  TaKuM
TOKOM HaxKaluBaTth HHTh HeJNb3fl, TaK KaK 3MHCCHS 3JIeXT-
poHoB OyneT H3MEHAThCH, <«nyJbCHpoBaThy. M3 rpomMkoroBopuTe-
Jas 6ymetr cabliieH (OH mnepeMeHHOro TOKa — RempMsiTHoe ryie-
HKe, Melualoliee CJayiate nporpamMMmy. Koneuno, MoxkHo Obino Onl
JlepeMeHHbLIH TOK CHayajsa € HOMOLILIO AUOAA SLUIPAMHTE, Ipe-

-2 €. A. Baxauos - 17



Quz, 13 YcTpoiicTBO TpHONZ € TORCTPEBHLIM KaTCAOM.

BPaTHTh B TIOCTOSHHLIA, KK 3T0 H AeJaeFcs AJS OHTAHHA aHOA-
HHIX nemreii — o6 3TOM Mbl yxKe roBopusim. Ho waiinen ropasno
Gonee mnpoctofi B Gonee 3QdekTuBhbIH cnocol, NO3BONAOLIKA
IJIf HArpeBa KaToga NPHMEHATb HENOCPEACTBEHHO NepeMEHHLIM
Tok. B kananax ToOHKOro M aJsinHHOrO (happopoBOro LHJIEHADHKA
noMelleHa Bodb(ppaMoBass HMTL — HarpesaTteab. Hure Ha-
KaJIuBaeTCR NepeMeHHLIM TOKOM H ee Teryo nepenaercsa ¢apdo-
OBOMY HHMJIHMIAPHKY H HAa@eTOMY MOBEPX HETO HHKE/EBOMY «4eX-
ay» (¢ur. 13), Ha BueluHel NOBEPXHOCTH KOTOPOTO HaHeCeH TOH-
Kuft cnofi OKHCNOB meJsioyHoro Meraana (crponuus, Oapwus,
Ie3Hs HAH Ap.). DTH OKHCIL OTIMYaTcs Gonbluofi SMHCCHOHHOM
cnocoBHOCTLIO Aayke NpH CPaBHUTENBHO HH3KHX TeMnepaTypax
(uopaaka 600 rpamycos). FimMeHHO 3TOT CJO8 OKHCJIOB H AABJISRTCH
HCTOYHHKOM SJEKTPOHOB, T. €. COOCTBEHHO KaTOLOM. BuiBop ia-
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T042 43 Kojibbl NPUCOtANHER K HUKENEBOMY ¢8eXJy», npHyeM HH-
KaKoro -3JIeKTPHYECKOI'0 COeJIHHEHHS MEXJY KaTOAOM H Hakald-
BaeMofi HUTBIO HeT. Bce HarpeBaemoe ycTpolicTBo o6samaer cpa-
BHHTEJIBHO GONBLYION MaCCOH, KOTOpasi He ycneBaeT TepPATh TEILIo
nprE OLICTPHIX M3MEHEHHAX NepeMeHHoro Toka. bsaropmaps sToMy
9MHCCHSl CTPOTO NOCTOAHHA ¥ HHUKAKOTO (pOHa B NPHEMHHKE HO
npocayumnsaercs. Ho rennoBas umepius karoga Jamil 8 npueM-
HHKE HBJIRETCA NPHYMHOH TONO, YTO BKJHOUGHHBIH NpHEMHHMK Ha-
GHHaeT paboTare He cpasy, @ JHMIIb, KOTAA KaTOAbl HArpeloTcs.

CeTkn B COBpeMEHHBIX JIaMnax yalle BCEro HMEIOT BHJ Mpo-
BOJIOYHBLIX ChHpasel: «rycras’ ceTka» — BHTKM cHHpaJieil paciio-
noxenbl GauxXke ApPYr K JAPYry, <penkas c€TKa» — pacCTOSHHA
MEXJy BHTKaMH YBeJHuY€Hbl. €M rylle ceTka, TeM NpH MpOYMX
PABHLIX YCJIOBHAX GoJibille €€ BJHSHHE HA NOTOK 3JeKTPOHOB, TeM
Gosbiie KO3(P(PHUIHEHT YCHUJICHHS JIaMIIbl. -

B 1913 r. Jlsurmiolip yBeJIMUNJ XOJHUECTBO SJEKTPONOB B
Jiamrie J0 ueThIpeX, NPEAJIOKHB BBECTH ‘B NPOCTPAHCTBO MEXKAY
_KaToloM H CeTKOH ell€.ogHy <etKy (¢ur, 14). Tak 6uin co3zan
TiepBbIl TETPON — UeTHLIPEX3JICKTPONHANA JaMna, MMellas IBe
CETKH, aHoj H Katod. Ty cerky, kotopyro JIsHrMmiolip nomecTun
6nnxce K KaTOAy, HaSLIBAIOT KATONHOH, a «CTapylo» COTKY
HA3BaJM yflpaBJAIOL €, NOCKOJbKY KaTOOHAA CeTKa Bhl-
NOJIHAET JMIUb BCTIOMOTaTeJbHYIO poOJb. CBOMM HEGOJBHIMM IO-
JIOXKHTEJIbHbIM HANpPSXKEHHEM, MOJYYaeMblM OT 4aCTH AHOMLHOH
Garapen, XaTO[Has CETKa YCKOPAET IOTOK 3JIEKTPOHOB K aHOMY
(otcrona u mpyroe massaHHe ceTKe — Yy CKO P 10 I a %), «pac-
CacChiBasly 3/eKTPOHHO® O0JIAaYKO BOKPYr KaTona. IT0 MO3BOJIHJIO
NpUMEHHTE JiaMily J1a)Ke NpH CPaBHHTENbHO MAJIBIX HAlPSAKeHHAX
Ha aunone. Onvio BpeMs Hamleil NMPOMBILLIEHHOCTBIO BHITYCKAach
apyxcetoyHas Jamna tena MJIC (wam CT-6), 8 nacnopre koro-
pofi 3Hayunock: palGoyee anonHOe Hanpsikenne 8—20 s, HauGo-
Jiee pacnpocTpaHeHubie B TO BpeMs Jamne tana Mukpo (I1T-2)
obbiyHo paboranu MpH ropasno 50Jiee BHICOKUX HANPAKEHHAX —
topsuika 100 6. Onnako, ramnbl ¢ KaTOmHOH ceTKOMl He nQMy-
NWJIH paclpOCTPAHEHHS, TAK KaK BMECTO HHMX BCKope ObUIM npe-
JOXeEHBl €llle GoNite cOBEpLIEHHbe JiamAbl. KpoMe 7oro, «mByx-
CeTKH» HMeJIH CYIUeCTBEHHbIH HENOCTATOK: NOJIOMHUTENLHO 3aps-
¥HEHHAs KaTOIHasi CeTKa OTHHMaJla OYeHb OGOJILIIOE KOJHYECTBO
SJEKTPOHOB OT OGLIEro NoToKa, YTO PABHOCHNLHO GECrONesHO HX
3arpare. Xora M npefbliajia BO3MOXKHOCTL paboTaTh € MAJLIMH
AHOAHLIMH  HAMIPSIKEHHAIMM, HO 3TOMY MpPOTHBONOCTABJIAIACE
Gonpinast Tpata TOKE, — OLYTHTEJBHOH BHITOLL He NOJYYaJOCh.
Ho Beenenne propoii cetku nocayuno cHrHasioM mis KOHCTPYK-
TOPOB pajiMoJlaMil: Hayajiach «3M0Xa» MHOTOSJEKTPOLHBIX JIAMIL.
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@z, 14, Tpeunmn peficreus TeTpoma ¢ KatoaHoft cerkol

B 1916 r. llorTky, sanuMasch ONbLITAMH ¢ TPHOXAMH ¥ Tpe-
crenys 3ajgadvy MNOBBULEHHS HX KO3(P(UUHUeHTa yCHJICHHS, HAILIEN
HeoOXOMMBIM BBECTH BTOPYIO CETKY B NPOCTPAHCTBO MEXIY aHO-
RoM ¥ EMelowiedica (ynpaenawoowed) cetkoit (¢ur. 15). Ilogasan
Ha 3Ty — @ HO L HY 10 — CETKY MOJIOXKHTENbHOE HalpshKeHue, Mo
BeJIMYMHE HPHMEPHO paBHOe noJoBHHE anofHoro, IloTTKH B #3-
pectHo Mepe pocturan tpebyemoro. Ho mpoino necsarusnetue,
npexkpge g9eM 3TH paboThl MONYYHNH IIHPOKOe NpPH3HaHHe H MpH-
Meretgies B 1926 r. X3in KOHCTPYKTHBHO BHAOHM3MEHHJI aHONHYIO
CeTKy, NpHEaB effi BUL 3N eKTPOCTATHYECKOro 3Kpa-
Ha, KOTODLIM OH OTHEJHJI @HON OT BCeX APYIHX 3JeKTPOAOB.
s yero xe 310 nonailocbusiock? B tproae avon'u cerka obpa-
3yl0T Kak Obl HeGouplIOH KOHIEHCAToD, €MKOCTH KOTOPOro, OfHa-
KO, NOCTATONHO JJs TOro, yroOwl Ielb aHOda OKas3aJjach 3NeK-
TPOCTATHYRCKM CBA3aHHON C uenbio ceTkd. Hanuuue 910d mapa-
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Quz. 15, Tpusnmn peficTBus Terpoma ¢ aHoaHo# ceTKOH.

SUTHOR CBfi3H ABNALTCH NOCTATOUHLIM YCJIOBUEM AJ# TOro, 4rolel
YOUNHMTEALHEIH KacKay fIpeBpaTuTh B TeHEpaTop 3JeKTPHYeCKHX
kosebanufi. BMeCTO yCHJIGHHS MOABOLHMBIX K HEH H3BHE SJeK-
TpHwecKHX kosebanud, JiaMna HayHeT CO31aBaTh CBOH KoJeba-
HHS, H HHKAKOI'O MOPMAJLHOTO YCHAGHHA He loJdyyaercs: ¥lpuem-
HHK ¢ CaMOBOSOYKAAIOLMMHCH KAaCKalaMi CBHUCTHT, BOET, MAMKO
HCKaXaeT ¥ BooOwe nepecraer paborare. UTolObl Hpeononers
BO3MOXHAOCTh CaMOBO3OYXKIeHHs, HEeOGXOAMMO YCTpPaHHTL mnapa-
SHTHYIO CBN3b MEXAy aHOOHON u ceToynol menamu, T. €. CBeCTH
JIO HHUTOMMHO MANOIO 3HAYCHHA EMKOCTE MEeX[Y aHONOM H CeT-
koifi. HMeHHO 5TOf 3a/la4ye M CJYKHT aHONHAy CETKa, BhIMIOVIHEH-
H8A B8 BHI® 3kpana. OHa «MepexXBaTHBAET» SJAEKTPHUYECKHE CHJIO-
Bbie JuEUE ¥ TeM 00ocobaser asop or cerku. OOuiuHO SKpaHw-
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Pge. 16. TlpuenHn nefiCTEHA NEHTOHA.

pyoouiafi ceTka HMeeT TakyW KOHCPPYKIMIO, 9TC TOJIbKO JIHIIb T2
¢ yacTh, KOTOpas oépauneua K aHONy, BBIMOJIHEHA B BHAE NpOBO-
Jiogrol, cnupansio ©aBuToil cerTkd. Ocranbhas Xe yacTp STOTO
SJEKTpOAA B LRJAX JYWero 3KpaHHpOBAHHUA CHoeJaHa CIJOMIHOH,
6eg ortrepcTud. UroObl 3aMeTHO He OCJabnaTh aHONHOTO TOKa,
Ha 3KPaHHUPYIOUYIO CETKy mofaerca (OT aHOLHOH OatapeH) no-
JIOXKHUTEJIEHOE HallPsKeHHE, J10 BeJHdyHe paBHoe NpHOJHIHTeJILHO
NIOIOBHE® aHOMHOTO. JlaMNbl ¢ 3KpaHHPYIOLIHMH CETKAMH BBHHNO/-
HO OTJIMYAIOTCA OT, TPHONOB OGOVIBLIHM KOIDPHUACHTOM yCHIEHHSN:
Y TpHONIOB- GH OBLINHO HE npepbiiaer 20—100, a y akpapupopas-
HbIX JIaMm U3MepsieTcs COTHAMH, N03TOMY BMECTO 2 TPHOZOB MOX-
HO HpHMeHATh | 3KpaHHPOBaHHYIO JiaMmy,

B 9kpaHHpPOBaHHBLIX JaMnax NPHILLJIOCE CTOJNKHYTHECA C onmm
HenpuATHLIM nBjeuneM. Jleno B ToM, YTO SJEKTPOHHI, yAapsdch
0 NOBEPXHOCTh aHONA, MOTYT BLHIOMBAaTh M3 HEro TaK HaabiBaGMbie
BTOPHYHE € SJEKTPOHR, IJTO NO CBOSH npupone Takue Xe
9JICKTPOHEL, TOJBKO OCBOCOXKJCHEHE H3 METAANHYECKOH noBepx»
HOCTH He HarpeBaHHeM (KaK H3 KaTtona), a 3JeKTpoHHOH Gombap-
puposkofi. Onun GoMGapaHPYIOILHIT 3NEKTPOH MOXKET BHOHTHL He-
CKOJILKO BTOPHYHBIX 3JeKTpoHOB, [losydaetcs Ttak, 4TO C€aM
aHOM NpeBpallaeTcss B HCTOYHHK 3NEKTPOHOB (¢HI. 16) Bﬁmsn
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OT 4HOJI2 HAXOMMTCS NOJIOXKHTENLHO 3apsiKeHHas 3KpaHHpylomad
CeTKa, H BTOPHYHhIe 3JE€KTPOHBI, BhijieTasi ¢ MajibiMH CKOPOCTSMH,
MOTYT NPHTSIHYTECH K STOH CeTKe, eciy B KaKoA-IHOO MOMEHT
HanpsiXkeHHe Ha ceTke okaxercsa OoJbille HanpsiXKeHUs Ha aHOLEC.
HmMeuno 3To MMeeT MeCTO B TOM Caydade, KOrpga 3KpaHMpoBaHHas
JIAMOA HCTONB3YeTCs B OKOHEYHOM Kackaje YCHJIEHUsi HH3KOH
YacTOTHl, YCTPEMJAACH K SKpaHMpylolleH# cerke, BTOPHYHLIC
SJCKTPOHH YCTAHABJHBAIOT B Jiamne Tok oOpaTHoro Hampaene-
Hus, 1 paGoTa JaMOB COBEPIUEHHO HApyLIaercs. DTo HeNnpUATHOE
fIBIeHHe HMeHyeTcH HHHaTpPoOHHHM 3d pexTom Ho ecth
cpefictBo Gope6bi ¢ 3TuM sBAeHHeM. B 1929 r. noseunuce nepsbie
JiaMnbl C MATHIO 3JIEKTPOAAMH, H3 KOTOPHIX JiBa — aHOMA H KaToA,
a ocTanbHble TPH — ceTKH. [lo yHCny 3J€KTPOXOB 3TH JAMIH M0~
JIyYuny Ha3BaHve Me HTO x o B. TpeTesl ceTKa moMmelteHa B npo-
CTPAHCTBE MEXKIy IKpanupymouei ceTkoii H aHOHOM, T. €. HaxO-
autcs 6mke Bcero Kk aHony. OHa coenuHseTCs HenoCpeACTBEHHO
¢ KaTOAOM H, CJeloBaTeNbHO, MMEET TaKOH 2Ke MOTEHIHAaN, KaK
W KaToll, T. €. OTPHIAaTeIbHLIY MO OTHOWEHHIO K aHony. Baaro-
naps STOMY ceTKa BO3BpalliaéT BTOPHYHLIE 3JIEKTPOHE OOPaTHO
Ha aHof M. TeM npenoTBpaliaerT AuHaTpoHHbIE sdpdexr. OTciona
¥ Ha3Bauue 5TOM CeTKH —3alllHTHAas$ uHWAH HPOTHBOAMHAT?
porHas. ITo MHOTHM CBOMM Xa4€CTBaM MEHTOAHl BhLILE TPHOMOB.
OHu NPUMEHAIOTCH JJIS YCHNEHHsi HanpsiKeMus BHICOKOH H HH3-
Koil 4acToT u npeKpacHo paboTaloT B OKOHEYHBIX KacKajax.

VBesinyeHne YHCNA CETOK B ‘AdMNe He MPHOCTAHOBHJIOCH HA
nenTome. Papx «nHOA» — XTPHOA» — TETPOA» — WIEHTOA» IOMNOoJ-
HUCH ellle ONHHM INpeACTaBUTeeM JIAMIOBOH CEMbH — I €K C O~
LOM. 3T0 — JlaMMna C HIeCTbIO 3NEeKTPolaMH, U3 KOTODHIX YeThl-
pe—oetku (¢ur. 17). Ona npumMeHsiercH B KacKajaX BbICOKQYa-
CTOTHOTO' YCHJIEHHSI | YacTOTHOrO mnpeofpaszoBanust B cyneprere-
POMMHHLIX npHeMHHKaX. OObuHQ cHNna NPUXOMALIMX K aHTeHHe
pafiMOCHTHAJIOB, OCOGERHO Ha KOPOTKHX BOJIHAaX, H3MEHAeTCH
B BecbMa 3HauuTejbubix npexpenax. CurHanul To BO3pacraiwT, TO
6bicTPO 3amuparoT (fBaeHue ¢enunra — saMupanus). ekcon xe
YCTPOeH TaK, YTO aBTOMaTHYecKM ObICTPO MEHAET KO(QPUUHEHT
ycujieHus:: ciabble CHTHAJ L OH YCHAHBaeT B Oousibluie# crevieny,
a CUJbHLE — B MeHblled. B pesyaprare CALIIHMOCTE BhHIpABHH-
BaeTCA H MNOMJEpKHBACTCHA MNPUOIH3HTENBLHO HA OAHOM YpoBHE.
ABTOMaTH3M AefiCTBHA JOCTHraeTCsi H3MEHEHHEM [OTEHLHAaJIO0B
Ha CeTKAX B TaKT € M3MEHEHHeM CHIbl NPUHUMAEMBIX CHTHAJOB.
Taxo#l rexcol MoNyuHs HasBauwe PeAHHT-rekKcon a. B obums
HHIX TNPHeMHHUKAaX Takas perySIMpoBKa YCHJICHHS TaKXe HMeer
MeCTO, HO OCYLIECTBJISETCS MOCPEACTBOM MEHTOAOB C BRHITHHYTOH
HUIKHEHl YacThio XapaKTepHUCTHKH, rie KPYTH3Ha HMEeT nJaBHOo
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&duz, 17. Cxema yc1poficTa rexcopa.

MeHsioleecs 3HaqyeHHe. Takue NEeHTOAb! HA3LIBAIOTCH
«BapHMIO».

Bropast KaTeropus rekconoB —CMEeCHTeJIbHbBIE re Kco-
Abl. B cynepreteponHHHBIX NPHEMHHKAX ~ MPUHHMaeMbid CHE-
‘Haj CHAyaJa MOHMMKAeTCA Mo yacToTe, a 3aTeM YXe YCHJH-
paeTcd. JTO NOHHXKEHHe WM npeoGpasoBaHWe 4HacTOThl MO-
weT GHITh OCYIEeCTBAEHO M MNOCPe[CTBOM TPHONOB, KakK 3TO H
penanocs panee. Ho cMecHTesbHbie TEKCONbI BHINOJHAKT 3Ty
¢dynxuuo Gonee panMoHanbHo. B Hawlell mpakTuke panuoBelia-
TEJBHOTO fpHEMa AAS BLIIOJHEHHA 3TOH (QYHKIMH DPHMEHSAIOTCH
H JpyrHe naMnbl, ¢ eule CONbIIHM KOJHMYECTBOM CETOK. DTO—
MeHTArpHAb (MATHCETOYHBIE NAMNbl) WM, KAK UX HHade Ha-
spBaloT, TenTo bl (CeMuanekTponHble Jiamnn). Jlamnbl Tumna
B6A8 u 6JI7 oTHocsTEH K 3TOil Kareropuu namn. Jlna npeobpaso-
BAaKHA YACTOTHl B CYNEPreTepOJAMHHLIX NPHEMHHKAX NPHMCHAETCA

b



TaKXKe H_INeCTHCETOYHas Jjamna (BeceMb SJEKTPGIOB)—OKTO A
B ornmuué oT meHTarpuaa OKroi mpelcTaBnseT cobofi kak Obl
KOMGHHAIIHIO TPHOLA C nmeHTonoM (Torpa Kak NMeHTarpHA-—TpHoAa
¢ terponoM). IlosBuBINNCH NOBke MEHTarpuAa, OKTOA IO CBOHM
KQuyecTBaM Bbillle CBOErQ npeaiecTBeHHHKA.

Ho ne To/IBKO B «CeTOYHOM HanpaBJ€HHH» Pa3BHBANHCH
JaMnel 3a nocnenuue roful. O. NOMELIEHHH IBYX «3JIERKTPHUIECKHX
peHTHJIeH» B OOWlyI0 KOOy Mbl y¥Xe TOBOpuJIH pakde, KacaucCh
ycrpoficTBa nBoiiHoro muona THna 6X6. Temepb 1HpoKo npHMeHs-
I0TCA M TakHe KoMOWHauMH, Kay ANHOA-TPHOL, LBO HHbI @
TpuoAs, pBoRHHe auon-rpuonw (ALT), asofl-
Hble AHopgmenToAn (OO, rpuonrexcons M T M.
[To Goapuwefi yacTH TakHe KOMOMHHUDPOBAHHBIe JaMmihl
umeror obuuit karon. Pabora onnoiél namnel ynopobnsercs pa-
Gore HeckoJIbKHX IGoniee mpocthix. Hanpumep, Jsamna 6H7 sne-
JNsieTcs OBOHHBIM TPHONOM — JiBa 000COGNEHHBIX TpHOAA B OO0-
meiit xosbe, cBoeoOpasnble OGausHeubl. 3JTa JiaMna C YCIeXoM
saMeHsieT co6oii JBe TPHOAHBIE AAMOBl M MOXKET OHITh HCMOJIb-
JoBaHa JHGO B JABYXKACKaJHOM YCHJIHTEJe Ha COMPOTHBJICHHUAX,
AuGo B mMyumyJbHOH CX€Me, A Yero OoHa coOCTBEHHO M Npel-
Haatiauena. [locre RerekTHpOBaHM#A, MPOH3BOAHMONO B CYUiep-
PETePONMHHBIX NMpHEMHMKAX, OObLIYHO MOCPENCTBOM [HOMOB, HEOO-
NOAHMO OCYIIECTBJAThL ycuiienne. [lis sroil menn rerneps B 06-
meli woAGe C METEKTHPYIOLIAM nHOJOM TNOMEUIAloT YCHIHTEb-
HEf TPHOL; TaK TOABWIIMCL AUON-TPUONH. B cymeprerepoRuHHBIX
fipuéMHUKaX 131 aBTOMaTHyeckoil peryJsiHpoBkH rpomkoctH (API)
HeOSXONHMO NOVyYaTh MOCTOSHHBIR TOK, BEJAMYHHA KOTODOIO Me-
AaNiacy 6n B TaKT ¢ CHJO fIpMHHMaeMblx curHajos. Jas stux
peJeli MoxHO Gbiio Obl MPHMEHHTb OTAENBHBIA AHON, HO H '€ro
xaialiocs BO3MOXKHLIM NOMECTHTL B KoaOy muop-tpropga. Tak
B onmoli Jlamlle PasMeCTHJIHChL C€pasy TpH JilaMilbl: JBa fuona H
TPHOR, H JiaMNa NOJyYHJla HA3BAHHO NBOHHOH IMON-TpHonx. Takum
}e NyreM BCSHUKIAH JNOA-TEHTON, TPHOL-TEKCOO U T. H.

« HeCKoJbKO oCOOGHAIKOM OT HAPYTHX JaMn CTOMT JaMlia Tuna
6J16. 310 oueHL HHTE€pPECHas JaMMa: ONHOrO 3JeKTpona
B Hell HeT, WO OH Kak Obl nonpasymenaercsa. C omHoO# cTOpOHH,
§ra JaMIa-—OYCBHOHBIE TETpON, TaK Kak B Hell BCEro JMIIL 4He-
THIpe 3J€KTpola: KaTtox, aHol H JBE CEeTKH, H3 KOTOpHIX OpHa—
ynpapasomas, a Apyras — SKpaHupylolias. Ho, ¢ ppyroii cro-
poubl, 6J16 — nexton, H6o ofnanaer BCEMH €ro CBOHCTBaMH# M
BechbMd MOJSOXKuTENbHbIMY ocobenHOocTAMH. Posp 3amuTHOR ceTky,
o6s3aTeNbHOl IS NeHToda, B Jamne 6/16 somonuser ... mycroe
NPOCTPAHCTBO, UCKYCCTBEHHO CO3MaHHAs 30HA, HaXoAsulascs
MEXIYy 2HOZOM M SKPaHHPYIOWLEH cerkoll (¢ur. 18). B aroil 3032
5



‘3ona wynebozo
: MOmeNJUENa

Qua. I8. Cxema ycrpoiitTBa nydyesolt namnowl,

-CO3MaH HYNeBOH MOTEHIHAN, HMEHHO Takol e, Kakol nMend
Obl salMTHAs CeTkd, ey Obl TONBKO OHA CylecTBoBajg &
sTofl siamne. HroObl co3gaTh Takyio 30HY, NPHINIOCH MPOHSBECTH
KOHCTPYKTHBHbIE M3MeHeHHA. B dacTHocTH, aHon oTHeced nanmine
OT 3aIUMTHOH CETKH. «MHUMBIH ShiekTpon» RefcTBYeT ua BYOPpHT-
Hbl€ SJIEKTPOHB! TaK K€, KaK M 3allATHAas CeTKa, TaK ke Npej-
OTBpallaeT BO3HHKHOBEHHE NHHATPOHHOTO 3(QeKTa. DIeKTpoHkl
B 3ToH JiaMrie HAYT OT KaTola K aHOLY KakK Obl OTACNbLHGLIMH. JAY-
YaMH, NIpOXoia B NPOCTPAHCTBAX MEXKAY BHTKAMH CETOK, OTCIOAR
H Ha3BaHHME JlaMNbl — J1y Y€ B a . BHTKH CETOK Tak pacnonome-
Hbl, YTO IKPAHHPYIOILAs CETKA HAXONHMTCA B «3JIEKTPOHHOR TeHHw,
CO31aBaeMOH BUTKAMH ynpasAsfmoUleH CeTKH, Onmxkadiuell K Kato-
ny. bnarogapa sToMy SKkparupyioOllas ceTka NpUTATHBaeT K cefe
CPaBHHTEJIBHO MaJio 3JIEKTPOHOB, 4 TOK SMHCCHH {IOYTH fiOfl-
HOCTBIO pacXOnyercs Ha aHONHYIO ienb. C GOKOBHIX Y3KHX CTO-
POH KaTrola B Jiamie YCTAHOBJCHbI METANJNHYECKHE UIMTKH, COSLH-
HECHHBIC C KATOAOM, OJiaronaps 4eMy SJIEKTPOHBI MONARAIOT HA
AHOJl TOJILKO € ONpPEIEJIEHHBIX CTOPOH, TIE€ CO3NaHO pPABHOMEPHOE
sJieKTpUyeckoe mnoJie. HHKakHX «3NeKTPOHHLIX 3aBHXPEHHiy He
MoJiy4yaeTcs, YTO CKa3bIBAETCH B OTCYTCTBHH HCKaxeHHii B palg-
Te namnbl. JlyueBble Jamnbl o6GnamaroT BHICOKHM KO3(M(pHIMEH-
TOM MOJIe3HOTo AeHCTBHA M CnocOGHEI OTHATh BECbMa GOJBIIYIQ
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SCIHTOCTR, Ha Bbixofe. JIOCTATOUHO CKa3aTh, YTO JBe TaKHe
naMnbl B NYIUMYJEHOH CXeMe IPH HEKOTOPHIX YCJOBHAX MOTYT
otnare no 60 sr noJsesHoll MOLIHOCTH.

JlaMnbl COBEpIIEHCTBYIOTCA HE TONBKO JMEKTPUYECKH, HO TaK-
JX€ W YHCTO KOHCTPYKTHBHO. [lepBrie pagnosamnbl 1o BHAY MAaJo
YeM OTJIHYAJHCh OT NIEKTPHYECKHX JiaMil H CBETHIIH [TOYTH TaK XKe.
MHOTHM ele NMaMATHL TIepBLiE panHONaMITH, pasp#boTansbe Ha-
HIHMH CooTevecTBeHHHKaMH npod. A. A. UepuniieBsim ¥ npog.
M. A. Bony-BpyeBuueM. 3a nociefHHe roapl BHEMIHHE OORUK
panuosiaMnul CHIBHO M3MeHwJcA. Bosipinoll BkiIany B ne1o cosna-
HHSl HOBBIX THNMOB JIAMNI H YCOBEpHIEHCTBOBaHHS paHee BHIYILEH-
HBIX BHECNA Hallla OTEYECTBEHHas HayyHas Muicsb. Jlocmatouno
yXasaTh na pafoThl KOJUIEKTHBA COTPYHNHHMKOB Jiaypeata CrTasiuE-
ckoii npeMun oppeHonocua npod. C. A. Bekwmmnckoro. CHauana
paauosamna, K BEJIHKOMY YIUBJEHHIO HayHHAIOUIMX  panio-
JioOHTE IeH, TfepecTalia CBeTHTh H Oblla oOOpallleHa TOJBKO
K BBHIMOJHEHHIO CBOMX  MpAMbBIX  ©O0sA3aHHOCTeH. 3areM
HEONHOKpagHO M3aMeHsyack KouQurypauus Oansiona. IlosBu-
Juck MaJsioraapHTHBEICE JaMnbl pa3sMepoM HemHOrHM GoJiee
noJjioBuHbl  wMu3MHna. Jia  panwoTrexHuyeckoli  amnamaparypml
Jla6opaTopHOro THNA OblIM BHUTYLIEHB! JIaMIbl, BeJHuyuHol # ¢op-
MOM MOXOXKue Ha'xoaynu. B Hacrosiuee -BpeMs IUHPOKO pacmpo-
CTPaHEHbl MeTaJIIMYeCKHe JaMibl, KOTOPHIE Jlaxe Kak-TO H He-

AOOHO HasbiBdTh JaMMnaMH, TaK Kak OHH COBCEM He CBETATCH.

aMeHa CTeKJigHHoro OaJsuioHa MeTasnMyeckKuM  (CTaNBHBIM)—
Ee ppocTas 3aMeHa: MeTaJUIHYecKHe JIaMIbl BHINOAHO OTIHYAIOTCS
OT CTEKJAHHHIX MaJbiMH ralaputame (samma 6X6, manpumep,
BeJHYMHOH BCero JiMilb B TPELKHH Opex), MPOYHOCTHIO, xOpoHied
SJIeKTPHUYECKOH 3KpamupoBKoM (He Hamo HafeBaThp TPOMO3MAKHX
SKPAHOB, KaK Ha CTeKJsiHHbIe JaMIlbl), MEHBIIHMH MEXIy3JieK-
TpoubiMH eMkocTaMu U up. Ilpasna, €cTe M HENOCTATKH y Me-
TANIHYECKUX JlaMM, H3 KOTOPHIX BeCbMa CYLIECTBEHHBIH—CHJILHBIA
HArpes MeETaJVIHYECKOH KOJObl, OCOGEHHO y KEeHOTPOHOB.

Ceilyac- MHOrHe THOBI JiaMfl BBIIYCKAIOTCS B IBYX BapHaHTaX:
B METaJUIHYECKOM M CTeKlIsHHOM odopmieHuH. IlpuMenenue
«KJI0Ya» Ha HOMXIKE JaMmn obJeryaer npouefypy BCTaBJeHHs JiaM-
nbl. B nanedbky. Ecny paHpiie Bo3MOXHO OBLNO HEOCTOPONKHOE
NpUKOCHOBEHHE K THE3AaM [MaHeNbKH He TeMHM INTHIpbKaMH, 8.
pe3yabTate yero Jiamna, Ha MrHOBeHH® 35(QeKTHO BCNLIXHYB,
Hapcerna biObIBaa u3 CTPOA HM3-3a NEPeropaHus HUTH, TO Teneph
HeJb3s1 BCTaBHTh JIaMIly, IIOKa WNTHIPpKKH He 33aHAJM NpPaBHJILHOIO
nonokeHEs. Owulbky, Biaekymue K rubGeau Jiamnbl, HCKJIOYEHRI,
' JlamnoBas TexHuka HeNpepLIBHO coOBeplUEHCTByercs. Ee
YpOBEHb OlpefeineT Nporpecc panHOTEXHUKH, »




. KJTACCH YCWJIEHNY

XapakKTepHCTHKA JaMIb rpaQHyecKH BHPaXaeT €o-
Gofi 3aBHCHMOCTH @HONHOFO TOKa I, OT HampsikeHus Ha cerke U,
IpH HEH3MEHHOM IOCTOsIHHOM Hanpsokennn U, Ha aboze. Benn-
YUHE HaNpsXKEHH{ Ha CeTKE—B BOJbTAaX—OTJOXEHH IO I'OpH-
30HTAJbHOH OCH: OTPHIATENbHbBIE HaNpSXKEHHA—B/IEBO OT HYJINA,
NOJCHKHUTENbHEE—BNpaBo. Bennulien aHogHOro ToKa—B MHIHAM=
NIepax-——OTJIOXKEHH Y0 BePTHKANBHOH OCH, BBEpX OT HyJis. Kmesa
pepen cobolt xapakrepucTuky namnnl (dur. 19), MoxHO 6HCTPO
_ONpEZE/HTh, HeMy paBeH aHOHNHHIE TOK NpH JI0OOM HanpsKEHHH
na cerke: npu U,—=0, nanpumep, £,—1,,=—8,6 ma. Ecin unre-
pecyioT HaHHbe MPH APYTHX AHONHHBIX HaNPMKEUHAX, TO BHYEP-
YHBAIOT He ONHY XapaKTepHCTHKy, a HECKOJIbKO; HJIS Ka@Ioro
SHAYEHHA AHOAHOTO HAMPSXCHHS OTHACAbHO. XapaKTePHCTHKH JAAA
MEHBIOHX AHONHLIX MaNpAXEHHd OynyT pacnosaratecsl npasee,
a nng Goapmux—aesee. Ilonyyaerca ceMeiicTBO XapaKTEDHCTHK,
NOJIL3YSICh KOTOPHIM MOXXHO OfIpEAENHTL NapaMeTpPH .JaMIibl.

Hanpsokenue Ha ceTke nesiaeM nosoxutesbnbiMil/, —--3s.
Yro npousollsio ¢ aHogHbiM TokoM? On yBenuuuncs pgo 12 ma
(¢pur. 20). TlonokuteNcHOo BapaAXKEHHAs CeTKa [pPHTAIEBaeT
SJEKTPOHE M TeM CaMbIM <«NOATaNKHBaeT» HX K aHoly. UUeM
Gonpllie MOJOXKHTENbHOE HamnpsixXeHwe Ha ceTke, TeM GoJiee 3TO
BO3[efiCTBHe €€ Ha MOTOK SJEKTPOHQB, YTO MPHBOINHT K YyBeJH-
yeHuio aHonHoro toka. Ho mHactynaer takoli MoMeHT, mpu KoOTO-
pOM Bo3pacTaHHue 3aMeINAeTCs, XapaKTepPHCTHKA nojiyyaeT H3ru@
(sepxuuil cru6) U, HaKOHEll, AaHONHbIY TOK COBEPLICHHO nepecTaer
BospacTath (TOPH3OHTAJBHBIA yYacTOK XAPaKTePHCTHKH). IDTO—
HaChbl I ©HHeEe: BCe 3JEKTPOHb, HCNYyCKaeMble HAKaJlCHHBLIM Ka-
T0N0M, HOJIHOCTHIO OTOMpAIOTCs OT HEro aAHOHOM M ceTkof. llpn
YAHHOM AHOIHOM HamNpAXKEHWH W HAMpPsXKCHUH HakKaJda aHOAHBLIA
TOK NaMMul CAenaTbcs Oonbille TOKA HaCHINEHHA I, He MOMeT..

Hanpsi:keHue Ha CeTKe nesiaeM OTPHIIATENbHLIM, nepeXonuM B
b6nacTh JEBee BePTHKAJIbHOH ocH, ‘B «JeByio obaacte». YewMm
6osiblle OTPHIATEALHOC HANPAXKEHHE® HA CETKE,
yeM Aalbilie BJEBO, TEM MEHbII e CTAHOBUTCS aAHOAHbLIA
Tok. [puU,—=—4 6 awomuuifi TOK yMeHblUaeTcs IO i,==3 M4
(dur. 21). O6bacHAETCE 3TO TEM, 9TO OTPHUATE/LHO BapAXKEeHHaAN
CeTka OTTAJIKHBAET 5JEKTPOHH OOpaTHO K KaToAy, He Mpomyckas
ux k anony. OGpaTHTe BHHMaHHe Ha TO, YTO B HHUXKHEH YacTH
XapaKTEPUCTHKH TaKXe nojiysaercs €rub, kak u B Bepxneil. Kak
6yneT SICHO H3 JAanbHeiiiiero, HaauyHe CrHOOB 3HAYMTENBHO
yxyawaer paboty namnbl. UeM npsaMoOJMHeiHee XapaKTepHCTHKa,
TeM Jy4ile - yCHAMTeNbHasi JlaMIa.
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Wuz. 19. Orcner aHoAHOrO TOKA, KOTAA CeTKa He saphikeHa,

ChenaeM oTpuiiaTe/bHOE HaNpSXKEHHE Ha CETKE HAaCTOJLKO
GosbiuM, yTOOLl ceTKa OTTalNKuBanla OT cefs BCe SJEKTPOHHI
o6paTHO K KaToNy, COBEPLUEHHO He mpomyckas ux K anonay. Ilo-
TOK 3JIEKTPOHOB OGpLIBAeTCs, AHOMHEIN TOK JEJNAEeTCH paBHBIM
Hymo. Jlamna «sanupaercsa» (¢ur. 22). Hanpsxenue Ha ceTtke,
NPH KOTOPOM TpPOHCXONMT <«3anupaHHe» JiaMmbl, Has3blBAeTICH
JHaNpAXeHueM sanupanua” (obosnayeno Uy s4n). [as B3s-
TOff HaMH XapakTepHCTUKH U, san—=—986. ,Ornepers" namMmy
MOMKHO yMEHbLICHHEM OTPHUATEJbHOTQ HaNPAXKEHHA Ha CeTKe
HJIH )K€ yBe/JHYE€HHeM aHOJHOTO HanpskeHHA.

YCTaHOBUB NOCTOSIHHOE HAMps)KEHHE Ha aHOo/e, MOXHO MEHSiTh
aHomHHH T0K [, oT Hyas (i,==0) no maxcumyma (i, —i,) H3MeHe-
HHeM HanpsXeHHs Ha CETKe B Mpenentax oT U san o U, (¢ur. 23).
Tak kak cerka pacnonoxeHa K katony OJHIKe, 4YeM aHol, TO
AOCTATOYHO JIHILIb HEMHOTO W3MEHHTH Ce.OYHOE HanpsiKeHue, 4108H
SHAYHTENBHO H3MEHHTH aHOMHuN Tox. B HameMm ciyyae pocra-
TOYHO H3MEHHTh HaNPKEHHE HA CETKE BCEro JHilbL Ha 14, s,
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Quz. 20. O1cyer aBOOBOrO TOKZ, KOTIa CETKa MMEeeT Ny~
TEAbHLIH Sapsal.

@uz. 2I. OrcyeT aHOZHOrO TOKa, KoIllda CeTK2 BMeéeT #eGoibuiof
OTPHUATCASHEI 3apad. - -
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QPuz. 22, Jlauma ,sanepta‘.

HTOOK YMEHLIINTHL AHONHHIY TOK OT MakCHUMyMa no HyJd. Bos-
neficTBHE (EeTOYHOTrO HampsKEHHS Ha NOTOK SAEKTPOHOB—UCKJIIO-
YUTENBHO YHAOOHAas BO3MOXHOCTBH YNPAaBJICHHSI BEJHYHHOH SJIEK-
TPHUECKOT® TOKa, B OCOOEHHOCTH €CJH YYecTb, YTO STO BO3jefi-
CTBHE OCYHIECTBJISAETCSI MrHOBeHHO, Ge3sHHEPIMOHHO.

ByneM paBHOMEDHO H HEMPEPHIBHO MEHATL HAMpPSKEHHE HA
CeTKe, JEJaf €ro TO MOJIOXHTEIBHEM, TO OTPHLATE/bHLIM.
C o7oil 11€1bI0 NOABENEM K CeTKe nepeMenHoe Hanpskerue U, .y,
Ha3LIBAaEMOE HampfAxeHHeM Bo3GyxaAeHHuN gamnu. [pa-
¢$uK STOro HampsxeHHs (CHHYCOHJA) HaHECEH Ha BEPTHKaJbHOH
ocu BpewenH 7, uayuleii BHA3 OT HyJs. AHOAHHEIH TOK Oyner
NYAbCHPOBATbh— NEPHOAHYCCKH YBEJIHYHBATHCA M YMEHb~
HIaThCA—C YACTOTOH, PaBHOM 4acTOTE HANPFKEHHR BO30YIHKICHHS.
I'paduk mysbcamufi aHOAHOrO TOKA, NOBTOPAIOmMMi IO CBOeH
dopme rpadux HanpseHus Bo3CYNIEHHS, HAHECEH BJOJL ToOpH-
SOHTAILHOM OCH BpeMeHH (¢ BHpaBO OT XapakTepuCTHKH. Yem
Goaplile BEJIHUHUHA Umgl, Tem B GOJMbHIMX npenesax H3MEHAETCHA
aHONHLf TOK (cpaBHHTE Upgr ¥ Ly € Upgs B [,5) (Qur. 24).
Touka @ Ha xapakTepHCTHKE, COOTBETCTBYIIAas CPEAHEMY 3Ha-

g1
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@uz, 23. ,Jlpepenn® H3MEHEHHA aHOQHOTO TOKa B 3ABHCHMOCTH
OT HalpsxeHUs CEeTKH npfA SafaHHoM HanpsmeHUH aHofa,

@

. R
!Ug san . b Vg, T

YEHHID HaNpAXEHHA Ha CeTKE H TOKY NOKOA B aHOAHOH 1enwy;
HaspiB2e1cA pabGoueil TOYKOM. -

Yito mpou3oiier, ecliM B aHOAHYIO HENb JaMnu (Cxema cieBa)
BWKJIIOUHTL cOnpoTuB/iedHe R,? Yepes Hero Oyner mpoXomMTh
akOAHBIH TOK [,, BC/eICTBHE 4Yero Ha HEM MOJYUHTCA MNaflcHHE
Hanpsbxenua Up,,, nyJabcupyrouiee ¢ 4aCTOTOH HANPsMXEHUsT BO3-
6, xnenusn. [lynbcupylollee HanpsykeHHE, Kak H3BECTHO, COCTOMT
M3 AByX C/araeMblX: nocrosinHoll (B Hamem ciywae Uy, ) ®

nepemennoii  (U,,). Tlpy npasnibHO BhiGpaHHOl BenHuHHE R,
Ne)eMEHHas cliaraeMas aHofiHoro Hampsixenusa U B ycunurensx
HanpshKeHus oka3siBaeics Goapme U, T. €. oCyuHiecTBAs€TCH
YCHJICHHE TepeMeHHOro HanpseHus. Ornowenue U, x U,,

yasnBaccad Ko3dpdHuHEeHTOM YCHAEHHN cxeMu. Ecau
yCH:ieHHE, TPOH3BOAMMOE OAHIOH JaMnofi, HENOCTAaTOYHO, TO YCH~
JeHII0e MepBOil JIaMIoi HanpsXEHHE TMOAAI0T KO BTOpoH Jamme,
a ot BTOpofi—K TpeThed H T. A. Tak oCylleCTBIsf€ICH KacCkKa J-
noe ycuneune (dur. 23). Ha durype cnpaBa mnpusenmenu
CHALHO YNPOILEHHBHIE CXEMbl TPEXKAaCKa[HbX YyCHAHre/el: Ha-
EepXy—H& COMPOTHUBJEHHSX, & BHH3y—Ha Tﬁpancxbopmalopax.
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Quz. 24, TlepemeBnoe HanpRKeHUe Ha CETKe COSAAET NyJNLCHPYIONMH AHOX-
HHH TOK.

Ha ¢ur. 26 nokasana takas e XapakTepuCTHKA NaMnbl, KAK
H Ha ¢ur. 24, TOABKO 6€3 BEPXHEr0 H° HAXKHEro IJIABHBLIX
eruboB. ITO — MIeanu3upoOBaHHAs XxapakTepHcTHKa. CpaBHu:
Te wmexny coGofi- ¢ur. 24 uw 26 u BL yBHUIHTE, K YeMy
NPpHBOAUT Haauuype CriGOB Ha peasbHOH XapakrepHerRke. Ond
BLISLIBAIOT HCKaXKCHUS1 B AHOAHOH uenH (opmbl KPUBCH YCHIH-
BaeMbiX KoneGaHME, a 9TH HCKAXKEHHS HELONyCTHMB!, B O206eH-
HOCTH, XOrla OHH GonbiliHe. I'poMKOroBoputess, npHcoenuHeH LR
K ycuautesio, paboTamouleMy € HCKaXXEHHAIMH, BOCOPOU3BOIHT
XpUIAbLIE 3BYKH, pe€Yb CTAHOBUTCH Hepa3GopumBoil, neHHe — He-
€CTECTBEHHBLIM H T. N. TaKue HCKaXKeHHs], 06YCJIOBJIEHHbIE HeJTHHEH~
HOCTBIO JIaMIIOBOI XapaKTepHCTHKH, HA3bLIBAIOTCS HEe A HH e I H bi-
#u. Hx cosepwenso we Gyner, ec/idl xapakTepHCTHKA CTpOro
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Puz. 26.;XapaxTepHCTHKA NaMnkl, paboTalolefl 6es mckamennii,

8
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Qye, 27. Kae YCTPaHETD HCKaMERHA HPH yCHACHHM,



Que. 25. Kak yCTpaHHTB HCKIWENHs, BHOCHMHE HaNH4Hen
CETOYHOMD ToKa.

arpefina: snechr rpadmk konebGamufl aBOLHOre
TOKAa B TOWYHOCTH nopropser rpadpHk Koaeba-
BUA HADpAXENHA HA CeTKe.
XapakTepucTukH GOABIUMHCTBA YCHAMTENLHBLIX samn B CBoell
cpennefi uactu npsMoaskefissl. Hanpawueaeres pbniBol: HCNOML-
80Bath He BCIO XapaKTepHCTHKY JAaMnbl BMecTe co crubamm, a
TOABLKO NpAMOJnHERHLI cpenkHuil yuactok ee (¢ur. 27). 1o usba«
BUT YCHABHHE OT HeAnHeAHuX Hckaxeuui. Utobbl 310 OCyle-
.CTBHTb, HANPSKEHNE HA CETKE HE AOJIKHO NpeBbillaTe B CTOPOHY
,(ﬁ‘puua’re.nbnb:x sHaueHHi—U ,, @ B CTOPOHY TONOKHTEABLHBIX
srayennii --U,,. Bennuuka ‘anonHoro TOKa upu stom Gyner
MEHATBHCA B CYXEHHbIX npenenax: ve ot i, =0 no £, =i, (dur. 23),
a or i, no i, B 3Ttux npenenax namnoﬁas XapakTEpHCTHKA
COBEPUICHHO JIHHEHHA, MCKAXXEHWIl He MOJyYHTCH, HO 3aTO JIamOa
6yneT nCnosb30BaHa HE A0 TPENESOB CBOMX BO3IMOXHOCTEN, ee
k03bPHUHEHT N0 1e3HOro neHCTRHA (K.1.4.) OKaXETCA KHIKHM. Brex
cAyyanx, KOraa HeoGXOINMO HOyYHTh HEHCKaKEHHOE YCHJEHHE,
C STAM OOCTOSITC/ILCTBOM NDUXONMTCA MHPHTBHCA.
K coxanenuio, HeannefiHbiMH HCKaX<KeHHSiMk N€N0 He OTpaEm-
wHBaercd. B MOMeHTH, KOrfla ceTka 3apsaieda NOAOKMTENbHO,

%
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Puz. 29. Pabora namnn B pexnMe A.

oua nputsirusaer K cefe SJEKTPOHLI, OTHHMAsi HEKOTOPOE MX KO-
sngecTeo or ofliero TmNOTOKa, HanpaBieHHOro Kk awony. Baaro-
JlapA 3TOMY B LlenH GeTKH BO3HUKAET CETOYHBIA 10K. AHOAHbLIR
TOK YMEHI::H]EIETCH H2 BE€JNHYHHY CeTOUHOro TOKd, IpHYEM 3710
yMeHblIeRHe NoNlyvaeTcs TeM Gosiee pesko BHIpaX{eHHLIM, Y&M
Gosblie TOAOKHTEIbHOS HANPAXKEHRHe Ha ceTKe. BCJencTBhe 91000
NPH NOJNOKHTEJbHBHIX HMIYJLCAX CETOYHOTO HANPSIKEHHS ONATH
NOABARIOTCA HCKaXeHus (opmul aHoanoro Toka. Msbamutecs oOr
ITHX HCKaeHHH MOKHO: B Opollecce yOHIEHHS Halpsxelue Ha
CeTKe HHKOTAa He NOJUKHO OnTh MOJIOXKHTENbHEIM H NdXKe Jydlle,
ecny ono BooOlle He Aoxomut mo wyas (dur. 28). Ero mazno
BCErpa MoAlepIKHBAaTh OTPHLATEJILHEIM, H TOrZa CETOYHOTO TOKa
ne Gyner copepiuesno. 1o TpeGoBaHue BeleT K ele GosbieMy
COKpAlLeHHIO LJIHHE HCOONbL3YeMOH yacty XapakTepHCTHKM: [1pa-
gee Junuy Bl — ToKH CeTKH, Jepee MHAuu AD — nenunefiHbie
HekaxeuHs. MH — Bor ywacTOK XapakTePHCTHKH, NnpH HCNOHh3O-
BAHHH KOTOPONO MOXHO TNOJHOCTHIO H30ABHTHLCA OT HCKaxeHuf
B JAMIIE, K. VI. . Sp¥ STOW CIGHOUNICA Ol WMOHLIS.
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QDuz. 30. Pabora namun B pewiinve A ¢ -HCTONbSOBANHEM HMIKHErc u3rHGa
XAPAKTEPHCTHKH,

Ho kak ucnosb3osats yuactok MFH?Ecnm ¥ ceTke nonsectu
JHIb HanpskeHuwe Bo3Oyxnewus U,., xak va ¢ur. 24 u 26, To
HenzbexxeH 3axoa B npaByro 06sacTh, B 00JICTL CETOYHHX TOKOB.
lNonsenem CHauana x CETKE NOCTOAHHOE OTPHLATEJILHOE Hanps-
wenne Uy, Takoll BeiHyHHB, uTo6n pabouass TOuka @ CMECTH-
Nack BJIEBO N0 XAPAKTEPHCTHKE H OKa3a/ach’ KaK pa3s noCpennHe
yuactka MH (dur. 29). 3ateM nonanum K CETKE HanpsueHHe
Bo36yxuennst U,,. 3axon B.npaByio obiactb Oyner ycrpaHeH,
ecim pearsuna U, He npespicHt Uy, T. e ecuw mg <<Upo,
PaGotas npu Takux yC/A0BHAX, JaMna He OGyfeT BHOCHTH HCKa-
KEHHA. DTOT pexim paboTh JaMib NONY YK HA3BaHKE pewHma A |
batapes, HanpsxeHHE KOTOPOH CMEMIAET NO XapaKTEPHCTHKE pa-
6ouylo Touky, HasbiBaeTca Garapeedi cmemeHHs, a ee
Hanpskenne Uyy—HanpskeHHeM CMEEHHS. i

Cpend NpyrHX pemxuMOB HH3KOYAaCTOTHOTO YCHJIEHHH pe-
WHM A — caMbil BEIKOHOMEYHMA: TONBKO B OTAEJbHHIX CJAY-
yasx K. . &- nocturaer 30 — 35%, BooGilue ke O OAAepPXKE-
BaeTcA Ha yposme 15—20%. Ho 383ato 5T0? pexnM — caMmuifl
SYHCTLIAi», PEXHM € HanMeRbUINMA HCKaenHsaMd. Ero mpuwe-
HAIOT NOB0JbLHO YacTO, NpHYEM, rJiapHM O0pa3oM, B MAJOMOUIHEX
(no 10—20 er) ycuaHTeNLHHIX KACKAZAX, B KOTOpLIX K. M. X.
He nMmeer OcOB0 BAXKHOTO GHAYEHHN. ¥ YCHIHTENbHHIX JaMn €
KPyTo OCPHBRIOLICHSS XapAKTePHSTHKOH WMKHHA oI cpapum-
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Que. 31. Jlampa paGotaeT ¢ or1ceukolt

TenpHo Kopotkufi. [IpeneGperan BHeceHneM He3HAYHTEJBHBIX He-
AUHEAHbIX HCKaMeHyH (COBEpLUeHHO, KCTaTh, HeOOHAapYKHBaeMbiX
NPH TPOCJYIIHBAHHH 3BYKOBOR NpOrpaMMbi), MOMHO JONyCTHTDb
GoJiee 3KOHOMHYHOE HTMOJb30BaHHE JaMNbI H BKJIIOYHTbH HHMKHHA
H3rub B paGouuli yuactok MH xapakrepuctuka (¢ur. 30). Ta-
kofi pexuM namnbl ewme coxpauser 3a coboil nazpaHnue pexuma A.

B yuebHMkax BCcTpeuaeTcsi Takoe ONPELESEHHE PEXHMMA YCH-
JeHus knacca A: 3TO—pexHM, OpPH KOTOPOM -Jiammna paboraer
6e3 orceykn anoasoro toka. Ha ¢ur. 31 Mn DokasnBaeM, uYTO
Takoe oTceyka. Hanpsxenue Bo36yxnewuss U,, HaCTOJBKO
BE/JHKO, YTO B TEYEHHEe HEKOTOpo# uacrH nepuond U, . samna
COBEDIIEHHO ,3anHPaeTca®, TOK YEpe3 JaMIy MpeKpallaercs,
Hixkeune uvacTH kpuBOH aHOAHOIO TOK3 HE BOCHPOM3BOAATCH
H kak 6bl OTCekalOTCE—OTCIOAAa M Ha3BaHHe ,0Tcewka“. OTceuxa
MOeT GbITh He TO/ILKO CHM3Y, HO H CBepxy (,BepxHss oTceuka®,
cM. Qur. 38), Koria MMNyJbC AHOAHONO TOK& NPEBLIAET TOK
HacbillleHUs Jamnnl. MTaKk, peXHM A—pexHBM yCHAeHHA
©¢s oTceykHd. PykoBONCTB)ACh 3THM OflpejesieHHeM. -Mbl MO-

3
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FH 6N OTHECTH K STOMY DEXHMY H TPOMECCM, TPauueCkH
gpenCTapientine Ha ¢ur. 24 (npu U,,), dur. 26 (To we npu
Uﬁﬁ)' ¢ur. 29 u 30. Ho, noBTopsiem, pexHM A -— pemuM
WChaXKEHMI: TaKOMY YC/IOBHIO YIIOB/JETBOPAET B HOJHOH Mepe -
@MIHb NPOLECC, NPEnCTaBJAEHHBH Ha ¢ur. 29.

Unpokoe paenpocTpanenue mnOAyYHJIa ABYXTAKTHAN cxeMa
yCHauTENs, paGoTaloulero B pexxumMe A, uHaue HaswBaeMasn
BYWNYAbHOA cXxeMOR (OT aHTAKACKHX CJOB <«Mywus—TOke
K2Th H «0yl» — TSHYTb). B 3TOA cxeme HCnonLeoBaHAa me ONHA,
® Jise OfiMHAaKoBHE saMibl. Hanpaxenue Bo36yxaeHus nonaercs
YaK, W70 KOrfa ONHa OBTKa 3apAXaeTcs MOJOXKHTENLHO, Zipyras
Bapfixaercs orpuuarTensHo. baaronaps stomy Bospacranue anox-
HOIO TOKA OQHOA JlaMAbl CONPOBOXAAETCS, OLHOBpPeMEHHLIM
ymeHsleHHeM TOKA apyrofi samnbl. Ho umMnyascH TOkOB B aHon
EOfi D€ CKNafbIBAIOTCA H B Hell noaydaercs pe3yNibTHpyouiud
pepemenHnifi TOK, paBHufl yaBoewwofi BenHyHne TOKa onuofl
mamibl, T. e. I, ' 4+ Iyn ODT0 ropasno Jerye npeacra-
BHTb, ©CJH OAHY XapaKTePHCTHKY pacnoJOXHTb B IepeBepHyTOM
BAZe DO APYTOfi: CPasy CTAHOBHTCA NOHATHLIM, KaK HALpPSiXKe-
mse Uney («packauka») peficreyer Ha TOKM B jamnax {¢ur. 32).
[ByxrakTHas cxema paGoraer Gojee IKOHOMHIHO H C MOHBUIHMY
WeAMHeAHLIME HCKAaXEHHSIMH, HeXeJH onHoTakTHad. Yame Bcero
BTa cxeMa [IPHMEHRETCH B OKOHEYHBIX (BHIXOAHLIX) KacKaaax
yciaauTeneli cpennell ¥ GONbMOR MOLIHOCTH. : Lo

Paccmorpum Takoft caywali: Ha c€TKy JaMnu WonaHOo Hanps-
meane cvemeiud Uyo=U,sn. Tem cambim paboyast Touka nome-
mKEHa Ha Camuifi HU3 XapakTepHCTHKH. Jlamna ,3anepta®, ee
RBOUHBIH TOK B MOMEHT NOKOS pareH HyJiuo. Ecam B Taknx
YCAOBUSIX K JlaMIe MOABECTH Hampsikenwe Bo3byxkaewua U, ., 1o
B AHONHOH LEeNH NOABATCA HMOyJbCH ,Toka [,, B ¢opme ,no-
SosHHOK nepuonos®. Mraye rosops, xpuBas yCHIMBaeMhiX KoJe-
Bamud U, . HCK33HTCA N0 HEY3HABAEMOCTH: CPEXETCH BCs ee
mokuaa nosoBruHa (PHr. 33). Takofi pexuM MOXKeT NoKasarnCs
COBEPLWIEHHO HENPHIOOHBIM A/ HH3KOYAaCTOTHOTO YCHJEHHA —
CAHIIKOM YX BEIHKH HCKaxenusa. Ho moaownem seratnr sror
BMBOA O HENPHTOAHOCTH. ,

Copamum y xapaktepuctHkl (¢ur. 33) vumunll crub, npespa-
TEM peaslbHyI0 XapakTepHCTHKY B HIACAJH3HPOBAHHYIO, COBEpILEH-
B npamvosuuefnyio (¢ur. 34). Henuuehnnie uckamenus screg-
efBHe HalHyus HHXHero cruba mnponanyT, HO OCTaHercs cpes
HONOBMHL KpHBOR yCuiuBaeMbix koneGawufi. Ecnn 6w yuanock
BTOT HEAOCTATOK YCTPAHHTH WAH KOMNEHCHPOBATL, TAKOH PENHM
BOMHO GbLI0 6Bl KCNOJB30BATH ANA HH3KOMACTOTHOTO YCHJ/IeHHA.
Ca Buroges: B MOMENTH Nay3, KOrfa #alpsamenne Bu3Gyxje-

41



HHA Upg Be ri0paercs, Jamna sanepta u HO notpelJser OT He-
TOYHHKa @HOAHOIO HaOpsiXeHWs 3aaeKkrpuyeckuil Tok. Ho Kak
YCTPaHHTE MJIH KOMIIEHCHPOBAaTb Cpe3aHHe [oJOBHHb KpHBOH?
BosbmeM He ORHY JlamMny, a IBe M 3aCTaBuMm HX paGortath fore-
PEMEHHO: OfHYy ~— ©T OAHOFO HOJIYNEPUOAa HANPSKEHUR BO30GYXK-
JIGHHA, & APYryio—oT ApYyroro, chenymoilero sa nepBuiM. Korna
OjlHa namna 6yger «OTIHPaTbhCA®, APyras B 5TOT MOMEHT HayHET
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@uz, 33. Pabora namnu, KOrRa pabouyaa TOYKA CREHHYTA B Hayano X3apaKkTEPHCTHKH,
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duz, 34. Pabora naMnu ¢ nouxol orceukold.

o TnupaTthesa», B Hao6opor. Kaxknas navna B orfienbHocTd OyneT
BOCHPOM3BOAMTH CBOK MOJIOBHHY KpHBOA, a COBMECTHbIM HMX A€h-
crBweM Gyner BOCHPOH3BEREHA MONHOCTHIO BCA Kpusas. Kckaxe-
Hie yerpanutcs. Ho Kak Ans STOro coenuHdTbh HamMou?

Koneuro, no aByxrakTHO#H cxeme, H306paxennof na ¢ur, 32.
Tosbko Ha CeTKY KaXno# H3JiamMn B 3TOH CXeme NPHAETCA NOenaThb
Hanpsxenne cuemeHus Uypy=Ugsan. [loxa nanpsoxenue Bo30yx-
xenusa U, we mopaercd, obe jammel ,3aNEPTH”, HX AHOAHHIE
Toky paBHEH myao. Ho Bor monano Hanpsbkenue U,,, M Jammbl
noouepenHo RAYHHAIOT ,O0TNHPaThCA” M ,3anHparsCs” (ur. 35),
paboTas HMIyJIbCaMH, TOJAYKaMH (oTClona ¥ Ha3BaHHE PEKHMa—
pNyum-nym* —  ToJkafi-roskaf“). B srom OT/AHYHE CXEMH
Jym-nym* or cxems ,nym-mya“ (dur. 32), paGoraiouei
B pexxuve A. B ciyuae mymny/pHOro pexxuma Jamimbl paboTaoT
OLNHOBPEMEHHO, TOTAa KaK B ,IIymmymHom" —no ouepea. Ecim
XapaKTEPHCTHKH JIaMII COBEPIIEHHO NPAMOJIHHEAHDI, JaMihl B TOY-
HOCTH ONMHAKOBBI H OTCEYKH y Kamuoffi u3 HHX BHODaHH npa-
BHJIbHO, TO HCKaKEHMH HE nosy4yaeTcss coBepmienHo. Taxo#l pe-
YXKHM YCHJIEHHS, OpPUMEHHMEIR TOJBLKO I/ JABYXTAaKTHHX CXEM,
NnoJAy4Yua Ha3BaHHE HIeaJbHOTO pexuma B.

o B peanbHOM pexxume B, ¢ peanbRbIMH XapaKTepHCTHKaMH,
HEX30EXKHL HeAHHEHbIe HCKAXEHus H3-33 HHMXHEro cruba. IJro
H 3aCTABJSET BO MHOTHX CAYUasX OTKAashiBaTbCA OT HCMOJb30Ba-
Hus pexkuMa B, BooGuie HanGosee SKOHOMHYHOrO H3 BCEX PEXH-
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MOB HH3KORacTOTHOrO ycusennf. Kakol xe peXum HAR3KONaCTOT-
HOTO YCHNeHus MOXeT ObiTh peKOMeHNOBaH? PexiM A, Kak MW
Tenepr 3SHaeM, Majlo SKOHOMHYEH, H €r0 NPHMEHEHHE B MO{IHLIX
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Quz, 35. Pa6ora ABYXTauTHOR CXeMH B.pexkMe B,
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YCHJIMTEJAX He BCerja OnpaBJblBaeTCA. On xopoul TOJILKO AJs
MaJIOMOIIHBIX KackajzoB. Ciyyad HCIOJIb3OBAHHA pexkuMa B Tak-
ke orpaHuyeHsl. Ho ecTb pexuM, 3aHHMAIOLIM{l NPOMEXYTOYHOEe
oJioxkenue Mexny pexumamu A u B, — 310 pexum AB. Onna-
KO, TIpekjie YeM O3HAKOMHTbCA C HHM, YKa)KeM Ha MPHHATOE NOA-
_paspesieHHe CYIECTBYIOUIUX DPEXHMOB YCHJICHHS. Ecau B nponecce
yCHJIeHHS TOJiyyaercsi 3axol B 00/acTb CeTOYHBIX TOKOB, B npa-
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Bylo o6nacTb, T0 K HA3BaHHIO pexHuMa NpuOaBJAETCS MHMAEKC.2,
€CJIH e pabora mnpou3BOAHMTCH 6€3 TOKOB CEeTKH, — HHaekc [.
- Tak pasmmyaior pexumel B; u By (¢ur. 36), pexxumer AB,; u ABs.
O6osnauennss A; u A; moutn He BCTPeyaloTCs: pexkHM A — pe-
JKMM CoBeplleHHO 6e3 HCKaxeHMi, a 3HAYHT, H 6e3 TOKOB CeTKH,
ITpocto — pexum A. '

Tenepp osnHakomuMcst ¢ pexumoM AB. B sToM pexume, kak
H B pexxume B, samMnel paboTaroT C OTCEYKOH aHOMHOro TOKa,
HO paboyasi TOYKa Ha XapaKTePHCTHKE HAXOMMTCS NpaBee M BEHl-
e, HeXxenrH B pexkxume B. B mMoMeHTH mays TOkKM yepes JaMmbl-
HE NPEKPaIalnTCs, XOTs OHM M He BeaHkH (i, W I,). ITonoxe-
Hue paboueil Touku PT onpemensercs TakHM yCIOBHEM: PE3Y.ib-
THPYIOUas Xapakrepuctuka AbBI" namn, paboTammyx B ABYX-
TakTHOH Cxeme (A1 ONHOTAaKTHHIX CXeM pexuM AB Boobuie.
HENpHronieH), MO/KHA GBiTh Kak MOXHO mOpAMOJHMHElHee, B To-
e BPEMS TOKH L, U L, KEAaTEJbHO HMETb MaJbIMH, HOCKOJbKY
STHM BO MHOIOM OUPENEJSETCHA K. N. . STHM YCJOBHUAM YIOB-
JIETBOPSIET NOJOXEHHE pPaboueit Touku PT, ykasanHoe Ha ¢ur. 37,
Pexxuy AB, Gonee skoHoMHYHBIH, uem pexum AB,; (k. m. .
- B pexxume AB, nocturaer 65%, Torna kak B pexxume AB,—ammb
509%); OH npHMeHsIeTC B Kackanax Goawlioil — 6osnee 100 gm—
momHOCTH. B kackasax cpenneit MmomnocTH — no 100 ém—pekon
menapyercs - pexum AB,.. Mckaxenus B pexxume AB,; samerHo
-6oJibiie, HeXeqau B pexume AB,, '

Haxomnen, u3BeCTEeH ewe OAHH PeXHM ycuieHHs— pewum C,
OH xapakTepeH TeM, YTO paboyas TOYKa B 3TCM PEXHME HaXo-
IATCS JIEBEE NOJIOXKEHHSI Ha OCH CETOYHBIX HanpshKEHHH, TMpH
KOTOpOM Jiamma ,3anHpaerca“. Ha cerky slamMnel monaercs oTpH-
natenbHoe HanpskeHue cMewenns Uyy>>Ugsan. B MOMEnTH Hays:
JiamMna ,3anepra‘, U OHa ,OTHHPAETCA“ TOJBKO ISl TOrO, 4TO-
6Ll MPONYCTHTH KPAaTKOBPEMEHHBIH HMIYyJbC TOKa, AJMSIIHIACH
Menee nonoBunbl mepuona U,,. O6wuno U, mo abconoTHoMy
sHa4yeHHI0 -Gonbine U,,, BCIEACTBHE HYEro OCYLIECTBASETCA 3aXO0X
B 06/1aCTh CETOYHBIX TOKOB 'H Ja)X€ HMEEeT MeCTO BEepxHssi OT-
ceyka (xax mnokasano wHa ¢ur. 38 gas U, ,,). Hckaxenns B
pexxume C HAaCTOJBKO BEJIHMKH, YTO 3STOT PEXHM HENpHroneH
AN HH3KoyacToTHOro ycunenusa. Ho onm Hamnbosee akoHOMM-
YyeH M3 BCEeX pexHMoB Boobuie (K. m. A. 1o 75—80%) u no-
STOMY NPHUMEHSIETCH AJA yCHJEHHUS BbICOKOYACTOTHHIX KoJebanuit
B PaIHMONEPENAIOMHX YCTPOHCTBAX, rlie HEJIMHEHHBIE HCKaXXEHHS -
HE MMEIOT TAaKOro 3HayeHHs, KaK B TEXHHKE HHM3KO0YaCTOTHOrO

YCPIJICHHH. _

Pegaxtopui; B. A. Bypasand u [. A. Kanawuncrui.. Texpen. H. M. Creopyos.’
Caauo 8 npoussoncteo 10.1X 1947 r. Moznucano k neuats 22.X 1947 r,

O6rem 3 n. s, Bymara 84 X 108!/44. Tapax 100.000 sxs;

A 09397, S Iena 1 p. 50 k. 3axa3. N 270

Tunorpagus locenepronsaats. Mocksa, lllno3osas ua6., 10.



%'0 0z | — | — Jooomw os9| o1 joilee | oi— [ 09 | o091 Joer | ®|{*** = mAvodiag - 51497
0'e o't [ %2'0|0002l0scr S8 07 {—|0Cl}| 08— - o1 095 ] ¥|* * * * Yowdi gMNISHOMQ - B9
600 01 | — { = |000000 §,004 g0 | g'0lsTT | 01— | 09 091 (@2 | )" v c " ha vodia, - AR
£r 0% | — | — [0%00C [% gt |— (8%t | s1— | — | 0oL JaL | Byc vttt vOmdy = itas
o'y 0z | — | — joooe fzr | et [~log | 05— | — | oo1 jeo | wit e wordy - {reae
» §T | o'rjoe0e| - I ' 119 0 — { 0a1 jnogf 3 |*  °  * * voudi yonitosyy = -9V
n 0'v | 93'0 {0008 JCONNG  {00Z 22 | a'1loor | o= | oot| ozt jozgz| @l* - roiweu ymmmawwg | "~ €139
wQ 0t | =~ | — [o0000F jpOS | &'t | 'ijg'e | 01— | 08 | 091 jotr| g |' " - * Omudea ba Todia) — | wid
L3 g | = 1 — looos Iz1 og \—log | ov= | = | oz lotal gh-+ > ° " wowgy - Ga1rdA
goNDALUMSE XxMmdeLd MuMel ‘7
s‘o 0'z S¥'0 [ 00002000 08 [S41 'z | L'1100f | 09— 0zl 09t 0Zg |g'1 [* ¢ * » WOLROU PRHmAHONQ | WIIZ | 852 9D
£0'0 g7 | $2'1 | 0009 (o0 011 |DOT g1 [ ggo%sr | oe— | o0t 000 (94| ¢|* * roweu ymwdoisdanag - {8%-Q2
g'o g ST'0 { ONONE|000 088 0L g1 leL'oj o'y | wg— | 0% 01 {061 | T {* ° ' - wolwasu gsebawoyQ | WILZ | -390
ye g'f g8'0 |00 e [npo sl (32 1 | —|¢% 0 = 06t {OvG| & {* - ' ** *voads gouyony | WIHZ | EV°0D
%' ¢'T } — | = loonoee sl 8'1 | 0'%{ 0"t | 0'z~- | 08 091 (028 |3't |* * wodaas yrrdoredawa ) - I
¥'0 L'0 - | — Jjoooogt | — [w¥'o="S) €% 2'C 0 0L 0z1 {081 | 7 |* araipeosedgoadu-voiual | WIVE | 2¥G'9)
£0'0 L'0 ~ | = |on0oQRL 00Tl 9'1 | 0'tl<'s 1~ 0l og1 loci| Gi° °° *owHde? w8 TOLH3|] Wiz 29D
2 g'o | zo'0 [ 000000 2t {TT g1 |~ |81 | 8%~ | - ozt lozx | Zf* -t wondl | WEDZ | OWg4
g's 80 — | — {008t (0% Tt | —-|o% - - 0zl 09 | gf> """t womdy - WIeg
g9'n 0'g 0's leoce looney oot o'z | gt se Q= 0ol 05z |0001} 7t wodiay yoaAniy "HRIHONQ A Walz
L0 9'z | Sg'0 (00021000 09  |oTt n'g | 0'g 0 — | o8 0Zl JOTL | T ' * 7 ° UOIHAL FHIHWANOAQ ¥o wriie
%0'0 g0 | — | — [O1°0001)0s6 | 56'0 | ©'0{0'C - | 0 0zt oo | &' ' " ' Oikude® ¥ Volwe|l = WIME
£0'0 g0 | — | — Loiroostloogt! €0 1 €'niQh - | o oct fpa § ozttt ottt nB WoHA — WIWL
»INQRILEWY °]
Pawaw| Dy ¥RV, o no _ — | sow {ow] or ) ) ) ow| @ ..:mmu m,m
oEm|nm Tan e == = o x= A g3
IEFBRISEE[S353RT 17| § |3%|@%| BRE |3fDiasEE ik wu ) 58 1 3%
RS |ZeF0 €3 |458 (55 22 3 o = E-4 antd| PR3 53 ) 2a
J3|esg et |228128% |".l & {R3| E| sk |8p=| iz [l g z
sr |[NFLE e Esi=guw = -3 TX IS 2 1 "
E AR LR AR & 2E| = $ 3% 8 | veusy .




- 001 |28 00T (00D DY S's 0'ch! ort 0Ll | €'0] 0€ |vOdLaL HOBIRAY HMHRIHOAQ - wirme
- { oot |25 [oc0s lnonol ¢'y 0'sH 0]y Qi1 | €°0) 60 [¥odial BONIRAY PRHWIHOXD | DYI9 | DI
- — {07 looos [00oog 9's 0'sh 48l 0t b £0l G111 * ¢ * NOLHIU YRUKIHOND - D4yl
0LEN WMHKLIUOGOHOIMH I IMUNR]
gt'o | 0% | = | — 000083t 0'z 0' 051 0¥ | Q'1 Q'¥ " * ' YOIH3IL-VORT HOHYOBY - £61-02
0't ST |&'c (0004 ©0QN6 8 5'48 (1574 09C | 0'3i0p; " * ' " VOLHIL YMHRIHONQ — L8100
z'8 St {&'t jooo€ €Ozl P 048 - 056 | '3[ 0%’ * - * ¥oWdi gmHRIMONQ | — 9R1-0&
@ il s B %a &' 08 -~ 0%3 | 0'L[0'p * * * Woudi-Your gouyosy - g1-0D
07’0 =N — |*=— 100431 9'G o'y 0ol 0¥z | 0'Lio'd qralesNerdgoadu-roLud - e -00
900'0 - - & (00000 T 'y 8 081 | 0'1/0'% * © * * CiHdER hB YOLRIYJ = 81-QJ
SG00 - —_ - 0T 9'1 g'l 3] 091 | O't[O'F,° * * - cinydes ra vodla] D5MY 8hi-0l
D a = — 000 S8l 6y 001 ) 0aL | 0't'Q'y Tttt omawodial | DY ¥LO)
; o'y {01 0000G0X00L A 0'61 1] 4 0¥ o.: 0'¢ 'Y XOLHAU YRUYIHOND NSdbY a0
2 09 le= [ — 0004 i1 021 = (P | 00 mr s st Yondl = 611-04
o'y 0% g | — 0nog 8.1 0'9 - Obg | QLOp |7 w vttt et WORAL DRy | ClL-OD
o1l oz g ldose oy ' _0'np ~ (pg 1 Loin'y ! * * ° ZOH 1 gmaIN0AD 101-04
‘HHda youoiqroa-p RUWE]S
= 7 P S e ol (R ] — [ ¥SWip p0j€'9) Tt - 0 ' ¢ TOLF yOHORY ) gHQ 0X9
- OL JZE 000 10008, | —| <2 'l | o%g ¢ 0% sz Lofggts v s s ax ol [ D9Jd9 D009
- L (&' 00¢ ‘oKL | — 1 o'e c“m OFe ¢ 0ug (&g ho 2'9 5 = waog
9’0 0L j&¢& 0004 '000SL | —| 4% (02| O%ve c¢o— | 0% 05¢ | L0} E'9 FolPau HINnhanoxg (1} DO
9'c ¥o = = |00ga | O0I =] = m“o_ Q0'6~ = 0sg [ €0 £'o . . = WS
0| v0 | — | — oo |ovf g1 | —| 60! 0g— | - 0%¢ | €ojg'g| v - v et gordl | 949 £y
0T ( 0% | — [ = [booor |0E| 02 =4 081 @ips | = 0T | E0IRQe c v vt roud] = €09
0'C ¢ | = == (0S8 al | 6'1 — | ¢8| 06— = 0s0 | B°0j€'9{" ' * XOoHOL-YOWY HOHQOMT 149 L9
0'1 g0z (8¢ J00SC 100058 el 0% 09 | 0'zL, O'vi— | 092 0sZ | 6'0) £'9 Tt 70dias B gdnky = U9
yo (@l (oot foos | = 1#5l g [—| 08l 0 | = | opog|80ojga|r " vouds youyosy Mg | Hs
50 §0g 159 (004 1005 5T el Ula o“m 0oL a_. 14 0cz | 6°0] €9 R L. 0419 a9
y0 0% |59 {0038 (0N ZT c€l| O'a 0S| 0Tl 0 0G Q5% | 6'nj 2'9 ©r ot vodual yoadankp o'l9 QI
000 | S£1 | — | = lo000rg |~ [sglo=Is|i'L | ¥'g 001 nip | €0fgg|* * * v aralmdIndvOILa] | W) i
800'0 m.m..n == = (00004 | — | w m.n 8'01 £él 095G | €0/ €'9 * ' oiwnder r8 YOLHI[| - LNQ
5000 | 8.0 — 0100y —}| T g0 | 0% rol 05 | €0/ €9 ettt hAa roilal) LM [ AAY
ann 0 -~ - oL | =} D ¢'e | €3l (0% 002 | o¥'0| €9 R L N £e8 | WeNg
2o | o¢ | — |- joo00sl|—| @ 97 | 001 08T 00¢ (91'0 €'9 | * * vouwan ymuwomenaara)l | 198 1 W29
o' = = - = - — | 8g'n - 063 | 0/ g | * dospxnTal mmHHOGLNIVE - <o 1)
Q0 €0 [ — | — 00000k | — | € 09 [ <@ () QUg | enfglafe » > ¢ vt e TooNs-TondL (D8N0 98] WID9
g'1 0% i — 100089 |oL| T = [ 5k = O | 2'0leal o vordL-YoRY pangoay 09 AT
<00'0 o'% - — [f00coa | — | 21 €6 00 ! 0sZ | enlgof: * " VOLUILU-ROHY KOHYOALS 849 W 8gn
w0'0 0't - = 00E § — [y Lo s'e 001 0z { £0| g'0 | 4raivadeedgoadu ¥oiud ] - BYY
gowaw] Yd ®g | wo ! wo ow g ! 0 n! w 13 Lo
e i i ] WN m,h.
AN (273X EW gko =50 /8 o =3 3o = &3 =z 2 I%E £ &3
HEAN I LR Si 27| EF 183E) °F % af ;s 23 | =8
n-m.w L EIEE Eng o9 |2 = w ] T ..,.u.m m.m za mm; g8
<3 1GERAI5E Kol ED [T S E| E¥ [YSE| NE |——— g -
o anmw 5 | L m ) = p P K i B8] ! &

HUWELS 21983130




lewa I p. 60 =x.

B\ - L 2 £

TNCONEPTOR3 AT

Mocera, Hlmosopan maGepernas, oM 10.

RMACCOBAR PARMOBHBNIUOTEKA

woj oSued pejakunen anagemuka A. N. bepra

NEYATAIOTCH
UB BIUHKANIWLEE BPEMHA
NCCTYNAT B NPOAAMY:

C. M. TEPACHMOB. Kak uHTaTh panHoCXeMhL

B. B. EHIOTHH & Ji. B. KYBAPKHH, Herexroprue
NpHEMHUKH.

B. B. EHIOTHH u A. C. NOMNDB. [Npocro#t koporko-
BOJHMOBOH IHana3oHlL Npu.MHHK.

JL. B. KYBAPKHWH u B. H. XHIPOB. Isyxaamnosuft
cereBok cynep PJi-4.

B. H. XITPOB. Bceroanosuili cynep.

B. B. EHIOTHH un JI. B. KYBAPKHH. Barapeburnit
npHeMHuk O-Y-L

B. . MACAHOB u bB. H. XUTPOB. Pajuocranuns
KOPU KOEOJIHUBHKA.

b. b. TYPOHHKEJDL. PactanyTie nranasonml.
B. 9. LIAMLIYP. Pamiosokaus,
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