176

M3BECTU
TOMCKOI'O OPAEHA TPYAOBOI'O KPACHOI'O 3HAMEH
ITOAUTEXHMYECKOI'O MHCTUTYTA umenn C. M. KUPOBA

Tom 63 1945

O HOBOWM METOAMKE MCCAEAOBAHMS PABOTBI KOTEABHBIX
YCTAHOBOK

CMMPEHCKMY BH.

JoLeHT, KaHAMAAT TeXHMYECKMX HAYK

Bseaenne

Yem coBpemerHee 000PYAOBAHME KOTEABHON, TeM Bce 6oAee 3aTPYAHUTEABHONM CTAHOBUTCS
bopnba 32 KasKAYIO AOAIO ITPOLJEHTA SKOHOMMI TOIIAMBA. DTO BIIOAHE MOHATHO. Ecam Ha HekoTo-
PBIX CTAPBIX JCTAHOBKAX YACTO IIPEACTABASETCSI BO3MOYKHBIM ACTKO OOHAPYSKIUTD YaCTh IIPUUNH,
BEAVIOVX K IEPEPACXOAY TOIIAVBA, COBEPIICHHO He Iprberas K KaKMM-A100 MCCACAOBAHMAIM pa-
OOTBI YCTAaHOBKY, TO HA bOACE COBPEMEHHBIX YCTAHOBKAX TAKWe OYEBUAHbIE IIPUIMHEBI IIEpepac-
XOAOB TOIIAMBA, KaK IIPaBMUAO, OTCYTCTBYIOT. HO OHM MOTYT 3A€Ch IMETD MECTO B CKPBITOM BUAE,
T AAST OOHAPYSKEHWSI UX IIPUXOAUTCS IIPUOETaTh K OPraHM3aLyi TIJATEABHBIX TEIAOTEXHWUUIEC
KIX ICCAGAOBAHNTL KOTEABHOV JCTAHOBKYL.

Anaans PE3yABTATOB HOAOGHOTO MCCACAOBAHNT IIO3BOAJICT HAMETUTD ITYTN YCTPAHCHMS OT-
ACADHBIX HEAOCTATKOB B pa60Te YCTaHOBKN. Bmecre ¢ Tem PE3YABTATBI TCCACAOBAHMSI MOIYT
AAaTb BECbMa IJeHHbITZ MaTepuas AAST pa60TbI IKCIIAYAaTALIMOHHOMY IIEPCOHAAY " AASI HOBOIO
IIPOEKTUPOBAHNMSI YCTAHOBOK.

OAHaKo CYIJECTBYIONME METOABI TEAOTEXHUICCKMUX YCCACAOBAHMIL PAOOTEI KOTEABHBIX YC-
TAHOBOK HEAOCTATOYHO COBEPIICHHBI, 4TO OOBACHAETCS LJEABIM PSIAOM TPYAHOCTEN IIPU paspe-
IIeHMY OOABIIIOTO YICAA BOIIPOCOB, CBA3AHHBIX C MCCACAOBAHMEM ycTaHOBKM. Ho Bee boaee m 6o-
Aee YCAOSKILTIOIasics: 6opb0a 33 IKOHOMMIO KaSKAOM AOAL IIPOLICHTA B. PACXOAOBAHMI TOIIAMBA,
JCAOSKHTIOIJASICS BMECTE C COBEPILICHCTBOBAHMEM TeXHMKH, HACTOMIMBO TpebyeT 1 boaee raybo-
KOIO MCCACAOBAHNS PAOOTHI YCTAHOBOK. BIIOAHE IOHATHBIM CTAHOBUTCS, IIOSTOMY IIOSIBACHVE B
IIOCACAHEE BPeMs PSIAA PAOOT IO METOAMKE MCCACAOBAHMS KOTEABHBIX JCTAHOBOK, KAaK OTACAB-
HBIX ATI], TAK M IJEABIX OPTaHM3aLMiA, HEIOCPEACTBEHHO 3aMHTEPECOBAHHBIX B PEIICHN AAHHBIX
BOIIPOCOB.

(0] HaAE€KHOCTH HEKOTOPBIX METOAOB OCHOBHBIX 3aMEPOB IIPU UCIIBITAHUHU KOTEABHBIX YCTAHOBOK

PaccmoTprm HEKOTOpPbIE OCHOBHBIE 3aMEPHI Y HAOAIOACHWS IIPU MUCIIBITAHUI KOTEABHOM yC-
TAHOBKM, TOYHOCTD KOTOPBIX OCTAETCSI BEChMA COMHUTEABHOM. AAST OIPeACACHWST MEXAHMYECKOM
HEIIOAHOTBI TOPEHMSI BO BPEMSI CAMOTO OIIBITA HEOOXOAMMO OIIPEACACHNME KOAMIECTBA M KadeCT-
Ba OYATOBBIX OCTATKOB 1 YHOCA. OTOOD cpeAHert pobb! 1 3amep KOAMdIecTsa IIpoBasa (IIpu caoe-
BOM IIPOLIECCe) He IIPEACTABASIET OCOOBIX 3aTpyAHeH!IL. TIaTeApHOE COOAIOACHNE ITPABHA IO OT-
Oopy cpeAHert ITpobbI ITpoBaAa OOBIYHO, AAET YBEPEHHOCTH B IOAYYEHNUY HAACSKHBIX AQHHBIX O KO-
AvgecTse roprodnx B Hem. OT60p cpeaHevt IIPoObI IMAAKOB AAS TEXHUYECKOTO AHAAM3A UX IIPEAC-
TABASIET YK M3BECTHBIC 3aTPYAHCHMSL.
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M3BECTUA
TOMCKOI'O OPAEHA TPYAOBOIO KPACHOI'O 3HAMEHN
IOANTEXHMYECKOI'O MHCTUTYTA umenn C. M. KUPOBA

Tom 69 1952

K BOITPOCY O GMU3MYECKOW ITPUPOAE DBOAOBOTO M3HOCA
B KOTEABHBIX YCTAHOBKAX

MK AEGEAEB

ITpupoaa 2040BoTO M3HOCA, KaK 11 abpasUBHOTO M3HOCA, BOOOIIE, M3yyeHa B HACTOAIIEE Bpe-
MsI cA260, IIO3TOMY B COBPEMEHHOV AUTEPATYPE MOSKHO BCTPETHUTD MHOTAA HESICHBIE V1 HEOIIPEAE-
ACHHBIE TOAKOBAHWSI 3TOTO SIBACHVAS, HE BCKPBIBAIOIVIE €10 Gpu3ndeckon cymHocTw. Tak, Hampn-
mep, HayaHbIA cOTpyAHMK BT Aokum B.A. mo Bompocy o mprpose 90A0BOIO M3HOCA IIOBEPX-
HOCTE/1 HAIpeBa KOTEABHbIX arperaTos IuIreT: "VI3HOC TpyD AeTydeit 30A0¥ ITPOUCXOANMT 32 CUeT
CV1A, BOSHMKAIOIJUX IIPU YAAPE YacTWUI] O TIOBEPXHOCTD METAAAd. VI3HaIIMBaeMas MOBEPXHOCTD
umeeT oTIAMOBAHHbI BiiA, Gyrpucta, HO He nmeer yaparua'. [ 5] Hayansii corpyarmk LIKT
CBIPKIMH B OTHOIIEHNY 30A0BOTO M3HOCA TPYOUATHIX IIOBEPXHOCTEN, KAKOBBIMM SIBASIFOTCS HOBE-
PXHOCTHM HarpeBa KOTEABHBIX arperaTos, mumeT: "I Ipeskae Bcero, oTMETVM YAAPHBITL MEXaHWU3M
PaspYLIEHS CTEHOK TPYD B IIPOIJECce 30A0BOTO M3HOCA. Paspyienne mpoucXoAUT B OCHOBHOM
BCACACTBHE YAAPOB TBEPABIX YACTHIL] 30ABL, UTO AOKA3BIBACTCS KAK HAOAIOACHVSIMIA M3HOLICHHON
IIOBEPXHOCTY IIOA MUKPOCKOIIOM (4€PEAYIOIMecst BHICTYIIBI M BIIAAMHBI 6€3 IIPOAOATOBATHIX Ija-
PaIH), TaK M CILMAABHBIMU AabOpaTOpHBIMK OmbITami. CACAOBATEABHO, 3aKOHOMEPHOCTI
ITPOIJecca CKOAB3SIIETO M3HOCA VAV M3HOCA TPEHNMs He MIPUMEHMUMBI K AAHHOMY CAYYaro [7]

Yaen-xoppecnonaent Akapemun Hayk CCCP mpod. Kysuenos B,A. B oTHOIIEHMM ITPUpPOABE
abpa3uBHOIO M3HOCA, KAKOBBIM, KOHEYHO, SIBASETCSI A 30A0BOV M3HOC, IIMIET: "MeXaHu3m 1sHo-
ca B a6pasvBHOV CpeAe, HECMOTPSI Ha €T0 KasKYIJYIOCs CAOYKHOCTD, MHE ITPEACTABASIETCS ITPVH-
LUIMAABHO AOBOABHO IIpOCTBIM. [Iporjecc abpasmMBHOIO M3HOCA CBOAMUTCS K Cymme GOABIIOrO
q1ACAA SACMEHTAPHBIX IIPOLIECCOB LAPAIaHIs. MeSKAY SIBACHUSMI ITPOCTOTO LapanaHis i abpa-
3VBHBIM M3HOCOM AOAJKHA CYIJeCTBOBATH TAYOOKast cBsi3p” [4, cTp. 234].

13 paccmMOTpeHvsI BBIIIEITPUBEACHHBIX POPMYAMPOBOK BBICHSIOTCS ABE ITPOTHBOIIOAOSKHBIX
TOYKV 3PEHMs Ha IPUPOAY S0A0BOTO M3HOCA. Ecam M3 BTOpon qacTn GopmyAnpoBrm AoKImHa
MO>KHO, AUIIIb AOTAABIBATHCS O HETPUMEHMMOCTH 3aKOHOMEPHOCTET M3HOCA, CBA3AHHOTO C TPe-
HIEM, K 90A0BOMY M3HOCY KOTEABHBIX JCTAHOBOK, TO ChrpkmH scHO oTpryaeT a1o. [ Tpod. Kysme-
gos B.A. mpsmo ceaspiBaer mporece abpasmBHOIO M3HOCA C IIPOLECCOM AEMEHTAPHBIX Ljapalia-
HIW, IPOVICXOASIIIMX TPV TPEHMUI a0PasUBHBIX YacTL) 00 M3HAIIMBACMYIO TOBEPXHOCTS. [ lomyT-
HO 3aMeTmM, 4T0 GOopMyAHpoBK1 AokinHa 1 ChIpKiuIa O4eHb HeOIIPeACACHHBI 1 HesIcHbL OHM
YKa3bIBAIOT HA IPUPOAY BO3HMKHOBEHVAS CHA MESKAY A0PasUBHBIMI YACTULJAMM 7 VI3HAIIMBACMON
IIOBEPXHOCTBIO 11 COBEPIIECHHO HE Pa3bsACHSIOT MEXaHM3MA M3HOCA, OTPMIAsl AMIITh 3aKOHOMEp-
HOCTM "CKOAB3SIIIIEro" M3HOCA.

Ha ocHoBaHM1 MHOTOUVCACHHBIX HAOAIOACHMTA 32 0AOBBIM M3HOCOM IIPVL SKCIAYATALIMM KO-
TEABHBIX JCTAHOBOK MBI IIPUXOAVM K BEIBOAY O TOM, UTO OIPEACACHNE IIPUPOABI A0PA3UBHOIO 13-
HOCa, AarHoe 1pod. Kysteyosbim B. A, sIBASTeTCS TPaBUABHBIM 71 AASL CAYIAEB 0AOBOTO M3HOCA.
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M3BECTUA
TOMCKOI'O OPAEHA TPYAOBOI'O KPACHOI'O 3HAMEHN
ITOAUTEXHMYECKOI'O MHCTUTYTA umenn C. M. KUPOBA

Tom 66 1948

O IMTPUMEHEHMM YCKOPUTEAEM B DAEKTPOITEPEAAYE
ITOCTOAHHBIM TOKOM BbICOKOTI'O HAITPSIPKEHMA

A. A, BOPOBLEB

B mocaepnee Bpems AOCTUTHYTEI GOABIIME YCIIeXM B 0DAACTM TEOPUHM, KOHCTPYMUPOBAHAS 1
M3TOTOBACHS YCKOPUTEACT 3aPSKEHHBIX YACTULL Y5Ke IIOCTPOEHDI CHHXPO-IMUKAOTpoH Ha 300
mev, betaTpon Ha 180 mev; cTpOSITCS AMHETIHbIE CUHXPOHHbBIE YCKOPUTEAN AAS YCKOPEHMS 1O~
HOB 11 IACKTPOHOB AO SHEPINF HECKOABKO AECSTKOB MEradAeKTPOHBOABT. [ IpoekTmpyroTes yera-
HOBKM AAS YCKOPEHWS 3aPSYKEHHBIX YaCTHUI} AO MUAAMAPAA ACKTPOHBOABT. AOCTUTHYTHI 3HAYN-
TEABHBIE YCIIEXM B BBIBOAE YCKOPEHHBIX YacTuy u3 Kamep yekopureaer. KITA ycranosok, xoTs
ellje v OYeHb MaA, HO OBICTPO YBEAMYMBACTCSL.

B ycropuTese MBI MMeEM A€AO C ITPSMBIM TOKOM JCKOPEHHBIX 9aCTHUIL. B 3TOM cMbIcae yeKo-
pUTEAb MOYKHO PacCMaTpMBATh KAK CBOCTO POAA MCTOYHWMK IPSIMOTO TOKA. TaKyio MalmHy
MO>KHO ITPEAAOSKMUTD AAS IJEA€T SAEKTPOIIEPEAAdN Ha BBICOKOM IIOCTOSIHHOM HATIPSKEHNUN, Hal-
PYMeED, IIOCACAVIOLIEN CXeMe: 3aPsKeHHbIe OBICTPhIC YACTUIIBI 13 YCKOPUTEAS OAQIOTCA Ha He-
KOTOPBIV IIPOBOAHMK, 33aPSDKas €I0 AO BBICOKOIO IIOTEHIMAAd. PacIioAaras MCTOYHVIKOM YCKO-
PEHHBIX YaCTWI] 3HAYUTEABHON MOIJHOCTH, HOAAEPSKVBAIOT HEM3MEHHBIM 3TOT BBICOKMI ITOCTO-
SHHBIV IIOTEHIMaA. B caMoMm Aeae, 3apspKast TeAo, 3aTPAIMBAIOT SHEPIMIO, DTY SHEPIMIO MOSKHO
IIOACYMTATD, €CAV IIPEACTABUTD Cebe, UTO 3aPsIA TIOABOAMTCS TIOCTENIEHHO HEOOABIIVIMI TOPIIH-
SIMU; TOTAA Ka’KAAsl BHOBb IIOABOAVMAS TIOPLVAs SAEKTPUIECTBA UCIIBITHIBACT CHAY OTTAAKMBA-
HIs OT OAHOMMEHHOTO 3aPsIAQ, COOOIEHHOTO Yke paHee TeAy. [ Ipnbanskas sapsa K Teay, u mpe-
OAOAEBAsSI ACTACTBIAC TOV CHABL, HEOOXOAMMO IIPUAOSKITS, TI0 KPariHe Mepe, PaBHYIO i, KOTo-
Past Ha IIyTH K IOBEPXHOCT 3aPSDKEHHOIO TeAA V1 IPOVU3BEACT HEKOTOPYIO PAbOTY, YBEAMYMB 32~
IIaC SHEPIMM 3aPsKEHHOTO IIPOBOAHMKA. Takmm 06pasom, MOKHO OYACT 3apssKaTh IPOBOAHMK
AO IOTEHIJMAAL COOTBETCTBYIOIJETO SHEPITI JCKOPEHHBIX YacTil. [ IprcoeAmHssT 3TOT IpOBOA-
HUK K AVHUY TIEPEAAUH, MOSKHO OCYIJECTBUTD EPEAAUY MOCTOSHHBIM TOKOM BBICOKOTO HAITpSI-
SKEHML.

Boob1je BO3MOSKHBI M APYTHE CXEMBI MCIIOAB30BAHMSI OBICTPBIX YACTHLL AAST LIACH DACKTPO-
nepepadnt. Hampumep, o AevicTBrem Imydka ObICTPBIX 9acTuLl, 00MOAPAMPYIOIIUX HEKWIA IIpe-
IapaT, BOSHUKAET SACPHBIVL IIPOLJECC PACIaAd C BBIXOAOM OBICTPBIX 3ACKTPOHOB. DT/ IACKTPOHBI
TaKyKe HAITPABASIOTCS HA M30AMPOBAHHBIN ITPOBOAHVIK W 3aPSIKAIOT €T0 AO BBICOKOTO HAITPSIKe-
HVSL YAV MOTYT OBITH MCIIOAB30BAHBI AASI TOTO, YTOOBI BBI3BATH BTOPUUHbIVL SACPHBIV IPOLJECC B
APYIOM IIpenapare, UAVIIHTL IOA ACHCTBIEM DoAee OBICTPBIX YACTHML] C OOABIIVM BBIXOAOM.
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M3BECTUA
TOMCKOI'O OPAEHA TPYAOBOI'O KPACHOI'O 3HAMEHN
ITOAUTEXHMYECKOI'O MHCTUTYTA umenn C. M. KUPOBA

Tom 87 1957

I[TPUMEHEHME B ITPOMBIIIAEHHOCTM JKECTKUX
PEHTTEHOBCKMX AYYEM AAS TIPOCBEYMBAHMA
1 BLIBOP AMATIA30HA DHEPTUM BTUX AYYEN

A A BOPOBBEB, EK. SABAAOBCKAA

[TpocBeunBast M3ACAMS ¢ TOMOIBIO PEHTICHOBCKIUX AYIET], MOSKHO HAOAIOAATH Ha dayopec-
LMPYIOIjeM 3KpaHe 1 GOTOIMAACTIHKE €TI0 BHYTPEHHEE JCTPOVICTBO M CKPBITHIE AeDEKThI MaTe-
prasa. Taxkoe ompepeseHve A6DEKTOB B M3ACAUM M MATEPUAAE IIPEACTABASET DOABIIYIO LJeH-
HOCTb, TAK KaK OHO HE COIIPOBOKAACTCS PA3PYIIEHUEM MAM KAKUM-AMO0 APYIM HaPYIICHUEM
MCITBITYEeMOTO O0BEKTA.

B HACTOAIIEE BPEMSI IIPUHSITO CUNUTATD, YTO CPEAN BCEX METOAOB HE PA3PYIIAIOIINMX MCIIhITA~
HW MaTeprasoB (BAeKTPOMaI‘HT/ITHbIe METOADI, aKyCTMICCKNE " Apyrme) IIPOCBEIMBAHNE C IO~
MOIJPIO PEHTICHOBCKMUX AY‘IGIZ ABASIETCSI HanbOAE€E BAyKHBIM 11 OOABIIIE BCETO AQOIIUM METOAOM.

Bragase passuTie TEXHMKI ITOAVICHS PEHTICHOBCKMX AYUET] IIPOVCXOAMAO OUCHD MEAACH-
HO. Ao 1913 1. AAST TTOAYUEHMS PEHTTEHOBCKMX AYU€TA CAYSKMAA MOHHASI TPYOKA C XOAOAHBIM Ka-
TopoM. BoabInoe 3HaueHme chirpasa paspaborka B 1913 r. mpombinraeHHOTO 06pasa peHTreHO-
BCKOW TpYOKM ¢ Hakasmsaembim KaTopom (Kyanask, Ananerdeass). Dra Tpybra mo3soasaa Aer-
KO KOHTPOAMPOBATH KOAMYECTBO 7 KAYECTBO MCITYCKAEMOTO €1 PEHTICHOBCKOIO M3AVYeHMS. B
1920 roay b61aa ckOHCTpyMpoBaHa MOABMsKHAs peHTreHoBcKas yeraHoska (GE. E.). B 1923 1. 6sr-
Aa IIOCTPOeHA 3aIyWIeHHas peHTreHoBcKas Tpyoka (Puanmc). B 1928 . bpiaa cospana axpa-
HMPOBAHHAS TPYOKa, COXPAHMBILASICS B OCHOBHBIX YEPTAX AO HACTOSILETO BPEMEHM.

B xayecTse 1CTOYHMKA BBICOKOTO HAIIPSIKEHMS B PEHTICHOBCKMX YeTaHOBKAX A0 1911 r. cay-
JKMA MHAYKTOP. [To3pHee OH CTaA BBITECHSTHCS TPAHCGOPMATOPOM C 3AMKHYTHIM CEPACTHIKOM.
B 1938 r. mosiBuamch yeTaHOBKM ¢ KacKapHbIMM reHepaTopamu Ha 600 x6 v BbILie, pe3OHAHCHBIM
TPaHCHOPMATOPOM, IAKTPOCTATUIECKUMI TEHEPATOPAMU C ABMIKYIGUMIACS ACHTAMI ¥ ITOCAC
1941 r. yckoputeapHpie ycraHOBKM (OETaTPOH, CMHXPOTPOH, AMHENHBIV YCKOPUTEAD, MUKPOT-
POH).

B 1937 1. A.A. Bopobses paspaboTas OCHOBHBIE CXeMBI MMITYABCHOV peHTreHorpadum. B Hac-
TOSIILjee BPEMs MMITYABCHAS PEHTICHOTPadusI C YCIIeXOM IPUMEHSETCS AAS M3YYEHMS KPATKOB-
PEMEHHBIX IIPOLJECCOB, IPOTEKAIOIJMX ¢ DOABIION CKOPOCTBIO. DKOHOMMYECKVE 1 TEXHUIECKUE
ITPEVIMYIIJECTBA UMITYABCHOV PEHTIEHOTPadum O3BOASIIOT 3TOT CIIOCOD IPUMEHSTH K PEIICHNMIO
OOBIYHBIX 3aAAY.

B cB3uM ¢ mMpoKMM ITprMeHeHMeM PEHTIEHOBCKUX AVIel AAST AEDEKTOCKOIIMM CYIJeCTBEH-
HOE 3HAYCHVE MMEET IIPABMADHBIV BEIOOP BEAVYMHDI X SHEPIVIN.

B HacTosiIjee Bpems OAHOVL M3 TAABHEMIINX 00AACTEN IPUMEHEHNMS PEHTIEHOBCKUX AYIETt
SIBASIETCSI aBUALIOHHAS! TIPOMBIIIIACHHOCTB, MCIIOAB3YIONIAs MATEPHUAABI, CAAD0 TIOTAOIJAOIIME
DEHTICHOBCKME Ayu (IBETHbBIE METAAABL 1 CIIAABBI, IIAACTMACCHI 1 TIP.). B aT07t 0baacTn pAocTa-
T04HO Gyper yeraHoBok pabounm Hapsokernem 100-500 k6. Vayuinerue yeranoBok Gyaer ma-
TV IO AVIHUW YBEAMYEHNS] X TIOABUKHOCTH, KOMITAKTHOCT, YBEAUYEHMS] MHTEHCUBHOCTU U3AY-
YEHVST, YAVUIIEHNMS! IKCIIAYATAOHHBIX KAYECTB 1 OTACAK 1 IIPOY.

B Tsoresom MaITMHOCTPOCHMUN AAST ITPOCBEIMBAHIAL I/13A,€AT/1171 "3 MAaTEPNaAOB CMABHOIIOT'AO-
IJarommnX PEHTITCHOBCKNME AYINM IPUXOANUTCI IIPUMEHAITD YCTAHOBKN BCE 6oAee BHICOKOTO pa6o—
YETO HAIIPSDKEHMS YBCAM‘{CHHOIZ MHTCHCMBHOCTN.
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